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GLS: Grid Location Service

3/5/09

Last lecture: location update/query
for a mobile user.

All nodes are possibly mobile.

Need to support queries for all
nodes.

Objective: balance the load,
scalabllity.

Jie Gao, CSE595-spring09



GLS: Grid Location Service

e Each noc

e Is assignhed a random ID in a

circular space.

e Each noc

e stores/updates its location

Information at a set of location servers,
more at nearby regions, fewer at far away

regions.

 Location guery uses nothing beyond the

ID.

« Two operations, FIND, SEARCH

3/5/09
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Recursive partitioning

 Quad-tree partition: each node is inside a unique
sguare on each level.

Order 1 square

Order 2 square

Order 3 square
3/5/09

Order 4 square




Partitioning the world

order-1 square

. order-2 square

order-3 square

Invariant: a node is located in exactly one square of each size (no overlapping)
An order-x square contains always 4 order-(x-1) squares

3/5/09 Jie Gao, CSE595-spring09



Location servers

Node B’s location
servers: Inside each
sibling square on each
level, choose B’s
closest node.

Node closest to B in
ID space: node with
least ID greater than B

Circular ID space: 2 is
closerto 17 than 7 is.

3/5/09 Jie Gao, CSE595-spring09 6



Location gueries

« A queries the location @rrea 1501 i
00,01
. A 90 38 39
Of B' 151437 1@15?.11 19353045 L4143
53,90, 13352831 518
y . . A
« A’s only information 70 w7l s 55
. 1,62,70,90 1.5:]:5:3?:_35' 1.2:16:3?:62 35,39435,50 1_.9.%5.%?.45
about B Is the ID of B. S88 | 2e %%
91 62 5 51 =11
k h 620198 18,20,21,23 | 1,2,5,6,10,12
‘ A does not know who 2626313 | M161TE2
’ : 1 35/ 19
are B S Iocatlon 14.17,19.20 1.].'-.23.!5-3 217,183,266 QgXB313135 10,20,21,28
21.23.26.57 31324355 [3T.3e 41434550
61,62 51,55,61,62
1‘}.-'_'—".-31.-3% 212 26,87 1._]?.23.!53.51 1;]1._']& IS;]IZI:EEI:EE 6,72,76,54
« Bevendoesn'tknow [T T P S
1 1 3LELOE (31328187 [12.43.45.90 12__43_.-55 1252178 | 6,102 L £,10.12,14
ItS IOC&thﬂ Serve rS. 2001 51.61 £4,57.00.91 Hﬁmh“%@mm
o8
. 32 08 55 61 6 21 20
® HOW to |mp|ement 31324355 (2121417 [12,1417.23 | 2,5,5,10.43 2041 (20212841
51,63,70.72 | 33.26.28.37 | 26.31.32.35 | 55.6L.63,51 73 72,76,51,82
. ,? 75,98 108 37384155 |E7.08
location query” 81| 31 43 12 A:76| 84
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Location gueries

A queries location of B:

A stores location information |:

for some other nodes.

A send the request to the
one that Is closest to B,
among those about which A
has location information.

Continue until hit one of B's
location servers.

This works! Why?

(73727681 |1,5610,12 19353745
ELE4ET 14376270 0L
2091
A 90 38 39
15143 151919.21 18353945 304143
3,00, 2382831 faLm
A
70 37 50 45
1627080 |1.5,0637.30 | 1,2,1637.42 353843550 19,35,39.45
41434590 | 70.00.91 20,51,55.61
£],55,61.91 62,63,70,72
91 62 5 51 811
62,9198 19202123 | 1,2,5.6,10,12
26283132 | 14,1617.82
51,82 £4.57,90,91
1 . 35/ 19
14,17,19.20 217,23,63 |2,17,05,26 J28.313235 10.20,21,28
21232687 31324355 3738 41434530
81,42 51,535,612
26 23 63 41 63,70 72
14233132 (2122687 [1,17,23.63,81 2,12, 14,16 6102021 |6,72,7684
43.55.61.63 |98 E7.88 23,63 13264172
21,5284 76,54
87 14 2l B-17) T~ 28 10
3LE198  [31.328187 [12.434590 (124355  J1.2.52075 ﬁ.m@_‘.-‘?shha.,__ﬁ__a 6.10.12,14
80,91 51,61 B4,87.90.91 .1@19.54
)
32 08 55 61 6 21 20
31324355 (2121417 [12.1417.23 [ 2561043 2041 20212841
§1.63,70.72 23262832 | 26.31.32.35 | 55.6L.63.81 73 72,76,81,82
75,08 £1.08 37.38.41.55 |87.08
51 31/ 43 12 AT6 84
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Location gueries

