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Abstract

The Object Constraint Language (OCL) is extensively used in model-driven engineering to specify constraints
on UML class diagrams. Evaluating the complexity of OCL expressions remains a challenge, particularly in the
context of verification. This paper introduces a complete new set of metrics for measuring OCL expressions. This
gives us the advantage of measuring OCL in a customizable way. First, we enhance the Structural Complexity.
Second, we propose two new types of metric: Computational and Dependency Complexity. Finally, we calculate
the overall complexity using our Total Complexity metric. Our experimental results demonstrate how one can
measure the complexity of an OCL benchmark in terms of its verification time which is used to define the weights
for OCL constructs.
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1. Introduction

The Object Constraint Language (OCL) is a fundamental component of the Unified Modeling Language
(UML), enabling the precise specification of constraints through invariants, pre-conditions and post-
conditions on models. As system complexity increases,the complexity of OCL expressions also grows.
This makes these expressions harder to understand, maintain and analyze. The increasing complexity of
OCL expressions impacts not only the reliability and maintainability of model-driven systems but also
the ability to systematically measure and calculate the complexity of existing OCL benchmarks[1]. An
accurate complexity measurement is essential to ensure that OCL benchmarks reflect a range of difficulty
levels aligned with user-defined requirements. This enables researchers and the OCL community to
effectively evaluate OCL tools, including static analysis and verification techniques, under varying
constraint complexities. A comprehensive approach to complexity measurement is essential to improve
OCL-based systems. It also supports the generation of customizable OCL benchmarks tailored to specific
user requirements.

Currently, research on OCL complexity metrics is limited. Many existing metrics such as cyclomatic
complexity[2] and Halstead metrics [3] are designed for imperative programming languages and these
are not be suitable for declarative languages such as OCL. Therefore, these metrics cannot be directly
applied to measure the complexity of OCL expressions. Jordi Cabot, primarily defines OCL expression
complexity based on the number of accessed objects, which may not fully capture computational
or logical complexity [4]. It lacks empirical validation and does not establish a direct link between
complexity values or understandability. This approach does not cover all OCL constructs and it
mainly relies on worst/best-case assumptions which are not practically applicable on large sets of OCL
expressions. Luis Reynoso focuses only on syntactical based metrics for OCL expressions, potentially
overlooking other complexity factors such as logical depth and nested expressions [5]. This approach
provides a theoretical validation but lacks empirical studies to justify its assumptions. Moreover, it
lacks a comprehensive method for measuring OCL complexity.
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This paper introduces a comprehensive method for measuring the complexity of OCL expressions
by defining three new metrics: Structural Complexity, Computational Complexity and Dependency
Complexity, each of them targeting a key dimension of OCL. We also introduce a Total Complexity
metric that combines the structural, computational and dependency dimensions into a single score.
This provides a systematic way of estimating the complexity of an OCL expression. A distinguishing
feature of our approach is the incorporation of user-defined weights. This enables users to tailor
complexity measurements to their specific needs. For example, they can prioritize the Computational
Complexity when performance is the key, or focus on the Dependency Complexity in scenarios where
maintainability is important. In the context of verification, we analyze the time required to verify OCL
expressions using three different SMT solvers. This gives us insight into the computational overhead
associated with different keywords and OCL constructs [6]. By measuring the verification time of
various OCL constructs, our aim is to assess their impact on the overall complexity. This provides a
concrete foundation for assigning weights to different OCL elements. As an example, we assign weights
to different OCL constructs based on theirverification time. This helps users better understand how
specific OCL constructs contribute to complexity.

