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ABSTRACT

Many clinics still use phone calls to schedule general consultations, vaccinations and blood tests. This process
is slow and becomes more difficult for multi-stage vaccinations because each dose must follow the required
interval. Workflow analysis shows that clinic staff spend significant time reviewing patient records before
confirming appointments. In a simulated clinic environment with 100 reservations per week, manual scheduling
produced appointment conflicts and increased scheduling time. This paper introduces an Al Agent-Based Multi-
Stage Appointment Scheduling System for Clinics that checks appointment availability, balances doctor
workloads, and validates vaccine dose schedules to address the lack of multi-stage scheduling and workload
balancing in clinic appointment systems. A Telegram bot for patients, a Next.js/React web portal for clinic staff,
and a Python FastAPI backend with PostgreSQL are used. An LLM race method accesses a local DeepSeek
model and the Google Gemini API simultaneously to minimize response time while a LangGraph agent evaluates
scheduling rules, doctor workload, and vaccination dependencies. The system was tested using 80 Pytest-based
regression, smoke, monkey, scheduling, booking success rate, workload balancing, Al extraction,
communication agent, and vaccine validation tests and 132 manual black-box functional test cases across 19
functional modules on the web portal and Telegram bot. All automated validation tests passed 100%, and manual
functional verification passed 99.2% (131 of 132 cases). Results show that the proposed system addresses the
main limitations of existing clinic scheduling systems by providing Al-assisted booking, workload balancing,
and multi-stage vaccine validation, while allowing clinic staff to review and manage all appointments through
the administrative dashboard.

Keywords Al agents, appointment scheduling, multi-stage dependency, Telegram bot, clinic management
system

INTRODUCTION

Medical clinics depend on an efficient appointment system to manage patient visits. Many clinics still use phone
calls or messaging apps to schedule general consultations, vaccinations and blood tests. This process takes time
for both staff and patients. During system analysis, it was observed that clinic staff often spend a large part of
their working hours checking doctor availability, updating bookings and replying to repeated patient enquiries.
For example, in a simulated clinic configured with about 100 total appointments each week, manual scheduling
increased the risk of double bookings and uneven doctor workloads during busy periods.

The problem becomes more serious for multi-stage vaccinations because each dose must follow a fixed time
interval. Staff need to check previous vaccination records before confirming the next appointment. If this process
is done manually, patients may receive the wrong appointment date or miss the correct vaccination sequence.
Current clinic systems provide only basic scheduling functions, so staff and patients still need to manage these
requirements manually.

This paper presents an Al agent-based appointment scheduling system for clinics. The system uses Al agents to
check appointment availability, balance doctor workloads and validate vaccine dose schedules using a relational
database. It also provides a Telegram bot for booking, rescheduling and cancelling appointments and a Next.js
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web portal for clinic staff. The implementation showed that the integration of Al-assisted decision making with
rule-based validation resulted in more dependable scheduling. This was due to the fact that each appointment
followed according to predetermined clinical guidelines, while also enabling staff to evaluate the final result.

RELATED WORK

Existing commercial systems

This study reviews three types of clinic appointment systems to identify the research gap. These include
Electronic Health Record (EHR) scheduling systems such as ClinicAssist [1], web-based booking systems such
as BookDoc [7] and rule-based chatbot platforms such as ManyChat [9] for Telegram and WhatsApp. The
literature review indicates that these systems support basic appointment booking but have limited support for
multi-stage scheduling, workload balancing and vaccine dependency validation. For example, in a simulated
multi-dose vaccination case, most existing systems could book appointments but could not automatically verify
the required interval before scheduling the next dose. Table 1 compares the strengths and limitations of these
systems.

Table 1. Comparison of Existing Scheduling Systems

Category Strengths Weaknesses

Legacy EHR | Secure and closely linked with | Used mainly for clinic management. No patient access.
scheduling patient records and billing | Cannot manage multi-stage appointments or automatically
modules systems. handle linked schedule changes.

Web-based Patients can book and manage | The booking process is simple. Each appointment is treated
booking appointments online without | as individual registration. Has no support for dependency
portals calling the clinic. checking or multi-stage appointment validation.

Patients can easily navigate
Rule-based through platforms that are well-
chatbots known to them. No requirement
for an additional application.

Employs predetermined guidelines and restricts the flow of
conversation. Is unable to understand complex requests or
interact with a live database for intelligent scheduling.

