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Even though computing and telecommunications technologies are continuously improving,
critical business applications such as electronic commerce foster an urgent need for high-
assurance information service systems in rapidly evolving situations. One solution has been
proposed in the form of a distributed service replica network sustained by Push/Pull mobile
agents, called Faded Information Field (FIF). In this system, user requests are autonomously
driven by Pull-MA in charge of finding the relevant service. In the case of a mono-service
request, the system is designed to reduce the time needed for users to access the information
and to preserve the consistency of the replicas. But when the user requests joint selection
of multi-services, synchronization of atomic actions and timeliness have to be assured by the
system. This paper proposes a new technology to increase the potential of service consumption
by adding new classes of services, called integrated services. An autonomous integration
protocol for heterogeneous FIFs is established on the basis of correlation ratios on the three
views of content, property, and category of information services. The integrated services have
been shown to efficiently reduce access time and increase service consumption.

1. Introduction

Requirements for information systems con-
tinue to become more stringent and complex
to cope with changing telecommunication needs
and to adapt to new technological advances1).
The Internet, for example, is continuously sub-
ject to modifications and evolutions that af-
fect its functioning. Users have varying infor-
mational demands that service providers need
to cope with. With the emergence of elec-
tronic business, informational content is con-
tinuously updated according to the current sale
offers. The network suffers from constant alter-
ations. Wireless data networks, in particular,
are overwhelmed by fluctuant connection sta-
bility, and unpredictable availability in an envi-
ronment with high latency and low bandwidth.
As perceived by Internet users, frequent un-
availability, poor responsiveness, and data cor-
ruption can tarnish a provider’s reputation and
decrease its service consumption2). This situ-
ation consequently fosters an urgent need for
high-assurance3). It is therefore necessary that
in continuously changing situations, dynamic
binding between the actors be maintained and
that reliability, availability, and safety be guar-
anteed during transactions.
Service utilization varies in quantity and

quality, and consequently the complete service
offer is generally irrelevant to users. Analyz-
ing the server logs of some HTTP servers, a
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study4),5) has shown that more than 80% of
the generated traffic was generally caused by
accesses to less than 6% of the actual available
information on the central server. In another
study conducted by Gwertzman and Seltzer6),
analysis of service consumer worldwide revealed
well-defined concentration areas. A selective
replication of server information toward its con-
sumer location is therefore one good way to re-
duce network traffic and load-balance service
providers. However, the success of introduc-
ing service replicas at distinct sites depends on
the ability of the system to maintain consis-
tency between replicas and to dynamically di-
rect users to the right node. Obviously, the
previously proposed static techniques are not
applicable to rapidly changing environments. A
better approach is to integrate users and SPs in
one heterogeneous system where each collabo-
rative entity is autonomous. Such a system has
been established in the form of an innovative ar-
chitecture called Faded Information Field (FIF)
and sustained by a Pull/Push mobile agent in-
frastructure.
In FIF, the service provider allocates its pop-

ular information to adjacent nodes, closer to
service users. For mono-service requests, this
architecture manages to reduce user access time
while preserving a consistent and maintainable
replicated informational area. However, most
requests on the Internet involve two or more ser-
vices at the same time. If a request can be split
into two mono-service requests, different Pull-
MAs can be sent in parallel and execute their
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tasks. For complex multi-service requests to be
performed, arduous synchronization operations
are necessary, leading to further delay. Addi-
tionally, such synchronization is usually impos-
sible when a critical decision needs to be taken
when purchasing, for example, an outstanding
product or when making a bid. In this paper,
we propose that services available in a common
replication zone be integrated when they can
be demonstrated to be highly correlated. We
define how functionally and semantically close
two services are on the basis of the three views
of their contents, properties, and category, and
describe how two FIFs can be dynamically in-
tegrated to optimize their synergy in rapidly
evolving situations.
The remainder of this paper is organized as

follows. Section 2 explains the need for inte-
grating Internet services into the global market.
Section 3 presents the concept of autonomous
information service and then introduces the
Faded Information Field concepts and architec-
ture. Section 4 proposes three views for measur-
ing the synergistic effect of service integration.
Section 5 then exposes how an autonomous in-
tegration can be achieved and presents the sim-
ulation results. Finally, section 6 outlines our
conclusions.