2. Background

2.1. Complexity Metrics in Software Engineering

Two of the most commonly used metrics in industry are Cyclomatic Complexity (CC) and Halstead
Metrics (HM). Cyclomatic Complexity measures the number of linearly independent paths through a
program’s control flow graph, making it particularly effective for imperative and procedural languages
that rely on control structures such as loops and conditionals [2, 7]. However, OCL is a declarative
language that lacks explicit control flow constructs, rendering Cyclomatic Complexity inapplicable to
OCL expressions. On other hand, Halstead Metrics are based on the count of operators and operands
in a program that focus on computational complexity and effort estimation for executable code [3, 8].
These metrics are designed for imperative programming languages where code execution is driven by
sequences of operations and variable manipulations. Since OCL expressions specify constraints and do
not define control flow, the fundamental concepts of operators and operands in Halstead’s sense do
not align well with OCL semantics[9, 4]. Structural metrics align with the declarative nature of the
language and provide a meaningful foundation for analyzing OCL constraint complexity[10, 11].

2.2. Complexity in OCL Expressions

OCL expression complexity calculation is a complicated process that depends on many factors. These
include nesting depth, operator usage, variable dependencies and computational overhead[1]. Tradi-
tional approaches for measuring thecomplexity of OCL expressions have primarily focused on structural
aspects, such as expression length and the number of operations [5]. The interplay between syntax and
semantics in OCL expressions adds additional complexity. While syntax influences the readability and
maintainability, semantics impacts the correctness and performance [12]. A comprehensive complexity
analysis was introduced in prior work, where the authors proposed the Overall Weighted Complexity
(OWC) metric to assess the complexity of OCL expressions in a structured manner [1]. This metric
measures complexity based on factors such as the nesting of collection operations, number of navigation,
Boolean operations, attribute accesses, and other OCL constructs. The OWC metric gives higher weight
to collection operations, assuming they significantly contribute to complexity without any empirical
studies to justify this. However, other aspects such as recursion, nested logical expressions or constraint
dependencies may also play a crucial role, but are not given a similar attention. Existing works propose
OCL-specific complexity measures, but they often lack an integrated approach that considers multiple
complexity dimensions, including computational complexity and verification time [1, 13, 14]. OCL
expressions are often used in contexts such as large-scale systems with complex models and multiple
classes. These factors can also introduce additional complexity [15]. Verification time, dependency



relationships, and execution cost are important factors that need to be considered when analyzing the
complexity of OCL expressions [16, 6, 17].

2.3. Verification of OCL Expressions Using SMT Solvers

Formal verification of OCL expressions is a critical step in ensuring the correctness and consistency
of models, as it helps to detect and prevent inconsistencies that can arise from constraints [6, 18, 19].
Satisfiability Modulo Theory (SMT) solvers are widely used to verify OCL constraints by checking
satisfiability conditions under different logical theories, such as linear arithmetic, bit vectors and arrays
[20, 21, 22]. The computational cost of verification can vary significantly depending on the complexity of
OCL expressions with certain operators and constructs requiring substantially more time for resolution
[23]. For example, the nested quantifiers can significantly increase verification time while arithmetic
operators may only slightly increase verification time [6]. Analyzing the verification time per OCL
keyword and operator provides valuable insight into their complexity and helps define meaningful
weight assignments for complexity assessment. In general, the verification of OCL expressions using
SMT solvers is an active area of research with many opportunities to improve the efficiency and
effectiveness of verification techniques [24, 25, 26].

3. Defining OCL metrics

To systematically evaluate the complexity of OCL expressions, we introduce a comprehensive set of
complexity metrics that consider different aspects of OCL constraints. These metrics are categorized
into three main groups: Structural Complexity, Computational Complexity and Dependency Complexity.
Each category provides insights into different factors that contribute to the overall complexity of OCL
expressions.

