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Abstract

Audio Fingerprint (AFP) Recognition is well known as a rapid and mature strategy
in audio information retrieval. End user records an audio snippet as the input of our AFP
system, the system would extract the features of the input snippet, then it would compare
the features of snippet with the features in database which is formed by selected audio
data set (known as ground truth). Finally the system returns the most likely match with
details (song name, author, ..., etc) from database. In this thesis, we would randomly record
voices with highly noise-affected environment, and set these audio snippets as query piece
(input). We use these query piece to simulate the audio record in real life, and try to find
a method to improve the way we used for feature extraction.

Based on the AFP system which uses landmark as basic feature, we try to change
the content in the landmark to format difterent kind of Hash table. The more information
contained in a Hash table, the more criteria we can use to filter the landmarks, and then
we can check fewer landmark to get match result, this reduces the query time. We also
improve the method for retrieving the hash table. Via Bi-directional Retrieve, we can get
much more positive information from the same hash table to re-rank the match result, and
increase the accuracy of match result. Further more, we use the algorithm from learning
to rank to re-rank the match result, and then get the better accuracy.

Keyword : audio retrieval, audio fingerprint system, landmark, bi-directional re-

trieval, learning to rank, AdaRank
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Scatterplot of matching hash locations: Diagonal Present
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Scatterplot of matching hash locations: No diagonal
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PEIRGTHEERY B AR R RER LI RS L anlE ) ¥

#fe(Tand F) » 4o #7157 &

T =Y (Atps — Atguery) (2.10)

F = (Afos — Afquery) 2.11)

AT = R
o ZFRE K KT A K iF Time-stretching # iﬂ‘ Pitch-shifting > 7* T * Wang’s

Method st 2 24 i @ 07 ey B % > B AR T A E T &

P (A -

FEE R BGiE Time-stretching » BB ERAFRT T E I DT & F € # R
TwREREFL s P A ten] > BB ATED I FE > TRRIEE
ARt Bk FoonEcd A f b o T ¥R Ecd "\)IU?” (1T "ﬁ °

o FEFES T BGE Pitch-shifting - BLBZ A F R T EN T B F ¢ # R F
CAERWA T AR K] BEER F G EE 0 PREPET

SN A F it MBS E 0 TR AR R OEY TAr B LR X

f

o
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Ko orid * e (73 0§ Wang’s Method [1] 5 & 7% » 2 %2 44 Dan
Ellis # §1 ehfe 2 284 [9]0 Lig- et frl a ko AP gty - o g
FPBRI ML LR %8 PR A Shazam [6] 0 H 1245 A A T §_Wang’s
Method » £ i&- HHF R Z P ERY - Ax HFELBHIDT T N2 M
WM& & F 1Yo 4 Poy 4k (Landmark) ~ 2 325 4 (Hash key) £ 327% (@ (Hash
value) ¥ &2 2 FAHRE ~ A 5 Fdrie & FHRLEE 700 17 30 B fo gy B3
A B B DERE LW L oo

Bl 3.1 % 5 AFP ki Svehle & Bip &r § Ay cni@ Finfe . A9 2~ 5 5
<3R4 o & W E Of fline : BuildingDatabase f # ST @ 12 = FHRE > 12
Online : MusicRecognition f F&}t 2R % F2 3 > 3 aadt hx v B

K AR TR SR AP RS DB R4 R A BB

MEEEP R EFE PR Y oom g WMFERIRAL ,gw.ﬂz%ﬁd N ToE:!
B R A SEA DI04 MAR R AR IRY L0 B Y RY 3T

REBFR O @ g ERI M R e Fe AP B E R LR E

MR R TR T S R A A R R RAAETRERA
B AP0 B MRS RAFIEA T T ALY BT RA H AR 00 A
B OB FLRETBERY K o T LB A NERP L F D

B RGE o
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Offline: Construction of Database

N —— /\ Hash Table
- h \\ N hash key : hash value group Store in
':{) / Extract ':{) Memory
Audio Dataset / landmark N | o
¢ | .
- y \ /"- BN
: N /e N Match \ | | Analyze the N
Query Piece | = |_ Exgractk\.\_\ = Landmark =) Matching =) | Consequence |
- / Landmark \ . Y

