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,af;f Kiwik vd;gJ xU Kiwik nkd;nghUshFk;. ,J rpwpa 
gy nkd;nghUs;fspd; NrHf;ifahFk;. ,J xU nka;epfH 
,ae;jpukhFk; mjhtJ td;nghUs; jfty;fis kiwj;J 
gpuNahfq;fSf;Fk; gadUf;Fkhd ,ilKfj;ij toq;FfpwJ. ,J 
ts gad;ghL tsq;fis mDkjpj;jy; jtpHj;jy; kw;Wk; gpuNahf 
nkd;nghUl;fis Kd;ndLj;J nry;yy; Nghd;wtw;iw 
fz;fhzpf;fpwJ. 

❖ gzpnray; Kiwikf;fhd cjhuzq;fs; 

 UNIX 

 GNU/Linux 

 MS Window 

 Mac OS X 

 Sun Solaris 

 BSD 

 IBM OS/2 

 DOS (Disk OS) 

 Novell Netware 

 Android 

 ios 

 Symbian OS 

Unix – Dennis Ritchie & Ken Thompson 

Linux – Linus Torvalds  

 

Operating System (OS) 

gzpr;nray; Kiwik 
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1. Redhat 

2. Fedora 

3. Debian 

4. Mint 

5. Ubunthu, etc 

GNU/Linux Xu; jpwe;j %y nkd;nghUshFk;. 

 

 

 

1. Process Management - Kiwtop Kfhikj;Jtk; 

2. Memory Management - epidtf Kfhikj;Jtk; 

3. File Management - Nfhg;G Kfhikj;Jtk; 

4. I/O Devices Management - I/O rhjdq;fs; Kfhikj;Jtk; 

5. Network Management - tiyaikg;G Kfhikj;Jtk; 
6. gzpnray;Kiwik td;nghUl;fSf;Fk; gadu;fSf;FkpilNa Xu;  

,ilKfkhf njhopw;gly;. 

  

1. jdpg;gadu; - gy;gzp gzpnray;Kiwik  (Single User – Multi tasking OS) 

 ,t;tifahd gzpnray;Kiwikfs; xNu Neuj;jpy; gy;nra;epuy;fs; 
,aq;Ftjw;F mDkjpg;gJld; xU gadiu khj;jpuk; nfhz;L ,Uf;Fk;. 

 Eg:-Ms-Windows 

       GNU/Linux 

       Mac OS   

GNU/Linux Distributions (ntspaPLfs;) 

OSd; njhopw;ghLfs; 

gzpnray; Kiwikapd; tiffs; - Types of Operating Systems 
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2. gy;gadu; gzpr;nray;Kiwik (Multi User OS) 

 gy;gadu; gzpnray;Kiwik  xU Neuj;jpy; xd;Wf;F Nkw;gl;l gadu;fs; 
fzpdp Kiwikapidf; ifahs;tjw;F mDkjpf;fpd;wJ. 

 Eg:-GNU/Linux 

       Unix 

 

3. jdpg;gzp - gzpr;nray;Kiwik (Single – Tasking OS) 

 ,J xU Neuj;jpy; xU nra;epuy; khj;jpuk; ,aq;Ftw;F mDkjpf;fpd;wJ. 

 Eg:-DOS 

 

4. gy;gzp gzpnray;Kiwik  (Multi-Tasking OS) 

 xU Neuj;jpy; xd;Wf;F Nkw;gl;l nra;epuy;fs; ,aq;Ftjw;F 
mDkjpf;fpd;wJ.  

 Eg:-Solaris 

       Gnu/Linux 

 

5. epfo;Neu gzpr;nray;Kiwik (Real time OS) 

 ,J Xu; gy;gzpnray;KiwikahFk;. mJ epfo;Neu gpuNahfq;fspd; 
,af;fj;jpid Nehf;fhff; nfhz;lJ. 

 Eg:-RTLinux 

       Lynx OS 

 

6. cl;nghjpe;j gzpnray;Kiwik (Embedded OS) 

 ,t;tifahd OS cl;nghjpe;j fzpdp KiwikfSf;fhf 
tbtikf;fg;gl;lit. 

 PDANghd;w rpwpaufrhjdq;fs; njhopw;gLtjw;fhf 
tbtikf;fg;gl;Ls;sJ. 

 ,J kl;Lg;gLj;jg;gl;ltsq;fSld; ,aq;Ftjw;nfd tbtikf;fg;gl;lJ. 

Eg :- MS-Windows CE 

        Minix3 

        Android 

        IOS  
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7. tputy; /gfpu;e;jspf;fg;gl;l gzpr;nray;Kiwik (Disributed OS) 

 ,t;tifahd OS xU njhFjp fzpdpfis Kfhkpg;gJld;> mtw;wpid 
xU jdpj;j fzpdpahf ,aq;Ffpd;wJ. fzpj;jy;fs; xd;Wf;F Nkw;gl;l 
fzpdpfspy; epiwNtw;wg;gLfpd;wd. 

 Eg:-Linux 

       Spring 

       Plan 9 

       MOSIX 

 

8. gy;Gupahf;f gzpnray;Kiwik (Multithreading OS)  

 ,J nra;epuiy $Wfshf;Ftjd; %yk; xNu Neuj;jpy; mtw;iw 
epiwNtw;Wfpd;wJ. ,jdhy; Kiwtopahf;fp kw;Wk; tsq;fspd; Nkk;gl;l 
gad;ghL toq;fg;gLfpwJ. 

 Eg:-GNU/Linux 

 

 
 

 
 

1. fl;lisf;Nfhl;L ,ilKfk; - Command Line Interface(CLI) 

  Eg:-DOS 

 

2. tiutpay; gadu; ,ilKfk; - Grapical User Interface(GUI) 

 Eg:- Ms-Windows, Mac OS, Linux 
 

 

GUI jj;Jtk; 

 WIMP  - Window, Icon,Menu,Point 

 WYSIWYG  -   What You See Is What You Get 

 

 

 

User Interface – gadu; ,ilKfk; 
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,af;f Kiwik ,y;yhj fhyg;gFjp (1940 – 1950)  

 njhlu; Kiwtopahf;fk; (serial Processing) – nray;fis xd;wd; 
gpd; xd;whf Nkw;nfhs;Sk;.  

 jdp;g;gadu; Kiwik (Single user system) MFk;.  

 fzpdp nray;epuyhsu;fs; my;yJ gad;gLj;Jgtu;fs; 
NeubahfNt td;nghUSld; njhlu;Ggl;L mwpTWj;jy;fis 
fzpdpf;F toq;Ftu;.  

