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ABSTRACT 
 
 
 

Developing interactive programs is tedious, more so than it should be. This 

seems to be due to the choices of languages often used in development, specifically 

the choice of using one catch-all language with which to write the entire program. In 

this paper we propose a new framework that will attempt to remedy this solution. 

 
 

This framework is called Big Easel, and it is unique in that it both utilizes 

multiple languages in a way that requires little user interaction in doing so, and that it 

abstracts away all of the minute details allowing the developer to focus on the logical 

flow of the program. 

 
 

The result of this research was that the framework shows promise in the areas 

in which it is complete; the Big Easel program for a non-trivial game was successfully 

compiled and run.   Moreover, the system seems to have put forth a workaround to a 

problem of a monolithic state structure that plagues many game development 

processes. 
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CHAPTER I 

INTRODUCTION 

Motivation 
 

Interactive programs are some of the most important outward-facing programs 

in existence, simply due to the fact that most programs that are used in day-to-day life 

are interactive. Word processors, operating systems, video games, and the like are 

most of the software that the average human sees in our modern age. 

However, designing interactive programs is exceptionally man-hour intensive, more so 

than programs which do not interface with a user as they run. According to Take-Two 

studios, some of their “top titles” cost over $60 million, and took over a year and a half 

for a team of over twenty people (Take-Two Inc., 2012). The simplest reason for this 

is that the developer has to take into account that the user will be able to change the 

program state whenever they wish, and in any way they wish. The motivation for    

Big Easel is to develop a framework in which the development of interactive programs 

can be done more efficiently. 

 
Problem Statement 

 
After careful consideration, and meticulous outlining of what problems were 

the most staggering in interactive software development, it became apparent that there 

were two glaring issues that always appeared: attempting to use a catch-all language, 

and the lack of an easy way to apply the theory of state transitions. 
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The first is that software in general developed with modern object oriented approaches 

are written completely in said approach that is a catch-all for writing code. Moreover, 

those programs that use multiple languages have to have each part written and 

manually interfaced into one overarching piece. I attempt to posit a solution to this by 

providing a framework that allows for multiple paradigms of programming languages 

to be used without the hassle of having to piece them together manually. 

The second problem is due to the fact interactive programs have been the subject of 

studies as far back as 1967 (Booth 1967) in some cases, and there are mountains of 

theory compiled to aid us in reasoning about that. However, this knowledge is often 

completely on the shoulders of the developer to employ and fitting it to their language 

of choice can be cumbersome. I attempt to design parts of this framework so that in 

describing the interactive program in this way will easily make use of all of this 

theory. 

 
Overview 

 
There are five chapters in this thesis: Introduction (the current chapter), 

Background, System Description, System Implementation, finally Results and Future 

Work. In the background section, there will be a list of historical works that were 

highly influential over Big Easel, including its predecessor Easel. The System 

Description section will contain all of the formal definitions for the Big Easel system, 

the grammar, and an example Big Easel program. System Implementation will consist 

of the specifics of code compilation, interfacing, and parsing for the system. Finally, 
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the Results and Future Work is the section in which anything notable that came up will 

be discussed along with plans for further expansions on Big Easel. 
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CHAPTER II 

BACKGROUND 

Easel 
 

Easel is the forerunner to Big Easel, in order to understand it we have to take a 

brief look at the language it is implemented in: SequenceL. 

SequenceL is a simple, general purpose, purely functional programming 

language (Cooke et. al. 2008). By simple, we mean that its entire syntax and semantics 

is described in about 20 pages. By general purpose, we mean the language is not 

specific to any domain. By purely functional, we mean that programs in SequenceL 

consist of equations defining functions, without any I/O or assignment. Because of 

this, SequenceL programs are compiled to C++ and linked with so-called “driver 

programs” that orchestrate I/O operations. 

Easel is a framework for creating real-time games by defining pure functions 

in SequenceL. A pure function is one with no side effects, there are no global or state 

variables that are changed by the function. It was designed principally for the purpose 

of game programming for math education. Its debut was in a paper comparing its 

usage in a college level math course side-by-side with pygame (Nelson et. Al. 2014). 

