SQL Basics

There is an important difference between the two.
Prepared by s A SAS dala file contains the concept of a sequence of

ordered observations i.e. you can extract observations
10 to 50, or use structures like the First.By variable.

]
El g SII rl ' e An SQL table has no inherent concept of the ordering of
its rows.
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The basic ideas behind the design of the language are:

s _ Ta provide a simple way o extract data from other

tables of data There is no concept of a sequential read of the Input data table.

+  To allow the user to concentrate on the data to be The selection is done Set-Wise. Physically, the required rows are
exiracted rather than worry how the data is to be selected from each read-write page of data.
obtained

The same concept has now been incfuded into the traditional
e  To by-pass the need to specify the physical attributes Data step and Procedure step processing.
about the data, such as its structure, location and type

CoNmBnG T35 |

=  Tobe able to change the slruclure'of the data without
having to change the application that uses the data.

Concepts
It can aisc be as displayed below.

The Query

COMMANG &3z
jaone1 proc print astaso)d{wherox(types'a’)]l;
fo0R02 run)

The heart of SQL is the Query.

The Query is the ability to define a set of data ta be extracted and In the Data step, either as a statement (as shown) or as a data

computed from one or more databases or tables of data. set option, the extraction according to the condition is done well
before the data is read into the execution buffer (alse known as

Terminology the Logical Program Data Vector or LPDV).

The foliowing table compares SQL terminology across three In the Procedure Step, either as stateme_nt orasa data set option

envimnmeng. pa @ nology (as shown), the data is extracted dynamically during each read of

the data set page. The page is the unit of input/output. You can
see its size in the Proc Contents output.

SQL-Type SAS DP Terminology

Terminology Terminology The SAS Data Model
Table Data Set . | File

Row Observation Record The SAS Data Library
Column Variable Field

The Data Library is the highest unit of organization of SAS files,

. . . . each file being a member of the library.
As this tabie illustrates, an SQL table consists of a series of rows

and columns comparable to observations and variables in a SAS The Data Library is a logical level of organization relating to
data set. In fact, the two structures can be viewed as being differing data structures within operating systems, but offering the
identical. same features within SAS.
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For directory-based operating systems such as VMS or DOS, the
SAS Data Library relates to the physical directory.

Under CMS, the SAS Data Library is a group of SAS files with the
same file type.

Under MVS, the SAS Data Library is a specially formatted MVS
data set that may only contain SAS files.

A SAS file is a specially structured file that can be created,
organized and maintained by the SAS system.

Note that a file of SAS code is not 2 SAS file, but is nomally held
as some external text file,

Each member of a library has a member type.

SAS Data Libraries may contain species of the following types:

¢ Data

] View

e Catalog

» Access

+«  Program
Data

This refers to the ordinary SAS data set, where the actual data
observations and the descriptor portion of the data set are held in
the same physical file.

A physical SAS data set is referred to as a SAS data file.

View

The concept of the SAS data set is extended to cover views. A
view may be regarded as a virtual file.

The descriptor portion of the view determines the location and
criteria of which data to select.

The actuzl data may reside in a SAS data set, external database
or external file.

A view always dynamically reflects changes in the parent data
{which may be a view itself), because only the rules for exiraction
are stored.

A view can be created with the DBMS software, or with Proc
Access or Proc SQL.

Catalog

The SAS catalog can contain many types of entries, for example:
graphics; formats; macros; and key definitions.

Access

Access descriptors are used to define the data in an external
database, which can be used fo build a SAS data view.

Proc Access is used to create these.

Program

The following is a compiled form of a SAS data step program.

88
Data Library
I I

saA8 8AB 8aS 8/
Cataloges I | fata Baul |ﬂ:ceu nescl | Progras

Data File Data View

Native 8A3 Created with Created with
PROC QL

Intearface

Datus File 8A8 DataFile PRAC ALCESS

Hative View Inter face View

Interface SAS data files are those wherte the data is in a file
formatted by other software. SAS provides interface engines to
read data stored in files formatted by BMDP, SPSS and OSIRIS
software.

Following the creation of an Access Module, Proc Access can
then be used 1o create further Views, called Interface Views. They
are also known as View Descriptors.

Proc SQL. is used fo create data files or data views comprised of
other daia sets and/or views.

Proc SQL is one of the ways 1o create indexes on data files.

Capabilities of Proc SQL

Proc SQL primarily can be used to:
1. Extract data stored in:

¢  SAS data files.
«  Native SAS views created by Proc SQL.
» Views created from other tables or views held in an
external DBMS and accessed with SAS/Access.
{Note: A single query could take data from any or all of
these sources).
In addition, Proc SQL can alsc do the following:

2. Validate a query-expression without running the code.

. Create and delete tables, views and indexes.

. Describe the definition of a native view created with Proc SQL.
. Add, delate or modify the data in a table,

. Update the data in the tables and views of an external DMS
accessed via SAS/ACCESS views.

7. Change the structure of SAS data files.

bW

Copyright ©2003 Destiny Corporation

252



The SQL Environment
Proc SQL can be:

+  Runinteractively, non-interactively or in batch mode.

