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| Reading Questions

1. [6 points]: Which of the following statements are true of the X Window t8ys (as described in
the X Windows paper, reading #5)7?
(Circle True or Falsefor each choice.)

A. True / False The only use for windows in X is to give each application itshovirtual display.
False. They are also used for menus, buttons, etc. This is the reasahe window hierarchy. It is
only “top-level” windows that are meant to abstract the dap

B. True / False X version 10 supports running an X client on the same commsehe X server.
True.

C. True / False When using an X server in a typical way, with several appiicet running in separate

top-level windows, it's only the server that is responsitdedetermining the placement of top-level
windows.

False. The window manager also plays an important role, and it ispaot of the server.

2. [8 pointg]: Which of the following statements about Eraser (descrilbe@ading #7) is true?
(Circle True or Falsefor each choice.)

A. True / False By extending the basic Lockset algorithm to reduce falsetiges for initialization
and read sharing (Section 2.2), the number of false negavaso reduced.

False. The extended algorithm ignores unprotected access dunitiglization by adding the exclu-
sive and shared states. However, there is a possibility afratetected race condition when starting
a thread. A modification could be made by the parent threadbewvihé variable is still in the exclusive
state, concurrent with starting a child thread that will &ss that variable. Depending on how quickly
the child thread starts running, Eraser might or might nogftais as a violation.

B. True / False For a given program, Eraser detects the same race condftiomsery execution of
this program.
False. Eraser only flags errors in code that executes. Some codebesne.g. error handling code)
will only execute rarely, and may not execute in any givenafuthe program.

C. True / False For eactshared-modifiedariable, the Lockset algorithm determines a set of candida
locks. The Lockset algorithm reports a race condition i§ thét is empty.
True. By the definition of the Lockset algorithm.

D. True / False A use of locks that eliminates race conditions also elindgateadlocks.
False. acqui re(l ock); acquire(lock); hasnoraces butwill cause deadlock.

Name:
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3. [8 points]: Based on the description of UNIX in the 1974 Ritchie and Thsomppaper (read-
ing #6), which of the following statements are true?
(Circle True or Falsefor each choice.)

A. True / False Theexecut e() system call creates a new process, loads the requested, ilvage
arguments onto the stack, and jumps to the appropriate painy.
False. execut e() does not create a new process; it replaces the currentlyingnimage.

B. True / False Afile’s i-nodeis stored in the first 64 bytes of the file.
False. I-nodes are located in an i-node table, in a part of the distidct from file contents.

C. True / False Suppose a process allocates a variabbm the stack, thehor ks a child process. The
child may change its value of varialbtewithout changing the value of seen by the parent process.
True. The child’s memory is distinct from the parent’s.

D. True / False Any two running processes can communicate by creating @dhape.

False. Two processes can only communicate through a pipe if a conamoestor created the pipe,
and let the processes inherit the pipe file descriptors.

4. [8 pointg]: Based on the the investigation of the Therac-25 accideatgliing #4), which of the
following statements about the Therac-25 are true?
(Circle True or Falsefor each choice)

A. True / False The race conditions that caused some of the accidents cautdlieen avoided by the
use of locks and condition variables.
True. Proper use of locks and condition variables would have @latgd at least one of the bugs.
For example, locking the MEOS two-byte variable would haesgnted the prescription from being
changed after Datent has read the index from the high-orgée bf MEOS.

B. True / False The manufacturer proved that faulty switches caused theaficgdents.
False. The manufacturer believed that this was the cause of thelesti but were not able to show
their theory was correct.

C. True / False The authors of the paper believe that, in practice, hardwegocks are necessary for
safety.
True. The authors discuss the need for hardware interlocks incatisystems in the “System Engi-
neering” section of “Lessons Learned”, on p. 38 of the paper.

D. True / False The fact that the Therac-25 was a multi-function machingpstting two types of
radiation, contributed to the accidents.

True. Some of the accidents occurred when one part of the machisesetefor electron radiation
and another part was set for a X-rays.

Name:
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I UNIX File System

For his many past sins on previous 6.033 quizzes, Ben Bi@iddassigned to spend eternity maintaining a
PDP-11 running the version of UNIX described in the 1974 Réand Thompson paper. The file system
implementation is described in Section IV of the paper.

Recently, one of his user’s database applications failed efaching the file size limit of 1,082,201,088 bytes
(approx 1 GB). In an effort to solve the problem, he upgradeddomputer with an old 4 GB{? byte)
drive — the disk controller hardware supports 32 bit sectlrasses, and can address disks up to 2 TB in
size. Unfortunately, Ben is disappointed to find the file dimét unchanged after installing the new disk.

