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Abstract

Workstations typically depend on remote servers accessed over a
network for such services as mail, printing, storing files, booting, and
time. The availability of these remote services has a major impact on
the usability of the workstation. Availability can be increased by repli-
cating the servers. In the Echo distributed file system at DEC SRC,
two different replication techniques are employed, one at the upper
levels of our hierarchical name space, the name service, and another
at the lower levels of the name space, the file volume service. The two
replication techniques provide different guarantees of consistency be-
tween their replicas and, therefore, different levels of availability. Echo
also caches data from the name service and file volume service in client
machines (e.g., workstations), with the cache for each service having
its own cache consistency guarantee that mimics the guarantee on the
consistency of the replicas for that service. The replication and caching
consistency guarantees provided by each service are appropriate for its
intended use.

Introduction

Echo is a new distributed file system being designed and built at DEC SRC,
with the primary goals of exploring issues of scaling, availability, and perfor-
mance. Echo provides a global, hierarchical name space, for scaling and for
uniformity of access. Replication is employed for availability. Performance
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is achieved by distributed caching on clients, and by using a log on the file
server to reduce disk seeks {3].

Our goal for availability is to tolerate a single failure of a server and
keep providing service. Our failure model is that servers are fail-stop, but
clients can be Byzantine [6]. With Echo, Byzantine clients can cause denial
of service by generating load, but cannot cause corruption of data or of other
clients. These assumptions seem reasonable for a workstation environment,
where server machines can be placed in computer rooms but workstations
will often be less physically secure. We assume that the network can parti-
tion and can lose or delay messages.

In this paper, we concentrate on the issue of tradeoffs between consis-
tency of replication and caching versus availability. The file volume service
is more consistent but less available, and the number of replicas that it is
suited to is relatively small, in the range of, say, one to four. The global
name service is less consistent but more available, and the number of repli-
cas that it can accommodate is relatively larger, say, up to several dozen. A
survey of approaches to the problem of providing service while partitioned
and coping with inconsistencies may be found in [2].

Organization of the Echo Hierarchical Name Space

The Echo hierarchical name space is implemented in two pieces. The upper
levels of the hierarchy are implemented by SRC’s global name service [8, 1].
The lower levels of the hierarchy are implemented by Echo’s logical file
volume service. For example, consider a full path name:
/com/dec/research/src/users/hisgen/echo/wwos/paper.tex
A prefix of this name, say:
/com/dec/research/src/users/hisgen
is interpreted by the global name service. It produces an Echo mount point,
which contains a (low-level) unique identifier for an Echo file service volume
along with the name of the service that implements that volume. That
service is accessed via remote procedure call, and the volume identifier plus
the remainder of the path name are passed along to it to be interpreted.

File Volume Service Replication and Caching

Each logical file volume is implemented by a set of server CPUs and disks.
The disks can be replicated and/or the server CPUs can be replicated. The
components are organized in a Primary-Secondaries scheme. The Primary
















