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About This Lesson

Download Example Files:
_helloworld_00_intro_to_game_programming.zip


https://github.com/matthewdimatteo/helloworld/blob/main/_helloworld_00_intro_to_game_programming.zip

About This Lesson

This lesson assumes a working knowledge of:

e Basic arithmetic
e The cartesian plane

But no prior knowledge of
programming is required


https://www.google.com/search?q=cartesian+plane&oq=cartesian&gs_lcrp=EgZjaHJvbWUqCggEEAAYsQMYgAQyBggAEEUYOTIKCAEQABixAxiABDIHCAIQABiABDIKCAMQABixAxiABDIKCAQQABixAxiABDIKCAUQABixAxiABDIHCAYQABiABDIKCAcQABixAxiABDIHCAgQABiABDINCAkQLhivARjHARiABNIBCDM3NTFqMGo3qAIAsAIA&sourceid=chrome&ie=UTF-8

About This Lesson

In this lesson, you'll learn how to:

e Navigate the PICO-8 game engine

e Create pixel-art game graphics

e Program a basic interaction in a digital game
(moving a character across a screen to collect
an item)

You'll also understand fundamental concepts of
programming that will transfer to other areas



https://www.pico-8-edu.com/

About This Lesson

This lesson includes a series of step-by-step code
examples

Download the example set from my GitHub:
_helloworld_00_intro_to_game_programming.zip


https://github.com/matthewdimatteo/helloworld/blob/main/_helloworld_00_intro_to_game_programming.zip

Download the full set:
O e Xa I I l p es _helloworld_00_intro_to_game_programming.zip

1. intro_01 hello_world.p8 Your first PICO-8 program
2. intro_02_coordinate_plane.p8 Understanding PICO-8’s x,y coordinate system
3. intro_03_ text.p8 Positioning text on the screen
4. intro_04 color.p8 Setting text color
5. intro_05_layers.p8 Understanding stacking order
6. intro_06_sprites.p8 Displaying sprites in your game
7. intro_07_game_loop.p8 Understanding the PICO-8 program structure
8. intro_08 variables.p8 Using values that can change over time
9. intro_09 move_player.p8 Detecting and responding to key input
10. intro_10_functions.p8 Organizing your code
11. intro_11 animation.p8 Adding visual effects to graphics
12. intro_12_ collection.p8 Using collision detection to collect an item


https://github.com/matthewdimatteo/helloworld/blob/main/intro_01_hello_world.p8
https://github.com/matthewdimatteo/helloworld/blob/main/intro_02_coordinate_plane.p8
https://github.com/matthewdimatteo/helloworld/blob/main/intro_03_text.p8
https://github.com/matthewdimatteo/helloworld/blob/main/intro_04_color.p8
https://github.com/matthewdimatteo/helloworld/blob/main/intro_05_layers.p8
https://github.com/matthewdimatteo/helloworld/blob/main/intro_06_sprites.p8
https://github.com/matthewdimatteo/helloworld/blob/main/intro_07_game_loop.p8
https://github.com/matthewdimatteo/helloworld/blob/main/intro_08_variables.p8
https://github.com/matthewdimatteo/helloworld/blob/main/intro_09_move_player.p8
https://github.com/matthewdimatteo/helloworld/blob/main/intro_10_functions.p8
https://github.com/matthewdimatteo/helloworld/blob/main/intro_11_animation.p8
https://github.com/matthewdimatteo/helloworld/blob/main/intro_12_collection.p8
https://github.com/matthewdimatteo/helloworld/blob/main/_helloworld_00_intro_to_game_programming.zip

About PICO-8 .. o
-
pico-8-edu.com -..


https://www.lexaloffle.com/pico-8.php
http://pico-8-edu.com

About PICO-8 .

PICO-8 is an all-in-one game engine that includes:

A code editor
: : T,
A graphics editor e
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http://pico-8-edu.com/
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About PICO-8 <

PICO-8 is a game engine built around /imitations

_Limited number of sprites (graphics)
Limited amount of code

_Limited map size

_imited colors, sounds



http://pico-8-edu.com/
https://www.lexaloffle.com/pico-8.php

About PICO-8 <

PICO-8 is a game engine built around limitations

e While not necessarily the best choice for larger
games, its simplicity makes it a good choice for:
o Educational exercises
o Small games
o Prototyping

Erem My
Celeste was originally prototyped in PICO-8



http://pico-8-edu.com/
https://www.lexaloffle.com/pico-8.php
https://www.lexaloffle.com/bbs/?tid=2145
https://en.wikipedia.org/wiki/Celeste_(video_game)
https://www.lexaloffle.com/bbs/?tid=2145

About PICO-8 <.

