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WE L0 BREINE H A8 (multi-depot  capacitated arc routing problem, MD-
CARP) ZH:A CARP (capacitated arc routing problem) JHE ZH AR (T 45 0]
HJE TAE— 0 s, B CARP B85, KB MDCARP (large scale multi-depot
capacitated arc routing problem, LSMDCARP) 7E [l 8 45 i) LA K& fift 2 6] 55 T 40 b
PRAR . EAR RoCaSH2 7ER KM MDCARP JR4E b, B 1 A E L IT 1)
IR M A2 — e RS, 7 CARP 78 2 HEEOCIRE, HtEg o231+
CARP Kt FEMszm. STk, MEEZEIENEM L &b 7T —FET 208 %
W% ] LSMDCARP Kfi# 7% MDCSbA (multiple divide-and-conquer strategies based
approach), FLH 436 TREE A T MDCARP [ fif 170 /8 8] 0 ik 1) DA K 1m) R ) 4
fiE, FRAEZ DA EFARR R R 2%, N 75 MDCSbA X+ LSMDCARP [
AR, R 3584 HYINRAR LidkAT T30, 45 R0, 30w SR AEAH [R] ) v SR
[P, RO B T E4E RoCaSH2 18P By HAth 5%
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Abstract Multi-depot capacitated arc routing problem (MDCARP) is an important
extension version of the basic capacitated arc routing problem (CARP). In MDCARP,
each task can be assigned to any depot, so MDCARP is more complex than CARP.
Large scale multi-depot capacitated arc routing problem (LSMDCARP) is extremely
challenging on the problem structure and the vast solution space. Though, RoCaSH2
is a state-of-the-art approach which outperformed the other algorithms on the test
data with a larger scale, it will encounter the straits when the problem scale ranges
up to a certain level in which the scale of the sub-CARPs appears to be larger. In
RoCaSH2, the operator for the sub-CARP ignores the scalability of the problem. In
view of this, a multiple divide-and-conquer strategies based approach (MDCSbA) is
proposed for LSMDCARP based on RoCaSH2, where the divide-and-conquer strate-
gies are distributed in the decomposition of MDCARP, the collaborative optimization
among sub-CARPs and the decomposition of sub-CARPs. As a result, the complexity
of the problem is decreased at multiply stages. In order to verify the effectiveness of
MDCSbA, it is evaluated on two test sets (i.e., mdHefei and mdBeijing) in which the
number of the tasks is up to 3584. The results show that MDCSbA can outperform
the compared algorithms significantly within runtime budget.

Keywords Combinatorial optimization, large scale, capacitated arc routing prob-
lem, multi-depot, divide-and-conquer strategy.
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PR I H 1] A (capacitated arc routing problem, CARP) #¢4:H Golden Al Wong Y -F
1981 4, RIHAESEPRATE S TR R 2 M 5, &S0, WBA#s . B IRFR
B, &5 E . KRB P CARP B H AR L Bt S A E ORI 42, DAE
X3 A T IE B W A TR SR 4G T IRSS, FE R R E AR, B s ME. 2R, CARP BT
LAY AU ), E R IE B Y NP-hard 188 1) H 2 K& B 70 S = A 35,

SRTR, BEAE R MIAWET, JEA CARP BAYHELLRINT. R EEARBIAR AT Y f, 1& s
B 1) IR 5 22, RO CARP TR ST, WAL CARP O, 2R CARP, £
> CARP (multi-depot CARP, MDCARP) Bl A#fiz CARP P 10, Z 2 CARP M RHE K
CARP 12 25 £ MDCARP ", fA/E 2 A0 8, B4 S FLAEAT —rpt s AL, S ii 2 1]
WA Sl Ay 337 A ) R T T U 1% ) RS Y. T MDCARP T 5, 18 B 75 SR T3 & 24— O s
MRS, BARMXT T HEA CARP, MDCARP MIff=s (6] 2 nljr 536K 13 ngy n, 25000
BN ATl MDCARP % CARP % A% 2%, 78N NP-hard 7] .

RAE MDCARP HAR & KISLbr S A, AEE CARP I8 20 0F 9T, H32 RIERRFE R
Zhu % 1 5 Kansou 1 Yassine M )B4 H TR A 84 5% (hybrid genetic algorithm, HGA)
DL 2 A0 SCAEE AL B9 (multi-depot memetic algorithm, MDMA), H-7E/NAL S _Eib47 T
BOUE. SR, 7RIS H S B i) U AR S IO BOIR A, A B IR 4 e () T R T ok
F 771, MDCARP = A 65 [ UARAR 1 39 K R B IGK, iT DA G2 S0 3 DL SR KR
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B MDCARP (large scale MDCARP, LSMDCARP). #0fa]#£ 5 K AR 2 (8 b ik 47 G 88 &, 1E
A BR P e ] Py SR )RR GAE F5 R, 2 LSMDCARP il (k.