In this question, the termlock addresgefers to the block pointers stored in i-nodes. In Ben's eyst
(described in the paper) each i-node contains 13 block adéseof 4 bytes each; the first 10 block addresses
point to the first 10 blocks of the file, with the remaining 3 eeling the rest of the file. The 11th block
address points to an indirect block, containing 128 blocHreskses, the 12th block address points to a
double-indirect block, containing 128 indirect block agisses, and the 13th block address points to a triple-
indirect block, containing 128 double-indirect addresses

5. [12 points]: Which of the following adjustments, appliéadividually, will allow files larger than
the current 1 GB limit to be stored?
(Circle ALL that apply)

A. Increasing the file size field in the i-node from a 32 bit to 64vhaiue.
False. The maximum file size is bounded to approx 1 GB by the nhumbdoaK bddresses in an
i-node and its indirect blocks. Increasing the size fielchalevon't help.

B. Increasing the number of bytes per block from 512 to 2048%yte
True. If the block size i$, the triple-indirect block can refer to up to« (b/4)3 bytes. This is 256 GB
for 2048-byte blocks. Now the maximum file size would be 4i@Retl by the 32-bit size field in the
i-node.

C. Reformatting the disk to increase the number of i-nodesatid in the i-node table.
False. Increasing the number of i-nodes increases the number eftfiefile system can contain, but
does not increase the maximum size of a file.

D. Replacing one of the direct block addresses in each i-notle avi additional triple-indirect block
address.
True. This will almost double the maximum file size.

Name:
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Ben observes that there are 52 bytes allocated to block sskén each i-node (13 block addresses at 4
bytes each), and 512 bytes allocated to block addresse<imimgirect block (128 block addresses at 4
bytes each). He figures that he can keep the total spacetaliotmablock addresses the same, but change
the size of each block address, to increase the maximum geppiie size. While the number of block
addresses in i-nodes and indirect blocks will change, Bep&exactly one indirect, one double-indirect
and one triple-indirect block address in each i-node.

6. [12 points]: Which of the following adjustments, applieadividually (without any of the modi-
fications in the previous question), will allow files larghah the current 1 GB limit to be stored?
(Circle ALL that apply)
A. Increasing the size of a block address from 4 bytes to 5 bytes.
False. This will reduce the maximum file size, because indirectdsl@dll store fewer block addresses.

B. Decreasing the size of a block address from 4 bytes to 3 bytes.
True. This will increase the maximum file size by increasing the barof addresses that each
indirect block can contain. 24-bit addresses are big enotagiddress more than 1 GB of blocks.

C. Decreasing the size of a block address from 4 bytes to 2 bytes.

False. Although this will increase the number of blocks that candferenced by an indirect block,
the total number of blocks addressable is only 64K and theigdtal size of the file system is limited
to 24MB. This is smaller than the original maximum file siz&®B.

Name:
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[l Course Swap

The Subliminal Sciences department, in order to reduce éparment head’s workload, has installed a
web server to help assign lecturers to classes for Fall 200&re happen to be exactly as many courses
as lecturers, and department policy is that every lectwach exactly one course, and every course have
exactly one lecturer. For each lecturer in the departméetserver stores the name of the course currently
assigned to that lecturer. The server's web interface stppoe request: to swap the courses assigned to a
pair of lecturers.

Version One of the server’s code looks like this:

/1 CODE VERSI ON 1
String assignments[]; // assignments[lecturer] -> a course nane

voi d server():

while true:
m= wait for a request nessage
value = mfunction(margunents, ...) // execute function in request nessage

send val ue to m sender

String exchange(lecturerl, lecturer2):
temp = assignnments[|ecturerl]
assignnment s[ | ecturer1l] = assignnents[|ecturer?2]
assignment s[l ecturer2] = tenp
return " CoK"

Note that there is only this one application thread on thegesethe server handles only one request at a
time. Requests contain a function and arguments (in thisecashange(| ecturer1, lecturer2))
which is executed by then f uncti on(m argunments, ...) callintheserver () procedure.

Name:
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For all following questions, assume that there are no lossages and no crashes. The operating system
buffers incoming messages. When the server program asksriessage of a particular type (e.g. a request),
the operating system gives it the oldest buffered messati@bfype.

