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Abstract. Developing Case-Based Reasoning (CBR) applications is a
complex and demanding task that requires a lot of experience and a deep
understanding of users. Additionally, current CBR frameworks are not as
usable as Machine Learning (ML) frameworks that can be deployed with
only a few lines of code. To address these problems and allow users to
easily build hybrid Artificial Intelligence (AI) systems by combining CBR
with techniques such as ML, we present the CBRkit library in this paper.
CBREKkit is a Python-based framework that provides generic and easily
extensible functions to simplify the creation of CBR applications with
advanced similarity measures and case representations. The framework
is available from GitHub and PyPI under the permissive MIT license. An
initial user study indicates that it is easily possible even for non-CBR
experts and users who only have limited Python programming skills to
develop their own customized CBR application.

Keywords: Case-Based Reasoning - Machine Learning - Hybrid AT -
CBR Frameworks - Python Library

1 Introduction

Building Case-Based Reasoning (CBR) [IJI7] applications is a demanding and
complex task. In addition to the fact that a lot of expertise and knowledge is
required to encode cases, similarity measures, possible adaptations, and vocab-
ulary, it is also a challenge to use a CBR framework itself. This is particularly
relevant when teaching novices, such as students, the use of CBR with the help
of frameworks. With the recent rise in Machine Learning (ML) applications,
Python has become an increasingly popular choice due to its simple yet expres-
sive syntax combined with the wide selection of libraries such as NumPy and
PyTorch. However, we observe a lack of Python-based CBR, frameworks that are
easy to use and powerful enough to suit more advanced use cases. This disparity
leads to a situation where CBR researchers cannot experiment with up-to-date
ML approaches without resorting to complex workarounds, such as using web
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requests to integrate custom models. At the same time, data scientists and ML
engineers are missing out on features that most CBR systems naturally provide,
including complex case representations and similarity measures.

In an effort to make ML techniques easier to use by CBR researchers and
expand the CBR community to more users, including students and data scien-
tists, we present the CBRKIT library. This Python-based toolkit aims to reduce
the effort needed to build a case-based application and instead allows the user
to focus on solving the problem at hand. CBRKIT is available from PyPI and
can be easily installed via pip without requiring any further configuration. The
library allows for simple import of existing case bases in various formats, pro-
vides an extensive set of similarity measures, and allows the definition of custom
functionality by a fully typed and generic Application Programming Interface
(API). In the first version of CBRKIT, we focus on the retrieval step in the
CBR cycle—that is, finding the most relevant cases given some query from a
user. This paper contains the following contributions: (i) An analysis of exist-
ing Python-based CBR libraries/frameworks, (ii) a high-level overview of the
CBRKIT framework and usage examples, and (iii) a user study comparing the
proposed CBRKIT with the established Java-based PROCAKE [4] framework.

The remainder of this paper is structured as follows: Section [2]introduces the
integration of CBR and ML, followed by a discussion of related work in Section 3]
Section [] introduced the CBRKIT framework that is evaluated by a user study
in Section [5} Finally, Section [6] concludes the paper and presents future work.

2 Foundations

Recently, ML frameworks are widely used in academia and practice because
they are easy to use. Particularly in research, hybrid Artificial Intelligence (AI)
systems combining ML with other AI techniques are gaining importance, lim-
iting, for example, the need for a large amount of qualitative data for ML or
for increasing the accuracy of the complete hybrid Al system. One possibility of
creating a hybrid Al system is to combine ML and CBR. In the following, we
describe how CBR can benefit from the integration of ML and vice versa.

Integrating ML in CBR. As CBR is an analogy-based reasoning method [I],
it inherently relies on a suitable definition of a vocabulary and the correspond-
ing similarity measures based on the defined vocabulary. Consequently, CBR
applications benefit from the knowledge defined in similarity measures during
inference, as they are specially tailored to certain attributes and their types [3].
In addition, the similarity assessment is more precise because it is based on the
local-global principle, which states that the similarity between cases is calcu-
lated based on the similarity of individual attributes (i.e., local similarities),
and subsequently the overall similarity is calculated by an aggregation func-
tion (i.e., global similarity) [I]. Using this principle, it is possible to individ-
ually decide which similarity measures should be used and applied for certain
attributes. ML can be used in this context to automatically learn similarity mea-
sures [192008/9] or weights for local similarities during the retain phase. These
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structure-aware measures can be expensive to compute, which is why the MAC /-
FAC (many are called, but few are chosen) pattern [7] may be used to discard
irrelevant cases early in the retrieval phase. Here, ML could be used as the back-
bone of the MAC phase—for instance, through a custom classifier that predicts
the similarity values of the FAC phase. Another possible integration of ML into
the CBR methodology is the use of methods from Natural Language Processing
(NLP) [2] in the context of textual CBR—for instance, by computing the sim-
ilarity of textual attributes with embeddings [5]. With Large Language Models
(LLMs) becoming more advanced, it also becomes possible to integrate them in
other stages such as the reuse step [10], leading to the development of hybrid
CBR applications.

