
ISSUE  4
Acceptance of papers April, 2026

Acceptance of 
papers

Published monthly

Topics
economics, 

technology, social
sciences



t.me/scupus_IST2100

Sharipov Kongiratbay Avezimbetovich, 
Doctor of Technical Sciences (DSc), Professor

Ahmed Aziz Ismail 
Doctor of Technical Sciences (DSc), 
Professor (Egypt)

Cham Tat Huei, 
Doctor of Philosophy (PhD), Professor (Malaysia)

Asongu Simplice 
Doctor of Philosophy in Economics (PhD), Cameroon

Abdurakhmanova Gulnora Kalandarovna, Doctor of 
Economic Sciences (DSc), Professor

Lee Chin 
Doctor of Philosophy in Economics (PhD), (Malaysia)

Muhammad Imran Sadiq 
Doctor of Philosophy in Economics (PhD), Professor, 
Malaysia

Rui Dang
Doctor of Chemistry (DSc), Professor, China

Zahoor Ahmed 
Doctor of Philosophy in Economics (PhD), Turkey

Shujaat Abbas
Doctor of Philosophy in Economics (PhD), Russia

Tina A Coffelt
Doctor of Philosophy in Educational Sciences (PhD), 
USA

Kurbonbekova Mohichehra Turobjonovna
Doctor of Economic Sciences (DSc), Professor

Abdikarimova Dinara Rustamxanovna
Doctor of Economic Sciences (DSc), Professor

Razakova Barno Sayfievna
Doctor of Philosophy in Economics (PhD)

Khasanov Sarvar Ulugbek ugli
Doctor of Philosophy in Economics (PhD)

Kholikova Rukhsora Sanjarovna 
Associate Professor (PhD)

Alimardonov Ilkhom Muzrabshokovich
Doctor of Economic Sciences (DSc), Professor

Electronic publication, Issue 4. 272 pages. 
Approved for publication on April, 2026.

EDITOR-IN-CHIEF:
Mirzaliyev Sanjar Makhamatjon ugli

DEPUTY EDITOR-IN-CHIEF:
Makhmudov Nosir Makhmudovich
DSc., Prof., Academican  

DEPUTY EDITOR-IN-CHIEF:
Ochilov Bobur Bakhtiyor ugli – Senior 
lecturer at TSUI

THE SCIENTIFIC-POPULAR ELECTRONIC 
JOURNAL  "INNOVATION SCIENCE AND 
TECHNOLOGY" HAS BEEN REGISTERED 
UNDER THE NUMBER C-5669633 BY THE 
AGENCY FOR INFORMATION AND MASS 
COMMUNICATIONS (AOKA) OF THE 
REPUBLIC OF UZBEKISTAN, EFFECTIVE 
FROM OCTOBER 9, 2024.

The scientific electronic journal “Innovation 
Science and Technology” has been 
included in the list of scientific publications 
recommended for the publication of 
main scientific results of dissertations 
for the award of PhD and DSc degrees 
in economics and technical sciences, in 
accordance with the Resolution No. 370 
of the Presidium of the Higher Attestation 
Commission of the Republic of Uzbekistan, 
dated May 8, 2025.

CONTACTS

Phone:  +998 50 737 87 88

Website: https://ist-journal.uz

Email: innovationist2025@gmail.com

E d i t o r i a l  b o a r d :



C
O

N
T

E
N

T
S

SOCIAL, ECONOMIC, SCIENTIFIC, AND TECHNICAL ACADEMIC JOURNAL4/2026

t.me/scupus_IST2100
3

https://ist-journal.uz

CONTENTS
THE IMPACT OF FINANCIAL RISKS ON THE DEVELOPMENT OF REGIONAL ECONOMIC GROWTH 
DRIVERS AND OPPORTUNITIES FOR THEIR MITIGATION...........................................................................................17

Turopova Nigora Xolmurod qizi

UTILIZATION OF INTERNAL RESERVES FOR INCREASING THE EFFICIENCY OF REGIONAL TOURISM 
(CASE STUDY OF THE REPUBLIC OF KARAKALPAKSTAN)...........................................................................................20

Naurizbaev Aliakbar Rustamovich

MATHEMATICAL MODELS AND ALGORITHMS FOR PROCESSING NOISE DATA.................................................23
Jovlieva Dilnoz Mustofa qizi

ASSESSMENT OF THE IMPACT OF ENVIRONMENTAL RISKS IN BUSINESS ACTIVITIES AND WAYS 
TO REDUCE THEM...........................................................................................................................................................................28

Abdukhamid Abdumalikovich Bektemirov

A MULTI-LEVEL SYSTEM OF STATISTICAL INDICATORS FOR REGIONAL TRANSPORT 
INFRASTRUCTURE ASSESSMENT: METHODOLOGY AND APPROBATION.............................................................34

Keunimzhaev Mukhamedali Kuanysbaevich

THE IMPACT OF BANKS ON THE FINANCIAL STABILITY OF THE ECONOMY OF THE REPUBLIC OF 
UZBEKISTAN......................................................................................................................................................................................39