DX R ke 52 % (1 i JBE, 43-¥8 SRS 3 0440 i ) 80 A S 2 T R RS P 1 1) R, B s 0 9l

XTI R, JER AT TR, AR IR R . AR, 43 VA TR R 08 TV IH PRI 1n) R AR B

Fettk, A R AEARKT RN B I AR AT, AT 2 SRS e 32 SR 15181 43y SR 1) S AR A
F 55 JE 1) R 23 R SRS 1) 2, Zhang 45 90 &3 MDCARP FIZEH%F &, BT 7 — R =ArdE(T
2543 e M | K 1) R AR AT 55 20 G 28 3 110 PR o5, AR E PR 05 B 0 iR 28 L AT S5 H B T T
CARP, X7 CARP Rf#, RIFIRI S O SO BRI E. &IFTE T CARP XM, B
R AREE A, AT AR v SO B AR EE T R E AP A, TR T R R R B AR
% (route clustering and search heuristic, RoCaSH). RoCaSH PLEARNFIEHELL S 73 Be &8 A
FAN AR TR, DABRAS FEAR 6 ) AR, RoCaSH 78 = FhBEIREE b HEAT 7 I04IE, 23851
AINBEIHASE mdgdby FEFRURE mdegl FIRIBLINASE mdHefei. mdBeijing, HU45 7% HGA.
MDMA F U8, JLHAE KA {4 mdHefei. mdBeijing I, RoCaSH 7~ 1 K 4F 1 in] &
KARGES.

X MDCARP, £ — XTSI vl 2 HE T [l — 2k B AR 34T i 5, H AR B Ar BT A 9%
P24, Bbh MDCARP J& T8 AT 4 B A AL 8. RoCaSH 8+ CARP #73R
fiit, DLE T RS & e H R R — SR RIS B B T, Soma TR R, R RoCaSH R
BT ARG, SR A CARR A2 % 5 1R SR SR s LA . 38T %5 H ik, Zhang 25 1200 42 H
T CARP Z[ifE5 #3151 (task moving among sub-problems, TMaS), i#t— 25 5% ¥ [ @l
Z A B AL, W5 BB A & B O s AR AL E. X T TMaS, # VA~ MDCARP
AR, BATAES R, W TAERE R, BT LCRICRLIT POPMUSIC 568 21 51+ TMas,
SO0} BE B 300 Hook B F AR G s B8 AR P AT S5 34T R R R, AR ot oy 8 2 7. TMaS
i\ RoCaSH, J5{#ite ., id BT KR LN RoCaSH2, SEIEM T HxF LSMDCARP, %
RoCaSH FEHRL.

PULS K TR fE R, LSMDCARP &3t /0, F 1a B A IR AR AR, BT bA, X7
CARP RFALG 7 vEACEE ) DA DUER Ao s i) g, it , 1 CARP 25 R 40 1A SRS
AP, & RoCaSH2 5 B8 i3t — 3025 FE (1) ] /.

Mei 25 22) 4841 7 BT BR AR HE B B 2K 0% RDG, 1454 MAENS 23] JE R, RDG-MAENS
PR CARP o] BUHE4T K%, Shang %5 24 %f RDG-MAENS #4717 ok, #2117 IRDG-
MAENS XKLL Hbr CARP #HTRfE. ik RDG-MAENS K& IRDG-MAENS 5 KA
IR AT A AT 25 20 375, AEI S AR Sz AN S 0 S o ) (AT 25 4. % F ik, Tang 25 125) 42
T —FhE IRAL I A 53 (hierarchical decomposition, HD) &, LLRE T 55 T X SR
TR AT ES, HIKZRTZIRZ RS, Wit 73T 0D 77k SAHID. 408 RDG 5 HD,
RDG PAZR 77 2%t 1) kA7 43 fi, 0 HD W BAZE R 7 =X, B4R HD % RDG B mak, I
5 H R R X ) A . 9F L, Tang 2 P91 ARIE S AR AL ST, BEih T AN IHRSE Hefei 5
Beijing, &7 10 NEH, Hrb Hefei FHIRIBEZE 1212, i Beijing W _EF+3 3584, BiAMIAEE
TR SRR, SAHID R4 T HAEY, A5 RDG-MAENS.

KB MR RAT S ETHE — EFEE ) MDCARP, Ak, 78 RoCaSH2 HIE:AE |, SIAE
WA BSENG HD, JERT kAT oo, BT CARP MUK TT %, LAIRENS & A g v &1
CARP, M A K MDCARP [¥ U g o sl e (8] SR, 7E ATl v i SR, 2078 SR SR AN
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T=4b: 1) AR A BRI o, T BRI B o R 2) T R R R A IR A T v, 4
FU R AR EAL; 3) TR AR AE, SEIL B Rt — ik, JHe S I E 1 B, A
X HI%EEN MDCSbA (multiple divide-and-conquer strategies based approach).

AT PO REo#®

~”~ 1

F CARP 2% MDCARP FABHE

1 MRgiHESE

(Figure 1 The framework of divide-and-conquer structure)
2 oA

2.1 (IR

MDCARP A#§it AAELHE G = (Vy, Vp, E) EF 3R e — 2 AR LM sk im 4
&, Hd Uy Vp AR FR AR AT A S0 ST NS, B OEBT AL ES. ik
G Vns Vp BRTIEES V, BV =V UV, 8 Vp SO sl 7T BEHEARR Q 1
N K, R RIGIEHEIRS. 1% B, 8Ki0 e nHAEREMEME: FRE dle), W52
sc(e) MAE A de(e) HATHIIA. fE04E E b, FE—LFRG, HFERENIEME, B d(e) >0,
FRIXPERIILNAES, FTEESHIRAESSE T, Bl T = {ele € EAd(e) > 0} . & 1 FIH T ] FUH
BHFES RS . MDCARP B BAr NGB TS5 T £ Vp &bl S, B3O
AR FL RS, RIS BERAT 22 AR 55 %% FH de /MK, 30 2 DA 03R4 A4

1) BRI —t S R, e IR B R —Ht £

2) EAATIRS M E T REARBELIRR Q;

) AL T PAE—ER RS, H RS —IX.

