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Implementation of Efficient Optimal Path Querying
System

Akimasa Morihata, H b K% 8 &08 5 WF %2 Fr, Re-
search Institute of Electrical Communication, To-
hoku University.
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DERTRERE DEEIBENDHD. £7/2, FV D
7 — 2 ORI E Bl R E AT IR 5D [13].
3w NI — I PO E % 72 LT, FlRE
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FERA L DRTOWISE [16] T, MHEKEESHEICHED
BOHREMAEFEEREL . ZOoFEE, 21—
P27 T) ALZHET 2 E BERL B, RV
HPHORERBMHEGEE/ZS 2N TES, /760
27N TN ZADEEFD N L DD BERIE A
TINT) ZLD—FLIZE - T WS, R EDER %2
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ERRESFETLIHAIIHRREDOHDRY 5 FET
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[ Eo L T RE D S22 I B9 2 e DR [4,19] 22
FIZU, I DICHRHSE A RN R0 <Ono
MIZOWTHREEMAD Z LIt &Y, BFOEBIC
HATIELNICEELH AT 2 HE U,

2 fAERESEICE I ERKEEEY R

7T L DFRE
9, SHIRET S RERKHAE Y A7 LD#G
IZDOWTHRD. BB, YATADY —AT— RIFF
#EOY 7Y MipsAFETE S,
REY AT NMIFHIRESFEIC & > TRl I /- i
R AT OMAMGER % I CH+D I 1 7T ) %
ERTE2EDEBSOTVWD. ZDT7AT77VIE, C++
DOREHER 75 77TV ALDFEETH D boost
graph library [23] HCEZINTWSE VT 7% A
U, IR E IR TN 2 5. ZOFHTIEE
WG X LGROME N SEERD D,
o HuMRKMAETIEY AT LD L UTHWS
N2 ENLW. TD/D, BREETDEV AT
L UTHETZIDOTIEARL, MEFENSE
FIFIAALX W C++D T+ 75 & UTHEET
LDIFHEEHRTHD.

o —HRINAT I T ALIZIEA =N =~ R
UNRHTHDN, 7077 LAERRIZIRIEZT
SILT, TOEZLKEMIRSZELNTED.

3 REREBEEEOLODEERESEE

3.1 BXUE

BEY AT LA THO SN D Bl R A1 O ik
D 7= D ORISR FFE ORI % M 1 ITRT.

T T T MIEMET R E HINBES L 2 X 2
MU S OHRIZREEN SR YD, TS IXTESRTI
g% HEABB LRI S HIRBERTESRI N
TWa. HAMKIE C/C++D~v v e UTHEEEH
T3, BRIEIZTESRELOFITHY, o5 v ld TR
rZBeZAVTHSy ETEELZRKRIK] %22k
95. HREBOEHETIEETNENDORIZELE T
WHARHE 2V ZENTES. BELTEIRNS

11 www.riec.tohoku.ac.jp/ morihata/0PQ.tar.gz

&, BBEBE UTHEBBUNHND ZENTER
W2k, TLUTHEBOART Y RO—hFEEEKT
BRIINEB LBV LIERT &.
ZOMECOEITINZ, HIGBBU AN 2 6235
5. HIBEEIL BRI, T480b fz S v) < f(o)
i3I RIEB LT, £ETOEHTTIE, &MERD
M M A DB DIE O U &2 A TIEE RS
B INS D&M, EORWEEREMEGE D
FEBD=DIZEHINT NS,

3.2 ECHfl
2 RERAEH
€ o & B ROER K AR L 2 WA RIEH T
HD. BB, —e->% 5 D ASCII X FIZ X Dk &
LTHVTWS T2,
maximize cost(x) s.t. start(x) && end(x)
where
#define START(v) (v==init_vertex)
#define END(v) (v==final_vertex)
#define WEIGHT(e) \
(edge_property(e,&edge_Property: :weight))
START(v) ;

bool start(v)
| start(x -e-> v) = start(x);
bool end(v) = END(v);

| end(x -e-> v) = END(v);
int cost(v) = 0;

| cost(x -e-> v) = cost(x) + WEIGHT(e);

