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MREIFIFEIC K DEFHR EHA DB FEEIRD 1= DO EmIZEA
A Theoretical Framework for the Extinction of War and the Realization of Dynamic
Equilibrium in the World through Japanese Four Arithmetic Rules

A X
HAX 2 FRERXEREBERAEAEREAEITIL—T

Institute for International Strategy and Information Analysis, Inc
Interdisciplinary Research Group

xE KZ

HRRERFREIFZZARRNAA I OO 7)) D EREERERE IS EIEEE
Mathematical engineering of mortality emotions. Department of Bioengineering, School Engineering
The University of Tokyo.

This paper outlines a new arithmetic algorithm for quantum computers and quantum gates: Japanese
Four Arithmetic Rules. Its operations consist of a series of operation: cut, dynamization, superposition
and inversion operation. Japanese Four arithmetic rules allow us to compute continuous quantities and
concepts in conjunction with each other. By using these new operations, we were able to present a
theoretical framework that not only transcends the dualistic thinking that causes war, but also leads
to dynamic equilibrium while respecting the history and culture of each country. This theory is very
useful in reconciling many goals, such as the SDGs, without contradicting them. To implement these
theoretical frameworks in society in the future, it became clear that it is important to install the
Japanese Four Arithmetic Rules to many people

1. [ZL®IZ 2. WMAEE

WEFE LR, EFaUE1—3RUEFF—FOED

ICATEBLTICE > THEBEAINEZHFLLVWENTH S
(Mitsuyoshi et al., 2019; 2020; 2021) . FHEIEZEAY,
BLE, 5|2, BITE ZYEDLIODDEENSERS
hapicxt L, MAIFIEE, YE BE EE REND4
DHEENLERINTINS.

INFETORRZE, WAEECHHRRBEZOTORILE
BERBADPTRELTELE. LHAL, WEREIZBITS
EFRCEXMBICE LT, HEKOTOR2ILHEEEHRMAAHIC
BRANEENTE . F£f-, —THOTHBEOHEDED®
FEEODEBZFICBEREOERBIADTUVGEWNI LE, &
FHRIZBITEIREZE-TVBEITTEL, EBEREORIL
BEDREHEEAE L TR EEZONS. ThOHED
INTEALIZR LT, MAFREIFLAEEFERANS S B1 ERICKIMAEREORE
ETEFDLONEHRRDPT/S ZENTESLLSITH

slhhf-fEH

BuE 29E7

BVE

S2TWS. Ff, BIREORALKRADS-H, Zamvh
HBEOHREOFEENEAE L CELAILFHET S
FhmNY LS.

AWHXTIE, FLOEHTHIOBMEOEKE RS
ZLT, WMAFEDEZ A LEROTHBEOZTHDE
ZADEWVIZDODVWTEETD. FhonBmeEHEZ, WM
AFfIEORMAZTNMYANS LT, BROMATEZ -
TWSHEMENED & 5 IZfERATEEIZ4 Y, Pax Japonica
DEBEANEBNDZONEIRTT 5.

MAIFEIZDODNWTEZ S LT, WALEEIZOWVWTHHT
EHERELTECIEFIEETHS. HAGEEIEIRLE (0
&), BIEHE (GEiR) , #IHE (F&) 0 BIVE B&E)
DADDEEIGEREINTWNS. MAGEEIE, /DMERD
SEAFETICESERMWLABTTHS. EEEEE, Ch
SOEBHITEELN-LOHEBMNELNEBEOA ST, B
EZEROEBLLE TS EES I ENTES. MAIFE
YRELBROERZMOVETLOTHS N L, MAIFIEIC
DWTEZDHIZ, T TICHE>TWSERMNGEERAZ
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REYRLENHS. LUTTE BLEMSIEEIZ, Z0OE
ENERTEHECHEEFEZTLNK.

2.1 B LE (i)

RLE (@ddition) ¥, I+] OEFEFTREINS.
TCRIEREZFSOTREMICEZTHDE, BELERE
BOKZOHTRELTWCEMERADCENTE, [D0F
BY] EVWSTATLMAMEIWI &AM D. RRIC, T+]
DEEFIE [DFRT) EVWSEMBTAZHATRERY
BIHITESICLIE-bDTHL Ehn .

2.2 5| =H (RiiE)

5| =& (subtraction) %, -] OEEFTHRRTSE, —
Ao —E8ELTHAZERMYESZEICEYTMEORDE
NERODDEETHD. BELELRLKSICK1IZRTE
BEFSOTHREMIZEZATHDE, EBOKE 151<) 17
ATHDEZAD. H1IzBLT, EROAYYOERMZT
SADER, AEIZIAFADERET D E, TSRADiH
ENSEIWVESDBRERA FTADHAICBE S ES1TAE
LTIRZABIENTEDE. ZODAMA—=DI2&NIE, 51=E
E TRAFTRORLE] LESTLENTED. EE BH
DIERZRTIE, T#H%ESICI e TEADHERT LI &
R—&352&T, SIZELRLED—HELTHEL>TL
5. WFhice &k, BIZHELRLELRLCCBEMAETAT
HY, T-1 OBEEFH 51<] EWSEHMBITAZHA
TRETAH-OICHEFIELIZLDTHBIZ LM 5.

2.3 BMTHE (FE)

BMFE (multiplication) X, Tx) OEEFCEHABTE
THD—AOHIZx L THRADHOEIZHSZ TRV RERLMZ
5] BETHD. T0:=oH, H1DEEDLSIZ, BLE
ERLCESICHEMTMATWKETRET S LATE
5. B1TIE, HOBEIEICE>TOKHEFERLTLS.
BTELE LELRERIC, BHGTAZHAICLEZEDT
HBIEhHMnD.

2. 48V H (Fri%)

BYHE division) & T+ OEEFTERTE, #HITHE
DFEFELTHASING. BTEARLELRKICKRET
Ef-C MDD, BIYEER TRAFADRBLE]D ELTRE
TERHEFTTHS. H1DHEBTEZDSE, FoTEILVE:
BEXAFTADERICBLTOIEEELELTEZSIEN
TE%.

CCETOHRATHE, AVELEMGITATHSLSIC
BABN, RF BLE 5I2HE #BUTRICEGEHF
ABERAREINTVS. H1IZE 5BV EOES T,
8 EDHZE 2 THI-=ROKFINEMTNS. HHIZT
¢,

8 +2=4 (1

ERETED. OB, BT 4 THSH, RETTIE
CD4 EVWSEN TE--RICE>TWVWAHKOER T
», TE-of=E% BOMHOIALHEWNDTHS. DA
L5, ROETIHEYEN THEHMLGITAl LEZHELA
F=ERLTULL.

258 YEDARARER
FTTICERBALIZ&SIZ, BIVE (BRiE) (EBITE (FE
DHFEFELLTRABZIENTES. LML, BIVETEHT-
TWHEBREEERT DL, THITEOFEE] ULtDiTA%
ThHE-oTWA I EPHALMIZEHS. Lad, BIVEDEE
IZ1&, BIZ TEIS] EWS5TAULEIC THIHYSATEAIC
IR#T 5] LV BENLBIRENEENTLSLSICE
bhd. LUTOHEHSTIE, BEICETI2EEMEHEZET
THL, BlVEICEFEFNIENRDH IR EERL T,
BIZIE 120) U TE5 2D HFBEEEZTHE
5. HATIHEUTORXTRESINS.

1+ 2=05 (2)

A1SRARTERT &, 2M&3I12 T120Yv3%E22IC
DITEHERE, Fo0KREZQU2INTE] ZELHM
5. O, XRTRBIATLWEVERYDOESDY VT,
21ZRF &I, TH-TEAIZIRMLTLNDS] &EZX
BENTES.

B2 1EDC)>I%2 2083 LDOEVETORE

CNIFRTHAT H2ESIROFITHS. BVEDNEAIS
BVWTHEROKRES 0.5 DHANREETHTLLHDIE, #K
EERIHAIBDELESICE oL DEEAICINHT B &
ZEAMRELTWE-OTHEEEZDND.

LML, BEICETSRERLKREZEERLTRSE, 2D
BYEOKXIZIITFERLGERANHDIZ LM E. BN
BTRHRETYVIZ2DIUIBFDOLEEZDE, 5
DRESIZHLEY IR 1ETEEL 2BTZSETE
LHL, BlIZRI0Y > INBEE+EEB1ELTERD L,
2 TEI-=#8, BE 0.5 DY oIdN12EFHRDBIZRS
nTHEY, 131 DTELEFTOEE 0.5 DY oTEHHM
LERFHELTWS. 2FY, BlYEO#HAICIE, BHIZ TE
51 EWSTTAELEITTELS, TE-BRYZEHET] £\
TANEFEATWEEEZLONS. TAMNEIVEIZTEEL
TWAFRERLTAD1DETHS.

£15—@, ABICBTAIRRELETZLEFTEARICED
N2 EDHD. Tnld, Ff=6HEIHI%E 2 DI2H T 50,
BPFLL2FEDZIELEBEVENS T ETHD. BVEICS
WT lT2TES) CLF T2%935) JEEEKRT 5.
LIS, BYEEZHRTEOSEEL L TEZDLELIE, *
NUADIRZAIFTELRNESS. LML, FHZEZT,
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Fht=BA 120 TE 2D B EEIC, —AMMEA
FYRELLGDEIITHNE I EFILSHEI L. EIH
A, BVEICZE TFERTEH EVSFHIRNEFTATNS.
N2 DOBADEYRICEFNTVASRARLRTH S,

EREDBITIH. 12D DEDEITIREFICELTE
Al=zD. SER. BHOLDEVOIDFLEFEYIZHIT
BPRREFIZE>TERTHL, HIZIE. 6 EDY >
JZ 1A 2B O2RFHEMAIIHTLNEA?] &R
HBHBZETHDH, XTIE,

6 +2=3 3)

ERBEND, CDESL [HIBENLSI—HDHED
EONTHAINERDLEHER] DFVEE AER] &F
¢ (S

AMoBlEEZTHIZV, SEK. T6 EOY ITE 2 A
ICRCEHT 222 E 1 AHLYRMEICESN?] KD
BIBAETHDH, ATIE

6 +2=3 4)

ERBEEND, COLSIC THIAMEZENL-LFICT
EFEL5—DONDREIERODIFE] DEIYEIL TFEHRKR)
EFIEN B,
CCTRMICHZIEN, F9. BIVEDHIZ, 5K
EERBREVS 2DDREREZANEENTNSI LT
Hb. £5—2l& BlVEDHTIE., TAL & TE] &0
21z TE] DEVWEXTRETELZVWEWVWS I ETH D,

2 DOAXTIRHENDHTHS 2 £EATHH3D NE] A,

3 TRT&IICTAL & TH] TARBHL->TWS. L
ML, BIVEDHAKXDITIFEZRIBTELZWNE=®, 7o
TWBTAMNES ICYELLTRLHBXTREINS I L
125 %. BOEVNAZTEE, HTLKBEZN, E-oizMA
DM, Tnéd, BoBERETERL 1 AHRYP—
RH-YEWLBEEAH-YDEKGEONM, XOFTE
ESNBVFEFITERSIATVWEEVWSZ2ETHS.

61& — 2@ = 3A
000000

YY (XY
6fE — 2A = 3@

B3 agk (k) £%9k (F)

=R NMEROEHOFEIEEEME
(https://www. mext. go. jp/content/20211102-
mxt_kyoiku02-100002607_04. pdf) M55, FEIFZEDNE|
YEDRESRICIZLUTOHRBANENIMM TS,

BEREEIRELERLIZEE, BEROANEEDL
ARBBTHY, BRI LVSIERIZEHT S Ff:,
BVE] EVWSERDERNDT B EFETRODANTH
Y3y, LEA-T, REDEAICHE-TIE, hb
DEHFEBFEATHYRI LIITTILENHD. |

FEEEERICEMTVLHRARFSIC, S8KREF
PREVSBENBIVEDOHTRELAGNERSATY
B EERLTVSEEAD. [HID1 VS BEHMGEME
DEDEREZHKXIHLETLEL TS LEIZ, ZDEK
AHXDPTERBEEATHENENSIZETHD.

Ehlz, BYETIE TRYI AHTLKDELSIRE &KL
EADEBNMBLHLSRTHS. WM, TI0OEADY T
3 ATEHELLATSE—ANAEYOERKRIEIAMEICES
M7l EVWSAEMGEEICENT, T AHEYIZI A
$OERY, 1ERD] EEZXDH LR ARHDHEDS.
XTHREE, UTORYTHS.

10 + 3=3--1 (%)

LAaL, T2 ANZIX3@ESDERY, BYUD 1 AIZIF4EZE
5] EVWSHTRYEZHSILBULWETOESLARETHS.
DFY, #H (RT3 EWSTAEEZLZDTHNIE,
W LE TER] THEIDLERLEL, 1T AEFZELALN
THBEBOLHEWEWVWSIZELTHD. EE, BETIEZEDELS
ICHEBTEBELENESS5. ZO&EMAIK 1200
TEPYRITEHHBTLY 2 EDTHIVDERFLELDT
FEU0hD, EVWSKEFEDOERMEBUTHS.
INEDNBASNhD L, RUEFAVTICUTO& S G
TRBEIT DI ELTREIZAS.

10 = 3=3.33- (6)

CHORDE®REEZDE, KIFEF THRY) ELTRE
SNTW=1EDY >33 3 ATRITZEHIZIENTS
EWSTETHD. FOE, 123 TEHBE0.33-L10VS
BT, B|ERNMILEED.

T, RENBASIKEE, UTOLSIZRYIETTH
CERMBESTICHBTRIETEDLSI1CKGS.

10 + 3=10/3 )

UEDRBEMNG, BVE () DHA, B 551 =
EUEDTHZHADPTITHOTVES I EADAS. &
nix, BLEM), 5128 (), BHFE(X) THEEFS
RELTWSTAEHA DT TORENAARECHE L TL
B EERBHTHS.

RRIC, BIYEOHRTHEICER SN TVEVRAIELR
REFEDHTHL. AL FEAMEEZEZASLTEER
RTH5.

o EoTTZERRETOMALKEANSHEZ TS

o  FENTHEELMERALGL

o AEREFNREVI 2DODEFEZAMNEYEDHIC
BELTWS

e RUYNHD
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3.1 YIE(Z2Y XA : cut)

BIOETHHBALIEESIC, MAEHIIETELEICETR
LTIRAONBZ ENhM o=, —AT, EYEIZE
%] EWS5F8ICMATIEIC] BETI EWSTA
IEENTWNWDE L, ERREBERDEZALIHADF

TRASNDIEGCREELTVWSIE, RUMNHBIE

EVWST-EEDEENHEETHVVELZCEENTINS
ELHLMIZH -z, DFEY, BEMIZ TYYRITH] &

STADHR S EBEIXINETHEELTLEMZEL
52¢ETHD FIT, BIVEICBLWTERENEBRLG AR
fREL, B (95 LW TADHERRT 554
BEELUTTEZTLL.

BUY, 120U T% 28095585 0IcEZTHE
5. BREMEIZTLEHIC, EHITHEODYCINDEE
FHELLTI &BL. BIVEDIHZS, R4 DLEEITRYT
&3, BZIZIRXEE2050U 2 dN 1 BHADHT, E
SDTTCERETOLS 1ENEZ 0.5 DY UaHhEANDE
ZHLTWS. COE3HIENRIDIDIE, BIVETIK
Blo=3DEE[ICINMIT HZLZRIBELTEZ TS
-HTHD. JE—RBEERICHDIERBORESE
ERIHBEN, RATOWEWMEDBAERZTLSEHID
ZRAICREIATWVS LS5O THS (B2) .

Gﬂ'} : ;2:::Cg HATLS
@cut 2= ¢+p

H4 BYEELUE

ikt L, B T851 EWSTADAEZHADE
TRETDHIEEZEZTHED. Eof-t0EXMhDESE
FIZ, XOFTEDEFERBETHEVSLTHD. U
JOPITEZIE, BEE1DY VI 1@BEZ 2% S5 LEHRT
EHEE 050 VI 2@E2EELEHBADPTRIRT S
EWS T LS LAL, BEIZ TE5] EWSTAEZRES
ELEEEFIEIINETIZHENE=O, BEOHETIEHK
DHT (Y51 EVLWSEEFTILIETERL. 22T
EEINF-ON, Tout] EVWSHLWEEFZRAWE:
&) TH5 (T, 2006)

Bikmiz, TEE10YVT1@Z2%9T5] £V
1A% BVETEILUEZRAVTHAICT S L,

lcut2=0.5+05 (8)

ERETES. W4 TRLEEKSIC, 120 vd%E2D
IZY1Y R FH1-458, #*£4 (0.5) OBHEEDY >IMN2DTE

CEEZDFEFFHAELELTRELTVLS. YIEITELT,

BYETREHEAMNGHATLWRYDEZ L HADPTE
WTEDHLSITHoF=. &, VVEDHRIBRLETRSE
ned 206, YNELWAERRELRERE BEOTOSIL
BEIEH TR CENTES.

BIYETIE, T3] THDOFIC TEDTEHI EVSH
BEAESENTLED, UEDSEEEIC TH5] &V 51T
ADAEBERICLTWSS, YIHNERECTHLHEDLE
L. ZD=®, FRETTELS, FFEFLRBEOBTRR
THIENTEDS (BH) .

S,
O
=
N
I

@ cut 2=Q+:1

B5 YEIZLKEZFFELOXRE
K5DY>aDA SR MERIETEESIZRKIZT B E,

lcut2=03+0.7 9)
lcut2=09+0.1 (10)

ER|TDHILENTES. 120U TEYBLEEIC, K
FOBRENRECHEEKSICHB I LIEAEMICEBRLEST
HBTHHN, NEIZLE > TRERICSTAZHEATRE
TEDLSITB L=

EDfIE, CIHMEEERMICEZ D ENTEDER
BDBAEEHR SN, UEREROLSBHHEEICENT
LRKRISHET S EATES. 6 HNDYTZE 2 AT
DTB] CEEBEZBDEUTDEIIZHAICKRT ZEMNT
5.

6cut2=3+3 1)

YIETIX, 6NDY I 2 ATEHELLHSITBHBAEETFT
B, 2BEABIZHITEEOLSICELZE%RTHERT
DIGEELERERETE, UTDELIITELZENTES.

6cut2=2+4 (12)

BEHD LS BHNEEDNHZEIE, BHOXENTEA TS
ECTAIT THUIY ] ZANBZESBAA—DTEZBDI L
TRADZENTEEEAS. EHIZ, 6 AoY>I%E
3ATHITSI BEIE, EAE UTOLSIZHATE
BE3IeNTES.

6cut3=2+2+2 (13)
6cut3=1+2+3 (14)

YETIE, Bl 951 EWSTAEEEICLTWSS:
o, TEEK] & TE2K) NEETIEVSEYEDRH
ENZFHLZERELAEL. T6 @AY IE1ANIC2 AT
DRIFBEMAIZRITENEN?] EVWSEWNIHT BE]
YEIZESKRTHY, 6 @ADYTE 2 AMZRLHTD
HMIBHETAHEVAEIZESZMN? ] EVSEWNIRT DS
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—AT 6 EDY>TE 2 AMRULEIT>221+5] BEIE,
UTD&ESITELIENTED.

6cut2=3+3 (16)

COESIT, YETH ToTWEHTALTOHRR (K 3)
M, Z0FEFX (K15, 16) TRESATWSH I Eobh
5. ThlE, IEAHRRIC THE] EWSTTADAHEZER
ELTHROTWEEDTHS. CFTOREWmMD, B
HEOMEDNSSL TE >3 DAMAMNSGHA TS &
ETERREAERVBEL TSI &1 BMIEIZE ST
FRHShTWS T &b o1z

BT, BYRITEVLWTRYMNAHSIEZEREBZATHELD
feZE T3EDY > TEDS ATRITS HETIE, BY
HEAWSE, UTOXDELSIT13M55%F 1 EF D5
TWE, 5IANDEA L JYNSEoKKIC, Z0¥ZE
RYEL, BIZELE-EARZIVEDEZA (B T 5, £
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13-5=38,
8—-5=3,
3<5,
13+5=2--3 an

I LTUETIEK, 13 EDY oI EEHMIZ5 DI
%] EWSBEELTEZSZZENTES. T0OED
LHRDEVEDHERRICEHOETUENREELL L, &
S3EDY TEZADSBIANCERTHEEANE
UTORDESICELZENTES.

13cut5=24+2+3+3+3 (18)

PRFHEIZ Y5 EVWSTAHATHY, EDXSITLT
LEOLEWI EML, BIVEIZEITS TRY) O3EZER

BD5 ABEDODANIZETETEEZEZTEEDLEL. Z0BE
1%, LFOXDELSIZEL I ENTES.
13cut5=24+2+2+2+5 (19)

UEMn, URFEIC Y5 EVWSERET, EAREL

BETRENG=-®, TRY] OESGHANGIHEEEEZD
MEATWN &Aoo T

CITHOHT, TYHE] LERHRRBEDLSHEREELLT
EETEHDON? EVSRES/EFENSMNE LG, L
AL, BLEN DIFRTI EVWSBEMRITAZERICL
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3.2 BhE (&5 EA : dynamization)
PEDEETITo>TWVWADIE, BHIZ THE] EWS1T
ATh-o1=. 1EDY>I% 2 DIZYBBHBAETIK YEZE
AWaZET, BYETIEHAMSHEZ TV L REEIC
WS ENTEDESICH-I=. £, ERLTHEED
0.5 & 0.5 12D &5UBBEEITTHL, 0.3 &£ 0.7,
0.9 £ 01 D&SIT, BHIKREZICYISZBELREKICK
IRTELHEAhMhot=. 512, EHEDY o IEHA
TRFDIEVSENHMELXRSIHEIZENTE, YISHUE
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I2EDTEZTHES. M6D&LSIZ, YVrydomiglcE
IEEHLERL—ILEELCET D LT, YIBEMIZE
hETL—ILDLEERSAZT—NERIZH EEZD.
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BoEEFIIREROBEICHN. ZoTEEINEE
FARLSTEEF (L) THD (E, 2006)
AEEEFIEIUVENCEH SN EORAMEDTE
*REBTIHEEFTHY, #iL= BMELTaE TAHDOE
%EU#K%§1o@ﬁﬁt?é:&ﬁf%éﬁ%ﬁ%f

C?b (&

l6 méu%Lébﬁfb—w®i§E<X54§—

BHEERBETHETLATERTVAV LN, UIETYS
BN <) TLERTIENTZES. ATEETFEH
WbZLT, EAEESNI-RLETEHLZL, 2BED/42
—VOELEBNICREL TEET S EADTAREMEFXR
HBEENTES.

