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Segmentation and Life as Symbolic Code:
Exploring the Potential of LLMs for Scientific Understanding

A<=
Seohyun Lee

1. IXL&IZ

74 FRT 7L, TATARE (AL
Artificial Intelligence) | &\ 9 #E&ix. i
MBL L OMEERWFEL EbIMhHE o728
(1] R %1589 % Adrienne Mayor i
NI A% b DT & V) FEEBEED,
TLHT 2700 4 EHOMEE RLIZARO HIZ$ TIZH 2
NTWDEBRRTWVD, 72E 2T, ATVF A
O [H#EEL (Theogony)] (2B ¥ 2 [/32 B
T O] d BEHAN—If A PR Lo T
LN ANTHFEE LT TEBY,, Thns
NFIZ BT 5 NLHBED A X — Y DIFR OV

DERMENTWD [2]0 SIS OMEERYRE
WZBWT, ATHIZLIELIERFIIR TS D
ELTHE» N, ZRAAM EAAHEIER T 5 kS
X, XY RO L) ICRELRHIES b 726 347
L LTHND, L LIRS, AT 2 m
EV ) FMH, TTICEHRIZBW T Ao
GIHORHBIIH 72 L ER LT,

1. BERITHNVES
(ChatGPT [T & Y &£ RX)

ZDEHIT Al L) BERITERA2 S 2D
DR RONE b OO, EEIZKKD 2D
GE o 720131950 R0 L S, R TR0
CLETHB, Lidvz, HRIEE EHao%

R R BT - PN

F—TJ— K pHEL ALEAN, KREEFREET )V (LLM), ¥V =474 7 A, o

S &Rl & LCodidr — LLM I & 2 FRA B o ul g



D EVIZHELL, [FELEZHFTAHIZIE,
LIER F TIEL R 2 EELRE
Hohw] EEbLNBIFETH Y. 1950 F 4L
 [GEAE] IR0 sbn s b Ltk
Ve WILICHE X, 1956 E 25— R Y AKE
TH2ANIT—27 v ay TEMELEET S Al
WHoeld, U7 2D W BUFOMFEEZEO =25
DRI IN, L2, BEZ20
FRIZIT, ATWIZEOE L & 2 FEK L -WEH
7o b OBTTRENIEAY . W R O 2%
Wbz, whbhw b TAI O 4 (Al
Winter) | &IN5 EHNEZM2 5 2 &1
%%
WA 04 o#b )12 58T 7% /N —
Fo 7ot HRELT, AID [F] 28
2000 AL IR ISR L B o REAR ORI f£F
AT v ORI, JLH GPU O FEahs
&

,‘)
REoEHRERY, WREHHAEEZLELETD

ALPHAGO
00:08:32

AlOEENHEN LD DL ol WDWD
AT VR v A EEN 2 R o0 IEHE 70 0 5
. FEMICIE S SICEICM A b L w
M B DANAITE o TRIEICER 2 R8I0 720 %
i, 2016 £V W LV TIThbNR 72T V7 7 4
LA -k FVILEIZ X 5 Google DeepMind F +
Loy - xoF7EDL Y 1997 12T = AR
FHEzZW 72 IBMO [F4—7 - TV—] D
s b Lidv 2 (3] FHERE 2 0 B DR
E2 6. AT ABIZKRIIITE T 2 DI HE
PERELLCEZOLN TV Z) LR ToOl A
Bovs NLAHIRE] &) BEE 0 X9 2 gt T
TNT 7 EIEA - PV 4B 1 BT % I
D7z, TOHRFIL, F 312 [AL R OERKE
M7 sk | % WP ICEIR D 2B Td o 72
(4],

ZOHO AlO#REIE, FWAL LI LA
HEATOHTEKRIN TS, HMEE,

LEE SEDOL
00:02

2. A -t FILABEE Alphato I2& 5. 2016 FOEERF (ChatGPT IZ& U &AL
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TA—TT—=r 7)) BEERET, HET
1 [RBESHEET TV (LLM: Large Language
Model) | [5] &) FSEMEH 2 LD T 5,
12, T v A7+ —~— (Transformer) H
wEEMEE L, AR ET VA LHEILL 72
GPT (Generative Pre-trained Transformer) 7 —
*7 27 F % [6] &7z ChatGPT % E Y Y 12,
SESERKRTFT v 7 RESEREREET IV
ZCIRAL TV A, BHOHICIE, £0H
TR EREEICHEREN E o072 A2 by WERA

2. BEDHLMEA LN DEE

ChatGPT 213 L & § 2 KB FHEET IV
(LLM) % fiio T, H724 28R 5RO MR,
SHIIRNEDMAIZEL ETHHLIZZ LD
bHBHNTHIL, [FEEIZTEE L 7B 28Ul X
g L /0 252 & % v (Any sufficiently
advanced technology is indistinguishable from
magic.) ] WO T—H—-C- 7T DFE
(7] 12, BT LT h S22 B5207EL9,
EXEH L. TELLM ~NOREES WU
FOoTWVHLIELEZHAEKEL TS, HEOD
brokt LB XA—VOFwEL, 4k
OO T I W75 F T, B AL LLM
IZHREL T B 2 Eid, 2 TRICHTO/SV T
S YMBETTT T A b EE R 2T Tl
RANDZNEKEL V. LLM D& Z LD
JHORELIELONLEEOH L, AHDFHE
ARG LT, E) LTI ZETE
<V BEERVIDEDTRESR O 0o LLM % 54F
TAFEFEHPBN T, FEETERWER
ZAHIEETH A,

S &Rl & LCodidr — LLM I & 2 FRA B o ul g

BULEWC TABS L] &% 3 % LLM (2
TEN, ARETVEMHETSETICESTW
%o BUERT, FEKFEOHREEN) =2 -7
VENTERZ, FEWIFIAZRES LTV
PofztE, DEZ LA — NI [ZOEEITIE,
N OEFN DI ZREFRO—DPRIFT»
%K, BR. FLTWIF] EEhrhTniz
DERIEDND L. BEFEHRIIZ.ZH LB
RRAEAF L HEEFR 1T N AnRe ] £ 7213 [LLM
BB HBRDL DG Lite .

3. Al £SO
(ChatGPT [Z & Y & RR)



L2l LLMARE#ED L H I/ 2728 LT
b ENDPERYIZFEED L) IZHN b TIE
%<y LLM OB ZPMEED L) 12wz e L
TH, fELE LTER SN zbITF TRV, T
F.Co EE X9 s TOOEMI
Vo lonED L) RHEN R A D B DT
59 Mo 22T, ChatGPT 7 & LLM O 4L
Lo TR HATHLHET VT) XL, bT
¥ X7 % —~— (Transformer) Of% —
AN THRLULEDN D 5,

NS v AT 4+ —~<—1%. Google D& 5#H
flf5e% Td % Vaswani 512 & - T 2017 FF 125
FEN7z# L [Attention is All You Need ([7E
BIEIRT) ] [8] THOTRESNIH

REHUBET NV TH D, NPTV AT =< —
DOlEEIIRE (Y 3= % (encoder) & 73—
% (decoder) 22N THBH, ZryI—=FT
WIADLARHFER M =2 v (LRI L R T W
BALNZAE L 722HR) TEIamL., eheh
DFEVPLHOMOFEL EDO L HITHE L T2
Ma. [HOEE (selfattention) | & v 4141
AL TR D, 2H) LT, XHOHK =7
YHEWICEZE) BERO [EA] X, HUE
BILLoTEtREN L, ZOHE, 2hzho
k=2 OB SCIRE 2 12BN, ER
RO EY (=7 M) L LTEBE
Nb, Wb, DEDDEDDOHFEIZ [EKROD
WH] HG2oNbE)%EDT, 2 Ea—
FixEhz b LI ek omERii & g L
TV DTHD, COMNFUV AT+ =Y —DT
A= 0HEHCIRENZET VY
BERT (Bidirectional Encoder Representations
from Transformers) [9] T& V. CIRD BT

MR BHFICRITICnd, —HT, 73—
G0 AR TR S L O HGPT
(Generative Pre-trained Transformer) [10] T
HY . BIOHFE % b L IZKISHKDREE BRI
AT 2 v ) T b D,

e R [RE#Hla—e—2fAZ] Ln
VBB Do/ T Ho BERTDL) L
VA-—FHEHETNTIE, TOL) LR FEE
TLB, —HoOHE (L [a—r—])
ZEMAIC [MASK] (2@ Xz €. [FAIEH
[MASK] Z#fA77Z] OXHIEHRT L, TF
Vi Zzo SOk TRAE] TEAL T%2 ] TERAZD
725  [IMASKI DAL IZA S NEFEE LC[a—
b—] 2H#@mTHL)IFBRINTVES, 20D
LI, XOHIBE T OFHE FEICA ML
T BT mn 7 BfE % EBL$ 5 O 5 BERT ©
FETHsb, =T, GPTOL) ZeTa—%
HHEZVTIE, AN TR T8 T2 —
t—| %] OJETUE SN, TNETNOHE
AEEOHFEIZOREEEZNT 2055 RIK
Bl (o 21X TRAZ] THNZ]) 2 E) %
FU I 5, 2F D, GPTIZH O FHMW
(autoregressive) CEITEL . [ROFEZ NEIZ A
Bt A LT, Ty a—F %
72 EIFVZAGPTHARITE P TV AT 4 —
~—f@E#EL T, Ay b—7 YHNIALE
Bz ORI ML ELTHESL (=2
I—F) ENTBH., ZoOHTEARNZ &
WHE o7 utrAzFEOLVR L, DF D,
M2 HALLM 225 “MEt" o X912z i-
T2 b ODEMRKIE, KISKS TREMED R =
WHEEOIE N TH S, £ LT, TN ENID
BEORE O, E L\,
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3. AfmZEHL Al : BARZEADIEH

FHFIVE2—IH A LY AOHEMETIE
DS, WA EA L, AmBRE RO AW
W ARG L T 550 T, SESF 4 AL
Fiffr % REARAYICIFZEICE A L L ) AR TE
720 P TOH, M EZICH L THEE TS
Mgoh THHERLIERZMEAL "Xy kY
Ux =" Thb/NME (vesicle) DB & % fE#HT 3
HHFgE L. LLM % H v 72 AR T 36 B oo i i
W (ZEY 24747 R) OFFFIZIYAMAT
Who

