Databases

Managing Data for Retrieval, Update, & Calculation

Drilling Record

M. Helper
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ID | Name Spudded | Completed
QO)'% 2/4/96 6/3/96 Production (barrels/day, cfs)
43 | Shell #5 W‘@ﬁ@ﬁ\ ID | Oil | Gas | Water
40)[ 53 [ 1200 |5
55 [ 108 [ 2500 | 15
1997 Expenditures (milli $s)
ID | Drilling_}-Pfoduction Transport.
T&sﬁq/ 0.652 0.078
72 | 5.522 0.301 0.055




GI|S Data Recap

Two data types:

Spatial 0 Where things are, in (X, Yy)

Stored in coord. files & topology  fables
Vector Model
Raster Model

Aspatial - What things are
stored In tables of attributes
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GIS = Lots and Lots of Tabular Data

How will it be managed?
Data Model Considerations
Analysis Considerations

Data Entry Considerations
Security

Efficiency
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HOW?

Goals:

Maximize flexiblility for sorting,
reordering, subsetting, searching

Efficient storage; eliminate redundancy
Secure entry and retrieval mechanisms

Rapid retrieval

Solution:
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Accuracy

Data entry can be accomplished via
forms that require:

Data definitions J#s of attributes, the
types and lengths or numerical ranges of
each attribute, and how much editing will
be permitted.

Data Dictionary - catalogue of attributes
with their permitted values and ranges

( @omainso ) .

Validation Rules - ensure data integrity.
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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

SHAPE' | Date _ Digitize Instrument] Software Unit Contact Line_type Cor A
Polyline Z 3M452005 Digtal Ink | Tablet ArchMap [pC-Crh Dashed hick 2n '
I'» Polyline Z  |3/15/2005 Digital Ink | Tablet ‘ArcMap  pCoc-dm [soia = [|cal south
Polyline Z | 3M5/2005 DigitalInk | Tablet ‘ArcMap  pCoc-dm Solid doll South
’ " |Polyline Z  |3M5/2005 | Digital Ink | Tablet ‘ArcMap  |pCce-dm Solid dol Lense
|| Polyline Z | 3M5/2005 DigitalInk | Tablet ArcMap pCee-dm Solid C al South
I |Polyiine Z  |3115/2005 | Digital Ink | Tablet ArcMap pCee-d Solid “Null=
Polyline Z | 3M5/2005 DigitalInk  Tablet ArcMap pCcc-pm Solid Cal North
Paolyline Z (3M572005 | Digital Ink | Tahblet ArchMap pCcg-dm Solid dol lense
T pahdine 7 3MEONNS  Ninttal Ink | Taklet ‘&rfr"hdrnn nfe-dm | 2nlicd ~al harth Na

Record: 14/ _4_” 2 »|n| Show:W Selected | Recg

>
ds (0 out of 171 Selected.) Options ~ | V4
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Domains in a Geodatabase

--(_] All_marble_contacts Database Properties 3
- £ Marble_features.mdb :
General Domains |
=% for poster
Contacts0S Domain Name Description »
Solid or Dashed Contact =
GBODO'Y_US_XDOYt | |Date_ iWhen Acquired C O n taCtS O 5
{=] GeoPts0S _Jpate_t When Acquired | )
3 e | |Date__ 2 When Acquired [ | t C I F I d
inferred_lines_3_0S gtz Digitizing technigue : eature ass IeldsS
POIYgons [ 2:;’:;';?6 fgg:?ﬁg;:lane oL Feature Class Properties
< General Fields ' Indexes I Subtypey/| Relationships ]
Domain Properties -
e O a. a. aS e : Field Name | Data Type N
|Field Type Text Digitize Text
‘Domain T'gpe ‘Coded Values ] Instrument Text
‘Split policsf :Default Value Software Text =
Merge pollcy 1Defzault Yalue Contact Text
: Cre e
Geodatabase Domains
] Geologist Text
Coded Values: S Faert ¥
Code I Descripﬁon Click any field to see its properties.
i |Dashed Field Properties
- Lyl 02 |Solid Alias Line_type
D O m a.l n Va u e S 03 'Doﬁed Allowy NULL values Yes
s Default Value _Soljd
8 — I Domain Contact_type I
10
Domain ap T ] e | |
M. Helper
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Example Field Types