An Easel game is created by defining the following types and functions in 

SequenceL: 

• State - a structure type whose instances are possible states of the game; 
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• initialState - the starting state of the game; 

• images(S) - if S is a state, images(S) is a sequence whose members are the 
images to be displayed in the game window when the game is in state S; 

• sounds(I, S) - a sequence of sounds played when input I is accepted in state S; 

• newState(I, S) - the new state resulting from accepting input I in state S. 
 
 

The idea behind Easel was to strip a game down to its most basic parts; functions 

that without even one of them a game could not run. This left all of the remaining 

parts of the game, how sounds were used, how input was captured, what kinds of 

images to load and display, the order in which images were displayed, among other 

things to the framework itself. All of these benefits were given by default to an Easel 

developer; they simply had to define the five crucial parts of the game. 

This led to some great successes toward that goal, students that were handed 

the system were able to completely focus on the rules of the game, as well as, when 

and how the state of the game could change. They needed not think about any of the 

other parts, resulting in a high level of abstraction. 

Almost immediately upon completion of Easel, its drawbacks became 

extremely pronounced. The foremost problem is that for any game that was 

sufficiently complicated, the State became so bloated and cumbersome that the 

developers task of correctly updating it became problematic. This problem was not 

new, in fact in 1987 this was given a name: “Monolithic Data Structure” (Moreno- 

Diaz et. Al. 2003) Another issue was that while all other parts of the game were 

abstracted away, the developer had no way of touching them at all if they wanted to. 
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In addition to this, the language SequenceL was used in the entirety of the 

program. In the places where a functional language was needed, game rules and 

resulting states, it shone brightly. However, the developer was forced to use it for the 

entirety of the program, even in places where it may not have been best suited. 

After the results of its debut study were published and reflected upon, a 

short list of features that were desired was put together: being able to have the state 

represented as something other than a massive global game state, the ability to 

combine the strengths of multiple languages, maintaining high abstraction while 

exposing more features, and the ability to make any interactive program (not just 

games) using the framework. With this list in mind, the successor framework (aptly 

named Big Easel) could begin development. 
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Terms 
 

Before progressing further, a couple of terms are necessary to define for the 

scope of this paper. 

 

 
 

Figure 1. State Definitions 
 
 

State Transition Diagrams 
 

It is unclear who were the first or most influential authors behind the adoption 

of state transition diagrams in computer science, some sources point to C.E. Shannon 

and W. Weaver in their 1949 book "The Mathematical Theory of Communication" 

(Shannon, 1971) while some credit Taylor Booth in his 1967 book "Sequential 

Machines and Automata Theory" (Booth, 1967). Regardless, the concept of a state 

transition diagram has become commonplace in software development the world over. 

For the purposes of this paper, a state transition diagram is defined as a 

directed graph (Q, Σ, E, Q0, F) where Q is the set of states, Σ is the collection of input, 

E is the set of edges, Q0 is the start state, and F is the set of final (accepting) states. 

Q will consist of a state for every combination of fluent values in our system. 
 

A fluent is a condition that can change over time; in a system whose only object of 

interest is a light switch being “on” or “off”, we only have one fluent: switch_on. 
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When our switch is off, our fluent will be -switch_on. Therefore, in this system Q is 
 

{Q0, Q1} where in Q0, we have switch_on, and in Q1 we have -switch_on. 
 

Σ will be the collection of all inputs to our system, be they symbols, actions, or 

whatever the type of interaction that can change the state of the system is called. 

Continuing our switch example, Σ will be the action flip_switch. 
 

E will have an edge for every (Qi, Qj, σ) where Qi and Qj are states in Q, and σ 

is some member of Σ. In our ongoing example, E will be {(Q0, Q1, flip_switch), (Q1, 

Q0, flip_switch)}. 

F will be a set of states from Q which are said to be final, meaning that it is 

acceptable for the system to end in such a state. In the switch example, both Q0 and Q1 

are final. 

Another common example in which a state transition diagram is used is called 

the Yale Turkey Problem. In this problem (which was refitted from the Yale Shooting 

Problem), we are presented with a turkey which is alive, and a gun which is unloaded. 

