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Motivating Example

i Flight route map between cities. We want to travel
from Seattle to San Antonio.
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Motivating Example
_

i For a helicopter with range ~500km, there is no
path from Seattle to San Antonio any more:

Major Cities



Our Aim

Build a structure such that given:
Starting place A, Destination B
Leg bound L (Maximum range for one edge)
We can find the following immediately
Reachability (Whether B is reachable from A)

Distance
Shortest Path



Definition
1

4 In a weighted graph G,-Bounded Leg Shortes
Pathis the shortest path in the subgraph of G
restricted to edges
A A (1+8)-approximation of d means:OD 6™ B & 0

From Ato B, L=9 From Ato B, L=8

Distance=20 Distance=21

We can use the right (o}
path to approximate
the left path when | N9

1 O .,..,.,..,.,..,..,..,.,.




Work Summary BLSP

BLSP Oracles:

Algorithms
Forarbitrary graph:

Running Time

Lower bounds if no
addition in query

Approximation

Rodittyand Segal [2007] | O(rf) O(re®) (during | 1+¢
construction)

Trivial O(rt) O(-trelogn) 1+

Trivial O(rt) O(rf) 1

Our algorithm O@E1rilog®n) O(-1rflogn) 1+8

Only for graphs in edimensiondl, metric space:

Rodittyand Segal [2007]

O(r*(log®n+8-9log?n)) | O(-1rtlogn)

1+

n- number of vertices, m- number of edges, (>0




Work Summary BLSP

Comparison of the complexity of algorithms

Algorithms Running Time Space Approximati
on

Our algorithm OE-r’log®n) O(-1relogn) 1+8

Our algorithm (For sparggaphs): | O(-1rem-2) O(-1relogn) 1+

For theoriginal APSP problem:

T.M.Chaf007] O(rtlog®log n/log®n) | O(r?) 1




Work Summary Reachabillity

Boundedeg Reachability Oracles for planar
digraphs:

Bounded Space Query Time
Leg? Complexity
Our Structure Yes O(kr+1/k) O(rfkDr2ky
Thorud2004] No O(nlogn) O(1)
Klein [2002] No O(¢-1nlog n) o)

(undirected distance)




BLSP Oracles

Two Facts:
When L decreases, the distance will increase.

All BLSPs between a pair of vertices are in the
range [d,(R1)d]
d- the distance in the whole graph




Why Only O(1) Space?

For a (1+#)-approximation for any L, only
log1.«(N1) entries needed for a pair of
vertices. Total spac@®(t-1r¥logn).




Trivial Algorithm

Trivial Algorithm :
Insert all edges to (V@) in increasing order

For every pair, check if distance changes when inserting €
iIf U(u,x) + length(x,y) + t(y,v) < u(u,v) then
G( u, wiQu,x) ¥ length(x,y) + t(y,v)
Running time: CHn

e




Precise BLSP Oracle?

How much space needed foractBLSP oracles?

There can be up to(r?) pairs of vertices having
U(r®) different BLSP, so the total space caruie)
If no additions or subtractions performed in a query



An Example
S

Consider the distance from a to b under different leg bound

1 2k-3

4k+1

4k 4k 2k+1




An Example




An Example
_

The distances from any x in X to any y in Y will change k? times
IXI=[Y]=]Al=k




Notations

Sort all the edges in G=(V, E) by length in
Increasing order

E={e.&, €€

The subgraph contains the first a edges:

{el’ez, é a} €

Defined,(u,v) to be real distance fromutovin G

Define d(u,v) to be an approximation of,(u,v).



Our Work-Fundamental

A simplified algorithm with running ti@€&-n’log3n)
generating an1+¥)-approximate BLSP oracles.

For a pair (u,W)Vl V, we merely compute Igg.(n-1)
BLSPs to approximate others, call thegjpnesentative
entries

Reason: If a<b and g u , v ¥)df,v), then we can usg(ua,v)
toestimateanyd u, v) for aOxOb.

dp(UY~da(U,Y/(1+ ¥)  d(u,Y~dp(u,y/(1+ )

Unreachable G, G,

G

Leg Bound Increase




Highlevel Description

Binary Search to find representative entries

Modified-Floyd algorithm
Merely compute selected pairs of vertices
With the input of approximate distances of other pairs

Recursive Binary Search to find the paths



I\/Iain Sketch

1(U,v)/[dm(u,v)>1+€’ Gm
GG
v

G/ém
dq(u,v Id%@(u V :>‘|+g> dzm u,v)/dm (L[j>,v)§1 +¢’
Gym @ We can use d,n(u,v) to

estimate all the BLSPs
of (u,v) in the range
[G‘f’zm:Gm]-
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Main Sketch

For each pair of vertices:

&P: P={pairs of vertices whose distances reduced byj
>1+d0 f actor}

A How to compute the distances in P using the
approximate distances of other pairs?




