


Introduction
This application mimics a live race day scenario where spectators can track athletes in real time across the Ironman Wales bike course. The architecture consists of three separate components: the race tracker, which acts as the central C++ server; the race simulator, which simulates athlete movement and streams position data to the server; and a browser based frontend which displays live athlete positions on an interactive map.
The server operates across two ports using different protocols. Port 9002 accepts a raw TCP connection from the simulation client, receiving position updates as they are generated. Port 9001 handles WebSocket connections from browser based viewers, broadcasting those updates in real time. The application uses genuine GPX route data from the Ironman Wales bike course [1], giving athletes realistic GPS coordinates as they progress. A key emphasis of the application is managing the concurrency of multiple simultaneous viewer connections without blocking the flow of incoming race data.
Architecture
The server architecture uses a hybrid approach, utilising both raw TCP and WebSocket protocols. The raw TCP connection on port 9002 handles communication between the server and the simulation client. When a position update arrives, it is passed to the MessageHandler, which parses the JSON data and broadcasts it to all connected viewers via WebSocket on port 9001. In a real world scenario, the racers would be wearing GPS trackers, which is why we’ve created the simulation client to mimic a similar scenario. 
The rationale behind this hybrid approach is that browsers are sandboxed environments i.e. they don’t expose raw socket APIs to JavaScript, meaning raw TCP cannot be used for browser based clients. WebSocket was therefore chosen for viewer connections. Raw TCP was chosen for the simulation client as it is a lightweight and efficient protocol suitable for machine to machine communication where you don’t require browser compatibility. 
The server is structured around the principle of separation of concerns where each class has a single responsibility. ConnectionManager manages viewer connections, MessageHandler handles parsing and broadcasting, and RawTCPServer handles the socket lifecycle. None of these classes know about each other's internals, making the codebase easier to maintain.
Sockets
As mentioned, our server uses both a raw TCP socket and a WebSocket. The raw TCP socket is used to create a server connection so it can receive the simulated race data.
This begins with WSAStartup, which tells Windows we want to use networking [2]. This is an essential first step, without it, none of the socket functions below would be accessible. Once initialised, a socket object is created using three parameters which describe the kind of connection we want: AF_INET for IPv4, SOCK_STREAM for a TCP connection, and IPPROTO_TCP to confirm the protocol. The socket is then attached to port 9002 using bind(), which claims that port on our machine and ensures all incoming TCP traffic is directed there. listen() is called next to open the socket for incoming connections. A backlog parameter is passed in to limit how many connections can queue while the server is busy. Finally, accept() waits for a client to connect and creates a new socket specific to that client. This is a blocking call, meaning the calling thread is unavailable until a connection arrives. To avoid blocking the rest of the application, the accept loop runs on a dedicated thread.
Error checking is applied to every socket function call. If WSAStartup, socket(), bind() or listen() fails, the error code is logged and the server exits cleanly rather than continuing in a broken state. This follows the principle of failing fast.
Once the simulation client connects, the server reads incoming data using recv(), it accumulates bytes into a buffer until a newline character is received. At that point the complete JSON message is passed to MessageHandler for processing.
The simulation client follows a simpler process via the NetworkClient class. It performs the same WSAStartup and socket() steps, but uses connect() rather than bind/listen/accept. The connect() methods reaches out to the server's address and port to establish the connection.
The WebSocket server sits on port 9001 and was implemented using the uWebSockets library [3] rather than from scratch. The WebSocket protocol requires a specific HTTP upgrade handshake involving SHA-1 hashing. uWebSockets handles this protocol layer, allowing development effort to focus on connection management and the race simulation logic. A single /viewer endpoint handles browser connections. When a viewer connects they are added to the ConnectionManager's broadcast list and receive live position updates as they arrive.
Concurrency
A previously mentioned, the accept() method is a blocking call. The application is meant to handle potentially thousands of viewers wanting to track an athlete. If concurrency wasn’t factored in, the end user would experience significant delays or be unable to connect entirely, as the server would be blocked processing one connection before moving to the next. To solve this issue, each incoming message from the simulator is handled on its own thread, which leaves the event loop free to receive the next message immediately. 
With the multithreading issue solved, the next important factor to consider is the race condition risk. This could potentially happen if we had multiple threads trying to access the viewer list simultaneously i.e. one thread might be adding a viewer while another is broadcasting to the list. The ConnectionManger protects the viewer list with a mutex. This involves locking a thread using a mutex, and then unlocking it automatically when the process ends. It uses a RAII lock guard to the ensure the lock is always released even in unforeseen circumstances. 
Frontend
For the frontend a very basic html/vanilla JS page is served from the C++ server. Leaflet.js library [4]is used for the map overlay, and some basic styling is implemented to highlight the race route. To establish the WebSocket connection, we connect to port 9001 using the browser's native WebSocket API. When a position update is received, the athlete's marker is either created for the first time or updated to their new coordinates, giving viewers a live view of the race as it unfolds. A .gpx file is also used to plot the route on the map. We use the leaflet-gpx plugin to load the Ironman Wales GPX file directly from the server, drawing the full bike course as a polyline on the map so viewers can see exactly where each athlete is on the route.
Improvements
One of the first improvements that could be made if this application was developed further with the intention of making it production ready, would be to introduce a thread pool. Currently, we use thread::detatch() to spawn a new thread which then dies when it’s done. The problem here is that if thousands of clients join, creating this many threads would cause significant overhead on the server and degrade the performance. Whilst our current approach is sufficient to demonstrate the socket lifecycle, we could instead use a thread pool to maintain a fixed number of worker threads that pick up tasks from a shared queue. This is more efficient as threads are reused rather than created and destroyed. 
A second improvement relates to how we parse our JSON object. We used newline delimiting, where the server would read the data until it reaches ‘\n’. The issue with this is that it relies on messages never containing any newline characters. This current method was chosen as our position updates are small and fixed in structure, making partial reads unlikely. A length fixed protocol would be more robust, where the length of the data would be sent first, followed by the data. This allows the server to handle any message content and scale to larger payloads. 
Conclusion
This application successfully demonstrates the core principles of socket programming and concurrency. A hybrid network was implemented using raw TCP and WebSocket protocols. The result is a functional live race tracker that stream real Ironman Wales GPS data to browser based viewers. 
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