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In this paper an advanced MANET algorithm / protocol is given based on a graph theoretical approach. We start with 
a general mathematical / graph theoretical analysis of the universal instance and problem in order to state a traceable 
objective function for the optimization. Afterwards we give an efficient and optimal solution algorithm  that (a) ..nei-
ther uses geographic specifications nor assumes that the sensor nodes are quite stationary, (b) ..globally works as a 
shortest path algorithm although no path information is stored in an information center or server, (c) ..makes avai-
lable the best forward / backward tracing of  queries / answers such that no better path between sources and targets 
can be found for the actual volatile situation, (d) ..eliminates straying messages as soon as possible meeting the 
broadcast storm problem, (e) .. has the least system overhead conceivable and the least negotiation protocol. 

 

1. Introduction  

Mobile ad hoc networks (MANETs) are collections of 
autonomous mobile sensors (we say here ‘nodes’) chan-
ging messages via wireless connections. MANETs are 
expected to play an essential role in future military and 
civilian applications, where no communication infrastruc-
ture does exist or should be used.  
This paper is concerned with the design of a routing 
layer, i.e. a messaging algorithm (implemented into all 
net nodes) and a corresponding protocol. Because the 
nodes are assumed to be mobile, unpredictable traffic 
patterns and changing network topologies are to take into 
consideration. Existing wireless algorithms and protocols 
are insufficient primarily as to the consideration of the 
mobility and power requirements of clients and servers – 
an essential issue because many MANETs are assumed 
battery powered. 
Thus, the proposed sensor network routing algorithm 
A-SNR given below has to work in a self-organizing 
and very energy-efficient manner (small algorithms, 
small protocol).  Despite a spatial changing of the nodes’ 
position or even the drop out of some nodes the message-
traffic remains sustainable as long as at least one connec-
tion path via intermediary nodes does exist for a deman-
ded source – sink inquiry. A straightforward broad-
casting by flooding is usually very costly resulting in 
serious redundancy, and collision, called broadcast 
storm problem. Algorithm  A-SNR  enables a  message 
routing being as irredundant as possible with respect to 
the proposed message protocol and to meet the broadcast 
storm problem. Security matters and the different sparse 
distribution of sensors within a regarded spatial environ-
ment area can made it necessary that several sources have 
simultaneously to send the same inquiry with the same 
global unique identifier GUI id  to several other targets 
(Distributed Multicast). A-SNR  takes this into considera-
tion and enables that each reachable node accepts and 
passes the first receiving id-message only once. The 
encountered targets, so far demanded by the inquiring 
messages, send back the required data to all sources in 
similar manner without using the paths over which the 
messages came from what is in the interest of the 
MANET’s robustness.  

1.1 Related Works 
 Tan He et al. [7] proposed an aggregation scheme 

that adaptively and time sensitively performs applica-
tion-independent data aggregation. The method isolates 
aggregation decisions into a module that resides bet-
ween the network and the data-link layer and doesn’t 
require any modifications to the currently existing 
MAC and network layer protocols (novel adaptive 
feedback scheme). It is shown that that end-to-end 
transmission delay is reduced by as much as 80 %; 
under heavy traffic loads, and that as much as a 50 % 
reduction in transmission energy consumption occurs 
with an overall reduction in header overhead.  
 Padmanabhan et al.[16] identified issues involved in 

MANET data replication and attempts to classify exis-
ting MANET data replication techniques based on the 
issues they address. The attributes of the replication 
techniques are tabulated to facilitate a feature compa-
rison of the existing MANET data replication works. 
Parameters and performance metrics are presented to 
measure the performance of MANET replication tech-
niques. 
 Yu-Chee Tseng et al. [18] identified the broadcast 

storm problem by showing how serious it is through 
analyses and simulations. They proposed several 
schemes to reduce redundant rebroadcasts and 
differentiate timing of rebroadcasts. Simulation results 
are presented. 
 Gopalakrishnan et al. [5] regard the scalability 

analysis of MANETs and  describe approaches to 
speeding up the M&S phase while analyzing 
MANETs. They propose techniques analyzing the 
scalability performance of a dynamic policy-based 
network management system. 
 Kyu-Hwan Lee et al. [15] proposes an ad hoc 