ZIZTiE, IRETHMYMATE WOV
CopafifLizve £9, ATy
DX LM EE A Y b — 2 EHELE
ALAEDBOBBHT L0 Ny — i, H
MZEMEEET VERHCCHBILE) L L
e %0 /Maid, Mas 2 SHLY A A 72
B (2 2IERERLY) v@AALLIICL
T, MREATAENIC CIZH 2 & TR SN 5,
ZO%, BRIROMEE b oM Lo/ ae L
T, Mg EE EAHEER L 22 5l = 12 8)
T5, ZOBENE, 1= (dynein) ®F %
¥ v (kinesin) (IFENLE—F—T 07 A
YICEoTERINL, T T MR Ek
(cytoskeleton) &%, MO EZHMFET 5720
DEMAMEETH ) . ZOREN LS O
% (microtubule) R 7 7 F > 7 4 7 A » b (actin
filament) 725% % [11]c BIRD & % 713 [motor
protein walking] 7 & THZET 5 &, /& L
TE—F =774 YH/MaZERELRET

A

LRl & LCobdy — LLM 2 & 2 R B o 1 e

3
B

Tt 2%, 3D TH AL L 728 % YouTube
ETEHAL s TE S [12],

B, BWMAE ORI LH72EN D
7Eo IZERDHEFE L2 01E. /N OR LR A
CRON WM 2 EH—7- L 213, BEHE
FE. EMI 2B & 208 L7CHRIEH, BRI %%
B CHIE SN/ MELR &—% TR E &
LTHw, e R—- Ry —xv
(SVM) % flio T, /MIOBEA & DML E 1
ERBRLTWwE Y (k2 E BNEDPLT 2
FUTATAYIAN F3ZOMRE) T
WFBETNTHo7z [13]e TD LD ZHHM
GREMFH OB ATH o TH, 0% DT
WASEE 2R L7722 & b 43I [HEE 7 VIR
& LT E RN Z 5 724 L OLE RO
N SR IS, FEHEIT LS AL
KBETHZ] L) FEEBY, HRAE = 0
TR X D BEAZIGH T 2 £ ) I2% o 72,

EHEICE 2, ZNLEIED 2 oM 172
BUIRAA T, S F S5 % AT Hf 2 WFge 120y
ANTWwo7z, BT EISHBOREE G T —
F RIS E L TnwzZ e ddh ), EFWLE
RLL 72 EARAR =2 =T Ay P T =7
(CNN: Convolutional Neural Network) [14] #
W72 IEHF M & AY AL O Wi 555 oo
A W A~ v b7 — 7 (GAN: Generative
Adversarial Network) 2 & % #fl B i {5 o 25 5
Lo 725 e 17 o 72,



4. LLM EBEHIDMEE - 7/ LEGHEZEDOH-10GAA

HEH D LLM O FUSRE IR 2 B A A
72 @ %, 2021 4E Fk 12 E = R S BF 28 B o
Computational Genomics #f 7& & T 3 7= 7 W 7%
BUIDIZENE 0T TH D, BROEHRIL
BIEFICHLTE-o72CODEANT, [F/ 4
(Genome) | & [V = (Gene)] DEWT 5
HE L TR WIREEZ 5 72 (885 7F © Genome
$EM O 4 DNA BHI, 2 ) eBfniEd e 18
L. Gene 3 ZDFTHLHFED Y 37 BHX
RNA #a— P58z EKRT 5, & M7/
LZBWT, BRETICHELT 2513k b
Tl ~2%RELEENTVE), — /T, Al
RTFA =T 7= 73 H HREEMNTE 2
KEERA D o 7272 [Al % flio Tiltfn Tif%E %
LTHI] EV)RF LT EE-> Tz
EBFERDo €9 L7ahT, BUEDWIZEH TH
WEEZ % > TV AP FSEENLRESI N T A
TT7H, [LLM. & ) blF BERT % W Ci#Eln
TRBOGIEENE (XY 227427 R) %
Mdan] LR T—~7E o7

RS 2 A ETIC, 2 THE S 5 AR
—EEM L CB &7\, ¥4/ 4 (genome) |
cix. AHOFEHEKT 2 —20 L >OMlled
BORIHEET 5. TXTCOEEHEROBEZE
3. ZoBMEERIE. EWHBEDE LTHD
MDD ERBEFHD L ) b DT, 5D
I 1Z Btk (chromosome) &\ 9 f§ sk D H 2
i Fn, EWICT T PRBTRES
NTWa, ZogmkiE, Mg LEiZn LT
BIZTFOERzGAMTEEII IR T
(chromatin) & W9 »7-bETEEITS, 70~

T ERBEMBL NV THL RS &, DNA 2°
LA EMIENG Y 87 EifEICEEON
TWERFRZ T %, DNAIWL, T7=~
A F3Ivy (D.r7=v (G.¥b¥v (O
Ew) 4o LEAF R GEE Y VB
W6 % 2106 THRENS ZHLEAM
EELTBY, AlZTE, ClEGE LKA
Lawe ) [HEEOEH] 12iE->To b9
Kl OSOERD HBIICHEL L) I2h-T
Wb, 20 DNA O ONE GEIEES) 3. %
DEFAEMGIIELETOEELRERE 2 5,
DNA o T [#EfaF] & LTHEES 5%
DEFNIE. RNA R X T =¥ LIFEN L EEHR
Lo TRARDSL N, RNANEIREG S5,
S HIZZ D RNA OfF#HZ b L2, MiENTIE
FEDY YT EREREND, ZO—HEDi
NS, [#EfzTD%H (gene expression) | & I
FhTws [15],

ZoOL &, FEOBET OIERY A T S
N, MANSND Z L TEOBILTIHEIT S
L) 2 EiE, Bz ud, BAERHNIIE,
ZDOBEETHFEBT LRtk FEBL & 4
B72ODFN,Y) LR bIERPEENTNL L
SA%. ¥72bbH, ATATCGAGCT.. £\ o
2R LAF ROBRHIISY —»h b, TOEIE
FFEBT 2 HetkCHEI b L e H S
MERAMWD Z LD TEDL L) bIF7E, FEE
12, RNA R X5 —BREERGICHAT 51
HEHEF — 7 OFIZiE, [TATA] A5 K
END L) REHVEH Y. Zhid TATA Ky
7 AEIEN T WD, TATA Ky 7 213,
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BEORMBHEMATICASNS 70 E— 5 — 5D
—#E LTHOENTEY ., EETEHOHEIC
BOTEERESH 2R, ZokHi, &
Wee i 70 B ne & B9 5 5F 2 @ DNA sl o 2
L& — I [FF—7 (motif) ] [16] &FFE5,
TIEERRZRNA R A5 —EREET 5
TATAXR Yy 2 ALEF—T7O—BITHb, Z
I L7EF— 7 ORI, B T-IFEB LG £
HZZXLDOBIZB W TR CTEEL# L
5o

INFET, BEF— 7 OHERITIE., Fatnyz
HEEOSHR. BHOEF—7 L0k, &
LWVIEAIE & DR 37475 (Position Weight
Matrix: PWM) [17] 7% EDOFEFF VS5 NRT
X7 L2L.A-T-G-ClkwnZT V77
Ny PTHERSNTHWT, —R3 2L ERSE
DEHICLRZDDIZ, EBIZE [Fokw]
29 L7-3RERS Z 2, LLM = T "
DD THEDP R VEM 205 b LItk
Vo FEEE, LLM O—fTdh % BERT %5 H L
TDNA EF— 7% /2o HE) L3 5HAN

DNABERT [18] L9 v —VOHMTH Y,
ROy — VBT, L )EVRKETE
F—T7 xRN TELZEIRENT VA,
Lidwvz, LLM 34k [ HARSHE] 20
MRELTCHISN L7720, Z0F F TR
[Ft %\ ] DNA BA 2 EHAT L LT
LIITERv, ZZTHHENE DM, [kmer
(r—=<=)] LMEhBFETHD, TN
DNA R % LEH, L —EZ0E S (k) T
Xy, ryolth % [HiE] o X 5123k
T LT, BhaehE BRSHEO L L FEO T
ICEWMT DD THbD, 7L 21 kD274 (F
b b, dmer) OHsE. ATATCGAGCT.. &
WA EFE. ATAT. TATC. ATCG. TCGA.
CGAG. GAGC. AGCT o259 12, 17X
FIOFTHLLANS) S HELY
(=2 Y) OVE LTEHASNS,
L T. DNABERT T (3 DNA it
iz [HEEY] & LCHERT 52 8T, B
SREICBIT AR ARk & [FRR O ALEL A
TR D L BREF SN TV L, HARBHEOH

DL HIZ

DING —

T/

iy i, <lfl|lll> 4llll» <||||I> Al vy

BEF gene)/

1%12:? /

X 4.

DNA (X 4 FEEEDX I LA F R THEh, BERICE 2 TZELEAZHEAT 5, TDIEER

INE.BRDHHAMEVE LTHEAMASENTESEVWS AT . EEMNERHHZERBA TS (FEER.

