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Abstract
Operating systems must be flexible in their support for
security policies, i.e., the operating system must provide
sufficient mechanisms for supporting the wide variety of
real-world security policies. Systems claiming to provide
this support have failed to do so in two ways: they either fail
to provide sufficient control over the propagation of access
rights, or they fail to provide enforcement mechanisms to
support fine-grained control and dynamic security policies.
In this paper we present an operating systems security architecture that solves both of these problems. The first problem
is solved by ensuring that the security policy (through a consistent replica) is consulted for every security decision. The
second problem is solved through mechanisms that are directly integrated into the service-providing components of
the system. The architecture is described through its prototype implementation in the Flask microkernel-based OS,
and the policy flexibility of the prototype is evaluated. We
present initial evidence that the architecture’s performance
impact is modest. Moreover, our architecture is applicable
to many other types of operating systems and environments.

1 Introduction
A phenomenal growth in connectivity through the Internet has made computer security a paramount concern, but
no single definition of security suffices. Different computing environments, and the applications that run in them,
have different security requirements. Because any notion
of security is captured in the expression of a security policy,
there is a need for many different policies, and even many
types of policies [1, 45, 49]. To be generally acceptable,
any computer security solution must be flexible enough to
support this wide range of security policies. This flexibility
This research was supported in part by the Defense Advanced Research Projects Agency, monitored by the Department of the Army under
contract number DABT63–94–C–0058, and the Air Force Research Laboratory, Rome Research Site, USAF, under agreement number F30602–96–
2–0269.
Contact information: spencer@securecomputing.com, Secure Computing Corp., 2675 Long Lake Road, Roseville, MN 55113-2536;
fpal,sdsg@epoch.ncsc.mil; fmike,danderse,lepreaug@cs.utah.edu,
Dept. of Computer Science, 50 S. Central Campus Drive, Rm. 3190, University of Utah, SLC, UT 84112-9205.
http://www.cs.utah.edu/projects/flux/fluke/html/flask.html

must be supported by the security mechanisms of the operating system.
Supporting flexibility in the operating system is a hard
problem that goes beyond just the supporting of multiple
policies. The system must be capable of supporting finegrained access controls on low-level objects used to perform higher-level functions controlled by the security policy. Additionally, the system must ensure that the propagation of access rights is in accordance with the security
policy. Lastly, policies are not, in general, static. To cope
with policy changes or dynamic policies, there must be a facility for the revocation of previously granted access rights.
Other systems that claim to support policy flexibility fail to
adequately address at least one of these three areas.
This paper describes an operating system security architecture that demonstrates the feasibility of policy flexibility.
This is done by presenting its prototype implementation, the
Flask microkernel-based OS, that successfully overcomes
the hard problems of policy flexibility where other systems
have failed. The cleaner separation of mechanism and policy specified in the security architecture facilitates policy
flexibility. Flask includes a security policy server to make
access control decisions and a policy-flexible enforcement
framework in the microkernel and other object managers in
the system. Although the prototype system is microkernelbased, the security mechanisms do not depend on a microkernel architecture and will easily generalize beyond it.
The resulting system provides policy flexibility. It supports a wide variety of policy types. It controls the propagation of access rights by ensuring that the security policy, through a consistent replica, is consulted for every access decision. Enforcement mechanisms directly integrated
into the service-providing components of the system enable fine-grained access controls and dynamic policy support that allows the revocation of previously granted access
rights. Initial performance results indicate that the impact
of policy flexible security on the system can be kept to a
minimum.
The remainder of the paper begins by elaborating on the
meaning of policy flexibility. After a discussion of why two
popular mechanisms employed in systems that purport to be
policy flexible are really limiting to policy flexibility, some