 ,q;F ,af;f Kiwik ,y;iy. nra;epuy;fs; Neubahff; 
fzpdpahy; cs;thq;fg;gLk;. 

 fzpdpahdJ display lights, toggle switches ,tw;wpd; %yk; 
nraw;gLk;. Fwpj;j nra;epuy; Kiwtopahf;fj;jpw;fhff; 
nfhz;Lnry;yg;gLk; NghJk; Njitahd cs;sPL kw;Wk; 
ntspaPLfisr; nraw;gLj;Jk; NghJk; nraypahdJ fhj;jpUf;Fk;.  
 
 

vspa njhFjp Kiwik (Simple Batch System)  

 nraypapd; gad;ghl;bid mjpfupg;gjw;fhf mwpKfg;gLj;jg;gl;lJ.  

 Fiwe;j nrytpyhd ,ae;jpuj;Jld; nra;epuy;fs; fhe;j ehlhtpy; 
gjpag;gLk;. 

 gzpnray;KiwikahdJ ehlhtpy; ,Ue;J xU Neuj;jpy; xU 
nra;epuiy kl;LNk Kiwtopahf;fj;jpw;fhff; nfhz;Lnry;yg;gl;Lr; 
nraw;gLj;jg;gLk; 

 Fwpj;j nrad;Kiwapd; nraw;ghL epiwtile;j gpd; ,jDila 
ntspaPL gpwpnjhU fhe;jehltpy; Nrkpf;fg;gLk;. gpd;du; mLj;j 
nrad;Kiw Kiwtopahf;fj;jpw;fhf vLj;Jf;nfhs;sg;gLk;.  

 KOj; njhFjp Kiwikapd; Kbtpy; ntspaPlhdJ nryT 
Fiwe;j ,ae;jpuj;jpdhy; mr;rplg;gLk;.  

 

,af;f Kiwikapd; gupzhk tsu;r;rp (Evolution of Operating System) 
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gy;epuy;gLj;jy; njhFjp Kiwik (Multi-Programmed batch 

Systems) 

 jw;fhy ,af;f Kiwikapd; gpujhdkhd vz;zf;fU ,JthFk;.  

 cs;sPl;L ntspaPl;L nraw;ghl;bd; NghJ nraypahdJ nrayw;W 
,Uf;Fk; Neuj;jpidf; Fiwg;gjw;fhf 3k; jiyKiwapy; ,J 
mwpKfg;gLj;jg;gl;lJ. 

 gy;NtW nra;epuy;fis Nrkpj;J itj;jpUg;gjw;F epidtfkhdJ 
gpuptplg;gLfpd;wJ. 

 Fwpj;j nra;epuy;fis cs;sPl;L ntspaPl;bw;fhf fhj;jpUf;Fk; 
NghJ> epidtfj;jpy; NtnwhU nra;epuy; nraw;gLj;Jtjw;F 
,af;f KiwikahdJ nraypapid topg;gLj;Jk;. 

 epidtfkhdJ gy nra;epuy;fis itj;Jf;nfhs;sf; $ba 

epiyapy; ,Uf;Fk;nghOJ nraypahdJ 100% nraw;gLk;.  
 
 

Neug;gfpu;T Kiwik (Time Sharing System)  

 nra;epuiy nraw;gLj;Jk; NghJ gadUldhd ,ilj;njhlh;gpid 
mjpfupf;fTk; gjpyspf;Fk; Neuj;jpidf; Fiwg;gjw;fhfTk; 
mwpKfg;gLj;jg;gl;lJ. 

 re;ju;g;g Mspapidg;(context switch) gad;gLj;Jfpd;wJ. 

 gy;epuy;gLj;jg;gl;l nra;epuy;fSf;F ,ilapy; nraypapd; 
Neuj;jpidg; gfph;e;J nfhs;s cjTfpd;wJ. 

 gy;epuy;gLj;jg;gl;l nra;epuy;fs; xNu Neuj;jpy; 
nrad;Kiwg;gLj;jg;gLk; NghJ mtw;iw kjpg;gPL nra;J 
mr;nra;epuy;fSf;fpilapy; tpiuthf khWk;. 
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 etPd ,af;f Kiwikapd; mbg;gilf; fUj;J Kiwtop 
MFk;. 

 xU Kiwtop vd;gJ nraw;gLj;jypYs;s xU nrad;Kiw. 

 xU nray;epuyhdJ gy Kiwtopfisf; nfhz;lJ. 

 KiwtopahdJ mjd; gzpapid epiwT nra;tjw;F Fwpg;gpl;l 

tsq;fs; (CPU time, epidtfk;> Nfhg;Gf;fs; kw;Wk; I/O rhjdq;fs;) 
mtrpakhdjhFk;. 

 Kiwtopfs; cUthf;fg;gLk; NghJ my;yJ epiwNtw;wg;gLk; NghJ 
mtw;wpw;Fupa tsq;fs; xJf;fPL nra;ag;gLfpd;wd. 
 

 

 

 

1. Kiwtopfis cUthf;FjYk; mopj;jYk;. 
2. Kiwtopfis ml;ltizg;gLj;jy;. 
3. Kiwtopfis ,ilepWj;jYk;> kPsMuk;gpj;jYk;. 
4. Kiwtop njhlu;ghlYf;fhd nghwpKiwapid toq;Fjy;.  

 

 

 

 

gy;nra;epuyhf;f #oypy; nrayp ve;jr; Kiwtopia 
ngw;Wf;nfhs;fpd;wJ> kw;Wk; Fwpj;j nraYf;F vt;tsT Neuk; 
toq;fg;gLfpd;wJ vd;gjid ,af;f KiwikahdJ 
jPu;khdpf;fpd;wJ. 

 

Process Management - Kiwtop Kfhikj;Jtk; 

Kiwtop Kfhikj;Jtj;jpd; njhopw;ghLfs; 

ml;ltizg;gLj;jpfs; - Schedulers 
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  CPU MdJ Kiwtopf;fhf Xu; tiuaWf;fg;gl;l Neuj;Jf;F   
xJf;fg;gly;. 

 

 

 

 CPU MdJ Kiwtop KbtilAk; tiu / fhj;jpUj;jy; epiyikf;F 
tUk; tiu xJf;fg;gly;. 
 
