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Abstract Respiratory infectious diseases, such as influenza and tuberculosis, are among big threats to human
health, making quick and accurate identification of epidemic source of the infectious disease an important issue
theoretically and practically in the field of disease spreading and control. Different from the spreading of rumors
in social networks or computer viruses in computer networks, epidemic spreading of respiratory infectious
diseases relies on human physical interactions, and more complex spreading models. In this review, we first
present the formal definition of human contact networks, disease spreading models, and the epidemic source
identification problem together with generalization in four dimensions (spreading time, snapshot coverage,
quantity of epidemic sources, and candidates of the epidemic source). We also present two evaluation indicators
(accuracy and error distance) of source identification algorithms, and algorithm design principles based on
Bayesian maximal likelihood evaluation. Consequently we summarize currently existing algorithms, which are
based on centrality of epidemic source, belief propagation, Monte-Carlo technique, and minimum description
length. The first one of these four categories, whose basis is centrality of epidemic source, employs different
kinds of centrality measurements such as rumor centrality, Jordan centrality, dynamical age, and unbiased
betweenness centrality. Moreover, algorithms with rumor centrality and Jordan centrality are generalized to more
general scenarios, where disease spreads from several sources, or information of the shapshot is incomplete.
After the introduction of all these algorithms, we implement and evaluate them on four idealized networks
(random tree, scale-free network, small-world network, and random network) as well as two realistic human
contact networks (one in a French primary school, and the other one in a Chinese university), with various
transmission rates. The evaluation results, including accuracy, error distance, and running time, indicate the
following four facts: (1) Most source identification algorithms are sensitive to network structures, showing
different accuracies, error distances, and running times on different networks; (2) Most algorithms are robust to
epidemic parameters; (3) The algorithms based on dynamic message-passing, though time-consuming, locate the
epidemic source much more accurately than other algorithms; (4) Among all fast algorithms, the algorithms
based on unbiased betweenness centrality have relatively small error distance. Based on experiment results, we
recommend different algorithms in different realistic applications: (1) Dynamic message-passing is
recommended in the case where running time is not cared; (2) On the contrary, the algorithm based on unbiased
betweenness shall be considered if a fast source identification is higly valued, and the Jordan Center Estimation
algorithm is much better on random trees; (3) Reverse Greedy and Dynamical Age take both accuracy and
running time into consideration on random networks and small-world networks, respectively. Finally, we
summarize basic settings of these algorithms, and compare their time and space complexities. The summaries are
followed by the discussion of their practical applications, as well as the consequent vaccination strategies. We list
research directions of epidemic source identification in the future, including developing more advanced methods
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of estimating likelihoods to improve the accuracy of source identification, utilizing more information in the
spreading process to accelerate existing source identification algorithms, and designing algorithms on dynamic

networks to adapt them for realistic scenarios.

Key words complex network; epidemic source identification; maximum likelihood; belief propagation;
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YRSk 1) AL R Hr O PEBVEHE) T B T e A B RS
9 L —— B3 T 2RI LB p
HHRE

ZER R SRR A, R

THEIG) . MRz EAER, WaTHERT S

SRR HUHE IR RRAS 5 5, AR N S
RSN N T MRS B I T (FRY
54545+ 1K, reported rumor subgraph) . fikifE
& 1 B B 28 B ) O SR G U — 5
IIARKRES I . BEEMIRELRTE Lis
17 SSE SRk B U9 s BV A HENT HS B AL R .
Karamchandani 25 \iERH: 76 JLf[# L, p>0
I EVEHER R S p=1 IAHY; RN B, X p
KTFEABMER, FEERES p=1IHZEA K,

(4) ) B IEA ST 2 i

Dong 25 A 4 15 b - B Sl 1] S A
BIAFAEARIE ST s L, FERR AN AL B
2 39 5 A0l B P % 348 T A5 P 9 o Tk A R A
R AR GLIRAL T

MR R SR T S M, (R R A AR S
R 58 BEAR e R, BT DASI (I TR) R Ak
FEME B O(n), 7E—fEMZ% B On®), 28 4%
FELER RN — M 2% EARFE O(n), Ak n 2R GLE 1)
T A

