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This state of the art is part of a project that has received funding from the SESAR Joint Undertaking under grant agreement
No 699382 under European Union’s Horizon 2020 research and innovation program.

Abstract

This work is concerned with the end-user programming of reactive and autonomous systems.
The main objective of this state of the art is to collect and classify input, techniques and
innovative approaches coming from the fields that have conducted the more advanced studies
on the topic. The document includes an analytical survey pertaining to Integrated
Development Environments (Educational and Professional), Video Games, as they often
include various means of automation for the gamer, and Music tools that range from
preparation of scheduling of musical events to live, action-based sequencer during
performances. It also includes as much as possible considerations on interesting
representations of, and interaction with automation. The result contributes to the definition of
a common framework for the design of automated airport solutions.
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1 Introduction

1.1 Purpose and Scope of this document

TACO aims to define an automated system sufficiently powerful to both accomplish complex
tasks involved in the management of surface movements in a major airport and self-assess its
own ability to deal with non-nominal conditions. When needed, such system should be
sensitive enough to transfer responsibilities for traffic management back to the controller, in a
timely and graceful manner and in way that makes him/her comfortable with the inherited
tasks.

For graceful take-over, the system must be visible and understandable. One of the goals of
End-User Programming is to provide end-users with more visible and understandable means
of programming. This suggests that the mechanisms of the automation should be programmed
with and by the controllers. The document presents the work related to the end-user
programming of reactive and autonomous systems.

The purpose of this state of the art is not to choose a particular tool for use in TaCo. Rather,

its purpose is to gather some of the requirements and features devised by the authors of work
related to End-User Programming, and inform the design of TaCo. The specific requirements
of the TaCo project are investigated in the problem definition work package. However, the
project proposal defines a number of pre-requisites that can be expressed with these
requirements:

e The programming environment should be graphical, mostly with a 2D representation
e The programming environment should be amenable to ATC concerns.
e The programming environment should be usable by non-Computer Science specialists.

Due to the project’s scope and preliminary requirements, this state of the art is not
comprehensive. Rather, it includes older and recent works that pertain to End-User
Programming and that fulfill one or more of the previous requirements.

1.2 Deliverable Structure

This project is not the first of its kind in the ATC activity. The related work will thus discuss
some of the ATC projects (notably from SESAR) that include or are related to the
programming of automation. Nonetheless, as a TRL-1 project, it is still time to benefit from
completely external disciplines. Even if most of them are not devoted to safety critical
environments, studying these disciplines will enable us to gather fresh, innovative and
efficient features that will inform the design of the tools and scenarios for TaCo.
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Programming is often supported by so-called Integrated Development Environment. The
related work contains a review of some professional IDEs (especially those that are used in
the aeronautical industry). It will also include a review of IDEs target at education, since
those tools are often concerned with usability and learnability.

Video Games are also interesting for several reasons. Like ATC tools, videogames such as
Real-Time Strategy games use highly interactive graphics to enable gamers manage the
course of the game. They also often include various means of automation for the gamer,
during live action. Finally, many of them include an IDE to enable gamers to program
advanced behavior. They thus have requirements that are similar to ours.

Finally, music tools share much of TaCo’s concerns. Music tools range from preparation of
scheduling of musical events to live, action-based sequencer during performances. As a
pioneering discipline mixing programming and interaction, it has much to inform TaCo.

Most related existing states of the art include considerations on traditional way of
programming such as instructions or functions. The present state of the art is more focused on
the end-user programming of automation and reactive behavior. It also includes as much as
possible considerations on interesting representations of and interaction with automation.

1.3 List of Acronyms

ATCO Air Traffic Controller

ATM Air Traffic Management

ACDM Airport Collaborative Decision Making

IDE Integrated Development Environment

LOA Level of Automation

EUP End-User Programming

EUD End-User Development

EUSE End-User Software Engineering

SESAR Single European Sky ATM Research
Founding Members © - 2016 - Deep Blue, ENAC, MATS.
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1.4 Note

The opinions expressed herein reflect the author’s view only. Under no circumstances shall
the SESAR Joint Undertaking be responsible for any use that may be made of the information
contained herein.
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2 Motivation and Definitions

Automation is one of the key solutions proposed and adopted by SESAR to tackle the
challenges coming from the increase of capacity and complexity of the future ATM system. If
automation aims at substantially reducing controllers’ task load per flight through a
significant enhancement of integrated automation support, it also poses a number of usability
problems to their users.

2.1 Requirements for Automation and Usability

Levels of Automation (LOA) can be analyzed according to four information-processing
stages: (a) information acquisition, (b) information analysis, (c) decision making, and (d)
action, with each stage having its own LOA scale [24]. For stages (c) decision making and (d)
action, "Field studies and surveys have revealed the low sense of trust and substantial degree
of confusion that pilots have regarding the operation of [...] “opaque” systems [24]. [...] The
operator’s use of automation to control a simulated plant is related to his or her momentary
trust, which in turn is related to the type and frequency of faults. If operators’ confidence in
their own ability to control was greater than their trust in automation, they tended not to use it.
When the reverse was true, they tended to use automation."

The "opacity” mentioned in [24] is related to the absence of operator’s visibility on the
behavior of the program. Since the behavior is opaque, and so hard to predict, the operator
must blindly trust the automation. Consequently, they might prefer to directly control the
operation, instead of relying on difficult-to-predict automation. This mechanism leads to a
dichotomy in the usage of automation (all or nothing [28]), that prevents the advantages of
designing and implementing a flexible collaboration between user and automated solutions,
that includes different LOAs for different tasks. [27]

Hence, the visibility of the automation, its status, and its future evolution is important, as it
substantially affects the situational awareness of the user. In addition, visibility might help
operators recover a situation. When automation fails, operators must engage into a
Knowledge-based type of behavior, as opposed to Skills or Rules-based [26] that is typical a
nominal situation. This implies that operators gather information, make sense of it, understand
the causes and consequences and counter-act appropriately, leading to a substantial increase
of his/her cognitive workload. An important aspect of this problem-solving activity for the
operator is to have in mind the right conceptual model of the automation, together with a
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correct understanding of the status of the whole system [23]. Hence, visibility of the states of
operations and automation, joint to the visibility of the program, are of crucial importance.
End-user programming is a domain of computer science that is concerned with such property
of visibility of automatic behavior. The following sections describe what End-user
programming is, together with a number of related concepts.

2.2 Definitions

2.2.1 End-user programming

Programming is the process of planning or writing a program i.e. «a collection of
specifications that may take variable inputs, and that can be executed (or interpreted) by a
device with computational capabilities. » [17] As said before, automation relies on programs.
If programs must be visible as assumed above, end-user will manipulate them. This might
only consist in starting the program or stopping it. However, we envision more control of the
programs by the end-user, and any other type of actions on the program will modify it and can
be considered as programming.

End-user programming is defined as "programming to achieve the result of a program
primarily for personal, rather public use.” [17] End-user programming does not define skills:
“A number of connotations of the phrase have emerged in research, many using it to refer to
“novice” programming or “nonprofessional” programming, or system design that involves the
participation of end users. [...] However, this definition also includes a skilled software
developer writing “helper” code to support some primary task™ [17] .

