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Representation Method and Primitive Operations for a
Polyphony based on Music Theory GTTM

KEenr HiraTat and TATSUYA AOYAGIHt

This paper presents a new representation method for a polyphony based on a music theory,
Generative Theory of Tonal Music (GTTM), and a knowledge representation scheme, Deduc-
tive Object-Oriented Database (DOOD), and the primitives for a polyphony represented by
our method. Considering the future development of technology and culture, we think that
the requirements for representing and manipulating musical knowledge on a computer will
increase in future. Conventional music description languages allow us to describe just the
surface relationships between a note and its surrounding notes on a score. Our method can
represent a polyphony, taking into account its deep musical structures. Consequently, we
can make the appropriate correspondence between the subsumption relation of objects in the
DOOD and the abstraction and instantiation relations stipulated by GTTM. This paper also
discusses the operations of the subsumption relation, least upper bound and greatest lower
bound, and investigates their musical meaning.
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Fig. 1 Example of Homophony and Time-Span Tree
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Fig. 3 Examples of Temporal Structures
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ts(head: chord, at: temp | 0,
primary: ts, secondary: ts)
chord(notes: {Pitch}, duration: Rational+)
temp(pred: temp | 0 | —w, succ: temp | 0 | 4w,
salient: pred | succ,

difference: Rational)

K4 F7V=7 VHOEE
Fig. 4 Definitions of Object Terms
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TWBRHIEEX (FR) ##EL, 1/N & N SEHE
*EEKT 5. temp 7V =7 O BHOERERIET
*BWoC L.

Bl LT, M5 KHRxOFETER L 2SR EEO
A DZR R EBFEBEEZRL, M6 P (M5 @
BALAA YR EBHBEYFERTSts A 7Y =27 b

R
) ®
/

P
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—w \ /
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Fig. 5 Example of Time-Span Tree and Temporal

Structure

CCTts A7V VLT Ay VEINZB.
7, GEBREPEEFCcH D, FxoFHETH is_a
BFmEHwACDT, ts 7Y =2 F OESEEEH
RICBHL THERRTE 5. %%, temp &7V =272
FEMZIET B EEREEL ts ATV = 7 DHIFIL
Ehb. XoT, ALELLHBREINTWEEEERT
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ts(head : Ks,
at: O,
primary : ts(head : Ka,
at : 0),
secondary : ts(head : Ky,
at : Tos,
primary : ts(head : Ky,
at: Tcs),
secondary : ts(head : Ka,
at: Tpg)))

K; = chord(notes : {C5}, duration : 1/8)
Ky = chord(notes : {D5}, duration : 1/8)
K3 = chord(notes : {E5,G5}, duration : 1/4)
Tes = temp(pred : —w, succ: 0,

salient : succ, difference : 1/4)
Tps = temp(pred : Tgs, succ: 0,

salient : pred, difference : 1/8)

K6 H5 P OEEEFHEERATS ts A7V 1
Fig. 6 Object Terms Representing Polyphony of Py in
Fig.5

A—FET B, (1-2) FAUEEOR 7 A+ — 7 DG
(FA L2NY) GEADAVEWSEHRTH L. AF
Brr, ZSAa—7EFRTEHcD ts &7V 2 7 b IicHERH
fEW%IRT 5 temp % at @M LCHIRACHINL
Fe. TR XD, WEESES L7 A~ (HIbLHEE
) DIRTEB XS AT AFER (1-1) & (2)
CEHESWTEFEEFEEERL L Do ELLNS.
ZALZNVEEIBRTR L TWE DR, fEikicEs
head ZE D7 —F SR CEEBERET WS T XK
OT®»%. %20 head OBERFHZ O LS5 T 5 LG
Kot D ZS T 13 2 BEEE ORRFE ARG o 2 Fu IR
TEHENVS CERFN T . head OFEFHEZ]
KB T, Bt d 2020 LTEL, B
B, ZA—7ORECBET Y o 2 BYAEL LR
5. EMUL7XS K, ARESHE L T EEHEERT
BRMEAEAR S 7A— 7 B3EET B AREER D 3 0
T, head OFEHRLF 7 A — 7 OIFECEEIT 5 &,
OB EEEN T AL - P RBRSET T
UESTREMES D 5. fE - TATFHETH, fifItkicEks
head OREFRLNEBH L Ad D & T 5.

5. ZEERIZNTBERER

ts A7 V=7 F OFEREECEMKREBRTE 20
T, ts AT V=7 MO BHEARREE : LTai
Btk () , m/PL5 (least upper bound, lub) , &%
ANTF5 (greatest lower bound, glb) #EZ b 3.
Bx ORFENABREECHOR TR 5.

