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The Kth Shortest Path Algorithms: Accuracy and Efficiency Evaluation

GAO Song, LU Feng
( State Key Laboratory of Resources and Environmental Information System , Institute of Geographical Science and

Natural Resources Research, CAS, Beijing 100101 )

Abstract Efficiency and accuracy are undoubtedly two exclusive indices for shortest path algorithms. The practical
analysis on different algorithms solving the Kth shortest path problems has not invoked much research. The comparison on
running efficiency between several theoretically rigorous algorithms and the amount of accuracy loss and efficiency
improvement brought by lossy Kth shortest path algorithms have remained quantitatively under investigated, and the trade-
off between them has not been analyzed in detail. In this paper, with a systematic classification of the most popular Kth
shortest path algorithms, the author discussed the characteristics and time complexity of these algorithms, and analyzed and
compared their efficiency and accuracy with a real roads network. The author argued that the theoretically rigorous Kth
shortest path algorithms, generally lack practical value, only the multi-label setting algorithm can be applied for some
applications requiring lossless accuracy. Some lossy Kth shortest path algorithms, greatly improve the efficiency with only
little accuracy lost. The bidirectional-search algorithm was argued worth paying more attention in practical applications.

Keywords Kth shortest paths algorithms, roads network, efficiency, accuracy

[) 2o A 45 0 1 1 B A0, T R e B AR 2, L e R L
W L X AR IR AT B AR R R L K R A
7 7] i 4% FL i Hoffman 1 Pavley #2112 Z4F sk —

KU 5 0 A2 ) R B S kAR R P i R R B R A, SR T A A RE B K D A
M — K WA AR S 7E SR LR ] AR R L AR B B L K A

1 3]

T}

E TR « 1850 BOR BT & 14l (863) T H (2006AA127209,2007 AA127241 ) 5 v [&1A}27 e AR AT TR IY 254 1 H (CX106-D04-02)

s B #5:2007-12-12 ; 25 [E] A #§ :2008-05-19

FE—EEE A/ 1982~ ), B hEFLEEBEA Y SREA N KR SHEGE RS E A E A LR T RS AR
SR AT . S A B R BRI . E-mail: songziwell@ 163. com



1678

SIS PP

%14 %

PR AT LAY g P KO AR kY R
K B AR i T W BT B R BRE
SR, BB FI A K 4 4 1 I 42 2 il 4% 45 18] BT A5 T g
A A AL 138 094 HE S AT K AR R AR TS
T o B S A R 3 AT P A IR R R L 8
AR MR A o AR AR R A KU R s
AR R R AT LAy o B TG ER A kT R il
AR B R A R A5 i e A R A
IR (7 B B A% AN B & A [0 T U 3 U A i B 4%
S TESEBR R T R E TC R R AR B K )
i B A% o7 P B 3

5 B YR B A T A L, K0 A B A ) S
TER AR T 1 g B A, % v 5 R A AT A
TERE RS . WL, B H AT b ik, I %A —Fh K 0
L T A0 T T P YR K AR R I TR 9 Dijstra
Bk Pallottino Bk —FEAS 2 R IR, R B TE
X LR 5 B 45 6 4% A T RE e i KO R
B AR AT R G002, T 3 RS 43 W A0 S BRI IE
X 4% T 1 B 0 2% 5 G 45 280K BEAT LB R
R S PR R SR S

2 K &4 B8 42 0] & 1 ik

K ) f L B A2 0] 8 LN R s 45 S TR A ]
G(V,E) e EMATRE o, Fl v, 120 o, Fl o, Z[H]
) — 2R AR, IR HAUE N d(ry), oo, Ao, Z Y
FiAE BB R AR ES R(G, v,0,) A

G v, Flo, ZRIWEEES, B R(G, v,,v,) =1{r
| r NG Lo v ZIRR BT B4R o H R AUE K
N HAES A5 E 1y, 1y e, r,,d () <d(r,) <SS
d(r,) ,WF r, B G Lo, flo, [IFEE 1 A8 AR,
R 2 BB HE r, W m BFER . KNG
oo, o, [AIEYEE 1 ~ K(K < m ) fe 50 8% 42 19 [n) 8 FR
S KO A TR R A LR, AT R A F)
E BHT 3 &A% A-D-E A>B—E il A—
C—E. FESZPR R A, B4R BUE B B 4h, 38 7T L
SR | 2 F Bl A R &

[ 1

KU £ 7 3% A2 ] AL 7 )

Demonstration of the Kth shortest path problem

Fig. 1
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Fig. 2 Classification of the Kth shortest path algorithms



