Notes

Monday, January 12, 2008

10:43 AM

Whatis an operating system? OS is a control program between a user and a computer which provides an environment irusbidathexecute applicatior
programs.

What makes a good OS? User friendly, efficiency, versatility (hardware, etc), stability, correctness/security,

o d]
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memory

System bus

5 Issues with Operating Systems:
1) Computer System Operations
Step 1: Poweron
Step 2: Bootstrap
a. Initialize system
b. Checkavailable devices
c. Installinfointo interrupt vector
d. 2Types
1) Bootstrap on ROM and OS on disk
a) Bootstrapreadonlyin OS
b) Requires more hardware to rewrite bootstrap
2) ROM loader, Bootstrap and OS on disk
a) You can change the bootstrap from OS
Step 3: Load OS
a. Initialize data structures: PCB, frame tables, process queue, etc
Step 4: Start OS
2 Types of Interaction Models:
1) Passive Modellnterrupts
Process:
a. Waitfor some predefined event to occur
b. Stopping and preserving the current process
c. Transfer control to an interrupt service runtime
d. Resumingthe interrupted process after the service is done
e. Goback to predefined waiting state (wait for event)
Userrequests and then it services, Faster response
Interrupts:
a. Software (traps) and Hardware (signals)
b. Maskable (can be interrupted) or Nanaskable (cannot be interrupted)
c. Multiple interrupts models
1) Firstcome firstserve
2) Priority
2) Active Model Polling
Actively looks at users to see if they have things that need to be run, does them, them moves to the next thing
1) Storage Structure
2) Input/Output(1/O)
3) Evolution of computer systems
4) Hardware protections

Read Section 13.1 and 13.2 to understand CH 1

INTERRUPTS

Initialization
Waiting
Stopping and preserving
To resume interrupted processes you have to store the previous process somewhere,
i. Fixedalocation
-Have to keep thatlocation reserved
-You have to linear search through the interrupted process (like accessing a something using the front of a single )inked list
ii. Alocationindexed by an interrupt vector table
-Interrupt vector table points to a location that holds all information about the process that was interrupted (stored earipticess, etc)
-Have to keep vector table location reserved
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-Fastest resumption times
iii. Onthe system stack
-You'll only be able to access the mostrecent one or you'll have to pop a bunch then push them back on the stack.
Transferring
Ata fixed location

Handler (interruptCode) Handler Handler 0OOB
{ switch case (interruptCode) { DBZ {8z
148 5ABARS. @SN OOB

/+aS hdzih¥. 2dzyR

Interrupt vector table
-In this one you can use individual subroutines to deal with DivideByZero or OutOfBounds that are accessible with vector table
-Handlerin Table then points to the specific subroutine based on whatis needed
-You can change one of the algorithms and recompile it without taking out the whole thing
-Probably easiestto add anew service

STORAGE STRUCTURE

Fastest to Slowest & Most Expensive to Cheapest
CPU (registers are part of the CPU)

Register (Fastest and Most Expensive)

Main Memory

Secondary Storage (ex. hard disk)

Tertiary storage (Slowest and Cheapest) (ex. tape)

Caching
-can go in between any two different speed storage devices
-improves transfer speed
-hard to decide what to transfer and when to transfer
-multiplicity occurs and you need to keep values consistent
-transfer expected data items to faster device in advance
-keep tobe-needed dataitems in fastest device

Read Ch 13 Section 1 and 2 and Chapter 1

1/10

Conventional /O Model
Lots of interrupts for a large volume of data

Device Controller . .
Provides uniform

interface to OS

data processor
> Os Data

1/0 device 7]

Device drivgr

Executes other
forks
. - While waiting for ) )
Osiinitializes devicp interrupt Receives an interrupi Handler
during boot request and transfers provides OS resumes the
control to handler service initial process
Device driver Wait for I/O Input ready Device driver
initialize 1/10 command Output signals an
devices complete interrupt
Error occurs

Memory Mapped I/O
a. You can change the amount of area provided to each device
b. Thisallows usto trans larger volumes of data each time
c. Venerable to memory access errors

1/0 Address| Device

1320 ~32F | Hard Disk Controller
1378 ~37F | ParallelPort |

.3D0 ~ 3DF . Graphics Controlle;

.3F0 ~ 3F7 Serial Port .
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Direct Memory Access (DMA) I/O
a. Like memory mapped I/O but has a DMA controller that controls access
b. Better control of memory access
¢. When DMA uses memory bus CPU cannot (cycle stealing)
d. Whatwe currently use

CPU Memory

DMA _ | —
controller ) CPU memory bus m

O bus )

|
l I/0O device controller |

First Generations of Computers

Early single programming systems
a. Putin cards, press start button, get result
b. Auseroccupies all devices, they control everything
c. The user mustknow how to operate all devices
d. OSonlyhasa compilerand device driver
e. Good things:
i. Userhas complete control of the program (interactive environment)
f. Drawbacks:
i. Very slow operation because all operations are manual
ii. Onlyone usercan use it at a time (so lots of idle things, low system utilization rate)

Inputdevice CPU and Memory Outputdevice

User

1/23/2009, 10:02 AM

etc | dev | ‘ home | |

jono | ‘ mako
S I
work | photos |

Linux File system:

Your home directory /home/username or ~
Currentdirectory .

Parentdirector ../

From work to photos ../photos/blah.jpg

1/26/2009, 9:59 AM

Single Batch System:

a. Fasteroperations Input device

i. Skilled operators

ii. Batching programs of the same language together
b. Drawbacks

i. Norrinteractive environment for user

ii. Longturn around times
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Advances to Batch System Tapes/disks

a. Improved system utilization rate \\/

i. Support simultaneous I/O operations
b. Automated operator/Monitor (1st OS)

i. Loader [ ]
ii. Control card interpreter (tells the language) Input device —] CPU and Memory | —> )
iii. Loads device drivers, etc. P Y Output device

c. Magnetictape /[\
i. Off-line processing /

d. Disks Monitor
i. Spooling

e. Additional OS responsibilities 1\
i. File management firstappears

User

Multi-programming system
a. Multiple jobs stored in memory with OS
i. This allows different processes to access different devices
ii. Ex:awebbrowserrequiresalotof /O soit will getthat, and a virus scan will get CPU cycles
b. Additional OS responsibilities
i. Memory management
ii. File management
iii. Jobscheduling
iv. CPUscheduling
v. Communication among jobs incase they're related
vi. Resource management (1/0, memory, CPU, etc)
c. Advantages
i. Furtherimproves system utilization rate
d. Disadvantages
i. More complex OS design and implementation
ii. Higher costdue to more complexity

Multi-user (time sharing) system computer
a. Allows more then one person to use the computer at the same time
b. Additional OS responsibilities
i. Process management must add fairness for users
ii. Memory management must add fairness for users
iii. File management mustkeep users from accessing each others information
iv. Communication among users

Usern

Userl

Homework 1 postedDue: Monday February 2, 2009

Multiprocessor systems
a. Computers with more then one processor
b. Two maintypes

c. Advantage [t EX It

i. Cheaper

ii. More throughput
iii. Betterfaulttolerance
d. Disadvantage
i. More complex OS
1) CPUscheduling Usern
2) Error detection and correction User1 o
e. Symmetric
i. All CPUs do the same thing
ii. Advantages
1) Betterfaulttolerance
iii. Disadvantages
1) Work load balancing is not as good
f. Asymmetric (masteslave)
i. One CPUis master CPU that controls the others
ii. Advantages
1) Balances work load much better
iii. Disadvantages
1) Masteris critical if master breaks, systemis done
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Cluster Computer Systems
a. Multiple computers connected to each other locally (LAN sometimes)
b. Advantages
i. Resource sharing (share applications, etc)
c. Disadvantages
i. Additional OS responsibilities

