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Rank of LP Prediction—complete partial information
e mmmm Sample networks: Evolving networks
U _ _U;’E—_Ui _ } Prediction of existed yet unknown Prediction of future links,
2 Ul-U3 links ,e.g. food webs, protein-protein e.g. online friendship
3 U4-U5 interaction networks, metabolic networks
4  Ul-U5 networks.
5 U3-U3 v R N
5] RS~ AN TERSR BN R ?
o Rank of LP
H o FH
e L _U2-U4_ |
I 3 12 Ul-U3
" - ® 3T UAS T
4 Ul-U>5
5 U3-Us
5. ERBERW RN R? ) 45 A P LIEFEE NI A ?
Ranking—understand the Recommendation—
significant part based on known guide the information
information generating

Subproblem of LP
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o Problem Description

* Given a network G(V, E), V is the set of nodes, E is the set of links.

» Estimating the likelihood of the existence of a link between two nodes, based
on the observed topology.

* Sort the nonexistent links in descending order according to their likelihoods,
the top ones are most likely to exist.

.-'G.' ) _.-E"
o Data Pases, Ay
. . . . ﬂ ¢ i) D— i I::l o -'.. o Y ':|
o Training set as known information ' . ' B
: / ~ | N . - o
e Probe set for testing & - \ o @
o o o " o o
o Metric

e AUC (area under the receiver operating characteristic curve)

o Probability that a randomly chosen link in the probe set (PL) has higher
likelihoods than a randomly chosen nonexistent link (NL).

o Independently testing n times, and nl PL>NL, n2 PL=NL, then

Auc = 050, .

n

e Precision & Ranking Score
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BERR: CRUESE={EEIrAT#ELY, Wid% EP={(1,3),(4,5)}, IIZk
/;E;Y ET:{(115)1(2;3)1(214)1(215)1(315)}’ Kﬁﬁﬁ/‘]m%é\ y\jU_E:{(llz)a(3l4)1(1l4)}°
S P 5 i RO A 2 T ETHOAE JE TR A T 2 AL 1] ) i
{(1,2),(1,4),(3,4),(1,3),(4,5)} H BT AT HETE -

FiE: s12=0.4, s13=0.5, s14=0.6, s34=0.5, s45=0.6

PO . AETFEEAUCH] I 75 2R 1004 1) 70 BUE{(1,3),(4,5) Y 5 AL 70 3
6{(1,2),(34),(1,4) AT LI — 37N, HD

PRI (1,3) PRI (4,5)
s12=0.4 <s13=0.5 AUC+1 s12=0.4 < s45=0.6 AUC+1
s14=0.6 > s13=0.5 AUC+0 s14=0.6 = s45=0.6 AUC+0.5
s34=0.5 = s13=0.5 AUC+0.5 s34=0.5 < s45=0.6 AUC+1

AUC= (3X1+2X0.5) /6=2/3=0.67
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o Resource Allocation (RA) [Eur. Phys. J. B 71, 623-630
(2009)]

o N Ex A PUBE QB AL id — e Bt JR s 1 Ry, ARATHIILE
B JE I AL 1 S

3 1 1 1
R4

g = _— S =_4+=
- zer(onr(y) K(2) Y4 6

o Local naive Bayes model (LNB) [EPL 96 (2011) 48007]
o EN—AMMEOEE, XorILREDET AT R RS 2 U

LNB-CN _ 10, llogs+ 3 logR,, f(kw)=1

T.U'EO:cy

— Z f(kw)log(sRy).

T.U'EO:cy

r&'ﬁm_ﬁﬁ — Z (log s+ log Ry, ), f(kw)= Togku
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o Average commute time (ACT)

(D. J. Klein, M. Randic, J. Math. Chemistry, 12 (1993) 81-95)
(F. Fouss, A. Pirotte, J.-M. Renders, M. Saerens, IEEE Trans. Knowl. Data. Eng. 19 (2007) 355)

n, =V (i +15-2I5) where Vis the total degree

o L' is pseudoinverse of the Laplacian matrix. (L=D-A)

o Cosine based on the Pseudoinverse of the Laplacian matrix

A 4 + 1+
Sy =C€0s" (X, y) =1 //Ii -1}

5 — ZaeF(x)ZbeF(y) ab
Y L)

o Random walk with restart (RWR)

* A random walker starting from node i, will iteratively moves to a random neighbor with
probability ¢ and return to node i with probability 1-c.