Usmonov Faridun Firdavsievich, Ishonkulova Feruza Asatovna

EMPIRICAL EVALUATION OF MACRO- AND MICROECONOMIC FACTORS AFFECTING THE EFFICIENCY 
OF INVESTMENT ACTIVITY AND THEIR RELATIONSHIP WITH ECONOMIC EFFICIENCY.............................43

Aytmuratova Ulbike Jalgasovna

MECHANISMS FOR IMPROVING ECONOMIC EFFICIENCY THROUGH OPTIMIZATION OF PRODUCTION 
RESOURCE POTENTIAL IN UZBEKISTAN..............................................................................................................................47

Sattarov Abdusamat Umirqulovich

PROMISING DIRECTIONS FOR APPLYING FOREIGN EXPERIENCE IN THE DEVELOPMENT OF GREEN 
TOURISM IN UZBEKISTAN...........................................................................................................................................................52

Rakhimova Dilfuza Mirzakasimovna

PRIORITIES FOR REGULATING FINANCIAL RELATIONS IN PROVIDING HOUSING TO THE 
POPULATION IN UZBEKISTAN...................................................................................................................................................58

Khannarov Komiljon Karimovich

MPROVING THE ORGANIZATION OF PRODUCTION COST ACCOUNTING IN FULL-SYSTEM FARMS 
SPECIALIZING IN THE CULTIVATION OF CYPRINID FISH..............................................................................................62

Aitimbetov Amirbek Qoishibekovich

THE TRANSFORMATIONAL ROLE OF SMALL BUSINESS IN UZBEKISTAN’S ECONOMIC DEVELOPMENT: 
A COMPREHENSIVE ANALYSIS BASED ON 2025 NATIONAL STATISTICS..............................................................68

Isakjanova Sabokhat Muhamedovna

AN INTEGRATED METHODOLOGICAL FRAMEWORK FOR ADVANCING GREEN TOURISM MODELS IN 
THE DIGITAL ECONOMY ERA.....................................................................................................................................................79

Rasulova Nigora Yusupovna

FACTORS AFFECTING THE COMPETITIVENESS OF COMPANIES...............................................................................83
Kamoliddinov Ilhomjon Muhammadjonovich, Nosirov Eldor Nosirjon ugli

THE ROLE OF INDUSTRIAL ENTERPRISES IN INCREASING THE EXPORT POTENTIAL OF THE UZBEK 
ECONOMY............................................................................................................................................................................................88

Musayeva Shoira Azimovna

DEVELOPMENT OF MARKET FACTORS TO ENSURE THE GROWTH OF THE ECONOMIC POTENTIAL 
OF THE ENTERPRISE (USING THE EXAMPLE OF THE SAG EXPRESS BRAND STORES)..................................92

Usmоnova Dilfuza Ilkhomovna

THE CONCEPT OF REGIONAL IMAGE AND ITS ECONOMIC CONTENT (THE CASE OF THE KHOREZM 
REGION)...............................................................................................................................................................................................99

Dilshod Ibragimovich Ibodullayev



C
O

N
T

E
N

T
S

SOCIAL, ECONOMIC, SCIENTIFIC, AND TECHNICAL ACADEMIC JOURNAL 4/2026

t.me/scupus_IST2100
4

https://ist-journal.uz

DEVELOPMENT OF QUALITY MANAGEMENT SYSTEMS IN THE CONTEXT OF DIGITAL 
TRANSFORMATION.....................................................................................................................................................................106

Shakhnoza Samandarovna Ziyadillayeva

ADVANCED APPROACHES TO THE ASSESSMENT AND MANAGEMENT OF CURRENT FINANCIAL 
STABILITY IN JOINT-STOCK COMPANIES USING CFAR (CASH FLOW AT RISK) AND 3Σ STATISTICAL 
RISK MODELS.................................................................................................................................................................................114

Kurbonov Xayrilla

DEVELOPMENT OF A PROGRAM FOR ANALYZING MEDICAL LABORATORY RESULTS USING 
ARTIFICIAL INTELLIGENCE MODELS..................................................................................................................................118

Gofurjonov Muhammadali, Kamolov Shamsiddin

APPLICATION OF DIGITAL TRANSFORMATION IN IMPROVING MANAGEMENT STRATEGIES OF 
CONSTRUCTION MATERIALS INDUSTRY ENTERPRISES............................................................................................122

Ubaydullayev Mukhammadjon Abdusamad o‘g‘li

IMPROVING MECHANISMS FOR ENHANCING THE RESOURCE POTENTIAL OF ORGANIZATIONS 
IN THE EDUCATIONAL SERVICES SECTOR.......................................................................................................................125

Ibrohim Meliboyev

ECONOMETRIC ANALYSIS OF THE RELATIONSHIP BETWEEN SERVICE QUALITY AND ECONOMIC 
EFFICIENCY.....................................................................................................................................................................................130

Khudoyorov Lochinbek Bahromovich

MONETARY POLICY INSTRUMENTS IMPROVE USAGE PRACTICES.......................................................................135
A.A. Ismailov

E-COMMERCE ADOPTION IN TRADITIONAL STORES..................................................................................................140
Nuserov Bakhtiyor

