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Solving large scale capacitated arc routing problem based on route cutting
off decomposition and adaptive detection

FANG Wei', ZHU Jian-yang
(1. Jiangsu Artificial Intelligence International Cooperation Joint Laboratory, Jiangnan University, Wuxi 214122, China;

2. Jiangsu Provincial Engineering Laboratory of Pattern Recognition and Computational Intelligence, Jiangnan
University, Wuxi 214122, China)

Abstract: The large scale capacitated arc routing problem (LSCARP) is a combinatorial optimization problem and has
a wide range of applications. The divide and conquer strategy is one of the effective methods to solve the LSCARP. In
order to use the divide and conquer strategy to obtain better decomposition results, an improved route cutting operator is
proposed to solve the LSCARP. The proposed operator can automatically identify the path with poor shape in the path set
and carry out targeted processing on it. In order to achieve better decomposition by reorganizing the divided paths in the
iteration, it is beneficial for the algorithm to jump out of the local optimum and obtain a smaller final cost. In addition,
since the structure of the LSCARP may affect the final effect of the algorithm, an adaptive dataset detection operator is
designed, which can allocate parameters according to the relationship between the task edge and non-task edge in order to
improve the decomposition quality. Finally, the above two operators are used in the SHAiD algorithm. The effectiveness
of the proposed algorithm is evaluated by compared with the stat-of-the-art-algorithms.

Keywords: capacitated arc routing problem; combinatorial optimization; divide and conquer; large scale optimization;
route cutting off decomposition; adaptive
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Ry T fabs, n R ff b B A2 1) B 15 2% B 42 Ry, B
—HAL S ID L, RN N Ry = (try s thgs - - > e, )
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n; mzzl[SC(Rn[m]) + 2(tv(Rp[m]), hv(Ry [m + 1]))].
©)
s.t. Rp[m] # Ry [m'], V1 <n,n’ <[S],2 <m,
' <R~ 1 V(nm) £V, m); (@)

R, [m] # inv(R,/[m]), V1 < n,n’ < |S],2 < m,

m' < |Rn| - 1,V(n,m) e V(n/,m’); 3)
IS|
> (IR, —2) = |T}; )
n=1
|R,|—1
> de(Ram]) < Q, V1< n < |S]; 5)
m=2

Ru[m] €T, Ym=2,3,...,|Ra| — 1,
n=12...,19 (6)

Horp :0(1) v B bw R 3, 3R 5 (8] 1 s 2
X(a,b) N0 s a BT R b I B /NFE BS, AT H Dijkstra
SR, 0 (Q2) ~ (6) WA A Q) M (3) NEERE
BEAFNL B RS AT 2 MES ID & T AR IES,
|S| Mg A A K (4) R RSS AT 55 1D S5 T

S Q) ~ @) RIUE T BT A AT 55 R RERE AT — X
(S PHIE T AR 2B AR 1 75 SRR BN B0 ) 2%
5 Q; 3 (6) 7 X T ki fah on &R 1k, BV EREE 14
A5 1 oe g4, HAb AT A TR L AUR TiZAE 5 4E.

2 EFIRCOFMADDO [¥)LSCARP Kf#

FELSCARP 1, = o] 8 ) SR A0 R A 415514
AR K IUAE S5 7 51, 53 it o A5 380 -1 T 3 ) SR i oxd 51
NEEASTAESS 751, et A1 1) B R 7 SRAS KT
TR AW Q. — Bt T-RX AL 2 M 5543
BO RN [F] — A7 D) 2N S L AT 555 2) 2 ME S
A S A [ — AN B A AT 55

RCO 5 RDGP [ FH 318, #4145 & CARP (1)
AU N VR BE AT 23 i A4S B EEAR A A, L g 2
XIS FEH IE 4 1B AT 55 7 21 3k AT 8 R V)
H, Bt 7RSS BRI REAE A DI B 3E £ (good links)
1% 3EHz (poor links) FEI AR, H 7 good links F1 poor
links 7377 D487 b P 5 50 ) ARG I B 0 e R AT 55
Xf. RCOTERE A B s AR Ag v, AVE L F R )
W good links F poor links, BT 75 21 18 1 % 42 5 Gl
it & IR B AT 257 4. RCO I X A 7 =, 4T 1%
FEAT IR ZE I T 348 R RAF BT (1 B 4%, DA 52 K

