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B 1 (lﬂf‘%}%& SE) EETDRPOEN_HFIFEFIELZ vV 1A BWTEE. (a) BAREFEE 8 MhalL
BEAITR 6~ tiy HZIEIES 14 MR, BRLHE 2 (EFS S AfKREMERE TS, 5; ASET
,“\TTI_JET?IJE’JTT*—%'$ HPRE S (i =2) BEFFIHE 00 1 01 3, URENK S, BaFXMENERE
2, BAEMEEIRE. (b) BT Si(t+ 1) HZIEPRZESH S;(t) RE, A o PIEBEEFS, RIBHESH

=3/7,11 = 3/7, HEBNFHHE S;(t) B —WXRERS, EBHERYE H (JA—LXRERS) > I {EAR
2&—7—%% H (JA—LUXRRIEER) < A (EAHEERFMREA, HEEARFHESHRFHRAZ BHKFFRAINAE
B S5(la), HULBHRIEBNFHRESR. (o) WEEUHEERXHNFHRE, BLERIHE, KT BN SMEF
ﬁllqﬂﬂﬁ’h_ E’JE'J‘IEﬂﬁx tz7tz+1 e 01 3 11 BHE, ARKRBAKERFNT QRFENEF. (d) HEHE
Figure 1 (Color online) Schematic diagram of constructing Y and A from binary time series considering node centrality.
(a) The sample network consists of 8 nodes, with 14 snapshots of data for each node at times t; ~ t14. The diagram
uses the time series .S; of node 2 to reconstruct its neighborhood nodes, with S; representing the string of neighborhood
nodes at different time points. Only the pairs 00 and 01 in S; (i = 2) and the corresponding S; containing relevant network
information are highlighted in different colors. (b) Since the state of S;(t41) is determined by S;(t), the normalized Hamming
distance between each pair of strings S;(t) from the selected time series is calculated using the threshold parameters
A =3/7 and II = 3/7. Pairs with a normalized Hamming distance H (Normalized Hamming Distance) > II are considered
fundamental strings, while those with H (Normalized Hamming Distance) < A are grouped as identical strings. The
Hamming distance S; (fa) between the fundamental strings and the remaining strings in the identical string group is
computed, with differences marked in red. (c) For the selected string groups, red highlights are used. Specifically, the
number of consecutive time periods ¢;,t;41 in each node’s time series, where the strings are “01” or “11”, is counted. The
nodes are then reordered in descending order of these counts. (d) The average values (S;(fo +1)) and (S;(fa)) are computed
to represent the matrices Y and A, respectively.

3.4 RBFTFIEMALEGRRAFER

J82FHAE # e B0k B0V ARALHE R, M e bk () . 52 B e i e — PR e A TR 4 R i R
AR SR 45 5 SR, BT DU ok — DA LY s /AN 0 R, 32 0 e WA s Ml 1k o

min f(z) + (=)
©z (12)

s.t. Ax + Bz = ¢,

Hfz eR 2z e R™, S5 A e RPX™, B e RPX™, c € RP, f(z) Ml o(z) R T 7 BN AL
WA E o, T (12) PR EFRRECS QRS A . B, Sy 7R g0E B kDL
SRS SIOR E, $EnT —ASE ) IR £ || Az + Bz — C||§7 RENHIE) R B H (Lagrange)
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eI EY
Ly(w,2,u) = f() + ¢(2) + 17 (Az + Bz — ) + £ | Az + Bz = [ (13)
— AKX A B S y = 2, FTREF T4 ik 1, SO A F

Ly(@,2,u) = f(@) + ¢(z) + 77" (A + Bz — &) + E|| A+ Bz — c+7 =113

= (@) +¢(2) + pY" (A2 + Bz — &) + £ {|| Az + Bz — c+ 113 + [0l - 20" (Az + Bz — ¢ + )}
= (2) +¢(2) + £l Az + Bz — c+1113 + S5 — pllv13

