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Abstract

The strategy games by Paradox Development Studios use a data-based engine and most
content is loaded directly from text files in the game directory. These files follow a common
schema, the Paradox Scripting Language. In its core it is just a data representation language,
but it has dynamic scripting features built on top of that.

The games allow users to develop and publish modifications to the game, but the documen-
tation is sparse and modders need a lot of time to understand the syntax of the script files
and to write their own. When there is a problem with the code, the engine will most likely
ignore it and just continue or crash without an error.

Furthermore, there are dilerences in the syntax between the dilerent games and even
between script files for the same game.

In this thesis the grammar of this scripting language is reverse engineered and then a
parsing and deserialization framework is developed. On top of that an interpreter for the
dynamic features of the scripting language is built. Finally a graphical user interface is
made to demonstrate all that functionality.

This tool can help modders to understand the existing script files better, but also help
them to understand their own script files. It can assist with finding errors and verifying
functionality, without time consuming testing in the game.

Additionally programmers may use the parsing and deserialization framework to develop
new tools.

In the end a few use cases demonstrate how this tool can be used.

There already exist programs to parse the scripting language or savegames, but none provide
support for all scripting features or allow evaluation of the executable parts. This is the
first full parser implementation that can deal with all the inconsistencies, read all script
files and execute them.
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1 Introduction

1.1 The game

Paradox Development Studios is a game development company from Sweden, founded
in 1995. They are a subsidiary of Paradox Interactive AB [ ]. The studio is known
for multiple grand strategy game franchises, for example Crusader Kings [ ], Europa
Universalis [ ] and Stellaris [ ]. The player controls an empire and must use warfare,
diplomacy and economy to compete against computer-controlled opponents or other players.
This is similar to the game series Civilization [ ], but it works in real time instead of
turn based.

Stellaris is a grand strategy game set in the future. It was released in 2016 and the latest
major version is 3.4, released at the 12;, of May 2022 together with the paid Overlord
expansion. The player controls a spacefaring empire and fights for domination over a whole
galaxy.

Stellaris can be ascribed to the 4X subgenre of strategy games: the player must Explore,
Expand, Exploit and Exterminate. It draws inspiration from the classic strategy game
franchise Master of Orion [\War].

During a game the player must develop colonies, explore the mysteries of the galaxy, build a
fleet and research technology, while contending with neighboring empires or space creatures
diplomatically and militarily.

This thesis will mostly focus on Stellaris.

1.2 Selected screenshots from Stellaris

Figure 1 shows the zoomed out view during a game. All surveyed parts of your galaxy are
visible, every dot is a star system. The colorful borders represent empires.

On the edges some head-up display elements are visible, showing statistics and information
about the empire the player controls. The top bar shows resources, the right side (also
called outliner) lists all colonies, star bases and fleets, while the left side contains buttons
to open various menus and finally the bottom side has control elements for the view.
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Figure 1: Galaxy view

Zooming in closer shows the view seen in Figure 2. Names and resources of star systems
and the hyperlane network between them become visible.
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Zooming in even further switches the view to a galaxy, as seen in Figure 1. The system’s
star and planets can be seen, in addition to their resources and any fleets or space stations.

@

> ® 2 - 3 @ ° & n
66K+31  6OKHI8 21350 37Ks23 5943 ¢ 7 7 s / 7 Il

B

. Outliner

Planets

Civilian

Figure 3: Star system view

The camera can be moved around and zoomed in even more, showing close-up views of
stations and planets, as shown in Figure 4.
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1.3 The Clausewitz engine

Since 2007, Paradox uses the same game engine for all their games: the Clausewitz Engine
[ ]. It is written in C++ and its main feature is the data driven design. Most game
content is defined in text files outside of the binary. These files follow a common structure
and are used to represent data and logic, which will be called Paradox Script from here on.
This scripting language allows non-programmers to rapidly develop content for these games
and allow all Paradox games to be extensively moddable by users [ ]. Modders can
create new content or change existing content and upload their mods to a central location,
where every user can download them for free. One of those locations, the Steam Workshop
for Stellaris, has over 24000 posted items [Val].

1.4 The scripting language

Paradox Script is used to represent data for most ingame concepts. A part of this data is
executable script code.

Each game that uses the Clausewitz Engine defines its ingame structures and the corre-
sponding formats for the script files in the C++ code. Then content designers write the
script files and fill the game with live.

Additionally the game state can be serialized in the same format, this is used for savegames.
As savegames can become quite big (refer to Section 3.3), Paradox games usually compress
them as ZIP archives, an international standard container file format [ ]. When the
game is started with achievements enabled, the savegames are additionally encoded in a
binary format, to stop players from editing the files or cheating. That binary format is
very di Ccult to parse, as all unquoted text is transformed into sequential id numbers. But
tools from the community exist to convert the encoded saves back into plain text (refer to
rakaly’s melters in Section 5).

The syntax of Paradox Script is JSON-like: it is a key-value based format for data
representation where keys can be text or numbers and values can be text, numbers or
bracketed structures that resemble arrays or objects. But the dilerknces to JSON are also
clear: there are nearly no limits to what a text literal can be, quoted or unquoted, starting
with digits, containing special characters; most character combinations are allowed.
Key-value pairs are separated by a relation sign, most of the time that is the equals symbol
(=). But it can also be a relational operator such as smaller than or not equal (<, !=).
Additionally there can also be no relation sign between values. Sometimes this is an error
in the script, sometimes it is a tag or marker that describes what type the next bracketed
block has.

Then there are more dynamic syntax constructs, aimed at the scripting side of the format.
There are global constants that are prefixed with @ and inline math expressions, marked
with @[ ... ], which contain arithmetic expressions that are evaluated at runtime.
Dollar signs mark string replacement with default values. Here the content of the $-block will
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be replaced by another string at runtime. They are used to pass parameters to subroutines.
To enrich this feature there also exists syntax to check for the existence of a parameter, it
uses square brackets.

1.5 The structure of the game files

The installation location of each Paradox game contains the executable for the game, but
there are also many nested folders that contain text files. These text files contain Paradox
Script.

Each folder belongs to a single ingame concept and it contains multiple script files, each
containing data.

When a Paradox game launches, each subsystem reads its folder and parses each file in that
folder in alphabetical order.

The data is parsed and merged together in a way determined by the subsystem.

1.6 Formal grammars

Formal grammars are used to describe languages, especially programming or scripting lan-
guages [ ]. The process of checking a string of characters against a formal grammar
is called parsing. To simplify the parsing process, a technique called lexing is employed.
Lexing is the process of taking character input and partitioning it into tokens, that function
like words in a natural language. Tokens are are mostly defined by regular expressions,
a subset of formal grammars that can be checked in linear time with deterministic finite
automata (DFA).

The parsing process takes these tokens and gives them structure. An abstract syntax tree
(AST) is built, nested structures become apparent.

Programming languages are often described with context-free grammars, another subtype
of formal grammars. These types of grammars are more powerful than regular expression
and allow more complex constructs in the language. Context-free languages can be parsed
with pushdown automata [ , lecture 23], that have a separate stack in addition to states.

The Extended Backus-Naur form (short EBNF) is a notation for context-free grammars. It
has been standardized since 1996 by the ISO [ ], although di [erknt variants are in use

[Jin04].

2 Motivation

The goal of this thesis is to develop a software tool that simplifies modding strategy games
by Paradox Development Studios which use the Clausewitz Engine, by providing a graphical



application that shows how the Clausewitz engine would process a given script. The abstract
syntax tree can be seen and nodes can be inspected for additional information.
Furthermore it provides the capability to transform arbitrary data represented by a script
file into Java objects, given a Java class definition. A user can thus load savegames and all
game files and then query information from them. This can be used to analyze save games,
visualize the information and even cheat - that is trying to gather information which is not
visible from inside the game, like the location of resource-rich planets.

Additionally a user can evaluate the executable parts of the scripting language to see the
results.

At the current time there exists no other tool that is able to interpret all the game files of all
paradox games, mostly parsers aimed at savegames for visualization and editing purposes
(refer to Section 5).

Stellaris provides a console during gameplay which allows the user to execute commands.
One of those commands lets you paste in script (triggers or e Lecks), that gets evaluated,
similar to a REPL.

This only works in game though - so one has to wait multiple minutes for the game to start
and a save to load. Additionally you still have to reload the game when you do changes to
"load-once"-data structures, for example if you add a researchable technology or an event
chain.

This means that you can only tests tiny snippets from your scripts and do not know how
they work together.

That is the problem this thesis intends to solve.

3 Contribution

3.1 Explanation of Paradox Script

The following description of Paradox Script was found by examining game files, by analyzing
the sparse documentation found in the game® and developer communications in the form of
forum posts? and also by consulting community write-ups [ ].

Yfound at Documents/Paradox Interactive/Stellaris/logs/script_documentation and sporadically
in the script files themselves as comments (refer to Section 4.1)
2for example [ 11 ]
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3.1.1 Data representation

The scalar data types that can be represented are:

Integral numbers (42, -10)

Decimal numbers (4.2, -6.7)

Quoted Strings (“foo™)

Unquoted Strings (bar, @techweight)

Booleans (yes and no)

Enumeration values (physics, society, engineering)

Dates in yyyy.mm.dd format (1057.04.15 or "2200.01.01")

The fundamental atoms are items. They can be values or key-value pairs, which will be
called properties. Values can also be any of the scalars and additionally a scope, bracketed
blocks which contain bare values or properties. Properties consist of a key, that can be any
of the aforementioned scalars, a relation sign and a value.

Listing 1: Items example

first # a value
"second"=2 # a property
3={ # this value is a scope
42 # nested value
foo = "2022.06.09" # additional whitespace can be added
safely

The single deviation from that pattern are conditionals, which are also items. They are
blocks enclosed in square brackets that start with a bracketed unquoted string which
represents the condition and following this an arbitrary amount of values or properties.

Listing 2: Conditional example

[ [ENERGY] # a conditional block
foo="bar"
42
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3.1.2 Advanced features and executable code

Executable blocks of code also follow this schema. They do not distinguish themselves from
the surrounding data representation. Each key in a key-value-pair represents an action or
query and the value contains the arguments for that call.

Most of the functionality is implemented in the game code, but there also exists a way to
define subroutines in the scripting language, that can be called from elsewhere.

All executable code that is found in the game files of Paradox games can be put into two
categories: Triggers and E [edts. There is always a clear distinction, there is no mixed code.
The game engine contains builtin functionality for control structures (if-else, switch, iteration
loops) and logical operators.

Each block of code is executed in a specific context. This context is also called scope [ ]
This may, for example, be a country, specific character or space ship. They are named the
same as the bracketed blocks in the grammar, the terms can be used interchangeably.
Each type of scope has a di Lerknt set of valid builtin triggers and e [edts that are documented
in generated game files®.

When evaluating an executable block of code, the game does it from top-to-bottom. Multiple
e [edts are executed in succession, while multiple triggers are evaluated as a conjunction
(AND) with short-circuiting. The first negative result from a trigger cancels the whole
evaluation and returns false.

3.1.3 Scripted Variables

Scripted Variables represent global constants that may take any scalar value. The folder
common/scripted_variables is loaded first by the game engine and the contained scripted
variables are available to all script files.

But each script file in another folder may overwrite these by just setting them to a di [erknt
value. The overwrites are only visible in the current file.

Listing 3: Scripted Variable example

@myScriptedVariable = 42
key = @myScriptedVariable # will be 42 when parsing

3.1.4 Triggers

A trigger can be executed and yields a boolean result. It is mostly used as a predicate to
decide if some other action is supposed to be executed.

3found at Documents/Paradox Interactive/Stellaris/logs/script_documentation



Ly

=
Ly

n

=
T e

10 3 CONTRIBUTION

Most triggers access the current game state and query it for information.
Examples can be seen in Listing 4 and the limit-blocks of Listing 6.

3.1.5 ET[edts

An e[edt has no return value, but changes the game state in some way.
Examples can be seen in Listing 6.

3.1.6 Subroutines and Parameters

Paradox games allow files placed in the common/scripted_triggers and common/scripted_effects
folders to define trigger-type or e Ledt-type subroutines. Each of these is bound to a name

and can be called with parameters. These parameters are defined at the call site and

queried in the subroutine.

The scripted trigger in Listing 4 checks for a resource deficit and expects the parameter
RESOURCE to contain the type of resource to be checked. It can be called as shown in

Listing 5.

Listing 4: Excerpt from common/scripted _triggers/00_scripted triggers.txt

#has_deficit will look for deficit situations. This checks negative
income and no resources
has_actual _deficit = {
resource_stockpile_compare = {
resource = $RESOURCE$
value = 0
}
resource_income_compare = {
resource = $RESOURCE$
value < 0 # note the different relation sign!

Listing 5: Call of a scripted trigger

has_actual_deficit = {
RESOURCE = energy

}

This will check if the currently selected country has no “energy” and the monthly income of
“energy” is negative.

The scripted eledt in Listing 6 can be called as shown in Listing 7.
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Listing 6: Excerpt from common/scripted effects/00_scripted_effects.txt

add_tech_option_or_research_effect = {

if = {
limit = {
OR = {
has_technology = $TECHS$
NOT = { can_research_technology = $TECH$ }
}
}

add_monthly_resource_mult = {
value = @[(C 72 * $PROGRESS$ )]
resource = $CATEGORY$

}
}
else_if = {
limit = { NOT = { has_tech_option = $TECH$ } }
add_research_option = $TECH$
add_tech_progress = {
tech = $TECH$
progress = $PROGRESS$
}
}
else = {
add_tech_progress = {
tech = $TECH$
progress = @[ 1.5 * $PROGRESSS$ ]
}
}

Listing 7: Call of a scripted e [edt

add_tech_option_or_research_effect = {
TECH = tech_mega_engineering
PROGRESS 0.25
CATEGORY engineering

This will grant the empire, in which this e [edt is executed, progress in a specified technology
research or some alternate resources.

To read a parameter, the name has to be enclosed in $-symbols. Additionally it is possible
to add a default value to the expression with a vertical pipe symbol (]): $PROGRESS|0.25$.
This will use the default value 0:25, if the parameter PROGRESS was not given.

Listing 8: Parameter with default value
progress = $PROGRESS|0.25%
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There are nearly no limits where a parameter expression can be used, it is even possible to
use them in a key with concatenation, as shown in Listing 9.