Online: Recognition of Query Piece

O"

}g] ,“ / %{—bt] *T‘FEI /” %E_

3.2 P REEEL

PR AR L iPie o R R R ap B oR-g < < IRk Ay it

o h PFr R iF 2 b RN AR B] 3.2 Tor 0 B AR B ’mﬁ,‘] ’ %ﬁﬂ EpE
FEE 2 3 3 - H P -k b b A PR S -y B bR E R 0 oA (o AP
PREHER A D IVHPFRMEFHFE  ENREEY L L HEERERE
S ERETFRY I VR XBMRR SEGFELT T RPRT LRI
(salient peak) o ¥+ 5% B R &) BLE P gF e Bl 3 17 P AR % 3 (target zone) > A3%
FIpchE 8 RGBS REET - BishR MBS Tn\f’—&«(anchor

point) » EPBUIER - — B2 fedtle A p 4R o

321 RS AR

3 ']% 5 Fh (wav ¥3%) a3 gL iE 2 {8 0 B BRHIE S 5 44,100 Hz > Pl $F3% 3 50
F 5EEkP ] BEh s BHEHE T 8820Hz - &£ k& 1,024 BE R EBF- B5 =

feeh % 513 7 5 1024 1B B

ol

(Frame) » 5 {22 5 {22 I8 £ 4 50% >+ jo o 3
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VAV

Audio Signal

&

Frequency down to 8820 Hz

&

Get Spectrogram via STFT

&

Finding local maximums of energy as
peaks

&

Set the target zone for every peak
and set the peak as anchor point

&

Pair anchor point and the peaks from
target zone as Landmark

&

Transform Landmark into hash table

B 3.2: & L ouE > jhge
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500
450 3
400fs =T S 2
cu] S 11
£ amof i 10
= 2
2 250} {1
=
g A .
£ 200f 1.
180 b5 -3
100 fis® 4
= : P o 5 S
SD Fe : e _:7- = T o _5
R R s e s v

20 40 B0 80 100 120 140 160
Tirne index ( frame )

) 3.3: Pt AF 3 e HOME 3 B

HiEe Eis- BI1=n® 138 S12 BBfhiE  SHRPRET NEFLS 3 127]
SHLEN R A A R4 L 0 2480 j Dan Ellis #7# * iz [9] 7 I > Dan %
T B F 6dms AR - BRiE FBFIELFERHS0% > T32ms o EHT

RN

P}

kE BIiEerds TR TR LRl BBk
Apeef A4 B E S RS HEE BATERE ~ R Bhost 3010 A5 PR i e

SO B 4B 3.3 407

y(n) =xz(n) —x(n — 1)+ 0.98y(n — 1) (3.1)

He o N AAFHBY o F >y 43 &ﬁ%m%”n@%ﬁ%ﬁﬁ@o

322 I RHEBFBGERIR

AREE AP e AFEOR AR GRS RN R ausgh o AR -

<l
&%
Ik
g\
R
=
&
£t

VARG R H WM BEEN E iRt 0 T E REES B BT

IR
]
;\‘\
Y
bt
It
=
o
TS

TEAANPE N PR NN R AR R B R A
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1 1 1 1 1
0 100 200 300 400 500 GO0
frequency bin

Bl 3.4: 4 4o HEE [3]

FRTOFEE - FAAPRDD 10 B3 125 BAF L0 55 PR BT bk

ek

T RS B 0 T 5 B (peak) 0 19 F B G ¢

i

-

Hin B ¥R 0

PR ATIHC BT R AT ERE R IIH ¢ o o] 34Y D2 F opa H

CERR R B RIFLENOF A @ R TLM RO LE -
BTAAPAS - BIERka P2 R EANPIFEEA P #E %Y

2.

