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1 Introduction
�� ���� ���3�U�R�M�H�F�W���2�Y�H�U�Y�L�H�Z
The Single Presentation Web App Generator (SPWAG) programming language combines HTML, CSS,

and JavaScript to generate a web-based slide-show presentation. The primary element of SPWAG is

the slide; a SPWAG program produces a presentation containing one or many slides. Slides can be

defined with components (e.g. text, images, and diagrams) and attributes (e.g. text color, width, and

length). Code written in SPWAG generates a single HTML file with Javascript and CSS representing the

components and attributes defined by the user.

�� ���� ���0�R�W�L�Y�D�W�L�R�Q
SPWAG aims to allow the user to create fast and efficient slide-show presentations without having to

worry about complicated and bloated graphical user interfaces. Since SPWAG’s output is a single

HTML file, it is lightweight as well as compatible across all browsers, platforms, and operating system.

SPWAG aims to combine HTML, CSS, and JavaScript into a single and simple language. In SPWAG, the

developer does not need to worry about which aspects of his or her webapp needs to be coded in

HTML, CSS, or JavaScript. The developer can spend more time focusing on the content of the website.

SPWAG will handle cross-browser compatibility, graceful degradation, and producing a visually

attractive simple page web application.

�� ���� ���' �H�V�L�J�Q���*�R�D�O�V
SPWAG is an extremely clean, concise language. Through the use of spaces, tabs, and newlines,

SPWAG’s syntax does not require semicolons, reducing overall clutter. Moreover, the syntax for

defining new components and attributes is simply the identifier of the new class and parameters

enclosed with parentheses, making it incredibly succint and readable. Thus, SPWAG enabkes users to

easily modify their programs to create the slides that comprise their presentations.
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Moreover, SPWAG aims to be modular. Aside from primitives and functions, all classes in SPWAG

consist of only three basic types: slides, components, and attributes. The slide is the basic page

containing all other components; a SPWAG presentation can be viewed as a set of slides. All other

objects contained in the slides are components. While the base component in SPWAG is the box, users

are able to define custom components that can transform boxes into other objects such as detailed

images and clickable buttons. Lastly, attributes refer to the customized aspects of the components;

examples include color and size.

2 Language Tutorial
The entry point for all SPWAG programs is the statement define slide main() (equivalent to public

static void main (String args[]) in Java or int main(int argc, char** argv) in C), which generates the first

slide in the presentation to be created. Typically, a SPWAG program first defines the slides that will

appear in the final presentation, then custom components, attributes, and lastly regular functions. In

each slide, the user can create components (e.g. boxes) and assign attributes to them using SPWAG’s

built-in functions. All top-level variable declarations and function definitions in a SPWAG program are

considered to be global, which allows them to be defined in any order the user wishes. Note that all

distinct components in a SPWAG presentation must have an identifier, which is defined using the id()

function.

The code for SPWAG’s “Hello World” program, which produces a single slide with text “Hello World”

and an image underneath, is presented below. The “Hello World” slide contains the most basic

components in SPWAG, boxes. The first box displays the text “Hello world!” using the native text()

function. The box also calls four native functions that describe the position of the box in the slide, the

font size used, and the overall width of the box relative to the slide. The second box calls the image

function to display an image of a cat located in a nearby directory.

The following is the code after pre-processing:

define slide main()
{
    box() {
        id("hello­world­text")
        text("Hello world!")
        padding­top(40)
        padding­bottom(20)
        font­size(40)
        width(100%)
    }
    box() {
        id("hello­world­image")
        image("../resources/cat.jpg")
    }
}
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To add more slides to a SPWAG presentation, simply define another slide. All slides in the

presentation, except the very last one, should call the next(string �Q�H�[�W���V�O�L�G�H���L�G) function so that the

presentation will advance on-click (or however the user defines it). Calling the similar prev(string
�Q�H�[�W���V�O�L�G�H���L�G) function enables the presentation to return the preceding one; note that slide main

cannot call this function for obvious reasons.

3 Language Manual
�� ���� ���/�H�[�L�F�D�O���&�R�Q�Y�H�Q�W�L�R�Q�V

�� ���� ���� ���,�G�H�Q�W�L�I�L�H�U�V
An identifier is a sequence of letters, digits, and the hyphen ‘­’ ; the first character must be alphabetic.

An identifier is not case-sensitive.

�� ���� ���� ���. �H�\�Z�R�U�G�V
The following is a list of reserved words that may not be used as identifiers:

attr else isa slide while

comp false null true

define if return var

�� ���� ���� ���' �D�W�D���7�\�S�H�V���D�Q�G���9�D�U�L�D�E�O�H�V
SPWAG contains 3 primitive data types: �Q�[�j�I�O�I�g�h, �D�]�]�Y�I�<�[�h and �h�j�g�Q�[�O�h. Variables may be declared

using the keyword var, and all variables, if not assigned, have default value null. A variable

declaration is distinct from its definition in that a variable is assigned a value in its definition. It is

important to note that while each variable must have a unique identifier, a variable may not have the

same identifier as a slide (see the Scoping section).

�����������������,�Q�W�H�J�H�U
Integers can fall under one of two different integer types: regular integers and percentages. A

regular integer literal does not require a suffix, but a percentage integer literal should always be

followed by a ‘%’ (e.g. 100%). An �Q�[�j�I�O�I�g is declared and defined as follows:

var �L�G�H�Q�W�L�I�L�H�U = �Y�D�O�X�H

Here, �L�G�H�Q�W�L�I�L�H�U is to be replaced by a valid identifier, and �Y�D�O�X�H by a valid integer literal. The storage

of integers is machine dependent, but for the most part can be assumed to be in a 32-bit signed

integer representation.

�����������������%�R�R�O�H�D�Q
A boolean is either true or false. For conversion purposes, anything that has the value 0 or null��is
considered false, and everything else is considered true. Booleans are declared and defined as

follows:
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var �L�G�H�Q�W�L�I�L�H�U = �Y�D�O�X�H

Here, �L�G�H�Q�W�L�I�L�H�U is to be replaced by a valid identifier, and �Y�D�O�X�H by either true or false.

�����������������6�W�U�L�Q�J�V
A string is a sequence of 0 or more characters (including digits, symbols, etc.). Note that a character is

fundamentally an integer interpreted by its ASCII equivalent if possible. String literals are surrounded

by quotes (�³� )́ and may span more than one line. A string variable  is declared and defined as follows:

var �L�G�H�Q�W�L�I�L�H�U = “�V�W�U�L�Q�J���O�L�W�H�U�D�O”

Here, �L�G�H�Q�W�L�I�L�H�U is to be replaced by a valid identifier, and �V�W�U�L�Q�J���O�L�W�H�U�D�O by a sequence of 0 or more

characters.

Strings can be used to mean many things in SPWAG. Some uses include IDs for components. Every

component should have an ID so that functions can reference each component using its ID. The ID for

each component must be unique across its specific scope context (see the Scoping section).

Strings can also represent colors. SPWAG accepts four different color formats: RGBA, HSLA, hex with

an alpha at the end, and standard HTML color names (e.g. “red”, “blue”, “yellow”, “green”). For

example, to make the text color hot pink, one could write any one of the following:

In RGBA:

box()
  id(“a­hot­pink­box”)
  text(“I am some text!”)
  text­color(“rgba(255,105,180,100)”)

In HSLA:

box()
  id(“a­hot­pink­box”)
  text(“I am some text!”)
  text­color(“hsla(330,100,71,100)”)

In hex with an alpha at the end:

box()
  id(“a­hot­pink­box”)
  text(“I am some text!”)
  text­color(“#FF69B4FF”)

In standard HTML color:
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box()
  id(“a­hot­pink­box”)
  text(“I am some text!”)
  text­color(“hotpink”)

�����������������2�W�K�H�U���W�\�S�H�V
Note that there are several other data types that may be assigned to variables. There is the value

null, slide names (which is of type slide), and bound components. By bound we mean the component’s

call has finished, and these can be referred to using bracket syntax. For example, slide1[“acomp”] will

get the immediate inner component of slide1 that has the id “acomp”.