Still, here the primary task occurs in a domain of practice, ATC, where end-users might not
be proficient in programming (see below). However, the benefits of having an end-user
programming lie in coupling a deep knowledge of the involved activities (user) and the
possibility to program how the system supports them (programming). As written in [17] ,
"this is the difference between a banker writing banking software and a professional
programmer writing banking software. The banker would have to learn to program, whereas
the professional would have to learn banking concepts.” A domain such as ATC is "likely to
involve different types of computational patterns and different software architectures”. This is
exactly what we want to explore: to which extent the right conceptual model and the right
framework together with the right HMI may enable stakeholders (ATCOs, ATCOs with
programming skills, Professional programmers) to design better (locally-tuned) automated
systems?

2.2.2 End-user development and software engineering

A number of notions related to End-user programming (EUP) exist. End-User Development
(EUD) can be defined as a set of methods, techniques, and tools that allow users of software
systems, who are acting as non-professional software developers, at some point to create,
modify or extend a software artefact [19]. End-User Software Engineering (EUSE) is

6 © — 2016 — Deep Blue, ENAC, MATS. Founding Members
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concerned with technologies that collaborate with end users to improve software quality [17] .
EUSE emerged to deal with different phases of software life-cycle, including maintenance.
More precisely, EUSE is concerned with:

(1) Requirements. How the software should behave in the world.

(2) Design and Specifications. How the software behaves internally to achieve the
requirements.

(3) Reuse. Using preexisting code to save time and avoid errors (including integration,
extension, and other perfective maintenance).

(4) Testing and Verification. Gaining confidence about correctness and identifying failures.
(5) Debugging. Repairing known failures by locating and correcting errors.

TaCo is primarily concerned with End-User Programming, since we envision that ATCOs
will at least manage previously designed automation. However, we also have to take into
account EUSE concerns if we want end-users to interact with automation of pre-programed
automatic behavior in advance. Thus, programming almost always involve testing and
debugging. Any tool designed to support programming must at least support them.

2.3 Type of Users and Programming Contexts

A question that may arise is that of the proficiencies of the targeted users at programming
their own automation. If ATCos are professionally skilled to manage traffic, they may be not
literate enough in thinking about, specifying or programming software that will be usable,
safe and performing enough to effectively support their activity. In our opinion, there are two
dimensions to this problem: programming level, and programming time.

The first one is the programming level. ATCos are trained as specialists of traffic
management. The ATCo curriculum does not require any competencies in computing.
However, we have to look into the future of ATCos education. Many of them studied science
at a high level during high-school and for some at college. They thus have the scientific and
reasoning abilities that are required to study the programming of the behavior of a software.
In addition, there are numerous social debates and even decisions to include computer science
lectures very early in the education process. In the near future, most ATCos will be educated
in computer science all along their studies (at least in several Member States, France for
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instance'). This will be a common knowledge and know-how, as much as humanities,
physics, or mathematics.

Nevertheless, not all ATCos will be able to program automation. We envision rather that there
will be a continuum between highly-skilled computer science professionals, ATCos well-
versed into programming and willing to do it, or ATCo’s as “simple users”. All these people
will collaborate to specify and program the automation, as much as they do now. However,
our vision is to facilitate the collaboration through more usable programming concepts and
tools that are more direct and more compatible with the targeted activity.

The second dimension is the time at which programming will occur. Again, there is a
continuum between offline and very early design and programming of the systems,
configuration on the actual settings, online and live programming of automation, and action-
only during the control activity. The tools and scenarios that we envision will include the
various situations of programming that will occur during the production and the utilization
phases of the system life-cycle.

! Computer Science is now taught in «collége », «lycée» and «classes préparatoires

scientifiques », and discussions started on « primaire »
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3 Professional IDES

All programming activities require tools to specify, produce and run program. An integrated
development environment (IDE) is a software application that provides comprehensive
facilities to computer programmers for software development [48]. A large number of
Integrated development environments (IDE) were designed to support the activity of
professional programmers, by providing them with a comprehensive set of editors and
components that they can use to specify and run applications. Some of the features and
language constructs that are supported in these tools may be reused in the TaCo project.

3.1 Instructions flow

Automator [65] provides a graphical user interface for automating tasks without knowledge of
programming or scripting languages (Figure 1). Tasks can be recorded as they are performed
by the user or can be selected from a list. The output of the previous action can become the
input to the next action. The workflow is then a sequence of consecutive actions.
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Figure 1: Apple Automator ®

3.2 Data flow

Other tools rely on the unifying concept of data. For example, Laboratory Virtual Instrument
Engineering Workbench (LabVIEW [59]) is a system-design platform and development
environment for a visual programming language from National Instruments. The graphical
language is named "G" and is a dataflow programming language. Execution is determined by
the structure of a graphical block diagram on which the programmer connects different nodes
by drawing wires (Figure 2). These wires propagate variables and any node can execute as
soon as all its input data become available.
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With a more recent design, NoFlo [66] is a JavaScript implementation of Flow-Based
Programming (FBP), a programming paradigm that defines applications as networks of "black
box™ processes, which exchange data across predefined connections by message passing
(Figure 3). In this interface a top-level mini-map makes it easy to track the location in the
whole context and wires are colored to help follow the multiple crossing flows.
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Figure 3: NoFLo — flow-based programming
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3.3 Rules trigger

Another way to program tasks with more reactive behaviors and without knowledge of
programming is the reactive programming paradigm, where the user can think “when this
kind of thing happens, then trigger this action”.

The most representative is IFTTT [67], an abbreviation of "If This Then That". It is a free
web-based service that allows users to create chains of simple conditional statements, called
"applets”. An applet is composed of a trigger (« This », Figure 4) based on web services
events, and an action (« That», Figure 4) executed also thanks to web services. The
programming interface consists of lists and sub-lists of triggers/actions in which the user can
choose the desired item and access specific parameters.

Choose trigger ﬂ Complete trigger fields Complete action fields

Send me an email

Every hour at

Create trigger

Figure 4: IFTTT ® — Screenshots of the successive pages to define an automation.

Another example is IntuiFace [68], a platform for creating, deploying and measuring
interactive digital experiences for non-coder. Reactive behaviors are built thanks to triggers
and actions chosen in lists, with a “When _ Then ” metaphor reminder on the top of the
screen and lists and sub-lists of trigger/actions and parameters.

3.4 Hybrid IDEs

In aeronautics, two applications are mainly used to help developers implement the cockpit
HMI and their behaviors. These applications rely on several programming concepts like state-
machines and dataflow.

VAPS XT [33] is an embedded graphics tool that allows users to define both object
appearance and display logic in a single graphical editor. VAPS XT includes several
windows: a project view, an implementation view (graphical tree), a graphical view / runtime
view, a property panel, a UML state-chart editor and a dataflow table (Figure 5).

