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Two Findings from the Analysis of Pharmaceutical Patents
-Sales Estimation and Patent Grant Prediction within Patent Family

Koichi Kamijo, Kazuo Ohzeki

Abstract © We report two cases of findings obtained by analyzing the specification of
pharmaceutical patents using machine learning. The first is about pharmaceutical sales
estimation. Many pharmaceutical companies take a huge amount of time and money to
develop a pharmaceutical, and it is strongly desired to estimate future sales volume at an
early development stage. The second is about the patent family. Many pharmaceutical
companies apply for the same patent in multiple countries as a patent family, but it is often
the case that the same patent is granted in one country but not in another. In both cases, it
turns out that deep learning provides good predictive performance by using the words used in
the patent and the “hot” words that were also published in the journal at the time of filing.

Keywords : sales estimation, pharmaceuticals, patent specification, deep learning, natural
language processing.
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word r-value ratio
lupu —0.304 0.103
germlin 0.305 0.128
ctg 0.301 0.103
dmso 0.292 0.155
transplant —0.285 0.109
amino 0.284 0.123
vegf 0.290 0.098
isoleucin 0.259 0.114
lymphoma 0.269 0.196
epiderm -0.275 0.105
cag 0.273 0.106
cynomolgu —0.273 0.105
best —0.266 0.128
precipit —0.263 0.121
coloni —0.243 0.146
microtit —0.241 0.128
substrat 0.230 0.105
polynucleotid —0.232 0.221
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DB 2 T OHMIE TORTORGBEHTH > 728D, u, Cu,=D. ZHEHTS, C
CTOEHICBNTIE, A% FEUCBHCERZ@D . ARy TI— R, 87, id 5%k
U7, s, HBUGHT (2 A bb, 77 A7 b, K, %) iRz, Blzfr-
Teo ZUT, BHBwIIHLT, u, ZROEK I ICEET %,

u, = [uwb B3} uwn]' (3)

CCTnidNREEZZERDE WHEL ORETHZ, R, u, & [ = [logs), ..,
log(s,)] DEIDET Y > D rfH, r,, Z23KD, LANZiiiEd % HiEOES Q(Tr, Tp) Z1FK
9%,

Q(T, T,) = {wlr| = T, p, < T} )

r Lp

CTTC. T T,13&% rfi. pEDOBIMET®H %, Table &, EERTHA SN2 439 DE
R ZE O RN 5. Q(0.1, 0.01) Z{ifE 7z T RN HREE |r,) DRKEZWIEICY —FL
EDTHB, TTT, “HEIE, BHEED. BIHORETD S B4 e 1 B
ENTHRFETHMEO R 2R T,

TTT, BEEMITH LT, LUFOXRT ML x ZEFE L. Deep learning D A J]
9%,

3 T
xi[ = [uwlia (X3} ule\i] . (5)

4) ERGEEREERAVEEY EIFFR

FeFr i ESEIC, HAEDOERMOTEHEZKI LTz ThH)) GF—T—FHEEh T
L. PR EEGOWGERBN R E L BEEEENH 5, T T, 3) Tt I
T GBI u, 7 TH) OBRICHDEEAR DI 2 L EiHMEZ SERICEIE L, 720
PP FPHNCHFIAT %, EADHICER LU T, y FICHITE N EHK S BE O H [14]-16]
VR U, JEREEMMT .. 7 C TR S NI-HGE w kg % tf-idf, thdf(w, y) ZLL RO X
IEET %,

tfidf(w, y) = ffiw, ) log(idfiw)). (6)

C T T tfw, Iy FICFITE N2 TONRELHETOw & WS HEEDO M BIHE 2K L,
idfw) 13, WREBZITXRTOEDS B, wH 1 EILLE 1 DU EOGETHIH SNz HBR
FE GEOB) DOWzERT, Fylcitl, thw, ») ZESEENTED, Zwtf(w, y) =1
VAN RYAC RSN

R, FEHES ISR U T, y O, HEEFHRZ thidf TEADT LizGat. w @, i)
U FOXSICHEAT %,

ut (y’ l) = Z Mtﬁdf(wa y)uwi' (7)
ul(y, i) ZHERHCANTZANY MV EEEE O AN AN ER TR T i kb, KFFH
ST L DFRISIE CTeHADT 21T, TORFEFDED T % FRE % LA alhE

E75%. TOBE i ICHTBENT MV, ERIEMBOGLFITH U, ERMORFFEF RIS
HE SN TS DFETHIZ 208055, TOBEMND. ut (v, ) 1ISH L, Gl FDRFHE
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NIZED S RAIOFEFD LB ENTZHE Op) Z5 I WEDOREZROAENTXTOD i TH
Ciciz s &2, N7 MLk, fi. 8 LEZEDOWHAIC 028747 L, LIFORY
U xM¥ 7% E2 L. Deep learning N\DA 1T %, TOXIIST 4 VT EITS T LICEK
D, SRRFOHBEFEICED 5T, FErDHBENTH S WER S T2 F0 x M I B 2 B
DAEDIEDD Yppas — Van + ¥ EF CHIEIC TR Do BUCERIATIERL, TDXHIC, H
FEL TH S DFERENETR Y MIVOEEZZ A Z T, EREDGEIC A, FhliE
NETH XM ZRiZ T2, HEEREDE WD TH %,

xl[4] = [OZL’ ut(yammr i)’ ) ut(yamaxr i)’ 022‘ ]T * (8)

C C bf\ O/ Ci\]{o) 0 —Z:‘*%E‘Zéh%)/\\ﬁ }\ }I/\Zli :ypmax _ypi\zzi :ypt _ypmin\ypmin\ypmax Cigb
yp; DE/IMEERKRIE. ya,n ya,, BERLEORLEVELREFLVETDH S,
AR vp, = 2000, va,,,, = 1998, ya,,.. = 2020, yp,.., = 1980, yp,... = 2021 DA

xo =07, ut(0, 1998), .., ut(0, 2020), 0°°]", 9)
Lix%,
B. NTV 77 ZVICHTREFRIIFA

IRTY R 7 7 IV BI BRI THET VICBBN TR, IR ~4) Iz, Zh
5DAVER—Y 3 Y (=5) ZHOTRFFEOL T2 T > T2, TRlicBWTIE, 580 B
THD 1) ZERW 28O ERANE T Ta—FNECDD, 720 LT FlEAE L FCE
FILRIA B Tzl2U, 720 BFPRIEXAIT B 72010, N7 MIVFICET 2D TXRH
ERAE

2) [EFESORFEFEID 5 ORHEFRGL T

3) EHETORFEFHEEEFICM D NI HEED b ORFEFRGL T

4)  BEESHBEEHEI S 2 O T RER RGO T

5) 24 DAV R—T 7Y

DUR SEEOFIAZITS o 2) ERMOREEHERD 5 ORFFFROL TRIZED I PRlEEE,
KPS oi ORMAEZFIHT 20, Figl TN UL FONAEZ W5,

o pry L FERHEEL

o pry s T L—L#

o pry L #EE I FHSZERER

o pry g FSCHREL
INSZEHV, EES ISRHL, LUFOXRT b xXP 728K L, Deep learning D A 1]
9%,

x/i[Z] = [p”’m pr,zn pr'}i’ p’”:ti]r . (10)
3) EELDOFFFRFEEHEICEDODNIETED S DRI T
BV TIE, 720 BT TRIFERE, SRRFIHM T SN TV B IEREEMRNTHE A D H

At w OHMFATSRE 2 FIWO 2SS HEE w S 9 B MBS Z u), = [u,, .., u,,] EXEET Do 2L,
& TV T 7 IVICBT BRRIHOL T TS 237 7 7 SV DBTH %,
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i, BT YR T 723V i, c W UTLLRD se, i ZEFHKT %,

1, al¥ ¢ TEHOT, DL TOE T
0.5, a,ldc i 1 DDEDHTHKIL
Sei= 0, a; 3 TOETHIL. & L3k (11)
—0.5, @} 3 ¢ TIEHE, Mo 1 DDOEDFH THAL
-1,  a) ¥ c T3, o TOETHIL

TTT, BIZIE, FrRFBOIOAFRICEHML TV A HEEZEES, LW HIWThIUEX, Hifd
IC, SFHEED 3 DOEDBAL HMOEBICIE C TEA DT 2175 HikbEZADBNS, Lh
LAEMS, KX TlE, N7V 877 I VUNT, BEEORGL /o722 £ nl et hvE
WHEEZESHINT, X 11 OB EZERH U,

ZUT, s=[S0ts o Sen] EUL s &, EOMDET Y Ml ¥, 72, wDE ¢ TORATL/
MO THNC EORERE L TWah 2RI e LTRSS, S5, Loz
T w DEEQ(Tr, Tp) ZEHT %,

Q (T7, Tp) = {wllr| = Tr, p\, < Tp, c = US, IN, BR}. (12)

TTT.Tr& TplELEWE, p), &, ISHIET % p fl, US, IN, BR %4 KE, 1> R,
T3V, THb, COXIICHEZEINTS T LICKD, H B TRETEOLICE 5
UTZHERICIIRE WV, fEHICE S UZZEERIC/NE WY (BOMHMED K E W) r HOHEE
EITENTES, R, 720 BT PRIFEEL, FEFHME o/ 2. Q' INOHEEDOME
HH%E 2 AT 5T MVEEXRT S,

3 T
-x’i[ ] = [uwli, R uw‘ (1’\i] . (13)

4) EXREERREZRAVFFHRIIT

7¢O LIF PRI & [ CESESBEEDOGEZ H», SREF7 7 2V ilcx L, F£mE0
M) | OFBEOMHBEICH D TEA DT & LIeEEHE, wl(y, i) DFtEZIT5, £z, 7¢
O _EFFFEEE. 5 OMEZERBICUANTZNY k)U7% Deep learning D AJJIC N5,
ezl FIFT 2R CENRG D7D, 9. FHINSRTFORGEEOR/IME, i
KAEE yp' o VP €5 B0 FT2, 0772, jHD 0 TS NEZANT ML, 21 =y’ w — yPi
2 =yp, = yphm E L XT MIVDE, A, B LLIEZFOMGIC0ZIRT 2T Uiz, LUF
DN MV XM 7%25EF L. Deep learning ND AN LT %,

X = (07 Ut (s 1)y oy ULy ), 07 ] (14)

V. 28
730 FIFTRL RO TINCEI LT, S AEBEITS T2, Al S EMEF T T 5 72,
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A. Y EIFFEA

Al E X T Coftam L 2 & A5 O7E L MOFEZ1T > 72, FEERTIE. EHEM g 10
Blrem (s) CHmANCHGRE S NRFIME (o) O DM ATEER n = 439 DK
mmZ T %, n=439 1 F T KRZVETIZ /R 728, Leave one out (LOO) 22 7= M E
(n— 1 2B T = ZICHWILD 1 DZHEET 5 T L% n DR TOMAGHLE TV, %
OYEEFTE) TiMliZz T> 7z #EEETIV T, 2 DORNEZHV., %4 128 /—
R T, reluactivation 2\, TR 7% =100 THEZTT- 7z,