2 MR % RD DI, TOMEKEANTNT
NEYZRTHATH DI RIEDFTHRMEDE D% KON
RV, SNEERT 2012, 3 DOHEAREEHLE 3
DOBHRBEBPAREINTVD.

ELARBA% START & END 1, 5 R H5MNATHENT
NTNERMELIIKETHINEMHRT D LK
init_vertex $ £ U\ final vertex I&, ZDfLALGLIR
MOERINE T T IV RS C++7 0T T A
DS RIFAERE UTREI NG ZEREIN
TWd. F£7z, SRR WEIGHT 13 A7 ADfRHES
2 i B BI%L edge_property % FH\ T, boost graph

12 488, \ EHOZTERSIEEBRO Y AT ATIEY K-
M ATV,
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{7uro46}
{ BABSES }

{ BEEEEER }

{ EbEBEEEE }
{ ®BEfE }

Prog ::= minimize fi,(z) s.t. Ezp,,,, where Decl--- Decl
Decl ::= #define <string>

| fint (x5 v) = Eap,,;

int fin(v) = Exp,,,;

I fbool(m ’\e’> ’U) = Epraol;

001 fuoot (V) = Eapyo0r;
Ezp,,, = <unsigned.integer> | m(v,e) | Exp,,, + Exp,,, | Exp,,, * Exp,,
| max( B, Bepin,) | min(Ezp i, Bap )
| fine(z) | if Exp,,,, then Exp,, else Exp,,

Eprool 1= true | false | m(ue) | !Eprool | E‘prool && Eprool | Eﬁpbaol I l E‘rpbool { /E‘ﬁ%{ﬁﬁ }
| froot(z) | Ezp,,, =< <unsigned_integer>
< a=c=|>=|=|1=|<|> { Mg }

M1 SERBEAtORR0OLOOENRESE.s E/AREE, v BTEREY, o GIZH, fi, REREEEE, fro
REBEBRETHS me,v) REXERTHY, EWCEY/ OOFTHL TRESINS.

library CHMEXNTWZ 75 THEENS, e DT
/87 o« weight (ZBIEAM T HNAfEEZHYD HLTW
5. ZD&ESR, AHMNOHFNR T T T HOIEDEY
HU AL, BEREREETY AT ANEEMS Z LD
TERV. TDY, C++DTOT T hE UTHE
Flk XN, FRERIND IO I APIIEETDEF
I Nn5.

INSDORABAE NS Z LT, HIRERILHERE
EHTED. HRER start & end X TN TN
MERBEIERL, cost ILLEADH%ZRKDD.

T OB PR &R B

XREMELHI L LT, EHEICHEHE T B [EEANE 2 20
EPAF &R X V7R T 2 MO R EZ kD D
Mz 525%.
minimize cost(x)
s.t. start(x) && end(x) && n_trans(x) < 20
where
#define START(v) (v==init_vertex)
#define END(v) (v==final_vertex)
#define WEIGHT(e) (...)
#define TRAIN(e) (...)
bool start(x -e-> v) = start(x);

| start(v) = START(v);
bool end (x -e-> v) = END(v);

| end (v) = END(v);

int n_trans(x -e-> v) = n_trans(x) +

(if walk(x) && TRAIN(e) then 1 else 0);

| n_trans(v) = 0;
int cost(x -e-> v) = cost(x) + WEIGHT(e);

| cost(v) = 0;
bool walk(x -e-> v) = !TRAIN(e);

| walk(v) = true;
HOFNZHAR, SEIFEFEIZESTHEINE,Z
NB IR TRAIN 2B A TN T WS, 7435, TRAIN
DEZBTHYNZGEZAENTHDEDLL, TITEA
W95, Zhe My, PR valk IZERTIZEHIC
FOTWEMN/2I L 2R L, ntrans (FEFIZHE
DAAZEEE ATV .

