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Ad-‐hoc	  networks	  of	  applica4ons	  



Communica4on	  aspects	  

«	  ad-‐hoc	  networks	  »	  :	  mul5-‐hop	  communica5ons	  
Main	  problem:	  route	  discovery	  over	  dynamic	  links	  

	  
Three	  big	  families:	  

On-‐demand	  rou5ng	  protocols	  
Proac5ve	  rou5ng	  protocols	  

Posi5on-‐based	  rou5ng	  protocols	  
+	  hybrid	  varia5ons	  



Communica4on	  stack	  

Neighborhood	  
discovery	  service	  



Neighborhood	  discovery	  service	  
•  All	  these	  protocols	  are	  

based	  on	  the	  knowledge	  
of	  the	  «	  neighborhood	  »	  

•  Two	  nodes	  are	  neighbors	  
iff	  they	  can	  communicate	  
–  symmetric	  links?	  
–  can	  communicate	  with	  
which	  probability?	  

•  1-‐hop	  neighborhood	  
•  2-‐hop	  neighborhood	  



Hello	  protocol	  principles	  
•  Each	  node	  periodically	  transmit	  a	  “Hello”	  message	  

–  also	  called	  “Beacon”	  
–  e.g.	  Hello	  period	  =	  2	  s.	  in	  OLSR	  

•  Each	  5me	  that	  a	  node	  receives	  a	  “Hello”	  message,	  the	  emiRer	  
is	  a	  candidate	  to	  become	  a	  neighbor	  
–  maintenance	  of	  a	  “neighborhood	  table”	  
–  filtering	  based	  on	  RSSI,	  LQI,	  

	  number	  of	  consecu5ve	  Hello	  msg	  
	  >	  threshold	  

	  
•  When	  removing	  a	  neighbor?	  

–  5me	  stamp	  
–  aXer	  a	  5meout	  without	  refreshing	  

	  the	  node	  is	  removed	  from	  the	  NT	  
…	  …	  

…	  C	  

Unidirec5onal	  B	  

Bidirec5onal	  A	  

State	  of	  Link	  Neighbor’s	  id	  

Neighborhood	  table	  



What	  is	  the	  “good”	  Hello	  period?	  

Short	  
period	  

Long	  
period	  

Accurate	  
neighborhood	  

table	  

Energy	  
conserva5on	  

Medium	  conten5on	  

•  A.	  Troël’s	  PhD	  (2004):	  “a	  node	  which	  covers	  more	  than	  
a	  given	  distance	  (aR)	  in	  the	  communica5on	  area	  has	  to	  
be	  detected	  as	  neighbor”	  

•  There	  is	  a	  rela5onship	  between	  
–  op5mal	  Hello	  frequency	  
–  the	  rela5ve	  speed	  
–  the	  transmission	  range	  

equal to {v : (u, v) ! E " (v, u) ! E}. The density is the
average number of neighbors per node. Each node is assigned
a unique identifier (e.g., a MAC address). Wireless links are
determined by the physical model. The most frequent one is
the unit disk graph model [2]:

E = {(u, v) ! V 2 | u #= v $ |uv| % R},

|uv| being the Euclidean distance between nodes u and v, and
R the maximum communication range.

B. Plain Periodic HELLO Protocol
The basic HELLO protocol, first described in OSPF [7],

works as follows. Nodes regularly send HELLO messages to
signal their presence to close nodes, and maintain a neighbor-
hood table. The frequency of these messages is noted fHELLO
and the delay between them dHELLO (i.e., dHELLO = 1/fHELLO).
When a node u receives such a message from a node v, u adds
v to its table, or updates the timestamp of the entry if v was
already there. We do not make assumptions about the content
of HELLO messages, but they must contain the identifier of
the sender.

