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Method of setting priority levels in a multiprogramming com-
puter system with priority scheduling, multiprogramming

computer system and program therefor.

The invention relates to a method for setting pri-

ority levels in a multiprogramming computer system with

priority scheduling, to a multiprogramming computer system
with priority scheduling, and to a computer program loadable
onto a multiprogramming computer system with priority sched-
uling.

A multiprogramming computer system 1s a computer

system that is able to switch back and forth between multi-

ple programs loaded in memory. The operating system of such

a computer comprises a scheduler, a part that chooses which

' and

of two or more threads of execution that are ready to run

should be run next. To ensure that certain threads are more
likely to be chosen than others, threads have a priority
level assigned to them.

Although common operating systems have mechanisms
for changing priority levels, the basic setting of the pri-
ority level for processes and/or threads that are created
when an application program is run, is not carried out by
the operating system. Either the level 1s set by the pro-
&ider of an application program, or it 1is set by a system
administrator. This can lead to problems when the execution
of a certain program requires a large amount of processor
capacity. The high priority setting will lead to a situation

where the thread or threads of execution of this program

consume all of the available processing resources. This 1is
detrimental to the performance of other processes simultane-
ously running on the cbmputer system. In situations where
different users run application programs on one system, a
process started by one of them can cause the other processes

to respond very slowly to commands entered by another user.
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It is an object of the invention to provide a

method, multiprogramming computer system and computer pro-

gram according to the pre-amble of claims 1, 10 and 11,

respectively that can be used to alleviate performance prob-

lems caused by a processing-intensive thread of execution.

Accordingly, the invention provides a method for
setting priority levels in a multiprogramming computer sys-

tem with priority scheduling, in which threads of execution

of each process have a standard priority level, comprising
measuring relative use of one or more processors in the sys-
tem by the threads of execution of a process, wherein the
priority levels of one or more threads of execution are low-
ered if their measured relative use exceeds a certain
escalation threshold for the duration of an escalation time
period.

In this manner, a processing-intensive thread will

be detected. It will receive a lower priority relative to

the other threads of execution. The scheduler i1n the operat-

ing system will therefore allocate fewer time slots to that

rhread. More time glots will be made available to the other

threads of execution.

Preferably, the priority level of all the threads,
of execution belonging to one process are lowered 1f the to-
tal relative use by the threads of that process exceed an
escalation threshold for the duration of the escalation time

period.

Thus, in a computer system able to run multi-

threaded code a process with far more threads of execution

than others will not evade detection. Usexrs generally only
notice if a process is behaving sluggish. Lowering the pri-

ority of all threads of execution of a process when the

total processing capacity used by them exceeds a threshold

will make the other processes more responsive.

Preferably, the priority level of at least one

thread is lowered to the lowest level within a range of pos-

sible values.
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Thug, the.effect is instantaneous. It 18 not nec-

essary to scale back the priority gradually over several

time periods. In combination with the use of an escalation

time period, the method is stable, yet responsive enough to

avoid impatience on the part of users.

Preferably, the lowered priority levels are re-
turned to the standard priority level if the relative use 1is
lower than a probation threshold for the duration of a pro-

bation time period.

The method therefore stays effective over an ex-
tended time interval, since it is not possible for the
priority level of each process to be lowered in turn until
all are at the lowest level.

In a preferred embodiment, an incidence of chang-
ing a priority level 1s registered.

It is thus possible to detect 'CPU-hungry’ proc-
esses. This knowledge can be used to advantage, for example

by running such processes at night.

According to an aspect of the invention, a multi-
programming computer system with priority scheduling,
capable of or adapted to executing a method according to any
one of claims 1-9, 1s provided.

The computer system, which could also be a multi-
user computer system, i1s responsive to user commands, even
when many processes are being run simultaneously.

According to a further aspect of the invention, a
computer program loadable onto a multiprogramming computer

system with priority scheduling, such that, when run, the

computer system is capable of executing a method according

to any one of claims 1-9 is provided.

