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Abstract

Advanced Traveler Information Systems (ATIS), one of the subsystems of
Intelligent Transportation Systems (ITS), are designed to deliver information
directly to travelers. Based on such information, travelers can make better
decisions about route and departure time. One of the key issues of providing
route guidance information is how to effectively generate reliable route
information.

When vehicles are traveling in the traffic network, the travel cost could be
divided into two parts, link travel time and intersection delay. Most of the
shortest path algorithms assume that there is no costs or prohibitions associated
with intersection delays, but the intersection delays might be the dominant
factor when calculating SP in a congested network. Thus, this research aims
at developing one-to-all shortest path, K shortest path, and time-dependent
shortest path algorithms with different cost considerations, such as intersection
delays. These algorithms could reflect the dynamic characteristic of traffic
and application to the environment of ITS in thefuture.

Two methods of calculating intersection delays are (1) average delay
under signal control and (2) average discharge delay. The delay under signal
control could reflect the impact of signal and variations of flow, and the
average discharge delay could reflect average discharge rate.

In the research, the object-oriented approach is adopted to analyze and
develop the system. According to the object-oriented analysis (OOA), this
analysis could analyze the system demand and illustrate the system through
different diagrams. The object-oriented approach provides two major
functions. maintainability and reusability. Because of these two functions, it
can reduce the programming time.

Numerical experiments are conducted based on the Taichung city. In
order to illustrate the system, several databases are constructed, such as
network data, signal data, volume on links, number of vehicles crossing
intersection, and velocity. Thus, the system can compute the travel time on
links and time of delays which crossing intersection. Thus, the system can
generate several different path databases that are in accordance with different
intersection delays and algorithms. The numerical experiments indicate that
the SP cal culation with delay consideration could indeed capture the dynamic
of flow variationsin arealistic traffic network.

Keywords: Shortest Path, K Shortest Path, Time-dependent Shortest Path,
intersection delay, and Object-Oriented.
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(negative cycle)

(Ahujaetal. 1993)

1. (Label setting Algorithm)
Label setting Algorithm Dijkstras
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Label correcting Algorithm
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DoubleSweep Algorithm Label correcting K
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2.2.3

(Time-dependent Shortest Path Problem)

Hall(1986)
(branch-and-bound) K

Ziliaskopoulos ~ Mahmassani(1996)
forward star

Label correcting

Ziliaskopoulos et al.(1997)
Ziliaskopoulos ~ Mahmassani(1996)

(shared memory)
SE list(scan eligible)

S G ) M
{to, to+s , loros s -y to+|\/|?5} to
i (A i)
[N i), A i(toss ), ..o A i (tosws )] At it
21 e-Thesys(92

)



[t] {mm [tvd [e]] v [6}, fori=L2,. N-3t S

for i=N;tl S (2-3)
(1999) (Weibull
distribution W(1, B)) B
L abel setting Algorithm
(2001)
K DoubleSweep Algorithm
DoubleSweep Algorithm FIFO
K
G\V,A,J,T
T(n,a)
(continuous)
(discrete)
224
Chen  Yang(2000) (time windows constraints)

Label Setting Algorithm
o(rn’)

” e-Thesys(92 )



N=(V, Vo,A,WL,t,s,d) V1

V2 A
(multiple arcs) (self-loop) t(u, V)
(u, v A (windows-list) WL(u) = (wsy, , Wy1 ,
Wu,2 1 +e s Wu,r) WS, Wi u i
arrived(v, u) (v, u) u
leaving(v, u, w) (v, u) (u,w) u
u
P*(v,w) (u,w) w
pre(u, w) = (v, u) u w (v, u)
earliest(v,u,w,t) t (v, u) u
(u,w) u

leaving(v, u, w) = earliest(v,u,w, arrived(v, u))

arrived(u, w) = min {leaving(v, u, w)+t(u, w)}

for all v

1. Setarrived(0, s) =0
Set all arrived(v, u) = o for all arcs (v, u)in A
Insert all values of arrived(v, u) into the set HP
2. Find and remove the minimum element arrived(v , u) from HP
3. Ifu=dthengoto Step5
4. For each arc (u, w) emanating from node u, do
Begin
leaving(v, u, w) = earliest(v, u, w, arrived(v, u))
temp(u, w) = leaving(v, u, w) + t(u, w)
If temp(u , w) <arrived(u, w) then
arrived(u , w) = temp(u, w), pred(u, w) = (v, u), and
Update the valuearrived(u, w) in HP
End
Go to Step 2
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Chen Y ang(2003) (time-switch)
on  off
wait on-off time-switch
(weighted number of stops)
traffic-light network (bi-criteria)
O(#Wn®) n HW
2.2.5
( 2001)
1. (weight matrix)
2. (Node Adjacency-list)
(linked) n n

5. From pred(v , u) we find the shortest path
Output arrived(v, u) as the minimum time
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3. (star structure)

(forward star)
(backward star)

2.2.6
(average delay)
(average stopped
delay) (average approach delay)
(average total delay) 2.8
( 2001)
2.8
b
t2 t3
t3 - tz
t4 t4 - ttL
ls ts S
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2001
2.8
1998 (Highway Capacity Manual)
(control delay)
(
2001)
1985
c- 2’ 16X
d :O.494p—C+224.9X2[X - 1+\/(x- 1% + =] (2-4)
1- 97 ¢
C

d= C 7))

p =

C= ()
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Dion et al.(2004)

INTEGRATION
(Deterministic queuing model)
(Shock wave delay model) (Steady-state stochastic
delay models)
(Time-dependent stochastic delay models)

(Microscopic simulation delay models)

2.3
2.3.1

(analysis)

(design) (conceptual
solution) (object-oriented analysis)

( )

2002)
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2.
3. (Interaction Diagram)
4. (Class Diagram)
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UML

UML (use
case view) (design view) (process view)
(implementation view) (deployment view)
29
4+1 ( 2001)
(design view) implementation view)
(use case view)
(deployment view)
2001
2.94+1 UML
UML (use
case diagrams) (sequence diagrams) (collaboration
diagrams) (state diagrams) (activity diagrams)
(class diagrams) (object diagrams) (component diagrams)
(deployment diagrams)
UNL
2.3.2
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(class)

(around the code)

(data controlling access to code)

C )
2000)
(encapsulation)
(polymorphism) (inheritance)
( 2000)
1. (encapsulation)
(data) (code)
2. (polymorphism)
( )
3. (inheritance)
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(Hall 1986
Ziliaskopoulos 1996)

(Hal 1986 1999)

312

1998
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( 2001)

d =Fd, +d, (3-1)
d= (/7))
F=
d - (constant headway)
(7))
d, _
Gl
.2
0.38CC1 - %9
d, = € 3 (3-2)
- —2 Min(L.0,X)
C
mX 9
d, =173X? gx 1+J(x D2 +—=
x (33)
Ge =
= ()
c= «c/7 )
X= /

Min(L0,X)=1.0 X

m=
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3.13

DYNASMART

X X
X
X=05
_ Geo
Cg 21 8 10
+4 /—+—-—T 3-4
Ge :% 4 cC 25 (3-4)
2C
(0
S 3-2 3-3
0.5 X
K

(Average Discharge Rate)
( 3.1)
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1 ” X
K k ” X
1 . .
3.2.1
GV,E V
E ]
C(,J) dii , ) S
(one-to-all)
3.2.2
Label setting
Algorithm(LSA) Label correcting Algorithm(LCA)

0
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LSA LCA

LCA
FIFO)

LSA
o(n®)

LCA FIFO
LCA

LCA
LSA

LCA 3.2

G(V,E) V
S
C(i,]) i
L(i)
PreNode(i) [
CurrentNode

Temp(i) i

LSA

(First In First Out,

o(n? LCA
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Step 0

Step 1l
Step 2

Step 3

Step 4

Step 5

Step 6

Step 7

Step 8

SEL

d(CurrentNode, i) CurrentNode
dL(CurrentNode, i) CurrentNode
CurrentNode |
S L(O9=0 S
PreNode(§) = S i(iz 9 L(@i) = oo
i PreNode(i) +1
S SEL
SEL
Step 8
Step 3
FIFO SEL i CurrentNode = i SEL
[

