
Attribute	Data	and	Tables



Topics

• Databases and database management system 
• SQL (Structured Query Language) 
• Join and relate



GIS Databases

ID Lake Size Quality

99
100
122

etc.

93.2       4
65.7       3

55.3       0

Location
ID  Age   Type    Pavement
1     12       4Ln     Bitumen
2      2        2Ln     Concrete
3      95      1Ln     Dirt
etc.

Attributes

• GIS databases store attributes and locations



Database and DBMS

• Databases store data 
• Database Management System (DBMS) 

– Software just like ArcGIS 
– Manage primarily attribute data 
– Commercial DBMS 

• Oracle, Microsoft Access, SQL Server, DB2 
• What can DBMS do? 

– Store data and relationships among data (modeling and storage) 
– Provide fast and efficient access to large amounts of data (retrieval/

query)  
– Update, modify and transform data (manipulation) 
– Support multiple users with different levels of access privileges 

(access control)



Relational Databases

• Flat files and early DBMS 
– Flat files (redundancy & relationships) 
– Hierarchical databases 

• XML … 
– Network databases 

• Relational DBMS (RDBMS) 
– Both data and relationships are stored as tables (everything 

is a table) 
– Built on solid mathematical foundation (relational algebra) 
– Easy to query 
– Relatively easy to create and maintain 



Data in a “text” or other 
lightly formatted file. 

Little structure, cross-
referencing or linking 
among entries. 

Often in a row/column 
format 

Advantages: 
Transparent, easily        
transportable 

Disadvantages: 
Little structure, few error 
safeguards

Flat File



Data organized 
with parent-child 
connections in a 
tree-like structure 

Branches group 
successively more 
similar data 

Advantages: 
Logical structure, 
quick searches for 
related items

Disadvantages: 
Significant effort required to create 
the tree structure. 
Slow searches across branches



Data elements 
connected in a 
cross-linked 
structure 

Advantages: 
Quick searches, 
reduced (often 
no) duplication. 

Disadvantages: 
Significantly 
complex 
structuring – 
maintenance is 
difficult



Minimal row-
column structure 

Items/records 
with specified 
domains 
(possible values) 

Advantages: 
Minimum 
structure, easy 
programming, 
flexible

Disadvantages: 
Relatively slow, a few restrictions 
on attribute content

Relational 
Database



Structure among 
data  

Applications 
independent of 
database 

Multiple users 
(simultaneous 
updates) 

Data security 
(different views)

Flat File vs. 
Database



Tables
• Data in a database are organized as tables 
• Each table have a unique name 
• A database typically has many tables
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ID AREA Perim Class Code
27 39.2 55.4 a 11z
14 192.4 77.3 a 119f

 integer  real  string 

Record (or row or tuple)

Attribute (or item or column or field)

Table Elements and Terms

A table (or relation) is a set of tuples
A field has a type and domain that restrict the values it may have



Main Functions of RDBMS
• Query / Selection 

– Choosing a subset of records and attributes which meet 
certain conditions  

• Join 
– associate data in two tables  

• Sort and calculate statistics



Structured Query Language (SQL)

• A language used to retrieve data from relational 
databases 

• Most databases understand standard SQL 
• SQL queries generally return results as a table, just 

like the tables that store the original data



The SELECT Command in SQL
• SELECT column(s) FROM table(s) WHERE conditions 
• SELECT * FROM KansasCountyTable WHERE POP2000 > 200000



The WHERE Clause

• SELECT * FROM KansasCountyTable WHERE 
POP2000 < 3000 AND AGE_65_UP > AGE_5_17



Expressions

• Conditions are formed as expressions in the 
WHERE clause in SQL 
– WHERE POP2000 < 3000 AND AGE_65_UP > AGE_5_17 

• A simple expression consists of two operands and 
one logical operator 

• [Operand] [Logical Operator] [Operand] 
• An operand can be 

– A field/column 
– A constant (number or string) 

• A logical operator can be any of the followings: 
– =, >, <, <>, >=, <= 
– Like (for using wildcards (%, *, ?) in strings)



Simple Expression

• Where Area > 20.0



Complex Expressions

• A complex expression is a set of expressions 
connected by Boolean connectors 

• Boolean connectors are 
– AND, OR (binary connector) 
– NOT (unitary connector) 

• Find the counties whose 2000 population is greater 
than 30,000 and median house income is less than 
25,000 
– WHERE (pop2000 > 30000) AND (medhinc < 25000) 
– ‘pop2000’ and ‘medhinc’ are fields in the population table



Boolean Connectors—AND, OR

• Where landuse = ‘urban’ AND Municip = ‘City’ 
• Where landuse = ‘urban’ OR Municip = ‘City’

AND typically decreases the number of records selected  
OR  typically increases the number of records selected



Boolean Connectors--NOT

• WHERE NOT (landuse = ‘urban’) 
• WHERE landuse <> ‘urban’



Complex Expression



Connector’s Order Is Important

• NOT (A and B) is not the same as  NOT (A) AND NOT (B)



Query in ArcGIS

Two sets are associated with a table. 
Whole set – all the features in the table. 
Selection set—the set of selected features 
from previous queries 

Queries can be performed from 
Whole set (all the features in the table) 
Selection set (features in the selection set) 