III. RELATED WORK

In [1], authors claim that the usefulness of a HELLO
protocol depends on the size of the beacon messages, their
transmission rate and the lifetime of deprecated entries of
the neighborhood table. While these aspects are important,
only a few studies have been performed about them. Among
the proposed enhancements of the basic HELLO protocol,
most of them require a slotted network. For instance, [6]
aims at reducing the overall energy consumption, assuming a
static network. Nodes can be in three different states: sending,
listening or sleeping. At each slot, nodes choose a state with
a probability pstate: the difficulty is then to determine optimal
values of psmboxstate. In [10], [12], three different protocols
are proposed for both single channel and multichannel net-
works. In the first one (RP), nodes send a HELLO at each slot
with probability p and listens with probability 1 & p. In the
second one (AP), nodes immediately answer upon reception
of a message. In the last one (LP), the following condition
is added to RP: nodes listen the carrier if they have sent
a HELLO on the slot before. Upon reception of a HELLO,
nodes trigger a backoff time and send a new HELLO when
the countdown expires. As a result, LP presents the best trade-
off when the number of nodes is known. Of course, knowing
the number of nodes in a decentralized and dynamic network
is a rather unrealistic assumption. Moreover, all the proposals
assume a slotted network, which means that synchronization
among nodes is needed, which is by itself not a trivial problem.
As stated earlier, a low HELLO frequency leads to obsolete

tables while a high one may saturate bandwidth to the detri-
ment of data traffic. The trade-off depends on characteristics
(e.g., density, speed) that may evolve over time, leading to the
need for an adaptive protocol. Nevertheless, only a few studies
have tried to tackle this problem. In [5], a simple adaptive
protocol is proposed, in which nodes evaluate two values by

monitoring their neighborhood: the time link failure (TLF) and
the time without change (TWC). Moreover, they periodically
send HELLO at a frequency flow again. If a node notices that
the measured TWC becomes greater than a given threshold,
it switches to the “high dynamics rate” and sends HELLO
messages at a frequency fhigh. On the contrary, if the estimated
TLF becomes smaller than a threshold, it goes back to the “low
dynamics rate” and sends HELLO at a frequency flow. In this
solution, finding the correct thresholds is not obvious since the
thresholds themselves may need to evolve over time.
In [4], authors propose three protocols in order to approach

the best trade-off. The first one is called Adaptive HELLO
protocol: each node simply sends a HELLO each time it has
gone through X meters. Though straightforward, this scheme
assumes that nodes are aware of their speed and their location.
The second protocol is called Reactive HELLO protocol. It is
based on the idea that nodes should build their neighborhood
table only when needed. Thus, when a node sends a data
packet, it first sends a HELLO message and waits during
a time t for an answer. If no answer is received, then it
repeats the same behavior up to X times. Upon reception of a
HELLO message, nodes trigger a timeout before answering, to
avoid collisions. While this scheme minimizes the quantity of
HELLO messages, it introduces a high latency before sending
data packets, and should not be used in networks with high
mobility. The third protocol proposed in [4] is called event-
based HELLO protocol. Nodes perform the classic periodic
HELLO protocol, but if they do not receive any message and
do not need to send data packets during a given time period,
then they stop sending beacon messages until reception of a
HELLO message. The main drawback of this protocol is that
some nodes may never be detected by mobile nodes.
In [11], an optimal HELLO frequency which depends on

the relative speed between objects is described. The idea is
that a node which strides more than a given distance in the
communication area of another node has to be detected by
the latter. If the two nodes move with a speed S, the optimal
frequency fopt is equal to:

fopt =
2S

aR
, (1)

where aR is the threshold distance in communication area to
be detected (a < 1).

IV. THE TAP PROTOCOL
A. Description
We suppose that each node sends HELLO messages at

the frequency fHELLO. Whenever a node receives a HELLO
message, it updates its neighborhood table, thus generating
some turnover. We assume in this paper that given a period
of time !t, the turnover r!t is equal to the ratio between
the number of new neighbors (i.e., nodes that were not yet
neighbors !t units of time earlier) and the current total
number of neighbors. Obviously, the turnover depends on both
!t and fHELLO, but if we assume that !t = 1/fHELLO (that
is, the turnover is computed each time a HELLO message is



Some	  adap4ve	  solu4ons	  

•  Giruka	  &	  Singhal	  2005	  
•  Each	  5me	  that	  a	  node	  has	  gone	  throught	  X	  
meters,	  it	  sends	  a	  Hello	  message	  

•  Pro:	  simple,	  adap5ve	  
•  Con:	  requires	  GPS,	  consider	  only	  absolute	  
speed	  (group	  movement)	  



Turn-‐over	  based	  Hello	  protocol	  

F.	  Ingelrest,	  N.	  MiRon,	  D.	  Simplot-‐Ryl:	  A	  Turnover	  based	  Adap5ve	  HELLO	  Protocol	  for	  
Mobile	  Ad	  Hoc	  and	  Sensor	  Networks.	  MASCOTS	  2007:	  9-‐14	  

 0

 2

 4

 6

 8

 10

 1  2  3  4  5  6  7

De
la

y 
be

tw
ee

n 
tw

o 
HE

LL
O

 (s
)

Speed

Constant
Optimal

TAP

Fig. 10. Delay between two HELLO messages.

