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Abstract. Service discovery is a crucial feature for the usability of mo-
bile ad-hoc networks (MANETs). In this paper, Minimum Dominating
Forward Node Set based Service Discovery Protocol (MDFNSSDP) is
proposed. MDFNSSDP has the following characteristics: 1)It minimizes
the number of coverage demanding nodes in the current node’s 2-hop
neighbor set. 2) It minimizes the size of dominating forward node set
used to cover all coverage demanding nodes. Forward nodes are selected
based on local topology information and history information piggybacked
in service request packets. Only these forward nodes are responsible for
forwarding service request packets. 3) The coverage of service request
packets is guaranteed. 4) Multiple service requests can be fulfilled in just
one service discovery session. Simulations show that MDFNSSDP is an
effective, efficient, and prompt service discovery protocol for MANETs.1

1 Introduction

Mobile Ad-Hoc Networks (MANETs)[1] are temporary infrastructure-less multi-
hop wireless networks that consist of many autonomous wireless mobile nodes.
Flexibility and minimum user intervention are essential for such future commu-
nication networks[2]. Service discovery, which allows devices to advertise their
own services to the rest of the network and to automatically locate network
services with requested attributes, is a major component of MANETs.

In the context of service discovery, service is any hardware or software features
that can be utilized or benefited by any node; Service description of a service
is the information that describes the service’s characteristics, such as types and
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attributes, access methods, etc; A server is a node that provides some services;
A client is a node that requests services provided by other nodes. When a node
needs services from others, it generates a service request packet. When receiv-
ing request packets, each node that provides matched services responds with
a service reply packet. Nodes without matched services forward the packet fur-
ther. All these packet transmissions, including request packets and reply packets,
form a service discovery session. Coverage preservability of a service discovery
protocol is the property that the coverage of service discovery requests when the
protocol is used is the same to that when flood policy is used.

The objective of service discovery protocol is to reduce service request packets
redundancy while retaining service discoverability. Usually this is approached by
searching for more efficient policy of service request packet forwarding.

Existing service discovery protocols targeted at MANETs are not very appli-
cable for their variety of problems. Flood-based protocols (Konark[3], Proximity
SDP[4]) face the risk of broadcast storm problem[5]. Some other flood-like proto-
cols (FFPSDP[6], RICFFP[7]) can not guarantee the coverage of service request
packets, which leads to lower service discovery ratio. Two group-based protocols
(GSD[8], Allia[9]) cause serious redundancy of unicast request packets. 2-layer
protocols[10][11] construct upper logic layer by selecting out some nodes with
variety of criterions. Upper logic layer requires costly maintenance. DSDP[12]
is superior to other 2-layer protocols for its lower topology maintenance over-
head. In multi layer protocols (ServiceRing[13], MultiLayerSDP[14]), their hi-
erarchy architectures are hard to maintain, which has been verified through
simulations[15]. Additionally, no existing protocols consider the requirement of
fulfilling multiple service discovery requests in one service discovery session. For
a more detailed survey please ref to ref[16].

Noticing above problems and the importance of coverage preservability prop-
erty of service discovery protocols, Minimum Dominating Forward Node Set
based Service Discovery Protocol (MDFNSSDP) is proposed in this paper. The
new scheme minimizes the number of coverage demanding nodes in the current
node’s 2-hop neighbor set, and finds a minimum dominating forward node set
to cover all these coverage demanding nodes. In this way, service request packet
overhead is greatly reduced. MDFNSSDP preserves the coverage of service dis-
covery sessions, and it can fulfill multiple service discovery requests in just one
service discovery session. Besides, it offers some user-definable parameters, which
can be used to adjust its operation.

Dominating set scheme has been applied to many aspects in MANET, includ-
ing routing, broadcasting, and applications, but no similar work is found used in
service discovery protocol. Besides, most works are either omitted the necessity
to minimize the set to be covered or lack of coverage preservability proof. Some
work using dominating set can be found in ref[17].

