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Akernel is the heart of an operating system, consists of a collection of applications, services
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Advantages of interrupts:
+ systemis notifed immediately of event, 50 can be handled immediately Advantages of pollin
deterministic response times. Simpler code, more flexibility
interrupts can be priortzed

response time i independent of number ofsensors
Disadvantages of interrupts:

« Sensor events may be missed

* Difficult to prioritize events
158, etc . degrades perf d

Easier to debug since event detection is predictable

+ difficultto test and debug.

times

« Consumes a lot of CPU time, particularly if events are few and far between
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challenges in decomposing system into appropriate concurrent units.
challenges in communi n between parallel units

challenges in synchronization between parallel units

challenges in debugging and testing

Processes vs Threads

Advantages of Processes:

* If one process fails, others continue

« New process instances can be started manually, or outside of a main program
« Processes can be run on separate machines
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Disadvantages of Processes:
* Less efficient than threads due to additional overhead (more memory, state info)

qanesTace MIPEOSSSS  enbing o Process (Windows)

class MyProcess
public static void Main()
[
using (Process myProcess = new Process())
«

myProcess.StartInfo.UseShellExecute = false;
myProcess.StartInfo. FileName = "C:\\HelloWorld.exe";
myProcess.StartInfo.CreateNoWindow = true;
myProcess.Start () ;

Exceptions

class Program ss Program

static void Main (stringl] azgs)
«
ey «
¢ try
«
string s = null;
if (s = null)

new NotDividbyZerol) ;

}
)
‘caEEh (wa11valueCustone) catch

Console.firiteline ("My custom Exception says no Null Value'

GaEeh (NotDividbyZero) }

static void Main(string[] args)

Custom Exception in C#

public class NullValueCustom :
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Creating a Thread

using System;

Vod Thread 0{
alomeni A
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for (int i = 0;
{

using (System Threading: Using Syctem Theeoding Namespace

namespace (CORGUETEACY Nome spece

i< 2; it

Thread. Sleep (4000) ;
Console.WriteLine ("Done!") ;

Join () :wait for thread(s) to complete
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Thread thread = new (Thread(MyProcess) ;
// worker threads

thread Start(); Thiead is Sharted

Console.WriteLine ("A process that takes 4s!");

}
private static void MyProcess (object obj)

Console.WriteLine ("A process that takes 4s!");
Thread. Sleep (4000) ;
Console.WriteLine ("Done!") ;

}
}

Nonfstatic Method-

public class NonStaticMethodMultiThreading
[§

public static void Main()
= new SomeClags(),

c1

we +o create an obict of thet cless do call Hhot methed

public class SomeCla:

{
var sw = Stopwatch.StartNew() ;

do

(1000) ;

var th = nn{l'h:nd(ob omeWork) I
th.Start();
S1

Console.WriteLine ("Thread {0}: Elapsed {1:N2}(s)",
Thread.CurrentThread.ManagedThreadId,
sw.Elapsedilliseconds / 1000.0);
Thread. Sleep(500) ;
} while (sw.ElapsedMilliseconds <= 5000) ;
sw.Stop() ;

Static Method - De+ b 4o cente an olicct of #het closs o cal fhaf acthl

public class StaticMethodMultiThreading

{

public static void Main()

[{

~Con be actessed by othee ClasseS fom other Namespaces
Method

Stopwatch. StartNew() ;

var sw =

var th

Thread.Sleep (1000) ;

public NullValueCustom()

{ow code hese

throw new NullValueCustom() ;

Console.WriteLine("My custom Exception says no Null Value");

Validation includes:

Console.HiriteLine ("Denominator Cannot be zero");

Specifications
Preconditions: set of conditions that must be satisfied by the input arguments.
The onus is on the caller to guarantee these, otherwise the behaviour

+ Formal reasoning: also called verification, constructs a formal proof that the
program is correct.
« Code review: code “proof-reading” by a colleague or peer to look for
bugs/inefficiencies.

new Thread (SomeClass

do
[§

Console .WriteLine ("Thread {0}: Elapsed {1:N2}(s)"
Thread.CurrentThread.ManagedThreadId,
sw.ElapsedMilliseconds / 1000.0);
Thread. Sleep (500) ;
} while (sw.ElapsedMilliseconds <= 5000) ;
sw.Stop() ;

Thread Communication — Shared Memory

using System;
using System.Threading;

namespace SharedResources

class Program
i

private static void HelloWorld()

Need Hhie

Lock (1ockcompisted) | Oply 1 thiead e allowed in while

| static readonly object lockCompleted = (new object ()|

Locked

static void Main(string(] args)

of the code is left unspecified.

Postconditions: if the preconditions hold, precisely specifies the outputs:
which variables are modified, if exceptions are thrown, and any other
effects. Thei i

to these.

int find(int[] data, int

« Testing: running the program on carefully selected inputs and checking the
results against known answers.

Testing
Unit Testing: testing each method/class (i.e. a unit) in isolation. Each partition of inputs )
is usually separated into a separate test so that a failed test will indicate exactly
what type of bug to search for.
Integration Testing: testing the system as a whole to ensure the various components of
the software function properly in combination. If all unit tests pass, then you

know the issue is somewhere in the interfacing or timings.