 80

 85

 90

 95

 100

 1  2  3  4  5  6  7

Ne
ig

hb
or

ho
od

 ta
bl

e 
ac

cu
ra

cy
 (%

)

Speed

Constant
Optimal

TAP

Fig. 11. Accuracy of neighborhood tables

providing a constant turnover. The observed value is slightly
higher than expected, but this may be corrected by using
different adjustment functions and/or by targeting at a slightly
lower turnover.
On Fig. 10, we give the observed value of dHELLO for

varying speed. Of course, the delay of the Constant scheme
does not vary since it does not take the speed into account.
The Optimal scheme computes fHELLO based on the real speed
and should thus provide an optimal value of dHELLO. Regarding
TAP, the real speed value is not used, since it is not available.
As explained in Section IV, nodes only observe the turnover
and adjust the delay based on this observation. One can note
that it is very effective. When the “optimal” turnover value of
0.04 is targeted, the delay is not the same as with the Optimal
scheme because, as observed in Fig. 9, the real turnover is
slightly higher than expected.
We finally give in Fig. 11 the accuracy of the neighborhood

tables, which is equal to the percentage of nodes present in the
table of a node that are really physical neighbors of this node:
if fHELLO is too low, then tables are not up to date and the
accuracy drops. The Constant scheme does not adapt fHELLO
with the speed, and the accuracy thus quickly drops. Both the
Optimal and TAP schemes are able to keep a correct accuracy
of the tables because of the adjustment of dHELLO observed in
Fig. 10. The accuracy provided by TAP is slightly lower than
with the Optimal scheme because dHELLO is slightly higher
than expected. While this may be easily corrected by using
different adjustment functions, the provided accuracy is still
sufficient for most applications.

VI. CONCLUSION AND OPEN ISSUES
We presented TAP, an adaptive HELLO protocol for mobile

ad hoc and sensor networks that simply estimates the neighbor-
hood turnover and adjusts the HELLO frequency based on this
observation, to aim at a given optimal frequency. Besides the
fact that our protocol is simple to implement, it is especially
well-tailored to standard mobile ad hoc and sensor networks
since it does not rely on any specific hardware to achieve the
adjustment. We theoretically computed the optimal turnover
based on given assumptions, and experimentally showed that
the TAP protocol provides a good accuracy when aiming at
that optimal turnover under these assumptions.
There are some remaining open issues that we did not con-

sider in this paper. One of them is about the timeout that should
be used to remove deprecated neighbors from the table. We
indeed focused on the frequency of HELLO messages and did
not consider the problem of determining the optimal lifetime
of a table entry. This problem is important since considering
deprecated entries may lead to serious problems. Using a
constant lifetime is not a good solution since it should depend
on the speed of the nodes, just as the HELLO frequency.
Another issue that we did not address is about networks
with heterogeneous speed or driven by more realistic mobility
models. A better physical layer model (e.g., the lognormal
shadowing model [9]) might also be considered since HELLO
messages may then get lost before being received. We would
like to further study the consequences of these more realistic
assumptions and adapt our TAP protocol consequently.
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Fig. 3. Probability to be a new neighbor as a function of d = |uv| -
S = 2 m.s!1.

From (5), we can deduce the angular sector ! = [!min,!max]
of ! for which node v is a new neighbor.
We have k =

!

"d2 + d2 ! 2d"d cos(!) and k < d +
"d"! # {0,"}. Since d < R, we have k < R + "d "! #
{0,"} and so !max = ". We can also notice that k > R!"d
for ! > !min such that k(! = !min) = R ! "d.

R ! "d = k $ !min = arccos(
d2 + 2R"d ! R2

2d"d
)

Thus, given a distance d, node v is a new neighbor of u iff
! # ! = [!min,!max]:

!min = arccos(
d2 + 2R"d ! R2

2d"d
) % ! % ".

Now, we can compute the probability P(d) that a node v is
a new neighbor of u:

P(d) = 2 &

" !

