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Abstract

In transportation and communication networks, the shortest path and its related optimization
problems have broad application prospects. Based on the time-varying feature of large-scale net-
works, the time-varying shortest path problem has been gradually concerned and widely studied.
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In addition, in order to ensure the transmission performance, when there is a link or node failure
in the shortest path, it is necessary to quickly recover and reconstruct the path, that is, it is neces-
sary to formulate a feasible recovery mechanism according to the occurrence of failure to make
the network operate normally. Further, in order to improve the quality of network service, it is
necessary to minimize the cost of path recovery. Therefore, this paper studies the shortest path
fast repair problem with a fault edge in time-varying networks, and proposes an effective algo-
rithm. The algorithm not only ensures the time continuity between edges along the path in the
time-varying network, but also makes full use of the time-varying shortest path subgraph to re-
duce the computational complexity. Finally, for the time-varying network with n vertices and m

edges, the time complexity of the algorithm is O(a (T)[||5||t +5], -Iog|5u) , in which |5]
represents the maximum number of affected interval nodes in all departure time intervals of the
path, and ||é' ||t represents the maximum number of affected interval nodes and affected interval

edges in all departure time intervals.
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Figure 1. Time varying network graph G(V,E,W,T)
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Figure 2. Fault edge deletion model
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(=2 AR S5 E

FEARI Gy KA {v, (t: 1))} SRBXIEN, ZJFEH BETER, FIA Q HELH(GE 13 47). 1M
o AT DX TR 25 {v, (U2 1)) o P AS SO S AR B I AT S R i 4k T A FE R 75 O,

FETAE N < | PAAEAF vy, -EE BA AR R RAI 8] (55 15~17 1T). f&m, IR4E 4t it
X 6] {V, (2 1))} S0 J 40k A 5 5 BT I 1) 6 20 (56 18~21 4T), RS0 MRELR) Q TN . D% 2
3 ZEAEE Dijkstra YR, R ICERBUS T 5 5235 10 R AT A R PRI R, B2 A 152 82 m [X A
R AR 3 58 o

FERE 1, %Mfargmin{l;y GINGE (t t+w, ( (t)))} R IR BME R A
{|Vy O, <[t =w, (1 ()))}xma@m%%lzlm, B 4B DX . 58 12 47

{v, (t:1])} =arg mln{ () v (e )eQ} FORIREIE Q Hh H AT e B K I [ ok ) [X ] p AR
(v ()} BRI R 1 e 4 klgy, AR O(a(T)logn), Hrkn oy Q KL o(T) 2
R BRI T (I AR, 225481 2. 593 2 T8 7 47 Insert (Qu v, (t: 1)1, (t: 1)) iy, (t: 1)
FEQ o, R, (t:1,), WERATE Q o, Hv, (t: 1, ) LUK R B BA R A R KL, (t:1, ) A QS
55 20 4T Update(Q,v, (t: 1)), 1, (t: 1)) MIZRTEHT Q rfrv, (t: 1) b iy 5 L Bk o [ b 41, (t215) -
Bl 2: argmin fi#ke: % T =[0,3], H.
I, (t:T)=21t€[0,3].

L (T) = {t+1 te[0,2);

6[2,3].
IR
(100
vy (t:[1,3]).
47 ={[01),[1.3]}, W 7 REBEXET =1, =[0,3] KN FHSE, HiEs— AT XKW
—A RV Ry, (t:T) =arg mln{ (t: T)}

322 BHEBR
AT, BE LA AR g B T BRI R, FAEIEE S % 3.3.1.

argmin {Ivl (t:[0.3]).1,, (t: [03])} :{

Bk 1 BEERHRIETY TR E NS E R E

HA: G(V,EW,T)vv, (Il (O}P'(1).5P(t), Mty ev(G). teT. F=[(vy,) L] HL=[rr]
i P’(t)-E%

Lo Wste: 1, () =1; (1)

2. {i,} =argmin{t, (V11 () <[t +w, , (1 1)

3. 5k {sp(t:1,)|

4. for{&A X[ 1, } do

5. MSP(t:1, ) st (v, v, )
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Continued

6. 5’(vy(t:K)):&’(vy(t:i))fl
7. it{ 5 (v, (t:1,))=0} then

8. PATHIE 2

9. PATHEE 3

10. I (t:1]) =1, (t:1))

11. endif

12. endfor

PR, Bk 2 R A R 20 R B2 s [X 18] s DA Mk 32 5 X 8] 3 R 5505 5 5

Fik 2. WHIZRNXE R, BERZR M X L

1. :{vy(t K)}

2. V,(t:1,)=2

3. while {J #@ } do

4. 3 oI {u, (61}

5, MSP(t:1, ) L (v,,v,)

6. Vs (t H) «— (vi H)

7. |Vy (t K) =o®

8. for{ FE AN AL (vi,v; ) € SP(t: 1, ) MK AL v, (t:1,) 3 do
9. MSP(teT,) HoRin (viv, ), 6 (v (t:1,)) =67 (v, (£:1,)) -1
10. if{ 5*(\/] (t:Q):O}then

