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Abstract

This paper explores the concept of web service composition with focus on the distinction between
static and dynamic approaches. It discusses how modern service-oriented architectures rely on the
ability to integrate independent, modular components to achieve complex functionality and maintain
adaptability within dynamic environments. The study incorporates informal participant observation (as
the author’s professional experience in web service development and business collaboration provides
practical insights into real-world implementation challenges) and literature review. The paper further
analyses multi-objective optimization techniques, including scalarization and evolutionary algorithms,
as mechanisms for improving the efficiency and adaptability of dynamic composition. Two illustrative
use cases are presented. The findings emphasize that the optimal composition strategy depends on
contextual business and organizational factors rather than technical considerations.
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Introduction

A single web service can be understood as a black box - it reacts to user inputs and returns a
computed output [1]. In many cases, a web service functions as a monolithic application, where a
massive codebase handles a wide range of business or technical processes. Over time, such a codebase
can become overwhelmingly complex, making even small updates or modifications a lengthy and
annoying task [2]. By contrast, when the logic of a process is divided into multiple smaller sub-services -
such as microservices or vendor-supplied applications - developers avoid shared responsibility issues,
and it becomes much easier to introduce new features or locate the source of an error. Each component
can serve as a small, focused, domain driven service with a limited scope of responsibility, capable of
being deployed, scaled, and tested independently. Decomposing a monolith into a distributed system
allows organizations to accelerate their Continuous Integration and Continuous Delivery (Cl/CD)
processes. Furthermore, this architectural approach enables agile teams to structure their work around
independent services, as microservices can be developed and maintained autonomously [3]. In large-
scale business environments, a single service is rarely sufficient to fulfill complex user requirements. To
meet these needs, multiple services are often combined through composition to achieve a specific
functional goal [4]. The process of service composition involves creating a new solution by integrating
various sub-services, each contributing distinct functionalities. Essentially, new system behavior is
achieved by invoking existing logical components in a coordinated manner [5]. In this context, the
outputs from certain services become inputs for others, forming a chain of dependencies that
collectively produce a higher-level functionality [6] (Figure 1).
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Figure 1: The example of a composition of a complex web service (source: [7])

To explore the current state of knowledge in the field of web service composition, this paper employs
a review of relevant literature and incorporates elements of informal participant observation, as the
author is professionally engaged in developing web services and collaborating with business
stakeholders in service-oriented projects [8]. This perspective provides valuable practitioner-based
insights, complementing the literature review with understanding of organizational practices, design
challenges, and decision-making processes involved in web service composition. The article aims to
clarify which composition techniques align with organizational styles; it emphasizes that decisions
related to composition are to be made at a much higher level than purely technical considerations.
Because of this, a two-perspective approach (literature and observation) may be the most appropriate
in this context.

The structure of this paper is as follows. The next chapter presents a comparative analysis of static
and dynamic composition approaches. The third one discusses scalar and genetic algorithms for multi-
objective optimization in the context of dynamic composition methods. Fourth chapter presents real-
world scenarios highlighting when static composition is preferable and when dynamic approaches
provide greater value. Conclusions present collected, most important findings and directions for future
research.
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Static vs. Dynamic Composition of Web Services

The composition of web services can generally be classified into two primary patterns. When
services are connected to a process during the design phase, the approach is referred to as static
composition. In contrast, when services are bound during deployment or runtime, the approach is
known as dynamic composition [9].

Static composition represents a scenario in which a composite service is built from the invocation of
a set of predefined and prearranged sub-services. Although other, functionally equivalent, components
might exist, the composition relies exclusively on a fixed set of service instances to handle specific parts
of the user’s request. This process occurs during design time, when the overall architecture is
established [10]. At this stage, components are selected, connected, and finally compiled and deployed
[5]. Figure 2 illustrates a static composition of a web service consisting of elements A, B, and C. Each
sub-element (e.g., A1 and A2 or B3 and B4 or C3 and C2) provides the same functional capability,
making them interchangeable from a logical standpoint. Such functional components may perform
relatively simple tasks, such as searching for a resource, validating an identifier, or processing a change
request related to a speciﬁc item.

— -
-

=N WAy
Ln' [ r‘, - 4

Static selection of Static selection of
Service B2 Sarvice C4

Figure 2: The static composition of a web service composed from parts A, B and C (source: [7])

In a static composition, the choice of sub-elements is fixed and predetermined. Each invocation of
the composite service uses the same predefined set of components from each group. Consequently,
there is no flexibility to, for instance, substitute Service B3 for B2 or Service C2 for C4 at runtime. Once
defined, the composition remains unchanged throughout execution.