Integrating CBR in ML. The revival of using ML is mainly driven by the
high data availability in the context of Big Data today. Based on that data, a
suitable ML model can be trained and used in an application. For this purpose,
several ML frameworks such as PyTorch or Scikit-learn are publicly available and
can be easily used. However, only a few methods are available for using analogy-
based reasoning techniques in these frameworks—for instance, Scikit-learn only
provides simple nearest-neighbor algorithms for regression tasks. In this context,
the ML community could profit from using CBR in ML for having more sophis-
ticated techniques in analogy-based reasoning. One such technique that goes
beyond the use of classic nearest-neighbor algorithms is the application of adap-
tation methods in CBR by which ML can significantly benefit. Furthermore,
the retrieval techniques of CBR can be combined with Retrieval-Augmented
Generation (RAG) [LI] to improve the capabilities of generative LLMs. Finally,
CBR may be part of Explainable Artificial Intelligence (XAI) approaches—for
instance, to help explain black-box models like deep neural networks [16/21].

3 Requirements and Related Work

Before presenting our proposed CBRKIT library, we first present requirements
that must be satisfied by a Python-based CBR framework to be easy to use and
applicable in the use cases sketched in Section [2] For this purpose, we analyze
existing Python-based CBR frameworks in the context of these requirements.

3.1 Requirements

Due to the lack of literature, we systematically derived requirements that should
be satisfied by a Python-based CBR library in brainstorming sessions. We also
searched for existing Python libraries and collected available features to complete
our requirements list. In the following, we first present two general requirements
(GR) in the context of software engineering principles, followed by three require-
ments (R) for CBR software and its integration with ML.
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GR1 (Software Engineering). The software should be available from PyPI to
enable easy installation and use type annotations to make the code more main-
tainable. Its correctness should be ensured by a comprehensive test suite, and
documentation to help users get started should be available.

GR2 (Interoperability). The software should be interoperable with other sys-
tems by providing some API. In addition to programmatic access—enabling the
use in other Python projects—there should be a Representational State Transfer
(REST) API—simplifying the integration in existing systems.

R1 (High-Level Abstractions). The software should provide built-in function-
ality for common CBR tasks, such as predefined similarity measures and case
representations. Furthermore, the complete CBR cycle should be available in
high-level function calls—for instance, through generic retrieval functions that
allow for the combination of sequential retrievals such as MAC/FAC, generic
adaptation functions that are applied automatically, or generic retain methods
that adapt weights and similarities measures through ML techniques.

R2 (Low-Level Customization). In addition to high-level functions, the soft-
ware should enable advanced use cases through custom extensions—for instance,
through abstract interfaces for similarity measures and the ability to use com-
plex case representations with validation logic. It should be possible to combine
such extensions with the built-in ones in the same application.

R3 (Integration with ML Frameworks). The software should allow easy integra-
tion with established ML frameworks, such as NumPy, pandas, and PyTorch.
It should be possible to combine established CBR measures such as taxonomies
with ML-based ones such as embeddings, depending on the case representation.
The framework should provide a programmatic interface that allows deep inte-
gration with ML libraries—for instance, by accepting data types such as NumPy
arrays and using similar function signatures.

3.2 Analysis of Related Work

The selection and evaluation of the CBR frameworks is based on the review of
GitHub and PyPI for CBR frameworksﬂ In addition, we include Python-based
CBR frameworks from the study of Schultheis et al. [I§] in our analysisﬁ The
results are summarized in Table [I] and described in the following. A detailed
analysis of CBRKIT is provided in Section [1.2]

Clood CBR. The cloud-based CBR framework CLooD CBR [I5] can be used
to develop textual and structural CBR applications. It provides several built-in
similarity measures (e.g., for strings, numerics, and categorical values). In ad-
dition, it supports the complete CBR cycle with generic methods—for instance,

3 PyArgCBR (https://github.com/jaumejordan/pyargcbr) is not considered as it
is not actively maintained, lacks documentation, and specializes in argumentation.
4 With our goal of integrating CBR and ML, tools in other languages are excluded.
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Table 1: Requirement analysis of existing Python-based CBR frameworks with
v meaning fulfilled, v /X meaning partially fulfilled, and X meaning not fulfilled.