LRl & LCobdy — LLM 2 & 2 R B o 1 e

5
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L. RAmi L ThIrBRETI LI o BRI
D75 DNA BEHNIZ B CTIEMMEZR TXY ]
2 [ PEEL GV, 20720, £EOE
SOk (kmer) ZHFHLELRAHLY B2
LT, RHIOEF — 7 RN/ Y — % H7E
MR Z B Z EDWHREIZ R b0 ECIZEF—T
BHOCFREDOF GRS TR I TWwaE 2 &
M%<, BEED k-mer b1, 9 L2/
A MERZZ2DOICELTVWSEE ENS
(191,

DNABERT @ & 9 12, HEREZ F—7 ¥
ILLTHEESEL V) TER. HREE
DNA 7% [ EimTae L5 5] & LCddmit%
FOZLEYOTRLTWE, TlE, TH L7z
A2, LVEMTERN G EWER—- L 2
¥ Y x5 12 A (Epigenetics) [20] —
WKCAIBHT 2 LI TELRVWESL I £ L
2R S HEL TEFEDPMYMA TV 20
B 7 uaxF VIREEOBY & Rl WS FE A <

Feaik {tlb‘/ﬂgﬁﬁ
@ 7 TEFIME

ERNAAERRD
OFIWNNG—=2

EtmsA471 . .
($:H3K4me1)

Efs 172 A V- —

LLM €7 )V [ChromBERT | [21] DFHFETdH %
CCTHURMPHEMIC R TERVEI) . B
B Al LA BERLCBI), 9.0
Y'Yz #7147 A (epigenetics) | £ 1. F1) ¥+
FED epi- (12, EPIZ) & genetics (GEIE)
ICHIk T 2 5% C. DNA oERNZD L D
BER LI LR, BIZTOFEBPTE RS
ZRIZE o TED X HITEALT 2% W8S 5
S Th D [22], BARMIZIZ. DNA R, €1
ICEEMNLCE AN LW Z U RZHIZNAS
NABILENBEIC L > T, LOMKETHA v F
7T AR T2k 2
¥, DNA A F b b A b VB & v o7z A
71 = X 513, DNA BLHI 22 2 § IS BB T D5
BURBICH B2 52 5 BIIW R BITH %o
i TH [ A b MEHI] LI, DNA 128
EffVTWVWLRE AR EWV) T VIR TEDO—H
(EIZ N K 2z &N 550 % BRI T
Hbo ZHICLY 7u~TF »OREEIELL.

ch/ﬁ’//\ﬁH

J\_/J DNA

fa‘ﬁfw»ﬁs_‘_‘_h FHRIEYS /LAMES
s YA EMENRIES /LMES
EEHI175 *
e I W ANOZHR
) ToNAVY—  EERKED EERILAER *
XFHTNI7AN) (@ A SEEFIADAA

ELTHRR

K5 EXFUEHIZEISKHIAIFUOREDIANYLTE, SEBETIADAIBRADEHROEE
%@oIE?/AL@EZF)@%R@—)E%&E~I/A/ﬂ PEEREME N>z BT F
VIREED DR - SRY U Eh, 8855 (FILI77Ry b)) ELTREBEIIhG, ThizkY, £9%
E’]&{n?'lﬁi&%nnn:ET)l/a)AjjT Q&L'C,Eﬁﬁfé’éctjl 7:%6 (%%ﬂ?ﬁ}i)
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WETORBAHIMRE S N Y IHISNAZ) T 5
[23]c B A b BHiICIZ. TEF M, AFN
bt ) Y BALZ: &b D) . ENZNELET DA
fyvF A/ *7) EWEHTLZEY = %
TAv I~ —2 L LTHET S, & 213
[H3K4me3] & IFiEN 2158 (e A~ H3 D
VYV AFEADRNZE AT VAL I NREE) (1,
EEIRE SN TV L RIETFORBIIC X <A
bNb, (FEHE 5 L2 DNA 25 RNA K1)
AT —=HIZLoTHEANSEN, Ay T v—
RNA &R SN 5#H) 2% 1), [ L DNA
5% b O@ETTHoTH, LA V5D
BEWIZ L o THRBREPRECLEDL Z LN
Hbo

E AN B IEIERICE S OB D D |
ZOMELLHETH 5o Stk H3K4me3 2%
EFOEHEALICEEGE T 5 —-K7T, &2 iE
H3K27mel (LA N ¥ H3 DV V¥ 27 F HAH
— AF LS NIREE) X, BIETOREHEAL
EEESENS EHISENT WD [24], 20
X2, FRENDR A B E DL
FHEE L IS 2 E b H LS, BHEDT
L ETIE, O EDDOFEBICHEBOBEHIAE L -
THAET DI EDL Vv, T TREBLT /A
T NR— AT, HEBHEEO 2 N Bk
MAEbEED LI, ZOHEEO [F7uxF 2~
{KEE (chromatin state) | ZEFHT 5 &LV 7
Tu—FhHRHwesnTwb, 20 [savF v
W] ik, BT AT - R K-> TRE
BNS, — MBI IE 15 I F 7o 0d 18 T IR EE
s Tw5D [25],

DX HravF LRENEE L EEER
EENBEME. T/ APFOBETOEIT

A

LRl & LCobdy — LLM 2 & 2 R B o 1 e

&
B

HHE)PIET A EREIHSo TV 5720 TH
%o D% Y. DNA OIEIERIICEEE O BET
DIERAFEEAINT VL LTH, ZO#EE
FAEBIHEB T 59 L9 21E. DNA Bz
DObLDOPEIFHEITE RV FOHBI I,
DNA A& EfVTWwad b A by ¥y 87 B
ED L) RBHAMZONT VDL L V) T
VIATA I Y= OERE BT L LE
Wd Do

7oL 2 57% 5, DNABERIZE PNZLTT
boHEyE, su~xFrIRBEZOXTEE
FELTHHT A= —DF v - F 7%k
WLEBED L) b DI, 12k 2 RICHNE N E
PNTWTH, A= —=25A LT IT
. ZoFHERcEn,s v, o0, #HEZTF
BHEEL T Th 7z u~F VIREBIZ L - Tl 5
HI5/ Lew] PHiEINTWEEn) &
Td b [26]o BREVDIL,
~F VRER DIV AT A v I Y=Y
3. DNAFCHI & FE LD, FICEHES L TW
LOIFTIERVEWV) HTHhbDH, BEERIC
LoTELLAY ., BAEOBBTHE IO YT A
ENZNTEIENHEDIE, T LIRES
FH, TEV AT A4 7 ADWIZEE L )T
ZLDIZL TS [27]

i 78 S 4172 DNA OIFREESI 25 7 ) A4k
DIEREFARL DT R, 7/ 2EHE Y
OvF VREOEHRE LTI, 22 0564Y
FHLBEREMEL L) LT 2RA0H L, &
HHPBSE L7 [ChromBERT] X, ¥ &2Z20
BEPSAEFNZLDOTH D, THUT.LLMOK
BRSEHET V) O—MTaH 5 BERT & fiVC,
FAZHA L2 DNA EF — 7o L)1, [

ZDkH ks



oS REOEF—7] —3 bbb, FHED
AW L B O b B IRE 8 — v —
7/ AL ESITHTIERZHMNE LT
Wb,

ChromBERT Tlx. DNA 4l % + — 2 L
3% DNABERT & [Aklc. 7 0~ T VIKRED
Byl % [HEE] O X515 LTS 5, 72
7ZL.DNAZSA-T-G-CObI D 4FEHD
BN L0 L, 7 u~F VIREBIZE T
15 FE8H (b 5\ IL 18 FlfH) TEFRKS N0,
A»S50 (1I8EEOHEITANSR) FTO
TNVT 7Ny NEEHTL2LEFHY. b—2
YELTOBRBIIHKEIIZ b, T0EH
LT =2 AMeshizr a~xF v IREDO RS
b L, FTBERT 7—F 77 F vl L5
HuiE (pretraining) 1T7). T I Tld, X
mo—#% [MASK] (B X2, ZOHiHD
SOWR2» 5 2 IREE 2 TS5 v . HEHK
fidp ) FBHOBAPHONL, 7 uxF VIR
FEDM 2 ) 5 IRITK 2 AREE R LY 7 4 A
b (EF—7) ZFMTLHI LT, ETW
ZAREE/ Y — OB 2 BRI R FE LT
o ZOHBDOT 74 v F a2—="7 (fine
tuning) Tlk. RNA-seq (ZE&3F: - AT &
DEET B EDRERBL L T2 0% ERIC
WES 2 FFE T, RNA % B ICFHAT - T
HHEOENERMEE L TRIDL I LN TE
%) OFBT—5 LIFECDITT, 5 7THE—
y — A [HREBOBIZFIINIST 275, £
7ZIIEREBLOBEF IS T 5] 20T 5
FAZIWZETNVEBA L, T2k, 787
% #& O ChromBERT 78, 7 u~<F VIKED %
HUh o BInTHH & OMESE Y TS 280 %

10

Fro Z L DSHRE S 17z,

CZTyHELAZLIIE, G-BrARWYT
NLeA b UMEHOMAGOEITEDINTER
SN AT Ay Y= THY., G
ET o=, BIRIEHE L S Nz G
i 55 (TSS: Transcription Start Site) @ J& 4,
AREHMOBGHERZO D EEL T
%o yu~F vIKREIZ, DNA L iER%D, b
AN MEEHHEIIRF 2 7 SIS
25720, WCKREZRT TV 7Ny b
wHifg L THNLLZBEMDPH 5. TD7D
ChromBERT Tid., BFAike & T HWwH R
5 [ B E{##EEE (Dynamic Time Warping:
DTW) ] [28] zJoH L EBLL 725 D€ T —
THHELZFAY—I2EEDHNE L) I
LT, 72k 21X.[GGGBBAAA I[GBBBBA J
[GGGGGBA] o L9112, G=>B—A LW
PR & 2 R ORAIE, DTWIZ X > CH—7 7
Ay = E N, [GBA] v RRENL
EF—7ELTHIlE NS,

WERET AL, BIZTOEBTLNED D
oo WS 28] 25, DNAIZEE
i< e A b VBHOMAEDEE VS [[LFEH
K] & LTHARIZEN TV E#RE, 7TV
T 7Ny ke KRR O AW R IR S Fi 7z
BRVRFICHEEHEZ LI LT, LIMICE-T
ZOWIZEL Y - [Fifl & LCHiAM
29 &35 AP ChromBERT Th % & & 2
5o 2F ), HAROBR R ZILL, Tz
BOANTHBEIC L > TNy — v & LT s
52 EICE o T HRICHNET 2 [ER] 2 [HE
E] HOOTHLLET 70 AHZ 21
HHDI,
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5. REDEKREH

. BRROEHE LFODH T
R L, Xy =L LTHmAEE ) L3570
AZBWT, HELRHHR L % > TR DB DN
[REEVEiILINTnwE | EnIHEEZD L
DThb, NHOFFED £72. HRERDEE
RCid A, B BE LkwvoKysn
7-HAL =53 (segment) 12X o THER ST
W5 [29], 7o & ZETRIEI T — v — % fRA 72
EV) R TR [#] Ta—e—1T&] [k
ATE] W) FBEMEAICT N, EhEh
DERRSOERREEZ ) o 29 L7z Hink
B DS ZE, R bIEEEE O - B
L. Bk Ts22L05CTE20THL [30]0
BRI, LLM b 72, h—2 ¥ &) BEE
RHALZHEDWT AN 2D ERAY % B
WY EEE T AMAMATEH TS [31], 2
T, REPEFBLZE I CIEERERZON
T HATYUYFTONT VLN 2L, ik
PCHREIENL, TOXHIC, [FFshT
Wh ] ZEAEPEFETRICL TV &)
BAE, BARZIIGHE SN/ LLM, T7%4b
% ChromBERT @ & 9 % E T VOLRE 2 2
%9 2Ty BRI L BB O3 E S E

