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iU E)FRTGTETL 1% THYIS QeTTSDS. bS @AQGUIT(5 LPEODULD
QETLT QusESHeT 2.1 PUSGS QEwhLBSSUGSD S, ‘Lo DILILg ULD’ QUITSFNLD
‘o’ ereirm mpuier wHiewy wrpBluyb, HBSS PP 21 puGHow
Quiésayd, sU_QUUTL oL LB@T@LD uTsEw cTesT 51088 S@pLriuaj auf)
QFISGHTD G-

24 ‘uprg ey eundbSwimo

 saigsthfle erapsiiuc L LCgrsgmibsefisr s &) e ‘wprg-ey’

T uTESWLLTSE ojenLo&p . @& LCTm&gifes s U’ oL Bl ss
P& & @)8DS GLoeh, UTEEIISET Sal DISITS GTUPSLILIL_L_TQLD fewal
Qrwpu@BSS LomL_ L. '

(2b) 230 afew_werfl euU(BeUTI, GUITLILD
240 afeugid SeoL_& eurESiuLh
250 pLg-ey

25 sl ss0p Qwiyfwiny

FeRgsllp Qumflorpr srem sl - HUf Glewssasams FTTB S
SwESIUL L g. wbHp sy Qurflseisr @edsern GuraGa,
sl ssllifler yQrmAymbsehd CwalBBg Bprs o eTeTemsSILIL L
sgrHuiecr @evdsem ciglsefer LigujiD, T8 aNGsefletTiig uytb U1y
QFwrie () o L aueveTserns LADPLILGEISTDT.  gyeauser HET(h L
@Qeor_tin’ L gPlGserTs (HefiGuUTSSES QbdéswTes GPIGsTTs!
a2 @orHplul ® QsupLrl @ QSTGULITS LTHPLILIGSGTDGT.
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3. W1gafmy

‘BenfiSSIALD’ epevld R(F UEIUTET VNV (LPEODUITET HewALIG LT
Glomiplenws &8 I Qe &1 @)ens CLogwitb Q)Fbentol RS &b apwihHFufled
YWy pL_1b F1 ClETeRTLy (K%HGID 1. (3) &1 GLirrest my LisoBLd WpwHF Q)FL IS DT Heir.
YGUTSHGT YTUWBLL (F Gev-wilagner iipg, Sl B ST(H
Sl Plenws 2 (Baurs& Carad@Ld. GHBILILITS Flev @)% GIomflé@ een’ L_1b .
& GLd euensuiled GLogyitd Flov sewfliinys $5 S1eauritsener @)enessr % Gousdsr(Bith.
2 FTIeTLONS, HSTTEF CFwHUTBISHET, Fienent HenflliLy QOST@GLILISET, 6T6tT
aflens gl Tpd sl auflens CUITeTn SFHeusd enLoliLyFHer g Swapenp
@)enemtS560 Gouesir(RILp.

@enswrisey

(APSIT LIHMTET UTT 8658 8617

245
ClFev s

ST G DTGV
6T 6ufl6
26
OFIe

LD L 11g LD
&pLy-ey
Q&rL_rr
afenL_wier
elaurib
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P& &G &euol'eol - 34

- Gpeveney &.(Lpd 5t

1.0 (1p&sv58)I DY

glefwe sl Qaupib Cuéssd sblprs ydwg 9855 SUOLPTS
ol @uiler Qeweu® Spres Blallugrse LweTL . Gearar@Lomuder
TpS GIsF g wSsLd CHama. |

CuéQsmad @pluf@Guiwed (Phonetics), Guds Glomh) gadlilussb (Phonemics)
S @)eraflgetoriy 6t Fei%I5s: seuliGL gpadl By _1iaflieb (Phonology) eTerevred.

@adlufiwede) eLpett )i SiewpSFHET 2 6irerar. gallliLjpenm gpedluileb (Articulatory
Phonetics), @uuebrjapenm gpadlufwsy (Acoustic Phonetics), CaLjupenm gedluflsey
(Auditory Phonetics).

@) o piysefleallppg @allser Upliuesg g lienL wrsd G&TesT()
2.uflir, Glour el QuuebLyFener @arhsaTd Yyoupenpls flpg C&TeT @R
Spenerd seQummig@er e’ 1 GearssGliomulesr gedlg/emevsener 9je&)
yrriige CeuassBld. @6t aufl OlFwpensts GLdemF o GaUTESR LD LPLG-U[LD
aeTL g YPGaurib. @)arenndie @)Fswsw saletl b s pUemey
BlenpCGeuns! e &letr heur.

sesflefl sblp Car' @b, Cuasib;, Hy&G&Fupgid; Gl Ligibd, Gusaigib
@edludwish Fripsevey. yFCFupss TTLGCHT eauflallg abd FiBE .
gjeners HGLo thesraray ofeusTydEenie oo IBILD.

QT - wusGMensser, mHrev&er, HIT®H AgHgmser, fleribiy
FeuQlgm 19 &6ir, Fl(LoewsT enLpliliBLp, FIDMIHTLY, LIVFTHGSFHML_ allenevd
G1 Q&eir, 9eeuevsd FHMIISenEEHGT, FLGFHIFET, FTL FTL 19 H6T, cTevevTGLD
SewflGuTy) QuuBST penifluiesTed auenerd &IF FIHS &I TUPSLIIL_GUITLD. () &y
" Kb CLim Hiom?

< yplafliiey Slp eTapBSayib, LIy S&Eeyib, CHL_sayib, GuFayb 2 Ml eupd@s
SUlpn s o Hlfleiry) sefllQumrdluilenar @udg@gd SOILPTEHL LiiaTenss
Gouessr b 9jevev6uT?

QT ODEHG &HeO&HSHEGT, Fevadled LlLp; @)esTenmECHT FHeswflls Glmm)d @
Flallgameir Flevedleb FLOlLp; @)TeTHICLD FH6b, LOGRTED, FLOTEFTTHIHET.
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Bleowrear sablal @ésaflsd QaTss aTupsls Gupp HilupdEib,
sl _fiG @amad seang seflsh rwpssraluiarnTed &G Tups iGLIHD
S PpFGb, ReTm STEHSSHD B v Qumpb Q&mi_rrd@wme
suflaig eugSHGLb @lenL G 61 SgenarGuir LomHphiSerT, @)1wib SiLb HesresfldsLALp
Blevnevd &) i p&EIn L.

SO B 26l50ETSS6 WHDID Gewew L Yalld@sseh WITeYLD
QerewpsCar sefliiGUTBu L &5 pisearTas CasreTpluyn, ojdsssemev
(Printer head) wdletrGlautss LyeirefsaflarTed gjebev g SMETLmTL LSeysHefearTe)
Tapsls Glupd  yerefl wrsSleorse LFewns “Lereafl ojenfl  (dot matrix)”
Q@grifleh m LitomFHeyb o (KGleu®R & S/eiTerm ).

sres@nEsnLieyL, CErfled BIL L1 euenTESS@ e sliTESe D SLELAGT
saflggaf e11psgisamer Sib aangaled LomHDEISET Bl&L0B 5 aubGieTenens
T LgSlss GueTgl. yeaiauTGn eTupsGissafar eramenisensub,
sievewr @GP B sefietr eramenilsenaub 91d 5 us@SCHHL Sig uLh, GeOmib G
&b &G GITGUT.

yerefl GlowiGweps gisser, Q&TbLEEr, - Hieoewr Quiipd Hida6r
Swars HGw  wpuffamarsgarermiar. sHS  yssemeart
uMGsrgemarsafics oy&feafls @ et _kiaseaigyLb QBOHLYyL Galld g
BlLbirp gpeiror @)eflLiLyg 510D, Sl SSLAD /D55 BITHPTETIY 6 SeALIQLITSS
&I s LiflenTLlS &1 epriy@eu g GedsTevT Lb.

2.0 56" su1g611p
2.1 QouitlwsaeS (s 617

sIp eTpss GsMursar smi_ sefQUTPyL 6T o ewgwmi_ apigujib.
2 @&lelr pp eThg Qurhiener el ajib SLOA® L HIGL e &bl wetT &6
PewpwiTs  euensLILIBSSL Gup pisiTerer. @rebGlomLfl (tone language) wr&w
Farg8sh Cp gellwer e &flié sr58pH@ (Pitch) ahu QeveaiGay 21 G meT
BOGLD eTaTLIT. YAEGVGCLT @Cr peflse Qauaialm) eTipd gsseT UenIh G1d
STL_(BUD Grw gedwest Gomfwr&i (Phonemic language) stilfled @) dsenaw
Flégev56T 9FaLb @)dveney. HFev Y LuiiMés Quomflseienery Gume eapss
2areflpd@id  (ingressive) Cuimgy L8l MriLiBeveney. BLD Smus Qo flufed
QuevursGeu epda QauaMuI@b GLirgy (egressive) g« m&&m 1.
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euevadlasib, QLosvederid, @enL_ulerid YFweney wpewpG eLpd&E&HTHMIS
@& TLfleb (air-stream process) BleLpellarTed LomirLy, HUPS S, eLp&FeON b &l LD LILIGHT.
(euitgmer GomLf) o E&FMLIs6T QUEELbLITEILD Lo LIS BB SILD, LOGHEUIITETLD
9QarsLor s cLpsFledl B hSIb LAntiens 2 ewrrGaurLb)

guiteir g18lp Guodifesdigefissr gedlliyg Glgmipled (articulatory process)
amésTp @G TS Blap&lern g erarerib. epellar GlLowisafler o FFhlliesr
Cur gitb GLoGVEITERTLD, BITHE, @)SLP DDFAYSHETTTT QEMNIL] (LPEODHGT
(Manners of articulation) Gy om gl jeoLoauens @)EIG FL 19 3 STL_L_GUITLD.

“g-F-L_-p-& U eTT Flsmaroms o dsfSsmed @eleyerenio yfluy. ‘%’
eTeiraLb GLIm &I i) S BE) (56, 5T4@ el 2 TCHTES QBT B 2 cirauThRGu
Bl i s G yaTarsFed @iy g liguwns wperGearpl
GuocveuriiiLicvadler L mib st 1y ‘L’ etanib Cuirs @)sLpeplyd SmLiLicngs
BGEICHTLD.

“’l - @5 - W - T - 5 - L0 eTeIpeauTy GoshelleTdeng 2 FFMSSITEL Lpetr
GumevGey euruy @g)gj@@g;&, BT5@ mieef GLoch oyetressiib euif) BTGl LIGLESIGT
L9651 urE &I H1- 1 ‘0’ eremitb Cum g @)sLp eply & B EGPSGevevaT?

“p-w-emr-ev-g-af eTeir@puiy @)enL_uler euflen Fullenar 2. d&flé@Ld Cum s
BTEHGEeT Fevard sucvader, Goshedar Hlyeh edlwcTgsemer RHFMmFaINSD
2 e GCmiTL. ‘@’ eTeyd Guir g tor”_HLb @)SLp@ NS &I F(LpSL_eoL— 2 GTEHE:GET
9JL_&8&) GLoeh euriliLipsenmed QEMls Fid SneSSGmTLD.

@55 epaier cadliii_user (Places of articulation)-genL weswenrid (Velvar)/
R)entwedrensTLb (palatal), auenermm (retroflex), miesflusstressrid (alveolar), Lieb (dental)
opmitb miflgLp (bilabial) ereriies YBECmTb. uier arevedlar Glodiser -
cwml_u@urrsﬁ)&m (Stops) & Lb. @)enar FTm m) uriieurf) GlFev g Grim & GLoeh
&UI$S 9 m @Sl _msefle) gsmaig b gedlliumenTe (articulator) & s
SOL_LUL G pliLesT. ojeuhmIeT@hd ‘m’ FHTLOTGT & IHIofIciTessT ca(h
usSeows QsTl Hb Qgmi_mweib BlH@Gd HeABm - epd &b smnpletr
QuisasgHermed @b Cuimg y6h_mred (trill) wrsls psH&n Si.

ELPF FE ST L)) (LP(LPOU LD eLpd &latT aupfl Gl Feven Hulleh 61(LpLb jenL_L1GILITeSlFe6ir
S8fley Qlourler edlser yenars g cpsilsmadlserms (nasal sounds) &
Cametr miib. uilest jaupmlesr el i_ruser eusvedlar g m pellsefler /Gy
<24 01 LA b1z enenGs QUp(mhIGGTeTeT. 945068 9 my oot _L1GLITedlmenaer
euevaderrLb, GioehedlesTLom &4 FHesflafld@ @)Tcur() gjenasst et GLim Gib.
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@ev_uder g ellaGerm Grdeaameruilsty BlEupd e edllLent _aningd
Qg miflederey (Phonation Process) LiIp&&lsirmar. erafigyid ‘wr’ eramib cpadl
SUpS BB S w@HEGHTO (lateral) wrss Csrear mIFIDG. 25Teug)
epFsEEsTH O SESSLUL B @ent _werest geflliumefler @BLliLsSELTS
(&S TS) ed Qaelliu@&Sng. ‘or’syGuwm eaeersT & edlliumefler
Q)Lo@isETs GeualLiL®&D ). ‘0’ Fib HiestiwedTesr mesABT w@mmGSTalwms
Imé@ Gurg - meflsr st gwd s i1g96b g Qured (tap) wrs gEyLd
n&&D &) LsvellgLp 2 pllFmelun s (fricative) wrs au(Bal gl aUSHTLPLD SdLISTUPLD.
(erargled  sThp swsHAGEsIb, Aarar§edd wmiled kg
Qeveflli@&lsirper) presoer QrLir @wEGSETOWTS QoueflliL@y Apriy
‘W’ &I sevL_wemrentSang G el _Loms Qs meisT@eiTer ).

QuuwGuredser saly wL_Qunfl aupssssermer ay, & ap,
QYFuaTauhenn ewsWTTE gL, Jeupmlenar gedlniL b (place of articulation)
Lop myib epediiLy wpemm (Process of articulation) <9 Ghueumn i Ganu suens LIRSS eVILD
SflLGLTlg SLilfler Cxeme.

Bissflwetrest gedltilevevr 2 yQlaFmad (voiceless fricative) - oc3F(ss)

peflwetiressr 2 gG&FTed - e (s,2)

Bewau@rer@id e wjgGeFmalser (Surface fricative)

auener BT gaedliflebevr 2 gQEFTES - ay (Sh) of FoyLd

&b H176Fmed (groove fricétive).

@edIpmeder (vocal chord) gedlciQevevr e g@&FTas - am (h)

Qaicig slfler QuUuiQuepssidsamer el b whmih gedlriy
eops@EnsGapu FeyliL@Rs sz Saflalls SUlLpEGHL gedlauly cudb@ e
2 (K& &58)n@; (Voice Synthesiser) 2 gaytb.

9L_t_cuenent (1)eb GO NI Berering. @uuyGw Qous Hlyedenst o hmy
CBTER_, & - ik, F-G5, & - b Y EFN @)enenT &6l Lo mILh L -6ioT-6¥1, (-68T-60 2pGhLs
Qars Camirenauser upBlu Qg ri iy eTelBed aflerdi@Lb. caueader
/e LiGumedser GumeTGp Glosveller epsCsmedsHenid genl LIQUTel%Cer.
uietr, wpdsEsTHOT KPS b wl GCw Qaugiu@. adedear
Y i_LGurellsefle wriy wpdad sThm serdgy Qevafiiul (meb

searGlairellaer Lipssib. @)smsw pailaimaliLm@ e Sei i@ eTafGleb
Yy g Q& meir@mLb.
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FTGTOTS, HlenawbliomflufHrleh il s pib, aurEGIomLf] (Lp&eiled euevGlevLps &)
(auevellar gadlwesr) eug ‘em’ sy ‘L sgiomgen, GodGeveps s (GLoshedler
PEONIGHT) QU ‘O’ LD ‘ewT’ STLOMTHLD, LOT MIQISHES, SUSl6)L @evdsenst NG FH6iT
2_GITGITGYT.

&G &L LD - SL_GHL_LD
2GTBTHG .. DGV W THS

@)FCIFTHEND FETGL_(UPLD, FL_GL_(LpLD eLpd & SrH my O i erTet
Coumil’ @ ersy, L syhisemer @erisTr HIGw et [O) Y @gea’zsr@@m
@llepeopliiaTmed pilaTsgener. @)Fairiy e o dFflliLb seflefss Lyrflayib,

2.2 Byhs 65 1LIGHT&6IT

Yplafwed sLilifleh @)etr i gyGlev Glom Ll QeTer SesT QENIGHT 6T LisvayLb
Ggemal. guilelr FLAifled LweTL@SSL Cupmwed SIBLLIG SR GlI_seLb
‘Yus aTupsSomer 18eIsE TS SIS EWTETTLD. Q)5S QUIS TLPpSHE)GHT
2 LwgGlener ‘UllipsGs FmBs pelwerser Caemeuwt?’ (Hlar Lenlla
10.61989) eret1&p TEGTTdluIeH TG &HeTGou HTLb GBI 19 (BECSHTLD,

% (K) - o2& (G)
& (Ch) - 0o&F (SS)
L (M - oaL__ (D)
& (Th) - 02 (Dh)
L (P) - S (B)

QG aupsssSlayerer ‘v’ (F) el wpeop Lompoliul L ms Ceverer(Hib;
(HTeTE: I” L euenenT - 2) yulest ‘b’ eTeiTLI gy arhamarQou ST meir s (France)
wpgevrer GEFmeeTL_Rgefleh APLILiTss eoswmeriul_ G HBlevevg b oM 1 gy
aar  aumglL_ewmib.  ygelarmed 'F' Lebedsip 2 Q& medullen et 5
sefls@Pluf g armed @efl &L Querg. selds R 2 (HeurdsayLb
Caemauuilshenev. ‘s’ erair@mipGlermed GLim gytb. gyuilesr Gg&ib, Fevstt Guiretrm
Qerhaeteh aubb FETSEINS ‘2. ST SH D@L Blewr _udevmrer a9Cs L. pesilusetsrenT
@aflrsvevr 2 gGleraiullenar (Voiceless fricative) ‘obe”’ STSHlaTreh GlLmeuTLh.
LmurerTsSle) @)bE peilse Sl ‘@’ TpsEley GEOTEwTTLY. @) auev ‘Lo
LIbLiormes eTet &l Lom ST eurg aupLh B1BSm AN ST ereder  Lom@ifwirrer
C B eutg aupLh euLpsiE) eyieter(p).
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Sy 8, Oy, 6V, ADT APSVTET &Ths @edlFenarb SLALPle oyiig Gus
eT(RSSITGTGUITLD.

FeGumy eur@liugne eTafllenwwmear eusvaller wrHCpTeS ourf
Qg euiigefeT oyl L euemess - 260 @)BES SipsTenyd Fov aflFlLpenmscner
U HL (S SHEUITLD.

VAN

auchedlerr .Ut Godiser Gomfl mHpley eu@b Cimg & (K) -
a (H) 2. @ FmedluyLb, #(Ch)- oo (ss) 2_ghlFmedluyib, L_((T) 616rL1 S
oot—(D) LorpGlpmed! (allophone) wyib, 5(Th) - 035(Dh) Lom HEmmeduis,
Li(P) eT6TL &I 0oLI(B) LommGlpmedytd Gl mFlesT et

a9g) : 21

yewrrE&dF GlFmeveurs ety sefldFFmeevrs eupd GLomifh)
sRellgyidb @)bs eweedlar o ulir Gluorisefled Cum@nlss
NG pennCw HTdsLd G mIE D Fy.

il 2.2

Qomihl pHefled eush@evmprilenerd QML ik H au@HLd ausvedleer
©lows gpedlzeir @usbiimen adluiCaCw QeueILIB R DeT.
afl&l: 2.3

Glomfl m@efleh @ent_wimphpPlenerd FTipEl eu@bLd euevedles

Clodrger a5 160 GO L gadlsemerts LpLifsSesrmer.
g 2.4

Cmfl pHeald Quderphlenard FTrfa adléGLd

euebedleorirgeir Gouny Hoshl et Feir oy Glestpent.

& - ‘o0&’ rpGpreduyd, & - ‘@’ LrH@ODIedluyb, ‘L - bl
rpGnrelluyd, & - g% Lorp@DTeyd, LI(P) eTeTLIZl 5L (B)
LrHGDTeduyb eumKlesTmer.

&) 3

@)seaTmed Qo) wpedleh auBLD ueLESIGITAISET S5SLD 6TeMGSTIL
4y giorheprelseanet ynflafweh sulltbleh GeuefliLiGSHeTLb.
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& - oo (G), am(H) spalla@rpLd
&F- o5& (sS), o, ay, & & HpellsEnLd

L_-oat_ (D)
&-00% (Dh)
Li-05s  (B)

@e0sEnLd gyplafweley Coamanun&mpg. seflliGurBluiigysr Cup@slss
afglgmehletr g ienL_ulener YenaTsearTas CsTEGSSelSsmd BLd HLilentp
9% Tefllgns aurTflésayd @& .9y (OCR) erariiu@w geflaufelars Lyfge
(Optical Character Recognition) @pennd@o @)bs <og L1ient_ser G gb.

3. ouf au1g 61D

3.1 2 ufSlgups &s&6r |

Sl QBERSTTEED go. T Y& FTeT® TWs FI5HsEsCL FFHL
up mi 1T eTevsresrLd Glomplufiey oyflepflent_ Hlevey&lm Si.

“@, ger - @awen_ujb @i Cgenes srerT jebevg Goeudi
Frestn?” 616 gy Cupm@fwrr sLblpesTenTed GumestGprr QUL aleuTHsemn Gt
QErL_k&) eoaudHerrr. (HlesrLoewsf] &iL_rr 18-7-1992)

&, @t - @ufltiug Csenar grer erewrd &S g Geuaflull . Gumplehir
Q&THpLy- F.Fesrpasett, “af rmL_us omflefiw &b 616 m Giwley (LpesTeaTeurt Frrevu
Q)T BEITWEST LIGVVITSTL_TI (% HlhiHefSLp BL_&5) euGEDITIT. APUPS:S: LPUPS:S
&2, PO @l auhisenet FE&EICW o FERE DT erest mib yBleNGSTT. (GlewTLocwsh)
&1 12-9-1992)

QETLD, @)FTLD HFTTD YSHLD (+3) = 82) YFTLD 2.FTLD GRGTHTTLD
2 SLb(Y+2_ = 6aIT)

@ever orGifGw, Goguib e Fesfl GYbLyeLs6T aueuT&uldsHTGLom
s16r@)mevireneT &5 G ety myLb.

2 + (@) - aou
2 + =2 -  2al

o + @) - ereww
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6T + =2 - 6Ta
@+ 8 - eu
Q@ + o - 0]
8+ @ - Quw
@+ =2 - @a

Rerells pellsEnsE L G gefl Gpy.cser Ggamaulshamewr? lip
eT(1pS &l pempuileh B)FHS @)—Lblsvenev. sTarGau yul, 6l 6T6HT palld@Lb g, e
Y& gefl GYpLy chsener 2 6T (Lps S Blyadedmsb & 2 sHBlaf_eorLb.

uLpLoanev eTeTLIgenaT ¢ Litploeuls’ eTeTL g CumewGer Lengwe) eTeTLISmaT
‘LSWG’ 6TGHT I QULPEIGG SILD LOTSFIGOIT 9J61Te L LILIenL_uTl6h FLOLD; (LDGHGVILITET
Guomrflufiguitd Sev (Fewev) Lo (Loemev) Lip (Lewm) Fp (Flevp) TGS ailpdS.
Qauppi et Caupmienin o (HLHeT Liest(BLd GLITG Sevil, Loevds, i, Fipus
ST SIDUILY. WET b Ml LBGLb)

Y BIGlev 2 U@y medlger (vowels) erarliu@ib a.e,iou Gumew sLllLhlevib
21,67, ), @ 2 Y& 2ot &I 2 ufiT HCer Guim gyib. @eupenm QpLy VT EE) GT(LPS &IT6V
() 67(1p Glatt FIewenTudlasmed wpig ijib. Fewflis Qi Plé@ b @)evailevdisentLb eTeN D
Lyfluyib.

9T - 9
@r - &
o7 - ow
e - g
e = @

3.2 2 ufid &0 uf @ asir

e fird@Pleew ouii Gy ewmds 2 gayb Haed (1) gemewlwpsSGs
Glodiggpldvsamenr Qi dsarméscs Guim SILOITGHT .

“BL8p Tups g1s Erevioti) cTenib HIS @)&1 ST Teverws ep oulis;
GO Qseners Ll greogs@mm oymlafiwevr, gpeneueut U Q& GLpben SFT LS.
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A Y| @|F|e |2 |T| &
{21 ®slHl@)C

@eupPlgueTer 2 &7, e &Iy GO GiS6iT @it my woemevwsmerss Ly gl el huled
yiGaNsar Qubpemer eTer plefiuieh yflest smoraugd TGS
(Dawioenf! FL_rr 19-4-1989) TS HIwT ST, @)% g 2 wTenLoGW.

ey, @)bS T @ Uit &SHISET 9JmlehT @& LSarT & FESTRTTIT LGV
YITHHEHSESG (LpeTeTir euipisG LifipgengGuw (The Tamil Script Reforms.
Lidth 159)eT6iT i QEr@apy Famapsts Lyssh swgl “‘CaamasGapy SLOLD”
sTegib Quomflufuieh gpuiey HreSled STL_(BILD CunCsreflarmed gyl wpy-Sm /.

GuwuCsreawy Gsr. Qguumreadd ear&lp Quomppludwed “io&&er
SLOLD” DNaHIT &). T @A BT YTLERTGH auth) 6TLoSS PSS (B, FIOTUied &I,
PETTSBDGL @Uan® yFu GPTESmaTu > st 1q & Cara&erpmir. ey,
@57 FETTEBDS weveuwTernd; GO G Feneriyib eTBSSTET GAGOLPEIDITIT.

| Y| Q|7 |a|e|ad|g| @ @
~lr 211341 @(C|) ]|

SOPETE sLBpr&ifwr Guyenald seosvaiwLd, SOl eT(pd HIF AT
@Quisss QruerarLomet et Gl &GLphg) s 2 WGP G F6T 11 6T65T M)
Qu@pbuTgyh evewwrar Bymel Satupm&par. &7, RETTLD
alGlaflevs @G er.
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Desft Fewnll SBLOLpE S QUEBHGUTLD.

sLofletr o ufirGiodissir cwmmggw @Cr Sl Srp eurg euenLodisLs
Qubhpensy gjeucu.

2sTy QB eser (&r, #1, Lr Curdtpenal), @&y Gholiser (&), Fig..),
A&TT QBLg. 56T (8, &, 10..), 157 Quiser (Os, @F, L), gsry (Cs, Gs,Gr_..),
qag (Qan, GQm, QLr.), g&rgb (Gsr, Ger, GLr.), genany GlpLy cvser
(Qgar, Qe Gi_ar.) YFwes Lo’ Bib, gpewpGuw 1T, V1, ™, 0,8, o 7,8 a
ot - Yhw gewemOwps g1sserLstr @G rSif arapsls Gl pIKetTpe.
@)eup prerertd 5 GuI et Gl .

whHoLLy., @ETy OpLy-evser Lwalgons eripsts CIUnDNIBSSTHL  eney
‘o’ eratID Flewewr eTUpSSTD FprSslIDDeT. THTLCUTT THITESL_BILD;
Qeefl gpEngd G&Emiby GaueL_mib eTes &% 2a1L_&ib THORTSTE @)
Fyenwlnlener g gs Qaredsr(Gitb oML gy

v - emeu - euul
W - eweT - Gwr)
Lwr - ewesw - oL
r - emen - omus

eareurGp @arsmy Gy cisen Cgamanufsvency
QPEMEHONUITIT - HQUSHUWITIT
SBWLILIGH - QUnuliaest
LBGHENS (BLILI &I 2 F(Tih, 20087 Lb 6yl QLowiseir gaQlaurrelr miLb eGauT (@
NFLoTE: cufleuenos &L ILESHSTDT. 2 & Glolisenend seussiliGLITLD.
% + 2- &
F + 2 - &

- @

+

S g acw T
..

I T CH R LA
I
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@eieurGp seramy QLowIFEhtd, Fny & G ST, L, A7 Gumestm Lev eurf]
aLg QubIFHafleT GIeHeTTWTED GleuaflliLB&esTmesT.

SeNLIQUTIUID B)SHens QTETR 6T(LPS SIS Fal L_cLSmET CLOGST DTG &/
TpSsTS auflaug ey eT(pgs GlEWweTLD. FITTDTS ‘0 eretIp eT(LpSFlenraeT
Beveuss cTpssTs (deadkey)s s g, 9G35 @80 ‘5 Twpsms WSS
Quperts. @QuiugCu QeueaiGaigy aTWSHHSSEHSSG 2-&J, 205TT
QuuIQueps sidsmard FeshafléGer pleveara)s G_ru&led Blglih eneuds
QeuesTig-au(mHLD, Hewsflesh! yHDEL elguiLb.

sALIOUT B QaTEhed LogLs sellagd@b QFTLTINGEED S @), 7,
o1, &, - Y& G PeSlFF T Q&mes_ @)F7’ G’mrmmzs_ra;sirr @uomflufuwreorriy
@eunenn @)spaiif 2 ufiirser (unrounded vowels) eTebTLIr. YareurGm 2., 207, 6, 6
&lw ‘2.&5° Curemearsener Q)FLp Gall eufliser (rounded vowels) GTGETLIIT.

@)esh, @)eummilesr QUotiGILp S MLy QUEIFEOGTE FID DI FouashiGLmib. eTHT,
DN FTHIFEEL T SeneQupsgl (T) C&ridg @&FTLb, @HTTLD SipsGlesTmat.
IfSs @)SLsEnsSE ‘sreé’ auwsms Crrdsy @opGailus QF1HIGTLD.
(@&’ ‘Q&m’ erarpT&Hln S))
Qs - G&T
Gs - Gar

@uoor Sl @sipeuls@id @), FaTghisEh e 2/Gs S1enesstQuILpS HIF
Currg g 2 &7, eargrghiseaners GlLmperG!

& - &r(®)
& - 8m(sm)
@)&eb @etrClesrm (s NCFapLd LIT(BAISGHT.

serflLiIQuUTD) $&7 TapsGgemLevens (Alpha numeric board) wir&lu aflens i
vewemsudsy o, €, N, ™ _ & auiisgpismer sl S 19w 1IN
‘s’ Qurern Gotienwig s 19 ainGev Q%, Ca, &), & y&w ‘@5’ GLomenerseir
fetrawrg, Hevguliev Camerpub. G5 auflensuiled yaupeopsd GlGmL_ribg ‘m’
T ED FlevenTQupdengd L 1g.ermed Qo Gam, SIm(), 8 (5.) & ‘2 i1’
Guomenesraeir Caprest miGIDGHT LI &I HeHL_(LPEHD GUITLILD DJGVGVGIT?

gler ‘@ay’ Curamersmer SGmeavQupssd ST iy ‘e&g’
Cumenerserms seafleiluiev erpsib Crim g b FpSaumun@ - 6, G oy &lwiet
gefl 2 uirs&@PuSH&Hear. 1V, ™ Fwer ewsls Lwensuled @b
2 uis@Piser (dead keys) yelaieTGa.
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(Rusgsn ‘huwle) (hopug Twus) (hni€® ‘nasn®) (mnug ‘Dnusg) (rDusp D) @
() ree ((SLRs|e) 19w (euruy e [eunpn-este U e (L0 n
@n @ mee @ nee @ @n (®ne
(Busgin) (wBwfe §ime) (Swgng) {egun) (G urs 16%9) ICA)
Q@ %o 10997 1099 (Qosnsp e unpneste ((oarRee - (Puro s g
‘(q1) @) e (qq) Gor )@ (U@ Qg
{8) (@g~9) (wB1E~a)
¥ @ ag )
§ - —w—u@ -4 ﬁ N A 9
i @8 -0 By ) gk S o
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(@ 10sr9 G 1009m) (1% “syurs) (w7 wsa) (9eud gran) (Tag J&g
@ (QoLns (s 9% (0oLr(e 139 (a9 T — o
@n @ e @" wn @ (@ 1
o8 (152Bn ‘NaDr) (92s ‘ouser) (T4 ‘NnaBg) (9uugs ‘pusn) )
“S8) &% gourspwe s8I [eunEN e uapis =Ty 2
AJOV 8 (£ 8 (89) 8% QAOV ] (89)8%° (S8)8p
(D) @ (Brauns ‘S s g) (em¥e ‘ewa) (ngen ‘euses) (s2d ‘yoq) (swsd ‘@)
H) T (oL s suei N suapls (LapLs oD
‘op @ (D) @9 (H) oo (H)a (TS ?
susFuse “oousgyue owsglue g
BT oseemy 2Mcumy e #0Tucp mnEUES
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Y&, Bb yHwu pepdled @mbg 2 uirEGPlsGer Guimgyih. NOrY
STy et s seflalluied 247 Tups H1655Emd Qe mi&GMuw
Qjewars HidF Epliys GpPlasen Csemauievensy. (L’ L_aemesr - 3) sDHGLIT Y
upsGlaeiten 61 (s Gissefier GPTIRsafler cauangaugdd oy8s LT HDEUPLD
RbeurCaGu Gemphs 7 Lod HIsseflsh Bleopis S0P B 1_eumib. (HTesrs:
DL ouswer - 4) @Qb5s Santlefl eT(pd gIF FrevouienaT “ups g1 seaiier)-34"
(DIL_L_QIGHERT - 5) 6T GULPIAISGUITLD.

L Lauenaest : 3 seufls Hulip euflallemiaser

o u9 = 2

QJUISLD = I

O, - = 8

Phmiliyere = 1

ST ® &6i1:

QY ETTLD = T ()

@)s7ib 1 ()

FF&ITITLD = T (D

GT&HTLD = ()

T HTILD = 1 (G

2. &EJLD = 2 (@¥~, mr)
LANGTTLD = 2 (e»9, mro)

2 &7 U (B% G = 3 (4 e

&1y U D@ = 3 Wy

sevfl 2 &y Glouiseir

(& - qulg 6udF FTuiev) = 7 ( & B (LP (B AEB-(LD)
sesfl 2 &7 Qo6

(&1-euLy eud Frused) = 6 (&1.m1,.e591,591,80, 51)
o &y GIDIIFHET

(&-auLy oud Fmueh) = 6 (& @, e, cam, op)
2en &y GIolIEH6T

(&7 - aulg aud FTuled) = 6 (&m DT, s, eor, T, &)
Epliyy S &mb = I (&)

Qo gs cuflafes

CTGRIT GUoll dem) & = 73

30



S L_anenent - 4 sanflgsi0llp arflallerigser

206y pd i - s
QY UISLD -- !
2 TS GDUT® -- S
QuosuIpS S - 18
Quodiliyeirer - 1
8y T(pSSihaeT - 4

34

gfladwe s Gapid QFuBSSLApTEHaD, UTL_S BLolLprFeyld el
Qamrifled Hi L1 2 uflig SOLPTELD @I LOT MILD GTGTLIG] 2 mIF.

UISTUN(E
1. W3 SissenflaNuiss e1psCgaTLensuilsd LA LLS SBISSET LPLILIS S
prer@ wl @G @@UusTd - aflensliLwenduiest 2 e GuT dh B L

QurssTearsaiayp QauaCagy S uw sL L marser QUTSD L

SMGUSHFHGVITLD.
2. SLOPIeD BLOGLom B 2-enFwTELD 2 S5 HeO6T Y 0T HETITS 2 ereflL_eumth.

3. yEfewsSd 26 cupdgisseflaub 40 qedlGTaen T LD Qupliu_ng
iy Lp&ib, Ty, cursy Geumiur®), DST - F&T Caigium®, HT - T &T
Cou N (@), €hS LD, METLd QUITETD LI Saflggemennser @) Slw senflef
TIPS &IF FrrewLoufleh 2 cBr ().

4. LGy S&THs TupsGsTellsEp yBlaflued LSy PevGeurnsHd

SN FHUWHTGITGUITLD.
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I _cuenent 5: ‘upd g1 sesflesfl - 347 e1ap s 6\ g arLIcven %

Guosbgerib

« 1 2 3 4 5 6 7 8 9 0 - + /
Tlolz|Aa|l=mjAaln]t ]l () |[=]=])\
@ébg'gmm

g |a|p|s|ule |@|g|u| ]| " |G
Q{WI[E[R|[T|Y|U|T1|[O|P| 1| ?|epssemd
< |lap|i_|ep|m|lan| @ | &5 |ew| @ | C |Gosdgernd
Als|D|F|lGg|H|lJ]|K]|L - | Bpgsard

| m | &F|e|od |ewr olev|ar|al |@uasers

Z | X C \") B N.| M . . ° | Gpsgeirid

GeErabbleuwpd) (Word Processor) gjenwoinfey sibltp oTps gissefeanrGr_
YhmElev &7 wpgellsemeryid elensliwemsuiier Ge SorsSetb
(Upper case), &b g6 5 5) aiLom & (Lower case) LIS)b &1 eweudsSevTLd. GIom Sgitb
128 euifleyseir (Characters) UG&Gad Fulgw TUPSG SETLVHUIH 47
Curnggnearsemer  “upbgs safled - 34" o GPIUIL_@eremeun i
(Groeh, Bp g sen i seflevr s 94 curfleyaeir) 2oL &IGDTLD. ey enaTit LIZCesT(Lp
QuTgsneTFearub seslQUImTm seir ¢ Q) —_s&1)’ (Cursonuflener @ tb,
auewib, Goev, Gpre pargsayd Goum Liew FHU L _enerd QET@ Ly
YCOCT H@HSESELOTS aupsisid Cumed enswmereumd. (@S TpSClEeiT
vevens yemtiGu U 1L _d&t QuUTPlsELd 256 lb eTebTL E LoHGmT s
BewL_qpenp Geersflwib). @)bwenpuied LhBargy mafer Fowsfl & &
GBI GsE@sd @1 b Qumpieugs ymlefwed Lot LIeOL_LILIT 558 &
gl gFrsLp.
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365501637 6 sMHEFILIEVET &
1. GaEmedlib gl

ety QBMLleh HIL_LILT LIVEHEHGVS SHLPSHLD
Ca& sevaild SLpGLD
Fib1 LT

D|ETCHIT LIVEDVEELPGEFI0 1994D g r® g ssiv@ 5,61 BTeir&Haerfley
e Quuipn sllapd sefitiGuITAluyd eTeTH YUIITEISID LilgSHFLILIL L
SL_(DewnT.

3. (LpeIT )16

GyiTLoct 6T(Lps SisSenarTts LLGTLIRS &itb GLOMHIFEHES, TS S g GHeUITST
Fxaucsenard; (Data) senflefld@e 2L 1 (&b Hiou S, LOISa|LD 6Teif Hmes GIFILED. 9y 6TTen
Pawrid gorimesfund Guimettp Ideagram autg aflevrer GlLomflsendi Data input LilsayLb
Sioromer g GFwed. @VbE GUombiseT YOMTSEDGL> 266N <2/Cs &FyLoib,
QUG QUoTLfFGT [eHTSEDGLD 2 GITeT Ii.

fexed BHeophs Ferw glumellud CGumearm y&Huw  Glomplser
sefleNussBaner g QuBss waudsey_GarCuw, lerafud S@peiuied
QG sener, sTefBleh 21 1 &5 HasHHTHT liaysafleyd FRLILS ST hbler.
255 sy serie aif) Gen_gs smaisGen, @6t 1) Fevi_pempulleh @)% &letTper.

QYSsnsL Fsew Fleophs Far Qomp) yFlEb LLphi@d b BT L&
Carigeustr pretr. eraflgmar g &1 Qomf) afensFliLivens 2 (GaITSSSEDG,
Ferrayd ewseureb &b ukisThBluyeTarar. @eralws mr@Sel gy eTer

LIGUTGITTT &6 2_(TeuTSENLI 6Ter IS T eur B6ur ellen FLILIVGH S DIGOLOLIL|SH6IT EVBISLILLTLY
Licref&eey o ESGLomesT LwetTIITL 19 6 2 GirerTeT.

Far QLomLf) eflensLiLicvend uieyser GlgmL_mistiul L Gs &6 S LGSl
SITGH, GTRIFET Heva (5l mieuests;Glett FirLeh [brest eTaflEmer SLOLD allenFLiLicvenss
Qari_rrifevner g Yyuemeag QFTL_kgGearessr. 1988 gyetw® ggereurfluiieh
Qesredistiuc L yia), 05 yawr® eoufd wyaypog. SU6lps:
Fenllesflg & et cTallEmaT g allensliLicoend, FhisiiLyr (le ) allensliLicvend, 616D
Qe yMlLpSLD FHevTL_ .

Sriuaiiyr wGa&umeilsh afhuensruileh @Y ha@LD LMy, afastsiv, Hlenemraistr,
W, @QBCs1Gaur” (Indoword) Guimssrp GloesTOILIT(HeTgeT (Softwares) gbiseir
Qerph QzTeiid EeelesFliuamsmy B)enesTS LT, @V M) cThISET
ueireflgefley 200 aFesteiv Gloest GUiTmelr eurrusL il (Rerer ). S00 L&ey GlLbm
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gestipLitaer(individual users), gdlips sewmfleflenws (Individual users) FrkigisLyled
LweTU®RS gIGlssiperir. @eurseafldd  95%  aflgpsasmiigarm  FbimciLr
I FLILICVED S el HITGHT LILIGTLIHS SIGFGTmGTIT.

LoGevGliwmaeb FLomr 80 UG ILISEIFHET SLOLDS: Fewhenws LILIGT LIS HiFITDET.
HCsm® 450 gaflpursen sullipd senflaflenwts LWIGSTUR S SIGGSTDGTIT.
uglliuskigefles 95% aflupsdsri igeart Smsliynr alenFliLwens oWl
vweTuB S FTper.  gafl purseflldy 80%- flpdsETL ig et @)hS
aflenFLILIcVen S LILIGTLI(HS HISF6T 6T,

&, FL_pS @bseT STRFeTTaRd Fhusiiyr - wCufwmels) NyFsL
LwebTLImL 19 60 @RS@Gd FhusmiLyt aflensliicvens eow QubGwimelley mflipsLd
Csdieug @)ss Renguler Crmasid. elensliwensulesr LuwesLT® PS5,
<gBledwed Bleneouledl(mpb gyib, Gomybludwed HevewulellBh &b aNeurGiLi sy

pFesrenLowTest GBT&eLD.

Y- VWSTUTL 1960 @)\ HaHGID spsiTn) OFHEILOH 56T

T Giseflelr g Hulled wewfles FHwTES sUpd Q&rn Qasm@LLy
CloctrOlTBeTser 2 (heurdstii’ 1 Guirg), ‘QosTQUIT@EET eT(pSSTerTaEen
fensliiewens QerL_urar uiena Cplsmerer wpenarusieiene. aefs
FEWTE 6 CUIT (6T Fhensd e GUIT g, LpesTemTed svSTLISSLILIL L agQaT
@erenpd; gewerwrss Gemera g eefls FfHGd QoupPluendadaiyw
PETDTGLD. 5Gor Frer 1988 Y@@ (pevryy SLolps Qemn QL
QuocrGuT@peTsemar 2 BauTECUTT SLP oL LT OFLL 1T afenFliLicvend
YenLoteni s LTRSS S G\sTessrt_curiT.

1958ib gyevore_ Glsairenar Lol oyrs hiGsMss SLOp oLt eoyL Lt
aflensLILicvens genLoliL], F)bLbL, 675 Cuimesrm 2 Gevrankisenmed Qe L
R HWBNES LAsab QULIT(GSSLOTGTSTS @)BSHCVITLD. YSTTED 9/ @)esTanmiLs
ilesresfe) s@pefiwrer senfleflse ehs auansulled Lot &I TG ) FIbFSSTed,
Sysaallenis B Ling Gu 6 &idHeBCeurib. Hib LIGTLIESGILD G5 FH(Hed
pafer Csmifleb mi LGS ThLeoL_LsTs: 2)55CaustaBLb. @)evenavOWeT DTy
TG Yyows HsHSG gearefe@b. evi_Lieongr i i &IT6v S &6l (515 S/
senfleflyssSlaer oy Q@SS Gosver B[z Q) EITESTIY (FHGLD BLOS S,
Qev_ssmewgSled, v aumpL_riis@nd@ @)ds@mal CsemeuliL_emtb, Q@)ens b
Transitional period s#(ga 66T My HTLD G FTeiTemsumth.

DJLILIG. THIDTE) HLNpS: sewsllosd@ ardm g aflen & LILIend: 6T 5y?

@altludd aig elewrar alensiiLicwensQu
eflenFlicens,

sWlllpd senllesld@ TDD
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G_evadlufled @)mS@Ld Department of Electronics (DOE) 19881b gyetorig 6
QEefeurar gp Sirevey yPlelsss s Hlewmbs @BSw Gomiflsamend
sawflesf] LowomEGausn@ o Feurts I1SCIl gl @ wpewpenwiuib, gaSluflused
auLg.eileUTET @ aflenFLiLivengseniib YyBlelSSEl. @lelel s &L L s EHD
CsTaaCBTGL 6T WlefSs i’ L i1 AiserT@LD.

1SCll g ® @penm, @BSw Gmiblsens&enr Gu gsaed LifllomppLd
Bspaueng 2 nif CFlgng). el alenslivems s 2L LGS Haemns
TeNSTEHSFHID &I

germe DOE gyflupsiib GlFuis gelluiliey eflensiiicvens Sl GLomflé@L
QTS SLEVTS Si.

Caaupr&ifl o1(lpd 15 et Lipdsdens gy iiey O1Ful S, 2iS6T g LiLienL_ufle
R lenFiliLvensent 2 (KaumsE “ oeng whm @QBESw Gompser g Gw
a5t LipmGeuaisT LD’ eTGT ) S iU, RUESW @UBEOLLILITL 19 DG 2FBSSHTH
B)B&FTD. Yerred 2/ F @b ComflullesT FWLILIS FapiFener LoaTsFled
QISTETL_SITS B)(55F LPLWITEH. FeYLd GOILILITS BLogl SLOL GlLomifée DOE
ANHFLILIVENS DfOLOLIL| GTHLIEHL_ISGHT ).

