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Çàäà÷à èññëåäîâàíèÿ ïîâåäåíèÿ
Äàíà ðàçìåòêà ïîâåäåíèÿ æèâîòíîãî âî âðåìåíè.
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Ôîðìàëüíîå îïèñàíèå äàííûõ
• Ïîâåäåí÷åñêèå ñîáûòèÿ(àêòû): A,B,C,D . . .

• Êàæäûé ïîâåäåí÷åñêèé àêò ïðîèñõîäèò âíåêîòîðûå ìîìåíòû âðåìåíè: tA1
, . . . , tAN
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×òî òàêîå ïàòòåðí
Ïàòòåðí � ýòî ïîñëåäîâàòåëüíîñòüñîáûòèé(ïîâåäåí÷åñêèõ àêòîâ), ïîâòîðÿþùèõñÿ îäèí çàäðóãèì äîñòàòî÷íî ÷àñòî.
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Ïîäõîä ê ïîèñêó ïàòòåðíîâ
Èíèöèàëèçèðóåì ìíîæåñòâî ïàòòåðíîâïñåâäîïàòòåðíàìè(ïîâåäåí÷åñêèå àêòû). Ïîòîìèòåðàòèâíî ïîâòîðÿåì:

• Êîíñòðóèðîâàíèå:Äëÿ âñåõ ïàð ïàòòåðíîâïðîâåðèòü, ïîâòîðÿåòñÿ ëè îäèí çà äðóãèìäîñòàòî÷íî ÷àñòî. Åñëè äà, òî ïîëó÷àåì íîâûéïàòòåðí.
• Çà÷èñòêà: Óäàëèòü îäèíàêîâûå ïàòòåðíû,êîòîðûå áûëè ñêîíñòðóèðîâàíû ïî-ðàçíîìó.
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Îáùèå çàìå÷àíèÿ
• Âàæíî �îðìàëüíî îïðåäåëèòü, ÷òî òàêîå ïàòòåðí.
• Ýòàïû êîíñòðóèðîâàíèÿ è çà÷èñòêè îïðåäåëÿþòñÿçàäàíèåì ïàòòåðíà.
• Êàê ïðîâåðèòü, ïîâòîðÿåòñÿ ëè îäèí ïàòòåðí çàäðóãèì äîñòàòî÷íî ÷àñòî?
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Ïîíÿòèå Ò-Ïàòòåðíà(M.S. Magnusson)
• Ñîáûòèÿ ñîåäèíåÿòñÿ êðèòè÷åñêèìè èíòåðâàëàìè.
A[dAl, dAr]B[dBl, dBr]C . . . F .

• Êðèòè÷åñêèé èíòåðâàë (A[d1, d2]B) � ýòî ñâÿçüìåæäó äâóìÿ ïàòòåðíàìè, îçíà÷àþùàÿ, ÷òî âòîðîéïàòòåðí(B) ïðîìåæóòêå [d1, d2] ïîñëå ïîÿâëåíèÿïåðâîãî ïàòòåðíà(A) ÷àùå, ÷åì îæèäàåòñÿ.
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Ýòàï êîíñòðóèðîâàíèÿ
Ñóùåñòâóþò ëè òàêèå d1 è d2, ÷òî A[d1, d2]B ÿâëÿåòñÿêðèòè÷åñêîé ñâÿçüþ?

• Ïåðåáèðàåì âñå âîçìîæíûå ïàðû d1 è d2.
• Ïðîâåðÿåì, çíà÷èìîñòü ñâÿçè [d1, d2]. ¾×àùå ÷åìîæèäàåòñÿ¿.Îæèäàåòñÿ ÷òî ïàòòåðíîâ íåòó. Çíà÷èò âðåìåíàïîÿâëåíèÿ ñîáûòèé ðàñïðåäåëåíû ðàâíîìåðíî.
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Ñòàòèñòè÷åñêèé êðèòåðèé
• NA, NB � êîëè÷åñòâî ïîÿâëåíèé ñîáûòèé A è B.
• Nt � ïðîäîëæèòåëüíîñòü âðåìåíè íàáëþäåíèÿ.
• d = d2 − d1 + 1 � øèðèíà òåñòèðóåìîãî èíòåðâàëà.
• P (A) = NA

Nt
� âåðîÿòíîñòü íàáëþäàòü ñîáûòèå A âêàêîé-ëèáî ìîìåíò âðåìåíè.