 

1. ePz;l fhy ml;ltizg;gLj;jp - Long Term Schedular -                
gzp ml;ltizg;gLj;jp 

 jahu; tupirf;F ve;j Kiwtop mDkjpf;fg;gl 

Ntz;bAs;sJ vd;gij Long Term Schedular jPu;khdpf;fpd;wJ. 
 
 

2. kj;jpa fhy ml;ltizg;gLj;jp – Medium Term  Schedular -
nray;fs; khw;Wtjw;fhd ml;ltizg;gLj;jp 

 kj;jpa fhy ml;ltizg;gLj;jpahdJ epidtfj;jpypUe;J 
jw;fhypfkhf Kiwtopfis ePf;fp mtw;wpid 

Jizf;fsQ;rpaj;jpw;F ,lk;khw;Wfpd;wJ. (Swapping) 

 
 

3. FWq;fhy ml;ltizg;gLj;jp – Short Term  Schedular - 
nrayp ml;ltizg;gLj;jp 

 FWq;fhy ml;ltizg;gLj;jpahdJ ve;j Kiwtop 

epiwNtw;wg;gl Ntz;bAs;sJ vd;gidj; jPu;khdpf;fpwJ.(or 

CPU tpid xJf;Ffpd;wJ) 
 

Preemtive scheduling - Kd;ndhJf;fy; ml;ltiz 

Non-Preemtive scheduling - Kd;ndhJf;fyy;yh ml;ltiz 
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Note 

 ,J “CPU ml;ltizg;gLj;jp” vdTk; miof;fg;gLfpd;wJ. 

 FWq;fhy ml;ltizg;gLj;jpahdJ> ePz;lfhy kw;Wk; kj;jpafhy 
ml;ltizg;gLj;jy; jPu;khdq;fis Nkw;nfhs;fpwJ. 

 Kiwtop xd;Wf;F VNjDk; mwpTWj;jy;fs; fpilj;j Neuk; Kjy; 
mjidr; nraw;gLj;j Muk;gpf;Fk; tiuahd fhyk; gjpyspg;GNeuk; 
MFk;. 

 

 

 

 

ml;ltizg;gLj;jpfSf;fpilapyhd xg;gPL 
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 re;jh;g;g epiykhw;wk; vd;gJ nray; fl;Lg;ghl;Lj; 

njhFjpapy;(PCB) CPUtpDila epiyapid Nrkpf;f my;yJ 
kPsg;ngwg; gad;gLk; nghwpKiw MFk;. ,jd; %yk; 
ve;Neuj;jpYk; xU nrad;Kiwapid epWj;jpa epiyapypUe;J 
kPz;Lk; nraw;gLj;j KbAk;. 

 ,j;njhopDl;gj;jpidg; gad;gLj;jpNa xU CPU MdJ gy 
nray;fisr; nraw;gLj;Jfpd;wJ. ,J gy;gzp ,af;fKiwapd; 
xU Kf;fpa gFjpahFk;. 

 xU nraypy; ,Ue;J NtnwhU nraiyr; nraw;gLj;Jk; NghJ 

CPU ,id ml;ltizg;gLj;jpahdJ Muk;gpf;Fk;> ,jd;NghJ 
ika Kiwtopahf;fpapdJ nray; fl;Lg;ghl;Lj; njhFjpapypUe;J 
ePf;fg;gl;l nray;fSf;fhd nraypapdJ cs;slf;fq;fis 
re;jh;g;g MspahdJ Nrkpf;Fk;. 

 re;ju;g;g epiykhw;wy; xU xOq;FKiwahd Row;rpKiwahFk;. 

 etPd fzpdpfspy; nghJthd kw;Wk; epiy gjpTfs; mjpfstpy; 
fhzg;gLtjhy;mtw;wpd; nraw;ghLfspy; Fwpj;jsT ghjpg;gpidr; 
re;jh;g;gepiykhw;wkhdJ Vw;gLj;jyhk;. 
 

1) re;ju;g;gMspKiwapd; NghJ OS dhy; epfo;j;jg;gLk; gpujhd 
nraw;ghLfid tpsf;Ff? 

 eilKiwapYs;s xl;lepiyapYs;s Kiwtopapd; 

epiyikapid PCBapy; Nrkpf;f. (PCB – Process Control 

Blocked) 

 PCBapypUe;J CPUw;F njhlu;r;rpahf mDg;g Ntz;ba 

Kiwtopapd; epiyikapid NkNyw;Wf (Load) 

 njhlu;;rpahf Kiwtopg;gLj;j Ntz;ba Kiwtopapd; 
fl;Lg;ghl;il khw;Wf  

 

 

 Context Switch - re;ju;g;g MspKiw/ epiykhw;wk; 
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 nray; fl;Lg;ghl;Lj; njhFjp vd;gJ xt;nthU nraw;ghl;bw;fhfTk; 
,af;f Kiwikapdhy; epu;tfpf;fg;gLk; juT fl;likg;G MFk;. 

 PCB MdJ process ID (PID),dhy; tiff;Fwpf;fg;gLfpd;wJ.  

 PCB MdJ xU nray;Kiwapid epu;tfpf;fj; Njitahd 
fPo;fhl;lg;gl;l midj;J tplaq;fisAk; nfhz;bUf;Fk; 
 

     PCB MdJ Kiwtop njhlu;ghf gpd;tUk; jfty;fis nfhz;bUf;fFk;. 

1. Process No - Kiwtop vz; 

2. Process State - Kiwtop epiyik 

3. Program Counter - nra;epuy; vz;zp 

4. CPU Registers - CPU gjpapfs; 

5. Process Scheduling State - Kiwtop ml;ltizg;gLj;jy; epiyikfs; 

6. CPU ml;ltizg;gLj;jy; 
7. epidtf Kfhikj;Jt jfty; 

8. I/O epiy jfty; 
9. Kd;Dupik kl;lk; Vida nrad;Kiw rhu;e;jJ 

 
 
 
 
 
 
 
 
 
 
 
 
 

Process Control Blocked (PCB) - Kiwtopf;fl;Lg;ghl;Lj;njhFjp 
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nrad;Kiw / Kiwtop epiykhw;w tupglk; - Process State 

Translation Diagram 

PCB [ tupg;glj;jpy; Fwpj;Jf;fhl;ly; 
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 New - Gjpa/cUthfpa 

 Ready - jahu; 

 Waiting - fhj;jpUj;jy; 

 Running - Xl;lepiyik 

 Terminated/Exit -  KbTWj;jy;/ntspNaW 

 

 KiwtopahdJ epiwNtw;wg;gLk; NghJ mjdJ epiyikfs; 
khw;wkilfpd;wd. 

