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Implementation and Evaluation of the Shortest Path Labeling
Algorithms in Transportation Networks

CHEN Jie, LU Feng
(LERIS, Institute of Geographic Sciences and Natural Resources Research, CAS, Beijing 100101 )

Abstract Labeling algorithms have got broad applications for shortest path finding in transportation networks, among
which various fine-tunned Dijkstra’ s algorithms well known as typical label setting algorithms have been selected by many
GIS related software for network analysis. However, label correcting algorithms, the other group in label algorithms family,
are rarely used yet in GIS network analysis. After detailed discussion on the structures of labeling algorithms, in this paper,
the implementation, complexity and applicability of labeling setting and label correcting algorithms are analyzed. Then three
best-known fastest label algorithms, i. e. , Dijkstra algorithm implemented with approximate buckets( DIKBA ), Dijkstra’ s
algorithm based on quad-heap priority queue( DIKQH) and Pallottino algorithm(TWO _Q) , were used to carry out practical
evaluation on three real urban road networks. The results showed that for one-to-one shortest path calculation, DIKQH and
DIKBA greatly outperformed than TWO-Q ‘algorithm, and DIKQH exhibited the best running efficiency. For one-to-all
shortest path calculation, however, TWO0-Q algorithm runs a little faster than DIKQH and DIKBA on the selected real road
networks. The author argued that more attention should be paid on TWO-Q algorithm for its efficiency and applicability.
Keywords shortest path algorithms, label algorithms, complexity, transportation networks
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BB R AR & Fh & A ) B A2 2 00 IR RE R AR AT LA
BB E R R P, 475 B 5k (labeling
algorithms ) R A M BHEK PN EERR , KK
ARIIFR IR SALHR IR G 17 5 Bk N4 B 5
% 7E (label setting, fi] # LS) #1435 5 B iE ( label
correcting, fE f% LC) I KIK R,

XF LS Bk, BRI EREEHRT T KRB
o GIS MG RmP WM TERBERET LS
BT, W& RS B Dijkstra XU 1 F
LCEHY%, ~ AN ZREENBE RIS R TEZM %
A EX FRREMET =, BT W AER B
IB] 0 3% AR AU, — R R TE A AA, InZ LC
B2 ISHEFEAMERE, HM LC HEKHLOE
HABPEN, MAERA CS KRG ERBLER
REF o

BEXAREREN N TARMEEK, &7
HHEBRERBR,BRE —ME R X &M%
HREEREFHRER", ATIR—FBRFHE
%, AR T30 P4 44, A SCHE X 38 @ M 4, X LS
HEBEMICHERENAERE SRERE .5
THE BITRENEEEAESFEFEMS 4R
MER UERNMAEHXMNEMERESENBRER R
FRBHT TS,

2 BRSHEESXSHEEHER

B FRIERE NGRS R EE 2, Bk
EARpEERAL Y. MR, BERESE
AR KRR KK R R AR BT
s,

BRENBBEEERRBEARSTH I, P
BHREAPTHEASEARREBGEEMRNE
EITE, MirSEERERBEREAGEARASEK S
HEFANFTEB LR, CHhEA KSR EEK
BREBHBELESL .

2.1 HEEESHERERZ

LS B 5 2 i 7 22 0% &K Dijkstra F 1959 4
B, ERER LBRREE L5 NIEN AR HIER
PEP % & G 2B %", LS Bk P Dijkstra
BHEERE RN LS BEERLAM W
HAth LS BL £ K Dijkstra R AR LR F R, H
RERTFEEWABSE R ERAIIN LS B2
REBFEANHAGLEREZH LS Bk,

X5 4% rh B REFE 7 FUALAL B [B1 B, LC B R
ARFEE R K, HA R MR %A Bellnan-
Ford-Moore E ¥ ( B} queue B %) .D’ Esopo-Pape &
% (B deque B ;) | Pallottino & B2 (Bl 2 queue & 3
®RTWO_ Q By) ITRER™ HIHFE
#2151 SLF (small label to the front) B k" M4

Lhs b, BIA R LS 5 LC Bk #A A4 —F
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R AR R B A B BT AR IR SS R R AT
HEZAINRZEEAHE
2.2 IRSHEMR
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B IR e AR S o
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3 HSEERBEREFESH

LS BHEMPITRBENT

(DY, G S=0,SHHES =V,
dls]1=0,p[s] = -1; X VHAMEALj(GeS), 43
VHRBE AR S d[j] == ;

()RS =V, W d[jINEA s MG & HBE
BRKE, HRA AT LB R RS pl/]1 e R
B fE BB BRI, 4R, B AGEPRR 3;

CON ST RFEEFSRDNER LEN
SHMER, MA S ¥FHAN i HEBHR
(i,)) e E,HMKH L, 4 dlj] >d[i] + 1, W%
dljl=dli] +1,;,plj) =i, % L&, 2,