« Used on both permanent and temporary SAS data sets.

o  Combined with any other-datalproc step coding as
separate steps in a suite of SAS code.

o  Used with macro language in the normal way.
s  Called from screen contro} language (SCL).

«  Augmented with the usuai global SAS statements such
as options, fitles and footnotes.

e Launched with the SAS query window in SAS/ASSIST.
SQL Statements

An SQL statement is like a verb in an English sentence. It is an
action word which tells SQL. to do something.

Proc SQL consists of ten statements in addition to the Proc
statement. These comprise:

1. Select Performs queries

Validate  Validates the syntax of a query

Describe  Shows how a view has been defined

Create Creates a taﬁ!e {SAS data set), index or view
Drop Deletes a table, index or view

Update Changes the values in a table

Insert Adds rows to a table

® N oo ;oA W N

Delete Deletes rows from a tabie

Alter Adds, deletes or madifies columns in a table
10. Reset Adds, deletes ar changes options

The most important is the Select statement.

Also as in an English sentence, the verb (statement) is followed
by clauses that explain in more detail just what is expected.

A special keyword is used to begin an SQL clause. These
keywords and clauses will be discussed in more detail in the next
chapter.

The Select Statement

The Select statement is used to query one or more SAS data
sets.

It can be used to:

Select columns or variables.
Specify an order for the data.
Group data.

Format variables.

Attach labels to variables.

L A

In its simplest form the Select statement consists of two clauses,
as displayed below.

[Command zza>

40081 proc wgis

00002 weslwct #

00003 TroM saved.canputer;
baoaed quit;

Points to Note:

1. Clause afier Selact keyword lists columns. Asterick (*) can
be used to print all table columns.

2. Clause after From keyword identifies the table containing
data.

3. The Proc SQL statement is loaded into memory and remains
resident until another Data or Proc step is run or a Quit;
statement is executed.

Subsequent queries or other SQL statements can be run
without having to re-submit the Proc SQL statement.

4. Each SQL statement is processed individually. No Run;
statement is required.

5. Proc Print styie output is produced automatically.

8. There is aline below the variahle names and observation
numbers are not printed in the cutput.

This output can be suppressed with the Neprint option on the
Proc SQL statement, as displayed below.

[Command === |

8001 proc sql noprint;
josooZ i-ulauh

L t
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Usage

Invoke Proc SQL and then use a Select statement.

Command ===3
00t proc eql;

d ===p
aalact ®
from saved.computer;

jConman
00001

onmand =e£2) |
selact &
from savad.houss

Note that white Proc SQL Is running, the Run; statement itself
simply produces an inferesting note on the Log.

Command £a83 |

INOTE: PROC $6L statamants ave axecuted immediately; The RUN slatessnt hew no affect

Examples

The SQL procedure uses the Select statement to perform a wide
variety of queries.

There are different clauses in the Select statement:
e  The From clause
«  The Order By clause

o  The Where clause.
Reading Data

The From clause is required. It tells Proc SQL the name(s} of the
SAS data set(s) or view(s) containing the data for the query.

Commas separaie multiple names. At least one data set/view
must be supplied.

Ordering the Result

The Order By clause determines the order in which the rows are
displayed in the resulting table. This is comparable o a traditional
Sort except that the original data set has not been modified.

[Command az=3

09081 proc eql;
00002

o salect #
00003 Trom savod.computer
Q000N ardar by disk;
90005 quit;

To identify a column in the Order By clause the following may be
used:

+  Acolumn name
«  Anumber corresponding lo the position of an ilem in
the select list
« A combination of the above.
Submit the code displayed above.

The oulput is displayed below.

This code produces the same result as the following.

Connand 1

00001 proc ort data = saved.cumputer nut=work.computer;
pooog o disk;

0000 run;

00004 proc print data = WOrR.COMpUTEr;

00008 run;

The advantages of SQL.:

«  No physical sort has to be performed.

s  No physical output file has been produced from this
query, simply a listing as output.

Selecting Rows

Selecting rows is done with the Where clause.

COMMANG zxEn}

0900t proc @ql:
og002
00903
[LILL]

saject ¥

from saved.canputer
whore supplisr = °KETCHUP COMPUTERS®
prder by diek;
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Where Clause Syntax

(These ailso apply {o the Having clause).

Operator Description

= or EQ Equals

> or GT Greater than

< orlLT Less than

>= or GE Greater or equal to

<= or LE Less than or equal to
NE o NOT= or "= o | Not equal to

IN Equal to one in a list, e.g.

Where disk in (20, 40,60)

Compares to missing, e.g.
IS Where supplier is missing
Where supplier is not null

Logical and e.g.
Where substr (cpu, 1,3) =

& or AND ‘686"
And disk = 20
~ or © ar NOT Logical not
OR or | or! Logical or
Compares two patterns:
Where type like ‘desk%’
LIKE Desk followed by anything
%" or Where cpu like ‘386_x

Replaces any one
character

Compares two patterns:
Where type? ‘top’

Top in any part of word
Desktop, laptop, tophat

Selects inclusive ranges:

? or CONTAINS

BETWEEN Where disk between 40
and 100

=¥ ‘Sounds like' operator
SAS functions are

FUNCTIONS permitted

Notes

Computed columns cannot be referred to by name in a
Where clause. They must be recalculated for the
Where clause.

