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Abstract

With the advance of information science and the use of music data, research related to
music, such as automatic generation of music, composition support, and analysis of music,
has been performed using information science technology. Furthermore, it is pointed out
that music takes a form very similar to a language, such as recognition using ears and
being described as a symbol on a musical score, and music and language evolved from
the same origin. We also know that the brain functions used for music and language
overlap. From these similarities, it is thought that music has a grammar like language.
Therefore, analysis of music using a technique cultivated in a language has been
attempted. However, unlike language, music has a vague meaning and is difficult to
formalize, so it is difficult to implement by computer. In addition, when a statistical
natural language processing method is used, a large amount of music data is required.
Therefore, it is necessary to try to analyze music from the essence of human language
processing. In this study, we analyze the music score using the method of evolutionary
linguistics.

Evolutionary linguistics is a study aimed at elucidating human thoughts and properties by
pursuing the origin and evolution of human language from two aspects, biological
evolution and cultural evolution. Noam Chomsky defined language as a human-specific
biological trait and defined the mechanism as a generative grammar. The purpose is to
understand the human brain and thoughts from language analysis. In addition, Chomsky
proposed that universal grammars exist, with human beings having a natural language
acquisition device. Only a limited number of sentences can be learned during childhood
to acquire language. Therefore, Simon Kirby asserted that even without assuming a
special device for acquiring language, infants acquire generative grammar by performing
generalized learning with little linguistic knowledge. And, computer simulations using an
iterated learning model showed that a language without a structure has synthesizing and
recursive processes, indicating the possibility of cultural evolution of the language. In this
research, based on this Kirby's Iterated Learning Model, a model for analyzing music
scores is created.

Kirby's Iterated Learning Model is a computer simulation of verbal communication
composed of two types of agents, parent and child. The parent agent generates a character
string from its own language knowledge and passes the character string and the meaning
of the character string to the child agent. The child agent acquires a grammar from the
stored linguistic knowledge by performing generalization learning. Then, the child agent
that has acquired the grammar becomes a new parent agent and passes the character string
to the new child agent. By repeatedly learning this process over several generations,
linguistic knowledge with high expressiveness is acquired.

Previous research has attempted to discover the structure of music based on Kirby's
Iterated Learning Model. A symbol sequence is created from a musical score, and learning
is performed using an iterated learning model. As a result of an experiment of music score
analysis using Burg Miiller 25 Etiiden, it was possible to observe a part of the cadence
rule and the progression from dissonance to consonance, but there is still a problem in
finding the grammatical rules of music.

The problems of previous studies are that they assume too much meaning similar to
language for music and symbolize music scores. Previous study, piano scores are used for



musical scores. In the piano score, two staves, the right hand (main melody) and the left
hand (accompaniment), are arranged at the top and bottom, and progress simultaneously.
When symbolizing this score, the order of notes included in the range of one beat is not
considered. And when the number of left-hand notes is smaller than the number of right-
hand notes, the left-hand notes are equally allocated and symbolized. Therefore, in this
study, symbolization is performed while maintaining the order of notes. In addition, the
piano score is very complicated and unsuitable for the analysis of the score because the
progress of the accompaniment and the main melody must be considered. Therefore, this
time, the drum score was adopted as the music score. Drum score is simpler than piano
score and has a musical rhythm structure such as 8 beats, so it can be said that it is suitable
for discovering the structure of music. In this research, instead of labeled context-free
grammar what Kirby's iterative learning model and the previously used, we constructed
it to acquire rules of context-free grammar, created initial production rules from drum
score, and generated symbols from production rules. We generated a sequence and tried
to find drum grammar rules using iterated learning model. This model does not use
musical knowledge and is a model for learning grammar from a common part of a symbol
sequence.

As a result of the experiment, the grammar rules converged in earlier generations
compared to previous studies. Then, the obtained grammar rules were converted to
Chomsky normal form and converted to Greibach normal form, and the result was a
regular grammar. It is suggested that the generated grammar obtained from the drum score
may have only the same restrictions as regular grammar.

In this study, Iterated Learning Model learned drum score in units divided into bars. For
this reason, rhythm instruments such as drums cannot be said to have regular grammar.
In the future, it is necessary to devise a model for learning grammar without specifying
the budget unit. Also, this time, we could only collect 9 drum scores, so it was an
experiment with few sentences. Therefore, it is a future work to collect and analyze more
score data.
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6. KEHREMEORECEAL ZIFKIL T 2 A0ICd b, 77 4 vy ~EHER
Lo T DI LT, ENBAIOERLT 7 T 4 Ny ~ERETZ IS
IERD

FROUHEITH) 2 LT, Fa b RF—FEEHLS 7T A4 Ny MEERICETE
T5IENTES,
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—_—

FAZ B IRLEFEEETIL

Kirby 3B RIcH- 28 L FoRiEz, KiG L FH %7 > “EHoz—v
sV Moalia=r—yvavilTceETALL, SENHRLEST ZEKREE
RL7. ZOVBRLFEET VI, HIROSEESR EOWFICH LT
%. [4lARECl, 3.1 TKirby D VR LFEET LVOME LR, 3.2 TH¥H
TATY XLICDONTIRR S,

4.1 Kirby D&Y RLFEHET IV

Kirby O 0 iR L#H =7 g, EEMRICO 28 FoEHoz -V«
VIMCEEXoZFEL EFHICXY, BRATH - - SHEIEE RS
BT 2R IaL— T2 EATES (M 3.1). TR, EHe
Fr—vzv i1 HRIC1IETOFEEL, XOoRZTFELIE, Ho—v =}
PoFIT =YV hb~—FHFHELN, F—YzV MR-V 20
ZTW - =SB EE 2, EALARCHEEZITY, Sl ERT 5. T
I—Y Vv ME, V1D D F/z7m 0D, KA =Y 2 v b2 6Z T -
X0 b BB ES L2, RKAZ—Y v MCEEL, Xotflo+x
—Y 2V MCHYOEEBEAED OER L X DZFIEL 21T 5.
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1A

3

S

&
>0 -
@

X 4180V RLEEETLVOBHE

424 Y)RLFEETINICET 5B

R LEEETATHW LN S SEEAFHIL, URE B3GR KRImd 5 & Ik
Z OHAITIE,

Ui et 5 I SUESMP 2 I 2 2 A O EE&THER I Tn 5,
IS & oI Imal 5 & 72 0, EBGRR2 5 EH X 5 #&ined 5 D T
FIDFERE & 70 5. S I3 ZREAGEEEE cREI N AU T oz Bk E LCTxf
JGEEET W3,
P,(X;, Xx) G #k)

ZZT, P, X, Xl ZhZhATE), BEE, BEEEICHY, [Va vidx
TUV—%2FL T3] &) EKIX liveGohn,mary) & itibd 2. Z OERICHE
REERMF7ZUToORE, [Pavi@3 A7) —%2FLTn3]| tw)EKEE

13



T HEh70%, “johnlovesmary’ TH 5 Z & # KL T3,
love(john, mary) — johnlovesmary

B —y =V Mid, BHOSEME» O XTI KL, F=—Y =z Micik?,
Blo—Y v FATREOEK 3.1 O X9 RERBAIZE > Cw 254G, ERATHE
7 3FHE, “ohnlovesmary”, “johnlikesmary”, “marylivesjohn”,
“marylikesjohn”® 4 fEfH & 72 5.

