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Abstract

Chinese Postman Problem (CPP) is an important basic problem in the field of operations research
and computer application, and has a wide range of practical applications. For the CPP on directed
graph, a new nonlinear integer-programming model that can solve the final loop directly is pre-
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sented, and an accurate algorithm with polynomial time computation complexity is proposed.
Firstly, by calculating the shortest paths between all arcs, a cost matrix with path non-service time
as non-diagonal element is obtained. Then, all arcs are regarded as the agents and at the same
time tasks of a special assignment problem, and an assignment problem is obtained based on the
cost matrix obtained above. Then, by solving the assignment problem above, circles covering all
arcs of the network are obtained. Finally, by searching the common nodes between circles, all cir-
cles are combined into a large circle, so as to obtain the final service route of the postman. The
convergence and the computational complexity of polynomial time of the algorithm are proved by
theoretical and numerical analysis. Finally, how to solve the CPP on a mixed graph is discussed,
and the corresponding solution process is given.
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F [ 5 32 53 7 75 (Chinese Postman Problem—CPP)2& 1960 4 H Fp [H 2 A ME 43 Se A8 1 S i[1]
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7 A S A ), BT T R AR SR AR, REST AN AL . SCRR[O]% T X B KA I A R A
ANETRAT IS AT (4 22 A o 61 I8 7 ) Ry HE 7 ot 7 [ BT SR BB R SRR 10 43 BT T 350 40 I B L A 3 g e o
B CPP. SCHR[11]45 H T —325 CPP H4h J& il i —— VR A b d /N i K B 7 o i /(R AL v, I Bid
SCHERTEIA AT AR, B ATER CPP WAt R B X & 4L CPP (T /8, W &2 N A2 H bR A @, iy
JJ5 ) CPP [l 2 $ #5745 g NP-hard il @, {H 2 5 P& 41 5 f AR S i

FEXF CPP ARG [ FRAI SR AR T T, W 708 40 WIS (B BOM R 0. o s Rl BvE . B il o

DOI: 10.12677/mo0s.2022.111018 203 e RSE TR


https://doi.org/10.12677/mos.2022.111018
http://creativecommons.org/licenses/by/4.0/

FESCIT, ke

% WIRIRSE L BT TIRAWT I . AER 22 S BRI 5027 T, SCRR[12]25 17 SRR v [ 1S 325 153 1]
R Eh A RIS i% . SCHR[13] 4 1 fn e 1) Y2 A0 B AR SRAA I AS AL 26 AR T £ v [ S 328 B o SRR
(14125 W 1 SR A K v B S 336 53 W) FR) 0 SO S0 o SCHR[15] 48 B AT I 8] EAT I R ARk (1B
BEARAFTT A 0T 2 AR o T 325 G [ P BE ORI, A P BT T e R HEAT 1SR A T AE R
HTeiE & XT3 T, SCHR[16]75 RE MR 3% 63 i) TARfr 5 TARRS [RIZ00, 4 th TR & CPP g% R iR 5E
20 SCHR[L7 AR08 A% S50 S T Y BE 70 20 AR 5 o ISt 52 1) e SCRIR 1811 of S 2l B ikt 17 Y4
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2.2.CPP 1&&Y
DA B THI 25 H S AR RO FERT, T AR U N 5 L) CPP A5
min )t (x, -1) @)
DX =D %, VieV )
ach achA
X, eZ aeA @)
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rf [ iR 328 573 7 #5(Chinese Postman Problem—CPP) gl 2 45 Hi il 32 53 M &y H &, 7 3 T 97 53 X35k P 1)
B ST IE I (0] 380 S JR3 PR — 25 AT RIS TR) B JE 1) [ 66 . CPP Al M 5 A B W 2% R4 AIE 23 AT ) B CPPL 1A
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Figure 1. The flow chart of cycle generating algorithm
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AR 3 SRFEIRIEAY (8~11). AT I £ i) 6 28 ) SLL SR Al Lk F IR 1) 8, ANTT#ASE y,,» VaeA,
be AFI1E.
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W28 B B I — AN 2 AP

IR 5. BMER. WHPIR 4 BRI RE—NE, WZIEHE, s B0, FENE
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IR 5.2: WP AT A, G IFUCAET SO SR . YA S IELLE, SRS S AU AR DG P
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FHELA—NEF 7 4B M &g A EI ot Fib DI 4 rh 3k B4R & I FE n PATE B . X AR 7 269K
BB 8,80, 8,080, 80,8, T, [EEEATRHRIRIBLR ARG R T y,, =1, vacA, be AR RMMAE
B Yoo Your Yar: Yonr Vas: Voo Yos | o BA 7 ZRIRBEAN BUAENFRIR MR IR RIS AE 55, I 2 A8 IR i L 5
Bl 2 Fros. ZiBEF A FE R 2 MM BA RIS TERK, RMTTEEBERIRC R, EEFLLE
LRIR . W T LB KAETRIRKIZGWAAE TR, EERPLLE L mA R ask A msig®n. N1
Rk, 7EE 2 HRAE R B BLE A W) ZE A T S in DAIRHZ . AR B A oA ml SEZR &R R, v AT 2
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Figure 2. The bipartite graph of assignment problem
B 2. fEiROE - HEREE
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P, AR 1 KRGS A 1. 23, B2 KRGS A 2. 4 5. a5 4T M MR E RS,
oAy i 2 B AN TE L A o Bl i IS 38 B3 AT A B 2 00 SR M H — A BBl (R e e Ak 9 2 THT T L 1) 1
RS 1 AR 2, BHZA 2 HRAET A4 L5, \IHE B AR A 2, REHAA2
20 i 3 IR A A Lo PSPl RS RIS AT E UL AT R R N T R TSl >2 5455525351,

