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1. a) What is an operating system? Explain in brief the different services which it provides.    10  

Ans: Operating System:- 

 A program that acts as an interface between a user of a computer and the    computer 
hardware and controls the execution of application programs.  

Operating system goals: 

1) Execute user programs and make solving user problems easier. 

2) Make the computer system convenient to use. 

3) Use the computer hardware in an efficient manner. 

Example: Different types of operating systems: Windows, MacOS, UNIX, Linux, ect. 

   Operating System Services 

One set of operating-system services provides functions that are helpful to the user: 

1) User interface - Almost all operating systems have a user interface (UI)Varies between 
Command-Line (CLI), Graphics User Interface (GUI), Batch 

      2) Program execution - The system must be able to load a program into memory and     
to run that program, end execution, either normally or abnormally (indicating error) 

2. I/O operations -  A running program may require I/O, which may involve a file 
or an I/O device.  

3. File-system manipulation -  The file system is of particular interest. Obviously, 
programs need to read and write files and directories, create and delete them, search 
them, list file Information, permission management. 

4. Communications – Processes may exchange information, on the same computer 
or between computers over a network 

5. Communications may be via shared memory or through message passing 
(packets moved by the OS) 

6. Error detection – OS needs to be constantly aware of possible errors 

7. May occur in the CPU and memory hardware, in I/O devices, in user program 

8. For each type of error, OS should take the appropriate action to ensure correct 
and consistent computing 

9. Debugging facilities can greatly enhance the user’s and programmer’s abilities 
to efficiently use the system 
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Another set of OS functions exists for ensuring the efficient operation of the system itself 
via resource sharing 

1. Resource allocation - When  multiple users or multiple jobs running concurrently, 
resources must be allocated to each of them 

1. Many types of resources - Some (such as CPU cycles, main memory, and file 
storage) may have special allocation code, others (such as I/O devices) may have general 
request and release code.  

2. Accounting - To keep track of which users use how much and what kinds of 
computer resources 

3. Protection and security - The owners of information stored in a multiuser or 
networked computer system may want to control use of that information, concurrent 
processes should not interfere with each other 

1. Protection involves ensuring that all access to system resources is controlled 

2. Security of the system from outsiders requires user authentication, extends to 
defending external I/O devices from invalid access attempts 

3. If a system is to be protected and secure, precautions must be instituted 
throughout it. A chain is only as strong as its weakest link. 

 

b) i) Explain different system calls of O.S.                                                                               05   

Ans:  System Calls:- 

A. Programming interface to the services provided by the OS 

B. Typically written in a high-level language (C or C++) 

C. Mostly accessed by programs via a high-level Application Program Interface (API) rather 
than direct system call use 

D. Three most common APIs are Win32 API for Windows, POSIX API for POSIX-based 
systems (including virtually all versions of UNIX, Linux, and Mac OS X), and Java API 
for the Java virtual machine (JVM) 

Types of System Call 

A system call is made using the system call machine language instruction. System calls can be 
grouped into five major categories. 

1. File management 

2. Interprocess communication 
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3. Process management 

4. I/O device management 

5. Information maintenance.  

1. File management : 

a. Create    :   Create a new file and open it. 

b. Delete    :    Delete a file. 

c. Open      :   Open a file to read or write. 

d. Close : Close a file, indicating that file is no longer using it. 

e. Read : Read a byte from an open file. 

f. Write : Write a byte to an open file, 

g. Stat : Get information about a file, 

h. Unlink : Remove a file from a directory. 

i. Get file attribute and set file attribute - Attribute includes file name, file type, protection codes and 
accounting information. 

2. Interprocess communication : 

a. Create message queue : Create a queue to hold message.  

b. Send message :  Send a message to a message queue.  

c Receive message           : Receive a message from a message queue.  

d. Close connection         :  Terminates the communication. 

3. Process management system call : 

a. Create process :    Create a new process. 

b. Terminate process       :    Terminate the process making the system call. 

c. Wait :    Wait for another process to exit. 

d. Fork :    Create a duplicate of the process making a system call. 

e. End :    Halt the process execution normally. 

f. Abort:   Halt the process execution abnormally. 

g. Load:    Load the process into memory 
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h. Execute:    Execute the loaded process. 

i. Get process attributes and set process attributes. 

j. Allocate and free memory. 