TOERGEMRME LD
NEDOELZIRY R L L, ST E L
7AERIREICB W T [t S g ] 23
72 L CEBENER D e v b EMIN 7%
Ble LT, HRA VRS I 7B HEE
LR, HRBEORELTO X912, HAR
OHiRFEL N OB E [KYSNh/-is] T
FLERT B LN 2 Lk, EHRE THAD

DIz

LRl & LCobdy — LLM 2 & 2 R B o 1 e

5
B

NEIEA D 1= 5 3B

W] L) BEFRIPLHFELT
Wl ERIRLTWD [32] TS 0Tk
Rld, B M5B TlER . BRE5E - B
BB L) HIIBELO B & D 2 LA TE
o TOXY L [T TRT] &) BRI,
BOTIVT 7 Xy PREHLT, KEXLTRE
2D Z TSI, R TUELE L V) IV — vk
FROFEPIZOHH > TwL [33], 72k 21T,
HRFY v v iETIE, FE2IBEFE (morpheme)
2. ZNENOERCHERICHIEL o9
5T EI2E 0T, BRR U & R ER s &R
BCED L) I1cho7 [34]. Silild. HWEMN

BEHEPEEZE L, BWRBEMAICOEH TS 2 L1
LoT, AR [ & LTHRILT 2

WS L7z 20 (8053151 &) Hl
AU 23 722 1 AU, SIS & 2 JIRR(ZE R R ek
BATRETH o7 F o THME TIE RV,

29 L7z SR8, ANB oI

BOWTEHEREHZ R LTI L, B
BARFETHIME N WD, AMIE, SiF

2l U CIUR SN B EOBHE [T T ]
R [Ty AT LLTHRAEL, 20
R ae A A=V e WET RN 2
[35]c 72 213, [B] LwIHEEHwzE &,
7B PHEIZEEDPRD DI F U TH
FFamThid, AXARNID L) % [
B E] Thb I LD\, TNUE. Sl
BEALDS D 72 5 FRERAS, BNT TREE] &
LTHER SN 7O AN HH I EE2RLT
Wb,

ANBE, REW A X =D& g3 72

HHH
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TR, SHICHMETEBN 2 EERPRE T
b, BBl XTI 5iF, EERLLHOELT

EToo BEELIE, BRTAVMALZATMOIREE
RAEE L, HEBL w7 bT [H8E1] 75
LI E o T EIRETRE R E LT
BT A2HBETHL, 2L 213, P VFED
[Schadenfreude (ftit A O ARE 7515 2 = 1Y)
[36] (. FED O WAL D L h 5 4L
EIET —FECTET. M7 7Y » D[ Ubuntul[37]
L [RRERZ2 B TH B ] L) g 2475
eRIL. BARED [MEUHR U] (38] 3. A
TESXEIORIIEL BB T REEL BT
bo ) L-EEIL, HHMAREEO [ERED
T (ZE—TaFlb A=N=RITav)]
E—DOOHFIZEHE L, TN g o 74T
A3 ALY - #EBRAY 2 SR O T E DRER % [
W] THI Lo T, BT S [39],
DF ) AMNILEIE OB 2 Bt SEELT 5
CLETHERELTYYHL, T2 HUMHED
[l $6Z8I0koT, HEHEBEE W) T
L ADERIZZ>TWDEDTH b,

6. HEHYIZ

REGHE DR & 72 572D 1F, ChromBERT
DT FESONT, b EaT—12L5,
WO B RIBIZEAZHETH 72, [
W, HREICHET RE R AT Y T VR B
2T "B CHRRT 2 LENDH LD T
NWEHE D IZED K &L AETE VD] —
ZORIE, EFRHOBFE T K LEFTHT 5
N7ze bbAH A, EFZZOMVICKH L TT
WZERT2OH ) ThH D, HBHENDIGEE V) »
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L) BEFEIIBIT D [7HIL] KSR
MEoEMETREICLTWS X
ChromBERT it b F 72, fERIE [HHATO %
W] BHER AR Y VR SRENICHLY
ML, BRFTREZ BT ISR L &9 &3 28 A
Thb, A MEMOMAE DRILFHIT FE
ThoTh, TOEMLE/NY — Y OERIEH F
DIZH BB TR HIE ISR [ 4450
G ALIENTETIIV, WAL, Z15
X—LTFTOTNT 7y NT[IXN) 7] L,
EHLILLM Ik o TZD#ELR ) % [FiED
HCFEED ) T liE. B HA R TR Tk %
(. REFRLR V7 F V2L EREMHNT 57:0
DRBEAMLRETO DD, DX LlFHA AN
ZUREIZL TV 2005, fh7zb Ao SiEH#
AT 2 KBESHEETVORETH L, £
DAL LT ORI sT T F VD8 —
Sl EiFl ELTorbrbha, FNEE
RO H 2 TEHRE L THARDY . BENIEERE &

LT~ EmiT, BUY 7 e LT
Hbc:@—éo
725 Tl R % R B Tk & O )L

BERLHREOB SRS, 20 [THHME] 2o
WTIET TIETHAICHB Lz, Thed, &9
LTHLOEIIDLENLEYD LI IR T
DiF. ZOMVIZEEIN TV [, il
CEDLLZONP eV X VIRER LAY —
DRI TZ 5720
TLTENZZD, B THO O TTHEIZ
FRARS L TR @ TH S, AdnHl
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Segmentation and Life as Symbolic Code:
Exploring the Potential of LLMs for Scientific
Understanding

Seohyun Lee*

Segmentation, a fundamental structure in human language comprehension, also plays a central role
in the architecture of artificial intelligence technologies, particularly large language models (LLMs).
The linguistic mechanism by which continuous streams—such as speech or text—are divided into
meaningful units closely mirrors the operational principles of LLMs. This structural resonance offers
promising avenues for the analysis and reconstruction of scientific information. Drawing from the au-
thor's experience in epigenetics research, this article examines how biological signals—such as DNA
sequences and chromatin states, represented as symbolic strings—can be segmented, encoded, and
interpreted by language models, shedding light on emerging approaches to scientific knowledge discov-

ery.

* Graduate School of Interdisciplinary Information Studies, Interfaculty Initiative in Information Studies, the University of Tokyo

Key Words : Segmentation, Language comprehension, Large Language Models (LLMs) , Artificial Intelligence (AI) , DNA
sequences, Encoding.
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DFEIZ» B G250 72EMH] B
GOEPNIZBRENIT TS [Hwnbohl
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DERERPPD ELEPOEE LTV, A
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Repurposing Marketing Thought as a Form of
Self-Development

- An Analysis of Books and Magazines Aimed
at White-Collar Workers in the 2000s

Ayuko Tadenuma®

The purpose of this paper is to clarify how marketing thought, which was originally developed to
solve various problems in the market, has been repurposed for use in self-development discourses
aimed at Japanese white-collar workers. In this regard, a discourse analysis was conducted on self-de-
velopment books and magazines published from the late 1990s through the 2000s.

The analysis identified three main variations in the repurposing of marketing thought. Considering
the labor market, the first is a discourse that involves commodifying the self by regarding employers
as “customers.” Justified as risk management in response to the instability of the employment environ-
ment, it portrays the subject as continuing to improve himself/herself while being conscious of the la-
bor-market demands. The second is a discourse on differentiating oneself from others and expressing
oneself through self-branding, which is justified as an efficient method for achieving success. The third
discourse promotes the repurposing of managerial techniques and emphasizes self-realization through
one's work. While it idealizes subjects who set goals and take affirmative action to achieve them, it si-
multaneously criticizes those who merely critique the status quo without attempting to change it
through personal initiative.

These discourses exhibit a strong affinity with Michel Foucault's concept of the “self as enterprise,”
insofar as they introduce a framework that reconceptualizes the private sphere—traditionally consid-
ered separate from market rationality—as a domain structured by market logics and exploitable as a
resource. Additionally, they offer advice and the associated methods for behaving strategically. This
paper provides new insights into the discussion of subject formation under neoliberalism. Specifically,
it highlights that the formation of such subjects may have been driven not only by the influence of
governing institutions, such as the state and large corporations, but also by knowledge in marketing

thought.

* Graduate School of Interdisciplinary Information Studies, the University of Tokyo

Key Words : marketing thought, self-development, neoliberalism, white-collar workers
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Workers and Economic Transactions

JNDE - FTE
Toshimitsu KONISHI

M5 EEDERZE SREFEGICET 2
BFH/\RIVT—F 2

—E - IR EE T APIMVER B L A Ay b T — 7 DB SNDFGIZEH LT

A Dynamic Panel Data Analysis on the International Migration of Knowledge

: Focusing on the Contribution of Networks Formed by Japanese Expatriates
and Foreign Residents in Specialty Occupations to International Trade
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EHfrB2 - EE L TAy b7 — 7 2R
L. WHVCHUET 2 ks @a s & B L <. ¥
SIWEIDORERIZFEG LTV ErE2 BT 52 L
EZBEEZ D,

KA - AR a T =475 A
BAERBO ) 6. Wi Am &Sk, £
LTENLZERESE L Ay VT =27 LG
HAOBE»S, ZHIIBITAAEERORE) &
LS EBEE IO 726 T8RICER LTRES
TH5HDTHb,

DF. AL OMRIIKOEBY TH L,
2ETHES AT LM L 72 LT AW
JEDOMEDNT RT3 ETIEANE THM
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TRF- S EBPL, HATTT =5 IIES
THE L 2R AR . 5 R TR0