Listing 9: Parameter in key

add_one_to_some_multiplicative_modifier = {
$MODIFIER_TYPE$_mult = 0.5
}
#called like this:
add_one_to_some_multiplicative_modifier = {
#planet_jobs_minerals_produces is a modifier that increases
mineral production via jobs
MODIFIER_TYPE = planet_jobs_minerals_produces # will execute
planet_jobs minerals_produces mult = 0.5
}

3.1.7 Inline mathematics

The Paradox Scripting Language supports inline math statements, marked by @[ ... 1.
Most standard operators are allowed, they use infix notation.

Addition (also possible as a unary operator) (+)

Subtraction (and negation as a unary operator) (-)

Multiplication (*)

Division (/)

Modulo (%)

The standard rules of precedence apply. You can group terms with brackets and calculate
the absolute value with | ... |.

Instead of number values, one can query scripted variables by their name without the
@-prefix.

Additionally parameters can be accessed via the $-syntax, as explained in Section 3.1.6.
An example can be seen in Listing 6.

3.1.8 Conditionals

Conditionals work like the #ifdef or #ifndef C preprocessor directives [ , chapter
6.10.1].

The enclosed code is only executed if the parameter given in the header is defined. If
prefixed with I, the non-existence of the given parameter will be checked instead.
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Listing 10: Conditional example

add_engineering _boons = {
[[ ALLOYS ]
add_resource = { alloys = $ALLOYSS$ }

1
[[ 'ALLOYS ]

add_resource

{ engineering = 100 }

}

#this will add 100 engineering research points, as ALLOYS is not
defined

add_engineering _boons = yes # calling a scripted effect without
parameters uses '"yes"

#this will add 99 alloys, as ALLOYS is set to 99
add_engineering_boons = {

ALLOYS = 99
}

3.1.9 Grammar

The grammar used in the scripting files is not consistent. Di[erknt parts of the game engine
and di Lerent Paradox games use di [erknt variations of the scripting language.

Examples of the inconsistencies are quotes around text and what to do if a key is assigned
multiple times.

Thus the parser is designed with generality in mind and allows the user to read a lot of
di Lerknt script files.

Another di Ccult part of the grammar are the $-expressions which mark parameter usage
and @[ ... ] blocks which are inline math expressions. Those language constructs are
very di Lerkent from the other language features. So they are parsed with separate parser
implementations. This is for simplicity and modularity reasons.

Combining all the acquired knowledge about Paradox Script, a very general context-free
grammar was created and translated to the EBNF format.

Listing 11: EBNF grammar for Paradox Script

every character = ? every character ?7;

new line = "\r\n" | "\n" | "\r";

whitespace character = ? whitespace characters ? | comment;

whitespace = { whitespace character };

comment = ("#" | ";"), { every character - new line }, new line;

decimal digit = "0 | "1™ | "2 | 3" | "4 | "5" | "6" | "7 | "8"
I "9";



10:
11:
12:
13:
14:
15:
16:
17:
18:
19:
20:

21:
22:

23:
24
25:
26:

27:
28:

29:
30:

31:
32:
33:

34:
35:
36:
37:
38:
39:

40:
41.
42:
43:

44:

14 3 CONTRIBUTION

hexadecimal digit = decimal digit | "A" | "B" | "C" | "D" | "E" |
F* ] ™a™ | "b™ | "c™ | "d" | "e"™ | "f";

content = whitespace, { item, whitespace }, whitespace;
item = value | property | conditional;

property = key, whitespace, relation sign, whitespace, value;
key = scalar;

relation Symbol = ll:ll I ll<ll I ll>ll I Il<:ll I Il>:ll I ll!:ll;

value = scalar | scope | inline math;

scope = "{", content, "}";

conditional = "[", whitespace, "[", whitespace, [ "!" ], whitespace

, unquoted, whitespace, "]", content, "]";

scalar = signed number | quoted | unquoted | scripted variable |
dynamic scalar;

signed number = [ "+" | "-" 1 number;

number = integral number | decimal number;

integral number = decimal integral number | hexadecimal integral
number ;

decimal integral number = decimal digit, { decimal digit };

hexadecimal integral number = ("0x"™ | "0X"), hexadecimal digit, {
hexadecimal digit };

decimal number = decimal decimal number;

decimal decimal number = decimal integral number, ".", decimal
integral number;

quoted = *"”, { quoted char }, *"7;

guoted char = (every character - escaped character) | escape
sequence;

escaped character = "7 | "\\";

escape sequence = “\\"7 | "\\\\";

unquoted = unquoted char, { unquoted char };

unquoted char = every character - disallowed unquoted char;

disallowed unquoted char = "7 | "@" | "“$" | "1™ | "' | "{" | "}"
I S S R BT G D R TP [ BT T I B

whitespace character;
scripted variable = "@", unquoted;

dynamic scalar = (unquoted | parameter), { unquoted | parameter },
[ parameter context suffix | scope suffix ];

parameter = "$", whitespace, unquoted, whitespace, [ "|",
whitespace, (signed number | unquoted | quoted), whitespace ],
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$";

parameter context suffix = "|", parameter context item, { "|",
parameter context item } "|";

parameter context item = unquoted, "|", (sighed number | unquoted
| quoted);

scope suffix = "@", unquoted;

inline math = ("@[" | "O@\\["), whitespace, additive expression,
whitespace, "]1";

additive expression = multiplicative expression, { ("+" | "-"),
multiplicative expression };

multiplicative expression = unary expression, { ("*" | “/" | "%"),
unary expression };

unary expression = { "+" | "-" }, primary expression;

primary expression = ("(", additive expression, ")) | ("]",
additive expression, "|") | number | unquoted without operators

| parameter;

unquoted without operators = unquoted char without operators, {
unquoted char without operators };

operator char = "+" | "-" | "*<U | /T UM,

unquoted char without operators = unquoted char - operator char;

Each file contains one content-non-terminal, it is the starting symbol.

3.1.10 Examples of Paradox Script

Listing 12: Excerpt from a Stellaris save game

version_control_revision=86045
name="United Nations of Earth"
date="2226.09.13"
required_dlcs={

"Apocalypse"

"Aquatics Species Pack"

"Federations™

"Horizon Signal™

"Synthetic Dawn Story Pack

"Utopia"
}
flag={
icon={

category="human"
file="flag_human_9.dds"

}

colors={
"blue™
"black™
“null™
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3.2 Design and Architecture

Both the parsing and deserialization backend and the graphical application are written in
Java [ ] and can be found in the GitLab repository*. The only external dependency
is a self-written library which is used for lexing and parsing [ I

The application is structured as a pipes and filter architecture as shown in Figure 6. This
allows for modularity and extensibility.

First comes the lexing phase, then the parsing phase and after that comes the deserializer.
At the end lies the graphical user interface, which assembles the whole pipeline, configures
the input and consumes the output.

Figure 6: Architecture

Script File

Characters

Lexer

Tokens

Parser

AST

Deserializer

JavaW Java Objects

Trigger evaluation |
9 Java Objects GU

“https://git.hhu.de/mivel100/bachelor
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3.3 Script Files

The game Stellaris has 1063 script files (as of version 3.4.2). The biggest file is 700kB in
size and in total there is roughly 18 MB of script data®.
This is not much in comparisons to savegames, which can exceed 200 MB in size ©.

3.4 Lexer

As savegames use the same scripting language to represent their data, the same parser can
be used to process them. Due to the big file sizes, memory usage and performance play a
role for a generic parser implementation.

The lexing library [ ] uses maximal munch as shown in Algorithm 1 [ ] and
normalizes line endings.

Sfound with ParserExperiment.java (Listing 31) on 05/18/2022
Sold Crusader Kings Il savegame by Dr. John Witulski, can be found in
experiments/src/main/resources/example
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Algorithm 1 Maximal munch lexing algorithm

procedure MaximalMunch(character_stream)
buffer ™"
repeat
if buffer has characters then
for all unchecked prefixes of buffer as prefix do
if CheckTokenTypes(prefix) then
if no token type is marked as candidate then
error: unknown token in prefix
end if
yield token from last token type that was marked as candidate and substring
of buffer with the the saved length
remove that substring from the front of buffer . buffer still contains at least
one character
remove all markings from token types and mark all token types as valid
continue repeat
end if
end for
end if
if character_stream has characters left then
append next character from character_stream to buffer
else if buffer has characters then
if there is no valid token type or no token type marked as candidate then
error: unknown token in buffer
end if
yield token from last token type that was marked as candidate and buffer
break repeat
else
break repeat
end if
until forever
end procedure

procedure CheckTokenTypes(buffer)
for all valid token types as token_type do
if buffer has no match with and is no prefix of token_type then
mark token_type as invalid
else if buffer matches token_type then
mark token_type as candidate and save the current buffer length
end if
end for
if there are no valid token types then
return true . Only return true when all token types have no match, then rewind and
find last matching token type
else
return false . There might be a longer match, read more characters
end if
end procedure
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Token types are registered with the library: each token type must implement a MatchResult
matches(CharSequence) method, and a T convert(String) method, which converts from

the token string to a Java object for further processing. MatchResult is an enum that

contains three values: FULL_MATCH, PREFIX_ONLY_MATCH and NO_MATCH.

For each script file a new lexer instance is created with a Reader, a Java class for reading

characters. This instance provides the method Token<?> nextToken(), which can be called,

until it returns null, to get a token stream.

This application uses three diLerkent lexers.

A static lexer with fewer registered token types, used for quick processing of big savegames.
A dynamic lexer with many token types, used for all game files.

A math lexer, used for the inline math statements (refer to Section 3.1.7).

3.4.1 All token types

] Token type | ignored | used in static lexer | used in dynamic lexer | used in math lexer |

byte order mark yes yes yes no
comment yes yes yes no
whitespace yes yes yes yes
separator no yes yes yes
operator no no only subset yes
relation no only subset yes no
integer no no no yes
signed integer no yes yes no
decimal no no no yes
signed decimal no yes yes no
quoted no yes yes no
unquoted no yes yes no

scripted variable no no yes only subset

dynamic unquoted no no yes only subset
inline math no no yes no

Table 1: Token type properties
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] Token type example | implementation
byte order mark \ufeff” character match
comment # this is a comment hand-written
whitespace [ hand-written
separator 4$.»0L1G), character match
operator +,-,%, 0, % 1, ] character match
relation =, <, >, <=, >, 1= string match
integer 42, OXDEADBEEF DFA
signed integer -42 ,-OxDEADBEEF DFA
decimal 6.7 DFA
signed decimal -6.7 DFA
guoted "foo\"bar" hand-written
unquoted baz, root.from.owner hand-written
scripted variable @scriptedvar hand-written
dynamic unquoted | abc_$PARAM|def$, value:foo_ |PARAM|42], flag_@from | hand-written + parser
inline math @[ | 1 - 0.75 * $PROGRESS]0.5$ | + scriptedvar ] | hand-written + parser

Table 2: Token type examples

Refer to the package io.github.ititus.pdx.lexer for the token type implementations.

3.4.2 Performance

An earlier iteration of the token type implementations used deterministic finite automata
(DFA) to implement all matches(CharSequence) methods. This created overhead because
the method is called multiple times for every read character and the DFA implementation
creates and discards a lot of new objects and also calls many di Lerent methods.

Thus most of the matches(CharSequence) methods were changed to hand-written routines.

Listing 13: Creation of DFA for old comment token

State comment
State initial =

DFA commentDFA

State.createEnd (" comment™)
.addSelfNotRule(’\n”);
State.create("initial™)
.addRule(comment,
new DFA(initial);

1#1’ 1;

)

Listing 14: New hand-written routine for comment token

@0verride

public MatchResult matches(CharSequence str) {
str.length();

0) {

int len =
if (len

return MatchResult.PREFIX_ONLY_MATCH;

}
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char first = str.charAt(0);
if (VisCommentStartChar(first)) {
return MatchResult.NO_MATCH;

}
for (int 1 = len - 1; i1 >= 1; i--) {
it (str.charAt(i) == ’\n”) {
return MatchResult.NO_MATCH;
}
}
return MatchResult.FULL_MATCH;
}
3.5 Parser

This application uses three diLerkent parsers to parse the grammar defined in Listing 11.
The normal parser (Listing 25) for the bulk of the grammar, it implements the Parser
interface (refer to Listing 24).

The math parser (Listing 26), used for inline math expressions. It also implements the
Parser interface.

The dynamic scalar parser (Listing 27), used for the dynamic unquoted token type (refer
to Table 2). It is hidden in the implementation of DynamicScalar.

3.5.1 File Size and Performance

To mitigate problems caused by the big file sizes, a visitor design pattern is used for the
parser. The parsing process does not generate an AST, but instead calls methods on the
visitor, which may build data structures or conduct analysis. This circumvents having to
allocate memory for the AST that will be discarded later on.

Additionally the implementation does not use recursive descent parsing but instead uses
loops extensively to minimize stack frame creation due to method calls.

All these optimizations, both to the lexer and the parser, doubled the speed when loading
the big savegame. From over 80s to a mere 365s’.

3.5.2 External parser generator

Due to the required flexibility of the parser and its di [erent uses, a parser generator, like
ANTLR [ ], would constrain optimizations and force a specific AST layout. Full control

“found with ParserExperiment2.java (Listing 32) on 05/18/2022
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over every step in the parsing process is desired, thus the parsers are hand-written.

3.5.3 Parser implementations

The inline math parser (refer to Listing 26) uses recursive descent [ , Chapter 4.4],
for simplicity reasons. The algorithm uses the Java call stack to save the parser state.
For the main parser (refer to Listing 25), a pushdown automaton [ , lecture 23] was

implemented, which uses an explicit stack to keep track of the parser state.

The dynamic scalar (refer to Listing 27) is simplified, does not use a lexer and thus only
operates on a single string. Subroutines parse components of the dynamic scalar and return
the next position in the input string that needs to be parsed.

Refer to Figure 7 for a graphical representation of the connections between the di[erent
parsers and lexers.
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Figure 7: Parser and lexer implementations
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3.5.4 ParserVisitor

My concept of a parser visitor is a collection of callback methods that gets invoked by the
parser when it encounters certain syntax constructs in the script file. Refer to Listing 23
for the list of callback methods.

The parser itself is not opinionated, so it delays all interpretation of the found structures to
the configured ParserVisitor.