Figure 3. The sketch of combining two cycles
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FFRIE FIEAT, KA EHLAL 2 Intel® Core i3-3120M CPU. 5 1 ANELHI I 28 1014 4 Fios, £
T 6T, 14 B Fik BB RRIBI TS, NS R8T R s B 1 i A7 i 1] (A4 -
SR m). PIANIRE A SR X M S, EATRRATI AR S . AME T8, AR BERT A B ) IR 45 B TR F i

AT (A AH 55

3D~ 9(9

1 ) &)» (5
4 10

2 8 14
L leew 7| (15 13| |15

5(23) 115

2 L (4 ) >( 6
6 12

Figure 4. Network with 6 nodes
4. BH 6 M RaIMLL

I AR AT DAAS B 25 9IUBE 2 [ 5 i P A Al 55 I [8] R R a4 5.

0 21 35 0 23 35 23 35 44 23 38 44 38
0 o 0 14 21 29 14 29 14 23 29 38 23 38
14 35 o 0 35 15 0 15 0 9 15 24 9 24
0 21 0 o 21 29 14 29 14 23 29 38 23 38
29 23 29 15 oo 0 15 0 15 24 0 15 24 15
21 0 21 35 0 o 35 23 35 44 23 38 44 38
29 23 29 15 23 0 oo O 15 24 0 15 24 15
14 35 14 0 35 15 0 o 0 9 15 24 9 24
23 44 23 9 44 24 9 24 o 0 24 15 0 15
14 35 14 0 35 15 0 15 0 o 15 24 9 24
38 38 38 24 38 15 24 15 24 15 o 0 15 O
29 23 29 15 23 0 15 0 15 24 0 o 24 15
38 38 38 24 38 15 24 15 24 15 15 0 o O
23 44 23 9 44 24 9 24 9 0 24 15 O

Figure 5. The matrix of shortest non-service times between links

5. INER[B)AY Br X2 AE Ak S5 B IE) RE

AR P A i BVE T ST 1S B = AN IAG e . B L BFERINBT S84, 1, 2, 3,7, 11, 14, 13, 12, 8} [ 2
AFE R IEL 51 {9, 10}; Fl 3 1 3E I 7 51 N5, 6. & I 5 15 21 it e 2% Wl P A0 35 (9B 71 9 {41, 14,
13,12,8,4,1,2,3,9,10, 7, 6, 5} M ERAT I (8] /2 224 F38h o THEFER /N T IHEALAT BRI T2
—tb.

P EIR A, R Lingo A EA S AH R A AL (4~7) I LA ELEEK i, 28 1,433,547 P%kAR
THE, FEW 339 B, 193N R AE . %5 AR R B 2% Bl )R AT IR (] /2 454 J3h, bk
JIR 45t 18] R 230 438 . B AR RSN R: 1 >4 59513 5358575105512 514511
— 62— 1.5 FIRYRET FIAXS R ) 9IE [] f 46 2 1 E R 55 B 18] 7 410y - {35, 14, 0, 38, 15, 0, 24, 35, 15
15, 24,15, 0, 0}.
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BEEERNIB . 20 5 T A GRS IR WA IR, 8 75 48 2% B 10 5L 8 M. &
THE AT ANZ e B S B A I 9, 3 A 12, [ 2 BFE BT A {L, 2, 3, 4}, B IFa Ml
JRELF {9, 13, 12, 6, 5, 11, 14, 10, 9, 13, 12, 8, 4, 1, 2, 3}. ZREHIHRAT IR A] 2 248 704, bR AR S5
[ 39 J38h o THEFER DN TIHEN AT BRI T2 —8 . Rl PME S TH 5 5 47 100 9 Bl A SRR BE T
DAL B ) 26 Hp BRSSO N FEAR S (1 0, A1 BT DU A B AN AH 45 (1155 o

FIF Lingo SR g B ik 5 F LB (4~7), £ 1,688,761 YA, FEIF 149 FF, A5 RIAAY H)— A
JRER AR o 1% 5 B A A Xt oL P BB F e AT B |) 345 #5, bR R SSIT IR 136 #5. PB4
HN:152535455514510-511 51351256 >89 1; XF M KIIRBLIA e 4% (1 AEAR %%
i a7 515840, 0, 0, 21, 15, 0, 39, 15, 0, 0, 23, 0, 23}.

N AT 6 R EE N . BRI T 23 AT, 64 ANIRBL. BRI & DINB R R AT I 1) L 1.
X1, a FoRTHEMRS B, t, oRIE a ARSI R Nfaif R, Rk R F 5
NEFH N, AN IEEUT S I n + 1 A9 ARAR S5 R RTEL n (K9 3R AR 55 i) 1A AH 45

Figure 6. Network with 23 nodes
E 6. BF 23T maiRmE
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Table 1. The travel time of links in Figure 6
= 1. [E 6 h&INERAHRITRLE]

a ta a ta a t, a ta
1 120 17 62 33 43 49 31
3 72 19 36 35 43 51 48
5 84 21 36 37 113 53 53
7 60 23 58 39 137 55 29
9 96 25 41 41 101 57 48
11 58 27 60 43 84 59 48
13 55 29 4 45 36 61 65
15 55 31 116 47 87 63 82

I FH P A R B9 T LA e 2t 21 77 ) 445 B A I 1) 8 /NI 46 1) - Bl 1 A 55 R 9INER T 51) {47, 64, 62, 60
52, 49, 53, 54, 50, 40, 37, 41, 45, 57, 58, 46, 4}; [ 2 ALFEINEL T 51 8{59, 56, 55, 61, 63, 48, 44, 42, 36, 35
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