Although existing clinic appointment systems provide online booking and appointment management, they
generally lack autonomous Al decision-making, workload-balanced scheduling, vaccine dependency validation
and automated appointment rescheduling. Therefore, this research proposes a multi-agent clinic scheduling
architecture that integrates these capabilities into a single intelligent platform.

Al Agents and LLM-Based Scheduling in the Literature

Recent studies have applied LLM-based agents to healthcare scheduling and clinical conversations.
CareConnect, which is developed Hasan et al. [6], employs rule-based safety tests before the LLM processing
user requests. The system in this study is quite similar to this approach, in which scheduling rules are verified
before Al's decision-making. Zhi et al. [17] demonstrated that healthcare systems are evolving from basic
chatbots to Al agents that have advanced memory and planning capabilities. This supports the use of Al agents
that follow database rules instead of relying only on LLM responses. Ruiz Mejia and Rawat [14] proposed
MedScrubCrew, which combines multiple LLM agents with matching algorithms to improve appointment
scheduling. Hannebauer and Miiller [5] used multi-agent systems to solve appointment scheduling problems and
Marynissen and Demeulemeester [ 10] found that multi-agent methods and heuristic algorithms remain effective
for healthcare scheduling. The primary objective of current research is to enhance scheduling algorithms.
However, a relatively small number of clinic management platforms integrate Al agents with a complete system
that includes a staff web portal, a Telegram bot and database-driven medical validation. This gap motivated the
development of the proposed system.

Computational Technique Comparison

This study compares two methods for appointment scheduling. The first method uses rule-based constraint
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checking with if-else logic. It is efficient and produces consistent outcomes; however, it is limited to
understanding natural language and requires preset input formats. The second method uses an Al agent
framework with LLMs managed by LangGraph [8]. It can understand natural language, apply scheduling rules
and balance doctor’s workloads more effectively. Experimental evaluation showed that the Al agent handled
different patient requests more accurately than the rule-based method, especially when users entered incomplete
or conversational messages. Therefore, the proposed system implements an Al agent framework that is
monitored by LangGraph. The architecture implements "LLM race strategy" to optimize system reliability and
processing speed. It synchronously queries the Google Gemini API and a local DeepSeek model, which was
selected for its cost-effectiveness and reduced cloud dependency. The system rapidly provides patients with
feedback, regardless of whether one service experiences latency, by executing scheduling decisions based on the
model that returns a valid response first.

System Architecture
The platform adopts a decoupled three-tier client-server architecture, illustrated in Figure 1.

Three-Tier System Architecture for Clinic Management

PRESENTATION TIER: Client Interaction & Application Logic

l —_:Q ' APPLICATION TIER: Python FastAPI & Al Application Logic
.@.

Dual-Interface ° = Asynchronous Task Management
o ==
o —— Python FastAPI & Al Central Server
Telegram Bots Next.js/React Web Portal Central server managing business logic and Al Execute background tasks, such as reminders,
‘ (Patient Services)  (Clinic Staff Management) agents to process incoming service requests. to maintain system response speed.
DATA TIER: Persistence & Storage

[ogels:py @9@ catabascipy l Centralized PostgreSQL Database
SQLAIchemy ORM Integration U Stores Appointment Records, Vaccine Data,

Utilizes models.py and database.py to interface s Inventory Levels, and Al Decision Logs

between the application logic and the database.

Figure 1. Three-Tier System Architecture: Presentation, Application and Data Layers

e Presentation Tier: The system offers a Next.js/React web portal for clinic staff and a Telegram bot for
patients. The web portal enables staff to manage appointments and monitor system activities, while the
Telegram bot supports appointment services.

e Application Tier: Al agent is deployed, business logic is managed and requests are processed by a Python
FastAPI [4] server. Celery [2] with Redis [13] executes background tasks, including appointment
reminders, without affecting the system's response time.

e Data Tier: The system relies on the SQLAIchemy [15] ORM (models.py and database.py) together with
a PostgreSQL [11] database. In a central location, the database maintains appointment records, vaccine
information, inventory data and Al decision logs.

