Assignment III part 1 (Lei Li and Zongyong Zheng)

Report on CPU Scheduling

1. Introduction

We have modified the program that simulates a short-term scheduler so that we can experiment with two scheduling policies, Round Robin(RR) algorithm and a Multilevel FeedBack Queues algorithm called Exponential Queues(XQ1). We did experiments with different input files, QUANTUMs to compare two algorithms and to compare the performance for various value of the parameters QUANTUM for each algorithm.

Various criteria can be as to what constitutes a good scheduling algorithm. some of the possiblities include:

(1) fairness -- make sure each process gets its fair share of the CPU

(2) Efficiency -- keep the CPU busy 100 percent of the time.

(3) Response time -- minimize response time for interactive users.

(4) Turnaround -- minimize the time batch users must wait for output.

(5) Throughput -- maximize the number of jobs processed per hour.

but, unfortunately, some of these goals are contradictory. Anyway, we will evaluate the Round Robin algorithm and Exponential Queues algorithms using criteria above. 

2. Experiments

(1) Round Robin Algorithm(RR):

Round Robin is a scheduling policy in which each process is assigned a time interval, called its quantum, which is allowed to run. If the process is stilling running at the end of the quantum, the CPU is preempted and given to another process. If the process has blocked or finished before the quantum has elapsed, the CPU switching is done when the process blocks.

In the real world, all the job arrive randomly, last randomly and do I/O randomly. We use input files DATA.test, DATA.test1 and DATA.test2 as the common case, which are more possible to happen in the real world to show the features of RR. We also use these input files to test which value of QUANTUM is best for RR algorithm. We test QUANTUM with value from 3ms to 10000ms. results are shown in Chart 1 to chart 12 and Table 1, 3, 5.

(2) Exponential Queues Algorithm(XQ1)

Exponential Queues is a kind of Multi-level feedback Queues algorithm. In this algorithm:

    - a process can move between the various queues; 

    - Multi-level feedback queues scheduler defined by the following parameters:

      . number of queues ( in XQ1, 8 queues with priority from 0 to 7)

      . scheduling algorithm for each queue.(in XQ1, FIFO)

      . method used to determine when to upgrade a process(in XQ1, when a job 

        starts a burst either because it has just started or because it has 

        finished doing I/O, it is assigned priority 0.)

      . method used to determine when to demote a process(in XQ1, if a job with 

        priority i uses up its time slice without blocking for I/O or 

        terminating, the scheduler stops it, lowers its priority to i+1).

      . method used to determine which queue a process will enter when that 

        process needs service( In XQ1, a process enters the queue with the same 

        priority, when it starts, it enters the 0 priority queue).

We also use above three input files to test XQ1 algorithm. We test QUANTUM value from 3ms to 10000ms. Results are shown in Chart 1 to chart 12 and Table 2,4,6.

3. Result Analysis

(1) Round Robin Algorithm

From chart 1 to chart 12, we can see that when QUANTUM is too small (in the range of 3~5ms), the complete time, throughput, mean elapsed time and mean CPU waiting will suffer. When QUANTUM is too big(more than 200), although complete time and throughput will remain on a value, but mean elapsed time and CPU waiting time will increase as the QUANTUM increases. This characteristic is kept when input file changes. Carefully reading the charts, we notice that QUANTUM  around 50ms(20-100ms) will give the scheduler best performance with lower elapsed time and CPU waiting time. The reason that RR scheduler acts like this is because RR scheduler is fair, giving each job a QUANTUM to run. If QUANTUM is too small, the CPU is busy with context switch, complete time, throughput, mean elapsed time and CPU waiting suffer. If QUANTUM is too big, most short jobs will wait for long jobs to finish, thus although complete time and throughput do not change, mean elapsed time and CPU waiting time will increase.

(2) Exponential Queues algorithm

From chart 1 to chart 12, we can see that when QUANTUM changes, it almost doesn't effect the complete time and throughput. But mean elapsed time and waiting time increase as the QUANTUM increases. When QUANTUM is too big, both CPU waiting time and mean elapsed time will suffer.  These features also are consistent when the input file changes. The performance of XQ1 scheduler is like this because XQ1 algorithm gives a job double time slice if it can not finish, so if QUANTUM too small, it is the scheduler that enlarges the QUANTUM, thus decreases the times of context switch. But if QUANTUM is too big, it acts like same as RR scheduler. 

(3)  comparison of RR and XQ1

 From chart 1 to chart 12, we can see that XQ1 scheduler's performance is better than RR's when QUANTUM is below 10ms. This because XQ1 adjusts a job's time slice before it finishes. So times of context switch will be less than under RR scheduling algorithm. But when QUANTUM between 10ms and 1000ms, the performance of RR will be better than XQ1. The reason is also that XQ1 adjusts a job's time slice and promotes I/O bounded job, so some short job with less I/O will wait for some long I/O bounded job, thus make the performance a little worse than RR.

When QUANTUM is too big, it is difficult to compare two algorithms, their performance depend on how the job list constitutes. 

From the view of algorithm analysis, RR is fair, while XQ1 is favor of short job and I/O bounded job. The value of QUANTUM effects RR more than XQ1. In the worse case of jobs with the same length, both of their performance will be poor.

4.Conclusion

Round Robin algorithm is a fair scheduling policy, but choice of QUANTUM value is very important, if QUANTUM is too small and too big, the performance will be poor. In general case, QUANTUM in the range of 50~100ms will give a pretty good performance.

Exponential Queues(XQ1) algorithm is favor of short job and I/O bounded job. Cause it can automatically adjusts time slice, so QUANTUM value effects it not as much as RR. QUANTUM around 50~100ms also is acceptable range in XQ1.

