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A network is a data structure composed of nodes and edges that can
represent various connections in the real world. For example, friendship
networks are composed of people as nodes and friendships as edges.
Similarly, railroads are networks with stations as nodes and tracks as edges.
The targets of the networks are various, following on social networking
services (SNS), hyperlinks on Web pages, co-purchases of products, and
co-authorship of articles. In recent years, there is a lot of research on solving
real-world problems by analyzing networks; detecting a key person in
communities, evaluating web pages, and recommendation system of
e-commerce sites. Many real-world networks are constantly growing, adding
nodes and edges. In a follow network of SNS, a new edge appears every time
a new follow occurs. When someone creates a new account, a new node
appears. Transportation networks grow through the construction of roads
and the opening of new air routes, and co-purchasing networks grow through
new purchases. When analyzing, such dynamic networks are often
transformed into static networks; using snapshots at specific times,
accumulate growth over some time. However, network structure, network
features, and node centrality change with network growth. Therefore, the
approach of converting a dynamic network to a static network cannot deal
with changes with network growth.

In this study, we focus on the structural change in network growth. The
smallest unit of change in a network is the appearance of edges.
Furthermore, new edges stimulate the appearance of new edges. In other
words, the network grows through a chain of edge appearances.

This study sets two research tasks. The first task is to quantify edge
influence in network growth. As mentioned above, in the process of network
growth, the appearance of an edge influences other nodes and stimulates the
appearance of new edges. The edge influence is quantified as the number of
edges that stimulate the appearance of new edges. Identifying high influence
edges that contribute to network change is important for understanding
network growth. It is also expected to have a variety of applications,
including rapid information diffusion and effectiveness verification of viral
marketing.



The second task is the quantification of structural transitions in network
growth. In the process of network growth, even if the structure is the same,
there are various transitions leading up to that state. For example, there is
a significant difference in the process of forming friendships, whether it is by
a central person or a small group merging.

Our goal is to quantify network growth by solving these two research tasks.
The paper is organized as follows. Chapter [1| describes the background of
this study and the problem set. We explain that to understand network
growth, it is necessary to clarify two points: "the quantification of edge
influence in network growth" and "the quantification of structural transitions
in network growth.

Chapter [2| describes related works. First, we summarize evaluation
methods and centrality metrics for complex networks. We describe basic
methods for static networks and approaches for large and dynamic networks.
Next, we divide information diffusion network research into three categories:
information diffusion models, quantification of influence, and analysis and
prediction of information diffusion. Next, we will introduce network analysis
based on triads. Studies that treat the network as a low-dimensional vector
and studies that focus on the triad transition are described. Finally,
dynamic network analysis, such as information diffusion, is explained.
Chapter [3] we propose an index to quantify edge influence in the network
growth process: the Stimulation Index (STM). The smallest unit of network
growth is the appearance of edges. The appearance of an edge
simultaneously influences the nodes to which it is connected, and stimulates
the appearance of new edges. In other words, network growth is the result of
a chain of edge appearances. By quantifying the influence of each edge, it is
possible to detect important edges in the network growth. Based on the
linear threshold model, which is a type of information cascade and
information diffusion model, this study attempts to quantify the number of
subsequent edges as influences. An evaluation experiment is conducted using
a network of information transmission in SNS to show the validity and
limitations of the proposed method.

Chapter (] we propose a method for analyzing network structure change
based on triad transition patterns. In dynamic networks, even if the
structures are similar the last time, the formation processes are various. In
this study, we propose a method to quantify dynamic structural changes
using triad transitions. By counting the distribution of the 13 triads in the
network, we can understand their structural features. When the network
changes, the triad also transitions to a different type of triad, there are 28
different patterns of triad transition. By counting up these transition



patterns, we analyze the structural transition of the network. We analyze a
network of purchase order relationships: PHG (Purchase History Graph) to
clarify the validity and limitations of the proposed method.

Chapter [5] we discuss the results of the evaluation experiments in
Chapters 3 and 4. We also discuss the networks on which the proposed
method works effectively and the limitations of the proposed method.
Finally, Chapter [6] summarizes this research. With the development of the
information society and the improvement of computer performance,
large-scale data has been collected and utilized more and more in recent
years. In the field of network analysis, there is a need for a method to
capture the dynamic features of the network. In this study, we proposed a
method for analyzing structural changes in network growth using the
Stimulation Index and the Triad Transition Pattern. We conducted
evaluation experiments and extracted influential edges in network growth
using STM. The validity of the proposed method was shown by extracting
product category-specific growth trends based on triad transition patterns.
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RS ETWL., IIa=T 1 OBBHILKIE, 2k - 2HRER» SHIEEZ 3%
o, HERAEGEZMIEITOTIoRIBBILKRZED. £oTC, 2I32=710LV
TEAY VT =2 2EKDBERET B720121%, ZEMOI—FDRERORKESE &
RO THDZEHE I -V —2RL X SRIEMAEEL2BRT D, HBERHED
HEEAEETHS., ZOL5Hxy NI —IREDEBE»SH, ED LS
WIEENEL K DEEZFEIE, KEICEBTA3002HSMITBE I EHH
Ths.

B U7z FuvAid, BHlEE (Zy V) »EENICHEET 2B R R Y b
D=2 RnEE. KT, ZOXSBENRY NT - h 5 EERE
Wi (TyY) 2T 22 2HME LT, Ty VOHEREERIETH D
Stimulation Index(STM) Z#£ZE L T\W5. STM i, HWAAD S AN & EH
NZERE T DI A AT — FEHREZRX—RIZ, HETY VO ENEHRRTY Y
DHEIEZ D82 B U EETH 5.

¥7z, STMiE—#HDO 1y N7 =27 EZANE LT, TOREBRIZET
LTy VD EERERILTAEDTHD. Tiabb, BIZHKAEL ZBERILEP
3y M7= BEICHT MR WA S, U LEBOIGHTI, =Ty
DOHBRISTHENNEDREDZDD, TORT VY ILEHID W, T2
T, Ty YVHBEREOREEZHWT, MROFEEHHEE D AEEMIZ DWW TKR
95 BARNIZIE, REHOOE R BRER U 72 -y & STMIZ — & D FHEE
WhHhdILERT.

ARZEOHBIZIRDEY TH 5. 1) [FHRILH A Y b7 —=2IZBITFH Ty VH
HEE2EE/T 57200 Stimulation Index(STM) ZE# L7z, 2) =v VB
RFDRHEEZ AW T, fKD STM O FRINHEETH S Z L 2R U 7.

AKIFRDOMERIZIRD LBV TH S, Amizhix, BRAMTCHREFETH S
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Stimulation Index & k ¥EHOMEIZ DOWTEIHT 5. B33 TIREFEDOZ
WM BT B 72 D DEBRZLEHCOWTHI L, BR.AHTHEEICIOVWTHRA
%. SRS TIET Yy VHBIRO kB OE LR STM ORIz D \WT
HIH USROS CERERIIOWCHRT . RBICBEBIAH AR SE
DIMEIZONWTE LD B,

3.2 Stimulation Index MR

Z 2T, BEFETH S Stimulation Index (STM) OEAK T4 TT7 &
TNTY ZLIIZDOWCHAT B, 0d, FOIITHE > *v b7 =T HGEIZD
WTHEBMT 3, 9, ZZTHHSDIFT Yy VIZAAODAERIY NI —2 T
Hb. £, 7r0—ERIIOVWVTEHBIDES 1L, 2a—H—A%2a—¥—B
740 —LTWVWHLEE, -V —AF2a—-¥Y—-BO7+07—ThHH, 21—
Y—Blda—HY—AD7ru1—ThHbL7 5.

J1-5-BoOJA07— 1-H-A0JAO0A(—
I-YANI—YB%EIAO-LTLD

K31 7487 — 7404 —0OfI-—YF - A22—YF—-BE£740—-LT\W5LE a1—¥—
AlF2a—¥—-Bo7407—ThHH, 2—YF—-BlEa—HF—-AD7+01—-Th5.
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3.2.1 Stimulation Index DEAXRMLRT A T 7

R U7z &k 512, SNS TIHHEIZE K D2 —F =12 LB EHAEEIITDLN, KEa
RIEWAIKED =Y =~ L TV 5.

U DIZ, HARZEHRILOBEIZ O WTHHT S, S TIHEREE R5 21—
YP—DEREFRET DL, TO75x0 7 —MNEREZZITIDZEI - -1
5. Zfga—Y—IZIF - 72 1E#RZ, HIZHEO 7407 —~NERETH. Z
DEZEL—V—DPREI—F -5 BEPEVRING Z LT, HRIT—A
DRELI—Y—DoXY NT—=2HDELL DI—YF—~"LIHTS. ZDLD
ZIEHRAEBF IR T 2R ZIHHRA AT — 8 [28] LK.

ZZTa—¥—%/—F, 2—YF—-[oERzELZAERNITY LT EHL2Y b
T—0%EF25E, WHBRAIAT—FRIX, 5Ty VOHENPERT I T Y UH
HEFERTHIEVWZRSE, TLUT, HEMIZAY b7 =27 DBEZ LKL TWL
2 M= EZEVWZS.

