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System and Application Programs

Operating System

Controls the hardware and coordinates its use among the
various application programs for the various users.

Computer Hardware
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Command Line (DOS)

User interface

Graphical (Windows)

C:\Ddir

Uolume in drive C is Windows
Uolume Serial Number is B4F?7-C128
Directory of C:\

01/18,2087 19:38 <DIR> 25c7843f£7527eB4ca3?74
<DIR> 9% 63«

modo f va

<DIR> Setting:

vd
<DIR> e4a32567¢ :B8d02f B7h4c
<DIR>
<DIR>

19/89/2087
25/11/2887 <DIR>
13/83/2008 H DIR>
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Spooling

Overlap the i/o operation of one
job with the execution of the

another job

CPU

Input device —l I |——~> Output device

Spool

Secondary
storage

L o s

Overlap the i/o operation of one
job with the execution of the

same job
Ram temporary storage
P _» area in main
_,m " memory ( Ram) is
of ram called buffer

Buffering
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/SEND

- Data for program

Fortran program

/ $FORTRAN

$JOB, 10,6610802, MARVIN TANENBAUM
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e Multiple jobs in memory

® Memory partitioning

® Protected from one another Memory

e Resources (time /hardware) split partitions
between jobs

e Still not interactive
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Program A Run Wait Run Wait

Program B Wait| Run Wait Run Wait

Program C Wait Run Wait Run Wait
. . Run | Run | Run - Run | Run | Run -

Combined A B C Wait A B C Wait
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User 3

Context switch
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Command '
—_—

Result

Mainframe

—

Userl ———
————|

Command &

—_—
Result

-—

User2 —_—

r =
Command
—_—
Result
—
]

User3

el s 5 (655 oKy G Sl s S 5eelS S Terminal s g

Jolo s Il s o 55 ol g 3 aisy oS Wk 2 2 Ol Context switch time
Mot s’ S Ol oal s e L il 4 e OF Sl ey a e i s

Summary: serial, batched uni-, and multiprogramming

resident operating
user job monitor system
user job 1
user job
user job 2
user job 3
(a) serial uniprogramming (b) batched uniprogramming (¢) multiprogramming
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The Memory Hierarchy
1. registers )
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3. main memory 0.s s
outboard 4. disk K
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Word Block
access transfer
0
operating
system
256000 base base + limit
process
300040 300040
base address es es
process CPU . Y I Y
420940 120900 no no
limit
process
880000 trap to operating system
monitor—addressing error memory
1024000
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Interrupt occurs

here
1
2
Interrupt
. . Handler
I . Or
e o — . ISR
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Applications Applications Applications

User space

Kernel space

System call interface
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! i UNIX Win32 Description

! 1

! application | fork CreateProcess Create a new process

' code ! waitpid | WaitForSingleObject | Can wait for a process to exit

i ! execve | (none) CreateProcess = fork + execve

i | user process exit ExitProcess Terminate execution

! . E open CreateFile Create a file or open an existing file

L [romory alosation) 4 close | CloseHandle Close a file

(R S ! read ReadFile Read data from a file

S DS write WriteFile Write data to a file
Iseek SetFilePointer Move the file pointer
stat GetFileAttributesEx | Get various file aftributes

sbrk mkdir CreateDirectory Create a new directory
system call rmdir RemoveDirectory Remove an empty directory
kernel link (none) Win32 does not support links

unlink DeleteFile Destroy an existing file
mount | (none) Win32 does not support mount
umount | (none) Win32 does not support mount
chdir SetCurrentDirectory | Change the current working directory
chmod | (none) Win32 does not support security (although NT does)
kill (none) Win32 does not support signals
time GetLocalTime Get the current time
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DMA

controller .

Count
_ - Dis / Main

Control N controller memory
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CPU

Y.




Jole i 31 (551381 Cdw Sty

2@‘@“0)))]6)}%6)‘?‘@&@&%
des Sl Olgie 4 Ygome 45 05 Sty Sl mlaw 53 5 Blas 4L CPU s 55305 5 slacdl>
wjz.w:l.g\))'l:*aL;LaJ,MbeMJL?.A.Mdoej&\&bwqwdb.sﬁdau}uﬁjgdbj
s 4t 0 b g0 IS G (65 enlS (Gl 53 S o (65 S bl 2l b ule i b L
monitor mode ;L. - 4 .okl el ole 5 lee S5 ISl bsgls 5 (mode bit)

355 o <5 System mode L kernel mode |

Interrupt/fault

Set user mode

o Lo 3 LS &S aul s ole> « (designated as privileged) sl Lol b 4 Sl e S

LS o e® S8 LI e

user process
user mode
user process executing » calls system call return from system call (mode bit = 1)
\ il
L Y rd
L1 7
K | trap return
orne mode bit =0 mode bit = 1
kernel mode
execute system call (mode bit = 0)

Y



osliiel 3590 (ilme abiil> gla sl a5 gl MMU) abasl> oy pite gladsly le ola S5
e 4y (S3len il Sl (ol S iy () pesdle el (g abil sla sl 4 baaali
sla olf;.d:)pdé_éb-muo;\; Aalo Uy sgm ge S abasl 51 2855 ladel 5 U das s o3l e
L atos o3lizal 5550 abable 4 Al 5 ol g o |l S Sl 534S plaasli oS AS o ppand IS ]
)‘ oaleiul La) .,\..SLia Lgﬁ§}l} w\.ﬁ‘ LQLALQJ.:J.’{WT E) Lﬁ&b.?— )‘ E) BUAY ‘.,\:.: L}..»JIMJ LAMLJJ J.:Lw
L (paging) stua=is 5 (s€gmentaion)aasl> cuu ise b sl S (Lo sases sl i