B LRI 4 52 E RN, Dong 25 N3 #r 75
TEHER AR AEAS R 2R (FrE s il
K. HEre) MR, JERISEE RN R
# IE M P REAR KT AR K, B 45 iR et s
P AT

(5) ] 24 Z AL IR R

Wang % A\ i 35Sk Ry i B A B0
EAMERIBE I, BN E — AMME SRR IR 1
Z ML AL SRR, R IR AL R R P 2 ol i
FAIZ]L AR ERESE .

Wang 25 NAHL, QX SR IEA AT (1 4n
7 A — AR AR ZI AP 2 AR 5 i
TG PRI HLOF AN e m e R . A
XA AL, Mt IR T 2 IR AL R
IR, AR L. Wang Z5E NKAL R O e
B 2 RAMSIAL SR DL, FROVER G A 3 0t
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PR BRI IO AR IR AL IR 9

(union rumor centrality) , & X KB
Ru,G, -G, )=Ru,G,)---R(,G, ) (6)

Hop G, M 0 AR fR K A

R(U,G, ) /& Ji s (9 1% 4 bt o 5 4% 48 rhl 2K

oL, BEAfE3EH 0 Cunion rumor center) SEBEA (L
FrhOo PRI T . Wang 25 A48 H T T Sm 7Y
W 25 b 22 AN ST A% Jif DR TR BB B A% R R O PR B
¥ URCC (Union Rumor Centrality Calculation) ,
e 2 7 RS IE . ZERNEEE
HRBEN O(nk), 7E W 2 b i) I TE] 52 B2
O(nk), 7E % b E S 4% O(nk), iX
HBon JuALAH P g v i R A .

Wang 258 NI BRI AR I : 72/ T 24
MTCARE P24 £, ARSI T R & 1%
HhC P EE MBS R T B A% 5 o0 1 BE RE B8 1R
AL NEAREIEMRIRE], 45 R PE B A

/N,

3.2 Jordand>4#  (Jordan centrality)

3.2.1 HEAHAE

T 2RISR P(O|s)il & X LATH5,
Zhu 25 N2 7 s g S R e B b R, T
RE (1% 22 15 A 7 S A7 5o I P 0 s oA U A s 6 MR 26 e
KIS XFP T L BARA R, (HAET
5.

Zhu % [EIXFE—ME I SRR SIR £
B, (HEPRHE O SRS RARSHR B
RE, MABRKEENTX I I 8 5 17
B, Zhu 25 A% scikB R B (eccentricity)
AR, 58 SURYLE 03 (infection eccentricity)
N B A G R A KR, FRE LT R
81 Jordan 0> (Jordan center) [¥) Jordan &4er
(Jordan infection center) %5 i& #l B YL JT 4R A It
TR B R B /NI R

Zhu S5 NUEH, FETCRRKMIBIE M 2% b, 295k
I3 AR SK T 4R 4% SIR AR AL FE — B 8] s,
PR AGL SR TR AT LIRSS S, B4
M5 ] REA% R B AT ATE T HE ()R R IR L | RESTT A
FItt B Jordan JEGe A

3.2.2 MG

N RRFE B 4% R 1) Jordan Bége s, Zhu £
Nt T & # # 5 7% (Reverse Infection
Algorithm) ¥4,

BORMEA AR Bk, AT REM
R I D 2% R R AT R T S R E T H OB R
(I B, ASTE BT s R B A SRS
TEB: B RIVEEAEIEIE, A% BT AT
AR JE T SR IE T T T E R, R
A HALE N ARIZERMHEE, 5ACAGHEN
HRHTEE, UREES RSN S RE
R — s MIEREAR D H Y SRS HE IR
B RIERITE B, BRI, L BT A
BT S5 1071 S5 40 2 Jordan Bt

KEEW Luo 2 AFRNEL Jordan oLttt
(Single Jordan Center estimation, SIC) &P | %
SRR A R A oA O(nin), A TR 4% A
O(nin), IXE n RALREEIFT SR, n Ry
TR

3.2.3 SRR

Zhu 25 AU SiER, 76 IE NI b 48 s e % 4
FFAF R 1 Jordan B Ge b0y 5 SR A S DA
1R I N T — /N SEUOUE SR RVETE IE
T _E AT DAk 2] 60% 1 HER % .

