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Abstract Case-Based Reasoning (CBR) is a methodology with many
applications in industrial and scientific domains. Over the past decades,
various frameworks have been developed to facilitate the development
of CBR applications. For practitioners and researchers, it is challeng-
ing to overview the landscape of existing frameworks with their specific
scope and features. This makes it difficult to choose the most suitable
framework for specific requirements. To address this issue, this work pro-
vides an overview and comparison of CBR frameworks, focusing on five
recent, open-source CBR frameworks: CloodCBR, eXiT*CBR, jColibri,
myCBR, and ProCAKE. They are compared by supported CBR types,
knowledge containers, CBR phases, interfaces, and special features.

Keywords: Case-Based Reasoning - CBR Framework - CBR Appli-
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1 Introduction

Case-Based Reasoning (CBR) applications have been developed for over 30 years.
The first systems implementing parts of the CBR methodology date back to the
80s [261[28l|60]. Up to now, numerous CBR frameworks have been developed to
ease the creation of CBR systems. In this work, a framework is regarded as a
generic, domain-independent, and extensible software component that enables
the implementation of specific applications. In particular, some non-commercial
frameworks that are publicly available under an open-source license became
widely used within the CBR research community. In the past, some publica-
tions addressed the comparison of CBR frameworks [3,[16}/18}/57,/60]. However,
no publication covers a broad range of the most recent frameworks.

This work aims to overview all open-source CBR frameworks still under ac-
tive development or used for current research, to help find suitable frameworks
for developing specific CBR applications. This paper mainly describes and com-
pares five recent open-source CBR frameworks: CloodCBR, eXiT*CBR, jColibri,
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myCBR, and ProCAKE. In particular, the supported CBR types and case rep-
resentations, the framework’s capabilities for implementing the four knowledge
containers [48], the supported CBR phases [1], interfaces, and special features
will be considered.

The remainder of this paper is organized as follows: Section [2] gives some
background on the results of previous CBR. framework overviews. Then, Sec-
tion [3] provides a general overview of CBR frameworks found in the literature,
including commercial frameworks. A more in-depth description of the five se-
lected frameworks is presented in Section[d] On this basis, a comparison is made
in Section [5} Finally, Section [6] summarizes the main findings of this work.

2 Background

In 1994, Watson and Marier [60] present and compare the three CBR frame-
works Isoft ReCALL, Cognitive Systems Inc. ReMind, and AcknoSoft KATE,
among other CBR systems, including applications of these. They show the early
evolution of CBR although they do not explicitly use the term framework.

Atanassov and Antonov [3] describe the two non-commercial frameworks,
jColibri and myCBR. The authors highlight the GUI and modification of weights
in myCBR and the supported database interfaces of both frameworks.

ElKafrawy and Mohamed |16] compare a selection of CBR frameworks (CBR-
Shell, FreeCBR, jColibri, myCBR, and eXiT*CBR) based on several criteria.
They introduce and compare the frameworks regarding case selection strategies,
retrieval, revision, storage, speed, and handling of missing or noisy data. In addi-
tion, they compare the retrieval phase in their evaluation. As a result, they find
that freeCBR and eXiT*CBR are easy to use, especially because of their GUIL.
In contrast, myCBR and jColibri are suitable for more complex applications,
whereby the interface as well as the set of functions of myCBR is rated higher
in a direct comparison.

Thakur et al. [57] investigate the context in which CBR systems should be
created and the tools that can be used for this purpose. Therefore, the frame-
works ATAT CBR Shell, myCBR, and jColibri are presented and compared in the
context of comparative analysis. Factors such as case structures, CBR phases,
GUIs, and handling of uncertain data are considered.