+ ==is normally the symbol used for Not Eguals an an
IBM mainframe.

¢ *=is normally the symbol used for Not Equals on ASCII
based machines.

¢ NOT=and NE and <> can alsc be used for Not Eguals.

» The ‘Sounds Like' operator uses the Soundex
algorithm. This is usually used to search for variants in
names, for example telephone directory applications,
but it is not perfect.

¢  The Between operator includes values defined in the
range.

¢ s Null and Is Missing are equivalent and match with all
missing values including special missing values.

»  SAS funclions are supported except for Lag, Dif and
Sound. These supporied SAS functions should not be

confused with SQL Summary functions seen in a later
section of this chapter.

Controls and Enhancements
The Feedback Option

The Feedback option can be used o list all columns represented
by an asterisk in a Select statement.

Submit the code below.

Connend === |

00001 #8#The Feadback Optlon;
00002

00003 proc sqi Toedbaok;
40004
00008

sslect ¥
from saved.computer

Columns are listed in the log.

L] 'ran saved .casputer;

;lll"ﬁ: Statanent tranataras ta:
mainct CONPUTER.CATNUN, SOMPUTER.SURSLIER, COMPUTER.TYPL., COMPUTER.CPY, COMPUTER.DISK. Y

E MHOLESAL , RETAIL 5

H Fram SAUEO .COMPUTERs

WI: Writing HIML Rady Tile: sashint.ntn

E_-) £] nﬂc:mfn SUL L

B
real tine 031 sesonds
apu thee 1.98 ssconds
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The HTML output follows.

The list cutput will appear as follows.

'?Oﬂlhﬂ ERE)

CATHUM BUPPLIER TYPE <PL DISE  WHOLESAL RETAIL

Pant fum
Pant lun

LU T P T FYRL T

WaamINcOAWn
sa-a2:=53Za3aa
TP PICTIPE

COMPUTERS
TCHUP COMPLTERS
CONFUTERS
COMFUTERS
COMPUTERS

Selecting Columns

Using the column names from the SAS file allows selection of the
columns in the report.

’ proc sql;

E seloact typs, disk, ratall

J000903 Trom seved,computer

jopooy uhors supplier = "KETCHUP COMPUTERS™

300002 Igruar by disk;
ult;

This is the equivalent of the following.

Command =3=>

00001 pror sort data = saved.compyter out=work.computar;

00002 by disk;

0a0o3 run;

00004 proc grln! deta=work .computer

00005 (wherse(suppl ier= "KETI COMPUTERS ") );

:000; var typs disk retaii;
run

The advantage of SQL ié that there is no need to sort the data.

Note that commas separate the list of column names.

select type, disk, retail

Alt lists of column names and table names require commas in
SaAL syntax.

Calculating Columns

Columns can be calculated by assigning an expression to an item
name.

Command ===

00001 proc 3ql;

00002 selact ;*pl.
=

00003 h,
00004 ratell,
00005 ratal i .06 83 Tax
40008 from saved.computer
00007 where suppller = "KETCHUP COMPUTERS®
90008 order by disk;
naon: quit;
t

Notice the structure: expression As variable

Opposed to the traditional SAS variable = expression;

Notice that the traditional equivalent would now require an
additional data step.

Command ass)
00001

oopo2
00003

00084 run;

DoUOS proc sort data = new;
[ 1113 by disk;

0000T ren;g

DOUDE proc print data = new (where={supplierz"KETCHUP COMPUTERS®));
0o00s var typs disk retail Tax;
04010 run;
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Formatting Values - A Column Modifler Using SAS Data Step Functions

The format option appears after the column name, not as a Data Step functions can be used in these expressions as noted
separate statement. earlier in this chapter.
OMABNG ===, i 19
00301 proc s MM [ 1|un-_ noete nonuwber;
00002 title 'Kutchap Computers, TAR element of prices’: : ::g; titie ‘Chargas raissd far car hirs®;
00003 selact type, proc farmat; e .
90004 dlk, vaius smoce! (7. = Fleets
00005 ratall, Orlon”
00005 ratal|#.06 2 tax formatzdoliar?.2 sierra”
00007 fron saved.compuytar '8t ot ‘eraneda’;
00008 where suppliers'KETCHUP COMPUTERS® mﬁ =t
g:g?: qulgrd.r by disk; i -uci wbl!r(nrkly.enl.)Jnrn;-:nndnl N
Vo G‘l‘yl:hnyllbem'ull Yo chargs .

s

(andate - wtdate n) an 1|-a||-pt
Isbeiz 'Days Hirsd®,
{andete - stdate +1)Edeyci hn
rnuna(ueeun- 2 atamie e 1)adaychge.e6 ),0.01)
}

from wavsd.carkirs
- order by B dasc;
0.!‘ quit;

Noties:

All SAS Data Step functions are supporied except Lag, Dif and
Sound.

Functions can be used to derive calcufated columns as shown by
the Subsir function above.

They can also be used to change calculated values, as shown by
the Round function.

Derived columns need not be given aliases using the As syntax.

Aliases cannot be used in further calculations.

