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Intro to the Graal Interface

The reason I first entered into programming was because I was inspired by Graal.  It gives you the feeling of control while simplifying all the technical jargon to a more simple language for us to use.  If a middle school student can program in Graal, so can you, but before we can start programming in Graal, we need to learn how to PLAY Graal.
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Graal is mainly an online game based on older The Legend of Zelda games, where you can create a server to play with many people.  However, this requires a handsome sum of money, so you may as well ignore the Account and Password.  However, if you aspire to program online anyways, I will point out whatever differences there are during this guide.

Open up Graal.exe.  The Nickname is your display name.  All the NPCs you create will be marked with this nickname in the script.  To get a nickname, type in your nickname (ex. Cyris Mustang), and click Start.  The game will either say you cannot connect to the server, or say the account doesn’t exists, which is fine because all you want to do is implement the nickname.  The Offline Test button will disappear.
Starting Offline Graal


There are 4 ways to start Offline Graal.  The first and most easiest way is to open GraalEditor.exe.  Another way is to click the Editor button in the Graal.exe menu.  The last way is to click Offline Test and press F4.  The last is to click Offline Test, press F5, and type in the name of an existing level file you have (keep in mind your initial sprite will be different than the others in this method).  Via the first 3, click the Play button on the top right corner of the screen. 
(Note: If you open Offline Graal via the menu, keep in mind that the menu does not close itself.)

Interface
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You, the player. 

A non player character or NPC.

A baddie monster.

Hearts, the built-in HP system.

Arrows, ammo for bow weapons.

Bombs, ammo for bomb weapons.

Rupees, currency of Graal.

Glove button, allows you to pick up stones depending on glove level.
Sword button, allows you to attack and deal damage depending on your weapon level.

Secondary Weapon Button, the most important button in the game.  NPC weapons are used here.

Alignment Points (AP) denotes killing history online.  Offline, can be used as a honor system.

Mana Points, hidden by default.  Some secondary weapons can use mana points.

Minimap, shows a minimap of the level, including where you are.  I usually turn it off.

Commands and Keys


There are no set keys for Graal, but these are the defaults.  All 3 sets control the same character.
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Arrow Key: Move.

D: Secondary Weapon

S: Weapon

A: Grab/Throw
Hold A + Arrow Key: Pull or Push

Hold S + A: Select Item to Drop

Hold S + A, then Release S and Press A: Drop Item

Hold S + D: Quick Secondary Weapon Change

M: Map

Tab: Chat

Q: Select Secondary Weapon

DEL: Delete Secondary Weapon when the Q menu is active

P: Pause

R: Kill/Death Ratio (Does not change offline)

F1: Help and General  Options

F4: Open Editor (Disabled online)

F5: Load Level (Online, only levelname is shown)

F6: Debugger, used for finding indexes of NPCs (Disabled online)

F7: Playerlist, opens a list of players online (Disabled offline)

F8: Serverlist, opens a list of servers to join (Disable offline)

F10: Unknown Functionality, changes game to a gray screen.  To fix, press F10 again and then Maximize, and/or Alt+Enter (Full Screen Toggle)

Ctrl + Letter Key: Emoticons

Alt + 1: Save Screenshot of Current View

Alt + 2: Save Screenshot of Level

Alt + 3: Toggle Minimap On/Off

Alt + 5: Save Level based on Current View (Includes an NPC of characters)

Alt + 6: Start recording (Functionality unknown)

Alt + 7: Stop recording (Functionality unknown)

Alt + 8: Zoom in

Alt + 9: Zoom out

Alt + 0: Game log

Via NPC scripting, you can program functions for any other keys.
Playing the Game, the Old Way


Graal originally was meant to be played in a certain way.  As such, there are predefined objects, monsters, tiles, and NPCs.  Let’s go through them.

Tiles


Tiles are part of the level, and have certain functionalities.  There are two types of tilesets, type 0, and type 1.  Type 0 is the original default tileset, which is ridiculously complicated and unwise to use as a template.  Type 1 is a logical tileset, whose template will be described later.

Type 0 original tileset :
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Non-blocking Tiles


There are way too many to name.  These tiles can just be walked upon.

Hurting Underground Tiles


These are tiles such as lava, which will hurt you if you stay in them too long.

Chair Tiles


Walking upon these tiles will invoke the sitting animation.

Bed Tiles


These are tiles that invoke the bed animation, which eliminates the body to create the animation that you are sleeping in a bed.  Recovers hearts over time.

Swamp Tiles


While walking on these tiles, it will show an animation that the player is in deep grass.

Lava Swamp Tiles


Similar to swamp, except the grass is red.

Near Water Tiles


Instead of submerging in water, an animation appears that appears to soak the player up to his waist.

Near Lava Tiles


Same as Near Water Tiles, except the water is red and will damage the player over time.

Desert Tiles


This strange category of tiles does not exist, yet it does…
Water Tiles


The character is submerged in water up to his head.  A player cannot use weapons.

Lava Tiles


Like water, the player cannot act and will take damage over time.

Throw-through Tiles


These rare tiles are like fences; you cannot pass through them but carry-able tiles can be thrown over them.

Jump Stones Tiles


Jump Stone tiles are like cliffs.  If you run into them long enough, you can jump off of them, assuming that the distance in front of the cliff is a non-blocking tile.

Blocking Tiles


Like walls and everything else, these tiles cannot be passed.

Animated Tiles


Some tiles can have animations, consisting of 4 frame tiles.

Tile Objects


Tiles objects are simply many tiles put together and saved in the Editor so they are faster to output.  There are 2 special kinds of tile objects.
Carry-able Tile Objects


Tiles include stones, bushes, pots, signs, and etc.  These items can be thrown at enemies to inflict damage.  Many of these can be destroyed via explosion.

Destructible Tile Objects


Tiles include bushes and swamp grass that can be cut using a sword.

Push and Pull Tile Objects


When these objects are pulled or pushed for a long time, they can be moved.

Baddies
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Baddies are the built in monsters of the game.  Some baddies can speak when they spot a player, when they are hurt, or when they hurt the player.  When they are hit, they flash and get thrown back.

Soldiers


Soldiers come in many colors, but they all have swords.  When you fight them head on, their swords protect them from damage, but they are vulnerable on the side where their swords are not.


