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Musical Pattern Analysis by Expansion of PCFG Grammar

Makoto Tanji Daichi Ando Hitoshi Iba

Graduate School of Engineering and Graduate School of Frontier Scriences, The University of Tokyo.

We propose a metrical grammar to analize metrical structure of music and its improving method. At first, the model is
given as simple PCFG grammar that represent metrical structure by derivation just like parse tree in natural language
processing. The expansion operator duplicates a symbol and its rule in the grammar. Then EM algorithm is used to
estimate parameters. We present experiments that show our grammar expansion method specialize rules and symbols
to rhythmic pattern in training music. And it increases accuracy of prediction for new piece compared with original

grammar.
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1 Metrical Structures for the same note sequence
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3 iafii PCFG €7V
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BEND, TORRTHREHEE L BFRINEERHENT
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X 2 Overview of the method

B4, BRETIVELUTPCFG ZREL, i
PCFG E7WVERREL [10]. ETIVDIRT A—2H#fEE
LHEEOHEFEEZRRE Lz, COETIVTIEE
hid #8 PCFG €7V b SR Po(T) THEBE N,
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P(S,T)
P(8)

T = argmax P(T|S) = argmax
T T

T = argmax P(S, T)
T

3.1 PCFG(Probabilistic Context-Free Grammar)
PCFG (Probabilistic Context-Free Grammar) (& CFG
(Context-Free Grammar) D4 FIRANCHER 205 %
L THBEETIVICREBIRETIVTH S, PCFG
G DERMRBTILLTTRE NS, TTTHEK, £
BRADEROEEICHIRIZMAD, T T TREMEE
BOTEEF 9 LAF—IFEIITETLL TS,

o G={Vp,Vp,P, S}

o Vi : afinite set of nonterminal symbols

o Vr : afinite set of terminal symbols

e P :afinite set of production rules < A — a,p >
(A€ Vy,ae (VNUVr)*, p: probability )

e S :start symbol (S € Vy)
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AREBHTREIN, ZOHRILTTE25N%,

ITre

i=1

P(S,T) = —p(ty) =
CCTT 4 RiBEERASNZERRAITH S, X
%G5, S ZERT Z2EHNMERED 358, Z0
XEBHRTH B L EbNS. PCFG T, EBHICH
BHHETE, MEORLBVLDEEZX BT LT. &
TEHZLLEL LVEHE LTRAIT SN TE S,
3.2 Metrical PCFG Model
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# 1 Grammar of Metrical PCFG

Nonterminal Symbols Terminal Symbols

ST, Beatz, Ny note:z[p], rest:x
(xeAyeB) (xeB, peP)
Production Rules

ST — Nz Beatz (z € A)

ST—Nz Beaty (x€B,y€A,z<y) *1

ST—Nz Nz (z€A)

Beatx — Nz Beatz (z € A)

Beatr - Nz Nz (z € A)

Beatr - Nz Ny (@ €A,yeB,y<z) *2
Nz —Ns Nt (z,s,t € B,s+t=x)

Nz — note:z[p] (x€B,peP)

Nz —restz (x € B)

A={11, 3/4}, P={1...7}

B ={1/1, 1/2, 1/4, 1/8, 1/16, 1/32, 3/4, 3/8, 3/16, 3/32}
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3. "Nz’ 2 & b iV E B DA EDE"Ns” "Nt” I
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NEBERD, L pREINThETLEE
ZET)

4. & LETOELENRIFEE S note:x[p]” ~"E{L LTz
bRTT %,
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3 Sample tree of Metrical PCFG

H# PCFG XiED B, —DDFFFNCH U THER
DEHADWEET 5728, BHWEETH S, HIAE.
X 4 2 DOBEHAERYT, TOFFNZEENTzL &,
ANEOBEZIZ 2 BEOWZAETELEZbNS, T
DEVEERMIERT 5 L RDL S kb, ERR
B “N1/2 — N1/4 N1/4“F— &7z ) XL %2 DL 58
HITHD., —H. “N1/2 — N1/8 N3/8xH v 187 i
NN, HED—RNEY LLODETEEN, 2D
&5 HERBRAOHRDBND S, Bald 2 BHOMH
HEELVHERSEL, L5 LRI 2N
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X4 High and Low likelihood Structures

Low Likelihood
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PCFG I B\ T &ILEH argmax P(S, T) i&. CKY
7Y RS T, Viterbi 7T XL EFT
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EHRRRENTV S, Inside-Outside 7V TV X Lk
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Inside-Outside 7 )V TV X LICHED &, ZHT— &
W OEHPICHRLUZES A OB count(4) &
count(A) = Y pygcount(A — RHS;W) THEE
N%, TT T count(A — RHS) GH#EE hizEmH
HI“A — RHS” DEETH %, EM 7)VTVY XLDIS
FA—2EHRELITTEREINS,

count(A — a)
> count(A — )

iz, FBIMFEDT—2h 5, ZORFEINZEEHDO—H
& LU CTEI=RMIC Inside-Outside 77V IV XL EEHIC
ETTHHRET VT ALHREENTED [7]. Bl
RN EHOBEBREZ AT RS2, EdElbeftic
BENH LT 5,

ARTRELZDOT7 NI X LZ[ME->TEY, BILE
HOHEZIT .