E2E4E 14.37,62,70 50,5182

Claim: the query visits the
node closestto B in A’s £ 0o ™ 1 s

(7727681 | 1561012 19353745

" 151437 1@1&.11 19353045 L4143
order-1 square. 550 T £ B
Th I t 70 37 50 45
e uer a Wa S OeS O 1,62,70,90 1.5:]:5:3‘?:_39 1.2:16:3?:62 35,39435,50 ;9.;5.;2.45
’ q y y g ﬂi;"él;? 70.50.01 fg:ﬁ;:?ﬂ:?ﬁf}_‘
B’s closest node, as the o1 6 5 S N e ¥
. . o 26283132 | 14,16,17.82
covering scope increases. 1 e e
14_.1:'_.15?_.1? 1.].'-.23.!5-3 217, ._‘21?_ 1%_.31.31.3:':- 1-:1.10.21_%2
The correctness of the alg:  [»»* i L
y . 26 23 63 41 8.70 72
when A’s order-i square A [
81,5284 75,54

contains B, the closestnode | s7 14 2 Bl ™L_ 28 10

3LEL08  |31328187 | 12434590 1243355 1252076 | 610000 6101214
i S B |tS eI.I: T e - §4.87.00.91 w“‘“&@m
. o8

32 98 55 61 6 21 20

31324355 (2121417 [12.1417.23 [ 2561043 2041 20212841

P ro Of by | n d u Ct' O n . It’S 61.63,70,72 | 23.26.28.32 | 26,31,32.35 | 35.61.63.81 7 72,76,81,82

51 31" 43 12 A T6 84

obvious for order-1 square.
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Location gueries

3/5/09

Assume 21 is B’s closest
node in A’s order-2 square
=>» no node is between 17
and 21 in order-1 square.

Suppose a node X in A’s
order-2 sibling square is
between 17 and 21. By the
replication rule, X picks 21
as its location server.

21 stores the location of all
the nodes between 17 and
21 in sibling order-2
square, obviously the one
closest to 17.

(73727681 |1,5610,12 19353745
ELE4ET 14376270 0L
80,51
A 90 38 39
15163 151919.21 18353945 384143
53,00 23,75.28,31 51,82
A
70 37 50 45
1627090 | 15163739 1,216,37.62 35,3945,50 19,35,30.45
41,43.45,50 | 70.90.61 50,51,55,61
51,35,61.81 62,63,70,72
91 62 5 51 811
62,9198 19.2021,23 | 1,2,5,6.10,12
26283132 | 14,16,17,82
51,82 £4,57,90,91
1 _ 35/ 19
14,17,18,20 217,23,63 | 217,826 [28,31,3235 10,20,21,28
11.23.26,57 31320355 fanae 41.43.45,50
81,62 51,33,61,52
26 23 63 41 63,70 72
14233132 [2,12,2687 |1,17,23,63,81 2,12, 1}1,18 6102021 |6,72,76,34
43,55.61,63 |98 ET.9E8 13,63 13264172 O
81,52.84 76,84 X
87 14 2 : 10
31,5188 |31,32.81,87 |12.43.45,50 3,55 2 6.10.12,14
20.91 s1.61 . 10,54
32 08 55 20
31,32.43,55 (2121417 [12.1417.23 | 25610, 0,21,28.41
61,63.70,72 | 23.26.28.32 | 26.31,32.35 | 35, 76,81,82
76,08 E1.98 37,39.41.55 | BT,
51 31/ 43 84
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Inform/update location servers

A can update its location
server inside a square S
without knowing its
identify.

A routes to a square with
geographical routing.
The first node in the
square S performs a
location query of A.

The query ends up at a
node closest to A, who is
A’s location server!

Hidden assumption: the

nodes in S have distributed

3/their locations inside S!

