KaTta TysoBa
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Kakas B xygLiem ciyyae CNoXHOCTb noucka B kd-gepese us n
3nemMeHToB”
Kakoii cnyyain sensetcs “xygwmm'’?
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O(n)
Ha kaxxgom ware cdepa paanyca R nepecekaet
PasfenstoLLyO NMOBEPXHOCTb.
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YTo BaxKHee Ans anroputMa kKnaccudmkauum: TOYHOCTb Wn
nonxota? Moyemy?
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TP
TP+ FP

Precision =

— TP — 3T0 KONNYECTBO 3/IEMEHTOB, KOTOpbIe
KJ1acCnmKaTop BEPHO OTHEC K Knaccy ¢,

— F'P — KONIMYeCTBO 3/1IEMEHTOB, KOTOpble KnaccudukaTop
HEBEPHO OTHEC K KJaccy c,
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TP
TP+ FP

Precision =

XapakTepusyeT, CKOJIbKO MOJIyYeHHbIX OT KjaccudukaTopa
NOJIOXKNTENbHBIX OTBETOB SIBNSAIOTCA NpaBUibHbIMU. Hem
Donbliue TOYHOCTb, TEM MEHbLUE YNCIIO JIOXKHBIX NONagaHuii.
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TP
TP+ FP

Precision =

Y710 ocTaeTcst HensBeCTHbIM?
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TP
TP+ FP

Precision =

Mepa TOYHOCTU He JAeT NpefcTaB/EHNst O TOM, BCE JN
NpaBuibHblE OTBETHI BEPHYN KNacCMpuKaTop.
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TP
TP+ FN

Recall =

— TP — 3T0 KONNYECTBO 3/IEMEHTOB, KOTOpbIe
KJ1acCnmKaTop BEPHO OTHEC K Knaccy ¢,

— F'N — KOnn4ecTBO 3/1EMEHTOB, KOTOpbIE KaccuukaTop
HEBEPHO OTHEC K KJIacCy, OTJUYHOMY OT C.
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TP
TP+ FN

Recall =

Mepa noAHOTBI XapaKTepu3yeT CNOoCObHOCTL KiaccuukaTopa
«yrafbiBaTb» Kak MOXHO DOJibLIEE YNCAO MONOXKNTENBHBIX
OTBETOB N3 OXKULAEMBIX.
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TO4YHOCTb (precision)

0.9

0.8

075

0.6

0.5

0

O ka0 008 1
noaHoTa (recall)
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TO4HOCTb (precision)

0.9

0.8

0.7 -

0.6

0.5

0

02 04 06 08 1
noaHoTa (recall)
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TOYHOCTb (precision)

0.9

0.8

Q75

0.6

0.5

02 04 06 08 1

noAHoTa (recall)
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_ 9 PR
Py =255

F-mepa npegcrtaBnsieT coboii rapMOHUYECKOE CPeaHEE MEXAY
TOYHOCTbLIO U noaHoTol. OHa CTPEMUTCS K HYJO, ecnu
TOYHOCTb WM MOJIHOTA CTPEMUTCS K HYJIHO.
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KpaTko onuwmnTe ocHoBHyto naeto locality-sensitive hashing.
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Haiitn Takyto xaw-dyHkuuto h, yTo:

— Ecnn obvektbl O n Cy noxoxu, To ¢ 6onbLLOIA
BeposiTHocTbio A(C1) == h(C2)
— Whave — c bonbLuoii BepositHocTbio h(C'1) # h(C2)
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[lpvBegnTe NpUMep KNAaCTEpHOI CTPYKTYpbl Ha KOTOPOIA
anroput™m Jlanca-Yunbsimca ¢ napameTpamu,
COOTBETCTBYIOLMMU TPYNMNOBOMY CpeaHemy, byget paboTatb

NJ10Xo0.
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CryweHus
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JleHTol
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C ueHTpom
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C nepemMblHKamMm
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Ha done
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[NepekpbiBatoLymecs
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CooTBeTCTBYET NN feHApPOrpaMMa KnacTepnusaunn TO4YeK a, b,
¢, d anroputmom JlaHnca-Yunbsimca ¢ napamerpamu,
COOTBETCTBYIOLUMI TPYNMNOBOMY CpeaHemy?

