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1 Introduction

SECONDO is an extensible database management system (DBMS) and is developed
at field of teaching “database systems for new applications” at the University of Hagen.
It provides a generic environment for the implementation of database components and has
a modular, extensible architecture. The system frame of SECONDO can contain different
implementations of DBMS data models. In contrast to the extensibility of commercial
database systems an exchange of the kernel data model is also possible in SECONDO.

The architecture of SECONDO contains three important components:
e Kernel

Optimizer
e Graphical User Interface (GUI)

GUI \

Optimizer

Command Manager

Query Processor & Catalog

Algl Alg2 Algn Kernel

Storage Manager & Tools

Figure 1.1: Architecture of extensible database system SECONDO [SEC14]

The kernel implements specific data models, provides query processing over all algebras of
the SECONDO system and is easily extensible by an algebra module concept, using a well
defined interface. Base functionality of the kernel can be extended by implementations of user
defined algebras. In these algebras application oriented data types and operators can be
defined and implemented. The kernel is written in C++.

The optimizer offers conjunctive query optimization, provides a SQL-like language and is
extensible by optimization rules and cost functions [GBA+04]. It is written in PROLOG.
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The graphical user interface (GUI) is extensible by data type specific viewers, application
specific viewers and display functions. It is written in Java.

The source code of SECONDO is generally available, for example by download from
SECONDO homepage [SEC14].

SECONDO contains two algebras supporting work with raster data, Raster2 algebra and
Tile algebra. Both algebras provide similar data types and operators for raster data.
The main difference between Raster2 algebra and Tile algebra lies in the implementation and
usage of data types of these algebras.

In Raster2 algebra an object contains many raster data, for example height data at coordinates
North 50 East 7 through North 52 East 10 in Germany. In contrast, a Tile algebra object
normally contains less raster data than a Raster2 algebra object, because Tile algebra data
types were implemented as attribute data types. Thus Tile algebra data types can be used
in relations in contrast to Raster2 algebra data types.

Display of Raster2 algebra data types and Tile algebra data types in the SECONDO GUI was
implemented identically to ensure comparable visualisation.

It is also possible to work with objects of Raster2 algebra and objects of Tile algebra
at the same time. For this purpose Tile algebra provides operators tiles and toraster2.

These operators allow the conversion of a Raster2 algebra object to a corresponding
Tile algebra object and the reverse conversion of a Tile algebra object to a corresponding
Raster2 algebra object.



2 Quick Start — learning by doing

The following chapter describes how to work with the SECONDO system and particularly
how to work with raster data in SECONDO.

Work through the following steps:

1. If you do not have a SECONDO installation, go to the SECONDO download page
http://dna.fernuni-hagen.de/Secondo.html and select an installation suitable for your
platform, for example Linux, Mac OS X or Microsoft Windows.

Note: The

b

Downloads
Documentation

For research papers see

User Mamal or Prograrmer's Grde.

", Bvenstad, Norwa August 2012.
The lectre abs

[ antroduction to 5 it contins abonst one hour of practical demonstvatons of e Seconds system and the querying and vinalzation of moving
obiects The lecture i enited *Caleultions with Moving Objects in Databases” (steaming, dowrloa:

Secondo News

Teyou sishto be nf
removal rom this st,

about e Secondo releases or new documentation, bugs discovered and bugies, please send an emal to seccrdo @ferrun-hagende wih  message ke please put me on the Secondo News maiing s, Tnthe zame way you can ask for

Source Code

Belowe you can download the source code, We offr 2 MS-Windows and a Unix/Liss verson, sine the coding convention fr an end ofne on MS-Windows are o bytes CRILF and on Lisac it only LE. The lattr can cause rauble on MS-Windorws sysems
¥ iy 7

Date (@50-Lati),also for Mac 05 X
10s1012[330
12162011 [321
o9i0&2011 320

70zt 310
osr2srz010 [3.0.0
12572010 292
1010572009 [29.1
oEr2472009 [290 |5 e Souree Code (20 ME)

Figure 2.1: SECONDO download page

2. If necessary, get the latest version of SECONDO from the web site and extract it,
preferably into the directory SHOME /secondo.
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3. Open a shell window and change into the SECONDO directory by command
cd secondo.

Datei Bearbeiten Ansicht Lesezeichen Einstellungen  Hilfe

C ) (] secondo : bash

|3lf’

Figure 2.2: Change into SECONDO directory

4. If the location of SECONDO system is not the directory $HOME/secondo,
you need to set an environment variable to this directory.
On Windows installations this can be done by command setvar S$PWD, on Linux
use command secroot.
In any case what happens is export SECONDO_BUILD_DIR=S$PWD.
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5. Compile your SECONDO system by command make.

Datei Bearheiten Ansicht Lesezeichen Einstellungen Hilfe

) (] secondo : hash

|$f’

Figure 2.3: Begin of SECONDO compilation

Datei Bearbeiten Ansicht Lesezeichen Einstellungen Hilfe

| secondo : make £

Figure 2.4: End of SECONDO compilation

After compile a runnable SECONDO system is available.
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6. Open a new shell window, change into directory secondo/bin by command
cd secondo/bin and execute command SecondoMonitor -s.

Einstellungen Hilfe

secondo/b : bash

‘!

Figure 2.5: Start of SecondoMonitor

Command SecondoMonitor -s starts a process listening for user interfaces
to register with the kernel.

Lesezeichen Einstellungen Hilfe

secondoib : SecondoMonitor

‘*

Figure 2.6: Execution of SecondoMonitor
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Open a new shell window, change into directory secondo/Optimizer by command
cd secondo/Optimizer and execute command StartOptServer.

Datei Bearbeiten Ansicht Lesezeichen Einstellungen  Hilfe

Optimizer : bash

Figure 2.7: Start of Optimizer Server

Command StartOptServer starts the optimizer process.

Datei Bearbeiten Ansicht Lesezeichen Einstellungen Hilfe

P TDOEMIMMTH]

=0

Optimizer : sh

Figure 2.8: Execution of Optimizer Server
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8. Open a new shell window, change into directory secondo/Javagui by command
cd secondo/Javagui and execute command sgui.

Bearbeite Ansi Einstellungen  Hilfe

il

|| (= Javagui: bash

‘ﬁ

Figure 2.9: Start of SECONDO GUI

Command sgui starts the graphical user interface of SECONDO.

Datei Bearbeiten Ansicht Lesezeichen Hilie

Einstellungen

Javagui: sh

‘l’

Figure 2.10: Execution of SECONDO GUI



Copyright (C) 2008, University of Hagen,
Faculty of Mathematics and Computer Science,
Database Systems for New Applications.

