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ABSTRACT 

This dissertation evaluates the strengths and weaknesses of generic 

and language specific iconic programming systems, investigates the 

feasibility of developing iconic grammars, and provides a requirements 

definition for automatically developing the next generation of iconic editing 

systems from an iconic lex and yacc^ 

The research undertaken is a continuation of the work on iconic 

programming systems begun in 1991. The original prototype system, 

BACCII- was designed to be a teaching aid and design tool for entry level 

computer programming courses. The tool allows students to program 

generically using iconic representations within a syntax directed editing 

environment. The student then generates one of several languages to send 

through a compiler. The original version was targeted at the procedural 

paradigm with Pascal being the language of choice. The system evolved and 

was eventually modified to accommodate the object-oriented paradigm as 

well, specifically generating C++. 

Currently, research funded by a State of Texas, Advanced Research 

Program grant,^ is underway to create an iconic system for industrial use 

which is specific to the C++ (and eventually Ada 95) language. This system, 

Software ThRough Iconic DESign (STRIDES), will be more robust than 

BACCII++ and designed for the needs of industrial software teams. 

A generic approach would be the most flexible in iconic programming 

systems, and for 95% of the various language constructs in C, C++, Ada 95, 

1 lex and yacc are abbreviations for lexical analyzer and yet another compiler-

compiler 

-BACCII and its successor, BACC1I++ are copyrighted and trademarked to Ben A 

Calloni 

3#003644-084. January 1. 1996 • December 31. 1997 



and Pascal, correct language syntax can be generated from these iconic 

representations. However, the unique requirements of the remaining 5% of 

these languages' constructs, make a one to many mapping nearly impossible. 

The alternative, designing a language specific system like STRIDES, does 

insure sjnitactic accuracy of the final code, but development time for such a 

language specific system is enormous. This protracted development time in 

creating STRIDES systems for each specific language could be cost 

prohibitive. Therefore, it appears that full definition of iconic grammars (an 

"iconic BNF^") would allow development of a much more automated process 

by which language specific iconic systems could be specified, designed, and 

built. 

4 BNF is an abbreviation of Backus-Naur Form which i;- a grammar definhion 

notation. 
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CHAPTER I 

INTRODUCTION 

Though many Computer-Aided Software Engineering (CASE) concepts 

and tools have been developed over the past few years, the development costs 

of software have escalated. The problem can be attributed to many factors. 

One of them is the continued reliance upon text-based coding methodologies 

requiring exact understanding of a particular language syntax. For example, 

in many situations, companies hire new software engineers who may not 

have used the company's language of choice in their studies as with many 

DOD suppliers that are building software engineering projects in the 

language Ada, others in C or C++. It is also a reality that within some larger 

corporations, several engineers across a wide range of departments can be 

working on the same project. It is conceivable that some would prefer 

FORTRAN while others may prefer PASCAL or C which could cause real 

problems when the time came to "Hnk" together all the modules of a project. 

A single system designed to provide a front end algorithmic representation of 

the problem could easily alleviate these differences. 

This dissertation is only a part of ongoing work at Texas Tech 

University in this area. Much work has been accompHshed in previous 

research by this author [7, 8, 9, 10, 11, 12, 13], and there is ongoing work in 

parallel with this current research [5]. Therefore, this author's research has 

focused on attempting to "quantify" all that has already been leamed in the 

preceding five years at Texas Tech University, incorporate work by other 

researchers in the field, provide a blueprint for future research that will 

clearly lay out the difficulties related to this area of research, and provide a 

methodology for rapid creation of iconic programming systems. 

This dissertation evaluated two iconic programming systems developed 

at Texas Tech University, to evaluate their strengths and weaknesses. The 



first, BACCII++, was developed with an educational focus. This iconic 

system allows beginning programming students to develop their 

programming assignments in a visually oriented environment and then 

generate any of five textual languages: Ada, C, C++, FORTRAN or Pascal. 

The second system, STRIDES, has been prototyped and is designed to 

iconically code and generate C++ only, with a later version capable of 

handling Ada 95 only. The basic difference is that STRIDES can produce 

completely accurate C++ code and has extra features which a commercial 

user would find beneficial. 

The second area of investigation examined the extrapolation of a 

positional grammar technique used for iconic flowcharts to the area of 

program declarations as well. Such extrapolations provide the beginnings of 

an "iconic BNF" which can eventually lead to the development of iconic 

grammars. These grammars could then be used to define truly iconic 

languages, rather than iconic systems that generate textual based code. 

The final area of discussion, evaluated the results of the previous to 

discussions, and resulted in the creation of a basic software requirements 

definition for a future iconic programming system. 



CFL^PTER II 

LITERATURE SURVEY AND BACKGROLTND RESEARCH 

Based on the initial work by this author [7, 10, 13], it was established 

that the most effective presentation system Ues within the bounds of 

graphical representations of algorithms. In 1987, Maxim and Elenbogen [24] 

developed a system to animate the actions of the algorithms on data 

structures. They had already incorporated stack operations, recursive 

subroutine calls, several sorting algorithms, and linked Hsts. Their future 

work was to animate queues and trees. 

Schweitzer and Teel [33] developed an Automated Interactive Design 

Editor (AIDE) which allowed students to design and document smaller 

programs. It is based on the formal methodologies of CASE. 

Ackermann and Pope [1] reported that students complete 

programming assignments in 27% less time using diagrammatic methods 

instead of textual. The diagrammatic editor (Figure 1) allows development of 

"flowchart" designs much like Autocad in that the user must place the 

symbols in a spatial relationship and then connect them. 

Rgunanathan [26] developed a tool called ADAPT which is a generic 

iconic tool for viewing databases. The information from any database is 

abstracted to an augmented graph and represented in a colored iconic form. 

This system is related to, but not exactly, iconic programming. 

GHnert and Tanimoto had the first iconic programming tool, Pict [20], 

which was built on an iconic representation of Pascal and the symbols were 

connected using a line tool to indicate the flow. Ichikawa and Hirakawa [21] 

proceeded with a higher level iconic representation for office information 

processing and a more user friendly programming language. 
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Figure 1. Diagramatic Programming 

Algorithm Comprehension Theories 

Before looking at the specific problem statement, it is worth noting in 

detail the research of David A. Scanlan, an instructor in MIS; his M.S. and 

Ph.D. are in Educational and Experimental Psychology. Beginning in 1987, 

he began investigating how the use of flowcharts might assist the learning 

process of students in algorithmic comprehension. His initial investigation 

[29] was based on the established research in the area of neuro-cognitive 

models, such as left hemisphere - right hemisphere thought processes or "left-

brain, right-brain thinking." The left hemisphere processes information 

sequentially, verbally, and logically. The right hemisphere processes 

information simultaneously and spatially. Therefore, visual stimuli which 

can access both hemispheres can increase the subject's comprehension 

(Figure 2). 

He notes that flowcharts feU into disuse in 1977 because of initial 

experiments by Schneidermann. Later research regarding their effectiveness 

in increasing productivity led to inconclusive results keeping them in a 
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nearly trivial position as far as "serious" programming design tools were 

concerned. Because of these events, "pseudocode" eventually became the 

norm for representing algorithms. 

Read a Nunber 
DO WHILE (Not EOF) 

Sui = SUM ^ HuRber 
Read a Hunber 

EndDo 

C START ^ 
I 

/REPP / 

LEFT HEMISPHERE RIGHT HEMISPHERE 

Figure 2. Brain Hemisphere Processing 

Scanlan acknowledged (initially) that given the inconclusive results of 

research, perhaps the students' preferences needed to be taken into account 

when approaching the learning phenomena. Pseudocode is primarily a 

verbal process, but does have a spatial element to it through indentation. 

Flowcharts, on the other hand, provide strong stimuli to both hemispheres 

simultaneously and therefore should promote faster, better comprehension. 

Icons tend to convey or represent actions (such as READ or WRITE) which 

more closely aligns with what an algorithm is: a set of actions. Scanlan [30, 

31] set up various empirical studies in which he concluded that flowcharts 

were better for comprehension than textual code, particularly as the 

algorithms got more complex. 



Based on Scanlan's work, this author developed an iconic 

programming system called BACCII++ [7] which has been used extensively 

in the first two programming courses at Texas Tech University. Two 

empirical studies [10, 13], the second of which was funded by the National 

Science Foundation, showed students gained from 4-20% increase in 

algorithm and syntax comprehension. Interestingly, the more complex the 

algorithm, such as using classes and objects in the data structures course, 

the more beneficial the iconic system became. 

Six Problems with Interactive. Graphical 
Programming Environments 

In 1986, Ephraim P. GHnert [19] posed six problems associated with 

interactive, graphical programming environments (IPGE). Most of the work 

at that time had been of an experimental nature and aimed specifically at 

computer scientists or computer novices. While work had been encouraging, 

he posed six problems relating to the topic (pp. 408-409): 

1. "Estabhshment of a hard science foundation for the field." 
2. "Affirmative resolution of the "scaling up" problem." 
3. "Estabhshment of a "graphical vocabulary for IGPE's." 
4. "Development of novel aind uniform representations of a mixed 

textual-graphical nature for programs, data types and structures, 
etc." 

5. "Definition and vaHdation of metrics to assess the relative merits of 
altemative IGPEs." 

6. "Experimentation to rigorously assess the utihty of IGPEs as a 
means for introducing novices to programming." 

In the first problem, he notes that most work on IGPE's has been 

empirical. There needs to be developed mathematical definitions and models 

that predict quantitative results. These models wiU likely require an 

interdiscipHnary approach fi*om computer science, psychology, and 

physiology. 



The second point contends there is near unanimous skepticism that 

these environments for large, corporate users would work v^dthout becoming 

gigantic "spaghetti balls" of flowcharts. 

Problem three deals more with the psychology area as to the 

development of hierarchical relationships of graphical dues: background 

color and pattern, edge color and shapes, and the shape's contours. 

In the fourth area, httle has been done to represent the various data 

structures in graphical schemes. While records, stacks, queues, and trees 

have viable representations in textual mode, how does one represent these as 

a graphic? 

The fifth and sixth problem statements are self-explanatory. 

In the article he also posed some partial solutions. In the intervening 

ten years the field has evolved significantly and several questions have been 

explored extensively. Scanlan [29-31] has done some excellent work as 

regards the fifth problem. In part this is due to the explosive growth of 

inexpensive, graphically superior PC hardware which has permitted far 

greater access by researchers. 

The five years of research at Texas Tech partially addressed four of 

these problems (2, 3, 4, and 6). In particular, area number 6, the research 

has been quite complete (see next section) and appears to provide an 

empirically qualified "yes" that the use of IGPEs with novices does provide 

assistance. In the area of scahng, graphical vocabularies, and uniform 

representations, the experience has been encouraging, but no certain 

outcomes have been ascertained at present. This dissertation wiQ attempt to 

re-address the previous 3 areas and also investigate area 1, the "hard 

science" foundations, posed by GHnert. 

In area 1, some work has already been done, driven mostly by 

CostagHola et al. and Chang. The concepts of graphical positional grammars 



[16] and visual language compilers [14], provide major steps in the 

realization of GHnert's fij-st, third, and fourth queries. 

Previous Research 

As mentioned in the introduction above, much research has already 

been accompHshed in the past five years at Texas Tech University [3-13]. 

This research has resulted in two forms of iconic programming systems. 

BACC1I++ is a generic system that generates nearly correct, syntactic textual 

source code for several languages. STRIDES (Software ThRough Iconic 

DESign) is a system under development which is designed to be language 

specific; that is, the representational forms for the iconic displays have a 

direct mapping to the C++ syntax. While both systems are syntax directed 

iconic editing systems, STRIDES is designed to produce syntactically correct 

and static-semantic correct source code, but is not designed to generate other 

languages, such as Pascal or Ada. 

Static-semantic correctness deals with verifying the correct semantics 

or "meaning" of the program prior to execution. The foUowing are examples 

of static-semantic checking. 

1. Confirming that the data types of L_values and R_values agree. An 

example would be to check the receiver data variable in an assignment 

statement to see if it has the same data type as the expression on the 

right side of the statement. 

2. Confirming the correct match of parameter data types as weU as the 

number and position of the actual versus formal parameters. 

3. Confirming the declaration of all variables, constants, subroutines, and 

objects. A variable can be S5nitactically correct; i.e., it adheres to the 

language definition for variable id's, but if it has not been declared, 

there is a semantic error. 

8 



4. When an array index has a numeric Hteral or constant, confirming that 

the index is within the array bound. 

BACCII Iconic Prototype: Generic Tool 

The original thesis research by this author towards solving some of 

these problems, resulted in a prototype implementation of a Windows based 

programming system named BACCII [7]. It was designed as a syntax-

directed editing system for teaching procedural paradigm programming. The 

goal was to bmld a tool which could be used in empirical studies to determine 

if students could design and better learn algorithms. That prototype system, 

BACCII, was completed in February 1992. 

Educationafly Focused 

The original research by this author focused on the research problem 

at an academic level; that is, re-defining how programming languages are 

taught. The goal was to determine if an iconic, syntax-directed coding 

environment could improve the students' comprehension of algorithm design. 

That necessitated creating a Windows-based system, using the system in 

control groups for teaching programming courses, gathering data, and 

pubHshing the results. 

Control Study I 

Control groups were formed based on those using BACCII and those 

not using it. The study was accompHshed in the first programming course 

only (CSl). The answer to the empirical question posed above was that 

students do indeed comprehend and leam better, using BACCII [10]. 

Statistical analysis showed that scores improved from 4% to 8% for labs, 

programming assignments, exams, and, hence, course grades. The students 

programmed on the VAX in standard Pascal. This required them to do 



designs in Windows and BACCII, generate Pascal source code, log out of the 

file server, ftp to the VAX, upload their Pascal file, compile, Hnk, run, and 

debug on the VAX. 

In this study, no augmenting materials were used. The lectures were 

presented using only the Pascal language with no information on BACCII. 

The students were given some instruction on the iconic system in closed labs, 

but the system was a t5T)ical prototjrpe with numerous bugs and no on-Hne 

help or manuals. 

BACCII Modification and Upgrade 

After that phase of study, it was decided to make a major revision to 

the original BACCII. While most of the original structure and code was left 

intact, several major new modules were added. BACCII was modified to 

incorporate object-oriented programming (OOP) capabiHty. Because objects 

are usuaUy implemented in separate modules from where they are used, this 

created the need for the iconic editor to faciHtate exportation of variables, 

constants, records, and subroutines, as weU as classes. Type name 

redefinition support was implemented along with major enhancements to the 

existing code. 

A soHd testing program was initiated to turn BACCII into a more 

reHable system for use. In addition, an on-Hne help system was developed. 

UnHke the original BACCII which supported generation of several 

procedural paradigm languages, this next version supported OOP and C++ 

specifically. This does not mean that BACCII++ cannot potentially generate 

Object Pascal or Ada 95; it is that the system at present does not generate 

these languages, nor do the iconic representations incorporate object 

declarations specific to those other language. Thus the new system, 

BACCII++ retained aU the old features for procedural programming, but 

received new features to allow class definitions. 

10 



Development of Multimedia Support Materials 

With support from a National Science Foundation Grant [4], 

multimedia and augmentation materials were developed to enhance the 

effect of iconic programming and evaluate those effects on student control 

groups in the first two programming courses. At Texas Tech, those courses 

use C++. In the first programming course, the students used the enhanced 

features of the C++ syntax, particularly the I/O streams, but the course is 

taught in a procedural format. In the second "data structures" course, the 

students are shifted to the OOP methodology for course lectures and 

programming assignments. The support materials include the foUowing. 

1. Lab assignments - These were written using the Asymetrix'^ Toolbook 

appHcation. The Interactive MuHtmedia Labs (IMLs) are designed to 

be accompHshed in a 1.5 hour closed lab session with TA support. Each 

lab represents a leaming unit on one of the constructs in the 

programming language, e.g. assignment statements, if-then-else, while 

loops, for loops, functions, function caUs, execution blocks, file I/O, etc. 

These labs exist in both straight C++ forms and BACCII++ forms. 

2. Tutorials - These are Toolbook files for BACCII++ and C++ tutorials, 

with tie-ins to the respective system help screens. 

3. Lecture notes - The lecture notes are specific to BACCII++. 

Control Study II 

In a second study, control groups were formed as in the earHer study. 

This time the experiment was run for two semesters in both CSl and CS2. 

The results of the empirical study [2, 3, 13] showed an 8 to 20% increase in 

scores. As it turns out, the more complex the algorithm, the more 

improvement in the student's comprehension using BACCII++. WTiere 

complex design is more critical, BACC1I++ proved to be the most beneficial. 

Ultimately it became obvious to this author and his advisor, that in its 

11 



current form, BACCII++, without a bmlt in interpreter or direct compilation 

capabiHty, is best sviited as a front end design tool which can generate most 

(and even aU) of the code needed. This makes it much Hke the AppWizard 

and Class Wizard tools of Microsoft's© Visual C++. 

STRIDES Iconic Prototype: Specific Tool 

There is currently a team of TTU researchers [5] engaged in taking the 

lessons leamed from BACCII++ and investigating the possibiHty of designing 

a "user modifiable" iconic system. STRIDES has already been through the 

requirements definition [36] and design document phase, and at the time of 

the writing of this dissertation, a prototype is just being completed. Many of 

the "difficulties" presented above in BACCII++ have been rectified in 

STRIDES. However, what STRIDES cannot do is generate several choices of 

language. 

The approach of STRIDES is that the iconic system was designed with 

a specific target programming language in mind. This was done to insure 

compatibUity with industrial needs which obviously depend, on existing 

languages Hke C++ and Ada. The idea is to create an iconic system which 

can be instaUed by a project manager with a specific target language for the 

software team. The user wiU have the abiHty to "modify" his or her particular 

iconic system within certain constraints, much as a user could modify 

Microsoft word. 

