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PYTHON TUWIMHIAE QR-KOJJOPAY 'TEHEPALIUAJIOO CUCTEMACBIH JOJBO0OPJIOO
HPOEKTUPOBAHUE CUCTEMbBI TEHEPAIIUN QR-KOAOB HA PYTHON
DESIGN OF A QR CODE GENERATION SYSTEM IN PYTHON

Kbickaua myHe3neme: Maxkanaga Python tummaae QR-kommopay reHepaiusuioo CHCTeMachiH
n0;1000pa00 Macenecu (GYHKIMOHAIIBIK jKaHa (PYHKIIMOHAJABIK SMEC TaJalTapAbl CUCTEMAIyy TaJll0OHYH
HErM3MHJe KapajaT. TamantapAplH OpTOCYHJAArsl Kapama-KapIIbUIBIKTapra, aTan aWTKaHa, KaTra OHJI00
JCHID/IM, MaajbIMaT ChIMBIMAYYJIYTY, KOOICY3OYK >KaHa eHIYPYMAYYJIYK OPTOCYHIAarkl TEH CajMaKKa
e3reue KeHYJ1 Oypynar. Tamanrapasl IpHOPUTETTEIITUPYYHYH 3apbUIABITEl KO KPUTCPUILTYY YeUnM KaObLl
anmyy bIkmanapbl, aHbiH wumHne fuzzy TOPSIS apkeutyy Herusgener. CHCTEMaHbIH —HETH3TH
(YHKIMOHANIBIK MYMKYHUYAYKTOPY, aHBIH HUMH/IE ap TYPAYY MaaisiMaT (popMaTTapblH KOJIJ00, TeHEpaLHsI
napaMeTpiepuH JKOHIee XKaHa MAaKEeTTHK HUINTETYY, OLIOHIOW 3Ji€ TYPYKTYYJIYK, OHIYPYMAYYJIYK >KaHa
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KOOIICY3IyK CBIAKTYY (YHKIMOHAIIBIK 3MEC MYHO3AeMeNep KapanaT. M3ungeeHYH axkTyanayyiyry
CaHapuNTHK  TpaHcopmamus IIapTeiHAa kaHa QR-texHomormsmapaer  OwnmuMm  Oepyy  JkaHa
AIMUHUCTPATUBAUK TMPOLCCCTEPAC KOJIAOHYY KOHTCKCTHUHAC HETU3ACICT. HaTLH‘/'mcanap CHUCTCMAaHBI
I071000pI000 CTPYKTypajaHraH MaMHJICHHH MAaaHWIYYJIYTYH >KaHa aHBIH HATBIDKaNyyJIyKKa >KaHa
HUHICHUMAYYJIYKKO THUTU3TEH TaaCUPUH KOPCOTOT.

AnHoTanms: B cTaThe paccMaTpuBacTCs MPOSKTHPOBaHUE CHCTEMBI reHepanui QR-kom0B Ha S3bIKe
Python Ha ocHoBe cucteMHOro aHanm3a (QYHKIMOHATHHBIX M He(yHKIMOHAIBHBIX TpeboBanmil. Ocoboe
BHUMaHHUE YJESIeTCs BBIABICHUIO NPOTHUBOPEUMH MeXAy TpeOOBaHMSAMH, TaKUM Kak OaJlaHC MexXay
YPOBHEM KOPPEKINH OIMHOOK, EMKOCTBHIO IAHHBIX, OE30MMaCHOCTHI0O M IPOU3BOAUTEIHHOCTHIO CHCTEMEI.
O06ocHOBaHa  HEOOXOMWMOCTH  TNPUOPUTH3ANMHM  TPeOOBAaHWA  C  HCIOJNB30BAaHUEM  METOOB
MHOTOKPHUTEpUAIBHOTO aHanu3a, B 4actHocTH fuzzy TOPSIS. Omucansl kiroueBble (QYHKIHMOHAJIBHBIC
BO3MOKHOCTH CHCTCMbI, BKJIOYas MNOAACPIKKY PA3JIMYHBIX THUIIOB HOAaHHBIX, MNapaMETPOB ICHCpaluUu H
MMaKeTHOW 00paboOTKH, a Takke He(QYHKIMOHAIBHBIC XapaKTEPUCTHKH, TaKHe KaK YCTOWYHMBOCTb,
MPOU3BOAMTEIBHOCT, W Oe30macHOCTh. [loka3aHa akTyadbHOCTh pPa3pabOTKM B KOHTEKCTe HU(BPOBOH
TpaHcopManuu U npumeHeHus: QR-texHonoruii B 0Opa3oBaTeNbHBIX W aJAMUHHCTPATHBHBIX MpOILECCax.
ITonydeHHbIe pe3yabTaThl IEMOHCTPUPYIOT 3HAUMMOCTh CTPYKTYPUPOBAHHOTO MOJX0/1a K MIPOEKTUPOBAHUIO
M €TI0 BJIUIHUC HA ITOBBINICHUEC 3(1)(1)6KTI/IBHOCTI/I u HaIIé)KHOCTI/I CHUCTEMBI.