2. Motivation and Approach

2.1 Coping with the Competition
On the Internet, many application require-

ments are becoming more severe, in response to
the fierce competition taking place between ser-
vice providers. To strengthen their business po-
sition, service providers have been diversifying
their offers with value-added services such as
advisory services based on collaborative filter-
ing or customized front pages. In the electronic
commerce area, for instance, Amazon.com sup-
plies recommendations to users based on what
other users with the same profile have bought
at their site. Search engines have also been
gathering satellite-services such free e-mail ac-
counts and on-line news, to render their offers
more attractive. Similarly, as an example of
vertical integration, virtual manufacturing en-
terprises7) have been widely addressed by the
research community. As the number of Inter-
net services continues to grow exponentially, it
therefore becomes more and more necessary to
make a Web site a pole of attraction in order
to survive as a service provider.

2.2 Exigency of Demands
With the democratization of Internet usage,

users are making more and more diversified and
complex requests, involving various criteria and
services. A typical example is the hotel reser-
vation/airplane ticket-booking problem. A user
is looking for a return flight to Tokyo dur-
ing his or her vacation, and wants to book
a hotel in this city during the same period.
Further constraints about prices and possible
time periods can also be requested. Obviously,
this search induces time-consuming coordina-
tion and synchronization of distributed transac-
tions between multiple SPs. However, ignoring
this type of request will undoubtedly lead to a
loss in service consumption. Coping with the
exigency of demands is one of the most critical
challenges that SPs need to face.

2.3 Globalization
Hitherto, global service integration has been

mainly undertaken by Internet portals to en-
hance their service offers. Yahoo.com, for in-
stance, integrates auction services and on-line
shopping along with its traditional search en-
gine. However in rapidly changing environ-
ments, such centralized approaches may face
saturation and faults affecting the availability,
and responsiveness of services. Service integra-
tion has to be adapted to continuously varying
user demand in terms of quantity and quality
requirements and service offers.
In rapidly evolving environments, static and

centralized approaches are mostly inappropri-
ate: diversity and distribution have to be pre-
served to ensure the system requirements. Our
approach is to discover how on-line compa-
nies sharing common cache replicas can become
trading partners, enriching each other’s offers,
in a dynamic way. In this way, it may be possi-
ble not only to decrease the service access time
of the users, but also to satisfy a broader range
of users. Furthermore, service integration loads
off SPs by combining their correlated informa-
tion on the same node. In autonomous informa-
tion service systems, autonomy is the milestone
for integrating services. It is achieved through
a distributed architecture of pruned replicas,
called Faded Information Field.

3. Autonomous Information Service
System

Information service systems are mainly con-
stituted of two actors with conflicting goals and
requirements: service providers (SP), who bring
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the informational contents, and users, who con-
sume the information services. SPs provide in-
formation dynamically, promoting their new in-
formation services. Users require timeliness and
relevance in varying degrees. The main ob-
jective of such heterogeneous system is conse-
quently to ensure the satisfaction of both par-
ties’ requirements.
In dynamically changing environments, one

high-assurance design approach is to have the
architecture provide a way to expand, main-
tain, and integrate services on-line. The Au-
tonomous Information Service System, inspired
by research on demand-oriented access to ser-
vices8) and ADS9), takes this approach.
It ensures the following properties of the sys-

tem:
• Flexibility. The system is self-adapting to
new situations.
• Timeliness. Dynamic interactions between
service consumption and provision take place
ensuring timeliness.
• Reliability. Information is replicated into
multiple distributed nodes to maintain a high
level of availability and correctness.
We have developed a system architecture

that sustains the concepts of autonomous in-
formation services, called the Faded Informa-
tion Field10)∼12). Service availability and re-
sponsiveness are guaranteed by partially repli-
cating the SP services at adjacent nodes in this
architecture. The FIF is supported by a mo-
bile agent infrastructure that stores pushed in-
formation services and executes pulled user re-
quests, following two concepts:
• Autonomous Information Provision
Each SP pushes its accessibility toward users to
promote its contents,
• Autonomous Information Utilization
Each user pulls requested data corresponding
to his or her requirements.