 Gjpa / cUthf;fpa epiyik     Kiwtop cUthf;fg;gly;. 

 jahu; epiyik (Ready)   KiwtopahdJ Kiwtopahf;fpf;F 
xg;gilf;fg;gLtjw;F fhj;jpUj;jy;. 

 Xl;lepiyik (Running)    mwpTWj;jy;fs; 
epiwNtw;wg;gLfpd;wik. 

 fhj;jpUj;jy; epiyik (Waiting)     Kiwtopfs; rpy epfo;Tfs; 

eilngWtjw;fhf (I/O epiwT) fhj;jpUj;jy;. 

 KbTWj;jpa / ntspNawpa epiyik (Terminated)     Kiwtop 
mjd; epiwNtw;wypid Kbj;jy;. 
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1. Multi-Programming – gy;epuyhf;fk; 

2. Time sharing – Neug;gfpu;T 

 gy;epuyhf;fypy; Ez;nraypapd; Neuk; gy nray;fSf;F 
xJf;fpf;nfhs;Sk; jpwik 

 

 

 

VO epiyfisf;nfhz;l Kiwtop epiykhw;w tupg;glk; - 

Seven State Process Transition Diagram 
 

CPU tpd; gad;ghl;il mjpcr;repiyapy; gad;gLj;jy; 
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1. gfpug;gl;l epidtfk; (Shared Memory) 

 epidtfj;jpd; gFjp KiwtopfSf;fpilNa gfpug;gly;.  

2. nra;jpg;gupkhw;wk; (Message Passing) 

 KiwtopfspilNa nra;jpahdJ gupkhw;wg;gly;. 

 

 

 

• cs;sPL ntspaPL gpizg;Gr; nray;fs; (I/O bound processes)  

• Ez;nrayp gpizg;Gr; nray;fs; (Processor bound processes) 

 

 

 

xU nrayhdJ (Process) gpd;tUtdtw;wpidf; fl;lhakhff; 
nfhz;bUf;f Ntz;Lk;.  

• milahf;Fwp (ID)  

• ,aq;ff;$ba FwpaPL (Executable code)  

• nraw;gLk; epiyf;Fj; Njitahd juT  

• nraw;gLk; re;ju;g;gk; (Execution context - PC, priorities, 

waiting for I/O or not) 

 

 

 

 

nray;fspd; tiffs;; 

nray;fspd; Njitg;gLfs; (Process requirements)  

 

Kiwtopj; njhlu;ghly; - Inter Process Communication 
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 nray; cUthf;fj;jpw;fhd fhuzq;fs; 

• Gjpa Ntiyj; njhFjp 

• gadu; xU nray;epuypid njhlq;Fjy; 

•,af;f KiwahdJ xU Nritapid toq;f xU nraypid 
cUthf;fpd;wJ 

•,aq;Fk; nray;epuyhdJ kw;nwhU nraypidj; 
njhlf;Ffpd;wJ 

 

 

 

 

 xU nray; Kbtile;jTld; ,af;f KiwikahdJ Fwpj;j 
nraYf;F XJf;fg;gl;lmidj;J tplaq;fisAk; kPsg; 
ngw;Wf;nfhs;Sk;. 
 

 nray; KbTWj;jg; gLtjw;fhd fhuzq;fs;. 
 

 ,ay;ghd KbT 

 nraw;ghl;bw;fhd Neuk; Kbtile;jik 

 nraw;ghl;bw;F Njitahd tsq;fs; fpilf;fg;ngwhik 

 nraw;gLj;jy; tO 

 epidtf mZfy; kPwy; 

 ,af;fKiwikapd; my;yJ mbg;gilr; nraypd; 
Nfhupf;iffs; 

 mbg;gil nray; KbTWj;jg;gly; 

 

nray; cUthf;fk; (Process creation) 

nraypd; KbT (Process Termination) 
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epidtf Kfhikj;Jtk; vd;gJ ,af;f Kiwikapd; xU 
nraw;ghlhFk;. ,J gpujhd epidtfj;ijf; ifahSfpwJ my;yJ 
epu;tfpf;fpwJ> mj;Jld; nray;ghl;bd; Kf;fpa epidtfk; kw;Wk; 
tl;Lf;F ,ilapy; juTfisg; gupkhwpf; nfhs;Sk;. 

epidtfkhdJ gpd;tUtdtw;iwf; nfhz;bUf;Fk;. 

1. Bytes - igw;Wf;fs; 

2. Address – Kftup 

 

 

1) Kiwtopf;fhd epidfj;jpid xJf;fy;. 
2) epidtfj;ij tpLtpj;jy;. 
3) eilKiwapy gad;gLj;jg;gLk; epidtfj;jpd; tpguq;fis 

itj;jpUj;jy;. 
 

 

 

 td;nghUs; rhjdq;fs; nka;epfu; Kftupf;Fg; 
glkhf;fg;gLfpd;wd. 

 epidtf Kfhikj;Jt myfpy; gadu; nrayhf;fj;jhy; 
cUthf;fg;gl;l xt;nthU KftupAk; epidtfj;jpw;F 
mDg;gg;gLk; Neuj;jpy; ,lkhw;wg; gjptpy; Nrh;f;fg;gLk; 
ngWkjpfs; fhzg;gLk;. 

 MMU MdJ ju;f;f Kftupfisg; ngsjPf Kftupfshf khw;wg; 
gpd;tUk; nghwpKiwapidr; nraw;gLj;Jk;. 

 

Memory Management - epidtf Kfhikj;Jtk; 

 

epidtf Kfhikj;Jtj;jpd; nraw;ghLfs; 

epidtf Kfhikj;Jt myF (MMU/ Memory Management 

Unit ) 
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 gadh; nrayhf;fj;jhy; cUthf;fg;gl;l midj;J KftupfSk; 
mbg;gil gjptpy; Nrh;f;fg;gLk;. ,J epidtfj;jpw;F 
mDg;gg;gLk; Neuj;jpy; <Lnra;af;$bajhfg; gad;gLj;jg;gLk;. 

