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! i UNIX Win32 Description

! application i fork CreateProcess Create a new process

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

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

i | user process exit ExitProcess Terminate execution

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

L [omory alosation] close | CloseHandle Close a file

' B R read ReadFile Read data from a file

lmmmmmemdmcm—aad write WriteFile Write data to a file
Iseek SetFilePointer Move the file pointer
stat GetFileAttributesEx | Get various file attributes

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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* 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
* Asymmetric multiprocessing
— Each processor is assigned a specific task; master processor schedules and
allocates work to slave processors.
— More common in extremely large systems

CPU1 CPU2 CPU3 Memory
Runs Runs Runs
Users and Users and Users and
Shared OS Shared OS5 Shared 0OS 05
SMP
CPU1 CPU2 CPU3 Memory
Master Slave Slave user
Runs user Runs user processes
R (0]
uns process process =
AMP

Yo



D Ake ol saptnn D8 LS
W Slles 015 =)

Gb&i\ﬁé\}i\yd&\@l&qé;@é\&ﬁaﬂ -y

Ut 6y Jases 5 Dbl oG ol 531 -
Sl ke G5l Slagtans bl Culae

Loz 5 Loyl 3 (s3lu ol 5 (53155 slomal 53 Sk —)

4.]43L>- CA”J.:.«\.A)) LS)L"’ ?K«é)&)\}s .}L’>uu‘ ab).} Qm —Y

E5H0M ols Sl @
Ol o3 ey Oley osls bl (gl ol Jles Clgs Al B a (Real-Time) & ,s5L S s 52
ol.,jscﬂb Obey s ¢ Slay ST2il L;Lawp (Jolae s il emdt@jt'éy«{,\.il.g Ll 51 L‘“v‘“?“
4_4.uwd\.w\,\;sﬁj@ujgﬁiwmw\}g@w;&uwp.M&UJ\L;}@\;_)}M@,
ZJ}J&MWJ}J
4_4.6)"_:3ASJJJ).%J‘:CjéjA{LSJ\J%j)ASLSJJ\)»¢L§)>LAMw|)J:¢.¢>'r.~»sS/SJ:DM -\
OLL 51 s Lax= 0L aadss OF gl =1 05 (Real-Time Task) sk asb s & (sl |
L e sl Dl an lanr B ol e o 30l o 53 8355 plad adld pnd g

Sl JJ—:;S(":—‘“?”‘J’:‘—*” Sl ( ola slaloslsa glaan o8 5,0 S s basli s, 5l sz AL

Py %))MQ}_A)QL@M ol e rl>_;3| céya\{\) sl L;LAJKSASA;S&MLAWJ\

-/LAASL;N obu.:.w‘ b d).)\ﬁ L}ﬁb 6LAW CJL:JW‘)‘ LS)LS“'“J
L}_‘uw@"ngéjb\é)w| g_)jﬁd»&b_)gl.@.ﬂdﬁl&) clﬁww‘)b tjs &JJ» -y
ol Jo s rlqd\ P Sl e 5 1y ’)})SM&W(‘;‘“‘?““J{P Oole 4 54l

Lo slan tile 3l L adb s (sl o3 hgn QLG Sl i 201 3 ol s

AN



S Sl O s opl S S 5l o b 5 (Gl Cadls (S0 s 5 S se) Slla,

Sols sy b b et Jlazst byl s

(G 95) ol 4l (S s
by Sl 4 Ky e sl sk ) 4 (Embedded System) s o slagion Y sans
g_g_?.-jsy‘}_‘uwja)}_b.w u‘l-"ur:*“:“ U’l‘ él)).s.x...Sg:,.iﬁ.u ¢u.ol.>- o&»b&&b)) \)W
Mu_:\)\‘)ﬂm.bﬁw oalail L“J“‘j:’“)ﬁl" J:'L‘"’.ﬁ Lole LiLlLM') ‘-JJ:‘SLS‘]’ JLZ.A L;\J" e
5 s 5 LS de 53 Vsame Laatw ol il S 8 55 S L 23135 S 50 4 el s

