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Abstract—In this paper we present an experimental prototype Personal Networks have been under investigation in the
for context aware service discovery (CASD) specifically aimed EU |ST project “My Personal Adaptive Global Net (MAG-

at Personal Networks. The goal is to use context information NET)” [2] and are continuously being studied in “MAGNET
to provide the user with those services that are especially B @13 ith f federated PN
useful in his/her current situation. We describe the concept of —€YON [3], with focus on federate S.

CASD, a two-level architecture and the necessary components N PN’s, there may be a large amount of devices, with each
for performing CASD in Personal Networks. We also provide providing several services. Not all of these services are useful
experimental performance evaluation of CASD. These results to the user at the same time. In certain situations it would
are compared to service discovery mechanism without context e hejnfy if the service discovery system could filter services

awareness. We show that there is some overhead associated t?h t t rel t A | Idb h
the CASD process, in terms of response time, while the generated al are not relevant away. An example cou € a case where

network traffic may be reduced due less service description needs @ USer requires a location specific service, for instance a

to be transferred between nodes. printer. In a Personal Network searching for printers, a normal
Index Terms— Context aware service discovery (CASD), Personal service discover will reveal all connected printers to the user.
Networks, experimental evaluation When taking into account the context of the user by using

the geographical location, then only printers nearby the user
will be shown to the user. Furthermore, if the printer queue
|. MOTIVATION AND BACKGROUND on the nearest printer is rather large, it may be better to select
Service discovery is an important technique for a user to locaeprinter that is a bit further away. This is just one example
services in a network. Without service discovery, a user mut how two information, location and printer queue, can be
know about the presence of a service on a specific devicetiged to filter away and/or order less relevant services. Other
order to use it. In networks with a potentially large number dypes of information can also be used to enhance service
devices, service discovery can also help the user in managghgcovery, user preferences, ambient light and sound levels.
available services on the network. This is particularly the cabtsing such information to enhance service discovery we call
when considering Personal Network. context awareservice discovery (CASD). Requirements and
Personal Networks, which has been introduced in [1], consigshitecture for CASD has been studied in [4] and [5].
of the user’'s mobile devices in his/her Personal Area NetwoBtmilar work on context aware service discovery has been
(PAN), plus other personal devices, organized in subnetwork@nducted in e.g. a system called Ad hoc Context Aware
e.g. at home or the office. The different subnetworks aletwork architecture (ACAN)[6], which is aimed at wireless
connected by some interconnecting structure. The conceptsettings, and not scalable to global level. However, most

Personal Networks is illustrated in Figure 1. legacy service discovery systems, such as UPnP [7], SLP
[8], Salutation [9], Jini [10] etc. only implements context

N s devons awareness to some degree, and surely not to a sufficient level
Personal Network ' which is needed for Personal Networks.
. In this paper we present an experimental performance evalua-
: tion of a CASD aimed at Personal Networks. The results are
s "*».‘ compared to service discovery which is not context aware. We
cebwark show that there is some overhead associated to the CASD pro-
cess, in terms of response time, while the generated network
traffic may be reduced due less service description needs to
be transferred between nodes.
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Il. SERVICE DISCOVERY ARCHITECTURE
A. High level architecture

Since PN’s may become rather large, the service discovery
system must be able to cope with network sizes ranging

Remote devices

Fig. 1. Example illustration of the Personal Network concept, [1].



from small local networks to globally scaled networks. Faof the legacy SD modules. The INS/Twine module is used
this reason, the architecture is split into two layers, orte allow the SMN for to perform global service discovery,
for local discovery which covers all nodes within a localvhich is done in an overlay peer to peer approach. UPnP is
network domain and one for global discovery which covenssed for local cluster level discovery. The Service Discovery
all interconnected network domains. The concept is illustratédlaptation sub Layer (SDAL) provides a coherent interface
in Figure 2. In this constellation two entities play an importariietween the upper and lower components. Furthermore, the
SDAL offers access functionality to the SMN service repos-
itory. The Context Management Module uses the SDAL to
discovery where to obtain context information, and to maintain
the values dynamically. The Service Discovery Module (SDM)
together with the Service Ranker (SR) are the key components
in enabling CASD, since these are used to control and rank
services in the discovery process. When a service has been
discovered they are given a score value using the Service
Ranking module, and hereafter ranked according to the level
of interest of the user. Further details of the SML and the
components can be found in [11].

IIl. CONTEXT AWARE SERVICE DISCOVERY

In this section we describe in more details the activities
between the components and devices when CASD is done.