Embrace your limitations!

e Think of them as direction

e Constraints can keep you focused and help
you prioritize what's most important

e Sometimes they can even inspire you



https://iwataasks.nintendo.com/interviews/3ds/majoras-mask-3d/0/0/
https://www.lexaloffle.com/pico-8.php

About PICO-8 -:_:-

e We'll be using the free, education version
of the engine, which runs in a Web
browser

GO to pico-8-edu.com



https://www.pico-8-edu.com/
https://www.pico-8-edu.com/
https://www.pico-8-edu.com/
http://pico-8-edu.com
https://www.lexaloffle.com/pico-8.php

Using the
PICO-8 Editor

"



http://pico-8-edu.com/
https://www.lexaloffle.com/pico-8.php

Using the PICO-8 Editor =2

U Made by lexaloffle & co

>

Start creating using the free Web editor

e From this screen, click the play button


https://www.pico-8-edu.com/
https://www.pico-8-edu.com/
https://www.pico-8-edu.com/
https://www.lexaloffle.com/pico-8.php

Using the PICO-8 Editor = .=

e You'll see a command line eIco-a8"

' ' PICO-B O.2.kE
interface for entering P T L
commands (C2 30l4-24 LERALOFFLE CRAMES LLP

USING TEAPORARY OISK
TYPE HELP FOF HELP
>

e Hit Esc to swap between
this screen and the editor
panels


https://www.pico-8-edu.com/
https://www.lexaloffle.com/pico-8.php

Using the PICO-8 Editor = .=

e Ifyou type HELP and press  * MEtF
E t /R t ,” PICO-H EOUCATION EGITION
.n er/Return, you'll see a R
list of commands INSTALL_GEMDS LS
. LOAOD <FILENARE:> SHUE <FILENARE:-
e Hit Esc to swap between RUN (0F CTRL-R1 REEOOT
O <ODIRNARE: AEODIF <OIFNARNE:
T0O c0 UP A DIFECTOFRM

this screen and the editor P! --

HELP <TOPIC:
paHEIS LFi# OATA RUDIO SYSTEA AATH LUA

CTRL-U In CODE EOQITOR FOFR HELP

Note that you'll automatically 0h THE KEYUORD UNDER THE CURSOR
type in capital letters PRESS ESC TO TOLGLGLE EDITOR WIEM

> B


https://www.pico-8-edu.com/
https://www.lexaloffle.com/pico-8.php

Using the PICO-8 Editor = .=

e Inside the editor,

you'll begin on the .
code-editing screen

e Use the top-right
navigation to switch
to the sprite, map,

and sound editors
LINE 1r1 O0sa149:2 =


https://www.pico-8-edu.com/
https://www.lexaloffle.com/pico-8.php

Using the PICO-8 Editor = .=
o <] A

.!' Code
Sprites

Map


https://www.pico-8-edu.com/
https://www.lexaloffle.com/pico-8.php

Using the PICO-8 Editor = .=
PICO-8 has a code

. ey FUNCTION AAKE_PLAYERC 2
EdItOr fOI’ ertlng yOUI" PLRYER = {} -- PLAYER DETECT
PLAYER . 5P=hY
Code -- 4.4 TILE COOROS. NOT PIXELS
kpLAYER . 4=5
PLAYER .Y4=1
PLAYER.FLIP_X=FALSE
PLAYER.FLIP_Y4=FALSE
PLAYER.FACING=""0OWUN"
EnD -- EROD MAKE_PLAYERL 3
FUNCTION AOWE_PLARYERC 2

== LEFT ARROU
IF ETNPCO) THEN

LINE 1r83 YeBral9:e =


https://www.pico-8-edu.com/
https://www.lexaloffle.com/pico-8.php

Using the PICO-8 Editor = .=

PICO-8 has a sprite O

editor for drawing

graphics

You must draw all graphics in PR Yy --.....

the editor; no uploading image  « [ 5

—--'h'-'.

files W


https://www.pico-8-edu.com/
https://www.lexaloffle.com/pico-8.php

Using the PICO-8 Editor = .=

PICO-8 has a map O 0w <s
editor for creating
your game world

e The sizeis 1024 x 512 px

o (8 screens x 4 screens)
e Each screenis 16 x 16

tiles or 128 x 128 px -
o (eachtileis 8 x 8 px)



https://www.pico-8-edu.com/
https://www.lexaloffle.com/pico-8.php

Using the PICO-8 Editor = .=

PICO-8 has an audio

4 [I sP0 05 LOOP 00 OO0 f=s
editor for creating ITOH o N

ko,
sound effects 0
All audio must be created in
the engine; no file uploads — -

NAOTE O0: OH3


https://www.pico-8-edu.com/
https://www.lexaloffle.com/pico-8.php

Using the PICO-8 Editor -:_:-

PICO-8 has a music
editor for creating

All audio must be created in
the engine; no file uploads

chiptunes Eg:gqg;
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L 415.
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https://www.pico-8-edu.com/
https://www.lexaloffle.com/pico-8.php