S, =CPT§i +(1—-c)e mmm> S = (1-c)(l —CPT)_léi

o SimRank

where C is decay factor
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o Local Path (LP) [Phys. Rev. E 80, 046122 (2009)]
S=A+eA’

 where A is the adjacent matrix, £1s a free parameter

o Local random walk (LRW) [EPL 89, 58007 (2010)]
’ K
Sij (n) = (n) E+ﬂji(n)'E
° 7Z'ijthe probability that after n steps the walker happen to arrived at j.

o Superposed random walk (SRW) [EPL 89, 58007 (2010)]

* Reset the initial resource to node 1 at each time step

s'5(n) = Y [5, ()]




CN (&=f) , LP (¥&=r) , KATZ (&45)
6 AT 89 LLEx

o Topological features Networks N M (k) @ C

T H
o (Hant component PPI 2375 11693 9.847 459 0.388 0.454 3476
NS 379 941 4.823 493 0.798 -0.082 1.663
o <d> average Grid’ 4941 6594 2.669 1587 0.107 0.003 1.450
shortest distance PB 1222 16717 27.360 2.51 0.360 -0.221 2.970

INT > 5022 6258 2,492 5.99 0.033 -0.138 5.503
USAir 332 2126 12807 2.46 0.749 -0.208 3.464

o Accuracy

o Optimal parameter  Nets PPI__NS Gnd PB_INT USAir
CN 0015 0.983 0.627 0024 0.653 0.058
LP 0070 0.988 0.697 0.940 0.943 0.960°
Katz 0.972 0.988 0.952 0.936 0.975 0.956

o Time complexity

o In microsecond Nets PPI NS Grid PB INT | USAir

CN 10690 253 5161 31112 6711 2208
LP 543589 1638 | 11344 | 2873403 | 27641 | 93892
Katz 8073316 27479 69961064 1051528 [72550935 17603
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e Q.-M. Zhang, M.-S. Shang, L. L, Int. J. Mod. Phys. C 21, 813 (2010).
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e T. Zhou, L. L Y.-C. Zhang, Predicting Missing Links via Local Information, Eur. Phys. J. B 71, 623-630
(2009).
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[Admin. Sci. Quart. 35 (1990) 342-369]

B b IO B L

D

D 0.667 H 0.389 F 0.643
F 0.556 F 0.231 G 0.643
G 0.556 G 0.231 D 0.600
A 0.444 I 0.222 H 0.600
B 0.444 D 0.102 A 0.529
C 0.333 A 0.023 B 0.529
E 0.333 B 0.023 C 0.500
H 0.333 C 0.000 E 0.500
I 0.222 E 0.000 I 0.429
J 0.111 J 0.000 J 0.310
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LLOCALLRANK [Physica A 391, 1777-1787 (2012)]

Qu)= > Nw) C (v)= > Q(u)

wel (u) uel (v)

N(w) is the number of the nearest and
the next nearest neighbors of node w.

-

Q(1)=N(2)+N(3)=16; Q(2)=N(1)+N(4)+N(5)=6+5+5=16=Q(3);
Q(4)=N(2)+N(8)+N(9)=8+3+3=14=Q(5)=Q(6)=Q(7);
Q(8)=N(4)=5=Q(9)=Q(10)=......=Q(15).

