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Concluding	
  Remark	
  

•  Guaranteed	
  Delivery	
  may	
  be	
  ‘over-­‐rated’	
  in	
  some	
  situa9ons	
  

•  Where	
  non-­‐rou9ng	
  elements	
  are	
  likely	
  to	
  be	
  cause	
  of	
  packet	
  loss	
  

•  When	
  the	
  complexity	
  of	
  delivering	
  the	
  last	
  x%	
  has	
  a	
  nega9ve	
  
effect	
  on	
  resources.	
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Context	
  
•  Large	
  number	
  of	
  wireless	
  nodes	
  

•  Limited	
  resources	
  
•  Tradi9onal	
  meaning:	
  energy,	
  space,	
  computa9on	
  
•  Alterna9ve	
  meaning:	
  scale	
  in	
  a	
  mobile	
  env.	
  
•  (Poten9ally)	
  lack	
  of	
  infrastructure.	
  

•  Self-­‐organising	
  
•  Loose	
  defini9on:	
  no	
  manual	
  interven9on.	
  

•  Mobility	
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Routing	
  remains	
  a	
  challenge	
  
•  Scale	
  of	
  rou9ng	
  tables	
  

•  No	
  aggregated	
  or	
  hierarchical	
  naming	
  

•  Effect	
  of	
  shared	
  medium:	
  
•  Does	
  rou9ng	
  setup	
  and	
  exchange	
  impedes	
  u9liza9on?	
  
•  (We	
  generally	
  assume	
  that	
  it	
  does,	
  though	
  this	
  is	
  unclear.)	
  

•  Mobility	
  and	
  availability	
  complicate	
  maZers.	
  

•  All	
  challenges	
  exacerbated	
  if	
  resources	
  are	
  limited.	
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Holy	
  Grail:	
  Position-­‐based	
  Routing	
  

•  Local	
  decisions	
  	
  
•  no	
  broadcast,	
  or	
  forwarding	
  of	
  rou9ng	
  info	
  beyond	
  1-­‐hop	
  

•  Fixed	
  memory	
  
•  Rou9ng	
  table	
  consists	
  of	
  1-­‐hop	
  neighours	
  

•  Greedy	
  forwarding:	
  
•  Reduce	
  distance	
  to	
  des9na9on	
  

•  May	
  be	
  seen	
  as	
  an	
  op9miza9on	
  problem	
  
•  Any	
  op9miza9on	
  may	
  find	
  a	
  local	
  minimum!	
  
•  Some	
  ‘recovery’	
  method	
  is	
  required.	
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Escape	
  from	
  Local	
  Minima	
  
•  ‘Le^-­‐hand	
  rule’	
  (LHR)	
  

•  escape	
  from	
  a	
  maze	
  

• May	
  take	
  longer	
  path	
  

• Defeated	
  by	
  
intersec9ons.	
  

6 

13
 J

ul
y 

12
 

M
S

N
 / 

C
os

en
er

's
 



Planarity	
  as	
  a	
  Solution	
  

x x 

Planar	
  graph	
  +	
  le^-­‐hand	
  traversals	
  =	
  unique	
  faces!	
  
7 

13
 J

ul
y 

12
 

M
S

N
 / 

C
os

en
er

's
 



Planarity	
  in	
  the	
  Real	
  World	
  
•  Localised	
  protocols:	
  

•  Connec9vity	
  	
  only	
  guaranteed	
  under	
  unit-­‐disc	
  model	
  
•  Known	
  to	
  be	
  unrealis9c	
  in	
  prac9ce.	
  
•  eg.	
  GPSR,	
  GoAFR	
  

•  Coopera9ve	
  protocols:	
  
•  Work	
  in	
  arbitrary	
  network	
  graphs	
  
•  Complex	
  setup	
  &	
  high	
  messaging	
  complexity	
  
•  May	
  be	
  ‘over-­‐solving’	
  the	
  problem	
  
•  eg.	
  GDSTR,	
  (Lazy-­‐)CLDP.	
  

•  Neither	
  solu9on	
  is	
  ideal.	
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Challenging	
  Theorem	
  (2009):	
  

Given	
  k	
  hops	
  of	
  informa9on	
  in	
  an	
  arbitrary	
  graph,	
  there	
  
exists	
  no	
  determinis9c	
  local	
  algorithm	
  (that	
  can	
  guarantee	
  

delivery).	
  

•  Intui9on:	
  Given	
  k	
  hops,	
  an	
  offending	
  configura9on	
  can	
  
always	
  be	
  constructed	
  at	
  k+1	
  hops.	
  

