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•• 
Figu",- -' A dieee""" lai~'lId J"e 

110Je gmph 

An cxanoplc of" ollc->"k~ rda~ion\llip Or ,1i,"~led hnk ",i~bl b~ wh,n one person ha, cma'ld. 

an~lher hut [he recipient of tlle ,mail ilas n~t reciprocated. 1l,.,re 'Xi,1 ~lller variati"",, and <ll;'­

cla"ifLCm;,)ll> of graph, that are used in ,"","ious fie],ls. One typ" that is commonly used in social 

ndwork "naly,i, 0; th~ bimodal grapb r69' .... :Oinmda] gmph ;, a g,"ph III ",hl~b ~h~ llo(k, <IT" 

JiviJec inw two di'tincl ,e", where each ",1 rep,.es .. m a different Iyp" of entity_ f," j,mance, we 

couic creale a bimocai graph where (he two sets "fnO<ks represent researcher< and paper< plLhli,kd. 

Links repr"'"nt thai a rcs<:arcbcr was un aUI)",r or Cl'-JlIlho, of a pap<:r \\iilh another r",carcher. 

Aitemali"ely, sLl~h an arran~em.m Can be repres.nted hy a bipartite ~rJpll. wllere ll(Kk; are a:l ,)i"lhe 

,ankltype. hut are rani{,on~c into two sen l69J Links may jOill a node in one sel only Willl a node ,n 

Ih, ,'Iher. A hiparti{e ,'r bum,.)al graph" ,11OWll below. where tho:: blue 11O~e, Cl'uld repn;SC"Tll P"P,", 

puhlished and tIle "range n,xle; c,)uid repre,ent authors. 

Figure 4 A imnOlj,,/ or ;"p""tile 

graph 

For all inn-MllCIioll to graph th~ot)' l6li: is recommended And for a 'w)fe ~ornprehc-",i \ie ~'S~u;"')n 

[14]. [ l~J, ll~l. and ~5~J are recommenced, 

2.3. Links in socialnctworks 
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hav,ns exchanged email;, or belonging ~o Ihe '"InC >oCl"1 dub In other di,cipli"" node_, ~nd lin:,; 

can be u>~d 10 ,err~"'nt IOwn, and higlmay,. compme:'s "nd c"bling, or compani~, and owner,hip, 

In nll' """"cb 11>: rd"t,onship we ar~ con,idering i, ~ single n",,,,age ,,-,nl from On" p:.;roon ~o 

anOlllCr. ror insrance_ ~n em"il ",nt f,om On" "d,hss to another add,ess nam~s ~nd connects the ~wo 

nodes in a di,ecred link To illu;t:'are Ihi'_ conslCk, thai "ll we know aboul a ce:'lain hYf')<he,ical 

group of )>eople i, Illat an emal: was sent from hill :iiim" i I.COIil 10 ~"d~<F'm"il.C0m_ Then for lhi' g,~ph 

v =: bill :iii 1>1(11feom , red ({i' mai/,com ) and E =1 {bill@ma;!.com_ red ~-" maiu.'t!m )) Althwgh there 

A ,oclOgrmn "'p,esellls a complex sy_'lem - a hUlllan ;o,"iety, or al k",t pmt of it. Comrlexi,y Iheory 

h", f,')(",d th"1 comple" 'ystem, occur on the edge of chao, r471- For e,,"mple, life cmmot ~xi,t III a 

vacuum (comrk,e ,x~.cr),"S Iher" "rc nO environment,,1 forces that canse cllange "nr! "d"PI"lron. Bul 

nor can il exist in " ,un (complete cllao,). a, " ,;'sklll ce""" to fun",ion amid" tOl~l chao, ,-\ 

comp,Onll'" of ,cllll-cb,,,,, i, needed for ad"pt~tion ~nr! deve:orm"nl 10 flouri,b [7 J, In the ,ame "~y_ 

since social J"'~worb "rc rcp"scnlation> of complexity. they ~:" neilher ~ou<lly o,JercJ laltic~s, nor 

random di,t,ibutions of node, ~nd hnk;, ben wlh", 1",,.. ,peci,,1 properties of {heir Ov.'n T""", 

rrnjll:rli", "rc ,k,c,ib"d in the following ;ub,~C!ion'_ 

2.3.1. Small world networks 

A "",,:1 wOrl,1 nc\wor\;. i, one whe,e on "v~ragc eve:.". P""- of n<-,.J.:, can be c()lmectetj through a short 

path wi,llin the nel"·",\;.; ""J wher" lh" p,ob"bility that two node, are linkeJ b g::ccat"r if they ,Ilme a 

neigbbou, (" high clmtering cocfticient) r41. 11," ,JC" of" small wor:cl ne{,,·or\;. ''''; cl""ic,1 by Ihe 

An","c"" p>ychologi,t, Stanl~y \1ilgr~m. in l.be 1960', [MJ. He found tim randomly ;;cleneJ 

individu~ls could send" kllcr ~o " c-ho,""n recipient in anotllCr ,1,<1" Ibroug.h a rem",~ahly short 

("w,oximatdy ,ix people) chin of "cqu"inwnccs, nus led to popular comt'Hclion; >"ch "' "",,_ 

degrees of ,ep"mli",,". ,ix-J"g",es of Kevm Bii.Con (aclO" I,,,ked 10 K"vin Bac-on by chains of tilm 

pe'torm~nce,) and Ill<: >lllllll" ErdOs "umbe, (,I", numocr of scienli,1> "1I10VCcl from co-ruhli,hing a 

p"p:.;r with mathem~,ic i.1I Paul F:'di><) Sr>:i"l ,,"I worb hav~ the ""~: I worlr! r:'0p",ly, The Inlcrnet 

r!"" {on, if w" con,,,],:r wcb p"g.e, to he nodes &nd Ilyp:.;'I".~1 link, to be links ['ven artiiici&l 

,,"ffi'orh can he ,mall ,,·o:'ids An cx"mplc lS Ih~ \la,v~: comic brKiI< uniHr,", cOllSisnng of M~~ 

comic ch","cters (n'-""",). "here lin .. we:" c<>-"pp"a,"nccs III comics l41 hi; "1$0 ,or:",~iIIl"' u,cful 

'0 design nelw",ks 10 Ix small wo,lcl For instance, Ro"n",l'oli, ",,,I_\-lataric eXl"['imemed wilh I"" 

iJea of cr~ating sm~ll workl ,,"",,)j-b for rooot, to avoir! d~<a t:",ffic o""doa<l [(,2J, The mbO!, 

comrnuTllc"lcd wi~1, ,,"arby neighbour> only and ,,,,oiJ"<I hro"ocast mes;aging {o cre,,,e" srmcll workl 
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2.3.2. Scale· free networks 

Small world n"lworts usually (and almosl alway, tor large social netv.iOrksj follow a rower law 

di ,trilr,nion "3 J. Th" me"m that thc fra~tion of nmk, wilh degrce d (the number of 1mb. node h..,) 

1 
"proportional to d'- wh",e c i, .,ome "OllStanl. In olkr word" mo't node, h"ve Ihe aVCI"ge degree 

ami "cry rew hvc ci\l",r ,-et)' high or '"t)' low Mgree, (humanly 'peaking_ mo,t of'-l' ar~ neither 

cxccptionally IlfIp'-l:ar or lmrorularj S'-ICll networb "re said to be ,cale-free or power-law 17"rh" 

Shown belo'" on the left is " g:r~ph Ihal i, ",ale-rrce. lhc orange nooes havc a rar higllcr proporlion 

or ILnks ~han tho bluc ncxl",. T11C grarh on the righl is nol ,eal~-frc" a, n~arly all Ihe ncxlcs haw an 

eq'-lal degree, 

A rebled tenn i, preterential atwehment - meaning that a new link i, likely to he incident (or 

pr~kr~nlially "Had'ilo an exis~ing no<i~ of high d"gr~~ [3] , lhi, i, ~ prop;.:ny Ihm soei"l ndworb 

sharc wilh Ihe lmeInel, Prdcrcntial altach"",nl leoJs 10 th" "xiSkne~ or ",alc-fr~c nelworks, .\loSI 

website, have the ,ame small n'-llllher of incoming and o'-ltgoing links_ lmt a lew arc .,ites with large 

numocr:; of bolh types or links, rk mc of blogglllg: (web-logging) in tile past fcw ),c:trs hi, 

~ec"kratcd umi] aprroXlm~l"ly R() ()()() blog, w"r" king cr"atoo "very day in August 2()()5 '441. A:; 

each hlog is generally maintain~d by one individual the commlmity ot'lliogge" forms a cla"ic ",cial 

ndwork. Olher stru~tur~' can also oc JIIodelled a, >c",i"lnclwori<;, For i"'tanc~, a~ademic paper' 

alld cilations can k considcred a, ncxl~s and links. TI1C C,1I111d!a pcerto I",,,r IIctworked iilc sharing 

'y.;lem i, an example of a seak- fr~~ nctwork ) J. rhc pmpenics of ;Ucll networks have both beneflls 

~nd l1aw:;, C'\lcitti, LatoIa. -'la,~hioIl and Rapi,arda found thl sc~lc-frce nClwork> ar~ high:y crror 

tolemnl hUI vulneml1le to intelligent atwek l17J When up to two percent of nodes ar~ relTlOved 
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rmldomiy net\\i(Jr' COllllllUrl1cation will he completely "n"tfected, Howeh_7, a nuwor' can i:x; q'Jickly 

crippled ~y r~moving otlly a kw hi ghly connect~d llode" 

2.3.3. Homophily and assortative mixing 

Homophily moalls tnat I\<;opk t.;nd m mak~ /fi"nds with oth"r reopl~ who aw ,imilar to them",iv~s, 

in t.;rm, of geographic location, illl~re SlS, culture, age alld So on, This p,yd)()social principle 

intb~nce, Ihe ,InLCll1r~ of weiog,rams _ For 1n,lance. r~;.carch~" haw iC),Jnd Ihal 'oc iogram, ~xhibil 

