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A Query by Tapping Music Retrieval System-KUAN YIN

Student : Shu-Jen Hsiao Advisor : Dr. Hao-Ren Ke

Degree Program of Electrical Engineering Computer Science

National Chiao Tung University

Abstract

When we have requirement for.music data retrieval by an OPAC (Online
public access catalog) system, in most systems. the user needs to fill out some
text-based metadata, like title, composer, and so:on , in the query process.
Sometimes the user can only remember-fragments of music content. So the
traditional text-based OPAC system can not satisfy this kind of content-based
requirement. A query by tapping mechanism is designed for content-based
music retrieval (CBMR). The system extracts key melodies and saves to the
themes database with beat information (durations of note) in advance. Then the
system takes the user tapping on the keyboard information as query string vector.
Apply appropriate similarity matching algorithm to get the intended song in
database. This paper presents a query by tapping CBMR system called KUAN
YIN. The main purpose is to provide an intuitive way for the user to organize
query string via tapping keyboard and get the result by similarity ranked list. All
text-based metadata that associates with the intended song will be displayed on

the monitor. So KUAN YIN can make visible for the melody linger in mind.



The system records time interval between two consecutive key pressed as
the music feature rhythm. It is different from other popular CBMR systems
which extract the music feature pitches. Since there is no pitch information in
the retrieval process, the system is more suitable for an amateur user. Pitch
profile is difficult for people without formal music training to perceive correctly.
KUAN YIN takes music rhythm information for comparison with every key

pressed tempo which user tapping.

Keywords: content-based music retrieval, query by tapping, similarity matching,

KUAN YIN.
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(1) MIDI files of Full pieces : & & @i 45 &~ it > Aih2 ¢ 97
BB e 8 F R MIDL 2 3 #4550 o

(2) Meta data ( Themes) : & — B MIDI 5 % ?a‘ij‘a’fi VGRU R e Al
AR BN BT EIRL R PR BB P Bl
A et Y R R LRSS BR kY A

HEARE A WS 3 AR LB LR e s A g

51

..ﬂ\.

ﬁﬁ;’;ﬁj?#ia’i%%é— ,F;]_

TR g 5] 5 o MeB

o

ol
E

7~ Themes FHLE® > A TR R 2R -
2. A FES (2 £2)):
(1) Theme extraction : M4E T -2 ZRV A T B p A &> T #
SRR R 0 AR R X2 MR A
BB B G R R R B2 g o R sl
Suffix tree & 7 5 -2 >Z E WAL o I HEB-E 45 B E o
(2) Transcription @ #-i& * & iiaj 2. 439 5 ¢ 4% = {v Themes 7 42 £ 4p
e d PR E @ ki r 2 RS =5 1/1000 §) o
(3) Retrieval Engine : 4] %* & if 2_ 3T i vb 77 5 72 > v ﬁdﬁj NESE-E
By HEY TR LR ALR -
3.~ iy (2 &)

QOw:%?%?ﬁgﬁ%%%ﬂ’@&@ﬂﬁﬁéiﬁ’¢$§%

o

&

tog

-

WNE-BFE 2 I HBENERS B LR
SLf B BN BAR AR SRR T R L Toip ik PR L AR
»hEEE o

i A

R GAR R B SRR A e FH P EA ST TR

(2) Ranked list of pieces : #-{+ & & |- 4p 10 & & Fo2_god > 30

<

FREATREEPRIES L Kat RPR U5 REGE? R

BeEE LA o g BN K- B B4 e
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Fetrieval
Enginels)

v

T —
Fanked List
of Pieces

MIDI Files
af Full
Fieces

Mleta Data
(Themes)

Thetne
Extraction

S8 HFERBPEEIZE IR

FEOY R ERE S oo R AT R SRR PR 2
oo TR B Bowes BB KA B S S TR S -

% Theme extraction - "MIDI Miner” » B #7¢ s P

a
kS
\

- TR A B
A MIDLF 29 - B il s 2 38 > 8% P EAR S Bod 2 %51

B pFRIORAET L ST B IR

—_—

fc & #+ & General MIDI 2.4 [7) 2. MIDI 4 » S #-H p 5 * 5 -
MIDI % ¢ (Event) # 2 2. PFRF"EE £ 7 o
2. #¥EBOnNote ¥ #2 F 8 E  A17H T EHE-