#* 1 MDCARP BRFFS & (iR
(Table 1 The symbols used in the definition of of MDCARP)

(s ERS] (i) ERSL]

VN el AR S t fEFES T F—MES
Vb Ht IR S K LB S

E Uk Sty Q URibE NIk

e WEE EF—%4  head(t) FES5 ¢ S Rl
d(e) iU e BRIFRE tail(t) fE55 ¢ B3 o Rl
sc(e) e EMIRS2H inv(id) A5 id X NATS IR AR S
dc(e) e BRI TRH R — AT

T 155G S MDCARP f—/Mif

T 1A% E Bt RMERIL e BRI gt 9 VTR, NES ¢ = (z,y)
ECPA BRGNS S ddl, id2, 2 ARRIERWATI . SHES ¢ AR5 idl 5, ERNREARS
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id2 AlEAE inv(idl), BY id2 = inv(idl), AR idl = inv(id2). EAERRRE, E451ER K
FrA @SS AR E], B RAG SE R RS f R & RSB, BT s
AT AL, BT AV CRRFIR IS, A B IEESS N 0, B oREA L R —Hn s, 52
MDCARP HFEAR AL, Sy 1 RN HN S BIPAN , E X head(+)~ tail(-) 70l BIE
— RIS L Wt = (z,y) WIARS idl A1 id2 2 HAREIEML (2,y) FIREIL (y, ), WE
head(idl) = tail(id2) = x,tail(idl) = head(id2) = y. B 2 N—8% 3 NHOA. 7 MEST
MDCARP 754

Depot 2 .\‘bv?)
VS\ v4 v2
v7< v6 )1

Depot 3 Depot 1

2 MDCARP 7%
(Figure 2 An example of MDCARP)

2.2 HFIER
MDCARP fi# A KR NF Tk AR AR &, T 3 2% B 4 U2 ER A L 22 40 it IR 25 RO 25 2L R,
B
Rak = (tarrs 5 Lar)Ran)s (2.1)

/ﬁ\:‘:':', fﬁd,k %ﬂ?ﬂﬂ*‘ﬁ‘)ﬁ d Hjjiﬁ"]% k %Eﬁﬁé, |9C{d,k| ?%ﬂ?lif%ﬁéﬁ/‘ﬂf%ﬁ, tak1 5 tdklmd,k‘ 7\7
Hub i d XM RAESS RS, Bl sl d R E S

md = {md,h'" a%d,|md|}7 (22>
Hrr R B0 d HIRRIEEAEE, TSR S iTRRA
BEAE Rar WAEE load(Rar) K HWEFE cost(Rax) 730N
[Ra,k]—1
load iRd k Z d tdkz (24)
|md,k| 1
COSt(%d’k) = Z (A(tail(tdki), head(tdk(iﬂ))) + SC(tdki)), (25)
=1

Hr, Aoy, ve) RETS v1 5 vy BIEFEH S, 7 Dijkstra HikHHTHHE R0 K (2.5) F o
5 ok, ) WHO R d M NAES RS, X head ()~ tail(-) ¥ E &, BIMRSS M. 7
i S HSAET T E T

[9Ral

o(S) =Y > cost(Ran). (2.6)

deVp k=1
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2k LTk, MDCARP Wi 40 F:
min  ¢¢(S) (2.7)
st. tak1 = tar;my,| = td, tars, takog ) € Rak, VA€ Vp, Vkel,- - [Rq|, (2.8)

[Ral [Ra,k]—1

UU U Raulil=1, (2.9)

deVp k=1 =2

[Ral
> (Ranl —2) = |71, (2.10)
deVp k=1
load(iﬁdyk) <Q, VdeVp, Vkel, - \%d|, (211)

i (2.8) W, tg RO d FIERMESS, 2 (2.9) 1, Ry pli] RAREEE Rap PRI @ A
1%, R (2.7) AE EARREL, SR/ MU (2.6) TFEM RS, KX (2.8) FREWZIET
A —Ht ;30 (2.9) (2.10) BIPREEAME SRS BACHE RS — K 20 (2.11) XS R A28 R4
WA AE

3 EixEit

%F MDCARP & 2, RoCaSH2 20 445 [0 # ) 2 RO S5 A0S 55, B xR 54 T it
I7o M, FEEERRWIAG AR,  4H TR 0T 7 inl AR AT 2SI, VAT FAREFAR AL B BT IR
PEAZ, JHEEH L, TR LB AR N ARG 2R 17 1) . SR P R 34 2R SR o il A AL, BRI
BRM TR EE LRDIER HREEELEFAE. BTZEES T CARP MRMEE TR
W E, 24 MDCARP HTEHUA R — @ ML, AR5 T AR N =3B e O B Bk, T TGV 3R EL
KT 1) AR, % Tk, MDCSbA 78 3CHik [20] B FosEait b, SR 7 19 @A U v, KA 4R
BE— 0o R EE AR CARP, RECRIEME A &, H AL K MDCARP SRAR 1 = 2501
3.1 F CARP HIKfR

M7 CARP FUBLRKHS, TS AR ER, SRA iR SR ms, BAT MU M, 845
TEA XN HEAT. MDCSbA SR SCHR [25] ATde 2 o i skms HD 34T 7 R4 i, IR 6 &K
(1) JE 3R RN CARP KA.

