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ABSTRACT

Would you like to be able to join information from separate tables quickly and easily? Have you ever had two or more
tables that you want to join but just don’t know where to begin? If the answer is “yes” then “Join” us for a crash
course over Proc SQL joins. This paper will help get you started by introducing you to the four basic types of SQL
joins: inner, outer, natural, and Cartesian. Through the use of carefully crafted examples and detailed explanations
we will take you on a guided tour of the SQL joins in SAS®.

INTRODUCTION

The power of SQL joins can be seen when a user must join datasets from a relational database, when joining large
datasets, or when two or more datasets must be joined with some complex set of logic. One major advantage of
using Proc SQL comes from the fact that datasets do not need to be explicitly presorted as Proc SQL will implicitly do
the sorting for you.

The world has become a huge data hog, collecting, organizing, and storing huge amounts of data. Businesses aren’t
collecting all of this data just for the fun of it; they are at an ever increasing rate turning to this data to drive their
business decisions. One of the side effects of collecting all this data is the need to some how efficiently store and
organize it. Computer science came up with relational data bases. One of the central tenants of data base design is
normalizing the tables of a data base. This normalization insures efficient data storage and accuracy by minimizing
the storage of redundant data and ensuring data integrity. Explaining normalization is a subject worthy of its own
paper or book, suffice for our purposes is to know only that normalization improves overall efficiency and creates a
bunch of tables.

When normalization is achieved redundant data is minimized, storage is maximized and the need to access this
normalized data that has been stored in separate tables becomes important. By relating key variables between
tables, information can then be retrieved as if the data were stored in one large table. Relating these tables together
is where Proc SQL joins comes into play.

A join in its essence will return, delete, or update data from more than one data source as one set of data. Whether
the join is simple, extremely complex or even mimics a data step merge, all of them rely on a few basic types of joins.
This paper introduces you to the four basic types of SQL joins through examples and detailed explanations.

CARTESIAN OR CROSS JOIN

The Cartesian or Cross join is the simplest of all the possible joins to write and understand. It is simply a combination
of two tables with out a qualifying Where clause. The result of a Cartesian join is every row of the first table joined to
every row of the second table. Mathematically one can calculate the number of rows in the resulting table by
multiplying the number of rows in the first table by the number of rows in the second table. Let's say you have two
tables with 10 rows each, the final table produced would be ( 10 * 10 = 100 ) rows.

To illustrate a Cartesian product, let us look at two example tables. One is named Course Table. It has six records
and lists CourseNo, CourseName, and DayOfWeek. The other is named Instructor Table. It has three records and
lists CourseNo and InstructorName. We can see that CourseNo is a common variable or in data base terms a
primary key between the two tables.

Course Table

EourseNol DayDFWeekl CourzeMame
1 1121 TR Biology
2 2323 TR English
3 4512 hd'wF tarketing
4 2452 5 Anthropology
) 00 kb F Business Law
E 13Mm hduF Computer Literacy




Instructor Table
CnurseNn|

Instructor
1 4512 Dr. K. Reeves
2 2323 kAr. Adam Sandler
3 F br M., Fox

Using the sample code below, we can create a Cartesian product as a new table.
Proc SQL;
Create Table CartesianJoin AS
Select A.* , B.*
From CourseTable As A ,
InstructorTable As B ;

Quit;
The result of the sample code produces a table where each record in the Course Table is joined with each record in
the Instructor Table.

CartesianJoin Table
Courgeh l:-| Dayd M"eek|

Courgel ame |

Instructor

1 1121 TR Biology Dr. K Reeves

2 2323 TR Englizh D K. Reeves

3 4512 bW F b ark gting Dr. K Reeves

4 2452 5 Anthropology Dr. K Reeves

5 4100 MF Business Law Dr. K Reeves

5 130 bW F Cormputer Literacy Dr. K Reeves

7 1121 TR Biology kr. Adam Sandler
2 2323 TR Englizh br. Adarn S andler
9 4512 bW F b ark gting tr. Adam Sandler
10 2452 5 Anthropology kr. Adam Sandler
11 4100 hbF Buziness Law kr. Adam Sandler
12 1301 bW F Computer Literacy tr. Adam Sandler
13 1121 TR Biology br b Fow