3. I FEANTEZ > TR SRR AT R -

>

Mg B RE AR T AR S E

PITE o ] B A WP AR EF HRElmiE A2 'FT 2 #- MIDI #% 3% i “MIDI
file DisAssembler” [ 26 ) #425% » % MIDI #2582 5 2 340 > #E4E 5 A2 04 b

AT TN S A AT § RPERE A A L4 - B MIDI %

18



Eo4rBl4 i3 VAR EBREAEZFHE AL E 7 B Note On

FEFAPE (Y PR ELER ) FR PR % Pt

[j = ET & [& %& W, %E E: start_htr

Twinkle. ot |
|
hThd | Format=1 | # of Tracks=3 | Division=480 Efﬂ
Track #D e i e el e e i e e e e i e O i e e e i
Time Ewvent
1: 1: 0O |Time Sig | 4/4 | MIDI-clockshclick=24 | 3Znds)quarter=s
| Tempo | BPM=85 | microsgquarter=61Z244

|End of track|

Track f#f1 trr s A N A A T A A AT N A AR TR A AR AR ARG TN T

Time Event
1: 1: 0O |Track Name | len=c |
O0x4D 0x65 0x6C Ox6F Ox6d4 Ox79 <Melody=
| Program | chan= 1 | pogm #= 72 Clarinet
|Controller | chan= 1 | eontr=Valumwe H | walue=108
|Controller | chan= 1 | eontr=Volwne H | walus=108
36 |On Note | chan= 1 | pitch=F 3 | wol=60
363 |Off Note | chan= 1 | pitch=f 3 | wol=64
2: 19 |Cn Note | chan= 1 | pitch=F 3 | wol=g6&
365 |OLff Note | chan= 1 | pitch=f 3 | wol=64
3: 3 |Cn Note | chan= 1 | pitch=C 4 | wol=78
349 | Off MNote | chan= 1 | pitch=c 4 | wol=64
4: 21 |Cn Note | chan= 1 | pitch=C 4 | wol=78
386 |Off Note | chan= 1 | pitch=c 4 | wol=64
2: 1: 0O |OCn Note | chan= 1 | pitch=D 4 | wol=78
302 |Off MNote | chan= 1 | pitch=d 4 | wol=64

JLII
q | »

FI 1,48 1, C0 Dos 1Y 2004/12/28 02:44:067F 4 [f8 %244 21200 A

B 4: ] %%z MIDI = 34

BTORAY Z BH Y B4 MIDI ¥ a2 R 1 0 MIDI
Miner 7 P g IR ERd ¢ REFRF RN BB TR R - B
PR BRI - BRPLF R LEDEF I DR AR 25 A
AYTHEEEET R REL I T UELR- FEY AT FALTE
B FAEBEBEHEF I RAOTE - 3 PR EER LS
ko F1EF Rieg B RAPE R B (A7) L7 R HEE D S
R R g &G ghZ s (11 ] MIDI Miner %347 MIDI * F 4P 2 ¢

PP~F B NoteOn 3 B R 1L crfba) » #3532 ~ % ~ HFHeng L 7



LB USD-R=ZBF2 471k kegma B NoteOn 2 6] -
pitch=F3 ; % = % pitch=F3 > fliz™ B3 2 %2 EMmAE: R Fpdcd 3+ 42

B3 &V AFA TG 41 BF A2 AR

RURURDDRDRDRDURDRDRDURDRDRDDRURURDDRDRDRD

EHZ BHIY TE ST BEEHRT B¢ M AR B 1935

FECEE G TG T pRA B+ EF* €45 ¥ B (Frequent Pattern )

ml4

(27) mipl PR - RO LEFY T2 E9rh o SRNES b
.41—1’1»'5&"}‘]&]%%_& GHe R BTy PFEE Y chh I aE ;Z”]'}“{E%%