This program can be used to alleviate problems

caused by a process claiming too much processing capacity.

n particular, it ensures that other processes keep running

at a pace acceptable to the users of the computer system.

The invention will now be described in further de-

tail, with reference to the accompanying drawings.
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Fig. 1 shows a very schematic diagram of some com-

ponents of a simple computer system.

Fig. 2 shows a very schematic diagram of processes

and threads at different levels of priority.

Fig. 3 shows a graph of the relative amount of

CPU-processing power used by a process.
Fig. 1 shows a very schematic diagram of some ba-
sic components of a computer system, purely to illustrate

the purpose of the invention. The system comprises a central

processing unit (CPU 2), with a cache 3, connected via a

cache bus 4. A bridge chip 5 connects the CPU 2 to system
memory 6 and a disk controller 7 via a local bus 8 and a
system bus 9 and a main busg 10, respectively. The disk con-
troller provides access to a hard disk 10 over a peripheral
device bus 12.

Although the system of Fig. 1 has a single CPU 2,

the invention is not limited to single processor computer

systems. Indeed, it can not only be used in connection with
a multi-processor computer but also in a distributed com-
puter system that comprises several interconnected nodes,
each node comprising a system similar to that of Fig. 1. In

such a distributed system, the method according to the in-

vention can be implemented on each node separately, or on

the entire system.

The method of the invention igs intended for multi-

programming systems. In the following, reference will Dbe

made to Fig. 2 to explain some concepts in a multiprogram-
ming system.

One or more programs, algorithms expressed 1in some
suitable notation, are stored on the hard disk 10. When a

program is to be run, one or more processes are executed on

the computer system. A process in the context of the present
application is an activity of some kind. A process has an

input, an output and a state. Usually, there i1is one process

for each application program being run, but occasionally the

application program starts other processes.
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In Fig. 2 a first process 13 and a second procC-

ess 14 are schematically depicted. Each process 13, 14 has

some address space in the system memory 6 allocated to it, a
list of memory locations a process can read and write. When

one of the processes 13, 14 is to be executed, the contents

of the address space are loaded into the CPU’s register, and

pr—

the instructions, also stored in the address space of each

process, are carried out.

The system of Fig. 1 is a multiprogramming system,
meaning that the first and second processes 13, 14 can be 1in
system memory 6 concurrently. The system switches back and
forth between the processes 13, 14 in such a way that it ap-

pears to the user that the processes 13, 14 are running

simultaneously. If both processes 13, 14 are ready to run, a
scheduling algorithm in the operating system i1s used to de-
cide which one should be run.

In a multithreaded system, each process can have

one or more threads of execution. In the example of Fig. 2,
the first process 13 in Fig. 2 has a first thread 15 and a

second thread 16. The second process 14 also has two

threads 17. A thread of execution is an entity scheduled for
execution on the CPU 2. Each of the threads 15, 16, 17 has a

program counter, indicating its progress, registers holding

its current working variables, and a stack. The threads 15,

16 of execution of the first process 13 share the address

space of that process 13, open files and other resources.

The same holds true for the threads 17 of the second proc-

ess 14.
In a multiprogramming system that supports multi-

threading, the system switches back and forth between the
threads 15-17 of execution. Again, the scheduling algorithm

decides which of the threads 15-17 should be run, when more

than one is ready. The invention will be explailned in the

context of a multiprogramming system that supports multi-

threading. The skilled person will, however, understand that

in a system that does not support multi-threading, each pro-
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cess will have exactly one thread of execution. In such a

system the invention can still be applied. The terms thread

and process can then be used interchangeably.

