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Two sorts of text encoding:

* Encoding of CHARACTERS

* Encoding of STRUCTURAL ELEMENTS
OF TEXTS ("Formatting”)

* UNICODE is about the former, not the
latter



Background of UNICODE

* Encoding of characters - a history of
chaos



Encoding from “stone age” to
UNICODE: Rigveda

R700123011AGNI M+ NAI!EO DI:!D)ITIE) IR ARAINWYOR HAI!STACYUTI: JANAYANTAE PRAS=ASTA
R700122012!M / DU:REDS!S=AM+ GO9HL!PATIM AT)ARYITIM

R700123021TA!M AGNT!M A!STE VALSEVO NY SQ&N\VAN SUPRATICA!KSYWAM A I!VASE KIJ!TAS= CI
R700122022T / DRAESWA:I!Y¥YO ¥YO! DAIMA A:!SA NII!TYAH-

R7001Z22021PRE!DD) O AGNE DI:DIHI PURO! NO! "JRSRAYA: SU:RMY&A:& YAVISNTWIA / TVA: |
R7VO0123022M+ S=Al5=VANTL U.!PA YANTI VA: |JA:H-

R7YO0122041PRA! TE ASHA!YO "GNILB)YD VAIRAM+ NILH- SUVI: |RA:SAH- S=05=UCANTL DYUM
R7001220428 ' NTAH- / ¥AITRA: NA!RAH- SAMA: !SATE SUJA:TA: LH-

R700122051DA: ! NO ASNE D) I¥YA:" RAYI!M+ SUVI:!RAM+ SVAPATYA!M+ SAHASYSA PRAS=ASTA!
R700123052M / MALl ¥YAEIM+ ¥YA:I!VA: TAIREATI YA:TUMA: |VA:N

R7001240610PE YAIM E!TI YUVATI!H- SUDAIEKS\AM+ DOSYWA:! VAISTOR HAVII!SWMATI: &) 9T
R700124062A8:)CI: [/ TTI\PZA SVAI!NAM ARA\MATIE VASU:¥IT!H-

R700124071VI!S=VA: RGNE! ‘PA DAHA:!REA:TI:E ¥YE!B)IS TA!POBR) IR A!DARHO JAI!RU:T)AM /
R700124072 PEA! NISVARAIM+ CA:TAYASWVA: |MIT:VA:M

R700124081A:! YA!S TE ASNA TD)ATE! AINT:KAM+ VAI!SIS\THWIA S=U!ERA DI: !DIVAH- FP&: |
R700124082VAKE / UTO! WA EBI) ! STAVAIT)AIR IHA! SYA:H-

\bMandala_7

11 agnim naro didhitibhir aranvor hastacyutl janavanta prasastam / duredrsam grhapatim atharyam
12

tam agnim dste vasavo ny rnvan supraticaksam dvase kitas cit / daksayyo y6 dama asa nityah

préddho agne didihi purd né “jasrava stirmya vavistha / tvam sasvanta tpa vanti mmh

14 pra te agndyo “gnibhyo varam nih atmmmh sosucanta dyumantah / yatra narah samasate amatah
15 di no agne dhiva rayim stmmm svapatydm sahasya prasastim / nd ydm yavi tarati yatumavan
16 upa yam ¢ti yuvatih Nudd]wdm dom vastor havismati JhttdCl Upa svainam aramatir vasuyuh

17 ﬁmm agne “pa daharitir x-u,bh]s tapab]m adaho hnut]mm / pra nisvaram catayasvamivim

18 i vas te agna idhaté antkam visistha sikra d]d]mh pavaka / ut6 na ebhi stavathair iha syah



Encoding from “stone age” to
UNICODE: Greek "Beta-Code”

.*Q D o rekd Af wuuuuu{l 2H*O*E*H*”*H*N*I*H;}l Q@*MOUSA/WN * (ELIKWNI
A/DWN A)RXW/MEQ' A)EI/DEIN, CAI(/ Q' *(ELIKW=NOS E)/XOUSIN 0)/ROS ME/GA T
E 7A/QEO/N TE, CKAI/ TE PERI\ KRH/NHN I)OEIDE/A PO/SS’ A(PALOI=SIN CO)RXE
U=NTAI KAI\ BWMO\N E)RISQENE/OS *KRONI/WNOS: CKAI/ TE LOESSA/MENAI TE/REN
A XRO/A *PERMHESOI=0 (CH)’ *(/IPPOU KRH/NHS H)' *)OLMEIOU= ZAQE/0IO (R)KRO
TA/TW| *(ELIKW=NI XOROU\S E)NEPOIH/SANTO, CKALOU\S I (MERO/ENTAS, E)PERRW/

SANTO DE\ POSSI/N. CE)/NQEN A)PORNU/MENAI KEKALUMME/NAI H)E/RI POLLW=| CE
bHesiod

cTheog. p0 ®EOTONIA P Kal T¢ AOBOOQpEVQL T.épswx ypoc Tleppmoaoio
pl Movoawy ‘Ehkowiadov apyoued’ aeidew, p6 " “Inmov kprvng ' "OA pemu {adeoo

p2 a1’ Edkavog eyovaw opog peya te {abeov te, p7 axpotate EAkaw yopoug evemomoavro,

P3 Kal T€ epl KprvNy 10eldea 100" amakoiony p8 kadoug Lpepoevac, eneppoavto O¢ 1000y,
p4 opyeuvtan ket Pupov eprodeveoc Kpoviwvog: pY £viey ATOPVOUEVEL KEKOAVUMEVEL TEPL TOALD




3

4

Encoding from “stone age” to
UNICODE: Avesta

35,2

1228l
Phsoapppa popagy Sy dgymly Cap

..I..IJ’J':.IBJJ I3 3_;."!_;&_” iy _em.l

= Sy Casplary Py

(2 M pgpasg - ohe. yopmoshy) o o

% anygpu Py sy a.u a.u

o Cpeagr iy awppe asgleg

Canpasfafely SawpangTopSaly fanpqagsag

APl TG SRy Aoy upy
0 i iRy

2 agysanpu Sy aqysamno Agysang Syt

Haptanghaiti.

35,6

3.1JQyJJ-€14u 22550 {QJJ"Q)) ) IO Y AP O Ay Iaupy

Dy sawgfuy amspfihopanly aspaufa)
”_-_r,.o'%l.uuawé, E'J“PJJ”}O“))I;\)D# 4__,_."_,””'0

T anpyy o sspylpas s
o Gl oy sabpSH\ ol
Hhegrr Caspagpubigay Lopa Gpwsy joug
) *‘.a.u»m.
weuldoo)

laspsgpayeney Sy
210 .lw-'.l-lo .J.I\.IPJJJ.I'@JJ .J.I..I-J)\JQ}’.H
(u.o .1|'.:.|_a} .39y J_.uj}%JQj:.uo S .m-ﬁ';p’bﬁé

I

3_.1u¢..rﬁ 2y 2..].!.!0..!.1!' AO)

&.uro .,}Qrfbu E:_u.m: S.md.u 4.{;116.1.-.-[”- Jﬂtg.u{l)



Encoding from “stone age” to
UNICODE: Avesta: 1985

Y odn oF

taT. aT. vairIimaidl.1 ahurA.2

mazdA. atA. sriIrA. hiiaT.3 1.
mainimadicA.4 vaocOimAcA.S5 viird=zimAcA .6
yA. hAtam. BiiaoODananam.? vahiStA.
A1iAT .8 wubhOibiiA. ahubiifn.?

Y 35 4

1gauwndi. adAiS. tAiS. fiiaob0anAiS .2

yAis. vahiStAiS. fraEBiiAmahl .3

rAmAcA. vAstrimcA. dazdiifAi. surunuuatascA.4
asurunuuatascA.5 xfaiiaMtascA. .G
axSaiiaMtascA.?

oy 5

1huxSaor0tiimAi. AT .2 xSadrim. ahmaT.
hiiaT.3 aibl.4 dadiimahicA.5 cISmahicA.6
hunamahicA.Y hiiaT.8B ma=dAi.

ahurAi. a%AichA. vahiStAi.: <huxSaor0timAi.
- vahiStAi. ...:=D>



Encoding from “stone age” to
UNICODE: Avesta

Y35 3

tal. al. vairImaidl.l ahurf.2

mazdfi. a%A. seleh. hiial.3 I.
mainimadicA.4 vaocOimAch.5 viirtizinfAcA.6
yA. hAtam. BiiaoDanandm.? vahiStA.
R1iAT.8 ubOihiif. ahubiif.9

Y35 4

lgauu0i. adAiS. tAiS. PiiaoDanAiS.2

yAiS. vahiStAiS. fraEBiifmahl.3

rAnfAch. vAstrimcA. dazdiifi. surunuvatasch.d
asurunuuatasch.5 xbaiiaNtasch.b
axbaiiaNtasch.?

Y35 §

1huxGairOtimAi. bAT.2 xSabriin. ahmal.

hiial.3 aibl.4 dadimahicA.5 cISmahich.6

huuanahicf.? hiial.8 mazdAi.

ahupfii. aSfich. vahiStAi.: Chux$adrOtiimfi.
. vahiStAi. ...?)

¥ 35 3

tat. at. vairnmaidi.' ahura.2

mazda. asa. srra. hiiat.? 1.

mainimadica. 4 vaoccoimaca.? vaorazimaca. ®
yva. hatgm. Silaocdananam.?” vahista.

Xiiat.® uboibiia. ahubiia.®

Y 35 4

1gauudi. adais. taif. SiiaocIJanais.2

yais. vahistais. fraesiiamahi.?

ramaca. vastramca. dazdiiai. surunuuatasca.t
asurunuuatasca.® xSaiiantasca.®

axSaiiantasca.?

b e LT

ThuxZadrotamai. bat.2 xadram. ahmat.
hiiat.? aibl.* dadamahica.® cifmahica.®
huugmahica.® hiiat.®? mazdai.

ahurai. agaica. vahistai.: (huxSadrotamai.

.. wahistai. ...2)



Portation steps:
from WP4 to WP5 (1990

(1st 16-bit encoding system)

¥ IFI5 o

tafB. a'P. vair-BiEmaidBELE .1 abhunx-EopE U2

ma=dBE=2E. al -BE=2(3 . =x»(EBLiBExE2E. hiiaB1rpE_ U3 BB o
mainimadiciEF=E _ 114 uancﬂ@ﬂlmﬂ“ﬂcﬂ“ﬂ S o EAEErEEE=amBE=EGcE=E - U6
i =E B“Btﬂ;:lﬂm- "Bllauﬂzﬂananﬂ1ﬂm Y vahiBoEcE=E o
Bnﬂllﬂnﬂﬂ 8 wbhiERibiiE=E. ahubii@E=@ 49

Y 3I5 b

Ml gauwuBPFEaEi. adB2Fi@g°EF. tEF2EHiE°3. B EiioolBF=ganBE2EFigopr . U2
pEEEIiFE . vahiBFEFtBF2GiEo3 . FralbB2EEF FiiBP20CmahBEBE _ 213
»EF=EmEF=2FcEF=0 _ uﬂgﬂstrﬂﬁﬂmcﬂnﬂ_ da=dii@E=3Fi _ surunuuatascﬂnﬁ 214
asurunuuatasciE2E U5 x@ -FaiiaB—DBtasciE=2E 4G

ax<iB -Baiiai—BtasciE=2p@ U7

Y 3I5 L

] hu=E - Fai=Er»FEEctEaEmBE2EFi. hHE2EELE U2 «F -FalBF=3rBE3Em. ahmalBri@ o
hidjaBB2E_ U3 aibiBEi3_ 4 dadBEaBmahicE=2E 25 cBFLiBE -BmahiciBE=E 26
huuBFgmahicE=2E _245 hiiaBF*E -8 ma=dBE =06 i .

abhbur-B=2=3i._. alF - BB“Bch“B- uahlﬂ“ﬂtﬂ“ﬂl-- ThuxlF - Fa=Er-FeaEtctEaEmBE=0E 1 _
- wahi@F2oFcEF=2E 1 .

