
Loss functions Ìåòðèêè êà÷åñòâà

Ìàøèííîå îáó÷åíèå (Machine Learning)
Ôóíêöèè ïîòåðü è ïîêàçàòåëè êà÷åñòâà ìîäåëåé

Óòêèí Ë.Â.

Ñàíêò-Ïåòåðáóðãñêèé ïîëèòåõíè÷åñêèé óíèâåðñèòåò Ïåòðà Âåëèêîãî



Loss functions Ìåòðèêè êà÷åñòâà

Ôóíêöèè ïîòåðü

Ôóíêöèè ïîòåðü - Loss
functions
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Îïðåäåëåíèå ôóíêöèè ïîòåðü

Öåëü çàäà÷è ÌÎ - íàó÷èòü ôóíêöèþ f , êîòîðàÿ
ïðåîáðàçóåò âõîä, îïðåäåëÿåìûé âõîäíûì
ïðîñòðàíñòâîì Φ, â æåëàåìûé ðåçóëüòàò,
îïðåäåëÿåìûé âûõîäíûì ïðîñòðàíñòâîì Y :

f : Φ→ Y
f ìîæåò áûòü àïïðîêñèìèðîâàíà ìîäåëüþ fΘ ñ
ïàðàìåòðàìè Θ.
Äàíî ìíîæåñòâî âåêòîðîâ X ={x1, ..., xn} ∈ Φ
ìíîæåñòâî ìåòîê Y ={y1, ..., yn} ∈ Y . Ôóíêöèÿ ïîòåðü
L îïðåäåëÿåò áëèçîñòü f (xi) è yi .
Ñóììèðóÿ ïî âñåì i = 1, ..., n, ïîëó÷àåì

L(f |X,Y) =
1

n

n∑
i=1

L(f (xi), yi)
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Îïðåäåëåíèå ôóíêöèè ïîòåðü

Ñóììèðóÿ ïî âñåì i = 1, ..., n, ïîëó÷àåì

L(f |X,Y) =
1

n

n∑
i=1

L(f (xi), yi)

Ñ ðåãóëÿðèçàöèåé

min
f

1

n

n∑
i=1

L(f (xi), yi) + R(f )

Ñ ïàðàìåòðàìè

min
Θ

1

n

n∑
i=1

L(fΘ(xi), yi) + R(Θ)
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Ãðàäèåíòíûé àëãîðèòì
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Âèäû ôóíêöèé ïîòåðü
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Ôóíêöèè ïîòåðü äëÿ ðåãðåññèè (1)
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Ôóíêöèè ïîòåðü äëÿ ðåãðåññèè (2)

Mean Absolute Error Loss:

LMAE =
1

n

n∑
i=1

|f (xi)− yi |

Mean Squared Error Loss:

LMSE =
1

n

n∑
i=1

(f (xi)− yi)
2

Root Mean Squared Error Loss:

LMSE =

√√√√1

n

n∑
i=1

(f (xi)− yi)
2
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Ôóíêöèè ïîòåðü äëÿ ðåãðåññèè (3)

Huber loss - ðàâíà MSE, êîãäà îøèáêà ìàëà
|f (xi)− yi | ≤ δ, èíà÷å ïîëó÷àåì MAE:

LHuber =

{
1
2

(f (xi)− yi)
2 , |f (xi)− yi | ≤ δ,

δ
(
|f (xi)− yi | − 1

2
δ
)
, .

Log-cosh loss:

LLogcosh =
1

n

∑n
i=1 log (cosh (f (xi)− yi))

âñå ïðåèìóùåñòâà ïîòåðü Õüþáåðà áåç
ãèïåðïàðàìåòðà, íî âûñîêèå âû÷. çàòðàòû.
âåçäå äèôôåðåíöèðóåìà äâàæäû, ýòî ïëþñ, êîãäà,
òðåáóåòñÿ âòîðàÿ ïðîèçâîäíàÿ.
log (cosh(x)) ≈ x2/2 ïðè ìàëûõ x (MSE),
log (cosh(x)) ≈ |x| − log(2) ïðè áîëüøèõ x (MAE).
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Ôóíêöèè ïîòåðü äëÿ ðåãðåññèè (4)

Root Mean Squared Logarithmic Error Loss:

LRMSLE =

√√√√1

n

n∑
i=1

(log(yi + 1)− log (f (xi) + 1))2

åäèíñòâåííîå îòëè÷èå îò RMSE - ëîãàðèôì
ïðèìåíÿåòñÿ êàê ê ïðåäñêàçàíèÿì, òàê è ê ìåòêàì
ïëþñ 1 âíóòðè ëîãàðèôìà ïîçâîëÿåò f (xi ) áûòü
ðàâíûìè 0
èç-çà ñâîéñòâ ëîãàðèôìà îøèáêà ìåæäó f (xi ) è yi
ÿâëÿåòñÿ îòíîñèòåëüíîé, ÷òî äåëàåò RMSLE áîëåå
óñòîé÷èâûì ê âûáðîñàì, ò.ê. âåëè÷èíà RMLSE íå
ìàñøòàáèðóåòñÿ ñîîòâåòñòâåííî âåëè÷èíå îøèáêè, è
äàííûå ñ áîëüøèìè îñòàòêàìè ìåíüøå øòðàôóþòñÿ,
êîãäà f (xi ) è yi èìåþò áîëüøèå çíà÷åíèÿ.
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Ôóíêöèè ïîòåðü äëÿ êëàññèôèêàöèè
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Ôóíêöèè ïîòåðü Margin Based (1)

Zero-One loss:

LZeroOne(f (x), y) =

{
1, f (x) · y < 0,
0, .

íå èñïîëüçóåòñÿ òàê êàê íåâûïóêëàÿ è
íåäèôôåðåíöèðóåìà
Hinge loss:

LHinge(f (x), y) = max (0, 1− (f (x) · y))

ëèíåéíî øòðàôóåò êàæäîå ïðåäñêàçàíèå, ãäå
ðåçóëüòèðóþùåå ñîîòâåòñòâèå <= 1
Perceptron loss:

LPerceptron(f (x), y) = max (0,−(f (x) · y))

íå øòðàôóåò ïðèìåðû âíóòðè ïîëîñû (margin)
ðàçäåëÿþùåé ãèïåðïëîñêîñòè.
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Ôóíêöèè ïîòåðü Margin Based (2)

Smoothed Hinge loss:

LSmooth(f (x), y) =


1
2
− f (x) · t, f (x) · y ≤ 0

1
2

(1− (f (x) · t))2 , 0 < f (x) · y < 1
0, f (x) · y ≥ 0

ñãëàæåííàÿ äèôôåðåíöèðóåìàÿ âåðñèÿ Hinge loss

Quadratically Smoothed Hinge loss:

LQSm(f (x), y) =

{
1

2γ
max (0,−f (x) · y)2 , f (x) · y ≥ 1− γ

1− γ
2
− (f (x) · y),

ïàðàìåòð γ îïðåäåëÿåò ñòåïåíü ñãëàæåííîñòè, ïðè
γ → 0 ôóíêöèÿ ðàâíà Hinge loss.
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Ôóíêöèè ïîòåðü Margin Based (3)

Ramp loss èëè Truncated Hinge:

LRamp(f (x), y) =

{
LHinge(f (x), y), f (x) · y ≥ −1

1,

ðîáàñòíàÿ äëÿ ìíîãîêëàññîâîé êëàññèôèêàöèè

Cosine Similarity loss:

LCos−Sim(f (x), y) = 1− y·f (x)

‖y‖ ‖f (x)‖

êîãäà y è f (x) - âåêòîðû
LCos−Sim(f (x), y) ∈ [0, 1]
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Âåðîÿòíîñòíûå ôóíêöèè ïîòåðü (Cross Entropy)

Cross Entropy loss:

Îöåíêà ìàêñèìàëüíîãî ïðàâäîïîäîáèÿ (MLE).
Äëÿ äàòàñåòà D ìàêñèìèçèðóåì MLE:

P(D|Θ) =
n∏

i=1

fΘ(xi )
yi (1− fΘ(xi ))1−yi

ïåðåõîä ê ëîãàðèôìó

logP(D|Θ) =
n∑

i=1

(yi log fΘ(xi ) + (1− yi ) log(1− fΘ(xi )))

Ôóíêöèÿ ïîòåðü (Cross Entropy loss)

LNLL = −
n∑

i=1

(yi log fΘ(xi ) + (1− yi ) log(1− fΘ(xi )))
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Âåðîÿòíîñòíûå ôóíêöèè ïîòåðü (Cross Entropy)