3.1 Faded Information Field Architec-
ture

The FIF architecture is here explained at a
high level by describing its components (see
Fig. 1). In the FIF model, each actor is given a
mobile agent that bridges the autonomous enti-
ties. SPs disseminate their information services
to nodes (replicated information holders) to-
wards users relying on a demand-oriented com-
munication protocol. Nodes consist of a sta-
tionary node agent that provides an execution
and routing environment for mobile agents (see
Fig. 2). Pull-MAs embody users’ requests to
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MA
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information

FIF

Nodes
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CC request

Fig. 1 FIF network structure.
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Fig. 2 FIF computation and communication
environment.

drive them to the correct service, while Push-
MAs disseminate SPs’ information.
Information fading is achieved by recursively

removing the less popular information and al-
locating the remainder to storage nodes. Users
with different requirements for information at-
tain satisfaction of service at different levels of
the FIF. Figure 1 shows the FIF architecture
and the repartition of service information on
the nodes.

3.2 Content-Code Communication
Conventional communication methods use

the destination address to send the data. In a
rapidly changing environment, the state of the
nodes, the stability of the connections, and the
status of the SP are unpredictable, and there-
fore users cannot specify an SP directly.
In the FIF communication method, the

sender does not specify the destination address
but only multicasts the data with its Content
Code (CC), which is uniquely defined with re-
spect to the content of the information service.
The node agent selectively receives the requests
according to the value of their CC and processes
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Fig. 3 Content code tree structure.

them autonomously.
A user specifies a request by affixing char-

acteristic codes (CH), corresponding to the in-
formation properties of the CC. The node agent
checks the CC with the entries of the navigation
table in the local service repository. If the CC
is available, it verifies whether relevant CHs are
stored in the data object repository. Unsatis-
fied requests for unmatched CCs or unavailable
CHs are further routed to an upper level of in-
formation or to another FIF. The user request
is then gradually driven to the relevant node
agent to process its data (see Fig. 2).
The CCs are organized as a tree structure of

inheritance. Figure 3 shows a part of the CC
tree structure. All CCs inherit from the class
Abstract CC. CHs represent instance attributes
of a particular implementation of abstract CC.
The inheritance is based on the semantics of
each CC, so many CCs may inherit from differ-
ent classes, like the class Sport in Fig. 3.

3.3 Push/Pull Mobile Agents
Mobile agent technology13),14) is utilized in

the FIF as the medium for a dynamic inter-
action between service provision and service
utilization. A reliable mobile agent architec-
ture15),16) is available on each node of the net-
work, and a persistent Node Agent negotiates
with external agents.
• Push-MA
Push-MAs are issued by SPs to replicate pruned
information toward centers of service consump-
tion. To route the allocation process, they con-
sider the information access effort. Negotia-
tions about the amount of distributed informa-
tion take place at the node site with the Node
Agent. When the node accepts the allocation of
the Push-MA data, the agent stores CC, CHs,
and dated information. Push-MAs thus create
a gradient of distributed information that Pull-
MAs dynamically follow to get to the relevant
Web site replica.
• Pull-MA
Pull-MAs are originated by users to embody the
CC-driven request. When arriving at a node