ZEENEETREBET LRI HH. EAF
UTRAER SR IFRIE N S FRIEHR
SRAMGRONERGYUIR(BRASER M
WHELWEERS)

FUn RAMBLESH U m RRREH(T
@), MERFIAEMLTERAIIGHHTR T, &
GLH) B R Dijkstra HEN TR IRLE, B 1 KB
T, T E n LB HRAE 58 2 IR R , T B n -1
WHEBRAE, - KKK, E U T(n) RRBIFER
MBI E, L O BB AL R T(n) 9 ER"
(TR, MWZEBEREN T(n) =n+(n-1) +
4 1=0(n"), MTFEBBBGERE, & FREEK
BiAE Y F X AWML - KA, RS BE R
B O(m) , B &M EERER O(n’ +m) =
0(n*) o 3 FHE P4, 53X 2K M3 I B SE BE A2 R
B Rk B RN RE

X} T 9 0 P 4%, 5 R4 RO SR B0 18 SE L BA 5
(Hn3f W45 ) R Bt B 3k W9 B 17 45 4, W 38 2 B9 B
V6] 52 2% BE TR R R B AR, BT A, BT K U RY
B Dijkstra B EERBER O(mlogn) , T Hi%
HH) B YR Dijkstra LM R RE N 0(m +nC) (H
FCHNER)FF

LCBEMMITHRENT

(1)L BERIRS dls] =0, A 8RS pls] = -1;
XHABHIGE R, SPGB S d[j] == ;

2)MBXFAMIK(,)), A dljl<d[i] +
L, SR, A 1R NEE s BIE R R ERE
KB, BB S8 B 42 0T LGB AT IR AR 5 3078, B A
PR3

(3) B — &KW d[j] >d[i] +1,; KI5,
4 dlj] =dli] +1,;,p[i) =i, NWEL T2, BEHE
BHEE A ER 0(n’m),

sttt B3R LS 5 LC BBUTHETUE N

mF LS BRERES R ELENE 5, HEk
BI-AHBEAAHAGEANBERE, BitE#
1711 SR REE, Y& Bk Rk 45 AR R AT
GR BHTENMEREBNMERETIR P R
HEEE—K, Bt LS B ARBAE S AUAKM
%, T — R R B A S SR 8 O BB P 4% 01 IE 3% R RO 25 80
B R,

LC B fEAb L Snt W RERE S K L 5%
HEAF, BHBEBLEN 1l REARBERESS
B RAERAEB,. ABEANE, FRER
HARFGRAFIR R T 78R S EERS K2 W&
RIPE, X B LC BREBRT LSHEN THE&TE
ARG AR, B R U E S RGP 4%, B
Xt F— A% 5% I P 4% 04 BB 0 B TR R B E T o

KB, ER¥HM% LS 1 LC Bk MBE
HEHTTHRAMBIR ., SCER[12]08, % THRE
& , Dantzig 5 22 ff F D’ Esopo-Pape B ¥ ; i X T #
B, BAE BB BB R R, D’ Esopo-Pape
BEMREBRME™ , XMDBIOHARERBE
Bl ,D’ Esopo-Pape 4 35 7] 5 & 4F iy LS Wi HH 18
£8P, T4 R REH, X FARF RN %
BRANEHEERRERBA, M ARE—FE
WA B R R G R A REFERE, F T8
T4 4 M AL 4, LC B ik P 9 Pape B IL I 2que
BB REE ;X THEMN%, SR Dijkstra 5 %
( Bf DIKBD ( dijkstra’ s algorithm implemented with
double bucket) H % ) TR B BB R & & ;X Tk
- T (9 A U # P A 9 4%, DIKBD 8 % Fl 3k 45 4 19
Dijkstra & 3 ( Bl DIKH ( dijkstra ’ s algorithm
implemented with heap) B &) R & & ; W T L HF
A, DIKBD kMmN EFI BB E

HEEEEMNE ER LERNBEBEAR —EEE
BB, SRR, ETFEEMSEHNEK Dikstra
& 9 (H) DIKBA ( dijkstra’ s algorithm implemented
with approximate bucket) & ) 40 Bk po XU
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ZE 1 Dijkstra B 3: (B DIKQH ( dijkstra’ s algorithm
implemented with quad heap) & )"’ 1 Pallottino &
(B TWO Q%) ' 4 512 LS J kM LC ik
HAAMBRARFHREE, KRR RE SR
O(mB+n(B+C/B)) .0 (nlogn) Fl 0(n’m), &
G4 3BT B MBS WA 3 HELE
LI NBEERRERTHETHE, HELRE
REBRSTERET TR,

