Course objectives

This lecture aims at ensuring you are familiar with data and information, at the core of every information
technology (IT). The course focuses on four main topics:

Data Interoperability
and Semantics

Syllabus and Course Organization

Encoding base data types

Data formats

Data schemas and semantics
The value of data

The European strategy for data
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Data Interoperability and Semantics
Outline

¢ < Part 1. Encoding base data types >

D ata | n te ro p e ra b i | ity * Part 1.1. Reminders: binary and hexadecimal strings

. * Part 1.2. Endianness
a n d S e m a n tl CS * Example: MCF88 LoRa temperature, humidity and pressure sensor payload
* Part 1.3. Computer number formats
* Part 1.4. Character encoding
* Part 1.5. Base32 and Base64 encoding
* Part 1.6. Date and time
* Part 1.7. XML Schema Datatypes
* Part 1.8. Codes: countries, languages, ...
* Part 1.9. Quantities and Units of measure
* Part 1.10. Colors

< Part 1. Encoding base data types >
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Numbering systems for computers

System Base | Digits ex python
Data Interoperability Ly 2 [o1 OO
. Octal 8 [0,1,2,3,456,7 00"173"
an d S eman '[_'| CS Decimal 10 [0,1,2,3,4,56,7,89 123
Hexadecimal 16 |0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F 0x"7B"

Part 1. Encoding base data types
Part 1.1. Reminders: binary and hexadecimal strings

ICM — Toolbox Engineering and Interoperability of Software Systems — Course unit on Data Interoperability and Semantics
M1 Cyber Physical and Social Systems — Course unit on Data Interoperability and Semantics .
Maxime Lefrangois https://maxime-lefrancois.info_ It has been debated a lot at the beginning

Course unit URL: https://ci.mines-stetienne.fr/cps2/course/data htps: e.com/watch?v=thrx3SBEpL




Tips: binary to decimal

Binary to Decimal

1x25ix1=1
Ix251x2=2
0x2%0x4=0
1x251x8=8

1x251x16=16
0x2=0x32=0
> I x2T1x64-04

> 1x2k1x128=128

1+2+8+16+64+128=219

(11011011 )=(219)
2 10

https javascr -math-exercise- 2.php

Tips: binary to hexadecimal

111000111017

Nibble - in computing, a nibble is a four-bit ;‘ '—“ '—" ‘
aggregation, or half an octet. It is also known as half-byte

or tetrade. In a networking or telecommunication context, (0001)(1100)(0O111)(1011)
the nibble is often called a semi-octet, quadbit, or quartet. ¥ ¥ ¥ ¥

1x2%)  (0x2%)

1x2%) +(1x2%) +
0x2") +(1x2") +
0x2% +(1x2% +

1x2%)
0x2%)
1x2")
1x2°%

0000 0 1000 8 e
0001 1 100 ro-2
0010 2 1010
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+
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( (
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0011 3 101 B 1 12 7 11
OO0 A ro0rTC ¥ ¥ v :
SR oD 1 c 7 b
OO E
O R AR

Binary nibble to hexadecimal digit https

om/binary-to-hex-converter;

Tips:

decimal to binary

B

https://tex.stackexchange.com/questions/96399/how-can-i-illustrate- -decimal |-to-binary-conversion
o .
: Programming
. e . h b .

, a, b); Wit Inary strings
& rator
the re 1(0000 0001
intf(" ", akb);
| tc
the re D(0110
intf(" ", alb);
t 77!‘ ‘\“‘”:
intf(" a“b);
<< Lef ift operat
t T 1 is OxCA(1100 101
intf(" ", a << 1);
>> Rig ift operator E:> $ gcc main.c
the re is 0x32(0011 0010) $ ./a.out
intf(" Y, a )s a = OX65, b = 0x09

se One’s Complement operator a& = oxe1
the result is 6X9A (1001 1010) alb = exeD
or mo 1y OXFFFFFF 9A (~ promotes to int) a™b = @X6C
intf(" ", ~a); a << 1 = BXCA
3 ex 0) a > 1= 0x32
the re ' ~a = @XFFFFFF9A
intf(" ", (a>>2)87); (a >> 2) & Ox7 = ox1
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Bit endianness or bit-level endianness

Bit endianness or bit-level endianness refers to the
transmission order of bits over a serial medium

See course Programming Connected Devices:

- Least significant bit first: used in RS-232, Ethernet, USB...

- Most significant bit first: used in 12C

110010 1/0/1

The binary representation of decimal 149, with &3
the LSB highlighted. The LSB represents a value
of 1.

1,00 10 101

The unsigned binary representation of decimal 57
149, with the MSB highlighted. The MSB
represents a value of 128,

https://en.wikipedia.org/wiki/Bit_numbering

Endianness

In computing, endianness is the order or
sequence of bytes of a word of digital data in
computer memory. Endianness is primarily

expressed as big-endian (BE) or little-endian (LE).

Acronyms
- LSB - Least significant byte
- MSB - Most significant byte

0XAOB70708

Bit 31 . & 3 Bit0
Architectures "Big Endian"

v
mm CRCROC RO RCH) G O

Octet 0 Octet 1 Octet 2 Octet 3

[ a0 [ 87 [ 07 [ o ]

Bit 31 Bit 0
., Architectures "Little Endian"
Octet 3 Octet 2 Octet 1 Octet 0
[o8 [ o7 [ &7 [ an |
https: glpac.com, 2.5.3-dump-load-cross-platforms.html

10

Example: WS2812B color leds

@NﬁrldS('lni

WS2812B

Intelligent control LED
integrated light source

Composition of 24bit data:

‘67‘66‘Gs‘m‘m‘(}z|61‘cﬁ‘n7‘m‘m‘FA‘M

R2 BS

RI‘RO‘XN‘BG

m‘az‘az‘sl‘m‘

Note: Follow the order of GRB to sent data and the high bit sent at first.
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MCF85 DATA FRAME FORMAT 1.17
Author: Colognato Stefano

1.2 TEMPERATURE/PRESSURE/HUMIDITY HOME
size [byte] hex value mean
1bvte 04 Temperature/Pressure/Hu:
10 byte XXRX ... Wieasure 1, refer {o Notel
Data 0 byte XXX Wieasure 2, refer fo Notet
10 byte XXX Wieasure 3, refer o Notel
Bat % 7 byte (opbional) | XX Batiery perceniage
RFU 2 byte (optional) | 0 X0 X XX__| Optional RFU byte
Hotet

‘The 10 bytes for sach measuremant are dividsd 3 falows:
> 4 bytes arefor the date and time. The MSB (most signficant byte) is on tha right so they must ba r2ad from
theright The 4 byts in reverse order are as follows:
= 7bitfor the offsat of the year, starting from the year 2000

= abitpermont

5 it for day of the month

5 bits for hour

8 bits for minutes

5 bits for hlf the secends. The seconds range is from 012 31, 5o the resul should be mubiplied by
210 find the actual seconds of the measurement.

* 2 bytes for temperature. The temparaturs s represented by 3 signed inieger with the least signficant byte
frst. The temperature is expressed in hundreds of 3 °C degree

1 . s an unsigned twice the parcemsge of
Pumidity.
> 3 bytes for prassure. Prassure is an unsigned integer with the |east sigrificant byta st i is expressad in

Pascal.

Example

*  dd7ed72ibT0a43608!
*  e07e3721b20242508!

Created: 2910912016

mcf% Modified: 30/11/2018

MCF88 DATA FRAME FORMAT 1.17

or: Colognato Stefano

1.2 TEMPERATURE/PRESSURE/HUMIDITY HOME
name size [byte] hex value
Upiink ID 1byte 04 Temperature/Pressure/Humidity
10 byie SLRK Weasure 1, refer fo Notet
Data 10 byte XXX Measure 2, refer to Notet
10 byie XK ... Weasure 3, refer fo Noted
Baii % 1 byte (optional) | XX Batiery perceniage
RFU A byte (optional) | XX XX XX XX__| Optional RFU byte

Nete1:
Th 10 bytes for eaoh maasurement are dividd as folows:
# 4 bytes are for the date and time. The MSB (most significant byte) is on the right so they must be read from
e right. The 4 byte in reverse order are as follows:
+ 75 forthe offset of the yaar. stating from the year 2000

- it per month

5 bitfor day of the month

5 bits for hour

= ebieforminues

5 bits for half he seconds. The Saconds range is fromD to 31, 0 the result should be multplied by

210 find the actual seconds of the measurement.

 2byies for temperature. The lempersture is represented by 3 signed integer with the least signficant byle
first. The temperaiure is exprassed in hundreds of 2 °C degree.

> 1 byia for humidiy. s anunsigned integer twica the percantage of

humiciy.

> 3byies for pressure. Pressure is an unsigned int=ger with the least sigrificant byte first it s expressed in

Faseal.

Created: 2910912016

me% Modified: 30/11/2018

MCFB8 DATA FRAME FORMAT 1.17
or- Colognato Stefano

1.2 TEMPERATURE/PRESSURE/HUMIDITY HOME
name size [byte] hex value mean
Upink ID 1byte 04 Temperature/PressUre/Humdy
10 byie KK ... Weasure 1, refer o Note1
Data 10 byte XK Measure 2, refer o Notet
10 byte XXX Weasure 3, refer fo Notel
Bati % 1 byte (optional) | %X Batiery percentage
RFU A byte (optional) | 30 XX XX XX__| Optional RFU byte

Notet:

The 10 bytes for ssch measurement are dvided as folows:

> 4byies are for the date and time. The MSE {most signficant byta) s on the right S0 thay must be read from
theright. The 4 byts in revsrss order ars as follows:

7 bit for the offsat of the year, starting from the year 2000

4 bit par montn

5 bit for day of the month

5 bits for hour

- Gbits forminutes

5 bis for half the secends. The seconds rangs is from D to 31, 50 the resuit should be multiplied by

210 find the actual seconds of the measurement.

> 2byies for temperature. The tempsrature is reprasentad by a signed inisger with the least signficant byte
first. The temperature is expressed in hundreds of a °C degree.

> 1 byss for humidy. s anunsignad integer twice the percantsge of

humiciy.

> 3byies for pressure. Pressure is an unsigned infsger with the least significant byte Arst it s expressed in

Paseal.

Example

Example:
MCF88 LoRa sensors

Example

‘groups and applying the neces:

ry ransformations:



Created: 28/09/2016

Modified: 30/11/2018
mcf83

MCFB88 DATA FRAME FORMAT 1.17
Autnor: Colognato Stefano

1.2 TEMPERATURE/PRESSURE/HUMIDITY HOME
size [byte] hex value: mean
Upiink ID 1byte 04 Temperature/Pressure/Humidity
0 byie XXRK Wieasure 1, refer o Notef
Data 10 byte XXHX Weasure 2, refer fo Notet
10 byte AR ... Wieasure 3, refer fo Notel
Batl % 7 byte (opbonal) | XX Batiery perceniage
RFU 4 byle (optional) | XX XX XX XX__| Optional RFU byte

Netel:
The 10 bytes for each measurement are dividsd as folows:
4 bytes are for the date and time. The MSB (most signiicant byte) is cn the right so they must be read from
the right The 4 byte in reverse order are as follos:

= 7bitfor the offsetof the year, starting from the year 2000

- 4bitpermonth

- Shbitfor day ofthe month

- Shbitsfor hour

= b for minutes

+ 5t for i the seconds. The seconds Fange s rom 010 31, 0 the resu shoud be mulipied By
210 finc the sctual secanc of the messurement.
» 2 bytes for temperature, The temperature i represented by a signed infegerwith the least sgrifat byte
frst The temperatire s expressed n hundreds ofa °C degree.

> . s an unsigned the percantage of
Fumicity.

3 bytes for pressure. Frassure is an unsigned integer with the |east significant byte first it is expressed in

Faseal

Created: 20/09/2016

mcf% Modifid: 30/11/2018

MCF85 DATA FRAME FORMAT 1.17
Author: Colognato Stefano

1.2 TEMPERATURE/PRESSURE/HUMIDITY HOME
Uplink 1 byte 04 Temperature/Pressure/Humidity
10 byte XX XX ... Measure 1, refer to Note1
Data 10 byte XXX Measure 2, refer fo Notel
XX XX Measure 3, refer to Note1
Bal % T byte (optional) | XX Batlery percentage
RFU 4 byte (optional) | XX XX XX XX Optional RFU byte

Hote1

‘The 10 bytes for sach measuremant are dividsd 3 falows:
> 4 bytes are for the date and time. Tha MSB (most significant byte) is on the right sa they must ba read from
theright The 4 byts in reverse order are as follows:
= 7bitfor the offsat of the year, starting from the year 2000
= abitpermont
= Shbitfor day of the month
= Shitsfor hour
- @bits for minutes

= hbits for half the seconds. The secands range is from 0 1o 31, 0 the result should be muliplied by
210 find the actual seconds of the measurement.
* 2 bytes for temperature. The temparaturs s represented by 3 signed inieger with the least signficant byte
frst. The temperature is expressed in hundreds of 3 °C degree

1 . s an unsignsd the percantage of
Pumidity.

> 3 bytes for prassure. Prassure is an unsigned integer with the |east sigrificant byta st i is expressad in
Pascal.

Example

Remove the -spond fo 3 measurements.

it by groups and applying the necessary fra

e do
will be: 00100001 0011011
= The bifs are divided as explained sbove

®  The date of the messurament will be: 2302016 15:54.56

Example

pond fo 3 measureme

rmations:

'y groups and applying the neceasary frar

its will be: 00100001 00710111 01111110 11017100
are divided as explained above

> 2802=56
®  The date of the messurament will be: 2302016 15:54.56

40°C.

*  Byte swapping, resuit: 018860
= In decimal, the recult io 100448, with two deeimal piaces the pressure i

Created: 2910912016

Modified: 300112018
mcf&8

MCF88 DATA FRAME FORMAT 1.17
Autnor: Colognate Stefano

1.2 TEMPERATURE/PRESSURE/HUMIDITY HOME
name size [byte] hex value mean
Upiink ID 1byte 04 Temperature/Pressure/Humidity
10 byie SLRK Weasure 1, refer fo Notet
Data 10 byte HLXX Measure 2, refer to Notet
10 byie XK ... Weasure 3, refer o Notel
Baii % 1 byte (optional) | XX Batiery perceniage
RFU A byte (optional) | XX XX XX XX__| Optional RFU byte
Neter:

The 10 bytes for each measurement are divided as folaws:
 4byies are forthe date and time. The MSB (most signficant byte) is on the right 50 they must be resd from
the right. The 4 byle in reverse order are as follows:
= 7bitfor the offsat of the year. starting from the year 2000
- it per month
= 5hitfor day of the month
- Shisforhour
= ebieforminues

= 5 bits for half he seconds. The Sacond range is from D to 31, 50 the resut should be multplied by
210 find the actual seconds of the measurement.
 2byies for temperature. The lempersture is represented by 3 signed integer with the least signficant byle
first. The temperaiure is exprassed in hundreds of 2 °C degree.

> 1 byia for humidiy.
humiciy.

s anunsigned integer tha percantage of

> 3byies for pressure. Pressure is an unsigned int=ger with the least sigrificant byte first it s expressed in

Faseal.

Example

Sample payioad:

04dcTe3721b40847606801dd 124360860120
Remove the firat byte and divide the other 30 into 3 parts

721b2042508801
by 10 byte that comespond fo 3 measurements.

» 28%2=56

®  The date of the messurament will be: 23/09/2018 15:54.56.
o Temperature: b40a
. .

laces, then + 27.40 °C.

Tiz=

*  Indecimalis 74, the humid
re: 608801

it 018850
100448,

*  Byte swapping, res:
= indecimal, the resuf

two decimal places the pr
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C number data types

* char (8 bits) — [0, 255]
* short/int (16 bits) - [-32,767, +32,767] or [0, 65,535]
* long (32 bits) - [-2,147,483,647, +2,147,483,647] or [0, 4,294,967,295]

* long long (64 bits) [-9,223,372,036,854,775,807, +9,223,372,036,854,775,807] or <<positive>>

* float - IEEE 754 single-precision binary floating-point format (32 bits)

* double - IEEE 754 double-precision binary floating-point format (64 bits)

IEEE 754 single/double encoding

-standard-754-floating-point-numbers,

32 Bits exceptional cases:
‘ Sign Exponent ‘ ‘ Mantissa ‘
g - « If E=255, Fis zero, and S is 1, then x = - Infinity.
« If E=255, Fis zero, and Sis 0, then x = + Infinity.
« If0<E<255, then x=(- 1 x (1. F)x 2127 where 1. F

«—1Bit—> <«——8Bis—> 23 Bits

Single Precision
IEEE 754 Floating-Point Standard

—1% x 2(e2-127) » ] frac :B:

implicit leading 1 and a binary point.

“unnormalized” value.
. IfE=0, Fiszero,and Sis 1, then x = -0.
« IfE=0, Fis zero,and Sis 0, then x=0.
Simple examples of conversions
0 10000000 00000000000000000000000 = (71)D X (1402) x 218127 _ 99
0 10000001 10100000000000000000000 = (71)U % (1.1015) x 2120-127 _ g 5

1 10000001 10100000000000000000000 = (—1)" x (1.1015) x 2!%7127 — _g.5, 2

« If E=255 and Fis nonzero, then x = NaN (“Not a number”).

represents the binary number created by prefixing F with an

« If E=0and Fis nonzero, then x = (- 1)* x (0. F) x 27125, This is an

Integer encoding

Unsigned Two’s Complement
w-1 w2
BRUX)y = Yx-2 BTN = cxo B Ik
i=0 i=0
short int x = 15213;
short int y = -15213; Sign
Bit
m C short 2 bytes long
Decimal Hex Binary
x 15213| 3B 6D| 00111011 01101101
v -15213| c4 93| 11000100 10010011

Sign Bit
= For 2's complement, most significantbit indicates sign
@ 0 for nonnegative
@ 1 for negative

https://slideplayer.com/slide/5048952/

IEEE 754 single/double encoding

ieee-standard-754-floating-point-numbers,

32 Bits

Sign ‘ Exponent Mantissa

«—1Bit—> «——8Bis— 23 Bits

Single Precision
IEEE 754 Floating-Point Standard

64 Bits

Sign Exponent Mantissa

«—1Bit—> 11 Bits 52 Bits

Double Precision
|EEE 754 Floating-Point Standard

https ieee-standard-754-floating-point-numbers,




IEEE 754 single/double/quadruple encoding

Representation of Floating Point Numbers in

single Precision IEEE 754 Standard

Value =N

(-1)8 X 2E127 X (1.M)
h b ]

Which is approximately:

18 \ 23
0 < E <255 sign[s| E | M |
Actual exponentis:|~—__ exponent: mantissa:
e = E-127 excess 127 sign + magnitude, normalized
binary integer binary significand with
added a hidden integer bit: 1.M
Example: 0 = 0000000000...0 -1.5=10111111110...0
Magnitude of nhumbers that 6 127 .
can be represented is in the range: | 2 (1.0) to 2 2-2 23 )
38 38

1.8x10° to

3.40x 10

t/doc/17671880/ieee-754-standard

-floating-point-number...

Character encoding

EECC250 Shaaban'— e

=1 lecel7 Winkers® 1272000

In computing, data storage, and data transmission, character encoding is used to represent a repertoire
of characters by some kind of encoding system that assigns a number to each character for digital
representation

Common character encodings [edi]

- 150645

Ascll

« EBCDIC

150

1S0 8859-1 Westem Europe
10 88592 Westem and Central Europe

10 88593 Westem Europe and South European (Turkish, Makese plus
Esperanto)

10 8859-4 Wester Europe and Batlic countries (Lithuania, Estonia, Latvia and
Lapp)

10 8859.5 Cyrilic alphabet

150 8859-6 Arabic

1S0 8859.7 Greek

1S0 £859. Hebrew

10 §859-9 Westen Europe with amended Turkish character sel

10 885910 Western Europe with rationalised character set for Nordic
languages, including complete Icelandic set

150 885911 Thai

1S0 £859-13 Balc languages plus Polish

1S0 8859-14 Cetic languages (Irish Gaelic, Scotish, Welsh)

10 8859-15 Addd the Euro sign and other rationalisations 10 1SO 8859-1

10 £859-16 Central, Eastern and Southern European languages (Albanian,
Bosnian, Croatian, Hungarian, Polish, Romanian, Serbian and Slovenian, but
also French, Geman, talian and Iish Gaelic)

— https;

+ CP43T, CPT20, CPT37, CP8S0, CPB52, CPESS, CPBST, CPESS, CPBE0, CPEST
CP862, CPB53, CPBSS, CPBGG, CPB6Y, CPB72
+ MS-Windows character sels,

+ Windows-1250 for Ceniral European languages that use Lalin scrpt, (Polish,
Czech, Slovak, Hungarian, Slovene, Serbian, Croatian, Bosnian, Romanian and
Albanian)

+ Windows-1251 for Cyrilic alphabets.

Windows-1252 for Wester languages

+ Windows-1253 for Greek
Vindows-1254 for Turkish

+ Windows-1255 for Hebrew
+ Windows-1256 for Arabic
+ Windows-1257 for Ballic languages

+ Windows-1256 for Vietnamese
+ Mac OS Roman
+ KOIE-R, KOIE-U, KOI7

« viscil

wikipedia. ‘wiki/Character_encoding

« JIS X 0208 is a widely deployed standard for Japanese character encoding that has

several encoding forms.
» Shift JIS (Microsoft Code page 932 is a dialect of Shift_JIS)
« EUC-R
- 150-2022.0P
= JIS X 0213 Is an extended version of JIS X 0208,
« Shin_JIs-2004
« EUC-IS-2004
« 150-2022-JP-2004
« Chinese Guobiao
. ca2312
= GBK (Microsoft Code page 936)
« 68 18030
« Taiwan Bigs (a more famous variant is Microsoft Code page 950)
« Hong Kong HKSCS
« Korean
« KS X 1001 Is a Korean double-byte character encoding standard
« EUCKR
« 150-2022.KR
« Unicode (and subsets thereof, such as the 16-bit ‘Basic Mutiingual Plane’)

« ANSEL or ISO/IEC 6937

Data Interoperability
and Semantics

Part 1. Encoding base data types
Part 1.4. Character encoding
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Let’s focus on the main standards

* ASCII
« UTF-8

Common character encodings [ edt]

. 150648 « CP437, CP720, CPT37, CP8S0, CP852, CPESS, CP857, CPEsS, CPEB0, CPE6T + JIS X 0208 1s 2 videly deployed standard for Japanese character encoding that has
CP862, CPB63, CP8B5, CPBGS, CPBSY, CPBT2 several encoding forms.
+ EBCDIC. « MS-Windows character sets « SNift IS (Microsoft Code page 932 is a dialect of SHift_JIS)
« 150 8859: « Windows-1250 for Central European languages that use Latin script, (Polisn, « EUCP
+ IS0 8859-1 Westem Europe Czech, Slovak, Hungarian, Slovene, Serblan, Croatian, Sosnian, Romanian and « 150-2022.0P
« 150 8839-2 Westem and Central Europe Albanian) + JIS X 0213 1 an extended version of JIS X 0208,
+ IS0 8359-3 Westem Europe and South European (Turkish, Mattese plus * Windows-1251 for Cyrilic alphabets » ShiN_J1S-2004
Esperanto) « Windows-1252 for Westem languages - EUCUIS-2004
+ IS0 8839-4 Westem Europe and Baltc counties (Lithuania, Estona, Latvia and * Windows-1253 for Greek » 1S0-2022-J7-2004
Lapp) « Windows-1254 for Turkish + Chinese Guobiao

+ IS0 8859-5 Cyillc alphaet « Windows-1255 for Hebrew . c82812

Windows-126 for Arabic + GBK (Microsoft Code page 936)

« Windows-1257 for Ballc languages « 68 18030

« Taiwan Bigs (a more famous variant is Microsoft Code page 950)
» Hong Kong HKSCS

« S0 8859-8 Hebrew « Windows-1258 for Vietnamese

+ IS0 8859-9 Western Europe wih amended Turkish character set « Mac 0s Roman
+ IS0 8859-10 Western Europe with rationalised character set for Nordic « KOIB-R, KOI8-U, KOI7 + Korean
languages, inclucing complee Icelandic set MK + KS X 1001 is a Korean doudle-byte character encoding standara
+ 150 8859-11 Thai «1scil « EUCKR
+ IS0 8859-13 Baltc languages plus Polish - Tsc 150:2022:KR
+ IS0 8859-14 Ceftc languages (Irsh Gaelic, Scottish, Welsh) « visci ibsets thereof, such as the 16-bit Basic Multingual Plane’)
+ 10 8859-15 Added the Euro sign and other rationalisalions 10 1SO 8858-1
+ IS0 8859-15 Central, Eastern and Southem European languages (Albanian « UTF-16
. UTF-32

Bosnian, Croatian, Hungarian, Polish, Romanian, Serbian and Slovenian, but

also French, German, Italian and Iish Gaelic) + ANSEL or ISONEC 6937



You will be given this document in appendix of the written exam ! LN . )
ASCII (7 bits)
Decimal Hex Char Decimal Hex Char |Decimal Hex Char |Decimal Hex Char m ' At i
0 0 [NULL] 32 20 [SPACE] | 64 40 @ 96 60 N Adopt a Character + U+FFaD us2y
1 1 [START OF HEADING] 33 21 ! 65 41 A 97 61 a
2 2 [START OF TEXT] 34 22 . 66 42 B 98 62 b Emoji +
3 3 [END OF TEXT] 35 23 # 67 43 C 99 63 c
4 4 [END OF TRANSMISSION] | 36 24 s 68 44 D 100 64 d Basic Info + H
: 3 foounn - . » Unicode
6 6 [ACKNOWLEDGE] 38 26 & 70 46 F 102 66 f News
7 7 [BELL] 39 27 71 47 G 103 67 g e . . . .
8 8 [BACKSPACE] 40 28 | 72 48 H 104 68 h Events * information technology standard for the consistent encoding,
9 9 [HORIZONTAL TAB] a1 29 ) 73 49 1 105 69 i : i f "
10 A [LINEFEED] 42 24 ¢ 74 WA 106 6A Connect * representatlon, and handling of text expressed in most of the world's
1 B [VERTICAL TAB] 43 28 4+ 75 48 K 107 6Bk amberi i writing systems
12 C [FORM FEED] a4 ¢, 76 ac L 108 6C 1 lembership . . . . :
13 D [CARRIAGE RETURN] 45 » . 7 o M 100 & m . @ e 144,762 characters covering 159 r_nodern and historic scrlpts, as
14 E [SHIFT OUT] 46 26 . 78 4 N 110 6E n s vssFaso vosts well as symbols, emoji, and non-visual control and formatting codes.
15 F [SHIFT IN] 47 2F 1 79 4F o 111 6F o
16 10  [DATA LINK ESCAPE] 48 30 o0 80 50 P 112 70 p
17 11 [DEVICE CONTROL 1] 49 31 1 81 51 Q 113 71 q
18 12 [DEVICE CONTROL 2] 50 32 2 82 52 R 114 72 r
19 13 [DEVICE CONTROL 3] 51 33 3 83 53 s 115 3 s Q 3 ) x t
20 14 [DEVICE CONTROL 4] 52 34 a4 84 54 T 116 74t
21 15 [NEGATIVE ACKNOWLEDGE] | 53 35 5 85 55 u 117 75 u us203A Us2038 201 00D us2020
22 16 [SYNCHRONOUS IDLE] 54 36 6 86 56 v 118 76 v
23 17 [ENG OF TRANS. BLOCK] | 55 37 7 87 57 w 119 7w
24 18 [CANCEL] 56 38 8 88 58 X 120 78 x
25 19 [END OF MEDIUM] 57 39 9 89 59 Y 121 9y
26 1A [SUBSTITUTE] 58 3A 0 90 5A  Z 122 Az
27 1B [ESCAPE] 59 3B 91 58 [ 123 7B { 7 5 ‘ @
28 1C  [FILE SEPARATOR] 60 3¢ < 92 5C  \ 124 7C | ustFsis UsoReF uso2s6 UsaFsE2 UsFen
29 1D [GROUP SEPARATOR] 61 3D = 93 5D 1 125 D}
30 1E  [RECORD SEPARATOR] 62 3E > 94 SE ~ 126 7E ~ https://home.unicode.ors
31 1F  [UNIT SEPARATOR] 63 3F 2 95 5 _ 127 7F  [DEL] 29 https://unicode.org/charts, 30
. . . | Inserting Characters
* Implementation of Unicode on 1-4 bytes (as little as needed)
There are many ways character é ("e” with an acute accent, character code 233 (decimal) in Latin-1 and Unicede), can be mserted into a
M Unicoda (UTF-E...) document:
I US-Only { + On Windows, I hold down the Alt key and type 0233 on the numeric keyboard and release the Alt key. I could use the charmap
program. too. Or I could copy and paste it (e.g.. €). But entering the code directly is risky because, if the character encoding
0% changes, ¢.g, from Latin-1 to UTF-8, then the meaning of code 233 changes.
ek ¢ Inan HTML document, I can enter these magical 1 ons, which are displayed correctly r dless of encoding:
o &#133; (decimal) = &
o &#xE9; (hex) = ¢
© &eacute; (mnemonic) = &
Note: HTML/XHTML validation programs might not be acquainted with these and complain
s In Microsoft Word, I type an accent code followed by the accented letter. On Windows, Ctrl+quote, then 'e’. On Mac, Option+quote,
then 'e’. Accent codes include: grave=backquote, acute=quote, circumflex=hat, colon=umlaut, comma=cedilla, tilde=tilde,
slash=slash, and perhaps others.
20%
a0t 2 2003 2004 2005 2006 2007 2008 2000 2010 2011 2012
share of web pages with different encodings
31 32

http://hcibib.org/multilingual/badchars.htm



Encoding errors

‘ ‘What Could Possibly Go Wrong?

