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ABSTRACT

STATPROBE, Inc., has developed a standard SAS® program-
ming system that has been used for a number of years to pro-
duce computer-genaerated reports for clinical trials. itissetupto
maximize flexibllity and efficiency during the cburse of report
production for data analysis, whether the report is a basic clinical
report, a report for a Data Safety Monitoring Board (DSMB), a
new drug application (NDA), or integrated summaries of safety
or efficacy (ISS/SE). )

The programming system consists of a generic macro library
and a standard file structure that is created for each project.

The standard file structure is organized hisrarchically, allowing .

support for multiple protocols and the opportunity to develop and
store reusable program code.

The final phase of development in this programming system
consisted of classifying the computer-generated report specifi-
cations and creating a class library in SAS/AF corresponding to
these classifications. The class library permitted the develop-
ment of a user interface, linked to a program generator, to auto-
mate and standardize the production of much of the program-
ming necessary o support a clinical report. This paper de-
scribes the clags library and the program generator.

INTRODUCTION

Reporis for clinical trials submitted to the Food and Drug Ad-
ministration contain appendixes, consisting of very typical kinds
of computer-generated reporis and analyses of data. A large
pertion of these computer-generated reports can be classified by
scope and nature of the information being reported. The data
and programs to support clinical trials, although not standardized
across tha industry, follow certain characteristic pattemns that en-
able the production of a class library that will in turn support the
production of computer-generated repotts.

Another factor o consider in the production of a set of computer-
generated tables is project iming. A program may go through
several phases in its life cycle, including report specifications
{table shetlls not populated with data), interim reports, and fina
reports. The phases of a given program can also be classified
according to several levels of completion.

QOne approach to implementing such a class library is to use
standard macros. A macro library offers many advantages by
allowing the reuse of standard segments of code to report and
analyze data. In the SAS system, however, there Is no direct
mechanism to associate macros and class entres in a SAS
catalog. Therefore, o develop a true object-oriented clinical re-
porting system under SAS, it is desirable to augment standard
macros with a SAS/AF class library, consisting of nondisplayed
class entries that classify various types of programs.

The development of the class library at STATPROBE was pre-
ceded by the deavetopment of a standard macro library and stan-
dard programming systam that has been used to assist in the
production of over 130 clinical reports over the past five years.
The standard programming system is the foundation of the class
library. The first section of this paper presents an overview of
the standard programming system that was in preduction before
the class library was developed. The next section describes the
class library framework. Three sectiong then describe the com-
position of the base classas. The next section discusses data
structures that are assembled in an associated graphical user
interface and passed to the program generator. The final sec-
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fion briefly discusses a SAS/AF application that has been deveal-
oped by STATPROBE to automate and standardize the produc-
tion of report specifications. Concluding remarks follow.,

STANDARD PROGRAMMING SYSTEM

The standard programming system begins with the standard
macro fibrary, in which over 100 general-purpose macros are
stared. These utility macros perform a wide spectrum of func-
tions. Some macros are completely generic in function and
other macros are clinical in orientation. For example, there are
racros that

e Calculate age by a standard algorithm based on a birth date
and an observation date. .

« Determine the existence of a data set or variable.

« Perform cleanup functions by deleting temporary data sets.

* Qutput a standard header for reports.

Other macros produce more complicated output related to clini
cal data, suchas: .

Summaries of adverse event and medication data.
Comparative analyses of efficacy data.
Categoricat summaries of demographic data.
Area under the curve (AUC) calculations,

The standard macro library is an integral compenent of a highly
standardized and flexible programming system. The file struc-
ture is hierarchical and incorporates a client macro library and
product macro library. A product may have multiple studies or
protocols, each with an associated clinical database. The clini-
cal database is at the lowest level of the hierarchy, along with a
project macro library, a project database, and a repert program
library. The hierarchy of the system is [lustrated in diagram 1.
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Diagram 1. Macro library hierarchy

The client macro library contains procedures that correspend 1o
a customer's standards and are common to all projects for that
customer. For example, a customer may have specific require-
ments regarding margins, fonts, and formatting of all computer-
generated reports. A set of macros to produce report headers
and footers that conform to formatting requirements would be
stored in the client macro library.

The product macros contain procedures that are common to all
studies for a product. Typically, different study databases for
the same product have overdapping characteristics. For exam-
ple, they often share data processing or manipulaticn opera-
fions. These operations would be embodied in macros siored in
the product macro library.



Finally, the program macro library contains more specialized
macres. A macro may contain a study time point schedule
specification or specific database edits for study data.

The architecturs of the system is an object-oriented approach of
the macro implementation, allowing for inheritance and overrid-
ing using the proper search order of directories in the
SASAUTOS option. For example, thers are standard macros to
count denominators, assign treatment groups, and calculate
study day. The system allows overriding of any of these macros
at the client level, product level, or project level. This is a subtle
but important feature, because databases designed according to
the STATPROBE standard can use the most generic macros.
Conversely, databases conforming to client standards can use
macros that overrids the standard macros. Moreover, data-
bases for different products or projects of the same client may
each conform to a different standard, so that the client macros
must be averridden.

