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Introduction

Two major design issues in any replicated data storage system are the se-
mantic level of replication and the granularity of replication.

By the semantic level of replication, we mean the lowest level of abstrac-
tion within the system’s implementation such that the data ob jects stored
in the replicas appear to be equal when viewed at this level. A system that
presents an external interface at a particular semantic level is free in its in-
ternal implementation to replicate its data at that same semantic level or at
any lower level that it chooses. For example, in a source code control system
providing versioned files, the replication internally could be at the level of
versioned files, but it could also be at the level of non-versioned files (with
a suitable mapping from versioned file names to non-versioned), at the level
of unnamed files, or even at the level of an array of logical disk blocks.

By the granularity of replication, we mean the unit of data that may be
replicated independently of other units of data. For a replicated file system,
examples of a unit of data include a file, a record within a file, a directory
and its children, a logical volume (say, a Unix file system), or a collection
of logical volumes that are co-located in the same physical resources. The
design choices for granularity are constrained by the choice for the semantic
level of replication: the granularity of replication may be no finer than the
granularity of data objects provided by the semantic level. In general, the
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higher the semantic level, the more choices there are for the granularity of
replication.

This paper examines the choices for semantic level and granularity that
have been made in the Echo distributed file system (3, 6]. The primary goals
of Echo are to explore issues of scaling, availability, and performance. For
scaling and uniformity of access, Echo provides a global, hierarchical name
space. Replication is employed for availability. Performance is achieved by
distributed caching on clients, and by using a log on the file server to reduce
disk seeks [2]. The log also records information about updates that are in
progress, and this information is used during crash recovery to bring all
replicas into agreement.

The Echo hierarchical name space is structured as a collection of sub-
trees, called Echo Volumes, that are glued together to form a single name
space. Each Echo Volume may be implemented by a different service, for
example, a-name service or a file service [3]. In the remainder of this paper,
we discuss only the file service component of Echo.

Aspects of Echo Replication

This section presents a summary of those aspects of the Echo replication
algorithm that are needed for understanding the rest of the paper; other
aspects are omitted.

In Echo, data storage is implemented by server computers and disks. As
independent choices, an Echo hardware configuration may have replicated
disks and/or multiple server computers. In general, disks are multi-ported
and connected to several server computers. Each such disk has a multi-
port arbiter, which recognizes at most one connected server computer as its
owner at a time. Ownership is subject to timeout. Echo can also make use of
single-ported disks; in this case, software on the single physically-connected
server simulates the multi-port arbiter, and other logically-connected server
computers access the disk via this server over the network.

Echo employs a distributed caching algorithm between clients and servers,
in which servers keep track of which clients have cached what files and direc-
tories [4, 5, 7). This caching information is replicated in the main memories
of the server computers.

The server computers are organized in a primary-secondaries scheme.
First, the server computers communicate amongst themselves to choose a
potential primary who has up-to-date caching information. Since server
computers may be partitioned, this step can produce more than one po-