�� ���� ���� ���&�R�Q�Y�H�U�V�L�R�Q�V
It is illegal to assign a variable of a primitive data type a primitive data type of another type. Implicit

conversions are made, however, in other places in the code. Integers valued at 0 or null if interpreted

as a boolean is false, all other integer values are interpreted as �j�g�k�I. Strings valued at �[�k�Y�Y are

interpreted as false, all other strings are interpreted as �j�g�k�I. If an integer is concatenated with a

string using the + operator, it is first converted to its string representation. If a boolean is

concatenated with a string using the + operator, it is first converted to “true” or “false”. All other

uses of a data type where another one is expected is illegal.

�� ���� ���� ���2�S�H�U�D�W�R�U�V
In general, SPWAG supports the same operators typically used in other languages. The assignment

operator is binary and right-associative, and its function is just to pass a legal value to the left

operand. The assignment must be consistent, which is defined to be the left and right operands having

the same type.

In SPWAG, arithmetic operators are all binary and left-associative. Once again, the left and right

operands must be of the same type (SPWAG supports integers, pixels, and percent types). The +
operator has a special case in which a string can be in the right hand side expression, and

concatenating that with any other data type will always produce a string of that combination.

Comparative operators are also binary and left-associate, and can only compare variables of the same

type. The comparisons produce boolean values of true or false.

Finally, the logical operators of || and && are binary and left-associative, must have boolean-producing

expressions on either side of the operator, and return a boolean value as well.

< less than operator; can only compare variables of the same type, strings, ints, percents

> greater than operator; can only compare variables of the same type, string, ints, percents

= assignment operator

== equal to
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! not

+ �h�j�g�Q�[�O concatenation, integer addition; addition for integers, pixels, and percents may only
occur with two variables of the same data type; a �h�j�g�Q�[�O can be concatenated to any data
type and the result will be a �h�j�g�Q�[�O

­ subtraction; only works for integers and percents; subtraction for integers and percents may
only occur with two variables of the same data type

* multiplication; only works for integers and percents;

/ division; only works for integers and percents;  you can divide percent with integer, but not
vice versa

|| or

&& and

�� ���� ���� ���&�R�P�P�H�Q�W�V
Comments can be placed anywhere in the program. A single-line comment begins with a # character.

Multi-lined comments are placed between two ## character sequences. Comments do not nest and

are ignored by the compiler.

# This is a single line comment.

## This is a multi­lined comment.
   We can use this to comment out code,
   write a poem or a story or some documentation. ##

�� ���� ���)�X�Q�F�W�L�R�Q�V
SPWAG’s basic unit of execution is a �N�k�[�E�j�Q�]�[. Functions can represent actions to be performed (e.g.

�R�Q���F�O�L�F�N����),  web page �E�]�Z�d�]�[�I�[�j�h (which are analogous to HTML elements), �h�Y�Q�G�I�h, and �<�j�j�g�Q�D�k�j�I�h
(which are analogous to but not limited to CSS styles that can be applied to the components).

�
�]�Z�d�]�[�I�[�j�h and �<�j�j�g�Q�D�k�j�I�h are mutually exclusive special subtypes of functions. Functions are all

global in scope, and no functions are permitted to be anonymous. All functions must be uniquely

named in order to be identified, and duplicate names will overwrite any previously declared functions.

�� ���� ���� ���)�X�Q�F�W�L�R�Q���&�D�O�O�V
To call a function, the following syntax must be used: �L�G�H�Q�W�L�I�L�H�U(�S�D�U�D�P�H�W�H�U�V). The identifier must be

previously defined as a function, while �S�D�U�D�P�H�W�H�Us is a comma delimited list of zero or more

expressions whose values will be assigned to the arguments of the function. The number of

parameters in the function call must be identical to that of the function definition.

When the function is called, control shifts to the first line of the function and continues through its

body until a return statement is evaluated or the end of the function body is encountered. Control
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then returns to the point immediately after where the function call was made. If a return statement

was evaluated, the value of the function call will be that of the expression in the return statement.

Otherwise, the function call will evaluate to null. Only function calls may have return statements.

Note that slides cannot be called as functions. Instead, a slide function is “called” the first time the

slide’s name appears in the control flow. This could be the slide name by itself, as an argument to

next(), or even when trying to fetch a component via slide-name[“id”][“id”] ie bracket syntax. Of

course, the main slide is the first function called, so that is where control flow starts.

�� ���� ���� ���1�D�W�L�Y�H���)�X�Q�F�W�L�R�Q�V
SPWAG includes three native functions which serve to interact with various elements during SPWAG

runtime, as well as functions for performing basic mathematical functions. Fundamentally, these

functions correspond to the following actions:

�” get() - element and attribute retrieval

�” set() - element and attribute assignment

�” random(integer) - random number generation

The native random(integer) function generates an integer between 0 and the integer passed in the

parameter inclusive. For example, random(100) will return a random integer  such that�[

. Potential uses for the random() function include generating transitions to any slide in the������ �” �[ �” ��

presentation and creating unpredictable changes to the layout of the current slide by altering the

position of current components.

The get(string �F�R�P�S�R�Q�H�Q�W���L�G, string �D�W�W�U���Q�D�P�H), and  �V�O�L�G�H���Q�D�P�H[string �F�K�L�O�G���F�R�P�S�R�Q�H�Q�W���L�G] functions

are accessor functions to retrieve specific attributes and components, respectively, that are contained

within specific slides or potentially other elements.

● �V�O�L�G�H���Q�D�P�H[string �F�K�L�O�G���F�R�P�S�R�Q�H�Q�W���L�G] ­ retrieves the specified component from a slide

● get(string �F�R�P�S�R�Q�H�Q�W���L�G, string �D�W�W�U���Q�D�P�H) ­ retrieves the specified attribute value from the

specified component

In combination, these two allow for the accessing of any SPWAG elements and their attributes.  For

example, consider the following code:

define slide main()
  text­color(“blue”)

  box()
    id(“my­box”)
    text(“Hello world!”)
    text­color(“red”)

    box()
      id(“other­box”)
      text(“Yay world!”)
      text­color(“green”)
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      box()
        id(“last­box”)
        text(“Hi world!”)
        text­color(“yellow”)

The text color attribute of the main() slide can be retrieved with the get(string �F�R�P�S�R�Q�H�Q�W���L�G, string
�D�W�W�U���Q�D�P�H) function:

var main­text­color = get(main, “text­color”) # returns the string “blue”

The box component with the id “my-box” can be retrieved using the �V�O�L�G�H���Q�D�P�H[string
�F�K�L�O�G���F�R�P�S�R�Q�H�Q�W���L�G] function:

var my­box = main[“my­box”] # returns the my­box box component

In combination, these functions allow the text color attribute of “my-box” to be retrieved:

var my­box­text­color = get(main[“my­box”], “text­color”) ##returns the string “red” ##

The �V�O�L�G�H���Q�D�P�H[string �F�K�L�O�G���F�R�P�S�R�Q�H�Q�W���L�G] function brackets can also be concatenated in order to

access nested components. Thus:

var other­box = main[“my­box”][“other­box”] # returns other­box

Finally, once again, in combination:

var other­box­text­color = get(main[“my­box”][“other­box”], “text­color”)    # returns “green”

var last­box­text­color = get(main[“my­box”][“other­box”][“last­box”], “text­color”) # returns
yellow

Similarly, the set(string �F�R�P�S�R�Q�H�Q�W���L�G, string �D�W�W�U���Q�D�P�H, string���D�W�W�U���Y�D�O�X�H) function serves as an

accessor to retrieve specific attributes that are contained within specific slides or elements. Unlike

with the get command, set can only be used to set attribute values.

● set(string �F�R�P�S�R�Q�H�Q�W���L�G, string �D�W�W�U���Q�D�P�H, string���D�W�W�U���Y�D�O�X�H) ­ sets the specified attribute value

to the specified attribute of the specified component. Can be used with values assigned to

vars

In continuation of the above example, this would allow for the following:
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var last­box­text­color = “green”
set(main[“my­box”][“other­box”][“last­box”], “text­color”, last­box­text­color) ## sets the
“text­color” of the “last­box” as “green”

The following table summarizes the native functions of SPWAG:

random(integer �L) randomly generates a random integer between 0

and �Q

�V�O�L�G�H���Q�D�P�H[string �F�K�L�O�G���F�R�P�S�R�Q�H�Q�W���L�G] retrieve the specified component from the

specified slide

get(string �F�R�P�S�R�Q�H�Q�W���L�G, string �D�W�W�U���Q�D�P�H) retrieve the specified attribute value from the

specified component

set(string �F�R�P�S�R�Q�H�Q�W���L�G, string �D�W�W�U���Q�D�P�H,
string���D�W�W�U���Y�D�O�X�H)

sets the specified string value to the specified

attribute of the specified component

�� ���� ���)�X�Q�F�W�L�R�Q���' �H�I�L�Q�L�W�L�R�Q
In SPWAG, defining custom functions utilizes a standardized syntactic structure beginning with the

define keyword. The function definition prototype is presented below:

define �I�X�Q�F�W�L�R�Q���W�\�S�H �L�G�H�Q�W�L�I�L�H�U(�S�D�U�D�P�H�W�H�U���O�L�V�W) ...