= (2) +¢(2) + £l Az + Bz — c+1113 - S|l
SET LT, T M BV 52 T TR AR R 0 TS K ML 1 A 2 7
FLRR RHAL TSR, Bk, %8 F BRI MK BAR S (2) ARG AL — A oK I AL 1
min, f(x) + g(x), 36 f(x) JRMIREMPERLBEL, g(x) SR ETIBL, (EHIRANEA T
BB, JEH BB R, 55 (12) 2 KB AORBA R « MG, RIS (19)
SRR R BT, MBS (16) AT B AT AR S H R, ARV, (ORI A
A AT SEORTHRAE, SR SR B, ST AT 080 I8, 2% R D I IR (1 T BB R. 34 T
TETIRHL p, ML N2 SEORMRGIENT, (LK INR 6 R TR, o T LW MRS PE2 1L
7, 2% T SRR [37] PG RACATREL, p BRI 1. TR LB R, 7T AZE A2 SR
AT O A O A . S ST DS M — 2 3k A B8 SRR e R, 53 P
FEBRAE H45 S T BURE I ®, LA AR 32 SRR 00 ELAR 15 AERE Y 0 00 AU R s, 7 AR 1L
AT A TENAG A — B A B, L b T

(14)

N
i filz:) +
mxln; (i) + ¢(2) (15)
st. z;,—2z=0, +¢=0,1,...,N.
HAZ B e Tk R B R X
x?*=a@mm(ﬁ@n+yfhn—z%+BWm—zW®,
2l = argmin ( )+ Z ( ah z||%>> , (16)
L k+1).
TR N4 — B A ) .
in i(x;) + oz
min )~ i) + (2 -

st. x;—2=0, +1=0,1,...,N,
S, fi(oy) TR EG A LI BB RS, o SRR, e R SR, 1
SRS B0 A BT, BB — B A R, R
min 2| Az — b3 + Al (18)

Hr A e R™" b e R™. B4 F/— AL N

N
min | Az; — bl|* + Al|z[l1

st. z;—2z=0,i=0,1,...,N.
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Z R A 1) AR i A T

. (1 %
mf“ = argmin <2|Aixi —bl|* + !l (z — zk) + ngl — zk||§> ,
z;

N
. k
2+l = argmin <A||z||1 + Z(—yZT z 4 g”xfﬂ - z|§)> , (20)
# i=1
it =yl et = ).

ST oM BT, ARSI o = 3| A — bill? +yT (2 — 2%) + Bl — 253 3 @ RFTTLL
BE: B Az — bl = (A — b)) T (Aizs — b;), FITEA M%fiw = Af (Aiz; — by),

0
L = AT (i = b) +y] + plai - =), 1)
4 LA 08 0 ATEAE 2
AT (A = b3) + yf + pla; = 2%) =0, (22)
HIEIEPECEL
2 = (AT A+ pI) 7 (ATbi + p2* — ). (23)

Tz BIERT, [FBE 2 AT AT

N
2F 1 = arg min (/\||z||1 + %

N 2
1 k+1 k
2= —= Y (pxit 4y : (24)
‘ PN = ) 5

PRIE 2 B S mT LASSE PR RS 3 1053, Ferb ¢ N BUE S B, B REAAE S IR BRI, 20T Frs:

N
1
A =g, | == T N I 25
o (o Sloat ™ +at) (25)
a_Ca a>Ca
Sca) =140, lal<¢ (26)
a+¢, a<—(.

