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1. Introduction

By reducing the time and cost of the solution s of real life problems, information
technologies had a deep impact on the every little aspect of both  our professional
and daily li ves. Especially with the urge of the internet era, this impact is drastically
increasing as the solutions now became time -free and location -free (Park and Lim,
1999; Calvary et al., 2003; Rau et al., 2004; Lam and Swayne, 2003 Kim 2001).

One of the largest challenges of the IT field is t he gap between the real world

systems and their representations in the computer , or to be more
online world. Numerous professionals proposed notations, languages and methods to
provide solutions to narrow this gap (Kernighan and Ritchie, 1978; Wirth, 1971;
Gosling et al., 2005; Tom, 2001; Booch et al., 2000; Heng and Mackie, 2009 Laporti
et al., 2009 ; Horsburgh et al., 2009; Reinhartz-Berger and Sturm, 2009; Schwabe
and Rossi, 1999. Most of those solutions are being used by many of the IT and

related professionals today.

However, with the increasing shift of systems to the online world there still resides
a need to have a representation tool to model and convert real life systems to the
world of computers.

Considering the online world of today and the predicted integrated and  semantic,
structure of tomorrow , one can easily say that this new tool

should allow faster modeling,

should be easy to use,

should be able to represent every element of the real life systems

should be able to represent the relations between the elements o f the real
life systems,

should easily be used for modeling different systems ,

should be able to produce a representation which can be interpreted not
only by humans but also by machines,

should be able to produce a representation which can easily be co nverted to
the existing or the future technologies .

I v > >
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Considering the above reasons andmore, we propose the Modo language.

speci fic



1.1. About the document

This document contains the specification of the Modo language. In this first chapter,

Introduction, the ackno wledgement and the general information about the 2
document is mentioned.

The rest of the document contains the following chapters:

Motivation chapter covers the underlying reasons, which led us to develop Modo.

Definitions chapter covers the technical te rminology and jargon that we find
compulsory to make the most use of this document.

Structure and Syntax chapter gives detailed information about the syntax of the
language using Extended BackusNaur Form, Extended BNF (ISO/IEC 14977, 1996)
Along with th e syntax, lexical sequence, constraints and rules are also described.

Elements chapter covers the element declarations and the uses of the elements in
Modo definitions.

Selectors chapter introduces selectors conceptually . Additionally selector syntax
and the usesof the selectors are described in this chapter.

Expressions chapter gives information about the expressions for operators,
constants, strings and elements.

1.2. Scope

This document specifies/contains structure and syntax of the Modolanguage.

This document does not specify/contain

A use cases

system dependent elements/methods

technology dependent elements /methods

conversions and interpretations of Modoto other technologies

> > > >

1.3. Conformance

This document is intended for developers, designers, syst em designers and modelers
and other related professionals whos e activities contain modeling of real life
systems for computer technologies.

For better understanding of this document, the audience must have experience in
the following:

A Object oriented sys tem modeling
A Computer programming languages
A EBNF mtation (ISO/IEC 14977, 1990
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2. Motivation

The basic idea that initiated the effort for the development of Modowas to create a
modeling tool, which is able to model a real life system, its elements and the
relation s between them.

Modo focuses on the system to be modeled, as it exists. The technological

boundaries and constraints, which are only obstacles of the computer systems, are
neglected during the modeling process. The model then can be converted to the
required technologies. This conversion can be designed to catalyze any software
development process, reducing the cycle time of development /maintenance and
increasing the quality of the software .

Moreover, Modo is aimed to be a contribution for the ongoing studies for the

Semantic Web, which is considered to be the next era of online information delivery
(Berners-Lee et al., 2001). Modo models represent entities of real life systems and
the relations between them. Thus the system is modeled at the semantic level, and
more importantly this model is completely machine-readable. With the help of this
property, Modo canact as a common definition language at semantic level and help
different systems (online/offline) to be integrated.

All tho se properties of the language led us to show the effort to develop Modo.




3. Definitions

This document contains technical details about Modo language. These technical
details necessitate the use of technical terminology. This chapter gives the
definitions of some of these technical terms f or making the most use of this
document.

System is the real life system that is modeled using Modo.

Element is the single member of a system.

Member Element is the sub element of an element.

Modo Generator/Compiler/ Interpreter is the application that can compile and
convert the Modo declarations into different technologies or form ats.

