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Çàäà÷à

Íàéòè êàê ìîæíî áîëüøå ïàð

ïðîôèëåé (v , u) | v ∈ A, u ∈ B ,

ïðèíàäëåæàùèõ îäíîìó ÷åëîâåêó



Ìîòèâàöèÿ

Ìîòèâàöèÿ

Ìíîãèå èñïîëüçóþò ñîöèàëüíûå

ñåòè è èìåþò íåñêîëüêî

àêêàóíòîâ

Åñòü ìíîæåñòâî íèøåâûõ

ñîöèàëüíûõ ñåòåé

Ñîöèàëüíàÿ èíôîðìàöèÿ ìîæåò

ñèëüíî ïîìîùü âî ìíîãèõ

ïðèëîæåíèÿõ, íóæåí áîëåå

ïîëíûé ñîöèàëüíûé ãðàô

Îáúåäèíåíèå êîíòàêòîâ



Ïðîôèëè â ñîöèàëüíûõ ñåòÿõ

Ïðîôèëè â ñîöèàëüíûõ ñåòÿõ

Íåêîòîðûå ñîäåðæàò ìíîæåñòâî

äàííûõ (Facebook)

Íåêîòîðûå ïðàêòè÷åñêè íèêàêîé

(Twitter)



Ñóùåñòâóþùèå ïîäõîäû

Attribute-based UIR

Ïîëÿ ïðîôèëåé ñðàâíèâàþòñÿ ñ ïîìîùüþ ôóíêöèé

íå÷åòêîãî ñðàâíåíèÿ ñòðîê

Ðåçóëüòàòû âçâåøèâàþòñÿ, ñóììèðóþòñÿ è ñðàâíèâàþòñÿ ñ

ïîðîãîâûì çíà÷åíèåì

Íåäîñòàòêè

Íå âñåãäà ïîëüçîâàòåëè àêêóðàòíî çàïîëíÿþò ïîëÿ

ïðîôèëåé èëè äåðæàò èõ â àêòóàëüíîì ñîñòîÿíèè

Èíîãäà ëþäè ïðèäóìûâàþò íèêè, à íå ââîäÿò ðåàëüíûå

èìåíà

Îäèíàêîâûå èìåíà íå âñåãäà îçíà÷àþò îäíîãî âëàäåëüöà

Ïðîôèëè âîîáùå íå âñåãäà äîñòóïíû èç-çà ïðèâàòíîñòè



Ñóùåñòâóþùèå ïîäõîäû

Ñðàâíåíèå ÷àñòè÷íî ñîïîñòàâëåííûõ ñïèñêîâ êîíòàêòîâ

Ñíà÷àëà ïðîôèëè ñîïîñòàâëÿþòñÿ ïî ïîëÿì

Çàòåì â êà÷åñòâå äîïîëíèòåëüíîé èíôîðìàöèè

ïðèâëåêàåòñÿ ïîêàçàòåëü áëèçîñòè ñîïîñòàâëåííûõ äðóçåé

Ïîõîæåñòü ñïèñêîâ êîíòàêòîâ

J(Lv , Lu) = |Lv∩Lu |
|Lv∪Lu |

cos(Lv , Lu) = |Lv∩Lu |√
|Lv ||Lu |

dice(Lv , Lu) = 2|Lv∩Lu |
|Lv |+|Lu |



Ñóùåñòâóþùèå ïîäõîäû

Ñðàâíåíèå ÷àñòè÷íî ñîïîñòàâëåííûõ ñïèñêîâ êîíòàêòîâ

Ñíà÷àëà ïðîôèëè ñîïîñòàâëÿþòñÿ ïî ïîëÿì

Çàòåì â êà÷åñòâå äîïîëíèòåëüíîé èíôîðìàöèè

ïðèâëåêàåòñÿ ïîêàçàòåëü áëèçîñòè ñîïîñòàâëåííûõ äðóçåé

Íåäîñòàòêè

Òåõíèêà îïèðàåòñÿ íà íåíàäåæíûå ïîëÿ ïðîôèëåé

Òàêîé ïîêàçàòåëü áëèçîñòè î÷åâèäíî ½ïðåäâçÿò� (biased)