SCHR [38] i HY AR5 b o D) i JE A A RO AR B (R ke 22 SR o2 10, RV JEIRIRZE (r) FIXHEIR 2
(s):
T < E€pri; $ < Edual, (27)
Hh r = ||Az 4 Bz — ¢||, RMEHEHRE Az + Bz — c SERRZMZERNE, XMEH@LTE, 1
RORBELT. T s = ||V f(x) + A%y, XTI E, epr > 0 Al equar > 0 T LABEAFR N JFUA TAT 1 25 A4 A0S A5
FIAT 1 S A 2 IR R 22 0] SR FH 2 X6 AR A AIAR X B vt B39, X AN A ZE AT R R N
Epri = \/ﬁgabs + Erel maX(HAl‘ng, ”BZk”Q? ”CHQ)’
€dual = \/Egabs + 5re1||ATukH2a
Ho, cans WAXTRZER DL, era NMXIIRZER DL, — KIS, HE ] LA — MR RS, 61
W1 1073, BEWRAE S TR LT B I R S AR S AR RN 2% 1, A4S 21 B 4230 4 R S A A ) 45
BT IR, FEEM R, SIS e TR B A E 2 O 1R R AR E A 1) R il 9 L
M UAER AR EGZERS TR 2 AL, S 75 A 0 BIR2% HEAAESS 14 il A 2
A, AEGETT BN 28 Hr BRI T s (I TRIRAS AR R R |, 38 F A8 B afe 11k o AR A A% 0 TR 44 8 vk
KA Ly RNk fe /MBI BT 75 DU B AE R, DA B (I8 ) 44, 9 17 S 0 DR i) R 2 ol J LA /0
)7 o). SRS, FEIX LS ) L I AT VB O 7 SRR — AR T % E A IR )T SRORS T, A SR Y
At -GS BB AR, IR A B AR TSR R AR T ). AR ) B AR AR I 2 B,

(28)
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Node temporal state

@) ®) -

Node time series matrix

TS S . S ]

1 2 3 ...nln ¢
0 0 0 ... 0 0 I Sat)  Sat2) o Saltw) [
0 0 0 ... 0 0 Output H : : : :
0 1 1 ... 0 1 P1Sua(t) Saoa(t) .. Saoa(tm)
I]:: > PLSa(t)  Salt) oo Saltw) )
1 0 1 ... 1 1 " -
Node centralit; . . .
Y Reordering Compressed sensin Reordering based on node centrality
s /\ node p g ;‘(t)s(t) .......... s (t)
] > centralit ; B A
e ( :5 ming ”X”l <« i |S(t) Sate) ... Satwm)|:
o b > . H . . . . H
s subject to Az =y < HI . N
| et H|Sit) Siltr) .. Si(tw)|
P Cvosemaex W) S0 Sl
© Output
C
ADMM decomposes the large compressed sensing
@ij aij problem_and optimizes the minimization sub-problem

J— network

1 o
reconstruction | — | Zo(, % w) = £(2) +9() + £ dz + Bz - c+ ol - 2ol
o
1 <«—— optimizing o ) 1Az Bk 2
«— ai; I 2k .= argmin, ( f(z) + 4[| Az + c+ v H2 I

k- . et k112
o 1 ki ::argmm;(g(z)%u/az* ‘+Bz—c+v‘“2)

l o= oF  Azktl 4 B ¢ l

Thresholding
assembling the adjacency matrix

2 (MEIRFE) NCSA BAEMMLEIRIE. (a) KRBT ARE, Gt ¥ 2 a9rSEHRZSEERE AR T B W 4%
PERE, ETHERTRIRFEREF; (b) TaduOMES RN, AT RO IRIER, BEMERHF,
1z AR RN HEF R T s S IE R TIRAERLIE; (c) XEBFRTIEMALEIDIER, £ (b) EL8RRAFER S T
FEX L ENEE&/IMEMRALBIRIEI TR 2 R B EMML, FEFRIMLABIZIENE, NTIAZIEM KR
BB AY.