CurrentNode | d(CurrentNode , i)
CurrentNode i dL(CurrentNode, i) = L(CurrentNode)
+ d(CurrentNode, i)

CurrentNode [ C(CurrentNode,
1) Temp(i) = dL(CurrentNode, i) + C(CurrentNode, i)
L(i) Temp(i)
Step 7
Step 2
i L(i) = Temp(i) i CurrentNode
PreNode(i) = CurrentNode [ SFEL Step 2
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o)

A 4

[(5=0
PreNode(S) = S
L()=,j# S

PreNode(j) = MAXNodelD + 1
Put Sinto SEL

Yes

Secti from EL
CurrentNode= i
Removei from SEL

A 4

dL(CurrentNode, i) = L(CurrentNode) + d(CurrentNode, i)

y

Tenp(i) = dL(CurrentNode, i) + C(CurrentNode, i)

No
L(i) > Temp(i) ?
Yes
L(i) = Temp(i) Y
PreNode(i) = CurrentNode Labd all nodes
Putiinto SEL
( End <
3.2
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LCA Step 3 SEL

3.2.3

LCA

SEL

CurrentNode CurrentNode

CurrentNode dL(CurrentNode , i) =
L(CurrentNode) + d(CurrentNode, 1) d(CurrentNode , i)
CurrentNode [
L(CurrentNode) dL(CurrentNode
)] Temp(i) =
dL(CurrentNode, i) + C(CurrentNode , i) dL(CurrentNode, i)

Temp(i) = L(CurrentNode) + d(CurrentNode, i)

+ C(CurrentNode , i)
LCA

L@)  Temp(i)

41 e-Thesys(92 )



3.3K

K
KSP
(loop)
K
(loopless)
K
331
K
G(V, E) K
KSP
1 k k>1 k (Shier 1979)
K
3.3.2
Yen's Algorithm DoubleSweep Algorithm
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DoubleSweep Algorithm
Yen's Algorithm

Yen's Algorithm
K

Yen's Algorithm k-1 k
k-1 [ 1 k-1

k-1

Yen’'s Algorithm

K
K
Label setting Algorithm(LSA) Label correcting Algorithm(LCA)
Yen's
Algorithm LCA
LSA
(one-to-one)
Yen's Algorithm LSA
Yen's Algorithm
LSA LCA
LCA
3.3
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_|Find the (k-1)th Sp,

“|Put it into LO

Leti=1

Letj=1 <

A 4

1.C[X(k-1, i), X(j, i+1)]= infinite

A 4

2j++

NO

LRk i) = S X(k-1,2), , X(k-1,i)
2.Find S(k, i) = X(k-1,1), , T

A 4

Usethe Label setting algorithm with
intersection delay

A 4

1.Pk,i) =Rk, i) Sk,i)
2.Put P(k,i)intoL1
3i++

Return to the
original cost

YES

A

i <= q(k-1)?

NO

1.Find P(k) from L1 and put it into LO
2.k++

NO

3.3
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333

Yen's Algorithm

K
LSA Yen's Algorithm
LSA LCA
LSA

LCA

K
34
K
K (Time-dependent K Shortest Path Problem)

ITS
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34.1

G\ ,E V
E i
Ct,i,j) dit,i,j) S

(one-to-all)

3.4.2

LSA LCA

LCA
LCA
34
G(\V,E) V E

S

L(t,, , CurrentNode)

PreNode(i) [
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Step 0

Step 1l
Step 2

Step 3

Step 4

Step 5

Step 6

Step 7

Step 8

CurrentNode

Temp(ty , 1) [
SEL
d(t, , CurrentNode, i) CurrentNode
dL(t, , CurrentNode, i) CurrentNode
CurrentNode i
S Lt,,9=0 t,=0
S PreNode(S) = S i(iZ 9 L(t ,
)= oo [ PreNode(i) +1
S SEL
SEL
Step 8
Step 3
FIFO SEL [ CurrentNode = i SEL
[
CurrentNode d(t, , CurrentNode, i) t.=
L(t, , CurrentNode) CurrentNode [ dL(ty, |,
CurrentNode, 1) = L(t,, , CurrentNode) + d(t, , CurrentNode, i)
CurrentNode i C(ty ,
CurrentNode, i) Temp(ty, , 1) = dL(tx , CurrentNode, i) + C(ty,
CurrentNode, i)
L(tm 1) Temp(t , 1)
Step 7
Step 2
[ Lty , 1) = Temp(ty , i) t, =ty i
CurrentNode PreNode(i) = CurrentNode i SEL
Step 2
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Sart

Lt,.9=0

t.=0

PreNode(S) = S

Lt .))=o ,j# S
PreNode(j) = MAXNodelD + 1
Put Sinto SEL

Yes

> SEL=¢ ?

o

Sdect i from SEL
CurrentNode= i
Remove i from SEL

&
<

t = L(t,, CurrentNode)
dL(t, , CurrentNode, i) = L(t,,, CurrentNode) + d(t, , CurrentNode, i)

h 4

Temp(t, , i) = dL(t,, CurrentNode, i) + C(t, , CurrentNode, i)

L(t,,i)> Temp(t,, i) ?

Yes
L(t,,i)= Temp(t, ,i) v
t =t
K
PreNode(i) = CurrentNode Label all nodes
Putiinto SEL
End <

34
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34.3

3.2 C(tk ' I ’ J)
d(t, , CurrentNode, i)

3.5

(35 LCA

I —
N /!‘“
(- T =)
’L::)

I )

2003
35
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3.2

(

35
35

45

45

50
50
30
30

35
35
40

40

5-6

5-8

6-3

6-5

6-9

71-4

7-8

8-5

87

8-9

9.6

9-8

30

30

40

35

40

45

50

55

65
60

40

35

1-2

1-4

2-1

2-3

2-5

3-2

3-6

4.1

4.5

4.7

552

5-4

S 0.5veh/sec

2

45

65
65
45

45

65

45

45

65

65

120sec

5sec

)

e-Thesys(92



Iteration O
Step 1 L(1)=0 PreNode(1)=1 L(i))= o PreNode(i) = 10 (i
= 2~9) 1 SEL SEL={1}
Step 2 SFEL 1 CurrentNode
Step 3 1 d(1,2)=11.34
d1,4)=1134 d.(1,2)=11.34 d.(1,4=11.34
Step 4 1 C(1,2=30
C(1,4) =30 Temp(2) =41.34 Temp(4) = 41.34
Step 5 L(2)= 0 L(4)= o Temp 2 4
L(2)=41.34 L(4)=41.34 2 4 SEL
SEL={2,4} PreNode(2)=1 PreNode(4)=1
Iteration 1
Step 6 SEL FIFO 2 CurrentNode
Step 7 2 d2,1)=0 d(2,
3)=0 d(2,5=1134 d.(2,1)=41.34 dL(2,3)=4134 d. (2,
5) = 52.68
Step 8 2 C(2,1)=40

C(2,3)=35 C(2,5=40 Temp(l) = 81.34 Temp(3) = 76.34
Temp(5) = 92.68

Step 9 L(1) < Temp(l) L(3) > Temp(3) L(5) > Temp(3)
3 5 L(3)=76.34 L(5) = 92.68 3 5
SEL SEL={4,3,5 PreNode(3)=2 PreNode(5) =
2
Iteration 2
Step 10 SEL FIFO 4 CurrentNode
Step 11 4 d4,1)=0 d4,
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5)=19.83 d(4,7)=0 dL(4,1)= 4134 dL(4,5)= 6117 dL(4,
7) = 41.34

Step 12 2 Cc4,1 =
55 C(4,5 =65 C4,7) =60 Temp(l) = 96.34 Temp(5) =
126.17 Tenp(7) = 101.34
Step 13 L(1) < Temp(l) L(5) < Temp(5) L(7)> Temp(7)
7 L(7) = 112.68 7 SEL
SEL={3,5,7} PreNode(7)=4