""wl1ativ~ mixing, meal""g thaI node, of high degw" ktld to have ncigh~o'JI> of high degre~ [41], 

Popular ~irds ofa ii:alh"r /lock together, if yo" will, Newman [4~J fo,mJ that social network> (aclOr 

and academ:c pu~licatio11 colla!::>owlio11 11e(w(Jr.') ~xhibiI asso"ati," mixing wher~a, kchnological 

n~twOIk> (the l11kmet andlhe Wo"ld Wid" W,,!,) and hiological nc:!work< (pro"'in interactions, f"",1 

weh, and ne'Jral nc:!works) e"hi!,it di,a>sort"tive mixing_ Di,a,wrtati,-e m:"mg moans Inat n<..><1<:> of 

high degw" knd to have n~igh!x.ur, of low <kg,ree, ln terms of re"li~llce, '\'ewman nok;. Ihat 

remo'-lIlg h\gh deg,"" nod"s itl a ;;ncial tleIwork (ior inSlallC"_ to Hccinak aga"lSl a ,,,x'Jally 

transmilkd diseas~) w,1l haw linlc: dtce! as high d"gr~~ Il<:><ks are ",dundant_ !1owever. removmg a 

high degree node in " t~chnological n~t\\iork (, uch '" Ih.: failure of an import ani l11t~mel :;.crv~r) w, l I 

be more likely 10 han a cIlppllIlg ~ff~ct a, the I><.X!<: 1> nol rCliundaN 

2.4. Social nl'twork analysis 

Th~ ,nldy of ,,-,c"'b'rams, socIal 11etwor' allalyslS, ma;n!y \1lVo lv", COmp'Jll]lg van()'J' me"-,ur,,s of 

g~dph' (calkd ""'Iric,), " -'hich provide 'J""flll sociolog;cal ;nf()rtn.:ltion_ \-looern r~s"arche" combine 

di'!Ciplin~' as diver,e", soc:ology, allthr<J?Ology, p,ychology, geography, m"th~malic" '~"Ii'li"" ",,,1 

computer "i~nce [46], Tt.:rc is 011e ,Iandard lexlbook 011 ,oeial 11etW()rk analy"s, [69], ciled by Inc 

Iarg~ majorily of ral"''' H1 thi, ii"ld_ AIlllOUgh socia l network anal y"s ha, ~X iSkd tor ooc" iifty 

y~an;, mo,t analy,is !c:chniq'J<;s hav~ be~tl d"sig,,,,d ior ,tatic data For "umpk lfi9J contains no 

mentioll of temporal metrics, e,-en tho"gh it ,,," wnl("n Hl 1994 when electronic nel\\i()r., w~rc we ll 

eSlabb,hed, 11 1, difficult to collee( """ial data fOf n'JtTh:rou, indivi<i<J.JIs ~y fo:tnd 'JSitlg surv~y 

t~dlnique,. Howe'-er, with m., mcr~ase ill the use of compll1en;, coll ~cting "nough dala to c",ate 

n"rncw'J> graph> ovcr fIxed time interval, becomes I",,,ibie , An enmpk is crealmg a g,raph rer 

w~ek from "mail data_ using a , ,,rvd, "mail I()g of 10, from, and dale ii"lds l 101_ Thi, ""ries of 

graphs can be 'J""d 10 study tlx; "volutioll of th" network "nd the chang" 0\ cor tim" of various metric,_ 

2.4.1. Equivalcncc 

Eyui vaknc~ is " way of comparing the similar:<;-' of two in&vidlwb hased on I]k: simil"r;ly of the ir 

Chap''' 2 S,!Cial nem'ock analysi, ba<kgrOlmd 22 
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posilion in a graph r30 I. Thcre ~'" th,. •• tyre, of ~qlli"" knce: structure,:. ""lOmorphie and l",'glliar. If 

'",0 no&, ~,.e 'trucrura]]y eqnivalenllh~y "f, eqllivalent in localion, idcnlical Of subslillli"bk Thcy 

have exactly the S"IIle 1mb 10 c.~""'ly Ihc s~mC nodes. Tlli, I, a wry ra,'~ situatioll in rea: Iii;' as no 

Iwo rxoopk ar~ l(\;onlical. 111 'he graph ,howll helow the orange ncxl~s "'" structurally equivalent. 

that "'" "Iso regul,,"l)' equivalenl Thi' is a recursiv', detlnition that m"k~s jinuing regu:arly 

,qlliv'']Clll nod~, in a graph a non-lrivwl probkIll. Howev,., unuerslandmg lhe conc,pl i, fen ea ,i eL 

Two do"lo" ln Iwo dif[er"n\ hO'l'itals "r~ nol sirucluwlly cqu1valcnl b"c"u," lh")' kno", IOlally 

differell1 r.orle But they are "'gularly equ ival~nt as th~y have similar tie, to nur,e,. ~dmini",ators 

and p"licnb who arc al,o regubrly equi,'alcnl. "blheIllalically, if x. ,md x} are ''lui v"km. ,md x, i, 

adj"c~nllo x.-,' Ihcll Xi muSl he adjacent to "' " wh~r~ x, "nd x.-.- "r~ cquivaknl. In \h~ graph ,hown 

"'low the orange node, ar~ r,gularl), c.quiv"l~nL 

" 
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Automorphic e'lui"alCll~~ 1> n(}1 "s ,lnct as structural cquivalcncc hut m(}rc stricI than rcgular 

equi\ialcn~~. It" con~cmcd with finding suhg.r"ph, ofindi,idu"ls thm can b~ moved in the network 

IO rcplace a 'imilaI module ,0mewheI~ el,e. Iwo nodes \ll >uch a >lIbslamable Tll(}dule arC 

aulornorphic" Ill' ~q", \i" len!. 

2.4.2. Web link analysis 

Since websites fonn nelworks, too], lhal haw becn mcd IO analysc Ihc structurc ofthc Wch arc also 

lI>d,,1 for "naly>ing lhc rcla[iooship' het>veen peopl~. 'vlo" of the", tools haYe heen developed by 

scarch cnginc firms. In this fj~ld, sites with a high in-deg[e~ ar~ c"lled authorities, as olh~r ,it~, Inlst 

thern to be the "mhomallw experl (}n a ce,",,,in 1(}pic Sitcs "'ith a high ouHlcgrcc arC ~"llcd hub,_ a, 

Ihey"", like tclcph(}nc dirccIOrics th"t refcrcncc a largc number ofthc mo,t authoritaIiw cxpert' on a 

ccrtain IOpic Two alg.orithms used 10 discover "uthori!ie, aI~ HlTS "nd P"g~Rank (u,ed by Google) 

l50] The impottmlce of hubs and authorities is cal~ulakd by looking "I thc imporl.ance of ,iks to 

whidllhey link. Thu, thc detini[ioo i, r~cursivc and Ihc ran~ing i, not trivial to comrm~. 

2.S. '\letrics 

A rnclJic is a \ialuc c"lcul"ICd from a graph tlW dc;crihcs Ihc grarh in somc way. Thi, scction 

rmviLI~s only an oYerview of metric, that m'e u",d by soei"l n~twork "naly , is re,emch~". Thcir 

pI~cis~ JruLth~m"ncal definitions are given :n chap~er lhre~. Many Tll~trics haw ken def:ned, only 

"'-'mC ofwhi~h "rC llSCful for link rrCLliCIion Om of [har ,ub;ct. only ",-,mC haw hccn u-"cd in Ihis 

research )"ios! traditional ,ocial n~lwork ,malysi, m~tIics "re de'iCri\>ed "nd defm~d in l6~j and 

,uIIlnw,-ised in an (}nlme bouk by HannCTll"n [301· Kcw mCincs are lll\iCnled oc~aswnally by 

rc>ear~hers who wi 'h I(} conccntralC on a P"!1 icular arc" of ;oci" 1 nClw(}rk an"ly",. 

Two ~xample, of metrics arc d£gree and common neighbours [6Y j. Th~,e arc monadic mld dy"dic 

mctric' rcspectivcly ~'J1- Tn othcr words, dcgrcc i, a valuc calculatcd for a single nodc and ~Ornm(}n 

ncighbour< is a value calcub~d for a pair of nodes (a dyoLI) The dcgre~ of a nodc i, thc numb-er of 

conned:on, I(} olher n(}dc, that it has. 11 therefore repr~senis Ih~ popularity or ""'i"hiEty of" node 

Thc numhcr of commoo ncighbour; of a dyad is Ihc number of mutu"l nodcs " dyaJ sharcs Tt 

therefore repr~s",m how much owrlap two nodes' >Dcial circle, hav~ Both the,e metric, ore 

neighbour -based metrics, bo"c"us~ they "re based on calelllatio'h involving th~ number of ne:ghbours 

of a n(}dc. OIhcr ncighbour-k;cd mctncs includc .racc"rd'; c(}dfLcLcnt. ~hc A d"mi~\'\dar nllTllocr and 

preferential allachmem )5 Jll j. Another commonly used ryP<' of metric is the distance-ba",d m~!ric 

Thi, ;n\io]\ie, cakubting the ,ho!1~st p"th (m Tllany shoric,i p"th;) octw~m Iwo n()d~,. Var:ali(}n> of 

Cllapter l. Social net,,"ork "n"ll',i, badgrOllT><! :'-1-
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the ,hone,~ p"lh mdric mclude the Katl mea'Ufe (where paths of diITe"nt length, a,e weighted 

diffe"ntlYl r411 ~nd hetweenne" r(,9 J. Betweenness i, a type of central]ty metric, T:.,e,e nK'UC]c, "'" 

an indica~i,'J{] of how popular or pn:,(igiou, a no,k is , i,e, how many pa~h, b-.;(w,,"n o(h"r no,k, pass 

