Asynchronous and Synchronous Methods in MVVC
C# and JQuery

Introduction

This training document focuses on asynchronous and synchronous methods in both C# MVC and jQuery,
with special attention to threading models, thread pool management, and task-based asynchronous patterns.
We'll explore how these approaches affect application performance, user experience, and server resource
utilization.

Key Learning Objectives:

. Understand the differences between synchronous and asynchronous operations
. Learn about threads and thread pools in .NET

. Recognize and prevent thread pool starvation

. Implement the Task-based Asynchronous Pattern (TAP)

. Apply async/await patterns in C# MVC controllers and actions

. Create and manage asynchronous operations in jQuery

. Integrate asynchronous backend and frontend operations

. Apply best practices for performance optimization

Synchronous vs Asynchronous: Core Concepts

Synchronous Operations

In synchronous operations, tasks are performed sequentially—each operation must complete before the next
one begins.

Characteristics:

. Blocking calls that prevent other code from executing
. Simpler to write and understand
. Can lead to thread blocking and poor user experience

. May cause application freezing during long-running operations



Asynchronous Operations
Asynchronous operations allow tasks to run independently of the main program flow.

Characteristics:

Non-blocking operations that allow other code to execute while waiting
. Improves responsiveness and scalability

. More complex to implement and debug

Essential for handling 1/0 operations, network requests, and database calls

When to Use Each Approach

Scenario Recommended Approach
Simple, quick operations Synchronous
I/O operations (file, network, DB) Asynchronous
Ul-related operations Asynchronous
CPU-intensive operations Task-based with appropriate thread management
Error handling critical operations Often synchronous

Understanding Threads in .NET

What is a Thread?

Acthread is the smallest unit of execution within a process. In .NET, threads are managed by the Common
Language Runtime (CLR) and represent an actual OS-level thread.

Thread Basics in .NET
/I Creating and starting a new thread

Thread thread = new Thread(() =>
{

Console.WriteLine("Work being done on a separate thread");

// Perform work here

ok
thread.Start(); // Begin execution

/I Wait for thread completion
thread.Join();



Thread States and Lifecycle

. Unstarted: Thread has been created but not started

. Running: Thread is executing code

. WaitSleepJoin: Thread is blocked waiting for another thread, sleeping, or waiting for a resource
. Suspended: Thread has been suspended (mostly deprecated)

. Stopped: Thread has completed execution

. Aborted: Thread has been aborted (deprecated in modern .NET)

Threads in ASP.NET MVC Context

In ASP.NET MVC, each incoming request is typically processed by a thread from the thread pool.
Understanding thread behavior is crucial for building responsive web applications.

Thread Pool and Resource Management

What is the Thread Pool?

The thread pool is a collection of worker threads that can be used to perform tasks asynchronously. It's
managed by the CLR to optimize thread creation and recycling.

Benefits of Thread Pool

. Reduced overhead: Thread creation and destruction is expensive; the pool reuses threads

. Controlled resource usage: Limits the number of active threads to prevent system overload
. Load balancing: Distributes work efficiently across available threads

. Queuing: Automatically queues work items when all threads are busy

How ASP.NET MVC Uses the Thread Pool
ASP.NET MVC processes incoming HT TP requests using threads from the thread pool:

1. When a request arrives, ASP.NET takes a thread from the pool
2. The thread processes the request through the MVC pipeline
3. After completion, the thread returns to the pool for reuse

This model works well until threads are held for too long (blocking), leading to potential thread pool
starvation.



Thread Pool Starvation Issues

What is Thread Pool Starvation?

Thread pool starvation occurs when all available threads in the thread pool are occupied (often blocked), and
new work items must wait in the queue, leading to application unresponsiveness.

