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Abstract

With the explosive growth of network traffic demand, elastic optical networks have emerged as a hot
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research topic due to their high spectrum efficiency. The routing and spectrum allocation problem
stands as a core research challenge in this domain. Currently, the integer linear programming model
serves as an important method for solving the routing and spectrum allocation problem. However,
existing studies mostly focus on general network topologies, and applying these models directly to
special topologies such as ring networks often leads to high model complexity and low solving effi-
ciency. This paper aims to address the routing and spectrum allocation problem for the common
ring network topology by establishing a linear integer programming model that precisely solves the
problem based on the inherent characteristics of ring networks. Furthermore, a branch-and-cut al-
gorithm tailored to the specific problem is designed, incorporating methods such as initializing up-
per and lower bounds, designing branching strategies, and identifying effective cutting planes. Nu-
merical experiments show that the proposed model exhibits significant advantages in terms of
problem-solving scale and computation time. After further applying the branch-and-cut algorithm,
the solving scale is further extended. The simplified linear integer programming model presented
in this paper demonstrates superiority in precisely solving the routing and spectrum allocation
problem, and the designed branch-and-cut algorithm effectively enhances the solving efficiency and
scale for large-scale problems, providing a valuable theoretical tool and algorithmic support for
spectrum resource optimization in ring networks.
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1. 518

B 5 T IR (10 DRSS 2 L% 5 o ) 8% 55 SR B PR e, AATTRE T Rtd A5 e s oA 1 3 s ) 2K
£ 58 (13 73 52 TG A 4% (Wavelength Division Multiplexing) H T8 PAE & /N K@ 18 1 20 2 & 30l 5%
ok, FLREM AN I TE 2 8] A [ R 3 (R, At 7 — L8 50 3G il s R 9% . il
A PN S TSR ANT [ E B RG, 2 FEUL S8 P o i K TE K 2 Bt SRR R . AL R
SRR T[] (R R, FLA AN R R ORGP ek ip 2> g S A A0S KAB 5 T4, (EL IR I 0 2 0 At 5% U 1 VR
. L, M T EASH B AR B3 56 kA 2% (Elastic Optical Networks) Wiz i 4= . & 7] LA LA Ak 4
(AU B K Aol A R U M M PR AL 28 T5 5K, 948 T AR S R B 52 R, A B T 5 8258 KIS & 3 5 Rt
o FEFAMEGI b, B i AT (1) 23 B 1) B (Routing and Spectrum Allocation) & — > 5 5 [ 72 U
RSA (7] {2 F8 75 W 265 3-8 0T FH IR 28 458 3 20 e 6388 RO B2, DM E [R] — B [B) B 9 A B8 22 Il 55 75 5K
BRI, PR THEE R . TEATIE S RC A R, A =T B R AR, ol i i 4
PE ATRE — B FUE A SR [L] . AT I SR 4R R — AN 75 R T 0 B UG R 5 & TR M
1) — S5 A2 8 [F)— T SR AE 2% 1 R AN TRV 6 i 2 PR ARV 8 2% 5 RLAHT I s AT (R AS 2 B P A ok
P& R IREAE, e HEEH — AR A ZE . #E H AT, SRMFE RSA MBI TR IRZ, &
TR ST 2 B K R A7 (Integer Linear Programming) [2]. MTAEEE[3]. B AE Sk [4)% . DM RE T2
BERII B TR HR— 8 [5], TRV SRR RN A Hadh . H T3S T2 4% (1 RSA [l 32 B4 T
IS, B EEKG — Mg ) ILP BB BRI g, W& SBUSEMAR XML L, KA
KIS o RIHFRAT 125 R A 1 T A [ B I 28 1 ) TP Y AR ) 7 Ssedk A7 PR Ak 6]