Layer Properties

General | Source | Selection | Display | Symbology Fields | Definition Query | Labels | Joins & Relates | F I e I d typ e = h OW I I l u C h

ety oo = space does database
Choose which fields will be visible. Click in the alias column to edit the alias for any field. d t t - d f
Name l Alias Q’ype) l Length l Precision I Scale I Number Format I A n e e O Se aSI e Or
[JOBJECTID OBJECTID ObjectID 4 0 0 .
each field?
Date_ Date_ Date 8 0 0 .
Digitize Digitize String 25 0 0
W] Instrument Instrument String 12 0 0
Software Software String 10 0 0
Contact Unit Contact String 12 0 0
Line_type Line_type String 10 0 0 E u E m
[J SHAPE_LengthSHAPE_Length  Double 8 0 0 B = a—r = - 2
= = Digitize [Instrumer Cora
Comment Comment String 35 0 0 v - _J : : Line_type I -
igital Ink | Tahblet |ArcMap pC-Crh Dashed hick 2n =
Select Al I Clear All | igital Ink | Tablet | ArcMap \pCoc-dm ﬂsmid v “Cal south
igtal Ink  Tahlet ArcMap pCcc-dm Solid doll South
igital Ink  Tablet [ArchMap pCcc-dm Solid dol Lense
igital Ink | Tablet | Archap pCcc-dm Solid C al South
[ ok | comce S| Kigital Ink | Tablet ArcMap  |pCoc-dm Solid <Null>
Polyline Z 3M5/2005 |Digital Ink  Tahlet ArcMap pCcc-dm Solid Cal North
_l Polyline Z 3M552005 | Digtal Ink | Tablet Archap pCcc-dm Solid dol lense
Paldine 7 (RM&MINNE  Nintal Ink | Tahklet Archdan [nCeedm [Salid [~al Narth bl
< | >
Record: 14 L” 2 »v|m Showzl &l Selected | Records (0 out of 171 Selected.) Options ~ | 2
M. Helper
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Fields are defined:

Name 0 attribute (column heading)

Field Type o number (long, short, float, double),
text (ostri ngo), or date

Length 0 no. of characters in text
Precision 0 no. of digits used to store numbers
Scale d no. of digits to right of decimal point

Name Type Lenagth | Precision | Scale
FID Object ID 4 0 0
Shape Point

IDNUMBER String 13 0 0
PIT_TYPE String 21 0 0
STATUS String 21 0 0
PARISH String 21 0 0
CONTAINMT String 51 0 0
CONT_COND String 12 0 0
BREACHED String 2 0 0
RANKING Long B B 0

M. Helper
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Fields types in ArcGIS

Short Integer 81 to 4 digits  RaEES x|
(no decimal) . Test 1able

Long Integer = 5 to 9 digits

(no decimal) =
Float = 1 6 8 digits, decimal - Field Proper Long Ineger =
(short real) Precision | Dayhle

Double = 6 319 digits, Dot

decimal (long real) Blab

Text =1 d255 characters

Date = 8 character

Blob = binary large object — .

M. Helper
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Numeric Field Types

Data Type | Storage |Range Description

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

Integer bytes lulc, veq. types, T/F

Long 4 +/- 2.14 | Large whole numbers,

Integer bytes billion e.g. populations

Float 4 +/- 3.4 x | Single-precision, up to 6
bytes 1,038 places past the decimal.

Up to 8 total numbers.

Double 8 +/- 1.8 x | Double-precision; 15

bytes 10,308 places past decimal, 6 -

19 total numbers.
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Field Properties

Precision = number of Add Field

digits stored in a field. Name:  [Testiable
Precision >6 for double,
<6 float Type:

—Field Froperties

Scale = no. of decimal Pmisim

places in double and Seale

float

E.g. 3500426.21 should
be stored as float or

double, precision >0,

scale >2 oK

Cancel

M. Helper
9-17-09 GEO327G/386G, UT Austin

13




Numeric

Short and Long integers fields:

Float ano

Field Properties

Precisjg)n =4
8,400
Double data fields:

Precision = 9

A

3,

M. Helper

400.08347

Scale=5
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File Size Comparison, Text Fields

Text Field 100 1000 10,000 100,000
length records records 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
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A DBMS provides:

Accuracy - reduce errors during entry
by use of established rules, templates

Efficiency - rapid access & retrieval, no
redundancy

M. Helper
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M. Helpe
9-17-09

Efficiency & Flexiblility

Relies on database structure (data
model):.

