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Relax(u,v){

If f(v)>f(u)+w(u,v)
f(v)=f(u)y+w(u,v);
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For i=1 to n-1

For (u,v) €E
Relax(u,v);
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A, SPFA IERAIH TIX—rl, KH TSI T . Hod O R AF
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R M AR ZIBA A fe 22 AT N ANooss, B MEHITEABAA . FARSE DY
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Program SPFA {
Init_graph
Push_Queue(s);
While head#tail {
x=Pop_Queue;
For(x,v) €E
If f(v)>f(x)+w(x,v){
f(v)=f(x)+w(x,v)
if v not in queue
Push_Queue (v);
If (v has been in Queue for N times){

Contain a negative cycle.

Halt;

}
Out_data;
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R ETHRISIIA R, Feh e P TIBACRELL . i S i B QUSRI
FEOLSEIISAR, BATrT BLE R MOXASFY sl 48T R . TR Hkm sl X
A LCSOSEAN T OB Y A 1 3 A T SR A
TR T A (I U A5 B D 7 B, DA A7 A 3 ha ->as->. . a->ay
IAFILIBATI, 2 WA fa TFADSs, Boa XA TIXAN & BTl L —A
Gk ) B A R S YT R T A U R (S R S AR S A A
(AT
Void SPFA(Node) {
Instack[Node]=true;
For (Node,v) €E
If dis[Node]+edge(Node,v)<dis[v] then {
dis[v]=dis[Node]+edge(Node,v);
If not Instack[v] then
SPFA(v);
Else{
Contain an negative cycle.

Halt;

}
Instack [Node] =false;

}

PP I A [R], AH%T Bellman-Ford (A0 4k o2 k34 Rl VA TR o JORSBE AT
FET HAARAAT IR

M2, SPFA (X SIS QTR ? ERt A P10 20lrh, B8 kI, fE—
SEIH AN AR LEBGRIN N, | RS AR Dfs AEAE th T A H AR
MG 1K 20 I IR) L 28 a0 30 3 1 1) P B

PIEAE 30, B R S R R IS R, 22l A T .
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1.2.2:3F Dfs ) SPFA kIS i4k
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FHXT Bfs R 3G [FI 480 20 RELS T 3AT 1 R A6 2% 1)

HOE, MR BRI R ORI RN, R e R
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AN, ARJE TS ORI Dfs. ER A IR, fEEN A BENLE
i EAFH— BN 1 DO IR R TR

Function SPFA_Init (Node): Boolean {

For (Node,v) €E
If dis [Node] +edge (Node, v) <dis[v] {
Dis[v] =dis [Node] +edge (Node, v);
SPFA_Init (v);

Return true;
}
Return false;
}
Main {
For Node €V
While SPFA Init (Node)do;
For Node€V

SPFA (Node)
}
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Johnson S BTk Wbt el F Ay e A A SR ARE R E R
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Dijkstra 592 LUK H 45 5 5 2%
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2. ] SPFA SKiH S 2% 5 I (I ML AT h(i).
3. X TR wu,v), M H BB w’(u,v)=w(u,v)+h(u)-h(v).
XD I AN BAR IS RN S 2 OONM) o B2 SXAEIRE LA J5 237 AR AT A 350UR
g 2
X TAE R R (S ORAE R — SR B8R s,x1,x2,. .. .xk,t, HE R BR AR K B2 O
f(s,t)=w(s, X1 )+ W(X1,X2)+. . .... 7 W(X,t)
MR e, Ry
£2(s,t)=h(s)+w(s,x1)-h(x;)+h(x;)+w(x,X2)-h(x;)+.. ... h(x)+wW(X,t)-h(t)

= h(s)+w(s,x1)+wW(X1,X2)+......TW(Xy,t)-h(t)
=h(s)+f{(s,t)-h(t)

) BRI T AR min(S,0= Fonin(8,0)F0(S)-h(t)o h(s)-h(t)h A, HkiFHh
FR B 5 AN 2 53 Dt P (1 e R B A o

Hwk, BT h@)e S 3 i s, =A%, WTa54L wy)
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e
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(2 HHE IER S OL), W72 A Bellman-Ford 5 SPFA 3K i .
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O(M)Z5

T HE DR TR AR . 2B A T R RN, R TR R

§: | SPFA_Bfs SPFA_Bfs | SPFA_Dfs | BAAKUINTH

Feg RN [ CRIEL) | (A, BRI T=2)

