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Linux and file types

= Unix is representing 95% of all servers
o GNU/Linux, Solaris, FreeBSD, OpenBSD, MacQS-X, ...

But also 100% of all Smartphones

o Android and iOS are both Unix systems.
= Different types of files : Text files

o stored in ASCII or other encodings (topic of next week)
o Source of programs, texts, XML, HTML, CSS,

Different types of files : Binary files

Write data with a specific encoding

Programs (runnable), Databases, ...

Some standards are proprietary some are open.
We will see standards for images.
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Background
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Objectives

How do computers represent characters?

= Glyphs, ligatures and fonts
= Historical standards
= Unicode 5 layer architecture:

Abstract Character Repertoire
Coded Character Set
Character Encoding Form
Character Encoding Scheme
Transfer Encoding Syntax
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Typography
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Glyph

“A grapheme (com-
puting:  character)
is the smallest
unit of a writing
system of any
given language.”
—https: // en.
wikipedia. org/
wikt/ Grapheme

‘A glyph (comput-
ing: shape) is an
elemental symbol
within an agreed
set of symbols, in-
tended to represent
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Ligature

% qa A ligature is the
Aéé combination of two
or more graphemes

% W (or letters) into a
single glyph.
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Font

A font defines size, weight and style of a typeface.
A typeface is a set of glyphs that share common design features.

A font may not define a unique glyph for every character. For example, the Latin and
Greek 'A’ may be different characters sharing the same glyph.
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Character

= Unit of information

= Used for organization, control or representation of textual data
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History
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Telegraph (Chappe, 1792)
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Extended Binary Coded Decimal Interchange Code (1963)

2nd hex digit EBCDIC character codes
1st hex digit
0 1 2 3 4 Sle|7|lele]lAalB|C|D|E]F
0 | NUL | DLE Ds 5P & | - 0
1 SOH | DCI | 508 ali Al 1
2 | 8TX | DC2 F3 SYN blk|s BlK|S |2
3 | ETX | T™™ eIt clL|T]3
4 PF RES | BYP | PN dlmju DiMiu]4
5 HT NL LF RS gln|v E[N|V]S
6 LC BS ETB uc flo|w FlO|W|E&
7 | DEL L ESC | EQT galp|=x G|P | X |7
CAN hlg ]y HlQ|[Y |8
] EM i r|z IR Z |8
A ShM cC 5M C];;”. !
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US ASCII (1963)
ASCII TABLE

Decimal Hexadecimal Binary

CBNOUBWNRO
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Octal Char Decimal Hexadecimal Binary
0 [ [NULL] 48 30 110000
1 1 [START OF HEADING] 49 31 110001
10 2 [START OF TEXT] 50 32 110010
11 3 [END OF TEXT] 51 33 110011
100 4 [END OF TRANSMISSION] 52 34 110100
101 5 [ENQUIRY] 53 35 110101
110 6 [ACKNOWLEDGE] 54 36 110110
111 7 [BELL] 55 37 110111
1000 10 [BACKSPACE] 56 38 111000
1001 11 [HORIZONTAL TAB] 57 39 111001
1010 12 [LINE FEED] 58 3A 111010
1011 13 [VERTICAL TAB] 59 3B 111011
1100 14 [FORM FEED] 60 3C 111100
1101 15 [CARRIAGE RETURN] 61 30 111101
1110 16 [SHIFT OUT] 62 3E 111110
1111 17 [SHIFT IN] 63 3F 111111
10000 20 [DATA LINK ESCAPE] 64 40 1000000
10001 21 [DEVICE CONTROL 1] 65 41 1000001
10010 22 [DEVICE CONTROL 2] 66 42 1000010
10011 23 [DEVICE CONTROL 3] 67 43 1000011
10100 24 [DEVICE CONTROL 4] 68 44 1000100
10101 25 [NEGATIVE ACKNOWLEDGE] | 69 45 1000101
10110 26 [SYNCHRONOUS IDLE] 70 46 1000110
10111 27 [ENG OF TRANS. BLOCK] 71 a7 1000111
11000 30 [CANCEL] 72 48 1001000
11001 31 [END OF MEDIUM] 73 49 1001001
11010 32 [SUBSTITUTE] 74 4A 1001010
11011 33 [ESCAPE] 75 4B 1001011
11100 34 [FILE SEPARATOR] 76 4c 1001100
11101 35 [GROUP SEPARATOR] 77 4D 1001101
11110 36 [RECORD SEPARATOR] 78 4E 1001110
11111 37 [UNIT SEPARATOR] 79 4F 1001111
100000 40 [SPACE] 80 50 1010000
100001 41 ! 81 51 1010001
100010 42 " 1010010

@lséé bernoise | Bern
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Octal Char
60
61
62
63
64
65
66
67
70
71
72
73
74
75
76
77
100
101
102
103
104
105
106
107
110
111
112
113
114
115
116
117
120
121
122