SCADE Display [38] is a product line of the ANSYS Embedded software family of graphics
design and development environments for embedded Human Machine Interfaces. In Figure 6,
data flow is illustrated through the connection of a logical property from a dictionary (left) to
the property of a graphical component (right).
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SCADE Suite (Figure 7) allows for designing the control logic associated with graphical
HMIs designed in SCADE Display. Most of the editing is done in a graphical form. An
operator is a basic building block with inputs and outputs. More complicated operators are
done by assembling pre-existing ones. The operators (in blue) can be mathematical,
comparison, logical, structure/array, time, choice, bitwise or higher order operators. The
Scade language is formally define, and offers hierarchical state machines (in pink) that can be

fully mixed with dataflow behavior.
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Figure 7: Scade Suite ®, in blue operators, in pink hierarchical state machines

Properties from Scade Suite and Scade Display can be connected in order to co-simulate both
graphics and logics (Figure 8) and see dynamically the changes occurring on the system
depending on the data.
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4 Educational IDEs

Some IDEs are specialized in facilitating the learning phase of programming. Much of them
are oriented towards children. Still, their features may be of great interest for our project, as
their designers were careful to provide detailed visualization and interaction to make it as easy
as possible for children to understand programming.

4.1 Representing the program

Some attempts of programming vulgarization for children replace texts by icons to visually
represent the traditional elements of programing languages. For example Little Wizard [49], a
development environment for children, uses icons for variables, expressions, loops, conditions
and logical blocks that children can drag and drop together to compose the program
“sentences” (Figure 9). This kind of application reconsiders the algorithmic vocabulary, but
without adapting the manipulated core concepts for children understanding.

File Operations  Help
B & O #
Open Save ‘World ~ Program

(21
Mixed

Grid Execute

New

House | Blackboard = Digits | Alphabet ‘Wizard Wizard | Math ‘\ariables Conditions and loops = Other

»F Eet et
—— pa i O

CP FOR D

NN (T8
|

=S
—

TH TR
——
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Figure 9: Little wizard editor

4.1.1 Instructions flow

Other projects try to lower the step of access to the world of computer programming by
representing a program as a combination of command blocks. The child can drag and plug
objects, parameters, actions or control blocks in order to create an imperative script eventually
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executed sequentially. The resulting script is used as a computer program, as robot
instructions or to create images, 3D models or even game levels...

Most of these projects are inspired by LOGO [1] and the programing of the Turtle Robot, a
simple robot controlled from the user's workstation that is designed to carry out the drawing
functions assigned to it using a small retractable pen. The computer equivalent, Turtle Art
[50], lets children make images with their computer. The Turtle follows a sequence of
commands. The child specifies the sequence by snapping together puzzle-like blocks (Figure
10). The blocks can instruct the turtle to draw lines and arcs, draw in different colours, go to a
specific place on the screen, etc. There are also blocks that let children repeat or name
sequences. Other blocks perform logical operations.

Figure 10: TurtleArt

Squeak Etoys [51] is an authoring environment to create computer programs using a scripting
language based on blocks and containers. Figure 11 displays two traditional programing
concept transpositions to Squeak: a) a conditional statement - a specific kind of container with
holes for if then else to plug blocks into it and b) a dataflow - the connection of object
parameter blocks into a script container (Figure 11. b).
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Figure 11: Squeak Etoys. a) conditional statement b) dataflow

Following the same idea, the most used application in children initiation to computer science
Is Scratch [52], a project of the Lifelong Kindergarten Group at the MIT Media Lab. It allows
children to program their own interactive stories, games, and animations and share their
creations with others in the online community. The scratch interface (Figure 12) is composed
of: a “stage” to run the program, a “sprite list” for each animated object, a “block palette”

organized by categories and a “script area” to snap blocks together.

Figure 12: Scratch — C-shaped containers to hold the blocks

This system is also used bythe MIT for App inventor [53] in order to create mobile
applications. This representation of assembling blocks within C-shaped control structure (like
loops or if/then/else) is widely used, for example in Beetle Blocks [54] for 3D shapes, in
Google Blockly [55] for puzzle games or in Tynker [56] for creating Minecraft levels.

But the sequential execution of the blocks one after another can make uneasy the use of data
sets and the programing of reactive behaviors. For example, in the following program (Figure

13) created with Lego Mindstorm EV3 [57], the user has to define a “wait” loop behavior to
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trigger a sound when the robot is touched. Such active wait prevents reactions depending on
multiple instances of input.
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Figure 13: Lego Mindstorm EV3 ® — wait until a touch is detected to play a sound

4.1.2 Dataflow

The previous version of the same Lego Mindstorm programming tool, the NXT [58], solved
this problem of data management with the concept of dataflow. This software was based on
LabVIEW [59]: not only the user can plug bricks together but he can also connect the output
of a brick to be the input of the next brick using a link (Figure 14) for the data to be further
processed.

O 00 ¥ Receiving from master

e [ mber

D) rubon

Figure 14: Lego ® NXT-G dataflow
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4.1.3 Rules trigger

A solution to teach reactive programming to children is the trigger — action programming
concept. Kodu [60] is a visual programming tool which builds on ideas begun with Logo [1]
and other current projects such as AgentSheets [61], Squeak [51] and Alice [62]. The user
programs the behaviors of characters in a 3D world, and programs are expressed in a rule-
based system or language, based on conditions and actions (Figure 15).

el
[EEEE ] Delete Tile

&3] Return

m Print Kode

Figure 15: Kodu a) choose the character b) when this - do that c¢) choose the when action d) when sub-action €)
sequences of when — do rules

4.1.4 State Machine

Another solution to program reactive behavior is the use of state machines. Dash and Dot [63]
teach kids how to program toy robots by using 5 apps on tablets and phones. One of these, the
Wonder application [64] allows children to create state machines to control the robots.

Dash and dots robots can do all sorts of behaviors like lights, sounds, movement and
animations. The user can link these behaviors together so they happen one after another, or go
to different behaviors. Cues are what go on the links between the behaviors, they look like
arrows and make the program go. Cues can be all different ways to make Dash or Dot go
between their behaviors: a button press, a hand clap or a timer for an example. All of these
behaviors, links and cues together make a state machine (Figure 16).
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Figure 16: Wonder Workshop ® - Wonder application

All these projects are dedicated to simplifying the creation of interactive programs, whether
these programs are dedicated to run a robot, animate a virtual character in a game, create an
animation or an image. But there are very few hints on how the program will actually run and
what are the causal links between the blocks/lines/sequences and the final behavior.

4.2 Interacting with the program

In some of the previous software, some visualization of the result of a program is possible by
executing small chunks of code. For example, in Scratch the child can click on each block to
see the resulting character behavior on the stage. This allows children to learn to code by
doing iterations, but it is not sufficient to give them full understanding of the program
behavior.

Bret Victor wrote an article [4] on how to design Integrated Development Environment (IDE)
and programming language for enhancing the programmer understanding. The article
describes a set of principles about the vocabulary, flow and states visualization, and on
supporting coders create behavior by reacting to immediate feedback and abstracting. It also
describes the properties of the language itself that are required, such as the connection to the
programmer’s world.

4.2.1 Transparent vocabulary

The environment should make the meaning transparent, so the learner can concentrate on
high-level concepts, instead of the vocabulary. It must also explain the program concept in
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context, annotate the data and not just the code. For example, in Figure 17, the label connects
the code and its output and the red line shows the result of the argument modification on the
running program.

fill{le1l, 219, 114);
ellipse{b54=50, 60, 6O); x position at the center

rect{185, 28, 6B, GB); T

Figure 17: transparent vocabulary.