If é is UTF-8 encoded, but displayed without decoding. it looks like this
Ae

The first 128 characters i the Latin-1 character set (same as ASCII), are stmply represented as themselves in UTF-8. The

sccond half of Latin-1 characters are split. The first half of the non-ASCII Latin-1 characters arc represented by

themselves, preceded by code 194 decimal or C2 hex, so the UTF-8 encoding for character code 191 (decimal), /..
[

is

The second half of the non-ASCII Latin-1 characters are represented by a different character. preceded by code 193
decimal or C3 hex. So, when looking at UTF-§ encodings of Latin-1 characters, if you see A or A where you do not expect
it, there are probably too many UTF-8 encodings. Multiple extra encodings have a pattern to them:

0é

1Ae

247AT

3AFAfA Ao .

4AFEA EAfa€sA AC

5 you get the idea
Note: If you see boxes in the characters above. it is because the font used is missing that character. There is no way to fix it
other than getting a new font or by changing the font. Often, the fonts used in a window title or status bar or JavaScript are
more limited than those used elsewhere, so the "alert”, "title", and "status” buttons in the Character Conversion Cerner can
be used 1o test characters in those contexts.

Too few encodings can have a bad effect that looks different. When é is not UTF-8 encoded, it can appear like this very
high numbered character

Progressive under-encoding can result in a question mark being displayed

http://hcibib.org/multilingual/badchars.htm
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Encoding errors

| Diagnostic Reference

You are now ready to diagnose UTF-§ encoding problems (e.g., with &)

Symptom | Diagnosis

é no problems
Aie 100 much UTF-8 encoding, or viewing UTE-8 encoded text with Latin-1 encoding
AfA®  |much too much UTF-8 encading
9 too little UTF-8 enceding
? something bad happened to this character
wild animals have eaten this character
o if you see a box, the font in use 1s missing this character. Firefox 3's boxes contain the hexadecimal value for the

missing character, but it's still just a missing character.

http://hcibib.org/multilingual/badchars.htm

Binary to text encoding

Table 1: The Base 64

* Base6b4 Value Encoding Value Encoding Value
oA 17 R 34

1B 18 5 35

2c 19T 36

Byte 0 Byte 1 Byte 2 ig ;gg g;
CILIITTTTe) GITTTTTTe] CLITTTTTe] 5 F 22 u 33
66 23 X 48

a AU a 7 2a v a1
LITTTTTTITITIITTITIITITTITIT] 81 25z 42
23 26 3 43

10 K 27 b 44

T I T nL e b
. a a . B e 30 e e
N T e O Y e ;;; -
NO N1 N2 N3 16 Q 33 h 58

https://datatracker.ietf.org/doc/htm|/rfc4648

https

Alphabet

Encoding Value
i 51

52
53
54
55
56
57
58
59
&8
61
B2
63

(pad)

Encoding

B R T ST

Table 2: The "URL and Filename safe” Base 64 Alphabet

62 - (minus)
63 _
{undarline)

‘www.base64decode.org;




Binary to text encoding

* Base64

https://datatracker.ietf.org/doc/html/rfca648
https://www.base6ddecode.org/

The following example of Basef4 data is from [5], with corrections.

Input data: @x14fb3c@3dg7e

Hex: 1 4 f b 2 @ 3 d g 7 e
8-bit: 2021010¢ 11111211 19611160 02920811 1lelloel 21111118
6-bit: 202101 921111 101119 @lllea 029208 11112l 1e6lel 11111
Decimal: 5 15 46 28 [} &1 37 62
Output: F P u [ A 9 1 +

Input data: @x14fb9c@3de

Hex: 1 4 f b g < a 3 d 9

8-bit: 20910169 11111211 1l99lllea 0@ge0ell 1101181

pad with @@

6-bit: eeglal @21111 181119 alllea fedeea 111181 lealea

Decimal: 5 15 46 23 a 61 36

pad with
k

Output: F P u c A 9

Input data: @x147b9c@3
Hex: 1 4 T b . e 3
8-bit: 2021010¢ 11111211 19611160 00920811
pad with @022
6-bit: 202101 921111 101119 @lllea 000208 1le08e

Decimal: 5 15 46 28 a 48
pad with = =
Output: F P u [ A w = =

Data Interoperability
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Binary to text encoding

* Base6b4

Table 3: The EBase 32 Alphabet
. Base32 Value Encoding Value Encoding Value Encoding Value Encoding
A 53 15 5 27 3
B 1 18 10 « 137 28 4
i 2¢c 1L 2 U 29 5
asel6 30 12 M 21 v EE
2 e PR 22 1 317
5 F 130 23 x
66 5 24 v (pad) =
7 H 16 Q 25 2
51 17 R 26 2

Table 5: The Base 16 Alphabet

Value Encoding Value Encoding Value Encoding Value Encoding
88 12 C

9 4
11 55 ] 13D
22 66 16 A 14 E
33 77 11 6 15 F
https://datatrackeetf.org/doc/html/rfca648 38

https://www.base64decode.org/

Representing Date and Time is not simple

* Leap year / bissextile years

* a calendar year that contains an additional day added to keep the calendar
year synchronized with the astronomical year or seasonal year.

* Leap seconds
* a one-second adjustment that is occasionally applied to Coordinated Universal
Time (UTC), to accommodate the difference between precise time
(International Atomic Time (TAl), as measured by atomic clocks) and imprecise
observed solar time (UT1), which varies due to irregularities and long-term
slowdown in the Earth's rotation

* Timezones
M UTC, GMT, CET, CEST, ... https://www.timeanddate.com/time/zones,




Unix time stamp

The unix time stamp is a way to track time as ® EpochConverter
a running total of seconds. This count starts
at the Unix Epoch on January 1st, 1970 at
UTC. Therefore, the unix time stamp is
merely the number of seconds between a

Epoch & Unix Timestamp Conversion Tools

particular date and the Unix Epoch. The current Unix epoch time s 1561153228

Convert epoch to human-readable date and vice versa

1561152113 Timestamp to Human date | reset

Supports Unix timestamps in secands, milliseconds and micraseconds.

Mon Day  ¥r Hr Min  Sec

Epoch timestamp: 1558285800
Timestamp In milliseconds: 1558288800000 +————

Date and time (GMT): Sunday. May 19, 2019 6:00:00 PM

Date and time (your time zone) Sunday. May 19, 2019 12:00100 PM GMT-06:00

https://www.epochconverter.com/

1ISO 8601

ear
l/ wonth ola'te tTimezone

ES— e=CET ST —

2022-03-29T12:04:06.179

wiliseconds

2022-03-29T712:04:06.179+07:00

tTimezone

https://dev. d. e-111e

41

43

Too many formats

AD\
AT
AT
AT
AT

£0 o
Y hour ¥ AR
“m

AR

USA/Philippines Worldwide 1SO 8601
12/31/2021, 11:59:59 PM 31.12.2021, 23:59:59 2021-12-31723:59:59
12:00 AM - 11:59 PM 00:00 - 23:59 00:00 - 23:59

AT\
AR
ARNTTER
o month N
ARTER

N
Jommn
ARTI
LD
AT

 min}
J hour §
' am/pm N

am/pm

Australia/India Parts of Spain East Asia
31/12/2021, 11:59:59 PM 23:59:59 of 31/12/2021 2021/12/31 PM 11:59:59
12:00 AM - 11:59 PM 00:00 - 23:59 AM0:00 - PM 11:59

Sources: CLDR 38.1 /1SO 8601
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P
Pamisepes

GateTimest: Oter built-in atomic ty

R Goal: type elements and attributes in XML
i e ameres

= <Customer Customerlame="Arshad Ali" CustomerID="C281">
Bl <Orders>
Bl <Order OrderDate="2012-67-04T00:00:00" OrderID="10248">+—

XML Schema Datatypes

A datatype is denoted by a IRI
and has three properties:

<xsd:attribute ="0OrderID" ="xsd:i

<OrderDetail Quantity="5" ProductID="18" />
] <OrderDetail Quantity="12" ProductID="11" />
1 <OrderDetail Quantity="18" ProductID="42" />
] </Order> L . . N

* A value space, which is a set of | <Jorderss <xsdiattribute nane-"Orderbate” type="xsdidateTine"/>
<Address> Address line 1, 2, 3</Address>
values. ' </Custonsr>
1 El <Customer CustomerName="Paul Henriot" CustomerID="CO@Z"> <xsd:attribute ="CustomerID"
. - - ] = <Orders> « <xsd:simpleType>
hd A Iexlcal Space, WhICh is a set Of = ] B <Order OrderDate="211-87-84T60:00:00" OrderID="18245"> <xsd:restriction
. ear msignedshorc | <OrderDetail Quantity="12" ProductID="11" /> <xsd:pattern
I|tera|s used to denote the Dmmme <OrderDetail Quantity="10" ProductID="42" /> RS e s
Hiesmasy ] </order> </xsd:simpleType>
</Orders> </xsd:attribute>
Values' g 1 N Fo=—| <Address> Address line 5, 6, 7</Address» S
</Customer> o
. i -t0- i El <Customer CustomerName="Carlos Gonzlez" CustomerID="C@3">
A lexical-to-value mapping 7 Custoner

=) <Order OrderDate="2012-88-16T00:@0:00" OrderID="10283">
<OrderDetail Quantity="3" ProductID="72" />

* A small collection of functions,

<fOrder>
relations, and procedures AeaTE dgress 1ine 1, 4, sc/addresss
associated with the datatype. creustonres, .
</ROOT>

https://wwwaw3.org/TR/xmischema-2/

Anatomy of a XSD literal xsd:int vs xsd:integer

/ \ A xsd:int represents a signed 32-bit integer
"24" " xsd: A xsd:integer is an integer unbounded value

"true"""xsd:

"2001-10-26T21:32:52+02:00"""xsd:

J J
Y e

K lexical form datatype IRI /

@prefix xsd: <http://www.w3.0rg/2001/XMLSchemat>. s "

t/doc/17671880/ieee-754-standard f-floating-point-number...




xsd:float vs xsd:double vs xsd:decimal

A xsd:float is patterned after the IEEE single-precision 32-bit floating point

datatype 11

&;ﬁl-)?([0-9]+(\-[9-9]*)?|\-[0-9]+)([Ee](\+|-)?[0-9]+)? [ (\+]-)?INF| Data | nte ro pe ra b | | Ity
and Semantics

A xsd:double is patterned after the IEEE double-precision 64-bit floating

point datatype Part 1. Encoding base data types
,g;ﬁl -)?2([6-9]+(\.[6-9]%)?|\.[0-9]+) ([Ee](\+]-)?[0-9]+)? | (\+]-)?INF| Part 1.8. Codes: countries, languages, ...

A xsd:integer represents a subset of the real numbers, which can be

represented by decimal numerals

*
( \+ | - ) ? ( [e -9 ] +( \ . [e' 9] ) ? | \ . [6'9 ] +) ICM - Toolbox Engineering and Interoperability of Software Systems — Course unit on Data Interoperability and Semantics
M1 Cyber Physical and Social Systems — Course unit on Data Interoperability and Semantics

Maxime Lefrangois https://maxime-lefrancois.info
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Country codes Language codes

I1SO 639 is a standardized nomenclature used to classify languages. Each
language is assigned a two-letter (639-1) and three-letter (639-2 and 639-3)
lowercase abbreviation

ISO 3166-1 — Codes for the representation of names of countries and
their subdivisions — Part 1: Country codes

150 3166l 180 3166-112! 150 3166-28%!
. Alpha- Alpha- . Subdivision
Country Official state . TS Numeric Internet
5 O 5 ¢ Sovereigny®Ile 2 & 3 e 5 ¢| code 3 1SO language name <6391 ¢ 639-2/T ¢ |639-2/B ¢ | 639-3 ¢
namel® namelf! 5 - codel 5 ccTLD!
codels) | codeld! linksl?!
English en eng eng eng
The French 2 i
B B Francel! Renublic UN member state FR FRA 250 1SO 3166-2:FR fr Chinese zh zho chi zhe + 16 | macrolanguage
P Hindi hi hin hin hin
B United The United
Spanish, Castilian es spa spa spa
States of States of UN member state us USA 848 I1SO 3166-2:US us
America (the) | America French fr fra fre fra
The People's Arabic ar ara ara ara + 29| macrolanguage, Standard Arabic is arb
Bl China Republic of UN member state cn CHN 156 1SO 31686-2.CN cn Bengali bn ben ben ben
China
E— Example of language names for the most spoken languages
e Republic o
= Austria P UN member state AT AT aa0 1SO 3166-2-AT at Source: https://en.wikipedia.org/wiki/List_of 1SO_639-1_codes

Austria

Example of country codes

Source: https://en.wikipedia.org/wiki/List_of ISO_3166_country_codes




IETF BCP47: Tags for Identifying Languages Currency codes
ISO 4217 defines alpha codes and numeric codes for the representation

Internet Engineering Task Force (IETF) « Best Current Practice » (BCP) of currencies and provides information about the relationships
between individual currencies and their minor units.

Active ISO 4217 currency codesl’! [nide]

Region subtags HTML Demo: lang seser Code & | Num ¢  DFl o Currency N Locations listed for this currencyl®]
et AED 784 2 United Arab Emirates dirham = United Arab Emirates
ouTPUT
en HTML css ) X . BIE Aland Islands (AX), Jlll European Union (EU), JJifl Andorra (AD), == Austria (AT), || | Belgium (BE), =
= | p—— This paragraph is English, but the G CY), I Est EE), = Finland (F1), | B F FR), Wi French South d Antarctic Land:
1 <p>This paragraph is English, but the language is not language is not specifically yprus (CY) soma"(_J =0t {7 zocel(Gh) rench southern and Antarctic Lands
specifically defined.</p defined, (TF), M Germany (DE), = Greece (GR), | || Guadeloupe (GP), @ & Ireland (IE), || [ taly (IT), = Latvia
005 2 EUR 978 2 Euro (LV), ji Lithuania (LT), == Luxembourg (LU), [l Malta (MT), || l| French Guiana (GF), | [ Martinique (MQ)
eS- 3 <p lang="en-GB">This paragraph is defined as British  (In British English) This paragraph e — ‘ - ,
o English.</p is defined as British English. B 0 Mayotte (YT), Monaco (MC), lEm Montenegro (ME.)‘ === Netherlands (NL), [Ell Portugal (PT), [ il
4 Reéunion (RE), || || Saint Barthélemy (BL), [ | Saint Martin (MF), [ [] Saint Pierre and Miguelon (PM), 4, San
Zh- Hant— H K 5 <p lang="fr">Ce paragraphe est défini en francals. (In French) Ce paragraphe est Marino (SM), amm Slovakia (SK), gam Slovenia (S1), I Spain (ES), || Vatican City (VA)
| P défini en francais. =
6 KRW | 410 ol | South Korean won ‘e South Korea
EE= United Kingdom, IEM Isle of Man (IM, see Manx pound), 2% Jersey (JE, see Jersey pound Guernse
Read more in the BCP 47 spec: GBEy 526 2 Botindlsteting = o = ( S ! pound) B g
: (GG, see Guernsey pound), @il Tristan da Cunha (SH-TA)
2.2.4 Region Subtag
4.1 Choice of Language Tag CHF 756 2 Swiss franc Switzerland, [fill Liechtenstein (LI)
illa.org/en-US/docs/Web/HTML/Global attributes/lang
- Example of currency codes o

Source: https://en.wikipedia.org/wiki/ISO_4217

Units of measures: no consensus

* BIPM (International Bureau of Weights and Measures)

Data | nte ro pe ra bl | Ity * I1SO/IEC 1000 — ISO/IEC 80000
a n d Se m a ntl CS * VIM (international Vocabulary for Measurements)

* UnitsML
Part 1. Encoding base data types * UCUM (Unified Code for Units of Measure)
Part 1.9. Quantities and Units of measure * UNECE Recommendation 20
* Sweet
* QUDT
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UCUM: Unified Code for Units of Measure

® A code system intended to include all units of the
measures being contemporarily used in U n |f|ed
international science, engineering, and business.
Used by international organizations and standards
No ambiguity possible

Clear semantics of units

Con: Problematic custom license

Measure

[é)lj /2) . rad kK4
Y\ exponent

simple umts

«
N

Data Interoperability
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UCUM Code of Unit

NCI Concept

SNOMED CT Identifier®

Concept EN Unit ENSymbol | EN Dimension® Code NGI Term NCI Abbreviation
] farb] C70497 Anti-Xa Activity International Unit anti-Xa activity 258997004
Bq becquerel Bq T C42562 Becquerel Bq 282141004
Ba/g M C70522 Becquerel per gram Ba/g
109 [CFU] farb] C68897 Billion Colony Forming Units Billion CFU
109 1 Cc71189 Billion Organisms
m3 cubic metre m? =] C42570 Cubic Meter m? 396154006
Cifml 3T c71172 Curie per Millilitre ciiml
d day d T C25301 Day d 258703001
[drp] L2 ©48491 Drop Dosing Unit Gtt 404218003
[uymi farb] C67377 International Unit per Millilitre 1U/mL 259002007
KUSPU] {aro] 71202 Kilo United Statﬁf\lrharmacepoeia KUSPU
KB/l L3 C71167 Kilobecquerel per Liter kBa/L
mmol/l L3N ©64387 Willimole per Liter mmol/L 258613002
{ppm part per million ppm 1 C48523 Part Per Million ppm 258731005
Pa pascal Pa L-ivT-2 C42547 Pascal P 259016002
% per cent % 1 C48570 Percent % 118582008
% 1 C48571 Percent Volume per Volume VIV 419569009
ami per cent (Wiv) %(WIV) LM C48527 Percent Weight Volume %MV 396169007
% 1 C48528 Percent Weight Weight BWIW 118582008
o o s | Tpame S | o coanien
[ib_av] pound b M C48531 Pound LB 258693003
Jmin revoluion per | rp.m. revimin. T C70469 Revolution per Minute rpm 286549009
[tb"U] farb] C65132 Tuberculin Unit 415758003
[arb/UN(ELISA} 68875 E"Zyme"";zzgy‘”cf’:“:‘"“"ms”‘ EL.U
RGB color cube
R 255

60



HSL

Saturation

HSV

Saturation

&Y

Lightness
Value

- o

1 ) Gy ]

HSL (for hue, saturation, lightness)
HSV (for hue, saturation, value; also known s HSB, for hue, saturation, brightness)
https://en.wikipedia.org/wiki/HSL_and_HSV

HSV «= RGB conversion

When 0= H<360,0=S<1and0sVs1
C=VxS
X=Cx(1-|(H/60°)mod?2- 1))

L0° < H < 60°
60° < H < 120°
,120° < H < 180°
L180° < H < 240°
,240° < H < 300°
,300° < H < 360°

(R,G.B) = (R+m)*255, (G+m)*255, (B+m)*255)

C.L.LE. CHROMATICITY DIAGRAM

s

Philips hue color space 61
R"=R/255
G =G/255
B =B/255

Cmax = max(R’, G/, B)
Cmin = min(R’, G, B)
A =Cmax—Cmin

0° 4 =0
60° x (% (mod 6)), Cmax = R'

B’

60° x (252 +2), Cmax =6
60° x (5E +4), Cmax =B’

0, Cmax = 0
S:{L, Cmax # 0}
Cmax
V = Cmax

HSV

C.LE. CHROMATICITY DIAGRAM

e

e
1-

.. PHILIPS "
3- “state": | -
4 "on": true, o

5 "brit: 254,

3 "hue": 14314,

7 "satt: 172,

8 "effect": "none",

9- "y [

10 0.4791,

11 0.4139

12 1,

13 et 405,

14 "alert": "none",

15 "colormode": "ct",

16 "reachable": true

17

18 Extended color light”,

19 Hue color light 17,

20 “modelid”: "LCTe@1",

21 “manufacturername”: "Philips"”,

2 “uniqueid”: "00:17:88:01:00:FF:9a:28-0b",

23 “swversion”: "5.127.1.26581"

YT

25 } Philips hue color space

Data Interoperability
and Semantics

</ Part 1. Encoding base data types >

ICM - Toolbox Engineering and Interoperability of Software Systems — Course unit on Data Interoperability and Semantics
M1 Cyber Physical and Social Systems — Course unit on Data Interoperability and Semantics

Maxime Lefrangois https://maxime-lefrancois.info
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Data Interoperability
and Semantics

Part 2. Data Formats
Part 2.1 Generalities

ICM — Toolbox Engineering and Interoperability of Software Systems — Course unit on Data Interoperability and Semantics
M1 Cyber Physical and Social Systems — Course unit on Data Interoperability and Semantics

Maxime Lefrangois https://maxime-lefrancois.info_

Course unit URL: https://ci.mines-stetienne.fr/cps2/course/data

Data Interoperability and Semantics

Outline

* < Part 2. Data formats >
* Part 2.1 Generalities
* Part 2.2. Delimiter-separated values
* Part 2.3. Extensible Markup Language (XML)
* Part 2.4. JavaScript Object Notation (JSON)
* Part 2.5. Configuration file formats
* Part 2.6. YAML Ain’t Markup Language (YAML)
* Part 2.7. Lightweight markup languages
* Part 2.8. Compressed formats
* Part 2.9 Multimedia formats

I‘CNP—%EE%‘tJTQcéQe mgd—qalrse unit on Data Interoperability and Semantics

M1 Cyber Physical and Social Systems — Course unit on Data Interoperability and Semantics

Maxime Lefrangois https://maxime-lefrancois.info

Course unit URL: https://ci.mines-stetienne.fr/cps2/course/data

File format

standard way that
information is encoded
for transfer or storage in
a computer file

A format is what enables
an application to
interpret the raw data
contained in a file. It is
the mode of
representation of these
data

File formats are marked
in the extension of the
file name

{i ]

HLP fS m¥
e O
[T
- &

i
o
o
-

I

B <
i

>

Iy

ir

: “.E

T

]
!

J

J

®

ol G

=
=

Me
p

>
—
Erl <
I L

(=}
o
A

%

¢
5
»

o

o

=
J

=

=

el
\

i

<
£
;

ek

b



Contents [hids]
1 Archive and compressed
1.1 Physical recordable media archiving
2 Computer-aided design
2.1 Computer-aided design (CAD)
2.2 Electronic design automation (EDA)
2.3 Test technology
3 Database
4 Big Data (Distributed)
5 Desktop publishing
6 Document
7 Financial records
7.1 Financial data transfer formats
8 Font flle
9 Geographic information system
10 Graphical information organizers
11 Graphics
11.1 Color paleties
11.2 Color management
11.3 Raster graphics
11.4 Vector graphics
11.5 3D graphics
12 Links and shortcuts
13 Mathematical

14 Object code, executable files, shared and dynamically linked libraries

15 Page description language
16 Personal information manager
17 Presentation

18 Project management software

19 Reference management software

20 Scientific data (data exchange)
201 Multi-domain
202 Meteorology
20.3 Chemistry
20.4 Mathematics
205 Biology
206 Biomedical imaging
20.7 Biomedical signals (time series)
20.8 Other biomedical formats

209 Biometric formats

"~

Programming languages and scripts
Security
221 Certificates and keys
22.1.1 X509
222 Encrypted files
22.3 Password files
Signal data (non-audio)
Sound and music

~
N

[
=g}

241 Lossless audio
2411 Uncompressed
24.1.2 Compressed
242 Lossy audio
243 Tracker modules and related
24.4 Sheet music files
245 Other file formats pertaining to audio
25 Playlist formats

~
&

Audio editing and music produetion
Recorded television formats

oo
@

Source code for computer programs

~
©

Spreadsheet
Tabulated data

w
s

I

w
&

w
&
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Open vs unpublished file formats

Open file format

published specification usually maintained by a standards organization.

Video
311 Video editing, production
Video game data
Video game storage media
Virtual machines
341 Microsoft Virtual PC, Virtual Server
342 EMC VMware ESX, GSX, Workstation, Player
343 VitualBox
344 Parallels Workstation
345 QEMU
Web page
Markup languages and other web standards-based formats
Other
374 Cursors
Generalized files
38.1 General data formats,
38.1.1 Text-based
382 Generic file extensions
38.2.1 Binary files
3822 Textfiles
383 Partial files
38.3.1 Differences and patches
38.3.2 Incomplete transfers
38.4 Temporary files
See also
References
External links

ToC of https://en wikipedia.org/wiki/List_of file formats

5

Linux Information Project: “any format that is published for anyone to read and study but which may or may

not be encumbered by patents, copyrights or other restrictions on use”

US government: “An open format is one that is platform independent, machine readable, and made available to
the public without restrictions that would impede the re-use of that information”

FR government: loi n® 2004-575 du 21 juin 2004 pour « la confiance dans I'économie numérique »:
« On entend par standard ouvert tout protocole de communication, d’interconnexion ou d’échange et tout
format de données interopérable et dont les spécifications techniques sont publiques et sans restriction d’accés

ni de mise en ceuvre. »

Proprietary file formats vs free file formats

Proprietary file format

Data encoding, s.t. one needs the company’s software to decode and interpret it.
Either the data encoding specification is secret, or restricted through license.

