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1 Abstract

Over the past several years Professor Ico Bukvic has been developing his own extension

to the visual programming language of Pd, called Pd-L2Ork. This software was designed to

take the functionality of Pd, a computer music programming software system, and apply it to

Virginia Tech's Linux Laptop Orchestra, or L2Ork. Since 2010, it has been used extensively in

education, research, and production. Another product of this research is the K12 mode that

Pd-L2Ork has more recently introduced with the help of a prior CS Capstone Team[1]. K12

mode is targeted specifically at beginners, to introduce sound programming and design, as well

as for elementary to high-school students.

Our team's job was to expand on this existing software in two distinct ways. The first

way we expanded the software's functionality is through the implementation of object tooltips.

Since Pd-L2Ork is a visual programming environment, the objects you create in it take up

physical space and can be hovered over. Each object (or patch) has a series of inlets and outlets

that can be used to pass data into an object and receive output from an object, respectively.

Each of these inlets and outlets require specific types of data to be passed into them for

different uses. You might call the values passed into inlets parameters to a function/method.

Consequently, you might call the values received through the outlets of an object the return

value of a function/method. The way that the programmer identifies what needs to be passed

into each inlet and what is received through each outlet is through tooltips. Hover over one

of these inlets/outlets to view the object's tooltips, which describes the type of data the inlet

needs and what the data should describe.

Our team's task was to take the descriptions of each object's parameter(s) and return

value(s) from the object's documentation and create tooltips for each object in every patch.

This task was composed of two parts: tooltips for an object itself and tooltips for inlets and

outlets of every object. In order to accomplish the first part, we take the description of the

object out of the index and attach it as a title tag to the particular object. For the second part,

we needed to parse in the information of the inlets and the outlets of the objects from the index

and also attach it as a title tag to the particular inlet or outlet. The deliverable for this task

was a merge-able code branch with code to enable this feature, which we gave our client access

to.

The other task of our team was to integrate a button that moves a Pd-L2Ork patch onto a

web browser. This first involves compiling the original Pd-L2Ork code (written in C) to Web
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Assembly through a tool called Emscripten[2]. This took up the majority of our time because

of the large code base and many errors found by the Emscripten compiler that needed to be

corrected. Once we edited the code base to make it Emscripten compatible and compiled it, we

included the generated JavaScript file in our front-end code and linked the audio back-end to

the front-end on the browser. This was a difficult task, but our team gained valuable insight

from similar examples in PdWebParty[3] and Purr-Data [4]. In order to accomplish this task,

we performed the necessary research to begin implementation, solved problems through file

comparison and classic debugging strategies, and we asked Dr. Bukvic for help promptly when

we needed it. The deliverable for this task was a button that could gather up all necessary

files to display a patch current in Pd-L2Ork onto a web browser. We did not complete the

work needed for this deliverable, but have provided documentation (in the sections for the

Developer's Manual and on Future Work) regarding what has been done by the team, and

what can be done by future teams to reach this deliverable.
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2 Introduction

Pd-L2Ork is an open-source software system designed for real-time interactive multimedia

performances. This environment is largely based on the Pure Data (Pd) language and developed

by our client, Dr. Ivica Bukvic. This powerful tool is used by a diverse range of people from

professional musicians to educators and students. Virginia Tech's Linux Laptop Orchestra,

L2Ork, is one of the many organizations and individuals that make use of the real-time audio and

visual processing features to create unique and innovative performances for their audiences.[5]

Pd-L2Ork has a GUI that provides non-programmers with a usable environment for creating

different sounds and manipulations. In the Fall 2022 semester, a K12 mode was implemented

to help new users better understand how the tool is used.[1] Usability is a primary goal for the

developers of Pd-L2Ork, so for this project we aimed to continue working toward this goal by

implementing object tooltips and a web browser button.

2.1 Objectives

The primary objective of this project is to improve overall usability of this tool and build

upon the pre-existing code to further Pd-L2Ork's goal of providing a usable environment for

creating different sounds.

2.2 Deliverables

Our first deliverable is implementing tooltips so a user can hover over an object and obtain

information on that object. We also plan to implement a web browser button which will allow

users to export an existing patch that they've created in Pd-L2Ork to use in a web browser.

2.3 Client

Our client is Professor Ivica Ico Bukvic, who is the founder and director of the Digital

Interactive Sound and Intermedia Studio (DISIS) and Linux Laptop Orchestra (L2Ork). His

principal areas of research include Immersive Audio, Sonification, New Interfaces for Musical

Expression, Recontextualizing STEM K-12 Education, and Arts + Health.[6]
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2.4 Team Members

Our team consists of Drew Bowman, Lily Khochareun, Ethan Springs, and Sahar Farzaneh-

pour.
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3 Requirements

Our client Dr. Bukvic had two main tasks for our team to complete:

1. Tooltips

2. Web Browser Button

Both tasks focus on improving the usability of Pd-L2Ork as a whole. The end goal is to create

a patch containing both tasks that can be cleanly merged with the main Git[7] repository.

