


Architecture Three Tier Relay Design
The system uses a three-component architecture, an upstream NodeJS server with a C-Relay server as the middleware and a C++ client as the consumer. Data flows from the JS server on port 3000 to the C++ Relay server which listens on port 4000 for the C++ client.
This separation of concerns mirrors real-world distributed systems where a data source, processing layer and ultimately the consumer are all decoupled meaning each component can be developed, tested and deployed independently. This relay-based approach means the client never talks directly to the data source and the C++ server acts as a gateway which is a common best practice for security and abstraction. This security boundary allows for rate limiting which in this case is handled by a thread pool class setting a total user count as users are clients handled as threads.
This design pattern allows for each component to independently scale in a production environment for the most optimised resource usage based on client volume, the JS server can scale based on data generation, the Relay server scales based on client count.
Multi-Language Interoperability
The JS server produces CSV over HTTP a lightweight language agnostic format, the C++ relay server consumes this via raw HTTP socket calls enabling cross-language interoperability without heavy frameworks. CSV was chosen over JSON for the relay payload this is a deliberate design decision as CSV is trivially parseable in C++ without the use of third-party JSON libraries keeping the C++ side dependency free
Concurrency Thread-Pooling
The relay server uses a custom Thread Pool built on std::thread, std::mutex, std::condition_variable, and a std::queue, implementing the producer-consumer pattern. The main thread acts as the producer, accepting client connections and enqueuing handler tasks, while worker threads act as consumers, pulling tasks from the shared queue. The mutex protects the queue from concurrent access, and the condition variable allows idle workers to sleep efficiently rather than busy waiting, waking only when new work is available. Thread count is dynamically calculated from std::thread::hardware_concurrency(), using a quarter of available cores with a fallback minimum of one, allowing the server to adapt to the host machine rather than relying on a hardcoded value. Each client connection is enqueued as a lambda capturing the client socket, meaning the pool accepts any std::function<void()> this keeps it generic and avoids the need for dedicated worker subclasses, simplifying dispatch logic and decoupling the pool from the specifics of what work is being performed.
Object-Orientated Design Inheritance and Polymorphism
The Satellite base class is abstract as it contains a pure virtual display() and updateFrom() method acting as an interface. SatelliteWithTrack is the concrete implementation adhering to the open/closed principle meaning new satellite types can be added without modification to existing code.
The ClientMenu class on the client side is also an abstract interface with Menu as the concrete implementation. Separating UI logic from core business logic and enables alternative derivations of the Menu to be added.
SatelliteData struct uses operator < and std::tie (performing lexicographic comparison across multiple fields in a single expression) for comparison this is an idiomatic C++ pattern enabling its use in ordered containers like an std::set.
Networking Inet4Address Abstraction
The Inet4Address class encapsulates sockaddr_in setup, providing constructors for both client side IP and Port and server side port only INADDR_ANY use cases, avoiding repetitive boilerplate and reducing the likelihood of misconfigured socket addresses, this practice also enables the server to hit a health check endpoint on the JS server prior to accepting any clients a defensive fail fast programming technique preventing clients from connecting and failing on each request.
Protocol Design Simple Text Protocol
The client-server communication uses a simple text-based protocol: GET_SATS to request data, DISCONNECT to cleanly close with responses being terminated with \n\n a double newline as a message delimiter, this is lightweight and human readable protocol and can be easily debugged or extended avoiding the overhead of HTTP between the relay and client while still being structured.
Persistent Connections
The relay server keeps client connections alive in a loop (while recv > 0), allowing multiple requests per session rather than connect-per-request. Reducing TCP handshake overhead and is performance best practice for interactive clients, the Client’s RelayClient class manages connection state (connected flag) and handles reconnection with a retry mechanism (5 attempts with a 1.5s delay).
Client UX Terminal UI
The client features a colour-coded terminal interface using Windows console attributes (SetConsoleTextAttribute). Connection status is green/red headers are cyan, warnings yellow, satellite data is displayed in a formatted table with proper column enforcement using std::setw and std::setprecision. Long names are truncated with … to prevent layout breakage. With the menu loop using system(“cls”) for a clean refresh on each option.
Configuration and Environment
The JS server uses dotenv for configuration (PORT=3000), following the twelve-factor app methodology of externalising config from code, satellite definitions are stored in separate satellite.json file and are not hardcoded making it easy to update the satellite catalogue without code changes.
Error Handling and Robustness
CSV exceptions on the CSV server are caught during CSV fetch and sends ERROR: prefixed messages back to the client rather than crashing. WinSock error codes are checked and reported (e.g. error 10048 for port-already-in-use is specifically identified).
The client handles three recv outcomes, data received, connection closed (bytes == 0), and error (bytes < 0) covering all TCP edge cases. Socket cleanup (closesocket, WSACleanup) is performed in destructors and error paths preventing resource leaks. 
Data Parsing CsvParser
CsvParser is a static utility class as no instance state is needed, just a pure function this is appropriate as parsing is stateless. The same CsvParser and SatelliteData struct are shared across both the server and client projects maintaining a consistent data model across the system.
Resource management and RAII best practice
Resource Acquisition Is Initialization (RAII) the idea being to tie a resources lifetime to an object’s lifetime. When the object is created it acquires the resource needed and when that object goes out of scope (destroyed) it releases the resource. This guarantees cleanup even if an exception is thrown or an early return happens.
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Quick overview:
What you should see after unpacking and running all projects:
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After starting the JS server on port 3000 and the C++ relay server on port 4000, the relay performs a health check against the upstream data source before accepting clients. The C++ client can then connect, request satellite data via the GET_SATS command, and view the results in a formatted terminal table. The system demonstrates a complete data pipeline from generation through relay to consumption.
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struct WsaGuard {
WsaGuard() { WSADATA d; WSAStartup(MAKEWORD(2, 2), &d); } // acquire