Assume that network transmission times never exceed d@dmaof a second, and that computation also
takes a fraction of a second. There are no other concurrarabpns other than what is mentioned in the
guestion (and implied by the code), and no other activityrengerver computers.

Suppose the server starts out with the following assignsent

assi gnnent s[ " Kat abi "] " St eganogr aphy”
assi gnment s["Morris"] = "Nunerol ogy"

7. [8 points]: Lecturers Katabi and Morris decide they wish to swap lestuse that Katabi teaches

Numerology and Morris teaches Steganography. They eacheserxchange( " Kat abi ", "Morris")
request to the server at the same time. If you look a minuge &tthe server, which states are possi-
ble?

(Circle ALL that apply)

"Nuner ol ogy"
" St eganogr aphy”

A. assi gnment s[ " Kat abi "]
assi gnnents["Morris"]

No.

B. assi gnnent s[ " Kat abi "]
assi gnment s[ " Morris"]

" St eganogr aphy”
"Nuner ol ogy"

Yes. The server is single threaded and there is no possibilityaoés, hence the server will process
both requests one at a time, in the order in which they arridee result will be two swaps.

C. assi gnnent s[ " Kat abi "]
assi gnment s[ " Morris"]

No.

" St eganogr aphy
" St eganogr aphy

D. assi gnnment s[ " Kat abi "]
assi gnments["Morris"]

No.

"Nuner ol ogy"
"Nuner ol ogy"

Name:
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The Department of Dialectic decides it wants its own lectassignment server. Initially it installs a
completely independent server from that of Subliminal,hvitte same rules (an equal humber of lectur-
ers and courses, with a one-to-one matching). The two dapatt later decide that they wish to allow
their lecturers to teach courses in either department, ep ¢xtend the server software in the following
way. Lecturers can send either servarraossexchange request, asking to swap courses between a lec-
turer in that server's department and a lecturer in the o#feever's department. In order to implement
cr ossexchange, the servers can send each othet - and- get requests, which set a lecturer’s course
and return the lecturer’s previous course. Here’s Versian @f the server code, for both departments:

/1 CODE VERSI ON 2
/1l server() and exchange() are the sane as in Version One

crossexchange(l ocal -l ecturer, renote-|ecturer):
templ = assignnents[local -l ecturer]
send "set-and-get", renote-lecturer, tenpl to other server
temp2 = wait for response to "set-and-get"
assi gnnments[l ocal -l ecturer] = tenp2
return "CK"

set-and-get (|l ecturer, course):
old = assignnents[lecturer]
assi gnnments[ | ecturer] = course
return old

Name:
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Suppose the starting state on the Subliminal server is:

assi gnment s[ " Kat abi "]
assi gnnent s[ "Morris"]

" St eganogr aphy"
"Nurrer ol ogy"

And on the Dialectic server:

assi gnnment s[ " Jeri son"] = "Epi st enol ogy"
assi gnnent s[ " Goenans" ] "Reducti oni sni

8. [12 points]: Atthe same time, lecturer Katabi sendsrabssexchange( " Kat abi ", "Jeri son")
request to the Subliminal server, and lecturer Goemanssseadossexchange( " Goemans”,
"Morris") request to the Dialectic server. If you look a minute latethatSubliminal server, what
states are possible?

(Circle ALL that apply)

A. assi gnment s[ " Kat abi "] " St eganogr aphy”
assi gnment s["Morris"] = "Nunerol ogy"

Yes. If each server starts processing its request at about theestime, so that their set-and-get
messages cross, then neither will be able to respond to tiex'stset-and-get. Both of them will be
waiting for a response ier ossexchange() , not waiting for a request iser ver () . The result
will be deadlock, and thus no changes to the lecturer assigsn

B. assi gnnent s[ " Kat abi "] " Epi st emol ogy"
assi gnnents["Mourris"] = "Reductioni sni

Yes. If the servers finish one request before they start the athen both swaps will happen.

C. assignnent s[ "Kat abi "] = "Epi st enol ogy"
assi gnment s["Morris"] = "Nunerol ogy"

No. If one swap completes, there is nothing to stop the other $kwapalso completing.