AR EM B AR S HAHR, B T Hk M4
JRAHE R e 1, BENSEAT PR AN B) Py BUAS MR X SEAR fr 45
04,

RCO B iE 7 % B 15 N 3 3 e B X IR 3R R AN A,
H2, X B/ AR T 45 5 1 150 1) 1) 2 e i s T gk — 2D IR
N, B A B ) 7 5 £ poor links B T 15 AT A #4412
rh DA [F) 48 R 7] I8 poor links, 38 it 56 2 ) Wi A B JE
A AT 55 18] (R B Rt B 06 )3 L FE 2 9B AE 1Y
AT S U A . b, 76 7 — LSCARP B FH 3 5,
T 45 T AF BT A 320 PR 1 o Lt 4 2 i BV P e 28K
FROST 3% 26 WIAR H LSCARP (1) FL A4 B AR A &5 ¥ 1 5
LR T BFAE AT A N R A8 A BT R M B T S I
HE.

NTRE— DR R R, A SO AT
LSCARP ## /2 TSR N S R T H 7
IRCO 1 ADDO, 5| N\ Z JE 25 B A% (IR &, F4 RN
SHAID H A4 37 505 FH T 3R i LSCARP.

2.1 ERSEE

TS K B AR RN B AR 1 S KRR FRTE
TR BRSBTS KT #H45
A FAES BN ERAS, R 2, 8 SO, A
SCIR T RCO H 2 AT 45 32 1) B 6 B8 8 1) 52 S,
X(ty,t9) = ié(hV(tl),hV(tg)) + ié(hv(tl),tv(t2))+

ié(tv(tl),hv(tg)) + i&(tv(tl),tv(tz)).
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%5 [ B BLEE B AN 2 + 2 + 0=4. JiT L Route-2 [F] IR} i
JEUL E 24N, 55 G ZE TS IR AR 1 5 S, LA T
BERIYIHIMR.

W1 PR, 22 TR 25 B4R R AT 55 20 HAT 5510
PR B ORI RE A, 38 2 1 AT 55 (B R A BEAEC 110 7] 2,
SR PR AT I SR R, B LA & B sk /b 22 TR 35 BR A7,
X REAT B R A EIVIE], P A R s A G IR A
KR 2 2 LTS AR5 1A, 2 B ik o R s e
PR AT REME.

22 HHERERFEYIEIEF (RCO)

BT ZRARRARIE AR M T S0 R E42
PIEIE . 2B FERCO WAL B, 3 17X 24
PRSI ERAE, RICE AR CGEAR T B Bl 4 5 fid o i 22
A ERAE, NI BOA A VTR, 45 58 R GEAR
() s AR A, SR HE BT A BR AR AT 55 ek T) 2 1R P 3048, AR
AP HMER S ZTR SRR S HMBRA. 55T
TSR AT B DL N 4 PR B P 1) ZTR SR AE
) good links; 2) ZE JE A5 % 1% 7 I poor links; 3) F #lL %
127111 good links; 4) LS 42 H 1) poor links. ¢ 5
P DA b 4 FpAS [F] S 1Y (1) 452, S 43 EEAS (5] 1 U0
#. IR IRCO R BB R ANT

step 1: FI N\ 4T B S, 15 55 55 B B 7, FE Al
VIFIEZE o B, BN RIREZE 6.

step2: B UHI FHAEGW AT,

step 3: TF P IAE SS90 .

step 4: TR A EE AR AT 55 B 2R (1)~ 3 RA.

step 5: 1 7 il 8 H A 2K B AR

step 5.1: B A good-links. poor-links "N 7.

step 5.2: THEAZER AR P AT 55 A [ BE ra.

step 5.3: 3 Py Bg A% o BN IERE (S, 4], Sili + 1)):
AT <, WK (S)[2], Sifi+ 1)) IEASE A good-links,
753 W I A £E4 poor-links.

step 5.4: BRFVIFEIEEA cut-gl Fl cut-pl A=,

step 5.5: BFEALAEIX AI [0, 114 Be—ANBENLEL ry.

step5.6: i B < o), BENLIESE — KBS
good-links H' FEFZ A SE A cut-gl.

step 5.7: BENLLE X [H] [0, 1] 42 e —MBEALEL .

step5.8: i Era > RAK, #5758 <7y < B+ 0,
T B AL 3% 6 — 25 5E & poor-links H FZEHE I cut-pl;
N R ra > RAR, #ry < B, MIBENLIE B — K LS
poor-links 1 FEF A cut-pl.

step 5.9: B4 A cut-gl FEE S cut-pl 7 A2 2 3
1T VVEIAE BT I8R5 6 Ssub, K MASE A w H.

step 6: & [A] T BRAREE G w.

