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Òåìàòè÷åñêîå ìîäåëèðîâàíèå

D � êîëëåêöèÿ äîêóìåíòîâ,
W � ñëîâàðü òåðìèíîâ,
T � ìíîæåñòâî òåì.

Fwd = p(w |d) � ÷àñòîòû;
ϕwt = p(w |t);
θtd = p(t|d)

p(w |d) =
∑

t∈T p(w |t)p(t|d)⇔ F = ΦΘ
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Òåìàòè÷åñêèé ñïåêòð

Çàäà÷à: óïîðÿäî÷èòü òåìû òàê, ÷òîáû áëèçêèå ïî ñìûñëó
òåìû îêàçàëèñü áëèçêèìè â ñïèñêå.
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Ïîñòàíîâêà çàäà÷è

Ââåä¼ì ôóíêöèþ ðàññòîÿíèÿ ìåæäó òåìàìè

ρ : T × T → [0,+∞)

Ìàòðèöà ðàññòîÿíèé:

R[i , j ] = ρ(ti , tj)

Òåìàòè÷åñêèé ñïåêòð � òàêàÿ ïåðåñòàíîâêà òåì, äëÿ êîòîðîé
ìèíèìàëüíà ñóììà ðàññòîÿíèé ìåæäó ñîñåäíèìè òåìàìè:

π∗ = arg min
π∈S|T |

|T |−1∑
i=1

ρ(tπi , tπi+1)
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Ôóíêöèè ðàññòîÿíèÿ

Åâêëèäîâî ðàññòîÿíèå

ρE (t, s) =

√∑
w∈W

(
ϕwt − ϕws

)2
Ìàíõýòòåíñêîå ðàññòîÿíèå

ρM(t, s) =
∑
w∈W

∣∣ϕwt − ϕws

∣∣
Êîñèíóñíîå ðàññòîÿíèå

ρC (t, s) = 1− 1
‖t‖‖s‖

∑
w∈W

ϕwtϕws ; ‖t‖ =

√∑
w∈W

ϕ2wt
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Ôóíêöèè ðàññòîÿíèÿ

Ðàññòîÿíèå Õåëëèíãåðà

ρH(t, s) =

√
1
2

∑
w∈W

(√
ϕwt −

√
ϕws

)2
Ðàññòîÿíèå Éåíñåíà-Øåííîíà

ρJS(t, s) = H
(Φt + Φs

2

)
−1
2

(
H(Φt)+H(Φs)

)
;H(u) = −

∑
i

ui ln ui

Ðàññòîÿíèå Æàêêàðà

ρJ(t, s) = 1−

∣∣∣{w ∈W |ϕwt >
1
|W | ∧ ϕws >

1
|W |

}∣∣∣∣∣∣{w ∈W |ϕwt >
1
|W | ∨ ϕws >

1
|W |

}∣∣∣
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Ðåøåíèå çàäà÷è ñïåêòðà

Àëãîðèòìû:

Àãëîìåðàòèâíàÿ êëàñòåðèçàöèÿ;

Ìíîãîìåðíîå øêàëèðîâàíèå (MDS, t-SNE);

Ñèìóëÿöèÿ îòæèãà;

Àëãîðèòì LKH äëÿ çàäà÷è êîììèâîÿæ¼ðà 1.

1Helsgaun, K. An e�ective implementation of the Lin-Kernighan traveling
salesman heuristic. // European Journal of Operational Research. 2000
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Ïðèìåð ñïåêòðà (postnauka)
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Ïðèìåð ñïåêòðà (lenta)
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Îöåíèâàíèå êà÷åñòâà ñïåêòðà

Öåëåâîé ôóíêöèîíàë (ñóììà ðàññòîÿíèé ìåæäó ñîñåäÿìè)

NDS(π) =
N−1∑
i=1

R[πi , πi+1]; N = |T |

Ñðåäíèé ðàíã ñîñåäà

rank(v |u) =
∣∣∣{w ∈ 1,N

∣∣∣R[w , u] < R[v , u]
}∣∣∣

MNR(π) =
1

2N − 2

N−1∑
i=1

(
rank(πi−1|πi ) + rank(πi |πi−1)

)
Êðèâàÿ ðàññòîÿíèé

DDC(d) =
1

N − d

N−d∑
i=1

R[i , i + d ]

Äìèòðèé Ôåäîðÿêà Âèçóàëèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé 10 / 27