A TIT TICHTELHEZAIZ, UEILSHEAD
EZHAEUTIZRY. EZIE BE10VVT 1 EE2
DIZYEEEE, YIAHBEEZHAICEZDILET, HoW
BUETYVIZE2DIRETEIENTES. ChEt]
HLRLEZAVLWTATRT L, UTOKSICRETES.

lcut2=05+05=03+0.7=09+0.1.. (20)
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DEHEICBVTHRILLLSICYINEBEZEEICEZSZ &
NTEBED, 1I3EADY > TE5 ATHRITAESIE, UT
DNDESIZKRBTED

13cut5=2+4+2+3+3+3
=242+2+2+5
=1+1+1+1+4+9.. 21)

WFhDigEd, ELETHEESINTULSEARNEETIX
BHHRIZELTZZENTES. 2T, TAFTIADEDE
MNERIZELRT D, Th4hs, IAHENBRICEIKI L
EREEEFEAVCRERETSE, alblcla.. kil
HwFBIENTES.

KYU—MRMICOELBEIZOVWTREITT . DHEHRAN
BHBEICH ZEIZOWT, BUT1EDOY >3%22IC
PRIEEEPIZE>TEZTHELS. VodE2212H1%
L, BEOUENEDLSBELDTHN, 2BEDEENE
Fnd. UETIEU - EROBH BRI IR S
h3i=8, AEEEFEFRAVSZETUTOLSICELCS
EMTES.

lcut2= (EBF) L (HEA) (22)

FROXTE, ERALERAOERIE, BBE 1 IR

LIENG, HoWHEEZEESIENREATVS. £IT,

L—ILDOEm%EA AiizB& L, ARIDOEN & BRIOEA
NEEZZTNTh x & y LB E, —BIGHELTUT
DESELIENTES.

1cut2 =A) Y B(y) (23)
1 =A(X) + B() (24)

COREAEIZELST, A BOLSHE TR &, xyD
5% TEE] M1 OOKXDBTHRS ZENTEBELSIC

Tot=. YIEDUNBRERSAF—DRHEITHET 55,

A4 =L L—IDEHREAHETCORINEAEN
xXEyIZHIET B, 2%RnTHEEE Y = yEY, Ef
DYVIADARINSWNEEE, x <y E5B. FD=0,
2ERTBREEERSTA FLA—AY oT0hDZEuEL
TWAREL LTRIETHIEMNTES. T, EADY
DOANANINSNEEE, RTAF—XERIZEF - F=1KEE
TREINDS.

PNBIZHRHIETDRSA E—FL—ILDEmMI L RIHE
TOMZBRIZEITS1=60, EEDHFOEEERT 1 &
yIZAHOEN 1 TH EVSHBNL ETHRIZELT
5. FTOi=%, Bz TERICTY 21T, YIhBAFHL |
CEEXTRLEZVEIZE, BERMA x & yDiEEXDG

TECEKRIELN.
B\ A= -3
KRB

175

1cut2= €1€

AN lE,’\

B7 YEEATEEFICLSTAEKREORE

ZFZT, L=ILOMIHRIZ TE] &V TH] £E5R)LD
3 3E, RSA5—FL—ILD TE] ihid TH] £T%
B 2 EITHDE. ChEHATRETSE, BTDOLSIC
EBELIEMNTES.

ZCT, KXOEB® Meut 21 1T T220291Y B 1F5]
EWS T114h) R0, X0GRI0 TE L A IFYINE
NERIZEICEWS THKEE) #719. ZOHXTEHRSIIATWL
5&351C, YIELEATEEFICK-T, TEI & TH &
WOBESHAHKICANRAHARBBEIN TSI LADHMD
(Mitsuyoshi et al., 2020) .

LEDERERFTFAT, VNELHEDERIZODLWTHE
MEERZFLEHTHEL. FTT, Y12 FOEELEHD
REZF 2, UHBEXELL. £, U HBRELZE
HABHEMEZ)EA B C..&8%, ZhFhOBEEICK
T RE0HE X ¥y z2..&8LK. THE, —BHLTRE
LT, UTOESICRRTEZENTES.

TcutX=A9 B C.. (25)
2 =A(x)+ B(y) + C(2) ... (26)
X =AB,C.. DEXK 27
X—1=_0E% (28)

EREOKXTRENRTLSESIZ, A B C.. OBRBEOES
DBBITXITHELL, Ffz x ¥ z.. OBMEIEIZZIC
RizhTWd. Ff, AFEEFLOBEHKRIEX-)IZHL
L. F=EZ1E XA 3IOEIZIX, BHEOESIZA B Co
&3I123DI2hY, AFEEFIOEEL2 DIZHE. B
BICBT3ATEEFOEEDAA—TLLTIE 2 AE
E0LS5TERENGAE TYIWB 28,1 &HY, X
MEHD & S HEERE (B OBEIE Yot &
3.

UELEEZINVELLEBELTHDE, EBERAITH
PENMREIATLLIANEFHEHNTHDSI LA E. El
UEDIGATIX, 1 %2 TEDHEEZIL0.5 &4Y, BY
D05 MAKXMSEATLEL>TWSES, EBEADTH
ICEATWEENEL->TWS. LAL, YIELEHETIY,
2HREEZRELELTOYSITTWSESD, YThBDEE
ICEoFTEDELEADDHKRERFELLL1THD. 2FY,
PELHETIE, EE0EEAT TEEREDEL AR
LTW3BEEZRD.

BEffirTcid, THE=E (ZTRILF—) 11220 TEH
RERDER/RMEYILD. BIYVEDZESIE, HIZ TES) &
WSTATHHhLHESLEIC, B> TTE-HMEDEAZ
XM T51<1, TGHET) Lo zEEALGLEIh TS,
LAaL, T8I1<) TETL EWSTAICKYERELTLS
HEE (TRILF—) [2D20TIE, KROPTEREEINT
WAL, —AT, UELBETIE, TEEZ] 220Th
EE50MAITEHELLG-oTWS. YETEADERTY >
TZmAt TY3] EWVSTAICK S TRELEEEEN,
XOBAIT TIY IS5 tiREEl L LTRB-ESATINS.
PYBEVSTAEICAVLGREZIRILEY—(E, Jrds2D
IZOVRIF o= REICHEZENSERE LTHXOERIC
REINTWVWREEZLZIENTES. DFY, YIELH
BT, B2 (ZTRILF¥—) £t RFEIATNSR6H,
TTRILF—REFOZEE ARKIILTLS.

UEMS, YIERUBETIE EEREDER I
FILX—REDZL ] PHXDOPFTERIA TSI EN
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oM ot=. COIER, PELBFEZAILISEDLE
TEZELEHZOAMENE LTSI LERLTWS.

3.3 BIEDEA
PELHEIZDWTEELREZRALTHL. AFEE
FOL—ILOMEIHD A B DERH I =) THHEWS
CETHD. JodEPIZE=-UEEHEIZE T,
TEWF] THEER] ERBLEGAIX ZTOBWAASEA
BIZINEWVWLDTH>TERBEEZHE >TLSEA, BN
EF<HEEDRRATHS T£1 © TH] Z03L0XHKEEE
FLHWVEETHS. YEICELE>THENAHKIZELAEZN
=213 THL, BEICE>THSEBEORDT S T—2
aVvEREBIZIRZAAESIZHS2 . FD=H, RTA4 45—
MEL—ILOMmIHETOERH (X y OfF) X, BEEHE
@ﬁ@ﬁ%? aVvERLTWAEESZENTES.
ZFLT, ATEEFZRWNSIET, LERIZEITONEH
tE, BE TALZTOREZ 1 DOHAICAKADL L
MTEDLSITHEHTz
CCETRYIEPIBFTHELHEEEZTEL:
N, UERRELEINIE SHICBRALEIELEEZRBTES.
EZIE, TEHRORKE] & 2 DICNd L TRE L F&
Ao TERER 9 thig | &LV > T-RENRIRAEETHS. H5
Wk, TADOHE] % 2 DICtNbZETIELE] £
SHREDRBEAETHD. COLSI, YELHES
BAWAZET, KEODHATIIZA LN > =T PKREZE
HRAOPICEHBITHELAL ZENTELLSCHE LTS,
BB, BEICE-THSLEHSORNDITST—avd
RETELL3I12HE-TULS.

EE{‘E@*L\T" lh\%@ﬁﬁmtaofb\é_i_b—cli r{L
BLERR) TEBLEE]| OLSITRHICHEIBMEES LKA T

JYANLIxEEShD. SSICTRHDOEEZHATHERES
DEFE Av-A: TTATHB] F£f(E TATIEAWN] 1)
t%ﬁ(?ﬁ@w%%@#ﬂﬂ&ﬁdﬁwen,F@EJ

= [R&ATIEGELY , TEETHEHAL] = THERL &£V
HXTEZONAETHD. KR BEREZEHORIORE
BEHL, HIEFHEITRINEITHLS, (BE) £5
NEHWINZBEIISZ. D= EN55 THA
PETHDILEEIZIEK, L5RAFBTHDI LWS3TD4
IWEBEX, &5 EEVEICEWNT, TElof-LtTHA
FHET EVLSBELIFEIBMUOLTLELEERSD. L
ML, TBELFRR 22ATHTH, BEICE IE-T
BETHD] . BELAEBEEROLZVERICAN ST
W3], TREEZHINTIEIVWELNAFNEL] ,

EREE>TIIVWEINFETETILNS], [FRTEL:
EYTHD] HELSESHLTRELAHY, TEE) & TF

Rl DIMBIEFELL. £, REEFETESEIHD
TRFI 1F, TREKTEREVLOORERGRE, BN D
DHAHRE EEIA, COLSBATIY—RHDIST
—LavERIEAFLHRRICE ST OAUREBET
TS CEMATELL.

COLEIames b ARBZORBIIH L, YIETIHE
I2 T815%] EIHTHEND, R =BZORAZETE
LTLgl. L5, RALGALGYL, BUDHLDESL
EEBELTVS. SOICBEOEZXATI, TEEl &
MERl EVWSBREFMIRIC LG, RREBE MR
DEIZHBENRZATLS. BREIZLL-T, TORILE
MERA, WmIM EVWSBELTTELS, TORMDT S

T—2aVvEHATRERETHIENTES.
BIROREE cut2 = BE L BR (29)

Tz, COXZERTTHE, B8 DESITRELHFTDME
DEFEE L TRETHENTES. ERMITHD L
EREMICIRZASE, B8 DESICBDITST—Yave
LTEADIENTES.

R e {55

8 BELFEIDIST—Yay

COELSIC, VELBERVATEETOEAIZELST
BIZHKXDD TSN/ RZ D LS 1FTHL<, B
FOZTHOHTHGEPETHIEA Gz THISEBSD
BOTST—Yav] 220 TH, BRMICIKS TEMNT
EDESITH o1

3.3 EE (&R EA :superposition)
VELHEICLE T, 2RDREEZRFELENOHKALL
LRTOY T E55EEHKICTH LTS £,
BOEXRTHEFETD L—)L] DiHELTHELH
ROPT/S ZEMNTED LS ICHE-T=.
LHL, BEICETAUPHELDIVIEIRTEEFN
FEDES28 <MY 1220 TIE, FEHEADFTHRS

ERTETLEL., COREH/RSONEETHD. UTT
FEEDEZAFHAT S.
(B, R, (hi5k &)
| m)
L=
SEEE
(B, BahY)
B9 HHMELERELRFICHET H2H0D 2 R0
L—JL  (Mitsuyoshi et al., 2019)

=7, BETREELSIZAEBEZL—ILOMEERIZHEST
e, ADD B ETHKRSAHA—DELILESE
25, FOB BIDESICRASAE—EL—ILEZRE
IZRITTEZS. DEDDREDL—ILIE, A & B ZMWin
L, ZTORZEEREL LTRETSH. ZOL—ILTIE,
ATGA 5= AEBETOEHEEZZIAETN xE yEBL
LT, BEORES, K, RLEVLEEHFEETRTC
EMTES. ZDL—ILTIE, 8 LRI, A & B DR
DITZT—avhREINDE. £ 50ED20FRHEDOL—
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WEHBEERET S COL—ILTIK HIEEZER
12, AEFIEZB OBEMEZATIYHLIZHEEZSTSHIDT
HD. ZRBEODL—ILOEWNE A EB ERANTS Y0
Bl AEIKHESHTHD. ER=DL—ILTIE, thE
DEBNRSAF—E L4 IEGHIZHBET DXL,
PEMEDL—ILTIE, RSAF—OHEIZEKLT, tIhB
DEEH A & B DEHOERCTEESIN TS, ZREIC
DFRSAF—PRPLTERIZHC LT BE, F5T
—YavDEHFEEZRBLEL—ILTIE x & y DIEHEE
BIZELT HLERFIC, DEEEERELEZL—ILTIEA L
BOELLMDEBEICASAF—IUBET S EIZHD
(K10) . Z0#HE, fHHElshi-EREL, MSLEDH
HMEZRBICHELHAT S ENAREICHES. RI100DE
ISRLEZIRATIE, x DEN y DELYNSL, SEED

L—ILT TA] LHIEESNB. 10 DAEIZELEZKR T,

XDEN yDIELYKREL,
Shd.

COESIT, ERERFERBDILDEERTHRKICHET S
CENTES. EETIE, AZERTHAKISHELTLE

DEEDOL—ILT Bl LHE

LIELD, ERELIBEOERIRLARMNLHITHD.

DR 95 BEETHY, BREEIUNEN MF§<] ERE
THoM, BERE TRAFKICHET S BRETHD.

-
|

E10 ERELSHENER

EHETIE 2L TRSAF—DNEDKSIZELC, %
B E LTRDDBIENTEDS. BETIE RS54
HHEEEEFL ] ZEEHR-T-. HAIBEDNDKHBELHAIC
BWTRSAF—Z2BEET DL, R4 F—DRETHS
CEIZHY, DEISAELOORLEIZES. ThElds
12, BEDMEBEPLHRICBEVWTRASA F—%EIEET, B
MEBATASAS—DEEEZERDILICEST, x&
y DEOEZHEENSRSA T —DEIW-BZERD S
CENTES. BEMEETHY, HRIIEHTRTI L
MTESL. F0H, TRSAF—DRESHV:=H] ZHE
BTRICENTES. RFIZ, TESEKDL] #EH
THEETBHILET, RIAF—ICEFETAEHR/TTHEN
] BE <‘:7f+%> T, % (function) MEXFETHD
“f7 REBEFOARICOT, 512, ERTHE
LTW3Z tér?ﬁ%t%ﬁ%?@?(?ﬁtﬁ%ﬁ?

gavant- (L) . ch, EEEEFTHS (1) .

=L, EFOHERFLELEATEEFICRESATY
S éhn, EREEFLATEEFO-MMELTIRAS

ZEMTES.

BETIE, 2 DIEROTHEBEDLDERBICHET S
ENTED. ARXDHATIIRYMMERHOIERS =5,
[EHEELNHE] DESIC205ERTRKHET 15
BIZE-TWEA, EBIE, W DERTHELTLED
BN TWDBERTHEL:N 2BRT B0, BE
BEEFLDOTICEINBEEOLTRRT I ENTSE
5. LhL, ZLDBEELTEHRRT 5 LILEhT 50
CE#THEND, BEIEEFETOEROLGHICER
FEREROLSICHFTRTICELETHR ). RHX
I2EWT, EEHEEFICHFEZRLTULEWNESIX, 2 D
DEDEER-EETHILEERLTLNDILEDET S,

5

Bl EREREFOREHE

(10)

e

CCETOREN D, EERET (L) DlEEEsELD
5. AEEEFE, THIEEEHMIH EWST5
ERELLELDTHo1-. ZhITHL, AEEEFOA
BICEAMZEGRT A f 2DH-BEFETIE, x & yDIE
BHEEVNST-EEEL, A OB TRENIEHOES L
Wo-DBE4RBICHELENTS. &5ic, EETHE
x &y DEFGHEEAHSERKERNTS. £LHdE, B
EEETFIE (HMICEBMEHE AFLEB) LA, o
ﬂéhtiﬁ;(“ﬂd@ﬁ%ﬁﬁ#%ﬁﬁé&ﬂ?é%

BEER-SLEETHD] ELSTENTES (B12) .

/
| | % yOfER IR DR RINZE(L
B =Bifh SE¥E A

— A 7-I3BOYHIERR

=

®12 SEEEF (L) Oee

UHE, 88, ZLTEEEFTCO—EDHEEZEZ 5L,
BMSZF0LDEEEREZELLZWL TEH] THEZ E”bM 5.
BETE, BMIERASAF—LHEH (L—IL) DIFIC
HBEZENTENTWE. O VITEEEZE -3 RTD
FETHH N, RELEBETERSE 2R TOF@EIZE
FHRWILIZETWS. REIZ, YYdDENSAETH
CTEHERLEBEIZBLNTY, GPELEVVHEBEZD
LOIFEEZEELT, U dJOMmMKEICFETGE LTHEELT
WabZ b ZLT, BB o-U 37010
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DOEREKIF, TH] & TE] EVWSBEOEEAOREICHERE
LTW%. ERE IETOYZTon=HE (D8
& BREBTOMICHLIEREZHUVDFSHLT,
KoMy EzRIEHE, TORAICHITIMEOEZR
FICHALTWSEEZAS (B13) .

13 EFCETHHMEOEEBHOEFDORHX

3.4 |BEXELERBIMDER
LS5—DOEEOEELHABPIOVTEZTHELS. E
BEORKICEWVT, MHO@EICIIBEZETSZ EhHhH
o2t FDf=%H, EOEZAIZ TEEKXK] & TERE/N %
BLZEBZTES. ERXIERNIME, ThEREIHET
HEMBE. BE XERTEXET MERKX] & TERE
IND ERRFTBH, TAETNAUTOBREERTHRITIE
LTW3EDET 5.

MR K : lim

n—oo

MR/ : lim

n-0

BRRXEERNMNOERIE, RAFMICEZDETER
MICER LYY RS T, ERAKERTISE, UT
DE 14 DLEIZRT ESIZKES (1) WNERICKE L
TWKEABELTRY CEATES. COK, EABD
RKESEFERIZKELGO>TLLSHER (00) [TITEBEL
T RES, BRMIKESHERIC/NELGEoTK
EAMELTRYICENTES. COF, EARDKES
FERICNHESGE>TOLAOISIFRELGZL. EBRKXE
ERPMIBESTHYSHETHAHDITHL, EARD K
T [ERETHS.

ERIZKECH> TV EABZNEVALLERED
H5E, ERMOEIICEAMAELG >R E L THREY
BIENTESD. Ff, ERICNSLKGLH>TWWKEARE
REVALNLEREDLETH, RALELIICEARNERD
EOCELG RPN TES. ERKEER/DDENG,
HEORNOAFMTHS. RIZHRENTWEELIIC, £
RKEER/PTEFRORNATEARMELOTNS. D
BT, BNOEABNSHEIDBKXRIZEMN> TEARE

EhTW A, BROEAHNSREIOB/NZ@EA > TIE
FREERTHCHADEWVELTEHIRALONS. LHL,
EEEEOHEMEINES DA T, ERKRIZEWTEHER/M
BWTHEARZEREREELALHIZHS. BET
[FRSAF—MNEELDARIZHLEICH, CORIARD
FEEERDHETHEMNERD. K14 TIE, EBEXIZH
MIARTERONFEEARE, ER/NANMSIHARTE
RoNEEAMEENRDZ L THEZHELE-PERORM
TREIhTW3.

K1I3ORKICEHLETEZ D E, ERKEER/NMNIES
THYAETBRBEFORSA F—IH<MIFEOATHSZ &
Nhhd. Ff=, TOROIST—ar0En ISR
EFOL—)LIzHEL, BEEICK>TEMBEHELT
RINDENDHMD.

(00)
:‘ —
. R oo
n—o0o
0 2 o
FFRAEED
0w
0 :
B 14 EBRREER/NMNDEHE (Mitsuyoshi et al., 2019;

2020)

EMBAREEBIDOELZY (X, BEICEEATWS. =&
ZIE, ENCHEERETCLEEZITAHLS. RELH
L EAEAZDA~NLEIFTN &, hEMD DRI
ERKICEAMA>TELHEL2>TLL. FhIZHELT, #E
DACEMOETBENLRESIZER/NZEAMNA>THESLLHK
S2TWL. ZOFlEFRAIZ, BEDHRICEEEDITT
WAL, SR EBDEBENER/MIGEDILIEE, HE
DEBMLRESEIERKIZIEIVDTLL.

Fiz, VEOHITIE) T2 2Dt EEEZN
(1 cut 2) , Y12%%21-0E8<TBHEESIEDBESLS
M BIRE BE10Y2 3% 10 BI2ELLTYNITS
& ATEHUTO&S1245.

1cut10=014+01+01+01+4+0.1
+01+01+4+01+0.1+0.1 (30)

KIZEMTWVELSIZ, BE 0.1 QYT 10 EATE
5. R, U15%% 100 [CTHIFEE 0.01 @Y >IA
10018, tN5%% 1000 (T NIEEZ0.001 D1 > ITAH 1000
BETZs. YAHMEERKIZTSHE, BENERIDY
INERBETEDZLICHES. 2F Y, Y15EHEERIC
#ogE, —FHEYDY U TOBEEFERIZNECHS
TWWL, EWSTETHD. TDEKSIZ, YBILIZHE
[RREER/NMNDEGZYMLALND.
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EE, EROBROPICE, BEXEER/NEITTELS

MR EBADERYSAEENTNS. 10H-YDOEE%E
BNZLTOL DRMPOFERTHD. MOTIR BYE
EREICHEA L LTS 1 DOMB DA ERS =0, &
ENBYARCOIZBYARGETNTNL S &IZHD. —F4
T, YETRE2ADENREFEIATLS D, ERICHEH
KLEYYITZRLEDLENETDY o TOEEDLKEN
T3 CORBIE FSHEPZTOLOTHD. 70
t=th, BEERMH EEAERCEMENSLLTES.

ZOES51Z, TEhD] EVSEZATHITNIERERT
ERVHEREFEECHLEHRECHFELTWDEA, TEh3)
EWSITAERTEEREPICHEELAN>T-. ZIT,
YEOHE LRI, [Ehb), FESCHETS &
W3 ZEEHRICHLEALEDITEONE-ONEEE, &
grgr ) <chs.

3.5 EE (55 &A : inversion)

MAIMED 4 DEQEMTHD RE] FERL—KE
BoTW2. EETHHELEREEHKUDITHILT,
BEICE>TRE—MARDAEZEHT S.