In 2016, He and Wang [18] present a review of CBR shells and frameworks.
They define a shell as an application generator to build specific applications
quickly using a GUI. A CBR framework is defined as software designed for ex-
tensibility. The authors do not explain whether the shells can also be used as
frameworks. He and Wang consider Caspian CBR Shell, CBR-Express, Cogni-
tive Systems Inc. ReMind, CBRWorks, ATAT CBR Shell as shells and jColibri,
myCBR, TUCBRF, Empolis Orenge, and freeCBR as frameworks and provide
an overview of these.

Peixoto, Martinazzo, and Weber [42] survey cyberinfrastructure requirements
for researchers as a target audience to reduce the entry barriers for using such
infrastructures. The CBR community is used as an example, where an external
inventory of CBR tools is conducted. CAKE, AIAI CBR Shell, CBR Works,
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Colibri Studio, eXiT*CBR, freeCBR, and myCBR are comparatively described
as examples based on operating systems, required programming experience, ease
of use, tutorials, and free availability.

Several publications addressed an overview and comparison of CBR frame-
works in the past. However, there is no recent and complete survey of the latest
frameworks. This work tries to close this gap and focuses on providing deci-
sion support for practitioners and researchers to find suitable frameworks for
developing CBR applications.

3 General Overview of CBR Frameworks

To identify CBR frameworks, an extensive literature search was conducted on
the following citation databases and search engines: Google Scholar, Semantic
Scholar, BASE (Bielefeld Academic Search Engine), IEEE Xplore, DBLP (Dig-
ital Bibliography & Library Project), and CiteSeerX. We used full-text searches
except for DBLP, which only supports a search of title and abstract.

We collected and reviewed publications that address CBR frameworks, sys-
tems, applications, and the comparison. We examined the literature and associ-
ated online resources to distinguish frameworks for developing arbitrary CBR ap-
plications from specific CBR applications. Systems and specific applications such
as CasePoint [60], CBR-Express [60], CLAVIER [20}35], Compaq SMART [7,3§],
Eclipse — The Easy-Reasoner [60], ESTEEM — Case-Based Reasoning Shell [60]
and CasePower [60] are not further considered for that reason. As a result, eleven
open-source frameworks and five closed-source/commercial frameworks are se-
lected. Table [I] shows the numbers of related publications for the respective
framework, the period of the publications, and the year the source code was up-
dated the last time. Due to many irrelevant results, we do not show the number
of publications on CiteSeerX.

Some open-source frameworks are no longer under development and are thus
not further considered in this paper: ATAT CBR Shell] CASPIAN CBR Shelf?]
CAT-CBR 2], freeCBRP] INRIA CBR*Tool{Y] [24,[25], and TUCBRE{ [11}[12].
However, the source code is still available (publicly or upon request) for some of
the frameworks.

Over the years, several commercial frameworks have been developed, some
of which have emerged from the research. However, these frameworks are not
further considered in this overview due to the proprietary code: Brightware
ART*Enterprise [60], AcknoSoft KATE [59], CBR Works [53] (emerged from
research at the University of Kaiserslautern and parts of it have been adopted
in the open-source framework myCBR [55]), Empolis Orenge [54] (emerged from

! Ihttp: / /www.aiai.ed.ac.uk/project /cbr/ CBRDistrib/

2 https://www.aber.ac.uk /~dcswww/Research/mbsg/cbrprojects/getting _caspian.
shtml

3 nttp:/ /freecbr.sourceforge.net/

* http:/ /www-sop.inria.fr/aid /software.html

5 https://homes.luddy.indiana.edu/leake/iucbrf/
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Tab. 1. Search Results on Publications Related to the Respective CBR Frameworks,
Ordered by Code Accessibility and Search Results (requested on 04/18/2023).

