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A cloud platform for the development of
resilient and intelligent services
for the public sector

Henryk Krawczyk, Piotr Orzechowski, and Bogdan Wiszniewski

Abstract—The ongoing progress of artificial intelligence enables
the creation of advanced IT services in various areas of human
activity. This paper examines the construction of intelligent cloud
services for the analysis of digital documents used in the public
sector. Examples of such services are provided. The use of
a universal platform CAISE is proposed, which allows effective
implementation of resilient and intelligent services. The general
architecture of such a platform is presented, and their functionality
is commented. Verification and validation elements of such
platform are described in order to achieve the highest technological
readiness level.
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. INTRODUCTION

APER documents, along with digital ones, as digitization
progresses, form the basis for making appropriate decisions
and performing necessary actions. Content analysis of digital
documents is widely used in various human activities,
particularly in the public sector. The latter involves institutions
and organizations managed directly or indirectly by the state or
local governments. It encompasses key areas of social and
economic development that directly impact the quality of life of
citizens. Limited financial and human resources require
effective planning and allocation to maximize value for the
society. Ensuring high efficiency and quality of public services
is an additional challenge. Population aging, migration, and
other changes in social structure significantly impact the
demand for public services and require the public sector to adapt
to changing realities. Innovative solutions must be utilized to
meet growing public expectations. Successful digitalization of
this sector translates into the sustainable development of public
services, including in areas such as healthcare, education, and
the justice system. This type of progress is essential for the
smooth functioning of society and improved quality of life.
The CAISE (Cloud Artificial Intelligence Service
Engineering) project [1], implemented by Gdansk University of
Technology, within a framework of the IPCEI-CIS Program [2],
is a unique form of support, exclusively for projects approved
by the European Commission. The program aims to develop
cloud infrastructure and services, which should play a key role
in supporting Europe's continued digitalization and digital
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sovereignty. The technology developed in this program also
addresses the growth of the edge computing market, where key
issues include data privacy, cybersecurity, and interoperability.
The research and development work will lead to the
development of open-source software that will enable real-time,
low-latency applications using distributed computing resources
located close to users. Additionally, the solutions developed
should help to effectively reduce the overall carbon footprint
associated with the rapidly evolving global cloud infrastructure.
As a result, a secure and easy-to-use, vendor-neutral alternative
can be offered, democratizing access to edge computing and
stimulating competition among companies operating in the EU
cloud computing market. The CAISE project addresses these
goals well by focusing both on dependability and energy
efficiency.

The platform is based on the TASKcloud computing cloud,
systematically expanded by ClI TASK for several recent years.
TASKcloud is gradually enhanced with additional open-source
software components, creating advanced environments for the
production and execution of intelligent services. In our solution
cloud computing [3] and artificial Intelligence (Al) [4]
components are largely used. Cloud computing is a data
processing model that provides users with access to resources
and services belonging to the provider, including computing
power, memory and disk space, via the network. This solution
corresponds to the Infrastructure as a Service (laaS) model
level. At a higher model level, namely the Platform as a Service
(PaaS), tools and components of various kinds are offered to
build specific platforms satisfying various client requirements.
Both the TASKcloud and the CAISE platform are being
developed using the DevOps methodology [5]. Besides, the
Continuous Integration and Continuous Delivery (CI/CD)
techniques [6] are included in this process, enabling ongoing
development throughout the entire project and beyond. Due to
such solution each development software process is a more
resilient one [7]. It means that expert-level guidance through all
phases of the process development could be provided and many
best practices, including suitable testing scenarios, and design
methodologies should be supplied [8]. One of well-known
examples is machine learning Technology Readiness Level
(TRL) framework [9], which defines a such principled
development process to ensure robust, reliable, and responsible
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products. It allows to create new transdisciplinary software
engineering models [10].

Al makes traditional IT services replaceable by intelligent
services using various Natural Language Processing (NLP)
methods [11] and Machine Learning (ML) models [12].
Development of such intelligent services is a rather complex
research and development undertaking because it requires
extensive knowledge of Al and at the same time a powerful
environment in which such a service could be deployed. The
CAISE platform facilitates this task by delivering productive
environments for building and executing such services. In
general, SMEs specializing in specific IT solutions for the
public sector use different production environments focused on
a given and rather narrow application area. This means that their
production effort in terms of investment costs and development
time is often unnecessarily duplicated, especially when setting-
up dedicated platforms. Our proposal to cope with that is the
construction of a universal platform that would allow for
designing intelligent services in various sectors of human
activity. A key enabler in that regard has been the European
IPCEI-CIS initiative, the most important undertaking, which the
ultimate goal is to create a common European digital space,
based on the cloud-edge continuum [21].

