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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-
duca computer-generated reports for clinical trials. It is set up to
maximize flexibility and efficiency during the course of report
production for data analysis, whether the report is a basic clini-
cal report, a report for a Data Safety Monitoring Board (DSMB),
a new drug application (NDA), or integrated summaries of safety
or efficacy (ISSNSE).

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 hierarchically, allowing
support for muitiple pretocols 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 to support a clinical report. This paper de-
scribes the class library and the program generator.

INTRODUCTION

Reports 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
portion 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 the industry, follow certain characteristic patterns that en-
abie the production of a class Jibrary that will in turn support the
production of computer-generated reports.

Ancther factor to 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 shells not populated with data), interim reports, and final
reports. The phases of a given program can also be classified
according to several levels of completion.

One 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 1o associale macros and class entries in a SAS
catalog. Therefore, to 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 development of a standard macro library and stan-
dard programming systemn 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 production before
the class library was developed. The next section describes the
class library framework. Three sections then describe the com-
position of the base classes. The next section discusses data
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structures that are assembled in an associated graphical user
interface and passed to the program generator. The final sec-
tion briefly discusses a SAS/AF application that has been devel-
oped by STATPROBE to automate and standardize the produc-
tion of report specifications. Concluding remarks follow.

STANDARD PROGRAMMING SYSTEM

The standard pregramming system begins with the standard
macro library, in which over 100 general-purpose macros are
stored. 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
macros that

+ 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.

+ Output a standard header for reponts.

Other macros produce more complicated output related to clini-
cal data, such as:

Summaries of adverse event and medication data.
Comparative analyses of efficacy data.
Categorical summaries of demographic data.

Area under the curve (AUC) calculations.

The standard macro library is an integral component 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 {he hierarchy, along with a
preject macro library, a project database, and a report program
library. The hierarchy of the system is illustrated in diagram 1.

L K I I

Client A Macro Client B Macro
Library Library

|
Product 1 Macre Product 2 Macro Product 3 Macro
Library Library Library
Pratocol 1 Macre | | Protocol 2 Macro Protocol 3 Macro Protocol 4 Macro
Library Library Library Library

Diagram 1. Macro library hierarchy

The client macro library contains procedures that correspond to
a customer's standards and are commeon 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 overlapping characteristics. For exam-
ple, they often share data processing or manipulation opera-



tions. These operations would be embodied in macros stored in
the product macro library.

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

The architecture 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, there 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 ievel, product ievel, 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 overtide 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 ciient macros
must be overridden.

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 promate efficiency in our projects.

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

Standard Header

" Include External Files |

__Data Refrieval _
Data Manipulation

[ Calculations |

Report Setup Macros

Report Invocation

R

Diagram 2. Standard program components

This standard organization permits classification of programming
elements. Each element corresponds to a code segment classi-
fication, and each element can be recursively reduced to a col-
lection of classified elements until the lowest order class, that of
prograrm 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 class libraries dis-
cussed in this paper consist of nonvisual ciasses. Nonvisual
classes are instantiated and used at run time. The simplest ex-
ampie of a nonvisual class is the SAS/AF object class. The ob-
ject class is the parent for all other classes.

A basic example of a nonvisua! subclass is the boolean class.
The boolean class is the simplest example of an entry 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 one additional instance
variable called value, that has a default value of 1, and three ad-
ditional methods described in tabie 1. The code for the boolean
methods is displayed in listing 1.
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Tahle 1. Methods for Boolean Class

Method
GET_VALUE
SET_VALUE
TOGGLE

Description
Retrieves the vaiue of the boolean object.

Sets the value of the boolean object.
Toggles the value of the boolean object.

getvalue:
Method val 8;
val=vaiue;
Endmethod;

setvalue:
Method vat 8;
If val in (0,1) then
valug=val,
Endmethod;

toggle:
Method;
value = not value;
Endmethod;

Listing 1. Methods for BOOLEAN class

A boolean object has many potential uses in a SAS/AF systemn.
It is commonly used to propagate a mode throughout an appli-
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 developer can use boolean ob-
jects to track debug and test modes, altering modes as needed
at run time. These debug objects can be inserted into the global
application list and are available during run time.

SAS programs that report clinical data can be classified by type
of program, such as listings, summaries, analyses, and graphs.
Praograms 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 can, 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.