Tregd n LEEFEENL > FBFIFEN L > 975 ¢ serhL Bd < 3

SRR FTFTA10 L0 2 10 BEY IR NE BEFL PEELR Y - BRI
%o ilicalpha > T B RF GEE 1T 0E 12/ 0 RpES PP EAR 3547
ToowEEM 10 BRI BB I YTEFREEDOPEEL Y AT
T R AT BN R B AT - B IR GunP i E o A2 B
3.6%2 3747 > B@ AT G S 0 4o 3.7 hiEd R AR e T - B
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35 T T T T T

DOAWET

1 1 1 1 1
0 100 200 300 400 S00 a00
frequency bin

B 3.5: R piB s P HEE (3]

3

—
&
)
EN

FERNE FHRAFLERLINELE- BIE SR RBFEES BN &

g frdolice Repiv2 > FUEALRNBLEREY TR B A g Y
RN ERFUREOITPEE AV ST - BRI IEAH B E 2

Bl RAE dogt - KR APRFBEOFREHEEHERY > ROBEA - B BEE
#HEIE3 AATRRLY LE'Jff»T"i»-,ﬂi E S TEECY ATy R R & B S g jic
B FAERAATERAZ IS IHEOEY o TP o

% Wang’s Method ¥ - &iE % 1) 2k edh Fp AT PBFREBFRE LW-h Mk
FEE N RORNE A S A TR TR 2 N R ¥ e intR iR
F3F 5 LR eERL o & «‘fﬁf}?ﬂiiﬁvéﬂ* o srdd Bed) k@i d ey
PAAZ AR BB F L FAEDER S R AR AR DFIRT 0 b4
o Gt l  EodE g1 - ROPEFEFEHFE > A » L5 -
B A AT R RS e GEFEGNERORRE > F AR
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nowWer

power

l 1 1 1
0 100 200 300 400 500 600
frequency bin

B 3.6: RpPigiEy kgl 3]

0 100 200 300 400 500 600
frequency bin

Bl 3.7: #7chP R [3]
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Forward

500 35
450 \
400
350 25
5 300 I,
oy
g 250
g 115
& 200
150 5 1
100
0.5
50
000

time (frame)

Bl 3.8 I FF A 6FiE 5 % i B [3]

BB 5 A3 8 BB 0 RLE S AR B R T E R R o A

A A Rty [3] 0 4% % 7 22 Wang’s Method 7 Fe e 58 R ¥ 1 pE A e E

Ty
>

FiE o 1pPR NRE o FERNEE R ii‘ﬂ'ﬁ"\"' P RT- X ks A4 T V- BAAE
CEEN RS EERS RS S TR R s S S

£ oo dom 2 B R IEA P-4 323 FHP .
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323 B g Rtk d

3229 o APEDN G - P HR N T - I AR Mgl R B
FAOTM o BERT U KRRy I ﬁ*k”ﬂ? g o BEF LR
et AE - BRANEE APALENY - BERY TR AR AR RRYE
TAMEF AR SHEIEEN P RFE > ARH Y HEY DA NGB RF R A
oA 96 B F 120U R Ay Ekan i f 128 % frequency bin » 12t = B 175 p %

BodeB] 397 hES BB 0 DHRHERY K - B R NGIE PR
Tiedss B B (1) ~ & BE S () ~ Y HGERERNEDER L
(A ~ fest? RNEGWE S (2) » 2 18975 RNEFTImT Y THBRGF- bk
AR 0 AT PR A R Ao Bl 3.9 97 o B 3220 G AN PEHK TR @
P H e RS R RNBRE S S SEREE R T ERRTE
BE 30 SRR APRES A ST RE B A - otk
Rk HFENRGEY B370 2 e BB A RS [3] 0 Apecd 1 H Y
B % - B EBE s+ R D BT (maximum amount of peaks per frame)
B S 10 0 M2 F BayEhE f o s A B ik (maximum amount of pairs per
peak) > HE 5 30 > A AR * hl F BayRE S R 8B 2 R R
230 5 F - A PRFHEOFERERE > RREF HF 96 BF I AP &

FEIFOER e LHES BRI PR e 2HE60 BE 1= 4o 310

AR 0 SRR T LA A RCEESEE n T A % ES [3]F P ik
%*%L‘ﬁs:i‘%_—r > ﬁFé’ 1 'F)‘mjw%?ﬁ\‘i TZ‘:%—,Z\ F’ {H‘ o 3t lFB llg: & S(twfz) 7 7T ‘3: ) /@;%

