





+ {Qunniﬂ_'g LY

——

r’.‘l \.\\J:‘f'
alo ov @venk Compla tron

% Y
P
—

S

taslk Conbol flock . St Contaxns
informateons ke
* Droceas State:. Tlea stace

'reacgu SI’::JJr-Jur'myJr wm'tc:?} Z

50 op -



inelndes a, process .

Aehe d.n(nj @ ety @ )

f‘dtdmf#rj

;'thm PM

En?a fat y-’ ters
Pt 6’5 \GP*-’ and ryeal

/Clﬂ'uff fu{munf namﬁzzs, Jﬁ‘ I;“: =
numbers. </

i ey s
S z/o







po utlizake. Tha
s ¢o Switch Hw- cpo

T‘A.o. UsSers can ;ntzraei-- '
while rann ing. yale unn'mﬂhbf
PEM Y ore Proeﬁ !
wll  woit until the c¢Po b P



the pmrﬂé‘% [ Scheduling  guewe s reprecentod
mffz? o rzcd‘az’?ut’ar Box - (oveles wepresent
the resourcer anrnd

anows  represent the
f(fow ﬂ/ process /v e WIILE:- .\ AS P

of Fueur s thare L) yBel SRY SR
Q) Jet & dence guen



)

&£ g+ can




b) Schedulers 75

M‘“ﬂ ProcesSseosdats 5@0&;{@& rma

ﬁfaraj,a doveor (dyst) so  that i‘x n be
(atey . Buth pPIoess.», are f\ﬂefj and
into  the. memory  foy e:éfv.cifjfan &y a _
i_ihagiﬂujgr_ or  job Schedulos “The. shore ﬁ?
Schaobrley oy the cpo 5cﬁ.a_c£ul.¢r solocts
processes  that awe mad(nj to expeute a
ave. allocated m' gAg_ cpv- The a&ﬁ/eren@___%ﬁ.
botweor  these | _ﬁ/cp_ddfar_ﬁ R the
jregwy 7t ﬁéu /axz.e.uﬁmn - Bhort Tarm Sthedily
exocster Geute é{ an the g{ﬁuﬁand the. (of?
term Schodulr u,gxrzc_ut& less< %rg_f&mlg This
(@ﬂg teym .:’:c:ﬁacﬁifnr Conbols  the a(%re_q. € mutkd
C?mmm?jm e thes d"j”& (5 Stabb ten
-f;fﬂ, avara?,a_ yate 5B }pnpm_é' éreatiod meest fde-
egun.f- 7o the. J?VEraf,L dgpamra nate. fMbost &
. proceLs O desercbed  orthey an 3/.5 Bound oY
cPo—bourd- A G/o_ foerd procss /pemﬂ rmore..
tiree. a.‘ngy ff/a than dgjm/oufﬂ.ﬁm Ar cPO- Gmnaﬁ

/Dmce_eg ymaw SGho 5pando rmore. ttme
on  Computafor than dle  boud process




M?_{iium tevym Schoduler yemoves

o ——— ——

and educgs  the CiDﬁTEQ. L

juﬂj:,cl‘{,j e T peceas Rove the s _
Yeinhoducd  jpto memon  qpd  its e_.ﬂ"ﬁ

Continued,  Afrom e point L _lafe ’?9’

(6. pevgormed by the N f-e_-rm

and impworos the. pPwcess muz - Q\7

¢) Context Sw a‘t-c_.t; '\/ .
(ontext é'—”‘*f‘:hfﬁ s a2 \;Jé:m-g 5L %

the ¢pv to another me Z}) ‘5'““’:7 6—%&#

9/ the  old procees anol ﬂru f,oaabj

“\x,

Saverl  State 4 a n@m - proces ’ The Cbm&:{—
. “x

5 the procens f/} %Dmeqfea/ irn fﬁe. PL‘P
te
which mm,\_g}\bz & the c(pv Topisters

procers  State E%s} 27, | : 5
Contextt g0 ?Jmmtu verhoad e aras
fuj’k( dcz;&ndemf onr Aardware, juﬁpc,,f Cd?f e

e -

Switch fncfudﬂa (/‘;g?dg; the poentess 1’&: z%e..
Current 7:2(‘7(:55'2? Dot




The Creattrz? procons 2 Callod. Jparmt P?D

and the now proceas crczqh?aft)‘a Bl 't]m'_
5{ (%Q /)?ﬂm r_ﬁ-lj P ﬂ'}ﬂﬂ?ﬂ %an be. ,:_g,p

e D d“ﬂﬂwﬁs}’ r£r5 tasé 'E"’EZ}’ 5 g
gl s
resowusces ﬁpm *:.,;; g

&/vemb? 5 é/df em\_&/ the parent m}/ pﬂ'fﬁé’bn
PrS ye Sous o ?@/ he helalrer - &J/w_n a_}:m
/5 creatod f{m

will be abl to géf{yn

Fa’renf /;m:m ‘pax..s'g.,e fyafn oo

" resourcer pnol. rn/trabzatrorn
(’AJ(d’ procens-  For examplo Il the
process ;Ermfo" d.lg,o(fy the Statuws € ate'n’
or the. Swecrn s a tevminad | ;¢ gers /12 fenmcttioy

from o parent pweene (rle. )) name &6 the_
'fz:o,)-” - 2) Jata 0 exocute ﬁ{m/& 3)

aud also  7he  sfp  devee ohwe it han 1o
desp oy - i



tts  childven
Fhove. are also tweo
o8 the. addwees Space
D The cheld  procons




leymenabeon

e e w(? (e ,fna.i' éhf&m&ﬂﬁ o ,
the  opevating System (o c&!&fate.
u&rﬂ? = 56/36207 % C‘M ’Ibum?

b) oceoss T

A Pméé.;;s

the dato. = e ve bturreol fo 16.5"’

yta a sgstem catl %f»_ AL ¢ s -
Yeseourcer? - 5€  the procers  ave: s atliw
£>J the. cjpeva{r.‘nj 5y;;éem, Ci\\/