Iteration 3

Step 14 SEL FIFO 3 CurrentNode

Step 15 3 d(3,2)=11.34
d(3,6)=19.83 dL(3,2)=87.68 dL(3,6)=96.17

Step 16 3 C@3,2 =
45 C(3,6)=50 Temp(2)=132.68 Temp(6)= 146.17

Step 17 L(2) < Temp(2) L(6) > Temp(6) 6

L(6) = 146.17 6 SEL SEL={5,7,6}
PreNode(6) = 3

Iteration 4
Step 18 SFEL FIFO 5 CurrentNode
Step 19 5 d(5,2) = 19.83

d5,4)=1983 d(5,6)=11.34 d(5,8)=1983 dL(5,2) =
11251 dL(5,4)=11251 dL(5,6)=104.02 dL(5,8)= 11251
Step 20 5 C(5,2 =
40 C(5,4)=35 C(5,6)=35 C(5,8) =35 Temp(2) = 152.51
Temp (4) = 14751 Temp (6) = 139.02 Temp (8) = 147.51
Step 21 L(2) < Temp(2) L(4) < Temp(4) L(6) > Temp(6) L(8) >
Temp(8) 6 8 L(6) = 139.02 L(8) =
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147.51 6 8 SEL (6 SEL

) SEL={7,6,8 PreNode(6) =5 PreNode(8) =5

Iteration 5
Step 22 SEL FIFO 7 CurrentNode
Step 23 7 d(7,4)=11.34

d(7,8) =11.34 dL(7,4)=11268 dL(7,8)= 11268
Step 24 7 C(7,4 =

50 C(7,8) =30 Temp(4)=162.68 Temp (8)= 142.68
Step 25 L(4) < Temp(4) L(8) > Temp(8) 8

L(8) = 142.68 8 FEL (8 SEL
) SEL = {8 PreNode8) =7

Iteration 6
Step 26 SEL FIFO 6 CurrentNode
Step 27 6 d6,3)=0 d6,

5)=19.83 d(6,9) =0 dL(6,3)=139.02 dL(6,5)= 158.85
dL(6, 9) = 139.02

Step 28 6 C6,3 =
45 C(6,5) =45 C(6,9) =50 Temp(3)= 184.02 Temp (5) =
203.85 Temp(9) =189.02
Step 29 L(3) < Temp(3) L(5) < Temp(5) L(9) > Temp(9)
9 L(9) = 189.02 9 SEL
SEL={8,9} PreNode(9) =6

Iteration 7
Step 30 SEL FIFO 8 CurrentNode
Step 31 8 d8,5)=11.34

53 e-Thesys(92 )



d(8,7)=0 d(8,9=0 dL(8,5)=154.02 dL(8,7)= 142.68
dL(8, 9) = 142.68

Step 32 8 C8,5) =
30 C(8,7)=35 C(8,9) =35 Temp(5) = 184.02 Temp (7) =
177.68 Temp (9) = 177.68

Step 33 L(5) < Temp(5) L(7) < Temp(7) L(9) > Temp(9)
9 L(9) = 177.68 9 SEL (9
SEL ) SEL = {9} PreNode(9) =8
Iteration 8
Step 34 SEL FIFO 9 CurrentNode
Step 35 9 d(9, 6) = 19.83
d(9,8)=11.34 dL(9,6)= 197.51 dL(9,8) = 179.02
Step 36 9 C@O, 6) =
40 C(9,8)=40 Temp(6)= 23751 Temp(8)= 219.02
Step 37 L(6) < Temp(6) L(8) < Temp(8)
SEL={y}
Iteration 9
Step 38 SEL
1 9 1-4.7-8-9
177.68 sec
1 9
1. 1-2-3-6-9 196.17 sec
2.1-.2-.5-6-9 189.02 sec
3.1-2.5,.8-9 182.51 sec
4, 1-4-,5-6-9 222.51 sec
5. 1-4-.5-.8-9 216 sec
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6. 1-4-7-8-9 177.68 sec
1.4.,7-.8.9 177.68 sec

3.6

1.

(instantaneous)
K
(experienced) (historical)
2.
3.

Chen  Yang (2000 2003)
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4.1

4.1

4.1

411

4.2

UML

A 4

UML
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4.1.2

4.2

DynaT AIWAN(

59

2003)
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4.3

(activity diagrams)
(operation)

UML

¥k S ELFARVIRF IF O3R A
BCurrentMode

4.3
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4.4 K

LCA

LSA

s iE HEKE
A E T IR I
Tk

S5 R
T

R4 58 k- 1R R e RE 1 B
16 5t HL 5 ki e R T

HHLSSPEHE
Fir & T & 1R

(

DEFITTE T g {5 O 338 BV A 3
BYRE{E » 155 ki i R R

=148 Fir & AR
A pEF]

4.4

4.5

& ERTWEM
= M B R

3t
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A

HERRHETIR
SLEhIEETRS

4.5

4.1.3

(usage
scenarios)

4.6
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GetCB

GenSP(

NData()

)

CDTASim : | ISP : ISP CLCSP : CLCSP I CNodeAdjacencyList : I CombineNetwork : ClLink : CLink
CDTASIm | __CNodeAdjacencyList || _CombineNetwork
GenSP() . I I
o= GensP() !
\\\\\\\ N GetMAXNodelD() |
1 =T
, L
GetLink() . I
g 1
=TT GetLink() Llr
—— = 2>
TTYh Ll
GetCBNData()
A j
’////’/ Ll GetDelay() N
//// -’ll_'
- : GetMaralCst() N I
/// | P -1 i
/// +// [
//’1',
uRath i I
1T === T NP ! N
Li- g >J<: PR N V4N
\ e
/k\
4.6
4.7 K
K GenSP()
CKSP GenSP() LSA
LSA
ListN
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ListN KSP
CKSP
CKSP
CDTASIm : ISP : ISP I CKSP : CKSP CLSSP : CLSSP! ListN : ListN
CDTASIm | |
| GenSP() |
II = 1
| ! // LI GensP()
L / i } 11 GensP(
/ ///I | = ”l |
// /// ! L‘r‘l
// prd P uPath } I
4 N — )
P L -
/7 ~ gl
s ¢ T
yd yd GetPathNode() 1
/ 7 ~o
r - =T
e /// Llrl
/// T I
/// GeliRootPath() I
< P !
\ IS e Insért() N
\ \\ // — ™ /,IV|
e | Ly
\ N T
\ " il GetPathNode() i
/\/ < = i >5 1
v -1
s \ | -
\\ L GenSP() I
\ B =7 |
\ i '
\ uPath I !
\ T . |
\ 1= i
\ , Insert() i
\ i ~ ]
\ 217
\\ I_r|
\ Unipn() R I
\ > I
\ Insert() L{
\ ~ o
< L]
GetMinPath() - I
* =T
LI
Insért() !
L =
Li
L
v L I
uPath I I
- LI |
== | |
| |
N/ N/ Ny
N /*\ N /*\
VS
4.7 K
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4.8

CDTASIm : ISP : ISP CTDSP : CTDSP!I| CNodeAdjacencyList : CombineNetwork : CLink : CLink
CDTASIm CNodeAdjacencyList CombineNetwork

} GensP() } I

i - GenSP()

I T .

GetMAXNodelD()

T
|
|
L

GetLink()

S ————

1.

GetLink()

1—

|
GetCHNData()

GetDelay()

1

GetMaralCst()

-
‘A .