Here, �L�G�H�Q�W�L�I�L�H�U is to be replaced by a valid identifier, and �I�X�Q�F�W�L�R�Q���W�\�S�H is a valid selection of one of

the fundamental function types in SPWAG (ie: function, slide, component, attributes). This typing

scheme allows each function to perform a certain task, such as specifying a custom attribute set,

adding a slide, writing a reusable function, and dictating the properties of an element integer literal.

Each of these options is outlined in greater detail in the table below. Additionally, the ���S�D�U�D�P�H�W�H�U���O�L�V�W

provides the means by which to pass in values to a user’s custom function, allowing for dynamic

insertion of objects during compile-time, as well as during program execution (executed at runtime via

Javascript). Any values specified in this list (consisting of �W�\�S�H��and �Q�D�P�H) may be accessed as local

variables by any of the function’s child function calls.

Note that the preprocessor adds braces, Allman style, to all definitions, and that is what the compiler

actually works on. In general, any block needs to be surrounded by curly braces before input to the

compiler, and the curly braces need to be on its own lines.

define slide main() defines the main slide of the slideshow; this is a

required function in all SPWAG programs

define slide my­slide() defines a custom slide in the slideshow, where

�P�\���V�O�L�G�H is the custom identifier of the slide
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define comp my­comp(�P�\���F�R�P�S���S�D�U�D�P�H�W�H�U�V)
isa spwag­comp(string �F�R�P�S�R�Q�H�Q�W���L�G,
�V�S�Z�D�J���F�R�P�S���S�D�U�D�P�H�W�H�U�V)
  ...

defines a custom component; the spwag­comp
must be either a custom component already

defined somewhere in the code or a native

SPWAG component such as box()

�P�\���F�R�P�S���S�D�U�D�P�H�W�H�U�V are a list of
comma-delimited parameters specific to �Z�s�Ÿ�E�]�Z�d

�V�S�Z�D�J���F�R�P�S���S�D�U�D�P�H�W�H�U�V are a list of
comma-delimited parameters specific to
spwag­comp

define attr my­attr(�S�D�U�D�P�H�W�H�U�V)
  ...

defines a custom attribute

define func my­funct()
  ...

defines a custom function

�� ���� ���&�R�P�S�R�Q�H�Q�W�V
A component is a special subtype of a function, which represents a single visual/graphical element of

a SPWAG presentation. Custom components may be defined as combinations of other functions, with

the exception of slide (see the Function Definition section for syntax), and may have any number of

attributes applied to them. After it is created, each component may be referenced by a unique string
ID, passed in as an attribute during component creation. Any component created with the same ID as a

previous component within the same scope will overwrite that component (the handle to that

component will be lost).

Component functions are called via their function names. They are not “bound” to their outer

component or slide until their function call ends. In addition, when a component is called, it may be

modified right after the component call in an indented block of text. These statements are executed

as if they are in the function of the component being called.

�� ���� ���� ���1�D�W�L�Y�H���&�R�P�S�R�Q�H�Q�W�V
The box(string �L�G) forms the single �[�<�j�Q�p�I���E�]�Z�d�]�[�I�[�j��and core graphical unit found in the SPWAG

language. Using Attributes (including custom attributes), a box may be used to represent a text field,

an image, or other content the user might like to include when creating multimedia SPWAG

presentations.

box(string �L�G) �F�U�H�D�W�H�V���D���V�L�Q�J�O�H���J�U�D�S�K�L�F�D�O���X�Q�L�W���R�I���F�R�Q�W�H�Q�W���L�Q���D���6�3�: �$�*
�S�U�H�V�H�Q�W�D�W�L�R�Q��

�� ���� ���6�O�L�G�H�V
Slides make up the basic structure of the program and the resulting presentation. They are created
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using the following syntax, using the keyword slide, in the global scope of the program:

define slide my­slide()
  ...

In addition, there is a special slide called main(). The program begins execution through starting the

main slide. The main slide is also by default the first slide in the resulting presentation, although it is

possible to change this by specifying a prev() slide.  It is defined just like any other slide:

define slide main()
  ...

Note that slides can only be created in the global scope of the program, as the resulting presentation

is essentially made out of slides. In particular, a slide cannot be called from any other Function. In

addition, all slides must have a unique name, that is, a slide’s name identifies the slide. This means, for

example, if my-slide is created as above, there cannot be any other slide named my-slide in the

whole program.

The body of a slide is just like the body of any other component—it can contain function calls,

component calls, or attribute calls. Calling a function executes that function, calling a component

creates the corresponding component as part of the slide, and calling an attribute changes the

corresponding attribute of the slide. Technically, slides can make any of the Native Attribute calls

listed under Native Attributes, but only certain attributes actually make a difference to the slide. See

Native Attributes for details.

�� ���� ���$�W�W�U�L�E�X�W�H�V
�� �j�j�g�Q�D�k�j�I�h describe the properties of the component upon which they are specified. Attributes may be

thought of as analogous, but not limited, to CSS styles, allowing the user to specify traits such as

color, border, etc. Custom attributes may be specified by the user (the declaration syntax of which is

described in the Function Declaration section). A custom attribute is a collection of other attributes.

Custom attributes are used to implement reusable modular styling. However, custom attributes may

not call components at any point in the program (Thus, any function eventually called by an attribute

cannot call components).

Note that attributes cascade. This means that, for example, if there is a component inside another

component, the program first looks at the Attributes applied to the inner component in order to

format the inner �E�]�Z�d�]�[�I�[�j, and if any of those Attributes are �[�k�Y�Y, it looks at the corresponding

Attribute as applied to the outer component in order to format the inner component.

�� ���� ���� ���1�D�W�L�Y�H���$�W�W�U�L�E�X�W�H�V
Fundamentally, there is a fixed set of native attributes which may be applied to any component or

slide, which is described in the following table. All custom attributes must eventually terminate in a

selection of these native attributes.

13



position­x(integer �[) �
�]�Z�d�]�[�I�[�j: Specifies the absolute horizontal position of
the component on the slide where 0px and 0% is the
left-most side of the slide; can be a pixel or a percentage

�/�Y�Q�G�I: Does not do anything

position­y(integer �\) �
�]�Z�d�]�[�I�[�j: Specifies the absolute vertical position of the
component on the slide where 0px and 0% is the top-most
side of the slide; can be a pixel or a percentage

�/�Y�Q�G�I: Does not do anything

margin­top(integer �P�D�U�J�L�Q) �
�]�Z�d�]�[�I�[�j: Specifies the amount of outer spacing at the
top of the component

�/�Y�Q�G�I: Does not do anything

margin­bottom(integer �P�D�U�J�L�Q) �
�]�Z�d�]�[�I�[�j: Specifies the amount of outer spacing at the
bottom of the component

�/�Y�Q�G�I: Does not do anything

margin­left(integer �P�D�U�J�L�Q) �
�]�Z�d�]�[�I�[�j: Specifies the amount of outer spacing at the
left of the component

�/�Y�Q�G�I: Does not do anything

margin­right(integer �P�D�U�J�L�Q) �
�]�Z�d�]�[�I�[�j: Specifies the amount of outer spacing at the
right of the component

�/�Y�Q�G�I: Does not do anything

padding­top(integer �S�D�G�G�L�Q�J) �
�]�Z�d�]�[�I�[�j: Specifies the amount of spacing inside the top
boundary of the component

�/�Y�Q�G�I: Specifies the amount of spacing inside the top
boundary of the slide

padding­bottom(integer �S�D�G�G�L�Q�J) �
�]�Z�d�]�[�I�[�j: Specifies the amount of spacing inside the
bottom boundary of the component