I Program Class I

T Containg
Program
Subclass Tree Code Segment Class
7 Contains
Code Segment

—L Staterment Class
1

Statement
Subclass Tree

Subclass Tree

Diagram 3. Class library schematization
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A program object consists of an ordared 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. It is also responsible for being aware of
its code segment objects and communicating data and com-
mands to them. A code segment object 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 writing its contents to its parent
code segment.

A program object is instanfiated 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
list for each code segment is a SCL list corresponding to code
segments statements. The siructure of the class library aliows
for parallel and independent development of the user interface
and the class library. Adding a new standard 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-
ternal File 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 hoc

There are further classifications 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.

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

Instance Descripticn

Variable

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

Table 3 shows the methods in the program base ciass. The
program methods take care of managing a program object’s
associated file and a program object's code segment objects.
Listing 2 shows the code for the GET_FILENAME method. 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 .
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Listing 3 shows the WRITE_PROGRAM method. The method
opens the program file, sends the message to each code seg-
ment to write itself, and then closes the file. Subclasses of the
program class add instance variables and methods as needed.

For the program class to 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 to set the data of a program object. The SCL list consists
of named items that correspond to code segment abjects. The
code segment class is described in the next section. The con- -
struction of the 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 iist.

Table 3. Program Class Methods

Method Description
GET_FILENAME

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

: associated file.
PROGRAM_OPEN Opens the program object’s
associated file.

GET_OBJECT

READ_LINE Reads a text line from the program
object’s associated file buffer.
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 associated file buffer.

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

=+ GET_FILENAME ™=,
GET_FN:
Method fn $;
call send(_self_,'GET_OBJECT',1,0bid);
If nameditem(getniterni{obid,' DATA),
'FILENAME') then
fn=getnitemc{getnitemi{obid,
'DATA!), FILENAME");
Endmethod;

Listing 2. GET_FILENAME method

= WRITE_PROGRAM **,
WPROGRAM:
Method;
call send(_self_,PROGRAM_QOPEN','0");
Do i=1 to listlen(oblist);
call send{getiteml(oblist,i), WRITE'),
End;
call send({_seif_,'PROGRAM_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 object is an ordsred 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 Instance Variables

Instance Description

Variable

data List handle for the code segment input data.

lines List handle for the code segment statements.

program Numeric list identifier for the parent program
object.

Table 4 shows the instance variables for the code segment
+ class. The instance variables for the base class inciude 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

Method Description

ADD_LINE Add a statement object to the code
segment object.

GET_PROGRAM | Get the identifier for the code segment
object’s parent program object.
SET_DATA Set the data instance variable.
SET_LINES Initialize the lines instance variable
using input data.

SET_PROGRAM Set the program instance variable.
WRITE Write the code segment to the parent

' program object’s associated file.
WRITE_BLANK Write a blank line to the parent program
object’s associated file.

Table § shows the methods for the base code segment class.
The methods manage the code segment statements, manage
the parent object identifier, and write the code segment to the
parent program object’s associated file. The methods allow the
code segment to send and receive messages from the parent
program cobject. The set_program method allows an application
to assign the parent program object 10 a code segment. The
get_program method allows a code segment object to retrieve
the object identiffer of the parent program object. The remaining
methods are used by the parent program object to instruct the
code segment object 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 method adds a
staterment object to a code segment object. The method instan-
tiates a new statement object, assigns the parent code segment
to the new statement object, sets the text of the statement ob-
ject, and finally tracks the line number of the statement.
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= ADD_LINE ™=,
ADD_LINE:

Method class $ line 8 optional= text $ indent 8;
clid=loadciass{'aaz.generate."|[class|[.class’);
obid=instance(clid);
call send(obid,' SET_CODE",_seif );

W text*=_blank_ then
call send(obid,'SET_TEXT text.indent);
lines=insertl(lines,obid, line,'LINE'|{line),

Endmethod;

Listing 4. ADD_LINE method

The code segment class is used to construct a meaningful pro-
gram objsct. A nontrivial program object consists of an ordered
list of abjects derived from the code segment class. 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 program. For each elfement 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 object list.

STATEMENT CLASS

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

In¢lude statements

Macro invocations .
Comments

Data step statements

Set statements

Merge statements

Proc statements

. " e

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 variables 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

Instance Variable Description

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 cbiect.

