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1 Introduction

The fundamental goal at a creation of the software was bringing theoretical
models of economics into a practice by performing experiments on com-
puters. To achieve the goal, a model should be designed and executed in
a computer and different subjects should communicate to the executing
model, make decisions according to a state of the model and according to
responds of the other subjects. A game theory field was a base for con-
ceptualization of this ideas. The software was developed several years and
went through different phases of changes and improvements. Some phases
of changes and improvements were more profound, the others covered just
a part of the software.

From an execution process point of view, the software brings together
two different types of games. One type of games involves a process similar
to a Markov process which is executed step by step. The second type of
games involves a asynchronous process which is event-oriented. Although
both types of models can be mixed in a single game, their combination
is not seamless because the combination of different types of models was
added later in the development.1

During a time, for a wide range of games become possible to be defined
and executed within the software. Step by step, a set of building blocks of
a game definition was formed and possible scenarios of a game execution
were covered.

This document describes all parts of the software implementation. It
is intended to provide insight into organization of the software and into
features which the software provides.

2 Implementation environment

The software is implemented in Java 1.4. Beside built-in libraries2, also
external libraries are used:

• HSQLDB - database
http://hsqldb.org/

• JGraph - management of a graph (vertices and edges)
http://www.jgraph.com/

1At the beginning, one type of a model or the other type of the model only could be
executed within a single game.

2For instance, Swing is used for the implementation of the major part of a graphical user
interface.
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• JHALL - management of help
http://java.sun.com/javase/technologies/desktop/javahelp/index.jsp

• jazzy - spellchecking and dictionary
http://jazzy.sourceforge.net/

• xstream - object serialization
http://xstream.codehaus.org

• solver - optimization

3 Structure of the software

The software is composed by several segments which reflect activities that
can be performed. It includes a module for a design of a game, a module for
an execution of a game and a module for analyzing data.

3.1 Design of a game

The first step in the process of using the software is a design of a game.
A game definition is composed by basic elements which are connected by
transition rules (Figure 1).3 These elements enables definition of extensive
form games , strategic form games , free form games , market games , and a
combination of them.

The design of a game part of the software embrace all infrastructure
necessary for a convenient management of a game definition. The infras-
tructure provides actions such as make a new definition (New), open an
existing definition (Open), save a current definition (Save), save a current
definition under some other name (Save as), and open a recently edited
definition (a selection from a list). The infrastructure also provides an au-
tomatic save of a user environment state during a conclusion of a software
execution. At the next execution of the software, the user environment is
restored.

An important part of designing a game is also a mechanism for manag-
ing an undo and redo actions.

3Some games can be defined without any connections.
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Figure 1: An example of a designed game

3.1.1 Game types

The software provides mechanisms for four basic types of games. How-
ever, a possibility to combine the mechanisms within a single game enables
a wide range of games which can be defined.

A game is defined by placing elements on a design panel, connecting
the elements and setting their properties. Necessary underlying mecha-
nisms are triggered automatically during a game execution and no special
attention is needed during a game definition to assure a proper execution.

3.1.1.1 Extensive form game

A structure outlook of an extensive form game is a tree-like. The game
starts at a top node and ends in one of a terminal nodes. A decision among
choices is made in each of a visited node. A game can consist of more than
one tree-like structures which are connected with transition rules.
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3.1.1.2 Strategic form game

A base for a strategic form game is a multidimensional matrix. Each di-
mension consists of a set of possible choices. Actual choices in each of the
dimensions determine a matrix cell which represents a result of a game.

3.1.1.3 Free form game

A central point of a free form game is a stage containing a formatted text
which includes values of variables and input fields. A game consists of
a set of stages which are connected among each other. A transition from
one stage to the another stage involves evaluations of expressions which
determine new values of variables.

3.1.1.4 Market game

Trading of assets can be done by a market game . A game contains a set of
assets and when a selling price meets with a buying price, a transaction is
committed.

3.1.2 Data types

Possible types of data which appear in a game definition and during an
execution are:

• integer - represents whole numbers: numbers that can be written with-
out a fractional or decimal component (0, 1, -1, 2, -2,. . . )

• real - represents numbers that can be written with a fraction or deci-
mal component (for instance, 2.1, -27.2387,. . . )

• boolean - contains value true and value false

• text - represents any sequence of characters which are expressed within
quotes (for instance, ”good”, ”m”, ”-)a”,. . . ).

• any - no particular type is determined

Items of each data type, except any, can be sorted.
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3.1.3 LIST

An important way of composing data is a LIST structure. A syntax of a LIST

is the following: a sequence of an arbitrary number of items, separated
by a comma, are enumerated within brackets (for instance, [4, true,
"text"]). Furthermore, an item can be data of any type or a list (a nested
list).

Although an item in a LIST is independent of the other items, they are
usually of the same data type4. Moreover, data are many times structured
as a matrix. In order to differentiate a row and a column separator, a semi-
colon delimiter is added. A LIST [a, b] has dimension 1x2 while a LIST

[a; b] has dimension 2x1. This is important when data are composed or
separated to comply with subjects’ data.

Example:
Let’s have two subjects in a game. Inputs of the subjects are 2 and 1, respec-
tively. Composing data by expressions
VARIABLE:=[subject username(), Input]
and
compose(VARIABLE)
produces
[["subject1", 2]; ["subject2", 1]]
which is a matrix of dimension 2x2. A subject name and an input are com-
posed by columns (using a LIST structure), while compose() function com-
poses data by rows.

3.1.4 Elements

The following elements are available:

• VARIABLE - the most fundamental element which serves for saving
data

• CHOICE - an input element used in a free form game

• STAGE - a dominant element and a synchronization point in a free
form game

• PLAYER TYPE - contains properties of a player in a market game and
a free form game

4At least within a row or within a column.
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• TRANSITION - contains expressions for a game state evaluation dur-
ing a game execution

• FUNCTION - an auxiliary element for defining expressions

• ASSET - a fundamental element in a market game

• MATRIX - a dominant element in a strategic form game

• TREE ENTRY - an entry point element of an extensive form game

• PLAYER - an element denoting a player used in all type of games ex-
cept a market game

• NATURE - an element which provides a random decision in an exten-
sive form game

• PAYOFF - an element for setting payoffs in an extensive form game

A game is designed in a Design panel (Figure 2) and in a Toolbox win-
dow (Figure 3) of the software’s user interface.

Figure 2: Design panel

An element can be dragged&dropped from a side panel to a main panel
of the Design panel. Once present on the main panel, the element can be
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Figure 3: Toobox window

moved, removed, duplicated, and edited. In addition, it can be connected with
other elements (Section 3.1.5). There are two types of a transition connec-
tion, a reference connection, and an information connection. The transition
connection means that a transition from one element to the other element
is possible during a game execution. The reference connection means that
an expression of one element contains a reference to the other element. The
information connection means that a decision information is hidden to a
player.

Moving an element around the main panel is quite straightforward op-
eration. However, it is worth to mention that it possible to move several
elements at once. More than one element can be selected either by selecting
a rectangle area around elements using a mouse5 or by clicking one ele-
ment after another while holding a selection key (i.e. Ctrl on Windows, Cmd
on OSX,...).

A removal of an element is also quite a simple procedure. An element
has to be selected and the remove command should be performed6. How-
ever, the removal completion depends on connections between elements.
An element can not be removed if it is referred by any other element. The
reference element must be also removed or the reference must be elimi-
nated in order to conclude the element removal. Similarly to moving op-
eration, a remove operation can also be performed on several elements at
once.

5A rectangle area can be selected by a click and hold down a mouse button (this deter-
mines one corner of the rectangle), drag the mouse to some location, and release the button
(this determines the opposite corner of the rectangle).

6A dialog pops up and an additional approval is needed to proceed with the removal.
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The duplication makes a duplicate of an element. The difference be-
tween an original element and the duplicate is between their names.7 Again,
the duplication operation can be performed on one or several elements at
once. Note, that potential connections are also duplicated.

The edit operation provides a way to set properties of an element. The
most of the elements has property that contains an element name. A value
of this property can be changed (element can be renamed) by a double
click on the left mouse button and editing a text. If holding Ctrl button
at the mouse click, a rename will affect all elements of a kind with the
same name.8 The other properties of an element can be changed within
a window which is opened when edit command is requested. Changes of
editing are asserted to a definition when they are confirmed9, otherwise
the changes are abandoned. Each edit window has a panel containing all
elements of a kind in order to enable quick switch between properties of
elements.

From appearance point of view, the elements can be divided to simple
and complex elements. A simple element has only a name property accom-
panied. Its behavior during a game is determined by its presence. Simple
elements are: TREE ENTRY and NATURE.

Elements in the Toolbox window are enumerated in a table-like appear-
ance. Elements are divided according to their types into four tabs. Similar
commands are available as in the Design panel: creating a new element, re-
moval of an element (or multiple elements), duplication of an element (or
multiple elements), and editing of an element.

3.1.4.1 VARIABLE

A VARIABLE is the most fundamental element of a game definition and
execution. It is the basic storage for data and the most often used operand
of an expression.

In general, a VARIABLE is a two dimensional array of data, although the
most common usage is as a single cell (dimension 1x1). During an evalua-
tion of an expression, a dimension of a VARIABLE must be consistent with a
dimension of other data in the expression. However, the dimension check

7A name of the duplicate is extended by a number. If it is allowed that elements have the
same name (TRANSITIONs do not need to have different names), the name of the duplicated
element is not changed.

8In practice, it can be used only for a rename of a PLAYER element in an extensive form
game .

9For instance, by a click on Accept button.
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can be suspended by setting row or column property to value 0.
A single VARIABLE can contain separate data space for each subject

(multiple VARIABLE - Section 3.1.4.15). This implies multiple evaluations
of an expression when the expression is assigned to such VARIABLE. Let’s
have an input of three subjects: 23, 11, 17. If the input is assigned to a
multiple VARIABLE, three evaluations (assignments) are performed. As re-
sult, each of the input is assigned to according data space of the multiple
VARIABLE. The VARIABLE is storing three values of dimension 1x1. On
contrary, an assignment to a plain VARIABLE would perform the evalua-
tion only once and result would be one value of dimension 3x1 ([23; 11;
17]).

The following properties can be set to a VARIABLE (Figure 3):

• name
A unique name of a VARIABLE.

• type
A value of a VARIABLE’s data type can be integer, real, boolean, text,
or any (Section 3.1.2). Setting a more precise type (i.e. integer instead
of any) provides a check of data consistency during an evaluation of
expressions.

• init value(s)
A VARIABLE can have initial values, row labels and column labels.

• rows
An expression which denotes a number of rows.

• columns
An expression which denotes a number of columns.

• persistence
A boolean value which determines persistence of value(s) over a round.

• multiple
A boolean value containing a choice between a plain and a multiple
VARIABLE.

• stage evaluation
A boolean value which determines a moment of an expression evalu-
ation.
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• page condition
A boolean value which is used in a case when a VARIABLE is used in
a STAGE text.

• all sessions
A boolean value which determines a scope of the stage evaluation prop-
erty.

3.1.4.2 CHOICE

An input element for a free form game (Section 3.1.1.3) is defined by a
CHOICE. The CHOICE provides two ways of input. A value can be typed
into an empty field or a value can be selected among already defined val-
ues.

Figure 4: CHOICE’s properties

A numerical input can be limited by a minimal and maximal value. A
subject is prevented to enter a value outside the limits. Similar to a VARI-
ABLE, a CHOICE can have a two dimensional array of data input. Data in-
put fields can be either empty or set with defaults values. When an empty
field appears, a subject must enter a value before proceeding. If a field
contains a default value, a subject can either edit it or just leave it before
proceeding.