COBNOUBWNHO
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1010101
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1100000
1100001
1100010
1100011
1100100
1100101
1100110
1100111
1101000
1101001
1101010
1101011
1101100
1101101
1101110
1101111
1110000
1110001
1110010
1110011
1110100
1110101
1110110
1110111
1111000
1111001
1111010
1111011
1111100
1111101
1111110
1111111

140
141
142
143
144
145
146
147
150
151
152
153
154
155
156
157
160
161
162
163
164
165
166
167
170
171
172
173
174
175
176
177

Decimal Hexadecimal Binary Octal Char
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[DEL]
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Control codes

Character sets often contain control codes, code positions that are not mapped to a
visible character but for control. Examples:

CR Carriage return
LF Line feed
HT Horizontal tab
CTRL-C Interrupt
CTRL-D End of input
End of line on Macis CR, on Unix LF and on Windows CR LF.

Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences

16



Control

AND THATS NOTE/E THE.
WORST FART! THE AORST
FART 15 THAT—

U+2o2e
+ NEVE T'NDID YEHT—

PUEH BT TAHW ...
-+-U0Y DID WoH
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ISO 8859-1: Extended ASCII (latina)

Al Az AT AE AT (5 A3 AR AE
i| ¢| £ ¥ 5| H 2w
[Eo . [E1 [z _ [E= BE  [E6 _ [ET [E5 [en _ [EE [eC  [ED [EF
+| B 3 | = #| k| k &
o - |61 - [C2 - [t% ~ [t9 « |CE = |06 T T - [t3 - [CA ~ [CE . [CC - |CD - |CE F .,
Al A Al Al Al A &) C| E| Ef E|] E] I| I I
N (R CER CE G (G CE CER CE (I (O O [oF
M{ O O O O O € @] U] uf o] uj ¥ B
E0 _ [E1 _ [Ez _ [E® _ [E4 ., [E5 . [E% ET E¥ _ [Es _ [Em _ [EE ,, [Et . |[ED _ |[EE _ [EF
d d d d d a i L g2 g2 (= (= 1 1 1
Fi __ [Fz _ [Fz _ [F4 . |FE _ [F& .. [F¥ F% F& _ [FA _ [FE _ [FC ., [FD .,
il ] ] ] ] (] e ] Ll LI Ll Ll L
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CP1252: Extended ASCII (winlatini)

- ] = | - a2 e | ] |
|19 |19 |19 |1 [T [T [T
bl = [ ' _m L 'S
T I Y ST = I Y T I I
w w w w w w w w
o Eeal X [ L= = w [’
| =l v |[v= v | v
= = = = = =
X [ L= = w [’
=~ e r s N e B - B I B B
(=] L= L= L= L= L=} o (=]
o Eeal k- [ L= —m w LL
- — == == | sl [« _”“_H_ -
(-] (-] ] [ -] = ] (-]
o Lol k= [ L= = w LL
a0 | 20 | m o | [ e | v
X X = = = = = X
o Lol k= [ L= = EL LL
| E = | = |sd (v | r TS
Ll bl = Ll Rl = Ll Ll |
< ! : wfd | = | =
- L o o o -l el o D
- | o () x Lk e
r- r- r— r- r- r- r- r-
- 1 - || || B0
Lr -] e e e L - Lt -1 Ly -3 Ly
o Eeal X [ L= = w [’
: [ ] + - T i I T O O
L L ()] L uh L (0] (]
o Eeal X [ L= = w [’ g
gl B o | =1 il I o B 0 T
I = x x x I xI xI i
=3 = x & ] 1= Jin TR b
i Hlm e v | im0
™ ™ ™ ™ ™ ™~ ™ ™ B
o Lol k= [ L= = EL LL
- 0= VIR -0 il o IO o O O o e
i~ i~ [ ] ('] id -~ ™~ i~ 3
o Lol k= [ L= = EL LL
- — | Hl | = | vE | 1T
- - - - - - bl 4
o = i %) = 7] 1Y ]
SiTE = L8 I I I Y L v
E—1 E—3 -2 = = = L=




ISO 8859-2: Extended ASCII (latin2)

An Al CE B A4 AE . A6 .- [AT (5 A3 .. |AR AE .. [AC - |AD RE .. |AF .
A t| H| L| 5| & =l I A s
[e6, [¢1  [e2 |6 |64 - |65 — [e% _ |6t - |[6#  |[E% _ |em  |EE . [eC _ |ED -~ [FE _ |EF
a . T 1| & B S| S|t e -
o - |61 - [C2 - [t% o [t9 o« |5 - |06 - |7 T .. [t3 - [cA CE v €~ [CD - |CE -~ [CF -
Bl A] Al A L{ C| | C| Ef E{ E] E| I| I| D
[0 [ti - [0 ~ [0F - |04 - |05 - |BR .. b7  [b% - |0 - |0A - |DE - |bC ., |OD - |DE  [BF
Bl M| Wl O] 0O af ={ B[ Ul U] U] U] %] T| B
E0 _ [E1 _ [Ez _ [E# . [E4 ., |[EF - |[EF _ [ET E¥ _ [E3 _ [ER EE ,, [EC _ [ED _ [EE _ [EF -
r d d d d 1 C L C g2 g (= (= 1 1
Fo F1 _ [Fz _ [Fz _ [Fd . |FE . [F& .. [FT Fe _ [F2 _ |Fn _ [FE __[FC ., [F? . |FE FF .
il M ] ] ] ] = r Ll Ll Ll Ll L I
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ISO 8859-3: Extended ASCII (latin3)

