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CS-736 Midterm: Live and Let Die
(Fall 2003)

Please Read All Questions Carefully!

There aretwelve (12) total numbered pages

Please put your NAME on this page, and your STUDENT ID on thisand all other pages

Name:
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Thisisthe grading page.

[ [ Points] Total Possiblg

Ql 20
Q2 20
Q3 20
Q4 20
Q5 20
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1. Virtual Machines

Disco is an example of a virtual machine monitor (VMM), whitins underneath of an unsuspecting operating
system (SGI's IRIX) in order to enhance service or providaesdind of functionality that would otherwise be
unavailable. In this question, we will explore VMM techngjo

1. First, describe the flow of control when an application rimgron a typical operating system (IRIX) running

on a VMM (Disco) issues a system call (a trap). What piecesdéaget invoked? (a picture is worth a thousand
words, so save some ink and draw one)

2: Now let's imagine we are considering a TLB miss. What tygdicehppens on a TLB miss? (again, consider
a picture of control flow).
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3:  What does Disco do to speed up the operation of TLB misses? &&hy the OS itself do the same
optimization? (or can it?)

4: Finally, assume that the operating system is no longer "spestting” of the change — rather, assume we
are building the OS with the knowledge that it will be run u@owMM, and that the VMM can be changed in

small ways as well. Descrileg least two changes that could be made to increase the overall efficiefigych
a system.
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2. Mirrored File Systems (FFS, LFS, RAID)

In this question, we explore the utilization of a hybrid fijeseem that is built on top of two existing file systems,
namely FFS and LFS.

1: Before getting into details of design, describe a worklaadhich FFS would do much better than LFS.

2: Now, describe a workload in which LFS would do much bettentRES.
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Now assume we are building a hybrid file system on top of FFSL&&l (call it FLFS). Assume we have a
two-disk system (for simplicity), and that conceptually are running FFS on one disk and LFS on the other.
Your job is to design a file system that directs reads and svt@é@ne or the other or both of these file systems.
3:  How might we direct reads and writes in the system so as tohgelbéstperformance out of the system?
What issues arise, and how might you address them?

4: How might we direct reads and writes in the system so as tchgdiesreliability out of the system? What
issues arise, and how might you address them?
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3. RAID-6

In this question, we consider a new RAID level, called RAIDveE6, and we compare it to RAID Level 5.
RAID-6 works as follows: instead of having just one checlkdRAID-6 hastwo check disks. Without getting
into the details of how Reed-Solomon coding works, assuratittihe data in a stripe changdmth check
blocks will have to be updated too. Also, assume that theclubesiign allows the loss of artyo disks without
a perceived loss of data.

1: First, let's make sure we understand RAID Level 5. How doe$RB work (pictures are useful)?

2: What is the main performance problem with RAID-5, as relatetbmall” writes?
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3: Now, let's understand the same issue for RAID-6. How wouldradll” write work on RAID-6?

4: What is the performance impact of RAID-6, as compared to RBfDWhen should a storage administrator
decide to use it instead of RAID-5?
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4. Gray boxes

In this question, we explore the concept of the “gray box"rapph to building systems. Assume we wish to

build a gray-box layer on top of the file system that gives usenwontrol over where files get allocated on disk.
Assume further that we are running on top of FFS.

1. How does FFS decide where to place files on disk?

2: How could we exploit knowledge of this algorithm in order fgegapplications the ability to better control
which files end up near one another on disk?
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Now let’s think about a gray-box approach to a lower-levethaf disk system. Assume we are running on top
of a RAID system, but we don’t know how it's configured. Speuifiy, it could be RAID Level O (striping),
RAID Level 1 (Mirroring), or RAID Level 4 (Parity-based).

3: Design a benchmark that figures out which of these three R&¥BI$ you are running on. Assume you can
do reads and writes to the disk’s address space directlggthre called “raw” reads/writes), and also assume
that you know how many total disks are in the system. Remethla¢you can uséming to elicit information
about what is going on.
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5. Memory Activations
In this question, we explore the generalization of the cphoéscheduler activations to other resources in the
system, specifically memory. Your job is to design tiemory activations system.

1: Before getting into memory activations, let’s discuss sahthe key points of scheduler activations. One
of the keys to scheduler activations is the naotification todker-level thread library when something changes
in the system. When do these kernel-to-library notificatioocur, and why is it useful for the user-level library
to know of such changes?

2: Now imagine that we wanted to apply the activation conceptémory. What kind of information should
be passed up from the kernel to the user-level library/application?
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3: Similarly, in our memory activation system, what type ofdrmhation should b@assed down to the kernel
from the application?

4. Why is applying the activation concept different for memtrgn it was for the CPU? What works better,
what doesn’t work as well? Discuss.
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