DOI: 10.12677/0rf.2026.161002 11 B2 S5


https://doi.org/10.12677/orf.2026.161002
http://creativecommons.org/licenses/by/4.0/

s, IhRF

2. XHEkgid

2002 4, Dirceu 25 A\ [7]HFFE T 75 WDM 34 W 25 v #% p RS RE 73 O 1) 858, 5612 NP YRl i, 32 T
TR LR RIAS A A2 [ 2 R 2 i e a0, 2011 4E, Wang 25 A\ [2)% F0F 70 1 3k e k2% Fh i)
B A % BRI 23 T 1) A, AR BR % i) 2 NP-hard [0, K5 H bR B 508 52 N/ IME IR 48 Y6245 LA Al )
KR GME, B AR BRI, R4 2T S ) RSA B AN T 5 i i 1% 5 de K i
WS S, 2012 4F, Velasco 55 A\ [8]5 G 1E 1IHTMES, $eti—FBidy ILP BB A, @l Fide ik
EETREMGEEES, KRB RS RRKEK. 2014 45, Velasco S5 A[9FEHUHT Y ILP LAY A8
FA 43 e SR AR A . @I G RA St SO B A S BT, 7 S ORI M 4R Fh o 2B
UFIIRI, 3745 IS LAt FH oo Ml SR AR 25 Mk DK F 110 1) A5 DA R . 2019 4, KBRS N [31WH 7 T BEFIIA 454
D 268 HH (1 2% b A A T I, R A, TERRMIZGH, T AN < 4 B, S50 4 G e ETE 22 TN
(BN ATAR, 24N >S50, %8 NP A . 2023 4, Junjia Zhang 25 A[10142 H 7 —Fh— M 4% T~ itk
RN, AR RE TG, ARKMEREL, Hiid 2l S I b iz R R L2 H ILP A
R AR o

3. IR

XM BATH AP LI ILP B, KRB GER TR ETART5E, FFREN 0 IR H
HEZE, MR R B S Rp b 7E SIEHEZR AR

3.1. 28 |LP &R

2011 4 Wang 5 N [2]4E & X & THAT T T RSA [l BT AL 7 AHXTMIFY ILP B, 230 RSA i it
MBI BOE T IR SRRl . H AR RN

min MS
LY AT TR
MS >w-Vi 4, YW,i,0,s,d 1
Z Vij,;,s,d =Ts,d ,Vvs,d 2
w,0=d iel,
z Vited =Toa.Vs,d ?3)
w,i=s,0€0;
Z Vibsa =0,Vi,0 4
w,s=d
DV SLVYw,i,0 5)
s,d
> Vihea= 2 Ve Vs.d,o (6)
w,0%d iel, w,0%8, pe0,
(Voo —Visea =1)-(-B)= > V% 4, YW,i,0,5,d 7
va[w+2,¢]
(Voo 1) B+To < > V% 4 VWi 0,5,d (8)
well¢]

Fop Aot g Fom— SR EERE TR AR |, A O, 4 BRIl f A BB 5515 A n M A S AT
o BB 15 A 0 MR A s =, Bl R s MR T, | o MR A A n B
m SR VY R ST s S d L P IER DA (i, 0) X A BB O HLI%ZTE
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KA TRG A w AGERE, WY1, B0 05 A5 MS Jy 4 b A B _FFT 70 e A0 A ) e KR
SHH-

ZRA)ZNTHRBIMS T F LR~ RMEFRLA, BRI PR FE; 2R G)Rr b
B ERUE R R 20— A RR G, RIBUE A E B, AR 6)TRIE T — 2t ZH@)~6) 2
PRAIE 1 30 R SR

3.2. ¥u# ILP &R

2023 £, Junjia Zhang 5 A[10]32 H 1 —Fh—f i 28 T ik i) B AR 2 PE LR R, AR B i o S B,
LRFAFE L) HAREREON:

min MS
LI AW R R
MS>c-X ... V(i,j)eE,ceC,peP 9)
> Xjep <LV(i,j)eE,ceC (10)
peP
1= X jep + X jeinp 2 X jep: V(i )€ E,ceC—{|C|-1[C|}, peP,c'e[ c+2,[C|] (11)
To Xijp =2 Xijep V(i) €E, peP (12)
ceC