authentication protocol for home environments 
implemented into the ad hoc routing algorithm. The 
analysis shows that the proposed protocol provides a 
secure home network environment without significant 
performance degradation. 
 Chi-Fu Huang et al. [10] proposed a two-tier, 

heterogeneous MANET architecture supporting Inter-
net access. The low tier consists of a set of mobile 
hosts each equipped with a IEEE 802.11 card. In order 
to connect to the Internet and handle the network parti-
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tioning problem, it has been proposed the high tier con-
sisting of a subset of the mobile hosts (gateways), 
accessing the cellular/infrastructure networks. The net-
work interfaces in the gateway hosts could be IEEE 
802.11 cards, PHS handsets, or GPRS handsets. To 
avoid gateway bottlenecks and to solve the load-
balance routing issue a set of solutions (boundary-
moving, host-partitioning, and probabilistic solutions) 
has been proposed. 
Qunwei Zheng et al. [19] regard recent advances in 
mobility modeling MANET research: some new mo-
bility models and analysis of older models classifying 
the models into three categories according to the 
degree of randomness while introducing newly pro-
posed models in each of these categories.  
 El-Bazzal et al. [3] propose a clustering algorithm 

‘Efficient Management Algorithm for Clustering’ 
(EMAC) based on weighting parameters to reduce the 
number of clusters, maintaining stable clusters, mini-
mizing the number of invocations for the algorithm and 
maximizing lifetime of mobile nodes. Through simula-
tions the authors compared the performance of their 
algorithm with that of WCA in terms of the number of 
clusters formed and number of states transitions on 
each cluster head. The results demonstrate the superior 
performance of the proposed algorithm. 
 Leslie D. Fife et al. [4] discuss issues associated 

with data communication with MANET database 
systems. While data push / pull methods have been 
previously addressed in mobile networks, they do not 
handle the requirements associated with MANET: 
Unlike traditional mobile networks, all nodes within 
the MANET are mobile and battery powered. Existing 
wireless algorithms and protocols do not consider 
sufficiently enough the mobility and power require-
ments of clients and servers. The paper presents some 
of the critical tasks facing this research. 

1.2 Notation / Specification 

In order to be able to grasp the algorithms detailed  
functioning we rely on the concepts of analysis and 
graph description language. 
 
P  is the set of  “sensors” or “nodes” and denotes the 

set of mobile communicating entities (versatile enti-
ties equipped with sensors): 

S ⊂ P is the set of source nodes (shortly sources) 
functioning as inspection nodes or control stations 
for observations and maintenance of other nodes. 

T ⊂ P is the set of destination nodes (shortly targets)  
being entities to be inspected, controlled, inquired, 
.., |T| ≥ 1, S ∩ T = 0.  

T̂  ⊆ T denotes those targets that are accessible from at 
least one source s∈S  with respect to G and ψmin 
(see below). 

T  ⊆  ⊆ T denotes those targets that have reached a 
reply demand (contained within the µ-message).  

T̂

ψ:  P × P → R+  1 , called signal strength.  
ψ(p, q) is the current signal strength of a message at 

q coming from p. 
ψmin denotes the minimum signal strength acceptable 

for a faultless messaging between two nodes. 
ψ(p, q) < ψmin ⇒ A faultless transmission from p to 
q is assumed to be not possible. 

G= [VG, EG ]= [P, R] is called dynamic ubiquity  
graph or net domain consisting of certain ordered 
pair of graph vertices VG= P and graph edges EG= R 
with R ⊆ P2 as follows:   
R= {(p, q)∈ P × P: ψ(p, q) ≥ ψmin}.   
The set of edges R increases or decreases dependent 
nodes’ mobility and therefore on the signal strength 
ψ(p, q) > ψmin  between p and q, i.e. a certain layout 
of G may yield only for a short moment. The com-
munication concept described below starts from the 
assumption that the nodes are changing their 
position (e.g. like cars in a traffic environment), i.e. 
the concept G takes into account the volatility of G. 