0

P(d,!)

"
d!

=

# 1
!2

$ !

"min
#maxd! if dmin % d % R,

0 otherwise.
(6)

Fig. 3 plots P(d) for several values of R, "t = 0.2s,
S = 2m.s!1 and $ = 100

1000"1000
. As expected, P(d) increases

when d or S increases and is proportional to R.
From (6), we can deduce the number of new neighbors that

node u encounters during a time period "t:

E[n]!t = 2"$

" R

dmin
dP(d)dd =

$

"

" R

dmin

" !

"min
d ' #maxd!dd.

(7)
Equation (7) allows us to theoretically compute ropt (see

Section IV-A). Indeed, ropt is the ratio obtained between two
HELLO packets sent at frequency fopt. Thus:

ropt =
E[n]!t= 1

fopt

$"R2
.

The speed parameter S appears in the result of E[n]!t only
through"d = S&"t. For"t = 1

fopt
, we have"d = S' aR

2S
=

aR
2
. Thus, since "d does not depend on S anymore, ropt is

independent of the speed and only depends on R.
Fig. 4 and 5 plot the theoretical values of ropt as a function

of R for different values of a. Note that with the help of
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this study, by watching its neighborhood during "t, a node
can count the number of new neighbors and from this quantity,
deduces its relative speed S (from correspondence tables). This
can help for many applications.

C. Implementation
There are still some remaining issues regarding how our

TAP protocol may be implemented. One of them is about how
a node may obtain a correct turnover value. In the previous
section we indeed showed that this value may be very small
(e.g., 0.04) while it is nearly impossible for a node to observe
a so small turnover between two successive HELLO messages.
A solution to this problem is to let nodes archive more than
one table into a history of size X: if X is sufficiently large,
then a correct value may be expected. The turnover may then
be computed by counting neighbors present in the most recent
table that are not present in the oldest one and by using the
current HELLO delay as:

r = nb new neighbors&
current dHELLO
elapsed time

.

To adapt fHELLO, one also needs to define some functions
based on the turnover r. For instance, the amplitude at which
fHELLO should be modified (either increased or decreased)
should be determined by the difference between r and ropt:
the higher the difference, the more likely fHELLO and fopt are
really different from each other. To compute this amplitude,
we propose to use the following function g(x):

g(x) =

%

(
r!ropt

ropt
)2 if r < 2 & ropt,

1 otherwise.

Idea:	  no	  GPS,	  
decision	  based	  on	  
the	  observed	  turn-‐
over	  in	  the	  
neighborhood	  



Mobility	  predic4on	  based	  Hello	  
protocol	  

Idea:	  if	  the	  nodes	  can	  predict	  the	  mobility	  of	  the	  nodes,	  they	  can	  
avoid	  most	  of	  the	  Hello	  transmissions 	  	  
	  

	  Each	  node	  gives	  its	  posi5on	  in	  its	  Hello	  messages	  
	  Based	  of	  sent	  posi5on	  it	  applies	  a	  predic5on	  algorithm	  
	  If	  the	  predic5on	  error	  >	  threshold	  =>	  transmission	  of	  a	  Hello	  msg	  

	  
Mobility	  predic5on	  

	  Using	  arbitrary	  predic5on	  technique	  on	  speed	  and	  direc5on	  
	  We	  used	  “lazy	  learning	  algorithm”	  based	  on	  autoregressive	  
	  series	  



Real	  mobility	  trace	  from	  pedestrian	  
runners	  12 Li & Mitton & Simplot-Ryl
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Figure 3: Real mobility trace from pedestrian runners. Continuous curves sand
for individual runners.

5 Performance evaluation

In this section, we evaluate our new hello protocol ARH through simulation,
in comparison with TAP [9] that is to date the most e!cient adaptive hello
protocol known. Contrarily to ARH, note that TAP supposes that nodes are
not equipped with GPS-like devices and thus are not aware of their position.

Because the purpose of having a hello protocol is for neighborhood discovery,
the protocol must be able to keep the consistency of neighborhood tables among
nodes at minimal ‘hello’ frequency (i.e., message overhead). Thus in addition
to ‘hello’ frequency, we use two evaluation metrics: neighborhood accuracy and
neighborhood error. Assuming that N(u) is the set of actual neighbors of a node
u, and N !(n) the set of neighbors known to u (i.e. whose identifier is present
in its neighborhood table), these two metrics are defined below. From their
definition, notice that acc(u) + err(u) is not necessarily equal to 1.