3.2.4 HETHY R
(1) H#ES 5] SIS ALA% A

Luo & A\ Jordan 2% i 0o 1) 8 AL 5 2 4E 2]
SIS RN | SIS MR 5 SIR (& FR I RK
feh, TR AR R B G (171 A AT B K A B A IR
A, T H A B AR AR TE VR E — Mg RE T
BT Y AP T

Luo 25 NIERH, 7E SIS /LA, TERRAH
B 1 (1 Jordan J&k Gy oo [F)FF 2 f ] BEA% BRI AR 0T B
M5k o

SEIGSE R ORI T 4 FIENE -, SIC &
VR HER R T LA ) 55%; RIS A #k 3 1E 0 (1)
FERRIR, AR B TE 4 BELAN .

(2) HET 2 ARPERA SI AL R Y

Luo &5 NI K LR 7 i 21 7 —ANRFIR Y
SI BRI, FEIXAS SIARAL R, AT A 54 R 5
FH AR A e R A LR AR [F], 5 sk e
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)20 JE B To Ok . AE ARk — BUt [A] LG 45 H IR
BB R, B SRS AR BE I 2 os
K, SRR T RS R — 84 B IR
s ORI (explicit) RE, H—E# 5 RE
RASVRIE, FRABEEC Chidden) IRZE.

Luo % N45 7 O(n)iHa . A O(n) b=
B8]\ I Jordan /B4 H o il HRAR T I 26| BRI Sk IR
RS TR Jordan H 0 Al 1F (Jordan Center
Estimation, JCE) #ER% | 53 5 Hedetniemi 2%
N (AP 260, SRR AR BT A
WAL, REHREE SR AT/, EER
R FE RS Jordan FRoty . SEEGFRW, JCE BEAE
IR b P R iR EE 25 A 0.36.

(3) TEFFIR SI AL TR B BEAE b e 21 22 5 ] 5

Luo 55 N\ gk 2 St i B4 21 205 L i 1
T Al T5E S k-Jordan R0 Ty IR L B 0K
BNk AN FRIER 7RO BR K IR TR 2%
b A AR R RE R 5 A% R A R AN T AR
P5, T BRI i R ) AR R T A R FOIRAS T R
Jordan JE& Ly, TTAE 22U ) A H U A R
A7 A k-Jordan &G0

Luo FENg T Z U6 i @i 1455 k-Jordan /&4
HLG 2 Jordan HHC T (Multiple Jordan Center
estimation, MIC) 53k, ZHE LR BEAFEH AL
PR DR AR Ok AL R R BT A R
B ARk ANTAFHZZ 1) Voronoi £E6; 2R
W RELEEAS Voronoi £5-EG 5t B B % ] o 43 ) 1 FH
SIC FIERKME H LRI . AERENLILSE kK ]
AR IRIR fe, FOEEFIERPAT ERWA DR,
LR HEWT 0 2 AUk sl Bl AR IR AL 2
ERR,

(4) TEFFRR SI AR LAl e 21— R 4%

X — 4%, Luo % N AR IH SR 5 ] BeA%
TR IR AT B AL 3B YR, (HAS P B2 Jordan B s
AN RRIE, T2 e TR G R R S
— RGBT Cinfection tree) , ARJE AT AE A%
TGS () 5 ] REAL B ER AR, IO TH AL 3B U N 1%
W Jordan e

Luo SF42 H MO V2SRRI G AL TR R 56
— P T ) AR R IR A AR A R IR
FRL e RO sk, ERRE AR, B Rk
FE A0 FH D0 2 A A Wi 1 28 e e 15 2 0T 95 Sk 1Y

T RUCA RN, T B RS T SRR, I
HiE N RIA T (Reverse Greedy, RG) &3, It
SR On®), ZEMEZES O(n+m), n &ALk
P26 R T AR, moR e AR .

