Introduction
 “A multi programing system is described in which all activities are divided over a number of sequential processes.” Essentially this states that a multiprogramming system defines a computational system where you’re able to load one or more programs in the systems main memory. Due to its ability to run multiple programs at any given time, this means that there’s a need for some form of abstraction, which consists of parallel processes, virtual memory, I/O streams and other facilities. 

The basic computer operations are made up of multiple cycles, which is commonly referred to as the instruction cycle. These cycles consist of the following:
1. Fetch Cycle
a. “The fetch cycle begins with retrieving the address stored in the Program Counter (PC). The address stored in the PC is some valid address in the memory holding the instruction to be executed.”
2. Decode Cycle
a. “The decode cycle is used for interpreting the instruction that was fetched in the Fetch Cycle. The operands are retrieved from the addresses if the need be.”
3. Execute Cycle
a. “This cycle as the name suggests, simply executes the instruction that was fetched and decoded.”
4. Interrupt Cycle
a. “This cycle of fetching a new instruction, decoding it and finally executing it continues until the computer is turned off.


Processes
In a very basic terms a process defines some form of computer application or program which is currently running. A process to a basic level is made up of a single or a series of instructions for the computer to execute. However, when it comes to a multi process system, aka a system that is capable of multitasking, these processes require the need for multiple states, as if there were no states for these processes, essentially, it wouldn’t actually be a multitasking system. It is suggested by my source that process scheduling is to be placed upon a queue-like data structure. 


Instruction Cycle
These states consist of several different states, and it is essential to note how a process can only ever exist in one exact state:
1. Create
a. “During the course of execution, a process may create several new processes. As mentioned earlier, the creating process is called a parent process, and the new processes are called the children of that process. Each of these new processes may in turn create other processes, forming a tree of processes.”
2. Waiting
a. “If there are no processes to execute, no I/O devices to service, and no users to whom to respond, an operating system will sit quietly, waiting for something to happen.” 
i. In this case you can also think of replacing the phrase operating system with the work process.
3. Running
a. This state simply defines the state in which a program is being utilised, it may be down to how the program is written or it could be down to the fact that the user is currently interacting with the program. This is where a process doesn’t stop, it continues to run until something causes the process to stop running, or until completion.
4. Blocked
a. This defines a state in which an entire program may be blocked, or just parts of a program may be blocked, essentially the blocked state is where the program, or parts of the program is awaiting for something to happen before the process or program may be swapped back to the running state.
5. Swapped out
a. This defines a state where a process is taken out of the systems main memory and placed into the systems storage (virtual memory), to free up more of the systems main memory, resulting in a more efficient system. A process may be placed into the swapped out state when a process has been blocked, usually a multiprogramming system will place a process into this state when it has been blocked for ‘x’ amount of time.
6. Termination
a. This state defines a process that has finished, therefore it has been executed, which results in the current process being removed from the system’s memory (both main and virtual). 


Relation - Processes & Programs
As I’ve stated above, a process related to a program greatly, a program alone is a process, however, unlike a process, a program is can be made up of multiple processes due to the fact that with a multiprogramming system, we’re in fact able to make use of a process tree. In latent terms, this means that one process may have child processes, which as a result makes the current process I’m currently stating a parent process, like a tree data structure, you can have one node which may have multiple child nodes.


Inter Process Communication
Inter-process communication occurs when a process is capable of interacting with another process, also known as a cooperating process. The IPC states that there are generally two common ways of allowing processes to cooperate with one another. One being shared memory, the other being message passing, and shared memory to a fundamental level is memory which can be accessed by multiple processes at the same time. Whereas message passing on the other hand allows multiple processes to interact with one another without having to share the same memory. Message passing consists of two very basic operations, one being sending data, the other being receiving data. The data which is sent between processes may be data packets, or it could also be an object.


Threads
A thread is like a sub-process, a thread is not the same as a process, as a thread may also be referred to as a lightweight process. A process can contain multiple threads, and with a multiprocessor system, this means that you can have many processes running at once, where each process may contain many threads. When a process encapsulates many threads, all of the threads within that process must share the current state and resources of that process. Whereas mentioned above, a process may or may not share memory with another process, as stated with the two different IPC states. As I’ve stated a thread is like a sub-process due to the fact that as you can synchronize multiple threads and each thread has its own execution state too. A thread is needed to allow for parallel processing, threads may also be used for high performing systems, as stated in one of my sources, take less time to create than creating a new process, within an existing process, it also takes less time to switch between two different state when compared to switching between two different processes.


Use of Threads
A real life example as to when it is recommended to use threads would be on a server, as many servers have many processors and many servers also run on a multiprocessor system, and as these processes on the server may need to share resources, it is implied that it is far more efficient to utilise threads and shared memory, as such an implementation is quicker than having many processes using message passing for this coordination. 


