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Timing Problem 
•  I/O devices are billions of times slower than the 

CPU   
– A typical personal computer  > 100 million instructions 

per sec 
– A typical disk takes > 10 ms to get one byte from disk, so 

the disk is about a million times slower than the CPU 
– A human being is a very slow I/O device  
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Major Evolution Steps 

of 
Computer Systems 

At First … (1945 – 1955) 
•  In the beginning, there was no operating system (OS) 

– Program binaries were  
 loaded using switches 
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Computer Evolution: Step 1 
• Very simple OS (1955 – 1965) 
– Library of common subroutines (read, write, etc.) 
– Single programming (one application at a time) 

 

Where Does the OS Fit? 
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Computer Evolution: Step 1 
•  Very simple OS (1955 – 1965) 

–  Library of common subroutines (read, write, etc.) 
– Single programming (one application at a time) 

 

 

•  Problem - system expensive, inefficient  
– Q: What to do while we wait for the I/O device ?  
– A: Run more processes; when one blocks, switch to another 

Program P        .        . 
  read        .        . 

User Program  

Operating system 

Free memory!!! system call read 
begin 
  Start I/O 
  Wait for I/O to complete 
  End I/O 
end      

Computer Evolution: Step 2 
• Multiprogramming (1965 – 1980) 
– Multiple running processes 
– When one process (job) blocks, switch to another 
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Multiprogramming Issues 

• Processes (jobs) share the memory 
– What if a process starts scribbling in memory?  

• Processes share the CPU 
– What if a program has infinite loops? 

Multiprogramming Issue 1 
•  Processes (jobs) share the memory 

– What if a process starts scribbling in memory? 

•  Solution: Protection 
– A program cannot access memory outside its own space 
– But what about the operating system? 

•  Solution: Two execution modes  
– user mode and system (supervisor, monitor) mode 
– OS executes in system mode, user programs in user mode. 

Attempts to execute privileged instructions while in user mode results 
in a trap (to be discussed later). 
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Multiprogramming Issue 2 
• Processes (jobs) share the CPU 
– What if a program has infinite loops? 

• Solution: Timer Interrupts 
– The OS sets the internal clock to generate 
 an interrupt at some specified future time. 
– This interrupt time is the process quantum. 

When the timer interrupt occurs, the CPU switches to 
another process. This prevents the system being held 
up by processes in infinite loops. 
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•  Interrupts must be handled quickly 

 

•  Interrupts are a critical part of a computer system 
– They allow a program to be interrupted, so the computer 

may deal with an urgent event 

•  All modern computer systems are interrupt-driven 

CPU Cycle with Interrupts 

START START Execute Execute 
Instruction 

Check for 
Interrupt: 

Process Interrupt 
Check for 
Interrupt: 

Process Interrupt 

Fetch Cycle         Decode Cycle Execute Cycle Interrupt Check 

Interrupts disabled 

Interrupts 
Enabled 

Fetch 
Instruction 

Decode 
Instruction 

START HALT 
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Memory 

Timer Interrupts 

•  Multiprogramming is also called pseudoparallelism since one has 
the illusion of a parallel processor.  

•  Different from real parallelism in which two or more processes are 
actually running at once on two different processors.  
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Timer Interrupts Example 
•  Suppose P1, P2 and P3 are ready to run (in this order). P1 

executes for 3 time units, P2 executes for 4 times units, and P2 
executes for 2 time units. Neither process invokes I/O. Assuming 
that a timer interrupt occurs every time unit, fill in the table below: 

Time (in units) Running Ready to Run 
1	

2	

3	

4	

5	

6	

7	


8	


9	


Computer Evolution: Step 3 
•  Over time: 

– Hardware cheaper, humans expensive.  
– How to maximize hardware use? 

•  Solution: Interactive time sharing  
– Use cheap terminals to allow multiple users use the system  
– Does machine now run N times slower?  Usually not!   
– Key idea: take stuff from an idle guy and give it to a busy guy 
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Timesharing Idea 
•  Users have the illusion of having their own computers 

•  What to do when illusion breaks ?   
– What if users are gluttons? evil? 
– Or just too numerous? 

•  Solution: Operating System adds more protection 

•  Notice: as we try to utilize resources, complexity grows 

Computer Evolution: Step 4 
• Personal computers 
– Computers are cheap, so give everyone a computer 
 

• Computers run OS with  
– Multiprogramming 
– Memory protection 

� When humans are expensive, do not waste their time 
by letting programs crash each other 

– Other features we’ll introduce later 
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Computer Systems Today 
• Computers soo cheap - people own a bunch 
– I have three laptops at home, one in my office, and share 

some machines in the lab  

• How do I coordinate a bunch of machines ? 
– Use fast, cheap network 
– Security becomes more important 

•  What does all this mean to OS ? 
– Operating systems become more sophisticated 

Villanova 
University 

Summary 
  Main computer system components: 

-  CPU, Memory, I/O Devices 
  Multiprogramming 
  Fetch / Decode / Execute / Check-For-Interrupts cycle 
  User vs. system execution modes 
  Timer interrupts 
  Timesharing systems 