As mentioned above, an input mechanism of a CHOICE also provides
a selection type of an input. By setting default values and checking a row
and/or a column selection, a subject can select a row of values, a column of
values, or a single value10. As alternative to an array presentation of default

10When both, the row and the column selection is checked.
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values, the default values can also be presented as a drop-down selection
where only a single value can be selected.

An input of a value can also trigger a confirmation that a subject con-
cluded with an input (Section 3.1.4.3) by checked immediate response prop-
erty.

The following properties can be set to a CHOICE:

• name
A unique name of a CHOICE.

• type
A value of a CHOICE’s data type can be integer, real, boolean, text, or
any. Setting a more precise type (i.e. integer instead of any) provides
a check of data consistency during an evaluation of expressions.

• min:max
Expressions which limit a minimal and a maximal value of an input11

• default value(s)
A CHOICE can have default values, row labels and column labels.

• rows
An expression which denotes a number of rows.

• columns
An expression which denotes a number of columns.

• show default values
A boolean value for showing default values.

• row selection
A boolean value that enables a row selection of values.

• column selection
A boolean value that enables a column selection of values.

• drop-down selection
A boolean value that enables a drop-down selection of values.

• immediate response
A boolean value which enables immediate response after an input is
entered.

11Applicable for a numerical input only.
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3.1.4.3 STAGE

The most dominant element and a synchronization point in a free form
game (Section 3.1.1.3) is STAGE. Its cornerstone is a formatted text. For-
matting a text can be performed by standard actions like copy, cut, paste,
setting a font12, an image insertion,. . . The standard actions are augmented
by a possibility to insert two basic elements: VARIABLE and CHOICE. They
can be inserted via popup menu or by dragging. A presence of an element
in a text introduces a dynamic into the text. Namely, a content of the text
shown to a subject depends on a current values of the elements during the
page construction.

Figure 5: STAGE’s properties

Two special kinds of STAGEs can be defined. A starting STAGE is the
one where a sequence of free form game starts. A summary STAGE is the
one which is shown after a game is finished.

A STAGE have many properties which determine its behavior. The set-
tings can be grouped as follows:

12That mean font type, style, size, subscript, superscript, and color.
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• activity type
Each PLAYER TYPE (Section 3.1.4.4) and PLAYER (Section 3.1.4.10) is
placed in one of a STAGE’s activity type: Active, Observe, Glance, Pas-
sive. This setting indirectly influences a level of an activity of a subject
at a particular STAGE. A property prefer active decides where should
an interpretation of the activity type start. Namely, a subject can have
both roles set, PLAYER TYPE and PLAYER. For instance, Being observe
as PLAYER TYPE and being passive as PLAYER, a checked prefer active
sets observe to the subject and unchecked prefer active sets passive to
the subject.

– Active provides a full interaction with a STAGE.

– Observe provides a complete presentation of a STAGE but no in-
teraction.

– Glance provides all text of a STAGE but without content of VARI-
ABLEs and/or CHOICEs.

– Passive provides just empty content of a STAGE.

• context
A STAGE can serve different contexts. It can be declared as Instruc-
tions, as Auction, and/or Moderator Stage. Although it is not common
to select more than one of these properties at the same time, they are
independent of each other.

– Instructions displays the STAGE at the beginning of a game before
a starting STAGE is displayed.

– Auction means that a STAGE is proclaimed as an auction game
which produces a slightly different behavior at a subject response.

– Moderator stage displays a STAGE to a moderator in order to mon-
itor a game state at different points of a game execution. The
STAGE is usually not part of a free form game sequence of STAGEs,
although such involvement is not prevented.

• others

– Restore input can have of of the following values:

∗ no - an input of a repeated STAGE is never restored
∗ all - an input of a repeated STAGE is always restored
∗ consecutive an input of a repeated STAGE is restored if the

STAGE is repeated immediately after the previous occurrence

18



– Number of responders is an expression which denotes a number of
subjects which should respond to a STAGE for a game to proceed.
An empty expression is assumed as all active subjects should re-
spond. If the number is negative, it means up to instead of equals
to. This interpretation is possible only if Time limit is not empty.
Furthermore, if time exceeds before all inputs are entered, de-
fault values are accepted for subjects who not entered an input
(when the number is positive) or no input is accepted for sub-
jects who not entered an input (when the number is negative).

– Time limit is an expression which denotes time in seconds. After
the time exceeds, a STAGE input is automatically concluded and
default values are accepted as input. A default value of Time
limit (an empty expression) denotes unlimited time.

This properties are actually set for each page of a STAGE. In order to
avoid a definition with many STAGEs serving each PLAYER TYPE or PLAYER

separately, they can be ”packed” into one single STAGE with many pages.
Such construction provides a more compact definition and smoother exe-
cution of a game.

3.1.4.4 PLAYER TYPE

A PLAYER TYPE determines a specific properties to subjects which are as-
signed to be a particular PLAYER TYPE. PLAYER TYPE is a simple element
(Section 3.1.4) if no ASSET is defined. Otherwise it has a large set of prop-
erties which are assigned to a subject in a market game :

Figure 6: PLAYER TYPE’s properties
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• Cash is an expression which denotes a starting amount of cash in a
market game .

• assets settings (for each asset):

– buying type:

∗ Buy - a buy order with a price and a quantity can be deliv-
ered to a market.

∗ Market buy - a buy order with a quantity can be delivered to
a market if a sell order is available on the market.

∗ Buy select - a buy order can be delivered from a list of an
order book.

– selling type:

∗ Sell - a sell order with a price and a quantity can be delivered
to a market.

∗ Market sell - a sell order with a quantity can be delivered to
a market if a buy order is available on the market.

∗ Sell select - a sell order can be delivered from a list of an order
book.

– Endowment is an expression which denotes a starting quantity of
an asset.

– Valuation is an expression which evaluates a worth of an asset.
The valuation is evaluated periodically (Section 3.1.4.5).

– Hide valuation is an expression which denotes appearance of the
valuation in a graph. A default value is true.

– Minimal price is an expression which denotes a minimal price
that can be set. An empty expression means that no limit is set.

– Maximal price is an expression which denotes a maximal price
that can be set. An empty expression means that no limit is set.

– Maximal quantity is an expression which denotes a maximal quan-
tity that can be set. An empty expression means that no limit is
set.

– Tabular presentation of Variables contains expressions (Section 3.1.9)
denoting VARIABLEs that can appear in an asset part of a graph
and their actual appereance. The expressions are evaluated pe-
riodically.
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• Transaction event variables contains expressions (Section 3.1.7) which
are evaluated and potentially assigned to VARIABLEs. The evalua-
tion is performed after each transaction. Note, that expressions are
evaluated for each subject involved in the transaction (that is, twice).
The primary intend when introducing this set of expressions was an
assignment to multiple VARIABLEs. With allowance of general ex-
pression there is a ”side effect” which a designer of a game should be
aware of.13

• Tabular presentation of Variables contains expressions (Section 3.1.9) de-
noting VARIABLEs that can appear in a general part of a graph and
their actual appereance. The expressions are evaluated periodically.

• Hide information contains expressions denoting appearance of differ-
ent kind of information in a market game panel:

– Market information can be hidden completely (All) or partially
(Everything but bid ask spread, Everything but best quotes, Subject
Id, Player type, and Player type number).

– Transaction table columns can be selectively hidden (Price, Quan-
tity, Buyer Id, Buyer type, Seller Id, Seller type, and Time).

3.1.4.5 TRANSITION

A TRANSITION can serve as a linking element in a sequence of elements or
a standalone element. In both cases it contains Variable update expressions
(Section 3.1.7).

3.1.4.5.1 TRANSITION as a linking element

A TRANSITION is recognized as a linking element when an input connec-
tion is attached to the TRANSITION. Beside Variable update expressions it
contains Stage transition expressions. An evaluation of this expressions
(Section 3.1.8 and Section 3.4.4) determines the next transition entry element
(Section 3.1.4.5.3) and updates some VARIABLE’s values.

13A default procedure of an assignment to a multiple VARIABLE would cause evaluation
for each subject in a game which is not correct.
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Figure 7: TRANSITION’s properties

3.1.4.5.2 TRANSITION as a standalone element

Having no input connection, a TRANSITION is used as an asynchronous
evaluator of expressions. Usually, it is used in a market game although it
is not limited to it. Beside Variable update expressions, it contains an Inter-
val expression. The expression determines time to the next evaluation of
TRANSITION. Like the Variable update expressions, the Interval expression is
also evaluated at each period which means that lengths of periods are not
necessary equal.

3.1.4.5.3 Transition entry element

A transition entry element is the element which can be entered by a TRAN-
SITION. The possible transition entry elements are STAGE, MATRIX, and
TREE ENTRY. Beside a primary uniqueness of an element name14, names of
transition entry elements must also be unique.15

3.1.4.6 FUNCTION

FUNCTION element is a kind of an abbreviation for an expression. Many
times, it is more convenient to define and use a FUNCTION than directly

14For instance, all STAGEs must have different names.
15For instance, if a STAGE is already named A, a MATRIX can not be named A.
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use the expression. The most common situation which can take advan-
tage of FUNCTION is when some expression is repeated in different places.
FUNCTION can be also used to improve clarity of an expression especially
if it is complex and subexpression can be naturally divided into units.

Figure 8: FUNCTION’s properties

A FUNC-
TION is usu-
ally a part
of some ex-
pression which
can be eval-
uated many
times during
a game. Prop-
erty Evaluate
once makes pos-
sible that the
FUNCTION’s ex-
pression is evaluated only the first time it is requested to be evaluated. At
all other requests, the FUNCTION just returns already evaluated value.16

3.1.4.7 ASSET

Figure 9: ASSET’s properties

ASSET is an element of a
market game . Although
it contains a Tick size only,
many properties can be set
by referencing to it in a
PLAYER TYPE element (Sec-
tion 3.1.4.4). The Tick size
denotes ASSET’s minimal
fraction which can be used
in a game.

3.1.4.8 MATRIX

A MATRIX is a dominant el-
ement of a strategic form game . The central part of the MATRIX is a mul-
tidimensional array presented within two dimensions. Presentation of a

16Such behavior is limited to one round (Section 3.4.3) of a game execution only. The first
time actually means the first time in a round.
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two dimensional array is straighforward. Each additional array dimension
is added to the horizontal and the vertical dimension of the presentation
alternately.17 Each dimension consists of a set of possible choices. Conse-
quently, a number of cells in the complete array is a product of all sizes of
the sets.

Figure 10: MATRIX’s properties

Each dimension can be assigned to a PLAYER (Section 3.1.4.10). PLAYERs
are located in two sections: Payoffs and Others. There is also a section Na-
ture. Together with commands Insert column, Remove column, and checkbox
Insert the management of the multidimensional array supports the follow-
ing actions:

• Dragging a PLAYER to any choice of an unassigned dimension assigns
the dimension to the PLAYER and inserts a payoff field into a cell.
furthermore, if the PLAYER was dragged from Others to the choice, its
icon will be moved to Payoffs.18

17The third dimension is added to the horizontal dimension, the forth to the vertical, the
fifth to horizontal,. . .

18The PLAYER can be dragged to a choice either from Payoffs or from Others. If it is
dragged from Payoffs, its icon does not move, if it is dragged from Others, its icon moves.
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• Dragging a PLAYER to any choice of an assigned dimension inserts
a new dimension, assigns it to the PLAYER and inserts a payoff field
into a cell. If the PLAYER was dragged from Others it will be moved
to Payoffs18.

• Dragging a PLAYER from Others to Payoffs inserts a payoff field into a
cell.

• Dragging a PLAYER from Payoffs to Others releases a dimension as-
signed to the PLAYER (if any is assigned) and removes a payoff field
from a cell.

• Dragging a NATURE to any choice of a dimension inserts a new unas-
signed dimension.

• Dragging an Insert column icon to a choice inserts a new choice to a di-
mension where the icon is dropped. If checkbox Insert is checked then
it is inserted before the choice otherwise at the end of dimensions.

