Question Paper Set-2

Note:-Attempt questions of all sections as directed

Part-1

Note:-All questions are compuisory. Each question carry 2 Marks
Objective Type[2X10]

1. Translator for low level programming language were termed as

. ',A(" Assembler B. Compiler C. Linker D. Loader
2. Shellis the exclusive feature of
'\A./UNIX B. DOS C. System Software D. Application Software

3. Aprogram in execution is called
Process B. Instruction  C. Procedure  D. Function
4. Interval between the time of submission and completion of the job is called
A. Waiting time \B./fumaround time C. Throughput D. Response time
5. The scheduling in which CPU is allocated to the process with least CPU burst time is called
A. Priority Scheduling \/B./Shortest Job First Scheduling C. Round Robin Scheduling
D. Multilevel queue Scheduling
6. System calls are usually invoked by using
\A<” Software interrupt B. Polling C. An indirect jump D. A privileged instruction
7. Anull process has a process identifier
A -1 \% C.1  D.Null
8. CPU performance measured through
\A/Throughput B. MHz C. Flaps D. None
.................................. Scheduler selects the jobs from the pool of jobs and loading to the ready

queue
\A./Long term B.Shortterm C. Medium term D. None
10. Which scheduling policy is most suitable for a time shared operating system
A. SIF B Round Robin C.FCES D. Priority
Part-2[8X5]
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Unit-2

Questionl:-Solve the Readers and Writers Problem using semaphores

Readers Writers Problem

ek o Do shuared oy several conciirrent processes, Some of these
3

pradesses oy want only oo read the database, whereas others may want to
ase. We distinguish botwesst these

wpadate (that s, to read and write) the data
W Ly pes of processes by reforrmg o the former as readers andd o the Bacter
s writers. Ubviousty, H two readers ag
sulfs Plosveser, o a writer and some other thread (either

wess the shared dada simalancously, no

subverse affects will re
areandor or g writery aooess the databa

Tor ensure that ¢

ssimitanecusty, chaos may s e,

e cultieos do not arise, we requiire that the writers

1w shared databose, This svncheonization problen i

e whated, 1t bas

proffan Sance it was originalkly

ssch taotest rwarly overy new synchronization primitve, The readers
writers problem has several variations, all wwvolving prioritios. The simplest
oy, reterred o as the frs? readers
will be kept watting unless a wreiter
saread obpect. 1o other

nosimply becouse a

Bas already obtained pernission

wordds, no reader shuould wailt for othwer reade
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Loy o et

starvation., by the First case,
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Pereh ey,

gy “tarve.

other v, croposech B s seciion, wee prrosent o
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In the solution to the st readors - wrilors problem, the reader progesses

share the following date structures

vinthialiced b b roadoount s inttializod

o b The semaphore wrt s conunon o both reader and writer PO gt e

smutex semaphore s teed W onsure mutual eclusion when the varbabde
is andatesd, Thw readeouns variable Reps rack of Boes many

v

o

srrentiy poaads ther object. The seraphore wrt tunctions as

mutirab enclumon semapbore for the writers, 1t e alan usocd By thie first o lost
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Figure The structure of 8 read

s
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readder that enters or ety e oritical section. 1t is ot ased by readers who

erter or exitowhile other readers are i their critcal sectinns

The code for a writer process is shown in Figure the code for a readoer
process is shown in Figure CNote that, 0F a writer is in the oritical soction
amd o readers are owatting, then one reader s guoued on wet, ancd o
are gueued on s

Adso observe that, when a writer executes ;
WO Ty ressrree the exovution of either the waiting readers or a sing]
writer, The selection s made by the schedler

The readors - owriters ;‘:zu])%wm'x, ared its solutions has been generalized (o

provide reader—wwriter locks on some syvstoms . Acguiring a reader writer fock

E:

pres specifving the mode ot the ook either read or wrife access, Whien o

provess ondy o wishes o read sharved data, it requests the readec-writer lock

iroread mode; o process wishing toomodify the shared data maust reguest the

choin write mode. Multiple processes are permitted to concurvently acguire
o reader-writer lock in read mode; ondy one process may acguire thve ok for
wirtting as exclhusive access is required for writers

Roeador —wvriter fogks are most aseiul o the follosving situatioms:

o Inapphicatone swhere it s easy 1o dentiby which processes ondy read sharved
data ard sehuch threads ondy write shared datan

