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1. [bookmark: _Toc504659417]Introduction 
1.1. [bookmark: _Toc504659418]Multiprogramming systems
A multi-programming system uses parallel processing to allow a user to use multiple programs at the same time. As a computer’s central processing unit can only execute one task at a time, so the computer’s operating system uses context switching. This is a process which executes part of a program, then part of another, and so on making it look to the user as if the computer were processing all programs simultaneously, however, each program stops running before the next one starts and resumes only when each program’s instructions have been executed. Protection must be applied to each program so that one program’s tasks does not change another’s. This is done by loading programs onto separate areas of the main memory. Fragmentation, wasteful memory allocation, can occur in the computer’s main memory when multiprogramming, which can reduce storage capacity as well as diminishing computer performance. Another disadvantage of multiprogramming is the size capacity as large programs may not fit in the computer’s main memory, however, virtual memory can be a remedy for this.
 
1.2. [bookmark: _Toc504659419]Basic computer operations and devices.
The fetch-decode-execute cycle is the basic computer operation cycle construct. The fetch operation ‘fetches’ a program’s instructions and temporarily stores them in portions of the memory called registers. The ‘address bus’ is then used to ‘fetch’ the next instruction’s address, a computer bus can be defined as a series of connecting lines that bridges devices together. Data is then moved from the RAM into the CPU via the ‘data bus’. During the decoding process, the CPU decodes and interprets the information given. The execute operation processes and carries out the instructions. That data is then stored in a different register and the CPU arranges to re-start the cycle. This cycle continues repeating whilst the computer is switched on.
Input devices can be used to enter information and data into a computer. These includes other computers, disks, keyboards, image scanners, microphones, and more. Data and information can also be transferred via internet and network connections. Output devices are used to visualize and use data entered onto the computer. These include monitors, speakers, printers, projectors, any computer errors displayed, and more. A computer’s “central processing unit is the heart of the computer, where the information processing takes place” [1]. This includes any process, task, program, device, etc. executed on the computer. 





1.3. [bookmark: _Toc504659420]An introduction to processes and threads.
A computer’s central processing unit processes lines of code that act as instructions for the operation of a program and, of course, it’s system. In order for programs to run, these instructions must be sent to all the appropriate hardware. They must also communicate with one another and with all the different components of a computer. As some instructions must come before others, scheduling is a very important part of process and thread execution. Synchronization also plays an important role in processing as if there is no communication and backup of the processes and threads that are executed, then the restarting point of execution would be unknown. Is this sense, synchronization ensures that the executed tasks’ progress has been saved and that is does not have to redo these processes at the next computer start up, saving time and money for all who use a computer.

2. [bookmark: _Toc504659421]Processes
2.1. [bookmark: _Toc504659422]What is a process and how to multi-process systems work?
2.1.1. [bookmark: _Toc504659423]Constituents of a process.
A process is “a series of actions” [2], or a set of instructions that are completed by the central processing unit for a program to run. A process has five states; the first is the ‘start’ or ‘new’ state, where a process is created. Once the creation is complete, the process is sent to the ‘ready’ state where it awaits to be assigned to a CPU core. Once that state is complete, the process is ready to run and is sent to the ‘running’ state by the scheduler where that process is then given the specific resources needed to run its instructions. Upon completion of those instructions, the process is sent to the ‘terminated’ state. In the case of an interrupt, a term used to define the need of the CPU core for another process, the process in the ‘running’ state is sent back to the ‘ready’ state, where it awaits to advance to the ‘running’ state again. If the process needs permissions from external drives or input and output devices, the process is sent to the ‘waiting’ state as it takes time for these data to be accessed, time that the processor can spend on another process. When the process has reached the ‘terminated’ state, the operating system performs clean-up tasks before eliminating the process. 
A multi-process system can support two or more processors that are share the same central memory, RAM. Having a multiprocessing system makes for a faster computer as two or more of the program’s sets of instructions, depending on how many microprocessors the computer has, are being executed in the time that a single-processing computer would process one. The processors can also designate tasks to other processors whilst they start working on new ones which again, increases speed and efficiency as more data can be accessed contemporarily. However, as the speed increases so does the heat produced and cooling mechanisms need to be put in place. A scheduler is needed to ensure that processes that are reliant upon each other are executed in right order. It is also needed to ensure storage space optimization. 


2.2. [bookmark: _Toc504659424]How to programs relate to processes?
2.2.1. [bookmark: _Toc504659425]Scheduling occurrences and algorithms
Scheduling occurs when processes are moved from a ready state to a running state. A scheduler decides which process or thread to execute based on size, novelty and priority, depending on what scheduling algorithm is used by the CPU. There are three scheduling levels; long-term scheduling, midterm scheduling and short-term scheduling. Long-term scheduling focuses on a program’s processing admission and multiprogramming. Midterm scheduling focuses on context switching and the management of multiprogramming, and lastly, short-term scheduling focuses on interrupts and signal communication, and is the most frequently executed scheduling level. 
There are two types of scheduling algorithms, preemptive and non-preemptive. Preemptive scheduling allows for the scheduler to move the process from the ‘running’ state to the ‘ready’ state so that another process, one with higher priority, can take its place. In a non-preemptive algorithm, the process cannot be stopped until it completes it’s allocated time cycle. 
First Come First Serve (FCFS) is an algorithm that can be used in modern computers. Processes are carried out in a ‘first come first serve’ fashion and First In First Out (FIFO) model where the first and oldest process is executed first. This however wastes time as the processes that should have higher priority are not all executed first. Shortest Job Next (SJN) is the least time-wasting algorithm as the faster jobs are done immediately, leaving plenty time for the larger ones, but the CPU time must be known beforehand.
Priority Based Scheduling is commonly used in computers with bash processing. Processes are scheduled in order of priority as it is a non-preemptive algorithm. The First Come First Serve algorithm is imbued in this priority-based algorithm as the processes that have the same priorities are executed in that manner.
Shortest Remaining Time (SRT) is similar to the Shortest Job Next algorithm as the shortest task is given priority, however, unlike the SJN algorithm, the SRT algorithm is preemptive. CPU time must be known in order to use this logarithm. Round Robin Scheduling is a preemptive algorithm where each process has a quantum, a time limit for each process execution. The use of a quantum and context switching is used to save time. Lastly, Multiple-Level Queues Scheduling is embedded into other algorithms and uses those algorithms to group process categories together. 

