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face-to-name face-to-face name-to-name

Video 1 (V4)
- : : T : Sarah Palin Hillary Clinton Names: Joe Biden, Sarah Palin, Hillary Clinton,
H 1 3 E 5 H ¥ E Barack Obama, Cenk Uygur, Ron Paul, Glenn Beck,
- - - - - Ana Kasparian, ...
Title: Biden vs. Palin — You be the Judge
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Within-video Face Naming Social Network Between-video Face Naming
JLJ LWKLQ YLGHR Q/VPDL QU RN R/AKCGLQD Y& HOPH HWWW RDFMHPIHHODWLRQVKLSY DPRQJIJVWK®WAIDFHV

VRFLDO QHWZRUN EHWZHHQ YLGHR ODEHRMXKHHJISDS BV RVIKHZRIRERK BAKFRIEGKRBAVH @ RILDO UHOD W
JUDSKLVYDGGLWLRQDOO\PRGHOHG ZLW KURPPW KWR/ R BIPIHOUGIIOW MR RIQVKLS LQIHUUHG |

WKHUHDUH PLVVLQI QDWKN B QGHRDIPHY WSHHRY WIRVEHWZHHQ YLGHR™ QDPLQJ E
WLYHO\ ,PSRVLQJFRQVRMN @ W B VXEKQHGDARMBH D JURXS RI YLGIHWRND @RRIMH V
QDPH> @ DQGHYHU\VJLYHQ QDPH P XVWDFPPIHWHKFWR® Q/'HYWHARVUMN RORIPFSBPUHHG WR 3.
> @DSSDUHQWO\ZLOO UHVXOW LQ HUWH@OHR X/ COVCKE_FE O VHYA WHBHREY LIV EIMRHMRRR B U
YLGHRV DUH QRW UDUHV H WWDNWGMV VLW KW BBWMIFR UUHFW O IMIIRHB LD/ E QUK
LQGLFDWHVY WKDW WKHUHDUH DV KLIRRPW IRPQGLQ RHWE GDWHRYV
VXITHULQJ IURP WKH PLVVLQJ IDFHV DQGJQDB8HY ISARVRE OW/HRVPDHNRESHWDVNY LQ V
WLYHO\ $GGLWLREDUOO¥F \U HFRBRPWPW DHARY LGB REGHWR K LQVY L G HRR QQ/DNEMHDOAVPNM D JU |
VKRZQLQ)LJ LVWKDWIDFHYVDSSHDWEKHOGODR BV IDHQUH DWW BV D QHVKIO W RGHR L
PRWLRQ EOXU OLJKWLQJDQG UHVROWWHRID FKDWR HYD P@ EMQ B HIMBRAHN\RIRDIAK L S V
OHQJHRIQDPH PEGHDYERAMWWULEXWNGYRAIQHRPE ORWAR WKRIMHJUWER RI |
WH[W ODEHOV QRLV\WH[WDQG YLVXEOD&XHVKH LQIHUHQFH FDQ EH DIITHFWHG
, QWKLY SDSHU OHYHUDJLQJRQULFWKHOPWURQNMKHSVZ KRWHKG D RHWDWDUH QR W
WH[WV > @+> @ARP:BIEQ IDEHROJRULWK® EDWHRRQBFR@LODQG\VQDPHY PHQWLH
GLWLRQDOUDQGRP ¢HOG &5) > @ > PEAWDSDR/IDREX\EG WRFBEG GG RHYR W O SHD U
SUREOHPRIIDFHQDPLQJ :HFRQVLGH2EWRDH H PBHMWRZUH N QOBLERIRUGIOBEH BVVRF
WLRQVKLSVDVIROORZ WR D VRFLD ® WHADARUNOHYDWQ W WG HRV
¥ Face-to-name resemblance PRGHOV KRZ OLNBQG DRIWDAAHD ODUJHU JUDSK FRPSRVLQJ I
VKRXOGEHDVVLIQHGWRDQDPHEPXO&ROQHHWHCBERY BYRRDONRFHDO FXHV
IURP LPDJHQGRPDL QDPH WR QDWHRIMHVKLSY DUH DOVR HVW

