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UNIT - I: Operating System Introduction 

 
OVER VIEW OF OPERATING SYSTEM  

What is an Operating System?  

A program that acts as an intermediary between a user of a computer and the computer hardware  

Operating system goals:  

• Execute user programs and make solving user problems easier  

• Make the computer system convenient to use  

• Use the computer hardware in an efficient manner  

 

Computer Start up  

• bootstrap program is loaded at power-up or reboot  

• Typically stored in ROM or EPROM, generally known as firmware  

• Initializes all aspects of system  

• Loads operating system kernel and starts execution  

 

Abstract view of OS 

 

 

 

 
 



Computer-System Operation  

• I/O devices and the CPU can execute concurrently  

• Each device controller is in charge of a particular device type  

• Each device controller has a local buffer  

• CPU moves data from/to main memory to/from local buffers  

• I/O is from the device to local buffer of controller  

• Device controller informs CPU that it has finished its operation by causing An interrupt  

 

Common Functions of Interrupts  

• Interrupt transfers control to the interrupt service routine generally, through the interrupt 

vector, which contains the addresses of all the service routines  

• Interrupt architecture must save the address of the interrupted instruction  

• Incoming interrupts are disabled while another interrupt is being processed to prevent a 

lost interrupt. A trap is a software-generated interrupt caused either by an error or a user 

request  

• An operating system is interrupt driven  

 
Computer-System Architecture  

• Most systems use a single general-purpose processor (PDAs through mainframes)  

• Most systems have special-purpose processors as well  

• Multiprocessors systems growing in use and importance  

• Also known as parallel systems, tightly-coupled systems  

 

Advantages include  

1.Increased throughput  

2.Economy of scale  

3.Increased reliability – graceful degradation or fault tolerance  

Two types  

1.Asymmetric Multiprocessing  

2.Symmetric Multiprocessing 

 

Operating-System Operations  

• Interrupt driven by hardware  

• Software error or request creates exception or trap  

• Division by zero, request for operating system service  

• Other process problems include infinite loop, processes modifying each Other or the 

operating system  

Dual-mode operation allows OS to protect itself and other system components  

User mode and kernel mode  

Mode bit provided by hardware  

 

• Provides ability to distinguish when system is running user code or kernel code  

• Some instructions designated as privileged, only executable in kernel mode  

• System call changes mode to kernel, return from call resets it to user  



 
 

 

 
Process Management  

• A process is a program in execution. It is a unit of work within the system. Program is a 

passive entity, process is an active entity.  

• Process needs resources to accomplish its task  

• CPU, memory, I/O, files  

• Initialization data  

• Process termination requires reclaim of any reusable resources  

• Single-threaded process has one program counter specifying location of next instruction 

to execute  

• Process executes instructions sequentially, one at a time, until completion  

• Multi-threaded process has one program counter per thread  

• Typically system has many processes, some user, some operating system running 

concurrently on one or more CPUs Concurrency by multiplexing the CPUs among the 

processes / threads. 

 

Operating System Services  

• User interface - Almost all operating systems have a user interface (UI)  

• Varies between Command-Line (CLI), Graphics User Interface (GUI), Batch  

• 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)  

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

device  

• 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.  

 



 

 

• Communications – Processes may exchange information, on the same computer or 

between computers  

--over a network Communications may be via shared memory or through message 

passing (packets moved by the OS)  

• Error detection – OS needs to be constantly aware of possible errors that may occur in the 

CPU and memory hardware, in I/O devices, in user program. For each type of error, OS 

should take the appropriate action to ensure correct and consistent computing Debugging 

facilities can greatly enhance the user’s and programmer’s abilities to efficiently use the 

system .Another set of OS functions exists for ensuring the efficient operation of the 

system itself via resource sharing  

• Resource allocation - When multiple users or multiple jobs running concurrently, 

resources must be allocated to each of them  

• 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  

• Accounting - To keep track of which users use how much and what kinds of computer 

resources  

• 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  

             Protection involves ensuring that all access to system resources is controlled  

          Security of the system from outsiders requires user authentication, extends to defending 

external I/O devices from invalid access attempts  

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.  

