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UNIT – II 

Processes: Definition, Process Relationship, Different states of a Process, Process State 
transitions, Process Control Block (PCB), Context switching 
Thread: Definition, Various states, Benefits of threads, Types of threads, Concept of 
multithreads, 
Process Scheduling: Foundation and Scheduling objectives, Types of Schedulers, 
Scheduling Criteria, Scheduling algorithms, multiprocessor scheduling. 

Threads 

Why to study this? 

To learn the mechanisms of OS to handle processes and threads 

Overview of Threads  

●​ A thread is a basic unit of CPU utilization, consisting of a program counter, a stack, and a 
set of registers, ( and a thread ID. ) 

●​ Traditional ( heavyweight ) processes have a single thread of control - There is one 
program counter, and one sequence of instructions that can be carried out at any given 
time. 

●​ As shown in Figure 4.1, multi-threaded applications have multiple threads within a single 
process, each having their own program counter, stack and set of registers, but sharing 
common code, data, and certain structures such as open files. 

  

 

 

 

 

 

 Single-threaded and multithreaded processes 

 Motivation 
​
Threads are very useful in modern programming whenever a process has multiple tasks to 
perform independently of the others. 
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●​ This is particularly true when one of the tasks may block, and it is desired to allow the 
other tasks to proceed without blocking. 

●​ For example in a word processor, a background thread may check spelling and grammar 
while a foreground thread processes user input ( keystrokes ), while yet a third thread 
loads images from the hard drive, and a fourth does periodic automatic backups of the file 
being edited. 

●​ Another example is a web server - Multiple threads allow for multiple requests to be 
satisfied simultaneously, without having to service requests sequentially or to fork off 
separate processes for every incoming request. ( The latter is how this sort of thing was 
done before the concept of threads was developed. A daemon would listen at a port, fork 
off a child for every incoming request to be processed, and then go back to listening to 
the port. ) 

​
Figure- Multithreaded server architecture 

Benefits 

There are four major categories of benefits to multi-threading: 

o​ Responsiveness  
o​ Resource sharing  
o​ Economy  
o​ Scalability 

Multithreading Models 

●​ There are two types of threads to be managed in a modern system: User threads and 
kernel threads. 

●​ User threads are supported above the kernel, without kernel support. These are the 
threads that application programmers would put into their programs. 

●​ Kernel threads are supported within the kernel of the OS itself. All modern OSes support 
kernel level threads, allowing the kernel to perform multiple simultaneous tasks and/or to 
service multiple kernel system calls simultaneously. 

●​ In a specific implementation, the user threads must be mapped to kernel threads, using 
one of the following strategies. 
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 Many-To-One Model 

●​ In the many-to-one model, many user-level threads are all mapped onto a single kernel 
thread. 

●​ Thread management is handled by the thread library in user space, which is very 
efficient. 

●​ However, if a blocking system call is made, then the entire process blocks, even if the 
other user threads would otherwise be able to continue. 

●​ Because a single kernel thread can operate only on a single CPU, the many-to-one model 
does not allow individual processes to be split across multiple CPUs. 

●​ Green threads for Solaris and GNU Portable Threads implement the many-to-one model 
in the past, but few systems continue to do so today. 
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 Many-to-one model                                  One-to-one model 

 

 One-To-One Model 

●​ The one-to-one model creates a separate kernel thread to handle each user thread. 
●​ One-to-one model overcomes the problems listed above involving blocking system calls 

and the splitting of processes across multiple CPUs. 
●​ However the overhead of managing the one-to-one model is more significant, involving 

more overhead and slowing down the system. 
●​ Most implementations of this model place a limit on how many threads can be created. 
●​ Linux and Windows from 95 to XP implement the one-to-one model for threads. 

Many-To-Many Model 

●​ The many-to-many model multiplexes any number of user threads onto an equal or 
smaller number of kernel threads, combining the best features of the one-to-one and 
many-to-one models. 

●​ Users have no restrictions on the number of threads created. 
●​ Blocking kernel system calls do not block the entire process. 
●​ Processes can be split across multiple processors. 
●​ Individual processes may be allocated variable numbers of kernel threads, depending on 

the number of CPUs present and other factors. 
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Figure – Many-to-many model                             Figure- Two-level model 

 

●​ One popular variation of the many-to-many model is the two-tier model, which allows 
either many-to-many or one-to-one operation. 

●​ IRIX, HP-UX, and Tru64 UNIX use the two-tier model, as did Solaris prior to Solaris 9. 

 Thread Libraries 

●​ Thread libraries provide programmers with an API for creating and managing threads. 
●​ Thread libraries may be implemented either in user space or in kernel space. The former 

involves API functions implemented solely within user space, with no kernel support. 
The latter involves system calls, and requires a kernel with thread library support. 

●​ There are three main thread libraries in use today: 
1.​ POSIX Pthreads - may be provided as either a user or kernel library, as an 

extension to the POSIX standard. 
2.​ Win32 threads - provided as a kernel-level library on Windows systems. 
3.​ Java threads - Since Java generally runs on a Java Virtual Machine, the 

implementation of threads is based upon whatever OS and hardware the JVM is 
running on, i.e. either Pthreads or Win32 threads depending on the system. 
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