The rest of the paper is organized as follows. In Section 2, data structures of
MDFNSSDP and some definitions are given. A problem called dominating for-
ward node set (DFNS) problem is proposed and its NP-completeness is proved.
An heuristic to solve the DFNS problem is proposed, and its approximation ratio
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is analyzed. In Section 4, operations of MDFNSSDP are described and demon-
strated. In Section 5, some properties of MDFNSSDP, such as the existence of
dominating forward node set and coverage preservability, are proved. In Section
6, the performance of MDFNSSDP is analyzed through extensive simulations.
Finally, in Section 7, a conclusion is made.

2 Preliminaries of MDFNSSDP

2.1 Data Structures

In MDFNSSDP, each node broadcasts hello packets periodically. The structure
of hello packets is shown in Fig. 1(a). The packet-type field indicates the type of
the packet. The sender-id field indicates the sender of the packet. The service-list
field stores the list of local services’ descriptions. The life-time field indicates the
time that the packet can be cached by others. The neighbor-list field stores the
list of the current node’s 1-hop neighbors.

Hello packets received will be cached in NLSIC for a period. The structure of
NLSIC item is shown in Fig. 1(b).

(a) Hello packet (b) NLSIC entry

(c) Service request packet (d) RRT entry

(e) Service reply packet

Fig. 1. Data structures in MDFNSSDP protocol

The structure of service request packets is shown in Fig. 1(c). The packet-id
filed is a number that increases monotonically with each service request packet
generated by a node. This field identifies different service request packets from
the same node. The source-id filed indicates the client that generates the service
request packet. The visited-list filed stores the list of nodes that the packet has
passed. Depends on the value of protocol parameter, the visited-list field may
also store the list of 1-hop or 2-hop neighbors. The sender-id filed indicates
the direct sender of the packet. The receiver-list filed stores the list of so called
forward nodes that are responsible for forwarding the request packet further. The
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remain-hop filed indicates the number of hops that the packet can still travel. The
request-list field describes the list of the descriptions of the requested services as
well as whether any matched services has been found for each requested service.

Each node maintains a RRT which is used in two tasks: 1) check for du-
plicated request packets, and 2) forward service reply packets reversely to the
corresponding client node. Fig. 1(d) shows the structure of an RRT entry. The
predecessor-id field indicates the node from which the service request packet is
received. It is just the next hop node that a corresponding reply packet should
be forwarded to. The packet-id and source-id field are the same to that of the
service request packet

The structure of service reply packets is shown in Fig. 1(e). The packet-type
field indicates the type of the packet. The source-id field stores the destination of
the reply packet, which is just the node that generates the corresponding request
packet. The packet-id field stores the packet-id of the corresponding request
packet. The receiver-id field indicates the next-hop node of the service reply
packet. The replier-id field indicates the node that generates the reply packet.
The matched-service-list field stores the description of the matched services.

2.2 Notations and Definitions

The following notations are used in the rest of the paper.

u: the current node.
s: the client that generates the service request packet.
v: the direct sender of the current service request packet.

Nx(u): the set of nodes that are at most x-hop away from node u,
i.e., node u’s x-hop neighbor set, including u itself.

Hx(u): the set of nodes that are just x-hop away from node u.
V (v) the set of nodes in the visited-list field of the request packet sent by v.

F (v, u): F (v, u) = H1(u) − N1(v).
R(u): The set of nodes in the receiver-list field of request packet sent by u.

We make the following definitions.

Def. 1 (Forward Node): Each node in R(u) is a forward node of node u.

Def. 2 (Candidate Forward Node): Each node in F (v, u) is a candidate
forward node of node u. Obviously, R(u) ⊆ F (v, u) since that forward nodes are
all selected from F (v, u).
Def. 3 (Coverage of a service discovery session): All nodes that could
receive or have received service request packets of a service discovery session are
called as in the coverage of the service discovery session. It can also be said that
these nodes are covered by the service discovery session.