�/�Y�Q�G�I: Specifies the amount of spacing inside the bottom
boundary of the slide

padding­left(integer �S�D�G�G�L�Q�J) �
�]�Z�d�]�[�I�[�j: Specifies the amount of spacing inside the left
boundary of the component
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�/�Y�Q�G�I: Specifies the amount of spacing inside the left
boundary of the slide

padding­right(integer �S�D�G�G�L�Q�J) �
�]�Z�d�]�[�I�[�j: Specifies the amount of spacing inside the right
boundary of the component

�/�Y�Q�G�I: Specifies the amount of spacing inside the right
boundary of the slide

text­color(string �F�R�O�R�U) �
�]�Z�d�]�[�I�[�j: Specifies the color of the text in the
component (accepts RGBA, HSLA, hex)

�/�Y�Q�G�I: Specifies the default color of the text in the slide
(accepts RGBA, HSLA, hex)

background­color(string �F�R�O�R�U) �
�]�Z�d�]�[�I�[�j: Specifies the background color of the
component (accepts RGBA, HSLA, hex)

�/�Y�Q�G�I: Specifies the background color of the slide (accepts
RGBA, HSLA, hex)

font(string �I�R�Q�W���I�D�P�L�O�\) �
�]�Z�d�]�[�I�[�j: Specifies font family of any text in the
component

�/�Y�Q�G�I: Specifies the default font family of any text in the
slide

font­size(integer �V�L�]�H) �
�]�Z�d�]�[�I�[�j: Specifies font size of any text in the
component (accepts the font size as a pixel)

�/�Y�Q�G�I: Specifies the default font size of any text in the slide
(accepts the font size as a pixel)

font­decoration(string �G�H�F�R�U�D�W�L�R�Q) �
�]�Z�d�]�[�I�[�j: Specifies font attribute (accepts “bold”, “italic”,
“underline” values) of any text in the component

�/�Y�Q�G�I: Specifies default font attribute (accepts “bold”,
“italic”, “underline” values) of any text in the slide

border(integer �V�L�]�H) �
�]�Z�d�]�[�I�[�j�•��Specifies a border around the component with
a specified stroke width

�/�Y�Q�G�I�•��Specifies a border around the slide  with a specified
stroke width

border­color(string �F�R�O�R�U) �
�]�Z�d�]�[�I�[�j�•��Specifies the color of a component’s border, if
it exists
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�/�Y�Q�G�I�•��Defines the color of a slide’s border, if it exists

width(integer �Z�L�G�W�K) �
�]�Z�d�]�[�I�[�j�•��Specifies the width of the component; can be
pixel or percentage

�/�Y�Q�G�I: Does not do anything

height(integer �K�H�L�J�K�W) �
�]�Z�d�]�[�I�[�j�•��Specifies the height of the component; can be
pixel or percentage

�/�Y�Q�G�I: Does not do anything

next(string �Q�H�[�W���V�O�L�G�H���L�G) �
�]�Z�d�]�[�I�[�j: Does not do anything

�/�Y�Q�G�I: Specifies the slide that goes after the current slide

prev(string �S�U�H�Y���V�O�L�G�H���L�G) �
�]�Z�d�]�[�I�[�j�•��Does not do anything

�/�Y�Q�G�I: Specifies the slide that comes prior to the current
slide

image(string �X�U�O) �
�]�Z�d�]�[�I�[�j�•��Specifies an image to be displayed based on a
passed-in link to the image file

�/�Y�Q�G�I: Specifies a background for the slide image to be
displayed based on a passed-in link to the image file

text(string �W�H�[�W) �
�]�Z�d�]�[�I�[�j�•��Specifies the text to be displayed based on a
string that is passed in

�/�Y�Q�G�I: Does not do anything

display(bool boolean) �
�]�Z�d�]�[�I�[�j: Specifies whether the component is shown
(display: true) or hidden (display: false)

�/�Y�Q�G�I: Does not do anything

on­click(function �I) executes a function �N when the user clicks on the component

that this function is under

on­press(string �N�H�\, function �I) binds an on­click function to a key press

�� ���� ���� ���6�H�W�W�L�Q�J���&�R�P�S�R�Q�H�Q�W���$�W�W�U�L�E�X�W�H�V
Attributes for a component are set upon the initialization of the component. For example, the

following code declares a text box with a pink background, red text, and a border:
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box()
  id(“my­box”)
  text(“Text goes here.”)
  background­color(“pink”)
  text­color(“red”)
  border(1px)

This box can be changed later in the program. In order to change the box, one must first get the box

using the get(string �F�R�P�S�R�Q�H�Q�W���L�G) function and then list the new attributes under the box. For more

information on this, please see the “Native Functions” section above, describing element and attribute

retrieval and setting.

�� ���� ���3�U�R�J�U�D�P���6�W�U�X�F�W�X�U�H

�� ���� ���� ���/�j�<�j�I�Z�I�[�j�h���<�[�G���
�]�[�j�g�]�Y�����Y�]�q
Programs consist of blocks of statements. A statement is a complete line of code. Statements include

valid expressions, variable assignments, control structures (i.e. if and while), or function definitions.

Assignment statements are used to assign a value to an identifier (or variable), and have the following

syntax: �L�G�H�Q�W�L�I�L�H�U��� ���H�[�S�U�H�V�V�L�R�Q

�����������������&�R�G�H���%�O�R�F�N�V���D�Q�G���: �K�L�W�H���6�S�D�F�H
A��code block��is a set of tabbed statements under a header statement (e.g. a function declaration).

The end keyword ends a block of code, started by a define statement (defining a function), or an if,
else, or while block.

Since SPWAG does not utilize brackets to surround blocks of statements, white-space indentations

delimit the structure of the program. Each indentation of white space indicates a different block in the

program. For example, in the following code:

define slide main()
  box()
    id(“ss­text”)
    text(“Welcome to my slide show!”)
    font(“Consolas”)
    font­size(20px)
    font­decoration(bold)

  box()
    id(“ss­img”)
    image(“cats.gif”)
    border(5px)
    border­color(“#222”)

There are three blocks: the block under slide main(), the block under box(“ss­text”), and the block

under box(“ss­img”). Each block modifies the contents of the statement that it lies under. So
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box(“ss­text”) and box(“ss­img”) are components in the main slide, the font attributes describe what

the font of the text looks like, and the border attributes describe what kind of border the image has.

The unit of white-space does not matter in SPWAG. A unit of white-space can be two spaces, four

spaces, a tab, etc. The only unit of white-space that is accepted is a single (1) space character. All

empty lines are ignored in SPWAG.

�����������������&�R�Q�W�U�R�O���6�W�U�X�F�W�X�U�H�V
SPWAG supports two types of keywords that allows for algorithmic, conditional execution of particular

blocks of code: the while keyword (continually executes a block of statements while a particular

condition is true), and the if keyword (execute a certain section of code �]�[�Y�s���Q�N a particular test

evaluates to true). An end keyword will return control to outside the conditional block. Optionally, a

block with an if header statement may be immediately succeeded by a block with an else header

statement, which must be terminated by an end statement.

if <condition>
  ...
else
  ...

if-else conditional

while <condition>
  ...

while loop

�����������������3�U�H�F�H�G�H�Q�F�H
Expressions and any operators associated with them (discussed in the next section), are applied in the

following order, listed from highest to lowest precedence).

() parenthesized expressions

function(parameters) get­attr(attribute) function calls, referencing

* / multiplication, division

+ ­ addition, subtraction

== != < > comparison

! logical negation

&& and

|| or

�� ���� ���� ���%�D�V�L�F���(�[�S�U�H�V�V�L�R�Q�V
The following are all considered to be direct expressions:

�” Identifiers, which refer to variables or functions
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�” Primitive types (i.e. integers, boolean, strings)

�” Components

�” Attributes

�” Slides

The sole unary expression in SPWAG is !, i.e. the negation operator. This operator, used with a single

boolean constant or a boolean variable, gives a boolean type with value opposite that of the

operand. Unary expressions are grouped right-to-left.

SPWAG implements four standard arithmetic operators: +, ­, *, and /. These operators are defined for

any two integers, producing the arithmetic sum, difference, product, and quotient (all integers) of

these numbers, respectively. While + and ­ are commutative, * and / are not.