G’= [VG’, EG’] is called a sub-graph G’ ⊆ G,  
if VG’ ⊆ VG  and EG’ ⊆ EG ∩ VG’

2. 
ξ= ⊆ VoR G

2 is called “accessibility”  2. It is the re-
flexive, symmetric and transitive closure of the 
edges R= EG . We write  (p, q)∈ ξ  or shortly  pξq   
if node q is reachable from node p and vice versa in 
the current net G observing ψmin.  
Accessibility ξ depends on the mobility of P what 
influences the deletion and creation of the graph 
edges R (changed topology of G and therefore ψ). 

η: VG → R+ denotes the vertex cost as  node decelera-
tion time / latency. If one message passes vertex p 
then η(p) > 0 decelerates forwarding the incoming 
message. As a first pragmatic approach for the simu-
lation we take 
 p∈P ⇒  η(p)= c1∈ R+   (1.1) 

λ: R → R+, denotes the edge cost as direct transduction 
time. Let pξq (i.e. ψ((p,q)) ≥ ψmin). As a convenient 
approach for the simulation we take 
 λ(e)= c2∈ R+. (1.2) 

C(G’) denotes the cost of a sub-graph G’ ⊆ G with  

C(G’)=
Gv V

vertex cost

(v)
∈

η∑
'

 +
Ge E

insignificant 
edge cost

(e)
∈

λ∑
'

. (1.3) 

PG(p, q) ⊆ G describes an optimal transmission path 
from p∈P  to q∈ P. PG(p, q) is a sub-graph in G 
observing ψmin such that its evaluation C(PG (p, q)) 
is minimal with respect to the transmission cost:    

                                                           
1  R represents the set of all Real Numbers, R+ is the set of 

positive real numbers. N  is the set of Natural Numbers. 
2  ξ= R° ⊇ R ⊆ P × P  as follows: 

ξ reflexive: p∈P ⇒  (p, p)∈ ξ   
ξ symmetric: (p, q)∈ξ ⇒  (q, p)∈ ξ 
ξ transitive: (p, q)∈ξ  (q, r)∈ξ ⇒  (q, r)∈ ξ  ∧
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C(PG(p, q)) = {C(P’)}.    (1.4)  

(1)  pξq ⇒  P
p q

min
⊆
ξ

P' G

G(p, q) exists with cost C(PG(p, q)).  
(2)  ¬ pξq ⇒ PG(p ,q)  3 doesn’t exist. 

2. Data Basis  

2.1 Message Records 
µ = (1, id, s, T, α)  

Message µ coming from all source s∈S with GUI 4  
id is intended to transmit information content α∈Σ*  
containing inquiries or control commands to all the 
targets T (intended to be reached).   
If |S| > 1 (Distributed Multicast), all s∈ S simulta-
neously fire a  µ with the same id. In this case the 
message contents have to be the same!   Each node 
p∈ P accessible from its “nearest” source s∈ S  ac-
cepts a  µ-message  with a specific id only once! This 
means that all µ-messages with the same id arriving 
later are rejected (not processed) by p.  
Parameter α may contain inquiries for the targets’ 
state variables or environment data . Then the corres-
ponding answers (τ-answers below)  have to be sent 
back from all t∈ T  to  all sources s∈ S.  
τ = (2, id, t, β(t,α))  

Response τ is an answer-message coming from a 
target t∈T that has received  a µ-message with GUI    
id that is the same id as contained in the inquiring   
µ = (1, id, s, T, α). τ is being only launched by t if an 
answer β(t, α) ∈ Σ*  is demanded by µ  (here simply 
assumed to be encrypted in α). Otherwise, a τ-mes-
sage is not fired. Each node p∈P accepts a τ-message 
containing the tuple (id, t) only once! This means that 
all τ, arriving p later with the same tuple (id, t), are 
rejected by p. 

2.2 Broadcast State Records 
µ  and τ are also used as state records stored by the 
nodes p∈ P so far they fire or get a µ  or get a τ-mes-
sage. We derive the state records from the message 
records described in 2.1:  
Ω1 and Ω2 are a finite sets of state records stored in 
each node p∈ P. 
Ω1= {(id, s),  ((id’, s’),  …. ⇔   µ-contents  

Each ordered set (id, s) ∈ Ω1 indicates that p has 
already faultlessly received a µ-message with GUI id. 
Then, node p is indebted not to accept again a µ with 
the same id. If a second message µ with the same id 
arrives p again no action occurs, i.e. this second mes-
sage (like other µ-messages with the same id coming 
afterwards) is not processed and forwarded. A record 
containing parameter s ≠ 0 means that node p∈ S (as 
a source) has created and fired  a µ-message. s= 0 
means that node p has received and fired µ-message. 

