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Solving shortest circuit problem of military health support based on partheno-genetic algorithm
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[Abstract] Objective To propose an effective algorithm for solving the shortest circuit problem of military health
support. Methods Partheno-genetic algorithm (PGA) , which only used mutation operation and selection operation, was adopted
in the present study. The algorithm was based on K-random-nearer-neighbor algorithm combined with two-random-point
exchange, two-neighbor-point exchange, circular-based part inversion and random insertion mutation operations. Furthermore,
greedy strategy was applied in selection to improve the hill-climbing capability of PGA. Results The simulation results of
CTSP31 and standard dataset from TSP library indicated that the PGA was more effective than existing algorithms from the
literature. Conclusion PGA can serve as a basis for further development of a computer-assisted program, and it provides
optimized decision-making scheme for improving the quality and speed of military medical service disposition.
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B, PR TSP ) 8, A OG22 3 HEAT T R & 10 BF
G, KM T AR TFE AR K7L SA (sim-
ulated annealing algorithm)""™* (WU E 3 ACO(ant
colony algorithm)""* | ki F #f 5 75 PSO (particle
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Step2:k=0; R IE K-FHLIT AP =4 m 4
R EHI R TER pop ()= {1, .15, 1.} ;
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Stepd : FI W7 J2& 75 T AL 45 1k S . L TS Ak
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Step5 : Al FH HE 7 % B BB L B m AR TE BB
RIBEIK selpop (B+1)

Step6 : M 3528 S AR P, 4 BT A AR R 2 AT
BE AL 057 A7 g8 | AR AR T 7 R BRI 4 3
OB ML OANSE o4 ZE AR R OBROME. A B
mutpop (k+1);

Step7: popk+ 1) =mutpop(k+1);k=k+1;
& [A] Step3,

3 EERIE

T UE B R AT M A R AR SCHEAT T
PRZH M, —d b B W W S, — 4 H
TSPLIB " g #E ) i 42, 55 % F & & . ThinkPad
R400 A AL # 4% CPU 2. 4G, 2G RAM, Windows
Vista, BiEH VC+ +ZmfRsCH,

PGA MBI ZHKEN . ERHER P, =1.0,
FERFLRL PopSize =17 s B0 n, W PR ML R4 7 2 4L
a=0.955,#MAE =1 000,
3.1 =31 MK B SR 15, FEXF R A 2
[ ik 17 7 [0 (chinese traveling salesman problem,
CTSP) . BRZE [ 31 A E i (4548 & Wi . A
6 DX R R L T 22 () HEAT R Ui L R — SRR Y
2t BT AL — R B HL [ B A AR, T
)8 25 A 31 AT B SE bR 2 S H A0 A B Bl
R DR B VR A 56 SR R TSP Y 25 B AR 4
1 25 B A |

XFZ MR A PGA HZ ML 10 %K, 50 4] L

ZERIZR 1, A Diin s D s Do 7390 2 78 535 2 1R
I3 SR A A i B i e 22 0 DA RSP S i T e 7R
P EaE A7 A

R 1 10 FhEEX CISP31 BISLI & Ryttt

Tab 1 Results comparison of 10 algorithms and CTSP31
Algorithm Din D inax D v Tagt/s
GAR) 16 369 — 18 216 20. 44
ACO! 15 602 — 15 648 69. 82
SAL 15 567 - 16 981 12. 38
SALS] 15 398 18 247 16 902 —
GAS) 15 387 19 298 16 920 —
HPSOL! 15 383 16 649 15 733 -
SLPSOLS] 15 381 15 398 15 381.6 —
GALz] 15 378 15 795 15 480 32
PMAM 15 377 — - —
PGA 15 377 15 377 15 377 0. 60

GA ;Genetic algorithm; ACO; Ant colony algorithm; SA; Simulated
annealing algorithm; HPSO: Hybrid particle swarm optimization algo-
rithm; SLPSO; Self-learning particle swarm optimization algorithm;
PMA: Population migration algorithm; PGA: Partheno genetic

algorithm

X CTSP31, H i 3C oK 43 Hh (19 fx 4F 45 2R 2
15 37774, 3R 1 Al KL Y, PGA S 78 10 I
T IO T2 L A o AL AR A A 22 o i
Hh R R A e U 22 Ah A B SR A 1 f B 5 R
KT 15 377, LB B RUE A SCHE iy Bk 2 A
Ry,
3.2 %2 SR TSPLIB™™ b B3 40 b i 44 4
PE R, LR o DN 17 ~200 A5, XF ik 2
AR AR A SO PGA B R 1217 10 L JFiC
SEANTA 2] Cinstance) 2R 15 1Y 3 5 0 19 55 /D> D 22
E i (20 LS Z2 UK 4R 15 08 B 4F i Do —
S5 TSPLIB o 45 (9 42 5y e G % Do) /Doy X
100 % 1 F- ¥4 25 E.. (20 [ CHE 52491 Z2 0l i 3 75
B8 D, — %6 TSPLIB H 45 19 4 R i
f#t Do) /Doy X 100 %6 ], FF 4 52 56 45 2R 43 53] 5 SCHk
[7IRSCHRC13 R4 R #EAT LU, S5 2R W3R 2 .36 3,

