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Geospatial Database Desigh Concepts




* The “1”in GIS
* GIS are often split into two components

* Coordinate information (describes object geometry or
spatial information)

e Attribute information (describes other non-spatial
properties associate with it)

* Often referred as tabular data as they are presented in tabular
form




Databases - cont.

Name | FIPS | Pop90| Area |PopDn
Whatcom | 53073 | 128 | 2170 | 59
Skagit | 53057 | 80 | 1765 | 45
Clallam [ 53009 | 56 | 1779 | 32
Snohomish | 53061 | 466 | 2102 | 222
Island | 53029 | 60 231 | 261
Jefferson | 53031 | 20 1773 11
Kitsap | 53035 | 190 391 | 485
King 53033 | 1507 | 2164 | 696
Mason | 53045 | 38 904 42
Gray Harbor| 53027 | 64 1917 | 33
Pierce | 53053 | 586 | 1651 | 355
Thurston | 53067 | 161 698 | 231
Pacific | 53049 | 19 945 20
Lewis 53041 | 59 | 2479 | 24




Attribute Information Presentation

* In GIS, attribute information are typically entered,
analyzed, and presented using a database management
system (DBMS)

* DBMS is a specialized computer program for data
organization and manipulation




DBMS Functions

 DBMS incorporates a special set of software tools
to manage the GIS non-spatial tabular data

» Efficient data storage
e Data retrieval

e Data indexing

* Data reporting

 DBMS often provides data independence
* Valuable while working with large data sets

* Multiple user views

e Centralized control and maintenance of important
data



Database software...

- Light Duty ng Evcel

Microsoft

* Medium Duty Y.

* Heavy Duty

ORACLE"

Microsoft®

SQL Server



Database Components

e Attribute/item
* Entity
* Instance

* Record
* Row/n-tuple

Record

Attribute
or Item

Name

FIPS

0p90

PopDn

Whatcom

53073

128

59

Islond |]53029 | 60 | 231 | 26l
Jefferson| [ 53031 |1 20 |+ 1773 | 1l
Kitsap 1153035 1190 | 391 | 485




* Needs Assessment
* Requirement Analysis

CONCEPTUAL DESIGN

v

» Data Modelling
hierarchical, network, relational

LOGICAL DESIGN

v

PHYSICAL DESIGN

v

PILOT STUDY

v

IMPLEMENTATION

\

OPERATIONAL SYSTEM
- Q




* |[dentifies and evaluates alternatives

* Builds framework for database

* Represents a generalized ‘user’ view of data
e Software and hardware independent

* |[dentifies how entities will be represented in
database

e e.g. point, lines, areas; cells
* |[dentifies how relationships will be represented

g ——



* |dentify database issues

Evaluate data sources
e examine format

* categorize : standards, coding
* eliminate redundancy
* prioritize

Select data model

Conceptualize table design

Develop implementation plan

Prepare documentation

Present, review and approve

g ———



Geospatial Data




Geological Maps
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Geomorphologic Map




Geochemical Maps




Geophysical Maps

High resolution magnetic map, Scale 1:100000




Geophysical Maps

Total count radiometric map, 1:100000.




Attribute Data




What is Attribute Data ?

 Spatial databases containing geographic features

e Attribute data is descriptive information about
features

|t is stored as data items in tables
* Features may be classified

e Attribute data facilitates interpretation and analysis
of the data set




RDBMS

 Almost all of the tabular data used in a GIS are stored in
relational database tables

e RDBMS models are more flexible than the other similar
database models

e Table structure is simple to understand and does not
restrict any kind of query

* Relational database supports eight primary operations
important for GIS

» Restrict, project, union, intersection, difference, product,, join,
and divide (Bolstad, 2005)



Attribute Characteristics

Attribute data defines the different characteristics
of an object such as:
* Name
e Date
*Time
* Magnitude
*Value
* Nature
« Condition
 Number
* Ownership



Domains

* A set of values an attribute may have

* Includes type, length and size of data

Column Domain
Data Type

Customer_Id Integer
Name Character
Street Character
City Character
State Character
Zip Character

Size
20
30

30
25

Column

Customer_Id
Account_Number
Account_Type

Date_Opened

Balance

Domain
Data Type
Integer
Integer
Character

Date

Real

Size
20
15

2

12,2



Business Rules

Business rules specify constraints on the data that can appear in
tables and the operations that can be performed on data in
tables. For example:

An account balance can never be negative.

