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Locks 

Allow to execute complex operations atomically. 

Are slow if locking (Monitor.Enter) blocks. 



Atomicity in C# 

Reads and writes of the following data types are 
atomic: bool, char, byte, sbyte, short, 
ushort, uint, int, float, and reference types 
(of the reference itself). 

 

Reads and writes of other types, including long , 
ulong , double , decimal , and user-defined 
types, are not guaranteed to be atomic.  

There is no guarantee of atomic read-modify-
write. 

 

OK 

NO! 



Interlocked Static Class 

.NET provides explicit atomicity for common read-modify-write 
scenarios, via “methods” of the Interlocked class:  

Method Available for types 

Read long 

Add/Increment/Decrement int, long 

Exchange/CompareExchange int, long, single, double, 
and generic for T where T : class 



2 Threads Executing. Expected Output? 

int a = 0;  

int b = 0;  

 

void t1() {  

 a = 1;  

 Console.Write(b);  

}  

 

void t2() {  

 b = 1;  

 Console.Write (a);  

}  

 

 

Option Result 

A 0 0 

B 0 1 

C 1 0 

D 1 1 



2 Threads Executing. Expected Output? 

int a = 0;  

int b = 0;  

 

void t1() {  

 a = 1;  

 Console.Write(b);  

}  

 

void t2() {  

 b = 1;  

 Console.Write (a);  

}  

 

 

Option Result 

A 0 0 

B 0 1 

C 1 0 

D 1 1 

OK, compiler can do almost anything with this 
code! So, let’s suppose we disabled all compiler 

optimizations. 



2 Threads Executing. Expected Output? 

int a = 0;  

int b = 0;  

 

void t1() {  

 a = 1;  

 Console.Write(b);  

}  

 

void t2() {  

 b = 1;  

 Console.Write (a);  

}  

 

 

Option Result 

A 0 0 

B 0 1 

C 1 0 

D 1 1 



2 Threads Executing. Expected Output? 

int a = 0;  

int b = 0;  

 

void t1() {  

 a = 1;  

 Console.Write(b);  

}  

 

void t2() {  

 b = 1;  

 Console.Write (a);  

}  

 

 

Option Result 

A 0 0 

B 0 1 

C 1 0 

D 1 1 (when running simultaneously) 



2 Threads Executing. Expected Output? 

int a = 0;  

int b = 0;  

 

void t1() {  

 a = 1;  

 Console.Write(b);  

}  

 

void t2() {  

 b = 1;  

 Console.Write (a);  

}  

 

 

Option Result 

A 0 0 (can happed due to optimizations in current processors) 

B 0 1 

C 1 0 

D 1 1 (when running simultaneously) 



Concurrent Access 
using System; 

using System.Threading; 

  

class Test { 

  public static int result; 

  public static bool finished; 

  

  static void Thread2() { 

    result = 123; 

    finished = true; 

  } 

  

  static void Main() { 

    finished = false; 

   

    new Thread(Thread2).Start(); 

   

    for (;;) { 

      if (finished) { 

        Console.WriteLine("result = {0}", result); 

        return; 

      } 

    } 

  } 

} 

 



Concurrent Access 
using System; 

using System.Threading; 

  

class Test { 

  public static int result; 

  public static bool finished; 

  

  static void Thread2() { 

    result = 123; 

    finished = true; 

  } 

  

  static void Main() { 

    finished = false; 

   

    new Thread(Thread2).Start(); 

   

    for (;;) { 

      if (finished) { 

        Console.WriteLine("result = {0}", result); 

        return; 

      } 

    } 

  } 

} 

 

or 



Concurrent Access – Solution with Locks 
using System; using System.Threading; 

  

class Test { 

  public static int result; 

  public static bool finished; 

   

  

  static void Thread2() { 

    lock (???) { 

      result = 123; 

      finished = true; 

    } 

  } 

  

  static void Main() { 

    finished = false; 

  

    new Thread(Thread2).Start(); 

  

    for (;;) { 

      lock (???) { 

        if (finished) { 

          Console.WriteLine("result = {0}", result); 

          return; 

        } 

      } 

}  }  } 



Concurrent Access – Wrong Solution with Locks 

using System; using System.Threading; 

  

class Test { 

  public static int result; 

  public static bool finished; 

   