The CAISE platform will be available for use by various
domestic SMEs providing IT solutions in areas such as public
safety, public administration, transportation, energy,
environmental protection, among others. It will offer cloud
computing resource management services as well as intelligent
text and image content analysis services. The implementation of
intelligent cloud services represents in our view a significant
product innovation. Integrating DevOps and CI/CD techniques
and incorporating quality management procedures into these
processes will ensure process innovation as well.

In this paper we will limit ourselves to presenting only
a method for creating intelligent and resilient services based on
the CAISE platform. Section Il provides representative
categories and examples of describing intelligent services which
were developed with it so far. The next Section Il gives the
general functionality of the CAISE platform where some
implementation problems are also included. Section IV defines
main assumptions regarding platform validation and concrete
examples of the validation procedures; this aspect of the project
is particularly important due to the assumption of achieving by
the CAISE platform the TRL-9 technology readiness level and
its roll-out on the domestic cloud services market.
Questionnaires were used to get feedback from platform users
to confirm its benefits, and to consequently ensure its proper
development course. In Section V we emphasize two novel
concepts introduced by the paper relative to the current,
literature on the subject whereas in Section VI we conclude the
paper by indicating ways of improving the platform further,
which is related to future R&D challenges identified by us
during the project.

Il. CATEGORIES OF CAISE SERVICES

Our main goal is to develop and implement the CAISE cloud
platform on the domestic market, enabling efficient production
of intelligent cloud services and applications by domestic
SMEs — serving public sector entities in the field of IT solutions
related to intelligent processing of digital document content in
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the Polish language. In this context, three selected IT companies
were invited to participate in the project as subcontractors. They
represent three public activity sectors mentioned before, i.e.
justice, healthcare, and education.

The CAISE platform aims to develop intelligent document
content analysis services utilizing the latest advances in deep
machine learning, NLP, and image recognition, including
methods for ensuring the quality of large-scale training data
(Big Data), building and training large language models (LLM
foundation models) [13], optimizing their hyperparameters and
fine-tuning them using specialized data (LLM fine-tuning), and
smoothing the model-generated content (LLM alignment) by
end users. This will leverage high-performance computing. The
implemented service pipelines enable development of solutions
in both — the comprehensive Al, including text summary and
abstract generation, document consistency verification, decision
identification in descriptive documents, and historical analysis
of actions described in a batch of documents, as well as the
generative Al, comprising generation of formal (legal) letters,
medical notes, or image content descriptions for the visually
impaired persons.

Target users of the platform can develop specialized Al/ML
services of two categories: core services trained on publicly
available datasets to analyse a general digital document content
analysis, and sector-specific ones, which are focused on the
specificity of a given application sector and tailored for the
particular customer needs. They can be implemented, deployed,
and published on the CAISE platform, as well as ported as
separate new products to other customer-owned environments
or platforms.

For illustration of the capabilities of the CAISE platform, we
briefly outline four sample core services already developed and
tested:

(1) Phrase location and identification service [14]; such
a service is crucial for tasks involving extraction of textual
information about activities and events described in the
analysed document. The concept of a “phrase" in the project is
understood as fragments of text describing an activity or event
with its arguments, such as the performer, the object of the
activity, the beneficiary, etc. They correspond to verb phrases,
but also to noun phrases, in which the noun is a gerund denoting
an action. Automatic extraction of these phrases in the text in
the form of "main element: arguments" is crucial for building
intelligent applications for analysing activities described in the
document text (e.g., to classify the status of the described
activity or to examine its compliance with some relevant legal
act), examining their chronology (e.g., to identify activities that
should be performed in the required order), or generating
a description of the required activity (e.g., generating a letter
requesting the addressee to perform a given activity).