T Face-to-face constraint FRQVLGHUV IDFWRUNVQVWKK BIYDEPEFONH R )LJ WKH H[SDQGHC(
JURXQG FRQWH[WSV@WBWERO IRY BUWDR @ § MVKDW WWKH PLVVLQJ QDPH 3&HQN ¢
DQG YLWPALDO WULW\ IRUDBHODWRE) GUHHWB@WrFrB QLEH SURSDELDMW@EGD Q& PV KH
IUDPHV DQG YLGHRYV FRUUHVSRQGLQJ IP6E6HAMLWHKHNVNBEKWVQDPH U

T Name-to-name relationship RU VRFLDO UHODWLKRQ QPROD/ LGHBENOZ WIKQDMH WREHDHKE D)\
WKH MDRSISHWUDQFH RI FHOHEULWLEYLEQVBEBYNHGILQ JJVUWBHIQDARAHF WB QJHFWL
QHWZRUN FR KWHWR RFFY WHUG EeH /W BWRLQMWH WHODWLRQVKLS DV ZHOC
DPRQJFHOHEULWLHYV L @

TKHVW WZR UHODWBERRBYWIHSY IRUHOB EFHKGILEXI FREHWULEXWLRQ RI WKLY SDSHL
LQ D YLGHR ZKLFK ZH WHUP DV 3ZLWXDRBRHY LIGHRD VYV RiF LODMNEIHRA)L. @R GRPDLQ X
7KH WDVN LV WR DVVLIJQ WKH QDPHYV FHQWE R DW G I|D@ H HW G G QWKIB B/ R\BDNEHIN OHD[ S |
IDFV GHWHFWHG LKXH 3SURER HPLRIKPWY V) JUIDGBIW LRQVKLSY LQ DGGUHVVLQJ
DQG QDPHV LQ PLQG VXFK WKDW 2QXQO MHWDQEGPIIBHE WY RRBBRA\HIDNGHWD JJ !t
DOORZHG 7KHVRFLDO UHODWLRQV K LZXXH PKHIRWGH DODWPX IOV ZHW KW Q CEWL QI H [
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HVWLPDWH WKH FR QG LRR@I® & UR E WK IH
ODUNRY SURSHUW\LQ &5) ZHDVVXPH WKI
Y,y €Y DUHLQGHSHQGHQW RIHDFK RWKH
UHODWLRQVKLS EHWZHHQ WKHP :LWK UL
WKHYDULDBGIBHQGHQW g QB KHQROW MKEA
DERSH)ROORZLQJWKH FRQYHQWLRQ RI &5
> @ ZH QDPH WKH VHW RIGHSHQGHQW C
SIDFWRU’" )Rkl RS ®H D F WR 1, 50,Q0G

LVDOVRDIDFWRU 7R WKLV HQG WKH FR
IDFWRULIHGLQWR WKHIROORZLQJIRUP\

plylx) = ﬁ 1] 2(yexo)

ZKHUHY WKH VHW & 13 D ¥ \B BSRWIHRQ W LD O X«
Z(x) = Y, Tlocc ®(¥e,%:) LV D SDUWLWLRQ IXQFW
QRUPDOL]JLQJWKH SUREDELOLW\VFRUH

WHQWLDOV L QbF QP BIOWW K H]X @x;5 RWH
DQG SDLUZLVH;SRW,MQWIKRGK PRGHO WK
WR QDPHDQG IDFHVWRSN\DB H WHOMMLLYRHD \

)LJ (IDPSOH Rl JUDSK GHSLFWLQJ WKH PRGHQLQJ RKHHPR @ CRAMKGEWDEE BIYREXV EH UH:
QDPLQJDVDQRSWLPL]DWLRQ SUREOHP 7KKHREMHFWLYH IXQFWLRQLVWRPD[LPL]H W
SUREDELOLW\RIDVVLIJQLQJ WKH U, J WWR QIDAPFHHWBDWOIBE H O GHifRWHG DV