                                                           
3  ¬ pξq = “q not accessible from p”. 
4  GUI - Global Unique Identifier 

Ω2= {(id, t), (id’, t’), ….} ⇔   τ -contents. 
Each ordered set (id, t) ∈ Ω2 indicates that  node p 
containing this record has already faultlessly received 
and forwarded a τ-message with GUI id from target t. 
Then, node p is indebted not to accept again a  τ with 
the same id and t afterwards. If a second  τ with the 
same id and t arrives p again no action occurs. 

3. Problem Formulation 
Optimal Self-organizing Sensor Net 

3.1 Inquiry-messaging: “µ-messaging” 

3.1.1 Definitions   
ƒ: P → S  called target - source assignment is a single-

valued partial function that inherently emerges 
from the accessibility ξ=    oR
(1) ƒ(p)= s∈ S: 

sξp ∧   C(PG(s, p))= {C(P
s S'

min
∈

G(s’, p)) }. 

ƒ(p) assigns p the nearest source s∈ S from 
which p is accessible. 

(2) ƒ(p)= ⊥ (not defined) if  ∀s∈S: [¬ sξp ] ≈ 
“p not accessible” from any s∈ S.  
For this case we define C(PG(s, p))= ∞. 

T̂  ⊆ T is the set of accessible destinations: 
= {t∈T: ⇔  ∃s∈ S:[sξt]}= {t∈T: ƒ(t) ∈ S}.  T̂

3.1.2 Problem   “µ -messaging” 
Given: Instance as to 3.1, sources S, targets T.  
Problem: Determine a communication graph H ⊆ G 

such that each accessible t∈T  receives its µ-message 
via an optimal, robust and irredundant connection 
from one (and only one) source ƒ(t)∈ S.  

Task: Find a µ-messaging algorithm implemented in 
each node p∈ P such that the messaging traffic 
results to an optimal communication net H ⊆ G 
working as efficient as possible.  

Solution Domain:  
Dependent on G, H consists of  |S| several disjoint sub-
graphs  Hs each rooted at s∈S as follows: 
(a) s∈ƒ( ) ⇒  at least one t∈ T is accessible from s:  

H
T̂

s = .  (1.6) 

H

1
G

(s)t
{P (s, t)}

−∀ ∈ f
∪

s is a communication tree rooting at s.  
(b) s∉ƒ( ) ⇒ s cannot access any t∈  ⇒ 

H
T̂ T̂

s= [{s}, 0] is called singleton. 
(c) t∈T ∧  ƒ(t)= ⊥ (“not defined”) ⇒  

t∈T is not accessible from any s∈ S . 
Now, the µ-communication graph results to 
 H= = . (1.7) G

ˆt T
P ( (t), t)

∀ ∈
∪ f s

ˆs (T)
H

∀ ∈
∪

f
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H is the set of  |ƒ( )| disjoint communication trees HT̂ s 
and consists of | | = |ƒT̂ -1(S)| optimal transmission paths  
{PG(ƒ(t), t): t∈ }. T̂
 

 

p 

r 

µ arriving  
target t1 and t2 

max. transmis- 
sion range 

w 

(id, s1)∈ Ω1 of u 
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µ 

µ 

µ 

(id, 0)∈Ω1 of p 

q 

µ 

*)  C(PG(s1, r)) <  C(PG(s1, u)) +C(PG(u, r)). 