HERIIF P gwgRE2ERH L, 770 AP —12id Adam ZHEH LTz, AJIRNT b
JUIE. one-hot vector Z[R &, z-normalization TIERLZ1T> 7z,

FHdlcR U, EHT—%, TABMT—2X (X _train, y_train), (X_test, y test) (LA FD XS
IS L THEBZIT-> 720

(X_train, y_train), (X_test, y_test) = (X", Is_)), (1, log(s)), (15)
7=z L

k k k k k
X = B ) 17,

Is, = [log(s.). . log(s; ). log(si.). .. log(s,)]" (16)

TTThk=5@ k=105 k=4DETOXNT MUFES LTIzRT MV EERT, EERTIZ.(16)
DETIVZH i TnRIHEE L, LUF THE 1% root mean square error (RMSE) & mean
absolute error (MAE) IZ X 0§l 2175 7z,

RMSE = (2,15, — log(s)))/n)"*,
MAE = 27|15, - log(s,)|/n. (17)

TTTCBIE U DANTHT B ETINCEK 50 EITHEEMTH % . S NEICBE L TR,
I3, 72 max(min(/8, max,., (log(s,))), min,., (log(s))) &9 %, Tz, HEEM & RERDOMED LD
HBHEME T, LU THh 2 ESES i OMEL . (T) DLLEOFHEEIT> 720 r.(T) LLFDOXTESR
s,

re(T) = {il[I8, = log(s)| < T |/n. (18)

Table IT IS FERAS 2R, “input(k)” FI DML, x D kIS L, Te = log) &£ T %,
CNZ, FEEOT =2 EHET —Z DN 0.5 ~20 THZ &=2EKT,

TABLE 11
FEAER G0 RUFTPAD 0 KT = i,

No. | Input(k) | RMSE MAE r,
1 1 2.324 1.893 0.206
2 2 2.646 2.121 0211
3 3 1.903 1.489 0.288
4 4 2.045 1.634 0.265
5 1,3 1.812 1.408 0.319
6 13.4 1.726 1.360 0.326
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No.1-4 1&, &7 MV TORBHIRLTH S, No. 51d. k=1,3 DHAEDEICKS
fid, DERO. B RAIORFEFDHGEE NE, KRS CHH S N HGEZ
FAWTTED EFEHEE L8 DTH B, No. 61, k=1,3,4 ZHHAGDEIZED, DED,
No.5 T, &BICEHKGHHEEMNTHRED LT EAEELIZEDTH S,

KERTHOW O NI RFHGEEDOHGEEIZ. 1980 05 2021 EDYZHWZD T, ypoun
= 1980, yp,.0 = 2021 TDH %, 439 DRFFFHIFEE HRIRIC I T 207,403 D HGEDN I S N7z,
k=3 DRERCEBVTIE, Q(0.1,001) &%, |Q=887 THH., ZDOHDAEE, Table I
TRLIZEDTH B, % d T 2 r flHOFEICB N TR, o ZBRVW TR ZITo T2,

k=41 2R0HCBI LTI, 1998 £ 5 2020 DY AWV T2728., ya,., =1998, va,..
=2020 £ 9 %,

B. $55FAII TR

AT X C Caftam U7 J71E T REFROL THIORE E ORHME O RER 211> 7o FERTIE.
IV-B & T LT BEF 12499 ORT Y 7 73U —D5 5, KE, A1V F, 7II)LD
ETOET WKL, LG " DEBLEDNDHETNIVMDNTVS, n=7,043
DOINTY T 7 ) —2HT %,

JEREZRMEMTIE. 720 P FIERU T4 72V 2R %,

FRCTHA LI ST > P77 2V =@ N2 KR, 1999 005 2014 R H
FAEENTCE DZMEH U2, ypm = 1999, yp,. =2014 £ 55,

HEAEICBWTIE, 2 D0BRNEZMEHT %, %40/ — FEIZ 128, T IVOF
W&, ROT /LD EREROE & T HIHE ISR 3 B Recall, Precision Z W TEE TN S, F
fifi =2 X Precision X Recall/(Precision+Recall), 7 fI U %, Deep learning IC (X, Tensorflow /
Keras[21] D python 23w 7 —I %S %, TXTDT—A T, 5 0EIZAME (trainsize
=0.8) ICK > TNT =<V A%l U SHERO T 25 H T 5, rliZ2at R 2883, .
BREMEICBI BT AT —2ORZHHT %,

BT R T 7 2U—HNDIRT Y MEDWT, RDT—ADFHIiZ1T - 7z,

Case-1 : [H ¢, I BT BHFRFO AL AT DT
Case-2 ! [H ¢, CONMEG /IS GAT—ZAMDON > TOBRMNT, [ ¢, TORFFORALA]
DT

Case-1 £ 21ZDWVT, 2),3), ) MU NS 3DDOaAYER—T a3y (=5) D4EDIC
BAL T, HEFHICK2Z2ERICK 3RO IEMERZ, Fiiz v, #HiiZz1T - 7
Case-1 Tld. XDT—X+tw b X[k ZHHL, 2HT7—2&T7AMT—XICELT, X
DEIHICTN) g, ZHNT,

XW=xM, XM,

gq, = [gcol! ) gcon]r . (19)

CCC XMFtE 7y aryivodoliciin Uy KigFi HDE ¢, Icht U T TGS FX)UH
FTHEEINTVWEEHER g, =1, [t SNUPMFEEINTVEEE R e, =0 &5 %,
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TABLE 111
FEERAER (RFRTFROT D KT = i,
Case-1

Co UsS IN BR

2) Patent info 0.929 0.574 0.573

3) Words 0.974 0.613 0.681

4) Hot words 0.898 0.598 0.767

5)2) ~4) 0.988 0.643 0.863

Case-2 ¢, JIKAT

c UsS UsS IN IN BR BR
Co IN BR uUS BR usS IN
2) Patent info 0.618 0.606 0.883 0.873 0.887 0.610
3) Words 0.619 0.868 0.960 0.865 0.972 0.642
4) Hot words 0.582 0.876 0.835 0.888 0.829 0.610
5)2) ~4) 0.641 0.900 0.982 0.898 0.978 0.628

Case-2 c, fEkf

c (SN (SN IN IN BR BR
Co IN BR SN BR Us IN
2) Patent info 0.618 0.880 0.879 0.875 0.865 0.597
3) Words 0.630 0.853 0.967 0.856 0.974 0.619
4) Hot words 0.598 0.871 0.830 0.907 0.830 0.617
5)2) ~4) 0.633 0.889 0.976 0.877 0.975 0.654

Case-2 DA, ¢, DTNV g (€0,1) ELTHIBNTWVWSEZIC, ¢,DiDIN)ViETF
Y %,
BT AT AT Y7 AN IT= g, =g} THHHMEZFHT %,

FERICBNTIE, XITH U, z-normalization I K 2 IEF{bZ1T-o 7z,

Table IIT {X, Case-1,2 DEEIERTH B, KHIE. FEXZIZEDXRY TD F DK G
AT CTH %,

VI. & il

760 BRI RO RO 5 OFEERICBI LT, O OBRENVITR DS S
Nz,

A. 7Y EIFFAE

k=1,3,4 (Tablell D No.6) DFHAEDHIZ., RMSE & MAE TiEDMHETH - 7z
(RMSE,MAE) = (1.726,1.360) &, ZNZNREZH & Rm#OREHIRFEDO A Z{HH S
% No.l DX 074, BXUTX 072 THY., KiEEHETH B,

BRI NFERD 1 DE LT k=4 DFH (No.4) DFEEX No. 3 DREEIE & B IFRWH,
k=1,3(No.5) LA EDHES T LICK D (No.6) No.5 DFSENNRET S LhEFENS,
N, ThH GEEZZTRETN, EERBOBRETIICERL TWE I EZ2/RLTWVS
ZEZRLTWAS,

KOO A2 T %55 (No.2) IV TIE, RMSE, MAE HICRKOEE TH -
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1z

chu, 24 MVOEE, B, FF. BXU7 L—L081E, fofRICEX, 720
FFFRICEHEOEKL TWARNT 2R TV 5,

R E% & RAVIORFEFFEEO A 2T 555G (No.l) 1. No2 DIFHEXD E
RMSE & MAE O /FICBWTHENRD -7, THUE. No.l D2 DOIERA, H 5 FLE
DOFRDFED FFOEREZA TN 2R LTV 5,

—7J7. No.3IZHBWVT, [fffdD 0.1 L EOHFEZMEHT 2 L. Nol LHEXRTEIED LT
HEERSEED W LAV | REETFHEEEICRT DT LIFDFBR NS L2 RB T 55
ENRFFICEENTOBAHEEN D B T L 2R LTV 5, THUX, RS O HISICIA
LTWBAHREES BETERL,

TOFEERTIE, B, VL—L, £REZOMDOEIBRTHHAINTVEHE S hIcBfk
<, BFEFHEEHOREBOMHOAZERL TS, 2L, FarRaEsHr (1], [22]1-
[25] BXUF—T— R HT [11, [22], [26], [27] I DWW TW L DO DIEMTONTE
D, RDHERENTNE7D, TNHZEETH LICKD, #EEMEZ I I LT
BHENZAREMEDN D 5

B. $FEFRLILT A

KERFRBOT TRICBI L T E ., %O DOBEO SRR I NIz, Case-1 (E—[EDREFFIL
SEFHD T, Table NI SHERTE S X SIS, KEET TV IVOREFKRAL / Ek 7z 254
F fifi 0.988, 0.863 & EfEETT T H2HENTE Tz, 42 RDOEE, FAHIX 0.643 £7xo 7z,
H—D7—2 A} (DFD, 2),3),4) ICBALTE, 3) FFEFroHE) kEEA 2V RT
BREDAA7 2B U, 4) REEFIME O M) R¥EZFIH L THD Tk, 79900
MREDAAT TH >z, KEDFE, 2) M2 FHTH -7z, Figl IRT XS, KEH
TV | SCRRER & RO T AT RIS K 2 RN D o 12728, ThHEMERROH 250 TH
%o TeIELL 3 EHDRATN ) XD EENTWE I EWEHLWERTH S,