3

uPlath I
0 T
[ N/
W | \|
\/
N\ P N VaS
\ e / N N
7N\

414

CDTASIm CLink CNodeAdjancencyList CombinNetwork DySignal
CLCSP CTDSP CLSSP CKSP ListN 4.9
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CLink
CNode CombineNetwork

¥ GetMaralCst() <
F¥cLink GetLink() -GetlnterAngischarRate() -GetCBNData()

¥ GetinterSignalDelay/() Q\
DysSignal

: : [#¥ReadFileData()
CNodeAdjacencyList IGetData()
CDTASIm
=GetMAXNodeID()
GetLinkedNodes() J—
B GetLink) ®isp+ _simsp()
I8 GetLink() $
ISP
®censp()
/d ﬁx ListN
CLCSP CTDSP CLSSP CIS =:nsert8
<l_ nsert
-GenSPO -GetPathNode()
B¥censp()| |Mcensp()| |MGenspP() BcotRootPah( BcathathLongth

¥ GetMinPath()
-Union()

4.9

4.2

(Design Pattern)

( 2000)
66 e-Thesys(92



( 2003)
421
(strategy) (Algorithm)
(Encapsul ate)
2003 2000)
Client strategy - Strategy
Operation() Algorithm()

4.10

A

(client)

Concrete Strategy 1

Concrete Strategy 2

Concrete Strategy_3

Algorithm()

2000
4.10

Algorithm()

Algorithm()

67

Strategy
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Concreat Strategy 1 Concreat Strategy 2
Concreat Strategy 3

Algorithm() Client
strategy Strategy Client
Strategy (Aggregation) Strategy

Client
4.2.2
K
411
DTASImM 2 ISP
ISP* _SimSP GenSP()
CLSSP CLCSP CKSP
GenSP() GenSP() GenSP()
CTDSP
GenSP()
4.11
411 DTASmM _SimSP
ISP
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GenSP()
GenSF()
K
CKSP
4.3 /
Microsoft Visua C++6.0
412 /

DYNASMART  DynaTAIWAN

DYNASMART

DynaTAIWAN DynaTAIWAN

69

SmSP

CLSSP

DynaTAIWAN

VC++

e-Thesys(92
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=

w

( DYNASMART )
( DYNASMART

4.4

441

4.12 /

DynaTAIWAN

70

VC++
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(Node Adjacency-list)

Node 1D Link
Next
( 4.13) 414
[ /\‘
_11 ) '{\_41{] JF
b f["\
Cor—=( ()
7& VT A
2003
413
4.14 (Root) NodelD 1 9
3(Node ID =3) 2(Node ID =2)

6(Node ID = 6)
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NodeID =0
Link | Next=NIL
NodeID =1 NodeID =2 Node ID =4
Link | Next Link | Next > Link [ Next=NIL
Node D =2 NodeID =1 Node ID =3 NodelD =5
Link | Next Link | Next P Link | Next Link | Next=NIL
NodeID =3 NodeID =2 Node ID =6
Link | Next P Link | Next P Link [Next=NIL
Node D =4 NodeID =1 NodeID =5 NodelD =7
Link | Next Link | Next P Link | Next Link | Next=NIL
NodeID =5 NodeID =2 Node ID =4 Node D =6 NodelD =8
Link | Next Link | Next P Link | Next Link | Next > Link | Next=NIL
NodeID = 6 NodeID =3 NodeID =5 NodeID =9
Link | Next Link | Next P Link | Next Link | Next=NIL
NodeID =7 NodeID =4 NodeID =8
Link | Next P Link | Next > Link | Next=NIL
NodeID =8 NodeID =5 NodeID =7 NodeID =9
Link | Next Link | Next P Link | Next Link [ Next=NIL
NodeID =9 Node ID = 6 NodeID =8
Link | Next B Link | Next > Link [ Next=NIL

(Standard Template Library, STL)

( ) (
STL

STL

STL vector

vector

vector

vector
vector

(equal ()
(find())
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4.5

STL

73
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5.1

VC++ 6.0
5.1.1
DYNASMART
VC++ 6.0
1. PC DYNASMART

2. Microsoft Visual C++ 6.0
3. Microsoft Windows 2000

1. CPU Intel P42.0G
2. RAM DDR333512Mb

5.1.2

74

DynaTAIWAN

PC

e-Thesys(92
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87 574
1892 51
Node- Adjacency List

5.1

(fort.33)

DYNASMART oD
1998 6 ( DNASMART

3.33

(discrete)
(fort.39)
DYNASMART
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t+T
[]

54 Am,m

m=t jl OUTBOUND

(AS) T
4. (fort.32)
o
AS
5.
DYNASMART
(2003)
) 3
3
180
75
( ) 160
85 65
15
150 80
60 5 10
120
5
6.
574
52 T ) 42

76

e-Thesys(92
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12

55

oD

)



.
-
R

5.2
7.
DYNASMART 3.33
1998 6
3.33
1998
+6
6
i 623.4 623.4- 6=103 5
103
52
DYNASMART
5.3
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Importing the
Importing the

Importing the

Importing the

5.3

54

78
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5.5

The shortest is the Time-Dependent Shortest Path.

The path of 1858 to 16854 is := 1858 —> 1851 -> 1852 -> 16853 -> 16854
Total nodes are : &

The total travel time of this shortest path = 173.526

5.5

Label correcting Algorithm 5.6

Importing the Uelocity data
Importing the Uehicle_ Queue data
Importing the Uehicle_ Crosszing Intersection data

Importing the Signal data

The shortest iz produced by lebal correcting algorithm.

The shortest path of 1849 to 1851 is : 16849 —> 1858 —> 1851
Total nodes are = 3

The total travel time of this shortest path = 187.254

5.6 Label correcting Algorithm
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Importing the
Importing the

Importing the

Importing the Signal data

Those K Shorest Path are ¢ K
Mo.1 :

1849 16858 16851

the total cost = 187.254
Mo.2 :

1849 1115 1125 16851

the total cost = 173.226
Mo.3 :

1849 16858 1115 1125

the total cost = 282.99%

5.7K

Maplnfo

1851

5.8

5.7

e-Thesys(92

1048

)



5.3

)
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Label setting Algorithm

Label correcting Algorithm
K

51
5.1
LCA 42 42 42
LSA 42 42 42
1022-, 1419 1036- 1221
KSP 4 4 4
1059-, 1022 1221-, 1168
TDSP 42 42 42
531
K
SumNode
SumliD SumNode SumiD

82

e-Thesys(92

K
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DYNASMART

- 1022 1221-. 1168

(1)

100 (
1221 1168

4

(free flow)

4

7 42

1022 - 1419 10361221 1059
K

) t=50 ( ) t=
1022, 1419 1036 - 1221 1059 1022
5.2

83 e-Thesys(92
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5.2

t=0 t=50 t=100
1022 1419 SumNode 13 13 13
SumID 15050 15050 15050
() 511.451 542.442 521.789
t=0 t=50 t=100
SumNode 25 25 25
1036 1221
SumID 27474 27474 27474
() 946.324 997.426 995.157
t=0 t=50 t=100
SumNode 14 14 15
1059 1022
SumID 14685 14823 17111
() 618.507 711.548 675.39
t=0 t=50 t=100
SumNode 19 19 19
1221-. 1168
SumID 20913 21387 21387
() 608.639 660.317 628.776
5.2 3 4
t=0
(2K
K K
1
5.3
84 e-Thesys(92
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5.3 K
1022 - 1419 1036 1221
K [SumNode| SumID %) K [SumNode|SumID %)
() ()
1 13 15050 (511.451| — 1 25 27474 1946.324) —
2 13 15350 [521.051|1.88%| 2 25 27380 (958.324| 1.27%
3 13 15659 [525.851|2.82%| 3 25 27402 (958.396| 1.28%
4 14 16238 | 538.8 |5.35%| 4 25 27391 (958.541] 1.29%
5 14 16100 |540.251|5.63%| 5 27 31075 |976.035| 3.14%
6 13 14705 |541.762|5.93%| 6 25 27173 1976.324( 3.17%
7 14 16114 | 543.6 [6.29%| 7 27 30527 |987.124{ 4.31%
8 13 15067 |547.451| 7.04%| 8 27 30981 |988.035( 4.41%
9 14 16538 | 548.4 |7.22%| 9 27 31003 |988.107| 4.42%
10 14 16400 |549.851| 7.51%| 10 27 30992 |988.252( 4.43%
1059 -, 1022 12211168
K [SumNode|SumID ) K [SumNode|SumID %)
() ()
1 14 14685 (618.507] — 1 19 20913 (608.639] —
2 14 14823 | 623.09 | 0.74%| 2 22 24799 (691.439|13.60%
3 15 17024 (630.473|1.93%| 3 22 25002 1694.006(14.03%
4 15 15816 |633.128|2.36%| 4 21 23345 | 700.8 (15.14%
5 14 14902 | 641.09 |3.65%| 5 21 23287 | 703.439(15.58%
6 15 15863 | 653.09 |5.59%| 6 21 23657 |707.329(16.21%
7 15 15749 |1655.928|6.05%| 7 21 24412 |713.459(17.22%
8 14 14811 | 657.89 (6.37%| 8 21 23282 |720.239(18.34%
9 15 17971 (658.073|6.40%| 9 24 27300 (739.584(21.51%
10 14 14817 | 659.09 | 6.56%| 10 21 24367 |758.914(24.69%
5.3 K
Kk
k 1%~3%
K=1~10
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(loop)