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

Table 7. Statement Ciass Methods

Method Description

SET_CODE Sets the statement object’s parent code
segment.

SET_TEXT Sets the statement object's text.

WRITE Wirites the statement object’s text to the
parent program object of the statement
object’'s parent code segment.
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Listing 5 shows the WRITE method for the statement class. The
statement object gets the identifier for the program object to
which the statement belongs and then sends to the program the
message to write the statement’s text to the program.

= WRITE *™;
WRITE:
Method;
call send(codeseg, GET_PROGRAM' program);
call send{program,' WRITE_LINE' text);
Endmethod;

Listing 5. WRITE method

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

DATA STRUCTURE

Each level of messaging between the various objects in this
system is trivial, hawever, the resulting data strusture for a pro-
gram chject can be quite complicated and cumbersome. Listing
6 shows a portion of data that is colleéted by a user interface
and passed to the program object via the set_data 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 [9] 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 is a test program'
PURPQOSE2="It tests the program class and’
PURPOSE3='its associated file.")[9)

07l

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

The class entry for the program header class is pheader.class;
thus the method that reads the data from the user interface uses
the name of a list item to determine which code segment class
to instantiate. W the list itern name does not correspond 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.SAS'
CREATOR='CRH’
PARENT="NONE'
INPUT="NONE’
OUTPUT="NONE' ‘
PURPOSE=( PURPOSE1="This is a test program’
PURPOSEZ='It tests the program class and'
PURPOSE3<"its associated file.)[123]

)118]

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

AN APPLICATION

STATPROBE has developed a SAS/AF application, FERPS
{Front End for developing Report Program Skeletons,) that uses
the program generator. The system is designed o support mul-
tiple template libraries for several clients. The application pro-
vides a GUI 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
coliecting the user requirements, allowing preview of the report
output, and generating the underiying 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

Program Data 3
( PHEADER={ CLIENT= ACME DRUGS®
PROJECT = "HEAL -9 -FASY”
" FILEMAME= TESTI.SAS*
CREATOR= "CRK "
PAACNT= "NONE "
INPYT='HONE "
OUTPUTa ' NONE "
PURPOSE={ PURPOSET='This 18 0 TRST propras’
PURRQSEZ= 1T tests the prograw class amd”
PURPDSES#" (T3 assoclated file.’
el

H7l
INCLUDE=( 'HIABATAVSASY « 002\ HMF (1 02 YHIF 1 2PGa\ ENVIADN , MAG
LISTTOOL= 'H - ADATALSAS \ACME yHOOT - D02\ HMFO1 02 RMF T 2MLALISTTO0L MAG
13
RETRIEVE={)(13)
LOLWIDE | WimiS
wete
i
w5
Wha 25
W5s10
WT=2D
sl
MACROPUTH( AAME= " header '
Li=[ 1="CEMVER NMUMBER'
1181
w7
WACROPUT=({ NAME ' Colhend’
Liz{ S='DATE*
7="RELATIONSHIP
23]
La={ 1= 'TREATMENT"
2= PATIENT"
3 ' ADVERSE"
#=‘ONEET DATE'
5a*RESDLVED'
e TG STUDY:
11281
L3v{ 1% GROUP'
2= HUMSER*
3nEVENT*
4% [STUDY DAY)
54 (STUDY DAY)"
&% ' SEVERITY'
7= DRUG'
1271
21
MACROPUT=( mAME=*body '
(1441
MACROPUT= [ MAME='fonter'
Li={ 10"~ SERIOUS ADVERSE EVENT'

CODESEGa( %report(dsne,
' sorTvarss,
headershoader,
subhsadgscolhead, *
body=body, '
footafooter:
N thlnusat) ;-
yes]

¥ISH
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APPENDIX 2
Data for a Program Object

{ _CLASS_s57
DESCsProgram class: BASE CLASS®
FILE 1081000
OBLISTs( OBJEGT1®( _CLASS_mS%
DESC~Program header code segment class’
DATAs{ CLIENT='ACME CRUGS®
PROVECT= 'HEAL -ME -FAST*
FILEMAME='TEST1.545"
CREATORS ‘'CRH'
PARENT= * HONE '
IMPUT=" HONE
OUTPUT= ' HONE
PURPOSE~( PURPOSE)='This is a test program’
PUAPCSEZa " [T 1e5ts the pProgram class and’
PURPGEES=" iTs assaciated Tile,*
y(123]
HELE
LINES=( LINEi=( _CLASS =121 .
DESCs ' STARLINE .CLASS'
CODESEG={ ...)(113)
LINELEN=7¢

TET=" . .