2. EEYHRITHE

FATMIRE TOME LB £ R 72HEEE 1T 125
720 BHE TR CE AN IMERZ Hv 5
Z & BARERSENZZT Th ClIMER AN
DHFGEHFETERETHZ L. £ LTRADTHE

OATRER TR LR, O ETERE L LTAR
W ofiam & B L & b ITEZ B 2%,

BN L 2R TOREADORIE & L THESAY /S
IVT=F M e T) TE T, TR EHTEL
OO, FilhmAESEL LRI, I
& % B EATRZHYT 5,

2.1 ERMGEFNRSITOEREANRY FT—IDFE

ES L LB —CARBAT S [+ 7
a7 7] FEORFNGITIE, 2 EROH
BEASIERE X L TR B 70— S RITT (A
VT 2012)e TOEGEEEE L TOREEC
st L. Melitz (2008) 1%, kil SaEA° 2 EHME
HERET D e L. ERIGIToa
Ra22T7 v aroRERLIZ. =T,
Freund, & Weinhold (2004) (&, I 32 =/ —
Va vy OIEFMEFEENDE A Y — 4y NED
THHGEE M OFEEIL, EHIWRIZFTT 5D
DD, ZTOMPIIEHHENIC L & D2 L2
A L7z (BREERM R A o
WTEIBIG 22T 2 b oo, KKk LTk
IXBERECTH %o

ST, AMORESBER, REMNG]ITO
AHEFEVEIZ BT 5 W52 Bl 2 e on L 72
Coase (1937) &, REOHFMEHB L & 12,
WO TG R R 5 2 & 25N
L 7zo THHGEAS BT & EIB 2 @M A 5 LT
b [ZHOAEMEEZEZ DL, TA DR
VE - RFEICAENIBE S NS LIIRL W E
W) ZETHD, TOERMEFKIZENTRLY

I 2= — 3 v
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FONDZPPEETH > T, (HhE) REHA
ELRIZ M TOEEZR—HL TWEDHIT
TlixZwv] (Bl 2014plll) O TH b, =
FCHERLCEBY ., EEELZ B2 25 EEN
WEIE D S AFEEMED E e BTG [ TOIE]
BRHAZR L. BEEEE L CORBERC AR
BT 5 L) MARREROLY bT—2 %

WU T, AR A 22 2B RS B
BHTOHFGIEHTLLENH S,

Z 2Ty Ak - B - BN (2014) & APRH -
&I (2016) 1. 1998 4~ 2008 4F TOHEFET,
KE H-1B EH (&R MR OBy v )
WS BEEAHR KA — C ARS8 (i) |
HEAEBIIZL, MHE L ORFEWT| % LT
HIZEEHLNI L, L3z, fERESIC
R ST wic/zo, REIDSLTO FEE %
WMEE Lo TEEBOEBLKEZIT)
&1 (Eokf 2014) ASERE & iz, TNhEE
F 2. /NP (2020) 1 2006 4E~ 2016 4E D
Ty HARZRSICHERMBE S L EHHEIZH
T B80T — Y G AT HAT S 557
B2 & 2 EIREE 2 NSRS | & =0
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MHERERICH L EE2R LT,

2.2 RTHRDOEE

L2L. RO4HTORENEZONL, £7
H1E. WTNOEITIETHO BT T
VDS, BERETCEE L 22 TR S s
A O % . BB S OB E OB AT S
CEXEHRTIES ) Ho EHAFIZIISETT S
BB CofifEraEnsg [ZEiH L] (H
H2015p.165) OREEIZ X Y., TN TE 5 H D
BN, G S A5 | (H 2015,
pp.172 -173) ®—75, JoE T3 E TRl
R EEIRBFRE ORF R (Eaton, &
Kortum,1996) & 7 % & CH MMl =255 < 7
bo &oT, MINMEZSHEEHVLD03L 1
WY TH Do KIH 21, [HARD S HFrELE~
D E N OB B OB 2581 T4 &
EEWEEW] (E1H 2019p45) X )12, AOB
b RFTH D DI REOERIENIZD
AEALTWDLIETHDH, LT, B3I,
FEF B e MG R 5T, ER MR T
EDOREUANOR}ENZ L W L THDH,
ZHE 40, TEHRE B OBIRICHE T 2 B0
DBETINDL S BFFHIT, BF LNV D5
TIIERY T — 7 % W72 B30 7V TOM
RO 5TV % (Chaney,2014) 2 & TH 5,

By HWEROLEEIE A IR 5 0

3. F—%
AWFZETIL, HADEIWL - @Az T> T b

E D9 B, 69 2 [ % & 512 2006 4F 2 5 2020
FEWZOVWTABT— 7 22 ERON %17

HIFHTT B O EIRSAE B & AR EIG 2B 2 BhAi) SR )V 7 — & 53 dr

EHEO T I 2= = a YHEESZ,S (F
& 2020) THH. &bl [EENTBOIS
BARO Ry b7 — 7 IIEMICHEET S0 X
DLFHLCHEENSCERMICES] (77
v ¥ — 1998p.258). EKDE Y TIX, LHE
BT oS LTS T oSN
FI% < %o b (Antras2003) 2 &2 5,
MDA E N F — 3= %3 ) % TO MRS 8
BFOFGEPREVEZEZ D, Kkl (2014).
AR (2016) 3 X UV/RTE (2020) Tid. Tk
% LD NI AFEFIG D720 D A b T —
7 ThDHIENDOHMDP TG Throlzd K
WrgEid. HFEFEE & L CoNENREHEEEL
Hub & LN OB —E Z WG EHS5$ 5
NEIDPEHLIPIZTLH0, LD THED
T 5

Db 2 A7k e s 0 & . ARFZEIX
FATHKAKM (2014) . AR (2016). B L
/NTE (2020) DFREE S L IHETT 5. £ LT,
HZEME, ELHIg GO, AR
HTH 2B I & BEGH O LB A,
ERREEZ 7NV —TI5T L LbIC. B
I EZE ., HEAMERFEN & N2 72 BT, 85
NIV T — FHEFH AT o

I o WML, AROPEREME LT, 1~
& —4v METCSVIER, HDVITHYET S
T+ =< NCTORBT—¥H., EBE [HEYH
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SREIN#ERT (IHEEIME AR fmat&R] T
2006 FELNEDIBW TH L Z & B LU & —
Y2 o i O A 8 AR HE 2 E 2 SR 27
Trade in Value Added (TiVA) : Origin of
value added in gross exports - imports”
(OECD,2023) DH8# S 2020 S0 /-0 TH %,
F7-. RENX. OECD (2023) 76, AWfgk
DX G TdH % 2006 4F 2> 5 2020 4F 12D\ T
[MERIVEI RN ] (A 2023) CTIE® &S
OHNRDPA ¥ —% v b ETLFTLIAHES N
TR WEEBLHEOM, T 2LH EoR
HEPH2EEFEVbDTHL, 0 LT,
B 2% 2 Bl o GDP & Hilko B CH 5
5 [BAIBITH2ENETIV] 2&HHIZ, B85
B-GDPORE S - HREDHEHOWTND
ZEH L T 5 3 NRIEANE 2 T 00 R 5 Br
FRL. 69 20 (1) & L7z

9. BMZRKIE, HARL SR ER O i
HE S %K T S DL L T Trade in Value
Added (OECD2023) @9 5, &+ —E2D
i A DA AR & g AN AR 2 R S %

(LUF Ty A0 il AR ) [ A s e 48 D) o

EtEOHRNPS (| ENOB L — Y 20
Ml fE48 % = h 2 EXPGit & EXPSit. [F
BIZHE FO I E» S HENOHM L —E 20
iy A Il il 48 % 2 e IMPGit & IMPSit
3D (WAL 100 5 Fv),
WIS A BT %0 TR A E AT
(FE#4 2023) o [EE - s s 7E 87 &% 5l
NEINEL 09 6, BEAEYEE (2018) 25 [
METHH T 2NEADH 7)) — ] fiC [H
P - Bt B ICE S 5 E R EK] &
T 1088 VIS TR ED (R AR, AN ]
[R5 5 06 B, R W98 55 Ik OV HOLER RN ]
(20124 ~) L. [HEHEMKLS 25 |
(2015 4E~) Z Nz 72 b O A KE HAB €H 0
FRCHL T 5720, IS DR ERIEFEE
(UUF THARERSME N Gadr@#) L R9)
AL /R (2020) & RIRRLCHIRR ST ) A O A
BELTHMAT 2, B EDIEDLDOHATE
BMAYVEINE VISAit &35 (B N)o Mz T,
FATFE CTE B S N TR Wiy Cmsrd 4 H
RNEFHIAZEFIMZ B I2H 720 [HwIME
R NBFAE ] (O B4 2023) To [1EH

®1 xRE (69 HE)

X455 X SRIEIEL [ %4

Australia, Austria, Belgium, Canada, Chile, Colombia, Costa Rica, Czechia, Denmark,
Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Israel, Italy,

OECD 36 Korea, Latvia, Lithuania, Luxembourg, Mexico, Netherlands, New Zealand, Norway,
Poland, Portugal, Slovak Republic, Slovenia, Spain, Sweden, Switzerland, Turkiye,
United States
Argentina, Bangladesh, Brazil, Brunei Darussalam, Bulgaria, Cambodia, Cameroon,
Céte d'Ivoire, Croatia, Cyprus, Egypt, India, Indonesia, Jordan, Kazakhstan,

Non-OECD 33 Lao People’'s Democratic Republic, Malaysia, Malta, Morocco, Myanmar, Nigeria,
Pakistan, Peru, Philippines, Romania, Russia, Saudi Arabia, Senegal, Singapore,
Thailand, Tunisia, Ukraine, Viet Nam

ASEAN 6 6 Indonesia, Malaysia, Philippines, Singapore, Thailand, Viet Nam

HifT)” Trade in Value Added (TiVA) 2023 edition”
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x2 ERTLIEHERS

B & Paied g

A B S R~ 00 1 00 B H T HAGERIEN (Hame)

WAL © 10075 F L EXPG BT A VISA
H A 5 RS EAO Y — U 2 o A Il ik 48 HEAMVER I (R AZERERE)

WL 10077 KV EXES BAT N EXPA
STEE 2 & H AR O W O gy AT i 48 FREDIND 720 ERS (% HHE)

HAT 10077 KV IMPG BRI GNIP
FGE D & HARND Y — E 2 O A DI fEAE IMPS

HAZ 1005 Fov

HAT) SEE TR

FARE] o) 6 TREEERMRE, AN (D
T NAMERIANL & R9) &, FRICH#TT
BHEORIEAERE LTHMAT L. FFED
TOWHERFEANE L Z EXPAt & 3% (HAT:
N)o