Ñóùåñòâóþùèå ïîäõîäû â áëèçêèõ îáëàñòÿõ

Ðàçðåøåíèå ñóùíîñòåé

Äàíû çàïèñè â áàçå äàííûõ

Íàäî îïðåäåëèòü âñå çàïèñè, îòíîñÿùèåñÿ ê îäíîìó

îáúåêòó ðåàëüíîãî ìèðà (íå îáÿçàòåëüíî îïèñûâàþùèå

åãî)

Ïðèìåíÿåòñÿ CRF

Íàáëþäàåìûå ïåðåìåííûå - óçëû-ôàêòû

Ñêðûòûå ïåðåìåííûå - óçëû-óòâåðæäåíèÿ (î òîì, ê êàêîìó

îáúåêòó îòíîñèòñÿ çàïèñü)

Óòâåðæäåíèÿ ñâÿçàíû ñ ôàêòàìè è ìåæäó ñîáîé

Èùåòñÿ MAP-êîíôèãóðàöèÿ, êîòîðàÿ îòðàæàåò èñòèííîñòü

óòâåðæäåíèé



Ñóùåñòâóþùèå ïîäõîäû â áëèçêèõ îáëàñòÿõ

Ïðåèìóùåñòâà

Çàäà÷è âçàèìîçàâèñèìû

Ðàáîòàåò ëó÷øå ÷åì òî, ÷òî áûëî ðàíüøå

Íåäîñòàòêè

×ðåçìåðíî áîëüøàÿ è ïîäðîáíàÿ ìîäåëü

Íèêîãäà íå èñïîëüçîâàëàñü áëèçîñòü â ãðàôå

Ëèòåðàòóðà

P. Singla, P. Domingos. Entity Resolution with Markov Logic.

(ICDM'06).

P. Singla, P. Domingos. Multi-relational Record Linkage. KDD

Workshop on Multi-Relational Data Mining, 2004.
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B-7

Ëîêàëüíàÿ ïåðñïåêòèâà

Öåíòðàëüíûé ïðîôèëü

Âñå ïðîôèëè, ñ íèì ñâÿçàííûå

Ñïèñêè êîíòàêòîâ ýòèõ ïðîôèëåé

Çàäà÷à

Íàéòè îïòèìàëüíîå îòîáðàæåíèå

µ : V (A)→ V (B) ∪N
N - íåéòðàëüíàÿ ïðîåêöèÿ



Joint Link-Attribute Model

Îñíîâíûå ïîëîæåíèÿ

Íåîáõîäèìî èñïîëüçîâàòü, êàê èíôîðìàöèþ èç ïðîôèëåé,

òàê è ñîöèàëüíûå ñâÿçè

Çàäà÷è âûáîðà ïðîåêöèé µ(v) è µ(u) äëÿ ñâÿçàííûõ

âåðøèí v è u âçàèìîñâÿçàíû

Åñëè v è u ñâÿçàíû â ãðàôå A, òî èõ ïðîåêöèè â ãðàôå B

äîëæíû áûòü áëèçêè äðóã ê äðóãó



Joint Link-Attribute Model

μ(v)

Φ

v

μ(v) μ(u)

v u

Ψ

Φ Φ

Y:

X:

μ(v) μ(u)
Ψ

a) b) c)

Âåðîÿòíîñòíàÿ ìîäåëü

Äëÿ êàæäîé âåðøèíû v â ãðàôå A:

Íàáëþäàåìàÿ ïåðåìåííàÿ xv - ïðîôèëü v
Ñêðûòàÿ ïåðåìåííàÿ y

v
= µ(v) - ïðîåêöèÿ ïðîôèëÿ v â

ãðàôå B

Ïåðåìåííûå xv è yv ñâÿçàíû ôàêòîðîì Φ

Ïåðåìåííûå yv è yu ñâÿçàíû ôàêòîðîì Ψ⇔ (v , u) ∈ E (A)



