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Abstract: Traditionally, eyecare retailers in tier-2 cities of Nepal (like Janakpur) have had a heavy reliance on brick-and-mortar stores,
resulting in fragmented inventory management, limited price transparency and no digital patient records. To counter these systemic issues, we
created Chasmawala, a localized e-commerce platform built with Next.js and MongoDB that utilizes a Retrieval-Augmented Generation (RAG)
Al system that provides automated, context-aware, and hallucination-resistant customer support in four languages — English, Nepali, Hindi
and Maithili. The platform is deployed on the Vercel edge network for low-latency performance optimized for mobile-first users in low-
bandwidth rural areas of Nepal. Cross-linguistic semantic embeddings (using paraphrase-multilingual-MiniLM-L12-v2 model) and FAISS-
based vector retrieval are used to generate accurate responses specific to eyecare greatly based upon a tailored optical knowledge base.
Platform has a Google Lighthouse SEO score of 100 and Best Practices score of 96, demonstrating reliability of architecture. Further features
include: digitized eye exams and a specific portal for doctors to access to maintain continuity of eyecare through retail channels. Preliminary
evaluation confirms that a localized, Al-driven e-commerce platform can meaningfully reduce information asymmetry, overcome geographical
barriersl, and lower digital literacy thresholds for underserved communities — establishing a scalable and replicable model for health-focused
digital retail across tier-2 markets in South Asia.
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I. INTRODUCTION
The fast growth of the internet and mobile devices, especially since COVID-19, has changed how Nepal's retail industry
functions. The E-commerce industry is growing rapidly and is expected to be worth $1.38 billion in 2026. Most (Approx. 80%) of
all transaction have been made using a smartphone or another handheld device. The general E-commerce platforms of Daraz and
Sastodeal are mainly focused on Kathmandu. Healthcare-focused E-commerce platforms remain largely absent in tier-2 cities
(Janakpur, Biratnagar, etc ). Most retailers continue to use older, fragmented and ineffective methods to sell their products.
Optical care is an essential service that has been neglected in regional Nepal as per research. The majority of the health
issues currently being faced related to older individuals living in regional areas of Nepal involve visual impairment due primarily
to having uncorrected refractive error as well as already having cataracts, thereforeneeding to be operated on. The majority of the
older people living in regional Nepal require eye surgery and need to travel to get this service.
Clinical (off-line) optical care is the only method being used by individuals living in regional Nepal, however it has
significant challenges associated with it as outlined below.
o Information Asymmetry: Customers are unaware of the price and inventories.
e Geographical barriers: Major population living in rural areas have to travels distance for basic optical consultation and
product browsing.
o Data fragmentation: Loss of Paper-based prescription leads to frequent loss of medical history, hindering the continuous eye
care.

This research outlines a localized E-commerce site developed for Retailers in Janakpur using Next.js and MongoDB
Acrchitecture, a Python-based Retrieval Augmentation Generation (RAG)-based system to respond to user queries and an Avrtificial
Intelligence (Al) layer to provide low-digital-literacy users with contextual guidance in Four Languages (including Maithili)) to
lower the Barriers to Digital Adoption in Healthcare.

The primary contributions of this work are as follows:
1. Design and Deployment of a Domain-Specific Optical Retail Platform for Tier-2 Nepal
We present Chasmawala (chasmawala.com.np), the first e-commerce platform purpose-built for optical retail in Janakpur,
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Nepal. Janakpur is a tier-2 city located in Nepal and it has historically been very underserved by the availability of digital commerce
infrastructure. To create the platform, we utilized a decoupled architecture consisting of Next.js and MongoDB with hosting on
the Vercel edge network. The platform is optimized to meet the needs of mobile-first, low-bandwidth users in rural areas of Nepal.
Additionally, the system has received a Google Lighthouse SEO score of 100 and a Best Practices score of 96, which demonstrate
technical qualifications for regional deployment.

2. A Two-Stage Multilingual RAG Pipeline for Grounded Optical Health Assistance

We're building a domain-focused Retrieval Augmented Generation (RAG) system using FAISS vector database + the
paraphrase-multilingual-MiniLM-L12-v2 model (for generating cross-lingual embeddings) + the BAAI/bge-reranker-base model
(for performing two-step searching) to support English, Nepali, Hindi, and Maithili in a common semantic space. The retrieval
feature provides users with accurate optical direction regardless of the user's language or digital literacy level, and the system will
be useful to users who need optical direction from their native language to their target language(s). The addition of support for
Maithili as part of this project may be the first time an e-commerce platform serving the Nepali population has provided this
service.