4 HEREEEE7/ILTY XL
TN TV ZAREATHETH D [16] DEDIZHE,
Z T B ZRGHDAZITS .

WE, {hy,... e} B ARG A IZ BN D R
BBOES, {p,....pm} 27075 LHIZEHNS

HLMEEBOEELTD. /2, uy, 2B A O
ERHBIZHN S ND IREE T O ATV KD
RMEETD. BB, TOLD BRI FLEL R
WIBAIZE up, = —00 £ T, X5, B %
hj(z) = min(h;(x), un, +1) £ $5H. N5 %A,
BE#L state Z LN TREFRT 5.

state(z) = (ha(x), ... ho(z),p1(2),. .., pm(z))

BI%L state WD Z & T, 777 G EOR#R
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ERIEEIE, INOBREREMGEICmEIND.

o XRLT2TTITDIHMIEG DIHEM v & state
DOfEl EOfE s O (v,5) THD.

o THA (v1,81) MOTHK (v, 52) NDOUIE, v1 M5
va NDT e M G IZHFEL, WD state(x) = s1
BB EFEDORE 2 12 DWT state(x ~5 va) = s9
MY NED L SIAFEL, TOEAZHWEEZ
FeUT flaS ) — flx) TH3.

o HAIMEEDHENTH 2.
o AR, HIFIGMEZ W2 TR « IAMEIET D
O BETOIHEN (v, state(z)) THS.

Z ORI AE I 2 MR 2 sk 2 7L T
ALZESTEGIZERTED. TNEVUT2E5.
EE 1 ([16). 797 GIRT 21 OS#E TR
IND MR ATIE, GITd 25 2 smmE
M&aEORR- 2 T(|G)), state DIEOREI % k &
LT, O(T(k|G|) CEXRTE3. O

Bl Z £, 714K FvF v —7 %M\ 7 Dijkstra
TNUITYALEHONE, HABV, I8 E O
TZ 7KL, state DIEBDO K E X % kL LT,
O(kV log(kV) + kE) IR THRoMAR K GE % 1, T
5. kIIMIBELRICOMEFT D 2 &, £z kI3
BRALIR DK F XK U TIRFBBIIZ KR E<RY 5 2
ZEITEEE L.

ZHIUTHNZ, [16] Tl&, RNELBRM 2 EIZAN
52 LETEDRY BT EMEANPREINTVA,
ZZTIEFEIdBR N, REY AT AT, WS
I ARBE R MRl % PR 2 il ([16] OHfiE 4.5)
REELTWS.

5 RERBEAGEYATLDRER

EH 1 &Y, HROROCEEREHAET VT
ALz VIR & < Bl HE e EHTE
2 EMDMND. WEORWVERBEHSEIZOW
Tl&, 34 Ramachandran & [4,19] 2 FEMICHAE L
THY, Dijkstra 7V TV XAD decrease-key % i
WARWEEE 7T A4 AY T4 Fa—& LT Sanders
@ sequence heap [21] Z HHWTEBLU 72 € DDV H
THZIEPREINTVD. HEVATLLIN
EICIZEBIINT WS, 28, sequence heap DEHE

I, Sanders AAIC & BIEHIZHRD ENE DT % B
Wz

772U, RO B BB A0 72 I X
RIS AT I < DA D A ZE L& T
BBV, IR A DOWTHIIT 5.

5.1 mEREOLRE

BOEMRBKM G T, s BREEE TIEm <
BOHREE 2 RO D BEDH D, ZDI2DDEMA ik
I, REESBEHETI2EDOTHD. LML, Z
XL REOATY) 28G5, ZNE bl 5 EHER L FIE
13, RIEEAORERIEIZ DOWTEOERTOTE LD A
AR, BRI RAIT O E AW TSR &
MK THHDOTHD. REVATLDELKTEHEIO
FHEEBRHLTNS.

BE, REREEAGELEY, REREMaET
&, 2 TEARNCEST U CHREE S B 8l B R
CBRLUNKREITHD . TDRD, "EVAT A
Tk, EOPEBS720ERDBBLTVD. ZDi
HIE, ERTOFEN TR EITOWLA2EZ 5 Z L ThH
WTEXD. LML, BFZ0HBERRETHDI Z L,
TERUCHANIZGERT2DIEENILES5F R, 20
EOREHL LTS,

5.2 ¥LKT S 7 EEDEE

FEHL TIHANINDG T T77 G EVIEDZNIKRE
BT TN UREREHTOIILEZERT VS,
LD U, ZOKREIRT T 7% EEICHERLT 2 0DI3IED
RTHD. REY AT LTI, BIREMIZN L state
DEEHZZIETIDREIBRT T 7 OME% B
TWa. AU G OHBAANDRBETH>TE state DIH
DESELDIFTOMEI L IIRERERZD, VoI n
725 T Dijkstra 7V IV AL &2 LD EHETZHI LT
USRI ND.