(2) Anonymization/pseudo-anonymization service [15]; it
addresses a need to fully anonymize or pseudonymize values of
attributes considered sensitive in medical data stored and/or
exchanged in accordance with the DICOM standard. Medical
imaging data are increasingly being stored in various cloud
repositories: to conduct scientific research, plan national and
regional health care policies, estimate and optimize health care
expenditures, analyse the effectiveness of specific therapies, etc.
The introduction of the European Health Data Space should
further strengthen and organize this trend [22]. For example,
medical data analysis including development of Al/ML models
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for scientific research should comprise de-identification of
sensitive data, as well as other not essential data. As part of this
service, the developed method of anonymizing data in DICOM
files (loss and permanent loss of sensitive data) is important for
retrospective studies. In the case of prospective studies, the
collected data accumulates over time. For example, this may
involve collecting data from the same patient before and after
therapy. Therefore, pseudo-anonymization removes sensitive
data, which can be reconstructed based on a securely stored
dictionary, which is stored in the encrypted form, for example,
at the data provider’s premises. In the project the CT Image IOD
modality is investigated as a representative case study.
However, the service is implemented in such a way that it can
be scaled to other modalities.

(3) Document Image Analysis (DIA) service [16]; it enables
the extraction of blocks of information stored in a raster image
of adocument, such as a school textbook page, followed by their
classification and conversion. Extracted objects are classified
into predefined categories, such as text, header text, images,
image captions, page numbers, tasks, tables, footnotes, etc.
Automatically marking these units in a digital image and
assigning them appropriate labels/categories is crucial for
implementing intelligent applications such as e-document
converters (e.g., e-textbooks), automated test/classification
generators, etc. The DIA service has been developed in the
project for documents in Polish. It enables conversion of
extracted graphic blocks into editable text strings, interpretive
textual image descriptions, and more advanced table
decomposition for further analysis. Thanks to the cloud
technology, the service is scalable, fast, and efficient in
processing large volumes of document page raster images, e.g.
multi-page textbooks by multiple users simultaneously.
Depending on the training sets used, it is possible to extract the
content of scanned document images for various education and
other purposes, e.g. images of tax forms or invoices. Its main
functions include:

e Layout analysis examining arrangement of various
elements on a page, allowing for better recognition of the
document's template structure;

e Document structure recognition classifying various
document elements, such as headings, tables, charts,
captions, and sections — to reconstruct the logical structure
of the document;

e Optical Character Recognition (OCR) extracting text from
raster images. This is a fundamental element of DIA,
allowing the conversion of text contained in an image into
editable (and interpretable) digital text;

o Image segmentation dividing a document raster image into
smaller elements, such as text blocks, images, tables, etc.,
essential for further analysis and content processing;

e Data export to a variety of formats, such as PDF, TEX,
CSV, XML or JSON, for further processing in other
systems.

(4) Named Entity Recognition (NER) service [17]; it allows
for automatic identification and classification of text fragments
relating to given categories, such as people, places,
organizations, dates, amounts, products, events, etc. Marking
these entities in the text and assigning them appropriate labels
is crucial for implementing intelligent applications such as
search engines, chatbots, data analytics services, extraction of
all kinds of information, etc. The developed NER service can be
easily adapted to diverse fields in law (e.g. law firms and

bailiffs' offices, common courts, prosecutor's offices, etc.) or
medicine  (tomography, radiology, general medicine,
pharmacology, etc.) — by training it on the respective domain
datasets and dictionaries. Users can upload their own data so
that the particular NER model can learn to recognize specific
entities and terms, as well as define new categories of named
entities. The service can provide great precision in recognizing
industry-specific terminology and flexibility in adapting to
changing user needs, making it a versatile text processing
automation tool. Cloud-based technology makes the service
scalable, fast, and efficient in processing large amounts of text
data, which is extremely useful in a variety of business
applications. Its key features include:

o Entity Recognition; the service automatically identifies
predefined entities such as people, organizations, places,
products, monetary amounts, dates, and other categories
that can be customized to the needs of a specific
application;

o Classification; each entity in the text is assigned to one of
the predefined categories, allowing for more effective data
management and analysis;

e Scalability; thanks to its cloud-based architecture, the
service can handle both small and large volumes of data
without the need for infrastructure management;

e Application Integration; the service can be easily
integrated with existing applications such as search
engines, business intelligence systems, chatbots, and
CRMs.