Our desired outcome is for the turkey to be dead, presumably to be eaten for 

thanksgiving dinner. The actions we can undergo are: load the gun, and pull the 

trigger. Loading the gun causes the gun to become loaded, and pulling the trigger of a 
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loaded gun causes the turkey to be dead. 
 

 
 

Figure 2.  Yale Turkey State Transition Diagram 
 

An intelligent reader, or a system designed to make use of state transition 

diagrams, will conclude that in order for our goal of a dead turkey to be achieved, we 

should load the gun, and then pull the trigger. 

Using the methods described above are commonplace in dealing with AI, 

player interaction, and planning in interactive programs or systems. The Big Easel 

system is no exception. 
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STRIPS 
 

STRIPS (STanford Research Institute Problem Solver) is an influential 

“problem-solving” system introduced in 1971 by Richard E. Fikes and Nils J. Nillsson 

at Stanford Research Institute (Fikes et. Al. 1971). STRIPS is a planning AI, in that it 

is given a scenario like the Yale Turkey Problem and will give a plan, a sequence of 

actions to take in order to reach a certain specified goal. 

A STRIPS instance is a quadruple (P, O, I, G) where: 
 

P is a set of conditions, which are propositional variables; 
 

O is a set of operators; each operator is a quadruple (α, β, γ, δ) with each 

element being a set of conditions. These four sets specify, in order, which conditions 

must be true for the action to be executable, which ones must be false, which ones are 

made true by the action and which ones are made false; 

I is the initial state, a set of conditions that are initially true; 
 

G is the goal state specification, a pair (N, M) which specify which conditions 

are true and false, respectively, in a goal state. 

When it comes to making programs with STRIPS, it has seen numerous uses in 

game development, especially when it comes to AI. STRIPS is almost a perfect match 

for many aspects of game logic, especially for software engineering purposes. Due to 

the nature of a STRIPS instance, the modularity of game programs is highly increased 

when codified to the STRIPS method. 
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STRIPS is perfect for making AI in video games, it is a simple and extremely 

powerful system for planning the actions needed for a goal. Units in a game can have 

their actions dictated by a plan formed by using STRIPS inside the game. In fact, in 

the acclaimed first-person shooter F.E.A.R. the AI was partly based on the STRIPS 

technology. (Orkin, 2006) By using a planning system such as STRIPS over a rule or 

script based AI, developers can see emergent intelligence in their systems rather than 

just having the AI follow a long list of rules. Though extremely useful and interesting, 

AI is not part of the current scope of Big Easel; future work will have ways to program 

AI modules using the same system. 

We now show an example problem to which STRIPS would be an excellent 

method for finding a solution. There is a building with three rooms, room A, room B, 

and room C. There is a monkey in room A, a bundle of bananas suspended from the 

ceiling in room B, and a movable crate in room C. The monkey can move from one 

room to another, climb on top of the crate, move the crate from one room to another, 

and grab the bananas if he is next to them. 
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The STRIPS instance for this problem is: 
 
 

 
 

Figure 3. STRIPS Instance pt. 1 
 
 

 
 

Figure 4. STRIPS Instance pt. 2 
 

STRIPS applied to this problem will yield a plan of {Move(A, B), Move(B, C), 

MoveBox(C, B), ClimbUp(B), TakeBananas(B)} to be executed, in order, for the goal 

to be achieved. The Big Easel system’s largest single influence is STRIPS’ method of 

encoding actions. One thing that should be noted, and will be elaborated upon later, is 
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the fact that Preconditions and Postconditions in STRIPS are a conjunction of boolean 

propositions. 

 
State Machines 

 
 

Abstract State Machines 
 

A state machine that operates on data structures that have no definition or 

implementation is said to be an abstract state machine. Far from being impractical, 

abstract state machines (ASMs) are often used to model a program without worry of 

implementation of helper functions and data structures. This allows for the highest 

level of abstraction possible when designing the logic of a program. Once the ASM 

has been constructed, a developer can finish implementing the helper functions to suit 

their implementation environment as they wish. 