BEETHERKEERNDELZY ZEZLN, RI4ICE
SDTREXEZTHD. COBRMAPHLHRBAIZENT, &
BREERDMIBSTHY DHEETHLHIN, EARDYA
RTEMETHD. ERKEERNTELDIDIE, TR
BEFDRSAS—DEETHD. RS54 F—DENE LB
DFENELTELEZDIENARTHD. T5HE, ERXK
CEBINTIX, EARZERHETEZIRBIEIEALLED
ThHaHdN, EARZERTV ARSI UVERORANE
BB EDHMD. ERKXTEK, ROEMNSHIZERBAGR
h, EARIIRAONSOWAMSHBEIORENVAE~AERD
Nt . Extic, ER/NTIE BHOENLEDHFRIZH
AR N, EAREABORZLANSRHEID/NS AN
EERoNTUVL. BFREIORNIERY FILTRETSHZ L
MTE3. T3¢, ERXTOBBOGLIZELT E—
A1, THAI-HMEL EWSRT MULBAFEELTWNS. —
AT, BERNTOBHMORNICELTE IE—-%E1, T4
B-REL EWSRAABEDORT FILBAEELTWLNS. L
ML, CO2DODRFARDARNY MLEERDZEIZED
T, TEsH] TRElssE] &Y, BROARMEIEZ
5. ERAOZRIIZEWTEARZER=RAE, ER/N

DRINZEVWTEARINER-EREERS E—HT DD,

MEZERDIEICEHT, BREDENIZET I R
MEHZTIREEICH D, CAPRKEEEFIC&L 2EMBMT
Hb. 2T, BRREERN VWS HBEFER OB
inv (NE) EHAL, BRAREERNEZENRDHILITEK
SDCCELREARDELR >R EET SN rev

(£E) ELTHANTIONEETHD. EBEKIZETS
lE—fA1, TRA-ME & ER/MMZBTS H-
Z1, ToEI-AELD EVWSERORNE —AREEE
2R RLTHY, M OARUENSRLS-SH, EEKXE
#|R/ND inv EEZXD. RS, TEshl TAfEIssAED
EERTLEAEELLERALETHDEVLSDMA rev TH
3.

NEE B2 THB invik, THHI3HRENLRTESE
LE=tD] THA-HEEIZTES. LHL, rev [IEFFE
DRAIKELEVEDTHY, EREODAEZTNDILDZE
KTIDOTHIND, SETREITDHEETERL. £

D=8, EAMMNELGSF-BBOLSIC, EXEEFELTHE
SRR T S LML, EETHRALEERIC, £h
FRENERMGER SNz DERY, ARMEER 1=
inv&ERBENLTHS.

(™
N/
B15 ExH TER/N OFRMTTE, RSERKOX

FOo—

ERKEEBRPDEEEZEZ D012, BOEMEML
SBAZERY. B 15 ISRESNFR bA—(X, ESA MER
IN DEMTHELATVED, RS TEEXI THS.

CORLO—ZHEANLREE, TERIZEVWR FO—]
ELTRZ%. LAL, R bO—OREAIMNSR FA—%R
5&, FMOEHFDWERNMCTHD E-HAELRZI G, =
L, BhLRNEERRORSIAHZ120, FELELD
TG, SO&5%G THEETHINRAG] KiEEM
BIfNEDERICHDIER) —< VERKERTIE TKUI &0
A (Mitsuyoshi et al., 2019; 2020; 2021) . ZMD1=&,
NEIMSR FO—ZRE-BIZIE TKUELTRAZS] EXRR
TES. CORMO—IE, BETEHERSELERNEERKRE
WSS TH > TEIKTHELA, #BAHDRSZEERKD
RSIZRZA %, EHRORBIIARNIHEIEETHD. D
ESBLDONBERIZHIDONMEFRIZES ML Lz,
BREZECHIZLRABDLDIIEET . E2E K
NESTHD. BADGE, MEIAXRBITOERIEET
Hd. D2FY, EROGLEZICEELRL. HEEEKICE
KT, MELFLSAB>THLEEEEFLIEWIZA
S5, Lhd, ERANGKENEMEEZRSLDTHS.
FRIZHLEH LT, EEEEH>THEELTWSEVSES
RIIBONVEETHY, HEMEEEHLEL. T0EO
MEEEIR ISR LR PAO—ERILC K, EROLEVVERIC
BEGZWNZEEDHLET, BRAGRENHDILSICELSE
BEUEORRBTHSIESZS.

EECHTELEAHIIHL, TERIZEVWVR FO—] $H
KUl EWSTBRETEICELBRZAN inv &£%D. Z
hizH LT, BEDEAILDORHBTEAEL, TThi,
EENERNODEMTTETCLWSIERKORSINDA O—
ThHhdl EWSTEMNrev &EHD. ZOB, ETWLWERE
A—BEREEZTRALEDOTHSH, HEICE>TRAAN
EHh-TWW,. 2FY, ALRETH-TH, HEDEL
[CE2TEDESIZEHIZLEDEMNELS inv BREKEZ LN
SCETHD. BEREE inv FHEEEBORYER
LT, TOANEDESICEETHHET H2ME
Wolz inv i, ZOANDRAZHEET DL ENAHETH
5. CO&SIT, BIEhBEEEHTHIEITTEL, BE
EOHRAILHENTELIONERETHS.
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BELEHIL, EFRLSEMICHBATIENTES.

EFHRICEVTIE, EFOMEIFEREICERTSHIEMNT
9, BMETEZALNDS. FEBEHITRIN, BEEMICA
MY EFESEEFOREZTOLONKEDOREE rev TG
95, ChIZHLT, ERNGEABELSER OB inv
12T 5. BHIE, EFOREZFDLDTHS rev &,
BHABRTHD inv ZRFICHELE DTS, EROEHAR
WER inv (FBBICLICHEEMICES CN, EREE2F0K
BE rev MOAELTWA1DICIFEDLY AL, REIZ,
BRIZEANWLGETTRINGD, ZOEIEZEFOKREZTD
HLOTIEGL. BATHIEWVWSZLIE, BEDHEANLLE
BleEdILIzihdlizdh, EHAGHRAEVWSZLEHYE
T, BBERICE MB35 EWSTACERAT IEA
DEENA-TLS. EFDKE (rev) [&, BELOEHR
HEMSHEONDIEHE (inv) PEXYH--IKEELLT
FELTWAEESIENTES. £, EFDIREITH
595 rev & TBES) TULARET D LETEY, B
MEEZRAOTERBALERICENOSHRAERTHS inv
ICHE->TLES. 200, EFOREBLBAKREZRF
ICHATESREIZEHT, BHAMEEZMETEDLLEER
Lbhb.

&z, BRTFEEND vy EI—AE—FZEL LT
BE, EFOREBIIEDLSICEA LD E LTEHAS
h3. ReZ, Yvyvia—RAE—F#&ELI-EE, HF
DESIZBAIESNDE. Zhix, ThFnX 16D AREIE BE
DA A—=DIZiE LTS, ZOF, Yy vyi3—XE—F
DEWVIZE>TELGLIBABRNERND inv THS. Th
I2x L, EFDIKREIL, EARD inv £ LTEHASNZEID
B TRIEIND rev THIEFRECHAEROETY
VO ERBIZDWNTIE “ Visualizing the Proton.
https://arts.mit. edu/projects/visualizing—the—
proton/ 7 MNEEBMGEMOTELD.

rev
ETOREZEN

FAFERzHAN
inv

16 EFORE (rev) EBRIRER (inv) ZHNTLIER

L5340 L53EAHELT, TR OBBEHICERELE
EE2EZZTHES. AENDASDIAILLIZROZZ L%
EZb5 VyvA—REFAREZEYECTESL, EEE
BOoERATORYVGKERGADUMBELZSRAT L LN
TES. KRR, vy va—REZRECLTLCE, 20
RIZBEDBHNEEENT A ILLIZHESZZEIZHEDE. CDE
B, VENRRRICEIETTHDEH, HIEETHDA
DEBGLRBIIHONOHELES. S5IT, Yrvyvia—&KE

FEBRKICTECLTW ., EMZELCE-ADHEDNEL
AR EINDE. Prv v —REFZERPMILEEMSE
BRRICLIEBETORFEZEZENRDI L THTLCSDH, A
EWVWSKAERDEEDEARTHD. TAhTIADI v v iI—&
EBIZE T 28RN inv THS. Fhicxtl, #HaHE
KU GBAEROBRICHIBADEBEZDOEDN rev TH
3.

CCTIFRABOERE L TO vy v A —REEHICES
TEZEDN, MICEHRLALGERISRAICEEEZSZ TS,
&I, B EDEDMBMASEHALTLEIOMNZELD
TH, BAIhDIADHMENCEZIELSD. T, HBH
LTI, KENSBATIELRLEIHMELHINT
HLTWAESIZRZD. 512, KIBEROSMSEEIT
niE, HENMSOB|REIARBHLDERLELL(ELD
BOEENEHAISNhBEZ EIZHSE. CDEDIZ, EChD
RN EVSHERALNEBDREY 2HEATULS.

BOEHEE, HiETHd. COMEEEKE LTREL
K5EFBLE, EORTRBTEINEROIBEMNHTK
5. fzEZIE EEALELE-EBEREEZ TADEHE
ZEBTHCDD, KBEFPDELIEEZRTAOHES:
B#tT 200N -MBETHS. D, ThEhD
BEsL, EMNSRIZADEZE® inv, KIENLRE-AD
EED inv EVWS 2 EITHS. Tk, BOEEZOHDIC
®IST B rev FEDLESHBLDOAENS &, TEERGSE
ERIESHR] EESCENTZS. ZDrev HED
HEMSEHBATSHEIZE->T, BERNREY, H5H
RAM S BRI-ARDOBEHORNT FLELTD inv AEASH
5. #HIZ, 2TOEMND invikrev DFIZA-TWNREE
ZABELTES.

BELIEIE, rev ZHBILKAL BRI, BINEH
BNEIHRBABEOBRENAST inv IZHBEWVNSZETHS.
FD=8, HAIAN rev ITRHLTED & S HEHBEZ L=
Mo, SAEBOREAZHET DI LELAEICHE TS,
2FY, THREOHZE] FoAEICLTLWIDOLNEET
HBENWSIZETHA.

3.6 MAIMMEDF LD

Lt CHmBIFED 4 DOEMIZDOLNTOBEZERA L 1=
MAIFIEIZCDWTHEHEICEEHDEUTOLSIZHS. F
T, NE (cut) ISk THENMIY R T ENSE. O
2, BIYELE-THYIYRTRLDEHEST, 2THAD
FTRET L. UETEHFERFTEEOGEWLWI &M, 1]
YOAE<. ChHB$ELLED. BEOBRMTIXEIZRS
BEFORSAE—D T8 FIHEN, RS/44—N1A
[T BEEEICIT 2 BEDRY MLEERD LT,
BREAEZ, BEHEAHTCS. ERbIEITELT, I35
T—ar®rev EEROBESELTO inv SEAEIHRD
BHIZEAD. COLSICLTRDE, YEISEEEFT
DEMR—EDRNTOUEMN>TWDE I ENELS A B
ZNIE—D—DONEENHITHIMARE L KEER
P2HATHD. AAXTIFELIHALGZWAHAFIEDE
BHEIZE-2T, TAEFASRIOMARENE UL DTSN
52EI2HS. YIERTSAOERETA TADEREY)
UnIF3Z LT, EMERLELSIZHIZUYRITTLS.
SIZEIVATRADRELELEZD LMD, TSRO
RORBLELYAFTRAOERDELEZYYRITHI LT,
ELELIRBTEHIENTES. HERFUNELIBKZ &
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I2&2T, YD oN=HDLEEAERNIZEILLT S.

HENMEZ VB2 Y TS LIRSS SHALERIT,

BMIELAVETHS. 0D, BREFHIEELAVE
EITERTHERADENTES. EHTIE, ERICY
DEBMEEOT L LYo ANERIC/NEE>TY
TERELGH>TVWAS I EZERLE. HAAERIZ/INES S
BoTWS ZERFMAITHIEL, TokMiAZERD &
FEAITHIET S. %0)7‘—&’) BEFRMA ERADELY
ETY. COLSIC, HAMENRERIMAEROSEH
iz TS MALEENMRILAMARIZETEHE, —
EDOHETHANANMEFEBERZ DA CERTHS.

LT MmAEREmAIMEICE>T, SEMGEELS
NEHREBRICLLIBNGHERERAL [\AERE] &
H0F THE] o TL.

4. MAIFNIE DA
41 MAIFEICE D ELENDEE
MAEIFMMEZRAWNSZET, EDESBBHRATREICLS
OhE, BERMEHIZELTERELTVC. COHTERE
SED THERER] #6lIc& > T, MBIMEIC K 2ME—HBD
BEDIRZFZEZTHEL. T, BKEOWEHLEH
hiziEBMAH 5 LT 5. KBEYWTIE L 1HOKEOF
12, RCADHLSREREZRIZEZEOEEEVGNSAIE
LMD, ChiZBEMOBEE, —D0KkEMDOHIZA
NAATWVENSTHD. ANLEIZHIZDONTHREN
BBLTWDIcEMERET S L, TR TERLEKF
NEOAICHEI NS, TLT, DLEICWNKE, FEBIC
HOoHREEOENEMIMTINDS. SHIZEIZNCE, B
BABICEsBICAND TVWSEROHFR, 41X, YL,
FOLLLICRERALTWDEZ AN EAINS Z LK
5. CO&SICHEORLZDISEOHRFH 1 OGEYIC
EhNTWDEWNS ZEE, BEDICHERMAHINIATY
BEVWSTEBZLTES. JCIT, BETHWVW-ATEETF
DRASA B—FEMZDFTHES (A7),

inv-A
=

—l
O inv-B

*,* £ rev
[

17 #BEWIZHITS inv & rev DFHE

5L, MEOWREFYMSEDYICAN>TRSAF—%
Ehg CLETENLE MBEOBRDLYMNSHFEYDAANR
SAA—FENT LEILAETHS. FIEE inv-A &E
Zinv-B ¢EL. ZTZTinv &ELTWADIX, FEICEK-
THEORNDOARY FILAEENRTWENLTHY, EE
DEICAWVEEARZER T EERAENDEZATHD
TBIT, inv-A & inv-B ZEFR D LITL > THEORN
AEZ, [HERER] EWVWSMEOBE#EMAHETLS. A
RO KLZEE ST inv 2812 L THENHINESh

=BEHIE, RICEMN-MEORTHD. BIOERIZTRL
A SR &, KRIZEMEMEE L TOM-KEERLT
W5 NE inv 2ERTHTADIEEE rev OB TH
B0, FNNEZILEhRKIZH-TWAETBHE, EEIC
KO THEEMAMEL LTEESN, BREINEZ -KEEICH
S2TWHEWVWSZETHS.

T, [#KER] ORBZIRYE-THEL. EEMGER
=1 —Ik T SEENEHKRERIEL, BHRIALBES
MIZBETONTKRECLSE, BRABICEyEANERLS
BERTHE>FAM X YL, FDERELLT, BRERA
L, BOBMEZEHELIRY. BIZE-TL 3l £WW510T
Hb.

CDEICEETRRIBIEICELT, T4ABEHTH
210N, MEBELLTEESIATWS. ZZTRLEE
EMTAREIUARBAOHEATHEMIMEZEOTHY, BE
BEODWELL->TWS. ThHbhE, RryEORENVNSE
’EJEA::'?’%) EMETHDIER>TULWALEOHEAND
HWhN3DTHD. 2FY, KBNS RIMEFL L
S5 inv THHEWSIZ &, ARBBAIMSRIZR b—1)—
TlE, BAETHDIZEIZEBADIOELTHEMTINS.
LAL, KEBIZESHEDELSH. MEOFTHEIMME,
21T, BARICEEAAHIME LG, &
BHULME, SkAREBAIN S RE-RRizE RN, Ry EDEA
I2E-TIERTIE AN = LA,

MREEDMEDAR—RELH>TWBREEDNTLDDMN
HiF (FAWER) ([TEH2EE (55) EHRTHD. BEIC
£dL, BEIIBEFDEFT, —BF5|ETENTSH —F
EFXELTW=. BREEIR/BEMSLEL, BEYORLXF
FHRESTDHENSEBTEBHOTLV . ChExrRMTZK
ENSHEEGZIREL, BEZHMELEZEVSERN
MREDOYMEDTIZHE > TR EEDNATINS.

HLET—HRTEH DA, BEGHREIERICEON D
DTIEHEOMNEWSREEAH S (RIE, 2004) . ZDRER
I2&kd&, BEDOWESIN DML, LYY bEHEIC
H-OTWENS-ZES5THD. ZLTY Y FEELNEREIC
KORAAEHREZETIC, SXBORREOMENMELN
f=OTIEGELD, EVWSTETHS.

NEH L ETRRETH YRGS H S+ TIEAE L
M, ZITEZLELOE, RAOHEAN SRS EKEBD
MEBEIEADRZAICHEDEVSTREEICOVTTHS.
BADOBRATHEEEZDS LN, MANMENDEE 2 1HF
FTAHMICRICILD. LROEHRICEDCLE, BREShTWL
50D(F, FHEIZWEVYI FEEICE->TULES - =—8
Thd. 5L, EHOPTEAIIIRIX, Vv FEHE
ERELTWV-—BOEETHLIEFZALNSE. CD—F8
DREIZEEEBTE, BREShTUOEEIEETHY
WMARERCAHLT HZEHRLTCELZ2HO)—F—HIHLLARE
ELTRZBDTIHEWNES S A

COELSITEZTLCE, RAREOREYMORAIZ, B
DRBYPNRE—REL>TEL > TSI ENERETE
5. EILHXRBTH->TH, HALEDLIITBEEDIZHE
NEZABRFXRECELZLDIZHBZIETTHS. BAIOR
HTEEDONEREMIZDONTE, HAEDEEYLEE
BHICEECTHBZHMTSILET, ROBEEMETS
rev AHET<K 3. #LT, Thz TROYWE] £ LTEE
TEZERT L, BHEIYELLTEAELESINE=EDIZHS.

BEYMOBBEZHML THTEBARZEETRELE:
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58] (X, BEESIN=-2DTHYSHETHD. FD
=&, THRERDMEE] & THROME] (X, J|EXPLER
IMDESIZ, FNENE inv ELTEREDLESZEMNT
5. KEDESIIBIER, D2FVEEWS KELEH
DERATHDIDIZH L, ROBRRETHEMEE NSNS H
HEEODMELELTHIRAOND. K18DKSIZ THAER®D
WEE) & [SROMEE] #EHR5HZ LT, ELEEDOHDES
ENEOLNS. BELELVSEREDOHEIE, B/NDOEAR
EBROEABICHIETS. £LT, RI4TIIEARZE
BT ET revBREhI=LSIC, EEBLERYHSI &
TEETHRETELEVRE—MKROAREETRT LN TE
5. H1I8DEREART—DODrevERLTWRENS T E
THHb.

inv- ﬂKﬁEK@%

inv- & DY)EE

E18 BKENDMFELEROMED inv DEREHLE

CCETOBRERERALT, EEEMEWVIIDONT,

HEEIFEDEIIZEZDEH5M. HLILBILEFEST,
CHEDNEZEEATIELL.
ATNENHRALGEANETLSESS. EZE,

TEXREARDOKFEEAT-L, PLIEYBRKBAELL. |,

TRMNATRERE. SREAERE. |, TERFRAETIZH
BT DAELH - E=DOTEELD. | THERE =DM
5, Eob3 2L, | BEERIZEZNHETL BEFTT
H5. ZOBVWBIKRIZCERIEZEWNESD, EQOLS3HEAN
FUBhTWADOMNEWSZEE, COTREBHRLAL.

CCTEERDIE, BTELZXEMNLT, LEDERE
BEL-ADHEEAFHRT LI EATRETHIELNS &
Thd EiF COBWVIIRTEHEI-OZFZRIZE TH
Bzt rev FEB-TWEAED] TS, 2FY,

THEELIFEIS5VS533DE] & TAPHSEEIZSHZR
TfZ EWvotz, EEMGHBOBES rev LB -TWS
ZETHD LHLAAEREIE HEIADERANLDERT
HBEM5 rev TIEHEL inv THS. LHL, RADEHRE
LTIE, HARIZHEELE rev FEB->TRIZELTWLWSD

THd. ZTD=H, BMHOADEZELTHTER inv i b,

inv ZEAH L TVWARRLEREERETEDS LS 2L
THd COMEZANT, FAEFCPERLELZREDS

FIZoWNTH, MAFMEZAVCTADREHREFESIEL

BRICRITHIBMERRSE TSI ELARETHS.

SEIETELVRE—HRD rev ZHIICLEEE, 0
rev R LERTIEHOEYNE, TOADEZRIC
HLTLESOLNEREDEATHS. FERFIC, SEELT
3D inv THY, HEDHERAVPLERIZTEHL>TWAR
YU, rev [CHDZEEFTERVEVWSZEEHRLTLS.

4.2 MAIFEICE S EFHRESR
mAMEOEENERTES L, HAREEZTHRONAT
SR EOFERE, HMENR YL EABEREICH
5. Chixk, DEIZK-TEIYVEADEFRMNBEREICLE S
CELELEET S

HHBEREE TOALNAVELI—SDFAEEBRTHD
MBS — MEFERICEARLTLWS. THAEFD S baiE
WETIE, ThD (A 1, TEREF (v) 1, T
(=) 1, T~TIEREWL (1) | EVWo=mERZSZAN
T, ®Elc @L,'CE (1) M8 (0) hDREEEZEITS.
MEElE, REBFICBVWTEFIIBOEEEZ S DFIE
%E%f%bt%@f%é MERETIE, BhEEFE
FOEAARYI>TWS. HhElE, EFEOGEICHL
T, TZWDETHID, BTHEINDELLNM—ATH
Y, PRIMLBE=FEIROoNGL LT 5%BITHS.
hoEE P LECE, P ARETHNIE-PIIBTHY, P
NATHNIE-PILETHS, EWVWSITENMBTRYID
EWSZETHDS mBERBERANVTTT L, P OEHBIC
BHh5d, Pv-P [ITETHIEVLWSZLETHD.
FERIE, FEOGEIIHLT, TZhALNETHY, »
D, BTHDIEVWSIZEIERmYILEWL] EWSERITH
5. HoHMmBEEPESLCE, TPTHY, ™D, PTHL
EWSZEIE, PICEALLTRILEVWEWVWSZETHS.
MERBERAVTERET E, PA-P)ERTIENTES.

=P ~ —Q |qump|~Q — ~P |
pUi}

E19 aEmEICHTS, il ¥ R MHEOBER

TBIC, MEREICHTFS M#H TE] Tx{E] (2D
THBMBEHAT S (BX, 1994) . P, 0 EFhFhGHiE
ELTHLCE, PoOLGETHS. PoQELNVSTEEICKL
T, =P T3] THEE19). Ff=, -P->-0H IE]
ThY, FOETHDH-0—-P M I8 TH. HTE
BFBEUTOESICHS. # TQ—P) &E T4P--0)
LMBOBERIZHE>TWAZ E”bnd. £1-, figd (P
—Q) &xt@ [-0—-P] DEBITEIZ—FKT 5.

FELTHELVWILE, SEREBICBSTAELMAIM
BICEHPERFELSZCETHS. EREBIZBLTIE
RZREnhd L5112, BEP-QIIHTEPo-0ZFELL
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TW3. Zhicx LT, MAIFIEHSWNIBARETELE
S2TWLWADIF, EEN TRRT | BETHLHIZ &AL
5&3I1T, RE—ARELTOERITHD.