Computern

1) Computer management
2) CPUof each machine management
3) Communication between machines

Computer1

Distributed Computer System
a. Asetof computers connected with WAN, MAN
b. Seti@Home
c. Can have different Oses
d. Different OSes an can make communication difficult

Special Purpose Systems
a. Realtime systems
i. Efficiency is very important
1) None orlimited userinteraction
ii. Hardrealtime
1) Whenyou submitajob you specify the amount of time you need the jc
donein
2) The OSdecidesifitcan getthe job done in that time
a) Ifitsaysit can it accepts the job
b) Ifitcannotdoitintime,itrejectsthe job
iii. Softreal time
1) Whenyou submitajobit gives the job that needs to be done first, high
priority
b. Multimedia systems
i. Support multiform files (text, video, etc)
c. Handheld systems
i. Limited Resource concerns (storage, batteries, etc)
ii. Easytouse
iii. Efficiently use resources
iv. Optimized algorithms

Hardware protections
a. CPU protection
i. Atimerisused to protectthe CPU from being overrunUsermode
1) Fixedtimer
B 2) Varlablg timer User Request
ii. OScan override program
) AR process resume
1) Protection againstinfinite loops
b. Protection for other resources \

Computer 2

Resume
execution

Al

i. Usermode vs. Kernel Mode
ii. Usermode

1) Users can access devices with this OS mode
iii. Kernel mode

1) OSonly access response

Summary
OS Components
a. Modern OS Tasks
i. Execute user programs

1) Process management

2) Program
a) The static unit (code)
b) Singularexistence (unless you have multiple copies of same progi

3) Processes
a) Can run same program more then once
b) Dynamic entity
c) Involves code
d) Programinexecution
e) Program counter records status
f) Intermediate results

ii. Controls and allocates resources

1) CPU, Memory, I/O, Disks, Etc

2) Device Management
a) Tapes, /O, memory

3) File system
a) Low level management

i) Looking atdevice byte by byte or bit by bit
b) High level management
i) Provides the interface

Quiz 1 Page 5




ii) Copy, store, etc
iii. Facilitates communication
1) Processes
2) Machines
iv. Bookkeeping
1) Tracks useraccount info
a) Memory use
b) Cpuuse
¢) Command info
d) etc
v. Data security and resource protection
1) Useraccounts
2) Userid, groupid

ywang/teaching/csc460/demo/beginning
Passing parramteres viacommand line

DNBSiAy3 I NHwM™
argList[0] argList[1] argList[2]... argList[n]
Program:

Int main(int argCount, char** argList)

Cout<<tn \n\n";

If (agCount < 2)

Cout << "Welcome to CSC46A;
Else

For (inti=1; i<argCount; i++)
Cout << "Welcome to CSC" << argList[i] ¥a™!
Cout<<tn \n";
Return 0
Inputis in cstring form so you cannot directly add these.
You must first convert to numerical form first.

Chapter 2
How does an OS provide its service?
There are two general interfaces with the OS.
a. System Calls
i. interface between a process and auser
b. System programs
i. Interface between OS and a user
Kernel:
a. Partof OS
b. Residesinthe memory
c. Frequently used service
d. Small size system calls/programs

Command interpreter:
Differentways of displaying interpreter
Appearance
a. Commandiine interface (shell BASH)
i. More efficientif you know the system well
ii. Notuserfriendly
b. Graphical User Interface (GUI)
i. Userfriendly
ii. Notvery efficient
Implementation
a. Entire interpreter contains the code executing the commands
i. You have to change the whole interrupter to change things
ii. Don'thave to search
iii. Ex:
Interpreter (cmd)
{switch (cmd)
/1as oLy O2L%e«

Break;

/'+asS N¥YY NBY2@S
Break;

X®

b. Interpreter searches for, loads, and executes commands
i. Each command is an executable file
i. / KFy3aay3a I O02YYlIYyR R2SayQi
iii. File managementhas to be considered

hardware
os
System System
calls programs
process

T

Command interpreter

iv. Allows you add your own services easier
v. Searching slows the interpreter Shell

vi. Ex:
Interpreter (cmd)
{ searchFile(cmd);
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If (found)
Execute the file (cmd);

Else Builtin variables sequences| scripts
Display error; commands
c. Secondisusedin Linux
BASH basics (shell)
a. Read CH 2in programming linux (red book) redirection pipe Background wildcards ~ Command
b. $SHELL tells you the shell you're using processing substitution

c. Shell parts
i. Builtincommands
1) Ls, mkdir, mv, date, echo, who, more, less, wc

ii. Variables

iii. Sequences

iv. Scripts

v. Redirection

vi. Pipes

vii. Background processing

viii. Wildcards
ix. Command substitution

Redirection
a. Outputredirection
i. aCommand>aFile
1) Sends outputto the file
2) Overwrites 0o makes anew file
ii. aCommand>>aFile
1) Sendsoutputtofile
2) Appendstothe file
iii. Example
1) date >tmp.txt
2) lIs-I>tmp.txt
b. Inputredirection
i. aCommand < aFile
1) Readinputfromafile
2) Passtocommand
3) Example
a) more <tmp.txt
b) tr-d [:digit] <tmp.txt
ii. aCommand << aWord
1) Youcan type ininputinthe blow example
2) Example
a) wec-l<<over

Pipes
a. command 1| command 2 | command 3
i. Command linputinto command 2 then 2 goes to command 3
b. Example
i. more tmp.txt | wc-l
ii. Countfilesindirectory
1) Is-l|wc-I

Background processing
a. Youwantto do something else while running along program
b. Using & you can do this
c. When done itwill output any output or you can send itto a file
d.

Example
i. longLoop &
Wildcards
a. ?

i. Awildcard character that matches any single character
b. *
i. Matches zero or more characters
c. [?+18txt]
i. Matches any one character in the list
d. [0-9azAZ]
i. Matches alpanumeric only
e. [M?+24]
i. Exclude these
f. Examples
i. Is*ixt
1) all.txtfiles
ii. IsscriptDemo?
1) allfiles of name scriptDemo with any character0, 1, 3, a, b, C, etc
iii. Istmp.txt[36]
1) shows all tmp.txtfiles with ending num 3to 6 (ie. tmp.txt3, tmp.txt4, etc)

Command substitution
a. Two main methods $(aCommand) and ‘aCommand®
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b. $(aCommand)

i. Replaces that with the output of the command
¢. ‘aCommand’

i. Replaces that with the output of the command
d. Examples

i. echotodayis $(date)

ii. echothere are $(who|we) users on grok

1) shows how many users are on grok

Variables
a. Different Types
i. Predefined Variables

1) Environmental Variable subshelll
a) $SHELL, $HOME, $PATH
b) echo $SHELL

2) Local variables :
a) $$->PID of the shell subshelln
b) echo$$
c) bash
d) echo$$
e) exit(leaves bash shell)

ii. User Defined Variables

1) VarName=characterStringWithNoSpaces

2) VarName="character string with spaces"

3) Examples
a) name="Yang Wang"
b) echo $name

i) Yang Wang
c) dept=CS
d) echo$dept
i) CS

login shell

Quoting:
a. Two Types
b. "rawr"
i. Allows substitution of variables, wildcards, and commands
c. 'rawr'
i. Prevents all substitutions of variables, wildcards, and commands

Commands
a. Sequential Sequences
i./ YRMT OYRHT XT
b. Conditional Sequences
i. Cmdl&&cmd2
ii. Cmd1]|| cmd2