3.1 Tooltips

The objective of this task is to develop a feature that provides information on a particular

object by hovering the mouse over it. All the relevant data is already present in the database,

and our task is to devise an algorithm that facilitates the transfer of this data. To accomplish

this, an engine must be created that extracts metadata and appends it to the tooltip. Although

parsing the information is mostly complete, an index argument must be incorporated.

3.2 Web Browser Button

This feature will give users the ability to export patches created within Pd-L2Ork to an

external internet browser. The goal is for this functionality to be seamless for the user, only

requiring the click of a single button. To accomplish this, we must carefully merge and edit

existing code from various branches of Pd-L2Ork into the main Pd-L2Ork source code. Initially,

we will attempt to execute this functionality in Emscripten, which is a comprehensive toolchain

for WebAssembly[2]. Subsequently, we will run it in PdWebParty, and ultimately, integrate the

implementation into the Pd-L2Ork code base.
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4 Design

After our team understood the requirements at hand, we outlined our design plan for the

tooltips and web browser button. We created two graphics, shown in Figure 1 and Figure 2,

that break down the two major tasks into smaller sub tasks.

4.1 Tooltips Design

Figure 1: Design for tooltips functionality

4.2 Web Browser Button Design
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Figure 2: Design for web browser functionality
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5 Implementation

5.1 Tooltips

This task was composed of two different parts: the tooltips for the whole object and the

tooltips for inlets and outlets of every object (see Figure 3) This would allow users to hover

over an object whence a description of the object is displayed, and also hover over an inlet or

outlet whence a description of the specific inlet/outlet is displayed.

Figure 3: The difference between inlets and outlets.

The first step to start the implementation was to figure out what files we needed to edit.

Our main focus was on a JavaScript file (pdgui.js) which takes care of displaying and also a C

file (g_text.c) which takes care of parsing documentation and storing the data. We started by

studying these files to better understand the creation of objects as a whole. After this, we hard-

coded some tooltips, shown in Figure 4, in the HTML using the developer tools of Pd-L2Ork

to better visualize the final product of the tooltips implementation.
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Figure 4: A manually added title tag.

For the first part, tooltips for the whole object, we edited the gui_gobj_new function by

adding a parameter to pass in the name of the object. From this, we were able to edit some

files on the back-end (g_text.c) to pass the name of the object to the front-end. This allowed

us to search the index with the name of the object to find the description of the object. An

index contains multiple fields that help identify the object (see Figure 5). For the purposes of

this part of the task, we only use the title and description fields.
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Figure 5: Index fields.

The parsing of the index was already done for us, so we were able to easily search for the

description to set the contents of the title tag and attach the title tag to the object. In addition

to searching the index, we also added another attribute to the object called "obj_text" which

holds the name of the object. This is used later for the inlet/outlet tooltips.

Figure 6: Code that adds the title attribute to the object.

Figure 6 shows this process. We first create a title element and search for the "tipFirstArg"

(name passed in from the back-end) in the index. The variable "t" contains an array of all the

objects that contain the "tipFirstArg" as the title. We only use the first element of this array.

Variable yyy is set to the index of the specific object. We set the title content to the description

from the index. This process added a title tag to all objects at creation time. As is shown in

Figure 7, when a user hovers over the object, the description is shown.
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Figure 7: The correlation between the META file and the hoverable tooltip.

The second part of this task was more challenging since the parsing was not done for us.

For this we had to edit the index to handle another attribute for inlets and outlets. In Figure

5 we added another field to the index called index_outlets. To set this attribute, we had to

parse the pd help files for all the inlets and outlets using a regular expression (regex) shown in

Figure 8.

Figure 8: Regular expression to read inlet/outlet lines from the pd help file.
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Figure 9: pd help file for the object numbox2.

In Figure 9, boxed in red is the line that the regex matches with. After parsing, we stored

them in a pipe separated string with each inlet/outlet pre-pended by an IX/OX where the first

character indicates whether it is an inlet or outlet and X indicates what number it is (nlet_id).

This value was set to IN/ON if there can be a user-defined amount of inlets and outlets. We
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did this by looping through all the matches found from the regex in Figure 8, and adding the

nlet_id to the beginning of each element, and a pipe after each element, and adding this string

to a resulting string.

Figure 10: Code for prepending the nlet_id and appending a pipe to each inlet/outlet element.

This loop is shown in Figure 10, where the resulting string is called "res" and a picture of

the resulting string is shown in Figure 11. This string was then added to the index to allow for

a fast way to search for a specific tooltip for the inlet and outlet. After this, we had to rebuild

the index to update the contents of the search.index file (see Figure 28).
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Figure 11: The console after calling a console.log on res from Figure 10.