agent, the Pull-MA checks the available ser-
vices. If the relevant CC is found, the Pull-
MA then checks the data properties available
for this CC. If CC and CHs are relevant, the
Pull-MA sends back the data to the user and
kills itself. If nothing corresponding to its own
request is found, the Pull-MA takes a naviga-
tion decision checking the content of the naviga-
tion table. The selection of the node for service
consumption is oriented toward satisfaction of
the users’ multiple criteria for assurance.
A trade-off must be found between the push

and pull efforts in terms of access time and qual-
ity requirements. The allocation mechanism is
driven by comparison of the Pull-MA access
time and the information time-to-live. On the
other hand, the navigation mechanism results
from comparison of the user’s quality require-
ments and the data properties at the node.
Consequently, users, nodes, and SPs are

loosely connected through the sending and re-
ceiving CC requests, realizing flexibility. Time-
liness is achieved through the integration of the
search environment and the information service
system, and reliability is the result of the service
replication. The FIF architecture realizes thus
an autonomous information service system.

4. Integration Synergy and Correla-
tion

Synergy between two SPs exists if the users
accessing their services share the same profiles.
Following the three views of content, property,
and category, correlation ratios are defined to
measure the synergy between two services.
• CC Correlation
The CC correlation represents the proximity of
two services from a business viewpoint. Look-
ing back at Fig. 3, the CC correlation ratio is
obviously high between CCs inheriting from the
same superclass, but it can also be transversal
to the inheritance tree. For instance, the con-
tent code “Sport” derived from “News&Media”
is closely related to the CC of the same name
but inherited from “Recreation&Sport.” We
consider two types of correlation: semantic cor-
relation and functional correlation. The case
of semantic correlation is beyond our research
interest, and a great deal of work has already
been done on ontology and knowledge manage-
ment. In the case of the functional correla-
tion, the ratio of correlation is inversely pro-
portional to the number of inheritance connec-
tors separating two CCs in the hierarchical tree.
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Fig. 4 Service integration.

We call F(CC1, CC2) the correlation function
measuring the functional and semantic proxim-
ity of CC1 and CC2. If F(CC1, CC2) is beyond
the integration threshold, their appended CCs,
(CC1, CC2), define the integrated service CC
satisfying

∀i ∈ {1, 2}, CCi ⊂ (CC1, CC2)
This relationship is denoted by a diamond sym-
bol in Fig. 4.
• CH Correlation
For services sharing the same business area,
the heterogeneous characteristic codes are com-
pared for complementary integration. The CH
correlation is linked to the number of com-
mon CHs that two different services have. The
CH “Destination” in the case of On-line Air
Ticket Sales and the CH “Location” in the case
of On-line Hotel Reservation both inherit from
“Locus” in the superclass “Travel,” and must
be used as a service comparison factor (see
Fig. 4). Other CHs sharing the same type, such
as “Price,” can also be semantically integrated,
but no direct comparison can be undertaken in
that case. Those semantically related CHs can
however be the basis for partitions into cate-
gories.
• Category Correlation
For service offers having the same business posi-
tioning and sharing correlated CHs, a category
partition is achieved by horizontally splitting
the service offer. On the basis of the values of
a correlated CH, a partition of the SP service
offer is created.
Let us assume that we have two service
providers: SP-1, an on-line air ticket sales
site, and SP-2, as on-line hotel reservation
site. Let us assume that both offer information
about “prices.” Splitting the service offer into
“Cheap,” “Averagely priced,” and “Expensive”
results in a price-based partition of their service
offers. As far as correlation is concerned, the in-

tegration is most fruitful when the categoriza-
tion reveals a common business positioning for
both SPs. In the case where the two SPs spe-
cialize in bargains in their areas, their common
price-based category is “Cheap.”