The concepts of a syntax-directed editing environment, which are one 

of the strengths of BACCII++ have been retained in STRIDES. One of the 

additional features is the use of a phrase parser (based on the C++ grammar 

rules) to insure that phrases are syntacticaUy correct in each icon. 

AdditionaUy, the use of language specific precedence rules, and predefined 

functions have made the process of code generation easy. 

A data flow representation for the system is shown in Figure 3. 

12 
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Figure 3. Data Flow for STRIDES 

The information content representation is from the perspective of the 

different modules in the system. 

1. Iconic Editor -- WUl aUow the user to create programs specific to a 

given language using icons. In this iteration of the tool, C++ wUl be the 

target language, but it wiU have sufficient generic design so that in the 

future it could be modffied for Ada 95 instaUation. The icons wUl be 

held in a parse tree and employ a syntax-directed technique. Only 

phrases such as assignment expressions, boolean expressions, and I/O 

statements wUl be entered from the keyboard. The users wiU select 

previously defined entities from Hst boxes. 

13 



2. Phrase Parser -- When the user selects OK on a dialog box, the phrase 

wiU be sent to a phrase parser to ensure the syntactic and static 

semantic correctness of the phrase. The appropriate error message and 

first error wiU be retumed to the Editor for it to display the message 

and highHght the error in the edit box. 

3. Relational Database -- This module wiQ hold the Iconic Intermediate 

Code (IIC). The database wiU support active update and forwarding of 

changes. A user who declares a variable, constant, typedef, record, or 

class, then uses the identifier in a coding section, wUl then be able to 

make changes in the name, and have aU instances of that entity be 

automaticaUy updated. 

4. Code Generator - This entity wiU generate the syntacticaUy, static 

semanticaUy correct C++ code from the Iconic Intermediate Code stored 

in the Relational Database. Since the IIC is a parse tree with correctly 

parsed phrases, traversing the DB to produce the C++ syntax wiU be 

straightforward. It also must generate a mapping file which correlates 

the Hne number in the C++ files (headers or CPP) to the icon from 

which it came. 

5. CompUer Interface(CI) - The interface wiU aUow the user to view the 

C++ source code in any IDE, such as Visual C++ or Borland C++, 

determine the Hne number of interest, and give the CI the Hne number. 

The CI wiU cause the Iconic Editor to take the user to the "page" upon 

which the icon of interest resides, highHght it, and activate that icon's 

appropriate dialog box. 

System InstaUation Options 

The system wUl have two types of "modifiabiHty." The first is set by a 

project manager. The assumption is that a supervisor of a software team wUl 

14 



have the abiHty to set instaUation parameters for the iconic system. He/She 

wiU be able to 

1. define the location for the system (file server, drive, directory), 

2. define which language version is to be instaUed (C++ or ADA), 

3. define the visual description for the icons for each type of statement in 

the target language. 

User Modification Options 

Once instaUed, each individual user may copy (instaU?) the package as 

defined by the supervisor on his/her workstation. Once there, it wiU be 

possible to "individualize" the system. The system aUows the user to: 

1. Permit placement of the various icons in an arrangement that keeps 

connectivity, but aUows horizontal and vertical flexibUity. 

2. Disable the S5aitax and static, semantic checking by the phrase parser 

described above. 

The system should meet the industrial demands, but the system itself wiU 

have to be created by implementors. Though an improvement over BACCII 

and BACCI1++ in providing more accurate language generation, it does not 

address the needs of a company Hke Nortel which uses a proprietary Pascal-

Hke language. AdditionaUy, this approach does not easUy aUow creation of a 

module for a yet undefined grammar for some new language. 

CostagHola's et al. Positional Notation 

The basic work of positional grammars was developed by Gennaro 

CostagHola et al. [16, 17]. Given a 2D Cartesian space, iconic representations 

can be mapped fi*om a purely spatial view to a more mathematical notation. 

This assumes that the icons are to be evaluated pictoriaUy from top to 

bottom, left to right. The technique reHes on an extended grammar notation. 
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he caUs, a context-free positional grammar. The grammar is a six-tuple 

defined as: 

PG = (N, T, S, P, POS, PE) 

where N and T are non-terminal and terminal symbols, 

S denotes the start symbol, 

P represents the productions, 

POS represents binary relations identifiers, and 

PE is a pictorial evaluator that converts the sentential forms into their 

visual representation. 

Each symbol has associated attributes, caUed syntactic attributes, which 

express syntactic information about the symbols. An example would be an 

icon which would have an attribute of a coordinate pair (x,y), that defines the 

centroid of the icon in its presentation on the screen. 

The relations in the POS express how the symbols are composed, and 

the P defines the productions, which take the foUowing form, 

A " > Xl R l X2 . . . Rm-l Xm , A 

where A represents the non-terminal, xi through Xm are the symbols, Ri 

through Rm 1 are the relations, and A is the production rule, known as an 

attribute inference rule. Each Rj in the sequence is a compound relation of 

the form, 

{RELî i, ...,REL^ ... .RELn "̂ with n>l 

Before proceeding with CostagHola's et al. sentential representations, it 

would be best to present an example using a simple addition of two numbers. 

Given the user has the foUowing icons for the addition, 37+90= 

9iroirT 

which are to be arranged on the screen as shown. The grammar also defines 
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the relations HOR and VER. Thus starting with the 3 icon, the foUowing 

sentential form can be created, 

[T] HOR [T] HOR [T] VER' [ T ] VER' | T | VER' 

The number i shown as a subscript in the REL operator holds between the 

i+1 preceding icon in the string and the next icon. Therefore, the first HOR" 

states that the 7 icon is horizontal from the 0+1 icon previously defined in 

the string, or the 3 icon. Likewise, the VER" between the + and = indicates 

the = is vertical to the icon one position to the left in the string. The VER^ 

states the 9 icon is verticaUy positioned from the icon 5 positions previous in 

the string, the 3 icon. 

To fuUy define the grammar then, CostagHola et al., presents the 

foUowing for the PG = (N, T, S, P, POS, PE). Comp is the start symbol and 

each non-terminal has two syntactic attributes, "head" and "taU" which 

specify coordinate pairs (x,y) in 2D Cartesian space. Each terminal symbol 

has the "posn" attribute which simply positions the icon according to the 

centroid of its coordinate pair. 

N = {Comp, Digit, Op), 

S = {Comp}, 
POS = (HOR, VER), 
P = the foUowing 

1. Comp-> Digit HOR Comp \ ^ R Digit Ai {(head(Comp).tail(Comp)):=(head(Digi0.tail(Comp))} 

A2 {(head(Comp),tail(Comp)):=(head(Op),posn(l^))} 

A3 {(head(Digi0.tail(Di^O):=(posn(Lj),posn(LJ))} 

A4{(head(Digi0.tail(Di^7)):=(posn(UJ).posn(LJ))} 

2. 

3, 

4. 

5. 

6. 

12 

Comp-

Digit-

Digit-

) Digit-

13) Digit-

-> Op VER 

>B 
>m 

>B 
>B 

B 

Ai2{(}iead(Digi7).tail(Digi/)):=(posn(Ld),posn(UJ))! 

Ai3{(liead(Di^/).tail(DigiO):=(posn(LJ),posn(l_J))} 
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14) D i ^ i 7 " > L J Ai4 {(head(Dtgi/).taiJ(/)igi7)) = (posn(Q) .posn(Q))} 

The PE actuaUy works by evaluating the expression in a left to right 

parse, applying the corresponding attribute inference rules, A. At each 

nested level, the PE evaluates the relations HOR and VER and appHes the 

corresponding inference rule. When it evaluates an X REL Y, it spatiaUy 

arranges X and Y such that the taU of X is in horizontal or vertical 

concatenation with the head of Y. The derivation of the example is presented 

below. 

Comp => {Digit HOR Comp VER Digit . Ai } ( by appljing production 1) 

=> {Digit HOR Comp YER { LiJ .A12 } . Ai } ( by applying production 12) 

=:> { {LIJ , Ae } HOR {LJ, Aio } HOR {E l . A13} \ 'ER { LZI ,A2} 

YER {LJ ,A3}. Al } \ 'ER { E .A12}, Ai} ( by apphing production 6) 

Though compUers, including CostagHola et al.'s Visual Language CompUer-

CompUer, does not actuaUy construct the parse tree, another way of viewing 

the productions would be in this form, shown in Figure 4. 

CostagHola et al., further expand this concept to buQd non-terminals 

from previously defined terminals and non-terminals. In addition to the 

graphical representation and the (x,y) centroid, the syntactic attributes are 

expanded to specify attaching points. These are labeled with a numeric 

identffier. As an example, he provides a digital logic analogy. 

The POS part of the grammar contains an EDGE(h,k) relation, where 

h and k are attaching point identifiers. Any symbol, X and Y, they can be 

connected by the sentential form 

X EDGE(h,k) Y 

which indicates the attach point h of X is connected to the attach point k of Y. 

The productions of EDGE(h,k)^ in a positional grammar would appear as 
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h'_k if i ^ 0, and h_k if i = 0. 

:Comp: 

:Digit> HOR <Comp> VER <Digit: 

<Digit> HOR <Comp> VER <Digit: 
Alo/ 

A13 

OpVERr^-i 

\ A3 

0 

H 
Figure 4. Positional Grammar Tree 

FinaUy for a production 

A - > Xl R l X2 . . . Rm-l Xm , A 

where A has n attaching points (l,...,n), the inference rule A has the form 

{(l,...,i,...,n) = (qli,...qlm,...,qii,...qim,...qni,...qnm)} 

PictoriaUy, his digital logic example is shown in Figure 5. 

Each terminal value, in this case three logic gates, has labeling as 

shown for tie lines. The three terminal symbols are being grouped to form a 

new non-terminal symbol. Each of the gates has labeling for each of its lines 

as shown. The whole non-terminal circuit has three inputs and one output. 

The inputs are labeled 1, 2, and 3 with the output labeled 4. The dashed 

border represents the new non-terminal symbol. The non-terminal 

connection 1 is tied to the AND gate's 1, non-terminal connection 2 is tied to 
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the AND gate's 2, etc. In addition, the outputs of the AND and NOT gates 

are tied to the inputs of the OR gate. 

1 

2 

0 

0 
0 
0 
0 

3 0 ^ 
0 

Figure 5. Gate Logic 

The sentential format for this picture is: 

C i r c u i t — > 0 R 1 3 AND 2^ 2 NOT, { ( 1 , 2 , 3 , 4 ) = ( 0 1 0 , 0 2 0 , 0 0 1 , 3 0 0 ) } 

The sentential part which relates the symbols and the relation operators 

indicates that the OR gate's number 1 attach point ties to the AND gate's 

number 3 attach point. As previously demonstrated in the addition example, 

the relation 2i_2's exponent of one indicates that the OR's 2 (1+1 symbols left 

of the operator in the sentence) attach point is connected to the NOT's 

number 2 attach point. 

The A rule interpretation aUows a grouping of the first symbols to be 

treated as a new non-terminal. The production ties 1, 2, 3, and 4 are 

correlated to each triple in the right hand side expression. The positions in 

each triple are the OR, AND, NOT gates. The fourth triple indicates that the 

new non-terminal's number 4 attach point is connected to the OR's number 3 

attach point. Likewise the first triple states that the non-terminal's number 

1 attach point ties to the AND gates number 1 attach point. The result of the 

sentential form, then is the creation of a new non-terminal by clustering the 

terminal S3rmbols. 
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The remainder of CostagHalo's work goes on to describe the use and 

development of a positional LR Parser (pLR), The pLR is based on the 

traditional LR parsing technique which uses a parse table, a stack, and a 

parsing program. The technique works from "top-down, left to right," which 

is exactly how the actual iconic representations occur, as the PE "paints" the 

sentential forms. These topics deal more with implementation details and is 

being researched by the STRIDES team member, Mr. Fang Zhang [37]. 
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CHAPTER III 

PROBLEM STATEMENT 

The areas investigated during this research are Hsted below. 

1. Investigate the feasibility of desigining a generic iconic editor versus 
multiple language specific iconic editors. The investigation of a 
mapping from language specific differences to the generic 
representations will be addressed as part of this investigation. 

2. Investigate the feasibility of extending the technique of positional 
grammars developed by Costagliaola to syntax charts which would 
form the basis for future development of iconic grammars (an iconic 
BNF). 

3. Depending on the results in (I) and (2), develop a requirements 
definition for designing iconic programming environments. If a 
technique for mapping differences and a form of iconic grammars can 
be developed, the definition will be for development of a generic iconic 
editing system; otherwise, the definition will be for developing language 
specific iconic editing systems. 

The evaluation of this problem drew quite heavUy on direct research by this 

author in the past five years as weU as by others in the field during that 

time. The hope was to be able to design a "one system fits aU" language 

needs. 

Certainly the history of technology provides numerous examples of the 

faUacy in attempting to design machines which "do everything the customer 

wants." This attempt to over-engineer is most prevalent when one looks at 

the weapons procurement process of the United States MiHtary. Two 

examples, one which faUed and one which, through an evolutionary process, 

actuaUy worked reasonably weU, were the development of the F-111 fighter-

bomber and the F-4 Phantom. 

The former was a project "forced" on the Air Force and Navy by the 

Secretary of Defense, Robert MacNamara. This aircraft was designed to 

handle the fuU requirements of the Navy and the Air Force in aU necessary 
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roles, such as aU-weather air defense, air intercept, and deep interdiction. It 

eventuaUy found a home with the Air Force as an aU weather, terrain 

foUowing, deep interdiction bomber. It never Hved up to any of the other 

promises made by its designers. 

Interestingly enough, the F-4, began duty as a Navy aircraft strictly 

for fleet air defense. The aircraft was not even buUt to carry a gun, missUes 

only. During the Vietnam confHct, this aircraft underwent a series of 

engineering upgrades which resulted in it performing several combat roles 

quite effectively. This author had the privUege of flying this aircraft and it 

was known as a "jack of aU trades, master of none." Thus one can conclude 

that even though there are a few "reasonable" success examples in 

technology, the abiHty to design and buUd generic or general use machines, 

rarely works. 

However, the programmable algorithmic computer is a unique 

invention in the evolution of man's technology. Because of its software 

component, the same machine can be used to calculate taxes, process 

documents, communicate half-a-world away, play music, and provide 

amusement. This flexibUity holds the prospect of having a "single iconic 

representational tool" to generate any language. In this investigation, it 

appears that, whUe such a system can be created, there are compromises 

which wiU occur. 

The advantages of a generic iconic programming system which can 

generate syntacticaUy and static-semanticaUy correct languages wovdd have 

major benefit to software engineers. Some of those advantages are: 
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L A software engineering group could have a uniform programming 

environment for aU programmers. New employees would not have to go 

through a leaming curve on aU the programming systems used in a 

department. This author has worked as a consultant to a company 

which supports, UNIX-based C, Windows based C and C++, DOS based 

Watcom C/C++, OS/2, and a couple of other proprietary languages. 

2. Interaction between diffprent design groups could have a common 

interface for design reviews. Code reviews and testing are areas where 

language expertise is a must. WhUe a software engineer fluent in C++ 

may be of some benefit in a code review using Ada, only an Ada 

software engineer can truly certify another's code. 

3. Software managers could track the progress of the group better. In 

current situations, a manager must be weU versed on aU the 

programming environments/languages to provide the technical 

leadership required. A generic iconic editing system would make the 

supervisor's work much easier. 

4. Generating multiple languages from a single generic source can make 

transfer of existing appHcations to other languages a truly portable 

process. AU too often, a company may have a viable appHcation. One 

of the strengths of the C/C++ language was its portabUity between 

hardware systems. In reaHty, this potential has never been fuUy 

reaHzed, although in numerous cases C/C++ has handled this 

portabUity much better than previous languages. However, porting C 

code to Ada is a time-consuming process that is best described as re-

engineering, not simply translating. 

WhUe a generic system would be the most flexible, ongoing use of 

BACCII++ by students has demonstrated several difficulties in taking a "one 

iconic editor fits aU" approach. On the other hand, STRIDES, a language 

specific iconic programming system, has no difficulty providing the 
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programmer with the correct C++ code. What it cannot do is provide cross 

language generation capabiHty. 

Approach of Research 

The approach for the research was to first evaluate the strengths and 

weaknesses of BACCII++ and STRIDES. These shortcomings are 

demonstrated by citing specific examples. The same was accompHshed for 

the strengths. After comparing the two approaches, conclusions were drawn 

about which approach seems best, as far as designing iconic editors that can 

generate correct code. 

The second phase focused on extrapolating the positional grammars 

devised by CostagHola et al. from flow charting to programming declaration 

constructs. This was demonstrated by showing several examples. 

FinaUy, the results of the first two areas was used to produce a first 

iteration of a requirements definition outlining the necessary parts of an 

iconic language programming system that is either capable of handHng 

multiple language generation (generic) or single language generation 

(specific). 
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CHAPTER IV 

ICONIC DIFFERENCES, MAPPING, AND GRAMMARS 

The results from the three areas of research are presented in this 

section. The first section deals with the difficulties presented in BACC11++ 

in attempting to generate correct code for multiple languages. Though there 

are some difficulties between Pascal and Ada, the biggest difficulty is 

between C/C++ and the other languages. There is an extensive section to 

provide a flavor of the problems. 

The second section provides an overview of the design of STRIDES and 

its abUity to generate the correct C++ code. This capabUity is due in large 

part, to eliminating the requirement to generate the other languages. Since 

the end language is C++, its unique characteristics are incorporated directly 

into the iconic representations of the tool. The user of STRIDES for C++ wUl 

need to be somewhat familiar with the C++ lamguage and wiU understand 

such nuances as "arrays are always passed by reference." 

Thirdly, a discussion of iconic grammars is provided to the show the 

feasibUity of developing an iconic BNF. Though this work does not explore 

the fuU theoretical foundations and proofs for such a grammar, it does 

demonstrate the HkeHhood that such a study could be successfuUy 

accompHshed. 