Framework Engineering Interoperability  Abstraction Customization ML
(GR) (GH?) (R G2 (RB)
Clood CBR v /X /X 4 v /X v /X
pycbr X /X v /X 4 v /X
cbrlib /X /X v /X 4 v /X
CBRKIT v v v /X v v

a MAC/FAC retriever is available (R[I). Creating customized case representa-
tions is possible, but support for custom similarity measures and generic retrieval
pipelines is lacking ( Some ML frameworks like sentence-transformers are
natively integrated with the application, but adding new ones is not straight-
forward ( Documentation is available on a dedicated website, but the code
does not use type annotations, and tests are only available for the frontend part
of the application (G. For accessing the framework, a REST API is available.
Being optimized for the cloud use case, the library does not include support for
programmatic use and is also not available from PyPI (G.

pycbr. The library pycbIE| describes itself as a microframework for CBR ap-
plications and, as such, is built for microservice architectures. It provides a
set of predefined similarity measures for common data types such as strings
and numbers and includes ways to import data, but does not support retrieval
pipelines and is limited to the retrieval step (R[l)). The pycbr library exposes
an abstract method for custom similarity measures / attribute types (R2). The
framework integrates with some ML libraries (e.g., nltk and Scikit-learn), but
more advanced libraries such as transformers are missing, and its programmatic
interface is based mainly on classes ( The source code does not use type
annotations, the documentation must be built manually, and end-to-end tests
are missing (G. Developed as a microframework, pycbr offers a REST API
for interoperability, but programmatic usage is not a focus (G.

cbrlib. There exist two versions with a major difference in their overall design:
While cbrlib v1 uses a class-based interface with a relatively verbose syntax,
cbrlib vﬂﬂ has a functional interface with a more concise syntax. The release of
v2 was in March 2024—three months after the first public version of CBRKIT.
With v1 not receiving updates since 2021, we will focus on v2 in our analysis.
The framework includes some similarity measures, but they are limited in
scope (e. g., no specialized functions for strings), and the user is responsible for
loading the case base. The library is focused on the retrieval step and provides
no straightforward way to implement the MAC/FAC pattern ( However,
it provides an interface for defining custom similarity measures ( Native
integration with ML frameworks is not provided, but the functional approach
leads to a programmatic interface that should be familiar to data scientists (R[3)).

® https://github.com/dih5/pycbr
S https://github.com/cdein/cbrlib
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The code uses type annotations and is tested, but no documentation is available
except for a few examples. The framework makes extensive use of the Python
method functools.partial to parameterize the built-in measures, which may
be less intuitive for inexperienced Python users (G. A REST API is not
available, but the library can be used programmatically (G.

4 CBRkit Framework

Based on our requirements and the analysis of existing Python-based CBR sys-
tems, we developed the CBRKIT framework. It has been engineered from the
ground up for modern Python features and is designed to be easy to use, yet flex-
ible enough to support advanced use cases. CBRKIT uses a compositional and
functional approach of declaring similarity measures, which means that com-
plex ones can be built from simple building blocks. The source code is publicly
available on GitHub under the MIT license with releases published to PyPIE] In
the following section, we first provide an overview of the main components of
CBRKIT followed by an analysis of the requirements defined in Section [3]

4.1 Conceptual Overview

The overall goal of CBRKIT is to provide a Python-based framework that simpli-
fies the development of CBR applications. In the first version of the framework,
we focus on the retrieval step and, thus, address three main aspects: (i) The
representation of cases and queries, (ii) the definition of similarity measures,
and (iii) the retrieval of similar cases. These fundamental building blocks will
eventually allow for the implementation of more advanced features, such as a
generic interface for adaptation techniques.