Drawing Sprites



Drawing Sprites
e In the sprite editor,

you have a few
simple tools for i

drawing pixel art\A

e By default, each IEI&EIIEJH&'D
sprite is 8 x 8 pixels




Drawing Sprites

e Select a color here




Drawing Sprites

e Click the Circle Tool
to select it

e Then click and drag
inside the canvas to ——
draw a circle SL M R Gas

e Hold CTRL to fill with ~
the selected color

SHAPE: CIRCLE CCTRL:FILL)



Drawing Sprites
e You can also fill an
area using the Fill Tool




Drawing Sprites

e YOu can copy a sprite
(or a portion of one)
to your clipboard
using the Select Tool
and pressing CTRL C

e EFven on a Mac, the
shortcut is CTRL, not
CMD

SELECT CSHORTCUT: S



Drawing Sprites

e Use the Stamp Tool
to paste what's on
your clipboard (or
use CTRL V)

e Switch to a different
sprite slot below the
canvas to paste into a
new sprite

(3 Se<ld
.
ta e

AR T E aRa

STHAP FROA CLIPEOARD



Drawing Sprites
e Usethe Draw Toolto '*
draw individual pixels

with the selected
color




Drawing Sprites
e Use this slider to

change the size of
your canvas -

e Thisis a 16x16 pixel circle L QI s

=3
e You can also make 32 or 64
pixel sprites



Drawing Sprites

e Use this slider to

L
change the size of i
—p T
e, S

20

your brush

FLT O T Gaaa

s
Aoty



Drawing Sprites
e All sprites you draw

will occupy tiles on
the sprite sheet




Drawing Sprites
e You have a limited
amount of space in

your sprite sheet, so

larger sprites means
fewer sprites

20
H

&8N QO I RaaE

s
=



Drawing Sprites

e You have 4 tabs
(labeled 0, 1, 2, 3) for
drawing sprites

e Butit's strongly
recommended to only
use Tabs 0 and 1, AL e O
because Tabs 2 and 3 =
share memory with e
the map




Drawmg Sprltes

am <] A

<)

If I draw a sprite on the very last spot on Tab 3 of the sprite sheet, you'll
see the corresponding location in the map editor get corrupted



Drawmg Sprites

W <14

5\

Ll I

Likewise, if | draw map tiles in the lower half of the
map, the corresponding location in the sprite sheet
(somewhere on Tabs 2 and 3) will get corrupted

A

"N

n:11l7 H:0b2




Drawing Sprites

e If your game does not
require a map, you
could use all 4 tabs to
draw sprites

e Just be aware that the xﬁi-“*ﬂ I Gaae
map and sprite editors !
share some memory

20
H




Saving Your Work



Saving Your Work

e Press CTRL S to save
your work to the
browser window

e But be aware that
refreshing your
window will erase the [ @ &8558 =0 @R QaaE
data saved in the s
browser




Saving Your Work

PICO-8
PICO-B 0.3.hE

e Hit Esc and type the

SAVE command to Jt3 B014-34 LERALOFFLE GAMES LLP
download your file USING TEAPORARY OISH
. TYPE HELP FOR HELP
e You can load a file » SANE SPRITES.PH

SAVED >PRITE=.PH
from your computer s

< Downloads

| recommend saving or backing up you
work to Google Drive, so you can easily c sprites.p8

download the files an




Saving Your Work

‘ . *
e You can provide a filename #ILO-8

' PICO-B O0.2.hLE
and extension after the By
command SAVE (C3 2014-24 LEXALOFFLE GCRAMES LLP

. USING TEAPORARY DISK
e For example:
TYPE HELP FOR HELP

SAVE MYGAME » SANE SPRITES.PH
o PICO-8files use the .P8 extension ~ JRYED =FRITES.FH
You'll type in all caps by default
e Press Enter/Return to » S et d:

perform the command A fplatons

c sprites.p8

@ AirDrop

©® Downloads



Loading a Saved P8 File

’ T
e Once you've saved, FIca-4
PICO-H O.2.kE

you can load a .P8 file % FaiiTalh BTSN e canes Lur

using the LOAD USIRC TEMPORARY DISK
(j TYPE HELP FOR HELP
comman .