11. Jev(tl)

12. endif

13. endfor

14. endwhlie

e, SE 3 4y T AR S BIA I H) pR A SRS T %

Bk 3 EHMv, By, MRFEBAR RS, EHSP(t:1,), Hepy(t1)ev,(t:1,)

1. Q=0

2for{tAEI575vb(t I)ev ( )}do

3. { S =min{l (1) s w (1 (1)) (V%) € E(G) v, eV, (to1,)) Sl {1} 21, e 4hlsy
4. {(va v, )} 4 *ﬁﬁ)\sp( <)

5. for{#11, (t:1,)} do

6. if{1, (t:1,)= o }then

7. Insert (Q,v, (t:1,).1, (t:1,))

8. endif
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Continued

9. endfor
10. endfor
11.whlie{Q = @ } do

12, {y, (t: 1)} =argmin{l, (t:1,) v, (t:1,)eQf . Ht (1} 2 1, MsEAKISY
13, A Q B {v, (t: 1)}
14, for{f 1 v, (t:1;)} do

15. for{ B2 1, (L 1) +w, (1, (1 1)) =1, (E:17) 52y, < prec(y,), 1/ <1, }do
16. B3 (v, v ) FEAFISP(t: 1)), 67 (v (t: 1)) =6 (v (t:17)) +1

17. endfor

18. for{E ML L, (t: 1) +w, (L, (t 1) <l (6 1)) B2y, e suce(v, ), 17 <1 }do
19. L (t 1) =1, (t: 1))+ W(vb,vc)(lvh (t: I;’))

20. Update(Q,v, (t:17),1, (t:17))

21. endfor

22. endfor

23. endwhlie

4. BEIEMM S

NITAERER, J5 SRR DL R BT Z t e 1, AT BLHE T B0 R, Fornax B 1, SR AT 5 H RN (] X J4]
GI4h, BRI, Ate | B, WERMAY eV (G), L (tih) L (L) R (t:1,) R
SECBTA S T3 2 v R 5 380 i D 7 80 A ) R

NREE: 7 T i AN [A) pR Bag A 2 i, DU OB AME B2 B «

1) X FAEREAY, eV (G) Ktel,, v, By iRk 6 s S B b, B, (1) =1 (t:1,)

2) SP(t: 1) &2 te |, I LAY A v, VR s R T, BN TAER Ry, eV (G) Jetel,, 1
SP(t: 1) A v, Fll v, ot R R

N T AEI SRR IERATE, FATR U WIE ST 58 S5 BT AN BT AR BT

513 41 G(V,EW,T) NS EMZMSE, WM siErEd (v, v, ) BT, B 1. 2 o,
W= Rt e 1, Bk 2 IERAFE T AT E A

TN THEIFRAT A IE B SE R S (R SR 3) B IE A

I3 42 AERENGEG(V,EW,T), WM (v, v, ) LRAT, SRR 1B,
WIZSERME R X 2y, (t:1,) € Q IERM LA gz o155 71, (t:1,) -

MR W TAER A Y (1) e Q. BRI v, (t: 1) A Q FHHUHI AN L AR I ) 25— A s (B
34 1217). AXte | WA Q HSEHUH v Bl v, AT AL, 1, (tin ) <l (). v Qi
I, () SRR NS 2 5 3 47), B, (1) =1, (t: 'k)+W(Va,vj)('5a (t: |k)), Herv, i 2

, (t:Ik)=lv3(t:Ik)+w(va’vj)(IVa(t:Ik))>IVa(t:Ik):lv*a(t:lk)o Ptk 1, () <, ()<l (th) o i

Bk 3 5 L2 AT RSN AT A, v, By, Ze AN Q wh A, HL vy AP SG M A e I BITA I [R] o K 114
HEHEE3 S 2017), Hv, BEHE R, 280, X S5HBC7E, B ERA KL,

BIH 4.3 4R ENGEENG(V,EW,T), WM ERIEER (v, v, ) E34T, HEER 1. 2 s,
MEE 3 PAT SRR Z R TERT 1. 2 /T3 9RARAL

UER: 512 4.1 HoEUil] 1 5% 2 IEFACEE 1 T o 45 TR W TR M X ] /iy, eV, (t: 1)
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PATHEEE 2 58 2~10 47, BT RV, 7E | XA R A2 5Ema X ), R RZAR A E ORI T v, (21, ) FERTA X
IF) ) 24 B e D 24K v, B0E BRI 1, (€0 1,) 03 FORBUS SEPBRAE A . BUFE UL R T30 2 51k
3 A 15 ATAIEE 18 AT IM A, FESE 3 AT e R TR 1. 2 38R ar.

RTWRSE 3 e 15 TAMFIER Ay, RS 42 WAL ()= (t:1,), XET
L (Eh) =1 (t ) =1 (1) s BEiby, (to1,) MEBLAR FIESS 38 [ A, L, 1 e %+
538 ATHMERE M, TR 1. 2 ROT.

NTIEMH R SE 3 B 18 AT KM v, fERVE 3 BTSRRI 1. 2 AR, B
L, (G0 ) =0 (1) FHEFATHEE L, (t 1) 21 (L) AL (t L) <1y (t:1) .