µ  coming from u is rejected 
by r: a previous µ with the 
same id has already reached 
node r. *) 

t1 

s2 

t2 

s1 

µ 

*) 

µ µ 

µ 
µ 

µ 

µ 

(id, 0)∈ Ω1 of w 

communication  
graph H 

µ from r sooner  
than µ  from p. 

t3 

not  
reachable

firing µ=  
(1, id, s2,T, α)  
and storing  
Ω1 ∪= {(id, s2)} 

firing µ= (1, id, s1, T,α) and 
storing Ω1 ∪= {(id, s1)} 

 
Fig. 1 Example for a µ-messaging in G  

S= {s1, s2}, T= {t1, t2, t3},  
accepted messages µ   and ,   
rejected messages µ  ,   
Target t3∈T  is not accessible, ={tT̂ 1, t2},  
ƒ(t1)= ƒ(t2)= s2, source s1 cannot access any target. 
Communication graph H= s

ˆs (T)
H

∀ ∈
∪

f
= . 

3.2 Response-messaging: “τ-messaging” 

3.2.1 Definitions 

T  ⊆  ⊆ T is the set of accessible targets in  that 
are required to respond to the calling sources S. 

=  {t∈ : t got a µ from ƒ(t) requiring a reply}.  

T̂ T̂

T T̂
In contrast to the µ -messaging that sends inquiries to 
the targets, the τ-messaging sends responses from the 
targets to the inquiring sources so far demanded by α 
in µ. The µ-messaging runs such that several sources 
might simultaneously send the same inquiry to several 
other targets (see Fig. 2). The τ-messaging leads to 
another communication graph H  different to H. Each 
source t∈T   demanded to send back an answer to the 
calling sources of S might have its own specific res-
ponse β(t,α) derived from the corresponding data stock 
of node t.   

3.2.2 Problem   “τ -messaging” 

Given: Instance as to 3.2, sources S, targets .  T̂
Problem: Determine a communication graph H  ⊆ G 

such that each accessible s∈ S  receives its τ-mes-
sage via an optimal, robust and irredundant connec-
tion from all t∈ . T

Task: Find a τ-messaging algorithm implemented in 
each node p∈ P such that the messaging traffic re-
sults to an optimal communication net H  ⊆ G 
working as efficient as possible.  

Solution Domain:  
Dependent on G, H  consists of  | T | non-disjoint sub-
graphs tH  each rooted at t∈ as follows: T

(a) t∈T ∧  ∀s∈ S:   
tH = {P

s S∀ ∈
∪ G(t, s)} is a tree rooting at t. (1.8) 

(b) t∈T ∧  ∀s∈S: [(t, s) ∉ ξ] ⇒ t cannot answer to 
any source s∈S.  tH = [{t}, 0] is a singleton. 

(c) s∈S ∧  ∀t∈T : [(t, s) ∉ ξ]  ⇒ s∈ S  is not acces-
sible from any t∈ . T

Now, the τ-communication graph results to 
H = {P

(t,s) T S∀ ∈ ×
∪ G(t, s)} = t

t T
H

∀ ∈
∪ . (1.9) 

H  is the set of non-disjoint sub-graphs rooted at all 
t∈ T . H  consists of at most | T |⋅ |S|  paths. 
The presented algorithm A-SNR is intended to be 
implemented in each node  p∈ P. 

4. Solution Method 

4.1 Posting Inquiries:  µ-messaging 
Several sources S ⊆ P address the same set of targets T 
⊆ P to send them a µ-query  (1, id, s, T, α). Each node 
p∈ P that receives a µ with this id for the very first 
time stores this  µ-message as state record only once. 
Further µ-messages with the same id arriving p later 
are rejected by p.  

Fig. 1 reveals that this proceeding leads to a  structure 
called forest H=  of optimal path trees Hs

ˆs (T)
H

∀ ∈
∪

f
s, 

although H  (in Fig. 1) consists of only one tree. 
Source s1 cannot reach any target t∈ .  T̂

Lemma 1 
If all sources s∈ S coevally fire a µ-query with the 
same GUI id and if each node p∈ P is programmed 
such that it accepts, stores and forwards an incoming 
query µ with the same id only once, then the whole 
spreading µ-messaging self-organizes an optimal 
communication graph  H ⊆ G.  
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communication graph H 

firing  
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w 

p 

τ(t2)
s2 

t1 

q stores::  
τ(t1) ⇒ (id, t1) ∈ Ω2,
τ(t2) ⇒ (id, t2) ∈ Ω2. 