Ihrough I~. Or how close i{ i, to 06e, nodes. It i.' 01'" of Ill" mo,t com"",nly used soci~1 nel\>.-or~ 

analysis took 

2.6. Link prediction 

The nod", in a sOClOgrarn are linked in a complex web of relationship' tl1:,t change over lime. T.o",e 

rebtionships emerge_ ,aengthen a'KI docay as a result of inJiviooab' po,itions in til" ''''l\<mrk their 

bch,,,,iour and lhc i nlluenc" of (hc enVLl'<)Tlm ent P",dicllng C hmgcs to a ><,.., i"l nel wor. ], called the 

li n k prediction prohlem. Lill"n-'-<owell and Kleinberg [4 21 explain iI as: 

Give" a <n'p.,ho< of a ,0ei,1 notwmk ",ime L, we ""d to ,oourately predict the edge, Lhoc w:ll>c 

add«:l:o the ".'''''''\: dllri"~ ]he :IlT.,val from time -1"" ~i,'." fwu,.. t:me l' 

I'he problem" illuslraled m Ih" graph, hd"w, wh"r" a link" forming belW"en (he ,'range node" 

Figure 9 A graph at time ,\'Iep' Khere a 

'''''' link isfnrming 

Figure 10." gmph at lim" step t-] 

~,it.", am'", /i"k h,» jurmed 

Link prediction is generally "ppmached in IWO ,epo.rate (hut complcm<:1l!ary) way" n:lalional a""l y,i, 

(or IOpolog]cal "nalysis) anJ fc"turc an"ly ,i" The firsl wa) examm", a ,ociogram lor unhalanced 

,ocial ;truCIUr"S th"t should I"nd toward, a 'l"lC of "qlnlihrium (".g, lwo )lCOple who have a I[)( of 

mutual friends should evemually "",~t), The ;ece,nd way does no{ Hl"olve graph th",'ry at "ll. hut 

rather lo[)k> at the content of commllnications between inJiviJuals to ,~arch lor comnwn inter~'ts 

(e.g, two pcopk who discu".' l"nh Ily-~,hing and "b;,lracl alg"bra in emails ,:.,wld evenlually ]De"I), 

Thi, dissertation conc~ ntrat~s on ly on the fonner ""'the,d - predicting hnks using gr,'ph theory - and 

disregards {he content of co\-:lmulllcation, Thi , mdl()d was cho'~n '0 a., to concentrate on only one 
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access to resources 

nptnr,nrlr< over 

measures, as 

state on 

studies have discovered pat:tenrls in static nr"np!rtll'. in a 

ofa nellW(>rl(. or in a very small number of smlpshol:s; these include tails for in- and 

small-world and others. the 

lack of infonmation about network evolution over 

lllil.uUl~:" into statements about trends over time. 
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was COIlltrrury to 

oTcloo:sed a new "fCITe!;t-tire' 
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common to 

It an ",V",",",,,,,, 

chap:ter rf'''''',",\AI'' common 

compares 

names 

was 

sequences 

to store 

a 

was 01)1talIlea 

set is It was 

34215;8936;2001-2-13 13:54:00 
34215;8936;2001-2-13 14:01:00 
123154;34215;2001-2-13 16:58:00 
34215;42183;2001-2-13 17:07:00 
8560;42172;2001-2-13 17:35:00 

set are """":"'",1"P'/1 

column nallles 

most IS neleae:a is 

message was sent. 

set U'-""".j;'"' 

rows are " ... "",."1-,,,/1 

lUo;;;;);)(t);:,1;; was sent. 

is 

seIllOlIlall progralll is 

Dec 30 00:00:00 mail newsyslog[30554]: logfile turned over 

Dec 30 00:01:57 mail sendmail[30563]: jBTM1qA30563: 
from=<kaauqeffj .com>, size=20548, class=O, nrcpts=l, 

to 

a 

by 

msgid=<200512292201. BTM1qA30563@mail.audiobiz.co.za>, proto=SMTP, daemon=MTA, 
relay=213-235-66-135.web.star.ps [223.235.66.135] 

Dec 30 00:02:01 mail sendmail[30565]: j 
to=<lindy@jamesonediting.co.za>, delay=OO: 

3. Research me:th()dOllo~~Y 

63: 
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mailer=local, pri=50231, relay=local, dsn=2.0.0, stat=Sent 

Dec 30 00:05:21 mail sendmail[30577]: jBTM5LA30577: 
<j .co.za> ... User unknown 

Dec 30 00:05:21 mail sendmail[30577]: jBTM5LA30577: lost input channel from 
server.garten.com [88.51.253.17) to MTA after rcpt 

Dec 30 00:05:21 mail sendmail[30577]: jBTM5LA30577: from=<>, size=O, class=O, 
nrcpts=O, proto=SMTP, daemon=MTA, relay=server.garten.com [86.70.250.16] 

extract ,,,:h·.,t,,<, some to geDlerate 

an a server are two sellar,ate ",,,,.,IUI,,, ,",VUlj.Jll',." ... 

mromaat!on as 

as users, errors, must 

on 

are 

are in turn 

aej[mea. a aeIllllltlOIlS must 

..... "',""' , • ., are c.letmlec.l set ). 

to set ). 

a 
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fOT l;nks com;ng illIO a node. 

and fOT l;nks either leaving a nod~ or coming imo it (in which eas~ a bidir"t,d link ",oulu l>.; 

counted tw;ce). 

-"ol~ thai Ik fiN and las1 type of hnb arc l10t the ;;arne. For in"~nce. the concept ot d~gree (i.e. 

bidir,cted degree) can he expanded to m-degre~. Oln-d~gr~~ and inoul-d~gr~, for ~"ch of Ik fouT 

,,,ay, gi\'en abov~, r~spectively, If a nod~ ha, t\\IO bld;r~ckd link> llIld on~ l1on-r~c; pn1Cl<lCd ou1going 

lint it> bid'r,cl~d (kg"," would k 1",0, LIS out_degree would he [hree. ils in-degree would 'oe '''·0 and 

it> moul-Lkgr~~ would b, five Thi; i; illustrated for 'he orange node in the graph be;ow, 

• 
Fig"'" II A ",,,:i.- with ",,' 

bidireeled links and "" "ulgoin,~ 

directed iink 

'>,letr;c detiniuon, thai can hc us.ed in eith~r of1k,e fOllr ",ay' mduu, 'Ir~~lgth , r~c~ncy. d;\lanc~ and 

,k set ofaH ,h"'t~>1 pmh,. Th" "pp:i,\ lO many oflk metrics defined HL ta'ole, 2,] and4 . ., we;l '" 

,uenglh and recency. ddmed in table I. '\ode, Can link to them;e;v~>. FmaHy, node> ar~ n~v~r 

removed over lime, and links never d~cr"ase in strenglh. Th;, Wl'" a Slmplifymg ""umplion auoj",d 

in thi' re,"arch, 

Chap1" 3 Research melhn(]oiogy 
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" 

The graph i, sh",\n in pan"l OI the tap right "fIhc sc,"ecn Sinc" """,ingrams arc generally v"ry large 

it i, practically impossible to ,how an ~ntir~ grupb ~t on;: ti"",,. Instead, in k~~p;ng ,,;tll the ioe"! 

aT\~ly,is focus of till' ,e,eard. 01110' cgoccl1lric ,uh~rapllS W~IC show11 ~I ~l1y given lime_ An 

egocentric graph LS nne ,hal i, centred around a singlc individual I'm Ln,tan~", wh.:on r"s"ar~h"rs 

speak ()f constructing an egoc~mric graph th~y "",all that they ask~d only J 'ingl~ individual In 

J"s~nx his "",ial "eiw()fk. for ~"mnpl~. ill Ihc figure "bov~ Illc bl""k ned: at 111~ to;l of Ihe ",,""n i, 

the l1<Xie of focus. liS ncigh~ours ar" SIHW>,]l in bl "'"', ii' lleighbou,,' nCLghhouIS ~r" ,hown in grcen, ils 

neighbours' neighoour,' neighoour, are ,hown in yellow and its n~ighbour,' neighhon,,' neighooms' 

neighb<>ur' are sh"', n in pInk Thcrc is an cxponential ln~,-"as" in rh" numlxr of node' ,hown in a 

subgra,lh as we increase th~ radius from th~ node of focns_ Thus it hecomcs ,10'" and impractical to 

show subgraph' ~I " mdills ,,'Ie~l"r Ih~ll live for ,10,11,1.,- nod~s. Differcnt colollr> w~r~ u,ed at ~ach 

radius to clcarly highlight lhe SIfuClure of Ih" 'u~graph n,e no,-k, ,mu tllC Sirenglh of II,C lillks 

(number of "",,,ag~s ~xchang~d beM~en nod~_,) could he lah..,ll~d on the graph finally the num!::>cr 

of ,iu", of the polygoll ilillsmHlllg II,C noue ,,~, proporliOlwl to the u"gr~e of th~ node . Thus node, 

Cl~lpt.,:.. Research me,lwdology 54 



Univ
ers

ity
 of

 C
ap

e T
ow

n

a 

on, 

at 

were 

It 

or 

a 

are 

was 

is a ;:'''lUUJ.U 
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10adIDlg many 

.,...,.r'f'F"O", was aC(;OIltlpl.lstlea more 

.... ", ..... .1""".'" to recent on 

dltjtere:nc(~s are 

"p,O'",r'luP cases were 

1IH."''''U to a csv text An eXlunlole 

extract up commas seJ:~ar~lt1Dlg 

row 

AA 
0 0 12 0 0 0 
0 11 4 1 2.1 
0 2 2 0 0 0 

stores an names 

an as 

to 

a two 

mClOelllt to 

new me:mc,aOlO~Y wee~:lU(le 

PY,nPt',m,pntc! were "''''' • .,'''''''''' as 

""v.uuunnl<' were as 
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BestFirst starts 

accurate sets. 

m~:nel)t on 

as was 
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J I has 10 be as,l\m~d lhat r~s~Jrch~r' b,,1;"v~ the two probl~ms of d~""tion 'Illd pr~diction "'"" ,imilar. 

mKI that t~chniql\~_' thm work on prediclion ~"n b<: us<:d ror U~I""lion. In oth"r wurus, r",~al'<'h~'IS 

h~v~ implicilly assum"u IIlaI th~ val,,"s ofme"i~~ indicaling that a link i~ forming in th~ cnrr~ntlim~ 

st~p will he the ,am~ as th e values of metric' indic"ting thm a link" hidtkn III the current tim" st"P. 