K
3)
t=0
54
54
() 1022 1036 1048 1059 1168 1221 1419
1022 — -35.208 0 -11.997 | -5.077 | -2.266 | -7.008
1036| -4.545 — -8.549 | -5.08 | -1.361 |-16.192 | -2.786
1048 O -44.064 — -9.773 | -7.118 | -2.888 | -4.081
1059 -4.795 |-10.943 | -3.597 — -3.953 | -10.951 | -0.583
1168| -2.152 | -1.191 | -5.268 | -7.359 — -12.113 | -7.038
1221 -2.07 |-47.625| -0.726 | -13.076 | -6.776 — -5.41
1419 -4.037 |-12.589 | -1.341 | -0.482 | -4.661 | -8.467 —
5.4
2. K
K
K

e-Thesys(92




Label correcting Algorithm Yen's
Algorithm K Label setting
Algorithm
LCSP Label correcting
Algorithm KSP K LSSP
Label setting Algorithm
LCSP KSP 55
55 LCSP KSP
1022 - 1419 1036- 1221
SumNode | SumiD () SumNode| SumID ()
KSP
(K=1) 15050 13 521.789 27474 25 995.157
LCSP 15050 13 521.789 27474 25 995.157
1059- 1022 1221, 1168
SumNode | SumiD () SumNode| SumID ()
KSP
(K=1) 17111 15 675.39 21387 19 628.776
LCSP 17111 15 675.39 21387 19 628.776
100
55 K=1 SumNode SumiD
K
LCSP LSSP
3. K
KSP ( TDSP

87
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KSP KSP
TDSP 56
5.6 TDSP KSP
1022 - 1419 1036- 1221
SumNode| SumID () SumNode| SumiD ()
KSP
(K=1) 15050 13 521.789 27474 25 995.157
TDSP 15050 13 519.854 27474 25 962.08
1059, 1022 1221, 1168
SumNode| SumID () SumNode| SumID ()
KSP
(K=1~50)
TDSP 17111 15 682.461 21387 19 623.338
100
5.6 1022 -, 1419 1036- 1221
KSP TDSP K=1
1059 -, 1022 1221 -, 1168
KSP K K=50 1059-, 1022
TDSP KSP(K=1~5) K=1~5
K=1 3 4 TDSP
2 12211168 TDSP KSP(K=1~5)
K=1 TDSP
K TDSP
KSP TDSP
2
KSP
KSP
TDSP
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-
42
(1)
LCSP
5.7
5.7 TDSP LCSP
7 16.67% 2 28.6%
35 83.33% 1 14.3%
4 57.1%
100
5.7 42 7
16.67%
(2)
TLCSP
TDSP  TLCSP TLCSP
TDSP 5.8
89 e-Thesys(92

TLCSP

)



5.8 TLCSP  TDSP
% 1022 1036 1048 1059 1168 1221 1419
10220 — 0 0 1.88% 0 0.47% 0
10360 O — 0 0.01% 0 -0.07% 0
1048 O 0 — 0 0 0 0
1059 O 0 0 — 0 0 0
1168 0 0 0 0 — -0.11% 0
1221 0 0 0 0 0.73% — 0.43%
1419 O 0 0 0 0 0 —
TLCSP- TDSP., 100%
TLCSP
0
1221 1036 1221, 1168
5.3.2
531
1 K
K
59
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5.9 LCSP KSP
1022 - 1419 1036 1221
SumNode | SumiID () SumNode| SumiD ()
KSP
(K=1) 16238 14 1011.37 27380 25 1999.41
LCSP 16238 14 1011.37 27380 25 1999.41
1059, 1022 1221 1168
SumNode | SumID () SumNode| SumiD ()
KSP
(K=1) 17106 15 1189.11 18872 16 1207.08
LCSP 17106 15 1189.11 18872 16 1207.08
100
59 K=1 SumNode SumiD
KSP K=1
2. K
4 TDSP
KSP 5.10

91

e-Thesys(92 )



5.10 TDSP KSP
1022 - 1419 1036 1221
SumNode| SumiD () SumNode| SumiID ()
KSP
(K=1) 16238 14 1011.37 27380 25 1999.41
TDSP 16238 14 1013.64 27380 25 1961.83
1059- 1022 1221- 1168
SumNode| SumID () SumNode| SumiID ()
KSP
(K=1) 17106 15 1189.11 18872 16 1207.08
TDSP 17106 15 1160.39 18872 16 1204.04
100
5.10 KSP
TDSP K=1
KSP
TDSP
3.
(1)
LCSP 511
511 TDSP LCSP
7 16.67% 1 14.3%
35 83.33% 2 28.6%
4 57.1%
100

92
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511 42 7

16.67%
TDSP
(2)
TDSP  TLCSP TLCSP TLCSP
TDSP 5.12
5.12 TLCSP  TDSP
(%) | 1022 | 1036 | 1048 | 1059 | 1168 | 1221 | 1419
1024 — 0 0 0 0 [019% | O
103§ O — 0 0 0 | 0.06% | 0.15%
1048 0 0 — 0 0 0 | 0.94%
1059 0.26% | O 0 — 0 0 | 0.24%
1168 0 0 0 0 - 0 0
1221 0 0 0 0 0 — | 0.22%
1419 0 0 0 0 0 0 —
TLCSP- TOSP.
TLCSP
0
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533

531

1~10

7 100 10
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5. LCSP TDSP

(one-to-all)
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Label correcting Algorithm

/*
** Copyright (c) Feng Chia University. 2003-2004. All Rights Reserved.
*/

#include "LCSP.h"
#include"../../CombineNetwork.h"
M T
/I Construction/Destruction
M
extern CombineNetwork * GetData;
CLCSP::CLCSR()

{

%ZLCSP::~CLCSP()
{

}
NodeList CLCSP::GenSP(CNodeAdjList* cpNodeAdjList, USI uOrgin, USI uDes)

_USPNumOfNode = 1 + cpNodeAdjList->GetMAXNodel D();
Node = new SPNode [_uSPNumOfNode];

vector<USI> uPath;

vector<USI> SEL ;

booal flagDischarR = false;

double tmpcostl;

double tmpcost2;

double StartTime=30; //
_Tn= StartTime;

Total Struct TotalData;

I/

usli;

for (i=0; i<= _uSPNumOfNode-1 ; i++)

{
Node]i].Length = 99999;
Node[i].PreNode = 99999;
Node]i].Status = 'n’;

}

Nodeg[uOrgin].Length = 0;
Node[uOrgin].PreNode = uOrgin;
SEL .push_back(uOrgin);

i Label Correcting Algorithm

while ( SEL.empty() == fase)

{
_UuCurrentNode = SEL .front(); / FIFO  SEL _UuCurrentNode
SEL .erase(SEL .begin()); // SEL

NodeL ist uNodes = cpNodeAd;List->GetLinkedNodes(_uCurrentNode); //
I
while (uuNodes.empty() == false)

{
_uConnectNode = uNodes.front();

uNodes.erase( uNodes.begin() );

CLink* cpLink = cpNodeAdjList->GetLink( _uCurrentNode, _uConnectNode);

_Tm=Node] _uCurrentNode ].Length; // _Tm

M T

/)

/I _IntersectionDelay = cpLink->GetInterSignalDelay( _uConnectNode, _uCurrentNode);

