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Abstract

The utilization efficiency of the rolling stocks is the key to reduce the operation cost of subway and
improve the service quality. In this paper, a mixed integer programming model is constructed by
establishing a multi-traveling salesman (MTSP) model, taking the minimum connection cost as the
objective function, comprehensively considering the time and space constraints, yard constraints
and prohibition of empty driving constraints. The ILOG CPLEX solver is used to solve the subway
line of a city. After optimization, the total connection cost is reduced by 12.5% compared with the
manual scheme. The number of vehicles used is reduced by 1; the average effective utilization rate
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of the rolling stocks is 81.51%, which is 4.33% higher than that of the manual scheme (77.18%). At
the same time, it is superior to the manual scheme in the use of balance performance. The research
shows that the model is superior to the traditional method in terms of continuation cost, resource
utilization and balance, which verifies the effectiveness of the MTSP model.
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Figure 1. Example of a traveling salesman problem
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Figure 2. Part of the train operation diagram
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Figure 3. Node connection grid diagram
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Figure 4. A schematic diagram of the line structure
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Table 2. Running time from the depot to both end points
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Table 3. Parameter value
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Table 4. Number distribution

=4 ERDH
RS ARIAESS
001X X-002-015-026-055-066-X
002X X-001-012-035-046-075-086-107-118-X
003X X-003-014-039-050-079-090-X
004X X-004-021-032-061-072-099-110-125-X
005X X-005-016-043-054-083-094-113-124-X
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006X X-006-025-036-065-076-101-112-127-X
007X X-007-018-047-058-087-098-115-126-X
008X X-008-029-040-069-080-X

009X X-009-020-049-060-089-100-X

010X X-011-022-051-062-091-102-117-128-X
011X X-010-031-042-071-082-105-116-131-X
012X X-013-024-053-064-093-104-119-X
013X X-017-028-057-068-095-106-121-X
014X X-019-030-059-070-097-108-123-X
015X X-023-034-X

016X X-027-038-067-078-103-114-129-X
017X X-033-044-073-084-X

018X X-037-048-077-088-109-120-X

019X X-041-052-081-092-111-122-X

020X X-045-056-085-096-X

021X X-063-074-X

Table 5. Run chart metrics
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Figure 5. Run time and utilization
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Table 6. Index summary
6. FEFRCR
BARA BRI e A R 2 P BRI A % T 80%ZE K HT
70.70% 88.30% 81.51% 13
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Table 7. The distribution of train numbers obtained by the manual compilation method

7. ALBRHFEREINER D

LSRR RS
001X X-001-012-035-046-075-086-107-118-X
002X X-003-014-037-048-077-088-109-120-X
003X X-005-016-041-052-081-092-X
004X X-007-018-045-056-085-096-113-124-X
005X X-009-020-049-060-089-100-117-128-X
006X X-011-022-051-062-091-102-119-X
007X X-013-024-053-064-093-104-121-X
008X X-015-026-055-066-095-106-123-X
009X X-017-028-057-068-097-108-125-X
010X X-002-019-030-059-070-099-110-127-X
011X X-004-021-032-061-072-101-112-129-X
012X X-006-023-034-063-074-X
013X X-008-027-038-067-078-X
014X X-010-031-042-071-082-105-116-131-X
015X X-033-044-073-084-X
016X X-050-079-090-111-122-X
017X X-025-036-065-076-X
018X X-029-040-069-080-103-114-X
019X X-047-058-087-098-115-126-X
020X X-054-083-094-X
021X X-39-X
022X X-43-X
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Figure 6. Run time and utilization
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Table 8. Run time and utilization

8. fEhlE
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Figure 7. Comparison chart of the effective utilization rate of the rolling stocks

7. ERBYEREILE

Table 9. Scheme comparison

#9. AREE
ARGV S ANTIH
RS 21 RS 22
SERE MR % 77.18% SERE R % 81.51%

ENTITEF, AT 22 FZER, MRABR T ZNEH T 21 Fid K. X —ZR &R T AL
FAEGHRIE B, BORES N Lm0 77 R B A E121T B, nTRes FECHE RS
AW R ERATS E B E, TENEBEAR LA B Rk . BiRRE, NT %Y 21, 22 554 R
AT — NSRS, EFEM 2 SEEREIRINR S N T RARFIHENE 7 fidk 9, PN
77.18%, (KTHLALTT %1 81.51%. X ZKAN LI RIEEFIRNZHE b, Tk % B EGET A
IYRL, ERFELRER MM E, HRERNEZ . XFERMEHIASEE, SEEHRERERAR,

Al Re RS THRI 224k U7 Sl A ALK B FR S & AR, AMUdb 74 R, e T
FIRMAE BRI R, EEBRSRA AT 76 UK.
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BEXT I T FUE A8 4 s TIPSR T AR T 2 RAT R A (MTSP) R, i id 58
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