Ìèíèìèçàöèÿ LNLL ïî Θ:

min
Θ
LNLL = min

Θ

1

N

n∏
i=1

fΘ(xi)
nyi

=
n∑

i=1

q(xi) log fΘ(xi)

= −H(q, fΘ)

q - ðàñïðåäåëåíèå âåðîÿòíîñòåé äàííûõ.
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Âåðîÿòíîñòíûå ôóíêöèè ïîòåðü (Cross Entropy)

Êëàññè÷åñêèé ïîäõîä - äîáàâëåíèå â êà÷åñòâå
îêîí÷àòåëüíîé àêòèâàöèè ìîäåëè ôóíêöèè softmax,
îïðåäåëåííîé â ñîîòâåòñòâèè ñ êîëè÷åñòâîì
ðàññìàòðèâàåìûõ K êëàññîâ. Ó÷èòûâàÿ îöåíêó äëÿ
êàæäîãî êëàññà fk(x) = s:

f̂k(xi) = fS(fk(x)),

ãäå

fS(si) =
exp(si)∑K
j=1 exp(sj)

.

Îòñþäà

LCCE = − 1

K

n∑
i=1

log f̂k(xi)
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Âåðîÿòíîñòíûå ôóíêöèè ïîòåðü (KL)

Kullback-Leibler divergence

KL(g ||fΘ) =

∫
q(x) log

q(x)

fΘ(x)
dx

= −
∫

q(x) log fΘ(x)dx+

∫
q(x) log q(x)dx

Âòîðîé èíòåãðàë íå çàâèñèò îò Θ:

min
Θ

KL(g ||fΘ) = min
Θ

(
−
∫

q(x) log fΘ(x)dx

)
= min

Θ
(−H(q, fΘ))
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Ôóíêöèè ïîòåðü ðàíæèðîâàíèÿ (ranking loss)

Öåëü ôóíêöèè ïîòåðü - ôîðìèðîâàòü îòíîñèòåëüíûå
ðàññòîÿíèÿ ìåæäó äàííûìè, à íå ó÷èòüñÿ
ïðåäñêàçûâàòü ìåòêó. Ýòî ìåòðè÷åñêîå îáó÷åíèå
(metric learning).

Pairwise Ranking loss:

èñïîëüçóþòñÿ ïîëîæ. è íåãàòèâ. ïàðû îáó÷àþùèõ
äàííûõ
ïîëîæèòåëüíûå ïàðû ñîñòîÿò èç ÿêîðíîãî ïðèìåðà xa
è ïîëîæèò. ïðèìåðà xp, êîòîðûé àíàëîãè÷åí xa
íåãàòèâíûå ïàðû ñîñòîÿò èç ÿêîðíîãî ïðèìåðà xa è
íåãàòèâíîãî ïðèìåðà xn, êîòîðûé íå ïîõîæ íà xa
öåëü - îáó÷èòü ïðåäñòàâëåíèÿ ñ íåáîëüøèì
ðàññòîÿíèåì d ìåæäó íèìè äëÿ ïîëîæèò. ïàð è
áîëüøèì ðàññòîÿíèåì äëÿ íåãàòèâí. ïàð.
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Pairwise Ranking loss

Äàíû ýìáåäèíãè ra, rp, rn ïðèìåðîâ xa, xp, xn è d -
ðàññòîÿíèå

Lpairwise =

{
d(ra, rp), ïàðà ïîëîæèò,

max(0,m − d(ra, rn)), ïàðà îòðèöàò.

Äðóãîå ïðåäñòàâëåíèå:

Lpairwise(r0, r1, y) = y ‖r0 − r1‖
+ (1− y) max(0,m − ‖r0 − r1‖)

y = 0 äëÿ îòðèöàò. ïàðû, y = 1 äëÿ ïîëîæèò. ïàðû
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Triplet Ranking loss

Òðîéêè ïðèìåðîâ èç äàòàñåòà âìåñòî ïàð ìîãóò
ïîâûñèòü òî÷íîñòü.