Hierarchical

Network

Relational

Object -oriented

r
GEO327G/386G, UT Austin
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GIS attribute data models

Hierarchical & pre-1980
Relational 51 98006s, 19900s: st

Object -oriented 61 at e 69006s; ne\
iImplemented by some GISs 0 still undergoing R&D

M. Helper
9-17-09 GE0327G/386G, UT Austin 18



Hierarchical Structure

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

Folders

TS 0C0TLOE) A File address for storage and

m-1 DELL

=1 ESRI | retrieval isa linear path , e.g.

@m0 AY_GIS30

=1 ESRIDATA _ »
e = e C\ ESRI\ ESRIDATA \ CANADA\ cities.shp

{1 EUROPE
1 MEXICO
-.{C] USA
1 WORLD
=1 HPRO8
=] mgafold

« {
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Hierarchical Structure

University
/I& —
ORUs Colleges Administration
Departments Allied Units
Graduate Undergraduate
Students Students
M. Helper
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Hierarchical - Limitations

1) Linear structure cano
omember shi pso

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

INEFFICIENT

Canot assembl e all t hi s
hierarchical database

M. Helper
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Hierarchical - Limitations

2) Canot deal with excdeepttieson
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 of field that spans several counties with wells that
produces from more than one pay zone?

l.e. No one-to -many relationships

M. Helper
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Relational Database advantages

Data stored in separate files
Easy update, editing, searching without
affecting or using all data

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

Subsets of database can be queried by
standard means - SQL

M. Helper
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Relational Database Structure

Consi sts of orelati ol
multiple attributes (columns) per record

Every record (row) has a unigue
identifier (marker or  key attribute)
Key is the glue between files that can be

used to extract and/or assemble records
and attributes

M. Helper
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Parts of a Relation

Primary Key

Production (barrels/day, cfs)

t@ Ol Gas Water
40 |53 |1200 |5
Record, tuple ——|55 |108 [2500 |15

Attribute, field

M. Helper
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Properties of Relations

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

Row order irrelevant
Column order irrelevant

All attribute values must be stored In
separate rows (ofir st

M. Helper
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Relational Database Structure

Drilling Record

ID | Name Spudded | Completed
Exxon #1 | 2/4/96 6/3/96
43 | Shell # 14/97 6/12/96

9
L
Production (barrels/day, cfs)
Oil | Gas | Water
53 1200 |5 (b]
108 | 2500 | 15 LL
@ .
T Key Field = ID

1997 Expenditures _(mitfions of $s)
ID Drilh Production | Transport.
0/ | 1.501 0.652 0.078
72 |5.522 0.301 0.055
M. Helper
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One-to-One Table Join

Drilling Record

Name Spudded | Completed
20 | Booni—l24i96 | 6/3/96

43 | Shell#5 | 3/14/97 % Production (barrels/day, cfs)

@ Oil | Gas |Water
40 |53 |1200 |5
43 | 108 | 2500 |15

One record from source table (production) is

joined to one record of destination (drilling
record) table t @ovitualeat e &

combination

M. Helper
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Result of One -to-On e

Tabl

Joined Production table and Drilling

Record:
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
Vi ew ¢ anot ddestinatmmdtabte e d
can be
M. Helper

9-17-09

GEO327G/386G, UT Austin
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One-to -Many Join

Drilling Record One record
ID | Well Name | Spudded | Completed | Field_ID from source
40 |Exxon#1 |2/4/96  |6/3/96  [2) table joined to
43 |Shell#s5  |3/14/95 |6/12/96 / |2) many records of
72 |Amoco#3 |aisies  |asisy’ |2) destination table
55 | BP #2 6/8/90 | 8/8/97 | wildcat
Oil/Gas F)e//ﬂs/
Field_}/D// Name Discovered | Total Oil
1 /| Longview 1/20/56 13000564
2) Katy 2/3/48 85640
M heber |3 Anhuac 4111173 3587889
9-17-09 GEO0327G/386G, UT Austin 30



One-to -Many Join Result

Drilling Record

ID | Name Spudded | Completed | Field ID | Name | Discovered | Total Oll
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