X ip— 2. Xjep=LVpeP (13)

i{sp.i)eE . i{j.sp)eE P
D Xy ip— 2 Xa.,p,=-LVpeP (14)

i{dp.i)<E e i{j.dp)eE o
) xj,iyp:O,VieV—{sp,dp},peP (15)

iiii)eE ji(Ji)eE

¢C’p2xi'j,c’p,v<i,j>e E,ceC,peP (16)
Zgocvp =Tp,VpeP @an

ceC
Horr, Apx  RARAGTER p BB AL (0, §) BEROF BAER T R519 ¢ MRS 1, 750
H0; X, ARG TR p TR S (L ) BEER A 1, BIR 05 o , RaATE p MRREA T
PR 5 c I PRI 1, BIA 05 C={12,-[C|}, RIFMLEhEZEER LIS MEES,
P={L2|P|}, RIS TRES: T, peP Fomsh p MUEFTR(s,,d, ) ESLEH TR
PSR . X RN EERR (i, ) BUER TR 1, B 0,

LYW ()T T A YCLF B % b B A6 P AT A 0 B R R S s PR (L0)RA IR 1 F 3 1A v] 5 S vk PR
iy ARALLRUE T PR MRS AR Q2)i— Bl T F 8 e ERIESLEER, A (13)=
(15)FL AN 7 PR e A, AR ERS T A 2 IR R E S B BE. AR@e) @) T
P FA BT UR,  LAIH AR R0 T i IR RS 7 R

3.3. IFMLEhAY ILP HREY

H A5 T ILP BiBU7E RSA a8 70 £ B AE — R 28 [ 11] [12], MfEReRm e, an
BRSO £ (147 % R0 4 C 1) 0 0] 3 SR T L VR (I AT . 5 BN — R X% T () ILP AR 25 I 48 381 PR
W&k h 2 SRR B MAREME 2, KRB IRHIIN G . R IR 2R IR & A 5 R [13], 2
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SEFRTZI) ILP BERSR R RSA M8, HFRERECA:

min MS
LRI T s -

d,+d,, =LVkeK (18)
O + 0 =1, VK, k' e K,k =k’ (19)
fo+n < fo+M-(3-dy —d; —04 ), Vk,k' e K k=k'ie(1,2) (20)
fo+re<f+M-(2—-dg—d; +0, ), Vk,k'e K,k £k',ie(1,2) (21)
MS> f, +r, -LVkeK (22)
f,2lvkeK (23)

Hor £ RoRER k LS5 TR P RO EE — M AUE RS R SHMEs d, R 50 k DRI RO TN 1,
B0, Herbi Rk T RPTr BCHITT 7], i =195, i=2 iintEts oy Fondy f, < f, WA 1,
NN 05 n A5 k A TR AT A AL

LR (18) R B L 55 T SRAEIA M 28 i A BRI FE— N1, BIELA NI 41 B 4%,  BLA NI %
12 ZAIRA9)~QDF RSN TAER MM K, R BB A — 234 E, MBS R Be i i
Mhr BEARE N IIAZ X, B A AN B 290R(22)72 7 TR MS (R 5 20 (23) Ron B4 5K
Py BEHIEAE R SN 1 TF 8GR, RIAAAERR RIEZERIIE UL .

FATESLE ILP BRBAEI R 25 h B B0 . ERBERE L, B TR s Z A AE 7R 25 (%
W BRAR—— U A1 5 BT ), X AT BLE I 5N TT AR dy R, BIZUH(18). [RI IR A 57 1
JE S B o 75 LR ST 2 (2 R (13)~(15)) Mk € 1% H (K BB T7 5 90— 20, ot i 51 A i 4
A f . HEPAR R o ML ELW (AW (19)~(21)), Foib HIRHH L 15 g A — Bk, 1Xikgk
MR ARG A BB IEX — L RAIA, KRR T LR FAF R