DOE afenariLieens ywialed FOUL L G sre s L &6 ST, eThiseT
&evall 16 prauet S&lstr FrirLleb, eedludlised eury eilevrar FLOlLp aflensLiLievensd; yuIale)
pretr AU GLeir.  24-11988:)  erhiser Zebad  Blmeuerdgley mew_GlmD
“sewflesflud SLOLP FDINSSeLD’ eTedTp ileuyiuGled, pedluiieh culg-eNGUITesT G(H
wperGarmi L. eflensFLliLicvend eoioliL) BlLpFHLd Sevri_&). 1988 1g.&LbLifley
orppd Cupm @era Fkisiiynr wGv&lwmealer 90 aupdsml B&@ Gy
LIIGSTLITL_19 60 Q)58 @5LD &Ikt SLILLT aFlenFLILIVen S DIeHLOLIL| (LPeODWITS BN LP&FLD
&GOS ). .

Quomf Gy 1989 19 Fibufleh penl_Qipm eTpreaug) oead SLllp Ui
LOmBTL_1960 @)% eflenFliicuensuilesr gyenioliyls upmil Gualin' 1_Glgeflgy/ib,
sewsfledf] eusb umiser Fleophsierer @QeieumiiougisgGle &5l Henguletr
FTgS®SS mmag OUTHSSEPL_ LD eTeTLSTH, Yyms Caublpmy
Blencvuded\(w &) aflenss wpwr&Cpatr.

O Fisaiiy i afsmatisvs Hisolnser Curaaiisnsit
pldwed angefovrar dlmsliuvwmseamn o (heursh@GbGUT S apetr )
Glgefeurer Grrdahiser ereeii_Lb @XmbSer.
1 gylailueh guiey HlemeuiGeaGu eflensLiLicvensule oflpsib FlsLpsed
GeuaisriLb.
2. arafi§léd QG amsuild eflnsliLwamaular el @) més
GouessLb,
3. sl QlusdseaTians LWaTEH QEHTeT (R eflenFLiLicvensufesr QJenLoliy
enLogev Geuessr(HiLd.
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@)esl @b eLpssT 1 CHT b6 flenFLILICVEN & GOLOLILTIDEG GTOLGUIT ) SIGHSST
(F1G3T MIGTGIGIT GTGTLIGNG S F(HSHSHLOTHLI LITTLIGLITLD.
1. 9f'afisv 9yuienf - HISP sTUPHESHTIGT LJ1P (D

alenFlILIVems YMLILIGDHTSE BIeHT 198810 amig e @f yusaied
FRUL_GLer. gublp Gmflliled yiphigd 2ulir, Gl gedsafler
apsasm_erenaid seawi_plaig Gprmasw. 27 eaupssmerniseflesr 27
2 engpenL Li@gSseflcs @) _1bQUHBIES 3150 GlFmhaHefey oeirer 25372 o udi
Glotls gpedlgeir Fesfld sesflwimels Lfls gt eueoF @SS L 6,

Gipsmamitb @)Tetr(h) I L_auenenTEGT 2 Ul GlLow) ST (LS FFH6GHT LjLpdiFSens
aflerd@FletTpert.

166wt 1

2 ufF sTUPH 886116 LYLP & ED

TP FIFSGIT GTGRTGEu 1 hem aNUp&EHT®H flemev
ey 3630 32.68% 1
2 2084 18.76% 2
@ 1987 17.89% 3
<4 1218 10.96% 4
& 720 6.48% S
er 470 4.32% 6
o . 292 2.62% 7
@ 254 2.28% 8
@ 246 2.21% 9
T 100 0.97% 10
o 95 0.85% 11
gperm 02 0.018% 12
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DL L 5668 2

6lous TURH Bf&6T6HT L{1P&a (D

eT(LPS HISHF6IT 6TGUITGutl G % eNLpSHT(h) Blemev
& 2336 16,.37% 1
& 1608 11.27% 2
N 1188 8.32% 3
LD 1142 8.00% 4
[ 944 6.62% 5
&uT 884 6.20% 6
GV 849 6.00% 7
b 819 5.74% 8
Y] 815 5.71% 9
us 735 5.15% 10
i) 735 5.15% 11
5 499 3.50% 12
&F 485 3.40% 13
eI 466 3.26% 14
GuT 355 2.48% 15
Lp 199 1.39% 16
151 164 1.14% 17
-(@h 43 0.30% 18
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2. aieif'g18 QUUGED UMGUTD (21 STV FnDIEDIT 10657560
Slarss(®) afsmelunmauisit 9EniLy 9mwagsH Cassst(Hi.

1

2.

90% GrLopri” GL_Tit euev &t en&L I pidith 2 GiTeraurrSair.

WG, @I-& ewssefler YATETL g eflTdserTed 9 G FLomer
Caveneuamenerd Gaui (wpLg ujib,

YBDG BES Blowawled wewgl @ g masaflear @Iy sdr
Gavenevgenarsd QL.

Cor@y aflgevser sb& )BS85 RenarICaGu Carenevssr GFuup.
(@) alyevser Usad Gepis Ceenasemer ol HGLo Gl yip.
2&lsomer Gosenevgenerd QFISTe gjewa FHOGTLILIGOLJh FH1aN(HILD.
Lo gy enF&elr LSeLD Geombs ojenaied @)L g (Data input) Seseush
21" LG SHem6 cTeNSTS@Lb.

adyevaefles Qbss QFubLT® edensliLcens QeOLDLILIGD) HaUGHTLOT S5 ; FH(IBSFe0
GaTemeriiL_L_g).

HFTLD TPl GLots 6T(LPS FIHET UV Gl COFLILIGHEF) eoatbaELILIL 1T, o ufT
6T(LpS i @hLb GlLowst s ysireluib, QI &i eOHLILIGHFSEE eneudsL Il L e,

3. Blamsd 2 HouTHEGHH SO0 OevdmsmTid EHEHEHD Qlam6TIsTIOIIL
Gosusaor(Bio.

1

& GLophu Oows 6Tups; gysei o ufit TS &15@bL_651 C&IT 5 2 4N TG
CT(LS SIFGHGIT 2 (BT IH(SFIGH DT,

R CETOaIEG BERID Fefl o ufir UFT G TTD (Qevd Hewrid
BSTuppliLi@&pg. Qe @oF Bl iyGsrs o w9
ugGeustsr(Bomermed, Shift eQenarufesr tpevid Glerebgyss  @en_ulled
2 (BOUTSHFGUTLO(GT.HIT GILNITWI FTe b LosmLp).

Glerdgyde wsald o it T(pSE QULD  eTeiTm el Guyib
BQSUDPLILIGSDS). @levi_Qevedismes Space bar aflenseniig; S 1q W
I, ol eTepdens Shift Q@)evevroGaCuy /9. & F6UTLD. 1988 <2 ctor(h)
Lq_éFLb.l_lfﬁG"l) Slewesrauett ClFEmHCISTELIL FTSTUpLD, GLo 19896h LTy
ClempRBTGLILS FTgeaTipd, 1989 IDLGBUI6D wprs O, OF 7 & TEY:
FISRTUOLD, 906V aF aursnv QFrrHQgTELILS FIEeTLpLd, 19946D
B)CHTGleumry. QeTHRsTEIL s FTFRTAPLD & 151 & GIT
QoetrQ U mer Hefeh Slsliyr  odensiLewens

- e uFFenw
TOLGSESCIFT RS SaT.
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afsmadusvena eowiy oy usT

@_tb QUGVLD

]
!

alwlelmr|T|Y]U 1O} P | 1
TAB ov | f | oy | & |eam
f2l07] F 14 (73 m 6 v |. e w | ewr | tp
AlSID|F|G{[H]|UJ L ; ' ENTER

CTRL - 5

E@ =

2ia|l@|= s | & T R Y
Z | X|]C |V |B|INI{M , . /
SHIFT < SHIFT
oo |qar) @ | @ || o | e F
ALT SPACE | BAR
@@ Duonfo| 50 i Y 56 Prn@y| sadn@
Ry [ elyed | eFpeb sy PYTiNTS alged | efged | «fped
afg e Sy

. DJF81900USD&TT LUTDS (T ype Writing Manual) o_(HeurdaLb

19891 yevor(h) ggOeweuuileSkh gt eThigeT LM_G&IL 1_S&eb 30 Loswf) Cryib
application Software Training wimL_1b penr_Quigu&ps). wpsev 6 wesst! Qrpyid
H&FIg LiLgHameT L&, Ssaperer 24 wenfl GrprsEley ofewsiv, LTyS),
Slenemreusst, prsk Gumestp QErpISTGLILS FrEethisener @WSHSGaUSHEHITET
LPEOPWITET LIIDEIFGT GTRISEIT LIVEHOGVS; HLpFHSEI0 oynflLpHLoTuTeaT. [FT6T @ LoGwsH
Crrls ulp&EGL LNDG, eTULPS HIFOGTLI LTI SEHTLOGY G LIISHSHTET UMD Flenrws
Touch Method Practice ¢pevionss Ludb&wimeniraer Quipmestrr. Q)55 Touch Method
Praactice o167 gy GlFmebeulii@d “‘ellyebaefissr o enrirey Floneurs LuIHRASE s6r my
BT68TS QISTESEII LITL_AISET 2 (HeuTSHHLIIL_ —

aflewgeayls LuGnHFsG\%68T M ek QBTG LiTL_1b 2 (BeUMTSSLILIL I &).
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pSev Brest & CIST GG LimL_ikigefley, (et Loswshl GrriudnFeow s Gl ms
P@@eurt, eenriey FlenaulGauGL eTupsdgisamer IYsGtb wpenpuied LUIDEFET
2 (hUTSSHLILIL L e SLOlp Rlevssandensg g Lol wrs CsTaa® @)bs
aNenFLILIGUENS: 2 (FeUTSHFLII 1L_FHTeV, @)F) eTeflGle FITSBNLILOMUND M.

1989, 19901b gycier(hsericy o FLILIeenSL1 LIUNDFSCHEHT m) HTesT 2_(heUTHEN
upFaener wpgs TOOLS epevLomsds sesflest) eur i GGestett.

19911b 9y cBw1 (5) (Lp&6L Sewuilent] aupluded LD Gwirermrraeir, @ lnEenw i GlLps
Q\FTL_BIGeurrT.

FR&OLY T OTsHEOUHE OTsHaa6ITHT L1Psha Bsmev

Qleeurgiis alaurTsSEHETs, elensliivensuilsy 2erter allenssaler Lipss
Blewevenws oyl HICETETUEDS, BT 2 (BeuTd&Gu 16 alengeyls LUHES:SETesT
vimt_suigefled @) 1bG\ b misirer GlLomds LiGlaysener cueans itGSSIt LirirdGsest.
Bipsamemid g1 _auenesTselT, allensFselle LjLpds Hlenevenws 8% MBI 1IoTsL]
L &&lesTment.

DL L_susmsuar 3

B a1 ey afaasissn Lipsan

aflengFseir cTassTewsdiens N(LpSFHTE) Bleweu
Ljeire 3905 37.714% 1
2. 1856 17.925% 2
@) 1578 15.240% 3
=y 906 8.750% 4
o 653 6.306% 5
6T 352 3.399% 6
o 249 2.405% 7
) 248 2.395% 8
<2/ 246 2.375% 9
% 222 2.144% 10
o611 84 0.811% 11
F 54 0.521% 12
Qo 01 0.009% 13
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2" 1 auemessr 4

vl emsalged aflemFsmerflest L{LpFSLD

aflenF&H6IT GTGUsTGEslldhemn (LpSHSHT(H Blemev
& 1945 15.356% 1
& 15056 11.882% 2
LD 1188 8.676% 3
Lt 1017 8.029% 4
L 8438 6.695% 5
Y] 819 6.466% 6
o 752 5.937% 7
214 748 5.905% 8
6V 706 5.573% 9
m 682 5.384% 10
ws 612 4.831% 11
eI 862 4.437% 12
F 399 3.150% 13
5 376 2.968% 14
=1 253 1.997% 15
Lp 219 1.729% 16
JL7] 94 0.742% 17
@5 21 0.165% 18
jL"_1 _auemessr S
@) &1 ewsalFebEarflett LjLpsiaiLD

1. @) & % eTHTL 19 aflgeD 66.213%

2. @& o BH ared 17.905%

3. @1 &t oo ComGly adlyed 09.570%

4. @i oS FET(haNged 06.306%

I t_euemessr 6
QUeLEl ew&BaNTeLFHINGHT LILpSHFLD

1. QIS O GITHTL L9 aflTeD 49.462%

2. euevg/ e K(H NIV 14.249%

3.  ewevgy ens ConFlg allyed 13.934%

4. eucugyl enh FeBu(HaATeL 21.37%
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allen&smenssr Lp&HaLd _ (pgapsen (Findings)

QUIT GIQNTSELS LITITS BTV

1.
2.
3.

10.

1.

12.

Home Keys aflen & &eir 68.66% LjLpdsHshGleh o 6iramerr.
HomeKeys aflens#e1hd@ GLos 2 el afleng &6t 20.74% LjLp&:55Fl6h 2 6iTemenT.
Home Keys aflenss@nd@ SLp 26rer aflewsser 10.55% aflupdsasmi’ (B

| YLps&gGGle) 2 ciremen.

wrhmy efensFuilest LjLpsaid 0.512% ol HiGLo. ‘
QL& a0, eV Fl NFLILILPSHSSFS STSSINITHL LITTSETeD

@& ens gyarEmT 19 alged s ySswrs, 66.213% st
HpBiGEID )

@)1 1 e pHaNTed 17.905% allpsHT(h LweTURSSLILIGGEID &I.
@& s Guor&yeilgey 9.570% allwpssT® LILPBEIGSHD S

QL& s Ssaw@algsy 06.306% alwssT® WL @G
LTUBSSLILIRFEID S).

wewg & YTHTL 1y allged ewels ymEHGleh e G &S
49.462% e (Lpdi&m (R LIWETURSSLILIGEID Si.

U Fl 05 HHeTTeL 14.249% llLpd:HT® LiLphISHID S.
gl eng GomGgealged 13.934% aflpssm(® LjLpkiEGEID .

QL& s Faa@alyer GuITesT mr jebeumLosh, e g & HeTwr (R aflTed
21.37% elpd&r (R LwesTLIBRSSLILIBGEID ).

oar. QHTEHLIL|EHY

Q)& aenyulled eretr HGenguiley prer elounrHss QEuiSsmen @)eleurT mi
QBT S Hid FalDGUITLD.

1

eOL_Lt OJLL_IT eflenFLIIEDS SDEHTEOFLOTET it THLIT(® CLITETD e
BlewewuliCGeCw vweTum 1960 @) (BEHICFTETIY (FH@GLD. TodG
2 Carsg8Dams o (Beursalii’ 1 Q)55 efenst'iLicvends HTeolIGLITSESID
eiluflwed eflensliLicvensde QL tb C&THS S ¢ FIkSFaABLb.

SLp sewsflesf] GlLoett QuUITmeTHener o (meurs@&Garrr, DOE oyfled gicer
ISCIl gl @sefier )l QQum@n gelulied aNenFLILIVM S
2 (hUTSHGU S LPSEILDTET (T GIFWHLITL 15 aflemhiGL.

pedluiwed aug aflevrer DOE eflew&liieuend enLpLlIL|eTem P Gloetr
Gur@efleh Shs Lt efevFiiiemaew oenLolig) WgaLd cTefgmer
GFweb. &eued LMLLTHDSG) 615 SNSLILTHIILYLD @)66vTLOGY, FNhisL) LT
ICHFLILICVEHT: EOLOLIGHLI [eOLOGS: (LPLY U LD,
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4 DOE aflensliLewens, Rmsliyr ofesliuwens &w @rar@
DenFLiLcvensseT L HIGL STlIGUTEEM Klaawss BOGL. B)bS
@ueav®  demsliLiven s gafle, LweTL® S HCeuris@  ereflgled
eosauTdsalg i (s efenFLitcvensGi [Flei i Flenews@Ln.

5 @s eTer sL_@evy, st allensliicens Hlencvg & BDLISHSHT6T
uriditiLjsener ypledwe Bleneulgyd, Gomfluiiuied Hlepevudl b
QDB EEID FI eTesTLIS TS SS LI

or. LITlb SHlem
ELpSHTesID (i LM SIeHTeniLs BTET LSS n6usGIGDGHT.
1. s prl g $HCUTE LweTLITL 196D @) BHSGLD QFETHEISTGLILY

G Lo6tT QLI T (56T S6TT, gLy aflen FLILIGVEN & QjenipLIenL
THUBSFECET RS HFGatetsT(BlLD.
6J. (LpIg-afe

TUPSSTETT FRTHT UTHET FEISLBSES @ sEs CuTE @)Sedr
QEupLTL et Gphdd Seim_mi. @)bg aflensFliLicuenFenls SLOLp LLpEEGLD
BTE SRl LiyaeuTss @)S6T GQLen ) Senfliuctl allenFLilicvends 6T6T mI LOTHDGVITLD
SN (B F(BSens Gouafluii . @)b5 aflensFILicvens SLEWD (BITL 19 6D LIFGUGVITS
T 1S QST T LILIBIOSDHSHTCH (Bl aULG-FeOSHET STBUHHILIBILOTEHITE, GTRBISGIT FH6Da
B miaues3S)ev sevbsTCT A Sl (B)H6T GLienys Heufliich NOFLUIVED S TG M
LomHf) yenLolILBHE APWUHEUI BresT AGUEGSeuetT. L wir s 2enGr, WTGIIELD
Caafiii’” 61657 g LITLY LI FTEIS LGUGUGHT SGUSTUIGHT L Lhi&68 MEUTITIT & &F Py FCFr&H@HLD
pwHEFNGD Brid AHIGGeUTLD.

GomGameir &L (Blengser

1. eTerv Fafleursest, HLOLAIGGW FHHhGIF QEFWIFFEHET_ NEYILILIGUTLD. SLOILD

CrpeFetr(Lom g’ })8111987

2. pnGsmalpssrs, g@awliuRESLUL L soflefl aflen&liLiends
eIy 24-11988tb wrer SsliLs S0als SLp&isEley oL GlLHD
“semflesflyd SLlp SHNSSeLD’’ 16D pUIUTRIFI) LG FHLIIL L
(e,

3. 7. Garalpsemd) . senflef) euLfl, HLALD HHMED GTesor_TalF) 2.vSSSLOILD
< &Eflunt LomBrL (B uieu igev, CHrevmeotbLyt, oG, gyoett 1994,
L9 @)bS allensFLiemaenid Shiger senflesl)d &1 seriaafle LweTLIBSS
B CUTT QYSHEHTET oSlenn [@)VCUFLOTSHS SLpSHET gmiLD
wpseurflufled Qg _riLy Glsmedr(®) Glmevreb.

N. Govindasamy, Lecturer, Nanyang Technological University, National Institute of
Education, 469 Bukit Timah Road, Singapore - 1025. E.Mail

Govin@am.nie.ac.sg@pmdf
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& 6o08 (IGUIT N & &I D & &HBIGVF
61 FTEVVT &G LD

G1ET60616V6D6VT D &MV EF 6lFTVVTGIOT?

&. Saflaumsa,
glaflwiey yF&Eml, sessflliGlLimm] enLowih,

QWBSTTSTHES 2eieuTTmiiIF§) eoowLb,
FHULITSHSLD - 603 102

Bl&S b euerrifh gl eusLb yPlefliwed gewpulleh MGl Flesr Hrdsb GBS
QU6 S ST Fn(B). SewailL1GLIT ) DyBleNich STRTLI G p(h LIGV ZIOHD FITIT QUIGITS
2 (0BRSS B$ED S sefigaiwen, iilssTaraeliuch, @upLined oy&hweuppslesr
FRIFLOLOTS FeusflGlUTplS Fienm a6k &GSn &).

@S smpuied smad QFTderssSSnG Csmawmar QFTHSwmeTS
By’ Beugl Lgsfeveat et my. sHeoflQuUIMBlS s1eonsQ a6t m QerHOuUm e
aflemdsid gamiub (annotated dictionary) osrm@laer L @) p gyfuflvsSed
STUPHFIGTETGT; LIy (LpewenS S au(bHeTmer. Qeupenn g LILIeHL_WTHS
CETaT(® sHemevd QFTOVTESSEDGS CoenaniTest g Grom LiGlermugGrom
Cerphaemers Ggfley Gedrg oM_eurd. @SS, SLILD Famwd@Fmed
FOOLILISDE @O Bevev auflsT_Bged Qppf) Csenali@EDS). sHEseT
Breveuens GpBlasner QG HrerGLiTLD.

1. TFQETHEESG FmadQerdwrss Gsemar? Toauhenm
Y B&wSE aeiren K1 CUITeb a7 h S QETSTeMeVTLL? 6T LISHE afenL_
BlFev CeuetsrGIb.

2. Guorifl&@@RuuSsTed Yhmiflevs g 6T germl L 9Q ek,
Qerwreaflwfear Gursamasy Ll Meayth LweTURSS %
OF S, i VT8

3. up&LsTIfEE Qerpsmer @RS s, Csewou TGO LIGU D M) 5 (& LD
@erPlwen owm seney eTelT g & (55 LD M@ LD 2.L_GTIg WITHS
Henud G FmeLeLTdab CLopH@smeral ).

4. QY UL suFGlFmd yemaralh@ ok merth SLOLPITHLb
Bistsren fleweuls LTRSS S QaTeiTal ).
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@)edfl, @aupenm gaiGeursiTpmyt e9Mp g GrmssGaurib.

smmev(learning), 0 Mg senerge (unleaming) LiewBiLb HHmev (releaming) 6T6srm
LT IGLIT e & BTLd Doy oL GIL_rifléa Ceustsr@b. LT menTeuTw) sTesTm GIFmed
stlipanuei’ @ eulieefl yuipp. ysmav® oTetrp GlFTma 2 (HarTshs
2 uraueflenwg SMs@d pund CsrHpniCumls eng Ly Gu eSwiTen
Geuatorg wHmudm gy. v Qum gen i retT L) (Universality
Principle ).gyig.Liremr_ufeb 2 uliireuah ereirp Qemevenew B8, ysHerileelT LSSS
Qevuetwrig U B5S &) B)SDE& BTLD TOS H1% GEHTeRTL_ &HTevtd 30 T (B &6, (F)osf),
@56 sTigu WPUHEUWISH BT QIDEGSH Ful TS THTUMS LTSI
Bl 155 GlanerearGeuetr(BLb.

GID65I6V IDIUIDTHE LD

2YEIGIVS G QTG 9J1g-LIIGHL.S; FnFGIFTHHET FHewsilGafwev, @uini ey,
Ld)mdur@uaﬂzusv, G‘al@uﬁlu.lw, 2.uSiifwey, Lo FiauLb (pFedlw Slenpseney flenmenal
6T 1g aflt" 1 cor.Force/ Power/ energy y&l 919 L1Lienl_ FenaudQEmpaer penpGuw
eflens, 6T, 9y mHmeb 616 SLilfleb GlopgrLi(Standardiation) @SS LILIL (BGT 616w,
@)euf), 2_(Heur &) eupLIeneu GQLIEHLDLIMGYLD LisneTalletr (Innovation) 9/ CiLienr_ufled
QeGoY QuuisarmsGea ojenwsELILI_ (B auheausmed LIpGhomflwim sid
Brl_mh yeupenp yUiig Gu yerdseevliLil_BeTeneut. (@)aubmish&
TRS&HSSTL L m&% g grarfeve_rr, Ceo&r, ewapliumG_dsvi_ psedlw
Cerpamanrd - GO _evmtd. @Q)bs Hlenewulled BTEptd auisHer CuTsHensd
FenL_ LI L1t ) LiwgnieTersmECes Caimest mi&Em &i.

QY m&levLd, Olgorrioett, LGy eha 4G Gl flgefed CopGlemereriii_Glerer
semewdGlFred umflsefled@mba B &HpsCemerer Coudigw s eTImenLb.
@uoGhomiflaeflesr wHQDT@® Fpiiy, @ewes Cuad pTEEeMN® Mlalweb,
Qrayiiessiiub gjereucss GiomflEefCalw penl G mIeusTELDb.

Y RIBVID H10 8@ HEVITHTTLG.

<gPleflwed gewpuied BHlsupd SETGLIY L jFenen o t_gn|dh@Gl_e Bl
2 A&eVLD BLOGEG G SHevrenrTLy WTHGe HenewT EHED &) 2.60&SST (55 BLD
&S Sisemensd Ggflellsseayd o)bi&atb LG LIGSD 1. 2yETeoLd @)etT DI (1
PE&EW yflelwsd sseusd GsmL ity Gompuns (bt wGHDI. QbS
Bleoouisd yHu sewsGerpsar uw Yhafws HCwCL e
veo L _SE UL )G m 6T,
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61T LD6BY (H10 68 ML EHTL L

SL8p GiomPleowi’s CrrrewGey Glgorriossr GLomflufewib 116w HenevdQIFTHSH6
GourrdGlFms 919 Litient ufCGuCW 2 (FuTSELILIGESTDGT. TRS HISHTL _L_rss
brraserf] (Wasserstoff) 2_ufiteuaR (Sauerstoff). By mad (Wasserdampf), Qs TemevEFTL_H
(Fernsenen) o &lw GFTHSwer BIib 2 (Geumd@d wpempuyd G ggrromesfiwry
LISpL.&GLd wpempujlb &&ImsEIsTper. sLllpenrls CumewGes G\garriomesfiwmid
Gloa g srdienenwis CLigmLieut S6ir. @loud mis@ sT@S SiSSTL LT3 G\ gort oetr
Gomipluf gyeirer Gloutsib (Warme), Slmetr (leistung), WSetregre” b (Ladung) Y&
GFrprenend GOl _evrLb,

InGlwrfle Gempseear gnmsGarearaugld swahad HrTl_@UeuTser
Clggrriomeflunt. $L8prt auL_Glem pHoenerr geirarens aNGLOLITIT. @&Gumew KCy 54,
WHSerr Quomifl epeviisener Ggyiomefiut @SS TaSweane. @eurrxeir
SL0&0lGaT GeiTenn o (FuTs8d Gl&mereurt. TGRS HIGSTL L T&H television/
telescope y&wawh g QmesTwrer Qsmpasamerd &GO L1 L_eumib.
Gligremedaim_Hevw Fernsenen ereirQp Qg rrwmeflwr  oenpdEleTmet.
GErpGprL_Msd @)_1b Qupid Quuwiré QFErhaeer WpSev eT(Lpd &) ©G)@yrTLoesr
Clomblufiey eTebevrad _risefavb Quiflws sTpgSlev (Capital) GpldsL1LBFn ).

siblenprt CumeGey Glgoririoett QLomulaytb gal” & QFErhaH@bhLDd FHhE &6
e uCursep 10SS). @)serme Apelwrflun Glegriwer Gomysluf eeirer
2Befled SL_Qevgaeoens Uy &5 LfEs QEmerer Fn(BIBV ETLolii@eur.
<gewlleniosarewgFler Geiwraflur Guirsfab Quus LomHpid eghHl_ B
WUBSID . L yPleflwiet Fleomd QFTHaEmaT RO 1T &5 GiaumGueiToratiT.
FeflliGlumilenw Rechner ereor SjewLpdG Lo HlenawulleSimh s Computert eresrGeoy
YT WPHUIL_(HGTETGTIT.

198 6ha B b@ IPTGaTILy

wSGetr Glomflustr Koo gelad s 51 o (heur&uw & Qg @hs Quomiflurrg b,
crarGeu LAQT@HHFHTTITST L5Getr oL _Glomiflasenet gh&Es SWhISTIT. Liev
somdblerThsear 9@ T Ess Qurigys ymfwsSearnd gernTsQe
eOLDb SIGTemesT. @)eud m1d@ eT(HS G1dsmL L_Ts agriculture, Calculator, Charge,
radio, reflection, solution, wpgedlw Qsrphaemend &M _evrrib.

QE&lvGemss ST 1y aib 19QTEssH 6T(tpd &l BewL_udleh gpadlucir (Phoneme)
Qsefley 2B &b, Ggorrinetr GuomifIGLimred QEmpamenarts tVfs G QT metr
Glemsirer Geustwrig w Cxenay @evenev.

* G @sa Guomflufeh ordinateur eTesr DAL SELILIRG D Hi
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D DTG POD

s101p, @G i Quomifl GBS b St WD Lo i’ 1 Sy mefli—
Quomflé GGbUGwssE FTTEEGEEDE. adarGea g m&levg F)ayeren
e ALIQLITREQFTHHT gyeveden b QLomifium s &b G)Fuie g Csemar cTarg
Camadr miew &) @UIGVL]. YT (B) &) FEOL_(LPEOD FITSFUILDGH D).

yiiGlevd QEraguse Gumpurssn Ggrrwar, KGyEhs Gomplseie
Caupul ® @wuler, prepd el disefldd  Guomblumssid
CuhH@STeTeremtb. iy Litienl . FmdGlFTed phisans, Ulp LemereyLs
Quuwirger @b Gomiplseflsd geTpTsGal YeTlig 681 BIEpLd D mL
erihmertb. eT(RS Hidammi e helium, transister, vector wpgaliw GleFmpaer

@TDTHCGo geriBalen S HaicwildhHeib.

Hypertext, Holc;gram sl samasFQErpasafler oL GUm@GeneT g0
wuTrgensuied QumlQuuirtiyy Qg ereveum QlomLplEafgyib Fig corLb.
fRCr&aE, wHBHTOLTLHSG Fmmisemert) LwesTUBRSHCW 9hifles g ayib
@FQFTDHSET 2 (HUTSHILIBEIGH DaT.

Greek welds words where English has to string them
- Richmond Lattimore

@Vb& LwILsE oevserelleh THTLIL) @YXBLILSTSHS GCEMeishency. LienssTeyd
QEFTHHaflssr o " Guimrener e i gymlaflureh Lufevr GUomLpIs Li1cTsTLg HITHGITTSYILD

Quorfiwmssib Glstie s @useur.

o ulrreuerf), Frreverfl, sriwLbleveuryy, & GeFmphaener pewpGu gysadlgstr,
en@UDL [T E6HT, HTITLIGT-e0L_-9f&eweru() eTewrd gsLd)g)@Lb eovs QFpsrd GlFmen
ULPSEFI gpemd Fieuri§l @Y ims&lesipesii. Photograph km'srumg, Ljen&LILIL_LD,
Blppri_ib eresr gy GFmevarg) wenpbg eflliu tb ererpm& @Xmé&ng. Photo
er6sTD (LpetTQleT T (B4 ‘afl’ erettm  LBLd HOlfleh 2 (HeuTh 9 & GFdiug,
Sk QwsED S @)ridgynd sl gplaflwsy senevg GlFmhacnenr
@QBAILGSSeyd QFFSTFULRSSdD (pwHFser GQuiflu  erafieh

SIUEISLILIL_efeDEmev.
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surrcsroant &) Geusgssg &0 eueniTh &) 6u(hLd FHessiLiGU TS Hiewnuileh O)FmhH&H6T Licy
LB STSH 2 (heur&letrmert. Qleunmleh Flev Flewevs&letrperr. Flev Loeom&lasTmert, Hollarith
Card, Punch, Pause & GQlFrpaer eauppdQsmiflibg el e, eTarGen Ggemeu
eTariLi(Beud mi%h@Lb (@)etr BlutewiowTSer eTewT HSUHSLILIGID igLILIGHL_&
QFETHHEEFGLD 2L _aTiguTs SaedGlFmiawrsdsd CupblaETera g Frey
(LDCFTHens: 1 & 2-805 FHTETSE).

Qg Liieor & QFETHHEBHSG FenewdQFTereTSsHid Hramd QuTsl Sl
BLb pressTensTpleneuifib Grimp migeb Geueds(BILh. FImuiTid eisr(h LILpeHLD 2 6oL G5
sLbltp  Glomblulled  gyemwpgierer ‘wrinlwssawsCGarl uT®’ sonfls
2y riseoe_uileb Geuemetraf] Lllefireuensd; HITeTeUTLD. e9LIGHTT (Q)6VSHLD GTGH M HTLD
Fpib 2@ Qdbewer weimens Grilfleng etairp ‘ews’’ o myliims mib
WpHTCETTITSHGT eOHUITGITLY (GHGDTITSH6T. @)QFuiuyeT @)evssewr auySflesrmy bit/
byte, word,"short, long, parity y@wephpise wpeonGui ojepad, FF, g, @mery.,
@By ey, @sTen._  eTewis QuUuwrd Lt _ayib QQuevitb. @bupwiH&
wgGauhsssesst o1ar yBIehT GUIMBLOSSHET Hb H(HIHenS (LpGiTemeUSH6D
Gousdor@ed. P.T.0 (W pCarrdens 2-g3 sHmesers).

GWHOILITY, SevL_FevGlLm), yreva eThETLb GLirey Sl iGN By e
S@HANCw, gperred wpetr efleribiIwemney Cired R0 SO 1 LicwhlgG)ser
</GVGUITLOG) LIGL HIGODUNGILD LILIGTLIL @Iehev g/ & ewuf] L1 LT ). @) etr
LGS (B 6T60emev eifld gienrss @) ievm 5.

Qs Bevgulstr et QLomifibs enfipenmsenarrt LesTLIDH D) HewevsGlFTe
FEOLOSF TGO LOL (UL BLD L1658T) (Lph DL IGIL i) my @NBILD 6T 6T . DIUSNFHICVEHGV. Few Lo H6D
Caupi; gyewinged Garml Feoinds FHenevd QFETHHmET HreveuLy ailey TUPGIL
LiwiesTi(hS s Gauesor(Hb. —oyeiiCeuememufeh @I—_1b QuUITURST FHTFesTLONS: euLpeius
QFmhaer LempwevTd. GFaiaM O FTHSHENT HeOLPSHHEITLD. Q)eeuTm) jemtouiLd
QETHHCGErT ‘ FenevdGFTe’ @55 Gy MILD. @)@ Lpeb 2 (hauT S SLALAE Fess i@ i)

Qplaflwenrts Ludh mieM 1sH@s apuhHSeer CronGlamereniiLi_ Geustsr(RLb eTeor
Q&Lieayb GarsssrGGLorm!

*

: Bit-the smallest unit of storage. Byte - fixed number of bits. Word - Collection of bytes

STLPSFITITGUTOU & DJENF. 9je0r&FUTGSTTCVTGY &I EIT. 116V T EemmTe) _oyenina sy
Diq.
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THGaisbma — 1
DTS D (HEH&HEHITI G1LIIT 86T

! Exclamation

" Quotation Mark

# Number Sign

$ Currency Symbol
% Percent

& Ampersand
Apostrophe
Opening Parenthesis
Closing Parenthesis
Asterisk

Plus

, Comma

- Hyphen or Minus
Period

Slant

Colon

Semi Colon

Less than

Equal

Greater than
Question mark
Commercial at
Opening Bracket
Reverse Slant
Closing Bracket
Circumflex
Underline
Grave‘accent

{ Opening Brace

] Vertical line
}

$ N

+

-~

> m@ VA

~

Closing Brace
Tilde
Blank Space
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Ntk GHmeir
CromCareir
676307 SOOI B
IBIFEeSTILIS: SD)
aLpSHHETH

2 1bentnd &Gl

2 eWL_emLod: &1
LYewm b FH61FHSHLD
ewm wpLg-af

2 (B Sl
Falll &V

ST HLYGTT 61T
B)ewewsTiiL] (9f) SLlSH60
pD DL eI
FruiSET()

WP SHSTHLETEr
QeI LILJCIT 6]
o tp &D]

BT S

Glaup Bl GO
&SlesTT s @Ho)

aF 5 il
LIST & HIeUSHSHLD
@ 1b FmuiGsT®
&g (Lprg-af
FnenT S S
<yLg FGHT@
LigY|Fdds &&ml
HITLIL S FHIGUSGHFHLD
&S LFCHT®
STLIL] (LPLY-GYf
sewev Gt @)

Gleverf!



Hardware
Software
Firmware
Bit
Byte
Word
Nibble
Long word
Short word
Parity
Boundary
Binary
Octal
Decimal
Hexadecimal
Binary tree
Flag
Letter
Number
Digit
Character
Special Character
Character set
Alphabet
Alphanumeric
Sign
Symboi
Code
Mode
Mnemonic
Notation
Cyptogram
Integer
Real
Fraction
Constant

IHGaisma - 2
DQOUHL.  HBDE 61FTD &6iT

GUGHT &56UGHT
GlLoebT HBVGHT
@)ewr_dasevstr
DICOF

Grr

<lq-
SLUEsErT
CImtg-aurg.
©benig-
GlgmenL_
BEOGIT

O

GTGBITLD

SFLD

ugler myo
LogS&lener
Lieny

TS S

GTGosT
@)ev&isLd

2 (%

Sy

S (RS SGETLD
QUCEEANG
DS CTEEIT G (Th
&l

B® &), Pesramd
SO
Lsrressf]
GGl
&Bwrern
Loens; Gplui®
Lpagllaicte

CloiQusadar
LSstraurtd
Lormied)
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Variable -
Mantissa -

Characteristic -

Exponent - -
Radix -
Fixed Point C -
Floating point -
Modulus -
Least Significant digit -

Most Significant digit -

Pseudo -
Random -

Operation -
Power -
Truncate -
Rounding Off -
Static Variables -

Dynamic Variables -
Automatic Variables -
Global Variables -
Instruction N
Statement =
Program =

Programming N

Source program -

torrm)
aupGlomh)
@)ewdsid
BlenaGiomp)
Qevdiaid
BES
2iLg-eLpevid
@) 1b@ i
@ _1bQ iy
1BGhuictsr
GL USTEHFITIT
@evdaid
SLfleuer @
Bevdsib
Guirad
LI IT S
GTGUTHGIT
aflenerr, GlFwsh
g
DD
e d 3]
FeveTLAST
Lorrmlmeir
FausTLblS;
Lorls6iT
emL_y
LOTW)SGIT
Blemevriy
Lommlser
< EWGsIT
DD
Blgeb Gl
Bigev
QBT _grésn
Fene Klirah
Qsm_rr



éfObject program
‘Executable program

Routine
Subroutine

Execute

Run

Process

Step

Expression

Control

~ Condition
Comment
Call
String
Stream

"Nesting
Block
iteration
Do loop
Sequence
Serial
Queue
List
Table
Scheduling
Array
Matrix
Row

- Column
Keyboard

Disk
Input
Output
Sink
Source
Jump

coewp Fyed
(OF 7 /2 4
GFws Hlgeb
Q&m_ir
auflSGIsmL_ir
SIGNGHIT
auflSC\sm_rr
Crwpu®s s
)
auLbiiLihs i
Litg Flemev
Carena
s _Bm)
Blupgenest
GolLILeny
aflerf), -yemip
FTLD
LOGDL_
~S{COGTT
Syer
i O i
afleneTFHLpeL
suflensF
OF /iy
FTeny
i’ 1g i iGh
L L aiemeusT
ueNF UL MY
yeustl
yenflECsreneyu
Blewrwiessf
Blyevessh
NFHHLD,
e FLILICUEH S
UL (B
2 _cired (R
Gloyeflu§ &
CY
FEOGIT
STeflFGlared

Tabbing
Compatible

Corruption
Scroll
Spooler
Split Screen
Terminal
Exit

Quit

Hait

Wait

Hold

Stop
Return
Terminate
Memory
Storage
Register

RAM

Stack
Heap
Cache

Buffer

Scratch Pad
Editor

Word Process
Emulator
Simulator

Compiler
Intrepreter
Assembler
Operating system

F55)FC)Fe
FHECUGHLD,
THLIOL—
FEOD, FETBISLD
aurflo_surr

Sy
USSleT
LPEOGUTIWILD
GleuerfGus
SBLB
SIS
STSEB
STLOF)
Bid s
BpLoy
Sleverig.
BHlewasTeusid
GW_rhigs;
uglay
HlewareusLd
[)Fens
DS
HleweTeusiLd
Fality
GaMLIey
(2 6T)@memm
BHlenesreausitb
@ L1u@E
()
GOSHLOT M)
Hlenereusid
Breusb g
aurfiGuieusf!
QlFrrebGriesst]
L fIGLiewsf)
LITeUem 6T

Grrensf]

ClsT&S SIewTiid
LSS ST
Bleveverss e
NG T FHGVGET



Data base
Spread Sheet
Package
Data
Information

Communication

Message
Maths
Mathematics
Arithmetic
Algorithm
Computation
Record

item

Menu
Access
Retrieve
Free

Format

Unit

Pack

Fault
Garbage
Query
Packet
Compression

Reduction
Satelite
Network

eI S SHeVGHT
afirfiLor_ev
Q&)
el
HBaUGED
@&smL_ry, C\FdiS)
&S5l CFs)
SawBilSLD
seostlgaMLIch
HCTT (S,
Clpiperm
Fevoflly

CY

2 miity

o mrinig
HEVS
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& (BT

2 (FaUGTEY
VS,
B, Hlessf)
Uppey
FnGITLD

eSserIT

[ INTET)
F(I5SHELD,
&DUSHSBLD
GeODULY
CFIoS)

euemeVLILGtT6ETSY
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Redudancy
Sort
Merge
Colour
Hue
Palette
Pixel
Point
Element
Picture
Chart

Dot Matrix

Graphics
Animation
Visual
Textual
Tactile
Audio
Video
Mark
High light
Scanner
Display
Cursor
Pointer
Prompt
Clear
Window
Medium

S blens
RLLFS
2OHS
6VGTBTGUSTLD
BlmFEFmwsey
Gicdurcust)
Lt )
LjaiT &), (Lpemresr
F2mf

L ib
QUETTLIL _iD

B)bid)

yesshgGareney

FSGTLd
<& e
S 1 JGUGhT

2 GOFFITIT

D GO ITRYFITIT
GlFafFm

S pleFrrir
soLouN(B)
LO15Q) s refir
by

ST 1g.
slig

2 &9
&IVS5S

LIcv Gl

oen _H1b



&P Osluny - i SorTyfwniiseys &mes
(COMPUTER AS A LANGUAGE RESEARCH TOOL)

&F. LUTENVSHT 68T
I SWEDLOLILITENTT, SeflliL] GRLOWILD,
SLOLPLT LIGOHEEFLPHLD, HEHFTYT

1. ((psiTEBYEMT

SLOTIT BTDUG YFTEHEhH@ peensT Loaflgenar @il LIGTLOL BIG
CoussSmer QameaTL_ g Hevew “sawsd Bd s@peflwrs i Gb elersEhu
s ALIQUITE SHOUTEpS BLb el e Hevouilgid gGsT @bk
cuensuley LWGTLEL “LIc-LueTurl B sGeIwns eerid& Gup miecirer &.
ot gpflefiued eyl iLeiaerde e LHUL GubD QaTfled m 1
1068 Ieydant & Hpeiiuns Lo HGL LEGTURSSLILIL (B QubS &eush L1 LT )
SHEOUTU S 6TaI@LD TSH@PEGL LTRSS SS T 19 W SheNw TS
QUL I Lo& S ILIGEND Si.

@Qpfleewriey, Quomblumieds  sewilGuTBluicr  LwerLT®),
Qurflumicipg app amsiid saflGurpuicsr Csrfle milu auss).
ag euemioliy g flwemasdar upy GsressTials @ésl Beoyuier
Crpird&Lom@Lb.

2. Slion e 9 usnTsv seool Ci6lumnf

ylafieh Hienp Uiyl LIGTsTISEHS @GS sessti i Bleow s Liwes LGS i &
Griretr my Gomblwirdseyt’s Lcsslls@bs@Ld seslliQLITBlenwls LwWesTLI(bhSS6VITLD.
1950-g4tb TG WsH@FTETGL. Guwewe Br@EseNd &ewllliGlLmblser
Glomwmiiedd:@ LweTRSSLILIL_ (B eub HIGTeT 6.

2 6iTer s FH(hSenS ClauaiuiBeuSHE eTesTessTL LIMLOTHDBIFHEHSE GILOTLH (1
SBeNUTES LWGSTLIGGD SI. CLida: pent_ @)erer T meui Lo ®b &t Gou i iBEMD .
QeiaurGp geiGlaun (BB PSS FevL b Sefiggiaub OLpSeTDaT.
sTew Gy, “QlomLfl pev_uwedlesr ey’ @levs&urdg Spermuiiefb@ts G gib
genew YNED & GFTHEmeTUD @levsEsHenT & misenerujb GFTHEDML_T
D[GOLOLIL G FEOGTULD FHETSHIL_ (B QUILIBUSET epevtd a(h HTedleT 9j6L6v &
ueni_t1fer wen_Cumefleow  @ewth  seaw® Gemerereumb  ere
QY UBSDwIIUL_(HETET 6.
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IBM-704 eretrp sesflGumm) epevid omrSugeiv  yrermev. (MATHEW'S
ARNOLD) ersirp-gyiulev safludetr GlFineirs@nd@ Gum@wirt suie L6 Limflsiv
(Prof. Stephen Parish) ereruaugmed Gerdewen oy Swrhés’s ol g.
Sewfl LG umll epevid pgeTapGrs GFTeevenl ey SWUTMSSULL 1 g
@ ECawurngd. @enals Searart ysxGumr® ysgms (Oxford Dictionary)
SWTALIUSDEG o salwrs GlFreaem ey seflliGLimpy) aufl o (heurssini’ (g,

2 agpeoL_& GlFuiGlsmarCuim, GlFuiyerr eutg afleh gemiops CFIHsenerSuim
saflCuTPlée sdaraf® Oedg ofu afuemwiryseflear apeh
Oeredeven_eoyser GESUL@RGTDaT. QFQFTOML_aEmaTs QETRT®
Q&G FQET DS, HTVESHCHHD QEmhaer, LTSS ThsessCann QeFmheeT
eTerr euenSLILIBSS Clemhaer g omuli@lerper. Gogb, Q& mhaefsr Csiay,
vweTU®BS SId wpewp, P GIFTHS®ET Ydh@GLd Hnest, QFTHEEHEGLILSW
Gumrmer efigssd yhwmasellsr apod b
BSSu_Llhb S Coupii®ey g T TWILIBSD S

CQuuwGrssmiser, oaQuishiser, oibemino oepy, QSTLT
RQewenr (iLimeser apsewer QErp@prL_ra&ener (Phrases) AL S DS
(Expansion) ereieump wweTL@&GTDET 6T Gy QL TTWILRS D S
QenrhCpm_Gy Qo flufesr St L_eowiienurt (el iL@S SIVUSDE DLg LILIGHL_
STGUEMGUWITS DS IMlawed o9 titiemi _ufed Crprasiu@ED sl
Qlelraur pr, GLomflé HLL_ewiolienns S@ALQLUITD aufl ueugs @m Caumy
Gomflaeheir sL__eowliyser eetCnrGl_retr D) GTGUGUIT M) 63 HIGTOTGHT, 26y
Clarar@ererer, Goupiu@&earper Qurepeneysamar eraflgGled, alewgaurs,
yPleflweb sesarGevrTL L_g&leb sedor_phul LWSTURED GI. @SB ppuiays
Lewliair SesaliGlm s auyfl Glom AR Ayt Qurfl gy GIoewT GQ\FUI&etTDEUT.