3. A Replicable Architecture for Health-Focused Digital Retail in Underserved South Asian Markets

In addition to being directly applicable, this work provides the foundation for a repeatable technical framework for rolling
out geographically localized, Al-assisted e-commerce platforms into low-infrastructure and linguistically diverse tier-2 markets in
South Asia. By bringing together a doctor portal, digital eye exam, and multilingual Al component into a single platform, this
model can be scaled to vertical health-related sectors adjacent to the optical retail sector including pharmacy, physiotherapy, and
dental care.

I1.RELATED WORK
A. E-Commerce in Developing Economies and Tier-2 Markets

Across South and Southeast Asia, the mobile internet is spreading rapidly. This growth of access to mobile internet has led
to a large increase in digital retail platforms. Despite this growth, most research and development of e-commerce platforms are
focused on metropolitan cities while ignoring tier-2 cities and rural communities.

For example, while platforms like Daraz and Sastodeal have had great success in Kathmandu (the capital and largest city),
they have not been able to successfully penetrate much of the rest of the country. Statistics predictthat Nepal's e-commerce market
will reach $1.38 billion by 2026 [10], and geographic and language barriers in Nepal's population present another major barrier to
establishing inclusive digital commerce. This research aimed to fill this missing link by developing a digital retail solution for the
optical industry in Janakpur, Nepal — a tier-2 city with no previous digital retail solutions for optical products.

B. Retrieval-Augmented Generation (RAG) for Domain-Specific Applications

The research conducted by Lewis et al. [1] established the foundational principles of Retrieval-Augmented Generation and
demonstrated how incorporating a non-parametric retrieval mechanism into the inference stage of a large language model (LLM)
enhances factual accuracy and reduces hallucinations when generating knowledge-intensive texts. Using LLMs for few-shot
learning has also allowed researchers like Brown et al. [3] to confirm that transformer-based models can generalize across multiple
domains without significant domain-specific training. Khandelwal et al. [15] provided additional support to this branch of research
by showing how the use of nearest-neighbor retrieval techniques on a large collection of cached representations of text data will
allow LLMs to generalize better. Chasmawala's FAISS-based algorithm utilizes these principles of retrieval-augmented generation
in order to improve LLM performance.

With regard to voice-based conversational Al, Thoppilan et al. reviewed the benefits of dialog-specific language models
utilising grounded mechanisms from LaMDA and found that they benefitted significantly from the bounded nature of such
grounded mechanisms - in particular being constrained to responses based on validated sources of information. This finding is the
basis for one of Chasmawala's design decisions to only allow the LLM based on the Ollama system to use the FAISS retrieved
context, thereby preventing involuntary hallucinations within retail contexts for which providing error-prone sources of optical
information has real implications in the physical world.

The attention mechanism which is fundamental to all transformer-based generation and retrieval models; was introduced
in the foundational works of Vaswani et al., whose architecture serves as the foundation for the embedding model and LLM for
Chasmawala's Al service layer.

C. Multilingual and Cross-Lingual NLP for Low-Resource Languages

High quality cross-lingual sentence representations are a key enabler of effective multilingual support in natural language
processing (NLP) systems. In this context, Reimers and Gurevych [4] created Sentence-BERT, which demonstrates that it is
possible to create semantically meaningful sentence embeddings using siamese BERT networks. This is also the implementation
method of the paraphrase-multilingual-miniLM-L12-v2 model that is used in Chasmawala’s embedding layer, which creates a
unified semantic space across languages, such that when a user submits a query in Nepali, Hindi, or Maithili, they are able to
retrieve documents that are not stored in the same language (i.e., regardless of the language in which the document is stored) and
that are contextually relevant to them.

Because Maithili (approximately 3 million speakers in the Terai region of Nepal and Bihar, India) continues to have a very
limited representation in multilingual NLP benchmarks and commercial language technology, the addition of Maithili as a first-
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class supported language by Chasmawala’s RAG pipeline is a meaningful contribution to making a low-resource language
accessible in the digital retail space, an area that has received little attention in the literature to date.

D. Vector Search and Scalable Similarity Retrieval

Retrieving information quickly on a large scale is a critical aspect of a production-ready RAG system. Johnson et al. [5]
proposed the Facebook Al Similarity Search (FAISS) method, which is capable of achieving billion-scale approximate nearest
neighbor search capabilities with performance characteristics that can be utilized in real-time. In its role as the vector store for
Chasmawala, FAISS allows for sub-second retrieval of semantically-related optical knowledge chunks from the indexed
knowledge base. The LangChain framework [13] is the orchestration layer that connects the embedding model, the FAISS index,
and the LLM inference pipeline while FastAPI [14] acts as the high-performance Python back end that exposes the RAG engine
as a RESTful API to the Next.js front end.