Fig. 1 shows how an appointment request moves through the system. The patient sends a message through the
Telegram Bot API [16]. The message is sent to the FastAPI server and processed by the LangGraph [8] Al agent.
The agent checks appointment availability, doctor workload and vaccine scheduling rules using the PostgreSQL
database through SQLAIlchemy [15]. A booking confirmation, a rejection message and an alternative
appointment slot is then sent to the Telegram bot. This workflow reduced the need for manual verification by
validating scheduling rules before storing appointments in the database, as demonstrated by system testing. The
Clinic Staff Web Portal utilises the same FastAPI services and database, enabling staff to observe and manage
appointments in real time. Background tasks, including appointment reminders are managed by Celery [2] and
Redis [13]. The Al agent also converts patient messages into structured JSON data and the system validates the
data before creating or updating any appointment record.
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Al Agent Design

The scheduling system uses several specialized Al agents and support modules instead of one large algorithm.
Each component is responsible for a specific function, such as verifying database records and scheduling rules
and interpreting patient requests. The modular implementation allowed each component to be independently
tested, maintained and extended without affecting other modules.

Scheduling Agent

The Scheduling Agent validates appointment requests before Al processing by employing a single-node
LangGraph StateGraph (scheduling_agent node). It compares the requested appointment date and time with the
availability of the selected doctor, rejects appointments that are scheduled during unavailable time slots or in the
past and suggests the nearest available appointment slot when necessary. When multiple doctors are available,
the system assigns the doctor with the lowest future workload. The system suggests the best available
appointment together with 3 alternative time slots. Experimental evaluation demonstrated that this approach
reduced invalid booking requests, improved scheduling accuracy and distributed appointments more evenly
across doctors. The workload-balanced appointment displayed in the Telegram bot is illustrated in Fig. 2, which
includes the selected doctor, the recommendation reason and alternative appointment slots.

IR fﬁ =
You selected Any Doctor 12:48 PM J(t:réé’)

) s s ;(Q & m_
N Recommended Appomtment |
. Doctor DR. SITI NURHALIZA ?
| Date: 2026-07-03 N\

Time: 09:00 AM
- Reason: Recommended for fastest availability with least
| workload.

Other Available Options: ]
| - DR. SITI NURHALIZA - 03/07/2026 Friday 09:30 AM ;
» DR. SITI NURHALIZA - 03/07/2026 Friday 10:00 AM
* DR. SITI NURHALIZA - 03/07/2026 Friday 10:30 AM

You may still choose any available slot. 12:48PM |

Figure 2. Telegram Bot Output of the Workload-Balanced Appointment Recommendation
Multi-Stage Vaccine Dependency Agent

The /validate-vaccine-booking routine checks a patient's completed doses, scheduled doses and external
vaccination records before booking the next appointment. The next necessary dose is automatically determined
by the system, which also verifies vaccination brand continuity, missing doses, repeat series eligibility, duplicate
bookings, interruption rules and the necessary time between doses. The system presents the earliest available
appointment date and rejects the booking if any rules are violated. Verification using simulated vaccination
records demonstrated that this approach prevented incorrect dose sequences and reduced manual verification by
clinic staff. All vaccine rules, such as dose intervals, repeat series and interruption settings, are stored in the
database, so new vaccines can be added without changing the system logic.

Rescheduling Agent and Vaccine Search Agent

The Rescheduling Agent helps patients change their appointment date, time or doctor. Before updating the
database, it uses the Scheduling Agent to verify the new appointment. Then, the previous appointment time slot
is released and all related appointment records stay the same. Functional verification showed that this procedure
avoided duplicate bookings and decreased schedule conflicts.
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Natural language queries about diseases or vaccine names are accepted by the Vaccine Search Agent. It returns
structured vaccine data, such as the type of vaccine, total doses, booster availability, repetition rules, interruption
rules and dose intervals, using the LLM race strategy. In order to ensure accurate appointment scheduling, this
data is sent straight away to the vaccine validation process.

Intelligent Patient-Admin Communication Agent

This agent is responsible for managing conversations that are beyond the scope of the other agents' automatic
resolution responsibilities. The agent requests that the patient confirm a hand-off to clinic admin while preserving
the in-progress booking draft when a patient's message during a booking flow is classified as clinic-related but
unrelated to the current action. Upon confirmation, the message is forwarded to the clinic administrator and an
is_live chat flag directs any subsequent patient messages to the administrator dashboard. The patient receives
real-time responses from the administrator via Telegram.