| FERLEHLHI

. | Sllove(xy,x,) = N;i/xq loves Nyi/x,

Ty | Sllike(xq,x5) = N;/xq likes Ny/x,

r3 | Ny/john = john

7y | Ny/mary - mary

K418 —V = v P OEENHOH

43FE7L3Y X L

T =V M, T 72 O HEEE 2, PULTFE 2T EiERED
ERZAA S, ¥EH Y RXT LiL, chunk merge replace D =HERH Y, b
DHE % SEEHFICEAA R D ETHRVE LTS,

4.3.1 chunk
chunk 12, Z2o0#HHANICE T2 BT T2 EBILL AT Y —ic e D5

ECdH 5. chunk IC XD, V—nICH L WIS 28I N 3,

S/like(mary,john) — marylikesjohn
SNove(mary,john) — marylovesjohn
| chunk
S/X;(mary.john) — mary Ny/X; esjohn

14



Ny/like — lik

Ny/lov —lov

“marylikesjohn” & “marylovesjohn”® D DX FH| # ik L7 & &, “lik’ &
“Vov' D& BRI 5. DR, S/like(mary,john) & S/love(mary,john) D & Hll D
chunk %179 . chunk %17 - 72455, S/X;(maryjohn) & Ny/like, Ny/lov
SHANEM X 1, S/like(mary,john) & S/love(mary,john) 25HIFR X 415 .

4.3.2 merge
merge (%, MO LR CBRAIZ BOF, —2Ick L0 28FTH 5.
merge IC X 0, JERIGEL SR HEEINS.

S/hate(X,, X;) — N;/X, hates N,/X;
N,/gavin — gavin
N,/pete — pete
N3/gavin — gavin
| merge
S/hate(X,, X;) — N,/X, hates N,/X,
N;/gavin — gavin

N,/pete — pete

HAlo ¢, N,/gavin kN3/gavin R U ZER ST 5. 208G, b
ZOoHAIBAEIN, —DiIcE®bNE, 7z, merge IC X o THIAG SNz
RAIME O AT T T2 GE, HakoRllicEzfizons.

4.3.3 replace
replace I3, AEFHAOH2 5, BECHh 2 HEEOHIA|Z X oMANGEA L, &
Xz 2HEETH 5. replace IC XV, XEOHAIZ P OIEKR RS ICE X #2
Z5.
S/admire(john,pete) — johnadmirespete
N;/admire — admire

| replace

15



S/X;(john,pete)— john N;/X; pete

N;/admire — admire

S/admire(john,pete) T X N2 LFEHNOHIC, Ny/admire THK X 115
SR L, —BEr0ZBIL %175,

4.4 =EE

Kirby O ViR LEEE T VL, AR ZH VRS 2 & AR FER &
R B 2 G AT EREICEZL T 2 RF 2 BT 2 2 &3 TE 5. AMRIZH
Hl &3, BBAGATEWREE» O R 2HAlo 2 LT, AREDEWERAIZ &
DI GHAIB RT3 2L DTE 3 XLDEHE% L 2 5.

SCGEHRABDSRA L, FORGETE LZXHEML T3 2 L3R EZEBE- T
ZALT 2T RERT 2L TE S (X3.1)

100 o 100
RIAIAEEX
1 80
1 80
1 40
7 20
Sk
0 ' ' 0
0 20 40 80 8 100
AL

B 4.2 £RRATRE KRB & BRRA R D H#H [1]

45%%UL_L$ﬂJE?7btm&E”4
TR SELES T 2 HE , —HICHFE 7~15 HEERER T L 5N
TWwW5, Tl ,§%® Eumﬂ»47xkﬁinéﬂﬂ#%b01mé%

16



ThdERMEINTVE, FBHAA TR L, R AR LREEOR Y 7 &,
ANERY T WEZEORY 2, Buwildoz b thsd, FIEd 200 A i
LT, BEWw) ISt z{ro &, 70 BicxfLT, WNRAZX
Ot 2, 2F 0, AZLIEB & W HGRSKIZLTWwWb e %, FFFICBAS
TALEZTLES., THICERS T, AEco k> %Y ZLTL ¥ 5 A
ICH B LW, ZORBHANA T AZXWNIEANA TR WS, 51, Kirby ©
BOBRLFEET AV ER=RIZ, TOXNHENL TR EHBAALTZET VO
KxiTo72M4]l. ZoETLVOREIZ, XAZITWEFr—y v b2y, IEHIC
IR T 2EREZTMEENTERNILTHE., Br LTI - 7-XD
BRI 2LIAZ2HBEL VWA TY, TV FHERTTICH > T
SR E T, B bR UM L OEREZM O RICFE T 5. 2ok
%

S/p(a,b) — abcbed

&) ERHANC N 3 2 0N T A TH B LFEz, LT DERIC“abebed” &
WIHIXD»HLZDEREZHTT 29%E 7 vk 2% Kirby D0 IR LE T VI A
AT,

29999999  — abcbed

--------

Kirby O# ViR LAEE T IS, NFEANA 7 A% HH X 72 B2 T - 72, xf
FEANA 7 AZHCCEE T -V 2 v M, AHRXEAERT 227V
P, TVELICER BT 5T MR, B TEWERR T2 EE L,
D WHRAIBOSCGERAI R L 72, 2 OEBROFEED» S, BHAA T ANSE
BRICAENTHL 2L 7.

4612V RLFEETIVICL AEMBEDRER

FeATIgE[2] Tl & @ Kirby O ViR L AEZE T v IC S R -T2 €
TN DR KA TS, Kirby DV IR LEHET AL TR, G0 RoEKIc
XIG L7z v AAB T 2 & & CEEE 2 ES L Tz, ZO%ET
F v RS o ERIEE 2 FR T 2 EE2ToTw5. ZOET AR, Kirby
ET MRS T XA E OXARE B ER > TEY, BE%RE M, 73 —%
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CEWAR % x CTRIHT 3.

4.6.1 SLITHFZE D chunk
20DV =D VARG REHEEL, chunk 23A[REZR 11X, T2 KHT 3
ERE & SRS & R

S/M; — marylikesjohn

S/M, — marylovesjohn
| chunk

S/M3,x; — mary C;/x; esjohn
c,/M, — lik
Ci/Ms — lov

4.6.2 F1THIEE D merge
20DV —ATRILATIY —, L VELTHEEE, BREITTY —%F
L, FLOMERETERBAEEICGERT 3.

S/IMy,x,,x, — Ci/x; hates C,/x,
C,/M, — kate
C,/M; — gavin
C,/M, — kate

| merge

S/IMy,xq,x, — Cs/x; hate Cs/x,
C3/Ms — kate

C3/M; — gavin

18



4.6.3 5TITHIZL D replace

20DN—ND5b, KDY VYHRAHD, oHhTTY « o vVERALZEAT
WHIFRWY v RO —EE B E Az 5.
S/M; — johnhatespete
C;/M, — hate
| replace
S/IM3,x;, —

john C,/x; spete
C,/M, — hate

4.6.4 FATHRDEEED > ViR

AT CIE, Hiice T VREERALCwa. 7 JREAT (e &
EF (R—2F) OiEfT03H Y, FBE FTBICHT bz RS A IR I T3
5. b 2008 TR Y VARAINICERT 5720, 1IHOXMIcEET NI B %
120y v FELE LTEBRL TS, fiF L EFOERK

SR 72 & 1F, Y5
WKIRD T Ty v AL TWw3(X 4.9).