A Customer can not be deleted if they have an existing (open)
account.

Facilities must have at least one building.
Building height must be >0 and < 22.
Age must be <120

* How do we enforce business rules ?

» Setting Properties in the database
* Applications



RDBMS

* Qutside of a GIS, tabular data are commonly
held and manipulated in relational
databases:

 dBASE, rBase, ACCESS, Oracle,
SQLServer, INFORMIX, DB2, Rational
Rose

* Object-oriented Relational Database
Management Systemes...



Primary and Foreign Keys

Primary key is the unique identifier for each record
* It may consist of one or more attributes (columns)

Each table should have a primary key to facilitate indexing

A Foreign key is an attribute (item) which is included in a table and is a
primary key in another table

» The process is referred to as the posting of the key into the table
 they facilitate the relating (linking) of tables
» Basis upon which referential integrity is enforced

Preferred Key Characteristics
» short length
* numeric
* non-volatile

R



Forests

Forest Name | Forest-ID | Location Size
Nantahala 1 N. Carolina | 184,447
Cherokee 2 N. Carolina | 92,271
Trails Characteristics
Trail Name Forest-ID Trail Name |Feature Dif ficulty
Bryson's Knob 1 Bryson'sKnob |  Vista EM
Slickrock Falls 2 Bryson's Knob Ogrth EM
North Fork 1 Slickrock Falls Ogrth M
Cade's Cove 1 Slickrock Falls Wrall M
Cade's Cove 2 North Fork - M
Appalachian 1 Cade's Cove Ogrth E
Appalachian 2 Cade's Cove Wlife E
Appalachian Wrall MD
Appalachian Ogrth M.D
Recreational features Appdlaction | Vet WD
Feature Description Activityl Activity2 Appalachian Wilife MDD
Wrall Waterfall Photography | Swimming Appalachian Cmp MDD
Ogrth | Old-Growth Forest | Photography Hiking
Vista Scenic Overlook Photography | Viewing
Wiife Wildlife Viewing | Photography | Birding
Cmp Camping Camping -




Relationshi

Forests Trails
Forest Name | Forest-ID Location Size Troil Narie Forest-ID
Nantahala 1 N. Carolina | 184 447 Bryson's Knob 1
Cherokee 2 N. Carolina | 92,271 Slickrock Falls 2
North Fork 1
Key Cade's Cove 1
Cade's Cove 2
Appalachian 1 4
Appalachian 2
Forest Name | Forest-ID Location Size Trail Name
Nantahala 1 N. Carolina 184 447 Bryson's Knob
Nantahala 1 N. Carolina 184 447 North Fork
Nantahala 1 N. Carolina 184 447 Cade's Cove
Nantahala 1 N. Carolina 184 447 Appalachian
Cherokee 2 N. Carolina 92,271 Slickrock Falls
Cherokee 2 N. Carolina 92,271 Cade's Cove
Cherokee 2 N. Carolina 92,271 Appalachian




RDBMS Supporting Functions in GIS

a) restrict a) union

ID | type | color | size | age
ID | type |color | size | age :’ - :‘"‘ big_jold ID | type |color | size | age
restrict T | a |blee |big |oid 9 |dun | huge [young union 1 a |blue |big | old
—_— 4 d_[black | big folder - d_|black | big lolder
6 | 9 |dun | huge |young 1D | type[ color| size | age 6 | g |dun | huge |young
2 | c |green|big [young 2 ¢ |green| big |young 2 ¢ _|green|big |young
l d |black | big [elder
_ b) intersect
ID |color | size
1 |blue | big ID |color| size
2 |areen| big 1 |blue | big ' ’
project 3 _[red ['small 2_|green] big ID lcolor isize | . .
: 4_|black | big 3 |red [small 1_|blue |big intersect —IID ‘;‘;’“‘ e
5 |mauvel Tiny 4 |black | big 5_|mauve] tiny 5 ‘:; "_'9
6 |dun | huge 5 |mauve] Tiny 9 |ivory| big Ll L
7 |ecru | small 6 |dun | huge
7 |ecru | small
¢) product .
No. | Dir. ADP. No. | Dir. | App. c) duff'erenlce
1 N Yes 1 N | Yes IO |color | size [TID |color | size
T product = T 1_|blue | big : 2_|green| big
- 2__|green| big ID Jcolor |size . 5 Tred Tsmdll
No 1 N No 3 |red | small 1 |blue | big dcfference‘ 2 [black | big
2 S No 4 |black | big 5 _|mauve] tiny % [dun [huge
5 :\GUVG ;':;e 9 [ivory| big 7 |ecru | small
6 |dun
d) divide 7 |ecru | small
Type type|size
m| . size m |1 -
~— divideby 7 | per [m | 2 - | FYPe d) join
r 2 mj3 n ID |type type | color| size | age ID [type |color]| size | age
m| 4 1 a a_|blue | big | old joinA 1 a |blue| big | old
n 2 2 b b |dun | tiny | old > 2 b | dun | tiny| old
r |1 3 |b 3 | b |dun | tiny] old
rl3 4 | a 4 | a |biue| big| old