Coayw g Gurflier Lwearum® STVSEEHES STV eTaIalTmy
Cou qi@RTp 51, ueriréBusn_Kern s, pleflued wpsiaCarpmizser
Quomrfluletr arergens creieum my STESFIDGI eTeiTLIeT yrmuliLiG&lGTmer.
Guguiib, Qorifls smmes YensS o1 CaunuBfma. rerQGou, Qorif)
BenL_Wlenest YIS cpeid Qb L L1I6HT FHmey Blrewrwip (Dating)
uent L1SH& M P riwfelr Quiwir <Mgeb (Authorship Identification) .oy &uscubenp
sewflgaiwsy (Mathematics) jerefufuweh (Statistics) Gamium@sefler epevth
leflucy sesaGamrre 1 4G SewfiiGlumm) eypevih HerL_plweortb. ererGa,
semflé@Lb Hmett o Grer SesshLIGILIm i) epeues QS sewaw 2 uieyLs Licwslsseir GLosmev
BTRENQILD BLb BT 19 eyiib Gmgb@andrmuug@drmm.

Liemil__LiLirerm
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Qurifleribs ks Yuarl uaisEHsEGL HellG uTBenu
LT LIRS SETLD eTeTDTaDd, @)sieueny SeNlGum epeud GeupmiFyLoms
Qg EUSsLLUL L. @ Ho urflurwes ueflsar &G
Q& THSSLILIL_(HEITEIT GoT.

1.

2.
3.

8.
9.
10.

FemflilIGLTP) aulflg Glemevevent_ay (Concordance)

Glomifipenr_ g4 uiey (Stylistics study)

gfMwur Quuir Csfurs UL _liysenrseE Gmplpaeow
U1 Crrs& @ fwr Gt sedsr_mlgeb (authorship identification)
GlomLfl @)evdisemTib (Syntax) 94uligHed

QL Qoriflé@id, eTps sl GMoriflé@ib (Qevs&lw Glomip) 2 6Ter
Gaugrum’ig.ener yibsPigeb ( studies in Oral and written style)
Q@ésar yaowliy Rowwld Quidy  Qurhuwiiiy
(Machine translation on syntactic level)

sewAriGQums) e Gareamadasrl HF GFws (Television News) pemr .
Y16y BB, B eLpeuid, CFiGlseer sTafigley Lfp SIS aT @D
UGTeRTID APBlUmSSHD. @)semsw Yuiayser Haopuws
QEUISFenerdF FHHSHHTHD GleafleuTsayb LIg&SaIT, LITLOTT
yemaTauhd eTeMBley yMbZGClaTareugsng Tghus swrméssd ClFig)
PP sendE 2 oy &n i

QsrevevssT . H& QG Cumes p ClFdiglS Smer Glomflpen_ gyuicy
LIsDL_LIL&@H&E HiTew BliienTwid Glediged (Dating)

s IGLITD curf) Glomhl snHmed, SHLIS S

21, HP0 UHEMVEHPESHEV Gl UGlLTY' sloTfuiriiey

oyflefluwes e upepuisy (Scientific View) sullyp Gluomblenw s
QuFtbenLoii(Rs GiLb CHIT&ES SIL_aHT SLALPLI LIGLSEGVSHLPS:S SHawsilLiL] e SEleh
Bipsaaim_ iieyliesiser GopGlsmerer it i _a.

1.

@uipGy Gomfleluwriiy: 2 (FFWET - HLOILD
(Machine Translation System: Russian - Tamil)

senLiQuimy) ey sevewsblsre eumi&l
(Computerised Scientific Data Bank)
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3. sblpd G smensehet 2 enypenl . U1
(Newspaper Text Analysis)

4. syl eufl mrevs gyuieyliicsst)
(Tamil/SDV/ Tamil/Marc)

5. saflLCuTD anfl oemarsd gievss sl genevdaaily safler L 19 wieh
SW TS HeH

(Prepration of International Catalogue of Tamil palmleaf Manuscripts)
6. &Gy el Sluss@mer yiay  (Computer Analysis of Tirukkural)

7. sy euh) QLomiflsenssrer asbiSeameshs elleuig au LorH.ni
<gyemroriLy (Integrated Script Conversion System)

&

sLOlLpF GlFmebeuriiad (Tamil Word Processor)

eyl el Fhs QevsSw STTES G 1 1b
(Computerised Sangam Literature Dictionary Making)

o

BSEL 111 Lesh nefleh Fevaupenn F(BESLLTSHSE s STeT QL.

&l GILIm B) euf) Guom AGLIu iyl LiessNenw SefliL) eaLowiLb Seneoumus
usflurs  Gupllesrar@earerg. o GHu Qurhulemhs s
Glom feILuFsEd wwpuish arere; Qe QubpieTer s @SEIL 1586w
@) slaueny HevrL_ wperCeThndens SLOLDLT LIV Sene0E S5 SeusfitiIGILIT S GlLomLf)
Cluwiriiy : o (BEWeT-HLALD 6TadTD Yuiey HTeVTSH Qeuafui_BHeTer /.

s  Glmhls Oeugsmearyd sefllQuma)  ppevth ey
ClFinuewTGIoeTpT e GF IS Generd sesstiIGhTlufleh 2 eirarf® GlFuieush@Lb
Caraflif® Glediasheg Yyhflew Tupsaissemar i GCw Q&TeTL_
sessiiGILIT Il @Hlevreb,aliBarsb (Inputioutput Devices) (el seir Bmiser.crerGay,
Gliomflé CetiBlaemen o draf® Qe gedli@uuwiiiLy (Transliteration) Qleri1ge
YuFWLTEID Z). o crel @ QEwiuat QFuIS sener @Gt Qg 2 eirerf(h
Qe GouesT@Ib. sLolLH Glomfl yuieughe@s SesAliQurilenurs LweTLGSS
Quuaub sreireng BlmiayaushlspL Crrsenerd Qeweurs “gemALIGLITH) cuf)
B BSGDT e G 1b senfiliy eoLowgHe CuopQamereriiin L_gi @b
QULreSHeTS 1330 GLLITSSEHLb @edlomHptb QELuiGLh ) ST PSS
oML LU L. @per QauaTurésens&iu @ews s NG pewp&6ir
euienLoliLy epevLd SesliGlLImPlsa, eem 1 1 g1 @Vbg euySlweniolienLis
Cl&Ter® SLpdseir_ Loy ayser B e,
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9. Gguom, veflor, smweflerib, seflerib, Qaiommismil, LjefLomibI STy,
ST HSTL, gnefewhism & W  Qlewdsenr gemiotirPed
YOLDD SIGTET QUITITGengsefletr cTeimeniiséems.

ClopsetnL_ @)evdsent gemioliseled Q\grL_migLd &GDL_LITSSeresT
GTGHTGOs S0 @SDL_LIT&SeMeT Ll 19 116D

&

IBITGIT, LoGIT, &5Ta%, LADLILY @)emavaened (oL LD GDL_LIT& ST, oyenau Heme
U1 w6

Qubrr, Geawsér, Quplr wHoinb Qeuas :quq_l_'/qul_uﬂdJ
YLD HIGTOT GDLLITSHHEMGHT 6TetoTewlgenSLT LIL_1g 1t6D. '

LD

3

yerGlLIenL_F6flehr LjLp&astD
. TS HISSHET LiLpsa586 HlopGleuetmenidems
O FEmed Lypsas&ett HlspOlastmeidems

GIFTeheVEanL_ay

B a9 g b

@ 1b Qupp Guorsss Gemhaer, QeeaCaprear QETpaer &
Furglser, @QYbs Uiy wpigeyser Computer Analysis of Tirukkural 6765Tm
seneu 16 g mGlevgSleb eTpSIIL 1 FBTevTs Oleuerleus &eiTem &).

@ivesstlufiener GoplsmrenL_GLmupg 26raf®), Caeail® GFuiausnes
24BIGI6V 6T (LS H15&EmHLD, @S0 LTI b CHemaul it 1 FHTeb L6y FewL_(Lpenns
Sésvsemens FhHGds Crrbsgl. srarCer, sLblps QFifseamers SLOPCCWw
o arelf®,Qeuelf® GeFuiyb auflsemend FeflQurpluied o (heaumss
QpuUpPSSLIIL 1 g Qser aflenerairs s G’ Mésv (Dot Matrix) coyser’s
QurPlsefey LL_hseT eeorwissaig i (Graphics) eusSaemend Gamer(® SLOLD
ST(LDS SHISHGT UL UILDSSHLILIL L o1, (B)Fehr eflenerasrs Glaveuf@Geener HLolLD
TS Sid&Fehleh FFIPD s 2 (HeuTSSLIUL L &) Fiomr 16 GeuaiGeupresr
2feraysened SLolL 6T(LpS SidHener yFFBID eus G Glrdiuin’ 1 & @) iessflenw
29 L1 iewL wmss GClEmess(® SefliGmpyl epevtb @)bG GlomSlsens e
phiGlenenThg (Indian Script Conversion System) surfleurg e LompHm ojewioliLy eTeTm
vesshl GopGlsmeremiii’ L gl )b D(eOLOLILSIGHT eLpeULD LOGHEVIITEITLD, QUBISTOT LD,
QB e, Fetrert_Lb, ol 1q., QY65 & Glomfleemleh e1(pd HissHer o5&
ULANLIGHLOLIL] FGT 2 (e TSHLILIL 1 63l @)bs yemwrifesr epevib CoGev
SO L Qerer @G Glomifl eTupd sidsetley GlsuiGlsener ojd&l
@wgiLh. sreflgyd, 2 cirarlf () CIFIISDHES YBIFIC 6T(LpS SIS&EHLD, oSG ILy
weopuy G LweTUESSILL G apsdl BFPEsmag gaiidg QuTEBL @
SUlpd QetiSsamers Sblp TwWSSISSHIGCCL  oeraf®  GeFuiw SLOlLp
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S 1_&& ety Cumerp s L sl vuwamsGurearenpub (Key Board)
T NSHeoguiiey (Display Unit) s18p s1(ps gissemer 2 (panTdgLb é:ImLDL.ILILi)
mq.cﬁmm&a;uu:_’_l_gy. @aiarm suUhlps  Gsufsewersd Sl
61 Sl S&HaNGaG o eirelf @ GlFuwayb, g iiey GlFuuab, &85 Gleveflui _
QEunuayb uFSHsenerd Glamam_eowps Hllpd GFmevewmiiadl (Tamil Word
Processor) ereirm auiflirentoliL|ib 2 (HeuTSSLiLIL 1 F.

sewfLIGILT®) aif) Spd@per ey, QBSw CLomflaendsmear QJfﬁG).ILq_Q.l
omrppd Cogub sLflpd Glemeemuie? gy&wils uenflseafier g i
SSglusamss ST, alrSewd Gameaa@Ld, ‘Feafili@ury alfl siis

@eus&Hlug  Gerdewem e wHID YSFTES S b’ Guop
QameTertiLi’_(HeiTen .

3. Guwsoy Quruyb ssfORuTd iy

selllGQuUTHlégs s L marll@usn@s safil@Qursd Quomiflser
(Computer Languages) = ¢ireren. sewilliGLimgs) Olomif) eredrL gy sefiliGLImmleib
Loesfigennd Lyfib &6 Qamerardsty i 1055 Gembs eTeiTessfden g eirer FmLiLy
Liléa aurigengser, erawaer, Spliyd @GBS @ser, SO @)evdisessr
DISOLOLILSHET Y FaupenDs: Q\FTeETL_ewLo gieiTen &, serfliGlm s QLo flsener
yemeusailesr LietTumt 19 HCEHLI eussflads SlopsHEHsGd Coeneuwmar (Com-
mercial Application) erflweniolijsenar eTps o Fayib Qlomiflser, oynflafluic
QYUISHGL LweTU@S SiousHCanp Gomflser, GrflwriiedHe& LweTUELD
GIomLAl &6, LIS SGIeODEHEHEELL LIWEGTLIRS GlaugHGsapp CuT geurer GLomySlser
STGTLI LIT & U@SSILIB&ISTDET. HL0miT 120 SerfitiQuimy) GhorrflseT 2 sireme.
ererGey, sellQuUITploow eThs SieopHaL vweTLGSS CeaicterGCLom 9B
Sivpssrar aflummpliyssmar o (Harsas wFGlyerer &ewflC1GLmm
OlomPlufener g CsABH®LIL S ST ED S). aflwen iy sseners
Qaretr® ey Cetiin Geussrig ur OsiiGsemer o eref® Glednueyd (Inputing),
Yrey Glsdiwab (Processing), Qeuelul® Glrdnueayib (Outputing) @)wgib.
sl iGILT ey CLils & eveus gicrar Gl 1) meMedlm b g (Data) ar girey &l HPHereD
CQup Coar@G et D&MW SefliQury) &0 1_enersenersy
vwestumii_reri(User) QsMESmdse Causir Gth. @)aleur my sefl G um )
Guomfl): @ SHIII L. Comadsrs, GPWESTSH, CFUQIESTS b
CQurlenw Qs LHWSTURSSLIL@BL Qewhens Uiy afleh yemioibs
Clomfluin & oyeion gierer &l eTenGay. senfliLiGuTenws Qs B yiafenet
CupQansrer appL@uUetser SeRALIGILITE QEmifled gy 1y UDQYBTEHeRL_Lb,
uenflurenisef b ereng O FiQeucir BCLomr ImgGs Glgaflaursd GFmevev
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QaucsstGLb. sesALIGILITD Glewenrulleirn) @) iLicmAsemar eTeleuT M FeoL_Lpenpuilet
QEIEpTirser eretrp Grwupurt B ségugams GCgafarss Couam@Lb. ()5
fégmDD . YaTTed eTaflenvwimeargevev, Guogyb SeflQumblesws 6ThS
sieopuiett Liewlls@ s engwrertiui_GeauasHCLom, 2yé gieomuileh eoswiTarLiLi(BiD
As&ADIWw sieons ClFTHEmersidnl_GlgatlouTss Qausta@Lb. eT(BHIS HISFHTL L_TH,
@@ Gomipfllilued eaegIpT i sHeopuld gsTUS R LGS
seflOLmPleowts LweasTU®SEHS Glamerer afipbilermed, liLiesils@d
Gaenauwmer Qo fluiliued geopd GeEnpaear oy iLasflleow s SefltiGLim ) aurf)
CopGlsmer@nid Gsmifle mi 11 arsbgursfl_tb GlgefleurdsGeuasT B, (3)HevTT6L
Q&rifled B 1t oyiflaydlés senfliGLmm eusbgumpiL_1b GgeafleurssGeaustr(BILb.
Qaermed Ggmipled mi' 11 omlayillss sestiiGimml eusheprsefsst Cprhiser,
SUTSHET FIWDGGSF FHMI QCUAGHSTS TORTL HODSGTL LiHIN
QeliGlasmerd CersMlLSev AFwomEng. RQFFSEQSHEG FTTETLD LOSHSHET
CGu&p @Quebumear (Natural) Quomfluliedlmps lews GlEwbhenswmi
ESWITETLILIELD, @5 FmLiy 18l5e Giomiflwimits seflCiGum ) Glomif] jemaiGs
Qy&Lb. SALIQUTPL ot QFuiFS QgmL iy Gemerer selliGump] Glomifl
QsAESrSS UFAWLTHD S HCH FLOWSSHE TGTI HIGHD 6UGDQYBITHGIT
seArIQumm GQumyf) wuler py sefiliGumrflenwy Spbue O LweSTU@SS
pwever gid Geenauwmm s

SHEUTUP S FLQuUTY TeTUSG @) SID WOQIBTHTTH GIBTLLI
i LsssHlwrenr &ermel Lo (HGLD @IS 58S 19 W1 QT 2 Wi HIL” 116 (& 6T6HT D
BlenavuaSiink &) wTaisLd LweTU®S SiasDGapu 2wt GISTLAI6) HIL' Lig &Il 6T
g ui; 105 TelsTs @QUssEsd: Hmig il @I SHENUTS Qg aUHLLGSHLILIGFID Si.
seAliQuTPuisd GFiiGsmer 2earaf®), Gevaflih CFliausneLs LweTLELD
@@Gﬂjﬁﬁ,@ﬁ)@ﬂ;ﬁﬁb speflgar (/O Devices) gjenausemer @Qluss eTelals Fpliy
flawer Qambfleomi-u LudHF GCsgeeauieemev ereirp  if Fluiled
aig cueESLILBESTDET. SU L FF0 vwmsuld S & Cedwg
Qafpsanraer i safiuQurBluyL_er Qem iy Gamerer @uweuib. Grogurib,
BLog aumGiomfl &1 _enersemer eapmié (Voice Recognition) QlFwHL@BILD
smeilaenib ang eienssuGESTDeT. QELgith ‘FeilGILTyl Glomys’
sTeTad “e Gomflésmal’ SEAlQUTBEELLD, LWGTLITL L Ten(BéELb
Q@ S wrd AaTEGHDS. Q)EG®DUILITL 1§ mer 5% @&LD 6V GYaT GuvT LD
sEALQUITB&EL, LwusTuTL L Tar(héGL @ Gu Blap&larn Gledisls
QT wéaer QU 6T Sitb @uisvuimer Glomfluiled @)més Gouatsr GGIoesr
e FUl B UIcySHeT Qup@srareriiul’_@ererar. @ eieuuleyserey
SPINN_ggéia aperCarppepd Qauppluib FiL'1q wjerere.
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@eeur ny, sefitQUIBleaw’: Lwaru®Ss seilGumy! Gomy) oifley
LIeSTUML_1L_men(hé@&d Coemeu eTesrp hlenevuledl(mb &1; el iU T Bl&G; Lod seir
Gu&d Quipens Glorh) ymlay jeusitd eretTp Hlewevd@ gl (Heiren ).
@she Qubms Qumrifl gfleeuyd Ouwry) BlyeaTsss s b
semlIGUTHS@ oL CGeustr(Pb. @R)SM& e GLomLpluliesr @lews pemioriLy
(Rhythm), 67(pd g1, G\ e 2 F&fld@Lb Hemev (Phonology), (Morphology) GlFmhG@mmr_rr
ojemLoLiLy, TS &Ew 2O LI L9 ) &I GoT @)evssaeserib, G &Fmreb,
QEThGDTIL THEhdsTar Qum@mer, smSCHTL L 1b Gumetrp OFWIS S6ir
sewflICUTYISE 2en’ 1 Goredsr(ib. @)ning & ClFwieuSler epevib @uibhendss
Glomgf) o ewrirged (Natural Language) (Understanding), @wmhens Glromiflufish
aflenr_wiefggeb (Natural Language Generation) gy Sl euFGlasenen g seshiLIGILIT M6
2 (BT &SHeTLD. @)SSm&W I LiessflseT semfliGlimpluiieh Glomfl gyiiay -~ (Natural

Language Processing) eéretrp S 1L SHletr o9 1'1iem_ufe yiieyls Licwilsarms:
CupOlsTereriiLil_HeTerer.

4. WpLyafey

LOGY1% oY (DD 801 &S LPD D) @iLb Bl mest SewfliGLUITBlents o_(HeuTds: <24 U161 S6IT
CpG&merer L ® &6 mer. seflLGILTlenw @ W@HSHMUTTS,
Glumldwevreryms, Y fMwgrs, Qomhludwed Q& NugTs 9 sh@Lb
wwhHHsehled grerey Goupsl fevi_g gieTer ). @)elieur 1 wesfls Fpiry
QbFmsenTear GlFIglsemens Sl BHal g, CFL0S Fiemar QI FUI G S 606 & QI FHTessT (B
R &lEs s FBSS 5185 Griomestid SITGUTLI & GTHITHT6V BT LOT T RIS GTh &
& L BBe g, uew QFuiFsHemer PUBWLILIBS &I S, @HAEISEHLOLIL &),
Cern&liug, meop ynlaied UsGatLI@Bea g Gumerp LeLser
FewfIL IO LIT P& HHLSS LGS Tmesr. GLo SILD HYGHTDITL_ 6T Lpailleh LDGSTI B emIs @
THUREETD jetiey yBleay gy hpemevuLb, Sl LIOILIT IS yeflliSev
wpwh&Iser GonGEreren il (ReTere. @UbpuphFsefesr LicveTTs OFT TP
BN 118188 L1ev eusSlaenard Qs et (R QULY GUSHLOSGSHLILIL. (DG EIT HewshL iGN TmlFeir

Oomiflumdielpe Qb DTNDG LwSTL@LD 6T LIS Q@ Fml b
ewiLblevemne.

@)eleut mi Hesl G LImiser CsTfled B 1 FEUND cueTrER GlLbHmTeYILD
LU/TGII(?ij ADaUE@HLeE GIFTL Ty QEmeTEnid euetmesTLh Glomef) ymlenaids
SewILICILITHISG@ 261’ (Do gy HuFWOTED . @QEHEHTS Liev ) mieuGsThISET
Sesufl QTS ULWIGHLDLIL | SmemerT 2 (BAUTHGSHIGTDGT. () SEnHIL LicwH ST FHevad)
@@fmm@fmﬂ@ DL Ue & Fn L1856 60 < T TUIFF Hlenavud GeoQGus
Cp@arereriiuc_ @ UBHGSTDAT. @ elewmmme QT TLES 1pLg @ysH6T
@urr@mng,frq FEuIeH Geupm) G miGLoser eSlwiruimy GprdssSe GlFweLLIEID
wev gesflwirriy B myeuestiusseir &ms S bCLir &1 ©lLipib Qleudpflens srefISleL G)impevrrih.
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Qwayl 9 uinfsv &l LTS

&. FTHGEHG) @L1.gLbLI Z1eT
Cum&rfwit whmIb Feneveurr Bewewsr CuigmHifiurt

UTFEWITIT LI6VEMeVSSBLOHLD
Camubyg i - 641 046

1. (psiTsysny

SHesHILILITGHT 6T6sTLI &I @)etTemmins yemalieh Liev Gieomsarleh LwesT LBSSLILIL (B
UBED S @uipens Guomifleowwh sesfiliuimefles o gafimed Qyrmw (LpLglLb
sreriemGULd, Qoryf) GCuiubLge Serfliliumenet LeTUGGS APLY-ULD 6T6TD
Qsrerensulictr gygiueoL_uiled Liev Glombledwsd Farps sefliiumer GplSS
QYIS SHGT L[5 Sl eubFIeTper. Gleneusaneh @b Flevapenp GOILIUTS 2 TS
Bz s Bevy e 5.

2. Glewmemns wERIL UMD

wellgiser QupomstiGolu Ghlowscs SGHSUTD ST
@usSHear  amtlors  GQupp Pl  LweaTu®S 5SS D
FEHT OO GO L_UIGUTEGTITHEVITEV, aUITSHEHSHS Qubess w& s b (Natural
Intelligence) = 6iTer &I 6763 & FHBSGVITLD. FHEINILITCH SEOGTULD LOF HIL” L1Lb 2 6oL
@B QUITPILTS YSSHUPLYLILDT? DEOUSEHET ELpBIeOd:S eIDDQIT R HhiSH6iT
olenar LWSTLRSS GFlGaener Lol &I, Lompyl CaueafliiEd aensulieh
o (U &8 aprgujiom? ereirp Gaerelsenad gyig (1LknL 16 STei SenflliLmenars
i Gewhens L mC L (Arificial Intelligence) gyuieyseir @)etr my Gl LTINS
2 W& BL_h 5 aEReTDGT. @)FCrT(® QUBTLTLITS SEESILILITEIL 68T H(lhd HILI
uforppiens @uibpeas Quriflenws LWETURSSCU BISPSS LPIGULDT? 6T6HTD
Caereilyb eTap&SIDg. 245Gy SeueflLiimenest Loesflgir Hemer 1GLIMED 2 6vTiTHeD,
DewewstSsH6b, Liev QFwevsenar EIFIS6D, Qo flevw LW LIS S0, ClFUISFener s
Celblg s masssd Curarpapop QupmsiiGaCu Gy asuied
SEIILILITERISE TDHID IO 2 (HaUTEHS Si 6T65TLI SIS QFwmhens LoG) HiL L1
ey sefesr oyg e SHSCHTETTSLD.

Qewpens WHHL L Ye) TWNSDEG WHTCarTy TS oowhs
Qo SluFwsed FiT B 24 U1eSHertieh @QuipensGiomif) gyiiey, serflliLimesr HyPlayss
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Comaiumer agaemwliy, @VssanT Pl6)deTer. %tila/a;c.;ir, ' @L’orrg.ﬁ.?
v safiesr Glmmer GBl$s g uiay, GlLomLf] yeoLoLiL|saHeneT 3_16'6)1_._5561) LoHmyLh
Qo) el jdsener yuibsPlSe CuiTeTp LIew ylieyFeT (LpeTGaTTIg WTs
<DJEOLDIB & 6VT.

3. Qwbsma Gloryd s ey

QQubens Glomfl ey eTeiTL g Seiliumesiesr o gaflwired Glomblullesr
Qs semr, CuT@mETemD YemioliLdsener eSSy auensuferear Fev
Qewdepemp S L HSmer uGLILIG & Lb. ASTaI G @@ GLompluied
STETLILGBILD oot S&efeT GUIT SIenDWITET aulg @itb, feIarlg aidSleD
uBIGOILD SGHS VGHT, elaegsefar eulenFriLim® Gurirretrpeumhenm
senfiiinGar aflens@d ewenauled, semfiliumeear QFweLBSHILb LPEOMHGIT
Qupens Qo gyuielldd wsfws giand G mferner. Qeomifluhweorr
Guorriflevwi, Guomfl warGled Hlevev iQUDEIHSE@LD digsans allerS@GSasNSTS
UV RQUESERT QU QUIBISEENGT 2 (KaUTS:@EDTIT &6, Rlevaisemer (G evdsewr
2 (h&h%er  (Grammar formalisms)  ereirosy. Railevssam 2 (mahHmET
QLI WTES Gaream® Gomfluller emlienLs oG sefer 2 gaflwumGeur,
GSSrmsafiar o gelurGonr eferd@d aensuled sewflliLmey &@ Fev
QUEHT (LPEODSHEET QULDHISLOLY U]Lb. ()& S SewflliLTey 6CGs o Mw apemmued,
SR ILITEneT GULOMAMLIGHLOLIL SSHenerm aflen &@Lb SeTenLOWEHL & QFIuSH&FTS
LIGDL_&SILIEILD UEHT LPCHDFHNGT FESALILITT Qgm_sturenr Qlevdsewr o
(Computer Formalism) eresr DISOLPSSHEUITLD.

seliliunaysCapp @evdser angamseT L Qerempuwr FHLpadled
2 (B6UT &SI _(HGITEmeT. TEAM (1986, KING (1987), ABSITY (1988),. ELIZA

(1966), NETalk (1990) Guimetrp Quibens Glomfl opt1elled o (peurdasic L Pev
GYLY GUIBISEITITEHLD.

4. slwr1f 9yfay BmOBIT B s asmas

@uorflenwuyb, Quomflusesr D@Ly TaT wThGwib, QT
Cumeirpeupenpuys ojeneuseaficr Gur@eneruyb YWnsplousHe Gomblulesr
Ywwiigliupplu  gypleay Cowanur&n g sewfiliLimener @whenswimsCey
Oomriflevus oy g 2UPlYLd Fmeieor_wsms UFSUSDHS, F@OL_W
Blemerey i1 Sufev QuomPupBlu sylereut ol Gaamr@®. @)bs Goms
Dlewar sewilliumay s ThS Qg aSSe Q&TESES Cavador@Gd ereiTIons
Bremruliu@er epevcs Sl s mef) 18 (w6 gy Fpps ferssisener Gump
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T SIUTGLD. @SS gplency aflerd@Lb aurg euiuser (Knowledge Representation
Schemes) wew ygmuidFFwrrenirsermed B mreuliu_(Hererer.

@uuss aflerrdsib (Procedural representation), fleweuGLid mr euigeutb (Declarative
representation), Gaumh myewio #1°_t_1b (Case frames), &(5g &g &y auig-autb (Concep-
tual dependency), &g gd i1 _1b (frame) Guimetrp Glorrf) ymley Blewevpmi B
QLY GUEISEIT QuLpd&leb o ciTenar. GIomLhl omley eTesTLIFIE) (R)evdsesT Y mley, G1FTeD
9yMWlay, Gl pesTenoiLHpin 2mley GLiretTDeney LG GIeTDeT. Q)5 2m)ay
UHSHEHSG enolieniid CsTHEHGL euetmenib Gp@GMIsic L ymley
erds auigauBISeT LIGTLGFITDGT. @)alauig aUBISEHET LG LILIGHL _WITSHS
QErer® SL_L_ewers GISTGLILSESenar (Programs) o (heuTeh@&HeUS6 LPGULD
sewfiviumailed Quwry) ol Gsullggiemaiss Wy aGsr®,
CaemauliL@LECUIT &l H(Bd&idFemenr Q)bs eulg aukisensy sestliimasfled s sl
QeuefiufL_r& Gip@pLgujib.

5. GunHH&UDTI YOI YL UIN

Qupens Guomf)l yuieldy wpSFlwwTs QUomplulesT  ()evdsewT
QDL SSHOET YUIBSDB S, UaUDLOLILSEESES 2 Mflu g aubisenar
QL1 pib euenFuIeH FeEEALILITEETHET LG LIRS SLILIBEGT DT (3)S St femLoLiL]
QuIay eTaTUgeTapeLd 2 mT&GaTamaisamer  Yuige (text processing),
2 oo &GasTemaugselesr yhs emoliLyssemner 2 ewliigey (text comprehension),
QLo @uuwrriiy (translation) Guimeirp Glswesvseamenr sasfliliumeiles 2 gailuwimed
Bapss wpiguh.

| yemiotiy] ey eTTLIGIEY QB WSS USSDl, BT b
DYVGHFETS: STEwTE) eTeip LUGSS Glewguid (Parsing), wybhis jev@Hanar
o saflwimed GLI(BLD HVGSHMeT 2 (FauTdhGse (Generation) Curerp GlFwebsEeT
9L_kigHeTper. @bs @U@ Cewdseflsy LGSs erarn GlFwGHSS
SLU_L_ened QESTGLYSS alp&EFHleh) 2 6Terel. LUGSSe) eTeD G Fwenev
sefliIumeT o ST BFpSS v anflLPeODSHET LIWGTLITL 196V 2 GiTeTeyT.
QEr@sstiul L. @Qsri_Md Gsrermib OFTh&Semer &HewollLLimastler
Bleweray 1Sl (HSS G&me g wedey smentiii@d, GlFmTsvGevm®)
@UIeLLILESS Qemhamer LIS S auenaliLG o6 (template matching) GlLiwH &)
&Fiu&)ed) auig euLb (transition network), LopmiLb SU_GUum g pe&Ll ol o Quwhy
&l aulg aub (augmentedtransition network) Guiretrp 2 LisFewTRISETeH 2_Sawmey
serfiCiLmenar GuomPlSGsTL_rsemer LGSS Gaueli@ eetmesid Gleuu
[OITRY



Quomflufletr CYgmi_itsenen senfiiliumeier o safwimed LIGU)[:__&&’ij @tugym
S IITENGT LIGOL LI HTHDEV 2 ETer G Cumrplurs worm, DIUSHS gﬁgc.mr
Hleveroylig&Guiled Hew g9 Liseni_ (Dunr@sigrmm PG H e ath,
Gerhasamerytd Csllés Ceauctr@Gitb. (esrerrt @g/TL_rfa;melr 2 BAUTESUSDE
Coamauwnear agsameryib, @&&ETHEIsmeaTLd SL_L_cHerd @grr@.ur_ﬂm
2 gaflwired Gl&TBILILIS6TeLpevLD SHewsflLiLimaniledlmb s Ggmwwnm-@g,m_ﬁra@qr
2 mweuT&&lIL Glupepiyuib. Qsseaw GEFwem’ enL_ HGOLOLIL] LienL_ggeh
(generation of structures) eretr gy YCOLDESGVITLD. QEWLOLIL] LIGHL _FFeD cm;m_{@e?
uTEGEILIRISeeT LIevl_gHeb (Sentence generation), 2 corsGsmenar LIeOL_g&ed
(text generation), s@B$g Len_ggeb (theme generation) Gurre&rg;_@&w_ab&mm
BIF PSSP ULD. IGUILITILIGHGILD, B(eHLOLIL LieHL_SSeneultd @UQ@L.I)@UI.TQI
LGLUTe) 6 eTeflu Gewens Ggmer mi&n g. Qlsarmebgmesr UGLILITLIS),
STL_ITLITGT u1ey&eir L1ev CHTHTBILGTETar. Lien_g5eb 6T6oL &t 101 _oyfissirear
Beweuuileh o 6irer g).

6. U BHETTsmID Sy 116

RQubpews GQuombseieb STETLILBEIGT) vGHerTar Q& mphadr,
OBTL_IT&6i, euTdGNuLb 6TesTLiGT Glumuper Gemevsre_ DGV, SHeuhlLIL1TesflasT
2 saflwimed e C\sm_Mes HDLOLIGOLIYLD, SO\ STI_T © e5ri g g5/1b O\mmefetr
yeworieniuyid Qumpepty upb. Gigmi_Mesr RlevssenT oenLoliemnis RHAUEHSH
&lemaraug auth (tree structure) eras; Fapeurid. G GLimed Qsme_rfssr @i perr
UL CUSBUILD R Wend Hlenen oyeoiolsQLy TRTECISTEIT(), DSORT FH MBS
SSS ThISTGT 2 HeluiTed N6 &H(LpLY uJLh. ST enerT, CIsTL_irseRstt smeds
2yewLolienLs GlaueuiiBLb sestenioujerer R CITBlwir s ormh e ey, <2ISEHTELPGVLD
OF Y Qi e asenerytd, Gl _raefier QLT (eI Lo G e g LD
(ambiguity) eller &seurih. oy smey s & CBmi_rfleb BT FRET Qe Glare
Carerflarmed, smeamiliiLimenar QB QurEarsamenr DSOISTL_(55& auphiss
Ol Fdiwr wpLg ujib.

D_GITITGETLD
et Uatelldgd GFerGmetr
DG CLOL GOL_eOUILS LIMTIT & &Tabr
OsT@RSSLILILC L @05 QO&mi_sr

Ol TetarLy (K E ST 60, HEFILILITenes O]
Q& wpig uy ib.

o _KTITGOTLD

Gaevswrear GIGTL_T oeniolienLis
LIT(BET Se0er 985 GIBTL_hd@, QULPEIFHSF

(GClFstrener LogHefr) FHeLeYTf
Clsatrenar (Loseflr s 1oV fr1))



sefiiumevner GG _rreefiessr QUIT@ET ob pievLOeWw eHeT&EGLD SEHTeLOLY
CuppeTs YésGuEnNE& efu yiulaysmery Cpll&merarerid. S&HE
&1 L_a0on S QST GLILISET £ (56U &EGRISeHT epevLd Qg TL_rsener Gy QLim el
CSTGiTL_ene TGN Sewsl&GLD Fpenar sewflLILITen s euLphids LpLgLLb.

2 ETJewTLD
BITei LigssevsLi Lig $Ggetr
LSS 6TEHTSTTE) LILg SHILIL 1 &)

7. YIUE DG BIEHDEn 616D

Qurgiaurs @Qupensd GUOTIHSET Sl GTLOTET &L L _GWLDLIL{SH M6 &
Q& redorig (HLILIST gD, jemeussetiey Lig & FIL_S&eHTD. g LiienL_ BliwGlser
@)etr miLb G)geflourn & oy miguI_L1L11_rg STy ewtsSlestTeuith @uibens GlLor Llenws
SEALIITCET 2 SAMUTE) APUPEDLOWITS QYTITIW (APIYUIT S eTTD (% CFTeTens
ugerewrs  sreawluB&Sng. Ggub  weflgiser  Glwmiblenwly
LIGSTUIRES HILDCLIT &) j6uT &6 &t LoerTLd GIFWEVLIBHILD ISSEDSBIUILD, H6UITHET F)
woer&led Glomrplwirest &1 2ymley ety efleb Flenevls mieuengib Gleverfl iLient _wimest
o (msHermey (formal models) evers&lenrmevgmeir Glomifluliesr GlFwebLm emL
eflen & @Lb auty_augens GWippLy ujib.eTerGeu eIt euyfd) @uievGIor L) oy uiey
6T68TLI &) (6 FLDLOGIF T IeTLOT FE6u @)1BSE)D &I @) (BB ST QLD Liew GaiTevsthiserfieh
QI &H6T (L b QUHGIHTDET. YFTAMETUTS LIS &ewiLILITesT
S 1L _enoliysser GeuefluiL Liu®&lerper. Guwmpwrers OFwesm@LD,
CFwevLirt_eoL 1 hPl afemsEupLd, Fesstiirerail Glomrif) uiab err&&)
el & ©IHTEEsTLY (155565 DeT.

8. upgafemy

Qb5 HL_Henguiey senflme auypluilevrar Glomluiled gyuieys@mlss Fev
F(5S Sl&&er QLT HauTs dlenssiiu’_Bererear. uglumiiey Gumerp Hev
Sieopsafley LMNSLDTET leaTTESemw STETIPY SIDG. YeaTmed omley
Blevewprl B afkipenmser, Glomibluenioliyy UL _g&ed, weflg @wbSlr
@S SUuflorppd - Curearpenasseafiey  Zellgwrear  yUTuiFSseT
CropQlEmeTen il L eu(b&leTmerT.

LITITEO6  [RTGVSHGIT
1. Ralph Grishman, 'Computational Linguistics’, Cambridge University Press, 1986.
2. Artificial Intelligence, An International Journal, Vol. Nos. 32,33,34 Netherlands
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&63f'U6lUT Uil o MY HIVVES LT HIY S HI6)
Y 116U &6 &
( A Research Report on Computerised Textual Analysis)

&F. LUTSTUS (T GBT
QULANIGOLDLIITGITIT, &eusiliL] eniowiLh,
SULDLI LIGOSHEUESLDSHLD, HEHEFTaYIT

1. upssrsmysmy

260 e LML HTe0 yu1elDG ‘SrmdliGumergldsey’ LigLiumiiey
(Graphological Analysis), &7 CsTGEGL SmedCann LGLLITEIey (Lexical
Analysis), gpedlg &L (B LIGLILImLGy (Phonological Analysis), Qg mr__rfluseb UGLUmuiey
(Syntactic Analysis) opmith GlEmebGIUIT(HeT LIGLUmsy (Sementic Analysis)

Comaiiu@&lsrmar.  @leneaser Qoml) eyt Uellsensg — Leveur
QWi &b 2 FeyFlerment.

Qeweusafelr LweTserTw SHenflliGumleusls Gl&mevevent ey &Hemamu/Lb
(concordances), sgm&lsmerub (Dictionaries) 2 meurssevmib. Glogyitb,
Olomiflisen_ 91y (Stylistics study) Y &Ffwrr GQuwrr Qghwms LIGOL_L11 |5 6155 S
Comflsent_eow @liyQBTSHS & flwurr Guuwrr ser_piged (Authorship
Identification), GlLorLf) (P)evsSentib (Syntax) <Y UWiS6D LoD MILD LIGHL_LIL|FH @RS HIT6V
Bliresrwib (Dating) Qsuised Qumery weshsenernr sewfliGump  euf)
CpGsmerearemib. GoCGev swpriuil’_(Dererm LGULITUIGSET Q)SHenasit gyu1eyLs
LIS F @RS L9 LI IeHL_WITS HeOLOf ErGciTereeT. gtewesst LfGleTmerT. Cuogyiib
S6stll L1QIIT p5l4:@ QoL ymlency oem 1 2 e Fletimer.

@bs UGLUTLeSener & 65581l L1 Gt 17 gl Gu 1) Cupsmeres wwnd
BssL_Bewguled SrSSLLTS NS ELILIL_(D6Tern .

2. sewf S6lumy g Quorfwndng - upsso G s smo

sefliGlLmlufish Qo) eyt Lesfisener Sefl iG] @6V GYI/BIT &(GTHLD
o Sluired eued QU HEHLD (B)en 6v0T s 5 Fal” BEpUIHENITS Crop Qe meir Gletrmeotir.
YATTD, (eIelTein® senm web BT EeflelT Limireneuuyih (Perspective)
Qe (objective) GevaiCeuprs o ererar. FeLICILITI) 6ueh e BT Herflehr
&DI&Camer QEmfled B 1 everfré Slenws LOWILOT &S GlSTetrL ). GUomySuTwiet
U QIbIT Ferflatr @ &G s mar Comflufwieh euenréflenus SOLOWILDIT S G)HTesorL__ .
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sewflLiClUT ] auebgypiser wosear GuEd eTapgid @uevry Gomiblenuws
(Natural Language) Lyfi g Garean® Qewearpmih seflGuTpleow o (Heumds
QpuevElTpeTit. (Feutser sarfiliOUTPEELD weafFeus@d penL_ GL p&lesTn
2 eogwmL_eéd (conversation) @@ wefigeayd@ LHGDTEE wesflHen &G Lb
sl _GlupiSlerp 2 engwir_eb Cumew gyevwHlern euensuier SewALiGLimm)
Hlyevseneruyib (Programs) yenioayseneriLb (Systems) o (FeurTds LpuebEletT DT,
6TerGal, H(BS SIL1 LifLOTHMEISEHeE GUDTL) LILIGTLIBILD (LPeODHEOEIT T THIH i
weflgaflesr  ‘Gomifluglencs’  FelQUTPISEE ool (HLb  6IGHTEST LD
Gompwmiieyls Liesslgsener CopGlsrer&leTpertir.

FewfLiGILTBlusle FxHeued GCFTGLiL (Database) 2 (pauTdEHeayLb LiweTLI(hdSHeyLD
vwesTum L _men(hb@Ld (User) seanflliGuimplégid BlEp&HleTn o engumL_enev
Quuevy Guomghluiled  gyemwliugp@d; safluGurpdl el Guomihl
Quuwrriiyliessiisener GopGlsmeraugn@ib; sesiiliGumm) euthl Glomf) snHmev/
SHLIS S D[eLOLIHLI 2 (KT &GaSDGLD; CLIGLD/CEL @b SefliG)Limplsenem
2 (UM SEGUSDHESLD FHeswhL1G)LITH] euehQIBITHEIT (LPEHGIT(H HIGT ST GUTIT.

FefL1QLmplufett QFwievCeusiLb, fleneaireus Q& TerSmett, LiGlay QFunu G UDD
GEuSseafelmph s Csenanuret gaaicvsaner GBI LGLITIpEH GHLbLILI
Qb aur s, Caemaurer saaevsamer GCaenanumear Lilgagsled ompp) Lombas)
swurfiugpsrer wsd HHwer OCumblllewrerisener (Linguists)
sefLQurPleurf) yuiayliLiesflgener GLopOlsmerers JTETG&ID &l HeuT&ip &).
Qeaursmer Qumapisamyuies safliQump eretug OFTHSmerr
gsgauflensli®ss (Alphabetical Order) 2 gayb it el (Sorting Device) g @&Lb.

Guoguitb, gpit 2_engufev @) 1@ myid eur S Elhelest (Sentence) eTedestilden &
Qempaafier (Words) eTesressiidbenas, QlempsefleT Bl pblasmrasisens (Frequency),
6T(LpS Gusseratr (characters) eretmenildiends, e7(Los FigFefler FlapGlesetenfldens
Guuerpaunern SeafQUITE SHewsEL B SBTSTE QUoTAuIweoren seir
Unrenaiey sl Lms) eIt eTeswamyLd Hpadl (Counting Device) < @Lb.

<P T IT6D, @)elall s (B Sevp UGV gYI [BIT & (ETH LD @)en w5 gy
QEweLPLEOLITIE S Smer, ga@eara GClorluiler Qs gjeniolifed
(Grammatical system) euri iir(®), @SS TSI euensuileb QluTSlp g SIS
senflgliLietrLjsenar (Mathemetical Properties) oyemt wirerib Fmest (Lplg &lp &j.
TSQeurp GomBImTayLt LIH&HE@bdHEGLD ghpeuensuileh sewflGliLBSSLIIL 1
LPEOPWTET QULALPEODEHEET SILL_ EOLDLIL|SHEHEIT 2 (BeUTSHS 2SS &l

sTarGeu, Faw L1 T el Quomflw midiay s - U confl & (@5 & @55
& 6usf) Ly Q) L1 17 pS) i ov7 17 &5 6Fl a8T Qumifllwremenir&efler Ll @upuWbhHE
CaemeunT@Lb.
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3. 2 smywnuief (Text Analysis)

QU HauTs 2wl (Text) evev g LML S5 @) 1bGL mib CFwiSlsenen
(& o angrTen wisGeuT geews GFuer aiganorsGanT @Y EsseTib)
BLp&SHTL_ FenevLiLdaeheh HenfllGuTplau uieysenar GopblsTerareur b,

1. ‘@go%uGuﬂa)ng)é;ési)’ u@Liumie) (Graphological Analysis)

2. &g Cs1EsGL SmausCasnn LGLILIMie (Lexical Analysis)
3. @dlssl B ugLlumiiey (Phonological Analysis)

4. G@emi_rflwed LuGliumiia (Syntactic Analysis)
S5,

GIFmevILIT (T LGLILITWe (Semantic Analysis)

3.1 dgcols Cuasmralaasv uGlurdiay ( Graphological Analysis)

sehl UG umplefl Gupnsmearerl@umib 2eagumiielsd o enrufed
@106l Pitb GuT & & uen &6t (Sentence Types), cumTSENIS ST Li1g &5 a015CHHD
setrenLo (Readability), o engulleb e7(1Lps SILiLjLpd:sib (Freugney of Characters), Gl rred
<JLLeueweuT (Index) Lop myib Gl&mebevenL_eay (Concordance) GLimetTp $&erebsemLb/

g sH@bd Gupliu@&sTpe/e (saurssiu@Searpear. Feveuser by
@GUGUTGTMITS HTeiTGLITLD.