5.3 RT3 IEROERE
BEEL state 1@ FEMEEE DEZEHEL, Ihe&
fRMERE IR LRI T20E B Y DAT ) 28T 5.

13 www.mpi-inf.mpg.de/~sanders/programs/spq/
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UM U, state DIEIBIZE % ARTH . D, state
DERDOKEIIIHEEWKGFTLI L 2ERD L,
state DIFEIEMNZNIFEE R E < BWGEDAMNEHSE E
MAaE 2 LB T E 30,

COBREIER, REVATLORETIE, &F
D RETHR & state DEZEY N7 4 —I)IV K&
WT1Y—R (§4bb, 2EYNT—F77F ¥
THNE AL N) TRELTHD. ZhickY, H#l
ZE32EY N7 —F T F v ThHNE, HEREDS
Z T DTEMEM 232 2R DL DIIWA B RS, Ly
U, BEREBOGEIE—RIZEP BT 70
HRBIZHHTEIARV EZETEILE2NFEAD
&, TNEYEENEL K RDGEEE 2 2 BEITED
FTTHD. ZOMRIIZEY, HATIZETDIAE
DEIFKIBICHIRI NG, IS5y Y aflfzB2
A TH L. ZHIZ DOV TERIZER D

5.4 EEFAERE T DOEBORERE
Dijkstra 7V IV XA TIE, &TEADEEICBER
ARTHDNEN%E, T U THEFADTESIIN L TIX
TOHMETOMHMA TR T 2 BENRH B, @H, 2
NIFTESRZ AV Ty 7 AL THEPTERLINS. L
MU, mEREEAEY CRBEOELEZITE> T2
E, GRIERLULEZ S 7DOREREA VY TY I AL
Uzl % HET 208D H 5. L, FEldR7
EBY, IKUAETZ7%B22DIFEMRTHS.
BEY AT LT, BATIERINYYaxy T%
AT INGDEZEEFL TS, Ny vavxy T
SR & FHWVD 72DIZIZEY) 2Ny Y 2 BB ET
HBMW, ERUZT T 7DHLIETTIZ1I Y—RT
REINTWDE 720D, ZWIXAZENTDILTHE
DIZFITAD.
FHEXINTVWEINY YAy TOEHILLFTH
5. 29, Nyvavw TOUEY A REALT 5T
DEFBE L, Ny Y afle UTRERE SIS
TRWPIIRAZEZNTEDETE. Nyavy
TOEFEHARIMUENY ¥ 2P B EIL, YA X
BRI, Ny Y a BRI THS RS ITIN A T state
DEZIHIZIEY AT L5275, ZhiTk
Y, LA EREKTY 7D 2 MR O TR

25 27 [0 K% (2010 4R F# i S 5

BNy Y aflEeMHTES.

5.5 &

bz SEFR, M2 ICREY AT ATHW ZRE
BREFAEETNVIT) ALERT. ZOT7NITY ALD
FEE R, ALY 70HESHL ARz ThTh
VELUE (2720 V < E), state DIEHBDOKE X
% kX LUTOKkElog(kE)) ThH3.

6 =R

REY AT LD R % MR T D 72 boost graph
library [23] & D # % 17> /2. Boost graph library
W CHHIZBI2 77 77T XADFEEE LTk
HELEOHEETHD. MAT, boost graph library
121, mEREMNAEGEO—FTHD ) Y — AL
S IEHERAEY [11] OO OBBNEEINT VD
TOEOHBHRE UTHYITHA D LYWL 7=,

28, boost graph library (21, RN 5 Hd %
WA EDOD I — R2BIEITR VD, RE
VATAWNTDZ TS MR T R TS
LENFTRHRTDHBENDHD. TDD, REVA
T AN, A FREREI AT 2 RS 5 720
12RO 5N D BT I HIZ 2 MR E W,