_7—_—; é s Zo=n
1
» ;?%*ﬁ##rj
) ———
P dolce e
= Eratil s8

!

C,/M;—[CEG][CDEG][CEG][CDEG]

X 4.3 fTHEDOEFED > v FAF|E#R
4.6.5 EERIER

COETAEHNT, HARASEAHVEERLEREPHWEEBA2{ToTn»
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5. HASEZ MW7 EETlL, 3~ 4 HEEOMH I3 % Fvs TREHT L 72§
HASHOMAICAEIMREZR/ TS, BREEHWEZERTIE, 77127 —
25 DIFE M 2N RICHEM DI 21T o T 5. ZOME, A7 vV HHIO
—He, WS 2 o ~ R 2 B5 S5 2 LA TE .
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FEEERYRLFEETILEAWVEZRN I A
AL EENT

ZDETEALSEOERICH G ZFEHEICOWTHR S, Kirby DfE VIR L¥E <
TATIE, PRI N XIRA A EZ SREAE L THW TV, SR FiE
TRHXIREESGEE LTCETAZRER L2, £/, SEIEEKEE LT, ) XL3
WMCTHDLLENT7LDOEFETH L VN7 LA L 7.

Dll

51 FITHROEER

AT Cld, Kirby D& VR LFAEE 7 M- <, ERHBNCHRR X 7z
YHREHESGEEZRHAL, ERoMEZ2fk->Twa, LaL, BROBEKIISIEL
ﬁw#%*@%fﬁb,5“65%%ﬁitﬁgfm5 ¥ 7, it Tl e

AL WS, T 2R, HF (FEE) LEAEF (R—XF) Bz n

%ﬂﬂu@ﬂ’ﬁ“”%fﬁéﬂ BB PRI DN G, 3EEE o v R AFNIT A
THERIC, 1 HOXBICEENTWEERNE 1 DICE DTy VYR tLEiTo
THEY, 1HICEENIERDOIEF L BEFORKEZEREL T iad o7, T HIC
E%@Eﬁ#ﬁ%@gﬁ’t&fwtwﬁ,E%@%ﬁ%ﬁ%’ﬁbﬁofv
VEMELTwB, T I, TEREEPHEEEDY, chb20%F LD T
DDV VERNMCT B LIINEECTH Y, FEICAETH -7, T, SENTHE
REOfRMTEIE LT, FTLREERHAT S, F 7 LAREE, €7 /FEL D D HT,
8= 16— Aol ) XLEEEZFF> Tk Y, HXROEHMOFRER %
AAZDICHEHL T3, HEHEOIERIE, fur 44—, a—F, VXLt wvbh
ThY, SHEFHEZED ) XLICHEH LT Z1TY. o T, $ﬁnfi A
DEWAZI YD T, L LT PN I LELRAT 2. 0V ELEHEFT L2
L, YVERM»LDEETY Z LG #6X&ﬁ%@ﬁ Zilh D,

5.2 ZHFED A A
AW TCHW RV IR LEHET AL, SV RAFZNRE LTV, 2T,
MBORLFPEETAZRHT 272010 LE > VALY~ BT 2080 H
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2. TEAE L RAGICEET B, BRI L CE A AL ERS Y. T,
WAEZ LD X HICKY)BH, EOHIPAE 1 X FE LTI 2 TH 5. FI3/NE
DHEACXYI o TEHY, 4/0F, 8/ ol 4 DEKDO/NHEKTL DD
L=t hBIEDBL\. ZD0, AFETIH4/NHTILE L TR, F
7o, BRI\ LE OISR DH Y, 400 47IE 1 /NHioFIC 4 3ERFH 4
DEINTVBEEVSEERTH S, £ 2T, ZOHDEEE AR THEDY A
N, 1H%Z 1CFICERELZ, 1A, 40522 LTkY, 8o
b 22, 4NBERELA4ODTIHE RS, Sl EFOEFLEEL, 1
IR L 72, F 77, KR CIIEEEEE LC N 7 L5826 L 72, F 7 45813,
NANY FRANZARNT L, AATRHREDFY 7Ly P THWSL NS 2% FLik
RSB X CHGEE LT3, F 7 AR50l %K 4.1 1IR3, 1 30FICEH#RL
2% X 4.2 1CRT. 4.2 DY v R, FEER TR I, key 252 VR,
value &9 TH 5.
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Drumset [ 1A - = ?!I gt ;;JI“"!I g T 7!
7K = lp R |p = = |
/ ﬁ o
! o )J\ & \ ¥ o
Drs. [ Ll |
| 5 5 % EE =

e
JIr

« NP M0 T Qnap A0 oy
Drs I ] | |

- AN R LR AN TR A
Dﬁmmﬁ 2 mjmm mmmm =

Drslu . [

AR iEh
lu."P"fr.H.'f‘“ v P T .H.'?

X 5.1 }F 7 L§EDH]
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'BD'], ['HH'], [1, [1l,
'S'], [1, ['HH'], ['HH']],
> [1, ['s'], [11,

"HH'D, ['HH'D, [1, [11,
'L [1, [1, [1L,

> [1, [1, [11,

@

[[
[[
[[
[[
[[
[[
[['cc’, "BD'], [1, ['HA"], ['S"]],
[['HH'], [1, ['HH", "BD'], []1,
[['s*, 'HH'], [], ['HH'], []],
[["HH", "BD'], [], ["HH'], ['S']]
[['S*, 'HH'], ['BD'], ['HH'], [II,
[['s*, 'cc'l, [1, [1, [1l,
[['HH"], ['BD'], ['HH*, "BD'], [1l,
(['s"], ['s'], ['s"], ['s']l,
- rrrect, 'Bp*l, ['HA'], ['HH'], ['S*]],
"t [['HH"], ["HH'], ['HH", "BD'], ["HH']],
[[
[[
[[
1,
[[
[[
[[
[[
[[
[[
[[
[[
[[
[[
(L

k]

"S'], ['HH'], ['HH"], ['HH']],
'HH', "BD'], ['HH'], ['HH"'], ['S'1],
'HH'], ['HH', 'BD'], ['HH", 'BD'],

'S'], ['HH'], ['s'], ['S']l,

'Hﬁi]; (1, ['7'1, [11,

wn

L, U'T']L [
‘1, "HH', 'BD'], []],
"HH'], []1,

‘1.