8-

C_L(1)=Q(2)+Q(3)=32; C_1.(2)=Q(1)+Q(4)+Q(5)=16+14+14=44=C_L (3);}

C_L(4)=Q(2)+Q(8)+Q(9)=16+5+5=26=C_L (5)=C_L (6)= C_L (7);
C_L (8=Q4)=14=C_L (9)=C_L (10)=......=C_L (15).
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RELATION BETWEEN
DEGREE, H-INDEX AND CORENESS

For a scholar For a node on network

= ) LA
2. (a) 2. (b)
o =

Papers Neighbors
. whose #{citation} =/ . whose degree=h
h h :
Papers Neighbors
r. i | { =, {
o et whose #{citation}<h Heindéxeth whose degree<h
T R T R YR ' F A R T RO Y
0 h papers > 0 h neighbors

o The H-index of a node 1, h;, Is the largest value such that e
node I has at least h; neighbors of degree no less than h;.




THE MAGIC H FUNCTION

o We construct an operator H, which acts on a finite
number of reals (X;,X,,...,X,), and returns an integer

y = H(X{, X5 ey X,)> 0,

where y 1s the maximum integer such that there exist
at least y elements in (X,X,,...,X,), €ach of which is no less
thany.

o If we assign the sequence as the degree of node 1’s neighbors,
then we have y=hiD)

H H H
o Degreeg rO Zpe 3 pe 8 B pomZCoreness

o Converge at time

Theorem: Coreness =1limh @




h -Index Degree

h -index

(b)

Node 123456789 1 1 12 13 14
Degree | 4 4 53322261 1 1 1 1
hidndex | 233332221 £ 1% % 1
hz-index

(Cmemss)33332222111111
hsdndex | 3 333222211 11 1 1

node 1 node 4 node 5 node 6 node 7 node 10
R S S S & — Q@+t B J————2 . -—+——1——
— h=3 Jol ThE3l $P 1 Tne3| el lh=2| §1 [ [h=g " hied
99 %9 A1 | -
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1 he T Thes ThEe2 2[ The2l 0 ThE2 =1
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Ranking the node neighbors
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For a hierarchical tree of D levels we need D-1 indices
hO D - hP2) to quantify node influence.

(a) ()

I\
___
Level-1 4 4
Level-2 5 4 1 1
Level-3 5 1 1 1 °
Level-4 1 1 1 1
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s (t+1)=c+(1- c)Z[ oﬂt (1- G )+%5km,o]sj(t)

_1 J

Aj —1 1f 1 points to j k;’”t 1s the number of leaders of i1;

c 1s the probability for a web surfer to jump to a
random website, called return probability.
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Experiments on Delicious network
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PROCEDURES FOR OUR MATHOD

To find L coordinate influential spreaders:

o Stepl: each link is reserved (occupied) with p, remove with 1-p.
o Step2: calculate the size of each cluster, the number of node in 1it.

o Stepd: choose the top-L largest clusters and assign one score to
the largest degree node in each cluster.

o Step4: repeat 1-3 for several independent runs, we obtain the
final score of a node. All nodes are ranked according to their
scores 1n a descending order and

are suggested to be the set of initial spreaders.
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Percolation 93.9 0
Max degree 11 54.4 14 19.5 1.1
K-shell 9.4 43.6 11:9 16.2 18.9
Betweenness 131 64.5 T 10.6 0.1
Figure @ The results of identitfying four influencers on modeled networks with

four communities. The procedure to construct the networks is shown in Method
and Materials. Each number indicates the probability of the group of selected
nodes being in different types. The results are obtained base on 1000 imple-
ments. The number 93.9 means that among 1000 implements, there are 939
times that the four selected nodes belong to four different communities. The
critical point of the network is about p. = 0.27 &= 0.00. For our percolation
method, we set p = 0.28.




EEH6 AT A FacebookH3k4000 T =

0.8¢
e
=
]
e
£ 0.61 —Percolation
-g < Max degree
m o Max k—shell
'C(LEEI'ItI'I'CIt‘jII
Do.4 E icl
h—- + Closeness
etweenness
73] B
— Eigenvector
0.2+ £ katz
L -==Cl
i = HDA
—2 |
E 10 10 1
4000
—— Percolation
3500} o Max degree
o Max k—shell
- | Eccentricity
L] 3000 -+ Closeness
f: > Betweenness
M 2500 = Eigenwvector -
E & katz E}GG,‘ :
2000f ---ClI
=
E 1500
u: 1000
500
1077 107" 10

