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| | from music21 import *
2
3| def save__stream (save__stream, path, name):

4 save_stream.write('midi’, fp=path+name+’.mid’)

Ut

save_stream.write('xml’, fp=path+name+’.xml’)
/| def save__music(music, path, name):
8 mini_stream = stream.Stream (music)

9 save__stream (mini__stream, path, name)

11| def generate_stream(note_ list, interval_ list, tune):

12 gen__stream = stream.Stream()
13 ts = meter. TimeSignature (tune)
14 gen__stream.insert (0, ts)

15 n = len(note_ list)

16 for i in range(n):



17 f = note.Note(note list[i])

18 f.duration = duration.Duration(interval list[i])
19 gen__stream.append (f)

20

21 return gen_ stream

22

231if _ mname ==~  main ’:

24 note_list = ['E4’,’G4’,’G4’,’G4’]

25 interval_ list = [‘eighth’, ‘eighth’, 'quarter’, ‘eighth’]

26 tune = 2/4°

27 gen__stream=generate__stream(note_ list, interval_list, tune)
28 gen__stream.show ('midi’)

29 save__stream (gen_ stream, 'test/’, ‘sample’)
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SMEUHAE python FHREN:

1 | note_list = ['E4#’,’G4—’", G4##’,’G4’]

()

interval__list = [‘eighth’, ‘eighth’, 'quarter’, ‘eighth’]
tune = 2/4’°
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MarkovBuilder, MarkovMatrix, MusicGenerator,

3.1 MarkovBuilder

MarkovBuilder J2#zIRJZ 1) Markov #8587, AT python [ numpy [ 4 S BUX i 4E
Markov SERIFEREFIERAE, T IHIC S — RS HN G 5 A BRI AN 0T RS A SRR Y 4 i

fRS (1 T AR 2 7 1)

|
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class MarkovBuilder:
def  init  (self, value list, order):

# BRI R Foid me gt R

self.value_ lookup = {}

self.reverse_value_lookup = value_ list

self.order = order

value__num = len(value list)

for i in range(0,value_ num):
self.value_ lookup [value_ list[i]l] = i

# e s SRR

self. matrix = np.zeros([value_ num for i in range(order+1)],

dtype = int)

SIS add, next value, random  choose:

class MarkovBuilder:
# 6] Markovit ¥ #y N IE I £.37 Markovk: #5 48 %

def add(self, from_ value, to_ value)

10

v Xnem = Tp_pm) for n >m
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# ARIE from__valueE i, TF —ANIKE

def next value(self, from_ value)
# I choice__counts™ 3588 Fo K /)~ s JE b 89 R R i 3F — A index

def random_ choose(self, choice counts)

Ea v
R

1EH~TEEI’JE, PRI EIRA S 2, I 2 PR PR S B — SRS
=, N TRXFXAMFO, FNIHE MarkovBuilder i | — AN Z HHEYGE I Fra IRES H B
EI’WJ%% previous_state, UIRIAFBARE T ABKE IGO0, IRA SHRGEZ B BLAY B fy

1t PR B Lt — k%, F T2 random _choose #3473 HALAYS -

def randomly_choose(self, choice_counts) :
counted__sum = 0
count__sum = sum(choice_counts)
length = len(choice__counts)
if count sum ==
# o RIS FE AR A0, A ANZAT & I L9 IR 53508 b IR AL — A
RS
index = self.randomly_choose(self.previous_ state)
return index
selected__count = random.randrange(1l, count_sum + 1)
for index in range(0, length):
counted__sum += choice_ counts[index]
if (counted__sum >= selected__count) :

return index

3.2

By

MarkovMatrix

MarkovMatrix j&7£ MarkovBuilder ¥ 52k E2E, B HINCRZ B ARPRS, #1465
TRRAS S0, DA B e AR R A R L I

FATE T previous state U2 BT AR m MRS (m 2 Markov 45 EL) , ER

S G ERNEE B B previous_state,
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| | class MarkovMatrix:
2 def add(self, to note, to interval):

3 to state = (to_ note, to interval)

Ut

self.state_ markov__matrix.add (self. previous_ state, to_ state)