Ecnn HeT, TO npuBennTe BapuaHT, KOTOpPbLIV CYMTAETe

npaBubHbIM.
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MO)KeT JIN TaK CNYHYNTbCA, 4TO AeHOApOrpaMmMa NMeEET
camonepecedeHuns?
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KnaCTepm3au,v|;| MOHOTOHHaQA, €CJZIN Ha Ka>XXAOM LuUare
paccTtosiHne p Mexay O6'be,EI,I/IH$IeMbIMI/I Knactepamm He

yMeHbLLIaeTCs.
p2<p3<---<p
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Knactepusaumns — 3agada pa3geneHunsi O0beKTOB OfHOA
NPUPOAbI Ha HECKOJIBKO FPYMM Tak, H4TObbl 0OBbEKTHI B O4HOIA
rpynne obnaganm ogHUM U TEM XKe CBONCTBOM.

Knactepnsaumsi — 310 obydeHne 6e3 yuntens.
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X — npocTpaHCcTBO 0OBEKTOB
p: X x X —[0,00) — pyHKUMS pacCTOsiHUS MEXDY
obbekTamu

Hatitu:
Y — MHOXecTBO K/lacTepoB
a: X — Y — anropntm Knactepmsauum
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— KpuTtepnii kayecTBa knactepusayum

— Yucno KNaCTeEPOB HEN3BECTHO 3apaHee

— Pe3ynbTaT knactepnsauumm cyLleCTBEHHO 3aBUCUT OT
METPUKN
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CokpaTnTb 06bEM XpaHUMBIX AAHHbBIX

Bbl,ﬂ,eﬂl/lTb HETUNNYHbIE OBBEKTbI

VnpocTuts ganbHeiiwyto obpaboTky gaHHbIX

HOCTpOVITb NEPApPXnNO MHOXECTBA 0bBbeKTOB
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— MwuHUMU3MpoBaTh CpefiHee BHYTPUKIIACTEPHOE
paccTosHune

(25)=a( >p(xi’xj)
a(z;)=a(x; .
: J — min

1

a(z;)=a(z;)

— MakcnmunsnpoBaTb CcpefiHee MEXKNACTEPHOE PacCTOsIHME

p(xivxj)
a(a;)Za(ay)

1 — max

a(z;)Za(x;)
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— Vepapxunyeckne

— [padposbie

— CraTtncTtuyeckune
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Kakune ectb aBe o4eBuaHble naeun?
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OueBungHsbie:

- Bbl,ﬂ,eﬂeHVIe CBA3HbIX KOMMNOHEHT

— MuHumansHoe NoKpbIBatoLlee AEPEBO
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— Pucyem nonHbiii rpad ¢ Becamu, paBHbIMU PacCTOSHUIO
Mexnay obbekTamu

— Bbibupaem aumMnT paccTosiHus r U BbIKUAbLIBaEM BCe
pebpa ainHHee r

— KOMMNOHEHTBI CBA3HOCTM NoAy4YeHHOro rpada — Haww
KJacTepsl
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Kak nckaTb KOMMNOHEHTbI CBA3HOCTMN?
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MuHMManbLHOE OCTOBHOE [EPEBO — AEPEBO, CoaepXKallee BCe
BEPLUMHBI rpadha 1 UMEIOLLEE MUHUMAJIbHBIA CYyMMapHbIA BeC
pebep.

Kak HanTtun?
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Kak ncnonb3oBaTe MUHUMALHOE OCTOBHOE 4EPEBO A1
pa3bueHnsi Ha knacTepbl?
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CTpoM MUHMMaNbLHOE OCTOBHOE AEPEBO, A MOTOM
BbIKMAbIBAaEM U3 Hero pebpa MakCUManbHOro Beca.