» Inapplicationsthat have more readers than wretlers . This is becanse reades
wrtter lochs penerabby require more overbead to establish than semaphores

uromstual exclusion locks, and the overhead for setting up a reader —writer

wk s comprensated by the inoreased concurrencsy ot athowing moualtiplo

reraglors
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Question2:-Solve the Dining Philosophers Problem using semaphores

Answer2 :- DiningPhilosopher Problem using Semaphore Consider five philosophers who

spend their lives thinking and eating.The philosophers share a circular table surrounded by five chairs

each belonging to one philosophers. In the center of the table is a rice bowl, and the table is laid
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o Aldlow o 1,‘1nhv_ﬂ,\phs:x' to pick up her chopsticks by BF ot a‘}‘ui'ri‘-f-,ti«'].v;\ are
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available (to do this she must pick thoem apin ac ritical section).

o Use an asymmeltric solution; that s, an odd philosopher pickes up st her
left chopstick and then her right chopstick, whereas an even philosopher
picks up her right chopstick and then her deft chopstic k

Firnatly, any satisfactory solution to the dining-philosophers problemy must
suard against the possibility that one of the philosophers will starve to deatho
A deadlock-free solution does not necessarily eliminate the possibility ot
starvation.

Unit-3

Question1:-Suppose that a disk drive has 5000 cylinders, numbered 0-4999.The drive is currently serving
a request at cylinder 143 and the previous request was at cylinder 125.The queue of pending request in

FIFO order is:

86, 1470, 913, 1774, 948, 1509, 1022, 1750, 130

Starting from the current head position, what is the total distance that the disk arm moves to satisfy all
the pending results for each of the following disk scheduling algorithms:-

1. ECES
2. SSTF

OR
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Unit-4

.

Question1:-Explain Process Termination and Resource Preemption in deadlock recovery?

s

ey — o . Ty F T
~ecovery From Deadiock

When a detection rithm determines that a deadlock exists, several altor-
natives are available. One possibility is to intorm the operator that a deadlock
has occurred and to let the operator deal with the deadlock manuallv. Another
possibility is to let the svstem recover from the deadlock automaticallyv, There

are two options for breaking a deadlock. One is simplyv to abort one or more
processes to break the circular wait. The other is to preempt some resources

from one or more of the deadlocked Processes.

Process Termination

1o eliminate deadlocks by aborting a process, we use one of two methods. In
both methods, the svstem reclaims all resources allocated to the terminated
Processes. '

2

# Abort all deadlocked processes. This method clearly will break the
deadlock cycle, but at great expense; the deadlocked processes may have
computed for a long time, and the results of these partial computations
must be discarded and probably will have to be recom puted later.

® Abort one process at a time until the deadlock cycle is eliminated. This
method incurs considerable overhead, since, after each Process is aborted,
a deadlock-detection algorithm must be invoked to determine whether
any processes are still deadlocked.

Aborting a process may not be ecasy. If the process was in the midst of
updating a file, lerminating it will leave that file in an incorrect state. Simila rly,
if the process was in the midst of printing data on a printer, the svstem must
reset the printer to a correct state before printing the next job.

If the partial termination method is used, then we must determine which
deadlocked process (or processes) should be terminated. This determination is
a policy decision, similar to ¢t -scheduling decisions. The question is basically
ancconomicone: we should abort those processes whose termination will incur
the minimum cost. Unfortunately, the tevm mininim cost is not a precise one.
Many factors may affect which process is chosen, including:

L. What the priority of the process is

N

. How Jong the process has computed and how much longer the Process
will compute before completing its designated task

3

How many and what type of resources the process has used (for example,
whether the resources are simple to preempt)

4. How many more resources the process needs in order to complete

U

How many processes will need to be terminated

6. Whether the process is interactive or batch



Resource Preemption

lo eliminate deadlocks using resource preemption, we successively preempt
some resources from processes and give these resources to other processes until
the deadlock cycle is broken,

If preemption is required to deal with deadlocks, then three issues need to
be addressed:

L. Selecting a victim. Which resources and which processes are to be
preempted? As in process termination, we must determine the order of
preemption to minimize cost. Cost factors may include such parameters
as the number of resources a deadlocked process is holding and the
amount of time the process has thus far consumed during its execution.