M. Helper
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Many-to - Many Join example 0 USGS DLGs

/7

Join ol ookup tabl eo
tables to obtain feature descriptions

Feature descriptions stored once, used
many times

Primary key Is feature code

M. Helper
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Digital Line Graph Example

Lookup Table I Y T A tiributes of maplayer - 0] x|
olD_LYAYERI| COLO LTYPE MAJ MIN NA FEAT DESC _IAJ
050300 BICOMTINUGUS  |0[Spring 50300 Spring
1 391 |50_3m FICOMTINUCOUS  [0fMonflowing well 50301 MNonflowing well
392 |50_302 BICOMTINUOUS | 0[Flowing_well_80_302  |Flowing well
393 |50_303 BICOMTINUOUS |0[Riser_50_303 Riser
394 |50_304 BICOMTINUCOUS |0|Geyser_50_304 Geyser
395 |50_305 BICOMTIMNUCUS  |0)%indmill_&0_305 Windmill
Key 396 |50_306 BICOMTINUCUS |0fCistern_50_30F Cistern
397 |50_4 FICOMTINUOUS |0/ Stream_&0_4 Stream entering water bod
398 |50_400 BICOMTINUCOUS |0|Rapids_50_400 Fapids
3949 [50_401 BICOMTIMUCUS |0|Falls_&0_401 Falls
400 |50_402 RICOMNTINUCOUS |0 Grawvel 50402 Grawvel pit or quarrey filled with water
4071 |50_403 FICOMTINUOUS |0 Gaging_ 50403 Gaging station
402 |50_404 FICOMTINUOUS  [0/Pumping_&0_404 Pumping station
403 |50_405 BICOMTINUOUS | 0f\Water_50_405 Water intake
404 |50_406 BICONTINUQUS  |0[Dam_k0_408 Diarm or weir
405 |50_407 RICONTINUOUS |0 Canal_lock_&0_407 Canal lock or sluice gate 1
406 f50_408 BICONTIMNUCUS |0/ Spillwan 50_408 Sl
407 |50_409 RICONTINUCUS |0 Gate_flood_50_409 Gate (flood, tidal, head, or check)
408 j50_410 BICONTINUQUS  |0[Rock_50_410 Fuock,
\‘ A09 450411 BLCOMTINLICS (0 Creyvasse B0 411 Cresasse
Nd10leg 412 BICOMTIMUOUS  |0[Stream &0 412 | Stream Jﬂ
[
B Attributes of Condrey HY — |D|i| _I
TPMINOR 1] TPMAJOR 2 | TPMINOR 2 | TPMAJOR 3 | TPMINOR 33 Code | 4| p [ 21]  Show I Al Selected | Records (0 outof 503 Selected)) Options
300 994 -4949 499 -39950_300 =
300 994 -4949 499 -399(50_300
a0 994 -4949 499 -999|50_301
300 994 -4949 499 -399 50 300
412 994 -4949 499 -9949|50_412 ~
412 994 -4949 499 -9949|50_412 1
A1z 20 9 2 o Hydrography feature attributes
A17 -aan Qa0 ~Qan QaalEn A17 | ’IJ

1
Record: Ll_‘” 1_>Il| Show: | Al Selected | Fecords (0 out of 3035 Selected )

M. Helper
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Result of Many -to-Many Join

[ Attributes of Condrey_H H - O] x|
CiCondrey HYim m|mmm| maplayer MAJ MIN NA maplayer FEAT DESC
-1-9(50_301 315015 |C| 0{MNonflowing_well 50301 MNonflowing well
-1-9(50_301 315015 |C| 0{MNonflowing_well 50301 MNonflowing well i
. . . -1-9(50_301 315015 |C| 0{MNonflowing_well 50301 Manflowing well
Sym bo“ze On JO|ned -[-a]50_z05 a[50[5[c] ovwWindrmill_50_305 Yindmil
-1-9)60_412 4150|5|C| 0|Stream_&O_412 Stream
- -1-9)60_412 4150|5|C| 0|Stream_&O_412 Stream
fleld -|-4)50_412 4150]5|C) 0| Stream_b0_412 Stream -
P v [ = N s B ] AIENIE T Nl Stvaam EO A12 (=T I _’I—I

4
Pecord: 14| «|| 0 »|m|  Show | Al Selected | Records (0 out of 3035 Selected)

—= Ditch or canal

— Left bank
—  Nonflowing well

—  Right bank

- Shoreline
Siphon
g s ~— L b - Spring
wen . TS F R 4 — Stream
P@-— ~ Layer Condrey HY / "\ — Windmil

M. Helper
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A DBMS provides:

Accuracy - reduce errors during
entry by use of established rules,
templates

Efficiency - rapid access & retrieval,
no redundancy

Flexibility - robust structure for
query 0 e.g. What is where?

M. Helper
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Flexibility

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

Subsets of database can be queried by
standard means - SQL

M. Helper
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ArcMap Query Builder

E.g. Find all
cities Iin Louisiana
where 1990
population
exceeded 72,033

Query

Result

M. Helper
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