4

S imi llax! a "D cent ﬁan . f—armmé&,

R &

Procer w.“aA chgéem ch‘;t %
can be Jpexfor mod G‘nﬁ; =

can afréttra,'nj bl r bract th
the pavent peod fo L( t%a- fc:{tzpﬁf/ 7z
Chuldren. So fué.en o [, e [ treoated 7542 f it
Z /mJJecx’ 70 ’%E\ /299’2;7& ' %
A  pavent can Eéwmrrxz&e jts  childven wa J
YaxToup r&a—soﬂ..{ = Ji}-‘f-.'_"

;7/ ‘Z‘;&a._ C:Al fql' has exceecto! ;¢s oF

Some,, 'ﬁi’ the resouswsr  thor o MZ

—# '7ﬁ2 éﬂc’L ¢ o (Dy@x res srvesy

> Ca,,gcgaaj bovy mi/natton /% /DE%rma’_}f
—/%a 0/4‘?:20214‘7 Sster- Pasert ¢s exesh,
ard the 03 doez N0t qllows a cheld (o ‘7
Corfihie. r;/ s parepnt ferminales. *:»77/ <

/Parepnt JProcess re :rmquw 7%20 all it= d/z'/ﬁ'a:)
JUEEF P/ ey A esim o5 7




s

e

g""?{””"‘f?f ess  CommunileaTion. - .@ 1P "
Fhiz 7] Pevfﬂrmad to  achivesa
chmﬂ@‘? v Commurd eqée. m,#) cach af_ﬁg‘.-‘ L3

ffuu'l acttons coithoett .55-11’??73 the. Samae.
gpace - example ¢ a chat vom

e

a?_ruie.ﬁaﬁag,e _ Pasﬂm

Fhis allows procecs  €o
cach other  codhout e fecdl | | )
data - Thes Leyyice ope.mfmc g ccta. tho M@ __
Communicabon I3 Per,forn:gq 6y pmsfﬁ dﬁ
messages. ghge Pewgfarm:#“% QPETQ"’DM

aD Lenol Cme.ssd?,e) \\

§ = |

15) 3"42 ceive. ijz.g;agg)*\ \J 3
”Fﬁ.n_‘j ma&saj,& cz;m:a \ '-fég, e ither rxed ov yavable
é;ga; Frrod Size. méﬁfbﬁm Can be serd 6Y #ho

),

ngfzm Mevel fm/?&méﬁfﬂﬁﬂﬂ whoreas Yawaé(a Size.
e~ ot cormplex lovel ;m/p&meafaom
HBevyexal mothods o4 (odqtc_q,(' 'mp(amenﬁ? = ,@‘n&.and_
the. Serd] v QCQQE\/ operatons are % i
%@Wﬂcf or Iindivett  commwni cabod

* G}’WWEWL or .«::J.:gfmmdﬁc:, Lorrmunt oD
«  Lutomabre, or egﬂ./fc'-zi“ 6% y

* Send. 6(_9 lopy OF Send b('j req/erm
% Fixod - Sized or ~vawable - Sized nps




with &xacfél #too
exesfs fetween =

”)_ Undeve e (20

e e

[

o

. Léa
a  procex i

- mailboxes () ewo procens<es can  comm

PRND. 2 il bews T

. o e

% Send (A, me‘ssd?_) | %-:?-r_ ; b

=

k e
Hapare

4 Recorve (Aimessag)

A message i» Serd fom do mailbox A
ypeuve. @ Mmessge from & mxfd‘b%ﬁ



The. communiaaton Cenk z
* £ Oente &4 e stableshed g ¥ ”

prcwses  H both Mave. a éhama'
* A Xnk may Ge a.ssne,catedf?-
than tuo  pocesses. g e
% A rumber & different A L ¥ T
ot por 5 Communseain e

eath ik CDWM/DQW to

Djﬁ-@ﬂ{'fw. P70 cens {-edf

94 tha mm@on%@%’

ff%ﬂﬁ rt Cftzﬁgéﬂ_)

¥ a‘@w rmadbox
f@/a’ and.
% mailbox

+ Delete. a mailbox
G ghep et

/bfz;gga?:_ paesing between processes
by erthor 64:::&.«*::2 or  rwnblocding 7z Swdab

< I?C{/J?B Brd. i aAE zﬂaﬁ) Wwneeds .

T gl




1 —

L

e o T e
s receeved fy the sece: C? pivcess

X~ N\Non Bloe tu Send

available .
* fonbeduny recos

The

Yececver

* UnBoundeol Copacity’ The. ouoce jog

,:’/174??#62 _fa.nyﬁﬁ » and can  hold any ﬂm&d’




i

s /P addvess concatenated
S0Clets user a Cleent 5&%@.’%‘7}‘?

m
Kemore Peocevore  Chives

-

Temote dg.sfwn ' ;sﬁ'ﬁ 6'5‘ e

,/ wehon and \@ parameters 4o 5:—'.
Junctron __N-‘Q\\j then exccuted - ard ‘/%'f‘?:Jr R
Sendl 60?/‘@/ o the reguester  jna .::-’r;be;&ﬁ'
message -

A port js r_ﬁfm,?_(y a pumbesr Ircluded at 3
o Start 68 a message. packet . g/ ap
Pmrzm needd a Sew 'rrdz t addregs IR s :
to the  proper= portt &] i/ Rpe ateaduiply
port 3037, thon 4he  RPC message rsSend G




RPc allows a

on a vemote host apd i

the hewssary  olotar(s

&
Sepevate.  Seut gres e:ﬁ""

03’#.0_» the cleent involen a _
RRC. 53:5&9: calls +the appropiat
the. paramaters P)o'\ﬂ;dq_d fb
(TAC.fa Stud ,epmt& ﬁt‘e’

rardolle e parametecs

1nyolven chka.gnﬁ ﬁz% fov=
' =

rnaa be. b’ara'nut.{-ed o E._ = 10 tework .

