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ïðèíàäëåæàùèõ îäíîìó ÷åëîâåêó
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ïðèëîæåíèÿõ, íóæåí áîëåå
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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 íåñòàáèëåí



Îáîçíà÷åíèÿ
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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) ∈ 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

c

u

d

v

b

a

Çàðàíåå èçâåñòíûå ïðîåêöèè

Äëÿ íåêîòîðûõ âåðøèí ïðîåêöèè ìîãóò áûòü èçâåñòíû

çàðàíåå

Íåêîòîðûå ìîæíî ñ÷èòàòü òàêîâûìè, åñëè

pro�le-distance(v , pr(v)) ≤ ∆



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



Î÷èñòêà ðåçóëüòàòîâ
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all distances
between right projections

Ïëîõèå ðåçóëüòàòû

Ïëîõàÿ ñâÿçíîñòü (ñì. ðèñóíîê)

Ìàëî âåðøèí ñ çàðàíåå

èçâåñòíûìè ïðîåêöèÿìè

...

Âûâîä: ðåçóëüòàòû íàäî î÷èùàòü

Ìåíüøå - ëó÷øå (áëèæå)

Íåò ðàçóìíîãî ïîðîãîâîãî çíà÷åíèÿ



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 â ∼ 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))



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
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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%


	 

