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Moaenb TMHENHOW
K1aCCUPUKaL MU




Knaccnpumkaums

Y ={-1,+1}

e —1 — oTpuuaTeNnbHbIN Knacc

* +1 — nonoxKnTenbHbIN KNacc

* Anroputm a(x) foNKeH BO3BpaLW,aTh O4HO U3 ABYX YMCESN



JINHenHaa perpeccus

BewecTtBeHHOE
yucno!




JINHENHbIN KNacCUPUKATOP

d
a(x) = sign (WO + z ijj)
=1

J



JINHENHbIN KNacCUPUKATOP

d
a(x) = sign | wy + z W;X;
j=1

CBobogHbIN

KO3QQUUUEHT
Py [pU3HaKn

Beca



JINHENHbIN KNacCUPUKATOP

* bygem cunTaTtb, YTO €CTb €AMHNYHbIN NMPU3HAK

d
a(x) = signz w;x; = sign (w, x)
j=1



[eomMeTpusa IMHEMHOTO KNaccndUKaTopa

CKanapHoe npounsseneHue:

(a,b) = |al|b|cos(®)




[eomMeTpusa IMHEMHOTO KNaccndUKaTopa

YpaBHeHMe runepnaockoctn: (w, x) = 0




[eomMeTpusa IMHEMHOTO KNaccndUKaTopa

* JINHENHbIN KNacCUPUKATOP NPOBOAUT 0
rMNepnaoCcKoOCTb ol &

[}

* (W, x) < 0 — 06BEKT «cnesa» oT Heé | Nt
) . riin e,
e (W, x) > 0 — 0bbeKT «cnpaBa» OT Heé LA D42 0




[eoMeTpusa NTMHENHOro KnaccudumKkaTopa

* PaccToAHMe OT TOYKM A0 rmnepnaockocty (w, x) = 0:

(w, ) [{w,x)]

wll J(w, w)

* Yem 6onblie (W, x), TeM ganblue o6bEKT OT pa3genatoLlen
rMNepniocKOCTu




[eoMeTpusa NTMHENHOro KnaccudumKkaTopa

@ o




[eoMeTpusa NTMHENHOro KnaccudumKkaTopa

@ @

Bbibpoc




OTcTyn

* M; = y; (w, x;)

* M; > 0 — knaccudpukatop gaet
BEPHbIN OTBET

* M; < 0 — KnaccuduKatop
owmnbaercs

* Yem ganblie OTCTYyN OT HYAA, TeEM
b6o/blle YyBEPEHHOCTH




[Topor
a(x) = sign({w, x) — t)

¢t — nopor Knaccndpmrkatopa

 MoHo noabupaTtb 4NA oNTUMMU3aUUU PYHKLUKN NOTEPb, OTIMHHOWM
OT UCNO/Ib30BAaHHOM Npu 0by4yeHnm



JINHENHbIN KNacCUPUKATOP

* JINHENHbIN KnaccndurKaTop pasgensaeT ABa Knacca rmnepnsiocKoCTbo

* Yem H6osbLIE OTCTYN MO MOAYIH0, TEM Aa/ibluie OObeKT OT
rMNepnIoCKOCTH

* 3HaK OTCTyNa roBOPUT O KOPPEKTHOCTM NpeacKa3aHms



ObyyeHne NMHENHbIX
KNacCMPUKATOPOB




OyHKUMA NOTEPL B KNACCUPUKALNM

* YacTbin BbiIbOp — BMHapHasa yHKUMA NOTEPb
L(y,a) = [a #y]

* OyHKUMOHaN OWNBKM — Aona olWwnboK (error rate)
4
1
0(a, %) =5 ) [a(x) # i
i=1
* HepeaKo n3MepsatoT 4010 BEPHbIX OTBETOB (accuracy):

4
1
0(a, %) =5 ) [a(x) = yi
i=1



[lona owmnboK Ana IMHENHOTO
KnaccupmraTopa

* PYHKUMOHAN OWNOKK:

N~

1
Qw,X) = [sign ({w, x;)) # y;l

¢

=1

* NHanKaTop — HeanddepeHumpyemaa GyHKLUA

LI L B L L L B

........................................