Figure 2 (Color online) Network reconstruction process using the NCSA algorithm. (a) Obtain node states, calculate the
temporal state matrix of nodes in the network, and compute the degree of each node, facilitating the reordering of nodes
for reconstruction. (b) Node centrality-based compressed sensing: process the matrix using node centrality, reorder the
matrix, and apply compressed sensing to the reordered node state matrix for further operations. (c) Alternating direction
method of multipliers (ADMM) for optimizing the reconstruction matrix: during the compressed sensing in (b), use ADMM
to decompose the problem of Li-regularized minimization and perform local reconstruction optimization. This ultimately
yields the adjacency matrix of the network, achieving the goal of reconstructing the network topology.

3.5 BIRERENMR

AR BIHEA D ARS ARSI 1 A0 2 R VRGP B 4. B0k 1 % 2 A BRI SR IR
BRI ks~ WIRHIAZ R SR 71180 TR UL SR RE S AR R . P R GRACAE T AR AL
PN B EAE IR, w0k, ROVCIRESHERE A KRN N x M, N ONMEET 8, MOl E R K,
XTI R i, RIKPAT N K 2, y3, 2 BT, SIS TRIR 28T LARIRN O(3N); HHR, $hAT — k1%
AEHERN T, T R DY O(1); feJa, BT — BB S T AL B8, ISR R I8 O(N x M),
FESE 1 B R 2R FERT LRI O(kmax (3N + MN)), BT LA A6 )5 1RO 18] 52 2% FE mT AL R~
O(kmax MN). 535 2 ERITIERIFERE A 1780 N BEAT 3 7, (E53%rh B RV FELE 5~18 47 rhoxt
WEFERE A BATE N NE M OBEATIR P ERAE, I AZI R R 28 T LIRS N O(MN?), IS
EHIBEIREN O(kmax M N + MN?). A F 4 RN BARZSFERE, RN BRI 51N 28 8 e 1120 1%
B ARIEATT Ly RN MBI R IEACE SR, A BRI ks FIBUE AR 1258 K/
N T F AR/, FrE A NCSA SFARI AR 2 LT BLRIR N O(MN?), AEE TR 46 1 75
BN A AR (O(MN?)) Bl 321 7 B2 rit . N ER SR R IR rl LIS 2, A SOt i
NCSA ST DU+ MU RCR MR Z8. BT BL, X T FE R 90 255 PR R DL R A% F) IS [) 2 2% P 4 L 22
TRFRIT &, NCSA MR %598 .
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Bk 1 sk TSI

Require: p =1, BRI kinax =100, EMEBH X = 0.01 x 0 x AT X ®|loc, 0 = 0.05, EAHEHHIE X;
1: for i < kmax do
2: for j < Xrow-num do

3: R (20) EHHr mf'H = argminzi(%HAixi —bi]|2 + yiTlc (z; — 2F) + Slla: — 2F12);
4: Ryt = yF 4 p(af T = 2f )

5 M LA = argmin, (M=l + T (—o] 2 4 Sl - 213));

6: end for

7. i WA (27) FIEIEHEN] then

8: fa LR A ERAE;

9: end if

10:  IRIEHBEERE T (26) RAHFE;

11: end for

12: return X (%% B0 J5 HOARFEHERE).

Hk 2 NCSA Hik.
Require: EHUY ARSI SEHE A 1L EITRE A € (N x M), IREFRE . 45580 EHIE o
1: while 7 < N do

20 MR A HEE SURE wis

3: O avgmatrix; = [|, avgmatrix, = [| 1A T35 B LR,

4: AREGE—AJERE N, no=len(Na);

5 while i < M do

6: if w; ==0 Ml (w; == 0 B w; == 1) then

7 FRINHABEE A 5 Noo, Noz, ..., Non;

8 end if

9: for i <n do

10: THEHERE A AT Sk B ) E IR B H[A];

11: if H[A] > II, H[A] < A then

12: AT BRI 1,72, ., s

13: end if

14: RIS SO PERAEAE R E BT 5, 2,11 T
15: SHFEAE AR 71, 7o, ..., 7o BEAT TR 40BN,

16: R 1% @,y 20 AT AR T IR SR AR B A
17: end for

18: end while
19: end while
20: return X (%% 5544 J5 A AT ).