BHPRFHY N R8s > HY tAEFCHECL I f A HS O H

& Aik o 4ozt 3.2 Aor o

S(ti, fi) ={s(t, f) | (t; +5) <t < (t; +36),(fi —128) < f < (f; +128)} (3.2)
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Frequency

*
b4
b4

b4

¥ Target Zone X

b4
b4
b4
b4
» Time
0

B 3.9: ¥ {37 %W

Frequency
*
b4
b4

b4

g Target Zone | X

1AF1 %
ol
X
b4
b4
> Time
0
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PR ERE NG 5 R R e RO Aot e AP
FRE LN GTEE S P AP R E B R RS B AR T
Wotl ~fl At Rz BlciE - Aty > bl ER LI 24 2R B
g * 9 == (512 B frequency bin) % &4y BAF 5 (f1) o @ * 8 B >~ & dbn B2
R BLaHE X (Af=12-f1) » # ¢ MSB (Most Significant Bit) % 448 & £ chi §

Bo0:D 015 f 0 (6o THEALSMST LAGHE PRL-127+127 7

J
%

é%?’f%?viﬁwﬂﬂ?\ﬁ“rJ md\ﬂ—‘!—v Bisi* 7B ke C»‘lj:fj"l ‘17\]}"':’
i f A

>\.
:;-i:‘
1‘3<

ERFL (At=t2-tl) »d A1 PR GE U HEELD 0 P ERS
CRAOBEREFR L 06 BRI AR EE TR EA (127 BE4) PT S TP
FRPFIPN F hR AN A ES G 0 B0V S (SongID) K& FRE P ek
B KRB kB AR S IS B o £ T R 262144 F E Y 0 Ak
RAE S AFTHEL MG ORd D § 50 SUAT RBTRLY gy il
FREDE A t] AR FRET UBrAs &AL ERA
2FEAMEP hEid i FROF R bk B0 1 BF iR 7 1024 BERE
PR 8820Hz c H- FEMRFEARNL 01164 * et Wi d 2 By
SI2 BB E BE MBI BESPEFER Y 16 445 (0.116 x 0.5 x 2™

~60) > F KR AR EDESHNLBERED U 2Bt EA o B 311 LR

El

AAES R A BT AW o 50 ALV £ RAE 21 Bt 0 AR RA D -
# %#cMax Time i 2 P4 2 @& 2 214 » % &8 (t]) 4246 Max Time pF »
g Bl N EATT ARG EFR o d WP R S R R e R Y
# ¢ & Start Time » 43t 3.3 #f7¢ © &% £ 12 Song ID 3 + Max Time { 4 } &7
AP A R A dest 3499 0 FIE A R EE F T AR e e et

e RAEL AR B4R NAEG FRAEEIEES - B-HIhE e

A4

CSRRIE 5 = 3 PES

jRRER A o PTIIANP RRRAEY (TR A1 A HRTIAP R SRR A
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Hash Key

«+ 24bit >
| | s | oA |

<«—0hits—» €—3bits—»€—Thits—»

Hash Value

Y

32bit
‘ Song ID t1

Y

< 18bit > 14bits—»

Bl 3.11: feikdgr et ie

R A BEEES-BREE S NERREEY FRREE BEL AL -

Start Time = t1 mod (Max Time) (3.3)

Hash value = (Song ID) x (Maz Time) + (Start Time) (3.4)

324 NMRALEHETHRE

FoOoREAZ S 50 ponF il it A AP HMRE LS LA BIA
TG A BB E ¥ - BINAE - BoREA] > L& AT ke
A B BRI A EY A F D BE B o BIRARIEATG ek E
NP R RRALETER A R BRZEFEI O F Bl RARREED M
ko B R R R B EATEHNE L o o] 32977 o dok f -