BEHLEHE N=10000 | >50s 0.19s 0.16s 0.16s
M=300000

BEHLE R N=200000 | >50s 4.34s 1.61s 1.47s
M=500000

BEHLE R N=1000000 | >50s 4.85s 3.79s 3.00s
M=2000000

- 16 I 3T W -




2009Thesis SPFA 44k 5 M E3-Liig
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TENNA 2207 E B Dfs AN R AAEIER, SORMIRGEF, X rlRgssibAy
SO F IR BN, S IRARATI B, B R IR IR SPRA HVEZ R, Wt
S CAR B (K) %, A4 SO Dfs sKis Ji i IR R0% 5 Wkt
g 2

I DAL A A R IE PR AR S B A X o ARIRET N AR, 0, 1K
SR KBTIV, B ARG T A A USE LW EERBIE A 0 1IE
ik, AL BT AMEA R M ERABER,  JE8EX & rT BLUE

R HTARIAEE—A s, izt tH R TRATTRE 4R B IR (BRI LA s Ak pi v
bW, SRR A dis[x]HRT 0) o NHIEMIRER A x IE
TECAELAS 23008 TE A R 2 48 7 A 5

B x FEFR EIIHTINR yo AKTE G HRIEFR dis[yl+w(y, x) >dis[x], &R/5
GREL N x FFIRIEAR. AR dis [x] BB T dis[x]” >=dis[yl+w(y, x), FH1Lh
EARE] x BT b T, AHIESY x 2RI dis[x]” B, o B x IFiR
BRAAEIR FIART, WATFEFM v IR xo EIFLX A KRSEHE, 0k
A LR B — A S BUE I A

T AR TR B N AR FAE, A5 W FRATT AT DA% E 3R 43 e T B, BRBLIAAL
<=0, SIEMHIRTGEAJE, HamdfgiE.

2.2 EEXT TR SHI#EY
e bscrh, BATCSES T SPFA MR 5 Y S E R KSR, ik
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TEAEAE— 2o B BRIEAN, IRTE T ANV, BR T Z AT s, AE—2EA
(7] 3 5 P R IS 0 1 A 2 BR AR ) i U, AR 34 W DURR S8 H BAA o
BATEIRG, RN R ITEHPIRS DR e . F2s—Hil,

B 2: XU 2 (Baltic Ol 2002)

3 B ik

R A PR I A5 P RRROBOR, W SR kB 2, TR G e i AR R A S AR I SIS 1)
I o T PR A R IR) 1), 5 4% T B AT 2] 5 (1R AT I ) LA B TR B S A 9
PEAT PRSI B A B ST TR -4 T B AT IR IR (R, 9l S 45 43 %
SCATRR IR AN . [FIRE R R MR H ik, WA A LLER AR B BRI () > HL2%
FG, I ATRMTVLER R A LLERFE B 4F o X TR 4Bk 42, W00 8o Hofh 4% Lo e 4
I LAZHEAT LR N B X A o IXAE R EEAR T AN 1 — 4%, B UAR AR AAELE

25 HR I T A P R R, R AU ST, SRR RS AR I 4 B
Wl N AL 100 4N, 1450 M AN 300, R4 RV A T #A
it 100

HE

KR —EIHE T, AR RTINS . KIEE 2K
HENT I AR, e B RIS SPRA BEATSRIBW RO, X B TN
I L RS

TR — R R B AN, AT PRI, BT LA AR B 1Y m A3 n— 4
W& BV FLLj1RRTE T AU SN T I b e

J): F[i,j]=Min{F[k,i-Cost(k,i)]+Time(k,i) | For each edge(k.i)},

FRATT AT A e B A FH SPRAST IR AT SR fift . S SEI 1) 2 % 5 W O(KNPV), (K
AIEARE R o SRR AT LA E] 100° 5], HAR LRI T s, (HBAIE
AN AZHETT R, AT PASER AT R

HiEAL:
AR RE T, H B IR Fli,j], R CEHFE IRE FlLk],
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Wi k<j H F[LKI<F[ij], WIRAR AR FlLj1H EA R, A ahs: g
(R, AT TR A A4 F I A BAS

TR PR —ANBIR: XA PRIRASEL],  FATEWFLO0. j1H 5
/METimemins 24 Timemin>F[1j] A AT 8o 78S FATRT LLGAEANFI], 4ET
— ANBEIRECZ LU R A I o SR I BRI ) AR A4 AR A O(KNPVLogN) o 111 °E Y
SRR R HE N o LT ASKER AL 3E 1k T Hi .

Bk SPFACRAAL) SPEA(11:4k) BT FRRE )
PR B IS TR] | 2.09s 0.24s 2.60s
INGE .