IWRM EAR

-
ActivityTraining
¥ ActrainingID
IWRMAgencyActivitylD
TrainingTitle
TrainingProvider
NumberParticipants

( ActivityCollaborators

¥ AgengyIWRM2
RespondentID
ActivityTitle
ActivityObjective
MNature of Activity
TargetAudience

AgencyIWRMActivities

AgencyFunctions
¥ AgencyFunctionID
FunctionDescription
RespondentID

Respondents

¥ RespondentID
REsName
ResPasition
AgencyMName
CountrylD
ResTelephone
ResFax

ResEmail

AgencylawsRegulations
¥ AgencylawRegID
Title
Type
RespondentID

TrainingTechnical
? TechTraininglD &
Mame =
Qualification =

StartDate
¥ CollaboratorlD Busation
NameCollaborator EndDate
IWRMAgencyActivitylD StaffAllocated
Training
Qutcomes
IWRMAgencies ) Limitations
% IWRMAgengyID | Improvements
AgencyName B OfficerResponsible
AOfficerinCharge UnitResponsible
ATelephane v AddressResponsible
. TelResponsible
< EmailResponsible
IWRMLawsRegulations WebResponsible
¥ IWRMLawRegld StrategyRelationship
[WRMLaw
IWRMLawRegTitle o
CountrylD ' LuCountry
-\ : ® Cou:)tryID
IWRMPalicy ) CountryANCode
% PoliyID CountryName
IWRMPalicy

IWRM Palicy Status
CountrylD

-
TrainingProfessional
¥ ProTraininglD =

Name ¥
-
AgencyIWRMWorkshops
¥ WorkshopID -
YearAttended =
WaorkshonTitle %
IWRMIssueRanking
¥ IWRMIssuelD A
WaterSupply =
RainwaterHarvesting
Flood v




Pest Monitoring EAR

' D p
cropfield b infestation
cropType ¥ CropFieldID ¥ Infestation_id p—
¥ Cropld Cropld xcoord
CropType AreaCultivated ycoord Response
AvgSpacing Infes_date
FarmEquip CropFieldID
ExpHarvestDate 4 W
Datelnspected Pe,StS
TypeFertilizer ¥ Pest id
- ~ ypere -
Fatmers Farms QuantityFertilizer Pest_type
¥ FarmeriD ? Farmld TypePesticide No_pests
FarmerFirstName Cambiame QuantityPesticide %(overége .
FarmerSurname Location Farming Method = Infestation_id
Date:af-Biin FarmerlD Source of Water
FarmType ; FarmID




Attribute Tables: Database in ArcGIS
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Some Facts about Attribute Table

e columns : fields/attributes

* rows : records

 Automatic Fields:

* FID and Shape fields automatically created
* During Digitizing:

* Length of lines

* Area & Perimeter of Polygons

* You can add new fields and values to an existing attribute
table

e Attribute tables are saved in workspace as *.dbf file

* You can export your new updates in attribute file in many
formats



Linking Tables

IDGAGE_ID STAID

» |Point 0 0 1 471012395000 Prieft R nr Priest River iof 17010215 | \

Point 0 o 2 4714 112411000 NF goeur d Alene R n Prichard p 17010301 \

Point [t} 0 3 4715 12411935 Prichard Cr. at Prichard, ID lID 17010301 \

Point 0 0 4 4716 112413000 MF Goeur d Alene R @ Enaville D 17010301

Poirit 0 o 5 4726 12413500 Coefir d Alene R @ Cataldo D 17010303

Point 0 o =) 4725 112413470 SF Qoeur dalene R n Pinehurst D 17010302

Point [t} 1] T 4723 112413300 SF goeurdslene R Smetterville I 17010302

Point 0 0 8 4722 12413250 SF Qoeur dalene R at Kellogg ID 17010302

Point a 0 9 4724 12413445 PinelCreek near Pinehurst, ID I 17010302

Paint 0 0 10 4727 12413860 Coefr d Alene R nr Harrison D 17010303

Point 0 0 1" 4721 12413150 SF ‘Ioeur dalene R @ Silverton ID 17010302

Point 0 o 12 4719 12413130 Ningnile Creek at Wallace, ID 17010302 I

Point 0 0 13 4718 12413125 Cankon Creek at Wallace, ID m 17010302 I

Point 0 0 14 4717 112413040 SF Goeur dalene R nr Mullan JI 17010302 Eﬂ
e — | , Common FlIe &
Record: 14 «] 1 0] Show: I'III_ ‘Selected | Records (0 out of 102 Selected)) Options ~

Record: 14 4| 1 v Show W Selected I Records (0 out of 87 Selected.)

Options ~ I

_FID Shape* AREA PERIMETER HUC_ HUC 1D IDHUCS HUC_HO _BASIN_NAME ~
» 0]Polygon 13555982.04785 1686731472 2 1 J 2| 17010215 | PRID OREILLE NHD inlj
' 1 [Palygon 1988479472 625 250560 61782 3 2 [ 3] 17010215 PREST NHD in I
2/|Palygon 2156295770.00098 265529 6412 4 3 4| 17010104 | LOVIER KOOTENAI NHD in|
3 |Polygon 458562405.97852 99303 25024 5 4 5| 17010105 | MOYEE NHD in |
4 |Polygon 2956880367 87305 342534.66223 6 5 6| 17010214 PENCJOREILLE LAKE NHD in |
5 [Polygon 182392327 94238 81260.43649 7 6 7| 17010101 | UPPER KOOTENAI NHD in |
& Polygon 558869480.40234 13222072318 8 7 _ 8 17010213 LOWHR CLARK FORK NHD in |
7 |Palygon 3874465074023 28936 42022 s a » 3| 17010216 | PENCJOREILLE NHD in |
& Polygon 82728905.70898 461609898 10 a 10| 17010308 | LITTUE SPOKANE NHD in |
a/Polygon 2322897446.02148 24393321816 11 10 11| 17010301 |UPPER COEUR D'ALENE NHD in|
10 Polygon 990373184.26953 143460.36764 12 1 12| 17010305 | UPRER SPOKANE NHD in |
11 [Polygon 1652228826 13965 192785.83377 13 12 13| 17010303 |COJUR D'ALENE LAKE NHD in |
12 |Polygon 775619358 68652 162129.92622 14 13 \14| 17010302 | 5¢UTH FORK COEUR D'ALENE NHD in|
13 |Polygon 624929917 77441 155406.04204 15 14 \1701 0306 ’ANGMAN NHD in [}
<. FR—T - /| @]
g




Relate Table

* Relate function lets you associate data (as we
discussed) with the layer

* The data is not appended into the layer as in the case
of join

* But, the data layer of the associated table can be
accessed when you work with the other table

* Establishing a relate is useful when there is 1-to-many
and many-to-many association between layer and the