For example, review the expression in the round function above.

(endate-stdate+1) *daychg

This is a SAS enhancement to standard SQL. If we were to replace it with the following:

Labeding Columns - A Column Modifler _ timekept*daychg

Golumn headings can be changed with the Label option. There would be an error since timekept would not be found.
e ' | The Order By clause can use the ordinal pesition of the column.

0009z titie "katchup lefai’l. TAX om\\am or pricas’;
(1111 aslect tupe  label="Compuia
Ratsii Prlel' farnatzcomma8. 2,

toees Taisi i 06 as Tok ' In the example above, the fifth column is used. This is how
Whers supal 16ra KETCHUP COWPUTERS " ordering is done on a calculated column with no alias.

omr oy diak;

Here the order is to be descending, coded Desc.

This is a SAS enhancement to standard SQL.
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Calculated Syntax

In addition to using SQL to calculate columns, sometimes
racalculations are required. A simple situation might require a
totaling of the retail price and tax. Logically, the code would look
like the following.

[Conmand T

. tax.
all + tax .. totat
Ifrnn -lm danputer )

In order to produce the corract cutput, repeat the entire
calculation of tax in the total or use the Calculated syntax.

[Command cxz)
Wuot proc sql;
saluct :nnun.

rl"lll.ol an tEx.
ratajl « calculatnd tax a= totai
l;ron 2avad.canputar;

The word Calculated is required prior to reusing a column that
was just created in the select statement.

Distinct Values

Distinct is used to eliminate duplicate rows.

COMNE nu EECTY

nnnu proc sgt

Hilu "Whtich disk types ars solo by Ketchup?’;
ealact distinct dl i

froa ssved.compyt
whara luppliur-'lrrqu COMPUTERS

‘Which disk iypes aré sold by Keichup?

Traditional SAS programming would involve the following.
[EoAnERG =3T3

o091 titia ‘which cisk types #re sold by Ketchup?® I
$d092 proc sort catamsaved. Eﬂlpu:l:%ﬂhll'l'(luppl sr— RETCHUP COMPUTERS"))
ol

nnoi outsusrk.unlqual keep=d nodupkey;
403 | by alek; et ’
l! 048

.nuu pr-nu print Satazuork.untque;

Selecting Data with Distinct

The Distinct keyword can be used to select data for all
combinations of columns.

L CORMENG ==23
:sut proc sql
IH- "Rl combinations of dlsk and type’;
ul-n dintinct disk I-b-l:'Hard Diek SIzl »

typa labels="Computar Typa®
fron waved. Eu-put
whare suppl fors "KETCHUP COMPUTERS'

order by dlak;
Dﬂl quit;

All combingtions of disk and type

The Distinct keyword applies to all the columns fisted. Each
unigue combination of column values. is returned.

Notice that a Title statement was used to enhance the output.
Title and Fooinote statements must precede the Select statement.
Data/Proc Step methods would use fwo By variables.

Note the effect on the inner variable {type) when the outer
variable (disk) changes value.

and =553

LI
nnnll titia "All combinstione of cisk and type”;
40002 pren sort datazssved. un-pufur(-hara-g-u llur- KETCIII.IF COMPUTERS®
ONOS outasork,unlqual P P';
DY JisK type;
00005 run;
S0005 proc primt datazunigue;
0000T run;
0so008
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Syntax Check Using the Validate Statement
The Validate statement is used to test a Select statement.

It checks ihat the listed column narﬁes are correct.

It also tests the query syntax without actually executing the query.

Error messages are printed in the Log.

[ComRanG =523 I

nl.:t dl-iln:i disk labsiz"Hard Diek Size®,
type label|="Computer Type®

from «Ived. eaapuil

whara :I;’Ipflﬂl"l KETEHUP COMPUTERS®

atément has ovalld syntax

INOTE ® PROC m.

Syntax Errors

This syntax arror takes place because the Order By option is not
the last clause on the Select statlement.

Command =e=) |
00001 proc lq!-
00002

) val ldat
20003 select dlstlnct disk label = 'Hard Disk Size’,
abo0M type Isbel = ‘Computsr Tups®
00005 from saved .computer
80005 ordar by d
BooET whare suppllar = 'KETCHUP COMPUTERS':

unil
nhni dll!lnn disk labal =
typn label a 'Computer Type'

from spved.Computer

'sard Disk Siza®,

order by disk
where supplier =

"KETCHUP COMPUTERS®:

one of the followings 5, !, 1!, &, {, &
IN BE'UED‘ CONTAINS, DESC, I!ESI:EHDINB

EEROR ea 322 synt-x arror, axpactin
>a, T, ANO, ASC, ASCH

' NOTIN, OR, ~, A2,

ERROR 202-322: The option or parsmeter Is not rlugnlull and will ba l.unnd

Make sure that the Order By statement is the last option on the
Select statement.

Syntax Check Using the Noexec Option

The Noexec option can be used to check for correct syntax in
several statements including Select, Create, Delete, Alter, Drop,
Insert, Reset and Update.

The SQL code is not actually executed. Error messages are
printed in the Log.

tCommend msa) |
S0401 prn'? mqi noexacj

$000E qu

Analysis on Groups
Summary Functions

A series of Summary functions are provided to analyze columns.
A complete list of these functions is provided later in the chapter.

