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ABSTRACT

The management of computer resources, such as disks, networks, CPUs, and
memory, is suffering from outdated interfaces. Usersmay wish to have close control
over the use of any or all of the above resources, but Unix does not provide the inter-
faces to control those resources.This note describes a set of resources which managers
may wish to control, and describes a model for controlling them.This is an evolving
document, with the intended goal of arriving at a suitable specification for modifica-
tions to the Linux system to provide better resource control.

1. Outline

• What are the resources?

• What is the model for controlling the
resources?

• How would this work?

2. What are the resources?

What resources do we wish to control?The set
of interesting resources are

• CPU time.

• Memory.

• Network utilization in terms of transfers
and/or bandwidth.

• Disk utilization in terms of transfers and/or
bandwidth.

• File system utilization in terms of transfers
and/or bandwidth.

• File system free space.

3. What is the model?

3.1. Current models

The current resource management models are
the following:

a) Hardlimits as defined bysetrlimit(2).
When these limits are exceeded the process
is killed.
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b) Quotalimits for file systems.When these
limits are exceeded, the file system requests
which allocate space fail.

3.2. Proposed model

Both of the current models are somewhat use-
less. Yes, they can prevent abuse of the system
but they are not useful for allowing fair sharing
of the system.In order to be more useful, the
model needs to be changed.The new model
must provide a kindler and gentler resource
management model, one where processes may
be stopped rather than be killed.

Consider network bandwidth as a managed
resource. We certainly do not want to kill a user
which is abusing the use of the network, we sim-
ply want to slow it down so that some other user
can get her fair share of the network.

Consider disk quotas.It is difficult to program
around the disk allocation failure. To do so
means that the user program must essentially do
all allocations in a loop, repeatedly trying to
allocate and pausing for a while until perhaps
someone has freed up some disk space.

In order to define a model, we need to define the
resources and their percentage utilization.For
disk (actually file system) space, this is trivial.
For networking, this is somewhat more difficult.
Network utilization can be measured in transfers
per second, bytes per second, or some combina-
tion of the two. In addition, the fact that there
are multiple interfaces complicates matters.The
model must be able to distinguish between mul-
tiple instances of a resource, be it a network
interface, a file system, or a CPU.

The model we have in mind is this. The model
is user based, not process based since some
applications are multi process.This is annoying
but not unreasonable.For each resource, define
a utilization metric of each instance of that
resource. Provide a means of configuring the
amount of resource utilization each user gets,
with the default being 100% (in other words, no

configuration means we are where we are
today). Whenprocesses exceed their limits, pro-
vide a configurable way of the resulting action,
which could be to kill the process, or to sleep the
process until the resource becomes available
again.

3.3. How would this work?

The general idea is to do as little work as possi-
ble in the kernel. Linuswill not accept changes
which have any perceived or measurable impact
on the performance or maintainability of the ker-
nel unless there is some overwhelming demand
for them. This problem, while interesting, is not
generally useful enough to be heavy weight.

Suppose we knew how to measure each resource
and we knew what the limits were per process
for that resource.If the system could be asked
about resource utilization each time some
resource was about to be used, then if the
resource was over subscribe, the system could
indicate this to a user level resource man-
ager and allow that manager process to decide
what to do. This user level process is where all
policy decisions and configuration takes place.
The kernel simply notifies the manager that
some resource is over used and the manager
decides what he wants to do about it.

For each resource type, we need a means of
determining the percentage utilization.This
turns out to not be that hard, though it is a little
subtle. Considernetworking. Networking is
annoying because you do not know when you
enter the kernel exactly where the data is going.
The abstraction is such that you are just sending
data to the networking stack and somewhere at
the lower level i t will decide which interface is
the right one.We want is to be able to know (a)
the device which will be used for this transfer,
and (b) the utilization level of that device.

There is currently a route cache entry stored
with the open socket data structure.This is
something which violates layering but is very
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useful for performance.It’s also the logical
place to add more information needed for
resource management.

4. Summary

This document is incomplete but it has a start at
sketching out a model and an implementation of
a modern resource management model for
Linux. To move forward, we need to

a) Make sure that the complete set of resources
have been listed

b) Considereach resource in turn and make
sure that this model can be applied

c) Define the APIs used to manage these
resources.
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