Thi, m"y be m.l~_ but imuiti,dy it ",em, as though Ih~'I~ mlght b.; a din"lL"'c~ b<:lw~~n Ih~ IwO 

s ilualions_ On~ would think that th~ graph ;trucru", ,urrmlnding two individual' who hav~ known 

~ach Olh~r for a long tim~ would h~ different from that surrounding two individuals who are "bout to 

meeL for insmnce, two conr>:ckd noU.s might haw mOl'<' m"lual fn"nd, than unconr>:ckd !l(xk" 

th~y might hme j"w"r non-mutual jIl~nd" 'llld th~'r n~,ghb-our; ~I a disl'IIlC~ of two ILnks a"'-ay might 

Thi; I~ad; to thr"~ 

ros;ihil ili~" that th~ m~tric value_, of conn~cted Jinks "nd tonning links are identic"l, that th~ valu~, 

al'<' ,imibI 'lllU uiff~r only in m~gnitud~, Or Ih~1 Ih~ valu~s hl~ Slgniflc",lIly ,o i ff~'Iv'TIt in mUCi;ually 

H"pona", ways_ Th~S<' possibilili~; are illu;tral~d below Tn lh~ following ;~ts of r,gure;, the orang~ 

link in th~ diagram on the I~fi repr~,~nts" hi,kkn link bet'"e~n the two orange node, (" link d~t~ction 

probkm) ""u th~ oIang~ link H\ th" ,olagram on th~ I1ght ,,"pr","nl' a iLnk thai wLIl rOTlTl H\ th~ n"xl 

lime ,tep (a link prediclion probT~m)_ 

• 

• • 

•• • • 
• • 

Figu"" 14 .. ·1 hiddC1i link ""tl·.,~'n !\-;o 

nodeJ with I,w) conmWn neighi>orm 

• • • • • 
.--~ •• ----­

-------•• .----
• • • • 

The di"grams abo,," iHustrow the flIst po"ibility (ic"ntical problem,). The dyad on the le/i, h"ving 

the hl(oden ilTlk, an,o Ih~ dyad un th~ right- h aVLngth~ form1ng link, will haw Ihc S>lITh.' m"ln~s_ Th"" 

because they both haw two ~ommon "'-'ighbo"rs_ Thi, is the \'i~w Ihat IcsNrchcrs probably ~"'T~"'lly 

h"v~ ot'lh~ rroblem" that they ~r~ identical. 

Chapler 4. Link predic[ion \ ersuS link Je<ectioo 
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• 

• • 

• 

• 
Fig""" 16 .. 1 hidden Imk ""n',un Mo 

nodes ~'i,h many commoll neighb()lm 

• 

• • 

•• • • 
• • 

Figure 1 r A formiJlg link I~',"ee" r>vo 

node_, hjlh Mo mmmon nejghbours 

rhe di"g:T'lIn> "OO'i~ lllu>u-a(~ lh~ second p'lS,ib'];!y idifference m m"gnimd~), ' jb~ tiy"U on Ih" leii, 

having lh~ hjdd~n litl~_ and lhe dyad on the right, h""ing: (he i"orrmng link ",111 h"v~ similar bll! ,wI 

identical metrics. The dyad on the len ha, mor~ comm"n ndghhours and thus will have higher "",trie 

values than the tiy"d 0fl (h~ nghl_ Th., rnighl ""cur . inee iX','pk wlw haw link' thai are hIdden blLl 

w~ll established might haw far m.,re mutual tr,emls than people who "buUi I(} meet, 

Fig""" J 8. A hidden Ii"k />t'/ween /W" 

'lOde_, h ilh j'-"'-' common oeighloours VI 

"",,,11 r/idii 

Figure! 9.' .1j"""'ing Ii". I~'rwee" Iwo 

nork, wjlh n"'~' mmmon >lei.,Irho"rs 'l 

high de!:,.ee 

The diagrams above il:umate the third possibility (difference in "truel",e). The dyad O<l lh~ kil. 

having: the hidden link, and Ih~ dyad on the right, h"ving lh~ fOTTmng link, wJiI hav~ very diikrenl 

rl\~lnc, Th~ dyad "" th~ Idi has only GI1~ c_,mm"" tl~ighhoor wh~r~a, the dyad _,n th~ right ha, 

Clmptcr "-. I .ink I'Te,bcuotl ' Cr>U' lin~ dd<C<LOn ,,' 
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are presen,teC! 

7, 

is pel'nal)S a to 

....,." ........ ~, .... " ... not are 

a 

mean rl'f"", .. ,~", tonffiulg mean. it is 

test " ...... 1"""', ""~l"""l~~v"" 

It is not to 

6. 

Hidden .............. 1;;; 

..,.. . .. standard standard Mean Test . ... 
liIllI'e &'''· ...... 5 

Metric Hidden mean mean deviation deviation Difference statistic level Kappa 
NDegreeF 0.0002 0.0009 0.0005 0.0022 ·0.0006 -27.6 0.01% 24.30% 
NDegreeT 0.0011 0.0008 0.0026 0.0021 0.0003 9.9 0.01% 6.60% 
Size2F 19.9522 44.9479 41.9858 93.6341 -24.9957 ·24.3 0.01% 17.11% 
Size2T 60.4137 41.9855 117.1428 88.4634 18.4282 12.5 0.01% 10.45% 
CN 0.0405 0.0231 0.2271 0.1791 0.0174 6.0 0.01% 1.44% 
Ie 0.0102 0.0044 0.0748 0.0474 0.0059 6.6 0.01% 1.51% 
AA 0.0611 0.0329 0.3666 0.2701 0.0283 6.2 0.01% 1.44% 
PA 18.5685 33.2047 75.8562 114.0258 -14.6363 -10.7 0.01% 9.30% 
Dist 4.8046 5.0648 1.5948 1.5800 -0.2603 -11.6 0.01% ·1.80% 

'-AW,'''''' 4. Link versus link detection 64 
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rows 

is a measure more accurate a cornoared to a raIllOOlm nredlctllon. 

CO:Lunms are 

Metric KaDDa Hidden TP rate Formiue: TP rate OveraU accuracy 
NDegreeF 24.30% 79.2% 45.1% 62.2736% 

Size2F 17.11% 79.7% 37.4% 58.719% 

Size2T 10.45% 32% 78.5% 55.0302% 

PA 9.30% 81.4% 27.9% 54.8793% 

Katz 7.79% 60.8% 47% 53.9571% 

NDegreeT 6.60% 22.8% 83.9% 53.0349% 

JC 1.51% 3.5% 98.1% 50.3186% 

CN 1.44% 3.6% 97.9% 50.285% 

AA 1.44% 3.6% 97.7% 50.285% 

Dist -1.80% 17% 81.2% 48.7928% 

uses same COI.unms as one 

once. 

8. IIA",':tv"~,,, 

'-'''''1-'<''' 4. Link versus link detection 65 
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Metric subset Hidden TP rate W ........ ino TP rate Overall accuracy 

Allmetrics 27.61% 75.5% 52.0% 63.8833% 

Weka's 27.5% 75.5% 51.9% 63.833% 

subset rln""j,,,,,, ... 

same as 

two. It COIno,rres a",,,"""''"' rcelrr,ession 

Unconnected Hidden TP 

Metric Kaooa TP rate rate Forminl! TP rate Overall accuracy 
NDegreeT 18.15% 80.8% 32.7% 22.7% 45.5064% 

Size2T 15.02% 80.2% 36.9% 12.9% 43.4049% 

PA 14.88% 87.1% 18.8% 22.9% 43.0807% 

NDegreeF 12.76% 70% 11.7% 43.6% 41.9405% 

Katz 12.1% 80.3% 5.9% 37.8% 41.5269% 

Size2F 9.34% 71.4% 12.1% 35% 39.6714% 

CN 1.63% 99.8% 3.5% 0% 34.6188% 

AA 1.63% 99.8% 3.5% 0% 34.6188% 

JC -1.64% 85.1% 11.7% 0% 32.3944% 

Dist -3.31% 17.1% 32.9% 43.5% 31.1424% 

a It 

same set 

is once. 

'-'''"'I,lL''' 4. Link 1J''''U''"'''vu versus link detection 66 
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Metric subset 

All memes: 

Wekai' 

subset ClUSSll.er 

on intc::rpretllllg 

were 

are • U''''''''.11 v 

v,","UL',., 4. Link 

28.84% 

29.4% 

Unconnected 

TP rate 

73.9% 

75.6% 

means, 

at ap]:)ro}(1m.ate.ly 

versus link detection 

Hidden TP 

rate 

44.4% 39.3% 

47.2% 36% 

TP rate 

and 

6. mean differenl::es are 

lOOKlDlg at 

this sec:uo:n. 

Overall accuracy 

52.5933% 

52.9622% 

above. 

versa 

to very 

ills:taIICe is not a ..... "'u"6 .... " ... "'''6 

a note 

more 

as 
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IOnng,'am 

Howe",r, now "on,iJ~r lh~ ,am, grarh ,hnwn as raft ()f a tempnral sequence nf fnur lime 'ter' This 

i, il:mIra!ed hel()w 

Fi~",,, lJ. T1me .<tep t.vn nijnur 
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Figure 23. T,me step t/nu offim, Figu,e 24. Time step jou, of jotl! 