JolS Laosls Ul a8 Sl diile il am g5 ;S oS iley das e o3ln] aolSins 4y aidy adly oy poko
e s iy a4 s 5 935,55 Leallans LS oy e gl 5 bl s S s |, CPU ol o
s BB 55 msT &S (s s, Jsda) Sl ()53 v ks s Sl Ay ke el
i ISR (61l 5 0l sl CPU ks o 5 485 oS5 8 ol 55 o5 1, (ISR) ol w5

S o ] e gl ol sl gy Co e gl

LS e oll jamie Sl ol s 1 (gleys laadds a5 ol (gl B1 o oy K auli el
5>l sl o e albmlr 5 banl B gun0les dhesr Sl cikie SlaylS (6l el 51 il e Jale it

S eslizal | > J

Lbo.ﬁ‘.ﬁ U J..AJL;o o)'l;_-‘ LéoL<T-:> LS Q&A‘ U’l‘ A 43.95/ Bu 45 J‘}b.vl.o.é (DMA) wb 4.3 r.:;:.m.é wj&.oé

3 Sl askd & el sl sl sz ((Atomic Instructions) sl b fesdl; giws 05 S ol
ol sl Jeddl s s (Glates A gladaee 3 0g 4 e fele R Sl ol o Sl
J)b """f‘:’gfa ‘J"‘ )'.’.J".’.L(".‘.'“"SJ LSLAJ&-‘} Q\j& a LSJL:..A LSUMJ‘J LS d"ab‘ CJW 4.<.¢.3.‘ )\ QL.:.«L‘ 6‘)”
S eslinad bl ol Ll Mol U 3 pd o ol Cudbpe L Slhes S L osle Sjle 40 sd o s
Las (=L>.;}\ Iy 055 J&8 LS)'L-*TL<"~“ Ll Sl glas Shee Ll 5 o s Jole e (o5l sla fendl ) sias

Al gr ol J S (gl ot 4 S nie e g badul 3 L ety s Sl Ol (slne 4 (53ln plSea

Yy



A2l Sglize Ll e OF B ol 5 Sy 4wt bile i S sl ol 133 S Sl
S s S beleptng 45 Jm 55 il (Soe LB Bl 4 ol (Sae o3l sddagsd slagtnw
olitel (Gilugilme b 5 Conl o Sles s Gl olplcse G Shs ol G Apms b
w2l 5wl Fse Sy e gl ele e a6l 2 VU 53 el S5 ol glas Sas Jl- pl b S 0

Ll o9 W el o gl (6l (6 s 03 S

:Jole Slgniuge Elgil
Mainframe Slghle piunn ©

Lt 29 263555 N (5 Glasl Jali &S glaasl gl 2zt mainframe ile glagion
sobat] AU ey b e bieas nlis co3ls (120001 5 (2815 5503 5 cosls oL &y e dile
s 5 S s 2l ol slaesls Jsl Ol &S Wsls g 2 (654,55 Slles o e (gl
Sllas 4 55 a5 o L besls 1 ke e alg e WOT s e 1A 1 ekl
Las el 5 Se s 2 050

o3> Gigabyte ollss 5 SeosVerr 11/O o b -

3L ke Obosen 0158 (glyls sla Server Olge « -

(Time sharing) b S zsl @0 -

MVS, OS/360 , OS/390 :Mainframe operating systems ;i gt

HDE
.

\HE
/

[RINERNENNNRINENNANANT] S

terminal mainframe

\[|
\ﬂ

AR



laptop 5 Desktop (Slghole s  ©

o lS S5 -

CN.»:‘J;)SL;}-‘) L;L@‘ sl —
Windows , Linux, Mac OS , Free BSD :_Jls

oslaal u_?jﬂp L;J)))fjwjgbm_}clﬁy cw}UJ‘ASCyIAJ(GUI) u_i..ebf L;J.»)ls LgLA.la_:b
Ol 395 § (SIdATw (( WIS g > S i ©

Lﬁg:,_w“};-)_} c._w}(')o- l—’ L;il_éo.)&.b.) o= I L.». kf:'<‘~¢ CJL.«-»JL’>=A CL’»-_!‘ M)L:.! S&udlﬂ)lﬁ» DL

A ey p e LAW BB LEY Y L;)\yli&ijbﬁxa;éLaWWQ&S‘)&iw VI

Al e L Gl sl se b
P e dled 93 4y (S315e Slaetn

g gp el A3 33 40 355 Wt £ 55 opl ((MUItI-processors) oijls » Lo -

Jole et & U5 e Dy b 4 0315 (Symimetric) ol odisls o v
LS gl s slag 5 sl b as samms 5 LS 2l ) S e dbail () A

+S (MASTER/SLAVE) sLacasisls » Jsile : (Asymmetric)o,Linl glodssls 5 s v/
a0 Ay Ay Oley 5 35 o Ll MASTER  0ls 5y G (555 Jole s Y gons
S o w35 ekl ple a5 2 b S v sla

solat] il (glls pluS a8 il op i ((Multi-computers) 5 guelS L Y

M:;;—

AR



Shared memory Private memory

m
M M M M M M M @
I I I I | | | 8
| | | | = P P P 8
P P P P | | | |
€3]
z
‘ M ‘ M ‘ M M M M M g
| | | | %
P P P P 8
/
Pl |P| |P| |P
P | Processor M| Memory

* Symmetric multiprocessing (SMP)
— Each processor runs an identical copy of the operating system.
— Many processes can run at once without performance deterioration.
— Most modern operating systems support SMP
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