E. Deployment Infrastructure for Low-Latency Regional Applications

The deployment architecture requires careful consideration to meet the demands of maobile-first users in rural low-
bandwidth areas. Vercel's edge network [7] deploys application logic at many different Points of Presence (PoPs) around the world
in order to reduce time-to-first-byte (TTFB) for users located away from the central server. The choice of architectures like this
are particularly important for Chasmawala's target user base living in the Terai region of Nepal, where network conditions vary
and need to efficiently handle low latency-dependent interactions such as Al chatbot queries, in order to keep users engaged with
your product.

IHI.METHODOLOGY: SYSTEM ARCHITECTURE
The architecture of chasmawala.com.np is designed as a decoupled full-stack application to ensure high performance and
scalability. The system is designed in three layers: Frontend Layer, Backend & Database Layer, and Al Service Layer.

Users Backend

(API layer) Node.js

Frontend
(Next.Js, Tailwind,
ShasCN)

-customer

- Auth AP
- Product API
- Cart API

- Order API
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Fig. 1. System Architecture of chasmawala.com.np.

Frontend Architecture and Deployment
Using Next.js as the client-side application development framework, an SSR-enabled (server-side rendering) react based
framework, is a key factor in delivering high quality product images and descriptions quickly and efficiently across multiple
network conditions.
e Performance Optimization: The application is deployed on the Vercel global edge network, which provides a number of
Points of Presence (*"'PoP") to help minimize TTFB (Time to First Byte).
o Responsive Design: The end-user interface was designed with mobile responsiveness in mind using Tailwind CSS because of
the high mobile penetration in Nepal.

Data Modeling of Optical Care
Due to the semi-structured and complex nature of optical data, we chose a NoSQL approach to implementing data modeling
of Optical Care by creating a schema with MongoDB as the base database.

e Schema Design: Standard E-commerce and the database and applications are designed to store specialized optical parameters
such as Sphere (SPH), Cylinder (CYL), and Axis associated with each OCULUS DEXTER (OD) and OCULUS SINISTER
(OS) entry.

o Interoperability: The database serves as a single source of truth for both the Frontend and the Al Service Layer.
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Al Service Layer: Python RAG Engine
A custom Al chatbot is part of the system and helps provide expert advice to users. The system employs the Python

FASTAPI backend to perform the RAG process.

e Cross-lingual embedding and vector storage: All information (e.g., return policy, contact info, lens type, eyecare advice,
etc.) has been converted to a vector format using HuggingFaceEmbeddings (paraphrase-multilingual-MiniLM-L12-v2),
establishing a unified semantic space connecting users from regions that speak English, Nepali, Hindi and Maithili. All of these
vectors will then be stored with FAISS (Facebook Al Similarity Search) for fast retrieval.

e The RAG process: When the user submits a query, it is rephrased and multiple retrievals are done based on the user's query
to find the best matching context. The RAG-based system is designed to handle both standard and informal local queries and
multiple variations of each user query will be generated to produce the most appropriate context.

e The translation layer: The cross-lingual embedding model "paraphrase-multilingual-MiniLM-L12-v2" is used by RAG to
extract context for any user query no matter which of the four target languages is in use. Retrieved contexts will be compared
against the knowledge base that is populated with the four languages, and the user will receive an output in their native
language.

o Localized Inference: A relevant context retrieved from a user’s session is sent to the Ollama-based Large Language Model to
generate a highly accurate localized response. To avoid hallucinations, the large language model uses architectures that limit
responses to the knowledge stored in the system.

IV.RESULTS

To ascertain the functionality and technical performance of chasmawala.com.np, web auditing tools and Al layer
functionally will be used.
Web Performance Metrics: Google's Mobile-Friendly Indicator (Lighthouse) performed an audit of Vercel's production
environment for mobile devices. Chasmawala.com.np achieved the following scores on Google Lighthouse - 100 points for SEO,
96 points for Best Practices, indicating excellent discoverability and security of the system architecture. The Accessibility Score
was 81 out of 100, which means it is very accessible for blind and visually impaired users. Lastly, a performance score of 69
represents a competitive baseline for mobile-first Next.js applications in regional contexts.

RAG System: Functional Evaluation

Chasmawala's RAG pipeline has been assessed using functional tests based on representative queries in English, Nepali and
Maithili to simulate real-world operational conditions. The system's behaviour was logged and analysed based on four criteria: the
quality of retrieved information, the ability to rank retrieved information appropriately after it has been retrieved; ability to perform
cross-lingual processing and; resistance to hallucinations (i.e. signs that suggest the presence of have occurred).