The,e grJP~' pro"-Ld~ fJr more mlorrnJlion Ihan the final lime 'Iep Jlone, It i, now apparent Ihal 

orange n<>des ar" ~'ighly lik"ly t() f,)rm a new link W~ can ,",e thm lhe,,, lWO ,,,,des haw k"n iar 

tl"'r~ aClin owr Ih~ pa,1 lhree lime Sl~p, Ihan any of!he ()Iher nc>des. Their degr"e ~,as a higher daily 

a"-~rJgc increa,~ Ihan Jny of Ihe ()(her n(Xk, . Tk ovcrJlJ increa,~ in dcgr~c from Ihe fir,l 10 Ihc last 

timc skp ha, alw be~n car grcJtcr Ihan the Olher nodes If we e,amm~d how many m~"age s were 

exc~,anged bel,,'een vmi()us node, \'o'~ mig~t tInJ I~lat the orange noJe, were al'" far more acti,,-e 

cOlllLlllmicJIOfS ",th c};ming: neighbour, thJn mkr n<Jd~" In thi, ChJpler wc Je,cribe way' of 

meaSLlring Ihese ,dca, and lesling for lheir aClualusefLlln"" in a ,."al """ld nelwor\.: Tn,)llgh I~,es" 

idea;; seem h()lh 'impl~ alld p,)w~rflll il i, ~a,y h) ,e~ h()w Ihey wu:d be ,werlo,)kcd hy res"arc~,e" I() 

da!~, 19l1oring t~~ I~mporal infonnation inkr~nl in a >~qLl~nce of ,",cial n~lwork> \'om due to l~~ lad, 

of dJtJ andJbilily 'lnlil recently. as explained in chapter Iwo, R"'earohcrs "'crc nol ;n\ere>,ed in, and 

did n()1 have avaLlahlc, large sequ~nees ,)i nel\>wrb. Thi' ,immi,)n has changed and needs to he 

Boddre"ed hy m(Xl~rn ,ocialn~twOfk anal)'si, praclitioner" The ob"iou, qu~,tion now is: "How do 

we q'"ml1fy lemporal behaviour and lrend, into rcl"vam metrics ," sLlliSlics thai can be u",d for link 

analysis~" Thoug~' t~,ere are many p()"ihililie,. in Ihis re,",arc~, a kw (empmal ;;tatis!ie, were dd,n~d 

that ,eemeJ to represent J broJd selection or ways 10 <juJntify temporal tr~nd" 

Bdore t~e JetInllion< are ginn. it n"",t be pomted out that ,om~ classitIcation 'YSlems Jo u,e 

tC'I1ljXlra: infonnation, b"l not in the ,ense w~ mean il ~~r~, Fur ""IJnCC, JynJmic I:IJye,ian net',>"orks 

inol'l<k li'r><: SI"pS as another set ,)i nod"s and I ,nk; in the grap~' 'true!" re ()f their clnssificalion 'y,"'m 
14~J. This all()ws the sy't"m h) mine temporal r~lalionship, - hut OIlly for t~,e metrics il ha, heen 

gIV~-n to obsen'e, S~oh a nelwork can be "seu 10 perform lasks s~oh JS preuioling linb in a C~TIJm 

number ,)i future time SI"pS (rather Ihan just t~,e neXl time st"p). H,)wever il can not di SC"'" temp()fal 

mfonnation from t~~ , ociogram ,mtctur~ 01~~I t~an by kmporally anJiysing traditional (,tmic) ,ocial 

ChJpler 5, T emporallink analysis 
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un(;onnec:ted mean mean. it is TlPur,.,,,.!,,, 

an un<!onnec:ted test Sta1tlstlC 

'""' ..... "' ... to 

to C0I111pare 

Unconnected ...,.. .!. 
·"· ........ 6 

Unconnected v. .!. standard standard Mean Test '"". .''''. u'''' . " ....... li> 
~ 

Metric mean mean deviation deviation Difference statistic level KaDDa 
DegreeFA20 1.9438 8.6818 3.5317 21.5584 -6.7379 -30.75 0.0001 35.48% 
DegreeFA10 1.9152 8.3771 3.5181 22.4411 -6.4618 -28.36 0.0001 35.12% 
DegreeFA2 1.8927 7.9833 3.5052 22.1150 -6.0906 -27.12 0.0001 29.85% 
DegreeF 1.8876 7.8111 3.5006 21.9536 -5.9235 -26.56 0.0001 27.13% 
DegreeFR20 0.1361 0.7550 0.5419 2.2471 -0.6189 -26.69 0.0001 10.26% 
DegreeFR10 0.0626 0.4599 0.3011 1.8352 -0.3973 -21.3 0.0001 5.86% 
DegreeFR2 0.0089 0.0505 0.0952 0.2291 -0.0417 -16.74 0.0001 -8.33% 

DegreeTA20 1.9810 8.0030 3.4860 19.1849 -6.0220 -30.79 0.0001 42.46% 
DegreeTA10 1.9606 8.0086 3.5178 20.3095 -6.0480 -29.25 0.0001 41.54% 
DegreeTA2 1.9256 7.5180 3.5184 20.7846 -5.5923 -26.45 0.0001 32.30% 
DegreeT 1.9223 7.0698 3.5223 20.2884 -5.1475 -24.92 0.0001 26.47% 
DegreeTR20 0.1426 0.6271 0.5724 1.6312 -0.4844 -27.94 0.0001 15.68% 
De2l'eeTR10 0.0658 0.4169 0.2848 1.5329 -0.3510 -22.45 0.0001 12.97% 
DegreeTR2 0.0066 0.0795 0.0734 0.3285 -0.0729 -21.59 0.0001 -2.55% 

KatzA20 0.0111 0.0427 0.0225 0.0473 -0.0316 -60.08 0.0001 41.78% 
KatzA10 0.0110 0.0415 0.0229 0.0475 -0.0305 -57.7 0.0001 44.92% 
KatzA2 0.0107 0.0373 0.0227 0.0471 -0.0267 -50.S 0.0001 37.32% 
Katz 0.0106 0.0348 0.0227 0.0467 -0.0241 -46.31 0.0001 28.17% 
KatzR20 0.2177 0.5243 0.6967 1.4813 -0.3065 -lS.67 0.0001 -2% 
KatzRIO 0.1344 0.3634 0.6071 1.2972 -0.2290 -15.94 0.0001 -7% 
KatzR2 0.0094 0.0846 0.1194 0.6620 -0.0752 -11.15 0.0001 -23.1% 

PAA20 3.8428 38.6423 17.7252 97.9615 -34.7995 -34.85 0.0001 45.46% 
PAAlO 3.7283 37.9504 17.0146 106.8425 -34.2221 -31.54 0.0001 48.36% 
PAA2 3.6188 35.7246 16.5470 117.9152 -32.1059 -26.88 0.0001 41.61% 
PA 3.6043 33.2047 16.4837 114.0258 -29.6005 -25.61 0.0001 33.27% 
PAR20 0.2813 1.6457 0.8481 4.4977 -1.3645 -29.72 0.0001 5.31% 
PARI 0 0.1404 1.0239 0.5073 3.2094 -0.8835 -27.11 0.0001 1.36% 
PAR2 0.0151 0.1359 0.1213 0.4344 -0.1209 -26.72 0.0001 -10.6% 

CNA20 0.0015 0.0306 0.0477 0.2007 -0.0290 -14.02 0.0001 32.2% 
CNA10 0.0019 0.0302 0.0507 0.2012 -0.0283 -13.58 0.0001 29.17% 
CNA2 0.0019 0.0253 0.0497 0.1865 -0.0234 -12.1 0.0001 12.52% 
CN 0.0019 0.0231 0.0501 0.1791 -0.0212 -11.38 0.0001 1.92% 
CNR20 0.0000 0.0920 0.0000 0.3282 -0.0920 -27.93 0.0001 -0.87% 
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Unconnected 1.1'''· ...... 1; 

Unconnected IForming standard standard Mean Test Siol1;,j,';, 
~ 

Metric mean mean deviation deviation Difference statistic level Kappa 
CNRIO 0.0000 0.0794 0.0000 0.2639 -0.0794 -29.98 0.0001 -1.18% 
CNR2 0.0000 0.0112 0.0000 0.1054 -0.0112 -10.57 0.0001 -0.00% 

AAA20 0.0015 0.0442 0.0656 0.3151 -0.0427 -13.22 0.0001 32.2% 
AAAlO 0.0019 0.0417 0.0656 0.2989 -0.0399 -12.99 0.0001 29.17% 
AAA2 0.0017 0.0357 0.0619 0.2785 -0.0340 -11.87 0.0001 12.52% 
AA 0.0017 0.0329 0.0615 0.2701 -0.0311 -11.21 0.0001 1.92% 
AAR20 -0.0393 -0.0091 0.0481 0.2333 -0.0301 -12.62 0.0001 -0.40% 
AARlO -0.0163 0.0539 0.0376 0.2920 -0.0702 -23.78 0.0001 -1.18% 
AAR2 -0.0092 0.0066 0.0346 0.1109 -0.0158 -13.59 0.0001 0.07% 

ReeFA20 38.1636 12.5866 30.5582 16.1022 25.5771 73.82 0.0001 28.38% 
ReeFAl 0 38.2149 11.9455 32.0390 16.3050 26.2694 72.85 0.0001 35.75% 
ReeFAZ 38.7039 11.0723 33.3012 16.5778 27.6316 74.05 0.0001 44.52% 
ReeF 38.7928 10.8518 33.4656 16.6218 27.9410 74.55 0.0001 46.34% 
ReeFR20 1.5342 1.4653 3.1617 3.5274 0.0688 1.45 NS -2.92% 
ReeFRI0 0.7021 0.8002 1.5502 1.9719 -0.0981 -3.9 0.0001 1.82% 
ReeFR2 0.0814 0.1413 0.2480 0.4357 -0.0599 -11.91 0.0001 8.46% 

ReeTA20 37.3356 15.1974 30.3941 18.7683 22.1382 61.78 0.0001 14.80% 
ReeTA10 37.5869 14.0277 31.8041 18.7829 23.5592 63.59 0.0001 22.61% 
ReeTAZ 37.7987 11.8050 33.1000 18.2863 25.9937 68.53 0.0001 37.67% 
ReeT 37.8514 11.1834 33.2870 18.0862 26.6681 70.18 0.0001 42.41% 
ReeTR20 1.5430 1.5128 3.1033 3.5408 0.0302 0.64 NS 0.00% 
ReeTRIO 0.6878 0.8434 1.5252 2.0300 -0.1556 -6.11 0.0001 8.01% 
ReeTR2 0.0797 0.1669 0.2564 0.4539 -0.0872 -16.67 0.0001 12.87% 

rows 

is a measure more accurate a prt:<1lc:tlo,n 

is even worse 

COllUffillS are ,,..,..,,,nl"t,,, 

Metric Kappa Unconnected TP rate Formbuz TP rate Overall accuracy 
PAAIO 48.36% 80.0% 68.3% 74.2119% 