SR E SN G AT R S il good links 7]
FIMER o, LA poor links VIEIER 3. B/ EIMER
0; P85, W4 AF 55 S5 6 I — 11 B tH P A4 55 i he 5%
P AU SR AE S5 G ] BE )~ 2018 RA 8GR 5 5%
P A% I 1) 5 & K 43 good links 5 poor links; f%
J& , ARAR 2 IR AR A T N 22 T3S B AR T g AT DI 2
SrC, I E S Z RS B4R Y poor links A~ 43 BiC
B VIR
23 ESHRE(TS)

ASCHTIFFL I LSCARP W 3 25 ¥4 AT 45 1 5 3R
RS R K R, 3 EARIAEAT 5510 53R 55 10 2 &
L, 12 L9 e OS5 M B2, Hork 7 N

Nt

TS = —.
S Nnt ®

Forf: NCRAE 510808, Nt g ARAE 55 0 80 7217 —
AN K B, TS BB 1/ 2 K70 3 e B4 vh AT 5% 3
FE P 1 R B /D 2RI O AR B 2 N R 55
M PR 5491 5 v A 55 i P 1) 491 ) R0 L. 11 2
e SREONAE 5530, E N AR 5510 AR (R MESS
AR EAR HeAR) 18] (AR LA AR H R0, HEg A2 (A
(RIRHS PR S th 2 UM 70 VA R e A 4 R
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(a) RAESFEEEMEY  (b) SESMER LR E )

B2 RHEEPIEIESHRERN2NES
24 BENBEEKRNETF (ADDO)

i SHAIDISY A (14 512 56 W] 2% B, ] Bl i 400 %
e R 5 Rl 22 i V) B e i B O [ e M, A
AN TR R S48 w0 B TH 2 22 R K, T DAY AN 7 45
A PRI [ S48 BT 2 ) B A 2 0 2 22 SR K, 1K
Sx—EFRRE LR 3 i (1 T A

1E LSCARP £ £ 1, %6 T4 45-# i AR 1
i, B TAT S5 B A X 3D, TR AT E 2 AR A I
KAZIRAT AT 55 H A, T EE S M & s FE. 1 X
TS5 M 0 FE v PR SR AB1, B% A% G I BE I 1 B 2
7= A, 2 5 8RBT R A, 78 PR E B 1R] Y
M DLE AR AL F5 1) 46 5. Bt DA T X6 AT 55 i B 1D T
F, AR HEH T ADDO. %5 77 SHAID HiEHES 2
L 380 T X [F] LSCARP A A A [ &5 4 (10 460 0, i
I Nt A Nnt v 5 H TS JF DU bR, & BR 4 il AR
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JE RS il A R AR () I EE L),
2.5 H#RAIRCOFIADDOHJSHAID

N T KAIE BA_E IRCO AT ADDO P 51 (148 i,
AR H 5 57 SHAID A 45 A, 4 4 IRCO-ADDO-
SHAID, HiitfE a1 .

step 1: iy N B A D, IRCO 1 Z# o . 6.

step 2: ¥+ ADDO N T 541 D 7,43 2] Rm 1 Rs.

step 3: Hid SHAID!SI 3 BT 45 # S.

step 4: K¢ JR A 2R N TGRS .

step 5: HIUEIRAAE Spest = 5.

step 6: TEAN I 5% fi K AT I 8] B R 3K 31 B
KIEARKELINT, B 4T step 5:

step6.1: w = IRCO( S, 7,0, 3, 6);

step 6.2: FE T w HF I T BR A2, 08 H R AU R AR 4R

A
=

step 6.3: 5 H & N 2 H Rm Ml Rs i F] T HDU &
EPR RIS

step 6.4: F REBAE R N H T 5,

step 6.5: 24 TotalCost(S’) < TotalCost(Spest) I, K
S" BB BT 2 Shest .

step 7: & [Al LA Spest-
2.6 BfEEHRESH

WA AT 55 10 S BN Thum, 5 EEN Noym,
B KIERIKECN Grnax. ADDO AN T 1H 5 — YRR Al 43
FIZHUE B, WO T B 2R E N O(1). IRCO V) #I k4%
FA MBI O(mX R ). FeH1:m TR
EHL Rium NI W AR IA K HE. SHAID /=

VS IR LIS R O (Toam x Rige % 3 VE).