PQ‘“‘? A rother ._.53\5\ B PE de&éﬁ s —
"'f'ﬁw me,gr\?a. m af‘-

J
-gn chi!ﬂ' {_'D M

"Pdeper d‘l”f \'a)'epna.s entatios

On the cliont Side. 4hy Paramoter _
Comeres M date ot XpE o up, e S
Zervers . 5’;;,,;&; 79 on Hh 01%2:’ _ ..S'fcfﬂ. 7%1 'XE'E— u: "‘h;
dat a wunmarshalleA  gpod o
machtng. Aeperndert represent abon rﬁ’ e




One €® the Iimportant [ss5ue fjﬂ
Al s RRC 0N 7/:1:'5 R
:'t;c.]xg gxii:e:i more than o©rce oduwe to
netwoerk enors- Tha opemtcrg 53#@?‘!1‘
carbhy tha  MosSapes that wan acted
once - Jo avwid duplicater +ha
63 affacﬁ!‘rg a_ timeslamp and  the -

me:asagc_ {Aa_,t‘ };a-re_ a_ ftmejta@

}11‘3"‘0’3 ' | N 4 |
DArother  issus 15 cthe _Cormuri catron L%

a Sevvews anrd_ (=} dﬁfantp : ﬁﬁr@ﬂg Some. rocond ; -l-ﬁ.ﬂ...
Pvcedu-re. Calls pame é\\\fgﬁfdm& 9 pa mfy

Teco pmm,:é:&\:‘} bindrn 2] ‘Pwpf‘am@:ﬂ 'ﬁamm
the. oroecsts ab-// jewttf - Fist the. 6Fnab‘g f,é&qmﬁbo

7 Pre.d@.ézrnuh&tf/_ j’r'r"fo Q f}ﬂﬂ( pPor€  acldregses
j:}u_,a,tr? Coppiladr™ the RPo catl has a fixed por€
neembey c:'h?d opce The mm{p’(am P=. avey LA
Sevver canmat @ﬁ"’g‘l— +ha pore rambey 56 tha Servin.
Second, 2 .5.,-».::’,57 o performed by a. rede:vow
(maiMéeI) on a ﬁmci Rpe. porte A clie
onds a- message to the yendezyows roo wesfny
Hhe. por'{-mé&f addvess 56 the. RPc to be
executed. The. port number |z returnad anal Tre ’
Calls mMmay 'be <ent Ao that port wnpl tho pre




by Hhe DFE daemon aa

Cleent E dﬂ_.g -:" ,: ._ _. "

e
nser Calls [cewnel

to send. Rec
to procduwre X

[haret sends |~
'maﬂ%ﬁi
matchmaley to
7(,,:,;@{ port numbes

e i

] keynel places
povc P Inuser
Rpc. rnessa?a

il

-_’cn_nﬂﬂ.lzf o
| 7 S

[ Kexnel recoives

Te_pbg I PQSSE-&IE i

fo. - Uneraasa




ETOHD
Remote M

M)
RMI  allsws &
a mem' remote de_g,tv _
a diffexent java  viveuad mm;u-m‘fc*-.-
Qﬁ]@ct& ave. copsidured to be. ryemo

RpPc Sapports  pw ngmmmﬂj vﬂm my
Temote. ,Wocea{ufx ; ' /ans(fm: are called . R"E
s an object @ec{ pvt?rammf.y' s O
It Sapports I@Jcm s m;mém‘b on remote
aéiecﬁ- 47 | @ the. pa'rah‘m{'er: ko demmole
procedu r@:??;&_ ord:‘navé{ data Stuctures Lﬂ'ﬁ.ﬂ_.mao
pini altsss o pass objects as poramtess o
vemote. rmthocls

Do rrake the remote /reethods ﬁ'aﬂ.j/ﬂfiu@)f.

to both o clest anrd Server, Pmi ".'
tL1 e 5 Afubs and S leelotbn s A0 oo ﬁfc;gi.



p Sub n o puozy  Jor e
it rescdler ip Hhe clent. W
a remote method , the  shié ,
(o called . This  Sfub Crentes  Pay RY-
Levvey and the.  prar Shalled dr.-j"--;'-

Hends thes  pargod Ao the .---' a
2 ke leton .foar the. yemote. ij, , Ye ceves 4
The JSlkebbon aaya}g\fgh G,ér

—ﬂ;_g Pm'ameter_:s. '?F;Lz. dﬁe@@ajgfm m::f.j".’:’“""'_ :

»,

vetwn valus and  Serdsido Whe Client Sl
The s4ub gt ) § @nﬁ —
passes e }?eﬁ@m i ﬁ

val: seyvey. me R ==

I L] f
\ !

boolean veturn valuwen

Hevre the (lieat Inrvowss a procers  called Meﬁm’t‘ﬂg)
The “stibicr ph clibw SHlE ool o parcel ans(

morghells the  pavameters apd pfasses #o e Sevve,
5&:&'—?{@, ﬁfmfeéan or the. Yecertver =1cle. . ;

A ceepts tha pPavcel, Unmarshls a el exdceter
e snethod. e “ha. Parame ter< X and ¢ -

-




The. O wlpat Value 5 r 2
 leent Srala~ éc?/ ﬁu,a[_* 'Tiﬂ-
and  ymisser Ahe return yalue 0
Thus Ao fevel o& Stubs and st
racte. transrarent - The, "Eanets 3

ﬁrﬂﬁ beloe:-
e :.f tho. ma':r,s)'-:qaecf pa*r

or nen arg_rﬂﬂf_‘?_. ; JELE; 'fﬁﬁj 6’}7\

Copy gy e techrigewe.  fo b _%_
Sexalizatcors . Zf the /&7?’%0;%
6 o ﬂ_ﬂ Al
objects ‘ﬁ% ‘<‘l‘( % Cy o 7
*“Lf Yo ann.f‘. -QM -Are € G&LPQJS&:{
as Paz ametes s fﬂ’\gﬁﬁf& QJEQE: "f'fu?ﬁ tan

Le implemantac Uﬁ?‘g‘\ﬁ\_jﬂ‘m Lo. servalerzqels. Off ect
Sewcalizqtc
2atcon ﬂfﬁg\lﬁ \’Hi'i State g 4 Dé}tc.t tobe

wrtten o o ﬁﬁ‘\ﬁ\?-—f#ﬂﬂm

THREADS _ - N |

C \;

et
‘Tﬁnzcmﬁ C= 5 A bt ;
T e e e
St a ﬂ"‘ﬁz}at{: enre (74 c PU

This f‘m:é;} |
eq " f‘fﬂ'@aﬂl II"/ ,onﬁ:ram counter , a

NS
Qg;‘sfer et and a Stact. F¢ ‘5551.-124 (s Coclg
Secton , olata secttvn gpy Otho >

resour@s such an open -ﬁ@') arnd S




A ;’Lﬂ_ava cuex‘avi‘)t or  {radittenal pwcess,
{-;)read Eﬁ C.Dﬂhb'{*

f the. process has
threads then

7 E Sy Pgr,/gym more. f‘Aﬂﬂ S
tasle at a time.

(o) (Bt {filed

thesg 5

B

. ]

5:'113&. rmfeﬂd

Pry Single {Amd}a{ ,zprz::ce_-s.:s coill be able to

Sexy rice gny a)ze. c:&e/rf.‘ Qt  a ey '7755- L

warten 7Qr ary reguexst o be sevvicad
j;f’ ¢ Me {ﬁ '_d‘r

(mplements  applicatton an

a seperalte. ;Dmczas ‘with  seveval {hreads 6§

bontol- A jweb browser muht Mplay  images

using @ Ahread « ard db the

Same lome another
thread

data o the networé.

