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Abstract
The Exponential growth in the global economy is being supported 
by service systems, realized by recasting mission-critical 
application services accessed across organizational boundaries. 
Language-Action Perspective (LAP) is based upon the notion as 
proposed that "expert behavior requires an exquisite sensitivity 
to context and that such sensitivity is more in the realm of the 
human than in that of the artificial. Business processes are 
increasingly distributed and open, making them prone to failure. 
Monitoring is, therefore, an important concern not only for the 
processes themselves but also for the services that comprise these 
processes. We present a framework for multilevel monitoring 
of these service systems. It formalizes interaction protocols, 
policies, and commitments that account for standard and extended 
effects following the language-action perspective, and allows 
specification of goals and monitors at varied abstraction levels. We 
demonstrate how the framework can be implemented and evaluate 
it with multiple scenarios like between merchant and customer 
transaction that include specifying and monitoring open-service 
policy commitments.

Keywords
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I. Introduction
The exponential growth in the global economy is being supported 
by service systems, realized by recasting mission-critical 
applications as services accessed across organizational boundaries. 
Service-oriented architectures and associated interoperability 
standards provide key enablers for these service systems. Their 
actual building and deployment, however, continues to be fraught 
with problems: “most of our large software systems. are now 
constructed as groups of interoperating systems (as systems of 
systems)  made to interoperate through various forms of interfaces. 
Although we can conceive these large [service systems], we 
have trouble building them” [3]. Anecdotal accounts of systems 
integration efforts (e.g., [4-7]) point to failures and underscore 
the need to address the underlying cause: rapidly changing 
Environmental forces. These changes challenge assumptions, 
such as stability and predictability, where well-specified business 
processes (with services to perform tasks) are identified in advance 
and are insulated from change. Instead, the open and distributed 
processes include tasks that are performed by services that are 
not centrally controlled, and hence, can be unpredictable. As a 
result, service outcomes themselves tend to be uncertain. Service 
monitoring, therefore, remains a significant challenge. The goal 
of this research is to develop a framework for monitoring such 
service systems. This paper presents the framework, establishes 
its feasibility, and evaluates it with scenarios and comparisons 
against existing proposals. To enhance policy specification and 
monitoring of service systems. We develop this contribution as 
an extension to prior work in monitoring, establish its feasibility, 
and demonstrate it with multiple scenarios.

A. Monitoring Software Systems
Monitoring software systems is closely tied to the monitoring of 
requirements and how they are realized in software. A monitor 
is a software system that “observes and analyzes the behavior of 
another (target) system, determining qualities of interest, such 
as the satisfaction of the target system’s requirements” [8]. A 
requirements monitor determines the requirements status from 
a stream of significant input events [9]. A monitor is, then, a 
function that processes its input event stream to derive the status 
of requirements. This characterization of monitors and monitoring 
assumes an event, that is, “a significant action in time, typically 
modeled as instantaneous state change, e.g., completion of a method 
call, a CPU reaching 90 percent utilization, a shipment arriving 
at a destination, or a person leaving their home” [8]. An event 
source presents a stream of software event objects that represent 
their real-world target) events. The central monitoring issues, 
therefore, include: 1) event acquisition and 2) event analysis [8]. 
Our research question, related to monitoring of service systems, 
asks: how can one use service interaction events to understand 
a service system in terms of service policies? It represents an 
instantiation of the more general question: how can one use lower 
level runtime events to understand a system in terms of higher level 
requirements? This bridging is facilitated by multiple abstraction 
layers (see Fig. 1). The lowest layer captures message exchanges 
with protocols such as SOAP or REST. They represent runtime 
events that comply with a specification, e.g., the Secure Electronic 
Transactions protocol. The middle layers capture event sequences 
following interaction policies, e.g., a buyer must provide payment 
for services. The highest level, then, represents the monitor, 
which reports on the state of specified policies, e.g., 95 percent 
of agents comply with the service interaction policies. The selected 
ontology’s and analysis techniques affect the monitor’s ability 
to provide feedback. Together, these layers provide the potential 
for effective monitoring. The key contribution of this paper is 
the introduction of ontology of communicative acts into these 
abstraction layers.