Lot I B R VR, Vi, A UG
K LT %5 H0 B0, R A A T [0, 1], Ulsyspld!® f)
R IE N O(T2, ). B J 6 0 I ) 5 2 FE 9
O(2m x Rypum). MergeSplit!?!! &3 5548 2 (1) i [H] 52 44
%O@m%dﬁm)ﬁﬁ%mﬁmﬁ%ﬁﬁﬁ

5 1/ imﬂX
O(imz X thnum + Tnum X Ryzax X ZVtZS + Tn2um)

N T ASEAS SR TR () B R 52 2% BEAE 4 — A X L,
ARG R E I ] 52 % BEE v (1K P B O B AR B, BT 5%
T B T VNS IN [0] 52 2% 2 (R0 LU AR #E. IRCO-
ADDO-SHAID ¥ I [8] 52 7% BE 14T 48— 11 J5 20 0
O((m? + a)T2,), HA a AT [1, m] FIHE L.

21N PT IR W B 5 0 Bl Bk i i ) AR A
J%. RDG-MAENS H [t iter 4 ey i 48 ZZ B B ) S 24X
UL VNS H ) r A F A2 I ECE. UHGS i e A

T (L, T F 0540 83 0] LRI A5, BR TSA-1 I ]
SRR A, BT AR S A Bl B A ) &2
REAET T2, BT B AR

% 1 IRCO-ADDO-SHAID 53ftb &%

B8 & Zx E B XT L
Bk AR I T) &2 7% P
RDG-MAENS Ofiter x Tp2,,)
VNS O(r® x Tp,)
TSA-1 O(T3n)
UHGS O(e x T
RCO-SHAID o((m* + a)T2,)

IRCO-ADDO-SHAID o((m? + a)T2 )

3 RIS RN

N T IR BT H TRCO F1 ADDO 78 K AR B =
SN A% H B P G O, AR LT T R IRCO-
ADDO-SHAID 7F ¥ #% #£ Hefei. Beijing | 55 RDG-
MAENS!21, VNS22 TSA-1231, UHGS24, SHAID!'S
RCO-SHAID!MI R {1 AH 0} bE SE .

T HEAT PR B, B H B 50 b AR A A
HH [ B4 4 Hefei Beijing!'? 34T 5246, 6t 5k 2
Bl B 5 0 SCORRE— B R F AR v S BR 52 13 4T i
() A R0 1) g /N A 9. A SR FH AR A CPU I X A
A S5 B AT I ) 3E AT 8 — XS LR 5 3. g
53 F UHGS #38 47 7F Intel (R) Core (TM) i7-
10750 H CPU, H 411 3 4 2.60 GHz. H: A Lk 45 5 7%
iz 47 7 Intel (R) Core (TM) i7-4790 CPU, #ii K Ny
3.6 GHz. BT Ft F LSCARP 5451 1) 55 00 A A f /s 3%
FA R 1, HOGE T R AR A 10) 8, £ A RIS I ) i 352
TS Re i PR A5 B — MBI T A 2 R LR
() —A~ HEZ bR, A SCEA T SHAID 831 L1800 s
R HEAE I B KIS AT I TR] FR 152 L LA CPU A2 Ay I ]
A8 TEORR HEDO)) BT 3 H B9 R UHGS 1 8% K38 A7 I 1)
WHEN3.6/2.6 x 30 x 60 = 2492s, HAhxF H % 1)
B KIZATI [E B N 1800 s.
3.1 B¥KE

IRCO A 11~ H E X Z %, RI# 41| B 2 0,
ADDO ] 2 > Z H i 100 26 45 & I % R AL il 22
HEREY)EIRE R Rs £ SHAIDUS fh £ 58 X, A 2 3
Xof HE A BEAT B 3E M A L. 23T A 58 S0 M SR
58 AIE J5, IRCO I A I ZHWE N6 = 0.1, ADDO
M H B LTS N or 26, M TS < 1B, (Rm, Rs) =
(0.9,0.9); 24 TS> 11, (Rm,Rs)=(0.1,0.1).
3.2 IRCO-ADDO-SHAID 5 % a7 LSCARP &%

LRI SEG 45 R

N 7 364IF IRCO A1 ADDO [A] fif 1 Fi] -F- SHAID 51
o 3 Be 8 AT S AL I 25 3, AT IRCO ATADDO



N

3576 # % 5

xR ¥38%

7] iF 82 A T SHAID Bk, I65 H 5 24 1 LSCARP
AT A R R % RCO-SAHID!S, UHGS?Y ., RDG-
MAENSH2 VNS BLJ TSA-1123 7 Hefei #1 Beijing
Hod 4 LT 76 E sz, IRCO-SAHID Al SAHID