OTCTYNbI ANA IMHENHOTO KNAaCCUPUKATOPA

* PYHKUMOHaN OWMNOKM:

1

Qw,X) = 7 [sign ({w, x;)) # y;]

-

1=1

* AIbTepHaTUBHAA 3aMNUCh:

y
1
Qw,X) = ?Z[Yi(w,xﬁ < 0]
i—1

M;



OTCTYNbI ANA IMHENHOTO KNAaCCUPUKATOPA

L(M) =M < 0]

* Henb3a npoanddepeHumpoBaTb
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BepxHAA oLeHKa

LIM)=[M<0]<LM

* OueHnm csepxy andpdpepeHunpyemom pyHKLNEN
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BepxHAA oUeHKa

%Ir—x

4 4
1
;2 [yi(w, xi) < 0] <5 > Letw, %)) - min

1=1 =1

* MUHMUMU3INPYEM BEPXHIOKD OLEHKY

 Hapeemcs, YTO OHa NPUMKMET A0N10 OLLMOOK K HY/IHO



[Tomepbl BEPXHUX OLLeHOK

1

L(M) =log(1+e™) —

NOrmMcTtnyecCrad

L(M) = max(0,1 — M) — KycouHo-

JINHEenHas

L(M) = e ™ — skcnoHeHumanbHasn

CUrmomngHas

3.0 1

2.5 A
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[Tpumep obyyeHmns

* Bbibpaem norucTtnyeckyro PyHKLUIO NoTepsb:

~

1 - .
Q(w,X) = ;2 log(1 + exp(—=y;(w, x;))) ~ min

* Bblumncnaem rpagueHT:
¢

~ 1 ViXi
vV, 0w, X)=—-
A % e AT




[Tpumep obyyeHmns

e lenaem rpagmneHTHbIN CAYCK:

v
1 ViX;
(&) — 4, (t—1) _ E Lt
w w +
L v s 1+ exp(y; (w, x;))



[Tonmep perynapmsaumm

4
1
2 log(1 + exp(=yiw, x1))) + 2wl > min
=1

* [MONHOCTbIO aHANNOTUYHO NIMHENHOWN perpeccmm

e BakHO He HaknaapbIBaTb PErynapmsaumnto Ha cBOH6OAHbIN
KO3pPunumeHT?

https://medium.com/@shrutijadon10104776/why-we-dont-use-bias-in-regularization-5a86905dfcd6




MeTprKKM KayecTBa
KNacCnPUKaumm




KayecTBO KnacCuPpuKaLmm

e [lonAa HenpaBUbHbIX OTBETOB:

| =
'M%

la(x;) # yi]



KayecTBO KnacCuPpuKaLmm

* lona npaBMAbHbIX OTBETOB (accuracy):

4

-

la(x;) = yi]
i=1



HecbanaHcMpoBaHHbIE BbIDOPKA

* HecbanaHcmpoBaHHasa BbiIbOpKa — 0H6BHEKTOB O4HOrO Kacca
CyLwecTBeHHoro bonblue

* [Mpumep: NpeacKkasaHMe KJIMKOB Mo peKkiame
* [Mpumep: meanUMHCKanA AMarHOCTMUKa
* [Mpumep: npeacKkasaHMe OTTOKA KIMEHTOB

* [Mpumep: cneymanmn3npoBaHHbIN NOUCK



HecbanaHcMpoBaHHbIE BbIDOPKA

* [lpumep:
e Knacc -1: 950 o6beKTOoB
e Knacc +1: 50 o6bekToB

ca(x) = -1
* [lona npaBunbHbIX oTBeTOB: 0.95
* [Touemy pe3ynbTaT Hac He ycTpamBaeT?