OAtRlEta '>»AL. al>@L. vair "afl'maid Yaj '-- HA 18— ahur'—]:l'- I-IEI: —i=

':mazd 17, a g LI1FL. =srafl'»LIFLY. hiia L]
IHACEFE mainimadic 13 —] Ao '-H im 1YW L1 '-BI '-r-'-B@'—z:i_
i e !-: hL1§ Lt 8 |-B CMALiiao '>Jlanan '-__';]'-m U-El.hl ) o =L B o

L —A8— wub YWY Hbii Y15 ahuhll I-]' L_HE P&

L_ t L]ﬂ'—iﬁl—_ L(l Lii-ﬂ.ﬂ L} L-El.n L]- LiL
. fralof] CALii L1 'mah 'afl . HIF3
=1l v Il tstr TH c I, da=dii'1f]'i. surunuuatasc

hiia L) EIEES aibla: —| dad LB 'mahic Y1} c LafL

ahic LI13]v I:z ]111a E —| ma=d V1§ %Y5E .
t"]:]"ll:: '-]:l'- vahi %EI At = (hux '—q o Ly LR "B 'm L1545 -
e - - m =

Hjuﬁux B la >0 Y R Lt'- LmLIfbE. b LIES LD L-%HH xtalila >



Portation steps:
from WP5 to WP9

(automatic, but failing)

Y 35 3
Y 35 3
irn i 1 = 2 T . —_
N OF WARTINEAON," TR ta). a). vairimaidi.! ahura.

mazda. asa. snra. hiiat.3 1. mazda. RQE_I.. S, hllEl)3 1

mainimadica.* vaoccoimaca.® varazimaca.® mainimadica.? vaocoimaca.® vBrBzimaca.f
yva. hatgm. Silaocdananam.? vahigta. };ﬁ hf_l.tfl,lﬂ. (llﬂﬂﬁﬂﬂaﬂﬂ,lﬂ? vahisfa.

%iiat.® ubgibiia. ahubiia.® \iid).? ubGibiia. ahubiia.’

Y 354 Y 354

1gauudi. adais. tais. Siimodanais.? lganuol. adais. tais. (11ao0 anais.?

yais. vahistais. fragSiiamahi.? yai§. vahitais. frag(iiamahi.’

ramaca. vastramca. dazdiidi. surunuuatasca.4 ramaca. vastrBmcea. dazdiial. surunuuatasca.?
asurunuuatasca.’ xSaiiantasca.® asurunuuatasca.” xqaualtascﬁﬁ
axZaiiantasca.” ﬂKqﬂiialtﬂSCﬁ-?

Y 35 5 Y 355

1huxSadrotemai. bat.? xSadram. ahmat. 1huxqaﬁ1ﬁthﬁi. bﬁ-)'2 anﬁ'er. ahma,).
hiiat.? aibi.* dadamahica.5 cidmahic3a.® hiia)* aibi.* dadBmahica.> cigmahica.®

huugmahica.” hiia).? mazdai.
ahurai. agaica. vahistai.: (huxqaCrotBmai.
.. valusfai. ...:)

huugmahica.? hiiat.® mazdai.
ahurai. agaica. vahistai.: (huxSadrotamai.

.. wahistai. ...:)



Portation steps:
from WPS5 to Word 2000

(automatic, but failing)

Y 35 3

tat. at. vairmmaidi.' ahura.2

mazda. asa. srira. hiiat.3 1.

mainimadica.* vaocoimaca.® varazimaca.®
yva. hatgm. Silaocdananam.? vahigta.

Xiiat.® ubodibiia. ahubiia.®

¥ 35 4
1gauudi. adaisi. tais. Siiaocdanais.2

-y — W — wraa—

ramaca. vastromca. dazdiiai. surunuuatasca.4

asurunuuatasca.’ xSaiiantasca.®

axSaiiantasca.?

W35 5

Thuxadrotamai. bat.2 x$adram. ahmat.
hiiat.? aib1r.* dadamahica.® cifmahica.®
huugmahica.? hiiat.® mazdai.

ahurai. agaica. vahistai.: (huxSadrotamai.

.. wahistai. ...:)

Y35 3

ta). a). vairimaidi.' ahura.?

mazda. aqga. srira. hiia).? 1.

mainimadica.? vaocoimaca.? vBrBzimaca.F
ya. hatam. (ilao¥anangm.” vahista.

\iia).% ubaibiia. ahubiia.?

Y 35 4

'gauuoi. adai$. tais. (iiaoUanais.
yai$. vahistais. frae(iiamahi.?
ramaca. vastrBmeca. dazdiiai. surunuuatasca.”
asurunuuatasca.® xqaiialtasca.b
axqgaiialtasca.’

Y355

ThuxqgatrotBmai. ba).2 xqatirBm. ahma).
hiia).? aibi.* dadBmahica.? cigmahica.b
huugmahica.” hiia).? mazdai.

ahurai. aqaica. vahistai.: (huxqgatrotBmai.
.. vahistai. ...})



Portation steps:
rom WP5 to HTML (UTF-8)

(special programming required)

tal2>2f@L. al>AL. l.ll_-El.l » LAl tmaid La]

L HE 18- ahut"‘]ﬂ" H3 =2
ma=d 15 . a IFIL. =»15F%W L] I:\-EI.

L hiia L '—

mainimadic L1 vanc LN aimL 1= L1} v LBMAL
L £ h L1 '-t [ LA Hdiao >l anan '—_E'—m- o vahi
~BATiit1HL AL FE 13— ub Wl ibii 18, ahubidi L18L. H3 2

anun LWNEYEd . adt1
L. vahi Leg LOlYS
' 1. v L1fl'st» LBN
-HEEE x'gflaiiall'*tasc “10- HE 68—

AaiddiallAtasc LVI1FIY. HA 18—

= L1180 Llj'i% Ljjiao > '- EHLE
L. Fyalo (E'— ]j]'—ma}l'- —%
o

c LIRS dazdli'-]g o= surunuuatas

H3 ux E'—a LMl LHE s L' '-m'-]j]'-l- ]:r'—]ﬁ]'—'—)E'—- I_El-é% > Lyl la '-}
h11a o —a— -El.l]:l '-a L LEA 'mahic -1 c Lol
huw & -El.hll:: = '—g hiial>» I:B ma=d L 1]

t'—]g'—lc '—]g'- vahi LAY - = (hux'—q Ly- LEFI 't Bm'-m'-]g'-l
St o

¥ 35 I =<BR=

tati=. ati®. vairA«maidhc, <SUP><FONT SIZE=-3>1</FONT></SUP> ahurdll<SUP><FCONT 5IZE=-3>2<FONT></SUP><BR>

mazdAll. aA;EAL sriwrBl hiatl <SUP>=<FONT SIZE=-3=3=fFONT==<fSUP=> Au =BR:=

mainimadicAl <3UP><F ONT SIZE=-3>4</FONT></5UP> vaocAlimAlcAl.<SUP><FONT SIZE=-3>5</FONT></SUP> vE ™ rE ™V zirn Al Al <3UP><FONT SIZE=-3>6</FONT=></5
vA. hAltA. _m. Ajiliaclanand. . m.=SUP==FONT SIZE=-3=7=/F ONT></SUP = vahihtil <BR=

®iliAL® <SUP><FONT 51ZE=-3>8</FONT></3UP> ubAlibiiAl. shukiiill <3UP><FONT SIZE=-3>9</F ONT></5UP><BR>

=BR=

v 35 4 <BR>

<SUP==FONT SIZE=-3=1</FONT=</SUP~gauulll. adllii;. talid;. Ajliiacl‘andlidj<SUP=<FONT §IZE=-3=2=</FONT==/SUP><BR>

vAIA;. vahidtdllA;. frad AjlliAlmahic <SUP><FONT SIZE=-3>3</F ONT></SUP><BR:>

rBlmElc Al vAlstrE ™mcdll, dazdillli. surunuustascAl <SUP=<FQOMNT SIZE=-3=4</FONT=</SUP=<BR>

asurunuuatascAl <SUP><FOMNT SIZE=-3>5=/F ONT><fSUP> xAjifaiias HascAl <SUP=<FOMNT SIZE=-3>6</FONT><fSUP><BR>

axch jifaiiaatttascAl.<SUP><FONT SIZE=-3=7T</FONT></SUP=<BR>

=B

Y 35 5 <BR>

<SUP==FONT SIZE=-3>1=/F ONT==/SUP =huxAi€al rAlE WmAll. bAll =SUP==FONT SIZE=-3=2<fF ONT==/SLIP= xA;i€al rE '¥m. ahmati" <BR:>

hiiat]” . <SUP><FONT SIZE=-3>3</FONT></SUP > aibA«.<SUP><FONT SIZE=-3>4</FONT></SUP> dacE ™ mahicAll.<SUP><FONT SIZE=-3>5</FONT></SUP> cA«A{Emahic,
huud __mahicAl <SUP=<FCNT SIZE=-3=7=</FONT==</SUF> hiiatl"_=SUP==FONT SIZE=-3>8=</F ONT=<YSUF = mazdAli <BR=

ahurdli. aA{igAlicAl vahiditdl.: (hu<Ajisal'rAkE ™ mAli.<BR>

. vahifjtdli | )=BR=



Portation steps:
from WPS5 to HTML (UTF-8)

(special programming required)

Y 35 3 <BR>

tatl”. ot vairAsmaidAc <SUP><FONT $IZE=-3>1<FONT=</SUP= ahurhll <§UR><FONT $IZE=-322</FONT></SUP><BR>

mazdAl. adiieAl srherdl hiafl® <SUPs<FONT 81ZE=-353<FONT2</SUP> A¢ <BR>

mainimadich] <SUP><FONT SIZE=-3>4</FONT></SUP> vaocAlimAlAL <SUP><FONT SIZE=-355¢/FONT></SUP> vE "rE WzimAlAl <SUP><FONT SIZE=-3*6</FONT></S
vAL hALKA. . m. Aiiliai'anand...m <SUP><FONT SIZE=.327</FONT></SUP> vahiA tAl <BR>

A" <8UPs<FONT $I2E=-358</FONT></SUP> ubAlibil. ahubiidll <SUP><FONT 8IZE=-358<F ONT></SUP=<BR>

“BR=

Y 35 4 <BR>

<SUP><FONT 81ZE=-3»1</FONT2</SUP>gauudli adklid. tAlA;. AilliaolanAliA; <SUP><FONT §IZE=-2»2<F ONT></5LIP><BR>

vAGA;  vahiitAliA;. ralA liAlmahA« <SUP=<FONT SIZE=-3>3</F ONT></SUP><BR>

rAlmAlcAl vAlstrE™meAl dazdidli. surunuuatascAl <SUP:<FONT 8IZE=-3»4</FONT=</SUP=><RR=>

asurunuuatascAll <SUP><FONT §17E=-3>5</FONT=</SUIP> %A aiiad*tascAl «SUP><FONT §IZE=-3>6</F ONT></SLIP><BR>

axdil£aiiad'ttascAl <SUP><FONT §IZE=-35T</FONT></SUP<BR>

“BR=

Y 35 5 <BR>

<SUP><FONT $IZE=-3>1</FONT></SUP >huxA;£alrARE™mAL. bAK" £SUP=><FONT $IZE=-322¢/FONT></SUP> A i£al'rE™m. ahmat®.<BR>

hiatl? <SUP><FONT $IZE=-323</F ONT=</SUP> aibAx <SUP><FONT $IZE=-354<F ONT=</SUR> dadf MmahicAl <SUP=<FONT 8IZE=-3=5</FONT=></SUP> cAwdifmahics
huuf. mahicAl <SUP><F ONT $IZE=-3»T</FONT></SUP> hiiatl* <SUP><F ONT $IZE=-328</FONT></SUP> mazdAll <BR>

ahurdl. ak;ieAlicAl. vaniA;tdli.: huxAjigalvAYE mili <BR>

. vahiitAll. .. )<BR>



Rendering:
UTF-8 = representation of UNICODE

(still requires special fonts, e.g. Arial Unicode MS)