Query results can be  
Appended to the selection set 
Removed from the selection set 
A new selection set (previous selection set is 
discarded)



Query in GIS

• Attribute queries highlight the selected records instead of 
creating a new table 

• Corresponding features are also highlighted on maps. 
• Other types of queries: 

– Spatial queries and compound queries



Join Tables
• Relational databases organize data in ways that reduce 

duplication 
• Select and combine rows from two tables based on a common 

field as long as a certain condition on the common field satisfies



Join Tables

• (INNER) JOIN: Returns rows that have matching values in 
both tables 

• LEFT (OUTER) JOIN: Returns all rows from the left table, 
and the matched rows from the right table 

• RIGHT (OUTER) JOIN: Returns all rows from the right 
table, and the matched rows from the left table 

• FULL (OUTER) JOIN: Returns all rows when there is a 
match in either left or right table





Inner Join
SELECT  ID, NAME, AMOUNT, DATE 
   FROM CUSTOMERS 
   JOIN ORDERS 
   ON CUSTOMERS.ID = ORDERS.CUSTOMER_ID;



Left Join
SELECT  ID, NAME, AMOUNT, DATE 
   FROM CUSTOMERS 
   LEFT JOIN ORDERS 
   ON CUSTOMERS.ID = ORDERS.CUSTOMER_ID;



Right Join
SELECT  ID, NAME, AMOUNT, DATE 
   FROM CUSTOMERS 
   RIGHT JOIN ORDERS 
   ON CUSTOMERS.ID = ORDERS.CUSTOMER_ID;



Full Join
SELECT  ID, NAME, AMOUNT, DATE 
   FROM CUSTOMERS 
   FULL JOIN ORDERS 
   ON CUSTOMERS.ID = ORDERS.CUSTOMER_ID;



Associating Tables
• Link/connect two tables by a common column 
• Two ways: 

– Joins 
– Relates

Parcel (before Join) ZoneCodeDesc 

Common fields:  
ZONE_CODE 
ZONE



• Join operation 
– Combines two tables 

• E.g., cities and states 

– The two tables have a common field 
•  Join operation in ArcGIS 

– append the attributes of B (the source/from table) to the 
attributes of A (the target/to table), if the common field is 
equal 

– works only for a many-to-one (m:1) relationship (“m” on the 
target/to table) 

• 1:1 is a special case of m:1

Join or Relate Attribute Tables in ArcGIS



• The appending method will not work for the other 
direction  
– Cannot add new rows to a table as each row is a 

geographical feature! 
• 1:m or m:n relations require the relate tool

Join Tables in ArcGIS

Cannot copy in this direction



Join Tables

• Join--append the attributes from one table (from 
table) onto another table (to table) 
– Based on a common field 
– The names of the common fields are NOT necessary the 

same 
– Based on the equal relationship 
– Attributes copied 

• Cardinality of relationships (to:from) 
– Good for 1:1 and N:1



Join Attribute Tables in ArcMap



Relate Tables

• Relate rows in two tables using a common field 
• Tables remain independent  
• Additional cardinality choices 

– One-to-many (1:m) 
– many-to-many (m:n)



Sorting



Calculate New Fields

• Create a new field 
– MinorityPercentage = (Population – White) / Population 

• Descriptive statistics for numeric fields 
– Distribution: histogram 
– Central tendency: mean, median, mode 
– Dispersion: range, variance, standard deviation



Measures of Distribution

• Commonly illustrated using a histogram 
• A summary of the frequency of values over the range 

of the dataset
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Measures of Central Tendency

• Mean - More commonly referred to as the 
average, is the most often used measure of central 
tendency 

• Mode - The mode is the measure of central 
tendency that represents the most frequently 
occurring value 

• Median - The value in the middle of the sorted 
values when there are an odd number of 
observations
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Measures of Dispersion
• Describe the spread of data around the mean 
• The simplest measure of dispersion is the range 

– Max. value minus min. value 
• Other measure of dispersion are the variance (s2) and 

standard deviation (s)
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Calculating Feature Geometry Property

Add a field and then 
calculate geometric 
properties (length, 
area)



Getting Feature Coordinates

Add fields X 
and Y. Then 
calculate the 
geometry



Getting Feature Coordinates



Getting Feature Coordinates

Requires Arcinfo license



SQL and Relation Algebra

• Relational algebra (RA) consists of operators that 
manipulate tables in a relational database 

• Relational operators 
– Restrict, project, union, intersection, difference, product, join, 

divide 
• SQL is essentially built on relational algebra 
• SQL queries are translated into sequence of relational 

operators



Old GIS Databases

• A hybrid system where locations are stored outside the 
relational database 

enterprise database 

(attributes)

GIS (Arc/Info)



Modern GIS Databases

• Both attributes and locations are stored inside a relational 
database

enterprise database 

location & attributes

GIS (ArcGIS) Statistic (SAS) HR (PeopleSoft)



Multi-tiered Architecture



Database

• Databases are significant infrastructures for many 
organizations 

• Knowledge on database gives you an edge on finding 
GIS jobs 

• Open source DBMS 
– PostgreSQL and PostGIS 
– MySQL 
– SpatialLite 

• Commercial DBMS 
– Oracle Corporation (Oracle) 
– Microsoft Corporation (SQL Server)  
– IBM Corporation (DB2)  

• GEOG 528, Spatial Databases 