el K0 e 0 OT S pamr 55 by (gl

Sl Sy Jole v ®

S sp pad S aslS laalls 5 olS s ol 1980 (gans Lulyl ;5 o8 I glacs iy
4 by wum\‘saﬁ)&&:Jﬂquwﬁ.wbﬁ Ll b lasls sla bale
sdaze () sleallansl slemalsmss 4 Ll 4Kt bl g 3,5 o sdge 1) alS s Ses
cCL.A 6)\_){ S\JI...I:\ 4.3) o.>l.§.’.'...~| 44.<.¢.~:3 44 L}'-’L.?:MJ ‘Q‘;.’)LS ul.m;- o)b\) Jl};ﬂ Qj}: LS)j.A‘} o.>\.> C..ul.j
Novel « 015 o Jle Olge o 4 Jule slgatons .M;rbd}:}\)uw J S 5 b esls 5l cblas

55 o Lsl Windows 2000 server , netware

ol @iy Jole (S pumw @

ol o3 Shtletal s s 4 (San (65 galS A 5 i3l L Sladae 55 oo (slagtenn ol

sy 31 0LLS OF 3 48) sl Jale (slagtomn G Lol 303 3925 ates 0dijls iy Lalaoes
b |, 542 « (Distributed Operating System) o @58 oo g S Ll 5 pelS ks
S Al OllS (6l L ol @l 53 s o OLLS (15 4 e dd (lolsls T s S

Lol a nS 5o ol asl 2 a8 552 08T jal ol 51 uls Ol 58 .M&,}a@w);ﬁmu&w

Yv



Al a0 L OBl IS s 5l e S5 Sl a3l 13 S s LT sla BB L 5 T e 3

Ll J:’.°J‘2>~‘:" )L\.on-’ ol @‘)‘33 L;LQW)J;‘Q‘)W Jil.)\g.ibuﬂb\ )\ ol @J}?j;j&;ﬁ LQLAW

peer-to-peer, Clustered , Handheld, ... (0ol 1,05 3525 50 6,505 Sleatonm

Pl s 0 ST
— Ll 5 gl r\i@— Ladyl 3 bl 5 sll ol ((Process management) .ol 5 oy ye @
Loy T3 bLil — a3 S siome g3 ,5 5 035 Ghas

R,

@ e

R,

35T ladad 5 ol ealizad Slakes (¢ Ko 01 (6,8 e 5 il aimss Jold raiil- oy pe @
G andad 5 g amin Gleani e — ddadl>
42-)3\{&.w“:)'\asm\é%\fjbgéﬂgélﬂu{w)ﬂ\&u (Kes) gl abdsl> o ple @

oM@\y).nglA)jﬁijhead d\.’dqﬁd}ce

YA



track t l«— spindle

«— arm assembly

|
sector s [ :
[

|

|

|

: read-write
| head
|

|

|

|

|

|

. |
cylinder ¢ —»
|

|

platter 5\
Ty am

rotation

/0 sleio o e = 1/0 g5 b bLil oo i ms 5/ (53555 S e
S &S @l wlay sl Jas s 4" LG" el Lo IS 5 it s S wilyl s b o ke

Sl ol — adirectory  Cids 5 sl — Ll Gl 5 slonl el .ol ol 0,03 O

LBL oSS

-—Root directory

B &

User subdirectories
C)(C) (C) (C)—— User file

3ol (sl 3 sl sl sy sl (8l alemis S ol T il
S 53 a3 Ol fale w4 Wl 5 on OF Aoy 4 & 118 6l ) ol s 0L 3 ks

5h o s lasystem call i slas gome 4 5518 slgle 3

(Copy F1 F2 - open- read- write-creat-close il Lol b 5l as sazes 0 550 o)

et Sl s 3 018 el el (5l Jold el oy e

Y4



(Virtual machine) (g jlxo (ilo 0 9o

.>J\>)L::>'\)>\)M@tﬂ¢w45.);5@;54.«})1)» °

Lls alsinterface G aS a4 cogline glealKans @
1500 5 Sl e STl s a4 s b aal 3 pie sl slasl sl 3 sladds a0 @