4. I/O device system calls : 

a. Request device:     To ensure exclusive use of device. 

b. Release device:     Release the device after finished with the device. 

c. Read, write :     Same as file system call.   

d. Stat :     Get information about an I/O device. 

5. Information maintenance : 

a. get time and date 

b. set time and date 

c. set process, file or device attributes. 

d. get process, file or device attributes 

e. get system data 

f. set system data. 

The operating system provides a set of operations which are called system calls. A system call 
interface is the description of the set of system calls implemented by the operating system. 

 

ii) Differentiate monolithic and layered structure of O.S.                                  05 

Ans:  

Monolithic Operating System Layered Operating System 

The components of monolithic operating 
system are organized haphazardly and any 
module can call any other module without any 
reservation. 

The components of layered operating system 
are organized into modules and layers them 
one on top of the other. 

When a user- mode program calls a system 
service, the processor traps the call and then 
switches the calling to kernel mode. 
Completion of system service, switches the 
thread back to the user mode, by the operating 

Each module provides a set of functions that 
other module can call. Interface functions any 
particular level can invoke services provided 
by lower layers but not the other way around. 
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system and allows the caller to continue. 

 

 

The monolithic structure does not enforce 
data hiding in the operating system. 

One advantage of a layered operating system 
structure is that each layer of code is given 
access to only the lower-level inter faces (and 
data structures) it requires, thus limiting the 
amount of code that wields unlimited power. 

It delivers better applications performance, 
but extending such a system can be difficult 
work because modifying a procedure can 
introduce bugs in seemingly unrelated parts of 
the system. 

 

Layered operating system delivers low 
application performance in comparison to 
monolithic operating system. 

Layering also makes it easier to enhance the 
operating system, one entire layer can be 
replaced without affecting other parts of the 
system. 

Example Systems : CP/M and MS-DOS. Example Systems: VAX/VMS,Multics, UNIX 

 

2 a) Consider the following set of processes with the length of cpu burst given in Ms. 

----------------------------------------------------------------------------------------- 

Process  Burst time        Priority  

----------------------------------------------------------------------------------------- 

  P1      10   3 

  P2                       1   1 

  P3        2                     4      

  P4                       1                            2 

  P5       5   2 

----------------------------------------------------------------------------------------- 

The processes are assumed to have arrived in the order p1, p2, p3, p4, p5 at time 0.   

i)Draw the Gantt chart for FCFS, S.1F, Priority and Round Robin (Quantum= I),                05 

Ans: Gantt chart: 

····  FCFS 
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ii) Which algorithm results in the maximum average waiting time?               05  

Ans: Waiting Time: 

A. FCFS 

Process Waiting time 

P1 0 

P2 10 

P3 11 

P4 13 

P5 14 

Average Waiting Time = ( 0+10+11+13+14)/5 = 9.6 ms 
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B. SJF 

Process Waiting time 

P1 9 

P2 0 

P3 2 

P4 1 

P5 4 

Average Waiting Time = ( 9+0+2+1+4)/5 = 3.2 ms 

 

C. Priority 

Process Waiting time 

P1 7 

P2 0 

P3 17 

P4 1 

P5 2 

Average Waiting Time = ( 7+0+17+1+2)/5 = 5.4 ms 

 

D. Round Robin 

Process Waiting time 

P1 9 

P2 1 

P3 5 

P4 3 

P5 9 

Average Waiting Time = ( 9+1+5+3+9)/5 = 5.4 ms 
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FCFS algorithm results in the maximum average waiting time i. e. 9.6 ms 

 

b) Explain multilevel queue scheduling.                   10 

Ans: Multilevel Queue Scheduling 

Multilevel queues are an extension of priority scheduling whereby all processes of the same priority 
are placed in a single queue. For example, timesharing systems often support the idea of foreground 
and background processes. Foreground processes service an interactive user, while background-
processes are intended to run whenever no foreground process requires the CPU. These two types of 
processes have different response time requirement, so they require different scheduling algorithms. 
May be the foreground processes have priority over the background processes. 