Google Semantic IEEE Publication | Last Code
CBR Fr k BASE DBLP
amewor Scholar Scholar Xplore Period Update
jColibri 1,030 89 63 21 11 Since 2004 Jan. 2019
. Dec. 2022
myCBR 626 49 42 7 10 Since 2007 May 201
eXiT*CBR 105 4 35 0 7 Since 2008 Jan. 2017
IUCBRF 101 4 0 0 1 2001 - 2005 Dec. 2013
freeCBR 78 6 4 1 0 2005 - 2018 Mar. 2013
CAT-CBR 68 8 1 0 0 Since 2002 -
ProCAKE 41 4 16 0 1 Since 200 Apr. 2023
AIAI CBR Shell 17 16 0 0 0 1990 - 2019 Sep. 2010
Caspian CBR Shell 6 3 0 0 0 1990 - 2019 Jan. 1997
INRIA CBR*Tools 2 1 1 0 0 Since 1991 Sep. 2001
CloodCBR 6 0 0 0 0 Since 2020 Mar. 2023
Brightware
ART*Enterprise 306 1 0 0 0 Since 1997 -
(Closed Source)
AcknoSoft KATE
177 122 1 0 0 1993-2021 -
(Closed Source)
CBR Works
16 22 10 0 1 1998-2017 -
(Closed Source) il
Cognitive Systems
ReMind 124 1 1 0 0 Since 1997 -
(Closed Source)
Isoft ReCALL
- 104 103 0 0 0 1994-2020 -
(Closed Source)
Empolis Orenge /
Empolis Information | 49 / 33 2/1 1/0 0/0 1/2 2002-2017 -
Access Suite
(Closed Source)

CBR Works 53] and is now part of Empolis Information Access Suite [18]),
Cognitive Systems ReMind [59}/60], and Isoft ReCALL [60].

Regarding the identified frameworks’ actuality, popularity, and source code
availability, we selected the following open-source frameworks to be further con-
sidered in this work: CloodCBR, eXiT*CBR, jColibri, myCBR, and ProCAKE.

4 Presentation of Selected CBR Frameworks

This section presents the five selected open-source frameworks in more detail.
The authors collected the information from the literature, which was checked

5 Two different branches of myCBR exist that are being developed separately.

" Search results for the CAKE framework led to several false positive results. How-
ever, the start of publications can be dated to 2005. In 2019, CAKE was renamed
ProCAKE.

8 Due to several false results (807 for "CBR Works"), "CBR Works" Shell was queried.
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and completed by the framework’s developers. We checked the information on
the framework’s profiles based on the available source code.

4.1 CloodCBR

CloodCBR supports textual and structural CBR (“Clood” is a Scottish word
for cloud). A focus is put on support for distributed and highly scalable generic
CBR systems based on a microservices architecture.

General Information

AT and Reasoning (AIR) Group, Robert Gordon University Aberdeen,

Developer United Kingdom

Homepage http://cloodcbr.com/

CBR Types Textual, structural

‘s;)sggcgfllcélﬁz Talent management @

Framework Explainable Artificial Intelligence (via tool iSee) \\

Documentation Publications: ‘ ‘

about the Guid dD ion: T Tgthub - lood
Framework uide an ocumentation: https://github.com/rgu-computing/cloo

Source Code

URL: https://github.com/RGU-Computing/clood
Last Update: Version 2.0 (March 2023)
Programming Language: Python

Knowledge Containers

Vocabulary

Case Representation: Text, attribute-value, object
General Knowledge Representation: Ontologies, taxonomies
(table-based)

Case Base

Structure: Flat
Persistence: NoSQL Search Engine (OpenSearch), CSV, JSON

Local Measures (18): 1 generic measure (equals), 6 string measures
e.g., BM25 measure, word embedding vector-based), 5 numeric measures
e. g., interval, nearest number), 2 categorical measures (distance, table),
1 date measure (nearest date), 1 location measure (nearest location),

