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Figure 1 Network reliability classification.
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Figure 2 Schematic diagram of multi-state network optimization
design process.
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Figure 3 Two-terminal bridge network [18].
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Table 1 State distribution of components in example network

RE 0 1 2 3
a, 0.05 0.10 0.25 0.60
a 0.10 0.30 0.60 -
a 0.10 0.90 - -
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as 0.10 0.90 - -
ag 0.10 0.30 0.60 -
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Figure 4 Euler diagrams and examples for each type of problem set.

1288

A B, BOREE R RE 2 R S ) AN )
A B 22, 1B M S 38R H AT AR A 2L

T MR FR I R A AT R A M,
RGP I 1) 52 2% P2 AN 5 ) 52 2% B2 oK 23 75 T B CP U ]
AOPAF. XA SR 2 S RT AR il R — AN B L
NSHREL, AR BAEN RS SR
BEMP R, BN [ 52 5% BERN 2 [R) SR ROt — 3 Bt
% 1) L2 B I 1 I i 1 A R R AT R, B AT
SOMRFRFIEE AN R, HAd 78S
KR [t B

2.6 ZARZS W 4T Sk B Al
2.6.1 F&HELEM

FE I 28 AT SEPE T M T A R S, /5 2855
JEAE TR e il S5 A R X 29 I 5% ) it 45 4 e
KRALR A IIMP, XA VAl 2 IR R 4 TSR PR 26—
&, e E TN KRB EE M
2 S S T R B R AL, A X 2% ) — Fh Ak
5 A R AR B A, 0 R A A )
KRR, AT RIBE BRGER, WHFERE X RAL R
N0, 21, B3 I ISR R

REpsS

1 2 3 4
1 0 1 1 0
’) 0 0 1 1
3 0 1 0 1
4 0 0 0 0
FT M 2% 1) 3 — e B a0 25 ) < AR 2 Bl
“HERH R AR A I RN R 2B R, TR
PN TTER, EEE RS DI RRG, FIE
R =N ERERNRLG S8, SR R,
LO)=(1,2)% /= J& 15 5 A W A 8 8 oM o,
L(l) =B, HFE B 15 H — AN HERADHEEE M,
(7T R, JF 1R RIS R, 12 48 AT N ) 4B 42
wp:
L=1{(1,2),(3,4),(5,6),(5,6),(-1),(3,4), (- 1)}.

R SR, ARESERE S AR BB
Jigk. RVIMEDS BIE R R SR EE. AR
B PRI 0 2% 1A 3045 1) AT B LAKE R
TR R R R, 5 TR S AT AL, A



PEBE: BRI 2023 4 53 % A8

RO RIFE BRI — A7 R — 41, FERETC R RN R Z [
VERRIRAS, DRI TT DAL T R A 56 &R 2) A%
AP AT LAZEO(1) I 18] PR EE T 15 ) 2 [ 2 75
fAAEER:, HOWMZE A I ER)— 212 B T LIFEO(D)
FIR] A SERRG 3) % THRE I, ABBESERE K A7 it 2
) ) 3 e, BT R AE A TR O YT R R R
FTO(V), AT RAFfl R 2%

AR BA IR AIED) 1) HIX T AR R,
AR PERAEAFREFR BN IS SE 5B 2R, ARHER AL B
REBHFREANNR, B AL B
B, NHEAEAENERS RPN R, AT
TAPEZEMAO(ED; 2) A& T & FhE M FRR,
EFEA ) AT A P&, e AT AR AR AR A B 10 2% 25
1, PR R A TR A7 A L SEBR IR AR5 19 2

262 ®ERH*

TE 22 AR 2% 48 ZRMP I d-MP 2 LL 24 S0 2
Il G, H R TR R TR S R, L@ R
INABF TR, MR B MR 2 o 2
i R — KDY, RS PR ENR, RIERBEIRE
HRMT MR R, RER L R (depth-first-
search, DFS)MAR™T S 4G, ROTREHIRANIRZR. |7
It 548 2% (breadth-first-search, BFS)MAR T M 46, 7E
FANBIN — AR BT, BRI A A E T AL
AV IRIE" 53 ) 2 8 20 b B 75T s O e, IR
FEAR 5648 AN 5 BEAR S 48 R A T ZLO(V| + |E") ) I [
Kok [ BN SR, B AL, AR 2 RS e T
PRIX PR, [EIE SRR e R A A T TR
TRLI I 2 0], DS EIE A ST A ok A PR R FE AR 5
RN, FEER E BRI TCRU, SERIEGE R o
fig 1L i