AS o il 56 O

processes
processes
processes processes
* ” pric:]gt;é?'rgcrr;mg kernel kernel kernel
keral VM1 VM2 VM3
virtual-machine
implementation
hardware A

(a) Nonvirtual machine (b) virtual machine

VMware (il peile :Jle

application application application application

guest operating guest operating guest operating

system system system
(free BSD) (Windows NT) (Windows XP)
virtual CPU virtual CPU virtual CPU
virtual memory virtual memory virtual memory
virtual devices virtual devices virtual devices

virtualization layer
host operating system
hardware
cPU I/O devices




£9> Juas

& g Wl 8




Loz T8 <o pt

Wduﬁ4;_SQ\dwgﬁ;ﬁy&jwum,pwuﬁ\ﬁ\é\ﬁswmuﬁ&i:@;

Process

\ input data

Syl 3L

ol Ll Jls 3 sl &Y

Lol 5 amnalS G ) S sl SO 51 gl v

ety

o33 u..&LAJ?—‘ aJJ)"JJ;“. g,ii “ Ju‘jsgia ‘6&)}?‘}# v

23512101 6oy b e

s ol s2ees 3 gldlis (gl I b oS el 51 gty v

g by ot b Sl Slas sazme 5 e on

b S gl
(Code) asb » us -

(o 5 3L s o) 4ol 5 (glaesls =Y

(Context) wb » ¢l >l Cursy =V

Main
Memory
i
Process
list .
J
Context |
Process Data
A
Program
(code)
b
Context
Process Data
8 h
Program
(code)

Processor
Registers
Processindex[___ 1 ]

] I—
e ——
—/
Other .
registers .
—

Aol 3 s — word editor S b, SO

Cglate glaosls L osdate (glaaseis Mo



L] alidl> 9O 09790 leb J@l»@o LS‘)" OJJ)‘Q)JJQ-C‘JJ)JGM)L)‘ 4
Digs anlg ol drace) o, ol 4 a8 40 Lastuin g oo 1>l 0],
0,8 et |y 0a53lo 8 g e ciliie slaon] B slas, 3l oS> il b P

Address  Main Memory Program Counter

1 5000 27 12004
0 C___sw0 . ] 2 5001 28 12005
100 3 e —— Time out
Di h 4 5003 29 100
Ispatcher 3 5004 30 101
6 5005 31 102
__________________ Time out 32 103
7 100 33 104
5000 8 101 34 105
° 102 35 5006
Process A 10 103 36 5007
11 104 37 5008
12 105 38 5009
13 8000 39 5010
8000 ¢ 14 8001 40 5011
15 8002 = s Time out
16 8003 41 100
ProcessB | I/O request 42 101
17 100 43 102
18 101 44 103
19 102 45 104
12000 20 103 46 105
21 104 47 12006
22 105 48 12007
23 12000 49 12008
Process C 24 12001 50 12009
25 12002 51 12010
26 12003 52 12011
------------------ Time out

100 = Starting address of dispatcher program

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

the dispatcher is a routine program in kernel memory space

Nlultltasklng from the CPU’s viewpoint
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Example of process and PCB location in memory

f process identification | [ numeric identifier
! control block CPU state info | + parent identifier
/ i L + user identifier
0/S ; context (PCB) control info NN
/ stack stack A
/ Y + user-visible registers
/ v | control & status
? 7 / vy | registers
/{;@’,%4 »'f' data data data |+ stack pointers, etc.
‘\ +» schedulg & state info
% | links to other proc’s
process 1 \ |+ memory privileges
A etc.
W \ program program program
process 2 code code code
\ stack