6 self.previous__state = self.previous_ state[1:] + [to_ state]

A2 BT R R TR G D% 7R RS e AR s, TR, AR i i IR e R e

AT ZH— iR Al H H T 2T R, 2Oy a2l
i (ARSI AP AR IE H B 2 Al BLAYURA0)
ST B AT m e AR B, T ARG 21 M R K 3

SRR

1| class MarkovMusic:

# E IR B REASIEE, & 2R R L) HE enum
def get_ matrix(self):

DO

w

4 prob__matrix = self.state_ markov__matrix. matrix.astype/(

float)

ot

state_ num = len(self.state list)

.previous__state, dtype=float)

7 self.previous__state_ cnt
.previous__state_ cnt)

8 self.enum (state_ num, 0, prob__matrix)
9 return prob_ matrix

10 # %3 FH enumik [ méE R LE

11 def enum (self, state_ num, depth, matrix):

12 if depth == self.order:

13 # 4o R 5% A5 A A0

14 if np.sum(matrix) ==

15 for i in range(state_ num):

12

6 self.previous__state_cnt = np.array(self.state_ markov__matrix

self.previous__state_cnt/np.sum(self




16 matrix [i] = self.previous_state_cnt [i]
17 else:

18 s = np.sum(matrix)

19 for i in range(state_ num):

20 matrix [i] = matrix[i]/s

21 return

22 else:

23 for i in range(state_ num):

24 self.enum (state_ num, depth + 1, matrix[i])

3.3 MusicGenerator

MusicGenerator &z Gl & RAEBNES, FEAAZBIIZGH MarkovMatrix /£ NS48,
MusicGenerator HA&—AN5LH) 57 next  state F HI%H S5

1| class Music(Generator:

[\

def next_state(self)

3.4 mhi

HERATEE B G E R B E = r A HEF S AIES, PAS Markov S BB M A ik
MusicMatrix BS54 :

1| note_list = ['G4’,’B—4’,’A4’,’B—4’, 'G4’,’D4’,’A4’,’F#4°, 'D4’,’G4’,’E—4’,’C4’

,’A3’, 'D4’,’B—3’, 'G3’, 'C4’, 'A3’, 'D4’, 'B—3’,’A3’,’G3’]

2 | interval__list = [‘quarter’, eighth’, ‘eighth’, ‘quarter’, ‘eighth’, eighth’, ‘quarter’,’
eighth’, ‘eighth’, ’halt’, ’quarter’, eighth’, ’eighth’, ‘quarter’, ’eighth’, ‘eighth’,’
eighth’, ‘eighth’, ‘quarter’, ‘quarter’, ‘eighth’, ’eighth’]

tune = 4/4’°

(V)]

|| order = 1

markov__instance = MusicMatrix (order)

Ot

13



W AEPE, )% Markov % :

|| for i in range(length):

2 #Ex R wymarkov _instance P E—/A>notefeinterval, iX 2 A3 K| % markov

chain

(OV)]

markov__instance.add(note_ list[i], interval list[i])

IR 1) Markov &84 i MusicGenerator [1SZf :

1 | generator = MusicGenerator (markov__instance, note_ list[:order],

interval list[:order])

AW generator.next_ state BIR] A4 BiFEALE S, (RIETE state list H:

1| for loop in range(len):

2 state__list.append (generator.next_ state())

4 VHIYRE

H T PR Markov %42 G A F AR R, DAETZEZ R BEALAR MO AR P ik Hh AR B Y 45
R, BT T AERCE R R AL

A H B R A — B L. WM AE S RN G = {91,92,---, 9u}, JRIR
TIRA O = {o1,09,...,0n} (B n > m) . HP g,0, € S = Scale x Interval, Scale =
{A3,bA3,w A3, 8A3,xAs, Bs, ..., xGs3, ..., =G5}, Interval = {whole, hal f, quarter, eighth, 16th, 32th,
64th}, HNErA Al BEtH LAY & AT (BRI ZRUIRRA T, R~ e AL 2] —
ANERERC: ATSRE S D N, f(s,1) = ps(s) x |Interval| + pr(i), b ps(s) w5 (A
Scale FALWFGAER AP BIALE, pr(i) 2R @ FERA Interval FeAL P51 e e b i Y
I