Pipeline Architecture Observed: The retrieval system has two parts: retrieving vector representations from FAISS, and then re-
ordering the results of that retrieval based on relevance using a neural network (BAAI/bge-reranker-base) before passing the results
along as context to Ollama's LLM. The two stage approach helps tell you how reliable your answers will be when they are used in
other models, so it makes this process less susceptible to error (hallucinations).

Test Observations:

Query | Language]| Docs Retrieved|| Correct Context?|| Hallucination?
‘ "3(gIp fadep By 32" H Maithili || 6 H Yes H None ‘
English || 5 | Partial || None |

Cross-lingual Retrieval: When searching for the Martha clinic's location, the system was able to pull the appropriate context
chunks from all three linguistic sections (English, Nepali, and Maithili) indicating that there is now one semantically unified
document across all languages using the multilingual embedding model as a basis. The last context passed to the LLM was returned
correctly in relation to Nepali/Maithili demonstrating that the entire capability to retrieve cross-lingually has been accomplished.

Hallucination Resistance: Across all test cases observed, the responses of the systems were consistently based on the appropriate
FAISS context that was retrieved from storage. There was no occurrence of hallucination (when a claim is created that does not
exist in the knowledge source) identified. This is a crucial conclusion for a health- adjacent retail platform because providing
inaccurate optical advice to the user has the potential to adversely affect user outcomes.

Identified Limitations:

Query Rewriting Instability: Logs reveal that the query rewriting module occasionally produces incomplete rewrites — for
example, the Maithili query 3781 faafe B 31?2 was rewritten as clinic_location * '8P, truncating the original query.
Despite this, retrieval remained successful due to the robustness of the semantic embedding. However, this represents a known
instability in the rewriting module that will be addressed in future iterations.
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Mixed-Content Chunk Retrieval: For the English clinic services query, one of the top reranked chunks contained Maithili face
shape and pricing information — topically unrelated to clinic services. This is attributed to the current chunking strategy, which
groups multiple facts into single text blocks. Future work will implement finer-grained chunking at the sentence or fact level to
improve retrieval precision.

Knowledge Base Scope: The current knowledge base comprises a structured multilingual text document covering product
categories, lens technologies, store policies, contact information, and face-shape recommendations. While sufficient for functional
validation, the limited size of the knowledge base — particularly for Maithili content — is the primary factor contributing to
reduced retrieval accuracy for Maithili queries compared to English and Nepali.

Summary of Findings:

| Dimension || Finding |
| Cross-lingual Retrieval || Functional across English, Nepali, Maithili |
| Reranking I Two-stage pipeline operational |
| Hallucination || None observed |
| Query Rewriting | Occasional truncation bug identified |
| Chunk Relevance | Mixed-content chunks reduce precision |
| Knowledge Base Size || Limited, especially for Maithili |

A formal quantitative evaluation using Precision@K, ROUGE-L, and Faithfulness scoring across a larger, expert-validated
query set is defined as future work, pending knowledge base expansion.

V.DISCUSSIONS
Chasmawala.com.np offers insight regarding the future of specialized digital retail in South Asia.

Performance of website: Lighthouse gives chasmawala.com.np a score of 69 which is in the "orange" category compared to the
total E-commerce Asses. Most mobile E-commerce sites in South Asia have performance scores that fall between 40 and 55 due
to the many unoptimized and third parties that have been integrated into the sites of their competitors.

The minimum score achieved results from the complexity associated with the RAG-based system. The RAG system introduces
computational overhead; however, deployment on an edge network significantly reduces perceived latency compared to traditional
centralized architectures.

Chasmawala.com.np achieved a score of 100 for SEO excellence, which in effect validates the preeminence of their server
side rendering system within Next.js. Therefore when a user types "Best Chasma Pasal in Janakpur" upon searching will find
chasmawala.com.np demonstrates strong engine visibility in search engine results representing a major accomplishment for a local
business.