e You'll be asked to
browse for the file




Loading a Saved P8 File

You can also R
drag the file e EoicAT IR EDITION

LCJ 2014-24 LEXALOFFLE GARES LLP

into the PICO-8 usinc tenrorary ozsk
window from TYPE HELF FOR HELP

LOADED INTRO_TO_WARIAELES C1).PH

your desktop }IZE'-IEI CHARS 1




Loading a Saved P8 File

.
e When you see a FILO-S

: PICO-B 0.2.hE
message that the file # EDUcATION EDITION

rC) 2014-24 LEXALOFFLE GARES LLP
WwWas Ioaded, you can ISING TEAPORARY DISH

TYPE HELPF FOF HELP
press Esc to returnto .
the editor and

LOARDED SPRITES.PH (0 CHARS
+ B
resume your work



Loading a Saved P8 File

e If you're using the desktop version of the
software, use the FOLDER command to go to
the location your computer where PICO-8

saves files



Coding in PICO-8

Download Example Files:
_helloworld_00_intro_to_game_programming.zip


https://github.com/matthewdimatteo/helloworld/blob/main/_helloworld_00_intro_to_game_programming.zip

Coding in PICO-8

PICO-8 uses the Lua programming
anguage

t's a bit lightweight, but it's comparable
to other programming languages used in game
development (and software development in
general) - everything you learn will transfer to other
types of programming

Download Demo File: intro_01_hello_world.p8


https://www.lua.org/
https://www.lua.org/
https://github.com/matthewdimatteo/helloworld/blob/main/intro_01_hello_world.p8
https://www.lua.org/

Coding in PICO-8

e A tradition when learning a new programming
language is to begin by printing the words
HELLO WORLD on the screen

EELLIJ HOFLD!

Download Demo File: intro_01_hello_world.p8


https://github.com/matthewdimatteo/helloworld/blob/main/intro_01_hello_world.p8

Coding in PICO-8 ™

We can use PICO-8's print() \ ;
function to do this FIco-g"

4 EDUCATION EODITION
(C) 2014-25 LEXSALOFFLE GARES LLP

1. Type PRINT() USING TEMPORARY DISH
. ) TYPE HELP FOR HELP
2. Inside the parentheses,  Youlltype -
in all caps EELLlZI WORLD!

type “HELLO WORLD"” automatically
(include the quotations)

Download Demo File: intro_01_hello_world.p8


https://pico-8.fandom.com/wiki/Print
https://github.com/matthewdimatteo/helloworld/blob/main/intro_01_hello_world.p8

Coding in PICO-8

o Ifyou'd like to hide the  HELL® ugRLD!
rest of the command line,
type CLS() to clear the e T
screen before printing  BRINT¢ "HELLD WORLD!™)

yO ur tEXt print() is also useful for displaying a game HUD

Download Demo File: intro_01_hello_world.p8


https://pico-8.fandom.com/wiki/Cls
https://pico-8.fandom.com/wiki/Print
https://github.com/matthewdimatteo/helloworld/blob/main/intro_01_hello_world.p8

Coding in PICO-8 _wx,

I
e We can add values after the :
guotes in our print() 60p
function, separated by i
commas, to set the position A HELLO UORLD}
of the text
e Here, 40 is the X coordinate
and 60 is the Y coordinate

text to print X y

LLSE ) v v oy
PRINTC"HELLD WORLD!'".-YO-bO2

Download Demo File: intro_02_coordinate_plane.p8



https://pico-8.fandom.com/wiki/Print
https://github.com/matthewdimatteo/helloworld/blob/main/intro_02_coordinate_plane.p8

Coding in PICO-8

1=
|
e \We can add another value :
to set the color of the text |

e Here, 10 corresponds with \ JELLO UORLD:
>

the color yellow
g 3
ﬂ text to prlnt y color

LLSC ) Vo
PRINTC"HELLO I.IIJHLD"'.-'-II].-hI].-II]:l

60px

Download Demo Files: intro_03_text.p8 | intro_04_color.p8


https://github.com/matthewdimatteo/helloworld/blob/main/intro_03_text.p8
https://github.com/matthewdimatteo/helloworld/blob/main/intro_04_color.p8
https://www.lexaloffle.com/bbs/files/16585/PICO-8_CheatSheet_0111Gm_4k.png

Coding in PICO-8

e Each of the 16
available colors in
PICO-8 corresponds
with a number

e Refer to the PICO-8 |

Cheat Sheet CLSC ) s
PRINTC"HELLO WORLO'"™.Y0.bO-10)

