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Reflection Based User Interface
Development

Dynamically Generated Configuration-based UI Elements with Example
Implementations Found in COG Pack™

Courtney J. Downs, Allen W. Dukes, Scott J. Duberstein



1.0 BACKGROUND

In Computer Science, the concept of reflection involves the process of using software to inspect
its own implementation, and gather insights into its structure (Sobel & Friedman, 1996). This
technique can be leveraged in a number of methods, to help understand the design, constructs,
and format of the layout and architecture of software components. Combining the concepts of
MVVM (The MVVM Pattern, 2012) and Data-driven decision making (Marr, 2016), may lead to a
more efficient implementation of controlling a complex software system. Herein, we describe
the use of reflection-based techniques, to streamline and simplify the layout of Ul components,
based on the internal structure of data-types resident in the Cognitive Operations Gear (COG)
Pack architecture (Dukes, et al., 2019).

2.0 WHAT IS REFLECTION BASED Ul, AND HOW MIGHT IT BE USEFUL?

A reflection based User Interface (Ul) is one that is capable of creating its own layout and
deciding which interface components are required for the task at run time. This is a different
approach from traditional Ul generation. Traditionally, Ul is developed in advance of its use,
based on assumed user requirements and workflow. A reflection based Ul takes an alternate
approach by observing the properties of specific software defined data-types, and generating
Ul elements in response. This different approach is very important as it may significantly speed
up the front-end development of an application by removing the need to program every
interface by hand in advance.

3.0 DATA-TYPE MAPPINGS

The first step to creating a reflection based Ul is to create a list of rules and concepts that the
application leverages to map data-types to interface components. Table 1 describes a starting
point of simple rules that could be used for an application to generate its own Ul components:

Table 1 - Data-type Mappings

Datatype User Interface Component
String(] List<Check Box>

String Edit Text<String>
String<Object>() List<Custom React Component>
Integer Edit Text<Integer>

File Path Directory Navigation Button
Boolean Toggle Button/Check Box

COG Pack leverages JSON as a simple data-exchange format to implement this rule chart. Figure
1 is an example of JSON data and the interface components that can result.
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JSON Interface

Components
{
“Age": 27,
"BMW", _
"Ferrari", Cars: BMW
"Lexus" Ferrari
] Lexus
}

Figure 1 — Simple Interface Elements Derived from JSON

The JSON data provide to the application will need to either contain Sample Data (as shown in
Figure 1) or have Labelled Data Types. None of the fields in the JSON are allowed to have null
values. These requirements allow the application to assign interface components based on
datatypes in a very straightforward way using the JavaScript method called “typeof” along with
the programmed rules listed above in Table 1.

Additional JavaScript reflection based methods useful in parsing the JSON data and generating
interface cards are shown in Table 2:

Table 2 - Additional Javascript Reflection Methods

Method Use case Return value
Array.isArray() Array.isArray({Cars: [“BMW”, “Ferrari”, “Lexus”]}) true
Object.keys() Object.keys(JSONFromFigurel) [“Name”, “Age”, “Cars”]

4.0 IMPLEMENTATION

The COG Pack Dashboard currently leverages the React.js framework (Gackenheimer, 2015).
React.js defines all reusable Ul elements as components. Derivatively, COG Pack describes the
dynamic cards created through reflection as a Dynamic Sensor Component. This component
interprets the data from a given configuration file or string (Dukes, Duberstein, & Rommel,
Cognitive Operations Gear (COG) Pack(TM) API Specification, 2020) and populates itself with
related interface elements using the mappings as defined in Table 1. The main classes involved
in this process are listed and described in Table 2.
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Table 3 - Dynamic Sensor Component Classes

Class Name Class Purpose

App.js Parent class containing the Tab Menu
component

TabMenu.js Child class that contains the Dynamic Sensor
Components

DynamicSensorComponent.js | The React component that can automatically
populate its Ul elements.

The diagram in Figure 2 explains the flow of JSON data through the user interface and each
class's responsibilities that generate the interface components.

Index.html TabMenu.js

Calls all RESTful functions required to  Renders the home screen Spawns Ul cards that
start the interface. This includes of the application. Also, allow users to enter
[AvailablePlugins and passes along passes along JSON results data for configuring
the results. from /AwvailablePlugins Sensors. Also, passes

along JSON results from
/AvailablePlugins

DynamicSensorCompoent.js

A

Utilizes JSON results from /AvailablePlugins
and rules from Table 1 to render a Ul card
containing proper elements for the desired
Sensor

Figure 2 - User Interface Data Flow

4.1 Leveraging the RESTful COG Pack Implementation

A description of the data-types provides the required information to populate the Dynamic
Sensor Component Ul elements. Additionally, a process to query this information requires
implementation. The COG Pack Dashboard leverages the RESTful implementation functionality
found in COG Pack (Duberstein, Dukes, Blackford, Downs, & Rommel, 2020) as outlined in the
following sections.
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4.2 Available Plugins

Executing the AvailablePlugins REST/GET command, http://localhost:8088/AvailablePlugins,
returns a data packet composed of a JSON string value. This value contains a list of
with their respective properties. Figure 3 displays an example of this data.