4.2.2 Flow and states visualization

The IDE must enable the learner to follow the program flow, by allowing her to control time
and see the patterns across time. The environment can enable the programmer to explore
forward and backward at her own pace, and even explore the time at multiple granularities,
such as frames or event responses (Figure 18).

- —k—— - var x = 0, y = 58, dy = 8;
XYW function draw () {
‘:.‘lira-(l { il
y += c;v ¥ 4= dy;
if (y > 185) { if {y » 185) {
dy = -dy; dy = -dy;
ellipse(x, 190, 36, 25); ° ellipse(x, 198, 36, 25);

} ¥
lse { else {

dy = dy * 0.98 + 3; dy = dy * 8.08 + 3;
ellipse(x, y, 30, 30); ellipseix, y, 38, 308);
} E s

Figure 18: a) a timeline for line by line execution and a slider for frame by frame. b) the entire path of the ball

The learner must also see the data, the effect of code on the data and all the resulting states of
the data, as shown in Figure 19.

tep 70

var i = 0;
while (i < 20) { t t t t t
var scaleFactor = 1 + (20 - 1)/20; 1.75 1.7 165 16 1.55
resetMatrix(); . . . ° .
scale(scaleFactor); 1.75 1.7 165 16 1.55
rotate(i * 6); ~ ~ N X N
fill(i * 36, i * 18, 0); | (2] @ [¢] (0] [ g
triangle(0,0, 100,-20, 95,40); ¥ v v % T"\ \K\
i+=1; 5 6 7 8 9
}
Figure 19: Show the states: a timeline that depicts all the data calculated in the flow
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4.2.3 Reacting and abstracting behaviors

The IDE must support the developer in creating by reacting to immediate feedback, for
example by autocompleting with significant default parameters (Figure 20 a) or allowing to
“dump the parts bucket onto the floor” i.e. showing all possible constructs (Figure 20 b) to
make programmers react to raw material and spark new ideas.

fill(e, @, 0);
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drawRect (30, 48,25)
drawTriangle(80,60, £0,20, 149,60);
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Figure 20: left) default arguments right) parts bucket
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It must also allow the developer to control the lower-level details, before handing off the
control to an abstraction and move to a higher level of control (Figure 21).

Abstract var ¥.= 80;
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Figure 21: Bret Victor. Abstracting behavior
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5 Video games and robotics

Like ATC tools, videogames such as Real-Time Strategy games use highly interactive
graphics to enable gamers manage the course of the game. They also often include various
means of automation for the gamer, during live action. Finally, many of them include an IDE
to enable gamers to program advanced behavior. Such features, more and more targeted to
non-specialist programmers, may inform the design of the TaCo project.

5.1 Programming game mechanics and animations

Several environments have been created to help develop games with high-level programming
concepts that are closer to the game designers’ concerns. In particular, several tools such as
Unreal Engine [39], Unity [40] or Euphoria [41] rely on visual programming techniques to
facilitate the definition of dynamic behaviors, rules and motions. For example, Figure 1 shows
a program with the Blueprints Visual Scripting system used in Unreal Editor [39] in which the
designer defined a rule to make the character jump when it is hitting a white block on the
ground. In such visual programs, the boxes represent actions or conditions and are connected
via wire to link them during the execution. Several mechanisms are made to facilitate
reification and reuse of the scripts previously created in different contexts. For example, the
script to jump when hitting a white block can be saved as a new block and reused in another
level of the game.

Figure 1: Preview and visual program of a character jumping when hitting white blocks in Unreal Engine ®

Unity and Euphoria provides different forms of visual programs, state machines. With such
visual representations, developers graphically define states of the postures, or visual
expressions and then define transitions that will be triggered by specific events. Unity also
provides direct manipulation techniques such as drag and drop to add physical constraints
such as gravity or bouncing in specific locations of the map or to apply them to virtual objects
in a preview 3D scene. Instead of using spatial representations, Euphoria provides a timeline
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in which specific animations can be dragged to define possible complex sequences of
motions.

Those environments can be considered as Integrated Tools Environment as much as
traditional ones, even if they are more tightly tied to the lower-level 3D run-time engine that
will eventually run the game.

5.2 Defining positions and actions of semi-autonomous agents

Real Time Strategy (RTS) games enable players to control multiple instances of semi-
autonomous agents in a simulated world. In RTS game and other Role Playing Games (RPG)
the user defines behaviors that must be applied by the agents in specific situations. For
example, agents can go to a location, collect some elements and bring them back. To define
routes for the agents, a common mechanism is the use of way points that will be followed by
the agents as presented in Figure 2 for the game Age of Empire [42]. The player can specify
waypoints directly on the radar view to guide one or a group of agents. The user must first
select agents (usually with mouse or by using shortcuts on the keyboard to filter agents by
types) and then specify the way points on the map. The agents will move on the map and
avoid obstacles or restrictions to reach the end points.

.

) oy b A, -
Figure 2: Defining waypoints for an agent in Age of Empire ®

In other similar games such as Anno 1404 [43] or Starcraft [44], the user can edit existing
routes by adding, modifying or deleting waypoints that constitute the route. Another
automation mechanism available in Starcraft is the definition of a sequence of actions. The
user can include several waypoints and specific actions directly related to the game such as
wait at this position or follow other agents.

In most of the cases, players do not have much feedback on what goes wrong in the
automation or the workflow that they designed, except a simple alert when the enemy attacks
them. A possible explanation is that the game designers want to challenge the player and put
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them in a situation of awareness/alert/stress as s/he plays. If those games were fully
automated, they might be less interesting to play.

5.3 Defining autonomous agent behavior

In some RPG games such as the Final Fantasy series [45], the user can give a general
automation behavior to some of the playable characters or the agents that are in the game.
Those behaviors are generally associated with "Classes” that define the main characteristics of
the behaviors. Often, the only feedback that the player is the change of the outfits for the
agents which symbolizes the class and so the behavior (Al) of the characters.

In Final Fantasy XII [45], the player controls the main character only but s/he can literally
program the teammates Al by customizing the actions and reactions of all the characters
independently. This is done in the form of rules that can be activated / deactivated during the
game. This end-user programming system (gambit system) uses visual blocks that consists of
a priority, an action type to trigger or disable and a condition. Figure 3 illustrates such
program with various conditions that define the behavior of an agent. When these automations
are executing during the game, the user gets visual feedback. A line is drawn between the
automated agent and the other agent involved in the action. The color of the line depends on
the type of action and a progress bar shows when other actions can be performed by the agent.
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Figure 3: a) complete Al workflow for one character - b) feedback on the battlefield

5.4 Programming robots

Specific robots for private use aim at replacing human action with automated one performed
by a robot. For example, Farmbot [46] is a farm robot that take care of plants. To make the
robot autonomous, the user must plan what will be growing using visual programming (Figure
4). Then the robot will be fully autonomous to take care of these specific plants for which it
has predefined instructions. Farmbot also offers a graphical interface to monitor the garden.
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Figure 4 : Farmbot graphlcal user interface to specify the plants and to monitor the gardening.