4 S

N T IR NCSA BERIPERE, BT 7 — RV E L. Bk, MR i . 7K,
{H Windows 11, NVIDIA 1 16 GB RAM, & iLH Python 3.6 7E PyCharm bibf7 4, AH K
FEf Numpy, Pandas, Matplotlib 5. #E1%J79%H, 8N 73 B+ 0] U AH B BRSLY . ASCRA 7 A4
FLSR M HAR AR, R 1 P, ASCUUZE TAERE 2 T A (area under the receiver operating
characteristic curve, AUROC) . F2/FIZ1TH} ] (running time) NARHEFEFR PEAL 5 1L E A TGS, A
H1, AUROC K, 2% B A 1 REBRGF, R 7 (R84 I AL BRI, i B B I A8 bk iy DR 7 (IO R
FRE A8, AR SR F B EE 5 RS T DAE b D 3],

T AR (RP AT RE) 5P Eh Ak T Lh A, AN A0S T DAt o FEON E M (true

1) github.com/mrking111/ncsa.
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® 1 EHRMERIER.

Table 1 Description of real social networks.

Network N L Description
Karate 34 78 The friendship social network of a karate club

Dolphins 62 159 The social network of a dolphin population

Cat-brain 65 1100 Edges represent fiber bundles connecting one vertex to another

Polbooks 105 441 A network of books about American politics

Football 115 613 The network of American football games from the 2000 season
Ca-netscience 379 914 Co-authorship network of network theorists and experimental scientists
Soc-wiki-vote 889 2900 All Wikipedia voting data from its inception to January 2008

positive, TP). FHYE (false positive, FP). EFHYE (true negative, TN) BifEtBHM: (false negative, FN).

MRS 256 ] AT 23R ) NCSA J7 ik uEmf BEAH EL AR VAR T R e, RN AR SEr

FE AR5, 1275307 AR B RS 90 28 3 S5 40 (0 A BRAT . A SO SO RS
TP + TN

TP + FP + TN + FN

Accuracy =

PR “Accuracy” 7 2% FER R 45 S rb S0 RH VAT SR 9 2 2 N SR I e 28 A R B, 2L
{6 JH AR EA IR 2R, FAE = R W] A I AR . 320l TARRFIE 4 R AR (AUROC)
e E R ROC HIZ N RIS 1, Horh ROC #hZ2 MRFITER (FPR = o) AIBALHE,
HEHTER (TPR = iy ) ARG 2k, € BERE LR A VAR IY v X 2% HE 4 50 22 TN o s 12
HAHAL T 0~1 2208, BT T 1 3o S R BT

4.1 MHEEXTEE O HR

AN FEGERHR A NCSA FIRAIVERER LL 26 DL K 73 . &1 3 D9 oM A i 0 T 9 48 B A4
AT R, 1B 3(a) 20 HT T BTHR R AR T b Pk HE P RS R A I 2% B BRI AR
M4 JTiE (NCSA Al CST) T HISATI [V AE, B 3(b) Rk AR L 9 4 B 7 ik is 47 I
[ —4LJE NCSA Iz AT 8] /20 o b SRIe S SRR, M R TH RN T, S2H K NCSA 5k
(O TR AR 13—, JLR A A 51N 3fe 1V 2 g SR A s 246 SR F K )O3 8 D 22 /D ) Rk
TR, AE Ly RN IS AE SRR, TIEARREL Kmax A LT X268 H 55 AN 00 35 O HUE AT L2
WS ANTE, Fir LLRERS Bl Rt AR S A I () A B2, AT A2 AT I TRI 5 202D, R AR SR e Y
NCSA H5ARNER) CST TPk, Kb M%7 20 BRI 42 7T