3.1.1 HD KE&

JZ RSy g Sem HD 129) (¥ 5 AR th R 2 M 02 R 2 AT MR G, FLUR R SOMT 45 1
KRS FRIATEE. N TH—2, WRKETHESES {t, .4 ), RAEMER
JHEHAT B i, A5 o MESTHE (- 6, b (g ot o Lt s L
K E AN 1% (best insertion heuristic, BIH) XA T4 H AT S5 3EATHES I, FE45 %45 W 2,
WHURIMESSE (63, ). MANEZZN, {62, 2} P EAME SN RIS 5 1
M, TERL 13 AMESFAE. Wk, B2 EEAMFERENRSE, BERTUZ h, B M EIEE
F RIS, B 1,=1.

3.1.2 X
1E HD W, A& —EESH, &2 P RRIMES 1R 5F4450 1, Sk [25]) R B>
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GRAILPIE
l; = random|[L, 5 - l;_41], (3.1)

Horpr, g BUEEAE. H130 (3.1) 1, ZHTZE R TIEEUE (1, 8- L] BN A, Jod 1,2 2
FURJZ = A AU 25 2. SR, Bl SRk AR HEAT, e i) T B AN 45 3048 = i, 10 ) 24 i
BAEX B A A BN X, T4ERRMZEA AL, [, A A BT RS AN B GE N, AT
DRI BT AR E, ANt T LS4 AR I ) RUAT DAFE B K B ) gt AT A 2R AT RE S AR B AL
(SRR ARE. ik, BB 7 BE B>, AR B T A EUE:

UpValue, B < LowV alue,

b= { B — 0 - noimp, Fidth, (3.2)

A, UpValue Ml LowValue AN B B L FFE, noimp NEZESARSCERE, 0 4 8 FLL
B &8, wIIER, T 8 LFHE UpValue, 4 B HAET N FEH LowValue B, EHFIKESE L7
& UpValue.
3.1.3 {PEE

XHFE A @, AT IAT IR, AT RIE I, 1X % 0GE B AR ) ) — Fob E
FEMG . AL AR 2R g L AE = AR A ) b

N1: B—E&BER—BET R —HE52)E;

N2: BEEWMES B RF A R — L% )a;

N3: ¥l —mH AL

PSSR BT AR ERAT I, B R BN AR EAT S R BhEAs He, HAE BT AT S5 A
BN ER, I M PE BT B =M RIATECON N={N1, N2, N3}. SA1f, fEREA40 NV
FHHMTERER, LRSI RS, BREENRCR. 25 N Jo 38 2k 2 SUR KIGAR IR, 46/
JalE, HE R BA B E L. MDCSbA 7£ Zhang 2 P71 Frd Fl T 20 WAL 45 (a) FEME & (£ 45 %%
) HEEA b, B IREIANIR N R N T USSR S, Bt ¢ 5ty [EE
BT AR

Stask (ti, t5) :i(A(head(ti), head(t;)) + A(head(t;), tail(t;)) + A(tail(t;), head(t;))
+ A(tail(t;), tail(ty))), (3.3)

:/H\:’:F‘, A(Ul,’vz) 7"7:@[1'5 V1, Vg E(JB%%EEE—;

EX 1P ST E T =ta ty, - tn, ta ATOR d FNAT SRS, n LS KL XFAT
55 ti, HAREF AR TS (8], ,t0), B Srask (i, 1)) < Srask(tis ty), 5 < K, W £5 55
PO XON 1, B rank(t, t]) = 1, JFBAEFIIFERMIN 2, 3, - B Srask (ti t5) = Orasi(ti, th 1),
W et 5k, ECHFRSES, JRRD rank(t;, t5) = rank(t;, ), ).

FHER G0 UL, S HAE rank(t;,t,) BN, W ¢, BT ¢, RZMAKEB KRG, Bl
A DU S AT A N BI4E/S, a0t fEREAT N1 ARG R, N T 5SS ¢, &
rank(t;,t,) > UpRank, WEHILIE ¢, FAENE R, UpRank NAERERBE, G0 IE A0
iR N1+, [FNE, TR N2 BLJe N3 AR 4a 4RIt N2* F1 N3*, B 1483y
N N* = {N1*, N2*, N3*}.
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3.1.4 F CARP KREE*

A MFTH LA d, T CARP N Py, 25T BRI DU SCHR [25]) KRS CARP (R
2, MDCSbA -7 @l Py FIRAES LD IRUT:

1 K Noimp AR (3.2) HEH 6;

FI& 2 {HH HD KX Py #4708, TR IMES VT, HAE P, hIrEE%,

£ 3 i 2-OPT Xt VI, BT F1E %,

I8 4 ] Ulusoy Splitting H3% 28] %} VT, #EATHAA0E], 53] P, Mf# Sy

H$I 5 KA 3.1.3 /NTHTE LIS N* X Sy #HTAMIE %

S 6 # Sy RIFBINEE, W HRA MS 23] 347K R AT %

S 7 RME S,

IR 3 it VT, 47 2-OPT #E, M4 T — k&R R, BN SR 5 oL S 20 848
%, IEREDIE 6 PORREE R MS, BEETREN, Bl 2-0PT ks 77 2REE. P 6
H MS 2@ 0P IR 5 /N RBEARIAE R b 78, ORI AW & IE. DIFIsAE, AT SRECE AR
Ksodic
3.2 EXHMIS

IRKEET HD 73 Eu& 1 CARP Kf# 7722 MDCSbA HEEH 5. BRIk 24, Ro-
CaSH2 $2 H A BRI 40 DL S 1) g i i A2 7R 28 T 4396 SR m&, /£ MDCSbA i .
3.2.1 #iakiLiE

RoCaSH2 /&% T B AMATT A R 07 v, @ B Rl o7 20774 — e B AR, BIVEvIs
file. PIFP 7 o 1) B BT AT 55 A4 R B 20 T 2R SRl PR oo A, TR O RUBT R
T, KA BIH Wi Tf#; 2) BHRBENLIERE—E55, /rlic 2l i 0 5, HR A BIH 76
HARAB ORI TR, AR, 55 R 772 0] DL IR 1) 2 R
3.2.2 FRIFBZREF

41475 MDCARP If#N S = S1 U+ US|, T Sq(d € Vp) HPO R d HRIIEK
R, B Sy = Ry, AAESHEATES 7 i) @1 4RI 22, dnith, 26T AR T [ B BR B
AT 55 REE RAEAE A — 2k %45 b, S0l 5 8RB AR 0 I, NI HEN A —F i@ o, ik — 0 e
R . AL, £ RoCaSH2 1, it T 7 i @ HATAE 55 G E M BB 3 I E T TMaS. Wifif ik
ITFRALE W AEALE, W3, e Rk . XT3 (5%, 758 1) {5 FE 4 2= 3848
(A B, 238 a) R e R 1R 5 A b

TMaS K 7R F POPMUSIC ML, XT3 e, fEHAb T FHR— e s E
BORMIERAE, RS RS, WX G R AR T AR S5 N1 il N3 B TIRE, (BAUAER
H T A F 7 B AR 2 AT, Wtk T DA FHE R AR
3.3 MDCSbA &%

BT FRAR, HT 2 05K MDCSbA BRI W R

ST, 1 BRI EEE AR ITRE S =510 USj,;

HB, 2 noimp « 0; //HT AN (3.2) H g 5;

S 3 improve « false;

T4 9 8
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5 KH TMaS H1XF S & TS AT AN BT RN E. S8 Em
PTH AR EES TRS ', JFE RS NEE, Bl RS + 0

H$B 6 X1 TRS Fira AR A RCO BT i )B4 R AT UIE, s 42, i
% RS

ST SR [19] AR AE MRS RS IR E IR Vp BN A0 AL, 153
T Py, s P

FIEE8 i+ 1;

B9 X TR Py, REE 3.1 N RIEKR AR, 15317 S5 ;

£ 10 i« i+ 1;

BB 1L 5 i < |Vp|, MEDER 9 kLK inl il

SR 12 EEPA TR, [RERM S Bl S =5Tu---USy, ;5

T 13 A ST S, WL S* BHr S, Bl S <+ S*, IE improve < true;

S 14 # improve = true, WE noimp < 0. HBINE noimp < noimp + 1;

BB 15 HIF IR, WDIR 3 AT, B HAE S.

MDCSbA Sk, BIR 1. 5. 7 LUK 9 T 5ms ik it, 435148 MDCARP %46
fRAE R F IR AR AR TR UL CARP WISRAR, BERE A Rk PR AR 1r] 25 A ;A
[F, @ AR 77 2, TR TAESS A B BB B R T FEU P IR 1 MU IR 7 40 SR AN RS e
MIERRE, SPER 9 oA T REMANEIE 2, TREXT HD 43 fif A LR HDME 55 (] S D48 2 (1) 354D

4 LK

AR FHSCHR [19] ZE P4 MDCARP 134 mdHefei 5 mdBeijing %} ffT#2 MDCSbA
HEAT S2B0 IR, DARSE I 7R RS [ PR, SEIR 4 RS A MR H L RoCaSH2.
HGA L MDMA &5 5847 % . BT ROCASH2 KA T ROCASH M, #ifi MDCSbA
K5 ROCASH #HATELE:.  H4h, Vidal P ¥t 7 —MiE &84 & (unified hybrid genetic
search, UHGS) Fi T CARP JHY R RsRME. AT UHGS 1E AN L EE, FHgh 5k
W E SCHR [20).