Figure A shows the multilevel queue scheduling algorithm. It divides the ready queue into the 
number of separate queues. The processes are permanently assigned to one queue, generally based on 
some property of the process, such as memory size, process priority and process type. Each queue 
has its own scheduling algorithm. 

One queue may be scheduled by FCFS and another queue scheduled by RR method. Once the 
processes are assigned to the queue, they can not change the queue i.e. processes do not move from 
one queue to the other since processes do not change their foreground or background nature. Figure 
B shows the ready lists in a multilevel scheduler. 

All the processes are arranged in ready list according to the priority. Processes P1, P4, P9 have a 
larger time slice than processes P1, P4 and P9. So they get a chance to execute only when processes 
P2, P5, P7 and P10 are blocked. Processes P3 and P11 can execute only when all other processes in 
the system are blocked. They would face starvation if this situation is rare. 

 

 

  Figure A: Multilevel queue scheduling 
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  Figure B: Multilevel scheduler ready list 

 

3. a) What is deadlock? Explain various deadlock prevention techniques.               10  

Ans: Deadlock:- 

·  Permanent blocking of a set of processes that either compete for system resources or 
communicate with each other 

·  Involves conflicting needs for resources by two or more processes 

·  There is no satisfactory solution in the general case 

·  Some OS (ex: Unix SVR4) ignore the problem and pretend that deadlocks never occur... 

Example of Deadlock: File Sharing- 

Consider two processes p1 and p2, they update a file F and require a scratch tape during the 
updating. Only one tape drive T available. T and F are serially reusable resources, and can be used 
only by exclusive access p2 needs T immediately prior to updating request operation blocks the 
process requesting the resource, puts the process on the wait queue. 

The process is to remain blocked until the requested resource is available. If the resource is available, 
the process is granted an exclusive access to it.  

Release operation returns the resource being released to the system and wakes up the process waiting 
for the resource, if any.  

p1 and p2 may run as follows: 
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p1:  ...       p2:  ... 

request(F);      request(T); 

r1: request(T);     ... 

...      r2: request(F); 

...      ... 

release(T);     release(F); 

release(F);      release(T); 

...      ... 

 

p1 can block on T holding F while p2 can block on F holding T 

Necessary conditions for deadlocks:  Four conditions to hold simultaneously 

1. Mutual exclusion: At least one resource must be held in a non-sharable mode 

2. Hold and wait: Existence of a process holding at least one resource and waiting to acquire 
additional resources currently held by other processes 

3. No preemption: Resources cannot be preempted by the system 

4. Circular wait: Processes waiting for resources held by other waiting processes 

Deadlock prevention techniques: 

Each process must request and acquire all the needed resources at the same time. Deny one of the 
required conditions for a deadlock 

1. Mutual Exclusion 

····  Cannot be done for non-sharable resources (like printers)  

····  Sharable resources (read-only _les) do not require mutually exclusive access ) cannot be 
involved in deadlock   

····  Cannot deny mutual exclusion as some resources are inherently non-sharable 

 

2. Hold and Wait 

·  Processes can request and acquire all the resources at one time  

·  Request resources only if the process is holding none  
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·  If the process is holding any resources, they must be released before requests can be granted 

Disadvantages 

1. Low resource utilization resources may get allocated but not used for a long time 

2. Possibility of starvation  on popular resources 

 

3. No Preemption 

·  If a process holding resources requests for another resource that cannot be immediately 
allocated, all currently held resources are preempted  

·  Process restarted only when it regains all the resources  

·  Suitable for resources whose state can be easily saved { CPU registers, memory 

 

4. Circular Wait 

1) Impose a total ordering on all resource types  

2) Each process requests resources in an increasing order of enumeration  

3) If several instances of a resource required, a single request must be issued for all of them 

 

b) Explain critical section problem and its different solutions.                                   10 

Ans: The Critical Section Problem 

·  When a process executes code that manipulates shared data (or resource), we say that the 
process is in its critical section (for that shared data)  

·  The execution of critical sections must be mutually exclusive: at any time: only one process is 
allowed to execute in its critical section (even with multiple CPUs) 