Examples of proprietary file formats

* mp3: open standard, but subject to patents in some countries

dwg: non documented, AutoCAD

psd: documented, Adobe Photoshop’s native image format

rar: partially documented, archive and compression file format owned by Alexander L. Roshal

zip (newest versions have patented features)

gif: CompuServe's Graphics Interchange Format, patent expired in 2004

pdf: open since 2008 ISO 320000-1. Still some features proprietary by Adobe (forms, scripts)

doc, xls, ppt: formerly closed/undocumented, now Microsoft Open Specification Promise

wiki/Proprietary_format

Open formats, what for?

© Sothatusersmightread
my documents unhindered

S0 that your documents might be read more easily by
ather people, without you having to worry about which
Users exchanging reports. software they use, choose open formats.

€. 5624 a2}

CLOSED FORMAT IDENTICAL SOFTWARE rwaRe TR

Allce uses he software program “Carcera®” She records he reportin @ | The following day, Alce sends her repor 1o Alber. Ho dossr have the :
closed format (one that does not permi interoperabiy), hen sends i 1o | Softuare program,which eluses to open the document Alert noce | teroperabiity and sends 4 1 David. Dav can read the document. modsy
Bob, who has the same software program. He <an read the documont, | than o acqure the Cancera Sofware Used by AIce, with the hope i is compativie. and record i, either by using the Same open fomat softuare or by Using
masity i and send it back o Alce. ilh i computer. ancther ntrcperable sotware.

£ Carole,another user, choses 1 recardber repert i open orma (alowing for

O To thel ity of myd

Alice and Carole use text editors to write, save, and preserve a novel.

vy progyam

il st s cose
v ot ayed o mae e The availabilty and longevity
o e M et of your documents, saved ina
ided L closed format, depends on the
- decisions of software vendors.
GLOSED \h_
FORMAT é

your documents in open

formats. They are not

) novelwin any cirer sofare progiam dependent on any particular
capabl or eading s ormat. software program.

OPEN Inyour inferest, choose
FORMAT Software programs that save
= <
S
fries

‘oPENFORMAT

(il e el

https://www.april.org/en/open-formats



How to identify a

Filename extensions

file type ?

* See https://en.wikipedia.org/wiki/List of filename extensions

* Look up or browse categories https://www.file-extension.info/

* Windows / linux desktops: applications association to filename extension

€ Settnge

@ Choose default apps by file type

htm Microsoft Edge
HTM File
E Microsoft Edge ]

htt

HTT File ChOOS e 3PP
-htw Firefox

HTW File

How to identify a

File header

file type ?

Josh Woodward - Swansong.ogg Properties

Basic _Permissions | OpenWith | Audio

Select an application to open Josh Woodward -
Swansong.oggand other files of type "Ogg Vorbis audio™

Default Application
& Rhythmbox

Recommended Applications

Other Applications
& Abiword

@ AptuRL

& Archive Manager
< Archive Mounter
@ Autorun Prompt
D Brasero

Reset Ad Setas default

9

Camera manufacturer Canon
Camera model Canon EOS 1200D
Author Praveen. P
Exposure time: 1/60 sec (0.016666666656667)

F-number w11

may contain metadata about the file and its content

IS0 speed rating
Date and time of data generation
Lens focal length
Show extended details

* ex., Exif metadata: image format, size, resolution color space, ...

* ex., AVl header format: i f

200
22:29, 22 November 2018
41 mm

Character-based documents may be opened in text editors,

and their header interpreted
ex., head of a XML file

<?xml version="1.0" encoding="UTF-8"?>

<!DOCTYPE html

PUBLIC "-//W3C//DTD XHTML 1.0 Strict//EN"
"http://www.w3.org/TR/xhtml1/DTD/xhtmll-strict.dtd">

ex., head of a iCalendar file
https://en wikipedia.org/wiki/|Calendar

BEGIN:VCALENDAR
VERSION:2.8

PRODID: -/ /hacksw/handcal//NONSGML v1.8//EN

ex., Exif metadata
https://en.wikipedia.org/wiki/Exif

ex., head of a ISO 10303-21 STEP file
https://en.wikipedia.org/wiki/ISO_10303-21

IS0-12383-21;

HEADER;

FILE_DESCRIPTION(

/* description */ (A minimal AP214 example wit
/* implementation_level */ '2;1');

FILE_NAME(

/% name */ demo’,

/* time_stamp */ '2603-12-27T11:57:53°,

/* author */ ("Lothar Klein'),

/* organization */ ('LKSoft'),

How to identify a file type ?

Filename extensions

See https://en.wikipedia.org/wiki/List of filename extensions

Look up or browse categories https://www.file-extension.info/

Windows / linux desktops: applications association to filename extension

i ILOVEYOU - Message (Rich Text) 8 [=1 B
| Ble Ede wew Insert Format Iools Actions Table ﬂe\p‘

| Boreny | arepytoal | oBFomerd | & | v 2

reason why .htm vs .html ? the 8.3 filename format

OS hide the extensions + associate applications
= creates security issues

From:  JohnDoe Sent: Thu 5/4/00 1129 AM

To John Doe
Ce:
Subject:  ILOVEYOL
kindly check the attached LOWELETTER 3
LOVELETTERFORY ¥
coming from me. OU.TXT.vbs p
= Q
» = 10
File’s first bytes: Magic numbers
the first few bytes may be distinctive enough
Hex signature * 1S0 8859-1 ¢ Offset ¢ Extension ¢ Description *
23 21 #! 0 Script or data to be passed to the program following the shebang (#1)

52 49 46 46 22 22 22 22

RIFF?227AVIz 0 avi Audio Video Interleave video format
21 56 40 20
FF FB i)
= MPEG-1 Layer 3 file without an ID3 tag or with an ID3v1 tag (which is
FF F3 56 0 mp3
appended at the end of the file)
FFF2 I
49 44 33 3 0 mp3 MP3 file with an ID3v2 container
21 3C 61 72 63 68 3t @A t<arch> s 0 deb linux deb file
37 7A BC AF 27 1C T e 0 7z 7-Zip File Format
9z 0
1F 88 e 0 GZIP compressed fiiel'!
targz
- xz XZ compression utilty
FD 37 7A 58 5A 00 ¥72XZw. 0
tarxz using LZMA2 compression
4E 45 53 1A NESsie 5} nes Nintendo Entertainment System ROM file?!
Example of file signatures - http kiped wiki/List of file signatures




How to identify a file type ? How to identify a file type ?

Example: the gzip file format starts with:

* a 10-byte header, containing:

magic number (0x1f8b),

the compression method (0x08 for DEFLATE),

1-byte of header flags,

a 4-byte timestamp,

compression flags and

the operating system ID.

* optional extra headers as allowed by the header flags, including the original filename, and a comment field,

File’s first bytes: Magic numbers
the first few bytes may be distinctive enough
ex., a file that starts with a Byte Order Mark (BOM) tells the system:

* Highly probable that the text stream is Unicode

.

.

* Describes the byte order, or endianness, of the text stream: Big-endian (BE) vs Little-endian (LE)

* Distinguish between Unicode character encoding (UTF-8, UTF-16, UTF-32, ...)

Encoding (decimal) | Bytes as CP1252 characters
UTF-gld EF BB BF 239 187 191 Ing
UTF-16 (BE) | FE FF 254 255 by
UTF-16 (LE) FF FE 255 254 b
UTF-32 (BE) | 60 80 FE FF © 0 254 255 ~@@by ("@ is the null character)
UTF-32(LE) | FF FE @0 @@ 255 254 6 © $b~@"@ (*@ is the null character)
https://en.wikipedia.org/wiki/Byte order mark
13 14
& C @& iana.org/assignments/media-types/font/woff2
- Type name: font
Media Types < font/woff2
. . . Subtype name: woff2
r 2021-11-15 Required parameters: None
Registration Procedure(s) i
eper T Fevien 97 Verdor and erzna Trss. Gptional parancters: fione

el Freed, Alexey Meintior, Murray Kucherawy (backup)
ence Encoding considerations: Binary
RF CE838]RFCA85S
Note Interoperability considerations: WOFF 2.0 is an improvement on WOFF
1.0. The two formats have different Internet Hedia Types and
different @font-face formats, and they may be used in parallel.

MIME type = Media types

* managed by Internet Assigned Numbers Authority oo
(IANA)

* example: text/html, image/gif, font/woff2, ...

Published specification: This media type registration is extracted
from the WOFF 2.6 specification [W3C.CR-UOFF2-20150414] at W3C.

Applications that use this media type: WOFF 2.0 is used by web
browsers, often in conjunction with HTHL and CSS.

Additional information:

Magic number(s The signature field in the WOFF header MUST
contain the “magic number" Ox774F4632 ('wOF2'

File extension(s): woff2

Macintosh file type code(s): (no code specified)

¢ used by many internet protocols

¢ demo with your browser: with the Network tab of the
developer tools open, see HTTP response headers of er section 2
requests when accessing https://fonts.google.com/ o s e sront_face Fommets wort

o
XML AL Pt

Macintosh Universal Type Identifier code: “org.w3.woff2”

Fragment Identifiers: See Section 4.2.

Registries included below Person & email address to contact for further informatien:
Chris Lilley (wm-Fontiu3.org).

Intended usage: COMION
Restrictions on usage: None

Author: The WOFF2 specification is & work product of the liorld hide
Lieb Consortium's WebFonts working group.

Change controller: The W3C has change control over this
typesxhtml 15 specification. 16




&« C @ ianaorg/assignments/media-types/font/woff2

font/woff2 <

<« (] @& iana.org/assignments/media-types/font/woff2

Type name:  font

Type name:  font

Subtype name: woff2

font/woff2

Subtype nane: ot Macintosh Universal Type Identifier code
Required parameters: None Required parameters: None
Optional parameters: MNone

. _ .
Opticnal paraneters: hane reverse-DNS naming structure
Encoding considerstions: Binary Encoding considerations: Binary °p : At i
ublic UTls, and organization-specific UTIs
]
Interopersbility considerstions: IOFF 2.0 1z an inprovenent on LoFE Enteropersbility considerations: KOFF 2.0 1z an inpravenent on LOFF
The two formats have different Internet Media Types and . . The two formats have ifferent Internet Media Types and . : .
Gitrerens @font-face formats, and they may be used in parallel. Macintosh ﬁle type code(s) ditreren @Font face farnete, and they nay be used in paraiiel. multi-heritance
Published specification: This media type registrstion is extractsd N ) " Published specification: This media type registration is extracted
from the WOFF 2.0 specification [W3C.CR-UOFF2-20150414] at W3C. Apple Computer, Inc., "Mac OS: File Type and Creator Codes, and File From the WOFF 2.0 specification [W3C.CR-WOFF2-20150414] at W3C. ———
" : & e Decarsd Unfom e X+
Applications that use this media type: WOFF 2 o i is used by web Formats", Apple Knowledge Article 55381, June 1993, last accessed Applications that use this media type: WOFF 2.0 is used by web ‘
browsers, often in conjunction with HTML and C 17/05/2008 browsers, often in conjunction with HTML and CSS. C @ developerapple.comyibrary/archive/documentation/Miscellaneous/Reference/ »@
Adgitionsl information: https://web.archive.org/web/20080517021842/http://www.info.apple.com Additionsl informstion: Documentation Archive
kbnum/n55381 Uniform Type Identifers Reference
llsgic number{s): The signature field in the WOFF header MU Magic number(s): The signature Field in the WOFF header MUST * Tabo of Contents )
comtain the "magic number” Bx774F4632 ('wOF2') contain the “magic number” Ox774FA632 ('wOF2') — pucu (T pubica ar Resource
PICT picture Stores a PICT image contained in the file ucion Locator
; Ny . . N System.-Decrea Untorm Type
Iile extension(s): weff2 PREF preference Stores the environment settings for an application Eile extension(s): weoff2 genuners puvic bt ot .
Reseion oy o
Wacintosh file type code(s): (no code specified) e — e T Macintosh file type code(s): (no code specified) o . "
- - [ ——— puslcur-name - i name
Hacintosh Universal Type Identifier code: “org.n3.woff2" STR string Stores a string o hexadecimal data used in the file Macintosh Universal Type Identifier code: "org.u3.woff2" Pl . S
@font-face Format: woff2 STR# string list Stores multiple strings used in the file @font-face Format: woff2 publicscard (orgpevearsy | PO o drectors veard (electronic
’ publiccontent S| ness carh
Fragnent Identifiers: See Section 4.2. syl style Defines style information, such as the font, color and size of text Fragent Identifiers: See Section 4.2. sl
Person & email address to contact for further information: TEXT text Stores text Person & email address to contact for further information: publicdata, Base type for
Chris Lilley (uwwi-font@u3.org). Chris Lilley (uww-font&u3.org). publicimage (< public.content images.
htt kiped i fork#fMajor resource_types
Intended usage: Corion Intended usage: CoMiON . sablcmege sase type forfox
images.
Restrictions on usage: None Restrictions on usage: Mone B
publicimage e 109, e PG image.
Author: The WOFF2 specification is a work product of the lorld lide Author:  The WOFF2 specification is a work product of the Horld bide {mage/ipeg
Wieb Consortiun's WebFonts working group. uieb Consortium's WebFonts working group. Jreg 2000
publcimage o2 gpamage gz e
Change controller: The U3C has change control over this ) Change controller: The U3C has change control over this
specification. 7 specification. ppl libran d nce/UTIRef/ 18
) persons.csv - Notepad o x

File Edit Format View Help

o] separator character Family Name,Given Name,VIAF ID ~
. Ackersdijck,Willem Cornelis,17959345
D ata | nte ro p e ra b I | Ity comma Adeflung, Friedrich von,22963658
Comma-separated values (CSV) Afzelius,Arvid August,49972119
Amerling,Karel, 13331054

: ex: Microsoft Excel csv export? Anton,Karl Gottlob von,183632821
a n e I I I a n CS *  semicolon Arwidsson,Adolf Ivar,8184878

Asbjgrnsen,Peter Christen,116587918
ex: Microsoft Excel csv export? Attems, Heinrich, 37665468
Atterbom,Per Daniel Amadeus,46819248
Part 2. Data Formats * tab Balabin,Viktor Petrovich,44473845
- Tab-separated values (TSV) e
Part 2.2. Delimiter-separated values . colon e i
. Bernhart,Johann Baptist,69674335
ex: Linux $ cat /etc/passwd Bertram, Johann, 32890043
/etc/passwd Bilderdijk,Willem, 14882166
p Boisserée, Sulpiz, 7483155
Bopp, Franz,61614118
Borovsky,Karel Havlicek,106277614
Boskovi¢, Jovan, 161354270
Buslaev, Fyodor, 10074560
Cenowa,Florian Stanislaw,44466031
Chomiakov.Alekse1i.66492873 bl

ICM — Toolbox Engineering and Interoperability of Software Systems — Course unit on Data Interoperability and Semantics
M1 Cyber Physical and Social Systems — Course unit on Data Interoperability and Semantics

Maxime Lefrangois https://maxime-lefrancois.info_

Course unit URL: https://ci.mines-stetienne.fr/cps2/course/data

1unless the decimal point of the locale is a comma (ex., France)
2when the decimal point of the locale is a comma 2u




Delimiter-separated values
RFC 4180

separator character
records separated by CRLF

aaa,bbb,ccc CRLF aaa,bbb,ccc CRLF
2zz,yyy,%xx CRLF ZZZ,YYY, XXX

optional header file

field_name,field_name,field_name CRLF
aaa, bbb, ccc CRLF
277,yyy,Xxxx CRLF

fields enclosed in double quote

bb","ccc™ CRLF
77Z,yyy,%xx

escaping cell character

7 persons.csv - Notepad

File Edit Format View Help

Family Name,Given Name,VIAF ID
Ackersdijck,Willem Cornelis, 17959345
Adeflung, Friedrich von,22963658
Afzelius,Arvid August,49972119
Amerling,Karel,13331054

Anton,Karl Gottlob von,183632821
Arwidsson,Adolf Ivar,8184878
Asbjgrnsen,Peter Christen,116587918
Attems ,Heinrich, 37665468
Atterbom,Per Daniel Amadeus,46819248
Balabin,Viktor Petrovich,44473845
Banks, Joseph, 46830189
Beck,Friedrich,44338671
Becker,Reinhold von,42101066
Bernhart,Johann Baptist,69674335
Bertram,Johann, 32890043
Bilderdijk,Willem,14882166
Boisserée,Sulpiz,7483155

Bopp, Franz, 61614118

Borovsky,Karel HavliZek,100277614
Boskovié,Jovan,161354270
Buslaev,Fyodor, 10074560
Cenowa,Florian Stanislaw,44466031
Chomiakov.Aleksei.66492873

Data Interoperability
and Semantics

Part 2. Data Formats

Part 2.3. Extensible Markup Language (XML)

ICM — Toolbox Engineering and Interoperability of Software Systems — Course unit on Data Interoperability and Semantics
M1 Cyber Physical and Social Systems — Course unit on Data Interoperability and Semantics

Maxime Lefrangois https://maxime-lefrancois.info_

Course unit URL: https://ci.mines-stetienne.fr/cps2/course/data

Delimiter-separated values

Worst time

768 ms

901 ms

1238 ms

1451 ms

1508 ms

1710 ms

1780 ms

1805 ms

1900 ms

1964 ms

2037 ms

2442 ms

Processing 3,173,958 rows of non RFC 4180 compliant input. No quoted values.
* Comparison Java libraries: JDK 9

https://github.com/uniVocity/csv-parsers-comparison

e CPU: AMD Ryzen 7 1700 Eight-Core Processor @ 4.0 GHz Parser Average time % Slower than best  Best time

* RAM:32GB uniVocity CSV parser 739 ms Best time! 707 ms

* Storage: 178 S5D drive SimpleFlatMapper CSV parser 861 ms 16% 848 ms

e 0S: Arch Linux 64-bit

o Jackson CSV parser 1212 ms 64% 1169 ms

* JDK: 9.0.4 64-bit (Linux)

o JDK: 1.8.0144 64-bit (Linux) Product Collections parser 1409 ms 90% 1389 ms

e JDK: 1.7.0_80 64-bit (Linux) Java CSV Parser 1498 ms 102% 1490 ms

* JDK: 1.6.0_45 64-bit (Linux) JCSV Parser 1681 ms 127% 1660 ms
Oster Miller CSV parser 1772 ms 139% 1762 ms
Gen-Java CSV 1799 ms 143% 1790 ms
Simple CSV parser 1861 ms 151%  1832ms
SuperCSV 1893 ms 156% 1858 ms
OpenCsV 2022 ms 173% 2007 ms
Apache Commons CSV 2424 ms 228% 2409 ms
Way [0 Parser 2577 ms 248%  2532ms

2638 ms

Extensible Markup Language

XML (file format)

Filename
extension
Internet
media type

Uniform Type
Identifier (UTI)

UTI conformation
Magic number
Developed by
Type of format
Extended from
Extended to

Standard

Open format?

-xml

application/xnl
text/xml [1]

public xmi

public text

<2xml
World Wide Web Consortium
Markup language

SGML

Numerous languages, including
XHTML - RSS - Atom - KML

1.0 (Fifth Edition)g#
(November 26, 2002; 12 years ago)
1.1 (Second Edition)&@

(August 16, 2006; 15 years ago)

Yes

=7xml versio 0"7= XML declaration
‘ <IDOCTYPE car SYSTEM "automotive dld">+— Document type declaration

:I(:r::ent
e ‘<\--\|5t of parts for a convertible car..>"7 Comment

‘<pan name="seat" quantity="2"></part= Elements

‘<pan name="wheel" quantity="4'"= Characters

=part name="engine" quant\ty:“1“/part>
Root <partiname="body" [quantity="1"pweight must be’\ZOU kg</part=
element
end tag Attributes Entity

* v1.0in 1998, still extensively used in many verticals

* numerous formats based on XML (418 registered on IANA)
https://en.wikipedia.org/wiki/List of XML markup languages

application/atom+xml application/rdf+xml
* verbosity, complexity and redundancy




Extensible Markup Language Extensible Markup Language

XML declaration
XML (file format) Characters and escaping XML (file format) 2 ‘ <IDOCTYPE car SYSTEM "automotive dtd">|-f Document type declaration
Filename xml . . . Filename 1 oot
extension . * unicode implementations: <?xml version="1.8" encoding="UTF-8"?> extension " element_ [ <car]
Internat application/xml f . .o Y . e Internet e o eatTon el start tag _
tmernr rlicatio * escaping characters: &1t; ‘<’-&amp; ‘&’ - &#x2764; ‘@’ - etc. Biat 2l eate [S1-lst of perts or & converibis car—»}——— Comment
Uniferm Type public xml Syntactlcal correctness Uniform Type public.xml ‘<pan name="seat" quantity="2"></part=" Elements
Identifier (UTI) o Wel/formed Vs ill-formed Identifier (UTI)
UTI conformation  public text UTI conformation public text ‘<pan name="whesl" quantity="4't> Characters
Magic number <2xml ¢ oneroot tag Magic number <xml B . B H)ﬁ
Developed by World Wide Web Consortium *  correct nesting Developed by World Wide Web Consoriium <part name="engine" quantity="1 Ipart=
Type of format  Markup language . . ‘o Typeof format  Markup language <parfname="body’| bieight must be[&1t] 1200 kg</part=
o — * tag names (approx) start with letter, then alphanumeric or “: e —— Root
Extended to Numerous languages, including Schemas and validation Extended to Numerous languages, including end tag Adbutes Entity
LRSS - KM : . : UL - RSS - - K

Standard TZT:\;h ::twon?;m o ‘ va//d vs mva//d Standard T’;T:\th EthonJ):\;m o H i

(NovembenZ632008: Zlveatsiana) * DTD, or XML Schema (November 26, 2008; 12 years ago) Rules of thumb for modellmg with XML:

1.1 (Second Edition) & 1.1 (Second Edition)# * limit the number of tag types and attribute types!

(August 16, 2006; 15 years ago) Namespaces (AugUSt 6, 2006; 15 years ago) - ! g typ: yp
Openformat?  Yes « xmlns:nsl="http://example.org/nsl" Openformat?  ves * use attributes for simple datatypes only

xmlns:ns2="http://example.org/ns2" * order of elements is important
* allows to use different schemas together: <ns1:Tag> <ns2:Tag> * group elements when appropriate

* anticipate how you are going to write XPath queries

XML manipulation: Document Object Model (DOM)
DOM4 Core e

SAX (Simple API for XML)

Node a
[nodeNama | DOMSirng (readony] . e e Tupes
e o apet freadonty) ‘NodeTypeEL [CDATA_SEGTION_NCDE = 4 XML t | API
el = [ENTITY REFERENGE_NODE = 5 raversa
fextContent : DOMSiring [ELEMENT NODE = 1 ey e
[parrentNade - Node {readanly} [TEXT_NODE =3 o OF = < =3
lehilcNodes : NodeList freadonly} [PROGESSING_INSTRUCTION_NODE = 7 [NOTATION_NODE = 12 SA XParser <Creates= Interface
irstChil : Notte (readoniy} ICOMMENT_NODE = & e SAXParser XMLRead
lastChita : Node {readariy) [DOCUMENT_NODE = 9 T Fact ——— eacer
[previousibiing - Node (readoriy: [DOCUMENT_TYPE_NODE = 10 a actory parse()
Inex:Sibling : Node {reaconly} IDOCUMENT FRAGMENT NODE = 11 gt unsigned longlil readonls] 1|parse()
rDocument : Document freadonly} [fom(n inder - unsigned long(dl : Node
et i TR I
repiaceChid()
removeChild() Ar Gintertacen
Einpenccni) [rame - DOMSg fraadony] ‘Nodet
lhasChikiNodes() e ean(id freacony} fength - unsigned long (d1) readonly]
lvalue rin
leloneNode() ‘Berment freadonly) [Femiin index - unsigned fong(idl) : Nede |
| <<Interface=>
Document Eloment CharactorData
(docypall. 1] DocumentType {readoniy) [lagNamei] : DOMSiring freadoriy} [data - DOMStng ‘ W ContentHandler
URL(1] : BOMSting {readory) lecaName{ 1) : DOMSring {readanly) e red longlidl) freadon;
ocamenEemanib. 1 Elerent radoriy) om0 1 DowStnng reagniyy e startDocument
[FubstrngDaial) = erulinander
implementation{1) : DOMimplementation {reacionly) | [namespaceURI[..1] : DOMString {reaconiy) i ey lrame: DOMStrng readoniy)
characierSe ] DOWSiring readonly) fof0.1) - DOwStng feorDatat Jpublicid : DOMString {readonly} — startElement()
ypel1] DO 1]: DOMSting ot [systemid - DOMString {readionly)
[elassLisi{0.-1] : HTMLCalleciion {readonly} leplaceDatay endDo cument()
(reateTextniodaf) latributest’| - At (readonly)
reateCommant) lonilran{l : Elsment {rsadonly) endElement()
(reateProcessinginsiruction() IirstElementChilD..1) : Element (readoniy)
createdtnibuted) [astElementChid[0. 1] : Element {readonly characters()
o ementy Tagtiamety o
imporihod
el NS o rote S0 leTexi | DOMSTing (readonly]
createALribuieNS() lsetaributeNS() .
lgetElementsByTagNameNs() [removeltributaly M dl
e omanyid) [emovetrintoNS) yHandller
lgeiElementsByClasshame() )
lge{ElementsBy TaghameNS() " . i -
[hasAttrbuta) W3C DOM api (version 4) - https://dom.spec.whatwg.org/ 27 Java API for XML Pr ing (JAXP) for SAX
lhasAttributeNS ()




XML — OOP data binding

Employee. j

@xmlRootElement (name = )
rType(XmlAccessType.FIELD)
Employee

Serializable

compile .
Integer i

String lastName;

XPath: Declarative tree-traversal language

XPATH locators

You can test alllocator examples using Firebug and Firepath on the
following page: hiips://vpl.bibliocommons.com/search?q=javaai=keyword
See more articles about XPATH on my blog, http:/test-able blogspot.ca.

More XPATH locators.

You can test all locator examples using Firebug and Firepath on the

(div{@class="listitem clearfix )[last(]

1.finds all DIV elements that have the CLASS attribute's value equal to

following page: hitps://vpl.