B. Service System Enablers
Service systems build upon the basic idea of software as a service 
[10-11] that allows legacy and new applications to declare their 
capabilities in a machine-readable format [12]  Once deployed, 
the services can be linked to support cross functional business 
processes. Core standards for publishing (WSDL 2001), finding 
(UDDI 2005), and binding (SOAP 2003) provide key enablers 
for these service systems. Prior work suggests Language-Action 
Perspective (LAP) as a theoretical foundation for a layered view 
[13-15] of these enablers. A building block in this perspective is 
a speech act. It conceptualizes an utterance as the performance 
of a purposeful act. Several frameworks have been developed for 
LAP, such as business model patterns [16] and an aggregative 
model [17]. Umapathy and Purao [18], synthesize these into a 
framework for the web services standards space with three layers: 
a communication platform, the communicative act itself, and the 
rational discourse. Table 1 maps the web service standardization 
initiatives against this framework. The table highlights a key sub 
layer not effectively addressed by existing standards: support 
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for conversations between services, which can provide a loosely 
coupled, peer-to-peer interaction model. Formalizing and 
representing such conversations among web services is central 
to understanding how monitors may be designed for services and 
business processes in distributed, open environments.

C. Conversations among Web Services
Current models for interactions among web services use a vending 
machine metaphor. WSDL port types and operations resemble 
buttons, levers, and slots on a vending machine [18]. The WSDL 
does not reveal that one must deposit money in the slot before 
pushing any buttons. Web Service choreography languages [19] 
attempt to solve this by giving instructions on which buttons to 
push in what order. An alternative model is that of a telephone call, 
where two (or more) parties set up a session, exchange messages in 
that context, and then, finally, close it. Each message is interpreted 
in relation to those previously exchanged.  A conversation, 
thus, describes multistep exchanges of messages performed by 
participants. A prerequisite for this model, in the context of service 
systems, is a conversation policy [20-21] that allows each party 
to maintain its own record of the conversation’s state. Realizing 
a conversation model, then, requires specification of conversation 
policies and the ability to transform these policies into messages 
that can facilitate the actual conversation. The conversations 
themselves are comparable to discourses, whose elemental units 
include clauses and discourse operators, i.e., communicative acts 
[22]. Other efforts related to this view of conversations include 
agent communications [23] (often restricted in scale), conversation 
structures [24] (that ignores the semantic content), and service 
interaction and enterprise integration patterns [25] (that focus 
on an operational perspective, relegating message exchanges to 
a secondary role). Our use of communicative acts is different. 
We focus on their use for monitoring. The conversation models 
we envision, therefore, include communicative acts, which 
result in standard as well as extended effects, i.e., operations on 
commitments and expectations of responses. Example of a loan 
approval process that uses the services: Customer, Loan Approver, 
and Loan Processor. The process begins with the Customer sending 
the loan request. The Loan Approver receives the request and 
invokes the Loan Processor to process the application. The Loan 
Processor sends approval information to the Loan Approver, 
who forwards it to the Customer. The tasks in the Process are 
achieved via two conversations between services: 1) Customer-
Loan Approver, and 2) Loan Approver-Loan- Processor. Specific 
communicative acts may be specified for each conversation, 
e.g., the task “check credit” may require: 1) asking for credit 
information about a customer; 2) responding in the form of 
prepackaged information or refusing to send the answer; and 3) 
acknowledging receipt of the answer. The figure highlights three 
important points. First, processes can be modeled as a composition 
of conversations; second, conversation protocols can be specified 
for services; and third, conversations provide the possibility for 
monitoring at different levels of granularity and temporality. The 
next section elaborates these ideas further.