• P (¬A) = 1− P (A)

• 1− P (¬A)d � âåðîÿòíîñòü íàáëþäàòü ñîáûòèå A âêàêîì-ëèáî èíòåðâàëå äëèíû d.
• NAB � Êîëè÷åñòâî èíòåðâàëîâ A[d1, d2], âêîòîðûõ åñòü ñîáûòèå B.
• ρ = P (> NAB) =

1−∑NAB−1
i=0 Ci

NA
(1− P (¬B)d)iP (¬B)d(NA−i)
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Ñòàòèñòè÷åñêèé êðèòåðèé
• Èòàê, ìû èìååì
ρ = ρ(NA, NB, Nt, NAB, d) �âåðîÿòíîñòü òåêóùåéêîí�èãóðàöèè ñîáûòèé, ïðåäïîëàãàÿ ðàâíîìåðíîåðàñïðåäåëåíèå äàííûõ(ïàòòåðíîâ íåòó).

• Åñëè ρ < α ≈ 0.05, òî ñ÷èòàåì ÷òî ñóùåñòâóåòêðèòè÷åñêàÿ ñâÿçü A[d1, d2]B.
• Îáû÷íî òðåáóåòñÿ NAB > Nmin ≈ 3.
• Ìîæíî ñòàâèòü ðàçíûå óðîâíè çíà÷èìîñòè äëÿïàòòåðíîâ ðàçíîé äëèíû.
• Äëÿ äâóõ ïàòòåðíîâ A è B ìîãóò ñóùåñòâîâàòüðàçíûå êðèòè÷åñêèå èíòåðâàëû [d1, d2]. Êàêîéâûáèðàòü?
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Òèïû ¾ëèøíèõ¿ ïàòòåðíîâ
• Äóáëèêàòû: (AB)(CD) è (A(BC))D

• Íåïîëíûå êîïèè: (BCD) íå âñòðå÷àåòñÿ âíå
(ABCD)
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Ïðàâèëî óäàëåíèÿ
Ïàòòåðí A ñ÷èòàåòñÿ ìåíåå ïîëíûì, ÷åì ïàòòåðí B,åñëè A è B ïîÿâëÿþòñÿ îäèíàêîâî ÷àñòî è âñå ñîáûòèÿ,âîçíèêàþùèå â A òàêæå âîçíèêàþò â B.
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Ïàðàìåòðû ìåòîäàÏàðàìåòð Îáëàñòüçíà÷å-íèé Çíà÷åíèåïîóìîë-÷àíèþ Ñìûñë
α [0, 1] 0.995 Óðîâåíü çíà÷è-ìîñòè ïàòòåðíîâ
Nmin [0,+∞] 3 Ìèíèìàëüíîå÷èñëî ïîÿâëåíèéïàòòåðíà
• Çàäàíèå ñòðàòåãèè ïîèñêà êðèòè÷åñêèõèíòåðâàëîâ.
• Äîïîëíèòåëüíûå îãðàíè÷åíèÿ.
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Ïàðàìåòðû ìåòîäà
• Óäîâëåòâîðèòåëüíî ðàáîòàåò íà ïîâåäåí÷åñêèõäàííûõ.
• Àëãîðèòì î÷åíü ÷óâñòâèòåëåí ê ïðîïóñêàì âäàííûõ.
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Plan1 Èññëåäîâàíèå ïîâåäåíèÿÒ-ÏàòòåðíûÝòàï êîíñòðóèðîâàíèÿÝòàï çà÷èñòêèÇàêëþ÷åíèåFuzzy PatternsÏðàâäîïîäîáèå ïàòòåðíàÝòàï êîíñòðóèðîâàíèÿÝòàï çà÷èñòêèÇàêëþ÷åíèå2 Çàäà÷à îïðåäåëåíèÿ êîíöåíòðàöèè �åðìåíòîâÊàëèáðîâêàÑãëàæèâàíèåÎïðåäåëåíèå êîíöåíòðàöèè �åðìåíòîâ
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Ïðåäïîñûëêè
• Åùå ðàç: Ò-Ïàòòåðíû î÷åíü ÷óâñòâèòåëüíû êïðîïóñêàì â äàííûõ,
• íîâûé òèï ïàòòåðíîâ,
• ñõîæèé ñ Ò-Ïàòòåðíàìè ìåòîä ïîèñêà,
• ïðàâäîïîäîáèå ïàòòåðíà â êàæäîé òî÷êå.
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Ïðåäñòàâëåíèå ïàòòåðíà
• Ïàòòåðí ñîñòîèò èç ýëåìåíòàðíûõ ñîáûòèé,
• êàæäîå ñîáûòèå ïàòòåðíà õàðàêòåðèçóåòñÿñìåùåíèåì è ðàçáðîñîì îò ïðåäûäóùåãîñîáûòèÿ(ãàðìîøêà),
• ëèáî îò ïðåäûäóùåãî ìàò. îæèäàíèÿ(çàíàâåñêà),
• P = A[µA, σA]B[µB, σB ]C[µC , σC ]

