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DOS

» History
» In 1980, IBM looked for an operating system for its
soon-to-be-released 6-bit personal computers
» Digital Research offered CP/M-86
» Softech offered P-System
» MS
» MS also looked for OS for its 16-bit computers
> Seattle Computer Products offered 86-DOS
» MS bought it and renamed it MS-DOS
» IBM chose MS-DOS in 1981 and called it PC-DOS
» MS-DOS evolved from v 1.0 to v 6.22 from 1981 to
1994
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DOS

» Features

>

Single user, stand-alone
desktop

Command-line
Commands are based on
words

Examples

>
>
>

COPY - copy a file
DEL - delete a file
PRINT — print files on a
printer

DIR - list files in this
directory

MD — make a new
directory

CHKDSK — check the disk
COMP — compare two
files
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LAYERS oF DOS

» Three layers:
» Top layer — command processor

>
»
>

Sends prompts to user

Accepts commands

Executes commands (including interpret commands to
machine language)

Issues responses

" Machine language
® Only language a bare computer can understand
" Program to hardware level such as registers, memory and
1/0 devices
" Written by Os and 1s
" Assembly language
= Also program to hardware level
= Instructions are English words based
® Advanced programming languages
" Interpreting
" Procedural
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>  » Middle layer — DOS kernel

.o . INTRODUCTION
> A program containing routines that are needed for 505
interfacing disk  e—

» Stored in MSDOS.SYS file UNIX & LINUX

> Read to memory during initialisation time MEMORY
MANAGEMENT
DOS

WINDOWS
user

@ Linux
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Command processor DOS
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DOS kernel LIRS
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LAYERS OF DOS
Il.l L
» » Bottom layer — BIOS (Basic Input/Output System)

. . . INTRODUCTION
> Interfaces 1/O devices such as printer, monitor and

DOS
keyboard WiNDOWS
» Controls data flow to and from these devices Unix & LiNux
> Receive statues information about these devices MEMORY
MANAGEMENT
DOS
user ‘WINDOWS
@ LiNux
PROCESS
MANAGEMENT
Command processor DOS
‘WINDOWS
DOS kernel LINUX

BIOS
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> HiStOl’y INTRODUCTION
> I ' H DOS
nitiative Wnoe
» To allow users to not have to remember and use UNIX & LINUX
system commands but via a user-friendly interface — MEMORY
G U | MANAGEMENT
DOS
> Not a replacement of DOS Wisbows
» Early versions (1985 to 1992) Linu
» Windows 1.0 to 3.1 are only “interfaces” between GUI PROCESS
MANAGEMENT
and DOS bos
> Single-user rather than networked Winbows
» True O/S since 1992 WS

> Windows 95 is first true O/S
» Network O/S

» Windows NT version 3.1 in 1993 led by David Cutler



WINDOWS - DESIGN GOALS REAL OPERATING

SYSTEMS

. University of
» Extensibility — be easily enhanced to meet changes over Wz
time to support new hardware and software technologies
INTRODUCTION
» Privileged process and non-privileged processes DOS
» Kernel mode refers to the privileged mode of a S
NIX & LINUX
processor
X . MEMORY
» All instructions are allowed MANAGEMENT
> System memory is accessible LI
.. WINDOWS
» Use mode refers to the non-privileged mode of a —_—
processor —
» Only certain instructions are allowed IR G
> System memory is not accessible pos
‘WINDOWS
» O/S executes in kernel mode Lo
» Application programs (protected subsystems) run in
user mode

» Modular structure
> Drivers for new file systems, devices and networks

» Objects — abstract data types



WINDOWS - DESIGN GOALS

» Portability — ability for O/S to operate on different
machines that use different processors or configurations
» Code is modular
» Standard high-level programming language c/c++ is
used for implementation
» Hardware abstraction layer (HAL) providing isolation
from hardware dependencies
» HAL abstracts hardware such as caches with a layer of
low-level software so that higher-level code needs no
change when moving from one platform to another

REAL OPERATING
SYSTEMS

‘,.‘ Unversty of
Bedfordshire

INTRODUCTION
DOS
WINDOWS

UNIX & LINUX

MEMORY
MANAGEMENT

DOS
WINDOWS

Linux

PROCESS
MANAGEMENT

DOS
WiNDOWS

LiNux



WINDOWS - DESIGN GOALS

» Reliability — predictability in responding to error
conditions, including hardware failures

