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1. Introduction:-
A real-time operating system (RTOS) is an operating system (OS) intended to serve real-time application requests. A key characteristic of a RTOS is the level of its consistency concerning the amount of time it takes to accept and complete an application's task; the variability is jitter.

A real-time OS has an advanced algorithm for scheduling. Scheduler flexibility enables a wider, computer-system orchestration of process priorities, but a real-time OS is more frequently dedicated to a narrow set of applications. Key factors in a real-time OS are minimal interrupt latency and minimal thread switching latency, but a real-time OS is valued more for how quickly or how predictably it can respond than for the amount of work it can perform in a given period of time.

Concurrent executions of processes have become an important feature of systems especially in multi user environment. Concurrent processing gives many advantages like increased response in human interfaces, I/O-bound applications, distributed and parallel systems, etc.  However the difficulties in using concurrent processes are also clear. The difficulties include shared data management of different processes, proper switching of processes and their restoration and priority scheduling of processes with different priorities, running at the same time, etc. Typically concurrency is brought up by multithreaded environment in which several threads share the same address space and are executed simultaneously. But processes share resources; events outside the scheduler’s control can sometimes prevent the highest-priority ready processes from running when it should. When this happens, a critical deadline could be missed, causing the system to fail.
 In priority scheduling, threads are assigned priority by the operating system and the resources are allocated to the threads according to their priorities i.e. if two threads are waiting for a resource then the higher priority thread will precede the lower priority thread on the availability of the resource.  A problem that occurs with priority scheduling in multithreaded environment is the priority inversion.
The pair of highest and lowest relative priority must share a resource, say by a mutex, and the third must have a priority between the other two. The scenario is as shown in the figure below. First, the low-priority task acquires the shared resource (time t1). After the high priority task preempts low, it next tries but fails to acquire their shared resource (time t2); control of the CPU returns back to low as high blocks. Finally, the medium priority task—which has no interest at all in the resource shared by low and high—preempts low (time t3). At this point the priorities are inverted: medium is allowed to use the CPU for as long as it wants, while high waits for low. There could even be multiple medium priority tasks.
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Fig.1. Priority Inversion Problem
The risk with priority inversion is that it can prevent the high-priority task in the set from meeting a real-time deadline. The need to meet deadlines often goes hand-in-hand with the choice of a preemptive RTOS. Depending on the end product, this missed deadline outcome might even be deadly for its user.
One of the major challenges with priority inversion is that it’s generally not a reproducible problem. First, the these (as above in figure) steps need to happen—and in that order. And then the high priority task needs to actually miss a deadline. One or both of these may be rare or hard to reproduce events. Unfortunately, no amount of testing can assure they won’t ever happen in the field.

2. Literature survey:-
Priority inversion is a well known problem in concurrent programming especially in real time applications. There are basically two well-known protocols that have been used excessively as attempts to avoid priority inversion. The first is known as priority ceiling [2, 6] and the other is priority inheritance [3, 9]. Priority ceiling protocols require that a priority value, the ceiling, be associated with a resource and the corresponding lock [2]. This ceiling is defined as the maximum priority of tasks contending for the resource. In this way the priority inversion problem is resolved. The basic detriment here is that the protocol requires programmers to supply priority ceiling for each resource. Secondly priority ceiling may result in false blocking of threads [3].
The second type of protocol that is seldom used for priority inversion avoidance is priority inheritance protocol [3]. Priority inheritance protocol involves raising the priority of a thread that is holding a lock causing a higher priority thread to lock. If a thread which is a low priority thread is using a resource due to which a higher priority thread is blocked then the low priority thread inherits the priority of the latter and get executed quickly to give way to the higher priority thread. Suppose T1 owns mutex m1 and is waiting for mutex m2 which is owned by T2 and so on. If a high priority thread (Th) now blocks on m1, the protocol has to march down the chain (T1, T2, … ) promoting each element otherwise Th would be in danger of unbounded inversion as lower tasks in the chain failed to advance because of intermediate priority tasks. So priority inheritance needs to be a transitive operation. The priority inheritance solution is transparent to application and removes hazards like "false blocking" present in priority ceiling protocol and its variants.
Besides the advantages the priority inheritance protocol has several other notable disadvantages. Four of the basic detriments of priority inheritance protocol are described in [11]. These detriments are stated below:

· The nested critical regions protected by priority inheritance locks generate long inversion delays.