In the following, we demonstrate how CBRKIT can be used to retrieve similar
cases based on a query. As an application scenario, we use the cars domain from
previous work [13]. The case base consists of millions of cars and their attributes,
such as paint color, mileage, and manufacturer. Due to the large number of
cases, the MAC/FAC pattern [7] is used. In the following, we provide a fully
working example in Listing [1) containing both simple and advanced patterns,
which are discussed in the following section. It also shows that CBRKIT makes
it possible to implement a two-stage retrieval with a custom similarity measure
in approximately 50 lines of code, regardless of whether the user wants to use
simple knowledge-poor similarity measures or knowledge-intensive ones based on
taxonomies or ontologies [19].

Case Representation. In CBRKIT, a case base is modeled as a dictionary—
that is, a collection of key-value pairs. The keys represent the name (or unique
identifier) of a case, while the value may have an arbitrary structure. A fun-
damental assumption of CBRKIT is that the query has the same type as the

"https://github.com/wi2trier/cbrkit and https://pypi.org/project/cbrkit
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1 import cbrkit

2 import pandas as pd

3

4 df = pd.read_csv("casebase.csv")

5 casebase = cbrkit.loaders.dataframe (df)

6 query = pd.Series ({

7 "miles": 20000,

8 "year": 2010,

9 "model": {"make": "a4", "manufacturer": "audi"},

10 "engine": {"fuel": "gas"},

11 "paint_color": "red",

12 })

13

14 def miles_similarity(x: int, y: int) -> float:

15 if abs(x - y) < 10000:

16 return 1.0

17 elif abs(x - y) < 25000:

18 return 0.7

19

20 return 0.0

21

22 mac_sim = cbrkit.sim.attribute_value (

23 attributes={

24 "paint_color": cbrkit.sim.generic.equality(),

25 },

26 )

27

28 fac_sim = cbrkit.sim.attribute_value(

29 types={

30 str: cbrkit.sim.strings.spacy("en_core_web_1lg"),

31 int: cbrkit.sim.numbers.linear (max=9999999),

32 },

33 attributes={

34 "miles": miles_similarity,

35 "model": cbrkit.sim.attribute_value (

36 attributes={

37 "make": cbrkit.sim.strings.levenshtein(),

38 "manufacturer": cbrkit.sim.strings.taxonomy.load(
39 "cars-taxonomy.yaml",

40 measure=cbrkit.sim.strings.taxonomy.wu_palmer (),
41 ),

42 ¥

43 ),

44 "engine": cbrkit.sim.attribute_value(

45 types={str: cbrkit.sim.strings.openai("text-embedding-3-large")}
46 ),

a7 },

48 aggregator=cbrkit.sim.aggregator (

49 pooling="mean",

50 pooling_weights={"miles": 0.5, "model": 0.3},

51 default_pooling_weight=1.0,

52 ),

53 )

54

55 mac_retriever = cbrkit.retrieval.build(mac_sim, min_similarity=1.0)
s6 fac_retriever = cbrkit.retrieval.build(fac_sim, limit=10)
57

58 result = cbrkit.retrieval.apply(casebase, query, [mac_retriever,

fac_retriever])

Listing 1: Full example of a retrieval with CBRKIT. The case base uses an object-
oriented representation with nested attributes. The code contains two advanced
patterns: A custom similarity function for the attribute miles and the use of
multiple retrievers to apply the MAC/FAC pattern.
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def threshold_sim(threshold: float):
def wrapped_func(x: int, y: int) -> float:
return 1.0 if abs(x - y) <= threshold else 0.0

return wrapped_func

Listing 2: Example definition of a similarity function for integers showcasing the
functional pattern used in CBRKIT.

cases—otherwise, the similarity measure would not be applicable. In the applica-
tion scenario used, an object-oriented case representation with nested attributes
is used, such as the model and engine of a car. The cases are stored in a CSV
file that is first loaded into a pandas DataFrame (Line |4 and then converted
(Line . The query could also be loaded from a file, but is defined directly in
the code for simplicity (Line[6). The structure of cases can be validated through
an integration with the popular Pydantic library (omitted for brevity).