Download Demo Files: intro_03_text.p8 | intro_04_color.p8


https://www.lexaloffle.com/bbs/files/16585/PICO-8_CheatSheet_0111Gm_4k.png
https://www.lexaloffle.com/bbs/files/16585/PICO-8_CheatSheet_0111Gm_4k.png
https://www.lexaloffle.com/bbs/files/16585/PICO-8_CheatSheet_0111Gm_4k.png
https://github.com/matthewdimatteo/helloworld/blob/main/intro_03_text.p8
https://github.com/matthewdimatteo/helloworld/blob/main/intro_04_color.p8

Displaying Sprites in Your Game

Download Demo File: intro_ 06 sprites.p8


https://github.com/matthewdimatteo/helloworld/blob/main/intro_06_sprites.p8

Displaying Sprites in Your Game

e |n the code editor, we !ﬁjﬂfu @

can type spr() to display a
sprite in our game

e spr()is a “function”

e Afunctionis a
programming concept for
a set of instructions for
the computer to execute


https://pico-8.fandom.com/wiki/Spr
https://pico-8.fandom.com/wiki/Spr

Displaying Sprites in Your Game

e A function is comprised SPRCL) ©
of related lines of code
e You can write your own
functions
e The PICO-8 engine has
many predefined
functions you can use,
like print() and spr()


https://pico-8.fandom.com/wiki/Print
https://pico-8.fandom.com/wiki/Spr

Displaying Sprites in Your Game

e We need to tell the - W
computer which sprite to
draw

e Each sprite in our sprite
sheet has a number
associated with it

e We can type the number 1 o & TR T
inside the parentheses - -
spr(1) to tell the program to s 0}
A SPREL)

draw sprite number 1



Displaying Sprites in Your Game

e Press CTRL R (or hit Prco-a*

Esc and use the RUN 'E':EEH-:ET%IH EDITION )
command) to run (C) 2014-25 LEXALOFFLE GARES LLP

UsING TEAPORARY OISH
the game
TYPE HELP FOR HELP

e Our sprite is drawn at the il - -
top left of the screen by SPRCL )
default

e Also, it's drawn on top of
our command line



Displaying Sprites in Your Game

e We can hide the v
command line by
typing cls() before
we type spr(1)

e cls() is a function that
clears the screen

I—'-_-'I'
—

(]

™
ar-
=HLnh
-


https://pico-8.fandom.com/wiki/Cls
https://pico-8.fandom.com/wiki/Cls

Displaying Sprites in Your Game

e Notice what happens if | try e
to draw sprite 2 after sprite 1/

e Sprite 2 (the key) is drawn over
sprite 1 (the player) because
both are being drawn in the
same location

(1

| | IE
= = L
= +
g 1] LS

L W™
a—ar-
T



Displaying Sprites in Your Game

E

e We can add other
values to the spr()
function to tell the ® .
program where to
draw each sprite on
the screen P 0


https://pico-8.fandom.com/wiki/Spr

Displaying Sprites in Your Game

e The spr() function can
be given values inside
the parentheses to
specify the sprite’s

position

e These values must be
given in the proper order

i + Ly


https://pico-8.fandom.com/wiki/Spr

Displaying Sprites in Your Game

® 1St VaIUE: Sprlte# sprite# X y
: voov
e 2nd value: x coordinate SPPC1.Y. kO
e 3rdvalue:ycoordinate SPRLE.11lb.hb0J}

There are other values we can provide, but
these 3 will be enough for now



+ PICO-8 Wiki

F I : n - E M EXPLORE v POPULAR PAGES + COMMUNITY »

in: Reference, API

o4 Spr Q | & eEoiT

sprC n, [x,]1 Ly,] [w,] [h,] [flip_x,] [flip_y] )

Draws a sprite, or a range of sprites, on the screen.

n

The sprite number. When drawing a range of sprites, this is the upper-left corner.

. You can look up any PICO-8
The x coordinate el e aetauttiso.  TUINCEION on the PICO-8 Wiki, and it
y will show you the exact order of
ey coordinate el The detautiso.  LN@ Values that function can use



https://pico-8.fandom.com/wiki/Spr
https://pico-8.fandom.com/wiki/Spr

+ PICO-8 Wiki

F I : n - E M EXPLORE v POPULAR PAGES + COMMUNITY »

in: Reference, API

o4 Spr Q | & eEoiT

sprC n, |[x,]1 Ly,] [w,] [h,] [flip_x,] [flip_yl P

Draws a sprite, or a range of sprites, on the screen.

n

The sprite number. When drawing a range of sprites, this is the upper-left corner.