Ifinput

finds all INPUT elements that are included In the web page

(/divi@class="listitem clearfix T)[3]

1.finds all DIV elements that have the CLASS attribute's value equal to

“listitem clearfix”

Iinput{@aria-label~'Search Catalogue’

2. selects the 3rd DIV element from the lst of DIV elements

employe

finds all INPUT elements that have an ARIA-LABEL attribute with the
*Search Catalogue” value

I/button|@data-id="sortSelector'}/span

1. finds all BUTTON elements that have a DATA-ID attrbute with
the "sortSelector” value

Jinput{@id=globalQuery’ and @name='q’]

finds all INPUT elements that
1. have an ID attrbute with the “globalQuery” value
2. have a NAME attribute with the °q” value

2. select the last DIV element from the list of DIV elements

count(/divi@class="istitem clearfix )

provides the count of all DIV elements that have the CLASS attribute's
value equal to “stitem clearfx”

I/a[@class="extendSearch’) @testid

1.finds the A elements that have the CLASS attribute’s value equal to
“extendSearch”
2. gets the value of the TESTID attribute for the A elements

Ila[contains(@hret, 'show_circulation’)]

B __
>Lokesh</
>1</ >
>Gupta</

Objects

XML-OOP data binding
ex Java: https://zetcode.com/java/jaxb/

Java Architecture for XML Binding (JAXB) example

2. for each element from the BUTTON list, find the SPAN elements that

are direct chidren

the HREF attribute

finds all A elements that have “show_circulation" included in the value of

(/idivi@class="listitem clearfix )[2}/span

1. finds the DIV elements that have the CLASS attribute’s value equal to

“listitem clearfic”

2. gets the second element from the DIV elements list
3. finds all SPAN elements (direct children or not) that are inside of the.

second DIV

Jla[starts-with(@hret, "item/show_circulation’)]

*Mtem/show_circulation®

finds all A elements that have the HREF atirbute’s value starting with

Ifinputnot(@nar

N

finds all INPUT elements that have the NAME attribute’s value different

/finput{@id="globalQuery’ and @name='q’]

finds all INPUT elements that

1. have an ID attribute with the "globalQuery" value

than "q"

https://www.w3.0rg/TR/xpath

I/a[@class="extendSearch'}text()

1. finds the A elements that have the CLASS attrbute’s value equal to
“extendSearch"
2. get the value of the A elements

Iidivinormalize-space(@class)=listitem clearfix’]

1.finds the DIV elements that have a CLASS attribute

2. removes all spaces from the value of the CLASS attribute

2. finds the DIV elements that have the value of the CLASS attribute
(excluding spaces) equal o “lstitem clearfix”

ring-length(@href) > 70]

finds all A elements that have the HREF attribute value length greater
than 70 characters

XSLT: Declarative transformation language
XSLT stylesheet S

transformed XML document S(D)
XML fragment F2=S(XP1(D))

<Maps>
<Map>
<title>World</title>
<content>
... Bitmap of the world

</content>
</Map>

<Map>

29 2. have a NAME atiibute wit the g vaue
.
XQuery: Declarative query language
XSLT
let $auction := doc(’XMark.xml’) T J—
return Developer World Wide Web
- . . C i (W3C|
for $p in $auction/site/people/person irstappeared ‘;9”;0 um (3e)
= Uni 3
where $p/address/country United States D GOMTEREIR
and $p/name ftcontains ’Nikil’ ftand years ago
s < < . File it
’Stolovitch’ case insensitive extensions =
return $p/emailaddress Website WHNW3.Org/ TRAS-30/E8
Major implementations
libxslt, Saxon, Xalan
child:: Influenced by
emailaddress sse
parent:: | | parent:: | | parent:: || paren
name | | person | | people ste doc{)
“United States”
31

<title=Africa</title>
<content>

</content>

</Map>

<Map>
<title>Zimbabwe</title>
<content>
... Bitmap of country ...
</content>

</Map>

</Maps>

... Bitmap of whole Africa ...

<?xml version="1.0"?>
(1) <xsl:stylesheet  xmins:xsl= original XML document D
'htlp:#www.\:ﬁ.orgh 999/XSL/Transform" XME fragment F1=XP1(D)
version="1.0">
<area>
(2) <xsltemplate match="/"> <label>World</label>
(3) <xsl:element name="Maps"> <bitmap>
(4)  <xslapply-templates select="area"/> ... Bitmap of the world ...
</xsl:element> </bitmap>
</xsltemplate> <areas
<label>Africa</label>
15) <xsltemplate match="area"> <bitmap>
(6) <xsl:element name="Map"> ... Bitmap of whole Africa ...
) <xsl.element name="title"> </bitmap>
(8) <xsl:value-of select="label"/> <area>
</xsl:element> <label>
(9) <xsl:element name="content"> Zimbabwe
(10) <xsl:value-of select="bitmap"/> </label>
</xslelement> <bitmap>
</xsl:element> ... Bitmap of country ...
(11) <xsl:apply-templates select="area"/> </bitmap>
</xsl:template> </area>
</area>
</xsl:stylesheet> </area>




Data Interoperability

and Semantics

Part 2. Data Formats
Part 2.4. JavaScript Object Notation (JSON)

ICM — Toolbox Engineering and Interoperability of Software Systems — Course unit on Data Interoperability and Semantics

JavaScript Object Notation

JavasScript Object Notation

O

Filename ~json
extension

Internet application/json
media type

Type code TEXT

Uniform Type  pubiic json
Identifier (UTI)

Typeofformat  Data interchange
Extended from  JavaScript

standard STD 9088 (RFC 8259(F)
ECMA-404 [, ISO/IEC
21778:20178

Open format?  VYes

Website json.orged

* since early 2000s. Now used a lot in software development

* many mediatypes based on JSON (118 registered on IANA)
application/geo+json application/Id+json

* simple, human-readable

M1 Cyber Physical and Social Systems — Course unit on Data Interoperability and Semantics

Maxime Lefrangois https://maxime-lefrancois.info_

Course unit URL: https://ci.mines-stetienne.fr/cps2/course/data

* attribute—value pairs and arrays (or other serializable values)

JavaScript Object Notation

JavaScript Object Notation

o JSON Dbject

Filename .3son

extension

Internet application/json
media type

Type code TEXT

Uniform Type  pubicjson
Identifier (UT))

Type of format  Data interchange
Extended from  JavaScript

Standard STD 904 (RFC 8259(%), firray Inside Array
ECMA-404 B, ISOIEC
21778201700

Open format?  Yes

Website json.orgtd

¢ since early 2000s. Now used a lot in software development

* many mediatypes based on JSON (118 registered on IANA)
application/geo+json application/Id+json

* simple, human-readable

* attribute—value pairs and arrays (or other serializable values)

String Palue
»{ v
"company": “mycompany”,
"companycontacts”: { «

“phone”: "123- ‘.23:1234" i
"email”: "myemail@domain.com"”

“employees”: [ « JSON Array

"id": 1e1,

“name”: “John",

“contacts":
"emaill@employeel.com”,
“email2@employeel.com”

+

“id": 102 * Number Ualue

“name”: "William",
"contacts": null « Null alue

Object Inside Object

JavaScript Object Notation

JavaScript Object Notation

O

Filename .json

extension

Internet application/json
media type

Type code TEXT

Uniform Type  public.json
Identifier (UTI)

Typeofformat  Data interchange
Extended from  Javascript

Standard STD 90 (RFC 8259(%),
ECMA-404| 8, ISO/EC
217782017

Open format?  Yes

Website json.orged

Characters and escaping
* full Unicode character set
* escaping characters \b \f\n \r\t\"\

Data types
* number
* string

* boolean
* array

* object

* null
Semantics

While JSON provides a syntactic framework for data interchange, unambiguous data
interchange also requires agreement between producer and consumer on the semantics of
specific use of the JSON syntax. One example of where such an agreement is necessary is the
serialization of data types defined by the JavaScript syntax that are not part of the JSON
standard, e.g., Date, Function, Regular Expression, and “undefined”

36



JSON Schema

Select schema: = Empty schema B

U JSON Schema Validator

An online, interactive JSON Schema validator. Supports JSON Schema Draft 3, Draft 4, Draft 6 and Draft 7.

.org/draft-07/s

"defin:

ype": "string" },
(

array",
tems": { "Sre
"default": []

"#/definitions/person” },

"type": "object",
"properties": {

"person": { "$ref": "f/definitions/person" }

 newtonsoft.com

@ View source code

Input JSON:

+ No errors found. JSON validates against the schema

liam",
"children

{ "namesss": "George" },
{ "name": "Charlotte" }
1
I
{
"namesss": "Harry"

JSONPath: Declarative tree-traversal language

XPath
/

JSONPath
$
@
.or[]

n/a

n/a

[]

[start:end:step]
?20)
0

n/a

Description
the root object/element
the current object/element
child operator
parent operator

recursive descent. JSONPath borrows this syntax from
E4X.

wildcard. All objects/elements regardless their names.
attribute access. JSON structures don't have attributes.

subscript operator. XPath uses it to iterate over element
collections and for predicates. In Javascript and JSON it
is the native array operator.

Union operator in XPath results in a combination of
node sets. JSONPath allows alternate names or array
indices as a set.

array slice operator borrowed from ES4.
applies a filter (script) expression.
script expression, using the underlying script engine.

grouping in Xpath

JSONPath: Declarative tree-traversal language

gory": "reference",
r": "Nigel Rees",
"title": "Sayings of the Century",

"price": 8.95

{ "category": "fiction",
"guthor": "Evelyn Waugh",
"title": "Sword of Honour™,
"price™: 12.99

e
{ "category": "fiction",
"author": "Herman Melville",
"title": "Moby Dick",
SZUSTI=3",
b
{ "category": "fiction",
"author": "J. R. R. Tolkie
"title":
"isbn":
"price":
}
1,
"bicycle": {
"color": "red",
"price": 19.95

XPath
/store/book/author
//author

/store/*

/store//price
//book [3]
//book[1ast () ]
//book [position ()
<3]

//book [isbn]

//book [price<10]

/1*

$

$

JSONPath Result

the authors of all books in the

.store.book[*].author
store

- .author all authors

. store.* all things in store, which are

some books and a red bicycle.
the price of everything in the

.store..price SO
- -book(2] the third book

X :izgtEiﬁ;}engthq) b | the last book in order.
: :Eggi%?é%] the first two books

filter all books with isbn

..book[?(@.isbn)] v

. .book[? (@.price<10)] Ylger all books cheapier than
all Elements in XML

o document. All members of
JSON structure.

}
}
}

https://goessner.net/articles/IsonPath, 5

Examples:

$.store.book[0].title

$[ 'store'][ 'book'][0][ 'title']
$.store.book[ (@.length-1)].title
$.store.book[?(@.price < 10)].title

https://goessner.net/articles/IsonPath, -

A P | S fo r J S O N P ro Ce Ssi n g example for java: https://javaee.github.io/json;

Java API for JSON Processing

JSR 374 Specification

eaming

JSON text using




JSON — OOP data binding

(
)
5

compile

—> {JSON} Data Interoperability

— Javasecrpt Object Notation

and Semantics

58% 70.87% Part 2. Data Formats
79% 126.58%

4% 25.49% Part 2.5. Configuration file formats

—
Comparison of Java JSON libraries: Jackson vs.

UbjSct Gson vs. JSON-B vs. JSON-P vs. org.JSON vs.
Jsonpath

https://itsallbinary. com/|ackson -VS-gson-vs-json-b-
VS-JSON-P-VS-0rg-jso onpath-java-json-librari
es-features- comparlsonz

ICM - Toolbox Engineering and Interoperability of Software Systems — Course unit on Data Interoperability and Semantics

JSON-OOP data binding
M1 Cyber Physical and Social Systems — Course unit on Data Interoperability and Semantics
Maxime Lefrangois https://maxime-lefrancois.info
4 Course unit URL: https://ci.mines-stetienne.fr/cps2/course/data

# You are reading a comment in ".properties” file
! The exclamation mark can also be used for comments.

d a value separated by a delimiting character.

:* (colon) and whitespace (space, \t and \f)

# Lines with "properties” contain a key
# There are 3 delimiting characters: °

,
:
:
h . 6 language : English .
roperties files | =i INI files
. 8 # A word on a Line will just create a key with no value.
g

.
6] # wnice space that appears between the key, the value and the delimiter is ignored:
11 # This means that the following are equivalent (other than for readability) N
12 hello-hello
.properties 13 hello = hello . P T
= one B8] £ keys with chel same name will be overwricten| by the key that is the furthest inla file * Developed for Windows for initialization:
flename extension -properties 15 # For example the final value for "duplicateKey” will be "second"
et BOOT.INI, SYSTEM.INI, WIN.INI,
17 duplicatekey = second | o .
18 # To use the delimiter characters inside a key, you need to escape them with a \. = * Similar in Linux systems with .conf, .cfg, ...
19 # However, there is no need to do this in the vaLue. -
20 delinitercharacters\:\\ = This is the value for the key “delimiterCharacters\:\-\ - oo ol
extension * Syntax used by many programs

# Adding a \ at the end of a Line means that the value continues to the next Line.

Mainly for Java-related conf files 2

22 multiline = This line \ Internet text/plain, . hp.ini
Ex: i18n! and 110n2 23 continues mediatype application/textedit, zz- pnp.ini ; Last modified 1 April 2661 by John Doe
: a 2 4 If you want your value to include a \, it should be escaped by another \. e e g i
25 path - c:\\wiki\\templates app * ssh.conf
26 # This means that if the number of \ at the end of the Line is even, the next Line is not included in the value ini name = John Doe
27 # In the following example, the value for “"evenKey" is “This is on one Line\". Type of Initialization/Configuration File . g“:_conf organization = Acme Widgets Inc.
28 evenkey = This s on one line\\ format
. key:value BB 21 This Line 15 alnormalllcoment and|is|not included) in tha value for! ~evenKey= .
30 # If the number of \ is odd, then the next included in the value [database]
31 # In the following example, the value for " is "This is Line one and\#This is Line two https://en.wikipedia.org/wiki/INI file z 2 3 2 2
« key = value # wing example, the y ne and\ s Line ; use IP address in case network name resolution is not working
Yy ) 32 oddkey - This is line one and\\\ S s = P B
33 # This is line two N S
. 34 # Wnite space characters are removed before each Line ort = 143
* key:value, White space charact d bef h oL ‘ po
35 # Make sure to add your spaces before your \ if you need them on the next Line. file = "payroll.dat"
36 # In the following example, the value for "welcome" is "Welcome to Wikipedial”.
.
key value B o
38 Wikipedia!
39 # If you need to add newlines and carriage returns, they need to be escaped using \n and \r respectively [section]
40 # You can also optionally escape tabs with \t for readability purposes. d in = wikipedi
41 valueWithEscapes = This is a newline\n and a carriage return\r and a tab\t. EEH = CH SRR
42 # You can also use Unicode escape characters (maximum of four hexadecimal digits).
43 # In the following example, the value for "encodedHelloInJapanese” is " AICb/z". [section.subsection]
1i18n: internationalization 44 encodedHelloInJapanese = \u3053\u3093\u306b\u3061\u306 G = GEr
45 # But with more modern file encodings Like UTF-8, you can directly use supported characters 44

2 . izati
120n: localization 46 helloInJapanese = T




TOML files TOML files

ToML Tom's Obvious, Minimal Language. title = "TOML Example” ToML
https://toml.io/en/

<://github_com/MartinThoma/infer_pyproject”

[osmer] )
name = "Tom Preston-Werner” Y
dob = 1979-85-27T87:32:00-08:00 # First cl date:
tom|,|ang/t°m| o e ot e repository = "https://github.com/MartinThoma/infe roject”
- S [database] tation = "https://github.com/MartinThoma/infer_pyproject”
server = "192.168.1.1" .
ports - [ 8888, 8001, 8002 ] Example. . ["packaging”, "dependency”, "infer oy 1"]
connection_max - 5000 Python packaging and dependency
bled = .. cli
AW me  ws am ves o ensbled - true management with Poetry SREErE e

[servers] 1
Filtename .toml * key = "value" pairs # Indentation (tabs and/or spaces) is allowed but not require Fi"e”ﬂ"‘e ~toml python-poetry/
extension . [Section names] [servers.alpha] extension t
Internet Not registeredt!! ’ ip = "10.0.0.1" Internet Mot registeredt! poetry
media type * # comments dc = "eqdcl0" Mediaitype Python dependency management and packaging
Developed by Tom Preston-Wemer . Developed by Tom Preston-Wemer nade easy.
Community ° DatatYPeS- [servers.beta] Community aos  ox aw  awm v @ =
Initial release 23 February 2013; 9 * String, i = “OLL0.27 Initial release 23 February 2013 9 Gt P .
de = “eqdcle”
years ago « Integer years ago
Latest release vi.0.0 g ’ [clients] Latest release v1.0.0
January 11, 2021; 18 * Float, G L . January 11, 2021; 18
months ago Bool data = [ ["gamma”, "delta”], [1, 2] ] months ago
M oolean
Typeofformat  Datainterchange . Dateti ! # Line breaks are OK when inside arrays Typeofformat  Data interchange
Open format? Yes atetime, hosts = [ Open format? Yes
Website fomiiog # * Array, “alpha, Website tomLiog? # 1
omega d-backend = "setuptools.build meta”
https://en wikipedia.org/wiki/TOML * and Table ] https://en.wikipedia.org/wiki/TOML ’ -

martin-thoma.com/pyprojecttoml,

YAML Ain’t Markup Language (YAML)

YAML

--- lclarkevans.com/*invoice
invoice: 34843
- dste :280]—01-23_ SCALAR
bill-to: &ideal
ata Interoperabili
family : Dumars

Filename .yaml, .yml address: COLLECTIONS

extensions :
lines:

] |
and Semantics me
it Suite #292
Initial release ;wayzgm_goyws L
Latestrelease 1.2 (Third Edition) ;EZ:I :;B% MULTI-LINE
(1 October 2008; 12 ) : :
Part 2. Data Formats vears 2go) ship-to: *ideal COLLECTIONS

Type of format Data interchange product:

. - sku : BL384D
Part 2.6. YAML Ain’t Markup Language (YAML) Opentormat?  Yes quantity 4
Website yaml.orgc? description : Basketball
price : 450,88
el | tiaasan  LISTS/DICTIONARIES
quantity 1
. description : Super Hoop
* since early 2000s price : 2392.00
. . tax 1 251.42
* used a lot for software configuration total: 4443.52
. : m " e . comments: >
ICM - Toolbox anmeenng-and Interoperability of $oﬁware Systems — Co_\frse unit on Dat.a Interoperability and Semantics M human—readable, superset of JSON Late afterncon is best. MULTI-LINE
M1 Cyber Physical and Social Systems — Course unit on Data Interoperability and Semantics Backup contact is Nancy
Maxime Lefrangois https://maxime-lefrancois.info_ Billsmer g 333-4333. FORMATTING

Course unit URL: https://ci.mines-stetienne.fr/cps2/course/data




YAML Ain’t Markup Language (YAML)

Filename
extensions
Internet
media type
Initial release

Latest release
Type of format

Open format?
Website

YAML
_yaml , .ynl
Not registered

11 May 2001; 20 years
ago

1.2 (Third Edition)

(1 October 2009; 12
years ago)

Data interchange
Yes
yaml.org &

Whitespace indentation, tabs forbidden
end-of-line comments (#)
lists

# Favorite movies

YAML Ain’t Markup Language (YAML)

# Shopping Llist
[milk, pumpkin pie, eggs, juice]

- Casablanca or
- North by Northwest
- The Man Who Wasn't There

associative arrays

# Indented Block

name: John Smith

33

Inline Block

{name: John Smith, age: 33}

YAML Ain’t Markup Language (YAML)

Filename
extensions
Internet
media type
Initial release

Latest release
Type of format

Open format?
Website

YAML
_yaml , .yml
Not registered

11 May 2001; 20 years
ago

1.2 (Third Edition)

(1 October 2009; 12
years ago)

Data interchange

49
anchors and references
--- # Sequencer protocols for Laser eye surgery
step: 1 # defines anchor Label &ideo1
instrument: Lasik 2000
pulseEnerg: 5.4
pulseDuration: 12
repetition: 1000
spotSize: Tmm
step: & 2
instrument: Lasik 2000
pulseEnerg: 5.9
pulseDuration: 10
repetition: 500
spotSize: 2mm
step: *ideel # refers to the first step (with anchor &ide
step: *idee2 # refers to the second step

step: *ide@2

YAML
* strings
data: | data: >
::z‘nasri":"s -yanl) (.yal There once was a tall man from Ealing N’_'EPPEd text
Internet Not registered Who got on a bus to Darjeeling or e Lchiolded
media type It said on the door into a single
Initial release 11 May 2001; 20 years Tleras der™ cfi e Wrn Slaa™ paragraph
ago o
Latest release 1.2 (Third Edition) s [ emaiilly e o U c2lihg Elen: 1S dlnie
(1 October 2009; 12
years ago) paragraph breaks
Type of format Data interchange . datatypes
Open format? Yes
Website yaml.orged .
a: 123 # an integer
b: "123" # a string, disambiguated by quotes
c: 123.0 # a float
d: !1float 123 # also a float via explicit data type prefixed by (1!
e: llstr 123 # a string, ambiguated by explicit type
£: llstr Yes # a string via explicit type
g: Yes # a boolean True (yaml1.1), string "Yes" (yaml1.2)
h: Yes we have No bananas # a string, "Ves” and "No" disambiguated by context

YAML Ain’t Markup Language (YAML)

SYAML 1.1  # Reference card
Collection indicators:

"? ' : Key indicator.
Value indicator.
Nested series entry indicator.
Separate in-line branch entries.
Surround in-line series branch.

*{}* : Surround in-line keyed branch.
Scalar indicators:

**'* : Surround in-line unescaped scalar ('' escaped ').

: Surround in-line escaped scalar (see escape codes below).

"] : Block scalar indicator.
: Folded scalar indicator.
: Strip chomp modifier (' or ">-').
4+t Keep chomp modifier ('|+' or '>+').

1-9 : Explicit indentation modifier ('[1' or '>2').

# Modifiers can be combined ('[2-', '>+1').

Alias indicators:

'&" : Anchor property.
k' ¢ Alias indicator.

Tag property: # Usually unspecified.
none  : Unspecified tag (automatically resolved by application).
N : Non-specific tag (by default, "!lmap"/"!lseq"/"!lstr").
"Ifoo’ : Primary (by convention, means a local "!foo" tag).

"11foo" : Secondary (by convention, means "tag:yaml.org,2002:foo").

"1h!foo': Requires "%TAG !h! <prefix>" (and then means "<prefix>foo").

"1¢foo>": Verbatim tag (aluays means "foo").
Document indicators:
‘%' : Directive indicator.
: Document header.
Document terminator.

https://yaml.org/refcard.html

Misc indicators:
' #' : Throwaway comment indicator.
@' : Both reserved for future use.
Special keys:
= : Default "value" mapping key.
'¢<' : Merge keys from another mapping.
Core types: # Default automatic tags.
"Ilmap' : { Hash table, dictionary, mapping }
‘Ilseq’ : { List, array, tuple, vector, sequence }
"Ilste' : Unicode string

{ cherries, plums, apples }
‘1lomap®: [ ome: 1, two: 2 ]
Language Independent Scalar types:

{ ~, null } : Null (no value).
[ 1234, 0x4D2, 62333 ] : [ Decimal int, Hexadecimal int, Octal int ]
[ 1.236.15, 12.3015e+02 ]: [ Fixed float, Exponential float ]
[ .inf, -.Inf, .NAN ] [ Infinity (float), Negative, Not a number ]
{ Y, true, Yes, ON }  : Boolean true
{ n, FALSE, No, off } : Boolean false
? llbinary >
RO1G. ..BADS=
5-

Base 64 binary value.
Escape codes:
Numeric {
Protective: {
c o

"\u1234": 16-bit, "\U@B102030": 32-bit }
R S e\cTaB>ns TAB
1 BS, "\f": FF, "\n": LF, "\r": CR,

3
Additional: { L W'D ONEL, "\L": LS, "\P": PS }



YAML Ain’t Markup Language (YAML)

YAML Legend

YAML Representation
+ YAML Serialization

++ YAML Presentation {+ Non-Specific Tag

Filename _yanl . .ynl
extensions ++ Directive v
Internet Not registered Ta
media type Name 4“{»4 Specific Tag
Initial release 11 May 2001: 20 years Ll Name
ago x
Latestrelease 1.2 (Third Edition) .
(1October 2008; 12 1 Key
Years ago)
Type of format Data interchange Node 1
* *
Openformat?  Yes +Anchor Key/Value Pair «
Website yamlorg & ++Style, Spacing,
Line Wrapping. . . 1
A /
Value Unordered
(g;::;:t: * + Ordered
Content
Scalar Node

m Sequence Node Canonical Form/ Mapping Node |-

+Formatted Content

+ Alias Node | ++ Comment 3

Data Interoperability
and Semantics

Part 2. Data Formats
Part 2.7. Lightweight markup languages

ICM — Toolbox Engineering and Interoperability of Software Systems — Course unit on Data Interoperability and Semantics
M1 Cyber Physical and Social Systems — Course unit on Data Interoperability and Semantics
Maxime Lefrangois https://maxime-lefrancois.info_

Course unit URL: https://ci.mines-stetienne.fr/cps2/course/data

APIls for YAML Processing

Application |  YAML
. Dump >
Rep‘resent \ Serialize Present \
Native Representation Serialization Presentation
(Data Structures) (Node Graph) (Event Tree) (Character Stream)
opaque tags, anchors, styles, comments,
program | mapping/sequence/scalar, aliases, directives, spacing,
data ‘ canonical string values key order formatted string values, .. .
Construct \ Compose / \ Parse /
< - Load

* Tutorial for Java:
https://www.baeldung.com/java-snake-yaml|

* Package for JavaScript:
https://www.npmjs.com/package/yaml

*  Module for Python:
https://pyyaml.org/wiki/PyYAMLDocumentation

Comparing language features

wmv Language 4 | HTML export tool # | HTML import tool 4 | Tables # | Link titles % | class
] AsciiDoc Yes Yes Yes Yes Yes
%D BBCode No No Yes No No
S Creole No No Yes No No
QD Gemtext Yes ? No Yes No
C GitHub Flavored Markdown Yes No Yes Yes No
('U Jira Formatting Notation Yes No Yes Yes No
_ Markdown Yes Yes No Yes YesiNo
g— Markdown Extra Yes Yes Yes!®! Yes Yes
4 Marked Text Yes No Yes No No
— MediaWiki Yes Yes Yes Yes Yes
© MultiMarkdown Yes No Yes Yes No
E Org-mode Yes Yesl®] Yes Yes Yes
4 | PmWiki Yest1! Yes Yes Yes Yes
- |rop Yes » No Yes ?
. ED reStructured Text Yes Yesl®l Yes Yes Yes
G) Slack No No No Yes No
; TiddlyWiki Yes No Yes Yes Yes
+ Textile Yes No Yes Yes Yes
£ Texy Yes Yes Yes Yes Yes
. ED txt2tags Yes Yes!18l Yeslt®! Yes YesiNo
— WhatsApp No No No No No

attribute # | id attribute # Release date #

Yes 2002-11-25'")
No 1998
No 2007-07-04%!
No 2020
No 2011-04-28+
No 2002+
YesiNo 2004-03-191415
Yes 2013-04-1117)
No 202101
Yes 200248
No 2009-07-13
Yes 2003!"%!
Yes 2002-01
2 1994
auto 2002-04-021"2
No 2013413114
No 2004-081"3]
Yes 20021226118
Yes 20040"7!
Yes/No 2001-07-26P%
No 2016-03-161)

6



HTML output

AsciiDoc

ATX
BBCode

Creole

Gemtext

Jira Formatting
Notation

Markdown'‘2]

MarkedText

MediaWiki

Org-mode.