This s free software; see the source for copying conditions.
There s NO warranty; not even for MERCHANTABILITY or FITNESS
FOR A PARTICULAR PURPOSE.

OK

Figure 2.11: Copyright Information of SECONDO GUI

Program Server Optimizer Comman d Help Viewers File Settings Object Creation Object
Sec> =l show hide rem... clear
load store | ren...
-
» [+[x[«]+] EN B
[Elspeed | No Tim. 0.0/-1.0
4
|v ¥
sssss N E— ————————

Figure 2.12: SECONDO GUI after start of application
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9. At the command window in the upper left area of the SECONDO GUI execute
command create database RasterDatabase

Program Server Optimizer Command Help WViewers File Settings Object Creation Object

Sec>create database RasterDatabase = show hide re... cl...
create database RasterDatabase...successful

no result save load Eto. re...
Sec>

][ n ] =] EN B

sPeedlﬁ_‘ No Time 188.0 s -83.0
[~
search A2

Figure 2.13: SECONDO GUI after creation of RasterDatabase

10. Open database RasterDatabase by command
open database RasterDatabase.

Program Server Optimizer Command Help Viewers File Settings Object Creation Object

Sec>open database RasterDatabase = show hide re... el
open database RasterDatabase...successful

no result save load [ e re...
Sec>

v [«[n]«]=] EN B
SP”"IE No Time 38.0/ -6.0

search :

Figure 2.14: SECONDO GUI after opening of RasterDatabase
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11. Import raster data of hgt format from file secondo/Data/Raster2/NS1E007.hgt
into a Raster2 algebra object of type sint by command
let N51E007 = '../Data/Raster2/N51E007.hgt' feed

ilmportHgt.
Program Server Optimizer Command Help WViewers File Settings Object Creation Object
Sec=>open database RasterDatabase [~ show hide re... el
open database RasterDatabase...successful
no result save load (e Te...

Sec>let NE1EOO7 = './Data/Raster2/NS1E007.hgt' feed importHgt:
let NS1EQOQ7 = '../Data/Rasterz2/N51EQ07.hgt' feed
importHgt:...successful

no result

Sec>

v [ a|n]w|=| EN B |
SP“@ No Time 1.0/-10.0

search ~v

Figure 2.15: SECONDO GUI after import of hgt data

12. Display Raster2 algebra NS1E007 object of type sint in Hoese Viewer by command
query N51E0Q7.

Attribute: sint WView Category: |Default |v| =]

Label Text: | | Labelattribute I:EI

Label Offset X Y | | [ |

[ ] Reference dependent Rendering

[]Single Tuple | Prev Tuple || MNext Tuple |

Tuples: 1 Apply Tuple |

| cet attribute |

| OK || Cancel |

Figure 2.16: Display properties of NS1E007 object
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Program Server Optimizer Command Help Viewers File Settings Object Creation Object

[Sec>open database RasterDatabase 2] show | hide | B [ clear
loven dalabase RaslerDalabase...successtul

iy save | load | | rename
Scc> It NS 1E007 = ©./D 1E007.hgt' fecd importHgt; | || query N61B007

let N51E007 = *../Data/Raster2/NS1E007.hgt' feed
fimportHgt: . suecassul

no result

ISec>query NS1E007

lquery N510007...successful

jsee result in object list

L

no tme 7.4471 39084507042 / 51.244505575

query NS1H007 =
Sint

o —

Figure 2.17: Visualisation of N5S1E007 object

13. Import raster data of esri raster format from file secondo/Data/Raster2/N52E006.asc
into a Raster2 algebra object of type sreal by command
let N52E006 = '../Data/Raster2/N52E006.asc' feed
importEsriRaster

Program Server Optimizer Command Help WViewers File Settings Object Creation Object

Sec>open database RasterDatabase = show hide e P e
open database RasterDatabase...successful

no result save load L] re.
Sec=>let NE2EQOS = '../Data/Raster2/NS2E006.asc' feed

importEsriRaster

let NS2E006 = ' fData/Raster2/NS2E006.asc' feed
importEsriRaster...successful

no result

Secs|

w[<]=]=]=] N B |
’ESP“@ Mo Time 204.0 /-199.0

search aw

Figure 2.18: SECONDO GUI after import of esri raster data
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14. Display Raster2 algebra NS2E006 object of type sreal in Hoese Viewer by command
query N52EQOQ06.

Attribute: sreal WView Category: ==
Label Text: | | Labelattribute :E

Label Offset X Y | || |

[l Reference dependent Rendering

[]single Tuple | Prewv Tuple || Next Tuple |

Tuples: 1 Apply Tuple |

| cet attribute |

| oK || Cancel |

Figure 2.19: Display properties of N52E006 object

Program Server Optimizer Commend Help Viewers File Settings Object Creation Object
[Sec>open database Rasterbatabase =] show T hide T
lopen dalabase RaslerDalabase... successful

Ine resulr save | load | store. | rename
iScc>lot NS2E006 = './Data/Raster2/NS2E006.asc focd [+ quory NE2E006

limportEsriRaster

et NSORO0S = '_/Data/Rasterd/NSIRO0E.asc! fead
HmportESriRaster...successful

10 resull

Secx-query N52C008

lquery N52E006...successful

see result in object list

remove [ clear

L

no ume 5.30441 451255379 / 52.248029535

query N52E006

o —

Figure 2.20: Visualisation of N52E006 object
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15. Convert Raster2 algebra NS1E0Q07 object of type sint into a relation of Tile algebra
tint objects and save result in NS1EOO7Relation object by command
let N51EOO7Relation = tiles (N51EQ007)
namedtransformstream[No] consume.

Program Server Optimizer Command Help Viewers File Settings Object Creation Object
Sec>open database RasterDatabase =

1 show hide Te... cl...
open database RasterDatabase...successful
no result save load et re...
Sec>let NS 1E007Relation = tiles(MNS1ECQ7)
namedtransformstream[INo] consume
let NS 1E007Relation = tiles(N51E007) namedtransformstream(INo]
consume...successful
no result
Secs|
o] n]u] =] EN B |
[E[speedE| No Time 0.0 /2.0

Figure 2.21: Conversion of N51E007 object into N5S1EOO7Relation

The operator namedtransformstream can be used to transform a stream of values
into a stream of tuples. It creates for each value in the input stream one tuple
with a single attribute that can be specified in a SECONDO command.

