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Time Dependent Road Network aooasl

= Time Dependent Road
Network:

— A directed graph:
= Aset of vertices: V.
= Asetofedges:ECV X V.

= The travel cost of each edge e € o, TTF of edge HF (fur & fru)  _ TIF of edge FI (fiy & fir)

E isrepresented as a travel time g _| 2.,
. - =" 1(e,30) (50,30) (110,30) (180,30
function TTF). 2 le,20)  (100,20) (180,20) '
f( ) Ezu«—\(lsizy— Eze~ \_/
— Each TTF follows FIFO property ol (120,10) (140,10 ot (70,10)(90,10)
. (t,) Lot (t) 4t @ 30 60 90 120 150 180 @ 30 60 90 120 150 180
(I'e" f , - f l AL of edge JD (fip & fp)) 60 TTF of edge DG (fpg & fgp)
VeeEandVt'>teT). o .
'§4o~ 5 40 [(0.40) (100,40) (180,40
. . 0,30 60,30 186,30 =
— Objective: gmf—"\ (EED T | \
. . . £ NN £ (150,10)N,__
= @Given a start s and destination d. ol %010 qzele) T 1 (170,10
30 60 90 120 150 180 @ 30 60 90 120 150 180
®» Find the fastest path that An example of an undirected time-dependent graph. TTFs of the red

edges are shown below the graph, and the travel cost of the other

minimize the travel time. edges are constant
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= Compressed Path Databases
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Compressed Path Databases (CPD) Heuristic [1]

= Compressed Path Databases

— Construction: Ordering | H | A |F |J|T|B|G|[D|CJE
] H * A F F F F F F F E
= First move table: A H|* | H|H|H|H|H|H|H|H
J F F F * I D D D C E

From the source node H, the first move on the optimal path to any node
are A (red), E(orange) and F (purple).
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= Compressed Path Databases
— Construction: Ordering | H | A [F |J [I |B|G|D|C]|E
= First move table: ; : fl fl fl fl f] fI fl
— [A -J]:indicates the optimal first FIFIFI® D/DID|CJE

move.

From the source node H, the first move on the optimal path to any node
are A (red), E(orange) and F (purple).
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= Compressed Path Databases
— Construction: Ordering | H | A [F [ J | I |B|G|D]|C]|E
= First move table: # LA [FIFTFIFIFIFIFLE
— [A -J]:indicates the optimal first ] F | F FI* | T |DIDID|CIE

move.

— *:wildcard symbol [2].

From the source node H, the first move on the optimal path to any node
are A (red), E(orange) and F (purple).
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Compressed Path Databases (CPD) Heuristic [1]

= Compressed Path Databases

— Construction: Ordering | H | A | F|J|I|B|G|D|C]|E
] H * A | F F | F F F | F F | E
= First move table: A H|* | H|H|H | H|H|H|H|EH
— [A -J]:indicates the optimal first ] F | F FI* | T |DIDID|CIE

move.
— *:wildcard symbol [2].

= Compression:
— Depth first search order [3].

From the source node H, the first move on the optimal path to any node
are A (red), E(orange) and F (purple).
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Compressed Path Databases (CPD) Heuristic [1]

= Compressed Path Databases
— Construction: Ordering | H| A | F | J|I|B|G|D]|C]|E
. H * A F F F F F F F E
= First move table: A A~ H O | H|H| B B O 0
— [A -J]:indicates the optimal first ] F | F FI* | T |DIDID|CIE
move.

— *:wildcard symbol [2].
= Compression:
— Depth first search order [3].

— Run length encoding [3]

(|e Row H: 1A’ 3F’ 1OE) From the source node H, the first move on the optimal path to any node
are A (red), E(orange) and F (purple).
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Compressed Path Databases (CPD) Heuristic [1]

= Compressed Path Databases

— Construction: Ordering | H| A | F|J|I|B|G|D]|C]|E
] H * A | F F | F F F | F F | E
= First move table: A H|* H| H|H H|H|H | H|H
— [A -J]:indicates the optimal first ] F | F FI* | T |DIDID|CIE

move.
— *:wildcard symbol [2].
= Compression:
— Depth first search order [3].

— Run length encoding [3]

(|e Row H: 1A’ 3F’ 10E) From the source node H, the first move on the optimal path to any node
are A (red), E(orange) and F (purple).