=) The PCB is the most important O/S data structure
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one process

ex: Java VM multiple threads

ex: Solaris, Mach, Windows
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multiple processes
multiple threads per process

s = instruction trace 5

uniprogramming one PrOCEs oy MS-DOS

one thread

multiprogramming ex: early UNIX
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multiple processes
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Print(A); Print(C);
Print(B); Print(D);
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PO Pi

Flag[0] =True;

Turn=1; o

Ci
Ntext SWitch,

Flag[1] =True;
Turn=0;
While(Flag[0]&&(Turn==0)) do no_op;

¢ switeh s oUan) adls (gl el

y

While(Flag[1]&&(Turn==1)) do no_op;
Gl 02l turn=0 Us JLE:L]'; a8ls sl al ae

C.S
Flag[O]=False;

C
onfen Swi tch

Gl 023 Flag[O]=false 05> OUan) 4als UL)L
C.S
Flag[1]=False;

I Bl e culox b (S5l plCon
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-Test_and_set g5 -

Boolean Test_and_set (Boolean &target)

{

Boolean rv=target;
Target=True;
Return rv:
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las False aJsl jlids LLock jaze 31 eslizad b iS Les Kalon &)y 40 Lial gt o a5 Slads] b
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While( Test_and_set(Lock)) do nothing ;

C.S

Lock= False

Remainder Section;
: SwWap ) gws -V

Void Swap(Boolean &A, &B)
{
Boolean temp=A;
A=B;
B=temp;
}
sFalse ol i LKey by Jows pie S il S oslinul ) stws cpl 5l dal g o S Loyl 3

1o opl 3 S eslinad False 4l jluis L Lock ely S xis ane S

PO :

-

Key=true;
Repeat
Swap(Lock, Key)

Until Key=False;

P1:

Key=true;
Repeat
Swap(Lock, Key)

Until Key=False;

C.S;

Lock=False

Lock=False

Remainder Section; Remainder Section;
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(Semaphore) ;gélow

sl o 2w oG Signal 5 Wait

signal(S) wait(Semaphore S)
{
S++;} while S<=0
; /Ino operation
S--}

:xﬁwﬁﬂﬁwaps«{u)}éw
Mbw)i&ﬁu\;\ﬂywwijw
ASbaals Y b Jolee bads Wl e e 1 b

Binary semaphore < mutex

signal

ro :

p Y signal

\ -7 -

'k
N
9@
[ ]
]
]
]
]
]
-
]
]
.
value = 1 (“off") value =0 (“on") value =0 value =0 value =0
no queue no queue 1in queue 2 in queue 3 in queue
S~o A TN~ TN A NN
wait wait wait wait
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PO pl
Wait(Mutex) Wait( Mutex)
C.S C.S
Signal(Mutex) Signal(Mutex)

eSS
"stdw CJ‘)V 6‘4.5.3}&@&}3 U‘i‘ bj)bmebﬁﬁ%u @}Signal jWait
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S eslaiul 5y Syge 4 Olg e e 4yl Hlads L SYNC (=U¢5L§)j.éw

PO P1
100: MOV Wait(Sync)
Signal(Sync) 173: ADD

S,ls 6oLy Gl Hgtlew a4 ad gl A5 lhke AT

Sy po i sl 3 15 Signal s Wait olles 015 s (Busy waiting) J i 5l 2o sl

S o S 2,855 S Soge ) pslen S8l gl s s 25

Typedef struct {
Int Value;

Stuct process *L;
} semaphore;
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Wait(s) \ signal (s) \
S.Value --; S.Value ++:
If(S.Value<0) If(S.Value<0)
{ {
Add this process to S.L; Remove a process P from S.L;
Block the process; Wake-up (P)  (sall 4 il Js 3))
} }
s255€ | jal
signal
BLOCKED

2348 sl s ) (S signal slos b
g e salal le“A‘LI g slua.m‘gu.ﬂ
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Sofa :n
chair :1
ready :0
finished :0

leave-chair :0

(Costumer)

enter Barber-shop;

wait(sofa);

Sit on sofa;
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wait(chair); > 55 Chair=0