In Yuri Gurevich’s (Gurevich, 1993) original design, an ASM is defined as a 

set of transition rules of the form: 

 

 
 

Figure 5. Abstract State Machine Definition 
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The execution of these rules updates (in the given state and in the given way) 

the value of the function f at the specified parameters, leaving everything else 

unchanged. This is significant in that it avoids the frame problem; which is, simply 

put, the issue of finding a way to imply that things in the environment do not change 

without good reason. In Answer Set Programming for example, what is known as the 

inertial laws (Gelfond et. Al. 1993) are used to say that a fluent will not change if we 

have no reason to believe that it has changed. 

An example of an ASM is presented to codify Conway’s Game of Life; a 

scenario in which there is an NxN grid of cells that are either alive or dead at the 

beginning. These cells can die, or come back to life in the next step of execution 

depending on the status of their direct neighbors. A cell which is dead in the previous 

state will become alive if it has 3 neighbors that are alive. A cell which is alive in the 

previous state will die if it has less than two, or greater than three neighbors that are 

alive. If a cell does not meet one of these criteria, then its status does not change. 
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Figure 6. Conway’s Game Of Life Abstract State Machine 
 

This ASM has no rule(s) that enforce the inertia of fluents that do not change, 

it has no need to since the definition of ASM provides that everything that isn’t change 

is left unchanged. 

 
Finite State Machines 

 
A finite state machine is an abstract state machine that can only be in one of a 

finite number of states. In research for the Big Easel project, this was a step closer to 

what was desired, restricting the state space to be more practical. However, a finite 

state machine still has the drawback of no implementation for helper functions, no 

concrete data structure for the states, and no immediate method of allowing this to be 

done automatically. 
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Figure 7. Finite State Machine Definition 
 

The following example is a system with a switch that can be in the on or off 
 

position, and our actions are turn off and turn on. 
 
 

 
 

Figure 8: Finite State Machine Example 
 
 

Concrete State Machines 
 

This is the closest of the state machines to what was desired for Big Easel, but 

certain issues lead to the need for the system to be created from scratch, influenced by 

previous systems rather than building on or extending them. 
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A Concrete State Machine is an ASM in which all functions are defined, and 

every state has a concrete data structure. With all of this provided, a framework can be 

built around a Concrete State Machine (CSM) that specifies the rules of the program 

in an abstract way, leaving the lower-level parts to an object language more suited to 

them. 

The aforementioned problems are the antithesis with modern approaches using 

solely object oriented approaches. While a CSM handles game rules, logic, and 

abstraction perfectly, it was never meant to handle I/O, network communication, data 

transfer, or any of the other things that make a program run smoothly. It was after 

realizing that no one system would be able to accomplish the desired goal that an 

approach combining the best features of multiple languages would be necessary. 
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CHAPTER III 

SYSTEM DESCRIPTION 

Definitions 
 

 
 

Figure 9. Definitions 
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Description 
 

Big Easel is a framework in which a developer can create interactive programs. 

It combines the object oriented power of C#, the mathematical precision of functional 

programming, and the theory power of state machines without the developer having to 

do all of that on their own. 

From a code perspective, a Big Easel program will consist of three parts: a 

functional portion, Big Easel code, and a C# framework. (the default is SequenceL) 

The functional portion contains all of the data transformation functions used in the 

program. The Big Easel code itself contains all of the logic for the state of the 

program. Finally, there is a C# program which handles I/O, data transfer, as well as 

being the foundation in which the other parts are compiled or interfaced with. 

Formally, a Big Easel Program is a 4-tuple <S, A, L, F> where: 
 

o S is the program’s state space. 
 

o A is a set of actions. 
 

o L is a set of static causal laws. 
 

o F is a collection of pure functions. 
 

With the exception of F, which is written in the functional language of the 

developer’s choice with the default being SequenceL, all of this is written in the 

syntax of Big Easel. 



Texas Tech University, Josh Archer, August 2016 

20 

 

 

 
 

The first portion of C# code comes in the form of a bare-bones framework that 

forms the default display for any program written in Big Easel. This framework is a 

simple interactive picture box (a section of the window that displays images, as well as 

records mouse input), one button, and one text label. Once compiled into C# code, the 

remaining parts of the Big Easel program will be tied to input methods by the 

developer, as well as interface with the pure functions automatically. The current 

implementation compiles actions and static causal laws into C#, leaving the function 

interfacing, creating the state space, and all C# data structure generation up to the 

developer. 