M€ - .

LINE2=( _CLASS =147
DESC="COMMENT . CLASS
CODESEG™ .. .}1113]
LINELEN=T&
TEXTs'***  Specification Section
1115%]

LINESw( _GLASS w121
DESC=  STARLINE.CLASS"
CODEBEG=(. . .}[113]
LINELEN=TE

TEXTE"
JIRI2N
LINEdS{ _CLASH s147
DESGe * COMMENT . CLASS"
CODESES~(. . 1NN
LIRELENTE
TEXT="##*  Physical Specifications

{1851
LINES=( _CLASS =147
ESCH COMMENT . CLASS
COOESEG=(...)[113}
LINELENSTS

TEXTe wwr Project ID: ACME DAUGS HEAL-ME-FAST

LINES=( _CLASS_ =147
0= ' COMMENT. CLASS
CODESEG={...}[113)
LINELEN=T6
TEXTE oo Program Nape: TESTY.3A5
INTH
LINET#{ _CLASS s147
DESCs " COMMENT .CLASS "
CODESEDA(...}[313)
LINELEN®76
TEXT="24e Created: 0d/3070714: 10

"t
LINEB={ _CLASS_ =147
DESC# * COMMENT . CLASS."
CODESEGw(...}(113)
LINELEN=7G
TEXTR'»"¢  By: 0]

FIRLAD]
LINEI=( _CLASS =14y
DEBCs * COMMENT . CLASS
CODESEGs{ . _.}[113]
LINELEN=7E
TEXTe #¢s Decived From: NOHE

11185
LINETO={ _CLASS =147
DESGE ' COMMENT , CLASS"

CODESEG=(...}[113}

LINELEN=7E

TEXTw" === Input Bata: HONE
ey

1§189)

LINETER; _CLASS_w147
. ESC= * COMMENT. CLASS
CODESEGR(...}|113]
LINELEN=TE
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TEXT='***  Output Data: NONE
H
11189
LINERZn{ _QLAGS =147
DESE=' COMMENT .LLASS "
CODESEG=(...}[113]
LINELENRTS
TEXT »rs Operating Sys: WIN
e
1871
LINE1S=[ _CLASS =147
DESCs " COMMENT _|
CODESEQ™(...}{113)
LINELENS7E

TEXT= v v SAS, version B.12

Language :

el

LINE14n{ _CLASS »147
DRESC" COMNERT .CLASS
CODESEGS({...) 113}
LINELEN=78
TEXTa'*4*  Logical Specifitations
yi208)

LIRE1Sx{ _CLASS_s147
DESCE ' COMMENT .CLABS
CODESEG=(...) {1131
LINELENSTE
TE(Tn ey

Purpoae: This iz a test program

(2091
LINEI6n | _CLASS w147
CONESEGa(...)[113]
LINELEN=78
TEXTE' =" IT vests the progras class and
nenss
H
22y
LINE17® [ _GLASS
DESC= " COMMENT . CLASS "
CODESEGa[...}1113]
LINELEN=TE
TEXNTa'#aw

its aswclated Tile.
i
y217}
LINEIB={ _CLASS #129
BESCE'STARLIME . CLASS '
CODESEE= (... ) (113
LINELENS7S

TEXTa s sssracasans - 5
V221
1117}
81
1113]
ORJECT2e{ _CLABS_=225

DESSE Tnglude STATEments code segment class’

DATA={ ENVIRON= " H:1DATALSASLACNE 1HOO1 - D02\ HWFO1 021 HMF 1 2PGM) ENVIRON .MAC
LISTTOOLE ' H: \DATALSAS | ACME \HO0 1 - 002 HIFOT Q2 HIWF 1201 LISTTOOL .MAC
1e2s7]

LINESs{ LINET=( _CLASS =147

COOBSEG=( , ,,) [235]

