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What is SQL?

Structured Query Language (SQL)

* 1s a standardized language that 1s widely
used to retrieve and update data in tables
and 1n views based on those tables

« was originally designed as a query tool for
relational databases, but 1s now used by
many software products.



What is SQL?

Timeline

1970 Conceptualized and proposed
by Dr. E. F. Codd at the IBM
Research Laboratory, San Jose, CA

1970-1980 Developed by IBM

1981 First commercial SQL-based
product, the IBM SQL/DS System
1989 Over 75 SQL database

management systems exist,
including SAS Release 6.06.



What is SQL?

In SAS, you can use the SQL Procedure to:

select rows and column from datasets
derive new values

combine datasets

store the result as a reports or output dataset
summarize data

data management: create, delete, insert, update ...



What is SQL?

Structured Query Language

SAS Report
Data Set

DBMS _
Tables SAS Data Set



What is SQL?

The SQL procedure

* cnables you to use SQL within the SAS
System

 follows the guidelines set by the American
National Standards Institute (ANSI)

 an alternative for many common data
manipulations using a “request-based” syntax



What is SQL?

The SQL Procedure

IS NOT IS
* areplacement for * a tool for queries
the DATA step e for data
* a custom reporting manipulation
tool. * an augmentation to
the DATA step.




Coding an SOL Query

General form of the SELECT statement:

SELECT column <,column>...
FROM table|view<,table|view>...
<WHERE expression>
<GROUP BY column<,column>...>
<HAVING expression>
<ORDER BY column<,column>...>;




Coding an SOL Query

EEr ¥YIEWTABLE: Demodata.Payrollmaster

quit

EmplD| Gender| JobCode| Salaw | DateOfBith | DateOfHire |
22 |1e33 F TAZ $56,364 30JUN1955  31J4N1982
23 1269 M M1 $58.366 07M&Y1970 02DEC1990
24 1085 M ME2 $49126 23JANTI42  T0JAN1SE5
25 1876 M TAZ $55.545 23MAY1956  01MaY1983
26 |1037 F TAT $39.981 144PR1962  17SEF1990
7 |12 F ME2 $42.901 12DEC1959 204UG1989
28 1988 M % $45104 03DECT1S957 22SEF1982
23 |1405 M SCP $25.278 03MAR1954 23)4N1390
a0 |1430 F TAZ $46.095 03MARTIE0  304PR1985
31 |19 F F&3 $46.787 03MAR1960 304PR1985
2 |1 F TAZ $46.647 09MART967 25DECT98G

proc sql;

EmpID | JobCode | Salary
1352 NA2 $75,317
1417 NA2 $73,178
1935 NA2 $71,513
1839 NAl $60,806
1443 NAl $59,184
1332 NAI $59,049
1269 NAl $58,366
1111 NAl $56,820

select EmpID, JobCode, Salary
from demodata.payrollmaster
where JobCode contains
order by Salary desc;

'NA'




Coding an SOL Query

proc sql;
select EmpID, JobCode, Salary
from demodata.payrollmaster
where JobCode contains 'NA'
order by Salary desc;

quit;



Coding an SOL Query

k/////////

proc sql;
select EmpID, JobCode, Salary
from demodata.payrollmaster
where JobCode contains 'NA'
order by Salary desc;

start the SQL procedure

quit;



Coding an SOL Query

/

select EmpID, JobCode, Salary




Coding an SOL Query

from demodata.payrollmaster



Coding an SOL Query

specify which rows

where JobCode contains 'NA'



Coding an SOL Query

order rows 1n results

order by Salary desc;



quit;