» Modular design

» NTFS to recover all types of errors

» US government-certifiable security

» Virtual memory strategy to prevent one user from
reading or modifying memory that is occupied by
another user

» Compatibility — ability of an O/S to execute programs
written for other O/Ss
» Execution environments for applications that differ from
Win32 API
» Source-level compatibility to POSIX (Portable
Operating System Interface for Computer Environment)
» Supporting already-existing file systems
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WINDOWS - DESIGN GOALS

» Performance — fast response times

» Crucial processes such as system calls and page faults
are tested and optimised

» LPC (local procedure call) to guarantee fast
communications among the protected subsystems

» Carefully designing the environment subsystems to
ensure the speed of frequently used systems services

» Critical elements of Windows’ networking software are
built in the privileged protion
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UNIX AND LINUX REAL OPERATING
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» Advantages shared by Unix and Linux “;/;ZAGEMENT
» Portable

WINDOWS

» Powerful utilities LiNux

» Device independent Eﬂ(ﬁ;}imm
DOS
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UNIX AND LINUX

» Evolution of UNIX

Year Release Features

1971 UNIX V1 Based un MULTICS; introduced shell

i Coneept, wil‘en in assembly Enguage

92 UNIX Y2 Adacd pipes ard fiters

1973 UNIX V3 Kemel and 0, first versian writter n €

1973 UNIX Vg

o5 UNIX V6 Fitst version la berome
commercially avallable

w79 i vy Mare powerful shell adcedt siring
wariables, structured pragrammig,
trap hand|

1980 UNIX System Il First version used in 16-bit

micincomputers

1981 UNIK System V. Fret verzior available for o mainframe

1983 LN System U Added small general purpse prugeins
Release 1

1982 UNE Sstem Added Featurss mom Serkeley version:
Fielease 2 snared memory, ore eomMards, v

editor, term=as datzbase, flex filensmes

<988 The Cpen Group founded

991 UNIK System ¥ Combi-ed features from DSD, Sun0S,
Keleace 4 anc Kenix

‘991 Solais 10 Sun's version deslgncd to run on Sun

‘903 nvel
Un

un
workstations, dl fvad fram ATAT'S DRI
System ¥, Re

Novell's versicn of System ¥ release 4

designec Lo nolk it Netware

<994 Single UNIX
specificztion 1

Separcles U UNK tiademark hem
actua code stream, opening the coor
tu stancurdizetion

997 Single UNIX
Specificztion 2

20a1 Single UNIX
Specificztion 1

Adds support m lealnmr prrcl
thrends, and 4

Unites IEEE POSIK and ind_siry efforts

L stanvardize

2003 ISOAEC
994572003

nternatione] standasd approved for the
cate volumes of Single UNIX
Spefation Version 3
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UNIX AND LINUX

» Evolution of LINUX

Year Release Feal
— T a0 FHL o FIrs reless = fo inslude ative POSIE Tvesel
1954 Beta versions Fist ed ot L e product availsble lo the Library INPTLY sapport
pLEIi in a seties 0f befr versions.
z o 2003 RHEL 3 e first Red Aot padut rade (o un on seven
1054 RHL1a Fitst nan-er release - Rerl 1a1 Linus. et ACRACETES 1oy Iniel, AWD, and 1828
1995 RHL 2. Witten In Pt for 3uick cevsloament. 2003 Feddnia Coe 1 Product based on 85 fut iniv el wrers;
created by i Fedors rojetinconpermion
1936 RHL 23 Tre st cpprosately conutens - ey
a-chitecture rel: poortcd the Dgitsl  —
Alpha plarform. 2005 Fedara Care 2 Intnsduced Sex_rity Ennanced i (SELi )
=n implementa‘ian of asdzzoy Arcess
1996 RHL 4.3 Based on the 20,18 kenel o th first B e
relesse 10 include fieely e !
alasie In elscsonis fuim. 204 Fuiora Core 3 Sunparted tre 26,5 Linux <ervel, pdoted
SILnus, 2nd supnort for the latest pup
1997 PHL5.0 Named 2997 Infukor.d Pruduct of the Year T e e e
1990 RHL6.0 Integ-ated ENOME deskiop GUl, ”
000 RHL7.0 Firet releace (hal suppcried Red Hat hetwork
o box
01 RHL 7.t Introd _czd the 2.¢ kerel,
e s Launch of Red 21 Cnterprise lintx, e
(hvanced Serverl Frat cortmere al cMeErise comLing
uffert g, Lased on RHL 7.2
2002 -LEo Daignad s prode ¢ it o s