An Al CE B A4 A& - |AT A% .. [A3 . [AA AE . [AC - |AD AF .
H £| H H Il S| G J| - g
[eo, |61 _ [e2 _ [EF _ [E4 - [EE E5 . |[ev |62 |e3  |Em  |EE _, [EC _ [ED [EF
R E | h | L s g 1l ¥ z
o - [t - [tz - ™ . |5 . [ - [CT & - [t3 - [CA ~ [CE . [EC - [CD - |CE - |CF .
Al Al A Al C| C El E E| Ef I| I| I| I

[pi ~ |02 - [0 - [o4 - [oE . |0§ .. O [0% - |03 ~ [0A - |OE -~ [BC .. |BD ., |[DE - |OF
M Of O 0] G| O G U Ul Uy Uy | 5| B
E0 _ [E1 _ [Ez E4 ., [EE , [E® _ [ET E¥ _ [Es _ [Em _ [EE ,, [Et . |[ED _ |[EE _ [EF
d d d d C C g2 g2 (= (= 1 1 1 1
Fi _ [Fz _ [Fz _ [F4 . |FE , [F& .. [FT F& _ [F# _ [Fa _ [FE _ [Ft ., [FT' _ |FE .. [FF .

il ] ] ] E ] = g Ll Ll Ll Ll Ll =5
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ISO 8859-4: Extended ASCII (lating)

An Al Az AT A4 HE - |A& AT RE . |A3 .. [AR _ |AE AC AD HE .. |AF _
Al k| Bl #| I| L| & s Bl G FI -
[e6, [¢1  [e2 |6 |4 - |65 _ [e®  |Ev - [e%  [E% _ |em _ |EE _ [EC ED BE _ [EF
a 1 r 1 1 B S| el g ] 2| 1
o _ |61 - [C2 - [tF ~ [t9 « |CE = |06 T T .. [t3 - [cA CE . [CC . [CD - |CE -~ [CF -
Al Al Al Al Al A &) I| C{ E{ E] E| E| I| I| I
oo [rd bz _ [0z [o4 - [0 ~ |0% .. b7 [p%  [o3 h - |OE - [bC ., |0 ~ |PE — |BF
Bl Wl O K O Of Of = @| U[ 0] U] u| uj u| &
E0 _ [E1 _ [Ez _ [E= _ [E4 ., [E5 . [E% ET _ [E¢ . [E2 _ |EA EE ,, [EC , [ED _ |[EE _ [EF _
d d d d d a i 1 C g2 g (= (= 1 1 1
Fo Fi Fe _ [Fz Fi _ [F& __ [F& ., [FT F% Fa FR _ [FE _ [Ft ,, [FO' _ [FE _ [FF
n{ ol k] ol ol of | @ Wl ul ol u] wul u
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ISO 8859-5: Extended ASCII (Cyrillic)

I CESET GCER GCERE CE CE CE CE CE CE G G G G T G
El B | €| s I| I| J| | bl ®K| K| —-| ¥| W

[e6 |61 [ez2 [63  [6d 3 B8 |[ev  |[E¢ |63 . [Em  [EE  [EC ED BE  [EF
Al B Bl | 4 E| ¥| 2| M L A M| H| Of T

ch [t1 |2 [ |4 |5 [c& [ev [¢&  [¢3 |t |cB |ec [co [CE [oF
Pl C| T %] & & U] 4] W W & W b 3| 0| A

[oo (ol 0z (3 [T (3 (R (N R CE 0E  |0C {7 DE  |OF
al G| el r a) e &| =2 W] W K| A M H| Of N

Ev  |[EL  |[Ez  |[E¥ |4  |[E®  |[E®s  [Ev  [E¥  |[Es  |Em  |EE  |Ec  |[EC  |[EE  [EF
P C T ¥ f| L 4 w| Wl ®&| b 3 i H

Fo[F2 ., [Fe [F= . [FW[F5  [Fe , [F7 . [F® , [F® |[Fm |FE  [FC _ [F0 _ [FE ., [FF
Rl el K| | & | 1| 1| J| m| Wl RK| K| | ¥| U
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ISO 8859-6: Extended ASCII (Arabic)