Def. 4 (Extendedly Covered): For a node w, if ∃x ∈ R(u) meets w ∈ H1(x),
then we say that node w is extendedly covered by node u.

Def. 5 (Coverage Demanding Node): To obtain coverage preservability,
when forwarding service request packets, all node in H2(u) should be guaranteed
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to be covered by the current service discovery session. Some nodes in H2(u)
have already been covered or to be covered through other ways. Hence, only a
subset of H2(u) should be guaranteed to be extendedly covered by the current
node. These nodes are called as coverage demanding nodes. The set of coverage
demanding nodes is denoted as HCDN (v, u). Obviously, HCDN(v, u) ⊆ H2(u).
In MDFNSSDP, HCDN(v, u) = H2(u) − N2(V (v)).

Def. 6 (Dominating Forward Node Set): Given a set of nodes R(u), if
for ∀w ∈ HCDN (v, u), ∃x ∈ R(u) that meets w ∈ H1(x), or in other words ,
HCDN (v, u) ⊆ H1(R(u)), then R(u) is a dominating forward node set, denoted
as FDFNS(v, u).

3 Find a Minimum Dominating Forward Node Set

When receiving a service request packet, each forward node will have to forward
the packet further, unless all requested services are found or the packet’s hop-
limit is reached. Hence, in order to reduce request packet overhead, the size of
DFNS should be minimized. The task of finding a DFNS with minimum size is
called as DFNS problem.

Using H to represent the set of coverage-needed hidden servers HCDN (v, u), C
to represent the family of sets {H1(w)|w ∈ F (v, u)}, and F to represent F (v, u),
the DFNS problem can be defined formally as follows:

DFNS problem: Given H, C, and F, find a dominating forward node set
FDFNS(v, u) ⊆ F with minimum size.

Since that
⋃

w∈F (v,u) H1(w) ⊇ H2u − N2V (v) = HCDN (v, u)(refer to Lemma
3 in the following text), and there is a 1-to-1 correspondence between C and F,
the decision version DFNS Problem can be defined formally as follows:

DFNS problem (decision version): Given H={h1, · · · , hn}, C={C1, · · ·Cm},⋃
Ci∈C Ci ⊇ H , and a positive integer k, decides whether there is subset B ⊆ C

with size k such that
⋃

Ci∈B Ci ⊇ H .

Lemma 1. The decision version of the DFNS problem is NP-complete.

Proof. The proof is omitted for the limit of space. ��
Since that DFNS problem is NP-complete, the following greedy heuristics is
proposed in MDFNSSDP to select a dominating forward node set FDFNS(v, u)
from H, C, and F.

Heuristic: greedy Minimum DFNS heuristic.

1. Let FDFNS(v, u) = Φ(empty set), HRC(v, u) = Φ(HRC(v, u) is a temporal
set used to store node set already covered by FDFNS(v, u)).

2. Find node w ∈ F (v, u) with maximum |H1(w)
⋂

HCDN (v, u) − HRC(v, u)|.
In case of a new tie, select w with smallest ID.

3. FDFNS(v, u) = FDFNS(v, u) + w, F (v, u) = F (v, u) − w.
4. HRC(v, u) = HRC(v, u)

⋃
H1(w). If HRC(v, u) ⊇ HCDN (v, u), exit.

Otherwise, go to step 2.
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Lemma 2. The approximation ratio of the greedy minimum DFNS heuristic is
ln(maxz∈F (v,u)|H1(z)

⋂
HCDN (v, u)|) .

Proof. The proof is omitted for the limit of space. ��

4 The Operations of MDFNSSDP Protocol

MDFNSSDP protocol has three basic operations: Hello packet exchanging, ser-
vice request packet forwarding, and service reply packet routing.

4.1 Hello Packet Exchanging

In MDFNSSDP, each node in a MANET should broadcast hello packets peri-
odically. Node can cache the information in the hello packets into their NLSIC.
This information will be kept valid for a user-defined period. Hello packets can
only travel 1 hop, i.e., nodes should not forward a reply packet further. New
hello packets are constructed basing the information in NLSIC.