ENHANCING FINANCIAL SUSTAINABILITY AND OPERATIONAL EFFICIENCY OF JSC 
“HUDUDGAZTAMINOT”: KEY FACTORS AND DIGITAL TRANSFORMATION STRATEGIES...........................146

Ergashev Muhibbek Aslamovich

METHODS FOR IMPROVING AUTOMOTIVE FUEL QUALITY INDICATORS THROUGH THE USE OF 
ADDITIVES.......................................................................................................................................................................................151

Xushnayev Obid, Sheraliyev Ulugbek, Astonov Alisher

MONETARY POLICY INSTRUMENTS.....................................................................................................................................156
A.A. Ismailov

THE ROLE OF STRATEGIC MANAGEMENT IN ENHANCING A COUNTRY’S INTERNATIONAL IMAGE: 
THE CASE OF SWITZERLAND.................................................................................................................................................161

Idirisbaeva Hurliman Amanbay qizi, Kurolov Maksud Obitovich

VOLUNTEER TOURISM: CURRENT IMPACTS AND FUTURE DIRECTIONS..........................................................170
Ossama Moustafa Elsetouhy

COMPUTER GRAPHICS IN MODERN EDUCATION: PRACTICAL CAPABILITIES OF THE FIGMA 
PLATFORM.......................................................................................................................................................................................176

Maxamadov Rustam Xabibullayevich, Djamatov Mustafa Xatamovich

DEVELOPING THE FINANCIAL SUSTAINABILITY OF HIGHER EDUCATION INSTITUTIONS BASED 
ON DIGITAL TECHNOLOGIES..................................................................................................................................................182

Abdurasulov Sardor Tolqin ugli

THE IMPORTANCE AND PROSPECTS OF TOURISM DEVELOPMENT....................................................................187
Ibodova Dilsora Ibodovna, Qosimov Jahongir Ruziboyevich

STRATEGIES FOR OPTIMIZING THE STRUCTURE OF COMMERCIAL BANK ASSETS AND INCREASING 
EFFICIENCY IN UZBEKISTAN..................................................................................................................................................194

Ibrohimov Davronbek Muhammadi o‘g‘li

STRATEGIC DIRECTIONS FOR THE DEVELOPMENT OF EXPORTS OF PRODUCTS BASED 
ON ARTIFICIAL FIBERS..............................................................................................................................................................199

Raximov Furqat Jalolovich

FUNDAMENTALS OF USING MARKETING RESEARCH TO IMPROVE SALES SYSTEM 
EFFECTIVENESS............................................................................................................................................................................206

Abduxalilova Laylo Tuxtasinovna



C
O

N
T

E
N

T
S

SOCIAL, ECONOMIC, SCIENTIFIC, AND TECHNICAL ACADEMIC JOURNAL4/2026

t.me/scupus_IST2100
5

https://ist-journal.uz

FASHION MARKETING AS AN INSTRUMENT FOR SHAPING CONSUMER-BASED BRAND VALUE............213
Navruz-Zoda Bakhtiyor Negmatovich, Aripova Makhliyo Salakhiddinovna

ENSURING SUSTAINABLE GROWTH OF THE NATIONAL ECONOMY IN THE CONTEXT OF DIGITAL 
TRANSFORMATION, IMPROVING INNOVATIVE DEVELOPMENT STRATEGIES, AND ENHANCING THE 
EFFICIENCY OF IMPLEMENTING DIGITAL ECONOMY PRINCIPLES IN THE FINANCE, BANKING, 
AND TOURISM SECTORS...........................................................................................................................................................220

Inatullayeva Intizor Jamshid qizi, Uroqov Uchqun Yunusovich

SOCIAL AND SECURITY PROBLEMS OF INNOVATIVE TOURISM DEVELOPMENT IN THE 
REGION..............................................................................................................................................................................................223

Q.A. Musakhanov

DIGITAL ECONOMY AND INNOVATION AS FACTORS OF SOCIAL DEVELOPMENT 
IN UZBEKISTAN.............................................................................................................................................................................228

Ibragimova Saodat Abdumuminovna, Sadullayeva Sevara Uchqun qizi

THE SOCIAL INSURANCE SYSTEM OF THE UNITED STATES OF AMERICA........................................................232
Javliyev Nuriddin Bektemir o‘g‘li

DEVELOPMENT OF EFFECTIVE ORGANIZATIONAL-ECONOMIC MECHANISMS FOR TRANSITION 
TO THE INNOVATIVE MARKETING CONCEPT IN ENTERPRISES UNDER DIGITAL 
TRANSFORMATION.....................................................................................................................................................................236

Bobomurodov Qayimjon Homidovich

FOMO-DRIVEN PURCHASING IN E-COMMERCE FLASH SALES: AN INTEGRATIVE CONCEPTUAL 
FRAMEWORK.................................................................................................................................................................................241

Muhammadiminov Abdukodir Bakhodirjon Ugli, Arciana Damayanti, Javliev Nuriddin Bektemir ugli

PHYSICO-MECHANICAL PROPERTIES OF COARSE FEEDS.........................................................................................250
Yodgorov Jamoliddin Nomozovich, Yadgarov Sirojiddin Nomozovich