Case-2 (AT /HEMEDE () TBUHIOLEIC, B (¢) OBOIAIEZ D TiE. FAAE
. o BRI <. [H ¢, D Case-1 D FHICTWT LAV o7z, BARIICIX, ¢, =US.. D
BAED 5) (=2)3)4) DAY 2— 3 ) DFHEIE. o DEHINED (Case-1,2) I BT
L BTO095 U ETH o0 Floy ¢o=7 TV, DEHICBEVTE, 2T 0877 AL
THoleo 72l2licy=1 Y F.DFaldERE (=7 TV k) TH 06541CE EF 5
oo TOXIIC, KE, TITINMICHUTEERET. 2 FTIEHHRE TR0
MARECH B T L5 Tz A > ROREEFROL TFIIRS DMt 2 [H & FEATHIRIC RN
DiF. Figl MBHB X ST, FFEERICK BRI AIEDEIN/NENT & 1I-A & Tafkam L
7z “evergreening” IC 9" 2 FFT /T DFIWHEAE & | KEFIHMIEF ICEIA S N TV B HEEPZ C
IKfEbNTWS TH 7ZHGEE OBEMEANS NS EDAHEEE LTHITF 5N 5, Case-2
OFERN S, HBEOREFFOKATL /N b, KEE /2137 T VIV TORRT / i
WEEREE T TRMRETH B, A2 R TORIIAIED THNEEITHIRETH S T & hvf -
720

Case-1,2 Dl /5T, FraFlHMIE 3),4) THHAIN TV 2 HEEE, FRETHEHR 1D K0 &7
ICHEIL TWd, U, I BRICR RO / DR Z ENTWE T L
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BT 5, £/, ®TOHEREZME - 7255 (5) DREMNM 5D Case I L T—HFRNT
EEHIAL 72,

KT, FEFFRBOL TR DOFERC BT, MEOAZ A EHH] > T Case-2 KD fl-o
TV Case-1 DS HBFERDBWIGENEONH S (BIZIE, Case-1 D US D 5) 1F 0.988
TH%DITH L, Case-2 D ¢, =BR, ¢, = US & 0.975), T 4L, Case-2 DI, Case-1 &L,
FREDNDE T — 2O VRN &, FRIHEDNZHGEZNX (1) DX S ITEA
ZZENFERELTEZ LN S,

ViI. &30

AT BN TUE, B O FE ZE TOMd 52 &lc kb, BEXEHDOTE LT
[, BERUONRT Y T 7 V=BT SRR BT Zi 70, —EDMRZES T
EMNTE T,

BRENFR R L LT, R Eh N BRI T 2720, 780 PRl F
FEAL TR O ISR U THBREDOTRMITEND T -7z &, T OHEE
NEL BENZ RO TROMENHEICH L2 ENBFENS, TNbik, FfBk
U BRI IS RPROERE A BT 2 M ZENT VWS T EZREIHL TV 5728,
HNRER E WA 0 FETOHMELFIEEHICA T TE 2D T, ThfEko~—7r
T VT ORERICRI DT EDARFTE %, ZTD—J T, WO THNCIZFE 7ZED
THINHZ L EBETER,

SHOMD I E UT, FEr i HOMEZEE Lz ETNLP ZHEA L T &0
EzD, Fle, HEEHDAFOMES (BERT [28] % word2vec [29] 75 &) ZHH LT, K
CRLEDOM TR LI HEEDMHEZRE L. CThEDERIC K > THEE/ ST+ —< V&
MEDX ST ETEDEMRLIZV, o, AT, ERMICESREL TN, C
DETIVIZ, B, BIERE, AEH, AT EOMOERICELHEMANGETH D72, Z
NS O BTN T2,

ViIl.

;&“‘E

2

AHHZEIE ISPS BHFEL IP20H04424 DB ZZ T Te 6D TH B, AW 21TIICHTD .,
KK @ EHE AGRZLB T >~ 2 — 0O = HJ\VE 18I EER. HARKZAEZZE O ik
IEHER. IEWE T HEBER. HA IBM B R 2 AT D AR ZE) 1135 7K Senior Technical Staff
Member, 35X U#iAK£E T Research Staff Member IC 2 K& 5B EZTHW 2 L IEHTT %,
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Analysis of Train Data Class Using t-SNE in Deep Learning

Kazuo Ohzeki, Koichi Kamijo

Abstract © Although deep learning has progressed, it is still difficult to fully recognize the
category of vehicles. In this study, we will investigate the relationship between the large
category of vehicles and the small range of classes that are a subset of the vehicle type. In
this study, we consider the distance of the set of vehicle classes and investigate the effect
of merging the image sets of two vehicle types. Using t-SNE as a measure of distance, the
recognition of CNN by the degree of similarity and merger of the pair of "taxi and sedan"
and the pair of "1Box car and 1Box car with tilted front" which are subjectively similar.
The change in the rate was investigated. Although it is a small number of cases, there was
a discrepancy between the distance closeness of t-SNE and the recognition performance of
CNN. Evaluation by t-SNE revealed that merging two classes with small distance into one
class may form a better class. In the future, we will increase this verification quantitatively,
and the class at a short distance indicated by t-SNE is a necessary condition for improving
the recognition rate due to the merger, etc. recommend.

Keywords : artificial intelligence, train data, data class, dimension, reduction
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KO, Hl 2RO HMOZ KRG Z KL T RBENDH S, HiliD 7 Z Az ET %
BC. B 2lD 7 5 A2 1 lD 7 5 kit zd it dknldsOEE k- T, A
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RT¥ —FIINTEFHREN TRV, HEEOMEHRITIX, t-SNE IR L. UMAP (& &3 T
HO. KTHIEBOIREEE AT LTEHEICBN TV L DF AL, & T Tld. web
=D UMAP % t-SNE I DWW T DEED RGN (22,231 25 LT, fBHICHREIT S, K&
WHEZ TOEMEIZFELIL TWB DT, UMAP[22,23] DfifiiZzH T %, UMAP O H,
FBIOTT— 2 X ZARIRICT — R Y ICEH T BT & TH B, 7272 L X DRIATHEE & KIS
IR LI E 2T 5,

UMAP OLERIE, X & Y IZBWTHEHCRT 2 aX FEEZEED., 2o X Mz
RIMEd %, T A FEIEIDEHNIX, Fuzzy topological expression D7 ALY 1 E—7Zfif
9o UMAP T3 7 7 — &= 5 Y, t-SNE TlIhEREZ S, F/z. EIoTbOwiE
l&. LaplacianEigenMap Zfii 5, DL EIC K DIk Lz & Zic, HAEIGEWERICH S
EDWMRIENBERDME < o (BLE ref [22,23] 12K %)
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COfRZELD S L, t-SNE & UMAP & —EDERICIHED S RO EITS F
HTH B, RO, LFE LWMEIIHEZRABTOEH, RSP T 7V —BEE v
T3, \KXtfkic X 0. BEORMMNEDbN S RN Z G A ND, LWV ETAIIC
FHNTE S, AWETIE. TOXD BIOURIRTEZ AN T AR bz2]7-> 2RI
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HmOFSRREANE. HEEEEIC KD RWVICHER Leh, BEEIRAO@EH I, et
MRDENBTzD, KT LTI EIEE ARV B S Pk -0hin 2 72 FLRF ] T REEk
9 % YOLO *® Mask-R-CNN 25DV 7 =7 = 7V LTV S [18][19], 2020 I IEEE
Transaction IZFm X & U THR E 7z Mask-R-CNN 72 W 728 7ERI 72 X 4 1TRT S

] (car) ICHOA . bus *° truck 7% & Deffllix 7 2 ADFE#ZITO T MM TE BN, ¥ —
N Ko TE, EEHIEEEEDARHE TEaWgGE (X4 ) hdb, ANEGZ 2.75 %
FTHRLUTEMUI LWV, 295 5K T, KL K4GDOXSICMITE 7,
O XKD FRHEAMIBZIRM T B 72dicid, FHT—2 7T ADEROFRHiEZREL
THLBEDNDH %, Mask-R-CNN & TiE, 8 D category ZREL TV 5, TNH I,
person, rider, car, truck, bus, train, mcycle, bicycle Tdb %, Hilj& L Ti, /N1 7, FTHHE,
Fow o, NA, HEHOSHETHZH., TNBEINZDOE, BENTWVSEGRT—X
N—2C BT ZHBFEDZ N E D2 LA R E I E NS, Hili & w5 2fkofin
5, HffiL WS KD RFHIR Y T AT 2175 T ENEMIM. RE T E B e ATE
WV, ABIETIE, D7 T ADFMIEZ BB E WS A7) —OWT, 75 A550F
DHEREZ RNZ S L LTV,

4 Mask — R-CNN (Faster R-CNN) & ZE{EH)
i RRRH. 295 ISR UM TTE M, 1~ 275 5 F TEORBHDF Wz, JEODWIRIE,
FREYIM AR Z R L T B,
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FHELE. TNE T T ADRHIRHGZITd 52 LIc kD, wBZHXTE X [20],
210, Bl GEAED) (car), /NA (bus), b T w7 (truck) O 3 BifflCHd 2387217 -
e PR OBFRDO T — 2 ThH %, 2 HOFERIZ, FHEICOWVWTIE, BWVIRFRET
HBH, NAFRREL, F Ty 7IiE, 025 EFREEENMIV, ThUE. Ty JEHDER
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DAY (et oEleIEfR) S it G2 HEL 85 SICHIE S N5 h DRl
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Hilih7 I3V —O¥—7 5 AZ2HT 555 (A1) &, 7— 2R, Hilje s
& DT TEERT LR VDT, @%&&% —J5. HiliTdH > TH M Rk aikin
THREINZEDR, BET—2L L TEHICEZEND L5560 %, HllREN/z7—
28 BIZZETRO 72 EDIRR TR, RBEFEOmM L2 5, iz, HfET T I
92 [AiE2 T, IR RZ BHEICESZ7EIT 2720, POHEIPAOEKE LT, ik
O EDNRFTE S, FHTO 7 T ADHTORIROEHAVNES Wesd, BET—2D
RALAZGTHDHEEZOND, — /5. T—ZDOIUERIX, FBHT DI\ )V Z2EHhE T
LLTODRVENWTENDOT, i1 KOREICES, LEE21E, 7—2ORZ T
IEMER R LIz DTH %,

EaEN i g2EEliE, kRO EX6ICHD, &t &5 FMOHEFM (taxisedan,van,1-
Box,1-Box_Slant) & ZNLIHND 5 DT —2ITxf L. uUb@5@®5E#% 2 FEA
T AL IR CDERIUEMFICHAZ S0, 1 DT —%2 (TOHH AR 7 — 2)
MU, FaR#% (accuracy) ZF#HNTW 5, fRlE, A L?’Lf‘ﬂ%‘/\’b'@kck D, 2H)
EH5H, WINLIEEREIN E LUz, ThZEBEMICYMET UL, 2FHE LT, B 1
FHIC T 2 ODNRRDORBMEEZE NS LIl 5, T, Eﬁf# | WRWT EZRT Tl
Il %, Lh L, TOEETIE. MAELTIIADNNE LTz, 38 28 mL Tuv
5128, WINEEEEN M ELIZEBEZBNS,