String concatenation is performed using the + operator as follows: �V�W�U�L�Q�J���� ���V�W�U�L�Q�J, where each string is

a string literal or a string variable. The expression evaluates to a single string, the concatenation of

the two string operands.

Parenthesized expressions have type and value are identical to those of the expression within the

parentheses.

�� ���� ���� ���/�R�J�L�F�D�O���(�[�S�U�H�V�V�L�R�Q�V
There are four types of logical expressions: direct boolean expressions, unary boolean expressions,

comparison expressions, and binary boolean expressions, all of which evaluate to boolean values.

�����������������8�Q�D�U�\���%�R�R�O�H�D�Q���(�[�S�U�H�V�V�L�R�Q�V
Unary boolean expressions involve boolean expressions that are immediately preceded by the

negation operator (!). These expressions evaluate to the boolean value opposite that of the

expression directly following the negation operator. The ! operator has higher precedence than the

other boolean operators (&, |), but lower precedence than the equality and comparison operators.

�����������������%�L�Q�D�U�\���%�R�R�O�H�D�Q���(�[�S�U�H�V�V�L�R�Q�V
Binary boolean expressions have the following form: �R�S�H�U�D�Q�G���R�S�H�U�D�W�R�U���R�S�H�U�D�Q�G. Operands are

boolean expressions, while the operator is either the & or | operator. Operations involving the & (and)

operator return true if both operands have the value true, and false otherwise. The | (or) operator

returns false if both have the value false, and true otherwise. The & operator has higher precedence

than the | operator, and the equality comparison has higher precedence than both the & and |
operators.

�����������������&�R�P�S�D�U�L�V�R�Q���(�[�S�U�H�V�V�L�R�Q�V
Comparison expressions share the same form as binary boolean expressions. Operands can be of any

primitive type, an identifier whose value is a primitive type, or an expression which evaluates to a

primitive type, while operators may be one of ==, !=, <, or >.  The operands must have the same type.

The == and != operators are valid for all primitive types. The == operator functions as an XNOR
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comparison, returning true if both operands have the same value and false otherwise. The != operator

functions as an XOR comparison, returning true if the operands have different values and false

otherwise. (For strings, character-wise comparisons are performed.)

The < and > operators are valid for integers, but not strings and booleans. For integers, the strictly

less than operator (<) returns true if the first operand is less than the second, and false otherwise. The

strictly greater operator (>) returns true if the first operand is greater than the second, and false

otherwise.

�� ���� ���� ���6�F�R�S�L�Q�J

�����������������*�O�R�E�D�O���6�F�R�S�H
Global scope is equivalent to file scope. That is, when the keyword import��is used to combine code in

several different files, the code in those different files are treated as if they are in one file. All

Functions, then, are “global” in scope. That means all functions are visible from any other Function.

This visibility does not mean, however, that all functions may be called from other functions - other

rules, not associated with scoping, apply (see Function specific headings above). In particular, specific

instances of slide or of a component must be retrieved using the native function get().

In addition, all variables declared outside any function are global in scope. However, unlike functions,

the scope of a global variable begins from when it’s declared. In particular, since an import statement

replaces the statement with all the  code from the file to be imported, any variables declared in the

file to be imported will only be visible starting from the import statement.

Finally, there is the unique scope of an id passed in when creating a �E�]�Z�d�]�[�I�[�j. This id must be

unique to the �E�]�Z�d�]�[�I�[�j��or �h�Y�Q�G�I in which its corresponding �E�]�Z�d�]�[�I�[�j is contained. See get() in the

Native Functions section for more details on how �E�]�Z�d�]�[�I�[�j�h that are created can be uniquely

accessed.

�����������������%�O�R�F�N���6�F�R�S�H
The other scope considered is local scope within a “block”, or block scope.  Because all functions are

global, it makes sense to consider only variables in the local scope. All variables in a block are visible

starting from when they are declared in the block to the end of the same block. In particular, a

function formal parameter is visible throughout the whole block that makes up the function. Finally,

when defining inheritance, formal parameters for the component being defined is immediately visible

to the call to the component being inherited from after the isa keyword.

�� ���� ���� ���,�Q�K�H�U�L�W�D�Q�F�H
Only components may have inheritance, and in fact, all custom components must inherit from another

component. See the Function Definition section for details on how to use the isa keyword to define

custom components.

Component inheritance can be thought of in this way. Assume comp1 inherits from comp2. Then, the
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syntax for defining comp1 would be as follows, where �L�G can be any valid identifier, and (�« ) refers to

a list of parameters:

define comp comp1(id, ...) isa comp2(id, ...)
  ...
end

When comp1 is called (that is, created), comp2 is first called (that is, created) using the parameters

passed in. Next, the body of comp1 is evaluated on the instance of comp2 created. This changed

component is then referred to as an instance of comp1, uniquely identified by the passed in ID. Note

that in the above example, ID is separated from all other parameters because it is the first

parameter passed into comp1, and must be directly passed into comp2 as the first parameter. This is

the string passed in that is the unique identifier of the component when it’s created.

Finally, note that because any components created by comp2 will necessarily be created when comp1

is called, unique ID’s assigned to components created by comp2 cannot be repeated by any

components created by comp1. The native component box() does not create any components in its

definition.

�� ���� ���(�[�H�F�X�W�L�R�Q
SPWAG compiles to a single HTML file (.html file extension), containing all necessary HTML, CSS, and

JavaScript code. As such, SPWAG output HTML files may be executed by any modern web browser,

and, as such, are platform agnostic and HTML5/CSS3 standards compliant.

4 Project Plan
Our group met at least once per week to discuss the design of the language, current progress, and

upcoming goals. In particular, the Language Reference Manual (LRM) underwent numerous changes to

further streamline the syntax, and thus the user experience, of SPWAG.

The development process for our language can be divided into three phases. During the first phase,

the entire group worked on the scanner, parser, and abstract syntax tree (AST) using the

specifications listed in the LRM. During the second phase of development, group members were

assigned individual tasks; the IR specification and IR generator, the semantic analyzer and the semantic

abstract syntax tree (SAST), and the compiler were primarily coded during this period. After these

files were written, group members moved on to writing test drivers and examining their code. In the

final phase of development, the preprocessor and final interpreter (spwag.ml) were written, allowing

for programs written in SPWAG to be compiled, tested, and outputted to the desired HTML/JS/CSS

page.

�� ���� ���' �L�U�H�F�W�R�U�\���6�W�U�X�F�W�X�U�H���D�Q�G���3�U�R�J�U�D�P�P�L�Q�J���6�W�\�O�H�V
The  primary components of the compiler (detailed under Part 5: Architectural Design), along with the

Makefile to build the compiler, were stored in the main directory (plt-spwag). This home directory

21



contains a Makefile that builds the compiler, a bash script (testcases.sh) that generates the output of

any or all of the programs in the testcases subdirectory, and three subdirectories. The test

subdirectory stores all files used to test the components of the compiler such as the AST, the

compiler, the IR, and the preprocessor. The testcases subdirectory contains all examples of SPWAG

code used to demonstrate the capabilities of the language; examples include a “Hello World” slide,

the actual presentation used at our final project presentation (index.html), and fiver, a program named

after the eponymous game that demonstrates the algorithms, operations, and change of control flow

in SPWAG. Lastly, the config folder stores the default CSS and JS used to generate the standard main

slide in a SPWAG program.

SPWAG structurally resembles the Python programming language. In SPWAG, tabs represent 4 spaces

and signal new blocks of code.  Instead of snake case or camel case, SPWAG uses hyphens in its ids

(for example, hello-world is the convention in SPWAG as opposed to helloWorld or hello_world).

SPWAG compiles to one HTML file called index.html. To make sure that our testing environment is

organized, we have created a directory structure so that each test case has its own folder with at

least an output folder inside. The compiled HTML file will be saved under output/index.html and the

original SPWAG source file can be found as test.spwag under the test case’s folder.