WSCRFF— L

2% 2 132 3 N IRCO-ADDO-SHAID %y 5 %7 He
SH2AE Hefei Ml Beijing H 4% £ 31 20 AN 5451 v i1 1)
4E . 2 2 f13E 3 Al I, IRCO-ADDO-SHAID (1] #%

Iy BISLIZAT 20 k. 0 LR T 2 8 B 5 R

9 AL T B UHGS Sk AN i A 502

2 IRCO-ADDO-SHAID BEJATE Hefei IR _LIE1T20 R FHES E M EXHIXTLE

A %4 |B| |T| VNS RDG-MAENS TSA-1 UHGS RCO-SHAID IRCO-ADDO-SHAID
Hefei-1 850 1212 121 247819 247389 252615 245664 247943 246823
Hefei-2 850 1212 242 449979 441602 456228 433878 437931 436012
Hefei-3 850 1212 364 595263 589183 637201 573701 586 885 583016
Hefei-4 850 1212 485 774323 761387 791790 740 463 754116 750123
Hefei-5 850 1212 606 994794 991807 1042701 946 602 967198 961952
Hefei-6 850 1212 727 1128667 1132123 1162641 1072899 1099 037 1092167
Hefei-7 850 1212 848 1337353 1361180 1353502 1272912 1304230 1295311
Hefei-8 850 1212 970 1517151 1550664 1537169 1436096 1478098 1464 685
Hefei-9 850 1212 1091 1694957 1749132 1716256 1605612 1657764 1632619
Hefei-10 850 1212 1212 1852622 1923290 1901167 1754904 1810765 1791315

# 3 IRCO-ADDO-SHAID B A7 Beijing ¥ 8 L1E1T 20 R HES H EIERIXTEL

A5 V| |E| |T| VNS RDG-MAENS TSA-1 UHGS RCO-SHAID  IRCO-ADDO-SHAID
Beijing-1 2820 3584 358 782415 829443 829132 760 595 770294 767149
Beijing-2 2820 3584 717 1192292 1338002 1401363 1133012 1164102 1155376
Beijing-3 2820 3584 1075 1618484 1847973 1709279 1542551 1577864 1565213
Beijing-4 2820 3584 1434 1953892 2193427 2070885 1847432 1896983 1888946
Beijing-5 2820 3584 1792 2335915 2639486 2440319 2210467 2255982 2230437
Beijing-6 2820 3584 2151 2743677 3047311 2814735 2571790 2654425 2639798
Beijing-7 2820 3584 2509 3063813 3388275 3186240 2871994 2953073 2939864
Beijing-8 2820 3584 2868 3366215 3697052 3456037 3150705 3234275 3218643
Beijing-9 2820 3584 3226 3723830 4061 820 3943883 3485860 3575771 3553691
Beijing-10 2820 3584 3584 4040694 4353974 4103532 3785821 3885360 3839621

M & 2, IRCO AT ADDO [A] i #& A\ SHAID 515
B8 [ 159 i 28 45 ik — D A3 B4R T+, H-F ¥ i A 9%
30T B UHGS 41 it 5922, % B IRCO 1 ADDO
7E 4b ¥ LSCARP J2 A 2 1. 1 UHGS M BE 7E T A %
bb BV R R PR 2 TR Dl LA 2R R 0 e T oKy 1)
S) T Y8 2. UHGS 1) 3 ZE 5Tk A2 — P a & 2k £ 40
I AR LA, ELREUELE O (1) A 18] Y 52 J AT
WA R AR ERE, B4 AR — M R )
PPN 4 B B A v SRAL A, — e R B> T Rk
THE &, SRR I 8] YA T SR ) 45 5L T A
UHGS (1) 5 iR 3 2275 S5 348 R A R 45T, 1H & AR L
(1) E ZETTRR R E A R B
4 & #®

ASCEL I M HT I8 FE R U LSCARP 3R159 11 43
fift A% 52 4% 1 1) L, 32 T IRCO A1 ADDO 3 AN 5
1, Ik H N L SHAGD %1 T SR /i LSCARP
{532 IRCO-ADDO-SHAID LA — 45 2 5 40 it 1 Joii

BN T RUERTR B E T BRI R, A S
54 IRCO F1 ADDO B 37 & N SHAID H, SZ 56 45 1
KU 2ANE TR — e E BRI R F kN
BE. 5, B ATt VA 5 2 A 32 IR LSCARP S5 7E
H45 4 Hefei 1 Beijing N #E4T X bL 5286, S206 25 %
BT BT H B R R A R
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