DL EHFMICHBET LIy VYRR 2TOT Y VX, KfTUTHILZ
Ty YVDEEBIZLORELZEEFEZONS., TR E X, KL TIXEN
2y T —=2ZIZHET A Ty VN, RINICEDRET Yy VREHZHERT LD
MZEHT 2. HHRILBE T VOMETE S HO SN SEIERBIMEE TV [29] %
LU, 2y N —=IBEIZBITS Ty YDE )% €&k U7~ Stimulation
Index(STM) Z2%d 5.

STM OEARLT A TTIZDWTHHAT 201, RO FE2EHMT S, 1V
fy—ooa—Yholing ) — NESGE2 YV, BBRORKIE /) — N 2(E
) — RODEFERT TCRINBFEREEOLY VEGE E LT D, HRAY
NT—=2G=W,E)2EZ5. 20L&, KTy VITIIMBIERT ICH>TT v
T I ARMNET S, FIZIE, Ty Ve WRAIZHETE T Y Y THD, TV
‘\/‘\62 CiI‘Y“/eg,Jib%%KtﬂfﬁTé

STM DAL T A TTIZDNWT, 420D —AZH{ICHAT 2. K [3.21%
BOEANLTY VOFEHKTHD. BflOEHRKE/ —FNiZv, THD. £7,
J—=Ruy o oEREZITRD, ThEHEET D s~AEEELTVWS, Z
DI vg NOERZETH DI Y Vex i, v 5 v NDBWZIET Y Ve I
FoTHERKINIZEDEART. ZOLDIZ, DEIZTYINERLI-EHRT D
Ty VERANIZSTMDAIT (STM A7) &35, ZTIZTlke ®STM
AATIESTM(e1) = 1275, 72, e IO T Yy VITHEEZ G Z TR
DT, STM A2 7 STM(ey) =0Th 5.

FEBOEITZY VPO L TRET Y V2B TEr—ATH 5.
F9, J—Ru3ld, vy 2 oEREZITE > 7-RIZEET D — N o N2 IHR
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ZREFLTVWD (e3). DD, g DSTM A7 % STM(ey) =1& L7z
EZATHBEN, TvYVesWHBTAHNZ, /—Fuzidv 2o bIEHREZIS
WMoTWa., ZOK, TyVeyide &ea DML THELEZEEZ B DA
HRATHZDT, 2KODTYy Y TSTMAAT 25 FE528eT 5. o1,
B [3.3[icB135 STM A3 71k STM(e1) = 1/2 = 0.5, STM(e2) = 1/2 = 0.5,
STM(e3) =0 &7 5. B[B.2FAKIZ, ez i30Ty JITHEE 52TV
HSTM AT 1L STM(e3) =0 TH 5.

FWTHE B YD E>mr—2i1zoWTEZ S, ZHETHMHL A HETSTM
AAT BBZDE, Ty Ve FHMTey 2, I 6IZes &L Tey 2%
FLTWBHDT STMXZ??CiSTM(el) =14+ 1/2 =15 TwvTezlde &4t
ey ZAFELTVWEDTSTM A7 STM(e3) =1/2=05&7%5%. L»L
ZOHETHE, RIcHBE LDy VORE VR OGIT2DT, H\nIy ViF
ESTMAaTHKRELL>TULES. EREOBEMRILHMBIR 2 EATH, HEE
WIZEDENDAKGE L TR BT S Z & IFHENTIIRW., T2 THED» S
DB 2 Z T THEBRIEEZITV, TORNICEREEEZZIT R, ZOER
EREII R BERANA T — N ThH B AT, BARRIZEHAT S, £9, /—F
Vo lX v PO DEEEZITT, /=R NCERIZEERZITS. TDHK, / — KN
o PO RDDBHEEZITT, SEIEL/) — Ny NCHREEZITS. ZORK,
Vi Dy AT ETIHR S TWEWEDE T 5. Thbb, TvYe [ ZHMTe,
DA%, FRIZZY Ve lZHMTey DAZFEHUIZEEZ S, Wiz STM
AdTIX STM(el) = 1, STM(@Q) = 0, STM(eg) = 1, STM(€4) =0 213‘5

B.5| XN Ty VHEROHITHSE. DT —AIZBWT, HRBIE
J =Rl TH5B. T/ —FRuduy 2oEREZITERD, TnE2EEET
503 NEIEET D, T T/ —Rug Doy Mo EEZZS, u~Ne@HEr2 52
5. ZITHRADZYIDSIHIZEZR S L, ez lJMLICEEEZ 52 TVWRVWDT
STM(e3) =0TH5B. HWT, Ty Ve ldesZFEFHL TWVWBED, STM A1
TIESTM(es) =1THB. TYTVe ZDVWTIE, b U7z &S ITHEHRILEUIE
I—HE T OEREENEIET DI LI L >THET S, e 1S ey, e DD ey
CHPENIIHRELZD Yy ITHYD, e DRITFTNIERE LR P72y VTEH
5. £oTxZyYe W FHEZENIT eo, MENIZes ZFHLTVWBLEARELD
T, STM 23713 STM(e;) = 2 £ 3 3.
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€

STM(e,) = 1
STM(ez) =0

3.2: STM DB EEARMR 72 = v T FEF

STM(e,) = 0.5
STM(es) = 0.0

3.3: STM ORI DFATT v VI X BT v ¥ DiEHR
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STM(ey) =1
STM(e,) =0
STM(eg) =1
STM(e,) =0

3.4: STM OHI: B2 B HERAAT—FIZ LTy VikH

o -0-0 -0

STM(e,) = 1
STM(63) =0

3.5: STM DBz 72 = v %
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3.2.2 Edge Relation Graph ZF\W 7= STM R 37 DEHF%

ARIFZETIESTM A7 2B T2 2H720, T4 7T 7 %L 72 Edge
Releation Graph(ERG) 2\ 2. £3, 74 Y77 7IZDOVWTHHT 5. J
AV I TFBEDT T T EGDITYy IR ) =N, J—RE2ITvIVeARRLE
TI7ThHd. VVIEGEILe LCEXELTDE, GDIAVITTT
T L(G) = (£,L) L EHTES. FIZIELG) 2B VT ey = (vg,1) € €1
er = (Ve,vg) € EWTRUT, vy =0y DRFIZHY Y2 %5kD. ZZTLG)D L
YOGDEEKMT B0, MiEERY VY, BEETYVLER L(G)ITEW
T, Ty VY VI TREIENTVS.

mBAY MU= DRRHERBICAEVERET S I 2FREL, e e IThA
UCCHET 2L WS HfEMATws, £2BB21MHR0RHB.4THIHNAL
&I, MmAERIIED THBREZELLEE, TORBUIEZDEHRA
AT —RTHBLEZD. TbH, eg = (v4,0) € E M ey = (v,vg) € EIZ
SUTHY Y7 2FDODIE, vy = v 2D e, = (vh, %), ey = (x,0) ¢ E D
s<r<y<tD&ELTL. ZhiZkbh, HVT vy IO STM A 27 ARG IZ
LB, Rt TIE, ZORMNEMA 7 7E2/EKRDTA VT
77 L(G) £ XA 572012, Edge Relation Graph(ERG) ER(G) & X,

B[B.6icA YV YFNT 57 G eEDERG ER(G) Oflz =Y. £9H[3.6(a)
TORBHRILE DRI O WTEIAT 5. BRAIOBERFIE, — Ko, TH5D. £
T/ =R Do PoBREZZITAD, I6ICETNEEHE) — FALRETS.
Tbb /) — RNy KO vdld vy Do EREZZITESE. 22T/ — Ko o
J— RANCIEREZEZEEL TN S, #HIZH UL THEHELZE X TV
WweWwz s, —hF/—F vg 13X vy A Us MOEEEZIF, T 61 Vg, U7 N
B EHEZTWS. ¥ 7, V6 =8 () 75‘6?2%’%%67‘, Vg NE B EIEEL T
W5, MATHOEHRAI AT — R LT o DO EELZIT, vy~LFEr L
ATW53, RIS 2 &, BRI v 225 vy NDOREIRIZE eq 23,
{ea, €3, €5, €6, €7, €5, €9} DIEWIRIE, TROLT Yy VOHBZFERELTWSL I &
W MN5.

IhEEEZ, B[3.6(b)® &> Edge relation graph ER(G) 25T 5.
e1 = (v1,v2) & eg = (vo,v3) H vy ZNHNLTWVWAHI N6, FR(G)IZEWTIE e
MO e NEFHITYVEFGLK., 2O ITAIVITITTOMIEEATLEIL
T, TvIDFEHK - WERERLCEOHEMGRE KRB TE 5.