TEXTw'*=*  include sxternal sacro files
3
y1z83)
LINE2%( _CLASS_=247
DESCs" ING, CLASS '
coDEsEGE(. . .) 238)
LINELEN=TE
TEXTs® fainclude
"H:\DATALSAS ACNE\HOO1 -QG2\HMEQ 102 \HME 1 2PGM\ EMVIADH .MAC ™ |
112531
LINEZa[ _CLASS w247
DESS="INC.CLASS'
COOESESS . . .) [235]
LINELEN=TE
TEXT=" %include
*H 2 \DATA) BAS ACMEY HDD' -DC2 | HWFO 102 \HMF 123 A LTSTTOOL .MAL™
V[281)
ko H
PROGRAM=8+
11235]
OBUECTIn| _GLASS =285
DEST Mpader data retrievil code segment clas”
DATAs | }|277)
LINES®( LIMEI=( _GLASS_m147
DESC="COMMENT .CLASS '
CODESESA] - .. ) 1275]
LINELEN®76
TEXTs'***  Retrieve report title and header information
i
1[283]
LINEZ=({ _CLASS =131
PESCs'Progras statemant class: BASE CLASS'
CODESED=(. ..} [275)
LINELENSTS
TEXTe ' det pgunasesTESTY.4AS;"
1i287)
LINE3=( _CLASS_®131
DESCe' Program statemant class: SBASE CLASS'

CODESEGa (...} [275]
LIRELENR7E
TEXT = ‘atapgm | bpgenang
yi283]
1 (279)
PROGAANRA

112751
ORUECT4=( _GLASS_ =297
DESC="Column width code segment class'
DATA={ Wi=15
w1
=12
Wau25
w328
WE=10
wra20
el
LINES=( LINE!=| _CLASS $147
DESCa * COMMENT , CLASS'
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OBJECTERE

CODESEG=(...) {307]
LINELEN=TE
TEKT= '+«  Ser the reporT coluan widths

28]
LINR2=( _CLASS =Dt

DESCE'Program statement clasg: BASE CLASS®
CODESEGR(. . .}{A07|

LENELEN=TE
TEXT®'%colwids(15,14,12,25,25,10,20) ;"
HEE
|
PROGRAMTE 1Y
307y

DATA={ NAME='header'
L1a¢ 1aCENTER MUMBER'
1§348)
11335)
LINES#{ LINEI®{ _CLASS w531
DESC=‘Prograe statement Class: BASE CLASS'
GODESEGa(...)[333]
LINELEN=?¢
TEXT="%Macro heager;'
M|
LINED={ _CLASS =131
DESCH"Pragram statement Class: BASE CLASS'
CopEsEGa ... )[333]
LINELEN=7E
TEXTa" Fut 83C1 "CENTER MUMBER:
)[a47]
LINEI=| _CLASS =131
OESCa'Progras statssent Class: BASE CLASS'

CORESEGa(...)[333)
LINELENaTE
TEXTe ' %Mend heaser;®
a8
11997
1
HE-)
_CLASS B32a

QESC= NACROPUT .CLASS
DATAS{ NAMES 'colhead’
L1m{ S='DATE"
72 RELATIONSHIR'
1367}
L2m( 1= TREATMENT -
2= 'PATIENT"

43" (STUDY DAY) "
5= {STUDY DAY) "
68 ' SEVERITY'
7= DRVG
113831
)[357]
LINES=( LINEi=( _CLASS =131
DESCE 'Program atatesent class: BASE CLASS'
CODESEG=...)(3585)
LINELENa76
TEXT= %Macro calhead;'
11381
LINEZ#( _CLASS =131
DESC='Program statement class: &ASE CLASS'
COOESEBA{ . . . }E355)

LINELEX=7S
TEXT=" Put BcS DATE' '
y3|

LINE3w( _CLASS_=131
DESCs ' Program $Tatement ¢lasy: BASE CLASS'
COOESEGe{...}1355)
LINELENSTE
TEXTR @87 'RELATIONSHIF'*
»1375)
LINES={ _CLASS =131
DESC* " Program statement ¢lass; BASE CLASS’
CODESES= (...} [ 265]
LINELENZ7E
TEATs" ! ac1 ' TREATMERT "
EEE]
LINES®{ _CLASS 2132
OESCe ' Pragram statement £lass: BASE CLASS'
COESE=(...31958) '
LINELENS?6
TEXT=" #4c2 'PATIENT' "
¥[383)
LINEB=( _GLASS =131
DESC="Progran statement class: BASE CLASS'
CODESEG( . . .) [355]
LINELEN=TE
TEXT=" #hc) 'ADVERSE' "
$1387)
LINE7w( _CLASS =130
DESS='Program statement class: BASE CLASS'
31355]