i&g;iﬂtg’ 2 ontology measures (path-based, feature-based)
Global Measures (1): 1 aggregation measure (weighted sum)
Supports integration of custom similarity measures via scripts
Full list available at
https://github.com/RGU-Computing/clood#available-similarity-metrics
Adaptation
Knowledge Not supported
CBR Phases
. Parallel linear retriever, supporting strategies best match or minimum for
Retrieve .
each attribute
Reuse Null adaptation, supports custom adaptation via scripts
Revise Supports manual adjustment of values via GUI
Retain Maintenance tasks like forgetting cases or recomputing of similarities
Interfaces
AngularJS-based client dashboard “Clood CBR Dashboard”, visualizing
GUI complete CBR cycle
Parallel plots visualization
API Generic REST API, Docker interface
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Additional Information
Distributed Supports building distributed, highly scalable, and generic CBR systems
CBR based on a microservices architecture

API token management, cloud native implementation (serverless
framework), multiple programming languages supported (e.g., Java,
Python, JavaScript), scalable

Special Features

Support graph data structures for case representation, include case

Planned adaptation methods, incorporate common case base maintenance

Features techniques, improve access management for multi-tenancy by enhancing
the user management module

4.2 eXiT*CBR

eXiT*CBR supports structural CBR and follows a modular approach. The frame-
work is specifically developed for use in medical systems but is also applied in
other domains. eXiT*CBR has an executable version with a comprehensive GUT

General Information

Control Engineering and Intelligent Systems (eXiT) Research Group,

Developer University of Girona, Spain
Homepage http://exitcbr.udg.edu/
CBR Types Structural
Apblications Medicine and Healthcare: Cancer prognosis |33|, premature baby
balt)slte) d on the monitoring , insulin dose recommendation [32/[58]
Framework Industry: Fault detection, plastic injection molding process

Full list available at: exitcbr.udg.edu/publications.html
Documentation |Publications: ﬂ@“ﬂ,
about the User Tutorial:
Framework http://exit.udg.edu/files/eXiTCBR-4.0/exitCBRUserTutorial. pdf

Source Code

Source code is not publicly available, but sharable upon request.
URL: http://exitcbr.udg.edu/downloads.html (Executable Version)
Last Update: Version 4.1 (January 2017)

Programming Language: Java

Knowledge Containers

Vocabulary

Case Representation: Attribute-value
General Knowledge Representation: Not supported

Case Base

Structure: Flat
Persistence: CSV

Local Measures (9): 1 measure for unknown attributes, 1 string
measure (Hamming distance), 2 numeric measures (Hamming and

ISVIImllarlty Euclidean distance), 1 boolean measure (equals), 1 date measure
easures - :
(distance-based), 3 sequence-measures (e. g., distance-based)

Global Measures (6): 6 aggregation measures (e. g., Euclidean, mean)
Adaptation
Knowledge Not supported

CBR Phases
Retrieve Linear retriever
R Copy, 2 probabilistic methods for binary cases, 3 majority methods, 2
euse o .

probabilistic multi-class methods
Revise Not supported
Retain Methods for deleting or adding cases are provided
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Interfaces
GQUI GUTI application for configuration, retrieval, visualization of results, and
data export
API Not supported
Additional Information
Distributed Supported since version 2.0 as a multi-agent-based system (partially
CBR. supported with the executable version for experimental purposes, but not

for deployment in a real distributed environment.)

Special Features

Provides plugin capabilities for special purpose: genetic algorithms (for
feature learning), family risk calculator to manage GEDCOM data.

Planned
Features

Adding existing methods for CBR phases reuse and retain from
special-purpose development branches

4.3 jColibri

jColibri supports textual, structural and conversational CBR . The frame-
work has a model to describe domain-specific knowledge. jColibri is a further de-
velopment of the Colibri architecture . It provides a library of problem-solving
methods for knowledge-intensive CBR based on its own ontology. According to
the developers, no further updates are currently planned, but the framework
continues to be used in research like Ezplainable Case-Based Reasoning .