6.1 ERRRE

FERERBIIE, CPU 2% dual quad-core Xeon X5550
2.66 GHz, AEVYH12GB, 2>/%1 I3 GCC 4.5.0,
0S8 #* Linux 2.6.31 (Ubuntu 9.10) TH 3. 88, =
DFERIITIVF T - YIF CPU THDA, EE
WZHWZT 87T MIWThENSGEE £ 572 <17
DR,

MEEHREE LTk, 2 SEREE (WUT SP), 3
MR (BE XN EHMZ R D R % K
b2HD. LAF 3SP), i A MF SR (BH
RS IBUCAEBRME L TIANEZETZE 0.
PN TRC), e R (32 #itrU7zd
®. LA'F TRL) # W=, Hi#KD 728, boost graph
library OV ¥V — AR S R 7V TV X%
WS (4% P L UTBR-P) 2HELE. &
7z, SPIZD\WTId Dijkstra 7V IV AL % HW/2E



6 HAY 7 b = 7RI 27 MK 4 (2010 4R sfGn &

AN 757 G =(V,E),
) R v

B state, HBAEL f, HIRIZAFE p

1. 7944V 5714 Fa—QB8LUNYYavy T H% Q:=0, H:=0 o,

2. BTD v eV IIDWNT, QI (f(v),(v,state(v))) % insert U, H[(v, state(v))] := ((), f(v)) &

Tul
X
F

3. QA0 DHLATNEFETTE. B Q = 0 73 5 I THREMREIIAAIEL RV,

(a) (w,(v,s)) < extract_min(Q).

(b) p(s) WEAELIE, r ZHN v DANDLBEDZHIE L, ATV T (4) ~NED.
() Hl(v,s)] = ((v',8),w) %2 w PWFELELBEVNELIFw < w BHIE, v 2HHHETILTOI

ey ICDWTTFZ4TS.

i. e, DIEFLE Vg, 52 = state(sg v2), wa = f((v,s) 23 ve) &I B.

ii. H[(v2,s2)] = ((vh,sh),wh) BD wh WIFELRNEZIE wa < wh 8 5IE, H[(ve, s2)] :=
((v,8),w2) &L, QI (w2, (ve,s2)) % insert.
]

4. H[(v,s)] = (vs,w’) £ T 5.

5. vs = () BHIE r PHREMRIE. TNVT) ALEKTT5.

6. vs = (v
T5.

) XU, AW o EM v T state(s’ 5 v) = s 2D f((w',8) S v) =w RdW e #FH

7. 0=, s:i=5 U, Frido SvEr ORBEICHEEEUARKE TS ATV T (4) ILRS.
2 REREREEET7IVIY L. 2B, state, f, p I FRBBETIEAC RIE s & BMBEHE w 2 ASNDO—E& L TELDIC

ExFHETEZET5. a2, f(zS ) = epr(f(z), hi(x),. .., hn(x),p1(z),...

F((w, (shys -

3 Shyy s Spys -

% (BD-SP) HHE L. &s, IMBHIIE->TWVD )
WHIRT 2RI ARV 2D, Y RFEIC k> TIh
ZRAU .

HEL ZNZTNOEEIZONT, 100 FEEOHE N
L OHE R (3SP IZ DWW TR ML) 2L, ME
T L 2B O L i AT Y BORKHZ
FHEIL 7. b, RIEERERNICIGAHITEL 72
EEENT, FAMBHATYVRICEST S 7 OHEICHE
LAY ENREEND.

6.2 BRI T7IIHT D ER

%9, 9th DIMACS implementation challenge:
shortest paths [6]T4 DORNYFIXI—VHT—ZTH
27 AN JEHHE O HIEE#ED 25 7 % AJ1e UTHE
Batiol. ThENDI I T7DREIZHRLITRT.
FROMEER 2 1TRTT0. 2TOMIZOVT,

t4 www.dis.uniromal.it/“challenge9/
15 USA-E 8 & U USA-W {22\ T, TRL OFEFFRM
AN Z & &2 REGRICES 2 LRy, Zh

o) SPm)) 5 U) = expr(w, Shys--

Pm(2)) £LT
S Spm) ET B

3y Shpy s Sp1s -

F1 TAY)HEBREISTDKRESX

THREL UL
NY 264,346 733,846
FLA | 1,070,376 | 2,712,798
CAL | 1,800,815 | 4,657,742
LKS | 2,758,119 | 6,885,658
USA-E | 3,598,623 | 8,778,114
USA-W | 6,262,104 | 15,248,146