Most modern operating systems use a form of prior-

1ty scheduling algorithm. Several variants exist, and the

invention is not limited to use with any one particular
variant. However, the invention will be explained in the
context of a variant deployed in one widely used operating

system, which also supports multithreading. Referring to

Fig. 2, an array 18 of priority levels is shown. Each of the

threads 15-17 of execution is at a priority level within a

g

range of avallable user priority levels. In the example, P,

denotes the lowest available level, P; the highest. The ar-

ray 18 also comprises a range of system priority levels 20

in a range from P; to P,. The system priority levels are re-

served for threads of operating system processes.
In the operating system used here to explain the

invention, there are several process priority classes and

several thread priority classes. Each of the threads 15-17

has a basic priority level, determined by both the thread

priority class assigned to it and the process priority class

assigned to the process of which it is part. Thus, the first

thread 15 of the first process 13 is in a higher thread pri-
ority class than a second thread 16. The first thread 15 is

therefore at a higher user priority level 13 than the second
thread 16.

Processing time on the CPU 2 is divided into

quanta, typically between 20 and 200 ms. The scheduler takes

action whenever one of three events occurs: a time quantum

has ended, a thread blocks (i.e. it cannot continue to run
because it needs input that is not immediately available),

Oor an 1nterrupt occurs. At that point, the scheduler will

select the thread at the highest of the priority levels

first. Where several threads are at one priority level, a
wailting queue is used, so that each of the threads at that

level is selected in turn.
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The basic priority of a thread is not changed by

the operating system. It starts at a standard level; a level

set by the program or by the system administrator which is

normally maintained throughout the running of the thread.

The operating system can add a value to the basic

priority level. In the example operating system, the prior-

ity level of a thread can be temporarily boosted by adding a

factor to the basic priority level. Other operating systems

add a time-varying amount to the basic priority, such that

the total priority level decreases when the thread 1s exe-

cuted and increases when not.
It has been found that neither temporary boosting

nor the addition of a time-varying factor to the basic pri-

ority level adequately avoids problems caused by threads or
processes with too high a basic priority level. Such a
thread is continually selected for running, more often than

not using up the entire time quantum. In the operating sys-

tem used here as an example, a low user priority level is
only boosted for the duration of one or two time quanta.
This is enough for a command to be entered to such a proc-

ess, but not enough for the process to do much with the

command. The moment the temporary boost has ended, the
thread with the higher basic priority level will take over

again. On a macroscopic time scale several orders of magni-

tude larger than that of the time quanta, the CPU will

—

v be running the threads with the higher basic

predominant

priority level.
Severe problems can be the result, especially in

computer systems comprising networked high-end servers and

workstations used by several users. If, for example, one
user is running an image processing application:with a high
basic priority level, other users will notice their applica-
tions becoming slower and less responsive. Typically, one

user will complain to a system administrator, who will set

ity
—

back the basic priority of the threads of the image process-

ing application by hand.
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The invention provides a program that is able to

automatically adjust basic priority levels, such that such

adjustments by a system administrator are no longer neces-
sary. The relative use of the CPU 2 by the threads 15, 16,

17 of execution are measured. The basic priority level of a

thread of execution is lowered from its standard level if

the relative use exceeds a certain escalation threshold dur-

ing an escalation time period of a certain length. As

L

mentioned above, the standard level is the default level a

which the thread is normally run.

Thus, in the example system, the relative use of

g

the processor by the threads 15, 16 of execution of the

ative use by the

first process 13 1is measured, as 18 the re
threads 17 of execution of the second process 14. In a sys-
tem supporting multi-threading, looking at each of the
threads of execution individually is not advisable from a
user’s point of view. An image processing application with

many threads of execution might escape notice, since each

individual thread will not use up a large share of process-

ing time. Taken together, however, the threads of one
process might totally prevent the threads of other processes

from being run.

Therefore, in a system supporting multithreading,

the priority levels of all the threads of execution belong-

ing to one process are lowered i1f the total relative use by

the threads of that process exceeds a certain escalation
threshold during a certain period of time.

In the example system, this can be achieved easily
by lowering the process priority class, for example through

a system call to the operating system.