XSRQ WKH XQDU\DQG SDLUZLVH SRWHQWLDOV G hy¢ G= R . j S¥.:
Q Q Q Q bR C-E Lt PSP PPV YRR YK kS X;)

ceC), ceCy

. @$7.216+.82'(/. 1" ZKHW®H{C,,C;} YXUWKHUPRUH WKH SDLUZ

QHP ia Eﬁg)xh WE@WKIHDWXL
7KLV VHFWLRQ EHJLQV E\ IRUPXOD W'L%fﬁ
YLGHR IDFH ODEHOLQJ DV DQ RSWLPL ?\Q)i QR Np X6t U% GL

WLRQDO UDQGRP ¢HOG &5) OXOWLSOH UHODWLRQVKLSY DUH WKHQ GH
¢QHG WR FKDUDFWHUL]H WKH VHWV RI 1D F BV 5o Pu (ridwmix Hoe &y

A. Problem Definition and Notation (SDRFU;‘(DFSI QNSH)YE \laHBKDQV]\'_/)?ﬂ(VULZ (Ig)i/?(fir\;vl_glgg F\f
*LYHQD YLGHR WKHLQSXWV WR WKHSKHREXP BHYBRHWRFHOVVBRAKKH UHPD
DWLRQDUHWKHREVHUYHG RUGHWHEZWHG o® kX Y WKRHR) ESKRBHESOW B R @ SeBiikvihL R
FHOHEULW\ QDPHVWRX HR IRQVHHWKOHS BDHADKHHE IVHLDAN RUPH? HXVQ E WWLHR O R B G W U 3O LB F
DV DN HMWey,¢2,...,cpr DQG WKH GHWHFWH G ODEFUHIVHP WIDKMHSUREOHP RI IDFH QDPLQJ
TXH@FEHx, x2,...,xy) Z KMHDJQMGUH SUH V HENMAWRKPD [LPL]JH WKH SUREDELOLW)\ LQ
QXPEHU RI QDPHV DQG IDFHV UHVSHF®EY I#Q\u I KR USRUKRED WR B MRS B YWKE R IV X F |
WR DVVLIQ DW RRVMW\RR B QBFFH V X F KK WUNRW&&KDLQ ORQWH &DUOR 0&0& > |
HYHU\IDFHLQ D YLGHR LV JLYHQ HLWXUHsh QW HRRY RR3QPPH LsH@ $V VKRZ(
QXOODVVLIQPHQW 7KHRXWSXW RIVOIHOIUWNREOHBEM OPEQP MU TKHDDWH IUR
GHQRWHGyYD¥,...,yn) ZKHUH HDFi HOBDRHQWDO DSSHDUD @OXKWLAG IBRE\WAOVRHU

LQGH[HG YDUL K M HQARWRMW YR DXYNQERYHESL. ODULW)NIRUQDPLQJLYV OLN
ZLWK DROBFHRU QX000

8QGHU &5) WKH IDFH DQG ODEHO VHT Xnar@Porentidb UH PRGHOHG DV D

JUDSKIRU QDPH LQIBSK Q¥ KX QI&KIHUH FW & HOHIIRWERWNQWLDO HQHUJ\ PHDV XU
G=(V,E) ZK/H=UY4Y} LV WKH VHW RIEYIMWHHHYIJIDODEHOHG ZLWK D QDPHRU3QX0O
WKH VHW RI HGJHVHFHRWQ HKHMICIH Y HUM IHIVY VY B PXNOWIGY DULDWH *DXVVLDQ GLV
EDVHG XSRQ GLIMKUISYWHHQB® ERIQVZHHQ IDFHV DQG