EKY AT Ald boost graph library DFEITHE % K X
< ko 7z

£, 2 MERERICOVWTRS. BES1T75
) 1%, boost graph library T® Dijkstra 7L IV X
LDFELE (BD-SP) IZHAR 2 5505 3 fFREE W, Z
MU FEIT sequence heap % W2 Z L2 LB HET
H3. BD-SP TIE T 74 AV 7+« F2—% relaxed
heap [8] # HWTHEBHLTHY, 77 7DIHSM%

&, FIHAREZSLZ T IV DAL e ULTKRY
UBIn %> ThH 5.
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x2 TXAYNEBREICHYTZRROBR: FHERTER () / KEEEAXTY & (MB)

NY FLA CAL LKS USA-E USA-W

SP 0.06/ 82 | 0.28/ 341 | 0.42/ 482 | 0.49/ 702 | 0.66/ 902 | 1.25/1555

BD-SP | 0.12/ 78 | 0.41/ 317 | 0.85/ 486 | 1.15/ 698 | 1.63/ 898 | 3.34/1553
BR-SP | 0.38/102 | 1.49/ 433 | 3.58/ 653 | 4.15/ 959 | 5.76/1235 | 10.78/2145
3SP 0.20/110 | 0.56/ 381 | 1.02/ 562 | 1.45/ 789 | 2.05/1013 | 4.07/1752

BR-3SP | 0.88/130 | 3.60/ 548 | 6.42/ 855 | 9.73/1254 | 13.51/1619 | 24.67/2815
TRC 0.10/ 87 | 0.28/ 350 | 0.55/ 534 | 0.67/ 726 | 0.91/ 957 | 1.71/1603

BR-TRC | 0.66/111 | 2.56/ 466 | 3.73/ 712 | 5.62/1043 | 7.73/1342 | 14.49/2333
TRL 6.24/332 | 6.28/ 483 | 8.70/ 848 | 28.28/1755 | 11.50/1277 | 6.95/1611

BR-TRL | 37.99/774 | 20.15/1171 | 24.20/2163 | 110.22/5008 | 31.12/3190 | 17.72/3396

V, 8% F & UT, BHFHERIEX OV gV + E)
ThHd. INFREZATLOEDLY B, UL,
U, sequence heap I relaxed heap \ZHARF vy T a
TR T ND, MEMNICRTERANIE 2 B U
TWb. &£/7, WEVATLIEBD-SP ILHAP %
KOAEYZHEETD. 2L, TIcLAETIVIY X
2% Dijkstra 7V D A0 decrease-key % V23
WA THZ7/2DTHD. ZDTIHNIT) ALTIE, BE
IZRRBEATH 2 DRFIRIERIEETH D HAE
FEHL U 72 BRIZ decrease-key DR V) 1T insert %175
7, BEOTIT) XLIZHAR AT 2% <
4 %. 728, boost graph library DV YV — AHilBEA]
SR TV T) AL &S 2 SAMRERERN A
D% (BR-SP) &, 0> 2 DIZHARTHA YIS,
FAEBEEATVEEZL . BbRAITY Y — AHIRA
ERJEEE 7V T X & Dijkstra 7V 3D AL
7N aA) XLE[ANTHBY, T4 F)F1Fa—
DOFEEIF e —TEHOTWD. FEHGHR R
O(FlogV) Th 5.