— First move extraction:

= A binary search over compressed
RLE string.



Background 7, MONASH
o University

Compressed Path Databases (CPD) Heuristic [1]

= Compressed Path Databases

— Construction: Ordering | H | A |F |J|T|B|G|[D|CJE
. H * A F F F F F F F E
= First move table: A H|* | H|H|H|H|H|H|H|H
J F F F * I D D D C E

= Compression:

— First move extraction:

= A binary search over compressed
RLE string.

= Reverse Path Databases

From the source node H, the first move on the optimal path to any node
are A (red), E(orange) and F (purple).
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Compressed Path Databases (CPD) Heuristic [1]

= Compressed Path Databases

— Construction: Ordering | H | A |F |J|T|B|G|[D|CJE
. H * A F F F F F F F E
= First move table: A H|* | H|H|H|H|H|H|H|H
J F F F * I D D D C E

= Compression:

— First move extraction:

= A binary search over compressed
RLE string.

= Reverse Path Databases

_ H . From the source node H, the first move on the optimal path to any node
ConStrUCtlon * are A (red), E(orange) and F (purple).

= Reverse first move table [4].

Ordering | H | A | F | J | I | B | G|D| C|E
H H|H|H|F J G [D J J H
A A|A|H|F J G| D J J H
] F|H | ] ] ] G| D | ] ]

A reverse first move table which records the forevery d € V, the first
move on the shortest path fromdtos
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Compressed Path Databases (CPD) Heuristic [1]

= Compressed Path Databases

— Construction: Ordering | H | A |F |J|T|B|G|[D|CJE
. H * A F F F F F F F E
= First move table: A H|* | H|H|H|H|H|H|H|H
J F F F * I D D D C E

= Compression:
— First move extraction:

= A binary search over compressed
RLE string.

= Reverse Path Databases

_ H . From the source node H, the first move on the optimal path to any node
ConStrUCtlon * are A (red), E(orange) and F (purple).

= Reverse first move table [4].

. . Ordering | H | A | F |J | I | B |G |D|C|E
— First move extraction: H H|H|H|F|J]|G]|]D|J]J][H
= Accessing the first move in O(1). ‘;* ‘; ﬁ Ij 1; 3 g B ; ; I;I

A reverse first move table which records the forevery d € V, the first
move on the shortest path fromdtos
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Compressed Path Databases (CPD) Heuristic [1]

= Compressed Path Databases

— Construction: Ordering | H | A |F |J|T|B|G|[D|CJE
. H * A F F F F F F F E
= First move table: A H|* | H|H|H|H|H|H|H|H
J F F F * I D D D C E

= Compression:

— First move extraction:

= A binary search over compressed
RLE string.

= Reverse Path Databases

_ H . From the source node H, the first move on the optimal path to any node
ConStrUCtlon * are A (red), E(orange) and F (purple).

= Reverse first move table [4].

. . Ordering | H | A | F |J | I | B |G |D|C|E
= Accessing the first move in O(1). ‘;‘ ‘; ﬁ I;I 1; g g g ; ; I;I
[ | H e u rIStI C: A reverse first move table which records the for every d € V, the first

move on the shortest path fromdtos

— The shortest path extracted from
CPD between s and d is a valid
lower-bound.
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= Time Dependent Contraction
Hierarchy:
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Time Dependent Contraction Hierarchy (TCH) [5]

= Time Dependent Contraction
Hierarchy:

— Construction:
= Apply a total lex order L.

The lex order L is the alphabetical order shown in the figure.
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Time Dependent Contraction Hierarchy (TCH) [5]

= Time Dependent Contraction
Hierarchy:

— Construction:

= Apply a total lex order L.
= Contraction:

— W.rt. L, choose the least node v

We show the result for contracting nodes E and F in purple, and D in
from the graph- red. Dashed edge are the shortcut edges.
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Time Dependent Contraction Hierarchy (TCH) [5]

= Time Dependent Contraction
Hierarchy:

— Construction:

= Apply a total lex order L.

= Contraction:

— W.rt. L, choose the least node v
from the graph.

— Add a shortcut edge (u, w)
between each pair of in-
neighbour u and out-neighbour
w of v:

» v<pu&v<,w
» JtET,vEsp(uwt).