Abstract: The article examines the design of a QR code generation system in Python based on a
structured analysis of functional and non-functional requirements. Particular attention is paid to identifying
conflicts between requirements, such as the trade-off between error correction level, data capacity, security,
and system performance. The necessity of requirement prioritization using multi-criteria decision-making
methods, particularly fuzzy TOPSIS, is substantiated. The paper describes key functional capabilities of the
system, including support for multiple data types, configurable generation parameters, and batch processing,
as well as non-functional characteristics such as robustness, performance, and security. The relevance of the
study is demonstrated in the context of digital transformation and the application of QR technologies in
educational and administrative processes. The results highlight the importance of a structured design
approach and its impact on system efficiency and reliability.

Herusrm ce3nep: QR-xon; Python; mporpammansik uHXeHepus; (QYHKOHOHAJABIK —TaJanTap;
(dhysKroHanasIK amec Tananrtap; fuzzy TOPSIS; canapuntik Tpanchopmars.

KmoueBbie caoBa: QR-kox; Python; mporpammHuas uHkeHepus; (yHKIHOHAIbHBIE TPEOOBaHMS;
HedyHkuMOHaNbHBIE TpeboBanus; fuzzy TOPSIS; uudposas tpanchopmarms.

Keywords: QR code; Python; software engineering; functional requirements; non-functional
requirements; fuzzy TOPSIS; digital transformation.

The design of a QR code generation system trade-off evaluation, and architectural justification
in Python begins with a systematic and structured of design decisions [10].
analysis of requirements, as the system being From a methodological perspective, a
developed must satisfy both functional tasks structured specification of requirements reduces
(defining its behavior) and non-functional uncertainty at the implementation stage and
constraints (characterizing the quality of its ensures logical consistency between theoretical
performance). In software engineering theory, principles and practical solutions applied in system
requirements define the boundary conditions of the development.
system architecture and directly influence the Relevance in the context of digital
design decisions made. infrastructure

In practice, functional and non-functional The significance of developing a QR code
requirements often come into conflict. For generation system extends beyond individual
example, increasing the level of error correction applied solutions and is determined by broader
improves the robustness of a QR code against processes of digital transformation. In the Kyrgyz
damage, but simultaneously reduces the available Republic, particularly within the framework of the
data capacity. Similarly, the implementation of interdepartmental electronic interaction system
additional security mechanisms enhances data “Tunduk,” digital mechanisms for identification
protection but increases computational load and and data verification are being actively
may affect system response time. Therefore, implemented. In this context, QR codes are
requirements analysis should not be limited to becoming an important tool for document
simple enumeration; it must include prioritization, verification, ensuring digital authentication of
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services, as well as organizing educational and
certification processes [4].

Although the proposed system does not
npeanonaraer direct integration with the national
digital infrastructure, its architectural solutions
comply with key requirements of digital
governance, including interoperability, reliability,
and data security. This allows the developed
system to be considered as a universal model
potentially  applicable in  broader digital
ecosystems.