Syntax is a piece of code that is sequenced together to form a meaningful Modo
sentences.

Grammar is the set of rules that are use d to code Modo declarations.




4. Structure and syntax

This chapter describes the basic structure of the Modo language. Additionally Modo
syntax is introduced in this chapter.

4.1. Syntax

This section defines the Modo syntax. Besides some fundamental differences, Modo
syntax shows similarities to Cascading Style Sheets (CSS) language specified inBos et
al. (Bos et al., 2009). The reasons for these similarities are 1) CSS provides great
ease for the definition of th e elements and their properties and 2) common use of
CSS language among different disciplines especially designers and developers.

Modo syntax is defined using Extended BNF metalanguage specified in ISO/IEC 14977
(ISO/EC 14977,1996). By using the Extended BNF metalanguage, syntactic sequence
of the Modois separated into lexical units. This helps to identify every lexical unit in
a meaningful Modo sentence.

These definition s include some of the main syntactic parts of the Modo language.
For the complete list of definitions, please refer to Appendix A. Grammar.

Following example showsthe declaration of an elementin Modo syntax:

(B /* Company Element De claration */

7| Company {

Name = String ;

$Name = "Doe Software Inc .";
Founder = String ;

$Founder = "John Doe";

TaxNumber = String;

$TaxNumber = "123456789987654321";

O©CoOo~NOO O~ W

}

The example above shows the declaration of Company element. On line 1, a
descriptive comment is added to the declaration. On line 2, the declaration of the
Company element starts.

On lines 3, 5 and 7 the member elements, Name Founder and TaxNumber of the
Company element are declared respectively. On lines 4, 6 and 8 initial values of

those member elements are assigned. Please note that the dollar symbol "$"
preceding the member element name refers to the value of that member element.




Finally on line 9, Company element declaration ends with end declaration
symbol "}"

* Note: The above example assumes that the element String  has already
been defined.

4.1.1. Tokenization

For better understanding , Modo syntax is separated into tokens at lexical level . A
Modo declaration consists of a sequence of these tokens.

Following is the general Extended BNF notation of the Moda

modo ={
directive
| rule
| declaration
| comment
h

As you can see above, Modo definition consists of directives, rules, declarations and
comments. Followings are the Extended BNF notations of each token:

(* Directive Definition *)
directive = {blank},

at symbol,

identifier,

{blank} -,

expression,

{blank},

end sentence symbol;

(* Rule Definition *)
rule = {blank},
at symbol,
{blank},
start group symbol,
{blank},
expression,
{blank},
end group symbol,
{blank},
start declaration symbol,
{blank},
modo,
{blank},
end declaration symbol;



(* Comment Definition *)
comment = delimited comment
| s ingle line comment;

(* Declaration Definition *)

declaration ={
assignment 8
| basic declaration
| extended declaration

3

Characters (The Unicode Standard, 2003), letters, numerals, symbols and operators
used in Modo syntax are defined as follows:

letter ="A"["B"|"C"|"D"|"E" | "F"|"G" | "H"
|13 KLY M N ] O" | P
QTR 7S" | T MUV W | X
Y2 | | e | | e |

| Ll
|
|

LTI e
o"|"p" | "g" | "r | S B B B
w0y |

character = any Unicode character;

whitespace  ={

space character

| tab character

| line feed character

| carriage return character
| form feed character

k

new line = carriage return character

line feed character

next line character

line separator character

paragraph separator character ;

space character =""

tab character =
? The Unicode Standard Tab Character (U+0009) ? ;

line feed character =
? The Unicode Standard Line Feed Character (U+000A) ? ;

carriage return character
? The Unicode Standard
Carriage Return Character (U+000D) ? ;

form feed charac ter =
? The Unicode Standard Form Feed Character (U+000C) ? ;

next line character =
? The Unicode Standard Next Line Character (U+0085) ?;

| ine separator character =
? The Unicode Standard
Line Separator Character (U+2028 ) ?;



paragraph separator character =
? The Unicode Standard
Paragraph  Separator  Character (U+2029) ?;

dlglt - non | nln | ||2|| | ||3|| | ||4|| | ||5|| | ||6|| | l|7||

|"8"1"9"; 9

atsymbol ="@";

aSSIgnment symbol - II:n;

end sentence sy mbol =";";

start group symbol ="

end group symbol ="

start declaration symbol ="

end declaration symbol ="

backslash symbol ="\"

start attribute selector symbol ="
end attribute selector symbol ="
start  delimited comment symbol ="/*",
end delimited comment symbol = "*/";
start single line comment symbol ="/
dot symbol =",

comma symbol ="";

underscore symbol =""

hyphens symbol =" -

escaped single quote symbol ="\6" ;
escaped double quote symbol = \§' 0
single quote symbol = "8",;

double quote symbol = 0" 06;

increment operator = "4
decrement operator =" .-
unary OperatOr - ||+|| n " | n!n | n_n

| increment operator
| decrement operator ;