Single Column in a Summary Function
If a single column is specified in a Summary function, the statistic

is calculated down the column just like a traditional SAS Proc
would operate.

Command ===

09001 proc eql;

L salact wesn(ratai|} ss auprica
i Tron savad.coMmputsr;
00004 quit;

This is the equivalent of the following.

Command === |
00001 proc mesns dsta = saved.computer maan;
var retall;

Multiple Columns in a Summary Function

If more than one column is specified in a Summary function, the
caiculation is done across the columns for each row.

Command ===
GOGDI prv: *q)
mn r.ull TOrmats commasld z.
2 rateli o8 s TAX - format = oesmed .2,
g -unlrltlll.rlinlli oB) II GRASE format = cammal0.l
(0040 from seved.coMputar;
ﬂllol quiT;

Single Summary Function with Other Individual
Columns - Remerging

If a single Summary function is part of a Select statement where
other individual columns have been selecied, the resulting
Summary statistic is combined with all the individual table rows.

This is known as Remerging.

'M =52 I
pres ey
008 ule:t Spu,

alen,

(rﬂull who l ase :

T erotit lateis Profit”,
uulnlr’iil t-whoiowal])
lupruvli unnl = "AVErage Pratit’,
tail-wholesat)

("af.“-ﬂwlalllf g
qife Ob.l e ‘Differance”
from ssved.conpuier

ln-rl aupplier nInt.Inl fRLOMPY "
? .

=
eslect =nu

(r-tll 1 ﬂdwlu!
bel=*Profit®
meonirotal l-wh

(utlll—uhni-‘

s diff
from savad un.ul
whara suppllar col
The Judry raquires
Body T

sbel = ‘fversge Proflt’
~ mema{rets 1I-ullo|-l ]
sbel = ‘Diffar

'n.oP"
nu-n-ry atatiatics back with the original data
tATE .
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Data Step Equivalent

This also can be accomplished with a Data/Proc step, as
illustrated here.

Proc Means/Summary can be used to create a one-cbservation,
one-variable data sel.

This is then read into the data step alongside Saved.Computer.

Alternatively, it can be read in two passes of the data in the same
data step.

‘CoMmana sas> {

£Tl ﬂl dats work

il ratain’ luprn'\'lt 0;

i1 'I If _n_ = 1 than do;

00004 Jo"untli(ena);

st saved. =nnnu1-r and=en d;

if .uhiﬂ‘(luppl iar,1,8) ¥ ‘FLOPPY";

un 1;
lcnum-  rarai | ]
actume +~ wholessl;
suprarit = (:==nur~|e=un|)l=aun',
ond;

ana;
.ot nu-ﬂ comput
Il[lubi'll‘(ll.lppllll‘.l 8} a 'FLOPPY’});

profit s ratell - uholess|t
ulr'l = prnrli - auprorit;

run

pl’ﬂﬂ print a4stamMOrK.nENW;
var cpu dlek profll avgrn'l! dier;
iapal pl’ﬂ Tt rro

fl' ! chversge Profit”
= 'Difrerence’;

Count Function

Count(*) gives the number of table rows (data set observations).

Count is the only function that allows an asterisk (*) as an
argument.

The following examples use a SAS data set with details of
computers at a computer retail store. These examples answer
various business questions about computer sales.

Example 1: How many total rows in a table? What is the average
retail price?

nnuni(l ) am no_rocums
o8

12\‘11:“0""-) aw sversge

When used with other arguments or modifiers the Count function
can be used to calculate the number of rows for several
situations.

Example 2: How many Ketchup Compulérs in table?

[Command === |
lMM proc #g
--luni sount(s®)
fnonna 1row saued.coMputar
80004 whera suppllers"RETCHLP CONPUTERS

Example 3: How many types of suppliers?

Conmand H:n} 1

i MI pros agls

o042 amtact diatinet suppl lar
00002 fraM waved.cosputar;
a0084 quit

U SR Sl

The output is displayed below.

Example 4: How many different suppliers?

[Eommand ===3 I

40801 proc aql

£ 2 anlact nmﬂ-:llﬂlnn supplinr]
3 from ssuad.computar;

N quit)

The output is displayed below.

Group By and Having Clauses

Analyzing groups of data is performed using the Group By and
Having clauses with tha Select statement.

A Group By clause is used to analyze data based on group
membership. With a Group By clause the analysis is performed
for each group. Without a Group By clause the analysis is
performed on the entire table.

Every column you list in 2 Group By clause also has to be part of
the Select list.

A Having clause is used to operate on groups of data. In a Having
clause groups are first formed and then some operation is
performed based on those grotipings.

Several types of analyses can be performed using the Group By
and Having clauses.
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These include the following.

1. Distinct
summary on a
group

Select
Statement

Group By
variable and a
summary
function on a
second variable

Result

Equivalent of By
statement. Has
ane row each
value of Group By
variable. Data
calculated for
each Group By
value.

2. Group & Group By Has one row for
table variable and a each original row,
summaries summary subject to Where
used in query function on one | or Having

of all records or more clauses. Data
variables calculated for

each Group By
value.