Rank: Gray < Blue < Red < Lizardon < Gold

Archers


These soldiers carry a bow instead, making them vulnerable all the time.  However, they can shoot arrows at you and like to back up.

Swamp Archers


Swamp archers are annoying to deal with, because they burrow out of the swamp/ground and fire arrows, and then nest back into safety.  However, they can’t move, so they are vulnerable as soon as they pop out to fire.

Dragons

Dragons are the strongest ranged characters.  They act similar to archers, but they have a lot of health and shoot fire blasts which explode on impact.
Spiders


Spiders don’t recognize players.  They just wander in random directions and shoot balls in a straight line.  They are easily defeated in one hit.

Frogs


Like spiders, they are defeated in one hit.  However, they pop up anywhere, and then back out of sight.  A swamp-like animation signals where they are going to pop up.

NPC Enemies


NPC enemies have an AI and characteristics that can be edited.  By default, there are flags you can set on the NPC, like whether or not they can be carried, pelted, or hurt by sword.  NPCs have a running speed, a player’s attack range, and can be set to wander around.  You can set how many hearts they have and whether or not they respawn, as well as the time interval.
Treasure Chests


Treasure chests are chests with treasure (duh).  However, these treasure are limited in choice, but are fine for a normal game of Graal.  These are the items that can be laid.

Green Rupee = 1 rupee
Blue Rupee = 5 rupees

Red Rupee = 20 rupees

Gold Rupee = 100 rupees

Bombs = 5 bombs

Darts = 5 arrows

Heart = 1 heart

Glove 1 = Level 2 Glove

Bow = Bow Weapon

Bomb = Bomb Weapon

Shield = Level  1 Shield

Sword = Level 1 Sword

Fullheart = Maximum Hearts + 1

Super Bomb = Superbomb Weapon

Battle Axe = Level  2 Sword

Golden Sword = Level 3 Sword

Mirror Shield = Level 2 Shield

Glove2 = Level 3 Gloves

Lizard Shield = Level 3 Shield

Lizard Sword = Level 3 Sword

Fireball = Fireball Weapon

Fireblast = Explosive Arrow Weapon

Nukeshot = Powerful Explosive Arrow Weapon

Jolt Bomb = Electrical Bomb

Spin Attack = Two consecutive attacks spin you around
(Note: Arrows and fireblasts used against the player may bug up in this version, rendering you immune to projectile attacks and some explosions.)
You may also attach text known as “signs” to the treasure chest to display when it is opened.

Death


When your character’s hearts go down to 0, the character displays the death animation, and all of the tiles become black with a text box saying “End”.    Pressing any key will cause you to respawn where you entered the game.  Online, you drop a certain amount of bombs, rupees, and arrows.
The Graal Editor – Workbench of the Gods

We’ve talked enough about how to play.  Now, let’s talk about how you can make your own game in Graal.  This can be accomplished by using the built-in editor.
Main Interface[image: image6.png]



New map.  Every map by default is called new1.nw, and if that exists, than the number is incremented.
Close map.  Closes the current map from the editor.

Open map.  Loads a map onto the editor from a file.  Map files can be .nw or .graal format.

Save the map as the current map filename.

Save as.  Save the map with a desired filename.

Undo last move in the editor involving tiles.

Cut selected NPC or tiles.

Copy selected NPC or tiles.

Paste a copy or the cut NPC or tiles.

Delete the current NPC or tiles.  NPC deletion cannot be undone.  Be careful when deleting NPCs.

Turn tiles into a warp field.  These tiles are highlighted with a yellow border.  When a player walks on the selected tiles, it will warp them to a designated level and location.  If the level does not exist, the player will not be warped.

View and manage all warp fields created by button 11.

The sign button.  Create signs of texts and assign locations of blocking tiles or NPCs to trigger a text box.

Generates an array of hexadecimal values of the selected tiles.  See Lesson on Base Figures.
Before we can get into programming, we need to manipulate the environment; let’s dabble in a bit of Level Editing.

Level Editor


Level editing on Graal is known as the editing of the placement of tiles and NPCs.  The game can run tiles much faster than NPC, making level editing mainly tile-oriented.  Using the tileset, a level editor can create beautiful levels.
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Tileset.  You can click anywhere on the tileset, and it will select a square.  Move the mouse onto the level, and then click to place it.  Right click to fill.

The background tile.  When you delete a tile on the level, it will be replaced with this tile.  To select a background tile, right click the tile on the tileset.

Set of objects.  Keeps the tile objects organized.

New tile objects set.  Use it when you desire to create your own objects.

Save objects.  It is important to click this before you close the editor.

Create object using selected tiles to the current 

Name of the current object.

Delete the current object from the set.  Cannot be reversed.

Object.  Clicking anywhere in the area will select it.  Move the mouse onto the level, then click to place it.  Right click to fill.
NPC Editor

Definitely what makes a Graal Level what it truly is, NPC editing, or scripting, can make the game completely different, allowing the programmer to change everything in the game.  NPCs can make or break a good Graal world.
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Baddies.  They are added to the level the same way as tiles and objects.  All except frog and spider baddies will open a menu where you can select battle cries or custom baddies.

Blank NPC Template.  The single most important NPC in the editor.  Placing it on the level opens up the scripting interface.

A prebuilt character with a menu to customize the characteristics of the NPC.

Treasure chests.  The items are same prebuilt included Graal Items only.

Levels created by the terrain generator will have yellow grid points.  This option toggles them on or off.

Hide NPCs can hide the NPCs so level editors can see just the level.
Predefined NPC.  They are added to the level the same way as tiles and objects.

Select predefined NPC.

Predefined NPC’s parameters.  Predefined NPCs are meant for lesser programmers to customize an NPC for their needs.

Enables the editor to manipulate the level by clicking and dragging on the level.

Commands.rtf


This file located in your Graal directory, as well as inside your scripting console.  It is the reference tool, the most useful and powerful text file in Graal, and the most intellectually challenging to master.  There are two Commands.rtfs:  one hid certain commands from us.  However, we the one we are using hide absolutely no commands.  As it is so long, I will not be posting it here, plus we will be going over it in the next section.
Graal 101

Finally, what you were most likely reading this for; it’s time to enter the scripting console.  If it looks intimidating, don’t worry; you’ll grow accustomed to it.
Console Interface
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Image of the NPC.  You may type the name of the image here if the file is included in the FILENAMECACHE.
Browse for an image.  This is easier than the first method, since you can navigate to the location and the editor will import all files in that folder into the FILENAMECACHE.  If the image does not show, you may have to manually add the files into the FILENAMECACHE.

