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Abstract

The current mainstream route recommendation method first finds K feasible routes by path find-
ing algorithm under various approximate conditions, and then selects a route from K feasible
routes to recommend to passengers according to their travel preferences. When a large number of
passengers’ routes are recommended at the same time, the recommended routes are not available
quickly and thus affect the passengers’ user experience. Therefore, this paper proposes the K
shortest time algorithm based on offline key sites, which can reduce the time complexity of the al-
gorithm by constructing a key site graph and hash table to assist in finding K shortest routes of-
fline. In addition, it is found through analysis that there is not a simple linear relationship between
passengers’ negative feelings about the trip and the number of interchanges and crowding, and
passengers’ satisfaction with the trip will decay rapidly as the number of interchanges and crowding
increase. Therefore, the current passenger preference route calculated by the maximum-minimum
method is not necessarily the best route. Therefore, this paper designs a subway route recom-
mendation method based on path impedance, where the path impedance consists of different
weights of subway time cost and congestion cost, and by calculating the path impedance of the K
shortest routes, the travel routes that meet passenger preferences are selected from them and
recommended to passengers. Through theoretical analysis, with the increase of the number of
queries, the time complexity of the K shortest time algorithm based on offline key stations pro-
posed in this paper is much smaller than that of the path finding algorithm under other approx-
imate conditions. Finally, it is verified through specific experimental examples that this method
can fully meet the route recommendation needs of different passengers.

Keywords

Metro Smart Card Data, Path Finding Algorithm, Route Recommendation

Copyright © 2022 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|15
1.1. ARER

AR, FEAE AP RGN DL R AL A4 S ARG I, ] P 08 Kl T P A2 388 s 7T BEAR Jal 1,
RS G T THT G B8 — KR K7 R JR T 2 R A2 308 I R A R Bt % 1) — N E 7k,
i, IR AISOE QA MOV AL, R VE 2 it X H B B () £ 2 SoE 1], (HAE, 32
PR PR AT G AR T AR LR BRI, LR e S Bt BRI At 5 B O S

SR, AT kR ARG IE B (77 3R 5 HARKE, fEATRERS R Se VP O0 T, SR i Ay SR AT
REFE e A BRI A BN FE AR T 1 RO TR, (EZ I SR I 22 1) 22 Ik s 1 im0 1) 26 i AE 3% A
BRI G R 2o X AR B AR OB RO R, R BAE s kIS i R ANsfe i #7322 1)

DOI: 10.12677/hjdm.2022.123025 247 A C R


https://doi.org/10.12677/hjdm.2022.123025
http://creativecommons.org/licenses/by/4.0/

WEE, RE

BT o X TR RUCAN T F& tHAT IR 6], I RL%7% & S AR BRI I FT AR . VP2 BUA B IR 4R
P, g A R T BEA I A, K 2 SR AR S SRR AR IR () st SR U BIOR HE i 2, 3 N 17 7 A
i @[1]. FF AR, ARESRT AT I 18] 5 955 BT (1 2 Bt A2 A FURARAT AL 22 (), AT LA
HFFARPE LS 8 L H bR I B AR -

1.2. WRHR

ARG FEENFH AT IE T L REAE T FARFIEAN T A2 R0 AT 7 RATAE B 5% Fh ik
BRI
12.1. SEEEMRAR

RGN FRIEEERARERERL. K BEBREFEAE TS HAENIERE. &
SR AR EA Dijkstra FIA[2]5%, T &R NS MR BTN SR R % . T Dijkstra
SR L TR A2 2% P55 T, T2 A SR AR K 2R b I 1 5 S 4% 1) L, T LA T Dijkstra S92 H1 T A*SEIL[3].
AL —FlUR R IR EE, @I TR RS BRIE TR 177 171, A8 G i 73 1 v 0 BT 1 05
DAL UL 5 44 A 4R A0 2 S8 v T Dijkstra B

