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Beyond the Data Dictionary — Database Consistency

Sheree Hughes, Fred Hutchinson Cancer Resear ch Center, Seattle, WA

ABSTRACT

How often do you get a LOG file surprise telling you that the variable length of similarly named
variables differs in more than one data source when you are trying to merge, or append them?
Data Dictionaries serve acritical role in helping a user know his data within a dataset, but they
do not enable a user to get the bird’' s eye view that is also needed across a database. This paper
details an effective way to determine variable name, length, type, and format consistency across
multiple SAS datasets in a database. It uses the features of PROC CONTENTS, The Data Step,
and PROC TABULATE to produce areport that indicates, at a glance, any discrepanciesin
name, length, type, or format characteristics. The “Variable Dictionary”, like the “ Data
Dictionary” isatool that every database manager should not be without! In afew easy steps you
can keep your data clean, and know what to fix, if it isnot. In an enhanced version of the
application it is also possible to indicate KEY variables used across all SAS datasets in your
database to determine observation uniqueness, and possible merge combinations.

INTRODUCTION

The value of adata dictionary has long been apparent. The previous work of several of our SAS
colleagues have shown the need to know our data more intimately than what PROC
CONTENTS, PROC PRINT, PROC FREQ, and PROC UNIVARIATE can provide separately.
Combining the information from these procedures yields atool that enables analysts to work
confidently with a specified dataset. This paper extends the concept to database integrity, by
defining common variables across multiple datasets and insuring their compatibility asto data
type, length, format, and label.

PROBLEM DEFINED

One of the many strengths of SAS is the ability to merge, concatenate, interleave, update, and
otherwise combine one or more SAS datasets. How often isit that reference to the LOG informs
us that incompatibilities have been detected and either prevents the step from executing, or warns
us that we may get unexpected results? An example of the type of errors, and or warnings | refer
to isshown in thisLOG excerpt:
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MCOTE: Lines have been cleared.

00112 cNOTE: DATA statement used: B
00113 «© real time 0.01 seconds :
o114 cpu time 0.00 seconds

00115 ¢

00116

o117 f221 proc sort data=a;

no11e 222 by ptid antigen;

no119

00120 WOTE: Input data set is already sorted, no sorting done.
00121 tfNOTE: PROCEDURE SORT used:

00122 r real time 0.00 seconds

00123 <pu time 0.01 seconds

no124 o

00125 o

00126 rf223 data < B
no127 224 merge 3 h;

no12a #f225 by ptid antigen;

00123 226 run;

nof30

00131 WARNING: Multiple lengths were specified for the BY wariable antigen by input data sets. This may cause unexpected results.
00132 NOTE: There were 354 observations read from the data set WORK.A.

00133 MOTE: There were 30 observations read from the data set WORK.E.

00134 JINOTE: The data set WORK.C has 984 ohservations and 5 wariahles.

00135 QINOTE: DATA statement used:

00136 real time 0.03 seconds
00137 <pu tine 0.01 seconds
00138
00139

no14o g227 proc append hase=b data=a;

00141 Q228 run;

no142

00142 INCTE: Appending WORK.A to WORK.B.

00144 QIWARNING: Yariable antigen has different lenaths on BASE and DATA files (BASE 15 DATA 123,
00145 Q(HARNING: Wariahle wacciso has different Tengths on BASE and DATA files (BASE 12 DATA B).
00146 QIWARNING: Wariable assayiso has different lengths on BASE and DATA files (BASE B0 DATA 5).
00147 QI#ARNING: Wariable peplen has different lengths on BASE and DATA files {BASE 15 DATA 10J.
00145 BNCTE: There were 354 observations read from the data set WORK.A.

00143 MOTE: 954 observations added.

00150 JMOTE: The data set WORK.B has 984 ohservations and 5 wariahles.

00151 MOTE: PROCEDURE APPEND used:

00152 real time 0.03 seconds
00153 <pu tine 0.02 seconds
00154
00155
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DATABASE COMPATIBILITY BY DESIGN

When combining datasets by common variablesit is rewarding to know that not only does the
step execute, but also that we will obtain the result we expect. This can be accomplished through
the strategy of designing the database such that common variables are indeed common, asto
their attributes.