BEREBICAVTIX, SEEEFLFIBAOELLADIE
LY, DREMAHEIXE LS. F06H, GEIEHEIC
BFHL—ILOHEDNDIZTIREY, BELSIn-EIZH
595 I, HhBREFEEICELST, HEMBEP &
ZTOEETHD-P IREESA TS, P £-P O
EHHITHDIIRED, PLPAEL->TWVWAREZTETET
BIENTELL. 026, MERETIE, BMESEHR
DOEIZHLERMEVCEABRLE/RS CEMNTELGL. DFEY,
MECTHLIPPLAIRUGEEZHAETHLETELNIZP-0 &
EoHBETHE-L>TVADIEaAA DREDHEDDAHTH
YU, Lht, HEIBEEORENISRZIEADHEHF->TUL
5LWVWS2ETHAS ZoEMmE BYEICELNT, Bb
FHTHELREAZEHELTWA I LEEZERLEZBEORNR LR
BDILDTHD. BABEBIFZA TCVWENRZMAIFIET
HoTWB I Ehmnb.

MKREREBDEREEEZT, EBOMEOHRVAEEZSH
RERELMAIIECHETS. P-0) 2ELTHAHD
WIERZE A EBE, B0 10-P] 2ELTEAHIVIE
EM#%#B &B<. T POQ0DOEKHEGEONES
IFEETEAEL, P-Q & 0P @ THE5E] 2RI RIS
EEHTD COKMZEAEBARTWERARAETRTARY b
JWELTEZRBE, AIFPHASLSQDAREFRTLADICH
L, BIZOMSPOARZRTEY, RTWLWBSARM I
BoTWAIEIZRDC. EFMAM, EXxRITHIGSE
TASAMTRTER20D&SI12%H 5.

H20 BAICE-T, BXTWAE(N KRS

ADGIX, ABEBEDEDEHEBDEDEMNRZ TLVSH,
ABBODEDEEBDEDEIIRZ TULVALY. #HIZ, BMDS
IIBEENDENDEE ADECEMNRZATLSAL, BEED
EOEEADEDO@EIIRZ TN, AIXP-QEWLSRA
ICEDCEHBTHY, BIXA-P EWSHEAICEDICEHT
H5. ZO—ABRDERETTAY MLIZELNTWSRE
YU, AEBERFANLRZATLWSEDIEETIinvTHY,
RE—KDODARE revIZRZTIHLN.

—HAEOERITEONDIZDE, HTHRH/EBEZTHHIEE
LR THITRENEZOND. ZxiR& (T, HFED®

ERENIAUTH2O0NFETHALEIS ETDIABTHS.

fEZIE BMEME, Xéth, LB ELELEDOR
UTHRETHD. ZuimlE, KE HNITIREREZE
FOTHRAOEZEHALLS LT 50, BIVEDLS
ISELONEYVIETHRETIEAL, tb% Z DA
EOHICEH>THBELLS ETHIAETHD. LML, &
HREOHTEOFERLETR/EETTCLES L, [—
ERETHIHDL, EIFAXETHD] LWLV EEICHE
5. TOHE BRILNETHILEL, HHEIIELDIHEF
FETHDENSBEICEN > TN,

ERHETIE, ESFICEHOEBEEZRTESIEMNT

D REARE TAEVWSERMNELVETHIE, AT
BB EVWSERFRYTHD!, [HHIREMNELLE
ThIE, HORKIBRYTHS!, [HIEDEREEL

WeThIK, ZOEREFELRDIEFREFLTVWDIEIEET
MEWVWTHD] LWLWo=THD. LhL, HEIPYA®
BAHAELWLWALEEST, ICIELWVOYAIEELE W
STLICFLELEHEWETTHS. TDLS5H, RBICKHD
DIE, HhEEFEREZENETIHARBEISBIRLIGE
LE-THEDLY, 3 T7—YavnREFHRI TGN
MHIEEEZRD. 37— arvolxzBHONIE, T&
YUBWAE] TCORICEALTIIHEMENTWNSEZA]
EWVWST-BEICHED. thOBZLAZEICELTY, HXH
BEETULHIGL, ELEDL S GHIMNTEVNTIEAEL
CENREINBZETTHD. MAFNENEE, 8, =
HTIK BME0L54%H ﬁﬁit777 TavnEHKEES
RALENS BLEEFICHE>TULVSA, HHEFETIIR20I(Z
RTEndES5(2, HBH5—ARAMLR-EULIMRZ AL

Ft-, BETIEIEEDEND inv & LTHEDOFIZA-
TL BN, TRBEDEEEI TEDLSHIAENL R
Ao TN RFEBEN EVWSRADERMPASTS
T ZOHE, THCETEPORANLREBHETH
51 EVLWSEHEMNESIN, HEMrLHOBFSTEHMIZE
HLTWBESICHESELONDS. EhblE, mEICH
LTEAZDIHELI DOEBEEZHT LEVWSIGEE
5 ELHEEICAS. ELT, BADREL-EEEZ, #
BIZRTELEDL® (inv) THEEL, BAIC 1Z€T$L,7’;;L\‘é?
ICHBORHE (rev) THLHIELELTELEGLLHEH>TLE
9.

TBRNETHIHEDL, BREELGLIEFEAERL] &F
SR FEELBEUDNVEIRHE, RRAOBROHEBRNHEA
EHIBHILIZE-T, TEFDORBELTULLIEEDFIE
MEIZEEDTHS] EIELTLES. %L’C HFL
R#kIC, BEBZELREBL, BELELGIMBXZETHD
EELTLES. TEBEWBSHIMETHY, BMFIFET
H51 LELEELLERTOEED, HorddRILrHE
DEERTHDIEEZbND. MANEORMEATIE, BS

DBF L= invZErev EEL, TDrev THOAD inv %
BERZLSELETEHLOREIAE DTS ESBATES.
UEhbhohdDIE BROMEOBREOERLLG ST
WAZaHPHHBEDT A ILEEZEZOLEDIZ, it
BEZEOANZIALPEEATLRLEVNSZETHS.
EHOBEIOLRIE, HREFZLEIIHIT, BEHEZS
EFTBEVYEIZEEFENLTLS.

TlE, REIMEZEZFICDOITDE, EDLSHEBEEMNTRE
IZH5DEA5h. BRI IERT ) ):L‘5ﬁ?i5’é§1’rﬂh
LE=E3DOTHS. H20IZENWTESORAISIZESD
DELMRZTULAEWLS, BEETU-KYIRT Z &IC J:o
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T, ThFETCERICEATOWTRAGNA=EOEMNEKIC
HTK 3. RFIC, RVITEFOEOELMRZ TGN
N, BEICE-TERIZH--EDEA@EIZHTL 5.
ZERY ] EWVHSBEIZCEST, RATWAEHDIEIRET
LA, REERE—ARDIST—avTHEIIEN
RETES.

COEMRT, BFhEOFERIIRIELTVSILIZRD
. R, TAETRHEL TV LEETHRNEEET
375K, HLETEPORRICEKELZ—AEIZBE L
EWS T LMD 512, TZE] D ITE] LSS
MEEESNEBSEEICAET, EREBSEBEOM
I2HBT75T—2avThYBHBIEZEbNDE, EEXE
DENLEALGIOTLAEL, TEAIRIAIZIEL
WEDTHIMN EVWLTE=BENSLIERMEZMASZEMNT
5. ZOHRE TIOEROBELNEERDLL] &0
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Exchange Rate and Economic Impact in Japan
KYI KYI THAR

XSt FEAEXERERERAETEERAET T IL—T
Institute for International Strategy and Information Analysis, Inc.
Interdisciplinary Research Group

This paper examines the correlation between nominal exchange rate and nominal gross domestic product, call
rate, consumer price index, and current account balance in Japan by conducting multiple regression analysis, as
well as Granger Causality Tests on these variables. [ find that a positive correlation between the nominal
exchange rate and the call rate and a negative correlation between the nominal exchange rate and the current
account balance after 2013. This can be attributed in part to the disappearance of the surplus in Japan’ s trade
balances since the beginning of the 2010s, and the fact that the deficit is now firmly entrenched in the balance
of trade. The weakening of the Japanese yen can be also attributed to the trade deficit. Granger Causality Test
also reveals that including the nominal exchange rate when forecasting nominal gross domestic product increase
the accuracy of the forecast. Moreover, it is estimated the consumer price index can granger cause to the nominal
exchange rate and it implies that including the consumer price index when forecasting the nominal exchange rate
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RARARGEDIRINF—EREBNNSEAT EIHEN
Hbd, TRIILF—DEEOLRECEZDEMIZLY ., @A
AR MPERXLESOFRFICEN 1=, HE (2022) T
X, BEWEFIEOERICITEBERREXKDEENKEN
S22 LTS, MAETIE, REXKAEZYPFULHERK
TIEEFE—FRREREZTIRTORFHEEDHREH

3 HFF : FRED & Y $hEE1ERL
4 HFRF : e-stat & UEBEE/ER

FlEh, ChIZEY IRLF—DIEERBANDEREFEMN
BEY. BhzEmH e Li-IRILF—EEALREL. Th
FTULICAZENENT 5L 5280z, BMHETH.
WEHECH SV IS4 F— VR ORRASRE 2 S
LEBEAZFOIRLF—HHDBREYM L., BIHEEDSH
CIXBAREELEOMEIZRETHESHNELEH. BHE
REBEBIELLTVWSEARRTHIMERETHLSBERET
THBEARFIZEEI LD I LICHTHRLHEEY . BR
DN TRERREBET S8E. FLHREEBTEEZTS
EWSTO—NILEHEREOB EARBIL L., FHERE
BEMNEML-, TORHKR. 1990 £ E—V [CAROHH
FETERICAN ST D, EDLS ITEBEHRH~DIKE
EORFY LAERRZERIC. BADEZRXEILER
FREET SARENEE LTS,

Z SN (20055F-20215)

15
10

. - [ | - u |
. |
-10

-15

GBFD
|
|
|
|
|
|
|
-
|

(RN
1.4 BAICET 2B AR OHERS (2005 £-2021 F) *

ZOBRF. mLHESETHLS, BAANEBSHE. B
romHaNBENTEGY., BHBRFNNMETT S, —
A, BMAREIASICE VBRSNS TAY., MAELSEMNT S
ERAAH D, ASITREERICE > TRESRFERBCE
HEd,

=28, AOBDEEHETHD. BRIAQRED
EREIEAEATE Y. BRTISOMRNE > TS,
—7A. BRAOBBVORETEADT IV EANKRDHLND
A, RN TOBmEFANFIES 5. MEIEAN+TITESE
T, BEFREMEKEREAL TS,

mOBIE, BAEEDILATHD, Z<DEEREEN
BN RZERL, BMAEEICISMEMABEZ TS, O
Df=&h, MABRPLHEDFENEML. BHFFNEX
THERLELG>TLND, CNODERMNEESHICIERL.
BADESZFFNEBEL TS EZZOND,

BADERHGARESIESE LEERDL 5 —20F
BADOHERMILTHDS, BENEZELETVS—ATENE
RETIH-LRARIBFEEAHELGEN 2L H Y.
BARRAEELTVWADAR NS, 2000 FLUAET 4 1)
HELRTO~T0%DKEZMFTETEEAD— AL
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Y GDP (BEE HFMM~R—R) (L. 2018 FLIFE 70% D KEEZE|
Yir#, DEBEEEEEDEMNEA>TINS,

ABEAZRDTA Uy FELTHARMEDER, 1
VI LEA. BORTOEZOEREMN. NERER~D
FE ENTCEORBE~DEELETHD, 2021 FH LA
FoARIIFM LT, BAXREEI T (BER) & LTHRETH
KITRBFIZCTSREZEFE LTS, 1985 EDTSHEE
LD FILOXEBNOASET. 197 Q77 EER
WEZT-HNT7OTRETORNBLZASETE. MHFE
THRELTW-BREFIZE>TREHZBLLWERERY,
1990 FERLUBRIZEAERETEL Loz, ASETES
(FTr=-AREENT: TREXTEUREF~DOBITI KKIKD
SEERIZEVWTHEHRREL LTEEMNLET ILENZES
6 LTER, COLSHBENGRDEASIIAERDE
BEREFIIIATRATHY.,. AXOETHN TS RIZEBL 2 &
NEOND, ZDoH. £FE - SRBENESVEZRML
A%, ERfAERZRBLEZARE, 27084 04)LK
ISB-23DTHARY . FENETEELPYHRZRE
FTEDEFELLLEL, TLATARA VI LBEREN
SIRITHIHIFOHEEL LT RETHSS] ELWSR
HEHb

ABETHEERIZBIT2EBL— FOBRE~ADZEIZDW
TOXHELEaL—L., /NTILERIEHRD 1994 £h 5 2023
EFTOmREHRT—2ZANT, ABL— FABRE~DE
BERSHZT S, XABEOERIIUTOEEY THS, F2
HCTABEL— FMETIEmEFLHD, FIHTUTME
#LE21—T5, FEAHTEEOLT—RITOLWTEHRLE
VHERERET S, ELEHIEIBHYTH S,

2. ABL— BT HHER

2.1 HEAEL—+

A. FIL, 2—0LGLEDOBEFZENENRDOEICE L
T. BEEEL LT - Y—EXDOXBFER. STEHEAL.
EOREFELLTHRAINS, . 25 LI-BEEE
& “AGEB (Legal Tender)” &MEIEN S,
BB L—LORTFEE AE1BEAH-YOBEEEE
AT TRYT "BEERT (BERBHRT) SHEH
itk TxRY “MERT GEETER)” n"Hbd,
BE. XKEMMEBEATIEROHAEEIIIWE ORFE
ISFLDBRBRETHY ., KE~M @B T I8EEEILRFE
TRILEZITRAZEN—BTHD, COLSIZELSHE
DETHE « —ERWMBIRFICIEX, SEISEFLEEEX
BRI BIDLENDHD, 25 LEEREEEARB IS
iz “9VEAZTIE (Exchange Rate Market) &FEU, &
BE2BEEROXHBLLESE “ABL— “LES, ABL—
Feld. ARDBNEZ 1BAEBATIOICEEREZME
MEIOHEFNEGE SN ERLTLNS, —BMIZAN
LNTLWADRIEERERTTHD, Ff-. COABL— R
SOEFFEOTLERETIHRADHSIEIETHY ., ERE
IZI&. 2BAZL— b+ (Nominal Exchange Rate) & LY
S
Fhlzst LEEAE L — b (Real Exchange Rate) &&=
EROMOMEMEERTHD. Thhb. EEABEL—ME
—EOIHEMEDIH LTI TEDIRERT, EEAEL
— FOFEHIE, LIFLIERZEH (Terms of Trade) &FEIL

nd, BEFENERARIBEESNDLEER, ThThOE
MBE TR - =M Offitk L BEDTMEEIZEKEFST HD T,
EEABL—FOXELTIE, UUTDRYIZLE S,

5 E B4 D fifi4

— k= 2 —F x

REAEEL—=2BAEBL—F Ty
CHDESHE—DBICEIT5EREABL— FOFTEIL.
K YBENLBHMONRT Y FOGEICREABL— &L
DEINITERETRENETRE LTS, EZRBAEL—
(1 RLEEYOM). PZE (FATHEI-2) BEO¥IMEK
2, P& (FILTHI-f) NEOYMKELT D, ZTDF
EEAEBL— belk
EHEAEL—F=2BABL—  xYliKEDLER

*

£=e X —
P

EhY, —_EMOEREABL—FIEBAEL— M EE
DYBKENFHESN D, REABL— A VEICE,
NERTEMICE . BEMEEANNICR LS. REL
BL— FAMEVEZCE S EMTEMMICR < BEME
HRBIZE <R b,

2.2 EEHEEH & EE 5

HEEE N BEOEMMLEEFHRERICIECTABL—
FABHRIZESTESLSGAEBL—FE T8 (58) 4
H#|& (Flexible Exchange Rate Regime) &FEA TLY
b5, F£=. TBHBHOT T, NEICHEXRTHEEEODIH
ENETTSZEE. BEEE WRICHLT) F “FHd
9 % (Depreciation)” &LV5, COHFEIT, BEERTDA
BL—MIERTHI LGS, RAIZ, HARICHRTHEH
E0BENLERT S LZEHEEED, GRIZHLT)
r#{fi9 % (Appreciate)” &LV 5, CDFEIT. BERT
DAEBL—MITET S,

ChizxH LT, BFER AHoMLHAEBEL— (&
EEM) Z=EH. —FICHBFTIHEZ TEEl (B
#8154 (Fi Exchange Rate Regime) &IFATULVS, LA
L. BF4BEAEFMEEH-ELTH, ERESEIE
BEHATLELEAEHETZERT S0 H 5, iz
. 1 VT ULENLERTHRENEHREL TS ESHRKR
TRAETFMz#HiFLTWLS L. BEDOBEEOMRETME
FFIVICHBET I EENEITREMOMEA LR LTLE
L. BERERBFEEIANRONDS I EIZHD, £I T, 29
LERRENRA R & O G5E. AEFEZEELTCEE
BEONEICHT BEEEXSIESTFSILEEH5,
COLSICEEHSEDEL ETEERENMEZNE L
RTE|ETIFS52EL%E WEICHLT) MY TIFS
(Devalue) &5, KX, BEBREMfMEEZ HEX
LT) GIYEIFBZEE#IY EIF (Revalue) &LN5,

BAMEERGHH 5 EEHESHIZTEIT LD,
OB EICEI -1z “2ovr--2avy” #Fo0nTéEL
TW, “2ovr-avy” Lidk, 7XA)HOKXHHE
JFx—F =20V UICk>TERIN-—EDFEEFREX
EEODZET, YN FIZTRILEESEDTBEZFIEL, 1973
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FIZIXEERGHEZRT L,

COEEFZITT. BALEHKICEEHESH N S OB
X ot-, BERBICIE, 1971 EICEBXRF FILEDEERS
HEMEL., TDE. 1973 F 3 BIZIXEXICEHEEHI
BITLz. kY. BAADAEBRIENITBOERIZEK
STEET HH L L >z, EBHIEHADBITIE. BAEE
ICEVWTKELTEFL 0L, BIHEZECERNRELAK
DFENDORLICEB Lz, ZERIGHIZFHITT S & T,
BRI AZBHESODLEEIZHIGL., BEBELHHEELDHA
BEISRBMERDIENTE,

2.3 ABL—LOHEE

ABL— ML, BAEHSHETREEELLZ2ERARD
%, RIZ. 2 ODNEMGEHETEL 2 2OEBEEDOR TR
TERAEBL— AR -STLRERIZIK, RERIZ—DD
TG CERICHE->TLWAEEZEALT. TOREEHNEF
IZBE->TWAOTIETHRINT LI YRRERD S
ENTES, HIZAIE, ATETHOR KILL—FAT FIL
=120, BHHETDAZL— A1 FIL=119ATHD &
T35, COEFEAIZ, 1000 KILZFEAELTWSERERIZAT
HCHZEAL. BMIETHEZRMNT S LTRSS FILIC
FENBOLNE, LHAL. TS5 LE-EITOMENLEET S
L. ZLOBRERIFRBLEITEZITSNDT, ATIETIEA
B, B B TCIRARICEANMNI ZEICHS, LEEADT,
AHEDAEZEL—MIREL., ZO&S3THEOHESILHE
BT b, COLSBELGBIAEBL—FIRIL. T4bB
BEL—IPIRTSARAENTVERET, NEEZFRE
TBHILT, YRV EEOLTHNRE1BD1TAEE TBEL
— FD#FE (Exchange Rate Arbitration) &FESR,

BELEF.ANBORS L avEERLEYTEHZEHL.
FBEEEONIREEZRLTEY. @/NEHEShTWSE
EZBALT. BREMINEHBETHRMELIEETY T
B LTHBEERDICENTES, ZI LERENHL. R
BMICIEEHBOAEL— MI—HKL. “—P—ED:%8
(Law of One Price)” AWML 3 5%, “—¥—ED:EA" &
. BOBEEROKRLEWMBI T EDERAN—UMN DI
WeThiE, R—BFoEIEETEs st mIcEERE <R
—IZH 3. EWSIEBRZATHD, BlAIE. HHHEKRRT 1
FA. RERTIE 152000 HCHlRGESND ET B, CDEE
KRT1 RPEAEEBAL. RETETRTEINIE, 2000 B
FAQORBEDOREN LN D, FD=. KERTIEZOBIZHT
HEEMNEM, RERTIIMHBHAEML . KEROMEEN LR,
HROMHEITTET S, PATRREEREEN—HTh
X, 2thEDMEEFFRALCHRESEZESEE(TAEL
Bh, COKSI. Bastha (F115) BO (F&) Off
BOZEFRAL CHELEBT ITEBZERBTEE LS,
2FY . —Y—EDEA & IF. BREENEBKROTTIE
Bt XRFTH S ICELLTHEIZT S, EWSRET
H5,
f=2L. EBONAEDOEEICITERAINED T, WTH
BOABL—FIELIZT-HLAL, ZO&S5BEEERE
&, NEERSIREOFTRELS I TEF >TW D,

2.4 BRIZEIT35BL— FOEBER

BADAZL— &, BAA (PY) LOBEELEDR
BL— 2RI ABBL— I NELEEHBICEVNTER
DINT UV RAPHIHZESMEDFELEIZE >TRES,

BAXSE, AZKUXEREZES ASHRT SFAEE
RHRE, FLERYAFSERENS ASENSHRT 5 FLEE

FL— b=

F, BABEL— FEFIILUTOERSENEZ NS,
D EHRIZOBRERIZDOHRE

@ RNHNOEHE

@ HNNoMELFEEOE

@ [FEROABBEL—FEEL

2.4 BERREHBBL—b

BESNEZLAEBL— MIIEEICEAELTW S, EHIX
FHIEDEHE LHMANDEEZRT ., BMEAEMAZ LE SIS
B BSNXNEFELS HIC. WAL BEZ ERSEE,
BHWNEZIEFFLELED,

KD EY ., ABL—FMNIHIBEEDNMEXZTDHMDE

ELHBRLIELDTHDS. ABL— FOEHIL, @HOEA
DEEIHEEEZ 5, 8. BEEDMENLRT DL, £
OEOHERIINETISETEHAY.,. BARIIERNTISET
25,
UEDZENGEZMEZEAEBL— MIHEEICEELT
WBIENEZOND, BE. BEHNIMNETF @HHIEA
#tM3) 56 FENGFEY. ABEL— DA LRET SHE
HAHL, HIZ, BEHNEZ EALELEE LELEE). &
ENMETLAEISOEEILFLTHENHSB, ThiC
KU . BEDEENFLL.ABL— EATHET SAEMEN
Hbd.