3.1.1. surs8w suena.a601 (Sentence Types)

2evguiled @ wCLpd sTheTel,  yeriieren, Leirerfl (LpbeviTest
Bl m1%56b & p %6 (Punctuation Marks) ST HGEN_LIL@GleiTpet. (3) &1, o enrudeyeTen
VTSN UHSHT FeTSEI_ 2 UGN G FTSTTT TSRS, 56T
ar&&wkiser (Interrogative Sentence), st ewer QUTESWAIFET, el
UTEEWHRIST Y& LUDHBlu 6T 6iorev5f) & 600 % & GiT ST & &L _ 1115 &) 65T m 6T

QIsetTeLpevLd 2 eoTwTRUT TG\ ES &Lpedleb 6TH0IB B auTSENIL <ICOLDLIL|S6DGIT
SOFWITSTEIDITIT TG LIGNS S &e8oTL_mIIGUTLD.

3.2.2 b B1US BT UL &E01EHCEDD sssrsnio (Readability)

uTSEw S Gle Berruser (Sentence Length) seiwre_mlwi@&esrmer. JO)E]
BTeT® euensHserien ST EEN_LILIGED G wpseveperpuiey Q5 TS wSLlet
@ QU Qerpeaiey eTeimenh)den Seniis CETET® wTESWSGeH BorrLh
a:m{s@;ﬂu@@m &l @)TesTL_reu g wpenmuied R WUTSEWSHD Q)o@ gyt
ST Sissestr (Characters) oTeisressildenSenid C\&T T () ST S L1 1BEND Sil-
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TGSl FersGih@ib (Sentence Length) & sTaI&S FHSGL SGHS®S
Qgefleurs Lfluenad&lern FeTenod@Gld (DG LI SFQISS 2 FHSEHTSH
SenLolfLd FeTenLos@e - Readability) o erer Qgmi_riy sevwr_plwlit@ED ).
QT SIuTS, b UTEEWSFD & GaEThser @ bQuUDBI(HLIANET 95
UG $B5EG 2 FHESSTH IYMWIUTS eTald FHBSLULGGDEH. @)SSe0SHW
QUITEHENLBIFHEHET FHesaf 1GNITY] DJewL_WITETLD HITL_1q GTTEV 2YbE UITSHGNUIEIHEHET
o L& & FDIF D UTSENURIFETTS LTHPIWEHLOES 2 SaLD.

3.23 s ayiipssin (Characters Frequency)

eurgGhumisefiest Bermigsenar GLmevGey GIFTHFe 68T hamhs@mid (Word Lengh)
seirL.pluliu@Fesrpear. Qs @TaT(h UMFULTHE HeTH&IL_6UTLD.
pHvums, GFTaaley @ UMD 6T(pS HIH&eTeT 6TewTewsl)den&Eenu L
QT (KSS Hi. 2 STTTLOM &, FewlLiGuTH) eTetrm GlFrevedleh so/b &i 6T (LS &iS &eiT
o drerar. @y malg aems, GlFmadeiigydrer gemssaficr (Syllables)
sTetwessilgensenwt QUTEESS . ‘Feanl@urs’ eretp  GlFTeedley ‘SHewflls’,
‘Qury)’ 61T @)TET(R) DIEOFSHET 2 GITGTEI.

apsepenn, 2emyuiley @) _bQLImIth TIPS HISSTGT LjLpdaHdenBiLLD
Bl &pQeusirenflsen senwiuyo SwL_Blwls LwWSTUGFIDS. 2 STTETLOTS,
Fvg@nefiey 43 6T1ps Sysbser LweTLGSSILIL allsvens. ‘&0, ‘D’ ‘1, ‘%, ‘e’
YFW phHEH TS SIS HBFIS LweTURSSLILL (B (100046 Groeb)
T (ps Sidsafietr HapGlecdmeaniisanss L g wedled Lpsed bS5 @)L_Aisenermty
G\ My &ledT euT.

@5 Gur@enar (Object) oy g aimearemws (Verb) @plés peplnG
Cupul t_ QerpEer @BLIUSTES CsTaTGanTiD. emauselisy eThss GlFmed
BS LLpEESE 2 TG THILIDSS STeseTib. ClFmpaetss BersSlH@Lb
YsetT YpsSSHDGLL QSTLITL TSTAS QBESDBT THTLID S S
ST L PIWIGVITLD.

@p G&raedlayerer yemsamaid (Syllable) QETETH) BT HaTSHenHs
seter_gileu g QLomyf) SHLGSS 2 $&ALILS Sevavenw SIS LuGTLIRIED ).
Guoguib @)setr LIweTLITG) 2 (puefiliued LGliumiieisy (Morphological Analysis)
uvar@. Gerg QerdGar® el @ (Prefix), lerepl B (Postfix)
<4 Fhw e oy F e 6T & C&rrg sl QETHaHmar & ewt] L1 @) L g8l e 1)
2 (BaUTSFHLIILGTLIGHFID Si-

69



3.2.4. Glamsv gy 1 susment (Index)

e enpguiigyerer Gempsefles wililgwed _Spo&semr_  LIg ag e
2 (KU SHSLILBG 65T DerT.

Q&Fmed BlapGleersressfl & en s

(Word) (Frequency of Occurrence)

@i ig wedled GlEmebgud o)FeT FlapOleusiTeatlideansid o GTemesT. gIf
eemgssTer  QErpulguweld  QETHSEET  pETmI QI FWITS
uflewn FLILIRS SGUITLD. HeDUFGITITEUGHT:,

<) GeEmhsener gemaseme o srafensuieh (Alphabetical Order) G)g,rr@g’,gsb

) Gerhsmer  ywasallar BlapQeadreafsemsmud G &TaEr
(Frequency of Occurrence) Glgm@d Hev

Q) 2y Qerpeedr @ t@upib euflewsapepmuiiey (in the order of
Appearence) G)&r@ g5

@aGleur(s aews UL i1qugd ysHE&eT o Mw sefld SpliysenenyLb
ussTEenenuyb Glup my efleriig&leirmen.

eaglledd @ OFTed asemen FL _enay Ceuatsr Gomermgyd @)_b
Cupmlésevmib. gyarmed 2 evyulgyerer QeveiGeupmesr G&mpasefer
(Distinct Words) eretwrenfldgensenws s SGHusDS @@ HEpCal TBS S
Qamereru@d o enyul gyeirer QeaiGauprer Q& mhasefer Gorgs

TG SO HWITED USSHTED Elewi_L'L1 gy 1919 o7 (T.T.R - Type Token Ratio)
DSLD. NBTeuL),

QevelGat gy QemheeNesr gl B eTeisressflbons
lg-19 Q7 =

Clerpaefesr QLomss eretesfldens

-t LEILLY USefus BN hs o pissdr @)meiy. @b e
2 engwim&@Mwmesr OlFTaievenenssd; (Vocabulary Richness) &D)FHSLb.

2 BT JERTLOT S, S &@penes Qorssb11597 GFThHaEnLD,
QEThaend @) b Oup prerenes. eTerCGa,
CYIEICTN 919 YT LGNy 04215 (4888 | 115

4888 GleuasGaumrresr
Slwpeusireneufetr QFmevaersanss
97) Y @Lb.
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@)areur gy G&FmebuLl g wiewred LweTser Henpw o ereres. GLogub @
LIWenerTd; FHTesTGLITLD.

TBSSISSHTL L 18, GlFmebevenL_aflsh GFmpaser HlaLpGleustrenfdensuiesr
g liven_uled @mi@ aflewsuled (Descending Order) QFT&GS &L
L 19 (pLISTsS GemarGeurib. @)’ 1g w1elleeTerm (Lo S0 STl Sl 25
Blapllaiasenerd Gsmeam_  wpHev 50 Gerpsefer GLIm@eTHer (meaning)
B)VS&eTTS Fa 1) (Grammatical Category), enswmensLd efgLb Cuiresp QFLiSsenerr
BT LWlesTCpTiomeTTed, bs ewgules GuT(Eener 34 aflupssm® Linbg
Q&meiTamevTid. (LpFed 100 QFrn&er Ggiywrearme 45 aflipssT® Ghim@rener
QeMb &G &TeTemeuTLD. (LpFed 2750 GlFmpser Glghyomermeh 96 afpdsHT(®
Qurener QaiMbg Gamerarevmib. Gogyp 1000 GQEmhaer GlshuyLoreTmed
TgnsGmpu aiGleur(s aunsFwsFen @ CIFTOSTET Lig LILIGIBEGS
QsAwrg QFTOTS B)(hEGLD. HSTaIF, LG CFTOITS Q)(hEGLD. Y eTTED
2 engufed @)L _1bQubp 255 BlspClaisirenand GIETeiTL . (pgeb 3000 CIFTHSHEIT
QMuyomeTmed @ LSEUID @h GIFTe Lo (BUDSTET YBUPSLOTSTS LGS
DEerTdns @QBsGL. @& ywelarTed Bloyeuiul L 2 6 en LDWITELD.
@ssesuliLL gD, @uansg Osflurg Gmbflliaydrer GlFwuglsmen
B8 ewswren i@ QFETHEHener LB CsMb S5 QlEmeT® Faig auen &uded
Falg wt eflengelley lmmenL_w o galludleTy) LMk g Gemerer 2 Say&lp &i.

3.2.5 Glansvsvsnr 6y (Concordance)

QuwlBaw auflsgs Qered YL L amaruiadBbs GlemdoeamL ey
(Concordance)&esALiGuimy) eurfl o peumdsertd. QuUITEaTs GIFTebevenL 6y
GLp&FHeTL_ LI uSHIeD emLolLD.

Qemed  FHsLpGleuctirentiseons Gl&FmeD @L_LD Q&med @ _1b Glrmitd
Qumb @) _rhigerr uTSEILD [ )1q.

(Word) (Frequence of Occurence) (Place of Occurrence) (Citation)

QB mHg @@ GFTD, s eanguied eTHGISHESL GuT@refléh (Meaning)
ewswrert L (R eTer &l THOSHS @) 6vd; & ouT & Fn. M) & 61l 6D
LUweTU@SSLILL GeTerg Gumerp GlFuglaemen sTaflGled Glupevmeb.
s @QuTBlal e@GaTssiulL. QErdaemLoyseflc Qs FBHeb
Qewifser Qersslu@@Heper. Sereart, GErevwent_aled Seni &
srevsSeyerer (Column) aursSu aufienssemen QFTev&dlesT GILIT(HETHEH%:SS
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SGBSTHCLITE LTHY] SISOLOSSCUITLL. ST S, (5 QIFTed 668 M1 Lo’ o
Qurmefied @b Cubpred, ROIGES uTsGEuikseie wpsa QT menen
THEID 51, QBCSBS TS Ewkisefcs Qe _reu g Gl hever TH&ED & Simetrp
QUEHSHUNGD BJEHLOGSEUITLD. )

3.2 918J18 16N G&HGD HsMVECEDD UGiuTiay (Lexical Analysis)

@&FmebLi 19 weh (Index), GlFrebeuani_ay (Concordance), Y FwenalFHenen
saflIGLTHlanf]l 2 Baursg wapsemerss erunm 2607 Heil )5 15 &
H&grEsenen (Dictionary from the text) 2 (huT&&eurd. Gl&med L 19 wadeb (Index)
GeurréGFmsbauis (Root), @@ eSmhks s o Baun@Ld LIp CFTH&EH Sefldsatls
Cerpsents @)BS@b. GemeLil_igwelled SefdGeme YV g ppFFmey
CTEH LI & e S HISE6L (kb QlETeb 6TaT 6D I QST IIBGID . D5 TeU &
seflGLwgrsajb Geuppenio gnm Guwymseh, Feaf N enRTUITH6YLD,
d@Glamer FHa eumpd afenamwiTsayLb a(BLd Genhaer erermy  Quimmer
QIBTETEITLD. LoGET, LOSESS;, LosenaT, af @, ofi_19 6b CurerpeneusEnd sur,
T, QU Gl UBSTET, LILg SSTE, LILg SETelT Cumelrpencusenis PUPFOIFTDHSFEIT
sTesTs: QIETETET LB ST merT. GClurguTs @)eneuser T SengHer (Words)
STGIDITEILD, (Qleweusen aumitdens Qg euhiger (Word forms) eretrm @miiumes
Qurmeed auFausTS Glompufwevrert Qameirourt. QYTTEL s Hluled
(Dictionary) Glerpaer @)aireur my CsTGLUGGeme. yFTTEuiss CarrtsG) s
(Root), GlFmrebeuensLir(@ (Parts of Speech), QU @peir (Meaning) AgGuirrssb Guiresrm
BHEUSHST QETRSSLILIL 19 S LD. DS 11 Q&Ereveuty curkrssir QNBHHT aVILLx
ST TEID Lo&6sT, af @), aurr, L. Y&l prers QFrpHaGar @/BHGLD. eTeTRau,

@bLorBfwmrer Gamreyy L L _euemen, Glemsbsvens ey Y Fweneuseeliin ik s
DSTTE 2 (HeuT s wefls PUDHE g6
Csamaii@ S s. SHCTp &),
Bbupenpuicogresr 2 (BUTESLILIGFIGHT m 6T,

YSTTE, Qlens PHBIQILD oL Lfl GLopQlsnaraisne osme s
@a:rrsume._aﬂaS?@g's Sl DFHTTHE QFmThHEener ( Dictionary Words) 2 (heUIT &G 6U SN S
&Q‘?’LIGKﬁIUGU L@uUuTiisy (Morphological Analysis) G’gmsy&u@@m@_ IO
@uum‘ﬂmtu eTeflenLowsT @i, :



BlreysGapp (Programs) erewsude) seflslii@ss @uaytb. YSTTD @B)SDS
Caemeauliu@id GFTeLIGHT 6T(pS SISl BpaydsTar alGser (Speling Rules)
FEFQOTRTSTS 2 6Targl. @\BLlegid, @Qhs WpwHd srrs SwrMiusna
o’ BLoeveuT &l SeflGumy anfl QuomAQ Ui dn@gy GuUMsId 2 Sayid
GTGTLIBTED SLOUPLI LIVSMVESLPESS) SerlliGimy oymleflue) SienniyLb
Qo bluilwed gewpuyd @)evewts g @) itessHlenw ConGI%Tem(H6Ter S .

33. pavsal B usourdiay (Phonological Analysis)

GlFmed ' 1_euenewr, GlFmebevent_afledlBhg @dldsl B LGLLITLIe6
(Phonological Analysis) GLopGlameirereurih. geiGleum s Glomflufewitb oHmH6lse6sT mi
RO FeT 2 6ur (). Qhs dlsmersd GhlEs afang uben sl
LT LIRS Z&estGmirid. QYESL L1 ig uieh eLpeutd @edllin) &S @Lb (Functional
Sound) 6T(LpS Filddm L BB &H@EHsH@ELD (Letter Units) 2 eirer Ggme_rrents [l micueuiLp.
osTaug @palwadgd (Phonemes) euflangagslpse (Graphemes)
@en_ulayeirar GQGTL_renti Bl miauevrib. @)eieur my 5 medlestTeh 2 enguilasi(bh S
Gugensuyb (Text to Speech), CuEROI BB H 2mgemwyb (Speech to Text)
FeCIQumy eurf) 2 (heurds 2 ey, @)EHEG FenlllUTBIILIGSSLIL L
Qo Lflé&m et spadliiest oy &) (Phonemic Dictionary) Ggenar. @leupmlesr 2 gailuimed
Gu&id, CaL"_ @b SelQuThsemer 2 (Haursseurd. sWlp Gusd, Gal @b
sIQuUTlsemer 2 (BauTss wHUBLMTSET @)SDHTeT Glomplulluied
BEHUNFHEEES L auFhsGLommuie 'Generative Phonology of Tamil' eTetTm mremev
Crréserd. @b ETede FellGuUIBISE Thp wmslle pelluictr LpewpHET
&SBghisenTs alleufsEasti_1g (K& DET.

3.4 Qerifwsv ugourdey (Syntactic Analysis)

uTERW H_L_ewiotienis (Sentence Structure) yMdleusn& G sme_iwed
ugLiurtiey Gsemaliu@GHDE. QSHDE& LweTLGID &l Bl (Lp e D F @15 & & T 6oT
eoiolieny ‘umrEr’ aar&Gpmib. @smifluedd  uGLUmLielener
Sewfl 1O LT BB S S Few YEFTHud THPlwSEET i 5% @hib
(Transformational Rules) Ggenar. ‘Limiei” gevevg ‘GemL_Mwed L@l (Syntax
Analyser) eurd@usBaverer @aiQeaTa GlEmaaier GlFTed aiemsLIm(BHemer
(Parts of Speech) wi @G> HHUCST® yeveuroed Qerhaar GlgmL Muwadleh
sTalleur g1 & pLoLom&laTper (Groups) CTGTLIGHSUJLD FEHTL_DPlUBTSH 2w LOWS
Castwr@ib. @eleumrm 2 GUTHSLIUGILD ‘Gem_fwed uUu@lrumead’
Qar@&sriur L urs&ud  @levdsewTit QUITBESAPEOL_IW uTHEWLom
(Grammatical Sentence) gyebsv g/ (LD eursESuwior (Ungrammatical Sentence)eremrss
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s plyib. @lwssenrl QUITHSSUPL L UTEEUILDTETTE 956
S L _GOLen! QSTarg eT(pauTls, Lwesflenew CuUmern Sseuehgenar 'Tree'
<eOLOILID SUBLD. SLOLp uTEEWkiseflen S _eninlicnLs QYUIuSHE e
Qemi_Mwued ugliumiiey wpeapser sdrarear. sliflgyerer e euns&w
e &Feflell HLL_emioliLjHenerr sewfiLQumPlailfl smewt Hev Blyevsener
B$&L_Bewguim ST o (Heur SE6TerT .

3.5. Slemsvslunmst ugGurwie; (Sementic Analysis)

GamL_rflued uGLLTels: (Syntactic Analysis) eursES S svieTen ojebev gy
CerhGnmL_Meyerer Qemhaaissr pwestLmen _Guwmd 19 Gur Gl&Emeveuends
(Parts of Speech) fliessrulssLGEm S, @b Gemabedssr Gl mer (Meaning)
Cgenes @levewev. gyesrmed CEmeLGILTne (Meaning) Ggonay @levenev. gyerired
Qamevl T (BT LigLLmiiey (Sementic Analysis) QFrhseResT QLT sener gpr_1g Gus
2D . @SHETH QErHEUITRET LGLLTLIES (Sementic Analyser) g
UT &GS G euieTer qaiGleur (s QeTolh@Gd ysTTH Q& mhHQLimmer
(Lexical Meaning), RvssenrGLIm@EsT (Grammatic Meaning) gy Sluieneusenands;
FeWT_Bl & OSTHSHL 111 UTEEWSE Lok 5 S_sGLd SBBSsS
Qe g GlUIT@Hewer alenl_wims SHEDE. QOsmi_Muen LG Lumiial hH e
LS U@L H&ETTE elQarT s Glersvellhsmer Qaraaiens ST Fj
Qg LuieeL LFrhuGliuT@sermes GLuwirr (Noun). omp msGuausr (Pronoun),
Quwiflen_ (Adjective), eflener {(Verb), efeni_wreme__ (Adverb), wpetresflemev

erjection) GLiretrm efleurid Gt SILDITGOT &/ QY GHIITGY,

. TFesriomrs, ‘ogeb’ CTGHT )
.Gajm(/pmrrmnev BT LTS EIGeer (Caurr, Faeuar(h),

b. R LISEHSG Sw s@vE 2. 6. Logih

2.s yplenear (World know X : . :
a;mﬂl_'l@urmj?a’;@ ‘Qlur e it GauesrGid.

SiewLeliiyib, Bl&pdRgC\sm

AN ESUSDS, BLpSFedTL  eipd gl
&6u) L1 @) Lirr pf ul b e (BUTSSHLILIL L @ . > tpest my QlfT’a;@u_lﬂjlc?;GmG‘!T
SBAUTSHS QasmeirCeurth, FTOUGLILITLISNSE 2 ciraf® (input)
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grioest GUITSESS b Tetr.
2hI& FenFeniis SHeUrl_ITeir.
HTHeL Gl TeverL_TebT.

@mm&mm Tgnps C&rer QFTeGUITEer LGLLITe) Spd s et
suenssHeflereveurLd GlFwevLI(HILD.

9y) JITLOGH 6T GuUBSTGHT? [JITLOGH 6ThIEG Fengenll Se8rL _TeT? [JITLOGHT
wrfL_tb &rged QsmeL_mer? Guimetp Caerals@rs@ LS semens
SH(HLD.

<) wearugei & Gempsemer (References) yfpg GCl&mer@sLb.
THSSISSTL 1960 QUL merg wrsEwsSSd ‘oyiE’ eTedriLIL
SITSDentis GBSED &1 cTerGea, ‘ 2yki@’ eTeirp QFmeveve ‘ HCWTSS’
eTard; Q& meirEnLd. 2sCUTeGel, @)% uTS&SLSEED au(bLD ‘ SeooTL__ITGHT’
eTGTLIGDS “@)TTLOGT severt_16i” eTewrt GILim (el G BT @hLD.

@) Qer@s$sr’ 1 ansSugeng oset GIITBET LOTDITLOG S CHT
(Expand) yebewgy &@BS&ECwm (Precise) F@GLD. 2 FTFeRTLOTS,
@ueTL_maig auTsEuSDs ST, ‘ kG FOSBEOWIS FHEUTL TG
cTeTLIEnS ‘ CWTSHUI6 Eevgenis @) ITLOGHT SeLITGST 616t My il i
S(BLD. '

@ag Ggm_Mwe u@Lumiieb (Syntactic Analysis) Gl&meb QlumpeT
wgLumideytd (Sementic Analysis) geflgseafims aflerss L (DETen &i. esTT6,
560 L_(Lp&® puIeILb, seLQurtiu@s sitb Qumepgitb (Computerised)
@)eveuseflei QFWTEHSHUPLD P& DI wpGprerenn Frikg (Depend) BlH@GLD.
WETa g, QT Mued UGUUTLDHES QF T UITERET LIGLILITUIaNUINGET
2 geuyib, QFmevGILIm el u@LuTdeng Gem w6 UGLILTUeletT o SedluyLb
Ggeneulii(b.

4. s OUFy oTyf & HmesT

o eogwriedHeE LWeTU@ELD L6V uGUumTielsefes eeTmiLIL L
@ewewTiyser HewllLCUTLHISG QurihlsSpenaT e’ L L6 LIGILD.
SrrRliGuTeT s LGLUUTLIGC (Graphological Analyser), o (pLresfliied
L@Liumiies (Morphological Analyser), edl$sL_(B) uigLiumiad (Phonological Analyser),
Qs r_Mwe LigLiLimied (Syntactic Analyser) Lo myLd G EFMeLQLIT BET LGUILITUIGT
(Sementic Analyser) GuUITeTDENGUSET eT &GETHT I CBTLTL Gl&Tetr®
QerwaQsras® sallGurilég Gmlupleaar oor’ (QLb. @QVbH S HIAILD
R1pdEeETL_ LL_LD eLpaih el BT en &i.
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Pedl&sL_ B

UGLiLmiied
@gm_flwed
HewflL IO\ LT ” U@LImieS

L& L3 l@ . R R
SLOLP QUTSHHILILD QomiflSBmetr 2ws ZPe]

Ssaeh QsT&Liy
QFTevGILIT(HET
LEGLLImed]
5. (tpyajay

GssL_Beogulleh 2 empwimiieiey (Text Analysis) oresrQlawreiTenm Licwllsener
sesfiiGILTy) GupOlsrarereonGioar alerésliu_Herers). @)ser LT sefey
&Flev @@QL?IL_L’ILJI'_@;;#WW. QB TPl BeTen &S FiSFener (3)S6iT
HfRwr v Frvsafaliphg G mi seufliGUTpleutfl CopG&mer@HLd
whHsefles y@IuaoTGL. THirETew Qureysd G L _1iewsl el e
CprésoreLn. 2 eogpe. uiefed Qam_fuwed LGLiumiey (Syntactic Analysis),
Qurerflsne LGLLITie (Sementic Analysis) @)encus@rssTar QsmL_iLy
Cursirpensusener a;msﬁl_'l@urrﬂ LU@SS Qb Q)bS 2y ey &6 QeuppIGILIBls,
‘semAlLITY anfl Quomf) Quuriiy’ s STeMST@LD. @QbS SFHaued WHSHS
Qrorfluiwevreniaer sLoLpdG 240w Couetsrig w B yritiessh S hCGUTNSS
I hpeuensuileh @evdseT dans LOTD DI YLD 6T(Lp HIUSTHLD. [OVEZIGET ALY
BLOMDLI LGOSV FL05 SarfILIQ LTS Ypleflied Frewmuyd @mrrbé')uﬂwcu SIODUfLD
RET LI BeTer g ypflaweneauib FOWLID (BIDEET &GHLdD LITeULD

sewfl sGIomSlusueh (Comtational Linguists) 7T H(BSCSTER Q)ES LIS HIeODEHS
SETGTITe) QUIGDens GlFuins UPOGT [ HIGTOT 5.
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&S81paHIndsv & 6wl sl uFssr LUmhs &Ly
#5660 8ETHID, &I6|&6EHID

apevasTaurt (SlpLoSl) &l. &Lo6d
afleyeogwmeny - HLOLPS Hieom
fasrenar CIGFFT LoFerlit LILFenVEEFLpELD
ClETemL_S&meTel - 624 102.

BevsE&ug sLlp CFBsID 16T mitb, GLIFSHSSLALD CHTRUBSLOILD 6T6H MiLb,
Qubpdlp, @ewsssillp, L SSSU8D Tty PSSP Us @BES S
YyPafwed Fllprsayb, Ggrifle pi_ g SUllprsad, FHavflefld SLOLPTSayLD
e BOaBEsSE Qsm_EGSulLliu g @)ealu elenereurT@Lb.

sofleflyytb  weflgmw yfls Osrarardsmigw UBsdGophs
eTetrenilgen S eTer Ephs CIFTHEET, sTaTHET, FPLILS SOl BS6T, GO L
@levdsemr gewLoliLFer yFueuherpd QIETETE jenioaud Fesflesf] GLomyf)
(Computer language) —94@5Lb. HLorrT 120 sewsflesf] QIomTLfFHer o 6iremest. sevsflesflenw
ThgsSHeopiGl uwdTu®RSSs CaiawBGComr whE  SiewpSETer
afluenioliysenenr (Programs) o Beaurdsd sig.w Sesflefl GQumifludley
@erluenowns ). afuenorin e wpeib Syeyseners savflailuiey o eiref ()
(Input) Glerwiwieyid, M@ el g gHayb (Processing) Qeavefluf (B (Output) GlsuwneyLb @uigiLb.
silenpts Gl migSaren, A

¢ sUlps GFuGlsener sesflafluies o araf®, GQearefuf@ QeuicusnaHu
HYE&l Tups H15@psGshu @eflG iy (Transliteration)@ Fu g
LT LI(h S S1560.
(2.1b) &-K

® wg sUlp TesBHG ghu TGsT @ P TepsemsL
vweTLRS SiLb auenHulleh auLfl GFuigeb.

(2.tb) 9/-D
< -E
@ -F
F-R
®  suUllpE QeFmhsemens; SBCCW o eiraf® Llouerfluf @ QFuisHGsHm
‘LlpF GFmeeurired’ (Tamil Word Processor)alfleurdw@get
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TG (LPEODSET OHWITETUILIL PeTene. LD 6T(LpS BIHSHemens; Q)& TevorL
seoflafl SLU_L &1 vawemsyib (Computer Key board) Frl_ 85 Hengulled
(Display Unit)&L8lLp 61(1pd GidFemen 2 (BaUT&GLD 9JeOLoLILILD ()65 PILIGHLOWIT S S

sfps  QErdemiieilse@nd, Sl wbé‘lilmwuz_/a;@l_b, safleflg SLOILD
anfwenLoliL] Qomifls@mLb (Computer Tamil Programminglanguages) 255 sjerailey
Gz L GUIDDTEOSTET, LIGTLESSLILIELD Flenev 2 (meurarmevg et ‘Fesflenfls
SLOLD’ QUTAPLGUYLD.

srb@uomewiyib sewfllesf] LowioT s (pig b, GGTL & Hrefled FesshlauflFalr,
2wt giiays &HeiuTs Lo (BIb LweTU@RSS L L6, @6t ) @)biflenev Lomgl)
BT ). |

senfiadf] epevtd Sipdsmapid Qumiflwmiieys vssfiser Gaupslagionss
Qs @erere.

¢ sanflafld QFmeveveni_aysar (Concordances)

® Gomf) peni. gyuieyser (Stylistic Studies)

® (Qss guieyser (Syntactical Studies)

o Qwssenr genwiiy Heveuis @uibEly QomfGLnwrriiy. (Machine

translation on syntactic level)

®  Qs&HwLs LenL_LiL5efles ST S Bliewsrudggeb(Dating of literary works)

ewflef] eurhl Glomifpl FHD - shL9ggev(language learning and Teaching)
¢ gffwur Quui EsAurs LML LLYSEEES Glomifisen L_enws
PULIBeugetr qpavd QMW Quuwengssem_glge (Author ship
Identification)

¢  sflipssmsts QuTpdsaeny, sasfal e GLompumiia) e semer
Tahmé QFll g amalsl, ‘SEHmss SLIDLI LIVEMVSES PSS evvfleuf]
OLOWITLOM (LD’

SLOLp, QBQIAIG, LOEEUITETLD, SEHQTL LD, LOITL LY, QUEGTETLD, @G
Quomiflsemdsmerr @RS enessihg cufl aug el LOMDH nigpwnH& (integrated Script
Conversion System) GLop@smereriiiL_(Berer ). Seflaf] aufl Smsspenr gutey
(Computer Analysis of Tirukkurah)Qevefieurbgreirergy. @uBST Guomf@Lwin e
2. @%8lweir - H18)1p (Machine Translation: Russian - Tamil) e’ @ /G5 5.
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@uwevry Quomplufen sevflef LD wehss CarHenaer (gpmmuﬂsb- ‘ <y Srflwrr
L9H&g S 1 1b’ (Natural language processing teacher training programme) sevguifl
Y FPursepsSTHE Qewpu@Ssiul-G auGSng. vlpSuier QI Eme_rr
hl&Lp&&izer (Follow-up of rammes) Gop Q& merar @uevmg Flenev 2 66T ).

wperGarmy. wpwhHHFemer Qs sienpuled QFwhLBSS N BESHD SLOpLY
LicbFenaudsLpsd seaheligsenn LTITL HESGMUE. @05 SIOD <gjemeslevrresr
apupH& o Gd Cuir giorersn? S LB L QEEGHTET L ISDEGLD,
LSy S QEwe Gt _AZener CLohH @) & eiT e @ LD @ euearGeu mr
/S GLPEOD ST ErHWITenaytb LiFeusvrer Flevcvuleb 2 enipds GouetsL_mLom?
25D&& G & GauatrHeuG)SeTaT? SHITESTCUTLD.

eTaumLd eTefBled LWTURS HISHCEHD auensuiieh, aflencvulieh seuflesflgeir
SHFLOWILD 1Ly UL SLILIEIG E LoGILpEElwimes QFUSWITELb. L 1 _F&lt LuiH&
QLIPCprt FewsflcllenILd G0 FHWTeF ALY LD 6TeTenFUN6D. ‘ SLOLD S sHevvflesfiLs LuIHE’
LoTesTalT YyenaTal(féELb HlenL_d@Lb auensullech S’ _tb L' 19 & GlFwevTdHEse)
GeuetsT(BILD.

® _ojg flemev omesreuit Her &) ‘Fewflesl) gyplwuments’ &Hmev

® sanflef] Taid gym&lev aufauly eu Lolstraremys s@ellenwd 55600505 S
sllipowor s &) @ubwawenflssr @uichGlumgper (Indigenous Product)
UEGSD.

® oSS gGiopseflaud seflefls 8y srevGamer QEmerersd
G)&FLIZ6D -

erayidles iraumbisl veflsefle seaard GsgugSarmed, @)euppleir

eflenameurss e Wrior’ L & FITSEOTEHGT BTGy 2 (BAUNTGLD. OEFTHeHGHT HEOGT

RlerEISTenTaD. 2endGlSSad aThD uenguleh,

®  saflaflld sl srgmer yAGaITwE® NMEIser, LI L Aiser,
Lig& 51561, 2 SailS0ETenEFH6l auLpkiE g6

* ‘seflalls 6y ewwwid’ oewivgs, eerTESL UeflEamer
RGeS gl CBHILILIGS Sig6b.

®  uevad seflefl Gomf) eueBT phmith Fesflefls SUBILD UL gVIBIT
T HECIET (1 (Lpewm Faly S&1BS ST LifiLor DISHCEHD aucnFuNeb,
SBSSTHIGEHT, LoTHTBS6T, LiewflLbenerseir HL_d &5156D.
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yanrsensfeo_Cu ufwmhmaptd (Inter Exchange) @bii&lenewrajib
(Co -ordination) Blenevifl miss L 1LIESD

YSw GFwHFMT YTF, sevafwrert, gt Swrert y&Gumir

@)ewewrs g1 GopGamrerer Gouam@Lb.

saflaflwdeay saflafls GQumlumerfli_gptd (Comter Engineers)
Quomflugiley @uomiflufuevmf_apd (linguists) @&l ey @&l
guieumarfi_qptp (literary researchers) sevall wglLb el
savafwmerdl_aptb (Academicians) geflgsaflumrssd Haplul G
EL_semsuied Guonamlu Qeweseflesr FrgGwrhiser gy nisnGiwer.

aiFWmDS SL_ST SOOI B ‘SLlleowpd ST GUomuTsHs
QEreTGLTir oyemaaisLd SLlleop Fef Tl iLI(BES - Sevsflenls SL8NpT S5
GL_coLoti_GL_ITIF’ TG D 2G0T IT QLGS GRGHT )] FnlQ.GOTTEVSITEH (LPLY-ULJLD.
‘FemEsPwLh’ eTapiLd e gLOps maEGuL 1y ewers GIBTL G, Fmliym
L8854 Qamear@, ‘safuQumhyh siublpn’ srerp geveriied
‘A senaTens STETHILD F@HSSIRIEOSE LY. AUHLOS FILD, gewflesf) ( paT eor

ierengmyssman) - S (LLpb@LIGEFeeNws GILomif) (G)enesTsis

pHU@LD QFWHFEET B 2.SwHEle B GPI&ar: @ubpwHEISer
@EhGmenThs Lesunss CSTLFUIUL @), L(® Gorss sL8pT S
Qapmld Qsweumi_ms o (@SS TD Gloupd] HlFFwith.

@wusBsmyd BrHmTETy, ‘SUIPPIHS sraflw UmgGLb Sasfleofld
SUPIEGEmym) - enswmenh Soggieor Curymil- HFGais QUG T F &1 SiOasTT
BDCLTFml 9% s#@1b. 2ws GomiflsafiGe ‘senflefls sL8p’ QomLfl o cirers

@uomeflwimry, 2 wifli_tb GLp&:&(BID.
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e ORUTY anf 686105600

woqp. G&. L9Gg Lo, eribag . (&)
@)ewestCLgm &t Lop PIb Seoevairt,
SLOLPLI LIHFEESLOSLD, HEHFTQYIT

SL_(hewgF F(h&SHLD

<2lafiwe) Lom HphiEeT SLOLPS SFleh Lievarien&iufleib pew LGN i ) (& meT.
@\oLompphisErsed SenfliGursyw sl Clufly ojereillsh Zetr LikuGlener
w&lS g aunHlarpgl. SUlPpsSGeT Glgmereniow mer (hd SeUITLD FSs
@S Siaueptd @elauplellwed rhpiisEhséE Y UGSSLUL. Calctriyw g
HUFWOTED S FISS LS Fleud GOILILISET enard Fitd aBFefigud oi&&%
srevsefigyd i GG yemiwpgiearerear. Gpmur Sewflliy epewpuyid
senflLiGlum ol Gubunt el wéd QFugsed Gauadr@. [3)seueny
S FFWPHDLILIL_TLOE) 2 6iTer BT BLmSSIeH uLp&Eleh 2 6iTer LO(BS SIGILPEODHET,
UiphiGly s sefleT oS s wpewpserT yeamerd Kb Senflli@Lmy auyh
RUWAGUERSSLLL B 20Gsmr  gmaTeiultd  gypluyth  erem Hulled
Glavefl&G)smewry LiLIBBeb CouaisTGLb. F1SSLO(B Hiov D IGUTCTT ST D19 LILIGHL
Yutaysahch sTvdms S0SaH&CSTETIY FTo L LHw oyplafwed
Y LIy S@54& aUfleugss sy aulf PFsiowms seutd Fru@SSLILL_®
Oleuel &G Emewry L1t Gauetr (RILb.

2lefised Lo pmikiseir SLAPSSSI Lievasensuleuth penL Gl mi cu & merT.
Q)bLorhpisens@Gs SellQurflyy Ast@uifiu _gjemelst S6T Lk &len et
whlss wum&ldngl. sSUlpsEHT QT LOWTET (5 d &l @ULDITLD
§gLomS seuh. @eorfleaus guieysL @ YL uBsSstiuL. Ceuedsrig wi S
2UFILTED &). THRIGLD S IGUIT 6T eyith SewfiLiGILIT) eresrp @)etremmit
Bleveoulled S LoBS Ziaugenss SeafLiGLIT) L) EFrrL@SE) CrotbLime _emi_wis
QFdiged QmL_ruirear 8ev s(5s g1ssemer BEsL_Gleng elerdaFHin S.

REHLB S HiuF &ang &emib &eufiL1G LTl b

Clrall auLfld QI Gwrs; auflan i s cupg S1g5 Lo Sl Wpenp LtosiTestme &
sTEEle) gL D¢ Feaig Sener el HieiTermer. 219 LIQUIGSEEDG g bhpled
el il ®ib Cur8LliLichrg on 58 QBB LI L_L1L1”_ (BItD  Hew W mesr
DR IDGLd yermer g Cuirs LBgLb 2 cirem SHQLIT &) LIM HSHTS&L 1L @) QU(HLD
SUNpEF sang sefet 60 aNpSETR FIgS Lo(hd Fieud FaULY FHEITITELD. (@)F Farlq HeiT
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uaGaimy FEsHraer Quuwrfled LITL _vF6TTSHa/D 2Bt _uleh eTUPSLIIL L .
YILIRUAPEODFH@EHLD YGLb. LvCGarp sang et @Gy Glwfigyn @G &eaug
L1vGar gy Qi guLb SressriL®ReTnest. @)sermed mrevrT s Geuefeups Fang.&Ger
BT BILb yFEHDLILIRSSID EFWHDLILIL TS Saig ser Gevefliyew&Elnes
Q&rlweugmogitb 2 6iTerTa. ,

. Fang Frevshisaflcy oerer FSSHLOBSSIUF Faug ser LDPL afleughiger
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BTRISET 2 (HeuTsEhyerer LorGiM sewfliLids Csmeaney

OFFLINE PROGRAMMING (SAMPLE ONLY)
‘ Program - Milling - Tamil Alphabet

NOO1 MO6 TOOL CHANGE; TOOL 1
NQO02 M0O3 SPINDLE FWD; 1500 RPM
NOG3 GO0 RAPID TRAVERSE; X 30.000 Y 25.000 Z 1.000
NOO4 GOo1 LINEAR; X- Y - F- Z-1.000
F 100.00
NOOS G91 INCRTAL FORMAT
NQO06 G02 CIRCULAR CLW; X 5.0000 Y - 5.000 F-
Z- F -
CENTRE X 0.000 Y - 5.000
NOO7 GOt LINEAR; X- Y - 5.000 F -
Z- F-
NOOR G02 CIRCULAR CLW; X - 5.000 Y - 5.000 F -
X - F-
CENTRE X - 5.000 Y 0.000
NO09 GOo1 LINEAR; X -10.000 Y - F-
Z- F-
NO10 G02 CIRCULAR CLW
CENTRE X 0.000 Y 5.000
NO11 GOo1 LINEAR,; X- Y 15.000 F-
Z- F-
NQO12 G02 CIRCULAR CLw; X 10.000 Y 10.000 F -
Z - F -
CENTRE X 10.000 Y 0.000
NO13 G0o1 LINEAR; X 45.000 Y - F-
Z- F-
NO14 G02 CIRCULAR CLw; X 10.000 Y - 10.000 F-
Z- F.
CENTRE X 0.000 Y - 10.000
NO15 GO1 LINEAR; X- Y - 15.000 F-
Z- F-
NO16 G02 CIRCULAR CLW; X -10.000 Y - 10.000 F-
Z- E-
CENTRE X -10.000 Y 0.000
NO17 GO1 LINEAR; X - 20.000 Y - F -
Z- E-
NO18 G02 CIRCULAR CLW; X - 5.000 Y 5.000 F -
Z - F-

20



NO19
NO20

NO21

NO22

N023

NO024

NO25

NO26

NO027

NO28

NO29

NO30

NO31

NO32
. NO33

Go1

GO3

Go1

GO03-

Go1

Go2

GO1

GO02

GO1

GO02

GO1

Go2

GO1

MO5
MO2

CENTRE

LINEAR;

Z -

CIRCULAR CCLW;
Z-

CENTRE
LINEAR;

Z-

CIRCULAR CCLW,;
Z -

CENTRE
LINEAR;

2 - )
CIRCULAR CLW,;
Z -

CENTRE
LINEAR;

Z -

CIRCULAR CLW;
Z -

CENTRE
LINEAR;

Z -

CIRCULAR CLW;
Z -

CENTRE
LINEAR;

Z -

CIRCULAR CLW;
Z-

CENTRE
LINEAR;

Z -

SPINDLE STOP
END PROGRAM

X 0.000
X -

F-

X 5.000
F-

X 5.000
X 20.000
F-

X 5.000
F-

X 0.000
X -
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Y 5.000
Y - 10.000

Y - 5.000

Y 0.000
Y -

Y 5.000

Y 5.000
Y - 30.000

Y - 10.000

Y 0.000
Y -

Y 10.000

Y 10.000
Y 5.000

Y 5.00

Y 0.000
Y -

Y - 5.000

Y - 5.000

Y - 5.000



@& Gumey BT 2 (FauTEGd Felliys GCamencienws GIETERTD), GdF
eTpS Pt yemeilenars Geopsds, Yhwgs YSSMESE @pgub. eT(LpSS et
Lbugensuytd Qurplés wpigub. PEHaresT oIS TL o @Een)l atr
@ewenrss Caretr(Hib. 2 Siol_HLocbevTioed, Girplss Gevstigw erupdGlasr
weirentd, HEFHLomE @KLl yFshHTear Yyamenrs GgmL_eng 2 LICWTSS 5,
R0y urenguiey Glou” Rip 2 afl, oL Spibu GlsFetr i Geomhs GCorsGle
QUITHISGBLD UFS) 2 GTET .

@5 sewiiciLjs Camealenw @Quiss, @)SDSTT g LILieoL . @UELSIT
Gumflls_@riurl_® Ohorifluyerer sewfiliysCameancy @) pBSmed GLimHib.
Gophsul_s Geenawimer seflliGump) Pc 83/86 arsnsuimeLd. opmritg. Geumy
eTES cuen & 2 G shigenid Gauederi_mib. SLOLD eT(pdensLli QuUITHISS, BT HIS6T
THhS SIS Gameaw . Grrw 42 alearmiy £CGer. y&CGau @)Bs oD BLOI)
Qsriflbsrameseiigb, elerburliuwens, QUi Lwmssaiayb SO
TS SIFFHewen s QIUITPISES LBSaLb THDSTESLD.

4.0 wpyajy

BTEISET o (huTs&uycter SUlh TS SISserss QUITMlEELb
sl &Carenal, Lsab sTallgmarg, earaimd 2 LGUITEHSESS: Snlq WG
sThgalls 2 GewrswmearTgyib, dlgallgomar _oemeysefled BLOLDTGD
ST Sidbsements QLITHISESE pigupb. 9y HCLmed QuUITBILILISDHE (LpesT, 95
TeleUT I QBEGLD STHTLISY LD SHefUQLITH epevtd oyl oLy ujLb. ks
Cesrhmdens wpesrerGr oymleusme, DB JLpenSuLb, Fprieo b prib ymlw
APLGULD. (T LPEOD 2 (BUTSSLILIL L GT(LpSSI6HT Qg UGN SHUJLD, GTEHEUWILD
Gop&sajb, EENESL Wiy yib. QomsssEd, BTb fgioiblesrml,
QYU Eeemioed, eTefsrs, allevrairs, Loer BleopeyL_osr ypsrs SLELD
eT(pS SidhFHewartt GlmmléseuTLb.

92



SI01D §TUP 5 HI 686061 DsHL_IITETID
56051 (61 &6 £6V 6119.6M6M IO IL{&H61 65T FMITIUIOLY6TT

Cugm&flwr &.eaveausSw BT Hest
LPGHTGTITGT SHevsfl®d SIenDSBenevalT
<JGBTEWT T LIGLHENGVS HLPSLD
GlFstremerr - 600 025

o I &F & (| HHID

Qo ifl eeGleureTilani TRISSLILIEBID 6T(Lpd &I &&eT HTVG o DILITRISHEhS S
2_SHEEHUT I, DD aulg euenioLiLjsefel Lommlé @& TarGL aubauens wWTaU(hLD
fleurr. @4 @eagulier yfMwur sllp s sssahicr Spliimer
QLG CUENLOLILF6IN QIGTTGI Lo myiT@SeneruLb (Variabilities), Gleuel$Campmbiseatlesr
uenFUTBSHeneTts, LMwmerkser(Fonts), Lo S6r(Sizes), Lopmitb
Hleneven Lo e (positions)- gy Slweunmler gy tiLienL _ueh efefls gid smplycTermir.
SLOLD TUPS SIFeT eTelSM S eeuienevbUTL Ly L IWITETLD &TEETLIFID
(optical character recognition) SefgLorer gyrmiiEfger peor_GlLpb mis Cl&TeaET(H
aumSeTper. s cTupdSisafier Lig Flenewd Gupo efeuflifed (Hierarchical
Representation) _gjewiowjib gieussd Gam® i L b (Stroke Level), LgSss mf
1 _tp (Component Level) opmith @prp eTupdg oL b (Character Level)-
YHweuphPletr euemguL_ yeowliyseflsy Hev @) mis&lsemarts (Constraints)
UwSTU@RSE), eTUpS FidsHener @)D &ever (b Garearenpd Crrissenss
SHSDHOHTITH THHTLOTSES Seaueubled (Capture Mechanism) @)da Glenr
P ST D LIGTT 61T ).

BewL_pennulleh GlEwevLI(BS SIugSHESG M e (Bauling agEies leneven LoSemer
Mer & &, pHUwener oyefls&fp aumswiles wuwpElsear @)&hsl Genyuiley
TRESLILIL GeTeTeT. g eeniolil HMID g sl SS FHehw
wrpmLlleeniosmer (Structural and Geometric Invariances), jedsento LoHMILD
iy eusenfls @) mis&lser (Tological and Geometric Constraints), eT@ps &ty
Litg eurbrsefieir (Character patterns) epeuiisafissr (primitives) Groed SHioggiisl (5
et ILil”_ (HeTeTeuT.