Fig. 1:

II.   Existing System 
While the existing system was most of our large software systems 
are now constructed as group of interoperating systems made to 
interoperate through various forms of interfaces. Instead, the open 
and distributed process includes tasks that are performed by services 
that are not centrally controlled, and hence, can be unpredictable. 
As a result, service outcomes themselves tend to be uncertain. In 
this section we propose Service Interaction Protocols The idea of 
conversations has been explored in the form of service interactions 
by a number of researchers [26-28]. With the exception of Moore 
[29], Singh and colleagues [28], and Umapathy and Purao [18], 
the use of communicative acts has, however, not been explicit. 
Further, the multilevel frameworks suggested by language action 
theorists [16-17], have not been used in this context other than 
the possibility suggested by Moore [29], and the exploration by  
Umapathy and Purao [18]. Our definition of service interaction 
protocols, will be, An interaction protocol is defined as the “rules 
of engagement” among interacting participants. It includes the 
possible set of actions that each may perform, and the order in 
which these must be performed. Concerns that need resolution for 
the design of interaction protocols, therefore, include: 1) specificity; 
2) semantic content; and 3) compos ability. The first concern deals 
with specificity-abstraction dimension. For example, an abstract 
specification may represent interactions among services (e.g., 
racing condition) that is domain-independent. On the other hand, 
a specific protocol, e.g., for shipment, may be domain-dependent. 
The second concern is semantic content, i.e., the nature of the 
interactions. For example, a protocol specification may use just 
the request-reply mechanism, relying on message content (e.g., 
destination, payment info) to capture content. On the other hand, 
the message itself may capture the semantics to distinguish actions, 
such as direct, inform, cancel, and others. Finally, compos ability 
is concerned with how a designer might specify the process by 
combining protocols. To illustrate protocol specification, we 
draw on a common business process for purchasing, drawn from 
the Secure Electronic Transactions (SET) standard, originally 
described by Desai et al., [28]. Four main roles collaborate to carry 
out this process: 1. the Customer, who wants to purchase items, 2. 
the Merchant, who sells items, 3. the Shipper, who transports the 
physical items to the Customer, and 4. the Payment Gateway, who 
authorizes payments. Illustrates how the four agents collaborate, 



IJCST Vol. 3, ISSue 1, Spl. 5, Jan. - MarCh 2012 ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

w w w . i j c s t . c o m832    InternatIonal Journal of Computer SCIenCe and teChnology 

denoted as circles. The rectangles at the role’s edge denote data 
transferred via labeled service messages. The numbers indicate 
typical sequencing. The ordering on multiple outward edges 
from a process (e.g., Merchant: task 9) is nondeterministic—the 
implementation can choose any ordering, including concurrent. 
Execution of the purchase process requires interaction protocols, 
which may be specified with message sequence diagrams (see Fig. 
4). They describe how each message (communicative act) results 
in Commitments (CC), which are described in the next section. 
Each sequence specifies a protocol (e.g., Payment, Shipment, and 
Order). A designer can compose these to design an operational 
system: Shipping protocol Payment protocol Order protocol _ 
Purchase process A design mapping specifies how the protocols 
apply to the purchasing process. Part of that mapping is presented 
here (where x/Y means that x is substituted for variable Y):
Purchase. Customer/Order. Buyer
Purchase. Merchant/Order. Seller
Purchase. Customer/Payment. Payer
Purchase. Merchant/Payment. Payee

Fig. 2:

III. Proposed Work
In this we propose a monitoring framework for service systems 
We follow the design science approach to develop the SERMON 
framework. It embodies our theory of a Language- Action-based 
approach to monitoring service systems. A key element of our 
research is our ontology of Communicative Acts (CACTS) and its 
use for multilevel monitoring of service systems. We hypothesize 
that our LAP-based service system ontology is sufficient for 
specifying and monitoring service-related commitments of 
business protocol policies. The CACTS ontology is derived from 
our work [18] and others [28], who have previously shown the 
value of formal constructs for protocol policies. Our research 
evaluation is focused on the sufficiency and utility of CACTS. 
We apply the Hevner et al., descriptive approach to design 
science evaluation—illustrative scenarios and argumentation. 