• Dragging a Remove column icon to a choice removes a choice from a
dimension. A removal of the last choice in a dimension removes the
dimension as well.

A Formula input checkbox decides about payoff field input form. The
checked checkbox allows direct input of an expression into the field. The
unchecked checkbox opens a payoff editor (Section 3.1.6.3).

Choices can be renamed to reflect actual meaning of a choice. While a
PLAYER’s choices can have any textual name, a NATURE’s choice can have
an integer number only. The values are used as weights during an execu-
tion of a game.

Unassigned dimensions are assumed as NATURE.

3.1.4.9 TREE ENTRY

The purpose of a TREE ENTRY is a determination of a unique entry point of
a tree structure19 of an extensive form game . The extensive form game can
be composed of more than one tree structure. However, the only starting
point of the tree structure or a transition from some other element into the
tree structure can be via the TREE ENTRY. The TREE ENTRY can have one
output connection which can enter into a PLAYER or NATURE element only.

19An example of the tree structure is shown on Figure 11. It contains TREE ENTRY,
PLAYER, NATURE, PAYOFF, SELECTION, CHANCE.
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Figure 11: An extensive form game example

A presence of a TREE ENTRY in the design panel shows up additional
properties of a design window:

• Standard layout - if checked, an automatic layout of tree structures is
performed, otherwise the elements of the tree structures can be inde-
pendently placed and moved on the design panel.

• Align payoffs - if checked, payoffs of the same tree structure are aligned
at the same level, otherwise they are placed immediate below a par-
ent.

• Label payoffs - if checked, payoffs contain players names and payoff
values, otherwise they contain just payoff values

3.1.4.10 PLAYER

A primary role of a PLAYER is its appearance in an extensive form game .
It represents a point of a decision of a subject. A source PLAYER can be
connected to a target element (another PLAYER, a NATURE, or a PAYOFF)
by clicking to a primary port (Section 3.1.5) of the source PLAYER icon and
dragging a mouse pointer to the target element. A SELECTION element
(Section 3.1.4.12) is generated automatically. In addition, PLAYERs of the
same level can be also connected by using a secondary port which cause
hiding of a decision of a higher level PLAYER.
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Figure 12: PLAYER’s
properties

The secondary role of a PLAYER is a determina-
tion of an activity type of a STAGE (Section 3.1.4.3).

The only property that can be set to a PLAYER

is a color.

3.1.4.11 NATURE

NATURE is a part of an extensive form game . It
introduces a random into a process of a choice se-
lection. A source NATURE can be connected to a
target element (another NATURE, a PLAYER, or a
PAYOFF) by clicking to a primary port of the source
NATURE and dragging a mouse pointer to the tar-
get element. A CHANCE (Section 3.1.4.13) element is generated automati-
cally.

3.1.4.12 SELECTION

SELECTION is a part of an extensive form game . A SELECTION can have
an arbitrary text content to reflect an actual meaning of a selection. It is
a target element of a connection which starts at a PLAYER and is a source
element to another PLAYER, a NATURE, or a PAYOFF. Usually, at least two
SELECTIONs come out from a single PLAYER.

A SELECTION element is generated automatically.

3.1.4.13 CHANCE

CHANCE is a part of an extensive form game . A CHANCE content have to
start with a number and can continue with an arbitrary text which is sep-
arated either by a space or by a comma. The number represents a chance
(weight) for the choice to be selected. If the number and the text are sep-
arated by a comma, only text is displayed during a game execution. Oth-
erwise, the number and the text are displayed. It is a target element of a
connection which starts at a NATURE and is a source element to another
NATURE, a PLAYER, or a PAYOFF. Usually, at least two CHANCEs come out
from a single NATURE.

A CHANCE element is generated automatically.

3.1.4.14 PAYOFF
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Figure 13: PAYOFF’s properties

PAYOFF is a part
of an extensive
form game . A
PAYOFF is a ter-
minal node in
a tree structure
of an extensive
form game . How-
ever, a connec-
tion from the PAY-
OFF to a TRAN-
SITION (Section
3.1.4.5) can be
established if a
game continues
after have an ex-
tensive form game .

Double click on a PAYOFF opens a payoff editor (Section 3.1.6.3) which
enable setting of its properties.

3.1.4.15 Multiple variable

A VARIABLE with the checked multiple property contains a separate data
space for each player. This implies multiple evaluations of a formula when
an assignment is made to such a VARIABLE. An evaluation of a CHOICE

and a multiple VARIABLE in the assigning part of expression matters the
same positioned data only.

Let’s have a CHOICE named Offer where three subjects input 23, 11,
17. If the CHOICE is assigned to a multiple VARIABLE, three evaluations
(assignments) of the CHOICE are performed. As result, each of the input
is assigned to according part of the multiple VARIABLE. On contrary, an
assignment to an ordinary VARIABLE would perform the evaluation only
once and the result woud be a single value [23; 11; 17] of dimension 3x1.

A CHOICE has also a selective evaluation property in an evaluation of
an expression which is assigned to multiple VARIABLE. Let’s the above
example include five players and only the first three players make a choice
for Offer. An assignment of Offer to a multiple VARIABLE changes only the
first three data spaces of the multiple VARIABLE while the forth and the
fifth data spaces remain unchanged.

In the context of multiple VARIABLEs, two functions have to be men-
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tioned. The function compose() ignores a same positioned data evalu-
ation of CHOICEs or multiple VARIABLEs and join them together row by
row. The function assign() enforces the selective evaluation when there
is a lack of a CHOICE in an expression but someone would still want the
expression to be evaluated for some subset of players.

Let’s have three subjects. The first subject makes a proposal and each of
the second and the third subject makes a response. A multiple VARIABLE

Gain contains a gain of each subject. Here are two expression for evaluation
of the gain. The first one for the responders and the second one for the
proposer:

Gain := if(Response="Accept", Offer, 0)

Gain := sum(if(compose(Response)="Accept", 10-Offer, 0))

The first formula is evaluated three times. It ’succeds’ two times be-
cause only two players made a response. A result is either Offer20 or 0 for
each of the responders. The proposer’s part of Gain remains unchanged.

The second expression is again evaluated three times. This time is a sin-
gle ’success’. The compose() function joins both responses. Furthermore,
for each ”Accept” answer the proposer gets according gain.

Note, that the second expression uses CHOICE Offer instead of VARI-
ABLE Offer. A usage of the VARIABLE instead of the CHOICE would result
in a triple ’success’ of the evaluation because there would be no CHOICE

involved in the expression to trigger the selective evaluation. On the other
hand, usage of the CHOICE instead of the VARIABLE in the first expression
would result in zero ’success’ because an intersection of subjects partici-
pated in both CHOICEs (Response and Offer) would be empty.

Note also that these expressions do not depend on number of subjects
and a role assignment order as far there is only one proposer.

3.1.5 Types of connections

There are four types of connections between elements:

• Direct connection is established by clicking to a primary port21 of a
source element and dragging a mouse pointer to a target element. Al-
lowed target elements depends on a source element. Elements with
a primary port are: STAGE (target: one TRANSITION only), MATRIX

20This implies that CHOICE Offer has to be assigned to VARIABLE Offer before it usage.
21The port below the PLAYER element on Figure 14.
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(target: one TRANSITION only), TREE ENTRY (target: one PLAYER or
one NATURE only), PLAYER (target: any number of PLAYERs, NA-
TUREs, and PAYOFFs with SELECTIONs in between), NATURE (target:
any number of PLAYERs, NATUREs, and PAYOFFs with CHANCEs in
between), and PAYOFF (target: one TRANSITION only).

Figure 14: Primary and secondary ports

• Implicit connection is established because an element is referenced within
an expression of the other element.

• Transition connection is established according to Stage transition ex-
pressions of a TRANSITION (Section 3.1.4.5). An actual transition de-
pends on evaluations of the expressions. A source element of Transi-
tion connection is TRANSITION while target elements can be any num-
ber of STAGEs, MATRIXs, and TREE ENTRYs.

• Information connection is established by clicking to a secondary port22

of a source element and dragging a mouse pointer to a target element.
A type of a source and a target element have to be the same. The
connection can be established between two PLAYERs, two MATRIXs,
or two PAYOFFs.

3.1.6 Expressions

Each expression contains at least one operand. The operand can be fol-
lowed by an unlimited repetition of a pair operator-operand. An expres-
sion example 1+2 is composed by an operand 1, operator +, and operand
2. The software supports the following operators:

• + addition

• − subtraction

• ∗ multiplication

• / division
22The port above and right of the PLAYER element on Figure 14.
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• % remainder

• ˆ power

• = comparison of equality

• != comparison of inequality

• < relational less

• <= relational less or equal

• > relational greater

• >= relational greater or equal

• ! logical NOT

• := assignment

• :: immediate assignment

• and logical AND

• or logical OR

Operators are bound to data types. For instance, + can process numbers
and text but not boolean operands. On the other hand, or can process
boolean operands only.23

An operand can be a constant, function, or a subexpression. Two kinds
of constants are available: numbers and text. A text constant is any se-
quence of characters within double apostrophes (for instance, "a4&").

The software also provides a wide range of functions which are de-
scribed in Section 3.1.6.1.

A subexpression is a synonym for a part of an expression.24 VARIABLE,
CHOICE, and FUNCTION are also subexpressions.

Each expression returns a result of some data type. The data type de-
pends on operands and operators. If an operator can be used for one data
type only a result is the same data type.25 On the other hand, a data type
of a result, when a multi data type operator is involved, depends on data

23Actually, it works also for text but only for values "true" and "false".
24Like, 1+2 is a subexpression of expression (1+2)+3
25For instance, a result of or operator is always of boolean type.
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types of operands. However, it can happen that the operands have differ-
ent data types. For instance, expression 3+4.2 is a sum of an integer and
a real data type. The result is a real data type. A similar example is with
boolean constants true and false which are actually text constants "true"
and "false". If they appear in a boolean expression they are transformed
into boolean data type. To further explain different situation of operand’s
data types adjustment, let’s have an expression 3+"4". The text "4" is
transformed into a number and the result is 7. And finally, note, that an
expression "3"+"4" do not perform any adjustment and represents a text
concatenation which results into "34".

A difference between an assignment and immediate assignment is in a tim-
ing of an assignment when a group of expressions is evaluated. Let’s have
VARIABLEs A and B. Further, let’s A be equal to 5. Evaluation of expres-
sions A::A+1 (immediate assignment), and B:=A within a group of expres-
sions assigns a value 6 to both, A and B. On the other hand, evaluation of
expressions A:=A+1 (assignment), and B:=A within a group of expressions
assigns a value 6 to A and a value 5 to B. Therefore, an order of expressions
can be important when an immediate assignment is used.

To summarize, an expression is composed by operators and operands.
An operator can perform a computation on determined data types. If op-
erators are of different data types, an adjustment is performed which also
determines a data type of a result.

To clarify, each parameter of a function can be an expression. A data
type of the expression have to satisfy a data type of the parameter. For
instance, function if(condition, e1, e2) requests that an evaluation
of an expression which is an input of a condition parameter should be a
boolean data type.

3.1.6.1 Functions

The software provides wide range of functions which makes a definition
of a game more compact and an execution of a game more efficient. In ad-
dition, some functions provides functionality which would not be possible
without them.

3.1.6.1.1 Basic functions

Basic functions represent a set of some common mathematical functions.
Most of them extend functionality of the operators listed above.