HecbanaHcMpoBaHHbIE BbIDOPKA

* [lpumep:
e Knacc -1: 950 o6beKTOoB
e Knacc +1: 50 o6bekToB

ca(x) = -1

* [lona npaBunbHbIX oTBeTOB: 0.95

* [Touemy pe3ynbTaT Hac He ycTpamBaeT?

* Moaenb He HECET SKOHOMUYECKOM LLEHHOCTHU

* LleHbl OlIMOOK HEPaBHO3HAYHDI



HecbanaHcMpoBaHHbIE BbIDOPKA

* o — A0N5 06BEKTOB CaMOro KPymnHOro K/acca

* J1nA pa3yMHbIX aATOPUTMOB:

accuracy € [qg, 1]

* Ecnn nonyumnnm 6onbluoi accuracy — nocmMoTpuTe Ha BanaHc Knaccos



YnydlweHne MmeTpukn

e [1Ba aniropntma
* [lonn NnpaBUNbHbIX OTBETOB: 171 U T

* ABCONIOTHOE yaydLllEeHNEe: 1, — T
T2—11

e OTHOCUTENIbHOE YNYYLLUEHUE: .
1



YnydlweHne MmeTpukn

°T1:O.8 ’T1:O.5
7, =09 + 1, =0.75
« 21 = 12.5% « 21 = 50%

™ &1

7, = 0.001

i TZ — 001

« 271 — 900%
1



LleHbl ownboK

* MMpumep: KpeaAUTHbIN CKOPUHT

* YTO XYyKe?
* BblaaTb KpeauT «MAOXOMY» K/INEHTY
* He BblaaTb KpeauT «xopoLliemy» KANeHTY

e [lona BEPHbIX OTBETOB HE YYMUTHIBAET LLEHbI OLLINOOK



MaTpuua owmnboK

a(x) =1 True Positive (TP) False Positive (FP)

a(x) = —1 False Negative (FN) True Negative (TN)



MaTpunua owmnboK

* Mopgenb a(x): * Moagenb a, (x):
a(x) =1 a(x) =1

a(x) = -1 20 80 a(x) =-1 52 98



To4yHOCTb (precision)

* MOXHO 1 AoBepATb KnaccnobukaTtopy npu a(x) = 1°?

TP
TP+ FP

precision(a, X) =



To4yHOCTb (precision)

* Mopgenb a(x): * Moagenb a, (x):

- -
o -- o --

a(x) = — a(x) = —

e precision(a{,X) = 0.8 * precision(a,, X) = 0.96



[MonnoTa (recall)

* KaK MHOI0 NON0OXKUTE/IbHbIX 0O bEKTOB HAXOAUT KnaccupumKaTop?

TP
TP+ FN

recall(a, X) =



[MonHoTa (recall)

* Mopgenb a(x): * Moagenb a, (x):

2

a(x) = -1 80 a(x) =-1 98

* recall(a, X) = 0.8 * recall(a,, X) = 0.48



TOYHOCTb M MNOZIHOTA

relevant elements

false negatives true negatives

° o ° o o

true positives false positives

selected elements

How many selected How many relevant
items are relevant? items are selected?
Precision = ——— Recall = —

https://en.wikipedia.org/wiki/Precision and recall




AHTUOPOA

* Knaccmoumkauma TpaH3aKkUMM Ha HOPMabHbIE U MOLLEHHUYECKNE

* BbiCOKaA TOYHOCTb, HU3KaA NO/IHOTA:

* Peako 610KMpyem HOpMaibHbIe TPaH3aKLU MK
* [ponyckaem MHOIO MOLUIEHHUYECKNX

* Hn3kas TOYHOCTb, BbICOKAA NMOJIHOTA.
* YacTo 6/10KMpyem HopMmasibHble TPaH3aKLUK
* Pegko nponyckaem molleHHUYecKue



KpeaAnTHbIN CKOPUHT

* HeyaauHbIX KpeanToB A0MKHO bbITb He bosnblue 5%
* OrpaHuyeHue: precision(a, X) = 0.95