Òðîéêà ñîñòîèì èç ÿêîðÿ xa, ïîëîæèòåëüíîãî ïðèìåðà
xp è îòðèöàòåëüíîãî ïðèìåðà xn

Öåëü - d(ra, rn) > d(ra, rp):

Ltriplet(ra, rp, rn) = max(0,m + d(ra, rp)− d(ra, rn))
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Òðè âàðèàíòà Triplet Ranking

Ïðîñòàÿ òðîéêà (Easy Triplet): d(ra, rn) > d(ra, rp) + m:
Ltriplet = 0

Ñëîæíàÿ òðîéêà (Hard Triplet): d(ra, rn) < d(ra, rp):
Ltriplet > m

Ïîëóñëîæíàÿ òðîéêà (Semi-Hard Triplet):
d(ra, rp) < d(ra, rn) < d(ra, rp) + m: 0 < Ltriplet < m
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Ìåòðèêè êà÷åñòâà

Ìåòðèêè êà÷åñòâà
Êëàññèôèêàöèÿ
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Confusion matrix (ìàòðèöà îøèáîê)

Äëÿ êàæäîãî îáúåêòà â âûáîðêå âîçìîæíû 4 ñèòóàöèè:

ïðåäñêàçàëè ïîëîæèòåëüíóþ ìåòêó è óãàäàëè: true positive

(TP) (true - ïîòîìó ÷òî ïðåäñêàçàëè ìû ïðàâèëüíî, à

positive � ïîòîìó ÷òî ïðåäñêàçàëè ïîëîæèòåëüíóþ ìåòêó);

ïðåäñêàçàëè ïîëîæèòåëüíóþ ìåòêó, íî îøèáëèñü: false

positive (FP) (false - ïîòîìó ÷òî ïðåäñêàçàíèå áûëî

íåïðàâèëüíûì);

ïðåäñêàçàëè îòðèöàòåëüíóþ ìåòêó è óãàäàëè: true negative

(TN);

ïðåäñêàçàëè îòðèöàòåëüíóþ ìåòêó, íî îøèáëèñü: false

negative (FN).
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Confusion matrix (ìàòðèöà îøèáîê)
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Accuracy (òî÷íîñòü)

Òî÷íîñòü:

Acc =
TP + TN

TP + TN + FP + FN

Îøèáêà (error rate):

ER = 1− Acc =
FP + FN

TP + TN + FP + FN
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Òî÷íîñòü è ïîëíîòà (precision è recall)

1. Cèòóàöèÿ: ïóñòü FP - äîëÿ äîáðîêà÷åñòâåííûõ îïóõîëåé,
êîòîðûì îøèáî÷íî ïðèñâàèâàåòñÿ ìåòêà çëîêà÷åñòâåííîé,
à FN - äîëÿ çëîêà÷åñòâåííûõ îïóõîëåé, êîòîðûå
êëàññèôèêàòîð ïðîïóñêàåò. FN âàæíåå, òàê êàê ñâÿçàíà ñ
íåïðàâèëüíûì äèàãíîçîì è æèçíüþ
2. Cèòóàöèÿ: ðàññìîòðèì çàäà÷ó: ïî äàííûì î ïîãîäå
ïðåäñêàçàòü, áóäåò ëè óñïåøíûì çàïóñê ñïóòíèêà. FN - ýòî
îøèáî÷íîå ïðåäñêàçàíèå íåóñïåõà, òî åñòü íå áîëåå, ÷åì
óïóùåííûé øàíñ. Ñ FP âñå ñåðüåçíåé: åñëè ïðåäñêàçàòü
óäà÷íûé çàïóñê , à îí ïîòåðïèò êðóøåíèå èç-çà ïîãîäû, òî
ïîòåðè â ðàçû ñóùåñòâåííåå.
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Òî÷íîñòü è ïîëíîòà (precision è recall)

3. Cèòóàöèÿ: ïîëîæèòåëüíûé êëàññ - ðåäêîå ñîáûòèå.
Ïðèìåð ïîèñêîâîé ñèñòåìû - â õðàíèëèùå õðàíÿòñÿ
ìèëëèàðäû äîêóìåíòîâ, à ðåëåâàíòíûõ ê êîíêðåòíîìó
ïîèñêîâîìó çàïðîñó íà íåñêîëüêî ïîðÿäêîâ ìåíüøå. Ýòî
çàäà÷à áèíàðíîé êëàññèôèêàöèè: �äîêóìåíò d ðåëåâàíòåí
ïî çàïðîñó q�. Áëàãîäàðÿ áîëüøîìó äèñáàëàíñó,
îáúÿâëÿþùåãî âñå äîêóìåíòû íåðåëåâàíòíûìè, Accuracy
áëèçêà ê 1, ÷òî îáåñïå÷åíî TN, â òî âðåìÿ äëÿ
ïîëüçîâàòåëåé áîëåå âàæåí âûñîêèé TP.
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Òî÷íîñòü è ïîëíîòà (precision è recall)