XA L R, AR BB AR AR, (BT SPFA IS RAT € H H L,
PP AEAE S BRI S D0 o AP FH G2 IR R R AR 2R ) 7™ F S M 2508
DL AR e H B AR B, B 25 s RS BAS I B2,

3. SPFA Sk H

3.1 ENARRS

FEor LY RE— AR ZE M (AR FH SPRASK R ) 1) 7o H— R 2O RS — 28Rk
ASREATIE, IFORUEIX LA AR B ANTE IR R o 22 0 AT RIN AR A 2 AE 2T
IAEIBAIE SC T ORI, LR TRRER, N 2—fl.

%I 3: Segment (Spoj)
R H 3R -

I BN G2 B, W EIRERH eI H T X, X H S
FEBAMAL R DR, % RIK (GEBUm AT, ZORAE R /.

BT

12006 e S0 CEUS I SR A S ——RIT E P AR R 5D
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T I MR KA IR H 25 5 R B e — 43 2 S8R J A ) 5 P Tl
FAGSG, AT DMERB R UL, BT S mUHAS AN B, T LB R I R
K SATLAN(L<=2*N), I HARLBOT LA L L] B —BOE gL X . g
MTRAIEH 0, 1 KREMBUE HEk, IATHEIRABR DA%, il
TR BE T 1 AR T 0 HAN T4 TR (RIS 0.,1 RS TEEALT A
S, PrRART A% EEAE ISR 1~I7F 1 (. B A
S[0]=0
S[i-1]<=S[i] (1<=i<=L)

HAFTAEE—% B [a,b]
4 1<=S[b]-S[a-1]<=R
TRIAE S R 3r T AEC R, W5 A SRR AT

NG

ZE A RGEFE T =AM HE) o SCBEAE TR R A 3 H 1 2 AR
A&, VIR IANER R, FFUEM A AEX N M5 R X . AR
JEAERTAE ] SPRA SESK M. HALRUEAER AW, 5 TRk, (RN RATE
PR R i i

3.2 FE—RREHB I BUE AN A B 530 MR B S A

FE—LEB RN 8 H s B AT I 2 3 RRRE K 1), 1EAT B A W e
I, A TRIARGS A o DUBRDIRZS B #EAT BT, MPRES B B ) DU 2R A
KRS Z B T — N3, TG 2 AN O R R 53 B B kAT
¥

X IR, AR DL, BATRT PR BARES 2 18] IR A LS A A i
WIS, eI A AN ZRUUT A il @2 K, =
R AR A ol R AR

FEIXSERI A, BATTERAR af on] LM HIZRABL dijkstra (b5 K8 AR SR 1)l (1 Ky
IRPERDIE IR+ G REAT KA . 2 dijkstra TEAVEHIMERING B0 T 803 LUAUIC, Tl
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FIHE S AL G RE R 2% R AN Do if Ho i1 3 DP b K — ot B X, B dijkstra

WPARGSHITEEA AR 117 EEBAT B30 30 0 R AR S Bl A AE
IXIE & SPFA KJE S FMbLe T o HRGEI Sy T DU FA e 258 2%

DP J5 2, 1 HAESh AR il b2 R BUEE T SPRA 19 8Hs , 1A BE e 1 g ok i)

i

N
BiR 4: Y+ (Winter Camp 2008)
) 85 2 <

ML XL /ND 45320 T Winter Camp 2008, A IX A 7 52 4438 (1K) 75
WA HTIR S |, SR AN B SRl U 48 % S L J 1 1 e 55 o
FEHFRAXK D AN ATM B (NXM) ATk, WiFE (8X8) -

I\

JE] B e MRS

il

SR TN, BB SR BRI R # .
N T PRI A SR, F I3 07 Wt B OURIR ZORDL,  AEAR SR L2 By
ZHA BRI S A ) WEHE Sl (i A2 BIEHE) o EIEFeRiy 7
EIN, RPN SR IR, AR AR, RSk e id i — N Jr Bk
AT B B T P s e BERED A IE T W7 22, RN LE RS (1
ISY (62

i, A5 ERE 5, AERE SR SR TR A AN, R
iz 7 P D ity ZE S IR A -
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M ) [F¥) = =
L

6 1 4 5 3 4

3 4 1 1

] p R b IR D7 B X e — el AT IS IR e T %, R0
ZE R . WL, BASARAR IS AU L CH ORI HEl iy (ki
MNFHE

AR, A EERRENE T W) 32 I 7 4R 3 —Fdg bef (¥ 22 HE 7 %6

N, M 5 i <=1

B

YK T A AR T DA A ) 3 T PR PR s 4 14 8 A MUK A T SR A, {H G
PR L. TERE N AT, JoAT 0] DU R B 2 104505, HARE R
A5 A — R o T 2o i 5 A B AT %, T LAFRATT T EAH
11, J, kIRFRIRAE R (1, §) B 5 ZHER 5 RCIRES K (K 1067 —JE i E, & —
PEKE R — A5 10 B R R A

ST HILIRES, FATeH S s, WAETF AT G, ), W
fli, j, 2" (T-1) ]=0,

BERE W5y AR, —Fh R AR AR AR5 0T, B

i, j, t1 or t2]<?=f[i, j, t1]+f[i’, j’, t2] (i, )5 G, 52) FHAR.