Your commands.rtf, so you always have a reference tool.  Recommended to have console in full screen so you can view as much of it as possible.
Finds input within your script window.  Useful if your code is long.  Shortcut is Alt+F.

Style button.  Tidies up your code to make it easier to read.  Use it often.  Shortcut is Alt+S.

Test button.  Makes a quick run-through of your code to make sure the syntax (coding grammar) is correct and nothing is broken.  Use it very often.  Note that even if the test says no error, it doesn’t mean everything will work as intended.  Shortcut is Alt+T.

Errors.  When you press Test. It will display the errors starting with the errors from the top of the script to the bottom of the script.

Save script and close the console.  Shortcut is Alt+C.

Scripting window.

Intro to Graal Programming


Before we start scripting, we need to get a few syntax and definitions down, as well as the limits of Graal.  Keep these in the back of your head, since some of these rules apply to other programming languages.
Math

Every programmer knows a little bit of math, some more than others.  In programming, math is used to manipulate variables.  Use the mastered concepts of math you learned in class and apply them in programming.  Here is how math is done in Graal.  Let x be a temporary variable. (Do not use x in game, it is a prebuilt variable of the NPC’s X position in the level)
Addition : x = number1 + number2
Addition to Self : x += a number

Addition to Self : x = x + a number

Increment by 1 : x++

Subtraction :  x = number1 - number2
Subtraction to Self:  x -= a number

Subtraction to Self : x = x - a number

Decrement by 1 : x--

Multiplication : x = number1 * number2
Multiplication to Self : x *= a number

Multiplication to Self : x = x * number

Division : x = number1/number2

Division to Self : x = x/ number

Exponents : x = number1^number2

Remainder(Modular) : x = number1%number2

Setting a variable : x = number

True/False cases

Is X Less than : x < number

Is X Less than or Equal to : x <= number

Is X Greater than : x > number

Is X Greater than or Equal to : x >= number

Is X Equal to : x == number

A strong point in Graal is you don’t need to initialize (like instead of saying double temp = 1.5, you can just say temp = 1.5), a variable unlike C++ or Java.  You can make one up on the spot and it will make it; there’s no need for declaration of things like instance variable or fields.
Comments

Not everything in the Graal console has a function.  Comments are a way to explain to either yourself or another user what the reasoning or logic is of a certain part of a code, remove a part of the code from use without deleting it, or it can act as dividers to keep the code organized and easier to read.  Comments are critical in team projects.   Here’s a comment.

TODO: Code
Syntax


Syntax is the grammar for coding.  It works in a special way, because computers aren’t suited to do what we tell them in plain English.  Certain characters tell the console where to start and stop reading sections.  The simplest rule involves the semi-colon, which tells the console when a line ends.

TODO: Code

Note how the console ignores all the line breaks until it sees the semicolon.  Another important syntax topic is braces, brackets and parentheses, which tells the console what’s included and what’s not.  You MUST ALWAYS have a right parentheses/bracket/brace for every left one you create or the test button will yell at you for it.  The only exception is inside a message or text box.

TODO: Code

The last important rule of Syntax is consistency of spelling and capitalization.  Everything in Graal programming is case sensitive, which is why you should not copy and paste codes from here, since Microsoft Office autocorrects the script.  As such, all programmers keep things usually in lower case.
Compiling

What does it mean to compile?  It means to translate the computer language into an actual program (or NPC object in our case) that does something.  When you press Play, all the NPC scripts compile and translate the script into functions for the game to run.  The game compiles your code from top to bottom, so remember that order is a key factor.  For example:

TODO: Code
Timing


Graal does every computation before the program starts.  Only with certain functions, like sleep and timeout, can you display timing ingame.  For example:

TODO: Code
  Don’t worry if none of this makes sense yet, just know that there are extra steps needed to show continuous motion ingame.
Maximum Integer Size

 If you’re trying to cheat Graal out of extra numbers by increasing by smaller numbers (like instead of adding 1 at a time, you add 0.5, doubling the possible loops you can have), you’ll be sad to know that Graal’s maximum loop count is 10000 for anything.  The maximum integer size is approximately 4294967296, but if you even try to get to this number, Graal will most likely throw an “Invalid floating point operation”, freezing your character.  Try not to go up to 4 billion operations.
Maximum Script Size

You may think that given enough code, you can do anything you can dream of.  Unfortunately, there are limitations.  Graal has limited the size of scripts to 12255 characters (newlines count as a character), or approximately 11.97 KB.  If your file exceeds this size, part of your script will not be read.  The reason for this is Graal’s packet format.  The following may be confusing, and will be explained with greater detail in the Other Concepts section, in number base conversions. 
CString& CString::writeGShort(const short pData)

{


char val[2];


val[0] = ((pData >> 7) & 0x7F)+32;


val[1] = (pData & 0x7F)+32;


write((char*)&val, 2);


return *this;

}

short CString::readGShort()

{


unsigned char val[2];


read((char*)val, 2);


return ((val[0]-32) << 7) + val[1]-32;

}

What Graal does is it takes a short (a data type used to store data), and turns it into 7-bit chunks, which translates to 127 bytes (2^8 -1 = 127).  However, Graal packs the values by adding 32, making the chunk only 95 bytes.  Graal then combines reassembles the two 7-bits using a bitwise left shift on one bit and adding the remaining but.  In binary, performing a 7 space bitwise left shit turns 95 into 12160.  When added to the remaining 7-bit chunk, 12160+95 = 12255, the maximum size for a script is 12255 bits.
Script courtesy of Nalin.

Everything in Commands.rtf


Finally, let’s begin coding.  Drag a blank NPC template to the level and we’ll practice scripts using Commands.rtf as a lesson guide.