BIZIE, TyTe ldealesD2Ty YOHBIZHELZEZTWS, -,
Ty Vesldes KO e i) VI 0B B0, 2Ly VIZHEEZGATVWEIL
73’53\7\)’5 ﬁﬁ%&:l‘7964:€€5, €6 6:;'2['4”)?/7755‘&)%)@’6, ued=ql)] 21‘7‘\/“03
WEBEEZTWD., $hbb, TvyVes L ea BT U Tes KO egD2T Yy
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EHEHELTWBIERDNE. 201D, BIITHEREARLLESIZ, Ty Ve RO
ea DFFELLT Yy VEEFITAEWN, 1/24+1/2=1L7F5.

$7-, B.6(Q)Dey icEHTRE, —Hes & es DHEEZIITVSEIIC
RA5. ZHhEHWTy VOMENIEY LR KT DI L 2EKT 225, Zh
FBERNREL TR, TITRATERARZE ST, e5lder COAKEL,
T D es LIFBIRARS es Dleg KEBE LA TWD L ART. IhEK
ZRT ERG THBEIT 2Ty Ves DY v o ilder, Ty Y es DY V2% e
7%, £oT, e5 kW eg ®STM 237 1& STM(e5) = 1, STM(es) =1 &
5.

mz <K “C“%%Fﬁﬁﬂbf:cl:5¢l, e3l& ER(G) D e5 X eg D K D ICTEEZEN
LTy VT TR, {er,es,e9} DK DRI ENR LT Yy JIZTOWTH A
{%yl./f\/\é —3—7‘;}37})% €3 =g {65,66,67,68,69} DHITY f/%lﬁ?ﬁ : Féﬂ?ﬁﬂ’gﬂ:%‘;%
LTWdEWxd, IN6D0Ty Vide llkoTHRHPINTWEZ 05,
%2%’51‘7 ‘\/ﬁ%ﬁ\c él\Of, €3 et 64®STMX37Ci STM(Bg) = 5/2 = 2.5,
STM(ey) =5/2=25,75.
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(a) AV IFNLITT G

(b) Edge relation graph ER(G).

3.6: WEHILEK DAY Y F N5 7 KU Edge Relation Graph
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3.2.3 Stimulation Index ®EtE 7L T X A

ZZTI, STMOFHET LIV ZLIZOWTHEIATS. £93, Giohr
v b7 —2 G % ERG FR(G) T3 5 HERIZDWTEAT LS. GO{ET Y
VeelTDOWT, e,eg,...,ep £RAH XS HBRHOANEIZT Y Y DNEF %
V—hTB. Z0rE T=||Thb. 2200DTy Ve, ke, 5BB.2.1HT
HHUZ AT E, (= (e,0) DESIZT Y VEARY Vo THFET
%. MEOFIET, DAGHi% > ERG ER(G) 25T 5.

Alg. Mo 717H 304THTIX, &/ —Rovec VICB#ET 2Ty VHOEFRE
RKDBH. & — R oIl LT, out-neighbor(Forward i) OffsE ) — NESL
F(v), in-neighbor(Backward Jj[f]) DFRE / — FEE B(v) 2HEL, Zho o
Ty VEFa— QIIKMNT S (9-1447H). HW\WT, HETvIDT7 I 7 E2HWT
ZTDITY VN —RoD|MALY VBRRETy Iz HEd 5 (10, 1317H).
Fa—Zz2HERMEORIEIZY - L (1547H), Ty e, 2Ry UL (1717
H), TvVe, F¥Fa—IZBIhTnafiozy Ve LOMEBREHFRNS (20
~2THTH). Ty Ve, DT TN+, ThbE e, v D in-edge TH B5H,
v DIRFEIIIER 2 ZIE L TIHRIFEL 7= Tstored) & 725 (18~1917H). v DIREE
W [released), 72D e, D7 Z7 7D +1 DIGE, Zito VERIZIERE FKEL /-
ETe 2N UTHERZEZZITN-7-Z L 2EKT S, T0bb, ¢ & e, l3HARD
HAT—RELTHRbNEZD, 22T/ A%2K 735 (21-2317H).

—F, TuVe DT I ITN1DGEITIX, e e BRAI—DHAT—RE LT
H’eo. VIEELIZY VD (e5,e) ZIBIIL, v DIRFEZE Treleased] IZZH T
5. TN o RELEBREBE LI 21225 (24-2617H).

RIZ, FTvVeec EITNTBHSTM A7 STM(e) DFHREFIEIZDWTEIHA
5. Z227T,0(es) &Z(es) 2, TNEN ER(G) IZ81F 5 e, D out-neighbor,in-
neighbor DEG LT 2L, e, = (v4,m), Oles) = {ey € E;4 = (es,¢4) € L} K
U Z(es) ={e, € &0 = (ey,e5) € L} &T25.

T/, EEEHREL WDy VIIxd 2 STM 2 a 71X, EHEERT % out-
neighbor (ZX9 5 AIREOFHDEEFE LT, IROKDS »i‘%éﬂ%.
—~— 1
STMeg) = .
( ) ete%:(es) I(et)|

Alg. [t| 0 34 30 H S, STM(e,) DHEIZHEY, e, It k> THERE S
Py VORERLTWA. iz, BEMICEELTVWAT Y YO STM 237
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STM(e) % FIRIICERT 2 2 LT, BN STM 237 25T 3.

STM (e;) + STM (er)
1Z(es)]

STM(e)= Y

e Eo(es)

(3.1)

ZOHRERIZBVWTI, BTV VDSTM AT %2HET 5720121F, T
DY IVDFFHRDAIT BT HIHENH D, £->T, STM ZH %2 RIET 5
BRIJEME SRR C ILH DI CTREBEL TWL., HF4DT7TNLITY ALTIE, TV
VaRFERBBORIEIZY — L, AX v T SIZKNT S 41417H). 2Tk
D ER(G) ® DAG f&ED THHA S, 2 TOTy VIZH UTIEFE LS 7272 AT
&% (43-4817H).

ZOT7NTY XL, Brandes BMHEE U ZIEEHLTY — A — R o ftig~
DIRFZZ T\, FEROYNEIZ A 3T 2 BIgRIZEH T 280 7L ay
AL LTS,

33 F—4%tv b LBRFE

ZZET, STMOT7ATFT7ROETNITY ZLZDODWTHHLTE . Z
1%, $B[3.48 K 0E[B.5|81T Stimulation Index DFAMi 2475124720, F—2&
v b RCHBIZHW S FUEFBEIZ D W TEHIAT 5.

331 AIMICERLEZZ74O0—RYy NT7—095F—%

ERAH T, HHRIERDOY I 2L —YavEFY, STMAR Y N7 — 2K
RIZBI2Ty VOEZEEREE UTHEET 20 5HMiid 5. AT, HHRL
MyIal—rarvDzbIiZSNSO 7+ u—F@ReE2HELZAL74r0—% v b
T— 2% ERT A, Tau—2v bT—2%, AT7—L7) -, o
oo T aBEERF OIS N T VWS, ZOE&GRZT Ay VT — 24
JE T & LT, Lancichinetti - Fortunato - Radicchi Benchmark [71] ® LFR
EFNEHWE., LFRETNVIE, 232510 EOXAZTHISNTED,
J—RORBETIa=T 4 HA X (A 2=F A KT 2 ) — R R E TR
HNZRWES 2w N7 — 2 ZERTE . SHOFERTIX, LFRETILDINT A—
g2ERBIDFELL, 500/ —F, 1138 Ty, DI I a=F 1 54
MRy NI — 2 RER L. BB, J— REUSD 8T A — 213k [71]
DRFFEREDOHIIAME & Fkke U7,

CZTLFRETFTNVTERTE LD E@NLXY M7 =2 THEH, 70—
BRI M - A D 2 FEEAEAE L, SNSIZT & - THZ 5. Twitter X Instagram

*LRBI DR E AN S VEE
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Algorithm 1 Stimulation index

1: Input: G = (V,€)

2: Qutput: STM(e) Vee &

3: // Constructing link set £

4: F(v) =A{w;(v,w) € E} YveV

5. B(v) = {u; (u,v) € E} Yv eV

6: L @

7. for v eV do

8: Q «empty queue

9: for v € F(v) do

10: (u,v).flag < +1; (u,v) = Q
11: end for

12: for w € B(v) do

13: (v,w).flag < —1; (v,w) — Q
14: end for

15: Sort(Q)

16: while Q not empty do

17: Pop e, + Q

18: if e5.flag = +1 then

19: v.status < “stored”

20: for e; € Q do

21: if v.status = “released” and e;.flag = +1 then
22: break

23: end if

24: if e;.flag = —1 then
25: L+ LU{(es,er)}; v.status < “released”
26: end if

27: end for

28: end if

29: end while

30: end for

31: // Calculating ﬁ]\/ﬂe)

32: O(es) = {es; (es,er) € L} Ve, €&
33: Z(es) = {er; (er,e5) € L} Ves € E
34: for ez € £ do

35: §ﬁﬁ@geo

36: for e; € O(es) do

a7 STM (e,) += ity
38: end fOI'

39: end for
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40: // Calculating ST M (e)

41: § + sort(€)

42: STM(e) <+~ 0 Vee &

43: while S not empty do

44: Pope, < S

45: for e; € I(e) do

46: STM (e,) += STHL)ESTMe)
47: end for

48: end while

ZBITDE 7 A0 —HGElX, —HBTO T A0 LIZFET BER T A —
Thb. a—F—i@FFErzahicro—ARIc 70 —d23Z MR TE5 [z
D=, =Y —ANP2I—HY—B27+0—LTWVWENRLHLWVW-T, I—H—
BWRa—H—A%27+0—=LTWVWALIEFESLW. 2022007+ 10—ERIX
HOBERTHD. 28, AL BRBHWIZ7xa—LTWAIREEIX, —i%IZH
H7xa—YEEhs. —J, Facebook 283 7 + 0 —fEREIZ M7 + 0 —
Thd. 2—V—AP2—HV—B27x0—F58I213Fd TRKEHE 2%
D, 2—H%— BPHEZHFHTNE, WEOMICEAMD 7 +u—BRMEL 5.
Thbb, a—HF—AR2—YF—BZ271r0—LTCWVWAILlE, 2—¥—BH
I—HY—A%2740—LTWBILEEMETHS.