• abs(a) returns a positive value of a parameter a
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• round(a) returns an integer value which is the closest to a value of
a parameter a

• sqrt(a) returns a square root of a parameter a

• log(a) returns a logarithm with base 10 of a parameter a

• ln(a) returns the natural logarithm (base e) of a parameter a

• exp(a) returns Euler’s number e raised to the power of a parameter
a

• starts with(s, p) returns true if text s starts with text p, other-
wise returns false

• size(a) returns a vector of two values (r, c) where r represents
a number of rows of a parameter a and c represents a number of
columns of a parameter a

• null() returns null value

3.1.6.1.2 General functions

General functions are more complex than the basic functions. Most of them
are specific to this software while the others are very well known from the
other areas.

assign(choice, data)
choice - structure (element, vector, matrix) of any type
data - structure (element, vector, matrix) of any type

The function enforce selective evaluation property when there
is no CHOICE in a formula but someone would still want the
formula to be evaluated for some subset of players.
This function makes sense when there is assignment to a multi-
ple VARIABLE.

compose(data)
data - structure (element, vector, composed vectors) of any
type

The function returns composed elements of data which are
joined rows by rows.
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This function makes sense when there is assignment to a multi-
ple VARIABLE.

Example: Let’s data contains a number for 3 players whose in-
put was 3, 6, 2, respectively. The result of the function is [3;
6; 2].

decompose(data1, data2)
data1 - structure (element, vector, composed vectors) of any
type
data2 - structure (element, vector, composed vectors) of any
type used for a determination of a dimension only

The function returns decomposed elements of data1. data2 is
used for a determination of a dimensions only. data2 can be
omitted. In such case, a dimension 1x1 is assumed.
This function can be performed as assignment to a multiple
VARIABLE.

Example:
Let’s data1 contains [[3, 5]; [6, 4]; [2, 7]] and data2
is dimension 2x1. Each of 3 players’ result is [3, 5], [6, 4],
and [2, 7], respectively.

sum(data)
data - structure (element, vector, matrix) of integer/real type

The function returns sum of all elements of data.

average(data)
data - structure (element, vector, matrix) of integer/real type

The function returns average of all elements of data.

min(data)
data - structure (element, vector, matrix) of integer/real type

The function returns minimum of all elements of data.

max(data)
data - structure (element, vector, matrix) of integer/real type

The function returns maximum of all elements of data.
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median(data)
data - structure (element, vector, matrix) of boolean/integer/real/text
type

The function returns the middle positioned value of sorted val-
ues of data.

Example:
median([5, 1, 12, 6, 92, 4])
returns 5.

number of subjects(player types)
player types - element/vector of PLAYER TYPE

The function returns a vector of numbers of subjects for each
PLAYER TYPE in player types. If the parameter is ommited a
number of all subjects is returned.

number of player types()

The function returns a number of PLAYER TYPEs.

round number()

The function returns a current round number.

if(condition, data1, data2)
condition - structure (element, vector, matrix) of boolean
data1 - structure (element, vector, matrix) of any type
data2 - structure (element, vector, matrix) of any type

The function returns elements of data1, elements of data2, or
their mixture.
If dimensions of condition, data1, and data2 are equal the
function is evaluated for all same positions elements. Other-
wise, for each condition element the complete data1 or data2
are joined (row-oriented).

Examples:
if([true, false], [1, 2], [3, 4])
returns [1, 4]. Namely, the function evaluates if(true, 1,
3) and if(false, 2, 4). Partial results 1 and 4 are after-
wards joined into [1, 4].

if([true, true, false], [1, 2, 3], 0)
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returns [1, 2, 0]. Note, that data of data1 or data2 are au-
tomatically expanded if one of them has dimension 1x1. Above
example is interpreted as if([true, true, false], [1,
2, 3], [0, 0, 0]) and returns [1, 2, 0].
if(true, [1, 2], [3, 4])
returns [1, 2].
if([true, false, true], [1, 2], [3, 4])
returns [1, 2; 3, 4; 1, 2].

for(start index, end index, data)
start index - integer
end index - integer
data - structure (element, vector, matrix) of any type

The function iterates from start index to end index and re-
turns data which are composed by row-oriented joining of data
in each iteration.
data are usually iteration dependent. The most of them are in-
dex depandent. A current index of iteration can be obtained by
function for index.

Examples:
for(1, 3, 3+4)
returns [7; 7; 7].
for(5, 7, Uniform(1, 10))
returns list of three random numbers between 1 and 10 from the
uniform distribution.
for(9, 15, for index())
returns [9; 10; 11; 12; 13; 14; 15].
for(5, 7, Uniform(1, for index()))
returns a list of three random numbers between 1 and a current
index of an iteration. This expression is equivalent to [Uniform(1,
5); Uniform(1, 6); Uniform(1, 7)].

for index()

The function returns current index of an iteration of for func-
tion.

transpose(data)
data - structures (element, vector, matrix) of any type
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The function returns transposition of data. An element at po-
sition (row, column) is placed at position (column, row).

merge(data)
data - vector of any type

The function returns only the different elements of data.

sort(data, column indexes)
data - vector/matrix of sorting type
column indexes - element/vector of integer

The function returns sorted elements of data in ascending or-
der. A sort is performed on columns column indexes. Priori-
ties of the columns are determined by their order.

Examples:
sort([1, 2, 3; 2, 2, 2; 2, 1, 4], [2])
returns [2, 1, 4; 1, 2, 3; 2, 2, 2].
sort([1, 2, 3; 2, 2, 2; 2, 1, 4], [2, 3])
returns [2, 1, 4; 2, 2, 2; 1, 2, 3].

See also
sortd

sortd(data, column indexes)
data - vector/matrix of sorting type
column indexes - element/vector of integer

The function returns sorted elements of data in descending or-
der. A sort is performed on columns column indexes. Priori-
ties of the columns are determined by their order.

See also
sort

ascending sort(data)
data - structures (element, vector, matrix) of sorting type

The function returns sorted elements of data in ascending or-
der.

descending sort(data)
data - structures (element, vector, matrix) of sorting type
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The function returns sorted elements of data in descending or-
der.

assign cell(row, column, data)
row - integer
column - integer
data - element of any type

The function returns and assigns data to (row, column) position
of assigned data structure.

Example:
If assign cell(2, 1, [2, 2; 2, 2) is assigned to VARI-
ABLE with values [1, 1, 1; 1, 1, 1; 1, 1, 1], the val-
ues of VARIABLE would become [1, 2, 2; 1, 2, 2; 1,
1, 1]. Data of dimension 2x2 is assigned to data of dimension
3x3 at index (2, 1).

linear space(min, max, n)
min - integer/real
max - integer/real
n - integer

The function returns n linearly spaced values between min and
max.

Example:
linear space(1, 10, 5)
returns [1, 3.25, 5.5, 7.75, 10]

probability weights(weights, data)
weights - vector of integer/real
data - vector/matrix of any type

The function returns column elements of data. A selection of
the elements is random weighted by weights.

Examples:
probability weights([13.5, 88], ["True", "False"])
returns "True" with probability 13.5/(13.5+88) and "False"
with probability 88/(13.5+88).
probability weights([13.5, 88], ["True", "False";
"False", "True"]) returns returns ["True"; "False"]
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with probability 13.5/(13.5+88) and ["False"; "True"]with
probability 88/(13.5+88).

select one non zero(data)
data - vertical vector of integer/real

The function returns data leaving only one value different from
zero. A selection of the value is random.

Example:
select one non zero([1; 0; 2])
returns [1; 0; 0] or [0; 0; 2] depending on random.

shuffle(data)
data - vector of any type

The function returns shuffled (Uniform random) elements of data.

subject username()

The function returns a subject’s username.
This function is primarily usable for an assignment of a PLAYER

TYPE to a subject.

Examples:
subject username()="Jim"
returns "True" for a subject whose username is "Jim" and
"False" otherwise.
starts with(subject username(), "Jim")
returns "True" for a subject whose username starts with "Jim"
and "False" otherwise.

See also
start with

subject id()

The function returns a subject’s unique id.

subject number()

The function returns a subject’s number.
This function is primarily usable for definition of PLAYER TYPE.

Example:
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subject number()%2=0
returns "True" for each evenly logged in subject in a game and
"False" for each oddly logged in subject in a game.

subject player type()

The function returns a subject’s PLAYER TYPE.

cash()

The function returns a current amount of subject’s cash.

See also
init cash, add cash

add cash(amount)
amount - integer/real

The function adds amount amount to a current amount of sub-
ject’s cash and returns the updated amount.

See also
init cash, cash

init cash()

The function returns an initial amount of subject’s cash.

See also
init cash, cash

endowment(name)
name - text

The function returns a subject’s current endowment for an asset
named name.

See also
init endowment, add endowment

add endowment(name, amount)
name - text
amount - integer/real

The function adds amount amount to a current amount of sub-
ject’s endowment for an asset named name and returns the up-
dated amount.
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See also
init endowment, endowment

init endowment(name)
name - text

The function returns a subject’s initial endowment for an asset
named name.

See also
endowment, add endowment

set trading buy(player type, asset, mode)
player type - text
asset - text
mode - text

The function sets buying mode mode for a trading of each sub-
ject which has assigned PLAYER TYPE named player type and
an asset named asset. Possible values for mode are: "Buy",
"Market Buy", and "Buy Select". Any other mode value
makes the subjects passive as buyers.

set trading sell(player type, asset, mode)
player type - text
asset - text
mode - text

The function sets selling mode mode for a trading of each sub-
ject which has assigned PLAYER TYPE named player type and
an asset named asset. Possible values for mode are: "Sell",
"Market Sell", and "Sell Select". Any other mode value
makes the subjects passive as sellers.

automatic response()

The function returns true if any of players had an automatic re-
sponse26, false otherwise.

collect all(data, summay sessions only)
data - VARIABLE’s or CHOICE’s structure (element, vector, com-
posed vectors) of any type

26Time for a response exceeded.
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summay sessions only - boolean

The function returns data collected from sessions. If the pa-
rameter summay sessions only is true, then only data from
sessions which reached a summary phase are collected, otherwise
data from all sessions are collected. summay sessions only
can be omitted (default is true).

select k(prices, k, one price, merge,
no selected prices, no row prices)

prices - matrix of any type
k - integer
one price - boolean
merge - boolean
no selected prices - boolean
no row prices - boolean

The function returns a matrix with selected prices.
The parameters prices and k are mandatory. The other pa-
rameters are optional and a default value of each of them is false
if omitted. However, all six parameters have to be set if you
would like to set no row prices to true.
Each row of the matrix prices represents a vector of prices.
The parameter k is used as a selector for a determination of
a threshold price. At the same time, it can be also used as a
number of prices to be selected. The parameter one price
determines if one price (true) or more than one price (false) is
selected. The parameter merge decides about merging prices
before a selection. The parameters no selected prices and
no row prices determine about presence of selected and row
prices.
An algorithm for computation of data is the following:

1. all prices from prices are sorted

2. if merge is true the prices are merged

3. the kth price is selected as a threshold price

4. based on one price:

• one price selection: a threshold price is selected27

• more than one price selection:

27One of them is selected if there is more than one price equal to the threshold price.
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– merge was not performed: k prices are selected
– merge was performed: all prices that are greater or

equal to the threshold price are selected28

5. if no selected prices and/or no row prices is true,
according prices are removed for determination of each
row selected prices

6. prices are selected in order from the highest to the lowest

Examples:
Let’s Variable be assigned by
[[50, 47, 40, 32, 15, 5];
[42, 28, 20, 12, 7, 3];
[45, 35, 24, 14, 9, 6]]
then
select k(Variable, 6)
returns
[[50, 47, 40, 0, 0, 0];
[42, 0, 0, 0, 0, 0];
[45, 35, 0, 0, 0, 0]].
The highest 6 prices are 50, 47, 45, 42, 40, 35. The threshold price
is 35. According to the algorithm, these are selected prices. The
constructed matrix which is returned by the function contains
the selected values while the other values are zero.
select k(Variable, 6, false, false, true, true)
returns
[[28, 24, 20, 0, 0, 0];
[32, 0, 0, 0, 0, 0];
[32, 28, 0, 0, 0, 0]].
This is a similar example as above, except that selected and row
prices are removed. The effect of this removal is promotion of
lower prices. The number of selected prices and positions in the
matrix are the same as in the above example. That means, val-
ues 50, 47, 45, 42, 40, 35 are removed for each row when prices
are selected. In addition, values 50, 47, 40, 32, 15, 5 are removed
for the first row when prices are selected, values 42, 28, 20, 12, 7,
3 are removed for the second row when prices are selected,. . . To
summarize, removing values 50, 47, 45, 42, 40, 35, 32, 15, 5 for

28k is used for a threshold price selection only and not for the number of selected prices.