In contrast, dynamic composition refers to a process in which the selection of component is not
predetermined [6]. Instead, individual elements are chosen dynamically at runtime based on externally
defined Quality of Service (QoS) requirements [11]. Figure 3 demonstrates this mechanism using the
same conceptual structure as in the previous static example.
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Figure 3: The dynamic composition of a web service composed from parts A, B and C (source: [7])

Here, the only predefined information might be a set of QoS parameters, which determine the
optimal combination of services A, B, and C for a particular composition. Depending on the required
quality attributes - such as performance, reliability, or cost - different sub-services are selected to best
satisfy non-functional requirements. Thus, by modifying the QoS constraints, the composition can
automatically adapt by selecting alternative service components. This flexibility makes dynamic
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composition highly versatile, as it allows systems to adjust seamlessly to evolving quality demands. For
instance, when the same functional goal must be achieved under varying QoS conditions, the
composition mechanism autonomously reconfigures itself to ensure compliance. Static composition,
by contrast, lacks this adaptability because all participating services are fixed in advance.

Dynamic composition proves particularly advantageous in heterogeneous or frequently changing
network environments, where service availability, QoS metrics, or customer requirements fluctuate
over time [9]. In such contexts, dynamic adaptation can significantly enhance system performance and
user satisfaction. However, there are situations where static composition remains a practical and
efficient choice. When architectural or infrastructural factors lead to relatively stable QoS values across
all components, or when the service is designed for a single user or a narrowly defined process, the
benefits of dynamic composition may be negligible. In such cases, a well-defined static configuration
performs comparably in terms of quality and efficiency [5]. It is also important to acknowledge that
dynamic composition introduces computational and operational overhead. The runtime discovery,
selection, and binding of services require additional processing and may cause delays that translate into
business inefficiencies [9]. For example, when only a few service components exist with nearly identical
QoS characteristics, and when the process does not require frequent quality adjustments, the cost of
dynamic composition may outweigh its benefits.

Multi-Objective Optimization in Dynamic Web Service Composition

The process of selecting appropriate sub-services to construct a complete, end-to-end service
dynamically - while satisfying the required quality constraints - is a non-trivial and computationally
intensive task [9]. Choosing the optimal combination of components must consider multiple, often
conflicting, criteria such as performance, reliability, cost, and availability. As a result, the problem is
naturally framed as a multi-criteria decision-making (MCDM) challenge, where several objectives must
be optimized simultaneously [12]. To address this, a wide range of multi-objective optimization
algorithms have been proposed. These algorithms aim to find solutions that make a balance between
competing goals by producing outcomes that are efficient within the constraints of dynamic service
composition.

One of the most common strategies for handling multi-objective problems is scalarization, where
multiple objectives are transformed into a single aggregated function. Among these approaches, the
weighted-sum method and goal programming are the most widely used [13]. The weighted-sum
method, which originates from Multi-Attribute Decision Making (MADM) techniques [14], assigns a
numerical score to each available alternative based on relevant evaluation criteria. Each criterion is
then multiplied by a weight reflecting its relative importance, and the aggregated score determines the
overall ranking of solutions [15]. This straightforward approach is intuitive and effective, although it
requires careful calibration of the weights to avoid bias toward specific objectives. Goal programming,
in turn, extends the traditional principles of linear programming (LP) to accommodate multiple,
potentially conflicting goals [16]. Decision-makers specify target levels for each objective, and the
algorithm minimizes deviations from those targets using achievement functions. In this way, goal
programming provides a structured means of managing trade-offs, allowing for partial satisfaction of
competing requirements when a perfect solution is not feasible.

Beyond scalarization, another powerful class of methods used in multi-objective optimization
comprises evolutionary algorithms. These methods simulate the process of natural evolution by
iteratively improving a population of candidate solutions through operations inspired by biological
mechanisms - selection, crossover, and mutation [17]. Everyone in the population represents a
potential solution within the search space, and through successive generations, the population evolves
toward better outcomes [18]. Among evolutionary techniques, genetic algorithms (GAs) have gained
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particular attention. These are specialized evolutionary algorithms that encode potential solutions -
analogous to DNA sequences - and apply recombination and mutation operators to explore the search
space efficiently [17]. Due to their robustness and adaptability, genetic algorithms have proven highly
effective across various optimization domains, including web service composition [19], [20], [21], [22].