Functional requirements

At the functional level, the proposed QR
code generation system based on Python must
implement the complete encoding pipeline defined
by the ISO/IEC 18004 standard, including data
mode selection, bit stream construction, data
padding, error correction code generation, matrix
placement, masking, and final image rendering.
The primary functional requirement is the accurate
and standardized generation of QR codes based on
user input. However, for practical scalability and
real-world applicability, the system must go
beyond basic encoding capabilities. It should
support multiple payload types (numeric,
alphanumeric, byte/UTF-8), allow the selection of
QR code versions and error correction levels (L,
M, Q, H), and provide configurable output
parameters such as image format (PNG/SVG),
size, resolution, and quiet zone dimensions.

In addition, to ensure robustness and prevent
invalid outputs, the system must include input
validation mechanisms, such as capacity overflow
detection and encoding compatibility checks [9]. In
educational and administrative contexts—such as
classroom testing, student registration, or digital
attendance tracking—additional functional
requirements include batch generation of QR
codes, automatic assignment of identifiers, and
optional integration with structured data sources
(e.g., CSV or Excel files) [1]. In such scenarios,
the system functions not merely as a QR image
generator but as a component of a broader
identification and workflow management process,
thereby expanding its functional role within digital
infrastructures.

Furthermore, the system should be designed
with extensibility in mind, allowing future
integration with external services, APIs, or
institutional platforms. This includes the potential
for incorporating authentication mechanisms,
database connectivity, and support for dynamic QR
codes that can redirect to updated content. Such
enhancements would further strengthen the
applicability of the system in real-world digital
ecosystems and increase its practical value.
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Non-functional requirements define the
quality attributes under which the QR code
generation system must operate and are
particularly critical, as QR technologies are often
deployed in time-sensitive and reliability-critical
environments. In educational and administrative
contexts, QR codes must be quickly and accurately
scanned under various real-world conditions,
including uneven lighting, varying camera
resolutions, screen glare, or partial physical
occlusion.

Thus, robustness becomes a key non-
functional requirement, directly linked to the
proper selection of error correction levels and
masking strategies defined in ISO/IEC 18004, as
well as adherence to readability principles such as
sufficient quiet zones and high contrast ratios.
Performance efficiency is equally important: the
system must support fast generation, especially in
batch processing scenarios, while maintaining
consistent results across different operating
systems and Python environments [5].

Security and privacy considerations also
represent significant non-functional constraints,
particularly when QR codes encode personal
identifiers or institutional data. The exposure of
raw payload information may lead to data leakage
risks; therefore, requirements analysis must
anticipate architectural solutions such as identifier
hashing, minimization of logging, and avoidance
of embedding sensitive data directly within QR
codes. Additionally, the system should consider
secure data transmission practices and potential
encryption mechanisms where applicable.

Importantly, non-functional requirements
frequently conflict with functional goals. For
instance, higher levels of error correction (Q or H)
improve robustness but reduce data capacity;
stronger encryption enhances security but may
complicate decoding processes; and increased
configurability improves flexibility but may
negatively affect system performance. These
inherent  trade-offs necessitate a structured
prioritization mechanism to balance competing
quality attributes rather than treating all
requirements as equally important [2].

Such prioritization ensures architectural
consistency and supports well-justified design
decisions during subsequent stages of system
implementation [6]. Moreover, it contributes to the
development of a balanced and efficient system
capable of operating effectively in diverse real-
world conditions while meeting both user
expectations and technical constraints.

Use of fuzzy TOPSIS for requirement
prioritization (methodological justification)



For the systematic prioritization of
functional requirements while balancing non-
functional constraints, studies in requirements
engineering often employ multi-criteria decision-
making (MCDM) methods. Among them, fuzzy
TOPSIS (Technique for Order Preference by
Similarity to Ideal Solution) is particularly suitable
in contexts where evaluation criteria are not strictly
guantitative and may involve ambiguity or expert
judgment, such as “high usability” or “medium
security risk” [7]. The fundamental principle of
TOPSIS consists in ranking alternatives by
measuring their relative closeness to the ideal
solution (representing optimal performance across
all criteria) and their distance from the negative
ideal solution (representing the worst-case
scenario). The fuzzy extension enhances this
framework by allowing the use of linguistic
variables and imprecise evaluations, which are
common in requirements assessment processes [8].