TRATT 4k 21155 18 ZHORT E A RR IR, LA 100 /N1 850 WS AN R4 451, SRt 1t S H0R iy
XF 2% SR SE IR DR T TIPS EESE A, T (A FORAEAN RN R B ¢ I 220 P 0 e FOA 1 55
I TRLIRZS S;(t) (5 # ) HIARTHEACDOT R B A B, C I /2 S ALY AR — AL F e T AR 3031
i A2 2 AF I A AR5 B, AT 32t 22 2L R 2RI A R ). O T B — NS HL, ik
P A S BE 2. — ok, EPRIERRE LIS DL T, BB IEARIKEL (iteration = 100) IEARE
(tol = 1IE—4). ETIRH (B=1). B 4 /R T NCSA HEKE 11 AR EMRS B, v LA H, T BUE
ALK NCSA [PERERUMECK. ML RIRINE)R, B T AEME N, EAMR AR, HIRBIR AT RE 2
FES BT 15 1 X 2% G5 M AR B SE . T R{EL IS s A5 BT s o OIS 8] i Bz, MR A oRB 8 1
FEFICRIBCR, WIS ECEMFE L. v 7Sl NCSA R mdEmia, T I ERIEHUE 0.2 4.
M08 NCSA B8 A BREARHEMREEE, BEE A AOIEK, MBS/, RS
KA IR EE R A AT A, SEEINE, BT R R S B D, (A e kAL
SENNPRIAE. BEE A AR BRI [ 2 SR BEAT BOR ST, J8 %, A FBUESE 0.15 4. BT AR
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b
40000 NCSA| (3 (b) B NcsA [ csT
--@- CST
[ 1.0
35000 - :
2500 . g
30000 - £ 084
= 2000 )
5 25000 g
g 1500 =
R=] 2 0.6
%D 20000 1000 g
g g
S 15000 500 g
o~ = 0.4
0 £
10000 - 7300400 500 600 700 2
40 80 120160200 Z
5000 - 023
0 J.L ! o — |
T T T T T T T T T 0.0 4
0 100 200 300 400 500 600 700 800 25 50 75 100 200 300 400 500 700 800
Number of nodes in each network Number of nodes in each network

3 (M#EHFE) NCSA M CST, BMEHMET RO MHIF B R FEANNEERE LSRR ESRE
RAMEZR TR ITRIEIELAR. () MMTTEERRMBE R NSITREIRTEXILLE; (b) LU CST 75 AKETRTEYT
— i ASBIRE, NCSA BEAHiEiTRIEHIRE.

Figure 3 (Color online) Comparison of the running time between the proposed node centrality sorting and alternating
direction method of multipliers (NCSA) network reconstruction algorithm and the representative compressed sensing

framework (CST). (a) Line chart comparing the running time of both methods for different network sizes; (b) bar chart
showing the running time of the NCSA algorithm with the CST method’s running time normalized as the reference standard.
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4 (MEMFE) 7 100 TR0 WS Mg b, EMFEER NCSA BEAHESH 11, A fEHKE.
Figure 4 (Color online) Reconstruction accuracy as a function of parameters II and A in the NCSA algorithm on a
100-node WS network.

LRI B FEAN TR, BT DAZEREAT B AT WU 5 36 ) Al ] - S5 A I 6% P S0 S R P 000 s i P AN A
7], w75 B BN E BB A, TL AR EUE 255 W0 R 8 it 2 SR AR AR L L, I A 1) S B 46
BT T A T AEUE P DA S AE B3R ICT WS R4 o AF e B O JE At _E ke kA7 HH 5% 42 1 19 B
i,

NT M BIEFEERE, A SO E TTE 4 MAN TN (W3 2 Fios, 4P (k) ~ 3, %
HEY AN 164, 176, 1867, 1955) Al 7 ANESZMI L% LR LEsELS. WK 2 HodrfF 2] A-CST AR
FHEC TR CST MR BE 2 2 RN TE R RIE A FE H, #07 BEEAT 22 /N7 1] R 11 SR At AN A 52 B3,
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% 2 NCSA 5HMAAR AUROC i, HAFRRRMER.
Table 2 Comparison of AUROC between NCSA and other methods. The best results are in bold.