 

Fig. 2  A  τ-messaging after a  µ-inquiry of Fig. 1: 
S= {s1, s2}, T= {t1, t2, t3}, ={tT̂ 1, t2}, accepted 
messages τ:   and  ,  

1tH =  , and 2tH =  , H = t
ˆt T

H
∈
∪ = . 

Proof   
We only have to show, that each p∈ P receives µ  via 
an optimal path PG(s, p) from s to p in G so far sξp. 
1. We regard a special p∈ P that receives one 

message µ  for the very first time. This µ comes 
from a specific s∈S. We assume, that µ  hasn’t used 

an optimal path PG(s, p) in G but a path P’G(s, p) 
that also observes sξp. A better path must have 
enabled µ to reach p earlier than using PG(s, p). 
This contradicts the assumption that P’(s, p) is a 
better path than PG(s, p). 

2. We regard some node p∈P that coevally receives 
several messages Mid={µ1, µ1, .., µn} with the same 
id coming from different intermediary nodes 
(transmitters). 
(a) p has already received a µ-message earlier.  

Then, a µx∈ Mid is blocked from processing. 
Corresponding to 1., the first µ  came via an 
optimal path! 

(b) p hasn’t received a µ with GUI id.  
Since all µx∈ Mid  arrive p coevally they came 
via equally well optimal paths what justifies 
selecting an arbitrary µx∈ M.   

Algorithm A-SNR observes  Lemma 1, see Fig. 3. 

4.2 Sending Answers: τ-messaging 

The receiving nodes t ∈  decides (dependent on α in 
µ) whether the calling sources have to get an answer 
β(t, α) wrapped by a response message τ=(2, id, t, 
β(t,α)). If so, i.e. t∈ T , τ is fired back by t intended to 
reach all the sources S. In contrast to the µ-messaging 
graph H, the τ-messaging corresponds to a set of gene-
rally non-disjoint trees 

T̂

tH each rooting at a target 

t∈ . A node p forwards a received τ-message only 
then if it hasn’t yet stored a state record with the same 
tupelo (id, t) within τ. 

T

Lemma 2 
If each node p∈ P controls the incoming τ-messages 
such that only the first one with specific tupelo (id, t) is 
forwarded  then a tree tH =  of optimal 

communication paths  rooting in t∈  will be 
built in G for that specific τ.  

s S
(t,s)

∈
∪ GP

(t,s)GP T

Proof  
We refer to Lemma 1 because the proof for Lemma 2 is 
similarly to conduct as described in Lemma 1.  

4.3 Solution Algorithm A-SNR 
Fig. 3 describes the algorithm that is to implement in 
each node p∈ P that might function as source, target, 
or transponder. Ωp established as queue contains the set 
of state variables of each node p. Each τ or µ  pushed 
into Ωp should be deleted after a  well determined time 
dependent on the application in order to reduce storage 
space each node. Dp denotes the queue established in 
the current sources p=s∈ S  (see Step 15 in Fig. 3) con-
taining the answers (t, β(t, α)) coming from an answe-
ring target t∈ . Each tupelo (t, β(t,α)) contained in DT p 
should also be deleted by the receiving source after a  
certain time depending on the effort for analyzing (t, 
β(t, α)). 
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In the following we describe each step  of the 
algorithm A-SNR corresponding to  Fig. 3: 

Algorithm A-SNR corresponding to Fig. 3 
1 Preparing an inquiry µ in a source s∈ S. 
2 Firing the prepared inquiry µ.  . 
3 Storing (id, s) as µ-state record of Ω1. 

End. 
4     A µ arrives node p∈ P. 
5 If this µ has already reached node p before then  

End. 
6 Store (id, 0) as state record of Ω1 expressing that µ 

hasn’t been originally fired (in contrast to 3). 
7 If this node p∈ P  is not a target of µ go to 10. 
8 Determine the answer β(p, α) related to µ and  

fire answer τ   . 
9 If p is the only target in T then  

End. 
10 Fire the received µ    to further targets. 

End. 

11    A τ arrives node p∈ P. 
12 If this τ  has already arrived p∈P before then 

End. 
13 Store (id, t) into Ω2. 