CI: [Nature 524: 65, 2015]

1000

~ 500

c
10
x
$ s
0
d 150

200 400 600 800 1000

P I Frequency T
J

B B8 A

p

)




O percolaton | 0.06
- Percolation
» Max degree 0,051
0.03| "~ “K-shell .
Z2 | -~ Betweenness =
3 . © 0.04}!
[\] . 5 :
oo E
5 Tt 0 0,03
CD ii -"-"‘ m F
0.02}:
(Y N1+ PR ; -

il

J.U
! 0.155/
Z0.06 >
N P2 R g
g 3 0.145/:
a0 “ 0.14f:
0.03;: p:0.012>pC 0_135_§ 520.025pc
0.020 1 2 3 4 0.13{'} 1 5 - )
kip(k) « 10° Kik) i



BAL: BEHRAERNPRINRL

o H1EAF: HEBINERE I A F]

1 10 100

LA | i e L) ’ M i | M 30 T L — T L L L | m
704 170 1 Remove spam users
] : 70 4 470
50 4 #Fuser FW  total #FFW Jgg )
LeaderRank: 207 3892 | 80 - # user FW total #FW gy
50 4 Degree: 22 620 ds0 ] LeaderRank: 221 4063
E 1 # 50 < Degree: 62 1924 4 50
& 40+ 440 2 T
D 404 4 a0
ki ‘ 5
5 30 430 = ] 1
é ] —{3— LeaderRank ] E 30 - —{3— LeaderRank - 3
é 20 - E 20 —{0— Degree "
104 10+ {10
o » »
] u I:-.fl‘. . T
04 04 T HT 0
1 L ) 1 T ) T
1 10 100 1 0 100
Number of FW Numbsr of FW

o il LeaderRankFHiEAEGEH F2H (degree) 1EHX1000MH+H
o iR IRLeaderRank&EFIG R IE =101, £ EBRLBINH P Z Eikn] Uigm
SIRE




FR2: B R B 3 A IR A

s THAL A M 28127 &
(% Q0 w4l 726

£ LLIWPS Officef&EhR
%6

¢:c :. W

[AJER : X65 MFRTENHAIFIERK ?

AR RT3 8IZIEI R

-1
#8412306 B wEamxes MRt @ b & un
W e & REHEA |

B B (2

0B ECRImE VW 8 IR ‘ ( 55




MA3: KEW
HETHRMBHNAEAEHRS

www.ldatul.cn

7

figm WA/ Omn=el OxXTHEN EENES

T
-

-—

Q Btt4 "k AERD " O RIhR9ZG

B 7 AHIEZEARTHIES? BBFES ?
FhER 7iRE! BXR B2 —SOHRIR! FEBXERIRGIC !


http://www.idatui.cn/

kIR R SR A2

BMES KT |, .. . .
AR 7 12 )

. —Rg{EsE
- < BRESS
B (TS




BEEREE

o FELFEM N BLLE
o —RHWHFFIRA LR
o TAEEE K E B A ThE B AL
o ZREFIGAIE SIS BN

o J\ANRRKAHFTTT A
o BFRF RINAR D) ZS AL A B 9 28 g TH PR A R0 B Y A2 T A

o HLEET 0] WR 280Ky E 45 M AN Ty e A 2.
o FEAHELIRIB A X 48 FH An e i g — A9 R B
o M THBER ILFZ 0 B 27T 55 B S m] FRUATE .
o B I F P IR 3 VPN TR A TR
o B ELY RUAE W ZSTE AL RDRE rh B4 R LR XS R 2 42 ) () 3 3
o FESEMIE8 B0 IE 5 M SRR AT HY A B 22T ) L SRS ).
o FT O RCERITACSE bR il R E R ST 6 RIS UESE bR F R




B B
o L.Lu, T. Zhou, Q.-M. Zhang, H. Stanley. The H-index of a network node and its
relation to degree and coreness, Nature Communications, to be published.

o L. Li, Y.-C. Zhang, C. H. Yeung, T. Zhou, Leaders in Social Networks, the delicious case,
PLoS ONE 6(6): e21202 (2011).