MIMNE A P E T RR PR R AR E N R BT R L PR
Bk o AR L3S #and AR E S HiRgaman B i agutd o hhik
% ¢ 1% 3 ke (Suffix-Tree) 872022123 ) B~ 8% ¢ ¢ chE4f £ o

TR T AN PR T 2RBF A2 FFE 0 E

N

E X
M e VP REZEHFE CRFEAFE 2T EH TR BRS AL

SEERERE B 0 B30 E B

—
f-«}
o0
=
i
-

Def : A suffix tree T for an m-character string S is a rooted directed tree
with exactly m leaves numbered 1 to m. Each internal node, other than the
root, has at lease 2 children and each edge is labeled with a nonempty
substring of S. The key feature of the suffix tree is that for any leaf i , the
concatenation of the edge-labels on the path from the root to leaf'i exactly

spells out the suffix of S that starts at positioni. [23,p90)

12 SSUDDRUDDRDDRS % 6] ($# 5% k473 8 enis ) ¥ & T & 425

#-SE A AWERT:

20



I #B~ S e A
Suffix[1]= UDDRUDDRDDRS$
Suffix[2]= DDRUDDRDDRS
Suffix[3]= DRUDDRDDR$
Suffix[4]= RUDDRDDRS$
Suffix[5]= UDDRDDR$
Suffix[6]= DDRDDRS
Suffix[7]= DRDDR$
Suffix[8]= RDDR$
Suffix[9]= DDR$
Suffix[10]= DR$
Suffix[11]= RS
Suffix[12]=$

2. RFAERE PR AT A
Suffix[12]= $
Suffix[9]= DDR$
Suffix[6]= DDRDDRS$
Suffix[2]= DDRUDDRDDRS
Suffix[10]= DR$
Suffix[7]= DRDDR$
Suffix[3]= DRUDDRDDRS
Suffix[11]= RS
Suffix[8]= RDDR$
Suffix[4]= RUDDRDDRS

Suffix[5]= UDDRDDRS

21



Suffix[1]= UDDRUDDRDDRS

3. M BEBAE RTA AT SR EM T 4R S

Bl S EMT

d @ kAT ¢ 7 LD Suffix[5]¢ Suffix[1]¢ 7 £4F ¥ £~ UDDR ;

Suffix[6] ~ Suffix[2] ~ Suffix[9]# + % & 4F 5 & DDR > £w 5% 6 - & & ¢

B3P oz SenEA YERLT

S=

RURURDDRDRDRDURDRDRDURDRDRDDRURURDDRDRDRD$

FP[1]= RURURDDRDRDRD (- Ff = F* % & fo > & % 488 & & )

FP[2]=RDRDRD (# &% 3tk p ) (¥ 437 % -] PR pF)

MIDI Miner fid- 3 ) g2 ihfnd v ehbf s 2 F B8 R E &8 2

3% 5 Bt MIDI #3 p i) & (Measure) =% > &3 & 3p:# & (Tempo)

B MR AR B 2 1/1000 45 5 H en&d 2T AL DT UE B R
- BHR&%E 5> Themes TAHRE? >t o3 KEH P R@HES &%

RIS R
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FP[1]=591,592,635,585,588,638,1225,644,599,629,614,608,624

FP[2]= 674,617,635,614,602,589

FESEFERFIFTHEEI T - B PRLDEFRF DT - B RRAEFRZ
E&Fﬁéa%fﬁ’#ﬁ;ﬁj;ﬁ%é’_,}% -}'}E_t"g‘]E‘FQ—E}\ﬁ l—’ﬂ?ﬁl]g ’ L__LL‘

HR el fid 2 TR EZ 0 ReR* A > 2 2@ S F 004 o
FzE WESAHG

7 HF S (Query by tapping). F #4 % Ay FEEF e (1] &
MIDI % + 3¢ (12) %3 % ii e i 5396 % > W 4 hsad 5 10
PR F O K o B3R IR E R S IRIT 4G KR AR B
FLRRT 2 A T A Y A R RS e iR E‘«‘fq-)i*use CA
ﬁff,‘é%]?‘ &% @ h@ e ankyhF © 3 Web based #f 12 Google #7% 31