Fetfreiyes




ﬁeﬁﬁﬁ?’ﬁ_ 58 (/Lc?_ ma‘{_{-‘cqférzad

are

.v;' f?e,g /Da‘."}!'?_;ﬁ rve.ne.ss

"_krr.ﬁ czc‘('oaus s ng”ﬂm o

Yerpni

even if a paress iéo bloched|
NS

2) f\_jexcufﬁe Shayen "\:7/ : ;
JT}IT,\/;%QTE Z F:\\\Tﬁ-zammy and—c’/&
yefouvrces 4 f/w. pProcess (o whreh

%Aerj Sefory.
2) Ecmnomy

W Wdizaton & mutcproeensor _archetectures

e X tﬁrﬂjﬂﬂ- fﬁré:ada:( %ppde.z.s' canr
Yy or mze.!_ Z‘fu w-:'w_w:'_ an mu.méér%

Yans ool Q- mealtt — oy macking  4h,s
PN
[Ptreads f':'?f c,.-:.wc L ﬂ’tzndj

Usgey and fce'rnel. (_Ar
e e T e

Ueer Ty St 15 Supporeal gt o

and  are implemented 6C7 a  threaol Q&ray at
the. usey level - Thes Supports  thread Creaton,

jcﬁedu&rfy anda Narn meent e th Po Jdﬁgp&n‘
f/mm the leernol . (leer (ovel f'/;reacio Qre

gﬂ’-ﬂﬂmg ,./cuf 0 <(veate and manag.e.




Y kewnet Threads
¢ rt
:::a:’a“‘nj i- o
kwn;a?? mgsbzm-
- qfﬁmadc: z

f;,: =

e ‘)';#'I'.
o .. g

.'-'

P



?:‘r'gura_- Marﬂ to one Modol. Cid e
b) Drne to One MModel e ,‘ : :
Wcﬂ;—'—" model  maps ecach uwser thy

‘o a &ETI’E-{ %I’?.zad » T{Gf’j P?Z?Hde.! ﬁ'?DI"‘E.

Conmrre:;z:j‘ thon the  roan.
4 g aﬂawr‘nj

to  ore modet
Arother z‘/;r s wém
a thread matee ea

a élo Cé(?é?? ;53.;2‘2.«7;- call~ Thes
ode(

allows  matdcile fheadss e T paralle
on  maltigipassors The daawslGais i thes b

that - (rea t‘c7 a user thread YCouure) G | Creabo:n
st Conﬂpmdﬂg; lecrret  4hread. Greation 66 th lecmd

TAJ" QQG’ 6u r d ens féz P&%rmapdﬂ éﬁ an C%p/aé cabon.
COIgdBUS M) o e o ) 08/

he  one—b - Ore. 1podel -

11 ple ment




perferms a bloctung. Syster, bty
&A&dq&z. Qﬂﬂfﬁel "l%read i 3
'!Ri_:_g

1 HP-ux, and Ty,



PRDCE._ﬁ_ﬁ 51/NC!-FRHWZ.ATFOM-'—

S S . e

. twhen a process  (o-opezates am&?i’{-ﬂ’- ' :
thes can affeq  pr pe atfected 6(y pthor protesse
The 2y may afrreefﬁ Share QIO?'CQQ addrees Space 1
o7 Shave data ﬂmc?j: Zhom . Mcf\éﬁf‘z”"—‘ access
bo Shared data iy rﬁmcamm iptetr =ity

7

b

Ineonsis fency : -,
D (Runen, Seetion Prostemf
Fach process  pas a '.d‘.’fm‘?’-’f 58 code Called

Cxcbteal Sectcon v o c.ufl:'fcf/ﬁ He. proess  rmay

be. :Aaf?fﬁy cormmon yanables uﬁﬂfﬂﬁf? a tastl,
w”'ff??j a fibe etc . @Qhen bne proces éﬁxém’?
fn its (vitccal Set&on, per pp other process

js allowed o ,execute I its  ryricent Section.

The. 20 cetion _dz,‘ Crtcecal  sectron 8y the.
proce 55 ’5  mu fuary ezclesive (n time

Fach Proce.os yeo wves a Pe:rmfs:rbn (o ety
Fs Crteealy’ section ” STA N .
Implmenting  this reguest s the enty Sectan .

The Coitical  Secton  is ollowed by an exit
ysd Seckon. Ghe. Vet 0y - Cocln, 15 (e

Yemamde»  Seckon.




*5“1775@ (atteccal  Sectcon
{—};y@g, 'nzgm‘ramenés-_-;k_'




A Solutern /5 presented 'ﬁ'
preséem o the. Jwo pweess  Lolu

'T‘O P}rfﬂjjm are. nm&gw .l
Wan Noprosemtop Po,and ) e Tegretieas
d#f"ﬂf pmr‘s wiﬂlﬂ J & =it ':_1 J .
Afaan’i‘hm'fi ' e b
The. ,/;mf approach uses
inittalized an & or |-
{hen process Py
Crtccal  secedion. : - | s 1 1
fhe (rtreal Secton @ g e #r i

Po (= (n

Yemaender Secttor
}w‘u‘{a(o;
Ohueture 06§ the Process P




/}fgcﬂ fﬁm; J‘_/-' -

The Pwé&m Cn the abeve
(¢ dboeo hot retaen th 3 %4‘&1219{-
about th Sat ¢ each PrOCRAS - T he. 'ﬁ-_“".
(¢ Sforer b

| ¥
th (nbkeecal Seckon: g perm 'f?uﬁ

the. varable s veplaced a,«:;“’

booloan /caj CLJ.Q e .

rﬁ_ﬁﬂ. valus. o6 - f}kzl a@ Fsas nf&‘vb'z.ed s

Sfalse  and  if He vb?,‘uo & 7[’?&; i bres
(t ordecates that /j{ if Té’ﬂcgz +o enter the.
(vitccal  Secfion . Ploceks P Sets  the f(ag.(_’rj
bo be free, 5’6?"wy that 2 3 ready &
enter jés (xitical (Seckon. Pr checks & vewfy
that process 3_9/ :;:;ﬁf not also ypady (o enter ¢ts

Critccal Sectton. G.f EEEes nzaafy, then P, would

eoart  cepéc fjﬁ bhad.