{HL 2 B o B AR B IR BB SRAR A it 2 I o P TS — SR A%, TRl R sRAF A o UM UK B S5 R A5
FH I K5 B 3 SR 1 HH SR AR X — X 5 S 2 IR K AR i B . K SR VR MR 487 i A il
TR 2 R, IR AR LR &P EE 42 . Thin Yen 32 T SRR K B A B% A% ) 1Y Yen 5
%, UL Dijkstra SR, AR HEVE R B AR I SR AR RIE — SR A AT K SR I R AR (4]

SR, X LG TV 25 e B AR B I8 47 RS TVREAE,  [RE, VP2 S8 (S 20 2R PEH 7 2T
FIZEBHAS TR M B SR 0 Xu S8 AR S TR B ROy, 248 T — R B Bobmid ok & K
FI AR [5]. Zhou ZE ANFEH T —FioRIH _F 22 R0 ZEI 8] (1 20 A 03l 5 s 2 4 P I BR AN T A7 B 4%
M FRE AT RER AR AL I BIA6] . Li S5 NAGHT S B 5l N BB R A b, B T —Fh it gk R Gint 25
RV R AR AR R 7] - Jarlyasunant 25 N\ R #6358 p, TG o 55 HE A5 2% A A 2R % A0 S ey ol 28 HL A A 2%
NATLR B I 2% 50 2 TR (R AT AT B AR B4R 3R, IR IR Ik TS T BB A4 1) 75 v mT DA K W ek /s S 42 ) TR 8]
Yang 2 N\ A FH I () AR AL T K B AR Sl AT 1 etk DAV R R A5 RSB RGN K R
K] E[9]. Wang 25 AR FH I (19 JE2 D 1056t i) [R) 345 20 AT A8, RS {8 A Martins-Santos (MS) 51 348
K 5 FA B4R [10] . Jeon 254 HY 7 —Fh st (28 TR RS IO A SS G 2R 5035, iz T sl Pl it AT £
AR ZR[11].

1.2.2. BBEWESERRIARK

T LIS B R R B T i IR BIA B e D4 fe, AR IX L BVEHERE R I 2R 8% A — e i R SR K
PR PRk AT EAFTE BAT MR, —Sit FN O B R FE T oo, 1 otk 505
(R B A SRR A0 — BB AR R i B R R TR B W AT T, S8 5 R 3l (1) ATttt N 28 PR o F v
a1 Delling &5 A2 — ALl R [EI(Bing Maps) 51 4 A% 0 125 RS B S AT @R L Y B R 75 51 22 [12]
Kim & NBFFC 1 s e B B Ak BRI, S5 RH, AT AU 1 S 5 s 28 1=
WAy 1 R I AHE[13]

SR, FEHLAER X 25 o AT B R HERZ T, B T 58 BRI AR %A, 1L RAZ T EHVER B K2 AT I
)2 . Li 25 A AdFH R 50 A0 9 2R 20 SR 0T 70 3R 25 5 AN R BR A2 A S A 6 [ 14] . Li 25 N Sl i e & ok
B ) 5 28 T H Bt Bk vk Tk e afe sy, ARSI H 13 14 )5 )9 2R A e H ik i T A e, K AT
ITENIE (R $e el A2 R/ E RTRE AT BEAR AR, NGB IR B0 AT IN 18] e TR 7 11 A4 28 X A FE A

DOI: 10.12677/hjdm.2022.123025 248 EAGIEEraE


https://doi.org/10.12677/hjdm.2022.123025

WEE, RE

[ Bt T AT B R HERE [15]
13. ARAE

ARSI B B AR T7 105 B SR T AT BAR T VA SR 4 (R B 2 tH ROTVEPTIR 7 o XE AT AT BRAR I AT
FRO7 15 3 LA I 18] 240 5 B 45 5 el R FEAIR S 4K K 2R ATAT B AR AN [B) AR 52, AR I e AR 2R T 5
TIETC R B AT R GUIRAE R 8 FF A B3R o DR AR SO FH T B 2 G B ol w1 K e J I TR B00%,
I e i S R I AR A I TR R P, JF LB R e A RAH B B4R K Sk i A2, b — DRI
TR R

