Databases

Managing Data for Retrieval, Update, & Calculation

Drilling Record
ID Name Spudded Completed
@% 2/4/96 6/3/96 Production (barrels/day, cfs)
\
43 | Shell #5 3/14/97 ‘@‘ﬁ,@ﬁ\ ID Qil Gas Water

F40 )| 53 | 1200 |5

55 | 108 | 2500 | 15

1997 Expenditures (million S

ID Driﬂﬁ/*‘ﬁ;dion Transport.
(Go Y1501 | o652 0.078

72 | 5.522 0.301 0.055
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GIS Data Recap

Two data types:
Spatial — Where things are, in (x, y, z, A, ¢)
Stored in coordinate & topology tables

Vector (Object) Model
Raster (Field) Model

Aspatial - What things are

stored in tables of attributes



GIS = Lots and Lots of Tabular Data

How will it be managed?
Data Model Considerations
Analysis Considerations
Data Entry Considerations
Security
Efficiency



WHY? HOW?

Goals:

Maximize flexibility for sorting, reordering,
subsetting, searching

Efficient storage; eliminate redundancy
Secure entry and retrieval mechanisms

Rapid retrieval

Solution:

Database Management System (DBMS)
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Database display in ArcMap

Displayed in tables with rows of records (tuples) and
columns of fields (attributes)

B Attributes of Contacts05 = EJE|E|

SHAPE* | Date _ | Digitize | Instrument | Software Unit Contact Line_type Con
Palvline £ IM472005  |Digital Ink | Taklet Archiap pC-Crh Dazhed hick 2n
T Palvline £ IM522005  |Digital Ink | Taklet Archlap pCcc-dm |Su:nlid - | Cal south
Palyline Z INS2005  Digital Ink | Taklet Archap pCcc-dm Solid doll South
B Palyline £ IMS2005  Digital Ink | Taklet Archap pCcc-dm olid dol Lenze
B Palvline £ IM52005  |Digital Ink | Taklet Archiap pCcc-dm Zolid C al Zouth
B Palvline £ IM522005  |Digital Ink | Taklet Archlap pCcc-d Zolid =Mull=
B Palyline Z INS2005  Digital Ink | Taklet Archap pCcc-pm Solid Cal Morth
B Palyline £ IMS2005  Digital Ink | Taklet Archap pCocgsdm =olid dol lenze
: Prlvline T M S MNNS Ciicaital Il Tahl=t N rrhdan ml e orlm alidd &l ks . -

Record: ﬂﬂ| EHH Shnw:lﬁ Selected | Recofds [0 out of 171 Selected.) Options v| 5”

Line_type field
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Accuracy

Data entry can be accomplished via forms that require:

Data definitions - s of attributes, the types and lengths or

numerical ranges of each attribute, and how much editing will be
permitted.
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Data Definition: Field “Types”

Layer, Properties

Generall Source] Selection] Display] Symbology  Fields | Definition E!uer_l,.ll Labelsl JDins&Helates]

Prirnary Display Field: |Digitize j

Chooze which figlds will be vizible. Click in the aliaz column to edit the alias for any figld.

Field type- Q: how much
space does a database
need to reserve for each

E Aliag Qype)@gth | Precision | @ | Mumber Format |
e ——————
CTOBJECTID OBJECTID Object I 4 a a -
SHAFE Lire fl e | d ?
Dlate_ Date_ Date a i i °
Digitize Digitize String 25 i} 0
Instrument Instrument String 12 i} 0
Software Software String 10 0 0
_ Unit Contact Shing [ 0
] 0
[ SHAPE_LengthSHAPE_ - 0 Humeric
Comment Comment i 38 i} 0 = @ -
Selectdll | Clearal | — :
Digitize |Instrument| Software Unit Contact Line_type | Con
Digital Ink | Taklet Archap pic-Crh Dashed hick 2n
Digital Ink | Taklet ArchMap pCcc-dm Solicd w || Cal zouth
/ oK. | Cancel Digital Ink | Tablet Archlap piCcc-dm Solid doll Sauth
= igital Ink | Taklet ArchMap piCco-om Solid dol Lenze
/ J Palyline £ 3M552005 | Digital Ink | Tablet Archlap piCcc-dm Saolid C al South
J Palyline £ 352005  |Digital Ink | Tahlet Archiap pCco-dm Solid =Mull=
A : n O r ' | O re _|Polvinez 3152005 Digtalink | Tablet Archiap pCce-dm Solict Cal Morth
J Palyline Z 3MSR2005 | Digital Ink | Tablet Archap piCce-dm Solid dol lense
t h a n 1 O |Dn|'..'|inn=- 7 M S20NS Miimital Inke Tahl=t &Arrhdan niCreorm Snlicd Al kot b
< >

characters

Record: ﬂﬂ EHH Shuw:lﬁ Celected | Records [0 outof 177 Selected)]