Get up from sofa; L sgd e kb sOfacis I g xie
Signal(sofa); Syi 0 dlslsofa J gl o S
Sit in chair; Al e Chair Jis g5 p s i
Signal (ready); ol 3Ll (g e
Wait(finished); el ok pled (5 ke LIS
Leave chair; LS e Sy s 5 e

Signal(leave-chair);

(Barber)

wait(ready); s o3lel sl b= s S =
cut hair; S o oS 1 (g ke slase Jlele
signal(finished); el plad (g e S
wait(leave-chair); 2 gl oslkel (g ke
signal( chair); el (G e i pdo eslel 5 el Jt ol Jl- s Jds
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J=B Laargy b il 5l st 5 dies oolind 6 5 pile Jotls slaty s o b3l By Ln pine

Procedure
, i (O
X | | s i ()

\ Variables
laas' o> jlide

o © © © © ©

Monitor monitor-name

{
{I} shared variables and declarations;

procedure P1(...){... }

®< procedure P2(...){ }
\_ procedure Pn (...){ }

{:E:} Initialization code{ ... }

}
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ssle b oS G eme — oS U g alies | 1l

Monitor Producer-Consumer

{

’
condition full,empty;

@ < int count;

’ Procedure enter() {
if(count==N) wait(full);
put_item(widget);
count++;

if(count==1) signal(empty);

Procedure remove() {
if(count==0) wait (empty);
remove_item(widget)

count--;

\ if(count==N-1) signal(full)
}

@ count=0;

}
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Producer()ocs aJ s Al 3 Consumer() oS G juze Ayl b

{ {
while(true) while(true)
{ {
make-item (widget) Producer-Consumer.remove();
Producer-Consumer.enter(); consume-item;
} }
} }
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Finish = {False}; Work = Available;
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st el e Sl e S

Finish [i] = True; Work = Work + Allocation;; Y
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n=5  PO,P1,P2, P3,P4

Ar bl

A, B, C~ B:raslo

C: 6V

MAX - Allocation =

Process  Allocation MAX

ABC ABC

p0 010 753
pl 200 322
p2 302 902
p3 211 222
p4 002 433

Total Alloc: 725

la,1uSL V:i,,in 3 Jke

Available Need
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Work = Available = [3 3, 2]

Finish = { F,F,F,F,F |
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P, Work = [5 , 3, 2] Finish ={ F,T,F,F,F }
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P, Work= [ 7,4,5] Finish={FT,FT,T}
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Po Work= | 7,5,5] Finish={T,T,FT,T}

Od (ALAS

P, EEmm)Work= [10,5,7 | Finish={T,T,T,T,T |

.V.U\sjljéd.a\ ;JL>-,.>{P1,P3,P4,P0,P2] W"O“%ﬁéi’ﬁﬁ)ﬁg\dﬁ‘@

Alternate safe sequence: <P1, P3, P4, P2, PO> Solution is not unique:

L LTl axls 1 € e 5l asad 53 5 A e 51805 @500 S Sl 3 P13 008 55 Jl>
?ﬂé-lim;sw\yw\}ﬁ-ﬁ
Request 1= [1,0,2 ) AvaiIabIe=[2,3,0]

1) Request 1< Need1 oSS Lol 5L 5l ziw M
2) Request 1 < Available o> S Lol s 50 e 51 22y M