Generic Versus Language Specific Iconic Editors 

The goal of high level programming languages has been to provide 

some inherent structure and to have compUers which enforce some 

constraints that woiUd assist the programmer in developing more reHable 

and structured code. Beginning with ALGOL and its derivatives, continuing 

through Pascal, and more recently with Ada, it can be seen that language 

definitions and compUer design have been evolving toward better and more 
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tightly controUed programming constmcts. This evolution has resulted in 

the abUity to produce larger, more reHable, and more complex code than was 

possible with Assembler Language and FORTRAN. The development of the 

Object-Oriented Paradigm and languages which support it have provided 

further capabiHty. 

In this section, the strengths and weaknesses of BACCII++ and 

STRIDES, which are examples of the generic and language specific 

environments, wiU be reviewed. WhUe BACCII++ has been in use for several 

years and specific items can be cited, the STRIDES prototype is just being 

completed, so long term use data is unavaUable. However, the specification 

for STRIDES was written to overcome some of the weaknesses uncovered in 

the BACCII++ design and it should perform up to specifications when finally 

implemented. 

WhUe the use of BACCII and BACCII++ proved beneficial from the 

student usage standpoint, there were difficvdties in the original design of 

BACCII. As a generic iconic language editor, it can generate textual source 

code for several procedural languages. Due to differences in textural 

language grammars, it could not truly generate correct syntax for aU from 

the same representation. The issue was not so much the generic parse trees 

or the exact placement of punctuation, but rather in underlying differences of 

the grammars and the numerous "unique" capabUities that are suppHed in 

one language versus another. An example would be the concurrency 

provided by Ada which is not supported in C, C++, or Pascal. 

Though some of these problems were addressed in the enhancements 

to BACCII++, the original BACCII data stmctures and methodologies were 

left intact. There was no time to re-engineer the BACCII++ code using the 

advanced capabUities in Visual C++, OOP, and the Microsoft Foundation 

Class (MFC) architecture. Therefore, its data representations remained as 

originaUy designed, with a procedural paradigm, visual presentation as the 
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focus. Thus the "enhancement" of BACCII to BACCII++ is analogous to what 

happened with C to C++. The basic underlying capabiHty was retained, with 

the addition of object-oriented features and some enhancements to the 

original language. The result is that C++ is a hybrid, not a true OOP 

language Hke SmaUtalk. Likewise, BACCII++ can support either paradigm 

to some degree, but it is much better at the procedural paradigm. 

WhUe the original concept to use BACCII with a procedural paradigm 

approach was soHd, the shortcomings of enhancing BACCII instead of re-

engineering it have left some weak spots. In addition, there are several 

continuing problems with generic language generation because of some 

fundamental differences in the C/C++ language and others. 

BACC1I++ is designed such that when a user creates a new model, it 

chaUenges the user to identify which end language wiU be generated: Pascal, 

C, C++, Ada, or FORTRAN, which can be seen in Figure 6. 

ilnti^:r«di^4];:;;L^ij|i^ 

O Pascal 

Oc 

OADA 

O FORTRAN 

HELP 
^tatttaaoita 

Figure 6. BACCII++ Language Choice 

In selecting the language, BACCI1++ configures itself to provide those 

language specific definitions and functions, such as "1NT_MAX" and "float 

fabs(float)" in C++ versus MAXINT and num abs(num) in Pascal. WhUe this 
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helps the user to create syntacticaUy correct code for the end language, 

BACCII++ cannot generate this code correctly for Pascal because Pascal does 

not have a "fabs" function. Of course the same would be true for an Ada 

model which is then used to generate C++. It should be noted, that these 

unique mappings could be handled in a re-engineered language, but a 

different approach wiU be needed than BACCI1++ or STRIDES currently 

provides. 

BACC1I++: Generating C/C++ Versus the Other 
Programming Languages 

Unlike other structured programming languages, C/C++ is a much 

"looser" language. Because C/C++ have such a wide acceptance in industry, 

its inclusion in any generic iconic programming system is required. Its 

design, whUe certainly considered a block-structured language, has many 

variations to what could be categorized as a standardized approach used by 

ALGOL, Pascal, PL/I, and Ada. It does not support boolean £uid string basic 

data types. It handles arrays in a unique fashion. Its subroutine nesting 

and scoping rules are different. These type of "anomgdies" can lead to some 

interesting difficulties which play havoc in the realm of generic code 

generation. 

WhUe many differences exist which can cause difficulties in the 

generic approach, it is not the goal of this research to map every possible 

anomaly. That kind of detaU would be required in a design phase of a 

generic iconic editor. The foUowing wiU be given as examples to merely 

inform the reader of the types of problems which are present. 

1. No Boolean Data Type, 

2. No Strings, 

3. Array Declaration and Indexing, 

4. Passing Parameters (by value and by reference), 
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5. Integer versus Floating Division, 

6. Precedence of Boolean Operators, 

7. Sub-routine Declarations and Scoping Rules, 

8. Stored Expressions Versus a Reference Based Mechanism, 

9. Procedural Paradigm versus. Object Oriented Paradigm, 

10. System-Defined Subroutine Differences, 

11. Input / Output and Formatting. 

No Boolean Data Type 

C/C++ aUows any basic data type based on an integral number type 

(short, char, int, long, pointers or addresses) to be used in a boolean 

evaluation. In general, if an integral value is zero, it is a FALSE condition 

and any non-zero value is TRUE. This flexibiHty is considered a strength in 

the original design of C, which was developed along with UNIX at AT&T BeU 

Labs by Kernighan and Richie. One example of this would be in the area of 

pointer manipulation as given in the ensuing paragraphs. 

Given a dynamicaUy aUocated Hnked Hst in which the user stores a 

pointer to the head of a Hnked Hst, and each node has a pointer to the next 

node, the programmer might code a traversing whUe loop to get to the end of 

the Hst in BACCII++ which would generate in C++ as: 

pC 
wh 

urrent = 
ile 

Phead; 
(pCurrent) 

pCurrent = pCurrent-->pNext; 

In Pascal that same BACCII++ segment would generate as 

pCurrent := 
wh. Lie 

Ph< 
pCurrent 

pCurrent : = 

Bad; 
do 
pCurrent-->pNext; 

The Pascal compUer does not support the zero - non-zero mechanism. It 

supports true boolean data types which store either the values TRUE and 

FALSE and would require the foUowing syntax. 

while pCurrent <> NUL do 
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Therefore, the Pascal compUer would choke on the boolean expression in the 

previous whUe loop . 

The C language has a predefined nuU pointer which is defined as 

NULL and a BACCII++ pretest loop generated in C++ as 

while (pCurrent != NULL) 

can be correctly translated upon Pascal code generation as 

while pCurrent <> NUL do 

WhUe it is not a major problem to educate a user who intends to do multiple 

language generation to code more genericaUy, it does point up the potential 

difficulty in properly generating multiple languages if the C/C++ shorthand 

coding notations are used. 

No Strings 

The second problem area concerning basic data types is the lack of a 

string data in C/C++. In the absence of a sting type, C/C++ uses standard 

character arrays with the ASCII character NULL to signify which index 

position marks the end of the string. 

H e l l o W o r l d \0 
Thus, aU string handling is based on functions, such as strlen, strcpy, and 

strcat, which operate on character arrays by traversing through the "string" 

beginning with index position zero and looking for the ASCII character 

comprised of aU 0 bits. 

BACCII++ does provide for the distinct declaration of strings and 

character arrays. The declaration of strings can be seen in the dialog box in 

Figure 7. However, the C/C++ declaration generated is 

char szName[30]; 

It is a character array 30 positions long, indexed 0 - 29. The only thing that 

makes it a string would be the use of the NULL character signifying the end 

of the vaHd characters. However, there is no difference between this 
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character array intended for use as a string, as opposed to any other 

character array used as an array of characters. 

Variable Name Dimension Type 

szName 

String 
Dimension: 30| 

D Extra Precision 

D Check will Export Variable 

D Check for Array 
Array Bounds Upper 

Dimension 
Value 

1st 

2nd 

JTrrrrntnTiaa 
^iti^Vftltte liiyp 

Figure 7. String Declaration 

Alternatively a character array declaration, as shown in Figure 8 

would cause BACC1I++ to generate the C++ code as: 

char LetterArray[30]; 

To the compUer, there is no difference in either declaration. It is the user 

who is distinguishing the difference in use of the character arrays. 
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Variable Name Dimension Type 

LetterArray 

String 
Dimension: 

char 
inteaer 

n Extra Precision 

D Check will Export Variable 

^ Check for Array 
Array Bounds Upper 

Dimension 
Value 

1st 

2nd 

30| 

asu 

m Cm^ts^ imM^^iB^t 

Figure 8. Character Array Declaration 

Pascal and Ada do support a string type which is separate from an 

array of characters. Therefore, the same declarations in BACCII++ would be 

generated in Pascal as: 

var 
szName : String[30]; 
LetterArray : array[1..30] of character; 

A second problem is that the C++ "string," szName, in actuaHty can 

hold only 29 letters for the user. This is because there must be room for that 

final ASCII nuU character. Thus if the programmer reaUy wants 30 

characters for his string, he must remember to declare 31. WhUe BACCII++ 

covdd automaticaUy generate the extra array index for strings, as an 

educational tool, it does not. This is done to reinforce the differences to the 

student. It would make sense to do so on a production tool, but if the 
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programmer is proficient in C/C++ he may specify the string correctly to find 

out upon generation that his "strings" are one byte longer than he specified. 

Again, if the user understands the iconic methodology, this would not pose a 

problem. 

On the other hand, the storage for a string in Pascal is actuaUy 

generated with a character array of 31 indices. The difference is that the 

string is contained in indices 1 through 11 as shown below. 

11 H e l l o W o r l d 
The zeroth index of a string in Pascal is used to store the number of bytes 

beginning at index one that is the actual length of the string. Each time a 

string is manipulated through a copy or concatenation process, the letters are 

inserted in the correct locations and the zeroth index is updated with the 

correct length. 

Because these are two different data types, the Pascal or Ada compUer 

would not aUow an assignment or comparison such as: 

if szName = LetterArray then 

szName = LetterArray; 

without generating an error. However, the C/C++ compUer would pass the 

foUowing code with no complaints 

if (strcmp (szName, LetterArray) == 0) 

strcpy (szName, LetterArray); 

However during execution, the user may get some very strange results. 

Since LetterArray is unHkely to contain an ASCII NULL character, the copy 

function would start at LetterArray's beginning address in RAM and keep 

copying letter by letter to szName untU it finds a bit pattem of aU zeros! 

That might be 50, 100, or even 1000 memory positions later. In the 

meantime, aU those assorted bytes wUl be copied to szName's location, but 

with only 30 aUocated positions, whatever variables are physicaUy stored 
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above that in memory wiU be overwritten. Thereafter, the behavior of the 

program wiU become very pecuHar. 

Another difference can be seen in actual Machine Language (ML) code 

generation. In C/C++, when the programmer wants the length of a string, he 

would use 

iLength = strlen(szName); 

the compUer sets up code to do a looping count untU it reaches the nuU, then 

returns the count. In Pascal, aU the compUer creates in ML is a data read 

operation of the string's zeroth position and returns that number. 

This difference in string handling mechanisms has one advantage in 

C/C++; it can accommodate any given string size. In theory, C/C++ can have 

a string as long as avaUable memory since the string handHng functions start 

at the address position of the fLrst element in the character array, and simply 

increments the index one byte at a time untU an ASCII NULL is found. The 

Pascal string has a Hmit of 255 characters due to the size of the 8 bit, zeroth 

byte. 

Further, Pascal and Ada use a simple assignment statement to 

perform a string copy. Likewise, these languages use the traditional 

relational operators, such as < and >= to do comparisons. In C/C++ the string 

copy is handled via the strcpy function. If the user wants to determine if two 

strings are equal, for Pascal, the user would code 

szName = sz Value 

in the edit box. This string would be stored in the selection node icon. When 

BACCII++ generates the Pascal code, it simply creates an output string by 

concatenating an "if' with the stored string with a "then" as foUows: 

if szName = sz Value then 

WhUe it is correct for Pascal, if the user wishes to generate C++, the current 

system would generate the C++ syntax as 

if (szName == sz Value) 
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which is incorrect because the correct way to generate this is: 

if (strcmp (szName, sz Value) == 0) 

A generic system could be designed to reinterpret the Pascal equaHty 

expression and generate the correct C/C++ function caU. However, in this 

author's experience in the Fundamentals II course, it was discovered that no 

matter how much BACCII++ was implemented to do the "logical thing" it 

turned out that users can do the unexpected. Therefore, a generic system 

would have to be designed with strict "coding" rules and the users woiUd 

need to know the correlations between the iconic code and the language code 

it produces. 

On another note, most C++ systems provide a string class. In general, 

these classes overload the assignment and relational operators so that objects 

of this string class behave exactly Hke their Pascal and Ada counterparts. An 

iconic system could substitute the string class for the generated declarations 

and the problem w^ould be resolved. Unfortunately, the C language does not 

support classes. WhUe it is possible to code this properly, it becomes an 

exercise in exception handling. The designer of a good generic iconic system 

would need to spend a lot of time on detaUed design here. 

Array Declaration and Indexing 

There are several major differences with C/C++ versus other languages 

in array declarations and use. Whereas Pascal and Ada use a range 

notation, e.g., [1..10], C/C++ uses only a single dimension value, e.g., [10]. 

Thus the array indexing in Pascal/Ada would run from 1 to 10, the C 

indexing runs fi-om 0 to 9. This difference is reflected in BACCII++ in the 

modification of the declaration dialog box. In Pascal and Ada, it appears as 

shown in Figure 9, whUe if coding for Pascal or Ada it appears as shown in 

Figure 10. 
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Figure 9. Array Declaration for C/C++ 
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Figure 10. Array Declaration for Pascal or Ada 

37 



WhUe one could argue that a BACCI1++ declaration of dimension 10 

could be generated as [1..10] in Pascal and Ada, then in C/C++ as a 

dimension of [11], which would include the same 1 to 10 indexes, it adds an 

extra array position not specified by the programmer. The difficulty here is 

that a Pascal array, declared as [5..10] would be generated as [11] in C/C++, 

but the first 5 indices of the array would go unused, wasting space. In these 

days of multiple Meg RAM machines, it is less critical than a few years ago. 

This author has experimented with several alternative ways to handle this 

translation and generation process automaticaUy for the cross language 

issues during the five years of BACCII++ usage by students, and has 

concluded that no matter how one sets it up, it is tough to "second guess" 

exactly how the programmer intends to use an array. 

Because of the above differences a user would code a processing loop in 

BACCII++ as shown in Figure 11. The Pascal code generated would be: 

for i : = l to 10 do 
But when generating C++ code, the user wiU find the indexing off by one if it 

is generated assuming a 0 through 9 indexed array . 

These range differences broach the issue of whether code should be 

Attempts to guess what the user means when generating a different 

language have not always succeeded. 

SimUar problems exist if the user assumes C/C++ when using 

BACCII++ then generates Pascal. The Pascal for loop 

for i :=0 t o 9 do 
would create an array bounds error. 
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Figure 11. For Loop in BACCII++ 

The problem in C/C++ generation then is to keep everything matched 

up. When the user is indexing iValue[4] do they mean the fourth or fifth 

position based on the 1 to 10 or 0 to 9 index position. Experience with 

BACCII++ in use by the students has demonstrated that one can never 

determine which it is. Experienced C/C++ industrial users wiU index the C 

way whUe Ada users wiU index the Ada way. Any attempt to have a generic 

system perform a re-mapping, wiU lead to semantic errors at best, and 

syntactic errors at worst. Either of these wUl cause the two generated 

language appHcations to behave incorrectly and send the industrial user off 

looking in the source code for error. For an iconic system to generate aU 

languages "correctly," it wUl have to provide a mechanism to handle this. 
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Passing Parameters (by value and by reference) 

BACCII++ defines parameter passing pictoriaUy, as shown in Figure 

12. The down arrow, interpreted as "into" the subroutine is a pass by value 

mechanism. The up or two way arrow are a by reference pass. 

NAVLEG ROUTELEG 

V 

" • 

*- ^ 

• ^ 

Form70Leg RouteLeg ParmGndSpeed ParmFuelFlow 

Figure 12. Parameter Passing 

BACCII++ stores the pass as in, out, or in-out to conform with Ada. In 

Pascal, Ada, and C++, the control of a pass by value or a pass by reference is 

controUed by the formal argument. In C++ it appears as 

ProcessOneLeg(NAVLEG & Form70Leg, ROUTELEG & RouteLeg, 
int ParmGndSpeed, int ParmFuelFlow) 

whUe in Pascal it appears as 

ProcessOneLeg(var FormVOLeg: NAVLEG; var RouteLeg: ROUTELEG; 
ParmGndSpeed: integer; ParmFuelFlow: integer) 

and in Ada as 

ProcessOneLeg(Form70Leg: in out NAVLEG; in out RouteLeg: ROUTELEG; 
ParmGndSpeed: in integer; ParmFuelFlow: in integer) 

The &, var, and in out mark the parameter as a pass by reference. However 

in C, the formal parameters would appear as foUows 

ProcessOneLeg(NAVLEG * FormVOLeg, ROUTELEG * RouteLeg, 
int ParmGndSpeed, int ParmFuelFlow) 

The formal parameter says that an address or pointer wiU be received for a 

NAVLEG t5T)e and a ROUTELEG type. In order to complete the "pass by 

reference" the calling, or actual parameters must also be tagged: 

ProcessOneLeg(&MyForm70, STheLeg, iGroundSpeed, iFuelFlow); 
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This aU works weU and if it were always consistent, the generation would be 

as flawless as Pascal and Ada. 