Al AY AT |AD
H ¢ -
[EE [EF
£
1 |z T CE = L [ r A ' t&  |t3 .. |[tA .. |CE .. [cC |[cb [cE | [eF
g CH I o 2|z z| T
[oo . [od oz [bx |04 . [oE N L [0 L (o TH
S B =
Ev  [EL . |[Ez .. [E# ., |[E4 ,|EBZ _ |[E® . [Ev _ [E¥ [E®  |Em  |EE . |EC ,. [E  |EE . [EF
.. : . n -
—| = g Jd 0 BN - L - =

Fo Fl .. |F2
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ISO 8859-7: Extended ASCII (Greek)

LT CF AR (TR HE  [AT _ [AE .. |A3 RE  [AC  [AD AF
t V| B 41 - - -
[eo— |61 62 _ |6 _ [64 « [€5 , |66 . [er  |6% , |e= , |em , [6E  [ec , |60 |EE , [EF ,
+| B # A E| Hl I| #| 0] %] ¥| Q
o, [ |[cg _ [cx _ |4 [¢5 _ [c6 _ v |cF _ |8 _ |[ch |[cB |[ec  [cb [cE _ [CF
Ll Al Bl I &) E| 2] H| 8| I K[ A&f H[ N| Z| O
[oo (ol R (G (3 (I G CE CE] OH . |OE .. |bC , b0, |BE , [OF ,
Mm F 2| T Y| @] R| W ORIl Y| ol £l | oL
E0 , [E2 |Ez _ |[ez  [e4 _ |[es  [es  [Er  |[E¥ _ |[E# |[em  |EE  |[Ec  |ep  |EE  [EF
Ul o Bl »| &1 | ¢ | @ v K[ & M| Y| E| O
Fo [F1 |[Fz  [F¢  |F4 |F5 [F& [T [F®&  [F®  [FR ,, [FE ., [FC , [Fb , [FE ,
m [ o ol T L P = p o L Ll o L ]
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ISO 8859-8: Extended ASCII (Hebrew)

Al CER CER G 2 CEO CE G CE G G G G (N
H i
[e6, |61 [e= _ |6 _ [e4 - |65 [e® _ v  |e%  |[E= _ [em  |6E |6C D |EE
+ o=l »
[oF
E0  |[E1  |Ez  [Ez  |[E4  |[EE  |[Es  [Ev  [e®¥  [E¥  [Em  [EE  [EC _ [ED  [EE  [EF
Rl 1 1 ! J ]
Fo |[FL  |Fz  [Fz  |Fd|[FE [F& [T |[F&  [F#  [FA
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ISO 8859-9: Extended ASCII (lating)

An Al Az AT A4 AE [ AT RE .. |A3 AR AE AC AD AE AF _
il & £ H| ¥| | 2wl A -| ®
[e6, |61 [ez _ [6% _ |4 - |65 [es _ |6 |e#  |[Es _ |em _ |EE  [eC  |ED |FE  |EF
[ B * w1 . = R k| okl OEH| 4
o - |61 - [C2 - [t% ~ [t9 « |CE = |06 T & - [t3 - [CA ~ [CE . [EC - [CD - |CE - |CF .
Al Al Al Al A A fE E| E] E| Ef I| I| I| I
(I P CEE R R (S T CE CE CE L O T O (I
G M| O O O] 0] 0O @) uf oyl uf Ul I| 5| B
E0 _ [E1 _ [Ez _ [E® _ [E4 ., [E5 . [E% ET E¥ _ [Es _ [Em _ [EE ,, [Et . |[ED _ |[EE _ [EF
d d d d d a i g2 g2 (= (= 1 1 1 1
Fo ., [F1 _ [Fe _ [F# _ [F4 . [F& _ [F% ., [F¥ F% F& _ [FR _ [FE _ [FC ,, |FD FE FF .
g il ] ] ] ] (] = ] Ll LI LI Ll 1 > .
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ISO 8859-10: Extended ASCII (Latino)

An Al Az _ |A® A4 _ |[AE .. |AG AT (5 A3 AR .. |RE AC .. |AD HE _ |AF
Al B G I If K| &) L| & S| F] £ = U| [

[ea, |61 [ez _ [6= _ |4 _ |&% _ [e% |6t |e#  |[Es _ |[em _ |EE  [eC _ |ED  |EE _ |EF
al &l ] 1| I| k 0 dl s #| 2| =] O] n
o _ |61 - [C2 - [tF ~ [t9 « |CE = |06 T T .. [t3 - [cA CE . [CC . [CD - |CE -~ [CF .
Al Al Al Al Al A &) I| C{ E{ E] E| E| I| I| I

oo [rd Oz _ [0 ~ [b4 - [OE ~ |0F .. [B7 ~ [D%F  [b3 h - |0E - [bC ., |00 - |PE  |BF
Bl Wl Of Of O Of Of Uj @| Uf uf uj u{ ¥| | B
E0 _ [E1 _ [Ez _ [E= _ [E4 ., [E5 . [E% ET _ [E¢ . [E2 _ |EA EE ,, [EC , [ED _ |[EE _ |[EF ,,
d d d d d a i 1 C g2 g (= (= 1 1 1