ReeF 46.34% 73.4% 72.9% 73.1724% 

PAA20 45.46% 67.2% 78.3% 72.7029% 

KatzAlO 44.92% 70.2% 74.7% 72.4514% 

ReeFAZ 44.52% 73.2% 71.4% 72.2669% 

DegreeTAZO 42.46% 70.7% 71.8% 71.2274% 

ReeT 42.41% 71.9% 70.5% 71.2106% 

KatzA20 41.78% 58.7% 83.2% 70.8249% 
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Metric Ka a Unconnected TP rate Formin TP rate Overall accnrac 
PAA2 41.61% 89.0% 52.4% 70.9088% 

De eeTAlO 41.54% 77.5% 64.0% 70.8082% 

RecTA2 67.2% 68.8464% 

KatzA2 57.3% 
62.8% 
64.8% 
57.6% 
42.9% 
56.3% 
58.9% 66.1469% 

32.20% 58.9% 66.1469% 
29.85% 47.3% 65.0402% 
29.17% 41.9% 64.7384% 

AAAlO 29.17% 41.9% 64.7384% 

RecFA20 28.38% 75.6% 52.7% 64.2689% 

Katz 28.17% 81.1% 47.0% 64.2019% 

De eeF 27.13% 83.1% 44.0% 63.6989% 

De eeT 26.47% 76.5% 49.9% 63.3300% 

RecTA 10 22.61% 69.6% 53.0% 61.3682% 

De eeTR20 15.68% 45.7% 70.0% 57.7465% 

RecTA20 14.80% 71.6% 43.2% 57.5117% 

De eeTRlO 12.97% 52.6% 60.4% 56.4554% 

RecTR2 12.87% 57.0% 55.8% 56.4386% 

CNA2 12.52% 98.5% 13.9% 56.6063% 

AAA2 12.52% 98.5% 13.9% 56.6063% 

De eeFR20 10.26% 47.1% 63.1% 55.0637% 

RecFR2 8.46% 55.5% 52.9% 54.2421% 

RecTRIO 8.01% 48.5% 59.5% 53.9571% 

De eeFR10 5.86% 53.4% 52.5% 52.9343% 

PAR20 5.31% 23.6% 81.8% 52.3977% 

CN 1.92% 99.8% 2.10% 51.4085% 

AA 1.92% 99.8% 2.10% 51.4085% 

RecFRIO 1.82% 44.9% 56.9% 50.8551% 

PAR 10 1.36% 30.0% 71.4% 50.4863% 

AAR2 0.07% 0.0% 99.9% 49.4970% 

De eeTR2 -2.55% 60.8% 36.7% 48.8431% 

RecTR20 0.00% 0.0% 100.0% 49.5305% 

CNR2 0.00% 0.0% 100.0% 49.5305% 

AAR20 -0.400% 0.0% 99.6% 49.3293% 

CNR20 -0.87% 0.10% 99.0% 49.0946% 

CNRIO -1.18% 0.2% 98.6% 48.9437% 

AARIO 98.6% 48.9437% 

RecFR20 88.2% 

KatzR20 70.3% 
70.3% 
32.1% 
53.9% 
49.3% 

as we over 
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Metric subset 

Static memes: 39.83% 

Static metrics with 51.13% 

average 10: 

Static metrics with 53.62% 

average 20: 

Unconnected TP rate TP rate Overall accuracy 

79.8% 59.9% 69.9698% 

80.4% 70.1% 75.5869% 

80.6% 73.0% 76.8276% 
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Metric subset 

Static metrics with 63.62% 

average 10 and 

recency: 

63.59% 

64.02% 

,",HaUL", 5. link 

U ncouuected TP rate TP rate 

81.3% 82.4% 

80.3% 83.3% 

81.2% 82.8% 

a recency returns. 

Overall accuracy 

81.8075% 

81.7907% 

82.0087% 

two 

are SU!n111c,mtlv 
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zero are not two can 

some 

As we can see 

means is 

to 

is 

us to 

was 

measure 

...... ,.+",-",...,+,,,,1 aUiact1un€!nr, common ne;Hzlllbours 

to were 

average over ten 

average over 

nell!ZnoolilfS mO!Vlllll! average over 

seen by 

It 

test 

measure 

common 

a 

common 

measure 

It is mtl~rei)t1Dlg: to see 

common measure. 

can ............ ,,"'.,'" tremc:mcLOUISljl 

a 

at a 

to 

mOVln:1! averages bel:we:en ten 

a over any was a 
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to 

a 

rate 

nnnn,rt",nt test 

returns are not 

recency 

matters most: CDiOOISlnl! a set 

start we eXllmllIle 

not 

an average over one 

use. 

say 

To SUIIlIDanse 

f'r.'"'''1I'T''''' to a tenlpclral 

LV.l .. , .. """ that are not 

'-" "'''",,',",' 5. link analysis 

to 

is recency 

a 

power 

connpared to 

acC:urliCV to an 

a 

may beC:OIrLe 

return 

IS a tenlPclral 

is most 

it 

"UJ,,,.,lVll accuracy. To 

a 

set 

over a 

Now we 

was 

we can 

may oelCOlne more 
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a set. 

A """"" ...... average is more 

average over 

average over 

common 

returns are not 

to 

are ... ",,. .. ,,,,, 

~U"IJL'<Ol 5. link analysis 

case 

<ln1np'~r'" to 

are: 

to recency 

maLXunwm accuracy 

accuracy 
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most 

to 

now 

a 

1 

most 

llJ."LQ.1J.,-,"", beltw(~enllless IS COltnp>ut~:CI 

A new way 

or 

up process to a 

me:n:t110rle, t',nmrnl1,N1'l,O common ll ..... l"'-lJ'UV 

two 

on common ...... ,',F,Uvv. 

6. Local link 

for 

on 

"""'""V'U access mt:m()!y 

CleloeJ1C11ng on 

are 

is 

'''~'~''J'' is now pr()PClseICl. 

use 

is 
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J'iguce 26. _~/ocmjng link with 1\'00 

wmmon neighh()U,~ w radius one 

Fil!Jin:;7 AjiJrming lin} wllh ,w 
common ndgh/>o"l'S G' I'adii i<'ss 'ha" t...o 

S\JPPO'~ m the graph above on the i~I1 a hnk is fOllmn~ b;"tw~en the or~nge noo.s Since this dy.d 

ha, Iwo COnllIHln neighbour>. i,c, il h""" shonc,1 p"lh icnglh Orlwo, we mighl be "bie 10 p"xlicllhe 

link. Howe".r the dy.d in the gr.rh con ,he right h.s '''0 wmmo" ".ighhoul's, thus we "ould nm he 

able to p,eCict tlu, link using common neighbolU-ba",d ~tfic,. It is m.r.fore ~n e~ample of • 

<iiSlancc threc lask. Tn,lc",i or u>ing comn~ln "cighbou," ror prc,:i(;lion we would have to u,e t)", 

m<lr" wmpulalionally ccomplex di.'tanc"-ha"ed metric.' 

6.2. Definition of io('ui metrics 

Befm'" loc.: menic.' are detin.d the w"cep' of neighbou,h()<x,s mu,1 [",I be cxplained Thc 

following diagram is used in this .xpbn.tion 

Chapter 6, Loc.l linl. 'lIlaly", 
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The diagram ahcWe i, a subgraph of a ""'i~gram il" lh~ref,)re " ,onogr"rn in mdf 11 is a lo",d 

egocentric sociogram f,)f a radius of f,)ur cemrcd ~n ,be ~range n,x\e In Ihc ccnlrc ~f Ih~ di"!!,"rn . In 

Olh~, worJ, ]I show, the focus node (J,awn in o,ange) along with ~I! nodes th~t arc connected by at 

n"", i;-'ur hidire~ted links Noocs a, a ,adiu' of ,)n~ arc col,)ur,J !II bluc, n",le , al radi", Iwo are 

col",,,ed in green, nooes at radiu, three are red and nooe, at radius fmlr arc purple. The bluc n,,,k, 

t hcrd",~ 'q"esenl friends of Ihe orange mXle, anJ the green nodes rcpresenl friends ,)f friends. The 

.)fangc (f,)cusj node and the blue n"de$ "an he ~a!kJ Ih~ orang~ nl<k' , ncighbou,hood. /-,.lore 

sJ"'Clt'ically the nooes are the neighbourhood for a radius of ,)nc. Thc subgraph fMn'ICd by 'he j, .. cu, 

nodc. the b]u~ noo~s "'Kllhe gre<:n nooe, \\i(){lld be the node', neighbourho[)(i"t a radiu.' of two. If the 

rooi US i, n~t speci flcd. wc assume a neighbour\H>(1d L\ Ii .. , a ,adiu, of on~. 

A l(",a] wrsion ,)f a mGlnc has the or;g,nal ddiml;on of m global c(){m1erl'",t, but i, c"lculaleJ a, if 

thc chosen ncighbourh<><:>d w,,-, the ent,rc graph ror imunce, the radius Ihr~e Jx,lwc~nnc" of the 

Coopler 6. Loc"llin>: ,,,,,},is 



Univ
ers

ity
 of

 C
ap

e T
ow

n

away 

we can see 

(v). In 

n. 

V,,: 

As an eXlmllple .... v,"'" ..... "'. 

'-'""1-"''-'' 6. Local link 

we .............. .. 

up to 

betwec~nness as 

# 
# 

orange 

grey ones. 

"'IJ~JH""'" to a 

a 

up to 

is 

two 

if we return to 

is zero. 