FATRFAERNE IR G HEaE R O Gl f WS a2 IR 85 P = f(G) = pip2 - - - P,
Q= f(0)=aq .. Gn. BHTHEHLERIGTERIA G ARBEAE EA M, FroAF TR B R Ag 2
A CE AR5 IR R /’T—EI’J JT AR BE R A i A O ARG S5 - FRATTRE— B SRR W — I R R E
PR FENLA R, SIAGE =R G i AR BA R AR LR SROCC #6545 (Spearman rank

14



order correlation coefficient, /K& A RZE) © M T MMER K/ MIZEN ST AR XY,
H SROCC
o61) = 5 T e L
p(X,Y) B UL A2 B FRRAR SO, 24 p(X,Y) = 1 IF, X 5 Y sg4 it x.
HTP8 P Q WKEHAME, KATFEBAE P B T8 Plsi:si +m—1],
XEEHEZE S Q 1) SROCC ZHWER P, Q MAHKMEFEIS relevance,(P,Q), HH k A TR

SR

relevancey (P, max [si 8 +m — 1],
(PQ) = max Zp Z h@)

1<s;<n—m+1 1=1
SERG AP, B XA AR T Y AR )RR T B R R A A, SR AR
Z AR AR SR faxT, B0 IS EE R a . TRIRNTIOT 7 A S AR AR s AL

pun(P) = Z[(Piapm) = (pj, pj+1)] + [(Pis Pir2) = (Pj, Dj+2)]

F[Plij—1)=Plj:2j—i—1] x (j—i)

] score(G) = relevance(P, Q) =+ pun(P) YE AR G I LT BRI AL
XTI E R O, O IREEMBENLE IR G IIENL, X relevancer (P, Q) ML PAT
B

relevancer (P, Q1, max max [si:s; +m —1],Q1),
k( Ql Q2 i Z {P i 9d ] Q )
1<s;<n—m+1 =1

p(P[s;:si+m—1],Q2)}

] score(G) = relevance (P, Q1, Q2) =+ pun(P) YE AR G W &P BRI AL

5 BAER

PR BA TR B i HAR A R, A S RSB SR A E 8 e, DA Tx iy
ORI HEAT WAL, DB AP Rl A L R A R A 5 2K
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1| A BRI Z AT & R a9l

sim = np.zeros([8,8])

()

(O8]

for i in range(8):

4 for j in range(8):

5 #HpdT A TA A TRAMIFR

6 if i == j:

7 sim[i] [j] = O

8 else:

9 sim[i] [j1 = float(len(set(state_ list[i])&set (state_list[j]1))/

min(len(set(state_list[i])),len(set(state_ list[jl))))
10 | print (sim)

11] sort__list = sim.flatten() .argsort ()

12| mix = [(sort_list[i]l//8, sort_ list[i]/8) for i in range(64-12, 64)]

6 B

6.1 IR IR IS 5

FATR T 46— E IR T ARSI T T Markov 5 IRAE SRR B et AT AR I 8 — By
Markov fiff:, SRIGIFAREMBENLE SR, BEARENLE SR 100 ASFRF4LR, JLAR 1024 S REHL
FORe MV AR 1024 HAERE R PR BUM ORI 3 HEIR, SR AR LS
W5 RS2 B U FA 5 A o
PATN 2 AT LIRS R . 151 2 S HUIRS S FeR A RE . A as R SIS IR, A
AR KA B 735 WA

16



6.1.1 Music 1 &5 =5 &Wk
(’A3’, ’quarter’),(’C4’, "quarter’),(’D4’, *quarter’),("E4’, 'quarter’),(’F4’, "quarter’)

0.0 1.0 0.0 0.0 0.0
0.0 00 1.0 0.0 0.0
0.0 0.5 0.33 0.0 0.16
0.0 0.0 1.0 0.0 0.0
0.0 00 00 1.0 0.0