14 2323 TR English br. M.J. Fox

15 4512 b F b ark.eting br b Fow

16 2452 5 Anthropology kdr. M. Fou

17 4100 hbF Buziness Law bAr b Fox

18 13Mm b F Computer Literacy br b Fow

There are six records in the Course Table and three records in the Instructor Table; therefore, there are 18 records in
the new CartesianJoin table (6 X 3 = 18). Cartesian Joins usually generate large unwieldy data set, require a lot of
resources to build compared to other types of joins and usually are not intended as a final table. However, the syntax
is easy to write and remember which makes them popular, albeit they are usually accompanied by a Where clause.
As we will see next in the Inner Joins section, using a Where clause helps manage the data.

INNER JOINS

In the previous section we looked at Cartesian joins or the Cartesian/Cross product of joining two tables. While a
Cartesian product rarely, if ever, gives you the results you want it is a helpful stepping stone to other types of joins.
Inner joins are nothing more than a Cartesian product with the addition of a Where clause to specify what data is to
be kept in the final data set. We have already mentioned that a Cartesian product is a type of Inner Join however,
there are three other types of inner joins: Equijoin, Non-Equijoin, and Reflexive. Inner joins are the most common
type of join and unless some other type of join is specified it is the default and as such one does not have to explicitly
specify an Inner Join in the From Clause. Inner joins require at least two data sets and can join up too 32 data sets.



EQUIJOIN
An Equijoin is the most common type of inner join and can be distinguished by the equal sign predicate between two

linking variables in the Where clause.

For example, let us say you want to find out who manufactures which

products within your company. Two example tables we will use are Product Table and Manufacturer Table. The

common column in each table is the ManufacturerNo.

Product Table

Productto | Producth anne | ManufacturerNol Trpe | Cozt
1 1110 Dream Machine m Wwork station 3200
2 1200 Buziness Machineg 120 wiarkstation 3300
3 1700 Travel Laptop 170 Laptop 3400
4 21 Analog Cell Phone 210 Phaone 35
&5 2102 Digital Cell Phone 210 FPhone 175
E 2200 Office Phone 220 Phone 130
7 5001 Spreadsheet Software 500 Saftware 299
8 5002 Database Software 500 Sotware 335
9 5003 Wardprocessor Software 500 Software 299
10 5004 Graphics Software 500 Software 299
Manufacturer Table
Manufacturean| Narmne | City |State
1 11 Cupid Computer Houston T=
2 210 KFL Enterprizes San Diego Ch,
3 GO0 World [ntermnet Corporation Miami FL
4 120 Storage Devices Incorporated San Mateo Ch,
5 500 Global Software San Diego Ch,
E o0 San Diego PC Planet San Diego Ca
Proc SQL ;
Create Table InnerJoin AS
Select *
From ProductTable , ManufacturerTable
Where ProductTable.ManufacturerNo =ManufacturerTable.ManufacturerNo ;
Quit ;
InnerJoin Table
ProductMo ‘ ProductM ame | Manufacturero ‘ Type | Cost ‘ Mame ‘ City | State
1 1110 Dream Machine m “wiork station 3200 Cupid Computer Hauston % [
2 1200 Business Machine 120 “wiork station 3300 Storage Devices Incarparated  San Matea Ca
3 210 Analog Cell Phone 210 Phare 35 KPL Enterprises San Diega Ca
4 2102 Digital Cell Phone 210 Pharne 175 KPL Enterprises San Diego Ca
5 5001 Spreadsheet Software 500 Software 299 Global Software San Diego Ca
B 5002 Database Software 500 Sotware 399 Global Software San Diego Ca
7 5003 ‘Wardprocessor Software 500 Software 299 Global Software San Diego [
g 5004 Graphics Software 500 Software 299 Global Software San Diego [

The resulting InnerJoin Table contains data that has only data where the values of ManufacturerNo match in both
tables. An Equi-Join will first build the Cartesian product table as a intermediate table and then discard any rows that
do not meet the equality condition(s) set in the Where clause. Note you can use as many equality conditions as you
desire in the Where clause statement.