AW TIE, HBE.5ET Twitter DXy MY —2 2FEBAEELTWE I L
X, MORAASL DXy NT =7 NDHEHEHEZEL, BER7A0—%Y T —
O RBELEW. 22T, LFREFTAVTERLUEER R Y VT —2 2 AH %Y
N7 —=2ZNTd 5. BARIZIZE T VAL A —212&> Ty VD fA%E
msa. ¥ —Ru BT —REEORS T VA LIZ1I DD/ =R
ML, BEIT2Z %2 HEFEDIKRY., DL E, ud b v NOBEITGL
UT, ARTYYVe=(u,v) 2HET 5. AL2DD ./ — FOMAHEDLELEL
BT 256121k, HERBEOZWAMZERHAT 5. &b, HBERELFE L
THNWENARDOT Y Y FHE7AE—), FVXLADA—7 THlELR»P- 7
Ty VIOV TIE, e = (u,v), e = (v,u) KOMAEY 7D 3FNS T VX L
WHRAZRET S, £T3Ia=T14 0256520/ =2/ — K& LU TGEY,
BEjEEE H =200 & L7-.

*2 728, Twitter ¥ Instagram (2B BT AT Y MINATY v ZREE 754 R— MREZLEIIKETE S, HHR 7 #
H—ENT VY IR THIY MIHUTORMTRAD. TITAR=—DRTHIY MIOWTIE, 74— [74r0—
VIIZAN] ZENU, 7484 —BNEFN2HHETEIIETTI AT —BREAEILTS. ZELIOHBE ATV 2T oy
FAD T u—[k, AA7A0—TH5.
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#3.1: LFRETILDONRT A =X

NI A—=2R fiE

J— N 500

BT AR DFEEX 3.0
IIa=F Y1 XHHEOHEK 2.0
SRR 5.0
AIa=F14 Y1 AXADFE/ — N 50
AIa=T A NOITy VHHE 0.95

3.3.2 Higgs Twitter Dataset

EB.AETIE, Ty VHBROREED SIFRD STM 237 2 FHITE 55
MEtd 5. PHIFERRIZIZ, Twitter D1 VX 52> a v &I L 7z Higgs Twitter
Dataset Z FHWWT WA 728, AREITIZZNIZOWTHIATS. 9, Twitter [k
THOZ—F =L PDED T57-OITIFFEIZ3ED ) T34 - Avyay:
VYA —NBPEFEET D, VTITAFMEDY 1 — NI T HRIEZEKRT S, A
vyavIiFEADOY A — R THEIIHLUTERTHZETHD, YA —Hh
CHFOL-—YF—ID AT EILTHETS. VUV — MIEDOY A — b
AEHSD T AT —ANE VT T H5EETHS.

Higgs Twitter Dataset {%, 2012 4F 7 HIZFE R S 117z Higgs M FIZBd 5 Y
1= DAVERTIYay (VTI74, Avvay, UVAL—N E2ELED
DTH5. BfRIIZIE, lhe, cern, boson, higgs mEDF—T— Rz &L 75
1, Avvay, UVA—=MIDOWT, BfEa—Y¥—, XfEa-—Y¥—, &l
ZNELTWA. IEMMIZ2012FE7THIH»S 2012 7THTHTH 5.

ZDOT—=REYy "D SERILHD XY MU — 7 2FEET 5 FIEIZ DWW THIA
T5. KAt —F—uDPa—F—o ANV T34 0A T arvrzikde, ub
SuonNBRTY Ve = (u,v,t) WEBRING. T2V RTI7Y avyDIHE
NEIZ#EDRT Z & T, [HRILIE R T 28Ny VT —IBHEETE 5. K
e TlX, 1252 a OEINZ3IDDRY NI =2 %2REEL-. 7=,
T—X2y NORBIZHEBTEI VRT3 VORERLT IZBT5HRKD
g5 EAE Ak 4y 2 il U SEBRIC W 72

B2y NI — I DBRMER T I2B1T5 7 — R, Tv Vek[B.21TxRT.
T—XEYy hHIZIFEFEIL /= RRT7TH->ThH, BRIEGLNHREORLUEBHT
L% ELT Y VNFEMET S, AMIETIEINEZT Y VOEATIERL, lxoxy
VELUTHLHW, TORET Yy VEAFHINT Yy VB KL LTWS, FHT Y
VBIZZDORL ) — FXRT7EIZHEBE Lz Yy V22— 21282 EiFl-ny Y
BTHb.
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# 3.2: Higgs Twitter Dataset ® % v b7 — 7 #f

AR vay xy hU—=2% =R EHTy IR BTy UK
V754 Reply-NW 1,233 1,622 1,971
Avvay Mention-NW 31,947 44,566 51,472
YA —h Retweet-NW 45,804 62,817 74,380

3.33 HRICAWSRIDMIER

AREICTIEEFHMEER D LB TFIE & U TRV A BRI DOWTHET 5. &
WZE T, REFUOE, SERETULME, BT R Rk E ULTHW S, 272
L, Zho 320d0MEIX/ — NOEBEEEREETHL—FH, STMIFTY VDHE
BEHEETHS. £2T, /—FeZvVERERIELIAVITIT7L(G) &M
WTTy VoHWMEERIIS. 4B, Kl s ITHBT2IFTy Vide,, HERZD
FAVIFNTTTDAFY Tay MEG,, FAVTTTDAFy Fay b
X L(Gy) = (&, L) b RENB,

TR, BEPEORE, M EEEER S TWEANERTHEETDH
5. EEEHREZETE D ANEDRL WVIZEERILBADOHERE S < 25bD L
LTEELEZ. Ty Ve, OWEHME DGCy(ey) 1, es DIXBE T VT 57
L(G,) 2ROy VBD>H, BT 2Ty VBOEEL LTIRD X5 IZEH

3 5.
{e € &s; (es,e) € Ls V (e,e5) € L}

DGCy(e) = T

(3.2)

LM, BESMAE TEANIZ EORERW»Z RTHETHS.
fF IR WVE SRR E, OWTIEERIEBDPAEZ IR UTGEELEZ. Ty
Y es DIEEHFIME CLC(es) 1%, 742757 L(Gs) 1285 e, i ofid Ty
Vee&\ {e} ETOFIHERE d(e, es) DWEE UTEET 5.

C’LOS(es):<S_11 3 d(e,es)) . (3.3)

ecE\{es}

HAFEE, 2y N7 =2 EOITERIZBVWTHEEL T 5 KE ORI 2R
THRETHS. UMrdhd e ERLDIIa =7+ 2ERIZERPITEES 2L
mHEZEMS, BEEEOGVWI Y YVEZMEPTEL2L LUTEELEZ. Ty Ve, D
BEATRE BWC, (e3) 1, 54375 7 L(Gy) KBWT, e 75 ¢ ~DRki#
Bosle, > e)DIB, e REHT DRI o5(e, = 5 = ) DEIGDORE LT
EFTD.

BWC,(e) = ———— % 3 Toler = & =€) (3.4)

(s =1)(s - 2) ercE\es} ercE\les,en} os(er — et)
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334 AXHERTHKIRY hT—7

FMEBRIZFHNE 2y T —ZI2DOWTEBHT S5, AMETIREIZ 7 A0 —
2w N7 =2 LIERIE A Y bV =2 2 F->TWbB., 740 —%Y b7 =21k
SNSIZBII 22—V D7ru—EzREHLZEDTHS. AR TIEIINE
D DBEN 3y N T =22 LTS,

ZUTTA0—%y b7 —2 LCBIHE N3 IR & 5 BILEC »
T =223, TROLIEWILE R Y b T — 2 L ZERCEELT S 5 v b
U—sChb. REFHROMATHS HEI T35y b7 — 2 (SHEILH S v
FT—=oDZ efRTEDET 5.