14 Is τ an answer for this node p∈ P (i.e. is p a source 
that awaits this incoming τ)? If no then  
go to 16. 

15 Else, p∈ S  has received a τ-answer for a previous 
µ-inquiry. The answer β(t, α) received from target 
t is to process.  

16 Fire this τ towards further sources s∈ S   . 
17 End. 

4.4 Operation Modes  
The following modes assume that all µ-messages re-
quire an answer from the accessible targets ⊆ T,  i.e. 

= . 
T̂

T T̂

4.4.1 Unicast 

S= {s}, = T= {t}.  T

− Straying µ-messages: O(|P|). 
Each node p∈ P is restricted to forward only one µ 
with the same id.  

− Straying τ-messages:  O(|P|). 
Each node p∈ P is restricted to forward only one τ- 
answer with the same id. 

 

µ = (1, id, s, T, α) 4

Ω1 ∪ = {(id, 0}; 
6

7

yes 
no 

5
∃id’∈Ω1:[id’ = id]? 

p∈ T ? 

|T|=1 ? 
yes 

τ= (2, id, p, β(p, α)) 8

9

10

τ= (2, id, t, β(t,α)) 11

Ω2 ∪ = {(id, t)}; 
13

14

yes 
no 

12
∃(id’’,t’)∈Ω2:[(id’’,t’) = (id, t)]? 

end 

15

16

17

Evaluate response (t, β(t,α)); 

τ= (2, id, t, β(t,α)) 
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Launching   a µ in p 

Receiving a µ in p  

Receiving a τ in p 

Launching   a τ in p  

Passing τ for  other sources 

Passing a   µ in p 

Preparing a µ in p 

Source p  receives a τ 

 
Fig. 3 Algorithm A-SNR established  

in each node p∈ P of the MANET.  
p∈P receives a message: , 
p∈P fires a message: . 
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4.4.2  Multicast  

S= {s}; T =T ⊆ P.   

− Straying µ-messages: O(|P|). 
Each node p∈ P is restricted to forward only one µ 
with the same id. A target t∈ T receives and 
forwards also only once. 

− Straying τ-messages:  O(| | ⋅|P|). 
Each target t∈  is expected to send its own  
τ= (2, id, t, β(t, α)

T
T

) back to the inquiring source  
s∈ S   Each node p∈ P is restricted to forward only 
one τ- answer with the same id. 

Notice, each target fires back a different τ-message and 
each node s∈P can store and forward totally | T | diffe-
rent messages.  

4.4.3 Distributed Multicast 

|S| > 1; |T| > 1.    

This mode is demanded for modern mission critical 
applications: 
− Predefined sources S fire corresponding to  

predefined time adjustments  µ-inquiries to 
predefined targets in order to get τ-answers from 
them considering that 

− some targets may only be accessible from sources 
situated within some targets’ vicinity.  

Distributed Multicast is robust because it generally en-
sures a better accessibility so far the sources S are 
sufficiently distributed (signal range coverage) among 
the different clusters of the targets T. Note, because all 
the sources S fire the same µ-messages it is sufficient 
for all targets that they receive only one of these identi-
cal µ-messages regardless from which source s∈ S they 
should come!! 

− Straying µ-messages: O(|P|). 
Each node p∈ P \ S forwards a message with the 
same id only once. 

− Straying τ-messages:  O(| | ⋅|P|), 
as explained in Multicast. 

T

In this context we only want to mention some further  
concepts: 

4.4.4 Broadcast   
 is  Multicast  with T= P \ {s}. 

4.4.4 Geocast   
is in demand if a µ-inquiry is to address only those 
nodes that are situated within a certain geographic 
region. For this case, α in µ has to contain the corres-
ponding geographic information and the sensors T= 
P have to be equipped with  
(a) the fix geographic position (stationary sensors), 
(b) the corresponding GPS facilities to provide the 

geographic position (mobile sensors). 