; Values with [square brackets]
The x coordinate (pixels). The default is 0. arcund them are Optional Values

The y coordinate (pixels). The default is 0.


https://pico-8.fandom.com/wiki/Spr

+ PICO-8 Wiki

F I : n - E M EXPLORE v POPULAR PAGES + COMMUNITY »

in: Reference, API

o4 Spr Q | & eEoiT

sprC n, [x,]1 Ly,] [w,] [h,] [flip_x,] [flip_y] )

Draws a sprite, or a range of sprites, on the screen.

I The wiki also
The sprite number. When drawing a range of sprites, this is the upper-left corner. ex p I a i n S Wh a t e a C h
: value means and
The x coordinate (pixels). The default is 0. W h at its d efa u It
Y value is
The y coordinate (pixels). The default is 0.



https://pico-8.fandom.com/wiki/Spr

The PICO-8 Coordinate Plane

Download Demo File: intro_02_coordinate_plane.p8


https://github.com/matthewdimatteo/helloworld/blob/main/intro_02_coordinate_plane.p8

A}‘ 128

Coordinate Plane

e The PICO-8 game
screen is 128 pixels 1 | @
square




X=0 X=128

Coordinate Plane |-

e The XY coordinate
plane is drawn from left ‘:O e
to right and top to
bottom

e This means higherY  y v-=1:
values are lower on the
screen




Coordinate Plane

e Graphics (such as text
and sprites) are drawn
from the top-left corner

e Meaning the X,Y coordinates
you assign an object coincide
with its top-left corner sprite# Xy

oy
SPRC1-4.b0O2



* X=0 x=64 W X=128

Coordinate Plane |-

e Because sprites are
drawn from the top left,
setting the x value to half
of the screen width
(128/2=64) results in the
sprite being slightly y =128
off-center to the right Ll :I

kAR, b4, 2)




. * X=0 x=64 B X=128

Coordinate Plane |- -

e When trying to center a
sprite, you must
account for half its
width or height
because of the top-left y s
origin =] oy :|

YARC1. bY.3)




Coordinate Plane |~ %

e When trying to center a
sprite, you must
account for half its
width or height
because of the top-left y v

origin CLal :|
¢ 64-(8/2)=64-4=60 GHPR{1.h0.B




Coordinate Plane |-

e Likewise, aY value of
60 (for an 8px sprite) R .
instead of 64 will center
the sprite vertically on
the screen y V128

o 64-(8/2)=64-4=60 spri;e# x Y

}
SPRL1.-YH-bO2




Next, we'll want to get
these sprites moving
around the screen and
responding to player
input



Before we can move our
sprites in the game, we
need to understand the
way PICO-8 programs
are structured



The PICO-8 Program Structure

Download Example File: intro_07_game_loop.p8


https://github.com/matthewdimatteo/helloworld/blob/main/intro_07_game_loop.p8

The PICO-8 Program Structure

e Programs often consist of ([Lecy - cLear THE ScReen

sets of instructions called ~==—uu
. FECTFILLCO.-O0-24-8-11
functions PRINTC"W W W™, 1,8,8)
e Some functions in PICO-8 - [5ilid mhhie, o 4,
have already been -- NECLARE YARIAELES
PLYFR: = 10
created for us - these are  TReE: = 11n
the keywords that turn SPR{1. PLURR. 1183 -~ PLRYEF
green when you type SPRC17. TREEX.113.2.2) -- TREE

them, like cls() and spr()


https://pico-8.fandom.com/wiki/Cls
https://pico-8.fandom.com/wiki/Spr

The PICO-8 Program Structure

e YOU can create your own (FunctIon AYFURCTION ﬂ
functions using the / -= SOME INSTRUCTIONS
keyword function N

e Follow this with a name ™"
and a pair of parentheses
(the name should not
contain any spaces, though
you can use underscores)




The PICO-8 Program Structure

e All functions must be Furu:mln nurun-:rmnu
“closed” - do this using the -- SORE INSTRUCTIONS
keyword end T, =
e Put all the instructions - the [ EnD
code that the function
should execute - between
the function line and the
end line

The Lua programming language uses end to close
functions; other languages use different syntax, such as
curly brackets { }




The PICO-8 Program Structure

L
L TIAL CONRODITIONS

A LOOP 3J0nsSECOND

e There are some special a.
function names that PICO-8 =t T
will recognize END
e These function names are -- RUs IN A LOGP 30urSECORD
FUNCTION | -UPOATEC 3

_init(), _update(), and _draw()