Scripts
a. Variables
i. $#
1) Number of the command line arguments passed
i. $
1) Thelistof all command line arguments
iii. $0
1) Name of the script
iv. $1,%$2, $n
1) Used to access the variables
2) $lis the firstargument
3) $2is the second argument
4) $nis the nth argument
b. Operators and Expressions
i. $((expression))
i, +,-,%/1,%,< == <= 1= &&, ||
ii. x=$((3+20*5))
c. Statements
i. Commands
ii. Any executable file name

Test Utilities
a. testaBooleanExpression
b. [aBooleanExpression]
i. There hasto be spaces between expressionand []s

Comparison operators
a. String comparison
i. [strl=str2]
1) Musthave space around =too
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ii. [strll=str2]
1) Notequal
iii. [-nstr]
1) True if string is not empty
b. Integercomparisons

Math | Bash
[= . Exprleq exprZI
./: . Exprkne expr2.
| I ! o |
>= . -ge
< [t
< ' -le

c. Logicalcompérisons
Logical | Bash
Not !
And -a
Or -0
d. File conditions
i. -efileName
1) Returnstrue if the file exists
ii. -ffileName
1) Trueifthe fileisregular (ie nota directory)
iii. -dfileName
1) Trueifthefileisadirectory

Shell Control Structures
a. If
If condition
Then
Statement
Fi
b. Elseif
If condition
Then
Statement
Else
Statement
Fi
c. Case
Casevarin
Patterinl) statement;;
Pattern2) statement;;
Esac
d. Forloop
Forvar invalues
Do
Statement
Done
e. While
While condition
Do
Statements
Done

Comments
a. Startwith#
b. Use fordocumentation

Example Bash Script
Echo
IF[$#-1t1]
Then echo No arguments
Else
Forargumentin $*
Do
#calls previous cppGreeting program we made
cppGreeting $argument
Done
Fi
Echo
Simple
System design
a. Base
i. Hardware Application program
1) Whatkind of hardware? il
2) Workstation, embedded device?
ii. Systemtype Resident system program
1) Multiprogram? L |
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2) Multiuser?
3) Distributed?
b. Criteria
i. Designforuser?
ii. Forsystem managers?
1) Easy forupdates
2) Easyto manage
iii. Designfordesigner?
1) Time/coding trade off
¢. Whatare you going to provide?
d. How are you going to do that?

System Structure
Differentkinds
a. Simple structure
i. Multiple levels
ii. Nosecurity
iii. User program can access anything
b. Layering
i. Some public operations
ii. Some hidden operations
iii. Bettersecurity
iv. Efficiency islower
v. Harderto design
c. Microkernel
i. Userinteracts viaKernel

ii. Kernel controls file operations, memory operations etc.

iii. Bettersecurity
iv. Better efficiency
d. Modules
i. Goes through kernel first then hands off operations
ii. Decent Security
iii. Higherefficiency

2/11/2009, 10:03 AM

System implementation

a. Assembly language implementation
i. Speed

b. Highlevel language implementation
i. Easiertoimplementand update
ii. Fastertodevelop

¢. Hybrid implementation
i. Some assembly
ii. Some highlevel
iii. Frequently used components in assembly

System configuration

a. Special OS
i. Forvery specificcomponents

b. General OS
i. Forawide variety of components
ii. Modify the code for special cases

1) Osdesigned foragig of memory, you have 512, modify code

iii. Load modules

1) Does modifications for your hardware automatically

iv. Execution time selection

1) Automatically loads the correct things to run the hardware

Virtual machines
a. Run multiple OS from the same hardware inside OS

A
MS5-DOS device drivers

ROM BIOS device drivers

Layering

(the users)

shells and commands
compilers and interpreters
system libraries

| system-call interface to the kernel

signals terminal file system CPUscheduling
handling swappingblock /O page replacement
character 'O system system demand paging

terminal drivers diskand tape drivers  virtual memory

| kemnel interface to the hardware

terminal controllers | devicecontrollers |  memory controllers

terminals disks and tapes physical memory
Module structure

device and file
bus drives C]“-ss systems
...-H.H'A L3 ."’,

miscellaneous core | loadable
modules kerne system calls
— =

STREAMS
modules

executable
formats

b. The virtual machines kernel mode and user mode both access only the user mode of the hostinc

c. Slowerthen natively hosted OS

Virtual Machine

appl. || appl. | appl. |
7 ¥
VM, | - | VM,

oS, | - | os,

VM implementation

I hardware
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os, - | OS,

VM implementation

‘ hardware
VMware
appl. || appl. | appl. || appl. |
VM, | - | VM,
guest cae guest
08, 08,
VM implementation

host OS

hardware

QUIZFRIDAY CH 1and CH 2
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Notes

Wednesday, February 11, 200¢
10:25 AM

Process Concept stack
a. Process composition
i. Dataltems
1) Lifetime of dataitem heap
a) When itexistsin memory, until removed for another purpose
2) 3 Types of Data items
a) Local data
i) Storedin stack
b) Dynamic
i) Creates space atexecutiontime
c) Static(global) code
i) Datasection stores these
ii. Process has a code section (text) in running state
iii. Nextinstruction location is stored in the program counter
1) The program counteris a register
iv. Intermediate results
1) Storedinregisters
v. SPregister points to the chunk of memory where our relevant information for1
process is being stored
b. Process states
c. Process control block
Process States
a. New state
i. Whenthe process s created
ii. PCB created
iii. Once admitted moves to ready state
b. Ready state
i. Inmemory getting ready to run
ii. CPUschedulerdetermines when process moves from ready state to running
c. Running state
i. If processisusingthe CPU
ii. Ifitcomesto a place where it needs input, it goes to waiting state, then ready s
again.
iii. Ifthe OS causes an interruptit puts it back in ready state
iv. Ifitreaches exit, it goes to finish state
d. Waitstate
i.  When the program is waiting something (ex: 1/0)
e. Finish state
i. When processisdone
Process control block
a. Holds all the information about the process Job queue Ready queue
b. Contains > CPU
i. PID(processid)
ii. Process state
iii. PC (program counter)
iv. Registry links (to intermediate values in registry) I<—1 1/0 complete < I/0 queue <]
v. Memory limit
vi. 1/O status
Scheduling queues Child finishes «— Waitfor  [<—
a. Keepstrack of what needs to be done child
b. Givesitatimeto run

c. SEEDIAGRAM TO RIGHT

New homework up. Hw4.
Schedulers

a. Longtermscheduler
i. Selectjobs toload from mass storage to memory
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Affects a systems degree of multiprogramming
Balances I/0 bound and CPU bound processes
iv. Executed less often then other schedulers

b. Shortterm scheduler
Select process from job queue in memory and loads into CPU
This runs very frequently

1) Mustbe very efficient, has time constraint
c. Mediumterm scheduler
If processis in CPU, this could swap the process out to disk

1

Partially executed process

Improves system utilization
Affect the degree of multiprocessing
iv. Respondsto higher
d. Contextswitch
i. Save the status of the process
1) Happenswhen ascheduler moves a process out of execution
Resume the status of another process

iii. Pure overhead, needto do fast parent
iv. Happens frequently e e
; PCB
Process operations ] pid | 101

a. Process creation
Child process creation
1) Processes can generate other processes

b. Processtermination

i. Differentsources of termination

2) Resources for child process

3)

4) Duplicated

a) This causes a process hierarchy

a) Could come from the parents processes memory area

b) Could come from OS processes memory area
Execution control

a) Concurrentexecution?

b) Waitfora child to finish?

i-Bet

a) Same everything except 2 main( )
b) PID different, memory space different ]

5) Nonduplicate 5 R

1
2)
3)

a) Differentcode etc

Duplicate child

child

Self termination
Some system call stop exit(0)
Itself or parent could terminate it