[

[]
‘1, [

E > ['HH'], [11,

‘1, » ['T'L, T'T'11,
', 'HR'], [1, ['S", "HH'], [11,
‘]J [‘HH‘J ‘BD‘]J [‘HH‘]J [‘HH‘]]J

“We—rm N X Z < C T J37OTO3I3IHAWUKHEIMM-HhMDan oo
“ m m om e m m om om a = ® m ®m = m @@ ®@ @ ®@ = @ ®=w W

'S

'S

'S

'S

'S

'S

"HH", "BD'], [], ["HH'], []1],
‘~'r [['HA'], [1, [1, [11s
zft [T, DT, [TTLL [T
‘\xg@': [['cC’, 'BD'], [], ['HH'], []],
‘\xg1': [['HH", 'BD'], [1, ['T'], [1],
‘\x82': [['s", "'BD'], [], [1, [1],
‘\x83': [['s", 'BD'], [], ['S'], [1],
‘\x84': [['s", 'BD'], ['S'], ['S"'], ['S']],
g5 [T ve0'], [T [T, [T
'\x86": [[‘T‘: BD‘], []J [‘T‘]_, []]}

52|

X 5.2 %3HD T v R

53 HADIL—IL

WP SWAOB T -V 2 v PICHEZ V=V ZEKT 5. NEICTHEIZLT
v, 1/NEiE1O0HEE LTRSS, 49D 4 A1TEHlE T2 &, 1/0EiIC 4
HMHEDT, 4aXFETI/NELmy, NS ICPHIDO L —MIBINT 5. L
T, 4/NfHioF L E VR 1O E L TXV—LDBMELTH. v—LEREDH
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U TICRT. (4.3

x4 4 o 4 5454 o0 o o x4 X X o]
e r ‘ ‘
& 5.3 4/NiDF T L5k
l

So — My M; M, M

M, — abab

M, — abab

M, — abab

M; — abab
a:['HH', 'BD'], [], ['HH'], []
b: 'S, HH, [1, [HH, []

By
N
M
—
I
—
N

54#)RLFHE

B IRLFEEET VR EREICETT 5. SE O CHWAFETIE, 1/0F
4 XFD4NE IR EXE L TH->THEY, 16 XFOXFH %L LTHfo T
5. %2®D7%, chunk FD¥E%ZIT 5 FRIC 1/J\'Eﬁ, DF Y 4 XFHICHE AT
v, RO /N L co¥E 2T 5. BV BRLEEET AV LFKIC chunk,
merge, replace ® 3 HEHDOFEE T LT XL\%FHD“CFC#%X(f%ﬁ

5.4.1 chunk
20D HRHIEL, —EE D 2R L WHGESRIE U CAEBFRANCEML, JTTD

X Rt T ICIE &R Z 5.

Sy — abababababababab
S, — abababababababac
| chunk
S, — M, My My, M;b
S, — M, My My Mjc
M, — abab

25



M, — aba

5.4.2 merge
R T O D b, [ U2 BT 2 B2 HA L, fid LRz E
AR ARICE T S 5

So — My M, My cdef
M, — abab
M, — abab
| merge
So — My, My My cdef
M, — abab

5.4.3 replace
HEERIATCA R 2 SCFH03, o BRI CAER I N2 XLFHNICE T v
556, —BL G680 2 Eikinad T IC BT 5.

Sy — abababababababac
M, — aba
! Replace
So — Myb Myb Myb Myc
M, — aba

WA OV RAFNCER L, WO — A EER L, VIR LFEE A EA L
EEMAREE 21T L CGEHM0ER ZH A 5. EFoRnzX 5.4 1R
7.
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5.4 A Fik DO BEREIX
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R6E KA

ZOETEHEBROME L FHHICOWTIERSE, 4 ETih~7, HHRLFE=E
TN TOREDNT OFER %, 2 FE TR SCGEDTEEZH W TOiT 5.
ok v v RAFIE LTE b, #YIRLEEETEZ O CERBA %S
L, XIKEHBESGEDOEEZ 1T 5 77,

<

6.1 EERZAE(E

AWFFECTIE, VR LPFEETAZTRIC T 77 L E2ER LTz, 7077 LD
ERIC X Python (3.6) Z M7z, HELDMENTICIZ N 7 A5EEZ Wz, F 7 458
Exml IERDO 7 7 A0 ERoTEY, xml 77A VDRI LA Y 7T H{TW,
VKRNI NDEW T o T2, B O > vV ARNINICEME T B e 7T LofE
DT> 72, 23TV = 79 4 b httpsi/musescore.com/[9]2»H X7 v m— F%
v, 9XhEME L2, Co%E%s 4 /MIZ L ICXYIY, Yo —iciE
213 SCHTEIE LV — L O#EIT 1065 HTH 5.

6.2 RER

ERR L 724 VIR L FEHET AT, ZhorziTo7. %3, lror v
AN EPEHONL — NV ZERT 5. KiC, Plilov—LZBlo—2 2 v Fich z,
XA ERL, F—Y 2V MCRIFEST, F—Y =¥ MEIRITI - 7230
WNaEEZ, EATXTFH 55 chunk,merge,replace DIEEEZITWFET S, &
DEEZEHEYVIRELITY.

6.3 EERER

WEHEL SO N — L AER L, FOL— N EZHWTHEVIRLFEETFT LT
B BT 72, FEHOMER, 1he 1065 H > 72— 5, 200 fHDO L — i
WLz 10HREFE2E L ZOL— A KO EE 5.1 ITRT.

28


https://musescore.com/

AR | AR
1065
201
210
197
203
209
209
201
205
203
200

* 6.1 1R L oHAIBOE

Sl ||o o |w (|~ |o

IS E CHUS L 7 ZE LRI 0 —# % DL TR

'h', M25']
'M17', 's']
d

'M14', {~]

M87 —
M88 —
M89 —
M90 —
M91 — ['gI']
M92 — [M12', 'e']

M93 — [a 1]

S9173 — [['M331, ['M421], [M421, [M12','+1]
89525 — [[M421], [M421], [M421], [M14', 'AA]
S9702 — [['M46'], [M471, [M46'], [M47'1]

89751 — [[M331], [M421], [M27'1], [M14', '¥x9b ]
S9784 — [['M53'], [M53'], [M53'], [M53']]

S9799 — [[M441, [M431], [M441, [M28', 'E]

.

[

'

=

[
[
[
[
[
[

6.4 £REIDEF

FERCHUS L 72 2EBGHANCR L C, BB Z2{To 72, #0RL¥EE T v UG
TARRANISURBAE SR 2o TH Y, ZOXRARSGEICH LT, 7943y
NMEEEA~DOEERIT 5. BIpE T o /RO 52 AN IcRT.
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', 'A201"
'a', 'A319'
'a', '"A202'
A3 — [q','A320'
A4 — |'q,'A321"

A0 — [a
['a
['a
['q
['q
A5 — [0, 'A322'
[
[
[
[

Al —
A2 —

e B Vi S e B i S S

A6 — ['g,'A323
A7 — ['¥x84','A324]
A8 — ['d','A325']
A9 — [a','A326']
A10 — ['d, 'A327]
All — [a','A328]
A12 — [¥x84', 'A205']
A13 — ['¥x84' 'A201']
Al4 — ['¥x84','A329]
A15 — ['q', 'A3301]
A16 — ['d, 'A331]
A17 — ['u','A332']
A18 — [x','A2151]
A19 — [¥x95', 'A333']
A20 — ['c', 'A334]

RICT T ANy NMEERIC T o 2RI 2 KT 5 2 & TRO X5 A2 15

5 EBTE T,

A80 —
A81 —

[§, =, ¥, 1, A379]
['a', "¥x9f, '¥x84', 'b', 'A380']
A82 — ['d', '¥x9f, '¥x84','b', 'A381']
A83 — ['d', '¥x84", b, 'a', 'A382']
A84 — ['x','v', 'A383]
A85 — ['¢,'b', '¥x84'", 'b', 'A384]
A86 — [c','A385']