3. Group Group By Has ¢ne row for

results only variable and each value of
several Group By
variables ail variable. Data
have summary | calculated for
function each Group By

value

4. Group Group By Has one row for

summary used | variable and each row in the

in query several original file,
variables, with subject to the
the summary Having clause.
function on Data is calculated
Having not for each Group By
Select value.

§. No summary | Group By Group By
variable and translated into an
several Order By option.
variables, no Has one row for
summary each value in the
function on original table,
Select ar subject to Where
Having and Having

clauses.

Style 1: Sub-Group Analysis -~ Group By Clause

Example 1: Compare Proc Means analysis using Class statement

with Proc SQL.

FCaMNend ==}

40001 proc Meane data=saved.computer mean neay;

00802 class diak;

foncos  var ratall

The output is displayed below.

Commang === |

00001 proc eql;

B select disl
nnnlrutlill a. ngret

1rom saved.casputsr

?rnup by diwk;

Simple summarizatior by a class variable (e.g. disk) creates
summaries (e.g. mean} of an analysis variable (e.g. retail).

There is one row for each value of the Group By variable.
Example 2: Compare data step analysis with Proc SQL
With traditional SAS programming the data step can be used to

calculate summary statistics for vanables as a function of group
membership as follows.

CoMmand x=z)

30001 titie ‘What Ie the total rotalil price for sach disk soid?®; ﬁs
00002 proc oort datasesvnd.GORpUter outssortad;

.00'3 w dlisk;

0000
oom unl unlque(keepsdisk totret);
::::g »at .ur}ad(mpul-ls cuppllur rotail s
Radill ir r?rn .disik than totret=o;
Halll] totreteratal I i
00010 i1 1ast.alex
;:g:: é unlre cupp'ler='sETmIJP COMPUTERS " ;
00013 prnn print detaxunique;
noulu

With SQL the summary function - Sum( ) and Group By clause
are used to perform the same analysis:

amand ===y |
oun proc wql;
, titie “Tatal ratail prica for each diek type salid’;
sdisct alek,
SUN(FRTAT 1] 88 T0TreT
TroN epved,conputer
whera supplierz='KETCHUP COMPUTERS'
group by dlak;

o0e08 qul
i)
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The output is displayed below.

f retail price for each disk type sold

Style 2: Compare Individual Values to Group Averages

The foliowing compares individual values to group averages using
Group By and Having Clauses tagether.

Example 1: Traditional SAS Programming.

Often individual values need to be compared with the average
value for the group, instead of the whele data set.

The following traditional SAS programming performs this analysis.

[Conmans =25)
prac anrt detasksved.dorogrsf out=domograt;
by gandar;

3 run;
00999 progc moane ¢|1l=unngrn mRIN MOPrint;
] oy !Ghﬂ

var satary;
uu'put cutzetnte mean=svoesi;

b 0d0S dl1l lowsal highsal;

ir gir-t gander than aat atate;
It salary { sugesl than output lowsdi;
elu output highes!;

funm prv: grlm data=lowes! ;
i e "Erploynas with lower than svsrage ssiariss”;

pru: prlnt datamhigheal;

title "Erploynes with highar than avarage larils

Example 2: Using the Having and Group By clause.

The following Proc SQL code makes use of the Having clause
with a Group By clause to perform the same analysis.

Command ===> [
0.001 prac aql;
i salect gender, wtatus, salary, auglaslary) am sugeal
1ron saved. dlnnqro

[ i
gumo nliry:lwlullry],

909
100008 quit

The Having clause operates cn an entire group of data rather
than on individual rows,

A Group By clause usually precedes a Having clause defining the
group the Having clause evaluates.

In this example, the Group By clause specifies that the data be
grouped based on the values of the variable Gender. As a result,
two groups will be formed.

The Having clause then operates on these groups. In this case,
the Having clause compares the individual value of salary for
each row fo the average salary for the appropriate group.

xok with tAR Qriginal data.

The output is displayed below.

Avgsal represents the different averages for the twe gender
groups.

Style 3: Sub-Group Analys:s for a Subset of
Observations

This is accomplished by incorporating the Group By and Where
Clauses together.

Consider the most recent output.

This displays the individual rows that have a value for salary that
is greater than the average salary for the appropriate Male or
Female group.

Change the code in order to calculate the average satary and
average number of cars for Females and Males, but only for
individuals with a salary greater than 10,000.

The following code performs this analysis.

ommand s=5> |
00001 prn: wql;
o002 -llnnt avglesalary) I-h-l: =v-r-n- Salary*
=
supltare) Ilha\- Hvarlue Nunber af Cars’
foreat = 3.1,

SBnYar
Trom saved.denograr
whors salary »
Igrnup by gendsr;
ult;
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The Where clause is used 10 select cbservations before the
averages are calculated.

The Group By clause determines the groupings for the analysis.

Style 4: Compare Individual Values to Group Averages
and Summarize the Result

This is accomplished by using the Group By and Having Clauses
Together.

In this example a summary function does not appear on the
Select list but the Having clause does have a summary function.

The Group By clause is again used to form analysis groups.