* MakcMmusnpyem noaHoTy



MeanumHcKkasa AnarHoCcTUKa

* Hapo HanTn He meHee 80% H60NbHbIX
* OrpaHuyeHme: recall(a, X) = 0.8
* Makcumunsnpyem TO4HOCTb



HecbanaHcMpoBaHHbIE BbIDOPKA

 accuracy(a,X) = 0.99 =1 p—
e precision(a, X) = 0.33

e recall(a, X) = 0.1 a(x) = 1 10 20

a(x) = -1 90 10000



CoBmelleHne TOYHOCTU U
NOJIHOTb




TOYHOCTb M MNOZIHOTA

* TOUHOCTb — MOXHO NN A0BepPATb KnaccndbuKkaTopy npn al(x) = 1°?
* [lONHOTa — KaK MHOTO NONOXUTENbHbIX 06bEKTOB HaxoanT a(x)?

* ONTUMKU3UPOBATL ABE METPUKU OAHOBPEMEHHO OYEHb HEYA0OHO
* Kak 06begnHnTL?



ApndmeTnyeckoe cpegHee

1 1.0
A= 5 (precision + recall)

recall

precision



ApndmeTnyeckoe cpegHee

1
A= 5 (precision + recall)

1.0

0.8}

* precision = 0.1 0.6\
recall =1
e A =0.55

recall

0.4

0.2

* [lnoxon anropmtm

0.0
0.0

0.2

AN I
0.4 0.6 0.8 1.0
precision



ApndmeTnyeckoe cpegHee

1
A= 7 (precision + recall)

1.0

0.8}

* precision = 0.55
* recall = 0.55
* A =0.55

recall

* HopmanbHbIN aNropuTm

* HO Ka4yeCcTBO TaKoe e, KaK y
NJ10XOro

TN
0.4 0.6
precision



MUHUMYM

M = min(precision, recall)

1.0

o8l ||| 1

o -1 I I ) I

recall

0.2F- -1

0.0b

0.8 1.0
precision



MUWHMYM

1.0—.

M = min(precision, recall)

V)F: S O 1 A

* precision = 0.05 osf |||
*recall=1

* M =0.05

recall

oab- L]

11 I I .

0.0b
0.0

|
0.2

| | |
0.4 0.6 0.8 1.0
precision



MUWHMYM

M = min(precision, recall)

* precision = 0.55
* recall = 0.55
* M = 0.55

1.0

V)F: S O 1 A

e -1 I I I

recall

oab- L]

gzl 1.0 4

0.0b
0.0

|
0.2

I i
0.4 0.6

|
0.8 1.0
precision



MUWHMYM

1.0

M = min(precision, recall)

V)F: S O 1 A

e precision = 0.4, recall = 0.5 st 4 4
M =04

recall

0.4b-|--| |-

* precision = 0.4, recall = 0.9 :
M =04

gzl 11 1.9

0.0&
* Ho BTOpPOM NyyLwe!

|
0.2

| | |
0.4 0.6 0.8 1.0
precision



F-mepa

2 * precision * recall

F = —
precision + recall

recall

1.0

0.80}4- |1+

0.4}

0.2

0.0 | | | |
0.0 0.2 0.4 0.6 0.8 1.0

precision



F-mepa

P 2 * precision * recall

precision + recall

recall

e precision = 0.4, recall = 0.5
 F =044

e precision = 0.4, recall = 0.9
« F = (0.55

1.0

0.8H ||+

0.4}

02}

0.0 | | | |
0.0 0.2 0.4 0.6 0.8 1.0

precision




F-mepa

precision * recall

Fz = (1+ B>
p=0+5 )ﬁZ*precision+recall



F_Me pa Lo F-measure, beta = 0.5

precision * recall

Fz = (1 + B2
p=0+5 )ﬁZ*precision+recall

. ,8 = 0.5
e BaKHee TOYHOCTb

recall

precision



F-mepa

precision * recall

FB — (1+ﬁz)

f3? * precision + recall

« B =2

e BaxHee NoNHOoTa

recall

precision



MeTprKKM KayecTBa
DAHXWNPOBaHWUA




KnaccnpumKkaTop

* JINHENHbIN KNnaccndumKaTop:

a(x) =sign({w,x) —t) = 2[(w,x) > t] — 1

* (W, Xx) — OLEHKa NpMHaANeKHOCTU Knaccy +1

* Hepegkot =0



OueHKa NpUHaANEeXHOCTH

* Kak oueHunTb Kauectso b(x)?