A87 — [0, '}, 'p', b, 'A386']
A88 — [¥x92','b', 'c', b, 'A387]
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'e', b, "¥x84', 'b', 'A388]

'a’, b, 'c', 'b', 'A389']

¥x82', g, 'g', 'g", 'A390]

A92 — ['¥x95', '¥x94', '¥x95', '¥x94', 'A391']
A93 — ['g','g", g, 'g", 'A392']

A89 — [«c,
['a
[
[
[

A94 — ['¥x83','¥x84','b', '¥x83', 'A393']
['a
[
[
[
['a

A90 —
A91 —

A95 — [a', '¥x9f, 'A394']

A96 — ['¥x83','¥x84','b', '¥x83', 'A395']
A97 — ['d', '¥x84", b, 'a', 'A396']

A98 — ['¥x82','g' 'g' 'g", 'A397']

A99 — [a','b, 'a', b, 'A398']

A100 — [¥x82'g','g 'g', 'A399']

N7 Ltz RLFAEET VTR I, IS LM 22T X ¢ 7265 R,
IERSGE DB IC T o 7z,
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BTE DY IS

AR TIE, #VIRLFEET VR RICEGEZ T 2 €7 V2 FRL, V2

LEE R AN CHEE DR % (T 5 7. TDETNMIER LAz E AT, v v R
WW®AL$\#%X&®#%%H9%TWT%5 EEROAER, 2 HAHICIX
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* MusicILM.py

# -*- coding: utf-8 -*-

Created on Tue Oct 8 18:33:27 2019

@author: mittyonb

nmm

1mport os

1mport copy

import random

from split_score import get_score

chunk
1: abcedefg
2: abcedfg
-> XdeY
XedY

nmm

#class
# Hl——> v b
class agentA():
def _init_ (self,r):
self.rule=r

def generate_symbol(self):
symbol = []
key = [k for k in list(self.rule.keys() if k[0] == "S"]
if key != [I:
sk = random.choices(key)[0]
symbol = copy.deepcopy(self.rule[sk])
for i in range(len(symbol)):
if type(symboll[i]) != type([]):
if symbol[i][0] == "M":
if type(self.rule[symbollil]) == type([]) :
symboll[i]
copy.deepcopy(random.choice(self.rule[symboll[il]))
else:
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symbol[i]
copy.deepcopy(self.rule[symbol[il])
elif type(symbollil) == type([]):
C e nn
for s in symboll[il:
¢ += self.check_rule(s)
symbolli] =c
.join(symbol)

return

def check_rule(self,symbol):
if symbol[0] == "M"
x = self.rule[symboll
if type(x) == type("):
return x
elif type(x) == type([]):
c=]
for s in x:
if s[0] =="M":
c.append(self.rule[s][0])
else:
c.append(s)
join(c)

"nn

return
else:
return symbol

# f—Y Vb
class agentB():
def _init__ (self):
self.memory = []
self.rule = {}
self.si=0
selfmi=0
#Learn algorythm
def learn(self):
if self.s1 == 0:
for s in self. memory:
if s not in list(self.rule.values():
self.rule["S" + str(self.si)] = s
self.s1+=1
if len(self.rule) > 1:
self.count = 0
self.chunk()
self. merge()
if self. m1 > 0:
self.replace()
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def chunk(self):
s_keys = [k for k in list(self.rule.keys() if k[0] == "S"]
if len(s_keys) > 1:
key = random.sample(s_keys,2)
else:
return
k1 = key[0]
k2 = keyl1]
resultl =[]
result2 =[]
same_list = []
strl = self.rule[k1]
str2 = self.rule[k2]
if not (type(str1l) == type([]) and type(str2) == type([])):
if type(strl) == type("):
strl = list(split_list(str1,4))
if type(str2) == type("):
str2 = list(split_list(str2,4))
for i in range(len(str1)):
if type(str1[il) == type(") and type(str2[il) == type("™):
same_list.append(self.same_str(str1[il,str2[il))
else:
same_list.append([])
resultl,result2 = self.chunk_str(strl,str2,same_list)
z=0
for i in range(len(same_list)):
if same_listli] == [I:
z+=1
ifz< 8
self.rule.pop(k1)
self.rule.pop(k2)
self.rule["S"+str(self.si)] = resultl
self.s1+=1
self.rule["S"+str(self.si)] = result2
self.si+=1
elif type(str1) == type([]) and type(str2) == type([]):
for i in range(len(str1)):
if type(str1[il) == type("™) and type(str2[il) == type("™):
same_list.append(self.same_str(str1[il,str2[il))
elif (len(strl[il) == 1 and len(str2[il) == 1) and
(str1[il[0][0] != "M" and str2[il[0][0] != "M"):
same_list.append(self.same_str(str1[i][0],str2[i][0]))
else:
same_list.append([])
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resultl,result2 = self.chunk_str(strl,str2,same_list)
z=0
for i in range(len(same_list)):
if same_list[i] == [I:
z+=1
ifz<8:
self.rule.pop(k1)
self.rule.pop(k2)
self.rule["S"+str(self.si)] = resultl
self.si+=1
self.rule["S"+str(self.si)] = result2
self.si+=1

def chunk_str(self,strl,str2,same_list):
resultl =[]
result2 =[]
for i in range(len(same_list)):
if type(str1[i]) == type("™) and type(str2[il) == type("):
r1 = list(copy.deepcopy(str1[i]))
r2 = list(copy.deepcopy(str2[il))
else:
rl = copy.deepcopy(str1li])
r2 = copy.deepcopy(str2[i])
if same_list[i] == [0,1]
self.rule[" ™" + str(self.mi)]
list(set([str1[i][0]+str1[il[1],str2[i][0]+str2[i][1]]))
r1[0] ="-M" + str(self.mi) + "-"
del r1[1]
r2[0] ="-M" + str(self.mi) + "-"
del r2[1]
selfmi+=1
rl = [x for x in ("".join(r1)).split("-") if x !=""]
r2 = [x for x in ("".join(r2)).split("-") if x !=""]
elif same_listli] == [1,2]:
self.rule["M" + str(self.mi)]
list(set([str1lil[1]+str1lil[2],str2[il[1]+str2[il[2]]))
r1[1] ="-M" + str(self.mi) + "-"
del r1[2]
r2[1] = "-M" + str(self.mi) + "-"
del r2[2]
selfmi +=1
rl = [x for x in ("".join(r1)).split("-") if x !=""]
r2 = [x for x in ("".join(r2)).split("-") if x !=""]
elif same_list[i] == [2,3]:
self.rule["M" + str(self.mi)]
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list(set([str1[i]l[2]+str1[i][3],str2[il[2]+str2[i][3]]))
r1[2] ="-M" + str(self.mi) + "-"
del r1[3]
r2[2] = "-M" + str(self.mi) + "-"
del r2[3]
selff mi +=1

rl = [x for x in ("".join(r1)).split("-") if x !=""]
r2 = [x for x in (" join(r2)).split("-") if x != "]

elif same list[i] == [0,1,2]:
self.rule["M" +

list(set([str1[il[0]+str1[il[1]+str1[i][2],str2[i][0]+str2[i]l[1]+str2[i][2]])

r1[0] = "-M" + str(self.mi) + "-"
del r1[1]

del r1[1]