  

  static void Thread2() { 

    lock (typeof(Test)) { 

      result = 123; 

      finished = true; 

    } 

  } 

  

  static void Main() { 

    finished = false; 

  

    new Thread(Thread2).Start(); 

  

    for (;;) { 

      lock (typeof(Test)) { 

        if (finished) { 

          Console.WriteLine("result = {0}", result); 

          return; 

        } 

      } 

}  }  } 



Concurrent Access – Still Wrong Solution with Locks? 

class Test { 

  public int result; 

  public bool finished; 

   

 

  void Thread2() { 

    lock (this) { 

      result = 123; 

      finished = true; 

    } 

  } 

 

  void Thread1() { 

    finished = false; 

    new Thread(Thread2).Start(); 

    for (;;) { 

      lock (this) { 

        if (finished) { 

          Console.WriteLine("result = {0}", result); 

          return; 

        } 

      } 

    } 

  } 

 

  static void Main() { new Test().Thread1(); } 

}   

 



Concurrent Access – Correct Wrong Solution with Locks 

class Test { 

  public int result; 

  public bool finished; 

  private object resultLock = new object(); 

 

  void Thread2() { 

    lock (resultLock) { 

      result = 123; 

      finished = true; 

    } 

  } 

 

  void Thread1() { 

    finished = false; 

    new Thread(Thread2).Start(); 

    for (;;) { 

      lock (resultLock) { 

        if (finished) { 

          Console.WriteLine("result = {0}", result); 

          return; 

        } 

      } 

    } 

  } 

 

  static void Main() { new Test().Thread1(); } 

}   

 

Note: SyncRoot in collections 
(e.g. context of Deque 

assignment).  



Concurrent Access – Solution with Locks 
using System; using System.Threading; 

  

class Test { 

  public static int result; 

  public static bool finished; 

  private static object resultLock = new object(); 

  

  static void Thread2() { 

    lock (resultLock) { 

      result = 123; 

      finished = true; 

    } 

  } 

  

  static void Main() { 

    finished = false; 

  

    new Thread(Thread2).Start(); 

  

    for (;;) { 

      lock (resultLock) { 

        if (finished) { 

          Console.WriteLine("result = {0}", result); 

          return; 

        } 

      } 

}  }  } 



Concurrent Access 
using System; 

using System.Threading; 

  

class Test { 

  public static int result; 

  public static bool finished; 

  

  static void Thread2() { 

    result = 123; 

    finished = true; 

  } 

  

  static void Main() { 

    finished = false; 

   

    new Thread(Thread2).Start(); 

   

    for (;;) { 

      if (finished) { 

        Console.WriteLine("result = {0}", result); 

        return; 

      } 

    } 

  } 

} 

 

or 



Concurrent Access – Volatile Access 
using System; 

using System.Threading; 

  

class Test { 

  public static int result; 

  public static volatile  bool finished; 

  

  static void Thread2() { 

    result = 123; 

    finished = true; 

  } 

  

  static void Main() { 

    finished = false; 

   

    new Thread(Thread2).Start(); 

   

    for (;;) { 

      if (finished) { 

        Console.WriteLine("result = {0}", result); 

        return; 

      } 

    } 

  } 

} 

 



Volatile Access 

A read of a volatile field is called a volatile 
read. A volatile read has “acquire semantics”; 
that is, it is guaranteed to occur prior to any 
references to memory that occur after it in the 
instruction sequence. 

 

A write of a volatile field is called a volatile 
write. A volatile write has “release semantics”; 
that is, it is guaranteed to happen after any 
memory references prior to the write instruction 
in the instruction sequence. 



2 Threads Executing. Expected Output? 

volatile int a = 0;  

volatile int b = 0;  

 

void t1() {  

 a = 1;  

 Console.Write(b);  

}  

 

void t2() {  

 b = 1;  

 Console.Write (a);  

}  

 

 

Option Result 

A 0 0 

B 0 1 

C 1 0 

D 1 1 



2 Threads Executing. Expected Output? 

volatile int a = 0;  

volatile int b = 0;  

 

void t1() {  

 a = 1;  

 Console.Write(b);  

}  

 

void t2() {  

 b = 1;  

 Console.Write (a);  

}  

 

 

Option Result 

A 0 0 – still possible due to volatile read’s acquire semantics! 