Coding an SOL Query

stop SQL



Coding an SOL Query

EEr ¥YIEWTABLE: Demodata.Payrollmaster

quit

EmplD| Gender| JobCode| Salaw | DateOfBith | DateOfHire |
22 |1e33 F TAZ $56,364 30JUN1955  31J4N1982
23 1269 M M1 $58.366 07M&Y1970 02DEC1990
24 1085 M ME2 $49126 23JANTI42  T0JAN1SE5
25 1876 M TAZ $55.545 23MAY1956  01MaY1983
26 |1037 F TAT $39.981 144PR1962  17SEF1990
7 |12 F ME2 $42.901 12DEC1959 204UG1989
28 1988 M % $45104 03DECT1S957 22SEF1982
23 |1405 M SCP $25.278 03MAR1954 23)4N1390
a0 |1430 F TAZ $46.095 03MARTIE0  304PR1985
31 |19 F F&3 $46.787 03MAR1960 304PR1985
2 |1 F TAZ $46.647 09MART967 25DECT98G

proc sql;

EmplID JobCode | Salary
1352 NA2 $75,317
1417 NA2 $73,178
1935 NA2 $71,513
1839 NAl $60,806
1443 NAI $59,184
1332 NAl $59,049
1269 NAl $58,366
1111 NAl $56,820

select EmpID, JobCode, Salary
from demodata.payrollmaster
where JobCode contains
order by Salary desc;

'NA'




Coding an SOL Query

Select statement returns results to the output window:

proc sql;
select EmpID, JobCode, Salary
from demodata.payrollmaster
where JobCode contains 'NA'
order by Salary desc;

quit;

To store results in a SAS dataset place a Create table in front:

proc sql;

create table work.Navigators as
select EmpID, JobCode, Salary

from demodata.payrollmaster

where JobCode contains 'NA'

order by Salary desc;

quit;



Coding an SOL Query

Summary Functions

Demodata.PAYROLLMI-?ER\
Salary

EmplD | Gender | JobCode |

1913
1653
1400
1350
1401
1433
11m
1333
1402
1479
1403
1733

TEMEZZEZZEZ TMME ™M

TaZ
MEZ
MET
Fas

TA3
ME3
SCP
FT2
TazZ
TA3
MET
FT1

$48.126
$49.151
41677

$46.040
$54.351
$E0.235

$26,212

$124,048 proc sql;

$45.661
$54.233
$39.301

select avg (Salary) as MeanSalary
from demodata.payrollmaster;

$93.124

The SAS System

MeanSalary

56852.13




Coding an SOL Query

Demodata.PAYROLLMI-\/S‘LER\
Salary

ErnplD | Gender | JobCode |

Summary Functions

1313
1653
1400
1350
140
1439
1M
1333
1402
1473
1403
1733

T ETMmMEZZZEZEZ MMEZ ™M=

TazZ
MEZ
MET
Faz

Ta3
ME3
SCP
PT2
TazZ
Tas
MET
FT1

$48.126
$43.151
+4 B7Y
$46.,040
$54.551
$60.235
$26.212
$124.048

$45.661
$54.293
$39.30
$93.124

R

proc sql;
select gender, avg(Salary) as MeanSalary
from demodata.payrollmaster

group by gender;

v

Gender MeanSalary

F 49830.2
M 59192.78




Coding an SOL Query

Demodata.PAYROLLMASTER

SOQL Joins

Genderﬁtndﬂ Salary | DateOfBith | DateOfHire | EmplD|
M $40,432 0SMAR1957 30MAR1990 1009
M TAZ 467,201 OLJANT956  200CT1979 1017
F TAZ $55,149 23MAT1963 270CT1982 1036
F TA1 $39.981 144PR1962 17SEP1330 1037
F TA1 $37.146 13MOV1967  2E6MOV1989 1038
M ME2 $49.234 17JULT9E1  27AUG1984 1050
M ME2 $49.126 29/AM1942  10JAN1985 1065
M PT1 493,181 180CT1970 0ROCT1983 1076
M Fii1 $31,175 054PR1968  204PR1923 1094
M ELCK. 435,006 OSDECTSSS  11MAY1936 1100
M SCP $26.212 09JUM1960  040CT1988 1101
M TAZ 448,359 040CT1957 184PR1983 1102