43



the first row results into 28, 24, 20 to be the three highest prices
which are placed in positions of 50, 47, 40 in the first row. Simi-
larly, the prices are promoted for the other rows.
Let’s now Variable be assigned by
[[15, 47, 40, 32, 50, 5];
[12, 3, 20, 42, 7, 28];
[9, 35, 14, 24, 45, 6]]
then
select k(Variable, 6, false, false, true, true)
returns
[[0, 24, 20, 0, 28, 0];
[0, 0, 0, 32, 0, 0];
[0, 28, 0, 0, 32, 0]].
Note, that this example is the same as the above example. The
difference is in the order of the input prices which are not sorted
within a row. Therefore, a result matrix also have different po-
sitions of nonzero values. But again, value 28 is placed in a
position of value 50, value 24 is placed in a position of 47,. . .
Turning off no selected prices makes a little different pro-
motion of prices.
select k(Variable, 6, false, false, false, true)
returns
[[0, 42, 35, 0, 45, 0];
[0, 0, 0, 50, 0, 0];
[0, 47, 0, 0, 50, 0]].
The consequence is that not so many prices are removed and
therefore less promotion is performed.
Turning on one price selects just one price for a result matrix.
select k(Variable, 6, true, false, false, true)
returns
[[0, 0, 0, 0, 45, 0];
[0, 0, 0, 0, 0, 0];
[0, 0, 0, 0, 0, 0]].

time left()

The function returns time left till the end of a game. If a game
duration is unlimited the function returns -1.

groups(group size, indexes, break)
group size - integer
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indexes - vector of integer
break - boolean

The function returns groups of subjects which are determined
according to group size, indexes29, and break30.

subject group(group size, indexes)
group size - integer
indexes - vector of integer

The function returns those indexes from indexes that forms a
subject’s group.

selected cell(matrix, indexes)
matrix - MATRIX

indexes - vector of integer

The function returns true if a cell determined by indexes is
selected. An index of indexes can be 0 which means that all
values of the index are applied.

Example:
selected cell(matrix, [1, 0])
Let matrix has dimension 2x2. The function returns true if the
first subject selected his/her first value31 regardless of a selec-
tion of the second player.

is first phase()

The function returns true if a game is in the first phase, false
otherwise.

get game duration()

The function returns a game duration. If a game duration is
unlimited, the function returns -1.

set game duration(duration)
duration - integer

29Current groups are denoted by indexes.
30It can contain a wish to break with the same group.
31The first subject can select the first or the second value (that is, the first or the second

column if the subject is the column player, or the first or the second row if the subject is the
row player). The same holds for the second subject.
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The function set a game duration to duration and returns old
value of the game duration. If a game duration is unlimited the
duration is not changed and the function returns null.

set player activity(apply, activity)
apply - boolean
activity - text

A player’s activity which influence a type of involvement of a
subject in a STAGE can be set. The setting is applied if apply is
true, otherwise it is ignored.32 A parameter activity can have
one of the following values: Active", "Observe", "Glance",
"Passive".

random stage transition(transition items)
transition items - vector of transition elements (STAGE, MA-
TRIX, TREE ENTRY)

The function sets transition items to be randomly chosen
in a TRANSITION (Stage Transition panel) where the function is
used. Each item from the transition items can be chosen at
most once.

3.1.6.1.3 Distribution functions

Distribution functions return random values which in a long run corre-
spond to a particular distribution.

Uniform(min, max)
min - real
max - real

32The parameter apply is usually a VARIABLE which changes its value during a game
execution.
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The function returns a value between a value min and a value
max with a constant probability.

LogUniform(min, max)
min - real
max - real

The function returns a value between a value min and a value
max with a logarithm of a constant probability.

Normal(mean, standard deviation)
mean - real
standard deviation - real
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The function returns a value within the normal distribution hav-
ing a mean mean and a standard deviation standard deviation.

LogNormal(mean, standard deviation)
mean - real
standard deviation - real

The function returns a value within the logarithmic normal dis-
tribution having a mean mean and a standard deviation standard deviation.

TruncNormal(mean, standard deviation, min, max)
mean - real
standard deviation - real
min - real
max - real
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The function returns a value within the normal distribution hav-
ing a mean mean and a standard deviation standard deviation
and is between a value min and a value max.

TruncLogNormal(mean, standard deviation, min, max)
mean - real
standard deviation - real
min - real
max - real

The function returns a value within the logarithmic normal dis-
tribution having a mean mean and a standard deviation standard deviation
and is between a value min and a value max.

Exponential()
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The function returns a value within the exponential distribu-
tion.

Gamma(alpha)
alpha - real

The function returns a value within the gamma distribution hav-
ing the order alpha.

ChiSquare(degree of freedom)
degree of freedom - real
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The function returns a value within the chi-square distribution
having a degree of freedom degree of freedom.

Poisson(m)
m - real

The function returns an integer value within the Poisson distri-
bution for a value m.

Binomial(p, m)
p - real
m - real

51



The function returns a value within the binomial distribution
for a probability p and a number of trials n.

Beta(alpha, beta, min, max)
alpha - real
beta - real
min - real
max - real

The function returns a value within the beta distribution having
an alpha alpha and a beta beta and is between a value min
and a value max.

BinomialBeta(expectations, alpha, beta)
expectations - real
alpha - real
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beta - real

The function returns a value within the binomial beta distribu-
tion having an expectations expectations, an alpha alpha
and a beta beta.

Piecewise(min, a, b, max)
min - real
a - real
b - real
max - real

The function returns a value within the piecewise distribution
with a plateau between a value a and a value b and is between
a value min and a value max.

TriangularAscending(a, b)
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a - real
b - real

The function returns a value within the triangular ascending
distribution between a value a and a value b.

TriangularDescending(a, b)
a - real
b - real

The function returns a value within the triangular descending
distribution between a value a and a value b.
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3.1.6.1.4 Event functions

Event functions are defined during a transaction event within a market
game or during a creation of a MATRIX.

asset name()

The function returns an asset name of a transaction.

profit()

The function returns a profit at a transaction for a player. The
profit is defined by a difference of current asset valuation for a
player and the price of the transaction multiplied by a quantity.
The profit can be expressed by a formula:
if (is seller(),
(price()-asset valuation())*quantity(),
(asset valuation()-price())*quantity())

See also
is seller, price, asset valuation, quantity

asset number()

The function returns an asset’s number of a transaction.

asset valuation(is this player)
is this player - boolean

The function returns an asset valuation of a transaction. The as-
set valuation is defined for each asset and for both players in-
volved in a transaction. is this player determines asset val-
uation of a player. If true, the evaluating player is a reference
for the asset valuation otherwise the other player is a reference
for the asset valuation. The function without a parameter is
equal to asset valuation("true") .

Example:
asset valuation()+0.1*asset valuation("false")
returns sum of an asset valuation of a player and 10 percent of
an asset valuation of the other player involved in a transaction.

price()

The function returns a price of an asset of a transaction.
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quantity()

The function returns a quantity of an asset of a transaction.

is seller()

The function returns true if a player appears as a seller and re-
turns false if a player appears as a buyer of a transaction.

time()

The function returns time of a transaction.

current index(subject index)
subject index - integer

The function returns a cell index of a MATRIX from a subject
point of view denoted by a subject index.

Example:
Let’s have a MATRIX of size 2x2. In this case a subject with an
index 1 is a column player and a subject with an index 2 is a
row player. Using the function current index(1) in a cell
denoted by 2 returns 1 and using current index(2) in the
same cell returns 2. Namely, cell denoted by 2 is a part of the
first33 column of the column player and is a part of the second
row of the row player.

3.1.6.1.5 Predefined values

The software provides four predefined values which can be used in expres-
sions: true, false, π, e.

3.1.6.2 Function Editor Assistant

A function editor assistant window is composed by the input line and sev-
eral columns which contain construction items of an expression. All items
which can be inserted in a formula are listed in the columns. Exceptions are
constants34 which must be typed in the formula. An item can be inserted
by a double click. The most of the function items have accompanied help
text or a plot which explains their content. The input line has the integrated
undo/redo mechanism.

33Therefore value 1 is returned value.
34Some examples of constants are 7.8, 3, "accept", "true",ldots
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Figure 15: Function Editor Assistant

The Function Editor Assistant can be activated by a click on an icon
which is accompanied to each expression input line35. An expression from
the input line is copied to the function editor assistant’s input line. There
can be just one Function Editor Assistant window opened in the same mo-
ment. Therefore, a confirmed expression of the editor is copied into a the
last focused input line36.

Figure 16: Expressions com-
mand buttons

On the other hand, according to a
clicked command button above an expres-
sion panel, a selected type of construction
items window is popped up.

The command buttons have double
function. A click with the left mouse but-
ton pops up a window of construction items as mentioned above. A click

35It can be also activated by a click of the right mouse button within an expression input
line.

36It is not important from which input line the editor was activated.
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with the right mouse converts a selected text in the panel to the selected
color and therefore type.

For instance, clicking with the left mouse button on the V pops up
VARIABLEs.

Figure 17: Function
Editor Assistant vari-
ables

Again, only one window of each type of items
can be opened at the same moment. Therefore, a
selected item is copied into the last focused panel.

3.1.6.3 Payoff Editor

A payoff editor window consists of three input
items (Figure 13):

• Number or formula is an input for an ex-
pression which is evaluated as a payoff

• Label is a text description

• Presentation checkbox has three values:37

– None - an expression value is displayed

– Overwrite - a text description is dis-
played38

– Append - an expression value and a
text description are displayed

3.1.7 VARIABLEs expressions

A VARIABLEs expression panel enables free text in-
put for expression. However, each expression is
limited to one line and cannot expand over several lines. A usual expres-
sion line starts with a VARIABLE, followed by an assignment operator and
an expression. At the end of an expression evaluation, an expression value
is assigned to the VARIABLE. But it is also possible that the VARIABLE is
omitted. Namely, there are expressions (functions) which sets data and
there is no need that its returned value would be assigned to any VARI-
ABLE. The return value is ignored in such cases.

37It is assumed that displaying an expression value is a default way of presenting a pay-
off. From this point of view emerges the names of the Presentation.

38The text description a kind of overwrites the expression value.
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Elements (VARIABLE, CHOICE,. . . ) of an expression are colored. The
toggle buttons above an input panel show a color (and consequently a type
of an element) at a cursor. A selected text can be colored by a click on a
desired button.

A single click of the right mouse button in an expression line activates
the Function Editor Assistant (Section 3.1.6.2).

The expressions are evaluated in a group (Section 3.1.6, assignment and
immediate assignment operators).

3.1.8 Stage transition expressions

A Stage transition’s expressions panel has equal foundations as a VARI-
ABLEs expression panel (Section 3.4.4). It is a free text input, one line per
expression, and the same structure of an expression line. The difference is
in assigned element. Instead of a VARIABLE there is one of the transition en-
try element (STAGE, MATRIX, and TREE ENTRY). In addition, there are two
panels with active and passive elements. Elements can be dragged among
active and passive panels. All three panels are synchronized. For instance,
dragging an element from the passive panel to the active panel inserts an
expression in the text panel.

3.1.9 Boolean expressions

Boolean expressions comply to all rules which general expressions com-
ply to except that a return value has to be a single cell (data of dimension
1x1) and be the boolean data type. A context of a usage of the expression
determines which setting is to be turned on or off.