In the context of a QR code generation
system, fuzzy TOPSIS can be applied as a
conceptual prioritization framework to determine
which requirements should guide architectural and
design  decisions. For example, candidate
requirements may be evaluated according to
criteria such as core functional importance, impact
on user experience, implementation complexity,
security significance, and performance
implications. By  structuring  requirement
comparisons through a multi-criteria framework,
potential conflicts—such as robustness versus
capacity or security versus usability—can be
analyzed more transparently.

Even if the present study does not
implement a full computational model of fuzzy
TOPSIS, referencing  this  well-established
methodology enhances the academic rigor of the
requirements analysis. It demonstrates that
prioritization decisions are not arbitrary but are
grounded in recognized principles of decision-
making theory within software engineering
research [8].

Practical outcomes of prioritization for
the system

Based on the domain-specific characteristics
of QR code technologies and their typical
implementation scenarios, several requirements
emerge as priorities within the hierarchy. First and
foremost, correctness and strict compliance with
the 1ISO/IEC 18004 standard constitute the primary
requirement, as deviations from the standard
directly threaten compatibility and decoding
reliability [3]. Closely related to this is robustness
under real-world scanning conditions, including
the proper implementation of quiet zones,
appropriate masking strategies, and the selection of
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suitable error correction levels to ensure readability
despite environmental variability [3].

Configurability of error correction levels and
output parameters is also critically important, as
operational contexts—such as printed materials,
mobile screens, or projection displays—impose
different constraints. In addition, batch processing
capabilities become a priority requirement in
educational and administrative environments,
where QR codes are often generated for multiple
users simultaneously within structured workflows.

Finally, a privacy-aware design approach is
required to mitigate risks associated with
embedding sensitive data, favoring the use of
internal identifiers or hashed references instead of
directly exposing personal information within the
payload. In contrast, advanced user interface
enhancements, support for additional barcode
standards, or complex external integrations
represent lower-priority features, as they do not
affect the correctness of the system core and can be
implemented incrementally.

This prioritization structure reflects the
principles of incremental system development, in
which standard compliance and reliability are
established  first,  followed by  usability
enhancements and automation improvements.

Thus, the analysis of requirements for a QR
code generation system should not be limited to a
simple listing of characteristics. The design
process must account for the interdependencies and
conflicts between functional and non-functional
requirements, while ensuring a well-justified
prioritization  structure. The application of
structured  methodologies, particularly fuzzy
TOPSIS, provides a theoretically grounded tool for
ranking competing requirements and minimizing
conflicts between system objectives [8].

The wuse of this approach enhances
methodological transparency and strengthens the
scientific validity of design decisions. Moreover, it
enables the establishment of a conceptual link
between theoretical foundations—including QR
code structure, error correction mechanisms, and
decoding robustness—and the practical
architectural solutions implemented in the system
[3; 4].

The design of a QR code generation system
in Python requires a comprehensive and structured
approach to requirements analysis, integrating both
functional capabilities and non-functional quality
attributes. The study has demonstrated that the
effectiveness of such a system depends not only on
accurate implementation of encoding processes in
accordance with the ISO/IEC 18004 standard but
also on the ability to balance competing



requirements, including robustness, data capacity, development of a scalable, reliable, and adaptable

security, and performance. system suitable for real-world applications,
The analysis highlights the importance of including  educational and  administrative
identifying and managing inherent trade-offs environments. The proposed approach ensures
between system characteristics. In this context, the consistency between theoretical principles and
application of multi-criteria  decision-making practical implementation, thereby enhancing the
approaches, particularly fuzzy TOPSIS, provides a overall quality and applicability of the system.
theoretically grounded framework for prioritizing In conclusion, the integration of structured
requirements and supporting informed design requirements analysis with systematic
decisions. Even at a conceptual level, this prioritization methods represents a key factor in
methodology contributes to increased the successful design of QR code generation
methodological rigor and transparency in the systems, contributing to their efficiency, reliability,
system design process. and relevance  within modern  digital
Furthermore, the results emphasize that a infrastructures.

well-prioritized requirement structure enables the
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