=¥, ABEBREY ¥4 L AAVEBEROSTIERDLE L
3. TiRERE, HEZEERLTRE LY ZA LA
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YERIL e BT R, RE XA LR A RICBEWT X
D FRRL L 22 SR 2 BIRAT T 3.

51 /M ER
TEEREACZ & b BRO X S KEHEE N 5.
FI 2T n,y BEZONER, © &y OR/DER
lub(z,y) Ll min({zlz C zAy C z}) TH5 Fw

EWICERT 2RO L 51Kk B.

lub(a,b)

Il
——
=
=1 =1
[N
o~ o~

lub(o,o(l : v)) = o
lub(o(l: v1),0(l: v2)) o(l : lub(v1, v2))

XL, a, b @EERAFXFTV27rThHY, T EA
TVx 7 RT3 EMROHOFERERTH Y,
ol : T)=0Th5.

lub &, 2 DDEFEEFRDIA LANVRE v 7K
TYVICRT, R RELILBEBTEWOETWMOEST. 2h
&, 2 DOBEFTHEHLEL LAV ARLCEWTEET
AVWERIECHRRL, AUDTRUBICAR > ZEETH
SEERTHS.

B7ic, ZHEER P, P 8T 3 lub OFFERER

AT o lub OFFICENT, BHEEHRETIIC
) C
&
“’ @ ',
A —w "
~. .
lub(P]_,Pg)

7 lub OFHH
Fig. 7 Example of Calculating {ub

fio T WRELAF T V=7 VAEIRLAE P o
Tes & P @ Tos KRBT % temp A7 Y22 Vi
fficd 3. chord 7Y = 7 + @ duration @i
LG lub(dy,dy) = dy if dy < dy 2{REL7Z2DT,

7

lub(P1, Py) @ C5 @ duration X lub(1/4,1/8) = 1/8
LB,

52 FXTFHR

lub bRk, glb »aBBARe L (R/NEHR) #H
WURETES. XKL o(l:L)=1LTh5.

glb I 2 DOBFEEIED I LAAYKE Y v TEY
YICRT, 2 0@ FEERO{EORKEEESFE L
BRWRY 2 a2 v REEREHLETNL. BL, &
HLhOEEFROKRE/ — FETEE LD, d5—
FHOBRY OZFEEEY 2 ORPTCEET 5. #lz 3k
B %EHT 5 temp 7 V=2 PES LD glb 35 L
Khsde, EoFERLY, glb HERREEES Lk
5.

B8 i, ZFEERE P & Py w5 5% glb ot TRER

R TDglh DFHEICIHI T, chord A7 ¥ =7
P]_ P3
&
',
—w .//'@ _ /©
\. ’
glb(P]_, Pa)

S

e

8 glb DM
Fig. 8 Example of Calculating glb

® notes BIEICBIL T glb(ny, n2) = naUna &1, du-
ration|BHEICBIL T glb(di,d2) = da ifdy < dp & 17

BT glb(1/4,1/8) =1/4) . ¥, glb(P, P2) =1
TH 5T EICER
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6. i &

6.1 BY = 58

GTTM %FIHL A WEEGLRFEKE, Balaban o
ety puy—32), Cope @ signature/SPEACa),
Dannenberg @ Nyquist” EOPIREFRD . Th
D RHEANICHIEE Eod 258 E 0% s B L CHE
LTwahe»wi KENBEREILLEL TS, 2—FR
b ofEfREH, MEHOEIEHEERICHES W CIEES
FFE DN 2 — G HEEEC N 2 — v S EERE X L T
5. Lo UEENCES RO e EE T 5 i,
FES LoRBENARBRE AL EZTTCEARTSTS
b, BWEAYRAMMEBELT ™). fEoc, Lio
FHFURTE FICEBEI N AT Y AT 45, HHER,
T v, B, HIBEOIRSRILICKE KFL,
I CEWET 2 #H SRR D TRRERICZ>TLES

Fex OFERETRIHR (GTTM D& [ L2
) KESWTWBEDT, ThAEERYE AR ORE
R L, SURIKAFRE 2534 Ui i BiVE 3 5 #ipH 23
m35. GTTM o2 4 L2 wtns
DT, FHELARI2ERT 50 End [ v 4
7 = — 2R, ub, glb 2R 5.

—7%, GTTM %F[H L 25886 ik, Widmer
DFEEHEER G EEL 27 12, Arcos bd CBR %
A AEEEEf g e 25745, Uwabu boa—r<2
BoDTun vy —a vEIOEE) R Y 5b 5.
Widmer & Arcos BAREFREHFEZ D D O HiR% &
WTELY, GTTM oERZIRT 7Y+ Vs
2bhTwb. Uwabu Tl a2y ReTuny
F—va vARRBTAEEL DOwWTHhbhTwhi
. fEoTZ O THEBRE Th A v

6.2 # =

GTTM it &S BN A FERAFBEHFEOFA
&, BT 7V r—va veFRTATY X LEERH
CHEIcEB v ceThsb. fle LT, HEEEH
ETETATY XL ERHOTATY XLEEET 5.