Choregraphe [47] is a software program from Softbank robotics to program the movements
and behaviors of the humanoid robots NAO and Pepper. Choregraphe uses direct
manipulation of predefined blocks representing functions, posture, sound, flow control, tools
and so on. The user can connect those blocks to create a program, and play it with a feedback
on the program state, either on a 3D representation of the robot or directly if connected to the

real robot (Figure 5). The user can also add some scripts in different language for further and
more complex uses.
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Figure 5: Visual and textual programming for the Nao robot with 3D preview of the result.
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6 Music tools

Music composers are well served with technologies that help them create new sounds, input
and produce musical scores as well as record and organize sound material into songs. Among
these technologies, a great number of tools and techniques assist the composers in
programming and executing temporal plans for real-time performance. Such tools and
techniques can be relevant for the TaCo project as they cover end-user programming
techniques, visual representations dedicated to temporal automation and performance oriented
interfaces.

6.1 Temporal sequencing and automation

Music is a temporal phenomenon and as such composers need to use various tools, called
sequencing tools, to arrange musical elements in time and specify the temporal evolutions of
various parameters. In a musical context, automations are defined as temporal evolutions of
parameters that affect sounds such as the evolution of the amplitude or the frequency of a
filter. Duignan et al [7] identified five main categories of sequencers available to musicians:
textual languages, sample and loop triggers, visual programming, linear sequencer. While
classification illustrates the variety of existing approaches, both commercial products and
research outcomes frequently blend these categories to offer a wider workflow to users.

6.1.1 Temporal sequencing with an absolute timeline

A sequencer lets composers and musicians organize in time various musical elements such as
audio or midi that can be imported from files or recorded from inputs. In such paradigm, the
direct manipulation of graphical objects representing musical objects on a timeline allows to
specify their onset and duration. For example, Figure 29 (left), illustrates a timeline with
several audio files organized in different tracks in the Ableton Live software’. In this
software, users can use two different views: the arrangement view that presents the musical
elements organized on a timeline and the session view that presents the individual clips by
instruments similarly to a physical audio mixer.

2 https://www.ableton.com/en/live/
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Figure 29: Ableton Live graphical user interface in Arrangement (left) and Session (right) mode. Colored clips
represent audio or midi files that are organized on a timeline (left) or by order (right). Ableton ®

Defining automations:

To specify the evolutions of specific parameters over time such as the amplitude of the sound
or the value of a specific parameter, users can either record a performance or graphically input
the automation curves.

To record an automation, users usually manipulate physical controllers embedding buttons,
knobs and sliders while playing their musical sequence. This process generally involves a trial
and error approach in which users play along to explore ideas and later edit their
performances to obtain a better result.

For graphical input, most of the software feature simple drawing tools to draw automation
curves or to set individual points and interpolate between them. These values are frequently
overlaid over the waveforms or the midi files as presented in Figure 29 to facilitate their
input.

Monitoring the software status

As signal computing is consuming CPUSs, this can be an issue for projects using several audio
processors in parallel or without sufficient computing power. When the CPU is overloaded, it
audio artefacts and glitches appear. To help users monitor this aspect and avoid overwhelming
the system, most of the software feature a CPU indicator. If the CPU is too high a “freeze”
feature can be used to perform an offline rendering of parts of the project to save CPU. This
offline rendering applies all the audio transformations to the original signal to create a static
audio file on the disk.

From composition to real time performance: taking control over a defined plan

Once created, projects including several audio tracks with many automations are usually
rendered as audio files on the disk. However, the projects can also be used during live
performance and real-time modification of the content. For instance, a musician might want to
increase a specific parameter during a song to accentuate a musical effect in response to the
audience queries. In this case, the original content is a global plan that will be modified by the
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performer during the performance, thus involving the user to take the control back from the
planned automations. Figure 30 presents a simple scenario that illustrates the visualizations
and interaction mechanisms in Ableton Live to support these kinds of actions by the
performer. On the left, the automation is played according to the plan. On the right, the users
changed the automated parameter via the graphical interface or an external controller while
playing. This result in a gray version of the automation curve and a dashed line representing
the value that is overriding the automated one. A button highlighted in orange allows to get
back to the automation.

o 3z 2bmed] e BRI EEEEEDO0D [0 31~

N

Return to

Live. Ableton ®

6.1.2 Score following and textual descriptions of events

In automatic score following paradigm, a real-time listening machine reacts to musical events
described in a score and interpreted by a human performer to launch predefined actions.
Antescofo [7] is an example of a such a program used by composers and computer music
designers to implement score following during performances. In Antescofo, a score is textual
and has to be expressed in their own specific language. More recently a graphical user
interface has been developed to let users input textual instructions along with a visual
representation of the resulting score over a tempo-based timeline [6] as shown in Figure 31.
The graphical representation lets users specify actions and curves to trigger when specific
notes of the score are played during the performance. It also displays a playhead to monitor
the current position in the score during the performance.

In order to address the potential errors during the performance from both the human
performer and the listening machine, Cont et al. propose to defer the different possible error
handling strategies to the user [8]. They define two strategies, tight and loose, that
respectively corresponds to whether the system will necessarily trigger all actions or avoid
some parts if events are missed. They also define two scopes, local and global, to define if
there is a specific ordering to preserve or not. The user must define in the textual language
using decorators the scope and the strategies that need to be applied.
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Figure 31: Ascograph interface to write and monitor score following using Antescofo. The left panel shows a visual
representation of notes and associated curves or events to trigger. The right panel shows the textual score description
using the domain specific language. Antescof ®

6.2 Visual programming

Visual programming plays an important role in computer-aided composition as it allows
composers not familiar with conventional computing languages to implement their ideas with
advanced graphical user interfaces. Computer aided composition requires composers to define
computational processes and to interact with them through different musical data
representations. Computer-aided composition environments, provides several musical objects
such as scores, waveforms or lists of parameters as input and output to support both signal
and symbolic operations over musical content.

6.2.1 Data flow environments

Programming environments such as Max and Pure Data [25] are based on data-flow
programming. In such languages, functions or “objects™ are linked or “patched" together in a
graphical environment that models the flow of the control and audio. These two environments
are frequently used for building real-time audio synthesis engines controlled with various
input devices or features extracted from audio input. In real-time data flow programs, users
get real-time audio visual feedback as they program. This makes it very convenient to quickly
assess, both visually and with sound if the result matches the expectations. Figure 32
illustrates a visual program in Max/MSP and the debugging window that allows to inspect, at
runtime, the value of the data flowing along the cords at specific watch points. Other software
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environments such as Sensomusic Usine or Reaktor (see Figure 33) provide similar
functionalities with different approaches and different set of built-in objects or modules.
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I e watch® umenu Debug Me START 4 START START STOP

counter 100

T

1

Figure 32: Max/MSP visual program (patch) containing several objects on the left. The debugging window on the
right shows the signal flow at specific watchpoints. Cycling’74 ®

Figure 33: Two visual programming environments (left: Reaktor ®, right: Senseo Usine ®) using two related views:
the visual programs and the resulting graphical user interfaces hiding the connections.