?: m]ﬂﬁ/’?ﬁm -{ir'g]6bx-r7‘réﬁ_‘_agﬂ

=

Pt E e bhHEE
Wiz 8 > £ ks ﬁﬁ:'zgf%T bEAE T e G L B 0 T
i * chH = fr Themes FALE P FccnficE 8 =~ %> 355 1/1000 §) > B 6
PR EE SRR ESGRIHATE F oo DE TR R ATR

dt ke (501, 481, 510, 511, 531, 481, 1041, 501, 480, 501, 501, 521, 480 ) »
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1 Rettp M 2T.0.0_1%kir] srp - Micmosoft Infermet Explorer | E
EED WD WME MRER IR EWID a

) O- @G One Jrumee @ £ 25 B -

L P R v B e *
===
¥ -
501, 481, 310,510,531,491 1041 500 480 01,501, 521,480,
W] [(WH)
B L
=R ® Fe

B

& ot

.

~

E LR o Fﬁ¥§?-%k1*’"wh"*%¥?wiﬂﬁ“

43

m

\

3

FRRET - AR B (S8 %) 2R el
SRR L

FAEHF R PR R 2 R R ERS o AT R 5 B
AH GG VB R PO R 2R R Hh
PENSRERR ARAT AP AEF I I FETE

R U i Rl S I R - e

A.:HE{L»‘ —‘_L_ﬁ@’ﬂ-.:k%l ﬁp@ :lé‘;., ;}IE_‘:{ mF"} ra’{é_ ﬁ'J!i’E’_’”ﬁ
B F A1 DTW ch¥aiEiedg | dre £ ap e (1)(2)(3)(4)+ 1

41 * Direct Measure &+t e [(12]) e §igdt 2 2 At £ ¢ ch Z (@

o R Al PHBRARL - BRRE RS RS R LA
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BAGE R A L R AR DR BB SR A
BRI E AR B WEFN ARG BT P
g FELL o BEROAFRLF R PR OERL A d B

FREINEAT  THEA BREEAFEIT S BB AEAFETEE

7

. BF e HAGFEEY 2 3 BB I H S N GlheE B V1007 2 1017
A BAFEMEA B FFHIH RSB HERL IR E
£ 100 & 101 3 (P4 3] 6 enFop $pe o Rlied B~ % BAp iR A
B FE B

2. BARTEWMOLANEFATEE? FREEALR - BFHY

BoRevaFliai 28l nadiika* AR ER LTSS R

bh BB hi AR A B R B M T

BARIE L = 02 > % KR g ATk Flenn

Gt
BRI ARG B nag - BROEHBLTHE RS

FOBEER RS EIPREL EAR] > PSS Ra FARITIL o

g B e T ERFERT - BRAATRMHH F R
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EEr 2L EPe R AA B BT Renad BP0 2
FERALELAM . R E IR LR LSS ALY
O - BHEREEFL ST - BIRERLY L0 RAGERE

EREF - RH

“E\*

FERVESEF ORI RS KA Y % n-gram (24

Sk kR G R F] SR AL o

BhHlm = > @ % d-gram iz > B8 L w9 pER4 B AE T Aps

‘QH-

&
N AHT AR Ee RATHREERE 0 A2 04 BT OE
R EAFESEFHREL IR BRI VLS FHREL
gt P A AL S AR o B s 1516 DICE it & 5 B o £ chdp 048
BeBEAPETAUELAP[SEFLT RS Edgram & & RIAPIAT

Z T =l

2+POT |
CERS
Ap 0 B =2*%P &2 T 4p 2 gram #)/P &2 T +* 2. gram % #c

sim(P,T) =

RN ELL D - B B A SR SoE R

I FA#A08EPEFTREE T & 4gramen= 8d 571 73 5 #ip
SR nogram 2% 3) 0 BERFCEZ &% E A S minl> B P T i
4-gram e 30 d £F 3 B ¥ 47 3] S (mink-3) BAEA 0 F BT 3 4B
# (4105)-

