
CS-537: Midterm Exam (Fall 2004)The Legend of the Fall

Please Read All Questions Carefully!There are eight (8) total numbered pages.

Please put your student ID (but NOT YOUR NAME) on every page.Name and Student ID:
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Part I: Short QuestionsThe following questions require short answers. Ea
h of 12 is worth 5 points (60 total).1. What is a 
ontext swit
h? Des
ribe what the OS must do to implement a 
ontext swit
h 
orre
tly.
2. When a Unix pro
ess 
alls fork(), the system 
reates (in the 
hild) a nearly exa
t 
opy of the 
alling (parentpro
ess). Why is the 
opy �nearly exa
t� and not an �exa
t� 
opy of the parent pro
ess?
3. Consider the properly syn
hronized routine:// assume ``balan
e'' is a global variablevoid update(int amount) {mutex_lo
k(lo
k);balan
e = balan
e + amount;mutex_unlo
k(lo
k);}However, there is one �rogue� thread that updates balan
e in a different way, by 
alling its own spe
ial routine:// assume ``balan
e'' is a global variablevoid rogue_update(int amount) {balan
e = balan
e + amount;}When we are writing multi-threaded 
ode, is there some way to prevent threads from a

essing and updatingshared data stru
tures in this �rogue� fashion?
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4. In 
lass, we talked about the following possible solution to the two-thread syn
hronization problem:while (turn == (1 - threadID)); // spinbalan
e = balan
e + amount; // 
riti
al se
tionturn = 1 - threadID;In this solution, assume that �turn� is initialized to �0�, and that there are only two threads that run. Does thissolution providemutual ex
lusion? (Explain)
5. Some ar
hite
tures provide instru
tions to aid with writing syn
hronization routines. One su
h instru
tion was�test-and-set�, as des
ribed in 
lass. Des
ribe how test-and-set works; in doing so, show how one 
an use itto provide mutual ex
lusion.
6. Imagine a new syn
hronization primitive (a 
lose 
ousin of our favorite Semaphore) 
alled the WhatsItFor.A WhatsItFor has an initial value (whi
h is initialized by the user), and two related routines, One() andDone(), that work as follows. One() waits for the value of the WhatsItFor to be less than zero, and thenin
rements the value by one. Done() de
rements the WhatsItFor by one, and then wakes one waiting thread(if there is one). Both One() and Done() exe
ute atomi
ally.Show how to use a WhatsItFor (spe
i�
ally, One() and Done()) to build a simple lo
k around a
riti
al se
tion. Make sure to spe
ify the initial value of the WhatsItFor.
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7. In 
lass we dis
ussed the following �solution� to the dining philosopher's problem:a
quire(int i) {if (if < 4) {sem_wait(
hop[i℄);sem_wait(
hop[i+1℄);} else {sem_wait(
hop[0℄);sem_wait(
hop[4℄);}}Does this solution lead to deadlo
k? (Why or why not?)8. Reader/writer lo
ks were implemented in 
lass as follows, with the semaphores writeLo
k and mutex ini-tialized to 1, and the 
ounter readers initialized to 0.void getWriteLo
k() { void releaseWriteLo
k() {sem_wait(writeLo
k); sem_post(writeLo
k);} }void getReadLo
k() { void releaseReadLo
k() {sem_wait(mutex); sem_wait(mutex);readers++; readers--;if (readers == 1) if (readers == 0)sem_wait(writeLo
k); sem_post(writeLo
k);sem_post(mutex); sem_post(mutex);What is the basi
 problem that 
an o

ur if there is a 
ontinuous stream of readers that grab the read lo
k?9. When dis
ussing the differen
e between Hoare and Mesa semanti
s for 
ondition variables inside of monitorroutines, we fo
used on the following produ
er/
onsumer 
ode segment:produ
e () { 
onsume () {if (fullEntries == MAX) if (fullEntries == 0)
ond_wait(empty); 
ond_wait(full);// fill buffer // empty the bufferfullEntries++; fullEntries--;
ond_signal(full); 
ond_signal(empty);} }When usingMesa semanti
s, the semanti
s of 
ondition variables demanded that the if statements be 
hangedto while statements. Des
ribe why Mesa semanti
s demand the 
hange from �if� to �while� in the pro-du
er/
onsumer 
ode above.
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10. Assume a set of �ve jobs arrives in a system to be s
heduled at roughly the same time; ea
h job runs for 10se
onds if running by itself on the CPU. Compute the average response time and the average turnaroundtime for a round-robin poli
y with a 500 millise
ond time sli
e. Show your work (as mu
h as possible)

11. The shortest-job-�rst (SJF) and shortest-time-to-
ompletion-�rst (STCF) poli
ies are both unrealisti
 poli
iesto implement in a general purpose operating system. Why?
12. Assume a multi-level feedba
k queue s
heduling poli
y. In 
lass, we dis
ussed a provision that periodi
allymoved all jobs ba
k to the topmost priority queue. What problem does this rule solve?
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Part II: Longer QuestionsThe se
ond half of the exam 
onsists of two longer questions, ea
h worth 20 points (total 40).1. The Battle for Control. In this question, we dis
uss different methods that the operating system 
an use to�gain 
ontrol� of the CPU.a): The 
lassi
 me
hanism the OS uses is a timer interrupt. Please des
ribe how the OS uses a timer interruptto gain 
ontrol of the CPU, and why this is important.
b): Imagine a new hardware me
hanism that 
ounts the the total number of instru
tions that have been exe
utedand then raises an interrupt after some �xed number of instru
tions have passed. The OS uses this me
hanismby 
on�guring an instru
tion-
ounter interrupt register (ICIR); by setting the value of the ICIR to x, the OSmakes sure that after x instru
tions are exe
uted, an interrupt is raised. Is the ICIR a good me
hanism for theOS to use to gain 
ontrol of the CPU? Why or why not?

): Assume we are using the instru
tion-
ounter interrupt register, but we wish to mimi
 the behavior of thegood old timer interrupt; that is, we want a 
lo
k ti
k to go off every 10 millise
onds or so. How would you usethe instru
tion-
ounter interrupt me
hanism to a
hieve this effe
t?
d): Now imagine a new hardware me
hanism that 
ounts the number of load and store instru
tions that havebeen exe
uted, and raises an interrupt after some (
on�gurable) number of loads/stores have been exe
uted. Isthis a good me
hanism for the OS to use to gain 
ontrol of the CPU? Why or why not?
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2. The Best Hash I've Ever Had.Assume you have the following 
ode for a multi-threaded hash table, whi
h inserts an obje
t obj into the hashtable, to be asso
iated with the key key. Assume that the hash table is implemented as an array of linked lists;�rst, we hash (using modulo) to �nd whi
h list to put an item on, and then we insert the item into that list.void hash_insert(int key, obje
t_t *obj) {int whi
hList = key % HASH_SIZE;list_insert(hashLists[whi
hList℄, key, obj);}Assume the 
ode to insert an item onto a list looks something like this (some details omitted for 
larity):// 
reate ``tmp'', whi
h 
ontains the key ``key'' and obje
t ``obj''tmp->next = head;head = tmp;a): Why does the 
ode inside of list insert need to be syn
hronized? (i.e., what problems 
an o

ur iftwo threads both try to insert items into the same list at nearly the same time?)
b): Add a single lo
k into hash insert() to �x the problem.

): What is the biggest performan
e problem with this single-lo
k solution?
d): Now add more lo
ks to hash insert (as many as you want)to improve the performan
e (or rather, thepotential 
on
urren
y) of a

essing the hash-table data stru
ture.
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