 

User Operating System Interface - CLI  

Command Line Interface (CLI) or command interpreter allows direct command entry  

System Calls  

• Programming interface to the services provided by the OS  

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

• Mostly accessed by programs via a high-level Application Program Interface (API) rather 

than direct system call usenThree 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)  

Operating System Design and Implementation  

1. Design and Implementation of OS not “solvable”, but some approaches have proven 

successful  

2. Internal structure of different Operating Systems can vary widely  

3. Start by defining goals and specifications  

4. Affected by choice of hardware, type of system  

User goals and System goals  

• User goals – operating system should be convenient to use, easy to learn, reliable, safe, 

and fast  

• System goals – operating system should be easy to design, implement, and maintain, as 

well as flexible, reliable, error-free, and efficient  



UNIT -2  
PROCESS MANAGEMENT  

Process Concept  

An operating system executes a variety of programs:  

Batch system – jobs  

Time-shared systems – user programs or tasks  

Textbook uses the terms job and process almost interchangeably  

 

Process – a program in execution; process execution must progress in sequential fashion 

A process includes:  

• program counter  

• stack  

• data section  

 
Process State  

As a process executes, it changes state  

new: The process is being created  

running: Instructions are being executed  

waiting: The process is waiting for some event to occur  

ready: The process is waiting to be assigned to a processor  

terminated: The process has finished execution  

 

 
Process Control Block (PCB)  

Information associated with each process                 

• Process state  

• Program counter  

• CPU registers  

• CPU scheduling information  

• Memory-management information  

• Accounting information  

• I/O status information  

 

 

 

 



Representation of Process Scheduling 

 
 

 

 
Schedulers  

Long-term scheduler (or job scheduler) – selects which processes should be brought into the 

ready queue  

Short-term scheduler (or CPU scheduler) – selects which process should be executed next and 

allocates CPU  

Context Switch  

• When CPU switches to another process, the system must save the state of the old process 

and load the saved state for the new process via a context switch  

• Context of a process represented in the PCB  

• Context-switch time is overhead; the system does no useful work while switching  

• Time dependent on hardware support  

Process Creation  

• Parent process create children processes, which, in turn create other processes, forming 

a tree of processes  

• Generally, process identified and managed via a process identifier (pid)  

• Resource sharing  

• Parent and children share all resources  

• Children share subset of parent’s resources  

• Parent and child share no resources  

• Execution  

• Parent and children execute concurrently  

• Parent waits until children terminate  

• Address space  

• Child duplicate of parent  



• Child has a program loaded into it  

UNIX examples  

fork system call creates new process  

exec system call used after a fork to replace the process’ memory space with a new program  

 

 

 
 
Process Termination  

• Process executes last statement and asks the operating system to delete it (exit)  

• Output data from child to parent (via wait)  

• Process’ resources are deallocated by operating system  

• Parent may terminate execution of children processes (abort)  

• Child has exceeded allocated resources  

• Task assigned to child is no longer required  

• If parent is exiting Some operating system do not allow child to continue if its parent 

terminates  

• All children terminated - cascading termination  

 

Interprocess Communication  

• Processes within a system may be independent or cooperating  

• Cooperating process can affect or be affected by other processes, including sharing data  

• Reasons for cooperating processes:  

• Information sharing  

• Computation speedup  

• Modularity  

• Convenience  

• Cooperating processes need inter process communication (IPC)  

• Two models of IPC  

• Shared memory  

• Message  

• Shared memory  

• Message passing  

Synchronization  

• Message passing may be either blocking or non-blocking  

• Blocking is considered synchronous  

• Blocking send has the sender block until the message is received  

• Blocking receive has the receiver block until a message is available  

• Non-blocking is considered asynchronous  

• Non-blocking send has the sender send the message and continue  

• Non-blocking receive has the receiver receive a valid message or null  



 
Remote Procedure Calls  

Remote procedure call (RPC) abstracts procedure calls between processes on networked systems  

Stubs – client-side proxy for the actual procedure on the server  

The client-side stub locates the server and marshalls the parameters  

The server-side stub receives this message, unpacks the marshalled parameters, and peforms the 

procedure on the server  

Threads  

• To introduce the notion of a thread — a fundamental unit of CPU utilization that forms 

the basis of multithreaded computer systems  

• To discuss the APIs for the Pthreads, Win32, and Java thread libraries  

• To examine issues related to multithreaded programming  

CPU Scheduler  

Selects from among the processes in memory that are ready to execute, and allocates the CPU to 

one of them  

CPU scheduling decisions may take place when a process:  