Referring to Fig. 3, the relative use of the CPU 2

by the first process 13 is shown. The graph is derived from

a system using the method according to the invention. The

relative usage is expressed as a percentage of processing

time, but some other measure like the number of operations

could in principle be used. The escalation threshold has
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been set at 80 % in this example. At a point Ty in time, the

relative use of the processor by the first process 13 ex-

ceeds the escalation threshold. In fact it is substantially
at 100 %. Because the relative use stays above 80 % through-
out a time interval AT,, the first process 13 is moved to a
lower process priority class. The priority level of both the
threads 15, 16 of the process 13, including the ‘CPU-hungry’
thread is consequently also lowered. As a result the rela-
tive use drops to around 95 %, which is enough to allow the
second process to proceed without much hindrance.

The length of the time interval AT, depends largely

on the amount of tolerance of the users of the computer sys-

tem. As is obviousgs from the graph of Fig. 3, it is possible

that the other processes are effectively barred from running

during the time interval AT;. Of course, 1f after lowering
the priority level of the first process 13, the priority
level of the ‘CPU-hungry’ thread is still higher than that

prrn

of all the threads of the second process 14, nothing will

happen until another time interval of length AT, has elapsed.

This would be unacceptable.
Accordingly, the priority level is lowered to the

lowest level within a range of allowed values at Ti. In the

example system, the process priority class is lowered to the

lowest possible level. Within the scope of the invention,

=y

however, the thread priority class of all the threads of the

process could additionally be lowered to the lowest possible
level. Both the threads 15, 16 of the first process 13 would
then be at level Py.

Often, a process or thread only temporarily con-

sumes too much processor capacity. An example situation is
one wherein two users are running a word processing applica-
tion on one machine. Each of the two processes 1s at the
same basic priority level. One user might decide to run a
macro. At that point, his process might use up so much proc-
essor capacity that the other process is effected. The

priority level of the process running a macro will then be
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lowered. If at a later point the other user runs a macro,
the priority of his process will be lowered. Both processes
will now be at the lowest priority level. No further reme-
dies are left 1f one process again starts to dominate.

This undesirable situation is avoided, because the
lowered priority levels are returned to the standard prior-
ity level if the relative use is lower than a probation
threshold. In Fig. 3, the probation threshold i1s set at 40

Of course, the CPU usage could temporarily dip be-

low the probation threshold. If the priority levels were to

be returned to the standard priority level immediately, then
a very unstable system would be the result, in which basic
priority levels were being changed almost every second.

This is avoided by only returning the priority

levels to the standard priority level if the relative use 1s

lower than the probation threshold during a probation time

period of a certain length AT,. Thus, in Fig. 3, the priority
level of the threads 15, 16 of the first process 13 are re-

turned to their standard levels at T,;.

The method according to the invention co-exists

with the scheduling algorithm of the operating system. It is

provided as a separate program running in user space. The

scheduler of the operating system runs in kernel space, us-

ing the basic priorities determined set by the program of

the invention.

The operating system scheduler and the method of
the invention serve different but complimentary purposes.

The scheduler primarily ensures that efficient use 1s made

of the resources of the computer system resources, f[or exam-

ple that it is responsive to keyboard commands and other

forms of input and output. Scheduler parameters are there-

fore platform dependent.

The method of the invention ensures provides a
better user experience. Parameters are therefore based on

user preferences, such as how long a person 1s prepared to
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walt for a process to resume. It is therefore advantageous

to run the method 1n user space so that the program can be

run on different systems with different operating systems or

be ported to operating systems.

Although the operating system scheduler and the

program of the invention both adjust thread priority levels,

they do so on a different time scale. The operating system
scheduler works on a time scale determined by the time

quanta, typically 10-100 ms. The program of the invention

operates on the time scale set by the escalation time period

length AT,. The length of the escalation time period is

higher than 1s. More usually, it is even higher, for example
2 8 or 5 s. The program of the invention will therefore not
interfere with the scheduling algorithm in such a way that

the computer system becomes unstable.

g—

The program of the invention is intended as a so-

lution to the problems commonly faced by system

i

administrators. It relieves them of the burden of having to

adjust the basic priority levels of threads or processes

manually. It also provides two additional features.