IR AR S, R

i, j, t1<?=f[i’, 7>, t]+VolunteerNumber[i, j1. (i, j) 5 (i*, 3°) #4K.

FERB S IR e B PIA T  ES, BORIXAGE, H3br b,
TRAEAE Sy A —AARR AT S I fE, BT Ve AN T BRSO SO o T 32 SR
E T SRR RS DS BAE A, B A 4O AR

BAERE S ERE S TR a8, 6T AR, AR 2 S mr BAad
IR BRI, R AN, TRATTEITGVE SR B 1 R, D
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AN, )5 G, ) AR, BERTLLMELL, §, t1 & RIc[, §°, t], {(Athn] LU
k.

ST IEAN R, T AR S PR A AR T e R, BT LABRATT AT DL
ADijkstraltbs 5 77k, BRI UHTEAR I ST, AHIXREAR S SRR, T
HAEI A .

Foz, FRATTAT AR BUIX A ) 50 I L SR B 1 = A RS SR R . B
S TATE fG), B, j, tI<=F[i’, j°, t]+VolunteerNumber[i, j].

HHXTHHAREBARA L1, §, t1>=f[1, j, tl.

AT DA ) i 2 A 12 R 22 T R R R 1) 7 DXL SPRAEE T AR BT 9
T EARUMBIES RIS BT, R TRA MAFL, §, tHi—
KSPFA, AWk - 4R P SEHT A  m, IF DAH A i 5 4 8 BB SL A AR A o, B
T2 RN RV RT A5 2 A RS IR i A i o

SBR[ B2 A% 0 (KNW3™T) , Ko /N EL,  Toh 5 mi 4l

NG

XA SPRASTIRAE S A 1) iU d s LK) — AR, AEAR 22 R 5 B0 vt )
A RISPFARI L 5% . HERA G T IERMEARZ RS, i HARGSEAR L =S A
o I HARIER A G R P AEAEIS (X — i AE— R e LA i i ey 5 PR B AT
UE) U RIS OC R A7 ALt IFAS R ISPRA R KA o

3.3 B} SPFA ZEfE R N H

RS R B L SR AR 2 T R d), 3K 2 ()l A A Y
ZRE, IEHIVEST IR e AR 2 R e e S B AR AR DA A5 R e X1
MR, H RS R G, (RAESE PR A IR S I 2
B AEREREROT R I BURE BE ) . PRI, R TR FRAT PR an T 4 1) SPFA 714
Sel SRR IX —EAL . BARETRIFASESR, SPFA JFAREE Ml
111y ELRG BE 7 BN R (150 4%, (HREH A BRSNS AR g, R B 51 1
IR
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fl@ 5: Mario

Mario 7E—> N*M(N,M<=15)1Hh ] 5Ll B A0 35 1 1, 1, B84, 8 0 i (B 7%
0~9 AN ), 3 i G VR I 38 B P A A 2k 1,383 4 MnT AR 4 A
SRAFAE( N — R4k %), B TG N 1] LAE (VRS B A58 1 o WIURI A 3 4k,
BEX Mario 23 BEALIR) ) DU 858 (2L SR FNBEBR A1), Ie) 7R3 0 4 R (RITAE v oy 0 B/KGZ T8
VAR ELARAG 4 T WS SRAT 1) TR Ak, B0 dn R O TR K

R

T RXAOR IR, TATICRERMES, — R s Ny B35
FESR AR o T T3, w] LA DR f[x,y life]sk &A= dirfE A life (K] Mario 7F(x.y)
I . MR ARE S5, [

fIx,y.life]= X f[x’,y" life’)/ Walknumber.

Hrpx,y’ life’) & Mario [n] DU [fi3E A] 1A PR . Walknumber #& Mario |
— AR LLBNE FPIRS B (B 4, BAT BRI 22000 R BATER ] T — R
TR (HBAT TAEIRRA S, T I e R, AT 5 EE 4T il
FAATFHME, WEDY Mario JOIRREESATE TNy, HI80 0. 1Mo H f1 T+ ) AUy
TRNE, FRAT 1O 75 0] T AR 2508 2 LA T e L 3 U7 R SR AR AR (K 7
RERS ] AN A B — X R R), AHIRAEA SR e o, PreAg 2.