(73727681 |1,5610,12 19353745
ELE4ET 14376270 0L
2091
A 90 38 39
15143 151919.21 18353945 304143
53,00, 2382831 faLm
A
70 37 50 45
1627080 |1.5,0637.30 | 1,2,1637.42 353843550 19,35,39.45
41434590 | 70.00.91 20,51,55.61
£],55,61.91 62,63,70,72
91 62 5 51 811
62,9198 19202123 | 1,2,5.6,10,12
26283132 | 14,1617.82
51,82 £4.57,90,91
1 . 35/ 19
14,17,19.20 217,23,63 |2,17,05,26 J28.313235 10.20,21,28
21232687 31324355 3738 41434530
8152 N\ 51356182
26 23| |63 41\ 70 7)
14233132 (2122687 [1,17,23.63,81 2,12, 14,16 6109021 |[6,72,76.84
43.55.61.63 |98 E7.88 23,63 13264172
21,5284 76,54
87 14 2l B17) 1 28l 10
318198 [31328187 [12434550 124355 1252076 | 6102076 £.10.12,14
80,91 51,61 B4,87.90.91 19,54
)
32 08 55 61 6 21 20
31324355 (2121417 [12.1417.23 [ 2561043 2041 20212841
§1.63,70.72 23262832 | 26.31.32.35 | 55.6L.63.81 73 72,76,81,82
75,08 £1.08 37.38.41.55 |87.08
51 31/ 43 12 AT6 84
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The bootstrapping

3/5/09

When the entire system is
turned on, order-1 squares
exchange their information
with local protocol, then
nodes recruit their order-2
location servers and so
on.

No flooding needed. The
location service is
constructed by
geographical unicast
routing only.

(73727681 |1,5610,12 19353745
ELE4ET 14376270 0L
2091
A 90 38 39
15143 151919.21 18353945 304143
53,00, 2382831 faLm
A

70 37 50 45

1627080 |1.5,0637.30 | 1,2,1637.42 353843550 19,35,39.45
41434590 | 70.00.91 20,51,55.61
£],55,61.91 62,63,70,72

91 62 5 51 811

62,9198 19202123 | 1,2,5.6,10,12
26283132 | 14,1617.82

51,82 £4.57,90,91

1 . 35/ 19

14,17,19.20 217,23,63 |2,17,05,26 J28.313235 10.20,21,28
21232687 31324355 3738 41434530
8152 N\ 51356182

26 23 |63 41\0 s70 7)
14233132 (2122687 [1,17,23.63,81 2,12, 14,16 6109021 |[6,72,76.84
43.55.61.63 |98 E7.88 23,63 13264172
21,5284 76,54

87 14 2l B17) 1 28l 10
318198 [31328187 [12434550 124355 1252076 | 6102076 £.10.12,14

80,91 51,61 B4,87.90.91 19,54
)

32 08 55 61 6 21 20
31324355 (2121417 [12.1417.23 [ 2561043 2041 20212841
§1.63,70.72 23262832 | 26.31.32.35 | 55.6L.63.81 73 72,76,81,82
75,08 £1.08 37.38.41.55 |87.08

51 31/ 43 12 AT6 84
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Take a rest and enjoy the beauty of this
algorithm

3/5/09

It solves location service problem by using
geographical routing.

More locality sensitive: a node acquires the
location from a nearby server.

Load balancing: location servers are spatially
distributed.

Simple rule, simple construction and
maintenance.

Worst-case query behavior is not bounded,
however. ®

Jie Gao, CSE595-spring09
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Handle mobility

* For the geographic forwarding protocol:

— Refresh neighbor information using Hello messages,
timeouts.

e Updating location servers when a node moves:

— Not every time—that would be too much
communication.

— Rather, they use the Awerbuch-Peleg idea: Update
order-i servers when you've moved 21 distance.

— Thus, updates are sent more frequently to local
servers than more distant ones.



Handle mobility

 Invalidating location table entries:
— They have a timeout value.

— Even when a node doesn’t move, it thus has
to periodically send its location to its servers,
in order to refresh the location info.

e Caching:

— Nodes can cache locations they hear about,
to use in sending data via geographic
routing—>but these entries aren’t put into the
same table used by FIND—recall that it's

Important that certain entries NOT be In these
tables.




Handle mobility

* Two types of failures

— A node receives a query but does not know
the location of any node with an ID closer.

Location update is not soon enough.

— A location server forwards a packet to the
next node’s square but the node Is not there.

When a node moves to a nearby square, It leaves a
forwarding pointer.

— Can be improved.



Follow-up work

e |. Abraham, D. Dolev, D. Malkhi, LLS : a
Locality Aware Location Service for Mobile
Ad Hoc Networks, DIALM-POMC 2004.