4 SUEDILRFE

BT PCEG €7V, /NEiDEKRI LR &
EONEN— IV DREREND L ESEKT. ERIC
VUTNVIRETIVTEH B, AHITE PCFG GEZHLK
U, AL ERTERBANC & > TEETF— 2
DEFFIRE— VL L Te X ERHET B FEICOV
T3, CFG DRHZEZEEN 5E L DRIFELNRE
NTHY., HEREMINL T PCFG DRIAZEERED
BREVDPHETN TS 411,
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U, B 2EHRIG ARk a¥—9 28EL 9%,
Z 0%, 2 DDEEONHEZET DI, TVEL
&/ A R BRI OHRICMA, EM 7V 3 XL
KEONRGRA—ZZHET B, ULZRVIEST LT,
ERBAOHERPEE T — 2 O—I R LTI S
LU, HEDRBIEET—2DONRR—VveRTT L
PR E NS, b, JGEDRE < EBRAIOHAH
A NRGA=REHEIxB L, BEELTLES &
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Algorithm 4.1: GRAMMAR EXPANSION(G, C)

G = grammar

0 := parameters

T := TrainingData
V := ValidationData

# IEHE
G « basic grammar
0 — initial value
for i « 1to M # FIHA/ST XA— 2 #EE
do § — EMStep(G,0,T)
fori«— 1to N # SLEDHKRZRKR N BREDIET
X « selectSymbol(G,0) # CEDILK
(G",0) — expand(G,0,X)

do { dof — EMStep(G,6,T)
# W2 > T MU % B
if score(G,V) < score;(G',V)
then G — G’
return (G, 9)

4.1 Expansion Operator

XENLANIE % Bxpand(G,0,X) L £iLT 5, Th
330 G, AT A—% 0 OF T, BYAIERELS X
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X—>AB X—-AB A-X'X
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iz, AC—ENTIV—)VDMERINT A—ZIELLTFD
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Prew(A = B X) =ppew(A— B X') =
Prew(X' = A B) =paa(X = A B)+e¢

TTT. C(A— B X) &, EHINERRAIOK
BET, £l e B3I —INIIERHTTS O FRME
ZHTIZDD /A XTH., AT 0.1 & LT,

XED & DIHIFFL B 2RI &1 5 BIREREICIE,
WL DO DRBENEET 5, AMETRUTEH TS
BIREMERFEHT 5,

VA LER 2TOIFREGRSZAERTHRS, C
DO, BBDEDT 1 — FNy 2Bl TediT,
BHHEINEBICEHLTRAY VLS LS
PET—DEEX, BINESIEHEIh T
EmE. TOHRNLET VX LNTEIRT 5,
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BB ELBI U 7 HER TBIRT B Pogrect(X) =
>, count(X — a)

HBRBEAERR 2BTF—ZdicBihize#EE iz
B BRARDIIFLS 2RIRNT 5,

5 &

5.1 H—Xdicnd A

FRET— 2 UTXHEDILAN E ORI E
KD ZWGET 5728, FHEBREREZIT- 2, FIDIC,
H—DHX LT PCFG D/8T A—2 &P I, X
HEOILKZITS T & T, D/ 2 — > WYl

fori «— 1to M # /85 A—XHE (EM 7))V ) TR)S W ZHEET Bo

EERICMHEA L 3% i &, 1.S.Bach ® Menuet
BWV1009 » 5 DEMTH 5. T DRI Z/SZ—
YDBDIRLUTHEDILD TWA s, AFENERIC
BleEZLENS,

Fix o 2RI DORBCH ZHVT, XEDOILK
KEBEEDLAZ B Uz, RIS DRI,
[fE A% L], [N1/4], [N1/4, N1/2], [N1/4, N1/2, N3/4],
[N1/4, N1/2, N3/4, Beat3/4], [N1/4, N1/2, N3/4, N3/4,
Beat3/4], [N1/4, N1/2, N3/4, N3/4, Beat3/4, Beat3/4] D
TREETHS, £9. YV TINVEEDTFTDEM 7
VIV XL% 10 EEEDE L, FIH1S X—2 2%y
L. ZD% EOXHEDIKRZITO, 72 EM 7))V 3V
ALTINTGA—R2PF IRz, K5I, BROMNE
REDLEFA—T%RT, B&D. KT 3IEKIHT
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poid(A — B X)
C(A=B X)