As an example for the previous statement, the parser will not assume “this is a boolean
value” if it sees the literal yes, but instead invoke the callback method for unquoted text.
The configured ParserVisitor will then decide if the received text is a boolean value or a
string.

For some data types it is impossible to infer from the context, what data type a value is
supposed to have.

3.6 Deserializer and DeserializationProvider

The term deserializer is defined as a piece of software that converts from the Paradox
Script representation to data, which the Java programming environment can use. They
also implement the ParserVisitor interface.
Each deserializer instance can process a single type of data. The following data types are
supported:

* boolean

= integral number types (int, long)

« decimal number types (float, double)

e string

e date (two dilerknt calendar systems)

e color (HSV and RGB representations)

= Java enumerations

= Java records

* lists

» Java maps (key-value data structure)

e generic deserializers: vValue and Relational<T>

« special types: triggers and e [edts

» intermediate deserializers that act as filters: scripted variables
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A deserializer is registered with a DeserializationProvider. This class manages an

internal lookup from Java type to deserializer. Refer to Listing 29 for the provider methods.

Users ask the DeserializationProvider for a deserializer for a given type and then get a

new instance. This process is also used by complex deserializers like the RecordDeserializer.
Each parsing process can be started with a di Lerknt DeserializationProvider. This allows

the same infrastructure to deal with di[erent date or color formats.

3.6.1 Generics in Java

In the Java programming language generics are used to allow for type-safe operations over
container types and generic algorithms. At runtime they are erased, the Java Virtual
Machine does not know about generics.

This makes it di Ccullt to ask for a deserializer that parses a Map<String, Integer>.

For that purpose the class TypeToken<T> was written. It is supposed to be subclassed
anonymously and then instantiated. Internally it uses reflection to query for the value of
the generic type parameter T like this:

Listing 15: TypeToken<T>

@SuppressWarnings("unused™)
public abstract class TypeToken<T> {

private final Type type;

protected TypeToken() {
Type thisClass = getClass().-getGenericSuperclass();
if (1(thisClass instanceof ParameterizedType
parameterizedType)) {
throw new RuntimeException(
"raw use of TypeToken on sub class: " + getClass())

}

this.type = parameterizedType.getActualTypeArguments()[0];
}

public Type getType() {
return type;
}

It can be used like this:

Listing 16: Usage of TypeToken<T>

var typeToken = new TypeToken<Map<String, Integer>>() {};
typeToken.getType(); // the actual generic type "Map<String,
Integer>"
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3.6.2 The none literal

Occasionally the literal none is used to represent the absence of a value.

3.6.3 Boolean format

Paradox Script uses yes and no as boolean literals.

3.6.4 Number format

Internally, the Clausewitz Engine uses fixed point humbers to represent decimals [ ].
As there is no native representation for this number system in Java, the data type double
is substituted.

3.6.5 String format

Character strings come in two flavors: quoted and unquoted.

Quoted strings may contain escape sequences, those are character combinations that
represent a di Lerent character due to technical limitations. They are a reduced set of the
escape sequences used in C [ ].

| Escape sequence | value |

\\ \
\ll "

Table 3: Valid escape sequences

3.6.6 Date format

As Paradox games are real time strategy games, they use dates for time-keeping. Those
look like dates of our current Gregorian calendar [ ], but they are actually not. The
calendar used in the historic games (Crusader Kings, Europa Universalis) has no leap years.
Every year is exactly 365 days long. Stellaris uses another di[erent calendar: every month
has exactly 30 days which leads to 360 days in a year.

Thus one cannot use the standard date representation the programming environment pro-
vides, instead one has to make their own.
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Java introduced a new Date and Time API in Version 8 | ]. So instead of creating
a new date and time API, the Java API is used by creating a Chronology which models
those ingame calendars. They fit into the Java Time API and allow one to use some builtin
functionality like formatting and parsing.

Dates are represented as yyyy.mm.dd, with or without quotes, depending on the game.

3.6.7 Color format

Colors are represented in a way that diverges from the standard syntax. There is no symbol
to connect the color type token rgb to the following scope, as shown in Listing 17. A naive
parser implementation might look for the rgb token and group it together with the following
scope.

This hard-coded solution has many drawbacks and breaks with the non-opinionated design
principle. Thus the parser will not group them together, but instead a color needs to be
requested, which causes the ColorDeserializer to become activated, group both parts
and output a valid color.

Listing 17: Dilerkent color definitions

colorl = rgb { 128 56 98 } # RGB with 3 integral components
color2 = rgb { 0.5 0.1 0.9 } # RGB with 3 decimal components
color3 = rgb { 128 56 98 99 } # RGBA with 4 integral components
color4 = rgb { 0.5 0.1 0.9 0.5 } # RGBA with 4 decimal

components

color5 = hsv { 50 50 180 } # HSV with 3 integral components
color6é = hsv { 0.5 0.7 0.4 } # HSV with 3 decimal components
color7 = hsv { 50 50 180 90 } # HSV + A with 4 integral

components

color8 = hsv { 0.5 0.7 0.4 0.9 } # HSV + A with 4 decimal
components

color9 = OxBBCCDD # RGB as combined hex

color0 = OXAABBCCDD # ARGB as combined hex

3.6.8 Enumeration format

Enumerations are types that consist only of some named members [ , Chapter 7.2].
They are defined in the C++ game code.

In the scripting language they are mostly represented as unquoted strings that reference
the names of the enum members.

They are implemented using Java enums [ , chapter 8.9] and string lookup.
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3.6.9 List format

Lists are nested structures that have no explicit keys. Implicitly the contained values can
be addressed by their index. They can be simple scalars or complex structures.

The ListDeserializer can only load lists which have the same known type for every value
- unless the declared value type of the list is Value, which just saves the AST.

With that predefined value type, a deserializer instance is acquired and used to generate
Java objects for each list value, which are collected and, at the end, wrapped into an
immutable list.

3.6.10 Map format

Maps are key-value structures, where the keys are unique and not known in advance. The
values may be simple scalars or complex structures.

The MapDeserializer can only load maps which have the same known type for each key
and value - unless the declared key and value types of the map are Value.

With those predefined key and value types, deserializer instances are acquired and used
for each map key and value to generate Java objects, which are collected and, at the end,
wrapped into an immutable map.

3.6.11 Record format

Key-value structures, where the keys are known strings, represent classes in the C++ game
code [ , Chapter 9].

They are represented with Java Records.

Java Records are immutable data classes with private fields [ , chapter 8.10]. They
are defined with the keyword record instead of class. The Java compiler will automatically
generate a constructor with all the fields, equals and toString methods and accessors for
every field. The fields, also called record components, are defined in the header instead of
inside the class.

An example record is shown in Listing 18.

Listing 18: Example record class

record MyRecord(int anint, String foo) {
}

It can be used as shown in Listing 19.

Listing 19: Example record usage

var instance = new MyRecord(42, "bar™);
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System.out.println(instance.anlnt()); // 42
System.out.printin(instance); // MyRecord[anint=42, foo=bar]
instance.getClass().getRecordComponents(); // get all record fields

The RecordComponent class provides access to the field name, type information and also
the annotations on the field.

This information is used to dynamically fill a record class with data from a Paradox Script
file. The name of the record component will be the key in the script file, while the type is
used to select the deserializer for that data type.

Records have advantages over normal classes, as the programmer has to type way less
for the same benefit. A lot of the needed boilerplate code can be left out, as it is
automatically generated. A record component will always have a matching parameter in
the constructor (same position as the field in the class), a private field and a public accessor
method. Furthermore, as record classes are restricted in their capabilities (no subtyping
or mutability), it is very easy to generate the schema, collect the data and instantiate the
record class via reflection.

3.6.12 Use of annotations for meta information

Sometimes the type and name of field is not enough to encode how exactly it is supposed
to be parsed. For this purpose Java annotations | , chapter 9.7] can be added to the
field declarations to provide meta information to the deserialization pipeline.

@Alias: add alternative names to fields to preserve backwards compatibility.

@befaultvalue: configure a default value that is set as a value when there is no fitting
key in the script. It is defined as a String and parsed with the deserializer for that
field.

e @Implicit: marks this value as an implicit list. All values that are assigned to this
field will not overwrite each other, instead they will be added into a list.

e @ListIndex: marks this integer as the index in the surrounding list. When parsing,
the index will be dynamically calculated and set for convenience instead of being read
from the script file.

e @Name: per default the field name is used as key, but this can be changed with this
annotation.

e @PropertyKey: similar to @ListIndex, but with the key instead. Useful for Map<String
, T> structures, where the T type wants to access its key.

» @Rest: a marker annotation for a field that will accumulate all leftover items in the
scope that have no matching field in the class.



30 3 CONTRIBUTION

3.6.13 Deserialization with the Vvalue class

The Value class is a node in the abstract syntax tree and represents all possible values that
can follow a relation symbol (see Listing 11).

It can be used to trigger generic serialization, if the exact types are irrelevant or unknown.
The class hierarchy models the grammar and is shown in Figures 8 and 9.

/\
/

Item

Property Value Conditional

T

Scalar Scope InlineMath
Number Text Scriptedvariable Dynamic

/NN

long double Quoted Unquoted

Figure 8: AST class inheritance diagram for Item

Key

Scalar

Figure 9: AST class inheritance diagram for Key

3.6.14 Deserialization with the Relational<T> class

The Relational<T> class represents a combination of a relational sign and an object of type
T.

It triggers a special deserializer which saves the relation symbol and calls the correct
deserializer for the actual value instead of just assuming the =-symbol.

3.6.15 Trigger and E [edt deserializers

Triggers and E [edts names are not known in advance, but they may appear multiple times in
a code block. Thus map or record deserializers do not work. The only remaining possibility
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is the value deserializer, which is too generic: it would be di Ccult to execute the resulting
AST.

So two new deserializers are created, one for triggers and one for e [edts. They are very
similar to each other and query a registry (refer to Listing 30) for the associated type that
is expected as argument.

For example the add_tech_progress-e [edt has the required arguments tech of type string
and progress of type decimal.

With the argument type information, a fitting deserializer can be acquired to convert the
argument.

All triggers and e [edts are collected into a TriggerList or EffectList structure.

3.6.16 Scripted Variable Deserializer

This deserializer works as a filter. It can save writes to scripted variables into a database
and replace scripted variable reads with their respective value in the database.
Refer to Section 3.1.3 for more information about scripted variables.

3.6.17 Deserialization example

Listing 20: Excerpt from common/planet_classes/00 planet classes.txt

pc_continental = {
entity = "continental_planet”
entity_scale = @planet_standard_scale
icon = GFX_planet_type_continental

climate = "wet"

atmosphere_color = hsv { 0.59 0.45 0.95 }
chance_of_ring = 0.2

planet_size = {

min = @habitable_planet_min_size
max @habitable_planet_max_size

}

colonizable = yes
district_set = standard

Listing 21: Java class that parses the planet class

public record PlanetClass(
@PropertyKey String name,
String entity,
double entity_scale,
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String icon,

String climate,

PdxColor atmosphere_color,
double chance_of_ring,
Value planet_size,

boolean colonizable,
String district_set

) {
Listing 22: Java code snippet that deserializes the planet class
var scriptedVariableRepository = /* ... */; // needs to be loaded
from "common/scripted variables/*.txt"
var deserializationProvider = /* ... */; // needs to know about all

the basic types: int, double, String, PdxColor

var planetClassDeserializer = deserializationProvider.
getDeserializer(PlanetClass.class);
var deserializer = new ScriptedVariableDeserializer<>(
scriptedVariableRepository.copy(), planetClassDeserializer);
try (
var r = Files.newBufferedReader (""common/planet _classes/00
_planet_classes.txt");
var 1 = PdxScriptLexer .DYNAMIC. lexer(r);
var p = Parser.create(l, deserializer)
) {
PlanetClass result = p.parse();
System.out.printin(result);
} catch (Exception e) {
e.printStackTrace();

}

3.7 Evaluation

The TriggerList and EffectList classes have a method for evaluation: boolean evaluate
(Scope). This method evaluates every sub-trigger or sub-e [edt in the correct order and
combines the results. Right now only triggers are implemented, but not fully. Triggers need
the game state, so they can query it, but currently none is available. Thus a mock system
was implemented in the graphical interface. Instead of querying the game state, the result
of each trigger can be set manually in the GUI. The logical operators still work as expected,
they have a default implementation, but most other triggers do not.

Another anomaly are scripted triggers, they work like subroutines and their script code
is saved as Value. The Value class and all other AST classes (refer to Section 3.6.13)
have a Item evaluate(ScriptedvariableRepository, ParameterContext, Scope) method.
It resolves any scripted variables and parameters to their respective values and calculates
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inline math expressions and then returns the changed node. This node is then deserialized
again into a TriggerList that can be evaluated.

3.8 Graphical User Interface: The Paradox Script Explorer

A graphical user interface, the Paradox Script Explorer, was created to show the capabilities
of the parser, the deserializer and the evaluation backend.

File menu Selected item

Paradox Script Explorer

Information about the
currently selected item

+— Interactive AST viewer

Trigger result override
currently inactive because no trigger is selected

(S J/

Figure 10: Paradox Script Explorer

After starting the application, a folder or script file can be opened via the File context
menu. Then a deserializer has to be selected and after that all the files in the folder (or the
single selected file) will be parsed and become visible in the GUI, as shown in Figure 10.
The tree view on the left shows all the top-level items. They can be expanded to show their
children. Selecting an item highlights it, and the area on the right is populated with basic
information about that item.