B 0 1 

C 1 0 

D 1 1 



Thread.MemoryBarrier() 

The processor executing the current thread cannot reorder 
instructions in such a way that memory accesses prior to the 
call to MemoryBarrier execute after memory accesses that 
follow the call to MemoryBarrier. 



Thread Pools 

Class ThreadPool enable the automatic management of a collection of threads 

Used for threads that spend most of their time in the waiting state 

The system uses a collection of worker threads to manage the registered tasks  

All the tasks that are registered in a thread pool are processed by the worker 
threads 

 

But: 

No priorities 

No threads that use too much processor time 

No direct access to the threads (e.g.: to stop)  



Class ThreadPool 

public sealed class ThreadPool { 

 

 public static void GetAvailableThreads(out int w, out int aIOs); 

 

  

 public static void GetMaxThreads(out int w, out int aIOs); 

 

 

 public static bool QueueUserWorkItem( WaitCallback  task); 

 public static bool QueueUserWorkItem( WaitCallback  task,  

   object state); 

} 

public delegate void WaitCallback(object state );  

 

 

• Number of available worker 

and IO threads 

 

• Maximal number of worker 

and IO threads 

 

 

• Registration of a task as  

WaitCallback delegate 

 

 

 

 

• WaitCallback delegate   



Variable Number of Parameters 

Last n parameters may be a sequence of values of a certain type. 
 

 

 int Add (params int[] val) { 

  sum = 0; 

  foreach (int i in val) sum = sum + i; 

  return sum 

 } 

 

  

Usage 

 Add(3, 5, 2, 9);  // result == 19 

Another example 

 void Console.WriteLine (string format, params object[] arg) {...} 



Iterators so far 

foreach loop can be applied to objects of classes which implement IEnumerable 

class MyClass: IEnumerable<T> { 

    ... 

    public IEnumerator<T> GetEnumerator() { 

        return new MyEnumerator(...); 

    } 

 

    private class MyEnumerator: IEnumerator<string> { 

        public string Current { get {...} } 

        public bool MoveNext() {...} 

        public void Reset() {...} 

    } 

} 

MyClass x = new MyClass(); 

... 

foreach (string s in x) ... 

complicated to implement!! 

interface IEnumerable<T> { 

    IEnumerator<T> GetEnumerator(); 

} 



Iterator Methods 

class MyClass { 

    string first = "first"; 

    string second = "second"; 

    string third = "third"; 

    ... 

    public IEnumerator<string> GetEnumerator() { 

        yield return first; 

        yield return second; 

        yield return third; 

    } 

} 

Characteristics of an interator method 

1. has the signature 
public IEnumerator<T> GetEnumerator 

2. statement body contains at least 

one yield statement 

MyClass x = new MyClass(); 

... 

foreach (string s in x) Console.Write(s + " "); 

// prints "first second third " 

1. returns a sequence of values 

2. foreach loop traverses this sequence 

How does an iterator method work? 

Note 

• MyClass need not implement IEnumerable! 

 



What Happens Behind the Scene? 

public IEnumerator<int> GetEnumerator() { 
    try { 
        ... 
    } finally { 
        ... 
    } 
} 

returns an object of the following class 

class _Enumerator1 : IEnumerator<int> { 

    int Current { get {...} } 

    bool MoveNext() {...} 

    void Dispose() {...} 

} 

foreach (int x in list) 
    Console.WriteLine(x); 

is translated into 

IEnumerator<int> _e = list.GetEnumerator(); 

try { 

    while (_e.MoveNext()) 

        Console.WriteLine(_e.Current); 

} finally { 

    if (_e != null) _e.Dispose(); 

} 

MoveNext runs to the next yield statement 

Dispose executes a possibly existing 

finally block in the iterator method 



Implementation 

class Stack<T>: IEnumerable<T> { 
... 

    public IEnumerator<T> GetEnumerator() { 
    return new __Enumerator1(this); 
} 

    class __Enumerator1: IEnumerator<T>, IEnumerator { 
    int __state; 
    T __current; 
    Stack<T> __this; 
    int i; 

        ... 

        public bool MoveNext() { 
        switch (__state) { 
            case 1: goto __state1; 
            case 2: goto __state2; 
        } 
        i = __this.count - 1; 
    __loop: 
        if (i < 0) goto __state2; 
        __current = __this.items[i]; 
        __state = 1; 
        return true; 
    __state1: 
        --i; 
        goto __loop; 
    __state2: 
        __state = 2; 
        return false; 
    } 
} 