 

cjhuzkhf mbg;gilg; gjpTg; ngWkhdk; 10000> gadu; 
gad;gLj;Jk; ngsjPf Kftup 

100 vdpd;> ,J 10100 ,w;F vOkhw;whf xJf;fPL nra;ag;gLk; 

gadu; nray;epuy;fs; ju;f;f KftupfSld; njhu;Ggl;ld. ,it 
xU NghJk; cz;ikahd ngsjPf KftupAld; njhlu;GglhJ. 

 
 

Note 

 nray;epuy; xd;wpd; ju;f;f Kftupfs; njhlu;r;rpahff; 
fhzg;glhJ.  

 ngsjPf epidtfj;jpid epiyahd msTila gFjpfshfg; 
gpupj;j gFjp rl;lfq;fs; (frames) vd miof;fg;Lk;. (,jd; 

msT 512 Byte – 8192 Byte ,w;F ,ilg;gl;ljhf 
,Uf;fyhk;) 

 ju;f;f epidtfj;jpidr; rkmsT nfhz;l gFjpfshfg; 

gpupj;j gFjp gf;fk; (pages) vd miof;fg;gLk;. 
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              width of address bus(32bits) 

            

1. Kftup ntspapd; tPr;R (Range of Address Space)= 0    232–1 

2. Kftup ntspfspd; vz;zpf;if/Kftupfspd; vz;zpf;if (Number of 

Address Space/No of Address)= 232 

3. epidtfj;jpd; mjp$ba ghtid msT= 232 bytes 

 

232 bytes ,id GB ,y; jUf 

22 *  210 * 210 * 210 bytes 

4 * 1GB 

4GB 

 0,1 – bits 

 4bits –1nibble 

 8bits – 1byte 

 1024byte – 1KB 

 1024KB – 1MB 

 epidtf fl;ikg;G 
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 1024MB – 1GB 

 1024GB – 1TB 

 

Questions:- 

1. fzpdpj; njhFjp xd;W byte ,dhy; Kftup ,lj;jf;fJk; 32bits 
Kftupfis gad;gLj;jp jdJ epidtfj;ij 
ngw;Wf;nfhs;sf;$baajhfTk; ,Ug;gpd; me;epidtj;jpy; 

gad;gLj;jf;$ba mjp$ba ghtid msT GBapy; vt;tsT?  

ckJ nra;if Kiwia fhl;Lf? 

     32bit = 232byte 

          = 210 *  210 * 210 * 22 bytes 

            =4 * 1GB 

  =4GB 

OR 

Kftupapd; mfyk; = 32bits 

Kftup ntspfspd; vz;zpf;if = 232 

epidtfj;jpd; mjp$baghtid msT =232byte 

        =210 *  210 * 210 * 22 bytes 

        =4 * 1GB 

         =4GB 

2. fzpdpnahd;W Byte Kftupapliy gad;gLj;Jk; mNj Ntis 64 bit 
Kftupfis gad;gLj;jp jdJ epidtfj;ij ngw;Wf;nfhs;s $bajhf 
,Uf;Fk; NghJ kpf ghupasT gpujhd epidtfk; Njit vd;W xUtH 
$WfpwhH. ePH ,ij Vw;Wf; nfhs;tPuh? fhuzk; jUf. 

 ,y;iy 

 ,J gzpnray; KiwikapYk; jq;fpapUf;Fk;. 
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 KiwtopahdJ epiwNtw;wg;gLtjw;F epidtfj;jpDs; ,Uj;jy; 
Ntz;Lk;. 

 epidtfj;jpDs; NtNwhu; Kiwtopia nfhzu;tjw;Fk; (Placing) 

epidtj;jpid tpLtpg;gjw;Fk; (Freeing) Kiwtop xd;W 

epidtf;fpypUe;J jw;fhypfkhf tpLtpf;fg;gl;L (Suspending) 
Jizf;fsQ;rpaj;jpy; Nrkpf;fg;gl;L> kPz;Lk; njhlu;ghd 

epiwNtw;wYf;fhf nfhzu;jy; ,lk;khw;Wjy; (Swapping) vdg;gLk;. 

 

 

 

 

 

 

 

Swapping - ,lk;khw;Wjy;/gf;fkhf;fy; 
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 fzpdpapy; gpujhdepidtj;ij tpl mjpf epidtfntsp (Memory 

Space) Njitg;gLfpd;w Xu; gpuNahfk; nka;epfu; epidtfKiwapid 
gad;gLj;Jfpd;wJ. ,t;trjpapid gzpnray;Kiwik toq;Ffpd;wJ. 

 epidtfj;jpy; Kw;WKOjhf ,y;yhj re;jug;gj;jpYk; Kiwtopfspd; 
epiwNtw;Wifapid nka;epfu;epidtf cj;jp mDkjpf;fpd;wJ. 

 

 

 rkmsT nfhz;l gf;fkhf nka;epfu; epidtfk; gpupf;fg;gl;L 
,Uf;Fk;. 

 Kjd;ik epidtfKk; rk msT nfhz;l gf;fkhfg; gpupf;fg;gl;L 
,Uf;Fk; 

 gf;fj;jpdJ msT = rl;lfj;jpd; msT. 

 nray;epuy; tUk; nghOJ> nray;epuYk; gf;fkhfg; gpupf;fg;gLk; 

 nka;epfu; ,ae;jpuj;jpy; nray;gLk; nray; td;nghUspd; jd;ikapy; 
jq;fpAs;sJ 

 nka;epfu; epidtfk; ,uz;L NjitfSf;fhfg; 
gad;gLj;jg;gLfpd;wJ.  
o Kjyhtjhf ,J ngsjPfepidtfj;jpid tl;Lfspd; 

cjtpAld; mjpfupf;fg; gad;gLfpd;wJ. 

Virtual Memory – khaepidtfk;/nka;epfu;epidtfk; 
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o ,uz;lhtjhf > xt;nthU nka;epfu; KftupAk; ngsjPf 
Kftupahf khw;wPlg;gLtjdhy; ,J epidtfg;ghJfhg;gpw;F 
trjpaspf;fpd;wJ. 
 