·  Each process must request the  permission to enter a critical section  

·  The section of code implementing the request  to enter a CS is called the entry section 

·  The critical section might be followed by an exit section 

·  The remaining code is the remainder section 
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·  The critical section problem:  to design a protocol that, if executed by concurrent processes, 
ensures  that their action will not depend on the order in which their execution is interleaved 
(possibly on many processors 

Framework for Critical Section Solution Analysis 

2. Each process executes at nonzero speed, but no assumption on the relative speed of n 
processes 

3. General structure of a process: 

repeat 

  entry section 

   critical section 

  exit section 

   remainder section 

forever 

·  Many CPU may execute, but memory hardware prevents simultaneous access to the same 
memory location 

·  No assumption about order of interleaved execution  

·  Basically, a ME solution must specify the entry and exit sections  

Requirements for a valid solution to the critical section problem 

1. Mutual Exclusion 

1. At any time, at most one process can be in its critical section (CS) 

2. Progress 

1. Only processes that are not executing in their RS can participate in the decision of 
which process will enter next in the CS.  

2. This selection cannot be postponed indefinitely 

1. Hence, we must have no deadlock 

3. Bounded Waiting 

1. After a process has made a request to enter it’s CS, there is a bound on the number of 
times that the other processes are allowed to enter their CS  

1. starvation otherwise 
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What about process failures? 

1 If all 3 criteria (ME, progress, bounded waiting) are satisfied, then a valid solution will 
provide robustness against failure of a process in its remainder section (RS) 

1. Because failure in RS is just like having an infinitely long RS 

2 However, no valid solution can provide robustness against a process failing in its critical 
section (CS) 

1. A process Pi that fails in its CS does not signal that fact to other processes: for them 
Pi is still in its CS   

Solutions for Mutual Exclusion 

·  software reservation:  a thread must register its intent to enter CS and then, wait until no 
other thread has registered a similar intention before proceeding 

·  spin-locks using memory-interlocked instructions: require special hardware to ensure that a 
given location can be read, modified and written without interruption (i.e. TST: test&set 
instruction) 

·  OS-based mechanisms for ME: semaphores, monitors, message passing, lock files 

4. a) Explain paging in detail. Describe how logical address converted to physical address.    10  

Ans: Paging: 

      Paging is a memory management scheme. Paging reduces the external fragmentation. Memory is           
divided into fixed size blocks Called page frames. The virtual address space of a process is also split 
into fixed size blocks of the same size, called pages.  

 

   Figure A: Paging hardware 
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The size of the page frame is determined by the hardware. Figure A shows the paging hardware. 
When a process is loaded into memory, the operating system loads each page into an unused page 
frame. The page frames used need not be contiguous. Operating system maintains the page table for 
each process. The page table shows the frame location for each page of the process. 

CPU generates the logical address and it consists of two parts : a page number (P) and page offset 
(d). In case of simple partition, a logical address is the location of a word relative to the beginning of 
the program, the processor translates that into a physical address. 

Page table stores the number of the page frame allocated for each page. The page number is used as 
an index into a page table. Page table contains the base address of each page in physical memory. 
This base address is combined with the page offset to define the physical memory address that is sent 
to the memory unit. Paging model of memory is shown in Figure B. 

The size of page is typically a power of 2, varying between 512 bytes and 16 MB per page, 
depending on the computer architecture. Page size is always a power of 2 because all addresses are 
binary and are divided into page or page frame number and offset. By making the page size a power 
of 2, the page number, the page frame number and the offset can be determined by looking at 
particular bits in the address ; no mathematical calculations are required. The physical address can be 
generated by concatenating the offset to the frame number. 

 

   Figure B: Paging model 

Logical address consists of page number and page offset. 

 

where 
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p   = Index into the page table 

d   =   Displacement within the page 

The logic of the address translation process in paged system is shown in the following figure C. For 
example, the virtual address isd03200H. This virtual address is split by hardware into the page 
number and offset within that page. High order 12 bit is used as page number i.e. 003H and lower 
order 12 bit is used for the offset i.e. (200H). Page number is used to index the page table and to 
obtain the corresponding physical frame number (FFFH). This value is then concatenated with the 
offset to produce the physical address (FFF200H) which is used to reference the target item in 
memory. 