Database Design

As shown in Fig. 3, the system maintains data consistency by using a PostgreSQL database. The initial
appointment data is stored in the appointments table, while the status and scheduled time of each appointment
stage are stored in the appointment_stages table. To maintain the proper sequence for multi-stage appointments,
the depends_on_stage id field connects relevant stages. The experimental verification demonstrated that their
relationships stored in the database improved validation accuracy and reduced scheduling errors. New vaccine
schedules can be introduced without altering the system logic since vaccine rules, like dose intervals, are kept in
the vaccines and vaccine dose schedules tables. When necessary, clinic staff may review appointment activities
by referring to the chat messages and agent logs tables, which keep track of Al decisions and patient messages.

External_vaccine_Records

P | id Y °H L Hi Y N i i i i
FK | patient_d Vaccine_Dose_Schedules P ———
Chat_Templates
e FK | vacone_id i
; PK | id | m
! dose_name - P [ v
: FK | cimic_id Bo-- ey
: dale_taken : =
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e interval_cays — H
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otal_doses PKFK1 | vaccine id PK | id : : telegram_id i
has_boosisr PK,FK2 | clinic_id ciic_id : phane |
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Figure 3. Entity-Relationship Diagram of the Clinic Scheduling Database
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Implementation

The backend is developed using Python 3, FastAPI and Uvicorn. It offers over 70 RESTful APIs for clinic
management, appointment booking, Al processing, vaccine validation, patient registration and clinic
administration. The primary database is PostgreSQL, which is connected via secure SSL connections and the
system employs SQLAIchemy [15] to manage database operations. The modular API design simplifies future
system enhancements and improves maintainability.

The Telegram bot assists patients in the selection of a clinic, registration, service, appointment booking,
rescheduling and cancellation. It is fully integrated with MyKad OCR, manual registration, inline date and time
selection and an Exit command that enables users to terminate the booking process at any point. The evaluation
conducted with simulated users confirmed that the menu-driven workflow reduced input errors and simplified
the booking process for first-time users.

The Clinic Staff Web Portal, which was created using Next.js, React, TypeScript and Tailwind CSS, contains a
clinic discovery page (Fig. 4) that offers a Telegram QR code and deep link for each clinic. Additionally, it
provides an authenticated dashboard (Fig. 5) that facilitates the management of inventory, chat records,
appointments, clinical schedules and account settings. The dashboard enables clinic staff to monitor Al-
generated bookings and manually update appointments as necessary, thus enhancing system reliability and
maintaining staff control.

: acas

Find your nearest clinic.
Book directly on Telegram.

No waiting on hold. Connect instantly with our intelligent scheduling bot to book

consultations, vaccines, and blood tests in seconds

KLINIK KESIHATAN SUBANG KLINIK ANDA

@ NO1, JALAN SUBANG, SELANGOR TAMBUN, IPOH
©

R, +60386210000 R, +60125540856
o
Figure 4. Public Clinic-Discovery Web Page Linking to the Telegram Bot

wwwwwwwwww

- All Doctors P+ NewEco)
g Dashboard Overview m
Timetable
Manage today's schedule and monitor clinic load Scheduled Completed [] Canceled No-Show
o
a7 B 4 N o3 5 o
Today =~ Back = Next June 2026 Month = Week  Day
Sun Mon Tue Wed Thy Fri sat
o1 02 03 04 05 06
JUDY HAYLEY - Blood Test MUHAMMAD AL BIN AH...
+2more
o7 08 00 10 11 12 13
CHOWMIN.Voccine  CHOWYU. Others AHMAD BIN ABU -Vaccine - SIA JIA WEN - Vaccine
CHEONG XUAN JING . 0... *2More AHMAD BIN ABU - Vaccine
3 15 16 17 18 19 20
CHOW YU - Others ZHANG LING HE - Others CHELSEA MORRIS - Vac...
+2more
21 22 23 24 25 % 21
SPOONGE BOB BIN SQ...  CHOW MIN - Others GOH SHINYI-Vsccine  JOHN SMITH-Vaceine  SIAIAWEN -Others
+4more +zmore +7 more
il 20 30

Figure 5. Clinic Staff Web Portal Dashboard/Timetable View
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RESULTS AND DISCUSSION

Test Methodology

Two verification methods were used to evaluate the system. The first method tested database-independent
functions, including the LangGraph Scheduling Agent and the natural language date and time parser in agent.py.
These functions were tested with predefined inputs and the results are shown in Tables 2 and 3. The second
approach evaluated functions that require constant data, such as workload balancing, vaccine validation and
appointment slot recommendation, using automated pytest [12] test suites with fixture-based, simulated database
records. The automated test results were verified against manually traced expected outputs. This method verified
that before the full deployment, the system logic aligned to the expected scheduling requirements. Performance
measures such as response time and OCR accuracy will be evaluated during the final User Acceptance Testing
and deployment stages.