5 8 [

PG - KU 5 S 720 R R R P T A 1679

3.1 BEFEZER

LR B 2 U TS TR K s
G B AR B AR R . S8 Dijkstra B9 SR
T A5 ] ) B L I A2 5 9K U 8 O AT 4% B AR o —
S BEE N ARAT, B4 B A Dijkstra 835K i 2 &
) B e T A 33X 6 % 2 T AR B8 /N H) A SR
S B A 5 R MG S B 15 B A 0 2% 1 T A K DU e
S B A%

N R A 3 A R o) e ) R SR A
2 R A B KOO R K AR, R £ Rk AR SR i i
PR RS kA R R E AR L A ] B S A
BOR M i, YHEAT n WEARJT (n R 46 35 580
BV TR A5 B AR A 1k A A KU R A AR

S A% A B T I AR 3 R 2 A1 43 A A
OV T 4 0 R I A R A R AR, 35k
BT @ 4R A% 2 18] 76 38 8 b B 40 B 06 &, BRI W 45
D 2 A5, i) A B AR R A TE R TR B S R AR
H, BT XA R R R NG R i+ 1 &8
g,

1 3 M) 1% 3 20 9 5 gt ) 445 43 i o i K0 O
BAR . B ROEAS R R R S TE R I 4% SR
B AR SR IS 48 2RI 000 4% 43 Al , 3k B 1 A o T R
A I T VR B S N S T SRR T 46 P R B 7
B A 0 I B AR o T8 45 it o e £ R DR
E DO % 64 3 6 301 5 049 F R o O 5k 0 9 T A
B B it (R T R TR e it
BAHER

ZEIR S E M AT RS — RS R,
3 0 % HE A T R 2 U SR HE S 7E R AR
PR o — WP B R A A ] KU
B A TR AR AR S R F
5, Z EhRS BT LB 1R R Dijkstra B3 [
PR B B AN T A O — bR S AR L £ A
EHEF I B, KR, WL ASE 1 a9 KW
B AR

PO 248 T $50 1 3 5k — 7 L0 o S I 4% 33k 47
SR T A 100 26, 4R AR W 1) K 0 g R A I
I 46 Ay SR I 2% o LA 3 R e 5 AT R
H L HT K SR A Y L R R R 1
g AT LU B 4% A Dijkstra B sR i, (HRIZEE®
SEEAT IO 4 i, S Bt R A 2, LT Y 4 A B
72T R [ %

3.2 AHEZX

LA N Ak BARUR Je D Dijkstra 5355
LB B SR AR AN 1 RS AR SRR MU
AT TN IR B AR L AT AR R
A B RCEAE SO JEAN 5 AT T AR R A A5 OR AR
J5 BT R A B A . BT S AT RE AE
WIHR P g I, Wik ol LIS BB M2 5 it . %
A e R 2 s iy Bod B Bk B2 1R
I F BB EA — & B E WA

OB 153 i 0 Rk ek o A B3R 244 T B AR PR
F e 12 332 300 oK SR BBURT I £ ek A2 RSk
a3 T 4 i e L A R T R — s U AR Rl
P ) I 1 P 2R B R T O DAY 5 R R
Py A e AR o TR BT A A 6 B AR AU B/ i
BRI AT AR . IXFARR T 2 s tT R
REES R E A A R A, AT T AR A | 1]
S L 5 A W A A

T B BR AR R 1 S LU 2 i 1A] Y B S B AR A
fill, AR AT S 2R T B BT A W AR B T Y
o G A M g e B AR o D S BT Y U
TR B BUE /N RN K - 1 ZR e . SRJE xR H A9 K
— 1 B R AR 00 PR K - 1 2R T B B AR, B 1
(K = 1)7 5 5 72 40 8 A 0 ALAE R/ NHE S AL(E
F/NHT K — 1 2% B A2 I B S B A% B O i 28 o 22 T
(g K g g e A

AR SO — b R T O 18R A g K R
AR Rk, DLkt i Dijkstra 5 280 % 42 570 1 O JE A
MBS A N2 5 [ B 45 2%, 20 ) 4 T IE A 306 Y i
FEAERY 24 PR B 5 R A ST DU DA S o
TF 46y, 591 1) R SR e R B A A ) AL [0 39, A0 3 — 2
TEREAR o XUIa] 14 2R 505 O A% U I XL o A2 B £
W3 o R IE P B I 55 U A AR O i
L T390 R R A A R R AR

4 KNgEREEEREERESHT

FRT SR i KD 5 2 B A2 09 32 28 3095 8 LU
Dijkstra 535 o ZE Al , {EZ B AT A I 6] 52 2% B2 LG5 A7
ORI BRG BEARA AR A o T T ™ 5k o B
A ARERNE I HLI ]2 2% B A AR 2 AR 5 3
T A e M Bk i B ik, G 4 Bl AT B —— 1A
PR SR I o e 3 B 0 T AR TR AN XL 4
WAL AT I 18] B2 2% BE A3 #r o