BEAh, R AT RIS HAT B S R 2 S SRR B BB L IR AR A B e R R, B
IGO0, % xt HAT (O B R i s . BRIk, H A i K R MELT T R
AT I (OB A T AN — R R B 2 o IRIASSC e T 17 2 T i AR B R B 22 TV, VA I %
A3 BT AN RIS EE 1A 3 2 SR A2 MK AN 1) A AN B A LI o 5 fe B T 53 K S dm S I (1) B A2 0 B A
BHAL, Mt 77 & 35 i 4 (0 AT B LA 40 T 2

2. RFE

AT 2 T I e S Bty kR AR P T R M BR R AR AE T T i AR AN ), 38— AR 2 AL
B HH IR 2 T B 2 OBt 1) K SIS ) 4R B K SR RIS [ BR AR, 58 — 0 AR ST HE 1) 22 T %
A2 PELTC P 1t B B 2 17 5 V2R AR 3T 25 AN [ 1 i 4 AN PP B 6 5 T ) B R HE 7 40 3T %

21 BETBSXRURN K REHNEEZ

fETd, BT HPXAAREZ. NRER, SBORB SET P X A%, Hhas REr#H
Meuli. SRMEIRTTIASG, HBRAMARFE MG, @H AN FIAEERN AU R Z FF) K
SEI AR I, InRA A E K E G = (v, E) BT IR B R RE I K R R A IE 5, o
V= {v,, v, } FR n AR A RIS, E={e, e, TR n DU m B BINES .

Mk i R aG  £% Rk S IEE AR, I FL I R B R T A = Al
FEAL TR AT AT BRI A 0 7 B el A2 P AR AN R 2 SRR AR, R A OR B e afe i A D Sl
S 2 A —HT BRI 2% 1] G = (V! E) , AR SCRE iy 42 stk et s B, b v = {v) v, v )
TR A KB SRR, E = {e] e),-- e, | FoR 0N IREEEE S AR m' AR RHRBR B G R
PO G R — AN A I B, IR AR ARG S B G rh A mT AT B A2 1 e ) 52 2% ot
PTE 02 i

ARICHR R TRt AP KRN [ S R 2 A LR =

b Wi RS O R H (X3 D fEH Bk mi B G' i B . BE ARV O M H K3 D 7
AL TSRS R G T R R BRI A% e Al ey » AN SRGEIT I P A AL BRI 2% K] G i s R B R AR TCBE 27
BN TS . ASORE T LS (Rl R B A P R R0, RV B idthibid H Mg /3%, SRRk
2, LkgigsE O i, wna ()R,

H(0)=¢, @)

oD TEHVER OCERG p B R SR K SRR I ) G BR R AR 2R Rlp « ASCIEH Yen BE[4] 948 K 4
L OCHEER AR, b Yen SRV IR) 52 2% B E g T E S S A O LR AR S, T Dijkstra H[2]
frEF 52 2% 29 O (n"® ), Fibonacci HE[16]fIH )52 24 £ O (m'+n'logn’) .« [ALI A A 2T Fibonacei (g
Wnﬁ%%ﬁK%%ﬁﬁ@%%%ﬁ%%ﬁﬂ%ﬁﬁﬁ%gﬁowm%mﬁwmmﬁoE*Eﬁm

DOI: 10.12677/hjdm.2022.123025 249 EAGIEEraE


https://doi.org/10.12677/hjdm.2022.123025

WEE, RE

Yen 5% T4k K ARSI (M S SR A2, 5 8 R AR IR AT I I T" (AR(2))B% T BARTESI % L1
AT I Tyl » I ELFEAR 2 O SEARF B 130 T, RIS 1] Tyf > b R T R — AN Lttt & 21 57
Hh— kLt 65 (I R] o AR SCE SO RERFI A e » PRSI I 4, 3T € IR HHAT 2R
AR Ty (AT(3))s RN Ty (A3N(4)-

T ‘= T\A:ait + Ttr,avel + Tt;ans (2)
Tt:ans =t 'tt,rans (3)
Tv;ait = (t + l) t\:vait (4)

=B EEE R K S IRIE A SRR R, RIS K SR JEN R R4 Ryy « KT Ry I
— IR 1 = (e), 8], e ) » I S R G 5 Mk e el K G IR Rk R JR H — 4%
FERBAE T = (65,0, 85 ) EAFEIILERYS O R H O35 D RN K SR 17125 A5 Ry, -