Fig. 2. MAGNET Service Discovery overlay network for service discoveryl N€ description is divided into a local and a global part, to
with an SMN in each cluster and SAN’s in some. reflect the two layered service discovery approach.

role, the Service Management Node (SMN) and the Servige

Assistant Node (SAN). Their role and definitions are described ) ] o
in the two bullets. The first part is the local discovery process, which is illustrated

in Figure 4. Initially an SMN receives a service discovery

Local discovery

« Service Management NodgSMN): A node that main-
tains a repository of context data within a cluster of

nodes. This node is also responsible for the interaction SAN SMN
between itself and other SMN’s in the overlay network. | S°V SPA- SDM CMM SDAL SR
« Service Assistant NodgSAN): A node which can take > D_Leqm‘ >

over the role as an SMN, e.g. in cases where the SMN
fails for some reason. It may also act as a proxy between
the SMN and non IP devices.

Service request  ————

[—CPD req —»

CTreq —p»
[= CT-upd = P>

B. Service Management Layer - Senvice rank >

We define a layer on top of the transport layer which we - . >
call the Service Management Layer, Figure 3. This layer
constitutes the components that perform CASD. The modules

A

Fig. 4. High level message flow diagram for local CASD at the SMN

Applications Services

Service Management L ayer request from some user, which could be another software

g oty ™ Dreavary e entity, application or from a SAN (as illustrated in Figure 4).
2 Service Mobity oo p— This triggers the SDM to make a lookup in the local service
5 e, M repository maintained by the SDAL. If any services are found,
= | S Dcorer Adamaton Lave Gor) | |t_obta|ns_a set of p.arameters, specific to that service, that

g will used in the ranking process from the CMM module. In
> Louacy/SS REOac/iSR Legayics this paper we use the term Context Parameter Data (CPD)
for such information. How these are constructed and what

TErEEaT they con_stitute will be_d_e_scribed in more deta_lil in Section

llI-C. It is the responsibility of the CMM to discover and

maintain these parameters. In case they are not present locally,
the CMM will try to discover these parameters. Next step in
the process is for the SDM to obtain the value of relevant
we base our measurements on are UPnP and INS/Twine as imformation, e.g. location of the user, which changes over time.

Fig. 3. Components in the Service Management Layer.



More details of this process can be found in [11]. The last pat} Score function:The following four functions are a part of
of the process is to put a score value on each service basedonimplementation:

context information and the CPD’s obtained. The ranking iS o Below: A function that rewards values below certain
then done by sorting the services according to their individual  values

score values, which are then presented to the requester.  , Above: A function that rewards values above certain
values

o Between A function that rewards values between a

certain value range

Avoid: A function that rewards values outside a certain

value range

2) Weight parameterDifferent aspects of the context service
o o SoAL Sorl Som oum SR discovery need to be_ tal_<en into_account when weighing the
N Senvce output scores. Potential information are:
et R « Context mismatch probability, i.e. the probability that
o i pamorrs some context value used in the ranking process has
send ot niomatn changed to another value.

A « The accuracy of a measured context information: If a
Senice reply S location is known to be 100m away with a precision of
+ 50m, this may easily be worse than a service being
125m away+ 5m.

These aspects are important, and can be used to influence the
ranking by weighing the output of the score function. This has
not yet been implemented, but will be left for future study.

the SMNs which has services of the particular service type.

Those SMNs that holds requested services, responds to the IV. PERFORMANCE MEASUREMENTS

at SMN2 sends a request back to the SMN to obtain relevant Response time: The time from a user pressing the dis-

ICPDI éﬁMC?nteXt f(t)r tSM';Il Mtt_aanw?llgMSl\l}/;N%Nrr(]equeéltalets covery button till the service has been found
oca or context information & ' en ' o Traffic overhead: The amount of traffic generated

context for SMN1 and SMNZ is known, the score value is Average Bandwidth: The average bandwidth usage during

calcglated. If.th_|s yalue is beyond a.ce.rtam threshold, the the discovery, i.e. the traffic overhead divided by the test
service description is send to SMN1 with its score, where the time

response along other responses from other SMN's is ranked test i ied out two i ith text
according to each individual score values. The final step e testis carned out two times, one with context awareness

then to present the result to the user and one without context awareness, in order to compare and
' evaluate the impact of the implemented context awareness.

B. Global discovery

For the global part, the required communication can be seen,
in Figure 5. Initially, the overlay network is used to discover

SMN1 SMN2

CTreq | (CTupd |

“There may notfbe a response due a low servie rank

Fig. 5. High level message diagram of global CASD.