Z T T, R R — OIR T RBEENTH O, ZCZ LT —2Th
5T M5, ZTNEIHRINGLR T — 22BN U TZRIDOFEER T Tz & T A, BiHEME
FUlTze TOXET—2IE, WIROEEDZ N ENZ L, KRT—ZEITOIERTEHRR

1 BLEOEEHASHSEE LICEREROBEEHFDER

[20] D Table3 & D, Mask-R-CNN IC & % 22kt . Hif53 (No. of
images) (ZHif# (Type of vehicle) MV U7z [RIEL,

Type of vehicle Recognition ratio

(No. of images) Type identification Car or bus or truck
car (82) 0.9756 0.9756
bus (18) 0.8889 1.0
truck (28) 0.25 0.9286
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N7z, UMAP, t-SNE R EMNH 5, F/z. Siamese I FEFRICTEE A E 217> TAHid % C
EETEENTVAEDT, R T &ICT %, UMAP & t-SNE TlX, 28T —XTH S
7 —2 DY A RIRA LT EhH o, TP, ZUHDZER x5, SRIOFITIE.,
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TOCDERFTThHB, TTT, HLTVDEBIE, AREHRTHD, FEAEIS LY +
DT L—AT =)V TRt ENT V5, BIEOKTH I —lBEHNERINTVEDIE, 10
FED 7 Z AT 2Tzt TNz DTH %, K51, Erdy 1 Xk %hi
DG D—E %779, UMAP R t-SNE (3T DK 5 7% 784 Kyt X 1 31 b DTF—Z =%
ZRLTGROFEZ R FT B K2 LED D T2 FER T E DT, mA&MICiE,
RIS E TEBEITS, AW TIE. TD S B, -SNE 2V, TOHOFELTH B 10
O EYMAMN ED X S ICnBEE N5 BYADEL CFHE) OFEBEOEENNH 2 .
HEZHRD, TNICXD, 10DV T ADKHZMTE 20, E50ZHFHNSC
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DM S, taxi, sedan, van, 1-Box, 1-Box_Slant, 28 X 28 F7zl& 32 X 32 IZiii/hd 2 HiDME{%R, R
FRI34% 28 X 28 BZEDE / 7 OEfGIcEH LIz 0, (%5 D img 1 5 ¢ ozimg 1 5 d 28x2 jpg)e
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W ATz, 6 &SR [12] 1 K 2 F5H EEF 10 O {§RT— Z DXt RI OB Tdh %
9 & 5 DOEMOMICD LORANRLNZ D, “JUticB T BEEDSSE SN TV S,
F2 X 7 IFKIRDT—Z 10 FEZ[FREIC t-SNE T JOTICHDE L2 8 DTH %, KIRT—
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MNIST Digits Embedded via UMAP

6 FEFTHFER (28 X 28EZE) & UMAP T2 Xwlc LK
0h5 9 ETOHFEIETRINEEHICHHLTNB I EZRL TS, XHk[111ICXK %,

ZDFE, BRI LETHO, HET L DOEAELHEZOMR OGNS, THhhD, UMAP
R T — 2D Z R LTV BTz, 20T —2 Dz /Rd &0 & UTHHAAHE
BEDTHZHTENDOND, K7 2R ESHEHMORERNAHER & ZAMR SN S,
BRI AR IO DICH U, KRG, Z 9 TREVWD T, FRRHCESNE T TV
5LEZBN5S,

TS U EBROEEEE 72175 O L [6 CALEL T, FLUE %2 3K % Siamese v b7 —
TV EDNH B, T, FEET— X OEZK A, BITH U

d(A,B) = ||f(A) - f(B)|” [14] )

% Siamese DFFHEIC K D3RO, TNZHRAKE U GERENRTH 55513, MEzlT
W, ISR TH B 501 2R ZE 21T 8D THS, LML, HEFED
KA TR Z B L TS DORHE LW ESHLN TN S [15], Z U RS &
OB AICHIZEE NIED T %,

ORI BEHEROP T EZE]T—ROHREICE - EHFEEILY BN DD EEZTWVD,
i, P T— 22 EENED ENE T8, RHEOYHAZDE DNE T 2RI
NG EZETDH>TE XD, MOYADN LT TERIGREL TV, HER. T
OYMAEAG DHEETIEIRNW D, FHICEADAD EEZLNEZNDLTHD, TDOXIXK
MBI, BOODEANTITEX L, H255E. TOZBOY > TIVhdH-> T,
HEE DFFRZEN ZHICADIATHZ WIS DEE L, B, sedan & van [3/NVRIH
EESHIPITRIC AT IV — LA EM, HRICHT T 2 MORGRZ HE LD R
VWOh, “HZEA L sedan & van ZE0F L TIERENSEHED 7 5 A LT EWD
MEEES>ED L TRV, KIZETIE. TOXHI %7 T ADKYH DEENMERICED X
IZFEND BTN, RELELWI T AT 2L TV HDfEHZRD S T
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Fashion MNIST Embedded via UMAP
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7 ZKBRT—% FashionMNIST (28x28 EZE) D UMAP [c &3 2 Xitik

LR HEEE T 5,

B 81, WEFHHICHED TERE T T —2 (45 2 d) @ t-SNE I X % XKchHlikzf i
THE LT DTH B, T—RIFKTTAT LI 100 KB, HEF 1000 KB B, TD
Mzhz &, %77 AIHEHEEDEREONHZH, HEDLSE>TVE7TA8HD,
D7 I ALRAELTVA K AHHLAONS, 7T ADBIRBFLLTWEEDE L
T, taxi & sedan B’H 5, EBEO Tt EOREEEZONZ Y, e, TRy 7 AH—
(1-Box) & YRy 7 AH—THIEROMEF A2 E D (1-Box_Slant) & JEIRITFALIIED
HEMW, ZHIC OB NTEERONH O, iz, IKWFEICHEL T0Wd, —77.
YA TH S, [E58 (signal), 73141 (pylon), HERDNA 2 (Lane) (LRI
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8 ERREHT—X. 45 2 d D t-SNE Ic kB _Ktit
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e, iy Gkt &, k@, gk, s, haa, B i, R LThs, e, BRI
B IADOT =% () OELMIETH S, CLFEED
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MeEx->THmLTWVa,

t-SNE O IR DO MEREZ NS J28, LRt T — &Ik L, TRy 7 ZA/— (1-Box)
ZREIE L, TRy 7 A —THIEOEFBAZ R ED (1-Box Slant) DHE Liz, TD
BEILIC K O —D 7 T ZAMWAD LT 2 bz T2, FERDEBG (aket) ZBMULTZV S
A (%100 KD THEREN7z7—2%& (mono28x28 6 d) ZEM L7z, TOTF—ZRIIHL T,
t-SNE ZifH L7z, K9 ThHD, ROEMNT VR 7 AH—HiiblER Tdh 2 H0, Bl
DEFX DITRRIEWVAHITTE S TN D, KEDFED [T Ry 7 X —HiEhERt ] T
HBHM, EHIZDFDROH, 3 7 (R, ke EED Il T0a, EETHE taxi
DELOLELICAHLTVWEDNERLNG, £z, BMLZY Yy PE TV vV EE
BBEINCTHIHEL TV BETHHRENS,

image_data= mono_28x28_6_d:100
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9 EREHT—%. mono28x28 6 M t-SNE [c KB 2 KiTik
8 DT —2D 1-Box ZFEIL L. f sign_board 23BN L 7z,
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X 10 RAREIRT —42. mono28x28 M t-SNE [T KB 2 RTik
0: B F—AMdD Long I— M, 11 5DH (jacket). 2:G /3>, 31 AH— |,
4RSYLSITYYY, 60 UYL ML T 8 kE. 9B T—X
&, DeepFashion &5 NEAENIzLIRDT— 2 X—ZAH SR Uiz, [24]
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X101, BIOTF—RE LT, KRT—ZRELUTIEEL T 10 7T ADT—R 7% t-SNE T
TOURHRZ TV, TR R LTI D TH B, KIRT— 2 Z2HERCHWZDIE, #Hlid X
IR DMEE LIRS L. IR L ERWA T ORI Z R THBL 72D TH %, 10
7AW, 00 EF—AROD Long I— FE, 1! FEDH (jacket). 2: G/, 31 AH—
Ry 4TBESY 5T v Y, 61 %Y, M|, 708t 8:1/KE, 9 IBFTHB., 21k
NS 57 BEDSIHRE Tl Wby, BIIZIE 2 ~ 5 DMAEFTAIC L T b T R BN S,

DLb, e ETRTHIR L 72K TOHEIC K B L. Hili% O Eovikh 573 10
TIARKRT =252 10 7T AE, BHREOXEEDIEHZD, ZDHHEDOWV
OWDZ AR LTHED, 7S ALEBIELTED, Xt ETlE. 75 ADHH
HEZFRAIMN T E R T, JLDMEIGET — X DFIER 7 5 A0 ENTWianzdixd
M. t-SNE DUEED 7z iz DM g, NHTH %,

t-SNE *° UMAP (37 T ZAD 7 RAET % & O TRV, Z Oz HELT %720,
IS RORB T 1o BROKEE 104 KUTHER U, XOTKIRE D7 5 ADHEL CF
) o B2 RD T,

L3, 1077 ADFEL CF) OB i L BHERAZR T, E{5iE 130 I
MU ZD S BEET—2E LTHWS 80% DT —Z 104 fEHH L TW5, BHLCE
D) 3SR XY DR T EDO R W, ¥l K111 KTt E T, -SNE T
ok Ltcdp LR d 5 & L eI L OF) ZR2AIT/R U, BOOMEIF HEICK D,
B TADVEX L TOWB T EDHERTES, BT ADMIIEE->TVEEEI LD
. PHLTWVWASEIICHA, 7T ADELIE T T ADBERTHENT W0, H
ENTVBHIM DR, EEOD Lane, 881D signal IZ X KHEELTWVE, £z, KD
sign-board HEEN T O GEAIX 7R  LHAVERT L T 5, BEHE(RE Tl class /5 T 5.,6,7
D3I DHNEN, TNHIE, 5 signal (), 6:Lane (85f). 7:truck (L) TH O,
CTRITICE THITHIR L 72X 11 DA b R 6N D EEOREOHIZ L[ U Th > 7.