Fh T4 A i 2522 0 P K S B R W R A R B 1), S SRR R 4R A 77 i A S 4 It
I IS (5 1 £ 38 BT VR R AR B o BRI, A SR T S B A 0 K e RN () S0 et i 2
(K075 % Hiable HHBI A4k K S i JEIRAR, JEH HL Ay % 6 T B4R OGRS /510 K S dE N 500k, kit i
R

X Fga g R G O A H fuh D, ¥ 5GiE i ma 7 i % Hash (O, D) #4k Htable. #7iR[AIM{E %S, HIR
A, 3B Htable SR BA (RA7 O B D 2 A1 K ke fE I IR 424 Rop » DRI 7 B4 FH 3 T S 1 1)
K B HE I RSB R Rop » 4 Rop FRAFE! Htable s T Rdreh, EHHRE Ry -

22. BETBRERMNBEHETFS X

FE L TPAF U6 K5 B H B3 ) K SR B E R, I T SRR 2k A I AR LD B 2R AT HE T
MRS AN I i 4 b 3 63 R s At 2 fe e . Ly, R AR PHLPTTR e 25 SR A1 MR N ] A A 5%
FEPEIX IRt (KL . AR ST R AR BRI | (1 5E AN A Z(5), B%ARRHYT | bl AT I R SAS T A 5%
JEAS C RIS wy T, 355 s I TR AR M B A A, Herwg +w, =1

I =wT+w,C (5)

N T AT R SR — ek, ATl 7 AR B AR -
1) A B 4w g B B AR i R RIS 4T

2) B NRENTE G BB T G I TR 1 -8

3) Py e e e (145 e i [R] £°° AR -

4) FERAERNIL H Rl et 2 BIAS T 4.

2.2.1. HITHE A
FE 2.1 TR T B A oGl ) K S I TR SRk, TSR AR MR S AT IR T (A=K 2) /25 T3
W BB RS ARIS 7) Ty o SRTIAEBLSE T, SRR 55 55 51 42 2l I R A A R, el i 2 sl s
ez AT (BRI I 8] 5 SRR (] ZE 5RO, B DAFE T S AT A O (e Ak 2B (AT IR IR RSCAS T (A3
(6)). I HLBEA Heafe ) B IG N, 3 ) A S BRag A i vt [F) it 2 Ze e 3 hn, (ER 45 325217 17 1) 7 1 J%
A RAEIG N . Bl E bR AT S TR A T, 4na s(6) s .
T = it el | uans (6)

et ™ IR TR T 5 A5 A B — B A 2R Bl R S BRI [R], T ORI AE S 4 L S e AL T
A, R T ANFIER AT TR ¢ R, T (A7) R TR ] A

DOI: 10.12677/hjdm.2022.123025 250 EAGIEEraE


https://doi.org/10.12677/hjdm.2022.123025

WEE, RE

P A AL TG EDAT N DU GAER Ak, JF HIE T ZAEE 6 A 1 2K,
e 0t HAT (9 R R R, R A ST PR OB SORER e i 1 28 (M SR L . A (7R
k A Heafest (14 S R TR ieAS, Horb o (@ > 1) RN [RIBOR A 7

Trans _ (Z:‘:l(t”ans +tiwait ))a (7

AT VIR | AR SERRAE AN IR 6, A A1) 2 B 202 AR A . kSR A LR
RGN R BT, st U, MBS 4 2 AETUE (I (R BIA MBS Tk &5, IR R 2
Ak 3 1 DAL 224 T ST 1) BB 22 5 2002 v 4R 1T DASTe AR R 8K 1) 4

5T SUN SRR MR AE A lines = {1,2, -+, 1, N}, 5 M ANSE SRS | ZR10%5 &
stations = {1,2,-++,i,---,M } , t,, FORIZ R BESG IS 1], AL Fo% | HhBRER i 5658 | 81 22 BI5A G & H I Ia],

D) FR | 2k 1 58 § BB ZE RS R & (S 1) o 0T | 2RI — 881 %E, SRR E N | 2RI i s (R )
WRANB), WAFRIZFKF M IRALIE |.
D/t <t, <D/, (®)