o D. Chen, L. Lii*, M.-S. Shang, Y.-C. Zhang, T. Zhou, Identifying influential nodes in
complex networks, Physica A 391, 1777-1787 (2012).

o Q.Li, T. Zhou, L. Lii. Chen, Identifying influential spreaders by weighted LeaderRank,
Physica A 404: 47-55 (2014).

o D.-B. Chen, H Gao, L. Lii*, T Zhou, Identifying influential nodes in large-scale directed
networks: The role of clustering, PLoS ONE 8(10): e77455 (2013).

o Y.-B. Zhou, L. Liu*, M. Li, Quantifying the influence of scientists and their publications:
distinguishing between prestige and popularity, New J. Phys. 14, 033033 (2012).

o (R, EIEE*, FlFiEk 59 (13):1175-1197 (2014).

www.scichina.com csb.scichina.com SCIENCE CHINA PRESS

[ I KRR 3D P RP RSN
fERR . 3 k4R

L U T ] B R AR S b O, B 310036
* Bk £ .\, E-mail: linyuan Iv@ gmail com

2013-11-21 Wi, 2014-02-25 {2
E# AAHEF RS 11205042), BH N A RHT E Sh a4 70 oCF- 11 o &L 4 BT Rb



http://www.sciencedirect.com/science/article/pii/S0378437114001502

ML




L —ASEAL IR 52

o HEXE AR Gumlae N H CRH A
amE R, 2S5, N

Categary
Author
Year

| like it
N}
I‘s o b
I8 o Attributes
e /
remstket 4§ : . Harry I & vary

MR P BRI R . e

o AILLHIIE BASE: APEE | - B
WK I Siat, PR =
PE(EEL CPERI, 4REY, B | = Conn
PR, P, Voo o
B, HPXRRERS., o

o sk BRI P HERE B 7 .

A HERE SRR BPRHAth A SK
RN RE N o RENS DR P E =
IFREE MK BN 515

o Hbrs: RAlggtfl " HIEEX
AT it AECE R TR HEER 225 T




w R AENFE AR

o Accuracy (F&HfE)

e Overall Ranking: AUC, Ranking Score, MAE,
RMSE, PCC, NDPM

e Top Recommended Objects: Precision, Recall,
F1-Measure

o Diversity (Z#:)

o Intra-diversity: Recommendations to a user are
diverse

* Inter-diversity: Recommendations to different
users are diverse

o Novelty CHraitt)

e Popularity
e Self-information

o Coverage (FBii%)

¢ Measures the percentage of objects that an
algorithm is able to recommend to users in the
system

J. L. Herlocker et al., ACM Trans. Inf. Syst. 22 (2004) 5
L. L0 et al., Physics Reports, 519: 1-49 (2012)
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M is the number of users
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Mt 7 AR N 38 AT

Name Symbaol Preference Scope Rank L

MAE MAE Small Rating accuracy No No
RMSE RMSE Small Rating accuracy No No
Pearson PCC Large Rating correlation No No
Spearman 0 Large Rating correlation Yes No
Kendall's Tau T Large Rating correlation Yes No
NDPM NDPM Small Ranking correlation Yes No
Precision Pi{L) Large Classification accuracy No Yes
Recall R(L) Large Classification accuracy No Yes
F,-score Fy(L) Large Classification accuracy No Yes
AUC AUC Large Classification accuracy No No
Ranking score RS Small Ranking acouracy Yes No
Half-life utility HLiL) Large Satisfaction Yes Yes
Discounted Cumulative Gain  DCG(b, L) Large Satisfaction and precision Yes Yes
Rank-biased Precision RBPip.L) Large Satisfaction and precision Yes Yes
Hamming distance H{L) Large Inter-diversity Mo Yes
Intra-similaricy IL) Small Intra-diversity No Yes
Popularity N{L) Small sSurprisal and novelty Mo Yes
Self-information UiL) Large Unexpectedness Mo Yes
Coverage COV(L) Large Coverage and diversity No Yes
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B TR R HEIR, 41(2):163-175 (2012)
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