AT 2R G — A BN T FRHEA T SR A

T
TE T BUASEL R A
AEAEWNA TR, EA S AR AT . (A5 BRI
HIAN S H
X=Y+Z
X=U+W
AEORIUE T 3AT 0] DLW R R B AT B T AN b 5%
i Hoi TR e, PO R L RSN T 1 1, IXRREAUEA
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SRERE

HAERB AR T R Mario S4RTTE x A H W& AE, 4%
AR 1 PR R —SOER - AMEAERAR AT, RHA Ay,
IR 1% 4> T AU BRIE R IBIE

A BAREE 5 51 AN 7

Gold(x)=(0 + Gold(y)+1)/2.
Gold(y)= Gold(x)

"] LU#AF Gold(x)=Gold(y)=1.

STIXANTTRE, KA AAE S AAZN A RRI 2 S FEA R K i le 2 R n 4y
PrBATRT LU X R TR 3.1 S DLA RR L, RDIRSZ MM AEAERE, i
HE A FEEL L

HEARLERPHNMEEEEE 3.1 MEAE—MHENBIEN, REZH
FMELRILERAEHING, BT BT REE I A28 A0 FoAT SR A

WEAR TCVE —IRAG HHIEAf R, A8 5 nT LAFIH SPFA e SEEA Tk AR LB AT 1E 4
fiftWe ? iEFRATR AT

54 Gold(x)=Gold(y)=0. X} %& I (Gold(y)+1+0)/2=0.5#Gold(x), TJ&
Gold(x)# AL N 0.5, [HI] Gold(y)HIKAE N 0.5

e UGEARIN X A3 (Gold(y)+1+0)/2=0.757~Gold(x) . PRI /X F IR AR.

A PO = R %k AL 15 F] Gold(x)=Gold(y)=0.875 & PU ¥ % 18 15 5
Gold(x)=Gold(y)=0.9375. & & LI B /NIK........

T8 2t W5 A e 45 SR 2 ] 240 1 R 25 2 49 B Sk IRE B HE )
Gold(x)=Gold(y)=1-2" o BIIL I T4 30 YA LT LAFRS] 1e-9 LRI AORS B,
1117 H BT 3E I T 1 fff i o

F AN AT B K9] 7 FRATT 0] AAS 30— A R IR v

S TRAVMEA 0, DMRIEWME /N T4 TR & H. RGHRE—/ MR
Eps=1e-8(Eps A4 &8 H A% FE A R R 2R AT HUE) . e R S i i, K5 718
AL ARFE) HHTEAEACN W R I P 3 (1 ZE IR 48 0B K T Eps )i
ATHER, SXFEAWTEA A B2 A TR k.

T IXANE) ™ J5 I AL B A 7 R H5ORT R S B W 1 22 6 Re A5 o e ? k34T
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M1 TS SPRA 1) R B H AT 2047

EORE R MR EEMES: BT RBIIRIE, TR R, A
AR ENECH) 2 B A PR AN o SRACRRES R SR E (B AE AN B 3T — A
B 0 B mAS 2B1% B 5. IF H— FL 1 0 2 (E 3 AR 8 B SRof 42 1k
AR, BRI E b S SRt o BV I e A A SR AN A R PR P ST R, R
VLA ATATIN o

IR R TCRRKI, WIZRRAEAE EFL, Sk A i ib, XA
2 ABL T £ (1 5 20 LA T AN

B, FFE AT RE R B AR B E IR e, 3RAE
AT d AR (V) A0 MR B A IR AR TR N BRI N, IS A GRARI 25 A2 i T2 i o /N
HANTTIE 2 BARTRAT T IEAR A D) M0 IXAN 0 ELEAT 23 A AIE B, AR e 25051 R R
TR, FRATTEE AR A 2 1) — AMANE T B TS, PR RS A R
AN AR TR LSS BORE B R 2, DR AR B e BN R (R S RE, RSB
S PR B LR R 3K — R AE R S W

HESLIE R
Eyrea G MAAN P B, BRI SRR LK) SPFA A7 VF25, A
NAERS — A RICRAEOBE N A 2 A AN S, (HRO R L R ORAE 24 FT
BRY o D ACRS A
Progran Mario{
For All Node x{
Now[x]=0;
Push(x);
}
While (Head# Tail){
X=pop;
For(x,u) € E{
If (| Get(u)-Now[u] | > Eps ){
Now[u]=Get(u);
Push(u);
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}

