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1. (10 pts) Synchronization.

A set of threads do a computation in a sequence of phases. We wish to have all threads finish phase i
before any thread starts computing phase i+1. They do this with barrier synchronization. At the end
of each phase, each process executes

barrier(n);
where n is the number of threads in the computation. A call to barrier(n) blocks until all of the n
threads have called barrier(n). Then, all threads proceed.

Write a monitor that implements barrier. Use the semantics of Java monitors: a notify does not cause
the thread to relinquish the monitor. You don’t have to include the try/catch syntax for catching an
error thrown by wait.



2. (10 pts) 1/O.
Consider the following three devices: keyboard, disk, and network. For each, describe what kind of
kernel buffering is most appropriate (i.e., buffer data structures and handling methods), and present
your reasons why. For each device, are there even situations where kernel buffering is detrimental; if
so, present an example, and if not, argue why not.



3. (10 pts) Cache M anagement.

One of the most difficult aspects of designing a caching scheme is determining an appropriate replace-
ment algorithm. The optimum replacement scheme depends greatly on the observed access patterns,
and the appropriate design parameters are not always intuitive. One of the most famous examples of
this fact is known as Belady’s anomaly.

(a) What is Belady’s anomaly?

Consider the following access pattern: 123412512345

(b) How many hits will FIFO achieve with a cache size of 3? 4?

(c) What about Least Frequently Used (LFU)?

(d) Most Frequently Used (MFU)?

(e) Which of FIFO, LFU, and MFU exhibit Belady’s anomaly?

(f) It is well-known that Belady’s anomaly can be avoided by using a stack replacement algorithm
that satisfies the inclusion principle. What is the inclusion principle, and why does it prevent
Belady’s anomaly?



4. (10 pts) Virtual Memory.

Given a machine and operating system that supports a hardware-managed TLB and wired two-level
page tables, (a) consicely enumerate the steps that are taken to translate a virtual address issued by the
CPU into a physical address issued to physical memory, and (b) whether those steps are implemented
in hardware by the MMU or in software by the OS. For (a), be sure to describe the various misses and
faults that can occur during translation. Then, (c) describe how the translation process differs for a
software-managed TLB. Finally, (d) describe what can happen if the page tables are themselves paged
and how the OS handles that situation.



5. (10 pts) Design.

Operating system designs are products of both the prevailing application demands as well as the
economics of the contemporary technology. As either of these inputs change, researchers identify new
opportunities for performance optimization. Pick THREE (and no more than three) of the following
systems:

Rio File Cache
LFS

GMS

LRPC

FFS
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And for each one:

(a) Describe what performance optimization was made (if there is more than one, pick one you think
is important).
(b) Explain the new assumption(s) introduced to support this optimization.

(c) Argue whether or not these assumptions are still true today and, if so, whether they are threatened
by any emerging trends in hardware economics or application usage.