Programming and performance views:

Both Max and similar tools feature two related visual representations: a visual program view
blending interface elements with connections between modules and an interface only view for
performance. The later facilitates the use of the program during the performance. It also let
developers produce standard software tools for other users that won’t be programming it. The
main limitation of these dual view mechanisms is the difficulty to switch between modes
when the spatial configuration is different in both views. For example, in Max, the same
window hosts both visualizations so objects can be at very different locations on the screen
when switching from one mode to another. Reaktor addresses this problem through two
distinct views but then the user must switch between the two visualizations which can be
problematic as the number of visual elements gets larger.
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6.2.2 Demand-driven data-flow environments

Even if they are very popular tools for creating audio effects, synthesizers or more generally
to create real-time instruments, these environments provide limited support for classical
notation and time-based representations of musical scores. It is then difficult for musicians
and composers to express possibly complex temporal relationships or to explicitly use time in
their programs. A different approach of visual programming for composition with symbolic
music representations was first introduced by PatchWork and extended by OpenMusic and
PWGL [2]. These environments are based on a demand-driven data-flow paradigm, where
objects recursively evaluate their inputs.
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Figure 34: Left: OpenMusic patch to compute a musical sequence. Right: A maquette that represents temporal
objects.

Figure 34 presents an example of patch and a “maquette” created with OpenMusic. In a
maquette, objects evaluate their inputs to compute a result in a patch where their horizontal
position determines their onset and duration on a timeline. This paradigm provides greater
support than data-flow programming for composition as it is an "out-of-time" activity. In
demand-driven data flow programs, composers do not have real-time feedback on the output
of their program but they can evaluate only parts of their program and compare the outputs of
several evaluations.

6.3 Creating vocabularies and mappings by example

In addition to visual programming approaches, other approaches support end-user definition
of personal vocabularies or gestures through the use of gesture recognition algorithms or
machine learning techniques.
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6.3.1 Creating and using personal paper interfaces

Interaction with a pen device often involves the recognition of specific gestures. While this
can be well adapted to predefined tasks, it does not suit well the workflow of music
composers that frequently define their own set of representations on paper. Instead of
proposing a predefined vocabulary, Musink [34] helps composers create and evolve their
personal notations on paper over time (Figure 35). It provides an extensible gesture-based
syntax, giving composers significant freedom to create their own composition languages and
allows them to link their gestures with music programming software. However, the
recognition occurs only once the pen strokes are uploaded to the computer, not when the user
IS writing.
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Figure 35: Musink helps composers define their gesture vocabulary on paper.

6.3.2 Creating mappings by example

In order to associate input devices or sensors streams to sound synthesizer, composers or
musicians must create mappings between these two entities. Existing approaches relies on
supervised machine learning techniques to let user create such mappings from example
[13,14]. Wekinator [13] lets users associate examples of input with specific output
configuration to build a model that can then be used with new data. For instance, a musician
can associate specific postures of his hand in front of a camera with specific sounds. After the
training phase, the model can output the estimated posture for every new image and thus
trigger the corresponding sound. This approach accelerates the creation of complex interactive
systems that would have otherwise required the implementation of complex heuristics to
recognized different gestures. However, such a system is highly dependent to the training data
and learning algorithm used so that it can hardly be generalized to different settings or to
other users.
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7 ATC Tools

ATM specialists already called out for more automation [36] [22] in order to mitigate the
bottleneck that is the high number of tactical decisions to be taken by the ATCOs and
implemented by aircraft crew by using a weak (voice G/A communications) link (suffering,
among other limitations, misunderstandings, and latencies). They recognize that the design
should be necessarily iterative, and supported by Modeling and Simulation (M&S) with
humans in the loop, especially prior to product delivery. They also insist on the fact that
effectiveness of M&S means make automation based on human-centered design possible and
efficient.

Scientific challenges dealing with specific very relevant issues associated to automation
processes include: resilience and control system degradation; the adequateness and
correctness of the human role in the control system, in particular the ability to ensure human
motivation, trust, and dependence on automation, and the ability to maintain situational
awareness [22]. Indeed, humans trust and understanding of automation is key to safety, as
recent accidents seem to demonstrate [10].

Past work in ATM studied the inclusion of some forms of automation (e.g. global traffic
management [35], or Single Pilot Operation [21]). We focused on recent works pertaining to
ground operations only. The authors of these studies draw some conclusions worth
mentioning here.

7.1 SESAR project 6.7.2 surface routing and datalink-taxi

As part of SESAR Work Package 6 “Airport Operations”, project 6.7.2 addresses operational
issues such as low visibility, icing conditions, radio occupancy, stop and go, route deviations
and taxi time estimate (Figure 36). The primary function is to provide the ATC officer with a
planned route that can be edited. This route can then be sent by Datalink to the pilot.

The following positive results from the validation exercises are:
e the tool was able to compute relevant routes
¢ the route planning function has been accepted by the users

Less positive results include:
e HMI improvements are needed.
e operations on platforms such as Roissy-CDG are too complex to use Datalink only,
hence mixed use of electronic and radio communication must be considered.
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Figure 36: SESAR project 6.7.2

Other results at Madrid gave the following positive results:
e Surface Planning and Routing functions were found to be beneficial.
e Data link was considered as useful in the context of non-time-critical communications
and resulted in reduced voice frequency channel occupancy.

However:
e Routing and data link functions decreased situational awareness and increased the
controllers and apron managers’ workload.
e Human Machine Interface (HMI) was found to be too time-consuming in the manual
mode.
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These results highlight the importance of the HMI design and its impact on the performances
and the satisfaction of the users. Since the routing function allows for a more predictable taxi
time, new functionalities are possible, such as virtual stop bars that complement physical stop
bars with digital ones at selected airport location, or lights on airfield ground activated along
the cleared route (Figure 37). To the best of our knowledge, none of these features are
dynamically programmable by the ATCO.

7.2 EMMA2

EMMA?2 developed a generic operational concept for higher-level Advanced-Surface
Movement Guidance and Control Systems (A-SMGCS) services, implemented the essential
parts of the concept at three European airports, and performed comprehensive trials in
simulation and in the field to evaluate the new services [16]. The higher-level A-SMGCS
services concept were developed, integrated and tested on more than 15 different test
platforms by the EMMAZ2 consortium. One of the outputs of the project is a set of
recommendation on different topics: Operations of A-SMGCS Services (Air Traffic
Controllers, Flight Crews and Service to Vehicle Drivers), Technical and Operational
Requirements, Validation Process, Implementation Issues.

The EMMA project has provided clear evidence that the evolution of A-SMGCS toward more
advanced services shall be accompanied with studies to improve and optimize the Human
Machine Interface of new services that will be proposed to the A-SMGCS users, i.e. ATCOs,
pilots and vehicle drivers. Especially when delegating tasks or giving clearances, ATCO must
be confident that the level of information is consistent between actors (usage of same maps)
and that communication is clear (Datalink failures). Concerning the monitoring system, an
alert associated with a detected conflict should be provided with an adequate time and brought
to the attention of the ATCO (alarm coding). An alert associated with a predicted conflict
(information coding) should also be provided and differentiated.