2.2.2. [bookmark: _Toc504659426]Inter-Process Communication
2.2.2.1. Methods
Inter-process communication (IPC) defines how the different processes communicate and share resources and data, usually via a client-server platform, where the server adheres to the client’s requests depending on permissions. In today’s era there are many inter-process communication methods, seven of which will be discussed in the following paragraph.


A signal is a common concurrent method of inter-process communication for software and hardware event data exchange. Semaphores are objects used to connect resources to those who have the permission. In software programming, an object is a specific class which can use a mixture of variables, functions and data structures. Similarly, condition variables are objects that ensure the sole resource’s permission. Barriers ensure the readiness of the process before it is sent to be processed. Message queues are objects that exchange queues of messages to other message queues. When access to all or most of a file is obtained it is called a file lock. Lastly, sockets connect different systems virtually.

2.2.3. [bookmark: _Toc504659427]Synchronization
2.2.3.1. Methods
Data synchronization involves an algorithm to synchronize two or more processes together. The first of the three synchronization methods lets the first process alter the second. The second method lets the second process alter the first. The last method lets the two processes alter each other and exchange data. Data synchronization works so that the smaller devices are synchronized on the larger devices, almost like a data backup, so there are many methods of synchronization available. Database synchronization is the backing up of a database as well as the exchange of data throughout database entities. Email synchronization is a method of downloading the data from the email databases onto the computer, the exchange of information from that database to the user’s computer. 
File synchronization is the exchange of files from external drives such as USBs or external hard disk drives to a computer. This is an advantageous method of synchronization as it is faster, errors are less likely, and file duplication is prevented. Distributed file systems method ensure that multiple copies of the file are synchronized. The mirroring method creates a duplicate of any piece of data and is thus more efficient as data is very unlikely to be corrupted. Mirroring also offers an ‘automatic failover’, which is a process that moves data to secure servers in the case of failure or diminished computer performance.

3. [bookmark: _Toc504659428]Threads
3.1. [bookmark: _Toc504659429]Threads and why they are required.
3.1.1. [bookmark: _Toc504659430]Constituents of a thread and the lightweight process
A thread is a set of a program’s instructions. A well written thread has as few lines of code as possible to ensure as small a size, as therefore execution time, as possible. Single threading executes one thread whilst multithreading executes multiple threads inside a process. The differences between a thread and a process are as follows; whilst a habitual process is independent, a thread is usually a fragment of a process and thus multiple threads can share the same memory address and resources. Thread context switching also uses less CPU time than process context switching. Multithreading can also be used on a process to carry out multiple processes at the same time. 


The lightweight process (LWP) is another term for multitasking. Multitasking it the execution of multiple processes at within a quantum, by stopping and saving the state of the thread when a higher priority thread needs to be executed. The more processes are executed at a time, the faster a computer will be therefore the lightweight process is an important constituent of threading. Threading is very useful as it gives the illusion of multi-process processing, as multiple threads can be processed in one single process.

3.2. [bookmark: _Toc504659431]Scheduling 
3.2.1. [bookmark: _Toc504659432]Thread scheduling and algorithms.
The thread scheduler is the part of the operating system that oversees any thread scheduling. As it is part of the operating system, it is responsible in understanding the thread’s data and for thread context switching. Lastly, the most scheduler’s most important responsibility is creating a schedule that executes threads and processes in the right quantum and in the right order to maximize the computer’s efficiency and the central processing unit’s time.
Fixed priority scheduling is a thread scheduling algorithm used in Java. This is similar to the priority-based process scheduling algorithm as it is based on a thread’s priority, however with fixed priority scheduling, a thread’s priority can be changed with the setPriority function.


3.3. [bookmark: _Toc504659433]Thread Communication
3.3.1. [bookmark: _Toc504659434]Methods of thread communication (functions)
Cooperation is the name for the two methods used for inter-thread communication. Wait() is a command that tells the tread to wait until another thread uses the notify() or notifyall() command. The notify command ensures the use of that object’s and the notifyall command ensures the use of all threads needing to use that object. Interrupt() interrupts the thread so that the processor can be used by another. Join() ensures one thread waits for the other thread’s completion.

3.4. [bookmark: _Toc504659435]Thread Synchronization 
3.4.1. [bookmark: _Toc504659436]Methods of thread synchronization 
Synchronization is an advantage and disadvantage of thread creation as multiple threads can have the same memory address, because of this, changes to one thread saved in the same memory address of other threads can modify all the threads in that memory address. However, to avoid this, threads with the same memory addresses or with the need for the same critical resources can be executed contemporarily. 

4. [bookmark: _Toc504659437]Summary
4.1. [bookmark: _Toc504659438]Summarize points made.
A computer reads different instructions to make each program run. Those different instructions must communicate and work together to ensure the computer functions correctly. As time is one of the only resources that the world does not have enough of, processing speed is one of the most important factors in the computer market. As a processor can only process one task at a time, measures are taken so that processes have many sub-processes inside, these are referred to as threads and are very important. These allow a computer to reading multiple sets of instructions simultaneously in the time an older computer would process a single task.
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