Travel Time

Travel Time

(=2
(=]

£
(=]

N
(=]
!
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University

o TTF of edge HF (fHF & fFH)

1(0,20) (100,20) (160,(2108)0.3

v

(120,10) (140,10

Travel Time

o 30 60 90
TTF of edge JID (fip & fp))

120 150 180

<(0,30) (60,30) (180,30
(90,10) (170,10

0 30 60 90

120 150 180

0 TTF of edge FJ (fg & fjF)

N
(=]

(<))
(=]

Travel Time
-y
(=]

<(0,30)(50,30) (11e,30) (180,30

PN T

(70,10)(90,10)

@ 30 60 90

120 150 180

TTF of edge DG (fpg & fgp)

e, 40)

N
(=]
L

(100,40) (180,40

($_

(170,10

0 T T "
0 30 60 90

120 150 180

We show the result for contracting nodes E and F in purple, and D in
red. Dashed edge are the shortcut edges.
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Time Dependent Contraction Hierarchy (TCH) [5]

= Time Dependent Contraction
Hierarchy:
— Construction:

= Apply a total lex order L.

= Contraction:

— W.rt. L, choose the least node v
from the graph.

— Add a shortcut edge (u, w)
between each pair of in-
neighbour u and out-neighbour
w of v:

» v<pu&v<w
» JtET,vEsp(uwt).
— When add a shortcut edge (u,w)
the TTF is computed as
» fuw = fuv o fvwor fuw =
min(fuw’, fuv o fow)if
parallel edges existed.

Travel Time
>
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N
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(=]

80

(=2
(=]
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)

TTF of directed edge HJ (fyy
(0,40) (40,40) (80,40) (180,40
i D
(50,30)(70,30)
@ 30 60 90 120 150 180
TTF of directed edge JG (fig
(0,70) ___(60,70) (180,70
(90,50) \170,50/
(140,20)(160,20
@ 30 60 90 120 150 180

Travel Time
-y

8

(<))
(=]
L

N
(=]
L

Travel Time
-y

0

(=]
L

(=]

TTF of directed edge JH (fju)

N\

(70,30) (lo00,30)

(0,40) (60,40) (110,40)(180,40

/

0

30

60
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TTF of directed edge GJ (fg))

120 150 180

(©,79)

(180,70
20,70)
(50,50) (100,50)

(170,40)

(150,20)"
(160,20

]

30

60

90

120 150 180

We show the result for contracting nodes E and F in purple, and D in
red. Dashed edge are the shortcut edges and their corresponding TTFs
are shown in the figure below.



MONASH

Background o
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= Time Dependent Contraction
Hierarchy:
— Construction:
— Search algorithm (BTCH):

TTF of directed edge HJ (fyy) 80TTF of directed edge JH (fiy)

0
[}
E60 260
= 1(0,40) (40,40) (80,40) (180,40) — _ 1(0,40) (60,40) (110,40)(180,40
~40 p——— ST T s Gl Lo o
v ./ v X /
8,0] (50,30)(70,30) 856 (70,30) (100,30)
- -
0 —_— 0 EEEEE NN NS
@ 30 60 90 120 150 180 @ 30 60 90 120 150 180
TTF of directed edge JG (fig) TTF of directed edge GJ (fg))
80 70,70) _ (60,70) (180,70 8o (2.79) (180,70
g g 20,70)
5607 N\ / 5607 (50,50) (160,50)
a0 (90,50) (170,50) a0 (170, 40)
: :
:ZGA —_ :20‘ (150,20)""
(140,20)(160,20 (160,20
0 B S A b A b 0 SN NN .
© 30 60 90 120 150 180 © 30 60 90 120 150 180

We show the result for contracting nodes E and F in purple, and D in
red. Dashed edge are the shortcut edges and their corresponding TTFs
are shown in the figure below.