T DSHGEODI (LPLOFOLDILIT & 6T(LpS HI & H 6T QIEOL_ILITETLD &6857(h) GISTETUS DS
2 Shs Sb, QEBILILE@SSWSID, B&E Fpliyen wgorer SysFlevet geit

93



(Constrained-Based Optimization problem) e @euTs$siil B SSHS LPLY-GSEMHLD
@ saL_Georguish eTRSGSHLLIL HeTerTe.

(L 60T GBI 6D

Qlomifl etPiD& i 6Tupd GI%sefeT 2 (areiolientiid, LifitomesTgen SuLb
AociugHGs seflii@uim) eaueneresny om@m (Computer Graph Model)
aflfleur &t LT LS SLILIGRD SI. Q)Loapenmufist &IPS HILI LI Qb FITITES
feswrenr KysfmearsGiu Qs mrésesn Qeaeleapsierorar. Heo
Guomflsefieh @enewriiny ey eueniotiyser (Compound Structures) Seni_wi.
BYBLSgnitb, Heo Qromiflsefie, GOLurs, @QBHw B _ 5 Glorflsefien,
Fl_ Ol (S & YwliysHer @)eTBNIHLOWT 55T HS & 1T 6507 L1 L1 (B) &) 68T D) 6T .
Fi&soreT Uy uenlier o1 SFSens fers@eugn@ib, el
Uy augeng @)erib SR QO FTETUSHESLD Y LILIOL_S QSTL_Ss PLOGUEIS eOGIT S5
(Basic primitive Elements) GG s®ItiL &1 jeuPuwiom&m 51.(4)

YEFFQ SSLILILL_, 10D DID wSQUIUNSSILT LY aISE eyeTen GT(LDS 1SS 6HT
iy LiLieor_&GarBlser SesrQlomastpiledl (w5 (LpeomuwiTs T(RS & aULg GUewLOS G/
Carp piefSsLLl_GearerQger o mGwms Wy GauBsas Lpig.ujib.

SN L TUpS SHI yenLoliL (Safley Casrpmid, Litg aith 9 Slwieupmlesr
DL LiienL uled LIQSTLILIL 1 Sitd, OeuaiGeumira Lomresr GUom Sl &M
ST(LPS SIS (Q)eoTLD ANSEL1IL_ R, yaupenpLs DL 1G6b, Flioib, migessLb,
Bensay g Gw LRTSEHES TODSTaT GHUSL_ B LMo e i ser

519 5551 %Gaur, Fgmet snsGair oysvey &I FTDDSTECouT 2 cirerm auLh (pempsewen
CopO\&Tessr @ 2 (BOUTSHELIL_(H6TGTeT.

2. £101p ev(1pS Fimemlesr Aoy oemiiyseir

pefer HllpGhomBlufey 12 o.udir, 18 Guoul, wpopnd %7 Qurstrp seflgs
LIGTTLIGDL U 6T(LpS 15 6T UDTU DYSHLILIL_ (BT eT. 9y
Garréeoswime DYEOLOUYLD 6T (Lpds FI % HeMetT 6Tatorcavldamas 12 x

CpBUTUSTSH, 18 Glows eT(ps &1s6ir geflulufleneus Fripay eushedlerid,
Cuosvedlerid, @ent_uDerih STeTD epeT gy Nfleysemers; @) & 17 68T (B 61T 61T G
Qe _reugiTs, BLOLD eT(LpS F1dHair DjuDaetT Flouss Leeflemw s &g
@& Guosvurss (Left - Top) @y GLp LTHLD (Left - Bottom), top mytb Qg
ewiow Lmsb (Left-Middle) erer CLOGHT 1) QU BFHGT T ELS IO T SN
N TW DS SUUGEIGT D6, eLpeT DT eu T, FL Q_1ps SisFHenar, CroiGuiLpd &/

UDDIL_GT Fal' (B
18 =216 gy@in.
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seflflEBh s Kplifdg Cumrg, 14 seallé Spliurer GoOEEsT
vwer @SS LB SlTDeT. 9SSBT BST ausLom mt:

mr) P e 6
O-JQJ‘IQ_O'O"?GQ

3. g iLemL_ epeoiuderiiesr auruileons s S0P 6T(1pdH 1% Herlesr
AU UEDIDLILSH DT 2 _(IhMT &) &6V

SO TUPS HISWET 2 (FAUTHS, YLYLIIDL. pevkisefle &ewrid
Vn = { },7,M,0} ppeopGu, Blovawdgssrar gy liumL & Gar@ - Vertical
Stroke- (V), eutL_SFleir (s LIS~ Portion of A Circle -(C), Feireut_i_S&etT ca(5
u&)- (A portion of an Ellipse) - (E), opgyib & eu’ 1_ijerefi-(A Dot) - (D)
< FIaDDITE auen T MISSIILIBILD.

Bleowavdgssrer g rient _sGsa® - V - Guelksis o Crrsé&wa p
TpSLILBILD. FLpHAFE@RHGTw GlFwed - (Rotation Operator) - (R), V-eir Guosd
uweSTUGSSLILGL Cursl, BleovawsGaT(H 45° _opemralicy QUGUEHFLANITSH FLp6D

Qusssems BlHpssFns. @eurGn wHD g LILIEL . eLpeVEISHEIBLD,
HLphFuReT surufevrs Cpeneuwimar @)L _misenar GpHOIETeTer (WL uyib.(5)

@Eig 31 (30+1%) LA T FISHET YLy LILIGHL . CLOGURISEOETE FITITh S,
tSesraumsLo Qsmerr gpeopuiley Qsm@gLiLi’ (BHeTerar.

O [ w1} [&,5,5); [FF7.,0.5,51]]

() [ov. e1,67,@H,0m 80 [2-287,01,6,6p,607,5507]]

@iy [y 2.3

(V) 03]

1* (qarr - eTetTD TP & @am CaFirdenswmed LIDLNSSILIGD TG LISTED,
QISCBTL_IT Wpewpulleh G HSHLILIL (BTN SI)

Cuaits sl ereps SisFemer GaualliLGsdSGiuSled wpssT D aUenS LTt
Lig flenevds@Lpo Lor' 1 ger (Three-Level Representation Hierarchy) (967 au(sLom my
U MySFHLILI(BILD.
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1. g rent SG&T® ol 1_1b (Stroke Level)
2. uGSS@Mw w1 _1p (Component Level)
3. W sTpSEHGPWw oL’ 1 _1p ( Character Level)

Cuops P tol’ 1 misefesr _gemiolifed SLUD eTLpS SISSHenET <9l @1p
Curgy, Bleuptp &igioib (Task) eTeMBTEECIL@LD. @WbepetTmy Lol 1 iser,
il L Csres Bevovwnes (Stable) 2 paysener, yeuppleflen_Cus, @)
gfewLoLiiileh (Spatial), evev-@)_g empey (Right - Left Relation), S1p-Groet = pay
(Below-Above relation) wpmib &b ayliymid FTiBs 2 ey (Surrounding Relation) -
sTeTp  auemsSafled, Kapd 5 HeTme. Sy ouemr _Csr@&er 2 pay
GuimT@BS&orn LBWSHLDDSTS (Relatively invariant) SHIT T LILI(BYUSITE,
2 ECHETREET (D STou S 219 111 16w CpeESET) 2 nIf) HlemevLs Lig eSS 185
Sjswenioufleb (Close to Rigid Pattern) @)prissmss EBSLILIGILD. LSS F6T
eet/QIeUTSST ML, LY (ILIDL_ eLpeOAISEITed 2 (HaUTSSLILIL_(RETerSmey, genal
B&HS wrmih Serenioeni (Greater Variability) Qeveflliui® s siausmss:
QlameireniL@LD. wpip TS S15 6T el Peurest DILD, SDE P HIGT O OGS FILT
LGSlseoenuih g6t my Carg g Bl es il SS L’ QeTerSmes, oyeney LS i
Lor pyT(hisener (Greatest  Variability) OeveNiIIRS syausmsé; Glsmemem Lo l3)

4. eT(pH G UG SueHIDLIEH LY Glewer 4 Gl m e i 61 55 i (85 P
SLGUUL L 2 (hes wTEH geirenn DjHLD S & 60

SU_BUIIBSBLI _ D (FEUUHET Genm
LIWSSTLI@RGE) 1T a1 (1pSSetr oyemiolrents Qe
eTebemevECaEm® eugibiilsh (Skeleton or O
LomglfiliyerefseRer sewrib (Set of Sa

epsvisefletr ListrLysenemr ClaelIL@S S g arensuien T(hiss GeuessrBib.
@)eirefigLb CorpRE@ssti_Perer LT SR LysireRseir, Gamry_ B UG ElEenens
ST 19 gith (Line Segments) g5 Sev BOLWST Senarrts QL gyeiremest. Gleeuens
&L yeTefer, BewL_tpenmusiey, GUBLbLIT eith, 6Teben ey (DDIGH LGreR e
(End points), SpriugHed yeniouyip tyeirefiseir (Tuming points), T- auLg aughled
HeooYLd FHEENT LeTeflaer (T -Junctions), @ pyde Glar” @ yeirefiger (Cross
SSLILIEUD. S SUpeiTern LopDLeiTefaeir, oy 11 ienL
PG @SS Camr@ssir g auener CasrBsefcr Crosh 2RSSBS S
jewioujib Egrer @enr_Qeueiaener (Finite intervals of EqualLengths) suengus gys@Ld
@) _rusefen CsrE@as®ssri@ub. Belewensuwimar wrSMl yerefsener,
emereamywlesr NMupenarss Lyeref sermed (Nodes or vertices)criruser

7 (Constrained Graph) GpeTem L
MULIPS SIS DG, 2yeiQaeps S
utline or Boundary of the Character)
mpling points) QRETEWD, fLg LILIGHL
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URSSLIL (B TIPS SIL_68T 2 peyewi_ut 2 (peviyr b (Relational Graph) gesremnp
Sers@Geushans Bl oeuli’_Qarersrss GQasmereriii@id. Glogutd omGlics
LeTef&eT @ Fev @uuebLyls LiskLjseneryd (Properties), b mib Lfigpenesls -
yereflser @erPlpGsmearn GsTLfys saremwseneruib (Relations)
QLI DIGTET STHYLD H(BSLILIGBID. @@ Tl yerefl epevhisefiar
@WOLFEIT 26068 S SILD, HYLiL|6iT el FeriIasr eLpeUIgeaT @QNIGULIFEIT DjeneuTd HilD,
liyerefisener @ sl _miser  (positions) topmib [Qewewriiys
SeTen LoFeTeneaT Senglytb  (Conncections) gdeSlwwoms aemFuUmISSS
BESITUTHEALD 2 6iTelerT. FeAgallb, Zeuels QUIDLIL LIGTLFeTeneTSBULD,
SRl 1 2 (met @M eaueneraueny qetples LMepenarls LsiTen&er cT(hids
TS leTd@GuSDG THDTLY CLIDDISTETET 6TaTa LD G &mrerer ii(hLD.
Qgri_reous QuUT@ESSiol g6, @letaiens wTEfl yerafisealiicd o 6iTer
2 pallesriiser LesTeuqnLom i Gl&mereniLiGid.

1. @k @Ml yerefsefsr @)L _Sengsd FTThD 2. Day
2. eupplesilen _CuiuysiTer @)enesTLiL)SSeTenio

@eiel s 2 payser, HLUGUILIL L GIHET e Tuie e erib Ly H 6T &S
Gl&meirer i i(BILb.(3)

5. &L QUGG S BT alen el suenyuied QUHSHHHHSH
RH Fev QUIT FH16UTEHT 2_MHL_HIDHEHID D_DEYFHETHLD

&L _(Reirerm eusmemsuenyuiley (Constraint graph) Flev G)LiT /6T 6T 260 L eWLOH@IHLD
o meyS@LD @NBSS TS @SsmeHu QLTS 2.0 _eOLDSHEHLD,
2 meySEBLD euememeusnFuiey eTRSSLILIL_BeTer flapenesis yeresefesr Groey
S i QS St G (BULOTGTAIFETTSS H(IBSLILIBID. @)SHL_(BIDITEuTrAISGIT
STUPS &ILT Lig aukisefleh gjemioliLy LompDTS SeiTewioenws (Structural Invariance)
SIVNUIDT TS FOUTHa1q WETS enio&learper. &Ml yerafisenssr Gtoeb
FOSSUII L &L (BUomeTiisetier sTameiidens @enpeurtsayeter Guims, aGr
LorEfwirest @)es i fleyFeMeiT 6T(LpSSLOLILS LILg Uik SHEeTh5E Rlont G 2/5)5
LOT pyth Fesremioenus (High Variability) /spiin&)$858 Fnlg WSTEHaLD, LDTDT S, 2%
sTaTenfGenssenens QST &L _(PLomethiser, wr&fliyeretisenleh 2 cirer
G Bl, GODEYGTET LOT AYLD HesTenLo (Low Variability) 4y&SSLUL_(BeTeT HTHE LD
Q&raa®, SU_@orearissT Q@)EbaenswTHL LAM&SOLL_B6TeT ST 5%
Q& rereriLIBLD.
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Cerrdensd@iu sL_@Lomeariser (Connection Constraints) - C© - LSlsbTeuBLOT
QUM T M &L ILIBID:-

2_eirenin, LifigpewerLiLyeired O, gargt, - O eL¢tr @avs s
Ceorss Genssiul @erer Qumsgy - 2B Teudy
C° (0.0) = SL_(orerid Hlevpey Gewiu i@ Guir gy,

B Gurdi, @ewde Crrrsd CGrréstiiL_afsvene 6T 651D

Blevevwr&led. ysmeugs &L BLomerid Hlespaey
L Ol _riogyerer GLim s

CTPS B ILILG b1 S6eMles _9jefsTen LD gysmioriy&er (Topological Struciures)
gLt g @Cr omr@fwn seyeirer Quir &1, CFrrgensssL_(Lomestiser eT(LP i
@erdler  yewenis wrppederents  (Topological Invariances)seners
&Dl&&ld per fleneven sy s @urerisst (Position Constraints) CP
G RUBLOIT 1)) U TI ISFLILIEILD;

f

2_eBenLD, 01-02‘ _ !O2—03I _ I03-01i
d, =~ d, ~ d
CP,,,(0,,0,, 0= ! ? >
123 {94 05, O) TG MIGTen ST Ee

Guimd, Gopaetsr_eur my BeveneGuesicy

] (Otherwise)

@ag lo-o,l = 0.0, - difpemeniijsirensense B)ewL_ufevenouyih
( Euclidean - Distance) - Qg rensvay <Y GLb.
d. -

dy, d,, dy - yBweneu, Lo Bf i1y e ol 615 5 @5 LBlew L Bus T DDSITET
Lorrmledlserms (constants) g CarGs®ss UL Berar GClgTewevayenerd; @ il@sth.

gleneuenins & Guoreniiser, TS G RETHGT ulg ey Seuufl s B\h @
rppeistenLosener (Geometrical Invariances)d @mfs &,

erarGau, fhlencventos &1 RLomeThser Blevevwires m s (Rigid) G\ reirem L.
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TupSSIL Lgauenoliiey Wenswmet wTHpLd YIS ESLILIL
Ceuatsr GO TUSDHGSFSUT D, @eialg Blaawss _Homarmseners serissl
a9 Qauetsr(GIb. S Teudl, HeveviwpHp Hlewevued eTHLIGLD LTPpSems (Nonrigid
variation) yg-Liremt . epevmi&er ol 1 1b, UGEHSGHw Wi _1b, LpEp
TapSBh@&Mu ol L 1b - Y& flmevenwsetlsy ogminBlss Galetriy aI(bLD.
yeSwetr L@ FHEpsGL (Boolean values) wfers - (b, @lbenev) -
SyereyLIRS HeusnE i tenpser (Quantization Errors), @lewr&seb (Noise),Lop miLb
QuvuaiCGalmys aflewds Lor” L_fisehey Baptb omppiisener GalgiLir@ser (Differ-
ences of Variability at Different Representation Levels) - Y EWDBIDGSHSIT L)
—gjeraliar yemencusar (Quantitative Measures) sr(lésLiLiL_Gevesst®b (1), (2), (3).

6. sueneMIeHIUIGT . (HoULILIG aIlD Qe eDD DIENIDLILIS D&M
Qauipen pulledr (pd Hwig FHiouwd

apLliLilg Blevevenind &L _(Ruonerruger (Ternary position Constraints),
@ QLIwH S wrppLbleTenio (Translation Invariance), &LpH & mppiLblerenio (Ro-
itation Invaniance) _gjemay gev&lev LoTHMLAGHTEL (Scaling Invariance) - .y Slwespenp
NerssRerper. eTearCeu @pLivig Fleveveniod  FL (BILOIT T EI&H e 6T LI
LweTu@SSLIL . Qeustorigws BrLpgd gHLGEDS. Qen&s Coamanumer
s CiIQum Flewerey Bl b (Memory Space) & gemafed
CoemaiIiQFID Gl IGLIT S @SDHTS &L GlFevayb LAGSWTED &) cTeTGas
P sy Flevevenios FL_ELomarhiseverg CTITWLLNS Bleiss, )by
Beneweniod &L @Tearmser LUSTURSSLUU@GLD Curs Hev&led
worppLilerenoeamu @)pss Crh@Sng. @leaals @iplienu FROFLMSHS
LLogeng (Size) @)uweh Flenaws ST enaipeE LOMTHDP] DfenLoss Covessrig au(b&HIm &i.
@)ew e FeuTed g IILIGH L oLpevri&afie 2 6857 (B) LIGSTEwTLIL L (LPDIeY HEOSIT LoD MILD
SaupTeT @)enenTLLSeT - YHWDHIET FlevevenLosener ST &Gl 6T(hS &/
Qandrasparss Gersmaseiiu &L @wiearhser HeTaBELTn THH
<Q/EOLDEHLILI(BILD.

0, O, - g6 &/ O}. o1 &t GBITSH
Cerasliu’_@Rerer Guimg

c%; (0, 0)) =
I, QGardgsliu_mogerer Guimsi

99



@)ae T, e Cprt Lilens Lompledum@Lb. @lelells wppley&eir 606V &I SaUDITET
@Qewenrliysafich ardwentidons ySlsomsajerer Gurgl, T-6r wHLen L&
PwgrsHeyd, Qeshs wrprseerer Gumg), T- & wllenu yFSoTsHayd
Qemerer Couaw@ub. TSNS euemerenguisy m rHML Lyerefisener
sTRS@ Guimgi, m (m-1) @enenriiyd s Guomearhiser Gent sHerper.

Q@ 1@l yerelsense - (0,0, 5@54@) - @levL_ulevenionib Ggmamavay
d;<2457 51 @NBLIg- @msumg,oé; SL_L_tomesr end el gmas G\ ETeTerL1LiBID.
dﬁ- FerfleiT snl _REFTTFHenw wd;) ﬂmé@&rrdrmemb.da—swﬁd) Bl&pLb LOTHDS DS,
(@u¢mLo dy- & pLod) 616D 6f & & yemre) SueH T DISEID Fi.oF FFGT LoGILILICTEO G
Rﬁ— CTAT &S MIES DYHLILY HleneUen LSS _(RLDTGTLD LAGT QIIHLOMN [ ST & &L 1LI(RUD.

cP (0, 0) = 1 - u(d.
j
Cpij- - Yrg GCHrlClLprg yewwiienu (Indeterminate Form) & sefliss,
€ > 0eretip a5 P G Wenss Tmlel sTHGSLIELD.

@levesT i &S HUILITR &S Lof) NIt FTHHESTH HlenevenLod EI QIO
Y&wanPler Geirey (Combination), QewelCeupmer TS &I femdsiiritg.
BlevewsGupL wl L _hisefe, s TS HleT aug auenoinler Swrifuwsevry
LoTHphISeT rarednd efaiss acvevenio Gl mierer g Rij (T <i, j<sm,i #j)
erairm afé5 gjenay (Range) Guops P Lomppirsener, @Cr Eymesr pempudey,
llemdisdamig i auewsled eLEDG. @ensls LpBlc (96 outh GoILILS6T
(Observations) P& S S B I FHaTeuT HeyeiTerner,

) oCsauCIon s Camrig i erefsar o O emd:&. R;=0 ﬂe&r@e&mﬁ Cuir g,
blenevenio FIFTES Lo pITESET. Qyrfereflsaileflen L Quy, @)evency eTaT N
Qerearertiu@ie. @G wrSfwmes STUPSEIGST Lig euiis@mée @) CQuuwhHS
Qewed) qetrgy (Translation) LwHOIb FPn& (Rotation) Qauwed GR GO
%Quw,r_bﬂaﬂ@,/ﬁg Wpl9&sLL@L LoTHpESEr w GG @) mEss
SHEETUITGLD.

() sCaauGLomys Comg Liysiraiser 0, C)j - &@h46G, R, - gen gy 105 55
LD@.L'IGB)LJL'I Gup preirer Qur g, Gy o Efwsireer @mgé)m " LG GUIAISHGTHS S
gt;wcﬁcs.r SjeTenLotdler gjenioliseir (Topological Structures) oy &/ Canwirer ST 55
Qs rrkgy QoriushHs RUUITS  ewiouith FHSTURSMND, oulg e
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sl SsSSDGw wrhphiseafsh (Geometrical Variations) o§l& GE&lLpenioser
(Flexibilities) )5S 5SS saTalTSLD.

(i) SL_@UUTE cuemeneaueny aesTmley, LIVGeaug LGS SHeT (Components)
2 ererrarGlasesiley,

spaGleur s LGS WgerGeruyid R, = 0 eretray QIp&@GLL G Hiib, Lo mitb
R, >> 0 TelTmi 2iewaTs S wHm flewevenossafley 2erer Cumgin, LGS
earGleurett pitb, CVB&IpeysE 2L i T BlemeusGlumper (Rigid Object) getrprad
Gerereriis@b. Ceyib gewears&ils LGHsanier Lo muim@&er,
yeunPleflen_Guw, eeardlDesmerm FriupmsTsand (Relatively Independent)
FUBSLILIBID.

SL_GLr @) eusnereauenyeni 2 (Keurs@sLd GrrsEGaGus

<< 0

O =Ryl imm <Rilugs < Rilogsa

CLpSULD

GTGHT M YeHLOLIHL) 2 GTGTL_SENISTHS GI&TTETLILIBILD.

7. TR B RETEDDH D{eHL_UITENLD HTWBTLIGHGT aIHWITE H1D
A DIDF NApriysh Sie INTFNHOTWLTHRS &(H B H6O
N, ={0,. Oy cecceneee. O, }ereiTiigs , m - Lo GINLY LyeiTatiisenan, (Lpest st 1q Gus

Qs ip SreiTer eT(ps &I eTPIDGTW @@ LGl L auenereuenyuileh eT(BS &/
YeOLOGELILIBILD FenrGILomeTenms Ml sHL_(HILD.

(b Q@ Mwng 2 erefll@Ld 6T(pd HILiLilg v yenioliL) euyibiilesr Grosb (On the
Skeleton of an Unknown input character pattern) er(@&&LILIGBILD n-LfeTeflseesr

{Py. Py ...pP )} SETTTSEWS
Np ={Py. Py - .- P} TGTLIGI &D&&D F). eugibLilesr GLoeb fewLoufLb

P12, ... n yerefser gaiGeuTerenpuyd O, i=1,2,....M  LyeTehiser
paGlanrearflani_soib Gt euflenswns @Uiii_aud O, && s w&led
ugLbLlevenLouyLb t_/c:rredﬂmu_lpka) erasrdGlamerenayb (k=1,2, ......... Jemennii n) ST Sf

&Ml yeirefl, OF eww;, P;LyeTeé@ ojevLolin LomHpLD Qswieugm&led, O~ P,
STeTD epSFlenFey GUIDLILI(BHLD.
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2 GTafiBID 6T(Lpd SIILIG Q1 DjeoLiyLs LyeiTerf) PioPugy ) &, @1
aueneTaiengulleveniontb Lllsd Genpaurrar GQgremevaligueirer O,,i=1,2, ........ m
#@L&mr_ﬂ:w p.oiren Grydens (distance) E(O,,0, e Q) 6TETD @GMEUE FITITLy
(Cost function) auenyw PICILISTSES QETeTemrLILIBUD. HICLIT S

SITWD = WFRAmIoLd E©,, O, e o) @Y

(@SHlensray genotiyy
W DHDAIEET CHIThd SH1)

& miotb c p
O Py | £87% (00 O) + 2% (0, 0]

m m
- c p -
= ZC%) (Puy Pigy) * £ i [Py ~Pagy)

eTesTmmGLb [3]

BV TS Fi RetTeOD yewL_WITELD Hiw (@) QlsTeiTey 3, R G@ihwm g @)er
umSAHT Tpd& PIPHSLD, QoSS STy &gTH
Qerdléy Bossrorss uSey Qe &) ewaudslinL_(Rerer (Stored in a Dictionary)
OF-3ii1 ¥ UMSEEHESG MU  ueweTouen Ly g e enioliry tor Gl sar
paGlurarfldgw  @eo Cuuysrer SrTEms  PUuTE  QEdieusmed

UMTU PYSSLLIGID. UFley Qg ESELILIL_(Rarer omSfsefstr ST He0 S,
L={1,2,..... {} eromss @& reTenayLh.

R0 SO or G { $@5 o fus SEOLIL|HET usLom my

Corréenssgiiu s @ureriisdr

c c { L.
C% (0, O C ik (p k(i)' pk(j))
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/ / .
-10 p k(i) p k() < &hieney ‘GQD'ITG;J
Cortdan’t 1 GeinenG -
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Cerdalnn_mo ST QLT g
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. { {
Cpij (0, 0) CPui (p k(iy P k(j))

{ {
L g gy - H(d ik(i))l

VA
R ki &

l _\j y L2 . [ P
4wy = [x k(iyr X k(i)r] T [y k(s " Y k(j)s]

& = 1,2 l
r = 12, e m
S = 1,2, iiennns m
k(i) = 1,2, m
KG) = 1,20 m

i = 1,2, ... m
k(i) = 1,2,.......... m
8. upyayemy
wrSfssemrid L= {1,2,,.......... B -6 oL@ @aiGaIm(h eUenFeuenTLILILg G

SyeoLoC D@ Lb, GLopampil STTEmSS S GIL_B),6THS (b LoTSlf pjeo ot i InS
B\ SryLb L5 @GenmauTsaeTenGsT 9 ZIGa G\ LTS 2 e 6T(Lod SILI LiLg U
jeoLoLienLt ymleAL i 15T S LpLg-oy Qe i i(BILD.

@)éat_enguies sL_HLILIL_L_aUenETeenT 68T DI, CIIT BIOUTSH ST(LpS i QRESTeOD
YOI D FeRT(RRUS TG (FoUTSSLILIL (B DI LpSDGA NI (BETTeN &i6T(LpS &
Qlertd eiiQeurrett b, SU_ELILIL L. cueneTaieny Lom gl yenioLILNe) afers&ib

103



QEFELWLILIL_B6TTern $i. 6T(LpS &t eug bt Neir GLoeh TR &S LILIEGID. LGSt ser,
eueveravengulicr (Iflpenents Lyeirefssir (Nodes) gyeiougy 2. &1 jetreMger
(Vertices) eTewrs; Glsmemeniiil_(ReTenar.  Bleneveniods &L (RILoiTesthiiseir Lom piib
Cordmasd & Qureariser oemereaenguder eflefibyserrs  (Edges)
Diwio&lesrpes. Qeials oM STULS Sl EITHIGHT jeTTenLo LoP PILh autg i Fewig
wrppellestene QuTgeinsan, Sgmer Weapulayd  Seuifg
CeueHLRE S _HTem 5.

STUPDH S PHTERD EWL_UITETLD FHeBT (R Qsreraigne eMusTer ODwrss
Weop S (BLomer g lisewl uied @) mi&lé Epriys Grrayls gsPeveriurs
UG MYSHELILIL_(BETen &) 2 ciTel(BiLh STUPSSILI Litg 61 Lo’ Veb o eirerm yeref!
P & s Bl L eewersusnrufevenionin Ljererf) O, 2167 L nF B Gl (),
céqcmg’)gﬂ!b@ e Cuiyerar Qgremeveys &I TS en S5 5 &8 poIoT SGLb
Iy sGlenaruns o heurdsts QL @, BevL_wpevpuieh 19gsfenarss

el &t STETUSHEG s Mwusmer senlls  wpeop  ufluien oliyser
GT(LOSLILIL " (HIGIT GIT 6.
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YeTenLo () midEFHeT
DGHTEHLD LOTHDEOI6HT 6mLD

B) & &6

@)eOGET LIL{ GULG GUCHLOLIL{HGIT
TP HILI LILg QULD
STHEETLOT S & FHeU(IhSH6D
SL_(HIGITSIT GUEHEITEUTHT
aflemev FITITILIGUGH
Qarrdenagd HL_(HILOTEITLD
Staudssd GHr() Lol L Ib
LGS g@flus oL 1 1D
LfLOIT BT 1 & 61T

LIABLOGET &HGTT

s F SEpriyent_wi LIgSFlenest
PP STUPS &l LOL_L LD
eLPGU/AI S GTT

QULg QUEHLDLIL] LOTHDLAIGHTEOLD
GULg 6 SH6vvTlg LOMHDLOIGT o LD

euLg ou Heslls (@) MISEIHET

Q&I D &6TT

Topological Constraints
Topological Invariance
Constraints
Compound Structures
Character Pattemn
Capture Mechanism
Constrained Graph
Cost Function
Connection constraint
Stroke Level
Component Level
Fonts

Sizes

Optimization Problem
Character Level
Primitives

Structural Invariance
Geometrical Invariance

Geometrical Constraints
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&6 O LT UTD HISP 5TUP B &S 6865617
2 HUTEGMEHD 26160 60 8886085611

sruITosL L &y FHLDLIULL” L IT6iV

seflIQurptley QpHw Guoriflseerts QUITBSS aeny QlTlg SHes
WITOTT FHEHSGLD, cThISERSEELD o 6Tenr GLifi GopGL eTSSIG 2 (BeuLd FHT6H.
Bev eurigsenswimen DTP-ulleb sLilp eTpdie LNMicsor_ e’ 6oL LITITSST60
Q&b (L)), QamsE) (&), yeref] (8), 18] (&), @LBSSETD (&), HILbLidens (lws),
QG  TUPSHISFHT BEHTHSHSTTFT? STT D SnlThSl FHeUGHTIILITIT &6l
@)enarGhuebeuTtd @Y 6T(LpsS &isFelel gl LT 2 (FauT@Licwal. @)FenaT FioiGss
Sjareiley LIRS G Goetr Gum@L sefleh s Q)@Geomenws FriGlFiw
wpigwiaeveneoGus eTeTLITITSHET. gerTeh Qlemeusenar WINDOWS 3.1 & 4.0
(BETA VERSION) safleb soreflés oy bsgl eThISET LoTSNGE LOSILpFEITs
2 61T Gl pOBTL () GLomflselr & SITLoTeaTenal. uHeVTed eneuskerfiey GIsmLbL,
&1fl, Leirarfl gGlienal @)Ueney. & SIT 2 (FeUL 2 6TeMSTeb aIev g LiLb, @) &I LDLD
Q&TRESSLUED STeS) @) b FLOOTS QY BEGLD. HSTTED TS HISGLD,
sT(LpS Sis@llent_Guw 2 eiter @) 15 (INTER CHARACTER SPACING) &LoLomss B\BESSLD.
BLOUPGHL ! 6T(LpS&I5&6TT GLO@ILD, LIGTETUPLDTS 2 GTETSITe) LITITd g LTSS
Qi pueoLowir s QlFins Geousserig ueiter &/. (Q)FeurTed SWITALILIeTe &Hewn&ID .

Ggesrefipg Glomflsefleh LoeweiTersens eT(RsS51s5 QsmeT_meh QISTSHE),
FLPl, LeTerfiseT @mBESTaND enar TpSCHTE TP Gl UL TG LAg&E&FenesT
@evemev. ClBaRIE, ST Lb, T(LpsSISHefed QETSEE), H L5567 a@g’(ﬁgﬂ@

TUpSSTSH NI BE(BSHGLD. Y SeOGETLY umrggb Gurg sublespl LTSS
2 DIFOTUS(BSGLD.
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feorr sesflLGuTiesd &gps () erupssissenansd CaLl umiser. Feorr
FIDLOGens: Lost eT(1pS ZiSsewens CaL LITTSET. &eUTeh BIAISE@HLD HUDHEHD
2 (FUTES) dnl L ITES QETHS S a&)@@épm, GLogyih LD LiSTLITL (& RS ST
CUITGLD GS S TS, 25H6, GLDLILD, HeFLD, Lidrenemurt, g, Geueh, Loudeb,
(@LeoL @ewey, 2 sw Gfwer) y&lwapepuyd yeflss Gasessigulemen .
@)eupenpuLb Licorr sr@g) F1S5EeT CLimeh s&E: CaHL_SIDmirser.

inscrypt Ms DOS Word Processor ufleb 67155 GlLomiflufieyitd elensiicvend eLpeLd
STt o 6rerf (B OIFUIRITITSH6T. @LZIGLHT@} SWwThssL@  Gloesr Glumperfled
TROIGILITH (MOUSE) eLpeu(LpLb &nl 2 airerf (5 GlFinicuth. @)FerTeb S iGILiTpluslel>
SLOLD HL_L_5& QBT SaIiseT sl @Ybs CFmHODTESL ILITEET LILIGT LIBISSEVTLD.

6T Gi il 6T B! Hou M’
e auTLy SeOSWITENTSHET, &, g Cumelp 6T Si&se Base Line e B &Grp
@& CauassrBiLd yevev g GLoGev @)5d:5 CoustT(BILD 6TET GLOLILJeUITIT 6. 6T S &1,

6T &I oM eTewT Lyrflialleieney.
TG S 601
= S

S QUITII Fevrr Fop, ay NG TpsSissemed Lerell Gpinl
B)_586L @)1555 CouasanBILb 676t ) GXFTCORUITITH6IT.6T &i, 6T &l S6U D) 6T6wT yrflwelevemey.

Sy, QY Tol, O Fot, Y

s ALQLUITuGs 5.8 S e11ps Sissencs Csras) au&Bhs CBTL k%
CouecssrBILD? 6T6TLIGID FIAWITS (LpLg ey GVFUNLLILIL TS 65T M.
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Gansv Biwsd sutf MEUUIEEHS D1 H6v

wpeverauri Gleu. &Hpayesrepri &5
" & BrSFLTweiuGT . ST &8IG Huwsctr
8. @rm Geukig_grseusst Gair. sQeswraeir
sewflIGILTY gypleflwed GiGmifled HIL 118 s enp,
DIGUTGHTIT LILSHENGVS: FLPFLD, GlFesTemarT - 25,

S (HOTF & (HHHLD

R TS & Liev BT gy Yeirefgaflelr Gamrreney. @)eunasled Hlev Lererflsenen
L B CoTEQSBS S, yaubmler Qv Cw o érer 2 peysenar YT TICUSET
CLPRVLD &I GTHS CT(LPS S CTGH M HetoT(LIg L1 5y LRss wpenpulesr Grmdsip.
yeresafletr sTevmersldens Liss Fleveur & GODSELILIBILD CLIT i 6T(Lpd BletT Liev
SECVEET G0 DIh Sl 600 &I YL &/ Cuir@b. Gaemeuwmes P& ga;sucba;&r
Slevgwirioed sréslin_ Ceuair(BLb. BSBLIG TS, QVhS Geomis L jeTeflsafie
CISTGLIL Flov LGS senT L LIRS & ILBGest DeoT. QB ILIGSsET pelQauTeTnTs:
SILUBSSUUL L. UGS SEHL_ctr Uy Cprésiul ®), 28w TUPS S
s7 ZGlauet my upig-ay Qetnui@Lb, Brbapeopuiey yrmg CaeneuriLi@LD Croib,
BlSSGpeITs @) @;Lb. ®&0ILG & Ssmarflel Cameirpip Geugyrim@aener
TeflGlev F46) o B Tpsmg yruewrid. @b pempuileh AevrjeirerfgHeneniyLb
Yaupewps CaFré@w Hev Carpaevenruyib QamesL Carmreud eretrapyid sewhs
<QEOUDLILY g L6l _wins; 2DLED &) (Bbapenmenis Corrdlés) Qam &%
Bleneod Swrhiled o sirar RO Si_L_ever Blyed sHGum &I SLOTIT1S 6T(Lp FidFHenar
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1. G&a60ID 2 ([H6MTH @) 860

TEpSLILL RS QFHTeTIy (G dFGLpSEI, e TS DE L
Lyerefl gl auflenFwm s, esTpett LislT et HS Glenl_&GLb. @IBSLI LiciTaflmenem
QT TLE S, <gjeummleb & p1 C\gmenavalp@er CLopLpLiLyeref) cTar s sapsanly Wenel
psedleh seflss LG R e @Gs CLireh § my Qg rensvellh@er SLpLiypLiLairer,
el USsL yeref, @ &l yeirefl sTeTLemauyD SHevTS&IL_L1tBILD.
@S s apspUeTef, sewL_Glyerefl, CaT@sed GmSERLW Lyeir arf)
apgedwenanyid eSS L@ &etrper. @oomSf yerafiser @@ eTipbSled
A5 FeuGeau @QBSGLd. @eupmley et yeroflledlwg eThsliLcafldgs
Qs RCDTID THTL®S cTefGleh Hems&ll_curib. @)FerTed FenL LIl (b
Gamreud [1,2]

Gamevth eTeTLIG) @b Fewflg augauth. @)l Liev yeraflsemeruib, geupile
Sovaupenp @emesigd (Flev Camevbigener LiLtb - 1 @)éb FremTeLTLD) PUB
TupsSpsrar Gerwssed aaarag LstelsEGLh odrar Geamhisdr @
LDCaut’_19 60 eTapSlewaudsliLiBd. @)k orSifls Caramseich Fev Lyeirefi&aelr
wo”_@HCro Q)LIugmed Qeupenmd; G\ETain®) HevlliLi g en gt s @)heESLD.

2. Gaasvsma s 157386V

B35 Hlevevudey, TupsSpsTar @m GCsrow LUV UGHFTTSL
IREELURED . GmEu aThmasgGer GupyplyeraisenTs o 6rer
Leireflsener @)retm_mels LIMLILISETELpLD 3)5) Qe IURED S @ Ig L1
PSSO 1_oy_oiT Qe LGS @aiGleuras CameLoms Lo mIS Sl
@pss Carwmsaias aspLGSssrar Came rmuiulr @, s
srbiomSAwmer  eTpSfler  pSHUTHSWSE  GOIEEDS LS
s PlutiLBGEP S @)SITDTET LPSDH LITHAEISET Quorgssgey S L GG
2 Giremanr! @enar 9, L_, 17, 0, G 6TedTD 6T(LpS FidSHarfled o eirem YIS Senerd
GBI iLena.

PSDLIGE FHFTEHLNG.SS LI L_eJI_GHT, @)Tessr_mib LGS DjewL_UWITEITLD
STSTLS SukGEDS. pIPUGHMUL QUTYSs BT Tid UGS
SO L PewauppsGarsrdr @GEs gy, QUaTLmb UGS
cTeiTeTGlausi il apigey QECILILL L oy o BSS UGH YTTuILBEID Sl
B rig. getT My WpBeH FLOMIT BITGH G LIGHSHEIT aUenT (LPLe-oY QUi L ey 65
TUpS &I LaTTEID Zl. SBWLILIL L 6T(pd g FRSTT eTeTLIDS Gogytb Flev
Cergenaraser epevth o m Qi g G smerer GauadsGiLd.
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THQSES WSHUSEHSS TpOISES @URTL A LGS auGateia@id,
Demel ThES TIPS EIFFEESHG 2fUme TRID SHW&KET LIL 1D 2-@led
STU_L 101t (HGIT6IT6aT.

3. g omiséFufsir GYsirsmmus Hsnew

SHGLT Ht eTtpsL1 R eustd Blredleb GoGev sapiiLi’  Qewshiimr@safiey
guerey GEwdL@SSLILIL Berarar. GHradans o (EalTShEGS6, djensLlt LM &
vev CETdISaTTHG S, LPSHUGEI ST enL_ITETL KB 6T(ps FidSHener
9Pluyid Caveweulled Sflgib wpig pgsren K. @serned sHOUTFZ Fiomir 15
TUpS HIdSemenr gL wrerh smewt wpiguyib. QG euflufed T
TS SIESETUY LD L WTGTLD ST (Pl TGS @)FTTed
2 SO FUNIILIL (ReITeT ).

wadlerTd @@ eupsSloar cTupsib CUTE eTpSSeT auig ey Liev
LOT DIFSO&HET @) BSHGLb. Gamevdens o (heurs@LbBLm g @b Lo gy sevserfesmed
T DUGID RSSWITFBIFZET Senemu 1L perT. Y ermer CEeneuimest SEaIcv&e6T
A @UCLITSTI06 Camavgens 2 (FaUT&Geu SIS TeT @bpenpuiesr L LILDT@Lb.
RO LUGHloows FHlwmss sefliuged DESWTETLIIEUD LPemDMHEHLD, SDGS
CsamauiiGlurg s Caraugeamg vew S GasromserTsl L9ASs
YTTLaIgLD )5S wpenpulet tophm SpLiy eubFhiserm@b.

arenen g Car@ser o arer erpsd gydsemer Gumers Lol gyl g,
BLOLP 51105 51556 S@ EUbeperpenuit’s LuGTURS siougILh Fipbs LiweTels@Ld
T THTUTHESILRED S). S TS ZiEseMesr Beor omevkigafey o crerm
ASB T SrESe06T (15 GODWLITEE & E5STLOG, QWSS FHUHEENGIT T FLOTHS
BGL @G BeOPUT S 5% HiouGIb g5 Fmriy.

RIDLIC 19 116D

1 Gleu.&kpeiysmropt $8), LS, Apsener, seflgib, Bluy Qreham L% apas,
GlFeirena, 1986

2. @m.. @@m},m@ﬁg@, e16iv. Gxzeuair, SIS arGsal, Hullp
TS SISEMET yewt_wmemb reavuSey Carey @lweh wpenp, FLAPS
<yBlefwed Qrigeneay - WPSHIL L 1D, 1992
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NEED FOR STANDARDISATION OF
TAMIL KEYBOARDS

M. MADHAN & A. SENTHIL
MCA Students
School of Computer Science and Engineering,
ANNA UNIVERSITY.

Tamil and computers - another wierd pair like "Dinosaurs and man'?

Subramania Bharathi says

“@eveir 6T6tT i LIDBSCUGT 6T MicTTIITS
@QuuebLilerermib eThiSeT ST

“o_6t1 Eflemewiog Glwib Tk S/
QFwed Lopb g wTLpd &l &G
says Manonmaniyam Sundaram Piltai .

These lines puts forth the ever juvenile nature of Tamil. So why not Tamil and
Computers be integrated for the development of each other?

One major problem that hurdles the integration is the layout of Tamil Keyboards.
Here again, the question of 'Why the problem of layout?'. arises since for many years now
there as been the existence of Tamil mechanical type writers. Then why not just use the

mechanical keyboard layout? the answer is in an electronic device with speeds in Megahertz,
the modus operandi of a mechanical typewriter layout is highly inefficient. The inefficiency is

mainly due to the presence of dead keys on the typewriter.
When you want to generate characters with projections fike &), &, s, L4, etc., we
have to type the projections, C\’ 2, b ec first which come under the dead keys (i.e)

the keys that do not advance the carriage and then type the character ‘s’ to finish the
character, after which the carriage advances. This makes it clear about the unnecessary
extra keys on the keyboard and the extra-carriage maintenance problems, that can be easily

over looked by an electronic device.
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In the conventional computer keyboard, it is a very common practice and even a
highly preferable practice to use combinations for often used actions. We use the Ctl, Alt, and
Shift Keys as much as we use the character keys. So why don’t we use some comibinations
to generate characters that need a dead-key pressing? This would make the carriage-
maintenance easier or rather completely wipes out this problem.

Taking these details into account, the Department of Electronics (DoE) has
prescribed a keyboard layout for Tamil. The Tamil Character sethas 12 2 uf)rr 67(Lpd s seir
and 18 Glous eT(Lpg Gy&s6ir. The remaining 216 (12x18) characters are generated as a
combination of one 2 udir 67(Lpd & and one GlLowGlwps 1. DOE's standard requires you
to press a 957 euflens 2 ufirGlor followed by its counter part o ufiir eTpd g to
generate the o ufirG)Lows character. If need arisesto follow a o_u9rGlou’sr with a 2 u9/T, there
needs to be typed a'/ in between to disable the conjunction.

Inspite of the DoE’s keyboard layout, there are many other keyboard layouts in use.
'MULTIWORD' from SONATA use the DoE's layout, but of the DTP Centres we visited, we
ended up collecting a different keyboard layouts. The other layouts all share the property that,
they have the projections keys separately. But each layout has a remarkable difference in
placement of the keys. Further, there are people who use the Mechanical typewriter layout,
backed by the argument that recruiting operators and DTP professionals gets easier this way
and if an employee is trained on a new layout and for some reasons he quits, then the new
employee also needs to be trained before he can take up the job.

As long as the number of Softwares for DTP in Tamil is limited, the layout difference
may not matter much, but as the packages are increasing in number, the need for
standardisation becomes an urgency. Even if the chatacters storage formats of all the
packages are the same and one can edit the files created using another, it is not possible for
the same user to work on the same document with different packages, if thus follow different

keyboardlayouts. Hence any DTP publisher has to either stick to a single package, or employ
multiple operators for multiple packages.

The different criterion based on which a keyboard layout has to be designed are

() Frequency of usage of the character

() Physical use for the user (i.e) giving more job t the right hand etc.

(i) The grammar of the language (i.e) the rules dictating which character will not follow
a character and which is most likely to follow etc.
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Considering the different number of layouts we have come across, it is impossible
for one to tryout all the layouts and decide on which satisfies the criterion given above. Also
it is not easy to pick out the salient features of each layout and discuss. Hence it becomes
necessary to design a new layout, which shouid be comfortable to use and the layout of which
is tobe declared as a standard, before the market is flooded with more and more incompatible
keyboard layouts. [n designing such a keyboard it also helps to take into account the
difference in speed between the human fingers and the processor. Between two keystrokes,
the processor is idle, which time can be used to do a fair amount of internal calculations in
generating a character. Hence the keyboard should be designed such that the keystrokes are
minimal for even complex characters and the generation is done internally even if some

calculations are required.