/i

/I_IntersectionDelay = cpLink->GetInterAvgDischarRate( _Tn, _uCurrentNode,
_uConnectNode);
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Label correcting Algorithm

_Tm = Node[ _uCurrentNode ].Length + _IntersectionDelay;
W T

TotalData = GetData>GetCBNData(_Tn, _uCurrentNode, _uConnectNode);
_Speed = TotalData.Ve;

cpLink = cpNodeAdjList->GetLink( _uCurrentNode, _uConnectNode);

if (Node] _uConnectNode].Length > _Tm + cpLink->GetMaral Cst(_Speed) )

Node] _uConnectNode ].Length = _Tm + cpLink->GetMaral Cst(_Speed);
Node[ _uConnectNode ].PreNode= _uCurrentNode;

USI* selcheck;

selcheck = find(SEL .begin() , SEL.end() , _uConnectNode);

if (selcheck == SEL .end())

SEL .push_back(_uConnectNode);
}

}
elseif ( Node[ _uConnectNode].Length == _Tm + cpLink->GetMaral Cst(_Speed) & &
flagDischarR == true)

{
tmpcostl = cpLink->GetlnterAvgDischarRate( _Tn, Node[ _uConnectNode ].PreNode ,
_uConnectNode);
tmpcost2 = cpLink->GetInterAvgDischarRate( _Tn, _uCurrentNode, _uConnectNode);
if (tmpcostl > tmpcost2)
{
Node[ _uConnectNode ].PreNode = _uCurrentNode;
USI* selcheck;
selcheck = find(SEL .begin() , SEL.end() , _uConnectNode);
if(selcheck == SEL .end())
SEL .push_back(_uConnectNode);
}
}
}
}
}
/)
for (i=0; i<= _uSPNumOfNode-1 ; i++)
Node[i].Status="1";
}
/)
PathList Path;
USI desnode;
_PathList.push_back(Path); // 0 ( )
for( USI z=0 ; z<DesNode.size() ; z++)
{

desnode = DesNode[Z];
Path._Path.push_back(desnode);
for(i=desnode; i !=uOrgin;)

Path._Path.insert( Path._Path.begin(), Node[i].PreNode);
i = Node[i].PreNode;

}
_PathList.push_back(Path);
Path._Path.clear();

}

uPath = _PathList[1]._Path;
i

i

USI counter=1;

fstream SPFileOut;

fstream SPcostFileOut;
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Label correcting Algorithm

SPFileOut.open(".//[DTA/ISP//PathDataBase//L CSP-path-.txt", ios::outlios::app);
SPcostFileOut.open(".//DTA//SP//PathDataBase//L CSP-cost-.txt", i0s::out|ios::app);

SPFileOut << "Those shortest pathes from 'Node " << uOrgin<<"': " << endl;
for(i=1;i<_PathList.size() ; i++)
{
SPFileOut << "to 'Node" << _PathList[i]._Path[_PathList[i]._Path.size()-1] <<
for( z=0; z<_PathList[i]._Path.size() ; z++)

{
SPFileOut << _PathList[i]._Path.at(z) << " ";
if(counter%10==0)
SPFileOut << endl << " ";
}
counter++;
}

SPFileOut << endl;
SPFileOut << "  The total travel time: ";

|||:|| <<end| << " u;

SPcostFileOut << Node[_PathList[i]._Path.at(z-1)].Length << " seconds " << endl;

SPFileOut << endl;
counter = 1;

}

SPFileOut << endl;

i

I

cout << endl << "The shortest is produced by lebal correcting algorithm.";

cout << endl << "The shortest path of " << uOrgin<<"to" << uDes<<"is:";
for(i=0; i<uPath.size()-1; i++)

{

cout << uPath.at(i) <<" ->";

cout << uDes << endl;
cout << "Total nodesare : " << uPath.size() << endl;
cout << "The total travel time of this shortest path =" << Node]uDes].Length << end|;

delete[] Node;
return uPath;
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/*

** Copyright (c) Feng Chia University. 2003-2004. All Rights Reserved.
*/

#include "LSSP.h"
#include"../../CombineNetwork.h"
M T
/I Construction/Destruction
M
extern CombineNetwork * GetData;
CLSSP::CLSSP()
{

flagK SP = false; //

}
CLSSP:~CLSSP()
{
}

LinkStatus

Label setting Algorithm

NodeList CLSSP::GenSP(CNodeAdjList* cpNodeAdjList, USI uOrgin, US| uDes)

_USPNumOfNode = 1 + cpNodeAdjList->GetMAXNodel D();

if( !flagk SP)
{

LinkStatus=new char *[_uSPNumOfNode];
for(USI j=0; j<_uSPNumOfNode ; j++)

LinkStatug[j]=new char [_uSPNumOfNode];
}
for (USI m=1; m<_uSPNumOfNode ; m++)

for (USI n=1; n<_uSPNumOfNode ; n++)

LinkStatus[m][n]="0;

}

SEL = new double [_uSPNumOfNode];
Node = new SPNode [_uSPNumOfNode];
vector<USI> uPath;

bool flagDischarR = false;

double tmpcostl;

double tmpcost2;

double StartTime=30; //
_Tn=StartTime;

Total Struct Total Data;

Il
usl i;
for (i=0; i <= _uSPNumOfNode-1; i++)

Node[i].Length = 99999;
Node[i].PreNode = 99999;
Node]i].Status ='n’;
SEL[i] =99999;
}
Node[uOrgin].Length = 0;
Node[uOrgin].PreNode = uOrgin;
SEL [uOrgin] = Node[uOrgin].Length;
/I Label Setting Algorithm
_UCurrentNode = uOrgin;
SEL[_uCurrentNode] = 99999;
Node]_uCurrentNode].Status ="1';
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while ( _uCurrentNode != uDes)

{
NodeL ist uNodes = cpNodeAdjList->GetL inkedNodes(_uCurrentNode);
bool flagNearExist=false; // CurrentNode label NULL
while ( uNodes.empty() == false)
{
_uConnectNode = uNodes.front();
uNodes.erase( uNodes.begin() );
flagNearExist=false;
if (LinkStatus]_uCurrentNode][ _uConnectNode] !="c")
{
flagNearExist=true;
if (Node[ _uConnectNode ].Status!="1")
{
CLink* cpLink = cpNodeAdjList->GetLink( _uCurrentNode , _uConnectNode);
_Tm = Nodg _uCurrentNode ].Length;
M T
)
/I_IntersectionDelay = cpLink->GetInterSignal Delay( _uConnectNode
_uCurrentNode);
/)
/I _IntersectionDelay = cpLink->GetInterAvgDischarRate( _Tn, _uCurrentNode,
_uConnectNode);

_Tm = Node[ _uCurrentNode].Length + _IntersectionDelay;
T T T

TotalData = GetData>GetCBNData(_Tn, _uCurrentNode, _uConnectNode);

_Speed = Total Data Ve,

if ( Node[ _uConnectNode ].Length > _Tm + cpLink->GetMaral Cst(_Speed))

{

Node[_uConnectNode ].Length = _Tm + cpLink->GetMaral Cst(_Speed);
Node[ _uConnectNode ].PreNode = _uCurrentNode;
SEL[_uConnectNode] = Node[_uConnectNode].L ength;

}

elseif ( Node[ _uConnectNode].Length == _Tm +
cpLink->GetMaral Cst(_Speed) & & flagDischarR == true)

{

tmpcostl = cpLink->GetlnterAvgDischarRate( _Tn,

Node] _uConnectNode ].PreNode, _uConnectNode);
tmpcost2 = cpLink->GetInterAvgDischarRate( _Tn, _uCurrentNode,

_uConnectNode);
if (tmpcostl > tmpcost2)
Node[ _uConnectNode ].PreNode = _uCurrentNode;
SEL[_uConnectNode] = Node[_uConnectNode].Length;
}
}
}
}
}
if(flagNearExist==false)
{
return uPath;
}
/I Get CurrentNode
double min;
min = 99999;

for(USI j=1; j <= _uSPNumOfNode-1; j++)
if(SEL[j] <min)
{
min = SEL[j];