C. Context based service ranking A. Test bed and procedure

The heart of CASD is in the ranking module, i.e. when calcthe experimental setup is seen in Figure 6, and consists of
lating a score value for services based on context informatiqpyee computers: two are connected through a fixed network
and sorting the found services after their individual SCOMgsing a router, and the third having a wireless 802.11g

Thé basic cz)lr;cept of the service score calculation is giv@Bnnection to one of the laptops. We limit our evaluation to
in Equation (1).

Eg:l W fr(Azy,)
EnN:1 Wn

a02.11b

\
where S,,, is the total score of servicen, w, is the nth
weight, x,, is the nth context variable Az here represents :
the context difference between the desired and the actual\ =002 SMN-T0.10.11 12 o=

context value) andf, (z) is a context score function. The
functions, parameters and inputs varies from service to service,
and is a part of the CPD mentioned earlier. For instance, a
printer service should be ranked based on different cont& &
information than a gateway service. Hence, the ranking system
must be flexible and extensible enough to cope with a highree cases, in which services already have been registered at
variety of services and context information. the SMN’s.

Cluster A P-PAN

Experimental test bed setup



Local SMN service discovery
T T

1) Local discovery, when the user triggers a local service ———
discovery from the SMN.
2) Local discovery, when a user triggers a local service
discovery from a SAN. 20
3) Global discovery, when the user triggers a global PN
service discovery from the SAN.
The discovery time will be measured at the node from where
the user is triggering the system, i.e. for 1) this will be the
SMN, for 2) and 3) this will be the SAN. Since the SMN wiill
play the key role in the discovery, network traffic is measured

i
a
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Search time [ms]

to/from the SMN. 5¢
I A
— ///77
B. Input parameters op
For all three cases we will investigate how the amount of 2 10 mber of envices regisieet 100 120

registered services influences the performance parameters in

the discovery process. The following parameters are kept fixeigl 7. Discovery time when doing SD locally on SMN with 95% confidence
during the tests: interval for each measured points

« Fixed number of UPnP devices: 4 on each node

o Fixed number of context dependency, i.e. CPD’s per o
service: 4 per service

« We use a reactive context information update scheme

« The size of a device is given by 1,2 KB + 0,33 kb/service
for normal, and 1,2kb + 0,89kb/service for CASD) 100}

o User request inter arrival time is deterministically fixed ol -
to three seconds ’

« No other traffic is generated on the test bed, except what
is created by the INS overlay network, i.e. between the P
two SMN’s. This traffic is approximately 16kb/s. SOM//

« For each point, 30 measurements are taken and the mean ‘

Local SAN - SMN service discovery
—&- With context awarenss
— Without context awareness
120

110

Search time [ms]
@
3
A\
A\

Jo ‘//

_

70F

with a 95% confidence interval is calculated o

o The two SMN's are 3GHz Pentium machines with each aof
256MB RAM, running Linux (Ubuntu). The one SAN
(10.10.12.3) is a 1.7GHZ laptop with 512 MB RAM also ° * Numberof senvces regsteret ® °
running Linux (Ubuntu).

e
//
I
0

Fig. 8. Discovery time when doing SD locally from SAN to SMN with 95%
confidence interval for each measurement point

C. Results

1) Discovery time:Figure 7 shows the results from the first

scenario. This figure illustrates the time consumed by tigemplies with what was observed in the local test, plus some
processor when processing the information, since everythiagditional processing at the SAN.

is done on one machine. The graphs clearly illustrate thBie last result, seenin Figure 9, shows the discovery time from
context awareness takes longer time to process. The tithe global discovery done from a SAN. This test does not
difference is about 10-15ms, which we do not see as a seri@garly show a difference between normal service discovery
time difference from a users perspective. Even with a stroagd CASD. This is most likely a matter of the INS overlay
machine as the SMN, there is a significantly increase in thetwork, which seems to dominate the discovery time.
response tim from 32 to 64 services, which is most likel§) Traffic overhead: Table | provides an overview of the
caused by exhausting of computational resources. This seemerhead generated during the tests. All numbers are averages
also to be the case for the non context aware approaehaluated from Etherreal. The effect of the ranking and selec-
however, here the increase is less. We consider that there is

an upper limit of how many services can be running on one Packets| packets/s| bytes/packet] bytesireq| bytes/s
d P hi hi ny h : dg ... | Local CASD 315 5,410 201 2120 1092

node on this machine, since each service started initiates |3cal sp 388 6.421 263 3404 1689

thread, which naturally leads many task and process switch&sobal CASD | 917 7.6 272 8331 2058

at kernel level. Global SD 843 7.1 296 8309 2090

Figure 6 show the results from the local SAN-SMN discovery. TABLE |

The graphs in Figure 8 shows the result from the local AVERAGE TRAFFIC OVERHEAD MEASURED AT THESMN.