3.1. Structural Complexity

We design new metrics to improve effectiveness in complexity measurement and to avoid redundancy
which affects the total complexity. In addition to new metrics within the dimension of Structural
Complexity, we use existing metrics including Weighted Number of Operations(WNO) and Weighted
Number of Messages(WNM) from [5]. Below are the list of new metrics which we considered based on
Structural Complexity:

« Number of Navigated Relationships Cardinality-Aware Navigations ( NNR-C Metric): This
metric is designed to measure the complexity of OCL expressions by quantifying the number of
relationships navigated while considering the impact of its cardinality (1..1 vs 1..%) on computa-
tional effort. Unlike basic navigation metrics that count relationships equally [5], NNR-C assigns
higher weights to multi-valued (1..x) navigation because these relationships introduce iteration
over collections, increasing verification and execution complexity. If an OCL expression accesses
a single-valued (1..1) relationship, it is given a lower complexity weight, whereas multi-valued
navigation (1..x) gives higher complexity due to the collection operations (forAll, exists, select).
By incorporating cardinality-aware weighting, NNR-C provides a more precise estimation of
navigation complexity in OCL expressions, making it particularly valuable for model verification,
benchmarking and maintainability analysis.

« Number of Class Navigation plus (NNC+): this metric counts the number of distinct classes
navigated in an OCL expression while combining it with a weighting system to reflect the
navigation complexity more accurately. Unlike traditional metrics proposed by Reynoso [5],
which treat all class navigation equally, NNC+ assigns higher weights to classes accessed through
multiple intermediate associations (e.g self.membership.card) and lower weights to directly
referenced classes (e.g self.customer). This approach reflects the added effort required to resolve



deeper navigational paths and helps capture the structural complexity of OCL expressions more
accurately. By distinguishing these navigation patterns, NNC+ provides a finer-grained view of
class-level complexity in constraint evaluation.

Depth of Navigation Context aware (DN-CA): This metric measures the depth of navigation
in an OCL expression. It also considers the impact of collection operations, nested constraints,
and implicit dependencies. Unlike traditional depth metrics that count only direct navigation
chains, DN-CA assigns higher weights to navigations within collection-based expressions such
as forall, select and collect. It also distinguishes between direct property accesses and deeply
nested navigations. As a result, constraints that span multiple model elements or involve iterative
operations receive a higher complexity score.

Weighted Navigation Chains (WNC): This metric is designed to measure the complexity
of OCL expressions by evaluating the depth and structure of the navigation chain within an
expression. Unlike traditional navigation metrics that treat all navigation independently, WNC
assigns higher weights to longer and more deeply nested navigation chains (e.g sel f.a.b.c is
considered more complex than sel f.a.b). The reason is that long dependencies introduces extra
cost of de-referencing, verification complexity and execution effort, as deeper chains require more
intermediate object resolutions. WNC also distinguishes between independent and dependent
navigation. Navigation that is part of a continuous dependency chain (i.e long nested navigation
chains) are assigned a higher weight than single navigations that do not follow such a chain.
Additionally, when navigation is nested within collection operations ( for All, select, collect), their
weights are multiplied to accurately represent the increased complexity introduced by iterative
evaluation. By introducing chain depth, dependency structure and collection-aware weighting,
the Weighted Navigation Chains (WNC) metric provides a more precise estimation of navigation
complexity. This makes WNC valuable for analyzing the scalability and verification difficulty of
OCL constraints.

Total Navigation Complexity (TNC): We introduce the Total Navigation Complexity (TNC)
metric to provide an accurate and redundancy-free evaluation of navigation based complexity
in OCL expressions. TNC combines three metrics: NNR-C, DN-CA, and WNC. Each of these
measure aspects such as navigation depth, collection multiplicity (e.g 1..x) and navigational
dependency. By combining these metrics, TNC avoids counting the same navigational structures
multiple times. This ensures a more precise and accurate measure of complexity. If measured
independently, these metrics will count the same navigational features multiple times, inflating
the total complexity score. By combining them with carefully chosen weights, TNC provides a
more balanced and non-redundant measure of navigation complexity in OCL constraints.