Fo Fi Fz _ [F# _ [F4 _ [F& __ [F& ., [FT _ [F% Fa FR _ [FE _ [Ft ., [FO _ |FE FF
nl ol ol o of of uf @] uf ul uf ul Y| p|l k
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ISO 8859-11: Extended ASCII (Thai)

Al Az A3 A4 AE [ AT [ A3 T AE AC AD AE AF
] u L T S N ] o A il

O G CE L EE Es  |[6v  |[E¥  |[ea  |em  [EE  [EC ED EE  [EF

31 N B W] e ] T M| 0 il Ol Ul w ul
o i Tz T3 ] 3 TR T s ) ) 3 Tt o CE F

i) Ul g 9 i) «f | 1 Al W d W w 1
N CE CER R R G R O X (ER [oF

5 1 A . B
En El Ez Ex EY4 ET E ET _ [E¥ 1 [E? . |EA o [EE . [EC . [ED . [EE EF

L I T ! =
Fo F1 Fz Fz = FEt F& FT F? Fa FR FE

of @ ] of & & 2 a| & & 9| *
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ISO 8859-13: Extended ASCII (latin7)

CUJN CFANR (TN (R (I R TN CERNN CENN (R CT RN (TN (T T T T
¢ £ H| | | E| @ Bl @ - -| ®] &

[Fo [B1 k2 _ [6% _ |4, [5 [FF _ [ET [B¥ [3 _ [em [eE [T [ED [EE _ [EF
+ 3 ul @ rl Bl 4| ¥ H| o®

T |61 |tz — |0 - [t9 o |5 ¢ |68 [C7 — [F — [¢% = [ch - [CB . [ [cn [CE _ |tF
Al I| Al C| A| Al Ef E| C| El 2| E| G| K| I| L

[oo oL~ oz 0 - [o4 _ |OF ~ [0F .. |07 [0% [0 A - |DE — |OC .. |00 . |DE - |OF
S| M) M O O Of Of = Ul £ = U U} 2| 2| B

E0  [EX |, |Ez _ |[Ex _ [e4 ,, [E5 . [EF  [Er _ |E¥ . [E# _ [Em _ |EE , |[EC _ |[ED  |EE _ [EF
3| 1| al| c| a| a| el e| Cc| e| 2| e| €| k| 1] 1
Fo_ [FL _ [Fe  [F= _ [F4 _ |F& . [F& ,, [T [F¢ [F@ _[FA _ [FE _ [FC  |[FO , [FE _ [FF

= ny n o o O o = Ll ¥ = L Ll £ i
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ISO 8859-14: Extended ASCII (Latin8)

AN N G CE A4 ., [A5 , [A& . |AT A% - |A3 AR - [RE . [AC -. |AD AE AF .
Bl h|{ £| C| | D| S| MW Wl df ¥ -| & %
[eo |61 . [ez . [6% , |64 . |65 , [es _ |6t . 6% _ |6 , |[em _ |EE . [eC _ |ED .. |[EE ,, |EF
F{ f| G| | M| m| 9| P| w| p| w| S| 4| W[l w| =
o - |61 - [C2 - [tF ~ [t9 « |CE = |06 T T .. [t3 - [CA ~ [CE . [EC - [0 - |CE - |CF .
Al Al Al Al A A E| G| E{ Ef El E| I| I| I| I
[po = [oi ~ [0 - [oF - |04 -~ |05 ~ |0% .. [bF . [b% |0 - |0A - [DE - |bC ., |00 - |DE -~ [BF
Wl M| O O] O] O] O] T| &| U} U} U] up ¥| ¥| &
E0 _ [E1 _ [Ez _ [E® _ [E4 ., [E5 . [E% ET E¥ _ [Es _ [Em _ [EE ,, [Et . |[ED _ |[EE _ [EF
d d d d d a i L g2 g2 (= (= 1 1 1 1
Fo _ [FL _ [Fe _ [F* _ [F4 . [F& . [F5 ., [FT . [F% F3 _ |FR _ |FE _ [FC ,, [FO _ [FE . [FF .,
Wl n| of ol of o of T| @ ul U] uf u] 4yl Jd| Y
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ISO 8859-15: Extended ASCII (lating)