However, if the user intends to pass a pointer to a Form70 because it 

was dynamicaUy aUocated, rather than declared as a variable, the correct caU 

would then be: 

ProcessOneLeg(pMyForm70, &TheLeg, iGroundSpeed, iFuelFlow); 

This is in essence a pass by value for the first parameter because a copy of 

the pointer is be passed to the subroutine. To add the ampersand 

automaticaUy would indicate that the address of where the pointer is stored 

is what would be passed, which is incorrect. 

A second difficulty is that in C and C++ arrays are always passed by 

reference. Thus if the user wants a pass by value on an array, BACCII++ 

would have to create a locaUy declared variable of the same type and size of 

each array being passed in, then automaticaUy create a for loop to copy the 

parameter array to the local array, and further, substitute any references to 

the parameter id with the locaUy declared array id. This can be done, but 

data structures or relational databases not originaUy developed in BACCII++ 

need to be designed to accompHsh this feat. 

Integer versus Floating Division 

Pascal, Ada, and C/C++ aU support integer division and floating point 

division. However, in C/C++ the method of division is controUed by the two 

operands, not by the operator. Pascal clearly distinguishes this by the use of 

the "/" and DIV operators. The first wiU force a floating point divide even 

if both operands are integer whUe the second wUl only accept integer 

operands. 

BACCII++ supports the two operators as can be seen in the dialog box 

in Figure 13. 
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Figure 13. Division Operators 

But C/C++ only has one division operator and both the / and the DIV are 

generated as the / operator. Thus if a user originaUy codes the equivalent of 

the foUowing 

fOneThird := 1/3; 
in Pascal, the user would indeed have the correct floating point fraction in 

the floating variable. However in C/C++ this wovdd result in a 0.0 assigned 

to fOneThird, because the two integer operands 1 and 3 woiUd result in an 

integer divide of 0, then converted to a floating point 0.0. It was argued that 

in such a case where the user codes a "/", the system should cast one of them 

to a float in the generation. 

fOneThird = ( f loat ) 17/5; 
which would work correctly. However, what if the user deHberately wanted a 

truncation operation of his integer divide before assignment to the variable? 
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Here again, the automatic generation presupposes that users must be aware 

of exactly what they mean. Part of the goal of iconic systems it to subHmate 

some of these semantic detaUs. 

Precedence of Boolean Operators 

The various languages have different precedence of relational and 

logical operations. The generic approach cannot guarantee true equivalence 

between the generated languages. BACCII++ handles Boolean Expressions 

through the dialog box shown in Figure 14. The precedence of the C/C++, 

Pascal, and Ada operators can be seen below, and translating can be difficult. 

The user can get the correct evaluation regardless of multiple generation if 

he is wiUing to fuUy parenthesize the boolean expressions. The precedence is 

shown below, highest in top rows. 

Highest 

Lowest 

C/C++ 

! - + Unary 
* / % 
+ -
< < = > > = 

== ! = 

&& (and) 
11 (or) 

Pascal 

NOT 
- + Unary 
* / DIV MOD AND 
+ - OR 
< < = > > = = <> IN 

Ada 
abs ** 
* / mod rem 
+ - Unary 
+ -

< < = > > = = /> 

and or xor 

In addition, the C/C++ language does not directly support an XOR operation. 

However, one could generate the equivalent using some conjunctive 

operators. 

X XOR y i s e q u i v a l e n t t o (X I I y) && ! (X && y) 

As a side note, Ada's exponentiation operator ** does not have an 

equivalent in either C++ or Pascal, though a subroutine and its caU could 

automaticaUy be generated in either language when x**y is encountered. In 

C++ it is provided as the pow(x,y) in the math.h Hbrary. AdditionaUy, Ada 

uses an abs operator where the other two use subroutine caUs. 
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Figure 14. BACC1I++ Boolean Expressions 

On a simUar note, Ada, C/C++, and Pascal support a "post-test" loop 

construct: a do-whUe loop. Except in Pascal it is a repeat-untU loop. The 

basic premise is that a posttest loop always executes the body of the loop 

once, then determines if the body should be executed again based on the 

boolean test step. In aU but Pascal, this is expressed in the positive; that is, 

"if the boolean condition is true," iterate again. In Pascal, it is the negative; 

if the condition is FALSE repeat again. BACCII++ always generates exactly 

what the student enters as a leaming experience. Therefore, in C++ a loop 

such as 

do 

) whi l e ( i < 7 ) ; 
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needs to be generated in Pascal as 

repeat 

until (i>=7); 

If users of BACCII++ always coded their post-test expressions in the positive 

format, the system coiUd easUy generate the correct syntax for either 

language. In C++ and Ada, it would simply generate the expression as 

shown. To generate it in Pascal, the generator would always generate the 

given expression, then apply a unary NOT. 

u n t i l (NOT ( i < 7 ) ) ; 

From a production standpoint, this makes more sense. From a teaching 

standpoint, it hides the true nature of the repeat-untU from the student. 

Subroutine Declarations and Scoping Rules 

Pascal and Ada support nesting of subroutines, that is subroutines 

declared \^ithin subroutines. BACCII++ supports this and any "generic" 

system would also have to do the same. Thus, if subroutines are declared as 

shown in Figure 15, scoping ndes for Pascal. Ada, and BACCII++ dictate that 

the Main can caU Sub A and Sub B. Sub A and Sub B can caU each other. 

Sub B can caU Sub C since it is defined within B's scope. Sub C can caU Sub 

B and Sub A. In BACCII++ these rules are enforced through the use of Hst 

boxes which display only those sub routines that are within the proper scope. 

The C/C++ language does not support this nesting. AU subroutines are 

flat and can be caUed by any other subroutine. Thus the above example 

would be generated in C/C++ as shown in Figure 16. 

Generating the C/C++ syntax to create this "flat" scoping is no 

problem, but BACCII++ cannot correctly display this whUe coding. ActuaUy, 

this has not been a major problem because the assumption by the student 

users is that if design of the algorithm uses the scoping as presented in 

BACCII++, there would be no caU of Sub C by Sub A in the control logic. 
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This inconsistency is pointed out to the reader merely to show the difficulties 

in mapping C/C++ into the other language rules. 

Main program 

SubB 

Figure 15. Subroutine and Scope in BACCII++, Ada, and Pascal 

Main program 

Sub A 

SubB 

Figure 16. Subroutine and Scope 
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Stored Expressions Versus a Reference Based Mechanism 

One of the shortcomings of BACCII++ was the decision to store the 

phrases associated with each icon as a string. By "phrase," this author 

means an assignment expression, boolean expression, procedure caU, etc. 

WhUe BACCI1++ stores the parse tree for most of the coding, at the point 

where the phrase exists, there is no "generic" structure from which to 

generate the various codes. This can be seen in the dialog box in Figure 17, 

BACCII++. 
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Figure 17. Phrase Conversion 

The phrase 

i ::= iValue MOD 10 

wiU be generated in C++ as 

i= iVa lue 1 0 ; 
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This string storage mechanism has the advantage of minimizing storage, but 

if the user wishes to change a variable name after it has been declared and 

used, there is no easy way to do a find and replace in BACCII++, as is 

provided in textual editors. 

A more reaHstic way to fix this, as weU as to provide even more 

"generic" control over phrases would be to store "pointers," though this 

author does not necessarily mean addresses, that would aUow the system to 

create the correct phrase as a dialog box is brought up. Thus as the user 

changes the declaration iValue to iCount, as he puUs up a previously created 

dialog box, the initiaHzation process would create the correct string based on 

the latest declarations. Likewise, the code generator could use the same 

methodology for creating the correct code. This approach would be superior 

to a global search and replace. 

Procedural Paradigm Versus Object Oriented Paradigm 

Adding OOP to an existing Procedural structure is more of a "fix" than 

a natural extension. On the other hand, when implementing methods in a 

class definition, the user is, in essence, performing procedural programming. 

In other words, at basic levels, procedural programming is a subset of OOP. 

Thus if an iconic system were designed for an 0-0 Paradigm, and then used 

to code a procedural paradigm language, it would require no "fixes" at aU. To 

Ulustrate these type of difficulties, an example of subroutine scoping is 

provided. 

In the procedural paradigm, program identifiers such as constants, 

variables, parameters, and subroutines, need to be Hsted for use in 

assignment statements, decision statements, looping statements, and sub

routine caUs. Any program wiU have a combination of locaUy declared 

identifiers and those which are contained in globaUy accessible areas. For 
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example a variable declared in Pascal in the main program, is directly 

accessible by any subroutine declared in the program. 

GeneraUy, defining and accessing global variables is discouraged 

because of side-effect problems. BACCI1++ does not prohibit it, but the 

system clearly displays variables, constants, and parameters as either being 

global or local, as shown in Figure 18. 

Local 
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Figure 18. Dialog Box - Local versus Global 

An object, however, contains its own data storage as its attributes. 

Because of the encapsulation properties of objects, there can be no mistake of 

having side-effects, yet if you look at a method accessing an attribute, from a 

procedural paradigm "fi*ame of reference," global accessing is exactly what is 

happening, since the attribute is rarely passed as a parameter in a member 

function. The resiUt is that BACCII++ Hsts these attributes which are in 
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reaHty local to an object, as global variables. WhUe this could be dismissed 

as a minor annoyance, it does provide a display that is not "semanticaUy" 

correct, which is one of the goals of iconic programming; what you see is what 

you get. 

System-Defined Subroutine Differences 

It should come as no surprise to the reader that one language may 

implement a subroutine as a procedure caU (function returning void) whUe 

another would use functions. WhUe the logic of operations is simUar (e.g., 

absolute value), the uses of these functions are quite different. It is possible 

to resolve issues Hke this, but there are even greater problems, because some 

languages supply subroutines which have no counterpart in other languages. 

This problem is a major difficulty in BACCII++. It stores a string 

phrase for each programming node. Thus a phrase intended for C++, 

iVal = strlen("Hello' 

currently is generated in Pascal exactly the same way. Obviously, when the 

Pascal compUer encounters strlen, it wiU generate an error. One technique 

to correct this would be to create a look-up table for the system. 

The foUowing table represents a cross section of the more popular 

functions in C/C++ and Pascal. BACCII++ could employ such a table when 

cross generation is required. The format of each function is presented 

genericaUy as foUows: <data return type>,<function id>,(<parameter Hst>). 

C++ 
real,atof(string) 
integer,atoi(string) 
integer,abs(integer) 
real,acos (real) 
real,asin(real) 
real,atan(real) 
real,atan2(real,real) 
real,cos(real) 
null,delete() 
real,exp(real) 
real,fabs(real) 
real,fmod(real,real) 
boolean,isalpha(char) 

Pascal 
null,Val(string,integer,integer) 
null,Val(string,integer,integer) 
num,Abs(num) // real or integer 

real, ArcTan(real) 

real,Cos(real) 

real,exp(real) 
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real,log(real) 
real,loglO(real) 
num,new(num) 
real,pow(real,real) 
num,rand() 

real,sin(real) 
real, sqrt(num) 
real,tan(real) 
integer,strcmp(string,string) 
integer,strcmpi(string,string) 
integer,stricmp(string,string) 
integer,strlen(string) 
integer,strncmp(string,string,intege 
r) 
null,itoa(integer,string,integer) 
null,strcat(string,string) 

string,strchr(string,char) 
null,strcpy(string,string) 
int,strstr(string,string) 
null,strncat(string,string,integer) 
null,strncpy(string,string,integer) 

--

++ 
boolean,EOF(file) 

char,char(int) 
integer,int(char) 
int, int(float) 

int = float // assignment 

real,In(real) 

null,Randomize then 
num,random(num) 
real,Sin(real) 
real,Sqrt(real) 

string <rel op> string 

integer,length(string) 

null,Str(num,string) 
string,ConCat(string,string) 
string = string + string 

string = string 
integer,Pos(string,string) 

string,Copy(string,integer, 
integer) 

null,Dec(ord) 
null,Inc(ord) 
boolean,EOF(file) 
boolean,EOLN(file) 
null,Delete(string,integer, 

integer) 
char,Chr(integer) 
integer,Ord(char) 
int,Int(real) 
real,Fract(real) 
integer,Round(real) 
integer,?rune (real) 

The reader may note that several empty ceUs exist for each language. This 

does not mean that a language specific replacement could not be generated. 

For example, if the user were to code a Fract, which is defined in Pascal, the 

C/C++ generator could automaticaUy create an additional function for the 

user's program that would appear as foUows: 

float Fract (float fValue) 
{ 

float flclValue; 
flclValue = int (fValue); // truncates fractional part 
fValue = fValue-flclValue; 
return fValue; 
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Of even more concem to this author are subroutines where a coroUary 

exists in the other language but the two are not equivalent. For example, the 

conversion of a string to an integer value is a function caU in C++ which 

returns the integer, whUe Pascal codes it as a procedure caU. To truly make 

them the same, the foUowing code segments would have to be generated. 

// Convert String to Integer in C++ 
#include <stdlib.h> 
#include <stdio.h> 
void main( void ) 
{ 

char s[]; 
int i; 

s = "-9885"; 
if (strlen(s 

{ 
i = 0; 

} 
else 

{ 

/* Test of atoi */ 
1) && (s[0] == ^0')) 

i = atoi ( s ) ; 
if (i == 0) then 

cout « "Error in conversion." 
else 

cout « "Value = " « i; 

{ Convert String to 

var 
i, code: Integer; 
s : String[20]; 

begin 
s = ^-9885'; 
Val (s, i, code); 

In teger 

{ Error during conversion 
if code <> 0 then 
WriteLn('Error at posit 

else 
WriteLn('Value 

end. 
= \ i); 

in Pascal } 

to Integer? 

ion: ', code 

} 

) 

As the reader can teU fi-om comparing the two code sections, there is a major 

difference in the algorithms. Pascal handles the entire process in the Val 

procedure, whUe in C++ the user has to do some "extra checking" before 

caUing the itoa function. It is difficult to cover this with a generic 
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representation, unless a system like BACCII++ uses its own Hbrary 

conversion routine, rather than trying to map and generate Val to atoi. 

WhUe BACCII++ could be expanded with an entire new module to 

handle this cross language lookup, it is possible that the user may have need 

for additional subroutines not defined. The best method for handHng this 

would be for the cross translation module to read a specific ASCII text file 

that adheres to specific formats which represents the table information. In 

this way, the user could easUy modify the file to make additions. 

Input/Output and Formatting 

There are such variances in the ways programming languages handle 

formatted I/O that it is a major issue to resolve. For example, the foUowing 

data may be in a file 

88 25.25 
35.00 45 55.50 66.95 

that the user beHeves is: 

88 25.25 35.00 
45 55.50 66.95 

BACCII would simply do a file read icon and the user would select three 

variables. 

iltem, fCost, fRetaU 

which would be added to the edit box. The user checks the "carriage return" 

box, beHeving after the three items are read input continues at the next line. 

When BACCII++ generates the Pascal code it would be a readln, 

readln (iltem, fCost, fRetaU); 

and it wUl process the 88, the 25.25, and the 35.00 respectively, then skip the 

remaining items 45, 55.50, and 66.95 on the Hne, in preparation for the next 

read operation. C++ would use 

ifile » iltem » f C o s t » fRetaU; 
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The data it puUs from the stream would be much different than Pascal. The 

C++ stream would correctly get the first 3 data values, but the next read from 

the file would continue with data item 45. 

It might be possible to map several "common" capabUities for 

formatted outputs which BACCII++ handles reasonably weU. The more 

common output options are 

1. width (most data types), 

2. precision (floating point data), 

3. left, right justified, 

4. scientific versus fixed point notation. 

Unfortunately, there are too many variations in the language constructs. 

Thus, whUe a "general mapping" is possible: a complete mapping is not. 

BACC1I++ Conclusions 

It is this type of ambiguity which exists between C/C++ and the other 

block structured languages which pose problems for generic systems. The 

previous examples, should not be taken as an exhaustive Hst of the 

"mismatching" which faces the designer of a generic iconic editing system, 

only some of the more common difficulties experienced in five years of use. It 

is not intended to say that a generic system cannot be buUt, but that great 

attention to detaU must be put into the design. A soHd design wUl require 

the use of phrase parsers, look-up tables, and robust data structures, when 

approaching the subject of buUding a generic system. 

This author does not intend to indicate that C/C++ are the only 

unusual language situations. Indeed, Ada's concurrency capabiHty and some 

of its packages wiU pose problems for generic coding and generation, as weU. 

It should be obvious that where specific capabiHty is required, it may be 

impossible to fuUy generate the exact and correct sjnitax in another 

language. But if a generic system is buUt to handle the known similarities, it 
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should be possible to generate languages which are 90 - 98% correct. This 

would make such a system viable for industrial use. 

WhUe the above examples suffice at demonstrating the variations in 

the three different languages, the estimate just given is a very subjective 

number. One of the discussions among this author and his graduate 

committee, delved into the quantification of these variations. The consensus 

among the members was that the assessment seems correct, but is only an 

educated guess. A metric for evaluation was not part of this research. 

However, before one can discount the generic approach altogether, a more 

"empirical" study would need to be accompHshed. Such a study is suggested 

in the "Future Research" later in this report. 

STRIDES Evaluation 

STRIDES was designed with the advantage of knowing BACCIl++'s 

weaknesses after years of student use. WhUe BACCII++ can generate the 

various languages nearly correctly, STRIDES, when instaUed, is designed to 

generate one language, C++. With the addition of the phrase parser, it can 

provide the industrial user with completely correct code. Unfortunately, 

there is no practical data firom use to uncover the weaknesses of STRIDES, or 

confirm that its approach is reaUy better than BACCI1++. However, after 

evaluating the system's design there are a couple of points this author wUl 

address. 

The first is in the area of user modifiabiHty. STRIDES is designed so 

that a user of the system, after it is instaUed by a team leader, can modify 

the presentation of the flow chart programming sections. In other words, a 

user could modify the display for an if-then-else in the ways shown in Figure 

19. 
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Alternative Forms for if-then-else 

<2> 
3 

< D - ^ 

Figure 19. Alternative STRIDES Views 

One of the goals of iconic support is to provide a common framework for 

different programmers to communicate and review code. WhUe this example 

is not drasticaUy different in the two views, should STRIDES aUow too much 

individuaHzation of displays, the potential exists for two programmers 

working on STRIDES - C++ to have very different displays. 