~isaGuard() { WSACleanup(); } // release
i

WsaGuard wsaGuard; // WinSock initialized here

// ... entire server runs ...
// when main() exits (normally, via signal, or exception), ~WsaGuard() calls WSACleanup()
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> TERMINAL

C:\Users\RednorL \SinplifiedsOTSynpm run start

> simplifiedsotsgl.0.6 start
> node server.js

5.0.T.5 data server running on http://localhost:3000
CSV endpoint hit - serving 19 satellites

0

#%¥S5.0.T.S data server OK on port 3080kk*
C++ relay server listening on port 4080...
Client connected
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Users\Redmort\sourcelrep X+ v
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tus:  [CONNECTED] Satellites loaded: 19
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Disconnect

Request Satellite Data

View Satellite Table

Exit

] | NAME | LAT | NG | ALT | vis |
55U | ISS (International Space Station) | -13.263u | -13u.5670 | 82u3.15 | no |
9580 | Hubble Space Telescope | -uu4.8751 | 51.u656 | 26465.11 | ves |
3013 | Starlink-1007 | 2.88u8 | ue.5793 | 35501.79 | no |
3070 | Starlink-1130 | 18.8591 | -81.7423 | 1192.97 | ves |
3654 | Sentinel-1A | 2.5571 | 62.7610 | 10526.72 | ves |
327U | €SS (Tianhe Core Module) | 83.5125 | -125.1254 | 801.96 | no |
U204 | XMM-Newton | -76.11u0 | -116.7193 | 21540.67 | no |
599U | Terra (EOS AM-1) | 60.0369 | 67.66u8 | 23819.u4 | no |
7386 | Envisat | -5.6531 | -122.2708 | 30039.76 | ves |
3591 | NOAA-19 | -52.9289 | 164.1955 | 15701.52 | ves |
9260 | James Webb Space Telescope | 27.us38 | 50.6u62 | 198u9.6u | ves |
3376 | NOAA-18 | -72.5148 | u7.1657 | 3752.96 | ves |
5338 | NOAA-15 | -ue.3318 | -64.3190 | 23166.92 | no |
1216 | swoT | -uu4.7080 | -146.9327 | 27140.05 | no |
3689 | ICESat-2 | -62.12u5 | 1u42.6701 | 20035.73 | no |
5956 | EarthCARE | -12.6412 | -129.7212 | 9580.11 | ves |
3873 | GPS IIF-12 | -65.0209 | 7.02u8 | 28675.u0 | no |
5360 | GOES-11 | -us5.8325 | 108.6936 | 3035.16 | ves |
5u11 | SDO (Solar Dynamics Observatory) | -13.1668 | 107.6728 | 15717.u4 | ves |
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Your system has: 32 cores. S.0.T.S-Server now running threadpool of size: 8 Status: [CONNECTED]  Satellites loaded: 19

##%$.0.T.S data server OK on port 380xxx

C++ relay server listening on port U@@... [1] Connect to Server

Client connected [2] Disconnect

Fetching from JS server... [3] Request Satellite Data

connected to 5.0.T.S [4] View Satellite Table

Client disconnected [e] Exit

Shutting down >

Server stopped.

C:\Users\RedmorL\source\repos\S.0.T.S-Relay-C-Server\x64\Debug\S.0.T.S-Relay-C-Server.exe (process 30940) exited with code © (8x8). | ID | NAME | LAT | NG | ALT | vis |

Press any key to close this window .
| 25544 | ISS (International Space Station) | -13.2634 | -13u.5670 | 82u3.15 | no |
| 20580 | Hubble Space Telescope | -u4.8751 | 51.u656 | 26465.11 | ves |
| u3e13 | Starlink-1007 | 2.88u8 | ue.5793 | 35501.79 | no |
| u3e7e | Starlink-1130 | 18.0591 | -81.7423 | 1192.97 | ves |
| 28654 | Sentinel-1A | 2.5571 | 62.7610 | 10526.72 | ves |
| us27u | €SS (Tianhe Core Module) | 83.5125 | -125.1254 | 801.96 | no |
| 27424 | XMM-Newton | -76.11u0 | -116.7193 | 21540.67 | no |
| 25994 | Terra (EOS AM-1) | 60.0369 | 67.66u8 | 23819.u4 | no |
| 27386 | Envisat | -5.6531 | -122.2708 | 30039.76 | ves |
| 33591 | NOAA-19 | -52.9289 | 164.1955 | 15701.52 | ves |
| 49260 | James Webb Space Telescope | 27.us38 | 50.6u62 | 198u9.6u | ves |
| 28376 | NOAA-18 | -72.5148 | u7.1657 | 3752.96 | ves |
| 25338 | NOAA-15 | -ue.3318 | -64.3190 | 23166.92 | no |
| 54216 | swoT | -uu4.7080 | -146.9327 | 27140.05 | no |
| u3e89 | ICESat-2 | -62.12u5 | 1u42.6701 | 20035.73 | no |
| 56956 | EarthCARE | -12.6412 | -129.7212 | 9580.11 | ves |
| u3873 | GPS IIF-12 | -65.0209 | 7.02u8 | 28675.u0 | no |
| 26360 | GOES-11 | -us5.8325 | 108.6936 | 3035.16 | ves |
| 36u11 | SDO (Solar Dynamics Observatory) | -13.1668 | 107.6728 | 15717.u4 | ves |
Press Enter to continue...

C:\Users\RedmorlL \source\repos\S.0.T.S-Relay-C-Client\x64\Debug\S.0.T.S-Relay-C-Client.exe (process 27512) exited with code -1073741510 (8xc80013a).
Press any key to close this window .