3.4. ILP BRIt T B 0t

NTNER Eoabr EiR =B E 0, JA4 A ILP B AS R A R R . IR
1, ZRAANFE P B AR MAF MBS, b K N@RE, E NHMEILE, V IR
R, S NBRERBER PR A

Table 1. Number of variables and constraints per model

=1 SARINTEMYRBER

pis Ak AR A
254 ILP B O(|K[ +|K]-|E]) O(IK|- |+ |K[*-[E])
B ILP o(|g]-|s|-|K]) O([E[-Isf*-[K|)
PRI 2 i 1LP (Y O(|K [ +2|K]) o(4K[’)

E T BRI 264320 850 [E | 2/ T 75 SR K| P S B P R S|, DRI T LA RS AN 3
35 EUIEIEE
T35 9 2% v i J AR 20 B o) JAS B R B 2 1k, B4R FH Gurobi SRARSSSRAR ILP AT fR R L3R
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%, BATII BB, SRAR DR R 5 . R B 3RAT 125 RB A 20 SCUD B B9%: [14] [15], et A Eh st
R HEmE X % ILP AR HEAT AL

I SCUNEN R SOE R AYIE P INE RS & o HIEANERUN T s

I SCUNHISD IR

1) Wahte b7

2) B ILP BLRIZE PERR S, SRAFHFATHAR U™ ;

3) HWru" & E OB, RN B, B ST

4) BN RAER, SRR L SO TR

5) 73, WA RIE T MR T IEE SR LA, BTk

FEGy 3CE SR, B S (UB) AR FH(LB) HIAE X N SR AR 2 R B2 . — NP4 B R 5]
PIIR PR )RR AR 2, G AN EE R ) SCRRSR . 1 SRR T T M 0% 12 50E R ot 1 A
M — SR, ARIEIR TR AT ILP B, 75 3% A7 R/ A B E S AR S i, LR N B b
BREGR L T ANHER T EARIIRIBEE TR RS B T B S B YOG RN, RESAE
2 DI (8] 2R BT AT, Do) SO S R BRI Ian L5, IR AT SO sl s . RARSRE D BRI

TR
FEIBTHE RN
SEINESEAE
min L
LR K
L (i, j)ek
Xﬁzz{o,ﬁLi)e &
inl;:Zle‘i,VjeV,keK (25)
>oxn <LV(i,j)eEkeK (26)
k
2% =13 X =-1VvkeK (27)
] ]

% ILP B8 2 7 RSA A &SP IE . SELRIEA RN E B VLN, Sb— S L A 2
PRI AT DAAS 31 L e /ME DA B R 5t

A7, B AR R AT DB R KBS, (A R TR B IR AR TR R LAk “HT]”
BEPE b, TR 50RT e 5 B0 2% B P i R A RS e O, AN AL RN R KT A K ) E AR R . DRt
A 1A A — 2R BRI b PR BN T SR BUS v Re i, b A WX 28 BRUR IS S A FE A A, s 7 A I 8% 1)
P F A Z i [16] [17], IXFEFRAS B LA A BRI BRI /I,

BT RS R R

1) TR, % KAETFHT

2) WIGEEE SR BE I 1A 5 RS 2 I

3) MFFRAER (54,41 )

THE PSR BR AT, 6 4% 24 T SR UL 1) R A (e A [ U 2 9% B L )

R FATE BE 08, A4 First-Fit SRS 4R T 2898 r ANIESLITERE ) 2 51 R/ H.

