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[bookmark: _Toc501624420]Introduction
This report is going to investigate multi-programming systems and how they interact with the hardware of a computer. The report will look at two key parts of multi-programming systems, these being Processes and Threads, and explore why they are important. The findings of this investigation will then be summarised, and an overview will be given of multi-programming systems.
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What is a multi-programming system?
A multi-programming system can be described as a system that allows multiple applications to essentially run at the same time. The programs will appear to be running at the same time however it is impossible for programs to be executed simultaneously; the reason it appears these programs seems to run at the same time is because of interleaved execution, this means small parts of each program are executed consecutively. Part of this also involves executing instructions for one job (program) on the CPU whilst another job is doing an I/O(Input, Output) operation to increase efficiency and to ensure the CPU is utilized at its maximum potential.

[bookmark: _Toc501624422]What are the basic computer operations?
The basic operation that the computer performs is the ‘fetch-execute’ cycle. 
The first part of this cycle is the fetch part, this involves the computer fetching an instruction from its main memory and storing it in the temporary memory of the CPU: the register(s). After the instruction has been fetched and stored it must then be decoded, this is done so the CPU can understand the instruction and thus execute it.
The second part of the cycle is the execution part, this can only happen once the instruction has been decoded and the CPU understands the action it needs to perform. A CPU will execute groups of instructions known as ‘instruction sets’ by performing an action. These actions are what make up the functions of a program.

[bookmark: _Toc501624423]Processes
[bookmark: _Toc501624424]What is a process?
 A process, or ‘job’ as it is otherwise known, is an instance of a computer program that is being executed by the CPU. Each process has its own specific set of data and resources which are used to keep track of what is going on with the process, in addition to this the process has its own statistics that as associated with it, these statistics are used to make scheduling as efficient as possible. As previously mentioned in the section ‘What are the basic computer operations?’ the fetch-execute cycle is used to load the program’s data and instructions from the disk so that the process can be executed. A process has multiple threads of execution to help complete the task, this is further explored in the section ‘Threads’. 


A process can assume one of three states, these states are:
· Waiting/Blocked – In this stage the process does not have the required resources available to run and is awaiting user input or a disk file.
· Ready – At this stage the process does have the required resources it needs to be executed however it is not active on the CPU for one reason or another.
· Running – In this state the process is code that is that is being executed on the CPU.
[1]
A process is moved between these states by the OS (Operating System), the process typically moves between the two states ready & running. When a process is transferred from the ready state to the running state this is referred to as scheduling or being scheduled, similarly when a process is moved from the running state to the ready state this is referred to as descheduling or being descheduled. A process can become blocked (be in waiting) as a result of a I/O operation being initiated and once blocked the process will stay like that until an event occurs, this event is often the completion of an I/O operation, which then prompts the OS to transfer the process back into the ready stage. [2]

[bookmark: _Toc501624425]How do multi-process systems work?
Multi-process systems differ from single-process systems as they offer an environment where multiple programs can run simultaneously. This can happen because multiple processes are able to be stored in memory and operations are carried out using microprocessors, which are essentially a tiny CPUs. 
Multi-processing systems employ multiple processors to perform specific functions so that they can perform the task and then pass the instruction set onto another processor, thus freeing up the other processor to work on different functions. [3]