Òî÷íîñòü (precision) - äîëÿ îáúåêòîâ, íàçâàííûõ
êëàññèôèêàòîðîì ïîëîæèòåëüíûìè, è ïðè ýòîì
äåéñòâèòåëüíî ÿâëÿþùèìèñÿ ïîëîæèòåëüíûìè:

Precision =
TP

TP + FP

×åì ìåíüøå ëîæíîïîëîæèòåëüíûõ ñðàáàòûâàíèé
áóäåò äîïóñêàòü ìîäåëü, òåì áîëüøå áóäåò åå Precision.
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Òî÷íîñòü è ïîëíîòà (precision è recall)

Ïîëíîòà (recall) - äîëÿ îáúåêòîâ ïîëîæèòåëüíîãî
êëàññà èç âñåõ îáúåêòîâ ïîëîæèòåëüíîãî êëàññà,
êîòîðûå íàøåë àëãîðèòì:

Recall =
TP

TP + FN

×åì ìåíüøå ëîæíî îòðèöàòåëüíûõ ñðàáàòûâàíèé, òåì
âûøå Recall ìîäåëè.

Â çàäà÷å ïðåäñêàçàíèÿ çëîêà÷åñòâåííîñòè îïóõîëè
Precision ïîêàçûâàåò, ñêîëüêî èç îïðåäåëåííûõ íàìè
êàê çëîêà÷åñòâåííûå îïóõîëåé äåéñòâèòåëüíî
ÿâëÿþòñÿ çëîêà÷åñòâåííûìè, à Recall - êàêóþ äîëþ
çëîêà÷åñòâåííûõ îïóõîëåé íàì óäàëîñü âûÿâèòü.
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Òî÷íîñòü è ïîëíîòà (precision è recall)
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F1-ìåðà

Èäåÿ: ïàðó precision è recall ñêîìïîíîâàòü, ÷òîáû áûëî
îäíî ÷èñëî, íàïðèìåð, âçÿòü èõ ñðåäíåå
ãàðìîíè÷åñêîå.

F1-measure (F1-ìåðà):

F1 = 2
Recall · Precision
Recall + Precision

=
TP

TP + FP+FN
2
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F1-ìåðà - îáîáùåíèå

F1-ìåðà ïðåäïîëàãàåò îäèíàêîâóþ âàæíîñòü Precision
è Recall.

Åñëè îäíà èç ýòèõ ìåòðèê ïðèîðèòåòíåå, òî ìîæíî
èñïîëüçîâàòü ìåðó Fβ:

Fβ = (β2 + 1)
Recall · Precision

Recall + β2Precision



Loss functions Ìåòðèêè êà÷åñòâà

×óâñòâèòåëüíîñòü è ñïåöèôè÷íîñòü (1)

×óâñòâèòåëüíîñòü - äîëÿ ïîëîæèòåëüíûõ
ðåçóëüòàòîâ, êîòîðûå ïðàâèëüíî èäåíòèôèöèðîâàíû
êàê òàêîâûå. Âåðîÿòíîñòü òîãî, ÷òî áîëüíîé áóäåò
êëàññèôèöèðîâàí èìåííî êàê áîëüíîé.

Ñïåöèôè÷íîñòü îòðàæàåò äîëþ îòðèöàòåëüíûõ
ðåçóëüòàòîâ, êîòîðûå ïðàâèëüíî èäåíòèôèöèðîâàíû
êàê òàêîâûå. Âåðîÿòíîñòü òîãî, ÷òî íå áîëüíûå
ñóáúåêòû áóäóò êëàññèôèöèðîâàíû èìåííî êàê íå
áîëüíûå.
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×óâñòâèòåëüíîñòü è ñïåöèôè÷íîñòü (2)

×óâñòâèòåëüíîñòü (true positive rate, recall)

TPR =
TP

P
=

TP

TP + FN

Ñïåöèôè÷íîñòü (true negative rate)

TNR =
TN

N
=

TN

TN + FP
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×óâñòâèòåëüíîñòü è ñïåöèôè÷íîñòü (3)

https://en.wikipedia.org/wiki/Sensitivity_and_speci�city
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Precision è Recall, Sensitivity è Speci�city

Precision è Recall: ðàññìàòðèâàþò True Positives (TP)

Precision: TP / Predicted positive
Recall: TP / Real positive

Sensitivity è Speci�city: ðàññìàòðèâàþò Correct
Predictions.

