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ABSTRACT

This chapter is a Rust-​based simulation system designed to coordinate multiple 
medical robots operating in shared hospital environments. The chapter focuses on 
concurrent systems, task scheduling, mutual exclusion for shared zones, and fault 
detection through heartbeat monitoring. A shared task queue assigns work to robot 
workers, while a zone access control mechanism ensures that only one robot operates 
in a critical area at a time. The system monitors heartbeat signals from each robot to 
detect failures or stalled execution. The modular architecture supports two execution 
models: a thread-​based scheduler for lightweight concurrency and a process-​based 

DOI: 10.4018/979-8-2600-1101-0.ch006



164

scheduler for stronger isolation between workers. Controlled benchmarks and stress 
tests show correct enforcement of zone exclusivity, reliable detection of missed 
heartbeats, and stable performance under concurrent workloads. The results show 
predictable scalability for lightweight tasks and highlight contention effects when 
task duration and zone competition increase.

1. INTRODUCTION

1.1 Problem Statement and Motivation

Hospital operations involve constant movement of resources, personnel, and sup-
plies under strict safety and timing constraints. Tasks such as delivering medication, 
transporting lab samples, moving equipment, and responding to emergencies often 
occur. When autonomous robots are introduced to assist with these operations, the 
coordination problem becomes more complex. The system must decide which robot 
performs which task, in what order, and under what safety guarantees.

Weak coordination can lead to serious issues. Multiple robots may attempt to 
enter the same corridor or treatment area at the same time, tasks may experience 
excessive delays and overall can lower the system efficiency even when sufficient 
robots are available. As a result. Robot coordination is not simply an execution 
problem, but a concurrency and scheduling problem.

A coordination system must handle or avoid dynamic task arrivals, shared resource 
conflicts, changes in robot availability, and occasional failures on design. Simple 
sequential schedulers are insufficient in this setting because they fail to protect shared 
state and are vulnerable to race conditions. At the same time, systems deployed in 
safety-​critical environments must be observable and testable, allowing developers 
to validate behavior under both expected and extreme conditions.

The motivation for this chapter is to build a controlled simulation environment 
that models these challenges explicitly. Rather than treating concurrency as an 
implementation detail, Chapter Blaze places it at the center of system design. 
Task queues, schedulers, zone locks, and monitoring mechanisms (Mohammed & 
Zangana, 2026) are all modeled as first-​class components. This approach allows 
the system to be evaluated not only on whether tasks complete, but on how safely 
and efficiently they complete under varying levels of load. In addition, the chapter 
serves an educational objective: applying systems programming concepts to a re-
alistic domain where synchronization, isolation, and fault awareness are essential 
rather than optional.
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