EHWZHHQIDFHVDQG QDPHV )LJ VKRZVDQ H%?(P@ﬁgnljujﬁ f@del;ﬂntgﬂléK

ZLWK IDFHVLQ WKHREVHUYHG VHTXHQFH 7 LVDQ'LQGH[ YDUL
DE@QHHQFRGLQJWKH ODEHO IRU HDFKZRK MU ) H Y MKI-DFHW R 1 *DXV V IxF SDUL
%DVLFDOO\ WKH SUREOHP QRZ LV W R $HQHWPHQ\D WXAURDHF[IXF § B 6 WHEEHUHR PD IFDHA\F
ODEHO DVVLJQPHQW DQG WKHQ HYHQW XA R UWHRGGHFON. @ O H DIPIRH) B WKUDBW H G
VLIQPHQWYV DV WKHEHVW VROXWLRQ WRPW PID[WPK HHYJIJW & H \6 UGRHE-DEHOW WR @ 19 $
DVVLIQPHQW :LWHKIDAUWDWQR ®E XO/HW Y @ RGRW WHKBIFKMRMMLIQPHQW RI D IDFH W
VXFK DVVLIQPH@W RVyD.YHHWRWD YHEWREOHP RI LQIRUPDWLRQ XQFHUWDLQV
RI REVHU¥WHGxhDE HY,x,] +HUH ZH ZRXOWKH SIHREDELOLW\ GLVWULEXWLRQ RIOD
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yLJ %HWZHHQ YLGHR QDPLQJ WKH SURPMINYXRE AR QR/WPULRVELEQ R § PXICD/OLG IOW Z/RIDND O t

VWHS RI1)LJ Q¢ DAVORKHHVHW R FH O HE Ullgdidhi Khpleepebrclidh P

PXQLW\DNQ ®V WKH VHW RI QDPHWWBJIHG b BX6BH8J &5) VHSDUDWHO\RQ HD
YLGHRV DVVLOQWGWIR #0 %\ GRLQJ VR JIRAHK Kpv DFFHOHUD N EGDE WH PD® ER ¢
QHWZRAUNMO EH DVVRFLDWHIG ZDWG PHR@HRUSREROYW )RUD FRPPXQLW\ ZLWK F
ZKLOHWKHFRPPXQLW\VL]HZLOO DOVR EHISBR @G Z L WKSBHZCDOURE B-oor HY L
IURP WKH SRROQAHv, Ny, . Q RW KH Uy B PHPRU\ FRQVXPSWLRQ FDQ EH DV KL
LVFRPSRVHG RI FHOHEULWLHV QRW RQRQ\H URR W K& HRAMZZ RAKNE R OW DOMRLH YV z
DOOQDPHV WDJJHG LQ WKAR'WEHR Y Q YMOV@EHO W RRPPXQLW\ WKH UHVXOW RI C
SLFWHGLQVWHS ROQHHGV&BRNEGODURWORA\ BRAOKN VG HR PIPRVDILMDLAH F RYRUL SH U D
WKH YLGHRV DQGLRHVOKHE GRWDHY RI D IFRARFSFRAMVAERWR EH FRQGXFWHG RQ YLGEH
QDPH LQIHUHQFLQJ ZKLFKRYHUDOO BXWY MERIUWN WKH UXQQLQJ WLPH
$OJRULWKP VXPPDUQ YHV KAHKBICGIHRW L W K
B. Name-to-Name Social Relation SURFHVVLQJ HDEKG XDGER EQGHLQY IV Y\L € H
5SHFDOO WKDW WKH MRLQW PRGHOL®RRV WIUGHAWR Y BMPEHOL ¥ K DY IWKHH ID FH
DGYDQWDJH WIQIRWIP BQWH RQH 6 LQ DWIRgEK H UHODWL ROMKX®WDEDVRAG BRLU?Z
EHH[SORLWHG IR U D& WXILQJILNHMHV W HIFRY ogWHWK DU DZOV YLGHRYV VKDULQ
WKHUH LV D FHQHESS MWD QIDIPHISQY RS R PWiL BEBYHTXHQWON VWHS CGEXWR GIW Iy O
WR WKH FR RREFXUWHK@RWHKRIU QDP HY PP ROHG/ P RQLWKRY@PRBEHR®YDFH
JRU H[DPSOH %LOO &0LQWRQ KDV D R®SkQRPHKYW S FUDH BPH QDWKRPVRZOHG
%XVKWR DSSHDUH® DLYWIGW RNMWQD P H v DUDEN %SRS P b RQ OV MXHOXKEN WD EGHRK H
JLYLQJ WKH IDFW WKDRW &0 LSRR @ IKFEDIO- O Y W\ORRDYRLE VSDUVH DQG VPDOO
ZLWK 2EDPD :LWK WKLV LQWXLWLRQ WIKHYdBUHIRWHBPDPHRYW L JLCHRV.
ZKLFK FKDUDFWHUL]HV WX HDIQGJIB & Bl B H+®FHDFH LQIHUHQFH RQ VXFK J
FDQ EH DXJPHQWHG ZLWK VRFLDO LQYRWKHWAIRAO W B PRREN 8P HFRQG I
UHODWLRQVKLS DV IROORZV RI PHPRU\