4.1 Synergy Analysis
Consequently, the integration of two SPs is

relevant when a common ground for business,
CH, and category can be found. Coming back
to the travel agent example, their possible inte-
gration must concern “cheap travel” with char-
acteristic codes about “flight” and “hotel” (see
Fig. 4). Using an object-oriented notation, the
integration of two services results in the cre-
ation of a new class of service that encapsulates
the correlated services.
Let A0, A1, A2, . . . , AN denote all the nodes

between two Web sites, where A0 and AN are
distinguished as the service providers, respec-
tively SP1 and SP2. Let Ni(Aj) denote the
amount of information available for service CCi

served at node Aj and NI,i(Aj) the amount
of CCi information for the category I at node
Aj . Furthermore, let Ω denote the subset of
common CHs in the integration between SP1

and SP2. The popularity of each characteris-
tic code CHj is measured by its access effort,
Pi,j(Ak). The ratios can be expressed by geo-
metrical means to reflect the integration trade-
off of the heterogeneous SPs. Three ratios are
defined to reflect the combinational synergy at
node Ak:

C1 = Fk(CC1, CC2) (1)

C2 =
√∑

j∈Ω

P1,j(Ak)
∑
j∈Ω

P2,j(Ak) (2)

C3 =

√
NI,2

N2(AN )
NI,1

N1(A0)
(3)

C1 represents the proximity of the two SPs
from a business point of view. The function
Fk may contain several parameters and conse-
quently differ from SP to SP and from node to
node, so that nothing ensures its symmetry:

Fk(CC1, CC2) 
= Fk(CC2, CC1).

C2 reflects the importance of the shared CHs.
If the integration of service is achieved upon un-
popular service properties, there is little prob-
ability that complex requests will contain them
as parameters of a joint selection. Therefore,
the more attractive the common CHs are, the
more fruitful the integration promises to be.
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C2 is also symmetrical, which means it has the
same value for SP1 and SP2.
C3 expresses the relative size of the category

I compared to the overall service offer. An in-
significant size of I obviously tarnishes the syn-
ergy. This ratio is also symmetrical as both SPs
benefit from each other’s category scope.
Each SP and each node have their own inte-

gration requirements. The (C1, C2, C3) vector is
analyzed case by case, following a given inte-
gration threshold. A negotiation process takes
place at a node agent involving the three ratios
and the number of accesses generated by each
service. Once an integration decision is taken,
the merging of the two services not only benefits
from dual provision, but also attracts requests
composed of joint selections, usually requiring
synchronization of its atomic actions.

5. Autonomous Integration

The autonomous integration protocol is re-
sponsible for binding the information service
allocation of two SPs to satisfy a majority of
joint requests and reducing the access time of
Pull-MAs. Once the integration of services 1
and 2 is concluded, Push-MAs are in charge
of balancing the information repartition, tak-
ing into account this new potential increase in
service consumption. To achieve this, we use an
analysis of the request trends for the combined
services.

5.1 Integration Requirement
Considering Pull-MAs complex requests for

services 1 and 2, we partition them between
those having as a primary request service 1 and
those having as a primary request service 2, or-
dering them according to the number of CHs
requested for both services. Let C1(Ai) denote
the number of Pull-MAs consuming informa-
tion service 1 at node Ai and carrying a joint
request for services 1 and 2. Those Pull-MAs
have various needs in terms of SP2 information.
An average pattern of those needs is established
by compiling Pull-MAs requests for service 2.
Let N2

1 (Ai) denote the average amount of in-
formation 2 requested at node Ai of FIF1. Let
N1

1 (Ai) be the amount of information 1 con-
tained at node Ai of FIF1 as a result of the
fading process. N1

1 (Ai) is also the amount of in-
formation 1 that satisfies C1(Ai) Pull-MAs with
joint requests.
Let us consider a Push-MA MA1 emitted

by SP1 following the path {SP1, A1, A2,
A3, . . . , AN−1, SP2}. The amounts of informa-

tion 1 and 2 satisfying a majority of Pull-MAs
having as primary request service 1 are there-
fore:

I1
1 =

∑N
i=0 C1N

1
1 (Ai)∑N

i=0 C1(Ai)
(4)

I2
1 =

∑
i=0

NC1N
2
1 (Ai)∑N

i=0 C1(Ai)
(5)

Equations 4 and 5 define the integration re-
quirement of FIF1, and can be expressed as fol-
lows: “FIF1 requires at least I2

1 of information
2 where I1

1 of information 1 is available.”
5.2 Steps of the Protocol
Autonomy is actually the most important re-

quirement in a rapidly changing environment.
We propose a protocol that meets this require-
ment by adapting the information level of each
FIF according to its counterpart needs. The
protocol is divided into three parts: handshake,
monitoring, and allocation.