A major advantage of genetic algorithms is their ability to produce near-optimal solutions without
exhaustive search, which would be computationally prohibitive in complex, multi-dimensional
environments. For instance, [23] demonstrated the use of Non-Dominated Sorting Genetic Algorithm Il
(NSGA-Il) and Multi-Objective Particle Swarm Optimization (MOPSO) in composing services under
varying QoS conditions. NSGA-II is also successfully applied in studies by [24] and [4]. Further
comparative analyses, such as that of [25] explore a variety of evolutionary approaches for multi-
objective optimization. These include NSGA-Il, NSGA-IIl, Strength Pareto Evolutionary Algorithm 2
(SPEA2), Multi-Objective Evolutionary Algorithm based on Decomposition (MOEA/D), Hypervolume
Estimation Algorithm (HypE), Grid-based Evolutionary Algorithm (GrEA), and Indicator-based
Evolutionary Algorithm (IBEA). Each of these algorithms adopts a different strategy for balancing
convergence and diversity within the solution space, ensuring a more comprehensive exploration of
possible service compositions.

Practical Use Cases of Static and Dynamic Web Service Composition

There exists a multinational financial technology company, which operates hundreds of
microservices across several continents. Each service, such as payment authorization, fraud detection,
customer verification, and transaction logging, runs in dozens of production instances distributed over
different data centers. The company’s systems handle millions of APl requests daily, with highly variable
workloads depending on geographic region and time of day. In such an environment, reliability and
response time are critical QoS factors. During peak hours in Asia, latency-sensitive operations must
consistently perform within strict sub-second thresholds. Conversely, during off-peak hours in Europe,
the same services may be rerouted to lower-cost infrastructure without compromising user experience.

Under these conditions, dynamic web service composition becomes not only beneficial but
practically indispensable. Because services are deployed in multiple locations with varying loads,
failures, and performance profiles, a static binding strategy would quickly become inefficient. A
dynamic composition mechanism, on the other hand, can continuously monitor runtime QoS
parameters (e.g., response time, availability, throughput) and select the optimal service instances on
demand. By applying multi-objective optimization techniques, the company can dynamically
reconfigure its service workflows to balance speed, reliability, and resource utilization. This adaptive
approach ensures that the system remains resilient even when certain nodes experience degradation
or temporary outages.

At the opposite end, there exists a small software firm that provides specialized data validation
services for a single industrial client. The company maintains one core business process: an APl gateway
that routes incoming client requests to a single backend web service responsible for validating and
formatting sensor data from production machines. This service is rarely modified, has a stable and
predictable workload, and must only support one corporate customer. Since the system operates
within a fixed infrastructure, the QoS parameters remain nearly constant over time. The business
arrangement generates modest revenue and does not justify additional infrastructure investment.

In such a context, employing a dynamic composition strategy would offer no benefit, but even a
business loss. Implementing runtime monitoring, service discovery, and adaptive composition
algorithms would introduce unnecessary computational overhead and maintenance complexity - while
providing no improvement in performance or reliability. The business case for optimization simply does
not exist. Here, a static composition approach - or even a simple monolithic deployment - represents
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the most cost-effective and operationally efficient solution. The service’s simplicity and limited scope
make it perfectly suitable for a predefined, fixed configuration that rarely requires adjustment. Any
attempt to introduce dynamic mechanisms would, paradoxically, reduce system stability and increase
development costs, undermining the project’s business rationale.

These two scenarios highlight that the choice between static and dynamic composition is not a
matter of technical preference, but a strategic decision influenced by organizational scale, system
complexity, and business objectives. Large enterprises operating in fast-changing, distributed
environments gain significant value from dynamic composition’s adaptability. In contrast, smaller
organizations with stable, narrowly scoped processes benefit more from the simplicity and
predictability of static setups. Understanding this distinction allows system architects to align
technological choices with business realities, ensuring that composition strategies serve both
performance and economic goals.

Conclusions

This study examined the concept of web service composition from both theoretical and practical
perspectives, emphasizing how different composition strategies - static and dynamic - align with
organizational needs, system characteristics, and business goals. Overall, the paper demonstrated that
web service composition should not be treated as a purely technical challenge but rather as a strategic
design decision grounded in the organization's operational model, business objectives, and
management structure. The key insight is that contextual appropriateness defines the true efficiency of
a composition strategy.

Future research might focus on practical implementation and empirical validation of the discussed
concepts through real or simulated use cases. Several promising directions are identified:

¢ |ntegration of business and technical models: a study may involve aligning composition strategies
with business models and organizational structures.

e Adaptive composition based on organizational context: the investigation how composition
strategies can be automatically tuned to the type and maturity level of an organization.

¢ Cross-Disciplinary (management and service engineering) perspective: the potential direction that
involves studying how management practices impact the success of web service composition.

By combining such experiments with real-world business modeling, future works aim to develop a
context-aware composition framework that not only optimizes technical performance but also reflects
the strategic and managerial realities of nowadays organizations.
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