3.4 Stimualtion Index D %M1
341 Ial—2avils s ERILERINDIER

Aiclx, BERIUMTERLEZT7+u—3 v N7 —2 % AW CHHRILEHD
vIalb—YarEFS. MRIERETS VIR LT €5V [2030) 2, / — Ko
B72774 74235 LK5IZHE L2 SIS- LT ET V2 H WS,

BER2AWMTHMH L E D12, —MBALRLT ET VDR FBNMNIRDEB D TH
5. £9, BHRIRE 5 — R2EIRUBEET 5/ — NIicd UEHROREE 1T
5. ZOWK, REEHE ) —RKhoZEH/ —FANE—EOEANEING. 25
#/— RNiEZIIH - 7-EADHD, FO/—REIZHIYTSNZL S WEE
BBR756, MOATY TIZBWTHEEH /) —I~eZf (72571 74) L
e d 5 /) — FABEREEET D, EEH/ KPR RL5ETHROIKTZ
LT, WHIEHEY I 2L —bTB. 2O E - ROREER IZIE, #IHHE
TdH D AIEMRFE (Susceptible), fWEE%ZZITHD 727 7« 7L U 72 &Gk AR
(Infected), PRz L 7-[01HIRE (Recovered) @ 3 1RAE% FF Dy HI&LL €
TILVDSIRETABHWONS. Thbb, ZITHoZEHANL EWEZ B
T, /—RFD7 277« 7 (Infected) 1272 DIEREZXET D L, ZDHBITNERIL
Uz D 540 (Recovered) / — R &7 5. U UEBOBRILETIX, Y
JELIXERRD, AU - =20 K UIEHREZRETHI LRI S5 5.
ZIZT/—ROREERIZ, 77571 7IRETHEREEE UL, 77574
TIREE (Susceptible) IZFK 3 SISETF IV EFHTS. 727ZUSISET AL E X
N7 — G2 & > CTIIERBZZDOEBNL — TR RELS> 5. 22T, BT 72
T4 TTBEIZT 2T« TDZODO U E WMz LT3 Z & TREMILEZ IX
RIXE5., §40bb, HHRBEZTHIEICREIBEHRBET 57200 L S WEHN
B, Whif TEREIcfE 5] R2HHT 5. BERICIE, 7 —Foogi
Lx Wiz 6, BT 25+ TAR80,(0) L 25T 5. LT, jEEHOET 2
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T4 7O L EWER ) = (1+000)9—Y e %7

XS IZHEDOERILEIL, 2y b7 =7 2RIC—RITHEET 5 Z 21340,
BLRBONME =V —BICR R 00, TS MYy ZIZHkDH 5 21—
P—PaIa=F4 2R NIHBR LTV, 2T, @BEOYIalL—Yay
WA T, BWIEHORELPT I 2moEEZYIab—rarviEird., kb
L7z SIZSIS-LT EFULTE, IRTD/ — KBTI TF7 4 7DD L EW»
Bo, 2>, ZNIZHUIR RIS, 2R D2 LT, HRIKEIZBITS2—
Y—DHEDRD 2 KRBT 5. HHRILHEZHBELP TS LEZW — NEAEZ V;
E3BHEE, J—FoveVs DIRYIRE, ZIRD XS ITERET 5.

sl v e Vs
5 _{ \V\‘H}Il\’al vé¢ Vs

Z D 0 REIIRRD ) — RIZIFEBRVPRNR T b —F, WHsho /) —

WIXEBAMNIZ S KRB LD ITRESINTTWVWS. 2, @RIz
BHREZBEDY I 2L —vav B3R FRADZEZOTHD. -0 1R
0y DRI, WR—FREEV; DA RZE>THREI NS, V=V DL &,
by =170, 2TO/ —FORLFBELFLVEFEY IaL—Ya vy U
WEWRD., ZOFIHIZE Y, fF-o 72 HRILECRY %2 3@ OIFMILHCRS & 1%
XA U DG HEZTIER T 5 Z &N TE 5.

BB DY I 2L — F HEIIOWTHIHT 3. &/ —Rove V]l ol
IR —Re L, ERUASISEF MLV IERIEHAZY I 2L — L &
TDJ — FDOIREHBATEM: (susceptible) 12725 &, HHRILKDY I a L —v =
VEMKTL, /J—FROT 7T« T as(v;G) £ T 7T 1 TibUTz ) — REK
ar(v:G) &IV NT B, 22T, as(u;G) EIEOVIELT 2T 1 TbLz ) —

FIZOWTIET 2774 7L R EBA EF5 28, ar(v;G) 372747

fbU72/ = FDA=— I EHRA LIFB I LITHERET S, RERTIE M O
Iab—vavEiFw, mEHOY I aL—Ya vy TEsnz Edofizs Zh
0, as(v;G)™ KO ar(v;G)™ L RKELT B, 72, FABKICE — KDY
EH% 0,5(G) = 1/|V] ey 0us(V; G), 00 (G) = 1/|V]| Xvey 0ur(v;G) E UTHE
U7z,

HEBI3AUMHIB VT LFREFAVEHVWTERLAEZZ7 A 0—3%y NI —2DH
BAEAER AR B.7 123 T. HRRINTWS /) — RHPEGOFY 2E L X7
J—FREEGVsTHY, ZTOHEIL|Vs| =51THhd. V3920 Ia=7«
MOETVRLI1IDDAIa=T 4 %2ERUEZ ZOxrYy NT—=2Z2HVT,
V| =500 D&/ — F—=2F 2% FRIKEE L, M =10HDYIalb—Ya v
Bi7olz. $hbbyIal—yavid&aeEk5000 fifrTcdh v, 55N BRL
BCRHI DI E FHERIZ 5000 THB. £72, BT 7T« 7LfEL0(0) = 1.1 &
L7-.
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B 3.7: ALAy b7 —2 OFHULRE R RN — FAERIEB LT W/ — FFTH S
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342 Ty IUMIC K BIESRILENDEE

STM MWEHRILENC P VW TEHEHEEOEH Ty V2 RETE 3 08id 5. STM
ET Y UPERILH, OVWTIERY NV = REIZEDOREEEL 20 %
Eefb U=l Th 5. 22T, SHIEELCZ7A0—%y NT—=Ih5T v Y
ZYIW U725 S OERILEROE W2 AT, BEEEZFMIT 5. BRI,
TAB—%w hT =2 GE@honW 2hozy VM LY T 757 G 2
T5. 2OV TT777 G 2NRIZ, FAROHETHBILHOY I 2L — M21T
5., Ty VERYMTSEEZOMEE /) — RE2FEIBH Ty VEREL RS LD
B, 77T 1 TIEIETH 5 04, (G) & 045(G) IEEIWRTIZ LR TR0 5 THK
5.

INSDETFRREVITYE, T IYWAERILEZ L0 KE<SHELTY
%, BEREE, BRIEBICBITAEELTy VEARES. STM OEW
Ty VaYlidTd I LT, 0u,(G) L 04 (G) DPHIRFIRIZEDS Ty DYk &
DERELPADTEI L ZMERL, REFIEOEMEZEIOT-.

=720, ITNFTHHPLCE LIS IZREFERZFHNT Yy VORBETH S
—H, 7xu—%v b= R3HNLHEETDHL. 2D, e, = (u,v) &
ey = (u,v) DX IITEL DA t,, t, 12, BOEUEUL/ — FHEHEZHEITY Y
BT 2Z D5, ZneE, STMAaTide, ke, TNENIZDONT
HEINE, FIT, INSHDOSTM A a7 2H#HHTy JIZEH L, STM X3
7 DMHEEZ KD Z e CZOMBEIZHNT S, 74—y NT—2 G LD
RO/ —RFoZBWIKE LT, mEIHOY I ab—Y 3 V17> 2BEOEH
3y bT=20% Gym = Vom,Eom) WHIZHEB L = Fudb o ~DF)
WLy V% e = (u,0,t) &RT. ZOLE, BT Y Y (u,v) € £ DSTM
27 QR stm((u,v) ZIRD &S ITEHT S, Zhizk b, STM A7 H
LD TVEH Ty Ve TE 5.

Ay,m = {et S gmm’@t - (U, v, t)}

_ Z’UGV 2717\;[:1 Z@teAv,m STM(et)
V| x M '

STM((u,v))

ERAERICOWTHIT 5. BBAIFTY I 2L — b U HHRILECRS
SHHIT Yy VD STM 2 a7 Ofifiz 5 v F 7 LbDERETIRE T 5.
£z, HEFEE UTkiduntt, Eaduott, agEhoto sy x o2
Wz TR, WL RENLFOERETH S Z LITA, HHRILE
EVSBRIZBEWTHHEELRKH R T EEZIOND I L oEE L.