PmWiki
resT

Setext

Textile!*3]

Texy!

Tiddlywiki

txtztags.
POD

slack

Lightweight markup languages

WhatsApp

<codescodec/code>

<bsbold text</b> B

*bold text*

*bold text*
[bIbold text[/b]
**bold text**

*bold text*

**bold text**
__bold text__

**bold text"*
**'bold text' "

*bold text*

old text’
**bold text®™
**bold text**
*strong*

**bold text**

**bold text**

*'bold text'"

**bold text**
Bebold text>
*bold text*

*bold text*

8 ized text</em>

ciditalic texte/i> e <ttsmonospace text</tt> B

italic text’ +monospace texts

_italic text_ “monospace text”

_italic text_ [monospace text|

[ilitalic text[/i] [code]monospace text[/code]

//italic text// {{{monospace text}}}
**alt text

monospace text

_italic text_ {{monospace text}}
*italic text*

“monospace text”
_italic text_

//italic text// 3;monospace text;;

*italic text’’ <code>monospace text</code>
-code=
/italic text/

~verbatime

“italic text'’ @@monospace text@@

“italic text* **monospace text™
~italic textw NA

_emphasis_

@monospace text@
__italic text_
*italic text*

“monospace text’
//italic text//

“monospace text
//italic text//
*“monospace text

//italic text// *“monospace text™®

Icitalic text> C<monospace text>

_italic text_ “monospace text”

_italic text_ *“monospace text:

semantic
presentational

Can double operators to apply formatting where there is no word boundz
example **b**old t**ex**t yields boid texi)

email style
Formatting works across line breaks.

“Triple curly braces are for nowiki which s optionally monospace.

Text immediately following the first three backiicks s af-text.

semantic HTML tags

‘semantic HTML tags

mostly resorts to inline HTML

‘semantic HTML tags

presentational HTML tags

‘semantic HTML tags by default, optional support for presentational tags.

Indented text is also shown as monospaced code.

“*“block of monospaced text™ ™

Data Interoperability

and Semantics

Part 2. Data Formats
Part 2.8. Compressed formats

ICM — Toolbox Engineering and Interoperability of Software Systems — Course unit on Data Interoperability and Semantics
M1 Cyber Physical and Social Systems — Course unit on Data Interoperability and Semantics
Maxime Lefrangois https://maxime-lefrancois.info_

‘ci.mines-stetienne.fr/cps2/course/data

Course unit URL: https:,

Lightweight markup languages

Paragraphs and Line Breaks

Para = one or more consecutive lines
Empty lines = end of paragraph
> 2 spaces at Eol = HTML line break

Headers

# This is an H1

## This is an H2

####4# This is an HE
Alternative: ==s for H1, —-s for H2

Emphasis
“This is an <em>*
and _so is this_
“<This is a <strong
and _so is this__
Use same closing marker as opening
Emphasis possible in middle of word
\*or \_ for aliteral * or _

Blockquotes
Prefix > for each blockquote line...
. or even hard-wrapped paragraph
Additional > for nested blockquotes
Blockquotes can contain Markdown

Images

ATt text](URL “Title")
AT textllid]

{id]: URL “Title”

See syntax for Links

Compression

Links
This is [an example](http:/ /example.com/) link
Inline This is [examplel(http: //example.com/ *Title”)
with a title

This is a [reference link][id] with an id
[id]: hup://example.com/ “Ticle™

This is a [reference link][] without an id
[reference link]: http:/ /example.com/ (Title)

Reference

Link id can be letters, numbers, spaces, and punctuation
Link id is case-insensitive

In ref links, link definition can be indented up to 3 spaces

In ref links, use parentheses, single or double quotes for title
In ref links, link URL can be surrounded by <

In ref links, title can be on separate line with indentation

I ref links, link definitions can appear anywhere in document

Lists
Red
Asterisks, pluses & N
Unordered yphens interchangeably  ~ §ree"
Numbers, not necessarily 1. Red
Ordered  sequential, Always start L. Green
with Blue

List marker must be followed by 1/more spaces or a tab
List marker can be indented upto 3 spaces

Hanging indent supported but not required

Blank lines between list items implies paragraph

Paragraph start must be indented by 4 spaces or a tab

To avoid unintended list numbering (e.g:1986. What a great
season) backslash the period (1986\. What  great season).

- hrtp:// net/projects/;

Cheat sheet from Ahren Code = hitp://ahren.org/code

Code Block

Indent code by 4 spaces or 1 tab
ne level indentation will be removed
&and <, > are automatically HTMLised

Markdown not usable in code blocks

Code Spans

Use backticks around code: "printf()"
Use multiple backticks for literal
backtick: 'ls "date+%h" | we -1
Use space if literal backtick is at
start of code span:™ " ©

Miscellaneous

Horizontal Rule / Line
3 or more asterisks, hyphens or
underscores

List with embedded Blockquote
Indent > delimiters:

* Alistitem with a blockquote:
> This is a blockquote

List with embedded Code block
Indent code block 8 spaces or two tabs:

* Alistitem with a code block:
some code

Automatic Links
Use <, > for auto-linking URLs
Use <, > for auto-linking email addrs
Email text is auto obscured (somewhat)

For all else use HTML markup
blank lines around block level elements
no indentation for tags
no Markdown inside HTML blocks

A compressed file is an archive that contains one or more file that have been

reduced in size.

many different file compression types: zip, arc, arj, rar, cab, tar.gz, ...

lossless file compression

reduce redundancy without loosing data

ex. AAABBBBBCC -> A3B5C2

lossy file compression
ok to loose some data
ex. video, audio, images



How compression works

Filename
extension
Internet
media type

Uniform Type
Identifier (UTI)

Magic
number

Latest release

Type of
format

‘Standard

Open format?

tar

Jtar
application/x-tar
public tar-archive

ustar\eee atbye
offsel 257 (for POSIX
VErsions)

ustar \84e \e4e \@
{for old GNU tar format)'"!
absent in pre-POSIX versions

various,
(various)

File archiver

POSIX since POSIX 1
presently in the definition of
pax{1]éd

Yes

Compression - Computerphile
Computerphile @ 384K views - 8 years ago

Most of us deal with data compression on a daily basis, but what is it and how does it work? Professor David
Brailsford introduces compression with regards to text and pictures. http://wwiw.faceboo.

cc

Elegant Compression in Text (The LZ 77 Method) - Computerphile
Computerphile @ 436K views * 8 years ago

Text compression methods such as LZ can reduce file sizes by up to 80%. Professor Brailsford explains the nuts
and bolts of how it is done. Original Compression film: http:/youtu.be/Lto-ajugWaw,

cc

How Huffman Trees Work - Computerphile
Computerphile @ 225K views * 8 years ago

How do we derive the most compact codes for a situation? Huffman Trees can help. Professor Brailsford
explains how computer scientists like their trees to be upside down. *Entropy in Compression.

(e]e]

Filename
extension
Internet
media type
c2bal652-2358-dccc-ba7c-d4z8ef2371ce.d32ada70 Uniform Type
HEADER Il“”‘4 ! W"‘mnl”:“ Identifier (UTI)
SEGMENT CONTENT o= L 1 - Magic number
e Developed by
el I R
Type of format
| 1332
e Open format?
Website
BINARY [ [ I
s [ o Jewmw] wer
e e el ) e
| 1332
HEADER
GRAPH CONTENT ‘ i
[ el e el s
HEADER
INDEX CONTENT ‘ ! !
e e s
EMPTY
EMPTY

Encoding

l LzZ77
| Decoding
|
|

Decompressed
Data

61
gzip
.82
application/gzipl?!

org.gnu.gnu-zip-archive

Huffman
Encoding

 Compressed
A Data

Huffman
Decoding

ZIP file format

Filename
extension

Internet
media type

Uniform Type
Identifier (UTI)

Magic number

Developed by
Initial release

Latest release

.zip  .zipx

application/zip [T

com_pkware zip-archive

none

PK\x83\x04
PK\x85\%86 (empty)
PK\x87'x08 (spanned)
PKWARE, Inc.

14 February 1989; 32
years ago

6.39

(15 July 2020; 15 months
ago)

Data compression

JAR (EAR, RAR (Java), WAR)
Office Open XML
(Microsoft)

Open Packaging
Conventions
QOpenDocument (ODF)
XPI (Mozilla extensions)
APPNOTER from
PKWARE

ISO/IEC 21320-1:2015 (a

77777777 1
gzip Type of format
. Extended to
Filename .gz
extension
Internet application/gzipl?]
media type
Uniform Type org.gnu.gnu-zip-archive
Identifier (UTI)
Magic number 1f 8b
Standard
Developed by Jean-loup Gailly and ndar
Mark Adler
Type of format Data compression
Open format? Yes

Website gzip.orgE? (obsolete)

Data Interoperability

Mark Adler
Data compression

and Semantics

gzip.org (4 (obsolete)

Part 2. Data Formats
Part 2.9 Multimedia formats

ICM - Toolbox Engineering and Interoperability of Software Systems — Course unit on Data Interoperability and Semantics
M1 Cyber Physical and Social Systems — Course unit on Data Interoperability and Semantics

Maxime Lefrangois https://maxime-lefrancois.info

63

Course unit URL: https://ci.mines-stetienne.fr/cps2/course/data

subset of ZIP file format
6.33)F

Open format? Yes



veTeE Multimedia compression and container formats hide]
1SO, IEC,  MJPEG - Motion JPEG 2000 - MPEG-1 - MPEG-2 (Part 2) - MPEG-4 (Part 2 /ASP - Part 10 /AVC - Part 33 /IVC) - MPEG-H (Part 2 / HEVC) -
MPEG  MPEGH (Part 3/ WWC) - MPEG-5 (Part 1/EVC - Part 2/ LCEVC)
ITU-TVCEG  H.120- DCT (H.261- H.262 - H.263 - H.264/AVC - H.265/ HEVC - H.266 / WVC - DV)
Video SMPTE  VC-1-VC2-VC3-VC5-VC-6
compression
TrueMotion  TrueMotion S - DCT (VP3 - VPG - VT - VP8 - VP9 - AV1)
Apple Video - AVS - Bink - Cinepak - Daala - DVI - FFVA - Huffyuv - Indeo - Lagarith - Microsoft Video 1 - MSU Lossless - OMS Video - Pixlet -
Others  ProRes (422 - 4444) - QuickTime (Animation - Graphics) - RealVideo - RTVideo - SheerVideo - Smacker - Sorenson Video/Spark - Theora - Thor -
WMV - XEB - YULS
1S0, IEC, MPEG-1 Layer Il (Multichannel) - MPEG-1 Layer | - MPEG-1 Layer lll (MP3) - AAC (HE-AAC - AAC-LD) - MPEG Surround - MPEG-4 ALS -
MPEG  MPEG-4 SLS - MPEG-4 DST - MPEG-4 HVXC + MPEG-4 CELP - MPEG-D USAC - MPEG-H 3D Audio
ITUT G711 (Adaw- rlaw) - G718 - G719~ G722 G7221-G7222- G723 - G7231- G726 - G728~ G729 - G729.1
IETF  Opus - ILBC - Speex - Vorbis
Audio
compression 3GPP  AMR - AMR-WB - AMR-WB+ - EVRC - EVRC-B - EVS - GSM-HR - GSM-FR - GSM-EFR
ETSI AC3-AC4-DTS
ACELP - ALAC - Asao - ATRAC - AVS - CELT - Codec 2 - DRA - FLAC - ISAC - MELP - Monkey's Audio - MT9 - Musepack - OptimFROG - 0SQ -
Others  QCELP - RCELP - RealAudio - RTAUGI0 - SBC - SD2 - SHN - SILK - Siren - SMV - SVOPC - TTA (True Audio) - TWinVQ - VMR-WB - VSELP -
WavPack - WMA - MQA - aptX - aptX HD - aptX Low Latency - aptX Adaptive - LDAC - LHDC - LLAC
IEC, 1O, IETF,  CCITT Group 4 - DCT (HEIC - HEVC - JPEG - JPEG XL - JPEG XR - JPEG XT - TIFF/EP) - Arithmetic (JBIG - JBIG2) - JPEG-LS - JPEG XS
Image w3, ITU-T, JPEG - JPEG 2000 - LZ (GIF - PNG) - TIFF - TIFFAT
compression
Others  APNG - BPG - DCT (AVIF - AV1) - DVU - EXR - FLIF - ICER - MNG - PGF - QTVR - WBMP - WebP
150, IEc  MPEG-ES (MPEG-PES)  MPEG-PS - MPEG-TS  ISO/IEC base media fle format - MPEG-4 Part 14 (MP4) - Motion JPEG 2000 - MPEG-21 Part 9 -
g MPEG media transport
ITUT  H2220-T802
Containers IETF  RTP-Ogg
SMPTE  GXF - MXF
Others  3GP@nd 362 AMV - ASF - AIFF - AV1 - AU - BPG - 8ink (Smacker) - BMP - DvX Media Format - EVO - Flash Video - HEIF - IFF - M2TS -

Collaborations.

Methods.

Lists

Authority control: National libraries #

Bitmap File Heatler
BITMAPFILEHEADER

DIE Header Size

Matroska (WebM) - QuickTime File Format - RatDVD - Realledia - RIFF (WAV) - MOD and TOD - VOB, IFO and BUP
NETVC - MPEG LA - HEVC Advance - Aliance for Open Media

Discrete cosine transform (DCT - MDCT) - Entropy (Arithmetic - Huffman - Modified) - FFT - LPC (ACELP - CELP - LSP - WLPC) - Lossless - Lossy - LZ (DEFLATE -
LZW) - PCM (A-iaw - [-faw - ADPCM - DPCM) - Transform - Wavelet (Daubechies - DWT - Transform)

Comparison of audio coding formats - Comparison of video codecs - List of codecs

Image file formats

https://en.wikipedia.org/wiki/Image file formats

VeTeE

ANI - ANIM - APNG - ART - AVIF - BMP - BPG - BSAVE -

ICNS +ICO/CUR + ICS * ILBM

Raster

Vector Raster

Graphics file formats
CAL - CIN - CPC - CPT - DDS - DPX - ECW - EXR - FITS - FLIC - FLIF - FPX - GIF - HDRI - HEVC - ICER -
JBIG - JBIG2 - NG - JPEG - JPEG-LS - JPEG 2000 - JPEG XL * JPEG XR * JPEG XS + JPEG XT (JPEG-HDR) * KRA * MNG - MIFF -

NRRD - PAM - PBM/ PGM / PPM / PNM - PCX - PGF - PICtor - PNG - PSD / PSB - PSP - QTVR - RAS - RGBE (Logluv TIFF) - SGI - TGA - TIFF (TIFF/EP - TIFF/T) -

UFO/UFP
CIFF - DNG

Raw
Vector
Compound

Metadata

Al'- CDR * CGM + DXF + EVA - EMF - EMF+ - Gerber - HVIF

BIP - WebP - XBM - XCF - XPM - XWD

IGES - PGML - SVG - VML - WMF - Xar

CDF - DVu - EPS - PDF - PICT - PS - SWF - XAML
Exchangeable image file format (Exif) - Intemational Press Telecommunications Council § Photo metadata - Extensible Metadata Platform (XMP) - GIF § Metadata -
Steganography.

(@ Category - (- Comparison

66

Note: The size of Color Table Entries
is 3 Bytes if BITMAPCOREHEADER
is substituted for BITMAPWSHEADER,

JPEG

[ 3 File Offset to PixelArray

DIB Header
BITMAPVSHEADER

See methods for \d Compression software for codecs
Francetd (data)@ https://en wikipedia.org/wiki/Template:C formats

=9 SOV S gIen <) B B

The Structure of |
the Bitmap Image File Coler Definition (ndex n) g :
(BMP) — e ;

gz I8 i

: IS i

34 ¥ :

- —* ¥

Older DIB Headers can be substituted

for the BITMAPVSHEADER

Image Data

+

Note: The size of Color Table Entries
is 3 Bytes if BITMAPCOREHEADER

Byie offset: 0 1 2 3 a 5 6 7

Color Definition (index )

8 s [ w [ n
6/
https://en.wikipedia.org/wiki/BMP_file format

rmat

is substituted for BITMAPYSHEADER.

age Wit () I PixelArray [x.y] .
Pixell0 1] | Pixeli 1] | Pixelzhel] Fixellw-1 1] | Padding
Image Height h)
Pixel0n-2] | Pixelfh2l | Pxelzh2l | ... | Pixelw-Th2] | Padding
Flanes [Bits per Pixel =
Compression - .
(IENEEEE I Pixel08] Pixell1 5] Pixel2.8] . Pixelw-19] | Pddh
X Pixels Per Mater P'XE“D‘E] P'XEIM ‘E] P'XEI[Q‘E] Pw:‘[vw1 ‘E] p:dm
¥ Pixels Per Meter I P'XE“D‘?] P'XEIH ‘7] el Pw:‘[vw1 ‘7] p:dm
el el - o1, edding
<
‘cmu: mt (éul‘w ';ablel P05 Pl 5] Pixelw-15] | Paddng
g‘ B ; s” D‘Zrt WIL I Pixel]D.5) Pixel]1 5] Pixellw-15] | Padding
5 e s””e I\brtnas 5 7 Fixel0,4] Fixel[1 4] Fixelw1 4] Fadding
resniche e i as 7 Fixel0,3] Fixell1 3] Fixel[w1 3] Fadding
Blue channel bitmask _|-1--
Y e | PixelD 2] Pixel1 2] Pixelw-12] | Paddng
pc o Enas T ™ ieellD 1] Piel]1 1] Pixellw-11] | _Paddng
.- olor Space Type - -
o Note: The size of I Pixel]D,0] Pixel1 0] - Fixellw-10] | Paddng
3 Gamma for Red channel Color Space Endpoints is 36 Bytes
@ "3[Gamma for Green channel ( This diagram does not cepict it proportionally I T
I it menner only 10 save & E
| "3 Gamma for Blue channel verten space iz
[ Intent I 5
p- - - ICC Profile Data
- ICC Profile Size (oo ol T ST Vi ENER=RED] Note: The ICC Color Profile may be present only when
3 s | Emberded, arable size the BITHAPVSHERDER is used
| I2C Color Profile Data
| Color Tahle Note: The presence of the Color Table
| Calor Definition (index ) is mandatary when Bits per Pixel <@ “>9 | (or path 1o & linked file | { This diagram wrongly suggests that the size of
: Calor Definition (index 1) containing Color Profile must be a multiple of 4 Bytes
! 1, J [Color Defintion (index 2) I G Color Prafile Data ) | !t is drawn in that manner only to save vertical space.)

A
Aphoto of a European wildcat with the quality
increasing, from left to right
Filename

-Jpg. -jpeg. .Jpe

extension B BRI s

Internet inage/Ipeg

media type

Type code pE6

Uniform Type  public jpeg

Identifier (UTI)

Magic number £ d8

Developed by Joint Photographic Experts
Group, IBM, Mitsubishi
Electric, AT&T, Canon
Inc. 1" ITU-T Study Group
16

Initial release  September 18, 1992; 29
years ago

Type of format  Lossy image compression
format

standard ITU-T 81, ITU-T T83,
ITU-T T84, ITU-T T.86,
ISO/IEC 10918

Website Jpeg.org/ipeq/c@

(small data size)

.I P E G JPEG compression

Input S A -

! Step-1 Step-2 !

\ I

! Discrete Cosine :

Transform (DCT) |

&

I

Quantization 1

| I

\ I

Orignal gray image : G ixels block :

(large data size) I roup 8x8 pixels bloc |

| I

(Keep) 1

Oulpt : Low frequency ~ Threshold |

: ‘DC *® \ value :

|

; High frequency |

Entropy (Cut) 1

coding I

|

| I

: DCT basis functions :

Compressed JPEG image H Step-4 Step-3 :
LS



Portable Network Graphics

APNG image with an 8-bit transparency channel.
overlaid onto a checkered background, typically
used in graphics software to indicate transparency

Filename extension  .png

Internet media type  image/png
Type code PNGF

PNG
Uniform Type public.png
Identifier (UT))
UTI conformation public.image

Magie number 80 50 de 47 0d 0a 1a

ea

Developed by PNG Development Group
(donated to W3C)

Initial release 1 October 1996; 25 years

Type of format Lossless bitmap image
format

Extended to APNG, ING and MNG

standard ISONEC 15948, IETF
RFC 2083

Open format? Yes

WebP

L@ e

X

An example WebP image

Filename -uebpl1]

extension

internet image/webp

media type

Magic number 52 49 46 46 300 xx xx xx 57 45 42
50

Developedby  Google

Initial release 30 September 2010; 11 years
ago?!

Type of format  Image format
Lossless/lossy compression
algorithm

Contained by Resource Interchange File
Format (RIFF)!

Open format? Yest!

Website developers.google.com/speed
Iwebpt

PNG

W3C REC and ISO/IEC 15948:2003
http://www.w3.org/TR/PNG

alpha sample

EEEE]

alpha channel

[E | 2 N N

[LO][O](°]
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Modern image file formats: WebP

* WebP lossless images are 26% smaller in size compared to PNGs.
* WebP lossy images are 25-34% smaller than comparable JPEG
images at equivalent structural similarity index measure quality

index.
Image File Name Original Size ~ Compressed JPG WebP Format
= jpg-to-webp-1jpg 480 KB 407 KB 43 KB
- jpg-to-webp-2jpg 659 KB 578 KB 13 KB
E jpg-to-webp-3jpg 787 KB 715 KB 127 KB
-
jpg-to-webp-djpg 617 KB 543 KB 61KB o

Portable Network

APNG image with an 8-bit transparency channel,
overiaid onto a checkered background, typically
used in graphics software to indiicate transparency

Filename extension  .png

Internet mediatype  image/png
Type code PNGF

PNG
Uniform Type public.png
Identifier (UTI)
UTI conformation public image

Magic humber 80 50 de 47 0d 0a 1a

0a

Developed by PNG Development Group
(donated to W3C)

Initial release 1 October 1996; 25 years

Type of format Lossless bitmap image
format

Extended to APNG, JNG and MNG

standard ISONEC 15948 IETF
RFC 2083

Open format? Yes

PNG W3C

W3C REC and ISO/IEC 15948:2003
http://www.w3.org/TR/PNG

| |_[m]
o
(][]

Fourth reduced imag

o o o o

Fifth reduced image gaooaoog
00000000

Sixth reduced imag

I o o o o o

Seventh reduced im

First reduced image
[als]
oo

Second reduced image
1]
[

Third reduced image

Modern image file formats: AVIF

AV1 Image File Format (AVIF)

« In most cases, AVIF generates ..

Filename .avif, .avifs; .heif,

extension .heifs; .hif

Internet image/avif ,

media type image/avif-sequence

Developed by Alliance for Open Media

Initial release v1.0.0, 19 February 2019

Type of format  Image format
Lossless/lossy
compression algorithm

Contained by HEIF

Extended from HEIF, ISOBMFF, Av1

Open format? Yes

Website aomediacodec.github.io

favi-avi' &

a smallerimage payload than ..
WebP.

« In a few cases, WebP
generates a larger version
than the original JPEG.

« ImageEngine will recognize
and deliver the most format

Conversion

blog/how-efficient-is-avif,

with the smallest possible makes
+20% larger than
payload. PG

originial

Wabp AE



Scalable Vector Graphics

Internet
media type

Uniform Type
Identifier (UTI)
Developed by
Initial release

Latest release

Type of format
Extended from
standard
Open format?
Website

image/svgsaml {1

public.svg-image

<polyline points:
<line x1="50" y1
</g>
</svg>

1/DTD/svgll.dtd"> 3

ir

wac
4 September 2001 (20

years ago)
1.1 (Second Edition)
(16 August 2011; 10
years ago)

Vector graphics

XML

W3C SVGH

Yes
Www.W3.0rg/Graphics
1SVGIER

R

X

«
i mana;
;

@

156 0 -8

Recommendations for images in the browser

https://developer.mozilla.org/en-US/docs/Web/Media/Formats

Photographs

* AVIF*, WebP, or JPEG
Icons

* SVG, Lossless WebP, or PNG
Screenshots

* Lossless WebP or PNG

Diagrams, drawings, and charts

<picture>

</picture>

< AVIF

WebP
image/avif">

set="photo.webp" type="image/webp">

set="photo.avif" typ

"photo.jpg" alt="Photo" width

Fallback JPEG

amses:
x4 zoom x4 zoom .

What is an SVG File Used For and Why Developers Should be Using Them

# Published Jan 19, 2021 - https://deliciousbrains.com/svg-advantages-developers/ 73

Audio file formats

https://en.wikipedia.org/wiki/Audio_file format

Waveform Audio File Format

(WAVE/WAV)
N
wav
Filename .wav .vave
extension
Internet audio/vnd.wave, (1]
media type audio/wav, audio/wave,
audio/x-wav(?]
Type code WAVE

Uniform Type
Identifier (UTI)

Developed by
Initial release

Latest release

Type of format

Extended from
Extended to

com.microsoft waveform-
audio

1BM & Microsoft

August 1991; 30 years
ago

Multiple Channel Audio
Data and WAVE Files

(7 March 2007; 14 years
ago (update) %))

audio file format, container
format

RIFF

BWF, RF64

Filename
extension

Internet
media type

Developed by

Initial release

Type of
format

Contained by
Standards

Open format?

MP3

_mp3
_bit (before 1995)!"
audio/mpeg %
audiosmpa B!
audio/mpa-robust 4!

Karlheinz Brandenburg, Ernst

Eberlein, Heinz Gerhauser,

Bernhard Grill, Jurgen Herre

and Harald Popp (all of

Fraunhofer Society),!%! and

others

1991; 30 years ago

Digital audio

MPEG-ES

ISO/IEC 11172-3(°]
ISO/IEC 13818-3["

Yeslf]

Advanced Audio Coding

Filename
extension

Internet
media type

Developed by

Initial release
Type of format

Contained by

Standard

MPEG/3GPP container
e .mia, .mp4, .3gp
Apple container
® .mda, .mdb, .mdp,
-mdr, .mdv
ADTS stream
® .aac
audio/aac
audio/aacp
audio/3gpp
audio/3gpp2
audio/mp4
audio/mp4a-latm
audio/mpegd-generic
Bell, Fraunhofer, Dolby,
Sony, Nokia, LG Electronics
NEC, NTT Docomo,
Panasonicl'!
1997; 24 years agol?!
Audio compression format,
lossy compression
MPEG-4 Part 14, 3GP and
3G2, IS0 base media file
format and Audio Data
Interchange Format (ADIF)
ISO/IEG 138187,
ISO/IEC 14496-3

* SVG, PNG

* | added AVIF here

Video file formats

Audio Video Interleave

MPEG-4 Part 14

MPEG-4 Part 14 - MP4 File Format

Filename Lavi

extension

Internet video/vnd.avil!]

media type video/avi
video/msvideo
video/x-msvideo

Type code Viw'

Uniform Type  publicavi

Identifier (UTI)

Developed by  Microsoft

Initial release  November 10, 1992; 29 years

Container for
Extended from

Open format?
Website

Audio, Video
Resource Inerchange File
Format

No

hitps:/idocs microsoft com/en-
us/windowsAvin32/direcishow/avi-
file-formated

150 Base Media
File Format
(MPEG-4 Part 12)

MP4 extension

MPEG-4 Part 14 extends over SO Base Media File

Format (MPEG-4 Part 12).1")

Filename
extension

Internet
media type

Type code
Developed by

Initial release
Type of format
Container for
Extended from

standard
Open format?