Some recommendations dealing with DMAN implementation might be interesting for the
TaCo project. They concern the potential interactions between the user and the automated
system:

e Take into account that a considerable amount of time is needed to adapt the tool to the
particularities of the concerned airport and its local procedures (e.g. runway
configuration, intersection take off- and de-icing procedures, helicopter operations or
pushback constraints).

e Keep the DMAN always informed about the current operational status of each flight
(e.g. pushing back or taxiing) by information provided by the surveillance and
clearance inputs of the ATCO.

e Use color-coded “Recommended Time Until next Clearance” (RTUC) information to
support the ATCO to implement the DMAN-planned outbound traffic.

7.3 Modern Taxiing (MoTa)
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Project Modern Taxiing (MoTa) [5] studies the impact of future taxiing technologies such as
Datalink and autonomous taxiing tugs on airport taxiing operations and air traffic controller
workload. The tool consists of an integrated ground control interface featuring the latest
progress in modern taxiing methods and multi-agent algorithms for enhanced ground
automation while still supporting current and conventional ground control procedures during
the transition period. In addition to the new integrated ground control interface (Figure 38),
autonomous taxiing tugs (inspired by the TaxiBot system) were simulated. The concept is to
use the tugs to continue towing the aircraft after pushback, along the taxiways until the
runway holding point, thus saving fuel since aircraft engines would be lit later in the taxiing
sequence. In that manner, a departure aircraft would be handled as usual by ground control,
but when the tug is detached from the aircraft after depositing it at the runway, the empty tug
would return to the parking areas via the same taxiways as the rest of the traffic.
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Figure 38: The MoTa HMI

Route solutions, determined using a multi-agent system (MAS), are presented to the ATCO.
As the suggestions are based on standard paths according to aircraft type, destination, and
airline, the ATCO can gain time by simply validating the suggestion instead of creating a
solution. ATCOs may modify the suggested path as necessary. The level of service that the
MoTa platform is able to provide is notably due to this interaction between user and machine.
Thus, the system can monitor the situation at various levels. For example, the system can
warn the ATCO when a pilot does not follow the instructed route. Additionally, the system
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can detect when an aircraft has reached the end of its clearance and advise the ATCO to
transfer this aircraft so that the trajectory is continuous.

The MoTa Project validation campaign consisted of evaluating the platform at different stages
under a range of work scenario difficulties in order to understand the impact of such
technologies on ATCO performance and workload. Three human-in-the-loop experiments
were conducted during the course of almost two years, each centered on a specific technology
level, with both scenarios simulated in each experiment. All experiments were conducted in
an ATC simulator.

The initial results of this study show three main results. First, automated taxiing technology
assistance (e.g. Datalink, path suggestion, autonomous tugs) can help improve ATCO taxiing
performance. Second, more technology may increase the overall workload. Third, the MoTa
system is promising but is not currently mature enough to replace current systems.

The tendencies in percentage of aircraft correctly treated show that the addition of the tactile
interface with Datalink and path suggestion improved overall throughput. However, the
inclusion of the tugs and increase in datalink usage reduces these gains, thus implying that a)
tugs do not provide a significant performance advantage; b) too much Datalink may
contribute to the workload; or c) a combination of both may overall throughput.

While participant comments suggest that the tugs are the only culprit, the experimental design
does not allow for isolation of this effect. Indeed, while the use of both technologies seems to
improve performance, there is not enough statistical power to state whether the improvement
is attributable to the effect. In general, the MoTa platform seems to be the most effective in a
hard scenario, with performance fairly regular across all technology levels in a medium
scenario. Participants have mixed feelings with regards to the technology, with about half
reporting ease and noting advantages to the technology and the other half expressing
discontent with its functionality or usability.

7.4 MAMMI: Multi Actors Man-Machine Interface

Collaboration is key to safety and efficiency in Air Traffic Control. For example, ATCOs
monitor each other’s actions. When a flight must turn to follow the planned route, or when the
controller has devised an avoidance strategy, the controller needs to give orders to the pilot at
the right moment. Hence, part of the activity is devoted to remembering which actions to do at
present, or in the near future. Furthermore, resolution of problems depends on the actual
execution of orders by the pilots. Hence, controllers must monitor that pilots actually follow
orders as given. The planning controller also checks and monitors the actions of the tactical
controller and possibly corrects them in high workload situations.

MAMMI (Multi Actors Man-Machine Interface) is an interactive system designed according
to a set of requirements to support collaboration: support mutual awareness, communication
and coordination, dynamic task allocation and simultaneous use with more than two people.
To fulfill these requirements, MAMMI uses a multi-user tabletop surface, appropriate
feedthrough, and reified and partially-accomplishable actions. The horizontal multi-touch
screen displays an environment that includes a number of interactive graphical objects.
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Even if MAMMI’s principal topic is not Automation, one can consider some of the
interactions as ways to delegate important tasks to another entity, be it human or machinery.
For example,

in order to help remember future actions, controllers can place Post-its on a timeline. The
timeline is a horizontal strip that lies at the top of the screen. The X dimension of the timeline
depicts the time: current time is at the center, and the future extends outwards in both
directions, from the center to the edges of the timeline. A ruler that depicts the time according
to the X position helps users to position Post-its. Once attached to the timeline, Post-its move
automatically towards the center at a pace that follows real time (see Figure 37: MAMMI and
its timeline). As Post-its reach the center, controllers are encouraged to accomplish the
associated action, before the Post-its disappear. The double-sided aspect of the timeline
enables users to allocate responsibility: each user is responsible for the Post-its that lie on his
or her side. Controllers can rearrange the strips, either to specify a different action time or to
implicitly redistribute responsibility by moving a Post-it from one side to the other. As Post-
its move to the center, they become easier to take from the other controller.

Figure 37: MAMMI and its timeline

Placing post-its on a timeline to remember things to do can be considered as programming an
automation to notify oneself about an action to perform. This imposes the same requirements
as discussed before e.g. to make visible the status of the notification (see it moving on the
timeline, assessing the distance left from the middle of it and hence assessing the remaining
time). It might thus be interesting to reuse some of the design guidelines from MAMMI:

e Reify actions into objects. Since objects lie on the table, their manipulation may
enable accountability [29]; furthermore, they can be passed around and allow for task
reallocation.

e Enable partial accomplishment of actions. An action can be separately prepared,
checked and accomplished, possibly by different users, thus offering seamless
workload allocation.
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e Provide as much feedthrough as possible. Since activities must be accountable, it is
important that appropriate feedback provide an opportunity for teammates to observe
one another’s actions.
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8 Summary and research directions

The state of the art developed in the previous sections shows that End-User Programming is a
widespread discipline, even in professional settings. The next step for the TaCo project will
be to conduct workshops to design the relevant EUP features that will enable ATCOs to
specify and program automation. In order to succeed, we must take into account the lessons
learned by previous experiences, and design accordingly. Based on this state of the art, this
sections formulates a set of research directions (RD) that we will use during the workshop.

8.1 Type of support

End-user development (EUD) is about taking control—not only of personalizing computer
applications (end-user computing) and writing programs, but of designing new computer-
based applications without ever seeing the underlying program code. [31]

As we discussed before, it is likely that the end-users will have a range of programming
abilities. Still, it is difficult to envision a system where the user will never “see the underlying
code”. Code is not equal to “programming language text”, code may also be visual. And even
if it’s visual, it still represents “behavior”, and the various conceptual ways of thinking about
behavior (data-flow, instruction flow, state machine) should be understood. What makes a
programmer is not only knowing to read the code, but also knowing the underlying concepts.
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Figure 39: Expertise tension

In fact, as acknowledged by [3], an expertise tension exists in a two-dimensional continuum

of job-related domain knowledge and system-related development knowledge (Figure 39).