Ep R H RS ] > BEA 1425 > MAaG ¥V b e EieAg- REl 0 EA
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Hash key 0 1 2 3 Mg | 2®-3 22| 2% -1
Hash table 3 5 0 3 0 ) ) 1
count
A4 A4 A4 A4 A4 A4 A4 A4 \V4
Hash value 875 1425 424 5875 250 853
78 17111 25 783 6320
7585 5278

B 3.12: j25 £
17111 > Pl senpizs w i@ e o & 3t E > FPRfeieEds

R e
BE o PR EEAY DA E B o

33 FRERWETE

P A PERFR RE 2 RAEEY DRI @ ;}z%]%,

S0 NP E ARBER PR B RSB ST

DY
MRS AR AP 2 A P EREL S A RARE
T FOL TR RPN henfe s gEerd 0 F AP AT E s A N 45 Bl e ke

BRE O QP IOCHAER PR E PE”FT"}'}E.F\ I - N VP o ﬂﬁ}»”ﬁ?kt

i % P B (offset time) 1 iy 2 & § ¥

Rt d/"g}\“i" o Il A lfaj&— Lx‘f ‘WEF °

3.3.1 Lbi"gj»ﬁgg ’1“5{:‘?‘1?‘1}31&.

GRERIIAR SRR F AR 320 2 S KEERR NS R
EAPE B RR R N A B B R 3 A BESR AN Ed i

#5200 Fla ARy A YR RIS o At 3 gk
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Query Database
Hash key Hash key 0 1 8002 15007 2?_3 | 2%
8002 LD (el 3 2 3 5 2 1
count
v N N v ~ N N
15007
Hash value 875 1425 1422 72 250 853
944
78 | 17111 777 17287 6320
7585 900 782
9220
166

Bl 3.13: el B Boerie R g 5 RS GEHE P B feik

—\

é%’wiﬁﬁﬁﬁﬁﬁﬁﬁﬁaﬁﬁﬁ%%@an’xﬁagyﬁﬁﬁﬁﬁ@o
BENAASE TR R ERABPTHEEN B kB SRE
o S BN & FFOREY A AP R SRk gt A B o R 313 5 6] KA
MY RPN OREER Y BRI FOREATT 0 BRGER L TR SR

Stk A0 WA P EAP @R - kAlseEa s 2P 128002 15007 55T A

a

B

FHREY S HEAEE > ok d BRIEAPIA 0 Bt d B BN PR AR

- Bl TEERECY Sl B ARk T

332 3 EHBEFF (offset time)

A PE R n R Fdrst 35 0 AP stk L phe 0 AR ARE P EBTHRE
PBD T AR AE S BEFR AR EY Y A v A F RO A
PER i > B P tlpg F TR E P AR 0 (e » B3 PP A4 pE

BodFtp @RS - YL SRS ET LY HE R esr e

Offset Time = tlpp — tlguery (3.5)

4o Bl 3.14 #7153

Wi

Pﬁ%;}za W hx jgl;lﬁ;,—r—é,]\_g:'ézl

NN
i
e
ol
~F
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Start time in DB
=
X (%
g ® * x x
s
| P x x (R
) - x g
< e x x % x x
Start time in Q
Offset time
=
i« X
=
g
; = »{ %
.f: - le—> X
Time

Bl 3.14: BB F T X B

B Pleiaa il ad Al gd 35 > vER T d ERE AT D

PERF £ 0 5 A5 P (offset time) o

333 RPGHBEREFLKE AL

N~

b — &Y s AR ABETY R HEDEY B BT KRB R
STF OB LS E B PET RS R s ol 315 cd N FREY - F it
WK T A Pl AR e enfe iR > TR - BRERAERT ATE DR ShELT N -
B NP PR R MBI A Ar > AR 315 Gl R REd hELE
E o deBIB 316 » #FH* - g 8d B35 - @72 P BERF v g 2 o
RPBLFHSERT NG I - BifEanil o AP GSBERLE - B
Pl B N REIT S E Y gt SR A EY A o IR
35 AR & B 0 B 2 F DA I BRI SR RO RS REET > 2 fl2 G
hitlist » 2 i #-3%%0 338 chicd 75 chip BB D > LF D f - B R i
Mt & e Bind > RE Nl P OB Tl A & 6] E 555 0
18 =t 5 B 5 » Bofb =t dick 5 chEcd BP0l 4ol BBt o N A god