General Information

Group for Artificial Intelligence Applications (GAIA), Universidad

Developer Complutense de Madrid, Spain

Homepage https://gaia.fdi.ucm.es/research/colibri/jcolibri/

CBR Types Textual, structural, conversational

. . Medicine: Pain therapy M, cancer @n, decision support |13

Applications Industry: Energy optimization , knowledge management

based on the Full 1i ilabl )

Framework ist avai ab e at: —r
https://gaia.fdi.ucm.es/research/colibri/index.php#users
Publications:

Documentation |[Examples:

about the https://gaia.fdi.ucm.es/research/colibri/jcolibri/index.php#examples

Framework APl Documentation:

https://gaia.fdi.ucm.es/research/colibri/jcolibri/doc/apidocs/index.html

Source Code

URL: https://sourceforge.net /projects/jcolibri-cbr/
Last Update: Version 3.0 (Jan. 2019)
Programming Language: Java

Knowledge Containers

Vocabulary

Case Representation: Text, attribute-value
Case divided into description, solution, justification of solution and result
General Knowledge Representation: Ontology that includes cases

Case Base

Structure: Flat, index-based (KD tree), ontology-index
Persistence: databases, plain text, XML, CSV, ontology

Local Measures: 1 generic measure (equals), 2 string measures
(case-independent equals, maximum common substring), 4 numeric

Knowledge

%g;iiﬁg measures (e. g., interval, threshold), 2 categorical (e.g., enumeration
distance), 4 ontology measures (e. g., cosine, path-based)
Global Measures (1): 1 aggregation measure (average)
Adaptation

Not supported
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CBR Phases
. Linear retriever, index-based retriever, filter-based retriever, MAC/FAC
Retrieve ; .
retriever, ontology retriever
Reuse Null adaptation, numeric proportion
Revise Generic constructs given, no methods implemented
. Generic constructs given, methods for deleting or adding cases are
Retain : . . .
provided, noise removal methods available (case base maintenance)
Interfaces
Tool “Colibri Studio” enables no-code usage of the framework
GUI (https://gaia.fdi.ucm.es/research/colibri/colibristudio/)
Case base visualization tools
API Java interface
Additional Information
Distributed
CBR. Not supported

Special Features

Includes metrics for evaluating the case base (including visualization),
ReColibry (https://gaia.fdi.ucm.es/research/colibri/recolibry/index.php)):
extension for the construction of case-based recommender systems,
xColibri(https://gaia.fdi.ucm.es/research/colibri/xcolibri/): evolution of
the Colibri platform, for the explanation of intelligent Systems with CBR

Planned Short Term: Inclusion of case-based explanation methods
Features Long Term: Deployment of PyColibri, a python port of jColibri
4.4 myCBR

myCBR is designed for structural CBR. A focus is put on knowledge-intensive
measures and the retrieval phase. In myCBR, elements of the CBR Works frame-
work (see Sect. [3)) have been adopted. The last release of myCBR3 documented
on the project website is from May 2015. However, the framework is being fur-
ther developed in two different branches. In the following profile, features that
are only available in one branch are marked with either UH or NTNU.

General Information

Competence Center Case-Based Reasoning (CCCBR), DFKI, Germany
Developer School of Computing and Technology, University of West London, UK
P University of Hildesheim (UH), Germany
Norwegian University of Science and Technology (NTNU), Norway
http://mycbr-project.org/
Homepage NTNU: https://github.com/ntnu-ai-lab/mycbr-sdk
CBR Types Textual, structural
Cooking domain (CookIIS), planning in games, config. of racing cars !‘(&'
Applications UH: Recruiting processes |51], architectural floor plans , aircraft
based on the maintenance [47
Framework NTNU: self BACK (https://www.selfback.eu/), SupportPrim
https://www.ntnu.no/supportprim
Documentation Publications: Mlg“ﬁla, UH: m, NTNU: H
about the Tutorial: http://mycbr-project.org/tutorials.html
Framework : p: Y project.org .
URL:
http://mycbr-project.org/download.html Version 3 (May 2015)
Source Code UH: https://github.com/jmschoenborn/myCBR-SDK]| (Dec. 2022)
NTNU: https://github.com/ntnu-ai-lab/mycbr-sdk| (May 2019)
Programming Language: Java
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Knowledge Containers

