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This paper presents the design principle, musical knowledge representation method, system
organization, and implementation of a musical system called “Pa-Pi-Pun”. Pa-Pi-Pun is a
creativity-support tool that takes a simple chord progression as an input and then generates a
new progression that reflects the user’s intention and takes into account the harmonic context
on a cadence basis. The primary goal of a creativity-support tool is to give diverse stimulation
to a user. In order to do so, Pa-Pi-Pun employs a deductive object-oriented database tech-
nique for musical knowledge representation and case-based reasoning. Moreover, it invokes an
existing music analysis theory to represent the user’s intention, introduces a relative similarity
using the subsumption relation, and uses a new case retrieval method based on the relative
similarity which provides a high affinity for musical introspection and intuition. It has been
confirmed that a new data structure, called the cadence tree, is effective in representing a
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user’s intention and various, yet consistently flavored, pieces are created efficiently.
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A7V A, B, CaEHBH, A BrEFOE
BLT A B BHEELTWwE Rl &3 RvIiEEEmk
ThY, TA»LHT, A,B & A Co¥itbakb
LT EwSHEWICEERED S, £k, T
vt LT, A, B (33wt A C) ok b
LT3, FACLATHUL T3, HIETE AW,
D 3BYOELEHTORARTHE. HlxE, p &
pl=a), p& p(m=b>b) 2%, bbbk
L T fEcEhv.

R—¥ =7, SEREEFTH S C 2 BT
ML, HEMREEEERO XS CEET S 54
DD OfREA RS #EHET 5.

RS(A,B,C)
= lub(A,B) # T A glb(A,B) # L
A (lub(A,B) C lub(A,C)
A glb(A,C) T glb(A,B))

z € lub (% least upper bound (&H&/pL5F) , glb
& greatest lower bound (JATFH) OERTH 3
(lub & glb » @ERARE H v CEEBER R HETE
BIhTwd). #7Y=227 1 H A B, C kLT
RS(A,B,C) Zph3roH:, A, BREoAR A, C Rk
DERIL T2 2 EHT 5. EELVHLAR LS
Fl—o# 7Y =7 b HREICRELT 5. iyl
BERo L5 CHBRWICHEETE S, +7V=27 b h%
DEEHORAES AR LAR, BE5 A B aXoE
PlTwdewsciid, A B OEESKLIIKE
<ARYHDA & B OMBERLYNE(REENSC
ST 5.
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e x DAL ICH LT, lub @2 G CHuE 2 H
PEFEHET 25X BRI T B FRO<—
E—7 v oEEcl, lub AELEE L < TH glb FlL2:
BEBGBERDLDT, 20) O TCRATHTHSB.

3.6 HEUEFIOKRE

27y 7 T HFBRT DI, "—E—7viEitc
T L AL RS(A,B,C) % v CidAlSH
PRET S 4, -2t n floHEf (C, -
Cn) BFAEL, =—FHRGHhE Q Wi F 7Y
FEERBSR LR ET S TTT, RBEXOEDIRDE
BEFEATE: A4B=-(ACBVAIBVA-=
B). 3¢,

Q IR DL 2 FROHS
= {C, | VO, RS(Q,Cy,Cy)
Vv (lub(Q,C:) 2 lub(Q,C;)
A glb(Q,Ci) # glb(Q,Cj))
Vv (lub(Q,C:) = lub(Q,C;)
A gh(Q,Ci) = glb(Q,C;

=T
)=1)}

chig, HEFORECE T LROEEFEETS T
tEL v EXpOHLAA LS, Q KEHELD
HE T — I CEPUE RS 5.

BleLT, M50 Q X4 o (1) & (4) B
L, Qi (4) oriclBEd 3. EEOFSERS &9
TRBEITH LR D CENDC EBID 5.

FEERICHFE R 7 4 2 LTSI THOh G HhE
&, WEHEEEREELCT, B2 v IR LAWERSAR
EODEDEBH N ORTEwSBELTWS (42
@ context extent *\W5#) . zhix, KA v 7
Loy —7F v AREHRLIKELT, ZRLX Y N
B ECH 572 —7 v AREFFEIR & € X & v 5 FER
<H 5.

