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Homework 1 – DUE SEPT 29
1. List six services provided by an operating system. Briefly explain how each provides convenience to the users 
1. User Interface – The operating system must provide the computer user with a way to communicate with the computer. The user must be able to manipulate the system in an interactive manner through user input and machine output.  

2. I/O operations – Refers to the communication between the computer and the user, the computer and other computers, or the computer and other devices. As the computer processes data, it communicates with its outside world generating information that can be understood by the user or its peripheral equipment. I/O devices such as a keyboard or a mouse are used for input, while monitors and printers are considered devices for output. There are also devices for communication between computers, such as modems and network cards, which normally serve for both input and output.

3. Program Execution – Is the procedure in which the operating system carries out the instructions of a computer program. The instructions of a program are broken down into a sequence of simple actions which may produce different effects. These instructions may be executed without human interaction (Batch) or with human input, where the user types commands. 

4. File system manipulation – The operating system provides techniques to store, organize and manipulate computer files. Basically, it maps the user view of data to the blocks of bits and bytes where the data is stored. In other words, it provides mapping between the logical and the physical storage units. This mapping allows the operating system to create, open, read, write, and other file manipulation procedures.

5. Inter-process Communication (IPC) – The operating system normally has a set of methods which allow process to communicate with each other. Processes need to exchange data among themselves in a single computer. Also, processes may need to communicate when they are running on two or more computers which are connected by a network. Some IPC techniques are message passing, shared memory, and synchronization. The method to be used depends on many things such the amount of memory in the computer, the bandwidth in the network, and the type of data being communicated.

6. Error Detection – In order to enable reliable delivery of information an operating system should include an error detection mechanism. Errors can occur in any component of the computer system from the CPU and memory to the I/O devices and network. Therefore, error detection and prevention is a very important service of the operating system. Depending on the type of computer system, there is a great diversity of algorithms and debugging techniques, varying across operating systems. 
2. Define and or compare  the essential properties of the following types of operating systems:

a. Batch vs. interactive

Batch processing refers to the way in which programs or jobs are put onto a queue and then run until they are completed without human intervention. Interactive processing refers to the manner in which a program must receive input from a user as it runs.
b. Real time: Hard vs. soft real time. 

Real Time refers to a computer system that is subject to a time constraint or a deadline.     

A hard deadline specifies that the action is untimely if the deadline is missed and can have consequences. A hard real time system makes sure that all critical tasks are completed on time. In the soft real time or non-hard real time scenario there are no critical time constraints, but the critical tasks get priority over other tasks and this priority is retain until the task is completed.
  
c. SMP (Symmetric Multiprocessing). 
The system contains two or more processors that are connected to a shared memory and are controlled by a single operating system. In this system all processors work together as a single resource, which allows for scalability, since more CPU can be added as need, but If one CPU fails the entire SMP will come down.

d. Asymmetric Multiprocessing.
This is a multiprocessing design in which each CPU is assigned a particular program or part of a program that it executes for the length of the session. This design forces a hierarchy among processors, having a master CPU which controls slave CPUs which are dedicated to specific tasks.

e. Clustered.
This type of multiprocessing system is composed of two or more individual computer systems linked together usually through fast local area networks to work as a single computer. In this arrangement, a high level of redundancy can be obtained, enabling better system performance and reliability.  

f. Handheld.
Handheld systems are pocket sized computer devices such as personal digital assistants (PDAs), Smartphones, Game consoles, and portable media players with special purpose operating systems. 


3. Explain how and why interrupts are useful? 
Interrupts are the mechanism through which control is transferred to the appropriate service routine. The CPU and other hardware devices support the normal functioning of the computer system. Each device operates at its own pace, therefore, a technique for synchronization of the CPU and the other devices needs to be implemented. A solution is for each device to call on the CPU’s attention with a hardware interrupt. Software interrupts are also important for the well functioning of the computer system. These synchronous interrupts are initiated by the CPU itself when it comes across an instruction in the code that demands transfer of control. When the CPU is interrupted, It stops the current process, saves all of its information so it can continue what it is doing at a later time, then transfers execution to the service routine that issued the interrupt.
4. Give two reasons why caches are useful. What problems do they solve? What problems do they cause? 
Cache allows the operating system to access information faster from high speed memory and  
at the same time minimizes the difference in speed between the fast processing time of the processor and the slow accessing time of the main memory. Managing memory can become a problem since cache is limited in size, therefore, an efficient way to manage it is imperative. In a multiprocessor environment where there are several caches and the processor can execute concurrently, when one cache is updated, all of the other caches must reflect this update immediately in order to keep cache coherency.     
5. What is the purpose of system calls?
System calls offer via an interrupt a way for programs to request a service from the operating system. System calls are used for example for process control, file manipulation, device manipulation, communication, and protection.
6. What is the rationale for implementing dual mode operation?
Dual mode operation is the way to distinguish between a process executed in user mode or operating system mode. This is implemented by adding a mode bit, which is set to 0 if it is supposed to execute in Kernel mode and set to 1 if it is to execute in user mode. The distinction is necessary for protection to the operating system, allowing it to figure which instructions may be illegal.
7. Draw a diagram showing the five common process states and the transitions among them. Be sure to label all states and transitions.
Process states:
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8. Modify the diagram in question 7 and add two additional states for “swapping”

Process states:
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9. What is a context switch?
When the CPU stops executing the current process to execute a different process, the operating system must save all the information from the current process that is needed so that the current process can be executed at a later time. The information with the state of the current process is the context of the current process, when it is changed with the state of another process, a context switch has occurred. A context switch is necessary in order for the CPU to be able to execute processes of different priority and/or different mode.  
10. Describe the differences among short-term, medium-term, and long-term scheduling.
· Short-term 
· Medium-term
· Long-term 
When a process goes through its different states, it has to be put on different waiting queues under the control of different schedulers.

First processes are created and put into memory for execution. The Long-term scheduler has to be capable of scheduling a good variety of I/O-bound and CPU-bound processes in order to make sure that the system is performing efficiently by keeping the Ready Queue and the I/O waiting Queue busy at all times. The Long-Term scheduler does not have to be fast, since it only needs to work when new processes are created. 

Then, the process gets admitted into the Ready Queue and into the control of the Short-term scheduler, which decides the order in which the processes are executed. In a system where processes are in the Ready Queue at all times, and where processes stay in the CPU for only milliseconds before they need I/O or are reschedule, it is necessary for the Short-term scheduler to be extremely fast so it can keep the CPU working efficiently. 

In some systems some process have to be swapped in and out of memory to keep a good combination of processes or to improve memory requirements. In this situation, the Medium-term scheduler would be uncharged of scheduling the swapped processes.
11. What are the two basic modes of inter-process communication (IPC)? What are the strengths and weaknesses of the two approaches?
The two basic modes of inter-process communication are Shared-Memory and Message-Passing. With the Share-Memory mode, it is necessary that the processes involved to agree to remove the restriction that is typically imposed by the operating system on processes to not access other processes’ memory. Once this restriction is removed, the Shared-Memory is under the control of the processes themselves and not under the operating system control. In this scenario It is important to avoid memory conflicts. On the other hand this mode of communication is very fast since it does not require intervention from the kernel. Another benefit is that large amounts of information can be shared.
Message-Passing is implemented via system calls, thus requires the intervention of the kernel making it slower than Shared-Memory, but there are no conflicts that need to be avoided and it is required if the processes are running on different computers on a network.
12. What is the main advantage of the microkernel approach to system design? How do user programs and system services interact in a microkernel architecture? What are the disadvantages of using the microkernel approach?