The content of the service-list field of a hello packet is determined by protocol
parameter STY PE as follows.

– If STY PE=NONE, this field contains nothing.
– If STY PE=SELF, this field contains the descriptions of all services provided

by the node.
– If STY PE=HOP1, this field contains not only the descriptions of the services

provided by the node, but also those of the services provided by the current
node’s neighbors.

– If STY PE=HOP2, the field contains the descriptions of the services of three
sources: 1)the current node, 2)1-hop neighbors of the current node, and 3)
2-hop neighbors of the current node.

4.2 Service Request Packet Forwarding

When needing services, a node firstly checks to see if there are any matched ser-
vices for each requested service, either provided by the node itself or found from
its NLSIC. If yes, the service discovery request succeeds. If no, the node con-
structs a service request packet and sent it out. The request-list field of a request
packet can contain multiple service requests. Hence, in MDFNSSDP, multiple
service discovery requests can be fulfilled in one service discovery session. The
maximum number of service discovery requests in request-list field is determined
by parameter CSize.

Request Packet Forward Decision. When receiving a service request packet
from other nodes, or the current node needs services, the node should determine
whether to forward the packet or not. If the following 4 conditions are all met, the
packet should be forwarded. The 4th condition is important to the property of
fulfilling multiple service discovery requests in just one service discovery session,
called as multi task mode.
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– This is a new service request packet for the node. Whether a service request
packet is new or not for the receiver can be determined basing on the current
node’s RRT.

– The remain-hop field of the service request packet is bigger than 0.
– The current node is in the list of forward nodes in the receiver-list field of

the service request packet.
– There are some unmatched service requests yet.

Request Packet Forwarding Procedure. Following 5 steps are used to for-
ward a service request packet.

1. Determine the set of coverage demanding nodes,
HCDN(v, u) = H2(u) − N2(V (v))

2. Find a minimum dominating forward node set.
Using the previous greedy-based DFNS heuristic to find a dominating
set FDFNS(v, u) from HCDN (v, u), F (v, u) and H1(w)|w ∈ H1(u).

3. Enclose nodes in FDFNS(v, u) into the the packet’s receiver-list field.
4. Update the contents of other fields of the request packet (section 3.2.3).
5. Send the service request packet out in broadcast mode.

Request Packet Content Update. Before forwarding a service request packet,
some fields of the service request packet should be updated as follows. The content
of the visited-list field depends on the parameter VTY PE , whereas the size of the
items in visited-list field is determined by VSIZE .

– If VTY PE =NONE, visited-listfield contains nothing. IfVTY PE=SELF, visited-
list field contains the identity of the current node.If VTY PE=HOP1, visited-list
field contains N1(u) = u + H1(u).If VTY PE=HOP2, visited-list field contains
N2(u) = u + H1(u) + H2(u).

– If the number of items in the visited-list field is bigger than VSIZE¿0, the
earliest item is removed from the visited-list field to make room for the latest
item. If VSIZE=-1, the number of items is not limited.

– In request-list field, all matched service requests are designated as ”matched”.
– The remain-hop field is decreased by 1.

4.3 Service Reply Packet Routing

When receiving a service request packet, each node that finds matched services
should construct a service reply packet and send it out, no matter what the
source of the matched services are, the node itself or its NLSIC.

When receiving a service reply packet, a node firstly checks if this node is
just the destination of the packet. If yes, the node caches the service information
in reply packet, and this service discovery session finishes. If no, the node then
checks if there are any matched services not seen in previous reply packets. If yes,
the service reply packet will be forwarded further. Otherwise it will be discarded.
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To forward a service reply packet, the node searches for the RRT item that
corresponds to the service reply packet. Then the service reply packet is for-
warded to the node indicated by the predecessor-id field of the founded item. In
this way, a service reply packet will be relayed to the source of the corresponding
service request packet along the reverse path.