	
  
•  Two	
  alterna9ves	
  

•  Constrain	
  the	
  network	
  graph	
  (all	
  prev	
  work)	
  
•  Understand	
  and	
  a*ack	
  the	
  causes	
  for	
  failure	
  in	
  the	
  graph.	
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Back	
  to	
  First	
  Principles	
  

•  Consider	
  any	
  
intersec9on	
  of	
  two	
  links.	
  

•  Ini9ally,	
  restrict	
  to	
  unit	
  
disc	
  graph	
  

•  Ask:	
  What	
  sides	
  of	
  4-­‐gon	
  
may	
  exist?	
  

d D
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All	
  Intersections	
  Exist	
  as	
  One	
  of	
  Five	
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Three	
  possible	
  intersections	
  in	
  UDG	
  
Only	
  the	
  ‘umbrella’	
  shape	
  maZers.	
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The	
  Prohibitive	
  Link	
  

•  Guaranteed	
  delivery	
  in	
  the	
  unit	
  disc:	
  
•  Remove	
  all	
  prohibi9ve	
  links.	
  

•  Applicable	
  to	
  any	
  face-­‐rou9ng	
  scheme.	
  

b
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Now	
  Arbitrary	
  Graphs	
  

a

cd

b a

cd

b

a

cd

b

•  3 remaining configurations 

•  Last case reduces to one of remaining 5. 
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Intersections	
  4	
  and	
  5	
  

•  1-­‐sided	
  4-­‐gon	
  is	
  no	
  issue	
  

•  0-­‐sided	
  either	
  
•  Two-­‐	
  separate	
  networks,	
  
•  Otherwise	
  reduces	
  to	
  
another	
  config	
  

cd

ba

a

cd

b
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Last	
  one.	
  

• Defeats	
  LHR	
  unless	
  
•  allow	
  packet	
  to	
  record	
  
its	
  traversal,	
  

•  Skip	
  links	
  that	
  
intersect.	
  

cd

ba

a

cd

b
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Back	
  to	
  Umbrella	
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•  How	
  frequently	
  does	
  it	
  appear?	
  

•  Umbrella	
  appearance,	
  irrespec9ve	
  of	
  constraints:	
  

•  So,	
  does	
  it	
  maZer?	
  

Poster: Towards Position-based Routing for Mobile

Environments

David Cairns

University of Stirling

dec@cs.stir.ac.uk

Marwan Fayed

University of Stirling

mmf@cs.stir.ac.uk

Categories and Subject Descriptors

C.2.1 [Communication Networks]: Wireless Communi-
cations; C.2.2 [Communication Networks]: Routing

Keywords

face-routing, wireless routing, mobile communication

ABSTRACT

Despite its simplicity there exists, as yet, no position-based
routing that is suitable for dynamic networks: Existing schemes
construct subgraphs or overlays that come at a cost that
may be too high. In a network where nodes are mobile,
such constructions risk becoming stale before they become
stable, potentially invalidating routing decisions.

In this work we are investigating position-based routing
for dynamic networks based on left- or right-hand rule (LHR).
A node using LHR forwards messages to the neighbour that
sits next in rotational order. When used to recover from
greedy routing failures, LHR guarantees success if imple-
mented over planar graphs; for this reason it is often called
‘face-routing’. We note, however, that if planarity is vio-
lated then LHR is only guaranteed to eventually return to
the point of origin. We have chosen LHR for two reasons.
First, it is most prevalent in position-based routing liter-
ature and hence well-studied. Second, it is a simple rule
requiring little-to-no overhead.

We have started by looking for the specific causes of failure
in LHR with the hope that we might quickly recognise and
avoid them in mobile environments [1]. First, in the unit disc
graph where communication ranges are normalised to 1, we
analyze the way in which intersecting links may interact to
invoke sides of a 4-gon (Figure 1a). We have provably enu-
merated all possible configurations to three possible cases.
Surprisingly, only one of these configurations is able to de-
feat LHR. This is because there are two distinct traversals,
each of which has the potential to restrict exit points in the
other. We call this the ’umbrella’ configuration due to its
appearance, as shown in Figure 1b.

Table 1: Ratio of umbrellas in sample networks.
Network Size (Density) Node Distribution Ratio U/I

uniform 0.013
1500 (7.5) norm 0.013

skew 0.011

In determining how best to design a new routing proto-
col we first ask how likely the umbrella is to occur. Sample

Copyright is held by the author/owner(s).
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Figure 1: (a) Intersections invoke 4-gon edges; (b)
Only ’umbrella’ configurations defeat LHR.