�� ���� ���3�U�R�M�H�F�W���7�L�P�H�O�L�Q�H

�� �<�j�I �0�<�h�X���j�]���� �E�E�]�Z�d�Y�Q�h�P

September 25 Project proposal complete

October 28 Language reference manual complete

November 29 Scanner complete

December 6 Parser and AST complete

December 11 Basic “Hello World” program

December 16 Translator complete

December 18 Testing and debugging

December 20 Final report and presentation

�� ���� ���5�R�O�H�V���D�Q�G���5�H�V�S�R�Q�V�L�E�L�O�L�W�L�H�V

�� �g�]�k�d���! �I�Z�D�I�g �
�]�[�j�g�Q�D�k�j�Q�]�[�h

Lauren Zou conceived of idea of SPWAG
scanner.mll
parser.mly
ir.ml
compile.ml
spwag.ml
ir and compile test cases
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spwag test cases / testcases.sh
javascript and css configuration files

Aftab Khan preprocessor.c
scanner.mll
parser.mly
spwag.ml
ir.ml
irgenerator.ml
ir and preprocessor test cases

Richard Chiou project leader
scanner.mll
parser.mly
ast.ml
sast.ml
semantic_analyzer.ml and testing

Yunhe (John) Wang scanner.mll
parser.mly
linecounter.ml
ast.ml
ir.ml
irgenerator.ml
sastinjector.ml
spwag.ml
ast testing

Aditya Majumdar ast.ml
scanner.mll
parser.mly
semantic_analyzer.ml
ast/sast testing

�� ���� ���' �H�Y�H�O�R�S�P�H�Q�W���(�Q�Y�L�U�R�Q�P�H�Q�W
Our proposal, LRM, and write-up were done collaboratively in Google Docs. Initially, we started coding

the Scanner, Parser, and AST using Google Docs to finalize the basic setup of these important files,

but as the code base quickly grew, we moved to Git/GitHub for version control.

Nearly all of the code is written in OCaml, an exception being the preprocessor (written in C). No

special IDEs were needed; code was just written in our favorite text editors (vim, Sublime Text,

Notepad++, etc). As mentioned before, SPWAG compiles into one html file, which is rendered easily

by all common web browsers and thus straightforward to test.

�� ���� ���3�U�R�M�H�F�W���/�R�J

�� �<�j�I �! �Q�Y�I�h�j�]�[�I
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September 18 Project idea proposed

September 20 Project idea, purpose, and functionality further developed

September 24 Project proposal completed

October 9 GitHub project created and collaborators added

October 14 Initial meeting with TA (John Sizemore) to evaluate proposal feasibility,
recommendations

October 25 Started on language reference manual (LRM)

October 27 Language reference manual completed

November 14 Started implementing scanner, parser, and AST

November 24 Completed scanner and made more improvements on parser and AST

December 5 Parser and AST almost completed, in the process of debugging

December 10 Outlined final project write-up
Structure of SAST discussed, implementation started
Wrote up skeleton of semantic analyzer (in conjunction with SAST)

December 11 Completed two test cases (hello-world and random-colors)
SAST improved, accommodates parser correctly
Semantic Analyzer improved to check simplest type instance conformity

December 12 Redesigned element and attribute addressing / retrieval
Improved AST, Parser, Scanner and subsequent updates to SAST
Completed majority of spwag.ml

December 13 Wrote toString testing methods to test functionality of and finalize AST
Restructured some code segments between SAST and semantic analyzer
SAST compiles fully

December 14 Completed “one-fish-two-fish” test case
Added JavaScript functionality for switching between slides
Continued debugging semantic analyzer

December 15 Finalized intermediate representation data structure
Continued adding content to semantic analyzer + debugging

December 16 Func_Definitions analysis added to semantic analyzer (including some basic
testing)
More statements/expressions further defined in semantic analyzer

December 18 Created test cases for irgenerator.ml and compile.ml
Progress on IR generator
Compile prints out some CSS

December 19 Compile prints out CSS and HTML
Wrote Preprocessor, linked to spwag.ml
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Rewriting parts of semantic analyzer

December 20 Completed semantic analyzer
Finished Compile file
Wrote a test case to display our final presentation using SPWAG code

5 Architectural Design

�� ���� ���&�R�P�S�R�Q�H�Q�W���,�Q�W�H�U�I�D�F�H���,�Q�W�H�U�D�F�W�L�R�Q

�� ���� ���� ���3�U�H�S�U�R�F�H�V�V�R�U�����S�U�H�S�U�R�F�H�V�V�R�U���F�����Z�U�L�W�W�H�Q���E�\���$�I�W�D�E���. �K�D�Q��
The preprocessor scans the SPWAG source file from Standard In and converts it into a more

concretely structured form suitable for scanning, parsing, and determining scoping and code hierarchy.

Functionally, the preprocessor handles SPWAG’s tab-sensitive syntax, converting it into a form

delimited by curly braces (no longer tab-sensitive) according to parent/child structural context and

control flow.

�� ���� ���� ���6�F�D�Q�Q�H�U�����V�F�D�Q�Q�H�U���P�O�O�����D�O�O���J�U�R�X�S���P�H�P�E�H�U�V���F�R�Q�W�U�L�E�X�W�H�G��
The scanner processes the source file that passed through the preprocessor and transform it into a

series of lexicals tokens for the parser to interpretate. The scanner also detects for the presence of

invalid characters considered to be invalid in SPWAG.

�� ���� ���� ���3�D�U�V�H�U�����S�D�U�V�H�U���P�O�\�����D�O�O���J�U�R�X�S���P�H�P�E�H�U�V���F�R�Q�W�U�L�E�X�W�H�G��
The parser takes the tokens generated by the scanner and checks for syntax errors, determining

whether they can be used based on the context-free-grammar represented by SPWAG. The parser

produces an abstract syntax tree after processing these tokens.
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�� ���� ���� ���$�6�7�����D�V�W���P�O�����Z�U�L�W�W�H�Q���E�\���5�L�F�K�D�U�G���&�K�L�R�X�����<�X�Q�K�H���-�R�K�Q�����: �D�Q�J�����D�Q�G���$�G�L�W�\�D
�0�D�M�X�P�G�D�U��
The abstract syntax tree, representing the syntactic structure of the source code, defines the primary

relationships between the tokens used in SPWAG. The AST is used for the semantic analyzer, the

compiler, and spwag.ml.

�� ���� ���� ���6�H�P�D�Q�W�L�F���$�Q�D�O�\�]�H�U�����V�H�P�D�Q�W�L�F�B�D�Q�D�O�\�]�H�U���P�O�����Z�U�L�W�W�H�Q���E�\���5�L�F�K�D�U�G���&�K�L�R�X���Z�L�W�K
�F�R�Q�W�U�L�E�X�W�L�R�Q���I�U�R�P���$�G�L�W�\�D���0�D�M�X�P�G�D�U��
The semantic analyzer traverses the nodes of the abstract syntax tree, checking each node to ensure

that the source code is written properly. The semantic analyzer serves many purposes: aside from

assigning proper types to expressions and evaluating statements and blocks properly, the semantic

analyzer must manage a symbol table, keeping track of the identifiers and functions defined across

the multiple scopes of the SPWAG source code. Additionally, the semantic analyzer checks to see if

the function calls and function definitions in the source code satisfy the appropriate structures defined

in the LRM. All AST nodes passed through the semantic analyzer are converted to nodes in the

type-checked semantic abstract syntax tree (SAST).

�� ���� ���� ���6�$�6�7�����V�D�V�W���P�O�����Z�U�L�W�W�H�Q���E�\���5�L�F�K�D�U�G���&�K�L�R�X���D�Q�G���<�X�Q�K�H���-�R�K�Q�����: �D�Q�J��
The SAST is very similar to the AST, with most of its nodes structurally similar to those of the AST.

However, the SAST contains types that are assigned to the expressions evaluated by the semantic

analyzer. The SAST is used by the IR generator in the creation of the intermediate representation of

the SPWAG source code.

�� ���� ���� ���,�5���J�H�Q�H�U�D�W�R�U�����L�U�J�H�Q�H�U�D�W�R�U���P�O�����: �U�L�W�W�H�Q���E�\���<�X�Q�K�H���-�R�K�Q�����: �D�Q�J���Z�L�W�K
�F�R�Q�W�U�L�E�X�W�L�R�Q���I�U�R�P���$�I�W�D�E���. �K�D�Q��
The IR generator takes in the AST and SAST structural forms of the SPWAG source in order to develop

a concrete hierarchical structure for the compiled output, conducive to a straightforward conversion to

HTML with appropriately defined CSS  (see IR.ml for more information). Additionally, the IR Generator is

responsible for resolving static function references in the code (resolved into static CSS and HTML

references), such that they can be determined at compile-time, as opposed to dynamic functions,

which are evaluated during runtime via javascript.

