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Bita Run; \
Manager
. CaDatalcomplementSofl Test Suite\ExamplesiExample 5.sas l \
10-24-01)09:10 PM Local execution completed I hd

\82
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1
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3 PROC APPEND BASE=JOURNAL:

4 PROC PRINT DATA=JOURNAL;

5 TITLE "S5AS Sample program”™;
6 TITLEZ '({VALUES SHOULD BE CORRECT, HOWEVER) ;
2

8

9

DATA TODAYZ;
INPUT ID AMOUNT TYPE:
10 DATE='0lDEC87'd:
1l FORMAT DATE DATE?.:
12 CaRDS:;
13 LOOP:
14 0024 270.48
15 0024 578.31
16 0007 300.00
17 0289 100.01
18 5762 950.00

- b

20  IF VPT_MER > O THEN
21 VPC_MER = VHA_MER / VPT MER * 100; v

Reset | | OK Cancel
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gl_‘.ode & Log _ (O] x|

39 PROC PRINT DATA=JQURNALIX: 4
40 TITLE 'MASTER- AFTER FIRST TRANSACTIONS ADDED': '

41

42 DRATR TODAYZ:

43 INPUT ID AMOUNT TYPE;

44 DATE='01DEC87'd; _]
45 FORMAT DATE DATE7?.:

46 CARDS ;

47 0024 270.48 1
48 0024 578.31 1

AR 2009 200 00 A

38 PROC APPEND BASE=J0OURNAL:

Dl

NOTE: Appending WORK.TODAY to WORK.JOURNMAL.
NOTE: BASE data set does not exist. DATA file is being copied to BASE file.
02 The SAS System 08:22 Friday,

NOTE: There were 5 observations read from the dataset WORK.TODAY.
NOTE: The data set WORK.JOURNAL has 5 observations and 4 variables.
NOTE: PROCEDURE APPEND used:

real time 2.14 seconds
39 PROC PRINT DATA-JOURNALLx:;
ERROR: File WORK.JOURMAL1X.DATA does not exisct. hd
4l 1 4|

FIG. 20a
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|
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Document
Manager

Editor

Visualizer

Database
Manager

g

Site
Manager

Code |

@ LIBNAME smpl 'd:\data\complementsoft)library' :

2

@ Data smpl.smpl 1;

4 infile 'd;\deta\complementsoft\data\smpl 1l.txt' :|
5 input strcoll § strcol2 % nbreol:;
é

@ Proc SORT out = smpl.smpl 1:
8 by strcoll:

9 —— -

© " pata NULL_: 1 1 2

11 set smpl.smpl_1;

12 file 'd:\data\complementsoftidatalsmpl_2.txt':
13 put strcoll strcol2;

14

@ Data sopl.smpl_2;

16 infile 'd:\daca\complementsoftidata\smpl 2.txtT'g
17 inpuc strcoll § strcol2 g;

lBN

@ Proc SORT out = smpl.smpl_2; 1 1 2

20 by strcoll:

21

22 Data ConCat;

23 set smpl.smpl 1 smpl.sapl_2:

24 file ‘'d:\data\complementsoftidataismpl_3.txtT';
25 put strcoll strcol2 nbreol:

26

27 DPata SideSige;

28 merge smpl.smpl 1 smpl.smpl 2;

29 by strcoll;

30 file 'd:\data\complementsoftidata\smpl_4.txu':
31 PUt Strcoll nbrcol:

32

@ Proc Print;

34 Title 'Two Sample SAS Data Sets Side by Side':
35 Run;

DADATAcomplementSofiExamples\Example 5.5as | DIBATAcomplementSoMExamples\Example 5.sas

82b

File(s)

82"

FIG. 23
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SYSTEM AND METHOD FOR GENERATING
AND MAINTAINING SOFTWARE CODE

RELATED APPLICATION

This subject application claims the benefit of U.S. Pro-
visional Application Ser. Nos. 60/270,950, entitled “GUI
SAS CODE Development and Maintenance Environment
Software,” filed on Feb. 23, 2001 and 60/293,854, entitled
“Integrated Development Environment and GUI for Data
Management Systems,” filed on May 25, 2001.

BACKGROUND OF THE INVENTION

This invention relates generally to software maintenance
and development tools and, more particularly, to an exten-
sible, language independent software development tool hav-
ing a graphical user interface, i.e., a GUI Integrated Devel-
opment Environment.