Table 2: Measures from contrived graphs.
Path Length Message Overhead

GDSTR CLDP LCR PLRP GDSTR CLDP LCR PLRP

5 9 7 7 624 245 0 0
4 6 6 11 792 227 227 6
5 10 15 15 774 298 0 0
9 8 8 29 1641 1082 1082 8

results are provided in Table 1. In all node densities and dis-
tributions tested, the proportion of intersections that form
an umbrella configuration is a little more than 1%. In prac-
tice, there are additional conditions that must be true before
it can defeat LHR. Referring to Figure 1b, one such condi-
tion is that no other path exists from node c to any of nodes
a, b, d. As a consequence of such additional conditions, its
impact is felt far less often than is implied by its frequency.
We have extended our analysis to include arbitrary graphs.

We are able to show that, from the perspective of an LHR
traversal, there are only five (5) possible intersecting configu-
rations. Even with the relaxation on the graph, the umbrella
remains the only configuration that is able to defeat LHR.
The infrequency of problem cases, in general, is supported

by previous studies. We are currently developing a face-
routing protocol for mobile networks called PLRP. In PLRP
we are exploring di↵erent methods to deal with the umbrella
configuration that avoid disturbing the network graph, or
invoking global cooperation. Initial results are promising,
though a trade-o↵ is clear. In Table 2 we present sam-
ple results from contrived graphs that are designed to in-
voke worst-case behaviour. PLRP has almost no additional
overhead when compared against well-known (and deserv-
ing) position-based schemes; the trade-o↵ comes at a longer
path length. We believe this may be a worthwhile trade-o↵
in mobile environments.

[1] M. Fayed, D. Cairns, and H. T. Mouftah. An Analysis of Pla-
narity in Face-Routing. TR-184, Computing Science and Maths,
University of Stirling, Stirling, UK. 2010.



Additional	
  constraints	
  req’d	
  

Only	
  Umbrella	
  Defeats	
  LHR	
  

•  Only	
  under	
  strict	
  
condi9ons:	
  
1.  Packet	
  must	
  be	
  in	
  

recovery	
  
2.  Umbrella	
  must	
  be	
  

encountered	
  from	
  
‘outside’	
  

3.  Must	
  be	
  no	
  alternate	
  
path.	
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What	
  happens	
  if	
  we	
  ignore	
  it?	
  

Hop	
  stretch	
  ~	
  LCLDP	
   Message	
  overhead	
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Worst	
  cases	
  never	
  appear,	
  so…	
  

Path	
  Stretch	
   Message	
  Overhead	
  

GDSTR	
   CLDP	
   LCR	
   PLRP	
   GDSTR	
   CLDP	
   LCR	
   PLRP	
  

(a)	
   37-­‐>41	
   5	
   9	
   7	
   7	
   624	
   245	
   0	
   0	
  

(b)	
   51-­‐>54	
   4	
   6	
   6	
   11	
   792	
   227	
   227	
   6	
  

(c)	
   17-­‐>22	
   5	
   10	
   15	
   15	
   774	
   298	
   0	
   8	
  

(a) (b) (c) 
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TutorNet	
  (USC)	
  

Path	
  Stretch	
   Message	
  Overhead	
  

GDSTR	
   CLDP	
   LCLDP	
   PLRP	
   GDSTR	
   CLDP	
   LCR	
   PLRP	
  

3-­‐>14	
   9	
   8	
   8	
   29	
   1641	
   1082	
   1082	
   0	
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Remarks	
  &	
  Open	
  Questions	
  
•  Always	
  pays	
  to	
  understand	
  root	
  causes	
  for	
  failure	
  

•  Current	
  solu9ons	
  may	
  be	
  ‘over-­‐solving’	
  the	
  problem	
  
•  Problem	
  cases	
  rarely	
  appear	
  
•  Their	
  solu9ons	
  are	
  complex	
  

•  Future	
  &	
  Open	
  Ques9ons:	
  
•  Trade-­‐off	
  between	
  knowledge/setup	
  &	
  path	
  stretch?	
  
•  Do	
  high	
  setup	
  &	
  maintenance	
  costs	
  even	
  maZer?	
  
•  Larger	
  performance	
  gain	
  in	
  dynamic/mobile	
  networks?	
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In	
  General	
  

•  Guaranteed	
  Delivery	
  may	
  be	
  ‘over-­‐rated’	
  in	
  some	
  situa9ons	
  

•  Where	
  non-­‐rou9ng	
  elements	
  are	
  likely	
  to	
  be	
  cause	
  of	
  packet	
  loss	
  

•  When	
  the	
  complexity	
  of	
  delivering	
  the	
  last	
  x%	
  has	
  a	
  nega9ve	
  
effect	
  on	
  resources.	
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