Comparative Analysis

To situate Chasmawala within the existing digital retail landscape of Nepal, we compare the platform against two dominant
general-purpose e-commerce platforms — Daraz.com.np and Sastodeal.com — as well as a general-purpose Al chatbot (e.g.,
ChatGPT used without domain grounding) across eight dimensions relevant to optical retail in tier-2 Nepal markets.

| Feature | Chasmawala || Daraz || Sastodeal || General Al Chatbot |
. . . General General
Domain Focus Optical retail only merchandise merchandise None
Al/Chatbot Support || RAG-based, grounded None None Generlc,Fl)wrzng]Léunatlon-
| Multilingual Support || EN, NP, HI, Maithili || Nepali + English || Nepali + English || Major languages only |
| Maithili Support || Yes || No || No || No |
Optical Domain SPH, CYL, Axis, Lens No No Generic only
Knowledge types
N . Low (FAISS- .
Hallucination Risk grounded) N/A N/A High
. . - Kathmandu- Kathmandu-
Tier-2 City Focus Janakpur-specific centric centric None
| Doctor Portal | Yes | No | No | No |
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| Feature | Chasmawala || Daraz || Sastodeal | General Al Chatbot |
| Digital Eye Test | Yes | No | No I No |
Mobile-First Design TailwinSdS;Next.js Partial Partial N/A
SEO Score
(Lighthouse) 100 N/A N/A N/A
| Edge Deployment || Vercel Edge Network || CDN-based || CDN-based || N/A |

Table: Comparative Analysis of Chasmawala vs. Existing Platforms

Analysis

Against Daraz and Sastodeal: Daraz and Sastodeal are general merchandise sites that primarily focus on serving customers in
the Kathmandu metropolitan area. Neither site has optical-specific features such as vision prescription storage (SPH, CYL, Axis)
or lens technology support. Also, the only Al functionality on either site is limited to simple search/recommendation filter
functions, and neither site effectively supports conversational Al. Additionally, there is a considerable lack of support for the
Maithili language, which is the language spoken by the vast majority of people living in Janakpur. In contrast, Chasmawala
provides an effective solution to all of these issues through vertical domain specificity and a multi-lingual knowledge grounded
Al layer.

Against General-Purpose Al Chatbots: While general-purpose Al systems such as ChatGPT can answer optical queries in
multiple languages, they carry a significant hallucination risk — they may generate plausible but incorrect optical health advice
(e.g., incorrect lens recommendations for a given prescription). This risk is unacceptable in a health-adjacent retail context.
Chasmawala's RAG architecture mitigates this by constraining all responses strictly to the curated FAISS knowledge base, ensuring
that users receive only verified, store-specific information. Additionally, general-purpose chatbots have no awareness of
Chasmawala's specific inventory, pricing (Rs. 300-15,000), return policies, or clinic location — making them unsuitable as a drop-
in replacement for a localized retail assistant.

Unique Positioning: Chasmawala occupies a unique position at the intersection of three underserved needs: vertical optical
domain specialization, tier-2 geographic focus, and low-digital-literacy Al assistance in regional languages including Maithili. No
existing platform in Nepal currently addresses all three simultaneously.

Overcoming the Digital Literacy Gap with RAG

The main takeaway from this study is that a platform with a grid style design will create an anxiety inducing first time
experience for digital users in Tier 2 markets.

A user can utilize the python-based RAG as if it were their own personal concierge service and ask questions naturally
(e.g., What lens will protect from my mobile phone screen?). The RAG acts as an active consultant and is able to support the user
by speaking in local language by way of a multi-lingual system.

Developing and using a trusted source of information, RAG leverages a specific knowledge base (FAISS) to establish a
basis of accuracy for its results, thus eliminating the chance of hallucinating information which is common among all general Al.
Without accurate and trusted information, users risk obtaining incorrect information regarding healthcare, creating a potentially
negative impact on their healthcare outcomes and will therefore create uncertainty or questionable confidence in the platform.

VI.CONCLUSION AND FUTURE WORK

Chasmawala.com.np is an important breakthrough in advancing retail digitization in Nepal. By providing a solution to
information imbalance and geographic separation, the platform is helping improve quality of life in Nepal.

The basic platform provides an opportunity for technological creativity, particularly in second-tier cities. Our research
findings confirm that high-performance web standards can be met in this platform with the achievement of a SEO score of 100%
and a Best Practice score of 96%.

The integration of RAG-based Al systems significantly reduces barriers for users with low digital literacy.

Future Work

While the current implementation provides a strong foundation, it provides an excellent base to build out a future vision
for further research and development.
1. Virtual Try-On (VTO) Integration: Future versions will have VTO Al driven capabilities to eliminate the imagination gap.
Users will see the details of how frames and glasses fit them, using a 2D image-to-image translation using their own facial
geometries.
2. Multilingual Voice Interface: To help reduce any obstacles, an ASR will be incorporated into the overall system. The ASR
service will allow users to ask questions of the system by speaking hands-free in Nepali, Maithili, or Hindi.
3. Performance Optimization: There is an opportunity for performance improvement that could increase the performance score
from 69 to 90+. Advanced image compression techniques and optimized React component rendering would provide the most
efficient way to achieve this level of performance improvement.
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