For Program Execution


These are the building blocks, roadways, and traffic signals of Graal programming.
Set/Unset flagname;


Setting and unsetting a flag is the same as turning a switch on and off.  When you set a flag, you turn the switch on.  For example… let’s pretend we have a light.

set light;

Now, the player carries a flag called “light” on him. No, he does not literally carry a flag with the words “light” on his back.  Rather, it is a marker that remains on the player.  All of the NPCs can look at the flags the player has and act according to it. The flag remains with the player until it is unset or the player exits the program.  Now to remove the flag, we can remove it manually out of game by clicking the edit flags button next to the play button.  To remove it using a script, simply put
unset light;
Here’s the image of the flag editor.
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If/Else (Case/Condition) {Operations};

If and else statements are among, if not the most important operations for all of programming. 
TODO: Code
Remember when we were talking about brackets and syntax?  That is very important, because you must specify what condition the operations belong to.  If there are no brackets, the if statements snags the first one it sees, and the others are left open for compilation with no case (meaning they’ll happen 100% of the time).  If there is only one operation, you don’t have to use brackets, but it is much safer if you do.  Else statements are not required, since no else statements are just like an else statement with no operations.

A note for cases: when you’re comparing two numbers, use two equal signs (==), since one equal sign sets a variable equal to something instead.

While/For Loops

These tricky little bastards confused me for 3 years.  It took me a while to understand the concept of a “loop”, so I hope you’ll do better than me in understanding them.


The while-statement is like the if-statement except it runs continuously until the condition is false.  Yes, this means that if you don’t know what you’re doing, you could cause an infinite loop (or 10000 loops in Graal’s case).  While-statements are used where you have to copy and paste the same if statement over and over again with significantly little or no changes to them.  Here’s an example of a good use for a while loop.
TODO: Code

This is a good while-statement because it has a purpose and a condition where it ends.   The meaning of the script is “while the player’s hearts are not at maximum, fill them up until they are.”  A bad while-statement would be:
TODO: Code

Although this does not cause in infinite loop that crashes the game (due to the 10k loop limit), it is heavy on the game and may slow it down.  Make sure that your while-statements have an ending.


Now, there’s a certain format of while loops, which is what a for loop is.  A for loop is a while loop that increments a variable by a certain amount so that the operation can use that same variable as part of the operation.  This is the format of a for loop.  Let i be any integer.
TODO: Code

Becomes

TODO: Code
Note that the timing of what happens to I is the VERY LAST thing in the operation.  The operation occurs first before doing anything to I.  Here’s an example of a for loop in progress.

TODO: Code
This script contains an array, which I will explain later.

With (player/NPC) {operation};

This is an online function only.  What it means is that using the player or npc, perform such an operation on it.

Break
Break is used to exit a loop, and then move on with the rest of the code.  For example,

TODO: Code

(Remember, whatever you do to I happens at the end of the operation, so the break comes BEFORE the increment).

Continue
Continue’s purpose is not to exit the loop, it is to continue it by skipping to the next loop.  For example,
TODO: Code
 Note that continue at times is not completely necessary.
Function functionname(){operation};

Functions are created in Graal so that the programmer can neaten his code or make a shortcut for repeated operations.  Here’s an example.

TODO: Code
In Graal, all functions are private, meaning no other objects or NPCs can access them.

Return

Return is the exit script, and completely stops the whole NPC.
TODO: Code
An extra tidbit about Graal (possibly a bug): if there are no loops, break and continue act as return, because the whole NPC is considered as “one loop”.

Sleep

Sleep is a very used command in Graal scripting because it is very simple.  However, this does not rule out the fact that it has a powerful weakness.  Even so, sleep is still a very easy method to understand and use.  Sleep simply means “wait” for however many seconds.

TODO: Code
However, there’s one weakness to sleep; the entire NPC sleeps and does not react to anything.  Be wary if you need your code to be reactive.
Timeout

Although this is not a means of program execution (it is a variable), I think it is important I talk about the right after I talk about sleep.  Unlike sleep, timeout does not freeze the NPC, but rather starts a countdown from whatever you set its value to.  Timeout involves complex timing that you must be careful of.
TODO: Code
Note that the timeout does not remain true, unlike flags.
Setarray variable,size;

Arrays are classic data structures used to hold objects, and on Graal the arrays hold numbers.  Most people prefer to use strings to solve all their problems on Graal, but arrays are pretty important as well.    While we talk about the command, let’s learn about an array.


An array’s existance is normally denoted with brackets ([]).  Arrays are storage containers for numbers on Graal.  The command to start an array is setarray (name of array),(how many numbers you want to hold);.  Let’s set the size to 10 and the name to testArray, so when the array is created, it can be envisioned as a set of numbers: [0,0,0,0,0,0,0,0,0,0] (when you start an array, all numbers start at 0).  If you want to change the value, you treat an array as you would a normal variable, only with a special notation: test[index].  What is an index of an array?  An index is the location of the number you want inside the array.  One thing you should keep in mind is that indexes of arrays start at 0, so if the array is 10 numbers big, the biggest index would be 9.  Say you want to access the first number and change it to 100; Simply write testArray[0] = 100;.  The array now looks like this set of numbers [100,0,0,0,0,0,0,0,0,0].  If you try and access an index outside of the size of the array 
(say for instance testArray[20], or testArray[10], or even testArray[-1]), it will ALWAYS be 0 no matter what you do to it.  Remember, the biggest index is your array size minus one.


Here’s a use for an array: 
TODO: Code
Timereverywhere

I’m putting this in front of strings so I can talk about all string commands nonstop.  Timereverywhere is an online-exclusive command (useless in offline) that allows timeouts for ALL players, instead of just the first player to enter the map.  A simple time counting script:

TODO: Code
Strings

A string is… well… a string of letters and numbers.  Basically, any word, number, character, or combination of the three can qualify to be a string (but not the other way around of course).  Unlike flags, they can have a value attached to them, which is if you need values to change or if you need to save a number and don’t want to use an array.  There are 5 string commands, and each of them is different.  Like flags, they are saved in the flag editor. 