.mp4, .mda, .mdp,
.mar and .mav"

.mab,

video/mp4

audio/mps

mpg4

Intemational Organization for
Standardization

2001: 20 years age

Megiia container

Audio, video and text
QuickTime File Format and
MPEG-4 Part 12

ISO/EG 14496-14
Yes

3GP

Filename extension

Internet media type

Uniform Type
Identifier (UTI)

Developed by
Type of format
Container for

Extended from

-3gp
video/3gpp,
audio/3gpp
public.3gpp

3GPP

media container
audio, video, text
MPEG-4 Part 12

362

Filename extension
Internet media type

Uniform Type
Identifier (UTI)
Developed by
Type of format
Container for
Extended from

.3g2
video/3gpp2,
audio/3gpp2
public.3gpp2

3GPP2

media container
audio, video, text
MPEG-4 Part 12

"360" heigh

AVIF as a Proaressive Enhancement

40">

WebM

webrm

Filename
extension
Internet
media type

Developed by
Initial release
Latest release
Type of format
Container for

Extended from
Open format?
Website

webm

video/uebm,
audio/webm

Initially On2, Xiph, and
Matroska; later Google
May 18. 2010; 11 years
agol!

vigo?

(December 19, 2019 22
months ago)

Video file format
VP8/NVPIAV1 (video)
VorbisiOpus (audio)
Limited subset of Matroska
Yes!

vebmproject org &



Recommendations for audio and video files

https://developer.mozilla.org/en-US/docs/Web/Media/Formats
Audio-only files

If you need...

Consider using this container format

Compressed files for general-purpose playback

MP3 (MPEG-1 Audio Layer Ill)

Losslessly compressed files

FLAC with ALAC fallback

Uncompressed files WAV
Video files
If you need... Consider using this container format

General purpose video, preferably in an open format

WebM (ideally with MP4 fallback)

General purpose video

MP4 (ideally with WebM or Ogg fallback)

High compression optimized for slow connections

3GP (ideally with MP4 fallback)

Compatibility with older devices/browsers

QuickTime (ideally with AVl and/or MPEG-2 fallback)
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Data Interoperability
and Semantics

Part 2. Data Formats

Part 2.10 3D models
(focusing on Web and Cyber-Physical Systems application domains)

ICM - Toolbox Engineering and Interoperability of Software Systems — Course unit on Data Interoperability and Semantics
M1 Cyber Physical and Social Systems — Course unit on Data Interoperability and Semantics

Maxime Lefrangois https://maxime-lefrancois.info

Course unit URL: https://ci.mines-stetienne.fr/cps2/course/data

3D models

Many file formats

Key features of a 3D file:

* geometry,

* surface texture,

* scene details,

* animation of the model
* element properties,

t-common-3d-file-formats-model,




Shape Geometry Surface Textures

a) Approximate Mesh Encoding b) Precise Mesh Encoding c) Constructive Solid Geometry

« tesselations »: decompose a surface in Parametric surfaces made of Primitive shapes that are combined using p tiveblog.com;/3d-tips/find-high 232646
polygons (usually triangles) control points and knots. Example: Boolean operations
Good for 3D printing non-uniform rational basis spline Good for CAD
Files may be huge. (NURBS) a) Texture Mapping b) Face Attributes
Exact at any resolution every point in the 3D model’s surface (or each face of the mesh has a set of attributes
Slow rendering the polygonal mesh) is mapped to a two- Color, texture, material type, reflection, refraction,...

dimensional image.

/N k-

VZEVAN
. o’/U\
< 0

do-i-k he-pattern-is-right ~ htts n.wikipedi /wiki/Non-uniform_rational B-spline https://en.wikipedia.org/wiki/Constructive_solid_geometry

31 d-samplers,
8

p: m/2021/11, lass-shader-in-blend )

-om/2/most-common-3d-file-formats-model,

Scene detail Animation

* layout of the 3D model in terms of cameras, light sources, and other * skeletal animation: skeleton + joints
nearby 3D models

oic_pyhon 2715

Robot Description Format (URDF) in Visual Studio Code

rosoft.github.io/Win-RoS-Landing-Page/hiwin_case_study.htm|

sk Deug oy oKt Seiecred_ @ ] 53

83 http: downloads.redway3d. f_skeletal_animation.html 84

http: light-texture-tutorial-1-lighting-book.htm|




Popular 3D file formats:
STL (“stereolithography”)

ACAD representation of a torus (shown as two
concentric red circles) and an STL approximation of

the same shape (composed of triangular planes) . POpU lar for 3D p rinti ng
Filename extension .stl R
¢ Triangular mesh,
* No color information

model/stl [11(2]
model/x. st1-ascii
model/x. st1-binary

Internet media type

Developed by 3D Systems . :
i retease o ¢ ASCIl or Binary representation
Type of format

stecrogany * Superseded by OBJ, 3MF, AMF, ...

https://en.wikipedia.org/wiki/STL (file format)

Popular 3D file formats:

Autodesk 3DS Max file format

3DS Max File
Filename .3ds
extension
Internet application/x-3ds,
media type image/x-3ds

Magic number 4D 4D (hex), MM (ASCII)
Developed by Autodesk Inc.
Type of format 3D file formats

https://en wikipedia.org/wiki/.3ds

* Autodesk 3D Studio MAX 1996

* Popular for architecture, engineering, education, manufacturing
* geometry, appearance, scene, and animation

* Triangular mesh, total 65536 triangles

* Directional light sources are not supported

(] [ Filelnfo.com Example.STL

solid Default
facet normal 0.000000e+00 0.000000e+00 1.000000e+00
ooy

5017410401 5.467951e+00 2.488822e+01

17410401 3.8432490+00 2.488822e+01
.477975€+01 5.467951e+00 2.488822e+01

endfacet
facet normal 0.000000e+00 0.000000e+00 1.000000¢+00
r loop
79510400 2.488822e+01
32490400 2.488822e+01
32490400 2.488822¢+01

facet normal 0.000000e+00 0.000000e+00 1.000000¢+00
r loop
.764211e400 1.188208e-01 2.488822e+01

42110400 1.7824476+00 2.488822e+01

18710400 1.188298e-01 2.4888226+01

facet normal 0.000000e+00 0.000000e+00 1.000000¢+00
r loop
0018710400 1.188208e-01 2.488822e+01
1764211400 1.782447+00 2.488822e+01
vertex —7.001871e+00 1.782447e+00 2.488822¢+01
endloop
endfa

cet
facet normal 0.000000e+00 0.000000e+00 1.000000¢+00

Reference: http://paulbourke.net/dataformats/3ds/
Tree structure made of chunks
In binary :
- 6 byte Chunk header:
- 1-2=chunk D
- 3-6 = little-endian length of the chunk
- Next bytes: chunk’s data,

including sub-chunks &

Popular 3D file formats:
Wavefront OBJ file format

0OBJ geometry format o | @ S Otime @ &
Filename .obj
extension
Internet media type model/obj (1)
Developed by Wavefront
Technologies
Type of format 3D model format

MTL material format
Filename mtl
extension
Internet media type model/mtl [*]
Magic number ASCII: newmt!

Hex: 6E65T76D746C .

a Popular for 3D printing and 3D graphics
* Triangular mesh

08l file open in Microsoft 3D Builder

Developed by Wavefront
Technologies

Type of format 3D texture format

http: n.wikipedi: ‘wiki/Wavefront .obj file ° NO anlmauon’ no deformatlon

* Reference to companion file MTL (Material Template Library)

* + other kinds of interpolation: Tayolr, B-splines...

86

https://people.sc.fsu.edu/~jburkardt/data/mtl/mtl.html

Popular 3D file formats:
ISO 10303-21 STEP-files

STEP
Filename .stp, .step, .stpnc,
extension .p21, .218
Internet model/step,
media type model/step+xml,
nodel/steptzip,

model/step-xml+zip
Magic number 1S0-10303-21
Developed by  1SO
Initial release 1994
Website Specifications?

https://en.wikipedia.org/wiki/ISO_10303-21

* Popular for in many engineering domains that rely on CAD
* Mechanical engineering

150-10303-21;
HEADER;
FILE_DESCRIPTION(
/* description */ (‘A minimal AP214 example with a single part’),
/* implementation_level */ 2;1');
FILE_NAME(
/% name */ “demo’,
/% tine_stamp */ '2003-12-27T11:57:53',
author */ (*Lothar Klein'),
organization */ ('LKSoft'),

preprocessor_version */ '
originating system */ ‘IDA-STEP",

thorization */ * ');
FILE_SCHEMA (("AUTOMOTIVE_DESIGH { 1 0 10303 214 2 1 1}°));
ENDSEC;

GANTZATION(*00001",*LKSoft " company*);
ODUCT_DEFINTTION CONTEXT("part definition’,#12, manufacturing’);
#12=APPLICATION_CONTEXT "mechanical design’);
#13-APPLICATION_PROTOCOL_DEFINITION(" ", automotive_design’,2003,412);
#14-PRODUCT_DEFINITION("@",$,#15,#11);
#15-PRODUCT_DEFINITION_FORMATION('1",S, #16) ;

PLIED_ORGANIZATION_ASSIGNHENT (#10, #20, (#16))
#20-ORGANIZATION_ROLE("1d owner);

enosEC;

€ND-150-10303-21;

* AECOO industry (Architecture, Engineering, Construction, Owner Operator)

* ASCII, not storage-efficient

* Schema defined separately in the EXPRESS data modeling language ISO 10303-11

)
&
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Data Interoperability and Semantics
Outline

* < Part 3. Data schemas and semantics >

* Part 3.1. Data schemas
* Part 3.1.1. XML Schema
* Part 3.1.2. JSON Schema
* Part 3.2. Semantics
* Part 3.2.1. Heterogeneities and data conflicts
* Part 3.2.2. Controlled vocabularies and ontologies
* Part 3.2.3. Resource Description Framework
* Part 3.2.4. RDFa: Rich structured data markup for web documents
* Part 3.2.5. JSON-LD: JSON for Linking Data
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reminder reminder

Extensible Markup Language Extensible Markup Language

XML declaration
XML (file format) | <IDOCTYPE car SYSTEM "automctive dtd“>+f Document type declaration XML (file format) Characters and escaping
Filename xaml Root Filename -xml : f . N " " : " "
extension e"e:g't extension * unicode implementations: <?xml version="1.8" encoding="UTF-8"?>
Internet icati start tag Internet icati H . . . .
r:;'l’:tm :Q;:ilﬁ]ﬂ/ml [SI-lst o parts for & convertble car—=}——— Comment r:e;'{fwﬂ :Zigiﬁlﬁ]ﬂ/*ml * escaping characters: &1t; ‘<‘-&amp; ‘&’ - &#x2764; ‘@’ -etc.
ﬂm'f?;rw:) public xmi [pertname="ssat’ quanity="2"<tpart] Elements E!L'.%Eﬁrm) public xmi Syntactical correctness
. ill-
UTi conformation - public text ‘<part name="wheel" quantty="4"l> Characters UTI conformation  public.text well formed vs ill-formed
Magic number <xml ﬁ Magic number <¥xml * oneroot tag
Developed by World Wide Web Consortium <part name="engine" quartity="1 fpart= Developed by World Wide Web Censortium * correct nesting
Type of format Markup language rl ="body"] tin="1" ht t be| &It 1200 kge/part: Type of format Markup language . .
reneatrom s Roat e el e geipart rtenseanom s *__tag names (approx) start with letter, then alphanumeric or ‘'
element n .

Extended to Numerous languages, including ond ,ag Atbibutes Entity Extended to Numerous languages, including Schemas and validation

XHTML - RSS - Atom - KML XHTML - RSS - Atom - KML . . . B
Standard 1.0 (Fifth Edition)é® Standard 1.0 (Fifth Edition)cd ‘S?rllDd vs I)?'\V/IGLIIS h

(November 26, 2008; 12 years ago) . . . . . (November 26, 2008; 12 years ago) . or chema

rpp—————" * v1.0in 1998, still extensively used in many verticals e ’

(August 16, 2005; 15 years ago) * numerous formats based on XML (418 registered on IANA) (August 16, 2006: 15 years ago) Namefpacesl het 1 )
Openformat?  Yes L. . P Open format?  Yes * xmlns:nsi=" ://example.org/ns1"

https://en.wikipedia.org/wiki/List of XML markup languages " p:// p 8/ N
L - xmlns:ns2="http://example.org/ns2
application/atom-+xml application/rdf+xml

* allows to use different schemas together: <ns1:Tag> <ns2:Tag>

* verbosity, complexity and redundancy
5 6

reminder

XML — OOP data binding XML Schema

Employee. java

@xmlRootElement (name = )

@xmlAccessorType(XmlAccessType.FIELD)

Enployee serdalizable * Document Type Definition (DTD, 2008)

.0" encoding="

campile

document body starts here-->
<html xmlns="http://www.u3.org/1%99/xhtml">

Integer id;
<IDOCTYPE html PUBLIC "-//W3C//DTD XHTML 1.8 Transitional//EN"

string firstName;
Sy Tesar “http://wa.w3.org/TR/xhtm11/DTD/xhtnll-transitional.dtd">

link to some .dtd document cao
</html>

HTMLS5 : no more link to a DTD

[..]

<IELEMENT html (head, body)>
<IELEMENT p (#PCDATA | p | ul | dl | table | hl|h2|h3)*>

employee. xml

o

XML
Document Objects >Lokesh</ [" ']
. 1</ > <!ATTLIST img
>Gupta</ src CDATA #REQUIRED
id jul #IMPLIED

sort CDATA #FIXED "true"
at | no) “yes

XML-OOP data binding Java Architecture for XML Binding (JAXB) example >

ex Java: https://zetcode.com/java/jaxb/ — ]
7 8




XML Schema

* Regular Language for XML Next Generation (RELAX NG, 2001) nttps://relaxng.org/

<element name="addressBook" xmlns="http://relaxng.org/ns/structure/1.9">

<zeroOrMore>
<element name="card">
<element name="name">
<text/>
</element>
<element name="email">
<text/>
</element>
</element>
</zereOrMore>
</element>

RELAX NG document

XML Schema

* Tutorials

<addressBook>
<card>
<name>John Smith</name>
cemail>js@example.com</email>
</card>
<card>
<name>Fred Bloggs</name>
cemail>fb@example.net</email>
</card>
</addressBook>

Valid XML document

* https://www.tutorialspoint.com/xml/xml|_schemas.htm

* https://www.w3schools.com/xml/schema intro.asp

* What to do with XML Schemas
¢ validate documents

* generate forms

* generate classes (any OOP language)

https://www.w3schools.com/xml/schema_intro.asp 11

XML Schema

* XML Schema (W3C, 2003)

The only one you should use (if you need to)

<?xml version="1.0"?>

<xs:schema xmlns:xs="http://www.w3.org/2001/XMLSchema" >

<xs:element name="note">
<xs:complexType>

</xs:complexType>
</xs:element>

</xs:schema>

<xs:sequence>
<xs:element name="to" type="xs:string"/>
<xs:element name="from" type="xs:string"/>
<xs:element name="heading" type="xs:string"/>
<xs:element name="body" type="xs:string"/>
</xs:sequence>

XML Schema document

Multiple XML Schemas ?

<?xml version="1.0"?>

<note
xmlns="https://www.w3schools.com”
xmlns:xsi="http://ww.w3.0rg/2081/XMLSchema-instance”
xsi:schemalocation="https://www.w3schools.com/xml note.xsd">
<to>Tove</tor
<from>Jani</from>
<heading>Reminder</heading>
<body>Don't forget me this weekend!</body>
</note>

Valid XML document

https://www.w3schools.com/xml/schema_intro.asp 10

* How to combine different XML schemas in a single file?

* Using XML namespaces

namespace
can be any xmins is a reference, just like a URI
| element | keyword variable name

<ftheElement>

¥
<theElement xmins:xXyz = "namespaceURI">




Example: A document with XHTML + MathML + SVG

<7xml version="1.0"2>

<IDOCTYPE himl PUBLIC
"-IW3C//DTD XHTML 1.1 plus MathML 2.0 plus SVG 1.1/EN"
DWW W3 th-svg/xntmi-matn-svg-fiat.dtd">

<htmi xmins = "hitp://www w3 0rg/1999/xhimi"
xmins:svg = “hitp:/iwww.w3.0rg/2000/svg">

<head>

<title>Example of XHTML, SVG and MathML<itle>
</head>
<body>

<n2-MatnhLn2> MathML
<>

[<math xmins="hitp //wwwi_w3 0rg/1998/Math/MathiL"™>
<mfrac>

<mi=a</mi>
<mi=b</mi>
</mfrac>
[</math>

. ‘

<h2>SVG</h2>

e

SVG

<>
<svgsvg widih="50px" height="50px">

B 0O Dample of XHTML SVG and MathWiL =]

<svgicircle cx="25px" cy="26pX" 1="20px" fil="green’s>
<isvgsvg>
<ip>

</body>
<lhtmi>

JavaScript Object Notation

JavaScript Object Notation

JSON Db ject > {

Filename .3son

extension

Internet application/json

media type

Type code TEXT

Uniform Type  pubicjson

Identifier (UT))

Type of format  Data interchange

Extended from  JavaScript

Standard STD 904 (RFC 8259(%), firray Inside Array
ECMA-404 B, ISOIEC
21778201700

Open format?  Yes

Website json.orgtd

reminder

String Palue

v

"company": "mycompany”,

"companycontacts”: { «
"phone”: "123-123-1234",
"email”: "myemail@domain.com"”

- Object Inside Object

“employees”: [ « JSON Array
Conid": 101,
“name "John™,

— "contuéts”: [
"emaill@employeel.com”,
“email2@employeel.com”

Number Ualue

"contacts": null « - Null balue

Data Interoperability

and Semantics

< Part 3. Data schemas and semantics >
Part 3.1. Data schemas
Part 3.1.2. JSON Schema

ICM - Toolbox Engineering and Interoperability of Software Systems — Course unit on Data Interoperability and Semantics
M1 Cyber Physical and Social Systems — Course unit on Data Interoperability and Semantics

Maxime Lefrangois https://maxime-lefrancois.info

Course unit URL: https://ci.mines-stetienne.fr/cps2/course/data

JSON Schema

Select schema: = Empty schema 4

U JSON Schema Validator
An online, interactive JSON Schema validator. Supports JSON Schema Draft 3, Draft 4, Draft 6 and Draft 7.

Input JSON:

07/schema#",

Elizabetn",
ldrensss"

"namess": "Charles",
"childrenss
8 I
9 "namess": "William",
( , "childre
: "#/definitions/person” }, { "namesss": "George
{ "name": "Charlotte" }
} 1
} 4 I
} 5 {
b 16 "names "Harry"
i
"type": "object", 18 1
19 i
{ 20 1
21 { "Sref": "#/definitions/person” } 21}
22 22}
23}

+ newtonsoft.com

View source code




JSON — OOP data binding

compile

A

Objects

JSON-OOP data binding

JSON Schema

Examples:

*  https://json-schema.org/learn/miscellaneous-examples.html

* https://www.fiware.org/developers/data-models/

* https://oneiota.or;

JSON Schema Specification (latest)

https://json-schema.org/draft/2020-12/json-schema-
validation.html

Table of Contents 7. Vocabularies for Semantic Content With "format"
7.1. Foreword
1. Introduction 7.2. Implementation Requirements
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7
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6.1.2. enum
6.1.3. const
6.2. Validation Keywords for Numeric Instances (number and integer) 8.A y for the Contents of Data
1. multipleOf 8.1. Foreword

8.2. Implementation Requirements
8.3. contentEncoding

9. A Vocabulary for Basic Meta-Data Annotations
9.1. "title" and “description”
9.2. "default"
9.3. "deprecated"
9.4. "readonly” and "writeOnly"
9.5. "examples"
10. Security Considerations
11, References.
11.1. Normative References.
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Appendix A. Keywords Moved from Validation to Core
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FIWARE/data- ©
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loTDataModels

openconnectivityfoundation/

o

JSON Schema
https://ison-schema.ora/draft/2819-89/schema#",
“nttp://ay-pain

ngs-api.con/schenas/painting-schema. json*,

Validation does not all if
— undefined propertis are given

Required root
level properties

description”, “tags®], =~

properties”

JSON
nane*: “Mona Lisa",
“antist*: “Leonardo da Vinci®,

D Data Interoperabilit
and Semantics

< Part 3. Data schemas and semantics >
Part 3.2. Semantics

nly positve numbers alowed
\

\
: ‘z:;“:u” . }) ICM —Toolbox Engineering and Interoperability of Software Systems — Course unit on Data Interoperability and Semantics
M1 Cyber Physical and Social Systems — Course unit on Data Interoperability and Semantics

}
: Maxime Lefrangois https://maxime-lefrancois.info

}
Course unit URL: https://ci.mines-stetienne.fr/cps2/course/data

1dth of the

nunber”, “description”:
number”, “description”: "Height of the




Data Interoperability
and Semantics

< Part 3. Data schemas and semantics >
Part 3.2. Semantics
Part 3.2.1. Heterogeneities and data conflicts

ICM — Toolbox Engineering and Interoperability of Software Systems — Course unit on Data Interoperability and Semantics
M1 Cyber Physical and Social Systems — Course unit on Data Interoperability and Semantics

Maxime Lefrangois https://maxime-lefrancois.info_

Course unit URL: https://ci.mines-stetienne.fr/cps2/course/data

DEMO: Compare JSON documents

Different modeling choices were made, which make these two services
completely non-interoperable:

the lat/long coordinates: string vs number

the UNIX timestamps vs dates and times

the choice of keys and the semantics (meaning) of the values

the units of temperature, pressure, wind speed, ...

the semantics of wind direction

the value for "icon": "03n" - (if we follow our nose on the website, we may figure out it refers
to http://openweathermap.org/img/w/03n.png )

the country codes I1SO 3166-1 ALPHA-2 and ISO 3166-1 ALPHA-3 (example of Australia and
Austria)

23

DEMO: Compare JSON documents

https://samples.openweathermap.org/data/2.5/weather?id=2172797&

appid=b6907d289e10d714a6e88b30761fae22

and
https://www.prevision-meteo.ch/services/json/lausanne

and

https://github.com/smart-data-models/dataModel.Weather/blob/mast
er/WeatherForecast/examples/example-normalized.json

Data confilicts are deviations between data intended to
capture the same state of a real-world entity. Data with
conflicts are often called “dirty” data and can mislead
analysis performed on it.

Data conflicts

Data conflicts

Single-source problems Multi-source problems

Schema level Instance level Schema leve! Instance level
(Lack of integrity {Data entry errors) (Heterogeneous (Overlapping,
constraints, poor data models and contradicting and
schema design) schema designs) inconsistent data)
* Unigueness + Misspellings * Naming conflicts * Duplicates
* Referential integrity  » Duplicates/redundancy = Structural conflicts * Inconsistent aggregation
LIRS + Contradictory values L * Inconsistent timing

Do HH. (2009) Data Conflicts. In: LIU L., OZSU M.T. (eds) Encyclopedia of Database Systems. Springer, 24
Boston, MA. https://doi.org/10.1007/978-0-387-39940-9_97
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< Part 3. Data schemas and semantics >
Part 3.2. Semantics

Part 3.2.2. Controlled vocabularies, thesauri, taxonomies

ICM — Toolbox Engineering and Interoperability of Software Systems — Course unit on Data Interoperability and Semantics
M1 Cyber Physical and Social Systems — Course unit on Data Interoperability and Semantics
Maxime Lefrangois https://maxime-lefrancois.info_

Course unit URL: https://ci.mines-stetienne.fr/cps2/course/data

Controlled vocabulary, taxonomy, thesaurus, ontology

Controlled Voca bulary

? 'ﬁ ﬁ Taxonomy T

'closed /" hierarchical
listof /  siructure:

words "' Broader /+Non- Preferred Terms
\ or ‘ Terms / + Preferred Terms Ontologv
\ terms Narrower 't Related Terms expressed in an ontology
. Terms + History \  representation language
h + types, properties
\\\
-

Kopécsi, Sandor & Hudak, Rastislav & Ganguly, Raman. (2017). Implementation of a Classification Server to Support Metadata Organization for Long Term Preservation Systems
der igung O und 70. 225. 10.31263/voebm.v70i2.1897.

Controlled vocabularies

.. an established list of standardized terminology for use in indexing and retrieval of information
— OECD

.. an organized arrangement of words and phrases used to index content and/or retrieve content through

browsing or searching
— Getty institute

.. an standardized — yet dynamic — set of terms and phrases authorized for use in an indexing system to

describe a subject area or information domain
— scip

vocabulary for which the entries, i.e. definition/term pairs, are controlled by a Source Authority based on

a rulebase and process for addition/deletion of entries
— ISO/IEC 15944-5:2008(en)
— Business Operational View

26

Controlled vocabulary, taxonomy, thesaurus, ontology

Logical Thi
Linguistic [

s
- %
ontal Desrnplron \
Logigue

4 owL
k U, Formal /
*s.. Conceptual Model 2
N " ERModel", Ontolegy
3
3

atabase i

Software
Ontology

Increasing Knowledge

Information
Ontology

Human Lexical Data Knowledge Model Object
Interoperability Interoperability Interoperability Interoperability Interoperability

Incereasing Interoperability Capibility

Roussey, Catherine & Pinet, Francois & Kang, Myoung-Ah & Corcho, Oscar & Falquet, Gilles & Métral, Claudine & Teller, Jacques & Tweed, Christopher. (2011).
Ontologies for Interoperability. 10.1007/978-0-85729-724-2_3. 28



SKOS Simple Knowledge Organization System

skos:prefLabel

‘Economic cooperation’

skos:prefLabel

“Economic co-operation”

skos:altLabel

‘Includes cooperative measures
kos:scopeNots in banking, trade, industry etc.,

skos:broader

‘Interdependence’

skos:prefLabel

skos:related| kos:narrower
N \—.O—skos:preﬂabe\
skos:narrower

between and among countries.”