4) Oscouldterminate it
Main finishes, child still running: 2 main approaches
1) Killall child processes on main processes termination
2) Initadopts all child processes of the terminated process
De-allocate resources that were consumed

a. Unix system calls
Always test to see if your program worked correctly

Vi.

fork()

1) Use PID to distinguish parent from child.
2) The counteris also duplicated, the child does not run from the beginning.
3) Success

4)

a) Whoever called this fork will create a duplicated child process
b) Returninthe parentprocess is the child processes' pid
¢) Returnvalue inthe childis zero
d) Both processes continue their execution concurrently
Failure
a) Nochild created
b) Returnvalue in parent processis

getpid()
1) Getprocessid (pid)

1)

iv. getppid()

Get parents' pid

exec*()

1
2)
3)
4)

5

9E® Ly SEOSm o602yaid OKINIFS
The last argument must be a NULL pointer
If you have more then one argument, 1st should be the executable name or empty string
Success

a) Replaces the calling process with another process'image

b) The new process inherits the calling process' id and starts to execute from the begin
Failed

a) Returnsl

Example

intmain()

intx=5, y=6, z=0, returnValue;

cout<<'\nProcess"<<getpid()<<": before: x="<<x<<"y="<<y<<" z= "<<z<<endl<<endl;
returnValue =fork (); // to create child

if (returnValue ==1)
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cout<<'\n failed to create child";
exit(0)

}
if (returnValue ==0) //this is child
x=1
Z=X+y;
cout<<\nProcess"<<getpid()<<": before: x="<<x<<"y="<<y<<" z= "<<z<<endl<<endl;
return O;

vii. Example

[Ithis program will generate 4 processes

intmain()

intx=5, y=6, z=0, returnValue;

cout<<'\nProcess"<<getpid()<<": before: x="<<x<<"y="<<y<<" z= "<<z<<endl<<endl;
returnValue =fork (); // to create child

if (returnvalue ==1)

cout<<'\nFailed to create child";

exit(0)

}

if (returnvalue ==0) //thisis a child
x=1

if (fork() == 0) //to create a child process
y=3;

Z=XtY;
cout<<'\nProcess"<<getpid()<<": before: x="<<x<<"y="<<y<<" z= "<<z<<endl<<endl;

return 0;

viii. Example

intmain()
intx-5, y=6, z=0;
if (fork() ==0)

{

execl("rebellingchild", NULL);
cout<<"Error occured in execl(\n;
}
Z=X+Y;
cout<<\nparent: z="<<z<<endl<<endl;
return 0

Inter process communication
a. 2main methods
i. Message passing system
1) Goes from process 1 to kernel to process 2
2) Advantages

3

)

a) Doesn't have to deal with synchronization, access rights, or memory size
b) Easiertoimplement
Disadvantage
a) Lessefficient
b) Interacts with kernel, must wait on the kernel

ii. Shared memory system

P ONE
oo

-

There is a shared section in memory for both processes
The message is putin the shared area
Share area setup by OS
Advantage
a) Does not have to interact with kernel
b) More efficient
Disadvantage
a) More complex
b) Size of memory must be determineMot as flexible
c) Accessrights have to managed
d) Synchronization contrelprocess must be able to determine whatis useful and whatis not

b. We will focus on message passing system
i. Naming Issue
1) Toffrom aprocess (direct communication)

a) Communication link properties
i) Automatically established
ii) Connects only 2 processes
iii) Only one link between processes
iv) Only aone way link between the processes

2) To/from amailbox (indirect communication)

a) Communication link properties
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i) Established only if two processes are sharing a mailbox
ii) Can connect multiple processes, as long as they have the same mailbox
iii) Allows more then one link between processes
iv) Allows for two way or more communication
ii. Synchronization
1) Nonblocking send
a) { SYRSNIR2SayQi gt A
b) Process justcontinues
2) Nonblocking receive
a) The receiverretrieves either avalid message or no message
3) Blocking send
a) Senderwaits for the message to received by the receiver or a mailbox
b) Cannot continue execution
4) Blocking receive
a) Receiverisblocked untila message is available
iii. Buffering
1) Direct
a) Temporary queue stores the message
2) Indirect
a) Mailbox
3) Considersize
a) Zero capacity size
i) Message cannot wait
ii) Cannothold message
iii) Mustbe blocking send
b) Bounded capacity
i) Fixedsize
ii) Canhold a certain number of messages
iii) Can be nonblocking send, as long as there is room left
iv) Easierto build for programmer
¢) Unbounded capacity
i) Dynamicsize
ii) Can hold unlimited messages (conceptually)
iii) Always nonblocking send
iv) Betterforthe user
iv. Management
1) Creation
a) By OS or process
2) Deletion
a) By OS orprocess
3) Control accessrights
4) Check/recoverlostor erroraneous messages
c. Example: Direct Communication in Unix
i. Parent>duplicate child process
1) Create avariable in parent before child generation then use for child to read
2) We can use execl(childPocess, arg list) to do this as well
a) Example 1: passing parameters with execl
int main(intargc, char* argv)
{intx=3,y=6,z2=0;
if (fork() ==0)
{

execl("greeting”, "™, "131", "232", "333", NULL);
cout<<"Error occured in execl(...)!"<<endl;

}

Z=X+Y;

cout<<'\nParent: z="<<z<<endl;

b) Example 2: using parents args in child with execl

int main(intargc, char* argv)

{intx=3,y=6,2=0;

if (fork() ==0)

{

execl("greeting”, ™", argv[1], argv[2], NULL);
cout<<"Error occured in execl(...)!"<<endl;
}
Z=X+4Y,
cout<<\nParent: z="<<z<<endl;
return O;

Kill command
a. Intkill (intaPID, intsignal)
b. apid > 0: the calling process sends the signal to another process and waits for feedback
c. Successreturns 0
d. Failurereturns1
e. Example:a.out6
#example of kill command
#example call: a.out 6
#example call: a.out6 &
# this one is used if you would like to be able to return to command prompt and enter ps
#include <iostream>
#include <signal.h>//for kill
using namespace std,;
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intmain (intargCount, char* argList)

{
intreturnValue, pauseTime, aSignal=9; // 9 for terminateing a process
if (argCount!=2)
cout<<"correct useage: "<<argList[0]<<" secdmds
exit(0);
}
pausetime=atoi(argList[1]); /conve the arguemtn to anint
returnValue =fork();
if (returnValue ==0)
{
cout<<AnChild("<<getpid()<<"): I'm getting into an infinte Idapn";
while (true)
&
}
/lonly paentreaches here
cout<<"Parent("<<getpid()<<") pause for "<<pauseTime<<" sedarifds.
if ('kill(retrunValue, aSignal))
{
cout<<'\nthe child has been terminate\d\n";
}
else
{
cout<<'\nOops. something went wrong with Kit\n";
}
cout<<"Parent("<<getpid()<<") pause for another"<<pauseTime<<" sedtahds.
sleep(pausetime);
cout<<"Parent("<<getpid()<<") is doha";
}

Exit command

a. Childto parent communication

b. void exit(int status)

c. 0<= status <= 255

d. Terminates the calling process

e. Waitforits parentto acceptthe status

f. When achild terminates if its parentis alive, butis not waiting for it, the child becomes a zombie; if its parent liaatam
process init will adopt the child.