Y 35 3 <BR>

tatl°. atl°. vairA«maidA«. <SUP=><FONT SIZE=-3>1</FONT=><;
mazdAll. aAiiEAl srA«rAl hiiatl® <SUP><FONT SIZE=-3>3</F
mainimadicAl. <SUP><FONT SIZE=-3>4</FONT=></SUP> vao
vAL hARtA...m. Ajiliaol'ananA...m.<SUP><FONT $IZE=-3>7<
xiliiAlti° <SUP><FONT SIZE=-3=8</F ONT=</SUP> ubAlibiiAl
<BR=

Y 35 4 <BR>

<SUP><FONT SIZE=-3>1</FONT=></SUP>gauulli. adAliA;. t
vADA;. vahiAitAlA;. fraf AiiliAlmahA«.<SUP><FONT SIZE=-
rAlmAlcAll. vAlstrE ™mcAl. dazdiidli. surunuuatascAll<SUP=<
asurunuuatascAl <SUP><FONT SIZE=-3>5</FONT></SUP> :
axAjifaiiad'ttascAl.<SUP><FONT SIZE=-3>7</FONT></SUP
<BR=>

Y 35 5 <BR>

<SUP><FONT SIZE=-3>1</FONT=></SUP=>huxAi£al TALtE ™n
hiiati®. <SUP=><FONT SIZE=-3>3</F ONT></SUP> aibA«.<SUF
huuA.. mahicAl.<SUP><FONT SIZE=-3>7</FONT></SUP> hi
ahurAlli. aAigAlicAl. vahiAitAli.; (huxA;igaiTAlE MmAli.<BR=>
. vahiAtAll. ...)<BR=>

Y 353

tat. at. vairimaidi.’ ahura.?

mazda. aga. snra. hiiat.@ 1.

mainimadica.? vaocoimaca.® vaeraszimaca.b
ya. hatam. siiaoPananam.’ vahista.
xiiat.® uboibiia. ahubiia.®

Y 354

" - e

ramaca. vastramca. dazdiiai. surunuuatasca.*
asurunuuatasca.® xsaliantasca.®
axSaiiantasca.’

Y 3595

Thuxsadrotamai. bat.? x§adram. ahmat.
hiiat.® aib1.4 dadamahica.? cidmahica.b
huuamahica.’ hiiat.® mazdai.

ahurai. asaica. vahistai.. (huxsadrotamai.
.. vahistai. ...:)



N.B.

* We have not talked about original scripts
yet!



Encoding of Characters
summarized

* Restrictions of encoding standards
— 7-bit: max. 128 different characters
— 8-bit: max. 256 diff. characters ( >> “1-byte”)
— 16-bit: max. 65536 diff. chars. ( >> “2-byte”)
— 32-bit: max. 4,294,967,296 d.c. ( >> “4-byte”)



Encoding of Characters

* Scope of encoding standards
—  7-bit: “EBCDIC’, “ASCII’

* Mainframe computers, first generation of PCs, web
applications (URLs, e-mail) until recently

— 8-bit: “IBM”, “Mac-OS”, “ANSI”, “ISO 8859":
“Codepages”
* PCs (DOS, Windows < NT 4), Macs (< OS 10), web
applications (URLs, web pages, e-mail) of today
— 16-bit: “WordPerfect 5 ff.” (incomplete), “UNICODE"

* PCs (Windows > NT 3), Macs (> OS 9), web applications
(URLs since 2003, web pages since 1995, e-mail)

— 32-bit; “ISO 10646”, “extended UNICODFE”

* Restricted use



Encoding of Characters:
Portation of standards

)

8-bit 1SO 8859 }

[ 7-bit ASCII j ———— {[

o

S \

T / { J
T

32-bit ISO 10646




Encoding of Characters:
Character repertoires

7-bit encoding: ASCII

0 [

o 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7T 8
000 TAB LF CR
020 ESC - ! # 5 % &
040 ( ) * + - /0 12 3 4 5 6 7 8 9
060 < = =772 @ A B C D E F G H I K L M N
080 P Q R S T UV WX Y Z | ] _ " a b
100 d e ft g h 1 7 k1 mmn o p q r s t u v
120 x vy z | | } ~ QO (end)

O 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8

0 [



Character repertoires

8-bit encoding ("DOS/IBM", "extended ASCII": "Codepage 437")

Encoding of Characters

0

9

B ¢ WM J 2 » B &=

¢ & A
T\L—)<—I_

v

%o

$

"

> 4

. ;u

ag]

N O
c

b

A B C

)]
P Q RS T U V

K L M

D EF G HI1I J
X Y Z [ \ ] ~

W

(@

= =

<

2o~ — =
> oo O ML
= o g e+
T T I I _
w o w o a L
la"U«T
=z 0 .~
o i i oL -
© @ 3 XN
2 o = [ =
S .0 LS

0 oA

1
}
&X
N
A
i

b4
{
A E
u
1

f
z
A
o
2l

p— o p— p—

F o

4 1 o

| &= —

Jb 08—

=0 Vv



9

%o

"

CR

TAB LF

ESsC

Encoding of Characters
Character repertoires
8-bit encoding: MAC System

000
020
040
060

. qu

Lag]

C
W

N O

K L M
b

J

G H
\

A B CDEF
W X Y Z |
n

(@

?

=

P Q RS T U V

<

Al

> VI

—_— o o o

»

o Q
®

A E E

A E

Qo0

220
240

9

(end)

-



000
020
040
060
080
100
120
140
160
180
200
220
240

oo A

S

o o
N = oy

-

Encoding of Characters:

=

N O T —A 6

Character repertoires

8-bit encoding: ANSI ("ISO 8859-1")

4l

~= e v+

o

W O D [Tk

h

Lh

- a p

-

6

=]

a5 e 3

loH

r (i o < w .

ESC

W

o

- ©oe
e’

9

|
0

TAB LF

—

a
u
9

-

n

o ¢ -

5

-

S /T 0O W

— O 0 C}":H
HEN ¢k O'; :[;;,

:-lh-

l-=.-r"‘
_Q—l—l

J

I~

CR

th

o >

(%) t{, T~

"

h

RN I S

6 7
$ %
8 9
L M
‘ a
t u
° 4+
A A
© U
1 1
(end)
6 7

r 2 .e

<

[¥]

o C:~ H1

9

.

]

W

ale

®
¥



Encoding of Characters:
Character repertoires

8-bit encoding: "Extended ANSI / "WINDOWS-encoding" / Codepage 1252)

0 1

o 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9
000 TAB LF CR
020 ESC - ! " # 5 % &
040 «( )y = + , - . / 0 1 2 3 4 5 6 7 8 9 : ;
060 < = > 7% @ A B CDEF G H1 J KL MNO
080 P Q R S T UV WX Y Z | v | ~ _ * a b c
100 d e f ¢ h i j k I mn o p q r s t u v Ww
120 X v z | v ~ N rF 7 % S«
140 (B Y e — - T ™M g, @ Y
160 ;¢ £ ™ ¥ | 3§ © o« - - o ® T2 £ 23
180 on g - ooy o Y o o AVAA A A A EC
200 E E E E T I I I P NOOOOOx o0 U UU
20 U Y P B a 4 a4 a4 & a = ¢ & S T T T
240 O n o 6 o6 o o = e u u G U b Vv (end)

o 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9



Encoding of Characters

Font mapping

8-bit encoding: Font mapping (Latin with diacritics)

000

.?O_..l.r

5 6 7 8 9
|

4

G H

A B CD E F

-

\

P Q RS T UV

?

-1

\

X Y Z |

W

uue i 2D =

- o0 HU P Ou
q T3 HO | — —
i@ e s— O

(end)

b
m
b

y
m
U

S @ DI ST —. =
= T S o B o B S5
5.0 10 1n 1= —ow
- H o T PR VD (L. 17!
w2 N Q0 . 2 ”
—_1 8 iz =0 =
— - BN D O
= D T # DO
Bl we @ 3D o 0¥ 2=
- N O e® e Ob e
L Y <~ 1<= L =1 VI
= M o~ @D et 2

p— p— p— p— p—



Encoding of Characters

Font mapping

8-bit encoding: Font-mapping (Ancient Greek)

T

-

>

L]

000

0 o B ¢ ¢ )»b A &

'
5
I
l

=
€ en O

ool o |

XY Z

=
T =
a

W

i

A
U Vv

w e D T

w 3

w0 <13 w0 =

6

)

4

et

2w e e BHoae X

- ot 3 w.@._.lm,
ZIRP o R =S B~ Urﬂ\
- 1B D B3 B b o
=30 o 3 B oo
e:m D i (] 8 D
© =B or3:3 -2 B0
= w3 o3 -
S =033 .n ur-w
_— i 0 3 [I] rw > o33
=2 8 0 33T T
—tT w133 = ZF
- L T =
-0 33 e Rl
B E s 2 3 T - T
- NI o @ B
VU ivm = PErD e

— p— p— p— p—

2



Encoding of Characters:
“Official” font mapping: ISO 8859 Codepages

I~ o v [ — [~ ]| [va|[— = [ v
||l — || ([~ e | en || v
— | — — | — 0] | €] | O

o Erimcer B =K e, (= ==f =oF = S
A=< =22 PO o 222
_ = — E |~ 5= et S ey L R B e e oo

| v =] = =] 2| o -
S A I = S
- I e e ] R [ o] annlD e = b
\.I./_,\U}..l.v.l.l - EuH m‘uH m b
—lee T X|l=| > —=|=dl =8| —
= =S| oo B| =] |=] o] o] =
Rl = > || = | —|E " = =3~
N =D o= [cr|m<]| o] #| =
=l =] I k=] ER NIl I=(EE] B = I
= llen D]em | @ =] [l = [ 2 -=
= ol o = [Sml—] m] ==
| — =] €| =] o ama oo | o
e L) 2 =1 <l = | e =
7284062062840
il |l Clese|n]—| | D=l || =
s+ || olr~||n|—N] ([t~ DN | e ||
= —_—— e N 0

|~ S| el | ~Ss—===]=—]i~
| A=< =] ] [@|s8|e— ey |« ] o
T =1 ) =1 SR BN T 2l Bl B
| IV ——=l— [T [N —|=
|+ -~ — 2~ [ ]| =[O | 0| <=
l# | --l=N|-—=] =] [= o kD |©|-=
|~ === [e|l- Mmoo -=
oo | [ =] > [: | dmQ|o|=
- == o0 & |09 - | O x || o I
B~ |= ||| =HO| 8|
Ko m D= (B =< O | = o
len|l A= =] [T =€ kD | =<0
[ [ en O] o @ [R]e (=D | |-0
= Ao« |w|a <O |[«s|-o
|— == =] =] [ - H <€z | - | 2=
=&l |al]l |eo =|a|=]o
SFR BRI 2 EEEE A
|l ol —| | Clt=|Ty ||| =
—_— = == e e




Encoding of Characters:
“Official” font mapping: ISO 8859

I50-8859-subset ISO name Name in Netscape 4.x Name in MS Internet Explorer 4.x
ISO-8859-1 Latin-1 Western (ISO-8859-1) Western Alphabet (USA/Western Europe)
ISO-8859-2 Latin-2 | Central European (ISO-8859-2) Central European Alphabet (ISO)
ISO-8859-3 Latin-3

ISO-8859-4 Latin-4

ISO-8859-5 Cyrillic Cyrillic (ISO-8859-5) Cyrillic (ISO)
ISO-8859-6 Arabic

ISO-8859-7 Greek Greek (ISO-8859-7)

ISO-8859-8§ Hebrew

ISO-8859-9 Latin-5 Turkish {(ISO-8859-9)