Gen 1

Music21

" [ T I I I T I I |
.\ I I 1 1 1T I I I I 17 I 1 1 I 1 1l |
[ FanY L Il 1 11 1 1 L I 1 1 I 1 1T 1 1 I 1 1 1 I 1 1 1 1

Music 1
Music21

v B I I I I Il |
. 3 I I T } T I 1 T T n T T I |
A f { f i f ] g { | f - ] i |
J 2 - ’ -+ ’ -+ L4 L4 - L L4

AR, AR E RARZHME B IEES (A7 KR C. D PiANE), RSk
HAR AT RS 28— 28, (EAR R RS O, HLEAZ 2 o ke PR s FEL e S RoA B 4R
A2 E AR, AR
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6.1.2 Music 2 J{REFEEM

(’A3’, ’eighth’),(’B-3’, 'quarter’),('B-3’, "eighth’),(’G3’, ’eighth’),(’A4’, "quarter’),(’A4’, ’eighth’),("B-
4’ ’quarter’),('B-4’, ’eighth’),(’C4’, "eighth’),(’D4’, "quarter’),(’D4’, ’eighth’),(’E-4", *quarter’), "F#4’,
‘eighth’),("G4’, ’half’),('G4’, ’quarter’),(’G4’, "eighth’)

2% 1: matrix 2

0.0 00 00 033 0.0 0.0 0.0 00 00 066 0.0 0.0 0.0 0.0 0.0 0.0
1.0 0.0 0.0 0.0 00 00 00 00 0.0 00 00 00 00 0.0 0.0 0.0
00 00 00 1.0 0.0 00 0.0 00 00 00 00 00 0.0 00 0.0 0.0
0.0 00 00 00 0.0 0.0 00 00 10 00 0.0 0.0 0.0 00 00 0.0
0.0 00 00 00 0.0 0.0 00 00 00 00 0.0 0.0 1.0 0.0 0.0 0.0
00 00 00 00 00 00 1.0 00 00 00 00 00 0.0 00 0.0 0.0
0.0 00 00 00 0.0 0.0 00 00 00 00 0.0 0.0 0.0 00 00 1.0
0.0 00 00 00 00 10 00 00 00 00 0.0 0.0 0.0 00 00 0.0
1.0 0.0 0.0 0.0 00 00 00 0.0 0.0 00 00 00 00 0.0 0.0 0.0
00 05 05 00 00 00 00 00 00 00 00 00 0.0 00 0.0 0.0
0.0 00 00 00 05 0.0 00 00 00 00 0.0 0.0 0.0 05 00 0.0
0.0 00 00 00 00 0.0 00 00 10 00 0.0 0.0 0.0 0.0 00 0.0
00 00 00 00 00 00 00 00 00 00 1.0 00 0.0 00 0.0 0.0
0.0 00 00 00 0.0 0.0 0.0 00 00 00 0.0 1.0 0.0 0.0 00 0.0
0.0 00 00 00 00 00 00 10 00 00 0.0 0.0 0.0 0.0 00 0.0
0.0 00 00 00 00 0.0 00 00 00 00 1.0 0.0 0.0 0.0 0.0 0.0

18



Gen 2

Music21
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6.1.3 Music 3 #5235

(7A4” ’ha1f7)’<’A4,7 ’quarter’),(’Bél’, ,half’)7(7B_4’7 ’ha’lf7)7<,D4’7 ’half)>7(’F47, ’half7)a(7F#4’, ’quar—
ter’),(’G4’, "half’),(’G4’, 'quarter’)
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0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.5 0.0
0.0 0.0 0.5 0.5 0.0 0.0 00 0.0 0.0
1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0
0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5
0.0 0.5 0.0 00 0.0 00 05 0.0 0.0

Gen 3

Music21

24
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Music 3

Music21

X B AR B S5 SR AN T I ARE SR AR B2, RS AR .. ER A BRZE , B2 —FhH
Tl R
6.1.4 Music 4 /MR

("A4, “quarter’),('C4’, ’half’),("C4’, "quarter’),("D4", quarter’),("E4’, quarter’),(’F4’, "quar-
ter’),(’G4’, ’half’),('G4’, "quarter’)