16. Display relation N51EOO7Relation of Tile algebra tint objects in Hoese Viewer
by command query N51E007Relation.

Attribute: Mo WView Category: |Dafault |v| o

Label Text: | | Labelattribute |:E|

Label Offset X ¥ | || |

[ ] Reference dependent Rendering

[] single Tuple | Prewv Tuple | | Mext Tuple |

Tuples: 1521 | Apply Tuple |

| Get Attribute |

| OK || Cancel |

Figure 2.22: Display properties of NS1E0O7Relation object
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Program Server Optimizer Command Help Viewers Fila Settings Object Creation Objact
[Scc> open databasc RasterDatabasc (=] show | hide | .
lopen database RasterDatabase...successful

o result save [ load [
Isec>let N5 1E007Relation = tles(NS1E007) [+ query N51E007 Relation

namedLransormsireamNo] consume

let NS1C007Relation = tiles(NS1E007) namedtransformstrearmn{No]
iconsume...successful

no result

Sec>query N51R007Relation

lquery N5 1E007Relation...successful

see result in object list

Sec|

[ clear

S]] B = |

[BRspeed 1o time 7.5246684272300035 / 51.230409330
ausry 515007 Relation |~
i3

csarch| |

Figure 2.23: Visualisation of N5S1E007Relation object

17. Convert Raster2 algebra NS2E006 object of type sreal into a relation of Tile algebra
treal objects and save result in N52E0O6Relation object by command
let N52EQ0O06Relation = tiles (N52E006)

namedtransformstream[No] consume.

Program Server Optimizer Command Help Viewers File Settings Object Creation Object

Sec>open database RasterDatabase =~ show hide T
open database RasterDatabase...successful — T -
no result save load e re.

Sec>let NE2EQO8Relation = tiles(N52EQ08)
namedtransformstreaml(INol] consume

let M52E008Relation = tiles(N52E008) namedtransformstream[MNo]
consume...successful

no result

Sec>

v | 4|»|n = El .:I
ﬁspeed@ No Time ey e,

4

-

search

Figure 2.24: Conversion of N52E006 object into N52E00O6Relation
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18. Display relation N52EOO6Relation of Tile algebra treal objects in Hoese Viewer
by command query N52E006Relation.

Atiribute: No  View Category: [BefSRIEN < L]
Label Text: | | Labelattribute I:EI

Label Offset X ¥ | | [ |

[ ] Reference dependent Rendering

[ | Single Tuple | Prewv Tuple || MNext Tuple |

Tuples: 3025| Apply Tuple |

| cet Attribute |

| OK || Cancel |

Figure 2.25: Display properties of N52E00O6Relation object

Program Server Optimizer Command Help Viewers File Settings Object Creation Object

[Sec> open database RASTEMDATADASE =] Tes T hide T e T e
jupen dalabase RaslerDalabase...successul
ope da ave [ Toad I vtore I raname
[Scc> ot NE2E0O6Rclation = tiles(N52E008) | ** query N52EOO6Rclation
[namedtransformstream[ No] consume
= tiles(N52E! No]
consime...successtul
no result

iS=c qruery NS2E00ORelation
lquery NS2L00GRelation...successful
Jscc result in object list

Sec~

[e[=[=]-] BN =

| no time 5151795748551 6/ 5217931 0445
query N52E00GRelation |
No

=l
M

Figure 2.26: Visualisation of N52E0OO6Relation object
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19. Convert Raster2 algebra N5S1E007 object of type sint into a relation of Tile algebra
tint objects and display the first 50 tiles by command
query tiles (N51E007) namedtransformstream[No] head[50]
consume.

Attribute: No WView Category: |Dafau.lt |v| =

Label Text: | | Labelattribute I:EI

Label Offset X ¥ | | |

[ ] Reference dependent Rendering

[ | Single Tuple | Prewv Tuple | | MNext Tuple |

Tuples: 50 | Apply Tuple |

| cet attribute |

| (o] :4 || Cancel |

Figure 2.27: Display properties of the resulting relation containing the first 50 tuples

Program Server Optimizer Command Help Viewers File Settings Object Creation Object
[Scc> open database RastcrDatabase -

=] show hide | remove [ clear
lopen database RasterDatabase...successful

|55 resnit save load store | rename
Sec> query Hles(Nb1 HOO'/) namedrransformstream Nol headloo] [+ query tiles( No1E007) namedtransformstream Nol headi501 consume

consurme

luery tiles(N51E007) namedtransformstream{No] head[50]
iconsume...successful

jsee result in object list

N

,,,,, EN B
[lspecd |

0.993225952813008 / 51.048525408
query tilas(N51E007) |<])

No

No

NG I~
o —

Figure 2.28: Visualisation of the resulting relation containing the first 50 tuples
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20. Convert Raster2 algebra NS1E007 object of type sint into a relation of Tile algebra
tint objects and display the last 400 tiles by command

query tiles (N51E007) namedtransformstream[No] tail[400]
consume.

Attribute: No View Category: |Dafau1t | vl [

Label Text: |

| Labelattribute |:E|

Label Offset X Y | | |

[ ] Reference dependent Rendering

[]single Tuple | Prewv Tuple || MNext Tuple |

Tuples: 400 | Apply Tuple |

| Get Attribute |

| oK || Cancel |

Figure 2.29: Display properties of the resulting relation containing the last 400 tuples

Program Server Optimizer Commend Help Viewers File Settings Object Creation Object
[Sec>open database RasterDatabase =] show | hide | remove [ clear
lopen dalabase RaslerDalabase... successful

Scc> quory tiles(N51E007) namedtransformstreamlNo] "+ query Hles(NE1E007) namediransformstream(No] tail 100] consume

taill400] consume

(query Hiles(NS1 F007) namedtranstormstreamlNo] taill400]
consume...successful

see resull in object List

Sec>

rename

[Repeed] no tme
query tiles(NS1E007) -..|
o

mnk

263.0/-33.0

NG I~
o —

Figure 2.30: Visualisation of the resulting relation containing the last 400 tuples
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21. Display all tiles of NS1EOO7Relation of Tile algebra tint objects whose minimum
is greater than 50 by command

query N51EOO7Relation feed filter[minimum(.No) > 50]

consume.
Attribute: No WView Category: |De-:t'au1t | - | [l
Label Text: | | Labelattribute I:EI

Label Offset X Y | | | |

[ ] Reference dependent Rendering

[]Single Tuple | Prev Tuple | | MNext Tuple |

Tuples: 1238| Apply Tuple !

i Get Attribute |

| OK || Cancel |

Figure 2.31: Display properties of N5S1EQ07Relation tuples with a minimum greater than 50

Program Server Optimizer Command Help Viewers File Settings Object Creation Object
[Sec> 0pen database RAsterDATADASE = T

loven dalabase RaslerDalabase...successtul
no result

hide | remove [ clear
Toad I tore I ro
Sce> query NS1E007Relation feed filterminimum(.No) > 501 *+ query N51E007Rclation fecd filtor{minimum(.No) = 501

iconsume

lquery N51E007Relation feed filter{minimum(.No) > 50]
jconsiime._succassfnl

jsee result in object list

aon0n W]
[Eereedi)

383.0/195.0

query N51E007Relati...