RHL 2

£kt0 35
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UNIX AND LINUX - DESIGN GOALS

» Supporting software development

> Keeping its algorithms as simple as possible

Function

Purpose

WLIEle processes and
muliple prowssuns

LNl €N N Fiere than 2ne Progam at s line using ooe
or seera pInzessers

Muligle: ol

Mlliple e

Altheugh it was criginally developed L i nn lntefs
processors (O PICRCOMBUTEE, il S now u.erale on
many arner platorms

Lke all UPIK systerns, L allews severa, users Lo weark
on the same machine oL ihe same fime.

Interpre.cess cam Tualcations

Linus supputs cipes, [PC, sockels, PIr.

Terminal rrarageme nl

Terrrinal mznagemen: conl 5 1o POS X stzndards
and it also suppo s pse da-termina 5 a5 well as process
cantral sysbems,

Pripheral devices

5 i reluding sound cards,
I, 5B, eic

Sunaparts awide sange of devi
grapliics nerfaces, netwarss,

Buffar cache

Linux suppo-ts 3 memory area tesaread ta buffer the [ pul
and o_ttp. | fram cliffarent procesces,

Demand paging memory
Planage

needed,

Linux loacs aages Into memory orly whe o they!

Dyrarnic ad shared Ibraries

Dynamic [braries ae loaled naly when theyTe need;

Lisk parti-'ons

Helwark protacs]

and thelr znde is s~arad [ several zpplications are using
them,

Linux allews nz used by file syaams such as
Extz and parifil 0u7er erria s (MS-ROS, 150
o640, et.).

Suppons TCPAF 1 natwork protocols
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DOS MEMORY MANAGEMENT

» ROM and RAM

» ROM contains a section of BIOS for
starting up a computer

» RAM is mail memory where programs
are loaded

VVYVYVYVYVYVYVvYVvYYyYy

Interrupt vectors

BIOS interface

DOS kernel

Buffer cache

Installable drives

Resident part of COMMAND.COM
TSR

User memory

Transient part of COMMAND.COM
Reserved for BIOS

Reserved for BIOS

unused

Transient part of
COMMAND .COM

TPA
TSR

Transient part of
COMMAND COM

Installable drivers
Buffer cache
DOS kernal
BIOS interface

Interrupt vectors

REAL OPERATING
SYSTEMS

‘,.‘ Unversty of
Bedfordshire

INTRODUCTION
DOS

WINDOWS

UNIX & LINUX
MEMORY
MANAGEMENT
DOS

WINDOWS
LiNnux
PROCESS
MANAGEMENT
DOS

‘WINDOWS

LiNux



DOS MEMORY MANAGEMENT

» TPA allocation “policy”

» Reason for allocating memory blocks in TPA for more
than one programs

>

Improving efficiency when executing or accessing the
next program/file after executing one program

» “Policy”

>
>

Dynamic allocation

Modification — modifying (normally giving more)
memory blocks to a running program when it requires
more for, e.g., 1/O purposes

Release of main memory— after part of a program is
executed

For .EXE files — allocating the max memory needed if
TPA has enough free memory, otherwise, giving the
min memory

For .COM files — allocating all memory it may need
despite it will use or not
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DOS MEMORY MANAGEMENT

» TPA allocation algorithms

» First-fit was used in early version and Best-fit was used
in later version
» A block can be as small as 16 bytes (also known as
paragraph) and as large as the max available memory
(TPA)
» The first five bytes have special usage:
» Byte 0 — indicator of the last block (90h if yes, 77h
otherwise)
> Byte 1- indicator of status of the block (00h for busy)
> Byte 2 — pointer to PSP
> Bytes 3 and 4 — indicator of the number of paragraph
contained in the block
» List of busy/free blocks

