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5.3 Scheduling Algorithms 133

Process  Arrival Time  Burst Time

Pq 0 8
P, 1 4
Ps 2 9
P, 3 >

If the processes arrive at the ready queue at the times shown and need the
indicated burst times, then the resulting preemptive SJF schedule is as depicted
in the following Gantt chart:

| P, Py P P;

0 1 5 10 17 26

Process P; is started at time 0, since it is the only process in the queue. Process
P, arrives at time 1. The remaining time for process P; (7 milliseconds) is
larger than the time required by process P, (4 milliseconds), so process P; is
preempted, and process P; is scheduled. The average waiting time for this
exampleis (10 — 1) + (1 — 1) + (17 — 2) + (5 — 3)) /4 =26 /4 = 6.5 milliseconds. A
nonpreemptive SJF scheduling would result in an average waiting time of 7.75
milliseconds.

5.3.3 Priority Scheduling

o
The SJF algorithm is a special case of the general priority scheduling algorithm.
A priority is associated with each process, and the CPU is allocated to the
process with the highest priority. Equal-priority processes are scheduled in
FCFS order.

An SJF algorithm is simply a priority algorithm where the priority (p) is the
inverse of the (predicted) next CPU burst. The larger the CPU burst, the lower
the priority, and vice versa.

Note that we discuss scheduling in terms of high priority and low priority.
Priorities are generally some fixed range of numbers, such as 0 to 7, or 0 to 4095.
However, there is no general agreement on whether 0 is the highest or lowest
priority. Some systems use low numbers to represent low priority; others use
low numbers for high priority. This difference can lead to confusion. In this
text, we assume that low numbers represent high priority.

As an example, consider the following set of processes, assumed to have
arrived at time 0, in the order P;, Py, ..., Ps, with the length of the CPU-burst
time given in milliseconds:
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Process  Burst Time  Priority

Py 10 3
P, 1 1
Ps 2 3
Py 1 4
Ps 5 2

Using priority scheduling, we would schedule these processes according to the
following Gantt chart:

P2 P5 Pl P3 P4

0 1 6 16 18 19

The average waiting time is 8.2 milliseconds.

Priorities can be defined either internally or externally. Internally defined
priorities use some measurable quantity or quantities to compute the priority of
a process. For example, time limits, memory requirements, the number of open
files, and the ratio of average 1/0 burst to average CPU burst have been used
in computing priorities. External priorities are set by criteria that are external
to the operating system, such as the importance of the process, the type and
amount of funds being paid for computer use, the department sponsoring the
work, and other, often political, factors.

Priority scheduling can be either preemptive or nonpreemptive. When a
process arrives at the ready queue, its priority is compared with the priority of
the currently running process. A preemptive priority scheduling algorithm will
preempt the CPU if the priority of the newly arrived process is higher than the
priority of the currently running process. A nonpreemptive priority scheduling
algorithm will simply put the new process at the head of the ready queue.

A major problem with priority scheduling afsorithms is indefinite blocking or
starvation. A process that is ready to run but lacking the CPU can be considered
blocked, waiting for the CPU. A priority scheduling algorithm can leave some
low-priority processes waiting indefinitely for the CPU. In a heavily loaded
computer system, a steady stream of higher-priority processes can prevent a
low-priority process from ever getting the CPU. Generally, one of two things
will happen. Either the process will eventually be run (at 2 AM. Sunday, when
the system is finally lightly loaded), or the computer system will eventually
crash and lose all unfinished low-priority processes. (Rumor has it that, when
they shut down the IBM 7094 at MIT in 1973, they found a low-priority process
that had been submitted in 1967 and had not yet been run.)

A solution to the problem of indefinite blockage of low-priority processes
is aging. Aging is a technique of gradually increasing the priority of processes
that wait in the system for a long time. For example, if priorities range from
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127 (low) to 0 (high), we could decrement the priority of a waiting process by
1 every 15 minutes. Eventually, even a process with an initial priority of 127
would have the highest priority in the system and would be executed. In fact, it
would take no more than 32 hours for a priority 127 process to age to a priority
0 process.

5.3.4 Round-Robin Sche::luling

The round-robin (RR) scheduling algorithm is designed especially for time-
sharing systems. It is similar to FCFS scheduling, but preemption is added to
switch between processes. A small unit of time, called a time quantum, or time
slice, is defined. A time quantum is generally from 10 to 100 milliseconds. The
ready queue is treated as a circular queue. The CPU scheduler goes around the
ready queue, allocating the CPU to each process for a time interval of up to 1
time quantum.

To implement RR scheduling, we keep the ready queue as a FIFO queue of
processes. New processes are added to the tail of the ready queue. The CPU
scheduler picks the first process from the ready queue, sets a timer to interrupt
after 1 time quantum, and dispatches the process.

One of two things will then happen. The process may have a CPU burst of
less than 1 time quantum. In this case, the process itself will release the CPU
voluntarily. The scheduler will then proceed to the next process in the ready
queue. Otherwise, if the CPU burst of the currently running process is longer
than 1 time quantum, the timer will go off and will cause an interrupt to the
operating system. A context switch will be executed, and the process will be
put at the tail of the ready queue. The CPU scheduler will then select the next
process in the ready queue.

The average waiting time under the RR policy, however, is often quite long.
Consider the following set of processes that arrive at time 0, with the length of
the CPU-burst time given in milliseconds:

Process  Burst Time

P; 24
P, 3
Ps 3

If we use a time quantum of 4 milliseconds, then process P; gets the first 4
milliseconds. Since it requires another 20 milliseconds, it is preempted after
the first time quantum, and the CPU is given to the next process in the queue,
process P,. Since process P; does not need 4 milliseconds, it quits before its time
quantum expires. The CPU is then given to the next process, process P3. Once
each process has received 1 time quantum, the CPU is returned to process P for
an additional time quantum. The resulting RR schedule is
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