Dataset N CST C-CST A-CST NCSA
50Nodes-WS 50 0.9701 0.9818 0.7003 0.9801
50Nodes-BA 50 0.9379 0.9489 0.7347 0.9796

600Nodes-WS 600 0.8567 0.8283 0.5614 0.8938
600Nodes-BA 600 0.8535 0.8283 0.7424 0.8879
Karate 34 0.9871 0.9873 0.6603 0.9935
Dolphins 62 0.9874 0.9832 0.7704 0.9874
Cat-brain 65 0.9705 0.9835 0.7958 0.9828
Polbooks 105 0.9410 0.9410 0.9297 0.9705

Football 115 0.9714 0.9721 0.7887 0.9787
Ca-netscience 379 0.9590 0.9655 0.9496 0.9814
Soc-wiki-vote 889 0.9456 0.9449 0.7816 0.9783

1.0

Accuracy

0.5

T T T T T T T T T T T 1
SONodeS'\S%%‘odeSé%g’NodeSég‘ésNo(\es-BP“(a(a\e Do\\’“‘“s Ca"bm“‘ ?0\‘00"\6 £ oo\baga_neﬁc‘%%%e-w“‘"VO\C

The name of networks
5 (MEIRFE) HRICIRE. LR TREM NCSA HiE . REMHELERASAE (CST) TR rIEYE
RAEFE (C-CST) URRBRFELEEEMREMGE (A-CST) X 4 #75EE 4 PAIMEM 7 MEXMLE L
R EMLIG MEREXTEL.
Figure 5 (Color online) The ablation study compares the performance of four methods (NCSA, a representative
compressed sensing method (CST), a compressed sensing method based on node centrality (C-CST), and an alternating

direction method of multipliers combined with compressed sensing (A-CST)) in reconstruction experiments on four synthetic
networks and seven real-world networks.

ANTTE Gt o P RO SR 22, AR ZE AT REAE R SRS AT AR T R AR M I s PEEER, BOR
RN Z PRI, PR IU xS BB AT A, D FR T U R AR A T, BRAR T AT A AR
T RBRZE, AR B REM RN R R, RN B ST Oy EARAE R B 2
RO, Wb TAHENE. IR 2 T UG B SR H ) SE TC R AR B BU N M 2608 2 KM% L,
HAEMBORRZHAFOL T AT AR R B FE R BOR, BRI 4% /NS BAT e (4 E A G
FE, Forfr Ny FoR SERHEE LS A RN EUE, TR 5 R,

4.2 EEMSHR
AN NCSA BIRAE W 2% B Ry o & e, RO AUIRZAS IR ] B2 1 308 B DA A F7 M 75 F A 5
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6 (MEEMFE) WIESINREEREEN EMHRNSEEE. BB AME P SINKRE SR KN EEE,
PRI AL EMIEIR AUROC f&. £ (a) 100 MSH WS AIREEH (b) Polbooks HESEMEEH, Hix
SREMFIMBEEEIFHI SR,

Figure 6 (Color online) Assessment of the robustness of the proposed algorithm to reconstruction performance after
introducing noise. The horizontal axis represents the noise-to-network size ratio, while the vertical axis shows the network

reconstruction metric, AUROC value. In (a) the WS synthetic network with 100 nodes and (b) the real-world network
Polbooks, the algorithm demonstrates better robustness against noise interference.

