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Multi-level Feedback Scheduling

This is a scheduling scheme in which we maintain multiple ready queues instead of
just one. Each queue has a different time quantum for round-robin and represents
different priority levels.

In the image above, the topmost queue has a time quantum of 8 and is for real-time,
short-running jobs. The bottom most queue is for long-running jobs. Each new job
gets added to the highest priority ready queue when it arrives for the first time.
Then, every time its time slice expires, if it still hasn’t finished, it gets dropped one
level to the queue below with a longer time slice.

The CPU is shared among all the queues according to some percentage - each queue
gets a certain amount of CPU time. That is, the topmost queue could get 70% of the
CPU time, the one below it gets 20%, and the bottom most queue gets 10%. That
means that 70% of the time, tasks in queue 1 are executing with a time quantum of
8, for 20% of the time, tasks in queue 2 are executing with a time quantum of 16,
and for the remaining 10% of the time, tasks in queue 3 are executing FCF'S.

Case Study: Linux O(1) Scheduler

The Linux scheduler for a while was a variant of the Multi-level feedback scheduler
you saw above. Instead of 3 read queues, it had 140, of which the first 100 (of highest
priority) were for real time tasks, and the remaining 40 were for user tasks.

It was a O(1) time scheduler, which means that it took constant time to run and
figure out which job should be scheduled next. It achieved this by computing a large
amount of heuristics every time it was called and maintaining a copy of all the 140



ready queues. Once a job was dequeued and started to run, it was put into the copy
queue, and then the pointer to the active queue was swapped to point to the copy
queue.

However, even though the scheduler worked well, it because impossible to maintain
because the number of heuristics it used and their complexity grew too much, to the
point that it was just discarded and completely replaced with a new policy.

Real-Time Scheduling

Real-time scheduling refers to the scheduling for a real-time operating system, which
often needs to ensure that jobs that arrive are run before a certain “deadline”. For
example, the embedded system in a car that controls the brakes needs to ensure that
once the driver presses the brake, the brakes are applied within a certain deadline.

These deadlines are critical to the safety of the application, and thus we need pre-
dictability of performance. A common scenario in real-time scheduling is scheduling
periodic tasks that occur with a period P and have a burst time of C. The condition
in this case is that a task should finish its computation of C before its period P
is over. In this case, round robin scheduling does not work - we end up missing
deadlines.

Earliest Deadline First (EDF)

This scheduling policy simply takes the task which has the earliest deadline and runs
it. Every time it has to switch, it selects the job which has the earliest deadline.

EDF is proven to be optimal if you have a reasonable number of jobs to run. If the
number of jobs keeps increasing, at one point EDF will not be able to guarantee
deadlines. That point is given by -

Where C_i is the burst time of task i and D_i is the deadline or period of task
i. This inequality just says that the percentage of CPU used by each task should
add up to be less than or equal to 100%. If it is greater than 100%, the scheduler
obviously won’t be able to meet all deadlines.

Ensuring Progress

We have already seen the problem of starvation - when a thread or a job fails to
make progress for a long time because of the scheduling policy. This is not the same
as deadlock, since starvation could possibly resolve under the right conditions.
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