Definition 1 Neighborhood accuracy acc(u) is the proportion of actual neigh-
bors of node u that have been indeed detected by u.

acc(u) =
|N(u) !N !(u)|

|N !(u)|
" 100.

Definition 2 Neighborhood error err(u) measures both how many neighbors of
node u have not been detected, and how many “false neighbors” remain in its
neighborhood table ( i.e. old neighbors that have not been removed).

err(u) =
|N(u)\N !(u)|+ |N !(u)\N(u)|

|N(u)|
" 100.

We implemented the two protocols ARH and TAP usingWSNet/Worldsens [22]
event-driven simulator, with IEEE 802.11 DCF being implemented at MAC
layer and free space propagation model at physical layer. Packet collisions and
contention were also implemented. In ARH, we set ! = 2s (position sampling
interval) and " = 5 (see Sec. 4.5). We generated nodal mobility trace based on
logs obtained from real experiments on pedestrian runners. Node moving speed
was thus spread around a mean value of 1 meter per second. A varying number
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Autoregressive	  Hello	  protocol	  
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Fig. 4. Performance in relation with time.
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Fig. 5. Performance in relation with number of nodes.

observe consistent performance as the number of nodes change, that is, that the
number of nodes has no impact on the protocol performance. Indeed, in TAP,
the adaptation of ‘hello’ rate is related to the mean speed of nodes and thus
is not impacted by the node density. In ARH, ‘hello’ rate depends on the error
that a node detects between its position estimate and its real position, which are
both independent from the number of neighbors and the total number of nodes.

6 Conclusions

We proposed a novel Autoregressive Hello protocol (ARH) for neighborhood dis-
covery in mobile ad hoc networks (MANET). Each node predicts its neighbors
mobility and position with autoregressive model, based on historical location
reports; it also predicts its own position using position samples in the same
way. The node updates its location among neighbors when the its own loca-
tion estimate leads to false topology change in its neighborhood. Each location
update corresponds to a ‘hello’ message transmission. With AR model order
being set to a small value 5 (implying minimal storage overhead at individ-
ual nodes), simulation results indicate that ARH achieves as high neighborhood
discovery performance as the best-known algorithm TAP [9], at dramatically
reduced ‘hello’ rate (about 50% smaller). This is a great advantage in wireless
communications since more message transmissions indicate more bandwidth us-
age and more energy consumption. It is at the cost of an additional requirement
for location-awareness on each node. We conclude that ARH is an highly-e!cient
alternative to TAP when location information is readily available, e.g., in mobile
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Frequency	  vs	  range	  
•  Observa5on	  (made	  by	  Troël	  2004):	  
–  High	  speed	  -‐>	  large	  range	  (e.g.	  cars)	  
–  Low	  speed	  -‐>	  short	  range	  (e.g.	  pedestrians)	  

•  Is	  it	  possible	  to	  dynamically	  adapt	  both	  frequency	  and	  
transmission	  range?	  

•  In	  TAP:	  fixed	  range	  and	  adap5ve	  frequency…	  

•  We	  proposed	  TFPA:	  “Turnover	  based	  Frequency	  and	  
transmission	  Power	  Adapta5on	  algorithm”	  

D.	  He,	  N.	  MiRon,	  D.	  Simplot-‐Ryl.	  Energy-‐efficient	  turn-‐over	  based	  Hello	  
protocol	  with	  range	  adjustment.	  SubmiRed.	  



Conclusion	  

•  Op5mized	  Hello	  protocols	  

F.	  Ingelrest,	  N.	  MiRon,	  D.	  Simplot-‐Ryl:	  A	  Turnover	  based	  Adap5ve	  HELLO	  Protocol	  
for	  Mobile	  Ad	  Hoc	  and	  Sensor	  Networks.	  MASCOTS	  2007:	  9-‐14	  
X.	  Li,	  N.	  MiRon,	  D.	  Simplot-‐Ryl:	  Mobility	  Predic5on	  Based	  Neighborhood	  
Discovery	  in	  Mobile	  Ad	  Hoc	  Networks.	  Networking	  (1)	  2011:	  241-‐253	  
D.	  He,	  N.	  MiRon,	  D.	  Simplot-‐Ryl.	  Energy-‐efficient	  turn-‐over	  based	  Hello	  protocol	  
with	  range	  adjustment.	  SubmiRed.	  