Forb Get(u) RSO T u G RE AT 4R

17 x AE w B0 24 HAC x HEUE u 5 RE AT I o (RARSEHLIN ] LU S A
S P TA Pl 2 1))

W ST R0 G BRI R R b SR 2 R BR AR B IR B R iR GE R AN RE
i Dfse A IZ IR A K B2 A AW SR, AR MBS st e 31l
FIHCHINEI). FR, FAVSERIADL, SPEA ANFT ZE0 R TR DU A M ) Tl AL
B DR SR B L R BRI o ARDY Ui T ] 5 T AN

AR R SEBRRCR e e 2 22 sk, 55 2 A AP EA — 20, KE ) 2
HE £ I T BIR T P 43 210K 158 P vy R 25 25 (ELAE — SRR IR IR 000 (2 2R s A7
7£), HTFEMRRRECRGE, SECPRL /N, R B5, SEnrE
K, A IFAEL Spoj IIHHE, X 32 BIE 32 36 A EUN S0 1 1 R A o

FHi:

SR ERG I, XA ] DA RER IO PRI 1 57k 50 k DGR IR 45
RAFAE A YRR B, SRS A DN AEPEREAT S ket 1 A XA AT
A n] DM Se PR BEAT 20T Gl ST .

FCICB A RO A AT Mz 5 IR AR B R AR B SR i v S (AR s B, iz
HF) SPFA WISRALL T4 Bfs fETHH AL E . BARGEMIIRE, EF EAGERS
U 5L BAAR . — ANRAEREBIPEYE, 5L Is AU,

IM3X R 7VA S SPRA AHEL A AT PG i, (HOARASIE AL, Jr AR
Irihie, BRI AfT . B, KWW T SPFA JEAZ a3, Ak
NI T N Z TSR 5% 1

INGE .
BRGERIFATESR, HIATEDAFE) T — P 5l T miif o L. X T

TXP{CIR 5 AR AR i BT, SPRA RIS A MV EAE RS 52 41 T S e ok e
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KA. 1M HL SPRA & BAT i yC T AR & 1 ml 37 ek, WSROy R ARk 1,
B AN ST Iy, AL min, max SEHAE, A S O AN TS, i
SPFA FRAEAT REAE O3t Jm R SR AEAT Y, X5 B vE 55 B s ARk s RE JEARSE
L, ANWTHEREIR A A% 38 IR VT e 28 o 17 3E R0 2 AR IE s g AT 3R Bt T ik it
R8T B

IS 7 REAR AT B 2 (R 401 T AEA T DAL LU i 22, Wl Ko i
Wrse, k.

TIAN A M PIA BRI IR AN, HARBUNT 1. DIiE
FARSRABE A R AR £, EE R, A7 4iiRik)s M SPFA figtdl,

3.4 —FREFHBAE “SERME” MShAEMRI TR

P2 ESCHRBATRT T SPRA ZEME T RE P NI, e — e s aS R He  Jr
RErf, AN HBUZRE R, HB AR RN, RS E Rk s T
BOREMR L. X, BAT T LR AT SO 4RI A5 R T4 BEAS HY IE A/ ) fit A
I8, EEANE GBS

I8 6: firsER(ACM BRARFEIX 2005 g i)
e R R -

FE—A nxm FERE L, A A E RN Y ORI T . MR, P
LN Y AR/ IMapELE, B Mt A SN Y, RO AR SR Brid
NY PEIRAE /M T 2 AT ARAE AE -

FFERAT 3 Flocat: A, SERMMBERGY). ERMAT H ARG 4 8, B
KA HEA 3ASER, AN Y M e] DUs B AE S el 2R R I B L, H
AT BERS A P AE AT . AMari s, KRR Y. WARREES), EHE
BATIERATLU T

S RAT A L -

1) B DANBEEAARREER B ks, Al DO 2085 23R

U AR I JE R PR RS SO, AR [ TP I T U R R R R A B S Rk
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2) BN —AN N AT DA% B 7030 R 0 7 ks b 243 IR Cln SR A7 57 2R A
K21,

RN, — DAL (x,y) BHE(X+1,y), x—-1,y), (X, y +
1), (x, y — 1), (HRBIEMNITTIEARLEENGY) . R a2 5 — N A/
WAL E s 45K, WM — N PTG O, Al w) LS B 7 i

