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No detailed assumptions are made as to the technology or structure
of the distributed environment. The communication subnet could be
packet-switched, circuit-switched or a multiaccess channel. The
terminology wused in this chapter will have counterparts in all
communication subnets, though our analysis of file migration is biased ’
towards store-and-forward networks. A host is a computer system that is
a potential user and/or supplier of resources in the distributed
operating system. A user is a person or a program that interacts with

the host. A user process is the process associated with a user. A

switching node is a device, in many cases a small computer, that accepts

data and control from the host and sends it over the communication
links, with the possible cooperation of other switching nodes, to the
destination. The collection of switching nodes and communication links

is the communication network or communication subnet. We assume that

all communication between hosts 1s viewed as interprocess communication,

and that it can be performed reliably [Cerf74, Cerf74a, Sunshine75].

Figure 5,1 illustrates such a distributed network environment.

One of the primary goals of the DFS presented in this thesis is to
perform the necessary functions using distributed algorithms, under the
assumption that no centralized information source or point of control
exists. Such an assumption 1s necessary in order to preéerve the
reliability of the DFS. There are usually many points of control in a
distributed algorithm, and so if any should gé down then it is usually
possible to continue to function (possibly in a degraded fashion). We
will investigate the extent to which conventional algorithms used in

implementing file svstems can be distributed.
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5.2 User Interface and Catalog Structure

The DFS will consist of local file systems at each of the hosts.
Their resources are available to all users. Figure 5.2 shows this
model. In general, the host may divide its local file system dinto two
parts; a private part and a sharable part. The host may use the private
part to provide storage for permanently resident files for its local
users. It may even copy files from the DFS into the private file
system, in order to have a permanently resident copy outside fhe domain
of the DFS. Such copies may become inconsistent with their
counter-parts in the DFS. The file system provided by the NSW consists
of a sharable global NSW file séace, as well as a private, non-sharable
local file space at every host [Schantz76]. We do not make use of any
such techniques in this thesis, and therefore assume independence
between these two parts, and so leave the private part out of all

subsequent discussions.

We will assume that the entire file system will have a hierarchical
structure, since it seems most appropriate from the users’ point of view
. [Daley65}. Files will be referenced symbolically and shared by a number
of users. File names must be unique and must not change even when files
miérate to other hosts, so that this movement is transparent to the
users of the files. The file structure may be thought of as a tree of
files, some of which are directories. Except for the root directory,
each file finds i;self pointed to by exactly one branch in exactly one
directory. The tree name of a file will be its name relative to the

root directory. Figure 5.3a illustrates such a structure. Links may
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now be superimposed on this structure, such that files may be accessed
from directories other than those present in their respective tree
names. Note that tree names do not contain any links. The path name of
a file is its name relative to the root directory and may contain links.
Hence, in general, a file can have only one tree name but many path
names. The tree name and path name of a file can be specified rélative
to a working directory other than the root. Since the tree name of the
working directory is known the absolute tree name of the file can always
be determined, Figure 5.3b illustrates a directory structure with
links. The file systems of Multics [Organick72], Unix [Ritchie74] and
Tenex [Bobrow72] have similar structures. In a conventional monolithic
file system, the directory files in the catalog provide a reference
point for naming files, access control to the files that are their

offspring, and indicating where on secondary storage they reside.

We now consider different ways of physically structuring the
catalog, and the assumptions and constraints required, in order to
create a distributed system with the same logical structure as described
above. Once files have been created and entered into the DFS catalog
they may migrate and physically reside at any host. When a file moves,

neither its tree name or path name changes, only its location.

5.2.1 Centralized or Duplicated Catalogs

The logical catalog structure could be centralized at omne host,
with the non-directory files scattered among various hosts. Without

getting into the implementation details, note that each host (except the
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