Demodata.STAFFMASTER
EmplD | Lazth ame | Firzth ame | ity | State |
10039 MORGAN GEORGE NEW YORE MY
1017 WELCH DaRIUS MEW YORE MY
1036 WOMNG LESLIE MEW YORE MY
1037 CHOWwS JAME STAMFORD CT
1038 RODRIGUEZ AR1A BERIDGEFPORT CT
1050 TUTTLE THOMAS WHITE PLAIMS MY
1065 CHAPRAN MEIL WEW YORK MY
1076 YEMTER RaMDALL MWEW YORE. MY
1054 GOMEZ ALAN ERIDGEFPORT cT
1100 YANMDELSEN RICHARD MWEW YORE MY
1101 BALCOM WAL TER MWEW YORE MY
1102 HOWARD LEOMARD WHITE PLAIMS MY
1103 kCTIAMIF] RIMMCA MFWw YTIRE MY



Coding an SOL Query

SQL Joins
Demodata.PAYROLLMASTER Demodata.STAFFMASTER
Gender%&udﬂ Salary | DateOfBitth | DateDfHire |EmplD EmplD | LastMame | FirstName | City | State |
M $40.432 DSMART957 30MAR1390 1009 1009  MORGANM GEORGE NEW YORE N
Mo Ta3 $57.200 OJAN1S9S6  200CT1973 1017 1017 WELCH DARILS NEW YORE. N
F Ta3 $95.143 25MaY1363  270CT1982 1036 1036 WiOMG LESLIE MEW YOPE MY
F TAT $39.951 14APR1962 17SEP1990 1037 107 CHOW JAME S TAMFORD o7
1| sl imovier [monies 1 wa__nooncuez wems _svceropr o

B -

select LastName, JohCode, int((today()-DateOfBirth)/365.25) as Age

from demodata.payrollmaster, demodata.staffmaster

where payrollmaster.empID=staffmaster.empID and State='NY‘;

Laztame JobCode|  Age
MORGAM TA1 46
WELCH TA3 43
WOMG TA3 40
TUTTLE MEZ 42
CHAPMAM MEZ B2
YEMTER FT1 a3

e note the derived column



Advanced Examples

Create macro variables with SOL

PROC SQL can create or update macro variables using an
INTO clause. This clause can be used in three ways.



Advanced Examples

Create macro variables with SOL

Method 1:

SELECT col1, col2, ...
INTO :mvarl, :mvar’2, ...
FROM ...

Method 1 extracts values only from the first
row of the query result.



Advanced Examples

Create macro variables with SOL

Method 1

select avg(salary),
min (salary),
max (salary)
into :mean, :min, :max
from airline.payrollmaster;
sput &mean &min &max;

Log
54079.65 25120.2 155930.6




Advanced Examples

Create macro variables with SOL

Method 2

SELECT g3, b, ...
INTO :al-:an, :b1-:bn
FROM ...

Method 2 extracts values from the first n rows
of the query result, and puts them into a series
of n macro variables.



Advanced Examples

Create macro variables with SQL

Method 2

select distinct destination
into :destlistl - :destlist9
from demodata.marchflights;
sput &destlistl
sput &destlist2
sput &destlist3;

Log

CDG
CPH
DFW




Advanced Examples

Create macro variables with SOL

Method 3

SELECT col1, col2, ...
INTO :macrovarl, :macrovar’z, ...
SEPARATED BY 'delimiter’
FROM ...

Method 3 extracts values from all rows of the query
result, and puts them into a single macro variable,
separated by the specified delimiter.



Advanced Examples

Create macro variables with SQL

Method 3

select distinct destination into :destlist
separated by ' '
from demodata.marchflights;

sput &destlist;

Log
CDG CPH DFW FRA LAX LHR ORD WAS YYZ




Advanced Examples

Create macro variables with SOL

Example: DFW
dataset
/ CPH
) | dataset
FlightM uml:uerl D ate | DepartureTimel Origi | Destinati | Distance
182 MIMAR 2000 a1 3=
114 01aR 2000 10 25
202 DI kAR 2000 10:43 i
219 DIMAR 2000 = E] 244 LAX
439 DI kAR 2000 1216 245 _> dataset
387 DIMAR 2000 11:40 Jak
290 kAR 2000 B:56 2z
h23 DIMAR 2000 1513 i
982 01MAR2000 10:28 13 I LHR
B22 MIMAR 2000 1219 Jak dataset
FRA
dataset
Etcetera ...