 

  Figure C: (Virtual address to physical address) paging 

The operating system keeps track of the status of each page frame by means of a physical memory 
map that may be structured as a static table. The logical address space may be the same size as the 
physical address space or it may be smaller. If logical address space is small, it prevents one process 
from monopolizing all of the memory. If the logical address space is larger than the physical address 
space, all pages could not be resident in physical memory. Simple paging has no capability for 
dealing with references to pages that are not in memory. 

b) Calculate Hit and Faults using various page replacement policies. (FIFO, LRU, OPT) for the 
following page sequence: (The page frame size is 3). 

 2 3 5 4 2 5 7 3 8 7      10 

Ans:FIFO 

Frame 2 3 5 4 2 5 7 3 8 7 

0 2 2 2 4 4 4 4 3 3 3 
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1  3 3 3 2 2 2 2 8 8 

2   5 5 5 5 7 7 7 7 

Page 
Fault 

* * * * *  * * *  

Faults = 8  and  Hit = 2 

LRU 

Frame 2 3 5 4 2 5 7 3 8 7 

0 2 2 2 4 4 4 7 7 7 7 

1  3 3 3 2 2 2 3 3 3 

2   5 5 5 5 5 5 8 8 

Page 
Fault 

* * * * *  * * *  

Faults = 8  and  Hit = 2 

OPT 

Frame 2 3 5 4 2 5 7 3 8 7 

0 2 2 2 2 2 2 7 7 7 7 

1  3 3 4 4 4 4 4 8 8 

2   5 5 5 5 5 3 3 3 

Page 
Fault 

* * * *   * * *  

Faults = 7  and  Hit = 3 

 

5. a) Explain different techniques of disk scheduling.               10 

Ans: 1) FCFS Scheduling : 

The simplest form of disk scheduling is, of course, the first-come, first-served (FCFS) algorithm. 
This algorithm is intrinsically fair, but it generally does not provide the fastest service. Consider, for 
example, a disk queue with requests for I/O to blocks on cylinders 
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98,183,37,122,14,124, 65, 67, in that order. If the disk head is initially at cylinder 53, it will first 
move from 53 to 98, then to 183, 37, 122, 14, 124, 65, and finally to 67, for a total head movement 
of 640 cylinders. This schedule is diagrammed in Figure A. 

The wild swing from 122 to 14 and then back to 124 illustrates the problem with this schedule. If the 
requests for cylinders 37 and 14 could be serviced together, before or after the requests at 122 and 
124, the total head movement could be decreased substantially, and performance could be thereby 
improved. 

 

  Figure A: FCFS disk scheduling. 

2) SSTF Scheduling: 

It seems reasonable to service all the requests close to the current head position, before moving the 
head far away to service other requests. This assumption is the basis for the shortest-seek-time-first 
(SSTF) algorithm. The SSTF algorithm selects the request with the minimum seek time from the 
current head position. Since seek time increases with the number of cylinders traversed by the head, 
SSTF chooses the pending request closest to the current head position.  

For our example request queue, the closest request to the initial head position (53) is at cylinder 65.   
Once we are at cylinder 65, the next closest I request is at cylinder 67. From there, the request at 
cylinder 37 is closer than 98, so 37 is served next. Continuing, we service the request at cylinder 14, 
then 98, 122, 124, and finally 183 (Figure B). This scheduling method results in a total head 
movement of only 236 cylinders—little more than one-third of the distance needed for FCFS 
scheduling of this request queue. This algorithm gives a substantial improvement in performance. 

SSTF scheduling is essentially a form of shortest-job-first (SJF) scheduling, and, like SJF 
scheduling, it may cause starvation of some requests. Remember that requests may arrive at any 
time. Suppose that we have two requests in the queue, for cylinders 14 and 186, and while servicing 
the request from 14, a new request near 14 arrives. 
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  Figure B:   SSTF disk scheduling. 