The second area of concern is the length of the development time. 

WhUe ideaUy, STRIDES wiU be designed to aUow individual instaUation for 

several specific languages, e.g., a STRIDES-C++, STRIDES-Ada95, or a 

STRIDES-FORTRAN, its first implementation wUl be for C++. In theory, a 

core system wiU be instaUed with the necessary parts to specialize it for a 

given language, in the prototype, C++. Later, the research team is going to 

add the utUity to STRIDES to aUow for an Ada 95 instaUation process. 

However, at this time there is no good metric to judge how much 

development time wiU be required for these enhancements. Later "versions" 

may require as much development time as the original. 

BACCII++ and STRIDES Conclusions 

Both BACCII++ and STRIDES have one similar capabiHty: a syntax 

directed approach in which the user buUds the parse tree correctly. In some 
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regards, this approach means that both adhere to some rigorous displays 

which may or may not represent the way in which a programmer wUl want to 

design languages or produce code. It is also possible that this iconic 

structuring wiU force some constraints on the user which the target language 

in actuaHty supports. 

An example from BACCII++ would be the pre-test loop. AU three 

textual languages accept a single statement as the "body" of the loop. 

However, BACCII++ wUl always give the user a compound statement with 

the appropriate begin-end block. 

It is also possible that a more "free" iconic system than STRIDES 

would be desired by some user. In such a system, the user would "connect" 

icons in any manner, just as in textual languages the user can type the 

various syntax statements. It becomes the compUer's task to then find the 

errors. 

WhUe it seems a step backward, away from more structured 

techniques, a truly iconic programming language, which is compUed, could be 

as free form as are the textual ones. An iconic compUer would of necessity, be 

able to derive the structure firom the iconic program and, according to the 

parse rvdes within the compUer, be able to determine if the syntax is correct, 

then either compUe it or give the users the necessary error messages. 

Another way to present these options would be as foUows. 

Generic Iconic Editor 

Language Specific 

Editor 

Syntax Directed 

BACCII++ 

STRIDES 

Free Form 

One of the advantages of the iconic approach is not only clarity 

through pictorial representation, but the abiHty to head off errors by using a 

syntax-directed editing approach. WhUe a true iconic language compUer 

needs to have the fuU error checking capabiHty as does its textual counter 
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part, it is this author's position to pursue the syntax-directed approach for 

the remainder of the document. In either case, syntax-directed or free form, 

the abiHty to define iconic syntax is necessary, and the foUowing section 

addresses this mechanism. 

Extending Positioned Grammars to Syntax Charts 

It should be noted that the use of CostagHola et al. to expand the 

grammars is actuaUy being undertaken by not only this author, but also by 

another member of the STRIDES development team. Fang Zhang. Mr. 

Zhang is investigating the use of this technique to define the actual 

programming constructs, such as if-then-else, whUe-do, etc., in his master's 

thesis work [37]. AdditionaUy, he is exploring the creation an iconic lex and 

yacc. The author of this dissertation is focusing on using the technique to 

handle programming declarations such as, subroutines, variables, constants, 

and classes. 

Positional Grammars with BACCII++ 

In many respects, BACCII foUowed the basic layout of the positional 

grammar concept because both were buUt upon the concept of creating a 

compUer correct parse tree. BACCII++ enforces it through the use of syntax-

directed editing. Therefore, it is possible to make an extrapolation of the 

positional grammar technique onto BACCII++. 

BACCII++ Main Body and Positional Grammars 

The positional notation technique was demonstrated in conjunction 

with flowcharting and the first place to begin extrapolation to BACC1I++ wUl 

be to define a few of the BACCII++ Main Body coding statements as a flow 

chart. The terminal icons in BACCII, modified with attach points are shown 

in Figure 20 and the non-terminal BACCI1++ icons appear in Figure 21. 
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In BACCII++, terminal and non-terminals can have associated dialog 

boxes for input of user information. The compound statement, file and I/O 

operations, assignments, loops, and if-then-else icons are aU examples where 

user input is needed. The begin, end, and stmt icons have no input and, 

therefore, no dialog boxes. 

V 1 

A 
Start Symbol Halt Symbol 2 

l l 

2l 

Assignment User I/O 

1 

2 

File Actions 

2 r 3| 31 31 
Procedure Call If then else pretest for loop posttest for loop 

Figure 20. BACCII++ Terminal Icons 

1 

F R 

2 

Flow Chart Icon Rest of <c mpd stmt> 

1 

2T 

1 1 1 

P B 3SS3S 

2 2 
Loop body fo r posttest 

Figure 21. BACCII++Non-terminal Icons 

Assuming a production derivation for standard BNF to get an if-then-

else, a whUe loop, a do-whUe loop, and an assignment statement, the 

foUowing production rules would be provided. 
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<flowchart> : 
<cmpd stmt> : 
<rest stint> : 
<stmt> : 

1 
1 
1 

:= start <cmpd stmt> halt 
:= begin <rest stmt> 
:= <stint><rest stmt> | end 
:= assignment; 
if <boolean expr> then <stmt> 
while <boolean expr> do <cmpd 
do <loop body> while <boolean 

else <stmt>; 
s tmt >; 
expr>; 

These productions would appear iconicaUy as depicted in Figure 22. In 

sentential form, the productions would be derived as: 

<flowchart> => start 1_1 <cmpd stmt> 2_1 halt 
<cmpd stmt>=> begin 2_1 <rest stmt>, {(1,2) = (1,2)} 
<rest stmt> => <stmt> 2_1 <rest stmt>, {(1,2) = (1,2)} 
<rest stmt> => end, {(1,2) = (1,2)} 
<stmt> => assignment, {(1,2) = (1,2)} 
<stmt> => <if-then-else> 3_1 <cmpd stmt> (2L1, 2_2) 

<cmpd stmt>; {(1,2) = (100, 022)} 
<stmt> => <pretest> (1_1, 2_2) <cmpd stmt>; {(1,2) = (10,30)} 
<stmt> ^ <loop body> (2_1, 1_2) <posttest>; {(1,2) = (10,03)} 
These examples show feasibUity to map the positional grammar 

concepts fuUy to BACCII's iconic representations, from the main body coding, 

or flow chart perspective. The extrapolation to map the same technique to 

declarations is presented next. 

BACCII++ Declarations and Positional Grammars 

The extension of positional grammars to iconic declarations was quite 

straight forward. The concept of syntax charts is quite weU known as an 

alternative to the more textual BNF. Interestingly, the positional grammar 

takes on a pseudo, syntax chart form found in many beginning programming 

texts. A sample can be seen in the foUowing graphic (Figure 23) which shows 

loop backs (semi) and bypasses (first). The graphic is a syntax chart for the 

definition of a non-terminal with the identifier of "non-sense." 
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Figure 22. Iconic Productions 
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semi 

second 

ING ^ 

OY — 

UCKEY 

non-sense 
: ^ • ^ first 

semi 

-^ second U 
Figure 23. Syntax Charts 

The BNF equivalent would be: 

<non_sense> 
<first> 
<second> 

= <first> <second> [; <non_sense>] * 
= M I B I J I nul 
= ING I OY I UKEY 

A subset of the BNF for the C++ language is provided in Appendix A. 

A portion is given here to faciHtate discussion. 

1. 

2. 
3. 
4. 

5. 
6. 
7. 

8. 
9. 

10. 
11. 

<prograin nonterm> ::= <pre proO* 

<pre proc> 
<pre proO 
<pre proO 

<definitions>; * 
void main <arguments> 
<decls>* 
<code body> 
<function decl> 

::= #define <rest define> 
::= #include <rest include> 
::= <type> <id> <arguinents>; 

<rest define> ::= <id><value> [#include <rest define>] 
<rest include> ::= <files> [#include <rest include>] 
<files> ::= = «file name» i ''<file_name>" 

<definitions> ::= <const> I <class defn> 
<definitions> ::= <class defn> 

<decls> : 
<decls> : 

. = <var>; 
= <const>; 
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12. <var> ::= <id_list>; 
13. <const> ::= const <type> <id> = <value> [; <const>]* 
14. <id_list> ::= <type> <id> [<nuin>] [; <id_list>]* 

15. <type> ::= int I char | float | void | <userdefined type> 

The grammar begins with a program non-terminal, P, simUar to the F in the 

previous example. Because of the "zero or more" productions above, those 

with an asterisk, or the optional symbols, those with the brackets [ ], there is 

more connectivity in the iconic presentation than in prior examples. 

The iconic equivalent to production 1 above is seen in Figure 24. 

- ^ 

Figure 24. Iconic Program Production 

The sentential form would be 

P => start 2_1 Pre (2_1, 2L1) Definitions (2_1, 2L1, 22_1) Interface 
(2_1) Decls (2_1, 2L1) Body (2_1) functions (2_1, 3L1) halt 
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Just as the flowchart in the earHer example did not have A rules for its 

transition, so the first program non-terminal here is the same. 

Some of the pre-processor iconic productions are shown below, 

(production 2) (production 3) 

1 

1 
Pre v 

2 

define 

1 

rest def 

(production 5) V 

1 

rest def _ ^ 

2 

id 

2 

1 

value 

1 
define 

2 

1 

rest def 

A 
The sentential form is 

1 
Pre __^ 

2 

(production 6) 

1 

rest inc _ x 

2 

2. Pre => define 2_1 rest.def; {(1,2) ^ (10,02)} 
3. Pre ^ include 2_1 rest.inc; {(1,2) = (10,02)} 

1 
nclude 

1 

rest inc 

2 

V 
2 
1 

files 
2 

1 

nclude 

2 

1 

rest inc 

2 

1 

A 
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5. rest_def 

6. rest inc : 

• start 2_1 id 2_1 value 2_1 define 2_1 rest_def 
(2_1,22_1) halt {(1,2) = (200000,002001)} 

start 2_1 files 2_1 include 2_1 rest inc (2_1,22_1) halt; 
{(1,2)^(20000,02001)} 

Production 8 Production 9 

1 

const 

8. definitions => const; {(1,2) = (1,2)} 
9. definitions => class; {(1,2) = (1,2)} 

Production 10 

var 

10. decls =^ var; {(1,2) = (1,2)} 
11. decls => const; {(1,2) = (1,2)} 

1 
class 

2 

Production 11 

65 



Production 12 Production 14 

1 1 
var _ ^ id list 

2 2 

1 

id list \ 

2 

12. var => id_Hst; {(1,2) = (1,2)} 
14. id_Hst => type 2_1 id 2_1 num (2_1, 2L1) id_Hst; 

{(1,2) ^ (1000,0222)} 

Production 15 

1 
type _ ^ 

2 

1 

type 

2 

1 
id 

1 
num 

2 

1 
id list 

2 

The final two examples demonstrate the recursive capabUities of this 

grammar, just as the textual BNF is recursive. The first is the class 

declaration. Figure 25, and the last is a subroutine declaration. Figure 26. 
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id 

2 
1 

1 

Class V 
^ 

2 

constructors 

2 

1 

destructor 

2 

1 

attributes 

1 

constructors ^ 

2 

constructors 

V 

1 
attributes 

2 

^ 

1 

const 

1 

var 

1 
attributes 

2 

1 

A 
Figure 25. Class Declaration 

The class presentation is a simplified view of the true C++ class for 

demonstration purposes. It assumes that every class wiU have an id, 

constructors, optional destructor, at least one attribute and at least one 

method. Recursive definitions are seen in the reuse of the const, var, and 

subroutine declarations. The subroutine is recursive in that is uses the decls, 

arguments, and main code. 
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The class sentential form is 

class => id 2_1 constructor 2_1 destructor (2_1, 2L1) attributes 
2_1 subroutines; {(1,2) = (10000,00002} 

The subroutine declaration is reused because the structure of a method is a 

subroutine. It is a method because the subroutine has member privUeges. 

Likewise the constructor is very similar to the subroutine except that it has 

no return value. The sentential form of the attribute is 

attribute => start 1_2 const 1L2 var 1_2 attribute {V_2,\'^_2) halt; 

{(1,2) = (10000,00002} 

The final example is the subroutine declaration, 

1 

- ^ 

Figure 26. Subroutine Declaration 

with a sentential form of 

subroutine => arguments 1_2 decls (1_2, 1L2) body; 
{(1,2) = (10000,00002} 

WhUe these examples do not exhaustively map the BNF sample shown 

in Appendix A to the positional grammar techniques, they are sufficiently 

broad to demonstrate the HkeHhood that the entire textual BNF capabiHty 

can be reaHzed in these iconic grammars. Therefore, this author is satisfied 

that proceeding with development of a requirements definition based on the 
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abUity to use these grammars to automaticaUy create an iconic editor of any 

designed language is warranted. Before proceeding with that discussion, it is 

appropriate to look at one further issue, attributes of the symbols. 

CostagHola et al. only hinted at the attributes and more discussion is needed. 

Attributes of the BACCII++ Symbols 

Both BACCII++ and STRIDES take the approach that once the user 

gets to the phrase level, coding is handled by text mode. By phrase level, this 

author means entities such as arithmetic expressions, boolean expressions, 

and procedure name with parameters. These phrases are handled via dialog 

boxes. By the action of a mouse cHck, BACCII++ determines what type of 

icon is selected, then activates the correct dialog box. The user then enters 

the phrase into an edit box. 

The use of positional grammars, carries with it the idea of iconic 

attributes. CostagHola et al. mentioned the concept of the x,y centroid, but to 

automate the implementation of an iconic editor, a few other attributes need 

to be added. In recasting an iconic editor Hke BACCII++ using the positional 

grammars presented above, development in C++ would aUow use of object 

composition and inheritance, therefore, the iconic attributes could be directly 

correlated to the implementation code via these OOP mechanisms. 

The Windows Software Development Kit provides two support 

services: the abiHty to edit resources and dialog box execution. The resource 

editor aUows the user to create dialog boxes, icons, bitmaps, and other 

resources. WhUe the editing is handled graphicaUy, the information is stored 

in plain ASCII format in a file with an RC extension. The resource compUer 

is simUar to a language compUer in that the ASCII coding information is 

converted to a machine language form. Thus a C++ compUer takes CPP files 

and creates OBJ files, and the RCC takes RC files and creates a RES file. 
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EventuaUy these resources are Hnked to the code produced by the compUer 

and a Windows appHcation is created. 

The second support, dialog box invocation is handled via a system caU. 

DialogBox( Appl_Inst, Dialog_Box, hParent, IpDlg ); 

The parameters are: which instance of the appHcation, the character name of 

the dialog box, the parent window which owns the dialog box, and the 

procedure that interprets the dialog box code. As an example. Figure 13 

showed the assignment statement dialog box. The C code caU is 

DialogBox( Appl_Inst, "ASSIGN", hWnd, ASSIGNMsgProc 

and the RC definition is 

ASSIGN DIALOG DISCARDABLE 8, 0, 304, 220 
STYLE WS_POPUP 1 WS 
CAPTION "Assignment' 
FONT 8, "System" 
BEGIN 

EDITTEXT 
PUSHBUTTON 
PUSHBUTTON 
PUSHBUTTON 

PUSHBUTTON 
PUSHBUTTON 
RADIOBUTTON 
RADIOBUTTON 
RADIOBUTTON 
RADIOBUTTON 
RADIOBUTTON 
RADIOBUTTON 
RADIOBUTTON 
RADIOBUTTON 
RADIOBUTTON 
LISTBOX 

LISTBOX 

LISTBOX 

CTEXT 

CTEXT 

LTEXT 

CTEXT 
CTEXT 
PUSHBUTTON 
CONTROL 

CAPTION 
Statement" 

IDC ASSN EDIT,4,180,296,12,ES AUTOHSCROLL 
"OK",IDOK,190,198,29,14 
"CANCEL",IDCANCEL,22 4,198,31,14 
"List All 
Variables",IDC ASSN RESET,78,198,58,14 
"Evaluate",IDC EVALUATE,140,198,32,14 
"HELP",IDC ASSN HELP,258,198,26,14 

+",IDC PLUS,12,104,22,9,WS TABSTOP 
-",IDC MINUS,12,118,20,9,WS TABSTOP 
*",IDC MUL,12,134,20,9,WS TABSTOP 
/",IDC DIV,12,148,20,9,WS TABSTOP 

"::=",IDC EQU,12,88,20,9,WS TABSTOP 
" DIV",IDC IDIV,12,160,27,9,WS TABSTOP 

(",IDC LPAREN,52,102,27,9,WS TABSTOP 
)",IDC RPAREN,52,118,27,9,WS_TABST0P 

"MOD",IDC MOD,52,88,27,9,WS TABSTOP 
IDC LOCAL LIST,4,16,148,64,LBS SORT | 
WS VSCROLL 1 WS HSCROLL | WS TABSTOP 
IDC GLOBAL LIST,160,16,140,64,LBS_SORT | 
WS VSCROLL 1 WS HSCROLL | WS_TABSTOP 
IDC FUN LIST,108,96,184,68,LBS_SORT | 
WS VSCROLL 1 WS_TABSTOP 
"Assignment 
Line",IDC ASSNTEXTl,120,168,63,8,NOT 

WS GROUP 
"Variables",IDC ASSNTEXT2,132,4,36,9,NOT 
WS GROUP 
"Functions",IDC ASSNTEXT3,164,84,33,8,NOT 
WS GROUP 
"Global",IDC ASSNTEXT4,212,4,32,8,NOT WS GROUP 
"Local",IDC ASSNTEXT5,56,4,31,8,NOT WS GROUP 
"Next Parm or Index",IDC ASSN NEXT,8,198,66,14 
"TRUE",IDC TRUE,"Button",BS AUTORADIOBUTTON, 
52,132,28,10 

70 



CONTROL "FALSE",IDC_FALSE,"Button",BS_AUTORAriOBUTTON, 
52,148,32,10 

END 

whUe the icon definition in the RC file is 

[ASSIGN ICON DISCARDABLE "RES\\ASSIGN.ICC" 

The format then for a symbol's attributes would be 

N (F, D, G, An ,Av) 
where 

N = Symbol Name, 
F = Icon FUe Name, 
D = Dialog Name, 
G = Grid coordinates (x,y). 
An = Attach Points, and 
Av = Vector of each attach point. 