Each individual's salary is compared to the average salary for the
appropriate gender group.

feanmang aacy
00001 proc gl
00082 walsot gonder, Iiltu., salary
00093 Trom weved.doavgraf

UL LY :r gondsr

00045 sving sslarydavpisalary);
“Joo0es quit:

This analysis is identical to that performed for Style 2.

The difference is that in this example the Summary function is not
in the Select list and therefare is not displayed.

Style 5: No Summary Function

In this example grouping does not oceur because a Summary
function does not appear in the Select list nor in the Having
clause.

Proc SQL transiates the Group By clause into an Order By clause
and an error message is printed in the Log.

[Conmand ===y

gandar, ststus, salary
from saved.danograf
group by ststus

IhlUil’Q nurynunn.

tmm ===)
imzua f EROUF BY ciwust he9 been traneforned inty an ORDER BY clavee bucause nkither 1he

HAUING clauss of the assaciated tabla-axpression refersnced a suansry function,

The Log indicates that the Group By clause has been converted
to an Order By clause.

What the Log does not indicate is that the Having clause is now
treated like a Where clause.

Sub-Queries/lnner Queries
The result of a query may be embedded inside further queries.

These embedded queries are known as Sub-queries or Inner
queries.

A Sub-query has the following attributes:

1. It consists of a Select statement that is written beneath
another Select staiement.

2. Iltis enclosed in parentheses.

3. It executes before the outer query (first Select statement that
appears in guery).

4.  Itiypically provides results that are used as part of a Where
or Having clause.

5. It produces either a single value or a set of values, which are
then used by the outer query.

For fllugtration purposes examine the average profit for each CPU
type.

[Command === |

I,
wg(reu'l,l-sholltlll an prorit
Trom saved.coNput

by epus

Analysis indicates that some of the CPU types are more profitable
than other ones.
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Example 1: Sub-guery that returns a single value.

By what method can the average profit for each CPU type be
compared to the average profit for the entire data sef?

Do this by using the Having option and a Sub-query.

ngd =23
oounl proc aql;
ogo eelect cpu, 4 d
avg(ratsl I-uhnllnl) s proTit
Trom .dencnlp

¢ DUTER QUERY 2/

rlilll-uhnlllll) /% < SUBOUERY (or INKER Q|

«computer);

In this example, only the CPL types with prefit margins greater
than the overall average are displayed.

The Inner query code consists of the following.

Rasuit of INNER GUERY;
00902 proc lql;
wolect svg(rateli-wholesal)
from savad.nosputer;

The result of this Inner query is a single value, the average profit
for the entire data set.

The Inner query result is then used by the Outer query 1o produce
the desired analysis.

One way to perform this analysis using traditional data/proc steps
is as follows.

cnnmnu ===3 |
GO1 data nAme
snt savad.computer;
profit = retall - wholssal;
run;
proc summary dais=new;
] clasek opi;
ver protit;
llu'pu‘i OUtSneWE Mesnsmesnpruf;

unu nawd;y
retaln hhuprf,

~type_ = 0 then totavprf = mesmprof;
it mesnproT > totaverTs

run;
prec print dstsEnewd;
rul

This demonstrates the power of the SQL query where ohe query
replaces three data/proc steps.

Example 2: Sub-query that returns several values.

The next example shows an Inner query that results in 2 list of
values, which are then used by the Cuter query as part of a
Where clause with an In operator.

The Inner query code consists of the following code.

2223 A
ad00l proc sql; =)
00062 seisct distinot SpU P
00003  Trom saved, nnnpuur i
90004 l:herc rotall < $200; o

This Inner quary retumns two vaiues, those CPU types that have a
retail value less than 1200.

The Full Query code consists of the following.

[Camuand =2z |

[00e1 proc sql;
[0ooez sniect cpu,
o gae: ok, .
fapooy ratait - whoieaal aa profit
00006 from saved.computer
a000E whara opu in
10097 (emioct distinet cpu
4p008 fran saved. cluputnr
[TT] where retail < t200);

The full query result is displayed as follows.
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Correlated Sub-Queries

This term refers to executing a Sub-query that depends on values
in the Outer query.

Consider two data sets that contain the following information.

Table A

Table B

Code Name Date Code Height Wetigh
aa Jimmy | 24dec92 aa 66 150
bb Jack 120¢191 ee 78 220
cc Phil 03augé5s bk 74 210
dd Sam 14feb78 ff 70 175

Example 1: Select everyone from Table A greater than 72 inches
in height.

Command ===> |
00001 data n;
00807 input code ¥
0000 l
00004 datl : date?.;
005 cardse;
0900 aa J iy 24dec 32
0900 bb Jack 120ct31
00 g0: cc phil
1 0 dd

uog; title "Tata! Ouery = Salect Everyone from Table A Grester than 72 Inches

Haloht™;

whers i‘i ( (.-I-:l height from b where a.code=b.cods);

Process Flow:

a.code=aa
query:
Quter-

Height 72 No

Sub- | a.code=bb | b.code=bb |{ Match
query:
Outer- | Height 72 | Height 72 | Yes

Sub- | a.code=cc | b.code Na matc
query:
Quter- Does not take

Sub- | a.code=dd | b.code= No match
query
Quter- Does not take
guary place

Example 2: Select the most profitable computers where the

average quality rating for equipment suppliers is

greater than 6.5.