3.7 KA UIDER

AF v T 8T, BN 1 DOFRA v v I YA
L. KAV Y 7 OEMBERICAR 0, BHHULL
HAPEPERK E N B G L, BRINAFHCS
T play BH:DETH % voicing ¥ 7V =7 + OEEE
REEBHEOBETH 5. 4, BESETT 5 2EMS O
RA L ¥ 73T CICPREER & L, 2oREoMEE: T
&3 T et LTt 3 R4 v v 750wz n
BBz 2L, TRLHEA L v ZFOBHOFES B, (
=1,--,n) 233 A—€—7rviET & B; oKL %
V=74 v7 QTH) exilc, Gkl ig
INDRA XY —=F 4 v 7RBELHL, Zh%fFE T 5.
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4. BEMWRE

4.1 fBOEBS—RIERS R T L EDLIER

AN —FE) G € — T DRI & T o AR DS
FAXEEET 2H5H~— AP AT LTHE. ~—E—F
gl 256 (Bl oR/EAD) & XRE, 2hEth
MEer—5Fv2ThHsb »—¥Y—FTH r—7v*X
MICERICEIR B R T Aok, 7—F v ARDFEL 2
Y —F 4 v T CARARBE G BESFE-TnS. E,
RV =T v Cqr —F v AR - FHRET B ¢ &
TL—FOEME L AT LCIEL BT ERABEE R ot
B, N"—E-—FFEroXs AL TR kb o
. Thib, "——F Tl »~—E-—FiIcHkT
ET A F AL C—Bko b 2 EEAE LS.

EMI®) @&, stoSmEsmoRMR s HIlL Tl w
LM HEER T 5 27 4CH 5. EMI kil
5 HH (signature EFEENZ) (X 1 /PEiTH 5. XL
Rix, Cope BER L ZMELSHTEH (SPEACY) Ik
ESACERFEE NS, EHUFEFOREL, 4 signature
G XN EEE< YA Y5 LT Fhy 7 2l
CEHT L. BEERT 5HE, SPEAC I X 3447
FER & HEREBN S v Csignature G ¢T3,
EMI €&, =—¥eDf v 257 avikiFbFicly
KEROBME LR X &, 2—FEERICER L % HE
U COWBRFIC S o 7e 8% IR 5 0T, RIEHIERICE
W, R—¥Y—TF ol 2—FOEREAET7 T4
T — AR Z TR ERT 50T, KR HET
LIRBELNS.

4.2 yoa U RTFLEDLR

—jic, &y ¥ a vy AT AKET S AEGHEFEOR
BEHEL, BEL, DERERTL LS 3 EiE»DL
B2, AR T 5 25 & v 5 HE A
BT, R—¢—7 v e ISEA R .

LDy a vy ATFALCENT, @IZ S ve T
HEDOHBEOROHLOFHE (FOREE, FomE o
B, ) EEL, thbEiibl, M~ 1
NMCERT B e TH Y, HRIFEEZRMCE - TE
YA IEHREE e~ 4 — v (HFEOEN) %
BT Chy, EREFEFETHELRALFTDHS
2 — v EICICHY R HEE Y VRt T 5 C & Th 5.

v va Yy RATATHE, TOANT — % & —BRFH
BRI PACER L CHhLEET 545, N—E—F T
BEIEOANT — 2 (RIEET) o LIESERCERS: (5

* SPEAC &, Statement, Preparation, Extension,
Antecedent, Consequent OFELTTH 5.
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PIER) %175, HEE~2 ' AbLETOANF—%
BHEITLTERNE VS T Ehbhs X5, FHlE~
7 MCERT B &5 T L REWOBRE R ERT 5.
kY, FROMMEELEG A —7 v OB LS
AN AR D C LB Y, FRALEOLT Tk
%, EHEEZERIC 3T B0 b 2O EN T o M AT D
ANTF =2 B WTE CEREF ORI A & n iR
BICDhai5.

Pz, 3.5 EICREL ML SRR LB
YBT3 EAMNT 2T BEEE L%, CCTHRAL
7= DOOD 7 —7 v 2R &k 6RBE, HLTE3
LV S BERTANT — 2 DR FECRELTVED
T, EEABORHT X —OEFET 20T x <,
2 — Y ORI > T BHAHT & AT — 2 (EHESEH
TBCeARTE, FRORAFMNBETE S,

5 b Y IC

FRCA—E—T v FHALT, 2 FER®EBT
BT —F v ARBENTHE T &, SETC—HELL
HIZH OB A RN R & 5 ¢ 2 2R L %

r—F v AR EBZA—€ v 7i GTTM o TSR
CILESERFO L WS T 2 i, MRS S Y E L
R—¥ =7 v ORI EEROEFHICEH LTS & »
5C¢HRELTWES. LaL, GTTM BEZEHAN %
MHAWAZCH Y, TSR DUNOSWELEDGA T
5. B BEELY—F v ABoMRo R TR, T
TOWRE, BRI AFRKIZSELRTE 3 b0 Ccllk v

DOOD e < ERAMERBIA T — 2 ofF#%
FEECRTELTE DT, ARHED Lt GTTM *
XU % LT 2 FRIROEAS & bICHED 2 D W
BHTHBEELDL. LT, XLREBHAEAL v X
7 = — AL UBEREGEK T8 C 2 b a—FOEKH
FLVECHHEY b > TEET 3 ¢ & i, RUUL
IR & FIEETH DS HORER (Y XY ee7T /)
WKIEF 5 e % HIEL 2\
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