SEILE RN, RG FIEATEH IS, /MR
W25 F1 Facebook #1328 2% I Wi A& #% 5 1 P 32
REE B4 508 2,59, 1.69 1 1.03,

33  hESFHREE (dynamical age)

3.3.1 HeAMAR

Fioriti 25 N1 75 2 5 Sk A% 3 U502 for i B e,
P AR R R B T SAF R (node age) K
(T A, A AR T RN I 465 (BT [

Zhu APV YR, M 4R L 40T 218 I
AT TR R R TR, (A Tohs B 45 1 BA 2E %,
FEAIE ) SR AT R (B L
B FRURRAE R 1S 5 0 2715 2 H AR e LA R IR AH 9%
PEo HAZ, R B XA — N KRR
(I EnBENLIM 2 1 ER BIIEE ) ) vk il P 4R AE
(BT IR R B 21T T R

3.3.2 duAIEk
Fioriti 25 A1) j3 4% Restrepo 25 A7ESCHRPY
@M s s A EEM (node dynamical
importance) , & 7 HREER G E AN A B)
AR (dynamical age) K312 DA
AT B AR T R S R B DS
P9 28 80 B2 I B R AP AE AL ) R B s R BR AT
MR R R BRI, NZAT SRR, %
W5 S A AT T R A R IR B B AR R R .
AR, 2B RE U | AT A DA P
Ay — A
A

m

DA = )

Horp A, AR TR TR AT B A 1) 5 KRR AR

fi, A AR R T MIERGL I v Ze st LU B 40 %

FEFER B RRFIEE . W EHH k NME, B4 DA
R IHT K AN S AT AR R . 24
i FHl QR 40RO 82 AR FEARAE(E I, DA B

AR 2 N O(n®) AT 44 )y O(n2) .
T4, BT BA BUR KT
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PREZM S, 1T 28 A pad F2 vh AN 5 R ik
B ILFE ORI TS 1, IR ORI 5 rish 548
R RO, i DAZE BA 2% b AT DL E H TR B
B i R kAN R AR AR 3 A

FEJLANH LM% ERIBAISER R Y], DA ik
RE IE AR BIA% SRR B A R PR 8 R A Lk

34  FTiRHBAHLM

3.4.1 HAAE

Comin % N3 75 sk (i st il B b 23R T
MR RS . EE LM A K
AEAR A0 M S5 DY Fp 1S b Pt FR bR, (B e AT
IR FE AR R IR A, R T ek i) v
S Cunbiased betweenness centrality) .

Comin £& N it o A O PEFR B ) A 8
M RGBS R N g A B, T A EEAE
N—AmE G B v R R AL, R R 2
FE JF 6 1) O PR G B 2 R AR 3 I I 22
P55 A AL FE AL 1) S 56 2 B TG O 16 rh A rp O
RKINELF -

3.4.2 #LRIEE

EH K Comin 25 N3 H I EYERR N TS - A
(Unbiased Betweenness, UB) #y%. A EHEK
fag op., LR R B R BT A S R T R A R
OMEEDAT . o MEE bR UM,
Bi
(k)"

Forb kG ORI, r AT RLIERE AN IER)
fi, B JRanE S b, BIMEET miXf 2
() i F R AR 22119 5 T R EL A3

ABIEME 4SRN O(nm) ©3, Horpn g g
BRI R m R IR L 5

B -

©)

3.4.3 e/ BIPHE K7 55505015 20 2 U i)

Zang & N\¥ UB BEHE 2] T SIR AR R4
b RWSER]—E A AR I 2 5 I s Y
EHE K AR B AN AUB  ( Advanced
Unbiased Betweenness) #iZ:,

TSR BIPIRESAE BEATERE, a0 i1y
RS BINE], BB AREX 40T SREF R AR
AR, FTLL Zang %8 N8 2o 2L T4
(R AL 3B B0, AR 48 30 Fh 8 M T ST 1 5