This new request will be serviced next, making the request at 186 wait. While this request is being 
serviced, another request close to 14 could arrive. In theory, a continual stream of requests near one 
another could arrive, causing the request for cylinder 186 to wait indefinitely. This scenario becomes 
increasingly likely if the pending-request queue grows long. 

Although the SSTF algorithm is a substantial improvement over the FCFS algorithm, it is not 
optimal. In the example, we can do better by moving the head from 53 to 37, even though the latter is 
not closest, and then to 14, before turning around to service 65,67,98,122,124, and 183. This strategy 
reduces the total head movement to 208 cylinders. 

3) SCAN Scheduling: 

In the SCAN algorithm, the disk arm starts at one end of the disk, and moves toward the other end, 
servicing requests as it reaches each cylinder, until it gets to the other end of the disk. At the other 
end, the direction of head movement is reversed, and servicing continues. The head continuously 
scans back and forth across the disk. We again use our example. 

Before applying SCAN to schedule the requests on cylinders 98, 183, 37, 122,14, 124, 65, and 67, 
we need to know the direction of head movement, in addition to the head's current position (53). If 
the disk arm is moving toward 0, the head will service 37 and then 14. At cylinder 0, the arm will 
reverse and will move toward the other end of the disk, servicing the requests at 65, 67, 98, 122,124, 
and 183 (Figure C). If a request arrives in the queue just in front of the head, it will be serviced 
almost immediately; a request arriving just behind the head will have to wait until the arm moves to 
the end of the disk, reverses direction, and comes back. 
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  Figure C: SCAN disk scheduling. 

The SCAN algorithm is sometimes called the elevator algorithm, since the disk arm behaves just 
like an elevator in a building, first servicing all the requests going up, and then reversing to service 
requests the other way. 

Assuming a uniform distribution of requests for cylinders, consider the density of requests when the 
head reaches one end and reverses direction. At this point, relatively few requests are immediately in 
front of the head, since these cylinders have recently been serviced. The heaviest density of requests 
is at the other end of the disk. These requests have also waited the longest, so why not go there first? 
That is the idea of the next algorithm. 

4) C-SCAN Scheduling: 

 

  Figure D: C-SCAN disk scheduling. 

Circular SCAN (C-SCAN) scheduling is a variant of SCAN designed to provide a more uniform 
wait time. Like SCAN, C-SCAN moves the head from one end of the disk to the other, servicing 
requests along the way. When the head reaches the other end, however, it immediately returns to the 
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beginning of the disk, without servicing any requests on the return trip (Figure D). The C-SCAN 
scheduling algorithm essentially treats the cylinders as a circular list that wraps around from the final 
cylinder to the first one. 

5) LOOK Scheduling: 

As we described them, both SCAN and C-SCAN move the disk arm across the full width of the disk. 
In practice, neither algorithm is implemented this way. More commonly, the arm goes only as far as 
the final request in each direction. 

 

  Figure E: C-LOOK disk scheduling. 

Then, it reverses direction immediately, without going all the way to the end of the disk. These 
versions of SCAN and C-SCAN are called LOOK and C-LOOK scheduling, because they look for a 
request before continuing to move in a given direction (Figure E). 

 

b) Explain process concurrency/synchronization of windows O.S.               10 

Ans: Process concurrency/synchronization of windows O.S.: 

Windows 2000 (W2K) provides synchronization among threads as part of the object architecture. 
The mechanism used by the W2K executive to implement synchronization facilities is the family of 
synchronization objects, which consists of the following: 

• Process 

• Thread 

• File 

• Console input 

• File change notification                                                               ! 
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• Mutex 

• Semaphore 

• Event 

• Waitable timer 

The first four object types in the foregoing list have other uses but also may be used for 
synchronization. The remaining object types are specifically designed to support synchronization. 

Each synchronization object instance can be in either a signaled or unsignaled state. A thread can be 
suspended on an object in an unsignaled state; the thread is released when the object enters the 
signaled state. The mechanism is straightforward: A thread issues a wait request to the W2K 
executive, using the handle of the synchronization object. When an object enters the signaled state, 
the W2K executive releases all thread objects that are waiting on that synchronization object. 

Table 6.3 summarizes the events that cause each object type to enter the signaled state and the effect 
it has on waiting threads. 