Z o T, /N (20200 TORITEAZEH D) B,
L A7) ERFEE A2, SEOFEFKED
Wy~ BisfHE L7725 T, THE WORLD
BANK #¢ fit @ “DataBankWorld Development
Indicators” (THE WORLD BANK2023) T®" GNI

per capita, PPP (current 2021 international $)”

(FVETI A®70) B BEEE TP % v
5 (UT MM ASL)ERAH] EE5 )
BrFEOIEO L AD 720 ERAITE% GNIPit
£ 5 (HAL: FV)o B, feEomicEL.,
T—%ty PTOREMEZRENT L E LB,
1 BERS 5 GMM HESE 12 X A B3R 2179 L
Ty BHELE—GHIELT L BRI O
HICERZZRPE L w2 (FE 2024) .
SR BARNEEW (In) Lz, $LKO4
By WE5. HALZ D72 b b 2,0 AR
= & RBEOMBIRBIIE 3 TH %,

&3 EAHEE S HERYK

n=968 (69 A 15 4EH , KIAMEDOH 57— 5 2k <)

Yy choufE R RAKME ReME IEXPG ImEXPS  WmIMPG InIMPS  InVISA  InEXPA  InGNIP
InEXPG (10077 Fv) 5242 5077 1904 9654 1088 1
InEXPS (10077 F)v) 5553 5576 1902 9783 1605 963 " 1
In[MPG (10077 Fv) 7048 7200 1893 11075 2861 822 ™ 782 1
InIMPS (10077 Fv) 6555 6441 1696 11265 3030 866 ™ 871~ 907 1
InVISA (A) 5338 4970 2076 11073 0000 721 ™ 647 " 738 v 752 1
InEXPA (A) 5632 5501 2546 12374 0000 826 ™ 801 * 803 ™ 807 ™t 794 *** 1
InGNIP (% Fv) 9952 10159 0869 11444 7696 392 ™ 483" 311 ™ 428 ™ -029 209 1

(fii#%) T :pfH <10, *:p il <05, *:p if <01, **p f& <001

H7 B OB B) & AEFIG B 5 2 B/ S AV 7 — 8 4047
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4. Htat

EFE 5 Cld, fREBURE A R T o scii
2B ARG B TS v [/hEE
WARE] (KX F 2y 2015p298) 23d b
S REDIEE GO L E 4 THERES LT
LHH. A NVT =G Lo X4 L LT,
Takagi (2017) TOHE ? 22E12. &%
EOMIZ3 70— T2 5 (K)o BARW
i3 x R E (69 A1) iz, OECD hn#
Bl (36 A2 El ). OECD JF b ¥ B (33 % E ).
ASEAN 6 (6 2°H) O&K 7 V— 7%, 1=
GMM #5212 & 2 B¥m5H T s HEER (1)
~(4) CHFIT 5o GMM HEEE FIV 5 D13, [ 18
WORNFEI L BHEE T, BEOELE
LN R IOL TR ST NEC I PSS 7 R N N B i
LTLE9 ] (H 2015p.16) 72HTh b,

B, BEHETFVEHWHEE TR, NERE
N E LTSRNV T — 5 2T 52
Lz, BEEEEEHWAZEPEE LW
(H™H 2015)0 F72. WRHERTIZ. ZHHEO
JE AR B EL D T 1 7] 22 B oo 390 F B B e L 2 AR
LR RERARE R &0 SRR EITT 2. &0
T ZEEOWH T 200 L7z LT R
BIAR &2 JE5E L 72 Kkl (2014)  APRHAR (2016)
DA, Takagi (2017) <°/NPE (2020) =B F 2.
AR B AERI 0 L CRUERIC 1 £ ¥
ALT T ERBVWCHELXHITL, 2O LT,
AZEFICHHBE R OBEOM (7 71H) %E
AT ZHCRFHZ GLEFH/ SRV T — 8 &

5. #ER

40

FOAAE ) BRI LT MR AN LT
NRFAEBICBWTHIZIBOREY L 5, K
WEFETld. EBIRD RO RS & T2 5 & B
HEOMBEI X 2WAELLZEE 2. e (D
~ (4) TAZEEBIZOVTRE2D 1B
GMM #7E 2 $RH 9 %o

(1) AMEXPG,=,, AMEXPG,,
+ 2 AMEXPG, o+ 5 AInVISA,,
+ 5, AINVISA,, 1+ 5; AINEXPA,
+,, AINEXPA,.;+:; AInGNIP,
+ . AMGNIP, + A, + 4, °
(2) AWEXPS,=, AINEXPS,,
+, AINEXPS,, 5+ 5, AInVISA,,
+ 5, AINVISA,, 1+ 5; AIMEXPA,
+ 5, AINEXPA,. 1+, AInGNIP,,
+:2 AIMGNIP, + 4, + A,y
(3) AInIMPG,=,, AInIMPG,,
+,0 AINIMPG,, 5+ 5, AInVISA,,
+ 5, AINVISA,, + 5; AINEXPA,
+ 5, AMEXPA;, 1+, AInGNIP,,
+ 0 AMGNIP,+ A, + A,
(4) AInIMPS,=,, AInIMPS,,,
+, AINIMPS;, ,+ 5, AInVISA,
+ 5, AINVISA,, 1+ 5; AINEXPA,
+ 5, AMEXPA;, 1+, AInGNIP;,
+ oy AMGNIP,+ A, + A,

- VHEG (1) OBAEEE L8 () O HWEBOBER, S -
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GMM HEE 2 & 2 B AHTIEL L, KR
FUER - T Y ICEE D D B T L &R
% 72912 ADF #:% (Augmented Dickey-Fuller
test) (2 & 2 HAMRMUE 21T - 720 BUEMETE
DEFMEL D IR FEIN S HoHA
Rz b BIER TH D HAAMBEL D IF A D
FH (p<01) SN EH s [T s
7= RIS, EENSH L I L
THERR L 7o E o BRMEABEOBESGICE LT,
R FE B F R R E  (Sargen test) . B L URY
B IC B 3 5 #%E (Arellano-Bond test) # 17
) 2T, #RATHET 5 ETRHEDR W
L RN (R4), b, KMEOHW L
KR BRI BT 2 BE B S AT PRI 36D (D
EZIEAR, HEROBRED S &, FHHEHKA
W& — © 2 oA i 5 4 (EXPG)
(EXPS) #ifr&, W& ¥ — ¥ 28 AR
6% (IMPG) (IMPS) O EAIZIZE KL,
LHiHT (1) OFIEKE 48] () OHWE
BT 28R IOV THRRD, TS &Rl
ETBEER R RACRTET L L DI, p
fEAY 10 LT & ISmEICE B R 2RSS
250 L L TUHZLAT 5o

F¥. 24FRE. OECD, Non-OECD, ASEAN 6
R L LzHERT o 1 T B KL B
MR CRHETIICE B R EO BRI HER T E 72
b DI, k5 EE Non-OECD T #gEhh 5
N (4 InEXPA) LW ot fHnffifEsE (4
INEXPG) 12k & F o570 —J. ERIC 1M
THHEHE HIWER CH B % B OBARH R
T&72bDiE. ASEAN 6 TO HARTEZIFE A
(A InVISA) kB &3 — ¥ 2 o AT i is 48
(A INEXPG) (AInEXPS) O, #EAMERE T
A (AIMEXPA) L —¥Y 20 - i AR
i %8 (A InEXPS) (4 1InIMPS) T& - 7z,
ASEAN 6 THEGMEDPELNzOITVI N
LBHEDOBRIZH Y . 4xt S IER Non-OECD & fF
BRI BRERE o7 T2 HAERIE
N (4 1InVISA) EAMERFEN (A InEXPA)
DAL OBIHZERTH S 1 A7) BRI (4
InGNIP) . BEZHMABEBEIHER &2
DIFFAMIZETREOBRIZH D, 2xt RE,
OECD. Non-OECD. ASEAN 6 T. B o #ifi A
FnflifE4 (A InIMPG) D, OECD T —
Y2 Ol A4 (A InIMPS) & ORT
INENHBELAOBBRIPHRTE 2,

x4 HEX (1) ~ 4) ;1 FEFEZE G #EIC K 2EIFEM/SRILT—2 2

(1) AIEXPGit (2) AInEXPSit (3) AlnIMPGit (4) AInIMPSit
ZEL (534 ZHL (534 ZHL ¥ ZEL ¥
ANEXPG ., EvsE | 035 AIMEXPS 402 * AlnIMPG 4, 492 ™ AInIMPA ,, 385 ™
(017) (0.165) (0.09) (0.14)
OECD 597 653 669 708
(0.11) (0.108) (0.09) (0.09)
Non-OECD -022 150 423 297 ™
(0.14) (0.131) (0.1) (0.11)
ASEAN 6 aVi 7 741 798
(0.1) (0.066) (0.05) (0.05)
AMEXPG .5 At R -092*  AIEXPS . 003 AIIMPG 027 AIMPS ., 050