 
 
 

 ngsjPf epidtj;jpidf; fhl;bYk; mjpfkhf fhzg;gLk; gpuNahfq;fis 
mDkjpf;fpd;wJ.  

 gFjpahf cs;sPL nra;j nray;epuy;fis nraw;gLj;Jfpd;wJ 
nray;epuy; nraw;gLk; nghOJ KOr;nray;epuYk; nraw;gl Ntz;ba 
mtrpak; ,y;iy.  

 gy;epuyhf;fj;jpd; epiy gy epuyhf;fq;fs; xd;whf epidtfj;jpy; 
fhzg;gLk;.  

 gpuNahfq;fspd; nfhz;Lnry;yf;$ba jd;ik.  

 gpuNahfq;fs; epidtfj;jpid epu;tfpf;fj; Njitapy;iy  

 nray;epuy;fs; epidtff; fl;likg;gpy; jq;fpapUf;f 
Ntz;bajpy;iy.  
 

 epidtff; $Wfspd; my;yJ gFjpfspd; gfpu;it mDkjpf;fpd;wJ. 
cjhuzk; :-thrpg;G kl;Lk; FwpaPl;Lg; gFjp nray;epuy;fSf;F ,ilapy; 
gfpug;glNtz;Lk;. 

 

ed;ikfs;  

 ngsjPf epidtfj;ijtpl nka;epfu; epidtf msT mjpfk;. 

 

 
 
 

 

 

nka;epfu; epidtfj;jpd; Nehf;fq;fs;  
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 mwpTWj;jy;fis Kiwtopg;gLj;Jtjw;F gf;f ml;ltizfs; 

        (PageTables) gpuNahfq;fspy; gad;gLj;jg;gLfpd;w khaKftupfis 

(Virtual Address) td;nghUl;fshy; gad;gLj;jg;gLfpd;w ngsjPf 

KftupfSf;F (Physical Address) glkpLfpd;wd(Mapping). 

 

 

 

1. khaepidtfk; td;tl;L> gpujhdepidtfk; vd;gtw;wpypUe;J 
cUthf;fg;gly;. 

2. khaepidtfk; vd;gJ njhlu;r;rpahd gzpf;F epidtfj;ij toq;Fk; Xu; 
cj;jp 

 

Question:- 

1. fzpdp xd;W 18bits nfhz;l khaepidtf Kftupntspia 

nfhz;Ls;sJ mjpy; 6bits gf;f Kftupahf gad;gLj;jg;gLfpd;wd. 
NkYs;s Kftupahf;fy; Kiwapy; tiuaiw nra;ag;gLfpd;w 
gf;fq;fspd; nkhj;j vz;zpf;ifaia fzpf;f? 
 

26=64 
 

2. gpd;tUk; khaepidtf Kftupia fUJf. 
 
010111000000111100 

 
     ,k;Kftupapy; gf;fk; kw;Wk; ngau;r;rp Mfpatw;iw vOJf 

         Page  010111 

        Offset 000000111100 

 gf;f ml;ltiz – Page Table 

; epidtfntsp () 

khaKftup/Kiwtopg;gf;fk;/ngsjpfKftup/epidtfrl;lk; 
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 ,J xu; jw;fhypf Njf;fkhFk;. ,J Printer Nghd;w rhjsq;fSf;fhd 
tUtpisTfis itj;jpUf;fpd;wJ. 

 mjhtJ gy;NtWgl;l cs;sPl;L tUtpisT nraw;ghLfspd; juTfis 
jw;fhypfkhf Njf;fpitf;fpd;w Xu; ,lkhFk;. 

 ,j; jw;fhypfj; Njf;fk; epidtfk; /td;tl;by; fhzg;gLfpd;w 
cs;sPl;L tUtpisT rhjdq;fspd; ngWtopf;fhd xu; ,lkhf 
fUjg;gLfpd;wJ. 

 

ed;ikfs;.   

 Spooling nraw;ghlhdJ ngupa jq;fy; cs;s tl;lhfg; 
gad;gLfpd;wJ.  

 Spooling MdJ cs;sPl;L ntspaPl;Lr; nraw;ghLfis> 
Kiwtopahf;fpapdhy; Nkw;nfhs;Sk;> xU Ntiyapy; ,Ue;J 
,d;DnkhU Ntiyahf;Fk;> Nky;gbAk; jpwd; nfhz;lJ. 

 

 

 

 SPOOL (Simultaneous Peripheral Operations Online) – jw;fhypf Njf;fk; 
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 xd;Nwhnlhd;W njhlh;Ggl;l jfty;fspd; njhFg;G Nfhg;G 

vdg;gLfpd;wJ. ,J nghJthf igl;Lf;fspd; tupir (sequence 

of bytes) MFk;. 

 Nfhg;G xd;wpid ,uz;L ntt;NtW topfspy; ghu;f;f KbAk;. 
 

 ju;f;fuPjpahd/nray;epuyhsu; Nehf;F (Logical/ programmer’s view) 

 xU gadh; xU Nfhg;gpid vt;thW Nehf;Ffpd;whu; vd;gJ 
njhlu;ghdJ. 

 gjpTfspd; xOq;F Kiwahd njhFg;G 

 gbkf; Nfhg;G (Image File) – fyq;fs;(gl%yk;) vd;gdtw;wpd; 
ngWkjpfs; 

 igl;Lfspd; xOq;FKiwahd tupir. 
 

 ngsjPf mbg;gilapyhd Nehf;F (Physical view) 

 vt;thW Nfhg;Gfs; Jizj;Njf;fr; rhjdq;fspy; 
Nrkpf;fg;gLfpd;wd vd;gJnjhlu;ghdJ. 

 

 fzpdpapYs;s Nfhg;Gf;fspd; juTfs; kw;Wk; ifahs;if 
Nfhg;GKfhikj;JtkhFk;. 

 

 Nfhg;Gf;fspd; gz;Gfs; 

 ngau; - Name 

 tif - Type 

 ,lmikT - Location 

 gUkd; - Size 

 ghJfhg;G - Protection 

 Neuk;/jpfjp - Date/Time 

Nfhg;G Kfhikj;Jtk; - File Management 

 

Nfhg;G - File  
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 Nfhg;G tiffs; 

Nfhg;G tifapidj; jPu;khdpf;Fk; xU rhj;jpaf;$whd eilKiw 
El;gkhf>Nfhg;GePl;rp gad;gLj;jg;gLfpd;wJ. 

cs;slf;fj;jpid mbg;gilahf nfhz;L Nfhg;G tiffis ntt;NtW 
tifahf tifg;gLj;jyhk;. 