The icon name would be the "generic name" of the symbol, such as ASSIGN 

or R non-terminal value used above. Windows distinguishes between picture 

formats, with icons and bitmaps being the two choices. FUenames have 

either an ICO or BMP extension. Thus the file name would indicate not only 

which file to use, but which display mechanism to use. The file name would 

be the physical name of the file on the disk drive. The D and G identifiers 

are self explanatory. The An and Av are paired data items to provide 

attaching point information. 

The system used by BACCII++ and STRIDES, as weU as the positional 

grammar technique, is a North, South, East, West, connection pattern. 

However, the eventual goal is to provide the designer of the iconic language 

the freedom to design what they want. Thus the abiHty to define as many 

attach points as needed, in any quadrant requires a modification to the 

concept. The attaching points need to be defined in a vector format with 

attach point identifier, azimuth, and magnitude. The identifier would be the 

number associated with each attaching point as described above. The 

direction would be defined off of vertical, or north, and proceed clockwise 

around the compass. It could be in degrees or radians. Magnitude would be 
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the number of pixels from the centroid to the attach point. The An would be 

the number of attaching point vectors which foUow. Using BACCII's 

assignment operator as an example, the attributes would be as foUows. 

Assign (ASSIGN.ICO, ASSIGN, 40, 80, 2, (1, 000, 20), (2, 180, 20)) 

As an example of a symbol with no dialog association, consider the foUowing. 

Stmt (STMT.ICO, , 20, 40, 2, (1, 000, 20), (2, 180, 20)) 

Notice the "nuU" in the second parameter indicating no dialog attached. The 

start symbol has only one attach point and would be described as 

Start (GEORGE.ICO, , 20, 40, 1, (2, 000, 20)). 

The deHberate use of GEORGE.ICO is to indicate that there is no 

direct "name" association between the symbol name and the icon. It is the 

attribute of the first parameter in a symbol definition which provides the 

connection. Whatever file name is given becomes the pictorial representation 

used. 

Iconic Coding, Environments and Grammars 
System Definition 

The development of iconic programming systems is not something 

which John Q. PubHc would accompHsh. The assumption is that a 

programming language designer would want to create an iconic editing 

environment for some language, XYZ. This particular discussion assumes 

the developer has average knowledge of the Microsoft Windows programming 

tools. 

A Windows based series of appHcations to assist with the 

implementation of iconic programming systems form the basis. A working 

title for such a system is the Iconic Coding, Environments and Grammars 

(ICE-G). He would rely first, on the Visual C++ resource editor in which the 

language buUder would create the icons, bitmaps, and dialog boxes. The 
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Class Wizard aUows the user to create the code that is attached to the dialog 

box display, the ASSIGNMsgProc shown above. 

The user would then graphicaUy create the language constructs as 

discussed above, the iconic BNF production rules. From these, the 

appHcation woiUd create the necessary CPP and language definition data 

files to help automate the process of buUding the equivalent of BACCII++ 

(caU it XYZ) by generating a skeleton C++ MFC Windows code. To complete 

the XYZ Iconic Editor, the user would open the project in Visual C++ and 

finish buUding the system. 

BuUding BACC1I++ and STRIDES 

BuUding BACCII++ was accompHshed by using Microsoft's C, Version 

6.00 compUer. There were some graphic editing tools in the Software 

Development kit with which to buUd menus, icons, and dialog boxes. 

However, there was no code generation capabUity. The programmer had to 

hand write every dialog box function, every switch statement, aU structure 

definitions, everything. 

Comparing that process with the development process for STRIDES in 

Visual C++ or Visual Basic is Hke moving from basic programming in 

FORTRAN to programming in Pascal. With the AppHcation Wizard, App 

Studio, Class Wizard, and Microsoft Foundation Classes, the user can define 

and generate a skeleton code from a combination of graphical and textual 

displays. Once the skeleton is created, the implementer must stUl make 

additions to the code to "fiU in the detaU," but with Object Oriented 

inheritance and composition techniques, coupled with the MFC's that provide 

direct support for the Windows operating system caUs, the abiHty to create 

an appHcation from scratch is at least an order of magnitude faster than the 

former method. Even with these improvements, the development time of 

STRIDES was substantial. 
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However, the foundational basis of iconic grammars holds forth the 

possibUity of automating the process of buUding iconic programming 

environments even faster. 

Two Types of Iconic Programming Editors 

There are two types of iconic programming systems: syntax-directed 

and free form. BACCII++ and STRIDES adhere to a syntax-directed format. 

However, an iconic grammar definitions editor defines a series of language 

productions, and hence, compUer rules. From these iconic grammars, an 

iconic compUer could be buUt. Just as the textual based BNF can be used as 

a basis for buUding a language compUer using lex and yacc, as iconic 

grammar forms the basis for buUding a language compUer using an iconic lex 

and yacc. 

An iconic programming environment of either type would produce code 

that an iconic compUer would compUe. In both cases the compUer would look 

for and trap errors. Both types of iconic programming systems would use a 

"phrase parser" to vaHdate the correctness of the individual icon's phrases, 

such as assignment and boolean expressions. However, only the syntax-

directed editor would provide a "correct parse tree" to insure syntactic and 

semantic correctness BEFORE the iconic compUer, compUes the code. As 

pointed out in a earHer discussion, it is this author's position that buUding a 

syntax-directed editor results in much more reHable code when used. 

Iconic System Analogies to Textual Programming Systems 

The requirements definition provided, is a first draft in the Hfe-cycle 

model for developing a new system. It is not intended that ICE-G is so 

completely automated as to give the designer the abiHty to specify a grammar 

and sit back and generate a complete iconic system in the format of 

BACCI1++ or STRIDES. ICE-G is a design system. 
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The ICE-G can be seen then, as a CASE tool which supports the 

development of iconic language systems. The system can speed the process of 

the language specification and BNF definitions. An appHcation which aUows 

the user to graphicaUy define the iconic grammars would be analogous to the 

use of a text editor to define the BNF for a textual language. From this 

textual BNF, one can buUd the correct .1 and .y files that lex and yacc use to 

buUd a textual based language compUer. With the iconic grammar 

production rules, techniques Hke CostagHola's et al. can be used to create an 

iconic lex and yacc, which in turn would create a compUer that compUes 

iconic code. 

In the textual world, one could use an ordinary ASCII editor to create 

a program, however use of Integrated Development Environments, such as 

Microsoft's Visual C++ or Borland's C++, provide a lot more capabUity than 

just a text editor and the language compUer. However, one cannot use a 

textual editor to write iconic language code. One needs an iconic editor. 

BACCI1++ and STRIDES are such appHcations. 

From the graphic definitions, much of the "skeleton" Window's code 

could be generated so that the language developer could create a new iconic 

programming system in substantiaUy less time than it took to buUd 

BACCII++ or STRIDES. The graphic in Figure 27 shows the process for such 

a development system. 

The basic flow would be that an iconic language developer would use 

the tools fi-om the Microsoft Visual C++ environment, plus input the 

grammar production rules in a new Window's appHcation caUed the Iconic 

Grammar Definition Editor GGDE). The user would define fuU iconic 

definitions down to the terminal values. Alternatively, phrases could be 

written in a text mode in a more traditional BNF format. In either case, 

these definitions would be used to provide two basic files: the Visual 

Language BNF (VLBNF) and the Visual Language Iconic Constructs (VLIC). 
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The VLBNF would be fed to the Iconic Lex and Yacc which would produce an 

XYZ Iconic CompUer that reads Intermediate Iconic Code (IIC) and produces 

a machine language executable program. 

Visua l 

r i a l o a Box 
ir. 

Arcess 

rpe : 

. ccr.ic ^rar 

E i i t o r 

.-e; rur : e 

/ \ 

yicrcs-.iz 

v i : : 

t r.i a£es 
' , - , ' • - 1 ' - - ' 

j s r . e r a t r r 

y 

t a i £ e r 

^ a - - ^ - a J?r 

t r ojrar.T,ar 
Ir.p . t 

Proar arrier ' s 
Exer-^tat le 

Figure 27. ICE-G System 

The VLIC would be the skeleton source code for a Visual C++ 

appHcation. The developer would use Visual C++ to complete the Iconic 

Language Editor GLE). (Note, in this system, BACCII-^+ and STRIDES 
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would be classified as an ILE.) The ILE would then be used by programmers 

who wish to program in this new XYZ iconic language. The ILE would 

produce IIC which is fed to the XYZ Iconic CompUer which in turn produces 

machine language code. 

If the VLBNF takes the form of an ASCII text file, then it is possible 

that users could create an iconic BNF free hand. This is shown as an 

alternate input in the figure. This would be analogous to the resource 

editing in Windows. The original method for defining dialog boxes, icons, 

menus, and bitmaps was with a text based editor. The user would 

laboriously create the RC file such as the example shown earHer. The 

Resource CompUer would compUe this text code into the binary resources 

used by the Window's appHcation. However, later Microsoft provided tools 

simUar to the App Studio in which the user graphicaUy created these 

resources and the App Studio reads and writes the RC file. 

The only difference in using this type of system for either free form or 

syntax-directed editing, would be in the form of the information provided in 

the VLIC. If the user wanted to buUd a syntax-directed Iconic Language 

Editor, the production rules, which represent the parse trees, would have to 

be included in the VLIC. These "rules" would aUow the buUder to create a 

syntax-directed process more rapidly. On the other hand, if this feature was 

not wanted, then the ILE would be a free hand tool in which the user could 

connect the various language icons together but the Iconic CompUer would 

flag the errors. The Iconic Lex and Yacc concept is being explored by Mr. 

Fang Zhang [37] and the reader is directed to his pubHcation for more 

information. 

A more complete discussion of the system is presented as a 

requirements definition in Appendix B. The foUowing is presented to remind 

the reader of the format of a requirements definition as taken from 

SommerviUe [32]. 
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A requirements definition is a statement in a natural language 
of what user services the system is expected to provide. This should be 
expressed in such a way that it is understandable by non-speciaHst 
staff. It should be written so that it is understandable to both cHent 
and contractor management and potential system users, (p. 55) 

The software requirements document is a critical document 
produced during the software life-cycle as it may serve as the basis of a 
contract between the system procurer and the system con tractor....The 
software requirements document is not a design document. It should 
set out what the system should do without specifying how it should be 
done. (p. 58) 

A requirements definition does not address the detaU design, but only 

the overview to estabHsh the "look and feel" of the system. Since it was 

written as a separate document, it has been included as an attachment in 

Appendix B. Individuals wishing to proceed with implementation of the 

system described, would have to take into account not only the requirements 

definition, but aU the information presented in this dissertation, the 

information pubHshed in the companion works by Fang Zhang, as weU as the 

work that is ongoing by the STRIDES team at Texas Tech University, when 

it is finaUy pubHshed. These additional documents provide the kind of 

information necessary to write a detaUed design document, based on the 

requirements definition. 

It is Hkely this original draft of a requirements definition \\T11 undergo 

several iterations. Formal software development techniques would need to 

be foUowed to buUd the defined Iconic Editing and Generation system. But 

as a first design effort, it begins to outline the feasibUity of providing 

language developers with a set of tools to buUd iconic languages and their 

editors. 
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CHAPTER V 

RESULTS, CONCLUSIONS, AND FUTURE RESE.^CH 

This current Hne of research is based on five years of work completed 

by this author. In the previous work of several researchers, particularly 

GHnert and Scanlan, it was demonstrated that human cognition reHes more 

on visual stimuH than on textual representations. The old proverb "One 

picture is worth a thousand words," has been demonstrated particularly true 

in algorithm comprehension. 

Based on the lessons learned from BACCII and BACCII++, and upon 

the current research with STRIDES, there is no doubt that the strength of 

this approach for producing reHable software is worthy of a great deal more 

research. Iconic programming systems have a great potential to insure 

syntactic and static, semantic accuracy in the generated source code. 

Results 

This research investigated three areas. The first was a comparison of 

two approaches to iconic programming: generic, in the form of BACCII++, 

and language specific, in the form of STRIDES. Both have advantages and 

weaknesses. The biggest advantage of STRIDES is that it gives the 

practicing software engineer a tool that provides the use of iconic 

representations. As demonstrated in research prior to and including 

BACCII++, iconic programming can definitely enhance software 

comprehension and reHabiUty. Coupled with a syntax-directed editing 

technique, the abUity to generate correct code can insure complete accuracy, 

especiaUy in the case of STRIDES. 

The STRIDES tool can also provide some flexibiHty in its presentation 

to aUow users to customize their display to capitalize on individual visual 

acuity. It was discussed that whUe this is a definite strength, it potentiaUy 
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could "muddle" co-worker code reviews and discussions, although it is 

unHkely it would create a major headache. 

Another advantage in STRIDES is that it was designed to primanly 

support Object Oriented languages, which means that handling the 

procedural paradigm is a subset approach. STRIDES-C++ can easUy support 

the conventional C style of programming, but it can use the enhanced 

capabUities of the C++ syntax, Hke the I/O stream rather than the scanf and 

printf of C. In fact, a STRIDES developer could use it to create a program 

and if developing C code, could go into a correct C++ source code and 

manuaUy make the changes at the specific points where the C compUer 

would have a problem. 

The biggest disadvantage of STRIDES is the development time to keep 

adding modules. The first tool is a STRIDES-C++. A next version wUl be a 

STRIDES that not only can be instaUed in C++ but in Ada-95. As a 

reminder, both can be instaUed, but there is no mechanism to have one editor 

generate both languages. This means that if a user wants the new 0-0 

FORTRAN capabUity, a STRIDES-FORTRAN would have to be buUt. It is 

Hkely the team would only have to make reasonable changes and additions to 

the original code for STRIDES, especiaUy if the design uses a modular 

approach. But this extra development time could become a major cost factor. 

The biggest advantage of the generic approach is the cross generation 

capabiHty and, potentiaUy, the system could be designed to do this pretty 

weU. If such a tool is buUt and the user understands that it cannot produce 

100% correct code when generating different languages from the intended 

target, it could have a industrial appHcation. 

However, this kind of tool would suffer from the same "maintenance" 

problems as the various versions of STRIDES. AdditionaUy, the development 

of future languages could provide some major re-engineering headaches to 

incorporate it into an existing generic system. 
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The second area investigated was the extrapolation of CastagHola's et 

al. positional grammar notation to BACCI1++, particularly the abiHty to 

handle programming language declarations. The examples provided, 

demonstrated that the technique is a good match. Certainly a formal 

"automata" study wovdd be needed to conclude that this technique has the 

power of a BNF, but the resiUts are encouraging. 

The third investigation was to make an assessment of the prior two 

discussions and produce a requirements definition for future designs of iconic 

programming environments. The results led this author to conclude it would 

be best to define a larger system, mth the potential to provide the 

programming language designer with a set of tools to help automate the 

iconic language design process. This decision was made because of the 

impact of new languages and the maintenance commitment required for 

either a generic or language specific system, as weU as the need to move 

iconic programming systems away from a CASE approach toward stand

alone iconic languages. 

Conclusions 

WhUe it is possible to create a generic iconic editor to generate 

mvdtiple languages, this author concludes, and has presented sufficient 

arguments, that such a system, though feasible, is unHkely robust enough to 

handle 100% of the contingencies of aU supported languages. It would be 

analogous to the creation of PL/I, which was such a large "do everything" 

type of language that few users could master aU of its capabiHties. 

Furthermore, the discussions among the STRIDES development team, 

led them to the conclusion that whUe such a system would be nice, it is 

unHkely that many companies would have the need to "develop once -

generate many" in appHcation creation. WhUe designing an appHcation to 

run on multiple operating systems is often desired, it is not Hkely a company 
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would need the same appHcation in multiple languages. An example of the 

multiple OS appHcation would be, WordPerfect for Macintosh and 

WordPerfect for Windows 95. The problems in a cross OS platform porting 

process are different from that of multiple language generation capabUities 

discussed here. 

The types of things needed in iconic programming tools are the abUity 

to have pictorial tools which speed the coding process and provide more 

reHable software through syntactic and semantic checking. STRIDES, as a 

specific, end language editor, solves the problems discussed above. Because 

STRIDES wiU eventuaUy be designed to aUow instaUation for either C++ or 

Ada 95, what it wiU provide is the abiHty for a standardized interface within 

a software shop in which both C++ and Ada 95 are the languages in use. It 

does not mean that developers would be creating C++ and Ada 95 

equivalents of the same appHcation. However, it is possible that an 

appHcation originaUy developed in C++, might need to be migrated after a 

period of time to another language. 

WhUe STRIDES is a language specific tool, there may be some possible 

cross connectivity. However, the development has not evolved enough in the 

design phase to make a determination. PotentiaUy, if the data storage 

designs for an instaUed STRIDES-C++ and STRIDES-Ada95 are identical or 

at least simUar, data information created in one version could be read by the 

other version, and the user could generate some code that wiU be reasonably 

correct. 

Of course, STRIDES could be implemented with a mechanism that 

would aUow the user to have a "FIND ERROR" operation and the system 

could traverse each iconic statement and caU in the Ada 95 phrase parser to 

quickly highHght the "non convertible" C++ phrases. The user could then 

correct the logic within STRIDES and eventuaUy, the system could generate 

the correct Ada 95 code. 
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Even though STRIDES corrects the difficulties in the generic 

approach, two problems stUl exist. The first is in the area of development 

time. A major man-hour investment is being required to engineer STRIDES 

C++. HopefuUy, the OOP design of STRIDES itself wUl aUow future 

upgrades in a highly modvUar fashion, so that when the time comes to 

enhance the basic system for the Ada 95 upgrade, it can proceed quickly. 