Joint Link-Attribute Model

μ(v)

Φ

v

μ(v) μ(u)

v u

Ψ

Φ Φ

Y:

X:

μ(v) μ(u)
Ψ

a) b) c)

Ýíåðãèÿ ìîäåëè

E (Y|X) =
∑

v∈V (A)

Φ(yv |xv ) +
∑

(v ,u)∈E(A)

Ψ(yv , yu)

Φ(yv |xv ) ∼ pro�le-distance(v , µ(v)) - (íå)ïîõîæåñòü
ïðîôèëÿ íà ñâîþ ïðîåêöèþ

Ψ(yv , yu) ∼ network-distance(µ(v), µ(u)) - ðàññòîÿíèå
ìåæäó ïðîåêöèÿìè â ãðàôå B



Joint Link-Attribute Model

μ(v)

Φ

v

μ(v) μ(u)

v u

Ψ

Φ Φ

Y:

X:

μ(v) μ(u)
Ψ

a) b) c)

Joint nature

E (Y|X) =
∑

v∈V (A)

Φ(yv |xv ) +
∑

(v ,u)∈E(A)

Ψ(yv , yu)

a) Åñëè íå ðàññìàòðèâàòü ñîöèàëüíûå ñâÿçè, òî Ψ ≡ 0, è

ìîäåëü âûðîæäàåòñÿ äî òðèâèàëüíîé ñèñòåìû

b) Åñëè íåäîñòóïíà èíôîðìàöèÿ î ïîëÿõ ïðîôèëåé, òî Φ ≡ 0, è

ðåøàåòñÿ çàäà÷à äåàíîíèìèçàöèè

c) Âñÿ èíôîðìàöèÿ äîñòóïíà



Çàðàíåå èçâåñòíûå ïðîåêöèè

Çàðàíåå èçâåñòíûå ïðîåêöèè

Äëÿ íåêîòîðûõ âåðøèí ïðîåêöèè ìîãóò áûòü èçâåñòíû

çàðàíåå

Íåêîòîðûå ìîæíî ñ÷èòàòü òàêîâûìè, åñëè

pro�le-distance(v , pr(v)) ≤ ∆

Ìîäèôèêàöèÿ ýíåðãèè

Äëÿ êàæäîé âåðøèíû v ñ çàðàíåå èçâåñòíîé ïðîåêöèåé

anchor(v) çàïðåùàþòñÿ äðóãèå ïðîåêöèè:

Φ(yv | xv ) =∞
Ψ(yv , yu) = Ψ(yu, yv ) =∞ åñëè yv 6= anchor(v) ∀u



Ðàñïðîñòðàíåíèå èíôîðìàöèè

c

u

d

v

b

a

Çàðàíåå èçâåñòíûå ïðîåêöèè

Óëó÷øàþò ðåçóëüòàòû ðàáîòû

Ïîçâîëÿþò äåêîìïîçèðîâàòü çàäà÷ó



Ïîõîæåñòü ïðîôèëåé â Twitter è Facebook

Ñõåìà ñðàâíåíèÿ

Facebook Twitter Ôóíêöèÿ ñðàâíåíèÿ

Name
Name VMN

Screen name Screen Name measure

Website URL URL measure

Ôóíêöèè ñðàâíåíèÿ

Screen Name ïðîâåðÿåò íå ñîâïàëèëè ëè ÿâíî íèê è èìÿ

URL measure ïðîâåðÿåò íå óêàçàë ëè ÿâíî ïîëüçîâàòåëü

âòîðîé ïðîôèëü

VMN ïîçàèìñòâîâàíà èç Vosecky et. al., User identi�cation

across multiple social networks, 2009.