The hierarchy of the system encourages the programmer to for-
mulate macros that are as generic as possible without sacrificing
readability or maintainability. STATPROBE has used this sys-
tem to develop a comprehensive set of macros and techniques
that promote efficiency in our projects.

The programming structure and style used at STATPROBE is
highly standardized. Most programs have common elements
that can be abstracted into basic code segments. Diagram 2 il-
lustrates a typical program structure.

Data Retrieval
Data Manipulatio

Heport Invocation

Diagram 2. Standard program components

This standard organization permits classification of programming
elements. Each slement corresponds to a code segment classi-
fication, and each element can be recursively reduced to a col-
fection of classified elements until the lowest order class, that of
program statement, is reached.

CLASS LIBRARY ARCHITECTURE

Classes in SAS/AF consist primarily of graphical objects or vis-
ual classes used to build a user interface. All ¢lass libraries dis-
cussed in this paper consist of nonvisual classes. ‘Nonvisual
classes are instantiated and used at run time. The simplest ex-
ample of a nonvisual class is tha SAS/AF object class. The ob-
Ject class is the parent for all other classes..

A basic example of a nonvisual subclass is the boolean class.
The boolean class is the simplest example of an enlry in
STATPROBE's SAS/AF class libraries. It is part of a generic
foundation library of classes used by applications. The boolean
class a child of the object class. It has cne additional instance
variable called vafue, that has a default value of 1, and three ad-
ditional methods described in table 1. The code for the boolean
methods is displayed in listing 1. '

Table 1. Methods for Boolean Class
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GET_VALUE | Retrieves the value of the boolean object.
SET_VALUE | Sets the value of the boolean object.
TOGGLE Toggles the value of the boolean abject.

getvalue:
Method val 8;
val=value;
Endmethad;

setvalue:
Method val 8;
If valin {0,1) then
value=val,
Endmethod;

toggle:
Method;
value = not value;
Endmethod;

Listing 1. Methods for BOOLEAN class

A boolean objact has many potential uses in a SAS/AF systemn.
It is commonly used to propagate a mode throughout an appii-

- cation at run time. For example, a well-designed application will

have a large volume of code integrated in the system to both
debug and test the system.: A daveloper can use boolean cb-
jects to track debug and test modes, altering modes as nseded
at run time. These debug objecis can be Inserted into the global
application list and are available during run time,

SAS pragrams that report clinical data can be classified by type
of program, such as listings, summaries, analyses, and graphs.
Programs can be further classified by the type of data being re-
ported, such as demographics, adverse events, vital signs, and
medications. Within each class of program, the type of data
processing and program function ¢an, to a large part, be catego-
rized. ‘ :

STATPROBE has developed a class library consisting of non-
visual classes to support the automatic generation of clinical
programming. The class library has three constructs used as
base classes. The three levels of classes are: .

»  Program
* Code segment
» Statement

Diagram 3 illustrates the organization of the class library.
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Diagram 3. Class library schematization

A program object consists of an ordered set of code segment
objects, and a code segment object consists of an ordered set of
statement objects.



A program object is responsible for input to and output from its
associated physical file. Itis also responsible for being aware of
its code segment cbjects and communicating data and com-
mands to them. A code segment cbject Is responsible for
maintaining its statements and writing its statements to its par-
ent program. A statement object corresponds to a SAS program
statement and is responsible for wiiting its contents to its parent
code segment.

A program object is instantiated when the user interface passes
data about the program to the program generator. The data for
a program object are stored in a SCL list structure. The items of
the SCL list are SCL lists with data corresponding to the various
classes of code segments contained in the program. ‘The SCL
fist for each code segment is a SCL list corrasponding to code
segments statements. The structure of the class library allows
for paralle! and independent development of the user interface
and the class library. Adding a new siandard element to the
global programming system stimulates the development of new
classes in the class library, which In turn impels expansion of the
user interface. :

PROGRAM CLASS

The program class is the base class for all types of SAS pro-
grams. The parent class for the program class is the SAS Ex-
temal Filg Class. The program class inherits all instance vari-
ables and methods from the external file class.

STATPROBE's standard system includes these program cate-
gories:

Listings

Summaries
Analyses

Graphs

Format library
Database generator
Ad hot

There are further ciassifications of programs based on the type
of data being reported. With the exception of the ad hoc class,
programs in each category have a similar design or program
flow. :

* 0 0 & & 0

Table 2 shows the instance variables for the program class.
Two instance variables are needed for the parent class of all
program classes: a file identifier, and an object list to track all of
a program object’s code segments. ‘

Table 2. Program Class Instance Variables

file_id File handle for the program physical file.
oblist List handle for the program codae segments.