0.5 0.0 0.0 0.0 0.0 0.0 0.5 0.0
0.142857 0.0714285 0.142857 0.142857 0.142857 0.142857 0.0714285 0.142857
0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.5
0.0 0.5 0.0 0.5 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.5 0.5 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.5 0.5 0.0 0.0
0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0
0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.5

21



Music21
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MUSIC 4
Music21
o : . \ | ,
Yy &) —1 I 1 I I [ —1 I I— 1 I I i |
éi i t l t i . 1 1 1 11 1 1T T T | I I |
{(’1 = 1 1 11 | 1 1 | |
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X HLHAE AR A — RARARL: A XSO AR BB R o BRIz Ah, %4 ik 2
SR E R MT S B R ie AT, X — S R AR B

6.1.5 Music 5 C K iZEm il

(’B3’, "quarter’),('B3’, 'eighth’),(’C4’, *quarter’),(’C4’, ’eighth’),("E4’, "half’),(’E4’, *quarter’),('F4’,
‘quarter’),(’G4’, 'half’),('G4’, 'quarter’),(’C5’, ’quarter’)

22



0.5 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 00 0.0 05 0.0 05 00 0.0 0.0 0.0
0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 00 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 00 0.0 00 0.0 0.5 00 0.0 0.5 0.0
0.0 00 0.0 00 1.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.2 00 0.2 04 0.2
0.0 00 0.0 00 0.0 0.0 0.0 0.0 1.0 0.0

Music21

Music21
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X B A IRAE R S AR AR, E2 e C R=FZ L (R C-E-G) my&FhifEdt
SRR, X RSN E I A B B A C K= Rt . (R B AMIE i I 52
MR AR -0 BT

6.1.6 Music 6 N ik

('A4’, eighth’),('B-4’, "eighth’),('D4’, "eighth’),("E4’, "eighth’),(F#4’, "eighth’),('G4’, "eighth’),("C5",
‘eighth’),('D5’, *half’),('D5’, "eighth’),("F#5’, eighth’),('G5’, "eighth’)

2% 2: matrix 6

0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0
1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0
0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.17
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.5 0.0
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Music21
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6.1.7 Music 7 X #jfk

(CA4’, 'eighth’),(’E4’, "quarter’),("E4’, "eighth’),('G4’, "half’),('G4’, 'quarter’),(’G4’, ’eighth’),("C5’,
‘eighth’)
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0.0 0.0 0.0 0.333 0.333 0.0 0.333
0.0 0.0 1.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 1.0 0.0
0.273 0.0909 0.0909 0.0909 0.0901 0.182 0.182
0.0 0.0 0.0 0.0 0.0 1.0 0.0
1.0 0.0 0.0 0.0 0.0 0.0 0.0
0.5 0.0 0.0 0.0 0.0 0.0 0.5

Gen 7

Music21

Music21

X E ARSI, FAT W B 8 WP iRy, X E R AR P E AT
FUBERE LSRR SR it S5 ATET AR EESE N E AR, BRI CGRATEY Sl B4E -5 B A e e )
HWTEAATHE I -
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6.1.8 Music 8 HAE

(CA4’, "quarter’),(’A4’, "eighth’),(’B4’, "eighth’),("E4’, "eighth’),(’G4’, 'half’),('G4’, "quarter’),(’G4’,
‘eighth’),("C5’, "quarter’),(’C5’, ’eighth’)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0
0.0 0.4 0.2 0.0 0.2 0.0 0.2 0.0 0.0
0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.5 0.0 0.0 0.0 0.0 0.5 0.0 0.0
0.056 0.278 0.056 0.111 0.056 0.056 0.167 0.056 0.167
0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0
0.0 0.0 0.0 0333 00 0333 00 0.333 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0
0.333 0.333 0.0 0.0 0.0 0.0 0.0 0.0 0.333

Gen §

Music21
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Music 8

Music21
[a) , — [— — | N
Yy ¥ — 1 [ — | I T—1 I 1 T —1 —1 i |
1 - || 1 | 1 | | 1 |
%5 i .EI Ca— ’ .j | —