Scheduling Agent — Executed Test Results

The scheduling agent node function was tested using 5 representative requested time inputs to evaluate the
scheduling validation rules. The test cases covered valid requests, past dates, invalid date formats, unavailable
doctor time slots and non-working day bookings. The expected results were achieved in all test cases according
to the scheduling rules that were implemented. The verification results are summarized in Table 2, using the
execution date of 2026-08-12 (Wednesday).

Table 2. Executed Test Cases - Scheduling Agent

Test Input Rule Exercised Actual Output
is_valid=False, "You cannot book an appointment in the
past."

Date/time in the past | Past-time rejection

Weekday, 11:00, 7 | Available doctor time

is_valid=True, "Slot available."

days ahead slot
Weekday, requested | Doctor availability | is_valid=False; suggested alternative = nearest available
time unavailable validation appointment slot
) Non-working day | is_valid=False, "No doctors are available on the selected
Sunday, 10:00 o " S ) .
rejection day."; suggested alternative = next available working day
Malformed-input

Unparsable string

i is_valid=False, "Invalid format."
handling -

All 5 test cases produced the expected results without any system errors. The Scheduling Agent successfully
rejected invalid appointment requests and returned a clear rejection message, a valid alternative appointment
time or both. Experimental evaluation demonstrated that the rule-based validation consistently enforced clinic
scheduling rules before the Al processed the booking request, which improved the reliability of the appointment
scheduling process.

Natural-Language Date/Time Extraction — Executed Test Results

The calculate exact datetime function was tested using five representative natural language date and time
expressions. In order to ensure consistent and repeatable outcomes, the current time_str parameter was fixed at
09:00:00 on Wednesday, 2026-08-12. These test cases handled frequent patient expressions that are employed
during appointment scheduling. The function accurately converted each expression into the specified date and
time format during the testing process. The verification results are presented in Table 3.

Table 3. Executed Test Cases - Date/Time Parser

Input (date, time) Parsed Output
“tomorrow”, “2pm” 2026-08-13; 14:00:00
Page 1916
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“next monday”’, “9.30am” 2026-08-17; 09:30:00

“in 3 days”, “17:00” 2026-08-15; 17:00:00

“2026-12-25, “noon” 2026-12-25; time period = “noon” (12:00 PM — 1:59 PM)
“25/12”, (none) 2026-12-25; time = None

Five out of five test cases produced the expected results. The calculate exact datetime function recognizes both
number-based time expressions, such as "2 pm", "14:00" and "9:30 am", and word-based time-of-day
expressions, such as "noon", "midnight", "morning" and "evening". For a word-based expression, the parser
returns a matching time period instead of a single clock time, and the scheduling flow then lists every available
slot that falls within that period's clock-time window (e.g. 12:00 PM — 1:59 PM for "noon") for the requested

date.
Multi-Stage Vaccine Dependency — Automated Test Verification

The /validate-vaccine-booking function was validated using an automated pytest [12] suite
(test_vaccine_dependency evaluation.py) with fixture-based patient and vaccine history records. All 10
representative vaccination scenarios that were executed, which included brand switching, dose intervals, repeat
series and interruption rules completed successfully. Throughout the testing process, the system accurately
rejected requests that were submitted before the required dose interval and returned the earliest valid appointment
date. It also identified cases where the interruption period exceeded the allowed limit and instructed the patient
to restart the vaccination series from Dose 1. Since all vaccine rules are stored in the vaccines and
vaccine dose schedules tables, the same validation process can be applied to newly added vaccines without
changing the system code.

Workload-Balanced Recommendation

In the live example shown in Fig. 2, the system selected the doctor with the lowest workload for the requested
appointment and suggested three alternative time slots. The evaluation revealed that the recommendation process
produced clear and consistent results because every recommendation included the reason for the selected doctor.
The system also applied the same tie-breaking rule for identical requests, which ensured that scheduling
decisions were consistent and repeatable.

Post-Implementation System Comparison

Table 4 maps the weaknesses of existing systems identified in Table 1 to the specific mechanism this
implementation uses to address them, based on the executed and traced behaviour described above.