MONASH

Backgrouna University

Time Dependent Contraction Hierarchy (TCH) [5]

= Time Dependent Contraction
Hierarchy:
— Construction:

— Search algorithm (BTCH):
= Bi-directional search:

Start Destination

TTF of directed edge HJ (fyy) 80TTF of directed edge JH (fiy)

0
[}
E60 260
= 1(0,40) (40,40) (80,40) (180,40) — _ 1(0,40) (60,40) (110,40)(180,40
~40 p——— ST T s Gl Lo o
v ./ v X /
8,0] (50,30)(70,30) 856 (70,30) (100,30)
- -
0 —_— 0 EEEEE NN NS
@ 30 60 90 120 150 180 @ 30 60 90 120 150 180
TTF of directed edge JG (fig) TTF of directed edge GJ (fg))
80 70,70) _ (60,70) (180,70 8o (2.79) (180,70
g g 20,70)
5607 N\ / 5607 (50,50) (160,50)
a0 (90,50) (170,50) a0 (170, 40)
: :
:ZGA —_ :20‘ (150,20)""
(140,20)(160,20 (160,20
0 B S A b A b 0 SN NN .
© 30 60 90 120 150 180 © 30 60 90 120 150 180

We show the result for contracting nodes E and F in purple, and D in
red. Dashed edge are the shortcut edges and their corresponding TTFs
are shown in the figure below.
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Time Dependent Contraction Hierarchy (TCH) [5]

= Time Dependent Contraction
Hierarchy:
— Construction:

— Search algorithm (BTCH):
= Bi-directional search:

Start Destination
— Forward direction: 0TTF of directed edge HJ (fy) 80TTF of directed edge JH (fj)
» Run a time-dependent Dijkstra  Zeo 60 |
. . = ,40) (40,4 ,4 180,4 = 0,40) (60,40) (110,40)(180,40
SearCh ConSIderlng Only the §40‘(0 0)(\0 0)/(80 0) (180,40 ﬁ4°‘( ) ( 3 ) | g )N
| > —
outgoing edges in E. EZO (50,30)(70,30) £ (70,30) (100,30)
0 T T T T T 0 T T T T T
@ 30 60 90 120 150 180 @ 30 60 90 120 150 180
TTF of directed edge JG (fig) TTF of directed edge GJ (fg))
80 70,70) _ (60,70) (180,70 (2.79) (180,70
gﬁﬁh \ / 260< 20,70)
[~ fa (50,50) (100,50)
=40 (90,50) \170,50/ 540 (170,40)
7 7
£20 —_ 20 (150,20)""
- (140,20)(160,20) * (160,20
0 , , , : , 0 , , , , i
@ 30 60 90 120 150 180 0 30 60 90 120 150 180

We show the result for contracting nodes E and F in purple, and D in
red. Dashed edge are the shortcut edges and their corresponding TTFs
are shown in the figure below.
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Time Dependent Contraction Hierarchy (TCH) [5]

= Time Dependent Contraction
Hierarchy:
— Construction:

— Search algorithm (BTCH):
= Bi-directional search:

Start Destination
— Forward direction: 0TTF of directed edge HI (fiy) 80TTF of directed edge JH (f)
» Run a time-dependent Dijkstra  £eo 60 |
H . = (0,40) (40,40) (80,40) (180,40 = (0,40) (60,40) (110,40)(180,40
search considering only the R amnn 7 anene BTL) o NG amm—
. . I I B0 | 70,30) (100,30
outgoing edges in E. L2071 (30,30)(70,30) L£20 N
. . T T T T T 0 T T T T T
— Backward direction: 0 30 60 90 120 150 180 6 30 60 90 120 150 180
. . TTF of directed edge JG (fig) TTF of directed edge GJ (fg))
» Run a static Dijkstra search Rl O B GOt n s B (5 e (186,75
considering only the incoming  See1 NG /| Seo \res 56y 7186, 58) /
edges in E\,. Meanwhile, mark g4 (96.56) \170'5‘7 340 (176, 48]
220 — £20 1 -
the edge traversed as Etrv. £ e el = as0,2000-¢
0 T T T T T 0 T T T T T
0 30 60 90 120 150 180 0 30 60 90 120 150 180

We show the result for contracting nodes E and F in purple, and D in
red. Dashed edge are the shortcut edges and their corresponding TTFs
are shown in the figure below.
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Time Dependent Contraction Hierarchy (TCH) [5]

= Time Dependent Contraction
Hierarchy:
— Construction:

— Search algorithm (BTCH):
= Bi-directional search:

Start Destination
— Forward direction: 0TTF of directed edge HI (fiy) 80TTF of directed edge JH (f)
» Run a time-dependent Dijkstra  £eo 60 |
[ [
search considering only the a0 201 30.40) (89,40) (190,408 4 [220) (ERGEOD (112,40)0000,49
> et > —
i i ’ ’ ©20- 0,30 00,30
outgoing edges in E. L2041 (50,30)(70,30) £20 (78,38} (184, 70)
— Backward direction: °0 30 60 0 120 150 180 0 30 60 90 120 150 180
s TTF of directed edge JG (fiG) TTF of directed edge GJ (fg)
» Run a static Dijkstra search 0,70 60, 70) CERT B G A (183,76
considering only the incoming  See+ NG /| 5601 '(50,50) (100,50) /
edges in EJ,. Meanwhile, mark g4 ot \170'57 Che \§BAY,
220 — £20 1 -
the edge traversed as Etrv. £ e el = (150,204
— When the search meet at k: 0 30 60 90 120 150 180 o 30 60 98 120 150 180

We show the result for contracting nodes E and F in purple, and D in
red. Dashed edge are the shortcut edges and their corresponding TTFs

° de(S,k) + upper(k,d) are shown in the figure below.

» Compute the upper-bound

» Compute the lower-bound
* fwd(s,k) + lower(k,d)
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= Time Dependent Contraction
Hierarchy:
— Construction:

— Search algorithm (BTCH):
= Bij-directional search:

Start Destination
u Forward Search: 0TTF of directed edge HJ (fyy) 80TTF of directed edge JH (fiy)
()] (V]
— i £60 - 560
Insertmg each apex nodes k back e (0,40) (40,40) (80,40) (180,40 = 1(0,40) (60,40) (110,40)(180,40
to queue P X A /X AT
. o > =
q Ezo (50,30)(70,30) ®0 1 (70,30) (160,30)
- -
0 T T T T T 0 T T T T T
© 30 60 90 120 150 180 © 30 60 90 120 150 180
TTF of directed edge JG (fig) TTF of directed edge GJ (fg))
80 70,70) _ (60,70) (180,70 8o (2.79) (180,70
g ] \ / 260< 20,70)
%0 A (50,50) (100,50)
=40 (90,50) \170,50/ =40 (170,40)
7 7
:ZGA —_ :20‘ (150,20)""
(140,20)(160,20 (160,20
(] : : : , : 0 : : : ; ;
® 30 60 90 120 150 180 @ 30 60 90 120 150 180

We show the result for contracting nodes E and F in purple, and D in
red. Dashed edge are the shortcut edges and their corresponding TTFs
are shown in the figure below.
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Time Dependent Contraction Hierarchy (TCH) [5]

= Time Dependent Contraction
Hierarchy:
— Construction:

— Search algorithm (BTCH):
= Bij-directional search:

Start Destination
= Forward SearCh: 0TTF of directed edge HJ (fy)) 80TTF of directed edge JH (fy)
()] (V]
_ i £60 £60 1
Insertmg each apex nodes k back 2 (0,40) (40,40) (80,40) (180,40) '~ _1(0,40) (60,40) (110,40)(189,48
to queue BTN S | TN A
q ) EZO (50,30)(70,30) EZOA (70,30) (100,30)
— Continue the forward time- oI T[] 8+
B @ 30 60 90 120 150 180 6 30 60 90 120 150 180
dependent DIJkStra SearCh by 80TTF of directed edge JG (fjc) 80TTF of directed edge GJ (fg)
considering only the edges Etrv. , o190 .70 (s,70) - " §0.20)5q,70) R
5607 N\ / 5607 (50,50) (160,50)
Z a0 (90,50) (170,50) a0 (170,40)
/| 3
:ZGA —_ :20‘ (150,20)""
(140,20)(160,20 (160,260
0 , : , , : 0 : : , , ]
@ 30 60 90 120 150 180 6 30 60 90 120 150 180

We show the result for contracting nodes E and F in purple, and D in
red. Dashed edge are the shortcut edges and their corresponding TTFs
are shown in the figure below.
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Time Dependent Contraction Hierarchy (TCH) [5]

= Time Dependent Contraction
Hierarchy:
— Construction:

— Search algorithm (BTCH):
= Bij-directional search:

Start Destination
u Forward SearCh: 0TTF of directed edge HJ (fy) 80TTF of directed edge JH (fj)
(1] [}
—_ i 560 E60
Inserting each apex nodes k back 10 (0:40) (40,40) (80,40) (180,40 " 40 1(0:49) (60,40) (110,40)(180,40
&K A R &, A
tO queue- EZO (50'30770'30) EZO‘ (70,30) (100,30)
- =
— Continue the forward time- o L] o L[]