I1l.  ARCHITECTURE AND CAPABILITIES OF THE CAISE
PLATFORM

We propose a cloud-based solution that will provide users
with improved usability, performance, and reliability. This will
extend the existing cloud PaaS (Platform as a Service) layer to
support development processes for building a representative set
of intelligent services. Furthermore, this solution will provide
a suitable computing environment for experimenting with such
services. Automatic analysis of digital documents and
extraction of the knowledge contained within them will enable
rational decision-making and the implementation of required
action scenarios for many repetitive tasks previously performed
manually by humans.

Infrastructure services are related to the basic layers of the
TASKcloud cloud computing infrastructure (OpenStack, laaS),
the infrastructure supporting the creation of services and
applications on this cloud (Kubernetes, PaaS), and the
infrastructure for deploying core and sectoral services (the SaaS
layer). Such services provide both access to the developed
applications and their proper execution in the cloud
environment.

System services of the CAISE platform include platform
functions such as management, monitoring, quality assessment,
and reporting. These services enable its users to use basic and
sectoral services in a friendly and efficient manner, as well as to
perform validation procedures regarding the assessment of
service quality and platform usability. They support the
management of users, data, models, and services, as well as
operations such as monitoring and reporting the progress of
production processes. They also allow for conducting platform
validation  experiments, including testing scalability,
performance and energy optimization.
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Fig. 1. Architecture of the CAISE platform

The platform also offers three important user environments:
model building and training, creating a service based on that
model, and deploying the service to clients. The model training
environment requires understanding the problem the service is
intended to solve and collecting the data necessary to build or
find a suitable artificial intelligence (Al) model. Next,
appropriate data sources can be identified to select and describe
the dataset for the training process. Based on thus prepared data,
the model is trained and tested. To create this learning
environment, open-source components such as PyTorch,
Terraflow (ML/NLP), Argo Workflows were implemented and
integrated.

The main task of the User Service Development Environment
is to transform the prepared model into the code for the
appropriate service. Additionally, a user-friendly service
interface must be built and the model packaged, for example, as
a Python program. Appropriate testing must then be conducted
to validate and upload the implemented service program to the
repository. Further service quality improvement occurs in the
Client Service Implementation Environment. The service is
implemented as a Kubernetes image, and appropriate computing
infrastructure is allocated for quality testing. Service behaviour
is monitored and evaluated for four types of test data:

o valid — falling within the range expected by the service,

e horderline — close to the limits, but still within the

acceptable range,

e incorrect — not compliant with the specification, which

should trigger error handling, and

e unusual — rarely used, allowing for the detection of

unpredictable behaviours.

Such testing allows for the service to be adapted to the actual
cloud environment. In specialized environments, from
Keycloak for user management through Prometheus for
monitoring and Zammad for error reporting up to GitLab for
CI/CD and DevOps support, open-source platform components
are integrated and deployed. In consequence one obtains a layer-
oriented architecture supporting service development and
service execution (see Fig. 1). Thanks to the whole set of system
services, we can gain access to computing networks and servers,

data stores or repositories, as well as to the entire portfolio of
services and applications. There exists also possibility of
conducting research experiments regarding the selection of the
optimal computing or energy-saving infrastructure.

A specific product of the CAISE platform are use cases
(dedicated applications) that define action scenarios in specific
areas of public sector activity with a significant market impact.
These are implemented by participating subcontractor SME
companies, who possess the necessary knowledge regarding
marketable applications. The latter can be implemented as core
and sector-specific service pipelines and can also be used to
validate the CAISE platform. Then the entire development
process is monitored, and data regarding platform behaviour is
recorded. This allows for the creation of appropriate validation
procedures for platform development over a specific time
period. A report on the development of the CAISE platform is
prepared for each period. The report indicates what changes are
needed in the system and support services. These changes are
incorporated by the platform developers in the next technology
cycle. This approach enables the use of DevOps methodology,
enhanced with Al and CI/CD solutions, which lead to
continuous improvement of the CAISE platform. This, in turn,
creates the opportunity for faster product implementation and
lower failure rates [23]. Moreover, ensuring high quality of the
services produced and the highest level of technological
readiness of the platform is also our basic requirement.