Pacd4 "OMSET DATE' "

DESC='Program statesent ¢iass: BASE CLASS"
CODESEGs ...} [355}
LENELEN=TE
FEXTs" #acS CRESOLVEE' "
EST]
LINESa | _CLASE_»131
DESCE"Program statesent class: BASE CLASS®
COOESEG={. . .]11355]
LINELEN=78
TEXTE" w7 TO ST
13581
LINE1Qs[ _CLASS s121
DESCe"Program STATOMENT €ias3: BASE CLASS"
CODESRG=(...)[355]
LINELENSTE




TEXTS " | C1 "GAOUR
11803]
LINE112¢ _CLASS =131
DE3SC='Program $talement class: BASE CLASS"
CODESEGH(...}|255)
LINELEN=TS
TEXTs" BAC2 NUMBER ‘'
y[e07)
LINES2=( _CLASS =15t
QS0 "Propras statemsnt class: BASE CLASS'
CODESEG(...)1358]
LINELENS 76
TEXT=" Bhc3 EVENT "
i ]
LINE13a( _CLASS_m31
DESC=‘Program statement class: BASE CLASS'
GODESEG={...]1355]
LINELEN®TE
TEXT=* 85c4 " (STUDY DAY] "
4353
LINEVes[ _CLASS =121
DESC="Propram statement class: BASE CLASS®
CODESEG®{ . ..)[355]
LINELEN=TE
TEXTa* PSS TITUDY DAY) ‘!
HA3)
LINE1S={ _CLASS_ -3
DESCa*Progras statasent class: BASE GCLASS'
CODEBEGs (...} [358}
LINELEN=7S
TEXTa* M&c6 SEVERITY'
4231
LINE1Ga{ _CLASS 2131
RESC='Progras sTatemant €lass! BASE GLASS'
CODESEG= (... ) [353]
LINELENaTS
TEXT=" #hc7 'DRUG" "
1427)
LINEY7w( _CLASS_=131
DESC='Frogram stavement class: BASE CLASS-
CODESEGa( ...} [355}
LINELEN=7E
TEXT="%lend colhwad;’
yas1]
11358]
81
)1285)
OBJECTT={ _CLASSE =323
DESCH " MACROPUT . CLASS
DATA={ NAME='body’
4371
LINES»[ LINE1®( _CLASS =131
DESCs ' Program $Tatement class: BASE OLASS'
CODESEGR( . . . ) (435]
LINELEK=78
TEXTs 'tMacro body;
1iner]
LINE2={ _CLASS =131
DESC® ' Program 3Tatsasnt class: BASE CLASS'
CODESEGm (...} [435]
LINELEN=TG
TEXT='sMend Body;”
J1445]
11439}
81
+1435]
OBJELTB®( _CLASS =323
DESC="MACROPUT .CLASS"
DATAS{ NAMES 'fooTer’
L= 4='* SERIOUS ADYERSE EVENT'
24571
yasiy
LINES={ LINEI=({ _CLASS =i31
DESC ' Program 3TaTement class: BASE CLASS'
CODESEG= (...} {4491
LINELEN=7S
TEXT='nitacra footer;'
1(455]
LINER®{ _CLASS =131
DESC='Program statement class: BASE CLASS'
GODESEG=( . ..1{449)
LINELEN=76
TEXT=' Put $3c1 '* SERIOUS ADVERSE EVENT
11465
LINE3®| _CLASS w331
DESCx'Progral statesent clasy: BASE CLASS'

CODESEG®( .. .){449] .
LINELEK=76
TEXTa "%Mend footer;"
)1485)
p1453]
PAOGRAMED1

y(a4g)
OBJECTO={ _GLASE 101
DESCe'Code sepmont £lass: BASE CLASS®
DATA=( 'wreport(dso=,’
‘ SOrtvarss,’
neadersheader,”
' subbead=colhead, *
' bodyanady, *
. foot=foorer”
‘ thlrum=1);"
1871]
LINES=( LINEi=( _CLASS =131
DESGE Progran statement Class: BASE OLASS'
CODESEGa( ...} {465
LINELEN=7¢
TEXT='‘%report{dsna, '
11472]
LINEZ+{ _CLASS_=131
DESCs'Progras statement lass: BASE CLASS'

CODESEG=| ...} {469}

LINELEN=TG .