1) Al RAE— AR A b, AE BRI IE A R

2) M ABEWS RS B 2 A AT — AN TT kg s

AT LN /N Y R i 2 8 R R IR, AR AT 55 8 v 5 iy e %2 RENS ffi
EZ DR

5] R 43 H

X E IR, T I, BATVRA S AR RSk . n L
ff Fil f[Theif,Y,Apple]l&~/IMir, /N Y A2 B 5514 Theif fY, SEFORAA k(UL
HIFoR), FBVMIREEINT, M ] LIRS
LA K g[Theif,Y,Apple] %758 2/ y BB I /M arde 21 i e 20 A

FERS TR AR R o, 23 IR N B Bl 77 i, KRR R U R vy 25 HE L
BORAS, RJa MIBGRE, g1 /AME R

E—E ALY CAMI T, AR AR T2 3.1 M. fE R
RENBHPER T, REZ AR RAFAEI N o TR BT 58 20 Ry
VS SHEAT SR Ao

HBH 1

M IX R AR R e, BRI AE — BRI SRS, B 3 B RS AR e
el o T H AR ERATA ORI, SERREZRET, BRI COE 4k S B R,
TWPRAS HA L HILFR o TR IR R P NAE — JE T 3R G B0 T X Jm] )
H, IXEICE SN, EIANME o S5 S T AT REAS B BE 2 13RS

B A ANBE F W AR 532K Ak, B Jeik A W A il 2 5 e &k G
AIRESIR/N, FIIW R R RS 7E R B A dijkstras

BT R 3.1 1532, SIS i R A — kRS B SR A A e 2 w4
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NSy a2 R WS AU LIf
FHABIRZS R e AL T T AN TR ) o

A RE N BCRNE 2, LSRR~ AL T DREAE of TP EURK
{H, g DA AT h iR /IME, Bt BATIAER B T — MU o°[ 15U o[ 1,
g [1EHW 1 1. ALt geny 3R 7o, WRZ R T RIU o], &
M2 gl 1<f] 1= g’ [ TNk EH 1, EARR B ?

A OB AE Tt ABER VAR AT R R BB DA B i fEA
e, BB A S B R, ANEEI

X BT~ IS 11 g B ) L

FES RS ), BUAR AR AN i, AR Har i e Sk
(K1, DUNAFAE S AR AR

SEONAJFR S AR )l rh, AERCIRES feAE D AR R, WAk A
CFFRBRT, IR HGE R /DM, PRI R 2 A 22 1 33 HY 25 R {E AR A
RALHR AN W IR, D REAS RS AE R I 2 U . X2 SPFA J) &
Bellman-Ford HEIESVER — MRAHTE, MAEAB WAL, HAEEE HAT
JaZ .

A, AT BV S AT A R AANGE AT 22 00 29 R R SR AR

LERFRTARAE T p a5 AN

F[X]>=G[X’]+Apple

G[Y]<=F[Y’]

{H R4 F[1=12,G[1=0 BRI 2 i a A2

e IR R T3 I EANBE R 22 00 AR IR 45 R B T AN SEBRIR iR, 5
A A =T

IXINF 2P IS AN 58 2 BN R, T R H A48
VEHIAR RN B VRS 2 32 DA K AR MBI 23 BN T — SR EBe 38, %
FAINRUE, 10— HAB PR A AL IS 75 2 13 A R N R . FEASE ) 1 4%
PR, R CTCVE T, BT ATR BERATT Y R A%
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HB o 2:

WEARTCVE R RS G R A IE MR, AR T B IX G IR, HAkd i w20k
AT SPFA SKARWE? S S8 AT I [RIAE 2 2% I LRSI ZE P AR ARG, LR it
PIOCBEAE T~ 200 T RS IR, KB T PIIPIRSTIK K R, SRS
IR MR WA FEPTIE AL, ) E B T R, AN IE 2
3.3 M/NEPTUEIALE min,max SRR T REAHS 2 JRATRE T (B LE b
g ?

HP Re A il R VR R AL, PRI 3.3 VAR AR K W 2

FFAARARIEANAE, AR R SAE A WIMERY 0, SRJEX TR EB IR, W
SRR I Ty R PR AL AN ) T A

AR R IX B AR T REAN 3.3 —FF, JeAhad — NI

%40 F[X]=Max(G[Y]+Apple)

WU DAZTURL A BT AT 5 2 BRI GIY?], BB SR KA I AR AT TEB . BK 3
AR x BE I N ARG E] u N, ETEFN RS u AR A RS (]
Get(u) B H) o IXFEBUEIRANBEORUE 2 B dc 2 1 G2k, ABLORAE T BEAS 2 i fiAt 41
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For(x,u) EE{

If (Get(u)#Now[u] ){
Now[u]=Get(u);
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5.1 5 f R

f5@1: WordRings (ACM-ICPC Centrual European2005)
http://acm. pku. edu. cn/JudgeOnline/problem?id=2949
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#l/@2: BIC (Baltic Olympiad in Informatics 2002 )

Bicriterial routing

The network of pay highways in Byteland is growing up very rapidly. It has become so dense,
that the choice of the best route is a real problem. The network of highways consists of
bidirectional roads connecting cities. Each such road is characterized by the traveling time and the
toll to be paid.