Main idea of LLS

« Handle node mobility
 Worst-case guarantee of FIND & MOVE

e Recall for Grid:

— Cost for MOVE can be high, if a node crosses
guad-tree boundaries.

— Cost for FIND can be high, if a node is just at
the neighboring square separated far in the

hierarchy.



LLS

 Each node defines a square partitioning
centered at itself.

o Spiral: store the location at the corners of the
squares.

« MOVE Is heavy --- erase the old spiral and draw
the new spiral

 FIND is efficient: use its spiral.
e Cost(FIND)=0(d).

P —

=)




LLS --- improve MOVE behavior

 Store location in the 8 squares
surrounding each square.

— Some flexibility to allow “lazy” ¢ o
update.

— When a node moves inside the ° 3T
9 squares, nothing happens. o

— When a node moves outside the
9 squares, it has moved O

“sufficiently” far away from its
previous location and can drag
the 9 squares with it.

— Amortized update cost is low.



LLS performance

.« MOVE: O(d logd)
. FIND: O(d)

e Amortized cost.



What I1s next?

e The hierarchies use location-based
hierarchies, quadtree, etc.

* In a graph setting, we use a hierarchy of
andmarks.

e Landmark-based routing and location
service.




Landmark hierarchy

 Nodes are organized as landmarks of
different levels.

 All nodes are level-0 landmarks.

e Some nodes are selected as level-1
landmarks and so on.
— Covering: each level I-1 landmark is within

distance 2' from at least one level i landmark
and select one as its parent;

— Packing: every two level i landmarks are of
distance 2' away.



1st level landmarks
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2"d level landmarks
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Landmark hierarchy

e # levels: h=log n.
* A node is within distance 2'*1 from its level |
ancestor.
— The distances along the path to the ancestor is at
most 1+2+4+,.+2'= 2*1-1

e A landmark at level | has a cluster = its
descendants.




Landmark hierarchy

» Each landmark has O(1) children if the
graph has constant doubling dimension.

— Recall constant doubling dimension: each ball
of radius r can be covered by B balls of
radius r/2.

— Packing argument: a landmark u at level | has
k children within distance r. The ball at this
landmark can be covered by 8 3 balls of
radius r/8. Call them B. Take balls at u’s
children with radius r/8, these balls intersect
dLs_'gint sets of balls in B. Thus there are O(1)
children.




Example




Addresses/labels/virtual coordinates

 Each node keeps its position in the tree.

A landmark at level | has a tuple of length h
iIncluding all its ancestors from level | up
and O from level | down.

Q@00 )



How to route?

 We can route on the landmark hierarchy
(which is a tree).

* A node p routes to the lowest common
ancestor of p, g.

 One can identify the lowest common
ancestor from their addresses.

e But how to route down the tree?

HleYe Yo )
-(Q0 O )



Routing

 To aid routing, we add cross-branch links.

— A node maintains routing table to reach the
cluster of a landmark at level I if it is within
distance a 2*1 from that cluster-

—Landmark at level | floods with
TTL=(a +1)2"*1,

2i+1




How to route?

* A node p routes to the lowest level cluster
that contains g.

— Can possibly be lower than their common
ancestor.

— Can be identified with g's address.

o At each step, route to a lower level cluster
containing qg.

HleYe Yo )
-(Q0 O )



How to route?

* A node p routes to the lowest level cluster w (at
level 1) that contains @.

« First leg to w's cluster: at most a 2*1,
 Note that w Is also at level I-1.

e Since w at level i-1 is not a neighboring cluster,
Ipg|> a 2'. Thus the first leg Is at most 2|pq|. The
next leg is halved in length.

e Total length is at most 4|pq]|.

HleYe Yo )
-(Q0 O )



Data-centric routing, aka, location
service

 Each node p stores its location at a hashed
node Inside the cluster of all the
neighboring clusters.

 FIND: search the clusters of g's ancestors.




Data-centric routing, aka, location

service

 Example in a quad

-tree setting.

«

N
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FIND cost

e g finds p In its ancestor cluster w at level 1.

» w at level I-1 Is not a neighboring cluster of
p. That means, |pg|> a 2'.

e g's costis at most a 22, thus at most
4|pq|.




Open Issues on location service

 Make use of node mobility?

— When two nodes pass by, they keep each
other’s info.

e Security iIssue with location service?

3/5/09 Jie Gao, CSE595-spring09
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