BEAR R AR A R A A (B4R ARz Ab, B “AABA” PUESifLas L,
HARZHIT BERNERLL , A e sE mud @R G R sk S0, BAFG— IR
AT 2875 2

6.2 BUBES R IS o B
TERUS IR IR0y, FNTHERE AR EIL # R 7 BEL G R T — e 4R

6.2.1 Music 1&4

(’A3’, 'quarter’),(’B3’, ’quarter’),('B3’, ’eighth’),(’A4’, 'quarter’),(’C4’, ’half’),(’C4’, ’quar-
ter’),(’C4’, ’eighth’),('D4’, ’quarter’),("E4’, "half’),("E4’, ’quarter’),("F4’, 'quarter’),(’G4’, "half’),("'G4’,
‘quarter’),("Ch’, "quarter’)

Gen 1&4

Music21

28



2% 3: matrix 1&4

05 0.0 0.0 00 05 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.5 00 00 0.0 0.0 0.0 0.0 00 05 0.0 0.0
0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0 00 0.0 1.0 0.0
0.0 0.0 0.0 00 01 02 04 0.0 0.2 0.0 0.0 0.1 0.0
0.0 1.0 0.0 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.111 0.333 0.0 0.333 0.0 0.0 0.111 0.0 0.111 0.0
0.0 0.0 0.0 00 1.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0
0.0 0.0 0.0 00 0.0 0.0 0287 0.0 0428 0.0 0.0 0.2857 0.0
0.0 0.0 0.0 00 00 0.0 0.0 04 04 02 0.0 0.0 0.0
0.0 0.0 0.0 00 00 00 0.0 0.0 0.0 1.0 0.0 0.0 0.0
0.0 0.0 00833 0.0 00 00 00 0.0 0.1667 0.0  0.1667 0.4167 0.1667
0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0
Music 1
Music21
5 : — . 1
GSSEESs == ===
Music 4
Music21
- —  E—— —1— T — — — T i |
B L e e e e e

DXL R, FEReHE ) B AT A BLm A ek, RIERE A, e AR R Al
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G LERERARE, HHEANEEL.

6.2.2 Music 1&5

(’A3’, "quarter’),('B3’, 'quarter’),('B3’, ’eighth’),(C4’, 'quarter’),(’C4’, eighth’),("D4’, ’quar-
ter’),("E4’, 'half’),("E4’, 'quarter’),("F4’, quarter’),('G4’, ’half’),('G4’, quarter’),(’C5’, "quarter’)

2% 4: matrix 1&5

0.0 0.0 00 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 05 00 05 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 1.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.1667 0.667 0.0 0.1667 0.0 0.0 0.0 0.0
0.0 00 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 00 00 05 0.0 0.333 0.0 0.0 0.1667 0.0 0.0 0.0
0.0 0.0 00 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 00 00 0.0 0.333 0.0 0333 0.0 0.0 0.333 0.0
0.0 0.0 00 00 0.0 0.0 0.5 0.5 0.0 0.0 0.0 0.0
0.0 0.0 00 00 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0
0.0 0.0 00 00 0.0 0.0 0.0 0.2 0.0 02 04 0.2
0.0 0.0 00 00 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0
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Gen 1&5

Music21

18

Music 1

Music21

Music 5

Music21
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6.2.3 Music 2&7

(’A3’, ’eighth’),(’B-3’, "quarter’),(’B-3’, ’eighth’),(’G3’, ’eighth’),(’A4’, *quarter’),(’A4’, ’eighth’),('B-
4’ ’quarter’),(’B-4’, ’eighth’),(’C4’, ’eighth’),('D4’, 'quarter’),(’D4’, ’eighth’),("E4’, "quarter’),("E4’, ’eighth’),("E-
4’ ’quarter’),"F#4’, ’eighth’),(’G4’, "half’),(’G4’, "quarter’),(’G4’, ’eighth’),(’C5’, ’eighth’)

Z¢ 5: matrix 2&7

0.0 0.0 0.0 0.333 0.0 0.0 0.0 0.0 0.0 0.667 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.25 0.25 0.0 0.25
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0
0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.5 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0
0.0 0.0 0.0 0.0 0.0 0.667 0.0 0.0 0.0 0.0 0.333 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5
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Gen 2&7