T T VMIAT AR 1 B, TRA7E b, IR HE N | 000 5, 258 5 60 I ) A B —
UL §, Zoich v TR BB 1, 20 €7 I IR i AR, SRR R, 2 e
RS0k 0, 7R R o BRI e 0 RS T 25 28 B 20 T L 2 AT 92 i [

BEAL. 4 ER R, PR TR A B AL AR 8 HOBIAE | B, DKL %0 B T B A T DA
MEIBIET , ERBEA TR 2 T, TRULLERE A HE T P T B

A

i,

r

I
| I I
| I I
! r H ! ttravel
1 Il | 2
I 1] | wait
| 1 I ] tl :
| | | p ;
| \1 I o E—
I I 7 — v
| : lrran: ,,"
i 1 \,‘
I I
I I
| I
| I
| I
| I
| I

I

I

I

I

I

I

I

I

I

I

I

I

I

j-1 j i j+1
travel T.+
o wait t], Aljyi']
L Pl i
1 f

lﬁﬁﬁ * . . il
tin Al/,i Dl{i Dl{i

v

,,,,,,,,,,,,,,

IS 8]
Figure 1. The schematic diagram of passengers changing once to the subway
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Figure 2. Map of key subway stations
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Table 3. Comparison of the time complexity of the three algorithms

3. = MECARTEIE ZRIRTLE

LAPS I A A2 P
S A {O(Klog, (m"+n'logn’)),0(1)}
Hi% B O(Kn'+2n'log,)
i C O(Km'n’log,,+ Kn'log, )

A T 580925 B AR C /E 4RI AR HR 51N T ZI 22 21l ) () B0 , DR AR ok ) B R 45 A — e — 5K
R TE VRN BRI R AR ORAT . MR 3 AT LU, A SCHRHH A28 T B 2R OBl s ¥ K B A o [) VR AE AR ol
RSN IR R B B T8 C, HEEmTHE B, HRXEHARLHEASA SN . HHMEEAE
WYCEIE N, 5% B A1 C W P4 [R5 2 BEAAR, T A SCH IR A )i b 22 U s, [R5
A TR R) 52 A4 P FOR ARG o A HERAT S AN A K R B B AR AR A AR A7 2] Htable J5, AR SCHZ
HH AR T B A S B bl A K BRI ] BV RIS [R) S AR P O (1) 5 RIS, 2SRRI [ 52 2% P B i (K T
Hik B Ml C,

3.3. ETBEEMABEEFEENRGISH

AN LR 8 S AR Bl RN 4 5 2R KRR DR AR st A H s, A AR E AL B AT 2
(T LA AR H PRk T B AR BT 0 B 2 HE 7 SV AT B 2 HE R
KB K N3, wAw, 734 0.4 106, o M g #IY 20 Jofli HI2E T B2 R BE N A I KR i [ 5

DOI: 10.12677/hjdm.2022.123025 254 EAGIEEraE


https://doi.org/10.12677/hjdm.2022.123025

WEE, RE

RIRE 3 KA R ERAR, e ONERLR 1. BRZR 2 FIBRLR 3, 45 Rl 3~5 iR, Hrsngi R AT
PRAZ, N TERER, A RO i BT ROR . SRR T S A A T R T B AR BT, g5 SR
T4 PR, HhBRELHEFERZIEEIT S ML, i 8-4 Foriksk 1 8% 8 SR 4 52, Hip
BRLE 1. PR 2 FIERZE 3 55y B AL C R M 3 S dn J i 1] B A2 AH ]

P 3~5 e fER A 2 ) s RS i sl AL E s, Hh SRR R R s, TEERAE 4 5
2 LIRS 8 SABAMAL. Eh R RN LS BOT B R R, b e R E AR
FHUEVERI[O, 0.33), He g R RMFfEEE S, HIATEHFI[0.33, 0.66), HA4taffRsr, HEUE
U FE[0.66, 1], I HEBIAR N IAHT K.

Table 4. The relevant attribute values calculated for the three routes
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Figure 3. Travel route 1
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Figure 5. Travel route 3
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