SNIP (SeNsitivity Is Positive): TP / (TP + FN)
SPIN (SPeci�city Is Negative): TN / (TN + FP)
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AUC

Ïóñòü áèíàðíàÿ êëàññèôèêàöèÿ ñ âåðîÿòíîñòÿìè
êëàññîâ. Êàê îöåíèòü êà÷åñòâî ïðåäñêàçûâàåìûõ
âåðîÿòíîñòåé (êàëèáðîâêà)?

Ïðè óìåíüøåíèè ïîðîãà îòñå÷åíèÿ íàõîäèì
(ïðàâèëüíî ïðåäñêàçûâàåì) âñå áîëüøåå ÷èñëî
ïîëîæèòåëüíûõ îáúåêòîâ, íî òàêæå è íåïðàâèëüíî
ïðåäñêàçûâàåì ïîëîæèòåëüíóþ ìåòêó íà âñå áîëüøåì
÷èñëå îòðèöàòåëüíûõ îáúåêòîâ.

Åñòåñòâåííûì êàæåòñÿ ââåñòè äâå ìåòðèêè

TPR (true positive rate) è FPR (false positive rate)
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TPR è FPR

TPR (true positive rate) � ýòî ïîëíîòà, äîëÿ
ïîëîæèòåëüíûõ îáúåêòîâ, ïðàâèëüíî ïðåäñêàçàííûõ
ïîëîæèòåëüíûìè:

TPR = Recall =
TP

P
=

TP

TP + FN

FPR (false positive rate) � ýòî äîëÿ îòðèöàòåëüíûõ
îáúåêòîâ, íåïðàâèëüíî ïðåäñêàçàííûõ
ïîëîæèòåëüíûìè:

FPR =
FP

N
=

FP

FP + TN

Óìåíüøàÿ ïîðîã, óâåëè÷èâàåì TPR è FPR
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ROC curve

Óìåíüøàÿ ïîðîã, óâåëè÷èâàåì TPR è FPR

Êðèâàÿ â îñÿõ TPR/FPR, êîòîðàÿ ïîëó÷àåòñÿ ïðè
âàðüèðîâàíèè ïîðîãà, íàçûâàåòñÿ ROC-êðèâîé
(receiver operating characteristics curve, ROC curve)
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ROC curve

Åñëè êëàññèôèêàòîð èäåàëüíûé, òî ïîëó÷àåì
ROC-êðèâóþ (0,0)->(0,1)->(1,1), ïëîùàäü ïîä
êîòîðîé ðàâíà 1.

Åñëè êëàññèôèêàòîð ñëó÷àéíûé (ïðåäñêàçûâàåò
îäèíàêîâûå ìåòêè ïîëîæèòåëüíûì è îòðèöàòåëüíûì
îáúåêòàì), òî ïîëó÷àåì ROC-êðèâóþ (0,0)->(1,1),
ïëîùàäü ïîä êîòîðîé ðàâíà 0.5.

×åì ëó÷øå êëàññèôèêàòîð ðàçäåëÿåò äâà êëàññà, òåì
áîëüøå ïëîùàäü (area under curve) ïîä ROC-êðèâîé.
Ýòà ïëîùàäü èñïîëüçóåòñÿ â êà÷åñòâå ìåòðèêè.
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AUC

AUC ðàâåí äîëå ïàð îáúåêòîâ âèäà (îáúåêò êëàññà 1,
îáúåêò êëàññà 0), êîòîðûå àëãîðèòì âåðíî
óïîðÿäî÷èë, ò.å. ïðåäñêàçàíèå êëàññèôèêàòîðà íà
ïåðâîì îáúåêòå áîëüøå

AUC =

∑n
i=1

∑n
j=1 1[yi < yj ]I

∗[f (xi) < f (xj)]∑n
i=1

∑n
j=1 1[yi < yj ]

I ∗[f (xi) < f (xj)] =


0, f (xi) > f (xj)

0.5, f (xi) = f (xj)
1, f (xi) < f (xj)
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AUC - êîãäà ëó÷øå èñïîëüçîâàòü

Â ëþáîé çàäà÷å, ãäå âàæíà íå ìåòêà ñàìà ïî ñåáå, à
ïðàâèëüíûé ïîðÿäîê íà îáúåêòàõ, èìååò ñìûñë
ïðèìåíÿòü AUC.
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Average Precision

Áóäåì ïîñòåïåííî óìåíüøàòü ïîðîã áèíàðèçàöèè.