Fore o coputd
O Erce‘z‘(??

indicated  that i€ ro doger
in the  exitteal Section . Pt thre
entor the  ¢rtbcead Sectcor

the Crkccal Secéon , £ would
Set  JSlag () o be fale allowpg the other
prcess  enbex th  (ritwal  Secécon.




f[ag(,'l - 61"(-0?_
while. ({lag CJJ)

Temainday ﬂm@
?]Lu}d@. (_'r') ¢

g) 72 ok
Algorithm 3 - . 7
By  tomboning m\%ﬂmﬁm | ands S

o Coweek ée&L&mx {'é\'r‘“w cnéteal secéron wﬁuo_

atl the re.gm‘renv.z@\/ara met - Fhe pmce.ﬁ.:wé

c.‘fhﬁ re o van qﬁ{&o

To enter Hza. cn{—cmﬂ reg,-_‘or; the Proecss P
set  (the! *d[?ajlcj to b2  brue and Sets turn
to the EJ&J, theré j atﬁowfj ofrs qlso o
entes The cptreal Seefion. S‘/ fwo  process
regues fs at the same  Sfime then gty Eum
will be Set (o € 8 ] Both at . Samrme
when th frstone waier th darn Vaba







AcmApHorE S

T Pt i il Vi P

TJo Solve tho. cyittcal Section Pmeﬁm

Zatcon tool Called 5emaroﬁora rs asd-f.

I8 ab mff?g?—f Vartable, accesleaf t‘f?mﬁ}*’
Standavd  gtomee gpemcmns s watt

are. ﬂug;?mteﬁﬁ o
P(for wait) and vy ( for ,—_f;gnﬂ%_ ot o
e m"df/’m the. ée.mapﬁéi:—e“ chb.u:.) No C‘Jﬂ&er

E ,/
Pm:E&S c.an .:S;mafﬁanegm j {nadl{fjp G/zp. Sama.
5amafshore valuo. N

&mapéo e can H‘\\/

. d@é' With O procoss
Crctceal - Sectcon Pwéz'an-(k

These p pevations

e /o pIotesses Spaye

""’f‘y ./ar mutaal
'—‘5-‘-’-”7“;95935?.5 can fBe. d!.&'ca{. ,

a ﬁmafﬂlwfe — mafeﬁ\(‘ﬁgq

€Zcluscon) ﬁufrzé:{ *é‘o}..
o  <olve. vanoub_ :fc{,(ﬂ(l‘é‘romzqﬁm Pooblms.

gof?cu rrwg
with A5 Eatemony 4,

Considor ftoo

Y eerny. Drvecac
P) 4 =

anrd

P‘Q’ wrth Statement g 2
Suppose L S hap o




-
R ey = T

Starvaton /s a




oleclayation 8

P?Dcadu'reo or

@;\ vanable de u!a rations

%Dmﬂ bty Pre: ) X o

@ ngm(’-ﬂdufe. éoél P&( —-) E

-~ —

— i —

PWCEdwre. 6&-{7 P ( )i

= — —_— - -

‘€ initcalbication eodlo

)




The. vepresentatcon s¢ : m;,,
wsed divectly 8y th. vawous
proceduve. defined  witht a7
only those vawall T T (D ally
moortes  and its #rma,p_ Jparamete>
dhe  Local Varablr 4/ e ,, .
6’3 an9 the  Qocal pro ceolu Z'J

at a fime cante Qctive U"@j:’g

Urn ovder (o devetop o powerful cer monitos
Cornshucé Sew additronal 5;:?644702!2&('?00

mechantsms  qre alep a%é'*ned' Fhese. mc&nﬁﬂg
are  paroled tfj’ 2. Cordstionat COnLtree b~




Ey

Conditcon X' Y

The Ope>ations that @ap be
condrtron varcable are.  wait |

X. wart ()

means the = pIDeess ;nwkn?_ | .
,j'ugfwded unti(  another p:w@ mmtw:_.;___
X srgmal (). @

= o sumes € X a
r;rfu' o 33(?”@[') ofamﬁoila;%
ont. Zuspendad  PRLE "w’ o o

e h bans poeffect -
‘:;Lets}:eﬂded then 1he. ,zbv} o pevahor %’

moenitor cﬂt"i‘f)}concffftm vamable,
W—*“W

Jueuey ascod?
Lurf’f‘l 31(7 fﬂfﬂ'fﬁ :

Epemﬁngj

inikkalr zaton
Coolo




and i theve exsts a s-u-s'---"

Pher P haw> o ol SIn® cfi”% “

wll be ac.frwz_ 5’mm§nwo{'f ,\;:i

ok 4

.'-ﬁ_

o - .,.d"‘..-
, Sy
= e _';_!!\_",'-_‘-_._




oPL SCH EDLLING

The, ofjective o muttPgIEmT (o Y

o i < at att Acmes, jPoTdeY ‘v
cpo  eutilizaton: :{c!zeda&irj? b B 7[,,,,5@. oIy

dyafem ,/ eLretton.

al cpu-~ dlo Burst cﬂa.tn.

