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Process:a program in execution; process execution
must progress in sequential fashion.
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A process includes:
eprogram counter

estack
edata section
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heap
data
text
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Process In Memory
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1. new: The process is being created.

2. running: Instructions are being executed

3. waiting: The process is waiting for some
event to occur

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

5. terminated: The process has finished
execution.



admitted interrupt exit

terminated

scheduler dispatch

/O or event completion /O or event wait

Diagram of Process State
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process state

process number

program counter

registers

memory limits

list of open files

Process Control Block (PCB)
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: process P, operating system process P,

interrupt or system call

executing ;L /—
h 4

A save state into PCB,

reload state from PCB, 1
-idle interrupt or system call

l v

save state into PCB;

reload state from PCB,

executing | _¥
L4

>idle

executing

-~

>idle

CPU Switch From Process to Process
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(Process Scheduling Queues) Clilaall 4 gaa (o giia
°Job queue - set of all processes in the system.
‘Ready queue - set of all processes residing in main
memory, ready and waiting to execute.

‘Device queues - set of processes waiting for an [/O
device.

‘Process migration between the various queues.
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ready
queue

mag
tape
unit O

mag
tape
unit 1

disk
unit 0

terminal
unit O

queue header PCB, PCB,
head » »
=l o registers registers
head T——=
tail —
head T——=
tail | PCB, PCB,. PCB;
/-‘  — e
head 4
= ‘\
PCB;
head » o
@l

Ready Queue And Various 1/0 Device Queues




—’ ,
»I readygquele CRLU
I/O queue «— |/Orequest &——
time slice
expired

interrupt wait for an

Q@@curs interrupt

child fork a
@‘7 child ‘

Representation of Process Scheduling
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code data files code data files
registers stack registers ||| registers ||| registers
stack stack stack
thread —» ; +—— thread|
single-threaded process multithreaded process

Single and Multithreaded Processes
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Many-to-One

One-to-One

Many-to-Many
Many-to-One

Many user-level threads mapped to single kernel

thread

Examples:

e Solaris Green Threads
e GNU Portable Threads
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;-:— user thread

«— Kkernel thread
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~ One-to-One *

Each user-level thread maps to kernel thread

Examples
e Windows NT/XP/2000
e Linux

e Solaris 9 and later

<«—— yser thread

é é CB & «—— kernel thread
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Many-to-Many Model
Allows many user level threads to be mapped to
many kernel threads

Allows the operating system to create a sufficient

number of kernel threads
Solaris prior to version 9

Windows NT /2000 with the ThreadFiber package



;«:— user thread

o o o -— kernel thread
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