Ïîëíîòà áóäåò ðàñòè îò 0 äî 1, òàê êàê áóäåò
óâåëè÷èâàòüñÿ êîëè÷åñòâî îáúåêòîâ, êîòîðûì ìû
ïðèïèñûâàåì ïîëîæèòåëüíûé êëàññ (à êîëè÷åñòâî
îáúåêòîâ, íà ñàìîì äåëå îòíîñÿùèõñÿ ê
ïîëîæèòåëüíîìó êëàññó, î÷åâèäíî, ìåíÿòüñÿ íå áóäåò).

Ïðî òî÷íîñòü íåëüçÿ ñêàçàòü íè÷åãî îïðåäåëåííîãî,
íî ñêîðåå âñåãî îíà áóäåò âûøå ïðè áîëåå âûñîêîì
ïîðîãå îòñå÷åíèÿ (ìû îñòàâèì òîëüêî îáúåêòû, â
êîòîðûõ ìîäåëü �óâåðåíà� áîëüøå âñåãî).

Âàðüèðóÿ ïîðîã è ïåðåñ÷èòûâàÿ çíà÷åíèÿ Precision è
Recall íà êàæäîì ïîðîãå, ìû ïîëó÷èì íåêîòîðóþ
êðèâóþ ïðèìåðíî ñëåäóþùåãî âèäà:
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Average Precision

Cðåäíåå çíà÷åíèå òî÷íîñòè AP ðàâíî ïëîùàäè ïîä êðèâîé
òî÷íîñòü-ïîëíîòà.
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Ìíîãîêëàññîâàÿ êëàññèôèêàöèÿ

K êëàññîâ: ñòàâèòñÿ êàê K çàäà÷ îá îòäåëåíèè êëàññà
i îò îñòàëüíûõ (i = 1, ...,K ), äëÿ êàæäîé èç íèõ
ìîæíî ïîñ÷èòàòü ñâîþ ìàòðèöó îøèáîê.

2 âàðèàíòà âû÷èñëåíèÿ èòîãîâîé ìåòðèêè:

Óñðåäíÿåì ýëåìåíòû ìàòðèöû îøèáîê (TP, FP, TN,
FN) ìåæäó áèíàðíûìè êëàññèôèêàòîðàìè, íàïðèìåð
TP = K−1

∑K
i=1 TPi . Çàòåì ïî îäíîé óñðåäíåííîé

ìàòðèöå îøèáîê ñ÷èòàåì Precision, Recall, F-ìåðó.
Ýòî ìèêðîóñðåäíåíèå.

Ñ÷èòàåì Precision, Recall äëÿ êàæäîãî
êëàññèôèêàòîðà îòäåëüíî, à ïîòîì óñðåäíÿåì. Ýòî
ìàêðîóñðåäíåíèå.

Ïîðÿäîê óñðåäíåíèÿ âëèÿåò íà ðåçóëüòàò â ñëó÷àå
äèñáàëàíñà êëàññîâ
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Ìíîãîêëàññîâàÿ êëàññèôèêàöèÿ - ïðèìåð

Äàòàñåò èç îáúåêòîâ òðåõ öâåòîâ: æåëòîãî, çåëåíîãî è
ñèíåãî. Æåëòîãî è çåëåíîãî öâåòîâ ïî÷òè ïîðîâíó - 21
è 20 îáúåêòîâ ñîîòâåòñòâåííî, à ñèíèõ îáúåêòîâ 4.
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Ìíîãîêëàññîâàÿ êëàññèôèêàöèÿ - ïðèìåð

Ìîäåëü ïî î÷åðåäè äëÿ êàæäîãî öâåòà ïûòàåòñÿ îòäåëèòü

îáúåêòû ýòîãî öâåòà îò îáúåêòîâ äðóãèõ äâóõ öâåòîâ.