ISO-8859-10 Latin-6

* http:/ftitus.uni-frankfurt.de/unicode/is08859/is08859.htm

* N.B. Other encoding standards for Cyrillic, Greek etc. acknowledged



http://titus.uni-frankfurt.de/unicode/iso8859/iso8859.htm

Encoding of Characters:
Scripts covered by UNICODE (5.0

The Unicode Character Code Charts By Script
SYMBOLS AND PUNCTUATION | NAME INDEX | HELP AND LINKS

Indic Scripts ________|East Asian Scripts

Eurcpean Alphabets

African Scripts

Central Asian Scripts

(see also Comb. Marks) Ethiopic Bengali Han ideographs kharoshthi

Armenian Ethiopic Devanagari Unified CJK Ideographs (SMB) Mongolian

Armenian Ethiopic Supplement Gujarati CJK ldeographs Ext. A (2MB) Phags-Pa

Armenian Ligatures Ethiopic Extended Gurmukhi CJK Ideographs Ext. B (13MB) Tibetan

Coptic Qther African scripts kKannada Compatibility Ideographs ( SME)

Coptic MN'Ko Limbu ... Supplement {.SMB)

Copfic In Greek block Tifinagh Malayalarm Kanbun

Cyrittic Oriya (see also Unihan Database)
Cyrillic Arabic Sinhala Radicals and Strokes Ancient Greek

Cyrillic Supplement Arabic Syloti Magri CJK Radicals Ancient Greek Numhbers
Georgian Arahic Supplement Tarmil Kangxi Radicals Ancient Greek Musical
Georgian Arahic Presentation Forms A Telugu CJK Strokes Cuneiform

Georgian Supplement Arabic Presentation Farms B Ideographic Description Cuneifarm

Greek Hebrew Philippine Scripts Chinese-specific Cuneiform Numbers
Greek Hetbrew Buhid Boparmofo Old Persian

Greek Extended Hebrew Presentation Forms Hanunoo Bopomofo Extended Ugaritic

(see also Ancient Greek) Syriac Tagalog Japanese-specific Linear 8

Latin Syriac Taghanwa Hiragana Linear B Syllabary
Basic Latin Thaaha Katakana, Linear B ldeagrams
Latin-1 Thaana South East Asian Katakana Phonetic Ext. Other Ancient Scripts

Latin Extended A

Latin Extended B

Latin Extended C

Latin Extended D

Latin Extended Additional
Latin Ligatures

FLilwicit Latin I etfers
Small Forms

(see also Phonetic Symbols)

Canadian Syllabics
Cherokee

Deseret

Other Scripts
Shawian

Osmanya

Glagolitic

* http://www.unicode.org/

Buginese

Balinese
Khrner

Khmer Symbols
Lao

Wryanmar

Mew Tai Lue
TaiLe

Thai

Haifwiclih Kafakana
Korean-specific

Hangul Syllables (4MB)
Hangul Jamo

Hangul Compatibility Jamo
Hafwiclth Jamo

Yi

i [ BMEB)

¥i Radicals

Aggean Mumbers
Counting Rod Mumerals
Cypriot Syllabary
Gothic

Old ltalic

Ogham

Runic

Fhoenician


http://www.unicode.org/
http://www.unicode.org/
http://www.unicode.org/

Encoding of Characters:

UNICODE blocks

(818

o1

0=

03

0O

s

(8]

o9

(B L

0B

o

O

OE.

OF

10

11

1=

13

1

15

16

1F.

1F

20

21

22

23

=4

25

26

27

28

320

31

- et

33

34

35

36

37

3B

39

B

2B

3

21

2E

2F

A0

41

42

43

EW]

a5

A&

47

L )

49

L

4B

A

AT

A4,

a4

S0

51

52

53

54

55

56

57

55

59

S

sSB

S

5T

SE

SF

o0

ol

6=x

63

O

o5

OO

67

O

o9

Lo

Ll =

o

ol

oE.

oF

7O

71

T

T3

T4

TS

TO

iy

TE

7o

=

B

T

I

7E.

7E

=20

=1

Bz

=3

2

=25

26

BT

B

=0

S

=B

=

=

=2E

=2F

Q0

o1

o=

o3

o

o5

95

o7

Q8

p L

h

o

o

o1

oOFE.

oOF

O

F1

FsS

i

F.A

FE

BIX>

FE

PE

http://titus.uni-frankfurt.de/unicode/unitest.htm
http://www.unicode.org/


http://titus.uni-frankfurt.de/unicode/unitest.htm
http://www.unicode.org/
http://www.unicode.org/
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Encoding of Characters:

UNICODE blocks (examples)
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Recent additions:
UNICODE blocks (examples

2D00 Georgian Supplement 2D2F 200 Glagolitic
D0 2D 202 Small letters (Khutsuri) 2C0 2C1 2C2 2C3 2C4 2C5
Thigis ghe Ivwercase ofthe old ecdesiasimlalphabes Ser
the Georgian Block for uwperaase Asomiavruli,
0| I-h nu 00 & GEORGIAM SMALLLETTER AN ] + '.P ‘E "|'- + a
i e FED % H Gg]mﬂ m“- LmE!ERBAN T w o] P P m
GBORGI LLL R GAMN
HD0F E GBRORGLAN AL LETTER DON
1 h 2004 GEORGIAN SMALL LETTER EN 1 I-I_J. 3 & | a A
A
o] ol e S 1’ gz;ﬁ x:::: ::m‘:; Fa F P P x4 xE
HOT en GEORGIAN SMALL LETTER TAN
2| P o 08 w1  GRORGIAM SMALL LETTER IN 2 15 ‘F) n @ | |TL
fae i g oo aET m!':‘ l'llTI :EM:}:‘ ﬁtttm 1:’:: Tm e = =3 o =
M08 J GEORGIAM SMALL LETTER MAMN
3| O L!.t I.J MOC F GEORGIAN SMALLLETTER AR || b |IP| % b 13
O no I mﬂ:[}ﬁ ﬁ :lﬂhﬁlx mt:‘ ::m:iin T e > ara P r=
HO0F GEORGIAN SMALL LETTER ZHAR
4 TI [;F[ ]rf ol :ﬁ GEORGIAN SMALL LETTER RAE 4 6!; Q ‘ﬁ ok o 4
11 b GEORGIAN SMALL LETTER 5AN
o A = 1z 5 GEORGLAN SMALL LETTER TAR i P e w5 L £
H13 GEORGIAN SdallL LETTER LN
5 TF' + d:; 4 GEORGIAN SMALL LETTER PHAR 5 3 UU ch a m <
M5 ? GEORGIAN SMALL LETTER KHAR
. L 2] D6 n GEORGIAM SMALL LETTER GHAM e e x= == ua L
Ty GEORGIAN SMALLLETTER QAR
AME GERORGIAN SMALL LETTER SHI
N .b n Hg # GEORGIAN Sall LETTER CHIN B aﬁ m ﬂ 26 = &
Ik b A GEORGIAN SMALL LETTER CAN Ll Lot L L e L.
mﬂg E GBEORGIAN SMALL LETTER JIL
1 GBRORGIAN SMALL LETTER CIL
T oy 0 '; GEORGLAN SMALL LETTER CHAR 7| & q} 3| ¢ P |3e
.o L) MME g GEORGIAN SMALLLETTER XAM T Edy zz Tz Eef E
DIF x GEORGIAN SMALL LETTER JHAN
) U GEORGIAN SMALL LETTER HAE
sl T | Y 071 f GEORGIAM SMALL LETTER HE s| | b |2E| o L | a€
e e M2 5 GBEORGIAN SMALLLETTER HIE T IE T et ) e T
HEE o GBORGIAN SMALLLETTER WE
04 GBEORGIAN SMALL LETTER HAR 'CT}
L] h h E GEORGIAN SdalL LETTER HOE a [gl % '3' &6
e e €T e T = & =
Alra| o a| B | dl| 0 dl | o
I W e O IC1A A I ITdA pintY
e| & | dh B |G| 8|5 |w |8
om s i icin i) it ] s w=n
c| A|m M| V[T |m|v |
nr nKE SC s I i o] pri= o Frav [ ron v
CINTTRI - o| @ |B (P |8 |n
nm oo i o s ey o) =] proe ] J=0
E| U e| &b | L M
nE e STTE SCIE 3
ey | % | 2%| B
nw v s acir
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Gothic

Ancient languages:
"Extended” UNICODE blocks (examples

SO MTICHeRod INZ MR ~SONC OV 18

GO
GOTHIC
GROTHIC
GOTHIC
CROTEHIC
O
OIS
GO
GO
GO
GO
OIS
GO
GOTHIC
GO
GO
CROATHIC
GO
OIS
GO
GO
GOTHIC
OIS
GO
GO
LOTHIC
GO

LETTER AM=EA
LETTER BAIRKAMN
ILETTER Gilsa
LETTER DAGS
IETTER AIHVILE
LETTER QA IRTHRA
LETTER RLIJA
IETTER HAGL
LETTER THITH
IETTER B
LETTER KUISMA
ILETTER LAGUS
LETTER MaMMA
LETTER MALTHS
LETTER ffR
LETITER URUS
IETTER PAIRTHRIA
LETTER MIMETY
LETTER RAIDSA
IETTER malin
IETTER TEIWS
ILETTER WiINIA
LETTER FAIHL
ILETTER Midiw's
LETTER HWAR
LETTER OTHAL
IETTER MIME HUNDR ED

1034F

103 A0

P~ af=f—§

NIRRT OEIEL
I I SR A e

K
«
Wi|~« &
BT | 8 |-«
@iE?&‘

Iindependent vowels

A0GAD W OLD PERSIANSIGN A

10GA1 W OLD PERSIANSIGN I

103A2 4F OLD PERSIAN SIGN U
Consonants

AGAT = OLD PERSIANSIGN Ka

10GA4 4 OLD PERSIANSIGN KU

ANGAS - QLD FERSLAN SIGN GA

A0GAE 4= OLD PERSLAN SIGN GU

A0BAT 4 OLD PERSLAN SIGN XA

A0GAE B OLD PERSIANSIGN CaA

10342 & OLD PERSIAN SIGN Ja

10GAA - OLD PERSIAN SIGN 1

ANGAE =8 OLD PERSLAN SIGN TA

AGAC T OLD PERSLAN SIGN TU

AGAD ¥ OLD PERSIANSIGN DA

103AE AT OLD PERSIAN SIGN DN

AGAF o OLD PERSIAMN SIGN DU

G800 W OLD FERSIAMN SIGN THA

10881 % 01D PERSIANSIGN PA

AEEZ = OLD PERSIANSIGN BaA

10883 W OLD FERSIAN SIGN Fa

10884 = OLD PERSIAN SIGN Ma

GBS @ OLD PERSIAN SIGN MU

10386 “H OLD PERSIAN S1GH bA

10887 W OLD PERSIAN SIGN M

1G8E = OLD FERSIAN SIGN MU

10382 W OLD PERSIAN SIGN YA

ANGEA S OLD PERSIAN SIGN VA

GBE ¥ OLD PERSIANSIGN Y1

ABEC H OLD PERSIAN SIGN RA

10380 ~4 LD PERSIAN SIGH RU

GHE LD PERSIAMN SIGN LA

1088F B 01D PERSIAN SIGN 54

10800 W OLD PERSIAN SIGN 24

B0 % OLD PERSIAN SIGN SHA

10ECZ ¥ OLD PERSIAN SIGN 55A

A0ECE e OlD PERSIAN SIGN Ha
Various signs

AGCE =N OLD PERSIAN SIGN ALURAMAZIN A
10EC0 & OLD PERSIAN SIGH AURAMAZDAA-2
A0GCA i OLD FERSIAN SIGN AURAMAZDA AHA
0GCE =K QLD PERSLAN SIGN XSHAAYATHIY A
1080 # 01D PERSIAN S1GN DAHYAAUSH

A0GCF W

OLD PERSIAN SIGN DAHYAALSH2
LD PERSIAMN S1GN BAGA
LD PERSIAN S1GN BULMSH

Punctuation

10300 -

OLD PERSIAN WORD DIVIDER

Mum bers

1
3
4
10emd i
-

OLD PERSIAN NLBMBER ONE

OLD PERSIAN NUMBER TWO

OLD PERSIAN NUMBER TEN

LD PERSIAN NUBMBER TWENTY
OLD PERSIAN NLBABER HLUNDRED

103 DF



Yet to be implemented:

Avestan
Pahlavi
Manichean
Sogdian
efc.