2. Rollback. If we preempt a resource from a process, what should be done
with that process? Clearly, it cannot continue with its normal execution; it
Is missing some needed resource. We must roll back the process to some
safe state and restart it from that state.

Since, in general, it is difficult to determine what g safe state is, the
simplest solution is a total rollback: Abort the process and then restart
it. Although it is more effective to roll back the process only as far as
necessary to break the deadlock, this method requires the system to keep
more information about the state of all running processes.

3. Starvation. How do we ensure that starvation will not occur? That is,
how can we guarantee that resources will not always be preempted from
the same process? .

In'a system where victim selection is based primarily on cost factors,
it may happen that the same process 1s always picked as a victim, As
a result, this process never completes its designated task, a starvation
situation that must be dealt with in any practical system. Clearly, we
must ensure that a process can be picked as a victim only a (small) finite
number of times. The most common solution is to include the number of
rollbacks in the cost factor.
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Unit-5

Question1:-Explain Virtual Memory?

Virtual memory is a technique that allows the execution of processes
that are not comp letely in memory. One major ady vantage ot this scheme is
that programs can bhe lmwu than physical memory:. Imthc r, virtual memory
abstracts main Memory into an oxtre mely large, uniform array of stmmm
separating logical memory as viewed by the user from physical memory.
This tec hmquc frees Programmers from the concerns of memory stoxac*e
limitations. Virtual memory also allows processes to share fileg easily and
to implement shared memory. In addition, it provides an etficient mech 1anism
for process creation, Virtual Memory is not easy to implement, however, and
may substantially decrease performance it it is tsed c carelessly.

™% 4 s g
Sackground

The me Mory-management algorithms o thned are necessary
because of one basic requirement: The instructions being executed must boe
n physical memor v. The first approach to meeti w2 this requirement is to place

the entire logical address space in physical mem o1y, Dynamic hmdm«' “an hel Ip
to case this restric tion, but it generally reg quires special precautions and oxira
work by the programmer,



The requirement that instructions must be in hvsical memory to be
executed seems both necessary and reasonable; but it is also unfortunate, since
it limits the size of a progri m to the size of phvsical memory. In fact, an
v\umm“mm of real programs shows us that, in many cases, the entire program
is not needed. For instance, cons ider the following:

# Programs often have code to handle unusual error conditions. Since these
errors seldom, if ever, occur in practice, this code is almost never executed.

®  Arrays, lists, and tables are often allocated more memor v than thev actually
need. An array may be declared 100 bv 100 elements, even Hmu;;_;h it 1%
seldom larger han 10 by 10 elements. An assembler symbol table may
have room for 10 svmbols, although the average program has less than
200 symbols.

t
"
3

® Certain options and features of a program may be used rare dv. Forinstance,
the routines on U S, governmentcomputers that balance thubudw tare only
rarely used.

FEven in those cases where the entire program is needed, it may not all be
needed at the same tHime.

The abilitv to execute a program that is only partially in memory would
confer many benefits:

& A program would no longer be constrained by the amount of physical
memory that is available. Users would be able (o write programs for an
extremely large virtial addw\s space, simplifying the programming task.

page

page 1

page 2 | | i R

| 5 | |
| ;
, ;
i ; ,‘
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AR ' _
physical
i Mmemaory
virtuat
memaory
Figure Diagram showing virtual memory that is larger than physical memory.
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¥ Decause each user program could take less phvsical MeMmMory, more

Programs could

De run at the same time, with a corresponding incre
CrL utidization and throughput but with no in rease in response time or
furnaround time.

ASE In

* Less 17O would be needed to load or swa P each user program into mMemaory,
S0 each user program would run faster

Thug, running a pragram that is not enlirelyv in memaon Y owould benefit both
the system and the user,

Virtual memory involves the separation of logical memory as perceived
by users from phyvsical memory. This separation allows an extremely large
virtual memory to be provided for Programmers when only a smaller physical
memory s available (Figure ). Virtual memory makes the task of programe-
ming much easier, beea use the programmer no longer needs to worry about
the amount of phyvsical Memory available; she can coricertra te instead on the
problem to be programmed.