Previously we mention that you can have up to 32 tables specified in an inner join. The difference to the code would
be to add the third table to the From clause and specify the variables to match upon in the Where clause. To
illustrate how we join three tables with an inner equijoin, let us suppose we want to find out the products, along with

their manufacturer information, that have been invoiced.



Proc SQL;
Create Table InnerJoinThree AS
Select *
From ProductTable, ManufacturerTable, InvoiceTable
Where ProductTable_ManufacturerNo = ManufacturerTable._ManufacturerNo And
ManufacturerTable._ManufacturerNo = InvoiceTable._ManufacturerNo ;

Quit ;
InnerJoinThree Table
FroductNo_| FroductiName Manuiacturertin Type Cost Hame City | State| InvoiceNo | CustomerNo | Guantity | Frice
1 1110 Dream Machine m Workstation 3200 Cupid Computer  Houston ™ 04 a1 3 3600
2 21 Analog Cell Phone 210 Phone 35 KPL Enterprises  San Diego CA 1003 101 7 245
3 2102 Digital Cell Phone 210 Phone 175 KPL Enterprizes  5an Diego CA 1003 101 7 245
4 5001 Spreadshest Software 500 Software 293 Global Software  5an Diego CA 1001 201 5 1435
5 5001 Spreadshest Software 500 Software 293 Global Software  5an Diego CA 1005 a0t 2 798
B 5001 Spreadshest Software 500 Software 293 Global Software  San Diego CA 1006 a01 4 396
7 5001 Spreadshest Software 500 Software 293 Global Software  San Diego CA 1007 401 7 23100
8 5002 Database Software 500 Satware 399 Global Software  San Diega Ca&  10m 20m 5 1495
9 5002 Database Software 500 Satware 399 Global Software  San Diega CA 1005 a0l 2 798
10 5002 Database Software 500 Satware 399 Global Software  San Diega CA 1006 a1 4 396
il 5002 Database Software 500 Satware 399 Global Software  San Diega CA 1007 401 7 23100
12 5003 ‘Wwordprocessor Software 500 Software 299 Global Software  San Diega Ca& 100 2m 5 1495
13 5003 ‘Wwordprocessor Software 500 Software 299 Global Software  San Diega C4 1005 a0 2 798
14 5003 ‘wiordprocessor Software 500 Saoftware 299 Global Software  San Diega C4 1006 q01 4 396
15 5003 ‘wiordprocessor Software 500 Saoftware 299 Global Software  San Diega C4 1007 401 7 23100
16 5004 Graphics Saftware 500 Saoftware 299 Global Software  San Diega Ca  10Mm 2m 5 1495
17 5004 Graphics Saftware 500 Saoftware 299 Global Software  San Diega C4 1005 a1 2 798
18 S004 Graphics Saftware 500 Software 299 Global Software  San Diego Ca 1006 01 4 396
19 a004 Graphics Saftware 500 Software 299 Global Software  San Diego Ca 1007 401 7 23100

As we can see from the table above we have all the information from the first join and the data from the Invoice
Table. Itis important to note that if you have multiple rows in one table that can suffice the matching condition(s) the
resulting table will have all matching data and the table with one matching row will be duplicated for all matching data
from the second table. An example of such a case in this example is ProductNo 5001. While the match between the
ProductTable and ManufacturerTable result in one row the InvoiceTable has multiple matching rows and thus the
data from the ProductTable and ManufacturerTable is duplicated.

NON-EQUIJOIN

predicate that would create a condition that isn’t an equality. As with the other Inner joins, an intermediate Cartesian
product is created and the conditions specified in the Where clause weed out the unwanted observations from the
final table.