AN Al Az A3 A4 AE A& .~ |AT CERGE T AE AC AD AE AF _
il & £ € ¥| 5 5 =l Hl A - B
[e6, |61 [ez _ [6% _ |4 - |65 [es _ |6 |e% _ |[Es _ |em _ | [eC D |EE .. |EF
o B N A TR | z Sow] €] ®| Y] 4
o - |61 - [C2 - [tF ~ [t9 « |CE = |06 T T .. [t3 - [CA ~ [CE . [EC - [0 - |CE - |CF .
Al Al Al Al A| A IE E{ E| El E| I| I| I| I
I P CE CER R S LT CE CE I (I CE T O (A
Bl W) O 0O O] 0 0O @ Uy uf uf Uyl ¥l p| B
E0 _ [E1 _ [Ez _ [E® _ [E4 ., [E5 . [E% ET E¥ _ [Es _ [Em _ [EE ,, [Et . |[ED _ |[EE _ [EF
d d d d d a i g2 g2 (= (= 1 1 1 1
Fo F1 _ [Fe _ [F* _ [F4 . [F& . [F5 ., [FT F? Fa _ [FR _ [FE _ [FC ,, [FD _ |FE FF
Nl of of of o of = @] ul ul uf ul 4| P Y
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Historical PCs (around 1980)

= Graphics card had a bitmap (say 9x14 bits) for each character
= Memory contained array with say 8ox25 or 8oxg0 bytes for the text on the screen
= Graphics card would build video signal by indexing into the 256 bitmaps

= Firmware included initial bitmap used on system startup

Different manufacturers used different mappings of numbers to characters

Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences
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Major manufacturers create character encodings for major
regions (1960-1991)

VeTeE Character enco

gs Thide]
Early telecommunications  ASCII - ISO/IEC 646 - ISO/IEC 6937 - T.61 - BCDIC - Baudot code - Morse code (Telegraph code - Wabun code) - Special telegraphy codes (Non-Latin - Chinese - Cyrillic) - Needle telegraph codes
1SO/IEC 8859

o050

7

9.10--11+-12-13--14-15--16

liographic use  ANSEL - IS0 5426 / 5426-2 / 5427 / 5428 / 6438 / 6861/ 6862 / 10585 / 10586 / 10754 / 11822 - MARC-8

National standards  ArmSCII + BraSCll + CNS 11643 « ELOT 027 + GOST 10859 + GB 18030 + HKSCS + ISCII + JIS X 0201  JIS X 0208 + JIS X 0212 » JIS X 0213 » KOI-7 + KPS 9566 + KS X 1001 + PASCII + S1 960  TIS-620 + TSCII + VISCII « VSCII + YUSCII
EUC CN:JP-KR-TW

ISO/IEC2022  CN-JP - KR - CCCll

MacOS code pages  Armenian - Arabic - Barents Cyrillc - Celtic - CentEuro - ChineseSimp / EUC-CN + ChineseTrad / BigS - Croatian - Cyrilic - Devanagari - Dingbats - Esperanto - Farsi (Persian) - Gaelic - Georgian - Greek - Gujarati - Gurmukhi - Hebrew -
("scripts”)  Iceland - Inuit - Japanese / ShiftJis - Keyboard - Korean / EUC-KR - Latin-1 - Ogham - Roman - Romanian - S&mi + Symbol - Thai / TIs-620 - Turkish - Turkic Latin - Turkic Cyrillic - Ukrainian