The tasks of a developer in Big Easel are as follows: 
 

1. Create a complete list of pure functions needed to transform data in the 

program. 

2. Define the state space of the program. 
 

3. Define all actions the user/player can perform including when each 

action can be performed, and how performing that action in a given 

state will change the state. 

4. Define all ways in which the state can change without prompting by the 

user. 

5. Bind the compiled actions to inputs in the C# framework. 
 

This system is designed in such a way that the developer has the highest level 

of abstraction as possible; when designing the rules for the program, the developer 



Texas Tech University, Josh Archer, August 2016 

21 

 

 

 
 

need not worry about anything else. The end result of doing these tasks will be a C# 

program that performs the program as specified. Any visual changes, or other 

additional C# features will have to be done by the developer, as attempting to abstract 

anything further in that area treads into trying to improve C# itself. 

 
Example Program 

 
Big Easel is intended to be used for games and programs beyond the scope of 

what the original Easel failed on. The structure of the actions and static causal laws 

that define when and how the state may change, especially the fact that they can 

change parts of the state without having to update it in its entirety, is paramount in 

doing so. 

As an example program that flexes this complexity, consider the game 

developed alongside this system Ranged vs Melee. Surprisingly, this game program 

has spawned another contemporary investigation for JD Davenport, solidifying the 

belief that its balance of simplicity and complexity was well thought out. Before the 

actual Big Easel version of Ranged Vs Melee (RvM), an English description is required 

both for the reader’s sake of understanding the game, and to highlight that the Big 

Easel game rules follow from the English ones easily. 

RvM is played on a 5x5 grid with two players: “archer” and “swordsman”. At 

the beginning of the game, it is swordsman’s turn, with the swordsman piece at 

position [1,1], and the archer piece at position [3,3], with all other spaces on the board 

being empty. 
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A player’s stats are: 
 

o Name 
 

o Hit Points 
 

o Position 
 

o Weapon Skill 

o  Evasive Skill 

o Damage 

o Range 
 

o Movement 
 

When it is a player’s turn, they may move any number of tiles (0 inclusive) up 

to their unit’s movement, and they then occupy that square. After moving, a player 

may attempt to attack the opponent’s piece. When a player successfully attacks their 

enemy, the enemy’s HP may be lowered depending on each player’s stats and random 

chance. 

Players take turns moving and attacking until the game is over. The game is 

over when either player has reached 0 HP. 

What follows is the Big Easel program for RvM. 
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Figure 10. RvM State Space 
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Figure 11. RvM Actions Pt. 1 
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Figure 12. RvM Actions Pt. 2 
 
 

 
 

Figure 13. RvM Static Causal Laws 
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Figure 14. RvM Functions 
 
 

Grammar 
 
 
 

The grammar for Big Easel is as small as possible, with the truly significant 

part being what are labeled as Rules. There are five Rules; one for assignment, a 

foreach loop, a conditional, a while loop, and function calls. There is a special type of 

Rule called an ERule which is for effects that were used above in actions. ERules are 

identical to rules, except they must only end in an assignment. 
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Figure 15. Grammar Pt. 1 
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Figure 16. Grammar Pt. 2 
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CHAPTER IV 

SYSTEM IMPLEMENTATION 

State Space 
 

At the time of this paper’s submission, the state code is not fully automated, 

however this is what the resulting C# code will be given the state space of a Big Easel 

program. 

First we have the defined types Player and Cell: 
 
 

 
 

Figure 17. C# Player Class 
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Figure 18. C# Cell Class 
 

And then we have the State itself: 
 

 
 

Figure 19. C# State Class 
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Contained in this class are all of the state variables specified in the Big Easel 

state space section, along with the initial state configuration. With the addition of the 

defined types’ classes Cell and Player, this is the complete State Space section. 

 
Actions 

 
The great triumph of this work, at the time of this paper, is the formalization 

and compilation of actions. Once the complete Big Easel program is compiled, the 

actions will have their own compiled C# code for the developer to make use of in the 

program. 

Let us take a look at the action reset; recall that pass takes a Player as an 

argument, has precondition that it is that Player’s turn, and the effects that attacked, 

and moved will be true, and that it will be the other Player’s turn. 