Let us continue to use the Product and Manufacturer tables. Suppose we want to create a table to display products
manufactured by Global Software that cost more than $300.
Proc SQL ;

Create Table NonEquiJoin As
Select B.Name , A.Cost
From ProductTable As A,
ManufacturerTable As B
Where A_ManufacturerNo = B.ManufacturerNo And
UpCase( B.Name ) = "GLOBAL SOFTWARE® And
A.Cost > 300 ;
Quit ;

NonEquiJoin Table

M ame | Cost |
1 Global Software 339

REFLEXIVE JOIN

A Reflexive Join, or Self Join as it is more commonly called, is an Inner join which references the same table.
Remember back at the begging we said that an Inner join must have at least two data sets but no more than 32.
There is nothing that says those two data sets can not be the same one. While this may seem a bit odd at first it is
quit handy. SQL simply creates two copies of the table in memory and treats them as two separate data sets. This
functionality is very useful, as seen in or example, where we want to see how the price for each customer compares
to every other costumer that has a larger dollar amount on their invoices.

= ‘[Comment [LAM1]: Is this supposed to be NE? ]




Proc SQL ;
Create Table ReflexiveJoin As
Select A.CustomerNo , A_Price ,
B.CustomerNo As OtherCustNo , B.Price As OtherPrice
From InvoiceTable As A ,
InvoiceTable As B
Where A.Price < B.Price ;

Quit ;
ReflexiveJoin Table
EustomerNo| Price | OtherCustio| OtherPrice

1 2m 1495 130 1595
2 2m 1455 501 3600
3 20 1455 401 23100
4 130 1555 501 9600
] 130 1555 401 23100
G 10 245 2 1495
7 1m 245 130 1595
3 1m 245 5 3600
3 10 245 8 798
o1 245 90 396
11 1m 245 4 2300
12 |50 3600 401 23100
13 [8m 798 2m 1495
14 |80 798 130 15395
15 |80 798 501 5600
16 |80 798 401 23100
17 |[9m 396 2m 1495
18 |90 356 130 16595
19 [9m 356 501 9600
20 [9m 396 8 798
21 =) 356 4 23100

OUTER JOINS

As we have seen, Inner joins only keep rows that meet the condition(s) specified in the Where clause. While this is
very useful, there are many cases where you will want to keep all rows that match and rows from one or both tables
that do not meet the matching criteria. In cases such as these you need to switch join types and use what is known
as an Outer join. Outer joins are only able to process two tables at a time. Keywords are added to the syntax of the
From Clause between the dataset/table names: LEFT JOIN, RIGHT JOIN, FULL JOIN. As you may have guessed
by the keywords, there are three main types of outer joins: Left, Right, and Full. Since an Outer join can only join two
tables at a time think about the first table as the Left hand side table and the second table as the Right Hand side
table, thus giving us the Left Outer Join and the Right Outer Join. Think of it this way, the left table is always the table
that precedes the keyword Join and the right table is always the table name that follows the keyword Join. We will
discuss these further as we discuss each specific type of Outer Join. Outer joins can only process two
datasets/tables at a time regardless of how many Outer joins you specify in one SQL statement. Lastly the matching
criteria does not use a Where clause but rather the On Clause.

LEFT OUTER JOIN

Since outer joins are designed to keep rows that match the matching conditions as well as those that do not match
from one or both tables it stands to reason that one or both datasets needs to be considered a Master data set. In
the case of a Left Join the table that precedes the key word “Left Join” in the From clause is considered the Master
data set. That means all rows regardless of whether they have a matching row on the Right hand side table will be
kept in the final data set. In the case where there are multiple rows in the Right hand side table, the Left hand side
table’s data will be duplicated.

Suppose you want to see a list of all products and their corresponding manufacturer information. You will want to
also see all those products that do not have a manufacturer. In this example we will use the Product table and the
Manufacturer table.

Let us look at two of our example tables again.