RIPFIY, BP0 e T A B0 BB AR N LA
T IR ECE R AR, XFEAER 7R
B

FERRISY IR LU, 25 18 B ML RIS
JI A G T T A B R, T T PR TR A T A
B, AL Zang 1 RSB AEARTY X4 R R i
A8y, RT3 IR BRI AR X 2 0 A R AR 3R
VAL IR 1l o

T Ut, Zang S NG T AR A RE R
T SALARIRI AN E ke B INAL FRIR A B k IR
Fi Newman %5 Hi (35 115057320 THS0H 4 e ik
PR 70 B kAR X OB R A, B R A AN
N N Ko KB AL X ZE R A [ (A
XBIACRA RS

e S G T R, BRI SRR T 2
ANEYPRIRN L, AR AR A G T IR b T
SIPIL UV G =t in 4 REDR (VSN2

3.4.4 LIEER

EIENR . ERBENLNZ . BATLCARER % L,
AUB B35 HHE BT HY 1 A% 3% U516 8 R BE S 0 ol A
0.12, 1.81. 1.93; fE="ESZHMZ% (Facebook.
Epinions. Vote) I, FHRII4E R 5058 2.50.

2.37. 1.65.
35 RE

AT HR IR B R T A R R AR R G R 1)
HOCMESE, BRI 4 Rl RRRR, AR RO
P, Jordan HROoPEL AR O TER A
Ot

fRl EE b, AR 3 rp O 1 i A BB AR 3B VR
RIBG AT s BT A AT REMINF B % ; Jordan HH L
PEFE bR AB B A% FR VR -5 08 B AR I L1 A R nT RE Y
FEFEEE AR A OGBS W TR AR T8 A% B IR 2 B e
P e AR B R S, R i N B
s AR A O AR AR A O T LR IR AR 1
R R bR bR SR R 2

ERE R OYE. BT O TR
ORI =R R FRIE A T2 B R A R R (i
JRYLIE) , 1 Jordan HCa U AT FH AR R R R s
AT SR s s L. AN, AR
PEAN Jordan FRo OV ER R SE TR 451038, 5F
P AL AR R B — e B, BTRLE
MHERTE X 2% E U R AT, ABAE— MR 4 AR
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Bz SRR AN T i A O D B
FE— 2% B3R

X VY A i At ) DA B 2 A AR 3R TR I 1
B, ARALRE L PER Jordan HteE, BFFFTN DURE
BB T BREEk,  REE B A HORE X PR 3R AR
FHAEZ YR L

4 ETEEERNWREE

AXQ) VAR R AEE BT, ERRIE AN TS
%15 P(O|s)ak P(s|O)#Rixk Bl KM s. XM
PSR 0 5fi DL, 2 2% B L 2 5K B #P-hard™ 5t
2 BRI BT AN GRS AR B il b o
BHHENGHE, 0 Shah &N\ ¥iHE A 6%
PRI FRPIR 245 BUAR P(O|s) Bl 1 T 5 A el
ARG Y, T Zhe 2 OB
JEIRMEZR P(S|O)Ee K AL R IR e i 1 1T 5 A P RE
FEREIRAR, SR R VT B A R 2 A5 R I A A%
IR (2mg T HA A TR MR R R UL b
TR WG AR BRAR TSRS, H HE T R R
WL N EERE GEH BSR4 ) , f£—
ARG S NN A

NTPREAERE, AN R IH A
RE B HETHEL P(Os)M P(s|O). N T it E, W
7t N Al B 545 4% (belief propagation, BP) i
BT . SRR BUAR bR B A% 00 25 Bt i 5
F R BrE AR, T EAE AR iR e R 7 B (factor
graph) b )V JE A5 3 SR AORE 2 PRI AR (DL 347 9
BT R REENIZD  ERONERHEWT, M5 A
WLEEHT 5 b (R B 2R A 10 O o R R AE —
W2g b, BEERER R rl aElT