1. Switches from running to waiting state  

2. Switches from running to ready state  

3. Switches from waiting to ready  

4. Terminates  

Scheduling under 1 and 4 is nonpreemptive  

All other scheduling is preemptive  

Dispatcher  

Dispatcher module gives control of the CPU to the process selected by the short-term scheduler; 

this involves:  

• switching context  

• switching to user mode  

• jumping to the proper location in the user program to restart that program  

Dispatch latency – time it takes for the dispatcher to stop one process and start another running  

Scheduling Criteria  

• CPU utilization – keep the CPU as busy as possible  

• Throughput – # of processes that complete their execution per time unit  

• Turnaround time – amount of time to execute a particular process  

• Waiting time – amount of time a process has been waiting in the ready queue  

• Response time – amount of time it takes from when a request was submitted until the 

first response is produced, not output (for time-sharing environment)  

• Max CPU utilization  

• Max throughput  

• Min turnaround  

• Min waiting time  

• Min response time  

Different scheduling algorithms are: 

• First-Come, First-Served (FCFS) Scheduling 

• Shortest-Job-First (SJF) Scheduling 

• Priority Scheduling 

• Round Robin (RR) 

• Multilevel Queue Scheduling 

• Multilevel Feedback Queue 



UNIT -3  

CONCURRENCY  
Process Synchronization  

• To introduce the critical-section problem, whose solutions can be used to ensure the 

consistency of shared data  

• To present both software and hardware solutions of the critical-section problem  

• To introduce the concept of an atomic transaction and describe mechanisms to ensure 

atomicity  

• Concurrent access to shared data may result in data inconsistency  

• Maintaining data consistency requires mechanisms to ensure the orderly execution of 

cooperating processes  

• Suppose that we wanted to provide a solution to the consumer-producer problem that fills 

all the buffers. We can do so by having an integer count that keeps track of the number of 

full buffers. Initially, count is set to 0. It is incremented by the producer after it produces a 

new buffer and is decremented by the consumer after it consumes a buffer. 

Producer  

while (true) {  

/* produce an item and put in nextProduced */  

while (count == BUFFER_SIZE)  

; // do nothing  

buffer [in] = nextProduced;  

in = (in + 1) % BUFFER_SIZE;  

count++;  

}  

Consumer  

while (true) {  

while (count == 0)  

; // do nothing  

nextConsumed = buffer[out];  

out = (out + 1) % BUFFER_SIZE;  

count--;  

/* consume the item in nextConsumed  

}  

Race Condition  

count++ could be implemented as register1 = count register1 = register1 + 1 count = register1  

count-- could be implemented as register2 = count register2 = register2 - 1 count = register2  

Consider this execution interleaving with “count = 5” initially 

S0: producer execute register1 = count {register1 = 5} S1: producer execute register1 = register1 

+ 1 {register1 = 6} S2: consumer execute register2 = count {register2 = 5} S3: consumer execute 

register2 = register2 - 1 {register2 = 4} S4: producer execute count = register1 {count = 6 } S5: 

consumer execute count = register2 {count = 4}  

Solution to Critical-Section Problem  

1. Mutual Exclusion - If process Pi is executing in its critical section, then no other processes can 

be executing in their critical sections  

2. Progress - If no process is executing in its critical section and there exist some processes that 

wish to enter their critical section, then the selection of the processes that will enter the critical 

section next cannot be postponed indefinitely  

3.Bounded Waiting - A bound must exist on the number of times that other processes are allowed 

to enter their critical sections after a process has made a request to enter its critical section and 

before that request is granted  

Assume that each process executes at a nonzero speed  



No assumption concerning relative speed of the N processes 

Semaphore  

• Synchronization tool that does not require busy waiting nSemaphore S – integer variable  

• Two standard operations modify S: wait() and signal()  

• Originally called P() and V()  

• Less complicated  

• Can only be accessed via two indivisible (atomic) operations  

 

wait (S) {  

while S <= 0  

; // no-op  

S--;  

}  

signal (S) {  

S++;  

}  

Deadlock and Starvation  

Deadlock – two or more processes are waiting indefinitely for an event that can be caused by only 

one of the waiting processes  

Starvation – indefinite blocking. A process may never be removed from the semaphore queue in 

which it is suspended  

Priority Inversion - Scheduling problem when lower-priority process holds a lock needed by 

higher-priority process  

 

Classical Problems of Synchronization  

• Bounded-Buffer Problem  

• Readers and Writers Problem  

• Dining-Philosophers Problem  

 

Bounded-Buffer Problem  

N buffers, each can hold one item  

Semaphore mutex initialized to the value 1  

Semaphore full initialized to the value 0  

Semaphore empty initialized to the value N.  