OT5P1 HY LEAPHICS

EnD
e These three functions comprise .. FULS T B LA0R msSECOnD
the core structure of your FURCTIoN (ZDRAUC)

EnO

PICO-8 program, called the
“game loop”


https://pico-8.fandom.com/wiki/Init
https://pico-8.fandom.com/wiki/Update
https://pico-8.fandom.com/wiki/Draw

The PICO-8 Program Structure

e init() Runs once at the start
Use for setting initial conditions
Defining variables & objects
e _update() Loops30x persecond
________________________ Use for input & calculations

e draw() Loops 30x per second
Use to draw graphics


https://pico-8.fandom.com/wiki/Init
https://pico-8.fandom.com/wiki/Update
https://pico-8.fandom.com/wiki/Draw

Once we have our

game loop set up, we
can make our sprites
move using variables



Using Variables

Download Example File: intro_08_variables.p8


https://github.com/matthewdimatteo/helloworld/blob/main/intro_08_variables.p8

Using Variables

e Ifwe only use fixed
numbers to position our
sprites, they’ll never be
able to move from those
places

e This practice is called
“hard-coding” (not advised)

L] =2

-- ORAM SPRITE NUAEER 1 (PLYR2
== AT POSITION #=4. Y=b0
SPRC1-Y.-b0O2

-- ORAM SPRITE NUAEER 2 CHEYY
== AT POSITION ri=1llbk. Y=h0
SPRCE2-11b.-bO}



Using Variables

e We can use variables
to represent numbers
or other types of
values that can change
over time

FUNCTION _IMETC 2
=1 r.g

EE Set the variable value at

the start of the game

FLUNC n _UPOATEC )
Em Increase the value every
I frame (30x per second)

FUNRCTION _ORAWUY )
CLSE )
SPRC M- %4

E r| [| Draw the sprite at whatever y position
the value equals at this frame




Using Variables
FUNLTION _INETC)

=t

M=
e \We can set our initial v=hi
—» Y=

2
variable values in _init() ENO
e Then we can change _ FURETION -UPDATEC )
+

those values in update() END

e And apply those values in FuE- Hﬂn ~ORAUL )
LL>
_draw() > SPRCMN.H-Y)
END



https://pico-8.fandom.com/wiki/Init
https://pico-8.fandom.com/wiki/Update
https://pico-8.fandom.com/wiki/Draw

Using Variables FUNCTION _INgTC]
4=hl
=2
END
FUNCTION _UPDATEL )

\
Y=g+
@ END

FUNCTION _DOFAUC 1
. _ LLsr ]
This code results in a ball SPRCN-M. Y43
moving down the screen A



How the Game Loop
Affects Variable Values



Variables and the Game Loop

_init() only runs once, as FHEETI“" -IMgTL )
soon as the game starts w=h

This is where you define ——"EEEE
the starting value for each
of your variables

If variable values need -’
to change, that will be ~ iy
done in _update() Lil-n- g


https://pico-8.fandom.com/wiki/Init
https://pico-8.fandom.com/wiki/Update

Variables and the Game Loop
ﬁ‘ﬁﬁﬁiﬁ

= m—
—

& I .

L-

e _update() and _draw() FUNCTION _MPOATEL )

: H=Y+£
both runin a loop, 30 ENO
times per second (or once FURCTIAN _DRAUY )

CLsC

every 1/30th of a second)  _SPRLN.H.Y41
END


https://pico-8.fandom.com/wiki/Update
https://pico-8.fandom.com/wiki/Draw

Variables and the Game Loop

Frame y
0 y.
1 4
y. 6
3 8

is what it's set at in _init(), or 2

E [ 1]

FURCTION _UPDATEC )

H=H+¢2

ENO

FUNCTION _OFRAUC )
CLsC
SPRCN-H-YH1

EnD


https://pico-8.fandom.com/wiki/Init

Variables and the Game Loop

E [ 1
Frame y = '

0 2 =
1 4 -

FUNCTION _UPOARTEC )
2 6 H=YH+¢

/Erm
FUNRCTION _OFRAUY )

Because _update() runs continuously, the CLsr
value of y increases each frame by the SPRCMN-n-YH2

EnD


https://pico-8.fandom.com/wiki/Update

Variables and the Game Loop

Frame y

0 2

1 4

2 6

3 8

30 (1 second) 62

fter 1 second (30 frames), the ball wil

have moved 60 pixels beyond its initia

E [ 1]

FUNCTIONn _UPOATEC 1
?EH+E
|

FUNCTION _DRRUC )
LL5C )

SPRCN- WY

EnD



Variables and the Game Loop

e [t'simportant to begin
the draw() block with
cls() to clear the screen

e This resets the screen
each frame FUNCTION _DRAUY )