From this, we edited the gui_gobj_draw_io() function which is where the inlet and outlet

rectangle shape is being created. Setting the contents of the title element required multiple

steps. First we had to search the index for the object, as in the first part. This time we search

the index with the "obj_text" attribute we created earlier which was set to the object name.

Then, using another regular expression, we parsed the string from the index by pipe, storing

this into an array. This is shown in Figure 12, where the text highlighted in blue indicates what

the regex matches with.
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Figure 12: Regex for getting the text between pipes.

We first begin by looping through the array of inlets and outlets from the index and checking

for the nlet_id's of the form I followed by a number or O followed by a number. Then we set

the title attribute to the corresponding tooltip in the array that we made. After this, if the

title attribute is still empty, we check if the inlet/outlet is user-defined. To handle this, we loop

through the same array of inlets/outlets, and check for IN/ON, and set the title attribute to

everything after the space in the specific element in the array. If the title attribute is still empty

after this, then we set the title attribute to "no tooltip available." Then, similar to the first

part, we attach the title tag to this newly formed rectangle object.

Figure 13: Example of an object with a user defined amount of inlets with tooltips.
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In Figure 13, we show an object that can have an N number of inlets. This particular object,

pack, allows a user to pack all the inlets into one outlet. In this example, the user is packing

the five 0's. The user is currently hovered over the second inlet, shown by the highlighted black

rectangle in Figure 13. Similarly to the example in Figure 7, the tooltip for this specific inlet

appears.

Figure 14: pd help file for the object in Figure 13.

In Figure 14, we confirm that the tooltip for that specific inlet is correct. In this case, since

there are a user-defined amount of inlets, the description of the inlet would be INLET_N which

is "float symbol pointer." This corresponds to the tooltip that the inlet is getting in Figure

13. Through this process, we were able to implement tooltips for most inlets and outlets. For

inlets/outlets that don't have a tooltip, we display "no tooltip available."

As we further progressed through our implementation of tooltips, we ran into multiple issues

with the inconsistencies in the naming of objects. For example, the toggle object was searching

the index with "tgl" instead of "toggle" which lead to no tooltip being displayed. Most of these
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issues were solved by passing the name of the object from the back-end to the front-end so we

were getting the correct name for the object for searching. In Figure 15, we call the front-end

function gui_gobj_new which is the function for creating new objects. At the end we added

two new variables(namebuf and buf) which pass in both the help name and name of the object.

Figure 15: Back-end call to the front-end for creating a new object.

We also added a new method called gobj_vis_gethelpname (see Figure 16). This allowed

us to easily get the helpname for the object wherever the function gui_gobj_new is called on

the back-end. This function takes in two arguments a "t_gobj" which is a pointer to the object

and a "namebuf" which helps store the resulting name. This function makes use of g_editor.c's

canvas_gethelpname function. If the object is a canvas object then the name is copied to the

resulting namebuf.
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Figure 16: gobj_vis_gethelpname function.

Upon further testing of our implementation, we realized we needed to edit the search index

again to add another field, "tippathname" (see Figure 17). For objects like K12_output, elas-

ticlunr [8], the search engine used to search through the index, wasn't able to find the correct

descriptions for the object. This was due to the backslash in the name that was passed in from

the back-end.

Figure 17: Adding "tippathname" as a field in the index.
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As a result we needed to added the "tippathname", which is the path to the help file with all

the backslashes replaced with spaces (see Figure 18). We added this field after the inlets/outlets

field in the search index.

Figure 18: Resulting search index with "tipppathname."

With this new field, we were able to edit the way we search for the objects with the tippath-

name. For example, K12_output would search the index for "K12 output" and find the relating

description there (see Figure 19). Minor changes to the inlet/outlet searching were edited to

reflect the same changes.
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Figure 19: K12/output tooltip.
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5.2 Web Browser Button Implementation

The first part of our task was research-focused. Knowing little to nothing about Em-

scripten[2] and WebAssembly, we looked into how the Emscripten compiler, emcc[9], did its job

of compiling C code into something a web browser could use. We also learned about some of

the limitations of Emscripten, which we will explain later in more detail.

Part of this research was looking through examples of people using Emscripten for similar

projects. Zack Lee was part of a larger project to compile Purr-Data[4], which is a fork of Pd-

L2Ork, with Emscripten. You can see what he created in Figure 20. In addition, we emailed Zack

Lee to gain further insight into how he managed this code transformation. Our team received

valuable insights on what steps we needed to take next, from him. We also examined an example

of someone compiling the original Pd software in Emscripten[9]. From these examples we gained

a basic understanding of what was required.
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