Common Causes of Thread Pool Starvation
1. Blocking calls in ASP.NET MVC actions:

/I BAD: Blocks a thread pool thread
public ActionResult GetData()

{
/I This blocks a thread pool thread while waiting for 1/0

var result = _httpClient.GetAsync("https://api.example.com/data").Result;
return Json(result. Content.ReadAsStringAsync().Result);

2. Synchronous 1/0O operations:

/I BAD: Ties up a thread pool thread
public ActionResult ReadFile()

{
// Blocks thread while reading from disk

string content = System.10.File.ReadAll Text("largefile.txt");

return Content(content);

3. Long-running CPU-intensive operations:

/I BAD: Keeps thread busy for too long
public ActionResult ProcessData()

{
/I CPU-intensive work holding thread for extended period

var result = PerformComplexCalculations();

return Json(result);



Detecting Thread Pool Starvation

Signs of thread pool starvation:

. Increasing request queue length

. Growing request latency

. Timeout errors

. Application becomes unresponsive under load

Preventing Thread Pool Starvation

1. Use async/await for 1/O operations:

// GOOD: Frees thread while waiting
public async Task<ActionResult> GetDataAsync()

{

var result = await _httpClient.GetAsync("https://api.example.com/data");
var content = await result.Content.Read AsStringAsync();

return Json(content);

2. Offload CPU-intensive work:

/I GOOD: Uses dedicated threads for CPU-intensive work
public ActionResult StartProcessing()

{

/I Queue the work to a dedicated thread, not from the thread pool
Task.Factory.StartNew(() => PerformComplexCalculations(),

TaskCreationOptions.LongRunning);

return Json(new { status = "Processing started" });

3. Implement timeouts for external calls:

public async Task<ActionResult> GetDataWithTimeoutAsync()

{
var timeoutTask = Task.Delay(5000); // 5 second timeout

var dataTask = _httpClient.GetAsync("https://api.example.com/data");



var completedTask = await Task.WhenAny(timeoutTask, dataTask);

if (completedTask == timeoutTask)

{
return StatusCode(504, "Request timed out");

var result = await dataTask;

return Json(await result.Content.ReadAsStringAsync());

Task-based Asynchronous Pattern in C#

Understanding Tasks

A Task represents an asynchronous operation that may or may not return a value. Tasks are the foundation of
modern asynchronous programming in C#.

Task vs Thread
. Thread: Directly represents an OS thread and consumes substantial resources
. Task: A higher-level abstraction that may use threads from the thread pool or represent I/O

operations that don't require a dedicated thread

Creating and Working with Tasks
/I Create a task that returns a value

Task<int> task = Task.Run(() =>
{

/I Simulate work
Thread.Sleep(1000);
return 42;

IOk

/I Wait for task completion and get result
int result = task.Result; // This blocks the current thread until task completes

// Better approach with await
int result = await task; // Non-blocking wait



Task Lifecycle

. Created: Task instance created but not started

. WaitingForActivation: Task waiting to be scheduled

. Running: Task is executing

. WaitingForChildrenToComplete: Task completed but waiting for child tasks
. RanToCompletion: Task completed successfully

. Faulted: Task threw an exception

. Canceled: Task was canceled

Task Continuations

Task<string> task = Task.Run(() => "First task result");

// Add a continuation
Task<string> continuation = task.ContinueWith(previousTask =>

{

return previousTask.Result + "' with continuation™;

b

/I Get final result
string finalResult = await continuation;

Task Coordination

/I Run multiple tasks in parallel

Task<int> taskl = Task.Run(() => ComputeValue(1));
Task<int> task2 = Task.Run(() => ComputeValue(2));
Task<int> task3 = Task.Run(() => ComputeValue(3));

/I Wait for all tasks to complete
await Task.WhenAll(task1l, task2, task3);

/I Get results
int sum = task1.Result + task2.Result + task3.Result;

/I Wait for first task to complete



Task<int> firstCompleted = await Task.WhenAny(task1, task2, task3);
int firstResult = firstCompleted.Result;

Task Exceptions Handling

try
{
Task task = Task.Run(() =>

{

throw new Exception(*"Task failed");

o)

await task;

¥

catch (Exception ex)

{

/I Handle exception

Console.WriteLine("Task failed: " + ex.Message);

Asynchronous Programming in C# MVC

Evolution of Async in C#

1. Pre-async/await: Callback-based approaches, BeginX/EndX pattern
2. Task Parallel Library (TPL): Introduction of Task class
3. Async/await keywords: Modern approach (C# 5.0+)