EVOLUTION AND STANDARDIZATION OF SI MEASUREMENT UNITS IN THE INTERNATIONAL 
SYSTEM.............................................................................................................................................................................................255

Maxmudov Dostonbek Soyibjon o‘g‘li

PROCEDURE FOR ACCOUNTING OF ESTIMATED LIABILITIES BY BUDGETARY ORGANIZATIONS.........259
Jabbarova Charos Aminovna

FEATURES OF AUDIT IN DEVELOPING INVESTMENT LENDING PRACTICES IN COMMERCIAL 
BANKS................................................................................................................................................................................................263

Jamshid Mirzakhmedov

ECONOMIC EFFICIENCY OF RENEWABLE ENERGY SOURCES: THE CASE 
OF SOLAR AND WIND ENERGY..............................................................................................................................................271

Hayitov Jamshid Kholboyevich

ADVANCED FOREIGN EXPERIENCE IN HIGHER EDUCATION FINANCING: THE CASE OF THE UNITED 
KINGDOM.........................................................................................................................................................................................275

Kurbanov Baxodir Negmatullayevich

THE IMPACT OF DIGITAL DESTINATION IMAGE ON TOURIST SATISFACTION AND REVISIT INTENTION: 
EVIDENCE FROM UZBEKISTAN..............................................................................................................................................279

Shaxnoza Almasovna Ashurova

FACTORS INFLUENCING THE DEVELOPMENT OF THE CIRCULAR ECONOMY ................................................287
Narzullaev Elmurod Shukhrat ugli 

IMPROVING STATE FINANCIAL SUPPORT FOR INVOLVING LOW-INCOME FAMILIES IN 
ENTREPRENEURSHIP ................................................................................................................................................................291

Erejepov Kuwanishbay Jienbay uli 

AGGREGATE FACTORS OF ENSURING REGIONAL ECONOMIC SECURITY AND THEIR CLASSIFICATION .... 	
..............................................................................................................................................................................................................296

Nurxonov Komiljon Tovkarayevich

WAYS TO IMPROVE THE USE OF FOREIGN EXPERIENCE IN THE TRANSPORT AND LOGISTICS CLUSTER 
IN THE NEW UZBEKISTAN.......................................................................................................................................................301

Musayeva Shoira Azimovna



C
O

N
T

E
N

T
S

SOCIAL, ECONOMIC, SCIENTIFIC, AND TECHNICAL ACADEMIC JOURNAL 4/2026

t.me/scupus_IST2100
6

https://ist-journal.uz

METHODS OF THEORETICAL ANALYSIS OF METAL FORMING PROCESSES......................................................308
Rakhimov T.O., Norboyev Abror Baxtiyor o‘g‘li

SOCIAL AND SECURITY PROBLEMS OF INNOVATIVE TOURISM DEVELOPMENT IN THE REGION.........316
Q.A. Musakhanov

ARTIFICIAL INTELLIGENCE INTEGRATION IN RETAIL: IMPACT ON ASSORTMENT MANAGEMENT AND 
DYNAMIC PRICING.......................................................................................................................................................................321

Achilova Shirin Shavkat qizi, Fayzullayeva Diyora Anvar qizi

MODERN TRENDS IN IMPROVING CORPORATE GOVERNANCE SYSTEMS IN INDUSTRIAL ENTERPRISES.	
..............................................................................................................................................................................................................327

Xusanova Malohat Mingnorovna

THE EVOLUTION OF DIGITAL PAYMENT SYSTEMS AND THEIR IMPACT ON THE FINANCIAL BEHAVIOR 
OF THE POPULATION.................................................................................................................................................................333

Susanna S. Alieva

FROM EXPERIMENTAL RESEARCH METHODS: ADVANTAGES AND DISADVANTAGES OF THE 
MAGNETRON SPUTTERING METHOD.................................................................................................................................338

Sobirova Tursunoy Abdipatto qizi

IMPROVING STATE FINANCIAL SUPPORT FOR THE IMPLEMENTATION OF WATER-SAVING 
TECHNOLOGIES IN THE REPUBLIC OF KARAKALPAKSTAN.....................................................................................345

Seitnazarov Baxadir Muratbaevich 

ARTIFICIAL INTELLIGENCE INTEGRATION IN RETAIL: IMPACT ON ASSORTMENT MANAGEMENT AND 
DYNAMIC PRICING.......................................................................................................................................................................351

Achilova Shirin Shavkat qizi, Fayzullayeva Diyora Anvar qizi

PRIORITY DIRECTIONS FOR IMPROVING ECONOMIC STABILITY IN ENTERPRISES.....................................357
Iminova Nargizaxon Akramovna

ENHANCING FORECASTING APPROACHES FOR VALUE ADDED TAX AND EXCISE TAX REVENUES IN 
THE CONTEXT OF THE DIGITAL ECONOMY.....................................................................................................................364

Sherzod Kh. Dusiyarov

SMART PARKING MANAGEMENT ALGORITHMS IN SMART CITIES......................................................................370
Begmurodov Begzod Adham o‘g‘li