Process e xocetfto?
execution and Sl wait. Processes
betwaer <Chese Awo States. '
Eggt‘nj w;‘t‘)’; a CPP 6;_;1:5\-./_). s P *?%f&m é’/
an 2lo  burst , then anaf“_/fé}g_;f’v burse Yer  amothey
.C.E ) (= Hh“: |?-_

o riirate . Ot 8

.
oy

f'\ﬂ““x
ﬂﬂﬂiéﬁﬁl
ﬂdﬁ“#ﬁérg CpPu
veaol from /ilo

S for 24 el

CBbore.  incvemend Indet

burst

[Dart_for 35| /o burst
Load Stove , -

add. &tore ; yead frmpl CPU bursé

[ waré 2/o P

A leer nating :' Sepeeerce, of PV qnd 2lo R,



b) cpu_Schecitex _ o

Whenever € cPv be wme:B
Bysterd must Seleet one &t fﬁg ..:
yoady guele. to be excocitad ‘A
i dore by  epo  Stheculr The 2 cha

cpo fCo  thus che.as- | @ :

C P O hagropte. 5Cf(_adu('tﬁ?

%fiowr aorterea | \ \)
D) oo-Rp_n a. poc
the w:ﬁh‘y
) when a

_ _r/-ﬁﬁﬂte (ea oShon
3 uj'eu!n g:.g' Dyocess  Switthes rfmm the mﬁ‘\n?

State 65 {'ﬁp_ TEaijf S tate G;m/p(wm {m@
A) Lb'ﬁen; a. process fermlmﬁﬁa(%? j

When 5CﬁﬂcﬁlL_ﬂj alees /?fz?ca_. tder t%taramm
| and A ; then  Such 5,3&‘{“/::7 » CLaud to e %
noen preemphve, othorwie the. Schece 6'2-7 ' |
preemptive . Undoy non premptive Sche. ciufg

onee the. cPo has beern allocated wdh a

process  he  cpo o ot released unkl It |
termirater o5 sutched fo wating State J




d) o&jﬁatchi
Avspatches H & m&dufa

t)f the ¢pv ¢o the. selected ' procons
Short tesm Sthedull oy cpo 5Jw_a£u

Imolver
Ly rft})r'ﬂ CDH{M A Z

£ ,-_‘SLUH"C}LI fo  woex S .
+j umpﬁ'ﬁ to the Pr@ L ocateon _f'f_‘.f\
! g st i

S’mr'pu.um CR"T‘fﬂE[ﬂL ‘_:J,,;;. 5
D PO Utklizakon . ,\\\7
e

CPmE;\:En rjrna.-d range (ﬁbm af‘o fm/'
G veal Sysem it @L fom 4ot to 90/

3) Thaugh Pat = /ﬂ o e |
SE w< 7 humbes ¢ processes  compaled

Per At unid: ,7lo (ong procens i€y | proans per Jour
and® 74 Jéor?/ Prows 6 b (o prwcoases pes Sewny
’Jm\uﬁm é;e’ii‘%”"'f’ betwean +fe  Sme %

Submrssion 66 a  pook Ao the fme of Cbn;ﬁ’uin
o aalled  furp amward tme. g

+ ey e
Yt +the
10 th Ready 2m.i:_m ®_Lerrd e




-

5) Regponse. . Liat e s
qﬁg_ intevval fb 6 ok
o6 a repuest until the #,;-g--

y esporse fime -

SCHEDORING PLOOoR (THMS. —

L

A) Fivst Come Fivst Sevved Schcy

Tha. proceas that Feguest
allocated with the CPU st
mznj FIFO Quewe. Ps f,i,,_ PO

Yeady guete. tC O

wfl the  cpPo & 74*&2. ﬁ?ﬁ,
I qQuewe b alloca +he
Proces:s (1\) " Bursf f?f

(mullisec

-

Pro ’”\f aH
Pzrf ‘_,I“w}' 3
The Vel I8 JCwanf-t Chagt 2~
[ f“\)_ Pi P a8
5 sy «a# = a-r . 3“

“The mm-h.-ﬁ hme. §¢  procnser  ave

Pm &8s fmmi-{j’
| 9




“The avevage Cﬂm‘ﬁﬂ? tme.

b) Bhortest Jjob [frist Sthadulng "

When the. (PO (S ;_vm(qéfo. 4
assqned o the proass  that hos
burst  Lemo . The 3&&@&5

on  the ﬂaﬂ‘ja% ot o CPU_@’_ o

th came fimo. Tr Eeopsl e

tre . = _ P
| Process ! ﬂx
-2
s P
P> s
Pz

L Py f 1..1-R"~'jk/ / Foes ('Pa, | .- /

2 3 & Y 9 6 4

wrgthofthe
The granf thartt »  dovived baned o0 TRy Bust time.

Aver (o i e, o G ven an
Prerape gmiry Are & g

C]Ygfagt, {,t)a—itfy =
~ i« &l
e = SSTIACR,




AP
the (PO b alloeated 4 e
hoghese  priovty.

|r

pm@&_ﬁ \ Q{J‘F.S.f {T.me._

Py

based onr 7‘%0. }-n‘a:%{’y 10 grantt thost shou

AR A

o 13 /8 /9
The waiﬁii]‘? dine  of each pwess given a5

P rocors /CJJmHmm | 4 Frma =
' aver wartin U
P o _ bHo+/6+18H]
2 T s S
x/ 5 '

- = g-a millisecond



4 Rourd_Roten_Schucluling -~ |

A Bmall unit of frme aa((u/ puantk
gfefétfeal Fach pmwx i the. rendaf Q e ”
a[locafeﬂ’ with the ¢pPv  for 7
m ;mmjy g ve et »n Seloeted an. N

gucier dhe. procs ol relpase.

It pe,r;lormﬁ ﬂ/o o g g Oﬁm&t@”}wwﬁfj =
the Afime gamm‘am o exprred | Next proeess &
Qe lo ted M Fe 5Mufgf ,/mmfﬁa @59
guerte and ailomi-ec? .w:ﬁ’; +he CPU:

—
P’D"—'ES—" | Burst lime
L {’ “"\\\ Y
b el
PF o H\“f? ‘:1}1
e i, 8 / ;
~ ”\“‘\- ‘
Py | 3
- 1I-
| Pa 3

’Tfu; rf:ma .?uanfum wsed /:.ere in A mille se tond>
fivs€  the procezs P gxr:-; 4 millisecendd then
{pog,:us released ard o izrm to the reLt procos

idlrs
Poceos P neecs a0 more. Liem +fo  C(omplete the

/ﬁmce.u e TE a0 the ?eclff)/ gaeua Mean

whib ¢ Ay alloeated 1 P sand  Hhon % Pz
Then ancecg;m © e Pwens P Th d."