No

Tl [«

csarch| |

Figure 2.32: Visualisation of N51EOO7Relation tuples with a minimum greater than 50
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22. Display all tiles of NSIEOO7Relation of Tile algebra tint objects whose maximum
is less than 400 by command

query N51EOO7Relation feed filter[maximum(.No)

< 400]
consume.

Attribute: MNo

WView Category: |Defau1t | - | =]

Label Text: |

| Labelattribute I:EI

Label Offset X ¥ | [ [

[ ] Reference dependent Rendering

[]Single Tuple | Prev Tuple || MNext Tuple |

Tuples: 1229 | Apply Tuple |

| Get Attribute |

| OK || Cancel |

Figure 2.33: Display properties of NS1E0O7Relation tuples with a maximum less than 400

Program Server Optimizer Commend Help Viewers File Settings Object Creation Object
[Sec>open database RasterDatabase =] show | hide |
open dalabase RaslerDalabase...successiul

no result doad, |
Scc> quory N51E007Rclation feed filterimasimum(.No) < "+ quory N1E007Relation feed filtorl maximum(.No) < 100] consume
1400] consiime

ctuery N51R0D7Relation feed filterlmaximum(.No) < 400

consume...successful
see resull in object List
Sec>

clear
save

rename

[Rreed@

quory N51E007Relatl...
.

no ume

7.357847711267575 / 51216313085

Tulv [« |

No

o

o —

Figure 2.34: Visualisation of N51E0O7Relation tuples with a maximum less than 400
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23. Display all tiles of NS1EOO7Relation of Tile algebra tint objects whose minimum
is greater than 50 and maximum is less than 400 by command
query N51EOO7Relation feed filter[ (minimum(.No) > 50)
(maximum(.No) < 400)] consume.

and

Attribute: No WView Category: |De:t'au1t | - | [l

Label Text: | | Labelattribute |:E|

Label Offset X Y | || |

[l Reference dependent Rendering

[]single Tuple | Prewv Tuple || Next Tuple |

Tuples: 996 | Apply Tuple |

| Get Attribute |

| oK || Cancel |

Figure 2.35: Display properties of N5S1EOO7Relation tuples with a minimum greater than 50
and a maximum less than 400

Program Server Optimizer Command Help Viewers Fila Settin
[Scc> open databasc RasterDatabasc [~] show | hide |
lopen database RasterDatabase...successful
no result
sec> uery N1 KOO/Relation feed filter{(minimum(.No) > 50) and
(maximum(.No) < £00)] consume
iy NS1E007Relation feed filter{(minimum(.No) > 50) and

i ful

s Objact Creation Objact

[ clear
save | load |
" query No1H07Relation feed Alter MIMMUIMI.NO) > 50) and (MAUMUM(.No) < 40071 Consume

No) < 4
jsee result in object list
N

[Bispeecl
query N51E007Relati...
No

5.43563820422523 / 51.277 984154

DK

No

AW s

F =
o —

Figure 2.36: Visualisation of N51E0O7Relation tuples with a minimum greater than 50
and a maximum less than 400



-22 -

24. Display minimum value of all tiles of N51EOO7Relation by command
query N51EOO07Relation feed extend[M : minimum (.No) ]
min[M].

Program Server Optimizer Command Help WViewers File Settings Object Creation Object

Sec>open database RasterDatabase = | show hide re... o
open database RasterDatabase...successful

no result save load L] e re...
Sec>query N51EOO7Relation feed extend(M : minimumi.MNoj] ** gquery N51E007Relation feed extend[M -
min[M]

query NS1E007Relation feed extend(M : minimum(.INa)]
min[M]...successful

see result in object list

Sec>|

1
a

] I

v [«[n]=][=] EN B |
-spaedlﬁ_‘ no time

233.0/-0.0
query N51E007Relati... |+ | =
int: 7 E

Figure 2.37: Visualisation of the minimum value of N51EOO7Relation

25. Display maximum value of all tiles of NS5IEOO7Relation by command
query N51EOO07Relation feed extend[M : maximum (.No) ]
max [M].

Program Server Optimizer Command Help Viewers File Settings Object Creation Object
Sec>open database RasterDatabase = | show hide rem... clear
open database RasterDatabase...successful

no result save load store ref...
Sec>query N51E007Relation feed extend[M : maximumi.No)] ** query N51E007Relation feed extend[M : maxim
e[ M1

query N51E007Relation feed extend[M : maximum(.INo)]
mes[M]...successful

see result in ohbject list

Sec>

v [«[n]w]=] EN B
sPeedIE‘ no time
query N51E007Relati...
int: 673

214.0/-5.0
~ i -

[4]

HEN| i [ T¥]
search Qlas

Figure 2.38: Visualisation of the maximum value of NS1EOO7Relation



26. Display grid values
query

consume.

of
N51EO0OO07Relation

-23 -

all of N51E007Relation

extend[G :

tiles
feed

by command
getgrid (.No) ]

Attribute: No

Wiew Category: | Default

[~ ] k-

Label Text: |

Label Offset 3 ¥ |

[ Reference dependent Rendering

| Labelattribute I:EI

[l single Tuple

Tuples: 1521 |

Prewv Tuple

Apply Tuple |

Mext Tuple |

| Get Attribute |

OK

Cancel |

Figure 2.39: Display properties of grid values of NS1E0O7Relation

Program Server Optimizer Command Help Viewers File Settin,

s Object Creation Object

lopen dalabase RaslerDalabase... successful
no result

iScc> query NS1E007Relation feed cxtend[G : getgrid(.No)] consumc]
lquery N51E007Relation feed extendIG : getgrid(No)l
jconsime._succasshl

jsee result in object list

sec>

[Sec>open database Rasterbatabase 5]

show | hide | [ clear

Toad I I

[+ quory N51E007Relation food oxtond[G : gotgrid(-No)] consume

L

ool
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7.115877347417831 [ 52.045229450
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o
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Figure 2.40: Visualisation of grid values of N51E0O7Relation
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27. Display tile of N5S1EOO7Relation that contains a defined value at location x = 7.5 and

y =51.5 and display this value by command

query N51EOO7Relation feed filter[isdefined(.No atlocation

[[const point value (7.5 51.5)]1)] extend[AL :

.No atlocation [[const point value (7.5 51.5)]]1] consume.