One of the complex multilingual keyboard fayout is supplied along with the Graphical
Intelligent Script Technology Card (GIST). This card is able to translate between languages
by following the sounds produced for each word/rather than following any characterwise
relationship. For example’ ANNA' typed in English is being convertedto ‘ .oyedsressrir’ in Tamil
directly by scanning the English text, without any further information being needed. However,
it also supports direct Tamil keying in of characters, whose layout has all the projection
characters separately and complex characters like 'Gl&r'/ 'Gam' are generated by the
combination of ‘G’ and '&’ keys etc. By substituting other characters for's' the whole series
is generated. The layout and usage is further complicated by the existence of Sanskrit
characters like o, wof, &y etc. in Tamil. To generate it is required to type key followed by
the 'am’ key which has no connection with the sound of 'wgf’. Also the = uilir
6TpS &i% & are placed as upper case letters, that reqiiire the activation of the SHIFT key.

Inthe ‘sewflwetr efen &L 1Lsven s’ layoutdesigned by Dr.N. Govindasamy of Singapore,
the rule that each Tamil word starts with a 2 49/ eT(pg & is used as an advantage in
character generation. After a spacebar is pressed this keyboard doesn't expect a SHIFT key
but generates the =_u9r 6T(Lpd & automatically. Dr.Govindasamy even forecasts that only
this Singapore keyboard and the DoE’s layout will survive in the market.

The ACES Trumpcard Tamil keyboard layout supported by VENTURA, uses a different
layout, although its working is similar to that of the GIST kevboard, the character are placed

in different positions. Also the ACES layout provoides all the Sanskrit Characters as separate
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characters and doesn't need to be generated tising any complex combinations. Due to these
extra keyboard positions needed. some of the numeric keys are shared with the Tamil
characters.

The Inscript Tamil keyboard Jayout from Softview computers follows the mechanical
keyboard layout without any changes made and has to take care of dead keys and ordinary
keys that advance the carriage automatically.

Another major difference arise in the layout designed by Software Research Group for
their package 'BHARATHYI'. In this layout the projection characters have been moved to the
numberic keys and to the right half of the board while the other layouts have placed then at
the Centrat rows in their left half.

The Monotype India (Ltd) DESKJET TAMIL Keyboard layout differs in that each
QLowGlugps gt is given a full key unlike other layouts that use double key combinations
to generate a GlowiGhips &1 Also these keys are shared by the &g Gropiwr Ghod's
Quiaps 1556 whenthe SHIFT key is not activated. In this ikeyboard layout, the projection
character have been moved down to the last row of the keyboard and characters like ‘G&r’
‘Glser’ etc. need three (3) keystrokes to be completed. This layout has even placed the
much less used g% eT(LpS & ‘05° at the central left hand side position.

The Keyboard layout for the package 'ANNAI TAMIL' has distributed the projection
characters to the numeric keys, bottom row and right half of the middie rows. The layout aiso
forces the user to type multiple keys for some characters like G)zerr and G etc.

The simpie numeric relation between the number of DTP packages fooked at and the
number of different layouts will make clear the absolute nécessity for standardisation of the
Tamil keyboard layouts and the need to alter the different packages as soon as possible to
match the decided standard and avoid further complications in Tamil word processing which
is a hurdle to the progress of Tamil word processing in Computers,
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with the advent of Artificial Intelligence, Text translation Systems have gathered
momentum. Henceforth, English to Tamil Text Translation systems are stillno more a myth.
This paper deals with a part of English to Tamil Text translation systems (i.e.) Translation

of an English verb sequence into a Tamil word.

translation was done word by word, by consulting dictionaries. This consumed
more time and space. The dictionaries were not only stuffed with english words and their
he word inflexions and their equivalent forms. Hence a better

equivalent Tamil forms, butalsot
approach probably form a linguistic view, was sought after. Hence the need for a generalised

translation of an English verb sequence into its Tamil equivalent.

of two languages: English and Tamil. The Text
al Analysis as it also deals with the Morpheme
ris termed as Etymological
ts involved in the formation

Initially,

The paper begins with the Text analysis

Analysis of the former is termed Morphologic
Identification of the English verb. The Text analysis of the latte
Analysis by the linguists, as it deals with the various componen
of a Tamil word.

Apart from Text Analysis, the paper also deals with the implementation aspects of the
translation system. Implementation can be discussed under two main modules namely, the
Morphological Analyser and the Word Generator. The two modules are supported by a
knowledge base structure termed the INFORMATION BASE - a key structure aiding

translation process from English to any language in future !

TEXT ANALYSIS

Morphological Analysis

Morphological Analysis dea
also discusses the morphemes, which form the s
to contain one or more morphemes with or wit
namely, prefix and suffix. Hence in general a Ve
structure:

Is with the verb and its sequence. Morphological analysis,
mallest unit of any word. An English word is
hout affixes. Affixes may be of two types
rb in English is said to have the following

[Prefix (es)] Morpheme(s) [Suffix(es)]

sures are optionals. The following table gives a
common cases which are not the exceptions
1t of the word. For example Cx

Note that [ ] mean that the enclo

generalised spelling rules for most
(took, got, ran). The notation of capitalised C stands for a pa

refers to a word ending with x.
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Vsumx TRANSFORMATION EXAMPLE
-5

Cy -> Cje- Lies, Flies (but pays)
Co -> Coe- Potatoes, Goes
-ed,-en e- -=>0 Tasted, Taken Oxen
-est,-er Cy -> Ci- Driest Fastest,
Hottest,Bolder,Faster,Drier
Example:
Decomposability
Morpheme | : Compose Prefix : de-
Morpheme Il : abie Suffix : -ty
Unhappy
Morpheme . Happy Prefix : un-
Fastest
Morpheme : Fast Suffix : -est-

Now the information that can be retrieved from a given verb is limited. For example if
the word itself is a root without any affixes, as in went, it means the past tense.

Since Tamil is a context-sensitive language, formation of the equivalent word require
more information, in addition to the one extracted from the root. For example, consider the
sentg:nce he W_AS WALKING, the factors retrieved from the verb WALKING is that is 2
continous form trrespective of the tense. But formation of Tamil word requires tense person,
gender etc. Hence, its better to consider the verb sequence rather than the verb alone.

A clause contains atleast one verb and can include a complex verb sequence such as
would haye been slegpmg, which conveys information abou‘t) time & mogality. The final
worq of this sequence is the main verb of the clause & one but the last have the feature -
Auxilary. In transformatgonal grammar there is a verb phrase (VP) which encompasses the
verb sequence along with the objects & compiements (Winograd 1983). In other words, 2

The verb sequence has the marks of tense & other aspects of i
o P i the clause, embedded in
;tvhl:)ll: lg;pgggnt to dés’ﬂﬂglllsh between the tense of an im;)ividual verb & of the clause as a
o aﬁd couldnnv:/?f hbg the verb sequence. individual verbs includes modals, such as will,
INFINITIVE ( b nave only one form), and ordinary verbs, which five basic forms
(go, be, write), PRESENT (GOES, IS, WRITES), PAST (went, was, wrote),

PRESENT P - \ E
witiony | PARTICIPLE (going, being, writing) and PAST PARTICIPLE (gone, been.
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The following is the pattern specifying a set order of the verb sequence with optionals
in the parentheses.

(Modat) (Have) (Bet) (Be2) Main verb
will have gone
has been writing
had been corrected

The symbols HAVE and BE stand for forms of the verbs have and be. The verb
sequence must have a VERB. Each element determines the form according to one of the

following rules (Winograd 1983).

If the sequence contains The form of following element
Modal Infinitive
Have Past participle
Be1 Present participle
Be2 Past participle

quence, it seems reasonable to ask what the tense of the

Given a complete verb se
e. There is only a sequence

clause as awhole is. There is no such thing as tense of the claus
of tense.

Thus the factors that can be retrieved from a verb sequence can be classified in to two
kinds : Root - Associated Factor and Auxiliary Factor.

For example:
Consider the sentence 'he WAS WALKING', the factors retrieved are as follows.

Root-Associated Factors Auxiliary Factors

Root 1 Walk Gender : Masculine
Suffix : -ing Person : Third
Tense : Past

Voice : Active

Number : Singular
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Etymological Analysis :

Etymology is an important branch of the linguistic science relating to formation of word
& derivation of its meaning (Sykes 1983). In tamil we call it GlemebaSlweb. It is usually
discussed in 3 parts namely classification, Inflection & derivation. Classification deals with
the word classes & their nature. Inflection talks about the various changes which words

undergo as they appeal in the sentences, while derivation describes the manner in which the
individual words are formed and derived. Tamil words are categorised into four classes viz.,

Name (Gwirr), verb (aflewer), Qualifying words (2.f&Gl&red) and particles
(@enL_sGlFmeb). Of these the verb and its inflections are of our interest.

Inflection treats, changes which words undergo in order to express various relations and
their meanings. Of the four parts of speech, the verb and noun are alone inflected. Figure(2)
shows the schematic representaion of factors influencing the inflection of verbs.

A Tamil Word may be classified into two types namely, the simple words (L1&mLIgLh),
having indivisible roots which cannot be further divided into simple forms and compound
words (LigLigLb), which are derived from the simple words. A compound word may have

thefollowing constituents namely, Root (L), Termination (a5)), Medial (@)ewr_glenev),
Sandhi (#58)),Increment (srflemws).

A Compound word may be formed in the following manner. The elements in () are
optionals.

Root + (Sandhi) + (Medial) + (Increment) + Termination

The constituents of the Tamil word are termed as
Example

um_+g‘+,5'+g;dsr+=gqc&r=uq_g3§ms&r

Mood may be Imperative (e7eueh), Optative (a9wikiG&re) or indicative. Indicative
!\Aood may imply affirmative meaning or negative meaning. Considering the affirmative
indicative mood, in which the verbs more are inflected by Voice, Tense, Gender, Number &
Person. The twenty seven variations of the affirmative mood are thus distributed:

First person : 2 Number * 3 Tenses = 6 Variations
Second person : 2 Numbers * 3Tenses = 6 Variations
Third person - 3Tenses*5Genders = 15 Variations

Note that the genders classification includes the numbers.

' Amf)ng the factors causing the variationsthe tense affects the middle particle ofthe word
Le. Medials (@)en._gflaneu) and the Gender affects the Termination of the word i.e (afl5))-
The following tables depict the different tense and gender types with examples.

120



SEYIA WYL 4O NOLLOTNI T 3unold

m_z.vtn ._%S/V VYN — AFB.DO.M& o%o.‘%v

—  TYNOS¥3dWI
(rewrt L1, )uvinons—
FeoFL-TT) QIHL
TYNOS¥3d —
(reunbrert) R 2orr) VN Meﬂﬁﬂ,zﬂ%mm“u S ovooss
(o w3 «mﬁ:oa%_m o
SaeorT INININ3A —
Q,wtb . P Aq_db.g ) 1suid

Q,.E E&nbﬂm.w 3NMNOSYW .
(re@izort ) umd

?ﬁ@@ MVINONIS

ﬁ‘ﬁnpocd I fw) mzmm&l_

()
NOS¥3d

(Haeys)
¥3ENON |

(ovrmum) N

(e u0r90 ) anuov—]
(VL) 3unLnd

mﬁ@% ) iN3s3ud

Aﬂmh.&v isvd

30I0A

€IS
L auaA

()
©3sNaL

121



Tense SITGULD Example
Past @B smevtd Uiy GFmetr
Present Bl&Lp sreuth Lng S&praedr
Future 6TSIT &HTeuLh Lig i et
TENSES AND ITS KINDS
Gender LITed Example
Masculine Q4 GUITLITGD D GUITL_ITGHT
Feminine OINE 2 (W 7)) 2 _GUsTL_ITeir
Plural Personal LIGUITLITGY 2 GUITL_ITIT SH6iT
Singular impersonal SPETMEHT LITEU o GUITL &/
Plural Impersonal uevellehr LImed D _GUITL__GuT

GENDER AND ITS KINDS

Having discussed the constituents of the word mentioned. The constituents are contined
by a process called combination of letters (yewrr48) ), which may be natural combination
(®@webry ) or mutational combination (efsmpib). In natural combination no change occurs

in the union of final and initial letters as with Qurreir + woewfl = Qriresripessh

If the combination leads to the change in the word, then it is termed as Mutational
Combination. Mutational combination is further divided into four types, based on the kind

of the initial letter of the forth coming word (u@Gomf) apgeb ) and the final letter of the first

word (BlemevGliorifl  mi), as shown below

S.No. fewwvGuomh) gy IBOILTLA apged Example
1. Vowel-final Vowel-final /& + &
2. Vowel-final Consonant-final um_ + G\rmetresmett
3. Consonant-final Vowel-final &6D + TWbLTesr
4. Consonant-final Consonant-final I + Glenar
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IMPLEMENTATION

The general flow structure of the Translation System is shown in following figure 3. As
the figure depicts two modules have been implemented namely Morphological Analyser and
Word Generator. The Morphological Analyser is an independent module that deals with
English Language. The verb constituent is the input to the Morphological Analyser. The
Morphological Information such as Tense, Voice, Person, Number, State are retrieved from
the verb constituent which is stored as the INFORMATION BASE structure. The Word
Generator takes the input from the Information base and generates the equivalent Tamil

Word.

Two static structures, the LEXICON and the INFORMATION BASE are used in the
process of translation. Translation is impossible without a dictionary. Only thing we can do
is to frame a generalised rule as in this case, so as to reduce the number of words stuffed.
Two dictionaries are used, one for the word and its exceptional forms and the other for the
word and its equivalent Tamil forms. Forexample, in the former'gowent past'is stored, while

in the later, go = Guir is stored.

Morphological Analyser :

The function of the Morphological Analyser is to extract the semantic information from
the given verb sequence. The inputis the verb constituent, whose last token is always a verb.
It finds the length of the verb sequence and identifies the last word as the verb or verb form.

The Morphological Analyser the does the token test based on the length. If the length
is one, then the tense is the tense of the verb which can be only a simple past or present. The
number and person are determined by the appropriate predicates while the voice is always
Active and State a simple form. Ifthe length is two then the initial word can be a modal which
will determine the number, person, voice etc. For example in am going the first token am
always represents present, first person, singular. Insuch cases as was going which is a past
tense verb sequence, was may occur for first, second and third person which is left to the
user to enter his choice depending on the context he refers to. Thus the length of the verb
sequence can be used to select different modules to build the Information Base. The
Analyser also takes care of the suffixes along with the other tokens of the verb sequence.
The following figure gives the syntax of verb sequence of all possible lengths. Verb sequence
can be of length 8 utmost. Those of length 7 and 8 always have their first token beginning

with the Is-forms.
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..........................................
...............................

READ THE VERB
SEQUENCE

GET THE LAST TOKEN

v

MORPHOLOGICAL
IDENTIFY THE ROOT VERB ANALYSER

EXTRACT THE MORPHOLOGICAL
INFORMATION

OUTPUT MORPHOLOGICAL
; INFORMATION + ROOT

...........................................................................

.........................................................................

: DETERMINE MEDIAL
' DETERMINE TERMINATION

v

APPLY COMBINATION RULES & WORD GENERATOR
COMBINE TEMP AND

TERMINATION INTO WORD

v

APPLY COMBINATION RULES
AND COMBINE ROOT AND
MEDIAL INTO TEMP

V

/)UTPUT TAMIL WORI/

...................................

FIGURE 3 FLOW STRUCTURE OF TRANSLATION SYSTEM
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Word Generator :

The Word Generator, being an independent module gets the input from the Information
Base. The Information Base may be in the form of a file or can be directly from the keyboard.
The factors which mainly influence the generation of Tamil word are the tense, number,

person. The generation is carried out in four steps :
* Ppetermination of Termination
* Determination of Medial
* Combination of Root and Medial
* Formation of Tamil Word

. Terminations are inflected by the person, number and gender. The medials change with
respect to tense forms of the verb. The Sandhi and Medial are combined by means of casual
combination. The combination of the Root with the result is based on the last character of
the first word and the first characterof the second word. The combination may be of following

kinds :
1. Consonant Final with Consonant Initial
2. Consonant Final with Vowel Initial
3. Vowel Final with Consonant Initial
4. Vowel Final with Vowel Initial

The combination of the termination with the rest of the word also based on the nature
of the last character of the first word and the first character of the second word. Here only
two kinds are possible namely the Consonant Final with Vowel Initial and VVowel Final with

Vowel Initial.

CONCLUSION

The paper has lit the fire of translation from English to Tamil, which has to be fuelied now
and then, by improving it further. Future Works include translation of other parts of speech,
apart from the verb and finally translation of the English Sentence in to a Tamil Sentence,

which is no further than our reach !
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VERB —]

APPENDIX 1

—————MODALS
AUXILARIES
OTHERS
——ACTIVE
VOICE —]
L PASSIVE
———SINGULAR
NUMBER —
L PLURAL
SIMPLE
CONTINUOUS
STATE PERFECT
PERFECT
CONTINUOUS
— FIRST
PERSON —————SECOND
L THIRD
PAST FIRST
TENSE PRESENT —SECOND
FUTURE THIRD
MASCULINE
GENDER FEMININE
NEUTER

SYSTEM NETWORK FOR ENGLISH VERBS
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LENGTH SYNTAX APPENDIX HI

1. Verb [nil]
Verb [d/ed]
Verb [form]

2. Future-form + Verb [nil]
Modal + Verb [nil]
Have-form + Verb [d/ed/nil]
Is-form + Verb [ing]

Is-form + Verb [d/ed)

3. Future-form + Have + Verb [d/ed/nil}
- Future-form + be + Verb [ing]
Have-form + To + Verb [nil}
Have-form + Be-form + Verb [ing]
Is-form + Being 4+ Verb [ing]

4. Is-form + Verb [ing] + To + Verb [nil]
Modal + Have + To + Verb [nil]

Future-form + Have + To + Verb [nil]
Have-form + To + Be + Verb [ing]

Future-form + Have + Been + Verb [d/ed/nil]
Future-form + Have + Been + Verb [ing]

Is-form + Verb [ing] + To + Have + Be-form + Verb {ing}
Future-form + Have + To + Have + Be-form + Verb [ing]

Syntax of verb sequence
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TENSE INDENTIFICATION AND ANALYSIS OF TAMIL VERB
PHRASES USING NEURAL NETWORKS

B. Chandra " B. Krishna Murthy
Department of Mathematlics Department of Electronics
Indian Institute of Technology and Government of India
Hauz Khas, New Delhi- 110 016 Electronics Nikethan

New Delhi - 110 003

Abstract

Neuro Computing technology is very useful to develop computer systems for
applications where there is little information of how to develop/design an algorithm. Natural
Language Processing is one such domain to test the potential of this emerging technology.
Inthis paper an attempt has been made for the tense identification and Analysis of Tamil verb
phrases. Verb phrase analysis is an important issue in Natural Language Processing. A
multi-layared neural network has been designed for the classification of Tamil words
Traditional Back-propagation algorithm has been used to train the neural network.

1. Introduction

Ever since the term Artificial Intelligence (Al) had been coined in as early as 1950, Al has
become one of the frontiers of computer technology. Scientists have been trying to solve
various socio-economic problems using this technology and developing various systems for
different applications. As a result of this research, various areas of Al have been evolved
Natural Language Processing (NLP) is one of the areas [1] of Al which is still an active area
of research in many universities and labs in India and abroad. NLP, which is also refered
as computational linguistics, brings computer scientists and linguists into one arena. The
tasks before these two distinguished specialists are a) Machine Translation b) Natural
language interface to database access ¢} Spell checkers d) Electronics lexicons etc.

In a muitilingual society like ours, it is necessary to be able tocommuricate in more than
one language with equal ease. In a country like India, where there are as many as 18 official
languages and more than 10 scripts for these languages, human communication is really a
difficult task. To overcome this language barrier, NLP research could be of great help.

NLP has recently emerged as a major area of research. This research concerns with
syntactic, semantic and pragmatic analysis of phrases/sentences of the language. Parsing
of the sentences, whichiinvolves analysis of sentences and generate its syntactic stuructures.
is a primary stage in an NLP system. A good NLP system requires an elficient parser.
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Morphological Analyser [1,8] is one of the basic modules in any Parser. A single
meaningful unit of any language is called Morpheme. Morphological anclysis of a language
concerns with the study of the formation of various declensions from the root-words or
morphemes. The versatality of Indian languages is that most of them are agglutinative
languages i.e. the Case markers, Parsargs and many other added to the root words or
morphemes to generate the declensions. These suffixes are embedded into the word itself.
This complicates the morphology of a language [3]. As in many Indian languages the
declensions and root words are different words. Storing all these words is redundant and
reduces the efficiency of the parser. A strong morphological analyser should be capable of
identifying the case markers, root words and also the declensions from the same word.
Verb-phrase analysis is a part of morphological analysis [8], which deals with the
identification of tense, gender, nhumber, voice etc.

In this paper, we have made an attempt for the verb-pharse analysis. We have taken
Tamil as language for our implementation. Tamil is an ancient Indian language like Sanskrit,
Tamil is also a free-word order and phonetic language. We have used neurocomputing
technology [4,5,6] for our implementation. Neuro computing offers distinct advantage over
conventional computing where there is little information of how to develop an algorithm and
where there is ambiguous or missing data. A multi-layered feedforward network has been
designed for the identification of the gender, tense number etc. for the Tamil verbs.

The rest of the paper is organised inthe following manner: Section 2 gives an introduction
to neural networks, Section 3 presents some of the linguistic features of Tamil language and
the linguistic aspects of Tamil verb phrases, section 4 gives the design of the neural network,
its training & implementation, and section 5 gives discussions & conclusions.

2. Introduction to Artificial Neural Networks

T Artificial Neura! Network (ANN) is an information or signal processing system composed
of a large number of simple computing/processing elements called Artificial Neurons [4,5]
which are interconnected by direct links. One of the features of ANNs is their capability to
adaptthemselvestoanew environm entby changingtheirconnection weights. Eachcomputing
element has severalinputs but will produce a single output whichis equalto the weighted sum
of the input signals. The single output can be fanned out to other neurons as input in the
network. The final output is a complicated signal which is related to the initial input signals
and weights of the network connections. The weights are adjusted using training algorithms
[2,5,6] to obtain the desired output. Even complicated networks, which are designed to
perform difficult tasks, may even consists of several layers neurons. Such networks are
called multi-layered networks. Various research studies; cattied out regarding the number of

hidden layers, reveal that a single hidden layer is sufficienﬁj}]. SUCh? network is depicted
in the following figure.
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Fig. 1: Muti-layered artificial neural network

In a typical multi-layered network (MLN) let the input signals be X4 " )(2u ..xi” ..xmp‘ and

7L P R V5 y,"" be the output signals for the p th (where p. = 1,2,.....) input-output
pattern in the training set. The weights of the connections between the input and hidden
] i i nd output layer
layers be Wigr Wygeenns vil ....... [ and the weights between hidden a put lay
ViprV

Given a pattern p, each hidden unit receives a net input:
i

IIu =X wi]xi'1 (1)
and produces an output
h]“ = f(l]“ )=f( = W, xi”) (2)

Where f is called transfer function or activatibn function which is used to limit the output
values. The sigmoid function is often chosen as the transfer function i.e.

(%) = 1/(1+e) 3)
Thus eagh output unit receives
T TN
Ot= Zv h C))
and prodllces a final output

B o_ il
Yie =1

=HF v, 1(Z w; X)) 5)
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If Dk” (wherek=12,.......... ) are the desired outputs then the error measure or the

cost function could be

T(W) =X [3’|,("l - Dku ]2 (6)

A network is trained so that application of a set of inputs produces the desired output.
Learning is accomplished by sequentially applying the input vectors, while adjusting the
network weights according to a predetermined procedure called learning algorithm. During
this process the network weights gradually converge to values such that the network can
perform the desired task. Training or learning of such networks is of two types: namely,
supervised and unsupervised. In supervised learning the desired an input vector is applied,
the network output is compared with the desired output and the difference is fed back and
is used to adjust the weights. This process is repeated for all the vectors in the training set
and until the error is minimum. In the unsupervised learning mode, the training set consists
of only input vectors. In this mode the input vectors are applied and the work is allowed to

stabilize while adjusting the weights.

Backpropagation algorithm [2,6] is one of the best algorithms which scientists have
applied for supervised training. The algorithm gives a prescription for modifying the weights
in any feed forward multi-layered networks to learn a set of input-output vector pairs. The
error between the desired outputs and actual outputs will be used to modify the weights. This
algorithm uses the gradient descent rule which says that the change in the weights is
proportional to the negative of the derivative of the least mean sqare error as measured on
the current input-output pattern. As the output error is fed back to modify the weight
parameter, this algorithm is called as error-backpropagation or simply backpropagation

algorithm.

3. Some linguistic features of Tamil language

Tamil is one of the ancient Dravidian languages. Tamil has about 35 alphabets(13
Vowels and 22 consonents). These are coded by English alphabets for ease of representa-
tion as shown in the table 1. A syllable can be a vowel (v), consonent (c) or combination of
these (cv&ccv). | ike many other Indian languages Tamil,is a free-word order and phonetic
language. A word is formed from a root word or a morpheme by the addition of Parsargs, tense
tags, or other tags to generate declinsions. In most of the cases, these tags are embedded
into the word itself. However, in certain cases the verb phrases may even contain two or three
words. The verb phrase can give the information regarding the tense & Voice of a sentence;
gender, number, person of the subject in the séntence etc. The following are the different

forms for these classes.
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Category No.of types

Voice:
Active(A) 2
Passive(P)

Tense ) .
Present(Pr) simple(Si)
Past (Pt) continuous (Co)
Future (Fu) perfect (Pf)
perfect continuous (Pc) 12

Gender
Masculine (M)
Feminine (F)
Neutral (N) 3

Number

Singular(S)

Plural (P1) 2
Person

First person (Fp)

Second person (Sp)
Third person (Tp) 3

Any system for the analysis of verb phrases must give the above information. Consider
the following examples:

I teach lessons NAn pAtnkL  so lli ko tu kki rEn
(I lessons teach)
we teach lessons NANRKLpAtnkL sollikoty kkirOm

She is teaching lessons avl pAtnkL _sollikoty iRikkirAlL
You have taught lessons nink L

Notice that the verb phrases in the above s

concern. The input-output patterns for the a
as given below.

PAtn kL so llikotu ti RikkirrhlL

entences shown in underline, are our main
bove four verb phrases in the system could be

Input phrase OQutput classifications
(Voice Tense Gender No.Person)

so lli ko tu kki rEn APISIM S Fp

so lli ko tu kki rOm A PrSiMPi Fp

sollikotu iRikkirAL APrCoFS Tp

soflikotu tiRikkirrhL A PrPf M PI Sp
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4. Design & Implementation of the System

The design of a multi-layered net work involves finding out the number of neurons in each
of the three layers(input, Output & Hidden) of the network assuming that there is one hidden
layer. Obviously the input to the network is the total verb phrase. Hence the maximum number
of wo: s in a verb phrase will decide the number of input neurons. The output should be the
tense, person, gender, voice and number. These classes decide the number of neurons in

the output layer.

A verb phrase may consist of at most 3 words, without loss of generality we can assume
shat there are atmost 10 syliables in a word. Hence the maximum number of syllables in the
verb-phrase would be 30. As a Tamil syllable can be represented by 15 bits (binary digits).
The input layer of the network should consist of 450 neurons.

As the total number of classes in Tense, gender, number, voice and person are about
22 classes, 22 neurons are sufficient in the output layer. But we would like to access the word/
phrase also in the output layer. Hence a vocabulary index for each word has been introduced.
The vocabulary index gives the position of the verb phrase in our lexicon or the training set
for the neural network. We expect to train the network for about 2.5 lakhs of Tamil-verb-
phrases that includes the root words and their declinsions. Hence 18bits have been allocated
for this vocabulary index. Therefore the total number of neurons for the networkis 40. There
is no specific formula for determining the number of neurons for the hidden layer. Various
experiments reveal that to achieve good performance of the neural network, the hidden layer
must contain the average number of input/output neurons. The hidden layer in this network

consists of 250 neurons.

The back-propagation algorithm has been implemented in C language on a PC AT/486
computer with 50 MHZ clock speed. The training network requires about 25 minutes to train
100 Tamil verb phrases. Though a lot of improvements are required to increase the
perfoffhance of the system and speed for training, the main advantage of this approach s that
all the words/verbphrases are stored in terms of the weights of the network and network is
capable of recalling the appropriate outputs given the proper inputs.

5. Conclusions

A novel approach for the identification of Number, gender, tense etc. for 1amil verb
phrases have been presented. Though the system has been developed for Tamil language
only, it can be casily tailored to any language without any major modifications in the
configuration of the network. Neuro-computing iz a promising tool in many areas of
information technology. Back-propagation algorithm has been widely applied to many
applications in Pattern Classification/Recognition, Optical Character recognition, Signal/
Speech/lmage Processing etc. In this paper an attempt has been made to apply this new
technology in natural Language Processing. NLP is a fertile area to test the potential of

artificial neurat networks.
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TABLE 1: Representation of Tamil Characters

Vowels

Tamilcharacter : &y < @) F o o6/ 6 & & @ @ R 0
English repr. ca A i | u U e E Y o O v

H

Consonants

Tamil Character : & mt & @9 @5 L_ 60T & [ 6T LJ LD WLl (T D 6V @ Lp GU @y 61U D
English repr. c kfcj Ft NTnMPmyrRIL Z v s S h
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THE POSSIBLE IMPACT OF COMPUTER
' AS A COMMUNICATION TOOL ON PRESERVATION
AND FURTHERANCE OF TAMIL LANGUAGE IN THE MODERN ERA.

V. Gnanaprakasam®, S. Jayasundar** and T. Mohanasundari**

Tamil Nadu Veterinary & Animal Sciences University
*Vice chancelior **Bioinformatics Centre

ABSTRACT

This seminar on “Tamil and Computer” is practically an attempt to link two important
communication tools namely Tamil language and computer. This presentation suggests
creation of databases on historical and modern literary works in Tamil. These databases
should cover scholars’ names, literary works, year, their publication details, major literary
awards, and awardees. All these literary works, past and present, should obtain ISBN
numbers for easy access. Another important area, this presentation emphasises, is on the
Tamil equivalents of Scientific and technical words. Whatever be the source of the Tamil
technical words, a specified agency formed by appropriate authorities should database these
technical words, remove redundancies, authenticate their usage, integrate them into CD-

ROMs and international networks for ready and wide accessibility.

The age of computeris entering into a new phase namely comm unication. The computer
has how become a synonym for communication. For ages, we have been accustomed to
another tool of communication namely, language. Amongst languages, Tamil is one of the

oldest andthe only one which is the earliest language being practiced inthis modern era. This
seminar is rightly marriaging the two important tools of communication namely the Tamil
language, a qualitative tool and the computer, a quantitative tool. No doubt, this marriage is

going to be mutually beneficiary.
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Having a wide experience of involving computers in databases creation, retreival and
dissemination and scientific communication worldwide, we wish to underline a few areas
unexplored so far. The basis for this presentation are a few leaves from the current status
of scientific literature dissemination which are largely transforming from print medium to
electronic medium.-

Tamil Nadu being the Principal homeland of Tamil language, this state of India has got
the atmost duty of creation of database on all the historical literature starting from
“Tholkappium”. We should not leave behind the modern literature; hence they should aiso
be included in these databases. These databases should include names of all Tamil poets,
Scholars, Writers, their works, addresses, major and other ancillary awards available for
Tamil literary works and Tamil promotion and names and addresses of awardees.

The authors suggest here that a agency or a conglomeration of agencies is to be created
to monitor development of above mentioned databases in compact discs.

Tamil equivalents of scientific and Technical words are being created in various
disciplines by a variety of individuals or groups ranging from the scientists of a particular
discipline to common Tamil scholars. There are chances for variants, overlappings,
redundants,etc. The agency suggested above should be made mandatory for all publishing
houses, large or samll, to send information on all publications all the technical words created

should be cut into compact discs for easy access, for putting them into network and for
automatic elimination of redundant technical words.

This presentation looks largely at the possible impact of computer as a communication
tool on Tamil. The authors have deliberately, avoided the subject of usage of Tamil in
computer world such as Tamilisation of common softwares viz dBase, BASIC, Spreadsheet
etc which, it is assumed, would be taken up elswhere. The possibility of computers lending
helping hand to Tamil development is enormous. The above suggestions are only thetip of
icebergs. However these could be a start and these by themselves, are works in enormity

to be executed with utmost care, devotion, scientific accuracy and thoughts for the sake of
our dear language, Tamil.
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TAMIL LANGUAGE FRONT END TO INGRES

S. CHITRA
T. DEVI
K. SARUKESI
Department of Computer Science
Bharathiar University, Coimbatore-46.

ABSTRACT

The construction of a computer system which understands natural language is an
important enterprise. Such systems enable people to converse easily with a computer
system and extract useful work from it without the restrictions imposed by the use of any
programming language.

Natural language front end is one of the fastest growing area in natural language
Processing (NLP). This paper deals with the development of a Tamil front end to INGRES.
Graphics and Intelligent based Script Technology (GIST) is to be made use of to recognize
Tamil scripts. '

Tamil input text will be given using a GIST card. The front end to be developed will
convert the input text into database queries. These queries when given to the Relational
Database Management System - INGRES, will produce the required output.

INTRODUCTION

Language is a system for encoding and transmitting ideas. The history of communica-
tion between man and machine has followed a path of increasing provision for the
convenience and ease of communication on the part of the human. From raw binary through
various symbolic, assembly, scientific, business and higher level languages, programming
languages have increasingly adopted notations that are more natural and meaningful to a

human user.

Natural Language Processing (NLP) is one of the fastest growing area in the field of
Artificial Intelligence (Al). It allows the computer to communicate with the world in natural
language. by this it is easier for the unscrupulous personto invade the privacy of computers.
it is extremely elusive to develop a fully functional natural language processing system. This
paper deals with the methodology of develgping a Natural language Front End (NLFE) to an
RDBMS.

For a naive, inexperienced usér, almost every transaction with current computer
systems requires considerable mental effort deciding how to express the request in machine
language. hence there is a need for Natural Language Processing.
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Indian language usage in computers should not be more difficult than that'for English,
otherwise the usage will get affected. A Tamil-to-English, database, an English-to-Tami
database, a spelling database, along with grammatical information and Phrase/Idiom
databases could be made use of for natural language processing. The usage of Indian scripts

in computers wouid get encouraged by ensuring that the script remains as easy to use as
English.

HUMAN LANGUAGE AND COMPUTERS

Human languages must be efficiently understood by a computer while proce§sing them,
Understanding is the process of interpreting an input ar.d assigning it meaning. It isimportant
to keep in mind that the success or failure of “understanding” a program can -rarely be

measuredinanabsolute sensebut mustinstead be measured with respectto a particulartask
to be performed.

The human linguistic communication occurs by means of speech and written fanguages.
The entire language understanding process has two steps:

1. Written language understanding.

2. Spoken fanguage understanding.

Written text is processed, using lexical, syntactic, and semantic knowledge of the
language as well as the required real world information. Spoken language understanding

requires all the facilities of a written language as well as enough additional knowiedge to
handle all the noise and ambiguities of the audio signal.

PROBLEMS IN UNDERSTANDING HUMAN LANGUAGES

The complexity of target representation.
Type of mapping.

gl S

Level of interaction among Components of the source representation.
The presence of noise in the input.

FEATURES OF LANGUAGE THAT MAKE IT BOTH
DIFFICULT AND USEFUL.:
1. No natural language program can be com

_ plete because new words, expressions,
and meanings can be generated quite freely.

Ina natural language the same expression could mean different things in different
contexts.

There are iots of ways 1o say the same thing.

Natural language sentences are incomplete descriptions of the information that
they intended to convey.
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STEPS IN THE PROCESS

The process of natural language understanding can be broken down into the following
pieces.

Morphological Analysis.
Syntactic Analysis.
Semantic Analysis.

Discourse Integration.

LU O A

Pragmatic Analysis.

Morphological Analysis

To construct the appropriate representationfor a sentence, it is necessary to understand
each of the words in the sentence and to put these words together to form a structure that
represents the meaning of the entire sentence.

Understanding of words involves looking up each word in a dictionary (lexicon}, which
contains entries of words in target representation for the meaning of the word, and
determining the correct meaning of an individual word. This is called word sense disambigu-
ation or lexical disambiguation. This requires the use of the other words inthe sentence which
can serve as part of the context to decide the particular meaning of the word.

Syntactic Analysis

Syntactic processing is the step in which a flat input sentence is converted into a
hierarchical structure that corresponds to the units of meaning in the sentence. This process
is called parsing.

To parse a sentence, a grammar that describes the structure of the string in a particular
language should be used. Given such a grammar, a parser can assign a structure to each
grammatical sentence it parses. This structure is called a parse tree.

Syntactic analysis plays an important role in many natural language understanding
systems for the following reasons :

™  Semantic processing must operate on sentence constituents. Parsing constrains
the number of constituents that semantics can consider.

®  Syntactic processing is computationally less expensive than semantic processing.
Thus it can play a significant role in reducing overall system complexity.

&  Syntactic parsing' of a sentence helps in extracting the meaning of the sentence.
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Semantic Analysis

Semantic analysis involves assigning meaning to the structures created by the syntactic
analyser. In other words, it must map individual words into appropriate objects in the
knowledge base. The language into which mapping is to be done should be defined first.
There are two categories:

® When natural language is being considered as a phenomenon on its own.

®  When natural language is being used as an interface language to another program

(such as a database query or an expert system), then the target language must be
a legal input to the other program.

Discourse Integration

~ To understand even a single sentence, it is necessary to consider the context in which
the sentence was uttered. The meaning of an individual sentence may depend on the
sentences that precede it and may influence the meanings of the sentences that follow it.

There are a number of important relationships that may hold between phrases and parts of
their discourse contexts, including:

® ldentical entities.
® Parts of entities.
® Parts of actions.

® Entities involved in actions.

Pragmatic Analysis

Pragmatic analysisinvolves reinterpretation of structures to determine what was actually
meant. For example, the sentence “Can I know the time ?" should be interpreted as a request
to be told the time. Pragmatic analysis is the final step towards effective understanding and
it is only here that it is decided what to do next.

It is fuzzy to find out the boundaries between these five phases. The phases are
sometimes performed in sequence and they are sometimes performed all at once.”
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NATURAL LANGUAGE FRONT END

Among various applications of NLP, Natural Language Front End is one of the fastest
growing areas. NLFE is a user friendly interface which will accept a user's command in
natural language and performs the specified operation on a computer. The natural language
allowed will be restricted,but it will be sufficient to illustrate queries on the specified
application.

The natural language (input text) input will be translated into an internal text (internal
representation to perform necessary operation). The input text is constrained to confirm to
a strict and limited grammar and the meaning of the text is represented in the form of internal
text. The front end can be developed for many applications and this paper deals with ."e
development of front end to INGRES-RDBMS.

TYPES OF NATURAL LANGUAGE FRONT ENDS
The NLFE can be developed in the following methods:
1.The system interrogates the user via a menu of options.
2.The user interrogates the system by asking questions in a database query language.

The first strategy is simple and the user does not require any special knowledge of the
structure of the database. But it is inflexible. The second strategy is flexible. But it requires
some structural knowledge about the database.

NLFE TO DATABASE PACKAGES

A computer database stores information about some domain. The front end allows
access to the database by using a natural language. Here the input text will be converted into
Database Query language (DBQ - internal text).

Therefore the meaning of the input text is identified by means of the converted internal
text. If the statement cannot be translated into a statement in DBQ language then it is
considered to have no meaning. The conversion of input text to internal text is represented
in the following figure.

Input text Internal Text
(Natural Lang) — — —» NLFE — — (DBQlang)

Fig 1. Natural Language Front End
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THE FUNCTIONAL STRUCTURE OF NLFE

The following figure shows the front end and the back end structure of the system.

INPUT TEXT

!

LINGUISTIC
INTERPRETER

INTERNAL TEXT

|

DBMS

ANSWER

Fig 2. Overall Structure of NLFE

Thefront enddetermines the lexical structural meaning of input and maps this onto terms
and structure of database query language. The back end is DBMS package and it executes
theinternaltext. The front end structure has three phases: the syntactic processor supported
by a grammar and lexicon, the semantic processor supported by domain model and lexicon

and the conversion processor supported by a database schema. The following figure shows
the front end structure.

INPUT TEXT

L

SYNTACTIC
PROCESSOR

)

SEMANTIC
PROCESSOR

v

CONVERSION
PROCESSOR

QUERY

Fig 3. Block Structure of NLFE
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TAMIL LANGUAGE FRONT END TO DATABASE PACKAGES

The Tamil front end will allow a common man, to access the computer, without having
any special training on computers. Processing Tamil language on computers requires a
system that supports the processing of Tamil scripts. The GIST card which has been
developed by C-DAC canbe usedto process Indian scripts on computers using any computer

language.

DEVELOPMENT OF TAMIL NLFE

In order to develop a NLFE, the following processes should be carried out :

GIST processor can be made use of, which allows the user to enter the input
queries in Tamil.

The output from the GIST processor will be inputted to the translator, which will
convert the input text into DBQ language (internal text).

The DBQ will be given as input to the database system.

The output of the database system will be given to the GIST card to produce screen
output.

The above functions of the NLFE has been represented diagrammatically below:

_Input M gisT Query TRANSLATOR

in NL

Query in DBQ

L

RDBMS

o/p in :
GIST —eﬁ-m—> OUTPUT
English L

Y

Fig 4. Functional Structure of NLFE
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ADVANTAGES

Some of the advantages of using NLFE are ;

1. The user of the application program needs only to know what the application is
capable of doing. The user need not know how to make application program.

Hence it reduces over-head involved in the process.

2. Theusers populationfor an application with a NLFE will expand tremendously. This
is because, the users require much less “Computer Technical Skilis” in order to
make use of the application.

CONCLUSION

if Language Front End is implemented, the computer medium would become language
independent. Indian languages because of their phonetic nature, may even turn out to have
an edge over other languages of the world.
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INTELLIGENT TUTORING SYSTEM
FOR TAMIL GRAMMAR
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Abstract

Recent trends in Computer Science clearly indicate a strong impact of Al technology in
the utilization of Computers to effectively process Indian languages. In that context, this
paper presents an overview of an Intelligent Tutoring System model for teaching the basic
concepts of the Tamil language Grammar. Computer analysis of Tamil in recent years have
been handled only from the ianguage transiation point of view and hence the primary focus
of this paper is on teaching the sentential constructs of Tamil language, based on the age-
old standard Tamil grammar literatures.

A simple Tamil sentence comprises of noun phrases, a verb phrase and optionally, the
adjective and adverb phrases. The present formalism is based onthe concept of grammatical
relations according to a standard set of rules The proposed system consists of a knowledge
base consisting of base rules and description of words in the lexicon which put together
described a sentence in the language.

The tutor is to be designed in such a way that it operates in two modes; the teaching and
the evaluation mode., The system needs to assess the student's understanding by the
performance of the student in solving prescribed exercises related to specific grammatical
constructs. This feedback is then used by the tutor to guide the student in his subsequent

learning of the language.

1 Introduction

In today’s Artificial Intelligence (Al) scenario, researchis primarily  motivated by the
promise of building powerful teaching systems with greater knowledge about a domain,
increased ability to make inferences about student behaviour, and increased reasoning ability
about topic selection and response generation. The main goal of such a research is to use
Al and cognitive science techniques to model tutors for teaching and students for learning
in that domain. Computational models facilitate a high degree of explicitness aboust learning
theories and teaching strategies that is difficult to attain in class rooms.
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Computer prograims that use artificial inteltigence techniques to help a student learn are
called intelligent tutoring system(ITS). ITS is an application of Al technology to education.
The primary goal of ITS is to improve the quality of education and training. The present paper
deals with an intelligent system for teaching/learning Tamil, based on Tholkapiam, the
standard grammatical literature. The study of a language starts primarily with the structure
of a simple sentence, based on the morphological (word formation) level, syntactic (struc-
tural) level, semantic {(meaning) level, and pragmatic(contextual) level. Each of these levels
has its own set of rules (grammar) which are often augmented with constraints.

2 Morphology of Tamil

Ancient Tamil Grammarians have regarded only Noun and Verb as the two basic
component parts of speech in‘Tamil. Hence a simple Tamil sentence incluces noun phrases,
verb phrases and optionally, adverb phrases. A phrase is either a category word (such as
noun, verb etc.) or a category word followed by other phrases and its type is the type of the
head word. Thus, there are noun phrases, adjective phrases, adverb phrases and verb
phrases. The process of breaking a sentence into phrases and phrase into words and
constructing a sentence out of the phrases and phrases out of words is known as parsing.

A Wword is either morpheme (meaningful unit in a language) or combination of
morphemes e.g. puthakam, puthakangal. The process of combining the morphemes to get
a word or breaking a word into morphemes is called morphology.

2.1 Structure of a Sentence

Breaking a sentence down into its component parts is a vital step in getting the computer
to understand and teach the language. The rules of grammar and syntax must be translated
into a form that the computer can handle. An artificial intelligence system designed to
manipulate such a rule-based knowledge in a particular domain is called an expert system.

The grammar proposed by Tholkappiar is essentially a rule based system. Hence this can
be easily implemented as an expert system.

The core of the Intelligent Tutoring System (IT8) is the rule-based expert system,
whereinthe inference mechanism guidesthe reasoning process through the knowledge base
by attempting to match the facts in the database to the rule condition. The rules proposed
to describe the structure of a Tamil sentence are typically the followinQ:

SENT 1 -=> AD_VP SENT2/SENT2
SENT2 > SUB AD_VP /SEQ AD_VP
SuB > AD_JP NP / NP

AD_VP -> AD_VP VP /vp
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in the above rules symbols SENT1 and SENT2 dencte a sentence. AD_VP, SUB,
AD_JP,VP,NP denote an adverb phrase, a subject, an adjective phrase, verb phrase and a
noun phrase respectively. SEQ denotes the specific sequence of phrases but have no
grammatical significance.