4.1 MREREBITIMNE

X% mdHefei 5 mdBeijing KT Tang 25 25 ¥t (93 A CARP iK% Hefei Al
Beijing, ‘B 12k B T& AEAMIL RS2 brth . XFT Hefei MR 5, ¥ & 850 i, 1212 %4
K, I 10 ANEA, FE R TS EER IR 10% 3G BT R, anilikEe] 1 (Hefei-1) HHI(E
SN 1212x10%=121, TMARFLHF] 10 (Hefei-10) MG 1212 MES. 4Tl % Beijing, T
RECH 2820, 1AHCH 3584, A 10 ANEH, B RSB ZER 10% FIRAC LU, Wil
REB 1 (Beijing-1) LS N 3584 x10%=358, 1MMIRF ] 10 (Beijing-10) M 3584 ME:
%. HTHEEEKR, Hefei 1 Beijing H1 1 /> T RZEFHEAA 7 4, 40 Hefei-1 1 Beijing-1.
T LA Hefei 1 Beijing H BT MRS B O B0 E v 5 A4S, o s S Vp MIRENENT:

1) Vp < 0;

2) ¥ F LT AUMAZ] Vp;

3) MIUASE V th B 5 m - | Y

ng—

J%mﬁMAﬁVb$mm%ﬁ&%¢ﬁﬁ&

m=1,---,ng— 1.
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MDCSbA XM C++ L8, 84735850 Intel (R) Xeon (R) Gold 5218, F45i N 2.3 GHz,
RAM R/NAy 256 GB. X TRAEH, MArizss 30 k. AR, & 5kAE R — 54 B H]
FHE TSN E] TimeBudget, MDCSbA AHRZHINEK 2 fis. HILZEATH A TimeBudget
WELSBEREE, HAl B EERMTERe. 280625 &SR [30) Hag AT MR E TR, A
TimeBudget WENALFE|T| Feld 0.2 £

#* 2 MDCSbA & E
(Table 2 Parameter settings of MDCSbA)
ZH B {1
UpValue A (3.2) oI SE B K ERRME 0.5
LowValue A (3.2) HRKEIESE B KA RE 0.1

0 AR (3.2) o fRFIESE B IHE RE 0.01
UpRank AR R G R A 0.4-|T)
TimeBudget SN IS AT N 8] 0.2-|T|

4.2 MWKERE TR

3L 4 NEFIEENIAE mdHefei FRPIERMRGER, &5 |V, |E|, |T| A1 Q
SRR R AL 1B ARSI ZE S &, Ave REBHIE 30 WS84T 1 FI4E R, Std brik T %,
Mean NHIFAEMRSE ERAT 45 RIOFHME, BSN A& FEENRSE ERUmN 5. b1 &5k
K FH AR I BF TRD] [F) — BB AT VB, BT AR b R B SRR RIS AT RE I 3] — S50 1 i B0 45 SR8 DKL Ak
BRI S L SVE Y O TR B WO st gt R T RR AR G, 25 SVE L 95% 1
KFHRLFT (45T) MDCSbA, WX REIEFRLL “+7 (“=7) . & B-C-W 24 MDCSbA fEill
A B SRR S0 I Gtk 25 51, e R AT PTERAR DA K A 2 55 T R A

2 3 MA%E mdHefei F P45
(Table 3 The average results on the mdHefei dataset)

HGA MDMA UHGS RoCaSH2 MDCSbA
Name |V[ |E] |T| @Q

Avg Std Avg Std Avg Std Avg Std Avg Std

mdHefei-1 8501212 121 9000 203948.1- 3131.2 213924.6- 1430.2 199504.4 7180.1 197163.4+4 1174.1 198039 1459.4
mdHefei-2 8501212 242 9000 367128.2- 6932 361173.2- 3122.2 337258.9+ 6447.6 341564.4 3092.7 340290.4 2886.3
mdHefei-3 850 1212 364 9000 494900.5- 10173 476446.0- 3946 439926.3+ 7981.2 450729.7- 3724.9 449327.2 2822.2
mdHefei-4 850 1212 485 9000 655931.3- 15893.3 600753.8- 6830.5 556329.9+4 10827.5 570733.6- 3362.2 567116.9 3839.8
mdHefei-5 8501212 606 9000 828839.8- 17028.2 725769.9- 7536.1 688032.6 16707.2 689826.2- 4265.3 684101.2 4406.5
mdHefei-6 850 1212 727 9000 992164.4- 25607.8 856229.0- 10351.7 806942.9 15375.8 811526.8- 3872.7 804170.6 4140.2
mdHefei-7 850 1212 848 9000 1161062.8- 24107.7 991237.9- 8885.1 968303.5- 21183.5 940167.5- 4506.5 929021.2 5165.7
mdHefei-8 8501212 970 9000 1334204.3- 28438.8 1111462.9- 10623 1098585.1- 25668.5 1048765.5- 7328.21030250.3 6356.1
mdHefei-9 850 12121091 9000 1499142.8- 29525.5 1233504.9- 11079.7 1249425.5- 28119.9 1170442.7- 7926.51151295.9 7105.7
mdHefei-10 850 1212 1212 9000 1629957.8- 30778.1 1344466.7- 11601.4 1356206.9- 31212.8 1271809.9- 6855.11250149.3 8516