The structure of the producer process  

do { // produce an item in nextp  

wait (empty);  

wait (mutex);  

// add the item to the buffer  

signal (mutex);  

signal (full);  

} while (TRUE);  

The structure of the consumer process  

do { wait (full);  

wait (mutex);  

// remove an item from buffer to nextc  

signal (mutex);  

signal (empty);  

// consume the item in nextc 

} while (TRUE);  



Readers-Writers Problem  

A data set is shared among a number of concurrent processes  

Readers – only read the data set; they do not perform any updates  

Writers – can both read and write Problem – allow multiple readers to read at the same time. Only 

one single writer can access the shared data at the same time  

 

Semaphore mutex initialized to 1  

Semaphore wrt initialized to 1  

Integer readcount initialized to 0  

The structure of a writer process  

do { wait (wrt) ;  

// writing is performed  

signal (wrt) ;  

} while (TRUE);  

The structure of a reader process  

do {  

wait (mutex) ;  

readcount ++ ;  

if (readcount == 1)  

wait (wrt) ; 

signal (mutex)  

// reading is performed  

wait (mutex) ;  

readcount - - ;  

if (readcount == 0)  

signal (wrt) ;  

signal (mutex) ;  

} while (TRUE);  

Dining-Philosophers Problem 

        
Shared data  

Bowl of rice (data set)  

Semaphore chopstick [5] initialized to 1  

The structure of Philosopher i:  

do {  

wait ( chopstick[i] );  

wait ( chopStick[ (i + 1) % 5] );  

// eat  



signal ( chopstick[i] );  

signal (chopstick[ (i + 1) % 5]; 

signal (chopstick[ (i + 1) % 5] ); 

} while (TRUE); 

 
Monitors  

A high-level abstraction that provides a convenient and effective mechanism for process 

synchronization  

Only one process may be active within the monitor at a time  

monitor monitor-name  

{  

// shared variable declarations  

procedure P1 (…) { …. }  

…  

procedure Pn (…) {……}  

Initialization code ( ….) { … }  

…  

}  

}  

Condition Variables  

condition x, y;  

Two operations on a condition variable:  

x.wait () – a process that invokes the operation is  

suspended.  

x.signal () – resumes one of processes (if any) that  

invoked x.wait () 

Solution to Dining Philosophers  

monitor DP  

{  

enum { THINKING; HUNGRY, EATING) state [5] ;  

condition self [5];  

void pickup (int i) {  

state[i] = HUNGRY;  

test(i);  

if (state[i] != EATING) self [i].wait;  

}  

void putdown (int i) {  

state[i] = THINKING;  

// test left and right neighbors  

test((i + 4) % 5);  

test((i + 1) % 5);  

}  

void test (int i) {  

if ( (state[(i + 4) % 5] != EATING) &&  

(state[i] == HUNGRY) &&  

(state[(i + 1) % 5] != EATING) ) {  

state[i] = EATING ;  

self[i].signal () ;  

}  

}  

initialization_code() {  

for (int i = 0; i < 5; i++) 



state[i] = THINKING; 

} 

} 

Each philosopher I invokes the operations pickup()  

and putdown() in the following sequence:  

DiningPhilosophters.pickup (i);  

EAT  

DiningPhilosophers.putdown (i); 

 

Log-Based Recovery  

Record to stable storage information about all modifications by a transaction  

Most common is write-ahead logging  

Log on stable storage, each log record describes single transaction write operation, including  

 

Transaction name  

Data item name  

Old value  

New value  

<Ti starts> written to log when transaction Ti starts  

<Ti commits> written when Ti commits  

Log entry must reach stable storage before operation on data occurs  

 

Memory Management  
• To provide a detailed description of various ways of organizing memory hardware  

• To discuss various memory-management techniques, including paging and segmentation  

• To provide a detailed description of the Intel Pentium, which supports both pure 

segmentation and segmentation with paging  

• Program must be brought (from disk) into memory and placed within a process for it to be 

run  

• Main memory and registers are only storage CPU can access directly  

• Register access in one CPU clock (or less)  