KT LA B P AR R AL Bk i R & N s R
DFS 5 A7 it 23 (B e /b, L SEEIUAE 6 1 B, 38 5 m DA
FH 326 U BCHE A 504 46 1) SR S, AR T, X A7 AEFA R 1)
W2, 5 AN R ik G B 52 Uy R L], DFS W] RE 2 S 8UR
EFRNSCIEIR,  [R]FH IFANCRIE BE 48 21 5 5 B A0 Bl
PRAFE. 24 224K X 245 (1338 25 = BOMIPs A3k 7 199 6%
WA T SIS, DFSH —EREHME. AX S, BFS
AT DAPRAIEAE TCAN ) 286 H 4 21575 5 309015 R Py e R
1%, Bl TSR A, AR R U —

K, PIEA B NTCIRIEIR. (HBFS 5 Z A7l B9
PS5 2 R SRIR A2, - DR A A B R RS o 244 I ] g
B Z WA, I H 2 2% BUR B AR H ORI,
BFSHI RS RE 2GR 218, BFSEM T3
FRUFIC 7 pet 18] P fo R B A AN B 1 g LA 33 1 )
AT A

3 RG] S BRI

19654F, FrankFlHakimi” 78 H, /) TR 4003 o &
PEH BENLIR N2 (R r] SEPE R, FReR T — P T
K E S T RIRAE SR VA 9, g g
PRI gt B ) g, IR IR A e e L.
156 555 ST B oY) 2% RS A 24 B (R AN BT G K, 22 RS N 4%
AT RERE BRI H 2R, FEA TR TR TR
PE 151 2 RAS I 28 1T 58 B SR AR AR B RV

19724 (138 % 2458, DoulliezAlJamoulle '}
T — sk es, Hro e AT B P RE AR E Ayt
SR ERREALAS B, [RIEHR H T R T A D U
RS TT, e 84 1 PR OIRAS 23 18] 43 fi# (state
space decomposition , SSD) /%, Fu kT K&
22 RS 28 1R ] FE PR VRAL TV .

19754, IS M E, Ford”IE 0¥ T WisiREHL
TG a3, - PAK-LatticesH 5 IR A H o FE M, T
K-Lattices HENMMCESZE—H K, BEEEEMCH
o BRI K, RN IE 7 B 4h A K-Lattices K3k £
AAZ Hilattices PATET AL ME 2R 11 5.

FERSEME TAREAIE, FIOC T 2 R4 W 25 (1) B 7
FEEZERGME LiTiR. 201470448, El-New-
eihizg A Barlow 5 Wu” A1 Griffith™"'#F 5t T 6145
iR ThRE S BN/ E ) B AN — SO TR Y B B
1EfBarlow5 WulJT 45 Hi 1Y, BEATLI I 2% 7T ABE B AR 2
—NEERE, ARG N T HMRE, £ S
RGFIBENLIR B W 28 (A 6 T GE. DR, 2R M
MR —ARIEGIER TN, FEFETET IR
BRI ITES S, DA KRB 5 AR,
R Fe 0 ) 0.

3.0 Hipg

BLEEAS 2R M S AR 2 A A D
AN, FFEAEPPE AT FE L, T AT R 2% T MP(d-

1289



FOEIE S 2R R T FEE S IVEVTAl T 5258

MP)EMC(d-MC). HH1, SSDJ5iZ%H DoulliezflJa-
moulle® ¥ AR H, I Hi Alexopoulos” 14 1F T — b4
. BISkIR 7 SSDT R RE K, B, M inFord-
Fulkersoniii 3 | 77 17748 fi KU B0k 540096 12 76 3R
AP A IRAS Ir) &, %) B T ROIRES 2 8 2 if 9
— Wl N2 PR, —HA T2 RS, LA
HIARTR IR R, B f5, REALARTR & FRAS 0 b 4y
fift, ERIAAFAEARATARIE E KPR, 2 B F 2R T
HH s R IEET B A R ARSI &, e, IR
F G SRS R IR 2 AR T 5ERE. SSDT
ATt TR SRR 22 IRAS I 28 m] 5 B I 42
Bk, HAUSIET RIS, FHHAEM S F KRBT
BRI PIRBCR IR . BeAh, SRR 7 E A
WRZATERE IINS, ZJ7iEmT FHFIEA H 2 RE W
285 ] FE AR I 7V TR AT RS 23 A I B b o T 4%
BRI E0EK, HA&— T 0 A R E AT R
IMEVE SRR T S ERAEH 1o iR, FERTECOR. It
Gh, N T IR — RV E RS A B THEHFER K
A7 fitg 2 ).