r2[0] = "-M" + str(self.mi) + "-"
del r2[1]

del r2[1]

self mi+=1

str(self.mi)]

rl = [x for x in ("".join(r1)).split("-") if x != "]
r2 = [x for x in (" .join(r2)).split("-") if x !=""]

elif same_listli] == [1,2,3]:
self.rule["M" +

list(set([str1lil[1]+str1[il[2]+str1[i][3],str2[i][1]+str2[i][2]+str2[i][3]]))

r1[1] ="-M" + str(self.mi) + "-"
del r1[2]

del r1[2]

r2[1] = "-M" + str(self.mi) + "-"
del r2[2]

del r2[2]

self mi+=1

str(self.mi)]

rl = [x for x in (" .join(r1)).split("-") if x !=""]
r2 = [x for x in (".join(r2)).split("-") if x !=""]

elif same_listli] == [0,2,3]:

self.rule["M" +
list(set([str1[i][2]+str1[i][3],str2[i][2]+str2[i][3]]))

r1[2] = "-M" + str(self.mi) + "-"

del r1[3]

r2[2] = "-M" + str(self.mi) + "-"

del r2[3]

selff mi +=1

str(self.mi)]

r1 = [x for x in (" join(r1)).split("-") if x !=""]
r2 = [x for x in (" join(r2)).split("-") if x !=""]

elif same_listli] == [0,1,3]:
self.rule["M" +
list(set([str1[il[0]+str1[il[1],str2[il[0]+str2[il[1]]))

str(self.mi)]
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r1[0] ="-M" + str(self.mi) + "-"
del r1[1]
r2[0] = "-M" + str(self.mi) + "-"
del r2[1]
selfmi+=1
rl = [x for x in (" join(r1)).split("-") if x !=""]
r2 = [x for x in ("".join(r2)).split("-") if x !=""]
elif same_listli] == [0,1,2,3]:
self.rule["M" + str(self.mi)]
[strifi][0]+str1[il[1]+str1[i][2]+str1[i][3]]
r1[0] ="-M" + str(self.mi) + "-"
del r1[1]
del r1[1]
del r1[1]
r2[0] ="-M" + str(self.mi) + "-"
del r2[1]
del r2[1]
del r2[1]
self mi+=1
rl = [x for x in (".join(r1)).split("-") if x !=""]
r2 = [x for x in ("".join(r2)).split("-") if x !=""]
elif same_list[i] != [] and len(same_listl[i]) < 4:
rl =""join(r1)
r2 =" join(r2)
elif type(str1[i]) == type(") and type(str2[i]) == type("):
rl =""join(rl)
r2 =""join(r2)
elif type(str1[i]) == type([l) and type(str2[il) == type([]):
if str1[i] == str2[i] and len(str1[i]) > 1:
self.rule["M" + str(self.mi)] = str1l[i]
rl = ["M" + str(self.mi)]
r2 = ["M" + str(self.mi)]
selfmi+=1
resultl.append(rl)
result2.append(r2)
return resultl , result2

def chunk_list(self,11,12):

same = []
if len(11) == len(12):

for i in range(len(11)):

if 110i] == 12[il:
same.append(i)

if len(same) > 1:

if same == [0,1]:
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print(11)
print(12)
print("HHHHHHE")
self.rule["M" + str(self.mi)] = [11[0],11[1]]
11[0] = "M" + str(self.mi)
12[0] = "M" + str(self.mi)
del 11[1]
del 12[1]
self mi+=1
print(11)
print(12)

elif same == [1,2]:
self.rule["M" + str(self.mi)] = [11[1],11[2]]
11[1] = "M" + str(self.mi)
12[1] = "M" + str(self.mi)
del 11[2]
del 12[2]
self mi+=1

elif same == [2,3]:
self.rule["M" + str(self.mi)] = [11[2],11[3]]
11[2] = "M" + str(self.mi)
12[2] = "M" + str(self.mi)
del 11[3]
del 12[3]
selff mi +=1

return 11,12

def merge(self):
same_rule = [
key = [k for k in self.rule.keys() if k[0] =="S"]
rules = [d for d in self.rule.items(]
for r in rules:
x =[]
for i in range(len(rules)):
if r[1] == rules[il[1]:
x.append(ruleslil)
if len(x) > 1 and x not in same_rule:
same_rule.append(x)
for sr in same_rule:
if sr[0][0][0] == "M":
for r in sr:
va = r[1]
for k in key:
for i in range(len(self.rule[k])):
if type(self.rule[k][i]) == type(") and
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self.rulelk][i] == r[0]:
self.rulelkl[i] = "M"+str(self.mi)
elif type(self.rule[kl[i]) == type([]):
for j in range(len(self.rule[k][il)):
if self.rulelkl[il[j] == r[0]:
self.rule(k][i][j] =
"M"+str(self.mi)
mk = [k for k in self.rule.keys( if k[0] == "M"]
for k in mk:
if type(self.rule[k]) == type([]):
for i in range(len(self.rule[k])):
if r[0] == self.rulelk][il:
self.rulelk][i] = "M"+str(self.mi)
self.rule.pop(r[0])
self.rule["M"+str(self.mi)] = va
selff mi +=1
rules = [d for d in self.rule.items()]
same_rule = []
for r in rules:
x =[]
for i in range(len(rules)):
if r[1] == rules[il[1]:
x.append(rulesli])
if len(x) > 1 and x not in same_rule:
same_rule.append(x)
for sr in same_rule:
if sr[0][0][0] == "S™
for r in sr:
va = r[1]
self.rule.pop(r[0])
self.rule["S"+str(self.si)] = va
self.s1+=1

def replace(self):

mk = random.choice([k for k in list(self.rule.keys() if k[0] == "M"])
m = copy.deepcopy(self.rule[mk])
if len(m) == 1:

m = m/[0]
s_key = [k for k in list(self.rule.keys() if k[0] == "S"]
for i in range(len(s_key)):

if type(self.rulels_keylil]) != type("™):

if type(m) == type("):
for j in range(len(self.rule[s_key[il]):
if type(self.rulels_keylill[j1) == type([l):
for n in range(len(self.rulels_keylill[j])):
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if m in selfrule[s_keylilljlln] and
type(self.rule[s_key[ill[jl[n]) != type([]):
self.rulels_keylill[j1[n] =
self.rulels_keylill[jl[n].replace(m,"" + mk + "-")
self.rule[s_keylill[j] = [s for s in
" join(self.rulels_key[ill[j]).split("-") if s]
elif type(self.rule[s_keyl[ill[j]) == type("):
if m in self.rulels_keylill[j]:
self.rulels_keylill[j] =
self.rule[s_keylill[jl.replace(m,"-" + mk + "-")
self.rulels_keylill[j] =

"

self.rulels_keylill[j].split("-")
self.rulels_keylilljl = [s for s in
self.rulels_keylill[j] if s]
elif type(m) == type([]):
for j in range(len(self.rule[s_keylil])):
if type(self.rulels_keylill[j]) == type([D):
if m == self.rulels_keyl[ill[jI:
self.rulels_keylill[j]l = [mKk]
elif type(self.rulels_keyl[ill[j]) == type("):
pass

def same_str(self,A,B):
same = []
for i in range(len(A)):
if Ali] == BIil:
same.append(i)
return same

def same_list(self,A,B):
same = []
for i in range(len(A)):
if Ali] == BIil:
same.append(i)
return same