3.1.10 Design panel facilities

The design panel (Figure 2) is an area where elements (Section 3.1.4) can
be placed, dragged, connected, edited,. . . The elements can be placed any-
where on the panel. An element can be placed by dragging from a side
panel where all elements’ icons are located to the design panel. It is not
so important where the element is initial placed because it can be later
dragged at any place in the design panel. However, a designer should take
care about a placement of the elements to provide a maximal clarity of a
game definition. The panel is not limited by a window size but it can ex-
tend beyond it. In the later case, scrollers appear at the right side and at the
bottom of the window.
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Each element has a name. Depend on an element type, the name have
to be unique or it can be repeated. For instance, a VARIABLE has to have
a unique name while a TRANSITION can have a repeated name. A scope
of uniqueness of a name is in the most cases limited to elements of a same
type.39 A name of a VARIABLE and a CHOICE can be the same.

An element can be renamed by a double click of a left mouse button and
editing the name.40 If holding Ctrl button at the mouse click, a rename will
affect all elements of a kind with the same name. This feature is useful for
a PLAYER which is the only element with a possibility of a repeated name.

The other possibility of renaming an element is within an editor panel
of the element.

Some of the elements can be connected with the other elements by hold-
ing down a mouse button from a source element to a destination element. An
element which can be the source element has a port below its icon which is
an origin of a dragging. An end of the dragging can be anywhere on an
destination element’s icon. Elements which can be paired are described in
details in Section 3.1.4.

3.1.10.1 Toolbar

A command toolbar of the design panel contains the following commands:

Figure 18: Toolbar

• Remove Each placed element can be removed. To remove an element,
it has to be selected and Remove button in a toolbar has to be clicked.

• Undo/Redo Undo button undoes a command undertaken on the de-
sign panel while a Redo button redoes a previously undid command
(Section 3.6.2).

• Edit This command opens an edit window of a selected element. A
potentially edited properties of the selected element must be either
confirmed or canceled. Changes of properties are not considered until

39Transition entry elements (Section 3.1.4.5.3) must have different names.
40This does not hold for a TRANSITION and a PAYOFF which names are actually ignored.
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the edit window is closed. Properties of elements are described in
Section 3.1.4.

• Duplicate A duplicated element has the same properties as an origi-
nal element. An exception is a name of the duplicated element which
is automatically generated.

• Toggle start Some types of games need a starting element. A pos-
sible start element is a STAGE, a MATRIX, and a TREE ENTRY. The
command toggles this property of a selected element. If some other
element is declared as the starting element at the moment of apply-
ing this command, the other element’s property of being the starting
element is deselected.

• Toggle summary The command toggles a STAGE’s property between
being a summary Stage or not being a summary Stage (Section 3.1.4.3).

• Depending shows all connections from the elements which depends
on (have a reference to) a selected element.

• Using shows all connections to the elements which are used (refer-
enced) by a selected element.

• Toolbox opens or bring into the front the Toolbox window (Section
3.1.4). This command can be also executed by using menus (View
menu).

Toolbar commands work with multiple selections also. So, more than
one element can be selected and then the remove command can be applied,
or more than one element can be duplicated,. . .

3.1.10.2 Tree layout

For the most of definitions it is hard to say which layout of elements is
the most appropriate. Therefore, elements can be freely placed on the de-
sign window and a designer should take care of a placement. However, an
extensive form game usually has a quite uniform layout of elements (a tree-
like structure). A support to a designer is a possibility to use an automatic
layout of such games.

When a TREE ENTRY element is present on the design panel, additional
checkboxes appear at the bottom of the design panel:
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• Standard layout automatically layouts all elements which are directly
or indirectly connected to a TREE ELEMENT (Figure 11). An element
which is directly connected to the TREE ELEMENT has a level 1, ele-
ments which are connected to the element at level 1 has a level 2, and
so on. Elements which are connected with an information connection
(Section 3.1.5) are set to the same level. A level of an element deter-
mines a vertical offset of the element from a TREE ENTRY on the de-
sign panel. Elements with the same level are horizontally aligned. The
result of the process is a compact tree-like formation of elements.
Each TREE ENTRY (sometimes there is more than one) is a root of an
independent tree structure.
When the property Standard layout is checked, a dragging of an ele-
ment of the tree structure drags the whole structure.

• Align payoffs sets levels of all PAYOFFs to the same value (the minimal
possible). The result is a horizontal alignment of all PAYOFFs.

• Label payoff shows (if checked) or hides (if unchecked) PLAYERs’
names in front of payoff values.

3.1.11 Designing techniques

Almost each game can be designed in more than one way. Therefore a
designer have to keep in mind that a game definition should be as compact
and understandable as possible. Here are some suggestions which leads to
such types of definitions:

• Try to use a multidimensional VARIABLE instead of many variables
with a similar purpose. Instead of using VARIABLEs Profit1, Profit2,
Profit3, and Profit4 use a VARIABLE Profit with a dimension
4x1 (or 1x4). A reference of such VARIABLE in expressions is almost
the same41 but reduction of elements in the design panel or within a
STAGE text can be substantial.

• Define functions when an expression is complex or it is repeated in
different parts of a game definition. For instance, having an expres-
sion sqrt(aˆ2+bˆ2) as part of some bigger expression (for instance,
a+sqrt(aˆ2+bˆ2)) adds to its complexity and worsen its readabil-
ity. If a FUNCTION Distance with the expression sqrt(aˆ2+bˆ2) is
defined, the expression a+Distance is much more friendly.

41A reference would be Profit(2) instead of Profit2.
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• Usage of an immediate assignment (Section 3.1.6) reduces complexity
and enlarge flexibility of expressions or eliminates a usage of a dummy
STAGE and an extra TRANSITION. Namely, a situation with expres-
sions A::A+1, B:=A, and C:=A can be quite complicated if only an as-
signment is used. The simplest approach of using an assignment only is
by making the following expressions A:=A+1, B:=A+1, and C:=A+1.
It is inconvenient if turns out that A should be added by 2. All ex-
pressions must be adjusted. The second approach is an introduction
of a dummy STAGE and an extra TRANSITION where A:=A+1 is eval-
uated. The expressions B:=A and C:=A are evaluated as expected.
The later approach is more flexible because any change of expression
A:=A+1 have no influence to the other expression.
However, the other extreme, usage of immediate assignment only can
also be a problem because some expressions should be evaluated with
”original” values of VARIABLEs. Therefore, understanding of differ-
ent types of assignment and their usage when appropriate leads to a
better definition.

• A STAGE makes possible to use multiple pages (Section 3.1.4.3). When
a different text and inputs should be presented to different subjects
it can be done by a sequence of STAGEs or by multiple pages. How-
ever, decision between the options is not straightfoward. A usage of
multiple pages is more compact and a content of the design panel is
more simple. But an important condition is timing. If the content
should not or could not be presented at the same time to all subjects
a sequence of STAGEs must be used.

3.1.12 Game definition

A game definition is saved in XML format. Top level XML tags are:

• Variables

• Choices

• Functions

• Stages

• Assets

• PlayerTypes
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• Matrices

• TreeEntries

• Players

• Natures

• Selections

• Chances

• Payoffs

• Transitios

• TreeConnections

• GameSession

• TreeLayoutProperties

The XML structure contains all data and settings which where described
in the sections about designing a game.

A game definition also contains some obsolete tags which were used
in the past and some tags which are prepared for the future: FiniteSets,
Iterations, Queries, and Production.

3.2 View

The view segment of the software sets up an initial view of the analyzing
window which can appear during a game execution or at the end of a game
execution. The setup consist of events which are active at the window ap-
pearance and of setting filters to the events. A management of the window
is the same as the one described in the analyzing section (Section 3.5).

The options for the filters are the following:

• All data: all available data are accessible for a subject.

• No data: no window appears to a subject.

• Subject data: subject related data only are available for a subject.

• Player type data: data of the same PLAYER TYPE are available to a sub-
ject.

64



• Session data: data of the same session are available to a subject.

The analyzing window is always popped up for the moderator of a
game with all data available.

A timing of an appearance of a view window depends on the settings of
summary stage appearance (Section 3.3.2). If we assume for a moment that
a summary stage is defined, the view window will appear or is updated
every time the summary stage is presented. However, an existence of the
view window is independent of an existence of a summary stage.

3.3 Assignment

The assignment segment of the software could be positioned into the game
design segment of the software as well as into a game execution segment
of the software. It consists of properties which are part of a game definition
but they could also be called an execution settings or an execution configu-
ration.

Figure 19: Assignment panel

3.3.1 Assignment to subjects

Each subject which participates in a game obtains either a PLAYER TYPE or
a PLAYER role, or both. The roles are assigned according to rules which are
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set for each PLAYER TYPE and each PLAYER.
Both types of roles are assigned in a similar way while the PLAYER TYPE

assignment has some additional options.

3.3.1.1 Assignment of a PLAYER

All PLAYERs are listed in a panel and paired with expressions. Order of
the PLAYERs is important because the order determines a sequence of an
evaluation of the expressions. The order can be changed by a drag and drop
of a PLAYER at desired position. The expressions are evaluated one after
another. An expression which is evaluated as true determines a PLAYER for
a subjects. A PLAYER which is already assigned to a subject is ignored when
the next subject is getting assigned by a PLAYER. Namely, each PLAYER can
be assigned to at most one subject. An empty expression is evaluated as
true.

3.3.1.2 Assignment of a PLAYER TYPE

The assignment has two main options:

• The number type of the assignment is very similar to the assignment
of a PLAYER. The difference is that a PLAYER TYPE can be assigned to
more than one subject.
Each row consists of a PLAYER TYPE, the number text field, and the
expression field. The number text field accompanied with a PLAYER

TYPE is used to determine a number of the PLAYER TYPEs assigned
to subjects. A PLAYER TYPE which is already assigned to its number
of subjects is ignored when the next subject is getting assigned by a
PLAYER TYPE. When the number type of the assignment is selected,
the field Number of subjects is automatically adjusted to a sum of all
number fields.42

• The weigh type of the assignment includes accompanied weight fields
only (no expressions are available). A PLAYER TYPE is assigned to a
subject with a probability which is proportional to its weight.

42A value of Number of subjects can still be changed if desired. If all PLAYER TYPEs are
already assigned to its number of subjects (Number of subjects is greater than sum of all
number fields) all PLAYER TYPEs are considered again during an assignment.
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3.3.2 Execution settings

The execution settings are the general properties of a game execution:

• Number of subjects determines number of subjects involved in one ses-
sion (Section 3.4.2). A value zero is permitted for a market game only.

• Round settings:

– Number of rounds determines minimal number of rounds (Section
3.4.3).

– Probability to continue provides an opportunity to prolong a game
execution for a round. The first decision is made after all rounds
determined by Number of rounds are finished. After each extra
round, a new decision is made. There is no upper limit of a
number of actual performed rounds. An empty expression is
assumed as probability with a value zero.

• After each round, different shuffles can be performed:

– Shuffle player types - a PLAYER TYPE roles of subjects within a
session are shuffled among the subjects.

– Shuffle subjects - subjects from different sessions are shuffled among
each others.43

– Shuffle tree types - a PLAYER roles of subjects within a session are
shuffled among the subjects.

• Game duration is an expression which is evaluated at the beginning
of a session execution. The evaluated value represents a maximal
number of seconds which lasts a session game44. If the value is zero,
the game duration is unlimited. The duration is independant of a
number of rounds.45

43This action requests a synchronization of sessions (Section 3.4.2.1).
44What is a difference between the notions session game and game? The session game de-

notes a game which is executed within one session. The game is a general phrase indepen-
dent of a session. However, no game is executed outside a session.