 

 
 

Figure 20. Pass Comparison 

Here we have the Big Easel action, and the C# function side by side. Notice a 

few things about the C#; first that the function is a boolean, this is so that the 

framework can know whether the action successfully fired or not at the time it was 

attempted. Next, see that all action functions begin with “action_”, this is to avoid 
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naming conflicts. Finally, we can see that the preconditions form the body of the if 

statement, and the effects are all (aside from the return value) and only the 

assignments contained in the body of the if statement. 

A slightly more complicated example is the attack action: 
 

 
 

Figure 21. Attack C# 
 
 

 
 

Figure 22. Attack Action Comparison 
 

Note, again, that all statements inside of the conditional statement must be 

assignments. 
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C# Framework 
 

The first part of the project that will exist is the framework on which all of the 

compiled code will rely; it is designed, for default programs, to be a simple GUI with 

a button, text label, and a box to display images. From this window, any input the 

developer desires to make use of must be tied to the compiled code by the developer. 

Additionally, any changes the developer may require of this default window, such as 

the instance in which they require an additional button, must be done themselves. 

In the case of the example RvM program, this is the GUI: 
 
 

 
 

Figure 23. Empty GUI 
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This is the state of the modified framework; it does nothing but display what is 

in the image. An additional button and two additional labels were added, as well as the 

existing ones’ names were changed. 

From here, the next step would be to bind inputs to compiled actions. In the 

following case, we are dealing with the action Reset. We wish for the action to be 

bound to clicking the button labeled Reset. To do so, we use C#’s click event handler: 

 

 
 

Figure 24. Reset Action Binding 
 

Here we have the event which fires with the Reset button, named 

“ResetButton”, calling our compiled reset action. The actual state changes behind 

reset are done in creating a new State object, the default constructor for State will have 

the initial state conditions set up. 

Once we are sure that the reset action actually fired, then there are a few things 

left to do inside the click event. First, as with all successful actions, we must check all 

of our static causal laws, and secondly we force the C# picture box to redraw 

everything by using Invalidate(). 

Let us look at one more example of input binding, this one being a little more 

complicated. When a player left-clicks on the game board, we want to register that as 
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an attempt to move. In order to actually call the move action, we must figure out 

which cell they are attempting to move to. 

That is done with the following: 
 
 

 
 

Figure 25. Click Binding 
 

Note that, in order, we have the position of the desired grid being calculated, a 

Cell being created to reflect this, and then a condition. It is entirely up to the developer 

to decide what input triggers what action; in this case he chose to make right-click 

trigger attack and left-click trigger move. Looking at the left click case, we have 

something very similar to the reset action; the action_move function is passed all of 

the arguments specified in the Big Easel code, in this case being Player, Cell, Cell, 

along with the same two lines to check the static causal laws and force a redraw. 
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For reference, here is the action_move function: 
 
 

 
 

Figure 26. Move Action C# 
 

With that, and the appropriate repetition for the remaining actions, the 

developer will have successfully bound all the desired inputs to all of the action 

functions. At this point the program is complete. 

All that is left is some visual effects in C# to have the following: 
 

 
 

Figure 27: Ranged Vs Melee 
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CHAPTER V 

CONCLUSIONS AND FUTURE WORK 

Conclusions 
 

At the completion of this work, I find a couple of things noteworthy. First and 

perhaps most important is that I believe the monolithic state problem has been 

remedied with Big Easel. Using actions and static causal laws to define when and how 

the state changes makes it so that specific parts of the state can change, rather than 

having to work with updating what changed and keeping track of everything that did 

not. 

The second noteworthy part is that, not intentionally, Big Easel is more 

expressive than STRIPS. This means there are things you cannot express in STRIPS 

that you can in Big Easel. This is due to the fact that in STRIPS the preconditions and 

post conditions must be a conjunction of boolean predicates, while in Big Easel they 

can be any arbitrary boolean expression. A proof of this will follow this section. 

