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Introduction
The CPU operates using a fetch-execute cycle whereby the processor reads data and instructions from memory and places them in its own registers for fast access during operations, once the operations are complete the data is returned to memory, allowing the registers to be used once again.
Multi-processing systems allow for multiple processes to execute concurrently despite the fact that only one CPU is present in a device. This is achieved through multiplexing the CPU between system processes through an implementation of time-slicing; this means that each process receives an allocated period of time (time-slice), in which the processor will perform the commands it requires, before the time-slice ends and another processes time-slice begins.
This report will provide an overview of processes and threads, exploring the scheduling and communication methods for each.
[bookmark: _Toc504590106]Processes
[bookmark: _GoBack] Each process in a multi-processing will exist in one of the following three statuses: 
· Active; an active process is the process that is currently being executed by the processor, once the time-slice expires the next ready process will become the active process and the current process will become ready.
· Ready; a ready process requires a time-slice from the CPU as it is ready to execute commands.
· Waiting; a waiting process is one which will wait for input or access to some form of file. Once this has been occurred the process will shift to the ready status.
[bookmark: _Toc504590107]Scheduling
There are a number of algorithms used in order to facilitate multi-processing systems and there are often 3 different schedulers:
[bookmark: _Toc504590108]Long term scheduler
The long term scheduler is utilised in order to decide which processes are permitted to the ready queue, this scheduler can either allow or delay a process joining the ready queue and as such dictates what processes and how many of them can be running on a system.
[bookmark: _Toc504590109]Mid term scheduler
The mid term scheduler allows for processes to be removed from primary memory and to be placed in secondary memory and vice versa. This therefore allows for re-scheduling of processes by temporarily swapping them out or in.
[bookmark: _Toc504590110]Short term scheduler
The short term scheduler makes far more scheduling decisions than the long and mid term schedulers and operates on an interrupt level in order to facilitate immediate priority processes to run in spite of the previous schedule.
There are a great number of algorithms used for scheduling and each have different characteristics, however these can be assessed by their efficiency, throughput, turnaround time, waiting time, response time and fairness. 
[bookmark: _Toc504590111]Algorithms
The simplest scheduling algorithm is the First Come First Serve which works on a simple queue, a process can be added to the tail end of the queue and each process prior to it will be executed before it. This algorithm is too simple and as such is actually a very inefficient solution with no prioritization of important processes.
Some other examples of scheduling algorithms are Shortest Job First scheduling, Round Robin scheduling and Priority scheduling. Each of these have both benefits and drawbacks inherent in them, the shortest job first algorithms reduce waiting time drastically, however they can lead to larger jobs never being processed due to a continuous stream of smaller jobs being available. Round robin scheduling is a fair approach, however the time interval of the round can be incorrectly set which can lead to inefficiencies and higher wait times. Priority scheduling executes higher priority processes first, which means that important processes receive increased time scheduling, however it also means that low priority processes may never be scheduled in deference to the higher priority processes.
Whilst each of these algorithms independently suffer substantial drawbacks, some form of meta-algorithm, utilizing key elements from various algorithms, would mitigate some of these drawbacks. For example a round robin algorithm with deference to very high priority processes would ensure that all processes receive adequate time slicing, however high priority processes will still have some level of preference over other scheduled processes.
[bookmark: _Toc504590112]Inter-Process Communication
Inter-process communication is required in a multi-processor system and can be performed in numerous methods, the most common of which is shared memory communication. This method means that processers actually share memory and this memory is used to communicate between the processes, however this can be slow due to the fact that only one process can access a piece of memory at a time, meaning the other process may have to wait to access the piece of memory before proceeding. This memory locking is very important however as without it a process could modify memory in use by another process, and this could lead to incorrect behavior. Other methods are serial-parallel, this is often used where processors have different communication links, serial-serial communication, this is used where processors have serial communication links, and parallel-parallel communication, this is used with special purpose processors that have parallel links and is seen as being the best inter-processor communication method.