HIFHTT B O EIRSAE B & AR EIG 2B 2 BhAi) SR )V 7 — & 53 dr 41



(1) 4InEXPGit (2) AInEXPSit (3) AInIMPGit (4) AInIMPSit

R %L 2R %L 2K %L KL %
(0.04) (0.048) (0.04) (0.07)
OECD -030 -023 041 053
(0.05) (0077) (0.05) (0.06)
Non-OECD -065 -035 017 062
(0.07) (0.067) (0.06) (0.09)
ASEAN 6 -004 040 149 * -024
(0.07) (0.072) (0.07) (0.11)
AInVISA EC e -007 -014 003 -023
(0.03) (0.021) (0.02) (0.03)
OECD 043 * -047 T -011 010
(0.02) (0.025) (0.02) (0.02)
Non-OECD 059 068 -035 -045
0.07) (0.046) (0.05) (0.06)
ASEAN 6 703 532 ™ -134 260
(0.15) (0.107) (0.23) (0.28)
AInVISA 4, B SE -030 -012 020 -010
(0.03) (0.027) (0.02) (0.03)
OECD -005 -008 016 -004
(0.02) (0.02) (0.02) (0.02)
Non-OECD -055 -015 -017 -035
(0.05) (0.061) (0.05) (0.07)
ASEAN 6 -696 ™ 549 106 224
(0.12) (0.091) (0.26) (0.32)
AINEXPA , ESOE S5 006 011 032 010
(0.02) (0016) (0.03) (0.01)
OECD 010 003 -018 0
(0.03) (0.028) (0.04) (0.02)
Non-OECD 010 020 050 T 010
(0.02) (0.022) (0.03) (0.01)
ASEAN 6 038 ™ 045 ™ 061 T -051
(0.01) (0.017) (0.03) (0.04)
AIEXPA 4, GG 045 F 032 004 -002
(0.03) (0.021) (0.02) (0.01)
OECD 018 002 025 005
(0.02) (0.02) (0.02) (0.02)
Non-OECD 074 F 052 -001 002
(0.04) (0.032) (0.03) (0.02)
ASEAN 6 -069 -097 ** 001 058 T
(0.05) (0.037) (0.02) (0.04)
AInGNIP S g 889 * 676 T 1412 * 908 ™
(0.4) (0.356) (0.33) (0.23)
OECD 359 312 1249 * 474
(0.33) (0414) (057) (0.18)
Non-OECD 979 923 * 1613 1186 ™
(052) (0453) (0.36) (0.29)
ASEAN 6 1.056 ** 607 1.360 *** 497
(0.39) (0.632) (0.34) (0.36)
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(1) AnEXPGit

(2) AInEXPSit

(3) AInIMPGit

(4) AInIMPSit

L FREL L FREL L FREL L PRE
AIGNIP ., o SE| 20 -090 -758 "™ -111
(0.19) (0.219) (0.18) (0.14)
OECD -069 101 -7t -438 *
(0.31) (0.31) (0.33) 02)
Non-OECD 127 072 765 ** -012
(0.25) (0.3) (024) (021
ASEAN 6 -657 240 -1.158 ** -596
(0.83) (0.534) (042) (0.46)
N EovsE | 968 968 968 968
OECD 530 530 530 530
Non-OECD 438 438 438 438
ASEAN 6 87 87 87 87
Sargan test Ev e 3t chi-sq (88) = 69, p-value =0.933
OECD chi-sq (88) = 36, p-value = 1

Non-OECD  chisq (88) = 33, p-value = 1

ASEAN 6 chisq (88) =6, p-value =1
Prob > chi-sq =0.000
Autocorrelation test — 4xf R [ -0.042, p-value = 0.967
for AR (2) OECD -0.556, p-value = 0578
Non-OECD  0.023, p-value = 0981
ASEAN 6 -0.620, p-value = 0.535

-0.003, p-value = 0.998
-0.113, p-value = 0910

0464, p-value = 0.643

-1.205, p-value = 0.228

-0.934, p-value = 0.350
-1.382, p-value = 0.167

0.256, p-value = 0.798

-1.231, p-value = 0.218

-1.406, p-value = 0.160
-0.112, p-value = 0911
-1.667, p-value = 0.095
-1.690, p-value = 0.091

Prob > z =0.000

(%) (O PHIARERRAS ARBTG5 R AL
T op fil <10, *p fifl <05, *p fil <01, *:p i <001

6. B

AKWFgeo Biwid, Fk7@# & L ToNsto
TR %0l U 7 E Y 70 AR 283 & AT s | oo
FfRx EElICHE 35 2 & T, AR AE
SHEIDOFBBIIFES L THwEnE ), £LT
HHT YA OERL MBSO &S T
52 EThb, TLT, ME7WHED N v
FT—rbazazr—3a v IicES CEER
TR AT, ARG | T o RERBERL TG | & K
TLILE, RERETLZOIDOTHL, 20720
(2. FEDEBUBLR S S O, IR (L S
EZTLICRARD L2 R T 2. BITNRESE
B L L CoREBER g% #vw72, 20k
T, WS @EH L L CoORENEHZSEZ

HIFHTT B O EIRSAE B & AR EIG 2B 2 BhAi) SR )V 7 — & 53 dr

LN OTERE D, BARE OZ IG5
HLTWwahE) i EFHHEECHRE L7z,
I 1Y 7 AR E IS NI NI SSIR DS 2 72 6 ()
Lo TENIILRIRGTHLILERTILD
72h . S ITRESMRLE OB, ED T, H
RIERIMEN & EAERR IR & Hi s, K45
T, HDVIEERDPDHLHOEEET L,
WIS, ASEAN 6 T34 ¥ 74 XHVh
SWnZ EhL, GMM HEE TORRDOHMEN S 12
SEBESLETH L, CONEEE 272 T,
ASEAN 6 O#E K13, HARTERGIME AT H A
SO - =Y ADEHIZK LT, IMER
NIHEDP SO —EADHH - HANOHA
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R LTSS L QB WA S B
LERIRT . HIWAK I L ORROENIZIIER
WILEETEDS, ASEAN 6 O & HARTERF/LEN &
WEMERRIBN OB CIRH 2 AG RAHEF SN 2
D, BRSBTS IR [ I8
MG TOAR Y b T — 7 OFEE. AR D
BEPOEMTLUREARTERTHL L
Zho PEN W -WT YT KEMICHKEN
PR A DL - AR THDLIRET VT
(ASEAN 6) Ti3. FHIANORFIE] (Intra-
Asia). F 7zId F I A R L 22 #RFELS | T,
5 B8 O NSRS 53 5 BB AFAET
HLUREHEN DD L EAMRLIZDDEERZ b,
Z 0T, HARIEZIVEN & iIMERFEA O
BN PE o CTHAER L O INliiEE 53 O A %
I Db ELAERD L. HARE ASEAN 6 DA
HZCR DR H1E, /BT ¥ 7 TORFGI
RIS @E S SE T BB L CE, B -
E AL BITHEIITHARNORG = D 7% W E)
BTHLILE2RBTLLDEER D, DOF
0L SR IMIEO R — ¥ XY ASEAN I
WL A2 5SS S5 8%, JET @
BONWERSHAE A FE RV L —EADY
TIAF 2 — VHEOFERIIEHFELS L T LR
UhHbEEZD,
COXHIZ, HAL ASEAN 6 O 5 HHCIE
BREORE ST 2RV BEONI L
3. ANWZROBE 243 5 2 & THZLHA
NORLERGIEHEEZ D, Lidv i, A%
Tk, BHHGITOMB L DERELEEL
TWRWZ L2 T, BAThist e i £ 2 7250

6.1 ABMRDEMHUESR

44

W EORMERTH A HARIEFAIEA (G
W EE) | OWARICH L. [HAERFTA (K
MR ) | ORFEABRERN. HOWEM
THHHTELRLPT, AARERIEAN L
M IMERRFAN & — € 2B 5 OBRIZDO W
T, SNUERLAZLIIREETH B, kST
BHEOWMERX 5% G727 — 7 OfEILe. 4o
MHEORR LI TH - RETH 5,

KUz, 4xxt % E & Non-OECD Tid, HA &
O BB EE CPIME) A%, At S L
9,058km. Non-OECD & I& 8832km T. 4,622km
» ASEAN 6 12T KA &y, Non-OECD 121
ASEAN 6 ORERUE 2 & £ 5 72D A RA T
ZH3. RO TO NAZTEAS, L
ICHTEEAOM O HFS L Tnb 2 L xR
To MNTOAMEREXRD ZRBET D
ASEAN 6 L OBfRIZH LT, HEAEZN LD
B4 L DZEG Ay M7 — 7 EELTEED, BEX
I TORFHMOE S TH L Z LA PHEIN
%o 2 ASEAN 6 TOREH L AR, HIEk
TrEE I K B EER e NSt & BRI & %
25 LT, il tilEe T 0EE 2
%o L iEv 2 Non-OECD # Bl 0 % #1128
Fry AEFHE - FEEREE - HPRAYAL E S 0 E
A E R TEELRMEESRO 5N L,

ZLT 1 ASH72) ERFAE HEANDOB O
i ADRRIZ, METHAIEZIA S ORVED
LEIALTVAEZEERT, CTNETOHART
D77 L OH#ITE DREE ) 3 bELHER L
T 200, KW TORERED S 13T
WEHICEED D,

RHOREEREBETHF BT HMATIE Nol09



RO, 5 11 AR EHE
E L TOWNDTERH I L 5 EFERY 2 N5
PREFIG N EF G- 2 %805 H 5 etk 2 7R3
CETURITMIEEZMTE LN TH D, #2138,
E R & B & L2 ME 0 6. ERS SR
LA BT 5 ERLH MBI S TOLRy 8T —
o DFETE % FREST B #\2 X B NIISSH o B o
LiRg L EBIT, D5 RMDHFG T B
HBHHEE R LN TH D, 3 1E. 5]
HIFEC IS L > T, Ay @EICL b A
MEHAE DTG TLNEERENRR L S
LERIRLIZZETH D,

ZOH T, HA L ASEAN 6122w T &

6.2 AMROREELERR

WIRIT, % EM R I O R FG BT 5
MGEEDS R O, BB Fyaa 2460 < hBEp:
% B L 72K R T ORRET R 1 4F O R 72 TR
R MMEDOHAED BN TH 5 E &5 Lo
R, WO RRBIRDSFAET SR, £ LT
NHIZEGE D ENZ D CFRASE DS AR FE 0 FE T
b, BRATHD, 4kiE, E - dFE0E Y
mmHRL KRR AM O ERICEE L2
FHEEHVL 2 & T, BB EFEIG NS
TOLEMERERERET L ELEZOND, TN
L0, EBEES 2 NWEROB R DMET 5
AFE» 5. L0 EEM 2B & E T &
SNDWRMEDGSHDLEEZ D, TOLET, 22
TIERHIC X 2 EEL ], A T4 AT 7
TEBLZEROII 2= — 2 a Y HHWET
B EHI HEMBEROERSIRE I TV
HUREVE R 28T 50 ARIZEIE. [FHTLWTATT
RPIT AL V) HTIE FHTOITI 2= —