· Priority inheritance fails if tasks mix inheriting and non-inheriting operations.

· Priority inheritance worst case performance is worse than the easy alternatives in most cases.

· Inheritance algorithms are complicated and easy to get wrong.

The proper proofs of these detriments of priority inheritance can be seen in [11]. 
3. Problem formulation: - Need and significance of proposed research work

This approach is basically made for serving only real time systems in which high priority thread must be served as soon as it arrives. Therefore, the system in this approach saves the resource as backup and when a higher priority thread arrives it revokes the low-priority thread, restitutes (restores) the resource, let the high priority thread executes and later restarts the revoked threads. Although the low-priority threads may have to be revoked several times but the high priority thread is always served the best which is a basic requirement in real time systems. 
Significance: 
· This will eliminate the problem of cascading roll back (which occurs in log based systems). 
· Secondly, the approach is very simple and does not require major change in program structures.
·  Besides preventing priority inversion this approach prevents multiple-blocking and deadlock (the issues present in priority inheritance) as well.
4. Outline of Proposed Work:-
We propose a novice approach for the priority inversion avoidance which is preemption based technique which restores the object(s) on the arrival of a high priority thread. In this method no log is maintained, instead we use a shadowing technique for resource consistency.
 In our approach when a low priority thread is entering a synchronized section the objects (shared resources) to be used in the synchronized section are backed up and the low priority thread is allowed to use the shadow version of the shared resources. When the low priority thread has finished its execution the backed up resource is replaced by the shadow of the resource updated by the low priority thread.
 Now during the execution of the low priority threads, if a higher-priority thread arrives and needs to enter the synchronized section, the lower-priority thread in the synchronized section is preempted and the resource previously saved as backup is restituted (restored). The higher priority thread is now allowed to enter the synchronized section which contains the unaltered resource. When the higher priority thread is finished the low priority thread is restarted and then allowed to enter the synchronized section. The low-priority thread now uses the shadow version of the updated resource (updated by high-priority thread). 
This means that whenever a low-priority thread enters the synchronized section it uses the shadow of the original resource object(s) while if a high priority thread enters the synchronized section it uses the original resource object(s) in the synchronized section. 
Here is the Pictorial representation….. 
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Figure 1: Revocation of threads with resource restoration

Figure 1 depicts a possible scenario of thread revocation. The wavy lines with arrows sepresent
thread. These threads are labeled T or 7r meaning Highpriority thread and low-priority thread
respectively. The rectangular box represents the synchronized sections. The circles inside the rectangular
boxes represent the resource objects. The updated resource objects are marked grey in color in order fo
differentiate from fresh resource objects. In Figure 1(a), a low-priority thread 7 is about fo enter the
synchronized section. Before a low priority thread in allowed to enter and modify. the resource object is
backed up.

In Figure 1(b) the thread has now entered the synchronized section and has modified the resource
object Oy (which is the shadow of the original resource abject). At this point a higher priority thread Tz
ries to acquire the same monitor but is blocked by the low-priority thread 77 s shown in Figure 1(c). Now
the 7 is revoked and is shifted back fo the beginning of the synchronized section. The shadow resource
object which was modified by the 7 is replaced by the original resource object previously saved. This is
shown in Figure 1(d). After the sesource object has been sestored the T is now allowed fo enter the
synchronized section as depicted in Figure 1(c) and the T} stays out of the synchronized section waiing for
the monitor to release. Later on when 7 has completed ifs execution in the synchronized section and the
‘monitor is released; 7 gains reentry and uses the shadow of the modified resource object as shown in
Figure 1(f). In the following sections we discuss some peculiarities of the problem and the solution
‘provided for them.
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Expected date of completion of the work: - May/June, 2012.

6. Facilities required for proposed work:
Tools / software(s): QNX Software Development Platform/Java, the QNX Momentics® Tool Suite, Suitable technology, the QNX Neutrino® RTOS, windows XP professional /Linux.
Hardware: x86 processor computer / Pentium 4 computer.   
7. Proposed Place of work:
Shivaji University, Kolhapur.
Approximate Cost
: Rs. 32,000 /-
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