5 Shown




) Matched  Quens Schoslulry S50
e ﬁﬁad&'&’y Tt tron -

- 7
Into Levewal ?M ap \.§£D© iz Gé;
processes  are Pam@ Qﬁfs f’?&?’ &’ :
based on nz:am?\y SRe. p—poﬂﬁ or ’7‘yPc

=y

har 7t bwn ﬁcéeduég é}/aﬂﬁm de;,oe.'rrzt"e. .

oar e wsed /-or -,zoﬁ??é?ur?i ard ﬁac%mer
(DTDEM& '7%2. ,forﬂjmllfd Qﬂtﬂ.c.d.ﬂ.. /&- 53_'_, .:_._

55&@(% ,5;7 c?r) ﬂ?;e czdo'gam‘fﬁm w/{z[z back ni_

gm car uge r“c: X Q%Onﬁ;m

h
o T S ey B

S[ntﬂ.raaﬁre pmﬁm
O Dare cddpld——

N e A gl pnm

-

Mamﬁa Fetewe Sehecubry



¢) Muttilevet Fecolbact @
. \“__ -—'"r...-ﬂ_r-_u-___‘_\_ »

e

b

fr);,Lg v 4imilay

Jo ove befween
oo meech PO (T :f/{zn ez

pn‘b.ﬂg Guewe - L[ a pweans iy | bng 76,4
fme o oa fow /Dﬁ'aﬂﬁ g’mm}@; it I7707E

| . s ™

fo Al(?l’ Pn‘cﬁ\fy g ueue . N
c ,';‘_\,J
2 <

PEAD roC ks T\Er’
M_,/

% ¥ - _ '
EUI = pIocoes Z ré‘éﬁﬁﬁl?; Gé;r a ddesSource ald#

the ¥esource »  pot mm[aéé , e o PprOCS enters
into  wait 5&:@.._]3-?_51_-3 pweens  cannot a/:an;g
o any othey > SEdte be cawe tha refawfe/

Fesource b held 57 another mﬂﬁj Rl
Thir  Svalon,t 5 Said Fo de Aecdlotd

Dead locl. Characte ¥ 20 o
I

T) Necess Cordirong — a dead lock moy
R e g L

Yesourcer must be  gllscated to pro
ae ‘?’y S N an  exelusive. lwanre r ard ””?”
07 &  Shared asis 7/:;; a Aoadlorf {o se




ypsource he yogeeos
uotl +ho  vesource
‘2) }fa(d ard wait.-
e PR - : Iy

f) pwceess  /mest e. .

bne. Yesource. il wan’ry 70 é-_
Fesotrece) -H;a! are M;rgngf 52; ;f\'?_;;if’

pracg,g_r en - Q

S O -
Resourcer Cannot 5?2' cempts ed;
Feélource. <Can be. rggm%\}/m& Yﬂ&lﬁfﬁ
‘M&- W o /ZD / 51{17 ;‘%\\5 er;fe” +hat /pra /
lompleted its tast- ()" -
p Zet J{ s wcitfiaf}o procox (P, Po-- ﬂl‘) :_

N 5&@ that Po in  wating Joreie g

he 8y b, ?@/ wa;'ﬁy Jor a Tesousce /w-'d 8y Pa,
*"Ph-} 7 ’&?}’57 G’é’ = Jﬂpurm,bﬂgy Pr and
Pn CDOJ',)? ,ﬁg*r a ycsour el /m.la, 027 ﬁ (7] uf&ﬂ?/

(v 6& C(‘ra‘{ {ﬂr ajaﬁ’



: Resouvce - Allocatcon Graph' =

Deadlocts can be desevibod
1 terms 66 O. direeted graph callag =
ye souvae. - allocatton 301:1?5 éfafﬁ Cons(st5 M
det 66 vevtwwes vy and a set 68 (Ec?f_s E.. ‘Th ' |
Yertrces V.  cs parttbloned  jpen  Ewo Yo i

o€ npoden . pP-= € Pai—-Fnf t3a f??\scamﬁsﬁy

atl.  the active proecesses  in é& ycﬂﬁm/ clﬂf’é
L

) {}?,, Ry -- m} (s a Set @nsf;sﬁj 07/ altl resourey

fypﬁﬁ /o the St JJt‘em | \;’-_‘_é"

A divected czﬂ?@t /}4«5”? }D, o resource {7}{ o3
J

&ﬁ;.:!- re/ar_-s o the ’prz:'ce:ss/‘o
J’efuerﬂw‘? an  ipstanca 7 gf resouree £‘-7pe R and

/5 {unen{fy ax;uf‘rj .ﬁ:r 7hat resousco . A clreetodd. 1
edf“ ./mm re;s;fr@: t"yf’e RJ o Poob Olepoted as :
e B refes (o the pstanee of Yesousee
7 a(ﬁamfea" NG process P f divected ai;g

o

Di - ’Qj i allod 3%‘% andd Ahe dire tbeq |
Ed’gx_ Qj—aﬂ rs  ealled ah ‘ag_g:‘ﬂﬂze:?{' ea,/x I

When a pProcess. P regumts op  jpséaney @

(5 denoted %

Yesou ce- 'fl"j’P'—'- er )] QA Yeguaest ed?e s /insevted *
rn <o (e Yesource — allo catcon mjﬂlg' w hen Hho
regwest can de 7/::;( /v‘f'!ed e.ro +he Yeg oot J




Ra R,

QM ource. Alloecabron



sty R, ard
tostance ¢ resource W ﬁ'ﬁ‘ .

anrd Rs and - aﬁ:u‘

L resource t’jpr. P:sr_.© e
% Frocsee WGRTS A"’[‘ﬂ@” jrgtante a}l ;._
34 thoe n no cteln fhen ;3@%9&4: i %&g&tyﬁ:
5 oladlocked- If  the ?)‘%\M Contains a cgral’a e
dead fock  exsts 7/ - ecz< Pa SEC BN
actded  do the ya@\ s Tt e ctoacllod
corth  minimal Eaeé?& exist 1o e Syetern '
Pr 2R, —aP;, -—31?53 Ps>RzoR,
P2> R?,::i:faé R, >Ps




