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Abstract

Aiming at the information transmission path planning problem in communication networks, that
is, the constrained shortest path problem, since the CSP problem is an NP-hard problem, we give
the solution of the CSP problem by solving its Lagrange dual problem. In the process of solving the
dual problem, we first limit the feasible fields of the dual problem and innovatively construct a
tighter upper bound. Secondly, according to the particularity of the problem, a new algorithm for
solving dual problems and Newtonian iteration format are given. Each iteration solves the short-
est path problem, and constructs the gradient information of the objective function of the dual
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problem through the shortest path sought. In addition, we use the hyperparameter H to approx-
imate the second derivative of the piecewise linear convex function, thus constructing the Newto-
nian iteration format. The numerical experiments of the new algorithm show its advantages in
solving CSP problems and their duality problems.
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BEA& S 2% PRSI R, FH P THE B A SR ok sy, A5 IEEHE R IE, K 98 17 )
RIE. BTAG0E AR EZAK T A W% th P sGHAT,  BEE 55 B3 2 RS A8 AT 1)
B, RaBARSHI— RIS, S EERRIIIE . R I BORAE . thAh, ESEBRAEAE M 4%
PR, HE B R L 1) SN PR AR B R e R, LR e A R AR, I B ity A S
A EARA FIRAREE . (ETH AR Re A PR, 1 LI 26 MR DL R 5 A% i 75 SRR, sty FL
RS P PR SR AR O B A G R R SRV AE A AR 1 AT SRR R, (E R R
A BRI A R [ e, 1 H R A R R, 6T 2 AN R e )R U, B BT AR
AR Z AR B, LC s A BERT (M B 2R B i i, 8 R B HE AR R I B RAIE S 5 Tl . 7E— 7
BB ORAIE T, 75 30 Ry AR D i HLT B AR R BT R At . Rk, BB TEIAT I 4% o
T L v D b A i B — A IR S ) R

TEE X 28 B B ) A A B A I E B ) AR AR ) . —, Dijikestra 10T S A7 AR PR X 45 v oy
) vty fe 0 B e AR HH T 22 TN R 2% B SR AR BRI, BEFRAE Dijkstra BE[1]. 7B FRIBE & e Mk
55 TR S TR AS X 2% rR AR SR Dy B i 7S (1 % R VR TV (RS P o T 440 R R B ) R0 73— s ek
SRR SR A T TR B Y B R A, XS R B NP-XE R B A R R R I, DL LR
KERTTVE, AR OTEE SRR A EMS, EENRERERE; BRI SEREE 2 0 E
PR, (5 BRI ROEAGE ;s A, A5 — 2RI TR B H RS R AR, I8 SRR L AR e
e R P %o A ) R, T AR e S ) R, X SR 208 T LA A SR o) 8 A LA B CRIE (R UL A, 7 — Ry
TR 1) R0 R DL B A 380 240 S A R B ) B A o AR SR T SR i R SR g e ) AR B I 1, 4
T — o A R A ) R PR SR A 7 e R T A 1) 4 SR A R B I R BV o R P 4 R e R ) R PR R
o AR ) R AR R 4 SRR 5, BRI AR g OB kAR, R Dijkstra S5 SR AR 55 06
FHed e H T AT M b e R S

RS CSP i, %M ihihE G (V, E), VRRE LAY SABINES, ERRBE LA T
AR ISR, A s AT o X T RIS — %0 EAWAME, (1. (c(e), dle)), VeeE Fx
e ERIZRAHANLE), CSP [ 24K B — 2% B AR A 15 H A — AN S/ (an
c(p)= Zespc(e)c(p) = Zeepc(e)c(p) = Zeepc(e) ), RIS o — MR AN i 45 7 I BIE. A (W
d(p)=2,.,d(e)<A). BHXF CSP Il YR M A L EAIRER L, ITRIREE, B AR I T
P BA H AR 5t ) SR AR I
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2.1. A=T1E

FEHLE: Rk CSP i R RE RS2 7] LR R e i A — AR AR AT I B (R %), B ek
{1 I R A2 B A K 22 B A ) R AR K FR G, PTLLZ O VAR PEIE AN . Widyono 58 A$2H
T (Constrained Bellman-Ford) CBF %532:[2], A AR B —/NEE f B 2 2 s MO/ BR AR . 222
JHAB LBt 5 I JE (133, RGH R DL/ N R A% o 40, D 22 T 1) S50925 A1 BT DAAE y— ok ff 5005

P 22 T 8] 50305 AT DLAER e — AN 3 5 240 DR () A o I, 3k L4t I B 22 T (] 44 Bk T DL
& EBF (Extended Bellman-Ford) [3]5EMRFATE S, BIAEEFAEMIEE, SOMEEHRA—K. H
HIEE 2 XN O(AE). EBF Hik ) E 445 A O(AVE), EDSP (Extended Dijkstra Shortest Path)5y7:[3]
HRPEEN ON V). IR LR, Jodt A BORMENL T, %583k EDSP SE[31fEHE LA H i
P RE .