The evolution of data manipulation and data management
systems, such as SAS®, SPSS® and SQL®, and relational
database management systems, such as IBM® DB2 UDB®
and the Oracle® RDBMS, has resulted in several high-level
software languages that are inconsistent and, in some cases,
unstructured. Based on these inconsistencies and the
unstructured nature of some of these languages, database
management languages may be difficult to use, edit and
debug. Moreover, because of the lack of a standardized
syntax among these programming languages, it has been
difficult for users of these languages to share code. This is
particularly the case with SAS®.

Since the advent of personal computers and the GUI
Interfaces such as Windows® Interfaces, it has become
increasingly necessary for businesses to develop or purchase
customized software in order to support specific business
strategies or processes. This, in turn, has led to the imple-
mentation of a variety of software development tools and
Integrated Development Environments (“IDEs”). Generally,
these software development tools assist users and program-
mers in editing, debugging and developing software for
specific programming languages. Software providers of data
manipulation languages or systems have, however, failed to
provide a single comprehensive software development tool
capable of assisting users in the editing, visualizing, debug-
ging and development of software. Furthermore, the creation
of graphical development tools for particular programming
languages, such as, SAS®, has been inhibited by the intri-
cacies of the programming language itself.

Over the years, point solutions have been introduced to
address specific issues. For example, there are a few GUI
based ftp software packages to make the job of transferring
and managing code easier. There are also a few GUI based
editor software packages to make editing code easier. Still
further, there are software packages that one can use to
manually diagram program flow and data flow. What is
lacking, however, is a software package that integrates these
best of breed point solutions and integrates them in such a
way that they work seamlessly with each other, e.g., to have
an editor that is integrated with a ftp package so that the
editor can edit files that are located in a remote server or to
have the editor integrated with the diagramming package so
the user does not have to manually generate and update
program flow or data flow diagrams.

Thus, a need exists for an Integrated Development Envi-
ronment for generating and maintaining software code, in
particular, for data manipulation centric languages. More
specifically, a need exists for a system and method for
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2
exchanging, editing, debugging, visualizing and developing
SAS®, SPSS®, SQL®, DB2 UDB®, Oracle® RDBMS and
other relational database management system software.

SUMMARY OF THE INVENTION

In accordance with these needs, the present invention is
embodied in an Integrated Development Environment for
generating and maintaining source code (software pro-
grammed in a software language), in particular, programmed
in data manipulation languages. Generally, the system in
which the Integrated Development Environment resides
includes a local computer capable of exchanging files with
a remote computer via a network system, i.e., a Local Area
Network, a Wide Area Network, or the Internet. The local
computer preferably hosts the Integrated Developers Envi-
ronment which is further comprised of a document manager
for transferring files and otherwise providing enhanced file
management functions, such as, version synchronization
across multiple platforms. The document manager works in
connection with a server module, a site manager and a
connectivity layer which is part of the Integrated Develop-
ment Environment to connect to remote computers, to
transparently exchange files with the remote computer and
to manage server profiles and connection information that is
related to remote computers and transferred files.

Once a file is transferred to the local computer, an editor,
which is included as part of and integrated with the Inte-
grated Development Environment, can modify the code
associated with the file. In addition, the editor is also capable
of creating new files and provides many advanced editing
features such as visual execution break points, standardized
formatting of files, and line numbering to name a few. A
visualizer, i.e., a software tools that reads the code and
generates diagrams and graphical representation of the pro-
gram flow, data flow or the logic of the code, is also
integrated and included as part of the Integrated Develop-
ment Environment. Program flow diagrams are comprised of
program block icons and arrows to depict the code’s pro-
gram flow. Data flow diagrams are comprised of icons
depicting data processing steps and arrows to depict the flow
of the data through the program. Preferably, the visualizer
and editor are integrated so that changes made to the code in
the editor are immediately reflected in the visualizer and
vice-versa. The visualizer can also read information from
execution logs and execution outputs to display the execu-
tion path for selected code and automatically display insight-
ful debugging and optimization information for the selected
code to the user.

To assist in developing new code or editing existing code,
the Integrated Development Environment further includes a
template manager that allows the user to browse through a
repository of existing code or templates and to copy tem-
plates into the selected code for editing.

For allowing the editor to process code that is written in
different Data Manipulation System programming lan-
guages and for creating the program flow icons, the Inte-
grated Development Environment additionally includes a
parser layer. The parser layer detects the type of code in the
selected file and activates the rules and logic that apply to the
corresponding Data Manipulation System programming lan-
guage.