Setstring (string name),(value)


Setstring is a simple string command for simple strings.  It creates a string with the name of the first parameter, with an attached value.  For example, setstring powerLevel,9001 creates a string named powerLevel, and the value of powerLevel is 9001.  Strings are printed differently than normal variables that only deal with numbers.  Normal variables need to be displayed with #v(num) to translate the variable num into a string.  Strings do not use #v(), they use #s().  For example:
TODO: Code
Note that because powerLevel’s value is a string, it CANNOT be directly compared with numbers.  It must be converted into a number first, which can be done with the “strtofloat”command.
Addstring (list name),(string)

Addstring creates a list of strings and adds a given string to the end of the list separated by commas, making it a kind of a Graal all-purpose array.  Everything you put into the list will be a string, but Graal has several commands to help you achieve every result as you could a Java or C++ Arraylist.  The following script is completely useless as it is, but it is an example of how it could be used.

TODO: Code
  Note that the lack of else clauses allows all 4 if statements to be checked and run.  Also, you cannot add strings onto a string made by setstring, but you can attach values to strings created by addstring using setstring.
Insertstring (list name),(index to insert),(string)

Insertstrings places the string within a certain location inside the list. Here’s a simple demonstration of Insertstring.

addstring priorities,eat;

addstring priorities,sleep;

addstring priorities,breathe;

insertstring priorities,0,videogames;

message #s(priorities); //This prints out the list


The message of priorities would be videogames,eat,sleep,breathe.  Videogames was at the very end of the adding process, but insertstring bumped it up to index 0, moving all the other strings down.
Replacestring (list name),(index to replace with),(string)


Self explanatory.  Replaces the string with the string at the location.  Let’s say we continue working on the code above: 

addstring priorities,eat;

addstring priorities,sleep;

addstring priorities,breathe;

insertstring priorities,0,videogames;

replacestring priorities,3,poop;

message #s(priorities);

Now, the message will show: videogames,eat,sleep,poop.

Removestring (list name),(string to remove)


Remove string removes every instance of the string in the list.

addstring priorities,eat;

addstring priorities,sleep;

addstring priorities,breathe;

insertstring priorities,0,videogames;

replacestring priorities,3,poop;

removestring priorities,poop;

message #s(priorities);


The message displayed is: videogames,eat,sleep.

Deletestring (list name),(string to remove)


This command deletes the string at the certain index, and then scoots anything behind it on the list over.

addstring priorities,eat;

addstring priorities,sleep;

addstring priorities,breathe;

insertstring priorities,0,videogames;

replacestring priorities,3,poop;

removestring priorities,poop;

deletestring priorities,2;  // Be careful when and where you alter the lists, because indexes shift

message #s(priorities);


The message displayed is: videogames,eat;  Please don’t become like this.  Sleeping, breathing, and pooping are important to gamer and programmer alike.


Before I wrap up strings, allow me to present to you the final helper tools of the string and string list.

Indexof(fragment, string)

Indexof is a useful tool for checking where or whether or not a part of a string exists.  If the fragment does not exist in the string, the value of indexof is -1.
setstring name,Mr. Rodgers;

if (indexof(Mr.,#s(name))>=0){  //If you just put name without the #s() here, it will try to look for 

message Hello sir.;
// a “Mr.” inside of the string “name”, which doesn’t exist…

}

else message Hello ma'am.

Since Mr. exists in the string “Mr. Rodgers” (the index is 0, because it is the very first fragment in the string), the message displayed is “Hello sir.”.
Lindexof(string to find, list to find string in)

Lindexof, or list index of, finds a certain string in a string list and gives you the index of the string.

addstring priorities,eat;

addstring priorities,sleep;

addstring priorities,breathe;

insertstring priorities,0,videogames;

message #v(lindexof(eat,priorities));


The message displayed is 1.

Sarraylen(list)

This may look scary, but it merely tells you how many objects are in the string list or, as the developers who made this method like to call it, the “string array”.  Remember, the last index is the list’s size minus one.

addstring priorities,eat;

addstring priorities,sleep;

addstring priorities,breathe;

insertstring priorities,0,videogames;

message #v(sarraylen(priorities));


The message displayed is 4.

#I(list, index)

Because of Microsoft’s annoying default Calibri font, you can’t see what letter that is; It’s a capital i, pronounced “eye”.  Be careful not to used a lower case I, because that deals with images, not string lists.  An example:

addstring priorities,eat;

addstring priorities,sleep;

addstring priorities,breathe;

insertstring priorities,0,videogames;

message #I(priorities,0);


The message displayed is “videogames”.
#s(variable)

This conversion code has already been introduced.  It turns a variable into its value.  As there is a thin line between variables and actual words in this scripting language, #v and #s codes are important to separating the two.
Simple NPC Manipulation

NPCs are meant to be manipulated.  These commands allow the NPC to interact with the level and the game with little complexity at all.
Setimg imagename;


Setima=g is a command that does the exact same thing browsing for an image or typing a file name into the console.  As such, people think setimg is useless; it is far from that.  Setimg can be used anytime as many times as you wish, allowing for in-game image changes.

TODO: Code
The file extension is important, so make sure you know the exact name of your file.  Also make sure that you add it to your filenamecache (by using the browse button and load that image or by adding the line manually in filenamecache.txt).

Setimgpart imagename,x of image,y of image, width of desired part, height of desired part;


Setimgpart is a very important part of artificial tiling.  Perhaps you would want to make a large NPC Object made of many parts with different functionalities.  You would break the large image up into parts using setimgpart, and place the images together so they could form one single complete image made up of many different NPCs!  Setimgpart is also used to create extra tiles to complement the in-game tileset. 
TODO: Code
Be extremely careful when setting pixel sizes.  A 1 pixel wide and 1 pixel high NPC is EXTREMELY hard to re-edit (due to how hard it is the click in the editor.
Setimg and setimgpart do not work with NPCs with the command “showcharacter”.

Hide;

Hide is an extremely easy to use command.  It tells the NPC to disappear from the game.  An NPC that is hiding can still run scripts in the background, but it will not show messages or its image.

TODO: Code
If it is hidden, it will not show anything because the hide command hides messages too.

Show and Hide

Show’s sole purpose is to reverse hide.  All NPCs start as shown.