Co-existence of encoding standards:
Bad case scenario; Non-standard fonts

* File to be exchanged (Georgian word list, MS-Word 6)

0000200T 2 opnde  [oogndl, sopm, »uandonl]

0000240T 2 opne  [odgnobl, ogoge, o9jgegl]

0000250T 2 opbnde  [oogordl, sopbm, oo bnbonl]

0000270T 2 opbnde  [o0nbbadl, oopbbm, swabbadboql]

00002901 1 spha sbnde  [onma sobondol, sy s0bos, op iy 1bnbyman o@b]
0000420% * saow-ands  [spo@b-0500L, s@ao@-sgm, s 00-29a00U]
0000310T 2 scpoprob-dydmbds  [swgopnb-ndydhmdl, swpoab-ndyds, saomm-maydhonl]
0000520T 3 scgoprob-3nde  [swaoemb-bizndl, s@aomb-bigs, s@aome-andonl]
0000370T 2 oopobnde  [swp0bndl, sopanbs, swwanbnbonb]

0000530T 2 spde  [sowpoedl, sewps, somasdl]

00005901 1 swpmds  [spndol, swpo, sdopeis]

0000650T 2 sgoao-ymege  [sgoan-3ymgl, sogoao-ym, swgoan-mymaonb]
0000B00I 1 sgoboymbes  [onobe jodl, osgeboge, «gegebenboql]

0001120T 2 sbaons  [sbopol, sbogns, smbauoonl]

00011901 1 sbésbnbe  [sbdobrnbol, sbmobps, sbdHsbpdyameml]

0001200T 2 sbeygene [o3bemoesl, sbermws, sqbrrmguoesl]

0001430T 2 sohomponds  [soomomanndl, ssomomans, sogobomannbonb]
0001490T 2 sorgogons  [sborgoaossl, sorjeans, soporgemnssl]

00015701 1 sobgaonds  [sobpannbdol, sobnones, swboamgdagen s@ L]



Co-existence of encoding standards:
Bad case scenario; Non-standard fonts

* File opened with MS-Word XP (assumption: Japanese)

OGO02C0T 2 #yb¥%  [F9YMFE, 3997, 3390/ ME]

Q0002407 2 4uty [FZEHE 598TE. 5395tE]

Q000250T 2 49=tF3 [F4Y=bFE, 39927, 5IY=MF/ME]

0C00270T 2 #y=AbFs  [F3Y=AME, 39927, 4392AM/ HE]

Q0002901 1 ayivanbdy  [BYAYLINTMRIE, 39892/AT8, §92Y2AbFIE 44%]
0000420« * FF¥Y/T-YMF  [ATY/TE-YMFE, 3T9/7-99%, ATY)7-39/7 ME]
QO00510T 2 47Y/E/E-3LAYFS  [4TY/EE-/3LARFE, 4TW/EE-/3LA%, ST9/E-33L47 ME]
Q0005207 3 479/E/E-V 175 [FTFYET-E/F7E 4T79/ER-EV4, 479/E-31v17/ M)
QOOCST70T 2 47y /aMFd  [ATYIAMFE, 397988 53T9/AM/HE]

Q000580T 2 47v7%  [337947%, 447v%, 53ATY47E]

0000BI0| 1 47y73  [FTYMFIE, 47V%, 377944%]

0000650T 2 47+/b-L33%  [8TH/E-FIFE, 47H/E-U3. 47H/E-3L37/ ME]
Q00G860I 1 5325835 [FF524AFE, /5H324n8, I515250FF/ ME]

00011207 2 4-be%  [%ZPEE 42/E5, 33ZRE/ ME]

Q0011901 1 3=AsBkF5  [FzASBEMF/E G-ARBHER. F-A9BkFILGATE]

00012007 2 4037+ [HFBNATHFE 4203TH %3203T43E]

00014307 2 SRARTEMFE  [B4%ARTELFE, F9RARTES, FARARTEMF/HE]
C0C1490T 2 435k [AEFIFESHE, 4335ER, 33735E4FHE]

00015701 1 5#BREMFS  [G#BRETHF/E G3BRETH, F#BREMIE §4E]



Co-existence of encoding standards:
Bad case scenario; Non-standard fonts

* File opened with Open Office 1.1 (assumption: Roman)

\\\\\\

0000240T 2 AAAA [AZAARO, AAAAA AOAAAD]

DO00250T 2 AAEAAA [AAABAAO, AAAKEL AOAEAARAQ]

D0D0270T 2 AAEIAAA [AAAFIAAO, AAARIL AGAEIAARAO]

000029011 AAOAOIAAA [AAC‘)AE)EMEG AAC‘)AC“)EEA AAC‘)AC“)i&AC‘)E Ac‘)c’)]

zzzzzz

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

\\\\\

D000580T 2 AAATA [AAAAAIO, AAAAA, AOAAAIO]

000059011 AAATIA [AAAAAEO AAAA, AIAAAOA]

00008601 1 AAABABTIAA [AAAEAEIAO, BEAAABALA, OAAA,EAEAAEAO]
0001120T 2A£AEA [AEAE@ AEEEA AGH&:AEEA@]

\\\\\\

0001430T 2 ABOEIRAAA [AAEOE[E.AAO, AABOEIBA, AOEORIBAARAO]
D001490T 2 ABOABAA [AOEOABAAO, AEOARA, AOEOARAAO]
000157011 ABAARAAA [ABAARAAARO, ABAABAA, ABAARAAOR AOO]



Co-existence of encoding standards:
Bad case scenario; Non-standard fonts

* Same after applying correct Georgian 8-bit font

DODO200T 2 opnbe  [sogndl, sogm, soyanbonl]

DO00240T 2 opge  [odgnol, spoge, ouaesb]

DOOD230T 2 opbnbe  [oogbndl, sopbm, omabnbonl]

D000270T 2 opbbnds  [o0gBbdl, sogbbm, sopbbadoql]

DODD290T 1 oamnsbgde  [oadasobondol, sadn s0bws, onia 3bgdman o@ L]
DO0D420% * swaow-anbe  [oeaool-ogndl, smaom-sam, swoaow-mponb]
DODOS10T 2 spopoob-dydmbds  [spgomb-0dy@mbdl, soaommb-0dyde, soaom-giydonl]
DODOS20T 3 os@popoob-zqde  [sgomel-bizndl, swaopol-bizs, swyome-mi3qdoql]
DODOSTOT 2 opobnds  [oopobndl, sewanbs, swwanbnboql]

DO0O530T 2 opde  [oopedl, sopps, suopedl]

DODOS90I 1 samds  [sandol, swps, sdogods]

DO0DOS0T 2 wsromo-ymage  [egomo-3ymnl, o@gomn-ym, owgoao-aymaonb]
DO0OD360L 1 sxobojmbs  [ogebojmbl, oegebeje, «gonebendbonl]

DOO1120T 2 obgans  [obyenl, sbogns, ogbopmonl]

DOOI190I 1 sbdsbabe  [sbAebpnbol, sbHsbwes, sbHsbadyganedl]

DOO1200T 2 obemwge  [o3benwesl, obpogwe, ogbergoesl]

DO01430T 2 sovhomgondes  [seodiomanndl, ssoxdomans, smodonmannbonl]
DOD1490T 2 sorgopons  [sborgepmoegl, somopos, o9gorgemossl]

DOOLIS70I 1 sobgeenbs  [sobaemenbol, sobagans, sobpoonbagen o@b]



Co-existence of encoding standards:
Bad case scenario: Non-standard fonts

* Same after applying equivalent transcriptional 8-bit font

DOOO200T 2 ageba [aagebs, aago, augebies]

DO00240T 2 agva [ahgvis, agava, augavs]

DOO0250T 2 agzeba [aagzebs, aagzo, augzebies]

DOOD2TOT 2 agzneba [aagznebs, aagzno, augznebies]

DOOD290T 1 agrgwineba [agrgwiindebis, agrgwiinda, agrgwinebul ars]
DO00420% * adpid-peba [adgids-agebs, adgid-ago, adgid-ugies]
DOOOS10T 2 adgilis-pgroba [adgils-ipqrobs, adgils-ipgra, adgil-upgries]
DOO0520T 3 adgilis-cema [adgils-scems, adgils-sca, adgil-ucemies]
DOOOSTO0T 2 adpineba  [adginebs, aadgina, audginebies]

DOOO5SB0T 2 adgma [aadgams, aadga, audgams]

DO00590T 1 adgoma [adgebis, adga, amdgarm]

DOO0G50T 2 advil-gopa [adwvil-hgops, advil-gqo, advil-ugopies]
DOO0BO60OI 1 avazakoba [avazakobs, iavazaka, uavazakebies]
NO01120T 2 azela [azels, azila, auzelies]

NO011901 1 azm=xeba [azrazdebis, azraxda, azraxebulars]

DO0O1200T 2 azyudva [ahzyudavs, azyuda, auzyudavs]

DO014307T 2 airtoleba [aatrtolebs, aairtola, auirtolebies]

DO01490T 2 atualva [astualawvs, atuala, auiualavs]

NO015701 1 atzeleba [atzeldebis, atzelda, atxelebul ars]



Co-existence of encoding standards:
Worst case scenario: Mixture of 8- and 16-bit

 MS-Word XP after applying correct Georgian 8-bit font

0000200T 2 #YMFE  [FFYMFE, 3393, #3AYFF/ME]

0000240T 2 49+% [3ZEF/E, 393153, 331957E]

0000250T 2 #Y=FF5  [F%9=MFE, #5923, FAY=MF/ ME]

0000270T 2 #YAME  [FFYAME, 339243, 3392~/ HE]

00002901 1 FYAYIAMFE  [FYAYLIATIFRIE, FYAYLIATE, §YAYIAMFIE 31E]
0000420% * AFYIT-IMFE  [ATYITEFYMFE, ATYIT-59%, 4F9/77-39/bE]
0000510T 2 SFY/E/E-ZLATFY  [STY/ER-JIUARFE, STY/ER-JELAY, A79/E-A3LA7 ME]
0000520T 3 AFY/E/EVF28  [FTY/EEEVIFE, ST/ ER-EVE, 3TY/E-AVI7/HE]
0000570T 2 4FYIAMFE  [FTY/AME, 43TY/A8, 5ATFYIAMF/ ME]

0000580T 2 #7Y7% [F3TY92%, 39795, 33ATV47%]

00005901 1 #FII72% [FTYMFIE, 3795, 372795715]

0000650T 2 #FH/b-L378 [FTH/E-FEIFE, 57H/E-L3, 37H/ E-LT3/7 FE]
00003601 1 FHF=4nvyFE  [FH524n<FE, J9F324n8, I3F325n10F/ FE]
0001120T 2 #-tb%  [%=FEE, %2/b%, #3-FE/ ME]

00011901 1 #=A3BkF% [F=A%BHLbF/E, 3=A%B1E%, 3=ASBRFILFAE]
0001200T 2 #Z0ATHE  [FFENATATE, 7203ATH, 53ZNIATHIE]

0001430T 2 #RARIELFE  [F9RARIEMFE, F3FAFVES, FIARARIEFF/FE]
0001490T 2 #$3%kF%  [FEFIFESTE, #5IFER, FARIFESGTE]

00015701 1 ##BREMFZ [FrBRETHF/E, F3BRETE, FRBREMFIE FAE]



Co-existence of encoding standards:
Worst case scenario: Mixture of 8- and 16-bit

* The MS-Word strategy:
— Checks whether the document is Unicode-encoded

— If not, checks whether the character distribution might
meet the “typical” distribution of one of the known

codepages
— If yes, assumes that codepage to be represented

— Converts the 8-bit characters of the codepage into the
equivalent characters of Unicode

— Stores the Unicode characters in memory

— Applying 8-bit fonts will be no remedy as they do not
meet the Unicode encoding assumed and applied



Example: Comparison of Shoebox
and Toolbox (Unicode) encoding:

Vil
iy

Wit

=

L FL
v

=

\SC

10054

b3 0nsmo

b5 80b, Jmd

TaHHa, CEKDET;
dga0brmyg @3 madadsmyg
dadobr o bzadob dayr.
BN GER

\id 10054

Im

\fg xvasiadi

\sv xvoein, hom

\ru nfgyf> ctrhind

\fg eeginde da damimale
\sv eemind i xvagin magr.
\s¢ BN_GSR



Comparison of Shoebox and
Toolbox (Unicode) encoding:

ho 71.5
sl ITaapa mwaiga, apaxe aaHINba IALIMAM, HI2apel capen vax.a x.abmna enxaarsiipanbl X akan!
\ts g%ara £°ca, arax' aaifa £famam, £arei sareiuaha habla eix®api” rans hagam!