Table 3 shows the methods in the program base class. The
program methods take care of manraging a program object’s
associated file and a program object's code segment cobjects.
Listing 2 shows the code for the GET_FILENAME methed. The
method gets the first object in the program, which is a standard
header containing the program file name. The file name is re-
turned in the method parameter fn.

_Listing 3 shows the WRITE_PROGRAM methed. The method
opens the program file, sends the message to each code seg-
ment to write itself, and then closaes the file. Subclasses of the
program class add instance variables and methods as needed.

For the program class 1o be used, the following steps must oc-
cur sequentially:

+ instantiate and setup a program object.
+ Set the data of the program object.
» Tell the program object to write the associated program file.

A data structure manifest as a SCL list must be constructed and
used 1o set the data of a program object. The SCL list consists
of named Rems that correspond to code segment objects. The
code segment class is described in the next section. The con-
struction of tha SCL list is typically achieved by a user interface.
The user interface collects user input relating to the content of
the desired report and translates the input into data stored in the
SCL list.

Table 3. Program Class Mathods

GET_FILENAME

Retrigves the file specification
associated with the program object.
Reftrieves a files code segment
object based on an index.
PROGRAM_CLOSE | Closes the program object's

GET_OBJECT

associated file.

PROGRAM_CPEN Opens the program object's
assaciated file.

READ_LINE Reads a text line from the program
object's assaciated file bufter.

SETUP_FILE Associates a SAS fileref to the
program object’s associated file.

SET_DATA Associates the data contained in an
SCL list with the program object's
oblist instance variable.

WRITE_LINE Writes a text line from the program

object's assaociated file buifer.

WRITE_PROGRAM | Writes the program object's code -
segments to the program object’s
associated file buffer.

** GET_FILENAME ***;
GET_FN:
Meathod fn $;
call send(_self_,'GET_OBJECT",1,0bid);
Iif nameditem(getnitemli{obid,'DATA'),
‘FILENAME') then
fn=getnitem¢(getnitemi(cbid,
'‘DATA'),'FILENAME");
Endmethod,

Listing 2. GET_FILENAME method

* WRITE_PROGRAM ***;
WPROGRAM:
Method; -
call send(_self_,'PROGRAM_OPEN''C');
Do i=1 to tistlen{oblist);
call sand{getitemi{oblist,i), WRITE");
End;
call send(_self_,'PRCGRAM_CLOSE");

Endmethod;

Listing 3. WRITE_PROGRAM method

CODE SEGMENT CLASS

The code segment class represents the high-level components
of a program. A code segment cbjact is an ordered set of pro-
gram statements. Some examples of code segment classifica-
tions in a SAS program are



Comment block
Macro definitions
Data procedures
Procedure blocks

The code segment class provides the basis for these and other
classified portions of SAS code. .

Table 4. Code Segment Class Instanca Variables

List handle for the code segment input data.
List handle for the code segment statements.
Numeric list identifier for the parent program
object.

data
lines
program

Table 4 shows the instance variables for the code segment
class. The instance variables for the base class include a SCL
list of data for the code segment, a SCL list of data for the code
segment statements, and a numeric identifier for the parent pro-
gram object of the code segment.

Table 5. Code Segment Class Methods

Add a statement object to the code
segment object.

GET_PROGRAM | Get the identifier for the code segment
object's parent program object.

Set tha data instance variable,
initialize the lines instance variable
using input data.

SET_PROGRAM | Set the program instance variabla.
WRITE Write the code segment to the parent
pragram cbject’s associated file.

Write a blank line to the parent program
object's associated filo.

ADD_LINE

SET_DATA
SET_LINES

WRITE_BLANK

Table § shows the methods for the base code segment class.
The metheds manage the code segment statements, manage
the parent object identifier, and write the code segment to the
parent program object’s assoclated file. The methods allow the
code segment to send and receive messages trom the parent
program object. The set_program method aliows an application
to assign the parent program object to a code segment. The
get_program method allows.a code segment object o retrieve
the object identifier of the parent program object. The remaining
methods are used by the parant program object to instruct the

- code segment cbject to perform an action such as adding a
statement or writing the program statements to an associated
physical file.

Listing 4 shows the ADD_LINE method. This meathod adds a
statement object to a code segment object. The methed instan-

tiates a new statement object, assigns the parent code segment
to the new statemant abject, sets the text of the statement ob-
ject, and finally tracks the line number of the statement.

lines=insertl{lines,cbid,ling,'LINE llline);
Endmethod;

4l ADD LINE tt!.
ADD_LINE:

Method class $ line 8 opticnal= text $ indent 8;
clid=loadclass(‘aaa.generate."Iclassi!.class”);
obid=instance(clid);
call send(obid,'SET_CODE',_sslf_);

If text"=_blank_ then
call send{obid,'SET_TEXT" text,indent);

Listing 4. ADD_LINE msthod

The code segment class is used to construct a meaningful pro-
gram object. A nontrivial program object consists of an ordered
list of objects derived from the code segment ciass. To use the
code segment class, a program object reads the program data
that a user interface passes. These data contain the type of
code segments that make up the pragram. For each element of
data, the program instantiates the proper code segment object
and sets the data of the code segment object; then the code
segment object is inserted into the program object’s abject list.