F 41T HEEEESR Gmg 1 5 d d 28x2 jpg - 104 XX 10) % t-SNE T Xyt T, (KK
L7z DRI T ADHAIE % accuracy TROZEDZIRT, %7 T ADHELN IR
FOMOELETOHHD 122 LEWVEE LT, IXTOMEZ T T ADNEN, RH
DHEZTT> T %, TP (True Positive) 3DHRWNWEDEZ N, FP, FN & —EICHIE X

“RTETERBLLIEEEDED (FT) &N RERE

4 Figll mean
olass X Y var stdvar
0 11.734 29.437 245.060 15.654
7.592 14.573 559.295 23.649
4.651 —9.015 373.391 19.323

2.674 | —23.691 | 1199.939 34.640
—1.613 | —15.226 | 1108.063 33.288
—33.847 | —10.290 | 224.123 14.971
—8.926 —3.902 92.834 9.635
—8.677 11.615 | 228.277 15.109
45.409 6.364 | 310.347 17.617
—14.102 18.670 | 617.000 24.839

O (0 (||| | [|[W|N|—
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11 ERRESR (img_1_5 d_d _28x2_jpg : 104 #{X 10) % t-SNE TZ

RTE TRRLLEEEDRRDHT
HL CFE) Z4TRLTWS,

x4 BEREMS (img 1.5 d d 28x2 jpg: 104 X 10) % t-SNE T

ZRTET. BRIELIEEEDRT S ADHBIZE (accuracy)

4 Figll
TP FN FP TN total accuracy
52 50 69 869 1040 0.886
4 96 58 882 1040 0.852
4 93 19 924 1040 0.892
0 112 16 912 1040 0.877
0 104 13 923 1040 0.888
76 30 56 878 1040 0.917
81 17 42 900 1040 0.943
21 87 5 927 1040 0912
111 0 10 919 1040 0.990
3 99 11 927 1040 0.894

5N TVAHDT, TN (True Negative) WEWFER LT > TS, K 11 OF—% GEEKHE
t-SNE D It MIC BT, FEEOTWEICE] D M T 58kA 217> 72Hfld. accuracy
13 0.886 TH %,

4, & =

DL EOFERERN S, BRZITS . 784 Dotk ED@ERITH b Rt TILKZTT
5 & ED, HARBOINE WS RHROEX D ZHFFTE 20, E5hIcDOD0VTiE. F
B UOEWIRRERHERF L X 5 L LTV AR T, e E TR U 72RO &5 I I ARGE
MH2EDTIEE SCHK[17] T AKIK L IAERD 7 5 A3 D LT —3 % quality D
HueL UTfli> TW%, MNIST &5 FEHZET T — % 60000 KUK L. 784 T (28
X 28) DFETFT—RICBIFZITT—HFIX575% TH D, t-SNE T RICIC E Tk L 7= FF
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DITT—RIFS513% K FLIZEBRENTWVS, 5B, MNIST D FEXHTT—2%
TR U725 D accuracy 13 98% 3 < OHIE H D | t-SNE DFFEEIC X 2 5% 1D 1579
TRENT LR TE S,

t-SNE & UMAP DLElg & UTid, SCHk [12] Tld. UMAP O /5 HMULEEH A B3 T
EMEFHENTVD, BWZRHTE, FFLARNTE ST, L5 —R7% EOFHME L,
ik, [AREESS, UMAP DIF 5 DR BWHIOMEN R SNz, IcE UMAP O
MB o Tz, T =2 Telecom T — Z R0 —RILDRERYT— 2 £V 5 HRT — X TR
T—RATHolzlzd, AW TIZSE L LEERE LTI LiFkah -7,

PLEXD, t-SNEZHETIE, JBIRDELLTWS LS 75 A0, I TR
TNTVB T ehbhoiz, HEEMNIVEE UTHELULTWS LW HEIR, Kotk T
MIEORIEND L VS PIDVRENT WD, —J7 BHEHC K 2F0NC X 2 5 —ROFHif &
JOTHIIR U7 WR T — 2 OFIE 2 EC K 5888 %  (accuracy) [ EW DM DFIT. 2T,
HEFEDIZS N, RO T—REZ>TWVS

6] CHAROHEFE Y 5 A TH It &IK U 720E, B0 CFY) ICEE 59, Ehb—
ERREEEEN T NI ST B E N H %, [25] Tld. MNIST 2 EDF— R Zn[ b3 %
7o DO FiE GNNis ZHAFE L, UMAP 72 & LR L T 5, U U LRl oD SEUE |3 L EE 3
ETHO., AL RZ R L TW0ia, KITDOHIEIE UMAP *° +-SNE THIf{E T &
TH. AR OROMERIC DOV TIE, AWISEOEL () Eoihseithe LT
BEEZBN%, t-SNE ORI ER E LT, 20X THRcHl&Ic, 79 AM
HEEX O &7 T ANDERNKREL R30I H -7 & THS (signal, signboard 75 &),
DX D, t-SNE 137 T AMOHEEZ R > TRITHIRZIT A IR WIBENZ N T Wb %,
—J5. t-SNE HVRT 7 T AMEEEEOI N7 T RAIHEEIC LD FELEFDDOEmNT T RICKE S
AREMENI B B DY, FHBICZ DX S BHINMEE N, 7T AMEDIRHDO—D & LTH %
i mote, Dia LERREBTY T ADHBDESZHMND XD & KR DHRVEITT
GMNE DT ARG LT N TERLEZONS,

5.8

ARETlE, BEEROEEPE 252t 57, PHEBZHEREVS REWET
V=R L. HEE WS /NEWT T AL U THESZ SR8 21T 5 T2 D 75 X507
JOHUERIER L T X/, -SNE® UMAPIC KD, JUTHIE L af#b L7zKh 51350
BHEREERIfRIE . MEREBRIITRENTWVARWVD, TT—RZENLIE, HEHEREDEHEE
MWHBHT LERENT, £T T, t-SNE THOMMAEDN 5Tz, taxi & sedan, 2T Ry 7
AF— (1 Box) EHGERMERI LIz >Ry 7 A7— (1 _Box Slant) F#HLT—DDH
M7 Z AT BT EMNFEMTHB EVHIEEDGE NIz, K. signal * signboard (& A
FINENE, BLESHEEREERORMZ AT 2 HiiAmE THh 5. t-SNE O T
AT, BUHOMEEICELTHDO (K 11). signal * sign-board D7 — X h 5 IR %z
ARGS9 2 0B 7% E ORTERDMF D Nz,

S, HEED V7 5 ADMEZIT L, t-SNE ODRIUT TD R DB, HEEt
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~ Resilient Campus Platform ~

RIZE < L ez « lATER « 1A 4
RBARIR « K 3 - BARS—

Towards Sustainable Education Environment for Professionals
— Resilient Campus Platform

Tomohiro Kokogawa, Masayuki Tsujino, Michiharu Takemoto,
Hiroshi Yamamoto, Kazuo Ohzeki, Noriaki Mizukami, and Koichi Kamijo

Abstract : We attempted to build a sustainable educational environment by enabling
situation awareness and prediction of the various threats to professional education such as
natural disasters and pandemics, and by realizing an effective and resilient response to the
threats. We call this concept the “Resilient Campus.” As the first approach to the realization
of the Resilient Campus, we aim to build an ICT platform that can effectively detect the
environmental conditions on campus using many sensors, mobile robots, etc., and recognize
the overall situation. We built a prototype for this purpose and identified the basic functions
to extract requirements.

Keywords : [oT, smart campus, resilience, sustainability

1. ZCHHIC

IEZFET B KB E RS ED, COVID-19 D K 5 HEGYEDTIT. HHWVETH - ¥
AN L WS TN EFRBZBBIC, HZOABEDINENTWS, PREEEHINT
37K, WS D COVID-19 IZHEWTIRZ L DR THEDOHNIL 2 WV EA > T 1 FRFEN
OBAT - (RBZRELL I NI, TDOBROMNHEFENDERFIEATHEZEDD, 5
A 2 E DN RREGS RIS TERR DN T D [1]. FERGIC B 2 22 PR
KOV TH LW 20 DN TV AEIRDNH 5. FHICEBOSEREN R TN &, ik
DTHHNKNHETH S eI ZH L LTW5,

Z 5 LIEAEFMEORmORRICB W T, EFHEFEORCIRENIHALTED, &b
Tt TYA 2 TES (Designers in Society) AMZEHDOEEMENEL TWE EEZ S,
mi%ﬁ@fﬁ@”%%%‘ﬂ_@ (Business Continuity) & WO BERIFBEDOMATEH NGNS

BahdcH, HEICBOTIZTZ2HOEENEENZHEH O, Fli—>EIEDET IV
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Tid7a <, Fiitt (sustainability) DK O EE L XL EEZ SN,

AT, BEAEDS B, AEHET2HMEEAAZ NG E U, M ZAG D
FEARBBICH L TE LERNICHISTESEE (ICT VAT LBXURRIAV ) %
REERL, ZIUCHEHDRERT YV a—) Y IRBARSILZI TS T & T, Y AT AF )
I ORI ANMBEZ DT, ZDOREZZ Resilient Campus & #f1F, H—H & LT,
ZNOBREIRNAZZBOY Y RBHa Ry b, X THETHRINKE UEOIRIRE
WAEITA %S ICT 7F v b7 4 —L (Resilient Campus Platform) ZREEET %, FkRmcIdIR
DRSO —. KT, T a7 7T ¢ TS0 Tz O 2 RPUE S > B #flE £ ¢ 7
ST RBAT-RFENET Ty N T+ —LZHIT,

2. HBROLMHMMREFRERE

AREHEOREA A=V ZK 1 ITRT, PNOZHEE LAY EREL, Z0ORY
YHhEDEHZ, Ty VT —NEEN LTI I RICEET S, 777 RIERBINT—
Rzt LI, RERYINREZ 2D V7 iz o, BEREZEEL TRZRNE A
VN (Fv VSADMBICED B EEE) ICHRT %, ZOMWRE S ITIRIREREE Tl
ZATV, YIS CEFASIE, JED . REBEROYID B AR E) NOBEREIC DK
3,

U DOVTIE, BAEFICHEEMICRETZ2E0 (CO2 Y, RELVYEHEDR
B oy) 2icad, NRZEZRL TR (ORy Frl) KBkl HH0
A 2 O ERBEDRTIE RS 3 b DLkt vk EEERICANS,

ARANCTIED L T b XA TERICH T2 0 T RNEFEE LT IDH %,

Cloud
/ Fog/Edge e ——
g 8 gt : g%;ﬁﬁﬁ”
Cyber —
Physical 4#rPC ’
o TEE W ™,
Sensor A A A A A A A A A P a8 5E

Rigt Y (2E. BE, CO2RE) . EF > ¥,
B H(hA3) ., £ F (R F

R1 0SS
() &Yy F— 2 OAEHI S CRPURR TG 3P A b

LROY L REIE LT F— 22 IE L2 T 5 F— 2 ORAICTEF, 2h
BRI I3 NI ERPER TR D R NEERE R E AL, Z DT dICRES
LD, ZOF— AN BRIEBRIN TV BIRIP S ROHR ZHER L, Kz d 57
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BDOITENCDRT 2 LNV TOREHUIR « AL OSHRDHETH %,
Q) IV TF—ZOMHICHT Ty DY — BB ST A X DHT & I il
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Computer Recognize Music
- For Establish Artificial Emotion -

Naohiko Yamaguchi

Abstract : Tonal Pitch Space(TPS) is a kind of theory of computational musicology based
on classical theory of harmonics. However, current popular music is primarily composed by
the jazz theory. Hence, the development of a new computational musicology based on the
jazz theory is indispensable. As a challenge to realize artificial emotions, this article outlines
the computational musicology, especially TPS and, furthermore, reports on some current
researches on adapting TPS to the jazz theory.