Product Table

Productto | Producth anne | ManufacturerNol Trpe | Cozt
1 1110 Dream Machine m Wwork station 3200
2 1200 Buziness Machineg 120 wiarkstation 3300
3 1700 Travel Laptop 170 Laptop 3400
4 21 Analog Cell Phone 210 Phaone 35
&5 2102 Digital Cell Phone 210 FPhone 175
E 2200 Office Phone 220 Phone 130
7 5001 Spreadsheet Software 500 Saftware 299
8 5002 Database Software 500 Sotware 335
9 5003 Wardprocessor Software 500 Software 299
10 5004 Graphics Software 500 Software 299

Manufacturer Table

Manufacturean| Narmne | City | State
1 11 Cupid Computer Houston T=
2 210 KFL Enterprizes San Diego Ch,
3 GO0 World [ntermnet Corporation Miami FL
4 120 Storage Devices Incorporated San Mateo Ch,
5 500 Global Software San Diego Ch,
E o0 San Diego PC Planet San Diego Ca

The Product table will act as the Left (master) table and the Manufacturer table will act as the subordinate table.
Since we have such a small number of records, we can predict our results. Our new table should not have
manufacturer records for product numbers 1700 or 2200.
Proc SQL ;
Create Table LEFTJoin As

Select *

From ProductTable LEFT JOIN ManufacturerTable

ON ProductTable.ManufacturerNo = ManufacturerTable.ManufacturerNo ;
Quit;

LeftJoin Table

Productiao Productt ame | ManufacturerNa | Type ‘ Cost ‘ Name | City | State

1 1110 Dream Maching 111 ‘Wwarkstation 3200 Cupid Computer Hauston TH
2 1200 Business Machine 120 ‘Wwarkstation 3300 Storage Devices Incorporated  SanMatea  CA
3 1700 Travel Laptop 170 Laptop 3400

4 2102 Digital Cell Phane 210 Phone 175 KPL Enterprises San Diego Ca
5 2101 Analog Cell Phone 210 Phone 35 KPL Enterprises San Diego Ca
] 2200 Office Phone 220 Phone 130

7 5001 Spreadsheet Software 500 Software 299 Global Software San Diego Ca
& 5004 Graphics Software 500 Software 299 Global Software San Diego Ca
9 5003 ‘wordprocessor Software 500 Software 299 Global Software San Diego Ca
10 5002 Diatabase Software 500 Sotware 399 Global Software San Diega Cé,

RIGHT OUTER JOIN
Right Outer Joins, as you have probably guessed by now, use the Right hand side table as the master data set and
the left hand side as the look up table. Suppose we want to create a table to show all products along with the product
type, manufacturer number, and manufacturer name.
Proc SQL ;
Create Table RIGHTJoin As

Select ProductName , Type , ProductTable_ManufacturerNo , Name

From ProductTable RIGHT JOIN ManufacturerTable

ON ProductTable._ManufacturerNo = ManufacturerTable.ManufacturerNo ;
Quit ;



RightJoin Table

Product ame Type Marufactureio Hame
1 Diream Machine Workstation 11 Cupid Computer
2 Buziness Machine Wwiarkstation 120 Storage Devices Incorporated
3 Digital Cell Phaone FPhone 210 KPL Enterprizes
4 Analog Cell Phone Phone 210 KPL Enterprizes
5 Spreadshest Software Software 500 Global Software
[ Graphics Software Software 500 Global Software
7 Wordprocessor Software Software 500 Global Software
a Dratabaze Software Sobware 500 Global Softvare
9 wiorld Internet Corparation
10 San Diego PC Planet

FULL OUTER JOIN

The last Outer Join is the Full Outer Join or more commonly called Full Join. A Full join is the combination of the Left
and Right Joins. That is to say it will keep matching and non-matching rows from both tables. While this type of join
is less commonly used than Inner joins and the Left and Right Outer Joins there are real world applications where this
type of join is very useful.