Log Likelihood
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5 The log likelihood graph in 6 types of expansions

A [N1/4, N1/2, N3/4, N3/4, Beat3/4, Beat3/4] D & & T
BHolee K61, NELENRKICK > TXEN BB
bR AEHO—#%ZRT, AB,C ZhZTh, FH—
DY XLNRE=VIEHIEL TV BEDNEND, TDX
S ICHEEE NTZEE 5 N3/4,N3/4* N3/4** IR ZF NZFhD
NE— LU TSR Z DT LT LED L
HT BT AR TE

Mo ehn, #@YEIERRGTEZES LT,
Y7 — 2 L TEE Lz PCFG OXEMNMES NS
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ZRET Blbic, EKia— R AERWTATELE
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5.2.1 Corpus

28 5 — &Z1Z 13, Essen Folksong Collection [2] 7 fiff
FUTe. Eleg—ny/0OREZRED 6 DT, Bk
THO,/MEETL—ADEHA 2T —2HBFIMEN
T3, BANMEL 7 PCFG €7V TW, , KU
3 DEEDNHDOHERS f23, T 3,5 ORliix
LRV 2.

I TH 3400 OB T —2h 5, ZOHTEY
F—&50% + REET—Z 1% * TAST—% 10% &5
B UTERBRICHEA Uiz,

5.2.2 Grammar Improving.

i PCFG €7V OXER, RifiOSXEOILATF
B> THRE Nizo SERDERRDEEIE N=20 &
L. &K% EM 703V XLOE DR LEE
F10EE Uiz, ¥z, BEET— X TDONRT =< VR
AL LTEROBXEREH L, TART—ZTDNR
T —VARHE LTz, 18T 4 — Y ADREIIE
UFTEHEZ5N% F-Socre W, 7 A MTF—ZD/)

HIE D FHIREEZRE Uiz,

#correctly predicted boundaries

Precision =
ecision #predicted boundaries
#correctly predicted boundaries
Recall =
ccal #original boundaries
F-score — 2 % Precision * Recall
" Precision + Recall
523 R

XEHLKRIC K B, REZEEICHTS 5 FHIBEOZ(L
ZR TR, 7T T7DEMRI. FBREE T
DK ZITo 12BEDT X b 7 — 2kt d % F-Score %
£7, ZFHEARDEE DN LT F-Score A LAY 3 #H[A
DRLBNZ, BB, AFETE. BET—X TS
F-Score WA LUz EDHT A T —2ZFET %
FEER-> TSz, FEBIULHAT—XRRES
NTHELHT, BRNET—2LEo>TWV5,

&L, BETF—2HI ULHABRNEV IR Z =iy
TNTWETBE, TAMNT—RICREELENVE
EZbhBe, TOF-Score AL Lz &V S KRN
5k, 2ETF—ZHITRA LD O—REZSIS R —
UEELTED., XEOEKRIC X > TENLHIEK
WMEBTERHEEN TS T L ERBENS, F-Score
D _LFIEHBRR BN T 8~9% BETHD., T
X LGEIR, HERBRE RN TR 5~6% BETH o Tz,

0.89

K7 7AMF—2D%F % F-Score DEH

6 Conclusion

AFET. B4&lE PCFG Z\—RIC LTz ZROMEHE
EETINEZOXERIEKRT 2 FEERE LU, Xk
DIERIC K- T, BRI B 22T — XD
NRE—VIHERZ L TEEAAEL, BE—0DX
B EIS U 7o RBD D BHI/R 2 — VB E n T FER
R EANIET 5T LARE Nz, XEDIEA L EM
7TV AN K> TEET—ZOLEIRZIFEAI



A :=N3/4*

B := N3/4%*

C:=N3/4

X6 RAEHTHD YT LN/ NIHEORLS

HINU., ElRMEMOFRREESL R LTS LM
RBTER, KRETE, VALDZEIV—IV L/NETID
ERFIV—IV DA TERNEERZEEA LFEDK
WT, BRABERHEATSIETNVOBREZEELTE
D, XEOHAFHERFEE T —XICEHENERT S
RTHEELWVRELHA TS,

SHOBEL UT, SUED Merge RAL—Y VT %
HAEDEE, FAROXEOERFEZH L TNE
7z,
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