41  EIHEHBHEEBEEZE (dynamic
message-passing, DMP)

4.1.1 FABAE

Lokhov %5 A\FE SIR i A 21 Fr) e ] i [ et
R T T B AT B AR TTRE ) DMP 5L
O1 %Sk Sem SIR AR 464 e S HAF
B Z thl BT A0 AT RS EER

Pit+1) . PYt+1). P'(t+1) 577 —m ZIAH 5
(1 25 B R At e i A B s e R ),
Pit+) =P O] [6“(t+D) 9)

kedi

Py (t+1) = Py(t) + 4P (1) (10)

Plt+)=1-P/(t+)-Pi(t+1) (11

PP+ =P O [0 t+D) (12)

Keail j

O (t+) -0 (1) =4 ') (13)

0= 2)A- D
B [Pskal (t) - Psk%' (t-1)]

Horb g AT R AERE I 1A N LIRS R 2

ROARZSIIMER, Ay A IR RN TR A5 L6 45 0 kR
BT D AR, O AT A T AR A
4, PO+ 07t +1) . M) ~EA

Hh e AR

—HHfE TAARIR, (e T LIRS E AR
GRS ZIROAEL, kAl A i dfE e AR st T Lt
SR R 2 R RS AR RN ZI AL TR RCIRAS
e

fE_ BRI HESS R A HEAS B, INPUIRESE B
BT RAS R, A TSRS B AR
(AL ALt

POIs)=[P®O] R O] [P ®) @5)

bt 245 P RIS (E BRI ). L3R
PERIATHEWT A 645 P(O|s) I KT s o

4.1.2 WAL

R4l DMP 7R FLIRE(E B AT AR,
AT DB B2 E B AT A S A 9 V5 3 3 B
AT B HIREER, R 1) A 1 5 R (B 150U B K
AR A

DMP VAR E DAL SIR 112
K, DARALRRITA to AL RIS 18] R ANE, Al XA
At iF 5 B 4> 2K (partition  function )

Z(t)=> _P(O]s) . M ukmsr s Al t, Bl
9 FIT SR R A% R N T o SRR A 7 I 1) 1 I 1) 52 % B2

N O(tMN), Z¥[EE 4N O(N), o t Bk
BRI ES, MM arEcE, N2mMghimn
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e

4.1.3 SIG4h

LGSR R [/ DMP 3%k, i ELSEfE
RS BSRIE o T AR AU

DMP SyE I 7T

(1) BEER P LA & #& 0 A Jordan
HHCV L Ry (FE R e 280 55T Jordan H 0 )

(2) BRI RE m R E R, HEE
WARE R

HARZ AT

(1) KWK hEHRR, DMP Sk s
KA IR

(2) 1 BRSO AR 1 5 20 DMP 53445
HH A AN A T S AR K ABL R i

42 ETEFEMEEEBEE (belief
propagation, BP)

4.2.1 HAEAE

Altarelli 2 A\B® T B (S8 T SIR 1445
B b 5 — A& RRIE E 7 5% BP.

WAE SIR FIRAER b, BT s WEA |
RSB RARZS Z A1 8] CHRR A 1],
recovery time) A g, P IEL b £ R A]
(transmission delay) s, FTA 1 A E LI %
At TREE

p(t.g|x’)=> p(t]| x°,9,5)p(s| g)p(g) (16)

HTE T A T IR XT R B,
BT AR
p(X* | x")oc D p(x" [t,g)p(t, g | x°)p(x°)
t.g

= ZH@]H@G%Q

t,9.5 i,j i

A7)

Horb G &7 AL T PR E I [R] g KL A1,y

R AR 20T DIRS IR, 2T

i 7 T I ZIFPIRE R 5 8 BB 2R S
[EIFHAF & R AR R CERFENN 1, BN 0),

@y TR VAT L 22 TR BRI A F I ] s (A

oA, @ ONTRRAR R, AL A SRR

W1, & o:

FAt— TR AERIIRIZIAE T 1 OIRES B L
JEGL P %1 =0

S W T NN ZILET S IREH

tp=min;_, {t; +s;}-
T AR A AN R 2y 3 oE S U 3 B i R ) A
p(x° | x"), Altarelli 5 AfEH BEERE %, A

PRI P&l Cfactor graph) st % AMERIIHIR K R,
SNSRI, 8 T AR

p(x’ [ xT)ec D Q(g,t,t',x°)  (18)

t,t\g

3 i Q :%H%H@Gi%g ’

i<j i

=0y @ A R RIS

T HHAL ST RS NiE AR ((FEN 1
AEERO , Z HH—FETF.