45If a game consists of a sequential execution of free form game and market game (in any
order), the duration is set for each of the phases. Therefore, having the expression 50 and
a sequential execution, the complete game can execute at most 100 seconds. Having the
expression if(is first phase(), 20, null()) and MG before FFG, a maximal of 20
seconds execution of market game and unlimited time execution of free form game will be
performed.
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• Number of fraction digits is a setting for a presentation precision of
numbers in GUI (tables, text,. . . )

• Round synchronization - if checked, sessions are synchronized (Section
3.4.2.1) at the end of each round.

• An appearance of a summary stage can be regulated by:

– Each round summary stage - if checked, a summary stage appears
after a conclusion of each round.

– Immediate summary stage - if checked, a summary stage appears
immediate after a session concludes its game. Otherwise, ses-
sions are synchronized (Section 3.4.2.1) before the appearance.

• An execution order (Section 3.4.1) can be as follows:46

– Concurrent - a market game is executed concurrent to the other
types of games.

– FFG before MG - a market game is executed after the other types
of games.

– MG before FFG - a market game is executed before the other types
of games.

3.4 Execution of a game

While it could be said that designing a game is the most challenging phase
of using the software, a game execution is the the most exciting part of
using the software.

3.4.1 Game types

A module for designing a game allows a wide variety of game definitions.
However, from an execution point of view, there are two main underlaying
mechanisms. One is the asynchronous execution of a game and the other
is the synchronous execution of a game. Both types of execution can be
performed concurrently.

46FFG is used as a synonym for synchronous types of games.
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Figure 20: Execution panel

3.4.1.1 Asynchronous execution

The only representative of this type of execution is the market game . The
asynchronous execution means that there is no waiting among subjects for
the game to progress. The game has its own pace and the subjects partici-
pate in the game by managing their own orders.

The execution can have many concurrent processes which affect a game
progress. For instance, one TRANSITION can be used to increment a value
of a VARIABLE named Price every 20 seconds and the other TRANSITION

can be used to decrease the value of Price for a random number between
10 and 20 every random period between 5 and 10 minutes (300 and 600
seconds).

3.4.1.2 Synchronous execution

The synchronous execution is going on step by step. Subjects have to make
and confirm an input at every step of a game.47 At the end of each step, new
values are assigned to selected variables. This type of a game execution

47There can be defined a timeout for a subject’s input and a default value is transmitted
if a subject do not enter any value. Nevertheless, a next step in a game is still coordinated.
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progress is characteristic for the free form game . In general, the extensive
form game and strategic form game can be one step in a free form game .

A similar synchronous execution is within extensive form game and
strategic form game48. Subjects have to make decisions and make selec-
tions for a game to progress. But there is no change of VARIABLE’s values
at each step.

3.4.2 Session

A session contains a group of subjects which play a game. The session
can have unlimited number of players which can be determined by setting
property Number of subjects (Section 3.3.2) to zero. Such type of session is
appropriate for market game only. In such circumstances, the game starts
immediately and arbitrary number of subjects can log in to the game.

It is more common that a session have a limited number of players.
Once a requested number of players are logged in, a game starts. Each new
subject is added to the latest created session. When the session is full, a
game is started and a new session is created, ready to accept new subjects.
A number of sessions is not limited.

Each session is running independent of others. However, there are
some settings which enforce synchronization of sessions at the end of a
round or at the end of a game.

3.4.2.1 Synchronization of sessions

Because new sessions can appear all the time49, groups of sessions are es-
tablished. A group is created when a not assigned session reaches the end
of a round. All sessions that are already started and are not assigned to any
established group become assigned to the newly created group.

All synchronizations and synchronization dependent actions50 are per-
formed within such groups.

3.4.3 Round

A round is a minimal unit of a game execution process. A game can con-
sists of several rounds which are in principle independent. However, it is

48Regardless of being a part of a free form game or not.
49New subjects can log into a game all the time the game is in a progress.
50For instance, a shuffle of subjects among sessions.
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possible to transfer data from one round to another. Namely, a VARIABLE

can have checked a persistence property (Section 3.1.4.1).
An end of a round is also a point where different actions can be trig-

gered (Section 3.3.2).

3.4.4 Stage transition evaluation

In order to correctly define Stage transition expressions (Section 3.1.8) the
evaluation procedure have to be understand. There are three possible in-
terpretations of expressions:

• Random selection - the selection is triggered if a single expression is de-
fined, the expression contains the function random stage transition
only, and the expression is not assigned to any element. An example
would be:
:= random stage transition([Stage1,Stage2,Matrix])
Every time the TRANSITION is executed and the expression is eval-
uated, a different element is randomly selected. Each element is se-
lected at most once. If every element was already selected, an empty
selection is returned. This type of transition contains a history of eval-
uation results in order to work properly.

• Weighted selection - if expressions are not recognized as random selec-
tion, each expression’s value should be a number in order to trigger
this type of selection. The number represents a weight of the element
and the element is selected with a probability which is proportional
to its weight. All expressions are evaluated in order to get all weights
and select one of the elements.

• Sequential selection - when none of the above selections is triggered
this type of selection is chosen. Values of expressions are checked
sequentially. A value of a checked expression should be a boolean
data type. Otherwise an empty selection is returned. If the value is
true, the accompanied element is selected. The rest of values are not
checked. Otherwise, if the value is false the next value is checked. An
order of expressions is important for this type of selection.

3.4.5 Server/Client arhitecture

A game execution is performed within a server/client architecture. The
server is responsible for a game engine which maintain a consistent state of
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the execution while the clients present the state to subjects and accept their
input. The server and the clients run on computers which are connected in
a TCP/IP network.

3.4.5.1 Server

Once a server is started, a control process with a top level tasks is created.
The tasks of the process are:

• Prepares log files which contain recordings of events, messages, and
errors (Section 3.6.3). The events are used for analyzing of a game
flow (Section 3.5). The messages are used for a quick look of a game
progress at a high level. The errors contains unexpected error mes-
sages like run-time errors.

• Accepting subjects and assigning them to sessions. Each subjects who
logins in a game is accepted by a server. The server checks if a sub-
ject’s account already exists in any of the sessions.51 If the account ex-
ists, the subject is reassigned to his/her session.52 Otherwise, a new
account is created and the subject is assigned to an evolving session.
The evolving session means that it is created but it is not running yet.
It waits to be enough subjects assigned to it.

• Creating session processes. Once a session evolves to have appropri-
ate number of subjects assigned, the server creates a session process.
Thenceforth, the session process is responsible for a management of
a session game.

The simplicity of the control process ensures a robustness and respon-
siveness. It is very unlikely that the software would crash. Any problems
in a session level can not influence the server or other sessions.

3.4.5.2 Client

A client provides a presentation of a game execution to a subject. Similar
to the server, the client creates a control process when it is started. The con-
trol process takes care about handling of login, preparing log files (Section
3.6.3), and write some log messages. The subject can be either accepted

51The subject already participated in a game but logged out intentionally or because of
communication problems

52It is also possible that an account already exists because some other subject used the
same username for the account. In such a case the subject is rejected.
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or rejected at login. If accepted, the control process creates a new process
which is responsible for a communication with the session process of the
server, presents a game state to the subject, accepts an input of the subject53,
and logging.

Figure 21: Client window

The client can be used for multiple logins. A subject can either partic-
ipate in several games at the same time54 or with multiple accounts in the
same game.55 There is no difference in a game playing if a subject uses
multiple logins from a single client or a single login from many clients.

A subject have to enter a server name or IP address, a username, and a
password to login into a server. The server name and IP address are dis-
played on the execution panel (Section 3.4.6). A moderator who is in charge
of the server should inform subjects about this data. If the server port is not
a default one, it has to be added to the name or address56. The username is
a sequence of characters which has to contain at least one nonblank char-
acter. Similarly, a password is a sequence of characters. However, it is not
necessary to enter any character for a password.

53It is not always possible for the subject to enter an input.
54A same username can be used but server addresses should be different.
55Usernames of account should be different when he/she participates in the same game.
56For instance, 192.168.1.102:3428.
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3.4.5.3 Communication

A communication is conducted with packages in an XML format using the
TCP/IP protocol. Although the packages in the XML format are not the
most compact and efficient, they are readable and easy to monitor.

The communication flows between a server’s session process and a
client’s process. The both processes can simultaneously send and receive
packages.

The communication supports the following packages:

• LoginRequest

• LoginResponse

• MissingClientsInfo

• ClientNumberInfo

• Message

• CurrentStateClientRequest

• WaitingClientsServerInfo

• WaitingSummaryStageServerInfo

• WaitingSessionsServerInfo

• InitGameServerInfo

• InitClientServerInfo

• PagesServerRequest

• RoundOverServerInfo

• GameOverServerInfo

• PageTimeLimitServerInfo

• GraphVariablesServerInfo

• PlayerTypeAssetsServerInfo

• HideInformationServerInfo

• AssetSettingsServerInfo
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• QuantitiesServerInfo

• OrderExchange

• DeleteOrderExchange

• TransactionServerInfo

• ProductionServerInfo

• ProductionExchange

• GameDurationServerInfo

• RefreshClientRequest

• ResponseIgnoredServerInfo

• AcknowledgeExchange

• ClientInputResponse

3.4.6 Performing an execution

The panel for starting and monitoring execution has the following sub-
panels:

• a server information

– Computer name - the name can be used at a client login to connect
to the server (it is an alternative to the IP address).

– IP address - the address can be used in at a client login to connect
to the server (it is an alternative to the computer name).

– Session server port - a port which should be used at a client lo-
gin to connect to the server. If the port is not changed it can be
omitted in a server field of a client.

– Browser client port - a client can be executed in a web browser. A
combination of a computer name (or IP address) and this port
should be used in a browser location field to transfer the client
(Section 4.3).

• sessions information

– at the top of this panel is information about number of logged
subjects
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– each session has its own sub-panel which displays a current stage
of performance57, subjects’ names which are logged in and sta-
tus of a subject represented by a color. The possible statuses are:

∗ active and responded: the subject should respond and he/she
already did it.

∗ active and not responded: the subject should respond but
he/she have not done it yet.

∗ observe: the subject just observe a progress of a game at this
stage.

∗ passive: the subject has a blank panel and is waiting to be
involved into a game at some of the later stages.

When a market game is executed less information is available.
Only subjects’ names are displayed.
An Exclude session button is available to a moderator in order to
exclude a session from a group if the session is not progressing
because of any reason and hold back a progress of the other ses-
sion groups.

• commands buttons and settings:

– The execution status label displays a current state of the server
(Section 3.4.5.1).

– Start sessions - if the status of the server is Waiting the server is
started.

– Stop sessions - if the status of the server is Started the server is
stopped. The status is changed to Stopping. After cleanup is
done and all packages are transfered (for instance, Summary
stages), the status is changed to Waiting.

– Test session(s) - automatically starts the server and logins appro-
priate number of subjects (according to Number of subjects). This
feature saves a lot of time to a designer of a game during testing
of the game. Any number of additional subjects can be logged
in using a client.

– Two sessions - sometimes it is convenient that Test session(s) logins
twice a number of subject as necessary for one session. With
testing two sessions at once it can be verified a correct execution

57The information is displayed after a start of a session execution. Before, a number of
subject to be logged in to start a session is displayed.
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of a game when executions of sessions are dependent (Section
3.3.2).

– Trace window enables tracing of a game execution (Section 3.6.4).

3.5 Analyzing data

Analyzing of data provides an insight into a game execution. It is hard to
monitor all aspect of the game execution in a real time. Either is too many
data at once to monitor or just a portion of data is available for monitoring.

Figure 22: Data panel

Browsing for a log file can be initiated by a click on Open log button.
Five tabs are created after the log file is loaded: Events, Subjects, Player types,
Sessions, and Rounds.