Operator — | n/n | II%II I o _n | II<<II | ||>>|| ||<||

| II>II II<:II II>:II | II::II | II!:II | II&II | nan | II|II
| "&&" ]|l

unary selector operator =g, e "t

Selector Operator = II>II’ II<II' II+II, n - II’ II~II' II/\II, II:II'
Il: :II' Il%ll, II&II' II|II’ n \Il, Il/ll ’

select or expression  operator = " |"/"]"%"|"+"|" -
| II<<II | II>>II II<II | II>II II: " | II&II | nan | II|II
| II<:II II>:II | II::II | II!:II | II*: " | II/ :II | " O/F"
| Il+: " | " _ :Il | " &:Il | " /\:Il | " | :Il | Il$: " | Il~: "
T B e B A2 [

universal selector = "o

Additionally there are some extra tokens used in Modo syntax. For the sake of
continuity , only main syntactic parts are shown here. Please refer to Appendix A.
Grammar for complete list of tokens.

In Modo syntax, characters of any kind including whitespace are not allowed
between syntactic parts.

Only the space character , tab character , line feed character ,
carriage return character and form feed character can occur in
whitespace

4.1.2. Characters and case

Modo syntax is case-insensitive. Elements and member elements declared in Modo
can be considered as caseinsensitive.

Following is the Extended BNF notation of i dentifier and lhs identifier

identifier = {letter | underscore symbol} -,
{
digit
| letter
| underscore symbol
h
The identifier definition above shows that the identifier starts with letter

or underscore symbol
underscore symbol "_"

and can continue with digit , letter or

Ihs identifier ={
letter
| underscore symbol
| hyphens symbol

digit

| letter

| underscore symbol
| hyphens symbol




The left -hand side selector (Ihs) identifier shows that |hs identifier starts with
either letter , underscore symbol " " or hyphens symbol" -"
il /* Company Element Declaration */
72 | Company {

Name = String;

$Name = "Doe \ 6 s Software Inc .";
Founder = String;

$Founder = "John Doe";

TaxNumber = String;

$TaxNumber = "123456789987654321";

©oo~NO U~ Ww

}

The example above shows the declaration of Company element. In this declaration
Company, Name Founder and TaxNumber are the left-hand side identifiers.

Additionally, there is an alternative use of backslash symbol " \" in strings.
Backslash symbol is used to print single and double quote symboils in string values.
Also for printing backslash symbol in string values, one must specify two backslash
symbols"\\ " consecutively.

Following is the Extended BNF notation of escaped single quote symbol and
escaped double quote symbol

escaped single quote symbol ="\6";
escaped double quote symbol = \§ 6;
In addition to that, string , single quote escaped string and double
quote escaped string definition s are as follows:
string = (
single quote symbol,
single quote escaped string,
single quote symbol
)
I
(
double g uote symbol,
double quote escaped string,
double quote symbol
)i
single quote escaped string ={
(any Unicode character i single quote symbol)
| escaped single quote symbol
h
double quote escaped string = {

(any Unicode character i double quote symbol)
| escaped double quote symbol



4.1.3. Directives

Directives are the instructions directly related with the Modo
generators/ compilers/ interpreters . They are not a part of the system declared in
Modo. Directives start with at symbol "@" and continue with identifier and

expression . Finally, directives end with end sentence symbol

(* Directive Definition *)
directive = {blank},
at symbol,
identifier,
{blank} -,
expression,
{blank},
end sentence symbol;

4.1.4. Rules

In Modo syntax, Rules play an important role of representing the different states of

a system. In real life, the elements of a system might contain different properties or
values for diffe rent states of the system. When modeling the system, those different
states, values and properties must be included in the model. In Modo syntax, those
different properties and values are reflected using the Rules.