W
: '5,-";,*{::{9 a vesource
b e with 75(@

D) £AD ol Eﬁfﬂiﬁﬂud ?\\j
" Jhe occurance of g\%) eadloe mnge;
2 M“Mﬂr:—éza&uuan x@‘ *
This  conditha) st hotd for
regources. /I Pw\g “‘\:\}J/ﬁﬂﬂnaf de Sime ' 7
Shaved 5(}' jeve(c_zﬂ | processes. Sharab -J’Ega'gﬁf

f‘_’ :
~
oo ot :mgmre ), mum% oreclusive. aclesds

Roadl Onéy ﬁ?ﬂ/f ..f/ Several /prpm_f Wf‘: ’Zﬁ

read 7%;7-; rfﬁz i Lo, L/ are ?/sam&d ,ﬂﬂmfmbu
L s 1

w{m exey & pwcess reg wests a resvurce
Lher Ft has to  make Sewe  Hhat 1t Should not

pold any Yesources -



e protocol  {hat can be u.:ea’

each )bwr.aes bo Tegeest and 7
with all it resourar 6before ¢ 6?-'/:5 ',
To  implement 1HiS Sys€em Calls are mea’ ¢

Yepuest resowvay /{Jr o poms_ em:t’é
Othey Sys:‘em Cally |

An altey nate pwfm( 5(5155 a  pProceis l.‘{o

Yepewest Yesn, s only wﬁn&, process has

ho Yesourcen (oith . ’ﬁafwo Arawbacts  h Hhin
P'?Dﬁ?ﬁdr & regourco M‘a‘é&hbn
i alo f;‘pg.gf'_é'fa_
€) No  Preemption -

e

D S

The t‘ﬁfrd ﬁecexgay conddian an,f- e

may €e. (o ot
S tarvation

géod(d be 720 Pwﬂﬁoﬂ 0% feldouvan fAﬂf 1

aémaci/ji aflomW T0 onsure. ths ik PBAY
AOMy Some- 1230050 and  yepuedS  anothu
which  canmot . be.  allocatdcd Irmedialely ¢ Hen atk

the. resouran -ﬂ’af Iz Mmy beern wred aire yeloasd
frmplecitly «The preempted resousa; gre added fo
the. Ust g rosources ,for which the process &




Alley na&'m}z Mo @ process "eﬁ‘f_d
vesourcen , first ot faa fo chede
are avaulabl, if 30 dllocate them. Zf
avatlatl. , then 1€ har o ¢heck whather

Yesowrer 0 avarlabl with a @Wﬂ
j P‘JZ?M

"6& Hhor féA@asz

s ")}
d) w " Wart .;;:,\...‘_
T “‘-C Y i
One way o | @5&*&. that thee  condibon
Avesr ot bold v {, 'y rm/?o_gxr? fo tal erdey

0 att resousce {:'fpea and repeiver  (hat each
procens  yegues& o yesourar 1, an Jncfwff orcles

0'6’ enumeyabhop, - : \
Jor Rz .g.f? JQJ_,*—Qm) ée. Se t €€ Fesourws and.

cach resodvan) are allocated with a anigue integy

Lo that 16 ~Tepp be  slueled Compared amorg

fwo tesourar, Tf +the Set 66 yesourcoo R includy

Cape driven, olictdmver . and puntes  apd o Fﬂkyéﬂ
F (lope dvve)r )

F ldst dnve) - &
£ (prntey) =P




ﬁ[t‘afﬂaﬁlfﬂ(’ arﬁenevar a pmc&cﬁ '

& (e ﬁt.ﬁ |
resource  type Rj) athd rfﬁm@lﬂﬂl

C—" Q

F(R)5F(R]): D

@M‘g S
deadloct  aroc h; (5 to repuure addiborag

Fnaérmaﬁm aéor:tt Ig:«g:/ resourcey aqre Co 6e J

“‘_ _/-\"-\.

N7 ~rd
reguerted faf” \P”’M hao to declave o

number 66 7@?“" TMO”“:‘ES veeded - ‘%Es pror
;n/zrﬂnﬁm /ﬁﬂf;@f o Conslueet an a?gyﬂ%m 20
that -f){o_ f&w will  never epter rréD M
Thic 0 Said fo be  deadloclk avocdana appwach.
@) Sofe St2h

A SYystm b jin Safe Cfate 1f fhe
sYstern ¢an gllocate vesouwrasr 4o each m..;
fo Some pvder and gyoed  Sload lock




o E E:Le LRL&BEHH#L
Wher o new pmm
it must Aaclare  the, Maxemum

&t e‘acf) yesource  {men ot Tt
Fhis mm&af Shoatd  pot  execed 21

0{ yesoureed N -ﬁéa__ gyjm D

s allocatin €€ thwe  jesour

fn 4afe Slat -~ [ (6 wilt (the Tesourced 0
oferodize  ra pocios mm%%Wf untl 5am
weess releane epou ourcen.
g o

following m\\@f e b peeded
*M = ‘,rec@ 56 Csmg‘h‘) m lna[-lmb

numée:w oﬁ\ avod lable re sourcy) S
';ii

Mart. = mg'x.tmbj o emarnd 97/ ears /ﬂmm
* M—- ﬁo .;n‘;‘ yegouvceo duwgn%y c:![loenéx/ :

#\% TEm:zzn; yesource pepd 8’6 E‘-?M

Process



o E E:Le LRL&BEHH#L
Wher o new pmm
it must Aaclare  the, Maxemum

&t e‘acf) yesource  {men ot Tt
Fhis mm&af Shoatd  pot  execed 21

0{ yesoureed N -ﬁéa__ gyjm D

s allocatin €€ thwe  jesour

fn 4afe Slat -~ [ (6 wilt (the Tesourced 0
oferodize  ra pocios mm%%Wf untl 5am
weess releane epou ourcen.
g o

following m\\@f e b peeded
*M = ‘,rec@ 56 Csmg‘h‘) m lna[-lmb

numée:w oﬁ\ avod lable re sourcy) S
';ii

Mart. = mg'x.tmbj o emarnd 97/ ears /ﬂmm
* M—- ﬁo .;n‘;‘ yegouvceo duwgn%y c:![loenéx/ :

#\% TEm:zzn; yesource pepd 8’6 E‘-?M

Process