Optionz = 4
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Fields are “defined” by:

Name — attribute (column heading)

Field Type — number (long, short, float, double), text
(“string”), or date

Length — no. of characters in text
Precision — no. of digits used to store numbers
Scale — no. of digits to right of decimal point

) G—:JII M arne T ype Length | Precision | Scale
Field FID ObjectD 4 i i

. el Shape Faint
Definitions IDMUMEER  Sting 12 0 0
PIT_TvPE Sring 21 0 0
STATIS Shing 21 I 0
P&RISH String 21 0 I
COMTAIMMT  Shing 51 0 0
COMT_COMD  Shing 12 0 0
BREACHED Stiing 2 0 I
RANKING Lang B = I
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Fields Types in ArcGIS

Short Integer — 1 to 4 digits Wi

(no decimal) Wt

Test_table

Long Integer = 5 to 9 digits Tvpe.

Shaort Integer

Shot Integer

(no decimal) - Field PropertLong rteger L
Float = 1 — 8 digits, decimal EE;'

(short real) Blob

Double = 6 — 19 digits,

decimal (long real)

Text =1 -255 characters OK Cancel

Date = 8 character
Blob = binary large object
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Numeric Field Types

Data Type Storage | Range Description

Short 2 bytes +/- 32,768 Used for coding, e.g. lulc,

Integer veg. types, T/F

Long 4 bytes | +/-2.14 billion |Large whole numbers, e.g.

Integer populations

Float 4 bytes | +/-3.4xE38 |Single-precision, upto 6
places past the decimal.
Up to 6 total numbers.

Double 8 bytes | ~+/- 1.8 x E308 | Double-precision; 15

places past decimal, 6-19
total numbers.




Field Properties For Numbers

Precision = number of Add Field
digits stored in a field. Neme:  [TesLiable
Precision up to for 19

Type: oat
double, 8 for float \ | ,
—Field Properies

Frecision 0

Scale = no. of decimal ———_. ;
places in double and float

E.g. 3500426.21 (a typical
easting) should be stored

as “Double”, precision 9, oK Cancel

scale 2
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Numeric Field Properties

Short and Long integers fields:
Precisian =4
3,400
Float and Double data fields:

Precision =9
A

8,400.08347

Scale=5



File Size Comparison, Text Fields

Text Field 100 records | 1000 records | 10,000 100,000
length records records
2 0.2 Kb 1.95 Kb 19.53 Kb 195.3 Kb
50 (default) 4.88 Kb 48.83 Kb 488.3 Kb 4.88 Mb




Accuracy

Data entry can be accomplished via forms that require:

Data Dictionary - catalog of attributes with their permitted values
and ranges (“Domains”).
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Data Dictionary: Domains

Permitted attribute values or range of values for a field:
E.g. dip of bedding: permissible range from 0-90°

E.g. type of geologic contact: permissibly covered, inferred,
exposed

E.g. rock type: permissibly sandstone, shale, limestone



Domains in a Geodatabase

= D All_marble_contacts Database Properties
- 5 Marble_Features.mdb | .
= Gereral Domains
/' Contacts0s Domain MName Description o~
Cortact_tyvpe Solid or Dashed Contact
GE!DIZID":.I'_DE_}:FIEIFII JDate_ When Acouired CO nta CtSOS
E HeaPEs05 JDate_‘l When Acquired
inferred_ foize Sl Feature Class Fields
II'IFE-'H'E-'EI_III'IE-‘S_S_DS JDig'rtize Digitizing technigue
=l Palvaons _|Din_Plungs Inclination af Plane or Line .
- ¥ | zeolagist Diata Collectar Feature Class Properties
h General Fields l Indexes ] Subtypes/| Felationships ]
Domain Properties :
e O a a a S e Field Name | Data Type -
Field Type Text Digitize Tert
Damain Type Coded Yalues Instrumert Text
Split policy Default “alue W Software Text
ferge policy Detault alue m Contact Text
: Wie v
Geodatabase Domains
_|=eologist Text
Coded Walues: . . - S b’
Code Dezcription Click any field to see itz properties.
o Dazhed Field Propertiss
D M ] o2 Saliel Aliaz Ling_type
O I I I a I n a u e S o Datted Aoy MULL walues Wes
Z 3 Default Yalue Solicd
| Damain Cortact_type
/ Length 10
|