Ïîõîæåñòü ïðîôèëåé â Twitter è Facebook

Âåêòîð ïîõîæåñòè

Ê êàæäîé ïàðå ïîëåé ïðèìåíÿåòñÿ ñîîòâåòñòâóþùàÿ

ôóíêöèÿ ñðàâíåíèÿ

Â ðåçóëüòàòå ïîëó÷àåòñÿ âåêòîð ïîõîæåñòè V (v , µ(v))

Ôóíêöèÿ (íå)ïîõîæåñòè

Âåêòîð V (v , µ(v)) ìîæíî èñïîëüçîâàòü êàê íàáîð

ïðèçíàêîâ äëÿ îáó÷åíèÿ áèíàðíîãî êëàññèôèêàòîðà

pro�le-distance(v , µ(v)) = P(ðàçíûå ëþäè|V (v , µ(v))



Ïîõîæåñòü ïðîôèëåé â Twitter è Facebook

Ñðàâíåíèå êëàññèôèêàòîðîâ

àëãîðèòì ïîëíîòà òî÷íîñòü F1
Naive Bayes 0.862 0.308 0.453

C4.5 0.569 0.86 0.685

C4.5 ñ MultiBoosting 0.669 0.879 0.76

Âûâîäû

Â öåëîì, ýòî ðàáîòàåò

Íè îäèí êëàññèôèêàòîð íå ñìîã èäåàëüíî ½îáúÿñíèòü�

ïðèíàäëåæíîñòü ïðîôèëÿ



Ðàññòîÿíèå â ãðàôå ìåæäó ïðîåêöèÿìè

Ôóíêöèÿ ðàññòîÿíèÿ

network-distance(v , u) = 1− 2 · w(Lv ∩ Lu)

w(Lv ) + w(Lu)
v , u ∈ B

Èñïîëüçóåòñÿ êîýôôèöèåíò Äàéñà (âîîáùå ãîâîðÿ, ýòî íå

ðàññòîÿíèå)

Lv - ñïèñîê êîíòàêòîâ ïðîôèëÿ v

w(L) = |L| - âåñ ìíîæåñòâà êîíòàêòîâ (ìîæíî ïî-ðàçíîìó

âçâåøèâàòü)

Áûñòðî ñ÷èòàåòñÿ è îòðàæàåò ½ìàðêîâíîñòü�



Âçâåøèâàíèå ýíåðãèé

pro�le-distance ∈ [0, 1]

network-distance ∈ [0, 1]

Ó êàæäîé âåðøèíû óíàðíàÿ ýíåðãèÿ îäíà

Áèíàðíûõ ýíåðãèé ìíîãî

Áàëàíñ ìåæäó ýíåðãèÿìè

Φ(xv |yv ) = α(v) · pro�le-distance(v , µ(v))

α(v) = log(degree(v)) - áàëàíñèðóþùèé êîýôôèöèåíò



Îãðàíè÷åíèÿ íà áèíàðíóþ ýíåðãèþ

Çàïðåò íà îäèíàêîâî ñîïîñòàâëåííûå ñîñåäíèå ïðîôèëè

Î÷åâèäíî, ÷òî

network-distance(v , v) ≥ network-distance(v , u) ∀v , u
Íî íàì íå íóæåí îäèíàêîâî ðàçìå÷åííûé ãðàô

Ïîýòîìó

Ψ(yv , yu) =

{
network-distance(µ(v), µ(u)) v 6= u

∞ èíà÷å

Ýâðèñòèêà

Äëÿ ñìåæíûõ âåðøèí âûáèðàòü ïðîåêöèè, êîòîðûå äðóæàò â

ãðàôå B

Ψ(yv , yu) =

{
network-distance(µ(v), µ(u)) v 6= u è (µ(v), µ(u)) ∈ B

∞ èíà÷å



Î÷èñòêà ðåçóëüòàòîâ

0.06

S. Bartunov
(Sergey Bartunov)

1.0

Fred Doubtman
(Vasiliy Terkin)

1.0

Fred Doubtman
(Victor Tsoy)

1.0

Fred Doubtman
(Nina Care)

0.21

0.21

0.21

Ïëîõèå ðåçóëüòàòû

Ïëîõàÿ ñâÿçíîñòü (ñì. ðèñóíîê)

Ìàëî âåðøèí ñ çàðàíåå

èçâåñòíûìè ïðîåêöèÿìè

...