The formula for TNC is defined as:

TNC=0a-NNR-C+ p-WNC+y -DN-CA

The choice of weights @, f and y in the TNC metric is designed to provide users with a configurable
approach that balances complexity contributions. Specifically, these weights allow users to
balance the complexity arising from multi-valued relationships (NNR-C), sequential dependencies
(WNC) and navigation depth (DN-CA). The main aim is to prevent redundancy in the complexity
measurement. For example, the weight configuration « = 0.3, = 0.4, y = 0.3 prioritizes sequential
dependency complexity, making it suitable for models that have deeply nested navigation chains
(A - B —» C — D) to contribute more to complexity than collection-based operations. This
is particularly relevant in highly interconnected models where verification difficulty increases
due to long dependency chains. Meanwhile, the configuration @ = 0.4, = 0.3, y = 0.3 prioritizes
collection-based complexity and making it ideal for models where multi-valued (1..*) relationships
significantly impact the verification. This can be seen in constraints that frequently iterate



over large collections Operations. The weight y (DN-CA) is designed to take depth complexity
into account introduced by collection-based operations and nested navigations. The introduced
weights are user-defined that allows customization based on model structure and user requirement.
This ensures that TNC accurately reflects real-world complexity variations in OCL expressions.

« Variable Reference Count (VRC): This metric measures the number of distinct variables
referenced within an OCL expression. A higher VRC indicates more variables used in an OCL
expression, which introduces greater complexity as more variables require tracking and interpre-
tation. The greater the number of variables introduced in an OCL expression, the more difficult
the expression is to understand as this contributes to the complexity. An example which is given
below.

sel f.books— > for All(b|b.author.name)

here variable b is introduced by the forAll operation. It is used multiple times within the body of
the expression (for b.author.name), contributing to the VRC.

3.2. Computational Complexity

Computational Complexity in OCL refers to the effort required to verify or statically analyze an expres-
sion in the context of formal tools such as SMT solvers. OCL constructs such as the quantifiers for All
and exists, significantly increase this complexity because they require repeated evaluations of logical
conditions across all elements of a collection. We define three key metrics to quantify computational
complexity: Operator Complexity (OC), Type Conversion Complexity (TCC) and Collection Iteration
Complexity (CIC). For example, forAll is weighted more than select because it quantifies every ele-
ment in a collection. These metrics aim to capture the constructs that most significantly affect solver
performance and verification.

« Operator Complexity (OC): This metric measures the verification effort introduced by different
operators within an OCL expression. This metric assigns user-defined weights to various operator
categories based on their impact on SMT solver performance, as observed in our experimental
results 4. From a verification perspective, arithmetic operators such as +, —, %, / are generally
less weighted than logical operators such as and, or, not and quantifiers such as forAll and exists.
These require condition evaluation over collections which significantly increases verification time.
By distinguishing these categories, OC enables users to prioritize constructs that have the greatest
impact on the verification effort. This approach provides a customizable and verification aware
complexity measurement. It is particularly useful in scenarios where verification performance
and solver efficiency are critical considerations.

« Type Conversion Complexity (TCC): This metric measures the computational overhead intro-
duced by explicit and implicit type conversions in OCL expressions. Operations such as asSet(),
flatten() and ocl AsT y pe() require additional computation time, when converting large collections,
sorting elements, or enforcing type constraints. Simple conversions like oclAsType(Integer)
introduce relatively low complexity, while nested conversions—such as:

sel f items— > collect(ili.values)— > flatten()— > asSet()

substantially increase verification effort due to restructuring collection elements. TCC assigns
higher weights to type conversions that significantly impact verification performance. This
allows users to identify and optimize costly or redundant conversions within OCL expressions.

+ Collection Iteration Complexity (CIC): This metric measures the computational cost associated
with iterating over collections in OCL expressions. Higher-order quantifiers and collection



operations such as forAll, exists, select and collect introduce additional overhead, especially when
nested iterations occur, leading to greater complexity. CIC assigns greater weight to deeply nested
structures, as they increase verification time.