Keywords : Computational musicology, Music informatics, Tonal Pitch Space, Theory of
harmonics, Jazz theory, Popular music
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876, NHOBREREEE VS EDOBRFARNTEDXSICHN, a> to—)LEh
TVW5DME, BHEOMEYEZE > T L THELTRICIIMHI TRy, TATEME
FEEEEES T35 A, WDRBIYEa—ZNITIEED TV 2y A > (AEZEH
THEZEMEZHIT2C L) ZE5C LT TAROBE] OMEZEMNICED LS & T
H114TEH5,



TR Z A 2 —& 47

22 AIEEHR7IIVE

NI DD FERET 255137 EADH D, PTEEME TREOME - HlE Eic k-
TEZER-EBHLKS 92 ANHOEH, BXU, ZOFE, [3]) &FHINS KD,
ANHNCEADIEE E EZ 5N TE T,

FANFR TN THIBEFZ A =M ZE e (AL EZWD) IR T 2 YT b 7 R UER] S 70,
PERANB LD LA RN EEZ SN TOIEEE TATHIBEDHER LDDdH 2 BLRZ 1 £
Z. B E NS K2 ZM (ThA) &EFEZR VIORT K DI 4 DOMEBIC/HT. B IV
TEIEK (B D TIED NTREMIC K 520 13D D1G5 D0 LS vz N THIGESE
T O & IR B EERR (ATEEZHT VX)) ELTORLTWA (1, 2]

ok, aAVEa—% (ETFEIEE LZMORERMEESICHE > 7ETld A<, &
TRIBHEDFFEE NI O HIOEN S, SO T VY 2 —2h b 2 =SS
EVIEDIIERINT NS, AROFETHEERICEHLTEZRX., oA —9
= UPIC K B IV - AR, £ 1 OF I K (ANBOFEETES N X
B WS T AL 7NV IV Ay 7aykRyvay (—EDFEE OO)vd) X L)
KX OEIE NS 5EM) (321 OF I fH (B OFEZE TIES NIz ARNC X 5 Zi)
D—fELEEZEND, IZIELTOEE, 7Vd) RLOFRRBTEIT>TODEDIEA
MES O AYOFERTHE N HICRY T2 L EA 20 E S NEEERORMNH 2 7,

1 AIEZHAT7ITVE(L,2]

INEIESES B E
Human Machine
Aecsthetics Aesthetics
UNES ) I I
Human
Art
L S 01 v
Human
Art

23 BREREF EFTERNTRER

231 BEEHRHE

T, TS IC K2 EEE S TIUINEDRENTEHDIEA I M.

OV —2DOHIRZELTT TERE] ZHO WS MR T 2 e UTERIEImE Y £ 72
(& 2R (Music Informatics) & FES, EZEEHRAPZOFERIFE (AP0 ¥ a—
2K EEEMIER TV 7y 7/l WREINTZDIZ 1957 £ TH B, HHRYDE
RNZE 7175 LN RNE TRTEE TH % EDSAC DB L7zDH 1949 4, RG]0
NWHEBTFT Y2V E 2 —X UNIVAC I DFGeH 1951 SETHBHT & EEZD L, BT
FHRRRHID S OV ¥ 2 — 2 Z W EHEFEOR D AN TN TWIEERNDN S 72
A9,

ZD%, YT AV O LR L EHEH LML, 3V a2 — X IE I HIEHIE
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DEEE UTHEILZ R Tz, FHCE FRAOFHEZ N R EEOM Tk - 35789

DOIGE KRS & LT MIDI (Musical Instrument Digital Interface) MBI Nz & T, AT
I RPHEEDOBHEA DT 4 H L, EHROGZIAF TV o Tz, 90 FFAEREN S 2000 4
RUAREIE, A > 2 =% bDE K iPod Z2EIHE LI KAROIFHT D 2)VERET L
AV— AR—=FTF UDE/R LIz LIC XD MADNKRROERZE - BT 5 L
MY DHNCIE STz ZOX I IRRMM S, EZEGHMZ (Music Information Retrieval :
MIR) P EF3HEE DO FEDVE AN TR o e 122007 ISV TR Ve T a—F ¥ —- AT ¢

THDNSFFEENTCFARY T b 2T WIEI 7] (J272 UlFE G kB O F g v
SRS BHFE U7z TVOCALOID2 ] IC K %) [4] WacikiNa7eh LiFzliLizC & T,
WA GBS E OEEEIREZOMZENRE AN BTEICE> TV 5,

BEEZEIC X NUE TERIEIRED 2 e LTHIET & ORI EROMR-HE ] &
IROBINWE- 122 | [ FROFE - MR- T ERIC KA ANERELOaIa=r—rav]iaE
IICNIET A MHE | F2 1% RICIDE/ Z2155) HH0IdRYE: (EHEZIHEMNCT S)
DOVIGIHBHLMMCT BT L THA] LFHT S, T U TEMANRREE LT IERICH
T HEFEE, £REE, SR EE BRA. b, PR, MR, HEE. 8. dom. R &
fa, b B FRdh. SRR, VR BEZE. PESR. RGEREER. EE AR WUE AR AR
. ek, HElk, ARSI vay, A=AV ERT1—A, T—EXN—=Z, 7/
T ay, V= Y)b R TEORRLITEDBRT %, EBNTWVS [5].

232 SRS RIER

FHHICOWTEZ B, [ZE 285 LT &0 D BIWIEMRD TR R eI
RZT, REEICIFIERICEZ DT DM LVEETH S, 5 WKL LTO) &
WAL LTCIEEN TH O . RO 2 REh N O R HIC i mE e D TH B0,
ZTNODNRTHERE L THIHINSE DI TRV, EDXIICHEZEC MARINUL [H2
EWVSAWEY & U TR E NS O R ARz, —fMic TERMEE LW, 2/
USRS IE LW ESEER LV S %@b\f?@‘%bﬁﬂi&< Z ONAFE UL 0K
RixLIC K-> THE S, BIUE EEER VoG5, I—a v 82 HFuDICHEE - 7§
JELTEIESRE (WD S PHEEESS) LEEEE@‘%IEHW CREIL « fIFE - MER E) 215
ENe &ﬁ‘*ﬂxﬁ’]f%%

PHEERHEROEARZ., Wb 3752y VT ERE2FT 2 7-DIKRILTOENTZ T T
T BT B, 7Ty T EEM %ihﬁﬁ&i& Ze L. FROEBUCTIE,
WNIZ T Sy 78RR O R DRI L7z DEERE L TRIFANLN TS, X
72 1990 MM 5 | ﬁﬁ BINT AV Meb> TRASULE R DD Vv X LTH
JET 2P THEOEREGRZIER L. ¥ v X6 ($t17~ ESLE Py ab“c
fﬁﬁo)ﬁﬁﬂﬁﬁ‘o)ﬂiaﬂifr“<@ﬂbfa“(b\%o FRCN—27 V) — B BRI B W THRRINIC
ot IN=71) =XV w R} }:@Ci\héﬁéﬁ%%b\ﬁ%“(%%

OV a—RICK> TEMZIT- 720 ZBIO 0 2179 HEIcid, ﬁuﬁ’ﬁnu&}: LT I'E
WG 2707 L ETERBELTEIREND S, LhrLINbD R X, A
BIWEE U CTHHT 2 H2RRICHRINTE e DTH D, XmmBrcHRE I N8
eI KDL, REHOESIKRTH %, o TEENDHLVENTH-72D, RN —E
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WKEEDBED SO FIETHINENGTENTWEDTE2E8H b, TDD. DA
MH®) S50 ZEE 7O I LU Cay a— RIS k5295 &,
%%ﬁibfbi?o%Lf a2 —2DERTES KD AT ET IV E UTHE
RUESNERIRNRE L 55, e TRHEGERIVEZIERR L L0,
ﬁ%m&ﬁﬁ Eg%@ ELT. LFD3 DB B,
& - RIFETIV (Implication-Realization Model) [6, 71
fed (Aa7 ) ZOoMisiRe U, SE0BB/ SN2 — 27 3 505 K5 EARERIC
¥ 9 % Fi. Eugene Narmour 73)‘%”El
ERMEHREH (GTTM : Generative Theory of Tonal Music) [8]
T (A7 «) Zaotiige U, etz ARSI - 8597 % 2 & T LA
%9301 9 % Fikio Fred Lerdahl 2 UF Ray Jackendoff HVHEME,
Tonal Pitch Space (TPS) [9]
M (a—F) #Efrz2othrig e U, g0 TET LT E - EITORNRE )
Wfs U7 THE ) z2eXMbd 5Tk, GTTM Z A5t d 2 MEw & LT Fred
Lerdahl MEME,
AR TIET DS B, Tonal Pitch Space (LU N TPS) IC&EH L Cikimz D %,

3. TPS ZHisEY A5+

FelTR UTe 3 DOGHRGERNE 25 R 2 36 . TERMEHE N T & Feat e e B O 1
EREIZT Ty I ERMERE N— AR SN TV T, ¥y X3RRI DWW - B
7R,

UL Lahs, BEHRATHESN TS EROZ Y v AEHHERIEDWTE
HENTWE, /o T, KO FEHNEFIEmN SRR EMEET ZIChz>TiE, Vv R
ﬁ%@%%mbhﬁ5z8%77%?%5&%@@%%%0%LT$MA@F/¥ZE%

il EIE EICIET A A S, Uy AERMERIZa—F (i) Eirzdul
LL%Z_ZﬁE HCH B0, HL<*DELL%E LTW5 TPS W& E LRSS, TPS 7%=
THICHERT BB TV v A BAERIC LS 25 EGmI S R 2 MR T 2 H R HEL L T
%o

3.1 TPS &l

HifEE LT, TPS DEZ &2 SEiciliizi LT <,

TPS OHLOLE R BT TRIE R 6 x — )] TH B, G251 2 DG X,y B
x =y DIEF TS SN (FIEtEfT) LB, ZOMEITOBERIICHYS T 2% TH]
FEEEE 2o TEbd %, Thuck b, FIFEZEThHT Y RILE) LMEn5
INR— 7R UTHEwR DI SN TERMFAETH BRIk TEREhB T ks,
MEEEEZ X (1) TS, BB Txy BZTNTNEZAENTHE. 6 (x — ) &1
FEST x — y ORE 2 £ 9, (KidlE Lerdahl DJFEE [9] Tldix <. SEATHIZE [10, 11]
IHEDNTWN D)y TOMEAVNETIUINENZE, x =y DEITIZERTH S EE N5,
(T THR) EHLETEI/ETH > T, FRMTHF I NS a— REFTh BT
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ICIRETEZLDTIRR, KB EORRZH-> T, HA THIERMEE O RE N a— FiE
T2 255052 L, WCRIEREHEN NSV a— FETEN D T, FHHTOX
SVl a5t H%,)