related data



Table Record Relationships Cardinality

a Store Data =10 x| a Yearly Sales Data =10l =]
| S dotthare | Shve Fewe | Swe At | [ S Mt | Sk 2555 | ot 25|
401 5. Center 5t [909] 555-2853 204 -] 204 246200 92600 =]
218", Brookzide [903] 5567321 335 335 BE2.00 1037.00 _|
950/ State St [909) 5A5-5353 W7 -] 387 5049.00 5E34.00: -
<| 3] ‘ 3
] Delivery Data =10] x| a Store Data _I— _ID EI
[ Pabepfan | Fackd? | Guwdr | Stvedmba | | e A T fre e | Groe Mo |
1/28/95 547 kT 204 24
214/95 [ 74 EES 401 5. Certer 5t [309) 555-2853 204 =]
2/23/95 5E3 14 204 318 %/, Brookside [305) 555-731 235
ij ‘3?; 25 1522 g; ;2; 9504 State 5t [909) 555-5853 387
T 5 Y Eoes iEiEl 5. Texaz 9091 555-5323 559|T‘1
5/13/95 623 B8 204 =
5/28/95 274 3 204 —
9/15/95 625 57 367 ;||
1| G
a Employee D ata - |E||5|
[ ShveAumber | Dmpboss Somber | S
204 200 1 =
@} Store Data -0 x| 335 2010 i
| St ot | S S | S Aear | ;gi g;;g 1
4071 5. Center 5t [309) 555-2853 204 387 2327 2
318w Brookside [909] 555-7331 335 559 2433 1
950, State St [309) 555-5353 207 ggj 321213 ;
iEIE! 5. Teraz [9091 555-5328 EEEII T'J e 5555 =
204 2REY 1
1 | i




One-to-One Relationships

== Relationships

thlEmployee thiSalary
EI'I"I*J?EE]D iy :-'

FirstMame Salary
LastMarme LastChange
Department




v Most common type of relationship

+ Related between primary and foreign keys

=2 Relationships

Suppliers

Suppler I
CompanyManm
ConktackMName
ConkactTite
Address

Ciby

P

Categories

CategorylD  # |
CategoryMam—'
Description %

FroductlD |
ProductMame
SupplierID
CategoryID
CuankityPerld
UnitPrice
UnitsInStock
Unitsonorder
ReorderLesvel ™|

Order setails

InitPrice
uankiby

“mployees

oyeeID
Laskigmne
FirskMar
Title
TitleOFCourke
BirthDate
HireDate
Address

o

CustomerID
EmployeelD
OrderDate
RequiredDate
ShippedDate
Shiptia
Freight
ShipMarne
Shipaddress

ShipiZity
ShipRegion
ShipPostalCoc » |

Customers

Shippers

ShiJDBﬂD

Cormpan

FEX

|




Many-to-Many Relationships

+ Not directly supported between tables
+ Use a junction table to relate

+ One order, many products

+ One product, many orders

=2 Relationships

Suppliers Products Order Details Orders

ProdudiD | -
Productiarnme = CuskomerID
SupplierID itPri EmploveslD
CategoryID | CrderDate
QuankityPerd RequiredDate
InitPrice ShippedDate
JnitsInatoc IPYia
i Unitsonorder Freight
o ReorderLevel ¥ | ShipMarme .
Categories — .

& LastMame ShipAddress Shippers
CategorylD ﬁ! Firstkame = Sh?pCity. ShipperlD |
CaktegaryMarm— Title ShipR.egion CampariyNam )|
Cescription | TitleOFaurke ShipPostalCoc | —
BirthDrake
HireDate
Address




Geodatabases in ArcGIS

e A structured set of data

* managed and stored as

one unit

» generally associated
with a software to
update and query the

data

e geodatabase = an
object-oriented data
model introduced by

ESRI

The Geodatabase Offers A Comprehensive Approach to Modeling and Managing Spatial Data
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Geodatabases

e Hosted inside of a relational database
management system

 Storage for features classes, feature datasets,
non-spatial tables,...

* Relationships (spatial, non-spatial) - > advantage
over shapefiles




Geodatabases

* File geodatabase

stores datasets in a folder of files
each dataset a file up to 1 TB in size
can be used across platforms

can be compressed and encrypted for read-only, secure
use

ESRI’s recommended choice




Geodatabases

* Personal geodatabase
 stores datasets in a Microsoft Access .mdb file
 storage sizes between 250 and 500 MB
* limited to 2GB
* only supported on Windows

* ArcSDE geodatabase

* stores datasets in a number of optional DBMSs:

* |IBM DB2, IBM Informix , Microsoft SQL Server, Oracle, or
PostgreSQL

* unlimited size and users



Geodatabases

Geodatabase

Feature dataset

Tables

Raster datasets i

@Polygon 5 Route
“r|Line —i| Dimension
“.*|Point

A |Annotation

Raster Catalogs

Additional geodatabase elements |

Parcel fabrics Terrain datasets
GPS datasets Schematics
Representations

Relationship classes

Geometric networks oiQ

Topology Hi

Network datasets

Toolboxes Q
)’ Tool 3-‘" Model 3 Script

Behavior
Attribute defaults Connectivity rules
Attribute domains Relationship rules
Split/merge policy Topology rules