A report table can be exported into a tab separated file.
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3.5.1 Events

The tab contains events which can be involved into an analyze. An event
can be dragged into Viewer panel which cause that the event is considered
in the analyze. The event can be later dragged from Viewer panel back to
Events tab and so removed from the analyze. An order of events in the
panels is alphabetical.

Events which can appear in the tabs are the following:58

• Cash - amount of cash in a market game

– optional column: $Cash

– copying last value: no

• Order - an order placed in a market game

– optional columns: Asset name, Sell59, Price, Quantity, Duration

– copying last value: no

• OrderEpilog - an order termination in a market game

– optional columns: Id, Submitted time, Asset name, Sell, Price, Quan-
tity, Duration, Order removal. Order removal can have values ex-
pired, deleted, or transacted. In the case of the value transacted,
additional optional columns are added: Set price60, Transaction
price, Transaction quantity.

– copying last value: no

• PlayerTypeAssets - an ASSET for a PLAYER TYPE in a market game

– optional columns: Asset name, Asset hide, Asset valuation

– copying last value: yes

• Quantities - a quantity of an ASSET in a market game

– optional columns: Asset name, Asset value

– copying last value: no

58The type names of events are listed. Actual names in the panels depend on names of
elements in the design panel.

59Sell order if the Sell is true, Buy order otherwise.
60The value is true if a subject who made the order sets a price (his/her price was ac-

cepted), false otherwise.
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• Response - a response of a subject in an extensive form game , a strate-
gic form game , or a free form game

– optional column: a formated61 response value.62

– copying last value: yes

• SelectedMatrix - a selected cell of a MATRIX in a strategic form game

– optional columns: Cell number, Payoff

– copying last value: yes

• SelectedPayoff - a selected terminal node of a TREE ENTRY structure in
an extensive form game

– optional columns: Terminal node, Payoff

– copying last value: yes

• Transaction - a transaction committed in a market game

– optional columns: Asset name, Set price, Price, Quantity.

– copying last value: no

• Variable - a value of a VARIABLE (can appear in any type of a game)

– optional column: a formated61 response value.63

– copying last value: yes

3.5.2 Filters

All filters within tabs Subjects, Player types, Sessions, and Rounds operate in
the same way. A tab contains all values of an item (all subjects, all player
types,. . . ). If none of the values or all of the values are selected then no filter
is applied. Otherwise, checked values only are involved into an analyze.

Buttons Set all and Clear all enables more efficient handling of values
checking.

61If the value is a multidimensional then row data are separated by a semicolon and data
within a row (column data) are separated by a comma.

62A column’s name is set to a name of a TREE ENTRY, a MATRIX, or a CHOICE.
63A column’s name is set to a name of a VARIABLE.
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3.5.3 Report table

An analyze is presented in a report table. The report table consists of fixed
and optional columns. The fixed columns are Session, Round, and Time of
an event. The columns Subject, Player type, and Player are also a part of
each event, however any of them can be omitted if its value is empty. The
optional columns depend on the event’s settings (Section 3.5.1).

The report table rows are added sequentially, ordered by time. A set
of optional columns is a union of optional columns of each event. Because
an event usually does not contain values for all columns, some of them are
empty. However, sometimes it is easier to observe data if a column has
a continuation of values in the column. The continuation is achieved by
copying values from the last occurrence of the same kind of event in the
table.

The report table can be exported into a tab separated file by using Export
table button.

3.6 Infrastructure

The infrastructural part of the software covers areas which are self-evident
and usually do not get many attention. However, they are very important
and can make software much easier to use.

3.6.1 File managment

The file management takes care about saving, loading, and making back-
ups of definitions. The actions of the file management are located in File
menu:

• New prepares everything necessary to start a fresh definition.

• Open pops up a file browser which enables an already existing defi-
nition to be loaded.

• Save as pops up a file browser which enables a definition to be saved
to a file under a selected name.64

• Save saves a definition to a file with the same name64 as it already is.65

64A backup file is created if a file with the selected name already exists. The .bak exten-
sion is added to the existing file.

65If the definition is not already saved, Save as action is activated instead of Save.
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• File names of the recently manipulated definitions are listed in the
menu. A file name can be selected which causes loading of a defini-
tion.

• Quit exits a program.

The file management prompts a user every time a definition is not saved
and therefore an action would cause a partial or a complete loss of the def-
inition.

3.6.1.1 User settings file

It is very convenient for a user if software establishes the same user’s envi-
ronment at a start up as it was when the software was quitted.

The file with user’s setting is located at the user home directory. It con-
tains file names of the recently manipulated definitions. The most recently
manipulated definition is loaded at a start up of the software and therefore
prepared for the further manipulation.

3.6.2 Undo/Redo mechanism

Some of the panels66 contains Undo/Redo mechanism in order to faster
manipulate a game definition. Every action in the panel is recorded and
by using reverse actions the actions can be undone. The actions can be
again done by using the redo command.67 Note, that undoing action (for
instance, five of twenty actions are undone) and then doing an action man-
ually68 will clear all redo actions after the last undone action (in our case,
five actions) from the Undo/Redo mechanism. Namely, every manually
made action is making a new direction of actions.

3.6.3 Logging

The logging is performed on a server side as well as on a client side. Log
files which contain recordings of events, messages, and errors are prepared
by a server (Section 3.4.5.1) and a client (Section 3.4.5.2). On the server’s
side, the logs are written by sessions (Section 3.4.2) while on the client’s
side, the logs are written by a servant process. Actually, some initial log
messages are also written by control processes of the server and the client.

66For instance, Design panel (Section 3.1.10) and Function Editor Assistant (Section
3.1.6.2).

67Of course, they can be done manually as they were the first time.
68Manually means not with the redo command.
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3.6.3.1 Server’s logging

Several types of logging are performed on a server. They are separated on
different files.

3.6.3.1.1 Events log

The events log is located in a subdirectory logs of a directory where a
game definition is located. A name of the log file is composed by log pre-
fix, a game execution start date and time, a name of the game definition,
and .xml extension. The events log has XML format. It contains a game
definition (Section 3.1.12) within a Definition tag. The definition is followed
by events which are recorded during a game execution. Each event con-
tains Time and SessionId data. The rest of data depend on the event type
which have the following tags:

• UserLogin

• UserLogout

• SessionStart

• SessionOver

• NewRound

• PlayerType

• VariableStates

• Stage

• Responses

• SelectedPayoff

• Order

• OrderEpilog

• Transaction

• Quantities

• PlayerTypeAssets
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• SelectedMatrixCell

• Message

3.6.3.1.2 Messages log

The messages log is located in a subdirectory logs of a directory where
a game definition is located. A name of the log file is composed by log
prefix, a game execution start date and time, a name of the game definition,
and .err extension. The messages log has free text format. It contains
messages and errors about connecting and disconnecting of clients.

3.6.3.1.3 Errors log

The errors log is located in a subdirectory logs of a user’s home directory.
A name of the log file is composed by log prefix, a game execution start
date and time, and .console extension. The messages log has free text
format. It contains errors about connecting and disconnecting of clients,
run-time errors, and messages about unexpected situations69.

3.6.3.1.4 Messages server

The main purpose of the messages server is monitoring of problems on a
client before the client is connected to a server. The client has its own mes-
sages log but this messages are dislocated and unreachable for the server.
Once the client is connected all messages are transfered to the server.

The messages server creates a log which is located in a subdirectory
logs of a user’s home directory. A name of the log file is composed by
log prefix, a game execution start date and time, and .msg extension. The
log has free text format. It contains an execution flow messages and clients’
messages.

3.6.3.2 Client’s logging

A client produces two logs. One contains messages of a complete process
while the other contains just messages about a login process.

69For instance, java engine messages.
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3.6.3.2.1 Messages log

The client’s messages log is located in a subdirectory clg logs of a user’s
home directory. A name of the log file is composed by clg prefix, a game
execution start date and time, and .cln extension. The messages log has
free text format. It contains messages and errors about a client execution
progress.

3.6.3.2.2 Login log

A login part of the messages log is located in a subdirectory clg logs of a
user’s home directory. A name of the log file is composed by clg prefix, a
game execution start date and time, and .snd extension. The messages log
has free text format. A content of this log file is send as soon as possible to
a server.70 After the transfer of data, the file is deleted.

3.6.4 Tracing execution

A behavior of a game execution is sometimes different from a designer’s
expectations. Tracing the execution can help to get insight into the execu-
tion details and hopefully a fast clarifying of the situation.

A trace window can be opened by checking Trace window in the panel
for starting and monitoring execution (Section 3.4.6). Note, that the trace
window significantly slows down a speed of a server execution and should
be used carefully.

Each round has its own tab in the trace window. Two panels are placed
within a tab. A graphical panel is used for displaying a trace of synchronous
executed games (Section 3.4.1.2). The trace consists of graphical compo-
nents of subjects’ responds and calculations of expressions. A textual panel
is used for displaying a trace of asynchronous executed games (Section
3.4.1.1). The trace consists of subjects’ interactions and calculations of ex-
pressions.

3.6.5 Help system

The help system provides a support to a user when it is not clear to him/her
what is happening, what are options in a particular situation, or a more
detailed information is needed. Help window pops up if F1 key is pressed.
The help system use a default java help broker.

70The first time a subject is successfully connected to a server.
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At the moment, there is not many help topics and they are not very
comprehensive. Nevertheless, the help system is established and a initial
support is offered.

3.6.6 Internationalization

The labels of a graphic user interface are separated from the program code.
They are put in two XML formatted files, one contains labels for the mod-
erator application and the other contains labels for the client application.
Localization of the software is done quite straightforward with a transla-
tion of the labels into some other language.

At the moment, a deployment of the software is necessary in order to
obtain the localized software.

4 Software distribution

The software is distributed by different mechanisms. Each mechanism has
some advantages and disadvantages over the others.

4.1 Java Web Start (JWS)

Java Web Start is a standardized mechanism for a java software distribu-
tion.71 It requires some preparation by a software provider for the software
to be available.

The application is initiated by accessing a web location. At the loca-
tion72, a jnlp file is available which configures the application’s startup
and execution. According to the configuration a desktop icon and a menu
item can be created.

The mechanism provides some additional features like automatic up-
date of the software73, automatic update of java, a description and an icon
of the software during download (or update),. . .

71http://java.sun.com/javase/technologies/desktop/javawebstart/index.jsp
72Currently, http://www.comlabgames.com/free0.4/mgs.jnpl for the moder-

ator application, and http://www.comlabgames.com/free0.4/mgc.jnpl for the
client application.

73Updated libraries are downloaded only.
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4.1.1 Certificate

In important part of the JWS is a certificate which authenticate a software
provider. The certificate must be periodically renewed because it is always
issued for a limited time.

4.2 Standalone

A standalone mechanism is a custom one, a part of the software. The soft-
ware is downloaded from a web site.74.

The application is started by a double click on the application icon. The
software checks automatically if a new version is available and provides a
dialog for a user to decide about updating the version.

The standalone distribution is a kind of simplified JWS distribution.
However, sometimes is more convenient to have the application in one file
only. This is more convenient for software to be copied.

The standalone distribution contains the moderator application only.

4.2.1 Updater

The updater checks a latest version of the software by comparing dates of
deployment.75 If a new version is available, a user can update the version
by Yes, refuse the update by No76, or skip the update by Skip this version77.

Updating of the software can be canceled any time during the update.

4.3 Web server

In order to not install the client application on a computer, a client can be
executed as an applet in a browser (Section 3.4.6). Namely, the moderator’s
program also includes a web server which only task is to provide the client
application. Note, that the client application have to be downloaded each
time the application going to be executed.

74Currently, from http://www.comlabgames.com/free0.4/clg standalone.jar
75The file BuildProperties.txt on the web site.
76The dialog will pop up again at the next startup of the software.
77Although the dialog will not pop up again at the next startup of the software, the ver-

sion can still be updated by using menu commands. Of course, the dialog would pop up if
a next update will be available.
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