S5 338 i He s 18 o
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Song ID Offset time
154 74
487 3472
338 494
177 512
338 494

Offset
Song ID T{{n .
331 31
338 1510
338 555
338 494
338 555
338 556
338 791

B 3.15: g 5L 2 B PR

5551 18
Offset time | 1510 + 1 3 Best
counting offset time
—- | 378+ 1 2 —
4+1 2
6l +1 1

B 3.16: A P F it iR

29

555+1
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Rank Song ID lan;;:::::;i(;unt Offset time
1 338 18 555+1
2 154 10 10+1
3 2240 10 158 +1
4 1047 8 2024 + 1
5 680 5 1056 £ 1

B 3.17: /”\ﬂ’:TOp—IO B

WYt - &Py 58 % APBN oL g i I iksdkF
#

Pr-oMr sy i Rgkc AUF RSP ERIE gRr B b
O TREFREREE ) T E - LSRR R R I E R P AT L IR

# -
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Fr d mAIZHPIHEELH

4.1 = UMEARBERBEMAH

4.1.1 2 pengr 2ms

AFP 3 #5538 & 5ot Avery L Wang 57k 3 24~ i ¥ € &ykatit 4 #4275
i o BB EOE LR P MG B AR R hE L AL R e

BB R G AR AR SR R A HER S SRS LR

sl

kpAtEF B CAN KT g BRZ R ER IR E LR HITNE

ERFEEHWnE B P I AAERN RS R BT RN

Sl e L - BER IR g T FEE 5 N kAP £ $ iR
s deir EEE TR E TR KGR s il D AR g
oo F FARUL A BRAL AL B S e A U B R

N L T T T e
ek PR RS N 2 Y 0 hSeb e R T o e R
B B RS TFR R MR RAE SRS R R AR
d A BRI G BB Ak (PR ER 0 T 00 aktE KR 34 R & D hit list £ &
RU RN AT gt B e PR MR T PRI Ak o B ok AN el g chin
Ao AR R - fA¥ses A7 e & 2 (bi-directional retrieval) 77 2 > %“g

d ek z e NEIELY Y~ A PER (offset time) B34 2 {8 > B kanjes
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FiEFHE—EF o g R RBEFRITL R LEE- SR o APAL
LR MR KNI L EITEARE > RSB A B E

AR kA BAp e o BRI B (s eEA B % o B4R R T L iRt S 5

-k
&=
g

VD p#H e AT N FARE s R - BTSSR £ A

H

%
R

BV hse s g eR s IR R D e e R TT B A S

YREE D e E R E e kA AP TE N anEs PR B e

4.1.2 RIFEERR
A2 TR P HRER AT AT FHASHEBEY CPUME G GPU

FUFERDG AR B E IR RS SRR R o

OS Ubuntu 18.04.3 LTS
Memory 128 GB
CpPU Intel(R) Xeon(R) CPU E5-2630 v4 2.20GHz
GPU GeForce GTX 1080 Ti
Memory: 11 GB
Programing language C++ and Python
Database 10000 distinct songs from Mirex
Query pieces 5692 pieces in .wav format from Mirex
Duration: 10 seconds
Sample rate: 8820/s

AL R LR AL U E T AR
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4.2 %t GPU & (78 F #73d = el F T 1§

421 PR

A AR I B ADE T A% 3]0 2T RFEL T & GPU
(Graphics Processing Unit) % i& 7 T 18 8 » (e fp Pre F] 5 A R4 1L 2 7 5 2 e
Bop o @ EyERF L AE ARy CPURFEY a2 kenff > 57 3 CPU
A GPUR AT M Adpleans KB R AP R Y T a2 2 kAKERT