Attribute: No WView Category: |D.fnu1t | - | [

Label Text: | | Labelattribute I:EI

Label Offset X ¥ | | [ |

[ Reference dependent Rendering

[l single Tuple | Prev Tuple || MNext Tuple |

Tuples: 1 Apply Tuple |

| Get Attribute |

| (o] 4 || Cancel |

Figure 2.41: Display properties of a tile of N51EOO7Relation that contains
a defined value at location x =7.5and y = 51.5

Program Server Optimizer Command Help Viewars Fila Settings Objact Creation Objact

[Scc> open database RastcrDatabase =] show T hide T remove T Clear

lopen database RasterDatabase...successful

s resiait save load store | remame

sec> uery N1 KOO /Relation feed filterlisdafinad(.N o arlocation "+ query No1H0U/ Relation feed flteriisdefined(,No atlocaton [1Const pomnt value( /.5 51.5)111 extendr AL : -No atlocation I const poit valuel

[[const point value(7.5 51.5)]1)] extend[AL : .No atlocation [[const

point value(7.5 51.5)1)] consume

[query NS51LE007Relation feed filter(isdefined(.No atlocation [[const

point value(7.5 51.5)1))] extend[AL : .No atlocation [[const point
alue(7.5 51.5)11] consume...successful

see resnt in object. st

Sec>
gin) T D

[Elspecd ] i 7.485043485915480 / 515173415 49

query 51 Boo7ReTat |~

o

AL 122

o —

Figure 2.42: Visualisation of a tile of N51E0O7Relation that contains
a defined value at location x = 7.5 and y =51.5
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28. Display all tiles of NS1EOO7Relation and corresponding bounding boxes by command
query N51EQ007Relation feed extend[BB : bbox(.No)] consume.

Attribute: No WView Category: |Dafau.1t | vl =

Label Text: | | Labelattribute I:EI

Label Offset X ¥ | | |

[ ] Reference dependent Rendering

[ | Single Tuple | Prewv Tuple || Mext Tuple |

Tuples: 1521 | Apply Tuple |

| cet attribute |

| (o] :4 || Cancel |

Figure 2.43: Display properties of all tiles of N51E007Relation

Attribute: BB WView Category: |Dafau.1t | - | =

Label Text: | | Labelattribute I:EI

Label Offset X ¥ | | [ |

[ ] Reference dependent Rendering

[ | Single Tuple | Prev Tuple || Mext Tuple |

Tuples: 1521 | Apply Tuple |

| cet Attribute |

| [@]:4 || Cancel |

Figure 2.44: Display properties of corresponding bounding boxes
of all tiles of N51EOO7Relation
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Point Forms
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Type [——— [~|  join style[round [~

Fill Style
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Figure 2.45: View Category properties of corresponding bounding boxes
of all tiles of N51EOO7Relation

Program Server Optimizer Command Help Viewers File Settings Object Creation Object

[Scc> open database RastcrDatabase =] Clear

lopen database RasterDatabase...successful 1

no resuit dead

|sec>query NS1E007Relation feed extend/BE : bbox(.No)1 consume | |[** query N51E007 Relation feed extend(EB : bbox(-No)] consume

lauery NS1E007Relalion feed extend(BB : bbox(.No)l
lconsume...successful

Jsce result in object list
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Figure 2.46: Visualisation of all tiles of N51E007Relation
and corresponding bounding boxes
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29. To get more information about the SECONDO system and available algebras,

30.

types and operations, execute the following commands at the command interface
in the SECONDO GUI:

list algebras

list algebra Raster2Algebra
list algebra TileAlgebra
list type constructors

list operators

It is also possible to find a particular operator, for example operator atlocation,
by command

query SEC20PERATORINFO feed filter[.Name contains
“atlocation”] consume

Terminate SECONDO GUI by main menu command Program - Exit,
SECONDO optimizer by command quit in the optimizer shell window and

SECONDO Monitor by command quit followed by yes in the SECONDO Monitor
shell window.

Secondo-GUI [(Hoese-Viewer)
Program | Server Optimizer Command Help Viewers File Settings Object Creation Object
New = show hide rem... clear
FontSize
Execute file
History
Favoured Queries
Snapshot Al
ScreenSnapshot alis
Exit

save load store ren...

3
»
»
»

v | . | " | w || EN .:l
sPe‘“’Iﬁ‘ No Time 315.0 / -259.0

search ==

Figure: 2.47: Termination of SECONDO GUI
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Optimizar :bash

18

Figure 2.48: Termination of Optimizer Server

Datei Bearbeiten Ansicht Lesezeichen Einstellungen Hilfe

secondo/b : bash be |

Figure 2.49: Termination of SecondoMonitor
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3 Reference Manual

3.1 Tile algebra data types

The following chapter describes all Tile algebra data types.
These data types can be classified into four data type categories:

grid data types
spatial data types

moving spatial data types
instant spatial data types

3.1.1 Grid data types
Tile algebra contains the following grid data types:

tgrid
mtgrid

Data type tgrid represents a 2-dimensional grid definition with x-origin, y-origin and the
length of a grid cell.

Data type mtgrid represents a 3-dimensional grid definition with x-origin, y-origin, length of
a grid cell and a duration value for the time dimension.

Operator toraster2 is executable on grid data types.
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3.1.2 Spatial data types

Spatial data types contain values characterized by a x-coordinate and a y-coordinate. Square
size of x-dimension and y-dimension of a spatial data types is restricted by the size of
a memory page.

Tile algebra contains the following spatial data types:

tint
treal
thool

tstring

Data type tint represents a tile of integer values of size 31 x 31 which are stored in a Flob and
contains a tgrid object as 2-dimensional grid definition, a minimum value and a maximum
value.

Data type treal represents a tile of double values of size 31 x 31 which are stored in a Flob
and contains a fgrid object as 2-dimensional grid definition, a minimum value and
a maximum value.

Data type tbool represents a tile of char values of size 31 x 31 which are stored in a Flob and
contains a tgrid object as 2-dimensional grid definition, a minimum value and a maximum
value.

Data type tstring represents a tile of string values of size 31 x 31 which are stored optimized
as unique strings in a Flob and contains a tgrid object as 2-dimensional grid definition,
a minimum value and a maximum value.

Operators atlocation, atrange, bbox, CELL1, CELL2, CELLS, getgrid, map, map2,
matchgrid, maximum, minimum and t2mt are executable on spatial data types.
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3.1.3 Moving spatial data types

Moving spatial data types contain values characterized by a x-coordinate, a y-coordinate and
a time-coordinate. Square size of x-dimension and y-dimension of a moving spatial data types
is restricted by the size of a memory page. Size of time-dimension of a moving spatial data
type has the constant value of 10 time units.

Tile algebra contains the following moving spatial data types:

mtint
mtreal
mtbool

mistring

Data type mtint represents a tile of integer values of size 31 x 31 x 10 which are stored
in a Flob and contains a mtgrid object as 3-dimensional grid definition, a minimum value and
a maximum value.