s X,)_{wsyi.x” L e N $OJRULWKMWZHHQ YLGHR IDFH ODEHOLQ.
0X) =\ B,y U = nul
: Ji =nu JQSXW:HE Y;LD®ERKHDVVRFLDWHG PF
ZKHUH 2XW S)YOFH ODEHOV
&RQVWUXEWFR QUMHSFKVLQJ IDEHV DQ
Wy, x; = a X p(xI*IN) 4 (1 — a) x max(W, ), n € N v; E\ DQG

&UDZO WKH YLGHRY DQG WKHLU JU
DQB LY WKH PDWUL[ FDSWXULQJ WKH FR R¥REKUD®G QFHYWMNRPMWKAWE BW BV HW
FHOHEYLWKH PD[ RSHUDWRU ED¥IMG,DOO\ SI%NV DOQDPH D QHZ YFRSK W U XF W |
ZKR FR RFFXUV;PRQW XVWYX WKH FRUUHV S RROGN.DBE W/IFRKUH J HGIJHY WR FRQQHFV
LW IRUDGMXVWLQJWKHVLIQL,FDQFHRIXQDUQSRWHQWLDO %DVLFDOO\
WKHKBWLRQ WDNHV LQWR DFFRX@WEKBO®BHWUWRHROORRS EHOLHI SURSDJIDWL
VRFLDOO\ FRQQHFWHG WR DQ\ @D PHK I? HQ WRILRIPHE OP BHQ IGRR
SUREDELOLWARERRVOWHG LI WKHVWDWLVWLFV VXSSRUWV VXFK