Mean 916728.0 791496.9 770051.6 749273.0 740376.2
B-C-W 10-0-0 10-0-0 4-3-3 8-1-1
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% 4 ME mdHefei bl 45 R
(Table 4 The best results on the mdHefei dataset)

Name HGA MDMA UHGS RoCaSH2 MDCSbA
mdHefei-1 197030 211265 193672 195099 195589
mdHefei-2 353758 356198 328573 336588 336052
mdHefei-3 480745 468156 429730 442998 442391
mdHefei-4 628501 588594 541227 564435 558934
mdHefei-5 786867 707425 663840 681047 674024
mdHefei-6 952604 830420 781846 803637 796254
mdHefei-7 1112599 971732 918686 925918 915830

mdHefei-8 1275628 1090041 1041716 1033022 1015196

mdHefei-9 1441614 1207747 1177297 1156027 1136448

mdHefei-10 1571223 1317617 1301609 1257560 1233825
Mean 880056.9 774919.5 737819.6 739633.1 730454.3
BSN 0 0 6 0 4

#* 3 1, MDCSbA fEfTA 10 NEG L, HEAS 78 HGA 1 MAMD B4 H-FE. If
HY5 RoCaSH2 #, J& #HANAE MM i/ NI EAF] mdHefei-1 (- PIE L, mAEHLSR 9 4NE
B E P {E A% MDCSbA 2. {HASERENZ, UHGS 1F 3 NE/N BRG] B I il 25
3 AR AEH A 7 ANEAH E355 T MDCSbA, HAHE 6 AN FUBHCKE ] (mdHefei-5-mdHefei-
10). iR mdHefei FRIFH1E, MDCSbA X NAEF /N, N 740376.2, HoAhSH L KIME 2 5N
HGA: 916728.0, MDMA: 791496.9, UHGS: 770051.6, RoCaSH2: 749273.0. F&AIALE 45 R 3%
Bl MDCSbA {X7f mdHefei-1 JMRFH] 9T RoCaSH2, £ mdHefei-2 I, PiZnl tbik, HAth 8
NG ArE BT RS, BT UHGS, IUE 3 MRUMNIEESH] (mdHefei-2-mdHefei-4)
- MDCSbA £FLF9, MAER K] (mdHefei-7-mdHefei-10) _F, B &L T UHGS. ixtT
MDMA LLF HGA, MDCSbA 7£Fi4 5451 _E 0 B 11

#* 4 1, MDCSbA 7% 54 Er s ES T T HGA #1 MDMA. 5 ROCASH?2 LA, &
HAAE IR/ mdHefei-1 _EE/S5 MDCSbA LRI IFE, 4 9 MEGI s R4 T
MDCSbA. UHGS &AM ff 7 R BT, 6 6 MNEEER A F kL, EART mdHefei-1-
mdHefei-6. 7EF|AR 4 MRIBHE ], MDCSbA HHMM LT UHGS.

% 5, 6 NEHIEENRE mdBeijing FRISER, Hh®k 5 AL R, & 6 MEFgR. H
F 5 ATLLE W, FE BN S, MDCSbA #EAXAE /M mdBeijing-1 MR 5] L7
¥IES T ROCASH2, HARFTAH B 13525 RN, WA EI% MDCSbA 1E 7] AR 1
KBGO T, FMERRMIRE. 3R 6 14 KA T 51, MDCSbA fE &4 PERE 77 T, FLHUR 1)
BUFEE R RIFT HGA. MDMA. UHGS LLM& RoCaSH2. kA 145 5 Won 78 B 54 L
MDCSbA ¥ E1FF HGA 5 MDMA Ll UHGS. #Rifi, #HEb# RoCaSH2, MDCSbA £ 5
H) E S5 HAT R, £ mdBeijing-1 £ MDCSbA 45T J5#. {HJ/& MDCSbA 7 4 NER|_EH &
I+ RoCaSH2. EAT 5, MDCSbA 7E mdBeijing T RoCaSH2.
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#* 5 WAL mdBeijing LI FHLER
(Table 5 The average results on the mdBeijing dataset)

HGA MDMA UHGS RoCaSH2 MDCSbA
Name vl |E| |T] Q

Avg Std Avg Std Avg Std Avg Std Avg Std

mdBeijing-1 2820 3584 358 25000 719235.0- 11886.7 686975.3- 2276.8 700976.0- 16440.3 668445.24 2591.4 672494.8 2808
mdBeijing-2 2820 3584 717 25000 1150250.3- 24800 991639.8- 5983.9 1067059.5- 34534.7 967421 2069 967380.4 1877.8
mdBeijing-3 2820 3584 1075 25000 1617555.9- 52678.3 1291706.8- 7998.9 1428907.1- 51311.5 1255489.4 5982.7 1253432.1 5006
mdBeijing-4 2820 3584 1434 25000 2094669.6- 57565.5 1532919.1- 8790.3 1762055.5- 42994 1483625.4 6238.2 1481648.1 6821.2
mdBeijing-5 2820 3584 1792 25000 2509434.8- 84950.3 1765292.4- 12919.3 2091122.9- 41928.8 1713324.3- 8715 1705276.5 6066.8
mdBeijing-6 2820 3584 2151 25000 3015946.3- 77773.9 2037539.3- 12574.2 2463738.9- 69502.7 1971272.4 6149.4 1968618.6 8543.4
mdBeijing-7 2820 3584 2509 25000 3478082.5- 84965.3 2241324.8- 16682.9 2769506.5- 46033.1 2161050.1- 8318.3 2151529.9 9665.6
mdBeijing-8 2820 3584 2868 25000 3870752.7- 114643.1 2411349.9- 15910.6 3050471.7- 52036.6 2332161 11504.3 2327743.4 10367.9
mdBeijing-9 2820 3584 3226 25000 4359410.8- 137537.6 2660257.6- 16518.7 3360111.4- 77995.8 2562072.2- 12060 2550754.1 10630.4
mdBeijing-10 2820 3584 3584 25000 4769283.9- 144797.7 2856373.8- 16984.4 3622938.6- 83524.4 2745051.6- 13751.3 2727715.9 12512.1