Critical Section
void threadinc(ref int counter) { Atomic Operations

for i<5000000; ++i) 1. Reads and writes of the following data types are atomic: bool, char, byt
sbyte, short, ushort, uint, int, float, and reference types.
) 2. Reads and writes of enum types with an underlying type int
listare also atomic.
} 3. Reads and writes of other types, including long, ulong, doub
N ::‘d‘:‘l‘:':;:“"’::l‘“‘:"“' of counter X 3 S+bFS decimal, as well as user-defined types, are not guaranteed to

+ Stores the new value back to counter

Mutual Exclusion
YES Mutex class

asigning 2 constant nteger value YEG Interlocked Class
No SpinLock Struct

ReaderWriterLockSlim
IPC: Shared Memory Types
Persistent Shared Memory-Mapped Files V/ i€ \W/ * RMJOM ac(e S8
o The CreateFromFile methods create a memory-mapped file from an existing file on
disk.
© One application is to create a memory-mapped view of a part of an extremely

large file and manipulates a portion of it.
// Create the memory-mapped file.
using (var mmf = i1 i1

assigning a constant byte value

copying an integer value

incrementing an integer

Class

(e"e:

sure you don’t break any part that works.

i

//Worked Thread
thread.start() ;
//Main Thread
HelloWorld() ;

Regression Testing: testing the system to ensure it performs exactly as it did in a previous
functional version. Often important when adding new features or optimizing parts
of code, makiny

Thread thread = new Thread(HelloWorld);

Thread Pool

using System;

using System.Threading;
public class Example

{

Mutex
oid threadinc (fef int counter) J

for (int i=

; 1€5000000; ++5) (

InterLocked Class

void threadine (ef int counter) )

if ('isCompleted)
i

Console.WriteLine
isCompleted = tru

ello World should print only once");

)

capacity finish executing
- How do you know if Thread Pool is being used?

- Thread.CurrentThread (IsThréadPoolThread
- How to add to Thread Pool? L twiec, (79

Task Parallel Library

- Background Work
public static void Main( - Asynchronous delegate
{ - Call ThreadPool.QueueUserWorkltem*

Thread.Sleep (1000) ;

lock: for (int i=0; i<5000000; ++i) {

lock:

mut.®aitone ()

counter +=

Interlocked. Increment

(ref counter);

Console.WriteLine ("Main thread exits.

}

// This thread procedure performs the task.
static void ThreadProc(Object stateInfo)
{

// No state object was passed to QueueUserWorkItem, so stateInfo is null.

SpinLock Struct:

// Create a random access view, from the the offset
// to the the offset plus length
using (var accessor = mmf.CreateViewAccessor (offset, length))
{
int colorSize
MyColor color;

Marshal.SizeOf (typeof (MyColor)) ;

// Make changes to the view
for (long i = 0; i < length; i += colorSize)
{

accessor.Read(i, out color);
color.Brighten (10) ;
accessor.Write(i, ref color);
Non-Persistent Shared Memory-Mapped Files \/je\w/ : Stream Access
o The CreateNew and CreateOrOpen methods create a memory-mapped file that is
not mapped to an existing file on disk.
o Commonly used for interprocess communications

using ile mmf = i1 p", 10000)) of the system

! bool mutexCreated; * Between system
Mutex mutex = new Mutex(true, "testmapmutex’, out mutexCreated); and external actors
using stream = mmf Strcte:
{ - Class Diagrams: outline the different entities in a system, and their relationships

writer

Bi & new Ei
writer.Write(1);

ryiiziter (stream) ;

}

mutex.ReleaseMutex () ;

Console.WriteLine ("Start Process B and press ENTER to continue.”);
Console.ReadLine () ;

Console.WriteLine ("Start Process C and press ENTER to continue.");
Console.ReadLine () ;

mutex.WaitOne () ;

State Chart Diagram
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UML: Unified Modelling Language
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for (int i=0; 1<5000000;
gotLock = false;

void threadinc(ref int counter) {
bool gotlock = false;

441)

{

Console.WriteLine ("Hello from the thread pool.");

Message Passing

Pass an argument into Thread’s Start method

new Thread (Print);

sl.Enter(ref gotLock);

)
static void Print (object messageObj) (
age = (string) messageobj; // (e need €6 cast Heze
Console.WriteLine (message) ;

}

lock: counter += 1;
finally(
. // only give up the lock if you actually acquired it
unlock: if (gotLock) sl.Exit();

Interaction

with each other. It shows the structural breakdown of the software.
- Deployment Diagrams: show where each of your software modules are deployed in
the physical system and how they communicate.

- Use-Case Diagrams: document high-level functional requirements, and relationships
with users and other systems (actors). These outline every observerable function
your system must perform.

- Sequence Diagrams: show the detailed flow of execution of events, and relative
timings between them; these model the behaviour and the interactions between
collaborating objects.

Activity Diagram

- state Diagrams: outline the time-dependent changes in state and transitions of each
major object or interaction in your system.
- Activity Diagrams: model high-level activities and transitions between system
states, shows concurrency of activities.
ractior

Show the procedural flow of control while
processing an activity, modelling the logic in
a use-case or use-case scenario.

Green bars indicate creation and joining of
parallel sections.

Component diagram
Object diagram

Composite structure diagram

Deployment diagram
Use case diagram

Activity diagram

Interaction
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