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ˇðàŒòŁ÷åæŒàÿ çàäà÷à

ÒðåÆóåòæÿ íàØòŁ çàŒîíîìåðíîæòü (ìîäåºü) íàÆºþäàåìîªî ôŁ-

çŁ÷åæŒîªî, æîöŁàºüíîªî, ôŁíàíæîâîªî ÿâºåíŁÿ Łæıîäÿ Łç

� ðåçóºüòàòîâ ŁçìåðåíŁØ âŁäà ¾æâîÆîäíàÿ ïåðåìåííàÿ¿ �

¾çàâŁæŁìàÿ ïåðåìåííàÿ¿, íàïðŁìåð: ¾âîçäåØæòâŁå¿ �

¾îòŒºŁŒ¿;

� ïðåäïîºîæåíŁØ îòíîæŁòåºüíî ıàðàŒòåðà ÿâºåíŁÿ, íàïðŁ-

ìåð: ¾ïðåäïîºàªàåòæÿ, ÷òî çàâŁæŁìîæòü ŒâàäðàòŁ÷íàÿ¿;

� ïðåäïîºîæåíŁØ îòíîæŁòåºüíî ıàðàŒòåðà ŁçìåðåíŁØ, íà-

ïðŁìåð: ¾ïðåäïîºàªàåòæÿ, ÷òî łóì àääŁòŁâíßØ ªàóææîâ¿.
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ˇðŁìåð: äàâºåíŁå â Œàìåðå äâŁªàòåºÿ

âíóòðåííåªî æªîðàíŁÿ

´ßÆîðŒà: îäŁí öŁŒº ðàÆîòß äŁçåºüíîªî äâŁªàòåºÿ Yamaha,

äàâºåíŁå â Œàìåðå âíóòðåííåªî æªîðàíŁÿ. Ìîäåºü � ªºàäŒàÿ

ïàðàìåòðŁ÷åæŒàÿ ôóíŒöŁÿ îäíîªî àðªóìåíòà.
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—åªðåææŁîíàÿ ìîäåºü Łìååò âŁä

y = f(w;x) + "x

w 2 RW � ïàðàìåòðß ìîäåºŁ, W � ÷Łæºî ïàðàìåòðîâ,

x 2 RN � æâîÆîäíàÿ ïåðåìåííàÿ, N � ÷Łæºî ýºåìåíòîâ âåŒòîðà,

y 2 R � æâîÆîäíàÿ ïåðåìåííàÿ,

"x � æºó÷àØíàÿ ïåðåìåííàÿ, â òîì æå ïðîæòðàíæòâå, ÷òî y,

f � ôóíŒöŁÿ, îÆºàäàþøàÿ íåŒîòîðßìŁ ŁçâåæòíßìŁ æâîØæòâàìŁ.
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Ôîðìàºüíàÿ ïîæòàíîâŒà çàäà÷Ł

˙àäàíà âßÆîðŒà

D = f(xi; yi)ji = 1; :::; Ng;

çàäàíà ìîäåºü f(w;x), íàïðŁìåð,

f(w;x) = w1 + w2 exp

 

�(x � w3)
2

w4

!

çàäàíî ðàæïðåäåºåíŁå łóìà, íàïðŁìåð, ªàóææîâ àääŁòŁâíßØ:

N (y)

� ªŁïîòåçà ïîðîæäåíŁÿ äàííßı.
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˝àØòŁ òàŒŁå çíà÷åíŁÿ ïàðàìåòðîâ w, Œîòîðßå äîæòàâºÿºŁ

Æß ìŁíŁìóì çàäàííîØ íåâÿçŒŁ:

w = argmin
N
X

i=1

(yi � f(w;xi))
2

� ŒðŁòåðŁØ îïòŁìàºüíîæòŁ ìîäåºŁ.



ˇðŁìåð: äàâºåíŁå â Œàìåðå ˜´Ñ Lambordgini
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ˇåðåîÆó÷åíŁå óíŁâåðæàºüíßı ìîäåºåØ

Òåîðåìà ˚îºìîªîðîâà:

f(x) =
2N+1
X

q=1

hq

0

@

N
X

n=1

gn
q (xn)

1

A ;

ˇðŁìåð: îäíîæºîØíàÿ íåØðîííàÿ æåòü. ˇðŁ ŁæïîºüçîâàíŁŁ

óíŁâåðæàºüíßı ìîäåºåØ, îïòŁìŁçàöŁÿ ïàðàìåòðîâ ìîæåò äàòü

¾ïåðåîÆó÷åííßØ¿ ðåçóºüòàò. ×òîÆß ýòîªî ŁçÆåæàòü, ïðŁìå-

íÿåòæÿ ðåªóºÿðŁçàöŁÿ.