The mutex object is used to enforce mutually exclusive access to a resource, allowing only one 
thread object at a time to gain access. It therefore functions as a binary semaphore. When the mutex 
object enters the signaled state, only one of the threads waiting on the mutex is released. Mutexes 
can be used to synchronize threads running in different processes. 

Like mutexes, semaphores may he shared by threads in multiple processes. The W2K semaphore is 
the classic counting semaphore. 

The waitable timer is a new kernel object provided in Windows NT 4.0. In essence, the timer signals 
at a certain time and/or at regular intervals. 
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6. a) Explain file allocation in detail.                   10 

Ans: File Allocation 

1. Issues in file allocation 

a. When a new file is created, do we specify the maximum size? 

b. How big of a unit should we use when allocating space for a file? 

c. How do we keep track of what space has been allocated to a given file? 

2. Problems tend to mirror memory allocation problems 

3. PreAllocation 

a. Declare max size in advance 

b. May be hard to guess space needed 
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c. Tendency to overestimate space needed 

d. Ok if the file will never change 

4. Dynamic allocation 

a. Get space as the file needs it 

b. Files are often no longer contiguous 

5. Portion (unit) size 

a. Larger units increase are more contiguous and increase performance 

b. Having lots of small units requires more space for allocation tables 

c. Fixed-size portions simplifies the reallocation of space 

d. Variable-sized units or small fixed-size units reduces wasted space 

6. Two common alternatives: 

a. Variable-sized large contiguous portions 

a.i. Minimizes waste, allocation overhead 

a.ii. Have to deal with fragmentation 

a.ii.1. First-Fit, Best-Fit, Nearest-Fit allocation 

b. Blocks – Small fixed-size portions 

b.i. Abandons contiguity 

b.ii. Allocate blocks as needed 

i) Contiguous Allocation 

 

B. A single contiguous set of blocks assigned to a file when it is created 

a. Preallocation strategy with variable-sized portions 

C. Good performance (especially for sequential files) 

D. External fragmentation tends to occur 

a. Use compaction to combine free space 

E. Used by CD-ROMs (ISO 9660) 

F.  Example: 
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ii) Chained Allocation 

B) Allocate on the basis of individual blocks 

C) Directory only links to the first block 

a. Each block points to the next block 

b. Easy to add blocks to a file 

D) No external fragmentation 

E) No accommodation for locality 

F) MSDOS FAT12/16/32 is a variation 

G) Best suited to sequential files 

H) Example: 

a. File B  Start=1  Len=5 

 

 

 

 

 

 

 

 

Directory 
Filename Start Length 
File A 2 3 
File B 9 5 
File C 18 8 
File D 30 2 
File E 26 3 
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iii) Indexed Allocation 

·  Directory has an entry for a index block 

o Index may or may not be in directory entry 

·  Index block has pointers to the data blocks in the file 

·  Portions may be fixed or variable size 

·  Supports both sequential and direct access to a file 

·  Most common form of allocation 

o Unix uses a variation on this 

·  Example: 

o File B  Index=24 

 

 

 

 

 

 

 

 

b) Explain how memory management takes place in Linux.                10 

Ans: Linux memory management 

·  Virtual Memory Addressing 

1. Supports 3-level page tables 

1. Page Directory 

1. One page in size (must be in memory) 

2. Page Middle Directory 

1. Can span multiple pages 

2. Will have size=1 on Pentium 
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3. Page Table 

1. Points to individual pages 

·  Page Allocation 

1. Uses a buddy system with 1-32 page block sizes 

·  Page Replacement 

1. Based on clock algorithm 

2. Uses age variable 

1. Incremented when page is accessed 

2. Decremented as it scans memory 

3. When age=0, page may be replaced 

3. Has effect of least frequently used method 

·  Kernel Memory Allocation 

1. Uses scheme called slab allocation 

2. Blocks of size 32 through 4080 bytes 

 

7. Write short notes on: -                     20  

i) Semaphore  

 Ans: Semaphores 

·  First defined by Dijkstra 

·  Initialize a counter 

o Must be non-negative (often 0 or 1) 