For example,
vegamaga odugiraan

AD_VP ' VP

raman nanraaga padikiraan

o

NP AD_VP VP

2.2 Noun Phrase and Verb phrase

A noun phrase is either a noun, a pronoun or a noun preceded by a modifier, which can
either be an adjective phrase, an indicative pronoun, a numeral, a participle or a noun with
the combination of these. The verb phrase, consisting of a verb root controls the presence
and role of the noun phrases. Anadverb phrase is eitheran adverb,(representingtime, place,
direction, manner, reason, purpose, instrument) or a phrase derived from a noun or a verb
phrase.

3. Organisation and use of knowledge

- The knowledge base of the I TS consists of a set of rules described for each phrase, noun,
verb, adverb and adjective. The knowledge stored in the expert system can be used for
generating various types of word forms, sentence types and exercises.

A Computational lexicon consisting of the terminal symbols of the grammar (lexical
items) can be implemented to store descriptive (morphological, inflectional and semantic)
information. Thus the proposed system consists of a knowledge base consisting of base
rules and description of words in the lexicon which put together describe a sentence in the

language.
The other knowledge moduies of the system are:

* The lessons module
(Reasoning about Teaching Knowledge)

* The evaluation module
(Reasoning about Student knowledge)
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Lessons may be placed on a prerequisite-post requisite hierarchy. A student can be
allowed to access any lesson in the hierarchy after assessing the performance of the user
in the prerequisites of the lesson. The student's performance in a lesson can be the function
of scores obtained by the student in exercises associated with the lesson.

The tutoring system should provide the student a user-friendly environment. The
student can converse with the system in the learning mode or in the evaluation mode.

3.1 Learning Mode

In this mode, the student first selects the type of word formation - whether verb, noun
or other phrases. Once the necessary input is given, the complete information relating to
the word formation stored in the knowledge base should be displayed-on the screen. Thus
the systerm must guide the student in the sentential constructs of the language step-by-step.

3.2 Evaluation Mode

in the evaluation mode, the system should generate exercises pertaining to the lesson
the student has learnt. The performance of the student in solving these exercises determines
the level of learning. After ascertaining the student’s performance, the system should point
oui the mistakes he has made and display the descriptive information on the screen for that

particular word formation from the lexicon. The system thus needs to support individualized
evaluation to assess the performance of the student.

The proposed architecture of the ITS is shown below

INTER
FACE RULES A EVALUATION
EXPERT v MODULE
v
TUTOR
s
STUDENT MODULE T
LEARNING
MODULE g
D
\Y v
N
T

COMMUNICATION WITH I
THE STUDENT
(USER INTERFACE)

Fig .1 Architecture of ITS
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4 Conclusion

This paper presents the methodology to implement an intelligent tutoring system for
teaching Tamil grammar. The p'roposed system compared to other conventional instruction
system is expected to facilitate a far more comprehensive and complete learning with
elaborate descriptive information about each rules and exhaustive practice exercises. The
present grammar accounts only for the set of rule describing the simple sentence formation
in Tamil language according to Tholkappiam. This idea can be further enhanced to account
for all the grammatical rules already available in Tholkappiam which will computerize the
teaching of the entire language.
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SPELLING THE DIFFERENCE
GIST Tamil SpellCaster

BALAJL. V.
Introduction

With the advent of desk-top publishing and word processing in Indian Languages, .it is
essential to have a spelling checker to complement the facilities and redqce the tedium
associated with proofing a text. Thus, a spell-checker's primary function is to verify the
CORRECTNESS of a word, no matter what language it is!. With this idea as the back-bone,
GIST Tamil SpeliCaster has been developed.

Assumptions

Certainrigid assumptions are made at the definition stage of the GIST Tam!l SpellCast_er.
The SpellCaster will not operate at the sentence level. it will find only errors in the spelling
of a word. Commonly written forms of Tamil are considered to form the basic dictionary.

Who will use the SpeliCaster & Why?

Whoever wants to spell-check a document can use it. This big user domain includes
Publishers, Editors, Pro

of-readers, Authors for their Editorial work and even a common man
for personal documentation. The need for the usage of SpeliCasteristo get rid of all spelling
errors at the word level. To have a consistency of writing in documents.

Future trends of the SpellCaster

The basic SpeliCaster which has the hard core dictionary and all the language specific
rules tuilt-in can emerge into a Thesaurus. This need not be specific for a language alone
but can be interfaced with other similar GIST based Thesaurus to have a cross-referencing
of words in all Indian languages. It can also serveas a Language Teaching Tool for children.
Computer Based Training (CBT) Packages can be developed which will help an individual to

improve one’s proficiency 'in the language. With Natural Language Processing (NLP)
conceptsinit, alanguage Grammar P

arsercan alsobe derived at, thereby a context sensitive
checker of similar kind can be thought of. ‘

The Linguistic approach

Development of the SpeliCaster comprises of the listed steps to be followed.
Part- A . Casting the Spell - treats of the corpus design.

Part-B: Spelling (out) the Caster -

s procedures to mould the corpus and
interface it with GIST bas

ed word processors.
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Casting the SPELL

To treat the corpus design, written forms in Tamil are considered. This process involves
the Language Standardisation and Language Description. Language standardisation is
essential to a certain extent and is still in the evolving phase and hence represent a large
number of irregularities and inconsistencies. It is indispensible that some viable norms be
prescribed which will rule out such inconsistencies and ensure that the language represents
a certain consistent whole. Very often these norms are suggestions made by apex bodies
within the respective itself and from proceedings of conferences in regional lanjuages.

Simultaneously, the need for a basic lexicon also makes itself feit. This lexicon has to
be a representative of the language as it is written and used today ie., current praxis of the
language. Once the norms and the choice of words is determined, the language has to be
exhaustively defined to ensure that its morphology is correctly represented. To implement,
the traditional grammar in computer certain compromise has to be done. No strict grammer
rules are applicabte when a well-defined and categorised compus is ported to computer in
“computer-understandable’ form. Hence this phase takes a considerable amount of time for
its initial outcome. The steps involved in the basic design of Corpus is listed below.

®  Pars of speech in Tamil are identified, categorised and their behaviour is studied

Basis Part of Speech Example

Pluralisation NOUNs & PRONQUNSs Gledr > QUIeETH6IT
Wb =>  LOJAI&GIT

Declension NOUNs & PRONOUNSs Glsessr > GlLcsTenensy
C%GB’BT > <Y THCEET
Lol > LgsHend

Conjugation ~ VERBs & Auxiliary VERBs Qe > Q&FISICper, QFusGeuss
aur > eauE&Goetr, aurrGeuest

Standalones  Adjectives, Adverbs

Order of POST-POSITIONs & &, 40, (G, Fl .
Precedence  Auxiliary VERBs

m Al Sandhi rules (External & Internal) which account to any morphological change
at the word level are listed down.

m  Suitable oblique and normal forms for the identified sub-categories taking into
account, the listed sandhi rules are formed.

m  Appropriate tags for the oblique and normal forms are assigned.
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®m  Allrules which permit the derivation of new forms from the base wprds are.defined.
These rules are all fitted within a table which permits the generation of admissible
and only valid forms, termed as the GENERATION TABLE

Once the tags are all assigned and the Generation Table is built-in, then is the process
of building the dictionary in binary form which is “computer-understandable”.

Spelling (out) the Caster : Software Implementation

1) To get the list of words in a PC-ASCII file which will contain only the raw
unprocessed Tamill words. This can be done automatically by cuiling words from
running text also. (Program : TMCULWRD)

2) - Based on set of rules for categorisation, all parts of speech are grouped. (Program
: TMPOSCAT)

3)  The grouped parts of speech are tagged. For this an exhaustive pre-defined tag
table is built-in with the program. This tag table will assign the right tag which can
follow a particular suffix path. (Program : TMPOSTAG)

4)  Given the suffix precedence list, a suffix path generator will generate all possible
suffix combinations. (Program: TMSUFCMB)

5)  Toeliminate the suffix combinations which are not commonly used an user-friendly
system is developed. Linguists can browse the combination entries and remove
the invalid ones from the combination using this program. (Program : TMVALSUF)’

6) To incorporate the Sandhi between any two suffixal elements, a separate utility
which will read the suffix combination list and output the sandhi-applied string is
developed. (Program : TMSNDWRD)

7)  Suffix path are identified for each base suffix. This is done manually as it is
extremely language dependent. Once this is done, the same path can be applied
for their derivatives. This process is automated. (Program : TMSUFPTH)

Afterthese steps are carried out, Two separatefiles - TAMILPOS.1. STand TAMILSUF.LST
will be availe.ole which makes the derived corpus for the Spell Checker Engine to build the
‘computer understandable” dictionary. The process by which the SpellChecker Engine
builds the dictionary is out of the scope of this article. Once the dictionary is built, this can
be accessed through the GIST based APEX LANGUAGE PROCESOR (ALP)

Extensions of the SpeliCaster

_ Current version of the SpeliCaster is interfaced with APEX Language Processor which
Is available in DOS and UNIX platforms. However, the SpeliChecker will be ported to MS-
WINDOWS. Research work is on in achieving this, so as to enable the wide range of users
of GIST based products to have the zeal of spell-checking in Windows applications also !

Constant updating of the word list will be carried out by apex bodies in the region

which are identified and authorised by Language Tools Team, GIST Centre for
Development of Advanced Computing, PUNE 411 007, ’ Group, Cert

Courtesy : Dr. Raymond Doctor, Lan

guage Tools Team, GIST G
Centre for Development NE4

of Advanced Computing, PUNE-411 007.
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RECOGNITION OF HANDWRITTEN TAMIL CHARACTERS
USING NEURAL NETWORKS

T. Paulpandian and V. Ganapathy
School of Comptiter Science and Engineering
College of Engineering, Anna University
Madras - 600 025 INDIA

ABSTRACT

A high accuracy two stage neural network recognizer for handwritten Tamil characters
independently of their position, size, and writing style is presented. The new system utilizes
Walsh coefficients of the central portion of characters to partition characters into four groups
and moment invariants of the outer portion to classify characters in each group. The two
stage system also provides an excellent expansion capability for large - volume Tamil

characters recognition.

1. INTRODUCTION

Recognition of handwritten characters has been the subject of intensive research for
more than three decades. The goal of handwritten character recognition research is to
develop machines that have the same recognition capability of human. Various pattemn
recognition techniques have been applied in the past to handwritten character recognition.
But there still remain many problems in the recognition of handwritten characters due tc the

large degree of deformation exhibited in the data.

Usually, recognition of handwritten characters requires the capability of the recognizer
to generalize, abstract and [earn tolerances with various deformations. Various neural
network models have shown some or all of these properties. In the past few years, neural
network approaches have been applied forthe recognition ofhandprinted Chinese  characters
{11, and handwritten alphanumeric characters [2]. Very little work has been done on the
recognition of characters of Tamil which is one of the ancient languages of India and more
than 5000 years old. The Tamil characters are more complex in structure and larger in
number compared to any of the European languages. Chinnuswamy and Krishnamoorthy
[3] have described a linguistic approach for the recognition of handprinted Tamil characters.
Paulpandian and Ganapathy {4] have developed a hierarchical neural network scheme far
transiation and scale invariant recognition of handwritten Tamil characters in conjunction
with a modified crossing counting technique for feature extraction. This paper describes a
two stage neural network recognition system for handwritten Tamil characters in conjunction
with a hybrid feature extraction technique utilizing Walsh transform and moment invariants.
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There exists a substructure which exhibits similarity in the central rectangular portion of
a group of Tamil characters. The central portion of a Tamil character contains the most
valuable information to partition the characters into different groups. We choose two
dimensional Walsh transform to partition the Tamil characters into different groups. Huang
and Chung [5] have used Walsh transform for classifying complex Chinese characters."The

sequency property of Walsh transform is more suitable for the analysis of the central portion
of the Tamil characters as shown in Fig.1.

In the second stage, the characters in each group are classified using the moment
invariant features [6] extracted from the remaining portions of each character. The
classifiers in each stage are trained by using the backpropagation leaming algorithm [7].

2. INPUT PATTERN

The Tamil aiphabet has thirty basic letters of which eighteen are consonants and twelve
are vowels. in addition there are 216 combinations of consonants and vowels and a special
symbol, and this bringsthe totalto 247 combinations. In practice some ofthese combinations
are not used and the printers have types for only about 125 symbols. The Tamil characters
can be divided into a number of groups, most characters in each group having the same
characteristics in the central rectangular portion. in our experiment, we use four groups of

Tamil characters (see Fig.2), each group consisting of 3-7 characters for a total of 22.
characters.

3. THE TWO STAGE RECOGNITION SYSTEM

The proposed two stage system for the recognition of handwritten Tamil characters
invariant under scale, translation, and writing syle is described in this section. The schematic
of the two stage recognition system is shown in Fig.3. The first stage consists of one neural
network module which classifies the 22 Tamil characters into four groups using the Walsh
transform of the central rectangular portions of all the characters. Each neural network
module in the second stage is trained to recognize the characters in a group using the
moment invariant features of the remaining portion of a character. Each module in the

system is a two-layer feedforward network with one hidden layer trained by using the
backpropagation aigorithm. '

3.1 Walsh Transform of Tamil Characters

We use Waish coefficients as features representing the central rectangular portion of
Tamil characters. The reason for extracting the central portion of the input character for use

of \_!\_Ialsh transform is that most Walsh coefficients are stable under changes in size and
posmon ofthe characters. Further, Walsh transform involves only 1 or-1 operation and thus
is a fast computation.
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Walsh functions Wal(m,®), -~ /2 <® < %2 are defined recursively as follows:

1if-Ya<e<¥
WAL(0,8)
0 otherwise. @)
And
WAL + 0,6) = (1) 19 (WAL 6.2 0+ %))

+ (19 WALG,260 - % )] g=0 or 1, j=0,1,2......., n) @

And if ® is not in (-%,%) , then WAL (j,8) = 0. The ordering of Walsh functions is
sequency (Walsh) ordering; WAL (0,0), WAL (1,0), WAL (2,0), WAL (3,0),........

Let the input character image be matrix [y, ] i=1,......N; j=1,....N, and let the origin oi the
coordinate system be translated to the center of the image. We extractthe central rectangular
portion of the input image, which contains N, x N2 (truncated to integers) submatrix centred
atthe origin where N =N/2 and N, =N/1.4. We extract N, equally spaced points from interval
[-¥2,%] and substitute them into © of WAL(m,®) given above to get sequence of values

WAL (m,i), i=0,1,2........ N,-1. Similarly we extract N, equally spaced points from [-Y2,%2)and

use them to get sequence of values WAL (n,j), =0,1,2,......... N,-1.
Now the extracted central portion is renamed as [Xij], i=0,....... N,-1;j=0,..., N,-1. Then
the two dimensional Walsh transform of [Xij] is .
4 N1-1 N -1
= — E XWALITIIQALI’H 3
Cmn NN, i2=30 s (m,i) (i), (3

where C | is called Walsh coefficient and m=0,.. N -1: n=0,.. N -1. ftis to be noted

that since x and Walsh functions have values 1 cr 1 the calculatlon of C__ can be
lmplemented in TTL "AND OR" circuits so that the computational speed can be \ very fast.

Very high sequencies are not realistic in Tamil Characters, so we truncate those C,_'s

withm62 andn>6. Hencewe have 6x6=36 coefficients as features. Theoretically C. should
be invariant under size and position changes and small variations due to writing style

3.2 Moment Invariant Features of Tamil Characters

Moment invariants have been used as features in a wide range of pattern recognition
applications. A set of nonlinear functions ¢,.¢,, .............. ¢ which are invariant to rotation,
translation, and scale change has been derived [6]. Khotanzad and Lu [8] utilized them for
classification of English characters.
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The recognition of English characters using moment invariants is rather simple due to
the existence of symmetry in their geometrical structures {9]. [t is difficult to use the moment
invariant features of the full images to classify the Tamil characters due to structural
resemblance among a group of characters. However, the moment invariant features
obtained from the outer portion, other than the central portion, of the input character have
the most separability power to classify each character in each group. Therefore, we choose

the moment invariants, ¢, through ¢y of the outer portion of the input image as features to

train the neural network modules in the second stage. Anotherreason for extractingthe outer
portion of the input image for use of momentinvariants is that the central portion of the image
has been used by Walsh transform in the first stage of recognition process.

4. SIMULATION RESULTS AND DISCUSSIONS

The results of applying neural network classifiers to 22 Tamil characters are reported.
To conduct the experiment and obtain meaningful results, we must consider all passible
variations in the data. Thusthe variations due to charactersize ch ange, position change and
writing style of different people are simulated in the experiment. Each character is drawn
eight times with the simulated variations on a 64x64 grid. Training has been performed with
a set of four examples of each character (for a total of 88). Testing has been carried out with

the remaining data. The data sets utilized fortraining the testing are shown in Fig.4 and Fig.5
respectively.

4.1 General Description of the Experiments

The classifier is simulated on a 80386 based PC/AT. Backpropagation algorithm has
been used to train each of the neural network module. The initial weights are chosen
randomly in the range of-0.5t00.5. The learning rate coefficient and the momentum factor
are selected to be 0.3 and 0.9 respectively. The stopping criterion for the algorithm is a sum
Squared error value of 0.01. The classification accuracy is estimated by finding the ratio of
the correctly classified test samples to the total number of test samples. Experiments are
conducted to obtain the minimum number of hidden nodes and the number of cycles,

(i.e..\'the number of times'the network has been through the whole set of training pattemns)
required for the maximum classification aceuracy.

I

4.2 Experiment with Two Stage System

In this experiment, the module-

| of the first stage is trained to classify the four groups
of characters using the 6x6 Walsh

coefficients obtained from the central portion of each
character. The number of nodes us

. : ed in the input layer of this module is 36. The number
9f output nodes is four with each node representing a group, and the number of hidden nodes
IS varied.
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Each module inthe second stage is trained to classify the characters in each group using
the moment invariant features obtained from the remaining portion, other than the central
portion of the corresponding group of characters. Each module consists of an input layer of
six nodes, and a hidden layer with varying number of nodes. The number of output nodes
is the same as the number of characters to be recognized in each group.

Experiments are conducted to obtain the maximum classification accuracy with
minimum number of hidden nodes in each module. The results are summarized in table 1.

TABLE 1
Performance of the Two Stage Recognition System

woawe | i | | SIS
] 8 2914 98.86
lia 5 1573 100.00
ib 5 2017 100.00
lic 5 2239 100.00
Id 5 2417 100.00

erall classification accuracy of 98.86%. This

means that only one of the 88 examples in the test set cannot be classified correctly. The
misclassified character shown in double boxinFig.5has a central rectangular portion similar
to that of the characters in group IV due to a high degree of variation in the writing style.

The two stage system provides an ov

5. CONCLUSIONS

A two stage neural network system for the recognition of handwritien Tamil characters
independently of their position, size and writing syle has been i.nplemented. A hybrid feature
extraction technique based on the structural properties of the Tamil characters has beeii
introduced which is found to be suitable for neural network classifier. The two stage system
provided a high classification accuracy of 98.66%. The two stage system also provides an
excellent expansion capability for large-volume Tamil characters recognition.
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FIGURE 1. Central rectangular and outer portions of a Tami! Character

Group | F & & F G 5
Group i Lt 1o Lp 19 1B L)
Group Il 6T & @b [J 5 M B
Group IV <2 <2, 3)

FIGURE 2. Four groups of Tamil characterg.
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AUTOMATED DATA CAPTURING USING
PATTERN RECOGNITION
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ABSTRACT

The important and the time consuming event in Information Management is Data
capturing and verification. It occupies a major percentage of computer time which it is
important to have an efficient data capturing method which must be accurate and fast.

If there is a method in which the data in some natural language like Tamil can be captured
at its source directly with no intervening keying, then the burden of data capture can be
eliminated. Automated data capturing can be done using a scanner which scans the Tamil
text (or document) photo electrically and converts into a pattern of electronic signals. These
are compared with the stored pattern for all the possible characters until an exact match is
found thus identifying the character. When the generated signals do not match with any
character that has been stored, the input is rejected. The read data can be stored in the

relevant data bases using GIST technology.

Automated data capturing completely eliminates the verification of data. When better
methods are developed for recognizing imperfectly hand written characters and storingthem
in relevant files/data bases, this new system will no doubt take over the work of most of data
entry devices. It eliminates human element in data entry and hence improves data accuracy

and timeliness.

1. INTRODUCTION

All offices, irrespective of their size and kind, create and manage information that is
required for making decisions or providing services to people within or outside the organiza-
tion. The information is of no value if it does not satisfy the attributes like accuracy, timeliness
and completeness. Many organizations handle a large volume of source data. The important
and the time consuming event in Information management is data capturing and verification.
it occupies a major percentage of computer time (Nearly 60%). Hence it is important to have
an efficient data capturing method which must be accurate and fast.

Now-a-days computer terminals are being used extensively to capture data for subse-
quent processing and to enter data for immediate processing. The major drawbacks of this

method of transcribing are
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--  the saurce document must be well designed.
--  the key-operator should be a high speed, well trained person.

-- the entire document has to be keyed-in to reformat pre-printed or pre-typed
documents.

-- data needs to be validated for correctness.

If there is a method in which the data can be captured at its source directly with no
intervening keying, then the burden of data capture can be eliminated.

Automated data capturing can be done using a scanner which scans the text (or
document) photo electrically and converts into a pattern of electronic signals. These are
compared with the stored pattern for all the possible characters until an exact match is found
thus identifying the character. When the generated signals do not match with any character
that has been stored, the input can be rejected.

2. METHOD OF SOLUTION
The methodology of the reading algorithm is as shown in fig. 2.1.
2.1 Symbol Recognition and Interpretation

Symbol Recognition and Interpretation is the task of detecting symbols in any given
image. Here, detecting of text and character in a given input image are considered. This task
is carried out in 2 phases (1. Training phase 2. Detecting phase) as shown in fig. 2.2.

2.1.1. Training phase

The set of symbols used in different applications is different. So, itis necessary that the
§ystem works with a given set of symbols. In the training phase, the system is trained so that
it can take a new set of symbols, i.e., new symbols can be added to the symbol library. In
fchetraining phasethe documentimage is displayed along with a box cursor and the box cursor
is used for symbol selection. The size of the box canbe changed and it can be moved around
inthe image. Once the symbol is enclosed in a box with its centre coinciding with the symbol

centre, the symbol can be selected by pressing a specific key and that symbol is added to
the symbol library.

Segmented Character

Scanning word images  decisions Coded word
Symbol Re iti
Input y cognition Contextual | s Ascii
document & Post pn
Interpretation process

Fig 2.1 Methodology of reading algorithm
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TRAINING PHASE

Image Symbol selection Symbol
(binary) - interface Library
DETECTION PHASE J
Image Symbol Character
(binary) detection Classification

Fig 2.2 Symbol Recognition and Interpretation

2.1.2. Detection Phase
The important part in this work is symbol detection. This is carried out by segmenting
the document images into block, line, word, and character.

Segmentation of Document Images

Segmentation is the process of partitioning the image into meaningful texts. It is carried
out in 2 steps: detecting text areas in the document image (segmentation) and determining

character in each such detected area (classification).

Block Segmentation
into characters can be done by using a method called Projection
hod is based on the observation that documents generally have

s. A projection of the black pixel counts along the horizontal and
e same method can be adopted for

Segmentation of text
profile method. The met

rectangular block structure
vertical direction can be used for block segmentation. Th

line, word and character segmentation.

The line segmentation is done as follows:

Count the number of foreground pixels Fp in each row of the document image. The
height of each text line is equal to the number of continuous rows whose Fp value is more
than some cut off L. This process is continued upto the last row.

Word segmentation can be carried out in the following way by using line segn{entation

information:
Count the number of background pixels Bp (starting from the beginning of the text line
up to the end of the text line) in each column of the line block.
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The number of continuous columns whose Bp is greater than some threshold value can
be considered as space between words. From word segmentation the information about
rectangles circumscribing the words can be obtained. Using this character segmentation
canbedone. Basically the same procedure which is used for word segmentation canbe used
for segmenting characters except some thresholds and cutoffs will change, some characters
like 'f are treated separately while segmentation of characters are being performed.

2.3 CHARACTER CLASSIFICATION

in Character Classification the symbol library contains all characters of a given font.
From the character segmentation we have the information of each character box, i.e.
minimum and maximum coordinates of the circumscribing rectangles of each character.
Each character in the box should be matched with all the characters in the character library
and the character which matches most is stored in the output file. The matched character
is found out by comparing the percentage matches of each character. While storing the
segmentation information in a file some markers are stored at the end of each line. These
are used to retain the sequence of words and lines in the input image.

In symbol selection there is no need to take the whole symbol as a template and it is
enough to store only a part (characteristic feature), which does not resemble any other part
of any symbol. All the selected symbols will be stored in a single binary file and other
information like size is stored in another ascii file. The system can be trained as and when
it is necessary to add a new set of symbols to the symbol library.

2.4 CONTEXTUAL POST PROCESSING

Co.nte_x?ual Post Processing techniques utilize a knowledge source one step above the
level of individual character to resolve ambiguities and correct errors in character recognition.
These methods use information about other characters that have been recognized in a word

as well as knowledge about the text in which the word occurs to carry out this task. Typically,

:hit ;mowledge about the text takes the form of a dictionary (a list of words that occur in the
ext).

2.5 INDIAN STANDARD CODE FOR
INFORMATION INTERCHANGE (ISCit).

GIST (Graphics Interface Script Technology) provides a very innovative solution for

Indian Iangugge computing. At the core of the technology is the concept of a phonetic
keyboar:d which can be used for most major Indian languages like Hindi, Tamil etc. The
gener.a‘non of characters in the screen and printer is graphics oriented witl; each character,
combined characters and matras being formed as per the unique feature of the specific

language through combination, positioning and mani i i i
Al g anipulation of the sizes of some graphic
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GIST implements the Indian Standard Code for Information Interchange (1SCIl) along
with fonts developed as per the Indian Standard FOnt Code (ISFOC) guidelines.

3. APPLICATIONS

The read data can be stored in some relevant data bases/files. This method of data
capturing aids us in
Consolidating texts from various documents into one document.
Pre-printed or pre-typed documents can be read, reformatted and be printed on the
system printed. (serves as a link between the word processing system and the

conventional type writer.)

Many Engineering applications which require a scanner method capable of
handling a wide range of drawing sizes and a mix of line and alphabetic information.

-

4. CONCLUSION

Since automated data capturing reads the source documents directly, they eliminate the
bottleneck of having a person transfer the data from the source document onto a computer
input medium. ft completely eliminates the verification of data. When better methods are
developed for recognizing imperfectly hand written characters and storing them in relevant
datd basesf/files, this new system will no doubt take over the work of most of data entry
devices. It eliminates human element in data entry and hence improves data accuracy and

timeliness.
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TRANSMATIC SYSTEMS LIMITED

75, LUZ CHURCH ROAD, MYLAPORE
MADRAS - 600 004.
TEL : 4990544, 4993927
TLX : 041-7297 TSLM IN

TRANSMATIC SYSTEMS LIMITED, is a Public Limited Company jointly sponsored by
the Kerala State Industrial Development Corporation Limited, Trivandrum (KSIDC) and
engineer entrepreneurs to manufacture and market Telecommunication Equipment,

Computer Peripherals, Computer Systems and Micro-processor Development Tools.

Transmatic has been Licenced by CDAC to promote Indian Language Computing, using
GIST technology. CDAC is a Pune-based autonomous bedy under Department of Electron-
ics, Government of India. GIST breaks the monopoly of English over Computers. It also
breaks the barriers between various Indian Scripts through its "Transliteration" feature. GIST

is a 100% Indian Technology.
There is a wide range of products using GIST, meant for different applications and

environments.
Wae are proud to inform you that we are the exclusive dealer for C-DAC products

like GIST Cards and related Software In all the major South Indlan Citles.

OUR OTHER PRODUCTS

The Products which are manufactured and marketed are Telex/Teleprinter Machines,
High Speed Trimatrix Line Printers, Modems, Telephone Call Monitoring Systems, TRANDTAS
(Transmatic Distributed Telex Access Systems), Image Scanners, Specialised Softwares for

banking applications and C-DAC products for Vernacular Computers.



Software Research Group
COMPANY PROFILE

Software Research Group is one of the leading Research and Development oriented
software organisation in India. It was formed in 1984 with Bangalore as its head quarter. The
Company was promoted by Sh.T.S. Muthukrishnan (native of Tirunelveli) a B.Tech from IIT,
Madras with an experience over 2 decades in the computer field. The company has started
off with application software both in India and abroad which includes Hotel Management
System, Production planning and control, Trave! Reservation etc.

When personal compter are put to use Software Research Group has developed STENO
a software controlled wordprocessor for Apple II. Wordlord a powerful wordprocessor for |\BM
PC’s. Wordlord was introduced in Europe in 1985 and subsequently upgraded to Wordiord
Super - an Integrated Office Automation software with wordprocessor, Presentation Graph-
ics, Spell checker, Font Editor and Data Manager

Software Research Group is one of the first company to develop in Indian Language (bi-
lingual & tri-lingual) wordprocessors and Desk Top Publishing software Venus. During
Singapore Informatics in 1987 SRG launched Barathi (Tamil/English wordprocessor). The

company has also participated in Efficiency fair in Holland, CEBIT '89, COMDEX '89,
Singapore Informatics '90.

Software Research Group has won the Best Indian Product continously for 4 years. The
company’s promoter Sh.T.S. Muthukrishnan has been honoured with the following awards:

1. Udyog Excelience Award
2. Shiromani Vikas Award
3. Vikas Rattan Award

Software Research Group dealer network spreads their geographical extent of India with the
branches in Singapore and U.S.A. SRG Systems (P)Ltd., a group company of Software
Research Group has been formed in 1993 to execute total solution which includes the supply

of required Hardware, Software after study & analysis, computer furnitures, computer
stationary, power conditioning equipments and Maintenance of the above.

Software Research Group plans to go in for other interesting areas like: Medical
Electronics & Artifical intelligence in the near future.



MICROSENSE PATRIKA

(Windows Version)

The New Generation Indian Language Desk Top Publishing Software
Microsense Computers Pvt.Ltd. is a joint venture between Indian and Non-Resident Computer Professionals

and the A.P. State Government through ANRICH (Andhra Pradesh Non-Resident Indian Investment Corpora-
tion, Hyderabad). The company is a pioneer in Indian Language DTP and for the last half a decade has been
consistently offering powerful State of the Art software for Indian Language DTP users. )

A solution for everyone
Whether your application is book or magazine publishing or advertising, posters or graphic design, Patrika has

a solution for you.

You can use the software that best meets your need from a wide selection of Windows software including Aldus
PageMaker 4.0, Xerox Ventura (Windows version), Corel Draw 3.0, Adobe illustrator, Aldus Freehand,
Windows write, Word for Windows, Microsoft Excell Adobe Type Align etc.

The proof Is In the printing
Patrika gives you the ultimate in printer support. Qutput can be taken on all Windows supported printers

including 9-pin and 24-pin Dot Matrix printers, Postscript Laser Printers. HP Laser Printers, Ink Jet Printers and

Postscript Typesetters.
Furthermore, you can get all the capabilities of a Postscript Laser Printer on a much cheaper Non Postscript

Laser Printer.

Limitiess font transformations
Whether you need crisp book fonts or exciting transformations Patrika makes it all possible. Font Outlines,

Extrusions, Shading, Rotation, Skewing, Stretching or Mirroring. Aligning text to any arbitrary path and more.
Languages Supported

Patrika is currently available for Hindi, Sanskrit, Marathi, Tamil, Telugu, Kannada, Malayalam and Grantha.
Also available is a version for creating English text using Diacritical marks.

Not only DTP but also Indlan Language Computing under Windows
Patrika can be used not only for DTP but also for such applications like Spread Sheets and Data Base
Applications using software like Lotus 123 for Windows, Microsoft Excell and Windows based data base

packages.

Multi user systems(LAN versions)
Apart from providing solutions using stand-alone computers, Microsense provides LAN Versions for those

requiring multiple work stations. Using the industry standard Novell Netwarae along with Patrika. Microsense
provides high performance muli user systems. e

Microsense Computers Private Limited
: 5D, J4.P. Towers, 7/2, Nungambakkam High Road, Madras - 600 034.Tel : 476463/8256529

DTP Division

Secunderabad : Emerald Houss, I Floor, Sarojini Devi Road, Secunderabad 500 003. Tel:846266/845008/
844781

Bangalore : 209, 11 Floor, Richmond Towers, 12, Richmond Road, Bangalore 560 025. Tel:210816/
218037

Bombay : B808,Embassy Centre, Nariman Point, Bombay 400 021. Tel:231489/2872948/225441

New Delhi : Satyadeep, il Floor, 1 Community Centre, East of Kailash, New Delhi 110 065 Tel:6410134/

6465855



WINDOWS & Inscrypt DTP Softwares
Windows 3.1 Interface
Typewriter & Phonetic layout
ADOBE Type 1 Fonts

Languages: TAMIL, HINDI, KANNADA, TELUGU, MALAYALAM, SOWRASHTRA,

etc.

Direct entry inside some of the popular windows applications - Write,
Pagemaker,CorelDraw, Quark Express, Ventura. MS Excell, Adobe illustrator,
Photoshop etc.

Regional languages keyboard layout available inside all Windows applications
ClipBoard operations facilities to import Editor files inside WINDOWS
Scalable point Sizes - 4 to 999 pt size

Special effects: Rotate, Mirror, Skew, Condense, Expand, Reverse, Outline,
Shadow, Extrude, Blend etc.

Supports all NON-PS, Postscript Laser Printers, Dot Matrix Printers, Plotters,
Typesetters etc.

High Quality and elegant typefaces

Free training & moderate price

Excellent Documentation

Inscrypt

No.1 Tamil Wordprocessor

A highly sophisticated, cost-effective, userfriendly, Bilingual Wordprocessing
Software

Comes with an easy WordProcessor like Wordstar
OnScreen Tamil key board lay-out

Toggle between English & Tamil

File and Directory listings through our window

Editing and key caps facilities through Mouse

Short hand Menu, Find & Replace, Block operations ‘etc
Olden & Periyar Tamil Characters are available
Different font styles with users manual

Works under DOS based IBM compatibles (Minimum 640 KB RAM)
Supports all Dot Matrix Printers

Price Rs.1750/-

Softview Computers

No.10, Second Floor, Nelson Manickam Road,
Madras - 600 094.
Phone: 4836471 Fax: 621 3371



CADGRAF

DTP SYSTEM

Yourin-house printing system. Instant. Fast.
Immaculate boardroom quailty. Mostcost effective.
Lightyears ahead of conventional printing.

v Total Solutions for DTP - IBM and Apple
v ELANGO DTP Software for IBM and Apple

¥v'  Computer Alded Textlle Designing, Printing
and Weaving Systems.
v Multimedia Presentation and Educational Systems
Imaging Solutlons for Paperless Office
v Medical Imaging and Analysls

<

Sucesstully Installed at

IIT, HTL, Anna Universtty, TIDCO, L&T ECC, CECRI.CIML,
Center for Reliabllity, Indian Oll,.Tube Investments, Directorate of Handlooms, etc,

CADGRAYF
SCHOOL OF
D I ¥

State ofthe art tralning In DTP. Fully equipped. Experienced andtrained
faculty. Part time and regular courses.100% placement record.

& CADGRAF COMPUTERS
= the D7P people

Gee Gee Plaza, Il Floor, No. 1, Wheatcrofts Rd., Nungambakkam, Madras - 600 034.
TEL : 8269021, 8256812 FAX :044 - 8522027 CAD.




GW6T - YBw 1P sl O8lunyy Quomys

PO STQUIT F.GLILFTLS) Fl@. Oev. AyFetrerm QoukisGL_sabr
FIODSFemevaUT, Lorrewreurr (671.Gl_&;)
&ewufl LIGIIT S SZ1enp, sesflLiGIuT g S1e0m,
L &IeDeULI LIGDSFENEGUSHHLOELD L SI0GULS LIGVEHENGUESLD S LD
(P SST ST DY

weflg eerrdRller @eaiGeuTm ST FL L FH D sy sG
2 DI &GIOGTWTYL! @)(BHSSL@)BLUILS, @) BssLCuTagG S@Hed. yeTenpus
weflgs@m$@&s H@al sHhgyb gy TP @)etampw LoelEeysS
sewll GILITg). senfliGumpluies o LGunsy ymFle GQumiflenw g Guimmbms)
Qlugsredd yhmflww Gsfurg GUELUTHILLTRT SLEL(ESSS
sewfllGlumpl T L seafllwms. FHGm Byl & srésmy wHrss QUGS St

@pBlencvenw LompHm FeflLGurp eTeiTp @leTewpw WEHS &FaHedlenw
pUpeLoWT S LGTURSS FHewfltiGumm! Glomifl, HLblifled yemiow Ceoustr(BHLb.
sHasvEmarsd Syl G, CFllEse, UTLiLge, sanbl_(dsid G\&TemTiged
YGweupplnEmer g LiienL g FETEFET  pULEIOWTES  SHbpley
2 peurr gL GeusssT@ib. SLOILD oL’ RCL Q)& rfig Glu@bLimeiren oG (55 @LD
seflLQUITY) & B seflwurs Geau@y. @aunplbetd Coewns SUp FHTev
Oleueirar g &lev o LAMLITLOGH SHTSSLILIL QeuaisT(RILD,. auen T & 6TGiT D LI ZFTLNH S
2 L' 115 Goued(BiLd. @)L 1GNLi(BLD Licwf&:EHTeT &) M1 QPWHENLIT S GDETT 6T LIS
SFewflliGlmp] Qlomiflevw @é&L Hevy BlpsUILGSHFD S).

S1010'6 V1MW OIUED D 51611 & 686085617
SLlfled &L 1_ewer Quomflufener g enolitiFe) F&EHeHerTH S
FL_L_ 1RO eLPGST M) 5 SLOITGITENaEU. Qe U TEUGTT,
(1 sL6lp eurf] autg eutb
(2) sUblple) eflewsFiiLicvens
(3) sl senevd ClFThaer
B8 FVFESS HHGSNEFILIL LG BiraseT b @)eVeUTenLOW T
Curg FleoawulGouCGuw @per aig auendsul_Hererg. @mefler sl
aufleuLy euLb LiSl Lo HMEISET T &b @)evevm s &f. G LbLimesTen LG ilesr Liwie
ur® &G Y SL_6_(pss pewmenis g QurHBICL Gneflesr eensFls
LIGVEN & /MLOGEHLILIL (HGITET &).
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SOl sevewd GlFTHHET 2. (HaUT %G S L&fr.‘r@u.rﬁw @Jsa;.wﬂs;a';

sBSLUGED &I LLpBSLALD @)ewsGlwmseted &res LB @6—'/’1}/{)56‘6?67]’ @aﬂm%mu
G emarsGapi Qi e CSTaTR LGB SS, DHT @Gvés‘g.;?wrs@;aﬂ@@g, 3/
F@H% QFTpamerts Qupisen. Gués Quoryluledwis Csrbs G?JU{D&G‘G)G.?T
TRSSTERSW, QsTiryearer Ap Oumifld GEmTpsemenrs sL_eT Gumpeb,
QuomhlOIITESH6D, L SIFCIFTHSGTL! LIenL_SS6, 2 WS alLpdheans ity Gu
gn s C&TeTErgeL eTard Flev auLflFenerli LNGTLIHMEVTLD. GDEHSHSHTET HenHeUd
Q&FTHEH®6T ULy aIenLoden&tNe) o &TT &I GQlITHensGanu, Clunp GuiTHeners
QETar® FApFev wrHprser QFuwig GomfluimTssd GlaFwytb epenmGus
wpHBlewtb LAesTiHDLIIL (HITem ).

GD6IT - I Y IP&D

QRETDEOTWLY. @iy eubengs CIETETE SlESGD6T 2.vasGHCs Gl Seurest
9jenest S &1& QF G Fenarub O F Tl eTerm &/, 9 HIeLD LEE 6Tl epLOWIT &%. 2_6v5LS
Curgiampurd @é SBEGD®eT LPHTRUSTTETLOTSES QETaa® SLifed
&eoiGILTEISS (b Clomiflenw gjentnd H15:5T pwcvauCs Gpefest &BlaEGETar.
Tefllenn&@Gb Hh&GSSEE DG LS ETED LD ST (), eSSt
@)ssefi@QuTEGomys Ao  wumgwepserse ol G
GULY GUGHLDSSLILIL (BTG &),

‘Clomghl e peundasSlar s wpd&luibmer GitLomesThIseT Qe6uT S HILD
Togudwry AL Ga@aig aarumsCu FTipSmss Gaar@u’
ST Elpmit fldsevsiv aflitg ( Niklaus Writh) . @eurt s.pCp ‘@ peir’ a1 cuentolsLNeb
Cop@smeireriul L wpseb eusnriwseny.

GoupplsgLomet sesflLiGLimm) Gluomflenis 2 (Heurs@eusne eprQrmeil_sv
(Horowitz) & myib Lig fleneuaeir LIS &), ojemeuwimasst.

(1) wwegremer, GBI 111 LGSeowg; CaipCIs@ S5 s6v.

(2) auig auT&ss GUpeway (i hgeusnuiey FBUSTH 9fewiogHe0.

(3 &ov yfsmar alfairsss &WISCETeiT Hever QULY QUGHLOS H6V.

(4) grreusurr Glamedsi_ Fmluw

SWSS5Ehsie Gomifleg aid geTenp
QeuaMiGseb.

(5) Ouomef) auewgw pidsenev LBeir LiTienay (Revise) Glsuwigeb.

6) FBlu geralevma (Prototype) OumAQUIWALI e S (_eiodse.
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(7) QuomfluielT QUITEEaTTESSEDETET LPEODENLOWITE CUCHTILICHDSHTHEIT
THUGS SISD.
(8) LBed(BLb Qomtf) euengw miSsenew LieTLmreney Gl&Figeb.
9) erefleniowrmres, Qgeeurer, & dsiomes Qmiflésrear GBICUL oL
o (heurd&l. Geuefluf @ GlFuigeD.
(10) 7bLbl& QomPGLwTinient 2 (KeundGSe) Lop MiLtb LIFUIL|S6.
@S s Ly Revevsefler, wpse e oy tiueam s Gper
QLG QUG HLILIL_(B) BATHTaIS Lg Fleneowrer gyieuer wper Glauafuii@id
QupPwrs @& sl @eagular apewd Geeltl Lu@&pg. @)aieuTyi
enFwenpEEsSGSL_LIL_GL 2 (FeundsULL L &Gpetar GBiTshanisHer.
(1) erefly REFVHEHESS BITa| STTYISH6D.
(2) a:mrﬁt.':@ungﬂ Qomiflenus Taf ST &d S MIGETITS6D.
(3) sal@Qurblsaficr QewaurTBsener oBlb g CHTerEnseD

9 FwenaGu y@Lb. @ECHITSSEI&EhSG TDL GDEiT seirarsS5G LiGE Flev
QyenerTsemenuytb GlFwebUT@EMeTILD QEresT(® eThGHDE. @)STernSHSL
ysp QUOPGSGL FEfuGUTY QLITHFEESEG R)eweRTWITS Q6T (5L
TFTTTERESTH genwdstiil L &per Sfled seflilGTBCILTL  eTeTD
Nt T FES B FTITUSDFTHS Gndsii’ L Fpy sremgGLo.

&MET — 196U 68D

@@ SeACQuUTBQLTfenw 2 GauTEGLCUTS LIGTI(GLD FpisHemen
29 Uil wWTEd QaTaaGL_ 1enLoss GoustirBILd. JeneUUITaIGT,

(M Quomflulest eTps g1 GgmES (Alphabets)
(2) @us&lser (Operators)

(3) ormled) (Constants)

(4) wmd (Variable)

(5) eravwamy(hé Gamenau (Expression)

(6) &L 1__ewenser (Commands)

2 Eheney Y GSLb.
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@oefed CLoPQFTGHTaTs NISET cTaIelBLD 9JewLDB SIGITETGT TeTUITmS @efls
& T GB8T GUITLD.

(M Awruisr 1uesais 51868 (Alphabets)
@oeiT, LOLHIGE 247 curfl aug eukigenaruLb QareTL_STHGou 2 6ITer g).

2 uiCTups Si - 12
QoGP S - 18
2 WrQuwwepss - 216
§UYYSLD -

247

Guogyitd, ApLiys oG serTs,

L3 9 [ AR LI 3 * £ ¢ ] £ » ¢ ?
c’: " $ # % ; < > =

Cumestpeuhen b C)HTEHTL ST HSH ST JOLDB FICTTET SI.
(2) @ wis & a6 (Operators)

2@ Clomflég QlerplueowwTss Coemeusenrnar + -, *, | & @usGs6r
@mefleb @_1b QL1 mieiTerree.

(3) wrPas (Constants)

L pledl wpp sTevsTeRT T SGaT. Feh eTedsrenrTHCeuT jebev Gi QR TUPS SIS
QsrL_grsGair @Xme%eTLD. FAGTDTS,
PP GTETIT - 3
@lweb eTeder - 55
TupS &S Gt - ‘o - @@ SaflQuUTHIGLTYS”

Qeubprer eTps s QBT ¢ T d@er  @U_1b@Lim GeusisrBiLh. LompleSluficir
QlsseTentoger GHmeaflgyb o ST

(4) wmf (Variables)

oy @b W sTETenaTGuIT @uweh eradTencwTGuim Qg TupS SIS
QariemgGunr ghp @Bédswnd. gyermed wrPssmer Quurir &
IS peapsensGLl Ll G oyemwsed Coustr@Lb,
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9/elIeE) (LPEOMFHET -
(1)  wrPlssmes QU 918)% UL FWTs TP T(ps FisbFemend; GlETarGL
yentots Geuesar(HILb.
(2) & aiLb WpSeeTpS F OVBREIFeATdnES FT TS 6T(pSSTHCe 3)(5&
Geuaimr (b,
(3) WwsQowsfpal UInG G TwWdHsser oamentsGanr
TS ST ECaur @)(5&&HeITLD.
4) Qof s,
AP STITERTITS Q)(BHST %2 H6 LD,
@weh cTETeTTE B)(BHSTED # Y&HayLb,
TS SIS QBTL s QBESTD § YFHayLb,
@)\wés Cauatr@Lb. @)eiieilg) apenm&er Gpafieh teruhplii_Flerene.

(5) s sy e Gansmeys (Expressions)

sTeveuIT GuorflEefigtd o ciTer 6Tevr el (555G ST emausenars CurewGey
Gneflgy TaTem@BFGaTma YwESLILIL GIETT Sl 6T T RIS
Careneuenwd FeTSHGLCLIT &l L9687 eu@pLd aflGlser LGTLDDLILIGESTDGT.