STATEMENT CLASS

The classification of SAS program statements is extensive and
complicated because of the enormous size of the SAS system.
This class fibrary has the highest level of maintenance. Types of
SAS statements include:

Include statements
Macro invocations
Comments

Data step statements
Set statements
Merge statements
Prac statements

There are many other classes of SAS statements, too numerous
to mention. The statement class is the base class for all SAS
statement classes, Table 6 shows the instance variabies for the
base statement class. There are variables to identify the parent
code segment, the maximum length of the statement text, and
the text of the statement.

Table 6. Statement Class Instance Variables

codeseg An identifier for the statement object's
parent code segment object.

linelen A numeric variable for the maximum
character length of a program
statement.

text The text of the statement object.

Table 7 shows the methods for the base statement class. Ths
methods set the parent code segment, statement text, and write
the statement.

Table 7. Statement Class Methods

SET_CODE | Sets the statement object's parent code

segment.
SET_TEXT Sets the statement object's text.
WRITE | Writes the statement cbject’s text to the
parent program cbject of the statement
object’s parent code segment.

Listing 5 shows the WRITE method for the statement ¢lass. The
statement object gets the identifier for the program object to
which the statement belongs and then sends to the program the
message o write the statement’s text to the program.

ekh leTE tnw;
WRITE:
Method;

call send(codeseg,'GET_PROGRAM' program);




call send(program," WRITE_LINE' text),
Endmethod;

Listing 5. WRITE method

The stalement class is used by the code segment class. A code
sagment is composed of an ordered list of statements or lines.
A line is actually a type of staterent object. When a program
object's data are passed by a user interface, code segment ob-
jacts are instantialed and, in tum, various types. of statement
objects are instantiated to constitute the code segment object.

DATA STRUCTURE

Each level of messaging between the various objects in this
system Is trivial; however, the resulting data structure for a pro-
gram object can be guite complicated and cumbersoms. Listing
6 shows a portion of data that is collected by a user interface
and passed to the program object via the se!_daia method. The
complete listing appears in appendix 1. This portion of the data
defines the basic information in a program header. The list
identified by address [8} is an embedded list of lines that de-
scribe the program purpose. The remainder of the list items are
some of the standard documentation elements in STATPROBE
programs,

PHEADER=(

CLIENT='ACME DRUGS'

PROJECT="HEAL-ME-FAST'

FILENAME="TEST1.SAS"

CREATOR='CRH'_

PARENT="NONE'

INPUT="NONE'

OUTPUT='NONE'

PURPOSE=(
PURPOSE1="This s a test program'’
PURPQOSE2='It tasts the program class and'
PURPOSE3='lts assoclated file.')[8]

17l

Listing 6. List structure of program header data passed by a

user interface

Tha class entry for the program header class is pheader.class;
thus the metheod that reads the data from the user interface uses
the name of a list item to determine which code segment class
to instantiate. If the list item name does not comrespond to a
code segment class, then the program generator ignores the list
item. Listing 7 shows the code segment object that is instanti-
ated from the user interface data in listing 5 and inserted in a
program'’s object list. This is one code segment of a complete
program object that is listed in appendix 2. The resulting pro-
gram appears in appendix 3.
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OBJECT1=(
_CLASS_=91
DESC='"Program header code segment class’
DATA=(
CLIENT='ACME DRUGS'
PROJECT='"HEAL-ME-FAST"
FILENAME=TEST1.8AS'
CREATOR='CRH'
PARENT='NONE’
INPUT="NONE'
QUTPUT="NONE'
PURPQSE=( PURPOSE1="This is a test program’
PURPOSE2="It tests the program class and'
PURPOSE3='its associated file.'}[123}

)[115]

Listing 7. List structure of a program header object in a
program object list

AN APPLICATION

STATPROBE has developed a SASB/AF application, FERPS
(Eront End for developing Beport Program Skeletons,) that uses
the program generator. The system is designed to support mul-
tiple template libraries for several clients. The application pro-
vides a GU! to design reports, thus eliminating the need for pro-
grammer intervention in the process of specification develop-
ment. Details of the system are described in Hamilton and
Lester (1996). The system acts as a type of wizard, sequentially
collecting the user requirements, allowing preview of the report
output, and generating the underlying SAS program.

