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Space vs. Stretch vs. Query Time
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APASP/Preprocessing (Dense Graphs)
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| andmarks and Balls
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Keefs 'stances toallnp Iandmark intersecting balls,
halls (all nodes closer tRarr EerEer Tandmark expected size [/P

expected size |/p; use ball or tnangulate)



APASP/Preprocessing (Dense Graphs)
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Dominating Sets

each node or a neighbor is in the dominating set

[y 7

Aingworth, Chekuri, Indyk, Motwani
(SODA 1996)

Dominating Set for
High-Degree Noaes deg(v) >0

Size: ~n/8




How to exploit Dominating Sets

Berman, Kasiviswanathan (WADS 2007)
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for§=n,n/2,n/4,...n/2" ..
High-Degree Nodes deg(v) >0
Dominating Set, size ~n / &

BFS Tree from each dominator

in low-degree graph deg(v) < 28

store distances to all dominators

nearest dominator: landmark



How to exploit Dominating Sets

Berman, Kasiviswanathan (WADS 2007)
for§=n,n/2,n/4,...n/2" ..
High-Degree Nodes deg(v) > &
Dominating Set, size~n/ §

BFS Tree from each dominator R Y Y ~~.....,.
in low-degree graph deg(v) < 28 o @
t
store distances to all dominators S .
edge uv has highest degree
nearest dominator: landmark among edges on shortest ¢-t path

(will return min among all levels §)



for§=n,n/2,n/4,...n/2" ..
High-Degree Nodes deg(v) >0
Dominating Set, size ~n / &

BFS Tree from each dominator

in low-degree graph deg(v) < 28

store distances to all dominators

triangulate via L{g)
dig,Lle)t) € 2{xHHx+HH+y < 2d+

nearest dominator: landmark



log n levels
A can't afford to query all log n levels
. but don't know deg(uv)
for§=n,n/2n/4, ...n/2 ... SR 9(

High-Degree Nodes deg(v) >0
Dominating Set, size~n/ § timem + nd

BFS Tree from each dominator

: : 2
in low-degree graph deg(v) < 28 -0 edges, hence time n

store distances to all dominators stop at 0 = n[/g

n“/8 space nandle remaining
sparse grapn separately
Baswana, Goyal, Sen, 2005

nearest dominator: landmark



log n levels

can't afford to query all log n levels

Tight. (Abboud
and Bodwin,
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Portal Selection

Landmark at level n/2' is a portal for &

store distances to all dominators
if itis closer than all landmarks at \eve\SJ <.

nearest dominator: landmark Keep neare , 3 ortals per node.
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Portal Selection

Landmark at level n/2' is a portal for Q

if it is closer than all landmarks at Ieve\sj <1

| > j means that the BFS from L'(c) p V."'u.., Y

U
o,
o,
o,

runs in a subgraph of
the BFS from Ul(g)

.‘.

better to triangulate via U(g)

unless d(Q,U(Q)) < d(g, U(Q)) tr|aﬂgU‘ate Vid L (Q)

dle,Ule)t) € 2{x+HHx++y < 2d+



B/2.= 3 Portals

Landmark at level n/2" is a portal for g

if it is closer than all landmarks at Ieve\sj <.
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Preprocessing

compute (.6) spanner [Woodruff]

for§=n,n/2,n/4, ... n/Zi, ..h

/3

High-Degree Nodes deqg(v) > §
Dominating Set of size n/ §

BFS Tree from each dominator

N

P

low-degree graph deg(v) < 28
us edges of spanner

store distances to all dominators
nearest dominator: landmark

for each node: nearest 3 portals

/3

compute oracle for deglv) < 2n  graph
[Baswana, Goyal, Sen]

Query dlg 1)

return Min among

6 triangulations via top 3 portals
and estimate from sparse oracle
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