4 HRSHEEEHTZEMNENIET
BELR

BITHE
ERPHAERBYERARECETHE &
P4 2.8G CPU.512M WA #) PC BE{43FIE . VC* 6.0
HIFER P2 R ASHFEL

AT HWBRARIESBEENETHE, 0%
SERMZERMBFEFEALBREMNE (MEESF
FERWE 1 Fim)#aT THRBEX L, 84, IRE

4.1

4.2 HBRLBESH

& B0k 5L Br 3 17 I R 39 18 AT HE 9 CPU
FEOT , A 6048 B8 0 A 08 ) SF4RAF o5 B B IE]

X FELR P M 101 BRI B, RBUR
G HAE Jr vk AT 24 s R B 100 445 25 8 i 1100
NSRS R, DRI 45 S E R
P4, SRR EBRZN, B0 H %X 100 4~
RAENMEHAAEINEEH 1] RERRENETTH
B, REXETA K 101 FERRBCE S E M 1 N
B GEI, BAX MG T B E R H R
REALERTTRONBEITHE RENFTEERY
1: NFEI SR EBCF 3948

BHELFENEITSRIE 1 PR,

mE BB, LR ZEM A B.C ALK
P, G317 1: 1 BEBRN, LS BREPH
DIKBA % ¥:# DIKQH B, i T AW R BRERK
KL RRR M B RER, Bl a TRy
BRET LCHEKFHK TWO_ Q Bk, HTET
TWO _Q Bikm , MM E R B ESMA R A Bk,

KEEIDPUE, B, % F R — M4, 1:1 RM 1 N#REK CPU
%1 XBTERGS FERT MRl . MAT 1: N REB B RN, HE R
Tab.1 Characteristics of real-world networks in the study BB RN ERRAE TR AME, K,
LR GRM WEH FEEMS AF B, TWO _Q HRBITMEERH,
A 12803 18107 ifi DIKQH # kK Z , DIKBA B ¥k B Ik ; 15 30 i P 2%
B 11893 16689 C #,DIKQH B BT HEKA ZHE,TWO_Q &
c 4893 7924 %W, DIKBA B AR R BAR o
1.4
o o—————:‘/./ g
1ol &« ---A--- B(1:1)
E 08 } . --m-- C(1D)
Eos : R, LezzainitT —e—A(L:N)
. et
04 ‘_\/ —&—B(1:N)
o2 b e T - —&—C(1:N)
0
TWO_QHE¥: DIKQH # 3% DIKBA H.i%:
A(1:1) 1.08595 0.53144 0.73788
B(1:1) 1.00448 0.51344 0.70365
c(1:1) 0.33947 0.15074 0.24238
A(1:N) 1.08595 1.12882 1.34243
B(1:N) 1.00448 1.0323 1.25626
C(1:N) 0.33947 0.30632 0.43357

1 TWO_Q%#ik DIKQH ik DIKBA L& R CPU FEH (ms)

Fig.1 Consumed CPU time(ms) of TWO _Q, DIKQH, DIKBA algorithm in shortest path searching
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W4 E—Fi Xt LS Bk M LC Bk 0 B ] & 2%
BS54, DIKBA BB HERE N
O(mB+n(B+C/B)), Wi TWO _ Q % ¥ ity B 3K i ]
HHREHR O0(n'm), TR TWO _Q 5 3% Ry B i8] & 2+
i KT DIKBA Bk, AW, ELRETHERS,
BEMBEITRESHEMENYEEREXRED,
HEFRENBRIFRA -5 5L L M la & 2
ERFF—BEXR  XEFEIRRETRNMY .,
5 &

BAIXMRESELRABTUBHUTLER:

(MEXBEMEREREERD, Y08 1:1
BAKARERN LS EEAFERBL L S
BHEESE, M ICEENTFEZRERERN
BEBRERAGEEN I NEERE, LSEE
T B {75 i) DIKBA % %; #1 DIKQH B k%2 LC
BEETPBEEN TWO Q BEEMEKE, T
DIKBA B3 ZR B POUE, B M F LUK B (B 8] 2%
BRRASR A RANMNETEBRRLLHE, W B b
TR A LABUE A it A6 32 17454 , IH i {48 DIKBA
BHWSHEERER DIKQH Bk, B4R
BEE—-EHRE. ELNBEBRERYP,
TWO _Q#¥#: 5 DIKQH B3 E#iH, TWO_Q Hik
&R, Wi DIKBA Bk 2 TWO_Q %5 DIKQH
B,

()LSERKES LCEEKRR &R, K ,LC
B H TWO  Q B ¥k BE A M 4 P 77 78 f AR
W, XA EBPER ER K, W EHE 1N B
REARESTISEEKPHNERELRA T
o BeAh, BT 3300 P 4% B A2 B Bk Y B B Rk B 5R
AHEHANMEERAE THLCEELEEKSH
TWO _Q B Z LS HikK P BRI DIKBA Bk
#1 DIKQH B ¥ A B AINEAEE, B HAERE
W4 B2 o b R R K M RL ¥ 1 .
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