100111112113+ 151152161 - 162 - 163 - 164 - 165 - 166 + 210 - 220 - 301 - 437 - 449 - 489 - 620 - 667 - 668 - 707 - 708 - 709 - 710+ 711 - 714 - 715+ 720 - 721 - 737 - 768 - 770 - 771 - 772+ 773 - 774 - 775 - 776 +
777778790 - 850 - 851 - 852 - 853 - 854 - 855/872 - 856 - 857 - 858 - 85 - 860 - 861 - 862 - 863 - 864/17248 - 865 - B66/808 - 867 - B68 - 869 - 874/1161/1162 - 876 - 877 - 878 - 881 - 882 - 883 - 884 - 885 - 891 - 895 - BI6 -
DOS code pages 897 - 898 - 899 - 900 - 903 - 904 + 906 - 907 - 909 + 910 - 911 - 926 - 927 - 928 - 929 - 932 - 934 - 936 - 938 - 941 - 942 - 943 - 044 - 946 - 947 - 948 - 949 - 950/1370 - 951 - 966 - 991 - 1034 - 1039 - 1040 - 1041 - 1042 - 1043 -
1044 - 1046 - 1086 - 1088 - 1092 - 1093 - 1098 - 1108 - 1109 - 1114 - 1115 - 1116 - 1117 - 1118 - 1119 - 1125/848 - 1126 - 1127 - 1131/849 - 1139 - 1167 - 1168 - 1300 - 1351 - 1361 - 1362 - 1363 - 1372 - 1373 - 1374 - 1375 -
1380 - 1381 - 1385 - 1386 - 1391 - 1392 - 1393 - 1394 - CWI-2 - Iran System - Kamenicky - KOI8 - Mazovia - MIK
— 367371806813+ 819 - 895 - 896 - 912 - 913 - 914 - 915 - 916 - 919 - 920 - 921/901 - 922/902 - 923 - 952 - 953 - 954 - 955 - 956 - 957 - 958 - 950 - 960 - 961 - 963 - 964 + 965 - 970 - 971 - 1004 - 1006 - 1008 - 1009 - 1010 -
€0dePa%SS 10111012+ 1013 - 1014 - 1015 - 1016 - 1017 - 1018 - 1018 - 1029 - 1036 - 1089 - 1111 - 1124 - 1129/1163 - 1133 - 1350 - 1382 - 1383
1BM Apple MacIntosh ;. 1560 . 1261 - 1262 - 1263 - 1204 - 1285 - 1286
mulations
1BM Adobe emulations 1038 - 1276 - 1277
IBM DEC emulations 1020 - 1021 - 1023 - 1090 - 1100 - 1101 - 1102 - 1103 - 1104 - 1105 - 1106 - 1107 - 1287 - 1288
1BM HP emulations 1050 - 1051 - 1052 - 1053 - 1054 - 1055 - 1056 - 1057 - 1058
CER-GS - 874/1162 (TIS-620) - 932/943 (Shift JIS) - 936/1386 (GBK) - 950/1370 (BigS) - 949/1363 (EUC-KR) - 1169 - 1174 - Extended Latin-8 - 1200 (UTF-16LE) - 1201 (UTF-16BE) - 1250 - 1251 - 1252 - 1253 - 1254 - 1255 - 1256 -
1257 - 1258 - 1259 - 1261 - 1270 - 54936 (GB18030)
1-2-3:4-5-6-7-8-9-10-11+12-13-14-15-16- 17181920+ 21-22+23-24-25+26-27-28-29-30-31+32-33- 34 35-36 - 37/1140 - 37-2- 38 - 39+ 40 - 251 - 252 - 254 - 256 - 257 - 258 - 250 - 260 -
264+ 273/1141 - 274 - 275 - 276 - 277/1142 - 278/1143 - 279 - 280/1144 - 281 - 282 - 283 - 284/1145 - 285/1146 - 286 - 287 - 288 - 289 - 200 - 203 - 297/1147 - 298 - 300 - 310 - 320 + 321 - 322 - 330+ 351 - 352 - 353 - 355 - 357
- 358 359 - 360 - 361 - 363 - 382 - 383 - 384 - 385 - 386 - 387 - 388 - 380 - 390 - 301 - 302 - 393 - 394 - 305 - 410 - 420/16804 - 421 - 423 - 424/8616/12712 - 425 - 435 - 500/1148 - 803 - 829 - 833 - 834 - 835 - 836 - 837 -
838/838 - 839 - 870/1110/1153 - 871/1149 - 875/4971/9067 - 880 - 881 - 882 - 883 - 884 - 885 - 886 - 887 - 888 - 889 - 890 - 892 - 893 - 905 - 918 - 924 - 930/1390 - 931 - 933/1364 - 935/1388 - 937/1371 - 939/1399 - 1001 - 1002
+ 1003 - 1005 - 1007 - 1024 - 1025/1154 - 1026/1155 + 1027 - 1028 - 1030 - 1031 - 1032 - 1033 - 1037 - 1047 - 1068 - 1069 - 1070 - 1071 - 1073 - 1074 - 1075 - 1076 - 1077 - 1078 - 1079 - 1080 - 1081 - 1082 - 1083 - 1084 - 1085
- 1087 - 1091 - 1097 - 1112/1156 - 1113 - 1122/1157 + 1123/1158 - 1130/1164 - 1132 - 1136 - 1137 - 1150 - 1151 - 1152 - 1159 - 1165 - 1166 - 1278 - 1279 - 1303 - 1364 - 1376 - 1377 - JEF - KEIS
Acom - Adobe Standard - Adobe Latin 1 - Apple Il - ATASCI - Atari ST - BICS « Casio calculators - CDC - CPC - DEC Radix-50 - DEC MCS/NRCS - DG International - ELWRO-Junior - FIELDATA - GEM - GEOS - GSM 03.38 -
Platform specific HP Roman Extension - HP Roman-8 - HP Roman-9 - HP FOCAL + HP RPL - LICS - LMBCS - Mattel Aquarius - MSX - NEC APC + NeXT - PCW - PETSCII - Sharp calculators - Ti calculators - TRS-80 - Ventura International - Ventura Symbol -
WISCII - XCCS - ZX80 - ZX81 - ZX Spectrum

Unicode / ISO/IEC 10646 UTF-1 + UTF-7 + UTF-8 + UTF-16 (UTF-16LE/UTF-16BE) / UCS-2 + UTF-32 (UTF-32LE/UTF-32BE) / UCS-4 « UTF-EBCDIC * GB 18030 * BOCU-1 * CESU-8 + SCSU
Bmisestiankon bl 71T ﬁﬁuﬁéﬁﬁwkﬁc@%ﬁlfﬁ%ﬁﬁrﬁ&@é'f BT RPAFAR B Ef5Y TR 2L dOGACR - Y1 - OML- OMS - OMX - OTL - OT2. 0T3 - OT4 - T2A - 128 T2C - 120 T3 - T4 T5 - T51- T3

Related topics  Code page - Control character (CO C1) - CCSID - Character encodings in HTML - Charset detection - Han unification - Hardware - ISO 6429/IEC 6429/ANS| X3.64 - Mojibake

Windows code pages

EBCDIC code pages




Unicode
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Unicode
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Mission impossible
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1991: We urgently need a standard for characters...