} 

 

class Stack<T>: IEnumerable<T> { 
T[] items; 
int count; 

     

    public void Push(T item) {  

    } 

    public T Pop() {  

    } 

 

    public IEnumerator<T> GetEnumerator() { 
    for (int i = count - 1; i >= 0; --i) { 

              yield return items[i]; 

            } 
} 

} 



yield Statement 

2 kinds 

yield return expr; • yields a value for the foreach loop 

• may only occur in an iterator method 

• type of expr must be compatible with 

- T     (if IEnumerator<T>) 

- object     (otherwise) 

yield break; • terminates the iteration 

• may only occur in an iterator method 



Specific Iterators 

class MyList { 

    int[] data = ...; 

    public IEnumerator<int> GetEnumerator() { 

        for (int i = 0; i < data.Length; i++) 

            yield return data[i]; 

    } 

      

 

 

 

      

 

 

 

 

} 

Standard iterator 

Specific iterator as a method 

• arbitrary name and parameter list 

• result type IEnumerable or IEnumerable<T> 

public IEnumerable<int> Range(int from, int to) { 

    if (to > data.Length) to = data.Length; 

    for (int i = from; i < to; i++) 

        yield return data[i]; 

} 

Specific iterator as a property 

• arbitrary name 

• result type IEnumerable or IEnumerable<T> 

public IEnumerable<int> Downwards { 

    get { 

        for (int i = data.Length - 1; i >= 0; i--) 

            yield return data[i]; 

    } 

} 

MyList list = new MyList(); 

foreach (int x in list) Console.WriteLine(x); 

foreach (int x in list.Range(2, 7)) Console.WriteLine(x); 

foreach (int x in list.Downwards) Console.WriteLine(x); 



How Specific Iterators are Compiled 

public IEnumerable<int> Range(int from, int to) { 

    if (to > data.Length) to = data.Length; 

    for (int i = from; i < to; i++) 

        yield return data[i]; 

} 

class _Enumerable : IEnumerable<int> { 

    IEnumerator<int> GetEnumerator(); 

} 

class _Enumerator : IEnumerator<int> { 

    int from, to; 

    int Current { get {...} } 

    bool MoveNext() {...} 

    void Dispose() {..} 

} 

returns an object of the following class 

this returns an object of the following class 

foreach (int x in list.Range(2, 7)) 

    Console.WriteLine(x); 
IEnumerator<int> _e =  

    list.Range(2, 7).GetEnumerator(); 

try { 

    while (_e.MoveNext()) 

        Console.WriteLine(_e.Current); 

} finally { 

    if (_e != null) _e.Dispose(); 

} 

is translated into 



“Counter-example”: Iterating Over a Tree 

class  Node {  

    public Node left ;  

    public Node right ;  

    public int  value ;  

 

    public Node(Node left , Node right , int  value ) {  

        this.left  = left ;  

        this.right  = right ;  

        this.value  = value ;  

    }  

 

    public Node( int  value ) : this ( null , null , value ) {  

    }  

 

    public IEnumerator <int > GetEnumerator () {  

        if  ( left  != null ) {  

            foreach  ( int  x in left ) {  

                yield  return  x;  

            }  

        }  

        yield  return  value ;  

        if  ( right  != null ) {  

            foreach  ( int  x in right ) {  

                yield  return  x;  

            }  

        }  

    }  

}  

class  Program {  

     static void  Main ( string [] args ) {  

         Node root  = new Node(  

             new Node(  

                 new Node(2),  

                 new Node(7),  

                 5 

             ), new Node(  

                 new Node(  

                     new Node(14),  

                     new Node(17),  

                     15 

                 ),  

                 new Node(25),  

                 20 

             ),  

             10 

         );  

 

         foreach  ( int  x in root ) {  

             Console.Write ("{0} ", x);  

         }  

         Console.WriteLine ();  

     }  

}  

Generates new enumerator for each node in the tree! 