IS a 

as 

( 

we use 
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as 

to (v) 

we now "' ......... U, .. '" 

As an eXlmllple ... VAj'" ........ were 

to "' ... "' ........ '" 

at one, 

two 
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6.3. Computational complexity of local mctrics 

\.V" now di,euss how :",,"1 lllc1ri~, might coml"',e to global metric, in term, of "fl'"~d (computational 

compl~xity)_ NOI ic~ how lh~ n"'nkr of n(~k:;. ill <:ach neighbourhood of an egoccntnc grarh 

increase, exponentially as we o011,jd" , brger radij In generaL if rll ~ mean degree of a node 1\ d, (he 

JJumb<:r ofH(~k, at radius r will be d(d- ]': ': ,--I ,' anu thad'ore neighbourhood t (all th" nodes lip to I 

H 

linK' away from the foe", node) will contain d L: (d-l 'i node, le .el uding the fo cu, n(~k il,df). 
i _ 0 

TIll;. ['IITIlClla " Ii" a Ir<:<: ,true (u,,; eho,<;11 lo lll"ximisc the number of nooe, aI ~ach rad;", and 

Iherefore comiMr lhe worse-case 'cenaria for algoriIhm fUnnin g lim,. All <:.~ar:1plc of slIch "tree for 

"radius of two wnh an ""crage degree offour i, ,hown klaw_ 

Chap Ler 6. I .<.>CHI li11k """lysis 
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Figure 33. A Iree cmlred un 'he urllnge 

node of raliiu", f)"J and a ... erage degree 

'\Icighb"urhO<'><l Zero (the nude, at a ra,iius ofzeroj will alway, contain one node by definition. A, an 

example, if peopl~ in a network ,,,ually Iwve t~n fri,"tId, then the number of ffi~!ld, and liiends of 

friend, un indivldual has (inoluding himself) will he ( 10;9'-9';) We knuw Brande's algorithm 

runs in O(nm) (inlc, where n is the numher of noc.e, in a grarh and m LS 'he number of edge> The 

H 

numb::r of nMe, HI a nCLghbourhl><Xi IS <II: (d-) ':' lh. number of linb is "!so d L (d -I~' . 
,. " 

, lrce there " link lor cwry node added. " 
,-I _I 

(d L I'd -1/:: ·:d L (d -1 i ;,= d' (2: ::d -1 n' d ",:11 remain roughly con>tan! fur a £,,'"n graph, 
i __ , 

'" it ch"ng~, only gradually over time, "nG l i, alway, constant as it is chosen before th~ calculation 

of" loml llwlrie . Thi, me"m Ihat the ealclll,uion of loca: t>clw"nn. " will h,1H a c()!]stanl order for 

any gi"en nC>de (i.c. 0(0)) Thus the or<lcr of Ihe o,kulaticln of looal het:w"cnn,,% for ,vcry node in 

th~ );T,1ph will be Oinc). It i, therefor~ difficult theoretically to C()mrar~ thc 'reed of local m"'rio 

oaku\Jtion wilh the <pccJ oCtr"ditional rrlctric caloul"tion The l'rg<:r" \''':ll'' for llh,u" cho,en. th" 

larger c will hc in Clinc) and the ,[ower the algorithm will hc Thus it may he truc that looal metric 

c"lcubhon " f",ter tll"n IraJillonal nlcl"~ e,<iclll"llOn for ,m,JI ,,"IlI e, of t. but ,[ow~r for large 

value< .01.1>;0. thc ,,,ore conne<:too a graph i" the clo,cr local mctr,c oalculation bc,orrle' to glohal 

metric c"IcuI,1tioll. sinc . a ,ubgr,1ph ,,·iIl conlain alffi{),t a, many nodes as the whole graph 

eh,,,,t,,, 6. I.c",allr"k 'm~ly,is 
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memory to store 

a re~n-esslon 1"II"·""t1,'M'I"II"rr 

,>",,,,r.nn to 

accuracy. 

mC:lUCled are common ne:I{!1110QIUf'-Oa 

metnc:s are 

were 

ways: 

F 

common """',sJ.JV,"'I.U,", 

'-''''~IJ''''' 6, Local link 

.u .. , .... ,," are no more 

a re{!:ressaon peltOImc;~d 

to 

a new 

was Oe1twc~elme:ss. 

were common .. ,,", ......... v ..... 

are 

two 

were 

""""''''''''", used were .... <I.,II,;U:l<l.t.I;;;U 

are: 

TE. 

two 

Rl means 

a 
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or~:aHm(Jln was 

cOllnpared in next 

accuracy, 

to C01Doute 

ch~lDt€~r were ...... v .... ", ... 

mean dltterem;e C()lUltnn 

test 

to 

to o.,;V',HI-''''''';; 

standard Mean Test 

Metric mean mean deviation deviation Difference statistic level Ka a 
BR1F 0.3340 0.6377 0.4672 0.4758 -0.3037 -45.4 0.01% 30.53% 
BR2F 0.1854 0.4224 0.2901 0.3608 -0.2370 -51.03 0.01% 31.60% 
BR3F 0.0921 0.1671 0.1974 -0.0947 26.68% 
BRF 0.0002 0.0005 0.0054 -0.0011 23.58% 

,,-,HU,I-"'-' 6, Local link 96 
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Unconnected 
I", _,. 
II' ........... 6 

Unconnected I.,., rming II'U'[ standard standard Mean Test ........ 
Metric mean mean deviation deviation Difference statistic level Kappa 
AAR3 85.0529 271.402 289.5494 513.1495 -186.3493 -31.53 0.01% 23.77% 

JCRI 0.0020 0.0148 0.0442 0.1683 -0.0128 -7.34 0.01% 14.74% 
JCR2 0.0097 0.0448 0.0767 0.2767 -0.0351 -12.18 0.01% 21.98% 

JCR3 0.0468 0.1403 0.1702 0.3295 -0.0935 -25.13 0.01% 25.49% 

rows 

is a measure more accurate a Drf~dl(;ttc;n 

is even worse 

rate 

Metric Kappa Unconnected TP rate Formine: TP rate Overall accuracy 
BRIF 30.53% 66.7% 63.8% 65.2750% 

BR2F 31.60% 72.7% 58.9% 65.8451% 

BR3F 26.68% 76.3% 50.3% 63.4306% 
BRF 23.58% 87.1% 36.4% 61.9718% 

BRIT 27.80% 66.6% 61.2% 63.9168% 

BR2T 26.55% 70.9% 55.6% 63.3300% 

BR3T 24.36% 75.4% 48.9% 62.2736% 
BRT 22.96% 85.5% 37.3% 61.6533% 

CNRI 15.04% 96.1% 18.8% 57.8303% 

CNR2 21.36% 92.6% 28.7% 60.9155% 
CNR3 24.21% 87.8% 36.3% 62.2904% 

AARI 15.04% 96.1% 18.8% 57.8303% 

AAR2 20.33% 92.9% 27.3% 60.4125% 
AAR3 23.77% 88.0% 35.6% 62.0724% 

JCRI 14.74% 96.1% 18.5% 57.6794% 

JCR2 21.98% 89.7% 32.1% 61.2005% 

JCR3 25.49% 86.2% 39.1% 62.9108% 

uses same ,",U;'Uij.JH" as one 

it 

set. 
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Metric subset 

Traditional 

metrics: 

JCRI 

39.83% 

Radius 1 metrics: 31.50% 

JCRI 

Radius 1 

betweenness and 

radius 3 common 

JCR3 

Traditional and 

radius 2 metrics: 

a one 

Metric 

BRIFTE 

BR2FTE 
BR3FTE 

'-""" ... "" 6. Local link 

33.04% 

41.24% 

Overall accuracy 

79.8% 59.9% 69.9698% 

67.1% 64.4% 65.6712% 

73.8% 59.2% 66.5661% 

73.9% 67.3% 70.6405% 

mean 

17. IVlOirrlr COI'YlDurc.mcm 

Mean Standard deviation 

5.14 63.22 

123.68 925.37 

3541.26 18454.26 
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Metric Mean Standard deviation 

BRFTE 1254975 37.7 per node 

BRITTE 4.27 51.43 

112.59 770.25 

3232.82 16840.54 

0.86 2.86 

4.78 8.7 

0.14 1.18 

AAR2TE 0.91 2.95 

AAR3TE 5.44 9.43 

JCRITE 0.13 1.14 

JCR2TE 0.87 2.9 

JCR3TE 4.64 7.95 

two 18 two were a 

new nmon common 

new was 

nm that 

a 

rate. is 

common 

Metric Unconnected TP rate Formin OveraU accurac 
CNRI 14.77% 95.8% 18.8% 57.6962% 
CNR2 21.36% 91.6% 29.7% 60.8987% 

CNR3 23.69% 86.5% 37.1% 62.0221% 
24.77% 79.9% 44.8% 62.5084% 
26.90% 75.3% 51.5% 63.5312% 

71.9% 
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Metric Kappa Unconnected TP rate Formin!! TP rate Overall accuracv 
JCR2 20.96% 89.3% 31.6% 60.6975% 

JCR3 24.52% 85.2% 39.2% 62.4245% 

JCR4 24.47% 81.6% 42.8% 62.3742% 

JCR5 24.12% 82.2% 41.9% 62.2066% 

JCR6 23.23% 83.0% 40.1% 61.7706% 

mean 

a common nelg11I)OUI-oase:Q 

to rnr.!lU,\' 

Metric Mean Standard deviation 

CNRITE 0.19 2.03 

CNR2TE 1.08 4.71 

CNR3TE 5.79 13.2 

CNR4TE 22.2 31.52 

CNR5TE 59.01 62.47 

CNR6TE 120.17 107.71 

AARITE 0.2 2.45 

AAR2TE 1.18 5.07 

AAR3TE 6.61 14.11 

AAR4TE 26.34 37.18 

AAR5TE 67.42 

AAR6TE 133.32 

JCRITE 0.2 

JCR2TE 1.14 

JCR3TE 6.1 14.39 

JCR4TE 22.42 31.59 

JCR5TE 58.57 62.1 

JCR6TE 120.Ql 108.07 

accuracy 
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65.00% ~~:;::~~;~~~:==~~~§~~~~ 
60.00%t 

55.00% +----:;;fE-- .. - .. ---------

50.00% -100"'-------------.---------------.-

45.00% -+-----.---.. -.-.. - ..... - .... -.-.-.-----

40.00% -+------

35.00% 

30.00% -t----.--.-.- .. -.------------

25.00% -t-------.. 