Access to the platform's services is possible via the Services
Portal. Depending on their needs, platform users can create
a dedicated space for their individual tasks. Within this space,
they will be able to select required cloud infrastructure and use
core and industry-specific services offered by the platform. The
portal also enables communication with the created
environments. This communication through the Services Portal
is handled by dedicated integrators, allowing users to effectively
utilize the capabilities of the offered environments. Among
other things, platform users will also be able to efficiently create
new services and new applications. Appropriate documentation
(user manual) describing how to use the platform and services
will be available on the CAISE Infrastructure and Services
Documentation website.
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IV. VALIDATION PROCEDURES AND EVALUATION RESULTS

It was assumed that completion of each CAISE project task
culminates in milestones, MS = 1, ..., 6. The first three tasks
were completed in the first 12 months of the project. The next
two tasks are to be completed in the second year, each lasting
six months, and the final one will also last six months. The
results presented in this article concern the project's 18" month,
i.e., after reaching milestone MS = 4. More frequent monitoring
(more milestones) in the first year of the project was required
due to the assumption of delivering a larger range of
functionalities, which required frequent verification of the work
carried out.

A key element of the project is the timely completion of the
validation process, the purpose of which is to document and
confirm that the CAISE platform meets all its intended
objectives. As mentioned before, the goal of the project has been
to develop and roll-out a cloud platform on the domestic market,
enabling efficient creation of intelligent cloud services
portfolio, along with a representative set of applications, by
domestic SMEs serving the public sector units with IT solutions
involving intelligent analysis of textual and image content of
digital documents in Polish.

The evaluation method should consider the product being
developed properly, according to the principles of software
engineering (verification), and whether it meets the
requirements set by the client (validation). Teams that are not
associated with either designers or users of the system are used
for the evaluation. These teams work in parallel with the system
designers and carry out validation. They decide whether the
platform demonstrator is adequate for the actual system. The
validation team has knowledge of both the system and the goals
and applications of the platform. Validation results are
collected during the execution of each design task and
summarized after the completion of each such task.

Generally, the goals of the CAISE platform validation are the
following:

e Assurance of the required product functionality by taking
advantage of the best practices in software engineering as
well as quality standards.

e Analysing the stages of platform development and
improving the development process (DevOps), as well as
ensuring efficiency of its operation and productivity of the
services being developed.

e Continuous monitoring of task execution and
documentation of work progress (key project milestones),
as well as identifying and eliminating emerging
irregularities to ensure the reliability of the platform's
operation.

e Checking adequacy and appropriateness of selected
solutions from the users' perspective to ensure high
usability and, more generally, the maturity of the platform.

Assessment of the above quality attributes forms the basis of
validation processes. The scope of these procedures results from
their detailed definition. Functionality is described through a list
of offered features, including lists of smart services available to
users, as well as the scope of their operation. Productivity is
determined both by the efficiency of the platform's operation,
expressed through the times of creation and execution of basic
services on it, and also considers the assessment of
completeness and integrity, as well as the degree of automation

of activities. Dependability is expressed through the availability
and certainty of the implemented functionalities, which is
associated with the ability to eliminate all emerging anomalies
or problems throughout the service and platform lifecycle, as
well as protection against intruders. Maturity is determined by
customer acceptance, its universality, i.e., use in various
application sectors, and the possibility of transferring the
platform to other cloud environments.

Evaluation procedures may concern the entire platform or its
basic components [18]. In this discussion, we will limit
ourselves to the first option and focus on the above quality
attributes, which will be assessed through two questionnaires:
Post-Study System  Usability Questionnaire  (PSSUQ),
a modified version of [19], and a TRL Questionnaire (TRLQ)
[20], both filled-out regularly by platform users, which take into
account the aforementioned quality attributes. PSSUQ measures
qualitative aspects related to the platform use. The survey is
repeated in the same form for subsequent releases of the
platform. TRL questionnaires investigate principles to ensure
robust, reliable, and responsible product. We distinguish six
milestones in the project. We start construction of the platform
from TRL = 3, which finally reaches TRL = 9 in subsequent
milestones. Answers to each respective question a(q;) in these
surveys belong to one of the following options:

It does not meet the requirements Q €[0.0,0.3)
It meets the requirements partially Q €[0.3,0.5)
a(q;) = { It meets the requirements satisfactory  Q €[0.5,0.7) (1)
It meets the requirement completly Q €[0.7,0.9)
It meets the requirements with a surplus Q €[0.9,1.0]

In the case of PSSUQ the overall survey result represents the
average value of numerical responses to each question, i.e.

n

. 1
a(PSsUQ) = ;Z a(@) @
where n is the number of PSSWQ questions. Values of

a(PSsuUQ) collected at milestone MS=4 are presented in Fig.2.
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Fig. 2. Values of @(PSSUQ) upon reaching milestone MS=4 in month 18

It may be readily seen that values of @(PSSUQ) increase with
the development of the platform, while reaching each
subsequent milestone. The current value for milestone MS =4
in month 18 of the project is 0.75. It is expected that by the end
of the project (in month 30) it will increase by almost 0.1.

For each technology readiness level k =3, ..., 9 considered
in the project a relevant set of questions Qx is asked in the TRLQ
questionnaires. The mean value obtained for answers for each
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set Qx, k=3, ..., 9, is denoted as @(Qy). In general, the CAISE
platform is considered to achieve the I-th technology readiness
level when the following formula is satisfied:

I(TRLQ) = km3a“).(9k | @(Q) > 0.80 ?3)

Two curves in Fig.3 represent values of @(TRLQ) obtained at
two milestones, MS = 3 in month = 12 and MS = 4 in
month = 18. In may be seen that for the first 12 months of the
project their values essentially overlap and are above 0.8.
According to Formula (3), this corresponds to achieving level
TRL-6. Lower values than 0.8 indicated by these curves identify
the need for further improvement of the platform. Moreover,
these curves show that actions taken in the period between MS
= 3 and MS = 4 were successful. Indeed, from month 12 to
month 18 the TRL7 level was achieved, what is indicated by the
upper curve for MS = 4. Clearly, the top TRL-9 level can only
be achieved at the completion of the project.

MS=3 =@ = MS=4

1,000
0,900

e, -
0,800 e T
0,700 "‘--._,_.
g 0,600
0,500
E
hegl)
S o300
0,200
0,100
0,000
4 5 6 7 8 9

technology readiness levels (TRLs)

Fig. 3. Values of @(TRLQ) collected at two different milestones
MS = 3 (month = 12) and MS = 4 (month = 18) of the project.

Results of our two kinds of surveys plotted in Fig. 2 and 3
are closely related. Apparently, a higher level of quality
represented by PSSUQ corresponds to the higher level of TRL.
This means that the platform integration and deployment
process is being run correctly and gradually becomes resistant
to various kinds of anomalies or occurring problems.

Results of the above survey is, to some extent, a subjective
evaluation of the CAISE platform — it is carried out by human
teams. Therefore, the validation procedure should consider
quality measures resulting from the measurement of the
production processes. One of these is the integrity degree of
open-source software components used to build the platform. As
shown in Fig. 4 the project assumed the use of 14 different types
of open-source components. Their integration, indicated by blue
edges, is the process of combining various components and their
resources to enable both their cooperation and coordination of
activities within a single integrated system. In other words,
integration ensures free exchange of information and effective
interaction between pairs of such components, e.g., through
various types of data exports from one component to another.

The aforementioned task is not easy, if possible at all; it most
often requires modification of the integrated software
components. Nevertheless, the main benefits of such a software
integration may be the following:

* Improved operational efficiency,

* Automation of processes carried out on the platform,
« Efficient data exchange,

» Reduction of operational costs.
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Fig. 4. Integration of open-source components of the CAISE platform

Ultimately, the degree of integration of the CAISE platform
can be represented as an adjacency matrix of a graph, where the
set of vertices represents the open software components running
on the CAISE platform, and the edges between pairs of vertices
represent the integration of the specified environments. The
metric for the degree of integration is taken as the ratio of the
number of integrated component pairs (N;) at a given stage of
platform development (where i denotes a milestone number) to
the number of required integrations (N):

degree(i) = % (4)

Table | presents the progress in integrating components of the
CAISE platform.