CLI Type Inheritance 

System.Object 
(C# keyword: object ) 

user-defined classes 
(C# keyword: class ) 

delegates 
(C# keyword: delegate ) 

pointers 
(C#: Type * ) 

System.Delegate 

System.MulticastDelegate 

System.ValueType 

System.Enum 

System.Array 

arrays 
(C#: Type[]  or Type[,] ) 

System.String 
(C# keyword: string ) 

interfaces 
(C# keyword: interface ) 

user-defined 

structures 
(C# keyword: struct ) 

enumerations 
(C# keyword: enum) 

System.Int32 
(C# keyword: int ) 

System.Int64 
(C# keyword: long ) 

System.Double 
(C# keyword: double ) 

System.Boolean 
(C# keyword: bool ) 

… 

simple types 

System.Nullable 
(C#: Type? ) 



Delegate = Method Type 

Declaration of a delegate type 
 

 delegate void Notifier (string sender); // ordinary method signature  
     // with the keyword delegate 

Calling a delegate variable 
 

 greetings("John"); // invokes SayHello("John") => "Hello from John" 

Assigning a method to a delegate variable 
 

 void SayHello(string sender) { 

  Console.WriteLine("Hello from " + sender); 

 } 

 

 greetings = new Notifier(SayHello); 

Declaration of a delegate variable 
 

 Notifier greetings; 



Assigning Different Methods 

Every matching method can be assigned to a delegate variable 
 
 void SayGoodBye(string sender) { 
  Console.WriteLine("Good bye from " + sender); 
 } 
 

 greetings = new Notifier(SayGoodBye); 
 
 greetings("John"); // SayGoodBye("John") => "Good bye from John" 

Note 
 

¸ A delegate variable can have the value null (no method assigned). 
 

¸ If null, a delegate variable must not be called (otherwise exception). 
 

¸ Delegate variables are first class objects: can be stored in a data structure, passed as 

a parameter, etc. 



Creating a Delegate Value 

new DelegateType (obj.Method) 

 

A delegate variable stores a method and its receiver, but no parameters ! 
 new Notifier(myObj.SayHello); 
 

obj can be this (and can be omitted) 
 new Notifier(SayHello); 
 

Method can be static. In this case the class name must be specified instead of obj. 
 new Notifier(MyClass.StaticSayHello); 
 

Method must not be abstract, but it can be virtual, override, or new. 
 

Method signature must match the signature of DelegateType 

 - same number of parameters 

 - same parameter types (including the return type) 

 - same parameter kinds (ref, out, value) 



Multicast Delegates 

A delegate variable can hold multiple values at the same time 

 
 Notifier greetings; 
 greetings = new Notifier(SayHello); 
 greetings += new Notifier(SayGoodBye); 
 
 
 greetings("John"); // "Hello from John" 
   // "Good bye from John" 
 
 
 greetings -= new Notifier(SayHello); 
 
 
 greetings("John"); // "Good bye from John" 

Note 

¸ If the multicast delegate is a function, the value of the last call is returned 

¸ If the multicast delegate has an out parameter, the parameter of the last call is 

returned. ref-Parameter are passed through all methods. 



Generic Delegates 

delegate bool Check<T>(T value); 

class Payment { 
 public DateTime date; 
 public int amount; 
} 

class Account { 
 ArrayList payments = new ArrayList(); 

 public void Add(Payment p) { payments.Add(p); } 

 public int AmountPayed(Check<Payment> matches) { 
  int val = 0; 
  foreach (Payment p in payments) 
   if (matches(p)) val += p.amount; 
  return val; 
 } 
} 

bool PaymentsAfter(Payment p) { 
 return DateTime.Compare(p.date, myDate) >= 0; 
} 
... 
myDate = new DateTime(2001, 11, 9); 
int val = account.AmountPayed(new Check<Payment>(PaymentsAfter)); 

A check method is passed, 

which checks for every Payment, 

whether it is eligible 



Simplified Creation of Delegates 

delegate void Printer(string s); 

void Foo(string s) { 

 Console.WriteLine(s); 

} 

Printer print; 

print = new Printer(this.Foo); 

 

 

print = this.Foo; 

print = Foo; 
simplified form: 

delegate type is infered from the type of the left-hand side 

delegate double Function(double x); 

double Foo(double x) { 

 return x * x; 

} 

Printer print = Foo; 

Function square = Foo; 

assigns Foo(string s) 

assigns Foo(double x) 

overloading is resolved 

using the type of the 

left-hand side 



Ordinary Delegates 

class C { 

 int sum = 0; 

 void SumUp(Node p) { sum += p.value; } 

 void Print(Node p) { Console.WriteLine(p.value); } 

 void Foo() { 

  List list = new List(); 

  list.ForAll(SumUp); 

  list.ForAll(Print); 

 } 

} 

• requires the declaration of a named method (SumUp, Print, ...) 