S T BB R OB IR, AT (100 5 R WS) FIELSEI
(Polbooks) JyTLA I FRIMAEAT AT LS, (EMLIN LRt DM 9 (0, 1) ORISR E 7. 7
RD = 0.4 AR FEWRLCH 5L JE47 I T ROSG Ko, 1 6 93l AR 75 5, 267 et TR AR
U, IS D, 7R Ml HORAS L, AR IR FTLAA L, 407 (/T 0.1 1Y, NOSA SEERIN
SRR TR, B (RN, FE LT E, S TRIE, 03I FOFOMARA L
LU DA A 4 £ RO PR LTI SRS, FURRE ARG T 0.85 2647, T0elo) 404 i
PR SERE R, RN EIMH BT A4 A A MR, (RTIOAT T
T LA FE S oS TR 15 405 BT TR 454, I R4S — R A T DU
RO T4R. S35 SR, NCSA SEHERHUR P00 LA B e

AR T 4 BRI L, 56 B8 AU SOREAI TR, {HSGRo 5— L I 4 B
(M7 5 SR TR S HE A T DI — S5 98 5 T SR P51 K S TR B 0 B,
BB 40l /D 5 TR R 2 [0 6 . 7 R T AE A LIS (100 00 WS) AISTSEI%
(Polbooks) L[ FUARRH I Lon, A FHPREBERTRAN, Lon, A1 5 EIL AL T 46 104 K
B AR, AT TR, 45200, RDE Lon, FUBC/, K% HURERS th D07 LR, i
RWAERE 7 BT AUROC (i L. 4 SURIRHCIE Len, 67T 0.1 B, W4 i AU 2RI
L, TR K, TR A 0 & 5 AR AEARL, JETTT S ECR R S, BT
IR FEBUAIRHKIE Lon, IR, 7ESB45 5T LA ILOLILECE R LE 0.6 ~ 0.8 I, SURKIE T bl
LT 0% Bl L. ASSCH B ML SO B L AT T AR 0 U S TR, 8
BEPERTX B, BN LR B RE RO, TR RORS LMY, Sl TR, BRI ORI
i, SUR B W9 KRN, TR 15 SO ISR SR WS 8, AT SR A
SR,

5 518

AR T —FoFr i I 2% B B (NCSA) (12 RES I KRR X 28 FEAT A R A, JFoxs Hodk
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Leny Len;

7 (MEEIRFE) bt B AR EHC B X ARV, HALARAT SEEKETIE, ILIRAMEEDE
= AUROC . 7 (a) 100 M58 WS ALM4EF (b) Polbooks HIE LM, #RA]LUE TS /DY =B8]
FEIE BRI LS AT EAIRAE.

Figure 7 (Color online) Comparative analysis of the impact of algorithm runtime on reconstruction performance. The
horizontal axis represents the variation in node time length, while the vertical axis shows the network reconstruction

metric, AUROC value. In (a) the WS synthetic network with 100 nodes and (b) the real-world network Polbooks, network
reconstruction can be performed with a minimal amount of node time series information.
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Abstract  Reconstructing complex network structures from observational time series is a prominent and
challenging issue in network science. Recent advancements have seen extensive application of statistical inference
and compressed sensing methods for network reconstruction. However, there remains significant room for
improvement in terms of the accuracy, speed, and noise robustness of existing representative reconstruction
methods. Building on classical compressed sensing algorithms, this paper introduces a network reconstruction
algorithm that leverages node centrality ranking and the alternating direction method of multipliers (ADMM).
The algorithm first reorders the node state feature matrix based on node centrality assessments, then applies
compressed sensing to the reordered matrix, and finally employs ADMM to optimize the matrix for network
topology reconstruction. Theoretical analysis demonstrates that the proposed algorithm has lower complexity
compared to representative compressed sensing reconstruction methods. Experimental results show that the
proposed algorithm enhances reconstruction accuracy, reduces reconstruction time, and offers greater noise
robustness compared to existing methods. This research advances the accuracy, applicability, and reliability
of network reconstruction algorithms for large-scale networks and has the potential for extension to weighted
network reconstruction with various constraints in the future.

Keywords network reconstruction, compressive sensing, time series, node centrality, ADMM