BIREDT V% Y IMUIT Ty VR L2 0, 725 1 TLE 04,(G)
L TIF 4T = o, (GF) B B8 K OB B9 R . Ml T v DY
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o, I A M) 2 A 2F:0,5(G) K 04 (G') THB. 708, 70y MRIEF
FRIZHRLTED, STM 227 OffE%Z STM, itz BWC, (REH
% DGC, E#EhEZ CLC 2R LTWa. HlXIETy JHWiE =0.1
W&, EFEORaAT7IUF VT EMI0% Oy VEYIM U ZBEOZEA MY A
D% /RT. UIBENPKE L RBIFEFEMRLBUIAEI NG 720, 0,(G) &
(G IINI LR RT V. s, Ty IHkEE=001% TvIzik
LBEWZ L ZEKRTEZDT, IRTOFETCHLEYIab—Ya viERZHV
2. koT, TRTCOFHETHUA MY Z ZDMHEIRINT WS, B[3.4.18T
ML 72 & 512, SIS-LT ETNVIZHB I 2 IHERILIDO L EWE 0, 2 —kRIZ LU 7z
GElimoE-GET2HEOYIaL—Ya v EiTor.

9, BHWIABOLEWME), N—HayIal—y a3 voiER2H [3.813%
T REFIE (STM) 2 W54, ek (DGC) kir#dubE (CLC) i
AT, Ty VHIFRIEN S 505 044(G') & 00 (G) BAELHA LTS
HBDPE. T2bb, ErGTy VOYMPERILBAREHELTWS &
WA b, BEREE, ZotilInzy DIXERIEHICB W TEEE O W
Ty VTHEEVRD. £-Ty VYMRN T < 0.05 A, REFIED 0,4(G)
L 0ur(G) DFARD B X045, TNIFERIEKOEET v ¥ 2 )k
LikbollzdbThdeHEZOND. —F, WEHLE (DGC) LaimfEdaE
(CLO) iE—EDR—=ATHALTWL. T2b5E T XAZYMLTWGE
E3BFEVHKRELEDLS T, BMILMOBEEE S V¥ 7L LTidd <1
BELTWARWEEZ6ND. B, REFIE (STM) LA Fut: (BWC) &0
BIUZIE R ELREIIR SN h 5 7=,

T, BRSO L EWE, MRSV Ial—Y a3 voEREE
ZRT. £9, ®B.8EFERkZ, STM FETTy VYK L2Ga, REHL
P (DGC) BOEHEHULE (CLC) &9 $ 0,5(G") & 04, (G BELLBATEZ
b, £, BB LIFELRY, REFE (STM) & rdiE (BWC)
DEIZHENRSND. Koz v DYIWR i < 0.05 Kl CIEZ D 2D R THE
THY, WBEFE(STM) 2L 2Ty Vki, BAduidk (BWC) Lok
SIEHBILBDHETETWS Z Wb, £/, ZORYMInzZTy Vit
LIdIa=T e8Iz YTHILEZSNS. MAT, HB9(a)nzy
TVUIME#E ¢ < 0.05 EEIZHEWT, Btk (BWC) Id—ER—ATREAD LT
WL —HT, BEFEDSTM 3D B0 TIEH 2D, FITMDOh—Tem->T
W5, FTRLLEAFLME BWC) I Ia=F Oy VEYKLE 57
#iL, HRILEICERT ATy VRBRETETVWARVWEWR S, —F, STM I
AI2a=TAARBIPEETYy VEZMEBTETCWEEEZONS. Lo TR
DDHDHIERILEIZENT, REFHEEFEEZ Y VAR EMNIZTVF I TET
B, TRTOUBFFEIZGUTIDENIHEELTWDE WA 5.

U EDFERD S, REFIRFZEHRILICE T L2EET y V2@EYNIIT VF
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TTEY, Bl Ry N — 228353y VEEBEORMEY L TZYTH S
E\WZR B,
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3.5 Stimulation Index MBI BT RE M

Stimulation Index 1%, BILEC R Y MU= KEVRFEE LB, TOiH
FBIZBWTEZ Y IR DOREORE 12K > TW\W-od, E&IT 5T
H5. U UIcHEZ2EET 5L, Ty YOHBRKEIZBWTZOI Y I
KN EDREHEN 2R ODH, TORTYIY Y IVE2HID 2\, FZ T
T, Ty VHBRSRICB T2 REEEZHWZNRIZBIFS STM A7 DF
BT BE D MRET S 5.

351 Ty IHREORHE

ZIZTIESTM A7 FHIETNADASI LS, Tv Y HBEEEOREEIZD
WCHHT 5. £9, BRBAMHTHHBTEE UTHA L 2o, mi
Huld:, BEATOED 3 FEERZRHAT S, £/, WRPIBRET 5 EHRILEL
IV NI =03y NI —OBETHD I 2EETLE, BHIZEETRER
RMEZRHLZW. L L, BR.2.2ABTEHIIL A & 5T, ik
HAARNPMEVNDHDOD, BHHEEEZNZWD B RFNZRY b7 —7/EL »
ZMBUARWZ o ERENDR W, —FomEdun k& BEAduoE, 2y
N = RERKE B OBREEZ ST 20 THBEL S VD, FHEI AL
EWEWISHEDRH B, £ T, FREIA DD IRBHLMEIZDOWT, S
NREEPE 2 PR U 72 k Bk % v 5.

EUREFDMEIZDOWTEHIAT S, TH2H0EL OERABEIRET 2 ER
kD 7o ATk, BRICHEREEOFEEZFF> TWb / — FHENITIXRERIZ
kG U CIRMIZENRET 2 Re A E W, T UT, EEOERMEEIZNA
TZE/)—F2 N U TCHBRIZELSD ) — RALEEL2E2 52T, ik
Ty VHBEZMRELU STM A7 EEm< Kb, £D7=H, STM A7 DEWNLT Y
V(FE/—RNEeZE/—ROARART) L, Ty VOHBRHTZE/ -k
EEV Y25/ —RiEbb5A, 28y 7, 3y THENERIZEDEREN
b5/ =K KPR FEHETIEEZONS. BT LEIZEENEREY V255
J— D) — NIz T 2EETHLDIZRL, by ThEFETENSE ) —
REAESBUZEOR KRG ETH Y, MDIIIZERT 5.

T, Rl s icHBT 2Ty Ve, = (u,v) D EIREHFLEZ KD B, TV
VAT B, TROBEL s -1 DXy NI =2 2AF v T ay kG =
(Vs_1,E5-1) 2T 5. / — KN u® in-neighbor filiz k = v 7o/ —F
f6% Bg@l(u) ={w € Vs_1;ds1(w,u)<k}, FERIZ/ — F v D out-neighbor
D kky THETD ) — FEEGE T (0) = {w € Vo1 ds (v, w)<k}, / —
Fu&vDEMERELZ d;q(u,v) 235, ZOK, Ty Ve, = (u,v) DkKRY
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70U DGCWY, (6,) = B (w) U FH, (v)| TERE NS, kiITIHE
BEOHRENBEIN, k=108 X kU, @Eouerh k& %L
W ARFEIEBRTIL, 0 kSR & SRR, YOSR D, ST
M, AU % B Y LT STM A3 7 Ol 2 ka5,

352 STM X7 DOEHH

ZZTOHMIE, &MEER STM 2 a7 FHIE T IVOMETITRL, FHIAEE
PEIZDOWTHE L STM OERM2ENDZZ L TH L. T I TAHETIE, #
FMEoESZ2EHALCHBOFZTS. Ty VHBERORMBEZ2HHEK, &
ML T I1ZB15 STM A7 2 HNERE UzHIRE TV EEKRT S, ZD
%, MARETIVOPRERE R? ZHWTZDOMWRE, 7405 STM 227 DTl
AREMEIZ DWW TGN 5. 72, REREBHRICEODESFLEEORVEHZIAS
MZS AAth, BRI & B FRIE L EREDFRZE S BT .

EFILREEE

9, ETIVHEEIZOWTHIAT 5. EENEE FIRBFOE (E=1,...,10)
DA% IAZ T 2 HlalgE 7V, iRRiEE GRBoho M, g, i
i) O AZFHZE L T2 EMIFE T IVERE - RN E O 5 % il
ZRETHEMABETND3IDDETIVEMELZ. WITNOETVIZBWT
t, HNZBIZEZ Yy VORKKL T IZE T3 STM Aa7Thb. £/, &
BEDORENHEZERL, TRXRTOEREHEHANBIZEHRL TS, FEEBRTH
Wb 3y b7 —21%, $BB.3.2BTHELZ3DDR Y b —2:Reply-NW -
Mention-NW - Retweet-NW TH2B. ThoDiry M7 —21%, HBFZINEIZ
BRIEY — XNy YV ANE ELTEHEZoNS., B, =TvIYOHBRH
IZ&BSTM A a7 DEEZRNT S7-0, =y I X DOFR50% B0 DA%
BRI, BB REDOZNTN25% T OO I v JIX R H S Rk
LTWa., ZHUXIRD & 5 R 96 218, sERZ T IZHBEULZTY Yer
T =&Yy MIZERT 2T Y UDBFELBRNZ 15, STM A2 7 HEIZ
0> TLESZLR2ERELZUWHTHS.