TEIZERAT B SRS, BORIRAS .

|
X
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4) #i B3 uB

Z E SRR IR R MAEREAT AL -

BT R s B0 ILP BB LU TR, FLSRR S ok i s — N B E R, M
P S, s UIBIE R — NE R BRI, WRKES . 8k FPPFIRINSEEIE. Fik, 7852k
FEFPIEAT IR, A B R A bR S IZ AT S RDAR bl 43 3D 8 SR 1R R AR e 1) SR iR T LA 2206
ANt

53 SRS I 25 ELAERE I 43 SCUIEI S B4 SR BRSO FE o B TR 4% RSA Il R R, A7)
WTFFESLI 7 — P T i) UL AL 1) 40 SO o G0 24 220 J7 1) A8 B () BUE Hal R A 24 i, SRR S %
JFEATE 5 SRR B S5 HEAT 73 35 76 RSA IR, Jr Il g Bede 7 k28 55 KR % B e 8, ki vese 77
AN 2 T SRR B ARSI E S, AT AT S AN 3 B P 2 T

F T ILP SRR R AT AN B S M T K M v, 338 A 2 SO B SR AT SR AB IS AT 1) A
H S VEZIE A R3], FUEFA TN TF B A A B S P A RO SE R, BRI 2 Mk 55 1R
A REAE Al — 200 L Se A ORI, IR —MANE K M TR L, #dyg,dy; €[a,1],04 €[b,1], T

fo+r <f.,Vkk' eK k=k' (28)

4, B{ESLLS
4.1. ILP 2R X a9t EE S2I6

FEARFTH, AT 07 F SR LA R A PRI 2 B R AP RE o JRAT RS SR A8 1) - B 1) PR
BERE A 3600 A0 LB EANSE] . Hr RS SEHIR R IR I 45 B N TR SRS K B REN LA . ok
UEFR 25 th B3> 7 SR A BEpl & B e HEAGE B, BRATTRE GRS BERE L 0 S R M B e B NPT A b 55 7
FLBE RS 2 Ao BRI 28 h A R BE R I K AR R, RRSR IO RI BB . BRub 2 4h, BATWE T 0 &
30 NN [EH R IR e R SR (B 2D 3 18 5 /M) LA & 10 2 30 NI BR I 28 S A i iy (i 3 10 ), IFA
RN RECERENLAE K 20 AL S B 56 [18]. BRI 55 7 SR AT R EREALIEE 1 2] 6 AR REEAL,
FLET R H B i I 28 S0 TSR BEATLIZEHL

WAE 2 e 3, XMTKER I HIAASE ILP ALt f5 ILP B & TidRFr. Horh, “done” #RIRfE
3600 AP PR A SE IR L], ZBHEK B 20 UCSg rF AN FRERE R ECE MG 45 R . “FS $5507 2
RULE IR BR A SRAT IR TS5 B, A B REAE IR B A SR AR, WZAB B A i gt i H An ek Bcfi . “Gap” 48 H

FRERME R R M R, B '“C“meZL;bB;:B"““d, e Incumbent %7 24 Bl 50t 2K R

BestBound 7 T et T 5o ZHUE IR IR R A FEBAN 583 . “ Runtime” 27 SRR BT 75 )
THERK . Horh “FS 48407, “Gap” A1 “Runtime” (AR 20 IRSERSE RAGTFIME . £ “—” FoR
FERILSE IS 18] A TE iR A o

APAERTE TR BB L, ARAETRIZE, ALK M BUE A 7 KRBT TS e .

Table 2. Performance metrics of the ILP model

52 2. A ILP BRI & IS FR

AN FREK Done (%) FS index Gap (%) Runtime (s)
10 5 100.00 8.5 0 0.02
10 10 100.00 11.2 0 0.12
10 15 100.00 124 0 0.24
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10 20 100.00 151 0 4.28
10 25 100.00 18.9 0 161.33
10 30 95.00 25.7 3.57 3600
20 5 100.00 8.1 0 0.01
20 10 100.00 12.0 0 0.13
20 15 100.00 14.9 0 0.32
20 20 100.00 15.0 0 2.71
20 25 100.00 17.3 0 118.50
20 30 90.00 20.2 18.10 3600
30 5 100.00 7.5 0 0.01
30 10 100.00 10.7 0 0.07
30 15 100.00 155 0 0.80
30 20 100.00 18.3 0 97.85
30 25 95.00 19.9 6.17 3600
30 30 90.00 21.2 125 3600
Table 3. The performance metrics of the ILP model proposed by Zhang et al.
3 3. Zhang F A ILP R &K B IRIEHR
BAEN TioRE K Done (%) FS index Gap (%) Runtime (s)
10 5 100.00 8.5 0 0.15
10 10 100.00 11.2 0 0.32
10 15 100.00 12.4 0 109.85
10 20 100.00 15.1 0 594.70
10 25 85.00 20.5 4.24 3516.10
10 30 — — — —
20 5 100.00 8.1 0 0.14
20 10 100.00 12.0 0 0.34
20 15 100.00 14.9 0 74.52
20 20 90.00 17.9 0 944.73
20 25 80.00 24.3 23.26 2656.69
20 30 — — — —
30 5 100.00 75 0 0.21
30 10 100.00 10.7 0.30
30 15 100.00 155 0 1794.32
30 20 — — — —
30 25 — — — —
30 30 — — — —
DOI: 10.12677/0rf.2026.161002 17 18 75 5 R 2