_UCurrentNode = j;
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Label setting Algorithm

}

}
SEL[_uCurrentNode] = 9999;
Node][_uCurrentNode].Status ="I';

}

i

I
uPath.push_back(uDes);
for(i=uDes; i !=uOrgin ;)

{
uPath.insert( uPath.begin(), Node[i].PreNode);
i = Node[i].PreNode;
}
I
if(!flagkSP)
{
cout << endl << "The shortest is produced by lebal setting algorithm.";
cout << endl << "The shortest path of " << uOrgin<<"to" << uDes<<"is:";
for(i=0; i<uPath.size()-1; i++)
{
cout << uPath.at(i) <<" ->";
}
cout << uDes << endl;
cout << "Total nodes are : " << uPath.size() << endl;
cout << "Thetotd travel time of this shortest path =" << Node[uDes].Length << end!;
}
delete[] SEL;
if(1flagkSP)
delete[] Node;
}
return uPath;
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KSP

ﬁ
** Copyright (c) Feng Chia University. 2003-2004. All Rights Reserved.
*/

#include "KSP.h"

#include"../../CombineNetwork.h"
M T

/I Construction/Destruction

o
/*****************************************************************/
/* Method:Insert(NodeList uPath,SPNode* Node,bool flagCheckExist) */
[* Description: */
/*****************************************************************/

void ListN::Insert(NodeList uPath,SPNode* Node,bool flagCheckExist)

{

PathStruct tmpPS;

bool fEIeNotEXxist; // flag of element Exists or not

if(flagCheckExist)

{

for(USl i=0; i<_KPath.size() ; i++)
if (equal (_KPath[i]._uK Path.begin(), _KPath[i]._uK Path.end(), uPath.begin())==false)
{
fEleNotEXxist=true;
}
else
{
fEleNotExist=false;
break;
}
}
}
if(FEleNotExist || !flagCheckExist)
tmpPS._uKPath =uPath;
tmpPS.Length = new double [uPath.size()];
for(USl i=0; i < uPath.size() ; i++)
{
tmpPS.Length[i] = Node[uPath.at(i)].Length;
}
_KPath.push_back(tmpPS);

}
/*****************************************************************/
/* Method:Insert(PathStruct PS) */
[* Description: nodes */

/*****************************************************************/
void ListN::Insert(PathStruct PS) // pass in structure "PathStruct"
{
bool fEleExist=false; // flag of element Exists
if(_KPath.size()==0)
_KPath.push_back(PS);
else

{
for(USl i=0; i<_KPath.size() ; i++)

if (equal(_KPath[i]._uKPath.begin(), _KPath[i]._uKPath.end(),
PS._uKPath.begin())==true)
{

fEleExist=true;
break;
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}

}
if(1fEl eExist)
_KPath.push_back(P9);

/*****************************************************************/
/* Method: CopyPS(USI index) */
[* Description: */

/*****************************************************************/

PathStruct ListN::CopyPS(US! index)

{
PathStruct tmpPS;
tmpPS._uKPath = KPath.at(index)._uK Path;
tmpPS.Length=new double] K Path[index]._uKPath.size()];

for(USI i=0; i<_KPath[index]._uKPath.size() ; i++)

tmpPS.Length[i] = _KPath[index].Length[i];

}

return tmpPS,
/*****************************************************************/
/* Method:Union() */
[* Description: RootPath SpurPath */

/*****************************************************************/

PathStruct ListN::Union()

{
double* Length;
usli;
double base;
USl size;
USl rsize; // RootPath size
USI ssize; // SpurPath size
rsize=_KPath[0]._uKPath.size();
ssize=_KPath[1]._uKPath.size();
size = rsizet+ssize-1;
Length = new double [size];
for(i=0 ; i<rsize; i++)

Length[i] =_KPath[0].Length[il;

}
base = _KPath[0].Length[_KPath[0]._uKPath.size()-1];
for(i=1; i<ssize; i++)

_KPath[0]._uKPath.push_back(_KPath[1]._uKPath[il);
Length[rsize-1+i] = base + _KPath[1].Length[i];

}
_KPath[0].Length = new doublesize];
for(i=0;i<sizeji++)

_KPath[0].Length[i]=Length[i];

}
return _KPath[0];

/*****************************************************************/

/* Method: GetMinPath() */
[* Description: */
/*****************************************************************/

PathStruct ListN::GetMinPath()

{
USl index;
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double Min = 99999;
PathStruct tmpPS;
for(USl i=0; i<_KPath.size() ; i++)

if (_KPathi].Length[_KPath{i]._uKPath.size()-1] < Min)

Min = _KPath[i].Length[_KPath[i]._uKPath.size()-1];
index =1i;
}
}
tmpPS = CopyPS(index);
_KPath.erase(&_KPath.at(index));

return tmpPS,
%****************************************************************/
/* Method: GetPathNode(USI NumofPath,USI NumofNode) */
[* Description: */

/*****************************************************************/

USI ListN::GetPathNode(USI NumofPath,USI NumofNode)

if( NumofNode < _KPath[NumofPath]._uK Path.siz&())

{
return _KPath[NumofPath]._uKPath.at(NumofNode);

}

else

{

return -1;

}
/*****************************************************************/
/* Method: GetPathL ength(USI NumofPath,USI NumofNode) */
[* Description: */

/*****************************************************************/

double ListN::GetPathL ength(USI NumofPath,USI NumofNode)

{
return _KPath[NumofPath] .L ength[NumofNode];

/*****************************************************************/

/* Method: GetRootPath(USI NumofK,USI lofY) */
[* Description: */

/*****************************************************************/

PathStruct CK SP::GetRootPath(USI NumofK,US! 1ofY)

{
PathStruct PS;
usli;
PS.Length=new doubl€e[lofY +1];
for(i=0; i<=lofY ; i++)
{
PS._uKPath.push_back(L 0->GetPathNode(NumofK,i));
PS.Length[i] = LO->GetPathL ength(NumofK,i);
return PS;
}
CKSP::CKSP()
{
}
CKSP::~CKSP()
{
}

NodeList CKSP::GenSP(CNodeAdjList* cpNodeAdjList, USI uOrgin, USI uDes)

{
US! lofY JofY KofY; // i,k
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usl m,n;
_UNomOfK = 10; I K
flagkSP = true; // KSP.cpp LinkStatus

_USPNumOfNode = 1 + cpNodeAdjList->GetMAXNodel D();
LinkStatus = new char *[_uSPNumOfNode];

for(USI j=0; j<_uSPNumOfNode ; j++)

{

LinkStatusfj]=new char [_uSPNumOfNode];
}
Il
for (m=1; m<_uSPNumOfNode ; m++)

{
for (n=1; n<_uSPNumOfNode ; n++)

LinkStatus[m][n]="0';
}
}
LO=new ListN();
L1=new ListN();
L2=new ListN();
I LO

NodeL ist uKPath = CLSSP::GenSP(cpNodeAdjList, uOrgin, uDes);
LO->Insert(uK Path,Node,true);

/i LO
uK Path.clear();
/) k
for (_uKth=2; uKth<=_uNomOfK ; uKth++)
{
KofY=_uKth1; // _UKth , KofY KPath
for (_uNumOfKthPath =1 ; uNumOfKthPath < LO->_KPath[KofY-1]._uKPath.size() ;
_UNumOfKthPath++)
{
lofY=_uNumOfKthPath-1; // i node _UKPath

I
for (_uPreKthPath = 1; _uPreKthPath < _uKth ; _uPreKthPath++)

{
Jof Y=_uPreKthPath-1; // ] LO
m = LO->GetPathNode(K of Y-1,1of Y);
if(1ofY 1= LO->_KPath[Kof Y-1]._uKPath.size() )
{
n = LO->GetPathNode(Jof Y | of Y +1);
if(n>=0)
LinkStatugm][n]="c";
}
}
}