Two tables contain different sets of information for a computer
company.

in Saved.Compsupp quéiity ratings are kept on the suppliers of
computer equipmant pertaining to delivery targets, product quality
and technical support.

Cllmllnd 3Ty

o.en proc sgl;

06002 salact # TroM eaved.COMPEUPD;
00"3 quit;

Ratings are based on a 10-point scale (1=poor, 10=excellent)

In Saved.Computer infarmation is kept on the supplier, CPU type,
retail price and wholesale price of manufactured computers.

The following will analyze which CPU type is the most profitable
and take into account the current quality ratings of our suppliers.

The Outer query provides statistics on the most profitable CPUSs,
while the Inner query chooses only those suppliers whose
average overall rating is above 6.5.

CoMMang ==2)
’9000! prw »ql;
:ut supplisr labei="Suppllor®,

wg(rercl {-whoiesal )
abalz"’ ﬂusrlps Frnfit
ud(rutli 1~who | B8
{abal=s" stanuurd Dsul-tlnn format=s.z
fron saved.computer
whare &.8 ¢
(salact mean(det ivarv.product support 1
fros ssved.compsupp
whara computer.supplier=compsupp.supplier)
group by wupplisr,cpu;

TormatzT.g,

data oh-upp
2 -u::l aaRpBu
H runlf mn(dnnwr.nroduct supportl > 8.5;
proc mort getsaoksupp;
by mupplliar;
run;
Proc sort detszeavad.computsr cutssoried;
I:ly supplier;

[T
dlt‘ both
Harge okoupp( inminok) sorted;
Br

2 rotall -~ whoiasal;

un j
praa wmort datasboth;
by suppl ier cpu;

PO mEInS u;*alhu'lh noprint;
:m— prnfl'{
*uppller opu:
uztp\lf our = stata(aropa_typs. _frag_)
an @ avprofit wtd = wipreofit;

run;

ny
pron print dats=etats sol Pig="~ty
1anel ouprnfl1= ‘Aversge”Prot it’
tprof itz ‘Standard Deviation” ;
format aupran -
*tproTit 6.2;
run
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Select Distinet

item AS ...
‘ Format= ...
La_bel=
Quter Union ...
- Intersect ...
Except...
Syntax Summary
SAS Online Help information item
item Expression
Syntax P
;I;E es;‘l:‘lzs;te;:clggd blea%lgnj ageesg;lgﬁlggn Yi\:;yntax of the SQL procedure and Its options, . Functi on(it 8 m)
BROC Q1< option-list>; R
ALTER TABLE alrer-statamant; Into :host variable
CREATE creare-statament; '
:host variable
DELETE aelete-starement;
DESCRIBEdescribe-starement; From SAS file As ...
ROPdap-staternent; Full Join
INSERTinsert-staternent; L?ft J oinl
RESET <reset statement option-fist»; Right Join
EEIEGT) sefect-statement; :?;AS file As
UPDATE update-statemant; On key=key
VALIDATEvalidate-statement;
(rows) Where clause Not
Between x And y
Select Statement Options Exists (subquery)
As ...
In ...
SELECT Statement )
Like ...
SELECT <DISTINCT> chject-item < object item>... Is ...
<INTO :macro-varishle-specification <, :mecro-varisble-spazification>...>
FROX from-iist Group By items
<WHERE sgl-sxpression»
<GROUP BY group-by-item <, group-by-icems...> .
<BAVENG sql-expression> (groups) Having clause
<CRDER BY order-by-item <,order-by-item> ...»:
items

For more information, refer to SAS Online Help.

Order by

1
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Order of Options

Select statement options are placed in the following order,
separated by blanks.

{Command =33)
00001 Proc wqi;

90008 select |tons /% raqulrodess
00003 from data fTila or view /8 requireds/
00004 where clauss 78 gptionald/
80008 up by itam,item,... »% aptionalas
00008 ving ¢lausn /% optionals/
00007 order by item,item,... # optionaiss
(00008 7% requirad#s

90008 quit

Notes

items separated by commas, for
example: disk, type, CPU.

data file or view ¢an be one or mora SAS data flle
or views, for example:
Saved.Computer,
Saved.Compsupp.

clause can be simple or may contain
nesting.

Summary Functions

Some functions have more than one namae to satisfy SAS and
SQL conventions. Some of these are listed below.

Name Function

AVG, MEAN | Mean of values

gg gg T;V Nurnber of nan-missing values

Css Corrected sum of squares

cv 1 Coefficient of variation (percent)

MAX Maximum value

MIN Minimum value

NMISS Number of missing values

PRT ‘I:ﬁlb:blmy ofa gregter absolute

RANGE Range of values

8TD Standard deviation

STDERR Standard error of the mean

SUM Sum of values

SUMWGT .('Si;xm of the WEIGHT variable values

T Student.'s value fqr ftesting that the
population mean is zero

uss Uncorrected sum of squares

VAR Variance '

{*) Currently there is no way to specify a Weight variable with SQL.
All rows have a weighting of one.
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