As adata manager of a SASclinical trial laboratory results database, it quickly became apparent
that | needed atool to guide the building of multiple datasets with compatible variable attributes.
Thus was born the Variable Dictionary. Thisis areference document that serves as atool not
only for database managers, but also for al users of the data. An example of aVariable
Dictionary is shown below:



Fable of HVTN Duta Base Variabfes 13:50 Saturdry, August 28, 2004 1
ADC | CTL | ELP | ELS | HLA| ICS | IL2 | IVC | LPA | NABR [ NAF

Var Lab=l Lengh | Var | Format

Meme Tpe

incubate | Incubatin Peried 3 Hum x K,

infunits | Infectious Units ] Char x x

istlate Tsnlate 11 Char Koy | Koy

labfile File Nane 13 Char x x x x x x x x x x x

labid Lab ID 2 Char Key | Key| K Key| K K K, Rey| K Key | K

lnbpes | Lab Pasiivity Call 3 Mum 3

hypet Percent Lysis L] Num x

methoed | Count Methad I=Guaava 2=Hemney | 1 Char x %

mucrenr | Alierocuries B Num x

maclet Daute Rezord was Modifis B Num | DATE x x x x x x x x x x x

mevdpet | Mewtralimtion Percent L] Num %

mmni Mo antigen Heading L] Hum % %

mmmiran [ Mo Antipen Range L] Num % %

mrepl # Replicate 3 Kum i

mauly #of Subwt Cells Anaylzel B Num x

outlier el er (Y/N)T 1 Char ®

pepos | % Cpteline Poitive Cellsin Suhser | 8§ Num %

pesub % af Lymphacytes from Subset L] Hum %

pepeomne | Peplide Cone. L] Num x

peplen | Peplide Lenpthilhvedap 15 Char £ 4

plateicd 18 Char x

Pt Positive Crite rin (%) B Num x

pofocal | Probocsl Sumber B Num Kay | Hey| Key| Hey| Hey| Hey | Hep| Rey| Hep| Hey| Hey

pisd Participant 1D L] Num Key | Key| Key| Key| Key| Key | Key| Key| Key| Key| KHey

reading | Reading B Num % %

Scharplab_fools'in/codesasSheree Test var_detionary

Note the facility of displaying the information in tabular form. A user can quickly scan this
reference document, and glean all critical information relating to the variables contained in the
database, i.e. which variables exist in one or more datasets, and which variables are keys. If
variables exist in one or more datasets they are candidates for combining data through MERGE,
or SET processing.

The Variable Dictionary is created from the output of PROC CONTENTS, some Data Step
manipulation, including: variable creation, and value transformation is required. The results are
displayed using the features of PROC TABULATE, and formats created in PROC FORMAT
that distinguishesthe “key” variables within a dataset, and variable type.

WHY PROC TABULATE?
PROC TABULATE isapowerful procedure that displays n-way relational information in the 2
dimensions we can view on output. It provides the visual aid of automatic grids.

VARIABLE DICTIONARY CODE

*************************************************************************;
*

Program : variable dictionary.sas

Creation Date: 02/06/04

Primary client: Statisticians & LTP

Purpose : Get list of all variables used in all datasets

* % %k %k kX X X
* 0% ok %k kX X %



Location: /scharp/lab_ tools/vtn/code

*;

*;
Author: Sheree Hughes *;
*
Project : Across all assays *
Fred Hutchinson Cancer Research Center *;

*;
Inputs: *
- rawdata.m_ASSAYTYPE new SAS datasets *

* .

i

- SAS contents: *;
*;

*

Outputs: *
- Report of all Variables, types, lengths, & formats *;

*;
*
*
*
*
*
*
*

Usage: sas82 Get New Files

Special Notes:

7

7

EE I S N R D R I S . R

Revisions: added labels 5/20/04
*

LR R AR R R R R R R SRR EEE RS RS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEERES] ;

footnote "/scharp/lab_ tools/vtn/code/sas/ShereeTest/var dictionary";

The code required to produce this reference tool is remarkably simple. Begin with PROC
FORMAT.

This mapping of values, through the format: varpl., determines whether avariable is akey, exists
in the dataset (x), or does not exist in the dataset (missing). Also the format: vtype. names the
variable type.

*************************************************************************;
* Set up formats to map values to appropriate representation in final *;
* report *;
*************************************************************************;
proc format;

value varpl

1= ' x !

2=' Key '

other=' ';
value vtype

1="'Num'

2="'Char';

Next run PROC CONTENTS using the keyword _all_ on the database of interest, and specify an
output location of the results, with a KEEP dataset option to keep relevant variables.