Îöåíèâàíèå áëèçîñòè òåì ñ ïîìîùüþ àñåññîðîâ

Ïîêàçàòü òåìó (êàæäóþ K ðàç);
Ïîïðîñèòü âûáðàòü èç îñòàëüíûõ òåì íåñêîëüêî áëèçêèõ
ïî ñìûñëó;
Ìàòðèöà îöåíîê: Cij =

νij+νji
2K , ãäå νij � ñêîëüêî ðàç òåìà i

áûëà óêàçàíà, êàê áëèçêàÿ ê j .
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Àñåññîðñêèå ìåðû êà÷åñòâà

Êîððåëÿöèÿ

AMC(π) =

∑
i<j(Rij − R)(Cij − C )√∑

i<j(Rij − R)2
√∑

i<j(Cij − C )2

Øòðàô çà îòäàëåíèå

ADP(π) =
∑
i<j

Cij(|π−1i − π
−1
j | − 1)

Ñðåäíÿÿ íåñõîæåñòü ñîñåäåé

AMND = 1− 1
N − 1

N−1∑
i=1

C [πi , πi+1]
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Àñåññîðñêèå ìåðû êà÷åñòâà

Äîëÿ íåñõîæèõ ñîñåäåé

ADNP =
1

N − 1

N−1∑
i=1

[
C [πi , πi+1] = 0

]

Êðèâàÿ îöåíêà-ðàññòîÿíèå

ADC(d) =
1

N − d

N−d∑
i=1

C [i , i + d ]
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Ýêñïåðèìåíòû

Êîëëåêöèè
postnauka � postnauka.ru, 2012-2016,

|D| = 3446 |W | = 35531;

lenta � lenta.ru, àïðåëü-èþíü 2016,

|D| = 8639, |W | = 51634.

Òåìàòè÷åñêèå ìîäåëè: |T | = 25.

Àñåññîðñêèå îöåíêè: K = 5.

Ñðàâíèâàëèñü âñå àëãîðèòìû ïî âñåì ìåòðèêàì.
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Ñðàâíåíèå àëãîðèòìîâ

postnauka, ðàññòîÿíèå Æàêêàðà:

Àëãîðèòì NDS MNR ADP AMND ADNP

No arranging 17.9758 12.8125 154.40 0.91 0.62

LKH 16.7725 2.5208 53.90 0.72 0.21

Annealing 16.8223 3.0208 64.40 0.74 0.29

t-SNE 17.9245 12.7917 140.70 0.90 0.71

MDS 18.0651 14.0833 129.80 0.97 0.79

Agl. Clust. 16.8427 3.3125 55.60 0.75 0.33

lenta, ðàññòîÿíèå Õåëëèíãåðà:

Àëãîðèòì NDS MNR ADP AMND ADNP

No arranging 20.4540 13.1667 174.90 0.97 0.83

LKH 19.0180 3.0000 82.50 0.62 0.21

Annealing 19.0661 3.4375 126.50 0.62 0.29

t-SNE 20.6573 14.9375 192.90 0.98 0.79

MDS 20.7519 15.8542 184.40 0.97 0.88

Agl. Clust. 19.0804 3.7917 94.70 0.62 0.25

Àëãîðèòì LKH ëó÷øå ïî âñåì ìåðàì êà÷åñòâà.
Äìèòðèé Ôåäîðÿêà Âèçóàëèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé 15 / 27



Ñðàâíåíèå ôóíêöèé ðàññòîÿíèÿ (postnauka)

Ìåòðèêà MNR ADP AMND ADNP AMC
euclidean 7.2917 64.00 0.75 0.2917 -0.13
cosine 4.1875 46.10 0.70 0.2500 -0.36
manhattan 2.2083 54.20 0.72 0.1667 -0.49
hellinger 2.2292 66.00 0.68 0.2500 -0.51

jsd 2.2708 58.70 0.70 0.2083 -0.50
jaccard 2.5208 53.90 0.72 0.2083 -0.46
chebyshev 7.5625 127.80 0.85 0.4167 -0.06
Random permutations 12.2792 136.72 0.94 0.74

Ïðåäïîëîæåíèå: ôóíêöèè euclidean, manhattan, cosine, hellinger,
jsd, jaccard ïðèìåðíî îäèíàêîâî õîðîøè.