IMPROVING PUBLIC TRANSPORT ROUTE PLANNING ON URBAN STREETS....................................................379
Maxmudov Zuxriddin Nuriddinovich



SOCIAL, ECONOMIC, SCIENTIFIC, AND TECHNICAL ACADEMIC JOURNAL

IN
N

O
V

A
T

IO
N

 S
C

IE
N

C
E

 A
N

D
 T

E
C

H
N

O
L

O
G

Y

t.me/scupus_IST2100
379

https://ist-journal.uz

4/2026

IMPROVING PUBLIC TRANSPORT ROUTE 
PLANNING ON URBAN STREETS
Maxmudov Zuxriddin Nuriddinovich
Master’s Degree Student, Karshi State Technical University

Abstract. Urban streets serve as the primary arteries for public transport systems, yet inefficient route planning 
often leads to congestion, delays, high operational costs, and low ridership. This paper explores strategies for 
optimizing public transport routes on city streets, focusing on network design, infrastructure improvements, 
data-driven optimization, and integration with urban planning. Drawing on best practices from cities such as 
Curitiba, Bogotá, and Singapore, as well as lessons applicable to rapidly growing cities such as Tashkent, 
the study examines mathematical models, GIS and AI applications, Bus Rapid Transit (BRT) implementation, 
and Complete Streets principles. The analysis highlights how targeted interventions—dedicated lanes, signal 
priority, stop optimization, and multimodal integration—can enhance efficiency, sustainability, equity, and the 
attractiveness of public transport. Recommendations include phased implementation, stakeholder engagement, 
and performance monitoring to achieve reliable, user-oriented systems that reduce private vehicle dependency 
and support livable cities.

Keywords: smart cities; public transportation; simulation; multimodal transportation; behavior-enabled 
routing; quality of experience; quality of service.

Аннотация. Городские улицы служат основными артериями систем общественного транспорта, 
однако неэффективное планирование маршрутов часто приводит к заторам, задержкам, высоким 
эксплуатационным расходам и низкому пассажиропотоку. В данной статье рассматриваются стратегии 
оптимизации маршрутов общественного транспорта на городских улицах с акцентом на проектирование 
сети, улучшение инфраструктуры, оптимизацию на основе данных и интеграцию с городским 
планированием. Опираясь на передовой опыт таких городов, как Куритиба, Богота и Сингапур, а также 
на уроки, применимые к быстрорастущим городам, таким как Ташкент, исследование охватывает 
математические модели, ГИС и приложения ИИ, внедрение скоростного автобусного транспорта (BRT) 
и принципы «Улицы для всех». Анализ показывает, что целенаправленные меры — выделенные 
полосы, приоритет светофоров, оптимизация остановок и мультимодальная интеграция — способны 
повысить эффективность, устойчивость, справедливость и привлекательность общественного 
транспорта. Рекомендации включают поэтапное внедрение, взаимодействие с заинтересованными 
сторонами и мониторинг эффективности для создания надежных, ориентированных на пользователя 
систем, снижающих зависимость от личного транспорта и способствующих формированию комфортной 
городской среды.

Ключевые слова: умные города; общественный транспорт; моделирование; мультимодальный 
транспорт; поведенчески-ориентированная маршрутизация; качество восприятия; качество 
обслуживания.

Annotatsiya. Shahar ko‘chalari jamoat transporti tizimlarining asosiy arteriyalari hisoblanadi, biroq 
marshrutlarni samarasiz rejalashtirish ko‘pincha tirbandlik, kechikishlar, yuqori ekspluatatsion xarajatlar va 
yo‘lovchilar sonining pastligiga olib keladi. Ushbu maqolada shahar ko‘chalarida jamoat transporti marshrutlarini 
optimallashtirish strategiyalari ko‘rib chiqilib, tarmoq dizayni, infratuzilmani takomillashtirish, ma’lumotlarga 
asoslangan optimallashtirish hamda shahar rejalashtirish bilan integratsiyaga alohida e’tibor qaratiladi. Curitiba, 
Bogotá va Singapore kabi shaharlar tajribasi hamda Toshkent kabi tez rivojlanayotgan shaharlar uchun 
qo‘llaniladigan yondashuvlar asosida matematik modellar, GIS va sun’iy intellekt ilovalari, tezkor avtobus tizimi 
(BRT) hamda “Complete Streets” tamoyillari tahlil qilinadi. Tahlil natijalari shuni ko‘rsatadiki, maqsadli choralar 
— ajratilgan yo‘laklar, svetoforlar ustuvorligi, bekatlarni optimallashtirish va multimodal integratsiya — jamoat 
transportining samaradorligi, barqarorligi, ijtimoiy adolatliligi va jozibadorligini oshiradi. Tavsiyalar sifatida 
bosqichma-bosqich joriy etish, manfaatdor tomonlar bilan hamkorlik qilish va samaradorlik monitoringini olib 
borish orqali ishonchli, foydalanuvchiga yo‘naltirilgan tizimlarni yaratish taklif etiladi.