() u B Yswiw iy af 4 (Hierarchy Rule)
Qe Gluileh L‘i)mm@m Liig Blewev apenpulGevGus @usSlserT GlFwevLIBILD.
Y
el =
<, > <= >= = <>

@iy fleows GHE@sd @ufl ® wapuld Gpeafle
LweTURSSLILIBGSGTDET.

(2) @mswrads (Associativity Rule)

Glenewrail eTesTLI S uev Zf LD S5 S G &i PSP Ceur gjevev g @) —Si
UpEDOwEE g ynsHCar, Quissmerd CQFudUBSSID (perpenwLs
upl gl @peverts Qur@ssaieny @eedFuder oy it uld @&
Lm&B S5 S e gl LDSEDG QUEEFET SeaTsElL LG DeT.
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() 9L ys@N afd (Parantheses Rule)

e _Liy&Gn orapid  @eiaflE TS semar J{GU)L_’L'ILlé & Dl e
@il L 1 (3BSTID 6T E LBFaLD &G?TGYTL.IE@UJﬁIT&.S amm@grrt VT2 F;
WpSedleL eT(hS &1d Gl&masr(® ClFwWeLLIBILD, yaieuTGn u'Lq_uz_{Lq_lurra; @?GM@?)JIT@
QJéoL_Li)d GPISGET 266 SesrsE(HF@pLb LEILIL LI, GpEnlb @euals)
wpempuIGevGir @uiki@Lb.

6. g st st (Commands)

R Sewflluryl Gomfuiisy QFuduTRFemer Bieuiss o Fa/lLicne
Y EOCT HET. YGIAUTeNGI &6 Gnefleh eTelelFLd ojewiofh HGTETaT CTETLIGHSL
esraupLd LIS aferms@Lb.

Gwefled @) 1b Glih preiTer enessTHenen HIesT @ aNFLomes LIGS) 5@ @6T
QL& FHGUITLD.

M @Gagsd af Bougsd gy answasit (Input / Output Commands)

R Cewdur’ e & QFdiaugpsmer @Beuge. al@eursd gyemanTHeir
OlaTeL_s15 QUILIGEH @) HESLD.

UG ereiTp gement eflensls LIVMSUIGT peoT s STrILIELD @uieh
sTevTen et GUIT. (Lp(Lp eTatTenesTQUIT, 6T @IS QsmL_cngQuir GBI i’
Hlenereus S 5imn @ @wm‘w@ QU(BLD.

(e1.5mM) g 1pseSi@R #, smevth #, o’ 19 o9& #

STUD &I eTeiTD yewesst GHII L' wpsaufluled s g Cseneuwrres

Qusd sradsrenenTQuirr, QP eTRTenaTGuIT. 6T(1pd; g1 QBT engQuim 9606 5
eTevr eI s GameneuenwCuims ETEGI_ D) eflenr_eviwg; Eleong s d Qsmea®
sub &) ST (b,

(er.5m) elgpg “aui’ 194 QEmens” = * QUL 19 #

) sufsnad & Bourc @ <), SDI6TIT & 617
(Sequence Control Commands)

QT glouns eoenTaier cuflens Flywonsd QF sys s @D, ST L

Bener T aurflens om Qewebii_ Cousmr@orearrey cufenas I NN )
UVET FIT LIIGHT LIRSS IBILD.

175



Siromesf]l (IF) @bsgyenent, STl L Ia@vapipé Camemaemw Siés
f@wres UL B & oaTmbWraTsTs QIBESTY HBSH
QETRSESLILL_ReTenr yewenTenwd C)FuwpLBS S/Lb.

(e1.&m) Ziiomest) (Fmevih # 0.0) Gl&eb 20.

GlFus (Do Loop) GlFuiupn my (Enddo)

‘GFur’ gewenr GQgmMe QETEHSSIIL 1Y BSSGL Tamen(Es CHTeane
2 GBTenLOWTHZ) S GLomaTeL QG TL_rE gy CFds’ gyenssarudedlimp 1 *Clewipm
Yenemraieng s QaTRsHLILIL_ Rerer auflen&EEEITLOLOMET 9 eneT Sener L5 e (HiLd
bessrits QerweviBRS5)s: QO &TarGLullps@Gd. QUImTUWITS 9@ LTI
Qeiipp IsS BSS gyewereonws CFudLBSSS CISTL A& 1b.
(6T.&IT) Glzys (& % <100)

Aluwid) @ % + 1
QFuipm mi

G)Feb (Go to)

‘QFed’ emenTd@ yBHID ST Blerer eurs&l eTeds (Statement Number)
6T &ICouT b euT SN GTGETEEFH ST Y eOeRT e (PSS Y OGTITWITS 6T(HS Fid
Gl&mesr® CFwebLBILD

(eT.&iT) GlFed SO

(3) Busid Hyemesr (Assignment Command)

wrledlenwCuwm, wrphlawCurr, daaTantECGarae Faws&l e _Guir
Quuwrr QET@ESFHLIuLC L Lomplée BliwblsgLd gyenerGu ‘Blud) 9y@tb.

(r&m) HBud eu’ 19 # = (pSeS® # * smevib # * aul_1g. al&) #) /100

D) 5D 2506007 86T
&maefled LUGTLGS HILb LD e0eRTSHET @I ILIGSUI6H L _hiGLD.
&ol (Comment / Remark)
R g QETL(BdsTar GPlemuGuT, elarsssamasbur GplésL
UwGHTLIGLD enenTGu GOILL] 246 6uT.
(1.&5M) @Y 6ol Ul Ly ST ST (B
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@@Jg‘,g}] (Stop)

‘DS s QeneRTuNGH eLPGULOM & @f ymewrd GTLMer GeweLm®
B DS SLGU Db, |

(e1.5m)  Hlod s

wpn my (End)

‘whry’ yevemrwurarg Gomf) QuurliiéE yemewSQISTLIT WpLybS
L& oT sTems _oyfiedd@ip Lssshenws QIFi&n &.

(1.&M) DD

‘@maf’sh rdlamer gewewd QL Mer grbL1SSCCw gymplelss
Gausisrig w Cgenauufichency. TLSLILEID YT SQSTL i+ sTUQUITApSILD ‘DDl
gemesrul_CerGuw pg.ey QupCeauam@ib. Gpefled eTupsliLIl L genewrd
QamL_fleb @ auT &I en St LAp aut &&IwkigHefedl(bh &I euew T DIS S HTL_ L
geogriyerefl LwSTURSSLILGFDS). @)eieuTm Uy euTsSL QFuml’ L
@D sehlQumsl Glomflenwls LUGSTLRSE eTUPSLILIL 1L Y enewt S\ STLIT
srarprs §GLp syl (ReTarg)

(erem) @pliy saflou 1g sewsSBHsd;
ST(LD &I “WESL_ DG Qgrens’; -
LseS@ #,
“ameod’ ;
&TeuLh #,
“QILL#_ Qﬂ@ng”;
' g af& #;

L1y (psed® # * smeud #* eul’_1g o9& #) / 100;
‘g & Qarens” = " eur’ig #

EREEFEFES
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@msir - Biwasasi' a0 (Implementation)

Dos gargSleéd TURBO-C Gloriflulleh ‘@mer’ flirwmeflssey pen Glumb s
Q& ITEHTLY (HSHGID S

wpHedleb eTpS & euigeueniolitsmer (Font Editor) 2.galCwrm® b
TUPS SIS FHET YMATSE/ILD QLY UGS L T, QUL QUMIDSFHLILILC L
TS GISFHer aensls Lweans: @usE (Key board driver) erpg gis&Germ®
QuUITESEIT LTSS Lo, @) uessiludest wpig afle iblips Cl%m & L1umest (Tamil
Editor) e seurssiiu g GCamiyy Guoevrrenit, (File Manager), GlFw avi(peurs&)
(Interpreter) y&lw @ rawenL_uyib 2 (GuTsHGw Uenll paL OUDDS
Q)& T 8Ly (15 &S Ff.

Ap1g.6ysmy.
SLOLD Gefll@Qurp) Quomis! gyewwsstiu . Garesr@id. Sl ' HGLo
Qsfps GuEbUTaTewaTenysd FeflGuTDl eroflsns Qadrm Gy
Qovetrb eratrpn gyiaugBlerr QouafliiumGL. @meTr. @)HGDET FHeTenienl
apseitenio Grrsshigsener HleopGoupnssig g @sarnGaCw @)& phHDleyLb
wpapemto Qup gy e’ L Qomifl auigeuld 616 my SHCLITE FamIefL . (LpigwiT Gi.
YITTD, UGBEHETVSEH D pupenowrear GUOTLIITS allg DI
GeuedsBILD 6T6TD 6Tevor6wsT SGHT(H) 2 (FoUHLOSSELILIL._(BIGTT &f.
‘&merLpwey 6TU1S ibLilesfleb. wiTew et
WNenips s Geausd e7pHeL @)euhl &1
- BpsSmeiT- 772
sreiip GSo@pSCanu @bpund Gupblsmereriiul L &l 9/eneTd 5l
FewALIGLITM QLomfls Gmeits@nLb Q)ameir_ QUomifhum & GneiT gjenLows Goustsr(BILb
adaru@s @ Quomghlillesr o dsdsi L & GPl&CGsmer. @6 &Pl&Camar
BleopGas prevsuieh GeT TSHESL FHSBL ‘GSLFSSPSS GDTNS’ enLouLb
GTGTLI Gl 2 MIF).
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2.

3.

SIS HIMHLIL_LGLIED

GLBSFTLE). auTO)F.,

CaEralpbS&FTLO). BT,
(FL_@rengum&lut)

ELLIS HOROWITZ
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108, 2 61VLDITGST FITEHGV
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@raTLTeugl 2.vsESSLEILD
cﬂé’}rﬁu}r’r Lo BT QLI _rhI&ey
OSTEGS - 2

2. 1o LtieNGasayetr

85, gevatr Glufl&etTent_abr

Q)& 6T T 6L

GamevmevbLyr. 7

Fundamentals of programming
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S0P &M1T &G D BIVESIT, LUO-DITL_8& 8118 601HI&6IT
(sswl USluTfufssr suruFevas £ma@msiT &HM6v)
’ afl.Lf. LipesflwiiLicsr
uf & elyest hayett efgwmeowsT
gevafluilweh Febgyri
Camena - 20.

S apsid
wrla@d @)elaj&le), TETTFHERsE adaflgsTasd SPLISSHL L
FTSOTHRISET 2 (BUTHNGSTETET. U mIeT LTesreuTH@si 6T OBmL_irry
DU &5CETETET 2 FayLd @G FITHTLD FewAIGUITmhIT GLD. &HessfliGW T Bl eLpeuLd

LOTGRTUITHGIT FLOewLpS ST (eOSTSGILI LITL HISEHETULD SDHSF (LPLYUJLD.

Qu@burwrar  SaNlQuTPlEer gifle ausdsissmearGu
5##;5@@5’;&761@@7. seflQuTPlbeT aurulevrsds sne il GLomplGuw
vweTLl B eu@B&leTpgG. hiGlew Gomfl ebeurs pledwed, seunflgid,
Fepsailied CUmeTp LML _higenarijtb FsulliGumpiuies 2 alliumed SHUISTS
QBESTD, Yyupenn A&l UTUIVTSSSTET FH&% GPpYUjLd  6TETD
BleneuwjeiTer g, ymiGlev Qomyfl oPlumSeurtr&HEbdhe FHaufliuTp] euTuiemss
SHD6L 6TedTLI &t FevreurHGau @)1 S UBSID &I @)bBlewevenw LomrHB), SLblevLptsth
sHewfl 1Q T Blulled  &H 1S @5/7@5;# wp-yib  erewr Hlenevsmi t_Gev
@@ oeTQUIT (R SwmflSSL I LG

eTeveurd @Plw sesflliQurplsefeub 2 LCUTSLILIRSSLILIGILD ¢ GIomLpl
Guer§lg; (BASIC) 9@ib. @ Figmesr opp Glomiflsenarall 5@&75’@@2]&@&)
PpbSTas SHOHSULGEDE. @bQUomiflulley wTeTour&HEheGL LweTU®BID
arengulleh HLALAIY Qo QUIT(HeT SWTflda eTevent!, 2 st GWIT HILOGHDUITLD
G FH&meT Hili@uTBlwmgsid Qeinulil BT . @NbGloeTOILIT(HEIT (LpeuLD,
B pIEGDeer, SO LI &5 &M 2jsnaTeuhd 6TeMSTSH FHS (LPLg-ULLD GTeT
o7 T g SICpetr.
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HISHIP6Y UTUTED

TIPS &I STTLI G Qheuens auenguil_GLo. sessflliGury), smrb G)&T(H&E@LD
S L_eawensGanit euenyiiiL b aUenJujlb HeiTenlo QIETEETL &I GTGHTLIS BT
<2f550%. Q)EsHSHenar oy liieol_wiss Ceram® @ubGiostOLImmer
SWTAESOILL L &) ‘

@)LoGlpetrGlLmmerfley, ecpedt mi GloiGld: Camiysemd (Data Files) @5 @uwsestd
By epiLb (Program) 2_eirer gJ. @&lev 2 eirer QFu1S & GHmiiL Fer wpenpGus (1) gpefesr
LmL_eY (2) goefar Gigefeyeny b mib (3) Gpefest HS&TrLr Gl Cl&medere_
saftssefls CaTlysenTs o ererear. Qe By, spuariel l(BLLISSHH
CGenu eur QsmT@RSGLd s L_ewerliug., Fesili@ury) GamiiseeSiimb s
TS IS Sleogulley 6T(Lp HED S

Q)b GlLoesTGILIT (Herfleh 2 6iTerm Yewen S &I GD6T&HEHLD, HaunHmID&G W afler s s
2engs@pd uley GEdnuliul @ererer. @&l o 6rar GDETHEHLD, eleTSs
2eanp&Ehd SellGurunss QeFdiw o TS @ BESE, LTHLiT
wpaugsgraarThssr ‘SapsGper Ogefleyeny’. (112 gyaig LGN @ omiTE 1992)
<4 SLD. .

UWISTUBID LPHD

SHYSL Lpoid PSS Epssl oenow CaarRGoefley, gjeneas Ffls)
SIS T &1 QUiT (B6ir S(BLOLILG. ULD , SDHLIGUTGHT aNBLILISE DG T SluTHe LD @) (B
Goctar @b sTTLIg! BTLD APGSCS. S5BS S BHSGDEBESLd QUi SID
STGH LISIT6) &) (5:@Snafleh 2 6iTen QIom s @meTsenaruyib Jp fleysenrmsL1 9Ms s
ULy &8 @UbGUoesTQUIM (56T 2 Foy&lw &). yenanUmalesT, .

M @g)ﬂf’a’ﬂ 6768857 &0 (B4 846 W6 UL b :

@uMedetr g ien_udeh, sHcuT 615 eTawenenTd: Ql&TRGEHEMTCyrT,
2bS Ty d@; 2w Gpener FewflIGl LT Slewruled CTULP GILD. ] & D(GTHL_GHT
91& FTTBEBHGLD Lmed (b , Quinger, Q)etruh) . yd@mener yFSTIL
Ot Lo mitd @uwseb TGS ULD FessilIiGLmas) O\&TRS@ . QETHSHLILIL L
@mefletr aflerdas 2 eng GouatrHGLoeseh HUCUTHenemuyLb,
a;e;'n*oﬂu@urrgﬂ ST &ILD. aiileurr (heurflatr Lig s@s5ib Geussih
SOUIGUIT LIty & & (LPLg $GLD euen T
OFUwII Q6o ).

2Cs GpessEs Fp
LT It I (GUD 6T 68T LI STEV
GREBL Qunerh Sagulles Qsiu yarsr
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(Qup 560 TIPS &) 01&TB BI85 GDMETL ULy ds :

@cndflefled, SHUeT @g)aﬂci;r s erupSangsCGumr  _gysbev g
TS sissmearGur CsTRsGs Caar®. QsT@SS LN6r, FenfiGumms
aiGlauLpd &15Fefleh CIFTL kg Gpeirsemend Calg QTG LI QRTDTSS
Glengulled eTpgd. @) miGluded, Gam@GsELILC L eTapSFled, Tpd &issHatleh
QST _BIGLD GneTSHafles Gomsds cTamanfldengenid SyLD. ;

() @S s1eps 8 (&671) QleTBSH o SWST LIRS : -

@r9fefletr g Liienr_uled, spreut Gpefler @) mig erupdensCuim,
Tps FiSsemearGur Q&THEEs Caear@w. QarT®ss WU, sesfllGumpl
I eups SISFmer QMG TS HSHTTEHS O1&TeETL. 2T 5 &
GpeTSmeruib @eTpet LT @eTnTsS Sewguldd eTpSIb. wpigeiled
QeT@SELILL_ L TupSEl, TUpSHIsaafley gy b Gpersafler Glorss
GTeUTCEsfl e &(HLD.

(4) @wefssr, QoL AD BJUfST (PHO TUPSHMSGWT,
STUR D &y 656G Q&AB 58 GWET UG ba:

@niMaley sprant, @peflsT @GeTi_mb g uieT wpseb eTpSmEGuLi,
adupdsssamearGur OC&THES, Q@oetrL_mib gjiguded, QETRSSILIL L
TupdmsCur, aussssmarGur Q&Tar® OSTL_RiGL IeeTs S
GDSTEETLLD QRGTDEHT LG QatT T & Slewuileh Hewfl iGlLim il 61(Lp Siib. () miSuTlev
QDTS SLD cTCUsTeEsfldenSHeOUNLLD S(HLD.

(5) B any 616507 Qa&T(H DS MV UL 68:

@rfMelled @Gpefled 2 erer 133 yEsTyiisaflch 6Thg 6T 6vuren 6w s
QESTRHSSTILD, S CTOTSGTOT YFHTTHEIGHT YOS E GDETHENGTULD
Zlewgulley HiTeTUITLD.

(6) 91Bangl QUILT A&TH5H &S &DSTEHSNEI G &T60T:

@)9fefetr ELp sHLaNT B FTTSHS Qe CIsTBIS ST, SewflLiGMIT D)
S B ETTE®ES SFTHLIIG S F), GV 2 GT6T HYOTS SIS SDETHEHETULD
GPGTMGHTLIGH GRETMITS T(LPHILD.
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(7) 2 5@B®671 DL_L_T106D UTH 5685 Saly ) GD6TTEHITT & &HTEHT:

@uulidlafietr &p senfliGlUTYl 2 @S L L T UTHESELIUGLD

GDET ST TP @RTPITE Blenguleh TpSith. 2 FHHET R L M5
GpeTHenar FefluQLmy ereleurm S HLIY- GG TetTp FHECHHLD 6TLp
QUTWILILGST(R. 6T b &S @Smefley ‘Li” o mith ‘1o’ eurflens 6T(Lpd &1 &86T augedeenaCGuir
DSHSDNTFHCT YIS SID , 2 FHFET gl L _Mioeh uTRSGSLULBLD @mersCGear
&b eTerGov ‘L1’ Lop b ‘10’ uflens eTUPS SI1FSET U S SGDTFHeHGT ST(LpSF
GlFmebell @E@meTament: GQuper. HumsgGnesd Quomisib 28 DG H6iT
@eueuen FHenw s Frii S S St mart.

Foiubaio

1.

(3

@)oGuosTQUITHener @iligerer Hev Hevaurf pHmith LicTer 2 Fiflwrrser
Gplounsg slprTRRwurser urirsser. Gugyh sevall offlayly
Liesvflg Fienmuiley BL_SsLii 1 Lesfuflen L udiH&UGled o Pfluirr &eme: @4
ST LIl L &I Qeuiser  splu  s5s 56 sefler QsTEGLUGL
QUGS W@, @bl yene QuEsS Felluirs b eMTHHL_eoL_Lr L _eni_
(Key Board) Ggemeuuflsvenev. sl 1QLimaflufen QewesrS s il _Geirar <941 Glev
aMgma eni 1 i ewi_Quw Curgiwneng). $U8ps s 1 5 THG\& 55
QL8 TERQSHS Tups 5 RE&&sTpCasr 9Cs Henevuleh @i
TS SIS 56T YOLOEELILIL_1 (5HE)GTDErT. 2 5T T 6T LD S ‘m’en ypSs ‘o’
U@BLD. M-8 p$s ‘9’ eump. S 1L_ds O gAwrgeurrsemis @uiss ah
QL L_euenesT SWTMSsriuLt Derer G- 91Flev 61 2QhaIElev eT(LpSen S BV Y
STGHTGWT BLOILD 6T(LPS &I GUHLD GTeaT S CETRESLIUL_(Derern /. O/FGHT 2 FaNUHTEV
BALD 6T(LpS FidFenend Qxm&saurrib.

YSsamselled eufleoFwmsls L @nerser CETBSHILIL 19 (5% @Lb. JOYE]
SOUMMGT FeoucTd AFm aidE; Lfl B SH@SBLD. gens wer&leh GlEmeasw®), G
PO SDewer LB Flewuiieh eT(Lps I QEwin i’ Qerrern g. SMLicufletr Seuesd
Flgmeb GODETLILRGID L. FihHmgVdi@Hih Hevev @ Lpleney Flent &G .
STHSSE SO 6Twp Gt CLi Giib, o1& meficsr <GS TT Quwirr,
wpgeSluer Gsibg DwibLis '
BT & LG UTUILILGITEN ).

)i Lirev
B@LoL aumeusreh ojenar SmLeuT LoGIT Sl6
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(4) TS Z&F S QETFSS ST UTTES6, 2 B L L TLo6h auTHESILIELD
GpaTEmars Srgysed) CuTTp LW ShSSISSHT @)86 o eTarSTD
QUboetr ClTEBET FHLIMGBSSE @ STFTHCETVITSE 2oL ED L.

(5) SPUMTHE@BbEG THU FTV YuGTF Q&ETHESELILLC 1g(HLIUSTD
D/EOTUUBLD GDENET FNS &I HIGUTH: DJeNLOGID Fil. ,

(6) y&lw &g gidsener Db HICSTTET 2 SeFD ). 2 ST TS TLOTS, 2. 5HHEIT
PL L 106D UTESGSLILIGLD GpeT GUoTSSLD 28 2.6TeTg CTTLIGHS @)H6T
gpevtd oyl 11y 8lm & Q)b QuTwemers UTTSS o Ffwirser
O&THSS 24GevTFenenTHeiT

1. aflerrdaer Cal @, I T® G)Fuiyd euensHuied @)BHHST6 Hevev S .
2. &perEeTertpsILGOCLITCE, 2FGIFTHSHGHLD 2 & FilSH ILIEIDITETTE
@)eirenith EmiiTs @)(5SHE@LD.

Bemmey:

@Qbs pafar aflehEhreT wWaHSEled EHTb FefluTDl 2.&60 uUTLDH S
QErevry (5SSCDTLD 6T nY Fmmiaud Faeols QuITBBSILD. 6T Crrs&len/ib
FEHGWL_T 1T mY S LTy Lmg-erTr yermy; @)esrCor eriig Grprs&lenih
FfLQUTIIWTS 2 drem g Foals senpulayd sesfliGumpluielr wpdh&uwls
LIk Z)en st BTLD F65T@ 2yBIGeurmih. HewNir@mm] gienewtijl_e5T HHLigSHeh GLogLb
FfILIQuUITY) ZemewsTie)L_cir &FPped eTerm FHmed, HPUISHH y&w @)k
Blevevseflad A& G 1iki& u&SSD &i.

@)pBlencuudeh 2 &L GUIT &l LPEODWITLD (B &SP S HeflLiGILITD] eLpevLd
SHM6L, FDLIS 6V 6T6HTD @gg @\LoeiT @lmmeflesr 2 LIGWTSLb Hevad Flewevibiserfley
@5 wgGaupry QUL uBEDSH. @SS SBSSTEEDEG uBensLfbSIcTen
seflLQururerisafler ad FAnps CuTFanarsEp T Q)& @)eTeb
ApLiyblss CUoeTQUITHETTSH &SIl (B DeHTal(BhSHEGLD LILGTLI(BIDLILG
YeosaLiLi CeuetiTBILD 6TeTD QUQUL 6T @)ensLs el (1&leh &lpey

Q& T &GIGetT.
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BHI81F6D LD 5, 5T5H6TID
(Multimedia in Tamil)

<. @errruiG & meussr
GCaL_Glgmools HLbLiyyL” L_rreiv,
Q)Feiremerr

UL DT 8 FT860THEST DYII&HKIG6IT:

BTLD GTDITL_ auTLpdienauiled @ aflapligens LPHDUGBSES TBS ST SHS,
flerrss wHpd FHMS CFTHEGESE 2uCUTSFL@RSEID ULCam WSS EHEHLD
Levea & FasardHler osmserms (Input): uwe&ru@gﬁguu@@sﬁmm.
2 FTIeT SEHING uTFSHEISeT FMbomituiGeur ebewgr Cougyr GomplufGevr
MNGTESFSAenTHTTSH (Lo _L_f)eh HTGTeUITLD. 6l GUITFSEISET DjeUTeult
STl fiGaGu yHlsv QuUTESFull(rdgLb Speaker epevb C&L R
gBlwevmtd. QYSHG FLhUBSLLIL 1L Uewe)S ‘QJGB‘)D'LH_IﬁJa;GU)GTTIL[Lb
YyewsliLi_migsenenufib el 1_Mleh seur® Qzefley Quperd. ybsS eueny
UL AIEEhS e 2 uiGyrl b (Animation) Q& T()S &) <26 @UUEIGLD SEHTeLoFHCHT
yib gy Q)& reiremeurLb. CLogLb 2 crTenLos&mTL_Slaener o 1g Quim LiL_kis6ir epeuLd
Cupsehr_cuppi_er oreflll LM saw@, UL g Ggefley GUpeLTh.
Cop&eterL_ eTebeurid GlFadd:@ CpenmaLs Ly Fkfsd; st _esr QenewTi FHS H
FDDS GI&ETGTGTeuTLD. Loa Sl FleneuiiT s @) S S 4 Qamerereonib. QLo SILD (G)ema
wirespeepuytd @)u1ss Gpener sl i oBIGeu, LudHACwiT, Lirg L 1pCeurr
<2{eUev | BLo gl @ @Siged epevid el L_emy QL B @uws&) (Touch Screen
Monitor) pLog@ Geueimryg wr aleaywdisenerr, L& Geuedrig w <T@, [BLOSI
ST oT LUV, BLOGS; Csmaniul 1 CrysSe Qzis s G)a;rrcrrmcvrrw, < HlayLb
BLOF (S (5 Y FITlwT oy(m&TenLoufich B)evevTiogpnb s QFFfLOT S 2 ireTHT?
I BISTEH ()68 My HeshIQUT Pluy 556t BLDE &GS ElonL_g Fierer augtn g FrsLd. -
SULp Lihaen & Frserib (Tamil Multimedia System).
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(P GusT R &h6IT:
&506F

S0l Licvoart & FrgarsHler Sgsmer gCunsip seels gieopCu,
Lopencudsmecailuiley GIEmL k&), GLpbengdsevall, omenTeurr #evall, LeTGIOTLHS:
sevell, GGmifled mL udgall, wWGSsIMsEHLS wHpIb WpHCwTr Hebad,
sercrpmCoirr (QFal(@), 2atemin) &ebad, ULy LiudledebevTSeursHEGLd Heval
STGITLILI(BILD, 6TeVeVTeNS Healsd HIMDEHGHHGLD Uh a1l _& FAFTSS6HT LIS
CLocremiowmeTSTELD. 2 HTTOTSFNG, R ST ST GLphenss& HflFFay.
LSS SHSEDSGLI 11Flemd e wrefll_t _fléb  oubiom Lit_geogsd GISTL L 16,
6wl L1G LT opubLor” oTeT my peda@ih, ‘o) eTeIp eTupdengd QBT L el
“f’ eTehrp cpedluyib, “yibom’ TG euTiTGengenws QBT L meb “ gy, b, Lo -
LbLor” 616 My GLphenFSHCahm GLosbellenFujl_atr gedlSsmeb i@ Lpbensuiic
EH s QETTEHLD Yfeuld TSSEHeT LDL_EISTEGLD eTeTLGley wWiT(heGCHenid
FHCssLb o aaGLrr?

wLpenevd GLpfansenwCu WSS LML & FTETLD LODD Fchals
sieopullerengd ST uFlIL@SEH SpLauflest giaigengiLjlb, 2asSHSenSiLLD
LIGHTLOL ST a&@Lh eTeTudlev FECHHLblsbensy.

uusSm & (Training)

Lish ool FAgeah LWIHFE Fevpuieh GG LIklIE aublsis BN BSHHID Si-
@olres Qavewev eumditiyls He, efeusmuls LIPS, Giyensd CISTLHleL
LD P, Qediapenpis LUIHE), oylafued LUIDS), LoES ULt LIHE Lop pitb Liev
LUIDRS FICODH@ESHSLD LI & FITSITLD R S(BLIL| LPEHGTIITS HSDLOW
2 _GIT6T & .

8la,afsv (Industry)

Q@BmLHleH Freomulleh LIGh 2en1_ & FITGRTLD QA(H LpHFILDTET @SS uFlss
2erergl. GOILILTS erévewr Glsmifled SZiODFHEHEGL P SE W LT
1S H1SSBIIL, PSSR, QBaplevmanir LUHE), LT HIHTIL) LOHE BT
Qs aller g wmiugmer, sgHal Guuum@ (Quality Control), F L6y L1 Q) LT (I &iT
SU_@Lr@ (Waste Control) 2 pLigglé QG Fewey @ewmiiry (Cost Control) Gimesrp
SIeopFafley Lo & FTSeT aleT&&iugeT whHp lerssrusenet oL Ly 1LchT

LOL I FEHE) UTUIBHBTS D|G0ILOULJLD.
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afwrusagm (Trade)

@ity wppGUTEGS sbGlusilger Lo Lo & Frgardsansgsd SHipad
Shugefletr Bl pieuest oyflpHSSiH@&LD, LG LpSew Gleuafiuf 19 HE@b, @fhumuimgy
QuUT@er YPPFSEHDGL LwesTUBISS CLIBLD LIVGT jenL_b&hl eu(HeUend
FusGer seriy (phFemh. Lsewl & srsarsas oTeer Guflu, Shlu
BlmjeueThisEnLd SHpall LisvesT jentl_i @) Hs&esTmasT.
&elpd MH6V6IT (Soclal Welface)

Lo BT _19.G5T QMLI(BLD LT & FENGITHEITIT Fds H(BSLILIGID GBS HI” RUILIT®),
Csmerener GEriidh SHUILFSSITT6YS: SenDay, FDMLILIDSF LD LT FIKTLILY,
togip Cugmnged, Feps alfiLienriay, CEFu obmpiend YFD LUHEIDESHLD
2gFams GFadBId QLI LbG LNTFTTRSEESE YGb. STUGWLLTLH
Uebest & FTSeLD @VbS LITFTFHISENGT FHFeMWLI LIGTLIOL BIFHTS 2 WiTshE)
QuupbLTTeT WHHEHHG Gophs GFwaler @)ser LWTST HenL_ &5
euLSleu@H @ Lh.

Sludpss Guré @ (Entertainment)

FewhiGlurm! aflenerwimi_Ber (Computer Games) & greurt wpseb wpSlweurt
aueng eTeVGeuTenuiLd FFITS HISTOTET T LIS WiT(héGD FHCESHD Q)HEHST S
eT6wr BlenerS&Cpetr. efenemumBILIGUTSE afenemITND FLowSEeh 2 6iTen wLp(Lp
FFGIITR) LIG) 2811 _& FTSTSSHDG Fenl_SF Lpsed QeupPhwumSi. SHOIT P &I
vuoGeupyuil L. eflemerwml B, Hi-erb, FaEsh, FSHgr LDHHSE6T,
e L pulip&Sser GumeTy gieopseeh L ser_ & FTGeTb QUL Likg auSlshs
Q& g, '

SO OO U6V &6

Leh 297l & FISATSHIGH LpHed FpliL) o)baFlb gobLjevesTHeesr mAEHLITE.
gjeugeurt SmiblomuIGeaCGu LudH&luyd Fvefluyb oyeureurt CsemearsCasnm
BTef oyt elGLULLGD QUITW S Rl _&s5d& Qi s OV X4
SeflldFesTenowT GLD. @) &I (b FeVev FiMweny e yulgib vl sendg G
Crrdglsh levL_&a Qediytb WSSSHES FTEHOTLOTS Els1p Q) BSED 5.

QeupplpGscvewry Cuenrs o uQum&liueufalr seTen g CEHL
(Userinteraction) g &Awirt Lomemreuflent_Gu e iy Qeu piiy @)eveurr $, o8 Senert
oo Cal_maub Fdleorg elerdshisemar _oedsacie Fmis Fevad
Lop mith LIUSIHE) FTSSTLOTS Q)b LicvLSIL &% FTSRTLD jeLDiLs D GTET &) FUPSHTW,
Lun@ermsTy, Havad, Qarifled efleusrmws genpsafsh sevaiuyb, LiuImHELD

SLILIGCW Bib Lossenend QFsTment_w SO L16h ser_ s FTETLD SWITTTE
Q9L L gy,

‘ REFaG s8ps Sgmiossefe e Gugelld GlFeTg umwg Sl
wasefion Cu i @il jesTireney ahLBSSL CumeauBed gunevenev.
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BIOIPsD 58660 &61 ST DU WD
(Need for Database in Tamil)

Lg_GT6v. (LpS &) GF) (K 6ipessT 68T
Fmoolut" Geurr M&FrF &emis

Locsflgeuflehr auTLpdenss GII(HLbLITEYLD S&HeuedlesT GLoshSTer o 6iTem &), ThHS
(B CFwW aFGLD,C)STLHIFHEGLD LIVGIGLOTET HHUHHET DJeUFIUILDITUIGITCIT 6.

<2/ SV QUG I GIT, L&, LIGT &6, BTeObleneuwii&elr, QIS TLADE Tenes 6T
Cumesrp @_Musafley Lwalswrear Fseusser CLMIUIDHGLD YupeonF
QrwesbBSHSayLd el iGQumbluienesr o LCUITSHSLILIBS SIS DT TSHET.

ThevT Ssauevsemenuyyld SefliQumpluied Cumil () ywousenar
2 IQUTESSSNG S&hS TEIM L9fg g eweuda Carer(BLb. @)ereur mi eTebeur
SFHUGLEHEMATL/LD Ga(bEIGIenen bl neudG(GLIICSH S56U6) STLOTELD.

BLog BTL 1960, Q)T mib HFmolt yphseflsdy @YBSGLD LOSHEHSHE STUl
Cumplumer sblpsmesr mereg Qshuyn yeursepn 2 uCUTEISESLD Moy
@S FFH6u6 19 SFemb SLOLLleILD FewsflliGTpluileb erHpGeusdorLy wi gl eu&luiLb.
Cevesrig s sEaucvsEamaenr LOLPL Gp sjenoril) CeuadsrGIb. 9y itot” BILo6T D)
ssaicbsener s @) Bh&E Gaugy eTib GWomflé@d LomHmayb GIFUNLIGUTLD.
Gou gyQomipluiley e airer goalvaemer sLApleDd SeslGuTpluicy SLolLSleviLb
QuD@wad QbS 2TelNG FefiGLITD! TDDLD HEVTLY (BEGID &I. TGV L L
BFHEOUCHFENGTULD SFHGV L§ SFeT G0 CFir&sevrid, 2 LICWTHLOPD SHaUCLHHET
BE&Ha b G)FunLIeUTLD.

Quflu senL_sefeh @)SFFHaIeL Ly ST SEIGHT LPEULD GUITLY FHEO FUITETIT HET
ShF@rs@ Csomawmaraeasamer senfluGumpluier oapewd Gk
QIEHS FIFG FTeTaTeLTLD. uThiEgLd QT _seflstr LynsGermid, 2 TGSTHDLD,
QuiT@sL_safler gevoliy yyFhuaipenpud SHessfliiGLimpluilesT epevLtd &Tesst
Quigutb  (Through Multimedia). S _Roers), Fewfl 1O LmBlGuw
YUIQUTBL _Sener Lupd aferdsuptd GC&mTEHSGLd Yyengs BTD CHL Feayb
Qeuiweurib, @erenib Hev @) _misefled prd CHl @b Csxeralls@nsd@Ld,
Feusfl 1T E] LG it GY&HT @IS GLD.

SHFUD YL SSETLD TVVT @)L rArGaflgyib 9/u&EWLDT U6 T &)
TLCUIT(hS@LD JUFNILOTUGTOT &]. GTSHSHTVSHNHSGSLD 9jeuSFwiomudl(sS&ID Si,
TLILIGEUNGVILD uAWILDTUNBEHGEID &I D)SSFHHeUD I HFHETLD LPEODLILILY.
2 LIGUITS LIRS SL LILG GIT, LD SHGNGH GUIT LS e&S ST LD 2 I(5LD, 6Uessl] & LD GlLIEBELD,
STLomeT QUM &6 Ewmwiorat afleneuuileh FHlenl _&@GLb DT &FTSLd SMLbLIL
Q)FwehLIL_ @)urep)Lb.

[BIVSESEAG) GTITETLOTGT [FIGVSHET 2 GITGTGS BJGVHGIT spauGleuTesTpleneuruLb
S| FenieoL_W STLILIDES T DpaT m L9MS g, GeuafliQIb o FFsbansL QWi S i,

Ahwengts Qurmiss orer LLCam auenSuileh L' L QIeHERT LGS SEVTLD.

aiurm QFuigsedlleds LwenuTOIGeailey, Brvssams o LIQWIMTEBILILIGUT SHETSHS
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Qeuetwrig-weupenm FrAlwumrs Gsrbs®S 5 qu_é;&;@ngyLb..gjrsbgdr' B&TE
LweTL®RSSLILIGID. @6t (Lpevib BT 1 667 HebafluwpleyLb G’Lowumt.__u_w,@@@,
Cuauth @@ GOIIA L G&FT Y& SHa ThHS Ma‘:’)su 2 GiT6N g
STRTLIGHSWLD FHEUD L9 SETSEIGHT eLpevld MhIeUTLDb. Q)T ) HLb BT 19 6D
L16VCeu 1 QU SWITET LITL_SFIL_L_BIS6T 2 GITemerT. LITL_figenaT LeTefluiley Lol (Bitb
T @F L_Lg GYILD [5GHT (& LiLg-&5 &I 56V6V LOF) L 1G) LIGHT FH6iT Ut ihi&h6u & GLopLig L1t &,
&S WTeuGLoT G TerT &) Q)SHGLD @)BBTefle) FHaued jig $FHTHS)6HT eLpeuLd
eTeLeUT LITL rusenermifid HewsGUITpudesT eLpevtb &M mIGGIETETEm &FIT HevTIhI 6T
D _GITGITGT. ' : ' '

ThHS UMEWTST Hell FHDIeH 6ThE UMHSUID QUTITLD?, &Gk
&GOT T S F Wik S6iT 6Tesrerr GLIMEHT D a6 AhiISENETULD HHEUG LG & BT SHBGHT eLPGULD
QMNLIGUITLD.

@) siaueny FHalcy ,g;Lq_g,gsmgéﬂm BTGOSO YT TUIFGHTLD. BYTT6V,
& & GGV /19 SH 6T LD 6T &l 6UIT M) MW SHLILIGFID &7 6T QU QU T M
ugmof&su@ED &1? eTesTLMDEOD FHmy T TIGeuTLD.

QU(HLD SHGULSHET eTewuTaHeDujd eTlitg 9fMS g eweusdHmey,
2 LICWISIILIGUTSHEHE G 2F)&% LicvenatT OIS TESS (LPLIULLD GTCHT LIGSEn6sT 4T U1k i
<sHCHEHDLIY. SSHeucLseT LIMGSULIL B SSHeucvFenen FewfliGmpluiey
TDpIFeTmetr. ibom&HMGuw, BTeOFeT UFFTeId & &TLOLOT S Aluimesr
FFHULHGT TVVTLD Q&ETHEHFUPLY WD 6T 6oT gmeih Sl b LomE) i wresr
SEHAUHHENGT GTGLGVTLD U SLILIBSS) SHesfliQimpluied oTH mi&esTmertrt.

<@ MCu GCesMss ssacbasmer 6Tebeumd TLIGMITUPSILD LOTDITLOG
Quuugdme. Ho ssuciser wrBlsCaETarCL wyererar.  oybomEiM
LOTBIYETET SHAHENGT, SHUWD I SHMTSH LTHD CaustrGIb. LoTH miLd
Geauememuileh, uewppw FHacvsamer YiPGECam gbewg aud s s
Qe eerLg (h&&Caut Gleuiu Goustr Bib. @)b Lo MISEOFET SHaIH 919 SFaTSSle0
@Fuwi_meflig 67 $H6ueh iy Sserid 2 LIGUITSLHDSTEHIEILD.

WBlgeytb Sy oliti’ B CoaMiss $H6u6d 9Ly SoemsSlencT 6GST& LT Lofl S B med,
BISGH (Lpeuid THLIBILD alleneney&elr ereiressilev_rism | (@) &t eTibLom S cresiey,
BT @@ UTEeald 9/8ls ey QET@RS s uThIGHIGCDTL. % alemev

®5H@§g,j6"]’TGWfbe 6T GBT LI & 6T IT 6D e uGur&ésmioGeur <9f6L eV &
ugrwféstiue rwGer @ @GEST®,  eiamserib BTG em L_a 6V
2 UG EWHDSTE NG LD.

QUIT & GOT & 6% 2 11Gur& s b QGoeues I
ugmwiéseyb Ceustr(Rib. s S RUHTGIED
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RESEARCH IN TAMIL LITERATURE USING
COMPUTERS

' P.PANDIAYARAJA
Department of Computer Science
American College, Madurai

The digital computer is a great boon to the statistical study of language and literature.
Thecomputer's abilityto search, sortorprocess evena vastamount oftext material with great
ease and speed is used to the fullest advantage in many areas of literary and linguistic
studies. Early attempts of numerical analysis of language data received a greatfillip after the
advent of modern computer, thoroughly revolutionising the area of computational linguistics.

Dr. P.C. Ganeshsundaram, Dr. Namperumal and Dr.R. Shanmugam were some of the
early users of computers in Tamil studies. All of them used the then available FORTRAN Il
language which is relatively unsuited for string processing. Yet their studies were similiar to
attempts to walk on untrodden soil since they had to struggle not only with the data butalso
with the limitations of the Computer language they were using. The Tamil University's work
on 'Computer analysis of Tirukkural’ can be said to be the first major attempt on the use of
computers in the analysis of Tamil literature in India. This author had made some studies on
the Tamil language and literature using Computers and has presented some papers based
on his study. This article aims at highlighting the methodology followed by the author and

share his experiences.

The first ever attempt by the author to use computers for his study on Tamil language
was in early 80 ‘s . He was inspired by a remark made by Gustuv Herdan in his book
Type-Token Mathematics. According to Herden, a language is an apparatus for the
communication of thought within a speech community consisting of persons using the same
phonemic system, lexiconand grammar. However, he claims that quantitative studies have
shown that there is another common factor, namely a farreaching similarity between
members of the speech community, not only as regards the phonemic system, lexicon and
grammar they use, but also as regards the frequency of use of particular phonemes, lexicon
items (words) and grammar forms and structures. Inotherwords, a similarity notonly in what
is used, but also in how often it is used.

Taking this as the hypothesis, a study was undertaken to test the hypothesis in modern
written Tamil. So, two authors, namely ti.Janakiraman and Kannadasan were chosen. One
novel written by each, namely Amma: Vantha:l and U:maiyan ko:ttai were selected. Words
were chosen from these novels using random sampling technique. Then came the problem
of transliterating them in English to be read by the computer through a programming
language. Initially, the usual way of writing Tamil in Roman script (K,NG,C,NJ,T.,
N., TH,N,P,M,TR,N,Y,R,L.V,ZL A A: |I:,U,U:,E,E:,AlLO,0:,AU) was followed by the author.
It-is evident that here that the use of diacretic marks has become almos:t_unavoidable

especially in vowels. The combination AA,ILUU,EE, 00 were thought of but pot _usgd
because of the possible confusion in their pronounciation. For example, EE combinationin
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the English words like tree, Spree, see etc., have to be pronounced as i: in English. Similarly
the OO combination in the words taboo, zoo., would confuse with the O: sound in Tamil.
Hence it was decided to use the usual diacretic mark used in Linguistics also. But these
diacretic marks make the sound recognition in the Program more complicated. For example,
the letter T should be recognised only in combination with the next symbol (asT.,TH or TR).

In spite of these difficulties, programs were written in Pascal language to count the
various phonemes in the two samples. Apart from this, the texts of three works in
pathuppa:ttu namely, Thirumuruka:rruppatai, netunalva:tai and Mullaippa:ttu were fed into
the computer and through a program, they were split into words which were sorted to enable
the study of the vocabulary content of these texts. The type/token ratios forthese texts were
calculated and compared with those of various chapters of New Testament in the Bible as
presented by Herden. This study also enabled the author to verify the law of relative growth
in literary products which in quite similar to the law of relative growth in Biology. Finally,
through another program, the ci:r and talai counts in these three texts were made and their
distributions were compared for their significance of difference. All these results were
presentedina papertitled, ‘Statistical analysis of some Linguistic features in Tamil Literature’
at the Third All India Conference in Tamil Linguistics held at Thanjavur in February, 1988.

After this experience, the author drastically changed the pattern of transcription from
Tamil to English and has developed his own method on one sound-one key basis. Using this
method, the author has stored enormous amount of data, starting from Tholka:ppiam and
upto the Modern Tamil in Magazines and Newspapers. He has also written many programs
in Pascal and is actively involved in the chronological study of various features of Tamil.

In the mean time, the author has presented some papers also based on his computer
analysis of data in Tamil. One such paper was at Pondicherry Institute of Language and
Culture where he presented a paper on “The association between Sound and Meaning”.
Various pieces of texts from sangam poetry depicting different feelings like love, sorrow etc.,

were analysed through programsinthe computer and definite preference (by the authors) for
certain sounds for certain feelings we

re brought out by the study. The ci:r and thalai
distribution of Akaval Pa: in all the texts in paththuppa:ttu were analysed and a diachronic
study of their distribution in sangam period was made and presented in the fifth annual
conference of the International Institute of Tamil culture and Research held in June 1994 at
Trichirappalli.

All tho_se_stqdies would not have been possible but for the extensive use of computer.
The great limitations of text processing through a programming language are
1) The creation of data files

2) The inability of the programs to read Tamil Characters.

Theprocess offeeding the datawhichis th
Evenif thi
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