Ja RASFE: T CSP e NP-INHER,  Fr bL— ROk PEANE 7 22 TS 8] FRDRS B/ SRk AT SR A
SRR A, A TR R ESCR, BRI R T AT I R, 1 ELIE A R R AR
e, FrL A H#EH . H MCOP (Heuristic Mulit-Constrained Optimal Path) [4]55035 ] AR £ 2 FI AL =5k
WEZAZR, HE WS Dijkstra BERIM, BARMRIKRAMGEE, EARIERE R .

HAthJ7ik: Jaffe [S)HRH —FhER G AN QIR A RTAT B A% 1) B B30, 1 S0 AL SN IS FA) B B AN R
IS, d(e)=a,*d, (e)+a, *d,(e),Yee E , FEPNLI I ATAT B A 1] L 4 D9 10 240 TR 1) o Jod i i) Rt
KK ff . Andrew [6]55 AWt Jaffee IRIVEHES 2 2 AN L A% th vl @, 8 CHIHTRCE Ny
d(e)=Y" a,*d (e),VeeE JJ5, fESCHR[ 7], #& ) TAMCRA (A Tunable Accuracy Multiple Constraints
Routing Algorithm)5i%, EEHELLF =AM, BENIEEEEE. k RERETE, E5REE.
FELCEA b, SCHR[8]AT TAMCRA #4720k, #2417 SAMCRA #iZ:.

2.2. fIgBA R B %

FETHiks B H BOSRAESE[9] [10] [11]: % CSP I G I (AT = AN 2 A B AT 2Rt 25, Ml — A
BV EE BB, PR A M RECNRAS I H AT . 27 RELRUESS 2 I AF T LA &2 I 2E 24 SRR 2
FRA /N o TR ) T 2 KA In] UK OCHE, LARAC BIE[9]2 4% CSP ] R H i —Fh S 4R 5
o177 BIERRIEREEF R &S, BGOSR T, RARGMERIME, X T1%
HEM 2 S R B RIE A 4 th o TERLIERE b, SCER[10]H 32 H T — M iR i CSP inl @ k% B H
XA F] R 7732 BILAD &32%, SRR W 7 U e 1, AER] 7 Bk R Z i, JFFE R by
W TORE B SR AR TR 10 R A R . SCHR[11 128 T LARAC BOEdEATHE ™, vk i nl DR 2 AN 2R I Bk
% I @3 PR o s B A TR R, AHANORUE B AR R AT AT

AN CSP v v B E RS 1] RS HH— Fh A8 SR M7 % FE T ARk b SR il 5% . IR CSP 1]
A min, c(p)= Zeepc(e), s.t.d(p) < AR B R R R max, L(4), Hh
L(A)=min,c(p)+A*(d(p)-A)-
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Figure 1. Lagrange dual function and its derivative function
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3.2. AR RT MR LR RE
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Figure 2. Initial upbound of Lagrange multiplier
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Step 0: RIEBHHM: p' =min, c(p), HIWi p" RETIT(E: d(p,)<A), HATTNHER
[P A" =0}, #IE Step 1.

Step 1: RARBEHIE: p =min, d(p), HWF p REWIT, FHAWFN CSP FEA 4T, I
{~~} TS Step 2

Step2: HEJFLTFR: 1= Zy=A=0, L'(%)=d(p.)-A-

Step 3: HWHENIEM: A-A<e, FHHL, MERLIL, TN Step 4.

\ . L'(4 A L .
Step 4: WHEAWERKR: 4, =4, - E_I") IR RS p,, =min, c(p)+ 4, *d(p)-
%“pn+lﬂffji’ E%ﬁﬂ_:erl’ g}n”%%ﬁ'z:ﬂnﬂo -L—l_ﬁl"(ﬂ’rﬁl):d(pyﬁ—])_A’ n:n+17 %Step3c
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Figure 3. Time consumming comparison between Newton method and BiLAD algorithm
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