Table 4. How the Implemented System Addresses Previously Identified Weaknesses

Identified Weakness (Table 1) Addressing Mechanism in This System

No patient access and manual data entry | Menu-driven Telegram bot with EasyOCR [3] MyKad registration

in legacy EHR systems to simplify patient access and data entry.

No support for multi-stage appointment | depends_on_stage id relationship and /validate-vaccine-booking

dependencies in legacy EHR systems routine to manage multi-stage.

Form-based booking systems treat each | Conversational booking process with automatic vaccine dose

appointment separately sequencing using vaccine dose schedules.

Rule-based chatbots use fixed rules and | LangGraph Al agent with the LLM race strategy and real-time

cannot access live database information | PostgreSQL access for appointment validation and conflict
resolution.

Automated Accuracy Evaluation Suite

To complement the functional verification, a pytest [12] test suite was developed to measure system
performance. The suite evaluates regression testing, smoke testing, scheduling accuracy, Al extraction accuracy,
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vaccine dependency validation, workload balancing, communication agent accuracy, booking success rate and
monkey testing.

e Regression Testing: Tests the core system functions after code modifications to verify that existing
features continue to operate correctly without introducing functional regressions.

e Smoke Testing: Tests the core system components, including server startup, database connectivity, API
services, Al agent initialization and appointment processing, to verify that the system is stable before
detailed testing.

e Scheduling Accuracy: Tests the scheduling agent node with valid and invalid appointment requests to
measure scheduling accuracy.

e Al Extraction Accuracy: The test extract appointment_details utilises labelled patient messages to assess
the accuracy of intent and appointment information extraction. The test classify general message
evaluates the classification of message-intent into the categories of
create/check/modify/delete/other/unrelated.

e Communication Agent Relay Accuracy: Tests the bi-directional message relay endpoints (/ask-admin,
/admin/chat-reply and its edit/delete counterparts) to ensure that admin replies are accurately preserved
and forwarded to patients via Telegram or SMS, including message edits and deletions.

e Vaccine Dependency Validation: Tests validate vaccine booking and get next vaccine dose with
representative vaccination scenarios, including brand changes, dose intervals, repeat series and
interrupted schedules.

e Workload Balancing Accuracy: Tests recommend_slots to verify doctor selection based on workload,
doctor preference and appointment availability.

e Booking Success Rate: Tests the /book-appointment endpoint against an actual disposable test database,
in which a mixed batch of valid and intentionally invalid requests is used to confirm that valid bookings
are successful and the invalid ones are accurately rejected.

e Monkey Testing: To ensure that the system degrades gracefully rather than collapsing, the system is fed
large volumes of randomised and malformed input into the admin chat-reply relay,
classify general message, scheduling agent node and calculate exact datetime.

Manual Functional Verification

On the React Clinic Staff Web Portal and the Telegram bot, 132 manual black-box functional test cases were
executed across 19 functional modules. These test cases covered patient management, appointment management,
doctor management, vaccine management, blood test management, clinic provisioning, staff permissions,
account settings and the AI Agent Engine. In addition to automated testing, the test cases were executed
manually. Both recorded failures were traced to a single defect described in the Limitation section, with 131 of
132 cases passing (99.2%).

Quantitative Performance Evaluation

Table 5. Performance Evaluation Summary

Evaluation Category Test Cases Passed Failed Result

Regression Testing 20 20 0 100.00%
Smoke Testing 7 7 0 100.00%
Monkey Testing 6 6 0 100.00%
Scheduling Accuracy 9 9 0 100.00%
Booking Success Rate 1 1 0 100.00%
Workload Balancing Accuracy 3 3 0 100.00%
Al Extraction Accuracy 15 15 0 100.00%
Communication Agent Accuracy | 9 9 0 100.00%
Vaccine Validation Accuracy 10 10 0 100.00%
Overall Pytest Execution 80 tests 80 0 100.00%
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The proposed system was evaluated using 80 automated test cases executed through the Pytest [12] framework.
The evaluation included regression, smoke, monkey, scheduling, booking success rate, workload balancing, Al
extraction, communication agent and vaccine validation tests. All 80 automated tests passed successfully without
execution failures.

Functional regressions were not implemented by recent system modifications, as evidenced by the 100% pass
rate of regression testing. Smoke testing also achieved a 100% pass rate, which indicates that all core services,
API routes and application modules were correctly initialized.