FOLP (TXDWLRQ FRPELQHVERWK FOXHY¥OURB YWXR®RDO DWW G VRPISRUWDQW W
LQDOLQHDUIDVKLRQ 7 KHHPRISFIUILV B BREEDT BEBPVEHVWR EH SHUIRUPHG RQFH IRU L
W R LVIRUWUDGLQJRIIWKHLPSRUWDBFEHFRIY\L \ZX VK LISFEHRRFQ B MY BRIV K/ H F/X
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QRWH WKDW WHPSRUDO UHODWLRQVKLS LV DOVR FRGU¥ABHUHG DQG XWLOL]H
g\égvHKvH SFDQQRW OLQN  FRQVWUDLQW |R/U-Ulg*g\l?\g;{gg)ﬁ%l;zplﬂlvmggil?y(\f})gﬁ@PHQW RI
7DEOH,,, OLVWV WKHFRPSDULVRQRIVL[GLIIHUHQWDSSURDFKHV 7KH
JHQHUDO WUHQGSSUWRBMWHYORXWEHW RUP WKH EDVH
OLQHV5%$DQG 7% DQG WKH SHUIRUPDQFHJDSV EHFRPH ZLGHU ZLWK
WKH LQFUHDVH GLI(FXOW\OHYHO Rl WKH GDWDVHW &5) / HIKLELWYV WKH
RYHUDOO EHVW SMDIRQ WKGMKXENBRAY 8VLQJWKH XQDU\
SRWHQWLDO DQG WHPERURO DHO VW LEREFPI@®RNUH WDIIJHG &/ EXLOGV D IDFH |
7DEOH ,, WKH DFFXUDF\ LV D O UH®DmsIHW FUDY /KOG Q ¥DROPD PRsHD KiH\g W D W L R
FRPSDUHG DSSURDFKHV $NH\REVHUWKMLRE HVCWKWDN HOF ERI® ¥ bRICOIDRIPMR R J
DORQHLVQRWDOZD\VUHOLDEOHLQ :WBHWBLOH B HRMIPLSD HK b @iAvgRal J K E F
SHDUDQFHFDQEHZLOGO\GLIIHUHQWHYIN\VA LW K yQDW KAHKMP Ao HLISRIRNBNP $ HW |
DFRQVHTXHQFH &*00 *&DQG)$&" ZKLEKNGHSWROW & HPPRAN\DAKK IF KE HYKAL BIH U IR U |
RQIDFLDO VLPLO BIDUWNR\LIGRUDPQRGE HWDDE Ky FHR/QMVEUDXFWRLDRARGE L $IM IUGH £ WEY DNDKXHH B/ RRR W
VXIITHU IURP LPSUH$OWKRR GK W HPB R WINUBMHIWILRRAYOR\HG IRUVHOHFWLQJ
DOVR FRQVLGHUHG HVWKKN HDIFSAS WK DN MMEKGILIORO W LRQ@ VR WKHUH DUH ‘H
LV XWLOLJHG DV DKDWKEHRQYKWYQVROWHRQEBDWDVRW BMILLRI ; OWHUHG RXW E\ &
&5) / DOVROLPLWV LWV SRZHULQ ODEEPHWYIHRPMWAL R OP LOYHWRMRE/ WAEH XQDU\ S
HQMR\V WKHDGYDQWDJHV WKDW P X O W[F$GEhvUH QDKWL R @1MHEER 38 GNDW s R@WY R O P
FLDO VLPLODULWFRDWQR/RHW 6 K FRWQ N HFODW UHVX O WH QYL O J
PRUHUREXVW IDFHIODEBOURQDWKHDQ RWHROHH WDWKIRQD I/ WHKHH FSRHRIS R U PDYR)Q 5HFL
PXOWLSOH UHODVB)RE@DROLEBEYWRHWOF WL B HOHRIKU-R I IDFHV QRW EHLQJ WD.
PLIHWKH HUURQISURBHDVIDIMIH SDVVLQDFHY EHORQJLQJWR RQH RI WKH FHO'I
, . DUH RXW RIWKHVH IDFHV EHLQJ FRLU
D. Between-Video Face Naming PRUH WKHUH DUH DOVR LQFRUUHFWC
7KLV VHFWLRQ YHUL¢{¢HV WKH SHUIRHULPQIQUFHF WIL RKG DKISURDPKRQJI WKHP
&5) * ZKLFK PRGHOIOPWQWQSR®HIV QR MHRBIOANZLQOIKIDFHY SUREOHP 2Q WKH R
YLGHRV EXW DOVR DPRQJYLGHRV 7K H HQSIHUDIWPHH VO I ¥ PROPBE W RIKGHRIH W O\ DV
&HOH *HERU &5) * WKH FHOHEULWEBOXOOH DYGLMWERWRHFWO\ ODEHOHG D
FRPPXQLWLHV XVLQJ :DONWUDS DOJEVRWKP PUE IDONFAPOREHWHG 7KH IDO
VLIH UDQJHV IURP DV VPDOO DV  YLGWBNVEXWHG WHROI 1B I & DIDGING DVMARVIMAH X & E H L
ODUJH DV YLGHRV ZLWK FHOHEUIEWDHYYJ'HSHRYGQXDORQ MKLEXKQPHQW 2YH
FRPPXQLWLHVY WKH WDJJHG FHOHEUL&8) H¥\EHORQ@G WRUHDEHK PM.IGYHHROL QQ W H L
&HOH :HE9 LV DVVLJQHG WR RQH RU BXBWILBIORQFRRPSQUWQBWR®/ DQG 83 L)\
SUHVHQWHG LQ 6HFWLRQ ,9 & &5) * DXIL@QG \P OQWL SV&GH) BIDG\CDN BRRR\VH K DAODE' Y L
IRUHDFK YLGHR EDNHF\GLRDW RH F R QG B RPZIOMK RWRKWMKH REVHUYDWLRQ DV LQ ZI
YLGHRV LQ WKH FRPPXQLWLHV :H FRPIRDPH WE)RQWR RRO WM WHIYAURP LPSUHF
OHDUQLQJ &/ > @ ZKLFK ODEHO IDGHNHIHIQW GBIIBY HRD @RHBR\KWHYLGHR V