Name:
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In a quest to increase performance, the two departments thakeservers threaded: each server serves
each request in a separate thread. Thus if multiple reqaests at roughly the same time, the server may
process them in parallel. Each server has multiple CPUse’slthre threaded server code, Version Three:

// CODE VERSI ON 3
/1 exchange(), crossexchange(), and set-and-get() are the sane as in Version Two

server():
while true:
m= wait for a request nessage
allocate _thread(doit, m // create a new thread that runs doit(m

doit(m:
val ue = mfuncti on(m argunments, ...)
send val ue to m sender
exit() // termnate this thread

9. [12 pointg]: With the same starting state as the previous question, bt thve new version
of the code, lecturer Katabi sendsaossexchange( " Kat abi ", "Jerison") request to the
Subliminal server, and lecturer Goemans sends assexchange(" Goemans", "Morris")
request to the Dialectic server, at the same time. If you okinute later at the Subliminal server,
what states are possible?

(Circle ALL that apply)

A. assi gnrent s[ " Kat abi "]
assi gnnents["Morris"]

" St eganogr aphy”
"Nurrer ol ogy"

No.
B. assi gnnent s[ "Kat abi "] = "Epi st enol ogy"
assi gnment s["Morris"] = "Reducti oni sni

Yes. The threads allow each server to simultaneously wait fordter server’s reply to set-and-
get, and process the other server’s set-and-get request sbives the deadlock from the previous
question, so both exchanges will finish.

C. assi gnnent s[ " Kat abi "] " Epi st enol ogy"
assi gnnents["Morris"] = "Numerol ogy"

No. Version 3 of the code is susceptible to race conditions, gtarits use of threads and concurrent
modification of shared variables. The particular requestshis question access disjoint variables
however, and hence no race condition is exposed.

Name:
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An alert 6.033 student notes that Version Three may be sutrjgace conditions. He changes the code to
have one lock per lecturer, stored in an array cdlledks|[ ] . He changesxchange() ,cr ossexchange(),
andset - and- get () to acquire locks on the lecturer(s) they affect. Here is #waiit, Version Four:

/1 CODE VERSI ON 4
/1l server() and doit() are the sane as in Version Three

exchange(l ecturerl, lecturer2):
acqui re(l ocks[lecturerl])
acquire(l ocks[lecturer2])
tenp = assignnments[| ecturerl]
assignment s[l ecturerl] = assignnents[|ecturer?2]
assignnments[l ecturer2] = tenp
rel ease(l ocks[ | ecturerl])
rel ease(l ocks[lecturer?2])
return "oK"

crossexchange(l ocal -1 ecturer, renote-Ilecturer):
acqui re(l ocks[local -l ecturer])
tenmpl = assignnents[local -1 ecturer]
send "set-and-get", renmote-lecturer, tenpl to other server
tenp2 = wait for response to "set-and-get"”
assignment s[ | ocal -1 ecturer] = tenp2
rel ease(l ocks[local -1ecturer])
return " K"

set-and-get (|l ecturer, course):
acqui re(l ocks[lecturer])
old = assignnents[lecturer]
assi gnnments[ | ecturer] = course
rel ease(l ocks[l ecturer])
return old

Name:
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10. [14 paints]: This code is subject to deadlock. For each situation belodicate whether
deadlock can occur. In each situation, there is no activitgiothan that mentioned.
(Circle Yesor No for each choice.)

A. Yes / No Client A sendsexchange("Kat abi ", "Morris") atthe same time that client B
sendsexchange( " Katabi ", "Morris"),both to the Subliminal server.
No.

B. Yes / No Client A sendsexchange("Katabi ", "Morris") atthe same time that client B
sendsxchange(" Morri s", "Katabi"), both to the Subliminal server.

Yes. Each exchange could acquire one of the locks, and then bdithvait forever waiting for the
other lock. Neither can continue (and release its lock)luh@ other finishes.

C. Yes / No Client Asendsr ossexchange("Mrris", "Jerison") tothe Subliminal server
at the same time that client B sermisossexchange( " Goenans”, "Kat abi ") to the Dialec-
tic server.

No.

D. Yes / No Client Asendsr ossexchange("Morris", "Jerison") tothe Subliminal server
at the same time that client B sermisossexchange(" Jeri son", "Mrris") tothe Dialec-
tic server.

Yes. Each crossexchange could acquire its local lock at abous#mee time, thus blocking the other’s
set-and-get from proceeding. Neither can continue (anebis its lock) until the other finishes.

E. Yes / No Client Asendsr ossexchange("Morris", "Jerison") tothe Subliminal server
at the same time that client B sermisossexchange( " Goermans”, "Morris") tothe Dialec-
tic server.

No. While one of these may need to wait for the other to releasela there is no cyclic dependency,
and thus no deadlock.

End of Quiz |
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