 ,aq;ff;$ba (Executable) - .exe 

 vOj;J(ghlk;) (Text ) - .txt, .docx, .Nghd;wd 

 gbkk; (Image) - .bmp, .png, .jpeg, … Nghd;wd 

 fhnzhsp (Video ) - .vob, .flv, .swf,… Nghd;wd 

 xypmikg;G (Audio) - .wav, .mp3,… Nghd;wd 

 neUf;fg;gl;l (Compressed) - .rar, .zip,… Nghd;wd 
 
 

 

 

 Nfhg;gpid cUthf;Fjy;. 

 Nfhg;gpd; kPJ vOJjy;. 

 Nfhg;gpid thrpj;jy;. 

 Nfhg;gpid mopj;jy;. 

 Nfhg;gpid ,lk;khw;wy;. 
 

 Nfhg;G xJf;fPL ml;ltiz vd;gJ> gzp nray; Kiwikapdhy; xU 
Nfhg;gpy; Njf;fp itf;fg;gl;l nfhLj;jzpfis fhl;Lk; 
glkpliyg;NgZk; ml;ltizfs; MFk;.  

 

 

 
 
 
 

Nfhg;G Kfhikj;Jtj;jpd;; nraw;ghLfs;          
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 Nfhg;GKiwik vd;gJ> juthdJ vt;thW Nrkpf;fg;gl;L kPs;ngwg;gLfpwJ 
vd;gij fl;Lg;gLj;Jtjw;F gad;gLj;jg;gLfpwJ. 

         Eg:- 

  Windows OS – NTFS, FAT32,REFS 

  Linux – Ext2,Ext3,Ext4,ReiserFS 

  MacOS – HFS,HFS+ 

 

NTFS – New Technology File System 

FAT – File Allocation System 

 

Nfhg;G xJf;fPl;L ml;ltiz (FAT) 

 FAT MdJ Microsoft Disk Operating System (MS DOS) ,dhy; 
;;mwpKfg;gLj;jg;gl;l Nfhg;G Kiwikfs; MFk;. 

 FAT kw;Wk; root directory vd;gd tl;bd; epiyahd ,lj;jpy; 
miktjdhy; fzpdp Kiwikapd; njhlf;ff; Nfhg;Gfs; 
rupahd ,lj;jpy; epiyg;gLj;jgg;gl;L ,Uf;Fk;. 
 

Gjpa njhopy; El;gf; Nfhg;G Kiwik. (NTFS) 

 Gjpa njhopDl;gf; Nfhg;G KiwikahdJ (NTFS) Microsoft 
epWtdj;jpdhy; cUthf;fg;gl;l FAT ,Yk; rpwe;j xU Nfhg;G 
KiwikahFk;. 

 ,jd; ed;ikfs; 

 Adpf;Nfhl;L FwpKiw gad;gLj;jg;gl $bajhf cs;sJ. 

 $ba nfhs;sstpidf; nfhz;l td;tl;LfSld; ,ize;J 
nraw;glf;$ba jd;ik mjpfkhAs;sJ. 

 mDkjpaspf;fg;gl;l gadh;fs; Fwpj;j Nfhg;gpid 
mZFtjw;F mDkjpfs; kw;Wk; kiwFwpahf;fq;fs; Nghd;w 
ghJfhg;G El;gj;jpidg; gad;gLj;Jjy;. 

 

 File System - Nfhg;G Kiwik 
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 td;tl;L Nghd;w juT Nrkpf;Fk; rhjdq;fis xd;Wf;F Nkw;gl;l  
ju;f;f$Wfshf gpupf;fpd;w nraw;ghL MFk;. 
 

ed;ikfs; 

 Nfhg;Gf;fis jpwikahf kPl;Fk; Mw;wy;. 

 nra;epuy; Nfhg;Gf;fis gadu; Nfhg;Gf;fspypUe;J jdpahf;Fjy;. 

 Xd;wpw;F Nkw;gl;l gzpnray;Kiwikfis Ngzy;. 

 gpujp$yq;fs; 

 td;tl;bd; nkhj;jgad;gL nfhs;ssT Fiwtiljy;. 

 td;tl;bd; xl;Lnkhj;j nraw;wpwd; Fiwtiljy;. 

 tl;Lgpupif (Disk Fragmentation) mjpfupj;jy;. 

 

 

 

 Fat NTFS 

cau;e;j gl;r Nfhg;gpd;  
msT 

kl;Lg;gLj;jg;gl;lJ kl;Lg;gLj;jg;glhjJ 

cau;e;j gl;r Nfhg;gpd; 
ePsk; 

kl;Lg;gLj;jg;gl;lJ kl;Lg;gLj;jg;glhjJ 

Nfhg;gpd; ghJfhg;G 
 

,y;iy Mk; 

Unicode ,d; 
MjuT 

,y;iy Mk; 
 

  Disk Partitioning – tl;Lg;gpupg;G 

             NTFS vs FAT File System 
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 Jz;lhf;fy; vd;gJ Fwpj;j juthdJ tl;by; ntt;NtW ,lq;fspy; 
Jz;L Jz;lhf ntt;NtW ,lq;fspy; Nrkpf;fg;gl;bUg;gijf; Fwpf;Fk;. 
,j; jutpid tpidj;jpwDld; Nrkpj;Jg; gad;gLj;j KbahJ. 

 

 

 

 

 

 

 

 

 

 

 

 fzpdp Kiwikapd; nraw;jpwid Nkk;gLj;Jk; nghUl;L td;tl;bd; 
kPJs;s Jz;lhf;fg;gl;l Nfhg;gpd;$Wfis xd;W Nru;f;fpd;w 
nrad;Kiw ,JthFk;. 

 td;tl;bYs;s Nfhg;gpd; $Wfis xd;W Nru;e;j gpd;du; mtw;wpd; 
ngWtopfjp mjpfupf;fpd;wJ. 
 
 
 
 

De-Fragmentation  - tl;L Jzpf;if ePf;fy; 
        

  Disk Fragmentation – tl;L Jz;lhf;fy; 
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 td;tl;L Nghd;w juT Nrkpg;G rhjdnkhd;iw mjd; Muk;g 
gad;ghl;bw;fhf jahu;epiyf;F nfhz;L tUfpd;w Xu; nrad;Kiw 
,JthFk;. 

 

 

 td;tl;by; ghjpf;fg;gl;l gFjpfs ;/Nfhg;Gf;fs; Nghd;wtw;wpid ,dk; 
fhZfpd;w nraw;ghL ,JthFk;. 