S AR

422 BE

1% GPU # #77 48 5 7. (core) 42 CPU % F 3% % » #7120 GPU 2 (7T {7
H Ao iR A - PR 7 4 (thread) ddicE v 42 CPU heny % > F &
APEBEGPUKA » RkehiFiiz? » AP g L4 8 Eehd Biedets 17
e e B (block) ¥ - & BRBLE F SI2EH TR R AJTERBEETHEER
Bl kengeis o RS FD - BREDhitlist 0 H P Zeskd F =L HArE B aEc
WO R AL PR 0 F OB SHELIT L B 5] 0 4ol 4.1 AFF o 2 {4 4 hit list ¥
FBEAY A Bl BRA S EBRAS I28EH T ME - F Ay fei
Flehip PR R A > 2R F B A H E 2 (odd-even sort) o fEiw B 2 {1
L FEE Y TAR g Fooed o JIF 128 R TR AAIL % 3B L deendkF gt
e s de o L2 ksl E 5 Btk s ot HEe g > JF B 2 4o Algorithm 1 #7
Foo RPEFE 2 RIL 0 128 SEH KL T AIL 256 e F B 0 BB 2 L (S
MR IR Ap e DR ER S I AP MR o dogt i T
Ep % w B NIk b chip PR AV B L LB BH BT LA RS
Bihry NRBERE > FREBBEFL L - RPN A SIS B T
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VEHRYHAT AP RO SRR Y - B R R E Y
BRE BRI e S PR o 5 5 1024 4 0 i LR ¢ 128 iEH i
Hehd BE R PR 256 Lo 5k T68 L kAR 2 ASE A o 4ot
B~ FEA e B TR kA B § G 4ol 42977 o B BRAER A
I A ¥t hit list &+ & &8 E U > 2 8 L e drEE S 10245 5 e B4
BITFRELRVHOFE > H - 30d B WDk BT S fﬁi’é@ﬁ:l{#ﬁt
BrUd] 0 5 B F 1025 £ S chke S EARE R 0 doBl 4390 0 b T Btk
¥ RemmA o BB dnA Bt ARE L A R L A BETIIRRE
FAOR RS o L7 fRApEEL > APRF BEAEFE - RO T T 2T
1024 i > 77 5 P 0 GPU L A8 E - L et P A {33 B o
e FOUE-E - BT Bk f KA BcE 23] 2048 £ o GiFitkaA KL E

FI197% g3 B € £ 7 4246 2048 L ehie friic® > nd 208 & © 5 % 42048

Lo fIT R eI AFELEHIERF P PN BEFAP L JEs X E R
& 7MY 0 & Wang’s Method @ e R i i LB B PR L - e BN SR8 6L

- BHAPEE TS s APRE R R BRBER R 2R S A
boBl 44957 > £ 2 A CPURI GPU A B4 ¥ § (Tiphecd o A 20

4o o CPU R &
s M IERE IR BBFERR 2R A S LS

GPU = A :

b WP RPEE - RAOH FEEER S T 1024 6F
o BH - Bod Bk B AEKE RS T 2048 X o

C A E R R BBPE R MR A T A
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Song ID Offset Time 1 Offset Tme2 | ..
Bl 4.1: hit list
< 1024 records »
123 threads Sorted Unsorted

4256 records®€— 763 records———————»

Bl 4.2: 5 xE

R R

Amount of hit records in GPU

Error

Real amount of hit records

B 4.3 U H - Bl B X kg EcE orF ket

Offset
Song ID i%:me
331 31
338 1510
338 555
338 494
338 555
338 556
338 791

Offser time 1510 3 Best
counting offset time
—— 378 2 —
4 2
61 1
e
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Data: hit list of one song, thread amount per block

Result: sorted hit list in the order of offset time

tid = thread ID;

while (tid) < (maximum hit count per song) do
each thread loads one record from hit list into array Q;
tid += thread amount per block;

end

for i = I to hit count of one song do

t = (thread ID) * 2;

if (t+1 < hit count of one song) & (Q[t] > Q[t+1]) then

swap Q[t] and Q[t+1];

end

t=t+1;

if (t+1 < hit count of one song) & (Qft] > Q[t+1]) then

swap Q[t] and Q[t+1];

end

end
Algorithm 1: 4] * & i85 2 #-hitlist 2R BB PR ) 3] < 27
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CPU Version | GPU Version
size of database (GB) 3.74
average query time per song (second) 1.14 0.12
accuracy (%) 87.2% 85.6%
e 4.2: AEE T e kLA IR
CPU Version | GPU Version
size of database (GB) 3.74
average query time per song (second) 1.12 0.15
accuracy (%) 88.6% 88.7%
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Hash Key