Ðåçóëüòàòû â ìàòðèöå îøèáîê. Ìîäåëü �ïîêðàñèëà� â

æåëòûé 25 îáúåêòîâ, 20 èç êîòîðûõ áûëè äåéñòâ-íî

æåëòûìè (ëåâûé ñòîëáåö). Â ñèíèé - òîëüêî 1 îáúåêò,

êîòîðûé íà ñàìîì äåëå æåëòûé (ñðåäíèé ñòîëáåö ). Â

çåëåíûé - 19, âñå íà ñàìîì äåëå çåëåíûå (ïðàâûé ñòîëáåö).
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Ìíîãîêëàññîâàÿ êëàññèôèêàöèÿ - ïðèìåð

Precision êëàññèôèêàöèè:

ìèêðîóñðåäíåíèå

Precision =
(20 + 0 + 19)/3

(20 + 0 + 19)/3 + (5 + 1 + 0)/3
= 0.87

ìàêðîóñðåäíåíèå

Precision =
1

3

(
20

20 + 5
+

0

0 + 1
+

19

19 + 0

)
= 0.6

ìàêðîóñðåäíåíèå ëó÷øå îòðàæàåò òîò ôàêò, ÷òî ñèíèé

öâåò, êîòîðîãî â äàòàñåòå ñîâñåì ìàëî, ìîäåëü

ïðàêòè÷åñêè èãíîðèðóåò.
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Ìåòðèêè êà÷åñòâà

Ìåòðèêè êà÷åñòâà
Ðåãðåññèÿ
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Ðåãðåññèÿ - MSE, RMSE, MAE, MAPE

MSE (Mean Squared Error):

MSE =
1

n

n∑
i=1

(f (xi)− yi)
2

RMSE (Root Mean Squared Error): RMSE =
√
MSE

MAE (Mean Absolute Error):

MSE =
1

n

n∑
i=1

|f (xi)− yi |

MAPE (Mean Absolute Percentage Error):

MAPE = 100%× 1

n

n∑
i=1

|f (xi)− yi |
|yi |
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Ðåãðåññèÿ - êîýôôèöèåíò äåòåðìèíàöèè

Êîýôôèöèåíò äåòåðìèíàöèè R2:

R2 = 1−
∑n

i=1 (f (xi)− yi)
2∑n

i=1 (y i − yi)
2

y i - ñðåäíåå àðèôìåòè÷åñêîå ìåòîê

Ó èäåàëüíîãî ðåãðåññîðà R2 = 0.

R2 èçìåðÿåò äîëþ äèñïåðñèè, îáúÿñíåííóþ ìîäåëüþ,
â îáùåé äèñïåðñèè öåëåâîé ïåðåìåííîé. Ýòî
íîðìèðîâàííàÿ ñðåäíåêâàäðàòè÷íàÿ îøèáêà.
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Ìåòðèêè êà÷åñòâà

Ìåòðèêè êà÷åñòâà
Êëàñòåðèçàöèÿ
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Âíóòðåííèå ìåðû îöåíêè êà÷åñòâà (1)

Îöåíèâàþò êà÷åñòâî ñòðóêòóðû êëàñòåðîâ îïèðàÿñü
òîëüêî íåïîñðåäñòâåííî íà íåå, íå èñïîëüçóÿ âíåøíåé
èíôîðìàöèè, íàïðèìåð î êëàññàõ.

Êîìïàêòíîñòü êëàñòåðîâ (Cluster Cohesion) - M
êëàñòåðîâ, ÷åì áëèæå äðóã ê äðóãó îáúåêòû âíóòðè
êëàñòåðîâ, òåì ëó÷øå ðàçäåëåíèå:

WSS =
∑M

j=1

∑|Cj |
i=1 (xij − x j)

2 → min

Îòäåëèìîñòü êëàñòåðîâ (Cluster Separation) - ÷åì
äàëüøå äðóã îò äðóãà îáúåêòû ðàçíûõ êëàñòåðîâ, òåì
ëó÷øå:

BSS = n
∑M

j=1 (x − x j)
2 → max
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Âíóòðåííèå ìåðû îöåíêè êà÷åñòâà (2)

Ïóñòü δ(Ci ,Cj) - ìåòðèêà ìåæêëàñòåðíîãî ðàññòîÿíèÿ
ìåæäó êëàñòåðàìè Ci è Cj

∆k - ñðåäíåå ðàññòîÿíèå ìåæäó ïàðàìè òî÷åê â
êëàñòåðå Ck

Èíäåêñ Äàííà (Dunn Index):

DIm =
min1≤i<j≤M δ(Ci ,Cj)

min1≤k≤M ∆k

Âûñîêèé èíäåêñ Äàííà óêàçûâàåò íà ëó÷øóþ
êëàñòåðèçàöèþ
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Âîïðîñû

?
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