H T DR B 01 0 2 e Bk HY L 0 A 6 X 45
Mrsndhaity, I —Jrik e p g (Bl
W _E AT PR 25 383 bR A (RS AR . R

AR X SRR s Hr, xT HIREHE 0 %

i, B p(x° | XD 5 385 15 %A% p(s|O)
s

4.2.2 JLAIEYE

BP Sk AEM R BT T EENE
FRUE S S0 ML, L SAL B IR S B AE T A 1 A Y
BiRE. TGRSR BP AT R A i
6] 544 N O(TG*M), o G S 5K fo i e S i
B, MM REhrE.

ISR AL AT AR T PR IR 78 555 A
THEE . LR R AR . 2RISR %
&M 2% ZN BN EITETE .

4.2.3 seigek R
P S0 B, BP SLIETEBEALI 2% L i HEf
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FA[IL 60%., BI{EHPRIE g T 40% M) AE R,
BP HVE7E RRG 4% -t ] 1A 31| 80% 1) AERH % .

4.3 BEE

AR /NG A PR SR A R A UL S B AR P
MRS, Hd DMP (iR T4 e (s
B AARIRN E R P(s|O)K, i BP fiH5H
He TP AR TR U 1% 1 45 21 25 58 PRS2 19
LR P(Ols) i k. sk b, oy DU ST RE 18 fg 4 Mg
HNAATE, KA P(S|O)FIRR KA P(Ols)2 554
o

IR R BRI R, LD R
it A ML PR . iR TR, $El DMP
A BP PARSLIL I TN G AR B A4k, i
PR 7 B B AR iR T 5 H AR R 58 5 H AR L
R

R RIEA S M STk, B BT B
HERIZNEMZ Eo SHh, TR PR RRE
LI AL IR LR — 2 B H AR T R
R, U EAE AL AR 8] ORI T2 R AT RAGA 3
BUFAIROR s BRI R FI, R RETHSEANA
PRI 18] T 5 BB R . 3 oh, EATT A R
WA B e BB 2R, WUAERKBEERG
BB RS RO T A B IUE R H .

5 EFZF4HR& (Monte-Carlo) =3
RYRE L

B 1 IR X AUR B RO LT S DA R R
AL QR M STt B A s 2 Ab, B =R g B
BRI FARAEL, AT G 1 T S ALLAR R K T
o

51  EAXBBAMAREE

Nino Antulov-Fantulin 22 AB¥ 7E sk SIR
FESBRER . CRME B R T I 2 B = A R &
A TR ) A R B T T SRR R U AL 1 E A B
%o

X Ry SR B AR AR, RIS I B A LR
WAL TR ITIERAG T P(O]s): X 4EAN AT REHIAL 3B U
0 (gl RAEMERFPREF LT 1 83 R R

WD, B UOMSIE AR R T B5R
RVRREMERE, ARGV T I 2 A 5 mRES 50

SRR — SBHIBLR K N, » 15 n, (B 5K

O W21 RN HIVR RUE LSS R

T MR B, w] DASE A B T R ek A b
B AE, B — B R IEANE L AT SR
A STEERGE R RN RS, IR A AR IR
S5 R IR 5 MR B FIRESAE BARE, Frbhal Lhgg
AT 2 B A URAE A o AN D7 v 1 5 WL 7 Lk AT K
BEgLL, FrDARERTIR K, FEASEH.