Toward the attempt of “making interactive program development easier”, it is 

difficult to objectively say whether or not this system is a success. It appears that 

throughout history, when abstraction and automation have appeared in languages, that 

reduction in cost has followed. Further study is required to ascertain whether or not the 

system is a success in that regard. However, I do consider the system a great success if 

in no other regard than it provides a way of programming video games in which the 
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developer can separate their thoughts and describe the logic of the game long before 

they ever consider any part of the low level implementation details. This sort of tool, 

the original Easel was of this variety, has seen uses in education for teaching 

development procedures before; and I see no reason not to count Big Easel as a 

contender in that field. 

 
Proof of Expressive Power 

 
In STRIPS, a condition is a propositional variable, i.e. a variable that can be 

either true or false. Recall that a STRIPS instance is a quadruple (P, O, I, G) where: 

P is a set of conditions, which are propositional variables; 

O is a set of operators; each operator is a quadruple (α, β, γ, δ) with each element being a set of 
conditions. These four sets specify, in order, which conditions must be true for the action to be 
executable, which ones must be false, which ones are made true by the action and which ones 
are made false; 

I is the initial state, a set of conditions that are initially true; 

G is the goal state specification, a pair (N, M) which specify which conditions are true and 

false, respectively, in a goal state. 

 
 

Therefore, an action in STRIPS will look as follows: 
 
 
 action 
 preconditions: (α 1 ∧ α 2 ∧ … ∧ α n) ∧ (β 1 ∧ β 2 ∧ … ∧ β n) postconditions: (γ 1 ∧ γ 2 ∧ … ∧ γ n) ∧ (δ 1 ∧ δ 2 ∧ … ∧ δ n) 

where α1 – αn and β 1 – β n are the conditions that must be true and false respectively in 

order for the action to be executable, γ 1 – γ n and δ 1 – δ n are the conditions that are 

made true and false respectively by the action. 
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A Big Easel action, however, is as follows: 
 
 
 

action 
preconditions: P 

effects: E 

where P is an arbitrary boolean expression, and E is a sequence of effects. 
 
 
 

Conjecture: 
 

The preconditions in Big Easel can express more than the preconditions in STRIPS. 
 

Consider the boolean expression a ∨ b, in Big Easel this is easily expressed as a ∨ b. 
However, there is no way to express this in STRIPS. 

 
We have that a ∨ b is in disjunctive normal form. Any precondition of STRIPS is also 
in DNF, and since there can be no disjunction in STRIPS’ preconditions there is no 

direct way to write a ∨ b. 

We have that the disjunctive normal form is unique, therefore a ∨ b cannot be written 
in STRIPS. 

 
Therefore, a ∨ b cannot be expressed in STRIPS whereas it can be in Big Easel. 
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Future Work 
 

The future for Big Easel is busy, to say the least. There are many parts to 

complete in the way of optimization, and going through the creation and design of Big 

Easel led to a veritable notebook’s worth of ideas. 

 
Automation – State Space 

 
The current State class, along with all of the classes for defined types and state 

variables, is not automated. The path to doing so seems clear; with a more rigorous 

structure for them in the Big Easel program itself, it appears that the compilation of 

said code into C# classes would go smoothly. 

 
Automation – Functions 

 
All of the pure functions that do the data transformation of the program, as 

well as one of the selling points of the framework, are not currently automatically 

interfaced. This is not a trivial task, as being able to call an arbitrarily defined function 

of a given language in C# is beyond what I am able to do at the moment. This will 

require a large amount of research and effort to complete, but once done will be a 

massive boon to the worth of Big Easel. 

 
Interfacing – AI module 

 
While working alongside JD Davenport in the design of the Ranged vs Melee 

game, we both desired the ability for an AI player to be usable. A way to plug in an 

existing AI algorithm such as minimax to a game written in Big Easel would be 
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extremely useful. With such a feature, game developers would be able to write 

portions of the game they want to design, plug in an off-the-shelf AI algorithm, and 

play it as it unfolds. 

 
Study – Development Cost Study 

 
As mentioned in the conclusions section; it is difficult to say one way or 

another if the main goal of Big Easel has been accomplished. Does it make developing 

interactive programs easier? Any answer I could give would be purely subjective. A 

study in which we compare traditional methods of making a given interactive program 

with the Big Easel framework is needed. Much like the original Easel study, this will 

allow us to speak about Big Easel objectively. 
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