Di Lerknt types of items will show di Lerent information. Color values will show a preview of
that color, as shown in Figure 11. Triggers and e [edts will display all used builtin trigger
and e[edt names and evaluation information.
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Paradox Script Explorer x
File
~ common/planet_classes * atmosphere_color: PdxColor[r=133, g=183, b=242, 2=255]
~ 00_planet_classes.txt
~ planetClasses
» pe_desert
» pe_arid
» pe_savannah
» pe_tropical
~ pe_continental
name: pc_continental
entity: continental_planet
preview_entity: null
overlay_entity: null
entity_scale: 11.0
fixed_entity_scale: false
enable_tlt: true
place_entity_on_planet_plane: true
entity_face_object:true
picture: null
icon: GFX_planet_type_continental
star: false
star_gfc true
asteroid: false
climate: wet
initial: true

atmosphere_width: 0.5
min_distance_from_sun: 60.0
max_distance_from_sun: 100.0
spawn_odds: 0.5

city_color_lut: rrection_continental.dd
extra_orbit_size: 0
extra_planet_count: 0
fixed_city_level: 0
can_be_moon: true
chance_of_ring: 0.2
~ planet_size
0:min=12
1 max=25
~ moon_size
0:min=10
T max=15
production_spawn_chance: 0.0
space_monster_target: false
colonizable: true
colonizable_by_event: false
ideal: false
starting_planet: false
show,_city: true
orbit_lines: true
has_colonization influence_cost: true
can_be_invaded: true
show_health_bar_in_planet_view: false
ringworld: false
habitat: false
is_artificial_planet: false

Trigger ResultOverride: < | N/A | >

Figure 11: Color preview

4 Evaluation

4.1 Parsing all game files

The ParserExperiment (see Listing 31) tries to parse all script files in the Stellaris game
directory. The algorithm recursively scans all directories for .txt and .dlc files, while
discarding directories and files on an ignore list (refer to Table 4).
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Entry | Type | Reason
ChangelLog.txt text file not a script file
ChangeLogBlank.txt text file not a script file
checksum_manifest. txt text file not a script file
console_history.txt text file not a script file
steam_appid.txt text file not a script file
ThirdPartyLicenses.txt text file not a script file
crash_reporter directory | contains text files but no script files
gfx/fonts directory | contains text files but no script files
launcher-assets directory | contains text files but no script files
licenses directory | contains text files but no script files
locales directory | contains text files but no script files
pdx_browser directory | contains text files but no script files
ringtone directory | contains text files but no script files
tools directory | contains text files but no script files
common/edicts/99_README_EDICTS.txt text file | documentation for scripting language
common/HOW_TO_MAKE_NEW_SHIPS.txt text file | documentation for scripting language
interface/credits. txt text file not a script file
interface/credits_l_simp_chinese.txt | text file not a script file
interface/reference.txt text file | documentation for scripting language
interface/startup_info.txt text file not a script file
pdx_launcher/game/motd. txt text file not a script file
common/species_names/species_00.txt | script file | error in script file: unclosed bracket
common/species_names/species_01.txt" | script file | error in script file: unclosed bracket

Table 4: Ignore list for files and directories

It takes 11s to do so, while parsing 1061 files®. That is roughly 11 ms per file on average.

] File

| Size |

common/diplo_phrases/00 diplo_phrases.txt 711kB

common/scripted_effects/00 scripted effects.txt | 328kB

common/resolutions/00_resolutions. txt 284 kB

events/overlord_enclaves_events.txt 262 kB

events/marauder_events.txt

253kB

Table 5: The five biggest script files

8found with ParserExperiment.java (Listing 31) on 05/18/2022
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] File | Size |
common/technology/00_repeatable.txt | 0B
music/maintheme.txt 32B
flags/enclaves/usage. txt 34B
flags/special/usage.txt 34B
flags/human/usage . txt 35B

Table 6: The five smallest script files

4.2 Use Cases

Use cases are hypothetical scenarios, demonstrating how a user might interact with software
to complete a task.

4.2.1 Inspect the AST of a script file

A modder wants to understand a big and complicated Paradox Script file. The text editor
does not help, as the formatting is unorthodox, the file is really long and lines are also
longer than the screen is wide. A structured view with folding is required.

To achieve this goal the following steps need to be undertaken:
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File

Paradox Script Explorer

Trigger Result Override: < | NfA

Figure 12: Use case 1, Step 1: Start Paradox Script Explorer
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Open

Exit

Paradox Script Explorer X

Trigger Result Override: < | NfA

Figure 13: Use case 1, Step 2: Bring up the Open dialog via File->Open
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MNew Folder Delete File Rename File
[homefititus/.local/share/Steam/steamapps/common/Stellaris/common/script_values v

:-Folgers :-Eiles

J il 00_script_values.txt ~

i

A A

Selection: /home/ititus/.local/share/Steam/steamapps/common/Stellaris/common/script_values

: 00_script_values.txt

Filter:
:Paradox Scriptfile or folder (*.asset, *.dlc, *.gfx, *.qui, *.settings, *.sfx, *.txt) v

x Cancel @ oK

Open x

39

Figure 14: Use case 1, Step 3: Select that complicated script file
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Open common/relics/relics.txt X

@ Select deserializer

Value v
x Cancel
Figure 15: Use case 1, Step 4: Select Value as deserializer
e spcron

» 1: revolt_situation_low, /_factor Conditional
» 2:revolt_situation mgn szammy factor
» 3:revolt_situation_garrison_factor
» 4: revoltsituation_rebellion_joiners
» 5 revolt_fleet_comparison_factor
» 6: potential_revolt_situation_monthly_progress_estimation
» 7: desired_colonizers
» 8: desired_colonizers_base
» 9: desired_constructors_min
» 10: desired_constructors_max
» 1: desired
» 12:desired_science_ships_system_mult
» 13:job_weights_research_modifier
~ 14: ob_weights_modifier

 0: complex_trigger_modifier

0: trigger=check_economic_production_modifier_for_job
~ 1: parameters

: po
~ 4 modifier
wner
ias_deficit=$RESOURCES
10*$FACTORITS
» 15:job_weights_multiple_resources_modifier
» 16: tech_weight_likelihood
» 17: leader_cost
» 18: sacrifice_cost
» 19: num _active_buildings
» 20: farming_districts_value
2 edict_size_effect
: gaiaseeder_upkeep
» 23:overlord_gaiaseeder_upkeep
» 24 num_non_sapient_robots_on_planet
» 25:robot_pop_strength
» 26: robot_pop_strength_headcount

» 27: robot_pop_strength_proportion
situation_machine_uprising_pops_monthly_progress
capital_empire_ratio
» 30: created_merc_number
» 31: num_starbase_modules_of_type
» 32: num_orbital_ring_defensive_modules
» 33: percentage_protected_drones
» 34:scripted_modifier_mult

» 35:scripted_modifier_job_weight_mult
» 36: bailout_scaling_factor

Trigger ResultOverride: < | N/A >

Figure 16: Use case 1, Step 5: Inspect the AST visible on the left side
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4.2.2 Inspect planet classes

A modder wants to look at all defined planet classes in the base game to collect ideas for
an own planet class. They are defined in the common/planet_classes folder and there are
seven files, all with many definitions. Jumping between the di [erent files is hard, it would
be easier to see every definition at once.

A structured view with folding is required.

To achieve this goal the following steps need to be undertaken:

Step 1 and 2 as above.

Open X

New Folder Delete File Rename File

/homef/ititus/.local/share/Steam/steamapps/common/Stellaris/common | v

Folders Files

menace_perks/ ~ HOW_TO_MAKE_NEW_SHIPS.txt -~
message_types/ achievements.ixt

name_lists/ alerts.txt

notification_modifiers/
observation_station_missions/

on_actions/

opinion_modifiers/

personalities/

planet_madifiers/ I
policies/

pop_categories/

pop_faction_types/

pop_jobs/

precursor_civilizations/

random_names/ v v

Selection: fhomelititus/.local/share/Steam/steamapps/common/Stellaris/common
planet_classes

Filter:
Paradox Script file or folder (*.asset, *.dlc, *.gfx, *.qui, *.settings, *.sfx, *.txt) e

& Cancel <ok

Figure 17: Use case 2, Step 3: Select the common/planet_classes folder in the Stellaris
installation directory
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Open common/planet_classes X
@ Select deserializer
PlanetClasses v
x Cancel
Figure 18: Use case 2, Step 4: Select PlanetClasses as deserializer
f?;:ﬁ;: e S X

~ pe_continental
_continental
ontinental_planet
preview_entity: null
overlay_entity: null

entity_scale: 11.0
fixed_entity_scale: false
enable_tlt: true
place_entity_on_planet_plane: true
entity_face_object:true

picture: null

icon: GFX_planet_type_continental
star: false

star_gfc true

asteroid: false

climate: wet

initial: true
atmosphere_color: PdxColor(r=133, g=183, b=242, 2=255]
atmosphere_intensity: 1.0

atmosphere_width: 0.

fxiportraits/misc/colorcorrection_continental.dds
_orbit_size: 0
extra_planet_count: 0
fixed_city_level: 0
can_be_moon: true
chance_of ring: 0.2
~ planet_size

T max=15
production_spawn_chance: 0.0
space_monster_target: false
colonizable: true
colonizable_by_event: false

ideal: false

starting_planet: false

show,_city: true

orbit_lines: true
has_colonization_influence_cost: true
can_be_invaded: true
show_health_bar_in_planet_ view: false
ringworld: false

habitat: msel Trigger ResultOverride: | < | N/A | >

Figure 19: Use case 2, Step 5: Expand a planet class and look at all the properties
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4.2.3 Inspect technologies

A modder wants to test his own modded technology definition to see if the programmed
trigger works as expected.

Normally, to test out a modded script file, the game needs to be started, a save needs to
be loaded and then the correct state for testing needs to created by console commands.
After that the programmed content needs to be checked with another round of console
commands.

Technologies are defined in the common/technology folder, this demonstration will use the
files from the base game. To achieve this goal the following steps need to be undertaken:

Step 1 and 2 as above.

Open x

New Folder Delete File Rename File

homefititus/.local/share/Steam/steamapps/common/Stellaris/common v

Folders Files

starbase_buildings/ ~ ' HOW_TO_MAKE_NEW_SHIPS.txt -
starbase_levels/ achievements.txt

starbase_modules/ alerts.txt

starbase_types/
start_screen_messages/
static_modifiers/
strategic_resources/
systemn_tooltips/
system_types/
terraform/
tradable_actions/
trade_conversions/
tradition_categories/

traditions/
traits/ I
war_goals/ v v

Selection: fhome/ititus/.local/share/Steam/steamapps/common/Stellaris/common

technology

Filter:
Paradox Script file or folder (*.asset, *.dlc, *.gfx, *.qui, *.settings, *.sfx, *.txt) ~

‘% Cancel <5OK

Figure 20: Use case 3, Step 3: Select the common/technology folder in the Stellaris
installation directory
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Open common/ftechnology X

@ Select deserializer

[ Map<String, Technology> v

x Cancel @.—ﬂ QK

Figure 21: Use case 3, Step 4: Select Map<String, Technology> as deserializer
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File

b tech_dragon_armor

P tech_enigmatic_encoder

P tech_enigmatic_decoder

» tech_mass_drivers_1

b tech_mass_drivers_2

P tech_mass_drivers_3

b tech_mass_drivers_4

b tech_mass_drivers_5

b tech_kinetic_artillery_1

b tech_kinetic_artillery_2

b tech_mass_accelerator_1
P tech_mass_accelerator_2
P tech_autocannons_1

b tech_autocannons_2

b tech_autocannons_3

b tech_flak_batteries_1

p tech_flak_batteries_2

b tech_flak_batteries_3

P tech_missiles_1

P tech_missiles_2

b tech_missiles_3

P tech_missiles_4

P tech_missiles_5

b tech_swarmer_missiles_1
b tech_swarmer_missiles_2
P tech_torpedoes_1

P tech_torpedoes_2

P tech torpedoes 3

<

Paradox Script Explorer

~ commonftechnolog “ common/technology

414 entries

+ | Trigger Result Override:
>

N/A

Figure 22: Use case 3, Step 5: See all defined technologies in on the left side
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~ tech_mass_drivers_5

25entries.

levels: 0
cost_per_level: 0.0
~ category
0: propulsion
~ prerequisites

0: tech_mass_drivers_4
weight: 45.0

con: null

start_tech: false
hidden: false
iis_reverse_engineerable: true

gateway: kinetic_weapons
ai_update_type: military

feature_flags: [}

modifier: null

~ weight_modifier

factor
add: 0

~ modifier

factor:125
add:
~ trigger
0: has_ethic=ethic_militarist

factor: 15
add: 0
~ trigger
0: has_ethic=ethic_fanatic_militarist

factor: value:tech_weight
add:0
 trigger
~ 0:research_leader
area: engineering
 triggers
0: has_trait=leader_trait_expertise_propulsion

- ai_weight

factor: 1

» modifier
prereqfor_desc: null

potential: null
mod_weight_if_group_picked: [
‘weight_groups: (]

» tech_kinetic_artillery_1
» tech_kinetic_artillery_2

» tech_mass_accelerator_1

Trigger ResultOverride: | < N/A >

» tech_mass_accelerator_2

File

Figure 23: Use case 3, Step 6:

~ | trigger

tech_mass_drivers 5
Tentry

name: tech_mass_drivers_S
area: engineering
€ost: 16000.0
tier: 4
levels: 0
cost_per_level: 0.0
~ categor
0: propulsion
~ prerequisites
0:tech_mass_drivers_4.
weight: 45.
icon: null
start_tech: false
hidden: false
iis_reverse_engineerable: true
is_rare: false
is_dangerous: false
gateway: kinetic_weapons
ai_update_type: military
feature flags: []
modifier: null
~ weight_modifier
factor:
add: 0
~ modifier
~o
factor:125
add:0
~ trigger
0:has_ethic=ethic_militarist

TRIGGERLIST found in path!
Evaluated:
Used triggers: [research_leader, has_trait]

factor:15
add: 0

~ trigger

0:has_ethic=ethic_fanatic_militarist

factor: value:tech_weight_likelihood
add: 0

area: engineering
~ triggers
0: has_trait=leader_trait_expertise_propulsion
~ ai_weight
factor:1
add: 0
» modifier
prereqfor_desc: null
potential: null
mod_weight_if_group_picked: []
weight_groups: []
tech_kinetic_artillery_1
tech_Kinetic_artillery_2
tech_mass_accelerator_1
tech_mass_accelerator_2

Trigger Result Override: | < | N/A

Figure 24: Use case 3,

Paradox Script Explorer

Paradox Script Explorer

Step T:

Select the

4 EVALUATION

Expand a technology and look at all the properties

“potential”-property or

“weight__modifier/<number>/trigger’-property to inspect executable trigger code and

expand all sub nodes
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Paradox Script Explorer

File
~ tech_mass_drivers 5 | 0: has_trait
name: tech_mass_drivers_5

ader_trait_expertise_propulsion

TRIGGERLIST found in path!
Evaluate:
Used triggers: [research_leader, has_trait]