Domain appliedto
Contacts05
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A DBMS provides:

Efficiency - rapid access & retrieval, no redundancy
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Efficiency (+ Flexibility)

Relies on database structure (data model):
Hierarchical
Network
Relational
Object-oriented



GIS attribute data models

Hierarchical — pre-1980

Relational — 1980’s, 1990’s; still dominant today

Object-oriented — late '90’s; newest, implemented by
some GISs — still undergoing R&D



Hierarchical Structure

E.g. Filing cabinet or folders on a hard drive

Fn:ulders

>

=& OCOTILLO (C:)
- =m0 DELL

- K- ESR

\ =00 AY_GIS30
\= ESRIDATA

 LIWORLD
- {1 HPROS
- m- mgafn:uld

: ;.;ﬂ.“

i |

r

w

-
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File address for storage and
retrieval is a linear path, e.g.

C:\ESRI\ESRIDATA\CANADA\cities.shp
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Hierarchical Structure

University

—— |- __

ORUs Colleges Administration

/\

Departments Allied Units

T

Graduate Undergraduate
Students Students
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Hierarchical - Limitations

Linear structure can’t deal with multiple
“memberships”

E.g. a single well might be stored many times in
different databases for taxes, production, drilling
history, water quality, etc.

INEFFICIENT

Can’t assemble all this data for query in a
hierarchical database



Hierarchical - Limitations

Can’t deal with exceptions to linear scheme — entities may not
belong to next higher class but could instead contain it.

E.g. Structure Oil Well Database by:

State
County
Oil Field
Well

Pay zone

What do we do with a oil field that spans several counties with wells
that produces from more than one pay zone?

i.e. No “one-to-many” relationships



Relational Database Advantages

Data stored in separate, relatively small, tables

Easy update, editing, searching without affecting or using
all data

Flexibility
Using “key” fields, can extract and assemble records and
attributes to form new tables

Subsets of database can be queried by standard means -
SQL



Relational Database Structure

Consists of “relations” (tables) with multiple
attributes (columns, fields) per record

Every record (row) has a unique identifier (marker or
key attribute)

Key is the glue between files that can be used to extract
and/or assemble records and attributes



Parts of a Relation

Production (barrels/day, cfs)

Primary Key —
{

(ID) QOil Gas Water
40 |53 |1200 |5
Record or tuple ———|55 108 [2500 |15
Field
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Properties of Relations

Each row has to be unique; no row-to-row
dependency

Row order irrelevant
Column order irrelevant

All attribute values must be stored in separate rows
(“first normal form”)



Relational Database Structure

Drilling Record g
o 8
ID Name Spudded Completed = =
Exxon #1 | 2/4/96 | 6/3/96 - e
=~ 3
43 i 3/14/97 6/12/96

Production (barrels/day, cfs)

ID Qil Gas Water

“Key” Field =ID

1200 |5

Ul
w

File

1 2500 |15

o
(00]

(“relation”)

of Ss)
ID DriHﬁg/P/roduction Transport.

40)T1501 | 0.652 0.078

72 5.522 0.301 0.055

1997 Expenditures (milligns

File
(“relation”)
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One-to-One Table “Join”

Drilling Record

ame Spudded | Completed

40 Exxon # 4/96 6/3/96
43 Shell #5 3/14/97 % Production (barrels/day, cfs)
(1D ) i

Qil Gas Water
40 53 1200 |5

43 108 | 2500 |15

One record from source table (production) is joined
to one record of destination table (drilling record) to
create a “View” — virtual combination



Result of One-to-One Table “Join”

Joined Production and Drilling Record tables:

Drilling Record

ID Name Spudded Completed | Oil Gas Water
40 Exxon #1 2/4/96 6/3/96 53 1200 |5
43 Shell #5 3/14/97 6/12/96 108 |2500 |15