Wfg o300 Fooom, sdqgor 306 Amoefiqgzo, byab gGodsbgol 3meesloneqs 3babagore.
“fe

Yo 71.6
Lt IMT>apa 3aka moaackeo akapa, capa yvOpunakapa nak caronT.
\ts £ara zaqa £°aaszk'o, sara ubriagara naq sagoit.

\fg udeenb derdslbemmzeendao, ndeenbl cosp,godegdgb.
“fe

\ce 71.5

\tl Leapa weya, apaxe aavwba WakiMam, Lusaper capen yaxa xabna emxeanuwpaHel xakanm!
\ts $"ara $°ca, arax' aaisa s"emam, s arei sarei uaha habla eix"aps‘rana hagam!

g o0 306 Goconoe, 3Jpor 300 mosmPazor, h3nb omoedabyorb 3ame®mobmopab 36sbsgorm.

‘fe

‘¢ 71.8

itl Leapa 3aka weaackeo akapa, capa ybpwakapa Hak carowr.
\ts s"ara zada s"aask'o, sara ubriadgara naq sagoit.

\fg ®Hadmpbb dmdsbrmmzmpdoor, 0dmogblL magzsdmtgdgb.

‘fe



How to avoid the worst case
scenario

* Requirements for text data exchange:

— |f 8-bit encoding is required, mixing up several fonts
with a different encoding in the document should be
avoided

— Keep track of font-and-encoding
— Inform users about all this and provide fonts (if legal)

— TRY TO USE UNICODE ENCODING WHEREVER
POSSIBLE



Encoding of Characters:
How to avoid the worst case scenario

* Recommended strategy for data storage (archiving):

— Convert all 8-bit documents into 16-bit Unicode
documents

— Avoid storage of proprietary formats (e.g., MS-Word)



Problems of Unicode encoding

— Byte storage.:
* UTF-16 vs. UTF-8 vs. UTF-7 (vs. U+FFFF ...)

— Problems of “Non-Uniqueness”
* Problems of the “Private Use Area”
* Problems of “Normalization”

— Problems of “Too-Uniqueness”
* Problems of bidirectionality



Byte storage:
Desired output

English
Sudostlich
DYCCKUIA

Js6r07mmo



Byte storage:
UTF-8

English
SAYdAfstlich
NENFNINIDOD D’
af¥aflaf ai—afrafsaf



Byte storage:
UTF-16

English
Sudostlich
@J CJ AJ AJ :J 8J 9J

arDrarxrarUTdT



UTF-8 vs. UTF-16 encoding:

45 6F 67 6C 69 73 68 []] 04 English}

53 (3 BC 64 C3 B6 73 74 6 69 63 68 6 0A S)ﬁd Hlst1ichi,

D1 89 D1 83 D1 81 D1 81 DO BA DG BS 0O B9 6D A S
1 83 A5 E1 83 90 E1 83 A0 Ef 83 97 £1 83 A3 E! EEEENE
83 90 E1 83 98 0D 04 R

45 80 6E 00 67 60 6C 00 69 00 73 00 68 00 F]) 06 Eincg@10iAseh?
i J

99 53 00 FC 00 64 09 F6 09 73 09 74 09 6C 80 63 BSEMAdRsEsRtaleL
90 63 00 63 69 6D 09 04 fcgh@Ne)

00 49 04 43 04 41 04 41 04 34 64 38 04 39 84 0D ARDCDADAD: D8DADH
9 94 Q)

9 E5 16 D 10 EO 16 D7 10 E3 16 DA 10 D8 16 6D aoPlpgplfprp oo



Characteristics

* UTF-16
— constant byte rate for Latin and other scripts

— ANSI elements readable as such (depending
on viewer capabilities)

- UTF-8
— low byte rate with Latin-based text
— ASCII elements readable as such
— high byte rate with “exotic” scripts
— supported by many viewers, browsers...



Recommendation:

—Prefer UTF-8 for the storage of
textual data that are meant for
instant retrieval

—Prefer UTF-16 for the long-time
storage of data



Non-Uniqueness of Unicode:
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Non-Unigueness Iin Unicode
Multiple code points: Arabic numerals

Arabic-Indic digits

These digits are used with Arabic proper; for languages of
Iran, Pakistan, and India, see the Eastern Arabic-Indic digits

at 06F0..06F9.

0660 * ARABIC-INDIC DIGIT ZERO
0661 Y ARABIC-INDIC DIGIT ONE
0662 Y ARABIC-INDIC DIGIT TWO
0663 Y ARABIC-INDIC DIGIT THREE
0664 ¢ ARABIC-INDIC DIGIT FOUR
0665 ° ARABIC-INDIC DIGIT FIVE
0666  ARABIC-INDIC DIGIT SIX
0667 Y ARABIC-INDIC DIGIT SEVEN
0668 A ARABIC-INDIC DIGIT EIGHT
0669 * ARABIC-INDIC DIGIT NINE

Eastern Arabic-Indic digits

These digits are used with Arabic-script languages of Iran,
Pakistan, and India (Persian, Sindhi, Urdu, etc.). For details
of variations in preferred glyphs, see the block description
for the Arabic script.

06F0
06F 1
06F2
06F3
06F4

06F5

06F6

06F7

06F8
06F9

- —f -

EXTENDED ARABIC-INDIC DIGIT ZERO

EXTENDED ARABIC-INDIC DIGIT ONE

EXTENDED ARABIC-INDIC DIGIT TWO

EXTENDED ARABIC-INDIC DIGIT THREE

EXTENDED ARABIC-INDIC DIGIT FOUR

* Persian has a different glyph than Sindhi and
Urdu

EXTENDED ARABIC-INDIC DIGIT FIVE

* Persian, Sindhi, and Urdu share glyph difterent
from Arabic

EXTENDED ARABIC-INDIC DIGIT SIX

* Persian, Sindhi, and Urdu have glyphs different
from Arabic

EXTENDED ARABIC-INDIC DIGIT SEVEN

* Urdu and Sindhi have glyphs ditterent trom
Arabic

EXTENDED ARABIC-INDIC DIGIT EIGHT

EXTENDED ARABIC-INDIC DIGIT NINE



Non-Unigueness in Unicode
Multiple code points: Arabic “presentation forms”

0627 ' ARABIC LETTER ALEF FE9 FEA FEB FEC
0628 < ARABIC LETTER BEH
0629 ¢ ARABIC LETTER TEH MARBUTA . ;
062A < ARABIC LETTER TEH et = B e
062B & ARABIC LETTER THEH FES0 FEAO FEBO FECO
062C 7 ARABIC LETTER JEEM
062D 7 ARABIC LETTER HAH ) C e L
062E ¢ ARABIC LETTER KHAH

i SIS FE91 FEA1 FEE1 FEC
062F > ARABIC LETTER DAL
0630 > ARABIC LETTER THAL }
0631 > ARABIC LETTER REH v ( S
0632 > ARABIC LETTER ZAIN FE92 FEA2 FEB2 FEC2
0633 o ARABIC LETTER SEEN . L
0634 & ARABIC LETTER SHEEN o = !
0635 > ARABIC LETTER SAD _— — — —
0636 o ARABIC LETTER DAD
0637 L~ ARABIC LETTER TAH a P S P
0638 ¥ ARABIC LETTER ZAH
0639 ¢ ARABIC LETTER AIN hEH LEAS PR RELs




Non-Uniqueness in Unicode
“Precomposed” characters

Canonical Equivalence

aa

U+212B ANGSTROM SIGN

A U+00C5 LATIN CAPITAL LETTER A WITH RING ABOVE
A ¢ |U+0041 LATIN CAPITAL LETTER A, U+030A COMBINING RING ABOVE

X 0 ¢ |U+0078 LATIN SMALL LETTER X, U+031B COMBINING HORN, U+0323 COMBINING DOT BELOW

x o ¢|U+0078 LATIN SMALL LETTER X, U+0323 COMBINING DOT BELOW, U+031B COMBINING HORN

Lt U+TEFT LATIN SMALL LETTER U WITH HORN AND DOT BELOW

ug  |U+1EES LATIN SMALL LETTER U WITH DOT BELOW, U+031B COMBINING HORN

uc o|U+0075 LATIN SMALL LETTER U, U+031B COMBINING HORN, U+0323 COMBINING DOT BELOW

rc  |U+01BO LATIN SMALL LETTER U WITH HORN, U+0323 COMBINING DOT BELOW

uco d|U+0075 LATIN SMALL LETTER U, U+0323 COMBINING DOT BELOW, U+031B COMBINING HORN




"Normalization” problems

Figure 5. Multiple Combining Marks
Source NFED NEC

S : S$o0ob §

L -

1E69 0073 0323 0307 1E69

doos do

L -

1E0B 0323 0064 0323 0307 1EOD 0307

| qod qood

0071 0307 0323 0071 0323 0307 0071 0323 0307

Q-

& &



"Normalization” problems

Figure 2. Compatibility Equivalence

Font variants 5 [H]

Breaking differences

Cursive forms

Circled @

Width, size, rotated
N —~1
Superscripts /subscripts Q 5
Squared characters FIN
— K
Fractions 1/
4

Others dz




"Normalization” problems

Source

fi

FBO1

25

0032 2075

(

1E9B (323

Figure 6. Compatibility Composites

NFD

fi

FBO1

p, 5

0032 2075

f :
. e
o 7

#

017F 0323 0307

NFC
FBOf

2
2
0032 2075
1E9B 0323

NFKD

f 1

0066 0069

2D

0032 0035

S * ‘

0073 0323 0307

NFKC

f 1

0066 0069

2 D

0032 0035

S

1E69



“Normalization”; What to store?

* Recommended strategy for precomposed
characters:

—a) Total decomposition (NFD)
— b) Maximal composition (NFC)



"Normalization” strategies

Table 6. Basic Examples

Original NFD, NFKD NFC, NFKC Notes
a|D-dot_above D + dot_above D-dot_ahove Both decomposed and precomposed canonical
b|D + dot_above D + dot_above D-dot_above sequences produce the same result.
¢|D-dot_below + dot_above |D + dot_below D-dot_below + dot_above [The dat_above cannot be combined with the D
+ dot_above because the D has already combined with the
d|D-dot_above + dot_below |D + dot_below D-dot_below + dot_above (intervening dof_befow.
+ dot_above
e/D + dot_above D + dot_below D-dot_below + dot_above
+ dot_below + dot_above
f|D + dot_above + homn D + hom + dot_below D-dot_below + horn There may be intervening combining marks, so long
+ dot_below + dot_above + dot_ahove as the result of the combination is canonically
equivalent.
g/E-macron-grave E + macron + grave E-macron-grave Multiple combining characters are combined with

—a

E-macron + grave

E + macron + grave

E-macron-grave

the base character.