5 Property Analysis of MDFNSSDP

5.1 Existence of Dominating Forward Node Set

In MDFNSSDP, HCDN (v, u) is determined by removing N2(V (v)) from H2(u),
and then a set FDFNS(v, u) is selected from F (v, u) to cover HCDN(v, u).

This section focuses on two aspects: 1) the possibility of finding a qualified
FDFNS(v, u), 2) the property of coverage preservability of MDFNSSDP.

Lemma 3.A qualified FDNFS(v, u) can be found in F (v, u) to cover HCDN (v, u).

Proof. The proof is omitted for limited space. ��

5.2 Coverage Preservability of MDFNSSDP

In MDFNSSDP, the set of coverage demanding nodes, HCDN (v, u), is deter-
mined as H2(u) − N2(V (v)). This configuration can still guarantee the coverage
of service discovery sessions. This is to say, the coverage of service discovery re-
quests when MDFNSSDP is used is the same to that when flood policy is used.
About the correctness of this property, there are the following lemmas. All these
lemmas are based on the following assumptions:

Assumption 1: The underlining MAC protocol is ideal. That is to say, each
packet sent by a node will be received by its neighbors correctly and timely, and
there are no collisions.

Assumption 2: The value of the remain-hop field of a request packet is large
enough to cover the network, i.e., the restriction of remain-hop is not considered.

Assumption 3: The effect of cancellation of service request packet forwarding
by a node where all requested services have been matched is not considered.

Lemma 4. In MDFNSSDP, if a node has received a service request packet of a
service discovery session, then all neighbors of the node must be able to receive
a service request packet of the service discovery session.

Proof. The proof is omitted for limited space. ��

Lemma 5. In MDFNSSDP, if a MANET is connected, then all nodes in the
MANET must be able to receive a service request packet of a service discovery
session.
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Proof. In a connected MANET, for each node pair, there are paths of 1 or more
hops. Suppose the client of a service discovery session is node s, then for each
node w in the MANET, there must be a path. Suppose s → x1 → x2 → · · · → xn

→ w is a path from node s to w, now we prove that node w must be able to
receive a service request packet of the service discovery session.

According to Assumption 1, x1 ∈ H1(s) must be able to receive the ser-
vice request packet sent by node s. Then using Lemma 4 repeatedly along the
path s → x1 → x2 → · · · → xn → w, nodes x1, x2, · · · , xn, w must also be able
to receive request packets of the service discovery session. Hence, the lemma
follows. ��

6 Simulation Analysis

6.1 Performance Metrics

Four performance metrics are considered in our simulations.

– Request-Packet-Number: It measures the number of service request pack-
ets sent in one simulation. It reflects the efficiency the policy of forwarding
service request packets.

– Succeeded-SDP-Number: It is the number of service discovery sessions in
which the client has received at least one successful reply packet. It reflects
the effectiveness (service discoverability) of service discovery protocols.

– First-Response-Time: It is the interval between the arrival of the first
reply packet and the generation of the corresponding request packet. This
metric is averaged over all succeeded service discovery sessions. It measures
the promptness of service discovery protocols. It also reflects the average
distance between clients and the corresponding first repliers.

– Ratio of Succeeded-SDP-Number to Total-SDP-packet-number
(Suc2Total): This metric is the ratio of Succeeded-SDP-number to the sum
of service request packets and service reply packets. It reflects the efficiency
of service discovery protocols. The number of periodical packets, such as hello
packets in MDFNSSDP, is sensitive to protocol parameters, and almost all
service discovery protocols generates such packets. Hence, to make a more
discriminative inspection on protocol performance, periodical packets are
not calculated in this metric.

6.2 Simulation Models

Simulation studies are performed using Glomosim[19]. The distributed coordi-
nation function (DCF) of IEEE 802.11 is used as the underlying MAC protocol.
Random Waypoint Model (RWM) is used as the mobility model.