View can’t be edited — destination table can be



One-to-Many Join

Drilling Record One record from
ID Well Name Spudded Completed | Field_ID source table

40 | Exxon #1 2/4/96 6/3/96 /@ joined to many
43 | Shell #5 3/14/95 | 6/12/96/ A2) records of

72 |Amoco#3 | 4/8/88 4/8&{//@ destination table
55 | BP#2 6/8/90 | 8/8/91 " | wildcat

Y/

Field ID A/ ame Discovered | Total_OQil

1 Longview 1/20/56 13000564
2 Katy 2/3/48 85640
3 Anhuac 4/11/73 3587889
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One-to-Many Join Result

Table of Wells in Katy Field

Drilling Record

ID | Name Spudded | Completed | Field ID Name | Discovered Total_OQil
40 | Exxon#1 |2/4/96 6/3/96 2 Katy 2/3/48 85640
43 | Shell #5 3/14/95 6/12/96 2 Katy 2/3/48 85640
72 | Hess #3 4/8/88 4/8/89 2 Katy 2/3/48 85640
55 | BP #2 6/8/90 8/8/91 Wildcat

Note that “Discovered” and “Total_Oil” fields in joined
table pertain to Katy Field, not to individual wells! This
could be a problem...




Many-to-Many Join example — USGS DLGs

Join “lookup table” with feature codes tables to
obtain feature descriptions
Feature descriptions stored once, used many times
Primary key is feature code



Looku p Table — B Attributes of maplayer

Digital Line Graph Example

=10 x|

2/10/2022
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(e][n] COLO LTYPE MAJ MIN NA FEAT DESC A|
0300 B COMNTINUOUS [0 Spring 50300 Spring
1_3u1 SICONTINUOUS [0 Nontlowing_well_50_307 Nontlowing well
392 |p0_302 BCONTINUOUS |0 Flowing_well_50_302  |Flowing well
393 p0_303 5 CONTINUOUS  |0Riser H0_303 Riser
394 |p0_304 5 CONTINUOUS |0 Geyser H0_304 Geyser
395 |p0_3065 BCONTINUOUS | 0WWindrmill_50_305 Windmmill
K 396 |p0_306 BCONTINUOUS |0 Cistern_b0_306 Cigtern
ey 397 |p0_4 S(CONTINUOUS |0 Strearm_50_4 Stream entering water hod
398 |p0_400 5CONTINUOUS | 0Rapids_50_400 Rapids
399 |p0_401 BCONTINUOUS  |0Falls_50_401 Falls
400 |p0_402 SICONTINUOUS |0 Granel_50_402 Gravel pit or guarrey filled with water
407 |p0_403 SICONTINUOUS |0 Gaging_50_403 Gaging station
402 |p0_404 SICONTINUOUS  |0Pumping_50_404 Pumping station
403 |p0_405 BCONTINUOUS | 0wWater H0_405 Water intake
404 |p0_406 BCONTINUOUES |0 Darm_b0_406 Diarn or weir
405 |p0_407 SICONTINUOUS |0 Canal_lock_&0_407 Canal lock or sluice gate |
406 |p0_408 5 CONTINUOUS |0 Spilbway_50_408 Spilhaa:
407 |p0_409 SICONTINUOUS |0 Gate_flood_50_409 Gate (flood, tidal, head, or check)
408 |p0_410 5CONTINUOUS  |0/Rock_50_410 Fock
N 40960 411 FlCOMNTIHUOUS 0 Crevasse RO 4711 Cresasse
] 4101k0 412 BICONTINUOUE _|0lStream 50 412 Stream _IJ'J
3
& Attributes of Condrey_HY -|ol x| I
e —— b . .
TPMINOR 1]_IPMAJOR 2 | TPMINOR 2 | TPMAJOR 3 | TPMINOR 3 T (o N 1] show I i ﬂl Recards (0 outof 5013 Selectad Options
300 -999 -9499 -4999 -995950_300 =
300 -999 -9499 -4999 -995950 300
3am -999 -9499 -4999 -999450 301
300 -999 -9499 -4999 -394 50 300
112 -999 -9499 -4999 -999450_412 l'\\
112 -999 -9499 -4999 -999450_412 H
n o o o £ ot Hydrography feature attributes
A17 -aan Qa0 ~Qan rv)
- n
Record: Ll_‘” 1_>Il| Show: | Al Selected | Fecords (0 out of 3035 Selected )