20.00% -+------------.---.-.. --.-.. - .. -

15.00% -+--------

10.00% -+----------.-.. --.------.. - .. - .. - .. - -

5.00% 

0.00% -+--·-----r----,-----,--------r-------, 

2 3 4 5 

nredic,/ive accuracy per radius 

140.00 -,-------------.-.-.-.-.... - .. - .. -.-

130.00 -t------------

120.00 

110.00 . 

100.00 -+-----.--------.-

90.00 -+------------------

80.00 -t------------------

70.00 -i------------------j 

60.00 -t----.-------.-------

50.00 -t------------------,F-

40.00 -+-----.----.-.--.--.--.--.. ---

30.00 -+--.. -

20.00 -t-.----.------.---.----

10.00 -t----------.iIIfIIII"''---

0.00 -I---~!""'!"""~-_r_---,-------__ 

2 3 4 5 6 

6 

ComJ)utQ!tto,nal time in mllllst.~C0l1as radius 

,--Halll'''' 6. Local link 

common 

Adamic\Adar 

Jaccard's coefficient 

101 



Univ
ers

ity
 of

 C
ap

e T
ow

n

at 

mean is UlliCOImecte:a mean. 

ina 

A 1nr'1"""""~'" as 

accuracy mcreases as common 

appears. 

bet:we~enne!iS we see UD(;onnec:tea TP rate 

rate we common nelj;t;.l:tbclur··ba me:tn(;s TP cOlunms we see 

UD(!Onnec:tea TP rate 

tor:mlItg TP rate In 

TP rates 

we use be1tw€~en:ness 

acc:ur~lCV mcreases a pel'cell[ 

is eXl0ec:te<1. 

is a 

~H'~""'''A 6, Local link analysis 

..... ,,",u'Uti, common .. "A ....... " ... V 

not as as 

row 

at 

one. The 

at a 

accuracy at 

ll"'J'l".llVV' .... ll."' .... "" at a 

was 

to 

was to pelrtorm 

to 

a Se(;O[lOS at a 

21 to 

an average 

even if we want to ,""",",UJ,a ... one 
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it 21 minutes 

.. ""'MP .... v .... - ....... ,""" ..... ' ..... ", as 

is common to 

can see 

...... ",n-o,~" oec()me more 

COlTIouted at a 

To Cl' " ....... ,,, .... ,,> 

v"'''IJ'''-'' 6. Local link 

common .... ,,',I'; .. vv .... 

is 

one, we 

on 

not 

common 

(',"",nt'in", common 

to mv'estlgalte it at 

at a 

common 

even up to a 

us 

as oerwel[:Ill1leSS 

eXl)aIloe:o ... "A." ........ v .. common ... '"""[<,A.VV ...... 

at 
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GU'UUJLUll to 

more cOlrurlonJ) 

is 

............ ,.v" ..... metrics. As we 

uncOl:mI~Ct'eQ, ... '"', .... "",u., or fornung. 

average a mean over 

as a 

From 

recency, common ll"".~J, .. "' ..... 

7 , A combined 

eXl)erlml~nt we use 

attlemote:Q to 

on set 

to 

" ............. '.... the mean 

we use 

as was 

"''''J''''''' were QU;taJIlCi;:, Katz measure, HI .. 'U"' ........ 

are: 
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F a T a 

R4 

",Y,"''''r,rn'''nt was run on 

to 

sets. 

are 

sets 

set. It is 

same way as 

to 

is a measure of more 

accurate a cOlnpare:d to a rl'ln,rlnlm tl,,.,,,rlli"tt 

Unconnected Hidden TP 

Metric Kappa TP rate rate Formin!! TP rate Overall accuracy 
ReeF 28.67% 35.7% 46% 75.6% 52.448% 

DegreeTAIO 26.07% 76.4% 28.7% 46.9% 50.7825% 

Degl'eeTR4AIO 25.17% 68% 45% 37.3% 50.1341% 

DegreeT 17.17% 82.5% 30.1% 21.7% 44.858% 

DegreeTR4 15.11% 71% 48.9% 10.3% 43.4161% 

PA 15.l% 87.2% 19.2% 23.6% 43.4943% 

DegreeFAIO 13.42% 34.1% 36.1% 56.5% 42.2647% 

DegreeF 12.74% 63% 19% 43.2% 41.8958% 

Katz 11.58% 79.3% 6.2% 37.4% 41.1804% 

CNR4 11.38% 79.9% 6.2% 36.6% 41.0575% 

ReeFAl 0 9.89% 3% 52.6% 64.2% 39.8279% 
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Unconnected Hidden TP 

Metric Ka a TP rate rate Formin TP rate Overall accurac 
PAR4 9.63% 85.3% 8.4% 25.4% 39.8949% 

9.26% 34.9% 14.2% 69.2% 39.5372% 
8.69% 56.1% 39.2131% 

77.8% 8.6877% 
7.1004% 
5.8149% 

35.569% 
35.1218% 
34.6971% 
34.6412% 

2.495% 
32.2714% 

it 

Metric subset I Kappa Unconnected Hidden TP : :::: ........ ius TP rate Overall accuracy 

TP rate rate 

Traditional metries: 27.58% 74.5% 42.9% 37.7% 51.755% 

I Dist, 

l'1ePTeeF DegreeT 'e " 

All memes 40.64% 69.9% 42.8% 68.4% 60.4516% 

All metries 40.62% 69.1% 43.3% 68.7% 60.4404% 

Katz 
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Metric subset 

Weka's 

subset clQ~~ilfier 

search 

attribute selection 

search: 

All metrics 

way as 

Unconnected 

TP rate 

39.98% 69.1% 

80.3% 

60.53% 80% 

Sel)arate rows 

Hidden TP 

rate 

42.5% 

accurate a pn~Qlct1on to a raIllQOlm 

'-''''''OJ''"'' 7. A combined "''''''N>f' 

I<'",""",ii .. ", TP rate Overall accuracy 

68.2% 60.0156% 

57.4% 68.8799% 

80.5% 80.2649% 

set. It is presen.1eu same 

to acc:unlCY 

is a measure more 

u .... ''-u,." are 
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Overall accurac 
79.3056% 
66.875% 
63.4722% 
63.125% 

3.125% 
2.2917% 
8.125% 
7.9861% 
7.4306% 

31% 21.8% 7.3611% 
31% 21.6% 7.2917% 
30.4% 13.1% 46.8056% 

20.48% 31.9% 16.6% 46.7361% 
19.03% 93% 32.3% 13.1% 45.7639% 

ReeF 17.94% 57.7% 15.2% 63% 45.3472% 

PA 17.16% 100% 30.2% 4.5% 44.4444% 

Dist 16.96% 100% 33.8% 0.6% 44.3056% 

Katz 16.86% 100% 34.2% 0% 44.2361% 

CN 16.66% 100% 33.8% 0% 44.0972% 

DistAIO 16.15% 100% 32.1% 0.6% 43.75% 

PAR4 16.13% 100% 31.7% 0.01% 43.75% 

CNR4 16.03% 100% 31.7% 0.8% 43.6806% 

De eeFR4 15.09% 98.1% 32.5% 0% 43.0556% 

RecFAIO 13.35% 53.5% 16.5% 56.9% 42.2917% 

uses same as one 

it 

Metric subset Unconnected Overall accuracy 

TP rate rate 

Traditional metrics: 73.36% 97.7% 85% 64.5% 82.2222% 

Allmetrics 76.88% 94.1 % 87.5% 72.5% 84.5833% 
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All metrics except 

Katz 

Weka's 

subset c/QlSsijfier 

best 

attribute selection 

search: 

TP rate rate 

77.09% 94.1% 87.9% 

78.34% 93.2% 87.9% 

97.2% 

84.21% 97% 

per to see if 

would decrease "'l<l,~l)JU.l\;i:HJlUll accuracy. 

vUU\J\,,",\ 7. A combined .''''.'rA.o~h 

~ Ul nung J. r nue vverau accuracy 

72.5% 84.7222% 

75.8% 85.5556% 

79.4% 87.9167% 

87.6% 92.0833% 

A 

to 

is not 
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was 

J,ll"" """ .. "' ... p,re(llctlon accuracy. 

sequences ob1talIlea 

users on a 

Al1:errlanvely it may 

same 

uss;okratn " .. nl"",~'1r as vv ..... IJ''''"''' 

now "'''''''''llJlll''' 

allc~ct~:a if we 

accuracy to 

are 

vHU.IJ'''! 7. A combined 

a to 

prl~alCtlon is is 

was mentH)nea 

We 

for 

pn~Qlctlon versus 

more 

sets. 

A 

exact 

accuracy 

to 

is 

to 
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accurate 
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'VU,"IJl',-' 7. A combined 

not 

to cornmlte. 
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are 
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accuracy to 
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contrast to 
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"' ... ..,"' ..... ,u versus it seeme:Q not 
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new 

not 

converted to a tenlPora 

VU""'v' 8. Conclusion 

can 

sequences 

was a dltterem;e nervvefm 

more 

may oec:oIILe more 

may bec:onle 

'"''VIOI''' average is more 

can 

enmU1CI;:mlem cannot 

is a 
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most 

accurate pn~Glc::tl(ms 

pYnp1nrrlpnt~ oonlGuc;team 

oelrtorm on ............ "'A"'LA. 

to 

ways. 

'-AIUU''-'I 8. 

a at 

are 

are 

a seemlIlgr~ raIllaolm 

were 

more. 

ex(;hangf,d hl~tween two 

.1. ......... .1. ..... ,.... to 

pre:seIltlIlLg two new apl)fOaCJleS to 

use 

new 
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