Handshake
( 1 ) Eventually, Push-MA MA1 encounters

another service on its route. The cor-
relation ratios (C1, C2, C3) are evaluated
and compared with SP1’s requirements.
If the ratios satisfy SP1’s requirements,
MA1 launches an integration request.

( 2 ) Eventually, a Push-MA MA2 from SP2
reaches the node where an integration re-
quest has been launched. MA2 under-
goes the same process asMA1 and, if the
ratios satisfy SP2’s requirements, the in-
tegration process is started.

( 3 ) The node is tagged with a new content
code (CC1, CC2).

( 4 ) Gradually, each node in the FIFs starts
the integration process for SP1 and SP2.

Monitoring
( 1 ) For each CCi, the process monitoring

N1
i , N

2
i and Ci is activated at each node

in the new FIF (CC1, CC2).
( 2 ) The functionality for analyzing integra-

tion requirements at each node is at-
tached to the emitted Push-MAs of SP1
and SP2.

Allocation of Integrated Information
( 1 ) At node Ai, MA1 collects the service

consumption logs, C1(Ai), N1
1 (Ai), and

N2
1 (Ai) of FIF1.

( 2 ) MA1 computes the local integration re-
quirement I1

1 (Ai), I2
1 (Ai) based on the

logs it collected on its path.
( 3 ) Eventually, its counterpart,MA2 reaches
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Ai. MA2 brings the peer requirements,
I1
2 (Ai), I2

2 (Ai) based on its own path un-
til Ai.

( 4 ) MA1 compares I1
1 (Ai) and I1

2 (Ai). The
minimum of the I1’s is kept as the
amount to be allocated. If the current
amount of allocated information N1

1 (Ai)
is greater than this minimum, the dis-
tribution is left unchanged. Otherwise,
more information 1 is allocated to Ai.

( 5 ) MA2 operates similarly with I2 of FIF1
and FIF2.

( 6 ) MA1 continues its path to Ai+1 and con-
tinues the allocation process.

( 7 ) WhenMA1 reaches SP2, the overall inte-
gration requirements of FIF1, I1

1 and I1
2 ,

are transmitted. When SP2 emits a next
Push-MA, it will integrate those require-
ments with the Push-MA to alleviate the
effects of intermediate results.

( 8 ) Recursively, the integration process con-
tinues.

The process continues autonomously. The
level of information in the integration area is
recursively adapted to complex request needs.
The size of the overlapping area is modified in
the limit of the individual SP requirements for
consistency, depending on the increase in ser-
vice consumption.

5.3 Simulation
We tried our protocol on a grid network be-

stowing 6-ary connectivity to each node and
containing two SPs: an Air Ticket site and a
Hotel Reservation site, as previously described.
The two SPs are separated by a minimum of 6
hops, and we suppose each FIF to be composed
of 4 levels of information. The user distribution
on the network is uniform. We consider only
joint-selection requests such as “Find a Hotel
and two air return tickets to Paris for one week
in May at the best price.”
For comparison, a client-server environ-

ment with a hop-by-hop routing protocol was
adopted. Each server centralizes its services
and mobile agents are dynamically guided to-
wards the relevant service going from node to
node.
We studied the two systems in rapidly evolv-

ing environments where faults, disruption, and
congestion occur frequently. We concentrated
mainly on two items: the dynamic behavior
of the integration protocol and the scalability
of the integration process with the number of
nodes in the network and the number of re-
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Fig. 5 Result of simulated integration.

quests per second in the system.
5.3.1 Integration Protocol
Figure 5 shows the information distribution

results we obtained after execution of the proto-
col. The first graph represents the information
distribution before executing the protocol. We
modeled a request repartition that led to the
values I1

1 = 8, I2
1 = 7, I1

2 = 5, I2
2 = 7, accord-

ing to equations 4 and 5. Theoretical computa-
tions following the exact overall distribution of
the requests led to the information distribution
represented by a solid line in Fig. 5.