> List is a data structure containing a head and a tail
> An algorithm searches for a free block in the list for a
file
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WINDOWS MEMORY MANAGEMENT

» Memory manage challenge and solution

» Challenge is to run programs written for Windows, DOS
and POSIX without clashing each other in memory
» Solution is to separate system memory and application
memory
» Example
» 4GB memory with 2GB each allocated for application
storage and system storage

FEFFFITTh 1S
Syscen | Monpaged Pocl
(€ GB)
0C00000h |~ === -~ -~~~ - == | Pool
Resident Gparatitg Directly Mazped Al esses
ehan Sestem Dode
THHFERFFR
Ual‘ﬂdbgg: Pagad {usar accessible memory)
‘ (265
oocosooh L J
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WINDOWS MEMORY MANAGEMENT

» Virtual memory manager

| 2
>

To allow applications to share memory
Allocate memory in two stages:

> Reserving memory

» Committing memory
Read/write protection for virtual memory so read/write
performed by one process won't be interrupted by other
processes
Lock virtual memory pages in physical memory to
ensure that a critical page won’t be removed from
memory while a process is using it
Retrieve information
Protect virtual pages
Rewrite virtual pages to disk
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WINDOWS MEMORY MANAGEMENT

» Implementation
» Address space management

> System storage section of the virtual memory can only
be accessed by kernel-mode processes

> Addresses of the lower part of this section are
translated by hardware to have a fast access speed

» Paging

> Fetch policy determines time when copying a page
from memory to disk

» Placement policy is a set of rules determining where
the vurtual pages are loaded in memory

> Replacement policy determines which virtual page
must be removed from memory to make room for new
pages
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LINUX MEMORY MANAGEMENT

» Swapping and demand paging
» Swapping a job out of memory
» Round robin policy is used — jobs/processes are
managed by round robin and if a job's time slice is up
or when it generate an |/O interrupt, the entire job will
be swapped out to secondary storage to make room for
another job that is waiting in the READY queue
» Demand paging
> Image
> Program code
» Data
> stack

Stack Highest Memary Addresses

Data.
Lowest Memory Addrasses

Program Code

T Tt e L)
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LINUX MEMORY MANAGEMENT R
Il.l et

INTRODUCTION

DOS
WINDOWS
UNIX & LINUX
» UNIX kernel MEMORY
i i MANAGEMENT
» Responding system calls issued by processes DOS
» Set up memory boundary WS
. " LINUX
» Permanently resides in memory
PROCESS
» Uses the least recently used (LRU) page replacement MANAGEMENT
algorithm DOS

WiNDOWS

LiNux



DOS PROCESS MANAGEMENT

» Designed for single-task and single user environment

>

Parent child processes — parent process calls child
process and then goes to sleep and remains asleep while
the child process is running

One process runs at a time

» The child process can interrupt the parent process

256 interrupts
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DOS PROCESS MANAGEMENT

» Reason for interrupts

>

No need for having any sophisticated process
management as MS-DOS is designed for single user in a
single task environment

A task/process sometimes does need to be interrupted ,
for example, when it waits for a peripheral device, to
improve efficiency

Process life cycle: ready — running — waiting — exit
Synchronisation among tasks/processes is need
Synchronisation is achieved in MS-DOS via interrupts
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DOS PROCESS MANAGEMENT

> Different types of interrupts
> Internal hardware interrupts

> Generated by certain event during a program'’s
execution, for example, divided by zero
> Every such event is assigned with a specific interrupt
number which is electronically wired into the processor
and therefore cannot be modified
» External hardware interrupts

» Caused by peripheral device controllers
» Also assigned with specified numbers and cannot be
modified
» Software interrupts

> Generated by system and application programs
» Some are used to activate specialised application
programs
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DOS PROCESS MANAGEMENT

SYSTEMS
‘,. Unwersty of
Bedfordshire

INTRODUCTION

DOS
WINDOWS
» Interrupt synchronisation U e
MEMORY
> StaCk fOI’ MANAGEMENT
» PSW (Program Statuts Word) DOS
. WINDOWS
> code segment register .
> instruction pointer register
. . . . PROCESS
» Disables the interrupt system until the current interrupt MANAGEMENT
has been solved DOS
‘WINDOWS