Wait command
a. Intwait(int* childinfo)
i. Returnintischild pocessid
b. Suspends the calling process
c. #include <sys/wait.h>
d. Waits fora child to terminate
e. Success: receives info from terminated child and returns the pid of the child
f. Failure:returnl
g. Childinfois a pointer goes to a block that contains
i. 16bits of nothing
ii. 8bitstatusis stored in the childinfo
1) Rightshift8bits to retrieve status
iii. Core dump or not
iv. Error code
h. Example
#include <iostream>
using namespace std;
#include <sys/wait.h>

intmain()

{ intx, y, childPid, status;
cout<<"Parent("<<getpid()\h";
cout<<"Enter two non negative intgers for addition: ";
cin>>x>>y;

if (fork() == 0 )//thisis a child
{ intz=x+y; //do the work

exit(z); /Isend the result back to the parent
}

childPid=wait(& status); //parent waits for the calculation result from child

if (childPid 1= 1)
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intresult = (status>>8)l/extract result
cout<d nchild(pid: "<<childPid<<") finds than\t\t\t";
cout<<x<<"+ "<<y<<" = “"<<result<<endl;

else cout<<"errorin wait";

return O;

Example of indirect communication
a. PipesinUnix
i. Physically-One direction communication tool
ii. Logically-Two way communication
1) You can write to the write end when you need to
iii. One side iswrite one side isread
iv. Multiple processes can write to pipe
v. Multiple pipes can go between two processes
vi. Fixedsize
vii. Normal procedure
1) Aparentprocesses executes the pipe
2) The parentforks children
3) Theycommunicate by using read()/write() system calls
4) Note:
a) Ifaprocessonly reads from a pipe, it should close the write end before the
b) If a process only writes from a pipe, it should close the read end before itw
¢) When communication is completed, close all heads
viii. Success of pipe(fileHandler[2])
1) Createsapipe
2) Store the read head in fileHandler[0] and write head in fileHandler[1]
3) ReturnsO
ix. Fail
1) Return-1
x. close(fileHandler[0])
1) Closesthe ahead
2) Succcess
a) Return0
3) Failure
a) Returnl
xi. Example of indirect communication policies for reading
Multiple Scenarios
1) Write endis open, more information could come in
a) Process could be trying to read less than what the pipe contains
i) Pipe hasit, normal reaction let process have it
b) Process could be trying to read more then is there
i) Allow partial read? unblocking read
i) Blocking read, wait for pipe to contain all your information
2) Write endis closed
a) Pipe has more then what the process wants
i) Normal reaction
b) Processtriestoread more thenwhatis there
i) Disallow
i) Allow partial read
xii. Example of indirect communication policies
1) Readendopen
a) Write less then the size of the pipe
i) Normal reaction
b) Write more then the size of the pipe
i) Allow partial write
i) Blocking write
iii) Disallow write
2) Readendclosed
a) Write less then size of pipe
i) Allow the write
i) Disallow
b) Write more then size of pipe
i) Disallow
xiii. intread(intaFileHandle, void * buffer, int bytes)
1) Bytes-number of bytes to read/write
2) Nonblocking read
3) Success
a) Will read up to the bytes number of bytes from the file referenced by
aFileHandle into the buffer starting at buffer
i) Ifthe pipe has less then the number of bytes you asked for, it will ree
whateverisinit.
b) Returnthe number of bytes read
4) Failure
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a) Return-1
5) Ifwrite endis open
a) And the pipe is not empty, non blocking read
b) And the pipe is empty, blocking read
6) Ifwrite headis closed
a) Pipeis notempty, non blocking read
b) t ALS A& SyLiieszr LINROS&aa R2Say
xiv. intwrite(intaFileHandle, constvoid *buffer, int bytes)
1) Success
a) Write up to bytes bytes to the file referenced by aFileHandle from the buff
staring at buffer
b) Returnthe number of bytes written
2) Ifread headis open
a) And have enough space
i) Non blocking write
b) Anddon'thave enough space
i) Blocking write
ii) No partial write
3) Ifreadheadis closed
a) And processtries to write, that processes is terminated without error mess

Pipes (contd)
a. Example
/Iparent
intmain()
{
constintrHead=0, wHead=1;
int pipeToChild[2], aninteger;
ostringstream rHead4Child;

pipe(pipeToChild); /lcreate pipe
rHead4Child<<pipetoChild[rHead]; convertanintegertoa stream

if (fork() ==0) /lthis is the child
{

/lthe pipe head is convert from a streamto a c string
execl("child1", "™, rHead4Child.str().data(), NULL);

cout<<"Error occued in exec1(.\n!";
exit(0);
}

close(pipetochild[rHead]); /Iparent only writes to this pipe

/Iparent recieves data value from a user

cout<<'\n \n\n";
cout<<"Parent("getpid()<<") recevies an integer fom user: ";
cin>>aninteger;

cout<<'\n \n\n";

write(pipeToChildjwHead], & aninteger, sizeof(int));

close(pipeToChild[whead]); /ldone with writing
return 0;
}
/lchild
intmain(int argCount, char** argList)
{
intreadHead,
aNumber;
if (argCount<2)

cout<<"Correct useage"<<argList[0]<<"readHedd
exit(0)

[Iretrieve the read head of the pipe
readHead=atoi(argList[1]);

/Iread an int from the pipe

if (read(readHead, & aNumber, sizeof(int) !=sizeof(int))
cout<<'\nChild reading erro¥n";

else

{

Quiz 2 Page 18



cout<<"Child("<<getpid()<<") receives: "<<aNumber<<end|;

close(readHead);
return 0;

Communication in clierserver systems
a. Sockets

i

ii.
iii.
iv.

End point of a communication link
Often represented by an IP address with a port number
All port numbers below 1024 are well known ports
Characteristics of communication link
1) Allows communication between process over a network
2) Associate with only two processes
Normal Procedure
1) ServerSide
a) Setup a data structure for a server socket address
b) Create asocket
¢) Bindthe socketto the server socketaddress (bind aand b)
d) Specify the size of the sockets waiting queue
e) Acceptasocketconnection request from aclient
f) Serve the client
g) Commands:
i) Intsocket(intdomain, inttype, int protocol)
i) Intbind(intsockFd, const struct sockaddr *sockAddr, int sockAddrLe
iii) Intlisten(int sockFd, int maxConnections)
iv) Intaccept(int sockFd, struct sockaddr * addr, int* addrLen)
V) Intunlink(const char *fileName)
1. Removes afile
2) Client
a) Setup adata structure for a client socket address
b) Create asocket
c) Connectthe socketwith the server's socket
d) Communicate with the server read()/write()
e) Afteryou are done, close the socket
f) Commands
i) Intconnect(int sockFd, const struct sockaddr * serveraddr, int *addrL

Sockets (continued)
a. Serverprogram

#include <iostream>
#include <sys/socket.h>
#include <sys/un.h>//for PF_UNIX domain's server socket address

intmain()
int serverSocket, servingSocket;
struct sockaddr_un  serverSocketAddr, servingSocketAddr;
socklen_t addrLenth;
char serverSocketName[] ="/tmp/2009s",
message[] ="How are you?",
*infoFormClient;
int infoLen, messagelLen = sizeof(message);
constint waitingQueueSize =5;

/I 1. Setupt he server socket addres.
serversocketAddr.sun_fimilay = PF_UNIX;
strepy(serverSocketAddr.sunpath, serverScoketName);
addrLength = sizeof(serverSocketAddr);

/1 2. Create a Socket
serverSocket =socket(PF_LOCAL, SOCK_STREAM, 0);

/3. bind the socket to the local address
unlink(serverSocketName); //removeitif a socket with the same name exists
bind(serverSocket, (struct sockaddr *) & serverSocketAddr, addrLenth);

I/l 4. Specify awaiting queue size
listen(serverSocket, waitingQueueSize);

cout<<'\n \n";
cout<<"I'm waiting for clients. Use ct@& to interupt me\n";
cout<<'\n \n":
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}

while (true)