The route is composed of consecutive roads to be traveled. The total time needed to travel the
route is equal to the sum of traveling times of the roads constituting the route. The total fee for the
route is equal to the sum of tolls for the roads of which the route consists. The faster one can travel
the route and the lower the fee, the better the route. Strictly speaking, one route is better than the
other if one can travel it faster and does not have to pay more, or vice versa: one can pay less and
can travel it not slower than the other one. We will call a route connecting two cities minimal if
there is no better route connecting these cities. Unfortunately, not always exists one minimal route

— there can be several incomparable routes or there can be no route at all.

Example
The picture below presents an example network of highways. Each road is accompanied by a

pair of numbers: the toll and the traveling time.

Let us consider four different routes from city 1 to city 4, together with their fees and traveling
times: 1-2-4 (fee 4, time 5), 1-3-4 (fee4, time5), 1-2-3-4 (fee 6, time4) and 1-3-2-4 (fee 4,
time 10).

Routes 1-3-4 and 1-2-4 are better than 1-3-2-4. There are two minimal pairs fee-time: fee 4,
time 5 (roots 1-2-4 and 1-3-4) and fee 6, time 4 (root 1-2-3-4). When choosing the route we have to
decide whether we prefer to travel faster but we must pay more (route 1-2-3-4), or we would rather
travel slower but cheaper (route 1-3-4 or 1-2-4).

Task
Your task is to write a program, which:

e Reads the description of the highway network and starting and ending cities of the route

form the text file bic. in.

e Computes the number of different minimal routes connecting the starting and ending city,
however all the routes characterized by the same fee and traveling time count as just one

route; we are interested just in the number of different minimal pairs fee-time.
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e  Writes the result to the output file bic.out.

Input data

There are four integers, separated by single spaces, in the first line of the text file bic. in:
number of cities n (they are numbered from 1 to n), 1 <n <100, number of roads m, 0 < m <300,
starting city S and ending city € of the route, 1 <s, e <n, s # e. The consecutive m lines describe the
roads, one road per line. Each of these lines contains four integers separated by single spaces: two
endsofaroadpandr, 1 <p,r<n,p=r,thetoll c,0 <c <100, and the traveling time t, 0 <t < 100.
Two cities can be connected by more than one road.
Output data

Your program should write one integer, number of different minimal pairs fee-time for routes
from s to €, in the first and only line of the text file bic.out.

Example
bic.in bic.out Comments
451 2 This is the case shown on

the picture above.

N WNWN
AP WHAPR
NPFPEFPWNDN
A BADNRFRPPFR A

5] 53 : Segments (SPOJ)
http://www. spoj. pl/problems/SEGMENTS/

584 : 5 ¥+ %1 (Winter Camp2008)
http://www. noi. cn/noi/showNews. jsp?newsId=100020000342

5135 : Mario
http://www.spoj.pl/problems/MARIOGAM/

B 6: Apple
B B fliik

NY A HAR KR KHSE R AR . FEWBGRIIZET, A — MR LA e R T o /M
MR, BB Y ANBA ML E, M A R TN Y, Bl HUAREERE AR,

B MAF B D RSEIRWE? N Y PRE AR/ i 2 BTSSR R E o FATAT LA A
Y F/NMr S SR, RIES R R MR R e 2 DER.

AT A ERZE A 56 WFERE, JERERAT 3 Mooz o, SERRRERGY) . &
TREERME HRF 4 B, SR AREBRAF 3 AR, /Y FiMiray DU B e 1
B SR AL E L, (HR A ATIANBE B 45 B AR AT L CORAT RLUACA IR B2 — AN KD

RGP MRS, RIERRAN Y. WARRES), HEIWAERATLET .

R S ST WIR

3) B AANBNE AR R R T ks b, AT DL ZIG 3] — AR

4) B — AN AT UG FEAs B A0 R B 7 A LR (a2 Rae A 3 b i 43 21—

OF
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XTSRRI, /N Y AT LR 5 B AE A A T SRS 2/l 15 A AN 3103 2R

T, I Game Over.
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Path Bfs. cpp Path Greedy. pas Path Limit. pas Circle Limit. cpp

M N ] M

Word Rings. pas Apple.cpp  Trip. pas Segments. cpp Mario.cpp Bic. pas Apple Data. rar
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