	  
	  
	  

No	  GPS	   GPS	  
Fixed	  range	   TAP	  [2007]	   ARH	  [2011]	  

Range	  
adjustement	   TFPA	  [2013]	   ???	  



Conclusion	  (con4nued)	  
•  Even	  basics	  are	  not	  solved…	  

•  Some	  issues:	  
–  Topology	  control	  <-‐>	  connec5vity	  preserva5on	  
–  Impact	  of	  neighborhood	  discovery	  on	  other	  layers	  
–  …	  

•  Evalua5on	  part	  is	  an	  issue…	  
–  Simula5ons	  vs	  real	  world	  experiments	  
–  Mobility	  models?	  
–  Testbed?	  

Review	  report	  in	  a	  recent	  conference:	  "I'm	  interested	  to	  see	  this	  
algorithm	  implement	  and	  tested	  on	  a	  real	  system.	  	  This	  would	  add	  a	  lot	  of	  
strength	  to	  the	  paper	  and	  allow	  for	  more	  convincing	  results."	  



A visible Facility 

Fitting: KIC ICT Labs Success Story 



	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  :	  very	  large	  open	  
wireless	  sensor	  network	  testbed	  

INRIA,	  Thales,	  LIP6,	  LSIIT	  
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And	  now…	  

ability to the realistic environment features. Every solution will be
validated with regards to specific application requirements and in
realistic environments.

3.1.2 Locks and challenges

Facing the medium instability. The behavior of wireless propagation is
very depending of the surrounding environment (in-door Vs outdoor, night vs
day, etc) and is very instable. Many experiments in di!erent environment set-
tings should be conducted. Experiment platforms such as SensLAB [4] (See
Figure 6(a)), FIT3, our wifiBot (see Figure 6(b)) as robots and actuators and
our RFID devices (See Figure 3) will be used o!ering ways to experiment easily
and quickly in di!erent environments but might not be su"cient to experiment
every environment.

(a) Lille SensLAB platform.
INRIA/ Photos N. Fagot

(b) Wifibot. INRIA / Photo Kak-
sonen

Figure 6: Experimentation platforms to be used in FUN.

Adaptability and flexibility. Since from one application to another one, re-
quirements and environments are di!erent, solutions provided by FUN should
be generic enough and self-adapt to their environment. Algorithm design
and validation should also take into account the targeted applications brought
for instance by our industrial partners like Etineo. All solution designs should
keep in mind the devices constrained capacities. Solutions should consume low
resources in terms of memory, processor and energy to provide better perfor-
mances and scale. All should be self-adaptive.

FUN will try to take advantage of some observed features that could first
be seen as drawbacks. For instance, the broadcast nature of wireless networks
is first an inconvenient since the use of a link between two nodes inhibits every
other communication in the same transmission area. But algorithms should
exploit that feature to derive new behaviors and a node blocked by another
transmission should overhear it to get more information and maybe to limit the
overall information to store in the network or overhead communication.

3http://fit-equipex.fr/
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Mobility	  management	  

A mobile robot of the kind used in FIT’s embedded 
object testbeds, fitted with sensors and camera, and 

attached to its charging station.	
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for instance by our industrial partners like Etineo. All solution designs should
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mances and scale. All should be self-adaptive.

FUN will try to take advantage of some observed features that could first
be seen as drawbacks. For instance, the broadcast nature of wireless networks
is first an inconvenient since the use of a link between two nodes inhibits every
other communication in the same transmission area. But algorithms should
exploit that feature to derive new behaviors and a node blocked by another
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Engineers vs computer scientists 

•  “Only	  experiments	  maMer”	  
	   	  vs	  “only	  theorems	  maMer”	  

•  Only	  contribu5on	  is	  important	  

•  Knowledge	  progress	  does	  not	  make	  
big	  leap	  in	  general	  

•  Prefer	  simplifica5on	  of	  your	  problem	  
instead	  of	  facing	  unsolvable	  problem	  
–  UDG	  is	  not	  realis5c	  but	  results	  with	  this	  
model	  help	  to	  beRer	  understand	  the	  
domain	  

•  Be	  aware	  and	  do	  not	  hide	  
simplifica5ons	  you	  applied	  
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