BRSSDJ7 kAN, IAFAE HA — L kE A A SC I 2
ARAS W25 ] 55 R B R, I, Rueger” 4R H 7 —
ToRe) 2 43 SRR SR TH B 22 PR A ) 28 1T 5 B (1) B B,
Horp, B RO AT EEPERIA S A ZZ T, T B R
AT BRI 2% [IMPEEMC.  Jane AT Yuan" i it ¥
Iy SRRSO VAZSAE, — B E(1%~36%))R /D 1
BVE K M CPUR H). B8 )5, JaneFLaih® 2t 7 —Fh 5

SSD 5 IEAH AL PR ZS 23 [0 4 il B4 S, HRIE T
P  H B J7 19: 5 A 38 VA L B 97 2. NiuFIShao™!
R T PP S 4 i ] S I s SRR, B
S M T AT FIMPERMC, R AR 38 T 52 (i e 42 o 3 ABUJ
B, 2SRRI AT 5E R T DUBR GRS A4S . B Ak,
YehUHR T —Ff it 504030 75 SR K W 2% 7T S 1L
BLIEL A T IUINEMBAT)EE, FHFIAE T HA .
FRUE I e B 2 500 75 3R UM 2% (I MC ERMP ) 6 5645
B, (E T NP-AE n) J R, Joik e X ey
A LI
RS

201 Z0904E AT, EEEMIA AT H RS
ST S AT A TR AR, 1E 19934 A119954F,
JaneZE NPV IR 2 ARSI 4% T 58 FE 1A S Bk T
DA 55708 4% B 7] (d-MIP) B S5 /N 1 £ 7] 1 (d-MIC) ] 52
KA. B, 24558 WIEK T B A AE RS 20 AR, 18 AT B
P B UL (1) AU A B1d-MPEd-MC; (2) it
IHEAERERERTFNT)BETFTED 4 d-MP
(d-MO) [ &= (1) FFEEME R R AF AT HEE, BT LA st
FRAE M B8, ST d-MPHId-MCAHE, A SCHE S i ff
F 3% 2R d-MPAE FH d-MPYFAi Bk A 8 2R () FH S 1F 70
KloJ@oR T i Fld-MP{ a1 82 7 VA HESE. [FIRS, C T8
HId-MCI 77 7: 7] 22 SCHR[38~41]. Herh, YehZi AP
FEH T —FhAE BRd-MCHE ik, @i dsngnsh J& vk
AR EEd-MC, #HE—D8Em T AN 4t BT E d-MC

3.2

l RERTZE

I 1

=)
O

[SIp-3d
NIDE-S

) Al Al
[ EZEY RO

l [=Ip=3d
R

>

ENaEtes
RsEE

RNER:Y
RIEERTE

"

Bl 5 PR 2RI T S RISSD T i
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Figure 7 Two types of nodes that generate duplicate d-MPs.
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Figure 8 Approximation algorithm for multi-state network reliability.
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A network approach has been developed to accurately and efficiently study the ability of complex systems in maintaining reliable
operations under various conditions In several real-world network systems, the network must not only be connected but also function
at a required performance level. This type of network is called a multistate network. Multistate network reliability models are widely
applied to real-world network systems, such as energy, transportation, information, logistics, infrastructure networks, equipment
support networks, command and control networks, and UAV swarm networks. However, the increasing complexity of modern
networks makes ensuring multistate network reliability challenging. Thus, creating more efficient methods for solving network
reliability is an urgent need. This paper reviews the reliability solving algorithms for multistate networks and summarizes the recent
research related to their efficiency improvement. By reducing the complexity of multistate network reliability, the algorithmic
efficiency and solvable network scale can be considerably improved. Furthermore, these improvements will provide support for
managers in the design and maintenance of multistate networks. Resilience provides a new approach to network design and analysis,
enhancing the ability of these systems to withstand unexpected threats and bounce back from disruptive events. This paper provides a
detailed discussion of multistate network resilience evaluation methods and their progress.
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