Ckosibko pebep BbIOPOCUM — CTOJIBKO KAACTEPOB MOJTYHUM.

4373
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Npes:

- BbI,D,eJ'II/ITb BCE TOYKMN BbI60pKI/I Z;, nonagaktouine BHyTpb
ccbepst p(a, 7o) < R
- ﬂepeHeCTm Lo B UEHTP TAMXECTWN BbIAENEHHbIX TOYEK

— [MoBTOpPATL NoKa Ty He cTabunnsupyercs
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Input: X, R
U=X,C=0

while U # 0:

BbIGpaTh Cay4aliHyto TOUKY Zg
MoBTopsTb Noka x¢ He cTabunnsupyercs:
c={zr € X|p(z,z0) < R}
Ty = ﬁ Y

xrEC

U=U\¢ C=CU{c}
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+ HarnsgHocTb

+ CxopgmmocTb
— 3aBuUCMMOCTb OT BblbOpa Xy

— [lnoxo paboTaert, ecan nsHavanbHas BbIbOpKa MJIOXO
DENNTCA Ha KaacTepbl
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Npes:
MUHUMW3UPOBATbL MEPY OLIMOKM

E(X,C) = ;II%—MIP

i — bnvKalwmii K x; LeHTp KNnacTepa

48 /73



NHunumannsnposaTb LeHTpbl k KnacTepos

Noka ¢; He nepecTaHeT MEHSATLCS:

= in p(z; =1,...
¢ = argminp(zi, pe) i =1,
> filzi)
MCZC"CT j=1...,n,ceC

[l — HOBOE MOJIOXKEHNE LIEHTPOB KJ1AaCTEPOB
¢; — NPUHAANEXHOCTb X; K KNacTepy
p(Z;, ft.) — PacCTosiHME OT T; KO LEHTPa KIacTepa i,
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— YyBCTBUTENBHOCTL K Ha4YaNbHOMY BbIOOPY [l

— HeobxogumocTb 3amaBath k
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2.
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— Heckonbko cnyyaiiHbix knactepusavunii

— [locTenenHoe HapawmBaHne 4mcna k

— WcnonbsosaHue k-means++
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— BbibpaTb nepeblii ueHTpong cay4aliHbim obpasom

— [ns kaxpoli ToYKM HAliTU 3HaYeHne KBagpaTa
paccTosiHua 8o bamkaiiwero ueHTponaa.

— BblbpaTb 13 3TUX ToYeK CheaytoWmnii LeHTpounsg Tak,
4TOOBI BEpOSTHOCTL BblbOpa TO4YKM bbina
MPONOpLMOHabHa BbIYNCIEHHOMY ANS Heé KBaApaTy
paccTosiHus
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Npes:

— lMonyyaTk Ha BxOA He k, a AManasoH, B KOTOPOM MOXET
HaxoanTbcsa k.

- 3aI'IyCTI/ITb k-means Ha caMOM MafieHEKOM 3HAYEHUN U3
Anana3oHa.

— PasbuBatb nononam nosiydeHHble KAacTePbl U NPOBEPSITH,
He YNy4dLnaack AN KNacTepmusauus.
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Kak npoBepuTb, 4To KiacTepusauus ynyywmiacs?
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BIC = E(X,C) + kdlog(n)

E — BHyTpuknacTepHas CyMMa KBaJpaTOB PacCTOSIHUIA
k — KONMYeCTBO KNacTepoB

d — pnuHa BekTopa duy

n — KONNYECTBO 0bBEKTOB B BbIbOpKE
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JNuxeiinble MeToabl Knaccudukauum

MuHUMK3aLMsa sSMNUPUYECKOro pucka

MeTog rpagneHTHOro cnycka

MpuHuMn makcuMyma npasgonogobus
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