Âûâîä: ðåçóëüòàòû íàäî î÷èùàòü



Î÷èñòêà ðåçóëüòàòîâ - òðèâèàëüíîå ðåøåíèå

Âçàèìíîå ïðîåöèðîâàíèå

Ïîëó÷èòü µ èç A â B

Ïîëó÷èòü ν èç B â A

Åñëè v 6= ν(µ(v)), òî µ(v)← N

Ñâîéñòâà

Ïðîñòî è èíòóèòèâíî

Ñëèøêîì ãðóáàÿ òåõíèêà î÷èñòêè ðåçóëüòàòîâ - íå

ó÷èòûâàåò ïðè÷èíó îøèáêè

Òðåáóåò ∼ 2 ðàçà áîëüøå âðåìåíè



Î÷èñòêà ðåçóëüòàòîâ - êëàññèôèêàòîð

Ïðèçíàêè

1 pro�le-distance(v , pr(v))
2 Ñðåäíÿÿ ãðàôîâàÿ áëèçîñòü ê ïðîåêöèÿì ñìåæíûõ âåðøèí

3 Äîëÿ çàðàíåå èçâåñòíûõ ïðîåêöèé ñðåäè ñìåæíûõ âåðøèí

4 Âçàèìî-ñîãëàñîâàííîñòü ñìåæíûõ âåðøèí ñ çàðàíåå

èçâåñòíûìè ïðîåêöèÿìè:

1

n
·
∑
v

1

n − 1

∑
u 6=v

network-distance(pr(v), pr(u))

Ñðàâíåíèå êëàññèôèêàòîðîâ

àëãîðèòì ïîëíîòà òî÷íîñòü F1
Naive Bayes 0.762 0.256 0.383

Support Vector Machine 0.662 0.935 0.775

C4.5 0.715 0.939 0.812

C4.5 ñ MultiBoosting 0.844 0.902 0.872



Ðåçóëüòàòû èäåíòèôèêàöèè

Ïðèìåð



Ýêñïåðèìåíòàëüíûå äàííûå

Ñòàòèñòèêà

Twitter Facebook

Îñíîâíàÿ âûáîðêà

# öåíòðàëüíûõ ïîëüçîâàòåëåé 16

# ïðîôèëåé 398 977

# ñâÿçåé 1 728 10 256

# ñîïîñòàâëåííûõ ïðîôèëåé 141

# çàðàíåå èçâåñòíûõ ïðîåêöèé 71

Äîïîëíèòåëüíàÿ âûáîðêà

# öåíòðàëüíûõ ïîëüçîâàòåëåé 17

# ïðîôèëåé 1 499 7 425

# ñâÿçåé 15 943 172 219

# ñîïîñòàâëåííûõ ïðîôèëåé 161



Áàçîâûå àëãîðèòìû

Ìàêñèìàëüíîå ïàðàñî÷åòàíèå

Êàæäîìó ïðîôèëþ èç A íóæíî ñîïîñòàâèòü íå áîëåå

îäíîãî ïðîôèëÿ èç B

Ñîïîñòàâëåííûå ïðîôèëè äîëæíû áûòü êàê ìîæíî áîëåå

ïîõîæè ïî ïîëÿì ïðîôèëåé

Çíà÷åíèå ôóíêöèè ïîõîæåñòè äîëæíî áûòü íå íèæå

íåêîòîðîãî ïîðîãà

Ïîðîã ìàêñèìèçèðóåò òî÷íîñòü

Áàçîâûå àëãîðèòìû

1 Âçâåøåííàÿ ñóììà çíà÷åíèé âåêòîðà V (v , µ(v))

2 1− pro�le-distance(v , µ(v))