https://doi.org/10.12677/orf.2026.161002

s, IhRF

i = 5K LA R A A O B b, SRR ovAD), iy KA, RIFRE ANFRBH I L Rs A
[FIR R (R SR AN TR AR A o bl (o 2 R RN DN SL RO FR 46 i i) ILP L2, S 4RI 22 it ILP
BERL, AT 2R ROR B S LY ILP REAY, SR 2R I 3R {3 FH 5K TR 55 N IR SO B ST (AL
AV

@y |LP [Emimproved [ zhanglei [ classical

10000+
1000+
1004

104 (o]

time (s)

14
0.1+
0.01

0.001 T T T 1
0 10 20 30 40

N=10,K

Figure 1. Line graph of time consumption for solving the RSA problem when N = 10

1.N = 10 RAREIF KUK AR RSA Bl R k&

I my ILP [ improved [ zhanglei [ classical
10000
10004
100+
10 ]

time (s)

14
0.1
0.014

0.001 T T T T
0 10 20 30 40

N=20 K

Figure 2. Line graph of time consumption for solving the RSA problem when N = 20
B 2. N = 20 Bf R RIFE K EOK#E RSA [B] R FERT I 2 (&

I myILP [ improved [ zhanglei [ classical
10000
1000
100

104

time (s)

1,
0.1
0.01+

0.001+ T T T \
0 10 20 30 40

N=30 K

Figure 3. Line graph of time consumption for solving the RSA problem when N = 30

3.N = 30 R E TR BOK A RSA [BlREFERT T4k [E
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1 b SEge w0, 5 A ILP SRR B, JRATEESLRY ILP B B BON W R A S 7ERARRE N L,
AREAAE 10 % 30 MRl 5 2 30 ML T RMIAME MR 7=, RFEDIR BZ 0T HARER. Tt
HLAE AR PR ) RS, A% S8 A 250t \LP AR JE I A INF 1) P S R e, T AR R A7) E AR R vt A
. MR L, X TEREMRIREN L], AERE FS fRACIMER AT AR, thT FS

R R E I 2% S RS B o TR, 4 SRAIE WA A R LA o v 0 003 R P R A 55 7 38 7 o
FEWCSAPERE I, ABRURAFIE AR T 1) Gap EFFEERTHAl ILP 87 . B/ Gap B R 1 FIATR S5 2L
IO, U IR BT AR E | SR AR o AETHELRCR (WA 1-3), £EAH [ R AU T
ARG SR AFFEIS R T Fefdoef FORERY, AR B 1 SLAE THSR0E B3

4.2. S NENE R RISCI R

LAFRI 2% il N 9 60, 7R3 K O 500 A2 %, 73 BIEA R G4k a, b AN 40
ISR AN IRV 20 o SRS BIRENLIZE I 20 41, HOPEIME. W3R 4~6, X=5KIED AN A FRIERET S HA
Al 20 2 HU A RIS AT I 1]

Table 4. Parameter optimization experiment for root node

F® 4 WS SHPMEE

a b Runtime (s)
0.7 0.65 1420.51
0.75 0.7 980.25
0.7 0.7 1105.83
0.75 0.75 1290.37