 

 
 
 

 rhjdr;nrYj;jpfs; nkd;nghUshFம் (Kiwik nra;epuyhFk;). 

 fzpdpfs; rhjdr;nrYj;jpfs; Clhfr; rhjdq;fSld; njhlu;GgLfpd;wd. 

 nrYj;jpahdJ td;nghUs; kw;Wk; fzpdpapy; fhzg;gLk; ,af;fKiwik 
Mfpa ,uz;bd; kPJk; jq;fpapUf;Fk;. 

 mJ fzpdpAld; ,izf;fg;gl;l Fwpg;gpl;l rhjdj;jpid 

nraw;gLj;Jfpd;wJ/fl;Lg;gLj;Jfpd;wJ. 

 rhjdnrYj;jp td;nghUs; rhjdq;fSf;fhd nkd;nghUs; 
,ilKfj;jpid toq;FfpwJ. 

 rhjdnrYj;jp ikaKiwtopahf;f myFld; Vida td;nghUs; 
rhjdq;fspd; njhlu;ghliy mDkjpf;fpd;wJ. 

 

 

 

Disk Formatting – tl;L tbtikj;jy;/XOq;fikj;jy; 

 

Device Driver – rhjd nrYj;jp 

Disk Cleaning – tl;L rupghu;j;jy; 
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1. flTr;nrhw;fs; - Passwords 

2. ngWtopf;fl;Lg;ghL/ngWiff;fl;Lg;ghL– Access Control Privileges 

 Write Protection 

 Read Protection 

3. kiwFwpahf;fk; - Encryption 

 

 

 

 

 nray;epuypy; ,aq;Fk; xU gadu; ek;gfkhdtu; vd;gij 
cWjpg;gLj;Jk; ghJfhg;G mikg;G xd;iw cUthf;FtJ ,af;f 
Kiwikapd; nghWg;ghFk;. ,af;f KiwahdJ 
nghJthfgpd;tUk; ,uz;L topfspy; gadiu 
milahsg;gLj;Jfpd;wJ /mq;fPfhukspf;fpd;wJ. 
 
 

 flTr;nrhy; 

gadu; fzpdpapidg; gad;gLj;Jtjw;F Vw;fdNt  
gjpTnra;ag;gl;l gadu;ngau; kw;Wk; flTr;nrhy;  
vd;gdtw;wpidg; gad;gLj;j Ntz;Lk;. 

 gadu; gz;G (User attribute) - Fingerprint/ Eye retina 

pattern/ Signature  

gadu; fzpdpapidg; gad;gLj;Jtjw;Fj; jdJ milahsg; 
gz;gpidtbtikf;fg;gl;l cs;sPl;Lr; rhjdj;jpD}lhf 
cWjp nra;jy; Ntz;Lk;. 

File Security – Nfhg;G ghJfhg;G 

mq;fPfhukspj;jy; (Authentication) 
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,ilntsp xJf;fPL (Space Allocation) 

,af;fKiwikapdhy; Nfhg;Gf;fs;> tl;L ,ilntspfspy; 
xJf;fpitf;fg;gLfpd;wd. Nfhg;Gf;fSf;fhd tl;L ,ilntspfis 
xJf;fPLnra;tjw;F ,af;f Kiw gpd;tUk; %d;W 
Kiwfisg;gad;gLj;Jfpd;wJ. 

 mLj;jLj;jhd xJf;fPL 

 ,izg;G xJf;fPL 

 Rl;b xJf;fPL 
 

mLj;jLj;jhd xJf;fPL(Contiguous Allocation) 

,J mLj;jLj;j my;yJ njhlu;rpahd njhFjpfspd; Nru;f;if 
%yk;tl;L ,lj;jpid xJf;Fk;. gad;gLj;jg;glhj tl;L 
,ilntspfisitj;jpUg;gjw;fhf ,k;Kiw 
gad;gLj;jg;gLfpd;wJ. 

Nkyjpf tplaq;fs;: 

 ,yFthdJ (Simple.) 

 mZfy; ,yF (Easy Access.)  
 Nfhg;gpd; nfhs;ssT Nfhg;G cUthf;fj;jpd; NghJ               

njupa  Ntz;bajpy;iy. 
 Vw;fdNt gad;gLj;jg;gl;l Nfhg;gpd; nfhs;sstpidj; 

jPu;khdpg;gJ fbdk; 
 ntspg;Gw Jz;lhf;fy; (External fragmentation) 

 

 

 

 

Nfhg;G Nrkpg;G Kfhikj;Jtk; (File Storage Management)        
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,izf;fg;gl;l xJf;fPL (Linked Allocation)  

xU Nfhg;gpd; xt;nthU njhFjpf;Fs;NsAk; (Block); xU ,izg;G 
vz; mLj;jnjhFjp vq;Nf cs;sJ vd;gijf; Fwpg;gjw;fhff; 
fhzg;gLk;. 

Nkyjpf tplaq;fs;: 

 ntspg;Gw Jz;lhf;fy; ,y;iy (No external fragmentation) 

 Nfhg;Gf;fis vspjpy; xd;W Nru;f;fyhk;. 
 gy NjLjy; El;gq;fs; Nfhg;Gf;fspd; juTfisg; ngwg;  

gad;gLk;. 

o cjhuzk;: MSDOS FAT Nfhg;G Kiwik 

 

 

 

 

 

 

 

 

Rl;b xJf;fPL (Indexed Allocation) 

xt;nthU Nfhg;gpidAk; cUthf;Fk; nghOJ mf; Nfhg;gpw;F 

cupa ml;ltizapdJ Rl;bfs; (Index) cUthf;fg;gLk;. ,e;j 

ml;ltizfs;> Gjpa njhFjpfis (blocks) cUthf;Fk; NghJk; 
mopf;fg;gLk; NghJk; khw;wj;jpw;F cs;shFk;. ,e;jr; Rl;L 

ml;ltizAk; (indextable) njhFjp xd;wpy; Nrkpf;fg;gLk;. 

o cjhuzk; : UNIX Nfhg;G Kiwik 

Nkyjpf tplaq;fs;: 

 Nfhg;ghdJ nil pointer ,y; Kbtilfpd;wJ. 

 ntspg;Gwj; Jz;lhf;fy; ,y;iy. 
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 xt;nthU njhFjpAk; mLj;j njhFjpf;F cupa 

Rl;bfhl;bapid (pointer) nfhz;Ls;sJ. 

 neUf;fkhf;fy; ,y;iy 
 

 

 
 
 
 
 
 
 

 

 

 

 

 

 

 

  

 

 

 