sNeed ; Allocation la w5l s 5i s o3ls olantl ol 3 ol @ 5L s, Bl oS o 25 (3

L g, ws L Available i

ABC_
Po|O 10
P13 0 2

Allocation=P,|3 0 2
P32 11
P, [0 O 2

A



P1
Ps3
Ps
Po
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http://fa.wikipedia.org/wiki/%D8%B5%D9%81%D8%AD%D9%87_(%D8%B1%D8%A7%DB%8C%D8%A7%D9%86%D9%87)
http://fa.wikipedia.org/wiki/%D9%81%D8%B1%D8%A7%DB%8C%D9%86%D8%AF_(%D8%B1%D8%A7%DB%8C%D8%A7%D9%86%D9%87)
http://fa.wikipedia.org/wiki/%D8%AD%D8%A7%D9%81%D8%B8%D9%87_%D8%B1%D8%A7%DB%8C%D8%A7%D9%86%D9%87
http://fa.wikipedia.org/w/index.php?title=%D9%86%D9%82%D8%B5_%D8%B5%D9%81%D8%AD%D9%87&action=edit&redlink=1&preload=%D8%A7%D9%84%DA%AF%D9%88:%D8%A7%DB%8C%D8%AC%D8%A7%D8%AF+%D9%85%D9%82%D8%A7%D9%84%D9%87/%D8%A7%D8%B3%D8%AA%D8%AE%D9%88%D8%A7%D9%86%E2%80%8C%D8%A8%D9%86%D8%AF%DB%8C&editintro=%D8%A7%D9%84%DA%AF%D9%88:%D8%A7%DB%8C%D8%AC%D8%A7%D8%AF+%D9%85%D9%82%D8%A7%D9%84%D9%87/%D8%A7%D8%AF%DB%8C%D8%AA%E2%80%8C%D9%86%D9%88%D8%AA%DB%8C%D8%B3&summary=%D8%A7%DB%8C%D8%AC%D8%A7%D8%AF+%DB%8C%DA%A9+%D9%85%D9%82%D8%A7%D9%84%D9%87+%D9%86%D9%88+%D8%A7%D8%B2+%D8%B7%D8%B1%DB%8C%D9%82+%D8%A7%DB%8C%D8%AC%D8%A7%D8%AF%DA%AF%D8%B1&nosummary=&prefix=&minor=&create=%D8%AF%D8%B1%D8%B3%D8%AA+%DA%A9%D8%B1%D8%AF%D9%86+%D9%85%D9%82%D8%A7%D9%84%D9%87+%D8%AC%D8%AF%DB%8C%D8%AF&withJS=MediaWiki:Intro-Welcome-NewUsers.js
http://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D8%AF%D8%A7%D8%B2%D9%86%D8%AF%D9%87
http://fa.wikipedia.org/w/index.php?title=%DA%A9%D9%88%D9%81%D8%AA%DA%AF%DB%8C_(%D8%B9%D9%84%D9%88%D9%85_%D8%B1%D8%A7%DB%8C%D8%A7%D9%86%D9%87)&action=edit&redlink=1&preload=%D8%A7%D9%84%DA%AF%D9%88:%D8%A7%DB%8C%D8%AC%D8%A7%D8%AF+%D9%85%D9%82%D8%A7%D9%84%D9%87/%D8%A7%D8%B3%D8%AA%D8%AE%D9%88%D8%A7%D9%86%E2%80%8C%D8%A8%D9%86%D8%AF%DB%8C&editintro=%D8%A7%D9%84%DA%AF%D9%88:%D8%A7%DB%8C%D8%AC%D8%A7%D8%AF+%D9%85%D9%82%D8%A7%D9%84%D9%87/%D8%A7%D8%AF%DB%8C%D8%AA%E2%80%8C%D9%86%D9%88%D8%AA%DB%8C%D8%B3&summary=%D8%A7%DB%8C%D8%AC%D8%A7%D8%AF+%DB%8C%DA%A9+%D9%85%D9%82%D8%A7%D9%84%D9%87+%D9%86%D9%88+%D8%A7%D8%B2+%D8%B7%D8%B1%DB%8C%D9%82+%D8%A7%DB%8C%D8%AC%D8%A7%D8%AF%DA%AF%D8%B1&nosummary=&prefix=&minor=&create=%D8%AF%D8%B1%D8%B3%D8%AA+%DA%A9%D8%B1%D8%AF%D9%86+%D9%85%D9%82%D8%A7%D9%84%D9%87+%D8%AC%D8%AF%DB%8C%D8%AF&withJS=MediaWiki:Intro-Welcome-NewUsers.js
http://fa.wikipedia.org/wiki/%D8%B5%D9%81%D8%AD%D9%87%E2%80%8C%D8%A8%D9%86%D8%AF%DB%8C
http://fa.wikipedia.org/wiki/%D8%B5%D9%81%D8%AD%D9%87%E2%80%8C%D8%A8%D9%86%D8%AF%DB%8C
http://fa.wikipedia.org/wiki/%D8%B5%D9%81%D8%AD%D9%87%E2%80%8C%D8%A8%D9%86%D8%AF%DB%8C
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2. Disk rotation until the desired
sector arrives under the head:

3. Disk rotation until sector Rotational latency (0-10s ms)

has passed under the head:

Data transfer time (<1 ms) 1. Head movement
from current position
to desired cylinder:

g, Seek time (0-10sms)
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G d wolo) S i 59!
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Sls rl;;.?\ s Olay 05 S wgs

@J..;)J) LEL ) s 4 Ky G s > 45 g0 sl os slasld oslad uis 5 8 (Jta

Aol o s gla &S > IS sl sl oY Ll (g, LS

Queue: 98, 183, 37, 122, 14, 124, 65, 67

\AR



0 14 37 536567 98 122124 183 199
| |
|

Total head movements= 45+85+146+85+108+110+59+2=640
(somtmr Ol 0 5 0l oS Il o, 5)1) SSTF

S sl dﬁg.:ﬁd‘»nb c.,.:l.i SrS 3O bl i 5 3 5m g0 slacl s s 4 e, el 5o

AL S5 s S s g e edls e Sulgt s 4 OS> s s

0 14 37 536567 98 122124 183 199
I [
I

Total head movements= 12+2+30+23+84+24+2+59=236

:SCAN K3 sbisle; 025,801

\Yo



25 A8 S Ko el e b S Sl 51 e S s () SCAN 555

OO o | [P PP NS SUPD JUMP PR L S WP RN 1 WP TR ¢

Sl 55 ) e S g8 S b e (b O s odle s cnl g oo

S =l 03 AeS e e Ol G peslal ASle S |z Ll G jme 1 sedlad 02, S 4 SCAN
53 S (s o3l g e by e Sl s ol L e Gl oS e o a2l s S
o=l Al 2,8 s enls g et cah) Ss LSl 4 e B S o sl (L sty il
o Lol e OF (sl s S5 5l a0 Sl e abolBDl oS LS &S ol OT iy ol Kt

Bl o (3aaS 4 S gl

queue = 98, 183, 37, 122, 14, 124, 65, 67
head starts at 53

0 14 37 536567 98 122124 183 199
| |
|

: C-SCAN il v—%’)jﬁ‘

e Ol L8 Sy Cand iy ool ol 55 > 5o L Circular Scan _aises C-SCAN
oJJ.jC,S}P- CJBMJ?‘Q)‘WW&S{'JJMSCAN .«\.«JLAC'SCAN ui:})).) .))}T& ""’.’.""’.’. ‘)LSJLQS
Jﬂgbgﬂ%_gu)&_.ﬁ;dL@:J\g&g@gj..xm&wjﬁqu});fwg;?Mﬁj

.J\Abw}(aled‘&Abw‘)ﬂ@hc@ﬂ%ﬁ&ﬁd‘ib‘jbsﬁ&ﬁ&m&b

AR



0 14 37 536567 98 122124 183 199
[— | L1l | LI [
| |

|

er; &""'i" 6‘,\:;\ )\ gLSJ;— LA‘JH L@;T e LY J\.J:L:L;d C'SCAN 9 SCANLSLA L);}) Lge.)w:b Cw\ ui’ﬁJ U‘i‘

C-LOOK sy (sile v—%’)jﬁ‘

H}@\fﬁ@ﬁiwautj; el 53 ol 51 el b s aslsl s e p ST 535 e

PR
queue = 98, 183, 37, 122, 14, 124, 65, 67
head starts at 53

0 14 37 536567 98 122124 183 199
I
I

N

\YV



<+— Request sequence
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<— Disk address range
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FIFO
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