"Sensors": [
{

"SignalHandlers": {
"OnSignalReceived":

s

"SensorConfiguration™: {
“Emulation”:
“DeviceCount™
"SampleRate": 9,
"PlaybackFile™: "",
"Signals™: [

“SensorNam

“Sensor
"ComputerN
"Location":

"Emulation™:

"SampleRa : 0.0,

"PlaybackFile": "",

"Signals": [ "Signals": [
15
"SensorName s — N
“Sens anutacturerame
"ComputerName™: p "SignalName": "Hea
Location™: "Description”: "",

"Enabled":

Figure 3 - JSON and (s) Object Data

4.3 Dynamically Populating Available Sensors

Upon instantiation, the COG Pack Dashboard first executes the “ReactDOM.render” function
inside of index.html which then performs the call to /AvailablePlugins. App.js receives these
results via react component props, then passes the results to TabMenu.js class also via
component props. TabMenu.js uses this data to populate the list of available that a
user can assign to a participant, as shown in Figure 4. TabMenu.js eventually passes the results
from /AvailablePlugins to the Dynamic Sensor Component.

Figure 4 - Dynamically Populated Buttons

4
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4.4 Dynamically Populating Individual Sensors

The configurable properties of each Sensor in COG Pack is described in the JSON data returned
by the AvailablePlugins call. TabMenu.js references that JSON data to create the Dynamic
Sensor Card for each Sensor, resulting in the creation of a Dynamic Sensor Component.

4.5 Dynamic Sensor Component

The Dynamic Sensor Component is the COG Pack implementation of the React.js component
that manages the interface element generation. This Component will use the logic from Table 1
to automatically create Ul elements based on the datatypes from the data that is passed into its
parameters. A function inside of TabMenu.js will create the Dynamic Sensor Card objects and
pass them the required parameters.

The most important parameter that will be passed into this component will be the sensor
configuration JSON string for the given sensor type (example JSON data shown above in Figure
3). That value will be passed as the “parent State” property. It will be used to keep track of
changes that are made through the interface for that specific sensor.

4.6 Adding Card Functionality

Having explained the process of generating Ul elements, adding functionality is the next step.

After creating any Ul component of a specific type, a function is assigned that specifies what
happens when manipulating the component (clicked, checked, text value adjusted, etc.) React
accomplishes this by assigning functionality to the components property for onClicked() or
onChange(). Passing an appropriate function to either of these parameters will need to adjust
the component's "state" (list of local variables) with the same title as the adjusted value.
Example:

After interpreting the Sensor's JSON configuration string and determining which of the fields
match the conditions in Table 1 for a CheckBox, the proper Dynamic Sensor Component would
trigger a function similar to the one in Figure 5. The purpose of this function is to add a check
box to the proper interface component.
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his.addCheckBoxElement = (fieldName) {

cboxes = [...this.state.checkBoxSection];

cboxes.push(
Checkbox
label={farticle]}
key={index
style={checkBoxStyle
defaultChecked={false}
onClick={(event) => this.updateCheckBoxes(event, fieldName)) )

Figure 5 - Add CheckBox Element Function

Each value type (Check Box, Edit Text, Button, etc.) will have a corresponding function. These
functions will update the state variable of the current component using the first argument as
the property identifier:

Ex. onChange( updateString(“Sensor ID”) )

Ex. onClick( updateStringList(“Signals”) )

The creation of a 'Check Box' component for a property requires implementing its onChange()
event handler. This event handler executes when that specific check box is accessed. Figure 6.

this.updateCheckBoxes = (event, fieldName) => {

let tempCopy = [...this.state.configurationFile[fieldName]];

index = tempCopy.indexOf(event.target.value)
tempCopy[index].Enabled = !tempCopy[index].Enabled;
this.state.configurationFile[fieldName] = tempCopy;

Figure 6 - CheckBox onChange Event Handler
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The key element that allows this function to be dynamic is the ability to use the variable
‘fieldName’ as the key in the state variable object. This functionality is handy because the prior
function retrieves the value is only required to assign the value of the literal name belonging to
the JSON configuration item from the given Sensor.

4.7 Resultant Ul

The end result of the previous steps is the creation of a Ul based primarily on the data-types
that require editing and manipulation. This helps a developer manage the elements of a plug-in
based architecture. This formulation creation of a Ul by a developer can also benefit the user,
through facilitating a common look and feel for independent software packages that may share
common attributes. This common look and feel can be seen in both the Ul User’s manual
(Downs & Dukes, 2020) and the Sensor Setup video (Downs, 2020).

5.0 CONCLUSION

The design concepts and processes found in this style of reflection-based Ul generation serve as
an example of creating dynamic user interfaces and expand upon the MVVM pattern. While still
following the concepts of separating the Ul controls from the business logic, reflection-based Ul
creation may be an additional step into providing a unique Ul design concept. Referencing the
underlying data-types allows the application of data-driven design concepts, and may provide
an overall faster response to evolving requirements than the typical reliance on hand-jammed
knee-jerk Ul development.
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LIST OF SYMBOLS, ABBREVIATIONS AND ACRONYMS

COG Cognitive Operations Gear

ul User Interface
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