F Y

L

24pits
f1 Af At

«—0bits—»€—0hits—»«—Thits—»

Hash Value

< 32hits »
table 1 SGF?Q‘ ID 1

< 18hits > 14bits »

+ 32hits »
table 2 Song ID el -e2

< 18bits >4 14bits—»

Bl 4.6: itk £ BAT8eA L T R B

AFF A [(1-p)ler —ex)pp, (1+p)(er —ea)pp] 2 F » T#RFTHREY L &

A2 H g Bl ~ hitlist o

433 ERFELF
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B 112 fy45@ i 0.705 45 > 5572 37.04% « TR A PR & * i £ L% FiF 3
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Accuracy with different P

88 87.7

.| ™ CPU 47.9

—— GPU

Accuracy (%)
o3 o8 8 8 2

~J
M
N

~
]
L

~
N
H

0.1 ’ 0.25 0.5 0.75 0.9

p

Bl 4.7: v £ 15 5 R 0F 0T 2 e

B RS R 87.7% » AL 32 &Y @i R kL
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Query time with different P
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(1_p)AfDB < AfQuery < <1+p>AfDB, 0 < P < 1 (42)
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Accuracy with different p
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Accuracy with different 6
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dg
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(d3, x3) . Sorting
Ranking System dzaz
(dg, xa)
dl’ﬂ
(dm , Xm)
Query Piece

B 418 R EY 782 didz
4.5.2 AdaRank

AdaRank &_d Jun Xu ** 2007 & % £ ch- AR EE Y gy 2 [12] » pw 2
kot AdaBoost i B ik 0 - AT e UL R AT o F LA A
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# E#y~ > @ & * 58 NDCG (Normalize Discounted Cumulative gain) % % {¥3=
fedpth > ¥ *higif LA 5] 5k (permutation function) (g, d, f) » #j» A58 4 £ g

R A BB fAPED- REd B T(j) =) FEAER A E R

11"7"

BEFLTHF - LDRF %-mms‘zpﬂ#ﬁi < o B4 T R e Algorithm 2 #7571 »

‘H}%-&r" :

. :;/;'_%} %ﬁd ,.l&ﬁﬁ—},mv}:gﬁ‘ 1\355 $

e oW 1P EERBALKBEDNERL

c B I EP AN PBALER HEDREES AR RIS S E
s FE o EAREEF ATRTRRE
CFIHEFT BRI RE DRSS E

Data: training data, F, T
Result: strong ranker fr

Initialize P; (i) = +;

fort=1toT do

Create weak ranker h; with weighted distribution P, on training data;

SN PG {1+E((giydi,he) i)}
SN P {1—E(n(qi,dihe) i)}

Choose o = £ - In

Create fy(x) = >_p_, ay - hy(z);

N exp{—FE(m(qi,di,ht),yi) }
Update R+1(Z) = Zjil exp{—E(m(qs,di,ht)y:)}’

end

Output ranking model: fr(x);
Algorithm 2: AdaRank ;% & /#
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Pl FERS o
CPU Version | GPU Version
size of database (GB) 3.74
average query time per song (second) 2.488 0.306
accuracy (%) 90.1% 90.1%
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Method Base | Alignment of | Multi-tables | Bi-directional | AdaRank
line | GPU version | with energy retrieve
Accuracy (%) 87.2 88.6 85.1 89.23 90.1
CPU Ver.
Query Time (sec) | 1.14 1.12 0.7051 2.4363 2.488
CPU Ver.
Accuracy (%) 85.6 88.7 85.4 89.3 90.1
GPU Ver.
Query Time (sec) | 0.12 0.15 0.0803 0.26 0.306
GPU Ver.
Size of 3.74 3.74 7.4 3.74 3.74
database (GB)

%0500 LR E B AR R
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