• Main memory can take many cycles  

• Cache sits between main memory and CPU registers  

• Protection of memory required to ensure correct operation  

 

Base and Limit Registers  
A pair of base and limit registers define the logical address space 

 

 
 

 



Binding of Instructions and Data to Memory  
Address binding of instructions and data to memory addresses can happen at three different 

stages  

Compile time: If memory location known a priori, absolute code can be generated; must 

recompile code if starting location changes  

Load time: Must generate relocatable code if memory location is not known at compile time  

Execution time: Binding delayed until run time if the process can be moved during its execution 

from one memory segment to another. Need hardware support for address maps (e.g., base and 

limit registers)  

Memory-Management Unit (MMU)  
• Hardware device that maps virtual to physical address  

• In MMU scheme, the value in the relocation register is added to every address generated 

by a user process at the time it is sent to memory  

• The user program deals with logical addresses; it never sees the real physical addresses  

 
 

 

Swapping  
A process can be swapped temporarily out of memory to a backing store, and then brought back 

into memory for continued executionnBacking store – fast disk large enough to accommodate 

copies of all memory images for all users; must provide direct access to these memory 

imagesnRoll out, roll in – swapping variant used for priority-based scheduling algorithms; 

lower-priority process is swapped out so higher-priority process can be loaded and 

executednMajor part of swap time is transfer time; total transfer time is directly proportional to 

the amount of memory swappednModified versions of swapping are found on many systems (i.e., 

UNIX, Linux, and Windows)  

System maintains a ready queue of ready-to-run processes which have memory images on disk 

 

Dynamic Storage-Allocation Problem  
First-fit: Allocate the first hole that is big enough  

Best-fit: Allocate the smallest hole that is big enough; must search entire list, unless ordered by 

size Produces the smallest leftover hole  

Worst-fit: Allocate the largest hole; must also search entire list  

Produces the largest leftover hole  

First-fit and best-fit better than worst-fit in terms of speed and storage utilization  

 

Fragmentation  
External Fragmentation – total memory space exists to satisfy a request, but it is not contiguous  

Internal Fragmentation – allocated memory may be slightly larger than requested memory; this 

size difference is memory internal to a partition, but not being used  



Reduce external fragmentation by compaction  

Shuffle memory contents to place all free memory together in one large block  

Compaction is possible only if relocation is dynamic, and is done at execution time.  

I/O problem  

 

Latch job in memory while it is involved in I/O  

Do I/O only into OS buffers  

Paging  
Logical address space of a process can be noncontiguous; process is allocated physical memory 

whenever the latter is available  

Divide physical memory into fixed-sized blocks called frames (size is power of 2, between 512 

bytes and 8,192 bytes)  

Divide logical memory into blocks of same size called pagesnKeep track of all free frames  

 
To run a program of size n pages, need to find n free frames and load program  

Set up a page table to translate logical to physical addresses  

Internal fragmentation  

Address Translation Scheme  
Address generated by CPU is divided into  

 

Page number (p) – used as an index into a page table which contains base address of each page 

in physical memory  

Page offset (d) – combined with base address to define the physical memory address that is sent 

to the memory unit  

For given logical address space 2m and page size 2n 

 

 
 

Implementation of Page Table  
Page table is kept in main memory  

Page-table base register (PTBR) points to the page table  

Page-table length register (PRLR) indicates size of the page table  

In this scheme every data/instruction access requires two memory accesses. One for the page 

table and one for the data/instruction.  

The two memory access problem can be solved by the use of a special fast-lookup hardware 

cache called associative memory or translation look-aside buffers (TLBs)  



Some TLBs store address-space identifiers (ASIDs) in each TLB entry – uniquely identifies 

each process to provide address-space protection for that process  

 

Paging Hardware With TLB 
 

 
Effective Access Time  
Associative Lookup = e time unit  

Assume memory cycle time is 1 microsecond  

Hit ratio – percentage of times that a page number is found in the associative registers; ratio 

related to number of associative registers  

Hit ratio = an Effective Access Time (EAT)  

 

EAT = (1 + e) a + (2 + e)(1 – a)  

= 2 + e – a  

Memory Protection  
• Memory protection implemented by associating protection bit with each frame  