TN DOBNZDONTE, —HUTREV AT LD
25 1L boost graph library DV Y — Al R A} X ek
BTV T) ZAAIZEDEDITHARTHEY @ TH -
Fo. FORETAEE, B TRLICBWTHEAE
VEIZKEIBEPHTHDETHD. BEVAT LI
Yy N7 o )b RIC & B IERERBL % AV D 72 D1k
BHEZ R > TEHEEAT) BIFTNIFEREI LIRS
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SMALL MIDDLE | SPARSE DENSE LARGE
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LARGE | 2,097,152 | 12,582,912

IHE AT NS TETCEITTIRD 2.
SEOFITIE, EEMEOLE L IZRRY, BEY
AT LHENZY DAY ZHEEL TS, ik
FSUALERUET T 7 OEEBE#HOES DD,
decrease-key DAY T insert %175 77— AN L
FKELTWD ERBBEIND. Vo7 T8Il a7 v

TV ALEERND LD, 7IVIT)ALENTA—RE
LTEND LD RFEREITO ZLITEEENHD &
Bbhd.

7T FEHESEDEREE
AFRTIE, HEREHEEZ2ERLTOV AT
DEHL TOERIERE R U2, TERREIROE
WIZEY, REV AT AMIRMA RGBS EED
BOMEE2EBHTITNWD IR TE .
SHOME L LT, AOT A TF7TIVI 5
D 3— Rig#fbZ R T 2 REME 2 E 2 TV 5. IEH
RSz > Ta Y/ 50 a— Rl % 2k
T2 LT, BolbaERHERICERA [5,14) A8

TEHOBEZ Y T2 THRLS, TOFRNLMEN
DEIETEHR LD EEINZ L ETED. ZhE AN
T, FAWZI— Nril{bd /RN ARER» 55T
IRNVINEFZEZT VD,

7z, M1 IFERREA— MY b U E L ORHRE
BAZFEDNT WD A, [FRROERUSSUIRE ke H
FORFEA — b~ bV DRAEANEHERTE 5. §4D
H, FIZIEELIZ =2 v DE )Y TOENZT T 7D
REMNS, TO =27 UH% e UTHHE U 725612
K & 72 DR % FE LT 2 X, SUIR E H S Ty
BOTOENDEY AT LDFEF NV —ADF Th# R
EDERDDZEBREF, FAKICUTHRS Z N TE
5. ZD&S b, TODODMEERESFED
ﬁ,%@%%@ﬂw%ﬁ%i!%mwﬁﬁﬁitt%
ATW5.

SR FEEREREE 2 R AL L T 2 X o g K
BT R RO B IR TR O BUH B B R =1
EHT .

2 E X

[1] Barrett, C. L., Bisset, K., Jacob, R., Kon-
jevod, G., and Marathe, M. V.: Classical and Con-
temporary Shortest Path Problems in Road Net-
works: Implementation and Experimental Analy-
sis of the TRANSIMS Router., Algorithms - ESA
2002, 10th Annual European Symposium, Rome,
Italy, September 17-21, 2002, Proceedings, Lecture
Notes in Computer Science, Vol. 2461, Springer,



HAY 7 b = 7RI 27 MK 4 (2010 4R sfGn & 9

2002, pp. 126-138.

[2] Barrett, C. L., Jacob, R., and Marathe,
M. V.: Formal-Language-Constrained Path Prob-
lems, SIAM Journal on Computing, Vol. 30,
No. 3(2000), pp. 809-837.

[3] Chan, E. P. F. and Zhang, J.: A fast unified opti-
mal route query evaluation algorithm, Proceedings
of the Sizteenth ACM Conference on Information
and Knowledge Management, CIKM 2007, Lis-
bon, Portugal, November 6-10, 2007, ACM, 2007,
pp- 371-380.

[4] Chowdhury, R. A.: Cache-efficient Algorithms
and Data Structures: Theory and FEzperimental
Evaluation, PhD Thesis, Department of Computer
Sciences, Univerity of Austin, 2007.

[5] deMoor, O., Lacey, D., and Wyk, E. V.: Univer-
sal Regular Path Queries, Higher-Order and Sym-
bolic Computation, Vol. 16, No. 1-2(2003), pp. 15—
35.

[6] Demetrescu, C., Goldberg, A. V., and Johnson,
D. S.(eds.): The Shortest Path Problem: Ninth DI-
MACS Implementation Challenge, American Math-
ematical Society, 2009.

[7] Desrochers, M. and Soumis, F.: A Generalized
permanent labeling algorithm for the shortest path
problem with time windows, INFOR, Vol. 26(1988),
pp. 191-212.