1680 ] &1 5 B R 24 4

%14 %

TEE R0 2645 40500, RS RCH m, R P S
59 A1 5 B H R 6) Dijkstra 370 , 61 XF 5 1 P
4 FIH TR ALARTE R O (nlogn) ™

LT AR B R — YR — AT A —
ABRBHAL T AT T HA Kn 44557
LR S R 2 AT Kn U, 48 VOB SR of, H T4 5
(PRSI 36— A B 5L B/ (0 5, — S5 %
log(Kn) ¥ H ., 3 Ak A5 325 48 10 68 4 446 7 8
HEAT AN 75 3 TR T 4 A BB, P 7
ST o UCHIINT 0 B R £ 10 15 40 T AT o K
B BT A1 K B B K YOI AR T LI
152 7By Kn(log(Kn) +D (e + e+ K*) 3o, D
SR T KRN D 5 I 4 B
(— SR IL4) o 1y LR m (RHE 5T 25 ) 4 )
SARFEN O(Kn(log(Kn) +m)) .

13 T 3 S P 297 8 2K B PR X ) T
e B e 3 S A TS — AR B 4 B 12
{1300, B4 50 Dijkstra 5705 40 25
16T P B LB B 1 OSOH m, RLL0
(W1 A4 O (Kmnlogn) -

ST T B 2 W Dijkstra 3% , 76 431
P 2 X B 1 1 3047 T A
PR AE T E I 1y o (2 26 45 1) B B 2 10 F 293
HO 45U 1 Dijkstra B35 6 7 LA B — A B 22,
L o T T il 1950 56 526 2, B 5 92 90 A 10 2
V75 3R 10 B K K, AR A L, LK,
S TR B T O 0 ALK O
O(L(e +nlogn) . e By LR m L K A1, 15
WS HI I TS24 O (K (m + nlogn) .

e 3 3 5 T — 2 2 B
A 5 B 2 9 1L AL/ 0 — AR B L
NGRR3R 115 O e+ 1,
B L3 1 — 2K B T 15 A T e+ | AR IR E
AT, AT A0 U1 0 02 3
FMKR, 7 % adjoin (n,) Ke M, 3L adjoin (n,)
SR A B 7 S 4 o R — L BN R K
TR 1 1 B, A SR, AR 10 F 23 5
SEE B 4 P m R MG 0 S R 0
O(Km(adjoin (n,) K + nlogn) £ 3 X R4 1, 45 4.
BE— BN, B BL adjoin (n, ) BT BLR IR — /N 3
BT AR RTEH O(Km(Km + nlogn) .

T B S0 B A A P B R
SOBCE S ! SR A 2 75 1 B2 0 0 42 2

JEH O((e+1)u'nlogn) . — Y Py nf KL A (K -
1) 2B AR, 0 IX K - 1 R %A% S50 ot s, 7™ A
(K-1)" %95 B A%, BIL A RS ) B 2 8 (K (e +
1) u'nlogn) , i T B 19 5 V- B B RO B 4
P18 i R B2, T 5 38 1) 4% P 1 s 1 R /s (B R 52 3L
HEEH, — A 4) 1M e LERIE m, K 4 H %L,
PRI 9 B AR Bk B N 1] 2. 4% B2 O O (Kmnlogn )
X i) 482 2% B0 Ay i 1 e R 306 i L B A Y 1
)2 24 24 O (nlogn ) , FRic 35 sl FIE BT A5 B AE
PR ), H R AR TR O (K e) (YA ), 4]
U o] g ) I )i O (Kee ), Hv K SR 119 5 8 S A2
B, e JE AR 7 2 TR, e B BRI m, B AL
RIS Z 2N O (nlogn +KPm)

5 KNEEREEENESHESNT

T S B AR B 1 I 18] 52 A 2 5 S B as A7 ORI E AR
B TR Bk X SR K ) 58 AT
HORFRE R e SE L T B3k 6 MhAYE . SARIESR
5 B — B, X 2% B0 A9 50 B T — Bony B
LG FNAE IO 15 o IBON RN $ 3G R0 G4
PEaitatnse 1 M3k 2 P, tesh, 28 3 S B 45
K f g AR SR TR R A 1 2 1 e e A B 1 AT
SRR T VU SUHERY Dijkstra 35 EZEARSRIET,
LR FH DU SUHE XTI R 19 9 S 2E AT 2 AR B

x1 MEBEXNSEHIEEN

Tab.1 Data structure of arc objects
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