In RWM mobility model, nodes move towards their destinations with a ran-
domly selected speed V ∈ [Vmin, Vmax]. When reaching its destination, a node
keeps static for a random period TP ∈ [Tmin, Tmax]. When the period expires,
the node randomly selects a new destination and a new speed, then moves to
the new destination with the new speed. The process repeats permanently. In
our simulations, Tmin = Tmax = 0, Vmin = Vmax = V .
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6.3 Select Comparative Solutions

To make a comparative study, we implement MDFNSSDP and other three typ-
ical service discovery protocols for MANETs: BASIC, GSD[8], SSDP[2].

BASIC represents the most straightforward service discovery protocol where
each node should forward each service request packet it received, unless the
packet reaches its hop limit. BASIC method is widely accepted as a benchmark
in evaluating service discovery protocols.

In GSD, services are classified into groups. Each server generates service adver-
tisement packets periodically. Through advertisement packets, each node knows
the services provided by its adjacent nodes as well as the group information of
some services that these adjacent nodes have seen in received service advertise-
ment packets. When forwarding a service request packet, a node can intelligently
forward the packet towards some selected nodes in unicast mode. These selected
nodes have seen some services of the same group as the requested service.

In DSDP, some nodes are selected out according to node degree and link
stability to construct an upper layer logic backbone. DSDP works in three stages:
hello packet collection, backbone node selection, backbone maintenance. They
are all based on periodical hello packets. After the construction of backbone,
all service discovery packets will spread along the backbone, and thus service
request packets will be reduced.

6.4 Simulation Results

Seven simulaiton sets were performed with radio range set to 100m, 125m, 150m,
175m, 200m, 225m, 250m, respectively. Each simulation set contains 4 subsets,
which adopts the four protocols, especially. Each subset includes 100 similar sim-
ulations with different random seeds. Simulation scenarios are created with 100
nodes initially distributed according to the steady state distribution of random
waypoint mobility model. At the beginning of each simulation, 100 nodes are ran-
domly distributed in the scenario area, and predetermined number of nodes are
randomly selected as servers. These selected servers provide randomly selected
services. During each simulation, 100 service discovery sessions are started at

Table 1. Basic parameters in simulation study

Parameters Value Parameters Value

Scenario 1000m×1000m Number of service groups 2
Number of nodes 100 Number of services in each group 5
Simulation time 1000s Hop of broadcast packets(GSD) 1
bandwidth 1Mbps Hello(broadcast) packet interval 20s
Session number 100 Valid time of cache item 30s
SType(MDFNSSDP) SELF Node speed(m/s) 0m/s
VType(MDFNSSDP) SELF Hop of request packets 3
VSize(MDFNSSDP) -1 Number of servers 100
CSize 1
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(a) Request-packet-number (b) Succeeded-SDP-number

(c) First-response-time (d) Suc2Total

Fig. 2. Protocol performance under different radio range

randomly selected time by randomly selected nodes.Some basic simulation pa-
rameters are listed in Table 1, and simulation results are shown in Fig. 5 with
error bars report 95% confidence.

Fig.2 shows that under different radio range, MDFNSSDP has the least re-
quest packet overhead (Fig.2(a)), the highest service discoverability (Fig. 5(b)),
the quickest response (Fig.2(c)), and the highest efficiency (Fig.2(d)).

7 Conclusions

In this paper, Minimum Dominating Forward Node Set based Service Discovery
Protocol (MDFNSSDP) for MANETs is proposed. MDFNSSDP protocol has
the following properties:

– MDFNSSDP can fulfill multiple service discovery requests in just one service
discovery session. The request-list field can store multiple service requests,
and protocol operations are tailored elaborately for multiple-request tasks.
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– MDFNSSDP preserves the coverage of service discovery sessions.
– MDFNSSDP minimizes the size of coverage demanding node set HCDN(v, u).
– MDFNSSDP minimizes the number of selected forward nodes by finding

a minimum dominating forward node set to cover all coverage demanding
nodes using a greedy-based DFNS heuristic.

Simulation results show that MDFNSSDP is an efficient, effective, and prompt
service discovery protocol for MANETs.
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