Monkey testing also obtained a 100% pass rate. This evaluation verified that the system degraded gracefully,
returning validation errors or rejection messages, rather than crashing or producing unhandled exceptions, by
providing large volumes of randomised and malformed input into calculate exact datetime,
scheduling agent node, classify general message and the admin chat-reply relay.

The Scheduling Agent effectively implemented doctor availability restrictions and appointment validation rules,
achieving 100% scheduling accuracy across all evaluated scheduling scenarios.

Additionally, the Booking Success Rate assessment obtained a perfect score of 100%. The /book-appointment
endpoint was tested against a real disposable test database with a mixed batch of valid and intentionally invalid
requests. The results confirmed that valid bookings were consistently accepted and stored, while invalid requests
were correctly rejected without corrupting existing appointment records.

The workload balancing evaluation achieved 100% accuracy across all evaluated scenarios by consistently
assigning appointments to the available doctor with the lowest workload while satisfying clinic scheduling
constraints. The evaluation confirmed that the workload balancing strategy followed the predefined scheduling
rules, resulting in a fair distribution of appointments among the available doctors.

The AI Intent Extraction evaluation achieved 100% extraction accuracy and accurately classified general
enquiries into booking-related and non-booking-related categories for hand-off routing by accurately identifying
user intent, appointment date and appointment time from natural language requests.

The Vaccine Dependency Agent achieved a 100% validation accuracy by accurately enforcing vaccine interval
requirements, brand consistency, repeat vaccination rules and interrupted vaccination policies.

The Patient-Admin Communication Agent achieved 100% relay accuracy by accurately saving admin replies to
the database and forwarding them to patients via Telegram or SMS, including message edits without losing hand-
off messages.

Limitations

e Infrastructure Dependency: The system requires a stable internet connection for the Gemini API and
appropriate hardware to operate the local DeepSeek model. The system is unable to proceed with Al
extraction and keeps the patient's message if both services are unavailable.

e Region-Specific Registration: The MyKad OCR and gender detection functions are specifically designed
for the 12-digit identity card format for Malaysia. To facilitate the processing of identity documents from
other countries, these functions require additional development.

e Response Time Variation: The LLM race strategy utilizes the first response from either the Gemini API
or DeepSeek. Experimental evaluation demonstrated that this approach improved system availability.
However, response time can still increase if both Al models respond slowly at the same time.

e Message-Deletion Synchronisation: The message-deletion handler now verifies the Telegram
deleteMessage API response before deleting the corresponding local database record, so an admin-
initiated deletion request for a message outside Telegram's 48-hour deletion window is rejected with a
clear error instead of silently desynchronising the local chat record. A related gap remains unresolved:
the Telegram Bot API does not notify bots when a patient deletes their own message directly within
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Telegram, so such deletions succeed on Telegram but are not reflected in the clinic's local chat records.
This does not affect the correctness of vaccine-dependency or scheduling.

CONCLUSION AND FUTURE WORK

This paper presents an Al agent-based multi-stage appointment scheduling system for clinics. The system
combines a Telegram bot, a Next.js web portal, a PostgreSQL database and Al agents to support appointment
scheduling. During system testing, it was found that the Scheduling Agent consistently enforced clinic rules,
including doctor availability, past-date validation and non-working day restrictions. The date and time parser
also handled most common patient requests correctly, including word-based time-of-day expressions such as
"noon" and "midnight", which are resolved to a bookable time window rather than a single exact time. The
vaccine validation process and workload balancing logic also followed the expected scheduling rules during
code verification. The proposed system addresses the main limitations identified in existing clinic scheduling
systems by providing Al-assisted booking, workload balancing and multi-stage vaccine validation while
allowing clinic staff to review and manage all appointments through the administrative dashboard.

Future work will include the following: extending the message-deletion synchronisation mechanism to reconcile
messages that patients delete directly within Telegram, since the Telegram Bot API does not notify bots of user-
initiated deletions; generalising the OCR and identity-verification components to support flexible document
schemas beyond the Malaysian MyKad format for broader geographic compatibility; the development of a live-
LLM evaluation harness to directly measure the semantic accuracy of the DeepSeek and Gemini outputs (rather
than the mocked deterministic wrapper); the extension of fuzz testing to the /book-appointment and /validate-
vaccine-booking endpoints; and the addition of multi-language support (Bahasa Malaysia and Mandarin) to the
conversational flow of the Telegram bot.
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