3.3. Dependency Complexity

Dependency Complexity measures the degree of interdependence between model elements referenced
within an OCL expression, assessing how constraints depends on previously defined invariants, derived
attributes and transitive model relationships. High dependency complexity increases maintenance
effort, as changes in one model element may impact multiple constraints and reduced modularity. To
systematically capture dependency complexity, we introduce the following metrics:

- Reused Constraint Count (RUC): This metric counts the number of reused constraints within
an OCL expression. This reflects the expression’s dependency on previously defined elements.
Measuring RUC helps to reveal how much an OCL expression depends on other constraint. This
makes it easier to spot a constraints that may need extra attention during maintenance or updates.

4. Experiments & Results

Experiment Objective: The main objective of this experiment is to assess the complexity of OCL
expressions by observing the time taken to verify them using SMT solvers. Rather than relying on
traditional runtime complexity, we focus on verification complexity as a more suitable measure for
OCL expressions. Mapping an OCL expression to a logical formula requires not only familiarity with
OCL constructs but also a deep understanding of its underlying semantics. Hence, we believe that
verification provides a more accurate reflection of the complexity of OCL expressions. It captures both
structural and semantic challenges that may not be visible through execution alone. Using SMT solvers
for verification of OCL constraints is a standardized practice. By analyzing verification times with
SMT solvers across simple and complex expressions, we systematically measure how different OCL
constructs and operators impact the overall complexity.

Experimental Setup: We run our experiment on an Apple Macbook air with (M1 chip) 8 GB memory.
The SMT solvers used in our experiment are Z3 version: 4.14.0 [27], CVC5 version: 1.2.1 [28] and
Ostrich version:1.3 [29]. We choose these SMT solvers mainly because of their popularity, performance,
specialization and usability [6].

We formed a benchmark that has a total of 30 OCL expressions. 12 of them are collected from
existing literature [30, 6, 15, 11], and 18 expressions are manually designed to ensurevariety in the
OCL constructs used. We categorize these expressions into simple (15) and complex constraints (15) as
follows.

« Simple: Expressions with lower computational operator and fewer navigations.
« Complex: Expressions that involve deep navigation, multiple dependencies, extensive use of
arithmetic, logical operators and collection operations.

We translate each OCL expression into an equivalent SMT formula and measure its verification time
individually. Figure 1 shows the verification time trends across different SMT solvers, reflecting the
underlying complexity of the OCL expressions. To clearly demonstrate how complexity impacts
verification performance, we show results for representation of simple (From Bank Account to member)
and complex (From order1 to exam) expressions illustrating the variation in solver behavior across
different complexity levels.

Result: The experimental results indicate that all three SMT solvers exhibit a similar verification time
trend, where simple OCL expressions are consistently verified faster than complex ones. Across all
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Figure 1: Verification Time Comparison of SMT Solver

solvers, simple expressions, which mainly involve direct attribute comparisons and minimal navigation
can be verified quickly (Time < 0.25 seconds). On other hand, complex expressions which are char-
acterized by extensive use of collection operators (forAll exists, select) and deep navigation, require
significantly more time to verify (0.25 < Time < 0.45). This trend highlights that OCL constraints
with a higher dependency on collection-based operations and deeply nested navigation introduce
greater computational overhead. As a result, these expressions lead to increased solver verification time.
Although the solvers may differ in absolute runtime, their shared similar trend confirms that verifying
complex expressions demands more resources and run time than verifying simple expressions.