• Valid-invalid bit attached to each entry in the page table:  

• “valid” indicates that the associated page is in the process’ logical address space, and is 

thus a legal page  

• “invalid” indicates that the page is not in the process’ logical address space  

• Valid (v) or Invalid (i) Bit In A Page Table  

 

Structure of the Page Table  
Hierarchical Paging  

Hashed Page Tables  

Inverted Page Tables 

  

Segmentation  
Memory-management scheme that supports user view of memory  

A program is a collection of segments  

A segment is a logical unit such as:  

main program  

procedure function  

method  

object  

local variables, global variables  

common block  

stack  



symbol table  

arrays  

 
 

 

 

Demand Paging  
A demand paging is similar to a paging system with swapping. When we want to execute a 

process, we swap it into memory. Rather than swapping the entire process into memory. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



UNIT IV 

Principles of deadlock 

 

The Deadlock Problem  
A set of blocked processes each holding a resource and waiting to acquire a resource held by 

another process in the set. 

 

Deadlock Characterization  
Deadlock can arise if four conditions hold simultaneously  
Mutual exclusion: only one process at a time can use a resource  

Hold and wait: a process holding at least one resource is waiting to acquire additional resources 

held by other processes  

No preemption: a resource can be released only voluntarily by the process holding it, after that 

process has completed its task  

Circular wait: there exists a set {P0, P1, …, P0} of waiting processes such that P0 is waiting for 

a resource that is held by P1, P1 is waiting for a resource that is held by  

P2, …, Pn–1 is waiting for a resource that is held by Pn, and P0 is waiting for a resource that is 

held by P0. 

Methods for Handling Deadlocks  
Ensure that the system will never enter a deadlock statenAllow the system to enter a deadlock 

state and then recovernIgnore the problem and pretend that deadlocks never occur in the system; 

used by most operating systems, including UNIX  

Deadlock Prevention  
Restrain the ways request can be made  

Mutual Exclusion – not required for sharable resources; must hold for nonsharable resources  

Hold and Wait – must guarantee that whenever a process requests a resource, it does not hold 

any other resources  

Require process to request and be allocated all its resources before it begins execution, or allow 

process to request resources only when the process has none  

Low resource utilization; starvation possible  

No Preemption –  

If a process that is holding some resources requests another resource that cannot be immediately 

allocated to it, then all resources currently being held are released  

Preempted resources are added to the list of resources for which the process is waiting  

Process will be restarted only when it can regain its old resources, as well as the new ones that it 

is requesting  

Circular Wait – impose a total ordering of all resource types, and require that each process 

requests resources in an increasing order of enumeration. 

 

Resource-Allocation Graph Scheme  
nClaim edge Pi ® Rj indicated that process Pj may request resource Rj; represented by a dashed 

linenClaim edge converts to request edge when a process requests a resourcenRequest edge 

converted to an assignment edge when the resource is allocated to the process  

nWhen a resource is released by a process, assignment edge reconverts to a claim 

edgenResources must be claimed a priori in the system 



 
Unsafe State In Resource-Allocation Graph 

 

 

Banker’s Algorithm  
Multiple instancesnEach process must a priori claim maximum usenWhen a process requests a 

resource it may have to wait nWhen a process gets all its resources it must return them in a finite 

amount of time  

Data Structures for the Banker’s Algorithm  
Let n = number of processes, and m = number of resources types.  

nAvailable: Vector of length m. If available [j] = k, there are k instances of resource type Rj 

available  

nMax: n x m matrix. If Max [i,j] = k, then process Pi may request at most k instances of resource 

type RjnAllocation: n x m matrix. If Allocation[i,j] = k then Pi is currently allocated k instances 

of RjnNeed: n x m matrix. If Need[i,j] = k, then Pi may need k more instances of Rj to complete its 

task  

Need [i,j] = Max[i,j] – Allocation [i,j]  

Safety Algorithm  
1. Let Work and Finish be vectors of length m and n, respectively. Initialize:  

Work = Available  

Finish [i] = false for i = 0, 1, …, n- 1  

2. Find and i such that both:  

(a) Finish [i] = false(b) Needi £ Work  

If no such i exists, go to step 4  

3. Work = Work + Allocationi Finish[i] = true go to step 2  

4. If Finish [i] == true for all i, then the system is in a safe state  

 