2.5 EaXZEREL—F

BERXE. BRRXO—2DORFICERZLGERERTHY.
HHEDEF - Y —ERANX. B—RFAFNXZ. BEZRFEF
RIXDEEFTHD, BENXIE, BEHRXZ E@HEHBAD
). Y—ERRX (fR1T. Bk, EMY—ERRE). AT
IR3Z GBI D DIIA EBANDIHEDE) IR ETERS
nd, BENIANEREF IRALNXIHZEES) THHBAE.
thDEMN > DMEERAEZRITH EITHH FIT FEEIR
XOFRF (XHENARAZLED) THHEHEE. BITHE~D
MESRENRES B,
BRERINBFTHIEZ, tEMN > DMEETRALH
AL, TOEDBENFEENT T AMEANH S, FEREL
T.ABL— A LET HARMEAH D, BT, BERIN
RFTHHARF MEEREIREL. BEDFENETT
BIERNHDH. TDRER. ABEL— FOTHET HAREMELNS
%o
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BB i

U1V )

22 4-Y A%
F-CA0%  |f-tAokL-H

£l

A AFRAX ETAEM, 17 Eie0R

BRI

EXEx e

ERRE BIFRHAL, C2ER
HGHE . BERE

8Bl |2RRtER FII0LES, 177 3vH5E
Qs Be, 80, 8758
NEER FEARRAOARRYERL

SERE fittozz
B2 1 BRI OERIER®

2.5 RSt DEFE

ANADEFEEABEL— FOBREHBET DICIE. £RF
MERENSEDMNH B, @FFMERL &, SNERGREER
D—DOT. “AEL—MNIBEEELNEEENDRBEEFD
EZICE>TRESNDE EVWSHTHD, HlZ. HRBPDEK
BERNEYEWHEY ZROTHRTODEETEEERE
LTH. ABL—LOEHICKIYERENESSNDH.
ECTHRBEASRLCIZIEKRTELEVNSEZTH S,
HIR—F EEFI
SHREWMSILIFELGI2SMEEROESMNEEFIALTH
HESEZEREINEITHI . AAE. REOEMABEL—F
M1 EILI100MH. 3 »BMOEELAEL— A1 KL 101
A ERREZ 21—V ORTHETED 3 » BMEFH 1%
L 2%THD. COBF, RREBITHBICENNTIHAKXEL
ABHIET1.02 ERLORILFYHBEWEHZESNET
%5, BEMHBTFICANE 1 ERLEZ2—3— Y 81TH
TBCHEVTI»AYEAL. 31 ARICEELZNNLE
TENBE 104440075 (1.024EF)Lx102H/KL) %
FIZT B RABTETISETOEY ALK EFFOEE 101
EAAZRELTEH., FrICIEEE 3 & 400 FAINES,
2FY, FREOMLERICH I EALOMNEE LTS
EMTED,

HLLIDESBRRENEFTINIE, BITOT1—5—I&
—FICHRREBITEHTISG CTOESHEE. EYOHTZY FILE
WEERELDFIGEYEHELL, —2—3—YHIBTNESR

S HIfT: Tyt vILERER 189 R—D &K U4ERL

BERZTOITHAS. TOHE. RRBITHENOLRE. B
YABEEO TR, EMELAESOLER. =2 —3— V7 8R1T
FMEFIOTENEZ D REMICCOBZIE. ATESZE
ALEGEEAZ FILICBRATESERA LGS DINEE
NEFLTE2ETHERLIEITTH S,

LA > T, AEH UMIRERTR) i, FILEF %, EY
MNAEBEL—FE1 FlleA. KELABL—FZ1 FILH
ETBHE.

T+i=(1+i)] @1

BARIT D, COFRXE—EDRHEDT TROBFKICIELL
TE%,

i—ir="¢ 2.2)

e

BOFEEELL—FEEML—FOTRBEEYML— RIS
T BHEETRLULZBE. THHLEEMRTILY FTHDB,
EMRATLy bR TSZADKEZE FIL (BLE) ORIZHT S
T+T—FK-TULIF7L, IAFTRADKEZ FIL (HE) D
TAT—F-F4RAGULEWS, ZORKIF. EFEEMN
B<RY., BXEXTLY FIZRANAEREICHELLAEDI E
FRLTWA . FICTEZE. HLEXERT LY RHERSEF]
EREBIT B EABNIE. FOBRMBICIEEERSIZL>T
HEICREEREZBDIENTED, (2.1) BHLLL (2.2)
F DR E H/N—{F =S FF{H (Covered Interest Rate
Parity) EFES, ) RO D—H7EWEFIFEEEIIZ & > TH
ATHERENSTH D,
A= LEFIFM
BERNEELIGI2MALTICEMBEEMEI£1T5 &
EZBE. HRMIZITROBENKIT 5,

1+i=(@+i)% (2.3)

Ee FHAFABL— b, THLLEROEYABL—LOD
HFETHSD (1 FILEeM), 2. )HBIET, ZiB<AHZ
PRI LTWA EE, RRBTHTIGECHESZHEL. B
MBEBTIET RILESRICRZ T2 —3—VRTEMET
BERATINIEREE LIT52EMTES, £FITHELR 1
MzEMTETL/e FILIZHBRZ . 1 HIBERLT. (1+1)/e
FILIZEO L, 1 FILEMICREIEN +i)E./e)AIZ% 5,
COSHLRHEGHTHS1+iIAZRELTIHRBESNF
TIZHE S, LEzA > T, EYMTOAFZY FILEL, RRERIT
T TOAEELEE, —2—I—/HBAMTETORLE
BN ELTAEML. EMARSEORME. AEfoL
. FLEFOTENEZS, COEEIE (2.3) XOFH
PR TEETHRLET THD HIT, EB>HDAKILL
EERLRBELEZENEZOND,

ZDESI1Z. (2.3) KIFAN—FEERFMRED (2. 1)
XEFKR AN EEROERESG (EMBETEIMEIHNERLL
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AN GEWODOES) THD, LhLEAs, 2.3)K
DADEEERRICETINEETEEOHHFNERHE
ST HEIZERTLHILDOTIERL, 2F Y. HE-TER
DAEZ) RV IEKRE (FA/13—=) SNTHEL, Z0EH(2.3)
K ZEH/\—7%4 LEFIFE (Uncovered Interest Rate Parity)
EIE S,

2.3 KFxrDOKITERTE S,

2.4

P ek _ Ee—e
(-7 =5

AN— LEFFBEHFICRZE. ANSFOEIZITEE
BEOHFREERNARBRENS, EFHAERBICENED
BEIE, FRICHFTTEBL— FALR (Bffl) 5 &H85F
ENLGHNEHIBELLGELDLLTH D,

T, HiIFABL—LEMS5LETHE. QIXBTEYS
BL—LFOREREFRL I ENTED, 2NHKZLUTOL
SIZEWRTHE.

e=2"xE, (2.5)

1+1

IZHEY UTOIENER D, BEESFIONESFIZXT S
HXNLIRIEEEEQENEZ. HAXMMTEIEEEED
BLEEL-6T . T ABL— L E2ENTOIXEEET
DHNEEFIHT 2ERNELTHY .. BESFLELT
NE HAEFATELI-ELTHARKIZ FILER L RERE
TEL., A+i)/A+DIZELAHZTFAIE A FILL—F
IZZE LAY,

T, BB AEL— FOELIZEBMICERAEL—
ITRBREND, HEROMBT. MMk, AN ST 51 10%Em
FT51EVNSTEATRMICENE, ZOBAOEYNAEEST
BIZEVTHMN 10%ENTE20TH B,

L. QNKXDBMILIZY R PRI EHRER (Bt
) ORFENMBETHD, ATBEEMIY IS DL LT
ILETHEEEMABE DD EE ST, BEEHICLTILET
THEITDEA50, BELTZILAFELULIZHETEST S
R)EBNT. ZDOOREBELVEALSH RERNEE
WMREGIDEELZLRESE T HE. EEOHFINESRIT
TIEHELC VR RBEQIRNDKES) 3EET 500 —
BHTHD. LHLRICEERI/EEIRIZ—UEELE
T, HFNREREQORNTEREICRERFREERITNIL,
2NKXDESICABRTEELNEEEDOHFINER(IY
ZFkT5, COKSITVRIEZBELLEVRERODC L%
)R P HIRER LS,

HEIZIE, < DHRERITY R E#E (BRERE) T
Hb. YAV EBHLEBRERITI.NERTEEIZRET S
ICIXAEBYVRVEZAS ZLICHT 5xl. T YRS -
TULIF7LEERT S, LE=A>T, YRV ERALGERER
#RETNIE. 2.)KXDOEFFMELGIINERTEEDH
FWBENVRY - TULATZLDHEITEHEBREETOEE
DOHFIREERZ LA HBRICEESIND,

UTIZEARDAEL— MIBETBKRSA U FEWLCDOME
EDHIDTHD, BRADEBL— LI,

L NEABHIEOSNE  AEABHETIL, &E
¥, SRR, BUTE ESEIELSMEHIEEI

T3, ChoDEMEDFEEHRIEDNT VAN S
BL—hERET S,

2. BEREREOZE BFEHECERNAD=1—R(&L
BBEL-MMIREESZADERTH S
BIZIE, BEFRRE, EFBEK. EHNX. BUAED
ENBEBEL—MNIREEEZALE0H5,

3. ERELEEDRN: EFIDKERLHBEL— FIC
RELGHEZEZEZ D, BRFBE~NDFENTFDH L.
ZTOBREDMENLFT 5. BADEEFBUERIL. o
ENEEFEB~NDEENHRNESISECSTEND
%o

4. T ABCK : BABROCEERRITIX, ABHE~D
NAZTIERH D, T ADEEEEZIH T
BEBHIZTOLNDGEEP. TIEOBRELGEEEH
BIZTONDEENH D,

HBEL-MIFEBITERGERICE>TREEZR TS

O, FPRCFENARLIMGELHD, Tz, ABL—FDE
BIIBMHEAZEECERNCRICE>TEELGREETS5Z DT
B, BEPEDSRRICBEVWTEERERLELG DTS,

3. HEBL— MY SBEFHR

HMEFZE (2021) [2& D&, EHRMGESRBUERIE. BERESF
DEFRIZCE>TITONEY . ERMBEKRIEHEFIZELT
BEL—MNIEEERIZTEEZON TS MthA. E0OE
FEDEFOTTERINDEGHNEMBEKRICTOLTIE.
HRMICHRITMIZBLBHOMZE>TULWEWLW EXIE B
N—1E LEFFMRER. HHWIE. TREBMYAALEEA—N
—<a— k- EFJL(Dornbush, 1976) LREMIEEND =1 —4
A7 - EFI)L(Eggertsson and Woodford 2003) IZ#¢
ZIE. EALFDTTIE. IR —R—XDEMEZFDH
WEBROZHIETX, ABL—F2E0RFOTEHIZEE S
RIFESEL,

LML, REBMEOEDD E TORBELEMBKICEAT S
EO)E)T;&.(EL CHLEENHOEBRMNIDT LIELLE
CEERLTWS. E—IC FROEMBERIZET 2 RM
w,ﬁﬁﬁ’éiﬁ CroEArAEZOoN D (& X,
Svensson, 2001;Jeane and Svensson, 2007), IRED I 4

) —R—XDWIHEWRY (Thbs, EREMICIS Y

FTEBRY). BEORHMOEN SIRITH L TEFIAIE
DKEIZCRST-HFRIZBEWNT, %52 TIFUREH
D, COFEDEFETHRIE. FHRBFRAODRLE ST, W5
EMEOFRZEL T, BERAOABZRE S 2R
RO EZIC.RENMRETHR— LI+ VADYRID
ELEBL=ENEZ SN S (fz& ZI1E. Bernanke and
Reinhart, 2003) , REIMNMRET S ) RV EEZDRIBITH
BATLHILE RENF-GE)RIELEDHER. T2 1) —R
—ZAD—EHN RV EBEEICRBINIMENEZ 5N D,
OB VRVEBEED—EHE L THEEENBASLNIE,
EBBL— L ZRESELIMEZED,

CNEF—FEORMHRICE D EHBMWARHTHD. & Z
E. RFRBOLVEMBENEMRTT S LIy bTER
ThlX, SiFFELEABL— F~ODRIIELLEL, F
f=. 2REEZEILH LT IRABEEIRLNTREEZR
ATWT, FI-RURVEBEEDBEBAITEEBHGRKETHN
X, R= b7+ VFDUNZTORHBREIELHEVAE LN
BT, Z T ERBICHEHN LT EMBENEEL— ML
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DESHBEEERIFLEME., EIIMICKRITTANEHEL
55,

BHE.ABNAOHNRICET 2RIAEDEIESHT TIE. B
BOMET—2 (TavIT—3) EFESTENZLD (2
& ZIE. Payne and Vitale, 2003;Mizuno et al., 2005) A3,
NhiE. NADEZA ST HPEENLEDABL—MIR
IBLTRESINDZLIZKD. ERMBKRDEZESIL. 25 L1z
ERMEIENCEIIMR, T4V I T—2ZAWBIEEIC
F. 7O RORTEBERMZBEZ=0MATELRED
STAYY LFEHB,

F#METIEAR, KE, 1—0B. REA XV R0 4R
RITHVRALECHMNERBESAEBL— MIRIZTE
E% BRT—AEAVTHN Lz, TOHEER. FEHE
BMBENABBEL— MIRIFTHEE - #thigds K UBHIC
FHOTERBHIENBHEOMZHE Tz, BFICBLELGHENR
Oz, BARBITICKIENBENBREK LI O—1NILE
RfEHE O EHMENR. LU, F RBITX 3 2009 F
LIEOEMEMTH S,

BRIZETHEMBERDEERRLERNF Yy RIL- BBL
— k- FrrL - BEMEFYRILI D2HE5, EFFr R
JLEIE, BRIZ199F2 AlIcEOLABEEEZERL. 2001
F 3 AIZEMBROIEEEEZI—/LL— MO L ERES
BEHICEREL, 2016 FE9 AICA—ILKA—T -ar bo—
IWBEZRE LD T, 2000 FROEFF ¥ R ILFBHRE
ICHET S LIEIRBETHLIEEAOND,

A/XkFILBEL— L, EHSFERURHENELE
NZEN—0.58 RU-0.66 ODHEEIHY. BATIEEFDIE
THAARZEFE DTS I EMNREIN, INEFZEE. BR
EHHNONEEFZELSIVNVEZIDTH S,

BATE, PR/ 37 RLUE., sOMEE@EELEELTK
ECEFL. tEXEDOESHAEZRBEOREDLHREDFEHRILIC
HF59 5,

2022 3 AL, BRAIETZ AU A - FILETFTIEEL
—ARBEDZFDOMBEICK L TRFITHEHML . 2020 F£XRD

1 KFL10
SHAMS 2022 F 6 BIZIE 1 FJL 135 FKEAN £ 24 /8—
o kBl (IMFAKIZKD),
FOERICHHIHEEEIZD2021 E£11 BLIED 7 + 1) 51 FRB
DERB| EHHOBURIERH, 22022 £ 10 A SiaFE o711
RUBIRLF—FELOHELI-ARMAEDEREIZCLSH
KODBEHDEILLENS 2D a v 1THDB,
ZDZDMZ &Ik Home grown shocks TId#: < external
shocks THBHZ LITEET %,

AZR- FILEOBERICE, BEERICS VL TREMh %
HHBT A1) HADCOVID-19 Pandemic 20D KIRIESFLER
N RRGEIEHOGMEVSARIZE>TEL DY
AVIDNFEELTWSZEICIZIFEAEERR/BNLELNTHA
S.HB a0 FRELENUTI Y IRICOBRMTHE - &/
PERBUER E ERDEBEES ) X BB TEINEIHIDE LT
AYARBREFORLBBEZL-LOL. TOEZLENERSI
EHONDREMTHD, T L TEEEROXEMNEEE
DEMBIZHONED & S BEEMA VNI FEL-6T
DMhEWS EHMAERENSBUBORIROTE Y., BE
DT7HATIVIBERD—DODAVEUHR - Ea—IFIX
EMEEEOS/MSIETHOBEKE. TOMOEIZCTILE
BT SLEESIBNDTHD. EHB.CZTESITILLEIEY
MEFHRUTETEELL BETRREVDSEERTEIGLE

FERREVWSERTHS,

FTOE—IEFEF 2 EE/NTHF 4 L (Dominant
Currency Paradigm) &MFIEN ZEEDIEH - RIAAEHKR
[ZEDLCEDTHY., TAUHITABL—LOEHIZKD
B ME~NDEEEZZ T E VR TH—OETHD.
ADERBEREENAEEL ESERTZOEEEMLEDR
T avid Rl SFEhTtnd, F0O—A T, HH
EERERHELTEORBICMET H2OMNEFIF U ME
EETHY. COLP—LOTTIHFEERICEWTAEL
— FDREMMIZ & B ZHERBMBEN BN GE U2, SRIBUR
DRBENRNBIESIALG L RIOESRMBFEENRYE T
HB). TORR, 72 NDERBIZHOIZFERIF b
BEEMOBEERMICLEM VI LEEEEHOREDIZED
5, ZLTCTEEEE (BAM) I2X2EZWMEIMMERL &
EO2EFIFUIINEEOHHEEIELEROD TRBIMLC
HATWLWBARIZEWT, BEEQEES O—/NLIEOAEE
DROMEDHEBS R L -ABEERETEAEL—
FEEDOZHEROROBARLLIEROTTT A Y AD DS
Ar=aHEnBAR: FLESEHIIERDIRZE-T.8
ADHED VR VICEE LTS,

BEZDRHAT 47« RELF—N—RIFEMEICREDS
NhBBEKTHY., 7AUHDEMBIZHMHETELRDLI—O
BoOEmMsI MO LEELY, TAVAERNETFTEELSE
DMERDTH LD BRI EE | D& ETESEDIBEK
THD.TAU A FILOEERERICEITHXEMRI D 3
DO ZIZFDEEANERMTHZ. TDT AU Hh YA
EASRE-YRIEBED—DOABARATHY ., #FLTAK
M-Til% (AAEE) THD, TOHR. 7A ) HDOLFH
FlEMHOBKRTERAOHEME BEEMENDTE (RHEF
ER)ENEHRT 5. FRELERESRTIBO T TILLES
FHSHIZH T ERMBED REEDR I NMBLTHELDTH
%,

ZORRDEET, BARBITIL2016 ED 9 BICEBASH
ERESMREAMEEN - EMERMBEFBER VO 5 YCC
AR - B LTHEY.,. BRIETO YOO BEROEHRATEEM
ICEA L CERHAWMY St=ShTEF=,

EHMEEMEEE. BRESFDODEFRICL>TITHIT
BY., EMBRIEHENZELTABL—MNIEEZR
FFEEBAONTE A EOAEOEFDOT CTEES
NZEGEHPUEMBIFEICDOLNTIE, HRMIZELETIMIZE.
BASMZE>TUOEWL, FIZIE, B/ 8—72 LEFIEMRER.
HBENI, TFNEHAHRAALEF—N— 12— k- ETILPOH
BEBEFOZ2—4422F7 2 - ETIL (Eggertsson and
Woodford, 2003) IZi¢ZIE. EOLFMDOTTIE, YREJ—
R—Z2DEMEZDERBFEDOSHRELIE. BEL—LES
ORBFOFHICEEFZRIFTSLHL,

LHL., REMOENDYL ETORELESBMBEICHEHT S
—EOHMEIF. 5 LEEMNEOBRALTLEELLK
WIEHERLTWS, BT FEOEMBEEKIZEHT 2 EM
DHFEELEURNEZ SN D,

#E - Bdh (2015) TIEHEE VAR O HREAZRALT,
NEMTESa vy ELTRRADTTSAav s (i)
ERICHAROLGVEREROLEE, (i) HRESR (FEY
avy). (iv) thoBERTEKRASALGZWAEL— MZE
Bl avrEWS 4 DOEREEEL. ThoDray
INBABRELARBLUVEER - HEJOELEE &£ BFEIR
WICEZDHEICTOVTREZETS . ATOMKR. FMEE
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DNENEENIIELREICITEALRAELGEZELXEZ LRIV

. BICTHRMBEEL 3 v IS TS RADEES
BZ25TELMIERIN, BBEL—F-2avy (AR @
EHEANDEEIL, #£OODEETIIHAELEIATADOHN
BEE-TLAY, 2L LTIHRSIFEHEEL L DT
L, FHEHEE ERNEE - S—EXDORBEGL, BHED
REICEELTWSERDONIREEICIETA T RDEE
EFHEZTWS, Inlcx L, BRI ZHRALEHRE L5
BICIX. AN EEICEZ 52EILT - LAREICKY, £
EEREEMHTEEZEICE L TILAERE YA T RDE
EE25Z2TW5, BEMA TV r—avENS58EAD
LESHXDAMBERTEELDIE, ABL—tEZTDE
ODEEE. 1HiE VAR OHHERMASHESN-ABL—
F2aviDEWNTHD, BIZIE. TSHEERD 1985
FEBREMND 86 EITHTTOABLHAEOHEITIX, 1980 £
KRIFOARI 3 v I DEEE. RO ERMIEDOKIF
THEOEENKZVWEDEEZOND, E-. 2008 EM®D
== - LaviIlmERLE-HERERM - BEGHEBOM
BICEL T, HAMNGEMRFIEBOET L, FHERT
[EERBAD O G WEHEERDIETNRELGH/RENZRLT
W=, FD—AT., 2010 /D 2012 2 A T, HE
BENERERZER LADECEAMDLL T EHEAT
PEHELIZCLIZTOVTIE, HOBES 3 v I DEETEH
BT D EIFELLY,
BABITORBELR—F (2022 %) I2&bE. BBELEHN
REICHEZRIEIIRBRBEZRICHIZ52Z /Mo T=,
ARBEORFICEEZRIZITREL T, EAMIZEUTO
BYTHD, ABEETARNFELS,

D HECEOMERENRELE L HEEEKEDOHE
o
AR—XTH-M@HEOEMEZE L -ERASERE
DM
H—EX@HE GIEAEANIZESDA VNI REE)
DM
BANLDOFEOR Y FZEEOABREETH -1
m (FBNRZOREZR)
BMAIRXRMERICKDPERNTEIREOTHLH DL
THEBEEOBEHET. THS,

D56, DEQIE. LEAAR—ITHI-ME LEHE2D
EEL 5T ELIMITIKREFL. BHMICITFL—FF T
DBERIZHD, £=. RLBTEENEA~NI T LEHED
£, DPQDREEN LIzSREMHBIT 5—HT. QDR
ENLEDREEED, COLS I, ABLTHAEREFIC
HEERIFITREE., DEHROBEBEOELLLLDBIC
FiLT 5,
ELR—FTIE. VR ETILTEEEDAZBL— M 10%
DAZRL I INMbh2=BEOIT I OEHOELFREL
Tzo TR, EEORFEBELILEZZEE L. ORRLIETLKAT
F T 20 £/ (2000~19 £F) &, @FD%E 1 04ER (2010
~19F) O EBRZLEE L,
EAMLGERE LT, ARIEEZ DP ~OSE(F., #HEHE
IZBEBICTSRTHAEEHERTET LV,