# #HHDO L —

def init_rule(score_notes,symbol):
1=0
x=0
y=0
ini_rule = {}
measure = [|
for s in score_notes:
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for m in s:
c=
note = list(split_list(m,int(len(m)/4)))
for n in note:
value = symbol.values(
if n not in value :
symbol[chr(ord("a") + y)] = n
y+=1
key = symbol.keys()
for n in note:
for k in key:
if n == symbol[k]:
c+=k
ifel="m
ini_rule["M"+str(i)] = c
measure.append("M" + str(i))
1+=1
if len(measure) == 4:#n /i T E|
ini_rule["S"+str(x)] = measure
x+=1
measure = []
return ini_rule

def split_list(l, n):
for idx in range(0, len(l), n):
yield 1[idx:idx + n]

#iterated learning model

def gene(pre_agent_rule):
agentl = agentA(pre_agent_rule)
agent2 = agentB(

n=0
n_pre_rule = {# Hi D7 E KR % LR Fr
symbol =""

for _ in range(10000):
symbol = agentl.generate_symbol()
agent2.memory.append(symbol)

while(n < 5000):# L — VIt 7K 7 b ¥ THE
n_pre_rule = agent2.rule
agent2.learn()
if n_pre_rule == agent2.rule : # /N — WAL D 7\ D fERE
n+=1
else:
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n=0
return agent2.rule

if name ==" main "

g=10 # FE T 2R

score_list = os.listdir("score/")

symbol_dict = {}

notes = [

for i in range(len(score_list)):
notes.append(get_score(score_list[i],i+1))

rule = init_rule(notes,symbol_dict)

first_rule = rule

n_rule = [len(rule)l# N — VE % 1T
print("start ILM")
for i in range(g)# n fHAR¥E
print("-------sm-emmeee gene " + str(+1) + "/" + str(g) + " ------eeeeeeeeee

rule = gene(rule) #¥H

n_rule.append(en(rule))

* split_score.py

# -*- coding: utf-8 -*-

nmm

Created on Thu Dec 12 01:37:51 2019

@author: mittyonb

from bs4 import BeautifulSoup

def inst_check(soup,symbol): #used instrument
return {m["id"] : symbollm.find("instrument-name").text] for m in
soup.find_all("score-instrument")}

def extract_music(soup,inst_list,score):
m_list = []
p_list = i{p["id"l : p.find("part-name").string for p in
soup.find_all("score-part™)}
for p in soup.find_all("part"):
duration = int(soup.find("attributes").divisions.string) * 4
if p_listlp["id"]] == "Drumset" or p_list[p["id"]] == "Bateria" or
p_list[p["id"]] == "Batteria" or p_list[p["id"]] == "Schlagzeug":
for m in p.find_all("measure"):
n_list = [[] for _ in range(duration)]
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cur_time = 0 # Current time
tmp_duration = 0
for nb in m.find_all({"note", "backup"}):

if nb.name == "backup": # HZR L

cur_time -= int(nb.duration.string)
if nb.name == "note":

if not nb.chord: # F1& T4 J L
cur_time += tmp_duration
if nb.unpitched:#& £F % B
if n_listlcur_time] == ["rest"]:
n_listlcur_time][0] =
inst_list[nb.find("instrument")["id"]]
else:

n_list[cur_time].append(inst_list[nb.find("instrument")["id"]])
if nb.rest:
if nb.type:
pass
else:
if n_list[cur_time] == [I:
n_list[cur_time].append("rest")
if nb.duration: # ZEffit5 X duration 72\ > D THIT

tmp_duration = int(nb.duration.string)
m_list.append(n_list)
return m_list

def get_score(filename,n):
xml _name = ".¥score¥¥" + filename
print(xml_name)
soup = BeautifulSoup(open(xml_name,'r").read(), "Ixml")
symbol = {Acoustic Bass Drum'"BD",Bass Drum 1""BD",'Side
Stick""S",'Acoustic Snare""S",'Electric Snare':"S",
'Low  Floor Tom'""T",'Closed Hi-Hat""HH",'High  Floor
Tom""T",'Pedal Hi-Hat"""HH",'Low Tom'":"T",
'Open Hi-Hat":""HH",'Low-Mid Tom""T",'Hi-Mid Tom""T",'Crash
Cymbal 1"CC",'High Tom""T",
'Ride Cymbal 1""RC",'Chinese Cymbal""CC",'Ride
Bell:"Bell",'Tambourine""HH",'Splash Cymbal":"CC",
'Cowbell':"Cowbell",'Crash  Cymbal 2""CC",'Ride Cymbal
2"""RC","Open Hi Conga":"OHC","Low Conga":"LC","Piano":"P",
'"Bumbo 1""Bumbo","Bass Drum":"BD","Snare
(Acoustic)":"S","Snare (Electric)":"S","Tom 5":"T","Hi-Hat Closed":"HH",
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"Tom 4""T" "Hi-Hat Pedal""HH","Tom 3""T","Hi-Hat

Open":"HH","Tom 2":"T","Tom 1":"T","Crash 1":"CC","Tom":"T",
"Ride":"RC","China":"CC","Ride (BelD)™:"Bell","open
conga""OHC","low conga":"LC"}
inst_list = inst_check(soup,symbol)
return extract_music(soup,inst_list,n)

high

+ cfg2gbn.py

# -*- coding: utf-8 -*-

Created on Thu Jan 2 12:41:29 2020

@author: mittyonb

#CFG -> CNF -> GNF
1mport copy
1mport collections

def flatten_view(nested_list):
for element in nested_list:
if isinstance(element, collections.Iterable) and
isinstance(element, str):
yield from flatten_view(element)
else:
yield element

def split_list(l, n):
for idx in range(0, len(D), n):
yield 1[idx‘idx + n]

def del_invalid_sign(rule):
symbol_list = {}
keys = list(rule keys()
for k in keys:
if len(rule[k]) ==1:
symbol_list[k] = rule[k][0]
del rule[k]
elif type(rule(k]) == type("):
symbol_list[k] = rule[k]
del rule[k]
symbol_k = list(symbol_list.keys() #--
keys = list(rule.keys()
for k in [k for k in keys if k[0]=="M"]:

not
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flag=1
for r in rule[k]:
if r[0] =="M" and r not in symbol_k:
flag=0
if flag:
symbol_list[k] = rule[k]
del rule[k]
symbol_k = list(symbol_list.keys() #--
keys = list(rule.keys()

for k in keys:
flag=1
for r in rulel[k]:
for sin r:
if s[0] =="M" and s not in symbol_k:
flag=0
if flag:

symbol_list[k] = rule[k]
s_key = [k for k in symbol_list.keys() if k[0] =="S"]
check list =[]
for k in s_key:
for r in symbol_list[k]:
for sin r:
if s[0] == "M":
check_list.append(s)
check_list = list(set(check_list))
check_key = [k for k in symbol_list.keys( if k[0] == "M"]
for ¢ in check list:
if ¢ not 1n check_key:
del symbol_list[c]
return symbol_list

def remove_Epsilon(rule):
keys = [k for k in rule.keys(]
m_key = [k for k in rule.keys( if k[0] == "M"]
del_symbol =[]
for k in keys:
if rule[k] == [I:
del_symbol.append(k)
del_symbol = list(set(del_symbol))
for _ in range(20):
for k in m_key:
if rule(k] in del_symbol:
del_symbol.append(k)
for d in del_symbol:
del ruleld]
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return rule