Kalit so‘zlar: aqlli shaharlar; jamoat transporti; modellashtirish; multimodal transport; xulq-atvorga 
asoslangan marshrutlash; xizmat sifati; foydalanuvchi tajribasi sifati.
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I N T R O D U C T I O N
Rapid urbanization places significant pressure on city streets, where public transport must compete with 

private vehicles, pedestrians, and freight traffic. In many cities, bus and tram routes are characterized by 
indirect alignments, frequent delays at intersections, suboptimal stop spacing, and weak integration with land 
use patterns. These challenges result in longer travel times, unreliable service, and declining ridership, thereby 
exacerbating congestion and environmental degradation.

Effective route planning on urban streets extends beyond scheduling; it requires a comprehensive redesign 
of the street network to prioritize public transport. The primary objectives include minimizing both user and 
operator costs, maximizing coverage and accessibility, improving service reliability, and enhancing overall 
sustainability. Achieving these goals necessitates balancing route directness (i.e., minimizing transfers), service 
frequency, operational speed, and equitable access, particularly for low-income and peripheral communities.

In developing contexts, such as cities in Central Asia, additional challenges arise from legacy Soviet-era 
planning structures, rapidly increasing car ownership, limited dedicated transport infrastructure, and insufficient 
data on travel demand. Tashkent, with its metro and bus network serving a population of approximately 3.7 million, 
exemplifies these issues. Public buses often experience delays due to mixed traffic conditions, enforcement 
of bus priority measures remains limited, and route configurations are not fully aligned with evolving demand 
patterns. Recent initiatives, including proposals to reintroduce tram systems and enhance regional transport 
corridors, highlight the growing need for systematic and data-driven route optimization.

This article reviews established methodologies and emerging approaches, presents relevant case studies, 
and proposes an integrated framework for improving street-level public transport systems. It aims to provide 
practical guidance for urban planners by offering a comprehensive analysis spanning approximately 8–10 
pages (3000–4500 words), including figures, tables, and references, formatted according to standard academic 
conventions (12-point font, 1.5 line spacing, approximately 500 words per page).

L I T E R A T U R E  R E V I E W
Public transport network design is a classical optimization problem, typically formulated as the minimization 

of total system costs (operator and user costs) subject to constraints related to demand coverage, fleet size, and 
budget limitations. Early analytical models derived optimal route spacing and service headways for simplified 
grid-based networks. More advanced approaches employ graph theory, where streets are represented as 
edges and intersections or stops as nodes.

Common modeling approaches include the following:
♦ Route generation and frequency assignment, which determine which links should be served and at what 

frequency;
♦ Simultaneous route and frequency optimization, offering a more complex yet realistic representation of 

transport systems;
♦ Equity-oriented models, which prioritize access to employment, healthcare, and education services for 

disadvantaged populations.
Mathematical programming techniques (e.g., integer linear programming) and metaheuristic methods—

such as genetic algorithms, tabu search, simulated annealing, and the Equilibrium Optimizer—are widely 
applied to address the NP-hard nature of the problem. Recent studies incorporate hidden Markov models for 
demand prediction and column generation techniques for solving large-scale network optimization problems.

User costs typically include in-vehicle travel time, waiting time, walking or access time, and transfer penalties. 
Operator costs encompass fleet acquisition and operation, fuel and labor expenses, and maintenance. Travel 
demand is often characterized as many-to-one (e.g., commuting patterns) or many-to-many. The inclusion of 
diagonal links and variable demand structures enhances the realism of network models.

Geographic Information Systems (GIS) play a central role in spatial analysis by enabling the mapping of 
demand density, identification of service coverage gaps, optimization of stop locations using techniques such 
as Particle Swarm Optimization and genetic algorithms, and visualization of multimodal transport networks. 
Artificial intelligence further enhances these capabilities through machine learning–based demand forecasting, 
graph neural networks for traffic assignment, and the use of real-time GPS and IoT data to support dynamic 
routing and predictive scheduling.

The street design literature emphasizes the concept of “transit-friendly streets” and the implementation 
of Complete Streets policies, which allocate roadway space to public transport through measures such as 
dedicated bus lanes (curbside or offset), signal priority systems, and integration with pedestrian and cycling 
infrastructure. The National Association of City Transportation Officials Transit Street Design Guide provides 
detailed guidance on bus lane configurations, stop placement, and intersection redesign strategies aimed at 
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reducing delays and improving operational efficiency.
Challenges in Urban Street Environments
Urban street environments present several critical constraints:
♦ Mixed traffic conflicts: buses are often delayed due to congestion and obstruction by parked or turning 

vehicles;
♦ Intersection delays: frequent stops and signal controls without priority mechanisms reduce operational 

efficiency;
♦ Suboptimal routing: indirect route alignments and poorly designed transfer points increase travel time 

and inconvenience;
♦ Stop spacing and accessibility: excessive stop density slows service, while poorly located stops increase 

walking distances and may create safety concerns;
♦ Data and institutional limitations: in cities such as Tashkent, fragmented institutional responsibilities, 

weak enforcement of bus lane policies, and limited travel demand modeling constrain evidence-based planning.
Environmental and social considerations further increase the complexity of transport planning. Reducing 

emissions requires a modal shift away from private vehicles, while ensuring equity necessitates maintaining 
service provision in low-density and low-income areas without imposing unsustainable subsidy burdens.