TaCo’s users might be Lacking systems knowledge. Thus we should strive to enable domain

experts to modify or extend software without having a deep understanding of a computer

system or coding skills,. Expertise tension would then be in the direction of system

knowledge. This can be mitigated with two approaches [3]:

e Easy development tools provide end-user design times that come with a simplified

function set, higher-level primitives, direct manipulation, WYSIWYG, or logical user
interfaces that encapsulate system-oriented low-level details [3].

e High-level semantic building blocks enable users to create new things by composing
familiar domain specific entities. Such applications usually do not generalize across
different domains but are specialized solutions for a well-defined task domain [3].

Easy development tools is discussed in the next section. As for High-level semantic building
blocks, after all, the whole air traffic system is already an automation-based activity from the
ATCO’s point of view. ATCOs delegate some actions to the pilots, and they must monitor
whether the pilots perform them. In some ways, one can consider pilots as equivalent to an
automatic agent that will succeed or fail, which requires either monitoring or notification. One
of the tasks that we will have to do is to conduct research on the similarities between the
current ATC activity and programming concepts. This will help us design the high level
semantic building blocks as discussed above. This will require some training, but we are
confident that ATCOs will be able to perform some programming, as already discussed in the
introduction.

Research Direction (RD) 1: define programming language constructs relevant to ATCOs

Nonetheless, designing a programming language is not a small task. Designing a usable one is

even more difficult. Recent work on the topic suggests that one should run experiments to get
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some evidence on the usability of the representation of programming language (not so on the
underlying conceptual model) [30]. This might be too ambitious considering the scope of the
TaCo project. However, as specialists in Programming and User Interaction Designers, we
will take special care in studying the usability of the tools we design, be they concrete or
conceptual.

RD2: make relevant programming language constructs usable by ATCOs

End-User Programming does not occur into isolation, and requires some tasks borrowed from
End-User Development or even End-User Software Engineering. One of the questions we will
have to answer is to find out which of the subtasks from EUP, EUD or EUSE is suitable for
TaCo, and at which time (during offline, in advance automation design by specialists, or in
real-time during the Air Traffic Control Activity).

RD3: select relevant dimensions of EUP, EUD and EUSE for the task at hand

8.2 Type of IDE

As seen in section 3 and 4 IDEs are an essential tool to support the programming activity.
Much of the IDEs allow the programmer to specify behavior by building up the program.
Another way to specify behavior is to use a “programming by demonstration” or
“programming by example" style [11]. Among the tools we referenced, Automator allows this
style of programming. There were some attempts to provide support for this kind of
programming in academia [12][37], but also for web automation [18]. Though they did not
give rise to successful products in the industry, some of the concepts might be borrowed for
the TaCo project. Mixed with the set of semantic building blocks above, they could be
valuable as a way to make automation imitate what an ATCO would do manually in some of
the situations.

However, solving PBE usual problems will be beyond the scope of the TaCo project. One of
them is the automation of programming itself i.e. inferring programming constructs from the
user’s actions/demonstration. We should be careful not to solve the problem raised from
programming automation instead of ATC automation, and find the right balance between
investigating interesting PBE concepts and designing for ATC automation.

RD4: borrow relevant concepts from Programming by Example

Another dimension is the type of “liveliness” we should strive for. In order to be close to the
activity and to the final result, we might turn the current interface into a live environment that
could be programmed and updated in real-time without starting over. This might be
challenging to develop, but mandatory if we plan to enable the ATCO to reprogram the
behavior during actual control. Another related question would be to investigate the use of an
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external editor if necessary, or rather how much programming interface we can provide tools
inside the existing MoTa interface without hindering its usability, and what programming
interface to distribute on external windows or screens.

RD5: foster and develop an interactive, live programming environment based on MoTa

This live programming [32][20][15] aspect may also be linked to recent considerations on
what to display and to interact with [4]. If we are to facilitate the predictive assessment of the
results, we might have to use some of the representations and interactions as described in [4].
Granted, those were invented/called out to facilitate computer programming education.
However, much of these considerations might be also be valuable for production code.

As an already highly graphical interface, TaCo might leverage the GUI to help express the
conditions that triggers events and automation [9]. One question is how far we can go into
designing programming construct using the graphics already available in the interface, or
‘invisible’ graphics that would well suit above the visible interface.

Another question is the type of code representation we need. Professional IDEs tend to use
more and more graphical means of representing code. However, there are multiple types of
representation, and they may be adapted to particular tasks [9]. IDEs already provide multiple
views of the same programs: data-flow and state-machines in Vaps XT, route and list of
actions ala Anno 1404. One particular area of research would be to study the use of multiple
representations and how a programmer can pass from one to the other. Representations might
range from purely graphics ones to textual ones, as the distinction between the two might not
entirely pertain to usability [9].

RDG6: leverage the existing graphical environment

Finally, concepts from music and videogames are applicable to the project. In particular,
concerns on monitoring, notifying or taking over is particular important during live concert or
live playing in order to perform well. Contrarily to videogames where difficulty may be “by-
design” to offer challenges for the player, TaCo will explore a better use of well-designed
notification to warn about possible automation difficulties. Beyond notification, which is
often too late, a challenge for TaCo will be to offer better representation of the status of
automation and especially its ability to handle the current traffic. This may lead to the use of
harbinger (or precursor) cues to inform the user the ‘load’ of the automation so that s/he can
predict her/his future load in an optional take over. Similar to music tools, the interface should
foster interactive tools to take control even if the system did not forecast any trouble so as to
let the user unilaterally decide to manually control, in case s/he thinks that the automation will
fail eventually.

RD7: foster predictability with harbinger cues

The research directions are summarized in Table 1.
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RD1 | define programming language constructs relevant to ATCOs
RD2 | make relevant programming language constructs usable by ATCOs
RD3 | select relevant dimensions of EUP, EUD and EUSE for the task at hand
RD4 | borrow relevant concepts from Programming by Example
RD5 | foster and develop an interactive, live programming environment based on MoTa
RD6 | leverage the existing graphical environment
RD7 | foster predictability with harbinger cues
Table 1 : Research directions
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Annex A

This annex contains additional screenshots of the tools and systems mentioned in this
document. These visual resources will be used to support the design of new visual tools for
end-user programming in the TaCo project.

Unreal Engine ®
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Figure 40: Selecting several blueprint or boxes and transform it into one box
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Figure 41: Adding a predefined animation into Blueprint ®.
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Euphoria ®

Figure 43: Blending between a running and a diving animation.

Unity 5®
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Figljre 44: Example'of state machine blending animation used in Unity ®
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Anno 1404 ®

Figure 45: Creating a trade routes

StarCraft 2 ®

Figure 46: creating a sequence by selecting troops and orders
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Total War ®
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Figure 47: Troops selection and moving on field

Final Fantasy ®
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Figure 49: a) action of selected functional block - b) assembly line
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Figure 48: IntuiFace ® trigger and action
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