5.3.2 Network Scalability
We measured the scalability of the integra-

tion according to the number of nodes in the
network. The results revealed a greater scala-
bility of integrated services. The search time
reduction for Pull-MA is more than 40% (see
Fig. 6). The reasons for such an observation
are twofold. First, the integration has for effect
to increase the size of the common area where
both services are provided. Pull-MAs find the
corresponding service more easily. Second, the
information-allocating mechanism leads to the
satisfaction of a greater number of complex re-
quests. A new class of service is created that
satisfies new types of users.

5.3.3 Scalability of the Number of Re-
quests

We modeled the scalability of the system ac-



Vol. 43 No. 3 Autonomous Integrated Services Allocation 791

0

100

200

300

400

500

600

700

800

900

300 400 500 600 700 800 900 1000

N
um

be
r 

of
 H

op
s

Node Number

Integrated FIF
Client/server system

Fig. 6 Scalability with number of nodes.

0

5

10

15

20

25

30

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

R
es

po
ns

e 
tim

e 
(s

)

Number of requests

Integrated FIF
Client/server system

Fig. 7 Scalability of the response time with the
number of requests.

cording to the number of requests arriving at
the nodes. The experiment was conducted for
nodes displaying infinite latency when the num-
ber of requests per second exceeds 5,000. We
then computed the average response time for
numbers of requests per second between 0 and
5,000, neglecting the propagation time. The
test showed a response time reduction of more
than 90% (see Fig. 7). The introduction of ser-
vice redundancy and the dynamic binding of
the user request to an appropriate site replica
are the underlying reason of this result.
Globally, the integration of services was

shown to facilitate the searching process in
rapidly evolving environments. Pull-MAs navi-
gate in integrated FIF structures as if only one
CC were present, going directly to the levels
satisfying both its requirements.

6. Conclusion

Recently, the necessity of high-assurance in
information service systems has been stigma-
tized as a result of the problems of saturation
and unavailability. Providing reliability, avail-
ability, and timeliness in such systems is of ma-
jor importance. For this reason, an architecture
of pruned information replicas, called FIF, has
been designed to satisfy the heterogeneous re-
quirements of SPs and users in rapidly changing

environments. In this architecture, the most
popular information services are autonomously
disseminated towards centers of service con-
sumption to reduce user access time and in-
crease SP reliability. For mono-service requests,
the FIF succeeds in greatly reducing user access
time while maintaining data integrity. How-
ever, service provision has to be adapted to
satisfy joint multi-services requests. It is nec-
essary that services that are usually requested
jointly should offer a common interface for ser-
vice provision. in this article, we have pro-
posed to autonomously-integrated information
services that share a common replication area
in an FIF environment.
By this means, SPs that are ordinarily con-

fined are offered tremendous opportunities for
expansion. They can increase their service con-
sumption by attracting new types of users with
complex multi-services demands. They can also
push towards a homogeneous group of users in-
formation selected according to their profile.
Finally, they can add significant value-added
services to their original offer to attract more
users. By autonomously adjusting their service
offers to fit with one other, an area of syner-
gistic provision of multi-services is dynamically
created on the basis of the three views of con-
tent, property, and category.
Experiments demonstrate the potential sav-

ings from autonomous integration of correlated
SPs. The efficiency of the autonomous integra-
tion protocol has also been confirmed by simu-
lation. The user access time is improved by up
to 40%, and congestion due to synchronization
communication is avoided.
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