Strategies for Route Improvement on Urban Streets 
1. Network Redesign Principles
Adopting appropriate network structures is fundamental to improving connectivity and operational efficiency. 

Grid-based or trunk–feeder systems can enhance accessibility, while direct radial routes are suitable for peak 
commuter flows and circumferential routes serve cross-town travel demand.

Optimization should prioritize high-frequency, all-day service along primary corridors, complemented by 
flexible feeder routes. Data-driven methods are essential in this process: origin–destination matrices derived 
from smart card data, GPS tracking, or mobile data analytics can be used to eliminate redundant routes and 
introduce missing links.

2. Infrastructure Interventions
a) Dedicated Bus Lanes (BRT elements on urban streets).
Curbside or median bus lanes with physical separation improve travel speed and reliability. These lanes 

may operate during peak hours or on a 24/7 basis depending on demand levels. Effective enforcement—
through cameras or physical barriers such as bollards—is critical.

b) Transit Signal Priority (TSP).
Signal priority systems extend green phases or provide early green signals for approaching buses, thereby 

reducing delays at intersections.
c) Stop Optimization.
Bus stop consolidation, with an optimal spacing of approximately 300–500 meters in dense urban areas, 

can significantly improve service speed. Geographic Information Systems (GIS) and optimization algorithms 
support evidence-based stop placement. Additional features such as level boarding, shelters, and real-time 
passenger information systems enhance user experience.

d) Intersection Treatments.
Measures such as bus bulbs, queue jump lanes, and turn restrictions designed in favor of public transport 

improve intersection performance and reduce delays.
e) Complete Streets Integration.
Balanced allocation of street space is necessary to accommodate pedestrians (wide sidewalks, safe 

crossings), cyclists (protected lanes), and public transport. The integration of green infrastructure, including 
tree canopies, contributes to improved urban livability and thermal comfort.

3. Technological and Operational Enhancements
a) Real-time monitoring and dynamic scheduling supported by artificial intelligence technologies improve 

system responsiveness.
b) Integrated ticketing systems and multimodal mobile applications facilitate seamless transfers between 

transport modes.
c) The deployment of electric or low-emission vehicle fleets, combined with optimized routing strategies, 

contributes to emission reduction.
4. Planning and Policy Framework
a) Integration of land-use and transport planning through Transit-Oriented 

Development (TOD) principles supports higher density around major transport corridors. 
b) Public participation in route planning enhances system acceptance and user satisfaction. 
c) Performance evaluation should be based on clearly defined indicators, including travel time savings, service 
reliability (on-time performance), ridership growth, modal shift, emission reduction, and equity metrics (e.g., 
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access to key opportunities within 30–45 minutes).

R E S E A R C H  M E T H O D O L O G Y
This study employs a mixed-methods research approach combining theoretical analysis, case study 

evaluation, and data-driven modeling techniques to optimize public transport route planning on urban 
streets. The methodology is based on the integration of mathematical optimization models, graph theory, and 
Geographic Information Systems (GIS) for spatial analysis, supported by artificial intelligence (AI) tools for 
demand forecasting and dynamic routing. Empirical validation is conducted through the analysis of real-world 
case studies (e.g., Curitiba, Bogotá, and Tashkent) and the application of performance indicators such as 
travel time reduction, service reliability, and ridership growth. Additionally, simulation-based approaches and 
comparative analysis are used to evaluate different transport strategies, while policy and planning frameworks 
are assessed to ensure practical applicability in developing urban contexts.

A N A LY S I S  A N D  R E S U LT S
Curitiba, Brazil
A pioneer of integrated Bus Rapid Transit (BRT) systems since the 1970s, Curitiba implemented dedicated 

bus lanes, tube stations for rapid boarding, and land-use policies that channel urban growth along transport 
corridors. This approach created a high-capacity, cost-effective system that reduced car dependency and 
environmental impact. The network is structured hierarchically, consisting of express, direct, and feeder routes.

Bogotá – TransMilenio
Bogotá introduced an extensive BRT system on existing urban streets at significantly lower cost than rail-

based alternatives. The system substantially reduced travel times, improved safety, and lowered emissions. 
However, subsequent challenges related to capacity and maintenance highlight the importance of long-term 
planning. Key lessons include the role of strong political leadership and effective public–private partnerships.

Singapore and London
Both cities demonstrate a high level of integration between rail, bus, and active transport modes, supported 

by advanced data analytics. Singapore is noted for consistently strong performance across multiple indicators, 
while London effectively utilizes data-driven approaches for corridor prioritization and service optimization.

Applicability to Tashkent and Similar Cities
Tashkent’s metro system provides a strong backbone for urban mobility; however, street-based bus 

services dominate suburban and regional travel. The introduction of priority corridors, improved stop spacing, 
and GIS-based demand analysis can deliver rapid and cost-effective improvements. Planned tram system 
developments present an opportunity to incorporate dedicated alignments from the outset. Furthermore, 
enhanced coordination between city and regional (oblast-level) authorities is essential to prevent fragmented 
planning and ensure integrated transport development (Figure 1).