0 (x = y) = region(x, y) + chord(x, y) + basicspace(x, y) )

X (1) TR NTAEIEEEEE . region(), chord(), basicspace() &9 3 DY T RIE DI &
7’;‘ D T [ 5 o

3.1.1 region F3%K
region BIEUE. FIE x, y DZENZTNEIN TV Sz LI L, LISRT LD EHD S
JEPE [15]) LT ENFZIFENTALEICIFET 2 7% region Hiffie L TGRIETH %,

X1 D5 EER

D 5 LB C~B X TORFOEED. BEF L5225 EOBRICERS &5, HERIK
WKEELZEDTH S, K1 TERFIEIDIC 1 X7 ik & 524 5 B B, KRR D
WK1 ATy TG LR SERETZE9IE>T05, CHUCKD. BB WAIEG)
OHBEIEH (Glaxnfd 5 D). EREE T (GIlcxd s ) 2&KT,

region BIEUE. T DD 5 EE LT, x, y DELMNTWBFHMIRT v THN TV B D
ZiRT, BB, K1ICEINCGARETEFATH O, HHOGEIX T Y OBFRZE W
TEMICET 20805 %,

¥, TOHETEGZ NS OEINTRMERFHOBERICH 255, KOEN
HRFEMEEEEAN NS KR T ES D, I OICHMEZEM EMEEN 222 ZzE R U IE 2
TOFELEEBEEIN TS,

3.1.2 chord B8
chord BA%IE. A% x, y DK 2 IC/RTHIF D 5 B> LT, ENETEHNTVWEh7%Z
chord FEfff & U CTRIBINTH %,
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/ \
v Y
N -/

2 MBED s EE

MED 5 EEIEIHZMKT 25 TN T zeilg e =g (X477 F=v 2 7a—F)
ZMERICHE LEEDTH S, K2 id#OFEZ1 & LIEEETERLLTWVS,

A7 F=w 27— ROHRTET (FMNE. F=v 7). IV (FEfiE. b7 FIF 2 R
VvV (B, FIFU M) BHAETORSZETEELMNETH D, FE =M LML
N5, g s LR, FE=MEoMz, fI=fMg (X477 h=yZ7a—FD5b5, ¥
F=METHRVED) 2, BEEEDAREAEORRE RS K5 IS N TN,

& x, y WA CHTH 2550, HAUCHIE O 5 EE LOHRZ RONE BV, i
DEPNTWBIHRHNRZRZ5EE, — 75725 O Uz TRz Fhisd % 820
BB, IO, HEENRO ENGZWVEAENH D, TOHEAIE TICKEREZIERT C
Le9% (bbb, BEANFETEHET),

3.1.3 basicspace F9%K

TPS Tld. TPS IE 1 DOHIERE 12 KtDONY MVTEBHL, ThER—T v 7 ZAR—
AEPESR, N—=2 ) 7 ZAR—=ZADFKHEZRE C~ B X TOFFZRICZTNZTNHIS L, Level.
a~ Levele DEAZF > TS, "N—=2 v I ZAXR—AFHFAL LIRZOZFEDOXRY T—E
ICERBTE, LIRS OHEE & KFOIGERIC K 2% (B KRSCT BRI
ATy aTREATEILT S, K3iZ, I/C (I— F3x—LTIX Cmaj) ZHRKLIZR—
VI AR=RAZRT, (JFHEP TREYFIZITA (CHEBETOFRYFICHDHT
720~ 11 DT ZHOTAR=Y Y I ZAXR—ZAFKRELTVED, #AhRT DDA
BTREAEAVTELLTWVS),

Levela | C

Levelb | C G

Levelc | C E G

Leveld | C D E F G A B
Levele |C DbD EbE F Gb G AbA Bb B

3 I/ICODON— Yy AN—R
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xR2 R=V Yy JAR—ADELANIY

L)L | A

Levela | ISR ED I b, REBEETND

(K 3DFITIZTC DT, WEFFC)

Levelb | MBS DI B, IREMN S EEVIEETND

(K 3DHTIFYC DT, WFEIFC. 5EFIEG)
Level.c | ISR ENEEN S

(X 3 DHITIZT/C DT, WK% CEG)
Leveld | #AZHR T2 EVBEEND

(K 3 OFITIZFIZ C 2D THEKH 1 C,D,EF,G,A,B)
Levele | C~B £ CE&TCOLEFWBEEN2

B 3 TIEBAES . Mmoo Z )V OEDRIENICBT 550 LT )LF—ITRG
LNV R LT D, BLNIVOEKIZE 2 DB ThHhs, T TRICEHERSMfE
LT, H2LNVERS>T0SEHRIE. TNEDE TFOLNLVEFERL TREEL R,
EENTVD, TEDBHIEHNE (Levela ~c) 34T FHNTE (Leveld) TH 2 HH
Wb, ZTDH, K31E220tDOX U7 ZRE L TEIL SN TVED, ERICIZEE
I ENTTNVOEZE A, Q) DEICKILTST ELNHETH %,

BSUIC)=15,1,2,1,3,2,1,4,1,2,1,2] ©)

basicspace BT, F1&F x, y ZRKITR—2 v 7 AXR—AA L2 IR L, Bixo T35
7 DE % basicspace HifEE U TRI B TH S, MBEDORIENENTZTEL L TehZ2k
T L 2%,

fil& L C. basicspace(I/C,V/C) ZZ KD TH %, VIC DX— 7 AXR—=AxHL &, K
4DEKIICHD, HBICRLIEIC ODR—=Yy T AR—RA LT B L, * TRENT
4DODBIVHEZ, RODICKFTRENZADDVIVHIEZ TWVD, TOHE, HIE
MIUC — V/IC EHEITT BTN, R=Y W TAR—ZAD4DDORIVHIBE LIz &E A,
basicspace BIELODREIRIL 4 2755,

Level.a .

Level.b G

Level.c I . G .
C D E F

Level.d G A B
Levele |C DbD EbE F Gb G Ab A Bb B

4 VICDR—y I AN—R



T MIRT Z A 2 —& 53

32 TPS %23+ ABEERIGERT 5ic

Serb D@D . TPS & — FEIT 2R e LIZMERTH 2 T b, ML a— i
1TZHNCE 2 % ¥ v REHEMGR L BRIED VRN EZ 5N 5, LA LEBICIE, TPS
R v XGRS AU TS 21id,. LU N ORERAMEAET %,

JEABREDR/RL HELNVEESTVEER. TNEDE FTOLNLEEFEHRLT
37570
Tabb, [HIEEAE RS TR TRES RV 2, ZA47 F=w
7 =RV, LV ERENZRI— RIC ULMRIGTERL,
Dy AEH T, MEE BRI 4 MEL ETIHS ENZHNZVD, HHE
N5 L/ICTH MBS TERVWE Bb) BT R TEHRL (R—Ty
JANR—Z TR, KSH, id5 ¢ TRUERDIC TR DET %)
MEBRZDEHKDIT TPS Tldk. 5. 5 BEEUNOHIEHEKZE 2T Levele L &N
TW5,
TabB, TthZEDMIMEN, 3EE LFAFOEADITINENTVS
3EHFRIMEOBEZROZEHRETH D, 7th 75 E DN d ke
Omit A[RECH O, TN2FEMEL L TRVOMNRERTH %,
chord BIERDHET LRCICIERI L7z TRIEMEGE OEA DT | OREICEME L, chord B
BMEERZXAT b=y 72— RIZULHHHEL TR,

Levela | C

Levelb | C G

Levelc | C E G Bb
Leveld [C D E F G aAld B
Levele |C Db D Eb E F Gb G Ab A Bb B

K5 L/CDN—y I AN—X

K3 TPS-EXJ ICHIFBER—2y T AR—ADE LAV

LAL | R
Levela | fIEMERE DI 6, REVEENS
Levelb | AIEMRE D9 &, WERID S EEBEENS
Levelc | AIEHRED I b, W& - SEH -3 EEIEEND
Leveld | HIEHREREENS

Levele | #ZLT 2 E0EEN 5

Level.f | C~B £ CRTOYER1EENS
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3.3 TPS-ExJ

TPS & ¥ v R ZHER DT DITHEIR T 2 il AT DUNT, FEE N 2010 FFICHE LT Fik
(f&IC TPS-ExJ(TPS-EXtended for Jazz) & i) [12, 13, 14] IS DWTHERIT %,

TPS-ExJ &, JLAD TPSIC CEDRITEVNEDEHZMA B HIC K> T, Vv AEHA
AN\ AT RE R MR 2 SR 4 % C L 2 HINICE R L7z, TPS-ExJ THEZE L7z TPS DA H
MZLLFIORT,

331 EEAL:AR—=Vy I IAR—ADUE

TPS DOREM THIEMEKEDEA DT | ANOFHEE LT, Level & 5 1 EGBIML, X—
2w I AR—=ADEEIC Levela ~ Level.f ODEAZSFIFTS, THICKD, T& 5 &S -
3EHE . FNLSNOMEHERZOMIC, ETIIVF—DEEEHTEEXS51E5,

TPS-ExJ ICBIF B K LN)VOEKEE 3 1TRT,

K7z, TPS DR NFEFMERGE O], KIS, fd5 ¢ TRLIEES & THhir) ©
T DOWTIE, TN ZEHIc D S, §ab B GRS TROED RIS & 75>
EEIE. —RNICZEDEE RS ] Th 3 e HiRT,

M ED2fiziEZz, K5% TPS-ExJ ICK>TEEET L, K6 2155, RHATRE
Nz Bb BN HID S NI TH %,

Levela | C

Levelb | C G

Levelc | C E G

Leveld | C E G Bb
Levele | C D E F G A[BEB
Levelf |C DbD Eb E F Gb G Ab A Bb B

6 TPS-ExJ IC&KB 17/C D=2y 7 ANR—R

R4 EZ6Nfc/ V- BAT7 b2y 2= FERE AT b= v o O— FD basicspace 205
x| c|[pm |Em|[F[G]|Am|Bm |

basicspace(Ilm 7/ C,x) || 9 10 | 4 | 8 6 8
basicspace(V 7/C,x) || 8 7 5 9 10 5

3.3.2 ZEFH 2: chord BEOUE

TPS D [chord BIEXDUGET ) DX & LT, chord BI#IC />« ZAT h=wv 7
d— R Z 5N EE. basiespace BIEZHWT A A7 b= 7 a— FIc&#L., 1
B S5 EE (X2 LomgzEld s,

