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Introduction
Welcome to an alternate universe!

All semester long, we've talked about systems that have badnthroughout the history of
systems research. All of these systems have both flaws assvallmerous qualities that make
them worth studying. Of course, not every aspect of eaclesyst the best or only way to build
said system; indeed, it is conceivable to think of many otlagiants of each.

In this exam, we present slight variants of each of the systes have studied; assuming
the system we studied is callédiper System, we will call the variant introduced in this exam
SuperSystemp;..ro. YOUr job will be to answer questions about these alterngdtems, as de-
scribed in more detail below in each question. Good luck!
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1. The designers abiscop;.qro Wanted it to run on a new machine from SGl, called € ginpg;.qrro- This
machine was the same as the machine described in the Disen papept that it only hativo processor modes:
user mode (restricted) and kernel mode (full privileg&).you think the designers ofDiscop;,qrro Will be
able to implement their system efficiently? Discuss.

2. In FFSB;.qrr0, there is a feature that tries to take advantage of tempocality. Specifically, when two

directories are created at nearly the same tifES ;..o tries to place them within the same cylinder group.
Compare and contrastF'F'S and F' F'Sp;.q.+o allocation. What are the strengths and weaknesses of each

approach?
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3. AFSpi.qrro 1S quite similar toAF'S, with this key difference. Instead of moving whole files te ttlient upon
open,AF'Sp;.q+o ONly moves the first 64KB. Other 64KB chunks are moved to tientlazily, on demand.

Compare and contrastAF'S and AF'Sg;.qr0, both in terms of performance and consistency.

4. InGray —box g;.qrro, a different method for determining the contents of the GSdélche is used. Specifically,
a library is used to monitor read and write requests, and tBe&rhe contents are derived via a simulation.
For example, if LRU is the underlying policy, an LRU list is m&ined in the library; a read of a page would
move it to the front of the simulated LRU list, as it does in Kenel file cache. Applications can then look
at this user-level LRU list to determine what is in the cackmmpare this approach to the probe-based
approach taken in the original gray-box system. What are thestrengths of each approach, and what are

the weaknesses?
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5. The design ofM ulticspi.qarro INCluded all of the same support for segmentation adfinitics; however,
Multicspizarro dO€snot include any support for pagingDiscuss the strengths and weaknesses of the

Multics Bizarro design.

6. Inthe paper we read for clad3aker observes alleletionghat have occured within the trace sample (of say 24
hours), finds the creation time of the file, and thereby canmdeaverage file lifetime for all files that have been
deleted. In a new measurement paper, a different method a$umiag file lifetime is introduced. Specifically,
Bakerpi.qarro decides to observe all filereationsthat have occured within a trace sample, and then compute
the average lifetime for those files; specifically, if a fileledeted during the sample, the exact lifetime goes into
the average, and if not, the lifetime is assumed to be thehesfghe sampleCompare and contrast Baker
and Bakeri.arro; Which is the better technique for computing average file lietime?
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7. When issuing a long duration call in the Xer®PC' system, the client repeatedly probes the remote server,
getting acknowledgments from it, until the result of thd &iaklly is returned. RPCp;.qrro d0€s not do this;
instead, the server will send a single ack that it has reddive call and is working on it, and of course an ack
in the form of the final resultWhat is the problem with the RPCg;. 4.0 approach?

8. LF'SBi.arro iS a variant ofL 'S that streamlines the contents of a segment. In fagtSz;. 4, does not even
include asegment summary blogkthin each segment, just inodes, pieces of the imap, araldatks.What
aspect of LF'S cleaning is made more difficult without a segment summary block?Just focus on cleaning,
and not other aspects &fF'S that may also need to change.)
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9. In Exokernelg;.qarro, there is an additional feature that lets user-level “Oaliles” download code into the
OS, specifically for the scheduler. A library can downloalestuler code which changes the default multiplex-
ing employed by exokernelWhy would such a feature be useful? What are the inherent difiulties in
providing such a feature?