{
/I5. Accpet a request
/I used for the communication
servignSocket = accept(serverSocket, (struct sockaddr *) & servingSocke
&addrLength);
/6. communicate with a clietn through the serving socket
/lwrite amesssage to the client
write(servingSocket, & messagelen, sizeof(int));
write(servingSocket, message, messagelLen);
/Iread aresponse from the client
read(sevingSocket, & infoLen, sizeof(int));
infoFromClient = new char[infoLen]; //allocate space for the message
read(servingSocket, infoFromClient, infoLen);
cout<<'\n\tResponse from a client'<<infoFromClient<<endl<<end];
/1 7. close the serving socket and deallocate teh space fo the message
close(servingSocket);
delete [] infoFromClient;
}

b. Clientprogram
#include <iostream>
#include <sys/socket.h>
#include <sys/un.h>

intmain()

{
char serverSocketname[] ="/tmp/2009s";
struct sockaddr_un  serverSocketAddress;
int clientSocket, addrLength, infoLen;

char* infoFromserver, response[] ="I'm fine.";

/I1. Setup the server address
serverSocketAddress.sun_family =PF_LOCAL;
strepy(serverSocketAddress.sun_path, serverSocketname);
addrLength = sizeof(serverSocketAddress);

/12. Create a socket
clientSocket = socket(PF_UNIX, SOCK_STREAM, 0);

/13. Try to connectto the server socket
if (connect(clientSocket, (struct sockaddr *) & serverSocektAddress, addrLengtt

cout<<"client connection errorn";
exit(0);

/14. Communicate with the server through the socket

/lIread amessage from the server

read(clientSocket, & infoLen, sizeof(int));

infoFromServer =new char[infoLen]; //allocate space for the message

read(clientSocket, infoFromServer, infoLen);
cout<<\nMessage from the servat:'<<inforFromServer<<endi<<endl;

/lwrite aresponse to the server

infoLen =sizeof(response);
write(clientSocket, & infoLen, sizeof(int));
write(clientSocket, response, infoLen);

1/5. cloes the socket and deallocate the space for the message
close(clientSocket);
delete [] infoFromServer;

return O;
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Threads

a. Process share the same data setand code

b. Similarities to processes
i. status

ii. Atany giventime one thread is running on a single processing system

stack stack

heap heap

iii. Creation/termination
Differences from processes
i. Share the same dataand text

i.2KSy agAlGOKAYy3 GKNBIRa &2dz R2y Qi

Many (User side) to One (kernel side)
i. One thread calls a blocking operation, the entire process blocks
ii. Threads cannot execute concurrently

iii. More efficient, don't have to quitakernel thread each time a user thread qu

iv. Unlimited userthreads
. One (Userside) to One (kernel side)
i. Ifone thread calls a blocking operation, the process can still go
ii. Threads can execute concurrently
ii. Eachtime you quita userthread, you must quita kernel thread
iv. Limited userthread numbers
v. Have to create a new thread for each user thread
Many (User side) to Many (kernel side)
i. Ifone thread calls a blocking operation, the process can still go
ii. Threads can execute concurrently
iii. unlimited userthreads
iv. Efficient
. Some systems support one to one and many to many
i. Thisisthe two level system
Designing an OS to use multithreading
i. Athreadinvokes fork()
1) Do you copy all sub processes?
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Notes

Monday, March 16, 2009
10:16 AM

CH4

Threads
a. Runconcurrently
b. Process share the same data setand code
c. Similarities to processes
i. status
ii. Atany giventime one thread is running on a single processing system
iii. Creation/termination
d. Differences from processes
i. Share the same dataand text
i.2KSy &a6A0G0KAY3 GKNBIFR&a &2dz R2y Qi
e. Many (Userside) to One (kernel side)
i. One thread calls a blocking operation, the entire process blocks
ii. Threads cannot execute concurrently
iii. More efficient, don't have to quit a kernel thread each time a user thread g
iv. Unlimited user threads
f. One (Userside) to One (kernel side)
i. Ifone thread calls a blocking operation, the process can still go
ii. Threads can execute concurrently
iii. Eachtime you quita userthread, you must quita kernel thread
iv. Limited userthread numbers
v. Have to create a new thread for each user thread
g. Many (User side) to Many (kernel side)
i. Ifone thread calls a blocking operation, the process can still go
ii. Threads can execute concurrently
iii. unlimited userthreads
iv. Efficient
h. Some systems support one to one and many to many
i. Thisisthe two level system
i. Designing an OS to use multithreading
i. Athread invokes fork()
1) Do you copy all sub processes?

Thread Cancellation
a. Deferred cancellation
i. Ifathread cancels anotheritwill be allowed to finish a necessary step befoi
cancellation
ii. Safer
b. Asynchronous cancellation
i. Cancelsimmediately

Signal handling
a. Sending amessage to another thread or process
b. Normally: depends on the synchronous signal
c. Synchronous signal
i. Generated within the process
ii. Usually goes to one particular thread
d. Asynchronous signal
i. Generated outside the process
1) le, userpressctrl ¢ to stop process
ii. Sentto all threads of a process

Thread Pools
a. Create fixed number of threads at the start of process
b. Advantage
i. Quickerresponse
c. Disadvantage
i. Limited thread number

Thread specific data
a. Similarto PCB

Scheduler activations
a. Userthread scheduler
i. Eachthreadis attached to a kernel thread
ii. Userthreads run through the kernel thread
iii. They have lightweight processes
1) The process the userthread runs on is like VMto the kernel thread
b. Osscheduler
i. Schedules kernel thread processes
c. Userthread library
Manages the communication
ii. Kernelthread sends messagesto it
iii. Handles interrupts
d. Upcall
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i. The procedure of kernel informing an application about an event.

Thread library
a. POSIX pthread
i. Supports userand kernel threads
b. Win32thread
i. Only supports kernel threads
c. Javathread
i. Supportdepends on system
1) Windows: only kernelthreads allowed
2) Unix based: user and kernel threads allowed

Thread Functions
a. Intpthread_create(pthread_t*threadld, const pthread_attr_t * attr, void * (*
suboutine)(void *), void *arg)
i. Triestocreate a thread
ii. Threads associate with afunction
1) Executes the code inside the function

b. Intpthread_join(pthread_tthreadld, void **returnvalue)

i.  Waituntil this a certain thread finishes then execute
c. Void pthread_exit(void * returnValue)

i. Like regular exitbutforathread

ii. Sinceitis a pointeryou can pass whatever you want
d. Intpthread_kill(pthread_tthreadld, int signal)

i. Sends asignal to the thread to kill it

Thread Debugging
a. You can use sleep to make one thread execute first

Thread communication
a. Access global data section
b. Passa parameter

HW 7 on Eccentric

Ch5: CPU Scheduling
Why do we need a CPU scheduler?
a. Multiprocessor systems
When do we need the CPU scheduler?
a. Executedwhen
i. Nonpreemptive scheduling
1) Process cannotrunanymore
2) A process goes from running state to terminated
3) Aprocess goes from running to waiting
ii. Preemptive scheduling
1) A process goes from running to ready
a) Was interrupted
2) Aprocess goes from new to ready
3) Aprocess goes from waiting to read
How does the CPU scheduler work?
a. Schedulerselects aprocess
b. Scheduler calls the dispatcher to do the functions
c. Dispatcher
i. Switches process context
ii. Switchesto user model
iii. Starting/restarting a process

Measurements of Efficiency of an Operating Systems
a. Depending on the system some of these may be more important then others
i. Time sharing systems need low waiting time
b. Throughput (or mean service rate)
i. Number of processes completed per unittime
c. CPUutilization =mean arrival rate/mean service rate
i. Tryto make this1
ii. Ifitismuch largerthen 1, your systemis overloaded
iii. Ifitismuch less then 1, your system s not being used to full potential
d. Turnaroundtime
i. Time =time(completior)ime(submission)
ii. Minimize this
e. Waitingtime
i. The total time spentin the ready queue by a process
ii. Minimize this
f. Response Time
i. Time =time(first responsejme(submission)
ii. Minimize this
iii. Particularly important for time sharing system (multiuser)