Currenttrigger: has_trait=leader_trait_expertise_propulsion (HasTraitTrigger)

levels: 0
cost_per_level: 0.0
~ category
0:propulsion
~ prerequisites
0: tech_mass_drivers_4
weight: 45.0
icon: null
start_tech: false
hidden: false
is_reverse_engineerable: true
s_rare: false
is_dangerous: false
gateway: kinetic_weapons
ai_update_type: military
feature_flags: [}
modifier: null
~ weight_modifier
factor:1
add: 0
~ modifier
~o
factor:125
add: 0
~ trigger
0: has_ethic=ethic_militarist

factor: 1.5

ger
0: has_ethic=ethic_fanati

factor: value:tech weight
add:0
~ trigger
~ O:research_leader
area: engineering
s

eader_trait_exper:

~ ai_weight
factor:1

» madifier
preregfor_desc: null
potential: null
mod_weight_if_group_picked:
weight_groups: (]
» tech_Kinetic_artillery 1
» tech_kinetic_artillery_2
» tech_mass_accelerator_1
} tech mase_accelerator 2 Trigger Result Override: | < >

Figure 25: Use case 3, Step 8: Use the bottom arrow buttons to control the result
(default, true, false) of the selected sub-trigger (has__trait)

Paradox Script Explorer
File
 tech_mass_drivers_S | 0: has_trait=leader._trait_expertise_propulsion
name: tech_mass_drivers_S
TRIGGER LIST found in path!
valuated:
Used triggers: [research_leader, has_trait]
Currenttrigger: has_trait=leader_trait_expertise_propulsion (HasTraitTrigger)
~ category

0: propulsion
~ prerequisites
0:tech_mass_drivers_4
weight: 45.0
icon: null
start_tech: false
hidden: false
iis_reverse_engineerable: true
is_rare: false
is_dangerous: false
gateway: kinetic_weapons
ai_update_type: military
feature_flags: []
modifier: null
~ weight modifier
factor: 1
add: 0
~ modifier
~o
factor:125
add:0
 trigger
0:has_ethic=ethic_militarist
1
factor: 15
add: 0
~ trigger
0:has_ethic=ethic_fanati

_militarist

factor: value:tech_weight_likelihood
add: 0

~ trigger

~ 0:research_leader

area: engineering

~ triggers

~ ai_weight
factor:1
add: 0
» modifier
prereqfor_desc: null
potential: null
mod_weight_if_group_picked: ]
weight_groups: (]
» tech_kinetic_artillery 1
» tech_kinetic_artillery_2
» tech_mass_accelerator_1
» toch_mass_accelerator 2 Trigger Result Override: | < | has_trait:true | >
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Paradox Script Explorer x

rch_leader, has_trait]
_trait=leader_trait_expertise_propulsion (HasTraitTrigger)

Currenttrigger:

+_d
weight: 45.0
icon: null
start_tech: false
hidden: false
is.

odifier: null
~ weight_modifier
factor:1

trigger
0: has_ethic=ethic_militarist
factor: 15

~ trigger
0: has_ethic=ethic_fanatic_militarist
v2
factor: value:tech_weight_likelihood

Trigger Result Override: | < | has_trait:false | >

Note that the Evaluated: true text is for the entire trigger structure.

5 Related Work

There have been various projects over the years to parse Paradox Script, but they lack a
fully generic parser that can parse all script files. Most can only parse savegames. Those
that can also parse script files lack support for newer features like the conditional blocks
and inline math.

] Name Author Language
jomini [ ] rakaly Rust [Rus]
melters [ 11 ] rakaly Rust
PDX Tools [ ] rakaly TypeScript [ ], Rust
Pdx-Unlimiter [crs] crschnick Java
Paradox Game Converters [ 11 Paradox Game Converters C++, Paradox Script
CWTools [ ] CWTools F# [F 9]
CWTools VSCode plugin [ CWTools F#, TypeScript
Stellaris Tech Tree [dra] draconasl JavaScript [ ], C# [
Irony Mod Manager [bcs] bcssov C#
Skanderbeg [Ska] Skanderbeg Team PHP [ ], JavaScript

Table 7: Related software information
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] Name | Based on | Target | Parses savegames | Parses script files |
jomini self-written Library yes mostly
melters jomini CLlI yes no

PDX Tools jomini Web yes no
Pdx-Unlimiter self-written Desktop yes no
Paradox Game Converters | self-written | Desktop, Mod yes no
CWTools self-written Library no mostly
CWTools VSCode plugin | CWTools VSCode no mostly
Stellaris Tech Tree CWTools Web no no
Irony Mod Manager CWTools Desktop no mostly
Skanderbeg self-written Browser yes no

Table 8: Related software capabilities: Part 1

Name | Has deserializer support |
jomini yes
melters yes
PDX Tools yes
Pdx-Unlimiter only AST
Paradox Game Converters manual with visitor
CWTools only AST
CWTools VSCode plugin only AST
Stellaris Tech Tree only AST
Irony Mod Manager only AST
Skanderbeg N/A

Table 9: Related software capabilities: Part 2

5.1 jomini

jomini is a low-level parsing library written in Rust that focuses heavily on performance
and uses a tape parser [sim] [ ]. The project is most similar to the deserialization
component of this thesis: it has a high-level API that transforms script files into Rust
structures. Additionally it is able to parse compressed savegames.

It provides low-level APIs for writing script files and iterating over the properties of a script
file.

The main diCerknces is the assumed grammar [ ], which is more restricted. A scope is
either an array or an object, if there is a mix, the properties and single values each need to
be grouped together.

Furthermore some of the advanced syntax is not supported (inline math) or only usable
with the low-level API (conditionals, parameters).

The jomini library provides no functionality for script execution, which this thesis provides.
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5.2 melters and PDX Tools

These two projects use the jomini library to provide savegame decompression, decoding,
analysis and visualization.

The melters project is able to read encoded savegame in binary format and convert it into
its plain text representation. For that it uses a secret mapping from integer ids to strings
that is extracted from the game binary, technically an illegal process.

PDX Tools is a website where players can upload their Europa Universalis IV savegames
and see an online map of the world and helpful statistics extracted from the savegame.
All three tools are developed by the same team: rakaly.

5.3 Pdx-Unlimiter

This tool is a desktop app written in Java for savegame management and editing. It lists
all savegames and they can be graphically edited. For that purpose a limited parser was
implemented that handles the subset of Paradox Script used in savegames.

It uses the melters project to access encoded savegames.

5.4 Paradox Game Converters

The Paradox Game Converters are a collection of tools to convert savegames from one
historic Paradox game to the next one, according to the timeline. With these tools players
can do mega-campaigns, long spanning game sessions through multiple games and time
periods: starting in the medieval times with Crusader Kings, then taking the same world
into Europa Universalis, playing through the Renaissance to the Age of Revolutions and
then switching to Victoria, playing through the 19t and 20" century and then finishing in
Hearts of Iron which takes place during the second World War.

For that purpose it has to rewrite savegames so they are compatible with the dilerknt
games and generate a mod to convert certain content like religions or cultures.

They also use the melters project to access encoded savegames.

5.5 CWTools and CWTools VSCode plugin

These projects provide syntax highlighting, documentation and hints for editing script files.
CWTools can also be used as a library for other projects.

What makes this project special is the fact that Paradox seems to use this project as well
and Paradox developers have helped with development: Pierre du Plessis (CaligulaCaesar)
[Parf] works at Paradox and has committed to CWTools.

The grammar that CWTools uses is reduced, some advanced syntax features cannot be
parsed correctly, as CWTools targeted Crusader Kings Il in the beginning, an older Paradox
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game. But perfect accuracy is not required, because no script file is executed.

The VSCode plugin has to be taught all the structures that are used in a game so it can do
validation. This works similar to the records classes used in the deserializer backend for
this application.

5.6 Stellaris Tech Tree

A web application that renders the technology tree for Stellaris. It shows dependencies
between technologies and basic information.

This information is extracted with a small module which uses CWTools as a library.

The project has not received an update in one year and is thus outdated.

5.7 Irony Mod Manager

A mod manager for Paradox games. Mods can be organized into collections, analyzed for
conflicts and even edited with a graphical interface to solve these conflicts.
CWTools is used as a library to do basic analysis and formatting on script files.

5.8 Skanderbeg

Skanderbeg is a closed-source web application for savegame analysis and visualization,
similar to PDX Tools.
It is less feature-rich than PDX Tools, but has been around for longer.

6 Conclusion

In this thesis a generic parser for the Paradox Scripting Language was developed. It is able
to parse all script files of Stellaris, and possibly more Paradox games, as well as save games,
despite all the inconsistencies and weird syntax constructs. This is in contrast to existing
tools, where most only support savegames or very simple script files.

Additionally a deserialization framework was built to facilitate programmer-friendly trans-
formation into Java objects and subsequent analysis. EXisting tools are either standalone
applications with hard-coded conversions from script file to language construct or libraries
that build an ASTs (or similar structures). The generic framework is a clear upgrade and
simplifies adapting to other Paradox games (a new one, Victoria 3, will be released later in
2022).

Furthermore it was demonstrated that these aforementioned systems allow execution of the
scripting language. A full emulation of the Stellaris scripting system was not achieved, but
a proof of concept was given.
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6.1 Future Work

The work of this thesis can be further developed in multiple diCerent directions.

For a start the existing graphical user interface can be made easier to use by adding quality
of life features such as a search bar.

Additionally, the interface can be upgraded by allowing graphical modification of the syntax
tree, similar to what the PDX-Unlimiter allows, but for all script files.

To complement the evaluation of triggers, the evaluation of e [edts can be implemented as
well. Combining the deserializer and the evaluator would even allow to replicate the real
behavior of triggers, by querying deserialized savegames.

Another feature that was skipped is the support for more Paradox games. As they all use
the same scripting language the same backend works for all of them.

The process that was developed in this thesis can even be used to parse other text-based
formats, like JSON or custom languages.
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Appendices

A Explanation of folder structure

The GitLab repository® contains the application source code and in the subfolder thesis
the IATEX code for the written thesis.

The gradle and buildSrc contain files used by Gradle, the build tool used by the Java
application.

The other folders are modules that contain source files and tests.

The experiments module contains some experiments (see Table 10) to test out certain
features of the application and the used libraries.

] Experiment \ Description
ColorExperiment Demonstrates the PdxColor class
DateExperiment Demonstrates the PdxDate and PdxChronology classes
LexerExperiment Demonstrates usage of the lexer
ParserExperiment Parses all Stellaris game files
ParserExperiment2 Demonstrates more parsing and deserialization functionality
ReaderTest Tests the performance of the Reader class
ReaderTest Demonstrates how to interact with records via reflection
TechnologyParseExperiment Demonstrates how to deserialize game files

Table 10: All experiments

The pdx-app module contains the graphical user interface.

The pdx-commons module contains utility functions and data structures used by all modules.
The pdx-parser module contains all the lexing, parsing and deserialization code.

The stellaris module contains data and data structures used to parse Stellaris savegames
and game files.

B Running the application

First clone the repository. Then make sure that Java 17 is installed and on the PATH.

1see https://git.hhu.de/mivel100/bachelor
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B.1 Running the GUI

Simply run _/gradlew run on Mac and Linux or .\gradlew_.bat run on Windows.

There also exists a second GUI that can be used to view a pretty printed version of a
Paradox Script file. It is only accessible with an IDE and is called
pdx-app/src/main/java/io/github/ititus/pdx/app/PrettyPrinter.java.

B.2 Running the tests

Simply run ./gradlew check on Mac and Linux or .\gradlew.bat check on Windows.

B.3 Running the experiments

The experiments found in the experiments folder need to be run manually from the IDE.
When using IntelliJ IDEA, each experiment can be started by clicking on the green arrow
next to the definition of its main(String[] args) function.

Most experiments require an installation of Stellaris in the standard directory.

C Source Code excerpts

Listing 23: ParserVisitor.java
package io.github._ititus.pdx.visitor;

import io.github.ititus.pdx.lexer.PdxRelation;
import fo.github.ititus.pdx.tree.InlineMathValue;
import io.github.ititus.pdx.tree.DynamicScalar;
import io.github.ititus.pdx.tree.ScriptedVariableScalar;
import io.github.ititus.pdx.tree.TextScalar;
public interface ParserVisitor<T> {

T result();

void startFile();

void endFile();

void startPropertyScope();

void endPropertyScope();

void startValueScope();
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endValueScope();

startConditional (boolean not, String parameter);
endConditional ();

addPropertyKey(long key);

addPropertyKey(double key);
addPropertyKey(TextScalar key);
addPropertyKey(ScriptedvVariableScalar key);
addPropertyKey(DynamicScalar key);
addRelation(PdxRelation relation);
addPropertyValue(long value);

addPropertyValue (double value);
addPropertyValue(TextScalar value);
addPropertyValue(ScriptedVariableScalar value);
addPropertyValue(DynamicScalar value);
addPropertyValue(InlineMathValue value);
addListValue(long value);

addListValue(double value);
addListValue(TextScalar value);
addListValue(ScriptedVariableScalar value);
addListValue(DynamicScalar value);

addListValue(InlineMathValue value);

Listing 24: Parserlimpl.java

import

package

io.github.ititus.pdx.parser;

io.github.ititus.commons. lexer.Lexer;
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import io.github.ititus.pdx.tree.InlineMathValue;
import fo.github.ititus.pdx.visitor.ParserVisitor;

import java.io.Closeable;
public interface Parser<R> extends Closeable {

static <R> Parser<R> create(Lexer lexer, ParserVisitor<?
extends R> visitor) {
return new Parserlmpl<>(lexer, visitor);

}

static Parser<InlineMathValue> createForInlineMath(Lexer lexer)

{

return new InlineMathParserimpl (lexer);

}

R parse();

Listing 25: Parserimpl.java

N
A

N

package io.github.ititus.pdx.parser;

import io.github.ititus.commons.lexer.Lexer;
import fo.github.ititus.pdx.lexer.*;
import §o.github.ititus.pdx.visitor.ParserVisitor;

import java.util_Deque;
import java.util_LinkedList;
import java.util.Objects;

final class Parserlmpl<R> extends BaseParser<R> {
private final ParserVisitor<? extends R> visitor;

ParserImpl (Lexer lexer, ParserVisitor<? extends R> visitor) {
super (lexer);
this.visitor = Objects.requireNonNull(visitor);