Firstly, an incidence of changing a priority level

18 registered. An entry is made in a log at T; and at T;. The
entry identifies at least the culpable process. A system ad-
ministrator uses the log to decide to lower the standard
priority level of a process or to have the process run at a
more convenient time, for example at night. Because an entry
1s made both when the priority level is lowered and when it

18 ralsed, 1t 1s possible to determine how long a process

makes excessive demands on the processing power of the
CPU 2.
As a second feature the system administrator is

able to adjust at least one of the thresholds and/or time

period lengths AT:, AT,;, but preferably all of them. He can

g—

thus fine-tune the performance of the system at all times.

Changes to the escalation threshold can be made to

= C

take account of the number of processes running. 95 % might
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be quite acceptable where only two processes are running,

because the remaining 5 % will be quite adequate. If several

hundred processes are running, 5 % might be far too little

for all of them to run at an acceptable pace. Changes to the

d might similarly be used to take account

probation thresho

of the number of processes running.

A small increase to the escalation time period AT,

might, for example, be useful when a process 1s character-

ised by several large CPU bursts each of a duration that 1is

slightly longer than the normal escalation time period AT;.

The increase in AT; would prevent frequent changes in the ba-
sic priority level.

It will be apparent to those skilled in the art
that the invention is not limited to the embodiment de-
scribed above, but can be varied within the scope of the
claims. In this respect, it is noted that some operating
systems make use of negative priority levels. Processes or
threads at a priority level with a lower (i1.e. more nega-

tive) wvalue take precedence over those with a higher wvalue.

In the present application, a higher priority level should

be read as a priority level that will enable a process or

thread at that level to take precedence over processes at a

lower level.
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CLAIMS
1. Method for setting priority levels in a mul-

tiprogramming computer system (1) with priority scheduling,
in which threads (15, 16, 17) of execution of each proc-

ess (13, 14) have a standard priority level, comprising
measuring relative use of one or more processors (2) in the
system (1) by the threads (15, 16, 17) of execution of a
process (13, 14), wherein the priority levels of one or more
threads (15, 16, 17) of execution are lowered i1f their meas-
ured relative use exceeds a certain escalation threshold for

the duration of an escalation time period (AT:).

2. Method according to claim 1, wherein the pri-
ority level of all the threads (15, 16, 17) of execution

belonging to one process (13, 14) are lowered i1f the total

relative use by the threads (15, 16, 17) of that proc-

ess (13, 1l4) exceed an escalation threshold for the duration

of the escalation time period (AT:).

3. Method according to claim 1 or 2, wherein the
priority level of at least one thread is lowered to the low-

est level within a range of possible values (19).

4 . Method according to any one of claims 1-3,

wherein the lowered priority levels are returned to the
standard priority level if the relative use is lower than a

probation threshold.

5. Method according to claim 4, wherein the low-

ered priority levels are returned to the standard priority

level if the relative use is lower than a probation thresh-

old for the duration of a probation time period (AT;).

6 . Method according to any one of the preceding
claims, wherein the priority levels are changed by a program
running in usexr space, and the priorities are used by an op-
erating system scheduler.

7 . Method according to any one of the preceding

—

claims, wherein an incidence of changing a priority level 1is

reglistered.
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8. Method according to any one of the preceding

claimsg, wherein the escalation time period (AT;) is longer

than one second.
9. Method according to any one of the preceding

claims, wherein at least one of the threshold(s) and/or time

period(s) (AT,, AT,) is adjusted in value by an admilinistrator

of the computer system (1).

10. Multiprogramming computer system with prior-

ity scheduling, capable of or adapted to executing a method

according to any one of claims 1-9.
11. Computer program loadable onto a multipro-

gramming computer system (1) with priority scheduling, such

that, when run, the computer system (1) is capable of exe-

cuting a method according to any one of claims 1-9.
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