Advanced Examples

Create macro variables with SOL

Select distinct destination into(:destlist
\ \

separated by
from demodata.marchflights //}'

e

data CDG CPH DFW FRA LAX LHR ORD WAS YYZ;
set demodata.marchflights;
if destination='CPH'
then output CPH;
else 1f destination='CPG'
then output CPG
else 1f destination='DEW'
then output DEFW;

runy

Select distinct destination
into :destl-:dest9
from demodata.marchflights




Create macro variables with SOL

data CDG CPH DFW FRA LAX LHR ORD WAS YYZ;
set demodata.marchflights;
if destination='CPH'
then output CPH;
else 1if destination='CPG'
then output CPG
else if destination='DFW'
then output DEW;

run;

data &destlist;

Select distinct destination into

from demodata.marchflights

set demodata.marchflights;

1f destination="&dest1l”
then output &destl;

else if destination="&dest2”
then output &dest?2

else if destination="&dest3”
then output &dest3;

run;

Select distinct destination
into :destl-:dest9
from demodata.marchflights




SAS Log:

proc sql;
select distinct destination into :destlist
separated by '
from demodata.marchflights
where destination is not missing;
%put Destination list is: &destlist;
Destination 1list is: CDG CPH DFW FRA LAX LHR ORD WAS YYZ

select count(distinct destination) into :count
from demodata.marchflights
where destination is not missing;
%let count=%left(&count);
sput count=&count;
count=9
select distinct destination
into :desti1-:dest&count
from demodata.marchflights
where destination is not missing;
%Sput desti=&desti;
dest1=CDG
%Sput dest2=&dest2;
dest2=CPH
quit;
NOTE: PROCEDURE SQL used:
real time 0.04 seconds
cpu time 0.04 seconds




117
118
119
120
121
122
123
124
125
126
127
128

NOTE:
NOTE:
NOTE:
NOTE:
NOTE:
NOTE:
NOTE:
NOTE:
NOTE:
NOTE:
NOTE:

smacro parsout;
data &destlist;
set demodata.marchflights;
if destination="&dest1"
then output &desti;
%do 1i=2 %to &count;
else if destination = "&&dest&i"
then output &&dest&i;
%send;
run;
%smend;
%parsout;

There were 635 observations read from the
The data set WORK.CDG has 27 observations
The data set WORK.CPH has 27 observations
The data set WORK.DFW has 62 observations
The data set WORK.FRA has 27 observations

data set DEMODATA.MARCHFLIGHTS.
and 13 variables.
and 13 variables.
and 13 variables.
and 13 variables.

The
The
The
The
The

data
data
data
data
data

set
set
set
set
set

WORK.
WORK.
WORK.
WORK.
WORK.

LAX
LHR
ORD
WAS
YYZ

DATA statement used:

real time

cpu

time

0
0

has
has
has
has
has

123 observations and 13 variables.
58 observations and 13 variables.
93 observations and 13 variables.
155 observations and 13 variables.
62 observations and 13 variables.