* [lopor 3aBMCUT OT OTPaHNYEHUN Ha TOYHOCTb MU NOJHOTY



OueHKa NpUHaANEeXHOCTH

* BblCOKWMIM nopor:
* Mano 06beKTOB OTHOCUM K +1
* TOYHOCTb Bbille
* [lonHOTa HMXKe

* Hu3KkMM nopor:
* MHOro o6beKToB OTHOCUM K +1
* TOYHOCTb HUXKe
* [lonHoOTa BbILWE



OueHKa NpUHaANEeXHOCTH

__------_-
0.12 0.48



OueHKa NpUHaANEeXHOCTH
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OueHKa NpUHaANEeXHOCTH

0.01 0.09 0.12 0.15 0.29 0.4



OueHKa NpUHaANEeXHOCTH

* Mpumep: KpeaUTHbIA CKOPUHT

* b(x) — ouUeHKa BepoATHOCTU BO3BpaTa KpeanTa
*a(x) =[b(x) > 0.5]

e precision = 0.1, recall = 0.7

* Buyem geno — B nopore UAn B anroputme?



PR-KpunBas

—
o

* KpnBaAa TOYHOCTMN-NO/IHOTI

S
o

e Ocb X — NOZIHOTA

o
o
-

* OcbY — TOYHOCTb

precision

=]
ks
T

* TOYKM — 3HAYEHUA TOYHOCTU U
NOJIHOTbI NPU

o
[\¥]

e
=}

1 |
0.2 0.4

=
(=]

nocnenoBarte/ibHbIX NOPOrax

recall



PR-KpunBas

10 T T T w

0.8

c 0.6 /
2
W
E ]

2 0.4fF

0.2

0.0 ' : - '
0.0 0.2 0.4 0.6 0.8 1.0

recall

b(x) | 0.14 | 0.23 | 0.39 | 0.52 | 0.73 | 0.90
y 0 1 0 0 1 1



PR-KpnBaa B pea/ibHOCTU

- Precision-Recall curve
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PR-KpunBas

' Precision-Recall curve

* JleBas TouKa: (0, 0) nam (O, 1) os |

* [Mpasas Touka: (1,7), r — ponA 08,
NOJIOXKUTE/IbHbIX OO BEKTOB

[ =
-~

Precision

* 1ns naeanbHOro Knaccmpmukatopa
npoxoaut yepes (1, 1)

o
h

* AUC-PRC — nnowaab nog PR-Kpusou

0.5

04
0.0 0.2 0.4 0.6

Recall



PR-KpwnBas

10

Precision-Recall curve
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ROC-KpuBas

* Receiver Operating Characteristic

1.0

* Ocb X — False Positive Rate
FPR = ki
- FP+TN
* Ocb Y — True Positive Rate
TP 0.0
TPR =

L
0.2

0.6

0.8

1.0



ROC-KpuBas

* Receiver Operating Characteristic

1.0

* Ocb X — False Positive Rate

o
o
-

FP
FPR =
FP_|_TN Yucno

oTpUuuaTe/IbHbIX 0.4;