}

@0verride

public R parse() {
tryConsumeType (BomToken. INSTANCE) ;
visitor.startFile();

enum ScopeContext {
PROPERTY, VALUE, CONDITIONAL
}



28:
29:
30:
31:

32:
33:
34:
35:
36:
37:
38:
39:
40:

41:
42:

43:
44
45:

46:
47:
48:
49:
50:
51:
52:
53:

54:
55:
56:
57:
58:
59:
60:
61:
62:
63:
64:
65:
66:
67:
68:
69:
70:
71:

57

Deque<ScopeContext> scopes = new LinkedList<>();
while (hasNext()) {
if (tryConsumeValue(PdxSeparator.TYPE, PdxSeparator.
R_BRACE)) {
if (scopes.isEmpty()) {
throw error("unexpected closing bracket }");
}

var scope = scopes.pop();
switch (scope) {
case PROPERTY -> visitor.endPropertyScope();
case VALUE -> visitor.endValueScope();
default -> throw error("unexpected closing
bracket }");
}
} else if (tryConsumeValue(PdxSeparator.TYPE,
PdxSeparator.L_BRACKET)) {
conditional ();
scopes.push(ScopeContext.CONDITIONAL);
} else if (tryConsumeValue(PdxSeparator.TYPE,
PdxSeparator.R_BRACKET)) {
if (scopes.isEmpty()) {
throw error("unexpected closing bracket ]");
}

var scope = scopes.pop();
switch (scope) {
case CONDITIONAL -> visitor.endConditional();
default -> throw error("unexpected closing
bracket 1");

3
} else if (nextlsProperty()) {

key ()
relation();

it (value(true)) {
scopes.push(ScopeContext.PROPERTY);
}

} else {
if (value(false)) {

scopes.push(ScopeContext.VALUE);
}

}

visitor.endFile();
return visitor.result();
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72: private void conditional () {

73: consumeValue (PdxSeparator.L_BRACKET);

74: var not = tryConsumeValue(PdxOperator .NOT);

75: var parameter = consumeType(UnquotedToken.INSTANCE).token()

76: consumeValue (PdxSeparator.R_BRACKET);

17:

78: visitor.startConditional (not, parameter.unquoted());

79: }

80:

81: private boolean nextlsProperty() {

82: if (hasNext(1l)) {

83: var nextl = lookahead(1l);

84: return nextl.type() == PdxRelation.EQUALS ONLY || nextl

.type() == PdxRelation.TYPE;

85: }

86:

87: return false;

88: }

89:

90: private void key() {

91: var quotedKey = tryConsumeType(QuotedToken.INSTANCE);

92: if (quotedKey.isPresent()) {

93: var key = quotedKey.get().token();

94: visitor.addPropertyKey(key);

95: return;

96: }

97:

98: var unquoted = tryConsumeType(UnquotedToken.INSTANCE);

99: if (unquoted.isPresent()) {

100: var key = unquoted.get().token();

101: visitor.addPropertyKey(key);

102: return;

103: }

104:

105: var scriptedVariable = tryConsumeType(ScriptedVariableToken
. INSTANCE);

106: ifT (scriptedVariable.isPresent()) {

107: var key = scriptedVariable.get().token();

108: visitor.addPropertyKey(key);

109: return;

110: }

111:

112: var dynamic = tryConsumeType(DynamicUnquotedToken. INSTANCE)

113: if (dynamic.isPresent()) {

114: var key = dynamic.get().token();

115: visitor.addPropertyKey(key);

116: return;
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}

var intKey = tryConsumeType(SignedIntegerToken. INSTANCE);
if (intKey.isPresent()) {
long key = intKey.get().token();
visitor.addPropertyKey(key);
return;
}
var decimalKey = tryConsumeType(SignedDecimalToken. INSTANCE
E
it (decimalKey.isPresent()) {
double key = decimalKey.get().token();
visitor.addPropertyKey(key);
return;

}

throw error("expected key, but got " + current());

private void relation() {

¥

var optRelation = tryConsumeType(PdxRelation.EQUALS_ONLY);
ifT (optRelation.isPresent()) {
visitor.addRelation(optRelation.get().token());

} else {
visitor.addRelation(consumeType (PdxRelation.TYPE). token
0):
}

private boolean value(boolean property) {

if (tryConsumeValue(PdxSeparator.TYPE, PdxSeparator.L_ BRACE
»N {
if (property) {
visitor.startPropertyScope();

} else {

visitor.startValueScope();
}

return true;

}

var quotedValue = tryConsumeType(QuotedToken. INSTANCE);
if (quotedValue.isPresent()) {
var value = quotedValue.get().token();
if (property) {
visitor.addPropertyValue(value);

} else {

visitor.addListValue(value);
}
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return false;

}

var unquoted = tryConsumeType(UnquotedToken. INSTANCE);
if (unquoted.isPresent()) {
var value = unquoted.get().token();
it (property) {
visitor.addPropertyValue(value);

} else {

visitor.addListValue(value);
}

return false;

}

var scriptedVariable = tryConsumeType(ScriptedVariableToken
. INSTANCE);
if (scriptedVariable.isPresent()) {
var value = scriptedVariable.get().token();
if (property) {
visitor.addPropertyValue(value);

} else {

visitor.addListValue(value);
}

return false;

}

var dynamic = tryConsumeType(DynamicUnquotedToken. INSTANCE)

if (dynamic.isPresent()) {
var value = dynamic.get().token();
if (property) {
visitor.addPropertyValue(value);

} else {

visitor.addListValue(value);
}

return false;

}

var intValue = tryConsumeType(SignedintegerToken.INSTANCE);
if (intValue.isPresent()) {
long value = intValue.get().token();
if (property) {
visitor.addPropertyValue(value);

} else {

visitor.addListValue(value);
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}

return false;

}

var decimalValue = tryConsumeType(SignedDecimalToken.
INSTANCE) ;
if (decimalValue.isPresent()) {
double value = decimalValue.get().token();
if (property) {
visitor.addPropertyValue(value);

} else {

visitor.addListValue(value);
}

return false;

}

var inlineMathvValue = tryConsumeType(InlineMathToken.
INSTANCE) ;
if (inlineMathValue.isPresent()) {
var value = inlineMathValue.get().token();
if (property) {
visitor.addPropertyValue(value);

} else {

visitor.addListValue(value);
}

return false;

}

throw error("expected value, but got " + current());

Listing 26: InlineMathParserlImpl.java

=
e

package 1o.github.ititus.pdx.parser;

import io.github.ititus.commons.lexer.Lexer;
import io.github.ititus.commons. lexer.token.Token;
import io.github.ititus.pdx.lexer._*;

import io.github.ititus.pdx.math._*;

import io.github.ititus.pdx.tree.InlineMathValue;

import java.util.Optional;

final class InlineMathParserlmpl extends BaseParser<InlineMathValue

> {
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InlineMathParseriImpl (Lexer lexer) {
super(lexer);
}

@Override
public InlineMathValue parse() {
return new InlineMathValue(expression());

}

private Expression expression() {
try {
return additiveExpression();
} catch (ParserException e) {
throw error("error while parsing expression”, e);
}

}

private Expression additiveExpression() {
Expression expression = multiplicativeExpression();

while (true) {

Optional <Token<PdxOperator>> operator = tryConsume(t ->
t.type() == PdxOperator.TYPE && t.token().
isAdditive());

if (operator.isPresent()) {

Expression right = multiplicativeExpression();

expression = new BinaryOperatorExpression(
BinaryOperatorExpression.Operator.of(operator.
get().token()), expression, right);

} else {
break;
}

}

return expression;

}

private Expression multiplicativeExpression() {
Expression expression = unaryExpression();

while (true) {

Optional <Token<PdxOperator>> operator = tryConsume(t ->
t.type() == PdxOperator.TYPE && t.token().
isMultiplicative());

if (operator.isPresent()) {

Expression right = unaryExpression();

expression = new BinaryOperatorExpression(
BinaryOperatorExpression.Operator.of(operator.
get().token()), expression, right);
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} else {

break;

}

return express ion;

}

private UnaryExpression unaryExpression() {
Optional <Token<PdxOperator>> operator = tryConsume(t -> t.
type() == PdxOperator.TYPE && t.token().isSign());
if (operator.isPresent()) {
UnaryExpression subExpression = unaryExpression();
// TODO: fix Long.MAX_VALUE
/*i1t (operator.get().token() == PdxOperator.SUB) {
if (subExpression instanceof LiteralExpression.
Integer integerLiteral) {
return new LiteralExpression.Integer(
integerLiteral .getContent().negate());

}
</

return new UnaryOperatorExpression(
UnaryOperatorExpression.Operator.of(operator.get().
token()), subExpression);

}

return primaryExpression();

}

private PrimaryExpression primaryExpression() {
PrimaryExpression primary;
Token<?> current = current();

if (current.token() == PdxSeparator.L_PAR) {
primary = parenthesizedExpression();
} else if (current.token() == PdxOperator.ABS) {

primary = absoluteValueExpression();
} else if (isLiteral(current)) {
primary = literal();
} else if (current.type() == ScriptedVariableToken.
WITHOUT_AT_AND_OPERATORS) {
primary = new ScriptedVariableExpression(consumeType(
ScriptedVariableToken . WITHOUT_AT_AND_OPERATORS).
token());
} else if (current.type() == DynamicUnquotedToken.
ONLY_PARAMETER) {
primary = new ParameterExpression(consumeType (
DynamicUnquotedToken.ONLY_PARAMETER). token());

} else {
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throw error(not a primary expression: + current);

}
return primary;
}
private boolean isLiteral (Token<?> current) {

return current.type() == IntegerToken.INSTANCE || current.
type() == DecimalToken. INSTANCE;

private LiteralExpression literal() {
var integerLiteral = tryConsumeType(IntegerToken.INSTANCE);
if (integerLiteral.isPresent()) {
return new LiteralExpression.lInteger(integerLiteral.get
O -token());
}

var decimalLiteral = tryConsumeType(DecimalToken. INSTANCE);
if (decimalLiteral.isPresent()) {
return new LiteralExpression.Decimal(decimalLiteral._get

() -token());
}

throw error("not a literal: " + current());

}

private ParenthesizedExpression parenthesizedExpression() {
consumeValue (PdxSeparator.L_PAR);
Expression content = expression();
consumeValue (PdxSeparator .R_PAR);

return new ParenthesizedExpression(content);

}

private AbsoluteValueExpression absoluteValueExpression() {
consumeValue (PdxOperator .ABS);
Expression content = expression();
consumeValue (PdxOperator .ABS);

return new AbsoluteValueExpression(content);

Listing 27: DynamicScalar. java

package io.github.ititus.pdx.tree;

import §o.github.ititus.commons.data.pair.IntObjPair;
import io.github.ititus.commons.data.pair.Pair;
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import io.github.ititus.commons.lexer.MatchResult;

import io.github.ititus.commons.text.SubCharSequence;

import io.github.ititus.pdx.deserialization.
FilterStartEndFileDeserializer;

import io.github.ititus.pdx.deserialization.ValueDeserializer;

import io.github.ititus.pdx.dynamic.ParameterContext;

import io.github.ititus.pdx.dynamic.ParameterContextimpl;

import io.github.ititus.pdx.dynamic.ScriptedVariableRepository;

import io.github.ititus.pdx.dynamic.scope.Scope;

import io.github.ititus.pdx.lexer.*;

import io.github.ititus.pdx.parser.Parser;

import java.io.lOException;

import java.io.StringReader;

import java.io.UncheckedlOException;
import java.util.*;

import java.util.stream.Collectors;
import java.util.stream.Stream;

public final class DynamicScalar implements Scalar {

private final List<Part> parts;
private final Part suffix;

private DynamicScalar(List<Part> parts, Part suffix) {
this.parts = parts;
this.suffix = suffix;

}

public static DynamicScalar parse(String text) {
var len = text.length();
if (len == 0) {
throw new lllegalArgumentException();

}

List<Part> parts = new ArrayList<>();
Part suffix = null;
int i = 0;
while (i < len) {

char ¢ = text.charAt(i);

switch (c¢) {

case '$ -> {
if (suffix I= null) {
throw new lllegalArgumentException();

}

var result = parameterPart(text, i);
i = result.alnt();
parts.add(result.b());

65
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}
case '@’ -> {
if (suffix !'= null) {
throw new IllegalArgumentException();
}

var result = atPart(text, i);
i = result.alnt();
suffix = result.b();

}
case ’'|" -> {
if (suffix !'= null) {
throw new lllegalArgumentException();
}
var result = parameterContextPart(text, i);
i = result.alnt();
suffix = result.b();
}

default -> {
if (suffix I= null) {
throw new IllegalArgumentException();

}

var result = textPart(text, i);
i = result.alnt();
parts.add(result.b());

}
}
}
return new DynamicScalar(List.copyOf(parts), suffix);
}
private static IntObjPair<TextPart> textPart(String text, int
start) {
int pos;
for (pos = start; pos < text.length(); pos++) {
char ¢ = text.charAt(pos);
if (c =='$ || ¢c == @) {
break;
}
}
return Pair.of(pos, new TextPart(text.substring(start, pos)
));
}

private static IntObjPair<ParameterPart> parameterPart(String



text, int start) {

100: int nameStart = start + 1;

101: while (nameStart < text.length() && WhitespaceToken.
isWhitespace(text.charAt(nameStart))) {

102: nameStart++;

103: }

104:

105: int nameEnd = nameStart + 1;

106: while (nameEnd < text.length() && UnquotedToken.INSTANCE.

matches(SubCharSequence.of(text, nameStart, nameEnd + 1)
) != MatchResult.NO_MATCH) {

107: nameEnd++;

108: }

109:

110: if (nameEnd >= text.length()) {

111: throw new lllegalArgumentException();

112: }

113:

114: String name = text.substring(nameStart, nameEnd);

115:

116: int pos;

117: for (pos = nameEnd; pos < text.length(); pos++) {

118: char ¢ = text.charAt(pos);

119: if (c =="%") {

120: return Pair.of(pos + 1, new ParameterPart(name,
null));

121: } else if (¢ == "]") {

122: break;

123: } else if (!WhitespaceToken.isWhitespace(c)) {

124: throw new lllegalArgumentException();

125: }

126: }

127:

128: int end = pos + 1;

129: while (end < text.length() && text.charAt(end) != '$’) {

130: end++;