Similarity Measures. The library provides a set of built-in similarity mea-
sures for common data types, such as strings and numbers, but also allows the
definition of custom ones. In CBRKIT, a similarity measure is defined as a math-
ematical function f that receives two arguments x,y € T of the same type T
and returns a similarity value between 0 and 1—that is, f: T'x T — [0, 1]. To
improve efficiency when working with ML models, CBRKIT allows for batch
processing of multiple values at once. In this case, the function f’ expects a list
with tuples of values and returns an ordered list of similarity values—that is,
fATxT, ...} = {[0,1],...}. Implementation-wise, similarity measures are im-
plemented as nested functions, allowing for the parameterization of the measure.
An example of a relatively simple numeric measure is shown in Listing [2| Here,
the outer function expects a threshold value and returns an inner function that
implements the actual similarity measure and thus conforms to the previously
defined signature f: T'x T — [0,1]. As a result, the function threshold_sim
needs to be called twice: (i) to create a similarity measure with a specific thresh-
old and (ii) to actually calculate the similarity between two values.

The same pattern is used in CBRKIT to implement seemingly more complex
similarity measures, especially the one for attribute-value data types. Since the
cars domain uses an object-oriented case representation, this function is used
both for the MAC phase (Line[22)) and for the FAC phase (Line[28)). It allows the
user to apply similarity functions based on an attribute’s type (Line and /or
name (Line . Local similarities can be aggregated into a global one using an
aggregation function (Line . In the given example, the unweighted arithmetic
mean is used as an aggregation function in the MAC phase, while a weighted
version is applied in the FAC phase. The result of the attribute-value similarity
function is a method that complies with the previously defined signature, which
means that it can even be used for nested attributes (Line . This definition
style has the additional advantage of providing visual cues for the structure of
the similarity measure, making it easier to understand and maintain.
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CBRKIT comes with numerous built-in similarity measures, including generic
objects, collections, numbers, and strings. With the rise of language models,
the latter category has seen numerous changes. Consequently, we include not
only traditional measures such as Levenshtein distance-based or taxonomy-based
ones, but also more recent approaches such as text embeddings from popular
NLP libraries like spaCy (Line and OpenAl (Line [44). At the same time,
we are aware that it is never possible to cover all available similarity measures,
so we provide an easy way to define custom ones: Users simply need to define a
function that conforms to the previously defined signature and can be used in
the same way as the built-in ones. In the example used, the car dealer wanted to
use a non-standard measure to compare the attribute miles and thus defined a
custom function (Line . Note that instead of calling the function in Line
it is passed as a reference since it does not contain an inner function.

Retrieval. With both the cases loaded and the similarity measures defined, the
final step is to perform the actual retrieval. In our two-stage scenario, we first
apply the MAC phase with a minimum similarity of 1.0 (Line . In this pre-
filter, we only consider cars that have exactly the same paint color that the user
is searching for (i.e., red) and enforce this by setting the minimum similarity to
1.0. The FAC retriever is set to return at most ten cars (Line [56) so that the user
is not overwhelmed with too many results. The result of the retrieval (Line
is an object containing the global similarity scores and the imposed ranking.
For advanced use cases, it is also possible to inspect the result of each retriever
individually and even obtain the local similarity values for each attribute.

4.2 Requirements Analysis

Having introduced the central concepts of CBRKIT through an end-to-end ex-
ample, we now analyze the framework based on the requirements defined in
Section [3.1} The library offers a suite of built-in similarity measures that may
be parameterized to fit the user’s needs, includes abstractions to implement the
MAC/FAC pattern, and also offers methods to load case bases in common data
formats. Our library focuses on the retrieval step, which means that the remain-
ing phases need to be implemented manually ( Custom similarity functions
are first-class citizens in CBRKIT and can be easily defined and used in conjunc-
tion with built-in ones. By providing multiple retrieval functions, it is possible
to build arbitrarily complex pipelines that go beyond the two-stage MAC/FAC
pattern ( CBRKIT is designed to be used in conjunction with established
ML frameworks and provides native integrations with pandas, spaCy, sentence-
transformers, and other popular libraries. Its functional design resembles the
programmatic interface of these frameworks to make it easier for data scientists
to start (R3]). The code is fully typed and makes extensive use of generics for
best-in-class type safety and completion support in modern Integrated Develop-
ment Environments (IDEs). The library contains a comprehensive test suite—
including end-to-end ones—and contains documentation for its public interface.
Together with a detailed tutorial, the documentation is available as a static web-
site. CBRKIT uses NIX [6] to ensure reproducibility and utilizes a Continuous
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Integration (CI) pipeline to automatically publish new releases based on con-
ventional commit messages (G. The framework can be consumed through a
REST API, a Command Line Interface (CLI), or directly imported into other
Python projects, making it interoperable with third-party systems. To simplify
deployment, a ready-to-use Docker image is provided (G.