CONCLUSION

The nonvisual classes used in the program generator system
allow the system to be independent of the user interface plat-
form. Currently a web-based user interface system is under de-
velopment to capture the report parameters, build the data
structure, initiate SAS on a server and pass program data to the

. program generator, and retrieve the report results in HTML for-

mat for display to the user.
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APPENDIX 1
Data Collected and Passed by User Interface

APPENDIX 2

Data for a Program Object

Progras Data =
{ PHEADER={ CLTENTs'ACME DRUGS'
PROJECT= ' HEAL - ME-FAST '
FILERAME="TEST1 .5AS '
CREATORY CAK'
PARENT="* MONE*
INPUT= "RONE'
DUTPYY= HOHE
PURPOSE={ PURFOSE1='This (s a test program’
PURPOSE2='It tests the program cless and'
PURPOSE3='its messociated file.’ .
"y
un
INCLUDE=( ENVIRONE"H:\DATA SASIASUEHOO1 - DO\ HMFO1 024 HIFt 2POU\ ENVIRON . MAS '
LISTTOOL= 'H: 4 DATAN\ BAS ACHE HDOT - DO2LHWFD 102\ HIWF 1 2MLALISTTOOL . MAC
111
RETRIEVEs{) [13]
COLWID=( Wiz13
el
w312
Wasgs
wse2s
w1
wisg0
HiE3)
MACROPUTs [ MAMEs"header®
Liw[ I%'CENTER RUNBER®
Hite)
HT}
MACROPUT=( NAME=*colhead*
Liaf S="DATE"
7 RELATIONSHIP®
k]
L2a[ 1 TREATMENT®
2="PATIENT"
B " ADVERSE "
4x*ONSET DATE"
5= “RESOLVED®
T IO STUOY"
2t ]
L3sf 1=°GROUP’
2% " NUAIBER"
e EVENT"
#=* (STUDY DAY} "
5 {STUDY DAY] "
6= SEVEAITY
T="0MUG"

CODESEG+{ 'wreport{dsnw, '

‘ sortvarss, '
headersheader, ‘
subheud=colhead,’
Badysbody ,
foot=footer'

' thinumet);®

yas)
(5]
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( CLAse =57
DESCs‘Frogras C1ass: BASE CLASS
FILE_1OT1000
CBLISTe{ OBJECTI={ _CLASS_sB1
DEECs"Frogram hender code segment class'
DATA={ CLIENT='ACME DRUGS'
PAGJECTE HEAL -ME -FAST
FILENANE=TEST{,5A8"
GREATOR® 'CRH*
PARENTF' HONE'
IHPUT="NONE
OUTPUT=* NONE '
PURPOSE=( PURPOSEi='This is & TesT prograa’
PURPOSE2®'IT TEATS TME Progras class and’
PURPOSEY='its assuclated file.’
HLE=]]
[ILLLY]
LINES»{ LINEO=( _CLASS =121
DESCs" STAALIKE  GLASS '
CODEBEGS(. ..} [113)
LIMELEN=78

TEXT=" AARRRERE
1L
LINEZn [ _CLASS_v147
DESCa"COMMENT .CLABS'
COOEBEGSY . ..} {118]
LINELENSTS
TEXF= 99" Spacification Section

1158

LINE3=[ _GLASS_e421
DESC=* STAALINE.CLASS
SOOESEGH L. .. ) [113]
LINELEN=TS

[LLE
LINE4s[ CLASS s147
DESC= ' COMMENT .CLASS
CODESEG={...11113]
LINELEN®76
TEXT=****  Physicel Bpecifications

188
LINESR{ _CLASS_»1867
DESC="COMMENT . CLASS
GODESEQ={...][113]
LINELEN=TS
TEXT="vee Project ID: ACME DRUGS HEAL -ME -FAST

169
LINES={ CLAS5 &147
DESGe ' COMMENT .CLASS "
CODESEG={...}{113]
LINELEN=7S
TEXT='¢++  Program Hame: TEIT1.343

1123)
LINET={ CLASS =147
DESCE ' GCOMMENT .CLASS ¢
CODESEG=(...)[113)

LINELEWS?S
TEXtw'sss  Created: 0373070714310
ey
f
77
LINEB=( _CLASS =147
DES0s "COMMENT GLASS *
CODESER=( ...} [113)
LINELEN=78
TEXTe === By! ChH

HIRL LT}
LINEDw( _CLASS_ =147
DESCa ' CONMENT .CLASS "
COOEBEG=( . .. )[113]
LEMELEN=78
TEXTar=v> Derived From: ®OME

}1185) .
LINE1OR( _CLASS w147
DESC="CONMENT ,CLABS
COEBEGR(. ..} {113)
LINELEN=78
TEXTe'*v*  1ApUt DATat  WOME

11891
LINEVIR{ _CLASS wid47
DESC="COMMENT ,CLASS *
CODESEGS(...}{113)
LINELEN=78
TEXTR oo DUTHUT DatA:  WOME




TEXTH

DESC' COMMENT .CLASS
FODEBEGS...}[113)

TEXT='e2e Operating Sys: WIN
H

JERE ]

LINE13s{ _CLASS 8147
DEBC= ' CONMENT . CLASS
QODESERs( ... 1113
LINELEx=TS
FEXTara1n Linguage:

BAB, verdion 8.12

3
pi2ov)

N LINE144[ _CLASS #3487
LESC=COMMENT .CLASS "
CODESEG=(...)[112]
LINELENTTS
TEXT=eet  Lopical SpeciTicatioms

DESCs "COMMENT .CLASS '

conesea{...11113)

LiNELEN=TE

TEXTa a2 $urpose: Thizs I3 s test program

y(208}
LIRE'G={ _CLASS w147
DESC 'COMMENT .CLASE "
COOESEA={. ..} [113]
LINELENe?E
TEXTareee £t te3ts the program class and

3

Hanl

LINEITa( _CLASS w147
DESC=‘ COMMENT .CLASS®
CODESE=({...) 11131
LINELEN=YE
TEXTa 000 its assocliated file.