Time
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Ôóíêöèÿ ïîòåðü
• Øòðà� çà ïðîïóñê x ñîáûòèé â ïàòòåðíå äëèíû N :

fLOSS(x,N) =

{

exp
(

−λx
N

)

, x < N,

0, x = N.

• λ îïðåäåëÿåò óðîâåíü íå÷åòêîñòè ïàòòåðíîâ.
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Ïðàâäîïîäîáèå
LP (ε) = fLOSS(N−, N)

N
∏

i=1

(

1√
2πσi

) N+
∏

i=1

exp

(

− δ2i
2σ2

i

)
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ÏðàâäîïîäîáèåÏðàâäîïîäîáèå ìîæíî ñ÷èòàòü ñ êîíöà, èëè íà÷èíàÿ ñ
i-ãî ñîáûòèÿ.

LP,m = LP (ε+

m
∑

j=1

µj)
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Ìåæòî÷å÷íîå ðàñïðåäåëåíèå
• �àññìàòðèâàåì ðàñïðåäåëåíèå ðàññòîÿíèé ìåæäóêîíöîì ëåâîãî è íà÷àëîì ïðàâîãî ïàòòåðíà,
• îòñå÷åíèå îêíîì øèðèíû M ,
• ââîäèì gµ,σ(ρl) = exp

(

− (ρl−µ)2

2σ2

) � ýòîñòàòèñòè÷åñêàÿ ìîäåëü ñâÿçè ìåæäó ñîáûòèÿìè,
• ïîäñ÷èòûâàåì k =

∑Q
l=1 wlgµ,σ(ρl).
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�èïîòåçà î ñëó÷àéíîñòè ðàñïðåäåëåíèÿ
• Åñëè â äàííûõ íåòó çàêîíîìåðíîñòåé:

• ñ.â. w è ρl � íåçàâèñèìû,
• ρl ∈ U [0,M ],
• Y =

∑Q

l=1
wlgµ,σ(ρl),

• Èñïîëüçóÿ Ö.Ï.Ò, ìîæíî ïîêàçàòü, ÷òî:
Y ∼ N

(∑Q
i=1 wi

M
S,

1

M2

[

MS
√
2

Q
∑

i=1

w2
i−

(
∑Q

i=1 wi)
2

Q
S2

])

• èùåì µ è σ:
k − EY√

DY
→ min

µ,σ
,

• ñðàâíèâàåì ñ êâàíòèëüþ íîðìàëüìàëüíîãîðàñïðåäåëåíèÿ; ω.
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Âèäû ¾ëèøíèõ¿ ïàòòåðíîâ
• Äóáëè: (AB)(CD), (ABC)D,
• Íåïîëíûå êîïèè: (BCD) íå âñòðå÷àåòñÿ âíå(ABCD).
• ïîõîæåñòü ïàòòåðíîâ ïî âåêòîðó ïðàâäîïîäîáèÿ−→

L , êîý��èöèåíò êîððåëÿöèè:
cor(

−→
L1,

−→
L2) =

−→
L1

−→
L2

T

√−→
L1

−→
L1

T

√−→
L2

−→
L2

T
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Ïðîöåäóðà óäàëåíèÿ
Åñòü ïàòòåðí P1 è P2. Åñëè âñå ñîáûòèÿ, êîòîðûåâõîäÿò â P1 òàê æå âõîäÿò â P2 è
∃m : cor(