Figure 1. Typical street cross-sections: comparison of mixed-traffic streets and complete streets incorporating 
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dedicated bus lanes, bicycle lanes, pedestrian sidewalks, and green infrastructure elements (illustrated using 
simplified line drawings or descriptive renderings).

Figure 2. Bus Rapid Transit (BRT) corridor in Curitiba or Bogotá (photo or schematic drawing used as a reference).

Figure 3. Key performance indicators before and after optimization (based on hypothetical scenarios 
or literature sources), including travel speed increase (20–50%), reduction in passenger waiting time, and 
ridership growth (+15–30%).
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Figure 4. Flowchart of the optimization process (data collection → modeling → implementation → monitoring).

Optimization must balance competing objectives, including travel speed versus network coverage and cost 
efficiency versus service quality. In dense urban street environments, Bus Rapid Transit (BRT)-lite elements—
such as dedicated lanes where feasible and priority measures—often provide a superior cost–benefit ratio 
compared to full-scale rail systems.

For implementation in contexts such as Uzbekistan, the following measures are recommended:
Develop a strategic urban transport model incorporating local origin–destination (O–D) data. 
Pilot optimized corridors with clearly defined and measurable targets (e.g., a 20% reduction in travel time). 
Strengthen the enforcement of bus priority measures and parking regulations. 
Invest in digital technologies, including GPS-based fleet management systems, open data platforms, and 

artificial intelligence for predictive maintenance and routing optimization. 
Foster inter-agency coordination and incorporate community engagement mechanisms. 
Monitor sustainability outcomes, including modal shift from private cars, reduction in CO₂ emissions, and 

improvements in air quality. 
Potential barriers include limited funding, insufficient political commitment to reallocating road space, 

and resistance from private car users or informal transport operators. Therefore, a phased implementation 
approach—beginning with high-impact pilot corridors that demonstrate quick and visible benefits—can help 
build institutional and public support.

C O N C L U S I O N S  A N D  R E C O M M E N D A T I O N S
Improving public transport route planning on urban streets is fundamental to the development of efficient, 

sustainable, and equitable cities. By integrating rigorous optimization models, targeted street redesign, 
advanced geospatial and artificial intelligence (AI) tools, and proven international practices, cities can transform 
congested streets into reliable transit corridors. For rapidly growing cities facing pressures similar to Tashkent, 
the adoption of these strategies provides a viable pathway toward reduced congestion, lower emissions, 
improved accessibility, and enhanced quality of life. Future research should prioritize adaptive, real-time 
optimization under conditions of uncertain demand, as well as climate resilience.

This study proposes a multimodal public transport system as a proof of concept aimed at minimizing the 
negative impacts of crowding while delivering user-friendly route recommendations based on travel behavior. 
The BeT paradigm was applied to design a robust, structured, and implementable system architecture. 
This systematic approach enabled the clear justification of design decisions and the identification of viable 
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alternatives for future large-scale deployment. The proposed solution consists of three core subsystems: (i) a 
user agent that models user preferences and travel habits, processes origin–destination (O–D) queries, and 
generates recommendations; (ii) a system agent that models public transport crowding; and (iii) a QoE–QoS 
balancer that evaluates and ranks possible routes by filtering them according to crowding levels and selecting 
those that optimize Quality of Experience (QoE) metrics, such as shortest travel time, alignment with user 
habits, and a reduced number of transfers.

A key contribution of this research lies in the novel use of subscription validation datasets—commonly 
available to public transport operators—as a primary data source for modeling human travel behavior. The 
study deliberately employs simple and interpretable models for both user behavior (Behavioral Index, BI) and 
crowding (Crowding Index, CI), allowing for methodological validation within a controlled proof-of-concept 
framework. Nevertheless, the integration of more advanced behavioral models (e.g., Markov chains, Hidden 
Markov Models, or graph-based approaches) and sophisticated congestion forecasting techniques (e.g., 
ARIMA models, Kalman filters, or spatiotemporal graph-based models) is expected to enhance the accuracy 
and robustness of future implementations.

The proposed approach was validated using a real-world dataset from the public transportation network 
of Lyon. Additionally, the MnMS simulator was extended to incorporate boarding failures caused by crowding 
and to support the proposed route selection policy. To ensure analytical rigor, the results were evaluated using 
a specialized statistical metric based on the Wilcoxon signed-rank test. This method enables the assessment 
of both statistical significance and the practical magnitude of differences between alternative routing strategies.

The findings demonstrate that the balanced QoE–QoS strategy is the most effective approach, as it 
successfully reconciles the trade-off between network efficiency and user satisfaction. This strategy significantly 
reduces crowding levels, with performance on tram systems approaching that of the purely QoS-driven strategy, 
which serves as a theoretical benchmark for minimizing congestion. In contrast, the QoE-driven strategy, while 
prioritizing individual user preferences, leads to increased crowding, longer waiting times, and higher rates of 
boarding failure. Although the balanced approach may result in slightly increased overall travel time due to 
rerouting, it ensures a more comfortable and reliable journey. Unlike the QoS-driven approach, the proposed 
solution preserves user habits, minimizes excessive transfers, and improves overall network performance 
without compromising passenger convenience.
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