SCHRC13 7, Yang SR 45 1 —Fh 7 SCH% (0 {45
{555 1 (generalized chromosome genetic algorithm,
GCGA) ,IZF LI N A R R R (GCGA without
local search. GCGAO0) Fl i Jaj # ## & (GCGA with
local search, GCGAT1) P2, I 3k 1 28 550 1k il 28 il
1AL B (classical genetic algorithm, CGA) #47 T
S L,
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® 2 GAACO 5 PGA HIEIG XLk
Tab 2 Result comparison of GA,ACO and PGA

Instance 0 Doy PGA GA™ ACO™

Enin (0) Ewe (Y0 Emin(70) Eue (Y0 Enmin (%) Ewe (%)
Grl7 17 2 085 0 0 0 0. 048 3. 549 3.597
Gr21 21 2707 0 0 0 0.517 8.903 9.937
Gr24 24 1272 0 0 0 1. 415 2.752 9.198
Fri26 26 937 0 0 0 3.095 0 4.376
Bays29 29 2 020 0 0 0 1. 436 0 1.634
Oliver30 30 423.74 0 0 0 0.911 0 6.837
Swissd2 42 1273 0 0 9.269 12.726 0 4. 085
Eil51 51 4126 0 0.070 16. 197 20.188 0 3.286
St70 70 675 0 0 46.074 59. 704 0 4. 000
Average error 0 0. 008 7.949 11. 116 1. 689 5. 217

PGA :Partheno genetic algorithm; GA:Genetic algorithm; ACO: Ant colony algorithm
% 3 GCGA0.GCGA1.CGA 5 PGA HI3EB& 3T EE
Tab 3 Result comparison of GCGA0,GCGA1,CGA and PGA
Instance ., Do (%) PGA GCGAO3! GCGA1M13! CGAl3)

Euwin (%) Ewg(Y0) Euin(%)  Ewg(Y0) Euin(%)  Eawg(%) Euin (%) Eug (%)
Eil51 51 426 0 0.07 1.17 2.58 0.24 0.94 0.94 2.11
St70 70 675 0 0 1.48 2.07 0 0. 44 1.19 3.41
Eil76 76 538 0 0.11 1. 86 2.42 2.23 2.42 2. 60 5.76
Pr76 76 108 159 0 0 1.45 1. 84 0. 14 0.72 0. 90 1. 90
Rat99 99 1211 0 0. 01 2.15 4. 71 0.99 2.23 4.29 6.85
KroA100 100 21 282 0 0 1.22 2.28 0.05 1. 23 1.28 3.54
KroB100 100 22 141 0 0.17 2.93 4. 10 0.24 1.81 0.17 2.70
KroC100 100 20 749 0 0 0.68 3.45 0.32 1.33 2.02 3.79
KroD100 100 21 294 0 0.04 1. 06 1. 58 1.22 2.42 2.23 4. 14
KroE100 100 22 068 0 0. 20 1. 60 3.42 0.24 1.41 2.97 4.11
Rd100 100 7 910 0 0. 04 1. 30 2.60 0. 96 1.53 3.70 4.91
Eil101 101 629 0 0.70 3.82 5.09 1.59 2.70 5.72 6. 68
Lin105 105 14 379 0 0 0. 87 1. 68 0. 56 1.15 0.19 1.98
Pr107 107 44 303 0 0.15 0. 50 2.18 1. 15 1. 37 1. 49 2.93
Pri124 124 59 030 0 0 0.08 1. 06 0 0.19 0.50 1.74
Bier127 127 118 282 0 0.72 1. 89 2.83 0.91 1. 80 2.28 3.22
Pr136 136 96 772 0 0. 54 4.13 5.80 0. 47 2.82 2.81 3.77
Prl44 144 58 537 0 0.03 0.74 0 0. 04 0.17 0.78
KroA150 150 26 524 0 0.10 1. 66 5.06 1. 40 2.92 4.21 5.55
KroB150 150 26 130 0.04 0. 38 2.97 4.70 1.63 2.11 2.17 3.51
Pr152 152 73 682 0 0.11 1.32 2.51 0.19 1.22 1.70 2.25
U159 159 42 080 0 0. 30 5.24 7.02 1.74 2.28 5.13 6. 26
Rat195 195 2323 0.43 1. 35 6. 54 7.40 3.14 4.18 5.34 7.40
D198 198 15 780 0.02 0.21 1.81 3.26 1.01 1.93 2.08 2.75
KroA200 200 29 368 0.05 0.43 2.80 4.56 1.33 1. 85 2.72 4.52
KroB200 200 29 437 0. 01 0.42 5.27 6.77 2.09 4. 04 5.03 6.21
Average error 0.02 0.23 2.15 3. 64 0.92 1. 81 2.46 3.95

GCGA :Generalized chromosome genetic algorithm; GCGAO: GCGA without local search; GCGA1: GCGA with local search; CGA ; Classical ge-

netic algorithm; PGA :Partheno genetic algorithm

M 2 thal IE 1% 9 L SE Bl ag ik b, PGA WRERAS XTI de AT 1 5 Rl ik PGA /A5 E.,"h A 8 4
RAFN En &8 0, R B LHIH 10 WL H SEHIR 0, 8" 1% 8 LB 10 Yk & 15 3 5 4 1
WIS T HRALM D,y s 1 GA A ACO B M HA 6 1 GA Al ACO B EMN E, A2 AT o, MEikn
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