B @ 30 60 90 120 150 180 @ 30 60 90 120 150 180
dependent DIJkStra SearCh by 80TTF of directed edge JG (fjc) 80TTF of directed edge GJ (fg)
considering only the edges Etrv. gw‘m “’{7‘” ‘18°'7°/ gse}y"be,m) ‘18"'77

[~ fa (50,50) (100,50)
= Extract the path and unpack. g0 o850 \”‘*'5‘7 340 \WRay
=20 (140,20)(160,20 =20 (150'2?;.6(-),20
0 30 60 90 120 150 180 0 30 60 90 130 150 180

We show the result for contracting nodes E and F in purple, and D in
red. Dashed edge are the shortcut edges and their corresponding TTFs
are shown in the figure below.
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Improving TCH using Heuristic
* Combing BTCH with landmark:
— Bi-directional search: Ordering | H |A | F |3 |I|B|G|D|C|E
* landmark heuristic 6]; N s o e IR
d(1,),d(,1) |20 | 25|10 0 (203020 |10 20|20

An example of static graph, where the travel cost of each edgeis the
free-flow cost of corresponding TTF.
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Improving TCH using Heuristic
* Combing BTCH with landmark:
— Bi-directional search: Ordering | H |A | F |3 |I|B|G|D|C|E
* landmark heuristic 6] N s o e IR
_ Iandmark(vi,vj)=maxIEL{max d(1,),d(,1) |20 | 25|10 0 (203020 |10 20|20

(d(vi,l) = d(vj,1), d(I,vi) = d(l,vj))}

An example of static graph, where the travel cost of each edgeis the
free-flow cost of corresponding TTF.
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Improving TCH using Heuristic
* Combing BTCH with landmark:
— Bi-directional search: Ordering JH) A | F |3 JTI]B|G|D|C|E
* landmark heuristic 6]; N ks s
_ Iandmark(vi,vj)=maxIEL{max d@3,),d(,]) f208 25 (10 | O fF20§ 30 | 20 | 10 | 20 | 20

(d(vi,l) = d(vj,1), d(I,vi) = d(l,vj))}

— E.g., landmark(H,l) = max(|5 - 45|,
150 - 15, |20 - 20]) = 35

An example of static graph, where the travel cost of each edgeis the
free-flow cost of corresponding TTF.
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Improving TCH using Heuristic
* Combing BTCH with landmark:
— Bi-directional search: Ordering | H |A | F |3 |I|B|G|D|C|E
* landmark heuristic 6]; N s o e IR
_ Iandmark(vi,vj)=maxIEL{max d@3,),d(,3) (20 ({25 (10| O [20 |30 |20 |10 |20 |20

(d(vi,l) = d(vj,1), d(I,vi) = d(l,vj))}

— E.g., landmark(H,l) = max(|5 - 45|,
|50 - 15/, |20 - 20]) = 35

— Forward search:

= Heuristic:

_ Directly reuse th e |OW€ r-bound An example of static graph, where the travel cost of each edgeis the
free-flow cost of corresponding TTF.
computed by backward search.
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* Combing BTCH with landmark:

Forward TCH Search with
CPD-based Heuristic:

— Forward TCH Search:
= Up-then-Down Policy.
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Deconstructing the TCH-path gives following three cases: (i) up TCH-
path: <H, J>; (ii) up-down TCH-path: <H, J, I>; (iii) down TCH-path: <H, E>.
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* Combing BTCH with landmark:

= Forward TCH Search with
CPD-based Heuristic:

— Forward TCH Search:
= Up-then-Down Policy.
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The up-then-down policy: the up successor J of E is pruned, because the
predecessor H is lexically larger than E. (i.e., h > E).

© 30 60 90 120 150 180
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* Combing BTCH with landmark:

= Forward TCH Search with
CPD-based Heuristic:

— Forward TCH Search:

= Up-then-Down Policy
— Heuristic:
= TCH-CPD heuristic.

An example of static TCH, where the travel cost of each edge is the free-
flow cost of corresponding TTF.
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* Combing BTCH with landmark:
= Forward TCH Search with Ordering | H | A [ F |3 | I B |G |D|C|E
CPD-based Heuristic: N AN AN ARARASARARAE.
J H F F ® I G G D C E

— Forward TCH Search:

= Up-then-Down Policy.
— Heuristic:

= TCH-CPD heuristic.