131: }

132:

133: if (end >= text.length() || text.charAt(end) != '$’) {

134: throw new lllegalArgumentException();

135: }

136:

137: Scalar defaultValue;

138: var deserializer = new FilterStartEndFileDeserializer<>(new

ValueDeserializer());

139: try (

140: var r = new StringReader(text.substring(pos + 1,
end));

141: var | = PdxScriptLexer.STATIC.lexer(r);
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var p = Parser.create(l, deserializer)
) A
var result = p.parse();
if (!(result instanceof Scalar scalar)) {
throw new IllegalArgumentException();

}

defaultValue = scalar;
} catch (IOException e) {

throw new UncheckedlOException(e);
}

return Pair.of(end + 1, new ParameterPart(name,
defaultValue));

}

private static IntObjPair<AtPart> atPart(String text, int start
) A
int pos;
for (pos = start + 1; pos < text.length(); pos++) {
char ¢ = text.charAt(pos);
if (c =="% ] c=="@") {
throw new lllegalArgumentException();
}

}

return Pair.of(pos, new AtPart(text.substring(start + 1,
pos)));
}

private static IntObjPair<ParameterContextPart>
parameterContextPart(String text, int start) {
int length = text.length();
List<Scalar> scalars = new ArrayList<>();

int pos = start;

outer:
while (true) {
if (text.charAt(pos) !'= '|") {
throw new IllegalArgumentException();
}
int startPos = pos + 1,
int endPos;
for (endPos = startPos + 1; endPos < length; endPos++)
{

char ¢ = text.charAt(endPos);
if (WhitespaceToken.isWhitespace(c)) {
break outer;
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} else if (¢ == ")) {

break;
}
}
if (endPos >= length || text.charAt(endPos) != '|") {
throw new lllegalStateException();
}

String substring = text.substring(startPos, endPos);

if (UnquotedToken.INSTANCE.matches(substring) ==
MatchResult.FULL_MATCH) {
scalars.add(UnquotedToken.INSTANCE.convert(

substring));

} else if (SignedintegerToken.INSTANCE.matches(
substring) == MatchResult.FULL_MATCH) {
scalars.add(Scalar.of(SignedintegerToken.INSTANCE.

convert(substring)));

} else if (SignedDecimalToken.INSTANCE.matches(
substring) == MatchResult.FULL_MATCH) {
scalars.add(Scalar.of(SignedDecimalToken.INSTANCE.

convert(substring)));

} else {
throw new IllegalArgumentException();

}
pos = endPos;
}
if (scalars.isempty() || scalars.size() % 2 != 0) {
throw new lllegalArgumentException();
}
Map<String, Scalar> parameters = new HashMap<>();
for (int i = 0; i < scalars.size(); i += 2) {
if (!(scalars.get(i) instanceof TextScalar ts)) {
throw new lllegalArgumentException();
}
var name = ts.unquoted();
var value = scalars.get(i + 1);
if (parameters.putlfAbsent(name, value) '= null) {
throw new RuntimeException("duplicate parameter "
text);
}
}

return Pair.of(pos + 1, new ParameterContextPart(new
ParameterContextimpl(Map.copyOf(parameters))));
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}

public boolean isUnquotedWithParameterContextSuffix() {
return suffix instanceof ParameterContextPart && parts.size
() == 1 && parts.get(0) instanceof TextPart;

}

public TextScalar getAsUnquotedWithoutParameterContextSuffix()

{
if (YisUnquotedWithParameterContextSuffix()) {

throw new lllegalStateException();

} else {
return TextScalar.unquoted(((TextPart) parts.get(0)).
text());
}
}
@Override

public String toString() {
return parts.stream().map(Object::toString).collect(
Collectors.joining()) + (suffix != null ? suffix.
toString() : "");

}

public Value evaluate(Scope scope) {
return evaluate(null, null, scope);
}

public Value evaluate(ParameterContext parameterContext) {
return evaluate(null, parameterContext, null);
}

public Value evaluate(ParameterContext parameterContext, Scope
scope) {
return evaluate(null, parameterContext, scope);

}

@Override
public Scalar evaluate(ScriptedVariableRepository
scriptedVariableRepository, ParameterContext
parameterContext, Scope scope) {
if (suffix = null && scope == null) {
throw new RuntimeException("cannot evaluate dynamic
scalar - missing scope");
} else if (suffix == null && parts.size() == 1 && parts.get
(0) instanceof ParameterPart part) {
return part.evaluate(parameterContext, scope);
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266: return TextScalar.unquoted(
267: parts.stream()
268: .map(p -> p.evaluate(parameterContext,
scope))
269: .map(Object::toString)
270: .collect(Collectors.joining())
271: + (suffix !'= null ? suffix.evaluate(
parameterContext, scope).toString() : ""
)
272: );
273: }
274:
275: @Override
276: public boolean equals(Object 0) {
277: if (this == o) {
278: return true;
279: } else if (}(o instanceof DynamicScalar)) {
280: return false;
281: }
282:
283: DynamicScalar that = (DynamicScalar) o;
284: return parts.equals(that.parts) && Objects.equals(suffix,
that.suffix);
285: }
286:
287: @Override
288: public int hashCode() {
289: return Objects.hash(parts, suffix);
290: }
291:
292: private sealed interface Part permits AtPart,
ParameterContextPart, ParameterPart, TextPart {
293:
294: Scalar evaluate(ParameterContext parameterContext, Scope
scope);
295:
296: }
297:
298: private record TextPart(String text) implements Part {
299:
300: @Override
301: public Scalar evaluate(ParameterContext parameterContext,
Scope scope) {
302: return TextScalar.unquoted (text);
303: }
304:
305: @Override
306: public String toString() {

307: return text;
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}

private record ParameterPart(String name, Scalar defaultValue)
implements Part {

@Override
public Scalar evaluate(ParameterContext parameterContext,
Scope scope) {
if (parameterContext.isDefined(name)) {
return parameterContext.get(name);
} else if (defaultValue !'= null) {
return defaultValue;
} else {
throw new RuntimeException("cannot evaluate dynamic

scalar - missing parameter " + name);
}
}
@Override
public String toString() {
return '$’ + name + (defaultValue !'= null ? '|" +
defaultValue.toString() : "") + '$’;
}

}

private record AtPart(String text) implements Part {

@Override
public Scalar evaluate(ParameterContext parameterContext,
Scope scope) {
/I TODO: implement this
throw new UnsupportedOperationException("evaluation of
@-suffix not implemented");

}

@Override
public String toString() {
return '@’ + text;
}
}

private record ParameterContextPart(ParameterContext
parameterContext) implements Part {

@Override

public Scalar evaluate(ParameterContext parameterContext,
Scope scope) {
/I TODO: implement this
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throw new UnsupportedOperationException("evaluation of
parameter-context-suffix not implemented");

}

@Override
public String toString() {
return parameterContext.getAllParameters()

.stream{()

flatMap(p -> Stream.of(p, parameterContext.get
(p)))

.map(Objects::toString)

.collect(Collectors.joining("|", "[", "|"));
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Listing 28: Deserializer.java

ecoNoaRhONE

package io.github.ititus.pdx.deserialization;
import io.github.ititus.pdx.visitor.ParserVisitor;
public interface Deserializer<R> extends ParserVisitor<R> {

boolean isDone();

Listing 29: DeserializationProvider.java

package io.github.ititus.pdx.deserialization;
import io.github.ititus.pdx.util. TypeToken;
import java.lang.reflect.Type;
public interface DeserializationProvider {
default <T> Deserializer<T> getDeserializer(Class<? extends T>

type) {
return getDeserializer((Type) type);

}
default <T> Deserializer<T> getDeserializer(TypeToken<T> type)
{
return getDeserializer(type.getType());
}

<T> Deserializer<T> getDeserializer(Type type);
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Listing 30: StellarisScript.java

=
> e

package io.github.ititus.pdx.stellaris;

import i
import i

import

import i
import i

import

import i

import

import i
import i

import
import

public

.github.ititus.pdx.commons.PdxColor;
.github.ititus.pdx.commons.chrono.Pdx360DaysChronology;
.github.ititus.pdx.commons.chrono.PdxDate;
.github.ititus.pdx.deserialization .*;
.github.ititus.pdx.dynamic.*;
.github.ititus.pdx.dynamic.effect.*;
.github.ititus.pdx.dynamic.trigger.*;
.github.ititus.pdx.stellaris.trigger.*;
.github.ititus.pdx.tree.Scalar;
.github.ititus.pdx.tree.TextScalar;
.github.ititus.pdx.tree.Value;

java.util.*;

final class StellarisScript implements TriggerRepository,
EffectRepository, ScriptedObjectRepository,
WritableScriptedVariableRepository {

public static final StellarisScript INSTANCE = new

StellarisScript();

public static final DeserializationProvider
DESERIALIZATION_PROVIDER = new DeserializationProviderimpl()

.addDeserializer(BooleanDeserializer::new, boolean.

class, Boolean.class)

.addDeserializer(IntDeserializer::new, int.class,

Integer.class)

.addDeserializer(LongDeserializer::new, long.class,

Long.class)

.addDeserializer(FloatDeserializer::new, float.class,

Float.class)

.addDeserializer(DoubleDeserializer::new, double.class,

Double.class)

.addDeserializer(StringDeserializer::new, String.class)
.addDeserializer(TextDeserializer::new, TextScalar.

class)

.addDeserializer(DateDeserializer.getFactory(

Pdx360DaysChronology.provider()), PdxDate.class)

.addDeserializer(ColorDeserializer::new, PdxColor.class

)

.addDeserializer(ValueDeserializer::new, Value.class)
.addDeserializer(TriggerListDeserializer.getFactory(

INSTANCE), TriggerList.class)

.addDeserializer(EffectListDeserializer.getFactory(

INSTANCE), EffectList.class)
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.addParameterizedDeserializer(ListDeserializer::new,
List.class)

.addParameterizedDeserializer(MapDeserializer::new, Map
.class)

.addParameterizedDeserializer(RelationalDeserializer::
new, Relational.class);

private final Map<String, ScriptValue> scriptValues;

private final Map<String, ScriptedTriggerDefinition>
scriptedTriggers;

private final Map<String, ScriptedEffectDefinition>
scriptedEffects;

private final WritableScriptedVariableRepository
scriptedVariableRepository;

private StellarisScript() {
this.scriptValues = new HashMap<>();
this.scriptedTriggers = new HashMap<>();
this.scriptedEffects = new HashMap<>();
this.scriptedVariableRepository = new
ScriptedVariableRepositorylmpl();

}

@Override
public TriggerFactory<?> getTriggerFactory(String name) {
var scriptedTrigger = getScriptedTrigger(name);
if (scriptedTrigger != null) {
return TriggerFactory.of((String name_, Value args) ->
new ScriptedTrigger(name_, args, scriptedTrigger,
DESERIALIZATION_PROVIDER), Value.class);

}

return switch (name.toLowerCase(Locale.ROOT)) {
/I builtin / logic
case "always" -> TriggerFactory.of(AlwaysTrigger.class)
case "and" -> TriggerFactory.of(AndTrigger.class);
case "or" -> TriggerFactory.of(OrTrigger.class);
case "nand" -> TriggerFactory.of(NandTrigger.class);
case "nor" -> TriggerFactory.of(NorTrigger.class);
case "not" -> TriggerFactory.of(NotTrigger.class);
/I switch scope 1:1
case "this" -> TriggerFactory.of(ThisTrigger.class);
case "root" -> TriggerFactory.of(RootTrigger.class);
case "from" -> TriggerFactory.of(FromTrigger.class);
case "prev" -> TriggerFactory.of(PrevTrigger.class);
case "federation" -> TriggerFactory.of(

FederationTrigger.class);

case "research_leader" -> TriggerFactory.of(
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ResearchLeaderTrigger.class);

/I switch scope 1:n

case "any_member" -> TriggerFactory.of(AnyMemberTrigger
.class);

case "any_neighbor_country" -> TriggerFactory.of(
AnyNeighborCountryTrigger.class);

case "any_owned_planet" -> TriggerFactory.of(
AnyOwnedPlanetTrigger.class);

case "any_owned_pop" -> TriggerFactory.of(
AnyOwnedPlanetTrigger.class);

case "any_system_planet" -> TriggerFactory.of(
AnySystemPlanetTrigger.class);

case "any_planet_within_border" -> TriggerFactory.of(
AnyPlanetWithinBorderTrigger.class);

case "any_system_within_border" -> TriggerFactory.of(
AnySystemWithinBorderTrigger.class);

case "any_relation" -> TriggerFactory.of(
AnyRelationTrigger.class);

/I string-based

case "has_ethic" -> TriggerFactory.of(HasEthicTrigger.
class);

case "has_technology" -> TriggerFactory.of(
HasTechnologyTrigger.class);

case "has_ascension_perk" -> TriggerFactory.of(
HasAscensionPerkTrigger.class);

case "has_federation" -> TriggerFactory.of(
HasFederationTrigger.class);

case "has_federation_perk" -> TriggerFactory.of(
HasFederationPerkTrigger.class);

case "has_valid_civic" -> TriggerFactory.of(
HasValidCivicTrigger.class);

case "has_civic" -> TriggerFactory.of(HasCivicTrigger.
class);

case "has_global _flag" -> TriggerFactory.of(
HasGlobalFlagTrigger.class);

case "has_ai_personality_behaviour" -> TriggerFactory.
of(HasAiPersonalityBehaviourTrigger.class);

case "has_policy_flag" -> TriggerFactory.of(
HasPolicyFlagTrigger.class);

case "has_authority"” -> TriggerFactory.of(
HasAuthorityTrigger.class);

case "has_origin" -> TriggerFactory.of(HasOriginTrigger
.class);

case "has_tradition" -> TriggerFactory.of(
HasTraditionTrigger.class);

case "has_modifier" -> TriggerFactory.of(
HasModifierTrigger.class);

case "has_megastructure" -> TriggerFactory.of(
HasMegastructureTrigger.class);
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case "has_communications" -> TriggerFactory.of(
HasCommunicationsTrigger.class);

case "has_deposit" -> TriggerFactory.of(
HasDepositTrigger.class);

case "has_country flag" -> TriggerFactory.of(
HasCountryFlagTrigger.class);

case "has_trait" -> TriggerFactory.of(HasTraitTrigger.
class);

case "pop_has_trait" -> TriggerFactory.of(
PopHasTraitTrigger.class);

case "has_seen_any_bypass" -> TriggerFactory.of(
HasSeenAnyBypassTrigger.class);

case "owns_any_bypass" -> TriggerFactory.of(
OwnsAnyBypassTrigger.class);

case "host_has_dlc" -> TriggerFactory.of(
HostHasDIcTrigger.class);

case "is_active_resolution" -> TriggerFactory.of(
IsActiveResolutionTrigger.class);

case "is_planet_class" -> TriggerFactory.of(
IsPlanetClassTrigger.class);

case "is_country type" -> TriggerFactory.of(
IsCountryTypeTrigger.class);

case "is_preferred_weapons" -> TriggerFactory.of(
IsPreferredWeaponsTrigger.class);