‘Economic integration”

«oS: narrower skos:prefLabel

skos:narrower

Ne

skos:prefLabel

prefix skos: <nttp://www.w3.0rg/2004/02/skos/core # > | ‘j
SKOS Core Guide, W3C Working Draft 2 November 2005, http: rg/TR/swhp-skos-core-guide Industrial cooperation 29

‘ ‘European economic cooperation”

skos:prefLabel

\ “European industrial cooperation”

Data Interoperability
and Semantics

< Part 3. Data schemas and semantics >
Part 3.2. Semantics
Part 3.2.3. Resource Description Framework

ICM — Toolbox Engineering and Interoperability of Software Systems — Course unit on Data Interoperability and Semantics
M1 Cyber Physical and Social Systems — Course unit on Data Interoperability and Semantics
Maxime Lefrangois https://maxime-lefrancois.info_

Course unit URL: https://ci.mines-stetienne.fr/cps2/course/data

Examples of thesauri, taxonomies, ...

UNESCO < ;
Thesaurus

' GEMET =

The UNESCO Thesaurus is a controlled and
structured list of terms used in subject analysis
and retrieval of documents and publications in the
fields of education, culture, natural sciences, social ‘

nasa/dictionaries
and human sciences, communication and

information :kon jon of Ny

i, taxonor

https://skos.um.es > unescothes

UNESCO Thesaurus - SKOS

-

https://github.com/nasa/dictionaries

List at https://www.w3.0rg/2001/sw/wiki/SKOS/Datasets

o 921208088 008361

: Haystack
Using Standard Markup for...

[ Equipment
.
‘ slecicterel. 21800564 7012044

4 paiaeiE Saean

o ———

Point

| ewupnet: @21800056 7012058
| Shene @21800456 41062163

https://project-haystack.org

RDF- Resource Description Framework

RDF

Resource Description Framework
Abbreviation RDF

2018-03-29 20:00

Status Published, W3C end name type

type—{ Food Festival |«—type

Recommendation
Year started 1996, 25 years ago

\ /
(w05 120) -0
=~

[o.;en Market]

LFoud Truckj

type name

venue  venue

[Drinks Fesuvalj ((Sotomayor) [PiscinaOlimpica]

First February 28, 1996; 25 years Veniie type
published ago
Latest version 1.1 (Recommendation) [Santa Lucia]
February 25, 2014; 7 years [
200 city

Organization  World Wide Web Consertium

bus ¥
- T

city city

flight

(W3c)
Committee  RDF Working Group &
Editors Richard Cyganiak, David
Wood, Markus Lanthaler DF G h
Base URI An R F rap
standards Vertices:
Related RDFS, OWL, RIF, RDFa
standards
Demain Semantic Web
B Edges:
Website W W3, org/TRIrdIf 1.~
concepts/@

Resources: Things. Uniquely identified by URIs
Literals: Unicode string + Datatype identified by URI. out-degree=0

Relationships: connections between vertices. Uniquely identified by URIs

" <@, Semantic
Wil s wes




“Semantic P

CURIE = Compact URls

@prefix rdf: http://semprog.com
"4.

The Linked Data

<http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>.
@prefix rdfs:

<http://www.w3.0rg/2000/01/rdf-schema#>.
@prefix foaf:

<http://xmlns.com/foaf/0.1/>. “kiwitobes” €~
@prefix schema:

<http://schema.org/>.

“Toby Segarang, It’s possible to use URIs defined in an external graph

» to use a reference identification system
» to augment a graph
anyone can say anything about anything

&
“toby@segaran.com” oaf-knows

rdf:type: . . . .
One can specify vertice co-reference with some special
. . | User Generated |
edges: owl:sameAs from W3C OWL vocabulary AT CETEEET
Life Science

chile:Santiago - owl:sameAs =»(geo:SantiagoDeChile

<
“jamie@semprog.com”

5
“Colin Evans”

v

http://xmins.com/foaf/0.1/Person

“colin@semprog.com” - PR - PR
Linked Open Data cloud visualisation: each node is a RDF dataset. Links indicate the 34

existence of external identification links. Source: wikipedia

5 % OPEN DATA Examples of RDF vocabularies & ontologies

Tim Berners-Lee, the inventor of the Web and Linked Data initiator,

suggested a 5-star deployment scheme for Open Data. schema.org Over 10 million sites use Schema.org to
e Ye ¢ markup their web pages and email
— messages. Many applications from
Google, Microsoft, Pinterest, Yandex and
others already use these vocabularies to
power rich, extensible experiences.

Documentation

Here is some of the documentation available on this site
Getting Started: A simple introduction to microdata and using schema.org for marking up your site
Schemas: The actual schemas, arranged in a hierarchy, with a page for each item in the schema.
The full type hierarchy: The full type hierarchy, in = single file

Freguently asked questions

Data model: a brief nate on the data model used, etc

Extension Mechanism: The extension mechanism that can be used to extend the schemas
Schema.org Discussion Group: Forum for finding answers to questions, etc.

Feedback form: Please give us feedback, report bugs, etc.

) T Founded by Google, Microsoft, Yahoo and Yandex, 2011
https://Sstardata.info/en/ a5 Test with https://validator.schema.org/ or https://developers.google.com/search/docs/advanced/structured-data 54




Examples of RDF vocabularies & ontologies

Status || Photo/Video [ Life Event

Here is a link | want to share: http:/Awww.ogp.me/

[« || Open Graph protocol ———— (TITLE)
The Open Graph protocol enables any web page to become a

<html prefix="og: https://ogp.me/ns#"> rich Objectinawciﬂlgraph-—‘
<head> (DESCRIPTION)
<title>The Rock (1996)</title>
<meta property="og:title" content="The Rock" />
<meta property="og:type" conten ideo.movie" /> ~
meta property="og:url" content="https://www.imdb.com/title/tt01175 (IMAGE) | WINEGENE (URL)

<meta property="og:image"” content="https://ia.media-imdb.com/images
[ o™ 0 a

</head> Co s

</html>

Open Graph Protocol https://ogp.me/ (Facebook, 2010), test with https://developers.facebook.com/tools/debug/
37

RDFa Resource Description Framework in Attributes

See RDFa 1.1 Primer - Rich Structured Data Markup for Web Documents
- https://www.w3.org/TR/rdfa-primer/

<div typeof="foaf:Person"’ xmlns:foaf="http://xmlns.com/

<html prefix="og: https://ogp.me/ns#"> foaf/0.1/">
<head> i <p property="foaf:name">
<title>The Rock (1996)</title> Alice:Birpemawick
<meta property="og:title" content="The Rock" /> </p>
<meta property="og:type" conten i ie" /> <p>
<meta property="og:url" content="https://www.imdb.com/title/tte1175ee/" /> Email: <a rel="foaf:mbox"
<meta property="og:image" content="https://ia.media-imdb.com/images/rock.jpg" /> href="mailto:alice@example.com">alice@example.com</a>
</p>
</head> <p>
Phone: <a rel="foaf:phone" href="tel:
</html> +1-617-555-7332">+1 617.555.7332</a>
</p>
</div>

Data Interoperability
and Semantics

< Part 3. Data schemas and semantics >
Part 3.2. Semantics
Part 3.2.4. RDFa: Rich structured data markup for web documents

ICM - Toolbox Engineering and Interoperability of Software Systems — Course unit on Data Interoperability and Semantics
M1 Cyber Physical and Social Systems — Course unit on Data Interoperability and Semantics

Maxime Lefrangois https://maxime-lefrancois.info

Course unit URL: https://ci.mines-stetienne.fr/cps2/course/data

RDFa Resource Description Framework in Attributes

See RDFa 1.1 Primer - Rich Structured Data Markup for Web Documents
- https://www.w3.0org/TR/rdfa-primer/

. E—

- E—

Headline Title
Subheadline Author
Italics Publication Date

The Goal

article content article content article contant
article content articke content article content
article cantent articie content article content
article CONMENt articie content aicle content
artiche content articie cantent article content

Sttt bkttt et teet bt ettt
St tee et fet Lot bend tenxt text text text
Rt tet et fext text tend tet text et text
Rt tendt et 1t text text teit text text text
et b . L et bt ot et bt

Link1 Link2 Link3. Tagl Tag2 Tagd
Links Copyright License

Figure 1: On the left, what browsers see. On the right, what humans see. Can we bridge the
gap so that browsers see more of what we see? 40



RDFa Resource Description Framework in Attributes

See RDFa 1.1 Primer - Rich Structured Data Markup for Web Documents
- https://www.w3.org/TR/rdfa-primer/

The Result [>

android phone x & Q
QA @imsges O Shopping @ News [ Videos More Tools
About 4,560,000,000 resuits (102 seconds)

Ads - Shop android phone

Galaxy $10e Google - Pixel 6 Samsung Galaxy $8 64 samsung
128 Go - Noir 12890 Gris. Galaxy S10e Go- Nofr Galaxy A20e 3.
€269.00 €29.00 €282.00 €185.00 €121.00
Back Market min 24 x€58/m. Rakuten Back Market Rakuten

(9k+) | SFRFR 9k+) (9k+) (9k+)
By Google ByFeedPrice By Productca. 8y Google By Productca.

Google can extract structured data from e.g., e-commerce websites, and
“understand” its meaning 41

JavaScript Object Notation for Linked Data

See JSON-LD 1.1 - A JSON-based Serialization for Linked Data -
https://www.w3.org/TR/json-Id11/

JSON-LD
Filename .jsonld
extension
Internet application/ld+json
media type

Type of format  Semantic Web
Container for Linked Data
Extended from  JSON

Standard JSON-LD 1.16¢ / JSON-LD
1.1 APIGR
Open format? Yes

TR R

What is JSON-LD?

127,225 views - Jun 19,2012 5 18K GUDISLKE 2 SHARE =+ SAVE ...

° Manu Sparny SUBSCRIBE
ssikasoctrs

https://json-Id.org/learn.html
43
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< Part 3. Data schemas and semantics >
Part 3.2. Semantics
Part 3.2.5. JSON-LD: JSON for Linking Data

ICM - Toolbox Engineering and Interoperability of Software Systems — Course unit on Data Interoperability and Semantics
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JavaScript Object Notation for Linked Data

{4} JSON-LD Playground x
<« C @ json-ldorg/playground/
{<} JSON-LD & Playgs 8 i A = ~  [a)Branding

JSON-LD Playground

Play around with JSON-LD markup by typing out some JSON below and seeing what gets generated from it at the bottom of the page|
&Person  f3Event QPlace [WProduct {{Recipe & Library @ Activity

JSON-LD Input Options

: "http://schema.org/",
person”,
ane Doe”,

"jobTitle": "Professor”,
"telephone”: "(425) 123-4567",
"url": "http://www.janedoe.com"

https://json-Id.org/playground,



JavaScript Object Notation for Linked Data

{4} JSON-LD Playground X 4+
<« C @ json-ld.org/playground/
{4} JSON-LD  @Playg ] i i p = - G@Branding

JSON-LD Playground

Play around with JSON-LD markup by typing out some JSON below and seeing what gets generated from it at the bottom of the page.

|SC0ES & Person  fEvent  QPlace  [MlProduct  {{Recipe & Library @ Activity

JSON-LD Input # Options

"@context”: "https://wai.u3.org/ns/activitystreams”,
“@type”: “Create”,

actor’

“@type"; "Person”,

“@id": “acct:sally@example.org",
“name”: "sally”

“Sbject”;

"Wtype”: “Note",
“content™: "This is a simple note"

5
“published": "2015-01-25T12:34:562"

NoMarkup  Microdata ~RDFa | JSON-LD  Structure

Example encoded as JSON-LD in a HTML script tag.

t type="application/ld+js

"@type": egateRating",
"ratingValue": "3.5",
"reviewCount": "11"

ription": "0.7 cubic feet countertop microwave.
"Kenmore White 17\" Microwave",
more-microwave-17in.3p

"offer
"@type": "Offer",
"availability": "https://schema.org/InStock",
nprice": "55.00",
"priceCurrency "ysD"
)
"review": [
{

11-04-01",
lamp burned out and now I have to replace it.",
"name": "Not a hann amner" -

layground
B Product - Schema.org Type X 4+ v = o X
<« C @ schemaorg/Product ek &0 NP :
Examples -
Example 1 @

47

JSON-LD and schema.org

< C @ schema.org/Product

Product

A Schema.org Type
Thing > Product

BB Product - Schema.org Type x 4+

Documentation ~ Schemas  About

Property
Properties from Product

[more..]
Any offered product or service. For example: a pair of shoes; a concert ticket; the rental of a car; a hairout; or an episode of a TV show streamed online.
Expected Type Description
P A prop: pair n additional of the entitty, e.g. a
product feature or another characteristic for which there is no matching property in
schema.org

CRESSEERO RS Note: Publishers should be aware that applications designed to use specific
ma.org properties (€.g. rgiwidth, org
hitps://schema.org/gtin13, .. will typically expect such data to be provided using
those properties, rather than using the generic property/value mechanism.
gy g The overall rating, based on a collection of reviews or ratings, of the item
s Audience Anintended audience, i.e. a group for whom something was created. Supersedes
audience serviceAudience.
avard Text An award won by or for this item. Supersedes awards.
Brand or The brand(s) associated with a product or service, or the brand(s) maintained by an
L Organization organization or business person.
PhysicalActivityCategory A category for the item. Greater signs or slashes can be used to informally indicate
or category hierarchy.
category Text or
Thing or
URL

JSON-LD and Google

<> Understand How Structured Dat- X 4+

€ > C @ developersgoogle.com/search/docs/advanced/structured-dataintro-structured-data ra®ex & o

Google Search Central
With translation-related Google
Search features

~ Using structured data

Understand how structured data
works

Try the structured data 2]
codelab

Explore the search gallery

Structured data general
guidelines

Generate structured data with
Javascript

» Feature guides

Enriched search results

Flexible Sampling general guidance

Enable Top Places List

Opt out of display in local I
<

Documentation v Q search English ~

Google uses structured data that it finds on the web to understand the content
of the page, as well as to gather information about the web and the world in
general. For example, here is a JSON-LD [ structured data snippet that might
appear on a recipe page, describing the title of the recipe, the author of the
recipe, and other details:

€0
<html>
<head>
<title>Party Coffee Cake</title>
<script type="application/ld+json">

{
"@context": "https://schema.org/",
"@type": "Recipe",
" "Party Coffee Cake",

{
"@type": "Person",
"name": "Mary Stone"

46



JSON-LD and Bing

b Bing webmaster
S —
Validateur de balisage @
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Data Interoperability and Semantics
Outline

Data | ntero pe ra bl | |ty * < Part 4. The value of data >

* Part 4.1. Value as one of the V’s of Big Data

d S tl * Part 4.2. Data, Information, Knowledge, Metadata, ...
a n e m a n CS * Part 4.3. Interoperability unlocks the value of data
< Part 4. The value of data > * Part 4.4. Open data generates economic and societal value

* Part 4.5. Machine-actionability of data increases its value

ICM — Toolbox Engineering and Interoperability of Software Systems — Course unit on Data Interoperability and Semantics ICM — Computer Science Major — Course unit on Data Interoperability and Semantics

M1 Cyber Physical and Social Systems — Course unit on Data Interoperability and Semantics M1 Cyber Physical and Social Systems — Course unit on Data Interoperability and Semantics
Maxime Lefrangois https://maxime-lefrancois.info_ Maxime Lefrangois https://maxime-lefrancois.info

Course unit URL: https://ci.mines-stetienne.fr/cps2/course/data Course unit URL: https://ci.mines-stetienne.fr/cps2/course/data

Orders of magnitude of the total amount of data
created, captured, copied, and consumed
globally ?

Multiple-byte units erreE

Data Interoperability
an d Se Mma n‘h CS Value  Metric | Value  IEC Legacy

1000 kB kilobyte | 1024 KiB kibibyte KB kilobyte
Part 4. The value of data 10002 MB megabyte || 10242 MiB mebibyte MB megabyte
Part 4.1. Value as one of the V’s of Big Data 1000° GB gigabyte | 1024° GiB gibibyte GB gigabyte
10004 TB terabyte | 1024% TiB tebibyte TB terabyte
1000° PB petabyte | 1024° PiB pebibyte -
1000% EB exabyte || 10248 EiB exbibyte -
10007 ZB zettabyte | 10247 ZiB zebibyte -
10000 ¥8 yottabyte | 10246 Vi yobibye -

Maxime Lefrangois https://maxime-lefrancois.info_ )
Course unit URL: https://ci.mines-stetienne.fr/cps2/course/data Orders of magnitude of data 4




Projected figures 2025 for the total amount of data
created, captured, copied, and consumed globally

A .
e -
;;; <
530% :
increase of global s 8
data volume
From 33 zettabytes
in 2018 to 175
zettabytes
© Statista 2022 &
@ Additional | Information h urce @
https: my 1513/worldwide-data-created,
htt; 19- e-fit-di 5 http:

Projected figures 2025

o

530%

increase of global
data volume

From 33 zettabytes
in 2018 to 175

zettabytes

- |

€829
billion
value of data
economy in the
EU27

From €301 billion
(2.4% of EU GDP)
in 2018

ies-2019-2024/europe-fit-digital

&

10.9
million
data
professionals in
the EU27

From 5.7 million in
2018

figures-2025

Data Never Sleeps 9.0

How much data is generated every minute?

INSTAGRAM —

This happens every (:xzm =\
minute of every day, = ™ oy
according to DOMO S

(Source: Data Never Sleeps 9.0)

The 5 V’s of Big Data ?

i Scale of Data

[a]=]

of data being generated every

] second

3 Business loado
o s o ok aeciions:
> Uncertainty
0 Of Data
= his refers 1o the discrepancies
found inthe dat.

US sconary arund
3.1 Trillion a year

Poor data cualty costa the

This refers to the sheer volume

&

65%
Percentage of EU
population with
basic digital skills
From 57% in 2018

Analysis of 3"
Streaming Data

Denotes the speed at which data is
‘emanating and changes are oceurring

between the diverse data sets

YYYYYYYY g

o
d

Diffrent forms - b

of data ald v

As more and more.
data is being digitized.

of'bata é

Having access to big data is all
well and good but that's only useful
if we can turn it into  value.



Data Interoperability
and Semantics

Part 4. The value of data
Part 4.2. Data, Information, Knowledge, Metadata, ...

ICM — Toolbox Engineering and Interoperability of Software Systems — Course unit on Data Interoperability and Semantics
M1 Cyber Physical and Social Systems — Course unit on Data Interoperability and Semantics

Maxime Lefrangois https://maxime-lefrancois.info

Course unit URL: https://ci.mines-stetienne.fr/cps2/course/data

The DIKW pyramid (~1982)

useful.
INFURMATIUN knowledge by description ("information
is contained in descriptions")
useless.
DATA symbols or signs, representing stimuli or
signals, that are "of no use until...in a

usable (that is, relevant) form

11
https://en.wikipedia.org/wiki/DIKW pyramid , and chosen definitions

The DIKW pyramid (~1982)
INFORMATION
less.
DATA :5:1235 or signs, representing stimuli or
signals, that are "of no use until...in a

usable (that is, relevant) form

https://en.wikipedia.org/wiki/DIKW_pyramid , and chosen definitions

information having been processed,

The DIKW pyramid (~1982)
organized or structured in some way, or

m else as being applied or put into action
useful.
IN FURMATIUN knowledge by description ("information
is contained in descriptions")
useless.
DATA symbols or signs, representing stimuli or
signals, that are "of no use until...in a

usable (that is, relevant) form

https://en.wikipedia.org/wiki/DIKW pyramid , and chosen definitions



The DIKW pyramid (~1982)

integrated knowledge—
information made super-useful

information having been processed,
organized or structured in some way, or
else as being applied or put into action
useful.
INFURMATIUN knowledge by description ("information
is contained in descriptions")
useless.
DATA symbols or signs, representing stimuli or
signals, that are "of no use until...in a
usable (that is, relevant) form

13

htps://en.wikipedia.org/wiki/DIKW_pyramid , and chosen definitions

Definitions on Data

— ISO/IEC20546:2019 (Big data — Overview and vocabulary)

Dataset
Identifiable collection of data available for access or download in one or more formats

Data

Re-interpretable representation of information in a formalized manner suitable for communication,
interpretation, or processing

Note 1 to entry: Data can be processed by humans or by automatic means.

Metadata
Data about data or data elements, possibly including their data descriptions and data about data ownership,
access paths, access rights and data volatility

Information
Data that are processed, organised and correlated to produce meaning.
Note 1 to entry: Information concerns facts, concepts, objects, events, ideas, processes, etc.

15

The DIKW pyramid (~1982)

Still...
we often use
« Data »
to generalize

INFORMATION

DATA

Metadata

"data that provides information about other data"

* Descriptive metadata — the descriptive information about a resource.
* For discovery and identification.
* Ex: title, abstract, author, keywords.
* Structural metadata — containers of data, how compound objects are put together
* Ex, how pages are ordered to form chapters.
* Ex: types, versions, relationships, and other characteristics of digital materials.
¢ Administrative metadata — the information to help manage a resource
* Ex: resource type, permissions, time, when and how it was created.
* Reference metadata — contents and quality
¢ For quality assessment of the data
¢ Ex: conceptual metadata, quality metadata, methodological metadata.
* Statistical metadata, also called process data,
* May describe processes that collect, process, or produce statistical data.

* Number of rows, columns, etc.

* Legal metadata —

httos:/Jenwikipedia.ere/pYd/Neage, creator, copyright holder 16



Data Interoperability
and Semantics

Part 4. The value of data

Part 4.3. Interoperability unlocks the value of data

ICM — Toolbox Engineering and Interoperability of Software Systems — Course unit on Data Interoperability and Semantics
M1 Cyber Physical and Social Systems — Course unit on Data Interoperability and Semantics

Maxime Lefrangois https://maxime-lefrancois.info_

Data Analytics vs Data Processing

— ISO/IEC20546:2019 (Big data — Overview and vocabulary)

Data Analytics
Composite concept consisting of data acquisition, data collection, data validation, data processing,
including data quantification, data visualisation and data interpretation

Data Processing

Systematic performance of operations upon data

Note 1 to entry: Example: Arithmetic or logic operations upon data, merging or sorting of data, or
operations on text, such as editing, sorting, merging, storing, retrieving, displaying, or printing.

Course unit URL: https://ci.mines-stetienne.fr/cps2/course/data

Data silos pro blem Repositories of fixed data that are isolated,

illustrated

incompatible, or not integrated

Marketing Sales Purchasing
NAME OF THE BUDGET RANGE
CLIENT
NAME OF THE BUDGET RANGE WHAT BOOKS
CLIENT HE BUYS
BUDGET RANGE BIRTHDAY gﬁ"_’gﬁﬁif
BIRTHDAY wm‘rﬁ(oEcS) = DEVICE

Example of silos https://factory.dev/pimcore-knowledge

silos

Data integration

Simple schematic for a data
warehouse.

The Extract, transform, load
(ETL) process extracts
information from the source
databases, transforms it and
then loads it into the data
warehouse.

Simple schematic for a data-
integration solution.

A system designer constructs a
mediated schema against which
users can run queries. The
virtual database interfaces with
the source databases via
wrapper code if required.

https://en.wikipedia.org/wiki/Data_integration

[

Data Source B

combining heterogeneous data and providing
users with a unified view of them.

Data

Sub-areas:

* Data warehousing

* Data migration

* Enterprise
application/information
integration

* Master data management




Interoperability vs Portability

— ISO/IEC19941:2017 (Cloud computing — interoperability and portability)

Interoperability
Ability of two or more systems or components to exchange information and to
mutually use the information that has been exchanged

as an enabler for s

Nearly 40 percent of economic impact requires interoperability between loT systems

Interoperability s

economic Value potential requiring interoperability %of total  Examples of how
impact of IoT* $ trlion value interoperability enhances value

Data from different types of
equipment used to improve line
efficiency

Factories 13 36

Video, cellphone data, and
Cities 0.7 43 vehicle sensors to monitor traffic

the potential
value of data - 0, .

Work sites 05 56

Payment and item detection
system linked for automatic
checkout

Linking worker and machinery
Iocation data to avoid accidents,
exposure to chemicals

Equipment usage data for
insurance underwriting,
maintenance, pre-sales analytics

eX : Vehicles 04 44
Internet of Things i =

Multiple sensor systems used to
improve farm management

62% Connected navigation between

Portability
Ability to easily transfer data from one system to another without being required to
re-enter data

Outside

Home

0.3

0.1

vehicles and between vehicles
and GPStiraffic control
Linking chore automation to
security and energy system to

Interoperability at different levels:
from the hardware to policies

* Policies: Laws, regulations, normes, ...

* Behaviour: Processus, services, operations, ...

* Semantic: Knowledge domain vocabularies, taxonomies, ontologies, ...

* Syntactic: Encoding, Formats, Schemas, ...

* Transport: see also Open Systems Interconnections (OSI) network layers
* 0OS: Kernel, File systems,...

* Hardware: Instruction Set Architectures, ...

https mckin

time usage
Data from different building
systems and other buildings used
to improve security

Offices 02 30

1 Includes sized appiications only: inciudes consumer surplus.
2 Less than $100 bion.
NOTE: Numbers may not sum due to rounding.

SOURCE: Expert interviews; McKinsey Global Institute analysis

digital, -inter hings-the-value-of-d he-physical-world

ISO/IEC definitions of interoperability

Transport interoperability
interoperability where information exchange uses an established communication infrastructure between

the participating systems
— ISO/IEC 22123-1:2021, Cloud computing — Part 4: Vocabulary

Syntactic interoperability
interoperability such that the formats of the exchanged information can be understood by the
participating systems
— ISO/IEC 22123-1:2021, Cloud computing — Part 4: Vocabulary
Semantic data interoperability
interoperability so that the meaning of the data model within the context of a subject area is understood
by the pamc:panng systems — ISO/IEC 22123-1:2021, Cloud computing — Part 4: Vocabulary
Behavioural interoperability
interoperability so that the actual result of the exchange achieves the expected outcome
— ISO/IEC 22123-1:2021, Cloud computing — Part 4: Vocabulary
Policy interoperability
interoperability while complying with the legal, organizational, and policy frameworks applicable to the

participating systems — ISO/IEC 22123-1:2021, Cloud computing — Part 4: Vocabulary’



Data Interoperability — a definition Norm-based interoperability

Data interoperability addresses the ability of systems and services that create, exchange and consume .
data to have clear, shared expectations for the contents, context and meaning of that data. Hardware and/or software standards

 Ptpsi/Aatainteroperabitty.ore/ * Standard = Detailed set of technical requirements intended to establish

Syntactic interoperability a certain uniformity (in a field of hardware or software development)

interoperability such that the formats of the exchanged information can be understood by the
participating systems * Standard ---- Norm: no clear boundary
* docx: Microsoft
* HTML, XML: World Wide Web consortium (W3C)
* SIM cards: European Telecommunication Standard Institute (ETSI)
* Postscript became standardized after release

* De facto standards (not produced by a standard development organization).
example: csv, json, rar, pdf, java, flash

— ISO/IEC 22123-1:2021, Cloud computing — Part 4: Vocabulary
Semantic data interoperability
interoperability so that the meaning of the data model within the context of a subject area is understood
by the participating systems

— ISO/IEC 22123-1:2021, Cloud computing — Part 4: Vocabulary

The Data Value chain

Data Interoperability
and Semantics

Part 4. The value of data COLLECTION @
Part 4.4. Sharing data generates economic and societal value

PRODUCTION USE

PUBLICATION IMPACT

increasing value of data

ICM — Toolbox Engineering and Interoperability of Software Systems — Course unit on Data Interoperability and Semantics

M1 Cyber Physical and Social Systems — Course unit on Data Interoperability and Semantics

Maxime Lefrangois https://maxime-lefrancois.info_ Open Data Watch. "The data value chain: Moving from production to impact." Data2X.