— Construction:

» Run a modified Dijkstra search to  From the source node H, the optimal first move to any node are A (red),
compute first move on the E(orange), F (purple) and J (pink)
optimal TCH-path.
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* Combing BTCH with landmark:
= Forward TCH Search with Ordering | H | A [ F |3 | I B |G |D|C|E
CPD-based Heuristic: N AN AN ARARASARARAE.
J H F F ® I G G D C E

— Forward TCH Search:

= Up-then-Down Policy.
— Heuristic:

= TCH-CPD heuristic.

— Construction:

» Run a modified Dijkstra search to  From the source node H, the optimal first move to any node are A (red),
compute first move on the E(orange), F (purple) and J (pink)
optimal TCH-path.

» Compress by following the same
procedures as CPD.
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* Combing BTCH with landmark:
= Forward TCH Search with Ordering | H | A [ F |3 | I B |G |D|C|E
CPD-based Heuristic: N AN AN ARARASARARAE.
J H F F ® I G G D C E

— Forward TCH Search:

= Up-then-Down Policy.
— Heuristic:

= TCH-CPD heuristic.
— Enhancement:

From the source node H, the optimal first move to any node are A (red),
E(orange), F (purple) and J (pink)
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Improving TCH using Heuristic
* Combing BTCH with landmark:
= Forward TCH Search with Ordering | H | A [ F [ ) | T [B[G|D]|C|E
CPD-based Heuristic: FTF [ FFFFFFFF
J T | T|T * T | T[T | T|T]|T

— Forward TCH Search:
= Up-then-Down Policy.

— Heuristic:
= TCH-CPD heuristic.
— Enhancement:
. From the source node H, the downward reachable and non-reachable
= Downward successor pruning: nodes are colored in red and grey respectively.

— Reachability Oracle.
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Improving TCH using Heuristic

* Combing BTCH with landmark:

= Forward TCH Search with
CPD-based Heuristic:
— Forward TCH Search:
= Up-then-Down Policy.
— Heuristic:
= TCH-CPD heuristic.
— Enhancement:

= Downward successor pruning:
— Reachability Oracle.

— During the search, prune the

unreachable down successors.
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The down successor E and F are pruned, because there exists no down
path from E or F can reach the destination B.
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* Combing BTCH with landmark:

= Forward TCH Search with
CPD-based Heuristic:
— Forward TCH Search:
= Up-then-Down Policy.
— Heuristic:
= TCH-CPD heuristic.
— Enhancement:

= Downward successor pruning:
— Reachability Oracle.
— During the search, prune the

unreachable down successors.

= Cost Caching.
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When compute the heuristic, we cache distance on each node when
extracts the path from H to B.
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* Combing BTCH with landmark:

= Forward TCH Search with
CPD-based Heuristic:
— Forward TCH Search:
= Up-then-Down Policy.
— Heuristic:
= TCH-CPD heuristic.

— Enhancement:

= Downward successor pruning:
— Reachability Oracle.
— During the search, prune the

unreachable down successors.

= Cost Caching.
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When compute heuristic for node F, the path extraction terminate at J
as we already recorded the distance from J to B.
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* Combing BTCH with landmark:
= Forward TCH Search with Ordering | H | A [ F |3 | I B |G |D|C|E
CPD-based Heuristic: N AN AN ARARASARARAE.
J H F F ® I G G D C E

— Forward TCH Search:
= Up-then-Down Policy.

— Heuristic:
= TCH-CPD heuristic.
— Enhancement:
. From the source node H, the optimal first move to any node are A (red),
= Downward successor pruning: E(orange), F (purple) and J (pink)
— Reachability Oracle.
. h h h Ordering | H | A | F|J | I|[B|G|[D|C]|E
— During the search, prune the = R DR RE
unreachable down successors. A A|A|H|F|J|[G|J1[1[1H
] J H | 3] ] J 1 G| ] ] ] ]

= Cost Caching.