/I boolean-based

case "is_ai" -> TriggerFactory.of(IsAiTrigger.class);

case "is_colonizable" -> TriggerFactory.of(
IsColonizableTrigger.class);

case "is_sapient" -> TriggerFactory.of(IsSapientTrigger
.class);

case "is_enslaved" -> TriggerFactory.of(
IsEnslavedTrigger.class);

case "is_galactic_community_member" -> TriggerFactory.
of(IsGalacticCommunityMemberTrigger.class);

/I number-based (with comparison)

case "years_passed" -> TriggerFactory.of(
YearsPassedTrigger.class);

case "num_owned_planets" -> TriggerFactory.of(
NumOwnedPlanetsTrigger.class);

case "num_pops" -> TriggerFactory.of(NumPopsTrigger.
class);

case "num_communications" -> TriggerFactory.of(
NumCommunicationsTrigger.class);

case "has_level" -> TriggerFactory.of(HasLevelTrigger.
class);

/I complex

case "habitability" -> TriggerFactory.of(
HabitabilityTrigger.class);

case "num_districts" -> TriggerFactory.of(
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NumDistrictsTrigger.class);

case "count_starbase_sizes" -> TriggerFactory.of(
CountStarbaseSizesTrigger.class);

case "count_owned_pop" -> TriggerFactory.of(
CountOwnedPopTrigger.class);

case "has_resource" -> TriggerFactory.of(
HasResourceTrigger.class);

/I generic (the rest)

default -> TriggerFactory.of(GenericTrigger.class);

}

@Override
public EffectFactory<?> getEffectClass(String name) {
var scriptedEffect = getScriptedEffect(name);
if (scriptedEffect !'= null) {
return EffectFactory.of((String name_, Value args) ->
new ScriptedEffect(name_, args, scriptedEffect,
DESERIALIZATION_PROVIDER), Value.class);

}

return switch (name) {
/I generic (the rest)
default -> EffectFactory.of(GenericEffect.class);

}

@Override
public boolean isDefined(String name) {

return scriptedVariableRepository.isDefined(name);
}

@Override
public Scalar get(String name) {

return scriptedVariableRepository.get(name);
}

@Override
public Set<String> getAllScriptedVariables() {
return scriptedVariableRepository.getAllScriptedVariables()

}

@Override

public void set(String name, Scalar value) {
scriptedVariableRepository.set(name, value);

}

@Override
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public WritableScriptedVariableRepository copy() {
return scriptedVariableRepository.copy();
}

@Override
public ScriptedTriggerDefinition getScriptedTrigger(String name

) o

return scriptedTriggers.get(name);

}

@Override
public void addScriptedTrigger(String name,
ScriptedTriggerDefinition scriptedTrigger) {
if (scriptedTriggers.put(name, scriptedTrigger) != null) {
throw new IllegalArgumentException();
}

}

@Override
public ScriptedEffectDefinition getScriptedEffect(String name)

{

return scriptedEffects.get(name);

}

@Override
public void addScriptedEffect(String name,
ScriptedEffectDefinition scriptedEffect) {
if (scriptedEffects.put(name, scriptedEffect) != null) {
throw new IllegalArgumentException();
}

}

@Override

public ScriptValue getScriptValue(String name) {
return scriptValues.get(name);

}

@Override
public void addScriptValue(String name, ScriptValue scriptValue

) {

if (scriptValues.putlfAbsent(name, scriptValue) !'= null) {
throw new IllegalArgumentException();
}

Listing 31: ParserExperiment.java

1: package io.github.ititus.pdx.experiments;

2:
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import
import
import
import
import
import
import
import
import

import
import
import
import
import
import
import
import
import
import
import

public
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io.github.ititus.commons.io.FileExtensionFilter;
io.github.ititus.commons.io.PathUtil;
io.github.ititus.commons.math.time.DurationFormatter;
io.github.ititus.commons.math.time.StopWatch;
io.github.ititus.pdx.commons.InstallationFinder;
io.github.ititus.pdx.lexer.PdxScriptLexer;
io.github.ititus.pdx.parser.Parser;
io.github.ititus.pdx.stellaris.StellarisScript;
io.github.ititus.pdx.tree.Value;

java.
java.
java.
java.
java.
java.
java.
java.
java.
java.
java.

final

io.|IOException;
io.UncheckedlOException;
nio.file.FileVisitResult;

nio.file.Files;

nio.file.Path;
nio.file.SimpleFileVisitor;
nio.file.attribute.BasicFileAttributes;
util. ArrayList;

util.Comparator;

util.List;
util.Set;

class ParserExperiment {

private ParserExperiment() {}

public static void main(String[] args) {
StopWatch swOuter = StopWatch.createRunning();

FileExtensionFilter fef = new FileExtensionFilter("dlc",

txt");

Set<Path> ignored = Set.of(

Path
Path
Path
Path
Path
Path

Path
Path
Path
Path
Path
Path
Path
Path

Path

.of("ChangelLog.txt"),
.of("ChangeLogBlank.txt"),
.of("checksum_manifest.txt"),
.of("console_history.txt"),
.of("steam_appid.txt"),
.of("ThirdPartyLicenses.txt"),

.of("crash_reporter"),
.of("gfx/fonts"),
.of("launcher-assets"),
.of("licenses"),
.of("locales™"),
.of("pdx_browser"),
.of("ringtone"),
.of("tools™),

.of("common/edicts/99 _README_EDICTS.txt"
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Path.of("common/HOW_TO_MAKE_NEW_SHIPS.txt"),
Path.of("interface/credits.txt"),
Path.of("interface/credits_|_simp_chinese.txt"),
Path.of("interface/reference.txt"),
Path.of("interface/startup_info.txt"),
Path.of("pdx_launcher/game/motd.txt"),

/I unclosed brackets
Path.of("common/species_names/species_00.txt"),
Path.of("common/species_names/species_01.txt")

record Filelnfo(String path, long size) {}
List<FileInfo> allFiles = new ArraylList<>();

try {

Path installDir = InstallationFinder.findInstallDir("
Stellaris");

Files.walkFileTree(installDir, new SimpleFileVisitor
<>() {
@Override

public FileVisitResult preVisitDirectory(Path dir,
BasicFileAttributes attrs) {
if (ignored.contains(installDir.relativize(
PathUtil.resolveRealDir(dir)))) {
return FileVisitResult.SKIP_SUBTREE;

}

return FileVisitResult.CONTINUE;
}
@Override

public FileVisitResult visitFile(Path file,
BasicFileAttributes attrs) {
file = PathUtil.resolveRealFile(file);
Path relative = installDir.relativize(file);
if (fef.test(file) && l!ignored.contains(
relative)) {
long size;
try {
size = Files.size(file);
} catch (IOException e) {
throw new UncheckedlOException(e);

}

allFiles.add(new Filelnfo(relative.toString
().replace(’\\', /"), size));
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try (
var r = Files.newBufferedReader(

file);
var | = PdxScriptLexer.DYNAMIC.
lexer(r);
var p = Parser.create(l,
StellarisScript.
DESERIALIZATION_PROVIDER.
getDeserializer(Value.class))
) |
StopWatch sw = StopWatch.createRunning
0;
var result = p.parse();
var d = sw.stop();
/I System.out.println(result);
/I System.out.println("total (" +

relative + "): " + DurationFormatter
.formatSeconds(d));
} catch (Exception e) {
System.out.printin(relative + ": " + e)

System.out.flush();
e.printStackTrace();
System.err.flush();

}

return FileVisitResult.CONTINUE;

}
b;
} catch (Exception e) {
e.printStackTrace();
}

System.out.printin(allFiles + " files");
System.out.printin(allFiles.stream().mapToLong(Filelnfo::
size).max().orElseThrow() + " max size");
System.out.printin(allFiles.stream().mapToLong(Filelnfo::
size).sum() + " total size");
System.out.printin("5 biggest files:");
allFiles.stream()
.sorted(Comparator.comparingLong(FileInfo::size).
reversed())
Jdimit(5)
.forEachOrdered(System.out::printin);
System.out.printin("5 smallest files:");
allFiles.stream()
.sorted(Comparator.comparingLong(Filelnfo::size))
Jdimit(5)



130: .forEachOrdered(System.out::printin);
131:

132: System.out.printin("done: " + DurationFormatter.format(
swOuter.stop()));
133: }
134: }
Listing 32: ParserExperiment2.java
1: package io.github.ititus.pdx.experiments;
2:
3: import io.github.ititus.commons.math.time.DurationFormatter;
4: import io.github.ititus.commons.math.time.StopWatch;
5. import io.github.ititus.pdx.commons.chrono.PdxDate;
6: import io.github.ititus.pdx.lexer.PdxScriptLexer;
7: import io.github.ititus.pdx.parser.Parser;
8: import io.github.ititus.pdx.stellaris.StellarisScript;
9: import io.github.ititus.pdx.stellaris.save.Meta;
10: import io.github.ititus.pdx.tree.Value;
11: import io.github.ititus.pdx.visitor.PrettyPrintingVisitor;
12:

13: import java.io.*;
14: import java.util.List;

15:

16: public final class ParserExperiment2 {

17:

18: private static final boolean DO_STELLARIS_META = false;
19: private static final boolean DO_STELLARIS_GAMESTATE = false;
20: private static final boolean DO_CK3_GAMESTATE = true;
21: private static final String META = """

22: version="Libra v3.3.1"

23: version_control_revision=86045

24: name="United Nations of Earth"

25: date="2226.09.13"

26: required _dlcs={

27: "Ancient Relics Story Pack"

28: "Anniversary Portraits”

29: "Apocalypse”

30: "Aquatics Species Pack"

31: "Distant Stars Story Pack"

32: "Federations"

33: "Horizon Signal"

34: "Humanoids Species Pack"

35: "Leviathans Story Pack"

36: "Lithoids Species Pack"

37: "Megacorp™

38: "Necroids Species Pack"

39: "Nemesis"

40: "Plantoids Species Pack"

41: "Synthetic Dawn Story Pack"
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"Utopia”
}
player_portrait="human"
flag ={
icon={
category="human"
file="flag_human_9.dds"
}
background={
category="backgrounds"
file="00_solid.dds"
}
colors={
"blue"
"black"
"null"
"null"
}
}

meta_fleets=6
meta_planets=3

private ParserExperiment2() {}

public static void main(String[] args) {
StopWatch swOuter = StopWatch.createRunning();

if (DO_STELLARIS_META) {

try (
var | = PdxScriptLexer.STATIC.lexer(new
StringReader(META));
var p = Parser.create(l, new
PrettyPrintingVisitor(new PrintWriter(System
.out)))
) {
p.parse();

} catch (IOException e) {
throw new UncheckedlOException(e);

}

System.out.printin("#".repeat(80));
try (
var | = PdxScriptLexer.STATIC.lexer(new
StringReader(META));
var p = Parser.create(l, StellarisScript.
DESERIALIZATION_PROVIDER.getDeserializer(
Meta.class))

) o
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StopWatch sw = StopWatch.createRunning();
var result = p.parse();
var d = sw.stop();
System.out.printin(result);
System.out.printin("total:
format(d));

} catch (IOException e) {
throw new UncheckedlOException(e);

}

+ DurationFormatter.

}

if (DO_STELLARIS_GAMESTATE) {
System.out.printin("#".repeat(80));
try (
var is = ParserExperiment.class.
getResourceAsStream("/new_3.3.1_save
/2226.09.13/gamestate");
var r = new BufferedReader(new
InputStreamReader(is));
var | = PdxScriptLexer.STATIC.lexer(r);
var p = Parser.create(l, StellarisScript.
DESERIALIZATION_PROVIDER.getDeserializer(
Value.class /* Gamestate.class */ ))
) {
StopWatch sw = StopWatch.createRunning();
var result = p.parse();
var d = sw.stop();
/I System.out.printin(p.parse());
System.out.printin("total: " + DurationFormatter.
formatSeconds(d));
} catch (IOException e) {
throw new UncheckedlOException(e);
}

}

if (DO_CK3_GAMESTATE) {
System.out.printin("#".repeat(80));
try (
var is = ParserExperiment.class.
getResourceAsStream("/example/
Ezzonen_867_01_01_melted.ck3");
var r = new BufferedReader(new
InputStreamReader(is));
var | = PdxScriptLexer.STATIC.lexer(r);
var p = Parser.create(l, StellarisScript.
DESERIALIZATION_PROVIDER.getDeserializer(
Value.class /* CK3Gamestate.class */ ))

) {
StopWatch sw = StopWatch.createRunning();
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164: }
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var result = p.parse();
var d = sw.stop();
/I System.out.printin(result);
System.out.printin("total: " + DurationFormatter.
formatSeconds(d));

} catch (IOException e) {
throw new UncheckedlOException(e);

}

}

System.out.printin("done: " + DurationFormatter.format(
swOuter.stop()));

}

record CK3Gamestate(CK3Meta meta_data) {}

record CK3Meta(
int save_game_version,
String version,
int portraits_version,
PdxDate meta_date,
String meta_player_name,
String meta_title_name,
CoatOfArms meta_coat_of_arms,
int meta_player_tier,
String meta_house_name,
CoatOfArms meta_house_coat_of_arms,
int meta_dynasty_frame,
Portrait meta_main_portrait,
Portrait meta_heir_portrait,
Portrait meta_secondary_portrait,
String meta_front_end_background,
String meta_government,
PdxDate meta_real_date,
int meta_number_of_players,
GameRules game_rules,
boolean can_get_achievements

) {}

record CoatOfArms() {}
record Portrait() {}

record GameRules(List<String> settings) {}
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