5




Geodatabases

* Features and Feature classes - collections of
features (spatial objects) with the same type of
geometry and the same attributes

* Holds geometry attributes
* rows features, table feature class

/5 =\
N A

'| \ 9 \ A7) L ~ —
< S B2 Attributes of Parcels
—— = —— (j' OBJECTID= | SHAPE* { PARCEL_ID*|ZONE_CODEY SHAPE_Length | SHAPE_Area
i B = 4513 | Palwgan 67970 W 544.053559 9259209935
5 i
Ej'JJ :ﬂ]: Wil el 4514 | Palygan 67971 W 158545394 774602847
=2 SFEREEEER § 4515 Palygan 7973 REOM 400.003008 7499965473
_& e I 4516 |Palygon 7374 B1 236126101 2905, 890606
4 i I A I 4517 | Polygon 7382 B1 550453538 17499.011493
_‘\ »‘::i:L") AN i) (i o (9 ]




Geodatabases

e Feature datasets -
collections of feature
classes that share the
same spatial reference

* Topological rules must

be inside Feature
datasets

Ep Feature Dataset

Collection of feature classes
ey

%) =) (B2

@ Topology

@ Terrain

Network Dataset
@ Geometric Network

N4 :
E .‘i Parcel Fabric




Geodatabases

* Subtypes

e Categorize objects or features into groups

 Share same attributes
 Defined at the class level

» Select a field to base the subtype on

e Short or long integer field

e Can have different default values and domains

e Can define behavior rules

=
ZoneCode
[ ] Residential
[ I Caommercial
[ ] Industrial
[ Agricultuaral

=10/ x|

OBJECTID*| SHAPE* APM ZonelCode -
213 |Palygon FOENS 2Mm
218 |Polygon FOE11 2Mm
228 |Polygon FOE 2M
231 |Paolygon FOEER 2M
363 | Polygon FORE0 202
429 | Polygon FO7a5 202
430 | Polygon FO7AE 202
435 | Palygon FO7A1 203
1278 | Polpgon 0473 203
1273 | Folygon 70474




Geodatabases

* Relationship classes — define relationships between
objects (one-to-one, one-to-many, many-to-many)

* Related objects communicate (cascade delete)

bl D |[Parcel_ID | Building Type

OID | Zone Area 1 28 Office Building
28 | Commercial 10000 9 704 Townhouse
794 | Residential 5000 3 704 Townhouse
858 | Residential 6050 4 854 Condo




Geodatabases

* Object behavior

e Control default value and acceptable values for any
attributes (Domains)

* Subdivide objects into similar groups (Subtypes)
e Control the spatial relationships (Topology)

* Annotation
— Placing text and graphic on a map
— Linked to features or not
— Can store text as well as other graphics



Geodatabases

* Topology
* Constraints on the shared geometry
Define data integrity
Control on editing tools
Validation of features
Ensures quality of your data




Geodatabases

* Create topology in a feature dataset
 Participating feature classes
* Cluster tolerance
* Ranks and rules

* Define rules
* Rules evaluated during validation

* Errors
* Managed as a part of the topology
* Exceptions
* Examine and fix errors in ArcMap




Geodatabases

* Editing with topology
* Editing creates dirty area
* Can be symbolized

* Errors found during validation

* Have properties
* What rule is concerned
 Which features are involved

* Options
* Ignore error
* Mark as exception
* Fix




Geodatabases

e Other elements included
* Terrains

* Point datasets for modeling 3D surfaces
* Requires 3D Analyst extension

* Representations

* Properties of feature classes storing symbologies
* Rules and overrides

e Parcel fabrics

B

* Designed for parcel data management

Il

A
®

Parcel line
Parcel point

Parcel polygon
Control poim
Line point
Radial line
Connaction line



Geodatabases

* Directly loadable data types
e dBase (.dbf)
e Text with comma (.csv) or tab-separated values (.txt)
* Microsoft Access (.mdb)
* Microsoft Excel (.xls)




What made all of these possible?

Access to

* Technology (currency)
Data (currency, resolution, accuracy)
Policy (relevance, monitoring)
Human resources (skills and benefits)
Funding (driven by applications and results)
Political support (motivation for success)




Thank you!




