Tutorial 7

Exercises CH12 and CH17



12.2: What problems could occur if a system allowed a
file system to be mounted simultaneously at more than

one location?
11.4 File-System Mounting

Just as a file must be opened before it is used, a file system must be mounted
before it can be available to processes on the system. More specifically, the
directory structure may be built out of multiple volumes, which must be
mounted to make them available within the file-system name space.

The mount procedureis straightforward. The operating system is given the
name of the device and the mount point—the location within the file structure
where the file system is to be attached. Some operating systems require that a
file system type be provided, while others inspect the structures of the device
and determine the type of file system. Typically, a mount point is an empty
directory. For instance, on a UNIX system, a file system containing a user’s home
directories might be mounted as /home; then, to access the directory structure
within that file system, we could precede the directory names with /home, as
in /home/jane. Mounting that file system under /users would result in the
path name /users/jane, which we could use to reach the same directory.

Next, the operating system verifies that the device contains a valid file
system. It does so by asking the device driver to read the device directory
and verifying that the directory has the expected format. Finally, the operating
system notes in its directory structure that a file system is mounted at the
specified mount point. This scheme enables the operating system to traverse
its directory structure, switching among file systems, and even file systems of

varying types, as appropriate.




12.2: What problems could occur if a system allowed a
file system to be mounted simultaneously at more than
one location?

Answer: There would be multiple paths to the
same file, which could confuse users or
encourage mistakes (deleting a file with one
path deletes the file in all the other paths).




12.6: How do caches help improve performance?
Why do systems not use more or larger caches if
they are so useful?

12.6.2 Performance

Even after the basic file-system algorithms have been selected, we can still
improve performance in several ways. As will be discussed in Chapter 13,
most disk controllers include local memory to form an on-board cache that is
large enough to store entire tracks at a time. Once a seek is performed, the
track is read into the disk cache starting at the sector under the disk head
(reducing latency time). The disk controller then transfers any sector requests
to the operating system. Once blocks make it from the disk controller into main
memory, the operating system may cache the blocks there.

Some systems maintain a separate section of main memory for a buffer
cache, where blocks are kept under the assumption that they will be used
again shortly. Other systems cache file data using a page cache. The page
cache uses virtual memory techniques to cache file data as pages rather than
as file-system-oriented blocks. Caching file data using virtual addresses is far
more efficient than caching through physical disk blocks, as accesses interface
with virtual memory rather than the file system. Several systems—including
Solaris, Linux, and Windows —use page caching to cache both process pages
and file data. This is known as unified virtual memory.



12.6: How do caches help improve
performance? Why do systems not use more or
larger caches if they are so useful?

Answer: Caches allow components of differing
speeds to communicate more efficiently by
storing data from the slower device, temporarily,
in a faster device (the cache). Caches are, almost
by definition, more expensive than the device
they are caching for, so increasing the number
or size of caches would increase system cost.




12.7: Why is it advantageous to the user for an operating system
to dynamically allocate its internal tables? What are the
penalties to the operating system for doing so?

As another example, consider the evolution of the Solaris operating system.
Originally, many data structures were of fixed length, allocated at system
startup. These structures included the process table and the open-file table.
When the process table became full, no more processes could be created. When
the file table became full, no more files could be opened. The system would fail
to provide services to users. Table sizes could be increased only by recompiling
the kernel and rebooting the system. With later releases of Solaris, almost all
kernel structures were allocated dynamically, eliminating these artificial limits
on system performance. Of course, the algorithms that manipulate these tables
are more complicated, and the operating system is a little slower because it
must dynamically allocate and deallocate table entries; but that price is the
usual one for more general functionality.



12.7: Why is it advantageous to the user for an operating system
to dynamically allocate its internal tables? What are the
penalties to the operating system for doing so?

Answer: Dynamic tables allow more flexibility in
system use growth— tables are never exceeded,
avoiding artificial use limits. Unfortunately,
kernel structures and code are more
complicated, so there is more potential for bugs.
The use of one resource can take away more
system resources (by growing to accommodate
the requests) than with static tables.




17.20: What are the benefits of a DFS compared with a file
system in a centralized system?

A DFS is a file system whose clients, servers, and storage devices are
dispersed among the machines of a distributed system. Accordingly, service
activity has to be carried out across the network. Instead of a single centralized
data repository, the system frequently has multiple and independent storage
devices. As you will see, the concrete configuration and implementation of a
DFS may vary from system to system. In some configurations, servers run on
dedicated machines. In others, a machine canbe both a server and a client. A DFS
can be implemented as part of a distributed operating system or, alternatively,
by a software layer whose task is to manage the communication between
conventional operating systems and file systems.