TABLE |
DEGREES OF CAISE COMPONENT INTEGRATION
MS=] 1 2 3 4 5 6
degree (i) 023 059 | 0.74 | 0.94 | 1.0* | 1.0*

*target values

As a result, 14 open-source software components can be
implemented, with the target number of integrated component
pairs being 47. The level of integration increases with each
milestone and will reach its maximum value six months before
the project completion in month 30. This will enable
a comprehensive assessment of the CAISE platform during the
First Industrial Deployment (FID) phase of the project, planned
for the period between milestones MS = 5 (month = 24) and
MS = 6 (month = 30).

V. RELATED WORK

There are various types of Al PaaS services available in the
computing market, offered by different cloud service providers.
They differ in functionality, tools’ capabilities and technical
support. Professional solutions include Google Cloud Platform,
Amazon Web Services, and Heroku, to name a few. Al PaaS'es
enable faster development, testing, and deployment — the key
activities for Agile and DevOps teams. Furthermore, they
directly complement the release flow of CI/CD processes and
helps support a full DevOps release cycle. Open-source
solutions, such as GitHub, GitLab, Bitbucket or SourceForge,
are also available for hosting. What is more, they allow users to
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build, test, deploy, and manage applications without having to
manage hardware infrastructure. The CAISE platform,
integrating a range of open source components, constitutes
a similar solution, dedicated for supporting development of
intelligent services for analysing digital documents. It addresses
needs of SMEs suffering shortages of highly qualified Al staff
by providing access to cloud resources and tools enabling
creation and implemention of such services and assessing their
quality. This contribution is twofold.

One is striving for a fully operational, open-source-based,
cloud-based solution that spans the entire lifecycle of document
intelligence in the public sector — in one coherent productized
workflow. By offering a portfolio of composable and
containerized services, the platform uniquely enables SMEs to
build resilient, legally compliant solutions for public
administration units [1]. Individual pieces of workflows that
could be deployed with the CAISE platform are treated
separately in the current literature. No paper yet advocated for
comprehensive, production-grade, end-to-end solutions that
would integrate universal intelligent services for formal
administrative procedures and decisions, including multi-
document process historicization, auditable anonymization,
human-in-the-loop LLM refinement or structure-constrained
generative outputs [21]. So far, the literature focus is on various
modules of classic pipeline architectures, like UIMA [24] or on
considering only conceptual aspects of using Al in public
administration [25] — but not integrated production pipelines.

Another innovative concept signaled in this paper is linking
TRL level to software quality metrics. Direct empirical studies
on that are sparse. The literature contains many studies either on
software quality metrics or on TRL adaptations, but no paper
attempted to empirically correlate an assigned TRL with
downstream quality metrics. However, one paper postulated
mapping of existing metrics into readiness indices [26]. Authors
showed how to map quality and process metrics into
a composite readiness index and then studied correlation with
operational out-comes, but their work is just a proposal rather
than a broad empirical evidence. And here in our view opens
a promising new direction of research — can one reasonably
expect that projects that meet the artifact thresholds for higher
TRLs should show better operational metrics? To verify that
claim thorough cross-project statistical studies that control for
domain, team size, and criticality are needed; these are mostly
absent or limited in scope today.

VI. CONCLUSION

DevOps methodology, Atrtificial Intelligence (Al) and
Machine Learning (ML) can already be seen as a trend in the
development of intelligent cloud services. Their practical
exploitation led to a variety of alternative solutions, which are
worth considering but may need evaluation. We have introduced
one original solution — the CAISE platform, which can support
service engineering in various segments of the public sector.
Intelligent services developed with it have a great potential to
leverage digitalization of many important public institutions,
making this sector more resilient and responsive to the modern
society needs.

We have discussed the selected validation procedures that can
be carried out during the platform's development and can signal
the platform's weaknesses that need to be further addressed.

Thanks to SME subcontractors, active on the domestic (Polish)
market of software suppliers for various segments of the public
sector, and who are involved in the CAISE platform validation
process, such an assessment is reliable and, consequently, will
allow achieving the highest level of technological readiness.

In this context, we presented the CAISE platform and its
capabilities, which have already been substantially confirmed
by the feedback from its target users. Moreover, during the
development of the project, interesting correlations were
discovered between the qualitative attributes of the platform and
the levels of technological readiness. These can be incorporated
into the DevOps methodology and enable the continuous further
improvement of the CAISE platform.
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