0b6beKToB

* Ocb Y — True Positive Rate

0.6

0.2}

TP
TPR =
TP + FN Yucno

NOJIOXKUTENbHbIX
0b6beKToB

0.2

0.4

FPR

0.6

0.8

1.0



ROC-KpuBas

1.0

——

0.6}

TPR

0.4}

0.2}

0.0 L . - .
0.0 0.2 0.4 0.6 0.8 1.0

FPR

b(x) | 0.14 | 0.23 | 0.39 | 0.52 | 0.73 | 0.90
y 0 1 0 0 1 1



ROC-KpmnBaa B peasibHOCTH

10 ROC curve
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ROC-KpuBas

10

 JleBas ToukKa: (0, O) 08
* MpaBasa Touka: (1,1)

0.6

e 1na naeanbHoOro KnaccnédukaTopa
npoxoaut yepes (0, 1)

TPR

* AUC-ROC — nnouwaab noa ROC-Kpusowu
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ROC-KpwBas

True Positive Rate
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AUC-ROC

FPR = —F . TPR = —%
FP+TN TP+FEFN

* FP u TP HopmupytoTca Ha pasmepbl KNaccoB

* AUC-ROC He nomeHAeTcs Npu n3MeHeHnn banaHca Knaccos
* YuntbiBaet True Negatives

* UpeanbHbint anroputm: AUC—ROC = 1

e Xyawwum anropntm: AUC—ROC = 0.5



AUC-PRC

. TP TP
precision = ; recall = ——
TP+FP TP+FN

* TOYHOCTb NOMeEHAETCA NPU n3meHeHnn basnaHca K1accoB

* AUC-PRC ngeanbHoro anropmtma 3asmcuT ot 6banaHca Knaccos

* He yuntbiBaeT True Negatives

* [lpolle MHTEpPNPETUPOBATL, eCNn BbiIbOPKa HecbanaHCMpPOBaHHas

* Jlydwe, ecnm 3aga4vy Haao pewaTtb B TEPMUHAX TOYHOCTM M NONHOTDI



|_| p M M e p 50000
obbekToB

* AUC-ROC=0.95
* AUC-PRC =0.001

y=-1

100 obbeKkToB
y=+1

950000
obbeKToB

y=-1




[Tpnmep

* Bbibepem KOHKPETHbIN KNacCuPpmKaTop
* a(x) =1 — 50095 obbeKTOB

* N3 HMUX FP = 50000, TP =95

* TPR=0.95, FPR =0.05

e precision = 0.0019, recall =0.95

50000
obbeKkToB

y=-

100 obbeKkToB

v — a1

950000
obbeKToB

y=-1




AUC-ROC vs AUC-PRC

A
@

Randy C = & vyeaizago - Options « Rzol 56

The way | think about the difference between ROC and precision-recall is in how each treats true negatives. Typically, if true
negalives are not meaningful to the problem or negative examples just dwarf the number of positives, precision-recall is
typically going to be more useful; otherwise, | tend to stick with ROC since it tends o be an easier metric to explain in most
circles.

For illustration, let's take an example of an information retrieval problem where we want to find a set of, say, 100 relevant
documents out of a list of T million possibilities based on some guery. Let's say we've got two algorithms we wanl to compare
with the following perfoermance:

= Method 1: 100 retrieved documents, S0 relevant

e Methed 2: 2000 retrieved documents, 80 relevant

Clearly, Method 1's result is preferable since they both come back with the same number of relevant results, but Method 2
brings a ton of false positives with it. The ROC measures of TPR and FPR will reflect that, but since the number of irrelevant
documents dwarfs the number of relevant ones, the difference is mostly lost:

+ Method 1: 0.9 TPR, 0.00001 FPR

* Methed 2. 0.9 TPR, 0.00191 FPR (difference of 0.0018)

Precision and recall, however, don't consider true negatives and thus won't be affected by the relative imbalance (which is
precisely why they're used for these types of problems):

« Method 10 0.9 recall, 0.2 precision

+ Method 2: 0.9 recall, 0.045 precision (difference of 0.855)

Obviously, those are just single points in ROC and PR space, but if these differences persist across various scoring thresholds,

using ROC AUC, we'd see a very small difference between the two algorithms, whereas PR AUC would show quite a large
difference.

https://www.kaggle.com/general/7517#41179