FHEWL, (t:1,) =0 (o), B SEUETI R oL

Wrs. 7RSS 3 AT AR, 2y, M EA R AR B 2 T 75 ORI (B 3 58 6 4T), v, IR SETE
AR AN 2 J5 (¥ Vo MU AR 2 A5, (B 8 I ] e

WERH: e, TR 2, U Ry, (1, ) BAEAE Q ey, Rt
L, (0w (L (1)) =1 (e h ) +wy, o (1 (E 1)) 2 1 (o) Forby, (o) R 25 3AT AR

vy (1) B M Z AR X I s EL L (00, ) =0, (t ) o vy (b 1,) FROBR S P 82 T 7E 34 2 ) 1
SP(t: 1) T M v, El v, F R BT 8] R 4. Xt U BIAE SR 2 S5 RS BATHIMRR TSR /& IERf

s FRATEs BT 5 7R 05 3 AT TR AN IER . v, (t: 1) /21E Q TS RRIR A IERH ) B fe /MR
Stk 1, (1) =1, (t:lk)+W(va,vb)(Iva (t:lk))o H T B BT & AL, B (€0 1) AR
ZJE ISP (t: 1) T B IR R v, B v, B BRI W RR AL, R (t:1 ) <y (t: 1) o BT BRiRx T IX
A R, (o1, ) S 3 TR 2 IER AT, XAUEWELE Q v, (t: 1) WL C & sE N
l,. (tilk)+W(va,vb)(|va(ti|k))(§€3ﬁ)o B iy, W Q HH, 1, (€ 1) SR AEMNIL 2 JE T
R R vy Bl vy B A R BRI ) R R, X SRR P E, BT DU E oL . R i A R GE B
L, (Eh) < (t1) o

v, (1) A Q AIH RN, (1, ) AR MR, watl (t1)>1 (t:). %
Vo (Lol ) v, (L ) FESP(to 1, ) RIS i, Hehfiv, (t: 1, ) B IERAALEE, B
() =1t )+w (1 () o SBIEBIEE 42 R Iy (t:1 ) <1y (t:1,) . AR v, e 18
FPIE, BT v, R MR, (L) =1 (t1), 1, (th)> 1, (t:lk)+w(va,vb)(|va (t:lk))zlv’b (t:1 ) BIRL,
EUH v, (t:1, ), (1) A Q HEUH . 534k, 1, (U 1, ) BIEFTH 25, 55 18 1735181 (v, . v, ) -
FLFEHT v, (S5 BRI () pR HL, (E: 1) AL, (8 1) +w, (Iva (t: |k)) (3 1817). X5, (t: 1) A2mM
xE.

BRI, 1% 5] BARE.

5. BUAE RS

S 0 52 05 D A B 0 BV 50 3B AT 119 O (6] 0 log o) « ok o] s 2w I
AR o] T X 1 R B X A S, AR AT 12], SET R B RS
HOSEAR, T4 A SCr O S A AT

(ESEE 10, 5 1-3 ATROEATI M O(L) B TAEASC, MR RIS (T}, 3 T4
AT, o Bl14 max|V, (t:1,)| =[], FomATATth 501X )4 SE RGO 6] 80 F IR, S,
), 275 B 1 6 I 6 Ay 2 B0 I 6 50 U2 S0 X LR $ MR (8, 86 3 TR0 for (BRI 2 44T
a(T) WK, FEAHIELE 2 IS 3 s 4erE.

Va Vb )
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FESIE 2 T, 5 3 4710 while (FRIRZ T[], U, T 8 470 for FEFRLEHAT [succ (v, ) U, HA
BREISARIEENO() , RIS 2 I SEARIEN O, o [suce(v,)]) = (o], ) b5k o], 2empids

A o i X ] A 2 B0 X I 0152 S X 0 R M i KA ZEBE05 3 0B, 48 2 AT RS T[], K, 46 3
T 34T log(prec(v, )) K. HI T prec(v, ) NHEL, #USIEAEAOL) . & 1L ATBREMAT|S] K,
12 ATHRAE S 401 D9 O (log |8, )+ BRULERIS 3 A S 2012 A 5], -logls
OB B SLATER: O (a(T)-[|5], +]0), -log|s],]) -
AT L, 7E KRR A 26 o, 54 R RS PRI/ 80 b P VS RINS A SR A PO 5
VB AR B 5 A P
6. £5i8

¢ °

AR SCF T G B I AR A W S B B LR, 24 %4 2 A R B MO 2, A
TR T A5 5 B 070 S T4 B M e A8 B LL(RE 9 56 00 2 7 I 45 K
BERTZ IR, S0t — 0 EL BRI S AR S A, 2 R ORI 7 s T 0 AR 3
RIZHAR T TSI, T FLZE 1552 R o A 0 P T o 60 B 50 (R T 49 15 2 0 i .5
P, RN TSI IEWIRE I UL B RS 118 27 O a(T)-[Jo], +]o], -log|a], ]) » e
0], = max (v, (t:, ) FRATATth 5060 X ) S BRI 80 B O, ], 20745 1
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