Mean 2758462.2 1847537.9 2231688.8 1785991.3 1780659.4

B-C-wW 10-0-0 10-0-0 10-0-0 4-5-1

2% 6 M4E mdBeijing b AR U455
(Table 6 The best results on the mdBeijing dataset)

Name HGA MDMA UHGS RoCaSH2 MDCSbA
mdBeijing-1 695942 682251 665930 660937 665970
mdBeijing-2 1101333 979308 1002864 962201 960548
mdBeijing-3 1518977 1273471 1343156 1244188 1243614
mdBeijing-4 2003307 1516397 1673131 1472431 1466902
mdBeijing-5 2362875 1735589 2016406 1699213 1689775
mdBeijing-6 2891560 2008111 2301315 1958066 1944238
mdBeijing-7 3364830 2214531 2672906 2144538 2126881
mdBeijing-8 3618989 2370735 2945175 2309496 2306854
mdBeijing-9 4083368 2622105 3203359 2541375 2529961

mdBeijing-10 4469896 2829829 3493316 2721173 2706589

Mean 2611107.7 1823232.7 2131755.8 1771361.8 1764133.2

BSN 0 0 0 1 9

N T EEMHERIE MDCSbA 78 5 MU ) LA, 205 MRS mdHefei 5 md-
Beijing & H 4 N RRMERIHBH] (mdHefei-5. mdHefei-10. mdBeijing-5 5 mdBeijing-10), %4
H & RE AR e ) s g R St 28, Wil 3-4 B, B, X BN TE], BT (sec), Y
oM. B4R T HGA 45 BE 2, VEKIm 2 i A oAb S knt Bt 2634 T8 %, 1 UHGS
MR AE A FE ), ATl SR & HGA K UHGS Wesh i 2 xfE LA Fopt 5320t 2 ih £ 76 [H)
— I Y, B DA R R AT R 4R

Bl 3 o, HE ] mdHefei-5. mdHefei-10 %7 1) £ 0] LAE H, MDCSbA Xf R4S ith 42
LT =2 R BUR 2, FLBE A 10 REURBE 35 K, MDCSbA W SICRe 14 8 B 2.
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x10° Convergence curve on mdHefei-5 x10° Convergence curve on mdHefei-10
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(Figure 3 The curve graph of mean convergence on mdHefei-5. mdHefei-10)

4 W1, XFFH B mdBeijing-5. mdBeijing-10 1fi 5, MDCSbA [IUCSUREME A &, ¥7E HAh
Wik HiZE 2 F. 1 H, £ mdBeijing-10 XM [ 2k B 1, MDCSbA 5 RoCaSH2 X Uk 2k
BE % SLVERIEEAT, 2 1A TE] [ S b Kk 3 1 mdBeijing-5 X S #H £ B rp 19 25 ok o2 e 4 e 28 7
Sk E W, AR R 458K, RIS, MDMA it R b i £k 2 B R ZER
PERE.
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(Figure 4 The curve graph of mean convergence on mdBeijing-5. mdBeijing-10)

H1%E 3-6 MR & 3-4 1S RA, MDCSbA Xf T/MRIRL &, KA UHGS. RoCa-
SH2 §5. 4RI, X TR KM ) &, MDCSbA ME/R T RAFH I AL RE ). E R HAET
MDCSbA 7 CARP HIRMESE 72T 0 ia sRug M it, Qb ml At — 20 B AR i A, ik
KA. DAEUEE T MDCSbA 2706 s iR &, Btk 7 LSMDCARP.

5 %4 1

KHEE MDCARP IR IRMEAET: 1) s5MERRME, Zhoalal SBUES K EGET
ORI, 2) KIUEE, Bfl MDCARP ffif 2 1] S AR FE UG, Mk LURAE A3 R0 1 28 X35
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3) 7 CARP MRk, BT KA, 7 CARP AT RHIBURES. AR T
ZAMR SIS IR AL TERL T 3L T 2016 508 ) MDCARP KRR % MDCSbA. %fF MDCSbA
M &, 762 F0 I i) B2 f B B Il ] 1) 52 i B DA 1) RR AR B B, 3948 T 076 SR .
TERHBIMALE mdHefei. mdBeijing FHEAT 7 HIEMERRIGIE, 45 REKMH T A LHE MDCSbA
AR AL T HAR VL. FrbA, MDCSbA 2 701G KIS I, X T KB MDCARP &7 TR 1)
P RE.
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