• SumUp and Print cannot access the local variables of Foo  

=> sum must be declared as a global field 

delegate void Visitor(Node p);  

 

class List { 

 Node[] data = ...; 

 ... 

 public void ForAll(Visitor visit) { 

  for (int i = 0; i < data.Length; i++) 

   visit(data[i]); 

 } 

} 

 



Anonymous Methods 

delegate void Visitor(Node p); 

 

class C { 

 

 void Foo() { 

  List list = new List(); 

  int sum = 0; 

  list.ForAll(delegate (Node p) { Console.WriteLine(p.value); }); 

  list.ForAll(delegate (Node p) { sum += p.value; }); 

 } 

} 

 

• method code is specified in-place 

• does not require the declaration of a named method 

• anonymous method can access Foo's local variable sum 

• return terminates the anonymous method (not the enclosing method) 

formal parameter code 

class List { 

 ... 

 public void ForAll(Visitor visit) { 

  ... 

 } 

} 

Restrictions 

• anonymous methods must not have formal parameters of the kind params T[] 

• anonymous methods must not be assigned to object 

• anonymous methods must not access ref  or out parameters of the enclosing method 



Further Simplification 

Button button = new Button(); 

Button.Click += delegate (object sender, EventArgs arg) { Console.WriteLine("clicked"); }; 

Can be simplified as follows 

Button.Click += delegate { Console.WriteLine("clicked"); }; 

Formal parameters can be omitted if they are not used in the method body 

Restriction 

• Formal parameters can only be omitted if the delegate type does not have out parameters 

delegate void EventHandler (object sender, EventArgs arg); 



Outer Variables 

If anonymous methods access variables of the enclosing method 

these variables are evacuated into a dummy object (capturing) – all anonymous methods 

and the enclosing method itself are then using a single “evacuated” variable (see next slide). 

delegate int Adder(); 

 

class Test { 

 static Adder CreateAdder() { 

  int x = 0; 

  return delegate { x++; return x; }; 

 } 

 static void Main() { 

  Adder add = CreateAdder(); 

  Console.WriteLine(add()); 

  Console.WriteLine(add()); 

  Console.WriteLine(add()); 

 } 

} 

1 

2 

3 

Output: 

x++; return x; 

0 dummy object 

delegate 

(closure) 

add 

1 2 3 

The dummy object lives as long as the delegate object 

Anonymous methods in C# always exist only 
as closures, never as “lambda functions” 

with free variables (open bindings)! 



Example 
    delegate void MyDelegate(); 

 

    class Program 

    { 

        static MyDelegate Foo() 

        { 

            int x = 1; 

            Console.WriteLine("Foo: x = {0}", x); 

            MyDelegate d = delegate { x++; Console.WriteLine("delegate: x = {0}", x); }; 

            d(); 

            d(); 

            Console.WriteLine("Foo: x = {0}", x); 

            MyDelegate d2 = delegate { x += 10; Console.WriteLine("second delegate: x = {0}", x); }; 

            d2(); 

            d(); 

            Console.WriteLine("Foo: x = {0}", x); 

            return d2;  

        } 

 

        static void Main(string[] args) 

        { 

    MyDelegate m; 

            Console.WriteLine(“--- Main: (m = Foo())();"); 

            (m = Foo())(); 

    m(); 

            Console.WriteLine(“--- Main: Foo()();"); 

            Foo()(); 

    m(); 

        } 

    } 

---  Main: (m = Foo())();  

Foo: x = 1  

delegate: x = 2  

delegate: x = 3  

Foo: x = 3  

second delegate: x = 13  

delegate: x = 14  

Foo: x = 14  

second delegate: x = 24  

second delegate: x = 34  

---  Main: Foo()();  

Foo: x = 1  

delegate: x = 2  

delegate: x = 3  

Foo: x = 3  

second delegate: x = 13  

delegate: x = 14  

Foo: x = 14  

second delegate: x = 24  

second delegate: x = 44  

Output: 