NEf EDY—7 7 A TH#ELTZHBNC, chord (IIm,/C, V,/C) 723K 2 FlEZ R %,

F9. GAbN2D0a—F&, NE#MEDOEA AT F=w 73— R LD basicspace
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PEEE BT B, FOMREE4ITRT,
FHEAIC K> TEBNIZHE RN o2 Z AT F=w 7 d—FK (F4 TKETRLE
o) &, Habniza—RezEiEL, K7 DOXIICHED 5 EEZILRET %,

H7 #ERENLAED S EE X 8. HiERENFATD 5 BB TOERMEH

LR ENTAED 5 EE LT, 52 5NIMEROEEEZ K, chord(Im7/C,V7/C) = 4
EH19% (K8)

3.3.3 TPS-ExJ DFHfi& fIRES

REFHEE IO T T LS K o> THREU TRBENRIERZTT o A5 R, SPIo @D
TPS DM A A ORI Z . FMEMEMORE &7 ENTE I, ThIc kD
TPS-ExJ D HMNIEZH B FEEIET 2 HFNTE 2, ZTO—H T LLFDOK S EMEANE 25 -
T3,

PIREEDARR  HERZEW GEHTESARGOHIF) DILD - 72570, FI MRS D /) fREED
N ELS 2> T LRV, WY AMESEEITRRZ1T5 T EDNEIC A>T LE -
7o FRCHRINCHY 5 3 X MK E, ANHOMRCIEAFEIRH LA TV K 5 7%
TSR LT, BiAEIT> TV S LT 2 580N RZT 50z,

AT—JVDEA Vv AT E 3— RFORMICASZEERE LT TR —)b) A
AENZ0. H20E (52w ZERMERICHRT 2) HAORDYIC TE— R
EMHIN DN EA SN G0 H5 (A r—)v) E—F) &&, & (€~
B XTOD 12 ¥E) Ohhs, WK 252U LI DA SZTENT
%), TPS-Ex] X TNZWYNCEIT 2T LN TEHRV, TPS ORI [IEFIHE

ZOHN ] ANOHULE LT GRS TROEDRIEHER S & 75 - I EIc . R —

T I AR=RA F—IRNICZEDOEZ MRS THaEHETUEIZ, D TR
TF—v] TBE—= R ICHT3EENGNUTH 20, TR rs e IEE A %0,

DEZHEHMAEOARE Z3F3E. TPS U TPS-Ex) WEHT 2 THIFZRIEHEE A, ARD
JEMEDGHIET % TR O GHl) £ EDX S ICEHT 2D &V S fHICDNT,
DA WEE N E EA T TH %,
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4. Jv ABRERICEINT Bt ERNEREROBEICEITT

CCETCORREMFEZ, TPS-Ex) ICEHICHBRZMA ST 2R LTWVWB, .
TPS-ExJ DEMAMEICDOWT, DER2AIC D  Eig - FHfiz {79 FHEfa LT3,

4.1 TPS-ExJ D¥E (8)

TPS-ExJ 7= X D ZHINIC T 5 728, [FIE BB DT MUk HEEA T —)IbADX)G |
MHE[ETEADON IS D 3 FICDWTHREEZMET LTV

4.1.1 FIEMEEBEDONY bUE

HIEIC TR U7z TPS-ExJ DA & UTI R REEDORE 1 2R T TV, ChIEZ &2 6.
TPS-ExJ] D17, FIREMEEEEE WS 1 DOANT—HICENLE S L LTS Tzdici
COoTCVEHTHHEEZLNS,

WES DN THIBER A (Za—F )%y b T—=2758) ORI ERS LAEDETEZ NI,
ISR VWD Ah T —HICENT 2D TId R, MEORRICEGRT 4 D35
A—=R LD T=RT FUE, THIEBEEHEANY ML) L L TED AT, BREMIRE 7%
HDOTIEHENVEA DI (J2I2ULANT BIVOBBINE MK E L 7Z 21 EREETH TR
FHIRTH 5] LRT ZHIMCERT ST L T 5) 7 LT HEREREEE RS % B,
FIE RN MV E B DEHRNT MVENELUIAEZSS K H1CT 5, TDXIICL
THBFIE, EHAXRY Mzl s % T & T TPS-ExJ DOFHliZ RMRICHET 2 &N T
5L, BEER 7 3) ALK > TEBNY MUV EEEHIEE T L E0HEICE S,

412 FEERT—ILA\DORIG

BFOEw FIIHEAIE L“(EEZIK%EZ@JE‘?}%E%&T‘H&E D, ATEOE Y F (ABRED OEEIES
FHINTE 2, MR CIERICHAT2Z e LT 1 A7 2—7 (EHE2 65 off
P 12 %57 © M&Eﬁ&zﬂ:bfﬁﬁﬁ?% HEUE Ul 12 (ADF D B3 e ISR %5
ZZ V—)VICiho GEOHT, P RARRICBOL TR R S s BERA T hucHs L,
REOEZTEE (FLE) & UER/EHO 2 MENERINZDTRIT 24 O
FMFAET %o

TPS ICHBWVTIE. Eill i DBEZ D region() BAE® basicspace() BIEUICE A TN TV
L, TN OER (R —)V) ZRITERV, FIZIEY v AR T IV—A T 7 )—-
J—bk s A—=)V) EMEINBEAT—)L (K9 HFIHENG, TIb—= =k« AT —
WIRFRIFEOERZREL L, B3 Z - H5E - B I1E52EE NIg (—-/—1)
AT EZATr—ILEENTWVWS, TPSICBWTIE, TOT)IL— - /— DN E Lo
TLE S, W=V AT 5T ENTERV, TPS-ExJ ICHBWTiE, FIZEOHICERHN
BIMFHET 2T L 2R L TV Al BRI RETH 2, MIZOMIRZIToICH T

ZAIR DT A TR MERERID R Do TI— « J— b « A7 —)UREE R A £

ORI ONFHBEREZRE, ¢ AT —« A7r—)b) LEMEEEHIETEL., Bl e
WO BERITZT TR AT — IV Z RIS 5 2 &M TERW,
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NEEE
A (CAYw— R —N) .
" A I I | 1 ]
7\ n T 1 I | i o 1
[ £anY I 1 1 I | ek 1
ANV, | I # r - 1 1
oJ s L4 ] ’ e . /!
LETFifE LETiR rETFiE 7
LU ¢ LAY LA/
CHN—-J—F - 2= e s e
o » L I »
& I | ; I 1 JI 1 | }
=S
PEY
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The Present and Future of “PLAY”
Brought About by Video Game Technology

Naohiro Saito

Abstract: There is no doubt that computers have had a great impact on our lives. Not only
are computers utilized for food, clothing, and shelter, which are indispensable in our daily
lives, but their contribution to the field of entertainment is also remarkable. In this paper,
I would like to discuss the current status of video games brought about by the evolution of
computers and display devices, and discuss new contents based on video game technology.

Keywords: play, video game, digital entertainment, XR, MR
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Cultural Semiotic Approach in Digital Games

Koichiro Asano

Abstract: Consideration of developing a new genre of digital games using human abilities
treated in cultural semiotics.

Keywords: game design,digital games
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A Case Report of Task Setting for
Online Lecture on Cross-Cultural Study

Masami Suzuki

Abstract: In this article, after briefly introducing the author's profile, we will look back on
the activities for one year and half as a professor of the Al strategy course of the Department
of Information Technology of a professional university newly opened in 2020. We report
on the cases of the educational content practiced by young students who will lead the next
generation in order to give an opportunity to deepen mutual understanding between different
cultures by understanding the characteristics of the world and the country and region where
they were born and raised, and by comparing them. Finally, we will discuss future issues,
especially from the viewpoint of significance on liberal-arts education in professional
universities.

Keywords: artificial intelligence, cross-cultural study, liberal-arts education
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A Practical Report on a Writing Exercise for a Digital Gamebook
Using Digital Tools and a Three-Act Structure

Kenji Ono

Abstract: The production of Novel Game requires production skills in both game design
and scenario writing. but there are few exercise materials and practical reports for beginning
students. In addition. there are few teachers who have the skills to teach both skills.
Therefore, as an introduction to Novel Game production. I devised and practiced a digital
gamebook writing exercise that combines the digital gamebook creation tool "Twine" and the
three-act structure of movie scriptwriting. We were able to show some of the possibilities of
developing teaching materials in this field.

Keywords: Novel Game, gamebook, game design, game education, narrative design
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Design and Construction of IT Infrastructure
for Newly Established Professional University

Tatsuya Fujii

Abstract: This paper introduces the IT infrastructure of the International Professional
University of Technology in Tokyo (IPUT). To start the IPUT established in April 2020, a
task team carefully designed the architecture of the IT infrastructure to install the dedicated
IT systems to the existing fundamental IT systems including IP communication network
systems already built and shared with the other schools in the same premise. These IT
systems required for both conducting the school courses and managing the operations of the
professional university, are combined using various kind of servers in the school premise and
cloud services on the Internet. To reduce the maintenance labor cost to run the infrastructure,
cloud services on the Internet and applications are carefully compared and selected.
Eventually, the significant part of the IT infrastructure, such as a learning management, social
networking for information sharing, video conference for remote schooling, are constructed
by major cloud services. The other part of IT systems, including file servers and Al-servers
has been constructed in the school premise. The criteria of the selection depend on if these
servers consume too much bandwidth of the IP networks systems or not. The servers on the
premise require transmitting large size files such as video/image contents and training data
for Al processing used in the school curriculum. In future, continuous improvement of the
IT infrastructure is mandatory to enhance the efficiency of school and satisfaction of both
students and faculty.

Keywords: School IT, IT infrastructure for education, Professional university
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Consideration on Examination Opinions in Application for
Approval to Establish a Professional University and Professional
University Junior College

Aki Saito

Abstract: Beginning in 2019, professional universities and professional junior colleges were
created for the first time in 55 years. However, professional universities are not widespread
due to the suggested high standards of examination. Therefore, this study attempts to clarify
the criteria for the establishment of universities by using the review opinions disclosed by
the Ministry of Education, Culture, Sports, Science and Technology (MEXT). The study
found that professional universities approved in the first year of the system did not receive
any “warning”. On the other hand, all applications that were approved after the second
year of the system received “warning”. The first year's standards were so high that the next
year's standards may have been set low. In addition, we examined the academic discipline
of the university and the background of the corporation. The results suggested that medical
university applications were more challenging. And the corporation operating the university
was found to be more likely to be approved. In the future, we would like to conduct research
that goes into the content of the review opinions disclosed by the MEXT.

Keywords: Professional University, University Establishment Standards, MEXT
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