However, what about a customer who Hkes STRIDES and wants a 

STRIDES-Java, which automaticaUy generates Java code. Can STRIDES be 

quickly upgraded to provide that capabUity? Not only that, but several 

companies use proprietary languages. What about upgrading for them? 

What about as yet undefined languages? When language XYZ appears, how 

long to "retrofit" STRIDES to support XYZ. The problem is that 

maintenance and upgrade for additional languages wUl add significant cost. 

The second difficulty is that whUe support of existing textual 

languages with an iconic tool that enhances reHabUity and productivity is 

beneficial, eventuaUy 5th and 6th generation programming environments 

must evolve free of the textual based predecessors. Two, and three 

dimensional programming languages in virtual reaHty (VR), present 

possibiHties for programmers in algorithm design which wiU ecHpse what a 

textual language can support. Programming languages environments 

existing in Virtual ReaHty could have tremendous impact on algorithm 

development and comprehension. 

Thus, whUe the approach of STRIDES is a step in the right direction, 

the need to define and create an iconic editing tool rapidly for a specific 

language has to migrate from hand developed code, into a system which can 

partiaUy automate the process of buUding an iconic editor. This automation 

can be based on a representation of the language constructs through the use 

of iconic grammars. Positional grammars that provide the basis to define the 

systems iconic representations can be the basis for a system which wdU create 
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the icons, the phrase parsers, the look up tables, the compUers, and even the 

iconic programming editors. 

Benefits of this Research 

Such research could begin the process of creating a system that itself 

creates a series of iconic programming systems for use by software engineers 

in the field. The advantage of icon based representations on human 

comprehension has been estabhshed in earHer work. These strengths, if 

provided to users in the field, would give individual software shops a major 

capabiHty to define and buUd their OWTI iconic programming environments 

based on their particular language needs. 

Such visual systems wovdd represent a major step toward increasing 

software rehabUity. EventuaUy, such systems could move the manner in 

which software is written into a next generation of programming languages: 

iconic languages. These iconic languages would represent a step ahead of 

today's language environments, equivalent to that which FORTRAN did over 

machine language programming. 

Future Research 

Several areas are open for investigation based on this dissertation. 

Some of those are Hsted below. 

1. Development of the theoretical foundations of a formal iconic automata. 

Such formalized concepts, wovUd lay the foundations for formalized, 

iconic language grammars. The development of an iconic BNF is 

paramount to future evolution of iconic programming languages, not 

just iconic CASE systems. 

2. Re-Evaluation of STRIDES strengths and weaknesses after some use. 
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3. A formal empirical study with some appropriate metric which compares 

the "points of dissimUarity" between the more popular languages, Hke 

Pascal, C++, and Ada 95. 

4. Development of the Iconic Grammar Definition Editor 

5. Continued Development of the Iconic Lex and Yacc Generator 

6. Formalization of the requirements of how an Iconic Language Editor 

shovdd best present information. 

Some of this work is already underway in the STRIDES research, or as 

the thesis work of some the STRIDES researchers. Individual's interested in 

pursuing the above topics wovUd need to famiHarize themselves with the 

work accompHshed by the other team members. 

Secondly, there are plans by both this author and his advisor to 

continue and start some of the work described above as ongoing efforts 

started five years ago. It is the natural path for this evolutionary process. 
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APPENDIX A 

PARTIAL SYNTAX PRODUCTION DEFINITIONS FOR C++ 
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Key - * means zero or more; + means one or more; 

UnderHned part means optional 

<program_nonterm> ::= <pre_proc>* 
<definitions>* 
void main <arguments> 
<decls>* 
<code body> 
<function decl>* 

<pre_proc> 
<pre_proc> 
<pre p r o O 

= #define <id> <value> 
= #include <rest_include> 
= <type> <id> <arguments>; 

<rest_include> ::= <files> [#include rest_include] 
<files> ::= <<file name>> | "<file name>" 

<definitions> 
<definitions> 
<definitions> 

= <const> I <class defn>; 
= enum <id> { <enum_list> } ; 
= struct <id> { <decls> }; 

<enum_list> ::= <id> <, enum _list> 

<decls> ::= <var> | <const>; 

<var> ::= <id_list>; 

<const> ::= const <type> <id> = <value> [; <const>]* 
<id_list> ::= <type> <id> [<num>] [, <id_list>]* 

<type> ::= int | char | float | void | <userdefined_type> 

<userdefined_type> ::= <id> | struct <id> 

<function_decl> ::= <type> <id> <arguments> [<decls>] <code body> 

<arguments> : 

<parm_list> : 

<code body> : 

<stmt list> : 

= ( <parm list> ) 

= <type> <id> <, parm_list>* 

= <definitions>* <decls>* <stmt_list> 

= <stmt> <stmt list> 

<id> = <expr>; 
if ( <expr> ) <stmt>; <rest if> 
while ( <expr> ) <stmt>; 
do <stmt> while ( <expr> ); 
<sub_prog_call>; 
for ( <id> = <ord val>; <id> <bool op>; 

<stmt> 
<stmt> 
<stmt> 
<stmt> 
<stmt> 
<stmt> 
<stmt>; 
<stmt> ::= <compound stmt> 

<expr> ) 
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<rest_if> ::= else <stmt>; 

<sub_prog_call> ::= <id> ( <id_choice> ) 

<id_choice> ::= <id> <,id>* 

<ord_vai> ::= <id> I <num> I <alpha> I <enumerated type> 

<compound_stmt> ::= { <stmt_list> } 

<expr> ' •= }_ <boolean_var> <expr_prime> 
<expr> ::- <arith_var> <arith_expr> 

<boolean_var> ::= <bool_id> | <bool_function_call> 

<expr prime> ::= <bool_op> \_ <boolean_var> 

<arith_var> ::= <id> | <sub_prog_call> I <num> 

<bool_op> ::= <or_symbol> | & | == I ! > I < I <= ' 

I >= 

<or_symbol> ::= I 

<arith_expr> ::= <arith_op> <arith_var> 

<arith_op> : : = + | - | * l / l * 

<id> ::= <alpha> <id_prime> 

<id_prime> ::= <alpha> I <digit> I <special_char> 

< a l p h a > : : = a | A l b | B | c | C | . . | z | Z 
< d i g i t > : : = 0 | 1 | 2 | 3 | 4 | . . | 9 
< s p e c i a l _ c h a r > : : = _ 

<value> ::= " <id_prime> " I 

<num> ::= <digit>+ <rest^num> 
<rest num> ::= . <digit> 

<num> 
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APPENDIX B 

REQUIREMENTS DEFINITION FOR ICE-G SYSTEM 

The requirements defintion is a separate document utUized by the 

STRIDES softw^are development team and begins on the next page. As such, 

it has its own formats and styles, and is part of an ongoing research effort at 

Texas Tech University. Included here is the draft of that document which is 

most current at the time this dissertation goes to print. For an updated 

revision of that document, contact this author or Dr. Donald J. Bagert at: 

Computer Science Department 
Texas Tech University 
P.O. Box 43104 
Lubbock, TX 79409-3104 
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1. Introduction 

1.1. Purpose of the SRD 

This document will serve as a requirements definition for the Iconic Coding 
Environments and Grammars (ICE-G) 

1.2. Scope 

The requirements are in several phases. Each part of the defined system needs to be 
designed and implemented by various developers The pieces of the system are loosely 
coupled enough that independent development and testing is feasible. At this time 
there are various requirements which remain unspecified. In some cases, alternate 
possibilities are presented 

1.3. Definitions, Acronyms and Abbreviations 

BNF 

DLL 

HLL 

ICE-G 

IGDE 

ILE 

ILYG 

MFC 

VLIC 

VLBNF 

IIC 

lex 

yacc 

Backus-Naur Form 

Dynamic Linked Library 

High Level Language 

Iconic Coding Environments and Grammars 

Iconic Grammar Definition Editor 

Iconic Language Editor 

Iconic Lex and Yacc Generator 

Microsoft Foundation Classes 

Visual Language Iconic Constructs 

Visual Language BNF 

Intermediate Iconic Code 

Lexical Analyzer 

Yet Another Compiler Compiler 

1.4. References 
1 BACCII++ System Knowledge 
2. Costagliaola, Gennaro, [et al.]. Toward Efficient Parsing of Diagrammatic 

Languages, Proceedings 1994 hit'I Workshop for Ad\'anced Visual Interfaces, 
ACM Press, New York, 1994, pp 162-171. 
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3. Costagliaola, Gennaro, [et.al.]. Automatic Generation of Visual Programming 
Environments, lEEEComputer, March 1995, pp. 55-66 

4. Dissertation, Ben A. Calloni, Texas Tech University, 1997 
5. Lex and Yacc for DOS V?Wm II need the rest of this info 
6. Microsoft Visual C++© Version 4.0 User's Manual 
7. Microsoft Access User's Manuals 
8. STRIDES System Knowledge 
9. STRIDES Requirements Definition 
10. Thesis, Fang Zhang, Texas Tech University, 1997 
11. Thesis, Yan-Shi We, Texas Tech University, 1997 

1.5. Overview 

The Iconic Coding Environments and Grammar (ICE-G) is an amalgam of software 
entities designed to create the files necessary for a software engineer to create the 
iconic grammars for a given language, and generate the necessary files and iconic 
CASE tools which wall form the basis for developing software applications iconically. 

1.5.L Iconic Coding Environments and Grammar (ICE-G) Files 

The system will use the following files: 

1. Visual Language BNF (VLBNF) files 
2. High Level Language BNF files 
3. Visual Language Iconic Constructs files 
4. Iconic Intermediate Code (IIC) 
5. Resource Compiler files (RC) 

Items (1) and (2) will be used to eventually create the language compiler Item (3) 
will be used to create the Iconic Language Editor (ILE). Item (4) represents the 
user's program. Item (5) is created by the App Studio and used by the IGDE. 

The data fi-om the system will be stored in a variety of formats. The storage of the 
grammar information by IGDE will be via Microsoft Access, a relational data base 
Information about the icons, bitmaps, dialog boxes, and menus used by the IGDE 
will be stored in the Microsoft Windows Resource Compiler format, and ASCII file 
with the RC extension. 

Some of the output fi-om the IGDE will be used by the ELYG. Other output data 
will be used to generate the VLIC data to build the ILE. 

1.5.2. The Iconic Grammar Definition Editor 

The Iconic Grammar Definition Editor (IGDE) is a Windows based application that 
will allow the user to visually create the iconic grammars for a programming 
language. The language could be an iconic representation of a current textual based 
language, such as C++ or Ada 95, or it could be an as yet unknown language, iconic 
or textual. 
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1.5.3. Iconic Grammar Definition Editor Data 

All editing will alter copies of original data, and not the original data itself The user 
will not have an undo option but will be able to abandon changes during editing 
Until the project data is explicitly saved to disk, the changes have only occurred in 
RAM and may be abandoned by responding "No" to prompts to save the data to 
disk. 

1.5.4. The Iconic Lex and Yacc Generator 

The Iconic Lex and Yacc Generator (ILYG) is a Windows DLL application that will 
take the VLBNF information and convert it into a standard form used by a 
traditional textual based lex and yacc. 

1.5.5. Visual C++ 

The Microsoft Visual C++ compiler will take the information generated ft"om the 
Visual Language Iconic Constructs data and build the Iconic Language Editor 

1.5.6. Visual C++ App Studio and Class Wizard 

These Microsoft applications are used to provide the resource definitions, such as 
icons, bitmaps, dialog boxes, and menus, used by the IGDE to create the iconic 
language and the Iconic Language Editor. 

1.5.7. Help System 

The Iconic Coding Environments and Grammar will contain an on-line help system 
available fi^om within the IGDE, as well as an assortment of general purpose help 
files for the entire system. 

Almost every dialog box will be configured with a Help push button. Exceptions 
would be those in which help is not required. When the user clicks on any of these 
Help buttons, a Window that contains descriptive text about the dialog box will pop 
up. The main menu will contain a Help menu item with two sub items. Help Index 
and About. The Help Index will provide general ICE-G help in addition to an index 
of the items on the main screen. The About option will provide version information 
about the ICE-G. 
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2. General Description 

2.1. Hardware Requirements 

The system needed to run the described application is an Intel compatible, Pentium 
100 Mhz processor higher, 150 Mb of free hard disk space, SVGA with 640 x 480 or 
higher resolution. 

2.2. Software Requirements 

1. Microsoft Windows 95 or Window NT Workstation 4.0 
2. Microsoft Visual C++4.0 
3. Microsoft Access Database 
4. lex / yacc. 

2.3. General Description Overview 

This definition covers the following topics: 

• Overview of the Iconic Coding Environments and Grammars. 
• Iconic Grammar Definition Editor 
• Iconic Lex and Yacc Generator 
• Iconic Language Editor (evolved from the STRIDES Requirements Definition) 

The detailed descriptions give an introduction, the inputs to the software components, 
the processing of the inputs, the outputs from the components, and the extemal 
interface requirements, performance requirements, and design constraints. 

In addition, there are some specific requirements 

This subsection covers the following topics: 

1. Development Guidelines for the software 
2. Development Platform Software requirements. 
3. Overview of the software requirements. 

2.3.1. Development Guidelines for the software 

The entire Iconic Coding Environments and Grammars system is an amalgam of 
several software packages. Some, like Microsoft's Visual C++, already exist and are 
commercially available. Others will be buih as a result of this definition. Each of 
those pieces will have their own unique requirements, but where possible, their 
development will follow these guidelines. 

2.3.1.1. General Guidelines 

The overall goal of the Iconic Coding Environments and Grammar is to make the 
process of developing an iconic language and creating an iconic editor as intuitive 
and easy as possible. The Iconic Coding Environments and Grammar will 
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maximize the advantages of the WIMP interface (Windows, Icons, Menus, 
Pointer [mice]) capabilities buih into Microsoft Windows^^ 

2.3.1.2. Use graphic displays where feasible 

Whenever possible a pictorial representation will be used to give the appearance 
of the hem being edhed. 

2.3. L3. Make maximum use of hierarchical display windows. 

If there is a hierarchical relationship between data, the windowing system will use 
overlays or pop-up windows to visually reinforce that relationship. 

2.3.1.4. Minimize Keyboard Input 

Menus, list box selections, and point and click will be used as much as feasible to 
provide ease of use. Every dialog box will contain an active push button The 
fiinctionality of the active push button may be executed by hitting the enter key. 
However, to facilitate using the interface when a mouse is not available, every 
icon will have an associated hot key. 

2.3.1.5. Provide Choices when possible 

Where pre-defined and limited choices exist, they will be displayed as menus or in 
list boxes. 

2.3.1.6. Insure Data Recovery 

Wherever possible, the system will create duplicates of the data entered so that 
originals can be recovered. Because of the hierarchical relationships, changes 
will be accepted or abandoned as the user navigates through the editor. The user 
will be prompted for disposal or retention of new data. Changes will be entered 
into the program's Random Access Memory; the only time the changes will 
become permanent is when the user selects the Save or Save As menu option, or 
responds affirmatively to prompts to save data to disk. 

2.3.1.7. Provide Data Security 

The system will make maximum use of non-ASCII files to fijrther insure security 
of file data. 

2.3.1.8. Dialog Box Consistency 

The ICE-G will use an iconic point and cHck system for configuration. Dialog 
boxes used for editing will all contain an OK/Cancel push button pair Clicking 
on the OK push button will cause any editing that has been done to be preserved 
in memory. If any editing has been done, clicking on Cancel will cause a 
confirmation message box to be displayed. 
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2.3.1.9. Width of Edit and List Boxes 

Wherever possible, edh and list boxes will be sized sufficiently so that the entire 
text of each line will be visible within the confines of the box 

2.3.2. Development Platform Software requirements 

The Iconic Grammar Definition Editor is a Microsoft® Windows^^ application. The 
Iconic Lex and Yacc Generator is a Microsoft® Windows^^ Dynamic Link Library 
These systems are created, compiled and linked using Microsoft Visual C++ Version 
4.0. In addition, the Iconic Language Editor they produce is built by the Visual C++ 
system. The Iconic Coding Environments and Grammar system requires Microsoft 
Windows version 3.1 or later to run. 

2.3.3. Overview of the Software Requirements 

The combined system will provide configuration capability for creating iconic 
programming systems for language which can be expressed by the use of formalized, 
syntax grammars. The following are discussed in more detail in the following 
chapter. 

• Iconic Grammar Definition Editor 
• Iconic Lex and Yacc Generator 
• Iconic Language Editor 

2.4. User Characteristics 

This specification is intended for software designers and programmers who are 
responsible for designing, writing and making changes to the Iconic Coding Editor and 
Generator.. 

2.5. General Constraints 

None 

2.6. Assumptions and Dependencies 

It is assumed that all fiinctionality contained in the current versions of the commercial 
software packages shall remain unchanged. This SRD encompasses defining those 
components and their fiinctionality only. 
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3. The System Model 

3.1. System Overview 

The system is an amalgam of several components, some commercial, the rest to be 
developed from this requirements definition. 
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Figure 1. ICE-G Model Diagram 

The flow of the entire system is as follows. 
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1 The iconic system designer (ISD) uses the Microsoft App Studio to create the 
• icons 
• bitmaps 
• menu's 
• dialog boxes 

2. The ISD uses Microsoft's Visual C++ Class Wizard to create the dialog box 
fijnctions. 

3. The ISD uses the Iconic Grammar Definition Editor to create the iconic grammars 
for the language of choice. This may included defining the complete grammar 
including phrasing. 

4. The IGDE generates the VLBNF and VLIC files, using the Iconic lex and yacc 
generator. If the phrasing is included, the Phrase BNF will be generated as well. 

5. If iconic phrases are not created, the ISD will have to hand write the phrases in the 
correct y and .1 file formats for the standard lex and yacc. 