Îöåíêà êà÷åñòâà

Òî÷íîñòü è ïîëíîòà

ïîëíîòà =
true-positives

true-positives + false-negatives

òî÷íîñòü =
true-positives

true-positives + false-positives

true-positive - ïðîôèëü ñîïîñòàâëåí âåðíî

false-negative - ïðîôèëü íå áûë ñîïîñòàâëåí, à äîëæåí áûë

áûòü

false-positive - ïðîôèëü ñîïîñòàâëåí íåâåðíî



Ýêñïåðèìåíòû

Ðåçóëüòàòû íà îñíîâíîé âûáîðêå

àëãîðèòì ïîëí. òî÷í. F1
áåçðàçëè÷íûå ê íàïðàâëåíèþ ïðîåêöèè

Áàçîâûé 1 (âçâåøåííàÿ ñóììà) 0.45 0.94 0.61

Áàçîâûé 2 (âåðîÿòíîñòíàÿ ïîõîæåñòü) 0.51 1.0 0.69

JLA, âçàèìí. ïðîåêö., àíîíèì. 0.6 1.0 0.76

JLA, âçàèìí. ïðîåêö. 0.66 0.99 0.79

Twitter → Facebook

JLA, àíîíèìí. (Φ ≡ 0) 0.62 1.0 0.77

JLA 0.79 1.0 0.89

Facebook → Twitter

JLA, àíîíèìí. (Φ ≡ 0) 0.61 1.0 0.76

JLA 0.8 1.0 0.89



Ýêñïåðèìåíòû

Èäåíòèôèêàöèÿ

0.0 0.2 0.4 0.6 0.8 1.0

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Anchor nodes fraction

ac
cu

ra
cy

tw−>fb, P
tw−>fb, R
fb−>tw, P
fb−>tw, R

Äåàíîíèìèçàöèÿ

0.0 0.2 0.4 0.6 0.8 1.0
0.

0
0.

2
0.

4
0.

6
0.

8
1.

0

Anchor nodes fraction

ac
cu

ra
cy

tw−>fb, P
tw−>fb, R
fb−>tw, P
fb−>tw, R



Ïîâòîðíàÿ èäåíòèôèêàöèÿ

Ìîòèâàöèÿ

Îñíîâíàÿ âûáîðêà ìàëà

Ñîáðàòü õîðîøóþ âûáîðêó òÿæåëî áåç ïîìîùè âëàäåëüöåâ

àêêàóíòîâ

Íóæíî ïðîòåñòèðîâàòü àëãîðèòì àâòîìàòè÷åñêè íà

íåðàçìå÷åííîé âûáîðêå

Ïîñòàíîâêà çàäà÷è

Ïðè ïîìîùè âòîðîãî áàçîâîãî àëãîðèòìà ñîïîñòàâëÿþòñÿ

ïðîôèëè

Ôèêñèðóåòñÿ íåêîòîðàÿ ÷àñòü èç íèõ

Ó âñåõ âîçìîæíûõ ïðîåêöèé äëÿ ýòîé ÷àñòè ïðîôèëåé

óáèðàåòñÿ âñÿ èíôîðìàöèÿ, êðîìå ñâÿçåé

Íóæíî íàéòè ïðîåêöèè äëÿ ýòèõ ïðîôèëåé ïî ñâÿçÿì



Ïîâòîðíàÿ èäåíòèôèêàöèÿ
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Âûâîä

80% èçâåñòíûõ ïðîåêöèé

äîñòàòî÷íî ÷òîáû îïðåäåëèòü

îñòàâøèåñÿ 20%



Äàëüíåéøåå íàïðàâëåíèå ðàáîòû

Ñîáðàòü åùå áîëüøå äàííûõ

Ïðèñûëàéòå íà sbartunov@gmail.com

Íå âñå ñâÿçè îäèíàêîâî ïîëåçíû

Ââåñòè äîïîëíèòåëüíûå áèíàðíûå ôàêòîðû è ïîäîáðàòü ê

íèì âåñà

Êîððåëÿöèÿ ìåæäó network-distance(v , u) è
network-distance(µ(v), µ(u))


	 