As will become apparent from the detailed description
that follows, the subject Integrated Development Environ-
ment provides, among others, the following unique func-
tions: seamlessly exchanging with and executing files on
local and remote computers, where the site manager is
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capable of compiling connection information for remote
computers necessary to achieve the seamless transfer and
execution of files; automatically generating program flow
and data flow diagrams, where the program flow and data
flow diagrams can be viewed at various levels of abstraction
and where the user is capable of utilizing a step-wise
function to collapse or expand the levels of abstraction to
view; and automatically parsing the execution log to auto-
matically match errors and warnings in the log file to the
appropriate corresponding lines of code in the program file
in order to ease the ability to correct the error, to visually
highlight problematic areas, and to generate user customi-
zable error messages and debugging advice for such prob-
lematic areas.

A better understanding of these and other objects, advan-
tages, features, properties and relationships of the invention
will be obtained from the following detailed description and
accompanying drawings which set forth an illustrative
embodiment and which are indicative of the various ways in
which the principles of the invention may be employed.

BRIEF DESCRIPTION OF DRAWINGS

For a better understanding of the invention, reference may
be had to a preferred embodiment shown in the following
drawings in which:

FIG. 1 is a diagram illustrating an exemplary computer
network for generating, maintaining and executing computer
code;

FIG. 2 is a diagram illustrating exemplary components of
the local computer;

FIG. 3 is an exemplary screen shot depicting a graphical
user interface displaying a Menu bar, a Tool bar, a Display
area (in this case the Editor) and a Navigation bar;

FIG. 4a—f are exemplary screen shots and corresponding
tables depicting icons that are representative of menu items
included on the Menu bar, along with the name of each menu
item and a functional description of pertinent menu items;

FIG. 5 is a diagram illustrating the tool bar and a
corresponding table describing the pertinent functions asso-
ciated with the buttons included on the Tool bar;

FIG. 6 is an exemplary screen shot depicting an Editor
window in Full Screen mode, along with corresponding
output and log file tabs;

FIG. 7 is an exemplary screen shot depicting a tree view,
along with the corresponding code segments;

FIG. 8 is an exemplary screen shot depicting a template
manager window with available templates;

FIG. 9 is an exemplary screen shot depicting a program
flow for a selected file, along with arrows that indicate the
flow of data within the program flow;

FIG. 10 is an exemplary screen shot depicting a server
module window configured for automated login and includ-
ing session tabs for Server A and Server B;

FIG. 11 is an exemplary screen shot depicting a site
manager window;

FIG. 12 is an exemplary screen shot depicting a document
manager window;

FIG. 13 is an exemplary screen shot depicting a search
panel for locating files;

FIG. 14a is an exemplary screen shot depicting an
Enhanced Editor Options window;

FIG. 145 is an exemplary screen shot depicting a Color
tab window for customizing the font colors associated with
the code displayed by the Editor;

FIG. 14c¢ is an exemplary screen shot depicting a General
tab window for configuring the usage of an external editor
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in-lieu of the built-in editor, enabling and disabling line
numbering for the code displayed by the Editor, and select-
ing print options;

FIGS. 14d&e are exemplary screen shots depicting an
Execution Configuration tab for configuring the execution
mode and execution location for selected files;

FIG. 15 is an exemplary screen shot depicting the tem-
plate window as it is displaying available web-based tem-
plates to the user;

FIG. 16 is an exemplary screen shot of a web-based
template that is already configured;

FIG. 17 is an exemplary screen shot depicting a data flow
for a selected file;

FIG. 18a— are a series of exemplary screen shots depict-
ing operation of a step-wise function and various data flows
as the data flows are being collapsed;

FIG. 19 is an exemplary screen shot depicting the visu-
alizer employing the Split Screen view;

FIG. 20 is an exemplary screen shot depicting the visu-
alizer with a problematic code section and a corresponding
program flow icon being displayed in red;

FIG. 20a is an exemplary screen shot depicting the
visualizer with a problematic code section and a correspond-
ing error log for that code section;

FIG. 204 is an exemplary screen shot depicting a debug-
ging hint associated with a problematic code section;

FIG. 20c is an exemplary screen shot depicting an error
message and a corresponding debugging hint being provided
by the message manager;

FIG. 21 depicts a predefined class structure for recogniz-
ing and displaying tokens, which is employed by a file parser
to parse a selected file; and

FIG. 22 depicts an exemplary file that has been parsed and
the corresponding class structure of th