˚à÷åæòâî ìîäåºŁ = íåâÿçŒà + łòðàô çà ÆîºüłŁå çíà÷åíŁÿ

ïàðàìåòðîâ
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Ìåòîä ªðóïïîâîªî ó÷åòà àðªóìåíòîâ

ÒðåÆóåòæÿ âßÆðàòü íàŁÆîºåå ïðîæòóþ ìîäåºü â Œºàææå çà-

äàííßı ìîäåºåØ. ˜ºÿ âßÆîðà ïðåäºàªàåòæÿ ðàçÆŁòü ìíîæå-

æòâî D íà îÆó÷àþøóþ Ł Œîíòðîºüíóþ âßÆîðŒó, Ł Łæïîºüçî-

âàòü Œîíòðîºüíóþ âßÆîðŒó äºÿ âßÆîðà ìîäåºŁ.

y = a0 +
m
X

i=1

aixi +
m
X

i=1

m
X

j=1

aijxixj +
m
X

i=1

m
X

j=1

m
X

k=1

aijkxixjxk + : : : :

´îçìîæíß ïîäæòàíîâŒŁ:

x 7! sinx

x 7! ex

: : :
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Ìîäåºü ŒàŒ ïðîŁçâîºüíàÿ æóïåðïîçŁöŁÿ

ˇðŁìåð:

x1

g2

x2

g3

g1

x2 �

g3

+

f � g1 (g2(x1); g3(x2)) + g4(x2; �)
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ÑïŁæîŒ ïîðîæäàþøŁı ôóíŒöŁØ

� ÔóíŒöŁÿ ˛ïŁæàíŁå ˇàðàìåòðß

ÔóíŒöŁŁ äâóı ïåðåìåííßı àðªóìåíòîâ, g(b; x1; x2)

1 plus y = x1 + x2 �
2 times y = x1x2 �
3 divide y = x1=x2 �

ÔóíŒöŁŁ îäíîªî ïåðåìåííîªî àðªóìåíòà, g(b; x1)

4 multiply y = ax a
5 add y = x + a a

6 gaussian y = �p
2��

exp

�

�(x��)2

2�2

�

+ a �; �; �; a

7 linear y = ax + b a; b

8 parabolic y = ax2 + bx + c a; b; c

9 cubic y = ax3 + bx2 + cx + d a; b; c; d

10 logsig y = �
1+exp(��(x��))

+ a �; �; �; a
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ˇîŁæŒ îïòŁìàºüíîØ ðåªðåææŁîííîØ ìîäåºŁ

f +(h; h; h; h) �(�l;+(h; h; h; e)) +(�(+(�(h; �h); h); e); h)

mse(y � ŷ) 0.0034 0.0037 0.0035
max(y � ŷ) 0.0421 0.0325 0.00338
#w 16 16 16
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¸åªåíäà: h � gaussian, c � cubic, l � logsig
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˜ºÿ ïîºó÷åíŁÿ ìîäåºŁ Æßºî ïîðîæäåíî Æîºåå 10 000 ðàç-

ºŁ÷íßı æåìåØæòâ ôóíŒöŁØ. ´ßÆðàíà ìîäåºü �2.

y = (ax + b)�1

0

@x +
3
X

i=1

�ip
2��i

exp

 

�(x � �i)
2

2�2
i

!

+ ai

1

A :
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˙àäà÷à ïîŁæŒà îïòŁìàºüíîØ ðåªðåææŁîííîØ

ìîäåºŁ

˙àäà÷à 1 (îïòŁìŁçàöŁŁ):

ÔŁŒæŁðóåì ìîäåºü, ôŁŒæŁðóåì ªŁïîòåçó ïîðîæäåíŁÿ äàííßı,

ïîºó÷àåì ìîäåºü Łç æåìåØæòâà ôóíŒöŁØ.

˙àäà÷à 2 (ªðóïïîâîªî ó÷åòà àðªóìåòîâ):

ÔŁŒæŁðóåì ªŁïîòåçó ïîðîæäåíŁÿ äàííßı, ïîºó÷àåì ìîäåºü

Łç ìíîæåæòâà æåìåØæòâ ôóíŒöŁØ � ïðåòåíäåíòîâ.

˙àäà÷à 3 (æîâìåæòíîªî ïîŁæŒà):

ˇîºó÷àåì ìíîæåæòâî ìîäåºåØ â ïðîæòðàíæòâå ªŁïîòåç ïî-

ðîæäåíŁÿ äàííßı.
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ˆŁïîòåçà ïîðîæäåíŁÿ äàííßı: àºüòåðíàòŁâß

×àæòî íåâîçìîæíî óŒàçàòü ªŁïîòåçó ðàæïðåäåºåíŁÿ æºó÷àØ-

íîØ ïåðåìåííîØ. ˛ò òîªî, ŒàŒ ðàæïðåäåºåíà ýòà ïåðåìåííàÿ

çàâŁæŁò ôóíŒöŁîíàº Œà÷åæòâà ìîäåºŁ.
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ˇðŁìåð 1. ˇðîæòðàíæòâî ïàðàìåòðîâ W 3 w
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ˇðŁìåð 2. w = arg max
w2W

p(wjD; f); p 2 P
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ˇðŁìåð 3. ¨íâàðŁàíò íà çàäàííîì D
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ˇðŁìåð 4. ¨íâàðŁàíò íà D1; D2; D3
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ˇðŁìåð 5a. ÓæòîØ÷Łâîæòü ýºåìåíòîâ ìîäåºŁ
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Ïðèìåð 5b. Óñòîé÷èâîñòü ýëåìåíòîâ ìî äåëè
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