Data type mtreal represents a tile of double values of size 31 x 31 x 10 which are stored
in a Flob and contains a mtgrid object as 3-dimensional grid definition, a minimum value and
a maximum value.

Data type mtbool represents a tile of char values of size 31 x 31 x 10 which are stored
in a Flob and contains a mtgrid object as 3-dimensional grid definition, a minimum value and
a maximum value.

Data type mtstring represents a tile of string values of size 31 x 31 x 10 which are stored
optimized as unique strings in a Flob and contains a mtgrid object as 3-dimensional grid
definition, a minimum value and a maximum value.

Operators atinstant, atlocation, atperiods, atrange, bbox, CELL1, CELL2, CELLS,
deftime, getgrid, maximum, map, map2, matchgrid and minimum are executable on
moving spatial data types.
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3.1.4 Instant spatial data types

Instant spatial data types contain values characterized by a x-coordinate and a y-coordinate
at corresponding instant value. Square size of x-dimension and y-dimension of an instant
spatial data types is restricted by the size of a memory page.

Tile algebra contains the following instant spatial data types:

itint
itreal
ithool

itstring

Data type itint represents a tile of integer values of size 31 x 31 which are stored in a Flob
and contains a rgrid object as 2-dimensional grid definition, a minimum value, a maximum
value and a corresponding instant value.

Data type itreal represents a tile of double values of size 31 x 31 which are stored in a Flob
and contains a rgrid object as 2-dimensional grid definition, a minimum value, a maximum
value and a corresponding instant value.

Data type ithool represents a tile of char values of size 31 x 31 which are stored in a Flob
and contains a zgrid object as 2-dimensional grid definition, a minimum value, a maximum
value and a corresponding instant value.

Data type itstring represents a tile of string values of size 31 x 31 which are stored optimized
as unique strings in a Flob and contains a tgrid object as 2-dimensional grid definition,
a minimum value, a maximum value and a corresponding instant value.

Operators inst and val are executable on instant spatial data types.
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3.2 Tile algebra operators

The following chapter describes all Tile algebra operators.

3.2.1 atinstant

Operator atinstant returns the values of a moving spatial data type object for an instant time
point in the form of an instant spatial data type object.

syntax:

_ atinstant _

signatures:

mtT X instant — itT for T in {int, real, bool, string}

example:

query [const mtint value ((0.0 0.0 1.0 2.0) (2 2 2) (0O 0 O (O
1 2345 6 7)))] atinstant create_instant (2.0);
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3.2.2 atlocation

Operator atlocation returns the value at a location point of a spatial data type object or
the value(s) at a location point of a moving spatial data type object.

syntax:

_ atlocation [_, _]

signatures:

tT x point —» T for T in {int, real, bool, string}

mtT x point — mT for T in {int, real, bool, string}
mtT X point X instant — T for T in {int, real, bool, string}

examples:

query [const tint wvalue ((0.0 0.0 1.0) (2 2) (0O 0 (0O 1 2 3))
(29 29 (4 5 6 7)))] atlocation [[const point wvalue (1.5
1.5)11;

con

query t mtint value ((0.0 0.0 1.0 1.0) (2 2 2) (0 O
1 3 )

e [cons
2 4 5 6 7)))] atlocation [[const point value (1.5 1.5

query [const mtint value ((0.0 0.0 1.0 1.0) (2 2 1) (0O 0 0O (O

1 2 3)) (29 29 9 (4 5 6 7)))] atlocation [[const point wvalue
(1.5 1.5)1 , [const instant wvalue "2000-01-03-00:00:00.001"]17;

3.2.3 atperiods

Operator atperiods restricts the values of a moving spatial data type object to given periods.
syntax:

atperiods(_)

signatures:

mtT x periods — mtT for T in {int, real, bool, string}

example:

query [const mtint value ((2.0 2.0 1.0 2.0) (2 2 1) (0O 0 0O (O
1 2 3)) (29 29 9 (4 5 6 7)))] atperiods [const periods wvalue
(("2000-01-03" "2000-01-05" TRUE FALSE))];
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3.2.4 atrange

Operator atrange returns the values at range of a rectangle of a spatial data type object,
the values at range of a rectangle of a moving spatial data type object or the values at range
of a rectangle, a begin instant value and an end instant value of a moving spatial data type
object.

syntax:

_atrange [_,_,_]

signatures:

xT x rect — xT for x in {¢, mt}, T in {int, real, bool, string}
mtT X rect X instant X instant — mtT  for T in {int, real, bool, string}

examples:

query [const tint wvalue ((2.0 2.0 1.0) (2 2) (0O 0 (0 1 2 3))
(29 29 (4 5 6 7)))] atrange [[const rect value (3.0 31.0 3.0
31.0)11;

query [const mtint value ((2.0 2.0 1.0 1.0) (2 2 1) (0 0 0 (O

1 2 3)) (29 29 9 (4 5 6 7)))] atrange [[const rect value (3.0
31.0 3.0 31.0)171;

query [const mtint value ((2.0 2.0 1.0 1.0) (2 2 1) (0 0 0 (O
1 2 3)) (29 29 9 (4 5 6 7)))] atrange [[const rect value (2.5
31.5 2.5 31.5)], I[const instant wvalue "2000-01-03"], [const
instant value "2000-01-04"]7;
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3.2.5 bbox

Operator bbox returns the bounding box rectangle of a spatial data type object or the
bounding box rectangle of a moving spatial data type object.

syntax:
bbox(_)
signatures:

tT — rect for T in {int, real, bool, string}
mtT — rect3 for T in {int, real, bool, string}

examples:

query bbox([const tint wvalue ((1.1 2.2 1.0) (2 2) (0O 0 (0O 1 2
3)) (28 28 (4 56 7)))1);

query bbox([const mtint wvalue ((1.0 1.0 1.0 1.0) (2 2 1) (0 O
O (001 2 3)) (889 (45 %6 7)))1);

3.2.6 CELL1

Operator CELL1 is a type mapping operator.
signatures:

xI'x..—T for x in {¢, mt}, T in {int, real, bool, string}

example:

query [const tint wvalue ((0.0 0.0 1.0) (1 1) (0O O (1)))] map
[fun(n: CELLl) n * 21];
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3.2.7 CELL2
Operator CELL2 is a type mapping operator.
signatures:

xTxyUx..—U for x, yin {t, mt}, T, U in {int, real, bool, string}

example:

query [const tint wvalue ((0.0 0.0 1.0) (1 1) (0 0 (1))
[const tint wvalue ((0.0 0.0 1.0) (1 1) (0O 0 (1)))] map2
[fun(n: int, m: CELL2) n + m];