5 User Study

While in theory, CBRKIT meets the requirements of data scientists, CBR re-
searchers, and students, it is essential to evaluate the usability of the framework
in practice. As part of our investigation of related work, we identified a lack
of evaluations: In many cases, new tools are only introduced but not tested in
a real-world scenario. To address this, we conducted a user study comparing
the proposed CBRKIT with the established Java-based PROCAKE framework,
which is also developed in our department. While a complete evaluation would
only be possible once CBRKIT has matured and has been used in a variety of
projects, this first study tries to assess whether our library is even considered
to be a suitable CBR framework by our target audience. After analyzing what
requirements are met by PROCAKE, in the following we will describe the exper-
imental setup, present the results, and discuss the implications of the findings.

Among the frameworks discussed by Schultheis et al. [18], PROCAKE has
been selected because it has extensive documentation and tests (G, and pro-
vides a programmatic interface as well as a REST API (G. In addition, it
includes a suite of similarity measures, but does not provide generic functions for
the complete CBR cycle ( The MAC/FAC pattern is supported, but support
for generic pipelines is missing, and even though complex case representations
can be used, custom similarity measures are difficult to integrate, as they must
be registered in proprietary classes (Rl2). Being a Java-based framework, inte-
gration with ML frameworks is not straightforward ( Choosing our internal
framework enables us to recruit people with three different backgrounds: Core
developers of PROCAKE, computer science students familiar with PROCAKE;,
and data science students having (almost) no prior experience with CBR.

5.1 Experimental Setup

The study has been conducted in a controlled environment through a repro-
ducible Virtual Machine (VM) built using NIX. The image contained all the
necessary software: A desktop environment, the JetBrains IDEs PyCharm and
IntelliJ, and the CBRKIT and the PROCAKE libraries with their respective
documentation. The study was carried out with v0.6.1 of CBRKIT and v5.0 of
PrROCAKE. The code to generate the image is publicly available on GitHuHﬂ in
an effort to simplify the setup of future user studies in the CBR community. It
can be used to create VMs that are compatible with VirtualBox, QEMU/KVM,

8 https://github.com/wi2trier/cbr-vm
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and Proxmox. In the study, we used Proxmox to host the VM on a server in our
department, which was accessible via Remote Desktop Protocol (RDP).

In total, we recruited twelve participants, each receiving a voucher worth 10€
as compensation. The survey was conducted on-site for two days with six par-
ticipants each. Based on the car domain application scenario, we have specified
a set of tasks designed to test the features that both CBRKIT and PROCAKE
provide. Since CBRKIT and PROCAKE are implemented in different program-
ming languages, we provided code templates for both of them in an effort to ab-
stract them from the underlying implementationﬂ There have been three tasks
for both frameworks and one additional task that should only be solved with
CBRKIT: (i) Create a structured query for a car with specific attributes, (ii) im-
plement missing similarity measures for two attributes, (iii) create a retrieval
pipeline with a MAC and a FAC retriever, and (iv) implement a custom sim-
ilarity measure for one attribute (only CBRKIT). Since we are dealing with a
quite heterogeneous group of participants, we set strict time limits for each task
to ensure that all participants had the opportunity to get an impression of both
frameworks. Except for the first task (i.e., defining the query), all assignments
were designed to be independent of each other so that participants could skip
those they had been struggling with. We provided help to those who struggled
with the query definition so that they could proceed with the other tasks.

After completing all assignments, the participants were asked to complete
a questionnaire. Among others, we asked whether they have been able to solve
the tasks, what issues they encountered, and what aspects they liked or disliked
about the frameworks. Furthermore, we collected some information about their
prior knowledge of Java/Python/CBR. These rating-based questions must be
answered on a 5-point Likert scale [12]. Finally, participants could provide free-
text feedback on the libraries and the study itself.