Resource-Request Algorithm for Process Pi 



Request = request vector for process Pi. If Requesti [j] = k then process Pi wants k instances of 

resource type Rj1. If Requesti £ Needi go to step 2. Otherwise, raise error condition, since process 

has exceeded its maximum claim  

2. If Requesti £ Available, go to step 3. Otherwise Pi must wait, since resources are not available  

3. Pretend to allocate requested resources to Pi by modifying the state as follows:  

Available = Available – Request;  

Allocationi = Allocationi + Requesti;  

Needi = Needi – Requesti;  

lIf safe Þ the resources are allocated to Pi  

lIf unsafe Þ Pi must wait, and the old resource-allocation state is restored 

Recovery from Deadlock 
• Process Termination 

• Resource Preemption 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



UNIT-V 

The Concept Of a File  
A file is a named collection of related information that is recorded on secondary storage.  
The information in a file is defined its creator. Many different types of information may  
be stored in a file.  
File attributes:-  
A file is named and for the user’s convince is referred to by its name. A name is  
usually a string of characters. One user might create file, where as another user might 
edit  
that file by specifying its name. There are different types of attributes.  
1)name:- the name can be in the human readable form.  
2)type:- this information is needed for those systems that support different types.  
3)location:- this information is used to a device and to the location of the file on that  
device.  
4)size:- this indicates the size of the file in bytes or words.  
5)protection:-  
6)time,date, and user identifications:-  
the information about all files is kept in the directory structure, that also resides on  
secondary storage.  
File operations:-  
Creating a file:-  
Two steps are necessary to create a file first, space in the file system must be found  
for the file. Second , an entry for the new file must be made in the directory. The  
directory entry records the name of the file and the location in the system.  
Writing a file:-  
To write a file give the name of the file, the system search the directory to find the  
location of the file. The system must keep the writer pointer to the location in the file  
where the next write is to take place. The write pointer must be updated whenever a 
write  
occurs.  
Reading a file:- to read from a file, specifies the name of the file and directory is search  
for the associated directory entry, and the system needs to keep read pointer to the  
location in the file where the next read is to take place. Once the read has taken place,  
read pointer is updated.  
Repositioning with in a file:-  
The directory is searched for the appropriate entry and the current file position is set to  
given value. this is also known as a file seek.  
Deleting a file:- to delete a file , we search the directory for the name file. Found that file  
in the directory entry, we release all file space and erase the directory entry.  
Truncate a file:- this function allows all attributes to remain unchanged(except for file  
length) but for the file to be reset to length zero.  
Appending:- add new information to the end of an existing file .  
Renaming:- give new name to an existing file.  
Open a file:-if file need to be used, the first step is to open the file, using the open  
system call.  
Close:- close is a system call used to terminate the use of an already used file. 
 
ACCESSMETHODS:-  
There are several ways that the information in the file can be accessed.  
1)sequential method 2) direct access method 3) other access methods. 
 
Directory Structures: 



• single level directory 

• Two level directory 

• Tree structured directory 

• A cyclic- graph directory 

 

Protection  
File owner/creator should be able to control:  

• what can be done  

• by whomnTypes of access  

• Read  

• Write  

• Execute  

• Append  

• Delete  

• List  
 
 

Overview of Mass Storage Structure  
• Magnetic disks provide bulk of secondary storage of modern computers  

• Drives rotate at 60 to 200 times per second  

• Transfer rate is rate at which data flow between drive and computer  

• Positioning time (random-access time) is time to move disk arm to desired cylinder  

• (seek time) and time for desired sector to rotate under the disk head (rotational latency)  

• Head crash results from disk head making contact with the disk surface   

• Disks can be removable  

• Drive attached to computer via I/O bus  

• Busses vary, including EIDE, ATA, SATA, USB, Fibre Channel, SCSI  

• Host controller in computer uses bus to talk to disk controller built into drive or storage  
array  

Disk Scheduling  
• The operating system is responsible for using hardware efficiently — for the disk  

• drives, this means having a fast access time and disk bandwidth  

• Access time has two major components  

• Seek time is the time for the disk are to move the heads to the cylinder  

• containing the desired sector  

• Rotational latency is the additional time waiting for the disk to rotate the desired  

• sector to the disk head  

• Minimize seek time  

• Seek time » seek distance  

• Disk bandwidth is the total number of bytes transferred, divided by the total time  