Implementing Async Controllers

Traditional Synchronous Controller Action
public ActionResult GetCustomerData(int id)
{

/I This blocks the thread until the operation completes
var customer = _customerRepository.GetCustomerByld(id);

return View(customer);



Modern Asynchronous Controller Action
public async Task<ActionResult> GetCustomerDataAsync(int id)
{

/I This releases the thread while waiting for the operation
var customer = await _customerRepository.GetCustomerByldAsync(id);

return View(customer);

Async Action Methods Best Practices

Naming Convention: Append "Async" to method names

2. Return Types:

. Task<ActionResult> for most scenarios

. Task<JsonResult> for AJAX requests

. Task<FileResult> for file downloads

. Task<IActionResult> for greater flexibility (ASP.NET Core)
3. Exception Handling:

public async Task<ActionResult> GetDataAsync()
{

try

{

var result = await _service.GetDataAsync();
return View(result);

}

catch (Exception ex)

{
/l Log the exception

_logger.LogError(ex, "Error getting data™);

return View("Error");

Working with Entity Framework Asynchronously

public async Task<ActionResult> Index()

{

I/l Asynchronous database query - releases thread while DB works

var products = await _context.Products



.Where(p => p.IsActive)
.OrderBy(p => p.Name)
.ToListAsync();

return View(products);

Async Void: The Dangerous Pattern

/ BAD: Never use async void in MVC actions
public async void BadAction() // No return type tracking!

{
await Task.Delay(1000);

/I Exceptions are unhandled

// GOOD: Always use Task return types
public async Task<ActionResult> GoodAction()

{
await Task.Delay(1000);

return View();

jQuery Synchronous and Asynchronous Operations

AJAX in jQuery
jQuery simplifies AJAX (Asynchronous JavaScript and XML) operations in web applications.

Synchronous AJAX Call (Deprecated)
/I NOT RECOMMENDED - blocks Ul thread
$.ajax({

url: ‘/Controller/Action’,

type: 'GET",

async: false, // Makes the request synchronous

success: function(data) {

console.log('Data received:', data);
}

ok
/I Code here waits until the AJAX call completes



Asynchronous AJAX Call
/I RECOMMENDED APPROACH
$.ajax({
url: /Controller/Action’,
type: 'GET,
success: function(data) {
console.log('Data received:', data);
}
error: function(xhr, status, error) {

console.error(‘Error:', error);

}
o)

// Code here runs immediately, doesn't wait for AJAX completion

Modern Approach: jQuery with Promises

/I Using jQuery deferred objects (promises)
$.ajax({
url: '/Controller/GetDataAsync',
type: 'GET'
by,
.done(function(data) {
console.log('Success:', data);

H

fail(function(xhr, status, error) {
console.error('Error:', error);

b

.always(function() {
console.log('Request completed’);

ok

Handling Multiple Parallel Requests

/I Execute multiple AJAX requests in parallel
$.when(
$.get('/Controller/GetUserData’),
$.get('/Controller/GetProductData’),
$.get('/Controller/GetSettings')



)

.done(function(userData, productData, settingsData) {
/I All requests completed successfully
console.log(‘'User data:', userData[0]);
console.log('Product data:', productData[0]);
console.log('Settings:', settingsData[0]);

by,

Jfail(function(error) {
console.error('At least one request failed', error);

o)

Integration: C# MVC Backend with jQuery Frontend

Creating Asynchronous MVC Actions

/I C# MVC Controller with async action
public class DataController : Controller

{
private readonly IDataService _dataService;
public DataController(IDataService dataService)
{
_dataService = dataService;
}
[HttpGet]
public async Task<JsonResult> GetLargeDataSet(int pageSize, int pageNumber)
{
var data = await _dataService.GetPaginatedDataAsync(pageSize, pageNumber);
return Json(data);
}
}

Consuming Async Endpoints with jQuery

I/ jQuery code consuming the async endpoint
function loadData(page) {
$(‘#loading").show();