Scheduling
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a. Firstcome, firstserve (FIFO)

Priority of a process is determined by the time of its arrival at the ready queue
Non-preemptive

iii. Advantage
1) Easyto implement
iv. Disadvantage
1) Performance/Average waiting time varies dramatically
2) Convoy effect
a) Asetof I/0bounded processes arrive first
b) Ittakes muchlonger
¢) The CPU willsitidle or I/O will be idle
v. Example:
1) Time line is usedto analyze
@O0: PO firstfor 40, @40: p1 second for 20, @60: p2 third for 5

Process| CPU burst Arrival Time Waittime | Turnaround time|

PO |40 0 0 50
[p1 20 lo |40 [60
P2 |5 lo [60 |65
Average ' © 100/3=33.3 165/3 =55
Procesé CPU bursf Arrival Timé Waittime | Turnaround time
2 |5 lo lo 's '
A1 |20 [o [5 [25
p3 |40 lo |25 ‘65
Average ' © 30/3=10 95/3=31.6667

b. Shortestjob first
i. Priority determined by CPU burst
1) Ifthe same CPU burst for two processes use First come first server
ii. Advantage
1) Shorter average waiting time usually
iii. Disadvantage
1) Starvation: long program may never run
2) Generally you don'tknow the CPU bursttime
a) Predictwith Tn+1= alphatn +&lpaha)Tn
b) tnislength of the nth cpu burst
¢) Tnlength of the n5h predicted cpu burst
d) Alpha coefficientbetween Oand 1
iv. Canbe either preemptive or non preemptive
v. Non preemptive version
1) Processinfo: process burstarrival time, p040 0, p1 20 0, p25 0, p3 20 30

PROCESLCPUBURSTARRIVAL TIMBWVait/response time Turnaround time

[p2 5 0 0
P1 20 0 5
PO 40 0 25

P3 | 20 30 35
vi. Preemptive version
1) Response time is different
2) Processinfo: process burstarrival time, p040 0, p1 20 0, p25 0, p3 20 30
3) Time line: p2p1 pO p3 p0 )
PROCCESCPU BURSTARRIVAL TIMBWait time | turnaround time

[p2 5 0 0
[P1 |20 lo 5
[Po [s [o |45
P3 |20 130 0

3/30/2009, 9:05 AM

Priority Scheduling
a. Assign apriority to different processes
b. Process priority determined by

os
User

c. Defaultprocess priority is 0

Can be decreased t@0 by a super user

ii. The lowerthe number the higher priority
iii. Normal user canincrease to 20
iv. The higherthe numberthe lower the priority
d. Canhave preemptive and non preemptive versions
e. Disadvantage
i. Things with higher priority could hog all resources, lower priority process could be sta
1) Solved by using aging, the older the process gets the higher its priority (lower nut

Round Robin Scheduling
a. Advantages
i. Betterresponse time then any other response time in general
b. Disadvantage
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i. Average waiting time is longer
ii. Spends alot of time switching processes in and out
1) If the quantumtime was decreased we have to switch back and forth even more
2) Ifthe quantum time was increased we have less switching
c. Create aready queue as a circular FIFO queue
d. Setupatime quantum
i. Should be large enough with respect to switch time
ii. If very small quantumiits like shortest job first
iii. Ifverylarge its ike first come first server
e. Each processis allocated CPU for up to certain time quantum, and unfinished processes m
the end of the ready queue
f. New arrival process variations
i. One method isto put new arrivals at the end of the ready queue
ii. Second method is putthe new arrival at the front of the ready queue
1) Lowersthe response time
2) Good fortime sharing
Assume the new arrivals go to the end of the ready queue
For Quantum 20
i. O[p0]20[p1]40[p0]56[p2]70[p2]90[p3]110[p2]130[p3]140
ii. Ready queue: p0pl, p0, p0 p2, p2, empty, p3 (@75), p2, p3
i. ForQuantum 40
i. O[p0]30[p1]50[p2]90[p3]120[p2]140
ii. Readyqueue:p0pl, pl p2, pl, p3, p2, empty
Proccess | PO P1 P2 P3
CPUBURST| 30 20 60 30
Arrival time |0 0 30 75
Quantum Average
20 Twait
Tturnaround
Tresponse |0 20 20 15 55/4=13.75
40 Twait
Tturnaround
| Tresponse |0 [ 30 _20 | 15 65/4 = 16.25
These type of things will be on the testand quiz

Ta@

4/1/2009, 9:05 AM
4/3/2009, 9:00 AM

Multi-level queue scheduling
a. Statically classify processes by different attributes
b. Use differentready queue for different types of processes
i. Each process waits for the CPU in the same ready queue duringits life time
ii. Eachready queue can use its own scheduling algorithm
iii. Some example ready queues: system processes (shortest job first), interactive proce:
(round robin), background processes (first come first serve), etc
c. Scheduling among multiple ready queues
i.  You could use round robin
ii. Absolute priority
1) Only gettolower priority queue programs if higher priority queue programs are d
2) When a process arrives ata higher priority queue
a) Preemptive on process
i) New process can interrupt current running process
b) Preemptive on queue
i) The new process will come in after the current process is done
C) non preemptive on process
i) The current process would finish its segment but next time if new proc
gets higher priority it will getrun
d) Nonpreemptive on queue

1) Three ready 2
i) The current process would completely finish ) $7es Teacy queuce

. g > Round-Robin: 10 quantum
iii. Whatever scheduling you choose w » Round-Robin: 15 quanitum
q.— FCFS

Multi-level feedback queue scheduling

a. Dynamically classifies processes
b. Example 2) Non-preemptive absolute priority scheduling among

queues: g, —> q; —* q:

0[p0] 10 [p1] 20 [pO] 35 [p2] 45 [p1] 55 [P2] 70 [PO] 75 [P2] 90
QO(PO p1), QO(pl), Q1(p0), Q1(pl), QO(P2) Q2(P0), Q1L(P1,P2), Q1(P2), Q2(PO, P2) 3) A new arrival process has the highest priority. Its
priority decreases by one after each run.
Multiprocessor scheduling
a. Homogenous system
i. Asymmetric multiprocessing Process CPU Burst Arrivaltime Tioi  Turmaround

1) One processor does the scheduling and this processor maintains the ready que

ii. Symmetric multiprocessing 30 0 45
1) Each processor schedules itself P 20 0 35
2) Possibilities p: 40 30 20
a) One ready queue all processors access
i) Need to synchronize shared data accesses (this is difficult) Average:

b) Each CPU had its own ready queue
i) Need balance workload
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c) Pushmigration
i) Ifaprocessors'ready queue is really long, it can be pushed to anoth
processor with less stuff
d) Pull migration
i) If a processors'ready queue is shortitcan pull jobs from other proces
e) Processor affinity
i) 2types: Softand hard affinity
ii) Processors have their own cache and then connectto memory
iif) If you move one process from one processor to another processor y:
must fix the program in the cache of the first processor after you finis
running the process
iv) Moving from one processor to another processor could negate any g:
because of the problems involved with switching
b. Heterogeneous system
i. Different processors do different things
ii. Have to assign the correct type of process to the correct processor
iii. Individual ready queues for each processor
iv. Sharing the ready queue across all alike processors
v. New issue: Compatible work, load distribution

Thread Scheduling
a. Systemcontention scope (SCS)vs. process contention scope (PCS)
i. Onetoone