• between the first request for service and the completion of the last transfer  

• Several algorithms exist to schedule the servicing of disk I/O requests.We  
             illustrate them with a request queue (0-199)  
98, 183, 37, 122, 14, 124, 65, 67  
Head pointer 53  
FCFS  
Request which comes first is served first. 
SSTF  
Selects the request with the minimum seek time from the current head position  
SSTF scheduling is a form of SJF scheduling; may cause starvation of some  
requests 



SCAN  
The disk arm starts at one end of the disk, and moves toward the other end,  
servicing requests until it gets to the other end of the disk, where the head  
movement is reversed and servicing continues. SCAN algorithm Sometimes  
called the elevator algorithm 
  
C-SCAN  
Provides a more uniform wait time than SCAN  
The head moves from one end of the disk to the other, servicing requests as it  
goes  
When it reaches the other end, however, it immediately returns to the beginning  
of the disk, without servicing any requests on the return trip  
Treats the cylinders as a circular list that wraps around from the last cylinder to  
the first one  
C-LOOK  
Version of C-SCAN  
Arm only goes as far as the last request in each direction, then reverses  
direction immediately, without first going all the way to the end of the disk 

 

 

 Question Bank 

 UNIT 1  

1. Define Operating Systems and discuss its role from different perspectives.  

2. Explain fundamental difference between i) N/w OS and distributed OS ii) web based and 

embedded computing.  

3. What do you mean by cooperating process? Describe its four advantages. 

 4. What are the different categories of system programs? Explain. 

 5. List out different services of Operating Systems and Explain. 

 6. Explain the concept of virtual machines. Bring out its advantages. 

 

UNIT 2 

 1. What do you mean by PCB? Where is it used? What are its contents? Explain. 

 2. Explain direct and indirect communications of message passing systems.  

3. Explain the difference between long term and short term and medium term schedulers. 

 4. What is a process? Draw and explain process state diagram.  

5. Define IPC. What are different methods used for logical implementations of message 

passing systems. 

 6. Discuss common ways of establishing relationship between user and kernel thread.  

7. Explain multithreading models.  

8. What are semaphores? Explain two primitive semaphore operations. What are its 

advantages?  

9. Explain any one synchronization problem for testing newly proposed sync scheme. 

10. Explain three requirements that a solution to critical–section problem must satisfy. 

 11. State dining philosopher’s problem and give a solution using semaphores. Write structure 

of philosopher. 

12. What do you mean by binary semaphore and counting semaphore? With C struct, explain 

implementation of wait () and signal. 

 13. Describe term monitor. Explain solution to dining philosopher’s problem using monitor.  

14. What is synchronization? Explain its hardware. 

 15. What are semaphores? Explain solution to producer-consumer problem using 

semaphores  



UNIT 3 

1. What is paging and swapping? With a diagram discuss the steps involved in handling a 

page fault.  

2. What is address binding? Explain the concept of dynamic relocation of addresses. 

3. Define external fragmentation. What are the causes for external fragmentation? 

4. Write in brief about TLB. 

 5. What is paging? Explain the paging hardware? 

 6.Memory partitions of 100kb,500 kb,200 kb,300kb,600 kb are available how would best 

,worst, first fit algorithm to place processes 212,417,112,426 in order. Which is the best 

algorithm? 

7. What are the methods of handling the page faults? 

8. What is thrashing? What are the causes for thrashing? 

 

UNIT 4  

1. Why is deadlock state more critical than starvation? Describe resource allocation graph 

with a deadlock, with a cycle but no deadlock. 

 2. What are two options for breaking deadlock?  

3. Solve the deadlock to find safe or unsafe state.  

4. Describe necessary conditions for a deadlock situation to arise. 

5. Explain different methods to recover deadlocks.  

 

UNIT 5 

 1. Explain the following i) file types ii) file operation iii) file attributes.  

2. Explain the method used for implementing directories. 

 3. Describe various file access methods. 

 4. Explain file system mounting operation.  

5. Mention the different file attributes and file types.  

6. How free space is managed? Explain.  

7. What are the three methods for allocating disk space? Explain 

8. Describe the access matrix model used for protection purpose. 

9. Explain various disk scheduling algorithms?  

10. Explain the access matrix structure employed in protection domain? 

 11. What are protection goals and principles? Differentiate between mechanism and policy.  