10. Mesa is a concurrent programming environment, with monitors emldition variables used to build parallel
programs and even the Pilot operating system. One featdteded inM esa is called the “naked notify”. This
type of notify, as you may recall, can signal a condition bog¢slso without grabbing the monitor lock, and
required changes in other parts of théesa code to support it. Our alternate versionMiesa, Mesapi.arros
includes a naked notify, but does not include those chaMyeat problems can a naked notify lead to? How
are these problems avoided in the original\/ esa system?
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11. Resource Container&(’) are used to charge resource consumption within a systempem-activity basis.
The slight variantRC's;...0, also provides a flexible mechanism for accounting, but aatyounts fokernel
resourcesthat are consumedin an event-based web server, is the functionality providedy RCg;.arro
“good enough” to deliver differentiated services to cliens?

12. Scheduler ActivationsS(4) are used to inform the user level of kernel activity thatakevant to user-level
thread management. Specifically, four upcalls are provided this processqiProcessor has been preempted
Scheduler activation has blockeScheduler activation has unblocked@he designers o6 Ap;.qro thought

this was one too many upcalls, and decided to remove oneifispéy, they removedscheduler activation has
unblockedls this a good decision? Why or why not?
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13. TheVax/V M S paging system uses first-in-first-out (FIFO) queues to mapages in memorW ax/V M SBizarro
instead uses last-in-first-out (LIFO) queuBsscuss how the originalV ax/V M S system uses FIFO queues
to approximate LRU, and how the Vax/V M Sp;.qrro Variant would behave.

14. In Nucleuspi.qarro, the designers forgot to include an external clock proc@ssall that a process could send
a message to the clock process, and then receive an ansvkesdrae time later, as specified by the sending
processWhy is an external clock process useful in Nucleus, and whatra the implications of not having
such a process ilNucleusp;.arro?
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15. TheT HE system is composed of many layetsH F5;..,-o takes a similar approach, but switches the lower
two layers. Specifically, instead of virtualizing the CPUagter 0 and virtual memory at layer T.H E;.arro
virtualizes virtual memory at layer 0 and the CPU at layelDaes the order of virtualization of TH EB;.qrro
make sense? Discuss.

16. During reintegration iC'oda, conflicts are detected and when not automatically fixablengto the user so
that human intelligence can be applied to the problem. Irddwgn ofCodag;.q+o, ONE of the main goals is
to detect and repair all conflicts automaticallyhy is this difficult? (giving examples is a good way to answer
this problem)
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17. In NF'S, the designers’ goal was to make as many operations idemipasepossible. The designers of
N FSBi.qarro thought idempotency was overrated, and instead introdseed non-idempotent variants of the
protocol. Specifically, they addedwaite call that took the following argumentfile handle, data, sizéWhat
problem does this non-idempotent variant of N F'S introduce?

18. Inthis question, we discussAID — 1g;.q:0, @ Variant of RAID Level 1 (Mirroring). Assume that in puremni
roring, for each disk D, there is one other disk D’ that camédhe exact same contents asAID — 1,410
works slightly differently. Specifically, for each chunk bliocks, RAID — 1p;..rro ke€ps onevertical copy
(on the same disk), and oherizontalcopy (across disks), of course making sure that a block anzbjty are
on separate disks. For example, in a 4-disk system, we cauwiellocks 0, 1, and 2 on disk 0, and then spread
blocks 0, 1’, and 2’ across the other 3 disks. Comparep&dormance andreliability of RAID-1 versus

RAID — 1Bizar7‘0-
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19. Hydrap;.qrro iS identical toH ydra, exceptin one aspect: there is no “walk” rigiithat are the ramifications
of not having a “walk” right in  Hydrapgi,aqrro?

20. In a new authentication system using private keys, atshigriant of the protocol discussed in the Needham and
Schroeder§¥ &) paper is introduced. Let’s call the new proto@d&Sp;.qrro- N&SBizarro IS @ private key
protocol, with message exchange as shown bélghat is wrong with the N&Sg;.q:0 protocol?

(a) A— AS: A, B, I
(b) AS — A: {I41,B,CK,{CK, B}B}KA
(c) A—B: {CK,B}XB
(d B— A: {Ig}CK
(e) A— B: {Ip —1}¢K
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