def cfg_to_cnf(rule):
n=0
symbol = []
keys = [k for k in rule.keys(]
m_key = [k for k in rule.keys( if k[0] == "M"]
for k in keys:
if type(rule[k]) == type("™):
if len(rulelk]) > 1:
s = list(rule[k])
for i in range(len(s)):
if s[i] not in symbol:
symbol.append(s[il)
rule["N" + str(n)] = slil
sli] ="N" + str(n)
n+=1
elif type(rulelk]) == type([]):
for i in range(len(rule(k])):
if type(rule[k][i]) == type([]):
for j in range(len(rule[k][il)):
if ord(rule[k][il[j1[0]) > 96:
s = list(rulelk]i][;])
for 1 in range(len(s)):
if s[1] not in symbol:
symbol.append(s[l])
rule["N" + str(n)] = s[l]
sll] = "N" + str(n)
n+=1
elif type(rule[k][i]) == type("™):
if ord(rule(k][i][0]) > 96:
s = list(rule([k][i])
for j in range(len(s)):
if s[jl not in symbol:
symbol.append(s[j])
rule["N" + str(n)] = slj]
sljl ="N" + str(n)
n+=1
n_key = [k for k in rule. keys() if k[0] == "N"]
for nk in n_key:
for k in keys:
if type(rulelk]) == type("):
s = list(rule[k])
for i in range(len(s)):
if s[i] == rule[nk]:
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s[i] = nk
rulelk] = s
elif type(rulelk]) == type([]):
for i in range(len(rulelk])):
if type(rule[k][i]) == type(") and ord(rule[k][i][0]) >
96:
s = list(rule[k][i])
for j in range(len(s)):
if s[j] == rule[nk]:
sljl = nk
if len(s) == 1:
rule[k][i] = s[0]
else:
s = list(flatten_view(s))
rule[kl[i]l = s
rulelk] = list(flatten_view(rule[k]))
elif type(rulelk][i]) == type([]):
r = copy.deepcopy(rule[k][i])
for j in range(len(r)):
flag=10
if ord(r[j][0]) > 96:
s = list(r[])
if len(s) == 1:
if s[0] == rule[nk]:
s =nk
else:
for 1 in range(len(s)):
if s[l] == rule[nk]:

sll] =nk
flag=1
if flag:
rljl=s
r = list(flatten_view(r))
else:
rljl=s

r = list(flatten_view(r))
rulelkl[i] = r

for k in rule.keys(:

if type(rule[k]) != type("):

rulelk] = list(flatten_view(rule[kl]))

variable = []
append = []
m=0
for _ in range(1000):

keys = [k for k in rule.keys(]
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for k in keys:
if len(rule(k]) > 2:
while("M"+str(m) in m_key):
m+=1
if rule(k][1:] not in variable:
rule["M"+str(m)] = rulelk][1:]
rulelk] = [rule[k][0],"M"+str(m)]
variable.append(rule[k][1:])
append.append("M"+str(m))
m+=1
for a in append:
for k in m_key:
if len(rulelk]) > 2:
if rulelk][1:] == rulelal:
rulel[k] = [rule[k][0],al
return rule

def enf_to_gnf(rule):

keys = [k for k in rule.keys(]

new_rule = {}

rule_taple =[]

a=0

keys = [k for k in keys]

for k in keys:
new_rule["A" + str(a)] = rule[k]
rule_taple.append((k,"A"+str(a)))
at+=1

for k in [k for k in new_rule.keysOl:
if type(new_rule[k]) == type([]):
r = copy.deepcopy(new_rule(k])
for i in range(len(r)):
for t in rule_taple:
if r[i] == t[0O]:
rlil = t[1]
new_rulelk] =r
keys = [k for k in new_rule.keys(]
1 =len(keys)
for _ in range(100):
for i in range(]):
if len(new_rule["A"+str()]) > 1:
if new_rule["A"+str(1)][0][0] !="A":
pass
elif int(("A"+str(i)).split("A"[1])
int(new_rule["A"+str(i)][0].split("A")[1]):
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s = copy.deepcopy(mew_rule["A"+str(i)])
s[0]
copy.deepcopy(new_rule[new_rule["A"+str(i)][0]])
z =]
for x in s:
if type(x) == type([]):
for y in x:
z.append(y)
elif type(x) == type("):
z.append(x)
new_rule["A"+str()] = z
keys = [k for k in new_rule.keys(]
1 = len(keys)
value = new_rule.values()
for _ in range(100):
for i in range(1-1,-1,-1):
if len(new_rule["A"+str()]) > 1:
if new_rule["A"+str(1)][0] not in value:
s = copy.deepcopy(new_rule["A"+str()])
s[0]
copy.deepcopy(new_rule[new_rule["A"+str(1)][0]])
z =]
for x in s:
if type(x) == type([]):
for y in x:
z.append(y)
elif type(x) == type("):
z.append(x)
new_rule["A"+str(i)] = z
return new_rule

def organizing_gnf(rule):#7 7 £ »X v ~FEHETE O Ji& B
keys = [k for k in rule.keys(]
for k in keys:
flag=1
if len(rule[k]) == 3:
i=1
for _ in range(1000):
flag2 =0
if len(rulelk][i]) == 1:
1+=1
else:
s = copy.deepcopy(rule[k])
slil = copy.deepcopy(rulelrulel[k][il])
if len(rule[rulelk][i]]) == 1:
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flag2 =1
z=]
for x in s:
if type(x) == type([]):
for y in x:
z.append(y)
elif type(x) == type("):
z.append(x)
rulelk] =z
if flag2:
break
else:
+=1
if len(rule(k][-2]) == 1:
flag=0
while(flag):
rulelk] =z
s = copy.deepcopy(rule[k])
s[-2] = copy.deepcopy(rule[rule[k][-2]])
z=]
for x in s:
if type(x) == type([]):
for y in x:
z.append(y)
elif type(x) == type("):
z.append(x)
rulelk] =z
if rule[k][-2][0] !="A":
flag=0
if len(rule[k]) == 4 and rulelk][-2][0] == "A™
i=1
for _ in range(1000):
flag2 =0
s = copy.deepcopy(rule[k])
sli] = copy.deepcopy(rule[rule[k][i]])
if len(rule[rulel[k][i]]) == 1:

flag2 =1
z =]
for x 1n s!
if type(x) == type([]):
for y in x:

z.append(y)
elif type(x) == type(""):
z.append(x)
rulelk] =z
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if flag2:
break
else:
1+=1
while(flag):
rulelk] =z
s = copy.deepcopy(rule[k])
s[-2] = copy.deepcopy(rule[rule[k][-2]])
z=]
for x 1n s!
if type(x) == type([l):
for y in x:
z.append(y)
elif type(x) == type("):
z.append(x)
rulelk] =z
if rule[k][-2][0] != "A":
flag=0
return rule

def start(rule):
A = del_invalid_sign(rule)
A = remove_Epsilon(A)
A = cfg_to_cnf(A)
B = cnf_to_gnf(copy.deepcopy(A))
C = organizing_gnf(copy.deepcopy(B))
return A,B,C
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