Fiz. ARMNBERORE - PlEREFTETELREE, 8
EFELTVRIEERLTVA E—IC, HRICK 288
HHE=OWEMRF. EFEETLTWS, ZOEZELT,
FELGHELCEN 2010 EOFIEET, EENRDBNEE
FEDH-Z L. TOBETERNEEMO S FINMEELLE

® © ©

&)

AEZERENS, FLGEABRTOBHERNASL
—MEFB LGB ENBE TN, £EBRIICRS L.
BNEELENS . AROSHNEEIEALZERET. B
BEAEMET LELEENSZHoTWS,

BIIZ, FO—AT, ARMVPFBRIZOHEFE L TERN
BEICTSADEEEEZ DHRIL, BEEEE->TLITL
5. EDTO—/LEIZEY  BRDEENBHNEEND
BT IR, RUBRLEHEEZEL-ZOERN~NDERE
. FEICEMLTWS, ZOHR., £IFTED VR 2%
EHE GDP TIXACEEGNI (GEE GP IR ZFFELBHNS
DFEBOMZITRY M -#R) TITS53 . ARD TSR
SHEF, EE, FYKELHE>TWEIENHERTES, =
S5 LEEN EORORSERELEHIREDEMA, BRN
HEREOWMLEIZE DEN->TWEA EHBN S,

FZIZ, YEE~ADHZEDNELE LT, HROHEEEYIM
~DERIE, BE, RELRED 2010 ERNETOWMARSR
FL—2 a3V ROEFEY EERITEN > TLIDHAHAL
hTWha,

HEORBFBEDETILEZZEELTH., ARILEIEHKEE.
2ARELTRENE. BADRRICTSRADOEEERIFT L
EZzabhbd, LML, UTO3HIZBEITILENDH D,
F—IC. MHEEXZEHORZIHUOLEE. BEHEDERTE
PEITICEZ>TOTEREZERT B AND. HEHE
BIZDOWNT, TRE] #RODERHMERL, CDRIE, 1A
WEEADETY VIBERTH. BICHRINS ARTH
STHABTH->TH., BETHROHAEHAEBLOMNELIR
—ATREBICABERSNIELINE. BFICEZEFL:
SYAEEMENH B, LIz > T BB L— bOKERLITTR
. ZIEDR—APHHEEET I2DENH S,

FZIZ, ABLEHOXZEDAEMEPKE SIL, EEOBHE
HBICE > TRAREEZZAOND HIZAIE. ARITEH B ESE
DIRFIZITHMAIR FOEMEBELTIA T RIZEHL, &
f=. REHIOWTH. MARMMEELEOLREEZELT. EE
FIBATHLEINS, BARRIL—2a DEFEYICEK
STHEEMEANDHZENRE > TVIREEHLEEN
WETHS,

FZIT, BEZORELEET HH. ABLEIL. K@ OYiE
ICEZZEELE. TORLIDEBRET. XMV FIZEX

FELELLI NEFER74 v Fr—HEOIAL b
1B (RETPAEE) 285, 24 & TARIIZERT S
AAVIRFEAELRL, AV FE~NDKRELGFLEILHE
BEhiW, L. BEFRYIRSE, D2012 F£XRK~13
FORETIE. TARI X T (EF)] LELITERDEHE
ERETEHIAL FORT, ERSNDIERMLH-T=—A.
FDHND2014 ERi~15 EOR/ETIE. TAR] (X MiE
(EF)I EEBIZESDBILZREST H52A D FOFRTE
EREhTlW3,

MEF S (2021 £) ILIEEHMESRBKRE BB L— MIEL
TOWMETIE. BAR, KE. 2—AE. RUSFJRD 4
RERITHRA LI EHMERBENEB L — MIRITT
EEE ART—AERAVTHNE L, TOHER. i
HERMBENAEL— FMIRIEFIZEXE - thigi & UBE]
I2&E>TEBDZENHELMNZHE LT, HIZHELEH
ENRRont=-DIE, BABITIZEIENEMEL I A—N
ILEREHZOIEHIEMER. RU. FRBIZX % 2009 £
UMBODENEMETHD, ChoDEMEIEEEEE
0.3%M 5 0. 8YRRERM b, ChIEIHRESMNEED
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1%HRA 2 FORLY LR L TKEL, 1l SIROFHE
HERDE.AELGMENBRASINLIBZETH. TOURE
BLTEGTHY. BRRICKI=MEMBERZRE.A1£ 3
BEEXAZEOV 14V FOTREELGHRIIEEIAGLH -
T=o

BAR (2022) IEERHFLWVEHTHE I =2 — - KR—+2
FUFANSUR - ETILIZEDNT, 2022E 3 BUBEDOA
BEAR- FLSREE. 7T A HDERBEES| EHOHBED
ERRELA—N—NREVSHAN LD LTz, EB—IC.
TAYHOE/MEI EHHOBKRIIBRARVEARAEEZST

(ZFAUA-BA LR RNDOHED D) XY BESM
BETESEABEELTHY . BAZEOHEIZTIL
FHET 5, CONMTa v oI LT, BAREEITD YCC R
ROMEE - HIFEZORT T4 TEMRELA—N—HR
*fRitd oA LEZOND, LHL. BEZIC. BREEL
BAAQIZODEEMEDORBETEIEAENSI AT«
T RELA—N—HRICH L TEIY LT BERFE
M YCC —KRTIIHIGIEFAEETHY . BBL— bk EL
THEBHAEBE DIYEDLBREA T a vhRETH S,
T, TORMAHEBOEHBEEFHFICEOICEARE
BOEMTYEBEADRR LG >TWNS, TOERMEE L
THHEELONEEFE - EBERTY TEZ#N LEEXRETD
HEMEICLDNEABTENAZREL. COZDO0%
BMBEDORY O— vy RAABEKEY L THEANZE > TL
5 EERT,

BEREMNEZEET HEHNLTERBERLEBEL— MR
X HEIZDOVTIK, 2L DER - RADWHAEFET %,
F.AN—HLEMFTERICINIE, BEREEEIS., S E
DEFNEFELTDIE. BRSO LRETBBORRY +
L— b DiFffi 5 (3 T#H 5, Dornbunsh (1976) (LA /83—
7 LeRFEEER & MBS OMEEOREICEDE. /5]
EHHIavIIZEH>T, BBL— MIEIEIZEAD v
7 (#Em) L. F0k. h/A—H LEMEHESFIFEMERI<A
STRARITHEM L . &EMIZ, BEHFMESH S EEMLK
£, IThHbhE, SIEHOAILY LELKEIZEC EERT
%o

Z D& S5I(Z. Doenbunsh (1976) DA —/A—L a— bk - T
JVISEBSRMICIXBEELEN., ChEIETRTHIERINFBRIZZFE
rLERRLBR
TWEWL, EIORESHIE. BRH D WIEEFEHT—42 %
AW UA—2JRRERATOERRNEZELEEVAR
ZHFELTUL S, (Eichenbaum and Evans (1995) (&, 7 #
JADERMEIESHDH I a v L, thOEEEERTICHT S
%H FILRUEE RILIZR L, BEICHEGEMGEMHEN
HBHEEFRHELTWS, &K YRIADOHE(L. BIFEM—f%Y
&7 (DSGE) £ JLZALVT. Eichenbaum and Evans (1995) [Z
FoTRESIN-, ERBXR avIIIHTHE88L—+
DRIGEEHTHLEHA TS (Smets and Woters,
2002; Adolfoson et al.2008) .

4. RELSH

1996 £ 1 AHvi5 2023 4 RFETCHOLBABL—
(Nominal Exchange Rate), & BEMR#4E (Nominal GDP) ,
J—J)LL— b, #FULX (Current Account) BEVWHES
IR (CPD) OWFHAT—2 ZRA L5, AT THOETO
F—R([FARBITRY e-stat (BFHTOREEO)IZELY

MELELDOTHS, T—F2OHARVEMICOVTER
AVICRBLELED . E-RERICETHKET—2DE
AHETEEFIR 4.2 T, EFEOT—ZICEALTEEKR L3 T
RBELFLOHTHD, KARTEERFBHTICMATT S
U —RARHERBREET S,

4.1 B4R HRTE (Unit Root Test)

BABRREL (X, BRINT—2HEAARBRE GEEER
B)EONESIHEMEMICRE T DFETH D, BHEIRKR
ElX.BRINT—2OEECEEETEL. BUNLEETY VY
POMETI LTEELGREZR-T,

HUBRED—RMEEMIX., T—2INEEEBETH
ENESIIEFITEHIETHD, EEEBRETIE, FHO
PHLHEORBRE L LHICELEL. T—2DHEOHIHN
HEARELEVWGEELHD. COLSLBIEEEUINFE
T EHEE . MEMEEORFERE. FPALEDIHFELE
A5 ENREIZHE S,

HEUBRKREDHERIZE T, T—4NEEEBETHD
CHIEEIANIE, BURT—2EBRPELETIHREDR
MEBLARETH D EEEEHZMYKRCIET. LKUVREL
T—3%B52ENTE, LYEEEOEVSHTOET
TN |- R A

AR T, —BRUGBEEBREEFEOR T, KERMAG
ADF #5%€ (Augmented Dickey-Fuller Test) RU 7Y v IR
-ROV5E (Phillips—Perron Test) [2h0 X KPSS #& 7

(Kwiatkowski-Phillips—Schmidt-Shin Test) #4T->7=,
ADF #&5F (Augmented Dickey-Ful ler Test) [X. #5stF &5t E
BEZICEWT, BRIERHPEGEEZELEONESHDIR
HRETHD,. RETHWLONDS ADF REMET=ILBDIE
LB LYKREREBDEEZRNIEWMAIELE. HHEEKE
DT CTHREBENEFEET DL VSRFEEENT SATEEMEHE
K#b,

ADF #5E 1% DF 428 (Dickey-Fuller Test) @EELR L TH
B0, UTOLSHETIVIZERSINS,

Ayi=a+Bt+yy_1 + 814y q + - + 8p 1Ay pi1
+ g (4.1)

CCTaldEHTHY. BIZEER L LY FOFZRE. p $E%E
RBEDSTRETHS, flfla=0LB=0%RTHILS
VELDF—DETILEBRETHILICHIGL. B =0
DHERTEER) I MIES VA LDF—VETILZER
Bblelznd b,
SR 25HBH LT, AFREDERILITERDE
HERBEEZHET S, ChEID2FYREEZERTIHES
TDp ERHDBENSTETHD, —D2DFHEBLRH
MoIEBIZREO t BEETOIHENH D, HEUBREE
REREY=0 &L FEHY<0 DT TIHHON D, BV ERUVR
EMIEDE
¥
PR =S5

(4.2)

AEEEshAIE, DFREICE T HEET HEAEDIEL L
RIDIENTED, b LREMFEDN (KELAD) FH
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ELYNSITIAIE (CORERIMMBTEZVDTHEMESE
EZBENGY) | RBRERGy=0IPFEAMII. BUREF
ELEL,

BEREMNLETATTIEE LRILFDERE, DFE Y HEAIER
H 02U LIERIN(y DD TDEIX. TTE (Ay,.)DT
Tl Ay ) DEDEILEZBR N Ty DELETET SI2HI-
S TEMMAERZELLZV., ZOBEY=0THY. BE
FEREZEH S AL,

2y FR-ROVRE Phillips—Perron Test) [E#f5T
MICBIT2BEMBEREND—DTH D, 7 vy TRA-RO VK
%E (Phillips—Perron Test) ZFFRIIA 1 ROEGRTH S
EVWSRERRERET 5012, BRIISHIZHSNTH
Wioh, ETIAY = pyer + WIZEWVTp=0THD ELVS
DF BREDRERFICENTIND, T TAF1EESAR
L—42—T#Hd, DF REDLSIZT )y TR-ROVKRE
Iy ZERT 2BEIMREAEBRICEVTHEEREINZILD
FYUBROBECHEEEDIHE. 2E Yy MNERSHh, DF
BREED t REAEL TIXEWVGEDOMBEIZCERYRAALTY
%, ADF RENREARICEVTAY DS T ZEBALEHE L
TEBATAHIETIDBBIZRMYRAATWSDIZRL, 2
oy FR-ROVEEEF VRS A M) v IEBET St
EMETEICHEL TS, 7Yy TR-ROVREIIEREHIE
XOBIBEICEVTHELSAEVECHBECHETE
—ticxLTBE/NR MTH B, Davidson and
MacKinnon (2004) (£ 7 1) w FR-ROVIRENBREKRIZH
WTIE ADF REL YN T —TUAREL TS EHREL
TW3,

KPSS REIEHRINT— 2 DEEMHERET H-HODHET
MFETHD. EEHE L. T—F2 DEHOLEHEROR
BEELIT—ETHIHEETT,

KPSS #ETI&. LITORERG EAILRFERET b,
fREREE (H)) : T—2XEEBETHD FFERMENAG
W) MARER (H,) @ T—2EFEEBETHS (FEE
HHD) HEREEL LTIE, T—2 DL AL (level) RU +
LYk (trend) DZ2hMERIN S, REDFHERIE. IRER
RANENINEINESMHDINTHIEESh S, KPSS RE
DIERIX. REFTEVNEEKEDHRRELYVSWVGE. RE
RSN EINT EEEENELETEHEINTEINE &
IZ.REHHENBREL Y LRSS, IBERFEHSRIRS
. T—REEEBRETHIFHIN D,

= 4.4 1L ADF,PP,KPSS REDHREEZF LHD-EL DT, %

NIZkBE CAUSNDERIIKELAR)LT ADF RERU PP
RECREBRREZZNINGED, KPSS RE CTREMRS
FEHNINSGIELDGCEEEBRETHLIENDMN D, &=
DEESDEDCCAZELLETOERA ADF RER Y PP #%
ECIRERREEN SN SECKPSSIRE CIRERRZEAN
SNHWIENLEEBRELE -2 M5, TD=6H.,
CALUSMNDZE#RIXI (1) THS,

4.2 EEBHH (Multiple Regression Analysis)

EMEIFESH (Multiple Regression Analysis) I, %K
DERBALEH (FRIZER) LENEH WFIER OEHD
BEBREMIMNICHTTE2FETHD. BRI EHOHAE
HHABMERICEZ 52 E0HEBAMEBELNITEHIET
&60

ERRBAFCTEUTOE S BHFETILERT 5,

y = Bo + B1Xy + Baxz + -+ BuXp + € (4.3)

CCT.yITEMER. x;. x50 * * . x, [FERBALTH. By,
Bae = v v BulXENRRE. IBELETH D,
BRSO BMIL. ERFZRFOHECHETNEEEEDR
ETHD. AIRRBOHEEICITR/NZFEN—MRMIZER
SN, T—ADREBEL T4 v FERERTHEIBZEHLS KD
bhd, Tz, ARFHOMINLEEELHERET S L
T. SGHZHOBMERICH L TEELEEF L DM ESR
TE5,
AKARICHFTHERBOHAETILORIIUTOESYTH
B,

ANEX, = oy + 0;ANGDP; + a; AIR;a3A CPIL, + ayA CA, +
Ppoeeeeeeres (1)

ANEX; = ag + a;ANGDP, +
o AIRy + azA CPI + o4A CA¢ + asDummy,gqz + py =
...... 0)

ANEX; = ag + a;ANGDP, +

aAIRy + a3ACPI + a4A CA; + agANGDP, * Dummy +
a7AIR; * Dummy + agACPI; * Dummy + agACA, *
Dummy + g (3)

= (1) ICITEMEHRICREAEEL—FNEX) 2& Y., FHEA
THELTELBAZL—FNGP) . a—LL—k(R) ., HE
EWEEL CPI) RUEEIRE (CA) Z&E->TWD, wldiE
AETH D,
X 2) ISITEMERIZEEABL—FNEY Z &Y., BRBEE
HELTK () IZMATTZR/ S VI AOBEBAZDIK
EORERUVEELRH - ESNERDT=HIZ2013FLL
BOFI—EHEAN. P ET o>z W IRELETH S,
®X Q) ICIEEMNERIZZBEABL—FNEXY Z &Y., EHEA
EHELTH (1) ICMATRERICITEIRE/ VI RD
BEEAZD 2013 ELUIED S 2 —EHE AN, nJTEHEL
EHTHD,
RASIEEIRAFHRRERLEDI DOXZEFELIHERE
FEDHEEDOTHD, R (1) FIEXETIL (1) IZ2BLT
F, 3= L— bFEERFBEEFOHDEFRRRTHDa,
NTSATHY. 10%DEEKETCHRERREZEINEIND
ZERnhB, Thhb, ABABL—bFELO—LL—F
(IR) F-IIBESFOBTIIEQHBNEOND, ZDE
ON-EQEBROBRIIEBR L FFLHERTH>Tz, ET
WEEEEZSLITOMT H2KMMAHZIELEBEZOND,
® (2) FEIEFETIL Q) I2BVLWTH, a—ILL—+EE
FBEEF TOADEIFERBDa,ATFXTHY . 10%D
BEKETRERREZENINSZENDH D, LHLEK
REES I —ORBFRBITIZRERSEENI NG o112
H, TR/ VX OBEROFERUVHREIRZ G o1,
R () FLEFETLA)IZEWTHL. a—)LL— K (R)
FEEBEREF O EIFFo, B 10%DKETRERSGE
EHNEINDBZ L8N B, =, BEIREZ (CA) DFE#HT
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Tk BA% ) R 9N ®/ME
NEX 109 109.63 13.63 141.39 17,34
NGDP 109 531718 183.71 5700. 80 4909. 01

IR 109 0.11 0.18 0.51 ~(. 06

CA 109 J748.70 1662. 06 12531.00 -1016.00

(PI 109 9. 17 2.18 104.43 9.9
B 4.2 BAGHE (k)

i Ak ¥ B ki ot
NEX 109 0.24 4.93 13.37 -20.19
NGDP 109 379 70.14 272.64 -417.15

IR 109 =0.00 0.05 0.2 -0.22
CA 109 3. 79 1439. 99 4004.50 -4401. 00

(PI 109 0.08 0.53 2.63 -1.00
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BEA4 ADF PP KPSS
-2.13 -8. 69 0. 37k
K
(0.52) (0.61) (0.01)
NEX
—4, 13%k% ~78. 06k 1. 11
Vivan
(0.01) (0.01) (0.11)
-1.37 -6. 09 0. 49%%
K Y
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NGDP
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Vivan
(0.01) (0.01) (0.11)
-3, 40% -12. 42 0. T8%k%
ke
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ERFSMETIV
ANEX; = o9 + 0y ANGDP, + otz AIR(0tzA CPI + 0tgA CAg + preseesesesees )
ANEX; = ay + a;ANGDP; + a;AIR, + azA CPI + asA CA; + asDummy,gyz + pp====+==- 2

ANEX; = ay + a;ANGDP, + o, AIR; + a3ACPI; + a4A CA¢ + agANGDP, * Dummy + a;AIR; * Dummy + agACPI; *
Dummy + agACA, * Dummy + prp==e=s=rseeee (3)

E3 M 2) ®))
o 0.312 -0. 267 0.150
[0. 647] [-0. 445] [0. 305]
oy 0. 000 0. 000 -0. 000
[0. 291] [0.110] [-0. 353]
ay 18. 540% 18. 970% 19. 830%
[1.919] [1.978] [1.906]
o ~0. 000 ~0. 275 ~0. 801
0. 310] [-0. 289] (0. 598]
oy -0. 000 0. 000
[-0. 342] [1.031]
as 1.623
[1.607]
ag 0. 000
[0. 985]
o 8.928
[0.211]
ag 2.036
[1.085]
oo -0. 000
[-1.704] *
R2 0.26 0. 31 0.31

4.5 ERRSHHERR"
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NEX

NGDP

NEX

CPI

CA

NEX

IR 0.76
NEX 0.25
NGDP 0. 06%
NEX 0.88
CPI 0. 94
NEX 0. 000k
NEX 0.15
CA 0.89
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This paper is a start-up project for post-truth studies at IISIA. Today, there are a lot of websites and online

videos that feature post-truth contents. The author,

as a scholar of historical recognition, is trying to find

out why certain people prefer fake (or “populism”) historical views to academically authentic ones. Generally,
it is said that “post-truth” has gained popularity because IT has enabled people to receive massive amounts of
information and they cannot distinguish legitimate views from illegitimate views. However, the author thinks the
most important problem is on objectivity. The author thinks “post-truth” people are considering their views as
objective and this makes dialogues difficult. It is also said that history studies would never profit the society,

but dealing with “post-truth” historical views is important.

vandal ism.
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A Narrative Review of Current Status of Telemedicine
for Chronic Diseases in Japan and China

Xiaofan ZHANG
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Telemedicine is the use of internet technology to establish a medical information platform between patients
and healthcare professionals, medical institutions. In the context of internet healthcare and big data, the
intelligent combination of various telemedicine health systems and gradually popular biosensing devices
provides a new medical management model for chronic disease management. In this regard, this paper summarizes
the main obstacles encountered in the development of telemedicine in Japan from patients’ and medical
institution perspectives respectively. Thereafter, it has also reviewed the safety and effectiveness of
telemedicine in the treatment of chronic diseases (cardiovascular, hypertension and diabetics mellitus) in
Japan and China. Finally, operation models of online healthcare in the two countries were discussed. Please
noticed that this paper is prepared for the purpose of providing information and is based on materials that
we believe to be generally reliable as of the date of investigation. However, we do not guarantee the accuracy
or completeness of the information and some of the content is subject to change in dynamic economic/politics
environment and other factors
Keywords: Telemedicine, Chronic diseases, Japan, China

1. INTRODUCTION

care in a country(data, 2015). It is measured on a

The covid-19 enables people pay more attention to
health and compels the development of digital health
and telemedicine. According to world largest
professional services network firm Deloitte’ s
report, it is known that the percentage of online
consultations via video call with a physician rises
from 1% in 2019 to 5% worldwide in 2021 (Deloitte,
2021) .