Vocabulary

Case Representation: Text, attribute-value, object
General Knowledge Representation: Taxonomies

Case Base

Structure: Flat
Persistence: CSV, databases

Local Measures (8): 4 string measures (e. g., equals, word-based,
character-based, taxonomy-based), 2 numeric measures (default and

Similarity user-defined distance), 2 categorical measures (order-based, table-based)
Measures Global Measures (4): 4 aggregation measures (weighted sum,

Euclidean, minimum, maximum)

Supports the integration of custom similarity measures written in Jython

pPp g y y
%?1?3:122;2 Manual acquisition of adaptation rules
CBR Phases
Retrieve Linear retriever, index-based retriever
Reuse Null adaptation, adaptation rules
Revise Not supported
Retain Generic constructs given, no methods implemented
Interfaces

GUI Tool “myCBR Workbench”, provides modeling similarity measures and

case base view
API Java SDK (UH), REST-API (NTNU)

Additional Information

8§glbuted Not supported

Short Term: Adding Jaro-Winkler distance for string comparison,

integration of explainability via explanation patterns, counterfactuals, and
Planned visualization, integration of maintenance methods (work in progress)
Features Long Term: Extension of explanation capabilities with additional
(UH) approaches, integration of the case factory maintenance approach with

domain-specific language, explanation capabilities for maintenance
actions, integration of adaptation step for rule-based adaptations,
knowledge modeling and visualization with a virtual reality component

4.5 ProCAKE

ProCAKE (Process-oriented Case-based Knowledge Engine) is a domain-indepen-
dent CBR framework that focuses on structural and process-oriented CBR .
ProCAKE has evolved from CAKE (Collaborative Agile Knowledge Engine) [9].
It provides a generic data type model for custom case representations, various
syntactic and semantic similarity measures, and several retrieval algorithms .

General Information

Department of Business Information Systems II, University of Trier,

Developer Germany
Experience-Based Learning Systems, DFKI Trier Branch, Germany
Homepage https://procake.uni-trier.de

CBR Types

Textual, structural, process-oriented
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Cooking domain: CookingCAKE (https://Cookingcake.wi2.uni—trier.de/i

Applications IoT/Smart factory data: Adaptive production, cyber-physical systems
based on the Business and scientific workflows: Modeling, adaptation , flexible
Framework execution

Full list available at: https://procake.uni-trier.de/publications
Documentation |Publications: ﬂlOI\
about the Demo Project: https://gitlab.rlp.net/procake/procake-demos/
Framework ‘Wiki: https://procake.pages.gitlab.rlp.net/procake-wiki/

Source Code

URL: https://gitlab.rlp.net /procake/procake-framework
Last Update: Version 4 (Apr. 2023)
Programming Language: Java

Knowledge Containers

Vocabulary

Case Representation: Text, attribute-value, object, (semantic) graphs,
collections (list, set), custom data classes (XML, Java)
General Knowledge Representation: Ontologies, taxonomies

Case Base

Structure: Flat
Persistence: JSON, XML, CSV

Local Measures (41): 2 generic measures (table-based, equals),

12 string measures (e. g., Levenshtein, taxonomy-based), 5 numeric and
date measures (e. g., distance, Sigmoid), 6 sequence measures (e.g., DTW,
SWA), 1 interval measure (distance-based), 8 ontology measures