Table 5. Parameter optimization experiment for middle node

5. FETRSHEMEE

a b Runtime (s)
0.8 0.75 1050.28
0.8 0.8 950.33

0.85 0.8 920.54
0.85 0.85 1150.76

Table 6. Parameter optimization experiment for deep node

6. AETRSHIFMEE
a b Runtime (s)
0.85 0.8 913.14
0.85 0.85 897.45
0.9 0.85 890.24
0.9 0.9 907.80

Hi7e 4 336 6 AT %N, FEMRT AT a=0.75, b=0.7, ZEHPATT AN a=0.85, b=0.8, 7EIREZT AN a
=0.9, b=0.85, &7 > YIE|EEFELFISELE -
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Table 7. Optimized algorithm result data
7. EEMUENEREE

\K\N\ 50 100 200 300 400 500 600
20 07 7.75 38.16 122.21 133.27 397.67 636.13
40 0.99 7.61 42.11 107.59 126.98 365.17 648.25
60 0.87 6.68 40.97 131.44 157.34 476.84 787.51
80 0.98 8.07 46.28 106.51 229.64 530.34 657.67

7 AT DMRE R HE B, 2 BTARAE S UV EI R ILP Y i 2 L REAGEE N < 30, K < 30 (1% i
AR 73 FC 1], Bef%SRAS RSA 0] 58 FRDRG Bff A ) i) LRSS /N o 38 I A FH o SC DB SRl AT Al Ak, 4%
KK 600 B RSA il EFIIZAT I [RIK TH 4EREE—DNEUNRKSE . FTRASE, 23 SCUIBI R Ay K 7 %
EH AN 73 T 100 A () SRAR RIS, IR 7 SR =

4.3. SBREEZNX LS

N PP A SR RS B ILP A 5 0y SR BRI SE PR 3, FRATTTEAR [F] (Y SEB IR 8E T 538
FE DTS G BRI FRE NS 1Y) RSA [t O T 12N, B BRI ARER RIS F

FRATIEHR R 281 AN = 30, 7SR K M 50 % 200, AFABENLA A 20 Nsefil, 15545 2 IX
20 HSEBIFAME . X B Gap I Mg AR AR B ZE A S AR AR L . T8 SRR AR, X TR S
M, FPEEAR/NN 100, 28 X A% 0.85, W FME%E 0.15, H KiEAECH 150.

Table 8. Performance comparison between the proposed algorithm and genetic methods

8. ANEESEEEARMRERILL

iR A K RS FS index Runtime (s) Gap (%)
50 AL 40.6 0.87 0
BHE R 443 2.56 9.11
100 A 167.4 7.73 0
BL HIE 176.5 8.26 5.44
150 AR 268.3 23.33 0
WAL HE L 280.1 17.51 4.40
200 AL 378.4 39.24 0
BL HE 395.6 19.87 455

A 8 MR, BATAIRIA SR MRS R B A R R R I B, DA — R T SR TR Y
TH UL IRBURE AR AT — 5 IR L B2k

5. &g

AT FRGIE T — SRR 00 268 v it e RIS 70 [P L) ILP A5 7R - £ Lt A5 P 0 SO ikt
Arefitt . AR RLIE I T b e SRR BT A AR A, B R S 1 — BUE AR SR EZ R, SeBL TR
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TR 2 25 A 7 SR P SRR S HEAT SR AR AR FRATT AT SRA M SR A IS 1) NS SA0k FE 1 = iR
PIRZIHEAF IR M 25 BRI EATIRYE RSA il 2 ) B (15 sl BE AR L 0 73 SR, il in s
WAEBIER —ZF O H IR T AR SR REY, ASCEILFL ILP BEAAE KA a4
M EBAT IR AR E SRRt RS Wk SORMS . FIEREEMVIFEIT I, i
EIE SIS, BUE S RINZEIR B K T R R AR S5 5 008 Uk inis e 5
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