£, HUEAHETITA) XL Lk, SFEER
T, Yy, 2 BELOLRTWAEHE, sy & z20EBEbK
LVFEPIL T2 2R HET 2 b0 TH 2. lub(z,y)
& lub(z, 2) #EEERICE>THEL, glb(s,y) &
glb(z, z) dERRCHET 5. lub FHCEHETER
WIS, glb bfHwBE C T, X YEERHENIEEIC
ot

R, MO TA=TY XA G, BB 5HE
ELCHIN X 27 % RAL L e b D TH BT, Fhx of]
B ETH, RAEOANFEM X RU'd 2358 P

Feb. 2002

& OFRIHFER A 2L ARMMEH E AT E LTH L
5 (e CHfT2EMIE 1 DTHB). 5, X %
T3 o, f(E)= A ®ilied X5 B [ ot
LT, f(X) of%#EETscetchs 20L5h f
FEBHRAAT 55, Tx BERNICEHERTH 5 DIC
HOPDLKBEEBL, f(X) = glb(lub(A, X), E) &«
SR TESC & RRLE XoTE—EicKkE
5. T0k S ABBROBPFHABEC A - D, EFE
HEF T2 b e LTEEL, BEENAEENSR L
TR TE DL TH B,

FIREDZFHRT 7Y 77— a v %, HlzE Nyquist ¢
EHLES 92, FETSIr—va LD
ba—YRF4 7 ART Viky 7 BYHEZeE 2 BAT 2
BERAE T, EHRE BB ENEHE A RS Sk
DbOWREBTHLH. ReoT, WRHBRERT 77—
va yRETEREEcH 5 L Ebh 3.

6.3 M & =

Bx0FHECEMT 2 ooRELARD 5: (1) 44
AR & R EREE % RIS % e 0 i i E R O H TR
KU GTTM offfnsZcdb, (i) 20 HEERE
BB 2 EREMAINT sV ER—Fict o THEE
5.

¥ () K L TREAZF4 2 IC X 3 0L%%
2Tw3 (M9) D zoxF4 2k Y head, pri-
mary, secondary DR, HEFEGC BT 5 salient,
difference DEH#FEET 5 3 TE 5. M, =—
Pk GTTM o2 f oz HAKE Y o OFR § D
KBl cwa &z, o ok% 3 Kiiffdcw
5. Tl B A primary 1K, o 3% secondarylC,
v B head KWET 3. T5 LT, 2—FEHASDOELE
EROMER % 2 A b2 VR E RS & L TRIERIc
feRT BT L AAREE A B,

Ric, FHROEFTHRE AR nE DAXILE 5T
(1) EEL 5. coffkokd, Exik GTTM K
5 o HEMEICIR Y #lATw 3. CoBElitc
&Y, 2—FEBERNREG Y 27 LEBECNATR
BRWw kZL, 2—FEHcHbE AR ECEED
HEMbE, =— ¥ > THIEEOER T 2B E LT
Z T, WEMEEDRLY, 27 LONERIREE SR
FICERRA S 2 8BE R (N2 C & RET LT\ 3.

7% & &

AT, TRIERAVEAL, TS OEH®YE
BICANERARERFEYRE L. 1 0FHE
I, EEMAREELRECERCTE, RAEL2TED L
AW AREWRD ERT 5 T e R TE k. AFEAHETIC



Vol. 43 No. 2

9 BEHRF 0T 4 4 DT 4 Y FY
Fig. 9 Window of The Editor Under Development

BEEL TG, o d nwails (GTTM)
KL 22D Th b EE2 LS.

L2L, BfEDts A7V =27 V& temp A7 =27
Mok, —HMEELTERIN T 3EREDH 50T,
WARDA S =X 0%% 5 ESBALTEBREETEDLE
R T 2 BB 5. 7, XD EMARELES
Tedicd, HEHEESANCHNT EO8ETHS 5
chid, X LICHDEREmTENT 5 C & % EIRL,
FlziE, Tuwvy—a % Narmour DRSS -
5238 (Implication-Realization) &5 A OEH 3% %
bhs.

BRI AEORBIESOFETH 5. HIEFEE, FHE
B v SRR EATIC, REFRICED 5 Ao
FEERER LA L CE % Lo L, SBOHesul
DRBEEZ D &, ERAREEE Lo LET
PERETETEEL DO LEbNS. AL
BOFES LHFABRIEOBEL L A ERWTH 5.
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