> Placing a 8-bit number on the systems bus

LiNux



WINDOWS PROCESS MANAGEMENT ™ aas™
Y] T

INTRODUCTION

» Multithreading DOS
» Elements of a process mf?zmx
> An executable program MEMORY
> Private memory area MANAGEMENT
> System resources allocated by an O/S DOS
> At least one thread of execution K:Liows
» Elements of a thread PrOGESS
> A unique identifier MANAGEMENT
» The contents of a volatile set of register indicating the f;?iows
processor's state LiNvux

» Two stacks used during the thread exectuion
> A private storage area used by subsystems and
dynamic-link libraries



WINDOWS PROCESS MANAGEMENT

» Multithreading synchronisation
» Problem

> Several treads can modify the same global variable
independently of each other

» Competition/racing for single shared resource

» Synchronisation in Win32

» Mutexes — only one thread can own the resource at a
time

» Semaphores — multiple threads can own it at a time
Critical section — a critical section can only be owned
by a process and cannot be shared between processes

» Event object — it is sent to all threads to alert them of
an action occurring
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LINUX PROCESS MANAGEMENT R
Il.l et

INTRODUCTION

> P riority V'i/?:DOWS
> Priority is largely determined by accumulated CPU time UNIX & Linux
» Computer-to-total-time ratio: MEMORY
MANAGEMENT
CPU time a process has used ?V?:DOWS
Total time CPU time required by the process LiNux
. PROCESS
» A process that has used a lot CPU time gets the lowest MANAGEMENT
. . DOS
prlOrIty . ) . ‘WINDOWS
» Computer-to-total-time ratio is updated every second m—
» Round-robin is used to decide which process will run

first among those that have the same priority



LINUX PROCESS MANAGEMENT

‘,.‘ University of
Bedfordshire
» Tables

. INTRODUCTION
> Process with sharable P o s bargshared by B3 DOS
and P4; tharefors, e count is 2.
code P B WINDOWS
. . ] UNIX & LINUX
> Resident Section -
f h t L) MEMORY
of memory has two E; MANAGEMENT
tables Resident DOS
Bection of
> Process Table S erny Wixnows
shows all processes L = s abs_ el LINuX
» Text Table shows BT L PROCESS
h lati hi L ! MANAGEMENT
the relationship o —
between the B WINDOWS
processes and Cafa A LiNux
code, i.e. which N

processes share the N T

Data and
same code and the G| T
the Text Table and dossn t have
memory address of Seaarate arezs (01 eodk and data

the code



LINUX PROCESS MANAGEMENT

>

Transient Section has Data area, Code area and User
Table for each process

Data and code are stored separately because code is
sharable

User Table is a map between Data area and Code area
so it controls the access privilege of data/files
Example — P3 and P4

» Processes with nonsharable code

>
>

Data and code are stored in the same area
Example — P5
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LINUX PROCESS MANAGEMENT

» Fork, wait and exec

» fork

> Creates a copy of a process

» The original one is called parent
> The copy is called child

Before fork

Executing — | statement 1
fork
statement 2

Process 1
Code Area

Process 1
Data Area

@

Executing —>|

After fork
Parent Child
statement 1 statement 1
fork fork
statement 2 Executing —| | statement 2
Process 1 Process 2
Code Area Code Area
Newly created
Process 1 Process 2
Data Area Data Area
(b)
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LINUX PROCESS MANAGEMENT

> > wait

> Allows programmers to synchronise process execution

Brnre fork

Exticnfing —+ | staternant 1
| fars

alza
statament 3
statement &

Praress 1

Exgcuting —

Expcuting —

Adter fork

|

| statatnant 1

fork

if Parent
wiail

" ulse

statement

statemant €

Process 1

SLatement 1

SRAtEment &

staement §

Process &

L]

Executing —~

Executing —

During wait
staterrant 1

il Parent
w1

qlza

statement §

statamant 8

Process 1

—
staterngnt1 ¢
faf I
il Farent i

wart |

| Blse
staterment 5
statemnnt § j'

Pracess 2

e}

[ Parant)

(Chit)
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LINUX PROCESS MANAGEMENT

SYSTEMS

University of
> > exec ll.l eyt

> Is a family of commands — execl, execv, execls, execlp
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