TODO: Code
Dontblock and Blockagain

Normally, NPCs are solid objects that you cannot walk through, or “block” your way.  This can be very annoying for ceilings, treetops, or bridges.  In order to pass through them, you must give them the “dontblock” command.
TODO: Code
If you want it to reblock, just use the command blockagain;.  Remember, blocking is by default turned on.  Blockagain cancels the next 3 commands as well.
Drawoverplayer, drawovertrees, drawunderplayers, drawaslight

Now, a ceiling is a ceiling, and a floor is a floor.  If you don’t block a normal object, object will collide with you, producing a strange layering effect.  In order to achieve a ceiling effect, use the command “drawoverplayer”.  This will allow you to appear as it were above the player.  Drawunderplayers will cause it to act as if it were ground.  NPCs will never draw under tiles.  Drawovertrees returns the NPC to the player’s level.  Drawaslight will make the NPC retain whatever it looks like even when you change the lighting effects in Graal (explained later).  In essence, NPCs are drawn onto 4 layers.
Low-0: Drawunderplayer – draws under the player

Medium-1 : Drawovertrees – draws equal to the player

High-2 : Drawoverplayer – draws above the player

Light-3: Drawaslight – A layer that draws above night and day (as set by the command “seteffect”).
Here’s an example of draw layers.

TODO: Code
Don’t forget, blockagain undoes all 3 of these commands, so be careful, especially with drawaslight.

Canbecarried, canbepushed, canbepulled (or cannot)

These commands are attributes for the NPC.  Can be carried turns an NPC into something that can be picked up with the Grab button, then thrown again for normal damage with the Grab button again.  Canbepushed allows a player to move the object if the player runs into the NPC for a while. Canbepulled allows the player to move the NPC by holding the Grab button and then holding down the opposite direction.  All three are turned on by default.

TODO: Code

There’s a few other can or cannot cases that is used online only: canwarp, cannotwarp, and canwarp2.  Canwarp allows an NPC to warp levels as a player would by stepping on a link.  Canwarp2 allows NPCs to walk across overworld levels (levels that are combined so they look like one big level).  Cannotwarp is turned on by default.

TODO: Code

Noplayeronwall;

This command deals with “onwall”, which will be explained later.  This command sets is so that a player is never “onwall”.
TODO: Code

Timershow

Timershow is a command that allows the NPC to display (does not stack with message) the remaining time until timeout in seconds.  It is useful in debugging.

TODO: Code
Showcharacter;

This is the command used to create NPC with player properties.  If you use this command, image setting will be ignore.  When you first use this command, the NPC will turn into a character with head0.png, shield1.png, sword1.png, and body.png.  You can edit the character’s properties using #commands.


TODO: Code
Throwcarry;

If the NPC character is carrying an item, it will throw it.  Normally, NPCs do not carry items, and they cannot pick up items.  However, using the command carryobject (explained later with the example), an NPC can have an item put into its hands.  Using throwcarry will throw the item, damaging monsters and other NPC monsters if they are scripted to do so.   Players are usually immune to NPC thrown items.
TODO: Code
Followplayer;

Followplayer is a simple command that makes the NPC follows the player.  If the NPC is a character, it will display the walking animating when it is walking.  Otherwise, the NPC is the image following the player.  The script of the NPC does not change, just the position.  Followplayer causes the NPC to follow the path of the player, while remaining up to 4 cells away.  To turn off followplayer, give it a set x and y.
See Destroy for example code.

Destroy;

Destroy is a command used to destroy an NPC from the game.  When you destroy an NPC, it cannot be recovered by any means within the game.  However, the NPC remains in the editor, so a destroyed object will continue to come back as long as you can re-enter the editor.  Note that in an online server or a off-line game, you will not have that luxury.  There, destroying an NPC means it is gone for good.  As such, destroy is sometimes used instead of hide.
This example is for both followplayer and destroy.

TODO: Code

Also know that you must turn off followplayer before you destroy  an NPC.
Hidelocal, Showlocal, Dontblocklocal, and Blockagainlocal

These four commands are for online use, but work offline as well.  These commands hide and show the NPC for the current player only.  Their functions are exactly the same as hide, show, dontblock, and blockagain.

Complex NPC Manipulation


The commands above aren’t the only commands Graal has to offer NPCs.  These commands are the powerful commands that run the NPC manipulation scene, even if they may be harder to understand.

Guild Commands

Guild commands are meant for online use only.  Offline, there is no server that keeps track of who is in what guild.  Guilds must be created from the NPC Server and cannot be done through scripting.  To add a guild member into an existing guild, the command is “addguildmember guildname,accountnameofplayer,nicknameofplayer”.  To remove a guild member from an existing guild, the command is “removeguildmember guildname,accountnameofplayer,nicknameofplayer”.  To remove an existing guild, the command is “removeguild guildname”.
TODO: Code
Move distancex,distancey,secondstomove,options

Some scripters like to use the move command, while some like to manually edit the x and y coordinates.  Although I prefer to manually edit the x and y coordinates, this can be repetitive and inefficient at times, ultimately making move the more effective command.  There are certain options you can use with the move command for the last parameter that mostly deal with what happens when you have multiple move commands right after another.  For example:

move 1,1,1,2;

move 2,2,1,2;

Here, there are two move commands, one right after another.  In case, these move commands are moved into something Graal calls a “cache”, or storage for these move commands.  They are organized by first in, first out (a queue), so the earliest command gets run first.  In this case, the NPC would move 1 pixel to the southeast, then another 2 pixels to the southeast in a continuous smooth motion due to the 4th parameter, the option “2”.  Here are the parameter options.


0 – All move commands before this are not shown.  Combine the distances of all move commands before it and move the NPC there as a starting point for this move command.

1 – Move commands before this are shown only if they are also option 1 and had a distance of less than 5.  Otherwise, it does not show the other move commands, it just instantly combines all distances and moves the NPC there as a starting point for this move command.

2 – All other moves are shown.  Up to 100 can be shown at one time.


4 – NPC will stop when it runs into a blocking object (NPC, Tile, etc.).

8 – NPC will trigger an action when finished.  Can be used by if (movementfinished) {}.

16 – The NPC will set its direction to whatever direction it traveled.  Shows only on NPC characters, but the direction value is set on all NPCs.