5. Total Complexity

In this section, we present an experiment to calculate the total complexity of OCL expressions using
a combination of different metrics define above. This approach helps us capture various aspects of
complexity in a single consolidated score. The Total Complexity (TC) metric is calculated by adding
structural complexity, computational complexity and dependency complexity, ensuring a comprehensive



assessment of OCL expressions. The goal of this experiment is to measure the total complexity of

Keyword Weight Reasons

=, <>,>,<,>=, <= 1.0 Simple operators, lightweight in verification.

and, or, not 1.5 Logical operators require evaluating multiple conditions,
increasing complexity slightly.

implies, xor 2 These operators introduce logical dependencies,
requiring additional verification steps to ensure
correctness.

select, collect, reject, flatten | 2 These functions involve traversing collections, which
adds iteration complexity.

forAll, exists, closure, iterate | 3 Higher complexity due to nested iteration, especially
when applied to large collections.

oclAsType() 2 Type conversion; introduces validation overhead in type
checking.

asSet 1.5 Converts a collection to a set, removing duplicates;
requires a lightweight operation.

Table 1
Assigned weights for key Object Constraint Language (OCL) constructs based on their impact on verification.

OCL expressions by accumulating defined metrics. To support this evaluation, we assign weights
to OCL keywords based on their impact on verification time as observed in our empirical analysis
in Section 4. Table 1 summarizes the assigned weights. We define a lower bound of 1.0 for simple
operators (e.g. =, <, >=, <=,>) that introduce minimal verification effort. It is serving as a baseline for
the comparison. A maximum weight of 3.0 is assigned to constructs like forAll, exists. Intermediate
weights (e.g. 1.5 or 2.0) are used for constructs that contribute a moderate verification effort such as
logical operators (AN D, OR) or type conversions (ocl AsType()). The weights are placed relatively closer
(generally in increments of 0.5), to capture minor but meaningful differences between constructs. This
ensures that the metric remains sensitive to structural variations without disproportionately affecting
the overall complexity score. Our proposed approach remains flexible, allowing users to adjust weights
for domain-specific use cases or performance sensitive systems.

5.1. Discussion

The proposed complexity metrics make a significant step forward in the systematic evaluation of
OCL constraints. Unlike previous work where weights were assigned without clear justification [1],
we use verification time as an indicator for assigning weights to OCL constructs. The underlying
assumption is that constructs with lower verification effort should receive lower weights than those
with higher complexity. This establishes each metric in a concrete and quantifiable way. We also
give a well structured methodology for evaluating OCL complexity across syntactic, semantic and
computational dimensions. For example, the Total Navigation Complexity (TNC) captures depth and
redundancy in navigation chains, while Operator Complexity (OC) reflects the overhead introduced
by logical constructs such as forAll, exists, and implies. The flexibility to apply user-defined weights
further enhances the applicability of these metrics, allowing users to prioritize constructs based on
performance, maintainability or domain-specific constraints. More importantly, this work lays the
foundation for automatic OCL benchmark generation. We note a limitation here, as the metrics presented
do not comprehensively cover all possible OCL constructs and can be subjectively interpreted by users.
Different users might assign different weights based on their unique contexts or requirements, leading
to variability in complexity assessments when comparing complexities between users. Note also that
due to OCL’s declarative nature, it is difficult to directly apply imperative language metrics. Traditional
complexity measures like Big O notation rely on explicit control flow, which OCL lacks, making their
calculation challenging. Consequently, this research focuses on verification time as an alternative
measure. Our ultimate goal is not just to measure existing expressions, but to generate OCL benchmarks



with customization of complexity based on user-defined criteria. This will offer the community not
only a better way to measure, test and analyze existing OCL tools but also a powerful technique for
generating configurable benchmarks. We believe that the metrics defined here can help us to better
understand the necessities of OCL benchmark generation.

6. Conclusion

This paper presents a innovative verification-driven approach for assessing OCL complexity across
structural, computational and dependency dimensions. We believe that the proposed metrics can help
OCL community to better understand the capabilities and limitations of existing OCL tools. In the
future, we plan to investigate an approach that can generate OCL benchmark satisfying metrics defined
with customizable weights. In the future, we plan to construct a metamodel for our metrics, and this
would allow us to include more features such as inheritance and iteration.
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