.56 seconds
.38 seconds




Advanced Examples

Indexing

Objective: To increase speed for inner join of a small table(5 rows) and a
large table (1,000,000 rows)

Demodata.large
- Demodata.small

id | salary |
1 57390 id | name|
2 aea03 13 Lee
: hee2 205 Wil
4 BU375 1187 Fer select large.id, name, salary
g gg??? 29999 Mel from demodata.large, demodata.small
7 1719 497991 el where large.id=small.id;
a F1267
q 51991
10 hZBEZ
11 3272
12 70954
13 34135
14 2687 id | namel zalary |
13 o820 13 Lee 834135
16 61887 205 Wil ge422
17 BOS04 3187 Fer 59954
18 rrar 25999 Mel G154
123 ﬁgg;g 497931 el 74666
i TTERG



Advanced Examples

Indexing

Demodata.large
- Demodata.small

id | zalary |
1 57398 id | name|
2 0aa03 13 Lee
3 E5332 205 il
4 B0375
. SEaEd 3187 Fer
B 85771 29333 Mel
7 71713 437937 el
a 1267
q 5133
—— Without indexing, SAS must process all
. rows 1n demodata.large dataset to find
4 526 matching ID values.
15 28280
16 B1837
17 E0304 . . . .
o] 7 With indexing, SAS could go directly
A 5aeD to the rows 1n demodata.large that

o
a

TTRIQ

contain the ID values 13,205,3187,
29999, and 497981



Advanced Examples

Indexing

An index 1s an auxiliary data structure that specifies the
location of rows based on the values of one or more key
columns.

You can use indexes for subsetting, grouping, and joining
tables.



Advanced Examples

Indexing

Indexed
SAS Data Set

Row |EmpID Gender Jobcode

1 |1001 F FAl
2 |1012 F FA3
3 |1015 M FA2

11 [1104 M FA3

DATA or PROC Step

where Jobcode='FA3';

Index File

Key Column=Jobcode

Key Location
Value Page(row,row..)

FAl 1(1,4, ..) 2¢(..)
FA2 1(3,6, ..) 2(..)
FA3 1(2,11,..) 2(..)

Data Processed

ROW EmpID Gender Jobcode

2 1012 F FA3
11 1104 M FA3




Advanced Examples

Indexing

Indexes provide fast access to small subsets
of data...

proc sql;
select *
from airline.payrollmaster
where JobCode='NAl'|;

/’

One of many values
of the variable JobCode




Advanced Examples

Indexing

... and also enhance join performance.

proc sql;
select *
from demodata.large,demodata.small
where large.ID=small.ID;

The user creates the index for the variable in the dataset.
Once the index 1s created, the SQL Procedure will use the index
automatically where appropriate.



Advanced Examples

Indexing

proc sql;
create index id
on demodata.large (1d);

select large.id, name, salary
from demodata.large, demodata.small
where large.id=small.id;

quit;



Advanced Examples

Indexing

156 proc sql stimer;

Join Without index 157 select large.id, name, salary
158 from demodata.large, demodata.small
159 where large.id=small.id;
NOTE: SQL Statement used:
real time 1.17 seconds
cpu time 1.17 seconds
Create index 160 create index id
161 on demodata.large(id);
NOTE: Simple index id has been defined.
162 select large.id, name, salary
Join with index 163 from demodata.large, demodata.small
164 where large.id=small.id;
NOTE: SQL Statement used:

real time 0.01 seconds

cpu time 0.01 seconds



Advanced Examples

Dictionary Tables

You can retrieve information about SAS session metadata by

querying dictionary tables with PROC SQL. Dictionary tables
are

 created at initialization
e updated automatically

 limited to read-only access.



Advanced Examples

Dictionary Tables

The metadata available 1n dictionary tables
includes

— SAS files
— external files

— system options, macros, titles, and footnotes.



Advanced Examples

Dictionary Tables

SAS File Metadata
DICTIONARY.MEMBERS

DICTIONARY.TABLES

DICTIONARY.COLUMNS

DICTIONARY.CATALOGS
DICTIONARY.VIEWS

DICTIONARY.INDEXES

general information about
data library members

detailed information about
data sets

detailed information on variables and
their attributes

information about catalog entries

general information about
data views

information on indexes
defined for data files



Advanced Examples

Dictionary Tables

Other Metadata

DICTIONARY.EXTFILES  currently assigned filerefs

DICTIONARY.OPTIONS current settings of SAS system
options

DICTIONARY.MACROS information about macro variables
DICTIONARY.TITLES text assigned to titles and footnotes