H

217t

LINE1B={ CLASS 2121
DESCe="BTARL TNE CLASS "
CODESEG=(...){113]
LINELEN=?G

HES N

OBJECTZE{ _GLASS =225
DESC='Include statemants cods seguant class'

DATA=[ ENYIRON="H:\DATA\SASVACHME\HOO! - COZ\HMFOTO2 \HMF1 2PGMN ENVIRON, MAC

LISTTOOLE "n: \DATAVSAS \ACKE \ HOOT - D02 \ HIFD1 D2 HINF 1 2L | L ESTTOOL . MAG.

){2a7)
LINESE{ LINEI=[ _CLASS 3147
DESCs *COMMENT . CLABS!
COCESEG={...]11235]
LINELENTTE

TEXT="411  Include sxterial wacro files
) [243)
LINE2={ _CLASS =247
DESGE ' TNG .CLASS"
CODESEG=(...) [238)
LINELENa78
TEXT=' Awineluda

*#: \DATA1 BAB ACHEL HDDY « DO2\ HMFO1 02 \HIF | 2FGM\ENVIRON .WAC" [ *

y(2s5)
LINES={ _CLABS_=247
DERGR THC CLASS'
CODEREG=, . . .){229)
LINELEN=TS
Text=' sinclude

"M ADATALEAS \ACHE | HOOL - D02\ HNF O1 DZHMF 1 2MLILTSTTO0L MAC*

FTEL3E
1238
FROGRAM=31
»1238)
OBJECTI=( _CLASS_a283
DESCe *mzader oata rerrievel eode SEJRENT Clas’'

OATA= 1) 1377)

LINESa( LIKEYW{ _CLASS »1&7
OESC="COMNENT .CLASE '
COQESESE( . .. ) 1275]
LINELEN=TS

TEXYa'***  Retrleve report title and header Loforeation

{
DESC="Prograw statesent class: BASE LASS®
CODESESs]. ..} [275]
LINELENSTS
TEXTA "Wiat pgenase=TEST) . §AS;*
1(207)
LINEI={ _CLASS_ =13}
PESC="Progran statesent ¢l
CODEAEGe! . . .} [278)
LINELEN=78
TEXT=%dstap0e {apgunans) ;*

¢ BASE CLASS'

112751
OBJECT4=( _CLASS w267
OESCa ‘Colusn widih code segeent class'.
OATAR{ Wis1S
LS}
s
Wi=25
W25
wss10
W=20
JI%e)
LINES=[ LINE1=[ _CLASS w147
DESC* COMMENT . CLASS
CODESEG® (. ..} [307]

98

LINELER=78
TJEXTa'=** 5ot the report coluen widths

¥[3131

1)

DATA®( HANE®’ hasder®
Li={ 1= CENTER KUMBZR'
HE |
11338}
LINES=({ LINEi={ _CLASS =13t
DESCa'Progran statemsnt cla
CODESEG={...}[338)
LINELENmTS
TEXT="SMacra headerj®
341
LINE2=({ _CLASS =131
DESC='Progras stateseni class; BASE CLASE*

1 BASE GLASS"

COPESEGS| . ..} {333]
LINELEN=TE
TEATS' Put $EC) "CENTER NUWBER**
11347)
LINE3=( _CLABY_ =13}
DESCE 'Program 81ATasant class: BASE CLASS®
CODESEG=(, ..} |332)
LINELEN=TE
TEXT=SMend hoader;*
I
11337) -
PROGRAM=B1
)1333)
OBIEGTE={ _CLASS =323