E-grave + macron

E + grave + macron

E-grave + macron

Characters will nat be combined if they would not
be canonical equivalents because of their ordering.

angstrom_sign

A + ring

A-ring

Because A (A-ring) is the preferred composite, it is

A-ring

A + ring

A-ring

the form produced for both characters.




“Normalization”; What to store?

* Recommended strategy for "compatibility
equivalents™?

—a) Total decomposition (NFKD)
— b) Maximal canonical composition (NFKC)



"Normalization” strategies

Title

Description

Normahization Form D
(NFD)

Canonical Decomposition

Normalization Form C
(NFC)

Canonical Decomposition,
followed by Canonical
Composition

Normalization Form KD
(MNFKD)

Compatibihity Decomposition

Normalization Form KC
(MFKLC)

Compatibility Decomposition,
followed by Canonical
Composition




"Normalization” strategies

Tahle 7. NFD and NFC Applied to Compatibility-Equivalent Strings

Original NFD NFC Notes
| ["Affin" "A\u0308ffin" "Affin" The ffi_ figature (U+FB0O3) Is nof decomposed,
ml'A\UFBO3n" "AU0308\UFBO3N"  |ALuFBO3N Sjggﬁffa;tnﬁjspﬁrfg"{‘Eé‘;'t}gg}'e";afp'”g not a
n|‘Henry V" “Henry V" “Henry V" Similarly, the ROMAN NUMERAL IV (U+2163) is not
0 ['Henry \u2163" "Henry \u2163" “"Henry \u2163" decomposed.
plga ka + ten ga Different compatibility equivalents of a single
q|ka + ten ka + ten ga lapanese character will nof result in the same
r [hw_ka + hw_ten hw_ka + hw_ten hw_ka + hw_ten string in NrC.
s [ka + hw_ten ka + hw_ten ka + hw_ten
t [hw_ka + ten hw_ka + ten hw_ka + ten
u |kaks ki + am + ks kaks Hanqul syllahles are maintained under

normalization.




"Normalization” strategies

Table 8. NFKD and NFKC Applied to Compatibility-Equivalent Strings

Original NFKD NFKC Notes
I ['Affin" "A\U0308ffin” "Affin” The ffi figatura (U +FBO3) 55 decomposed in NFKC
m'|'ALuFBO3n" "Alu0308ffin” "Affin” (where it is not in NFC).
n'|"Henry V" "Henry V" "Henry V" Similarly, the resulting strings here are identical in
o' ['Henry \02163" "Henry V" "Henry V" NFKC.
p'lga ka + ten ga Different compatihility equivalents of a single
q'[ka + ten ka + ten 0 |apanese character wiffresult in the same string in
I' (hw_ka + hw_ten ka + ten ga NFKC.
§' [ka + hw_ten ka + ten ga
t' (hw_ka + ten ka + ten ga
u' [kaks ki + am + kst kaks Hangul syllables are maintained under

normalization."




"Normalization” strategies

B2 Normalizer Demo B - =] =]
Insert: grave: -~ I acuie: ” I circurr: ™ tilde: ~ I urmlaut: I ring: ° I cedilla: | I
T et N e ket = Bt~ it — IRy — [ 1o ;J

L~ a1 "c.k bro'wm fotx JuTmped
'"TES RS () T+, — . SO1LZ23A56T7TR: r=I== T

HAECDEFGHIJELMMNOPOQRSTUOVINLVYZLY 1
"Tabocdefghijklmniopgrstuvwnry=d | b~
S EOFE I ST e e @ T gl | Y T ta

e S e

e s o wa

44858888 rcaEeEEiill SROGHH O+ sy

S e

Horrmalize: gFDrr‘n D Form I Form KD I Form KiC I

Tatatat"Ta"ta,ta, Ta_, ™t "a, "Ttho
A 171l ok bro v £fotx JuTmpetd

IS e (1 ¥4+, — . fOLE54A58789: sei==2
HABCDEFGHTI JELMNOPORSTUOVIZYEZ[LY 1
"abocdefghijklmnopgrstuvincy =4 | 1 -~

e ENE ! ETET e @ T gl Lt T tadl s
ACThR AR -ATAREC ETEEAETLI LI CIAITDEDN-O0TO0 000" =G T CTATTV B
a"a ata-a""a"@c_ e "e eM~e™i i TicdTEn” -0 "o Toto~0"T w1 T Tt T

i

| Jarea Applet Window




"Normalization” strategies

E Normalizer Demo =

L =1o]>x]

Insert: grave: -~ I acuie: ” I n:irn:ur‘n.l-EI tilde: ~| urmlaut: I ring: ° I cedilla: JI

T et N e ket = Bt~ it — IRy — [ 1o ;J
L~ a1 "c.k bro'wm fotx JuTmped
'"TES RS () T+, — . SO1LZ23A56T7TR: r=I== T
HAECDEFGHIJELMMNOPOQRSTUOVINLVYZLY 1
"Tabocdefghijklmniopgrstuvwnry=d | b~
S EOFE I ST e e @ T gl | Y T ta

e S e

e s o wa

44858888 rcaEeEEiill SROGHH O+ sy

S e

o D e DD D D

Horrmalize: Form D I i Form CI Form KD I Form KiC I

TAaasaata A A AT
L iicgk brown £6x Jjuampéd
¥ o' [ ¥ 4+, — . FOLE25A56759: =22
HABCDEFGHTI JELMNOPORSTUOVIZYEZ[LY 1
"abocdefghijklmnopgrstuvincy =4 | 1 -~
(e EOE IS T @3 e T I - L Coaadela s
AARRAAFCEEEEII I IRMOAAE0 =ty eE

-

A48888ececEE8iiiiaRAGGH 0+ sty

i

| Jarea Applet Window




"Normalization” strategies

B2 Normalizer Demo B DE; =] =]

Insert: grave: -~ I acuie: ” I circurr: ™ tilde: ~| urmlaut: I ring: ° I cedilla: JI

T et N e ket = Bt~ it — IRy — [ 1o ;J
L~ a1 "c.k bro'wm fotx JuTmped
'"TES RS () T+, — . SO1LZ23A56T7TR: r=I== T
HAECDEFGHIJELMMNOPOQRSTUOVINLVYZLY 1
"Tabocdefghijklmniopgrstuvwnry=d | b~
S EOFE I ST e e @ T gl | Y T ta

e S e

e s o wa

44858888 rcaEeEEiill SROGHH O+ sy

S e

Horrmalize: Form D I Form I EFDrm HD Form KiC I

Tatatat"Ta"ta,ta, Ta_, ™t "a, "Ttho
A 171l ok bro v £fotx JuTmpetd

IS e (1 ¥4+, — . fOLE54A58789: sei==2
HAECDEFGHI JELMMOPOQRSTUOVILLEZLY 1 |1
"abocdefghijklmnopgrstuvincy =4 | -~

[t ERE L E "®geww | 23 1dl- L losl-4l 2540
AThR AR -ATAREC ETEEAETLICLI CIAITDEDN-O0TO0 000" =G T CTATTV B
a"a ata-a""a"@c_ e "e eM~e™i i TicdTEn” -0 "o Toto~0"T w1 T Tt T

i

| Jarea Applet Window




"Normalization” strategies

B2 Normalizer Demo N - o 1o =]

Insert: grave: -~ I acuie: ” I n:irn:ur‘n:“l tilde: ~ urmlaut: I ring: ° I cedilla: JI

T et N e ket = Bt~ it — IRy — [ 1o ;J
L~ a1 "c.k bro'wm fotx JuTmped
'"TES RS () T+, — . SO1LZ23A56T7TR: r=I== T
HAECDEFGHIJELMMNOPOQRSTUOVINLVYZLY 1
"Tabocdefghijklmniopgrstuvwnry=d | b~
S EOFE I ST e e @ T gl | Y T ta

e S e

e s o wa

44858888 rcaEeEEiill SROGHH O+ sy

S e

Hormalize: Form D I Form I Form KD I an:lrm HC

TAaasaata A A AT
L iicgk brown £6x Jjuampéd

¥ o' [ ¥ 4+, — . FOLE25A56759: =22
FABCDEFGHIJELMMNOPOQRSITIIVIETZLS 1~ 1
"abocdefghijklmnopgrstuvincy =4 | -~

[ CEDEIE "@ace—e | 25 1gl- L loslodl ~2Soods
AARRAAFCEEEEII I IRMOAAE0 =TTy eE

-

A48888ececEE8iiiiaRAGGH 0+ sty

i

| Jarea Applet Window




Recommendations as to
*Normalization”:

* Question of storage vs. question of
retrieval?

— File size”
— Sorting
— Searching
— Comparing
* “On the fly” interpretation of data
— today?
— tomorrow?



“Too-Uniqueness” problems:
Bidirectionality: Arabic punctuation

Punctuation Punctuation
o 061B * ARABIC SEMICOLON
060C ) ARABIC COMMA ¢ also used with Thaana and Syriac in modern
* also used with Thaana and Syriac in modern bext .
text —003B ; semicolon
) i 061C Y <reserved>
— 002C , comma 0610 Y <reserved=
060D . ARABIC DATE SEPARATOR 061E ¢ ARABICTRIPLE DOT PUNCTUATION MARK
061F * ARABIC QUESTION MARK
Pu nctuation . ;ﬂitt) used with Thaana and Syriac in modern
06D4 - ARABIC FULL STOP — 003F ? question mark
* Urdu

* Missing (> Latin equivalents):
— “Normal” full stop
— Exclamation mark

— Quotation marks
— Parentheses, brackets, braces...



"Bidirectionality” character types

Table 4. Eidirectional Character Types

Category|Type|Description General 5cope
Strong  |L Left-to-Right LRM, most alphabetic, syllabic, Han ideographs, non-European or non-Arabic digits, ...
LRE |(Lefi-to-Right Embhedding [LRE
LRO |Lefi-to-Right Override LRO
R Right-to-Left RLM, Hebrew alphabet, and related puncuation
AL (Right-to-Left Arabic Arabic, Thaana, and Syriac alphabets, most punctuation specific to those scripts, ...
RLE (Right-to-Left Embhedding |[RLE
RLO (Right-to-Left Override RLO
Weak PDF |Pop Directional Format PDF
EN |European Number European digits, Eastern Arabic-Indic digits, ...
ES |European Number PLUS SICH, MINUS SIGH
Separator
ET |European Number DEGREE sioM, CUTrency symbols, ...
Terminator
AN |Arabic Number Arabic-Indic digits, Arabic decimal and thousands separators, ...
CS |Common Number COLON, COMMA, FULL sTop (DaFF0d), No-BREAK sPACE, ...
Separator
NSM |Nonspacing Mark Characters marked Mn (Nonspacing_Mark) and Me (Enclosing_mark) in the Unicode
Character Database
BN (Boundary Neutral Most formatting and control characters, other than those explicitly given types above
Neutral |B Paragraph Separator PaRAGRAPH sERaraToR, APPropriate Newline Fundions, higher-level protocol paragraph
determination
5 Segment Separator fab
WS |Whitespace SPACE, FIGURE SPACE, LIME SEPARATOR, FORM FEED, Leneral Punctuation spaces, ...
ON (Other Neutrals All other characters, INCIUAING opECcT REPLACEMENT CHARACTER




“Bidirectionality” character types
Misbehaviour problems

TOU E0TAVOMUEVOU
GITEENOUVEV®

TOV OF TOV (QYOVTU
TOV OULUOVDV

NOMTNOU OQULOUS
CLUTOV TOU OTOVQOU
TV OUvapLY MOTE €LT-

TV LOL TV OVVaLLLY
TOU ONUEOV®

war Slar uars
T{EW_T_I:LD T{E\lﬂa\ﬂ sy .

hlaYal

. Mar sy

1 Ao



Recommendations:

* This is an implementation problem, not a
storage problem!