Course unit URL: https://ci.mines-stetienne.fr/cps2/course/data https://opendatawatch.com/publications/the-data-value-chain-moving-from-production-to-impact (2018).




MARKERS Potential achievements within each process of the value chain mark progress towards data impacts

The Data Value chain data2x® MW The Data Value roadblocks data2X® §

* Partner with * Extractinsights * Partner with * Reduce time-cost * Achieve first * Build habits of
other producers from data infomediaries of data use end-use of data data use

+Harness new « Visualize data * Publicize data *Encourage perc- * Receive initial *Increase interest
data sources in clear manner availability eption of value user feedback in data production

PUBLICATION éw@ IMPACT
increasing value of data
COLLECTION v UPTAKE
Roadblocks for production include lack of financial, Roadblocks for use include low political support; lack
A human, and technological resources; low data literacy; isi i

of data relevance to decisions; poor quality; lack of

y lack of trust between users and data collectors; blind- I\ trustin government data use; no rewards or results of
« Consult with +Ensure data are + Providemachine-  «Use technology +Promote data «Track tangible AT spots in data gaps; lack of country ownership; and lack data use; financial constraints; corruption; data silos;
future users interoperable readable data to connect to users use culture behavior changes of government desire for transparency. and lack of partnerships between infomediaries.
«Determine levels « Achieve high-quality « Data accessible *Re-process data «Encourage data |dentify data-
of granularity and protected privacy online and offline for new insights use for decisions: driven policies
PRODUCTION USE

increasing value of data

Open Data Watch. "The data value chain: Moving from production to impact." Data2X. Open Data Watch. "The data value chain: Moving from production to |mpact Data2X.

- . . : . J
https://opendatawatch.com/publications/the-data-value-chain-moving-from-production-to-impact (2018). 0

Open Data in the US Open Data in France

data.gov
* Data.gov 2009 * France at the forefront of Open Data in Europe:
* Legal framework: * Légifrance 1999
= TI:]ATA * The U.S. Open Government Directive of December 8, 2009, = . * Legal framework:
req_uired that qll agencies post at least t!'lre_e high-value data sets Deseription Emzﬂ‘m;ﬁ:esmmes * "The society has the right of requesting account from any public
online and register them on Data.gov within 45 days O o agent of its administration.” (Declaration of rights of man and of
. 2 Publicité on H
reotsie Goramentviebate OPEN Government Data Act, as part of the Foundations for e vt the citizen of 1789)
Ao engin Evidence Based Policymaking Act (2019) - * Law on the liberty of access to administrative documents (1978)
Owner Government of the United -
states [:52"!?“?" ;al‘;(" e * Euopean directove 2003 + French Law 2005 + Decree 2011
URL data.goved ropriétaire = a”mISSIDH ‘acee‘s‘uni
comerca o S + Bill on a Digital Republic (2016)
(om0 2509 13 P B * The law on Energy Transition (2015)
Current status Active Etatactuel .~ En activité

5 * 2014: Chief Data Officer in the French public administration

31 32



@ Open DataInception - A Compr= X+

<« C' @ opendatainception.io

Open Data Inception - 2600+ Open Data Portals Around the World
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Open Data, Open Content, and Open Knowledge

The Open Definition

The Open Definition sets out principles that define “openness” in relation to data and content.

It makes precise the meaning of “open” in the terms “open data” and “open content” and thereby ensures quality and

encourages compatibility between different pools of open material.

It can be summed up in the statement that:

“Open means anyone can freely access, use, modify, and share for any purpose (subject, at most, to requirements

that preserve provenance and openness).”

Put most succinctly:

“Open data and content can be freely used, modified, and shared by anyone for any purpose”

http://opendefinition.ory

Open Data in Europe

EUROPEAN
# )1 DATA PORTAL

data.curopa.cu

The European Data Portal: The official portal for European data
Opening up Europe’s public data

Open Work

1. Open License or Status
The work must be in the public domain or provided under an open license

2. Access
The work must be provided as a whole and at no more than a reasonable one-
time reproduction cost, and should be downloadable via the Internet without
charge.
3. Machine Readability
The work must be provided in a form readily processable by a computer and
where the individual elements of the work can be easily accessed and modified.
4. Open Format
The work must be provided in an open format.

lopendefinition.or,



open_data.pdf (2020)

@ EUROPEAN
EUROPEAN DATA PORTAL
) . s " @ DATA PORTAL
Openidatajmarketsize_ Efficiency gains

. ] TOP 3 SOURCES OF REVENUE OF
i Sl it e OPEN DATA COMPANIES ﬁﬁ * i " ' d

+ Saving time, e.g. 27 million hours saved in public

- €184.45 billion open data market size in 2019 transport Re usin o en Data
« €199.51 - €334.20 billion open data market size . Sagmg thehenvwanzem eg 58 Mtoet“ saved by g p ‘Survey respondents according 10 the Open Data Value Chain Atchetypes
reducing household energy consumption = N 5™
I:ED forecast for 2025 -y & P Astudy on companies transforming Open Data into L

economic & societal value

« Improving language services with open data, e.g
by increasing machine translation o
—

__ Open data employment Cost savings

+ Saving healthcare co:

g. €312 - €400 thousand ’
due to faster first ai Sonders h: - na
~o0e g (=]
100 s 5615 « Saving labour costs, e.g. €137 - €20 billion by l -
« 109 million open data employees in 2019 S vk s vt k: - x
1_107 dai E - [l » -
. 97 million open data employees N « Saving costs on energy bills, e.g. €79.6 billion due to € )
3 Se= . " "

forecast for 2025 Solar energy production

more

open_data.pdf (2020)

« Saving public sector costs, e.g. €1.1 billion by lower
translation costs

Open data potential per sector ___ Opendata in organisations

pact and high

76% OF THE ORGANISATIONS USING OPEN DATA
FORESEE TO RECRUIT NEW EMPLOYEES

Economic impact of Open Data

TAKING OPEN DATA TO THE NEXT LEVEL

+ Design your Open Data provision strateqy based on user demands <

= Standatise and hrmonise your Open Data 38
 Share your story o the use o Open Data

EUROPEAN * Millon tonnes of oil equialent EUROPEAN
For det pions @ DATA PORTAL For detai ptions @ DATA PORTAL

files/the-economic-impact-of-open-data.pdf (2020)

=
E]
o
S

EUROPEAN Slilaal
DATA PORTAL
Top 3 most used Open Data domains

27.3% | Algmsx 25.8% 19.5%
mm Statistical Geospatial @X Companies

Re-using Open Data

A study on companies transforming Open Data into 2 R
economic & societal value Most often combined Open Data categories

| e Data Interoperability
and Semantics

i
e Part 4. The value of data
Transport {9’ Popnlahnn & U
sl T e Part 4.5. Machine-actionability of data increases its value

ton,Cuture & Sport

o
Econony & Finace
+ itematonal ssues

Top 3 platforms to access Main benefits of working with
Open Data Open Data

Provided by

...
ICM - Toolbox Engineering and Interoperability of Software Systems — Course unit on Data Interoperability and Semantics
e -u-/. T - - E M1 Cyber Physical and Social Systems — Course unit on Data Interoperability and Semantics
{ ot s o Data Maxime Lefrangois https://maxime-lefrancois.info

o W om sy rmonton e /m: f
3 Course unit URL: https://ci.mines-stetienne.fr/cps2/course/data




FAIR Principles

IEdable Accessible nteroperable eusable
0 9y
PO do O

The FAIR principles emphasize machine-actionability (i.e., the capacity of computational systems
to find, access, interoperate, and reuse data with none or minimal human intervention) because
humans increasingly rely on computational support to deal with data as a result of the increase in
volume, complexity, and creation speed of data.

https://www.go-fair.org/fair-principles/
FAIR Guiding Principles for scientific data management and stewardship (2016)

§ Z Example of standards for Metadata

deidentifier

AN

Persistent
Identifiers (PIDs)

Findable Indexed data

repositories

Standard
communications
protocol

Open, free protocol Authentication,

where necessary

Accessible

Vocabularies Vocabularies are

Interoperable

IS
LR

https://www.go-fair.org/fair-principles/

Source : Australian National Data Service (ANDS)

N\

foaf:Agent det:publisher deat:Dataset
dettitie det:title
de:date de:format det:description det:description
detissued
. detissued
. detidentifer
detiicense
Dublin Core deatikeyword | dcataistibution | gevrcom
detpublisher  skosinScheme s ctirights
Enag deat:accessURL
:‘f“ ‘“"‘“‘r""" deat:downloadURL
cttemporal destmediaType
schema.org skos:ConceptScheme detspatial betindly
detaccrualperiodicty
foaf:primaryTopic
dcat:dataset
deat:Catalog deat:Catalogecord
Documentation det;itle
detidescription dettte
detissued detdescription
H detmodified doatrecord | dctissued
s i detiangusge detmodiied
I schemas, arranged in a hierarchy, with a page for each item in the schema. detlicense
= detrights
detispatial

Data Catalog Vocabulary (DCAT) - Version 2
W3C Recommendation 04 February 2020

43
schema.org

FAIR Guiding Principles for scientific data management and stewardship (2016)

* Demo Dublin core or schema.org in web pages
* Demo DCAT for open data portal catalogs

Community
standards




Data Interoperability
and Semantics

< Part 4. The value of data >

ICM — Toolbox Engineering and Interoperability of Software Systems — Course unit on Data Interoperability and Semantics
M1 Cyber Physical and Social Systems — Course unit on Data Interoperability and Semantics
Maxime Lefrangois https://maxime-lefrancois.info_

Course unit URL: https://ci.mines-stetienne.fr/cps2/course/data




European ® EN | a search ‘
Commission

Home > Sialegyandpolcy > Prorles > AEurope filforthe digital age > European data strategy

European data strategy

Making the EU a role model for a society empowered by data

Data Interoperability
and Semantics

< Part 5. The European Data Strategy >

The European data strategy aims to make the EU a leader in a
data-driven society. Creating a single market for data will allow
it to flow freely within the EU and across sectors for the benefit

of businesses, researchers and public administrations.

Access to data and the abilly to use it are essential for innovation and
growth. Data-driven innovation can bring major and concrete benefis
such as

~ personalised medicine
— improved mobility
~ better policymaking

ISCIOUS ENERGY Cﬂ“ﬁ“ﬂlﬂ“ i B i
//ﬂ http: o d- priorities-2019-2024 fit-digital d

A guided tour !

ICM — Toolbox Engineering and Interoperability of Software Systems — Course unit on Data Interoperability and Semantics
M1 Cyber Physical and Social Systems — Course unit on Data Interoperability and Semantics

Maxime Lefrangois https://maxime-lefrancois.info_

Course unit URL: https://ci.mines-stetienne.fr/cps2/course/data

Data Interoperability and Semantics
Outline

* < Part 5. The European Data Strategy > Data | nte ro pe ra bl | |ty

* Part 5.1. The European legislation on open data

* Part 5.2. The General Data Protection Regulation (GDPR) .
and Semantics

* Part 5.3. The Data Governance Act (DGA)

* Part 5.4. The Data Act Part 5. The value of data

¢ Part 5.5. Data Spaces s
Part 5.1. The European legislation on open data

ICM — Computer Science Major — Course unit on Data Interoperability and Semantics ICM - Toolbox Engineering and Interoperability of Software Systems — Course unit on Data Interoperability and Semantics
M1 Cyber Physical and Social Systems — Course unit on Data Interoperability and Semantics M1 Cyber Physical and Social Systems — Course unit on Data Interoperability and Semantics
Maxime Lefrangois https://maxime-lefrancois.info Maxime Lefrangois https://maxime-lefrancois.info

Course unit URL: https://ci.mines-stetienne.fr/cps2/course/data Course unit URL: https://ci.mines-stetienne.fr/cps2/course/data




m European m European
‘Commission Commission

Home > Strategy > Priorities 2019-2024 > A Europe fit for the digital age > European data strategy Home > Strategy > Priorities 20192024 > A Europe fit for the digital age > European data strategy

European legislation on open data

(adopted 05/2022 — applicable 09/2023)

European legislation on open data

(adopted 05/2022 — applicable 09/2023)

The Directive on open data and the re-use of public sector
information provides common rules for a European market for
government-held data.

20.12023 Official Journal of the European Union L 19743

COMMISSION IMPLEMENTING REGULATION (EU) 2023/138

of 21 December 2022

The “Open Data Directive” (EU) 2019/1024 entered into force on 16 July 2019

Iaying down a list of specific high-value datasets and the arrangements for their publication and re-use

. . . . (Text with EEA relevance)
It replaced the Public Sector Information (PSI) Directive of 2003.

EU countries had to transpose Directive (EU) 2019/1024 by 16 July 2021.

The Commission Implementing Regulation (EU) 2023/138

The Commission Implementing Regulation (EU) 2023/138
adopted a list of specific high-value datasets by way of an implementing act.

adopted a list of specific high-value datasets by way of an implementing act.
uropa.eu/en/policies/legislation-open-data http://data.europa.eu/eli/reg_impl/2023/138/0j
6
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Part 5. The value of data
Part 5.2. The General Data Protection Regulation (GDPR)
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General Data Protection Regulation (GDPR) (2016) General Data Protection Regulation (GDPR) (2016)

https://gdpr.eu https://gdpr.eu

KiFacebook W Twitter

G |
enra GDPR.EU
= Counell :“‘: n
\Yi 'rotection
Rzl
T = St

Requiring the consent of
subjects for data processing

Checklist FAQ GDPR News & Updates

Anonymizing collected data
to protect privacy

® g

Providing data breach

notifications g Complete guide to GDPR compliance
¢ Safely handling the transfer
of data across borders E”’“:::';ir:;‘;“'“" S:T;T.:’:%::?::JS E:r:_jj::i NEP“"“::"? ml:ﬁ:ﬁ:‘:"m m;v::ﬁ::w hg“h:m“:”"“ GDPR.eu is a resource for organizations and individuals researching the General Data Protection Regulation.
. i i legislative proposal  European parfiament three institutions Official Journal phase Here you'll find a library of straightforward and up-to-date information to help organizations
* Requiring certain companies achieve GDPR compliance.

to appoint a data protection
) SPRING
officer to oversee GDPR 2012

compliance 20'4
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and Semantics

Part 5. The value of data
Part 5.3. The Data Governance Act (DGA)

A NEW APPROACH Fi
THE DIGITAL DECADE

November 2020

Setting up a new European way of data governance
will facilitate data sharing across sectors and Member
States. It will create wealth for society, and provide
control to citizens and trust to companies. . ot

ICM — Toolbox Engineering and Interoperability of Software Systems — Course unit on Data Interoperability and Semantics
M1 Cyber Physical and Social Systems — Course unit on Data Interoperability and Semantics
Maxime Lefrangois https://maxime-lefrancois.info_

Course unit URL: https://ci.mines-stetienne.fr/cps2/course/data
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The European Data Governance Act

(adopted 05/2022 — applicable 09/2023)

Data Interoperability

362022 EN Official Journal of the European Union

REGULATION (EU) 2022/368 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL
of 30 May 2022
on European data governance and amending Regulation (EU) 2018/1724 (Data Governance Act)

(Text with EEA relevance)

ttp://data.europa.eu/eli/req/2022/868/0

Setting up a new European way of data governance
will facilitate data sharing across sectors and Member
States. It will create wealth for society, and provide
control to citizens and trust to companies.

m European
‘Commission

Home > Strategy > Priorities 2019-2024 > A Europe fit for the digital age > European data strategy

The European Data Act

THE DIGITAL DECADE

#DigiaIED 25 Febnary 2022

The Data Act will make more data available for use. It will set up
rules on who can use and access what data for which purposes across
all economic sectors in the EU.

L1521

(adopted 01/2024 — applicable 09/2025)

https://ec.europa. tion/document/8351
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Part 5. The value of data
Part 5.4. The Data Act

ICM - Toolbox Engineering and Interoperability of Software Systems — Course unit on Data Interoperability and Semantics
M1 Cyber Physical and Social Systems — Course unit on Data Interoperability and Semantics

Maxime Lefrangois https://maxime-lefrancois.info

Course unit URL: https://ci.mines-stetienne.fr/cps2/course/data

m European
Commission

Home > Strategy > Priorities 20192024 > A Europe fit for the digital age > European data stratagy

The European Data Act

(adopted 01/2024 — applicable 09/2025)

Official Journal EN
of the European Union Series L
2023/2854 22122023

REGULATION (EU) 2023/2854 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL

of 13 December 2023

on harmonised rules on fair access o and use of data and amending Regulation (EU) 2017/2394 and Directive (EU) 2020/1828
(Data Act)

(Text with EEA relevance)

ttp://data.europa.eufeli/reg/20: 4/0]

The Data Act will make more data available for use. It will set up
rules on who can use and access what data for which purposes across
all economic sectors in the EU.

t-explained
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Home > Strategy > Priorities 2019-2024 > A Europe fit for the digital age > European data strategy

The European Data Act

(adopted 01/2024 — applicable 09/2025) Data | nte ro pe ra b I | Ity
Ch Vil =1 bili b
Ah::eter - Ess:::i'aoli::;:irleln:yen\s regarding interoperability of data, of data sharing mechanisms and services, as well as of a n d S e m a n tl C S

common European data spaces
> Participants in data spaces that offer data or data services to other participants shall comply with the following essential

requirements to facilitate the interoperability of data, of data sharing mechanisms and services, as well as of common Pa rt 5- The Value Of data
European data spaces which are purpose- or sector-specific or cross-sectoral interoperable frameworks for common
standards and practices to share: Part 5.5. Data Spaces

the dataset content, use restrictions, licences, data collection methodology, data quality and uncertainty shall be sufficiently described, where
applicable, in a machine-readable format, to allow the recipient to find, access and use the data

the data structures, data formats, vocabularies, classification schemes, taxonomies and code lists, where available, shall be described in a
publicly available and consistent manner

the technical means to access the data, such as application programming interfaces, and their terms of use and quality of service shall be
sufficiently described to enable automatic access and transmission of data between parties, including continuously, in bulk download or in real-
time in a machine-readable format where that is technically feasible and does not hamper the good functioning of the connected product

ICM - Toolbox Engineering and Interoperability of Software Systems — Course unit on Data Interoperability and Semantics
where applicable, the means to enable the interc ility of tools for at ing the execution of data sharing agreements, such as smart M1 Cyber Physical and Social Systems — Course unit on Data Interoperability and Semantics
contracts shall be provided

Maxime Lefrangois https://maxime-lefrancois.info

v Course unit URL: https://ci.mines-stetienne.fr/cps2/course/data
I busi d technical foundation f
Regulatory, business, and technical foundation for
Common European data spaces Data Spaces within the Edge-Cloud-Continuum
““purpose or sector ( R
specific or cross-sectoral i @ | i @ % verconal Speaking with one Data regulations in economic regions
i Q voice, promoting one i ulati ! ! !
mteroperable . St data spaces ffameworkg Euicpeagiiion China us Japan Data strategies impl tati
frameworks for common Health || Manufacturing || Agriculture || Finance || Mobiliy || Green Deal i Energy || Administraion || siils DSSC EDIB ata strategies implementation
standards and practices W ) @ G O & & 4 o ) ) -
to share or jointly > g e 2 L IDSA Gaia-X FIWARE BDVA User r_eqwrement_s, Voice of the communltles,
. . High Value Sovereign Trust Data Data Value coordinate technical specs and business
process data for, inter * Driven by stakeholders * Sectoral data governance (contracts, Datasets Data Sharing ~ Framework models o Others N "busi design”
. * Rich pool of data of varying degree of licenses, access rights, usage rights) from public (DSA, SOLID) requirements, support to "business design
alla; the development of openness  Technical tools for data pooling and sharing sector DSBA (Data Spaces Business Alliance)
new products and Data Spaces Business Alliance Technical Convergence
Unleshio the DotaEconomy . o X R
services, scientific o Eclipse FIWARE Technical implementation driven by OSS,
nt ) Tech 1ing for data sp P OIS 8 mm Data Space Data space SIMPL Data-EX Others iti
research or civil society e e place for the developer communities
PO — — Edge Cloud : Al Testing and . . .
initiatives.” Infrastructure & || Infrastructure & nglé-:;ﬁzzmance A olr;td'z::nd Experimentation Long-term investment security, adoption
[source: Data Act] Services Services Riseg " Facilities support etc. through norms and standards
\3

europa d brochure
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ttps://data-spaces-business-alliance.eu;

The Data Spaces Business Alliance

Unleashing the European Data Economy

Accelerating Business transformation in the Data
Economy

The Data Spaces Business Alliance (DSBA) accelerates business transformation in the data
economy. It's the first initiative of its kind, uniting industry players to realize a data-driven
future in which organizations and individuals can unlock the full value of their data.

Data spaces are key to achieving sovereign, interoperable and trustworthy data-sharing
across businesses and societies - a key step to the data economy of the future. The
Alliance embraces this reality, converging the best skills, assets, and experience in Europe
into a one-stop-shop for data spaces, from inception to deployment.

The Data Spaces Business Alliance are Gaia-X European Association for Data and Cloud
AISBL, the Big Data Value Association (BDVA), FIWARE Foundation, and the International
Data Spaces Association (IDSA). Together they represent 1,000+ leading key industry
players, associations, research organizations, innovators, and policymakers worldwide. With
this cross-industry expertise, resources and know-how, the Alliance drives awareness,

evangelizes technology, shapes standards, and enables integration across industries.
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The Data Spaces Business Alliance

Unleashing the European Data Economy
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E @ FIWLARE

Open APIs for Open Minds

INTERNATIONAL DATA
SPACES ASSOCIATION

ol o]

https://data-spaces-business-alliance.eu,

gaia-x

Our members are the backbone of IDSA

Framework for Big Data Value Creation

e

Linked Data
Sectoral Platform
FIWARE DSC Info ModeU/API Marketplaces

0SS Platform components for value creation

Dataspace Framework

Reference Architecture Model for Dataspaces
(RAM)
Dataspace
Spaces

Trust Framework

Architecture Document
(incl. Federated Catalogue, Composition, CASCO)
Software

Data Exchange ICAM Architect.
Services LAB
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A holistic approach to bring data spaces
to global scale

IDSA on its way to a global standard — with the dataspace protocol in its core

D epeLen E

INTERNATIONAL DATA
SPACES ASSOCIATION

Global Standardization Wi mgzg

EE =

Aligning architectures, market proliferation and thought
leadership on data spaces

. R
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IDSA Rulebook for Reference

holistic governance Architecture as

view technology-agnostic
framework on
conceptual model

Dataspace Protocol
as detailed specification
and essence for
interoperability

Diverse landscape of
usable components and
radar as orientation
for ecosystem building
and future investments
Adapted from a presentation by L. Nagel at the Data Spaces Symposium 2024 o

Runnlng Data Spaces
as impressive impact
stories

1Ce
reliable, industry grade
components

INTERNATIONAL DATA
SPACES ASSOCIATION

Dataspace Protocol V1.0 - ISO Standard

Enables standardized data exchange acr

different data space instances.

Control Plane
(one standard procedure to negotiate data sharing)

AN

Identity
. Provider
Ensures standardized data exchange A

mechanism between different

frameworks, products, or services.

ey~ / Identity Management P Configuration
\ g . \

Rrovides the needed schemas and i > ]
protocols for cataloging data, , . \ .
negotiating contracts and usage e R P N\ o

! L. Policy
agreements, and accessing data within a Engine
data space.

v

Organizations using this protocol can
align with industry standards, foster best
practices, and unlock new data-driven
business models and opportunities.

Check Dataspace Protocol:
e e

Data Plane
(several possible for different data sharing scenarios: .
confidential data sharing, streaming data, event based data, edge devices, ..) !
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INTERNATIONAL DATA
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Data Spaces Radar

The Data Spaces Radar o
Map View
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Dataspace Protocol V1.0 - ISO Standard

Enables standardized data exchange across different data space instances.

Control Plane
(one standard procedure to negotiate data sharing)

Identity

Provider

Control Plane decides
who can access the
data and how.

wonioring &

Configuration

—

sty e & N~
! \ Py /
the action (data P i 2N
sharing) happens. o

Conceptually divided, % N— DI
) =

can be combined
Data Plane

practically
(several possible for different data sharing scenarios:
confidential data sharing, streaming data, event based data, edge devices, ...

Data Plane is where

Check Dataspace Protocol
oy "

) #
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Standardization = -
activities

Adapted from a presentation by L. Nagel at the Data Spaces Symposium 2024

Make the connection and enable data
economy

The key to data spaces is the data connector:

INTERNATIONAL DATA
SPACES ASSOCIATION

» Connects participants in a data space - to share,
utilize, benefit from data.

» Ensures trust through IDS Certification and cyber
security assessment.

» Connects to trust frameworks and identity
management

» Includes identity & policy management, ensures
data usage control.

» Guarantees interoperability.
» Understands and enforces data usage policies.

» Master for other connectors of diverse feature sets.

IDSA Story

29
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Verifiable Credentials Data

Decentralized Identiiers (DIDs)|
vio

IS0 JTC1

IS0 JTC1/5C27

Identities 1SO JTC1/5C38
CEN/CENELEC
CEN/CENELEC
European Trust Identity | Dataspace Data 150 JTC1/5C41
Commission Regulations &trust | specific spaces 150 JTC1/5C42
Data . ot Vcabtry 057 (R
A S Version3
Market: trading emantics T "
places
TMForum APIS / \ wac oot momsonow2z g

Data
trading

ading Vocabulari
&

IEEE P3800

Directly involved
Connected

Standardized Data Exchange

What does this mean? How does Dataspace Protocol ensure that?

What happens?

tation authority
re its transit schedules
with app developers.

L%

Negotiation

oper wants to use
les to create a route
planning application.

INTERNATIONAL DATA
SPACES ASSOCIATION

er Process

ement is in place, the
nsfer begins.

Problem

Inconsistent data formats for
schedules across different
platforms.

Need for clear terms regarding
the use and distribution of the
transit data.

Ensuring secure, efficient, and
reliable transfer of transit data.

Role of DSP

Standardizes the format for
publishing transit schedules.

Facilitates agreement on data
usage terms and conditions.

Manages the secure and efficient
transfer of the agreed-upon data.

Specification
Example

Data provider publishes schedules
using ‘DCAT Catalogs’ and sets
access rules with ‘ODRL Policies’.

Adapted from a presentation by L. Nagel at the Data Spaces Symposium 2024
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Developer and authority
negotiate using ‘Contract Offer’
messages, leading to a ‘Contract
Agreement’.

Data transfer is executed through
‘Connector-to-Connector
Communication” and ‘Data

Transfer Requests’. 43

Data Interoperability
and Semantics

< Part 5. The European Data Strategy >

M1 Cyber Physical and Social Systems — Course unit on Data Interoperability and Semantics
Maxime Lefrangois https://maxime-lefrancois.info
Course unit URL: https://ci.mines-stetienne.fr/cps2/course/data

A guided tour !