5.2 Results and Discussion

The participants’ ratings are shown in Figure[l] In general, the participants rated
themselves as more proficient in Java than in Python, while the self-assessment of
CBR skills tended to be more balanced (Figure. CBRKIT has been considered
the more viable option for the initial development /prototyping stage and small-
scale deployments for individual users or small teams, while PROCAKE has
been considered the better choice for large-scale deployments and possibly cloud
use cases (Figure . The responses to the four tasks are mixed (Section :
Although the first task has been considered to be easy by most participants,
the third has been rated as the most difficult. For all tasks, the scores given to
CBRKIT are slightly higher than those given to PROCAKE, for task three, the
difference is even more pronounced. Here, no user assigned the highest 5 rating to
PrROCAKE, meaning the distribution of the scores ended up skewed towards the
left, while the distribution of the scores for CBRKIT has been distributed more

9 https://github.com/wi2trier/cbrkit-demo| and Thttps://gitlab.rlp.net/
procake/publications/procake-demos-for-cbrkit-eval-iccbr-2024


https://github.com/wi2trier/cbrkit-demo
https://gitlab.rlp.net/procake/publications/procake-demos-for-cbrkit-eval-iccbr-2024
https://gitlab.rlp.net/procake/publications/procake-demos-for-cbrkit-eval-iccbr-2024

12 M. Lenz et al.

Prototyping (ProCAKE) q . .
Prototyping (CBRkit) | = —
Small-scale (ProCAKE) , e |
Java programming - . Small-scale (CBRKkit) ]
Python programming { Il : . Large-scale (ProCAKE) 4 | : |
CBR expertise 1 [ | , s | Large-scale (CBRKkit) -l , |
6 4 2 0 2 4 6 8 6 4 2 0 2 4 6 8
(a) Self-assessment of skills. (b) Development and deployment stages.
Task 1 (ProCAKE) 4 [ B Task 1 (ProCAKE) T —
Task 1 (CBRkit) - ] Task 1 (CBRKit) 4 I
Task 2 (ProCAKE) - [~ . o Task 2 (ProCAKE) . s
Task 2 (CBRKkit) E | Task 2 (CBRKit) | —_—
Task 3 (ProCAKE) - IR ] Task 3 (ProCAKE) -l o
Task 3 (CBRKkit) e e Task 3 (CBRKit) | L
Task 4 (CBRKkit) . Task 4 (CBRKit) | T
108 6 4 20 2 4 6 8 1012 4 2 0o 2 4 6
(c) Assessment of all participants. (d) Assessment of CBR experts.
Task 1 (ProCAKE) 4 | | _ Task 1 (ProCAKE) 4 _
Task 1 (CBRKit) 1 D Task 1 (CBRKit) 1 I
Task 2 (ProCAKE) | - T omm Task 2 (ProCAKE) - T
Task 2 (CBRKit) | [ I_ Task 2 (CBRKit) | —
Task 3 (ProCAKE) - IEEEEN ! Task 3 (ProCAKE) - I .
Task 3 (CBRKt) { = == Task 3 (CBRKit) { ! e ——
Task 4 (CBRkit) — Task 4 (CBRkit) _
4 2 0 2 4 6 4 2 0 2 4 6 8
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Fig. 1: Survey results of Likert scale questions as diverging stacked bar charts
centered on neutral responses. Red tones towards the left represent negative
scores, whereas blue tones towards the right represent positive scores.

evenly. In addition to the difficulty of the tasks, we also asked the participants
about the usefulness of the documentation. We found that the scores are almost
identical to the difficulty assessed, indicating that documentation plays a central
role in making the frameworks accessible to users and even enabling them to solve
more complex tasks. With PROCAKE, five participants needed help with the
query definition, while only one participant was unable to solve the task on their
own with CBRKIT.

To gain additional insights into the results, we also analyzed the responses of
the participants based on their self-assessed skills. In the context of this analysis,
a participant is deemed an expert if they rated themselves with a 4 or 5 in
the respective category. Consequently, there may be some overlap between the
groups—for instance, a participant may be equally proficient in Java and Python.
When analyzing the ratings of CBR experts (Section , we still see a slight
preference for CBRKIT over PROCAKE with a notable difference for task three:
Although there is only a single score below 4 for CBRKIT, only one participant
rated PROCAKE with a 4 or higher. The Java developers’ ratings (Section
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are very similar to those of the CBR experts, with the only difference being that
the ratings are slightly lower overall. Python developers (Section tend to
favor CBRKIT even more, with the differences between the systems being more
pronounced and no participant rating PROCAKE with a 5 for any task. We
also see that familiarity with Python has no direct influence on the ability to
implement custom measures (task 4): No CBR expert or Java developer rated
the task as difficult, while two Python experts did.