— Arguing with software providers for a correct
treatment?

— Arguing with UNICODE.ORG for an addition
of RLM punctuation marks?



“Original” scripts vs.
transcription / transliteration?

* “Original” scripts preferred by native
speakers / communities?

* Transcriptions preferred by linguists?



Twofold ELAN output

¢ Elan - BAVO3_04.EAF - o] x|
Datei Bearbeiten Annotation Zeile Typ Suche Ansicht Optionen Fenster Hilfe

Tabelle rText Untertitel rsteuerung |

Hr1EAS v
togsoba pagzebamgt 30, dagto e Jobfagbs 2ok 300 Buagb 328 gty 83060877 gbg oobgf, Sraoh Safgds mat glgg, |
B sraoh maoeeq 33 obmf. et
1 @AS |~
baggaxi levanater men, bachi co miérena yaxken xalx co ya ebe bwarée’ ese daxer, ‘alix bareha dar ebee, xkulix ||~
Ouma ixor. i
To@AS |v
'a%ﬁnmbaﬁ-n .'133015;9535, focnd E-.'IBEQE'O Jﬁ:bbnggbﬁ amb'a;:jo El.);pbo afa Jﬁ:nb, a0 aban ;9;2350.‘:;9.‘:3 .'Ja magﬁ:m&-gpﬁa :
B, Bodmafdo batto oy EqE qquo o Ha b'\qmao dmata mhmnmmEqE. 2t
fe@AS |~
The old people used to say that the Batshis are not a people that has come from somewhere, they have lived here |+
|| eversince, in the winter they were in the plain and in the summer they went up into the mountain(s). x
00:02:23 975 Auswahl: 00:00:00.000 - 00:00:00.000 0O
|"q||4|1‘]IF‘]|—|{]IPl[}l"‘lel&"lDll[}“l |[>S|/S/||(—| |(—|—)|.,LIT| Dhuswahl-Modus I:lSchIeifen-Modus
I T
ol W .I. o .I. .I. .I. ‘
24.000 00:02:25.000 00:02:27.000 00:02:28.000 00:02:29.000 00:02:30.000 00:02:31.000 00:02:32.000 —
10
ref@AS I
Wrs@AS cagmabipipe ok 3y, Bapoas LB 3 bge adfag db et ab Sk, *spnob Bakey
ogquyndalla  dar me bacaw stak bwa are mxrobax war “alix bare A
H@AS s : 2 = : =
1 @AS caypabmipepms oot By, Bopgos b 3 b5 pofey bR mbob 50k, fspnob Befeg B30'cbe fgoeg® 120 Eymed, Aebneb Byned oood Byned,
W1 @AS oguyndalla dar me, bacay stak bwa gare mErobax var, alix bare nwe'iza leler Z2en tguyh, Zabuyn taquyh doin tguyt,
TG @AS sodmd oy, fod, Bagego (oembo) s yaggreogol gefy Gbafgabde oy, BeBoebdo 2ebdo aefgom pemmompos shafol o500, bedmbmol o 5B, 5BaE6s8als ";j_
g1 @AS amitom igo, rom, bacawi dugiy kaci govelteis gare mxareehéi igo, zamtarsi baréi garet dadioda cxvris ukan, sakonlis ukan, cxenebis ukan,
Thaeafors tho Date meme b 1 2 i o ntor pociiom i th imtor b mt imto ks mlais aftae e 59 oy o th HI Hortho bor :
ife@as [ 4] L] [ »]




“Original” script vs.
transcription / transliteration?

* |deal scenario:

— transcription automatically derivable from
rendering in original script and

— Vice versa
* No problems with Cyrillic vs. Latin
* Manifold problems with Arabic vs. Latin



Narrow) Transcription
<> Cyrillic script (no font mapping!

A

Satz f sentence 1

HapTaeH vaea o xcTEp ¥WaEpxaar vel e,
Martz=n uaed sas xistzer U=rxag uydis,
Nardtazn sa2 xistzer waad Vaencaeeg vwralis.

The Marts' eldest was Waerkaeg then.

MNartazn sa= xistamr  waed V== =Ty el ) T
MNarts their eldest  then YWearcaag (FR) =
dat.pl  poss.pronprocl. nom.sg. ady. Nom.sdg. 3.s50.pret.

Satz f sentence 2

YaEpxEaEraEd panryel pakc Oelyy &= NzEnnyikdel, haszs=Ttrae,
eer=z=gaen rajguyrdis dyuuz l=ppujy, fazzaettas,
R ERGaEen FEWIRaE Slnaras izmnn i), Jaaeae ool Sinaeas fI3sson)s
Two boys were born to WwWaarnaeg, two boys, two twins,
Mmmoramgaen raignrdics dinvae ismooudy, diiirae fE2ooldy. divnvae fazzony
Wiaarazg (FMY was borm (1 e boys (1 e boys (1 ! tewins

dat.sa. Z.sd.pret AU, ger.sd. AU, gern.sd. AU, gernsdg.



(Narrow) Transliteration
<> Arabic script

bsm ’llh Irhmn "Irhym )l oz )l alll puwy
kh gyty r' pdyd {Iwrd w m'r Lle 9 )9l vay 1) S aS
bdw zyb'st mlk w p'd$'yy lidl 9 elle canlyj 9
kh hr gz n'yd 'z mlks gd'yy el Jislo Sl b S L as
xd'y p'’k w by hmt' w by y'r b 29 i _y9 Ji sl
hm 'z 'ndysh dwr w hm z dyd'r > a® 9 59> adyyl jl p@
nh btw'nd mrw r' ¢€m dydn Udd> puiaz |y 9,0 vlgn @
nh 'ndysh drw d'nd rsydn O Bl 95> adyul &
nh ngs'ny pdyrd hméw gwhr oP9> omad >y sladi a

nh z'n grdd mrw r* h'l dygr SO U O B B -



(Broad) Transliteration
<> Arabic script

btd'y kt'b sndb'd

-2 ényn gwynd rwy'ni hdyt w bd'wnd'ni t'ryly ky dr mwsyi'yy'm

s wswIfi "w'm dr ‘glymi hndwst'n y'd$'hy bwdh ‘st kwrdys n'm ky sh'yf
- m"ly gh'nd'ry r' bmk'rmi "hl"ghi hmydh mwsh grd'nydh bwz, wrd'y mf'ri
p'ds'hy 1 bt "r'qi krym mitrrz krdh, w rwzg'r ‘w bgm'li ‘dl “r'sth
w 'ws'fi w bkm'li fsl mshwr $dh, dwity mt™ w hsmty mty'm, mddty
twyl w mmikty ‘rys, dsti tn'wli h'sd'n w tt'wli g'sd'n "z mmlkti
‘W bsth w kwt'h, w ¢émi 'tm"i f'sdh’ mt'ddy'n dr dwit ‘w pwsydh w 'z,
hmysh mut'b’i ‘dl w mt'w'i ‘gl bwdy, w “'rw "hb'ri rftg'n w sunan wi w siayri
y'n snwdy, w dikr husni Siyam w syti mt'w'ti hdm w hasami 'w bsm'
1 sltyni wat rsydh, w zb'ni ruw't w by ni tig't "w'zh' i hyti 'yt
w hsb w"mni wl'yti ‘w bgwsi hl'yq rs'nydh, w 'z bdwi sibay ky ‘mrh’
'mr grrh’ dhr ‘st t tl'w'i sb'hi Sayb ky hbr dhndh® w d"i hy'tst gz dr
mnhgi "'yt w mslki thfyf w triyhi s'fy wl'yt qdm nzdh bwd, w 'z
bry ‘kt'bi ‘mwl g'my dr hath’ wizr w wb'l nnh'dh bwd, pywsth ‘htm'm
br 'tm'mi ms'lhi r"y'y dwit mwfwr my d'st, w brr w biyri mulkt r* bfsti
nsft w 's"ti m'dlt m'mwr my grd'nyd, dwlti ‘wr' s'di ‘kbri ‘glymi
zhl my gftnd, w mlwki “f'g mk'rmi "hl'gi "w br h'éyh’ grydh’ sy'st
t'lyg my krdnd, w2 f3'yli Tmi 'w 'qt’s my nmwdnd w dr
n'twwsfi ‘'w my gftnd;

Shaiw oS sl

pblusso 3> LS b oluglis 9 ey bl deS ouiz

D wlbuo (S el o8 il 03g)  BLESL Glwgud alsl 1> ploel wallguw g

1 5lao 19 ey 02l pawss omez M p ey | s)luler  Jlea
atuwll Jag Jlacw 91 5859, 9 w028 laa ars Shel e ) BLisk,
e psbe i § gllas 9> (00 jopiie ad JLeSs 9 9Ll 9
cSlas I lausld Jalbs § olawb Jols cuus (pae iSlas 9 Jigh
G99 OJ.u.u_gJ 9l edgs 3 obizio coswld glabl pui 3 ;oL959 iy 9l

9 it uusa i 9 IS8, U319, 9 (s, Jie golhao 9 Jae glin aiiyad

&n.w;ﬂpﬁ_gpb@j”ﬂa@}p.wﬁﬁ)ﬂ wsagin Gl
cul a8 cojlgl GlE ol 9 ¢ |.‘3U wlij 9 03y &89 o

- e0s08 S 0 9313 0iply M5 S 5l a5 109 s 5

._j)_"}.}?C.J.ul'.il._l_}EI)_'QCOJAEJFUS@EL@E_Q%UCLuJI_@)CCl;.C_)A_Q

319 s 033 038 o9 slino a9 5 Uil 9 cle; pgio
ploi®| alwgy dor 03lgs JU9 9 159 caln ) o8 Jlsal ST sl
aolol |y eslo 29 9 widly o ys950 el sble pllao plail
281 51 o gl @y dls,3 o joaee clies weldl § Gas
b 203> caubl> o 9l §Y31 )10 ST Jolo 9 il o S
239 xixg0s o ulidl gl ale lad jl g 0,8 o Bules

S o 8l g 9 sl



(Broad) Transcription
<> Arabic script

ay dil am bahr e qabal T ba tana y at masgal fFverse: 1 Jgsudio ol lu ke 5 LJ_w I)@J p| J> 5I

rad nasud har ke ba dargah e fo garald qabal 22 Joud 13 _,3’ . holS ) o feTRy ;
bar dar 6 dark e kamal s to nabasad rah e ‘aq/ Afverse: 1 Jiic I oJ .l.quu | JWS | dﬁ I Jg

ke ba juz ‘ajz nagarand dar in bab ‘uqu! ver J_g.n.C Wb o s alu e )> u J
3ifan 13 ke zi danis ba falak bar Suds and affverse: 1 xil i el o iy j J 1, ool
hast dar manzil e nadani y fsan az to nuzu/ gl JﬁJJ ol ol s bl | J3io 5 caud

Il gilbo o & T aogi L3l 1 e

gayr e igrar ba tawhid e to ay sani’ e pak s 2 gl ot :
Jodeoli dor a>gi p@ ) Y gle

aqrian ra hame tawjih buwad nama qul

g 0t : : ttverse: 4 JST J@l1 a5 5 at ¥ 30> JalJ
g 7 f =5 i - £ - = - £
Iil lahi | hamd Ke sud dar nazar s ahl e kama s Mok i ol Bl

az qabul e nazar at nazm e qabuli maqbul



“Original” script vs.
transcription / transliteration?

* Recommendations:

— For data storage choose the most informative
rendering available

* with a unique representation of all consonant and
vowel phonemes (“broad” transcription type)

* do care for convertibililtiy

— N.B. a plain ASCII-based encoding may
suffice (!)



Summary

* The struggle for a reliable encoding basis
IS approaching its end with the UNICODE
standard developing

BUT
* Inconsistencies of the UNICODE standard

should be considered carefully for data
storage right from the beginning