6. The y and .1 files are fed to the lex and yacc for compilation. 
7. The ISD uses Visual C++ to open the VLIC project files and builds the new Iconic 

Language Editor. 
8. The ISD releases the ILE, the phrase parser, and the new language compiler to 

programmers. If the iconic language is a representation of an existing language 
and compiler, such as Ada 95, that compiler will be hooked into the ILE to 
accomplish the phrase parsing. 

The major parts of the entire system to be built include: 

• Iconic Grammar Definition Editor 
• Iconic Lex and Yacc Generator 

The Iconic Language Editor which is created from the IGDE will have a specification 
as well. At present the STRIDES format is the one which is being used as the model 
Since STRIDES is in prototype development, that process will evolved and provide 
fiirther insights as to what works and what doesn't. The first draft of the STRIDES 
Requirements Definhion is included here, but eventually that section will need an 
update to provide the "look" of what the generated application should do. 

3.2. The Iconic Grammar Definition Editor 

The IGDE is designed to allow the user to develop language definitions using iconic 
representations similar to textual BNF. This application is designed to rely on 
information provided by the Microsoft Visual C++ App Studio and Class Wizard It is 
an interactive tool designed to provide iconic production rules using terminal and non
terminal icons. 

The editor is a WSYSIG editor in that the details of the implementation are hidden 
from the user and all language definitions are handled via the graphical user interface. 

Its output is in the form of three files, the Visual Language BNF, the Phrase BNF, and 
the Visual Language Iconic Constructs. In addition, it will rely on its own Microsoft 
Access relational database for storage of edited material. 
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The GUI for the project will appear as shown in Figure 2. 

Figure 2. Opening GUI Screen 

3.2.1. Project Files 

3.2.1.1. Introduction 

The Project File Menu will support the following five options: 

1. New - The Iconic Coding Environments and Grammar will reinitialize the 
database to create new project files. 

2. Open - The editor will open existing project files. 
3. Save - The Iconic Coding Environments and Grammar will save the current 

project files. 
4. Save As - The editor will save the current project files with a new name to 

the directory with the same name. 
5. Exit - The editor will challenge for a save of the files if the user has not 

saved the files since modifications were made. 

3.2.1.2. Inputs 

Inputs are mouse and keyboard actions required by the Windows Standard 
Common File Dialog Box. 
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3.2.1.3. Processing 

All menu options except New, Open, and Exit will remain grayed until a new 
project has been selected, or an existing one has been opened 

The Iconic Coding Environments and Grammar will prompt for the user's name 
when the Iconic Coding Environments and Grammar is first invoked The user's 
name, and the time, date, and name of the current project will be saved along 
with a time/date stamp. 

Only one project may be open at a time. If the user selects either the Open or 
New menu item when a project is already open, the new project will replace the 
existing one in memory. If the existing project has not been saved since 
modifications have been made, a message box will ask the user if the existing 
project should be saved. 

The ICE-G will create a backup copy of the database from the current original 
data each time a project save is executed. The current data will comprise the 
latest data base. Only one backup copy will be maintained. 

3.2.1.3.1. New Menu Item 
Selecting the New menu hem will display the appropriate edhing toolbars and 
system menu items. 
3.2.1.3.2. Open Menu Item 
Selecting the Open menu hem will pop up a common Windows File Dialog 
Box, whh the directory\name of the last project that was edited as the default. 
The user will be permitted to change this directory to search for projects in 
other locations. Clicking on the Open button in the dialog box when a project 
has been selected will cause the project selected to be opened, and the icons in 
to be displayed. 

3.2.1.3.3. Save Menu Item 
Selecting the Save menu item will save the current project to the relational 
data base. 
3.2.1.3.4. Save As Menu Item 
Selecting the Save As menu hem will pop up a common Windows File Dialog 
Box prompting the user for the new name to save the project as. The user can 
save the currently open project to any directory in the ICE-G project 
directory. The ICE-G will create a sub directory in the directory specified by 
the user with the name specified by the user. 

3.2.1.3.5. Exit Menu Item 
Selecting this menu will close the application. If changes have been made to 
the project and a save to disk has not been accomphshed, the ICE-G will 
challenge the user for the option to save these. 

3.2.1.4. Outputs 

The relational data base information. 
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3.2.1.5. External Interface Requirements 

User Interface—The user interface to this component shall be the table file I/O 
elements of the Iconic Coding Environments and Grammar. 

Software Interfaces—This component shall interface to the other Iconic 
Coding Environments and Grammar elements through the table data 
structures. 

3.2.1.6. Performance Requirements 

None 

3.2.1.7. Design Constraints 

None 

3.2.2. Tools Menu 

3.2.2.1. Introduction 
The Tools menu will have two sub menu choices: App Studio and Visual C++ 
This menu is provided to give the user the ease of starting these applications from 
whh in the IGDE, although they could be started by switching to these 
applications within Windows. 

3.2.2.2. Inputs 

Inputs are mouse and keyboard actions required by the Windows Standard 
Common File Dialog Box. 

3.2.2.3. Processing 

None. 

3.2.2.4. Outputs 

The files and or systems produced by those individual applications. 

3.2.2.5. External Interface Requirements 

Windows systems calls to execute these independent Windows applications. 
These calls v̂ dll be designed to bring up those appHcations in the current project's 
sub directory. 

3.2.2.6. Performance Requirements 

None. 

3.2.2.7. Design Constraints 

None. 
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3.2.3. Symbols Menu 

3.2.3.1. Introduction 

This Menu hem will have two sub menu hems: non-terminal and terminal. 
Selecting either of these will allow the user to select icons or bitmaps from the 
predefined choices created in the App Studio. The user will then add the 
appropriate symbol attributes to the pictorial representation. 

3.2.3.2. Inputs 

A file hsting of the icons and bhmaps created by the App Studio. 

3.2.3.3. Processing 

Selecting either of the sub menu choices will bring up the following dialog box 

Symbol Creation 

Select Symbol Name 

or enter new symbol name 

( OK ) (Cancel) ( Heip"^ 

Figure 3. Symbol Selection Dialog Box 

Upon selection of an item m the list box, or entering a new name m the edh box, 
when the user clicks OK, the system checks to insure that no duplicate names 
exist before closing the dialog. If all checks out OK, the system will provide 
another dialog box for adding or modifying attributes to the symbol. 
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Attributes for 

Icon File Name Preview Dialog Name Coordinates 

C o ^ 

X Y 

Attach Points 
000, 
090, 
180. 
270, 

20. 

30, 
20. 
20, 

1 

2 
4 
3 

(Add Point) Az''̂ "'̂ ^ 

Magnitude 
(Delete Point) 

ID Number 

( Cancel^ Help 

Figure 4. Symbol Attributes 

3.2.3.3.1. Icon File and Dialog Combo Boxes 
The Icon File name and Dialog name will be drop down combo boxes The 
user will chck on the box to bring up a list of the appropriate choices Upon 
selection of the hem, the choice is displayed in the edh portion of the combo 
box. 

3.2.3.3.2. Pre\'iew 
This box will display the icon or bhmap picture of the entry selected in the 
icon file combo box. 
3.2.3.3.3. X, Y Coordinates 
These edh boxes are used to indicate the centroid of the icon in pixels. If 
either or both are left blank, the system will use the pixel center based on the 
picture's height and width. 
3.2.3.3.4. The Attach Points List Box 
This list box show the currently defined attach points in terms of an azimuth 
and magnitude number pair. If the user selects an attach point, the grid 
information will be displayed in the X-Y coordinate boxes. In addhion, the 
Delete button will be ungrayed. 

3.2.3.3.5. Azimuth, Magnitude, and ID Number 
These three edit boxes allow the user to define an attach point in terms of its 
degree azimuth based on 000 is top, magnitude or distance in pixels from the 
centroid, and ID number for connecting purposes in the grammar build phase 
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3.2.3.3.6. Add Point 
This button will collect the information in the Azimuth, Magnitude, and ID 
boxes, create an entry, and list h in the Attach Points List Box. The system 
will check for duplicates before allowing it to add. 

3.2.3.3.7. Delete Point 
The entry selected in the Attach Points List Box will be deleted when this 
button is pressed. A confirmation message box will be displayed before 
removing the entry. 

3.2.3.4. Outputs 

Database information whh the appropriate group: terminal or non-terminals. 

3.2.3.5. External Interface Requirements 

None. 

3.2.3.6. Performance Requirements 

None. 

3.2.3.7. Design Constraints 

None. 

3.2.4. View Menu 

3.2.4.1. Introduction 
Symbols which have been defined will be displayed via a pair of control palettes 
The View menu will have two choices: terminal and non-terminal Checking 
ehher or both of these will cause the control palettes to be displayed. Figure 5 
shows an example of a control palette. 
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File Tools Symbols View Generate Help 

Figure 5. Control Palettes 

3.2.4.2. Inputs 

Mouse click on the appropriate sub menu. The system will search the database 
for the appropriate terminal or non-terminal information and configure the palette 
whh the corresponding pictures. 

3.2.4.3. Processing 

Checking or un-checking the sub menu will display or hide the appropriate 
palettes. 

3.2.4.4. Outputs 

None. 

3.2.4.5. External Interface Requirements 

None. 

3.2.4.6. Performance Requirements 

None. 

3.2.4.7. Design Constraints 

None. 
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3.2.5. Generate Menu 

3.2.5.1. Introduction 

The system will generate the output files from the data in the relational data base 
The generate sub menu will contain BNF, VLIC, or ALL choices The system 
will traverse the database collecting the appropriate information and create the 
correct files. 

3.2.5.2. Inputs 

Mouse clicks on the appropriate menu hem. 

3.2.5.3. Processing 

Upon a request to generate, the system will start a search, top down in a left 
most, depth first traversal, and the first non-terminal it finds which is not 
resolved, will be displayed and highlighted within the context of the cascaded 
windows which defines hs heirarchy. The user will then have to resolve the non
terminal. 

Each non-terminal must be resolved before the system can generate any files. 
What the system cannot check is for multiple ahemative productions for the same 
non-terminal. 

The system will check for the existence of previous copies of each of the files it is 
creating. If one exists, h will be made the backup, and the current information 
will be created whh the appropriate names. The file names will have the 
following extensions: 

• a .BNF, for the visual BNF information, 
• a BPF for the parser BNF information, and 
• a . VLC for the Visual Language information. 

Backup files will have a third letter of K for the backup file names 

3.2.5.4. Outputs 

The files representing the necessary information for the remainder of the ICE-G 
system. 

3.2.5.5. External Interface Requirements 

The file formats will have to match those specified in the design phase for all 
components. 

3.2.5.6. Performance Requirements 

None. 
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3.2.5.7. Design Constraints 

None. 

3.2.6. Editing the Grammars 

3.2.6.1. Introduction 

The interface for edhing the iconic grammars will be handled visually. From all 
the terminals and non-terminals, the use will begin with a program non-terminal 
icon. Each non-terminal will be resolved hierarchically to fiirther productions. 
The user will double click on each non-terminal to gain access to a new screen 
which will allow placement of the various new icons to form the production rule 
for that non-terminal. Eventually the user will resolve the grammar to all 
terminals at which time the grammar will be complete. 

3.2.6.2. Inputs 

Mouse selection of various icons on the palette and placement on the edhing 
screen. Use of a mouse line drawing mechanism will allow connection of the 
various icons. 

3.2.6.3. Processing 

Edhing will be via a paintbrush type of interface. The user will select the icon for 
placement from one of the two palettes. As h is placed on the screen, the user 
will line connect h to other icons on the display. An example is shown in Figure 
6. 
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Figure 6. Program Non-terminal 

The user has placed a non-terminal on the screen. Next the user would double 
click on the non-terminal and the system would add another blank editing screen 
in a cascade manner in which the user would add the icons which become the 
production for the "program" non-terminal. By selecting a series of terminal and 
non-terminal icons, he would build the iconic production shown in Figure 7. 
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Figure 7. Non-Teminal Production 

Continuing the process the user would then double click on each non-terminal to 
produce fiirther definitions. For example, if the user were to double click on 
"pre" icon, the production would appear as shown in Figure 8. 

Once the user closes out each window the information is stored for that 
production to the relational database. Should the user double click on the 
preprocessor icon again, the user will be presented with a dialog box showing all 
previous productions. These listings will simply be titled "Production 1, 
Production 2, etc. The dialog box would appear as shown in Figure 9. 
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Figure 8. Preprocessor Non-terminal 

The user would keep repeating this process until all the productions are 
complete. 

When the user "generates" the system will double check all productions to 
determine if every non-terminal is defined. It will start a search, and the first 
non-terminal it finds which is not resolved, will be displayed and highlighted 
within the context of the cascaded windows which defines its heirarchy 
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Figure 9. Production Selection 

3.2.6.4. Outputs 

The system will output the information to the main screen visually as each new 
icon is added. The grammar information will be retained in a relational database 

3.2.6.5. External Interface Requirements 

None, 

3.2.6.6. Performance Requirements 

None. 

3.2.6.7. Design Constraints 

None. 
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3.3. The Iconic Lex and Yacc Generator 

This system is being investigated and implemented by Mr Fang Zhang for his Master's 
Thesis at Texas Tech University, 1997 and as part of the STRIDES development team 
When he and the team complete that phase of the research, a copy of his requirements 
definition needs to be inserted here. 
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3.4. The Iconic Language Editor 

The ILE is actually generated automatically by the ICE-G system It is a language 
specific iconic editor which has conceptual foundations in the STRIDES project 
underway at Texas Tech University. Eventually, the specifications for this part of the 
system will be based upon the lessons leamed from the STRIDES project and this 
section will have to be written. 

In the mean time, a brief overview of the STRIDES requirements definition, completed 
m December 1996, is included here as reference material. 

3.4.1. STRIDES 

There is currently a team of TTU researchers [5] engaged in taking the lessons 
leamed from BACCII++ and investigating the possibility of designing a "user 
modifiable" iconic system. STRIDES has already been through the requirements 
definition [35] and design document phase, and at the time of writing this 
dissertation, a prototype is just being completed. Many of the "difficulties" 
presented above in BACCII++ have been rectified in STRIDES. However, what 
STRIDES cannot do is generate several choices of language. 

The approach of the Iconic Coding Edhor and Generator is that the iconic system 
will be designed whh a specific target programming language in mind. This was 
done to insure compatibility with industrial needs which obviously depend, on 
existing languages like C++ and Ada. The idea is to create an iconic system which 
can be installed by a project manager whh a specific target language for the software 
team. The user will have the abilhy to "modify" his or her particular iconic system 
within certain constraints, much as a user could modify Microsoft word. 

The concepts of a syntax directed edhing environment, which are one of the 
strengths of BACCII++ have been retained in STRIDES. One of the addhional 
features is the use of a phrase parser (based on the C++ grammar rules) to insure 
that phrases are syntactically correct in each icon. Additionally, the use of language 
specific precedence mles, and predefined functions have made the process of code 
generation easy. 

A data flow representation for the system is shown in Figure 10. 
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Figure 10. Data Flow for STRIDES 

The information content representation is from the perspective of the different 
modules in the system. 

1. Iconic Edhor - Will allow the user to create programs specific to a given 
language using icons. In this iteration of the tool, C++ will be the target 
language, but it will have sufficient generic design so that in the fijture it could 
be modified for Ada 95 installation. The icons vnW be held in a parse tree and 
employ a syntax-directed technique. Only phrases such as assignment 
expressions. Boolean expressions, and I/O statements will be entered from the 
keyboard. The users will select previously defined enthies from list boxes. 

2. Phrase Parser - When the user selects OK on a dialog box, the phrase will be 
sent to a phrase parser to ensure the syntactic and static semantic correctness 
of the phrase. The appropriate error message and first error will be retumed to 
the Editor for h to display the message and highlight the error in the edit box 

3. Relational Database - This module will hold the Iconic Intermediate Code 
(IIC). The database will support active update and forwarding of changes. A 
user which declares a variable, constant, typedef, record, or class, then uses the 
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identifier in a coding section, will then be able to make changes in the name, 
and have all instances of that entity be automatically updated 

4. Code Generator - This entity will generate the syntactically, static semanticaUy 
correct C++ code from the Iconic Intermediate Code stored in the Relational 
Database. Since the IIC is a parse tree with correctly parsed phrases, 
traversing the DB to produce the C++ syntax will be straightforward. It also 
has to generate a mapping file which correlates the Hne number in the C++ files 
(headers or CPP) to the icon from which h came 

5. Compiler Interface(CI) - The interface will allow the user to view the C++ 
source code in any IDE, such as Visual C++ or Boriand C++, determine the 
line number of interest, and give the CI the line number. The CI will cause the 
Iconic Editor to take the user to the "page" upon which the icon of interest 
resides, highlight it, and activate that icon's appropriate dialog box 

3.4.1.1. System Installation Options 

The system will have two types of "modifiabiHty". The first is set by a project 
manager. The assumption is that a supervisor of a software team will have the 
ability to set installation parameters for the iconic system. He / She wall be able 
to 

1. define the location for the system (file server, drive, directory), 
2. define which language version is to be installed (C++ or ADA), 
3. define the visual description for the icons for each type of statement in the 

target language. 

3.4.1.2. User Modification Options 

Once installed, each individual user may copy (install'̂ ) the package as defined by 
the supervisor on his / her workstation. Once there, h will be possible to 
"individualize" the system. The system allows the user to: 

1. Permit placement of the various icons in an arrangement that keeps 
connectivity, but allows horizontal and vertical flexibility. 

2. Disable the syntax and static, semantic checking by the phrase parser 
described above. 

The system should meet the industrial demands, but the system hself will have to 
be created by implementors. Though an improvement over BACCII and 
BACCII++ in providing more accurate language generation, it does not address 
the needs of a company like Nortel which uses a proprietary Pascal-like language. 
Additionally, this approach does not easily allow creation of a module for a yet 
undefined grammar for some new language. 
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