�� ���� ���� ���,�5�����L�U���P�O�����: �U�L�W�W�H�Q���E�\���<�X�Q�K�H���-�R�K�Q�����: �D�Q�J���D�Q�G���/�D�X�U�H�Q���=�R�X��
IR stands for “immediate representation,” and serves as the mid-way data structure that exists

between the SAST and the compiled HTML, CSS, and JavaScript. The IR is a hierarchical record that

represents each element, each of its respective child elements, and its applicable style attributes.

Much of the IR is very much a one-to-one correspondence to the compiled CSS and HTML, since they

both possess a roughly identical hierarchical structure. The dynamic function calls and function

definitions from the SAST are the only function calls and function definitions left in the IR. These

dynamic functions are to be interpreted by the compiler and compiled into JavaScript.
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�� ���� ���� ���&�R�P�S�L�O�H�U�����F�R�P�S�L�O�H���P�O�����: �U�L�W�W�H�Q���E�\���/�D�X�U�H�Q���=�R�X��
The compiler takes the IR and translates it into HTML, CSS, and JavaScript. The compiler is the last step

in the process and produces one HTML file with the CSS and JavaScript embedded at the end. The

compiler is passed a list of slide components with element components embedded in lists within them

as well as a list of dynamic function definitions. The compiler iterates through the list of slides and

their respective elements (with their respective elements and so on) three times; the first time to

abstract out the CSS, the second time to parse out the HTML, and the third time to abstract out the

on-click and the on-press functions into the JavaScript. In order to assist with cross-browser

compatibility and ease of object manipulation, jQuery is the preferred library in the compiler. Any

getters and setters translated into JavaScript use jQuery syntax. The function list is then also translated

into JavaScript so that other methods can call them.

�� ���� ���� �� ���6�S�Z�D�J���P�O�����: �U�L�W�W�H�Q���E�\���$�I�W�D�E���. �K�D�Q�����<�X�Q�K�H���-�R�K�Q�����: �D�Q�J�����D�Q�G���/�D�X�U�H�Q���=�R�X��
Spwag.ml serves as the top-level program, providing the executable entry point to the SPWAG

compiler after it has been compiled, and distributing tasks to the individual compiler modules

according to execution flags specified by the user.

6 Test Plan
Throughout the process of writing the compiler, we used various testing methods to test our

programs. For testing the scanner, parser, and AST, we had raw SPWAG source code to feed into the

programs. For IR generator and compile, we created data structures of the IR and of the SAST to feed

into their respective programs. These code snippets can be found in the test folder of our project.

Besides the small test cases that we used to debug our code, we created four test cases for the

SPWAG language. Below are the four test cases created for this language. These test cases

demonstrate the various features of SPWAG. To execute these test cases, we wrote a bash script

called testcases.sh which ran all the test cases or ran a specific test case if given a specific test case s

a command line argument.

�� ���� ���7�H�V�W���&�D�V�H�V

�� ���� ���� ���K�H�O�O�R���Z�R�U�O�G
hello-world is the most basic test case. As seen in part 2, this test case includes just one slide with a

text box and an image. There are no custom components, custom attributes, or functions. The SPWAG

output is a one-slide presentation, which means that the next and prev key bindings and general

functionality are disabled.

�� ���� ���� ���R�Q�H���I�L�V�K���W�Z�R���I�L�V�K
one-fish-two-fish is a test case similar to the hello-world test case. In this test case, there are multiple

slides, which means that the next and prev key bindings and hover clicks are enabled for all slides that

have a next, prev, or both. This test case also uses custom components. The two different custom

components in this test case are poem-text-box and fish-box. Poem-text-box is a component that

adds padding and centers the text in a box. Fish-box is an image of a fish with a custom background
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color so that the fish can change colors. The significance of this test case is to test custom components

without worrying about interference from functions.

�� ���� ���� ���S�U�H�V�H�Q�W�D�W�L�R�Q
presentation is a test case that combines the use of custom components and attributes. presentation

uses several different functions to define global colors and different custom components to define a

simple and flexible template for the entire slideshow. This presentation also features a

changebackground() function which changes the background of slides and components when invoked

by an on-click(). This presentation was used to demonstrate the final project to Professor Edwards,

highlighting SPWAG’s powerful ability to generate elegant, dynamic presentations without overhead

or additional software.

�� ���� ���� ���I�L�Y�H�U

7 Lessons Learned
�� ���� ���/�D�X�U�H�Q���=�R�X
During this project, I learned valuable skills on how to work with a team. At first, I was hesitant to

work with multiple people since I already had an idea of what kind of compiler I wanted to write in

mind and I wanted to write the compiler own my own time. I was surprised at how accepting my

group was to take on my idea for writing a compiler that compiled to HTML, CSS, and JavaScript, but I

was even more surprised at how fast my simple idea of writing small compiler that created a one

page web application turned into a monstrosity that was supposed to handle practically every edge

case. I was a little overwhelmed by the language designs that my group came up with, but at the

same time, I was happy that others were able to build off of and improve upon my ideas.

I anticipated that it would be a challenge to meet up on a regular basis, since I had a really busy

schedule. Looking back at the semester, I wish that we had actually kept to the meetings that we

scheduled at the beginning of the year. At the beginning of the year, I thought we had a lot of time

and entertained the idea that we could complete the entire project during reading week. By reading

week, I regretted not having completed a majority of the compiler ahead of time.

I also struggled with the steep learning curve for OCaml. I was really confused by all the different

formats and the different ways of compiling various OCaml files. I didn’t really have a strong grasp on

the connection between the scanner, parser, abstract syntax tree, and the main executable. It wasn’t

until I was halfway done writing compile.ml that I started appreciating OCaml’s laconic syntax. I think

that I wrote compile.ml in a semi-object-oriented way since I was so used to programming in Java.

There were many times during this assignment when I wished that I could have programmed the

entire compiler in Java.

My advice for future teams is to start early and really try to learn OCaml’s weird quirks before

attempting the compiler. I wrote a lot of small programs before I felt comfortable with writing

compiler files in OCaml. There aren’t a lot of OCaml examples on the internet, so a lot of learning
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OCaml was trial-and-error. I think that it’s crucial to be comfortable with OCaml first before writing the

compiler.

�� ���� ���$�I�W�D�E���. �K�D�Q
During the development process of this project, I learned not only a great deal about programming

languages, programming techniques, and development methodologies and approaches, but also

gained much experience  contributing to collaborative,  practical, large-scale development projects

according to a strict timelines.

From the very outset, this project was an exercise in familiarizing oneself with the unfamiliar. Not only

did it require learning a great deal about Computer Science theory, it required concurrently learning

an entirely new programming language and it’s associated functional paradigm in an extremely short

period of time, which, having had most of my previous programming experience in procedural

languages such as C or Java, was extremely unfamiliar to me. As a result, I was forced to quickly

develop a working understanding of functional programming, which allowed me to consider methods

of problem solving that would previously have been inaccessible or undesirable. Additionally, while

OCaml proved to be extremely difficult to learn, it was an effort rewarded by promising and exciting

results, adding another area of experience to my professional toolbelt. Finally, as the only group

member that programmed portions of the SPWAG compiler not only in OCaml, but in C as well, it was

fascinating to me to see how such different languages (in terms of both approach, methodology, and

implementation) were able to link cleanly into a single executable. I’d heard of different languages

being linked into executables concurrently in large-scale development projects, but having had minimal

experience in such implementations, this provided me an opportunity to experiment with linking and

the compilation process first-hand.

This project also served as a major learning experience in terms of working collaboratively in teams in

order to coplete project goals. Attempting to reconcile our differences and come to an agreement on

a fixed set of functionalities and objectives for our language  proved to be not only one of the most

challenging parts of this project, but was also among the most enjoyable and enriching. Through my

many conversations with my teammates, it would always be an interesting to see what new issues or

design considerations they had conceived, as they were almost always ones I had either overlooked,

or were interpreted in different ways. This strength also proved to be a weakness, however, as

excessive time was spent debating minutiae of the project, rather than beginning our implementation

process, and letting  the optimal design solutions take shape organically in the process.