[8] Driscoll, J. R., Gabow, H. N., Shrairman, R.,
and Tarjan, R. E.: Relaxed Heaps: An Alternative
to Fibonacci Heaps with Applications to Parallel
Computation, Communcation of the ACM, Vol. 31,
No. 11(1988), pp. 1343-1354.

[9] Flesca, S., Furfaro, F., and Greco, S.: Weighted
path queries on semistructured databases., Infor-
mation and Computation, Vol. 204, No. 5(2006),
pp. 679-696.

[10] Ioachim, I., Gélinas, S., Soumis, F., and
Desrosiers, J.: A dynamic programming algorithm
for the shortest path problem with time win-
dows and linear node costs, Networks, Vol. 31,
No. 3(1998), pp. 193-204.

[11] TIrnich, S. and Desaulniers, G.: Shortest Path
Problems with Resource Constraints, Column Gen-
eration, Desaulniers, G., Desrosiers, J., and
Solomon, M. M.(eds.), Springer, 2005, chapter 2,
pp. 33-65.

[12] Joksch, H. C.: The shortest route problem with
constraints, Journal of Mathematical Analysis and
Applications, Vol. 14, No. 2(1966), pp. 191-197.

[13] Korkmaz, T. and Krunz, M.: Multi-Constrained
Optimal Path Selection, Proceedings IEEE INFO-
COM 2001, The Conference on Computer Commu-

nications, Twentieth Annual Joint Conference of
the IEEE Computer and Communications Societies
22-26 April 2001, Anchorage, Alaska, USA, IEEE,
2001, pp. 834-843.

[14] Liu, Y. A., Rothamel, T., Yu, F., Stoller, S. D.,
and Hu, N.: Parametric regular path queries., Pro-
ceedings of the ACM SIGPLAN 2004 Conference
on Programming Language Design and Implemen-
tation 2004, Washington, DC, USA, June 9-11,
2004, ACM, 2004, pp. 219-230.

[15] Mendelzon, A. O. and Wood, P. T.: Find-
ing Regular Simple Paths in Graph Databases.,
SIAM Jornal on Computing, Vol. 24, No. 6(1995),
pp. 1235-1258.

[16] Morihata, A., Matsuzaki, K., and Takeichi, M.:
Write it Recursively: A Generic Framework for Op-
timal Path Queries, Proceedings of the 2008 ACM
SIGPLAN International Conference on Functional
Programming, ICFP 2008, Sept. 22-24, 2008, Vic-
toria, BC, Canada, ACM, 2008, pp. 169-178.

[17] Orda, A. and Rom, R.: Shortest-Path and
Minimum-Delay Algorithms in Networks with
Time-Dependent Edge-Length, Journal of the
ACM, Vol. 37, No. 3(1990), pp. 607—-625.

(18] Punnen, A. P.: A linear time algorithm for the
maximum capacity path problem, European Jour-
nal of Operational Research, Vol. 53, No. 3(1991),
pp. 402-404.

[19] Ramachandran, V.: Cache-Oblivious Compu-
tation:  Algorithms and Experimental Evalua-
tion, 2007 International Conference on Comput-
ing: Theory and Applications (ICCTA 2007), 5-7
March 2007, Kolkata, India, IEEE Computer Soci-
ety, 2007, pp. 20-26.

[20] Romeuf, J.-F.: Shortest Path Under Rational
Constraint, Information Processing Letters, Vol. 28,
No. 5(1988), pp. 245-248.

[21] Sanders, P.: Fast Priority Queues for Cached
Memory, ACM Journal of Experimental Algorith-
mics, Vol. 5(2000), pp. 7.

[22] Sherali, H. D., Jeenanunta, C., and Hobeika,
A. G.: The approach-dependent, time-dependent,
label-constrained shortest path problem, Networks,
Vol. 48, No. 2(2006), pp. 57-67.

(23] Siek, J. G., Lee, L.-Q., and Lumsdaine, A.: The
Boost Graph Library: User Guide and Reference
Manual, Addison-Wesley, 2001.

[24] Villeneuve, D. and Desaulniers, G.: The shortest
path problem with forbidden paths, European Jour-
nal of Operational Research, Vol. 165, No. 1(2005),
pp. 97-107.