2. Ik RAVRTEPEA BARZAP0LR > 5 3 BATRZ 49 00 1]

SEFHEEL BT
(1) £33 E TPk gram 2 4 B2 Ech& £ H Eql-q2-q3~qd:

ql = P(1)/T(1)

26



q2 = PQ2)/T(2)
q3 = P3)/T(3)
q4 = P(4)/T(4)
2) FI* FEL AN PR AP EORERIER - FEEF RS
AP OVIER AT RED > RIS AERAL S AR e

3. & &£ 41 * DICE function A2 B P& Tejpis & o

PR S T G

minL = min(Length(P) » Length(T)) //\*#w&pFfRiE2 $%55 8 54

for (i=1 ; i<=minL-3 ; i+#) {
ql = P(i+0)/T(i+0) W75 8P T $H 2 3pfp 94 B~ %
q2 = P(i+1)/T(i+1) s R ql ~q2~q3 ~q4 Batp e
q3 = P(i+2)/T(i+2)
g4 = P(i+3)/T(i+3)
o = Stddev(q1,92,93,94) /35 ql~q2 ~q3 ~@dzRELEo
StdFactor = (q1+q2+q3+q4)/4
Mg ql~qd 2B E g~ > RIE o Ler e g < R RN -
/13K Z3E R HEATR *LE 5 6= 0.3*stdFactor »
EFEEFHEREL o 36 BB IRV RAR S AP ©
If o <(0.3*StdFactor) {

match++

//41* DICE function ;/+ % & B P £ T eip i &
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Similarity = 2*match / [(minL-3) + (minL-3)]

TR R REZ BT o A u SRR A AR o P B kR
B AL TRMECPEE 6= 0.3%StdFactor” » £ & F o ke & L

Bo ] 5 Pl BIHERARLIAE

1. P=200 ~ 210 ~ 220 ~ 200

T=220 ~ 231 ~ 242 ~ 220

T v dpthon damgrom -
=0 1
20 — }
e T
o) i ! =
r o _— -

. _.-F"'-'F.- -‘\\_ k]
] (=1 |
150 b : ' ‘

1 3 4

@ 7 &ﬂ:‘_ ‘;}Ef"ﬁ'{ ﬁ.f}: gl

L i LK

Std factor = (0.91+0.91+0.91+0.91)/4 = 0.91
6=0.3%0.91 =0.273
o = stdev(0.91,0.91,0.91,0.91) =0

ETILIEA BEOE T ARG AR o

2. P=435 ~ 347 ~ 350 ~ 429

T=220 ~ 231 ~ 242 ~ 220
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T P ehothen Sapee Kk, quomant

4T

g 3

!

B 8 3fkdp AR R V2

Std factor = (1.98+1.50+1.45+1.95)/4 = 1.72
0=0.3*%1.72=0.516
o = stdev(1.98,1.50,1.45,1.95) = 0.284

ST BMERS TALL A o

3.P=250~190 ~ 15

B 9 3Ekdp AR v 3

Std factor = (1.14+0.82+0.62+1.36)/4 = 0.99
5=0.3%0.99=0.3
o = stdev(1.14,0.82,0.62,1.36) = 0.33

Sl iEd BAERF L ARE o

ARET kb3 ¢ 0 B E B dgram FE 2B E B £ i i

29



PR AR T e RANAEMEE=05 R e RARIAE £
2 50%2 FE e R o k] gL F R EED sk e L

WEREE > ENTHad B b tE e EApNAE D %r'f:

. 4:@a% =& P=(200 200 600 > 200 - 300 > 600)
e % T=(100 100 > 300 > 100 > 100 > 300 » 200 > 100 - 100)
REAHAT P E 6 = 0.3*StdFactor
2. —ilfp-}'rr%ra’fé 3BEAEES E e B Z BEAPR o
T=(100 - 100 > 300 > 100 - 100 > 300)
3. ia B EFIa4-gram & &40
P4 ¢ram =[(200,200,600,200) > (200,600,200,300) > (600,200,300,600) ]
T4 gram=[(100,100,300,100) > (100,300,100,100) > (300,100,100,300) ]
4. FEEEF
Rhythm quotient =[(2,2,2,2) »(2,2,2,3) > (2,2,3,2)]
5. 3 EF BAEA AR MR AER O
0=1[2*%0.3 » 2.25*%0.3 » 2.25*%0.3] =[0.6 > 0.675 > 0.675]
6. FEABIPLLTFEFEEL GG
c=[0>0.5>0.5]
7. 3+ 5 DICE #4p v & 2 #c :
SIM (P> T)=2*(3)/(3+3) =1