Ultimately, it is clear to me that if anything would have been useful to facilitating the completion of

this project, it would have been having more time in order to work. Because of each individual’s prior

commitments, schoolwork, etc, combined with the rapid pace of this course,  It was often difficult to

coordinate with group members to find enough mutually agreeable meeting times, resulting in many

potential lost hours of work. Additionally, it would have been extremely useful to have a prior

working knowledge of OCaml before beginning implementing the code. Much time was spent trying

to decode and debug the workings of this foreign language, in some cases, preventing measurable

progress on the actual project itself from being made.
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�� ���� ���<�X�Q�K�H�����-�R�K�Q�����: �D�Q�J
It was very interesting to work on a large scale project with a team, and certainly one of the first

times I’ve had such an experience for a class project. Overall, working in a team is fun, as outside the

classroom setting, communication, cooperation, and working off of each other’s strengths is crucial.

After all, the most awe-inspiring things are mostly completed by the work of many.

That said, there were things we’ve done correctly, other things we need to improve upon. I felt we

did a good job with matching people to what they were most familiar with. For example, Lauren was

better on the front end (ie compiler) since she was more intimately familiar with html/css/js than the

rest of us, Richard had more experience debugging and so worked on the semantic analyzer, I am the

most detail oriented, and so ended up writing the bulk of irgenerator etc.

On the other hand, I felt like we could have budgeted our time on this project better. I remember our

first few meetings spent on arguing about what to include and what’s more user friendly, and what’s

more stylish (There’s a reason SPWAG is swag with a P). But, in hindsight, we should have asked

ourselves more often, “Is implementing this feature as such going to work?” We had to make so

many changes to our design decisions while implementing because we realized that those just won’t

work. That certainly harmed the remaining time we had for testing.

Overall, if anything, this was worth it for the experience and the lessons learned.

�� ���� ���5�L�F�K�D�U�G���&�K�L�R�X
As the leader of the project, I gained invaluable experience from our SPWAG project. First, I added a

new programming language (OCAML, to a certain extent SPWAG) to my repertoir of languages. I

remember from the first homework assignment being absolutely confused by the novelties of

functional programming, but as the semester went on and the time I spent on the project increased, it

all started to make sense. Despite its very vague syntax error notification, OCAML is really good with

its strong type checking. Moreover, hours of testing and debugging OCAML programs has made me

really familiar with OCAML syntax. Personally, I feel that’s the only way for newcomers to functional

programming to learn: through trial and experience.

Aside from functional programming, I finally got the experience of working with a group on a

large-scale project. I personally thought we did a good job of having regular meetings (at least three

hours once a week, sometimes even twice) during much of the semester, but I will attest that we

could have been much more efficient. As one can imagine, there was a lot of arguments over design

philosophies and issues, which is fine, but it needs to be supplemented with written code. Without

actually writing the files, there’s no real way to come to final conclusions about how our AST should be

structured, and at some point, design decisions need to be fixed. Unfortunately, we recognized some

potential pitalls far too late, which made some parts of the compiler much longer and more complex

than it needed to be. If I could repeat the process, I would initiate the development phase much more

quickly, and have everyone start on individual assignments much sooner instead of having the entire

group decide on every facet of SPWAG. At this level, I think it’s fine for one person to exercise
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judgment on his or her specific part of the code.

That being said, the team was clearly enthusiastic about the project, and that’s super important. If you

truly enjoy what you work on, you will be motivated, and you will feel absolutely great when you

finish. How many other groups have a language that can be used for both teaching and playing

games? Even better, how many people coded their final presentation in their actual programming

language, and had it work? For our group, both answers are yes.

�� ���� ���$�G�L�W�\�D���0�D�M�X�P�G�D�U
First, some of my thoughts regarding team communication and organization - for the first two months,

weekly meetings are an absolute must. The majority of our group optimistically believed that 2 or 3

straight weeks of solid work at the end of the semester would be enough to pull off this project, but

that is absolutely the worst mindset to take toward this project, and this nonchalant attitude

prevented us from being able to complete the project because we just could not meet early enough

to make decisions. When you’re still trying to nail down the details of your language and write the

Scanner/Parser/AST, all of the group members need to be available - without everyone present, the

team will be unable to effectively communicate their ideas and finalize those important decisions. I’m

not sure how easily we could’ve avoided this because we literally had about 1 hour a week on

average when all 5 of us could meet, and we failed to come to decisions within those time periods.

Our downfall was that we were still changing details in the last week or two, meaning splitting up the

code was a challenge, and this just made us extremely inefficient overall.

On the bright side, this was a good project to learn a new programming paradigm, begin to uncover

the wonders of OCaml, and also get a good intro to the types of decisions you have to consider and

make when designing something as large and complicated as a programming language. I highly

recommend that future students force their teams to meet as often as possible, as early as possible

during the semester no matter how much it seems like you can put this off until later - the truth is, you

just can’t. Read up on OCaml tutorials as much as possible, because you will see some crazy errors and

constructs that you won’t understand for a while, but as you see them over and over again, will lead

you to similar solutions in most cases. Furthermore, if you’ve never tried pair programming before,

this is a good project to try it with (if you have enough team members, that is). Working with

someone else on the same piece of code at the same time is great, especially in OCaml, because both

people have approximately the same familiarity with the language, so you can both contribute your

ideas of how to solve a specific problem, as well as catch small errors and bugs as you work together.

8 Appendix
�” Attach a complete code listing of your translator with each module signed by its author

�” Do �[�]�j include any ANTLR-generated files, only the .g sources.

�� ���� ���0�D�L�Q���6�3�: �$�*���/�D�Q�J�X�D�J�H���&�R�P�S�L�O�H�U���)�L�O�H�V

�������������S�U�H�S�U�R�F�H�V�V�R�U���F
���
���$�X�W�K�R�U�����$�I�W�D�E���. �K�D�Q���
��
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���
���5�H�D�G�V���6�3�: �$�* ���V�R�X�U�F�H���I�L�O�H�V�����Z�L�W�K�R�X�W���F�X�U�O�\���E�U�D�F�H�V����� �̂ �̀������I�U�R�P���6�W�D�Q�G�D�U�G���,�Q
���
���D�Q�G���L�Q�V�H�U�W�V���F�X�U�O�\���E�U�D�F�H�V���D�V���D�S�S�U�R�S�U�L�D�W�H�����3�U�H�S�U�R�F�H�V�V�H�G���6�3�: �$�* ���F�R�G�H���L�V
���
���U�H�W�X�U�Q�H�G���W�R���F�D�O�O�L�Q�J���2�&�D�P�O���I�X�Q�F�W�L�R�Q���D�V���D���6�W�U�L�Q�J��
���
��

���L�Q�F�O�X�G�H���� �V�W�G�O�L�E���K�!
���L�Q�F�O�X�G�H���� �V�W�G�L�R���K�!
���L�Q�F�O�X�G�H���� �V�W�U�L�Q�J���K�!
���L�Q�F�O�X�G�H���� �U�H�J�H�[���K�!
���L�Q�F�O�X�G�H���� �V�\�V���W�\�S�H�V���K�!
���L�Q�F�O�X�G�H���� �F�D�P�O���D�O�O�R�F���K�!
�������L�Q�F�O�X�G�H���� �F�D�P�O���P�H�P�R�U�\���K�!
���L�Q�F�O�X�G�H���� �F�D�P�O���P�O�Y�D�O�X�H�V���K�!

���G�H�I�L�Q�H���%�8�)�B�6�,�=�(����������

���Y�R�L�G���D�G�G�1�7�D�E�V���L�Q�W���Q�����F�K�D�U���
�G�H�V�W�L�Q�D�W�L�R�Q���^
�L�Q�W���L��
�I�R�U�����L��� ���������L���� ���Q������ �� �L���^

�V�W�U�F�D�W���G�H�V�W�L�Q�D�W�L�R�Q��������������
�`

���`

���L�Q�W���L�V�6�S�H�F�L�D�O�6�\�Q�W�D�[���F�K�D�U���
�O�L�Q�H�6�W�U�L�Q�J�����L�Q�W���W�D�E�/�H�Q�J�W�K���^
�U�H�J�H�[�B�W���U�H�J�H�[��
�L�Q�W���U�H�V�X�O�W��
�����U�H�V�X�O�W��� ���U�H�J�F�R�P�S���	 �U�H�J�H�[���������G�H�I�L�Q�H�����_�����L�I�_�Z�K�L�O�H���>�
���
�@�
�?�����������5�(�* �B�(�; �7�(�1�' �( �' ����
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