Äìèòðèé Ôåäîðÿêà Âèçóàëèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé 16 / 27



Ñðàâíåíèå ôóíêöèé ðàññòîÿíèÿ: DDC
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Cðàâíåíèå ôóíêöèé ðàññòîÿíèÿ: ADC
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Ðàññòîÿíèÿ: åâêëèäîâî, ìàíõýòòåíñêîå, êîñèíóñíîå, Õåëëèíãåðà,
Éåíñåíà-Øåííîíà è Æàêêàðà ïðèìåðíî îäèíàêîâî õîðîøè äëÿ
îöåíêè ñåìàíòè÷åñêîé áëèçîñòè òåì.
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Ñïåêòð èåðàðõè÷åñêîé òåìàòè÷åñêîé ìîäåëè
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Ïîñòðîåíèå äâóõóðîâíåâîãî ñïåêòðà

Ìîäèôèöèðîâàòü ìàòðèöó ðàññòîÿíèé íà íèæíåì óðîâíå:
óìíîæèòü íà β < 1 ðàññòîÿíèÿ ìåæäó âñåìè òåìàìè,
èìåþùèìè îáùåãî ðîäèòåëÿ;

Íàéòè îïòèìàëüíóþ ïåðåñòàíîâêó íà íèæíåì óðîâíå è
çàôèêñèðîâàòü å¼;
Ïåðåñòàâëÿÿ òåìû íà âåðõíåì óðîâíå, ìèíèìèçèðîâàòü
÷èñëî ïåðåñå÷åíèé ð¼áåð

Ýâðèñòèêè: ìåäèàí, áàðèöåíòðîâ, áûñòðîé ñîðòèðîâêè;

Òî÷íîå ðåøåíèå: çàäà÷à ê ñâîäèòñÿ ê çàäà÷å

öåëî÷èñëåííîãî ëèíåéíîãî ïðîãðàììèðîâàíèÿ
(
O(|T1|2)

ïåðåìåííûõ, O(|T1|3) îãðàíè÷åíèé
)
, êîòîðóþ ìîæíî

ðåøàòü ìåòîäîì âåòâåé è ãðàíèö.
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VisARTM

Web-ïðèëîæåíèå äëÿ ðàáîòû ñ òåìàòè÷åñêèìè ìîäåëÿìè;

Äîñòóïíî â Èíòåðíåòå: http://visartm.vdi.mipt.ru;

Àâòîìàòè÷åñêîå ïîñòðîåíèå òåìàòè÷åñêèõ ìîäåëåé ñ
ïîìîùüþ BigARTM;

Òåêñòîâûå èíòåðàêòèâíûå âèçóàëèçàöèè äîêóìåíòîâ, òåì,
òåðìèíîâ, ìîäàëüíîñòåé;

Âèçóàëèçàöèÿ èåðàðõè÷åñêèõ ìîäåëåé (âëîæåííûìè
ïðÿìîóãîëüíèêàìè, ìíîãîóãîëüíèêàìè èëè êðóãàìè);

Âèçóàëèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé âî âðåìåíè;

Òåìàòè÷åñêèå ñïåêòðû;

Ñáîð àñåññîðñêèõ îöåíîê.
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VisARTM: Âèçóàëèçàöèÿ äîêóìåíòà
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VisARTM: Âèçóàëèçàöèÿ òåìïîðàëüíîé ìîäåëè
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VisARTM: Âèçóàëèçàöèÿ òåìïîðàëüíîé ìîäåëè
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VisARTM: Âèçóàëèçàöèÿ èåðàðõè÷åñêîé ìîäåëè

Äìèòðèé Ôåäîðÿêà Âèçóàëèçàöèÿ òåìàòè÷åñêèõ ìîäåëåé 25 / 27



VisARTM: Âèçóàëèçàöèÿ èåðàðõè÷åñêîé ìîäåëè
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Ðåçóëüòàòû, âûíîñèìûå íà çàùèòó

1 Ðàçðàáîòàíû àëãîðèòìû ïîñòðîåíèÿ òåìàòè÷åñêîãî
ñïåêòðà.

2 Ïðåäëîæåíû ìåòîäû îöåíèâàíèÿ êà÷åñòâà òåìàòè÷åñêîãî
ñïåêòðà.

3 Ñîçäàíà èíôîðìàöèîííàÿ ñèñòåìà äëÿ âèçóàëèçàöèè
òåìàòè÷åñêèõ ìîäåëåé.
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