The virtual address space of a process refors to the logical (or virtual) view
of how a process is stored in memory. Typically, this view is that a process
begins at a certain logical address — say, address O—and exists in CONtiguous
moemory, as shown in Figure . though, that in fact
physical memory may be organized in page frames and that the physical page
frames assigned to a process may not be contiguous. It is up to the Memory-
management unit (MMU) o map logical pages to physical page frames in
nemory.

Note in Figure that we allow for the heap (o grow tUpward in memory
asitis used for dynamic memaory allocation. Similarly, we allow for the stack to
grow downward in memory through successive function calls. The large blank

space (or hote) between the heap and the stack is part of the virtual addross

Mirs o S e
| !
'
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{
!
,
1
}
|
1
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Figure Virtual address space.



space but will require actual p wsical pages only if the hea P Or stack growvs,
Virtual address spaces that include holes are known as sparse address spaces.
Using a s"m rse address space is beneficial because theholes can be tilled as the
stack or heap segments grow or if we wish to v namically link libraries (or
possibl\ ot hu shared objects) duri 1 program execution.

In addition to separating lumme memory from physical memory, virtual
memory also allows files and memory to be shared by two or more PrOCcesses
through page sh aring This leads to the followi ¢ benefits:

@

System libraries can be shared by several processes through mapping
of the shared object into a virtual address space. Although each process
considers the shared libraries to be part of its virtual addu s$ space, the
actual pages where the libraries reside in phyvsical memory are shared by
“all the Processes Ty pically, a I)bmm s mappe d read- -omly into
the space of each process that is linked with it

# Similarly, virtual memory enables processes to share memor V. Recall
that two or more processes can communicate t hluugh the use
of shared me mory. Virtual memory allows one process to create a region
of memory that it can share with another process. Processes shmmu this
region consider it part of their virtual address space, vet the actual P 11\ sical
pages of memory are shared, much as is illustrated in I° igure

Virtual memory can aHm\ pages to be shared duri g process creation with
the fork () system call, thus speeding np process creation.

We will further e xplore these—and other— -benefits of virtual memaor v later in
this chapter. First, we begin with a discussion of mplementing virtual memory
through demand paging.

< Eha

shiaved ibrary

\
S

Figure Shared library using virtual memory.
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Question2:-Describe Demand Paging?

Consider how an executabie program might be (loaded from disK into nemaory.
One option is to load the entire program in physical memory at program
execution time. However, a problem with this approach is that we may not
initially aeed the entire program in memory. Consider a program that staves

cl. Loading the
entire program into memory results in loading the executable code for afl
options, regardless of whether an option is ultimately selected by the user or
not. An alternative strategy is to mitially foad pages only as thev are necded.
Phis technique is known as demand paging and is commonly used in virtual

MeImory systems. With demand-paged virtual memory, pages are only loaded
when they are demanded during program exccoution; pages that are never
accessed are thus never loaded into phvsical MCImMory.

A demand-paging system is similar to a paging system with swapping
(Figure ) where processes reside in secondary memory (usually a disk).
When we want to execute a process, we swap it into memory. Rather than
swapping the entire process into memaory, however, we use a lazy swapper. A
lazy swapper never swa pPsapageintomemory unless that page will be needed.
Since we are now viewing a process as a sequence of pages, rather than as one
targe contigmuous address space, use of the term steapperis technically incorrect.
A swapper manipulates entire processes, whereas a pager is concerned with
the individual pages of a process. We thus use pager, rather than scoapper, in
connection with demand paging,.

with a list of available options from which the user is to se

L

i
program | swap out Q.
5 & .
A E ) f R
| IS B 4
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B S 14
program =~ I ST T e P
= W s } £ + 185 i e 1)
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Figure Transfer of a paged memory to contiguous disk space



Basic Concepts

When a process is to be swapped in, the pager guesses which pages will be
used before the process is swa pPped out again. Instead of swapping in a whole
process, the pager brings only those necessary pages into memory. Thus, it
avoids reading into memory pages that will not be used anyway, decreasing
the swap time and the amount of physical memaory needed.