*************************************************************************;

* Create output dataset from proc contents for each assay dataset *;
*************************************************************************;

proc contents data=rawdata._all_
out=ALLVARS (keep=memname name label format type length
where= (memname=:'M ')) noprint;

Combine al the individual datasets with a MERGE using a WHERE dataset option identifying
the member name, and the IN dataset option to designate the source. MERGE the dataset
components by variable name, format, length, and type, remembering that they are pre-sorted by
PROC CONTENTS.



*************************************************************************;

* Create master dataset from merged contents *
* Associate assaytype with each assay, & define the key fields *;
*************************************************************************’-

data dictionary;

merge ALLVARS (where=(memname='M _ADC') in=inADC)
ALLVARS (where=(memname='M CTL') in=inCTL)
ALLVARS (where=(memname='M ELP') in=inELP)
ALLVARS (where=(memname='M ELS') in=inELS)
ALLVARS (where=(memname='M HLA') in=inHLA)
ALLVARS (where=(memname='M ICS') in=inICS)
ALLVARS (where=(memname='M IL2') in=inIL2)
ALLVARS (where=(memname='M IVC') in=inIVC)
ALLVARS (where=(memname='M LPA') in=inLPA)
ALLVARS (where=(memname='M NAB') in=inNAB)
ALLVARS (where=(memname='M NAP') in=inNAP) ;

by name format length type;

Set up an explicit array of variables, which identifies each dataset by name. In this example the
dataset names are: ADC, CTL, ELP, etc. Then based upon what position in the array the dataset
is, define the key variables and set the value to the dataset variable to 2, using the array reference
PLACE. All other variables are given the value of the dataset indicators, either O, or 1, to
indicate not in the dataset, or in the dataset, respectively.

array finame{11} inADC inCTL inELP inELS inHLA inICS inIL2 inIVC inLPA inNAB inNAP;

array place {ll} 3 ADC CTL ELP ELS HLA ICS 1IL2 Ivce LPA NAB NAP;
do i=1 to 11;
if (name in ('labid', 'protocol', 'visitno', 'ptid', 'subtype')) then place{i}=2;
else if (i=1 & name in ('dilution', 'target')) then place{1}=2;
else if (i=2 & name in ('effector', 'target')) then place{2}=2;
else if (i=3 & name in ('antigen', 'titer')) then place{3}=2;
else if (i=4 & name in ('antigen', 'assayiso', 'vacciso')) then place{4} 2;
else if (i=6 & name in ('antigen', 'assayiso', 'vacciso')) then place{6} 2;
else if (i=7 & name in ('dilution', 'titer')) then place{7}=2;
else if (i=8 & name in ('chaldose')) then place{8}=2;
else if (i=9 & name in ('antigen', 'cellwell', 'effector', 'viriso')) then place{ }=2,
else if (i=10 & name in ('isolate', 'assaytyp', 'celltype', 'cutoff')) then place{10}=2;
else if (i=11 & name in ('isolate', 'assaytyp', 'celltype', 'serdilu')) then place{11}=2;

else place{i}=finame{i};
end;
format type vtype.;

Use PROC TABULATE to display the information. The class variables correspond to the
variable attributes. name, label, length, type and format. The table is defined as the attributesin
thefirst, or vertical dimension, and the dataset indicators in the second, or horizontal dimension.
Format the valuesin the table using the varpl. format created earlier.

*************************************************************************;

* Tabulate final report with formatting to produce output which *;
* indicates all variables that exist for a given assay & whether it is *;
* a key field *;

*************************************************************************;

ods trace on;
ods pdf file="/scharp/lab tools/vtn/assay results/reports/Variable Dictionary.pdf";

proc tabulate data=dictionary(where=(name>=:'in' & name<=:'re')) format=8.0 missing;
class name label length type format;
var ADC CTL ELP ELS HLA ICS 1IL2 1IVC LPA NAB NAP;
table name='Var Name'* label='Label' * length='Length'* type='Var Type' * format='Format',
(ADC CTL ELP ELS HLA ICS 1IL2 1IVC LPA NAB NAP) * (sum="
'*f=varpl.)/rts=57;
format ADC CTL ELP ELS HLA ICS 1IL2 1IVC LPA NAB NAP varpl.;

title "Table of HVTN Data Base Variables";
run;



ods pdf close;
ods trace off;
run;

********************;

* END PROGRAM *;
Fhkkkkkkhkkkhkkkhkk,

ADAPTATION

It is possible to group sets of variables together within the database by adding another categorical
variable as a class variable in PROC TABULATE. Another application alowed easy grouping of
related variables by this technique.

EPILOGUE
Remember that SASisonly limited by the imagination of the user!