Similarity (e. g., path-based, equivalence), 7 graph/process measures (e.g., DTW,
Measures SWA, Levenshtein, A*-based mapping)
Global Measures (7): 7 aggregation measures (e. g., average, maximum,
minimum, Minkowski)
Possibility to write own similarity measures (Java)
Full list available at https://procake.pages.gitlab.rlp.net/procake-wiki/
Adaptation . .
Knowledge Domain-independent adaptation manager
CBR Phases
. Linear retriever, parallel linear retriever, MAC/FAC retriever
Retrieve * :
A*-parallel retriever (for graphs)
Reuse Null adaptation, integration of custom adaptation methods supported
Revise Not supported
Retain Methods for deleting or adding cases are provided
Interfaces
GUI Object editor for all system and custom data classes
(https://gitlab.rlp.net/procake/procake-gui)
API Java interface, generic REST API
(https://gitlab.rlp.net/procake/procake-rest-api)
Additional Information
8§glbuted Not supported

Special Features

Embedding-based similarity measures and retrieval methods for structural
and process-oriented cases (https://gitlab.rlp.net/procake-embedding)
Consideration of inter-case dependencies

Evaluation methods for retrievers

Planned
Features

Short Term (Work in progress): integration of existing adaption
algorithms (e.g., generalization/specialization, rule-based), integration of
existing learning methods (e.g., embedding approaches)

Long Term: Support for distributed CBR, cluster-based retrieval ,
conversational CBR , additional interfaces (GUIL, docker, command
line), explanation by visualization of similarities lﬁﬂ
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5 Comparison of Selected CBR Frameworks

In this section, the five presented frameworks are compared regarding the cat-
egories of the fact sheetsﬂ Table [2| shows the supported case representations.

Tab. 2. Supported Case Representations per Framework.

CBR Framework Text Attribute- Object Graph
Value
CloodCBR X X X
eXiT*CBR X
jColibri X X
myCBR X X X
ProCAKE X X X X

In general, all frameworks support structural CBR. Except for eXiT*CBR,
all frameworks also support textual CBR, storing texts as individual cases and
providing corresponding similarity measures. jColibri is the only framework with
a conversational component, while ProCAKE is the only one that can handle
graphs or processes as cases. Some frameworks have been applied in the same
application domains. For example, eXiT*CBR and jColibri are used in the med-
ical domain, while myCBR and ProCAKE are used in the cooking domain. All
frameworks are written in Java, except for CloodCBR, which is implemented in
Python. The published source code of CloodCBR and ProCAKE is currently the
most up-to-date. However, eXiT*CBR and myCBR are both still under active
development. Only for jColibri, no further updates are currently planned.

ProCAKE is the only one that explicitly supports defining user-specific data
classes. For general knowledge representations, CloodCBR, myCBR, and Pro-
CAKE support taxonomies, and CloodCBR, jColibri, and ProCAKE support
ontologies. While all frameworks provide a flat case base structure, jColibri fol-
lows an index- and an ontology-based approach, enabling more efficient storage.
The case bases can be imported in different formats. It stands out that jCol-
ibri can connect to ontologies and databases and that CloodCBR. connects to
NoSQL databases. The built-in similarity measures differ greatly by the frame-
work. ProCAKE has most of the similarity measures, both at the local and
global level. For semantic measures, myCBR and ProCAKE support taxonomy-
based measures, and CloodCBR, jColibri, and ProCAKE support ontology-based
measures. CloodCBR incorporates neural language measures. For incorporating
adaptation knowledge, myCBR provides manual acquisition of adaptation rules.

Regarding the CBR phases, it can be seen that the focus of all frameworks
is on the retrieval and reuse phases. CloodCBR and eXiT*CBR each provide
a single linear retriever. The retrieval is parallelized in CloodCBR, by default.
ProCAKE has several retrievers built in. MAC/FAC retrievers are implemented