With this scheme, we need some form of hardware support to distinguish
between the pages that are in memory and the pages that are on the disk. The
valid—invalid bit scheme desc ribed can be used for this purpose.
This time, however, when this bit is set to “valid,” the associated page is both
legal and in memory. If the bit is set to “invalid,” the page either is not valid
(thatis, not in the logical address space of the process) oris valid but is currently
on the disk. The page-table entry for a page that is brought into memory s sef
as usual, but the page-table entry for a page that is not currently in memory is
cither simply marked inva lid or contains the address of the page on disk. This
sttuation is depicted in Figure

Notice that marking a page invalid will have no ettect if the process never
attempts to access that page. Hence, if we guess right and page in all and only

those pages that are actually needed, the process will run exactly as though we

had brought in all pages. While the process executes and accesses pages that
are memory resident, execution proceeds normally.,

0 |
| |
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physical memory
Figure Page table when S0mMe pages are not in main memaory,



reset page
tabla

bring in
MISsing page

Figure Steps in handling a page fault.

But what happens if the process tries to access a page that was not brought
ke memory? Access to Page marked invalid causes a pPage-fault trap. The
paging hardware, in translating the addross through the page table, will notice
that the invalid bit is set causing a trap to the operating svstem. This trap is the
result of the operating system’s faiture to bring the desired page into memory.
The procedure for handling this page fault is straighttorward (Figure g

1. We check an internal table (usually kept with the process control block)
for this process to determine whether the reference was g valid or an
invalid MeMOry access.

| 2]

' the reference was invalid, we terminate the process. [f it wag valid, but
wWe have not vet bn)ught in that Page, we now page it in.

3.0 We find o free frame (by taking one from the free-frame list, for example).
4. We schedule a disk operation to read the desired Page into the newly
allocated frame,

®3]

When the disk read is complete, we modify the interpal table kept with
the process and the page table to indicate that the Pageis now immemaory.,
6. We restart the mstruction that was fl‘l’[‘t;‘l‘l‘\,lpft‘(’i by the trap. The process
AN Now access the Page as though it had always been in memory.,

In the extrome CAaAse, We can start n*\’vcuting a process with 1o pages in
Memory. When the operating system sets the Instruction pointer (o the first



instruction of tnu process, which is on a non-memory ~resident page, the process
imﬂu diately faults for the pm*v After this page is brought into memory, the
process continues to execute, faulting as necessary until eve ry page that it
needs is in memory. At that point, it can execute with no more faults. This
scheme is pure demand paging: Never bring a page into memory until it is
required.

Theoretically, some programs could access sev eral new pages of memory
with each instruction execution (one page for the instruction and mary for
data), possibly causing multiple page faults per instruction This sttuation
would result in une nupr“blc system pmmmmnu‘ Fortun m‘c’\ analysis of
running processes shows that this behavior is exceedingly unh}\t-iy. Programs
tend to hax ¢ locality of reference, : ; Cwhich results in
reasonable performance from demand pm'mw

The hardware to support demand paging is the same as the hardware for
paging and swapping;:

# Page table. This table has the ability to mark an entry invalid through a
al!d invalid bit or special value of protection bits.

¢ Secondary memory. This memory holds those pages that are not present
in main memory. The secondary memory is us‘uaH a high-speed disk. it is
known as the swap device, and the section of disk used for this purpose is
known as swap space.

A crucial requirement for demand paging is the need to be able to restart
any instruction after a P age f faudt. Because we save the state (registers, condition
code, instruction counter) of the interrupted process when the page fault
occurs, we must be able to restart the process in exactly the same place and
state, except that the desired page is now in memory and is accessible. In most
cases, this requirement is casy to meet. A page fault may occur atany memory
reference. If the page fault occurs on the instruction fetch, we can restart b}
fetching the instruction again. If a page fault occurs while we are fetching an
operand, we must fetch and decode the instruction again and then fetch the
operand.

As a worst-case example, consider a three-address instruction such as ADD
the content of A to B, placing the result in C. These are the steps to execute this
mstruction:

1. Fetch and decode the instruction (ADID).
2. Fetch A.
3. Fetch B.
4. Add A and B.
5. Store the sum in C.
If we fault when we try to store in C (because Cis in a page not currently
in memory), we will have to get the desired page, bring it in, correct the

page table, and restart the instruction. The restart will require fetching the
instruction avain, decoding it again, fetching the two operands again, and
O ] & ] } ]



then adding again. Flowever, there is not much repeated waork (less than one
complete instruction), and the repetition is necessary only when a page fault
QUCLrs.