−−−→
LP1,m,

−−−→
LP2,1) > ν, òî P1 óäàëÿåòñÿ.
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Parameters of algorithmParameter Possiblevalues Defaultvalue Has in�ueneon
ω [0, 1] 0.995 Signi�ane ofpattern
µ [0,+∞] 3 Minimal patternourrenes
λ [0,+∞] 6 Fuzziness ofpatterns
ν [0, 1] 0.7 Similarity ofpatterns forelimination
M [0, Nt] None Max time spanbetween events inpatterns
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Ïðèìåð
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Plan1 Èññëåäîâàíèå ïîâåäåíèÿÒ-ÏàòòåðíûÝòàï êîíñòðóèðîâàíèÿÝòàï çà÷èñòêèÇàêëþ÷åíèåFuzzy PatternsÏðàâäîïîäîáèå ïàòòåðíàÝòàï êîíñòðóèðîâàíèÿÝòàï çà÷èñòêèÇàêëþ÷åíèå2 Çàäà÷à îïðåäåëåíèÿ êîíöåíòðàöèè �åðìåíòîâÊàëèáðîâêàÑãëàæèâàíèåÎïðåäåëåíèå êîíöåíòðàöèè �åðìåíòîâ
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Õèìè÷åñêàÿ êèíåòèêàÅñòü ñóáñòðàò S, ïðåîáðàçóåìûé �åðìåíòîì E âêîíå÷íûé ïðîäóêò ðåàêöèè P .
E + S → E + PÓðàâíåíèå Ìèõàýëèñà � Ìåíòåí:

v =
dP (t)

dt
=

VmaxS(t)

KM + S(t)

Vmax = kcatE

S(0) = S0, P (0) = 0

S(t) + P (t) = S0
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Èñõîäíûå äàííûåÏîñëå èíòåãðèðîâàíèÿ, ó÷èòûâàÿ íà÷àëüíûå óñëîâèÿ:
P (t) = kcatEt+KM ln

(

1− P (t)

S0

)
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Ôîðìóëèðîâêà çàäàíèÿ
• Äàííûå î ðåàêöèè îäíîãî �åðìåíòà è îäíîãîñóáñòðàòà.
• Äàíû èçìåðåíèÿ P (t).
• 8 ðàçíûõ êîíöåíòðàöèé �åðìåíòà(E). Ïî 5ýêñïåðèìåíòîâ ñ êàæäûìè çíà÷åíèåìêîíöåíòðàöèè E.
• S0 äîëæíî áûòü îäèíàêîâî âî âñåõ ýêñïåðèìåíòàõ.
• Íàéòè çíà÷åíèÿ êîíñòàíò Vmax è KM äëÿ äàííîéïàðû �åðìåíò � ñóáñòðàò.
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Êàê âîññòàíàâëèâàòü �óíêöèþ
• Íà îòðåçêå [a, b] äàíû çíà÷åíèÿ öåëåâîé �óíêöèè
f(xi) = yi, i = 1, . . . , l.

• Òðåáóåòñÿ âîññòàíîâèòü öåëåâóþ �óíêöèþ
f̂(x), x ∈ [a, b].

• Èíòåðïîëèðîâàíèå. Íàéòè f̂ : [a, b] → R òàêóþ, ÷òî
yi = f̂(xi), i = 1, . . . , l

• �åãðåññèÿ. Curve �tting. Íàéòè f̂ : [a, b] → R,ìèíèìèçèðóþùóþ îøèáêó ∑l
i=1

(

f̂(xi)− yi
)2.Òî÷íåå yi = f̂(xi) + εi
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Ìåòîäû
• Kernel smoothing
• Ëèíåéíàÿ ðåãðåññèÿ. Polynomial �tting.
• Ëîêàëüíàÿ ðåãðåññèÿ.
• Ñïëàéíû.
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Kernel smoothing
• f̂(x) =

∑l
i=1

[

W
(

xi−x

h

)

yi

]

∑
l
i=1

W
(

xi−x

h

)

• W (h) � âåñîâàÿ �óíêöèÿ. Íàïðèìåð,
W (u) = exp(−u2).

• Ïðîáëåìà âûáîðà øèðèíû îêíà.
• Êðàåâûå ý��åêòû.
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Kernel smoothing
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Kernel smoothing
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Ëèíåéíàÿ ðåãðåññèÿ. Polynomial �tting
• Ïðåäïîëàãàåì, ÷òî
f̂(x) = wmxm + wm−1x

m−1 + ...+ w1x+ w0.
• Íàñòðàèâàåì âåñà wi, i = 1, . . . ,m ìåòîäîìíàèìåíüøèõ êâàäðàòîâ.
• Ïðîáëåìà âûáîðà ñòåïåíè ïîëèíîìà.