L2->Insert(GetRootPath(K of Y-1,1of Y));
uUsl KOrgin; // KSP
KOrgin = LO->GetPathNode(K of Y-1,10fY);
I S
USI noreturn,
noreturn = L2->_KPath[0]._uKPath.size() -1;
m = L2-> KPath[0]._uKPath[noreturn];
for (USl ii=noreturn-1; ii<-1; ii--)
{
n=L2->_KPath[0]._uKPath[ii];
LinkStatusim][n] = 'c’;
m = L2->_KPath[0]._uKPathl[ii];
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}

uK Path = CLSSP::GenSP(cpNodeAdjList, KOrgin, uDes); //

I

for (_uPreKthPath =1 ; uPreKthPath < _uKth; _uPreKthPath++)

{
JofY=_uPreKthPath-1;
m = LO->GetPathNode(K of Y-1,1of Y);
if(1ofY I= LO->_KPath[KofY-1]._uKPath.size() )
{
n = LO->GetPathNode(Jof Y | of Y +1);
if(n>=0)
LinkStatus{m][n]='0";
}
}
}

noreturn = L2->_KPath[0]._uK Path.size() -1;
m = L2-> KPath[0]._uKPath[noreturn];
for (USl i=noreturn-1;i<-1;i--)

n=L2->_KPath[0]._uKPath[i];
LinkStatus[m][n] = '0';
m = L2-> KPath[0]._uKPath[i];

}
I
if(UKPath.size()!=0)  // UK Path

L2->Insert(uK Path,Node,fal se);
L1->Insert(L2->Union());
L2=new ListN();

else

L2=new ListN();
}

LO->Insert(L 1->GetMinPath());

}

M

I KSP

cout << "Those K Shorest Path are (K =" << _uNomOfK << " ):" << endl;
for(USI z=0; z<L0->_KPath.siz&() ; z++)

{
double cost;
cout << "No." << z+1<<":" <<"node unmber =" << L0->_KPath[Z]._uKPath.size();
for(USl zz=0; zz<L0->_KPath[z]._uKPath.size() ; zz++)
{
if( zz%10==0)
{
cout << endl << ";
}
cout << LO->_KPath[Z]._uKPath[zz] << " ";
cost = LO->_KPath[Z].Length[zZ];
}
cout << endl <<" thetotal cost =" << cost << endl;
}
/) K
fstream K SPFileOut;
K SPFileOut.open(".//DTA//SP//PathDataBase//K SP- xt", ios::outlios::app);

K SPFileOut << "Those K Shorest Path from 'Node "<< uOrgin << "' to " << "'Node" << uDes<< ™'
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<< _UNomOfK << " )" << endl;
for(z=0; z<L0->_KPath.size() ; z++)
{
double cost;
KSPFileOut << "No." << z+1<<":";
for(USl zz=0; zz<L0->_KPath[z]._uKPath.siz&() ; zz++)

if( zz%10==0)
{

}
KSPFileOut << L0->_KPath[Z]._uKPath[zZ] <<" ",

cost = LO->_KPath[Z].Length[zZ];

KSPFileOut << endl << ;

}

KSPFileOut << endl << " thetotal cost =" << cost << endl;

}
K SPFileOut << end!;

vector<USI> upath;
upath =L0->_KPath[0]._uKPath;

delete[] Node;
return upath;
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/*
** Copyright (c) Feng Chia University. 2003-2004. All Rights Reserved.
*/

#include "TDSP.h"
#include"../../CombineNetwork.h"
M T
/I Construction/Destruction
M
extern CombineNetwork * GetData;
CTDSP::CTDSP()

{

}
CTDSP::~CTDSP()

{
}

NodeList CTDSP::GenSP(CNodeAdjList* cpNodeAdjList, USI uOrgin, USI uDes)

{
_USPNumOfNode = 1 + cpNodeAdjList->GetMAXNodel D();

Node = new SPNode [_uSPNumOfNode];

vector<USI> uPath;

vector<US|> SEL,;

double StartTime = 6000; // 100 * 60 "

Total Struct Total Data;

I

usli;

for (i=0; i<=_uSPNumOfNode-1 ; i++)

{
Node[i].Length = 99999;
Node[i].PreNode = 99999;
Node]i].Status ="n';

}

Node[uOrgin].Length = StartTime;

Node[uOrgin].PreNode = uOrgin;

SEL .push_back(uOrgin);

/I TDSP

while ( SEL.empty() == false)

{
_UCurrentNode = SEL .front();
SEL .erase(SEL .begin());

NodeList uNodes = cpNodeAdjList->GetLinkedNodes(_uCurrentNode); //

while ( uNodes.empty() == false)

{
_uConnectNode = uNodes.front();
uNodes.erase( uNodes.begin() );

CurrentNode

CLink* cpLink = cpNodeAdjList->GetLink( _uCurrentNode, _uConnectNode);

_Tm=Nodg _uCurrentNode ].Length; // _Tm
_Tk =Nodg] _uCurrentNode ].Length/ 6; //
if(_Tk > 1998)

{

Tk =1998;
}
_IntersectionDelay = 0;
M M
Ik

/I _IntersectionDelay = cpLink->GetInterSignalDelay( _uConnectNode , _uCurrentNode);

I

_IntersectionDelay = cpLink->GetInterAvgDischarRate( _Tk, _uCurrentNode,

_uConnectNode);

_Tm = Node[ _uCurrentNode ].Length + _IntersectionDelay;
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TotalData = GetData>GetCBNData( _Tk, _uCurrentNode, _uConnectNode);
_Speed = TotalData. Ve,
if (Node[ _uConnectNode].Length > _Tm + cpLink->GetMaral Cst(_Speed) )

{
Node] _uConnectNode ].Length = _Tm + cpLink->GetMaral Cst(_Speed);
Node[ _uConnectNode ].PreNode = _uCurrentNode;
USI* selcheck;
selcheck = find(SEL .begin() , SEL.end() , _uConnectNode);
if(selcheck == SEL.end())
SEL .push_back(_uConnectNode);
}
}
}
}
for (i=0; i<= _uSPNumOfNode-1 ; i++)
Nod€|i].Status="1";
}
i uOrgin i
PathL ist Path;
USI desnode;
_PathList.push_back(Path); // 0 ( )
for( USI z=0 ; z<DesNode.size() ; z++)
{

desnode = DesNode[Z];
Path._Path.push_back(desnode);
for(i=desnode ; i '=uOrgin ;)

Path._Path.insert( Path._Path.begin(), Node[i].PreNode);
i = Nodefi].PreNode;

}
_PathList.push_back(Path);
Path._Path.clear();

}
W T
i M
USI counter=1;
fstream SPFileOut;
fstream SPcostFileOut;
SPFileOut.open(".//DTA//SP//PathDataBase//TDSP-path-.txt", ios::out|ios::app);
SPcostFileOut.open(".//DTA//SP//PathDataBase// TDSP-cost-.txt", ios::out|ios::app);
SPFileOut << "Those shortest pathes from 'Node " << uOrgin<< "' : " << endl;
for(i=1;i<_PathList.size() ; i++)
{
SPFileOut << "to 'Node" << _PathList[i]._Path[_PathList[i]._Path.size()-1] <<"':" <<endl <<" ";
for(z=0; z<_PathList[i]._Path.size() ; z++)

SPFileOut << _PathList[i]._Path.at(z) << " *;
if(counter%10==0)

SPFileOut << endl << " ";
}

counter++;

}
SPFileOut << endl;

SPFileOut << "  The total travel time: ";
SPcostFileOut << Node]_PathList[i]._Path.at(z-1)].Length-StartTime << " seconds " << endl;
SPFileOut << endl;
counter = 1;
}
SPFileOut << endl;
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W T

I Show Path HIHTTIHITTHITTHITHTITTINTT

cout << endl << "The shortest is the Time-Dependent Shortest Path.";
cout << endl << "Thepath of " << uOrgin<<"to" << uDes<<"is:";
for(i=0; i<uPath.size()-1; i++)

{

}

cout << uDes << endl;

cout << "Tota nodesare : " << uPath.size() << endl;

cout << "Thetotal travel time of this shortest path =" << Node[uDes].L ength-StartTime << endl;
I

delete[] Node;

return uPath;

cout << uPath.at(i) <<" ->";
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