A reverse first move table which records the forevery d € V, the first

= Reverse TCH path database. move on the shortest path fromdto s
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Improving TCH by splitting the time domain
» Drawbacks of TCH:

— TTF stores all interpolate points for
entire T, thus are harder to evaluate.
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We show the result for contracting nodes E and F in purple, and D in
red. Dashed edge are the shortcut edges and their corresponding TTFs
are shown in the figure below.
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Improving TCH by splitting the time domain
» Drawbacks of TCH:

— TTF stores all interpolate points for
entire T, thus are harder to evaluate.

— Shortcut edge are added for entire T,
may be unnecessary forT' € T.
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Assume a TCH is built for T =[ 0, 120], contracting the node D cannot
add the shortcut JG, as <J,I,G> is a shorter path than <J,D,G> (i.e., 20 +
10 < min(fID © fDG)).
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» Drawbacks of TCH:
= Single layer TCH (STCH):

— Divide the time domain T into n
buckets.
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24 hourly TCHs with T' = 1+4 hours.
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Improving TCH by splitting the time domain

» Drawbacks of TCH:
= Single layer TCH (STCH):

— Divide the time domain T into n
buckets.

— Built a TCH for each bucket:

C T =T/, G

24 hourly TCHs with T' = 1+4 hours.
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Improving TCH by splitting the time domain

» Drawbacks of TCH:
= Single layer TCH (STCH):

— Divide the time domain T into n

buckets.
— Built a TCH for each bucket:

T =T/n+ U, D
— Query: I

= Assign queries to the ASS‘Q"“‘”"“I l l l
corresponding TCH.

24 hourly TCHs with T' = 1+4 hours.



Our Approach
Improving TCH by splitting the time domain

@ MONASH
University

» Drawbacks of TCH:
= Single layer TCH (STCH):
= Multi layer TCH (MTCH):
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Improving TCH by splitting the time domain

» Drawbacks of TCH:
= Single layer TCH (STCH):
= Multi layer TCH (MTCH):

— Root layer:
= Build a full TCH and TCH-CPD.

v
24 hourly TCHs with T' = 1+4 hours.

v
24 hourly TCHs with T' = 1+2 hours.
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Improving TCH by splitting the time domain

» Drawbacks of TCH:
= Single layer TCH (STCH):
= Multi layer TCH (MTCH):

— Root layer:
= Build a full TCH and TCH-CPD.

— For each layer under root layer:
= Build STCH with any arbitrary U. Root layer

v
24 hourly TCHs with T' = 1+4 hours.

v
24 hourly TCHs with T' = 1+2 hours.
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Improving TCH by splitting the time domain

» Drawbacks of TCH:
= Single layer TCH (STCH):
= Multi layer TCH (MTCH):

— Root layer:
= Build a full TCH and TCH-CPD.

¢

— For each layer under root layer: *
= Build STCH with any arbitrary U. Root layer
— Query: S
= TCH-CPD to compute an - .
upper-bound U(s,d). 24 hourly TCHs with T = 1+4 hours.
2 hours lay
24 hourty TCHa Wi T = 172 hours,
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» Drawbacks of TCH:
= Single layer TCH (STCH):
= Multi layer TCH (MTCH):

— Root layer:
= Build a full TCH and TCH-CPD.

— For each layer under root layer:
= Build STCH with any arbitrary U. Root layer

q MONASH
University

D

- QU e ry: 4 hours layer

= TCH-CPD to compute an - M B
upper-bound U(S,d) 24hourIyTCst'ithT'=1+4hours.

= Assign queries to the TCH with Al
minimal T’ that covers [t, t+U(s,d)] % Fael  feaiany =

v
24 hourly TCHs with T' = 1+2 hours.
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= Experimental Results:

— Benchmarks:

= Real-world time-dependent road
network [7].

Real-world dataset: New York. The edges that have TTF are colored in
red.
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= EXxperimental Results:
— Preprocessing cost:
Build Time (Mins) Memory (MB)
Map | #V | #E TCH STCH MTCH TCH STCH MTCH
[CPD[TCPD[RTPD |- [TCPD[- [TCPD|- [CPD[TCPD[RTIPD|- [TCPD|- [TCPD

NY [96k [ 260k [ 1.72]2.92 [2.94 [3.21 [2.99[31.87 [9.04]95.12 [269[346 [353 [9596 [1279[3286 [3193]9198
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= EXxperimental Results:
— Preprocessing cost:
Build Time (Mins) Memory (MB)
Map | #V | #E TCH STCH MTCH TCH STCH MTCH
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