Advanced Examples

Dictionary Tables

Exploring Dictionary Tables

describe table dictionary.tables;

Partial Log

create table DICTIONARY.TABLES (
libname char(8) label='Library Name',
memname char(32) label='Member Name',
memtype char(8) label='Member Type',
memlabel char(256) label='Dataset Label',
typemem char(8) label='Dataset Type',
crdate num format=DATETIME informat=DATETIME
label="'Date Created', ...);




Advanced Examples

Dictionary Tables

Using Dictionary Information

Example: Display information about the files
in the DEMODATA library.

select memname format=$20.,
nobs,
nvar,
crdate
from dictionary. tables
where libname=‘'DEMODATA’ ;



Advanced Examples

SQL Pass-through

proc sql;
connect to oracle (user=edu001

< Establish connection
pw=edu(001 path=dbmssrv);

to database

select *

from connect.lon. tooracle Send select statement to
(select empid, jobcode,

dateofhire, salary process in Oracle. Data

from educ.payrollmaster returned to SAS
where salary is not null);

disconnect from oracle; < Disconnect from Oracle
quit;

* from SAS session, send SQL to database for processing
e results returned to SAS for reporting, or store as a dataset



Online Help

¥ 5AS - [index lookup with SQL.sas *]

[ﬁ Fil= Edit Yiew Tools Run  Solutions  Window | Help

~| J [® 543 System Help b @” FXO&

B do id= & Using This Window
salar Books and Training 5345 Onlineloc
outpu izekting Starked with SA5 Software S45 Online Tukar
end: SAS on the Weh b
rumn;

about 545 Syskem
Edata demodata.small:

id=13:; hame="'Lee'; output;
id=205; nawe='Tilliams';: output;
id=3187; nagne='Ferreira'; output:

id=29999; nagne='Nelson': output;
id=497981 rnagne="'Yeltsin'; output:;
Trun;

Eproc sql stimer:
select large.id, name, salary
from demodata. large, demodata.small
where large.id=small.id:;
gquit;




Online Help

; SAS OnlineDoc, ¥8 - MSIE provided by SAS Institute Canada

File Edit ‘Wiew Fawvorites Tools  Help

= Back -~ = - @ at | @Search (%] Favarites @Media @ | %v = | % -

Address @ CHProgram Files\SAS0nlineDocy@sasdochsashtmllonldoc, htm

Links ;'.'Ejt:ustclmize Lirks ;'.'Ej'-.-'-.-'inu:lclws ;'.'EJFLFS Helpdesk. :Ejoutluuk'-.-'-.-'el:u fccess @5.&5 Canada InfoSite @

Contents | Index | Search | Help 21l The OPTIONS Procedure
= (21 SAS OnlineDac M The PLOT Procedure
&y Overvew The PMENU Procedure

& What's New in SAS Software for Ve

&F Hardcopy Documentation Update The PRINT Procedure
» = jil] Base SAS Software The PRINTTO Procedure
&F SAS Language Reference: Cor
4F SAS Language Referance: Dic The RANK Procedure
dF SAS Macro Language Referen The RECISTRY Procedure
& Moving and Accessing SAS Fil
> = EQ SAS Pracedures Guide The REPORT Procedure

[5) Changes and Enhancement
[5) Concepts

The SORT Procedure
The SOL Procedure @

N B Procedure:

[2) Appendices
& Guide to the SAS Output Delive
&P SAS S0L Queny Window User's
iill Host Spedific Information
il 545/ACCESS
il sasiaF

The STANDARD Procedure

The SUMMARY Procedure

The TABULATE Procedure

The TINMEPLOT Procedure




Courses

Many courses offered including:

SQL Processing with the SAS System
Programming 1: Essentials

Programming 2: Manipulating Data with the Data Step
offered in Vancouver March 24-26

Programming 3: Advanced Techniques
offered in Vancouver March 29-30

For course information and registration

or call
Gloria Pierre 416 307-4535


http://www.sas.com/training
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