The major difficulty arises when one instruction may modity several
different locations. For example, consider the 1B\ Systern 360 /370 MVC (move
character) instruction, which can move up ta 256 byvtes from one location to
another (possibiyv overla ppring) location. If either block {(source or destination)
straddles a page bounda ry, @ page fault might occur after the move is partially
done. In addition, if the source and destination blocks overlap, the source
block mav have been moditied, in which case we cannot simply restart the
instruction.

This problem can be solved in two difterent ways. In one solution, the
microcode computes and attem pts to access both ends of both blocks. If a page
fault is going to occur, it will happen at this step, before anything is modified.
The move can then take place; we know that no page fault can occur, since all
the relevant pages are in memory. The other solution uses temporary registers
to hold the values of overwritten locations. 1f there is a page fault, all the old
values are written back into memory betore the trap occurs. This action restores
memory to its state before the instruction was sta rted, so that the instruction
can be repeated.

This is by no means the only architectural problem resulting from adding
paging to an existing architectire to allow demand paging, but it illustrates
some of the difficulties involved. Paging is added between the C'C and the
memory in a computer system. It should be entirely transparent to the user
process. Thus, people often assume that paging can be added to any system.
Although this assumption is true for a non-demand-paging environment,
where a page fault represents a fatal error, it is not true where a page fault
means only that an additional pPage must be brought into memory and the
process restarted.

Performance of Demand Paging

Demand paging can significa ntly affect the performance of a computer svstem.
To sce why, let's compute the effective access time for a demand-paged
memory. For most computer systems, the memory-access time, denoted o,
ranges from 10 to 200 nanoseconds. As long as we have no page faults, the
effective access time is equal to the memory access time. 11, however, a page
tault occurs, we must first read the relevant page from disk and then access the
desired word.

Let pbe the probability of a page fault (0 < p < 1), We would expect p to
be close to zero - - that 15, we waould expect to have only a few page taults. The
effective access time is then

ettective access time = (1 — PY o ma + p o« page fault time.

To compute the effective access time, we must know how much time is

needed to service a page fault. A page fault causes the following sequence to
OCcu

L. Trap to the operating svstem.

2. Save the user registers and process stale.
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3. Determine that the i Herrupt was a page fault.

4. Check that the page reference was legal and determine the location of the
page on the disk,

5. Issue a read from the disk to a free frame:
a. Wait in a queue for this device until the read request is serviced.,
b, Wait for the device seek and /or latency time.
¢ Begin the transfer of the page to a free trame.

6. While waiting, allocate the CPU to some other user (U seheduling,
optional).

- Receive an interrupt from the disk (70 subsystem (170 completed).

8. Save the registers and process state for the other user (it step 6 is executed).

9. Determine that the interrupt was from the disk.

10. Correct the page table and other tables to show that the desired Pave is
NOW I memory,

Pl Wait for the CPu to be allocated to this Process again,
2. Restore the user registers, process state, and new page table, and then

resume the interrupted instruction.

Notall of these steps are necessary inevery case. For example, we are assumin
that, in step 6, the it

%)
)

is allocated to another process while the 170 occurs.
This arrangement allows multiprogramming to maintain CPU utilization but
requires additional time to resume the page-fault service routine when the 170
transfer is complete. ’

I any case, we are faced with three Major components ot the page-fault
BYTVICE FLIE:

L. Service the page-fault mterrupt.
2. Read in the page.

3. Restart the process.

The Hrst and third tasks can be reduced, with careful codine

@, O soveral
hundred instructions. These tasks may take from 1 to 100 microseconds each.
The page-switch time, howes er, will probably be close to 8 milliscconds.
A typical hard disk has an average latency of 3 milliseconds, a seek of 5
milliseconds, and a transafer time of 0.05 miliiseconds. Thus, the total paing
tinmeis about 8 milliseconds, including hardware and software i, Rememboer
also that we are looking at only the device-service time. 1f a quLUe OF processes
5 walting for the device (other processes that have caused pave faulis), we
have to add device-queueing time as we wait for the paging deviee to be free
to service our request, increasing oven more the time to S [,

I owe take an ax erage page-fault service time of 8 milliseconds and a
Memaory-access time of 200 nanoscconds, then the effective access time in
nanoscconds is .