9 A complete overview table is available at: |https://git.opendfki.de/casy/
overview-and-comparison-of-cbr-frameworks/- /blob/main /Overview- Table.pdf
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in jColibri and ProCAKE. myCBR and jColibri also have index-based retrievers.
jColibri has an ontology-based retriever, while ProCAKE has a special graph re-
triever. In the reuse phase, all frameworks support null adaptation. eXiT*CBR
provides several probabilistic and majority methods, jColibri provides numeric
proportion. myCBR supports adaptation rules. CloodCBR enables the integra-
tion of custom adaptation methods via scripts. ProCAKE does this similarly
via its adaptation manager. The frameworks do not provide specific support for
the revise phase. CloodCBR offers a manual adaptation of values in the inter-
face, jColibri has generic methods built in. CloodCBR has maintenance tasks
for the retain phase, such as forgetting or re-computing similarity values. jCol-
ibri provides methods for noise removal. myCBR, and jColibri provide a generic
framework for retainment. Basic maintenance tasks can be performed in any
framework. In general, it can be seen that the retrieve and reuse phases are
well-supported, whereas support for revise and retain can be enhanced in the
frameworks.

Regarding the interfaces, the frameworks differ in the provided GUIs and
APIs. CloodCBR, eXiT*CBR, and jColibri can be configured via GUI without
programming. Hence, they are recommended for no-code development. myCBR
and ProCAKE only provide partial GUIs for specific tasks. Java and REST
interfaces are available for CloodCBR, myCBR, and ProCAKE. CloodCBR also
provides a Docker interface.

Each framework provides some special features listed in the respective fact
sheets. With the ever-growing amounts of data, it is assumed that Distributed
CBR will become more relevant. jColibri, myCBR, and ProCAKE do not support
distributed approaches yet. eXiT*CBR allows for the development of a multi-
agent system for experimental purposes. CloodCBR also offers Distributed CBR
through its microservices architecture and is the most advanced system in this
respect. However, it can be stated that building applications for larger real en-
vironments needs further development of all frameworks.

To conclude, no framework is the most feature-rich or best in all categories.
They all have different strengths or unique features. For specific application re-
quirements, more suitable frameworks can be identified. For instance, eXiT*CBR
or CloodCBR is suitable for Distributed CBR, jColibri supports dialog-oriented
applications, and graph or process-oriented applications can be implemented
with ProCAKE. It is desirable to provide interfaces between the different frame-
works to combine the strengths of the different frameworks. For example, frame-
works could integrate similarity measures or adaptation methods of other frame-
works or case bases, and general knowledge could be exchanged more easily.

6 Conclusion

This paper aims to overview and compare the CBR frameworks developed to
facilitate the development of CBR applications. As the most recent open-source
frameworks, CloodCBR, eXiT*CBR, jColibri, myCBR, and ProCAKE have been
identified and presented based on various criteria. Similarities and differences
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between the frameworks are examined, whereby it becomes apparent that each
framework has its strengths and that certain frameworks are more suitable for
different application areas. Some features, such as the support for Distributed
CBR, are built in the frameworks with varying extent and maturity, so further
investigation is needed to select the most suitable framework as a basis for de-
veloping specific applications. This work aims to provide decision support for
this purpose.

The developers of the frameworks have various plans for further development
of existing and for adding new features, from which trends for future research
can be derived. A common goal of myCBR, jColibri, and ProCAKE is integrat-
ing explanation methods, which aligns with the recognized need for explainable
Artificial Intelligence. myCBR and ProCAKE plan to extend the visualization
components. CloodCBR, eXiT*CBR, and myCBR plan to integrate maintenance
methods and approaches. The implementation of reuse methods (eXiT*CBR) or
the inclusion of adaptation methods (CloodCBR and ProCAKE), as well as the
extension of adaptation (myCBR), are other common goals. Certain features
already provided in some frameworks will also become available in other frame-
works according to the development plans. For example, support for graphs is
planned for CloodCBR, ProCAKE plans to support distributed and conversa-
tional CBR, and jColibri plans to port the framework to Python. As a novel
planned feature, a virtual reality component for knowledge modeling and visu-
alization is mentioned for myCBR.

We thank all developers for their efforts and for making the frameworks
available to the public.
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