5. Complexity and Simulation 
5.1 Complexity 
Lemma 3 
Using algorithm A-SNR, the resulting MANET traffic 
for one GUI id in graph G needs a time effort 
  O(| | ⋅|P|). T
Proof:   
Algorithm A-SNR  is implemented in each of the 
nodes P. We regard one id-communication  and 
assume 
 ptµ  as time needed to process µ in p and  

 ptτ  as time needed to process τ in p.  
It follows corresponding to the operation mode 
Multicast and  Distributed Multicast: 
O( p

p P
t

∈
µ∑ + | |⋅T p

p P
t

∈
τ∑ ) = O(| |⋅|P|).  T

5.2 Simulation and Test 
We generated random graphs G= [P, R]  consisting of  
-  vertices VG= P (nodes= sensors / transponders)  103 ≤ 

|P| ≤ 104  with a cost function η: VG → {1} and 
- edges EG= R= {(p, q)∈ P2: d(p,q) ≥ ψmin} with   

cost function λ: R → R+ as follows: 
min(p,q) (p,q) (p,q) d(p,q)

edge (p,q) doesn ' t existelse
ψ ≥ψ ⇔ λ = ψ =⎡ ⎤
⎢ ⎥⇔⎣ ⎦

 with 

d(p,q) as the Euclidean distance between p and q∈ P 
where ψmin is related to a max. transmission distance 
dmax as to ψ(p,q) ≥ ψmin ⇔ d(p,q) ≤ dmax. 

The tests have been run with the input G, S, T, where 
G has been generated as planar random graph with a 
predefined number of nodes P and the successive ran-
dom assignment of  S, T ⊆ P, see Error! Reference 
source not found.. A slight increase of  dmax may 
change the appearance of communication graphs H and 
H  quite drastically.  
Error! Reference source not found. shows two 
optimal µ-messaging layouts with 500 nodes, 4 random 
sources  and 78 random targets   based on different 
maximum signal range dmax. Communication graph 
H=  consists of 4 disjoint optimal path 

trees H

s
ˆs (T)

H
∀ ∈
∪

f

s rooted at different sources . The arrow  
shows as example a target that is out of signal range 
(no µ-receiving neighbor in the vicinity). Increasing 
dmax from 1.1 (left layout, 19 targets not accessible) to 
1.25 (right layout) brings about a full coverage for all 
78 targets . In contrast to the µ -layout, the τ-layout i
quite confusing arranged due to the overlapping of 
max. | |=78 communication trees {

s 

T̂ tH }t∈ T̂  resulting 
to  H = t

ˆt T
H

∀ ∈
∪ . 
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How about designing a MANET where the paths 
already traced by the µ-messaging are to use for the τ-
messaging? It turns out that this approach is neither ad-
vantageous nor efficient: 

1. Using µ-paths for τ-messages means  
− storing the nodes’ predecessor the µ-message 

came from and 
− additional search for the τ-message successor 

(stored as µ-message predecessor) in each node 
the τ-message arrives 

what increases the total messaging time over a 
critical limit.    

 

 

 
Fig. 4 Distributed Multicast simulation of 

algorithm A-SNR: sources S ( )  and targets T 
( ).  Sensors  P \ (S ∪ T) are  the white points. If 
dmax is increased from 1.1 to 1.25 then all targets 
are accessible (lower screenshot). 

2. Even for non-mobile nodes it remains dodgy using 
the µ-paths for the τ-messaging due to a possible 
failure of nodes ensuring the µ -paths. For this case 
the nodes have to be equipped with algorithms that 
react with switching over to the strategy described 
by A-SNR enabling the τ-messaging without using 
the µ -paths.  

6. Conclusion 
An advanced path finding algorithm and pro-
tocol is given based on a graph theoretical ap-
proach. The presented algorithm A-SNR inten-
ded to be implemented in each node P of a 
MANET G …  
− ..neither uses geographic specifications nor 

assumes that the node nodes are stationary,  
− ..globally works as a shortest path algorithm 

although no path information is stored in an 
information center or server,  

− ..makes available the best forward / backward 
tracing of  queries / answers such that no better 
path between sources and targets can be found for 
the actual volatile situation, 

− ..eliminates straying messages as soon as possible 
to prevent a system collapse (due to confined 
transmission channels each node), 

− .. has the least system overhead conceivable and the 
least negotiation protocol. 

− The τ-messaging doesn’t rely on the path topology 
temporarily determined and used during the µ-mes-
saging ⇒ robustness of A-SNR! 
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