The increase in average |ife expectancy has led to
countries aging but with insufficient health care
providers. An aging society is 7% of the total
population over 65 years old, a deeply aging society
is considered to be 14%, and a super-aging society
will be wupgraded when the percentage reaches
20% (Xinping Yu, 2023). In Japan, there were 34.59
million senior citizens over 65 years of age, and
the rate of seniority has reached 27.3% from
2016 (Iwasaki, 2018). On the other hand, China's
population aged 65 or older will account for more of
its population than Japan's, making it the world s
most ageing country by 2030 (Zhang, 2012).Aging
issue has triggered the structural changes in the
healthcare system, which making the chronic disease
treatment urgent than before

Medical resources are not |imited by geography or
time. The digital revolution in healthcare delivery
is increasing the scope of healthcare services. The
health access and quality index(HAQ) is commonly
used internationally to measure the level of health

scale from O(worst) to 100 (best) based on death rates
from 32 causes of death that could be avoided by
timely and effective medical care. From 2000 to the
latest 2015 survey results, Japan's HAQ index
increased from 82.9 to 89.0. According to the summary
of patient survey in 2014 by Ministry of health

|abor and welfare of Japan, the top three diseases
that patients receiving medical treatment are
hypertensive diseases, gingivitis and periodontal
diseases and diabetes mel |itus respectively Ministry
of Health, 2014). Senior citizens are |ikely to have
multiple chronic diseases and often require long-
term care. In fact, the number of persons certified
by the public long term care insurance system has
doubled in the past 18 years, from 3.3 million in
2003 to 6.6 million in 2021 in Japan(Ministry of
Health, 2022). The burden of medical care of chronic
diseases is expected to be a major health issue in
Japan(Hirata et al., 2023). During the same period

China' s HAQ composite index has shown a significant
overall upward trend, from 57.8 to 74.2. However,
there is still a big gap between China and developed
countries in terms of the rate of treatment and
control of chronic diseases that require prevention
and rehabilitation systems. Among them, the
prevalence of chronic diseases in China is as high
as 23% and the number of deaths accounts for 86% of
the total number of deaths, which has become the
biggest health killer in China(ZhiYan, 2020)
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The existing healthcare system mainly focuses on

coping with individual diseases after the occurrence

and the mechanism of continuous health management
for chronic diseases and subhealth is not well
developed. As the number of patients with chronic
diseases increases, more and more researchers are
exploring effective treatment options and models for
chronic diseases, both economically and in terms of
maintaining patient initiative

Telemedicine is not only a treatment tool that can
be applied to covid-19 but also is one of the hottest
candidates for future chronic disease care model.
However, recent data suggests that telemedicine is
still not achieving the level of success in reaching
its target patients in both countries. Thus, there
are mainly the following three research questions
are discussed and reviewed in this paper:

1. What are the current barriers to disseminate
telemedicine in Japan and China?
2. Review of the safety and effectiveness of

telemedicine in the treatment of chronic

diseases in Japan and China
3. GClarify the business operation models of
telemedicine in Japan and China

We believe that the application of telemedicine in
the treatment of chronic diseases can effectively
reduce the risk of chronic disease complications and
improve the ability of patients to manage their
diseases on their own. Nevertheless, we strongly
believe that chronic disease care models will be the
key to achieving sustainable economic growth in a
super—aged society and export such silver business
models will accelerate the realization of Pax
Japonica.

2. TELEMEDICINE

Telemedicine is a healthcare system that allows
patients to receive medical care remotely using
technology such as video conferencing, phone calls
or messaging. Patients can consult with doctors from
the comfort of their homes, without the need for in-
person visits. A world health organization (WHO)
survey (WHO, 2009) of 114 countries in 2009 reported
that telemedicine was most utilized in four areas:
radiology, dermatology, pathology, and
psychiatry/psychology, with 33% of countries using
telemedicine for diagnosis in radiology.

There are mainly two categories: Doctor to Doctor
(D to D) and Doctor to Patient(D to P).The former
one emphasizes on online services that specialists
assist other physicians in their practice while the

|latter one is the typical telemedicine service that
is remote consultation

Telemedicine can solve the following medical
obstacles: The burden of time is often the primary
reason why patients discontinue their treatment
Meanwhile, the burden of cost on transportation for
those who live in rural areas is also the reason
that cannot be ignored. Telemedicine may help
patients adhere to treatment by offering convenience
In terms of national policy, telemedicine can help
reduce national health insurance expenditures as
Japan has bought into a super-aging society

2.1 Development of telemedicine in Japan
In 1997, Japanese government permits telemedicine
firstly for patients on islands or rural areas.

From 2018 telemedicine is available national
widely but limited to patients with certain chronic
conditions who have already received prescriptions
for medication. Revisions of medical fees improved
and comprised online medical fees and online medical
management  fees. The main requirements for
calculation are that the first consultation must be
face-to—face visit, and after a monthly face-to-face
consultation by the same doctor for six months, the
fee can be calculated at intervals of up to once
every three months. Video calls were required and
medical institutions where can arrange the patient
in—person visit within 30 minutes were qualified to
provide telemedicine services (Yatabe, 2021)

Due to the pandemic of covid-19 in 2020
regulations of telemedicine in Japan are eased and
allows doctors to conduct first-time visits online
and expand the number of illnesses that can be
treated remotely. Number of new patients increased
dramatically. Narcotics and psychotropic drugs are
not al lowed to be prescribed online. Once patients’
medication histories and drug histories can be
verified, online medical care can be provided with
no restrictions on the number of days prescribed or
the diseases covered. With the unbundling of the
medical policies, many start-up tech companies enter
the markets

From government spending perspective, online
medical consultation services can reduce the burden
of healthcare and the shortage of doctors in remote
areas. Customized services are another attractive
attribution. Patients who need second opinion from
special ists and those who having trouble visiting
hospitals such as senior citizens or foreign
nationality patients will benefit from it.
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2.2 Current barriers to inhibit the
dissemination of Telemedicine in Japan

As we can see, telemedicine has not been widely
utilized in Japan. The report of Japanese
telemedicine and telecare association mentioned that
the establishment of a foundation in telemedicine
information and communication technology, and
medical technology have sufficiently progressed
However, the report indicated that medical education,
educational systems, and delay in establishing
policy perspectives in telemedicine development are
problematic (Hasegawa, 2013)

At first, we consider the main medical education
barrier comes from patients’ side, whose health
care habits prefer in-person visits. However, a
survey (MICIN Co., 2021) implemented in 2021 about
the need assessment of telemedicine among Japanese
senior citizens between 65784 years old with totally
300 participations rejects our prediction and
extracts factors from patients perspectives. From
the result of investigation, it is known that 75. 7%
participants have heard of telemedicine but only 1.7%
participants ever used the service. 74. 3%
participants accessed internet by smart phone or
personal laptops. The most common reason (67.7%) for
not using telemedicine for senior citizens is not
about technique issues but the medical institution
or clinic that patients usually visit doesn’ t
provide such service and if the doctors that patients
trust recommend telemedicine service, 31.8%
participants would like to try and use it. The
details are listed in Table 1.

On the other hand, Hiroki et al from Hokkaido
University analyzed the factors that inhibited
telemedicine dissemination in Japan by using the
interpretive structural modeling from medical
institution perspective(Shimizu et al., 2021)

1. Have you heard of Telemedicine?

Altogether 18 factors were extracted and there were
initial and operation cost, research data, legal
development, profitability, usabi lity, human
resources, image quality, network speed, information
security, technical I|imitation, restriction for
clinical practice, practice continuity, target use
case, burden for physicians, respondence, risks for
clinical safety, understanding of medical staff, and
understanding of patients. 1 combined the most
crucial ones into four categories and the detail
descriptions are displayed in Table 2.

Hiroki et al suggested that high implementation
and operation costs, insufficient research evidence
between standard consultation and telemedicine
lagging legal development and lack of profitability
have higher driving power comparing with other
factors. 1 think these results also confirm the
outcome of previous survey done by MICIN Co., Ltd and
that is patients are actually passive in choosing
what type of medical services they want to receive.
The real impediment of telemedicine is laid on the
healthcare provider side. Insufficient evidence of
efficacy is said to be one of the reasons why the
Japanese Medical Association opposes the vigorous
implementation of telemedicine. As the result, we
would like to briefly review the status of chronic
diseases implemented telemedicine services and
provide evidence on safety and effectiveness
regarding it

75. 7%

2. Have you ever used Telemedicine?
( alone and support from others)

1. 7%

3. Please indicate the main
Telemedicine?

reason why vyou start to use

Recommended by a doctor at the medical
institution that I normally visit
(the most chosen option with 50% rate)

4. Please indicate the reason why you don’ t use Telemedicine?

Because the medical institution I
usual ly visit doesn’ t have
telemedicine service. (the most
chosen option with 67.7% rate)

5. Would you like to use

Telemedicine? frequently visited

institution

[f recommended by the doctor at my

medical

[ would like to use it.

(the most chosen option with 31.8%

rate)

Table 1. Summarized results of survey on telemedicine need assessment among senior citizens (MICIN Co., 2021)
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Factor Contents Details
categories
Cost Initial and Hardware/software cost;
operation cost Daily labor and maintenance cost
Profitability Low price and restriction on accounting
Staff training Education on regulations and safety considerations of
fee telemedicine
Research Research data Evidence regards safety and effectiveness between standard consultation
proofs and telemedicine is insufficient
Risks for Unclear about risk of misdiagnosis.
clinical
safety
Techniques Usability Functions and configuration are not unified, and application Ul is
different
Image quality Visual aberration between naked eyes and computer screen
Network speed Rural areas
Information How to protect patients’ personal information; How to make patients
security feel secured
Policies Legal Eligible diseases are |imited.
development
Respondence Responsivities of medical accident are not fully discussed.

Table 2. Factors inhibiting the dissemination of telemedicine in Japan(Shimizu et al., 2021)

3. FEASIBILITY AND EFFICACY OF
TELEMEDIGINE IN PATIENTS WITH CHRONIC
DISEASES

Chronic diseases are a general term for a group of
diseases with insidious onset, long and persistent
course, lack of precise evidence of infectious
biological causes, and complex etiology. Some of
which have not been fully identified. The
development of these diseases may be related to the
decline in immunity and metabolic capacity with age,
but is mainly due to a long-term poor
| ifestyle (Yuanyuan Yang, 2023)

The prevalence of chronic diseases in modern
society has placed a financial burden on health care
systems, and the search for appropriate care models
of chronic diseases has become a worldwide issue
The majority of existing hospitals are general
practices that focus on the treatment of emergency
conditions, often neglecting the need for
collaborative care for chronic conditions. Chronic
diseases have the following main characteristics:
complex and individualized causes and conditions
high prevalence but low control rates, high
incidence of complications, high demand for health
services, and the need for long-term management.
These characteristics require that the care process
not only includes diagnosis and treatment, but also
prevention, monitoring, rehabilitation, and
promotion. The World Health Organization report
“Innovative Care for Chronic Conditions” in
2002 (Sheri Pruitt, 2002), it noted that the

patient's role in medication and symptom control,
continued close follow-up with the patient,
community services and prevention are all priorities
in chronic disease care. It is believed that
telemedicine and remote monitoring of physiological
indicators will be the best combination for the
treatment of chronic diseases

Based on the previous investigation on chronic
disease care model and typical applications of
wireless health monitoring(Gao, 2009), it is known
that a chronic disease healthcare system should be
able to provide +two basic services: remote
monitoring and telecare

3.1 Telemedicine in cardiovascular diseases
Telemedicine is mainly utilized in the recovery
phase of cardiovascular diseases. Cardiac
rehabilitation(CR) therapy is usually recommended to
patients who have experienced heart attack, heart
failure, angioplasty, or heart surgery. It basically
includes physical excise activity, health education
and counseling to reduce stress. However, it has
been pointed out that the attendance in center-based
CR therapy is low not only within Japan but also low
in Europe and United States. Patients with coronary
artery disease (CAD) in the United States attends CR
therapy ranges from 10.3-16.3% CAD patients in
Europe ranges approximately 50% and according to
the AMED-CHF report, there was only 7% in both
inpatient and outpatient cardiac rehabilitation in
Japan. The major barrier was reported to be the
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difficulty to access CR facilities without the help
of others or limited time burden. (KEEx=., BE{#
. R AKIESE, 2022; Fiona McCartan, 2017; Itoh et
al., 2021).Especially the happen of Covid-19
pandemic widely inflicted the participation rate of
CR, JCS/JACR 2021 guideline  therefore on
rehabilitation in patients with cardiovascular
disease(rehabilitation, 2021) firstly recommended
remote CR' and confirmed its effectiveness and safety
be equivalent to those of center-based cardiac
rehabilitation

In this paper, we have |isted two Japanese studies
that addressed efficacy and safety of telemedicine
on cardiac rehabilitation in Japan(Table 3). Itoh et
al. recruited 75 patients from approximately 30
medical institutions across Japan and aimed to
ascertain the safety and efficacy of remote CR(Itoh
et al., 2021).Patients enrolled in the program were
lent calibrated ergometers and digital tablets. An
anaerobic exercise which lasts 30-40 min at least 3
times weekly using ergometers was required for every
participant and the exercise intensity was decided
individual |y based on the results of cardiopulmonary
function testing. Telemedicine was utilized during
exercise section where an instructor would monitor
the patient vital physiological figures and carry
out video chat consultation with each patient to
determine whether the exercise should be stopped or
continued. The efficacy of the system will be
clinically verified through the peak oxygen uptake
after 2-3 months from the start of the exercise and
occurrence rates of clinical events. However, this
study started recruiting from 2021 and have not
published the final detail vresults based on
statistical data

Kida et al. from St.Marianna University School of
Medicine conducted a pilot study which test the
continuity of home exercise therapy using a remote
control led exercise system among non-working elderly
heart failure patients(KHEER=. BREH#H. k<2 KE
%, 2022). The intervention in this study consisted
of 12 weeks (3 sessions per week) of home-based

cardiac rehabi | itation (HBCR) under remote
supervision wusing an integrated platform for
rehabilitation provided by Remohab Inc., Osaka
Japan. The platform was composed of three

components: an internet of things(loT)-equipped
ergometer, an android-compatible tablet and a
wireless electrocardiographic monitoring device. The
platform was loaned to the patients along with an

equipment manual containing written and pictorial
instructions. The procedure was as following:
Patients were instructed to enter their blood
pressure and body weight at first and answer a
questionnaire regarding their condition of the day
via the tablet. The patients then made a call to the
exercise administrator using the video conferencing
function of the platform and had a medical interview.
After assessment of patients’ condition, they
started aerobic exercise using an loT-equipped
stationary ergometer. Exercise intensity was set by
the attending physician for each session. Because it
was a pilot study, altogether there were only 10
patients (mean age 76 =+ 7 vyears; 60% male) who
participated and completed the program without
withdrawal. Feasibility of telerehabilitation was
evaluated using the participation rate of the HBCR
sessions, presented as the proportion of the total
number of cardiac rehabilitation sessions attended
by the patient, with a maximum of 36 when all 3
sessions per week for 12 weeks were completed
Meanwhile safety was evaluated by adverse events
during the sessions. The results showed that six-
minute walk distance significantly improved from
383+94m to 4324+83m and lower |imb muscle strength
also increased significantly from 17.2+11.4 kgf to
20.3+13.0 kgf. During the study period, no serious
cardiovascular events were reported. Feasibility and
safety of HBCR among elderly heart failure patients
were approved

3.2 Telemedicine in hypertension

Remote monitoring and telemedicine are becoming
indispensable to prevent and manage hypertension.
They enable accurate and long-term blood pressure
fol low-up between medical institutions and their
patients, which could be key to solving the current
problems of non-adherence to antihypertensive
medications and clinical inertia, and helpful for
judging whether the medical use is appropriate or
not. Especially senior citizens would theoretically
benefit significantly from blood pressure remote
monitoring and telemedicine (Fujiwara et al., 2023)

1 Telecardiac rehabilitation has been shown to be as effective in reducing total health care costs as

traditional outpatient cardiac rehabilitation
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Yatabe et al. developed an integrated web-based
telemedicine platform and examined the efficacy and
safety of telemedicine on managing hypertension in
Japan. There were altogether 99 patients with
uncomp | icated hypertension recruited and randomized
them into telemedicine group or usual care group

Patients were instructed to self-measure blood
pressure (BP) twice every morning (within one hour of
waking before having a breakfast and after breakfast)
and twice every evening before going to bed via a 3G
network—equipped automatic sphygmomanometer. In the

telemedicine group, the measured BP data was
transmitted to physicians through a mobile
communication system, and the patients received

prescription medication by mail after telemedicine
for 1 year. In the usual care group, BP was monitored
using the same device but was managed when in-person
visits. The study result indicated that telemedicine
without actual in-person visits was relatively safe
in managing hypertension for 1 year. In addition,
the average home systolic BP during the last week of
the 1-year study, was significantly lower in
telemedicine group (125 = 9 mmHg in telemedicine
group versus 131 = 12 mmHg in the usual care group)

3.3 Telemedicine in diabetics mellitus

The prevalence rate of diabetes mellitus(DM) is
said to be 12.2% globally, of which type 2 diabetes
accounts for 90%(Sun et al., 2022). Like other
chronic diseases, blood glucose control also
requires the combination of drug treatments and
|ifestyle interventions, which heavily depend on
long-term self-management and positive willingness
Due to the covid-19 pandemic, the reform of China’s
online medical policy is carrying out and more
Chinese are using mobile medical application and
services to gather disease information and involve
in diet and weight management with the help of online
consultation. In Table 3, we have listed two studies
that addressed efficacy and safety of telemedicine
on type 2 diabetes patients in China

Kang et al recruited DM patients of the second
hospital of Jilin University during the COVID-19
epidemic in 2020 through the WeChat app, which is
the most frequent used social software widely used
by Chinese among different ages. A total of 180
patients were included according to strict inclusion
and exclusion criteria. 90 cases were assigned
respectively to the intervention group and the
control  group. The control group received
traditional medical treatment and regular DM care
Patients in the community or hospitals had face-to-
face consultation on prescribing of medication
|ifestyle advice, blood glucose monitoring, or
learned diabetes knowledge by them— selves through
ways according to their own needs. Patients could

also choose to contact their doctor by telephone,
but the doctor would not actively contact the patient
nor would he supervise the patient’ s diet, exercise
and blood glucose monitoring. The intervention group
was managed remotely through the WeChat app. An
administrator set up a WeChat group for the
intervention group patients so that the patients
received unified training on the main process of the
study by it firstly. Later, the administrator shared
remote health education knowledge within the group
twice a week, including the video, article link, and
voice messages about the knowledge of the DM onset
process, common complications, and prevention; basic
carbohydrate counting; the necessity of exercise;
monitoring guidelines and goals. Administrator was
also responsible for collecting fingertip blood
glucose monitoring table, diet and exercise records
for two days a week, establishing health logs for
each patient and summarizing them. Based on these
continues records, doctors would answer questions
once a week, and a nurse would provide individual
psychological counseling to the patients with
psychological disorders. Once hypoglycemia or
hyperglycemia was noticed, patients could contact
the administrator at any time. Meanwhile, an
incentive mechanism was set in intervention group
and that was patients who completed 8000 steps a day
(counted by WeChat movement steps automatically)
would be praised and encouraged in the WeChat group.
Significant differences in age, gender, body mass
index (BMI), blood glucose, time in range (TIR) and
blood pressure between intervention group and
control group were not confirmed before the
intervention. The blood glucose, blood pressure, BMI,
TIR and incidence of hypoglycemia were compared
after three months of follow-up. The BMI of the
control group after 3 months was significantly
higher than that at baseline while TIR decreased.
There was no significant difference in blood
pressure compared with baseline in the control group
while blood pressure decreased in the intervention
group. In the intervention group, fast blood glucose
and postprandial blood glucose decreased compared
with their baseline values, and so did the TIR level.
Even though this study didn’ t utilize telemedicine
in the normal sense, the patients were remotely
managed by groups. The outcome of blood glucose
control proved the capability of remotely continuous
care.

Wang et al also utilized a mobile health
application and measure its effects on remotely
managing patients with type 2 diabetes in China.
Unlike last study, which adopted WeChat app as the
communication platform, this study designed a new
mobile phone health application together with
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Table 3 (continued)

group were expected to upload their daily blood

It

health monitoring

Hangzhou Kangsheng health consulting company.

glucose values, diet status and related drug use, etc

fuctions:

comprised of four

health guide

A nurse would make

onto the mobile application

health advice and follow-up after

assessment according to these data every 2-3 days

inpatients with type 2

There were 120

discharge.

Doctors would provide insulin injection reminders,

diabetes from Gongli hospital of the Second Military

personalized diets and exercise guideline every week

Medical University attended and they were randomly

patients of test

Through the mobile application,

divided into the test group and the control group

group could hold online consultation with doctors

Patients of test

Each group contained 60 patients.
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and diabetes specialist nurse at any time using voice
message, picture, video or test messages. The whole
fellow-up session last for 6 months. Once a week
after discharge for 3 mouths and once a month when
the patients’ blood glucose value became stable. On
the other hand
received a followed up by a telephone call from a

patients of the control group

nurse at the first week and the first month after
discharge.

This study not only compared the diseases

indicator values before and after 6 months remotely

management, but also measured patients’ self-

management ability and disease awareness. According
to the results shown by these two scales, both
abilities were found to be higher in the test group

Significant differences in age, gender, educational
background, fast blood glucose and 2-h postprandial
blood glucose between test and control group were
not observed before the intervention. After 6 months

fel low-up intervention, the result implied

significantly improvement on fasting blood glucose
2-h postprandial blood glucose and HbAlc value in
test group

4. BUSINESS OPERATION MODELS OF ONLINE
HEALTH CARE
4.1 Online health care business operation model
in Japan

Compared with countries with advanced digital
health systems, such as the United States and the
United Kingdom, who often adopt a “gatekeeper”
healthcare system in which each patient registers
with a primary care physician (or called doctors’
office). For healthy citizens, most visits to
primary care physician revolve around a once-yearly
recommend physical examination but once the patients
experience health problems, the primary care
physician will refer the patient to a specialist
with an introduction letter. But the specialized
clinics or hospitals will schedule consultation
according to the priority of patients condition,
resulting in a wait of one to six months for most of
patients. In comparison, Japan has a “free access”
system in which patients can simply access medical
facilities and choose where to receive medical care
by their own will(Uno, 2022). This indirectly
verifies that Japan poses of a very abundant medical
talent pool. The number of visits per patient per
year is about twice the average of Organization for
Economic Co-operation and Deve | opment (OECD)
countries due to good hospital access and abundant

medical specialist. Indeed, it is more convenient to
go to see the doctor whose clinic located in the
neighborhood and acquired drugs immediately. But
it's like a double-edged sword. As aging society and
the number of senior citizens suffering from chronic
diseases increases, in-person visits are undoubtedly
increasing the workload and working hours of doctors.
The employed population is also declining sharply
due to the lessening of children, and the government
will have less health insurance spending at its
disposal. Current mainstream of in-person visit
postpones medical digital transformation which using
data to improve the quality of medical care in some
degree. Although  both in-person visit and
telemedicine require a doctor, telemedicine solves
the work intensity of doctors in densely populated
areas and can better distribute medical resources
evenly and improve the effectiveness of treatment.
Second, doctors can remotely monitor and track
patients’ physiological parameters, such as
electrocardiogram, blood pressure, glucose, etc
This reduces the need for patients to make frequent
visits to clinics or hospitals for checkups
improves physician productivity, and enables doctors
to identify potential problems earlier and take
timely interventions. In addition, telemedicine
al lows for the sharing of electronic medical records
and information exchange. Doctors can comprehend
patient previous health situation, check-ups results
and medication prescriptions through the electronic
medical record system, which reduces the use and
organization of paper medical records or the problem
of non-integration of information and improves the
efficiency of doctors. In addition, case discussions
and knowledge sharing among doctors can also be
conducted through the online platform, further
reducing workload. In fact, Japanese government has
high expectations for online medical care from the
viewpoint of network construction in the medical
field. Currently, demonstration projects are
underway for Electronic Health Record (EHR), which is
an information sharing and utilization platform
among medical institutions, and Personal Health
Record (PHR), which allows patients to access their
own healthcare treatment, checkup results, and
medication information
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H type H+I type
Operating Hospitals are responsible  for IT companies provide operation systems and
Organization construction and operation. hospitals operate(Private hospitals and
clinics).
Properties Non-Profit For-profit

Initial Consultation ®

O (Decided by doctor’s judgment.)