3.2.8 CELLS

Operator CELLS is a type mapping operator.

signatures:

xT x ... — rel(tuple(|Elem : T))) for x in {¢, mt}, T in {int, real, bool, string}
example:

query [const tint wvalue ((0.0 0.0 1.0) (1 1) (0 0 (1))
matchgrid[ [const tgrid wvalue (0.0 0.0 0.5)], fun(c: CELLS) c

feed avg[Elem], FALSE];
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3.2.9 compose

Operator compose merges a mpoint object and a spatial data type object into a moving data
type object.

syntax:
_ compose _

signatures:

mpoint X xT — mT for x in {¢, mt}, T in {int, real, bool, string}
example:

query [const mpoint wvalue ((("2000-01-03-00:00:00.000" ™"2000-
01-05-00:00:00.000" TRUE FALSE) (0.5 0.5 1.5 1.5)) (("2000-01-
05-00:00:00.000" ™"2000-01-07-00:00:00.000" TRUE FALSE) (10.5
10.5 10.0 10.0)) (("2000-01-07-00:00:00.000" "2000-01-09-
00:00:00.000" TRUE FALSE) (1.0 1.0 0.5 0.5)))] compose [const

tint wvalue ((0.0 0.0 1.0) (2 2) (0O 0O (O 1 2 3)) (2 2 (4 5 6
7))) 15

3.2.10 deftime

Operator deftime returns the defined periods of a moving spatial data type object.
syntax:

deftime(_)

signatures:

mtT — periods for T in {int, real, bool, string}

example:

query deftime([const mtint wvalue ((0.0 0.0 1.0 1.0) (1 1 1) (O
00 (1)) (L1 1 (L)1)
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3.2.11 fromline

Operator fromline creates a stream of thool objects from a [ine object and a zgrid object.

syntax:
fromline(_,_)
signature:

line x tgrid — stream(tbool)

example:

query fromline([const line wvalue ((64.0 14.2 194.0 44.2))],
[const tgrid value (10.0 10.0 2.0)]) count;

3.2.12 fromregion

Operator fromregion creates a stream of thool objects from a region object and a zgrid object.
syntax:

fromregion(_,_)

signature:

region X tgrid — stream(tbool)

example:

query fromregion([const region wvalue ((((0.0 1.0) (1.0 0.0)
(2.0 0.0) (3.0 1.0) (3.0 2.0) (2.0 3.0) (1.0 3.0) (0.0 2.0y
(0.0 1.0))))1, I[const tgrid value (0.0 0.0 1.0)]) count
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3.2.13 getgrid

Operator getgrid returns the fgrid object of a spatial data type object or the mtgrid object of
a moving spatial data type object.

syntax:
getgrid(_)
signatures:

tT — tgrid for T in {int, real, bool, string}
mtT — mtgrid for T in {int, real, bool, string}

examples:

query getgrid([const tint wvalue ((0.0 1.0 2.0) (2 2) (0 0 (0 1
2 3)) (29 29 (4 5 06 7)))1);

query getgrid([const mtint value ((0.0 1.0 2.0 3.0) (2 2 1) (O
00 (01 2 3)) (29 29 9 (456 7T)))1);

3.2.14 inst

Operator inst returns the instant value of an instant spatial data type object.
syntax:

inst(_)

signatures:

itT — instant for T in {int, real, bool, string}

example:

query inst ([const itint wvalue ((instant "2013-05-13") ((0.0
0.0 1.0) (2 2) (OO0 (0O 1 2 3)) (2929 (4506 7T))))1);
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3.2.15 map

Operator map maps a spatial data type object to another spatial data type object or a moving
spatial data type object to another moving spatial data type object.

syntax:
—map[_]
signatures:

xT'x (T — U) — xU for x in {¢, mt}, T, U in {int, real, bool, string}

example:

query [const tint wvalue ((0.0 0.0 1.0) (1 1) (0O O (1)))] map
[. * 2];
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Operator map2 combines a spatial data type object and a spatial data type object to a new
spatial data type object, a spatial data type object and a moving spatial data type object to
a new moving spatial data type object, a moving spatial data type object and a spatial data
type object to a new moving spatial data type object or a moving spatial data type object and
a moving spatial data type object to a new moving spatial data type object.

syntax:
—_map2[_]
signatures:

tITxtUx(TxU—V)—tV

tTxmtUXx(TxU—YV)—>mtV
mtT xtUx (TxU—V)— mtV
mtT x mtU x (Tx U — V) — mtV

examples:

query [const tint wvalue

[const tint wvalue
[fun(n: int, m: int)

query [const tint wvalue

[const mtint wvalue

9 (1)))] map2 [fun(n:

query [const mtint wvalue

(1)) (0 0 9 (1)))]
(1)))] map2 [fun(n:

query [const mtint wvalue

(1)) (0 0 9 (1)))]

1) (000 (1)) (0 0 9

for T, U, Vin {int, real, bool, string}
for T, U, Vin {int, real, bool, string}
for T, U, Vin {int, real, bool, string}
for T, U, Vin {int, real, bool, string}

(¢(0.0 0.0 1.0) (I 1) (O O (1)))1
0.0 1.0) (1 1) (0O O (1)))] map2

((0.0 0.0 1.0) (1L 1) (O O (1L)y)1l
((0.0 0.0 1.0 1.0) (L 1 1)y (O O O (L) (0O
m: int) n + m];
((0.0 0.0 1.0 1.0) (1 1 1) (0O 0 O
[const tint wvalue ((0.0 0.0 1.0) (1 1) (0 O
int) n + m];
(¢(0.0 0.0 1.0 1.0) (1 1 1) (O O O
[const mtint wvalue ((0.0 0.0 1.0 1.0) (1 1
map2 [fun(n: int, m: int) n + m];
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3.2.17 matchgrid

Operator matchgrid applies a user function to a spatial data type object or a moving spatial
data type object.

syntax:
_matchgrid [_, _, _]
signatures:
tT x tgrid x (rel(tuple([Elem : T])) — U) x bool — tU
for T, U in {int, real, bool, string}

mtT x mitgrid x (rel(tuple([Elem : T])) — U) x bool — mtU
for T, U in {int, real, bool, string}

examples:

query [const tint wvalue ((0.0 0.0 1.0) (1 1) (0 0 (1))
matchgrid[ [const tgrid value (0.0 0.0 0.5)1, fun (cell:
rel (tuple([Elem : int]))) cell feed avg[Elem], FALSE];

query [const mtint wvalue ((0.0 0.0 1.0 2.0) (1 1 1) (0 O O
(1)))] matchgrid[[const mtgrid wvalue (0.0 0.0 0.5 (duration (1