DEBCS ' MAGROPUT . GLASS '
OATA=( NAME= 'colhesd'
Li={ 5e'DATE’
7% ‘RELATIONSHIP®
asr
L2{ 1% TREATUENT ¢
2= PATIENT'
9= ADVERSE'
4= ONBET DATE'
5= 'REBOLVED '
=70 STUDY'
143451
L3=( 1= GROUP"
2= "WuMBER
3« "EVENT®
4=* (STUOY DAY) '
5=+ (STUEY DAY)
= "SEVERITY"
7= ORUG"
1{383)
yas?)
LINES={ LINGi={ _CLASS =131
DE3LA'Program $tatement cle
CONESEGN (.. . ) [355]
LINELEN=78&
TEXTE 'MMACrS COlhead;”
HE SN
LINEZ={ _CLABY_ =131
DESGR'Progras 3tatemant class: BASE CLASS®
CODESEU={, ..)(338]
LINELEN=TO
TEXT=' Put #&c5 'OATE'*
HEZA
LIREZS( _CLASS m131,
DESC+Program statement class: BASE GLASS'
CODEBEG={...) [355]
LINELEN=TB
TEXT=" MCT7 RELATIONSHIR' '
11878
LIKE4=( _CLASS =13t
DESCS"PrODrAR STATORSRt Class: BASE CLASS®
CODESER=(...}{358)
LINELENS7E
TEXTE" J @808 TREATMENT '
s
LIkESs[ _cLasS =131
Of8C='Progran statemssnt class: BASE CLASS'
COOESEG (... )1955]
LINELEN=T8
TE(Ta" #c "PATIENT '
)(283)
LENE@={ _CLASS =131
OESCA’Progras STATesant class: GASE CLASS®
COCESEG=(...) [388)
LINELENSYS
TEXT=' ®&c3 'ADVERSE" "

. BASE CLASS'

Haez}
LINE7={ _GLASS =131
DESC=Program statesent class: BASE CLasa’
COUEBEGS{ . . .} [333]
LINELER=78
TEXTa' #8c4 "ONSET DATE'*

HESH
LINEB»( _CLASS =13t
DESC='Program statement class: BASE CLASS'
GOOESEGR{ . . . } [355)
LINELEN=76 . .
TEXT=" #&c3 'RESOLVED®*

13951
LINES=[ _CLASS_ =131

DESC*Progras statemsnr clase: BASE GLASS*

CODESEG=(...)1355]

LINELENSTS

Tt $acT 'TO STUDY'

MM
LINE10a{ _CLASS =131
Otel="Progran statenent class: GASE CLASS®
CODENERR . . .} [333]
LINELEN=TS
TEXTS' ! Skt 'GROUP''




lisua)
LINEt1=( _GLASE_wi3t
DESCE'Progran statesant nllglz BASE CLASS'

CODESEG=( .. .}(355]
LINELEN=78

TEXTE! #ac2 NUMBER'
114071

LINE12=({ _CLASS_s131
DESCw'Program statsment cloEs: BASE GLASS'
ODDESEGS( . .. ) 13551
LINELEN=7&

TEXT=" 803 EVENT"
M

LINEIS=[ _CLASS =131
DESCs*Program statement class: BASE CLASS'
COOESEG= (...} [323]

LINELENTE
TEXT=* #&cd ' {STUOY OAY)**
HA3]

LINE =] _CLASS =131
DESCa'Program statement clasa: BASE CLASS"
CEOESEG=| . . .} [355]

LINELEN=TQ
TEXTR" wacs ' (STUDY DAY) "
yidr0}

LINEIS®({ _CLASS =131
DERC='Program stotesent clask’ BASE CLASS'
CODEBEGH( ., .} 1355]

LINELEN=TS
TEXT=" P&cS ' BEVERITY'
. 11828

LINE16=( _CLASS =13
DESCs*Program statement class: BASE CLASS'
CODESEGs( . . .} |855]
LENELEN=T7S
TEXTs" $ae7 ORUG™”
e

LINERTe[ _CLASS #1131
DESC='Program statesent ci

COOESEGAL. . .} {355)
LINELEWs76
TEXTa Mdand colhead;’
yaa1)
y1359)
PROGRAU=81

OBJECT?#( _GLASS_»320
DESC= " MACAOPUT . CLASS "
DATA=( NAME=Body'
1{437]

LINESs( LIMEL=( _CLASS =131
OESCE'Program statesent class: BASE CLASS'
CODEBEGw(. ..} [435]
LINELEN=78
“TEXT='Sblacro body; !
441

LINEZe{ _GLASS_»131

OESCw'Program stateaant Clidk! BASE CLASS'
CODESEQm{ . .. ) [435] :
LINELEN=TS
TEXTa NMbend body;
1i445)

OBJECTSa[ _CLASS #3723

DESC *MACROPUT .CLASS*

DATA [ NAMES®footer®

Lia{ 1#'* SERIOUS ADVERSE EVENT'
MAST]
HAas1)

LINES=( LINEI={ _CLASS =131
OESC="Progras etatemant class: BASE CLASS'
CODESEG (...} [448]
LINELENeT7S
TEXTa'Wacro ‘Toatar;"
1{455)

LINEZ={ _CLASS =131
DESCe "Progras statemant class: BASE CLASS'
CODESEG={...) [449)
LINELEN=TS
TEXT=' Put kel '* SERIOUS ADYERSE EVENT'*
a8
LINE2m{ _CLASS_»131

DESC ' Brogram tement lass: BASE CLASS'
CODESES{ ...} [449]

LINELEN=T8
TEXT=‘\Mond Tooter;*
}i485)
1[453]
PHOGRAU=EY

}[449)
ORIECTS={ _CLASS w10y
OESG="Code segment clasa: BASE CLASS'
OATA®{ 'wreportidsns,"
' sartvarse,
. hesder=hesder,*
' subbeadrcolhesd,
! body=texdy, *
' footefooter'
* thlnumsi);*
Jier1)

LINES={ LINEfs( _CLASS »v31
DEBC=Progrue wim
CODESEGR{. . .} [469]

LINELEN=T8
TEXTE'®rgport{dsn=,*
H417}
LINEZn{ _CLASS_s13t
OESCGa'Progras statament class: BASE CLASS’

GOOESEG=(...) {480

LIKELENS TS .

