aﬁmﬂx@ ot *@“‘/“9’-

_/

S 20"°2’L3 — Doy pornahua
TS ol Dﬁf‘mk






N ol t\fua%bgm \&wAJA




3, D-Q’\GWc X = %1,,-

x e (¢5 =27
dp) for pricte a,bEV



8(;\/@/\’.

3-' 3“’%" Xmﬁid 0 C VS CHAY)
buncl LC (a)b) 2 s & h €V

(ﬂoat g i |

A- (p‘y\gkwv\&t 0— (&.OQU\ XQ’“(V\J"W X’O\( X (PW-“PWULKS\\Vj’,
Ly v SPO\(ILM>



rqudt“kiﬁk%ﬁﬁﬂ:\&w*dﬂ

8(;\/@/\’.

3-' 3“’%" Xmﬁid 0 C VS CHAY)
buncl LC (a)b) 2 s & h €V

(ﬂoat g i |

dodr stradin bae X CPYL“V“MS\“’?/
e Ly o spaw aJMW‘-)>
P AR &WA a.w&JWﬁIff in X

& emin Al
2 &YX L1>

4 (ot & o
S R






> Spock W"PQ&(? o CV"”] tina










G odnsedt
(3
————————
MU\A oto e
AN~
[ ek 4%

'H\M.o.
" m%mzo R
v Spa N
fvo
7 S

3 ’ 'F"S (e %(h') I—HWZ.
oW S\‘Dﬂ‘ a Seaveh

- L Qr

Oy &P

| naYe §pac
'(:QY o(n) oy !
J\ . ‘t*ru,
So, 9°




O(dn) 8P4
" ‘l’,*ru, 'cov o(m) e , T SFM&

So, oo
'3/‘ J = YN\MW\CK Pfc_- P'Vc) U—V&l‘j %\N‘Q %DT PTRLt‘;;fAM



| =~

























7M)°YQ_0WL"( ("
4 0S| e






(wusc QDJWM(M&WJ @

, M K ywrron r))’\/\&V\ﬂWnWY\
e W(ﬁrcc Pro‘o by |



(/AML g QDJZWM(OTLGJAJJ @

S

7 (,JUA kKawon r))’\/\&vwrv\.cnm Obvad g
ww\a WL’T(C Pro‘a by , ¢n cJMJ/\'g NN,

7 Lv\\’w\hm



(wusc QDJWM(M&M/Z @

\osmvd LN
nement O
ﬂMM,,E ;;::(rrpro‘o by |

% Lv\\'tﬂ\h““

LW | A <§\ (MS
L7



o QDJWM(M&M/Z @

. M_ karon r);'\/u\vwwnm OESQMMJ N
e %cw tric Pro‘o by |

7 /Lv\\'u/\%“‘“'

e gy plwidl T
f A i ol
L :
> NNS Yoyd o k-d bew il need 2(2%) L‘-Jeup Kme



= x ol fﬁF? U oy




= x ol fﬁF? U oy
?&A’C@ﬂ«\l







%Lam/m\'
S el T_W%;
%;”M AP

o T o (‘F"W P(Wq i

N Oun Cunds ¥ Focord: f
T

o iy 03 TCMIR)



- O Wy 03 TCHIR)
Ty qum

FT) . fhn 1Al Py

b U
pedn (n Fim 9]7(.(}’1'0 cam P nghvad ié‘w |
Do bdobor. § dneaby provsed Ip-



4000 ————e - - 4000 v - -
!.'
3500 b » > L N .~ 3500 x X
LE . - x x
w00k | . é N rE o R 3000 X

2500 L X

Frequency
8
»
>
kS
»

1500 L X

(a) Spectrogram extracted from clip of an au- (b) Post-processed spectrogram which can be
dio file. used to construct an audio “fingerprint” q €
N9 for identifying a song clip.

Figure 1: Images from the paper outlining Shazam’s approach to audio retrieval [2]. Once
features are extracted from an audio clip, a hashing based algorithm is used to perform
approximate nearest neighbor search in a database of known songs.
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Algorithm 1 LLSH Algorithm

Preprocessing:
Choose k- €, hy 1,..., g functions uniformly at random from H.
Construct ¢ hash tables; for all 1 < ¢ < ¢ store f;(p) = (h;1(p),...,h;k(p)) for all p € P in the i-th has
table.

Query(q):

fori:=1—/do

Compute f;(q).

Go over all points p where f;(p) = fi(q). For all such points if dist(p, q) < ¢ - r, output p.
end for
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Figure 4: Our Euclidean locality sensitive hash function draws a random Gaussian vector
g. Consider the hyperplane orthogonal to g and passing through {0}?. All points above the
hyperplane are hashed to 1 and all points below are hashed to —1.
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