[bookmark: _Toc504590113]Threads
A thread is a lightweight process that operates in its own right, however these lightweight processes are actually constituent parts of a larger process; this process would run multiple threads at the same time allowing for these threads to use the resources of the process and potentially lead to faster running speeds for the user as the multiple threads run independently of one another, therefore if one is awaiting input, the other threads can continue to process. 
[bookmark: _Toc504590114]Scheduling
Threads initially receive the scheduling of the parent process, however the schedule for each thread but there are a few methods through which these are modified to leverage the benefits of being a thread. Threads can be distributed over the processors within a multi-processor system to benefit from better load balancing; this also requires no further scheduling as the threads can operate simultaneously during the parent process’s timeshare, however it is worth noting that due to the parallel nature care needs to be taken to avoid race conditions arising. Another potential scheduling method for multi-threaded applications is dedicated processor assignment; a thread is assigned a dedicated processor that will remain exclusive to the thread, this can speed operations of individual threads somewhat but can also mean that a number of processors can remain idle for some time. The final method of scheduling threads is dynamic scheduling; the number of threads in a process are altered dynamically and load is adjusted to optimize utilization. 
Dynamic scheduling appears to be the optimal method as it leverages the advantages of load balancing and facilitates continuous, dynamic re-scheduling of jobs to ensure optimal running conditions. 
[bookmark: _Toc504590115]Communication
Whilst each process shares nothing with another process, this is not the case with threads; threads share process resources with other threads that are also running within the process. An example of such a resource is a global variable; these shared resources are very useful tools to use whilst programming as all the threads will have access to the variable when desired and allow communication between threads. However the nature of these shared resources can mean that unexpected behavior can be exhibited if one thread modifies a resource value whilst another is using it or if another was expecting a previous value to still be there. This means that that multi-threaded applications need to be designed carefully in a way as to reduce potential for race conditions to arise.
[bookmark: _Toc504590116]Synchronisation
Due to the nature of multi-threading it is worth considering synchronization of threads; locking shared resources creates overheads which are not always required if there’s no contention over access for these resources. If one thread utilizes a resource heavily (as a dominant thread) but rarely shares it with other threads this is known as asymmetric thread synchronization. Such synchronization utilizes biased locks whereby the dominant thread has a reduced overhead when accessing the shared data at the cost of the non-dominant threads exhibiting an increased overhead.
Another method of synchronization is through use of Transactional Memory systems (TM’s). TM’s utilize a conflict detection subsystem whereby to use shared resources a transaction must be created, this transaction is allocated a number which can be uniquely identified among other transactions. When a transaction conflict arises the conflict detection system will resolve the conflict by assessing the work done, number of retries and other properties of both transactions; one of the processes will be placed on a wait before retry or aborted whilst the other will be allowed to continue processing.
It appears that Transactional Memory systems are most favoured and in recent years there have been numerous improvements and iterations made upon its foundations such as token transactional memory which instead employs token coherency to detect conflicts. 

[bookmark: _Toc504590117]Conclusions
Despite adding many layers of complexity to applications, multi-threading is too useful a tool to forego, and as such will be here to stay for the foreseeable future. Multi-threading allows for increased utilization of current systems potential by facilitating load sharing and parallel processing; due to the technology there are clearly observable increases in efficiency and processing time. 
When working with multi-threaded applications, it is important that the usage of the multi-threading is appropriate for what is required, well implemented and will not lead to any issues down the line. Race-conditions and other such issues can be misleading and time consuming errors to pin down and maintain, these are best avoided by initial design.
However, despite being a mature technology at the time of writing, thread synchronization and scheduling continue to be areas in which research is carried out, as is evidenced by the recency of some papers on the topic. Research continues to improve and modify the algorithms in order to find potential improvements which could see use in future operating systems to improve efficiency and running costs.
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