Adding numbers together will give you those effects combined.  For example, 14 (2+4+8) the NPC will show all moves before it, stop when it reaches a blocking object, and trigger an action when finished. This is called a bit field.
if (created){

setimg block.png;

}

if (washit){

move -sin(playerdir*pi/2),-cos(playerdir*pi/2),0,;  //Leaving options blank means 0
}

This script is surprisingly simple for actually including math.  If you hit this block, the NPC will move the opposite direction you are facing when you hit the block instantly 1 cell.  We can use the mathematical fact that sin(pi/2) = 0 and cos(pi/2) = 1 to move the NPC in only one direction.  When the player’s direction is right, the numerical value for that is 3.  The script will take the sine of 3pi/2, and moves the x backwards (hence the negative) that distance (which is one), then take the cosine of 3pi/2 (0) and move the y that distance.  Combining these distances, the NPC moves 1 left, which means the NPC moved 1 space away from the player.  This move is done instantly because the time allotted for movement is set to 0.
Say signindex;

Say is a simple command that uses the in-game sign editor (see button 13 of editor interface).
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Sign tiles are designated by a red border and are always 2 cells wide and one cell tall.  Those tiles must be blocking or there must be a blocking object at that location to activate the sign.

Sign Index.  Tells you which sign it is.

Sign Position.  The sign contains the tile at your desired location and one right of that tile.

Create a new sign (starts at 0).  Sign index is always 1 larger than highest index sign.
Delete selected sign.  Decrements all sign indexes after the deleted sign by 1.

Set the Sign Position.  This must be done AFTER creating the desired sign.

Sign Message.  A message window will pop out freezing your player with this message.  Note that you need to manually insert line breaks using the enter key.
Additional message codes.  Signs can use all of the message codes in Graal’s commands.rtf as well as these extra ones. 

You may be thinking that if Graal already creates signs for you, why would you ever want to use say?  That’s because of two things mostly: events and non-blocking objects.  Say also disregards whatever position the sign is at.  Assume that Sign Index 0 is “You were hurt by poison gas.”  Here’s a use:

TODO: Code
Say2 message;

Creating signs can be tedious and inflexible.  Using say2, we can create signs on the spot instead so you don’t have to make a single sign in the editor.  Unfortunately, you cannot manage messages as well and re-using messages cause say2 to be less efficient, but it is much more effective in dialogues, where you only need to say things once and not have to create a new “sign” every time you want to say something different.  Because you don’t have the enter key available in the middle of a script, we will need to use #b as a replacement for enter.  This is a popular command for talking to NPCs.
TODO: Code
Lay itemname;/Lay2 itemname,x,y;

The lay commands are just commands to lay an in-game treasure.  The NPC will lay an item to the south of it, unless the player is in the general area south of it, where it will lay the item east of it.  Lay can be used with either words or item indexes, but they are only treasure box items.
greenrupee
0
bluerupee
1
redrupee

2
bombs

3
darts

4
heart

5
glove1

6
bow

7
bomb

8
shield

9
sword

10
fullheart

11
superbomb
12
battleaxe

13
goldensword
14
mirrorshield
15
glove2

16
lizardshield
17
lizardsword
18
goldrupee
19
fireball

20
fireblast

21
nukeshot

22
joltbomb

23
spinattack
24

The difference between lay and lay2 is that in lay2 you can decide the coordinates the item is laid.  Here’s an old script from Graal’s old tutorial level.

if (created){

setimg arrowbox.gif;

}

if (playertouchsme) {

lay darts;

}

This arrow box lays down darts in front of it when the player touches the box.  It’s an easy refresher if you need arrows.  If the player continues to touch the box, more arrows will be laid.  Darts are the equivelent of arrows.
Take itemname;/Take2 itemindex;
Take is another complex command that uses Graal’s built-in treasures.  If there are treasure items laid around the NPC, take will take the laid item, display it above his head, and say how many it has.  The only difference between take and take2 is that take uses the item name and take2 uses the item’s index number (both were given in the Lay section above).  A player can lay an item by holding S and pressing A until you have the desired item, releasing S, then pressing A to drop it.

TODO: Code
The NPC only takes items if a player lays an item using Hold S+A.  Keep in mind that rupees is how many rupees the NPC has while playerrupees is how many rupees the player has.
Message text;

Message is perhaps one of the most used NPC commands ever.  Message displays text above the NPC’s head inside the game similar to the player chat.  Message uses the same message codes as the say commands.  
Many of the examples in this guide contain the message command.
Setcharprop messagecode,string;

Setcharprop is a command used with the command “showcharacter”.  When you create an NPC character using the one Graal already gives you, you will see that the NPC already has a bunch of setcharprop commands.  However, those are not the only editable commands that exist. 

#C0 – Character skin color
#C1 – Character coat color
#C2 – Character sleeve color
#C3 – Character shoe color
#C4 – Character belt color
#c – Chat message of NPC
#n – Nickname of NPC
#Px where x is a number between 0 to 30 – Ganis (such as hats and auras) of NPC
#1 – NPC’s sword image
#2 – NPC’s shield image
#3 – NPC’s head image
#5 – NPC’s horse image
#6 – NPC’s carry item image
#8 – NPC’s body image
TODO: Code

Setcharani gani, parameters;

This command triggers a gani animation on the NPC.  If the NPC is a character (from showcharacter), it will pass its character attributes to the gani file.   The gani does not need the extension “.gani” after it.  Most of the command is done in the gani file, which is covered in the GraalShop section.
TODO: Code

Setchargender gender;

This command sets the NPC’s “gender”.  The only uses for genders in Graal are for the usage of the built-in flags of isfemale and ismale, which are commonly used for bathroom and dressing room scripts.  Also, the sound produced by the character when it is hit with the in-game weapon differs between the genders.

TODO: Code

Putnpc imgname,scriptname,x,y;

Putnpc is a nifty command that places a pre-scripted NPC at a certain location with a certain image.  To place an npc, you must create a script file before-hand and make sure it is within the levels\weapons directory or in the FILENAMECACHE.
TODO: Code

Note that if the script sets an image, it will override the image from putnpc.  With this, you can create a “common” type of object with the same functionality that has different images which you can create using putnpc.

Putnpc2 x,y, { script };

An alternate form of putnpc, putnpc2 eliminates the need to create a pre-scripted file to put an NPC into the game.