·  Operations 

o Wait (P) – Decrement counter, then block if < 0, else continue 

o Signal (V) – Increment counter, wake up a blocked process if now £ 0 

�  No requirement on who wakes up, but generally don’t want starvation to occur 

�  Can define a semaphore that wakes processes strictly in FIFO order 

·  Binary Semaphore – Can only take on values 0, 1  
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o Can fairly easily use one to implement the other  

·  Provide a very useful form of mutual exclusion 

o Initialize semaphore s to 1 

do forever: 

wait(s) 

critical section 

signal(s) 

1) Implementing Wait/Signal 

1. Hardware primitives  

1. Busy wait only occurs inside wait/signal 

2. Software methods 

3. Semaphore internals are the “critical section” for the low-level methods 

1. Generally these are short enough to be acceptable 

2) Meaning of count: 

1. if count >=0 : how many processes can call wait() without blocking 

2. if count < 0 : how many processes are currently blocked on this semaphore 

 

ii) Unix File System  

 Ans: Unix File System 

1) Four types distinguished: 

a. Ordinary 

b. Directory 

c. Special (devices, etc.) 

d. Named Pipes 

2) Inode - holds key information  

a. Mode (permissions) 

b. Number of links to this inode 
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c. Owner ID, Group ID 

d. File Size 

e. Last Access Time 

f. Last Modification Time 

g. Inode Modification Time 

h. File Allocation Info rmation 

i. 10 Direct block addresses 

i.i.  Single, Double, Triple indirect blocks 

Unix Superblock 

·  Inode count – Total # of inodes 

·  Block count – Total # of blocks 

·  Free Inode count 

·  Free Block count 

·  Block size – 1024, 2048, or 4096 

·  Blocks per group 

·  Inodes per group 

·  Mount time – Last time mounted 

·  Write time – Time of last change 

·  Mount count – # of mounts 

·  Max mount count 

o Force check after mounted ___ times 

·  Magic signature – Identify version 

·  File system state – Clean unmount? 

 

iii) Segmentation  

Ans: Segmentation 
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·  Programmer sees memory as a set of multiple segments, each with a separate address space 

·  Growing data structures easier to handle 

1. O.S. can expand or shrink segment 

·  Can alter the one segment without modifying other segments 

·  Easy to share a library 

1. Share one segment among processes 

·  Easy memory protection 

1. Can set values for the entire segment 

·  Implementation: 

1. Have a segment table for each process 

2. Similar to one-level paging method 

3. Info: present, modified, location, size 

 

iv) Distributed O.S. 

Ans: Distributed Operating System 

•   Distributed operating systems depend on networking for their operation. Distributed OS runs on 
and controls the resources of multiple machines. It provides resource sharing across the boundaries 
of a single computer system. It looks to users like a single machine OS. Distributing OS owns the 
whole network and makes it look like a virtual uniprocessor or may be a virtual multiprocessor.  

•    Definition : A distributed operating system is one that looks to its users like an ordinary operating 
system but runs on multiple, independent CPU. 

Advantages of distributed OS : 

·  Resource sharing : Sharing of software resources such as software libraries, database and 
hardware resources such as hard disks, printers and CDROM can also be done in a very 
effective way among all the computers and the users. 

2. Higher reliability : Reliability refers to the degree of tolerance against errors and component 
failures. Availability is one of the important aspect of reliability. Availability refers to the fraction of 
time for which a system is available for use. Availability of a hard disk can be increased by having 
multiple hard disks located at different sites. If one hard disk fails or is unavailable, the program can 
use some other hard disk. 

3. Better price performance ratio. 
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Reduction in the price of microprocessor and increasing computing power gives good price-
performance ratio. 

4. Shorter responses times and higher throughput. 

5. Incremental growth : To extend power and functionality of a system by simply adding additional 
resources to the system. 

·  •    Figure A shows the distributed system. 

 

 

  Figure A: The distributed system 

•    Examples of distributed operating system are Amoeba, chrous, mach and v-system. 

Difficulties in distributed OS are 

1. There are no current commercially successful examples. 

2. Protocol overhead can dominate computation costs. 

3. Hard to build well. 

4. Probably impossible to build at the scale of the internet. 
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