N T fRVIX A, Nino Antulov-Fantulin %5
NP SR T T SRR R AR 1 O A T ik
(Soft-Margin estimator) . 1% J7 ¥ [FIFE TR XA
FIREAYIE Sk O B A n YOMSL I AEIREF RN T 1
SR RIEBIAE I, (HESZMMEEAR, X
B UAERUS FE A AUEE] T i 8] A Al {50k . AL
WE s HE AR O I ah Al 1.

P(R=r.|©=0)
C1g ) -1° (19)
—n;exp( ~ )

Hrb roWWEERF A RIPIRES O R
WK G AE RN BN 1, S RS A

N0 5 Ty R O AL GRS | IR AL A
e AT oA REs ., BB
¢Z(RN XRN)—>[O,1] THHEMATE r Mo 1

Jaccard FHALLEE, BRI & AR 1 HIITE A
2 0 e RBEMLLE, a RKILANSH, Hik
BB AT L2 Skl

EH R SR H VR ON MCSM
(Monte-Carlo with Soft-Margin) 5%, i) 5 4«

BE A O(r|xnxRTwm) , = 11 & 2 FF X

o+, e | W | otk 4 i %
&, WlAMEELETLAT | A R ARSI AR
B, | R R E N, RS A FR 1 UKL,
RT m A B B 48 (B 1) 52 2 FE, 5 ELAA )

ST S el LA SR O 2 e 1 16
FEAPRIE SO .
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52  LILHR
TE AR 1 2 [ A 00 45 R B s % SRR L
Jordan ffii14% (Jordan estimator) “? I DMP ffiif
%% (dynamic message-passing estimator) %! & &
MIMERA R . 75 P SE ke Rl b 14
RS R R R IZ A VAR UL 60% 1 AER R AR B B
SR FR VR B AR TR IR AR

6 ET&/ Mt KENHRER

6.1 HAEBE

Prakash 2 NTEZ IRk, SI LR 3 i)
A, AR TR T s MER K E R NetSleuth 5034
[27, 28]

ZEVER AR TR, 45 58 R AL AL
P 97 A 478 00 2 A — BN ) 5 AR AR 45 R, B
U8 Sk I8 127 A 154 3R W S M A 8 45 IR A RE R R
AR SCERT™Y, HR K BT LAY B R 4y, — 4
e B ROR I, 55— &R R R TR 5 2
AR b - i

L(G,,S,R)=L(S)+L(R|S)  (20)
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Background

Epidemic source identification is to estimate infection sources
based on the knowledge of health states of individuals and the
structure of the underlying propagation network. It is an
important task for preventing infectious epidemic outbreaks
beforehand, and helping medical scientists design effective
drugs for newly occurred plagues. However, due to complex
propagation inference on networks, it remains a great challenge
in the field of epidemic spreading on complex networks.

After the problem first raised by Shah and Zaman, different
algorithms have been proposed, although none of them
guarantees exact solution. The algorithms can be categorized
into four families: 1) likelihood approaches based on network
structure, including calculate rumor centralities, Jordan
centralities, dynamical ages and unbiased betweenness
centralities of all nodes in the network; 2) Bayesian approaches
based on belief propagation, including deriving dynamic
message-passing equations or using belief propagation
technique, such that likelihoods of the snapshot observation are
inferred with the pre assumed epidemic source; 3) Monte-Carlo
approaches based on Soft-Margin, employing direct numerical
simulations with the disease spreading model; 4) the approach
based on minimum description length principle. All existing
approaches employ approximate technique in the algorithm
designing process due to high computation complexity on
likelihoods, and only the approach based on belief propagation
gives exact likelihood on tree networks. Most of the algorithms
performs well only on certain network structures. For example,
SleuthNet only performs well on grid networks, and rumor

centrality only performs well on geometric trees.
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In this survey, we summarized the existing approaches to
epidemic source identification. Comparative evaluation of
identification algorithms shows the following observations: (1)
All algorithms are robust to different epidemic spreading
parameters. (2) DMP algorithm, though time-consuming,
makes the best source identification algorithm through rather
high accuracy and low error distance. (3) UB algorithm runs
rather fast on almost all networks with comparative accuracy

and error distance with other algorithms.
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