TEXTa* sortvarse, -’
11481}
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CODESEG=(...){469]
LINELENsTG
TEXTE" Tmlnumst);’
1{501] )
Y[873]
PACGRAM=81
114891
1§83]
PATH=( G \CARLATEMMTESTY.SAS"
1[89]
ATTRIBUTES=( FILEMAMES "C:\CARL\TEMP\TERT1 .SAS"
RECFM= V"
LRECL® 256" R
1187]
RAME= *WYFILE"
ENGINE= " *
TYPE= FILE
CASE® ‘M
el

LINES=( _CLASE =131
DESCa'Progran statewent class: BASE CLASS'
COOESEG . . .) [469)
LINELEN=TE
TEXTs' neadershsader,
y 14851
LINESa{ CLASS =131
DESCH Program sTatasent glass: BASE CLASS'

CODESEG=(...)[468]

LINELEN*7E

TEXT=" subheag=colhead, -
1[288]

LINES=( _GLASS_ =131
DESC="Program statement class: BASE CLASS”
CODESEGS . . .) [$69]

LINELEN=TE
TEXT=" bodys=body, *
}1293]

LINES=( _LLASS =131
DESCa ‘Program STAtement cluss: BASE CLASS'
GOBESEG=( . . .} [469)

LINELEK=T6
TEXTa' rootstooter’
)(997)

LINE?=| _CLASS =

OESGR'Program $Tatesant Class: BASE CLASS'
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APPENDIX 3
The Resulting Program
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**x+«  Specification Section

wkk o
’
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1

*«+  physical Specifications

ek Project ID: ACME DRUGS HEAL-ME-FAST
kol Program Name: TEST1.SA8

ol Created: 07/03/97 15:47

il By: CRH

b Derived From: NONE

s Input Data: NONE

fakelel Output Data: NONE

el Operating Sys: WIN

ol Language: SAS, version 6.12

w»*» | ogical Specifications

il Purpose: This is a test program

ax It tests the program class and
i its associated file.

LES ]
1
vk
'
L 2 K
’
13 X

’
LI
’
k.
]
L&
3
Thk e
’
L2 8 R
’
ww
’

KK
’

LX)
’

ittiltiii**i*ik*******itii*iﬁ*t*i*****i***ﬁ*i**i*ﬁ*i*i******t**tu*****ﬁ*itﬁl*;

«*+  Include external macro files -
%include *H:\DATA\SAS\ACME\HOO01-002\HMFQ102\HMF12PGM\ENVIRON.MAC" ;
%include *H:\DATA\SAS\ACME\H001-002\HMFO102\HMF12MLALISTTOOL,.MAC" ;

*%*  Rotrieve report title and header information
sLet pgmname=TEST1.SAS;
%sdatapgm(&pgmname) ;

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

%Macro header;
Put B&c? 'CENTER NUMBER'
%Mend header;

Sitacra colhead;
Put 8&cS 'DATE'
@88c7 'RELATIONSHIP'
/ @&c1 'TREATMENT®
@&c2 'PATIENT®
@&c3 'ADVERSE’
8&cd 'ONSET DATE'
@&c5 'RESOLVED'
@&c7 'TO STUDY'
j @&c? 'GROUP'
@8&%c2 'NUMBER'
@&c3 "EVENT'
@&c4 ' (STUDY DAY)'
@&c5 ' (STUDY DAY)'
@&c6 'SEVERITY'
@&c7 'DRUG'
sMend calhead;

sMacro body;
%Mend body;

S%Macro footer;
Put @&&c¢i1 '* SERIOUS ADVERSE EVENT'
%Mend footer;

%report(dsn=,
gortvars=,
header=header,
subhead=colhead,
body=body,
foot=footer
thlnum=1);
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