HIFHTT B O EIRSAE B & AR EIG 2B 2 BhAi) SR )V 7 — & 53 dr

Y — A THELAOMGREY ) b E b
MR AMR L2 &, B XU Non-OECD 122
WTH OB THEZEOMRERER/Z &I,
W7 HRETH D ERFFICERETHH D, ARIT
ZETONILIE D I 7 O Rl riiZiEownse
ETo, EEMREFENGIE V) v 7 aaHER
OREf MU T, EEEES LT LS H—1
Tl % XHERHE - oS HE % &SI
MAEAERL 2 EOBEEEEZR L. EHEES
DAy M= ZWETIE. BARESLE L ER
DRAFIRDL, FREFE~OLET) . BHHE -
TERESE72 T <, WIRAYALE S O BB % % bF
HTERETLIENRKDONS,

v aryOlHHo Tl (¥ T F 2015p204)
WhHRIERBEL TS, TNThH, TETIE
HREE L EBEVLET 2LENH LT —E A
T [ ERNEOEIC L > T .20 [
BHo™Y ] (PEE) 13, EATETWS] (H
H2015p.156) & DR D Ho BT — ¥ il
%0 [HESE %282 727 — 5 Bimld, S0HKE
PEMENTEL FTEEBLHMELT 22 LR
# ] (FHEE - P 2023p46) TH 5 H T, Kk
TEE LB ERR R N RD A ¥ T4 ¥ A
T AT 2 LIZEAEROMEER, FEFEMARD
AV RENC Do THERT A REEEICDWT
DMFIHFRENRETHL L LB IISBORE
EThbILrild. SHROMEIZEB VTR
Foa L) EERWTERNEE L EAZLDIZD
R BHIHIzo T, EBREESIZBIT 2L EH
BIRICHED VT, ER A0 BB R Sk
EEELTDWDPHENTHLEER Do

45



HiEE
AR D7) HEEHE LR LD HFEC 2V ERE DT 405 OF 2 BIE LIS A T, A BR ARR AN TR
FHF— LD APODEREIIRII LT, TSR L RS L L E .

'n_#:

W HA . NSO - IR SRS, HERE. B, TR - . B SRIER. Bk, W, HE. TSN,

' OECD. Non-OECD. China, India. ASEANG6, US.® 6 X4 [OECD h#E & OECD JEMME DX 51k A b A E L &
) THVEEDHED0, A ¥ FIEREEOMERE L (. IT 23T 280ILEH L 725k — ¥ 2AZ Gl E O 729,
ASEAN 6 13RI TEX 27— %12k 2 b 0, [HMAEEEMILO Singapore 28& FN TV 5 2 L IZER. KENIFHFHREE O IR
LD O E D TH B 70 [FEHR]] (Takagi,2017,p.80) o

O Z TR A=, B A EEOBRHEIREY, de, 3EEEEET,

SE

Antras P. (2003) [Firms, contracts, and trade structure], [Quarterly Journal of Economics] 118, pp.1375-1418.

Chaney Thomas (2014) [The Network Structure of International Trade], [American Economic Review] 104, pp.3600-3634.

Coase R. H. (1937) [The Nature of the FirmJ, [Economica-New Series] 4, pp.386-405.

Eaton J. - Kortum S. (1996) [Trade in ideas - Patenting and productivity in the OECDJ, [Journal of International Economics) 40,
pp.251-278.

Freund C. L. - Weinhold D. (2004) [The effect of the Internet on international trade], [Journal of International Economics] 62,
pp.171-189.

International Organization for Migration (2024) World Migration Report 2024,
<https://worldmigrationreport.iom.int/msite/wmr-2024-interactive/> Accessed 2025, Apr 7

Melitz Jacques (2008) [Language and foreign trade], [European Economic Review] 52, pp.667-699.

OECD (2023) Trade in Value Added (TiVA) 2023 edition: Origin of value added in gross exports, <https://data-explorer.oecd.
org/> Accessed 2024, Dec 27

Takagi Soichiro (2017) Renewing the Economy: How IT Affects the Borders of Country and Organization, University of Tokyo
Press, p.80, pp.80-82, pp.87-88.

THE WORLD BANK (2023) World Development Indicators: GNI per capita, PPP (current 2021 international $) , <https://
databank.worldbank.org/home> Accessed 2025, Jan 3

A-G- 792 (2000)" ReORIENT: Global Economy in the Asian Age” INTFTHAR [VA) > b 7V THALD 7T —3)L -
T/ 3 —] BEEFEE, pldl, pl43

BEHIEA Y v v 7 -F-7 4 A (2017)" ECONOMICS OF AGGLOMERATION" , sk % # - KHIFSIR [4ERE 0 #EHS: < #Th 7 4,
7 — 8 )UAL) BEEREEI R, p.132

WA (2023) [HBAMER IR AEGERASHET | <https://www.mofa.go.jp/mofaj/toko/tokei/hojin/index.html> Accessed 2025, Jan 14

M- 275 /% x%— (1998)" Getting a Job: A Study of Contracts and Careers, Second Edition”, The University of Chicago
Press, PEMGHER -ty FT—2 L F ) 7OWE-] I 40y 7EE, p258 p270

AV 7=~ (2012)" Understanding Global Trade” , &RHGHE , B Z | Al  SHHFR [ 70— N VB S 08tk % 5ite | SCEE,
p.109

WA (2023) [HEAE A fat (IHESSME AHRRT) #tat 3 ] <https//www.moj.gojp/isa/policies/statistics/toukei_ichiran_
touroku.html> Accessed 2025, Jan 14

PRS- W ahEr (2023) [H9E0 5 F 70 REIHEFS] 20, pd6

JeAImER - R (2022) (B E — 0 v ROBEE : A\OBEH S /5] Bk KFEHHERMS, p86, p94

REBEESED (2012) (@R #2012 40 <https://ndlsearch.ndl.go.jp/books/R100000002-1000000046167-1198007> Accessed 2025,
Apr 7

ANTEFIFE (2020) TEEIBR Y 70 NS & REFING [12 B3 2 40 A7 — IR Bl ves BE R P IR & AR RIS W26 B L C—J, (M i) 8,
pp.129-145.

46 RHOREEREBETHF BT HMATIE Nol09



EYESE (2017) [EIBRBGS « 26 & A Sl e Af#Ht, p2l

JEAESEE (2018) [HPTHY - FAMTBY B 5% 43 A E AR &M ] <https://www.mhlw.go.jp/bunya/koyou/gaikokujinl6/index.
html> Accessed 2025, Jan 14

APREBEH - R E (2016) [xkY — € AR GILKEROBEEGH © 77 74 ANVET Y ¥ 712 & B RO BRER ],
[InfoCom REVIEW] 67, pp.34-43.

R (2024) [R C%5 VAR EFEGHT (G 20 - BRI OHEME» 5T £ C -] & — 244, p75

7Ly Ay hF 2K (2015)" Social Physics™ , /IMAEAGER [V — 2 v )Vip#is2] FElE4E, p.204, p.239

K. &2 7> (2015)" THE GREAT DIVERGENCE" ,JIHLREEIR [PRGIE  ifEl, 3 —o v /8, £ L CGERIIEFREF O] 4
ERFHE, p298

fEfaEE (2019) [EIBST 22 NOBBOfES] BHAEE, p4b

IR (1999) [MHHAE GO« HRAEF I 2 o T b h) FERFHT R, p.69

HESE—ER - mAERIE (2022) [BUROERREGR) BUkR¥HHEIRMS, p24d

FKAKHER - BIIERE - FERFZE (2014) (472 a7 ) v 7 O5REEZORRIZHET 2 FE5H - 4 v U — 7 8w S iz NSt
DR E LxtRY — ARG OHK ], [InfoCom REVIEW] 64, pp.2-13.

P52 (2015) [ 4 %2 58 & 3 A - 0 B & 21 i O EIFSRE] I AV 7355, p.16, pp.55-58, p.59, pp.123-125, p.156,
p.165, pp.172-173

BAREZ (2024) [HARFOBOL] oA RKFHE RIS, p110, p111

PRy (2020) [0 [L2H] EOoB3 5 2 EDRMAOD  AFEIEE LTOR Yy M7= &FEFAM] 7L 272 M, p.209

Bilie— (2014) [77 by =2 ¥ ZOEBREEY 70— \WEGOERE AARERED I 70 - 77— 5 5341] BAF L, plll

kS (1998) MEEOMR : & 22 LAt& oM L — 4] WatRH R, p.123, pl124

JNVE S FIFE (Sl - ELaD)
(TR ] BERUR SRS B2 B A I 1R A
g 2Ea] thatfimsa, e REV AT %8

HIFHTT B O EIRSAE B & AR EIG 2B 2 BhAi) SR )V 7 — & 53 dr 47



A Dynamic Panel Data Analysis on the International
Migration of Knowledge Workers and Economic
Transactions

: Focusing on the Contribution of Networks Formed
by Japanese Expatriates and Foreign Residents in
Specialty Occupations to International Trade

Toshimitsu KONISHI*

This paper aims to quantitatively illustrate the correlation between international personal interaction
and economic transactions through domestic and foreign residents as knowledge workers, from the
perspectives of network theory based on communication and transaction cost theory, targeting coun-
tries and regions with which Japan trades. Using this approach, it examines whether international mi-
gration and exchanges of people, as factors of production in trade, contribute to the development of
international trade, and under what conditions of countries and regions.

International economic transactions are enriched by personal exchanges acting as intermediaries.
This study assumes that the social capital formed by networks of personal exchanges among knowl-
edge workers reduces uncertainty and transaction costs in cross-border economic transactions. Based
on the remaining issues identified in previous research, the study conducts a dynamic panel data anal-
ysis using the Generalized Method of Moments (GMM), focusing on Japanese expatriates and foreign
residents in Japan with specific residency statuses, and the value-added trade amount, using countries
and regions as units of analysis.

The results of the verification indicate the pathways through which international personal exchanges
by knowledge workers contribute to economic transactions and confirm the existence of networks in
the international division of labor and trade between countries and regions from the perspective of
these exchanges. It was also revealed that the degree to which personal exchanges contribute to trade
may vary depending on the trading partner’s country or region. Through the examination of interna-
tional trade from the micro perspective of human exchanges, the study highlights the importance of

considering not only the availability of trade resources, influence on the global economy, trade struc-

* Graduate School of Interdisciplinary Information Studies, the University of Tokyo

Key Words : International Labor Migration, International Trade, Network, Social Capital, Transaction Cost, Communication.
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tures and forms, but also geographical location, and the relationships and characteristics of countries

and regions, or between regions.
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