Music21
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Music21

s g 37 b 33

s 4

Music 7

Music21
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6.2.4 Music 4&5

(’B3’, 'quarter’),(’B3’, ’eighth’),(’A4’, 'quarter’),(’C4’, "half’),(’C4’, ’quarter’),(’C4’, ’eighth’),(’'D4’,

‘quarter’),(’E4’, "half’),(’E4’, 'quarter’),(’F4’, 'quarter’),(’G4’, ’half’),(’G4’, ’quarter’),(’C5’, 'quarter’)

0.5
1.0
0.0
0.0645
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0323
0.0
1.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.5
0.0645
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.1429
0.0

0.0
0.0
0.0
0.0323
0.0
0.0
0.5
0.0
0.0
0.0
0.0
0.0
0.0

2% 6: matrix 4&5

0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0
0.129 0.0323 0.0645 0.0323 0.1613 0.0968 0.0645 0.1925
0.25 0.25 0.0 0.0 0.25 0.0 0.0 0.25
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0
1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.25 0.0 0.5 0.0 0.0 0.25
0.0 0.0 0.0 0.333 0333 0333 0.0 0.0
0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0
0.0 0.0 0.0 0.0 0.1429 0.0 0.1429 0.4286
0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0
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Gen 4&5

Music21

Music21

Music21
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6.2.5 Music 6&7
("A4’, ’eighth’),("B-4’, "eighth’),('D4’, eighth’),("E4’, "quarter’),(’E4’, ’eighth’),(F#4’, "eighth’),('G4’,

"half’),(’G4’, "quarter’),(’G4’, "eighth’),(’C5’, "eighth’),("D5’, *half’),('D5’, "eighth’),(F#5’, "eighth’),('G5’,

"eighth’)
35



0.0

0.0

0.0

0.0

0.0
0.1818
0.0

1.0
0.333
0.1818
0.0

0.0

0.0

0.25
0.0

0.0

0.0

0.0
0.0455
0.0

0.0

0.0
0.0455
0.0

0.0

0.0

0.0
0.0
0.0
0.0
0.0
0.0455
0.0
0.0
0.0
0.0455
0.0
0.0
0.0

0.0
0.0
1.0
0.0
0.0
0.091
0.0
0.0
0.0
0.091
0.0
0.0
0.0

0.0
0.0
0.0
0.5
0.0
0.0455
0.0
0.0
0.0
0.0455
0.0
0.0
0.0

2% 7: matrix 6&7

0.25  0.25
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0455 0.0455
0.0 0.0
0.0 0.0
0.0 0.0
0.0455  0.0455
0.0 00
0.0 0.0
0.0 0.0

Gen 6&7

0.0 0.25
0.0 1.0
0.0 0.0
0.5 0.0
1.0 0.0
0.1364 0.1364
1.0 0.0
0.0 0.0
0.0 0.333
0.1364 0.1364
0.0 0.0
0.0 0.0
0.0 0.0

0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0

0.0455 0.0455

0.0
0.0
0.0

0.0
0.0
0.333

0.0455 0.0455

0.0
0.0
0.5

0.0
0.0
0.0

Music21
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0.0455
0.0
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0.0
0.0
0.0
0.0
0.0
0.091
0.0
0.0
0.0
0.091
1.0
1.0
0.0



Music 6

Music21
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6.2.6 Music 7&8

(’A4’; ’quarter’),(’A4’, ’eighth’),(’'B4’, ’eighth’),("E4’, ’quarter’),("E4’, ’eighth’),(’G4’, ’half’),(’G4’,
‘quarter’),(’G4’, ’eighth’),("C5’, ’quarter’),(’C5’, ’eighth’)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0
0.0 0.25 0.125 0.0 0.25 0125 0.125 0.0 0.125
0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.333 0.0 0.0 0.0 0.0 0.667 0.0 0.0
0.0357 0.2857 0.0357 0.1071 0.0714 0.0714 0.1786 0.0357 0.1786
0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0
0.0 0.4 0.0 0.2 0.0 0.2 0.0 0.2 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0
0.2 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.4
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Music21

Music 7

Music21
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Music 8

Music21
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