$.ajax({
url: '/Data/GetLargeDataSet',
type: 'GET',
data: { pageSize: 20, pageNumber: page },
dataType: ‘json'
by,
.done(function(data) {
/I Render the data on success
renderDataTable(data);
by,
fail(function(xhr, status, error) {
showErrorMessage('Failed to load data: ' + error);
b
.always(function() {
$(‘#loading").hide();
bk

/I Call the function when needed
$(‘#loadDataButton').on('click’, function() {
loadData(1);

ok

Performance Considerations and Best Practices

Server-Side (C# MVC)

Use ConfigureAwait(false) when appropriate

/I When you don't need to return to the original context
var data = await _repository.GetDataAsync().ConfigureAwait(false);
1.Avoid using Task.Run in web applications

/I BAD: Don't do this in MVC controllers
public async Task<ActionResult> BadAction()

{

var result = await Task.Run(() => ProcessData());



return View(result);

¥

2.Use CancellationToken for cancellable operations

public async Task<ActionResult> GetData(CancellationToken cancellationToken = default)

{

var data = await _service.LongRunningOperationAsync(cancellationToken);
return Json(data);

3.Use async all the way down

/I AVOID: Mixing async and sync code
public async Task<ActionResult> MixedAction()

{

/I Bad: Synchronous call in async method

var datal = _repository.GetDataSync();

/l Good: Async call

var data2 = await _repository.GetDataAsync();

return View(new MyViewModel { Datal = datal, Data2 = data2 });

}
4.Thread Pool Management

/I In Global.asax or Startup class
protected void Application_Start()

{

I/l Configure thread pool early in the application lifecycle
/I These values depend on your specific workload and hardware
int minWorkerThreads = Environment.ProcessorCount * 4;

int minCompletionPortThreads = Environment.ProcessorCount * 4;

ThreadPool.SetMinThreads(minWorkerThreads, minCompletionPortThreads);

}
5.Monitor Thread Pool Utilization

Il Create a background service to monitor thread pool health
private void StartThreadPoolMonitoring(TimeSpan interval)

{



Task.Run(async () =>
{
while (true)
{
MonitorThreadPool();
await Task.Delay(interval);

private void MonitorThreadPool()

{

ThreadPool.GetAvailableThreads(out int workerThreads, out int completionPortThreads);

ThreadPool.GetMaxT hreads(out int maxWorkerThreads, out int maxCompletionPortThreads);

double workerThreadUtilization = 100.0 * (maxWorkerThreads - workerThreads) / maxWorkerThreads;

_logger.Loglnformation(
"Thread pool utilization: {WorkerThreadUtilization}% of worker threads in use",
workerThreadUtilization. ToString("F2"));

if (workerThreadUtilization > 90)

{
_logger.LogWarning(""High thread pool utilization detected!");

6.Client-Side (jQuery)

Cache frequently used selectors

/I BAD: Repeatedly querying the DOM
$(‘#saveButton').click(function() { /* ... */ });
$(‘#saveButton').prop(‘disabled’, true);

// GOOD: Cache the selector

var $saveButton = $(‘#saveButton');
$saveButton.click(function() { /* ... */ });
$saveButton.prop(‘disabled’, true);



Use request timeouts

$.ajax({
url: '/Data/GetLargeDataSet',
timeout: 10000, // 10 seconds
success: function(data) { /* ... */ },
error: function(xhr, status, error) {
if (status === "timeout") {
showErrorMessage('Request timed out. Please try again.");

}
o)

Implement retry logic for important operations

function fetchDataWithRetry(url, maxRetries) {
var attempts = 0;

function attempt() {
return $.getJSON(url)
fail(function(error) {
attempts++;
if (attempts < maxRetries) {
console.log('Retry attempt ' + attempts);
return attempt();

}

throw error;

IOk

return attempt();

Throttle or debounce user inputs

var searchTimeout;
$(‘#searchBox').on(‘input’, function() {
/Il Clear previous timeout

clearTimeout(searchTimeout);



I/ Set new timeout - only execute 500ms after typing stops
searchTimeout = setTimeout(function() {
performSearch($(#searchBox").val());
}. 500);
bk
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