Fuzzy PatternsÈññëåäîâàíèåïîâåäåíèÿÒ-ÏàòòåðíûÝòàï êîíñòðóèðîâàíèÿÝòàï çà÷èñòêèÇàêëþ÷åíèåFuzzy PatternsÏðàâäîïîäîáèåïàòòåðíàÝòàï êîíñòðóèðîâàíèÿÝòàï çà÷èñòêèÇàêëþ÷åíèåÇàäà÷à îïðåäåëåíèÿêîíöåíòðàöèè�åðìåíòîâÊàëèáðîâêàÑãëàæèâàíèåÎïðåäåëåíèåêîíöåíòðàöèè�åðìåíòîâ

Ëèíåéíàÿ ðåãðåññèÿ. Polynomial �tting
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Ëèíåéíàÿ ðåãðåññèÿ. Polynomial �tting
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Ëîêàëüíàÿ ðåãðåññèÿ
• Âîññòàíàâëèâàåòñÿ ëèíåéíàÿ ðåãðåññèÿ âîêðåñòíîñòè êàæäîé òî÷êè.
• f̂(x) ≈ a0(x) + a1(x)x

• Â êàæäîé òî÷êå a0 è a1 ìîãóò áûòü íàéäåíû,ðåøàÿ ñëåäóþùóþ çàäà÷ó âçâåøåííûõíàèìåíüøèõ êâàäðàòîâ:
argmina0,a1

l
∑

i=1

W

(

xi − x

h

)

[

yi − a0 + a1x
]2
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Ëîêàëüíàÿ ðåãðåññèÿ
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Ñïëàéíû
• �àçáèâàåì [a, b] íà k îòðåçêîâ. Íà êàæäîì îòðåçêåñòðîèì îïòèìàëüíûé ïîëèíîì, ó÷èòûâàÿ êðàåâûåîãðàíè÷åíèÿ.
• Ìîæåì çàäàâàòü äîïîëíèòåëüíûå îãðàíè÷åíèÿ:âûïóêëîñòü, ìîíîòîííîñòü, çíà÷åíèå èíòåãðàëà íàîòðåçêå, ëèíåéíûå ó÷àñòêè.
• Ìîæíî àíàëèòè÷åñêè ïîñ÷èòàòü ïðîèçâîäíóþ.
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Ñïëàéíû
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Ñïëàéíû
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Smoothing(regression) splines
•

l
∑

i=1

(

f̂(xi)− yi
)2

+ λ

∫

(f̂ ′′(t))2 dt → min
f̂

• f̂(x) =
l

∑

j=1

Nj(x)θj , ãäå Nj � áàçèñ ñïëàéíà.
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Smoothing(regression) splines
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Îïðåäåëåíèå êîíöåíòðàöèè �åðìåíòîâ
• �àññìàòðèâàåì ðåàêöèþ îäíîãî ñóáñòðàòà.Èçâåñòíî, ÷òî â ðàñòâîðå ìîãóò ïðèñóòñòâîâàòü N�åðìåíòîâ e1, ..., eN .
• Èçâåñòíû k

(ej ,s)
cat è K

(ej ,s)
M , j = 1, . . . , N . Òðåáóåòñÿíàéòè êîíöåíòðàöèè Ej , j = 1, . . . , N

•

v =
dP (t)

dt
=

N
∑

j=1

k
(ej ,s)
cat S(t)

K
(ej ,s)
M + S(t)

Ej
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Ìàòåðèàëû
• Matlab, êóñî÷íîå èíòåðïîëèðîâàíèå ñïëàéíàìè:SLM Tools, John D'Errio,http://www.mathworks.om/matlabentral/�leexhange/24443-slm-shape-language-modeling
• The Elements of Statistial Learning:Data Mining,Inferene, and Predition. Hastie T., Tibshirani R.,Friedman J.http://www-stat.stanford.edu//ElemStatLearn/
• Handbook of Computational Statistis. Gentle, Jameshttp://fed.wiwi.hu-berlin.de/xplore/ebooks/html/sa/
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