= |SO 10646 project

= US consoritum: Unicode project
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1991: We urgently need a standard for characters...

= |SO 10646 project

= US consoritum: Unicode project
Fortunately:
Unicode 1.1 = SO 10646-1:1993

Unicode 3.0 ISO 10646-1:2000
Unicode 7.0 ISO 10646:2014

... and all are backwards-compatible since Unicode 2.0.

Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences
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Unicode uses a 5 layer architecture

1. Abstract Character Repertoire
Coded Character Set

Character Encoding Form

N

Character Encoding Scheme

L S

Transfer Encoding Syntax

Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences
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Abstract character repertoire (ACR)

An ACR specifies:

= set of unique characters

= each character has a general name (“at sign”)

= each character has a graphical representation (“@”")
It leaves open:

= representation of characters

= order of characters

Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences
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Coded character set (CCS)

= 1:1 mapping of ACR to positve numbers
= each coded character has a numeric code
= each coded character has a standardized name (“COMMERCIAL AT")

= each coded character has a code position

Note that a CCS can have holes with positions left unspecified.

http://www.unicode.org/charts/
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Basic Multilingual Plane (BMP)
First 65536 code points of Unicode are called the BMP:

Supplementary Special Use Flane

Basic Muliilingual Plane (BMP)

Berner Fachhochschule
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Character Encoding Form (CEF)

= Specifies mapping of code numbers to code units

= Code units are bit sequences of fixed length (usually 8, 16, 24, 32, etc.)
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Character Encoding Scheme (CES)

= Mapping from code units to serialized byte sequences
= Byte order (big endian, little endian) matters
= Examples: UTF-16BE vs UTF-16LE*

UTF-8 is the most widely used CES:

Share of web pages with different encodings
70

Google measurements
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Example

Name Latin A Hebrew alef Han AN
Code point | U+oo41 U+osDo U+s597D
UTF-8 41H D7H ooH EsH AsH BDH
UTF-16BE 0 41H 5H DoH 59H 7DH

UTF-32BE | o000 41H | oosHDoH | oo s59H 7DH

Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences
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Transfer Encoding Syntax (TES)

Invertible conversion of byte sequences to:
= elimiate certain undesirable byte sequences that might confuse transfer protocols

= reduce bandwidth consumption via compression (gzip, deflate)

Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences
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Example

1. ACR specifies collection of characters, i.e. “a” “I”, “a” and “%o".

2. CCS specifies numeric codes, i.e. ISO 10646 uses 97, 33, 228 and 8240 for the characters above.

3. A CEF specifies that the above codes are represented using two bytes (UCS-2) or four bytes
(UCS-4).

4. A CES may specify how the two bytes are encoded, i.e in big-endian, i.e. for UTF-16BE: o, 97, o,
33,0, 228, 32, 48.

5. A TES may for example apply gzip compression to the above sequence.

Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences
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UTF-8
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UTF-8: Motivation

= Most transmitted characters still from 7-bit ASCII
= Common characters in text are in BMP
= Using 32 bits per character would be inefficient!

= C programming language does not deal well with o in strings!

Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences
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UTF-8: Rules

7-bit ASCII characters use one byte (OXxXxxXXx)

= Up to 2! code points use two bytes (110XXXXX.10XXXXXX)

= Up to 2'6 code points use three bytes (1110XXXX.10XXXXXX.1OXXXXXX)

= Up to 22! code points use four bytes (111 10XXX.10XXXXXX.1OXXXXXX.1OXXXXXX)
= FEtc.

Note that UTF-8 does not require the shortest possible representation!

oxFE and oxFF cannot appear in UTF-8.
oxoo only appears for o.

Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences 50



Conclusion
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Conclusion

= UTF-8 is the standard now
o Used in Web sites

= Problem for Databases
o UTF-8 characters do not have the same length
o Not possible to be stored in a DB
o
o MS SQL Server found another solution.

= Legacy systems use many different encodings

o Unix/Mac/ Windows
o US/latin-1/ latin-7?7?

o International systems : UTF-16BE, UTF-16LE, UTF-32...

= Job of the Medical Informatics specialist

o Let all the systems work together!

Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences

MySQL / MariaDB : Characters are encoded on 3 bytes.
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