TEXT=* BOrCvaras '
11421]

LINES®( _CLASS_=131

99

DESGe Propran statedent class: BASE CLASS*
CODESEG=(. ..} [480)
LINELER®TE
TEXT=' headereneadar, ‘
11485]
LINE4rq _CLASS_ =131
DESC="Program mtatement cluss: BASE CLASS'
GODESEGE(. ..} |489]
CINELEN=TS
TEXT#* subhead=colhead,

H ]
LINESs( _CLASS =131
CESCw'Program slalsmant class: BASE CLASS'

COOESEG=(...) [488]
LINELEN®TS

TEXTs' body=body, "
y1493}

LINES=( _CLASS =131
DESCa"Prograd statement class: BASE CLASS'

CQDESEG={...) [469]
LINELEN=TE

TEXTe" faoratontar:
114971

LINE7={ _CLASS #131
BESC="Program statement class: BASE CLASS

COODESEGS( . . .} {488]
LIKELEN=78
TEXT=* thlnum=1);"
1801
T
PROGRAM®BY
11488
y[ea)
PATH=( "C:\CARLA\TEWP\TESTI . SAS-
L)
ATTRIBUTES=( FILEWAME= *C1\CARL\FEUPYTESTY . 5AS
HECFM="Y"
LAECL®'258"
1a7]
NAME®= 'MYFILE"
ENGINE=''
TYPEs'FILE'
CASE='N"
e




APPENDIX 3
The Resulting Program

t*ﬁ****-ﬁi*ittit*-t‘fltlil*tt.ﬁl*!.*-t-*ﬁ*ﬁ*****l**i*"i*ﬁi’i*l*‘ﬂiiit!t*t*dii*i;

#+*  Specification Section

AR
3

****k*ﬁ*ﬁ*****ttil‘li’l‘ll*ltIl‘.lli!ﬂ*ﬁ*"ll‘t*ﬁ**iﬁ*i*l*i*ﬁ*ﬁ*ikﬁ*iki*i****‘l***-;

“+»  Physical Specifications
ok Project ID: ACME DRUGS HEAL-ME:FAST
*Ew Program Name: TEST1.8AS

el Created: 07/03/97 15:47
e By: CRH
www Derived From: NONE
hdld Input Data: NONE

wEw Qutput Data: NGNE

bl Operating Sys: WIN

ol Language: SAS, version 6,12

=+«  |ogical Specifications

ol Purpose: This is a test program

el It tests the program class and
il its associated file.

*kk
)
ko
He
L2 )
H
Ak
¥
LT XY
¥
LR X
L
iy
)
LT 1 21
1

R A
1

ir*iititititﬁt*tittt"l‘llllilliiIl‘.*."*tltlti****ﬁ****ﬁ*l*i*iiiiitiﬁ*i****k**‘l;

***  Include external macro files
ssinclude "H:\DATA\SAS\ACME\HO0O1-002\HMFO102\HWMF12PGM\ENVIRON.MAC" ;
sinclude “H:\DATA\SAS\ACME\HOO1-002\HMFO102\HMF12ML\LISTTOOL. MAG" ;

*»*  Retrieve report title and header information
%xLet pgmname=TEST1.SAS;
%datapgn (&pgmname) ;

***  get the report column widths
%colwids(15,14,12,25,25,10,20);

%Macro header;
Put @&c1 'CENTER NUMBER'
%“Mend header;

%Macro colhead;
Put @8c5 'DATE'
€807 'RELATIONSHIP'
/ @&c1 'TREATMENT'
@&c2 'PATIENT'
@8c3 'ADVERSE'
@&c4 'ONSET DATE®
@&c5 'RESOLVED'
@&c? 'TO STUDY'
/ e&c1 'GROUP'®
@&c2 'NUMBER'
@8c3 'EVENT'
@8cd ' (STUDY DAY)'
@&c5 ' (STUDY DAY)'
@&c6 'SEVERITY'
@8c7 ‘'DRUG!
%Mend colhead;

SMacro body;
%Mend body;

SMacro footer;
Put @&c1 '* SERIOUS ADVERSE EVENT'
S%Mend footer;

%sreport (dsn=,
sortvarss=,
header=header,
subhead=colhead,
body=body,
foot=footer
tblnum=1};
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