Additionally, we present some performance measures and 
anecdotes of usage. Thus, we present our design science activities 
that are essential to realize the CACTS ontology, and evaluate it for 
specification and monitoring. The SERMON framework extends 
a requirements monitoring framework  EQMON, which supports 
1) goal specification; 2) monitor compilation (from goals); and 
3) runtime goal evaluation of a software system. REQMON 
supports GORE (i.e., Goal-oriented requirements engineering) 
with three phases: 1) identifying goals; 2) refining and formalizing 
goals; and 3) deriving and assigning operations to agents. It uses 
goal modeling, which an analyst can refine to derive operational 
description as including pre- and postconditions. REQMON 
follows a Model-Driven Architecture (MDA). It relies on  the 
Eclipse Modeling Framework (EMF) for its metamodel and the 
OSGi specifications, which specify Java-managed components. 
REQMON is implemented with Eclipse (metamodel and user 
interface tools) and Equinox (component server). SERMON 
extends REQMON by specifying LAP-oriented types (in EMF) 
and specifications (in a variant of the Object Constraint Language). 
Thus, SERMON uses all the core components of REQMON, but 
the objects manipulated are those specific to the SERMON design. 
We elaborate the LAP-specific concepts next. 3.1 Methodology 
and Architecture The SERMON methodology uses a tailored 
approach for specifying service interaction goals that builds on 
the underlying GORE model. These include: 1) agent service goals 
and 2) agent protocol goals. Agent service goals describe desired 
characteristics of an agent’s behavior during the execution of a 
protocol, for example, “provide timely response to a request.” 
Agent protocol goals describe desired characteristics of an agent’s 
behavior as it manages multiple protocols simultaneously, for 
example, “abandon a protocol execution that may not result in a 
commitment.” Based on the goal model, monitors are compiled and 
the monitoring system is deployed. Once deployed, the monitor 
updates the runtime status of the goals as the target software system 
executes. As events arrive, they are stored in the repository, which 
is analyzed for goal satisfaction. The results may be presented 
on a dashboard or they may guide active responses, such as 
selecting alternative services. The SERMON repository stores 
event data as well as analysis results. It consists of four layers. . 
Level 0 (events): The lowest layer stores raw data such as, “agent 
x receives message m from agent y.” . Level 1 (ontology): The next 
layer stores an interpretation of the event data using terms from a 
selected ontology. Herein, a communicative act ontology is used 
for record events such as “agent x commits to do z for agent y.” . 
Level 2 (properties): Properties of level 1 events are stored at layer 
2, for example, the property “agent x never violates a commitment” 
is true. . Level 3 (metaproperties): Properties about properties 
are stored at layer 3, for example, “property p1 has a 75 percent 
success to failure ratio over the last 72 hours”. Layers 1, 2, and 3 
correspond to the instance, domain, and meta layers of the KAOS 
model; layer 0 is like a physical data layer and is not considered in 
KAOS model. The SERMON framework, thus, 1) treats services 
as units that require monitoring, and 2) treats communicative acts 
performed by services (as part of conversations), as operations 
on commitments. SERMON does not presume a global view of 
the overall process. Instead, it monitors behaviors of individual 
services as they participate in conversations with other services. 
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Table 1:

Fig. 3:

IV. Results
In order to implement these Frameworks on the basis on time 
complexity and space complexity.

Fig. 4: Bar Chart on Basis on Time Complexity

Fig. 5: Line Chart on Basis on Time Complexity

Fig. 6: Line Chart on Basis on Space Complexity

Fig. 7: Bar Chart on Basis on Space Complexity
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V. Conclusions 
We have presented a framework and an approach for multilevel 
monitoring of service systems. It draws inspiration from the 
language-action perspective and extends recent work related 
to commitments. The key contributions, specific to the use of 
language-action perspective, include the following:. Specification 
of an ontology of communicative acts that adds semantic content 
to messages.  Support for the specification of policies that 
address standard and extended effects of communicative effects 
for multilevel monitoring. We compare Service system frame 
works compare the on the basis on time complexity and space 
complexity, and we propose the service system framework best 
performance.
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