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Requirements of an
Operating System

• Interleave the execution of multiple 
processes to maximize processor 
utilization while providing reasonable 
response time

• Allocate resources to processes
• Support interprocess communication and 

user creation of processes
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Manage Execution of 
Applications

• Resources made available to multiple 
applications

• Processor is switched among multiple 
application

• The processor and I/O devices can be 
used efficiently
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Process
• A program in execution
• An instance of a program running on a 

computer
• The entity that can be assigned to and 

executed on a processor
• A unit of activity characterized by the 

execution of a sequence of instructions, 
a current state, and an associated set of 
system instructions
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Process Elements
• Identifier
• State
• Priority
• Program counter
• Memory pointers
• Context data
• I/O status information
• Accounting information
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Process Control Block

• Contains the process elements
• Created and manage by the operating 

system
• Allows support for multiple processes
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Figure 3.1  Simplified Process Control Block
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Figure 3.2  Snapshot of Example Execution (Figure 3.4)
at Instruction Cycle 13
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 (a) Trace of Process A (b) Trace of Process B (c) Trace of Process C 
 
5000 = Starting address of program of Process A 
8000 = Starting address of program of Process B 
12000 = Starting address of program of Process C 
 
 

 
Figure 3.3   Traces of Processes of Figure 3.2 



 
1 5000 
2 5001 
3 5002 
4 5003 
5 5004 
6 5005 
 -------------------- Timeout 
7 100 
8 101 
9 102 
10 103 
11 104 
12 105 
13 8000 
14 8001 
15 8002 
16 8003 
 --------------- I/O Request 
17 100 
18 101 
19 102 
20 103 
21 104 
22 105 
23 12000 
24 12001 
25 12002 
26 12003 
 

27 12004 
28 12005 
 -------------------- Timeout 
29 100 
30 101 
31 102 
32 103 
33 104 
34 105 
35 5006 
36 5007 
37 5008 
38 5009 
39 5010 
40 5011 
 -------------------- Timeout 
41 100 
42 101 
43 102 
44 103 
45 104 
46 105 
47 12006 
48 12007 
49 12008 
50 12009 
51 12010 
52 12011 
 -------------------- Timeout 
 

 

 100 = Starting address of dispatcher program 

 Shaded areas indicate execution of dispatcher process; 
 first and third columns count instruction cycles; 
 second and fourth columns show address of instruction being executed 

 

Figure 3.4  Combined Trace of Processes of Figure 3.2 
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Two-State Process Model
• Process may be in one of two states
– Running
– Not-running
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Not-Running Process in a 
Queue
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Processes

• Not-running
– ready to execute

• Blocked
– waiting for I/O

• Dispatcher cannot just select the process 
that has been in the queue the longest 
because it may be blocked
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A Five-State Model

• Running
• Ready
• Blocked
• New
• Exit
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Figure 3.6   Five-State Process Model
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Process Creation
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Process Termination
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Process Termination
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Figure 3.7   Process States for Trace of Figure 3.4
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Using Two Queues

Is the Blocked Queue a FIFO queue?
What is the problem with the Blocked Queue?
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Multiple Blocked Queues
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(b) Multiple blocked queues
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Suspended Processes
• Processor is faster than I/O so all 

processes could be waiting for I/O
• Swap these processes to disk to free up 

more memory
• Blocked state becomes suspend state 

when swapped to disk
• Two new states
– Blocked/Suspend
– Ready/Suspend
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Figure 3.9  Process State Transition Diagram with Suspend States
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Reasons for Process 
Suspension
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Processes and Resources

P2 is blocked, waiting for the I/O allocated to P1
Pn has been swapped out (it is thus suspended)
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Operating System Control 
Structures

• Information about the current status of 
each process and resource

• Tables are constructed for each entity the 
operating system manages
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Memory Tables

• Keep track of
– allocation of main memory to processes
– allocation of secondary memory to 

processes
– protection attributes for access to shared 

memory regions
– information needed to manage virtual 

memory
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I/O Tables

• Used by OS to manage I/O devices
– I/O device is available or assigned
– status of I/O operation
– location in main memory being used as the 

source or destination of the I/O transfer
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I/O Tables

• Used by OS to manage I/O devices
– I/O device is available or assigned
– status of I/O operation
– location in main memory being used as the 

source or destination of the I/O transfer
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File Tables

• Keep track of
– existence of files
– location on secondary memory
– current Status
– attributes

– sometimes this information is maintained 
by a file management system









Sequence 6 CS240 17

Processor State Information

• Consists of contents of processor registers
– User-visible registers
– Control and status registers
– Stack pointers

• Program status word (PSW)
– contains status information
– E.g. consider the EFLAGS register on 

Pentium machines



Figure 3.12  x86 EFLAGS Register

X ID = Identification flag

X VIP = Virtual interrupt pending

X VIF = Virtual interrupt flag

X AC = Alignment check

X VM = Virtual 8086 mode

X RF = Resume flag

X NT = Nested task flag

X IOPL = I/O privilege level

S OF = Overflow flag

C DF = Direction flag

X IF = Interrupt enable flag

X TF = Trap flag

S SF = Sign flag

S ZF = Zero flag

S AF = Auxiliary carry flag

S PF = Parity flag

S CF = Carry flag
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Figure 3.13   User Processes in Virtual Memory
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Process Creation

• Process creation steps:
– Assign a unique process identifier
– Allocate space for the process
– Initialize process control block
– Set up appropriate linkages

• e.g. add new process to linked list used for 
scheduling queue

– Create or expand other data structures
• e.g. maintain an accounting file
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When to Switch a Process

• Clock interrupt
– process has executed for the maximum 

allowable time slice
• I/O interrupt
• Memory fault

– memory address is in virtual memory so it 
must be brought into main memory
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When to Switch a Process

• Trap
– error or exception occurred
– may cause process to be moved to Exit state

• Supervisor call
– such as file open

• e.g. user process calls OS function to open file
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Change of Process State
• Outgoing process

– save context of processor including 
program counter and other registers

– update the process control block of the 
process that is currently in the Running 
state

– move process control block to appropriate 
queue – ready; blocked; ready/suspend

• Select another process for execution
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(c) OS functions execute as separate processes

Figure 3.15  Relationship Between Operating

System and User Processes
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Figure 3.17   UNIX Process State Transition Diagram
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UNIX Process States
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UNIX Process Image
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