[bookmark: _Toc501624426]How do programs relate to processes?
[bookmark: _Toc501624427]Scheduling & Schedulers
Scheduling, as previously mentioned, is where a process is transferred from it’s ready state to it’s running state. This transfer is handled by a process manager that removes the running process and promptly selects another process to run on CPU in a strategic way that is beneficial to efficiency of running the program.[4] 
With multi-programming operating systems processing scheduling is essential, without it a system would not be able load more than one process into the executable memory at any one time.
Scheduling queues are used to organise processes and can be described as a “single queue of processes or if multiple priority is Single queue of processes or if multiple priority is used, multiple priority queues, all feeding into a used, multiple priority queues, all feeding into a common pool of processors”[5]. When a process is first initialised on a system it is placed into the job queue. When the process enters the ready state, and is thus present in the main memory it will be added to the ready queue. The other type of queue is the device queue, processes will be placed here when there is not a device available to perform I/O operations.
There are three types of schedulers. These are:
· Short term scheduler – This type of scheduler is sometimes known as the CPU scheduler and is the most frequently run. The objective of this scheduler is to make the performance of the CPU more efficient and increase the rate at which processes are executed.
· Medium term scheduler – This type of scheduler is used to remove any processes from memory and swap in a different process, moving the original process to a secondary form of storage to be swapped back in at another time to complete the execution of the process.
· Long term scheduler – This type of scheduler also goes by the name of job scheduler and is usually used the most infrequently, however it still does an important job; deciding which programs get into the job queue. Its purpose is to keep a balanced degree of multiprogramming, this means lining up and equalizing the average rate of created processes to the average rate of departure from execution memory.
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Inter-process communication (IPC) is an essential part of a multiprocessing application and can be described as means of exchanging data between different processes. IPC allows one application to assume control of another, therefore this it allows multiple applications to access and share data without impeding each other. IPC permits the communication of data, this is done by “allowing processes to use segments, semaphores, and other methods to share memory and information”.[5]
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The synchronisation of processes is needed when one process needs to wait for a different process to complete before it can be executed. This is especially needed with I/O operations, for example “one process (called a writer) may be writing data to a certain main memory area, while another process (a reader) may be reading data from that area and sending it to the printer”.[5] Process synchronisation makes sure that the system resources are handled so they can be shared in way that allows concurrently running processes to access the shared data whilst also minimising the chances of data becoming corrupted.
Synchronisation is also used to deal with issues caused by a multi-programming system, such as the following:
· Starvation – This is where a process is waiting and is being perpetually denied the resources it needs for the process to be executed.
· Priority inversion – This is where a higher priority task cannot execute because it cannot access the resource which is being withheld by lower priority task, usually because the lower priority task can’t release the resource until a medium priority task is completed.
· Deadlock – This is a situation where two processes stop working because they are both using the same resource and by doing so stop each other from using the resource. 
· Busy waiting – This is a situation where a process is continually asking if a condition is true, using up CPU power until the condition is met or the process is terminated.
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[bookmark: _Toc501624431]What is a thread?
[bookmark: _GoBack]A thread can be compared with sequential programs, this is because it shares some properties that are the same, for example a thread will always have a single point of execution whilst it is running, moreover it has a beginning and an end but also a sequence. Threads do differ from sequential programs, this is because they are not actual programs in themselves but rather run as a part of a program.[6] A thread is made up of a thread ID, a stack, a program counter and a set of registers.[7]
A single thread will allow a program to execute a sequence of instructions, this means that with multiple threads it was allow a program to execute multiple of these sequences of instructions all at once, which is why multi-threading can increase the speed and efficiency of a computer. Moreover, threads can be more advantageous than processes for several reasons, the first of which is its communication (which will be explored later in the report), this is because there is overhead needed for communication because of the threads sharing everything, most importantly the address space. Another reason that threads can be advantageous in comparison to processes is the fact that it takes less time when terminating a thread than it does terminating a process. 
When a process allows more than one thread to exist this is called ‘multi-threading’, this is different to single threading as the OS can recognize a thread as a concept and thus supports multiple threads of execution within a process. 

[bookmark: _Toc501624432]Scheduling in relation to threads
Thread scheduling is like process scheduling, this is because it is the thread that utilises the processor. For this reason, when a process consists of multiple threads all these threads will be assigned to the processor. The threads that are assigned to the processor compete for its usage, using all the threads from the active processes that are being executed by the system. Much like with the process scheduling the threads will be shuffled around the scheduling queues.
[bookmark: _Toc501624433]Thread Communication
The communication with threads allows it to operate more effectively because there is little overhead; this means that data and resources are shared easily, for example all threads will have access to any data created by one thread almost instantaneously. A typical kind of thread communication can be the sharing of variables, sharing of this kind of data is far faster than communication between processes due to shared memory. If there is a scenario in which there are not enough processors to go around, the threads use an assigned integer to determine which has priority, with higher integers meaning a higher priority. Threads that are created will inherit the integer of the thread that created it to determine its priority. With this system, threads with a lower priority cannot be executed until the higher priority threads stop or complete their execution. In the case of threads with the same assigned priority one thread will be chosen at random. 

[bookmark: _Toc501624434]Thread Synchronisation
Thread synchronisation is used to ensure there is sufficient collaboration between threads, this is done to optimise the efficiency of the program and make it more consistent. Thread synchronisation  is needed because threads share data and thus situations can occur where two or more threads are both trying to access the same resource simultaneously which can cause issues with concurrency; the issues with concurrency could happen due to corruption of the data shared by the multiple threads, this could happen if two threads were accessing the same file because one thread may be writing to the file whilst another thread is reading it which would cause the data to be overwritten midway through one of the threads reading from file. Thread synchronisation works by only allowing access to a resource one thread at a time, negating any issues associated with two threads trying to access the same resource. 

[bookmark: _Toc501624435]Summary
To summarise the findings of the report, both Processes and Threads are essential to the running and operation of a multi-programming systems. This is not done solely by the threads and processes themselves however, as it has been shown they both make use of concepts to ensure that a program runs without crashing and at optimal performance. They both use scheduling, communication and synchronisation to negate any problems that are thrown up because of using a multi-programming system rather than a single-programming system.  
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