The distinctive features of a DFS are the multiplicity and autonomy of
clients and servers in the system. Ideally, though, a DFS should appear to its
clients to be a conventional, centralized file system. That is, the client interface
of a DFS should not distinguish between local and remote files. It is up to the
DFS to locate the files and to arrange for the transport of the data. A transparent
DFS—Ilike the transparent distributed systems mentioned earlier—facilitates
user mobility by bringing a user’s environment (that is, home directory) to
wherever the user logs in.

The most important performance measure of a DFS is the amount of time
needed to satisfy service requests. In conventional systems, this time consists of
disk-access time and a small amount of CPU-processing time. In a DFS, however,

a remote access has the additional overhead associated with the distributed
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17.20: What are the benefits of a DFS
compared with a file system in a centralized
system?

Answer: A DFS allows the same type of sharing
available on a centralized system, but the
sharing may occur on physically and logically
separate systems. Users around the world are
able to share data as if they were in the same
building, allowing a much more flexible

computing environment than would otherwise
be available.




17.21: Which of the example DFSs discussed in this chapter
would handle a large, multiclient database application most
efficiently? Explain your answer.

Still another issue is scalability—the capability of a system to adapt to
increased service load. Systems have bounded resources and can become
completely saturated under increased load. For example, with respect to a file
system, saturation occurs either when a server’s CPU runs at a high utilization
rate or when disks” I/O requests overwhelm the I/0O subsystem. Scalability
is a relative property, but it can be measured accurately. A scalable system
reacts more gracefully to increased load than does a nonscalable one. First,
its performance degrades more moderately; and second, its resources reach a
saturated state later. Even perfect design cannot accommodate an ever-growing
load. Adding new resources might solve the problem, but it might generate
additional indirect load on other resources (for example, adding machines to
a distributed system can clog the network and increase service loads). Even
worse, expanding the system can call for expensive design modifications. A
scalable system should have the potential to grow without these problems. In
a distributed system, the ability to scale up gracefully is of special importance,
since expanding the network by adding new machines or interconnecting two
networks is commonplace. In short, a scalable design should withstand high
service load, accommodate growth of the user community, and allow simple
integration of added resources.



17.21: Which of the example DFSs discussed in

this chapter would handle a large, multiclient

database application most efficiently? Explain
your answetr.

Answer: The Andrew file system can handle a
large, multiclient database as scalability is one of
its hallmark features. Andrew is designed to
handle up to 5,000 client workstations as well. A
database also needs to run in a secure
environment and Andrew uses the Kerberos
security mechanism for encryption.




17.23: Under what circumstances would a client prefer a
location- transparent DFS? Under what circumstances would she
prefer a location-independent DFS? Discuss the reasons for these

preferences.

17.9.1 Naming and Transparency

Naming is a mapping between logical and physical objects. For instance,
users deal with logical data objects represented by file names, whereas the
system manipulates physical blocks of data stored on disk tracks. Usually, a
user refers to a file by a textual name. The latter is mapped to a lower-level
numerical identifier that in turn is mapped to disk blocks. This multilevel
mapping provides users with an abstraction of a file that hides the details of
how and where on the disk the file is stored.

In a transparent DFS, a new dimension is added to the abstraction: that of
hiding where in the network the file is located. In a conventional file system, the
range of the naming mapping is an address within a disk. In a DFS, this range
is expanded to include the specific machine on whose disk the file is stored.
Going one step further with the concept of treating files as abstractions leads
to the possibility of file replication. Given a file name, the mapping returns a
set of the locations of this file’s replicas. In this abstraction, both the existence
of multiple copies and their locations are hidden.



17.23: Under what circumstances would a client prefer a
location- transparent DFS? Under what circumstances would she
prefer a location-independent DFS? Discuss the reasons for these

preferences.

17.9.1.1 Naming Structures

We need to differentiate two related notions regarding name mappings in a
DFS:

1. Location transparency. The name of a file does not reveal any hint of the
file’s physical storage location.

2. Location independence. The name of a file does not need to be changed
when the file’s physical storage location changes.

Both definitions relate to the level of naming discussed previously, since files
have different names at different levels (that is, user-level textual names and
system-level numerical identifiers). A location-independent naming scheme is
a dynamic mapping, since it can map the same file name to different locations
at two different times. Therefore, location independence is a stronger property
than is location transparency.

In practice, most of the current DFSs provide a static, location-transparent
mapping for user-level names. Some support file migration—that is, changing
the location of a file automatically, providing location independence. OpenAFS
supports location independence and file mobility, for example. The Hadoop
distributed file system (HDFS)—a special file system written for the Hadoop
framework—is a more recent creation. It includes file migration but does



17.23: Under what circumstances would a client
prefer a location- transparent DFS? Under what
circumstances would she prefer a location-
independent DFS? Discuss the reasons for these
preferences.

Answer: Location-transparent DFS is good
enough in systems in which files are not
replicated. Location-independent DFS is
necessary when any replication is done.
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