Result of Many-to-Many Join

f Attributes of Condrey_HY - O] x|
. . . ClCondrew H m ni_ m| maplayer MA.J MIN NA maplayer FEAT DESC a
Sym bOI Ize On JOIned -|-3450 301 3/50)5(C 0|Monflowing_well 50 301 Maonflowing well
-|-9f50_3M 315015 |C| 0{MNonflowing_well 50301 MNonflowing well i
. -|-9f50_3M 315015 |C| 0{MNonflowing_well 50301 Monflowing well
fleld (FEAT DESC) -|-9f50_305 3160(5 20 Mindmill_50_305 st cieonl]
- -|-8&0_412 4150|5|C| 0|Stream_&O_412 Stream
-|-8&0_412 4150|5|C| 0|Stream_&O_412 Stream
-|-8&0_412 4150|5|C| 0|Stream_&O_412 Stream -
P v § ot K Wl AIENIE T Nl Stvaam EO A12 (et
Kl | _>I_I
wﬁﬂ Record: L|;|| 0 »|m|  Show | Al Selected | Records (0 out of 3035 Selected))

—= [Ditch or canal

—  Left bank

—  Monflowing wel
RIJNt bank,

- Shoreline
Siphion

- Spring
—  Stream
— Windmil

P [
Layer = Condrey_HY
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A DBMS provides:

Flexibility - robust structure for query — e.g. What is
where?
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Flexibility

Using primary key(s), can extract and assemble
records and attributes to form new tables, as
discussed

Subsets of database can be queried by standard
means - SQL



ArcMap Query Builder

E.g. Find all cities in
Louisiana where 1990

population exceeded 72,033

ed g
Cuerny wizard... |

Layer: [CITIES [
Method : IEreate a new selection j
Fields: Unique values:

FID Al = | | ke [
"CITY_FIPS" 94440
"CITY_NAME" > | 5=| and| |7ssss
"STATE_FIPS" 21953
"STATE_NAME" ¢ | <=| o | |4363
"STATE_CITY™

"TYPE" Q Mot

"CAPITAL" JJ —l _l

"ELEVATION"

"POP1390" il -
P I I » SOL Infa... | Complete List

SELECT = FROM CITIES WHERE:

"POF1330" » 72033

Query

Clear Werify | Help | Load... | Save.. |

Apply | Cloze |
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Relational DBMSs Permit:

File updating

Data retrieval via query using a standard language
(sQL)

Sorting (reordering) by field values

Calculations and field statistics

Report generation

Multi-user access



Reordering In ArcMap

Order selected records by sorting
ascending or descending field values

Sort records by selected attributes

Unsorted Sorted by “Azimuth”

Nl 7= Orientation of bedding 77 Orientation of bedding
; St ; St f e :

| Paint i 3% Stike and Dip 331 299 | Point : 0} Mine 0 0=

| Paint : 57 Stike and Dip 279 351 Faoint § 80 Jaint chl 239
Faint i 26 Strike and Dip A7 13 Fuaint 0 River Depogit 32 Lt
Faint i 18} Strike and Dip 15 15 Fuairt 0 River Depogit 44 45
Faoint i 12} Strike and Dip 108 162 Faoint § 70 Jaint 53 27
Faoint i 18} Strike and Dip 353 277 Fuaint 0 Piedmont B4 26
Paoint i 43¢ Stike and Dip 233 I, Faint 0 Piedmaont 93 357 .
o ITJ o IC
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Field Statistics In ArcMap

Get stats. & graphs on selected attributes

Statistics for “Azimuth” Histogram for “Dip”

7 statistics for Azimuth field x| % Chartl

Dip Angles, Placitas Quad

Surm: 3445 -

Count: 19 — B0 -+

Mean:; 181 1

b awimumn; 355 . 70

P O B0 +

Hange: 355 a0+

Yanance:; 17613

Standard D eviation: 133 a0 +

30 +

— 20+

10

_o | ’ Dip
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GIS’ are Spatial Databases

Coverage and Shapefile models

Spatial information stored in spatial attribute files,
attributes in relational database table
Feature ID is key

Spatial information can’t participate in relational database
advantages

Geodatabase model

All information, spatial and aspatial, are stored together in
a relational database