Prescription O

o

Social insurance (@)

©)

Main services Reservation;

Reservation;

Telemedicine (mainly second Telemedicine;
opinion) ; Online prescription;
Online payment. Online payment
Income sources Service fee Service fee;
Platform use fee;
Information and communication equipment
utilization fee
Fee Governmental pricing Governmental pricing(service)/
Self-pricing (platform use fee)
. Reduce the physical, financial, . Receive online medical care without an
Value propositions apd.time burdep of hospital appoin?ment. .
visits for patients(mainly . Nighttime, off-day emergency visits

Pregnant women, elderly

psychiatric patients)
. Second opinions

. Can be linked with other applications
(Google calendar, electronic medical
record tools etc. )

Table 4. Japanese operation models of online health care

According to our investigation, telemedicine in
Japan is underlying in two types of online healthcare
model: Type H and Type H+I (Table 4). Type H is
independent constructed and operated by
public/private general hospitals, However, only part
of departments of hospitals, especially patients
from psychiatry are strongly recommended by
telemedicine treatment. This is because telemedicine
has advantages in psychiatric care that face-to-face
care does not have. Patients with psychiatric
disorders general ly have cognitive impairments, have
a low desire to go out, and are more sensitive to
strangers or noise. If consultation is conducted in
a familiar environment, the patient will have less
psychological or physical resistance, which will
facilitate long term medical activities. Besides, in
metropolitan areas with easy access to medical
institutions, |ike Tokyo, the university of Tokyo
hospital and Juntendo university hospital utilizes
telemedicine mainly in second opinion service and
this service is completely self-funded. In rural
areas where access to health care is relatively

difficult, the telemedicine is also utilized by
visiting nurses. In the southern part of Ibaraki
prefecture, where the Tsukuba heart clinic is

|ocated, the number of people who have difficulty

going to the hospital has been increasing due to
high number of senior citizens in the area and high
rate of voluntary return of driver's licenses. From
2015 the clinic introduced telemedicine as a method
of treatment for senior citizens who had difficulty
coming to the clinic. In addition, it was assumed
that it would be difficult for elderly patients to
operate digital devices by themselves. Therefore, in
cooperation with the Telemedicine Promotion Network

an NPO that provides home nursing and other services

was established to dispatch a nurse to the patient’s
home to operate the device and assist the doctor’s
examination (87 & FIRBTBURIE IR B IRHEFFR
RESELHEEE, 2020).

Type H+I is the current main operation model of
telemedicine in Japan because Japan have plenty of
private clinics and they don’ t have the capability
to operate online services by themselves. Thus they
outsource platform building, operation, hardware
maintenance, etc to specialized IT companies. As we
can see in Table 4, main services of type H and type
H+I are almost same but for type H, these services
are provided during regular working hours while the
consultations can be carried out during night-time
or off-day for type H+I. In the past, initial
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consultations must be treated in person and online
consultation for the first time was forbidden. But
from 2022, due to the covid-19, the Ministry of Health
Labor and Welfare partially revised the “Guidelines
for appropriate implementation of online medical

treatment” and institutionalized online medical

consultation from the initial consultation. However,

type H hospitals still don” t admit initial

consultation behavior. Type H+l hospitals/clinics
conduct initial consultation when the doctor is
patients’ family doctor who familiar with patients’
previous situation otherwise it should depend on
doctors’ judgment

Online medical consultation has been a
complementary position to in-person visit medical
care in Japan in the past. In terms of consultation
fee, there was no initial consultation fee for online
consultation, instead, there used to be a nominal
online consultation fee, which is 71 points (10 yen
per point in Japanese medical system), and this fee
was seen as equivalent to the re-consultation fee
for in-person visit consultation. There is also a
medical management fee for in-person visit
consultations, which ranges from 225 points to 1, 580
points. In the past, there was only one expense
called the management of specific diseases when the
online consultation carried out, and the fee was set
to be 100 points GRAEZEF, 2020). This indicates
that there was a big difference in the compensation
between the in-person visit consultation and
previous online consultation. Clinics or hospitals
need to train their staff, cost of hardware plus the
unfriendly remuneration of doctors greatly reduces
the motivation of clinics or hospitals to carry out
online consultation services. However, starting from
2022, the Ministry of Health and Welfare has carried
out a reform of the compensation for online medical
treatment, with the cost of initial consultation at
251 points for clinics/hospitals that meet the
telecommunication facility benchmark and a little
lower at 214 points for clinics/hospitals that do
not meet the telecommunication facility benchmark
The cost of re-visits is the same, which is 73 points
This reform has promoted more hospitals/clinics to
standardize the telecommunication environment and
equipment for online consultation, and it can be

expected that more clinics/hospitals would lanch
telemedicine services in the near future.
Sokuyaku,  Curon, Clinics and Line doctor

telemedicine services are the representatives of
this type. Line is a freeware application for social
network communication and is the most popular chat
tool in Japan. Line doctor is an online medical
service embedded in the line application. The users
therefore don’ t need to install a new application

and share the line account information, such as line
pay. In 2019, Line entered the online medical care
market by collaborating with M3, which has a
membership base of more than 270,000 doctors, which
accounts for about 90% of clinicians, and more than
160, 000 pharmacists, which accounts for more than
half of all pharmacists in Japan(Deloitte, 2021).
For the other three platforms, Sokuyaku, Curon and
Clinics, users need to install a new application.
Their services are covered throughout Japan, and
users can search for the clinic or hospital they
need for telemedicine based on their current
location and medical subjects. In addition, these
platforms have partnerships with pharmacy chains
throughout Japan. Users can also obtain OTC
medications without online consultation by directly
searching the pharmacy function. Or upload their
prescription photos to get prescription drugs.
Depending on the content of the treatment, users
should pay at their own expense or by social
insurance. The drug delivery services offered by
these platforms are basically available within 1-4
days, and for an additional expedited fee, same-day
delivery is available in most urban areas of Japan

Through SWOT analysis, we can see that these
platforms covering clinics and hospitals nationwide
are similar in terms of operational content and scope
of services, from initial consultation to types of
services, and finally to drug delivery. Line doctor
differs from the other three platforms in that it
has a very stable online traffic and brand exposure

[t does not need to be promoted, but the traffic on
its own SNS can attract the number of people who use
|ine doctor, and eventually achieve the effect of
strengthening customer loyalty. The other three
platforms need to compete through the quality of
service or price of the clinics/hospitals they sign
up with. The policy of online medical treatment in
Japan has been gradually relaxed since April 2022,
so the segmentation market is still in the early
stage in this field. In the future, we may see
telemedicine that focus on chronic disease
management for the elderly, or on sexual health. In
fact, similar platforms have already emerged, such
as Fastdoctor and Smaluna, but the scope of service
is still limited to major urban areas in Japan

4.2 Online health care business operation model
in China

Quality medical resources in China are scarce and
unevenly distributed. The country has been promoting
graded diagnosis and treatment for years but the
results are far from satisfaction. One of the most
important reasons is the insufficient level of
primary care doctors to retain patients and achieve
accurate referrals. The average number of doctors
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per 10,000 people in medically developed countries
in the world is 31.3, while as of 2018, the number
of doctors per 10,000 people in China is only
21.6(China, 2020). Therefore, telemedicine, big data
and other digital methods are expected to improve
the efficiency of medical resources utilization, and
better improve the patient’'s medical experience.
Online diagnosis and treatment in China refer to the
use of registered physicians in medical institutions,
through the Internet and other information
technology to carry out part of common diseases,
chronic disease follow-up and “Internet +” family
doctor contract services.

According to the “Internet Hospital Management
Measures (for Trial Implementation)” issued by the
National Health Commission of People’ s Republic of
China in July 2018, internet hospitals must have
physical medical institutions as offline support,
and the department settings and treatment items that
internet hospitals can carry out must not exceed the
scope of the physical medical institutions.
Physicians and nurses who carry out internet
diagnosis and treatment activities should be able to
query in the national electronic registration system
for physicians and nurses. And have more than 3 years
of independent clinical work experience, and agreed
by the medical institution where they are registered
to practice. (China, 2018). According to Zhongtai

securities’ s report(Securities, 2020), Chinese
internet hospitals can be considered as initially
policy-driven, and thereafter Baidu, Alibaba and

Tencent (BAT) entering the industry with large
capital which enabled the rapid development around
2014. From 2020, Covid-19 had also accelerated its
development (Figure 1).

Patients with chronic diseases require regular
fol low-ups and long-term prescription refills, and

2014-2015

BAT brings capital into the
industry, Internet medical
innovation platform re-
ceives hun(ﬂ

of dollars in financing.

2004-2009
Telemedicine(DtoD)
entered a period of
rapid growth.

() ()

such consultation activities are especially suitable
for online consultation. As  mentioned in
introduction, Chinese large chronic disease
management market is expected to create a huge demand
for telemedicine services. According to Frost &
Sullivan analyst, chronic disease management market
in China reached 4.5 trillion Chinese yen in 2019,
accounting for nearly 70% of China's total
healthcare spending, and is expected to further
increase to 14.9 trillion Chinese yen in 2030,
accounting for approximately 84% of total domestic
healthcare spending.

Currently, nearly 90% of physical medical
institutions and internet-related companies in China
are actively laying out the construction of internet
hospitals. According to VBDATA’s 2022 internet
hospital report, the top three provinces with the
greatest number of internet hospitals are Sichuan
Guangdong and Jiangsu respectively(VBDATA, 2022).In
addition, there are two mainstay models(Table 5):
Type H, which is independent constructed by public
hospitals, and Type I ,which builds platform and
operates by enterprises. Affected by related
policies, Type H, the physical hospitals take charge
of construction and operation of internet hospitals
accounts for more than 80% in the whole industry.
The key value of public hospitals ‘online services
are to improve the patients experience of medical
services, enhance the hospital brand, and ultimately

2019-2020
Expense of internet
healthcare enters the

Covid-19 accelerates
the development.

eds of millions

()

O

L L

2011
2003 . Chinese ministry of
Servere Acute Respira- health published letter
tory syndrome(SARS) of opinion on telemedi-
led to the spread of the cine service manage-
internet

ment measures.

O

2016-2017

The policy shift in 2016
hampered the growth of
pure internet platform
healthcare enterprises.

O

ol

Figure 1. Development of internet hospitals in China

health insurance system.
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H type

[ type

Operating
Organization

Hospitals are responsible for construction
and operation

Enterprises are responsible for
construction and operation

Properties Non-Profit For-profit
Initial % O
Consultation
Prescription O O?
Social o} %
insurance
Pre-consultation stage. Reservation for Healthcare education and disease
Main registration, examination and test, prevention;
. hospitalization and physical examination Telemedicine;
services
etc; Family doctor, personal health
Consultation stage. Telemedicine, health management, chronic disease management;
records, online prescription, online Al medical image analysis and Al-assisted
payment, medical record inquiry, etc; diagnosis and treatment
Post-consultation stage. case copy and
distribution, drug distribution, chronic
disease management, rehabilitation
management, patient evaluation, health
education, daily health management, remote
health tracking service, etc. Wang Miao
2020)
Income Service fee Service fee;
sources Online drug purchase;
Ads fee;
Commercial insurance;
Sales of health related products
Fee Governmental pricing(Public hospital); Self-pricing
Self-pricing (Private hospitals)
. Improve service efficiency; . Non-regular working hours can be
Value . Reduce the physical, financial, and utilized;

propositions

time burden of hospital visits for
chronic diseases patients;

. Achieve continuous health management
for patients

. Promote even distribution of medical
resources across regions;

. Recommend appropriate OTC drugs and
suitable medical institutions

Table 5. Chinese operation models of online health care

2] type internet hospitals issue electronic prescription in two ways :
e Upload the photo of prescription obtain from hospital and the platform will mail the drugs to the

patient’ s home.

guarantee the authenticity of prescription
e Patients who do not have a hospital prescription can consult a licensed doctor who is employed by
the platform.
3 Each province has a different range of applications that can be billed using social health insurance.
However, chronic diseases are generally reimbursed

But few hospitals are willing to share their prescription system and thus cannot
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Figure 2. Operation flow of Type H internet hospital in China

increase the number of patients and revenue.
Generally speaking, it is the extension of offline
healthcare, which aims at providing full-scene
services to enable the in-person visit more
convenient and efficient. Detail operation flow see
Figure 2. However, the current dilemma facing the
construction of Type H internet hospitals is the
lack of knowledge and experience about online
operation, drug logistics distribution and hardware
maintenance. On the other hand, the core value of
enterprises—led internet hospitals Type I, such as
Ali Health, Jingdong Health, Ping An Good Doctor,
etc. is health management, which mainly includes
family doctor and chronic disease management

Profits are made through advertising fee, user
value—added services , digital healthcare services

pharmaceutical e-commerce platforms, and sales of
commercial insurance. (Iresearch, 2020).

There are three business models for enterprises—
led internet hospitals at present, Alibaba and
Jingdong are two massive B2C e-commerce companies in
China. Ali health and Jingdong health are the
representative of “e-commerce + medical” business
model. The e—commerce gene gives them the ability to

run the electronic prescription circulation business

Ali Health's involves mainly B2B business cases:

pharmaceutical e—commerce platform, consumer
healthcare  services, traceable and digital
healthcare business,etc. In addition, based on

technical advantages, Ali Health has done a lot of
intelligent application exploration, such as the
introduction of diabetes assisted medication
decision AlI, epilepsy EEG analysis engine, facial
payment for medical treatment and other Al
artificial intelligence services. Compared with Ali,
Jingdong Health's services comprise more B2C
business cases: telemedicine, electronic

prescription circulation, etc.

Tencent is the largest internet company in
mainland China, with businesses in social, finance
investment, information, tools and platforms.
Tencent owns Tencent QQ and WeChat, the most used
social networking software in mainland China, and
Tencent Games is the largest online gaming community
in mainland China. Tencent healthcare is the
representative of “SNS + medical” business model.
Since 2020, Tencent has increased its investment in
the medical health sector, investing in DXY, Synyi
Al and other companies in the field of intelligent
health care, and attracting traffic to these
platforms through Tencent QQ and WeChat. At the same
time, it provides professional medical and health
information for users, mainly at the level of medical

science, and maximize the use of its traffic
advantages.
Ping An insurance is a Chinese holding

conglomerate whose subsidiaries provide insurance
banking, asset management, financial, healthcare
services. Pinan good doctor is the representative of
“Insurance+medical” business model. Ping An
Insurance has a strong user flow and user royalty
[ts main product strategy is to combine with these
advantages and innovate new membership services. For
example, Ping An Jiuyi 360 is a full-flow medical
and health membership service covering prevention,
medical treatment, and rehabilitation for commercial
insurance annually members. It also provides members
who have purchased Ping An critical illness
insurance with priority registration for domestic
and international specialists, telemedicine and
second opinion consultation at «clinics of
international ly renowned hospitals. All three models
use their own internet channel resources, combined
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with personalized medical services to attract online

traffic, and eventually imported to offline services

the purchase of drugs or insurance to complete
commercial value chain

Through our investigation, it is understood that
China's online healthcare has formed an ecosystem
Medical big data technology platform, medical smart
hardware, telemedicine, post-consultation
rehabilitation, and medical health insurance have
formed a closed loop of the industry chain. We
believe that the popularity of telemedicine in China
requires internet hospitals to integrate all the
services into one system as a prerequisite. Because
the data and information of hospitals were used to
be scattered in different systems, which cannot be
wel | organized and utilized. Through  the
construction of open platform of internet hospital,
the large amount of data generated between medical
institutions and insurance institutions, or between
medical institutions and users etc. can be
effectively and uniformly managed

5. CONCLUSION AND CONTRIBUTION TO PAX

JAPONICA
In the context of aging and fewer children, both
Japan and China will face the problems of uneven

distribution of medical resources and the high
burden of government medical care. In addition to
securing more health care professionals to join the
public health profession, perhaps we can rely more
on the current scientific and technological tools to
provide richer personalized services and proactively
pursue health. The average |ife expectancy in Japan

as of 2020, is said to be 84.62, a figure that
indicates that Japan's current medical technology
and equipment, as well as the capability of the
medical system are among the best in the world. I
think the Japanese government has a positive
attitude toward online medical care industry

especial ly after the Covid-19 pandemic, the Ministry
of Health, Labor and Welfare's relaxation of initial
consultation policy from 2022 and the increase of
telemedicine compensation show that the government
intends to promote the development of telemedicine

However, Japanese Medical Association are very
cautious about telemedicine and are skeptical about
the privacy and security, as well as the
effectiveness of long—term use of it. Based on our
|iterature survey, we also find out that there are
very limited studies in Japan to verify the
effectiveness of telemedicine in the long term, and
the number of papers is very small. These factors
interact with each other, resulting in few doctors
and technology companies actively engaged in
telemedicine than in China at this time. China has

made significant progress in mobile internet and
information technology, especially the integration
of BeiDou navigation satellite system and health
industry, which has played a driving role in public
health emergency, telemedicine, medical equipment
intelligence, and daily health monitoring and
management. At the same time, China’s online
healthcare industry has diverged into different
tracks, providing more choice of platforms for
different target group to achieve active health

As of December 31, 2020, the number of registered
doctors in Japan was 339, 623. The number of doctors
working in medical facilities per 100, 000 population
is 256.6. If we see the number of doctors who working
by type of facility, we could find out that the
number of doctors who work in hospitals is largest
which is 158,993, followed by clinics with 107,226
doctors(Ministry of Health, 2020). According to the
2021 statistical report of Department of planning
development and information technology of China
there are 3.59 million registered doctors in China
currently (Department of planning, 2022). But most of
them are working in public hospitals rather than
private hospitals or clinics because there are still
very few private hospitals or clinics that are
covered by social health insurance. From the above
data, we may conclude that in Japan, the number of
doctors working in public or private hospitals is
relatively even whereas in China, most public
hospitals are concentrated in provincial capitals
and private hospitals are not fully covered by social
health insurance, so the distribution of medical
staff is uneven and medical resources are tight.
This may be one of the reasons why telemedicine is
vigorously developed in China, but rarely promoted
in Japan. China is upgrading the consumption of
national health care through the construction of
internet hospitals and the industry is approaching
a watershed moment. Type [ internet hospitals
provide customized and precise medical services that
are lack of among public hospitals, and type H
internet hospitals solve structural problems such as
the difficulty of accessing medical services in
remote areas, long waiting hours for consultation
and pick up medicines in public hospitals

Even though telemedicine cannot replace the safety
feeling of in-person visit and there are many
reliable private hospitals and clinics, there is
still much room for applying it on multiple areas in
Japan. Decentralized clinical trials(DCTs) is one of
them and highly utilized by pharmaceutical companies
and healthcare device manufacturers especial ly after
Covid-19 pandemic (K FHIAER. FEAZRTER 2022). The
implementation of it relies on the use of digital
devices such as electronic patient-reported



[ISIA Quarterly
Xt RARXERERER A

Institute for International Strategy and Information Analysis, Inc

outcomes (ePR0), telemedicine or wearable devices to
move trial activities to patients’ home or to local
health care settings. It is then easier to cluster
subjects regardless of the location of the medical
institution and easier for subjects to participate
in treatments who are difficult to recruit, Ilike
rare diseases. Shorter clinical trial times is
expected to accelerate the development of new drugs

The underlying technology of current telemedicine
is communication technology. 5G technology, with its
low latency, high speed, enhanced high-resolution
bandwidth, superior reliability, and lower energy
consumption, has already begun to profoundly change
telemedicine and the healthcare industry. We believe
that in the near future, with the maturity and
popularity of 5G/6G technology, the integration of
advanced technologies like Internet of
Things (IoT)and cloud computing to enable seamless
data transmission from wearable devices, including

smartwatches, fitness bands, smart shoe insoles, etc

are capable of tracking various physiological
parameters, using machine learning algorithms to
analyze wearable device data and detect anomalies
predicting health risks and providing personalized
health recommendations

In future, we think wearable devices will play a
significant role in managing and monitoring chronic
diseases by providing continuous data tracking and
insights. The suitability of a wearable device for
a specific chronic disease depends on several
factors, including the nature of the disease, the
parameters that need to be monitored, and the
specific needs of the patient. Here are some examples
of wearable devices that are commonly used or have
shown potential in managing certain chronic
diseases:

1. Continuous Glucose Monitoring (CGM) Devices: CGM
devices are used by individuals with diabetes to
monitor their blood glucose levels continuously
These devices typically consist of a small sensor
inserted under the skin that measures glucose levels
continuous and transmits the data to a receiver or
smartphone application

2. Movement and Activity Trackers: Wearable
devices |like fitness bands or smartwatches can help
individuals improve chronic conditions. Milize Inc
utilized Kao corporation’” s Al virtual humanoid
model and designed an application called “Health
Assets” . The app converts user’ s number of steps
weight, hours of sleep, amount of exercise, healthy
food intake, |ifestyle changes, etc., into a health
asset rank and estimates the amount of user’ s health
assets. It is the value shows average cost of health
care for the remainder of one’s |ife minus the user’s
expected cost of health care

3. Medication Adherence Devices: Smart pillboxes
with reminders and tracking features can assist
individuals with chronic conditions that require
medication adherence. The device will alert either
visually or audibly or send push through apps to
ensure the dosages are taken on time. It also can
prevent repeatedly pills intake errors. Not only
chronic diseases patients will benefit from it, but
also senior citizens who live alone or have
Alzheimer's disease are expected to self-manage
their own medication

In conclusion, 1 think the greatest contribution
of my research to Pax Japonica is not only to
positively summarize the safety and positive effects
of long-term follow-up telemedicine studies
specifically for Japanese chronic patients, but also
to provide reference value for Japanese healthcare-
related decision makers through comparative analysis
of online healthcare business operation models in
China. Japan's offline healthcare system is in line
with the national conditions and is successful. How
to digitize healthcare services in the context of
the rapidly developing AI, big data, and cloud
technologies to enhance citizens consumption upgrade
in the health field will be a profound topic to be
discussed
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