SAN-SMN discovery. As expected context awareness adds to
the discovery time. The added time is around 25ms, which



Global SAN-SMN service discovery

21001 R — In addition to providing services reactively, i.e., as the result of
a user request, we can also proactively search for services that
2600/ may be of interest to the user in his/her current situation. This
is especially useful for mobile users, as mobile devices have a
display of limited size and manually entering information may
be cumbersome. As a first step, the situation of the user has
to be determined. Based on that, relevant services could be
discovered and ranked, providing the user with direct access
to these services.

2500 -

2400 |

Search time [ms]

2300
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ABOUT MAGNET BEYOND:

MAGNET Beyond is a continuation of the MAGNET project
tion process is clearly seen in the local part, as less data neggigw.ist-magnet.org). MAGNET Beyond is a worldwide
to be transferred to the SAN from the SMN. The picture iRgD project within Mobile and Wireless Systems and Plat-
more blurred in the global discovery, since the SMN neegsrms Beyond 3G. MAGNET Beyond will introduce new tech-
now to interact with both the SAN and the SMN overlaygiggies, systems, and applications that are at the same time
network, hereby making the deselection of services not thaler-centric and secure. MAGNET Beyond will develop user-

efficient in terms of network traffic. centric business model concepts for secure Personal Networks
in multi-network, multi-device, and multi-user environments.
V. CONCLUSION AND OUTLOOK MAGNET Beyond has 32 partners from 15 countries, among

In this paper we presented a system capable for performigse highly influential Industrial Partners, Universities, Re-

CASD. The system is based on an experimental test bed thg@rch Centres, and SMEs.

has been developed for Personal Networks in the MAGNET

project[12]. In such a network, CASD will assist the user REFERENCES

in the process of discovering and selecting services that aff |. Niemegeers and S. H. de Groot, “Personal networks: Ad hoc dis-
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information for each service found. Making service discovery © MAGNET Consortium - IST-507102, Tech. Rep., December 2005.

context-aware has some impact on performance. At the SMN [Online]. Available: http://www.ist-magnet.org _ _

the experimental tests showed an increases processing timdt,MY personal adaptive global net and beyond.” [Online]. Available:

. . , : http://lwww.magnet.aau.dk/

the order of 10-15ms, which is from a user’s perspective nQk R.L.Olsen, H.Murakemi, H.P.Schwefel, and R.Prasad, “User centric

much. For the local SAN-SMN scenario, the measurements service discovery in personal network§yPMC04 September 2004.

also showed an increased discovery time, however, in the§d M- Ghader, R. L. Olsen, M. G. Genet, and R. Tafazolli, “Service man-
. . . . agement platform for personal network&toceedings of IST Summit

settings the increase was in the area of 25ms. It was during 2005, Dresden2005.

the experiment observed less traffic was generated due tié M. Khedr and A. Karmouch, “Enhancing service discovery with context

selection of services at the SMN, hereby leading to less E‘;%:g‘;;‘r‘l’:gz'ggf Canadian Conference of Electrical and Computer
service descriptions to be transmitted to the SAN. For globa¥] “Universal plug'n’play,” 1999. [Online]. Available: http://www.upnp.org/
discovery, there was no clear difference between context ar@] Service Location Protocol, svrloc - RFC26082 ed., IETF, June 1999.

e i ; ; ; :J9] Salutation Architecture Specification (Part;1) The Salutation
non CASD. This is mainly explained by that this overhead S Consortium, 1999. [Online]. Available: http://www.salutation.org/
negligible compared to what it takes for the overlay networko) <jini network technology.” [Online]. Available:

to make discovery. http://wwws.sun.com/softwaref/jini/ o -

So far, we have looked at numerical context informatiott! E'A'-éﬁllzsf%%’;‘igfﬁi'r'ﬁ"_Dlzs'%g:o';"fgze};gp.";eegf’s%’gfe%i’ﬁcg&a;'.ons'"
for ranking services. In the future, we also want to 100k @i2] “My personal adaptive global net” 2004. [Online]. Available:
non-numerical context information like favorite food or user  http://www.ist-magnet.org/

activity. This requires a mapping of the context information

to some numerical value. Another issue is how to deal with

(partially) missing context information. Depending on the kind

of context information, but possibly also user preferences, the

service should be ignored or its score should be negatively

influenced.