Declarations, types and the values of th e elements can be specified depending on
rules. With the help of rules, values and properties of the system can be changed or
set depending on one or more conditions . Rules start with at symbol "@"

There are two types of rules: 1) Rule blocks and 2) inline rules. Following is the
Extended BNF notation of rules (rule blocks) and inline rules:

rule = {blank},
at symbol,
{blank},
start group symbol,
{blank},
expression,
{blank},
end group symbol,
{blank},
start declaration symbol,
{blank},
modo,
{blank},
end declaration symbol;

The rule definition above shows that rule starts with at symbol "@" , and
continues with start group symbol , expression and end gr oup symbol
After rule expression is specified, rule specific declaration starts with  start
declaration symbol . Any meaningful Modo declaration can be placed between
declaration symbols. Finally, rule ends with end declaration symbol



inline rule = {b lank},
at symbol,
{blank},
start group symbol,
{blank},
expression,
{blank}, 1 3

end group symbol;

Similarly, the inline rule starts with at symbol "@" and continues with start
group symbol , expression and end group symbol

Following example shows the use of rules in Modo declarations:

i) Company {

2 Name = String;

3 $Name = "Doe Software Inc .";

4 $Name ="DOE Corp. "@ ( $CurrentYear > 2008);
) Founder = String;

6 $Founder = "John Doe";

7 TaxNumber = String;

8 $TaxNumber = "123456789987654321";

]

}

The example above shows the use of inline rules. On line 2, the Name member
element of the Company element is defined and on line 3, it is assigned an initial
value. On line 4, another value is assigned to the Name element, but this time
depending on the rule ( $CurrentYear > 2008) .

Il magine a scenari o where the "DOM@ogpn'yiltke name was
year 2008. Therefore, once the value of the CurrentYear is greater than 2008 the

value of the Nameelement is "DOE Corp. ". In other cases, the value of the Name

element is "Doe Software Co.,Ltd."

Company {
Name = String;
Founder = String;
TaxNumber = String;
$Name = "Doe Software Inc .";
@ ($CurrentYear > 2008) {
$Name = "DOE Corp. ";
}

$Founder = "John Doe";
$TaxNumber = "123456789987654321";

1
2
3
4
5
6
7
8
9
10
11

The example above shows the use of rule blocks. On line 6, rule block starts with at
symbol "@". On line 7, a new value is assigned to the Nameelement. Finally, rule
block ends with end declaration symbol on line 8.

One possible implementation of Rules in Modo syntax is to define a value or
property of elements that does not change in any state of the s ystem.

For the previous scenario, assume that the tax number of the company is always the
same. Therefore, value of the TaxNumber element never changes. The following
example shows the Modo syntax, which defines an everlasting rule.




i Company {

2 Name = String;

3 Founder = String;

4 TaxNumber = String;

5 $Name = "Doe Software Inc .";

6 $Founder = "John Doe";

7 $TaxNumber = "123456789987654321" @ (1);
8

}

In the above example, the elements are defined similarly to the prev ious example.
However, when assigning values a rule is defined for the value of the TaxNumber
element. On line 7, after the value is assigned to the TaxNumber element the rule
(1) is defined. This rule indicates that, for all states of the system the value  of the
TaxNumber elementis " 123456789987654321 ".

Note: The above examples assume that the member element CurrentYear
and element String  have already been declared.

Blocks are used for element and rule declarations. In Modo syntax, blocks start with
start declaration symbol "{" and end with end declaration symbol

"' (Appendix A. Grammar). Every start declaration symbol must end with
end declaration symbol

Similarly, in string values if a string starts with single quote symbol , it must
end with single quote symbol . In addition, if a string starts with double
quote symbol , it must end with double quote symbol . Every expression

that starts with start group symbol "(" likewise ends with end group

sy mbol ")"

Modo syntax provides some pattern-matching rules for element and member
element declarations . These pattern -matching rulesarec al | ed 0Sel ector so

Modo syntax introduces selectors conceptually. For further information, please refer
to 6. Selectors.

Elements are the basic Modo structures that define real life entities. Elements can
be declared by single line definitions or block declarations.

Following example shows the declarati on of Company element.

il /* Company Element Declaration */

7| Company {

3 Name = String;

4 $Name = "Doe Software Inc .";
5 Founder = String;



























































