TODO: Code

Similar to say and say2, there are times where putnpc and putnpc2 work better.  If you need to re-use a script over various NPCs, it is more efficient to use putnpc.  However, if you need a temporary script for one NPC, putnpc2 is superior.  Creating a function within an NPC allows you to call putnpc2 more effectively as well.
TODO: Code

Callnpc index, eventflag, params;

Callnpc is one of the few ways NPCs can interact with each other in Graal.  Each NPC is assigned an “index” when the level is created, based on order of creation in the editor.  NPCs that are placed in the level by other npcs via commands, such as putnpc, will have an index based on the order in which they were created.  NPC indexes start at 0.  
The event flag is the name of the flag you want to call upon to activate.  In order to be able to call on an NPC, the receiving NPC must have a script within it ready to do something when it is called on.  For example, let’s say the receiving NPC is the only NPC on the level and has this script inside it:

if (actiontriggered){

destroy;

}
Next, let’s say that we use a callnpc command:

callnpc 0,actiontriggered,;

After the command triggers, the receiving NPC would activate the actiontriggered flag, and destroy itself.

A common way to call upon a certain NPC is to use a for loop and attempt to use the command on ALL NPCs on the map.  On the NPC that you actually want to call, script it to act on the event flag and leave other NPCs to ignore the call.  You can also pass parameters with callnpc, which is how you can pass information from one NPC to another.  You can pass multiple parameters to another NPC, which can be accessed by the receiving npc by using #p(x), where x is the location of the parameter in the callnpc command.  Let’s see an example of a “destroy all NPCs” NPC.
TODO: Code

One important thing that you must know about callnpc is that it does not happen immediately.  It takes about 0.05 seconds to actually trigger.  Since the for loop triggers instantly, it causes all callnpcs to be run at the same time, deleting all NPCs.  However, if we space out the loop using, let’s say sleep 0.25, this will cause problems.

Let’s revisit NPC indexing.  When a NPC is created, its index is one greater than the previous NPC.  However, when an NPC is deleted, all the NPCs created AFTER it drop 1 index in order to preserve continuity.  This means spacing out our for loop using the sleep command will cause SKIPPING.  Imagine that you have NPC 0, NPC 1, and NPC 2, with the indexes of 0, 1, and 2 respectively.  The loop will run once and destroy NPC 0, and then sleep for 0.25 seconds.  NPC 1 now becomes NPC 0, and NPC 2 becomes NPC 1.  After 0.25 seconds are over, the loop runs again, destroying whatever now is NPC 1.  We are left with 1 NPC remaining.  This is not what we were trying to do, so you must be careful when you delete NPCs.
Callweapon index,eventflag, params;

Callweapon works almost exactly the same as callnpc, except it calls upon your weapons.  Like callnpc, the weapons must be pre-scripted to receive the event flags and they are indexed based on order of creation.  There is a built-in variable that tells you what the index of the weapon you are have selected, selectedweapon.  In most Graal versions, you start off with the two weapons “Bow”, and “Bomb”, which take up index slot 0 and 1.  You can delete these, but remember that the indexes of all weapons after the bomb and the bow will shift down to preserve continuity, just like with deleting NPCs. 
TODO: Code

P.S. If you want to delete the bow and the bomb, create an npc with this script:

if (created){

toweapons Bow;

toweapons Bomb;

destroy;

}
You may also manually delete a weapon by using the in-game Q menu and pressing Delete on the selected weapon.
Carryobject carryobjectname;

Carryobject is a command exclusive to NPCs that are characters (have the command showcharacter).  Using the command causes the NPC to carry a specific object, such as a bush or a vase, much like a player would.  Unfortunately, the carry objects are built-in and the character cannot carry NPCs.  This is the list of objects NPC characters can carry.
bush

sign

vase

stone

blackstone

bomb

hotbomb

superbomb

joltbomb

hotjoltbomb

none
The object the NPC carries can be thrown using the command “throwcarry“, which was explained earlier.

Copystrings fromprefix, toprefix and Copyflagss fromprefix, toprefix;

Two exclusively NPC Server-Side commands, copystrings takes all strings with one prefix and gives them a new prefix and copyflags does the same for flags.  This can be used to change accessibility between server-side, client-side, and within the npc.  Here are the prefixes, and keep in mind this holds true for strings as well.
client.flag
flags that can be changed on server-side and client-side (like a normal flag in the classic engine)
clientr.flag
flags that can only be changed on server-side but can be read on client-side
server.flag
flags that only exists on server-side and can be accessed by all npcs
serverr.flag
flags that can only be changed on server-side and is server wide, but can also be read by all clients, so it can be used to storing the state of global activities that need client-side actions like displaying weather; like server. flags they can also be changed with remotecontrol.exe by administrators that have the right to change server. flags

this.flag

flags that only exist on server-side and belong to the npc, and are stored when the npc is a database npc

thiso.flag

refer to the this. flags of the executing npc when you use the “with () command“:{ with (getnpc(npc2)) setstring thiso.temp,this.temp;} will copy 'this.temp' from npc2 to the current npc  

local.flag

flags that are kept on the current client and not sent to the server, so reducing lag

flag
flag that is saved in the players account; these flags can only be accessed on server-side; on client-side you can also use flags wihtout a leading but they are not saved and not sent to the npcserver

Clientside, the most common strings and flags are those without leading and the this. prefix.  Fromprefix and toprefix not limited to ONLY prefixes, but can even contain part of the name of the flag or string.  For example:
TODO: Code


Remember, these two commands only work on an NPC-Server.  The existence of copyflagss is not verified.
Toinventory flag;


Toinventory creates a simple flag that goes into an artificial inventory on the top left side of your screen, under where the alignment bar is.   In order to add an NPC to your inventory, it must have an image.  This NPC stays in your inventory until you unset the flag.  If you pick up an NPC with the exact same image, instead of adding itself as a separate NPC, the number 2 will appear under the NPC with the old image, and will keep going on when you add more NPCs with the same image file.  Here’s an example to show how the inventory works:
TODO: Code

Two NPCs with the same filename and the same flag will stack and show one image with the number 2 by it to show the quantity.


Two NPCs with different filenames but the same flag will show as two different images in the inventory, but will disappear together when the flag is unset.


Two NPCs with the same filename but different flags will stack and show one image with the number 2.  When either flag is unset, the quantity goes down by one,  effectively leaving only one of that NPC left.  The NPC will disappear when the other flag is unset.


A warning about toinventory: if you enter the editor with images on your inventory, the images will remain there permenantly until you restart the client, even if you remove the flags.

Toweapons weaponname;