1) If single processor, all processes compete for CPUthisis SCS

ii. Many to one and many to many
1) UsesLWP (virtual processor)
2) Processes will compete for LWP
3) ThisisPCS

iii. Inside each CPU there are multiple logic CPUs
1) Youwantto balance among the physical CPUs notlogical CPUs

4/6/2009, 9:03 AM

Choosing a scheduling algorithm
Step 1: selecttarget measurements
Step 2: compare with different algorithms
Deterministic modeling
+Easy and fastto analyze
-Results are very specific to work load given
-Could draw incorrect conclusion
Given algorithms
Given workloads
Compute the measurement
Queuing modeling
+If you model well, the results will be more accurate then deterministic modeling
-Involves complicated math often
Create mathematic model to describe system behavior
Ex. Little's formula
n=lambda*w
N is average queue length
Lambdais average arrival rate
W is average waiting time
Assume / estimate some distribution
Computing the measurements according to the formula
Simulations
-Time consuming
-Accuracy depends on how good the data structure designis
Creating a system model with data structures to represent various system components
Generate simulation data
Random generation
Mathematical formula generation
Empirically collect data set
Collectthe measurements
Implementation
+Gives accurate results
-Expensive
Submit each process to multiple systems with different algorithms
Collectthe measurements

4/8/2009, 9:06 AM
CH 6- Process Synchronization
Race Conditions

a. When two processes depend on each other and run separately race condition could exist
b. Inthe example atthe right, both processes try to modify counter which can create a problem
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Ex. Given a bounded-buffer, a producer produces and places
products one by one into the buffer, and a consumer
consumes the products one by one from the buffer. They
operate concurrently but with their own speed.

Consumer:  Producer:
out m
TTT=T
(‘GI;IIIFV
Producer:
While (true)
{
Produce an item to nextProduct;
While (counter ==n) doo-op; //when buffer s full
Buffer[in] = nextProduct;
In=(in+ 1) modn;
Counter++;
}
Consumer:
While (true)
{

While (counter ==0) dao-op; // when there isnt anything in buffer
consumedltems = buffer[out]

Out = (out+1) mod n

Counter--;

Consume the item in consumedltem

1 Registerl<counter
2 Registerl ++
3 Registeri->counter
A Registerl<counter
B Register1-
C Registerd> counter

i. Since there are 3 steps if you increment and decrement at the same time, they couldberan: 12 a
and then the counter would be 6 not 5 as it should be

ii. Thisisan example of arace condition

c. Example

/ L,,."pl
EP:
o Three states for a philosopher: thinking, hungry and eating
o A philosopher cannot pick up a chopstick that has been
picked up by a neighbor

o A philosopher can eat only when he has picked up both
chopsticks from his left and right side respectively

For philosopher|
While (true)

Thinking

Pickupchopstick(i)

Pickupchopstick(i+1)

Eating

Putdownchopstick(i)

Putdownchopstick(i+1)%5
}
If everyone picks up a chopstick at the same time, everyone will have one and there will be no fix.
Starvation could happen as well.

Criticatsection problem
a. Segmentof code that accesses some shared data that should not be accessed simultaneously by multij
processes
b. Identify all critical sections from each process
Repeat
{
Regular code
Critical section: Accesses shared data
Regular code
} until (false)
c. Youneedto add extracode to deal with critical section
Repeat
{
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Regular code
Entry Section
Critical section: Accesses shared data
Exit Section
Regular code
}until (false)
i. The entry and exit section solve the synchronization problem
ii. Entry section
1) Requests and acquires exclusive control of the shared data
iii. Exitsection
1) Releases the exclusive control of the shared data
d. Requirements for solution
i. Mutual exclusion
ii. Progress
1) Ifnoone is accessing the shared data, only processes in entry section and sections will partic
making a decision on which process gets to into the critical code section.
2) Thisdecision should not take indefinite time
iii. Bounded waiting
1) Abound must exist on the number of times that other processes are allowed to enter their cri
sections after a process has made a request to enter its critical section and before that reque
granted.
e. Solutions
i. Software based solution
1) Add anothershared dataitem
Turn could be p0 or p1 and specifies who can access the critical code

Process PO P1
Entry Code | While (turn!=p0), While(turn!=p1)
{do nothing} {do nothing}

Critical section Counter++ Counter-

Exit Code | Tumn = p1l | turn = pO
2) This solution satisfies all requirements except progress
3) Progress

a) Checksturn and if they need to access the critical code section

b) Could add a flag[pQ], flag [p1]
c) Below sa}tisfies all processes

Process PO P1

[ Entry code [ Flag[pO]=true 'Flag[pl]=true;
Turn=pl Turn=p0;
4) While (flag[pl] and turn==p1)While (flag[p0] and turn == pQ)
Critical section Counter++ Counter-
Exitcode | Flag[pQ]=false; Flag[p1]=false;

ii. Hardware level solution
1) Make itinto one CPU instruction
a) Bool TestAndSet(bool *lock)

bool previousStatus =*lock;
*lock = true;
Return previousStatus

}
by .22t f201TFlLfasSs 6+FAdGA
Pi: bool key = false;
While (true)
{
Waiting[i]=true;
Key=true;
While (waiting[i] and key)
Key =TestAndSet(lock)
Waiting[i]=false;
Critical section
/I'ook for process waiting for critical section
j=(i+1) mod n
While j!=l and !waiting[j]
j=jt1mod n
If (j==i) lock = false;
Else: waiting[j]=false;
Xo

2) Disallow interrupts while in a critical section
a) Insingle processors system
i) Easyto implement
i) Works great
b) In multiprocessor system
i) Mustnotify the other CPUs that you are running a critical section
iii. Programming Language level solution

Semaphores
a. Ashare dataitem
b. Canonly be accessed atomically
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c. Binary semaphores (mutex)
i. Onlyhold0,1
d. Counting semaphores
i. Hold more then0,1
e. Spinlocks
i. Single processor system
1) Wastes cp cycles
2) Mightneed to swap it out
ii. Multiprocessor
1) Other processes can still go forward on other processors
2) One processor will still be taken up
3) Ifaprocessonall processorsisin spinlock, all cpus will be spin locked
4) Lesslikely hood of swapping out
Wait operation
Wait(s)

While (s<=0) do nothing;
S-
}
Signal operation
Signal(s)
{

S++

f. Wakeup semaphores
Struct semaphore

Intvalue;
PCB *List;
}
Semaphore s;
Wait (s)

s.value-;
If (s.value<0)

Insert (S.list, theCallingProcessPCB);
Block();

}
}
Signal(s)
{

s.value++;

If (s.value<=0)

{
/I remove aprocess from the waiting list
P=removeAProcess(s.list);
/I putthe process back into ready queue
Wakeup(p);

i}
g. Usages

Shared data: X,y

Requirements:
1) read (x) should be executed after write (x)
2) read (y) should be executed after write (y)
3) establish s1=s2=0

Process p: Process g:
(PR | Crno o 1
| repeat | | repeat |
| | | 1
Lifeen | I |
: write(x); : : wait(sl) :
| signal(sl); : | read(x); !
15 s \ I5s H
| wait(s2) | | write(y); i
: read(y); : : signal(s2); H
i e | I 1
I | ]

: } until (false) : | / until (false) i
Fig. 6-5. Data d Jencies witt !

h. Posix semaphores
i. #include
ii. Intpthread_mutex_init(pthread_mutuex_t *mutex, const pthread_mutexattr_t *attr)
iii. Intpthread_mutex_destory(pthread_mutex_t *mutex)
iv. Intpthread_mutex_lock(pthread_mutex_t *mutex)
1) Only the process that locked this mutex can unlock it
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