0)))1, fun (cell: rel (tuple([Elem : int]))) cell feed
avg[Elem], FALSE];

3.2.18 maximum

Operator maximum returns the maximum value of a spatial data type object or a moving
spatial data type object.

syntax:
maximum(_)
signatures:

xI'—T for x in {¢, mt}, T in {int, real, bool, string}

examples:

query maximum([const tint wvalue ((0.0 0.0 1.0) (2 2) (0 0 (0 1
2 3)) (29 29 (4 5 06 7)))1);

query maximum([const mtint wvalue ((0.0 0.0 1.0 1.0) (2 2 1) (O
00 (01 2 3)) (2929 9 (4506 T))1);
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3.2.19 minimum

Operator minimum returns the minimum value of a spatial data type object or a moving
spatial data type object.

syntax:
minimum(_)

signatures:

xT'—>T for x in {¢, mt}, T in {int, real, bool, string}
examples:

query minimum([const tint wvalue ((0.0 0.0 1.0) (2 2) (0 0 (0 1
2 3)) (29 29 (4 5 6 7)))1);

query minimum([const mtint value ((0.0 0.0 1.0 1.0) (2 2 1) (O
00 (01 2 3)) (29 29 9 (456 7T)))1);

3.2.20 t2mt

Operator t2mt adds a time dimension to a spatial data type object and returns resulting
moving spatial data type object.

syntax:
t2'I‘I‘lt(—7 p— 4 —)
signatures:

tT x duration X instant X instant — mtT for T in {int, real, bool, string}

example:

query t2mt ([const tint wvalue ((0.0 0.0 1.0) (1 1) (O O (1)))1,
[const duration wvalue (0 43200000)71, [const 1nstant value
"2000-01-03"], [const instant value "2000-01-04"1);
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3.2.21 tiles

Operator tiles converts a Raster2 algebra grid2 object to a Tile algebra rgrid object, a Raster2
algebra grid3 object to a Tile algebra mtgrid object, a Raster2 algebra spatial data type object
to a stream of Tile algebra spatial data type objects, a Raster2 algebra moving spatial data
type object to a stream of Tile algebra moving spatial data type objects or a Raster2 algebra
instant spatial data type object to a stream of Tile algebra instant spatial data type objects.

syntax:
tiles()
signatures:

grid2 — tgrid
grid3 — mtgrid

sT — stream(tT) for T in {int, real, bool, string}
msT — stream(mtT) for T in {int, real, bool, string}
isT — stream(itT) for T in {int, real, bool, string}
examples:

query tiles([const grid2 value (1.2 3.4 5.6)1]);

query tiles([const grid3 wvalue (1.2 3.4 5.6 (duration (7
0)))1);

query tiles([const sint value ((0.0 0.0 1.0) (2 2) (0O 0 (0 1 2
3)) (60 60 (4 5 6 7)))]) count;

query tiles([const msint value ((0.0 0.0 1.0 1.0) (2 2 1) (0 O
0O (001 2 3)) (60 60 9 (4 5 6 7)))]) count;

query tiles([const isint wvalue ((instant "2013-05-13") ((0.0
0.0 1.0) (2 2) (OO0 (O1 2 3)) (60 60 (4 5 6 7))))]) count;
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3.2.22 toraster2

Operator toraster2 converts a Tile algebra tgrid object to a Raster2 algebra grid2 object,
a Tile algebra mtgrid object to a Raster2 algebra grid3 object, a stream of Tile algebra spatial
data type objects to a Raster2 algebra spatial data type object, a stream of Tile algebra moving
spatial data type objects to a Raster2 algebra moving spatial data type object or a stream
of Tile algebra instant spatial data type objects to a Raster2 algebra instant spatial data type
object.

syntax:
toraster2(_)

signatures:

tgrid — grid2

mtgrid — grid3

stream(tT) — sT for T in {int, real, bool, string}
stream(mitT) — msT for T in {int, real, bool, string}
stream(itT) — isT for T in {int, real, bool, string}

examples:
query toraster2 ([const tgrid value (1.2 3.4 5.6)1);

query toraster2([const mtgrid value (1.2 3.4 5.6 (duration (7
0)))1);

query toraster2(tiles([const sint wvalue ((-10.0 -10.0 1.0) (1
1) (0 0 (0)) (31 0 (1)) (0 31 (2)) (61 61 (3)))1));

query toraster2(tiles([const msint wvalue ((-10.0 -10.0 1.0
1.0) (L 1 1) (O 0 O (O0)) (10 O O (1)) (O 10 O (2)) (19 19 ¢
(3)))1)) s

query toraster2(tiles([const isint wvalue ((instant "2013-05-
13") ((=10.0 =10.0 1.0) (1 1) (O O (O)) (31 O (1)) (O 31 (2))
(61 61 (3))))1));
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3.2.23 toregion

Operator toregion maps a tbool object to a region object.
syntax:

_ toregion

signature:

thool — region

3.2.24 val

Operator val returns the spatial data type object of an instant spatial data type object.
syntax:

val(_)

signatures:

iuT — T for T in {int, real, bool, string}

example:

query val ([const itint wvalue ((instant "2013-05-13") ((0.0 0.0
1.0) (2 2) (OO0 (01 2 3)) (29 29 (4506 7T))))1);



- 48 -



References

[BT12]

[G11]

[GAB+12]

[GBA+04]

[GBJ+12]

[SEC14]

[ST11]

-49 -

Betreuerteam, Rasterdaten in Secondo, Aufgabenbeschreibung Phase 2,
FernUniversitit Hagen, 2012

Ralf Hartmut Giiting, A Short Guide to Writing Executable Queries in
SECONDO, FernUniversitit Hagen, 2011

Ralf Hartmut Giiting, Dirk Ansorge, Thomas Behr, Christian Diintgen,
Simone Jandt, Markus Spiekermann, SECONDO User Manual, Version 3.1,
FernUniversitit Hagen, 2012

Ralf Hartmut Giiting, Thomas Behr, Victor Teixeira de Almeida, Zhiming
Ding, Frank Hoffmann, Markus Spiekermann, SECONDO: An Extensible
DBMS Architecture and Prototype, FernUniversitit Hagen, Informatik-
Report 313, 2004

Ralf Hartmut Giiting, Thomas Behr, Simone Jandt, Fabio Valdés,
Fachpraktikum Erweiterbare Datenbanksysteme, Wintersemester 2012/13,
Aufgabe der Phase 2 ,,Rasterdaten”, FernUniversitdt Hagen, 2012

SECONDO-Homepage, 2014
http://dna.fernuni-hagen.de/Secondo.html/index.html

SECONDO Team, A Database System for Moving Objects, FernUniversitit
Hagen, 2011