Using the same Product and Manufacturer tables, we will use the FULL JOIN to create a table that will contain
manufacturers with no products and products without any known manufacturers. We already have this information
from the LEFT and RIGHT join examples, but this time we want to create a table with only those records. We will use
the same sample code as the Right Outer Join, but replace RIGHT keyword with the FULL keyword.
Proc SQL ;
Create Table FULLJoin As
Select ProductName , Type , ProductTable_ManufacturerNo , Name

From ProductTable FULL JOIN ManufacturerTable

ON ProductTable._ManufacturerNo = ManufacturerTable.ManufacturerNo ;
Quit ;

FullJoin Table
ProductM ame | Type | ManufactureM o | REIE
1 Ciream Machine W orkztation 111 Cupid Computer
2 Buziness Maching Wwork ztation 120 Starage Devices Incaorporated
3 Travel Laptop Laptop 170
4 Digital Cell Phone Fhone 210 F.PL Enterprizes
5 Analog Cell Phone Phone 210 KFL Enterprizes
E Office Phorne Fhone 220
7 Spreadsheet Software Software RO0 Global Software
a Graphics Software Software R00 Global Software
9 Wwiordproceszor Software Software a00 Global Software
10 Databaze Software Sobware a00 Global Software
11 Warld Internet Caorparation
12 San Diego PC Planet

By using the FULL JOIN we preserve all the rows from both the left and right tables even when there are no matching
rows.

To help you determine when to use a specific inner or outer join, | have augmented a table from Stuelpner and
Bahler’s poster paper.



Type of Join Informational Requirements

Inner Join Only those data values from all data sets that contain
the same data values within the joining variables

Left or Right All data values from a single data set (master) and all

Outer Join data values from the other data set(s) that match the
data values of the joining variables within the master.

Full Outer Join All data values from all data sets

NATURAL JOINS

Natural joins are a special type of join that uses all variables that have matching name and types as the primary keys
to join the tables. Natural joins are by default a special type of Inner join but can also be specified as an Outer join. If
there are no variables that have a matching name and type a Cartesian product is performed. When performing a
Natural Left or Right Join do not use the On clause as it will cause the join to fail. Since there is no implementation
as of version 9.1.3 to specify which variables are to be considered for the match all variables matching name and
type are used; this severely limits the Natural joins usability.

Since the common column names are implied, we can take the code we used for the Inner Join and modify it to
illustrate the Natural Join. We modify the code by changing the name of the new table, insert the NATURAL JOIN
keywords between the two tables (do not forget to remove the comma), and remove the entire Where clause.
Proc SQL ;
Create Table NaturalJoin As

Select *

From ProductTable NATURAL JOIN ManufacturerTable ;

Quit ;
After running the code, our new table has the same variables and records as the table created using the Inner join
code. The only difference is the order of the variables.

NaturalJoin Table

Manufacturso Name ‘ City ‘ State ‘ ProductNo | Productiame | Type ‘ Cost
1 11 Cupid Computer Houston ™ 1110 Dream Maching “Workstation 3200
2 120 Storage Devices Incorporated  San Mateo ca 1200 Business Machine “workstation 3300
3 210 KPL Enterprises San Diego ca 21 Analog Cell Phone Fhone 35
4 210 KPL Enterprises San Diego ca 2102 Digital Cell Phone Fhone 175
5 500 Global Software San Diego Ca 5001 Spreadsheet Software Software 293
B 500 Global Software San Diego Ca 5002 Database Software Sotware 359
7 500 Global Software San Diego Ca 5003 Wordprocessor Software Software 299
8 500 Global Software San Diego Ca 5004 Graphics Software Software 299

A few things to think about regarding Natural joins:
e Anatural join assumes that you want to base the join on equal values of all pairs of common columns, not just those
on which we want to base the join; therefore, you will need to drop any common columns that are not part of the join
before doing the join (Fleming, 2007).
e You cannot base a join on columns with different names.
e When you specify a natural join on tables that do not have at least one column in common, the result is a Cartesian
product. Use a Where clause to limit the output (Fleming, 2007).
For this purpose of this paper a simple example was used. To read more about Natural Joins and its additional
advantages, refer to John Fleming’s presentation Natural Joins in PROC SQL (2007).

CONCLUSION

Using the Proc SQL procedure provides you with many ways to join two or more tables. It is easy to learn the basics
and easy to begin to add flexibility. The information provided in this paper should give you a great starting point to
help you write the code you need, and to help you understand when you should use specific types of joins.
Remember that each type of join has caveats, and you should always clearly know what you want to do, choose the
join which meets your needs, and finally always QC your results.
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