Inter Process Communication – With Threads
As I’ve already somewhat implied, threads may communicate with one another through the use of shared memory. As I’ve stated, a process may have many threads, and on a multiprocessor system, you may have many processes. Therefore in theory, you could have threads from different processes communicate with one another, even if the different processes do not utilise shared memory, as long as the processes containing the threads can communicate, in theory, the threads should be able to then receive or send the data from the surrounding process. 


Threads VS Processes
Another feature of threads that differs them to processes is that thread states tend to have different terms, which include the following:
1. Spawn
2. Block 
3. Unblock
4. Finish
These states share the same basic functionality as the states which apply to processes, spawn is creating a thread, and block allows the processor to run another thread, while this thread is being stored. Unblock is simply moving the blocked thread from the waiting state to the ready state, then finally finish is where the thread has been complete, therefore it is then deallocated from the stack.


Synchronisation
In order for processes to be synchronised, we first need to understand that these processes must be concurrent processes. In order for synchronisation to occur, we also need to have process which are running in parallel, aka at the same time. However, we need synchronisation to ensure that any processes that are run in parallel behave as expected, without synchronisation, we can encounter issues such as race condition, which is basically a state where your processes may produce outcomes in an unpredictable behaviour. An example of when processes should be synchronized is when processes may share a common resource which is known as the critical section, as this helps to avoid any possible issues that may occur with running parallel processes. One implementation of process synchronisation is known as spinlock. The implementation of Spinlock consists of a “mutual exclusion mechanism in which a process executes in an infinite loop waiting for the value of a lock variable to indicate availability”. The same applies to Threads, if you decide to run thread in parallel, you will still need to ensure that the threads that you are utilising will never reach a deadlock state, hence why synchronisation is so important. Synchronisation becomes more complex when you try to do more and more things in parallel, at least in theory. If you have many concurrent processes running, each process containing multiple threads which you wish to run in parallel, in theory, each process would run side by side, and within each process you’d also have multiple threads running at the same time. In such a case it becomes essential that you implement some form of synchronisation. Judging from my research, it is implied that you should implement some form of synchronisation for the encapsulating processes, then have another implementation for the nested threads. 


Single CPU Systems VS Parallel Architecture
When comparing a single CPU system compared to a multi CPU system (parallel architecture), things work a little differently. As there are more resources, including cores and typically speaking system memory in addition to storage. With a multi CPU system, scheduling is less of a concern, especially the more resources the system has. For obvious reasons, the more resources that a system has in place, the more the workload can be spread across the resources which implies for all round faster performance for the more resources that a system has to offer. So in theory, that also suggests that the less scheduling is required, and the more parallel potential a system has to offer due to its increased memory and threads. Keep in mind how a thread has to share resources with its neighbouring threads and the parent process. More memory means more room to utilise shared-memory, and more threads means the workload could be broken down into an increased number of smaller tasks. Hence my conclusion as to why a multi CPU machine has more potential when it comes to parallel computation, which then implies an all-round faster machine, if the parallel computation is taken advantage of. This is why I used the server example above, servers tend to have more resources than a typical mid-range computer, purely because a typical mid-range computer doesn’t need the same hardware in place, thanks to the ability to multi-task and schedule your processes. Which means that typically you can still run your average processes without any issues on a standard computer, without any performance issues. The only time a system with an increased amount of resources is really required is when you’re trying to tackle more computationally complex tasks. Whether that’s handling enormous datasets or tackling something with the computational complexity of O(n*((n+x)3)*((nx*n)2)) where x can vary in size depending on x. The computational complexity example I’ve provided is unrealistic, yes, however I only used such an unrealistic example to prove my point. The more you can break down such a complex problem into smaller problems which run in parallel, in theory it’s implied that the task should reach completion at a quicker rate. 


Scheduling
As for scheduling, this simply states the order in which processes are put through the instruction cycle, it is necessary to have an orderly functionality applied to which process is executed otherwise processes could execute in any random order. The order in which a process is execute will vary, based upon the system’s implementation of scheduling, as some systems will utilise the first come first serve methodology, others may use shortest remaining time, others may use fixed priority, etc. There are many different ways in which you can implement a system’s scheduling. 


Summary
To summaries and come to a fairly concise conclusion, a fine example of a multi programming system would be a modern day operating state that makes use of multitasking. In order for multi-tasking to work, we need states, which I’ve stated above, as I’ve also stated, without these states, the system wouldn’t be capable of multi programming or multi-tasking as you’d just have one process running one after another, where one process would be put through the instruction cycle, followed by another upon some grand event loop, which would essentially allow the computer to continue to run until the user requests for the system to be shutdown. As for synchronisation, it should only be used where necessary, the same applies to parallel processes, they should only be used where needs be. There are many issues with parallel processes, such as deadlock. The deadlock problem occurs when “two or more processes are unable to proceed because each is waiting for one of the others to do something”. It is generally stated that if one just wants to increase the performance of their program, they should look at optimizations, including micro optimizations and minifying complexity, size of code, size of data sets, etc.
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