In addition to the Likert scale questions, we also asked the participants about
the best and worst aspects of the frameworks and gave them the opportunity
to provide free-text feedback. The most common positive aspects of PROCAKE
include the Java programming language (namely the type system and the IDE
support), the built-in similarity measures, and its modularity. The most com-
mon negative aspects have been the large amount of boilerplate code, its overall
complexity (e.g., the need for custom classes to declare similarities) and the
issues of starting with the framework. The response to the documentation has
been mixed, with some participants praising the detailed explanations and others
criticizing the lack of examples. Feedback regarding the XML-based configura-
tion has also been twofold: Some liked the clear modeling, but others found it
cumbersome to work with.

For CBRKIT, the most common strengths include ease of use, the few lines
of code required to implement tasks, and its intuitive design. The most common
weaknesses have been Python-related issues (e. g., potential performance issues
compared to Java and its general syntax) and the smaller scope compared to
PROCAKE (e.g., no adaptation support). Similarly to PROCAKE, the docu-
mentation received mixed reviews, with praise from some participants and crit-
icism from others. One user without prior CBR experience reported problems
with the use of built-in similarity measures and the implementation of custom
ones. Consistent with previous findings, one respondent mentioned that they are
more proficient in Java, but still found CBRKIT easy to handle.

In free-text feedback, one participant noted that custom classes have been
used for the domain model in PROCAKE, but not for CBRKIT. This is a direct
consequence of the way similarities are defined in the two frameworks: In PRO-
CAKE, similarity measures are linked directly to classes, meaning that custom
classes are required if one wants to use different measures for objects of the
same type. In CBRKIT, similarities can also be assigned based on an attribute’s
name, meaning that custom classes are not necessary. As mentioned in Section [4]
CBRKIT can be integrated with specialized tools such as Pydantic to add schema
validation in the case representation if desired.

The same participant also noted that the simple interfaces for common CBR
tasks in CBRKIT could in principle be implemented in Java and, thus, PRO-
CAKE as well. We fully agree with this assessment and believe that the func-
tional approach used in CBRKIT could serve as a blueprint for future versions of
established CBR frameworks. Although there may be certain limitations in Java
that make it harder to implement a similar design—mostly due to Java being a
compiled language that is centered around classes—such abstract interfaces have
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already been successfully implemented in the past (e.g., Keras as a high-level
API for TensorFlow). At the same time, such a redesign would not solve the lack
of support for Python-based ML frameworks, which is a major reason for the
development of CBRKIT.

5.3 Limitations

The study has been conducted with a limited number of participants who have
been recruited from a single university. Although participants have been selected
to represent a wide range of backgrounds, the results may not be generalizable
to the broader CBR and ML communities. Furthermore, the study has been
based on solving a set of predefined CBR tasks, which may not fully capture the
complexity of real-world CBR applications, especially when combined with other
ML techniques. Consequently, the results should not be taken as a definitive
assessment of the usability of CBRKIT and PROCAKE, but rather as a first
indication of how the frameworks are perceived by potential users. To gain a
more comprehensive understanding of the frameworks, more studies with a larger
and more diverse group of participants are needed.

6 Conclusion and Future Work

The CBRKIT library proposed in this paper is a simple to use Python-based
framework, which enables users to easily combine CBR and ML applications.
Current Python-based CBR frameworks are partly cumbersome to use and do
not provide full support for users—for instance, missing documentation and in-
teroperability difficulties. CBRKIT is based on modern software engineering prin-
ciples and comes with a comprehensive testing suite and documentation. In an
initial user study, we compare CBRKIT with the PROCAKE framework, which
is also developed in our department. The study indicates that CBRKIT enables
users to easily build their own CBR applications, even if they only have limited
knowledge of CBR or the Python programming language. CBRKIT is available
from GitHub and PyPI under the permissive MIT license. Moreover, we are open
to any kind of contribution to further develop CBRKIT.

In future work, we want to investigate how well CBRKIT can be used to
develop hybrid AT systems. For this purpose, we plan to acquire ML experts
and give them CBRKIT as an additional tool. In this context, we examine how
CBRKIT is used in the future and what feedback we receive from the community
and users. Another starting point for future work is the implementation of ad-
ditional functions for the library. We aim to provide functions for the remaining
CBR phases—for instance, a reuse method that enables users to easily adapt
retrieved cases. In addition, further similarity measures could be added to the
library, including those from popular ML libraries like Scikit-learn. This generic
adaptation function could be based on our recent work of using adaptation rules
in conjunction with rule engines [I4]. Finally, a web interface could be provided
to allow novices to develop CBR applications.
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