RERE

[ E T D PRI R? % IR, M kB ED R T
ke, MERZRERIR?, £ 70y MEDEFVICHIST 5. HRRIHE kIR
e (k= 1,...,10) DA E HWEAR L T 5 BERE TV & k-DGC, L
MR (DR, SEBEROME, A HRE) OB R BIAZE Y 5 EE I E
F V% 1-DGC+CLCH+BWC, $RERHE & LB R O 5 % SN E Y 3
BEEFE S L% k-DGC+CLCHBWC & £l 5. &3, JEdoE (DGC)
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k=10 kB LELEFELNWZ &2 5 1-DGC & UTHIERFELH L TV 5.

IZ Reply-NW DR AR, £7, REFHUELEL L — DGO
KO k-DGC+CLC+BWC @ 2 E FIUIE k DIED K E L 72 5 1F R ERE R?
MREL RS, HBREEDHAD 1-DGC+CLC+BWC I k DfEIZ & > TEH)
LBRWEKTHE-DEMTHS. RENEETH S L-DGCETNVIEE=1D
B i T OWRERE R? IZIEFEITENE DD, k= 10 TIZHRERE R? 73 0.4 F4 8
FCTERTS. —F, HEBERMETH S 1-DGC T IVIZPEREAY 0.2 FLE &
BWEZ RS, UL, ZZICREFEEZMNAS2ZILTE=10IC8WVWTHRE
B R? % 055 FBEETRELF T LIFBRZENTETNWS., —RITHERK
RZIZ0TUEDNIEHHIDODIZETLEINTWESEI NS, ETFTILVEHKED
PRIV EIFVW AR WS DDREREED L-DGC 23EgErm iz k& < HEk
LTWAIZ e nhb.

3.10(b)| = Mention-NW O#ER%Z7RT. £9, k= 1 DRRTHITND
ETFNLVEPREBRB RZEV0TEZBITWSEI NS, Ty VHBBORMEIC
FoTEDSTM Aa 72 FHITETCWBEE\WZ D, £/, --DGCET IV K
O E-DGC+CLCH+BWC EFLVTIE, k=156 k = 2 A TIEHE R? A
RKELBEML, ZORIIBOPRITHEMT 512 F0WHRANS. ZTDI &
5 YRR kR DY E TV OVERER EIZEL TW B & W»
Z25. T2, EDPREVIFEHARBIIRES A b %2FE X 5L, Mention-
NWIZEWTikk =2 TCTHaoMliER EARSNE Z 06 k%2 LLIRIF/NX
KRETBZeDEHELEZSNS. %BE [3.10(a)i2”7 Reply-NW 14,
Mention-NW & R DIRZ W E R L TW5.
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3.10: WERE R?2 OB WTNDO Ry hT—212B80WTH, K BKRELBRDIEFE RZPARESKD
e nnd. FHZ Mention-NW & Retweet-NW Tl, K =2 & U7z EOHNENHETH 5.
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#* 3.3: K-DGC+CLC+BWC % AJ1& U7-BRDOEHEF IR, BREKEZ 0L &L, tRETZD
IK¥ER RH - -HHEDOAZ L 72,

Reply-NW  Mention=NW Retweet-NW
CLC — 0.3571 —
BWC -0.6997 — -0.0659
1-DGC -0.9469 -1.1364 -1.0152
2-DGC — 0.1539 0.2448
3-DGC — — 0.0836
4-DGC — -0.2182 —
5-DGC -10.7392 — —
6-DGC 8.7608 — —
7-DGC — — —
8-DGC 33.3527 — —
9-DGC -39.8219 — —
10-DGC — — —

RERDIRRE

RIZ, EOFBHALEDA STM A2 7D FHNZHFLGE L TWA 2w d 5. b
BB DL\, 10-DGC+CLC+BWC € 5L ORI R & R 2R
. INREROELEEZKMU7ZBETH D, HFEPRKREWIFEZDEL
NEETHLIEWVWZDE., EKELZ(01EL, tRETHEESEDD - I-FHME%
ALENT 5.

%3 Reply-NW iZ22WT, k=5,6,8,91281F % k-Eto (--DGC) D
R IR AR BT IR E U E (1-DGCO), E#HUE (CLC), B stk (BWC)
LHART, ZOMMENKIFICAE NI 2305, B[B.10(@)|2RTH, &
DML EHIL TIRERB R? B EL<R>TWS Z &5, Reply-NW Tldk»
LFEERII R WD EIREFDEDREE LR AR WA 5.

— 75 Mention-NW & Retweet-NW TlZ, 1-DGC Db EELREHTHDH Z
EWbhrb. MATE =2,3,41C81F% k-DGC B, M (CLC) 1
ot (BWC) IZHR B EmWAa T ZRLTWS. 2D Z &H 5 Mention-
NW & Retweet-NW (2B WTIE, k D/NEWEDGC PEEREKRZL VA S.
3.10(b)|E [3.10(c)| ITBWT k = 3 ABEOWRE R DOBNMIIE L1 TH 5.
INEk =5 IEOEBPAERKELZ M-I BNl e FHELTED,
RKELSFHNZHFEE LU RPoT-DEEEZ NS, ZD KT, AR RRERE
DER» 6B, RET BREE LB OMENRSTM XA a7 FHIIZAERITH S &
WZ 5.
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FRME DN RE

By €, THMEOMNEAEZ2FMT 2. 22 TlF, HERKETSTM 237
NELRBEFHILEZYIIZDOWT, YOREOMEND > -ODFHRT
5. FEHMEZ y, FHMEZ o, HNEREZ |1 - (v /y)| LEZRT . HIFE
NOTHE, ELBEENBRVI E2ERT S, OHICIIRBILERE R? D5
W 10-DGC+CLC+BWC € TV O#ER % W7z, Reply-NW, Mention-NW,
Retweet-NW 22D FHIFEAEIZOWTHE RS, ML STM 2 o
TOEPMET X T, MEIHENEREZRLTEY, &7y MEBT Y Y
WZXRT 5. WIRDXy b7 —=2TH, STM A7 DOEHET > F > 7 EAfL
DIy VT T EZEINI W 23005, —F, STM A2 7 EiHllf#
FUFVITRMDIT Y VIZDOWTIERELALTVWEELDNRSE., ZDIZ &
5, TvYHBEORMEZHWZEIFETIIZEWTIE, STM A7 DEW
HEL Y JIZOWTRZTDOAATR I VF U 72 ELKHETE TS VR
5. LML, STM A 7DENT Y JIZDOWTIIHEMBRENKELL RoT WS
Zeho, REFEETEFRVWZ Yy V2EHEHELZLHMHEHLTUESSBENAH S L
WA 5.
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3.11: 1-DGC+BWC+H+CLC € FIVZH 1) 5 THUEDO M8, Rt STM DNEA7, el i3kt 38
#, 7ay MEPRZT Y VERT. EDxv b —2TH, BWSTM OEER T v VIFE EHHR AN
V. THRLLEEEEEEAWEZEERET VI, BELRIYVEZELLHETESL VWA S.
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35.3 EEEME

ZIZTIRHBEFOT y VREBEOHEI A NMIDWTHES. £9, N/ —FK,
TZTOIMNORBErY NT—0%FZ5. ZOeE, WIRFIETHWZmES
VE (CLC) OFHEEIZ O(T), WAttt (BWC) OFtHEEIX, O(N?+ NT)
TH5. FRZHENATOEIZ D WTI, KBEEZ R Y N7 — 2128\ TR 7 fig
ERDLIETORETHS. ©HbAA, ELEEZRDZ FEFIZEIREIN
TWAD, BICERINS 2y T =212/ U CERFEHE 21T 2 & 13%
LW, —f, EREMETH S E-DGC I, MR v IDli /) — KOk ) —
REZAZ EIT52 0DV TNV D 72 DNEIAE .

k-DGC(k = 10), W&o (1-DGC), EfEdnE (CLC), Aotk
(BWC) D iR % B [3.1212 2379, Millidd ROz vy U0MI&HICENE h
=0, TRObLbIy VENRRICBT2EG 288y M7 —2JHDTy VI
ZRT. MEENEES T Y DICB 1 2 REMEOF RN EZ RS, SRR OENKE
WM BHREE Lo TWD Z B I N W, b, FRERIXEELD
=OIZi#E 10 Ty YOBEIEE E Wz, FEEEREEICH W2 CPU I Intel(R)
Xeon(R) CPU E5-2680 v4@2.40 GHz x28 TH» Y, RAM X512 GB TH 5.

Reply-NW (2 81) 2 SRR ORI A2 K [3.12() IR T. dk Lk
Z, BEAFUDE (BWC) OFHEREIE A Y b7 — 27K ELRBITDONMR~ZIT
BAL TS Z e 0R5. ZnidESGE Xy MU — kG ek e ORI %
ST HFETHLI D6, 2y M= PIET 213 EEERHEFHE 82 T
WL 72 THD. £/, k=10D k- REBHOM (10-DGC) B FEBRKIZ A Yy b7 —
JHBDPHER T 2 ET Yy VH -0 OFFERHEIZEML T <L BRI I35
gt (BWC) & D2 I3 E0mb D b, 21 Reply-NW HAKDS NG
BAY NI =0 THBIEeND, 108y TREFTHRERTSL L, Mhxry b7 —
IREEDRIN IR 2R T LI LIZF L k27O THD LHEINS.