FEIAAE LR PEFRE LS E T a0 R 100% -

TRAENNFEIFRBLFEZ TG EHEECT RO E 4 7
FEG(1) bt fie B9 & Lo A1t (Linear Scaling) 7 iF » 7]
LR TR g Fla e B k- BRAY (Outlier) § # e » 835

AR R e By M T RO RE G B F 56 A Bt R
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WS E T~ 200 918~ 300

I Casel: #43%% %7 B 5~ 200
Hi & &£ P=(200 5 200 > 600 > 200 » 200 > 600)

FAEEw» g T=(100 > 100 > 300 > 100 > 100 > 300)

=

S G 0~1000 G il 7 9 5
d:a-Ew & P’=(100- 100 > 300 > 100 - 100 - 300)
T e % T'=(100 > 100 - 300 > 100 - 100 > 300)
FEAE I R (S S AR R 100%05 B £

2. Case2: #h#@a& %7 Tﬁ‘ﬁtfﬁﬁi’?}?\ 300
a:a-E & P=(200 200 600 200 > 300 > 600)

T e % w3 T=(100 2100 > 300 +°100 > 100 > 300)

=

R4 5 0~1000 SR HcE 7 @ 5]

B9 Ew & P=(95: 9528695 143 > 286)

R

#aE g T'=(100 5100 300 100 - 100 > 300)

RS- B RArENR R RS B g o
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SR S -2 I TN

ThAFEP F o AR e FiTAY AL o R N2 R~ T8

B4R RER A M A 4 LK £ R RAT S AGER # 5 -

Brit o Rk R kAR S Bigihd A 25 (Recall Rate)

g1 3 % (Precision Rate) » # & 4™ (6]

Number of retrieved references that are relavant
Number of references that are retrieved

Precision =

Number of retriéved referenees that are relavant
Number of; relevant references

Recall=

g% E TR R ARG e 5 T AT PR

Fo# 3% Themes FAEY » @ & - L2 THE RN I88T B H # o
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ERERA A MBS RS L0 (1Y R hARE S
PR AT FRARADER P A AR PEAEE T A5 R

EeoFaE R PR oBI105 ] 552 PvsTH -

P= (501,481,510,511,531,481,1041,501,480,501,501,521,480 ) -

T= (591,592,635,585,588,638,1225,644,599,629,614,608,624 ) -

& EPvsT

1600
1200 ¢
. ——P
g 800 f
=T %%
400 ¢
0

123456 78 910111213

rhythm count

o8 PRMIER TR
B kST e didcae & B Ui (6= 0.3*StdFactor) & 17

EEG RSB R R H P A3 E % (530,511,551, 561, 550, 541, 1042,

530, 491, 541, 491, 560, 531, )> k3w 2§ &5 B 4@ 11 977 ¢
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} hitg: 12T 0.0 1/kiF] asp - Mierossdi Internet Explorer

BXE WHE sA0 SmAEL TAD NeE
Qru- ) |x] @ SOme loamne Fue £ - L

Y B -
FED) [ 27,0 000 ap

5 2
[ ]

v BeE wu ™

Bl

LEINNEL]
6T I LTI 20000

| BlLE:

Andante from Symphony no. 94 in G magor (The Surpase) (100%)
fE W &

Franz Jogeph Havdn (HESE_ ML 1732-16809

o Wl

Variations on Ah vous dirai-¢, maman B, 265 (S B (100%)
fE W &:

E’;‘
Wolfzang Amadens Mozan (BEEE)_ ML 1755-179]1 E
0 R

3 Bl HR:

In The Hall Of The Mountain King from Feer Gym (60%)
fE W &:

Edward Hagerup Grieg (EER(E_HERE 18431907

& B *2 6 = 0.3*StdFactor)

%
PR TR AR A AR
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1400

1200
1000
800 ——P
T %%
600 1oy

400
200

1 2 3 4 5 6 7 8 9 10 11 12 13

o120 %% vs B

§OEAEEE T Lt @ 5L

gEOC R L S SRR G ARE g 0P R
Sl a2 AR R R Bk

i E R ARET R A0 R R RS LAY R

F A e d 6=0.30 * StdFactor 3 % 3 6 = 0.01*StdFactor FF4p iz & & it &1

e
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EEVSES Apiik g1

120
100

—— g.ﬁ
60 | \ —=— | % &
40 AF&

#E [y )::{00

0 | L | | | L1 | | L1 | | | L1 | | L | | | L1 | | [ 1 AN
30 25 20 15 10 5

ST R T S

B 130 )&% vs BIF 4p vk g4 %

o B 137 g dies F A [ EARIARME A TR ORI % 0 B
30%~9%2. 35 F B 5 gE 100%27 6 395 % PAp iy o e 50 8%
7% & & codp iR B e AR > T AR R A A 4 100% 0 R & %
hA PR P ERL AN R R AR Y €8 2 & F Themes Tt
BY 2R PR BAFNOEE  GRF T AT EDRE Y ¥
CER hAASE B RRTEE AR R E IR R

RIS S A

BR3¢ AP - FiePARIARRE A R B IR AR £d o d
BEARAYACR VBT BET] v AIERYACH U 3 9% B e R
@ g R ke 60%H 5] 50% i g T 0 4T S IR T L EER D AR i
AR B hgnd AT A EARBATH NER > AP IR gARS BT
ﬁ— °
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BE PRSP R NER e ¥ B I R & Zyesa 4 0 R &

3

¥

% ,g’if—i’z»‘;}ﬁfi@*]”mﬁ %gﬁi‘sbf&#q-t’?;i‘}'ﬁﬂi‘ ?-E]JB’]{,'%;?}H'F
F T T AR LR S ) R 02 1108 50% 0 @ ALk s
LR WRAE o B P IR R R UE S 30% (6=

0.3*StdFactor) » W 8 # ¥ sk - B > R Ak R Bhh 25 o

GRS TR

B AR EPFEREREASTEETHEEE & 4-gram 07 50 &
BorildZe g T RE B gram2 PR o BT R P R E A B (TE
2-gram ~ 3-gram ~ 4-gram ~ I ll-gram + 10 fa*» 2> A& 7 2 > TR

B LA PEE

gy~ P A3 W% (530,511, 551, 561, 550, 541, 1042, 530, 491,
541,491,560, 531, ) 5 RIFFFEFRK 2 BEF 732 4] 5 &
FE AP AT pHY EPAp M ARR T RS R E 140 R A
’Tﬁ“ffﬁé’a GEPARMARES S R RS EF AT Fdhgram 2 E 2 TR
B Op o ded AF A 100%0E P 2 Ap i R B R kAP IARR 7 B DA R
£4r3 %7 gram FH e o BAp IR S G BB B A RS TG F
gram 7 BREAR AR S PF o g AR DR P AR T 0 R kA R B g B
e FIAEA ey B gram oo @ H e HAp iR > R AT EN S ER A

[1V82 2 K ) ﬁ(ééﬁ%ﬂ A ﬁg*)’%lj gramﬁ;tm-ﬂs BN fﬂﬂnjp;c’i‘}', o
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25, B8 AE & gramr B9 %

120
100 F»—=»—®»—®» —®» % —® 7" I\ I
80 -
60
40
20

fal
FoW
e

B RY

S

2-gram
3-gram
4-gram
5-gram
6-gram
7-gram
8-gram
9-gram
10-gram
11-gram

gram*> L] #ic

B 14: ] & & vs g vs L f £ gram > B9 %

Fr& SERRFIBFREFLS-F - FOFEHa
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