—7, B[B.12(b)iz7 T Mention-NW IZ DWW TIZRS SRV AR 2. s
O (BWC) OFHEFED RS BV AU Reply-NW & Zb 572\, —F, 4
RZNZ BT, REREED 10-REHE (10-DGC) OFHRE RIS Aot
(BWC) izx U & 10 f5RREHE . F£72, mEdot (CLO) IR~ ([C BRI
MPNEL 25 H DD k-IxkEHuoE (10-DGC) £ 0 100 fEFEE EHRICEIET 5 Z
LG, 12720, EHLME (1-DGO) idaaEduoE (CLC) & v 10 52
<, Mention-NW O FHIETFTNVTIE k=2 THoMELPETWE Z 2k F
25 IRERHED LML, o2 EYNICERET S ETHE &M
REZMTEHEEZONS. Tz, CZZT?T Retweet-NW % [A] D
fiH 7] 2 R U 7=,

LAED#ERD S, E-DGCIXEMIZERI NS 2y b7 =271 U T—ERE
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(c) Retweet-NW

3.12: T VKRB OFHERHE. M3 SRHEsEHLZRROT Yy V&, $hbbry hT—7
DR ZRT. M 1 =y PH o DFHERHEZ R, &b, @k 10 Ty VOBEIEEIZ LD EiE
ftEfioTWwd., §RTORY M7 =2 IZBVWTREHLMENREEHETH S Z L, KO 10-DGC A
BWC &0 L EHETHD I Lnbirb.
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36 EXR
361 Ry hT7—2%80OSTM A7 FRIMREODER

SR B VT, Ty VB ORSE % AL, FHEEZ O STM 2 2
7 & BEE L 3 A MEROMTOFER, Mention-NW & Retweet-NW 2D\ TlE
EFNDOWEEENEL, BIFRMRE2135 2 N TER. Thbb, Ty Ul
B OB MRS SRR Ty VERORTF VU v VEHIB ZEATEZ 20
2B, — 17, 20Dy N7 — 2 TR & Reply-NW OREEBUIELS, T
O H B IG ORHE L5k D STM 2 37 ORICEWERE D 5 2 L RN T4
Molz. ZOMHIE, STMAaAT7HhExy bV —20OKE - IkKZHifEL T 515
OIS T H 2 -0 L EZ 5N 5.

Retweet-NW DF— XY — A ie->7-1) Y1 — bREIL, oY1 — %
HED7 A0 =~ —FIZV T THETHS. RHENEREZEET D
IBHRILBHRTH B Z D6, STMOEMAXNSGE U CHYTH B 7-HmIFET
NTHEAFHE D OMREEZ R L 722 WA 5.

—7, Reply-NWDF—XY —ZATH 2V 7T 1 HEREIIEBIZETIEIH 5,
ZT ORI NEHFHIZB I % ELEIN-2a - —mtLtDA VXT3 arT
H5. VTITADEELI—Y—LZEF1—-V—-DN%2 740 —LT\W5HL—
P2 UDERINTZ e H 0, BHRILHO XRICITEA LIZ< WE WX
4. Wi flcld2 / — REITHEOIELY 75140F v v FR—=ILHBHED LT
SNBGEELHD, VYA — MIEIZAHPAIZIERLIZ W, ZOR, 2/ —
NRENZEI Ty ODEE LU THEL, FHIT 2Ty VK, $§48b5STM A7
HEERLTWL., —AT, XY MV —IREZDEDITIEELREE N ND
T, Ty VHBEORMEIZEZALNRN. 202 eh, HHERTHLIT Y
VHBRORME Y, HNERTH S STM 2 37 DIl z £, EIFETILD
MREET 2V HEdh 5.

FAVY a VEEREIZE DY A — bR THZFIZH L TE R T AHERETH 5.
V74 EFERRD, AvyarvVA4A—NEIEBED 740 —DRALTA YV
WZRRENBEZDD, VIT742 )Y —bDOHFEOMEZFE>TWSE &
Z5.

TDEIBRAVERTI oY aryOWEIZL5ENE, B[B.13IcRdT Ty V4 E
EORHNPSLBRTEL, £xY NI =20y VBMNRZZDT, Mz
Ty VBORBEHERL U, Millkoy VOL£EE, & 70y MEBRE XY b
T—2IZHaLTWa., ZEE1DOT Y VORREKIZEHT S L, Reply-NW

BYTIAVA - PAREE=ZEDSLHABARETH D, RME1—V— ZE2-V-0ONHGET7ra—-LTVARVYE, H
BDRA LT A ZRKREINR.
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3.13: Ty VELEEDONMG. MEITy YOLEE, iy VEORBIEELZRT. LEE 1D
Ty VIZEHT AL, Reply-NW T 86% %2 DIZH L, Mention-NW & Retweet-NW T 90% &£ TH
5. Reply-NW OANRLEEDFH N Y VOEENRRKENVE VR 5.

%9 86%, Mention-NW & Retweet-NW 23 H 128 90% 2R L TWAH. T4
b5, Reply-NW D 20D %y F T — 212, SEEOH VT v ¥ D%
EVRENZ EBbhE,. T, AL2a2—¥—DfTY 771 DI FAE
LTWa7dzeEz o5, £5T, Reply-NW D STM 2 a7 [H)FE TV D
PERE R DMEWDIX, 225 STM QNG E L CHEYTEEh o727
OELEZLND.

3.7 F&&H

ITAE, Twitter ¥ Facebook, Instagram 72 & 12K X5 SNS I3t &i2 BT
BDIEWA V7 7 O&EEEFRESLEDDH 5. SNSIZEIT WL 7ot Ak, 21—
PP D = — AL EREET LI DO BELLSRDE,. TDD, —
HOBWMILH T o ADHTEH, TNENDOFERMEEDFHRILH AR I T 5
BHRMEIXERZ S, G2 SN OEREZEDBRILIICHFG L2002 59
TBHZelE, HRILE T O ADBBD-DICEETH S,
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AWFFETIE, ERILEHRO 7o 2 2 EWREE (Ty V) HEENICEET 5
B ry N7 —o AL, BEELEREE (TyY) 2T 5720, Tv
VOHEELRE TH S Stimulation Index(STM) Z#E L7z, STM IZ AN S
ANEERPERET DIHEMAIAT — FBERER—RIZ, HDTY IOFHENRE
Ty VOREIZGEZ 5 ELERBALEETHS. FHMEERIZBWVWTAL
TAU—3v NI =2 ZHOWTERILHRZ Y I 20— 2170, &WSTM % £
DTy VEHIRT LI LT, HRIEEAHEI NS Z 2SI LZ. STM
DERILEIC P D EHEEREE U CAMICHET 22 2R U2,

E7z, STMIFE Y N7 —2 ZDOBEHEEIZE T2 Ty VDO % E &
TH5EDTHDH. DEVEITHAELZERIETCR Y T =7 lRICH T 57
ifgfE e WX 5. UL UIGHEZEET 52, Tv Y0 HBIR S TRER L
BHNEDREDZD0HE L. £ZT, Twitter DA VY RF 7 avs—
A ORERE U IERIER A Y b7 —2 27412, =y VHBIROR#EE % 30
ZH, 2y NI =2 DBRMEIEANZEIF S STM 237 2 HWEE L T 50 RE T
WAEPERR U7z, BRI R?, YRR RE, FRIMOMNEEZ oL, &
YINEBETIVTE STM AT BNTFHIAGETH B Z & 2R L T-.

AFFEDEBIZIRDED TH 5. 1) HHRILHAFA Y b7 =228 F5 Ty VE
% E it 5729 D Stimulation Index(STM) Z#HE L7z, 2) Tv VB
R OFEZ T, kD STM O PRIV HRETH S Z L2 m LTk,

SHOBEIZIE, BRI N2BEHRONBEEZHNS Z e2ZEiIFonsd. STM i
29 NT—=OREEDAZHE DS FIETH B0, MATI VT VY R=ADTFIE
ZMGRIICHWS Z 2T, KOEHRILHR 7ot ADOMEEZED B Z L BWHHREFT
X3, £/, STMAIT7DOFHIETFTNVOMWEER FIZEBRELEZ5N5.

ARWTEIZHE VT, FITHERILHO R T Stimulation Index DFEZE - LAl %
7o TCT&7. UL, STMZDH DIIERk~ 2 BADIHZMFETZ 55D
TH5. iz, 5lHxY b —=2IZBVWTERZ2EEAIEZE o niT 2T
flig2EREELTHWSEZEREZoNS. EESI AT TR R DMEE
M B E2 T Z b aETHS. ECH A1 bOHEEXY T =2 T
H, HENLEBEZEART I EOTEAHGNEEACICHAPTETH A
5. HEHPIIHEDZAL L TV 2y N7 =2 THhIVULEHAABETH D Z & h
5, BEFIEONHMEILEVEWVWZ 5.
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LDY ¥ VIVRREIZ L > TR BZEBREEBEZ NS, TD-D, EHDIRGE
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