L5t )
SPRLN-n-H)
EnD


https://pico-8.fandom.com/wiki/Draw
https://pico-8.fandom.com/wiki/Cls

FUNCTION _DRAMC ) FUNCTION _DRRAUC )

CL5L )
SPRCN-n-H) > SPRCN-n-H)
END | END .
Without cls(),
the ball at its
: previous position
 / is not wiped from
the screen,
i resulting in this

effect


https://pico-8.fandom.com/wiki/Cls

Variables and the Game Loop

e It helps to think through
what is happening each

frame
. FUNCTION _ORAUC )
e The code executes in the CLSC )

e ) ] SPRCNH-Y)
order it is written, and it EnD

does this each frame



Variables and the Game Loop

Frame

Effect

1 (Line 1 of _draw)

clear the screen

1 (Line 2 of _draw)

draw the ball

2 (Line 1 of _draw)

clear the screen

2 (Line 2 of _draw)

draw the ball

3 (Line 1 of _draw)

clear the screen

3 (Line 2 of draw)

draw the ball

Andsoon...

FUNRCTION _DRAUC)
L5t 2
SPRCN- 642

EnD



Variables and the Game Loop

Frame

Effect

1 (Line 1 of _draw)

clear the screen

1 (Line 2 of _draw)

draw the ball at y=4

2 (Line 1 of _draw)

clear the screen

2 (Line 2 of _draw)

draw the ball at y=6

3 (Line 1 of _draw)

clear the screen

3 (Line 2 of _draw)

draw the ball at y=8

FUNCTION _UPDATEC )
E'.-I='.'I+E
I

FUNRCTION _DRRUY )

LG
|5FFI|: M-n-42

Enb

Even though the spr() code in _draw() isn’t changing, the ball is being drawn in a
different position because the value of y is being changed in _update, and the
updated value is being used in _draw()


https://pico-8.fandom.com/wiki/Spr
https://pico-8.fandom.com/wiki/Draw
https://pico-8.fandom.com/wiki/Update
https://pico-8.fandom.com/wiki/Draw

Variables and the Game Loop

e _update()is where the value of y FI in _UPOATEC 1}
is changed E% H+E

e Whatever the currentvalue of y fFuncTIOn _OFAUL 3

is, that's the value being fed into IEI_'H'E I
the spr() function in _draw() - EI'-:'IEH': N-h.-9)

this is what creates motion



https://pico-8.fandom.com/wiki/Update
https://pico-8.fandom.com/wiki/Spr
https://pico-8.fandom.com/wiki/Draw

Rules for Using Variables



Rules for Using Variables

e Variables must be ERIA TR i
“declared” before they T
can be used END

e When we type x=60 in Pt bl ST

_init(), we are declaring”~ END

a variable named x and FEEEHFH -ORAUL )

assigning it a value of 60  _zERtl-5-3


https://pico-8.fandom.com/wiki/Init

Rules for Using Variables

o Iflfail to declare the . FplsTifN -INgTt s
variable y, and then try \( #=b0
to change its value, | will END

get an ermr* FUnCTIOn _UPDATEX )
H=4+C
HETIEIQE ERFOR LINE 1 TRE O ENQh
=4+
ATTEAPT TO PERFORA ARITHAETIC Oh | : -
. 4 Th : program won't recognize y
IHL?EEEHTE LEHEH:'[ILI#EIE-:UEE: because it was never defined in

AT LINE O CTAE O} the first place



Rules for Using Variables

If you ever see a reference to FHEETI'J“ -Il"lIT'f L
“a nil value” in your error message, H;I:[I
it’s likely that you did not define the

variable (or function) before trying ~ EID

to do something with it FUNCTION _UROATE: 3
FUNTIAE ERFOR LINE 1 TRE O EEEH.I.E

H=4+d

ATTEAPT TO PERFORA RARITHAETIC 0N Thisis al if
GLOEAL “4° ¢A NIL WALUE 'S 15 2150 @ common error it
IN _UPOATE LINE 1 ¢TAE O3 you change a variable name in
AT LINE O CTRAE 0O one place but not another



Rules for Using Variables

e Imagine if you were asked to FUEETIIJTI _Il"ng::l

explain what a zxcvbplkj is - you g;%ﬂ

have never heard of this term
before, so you don't recognize it  E[
e It's the same with undefined

variables in a computer program FEEEI%'“' -UPOATEL 2
H:.-JIHLI%E ERROFR LINE 7 TRE O ETIE
-+
ATTEAPT TO PERFORA ARITHAETIC 0N o , :
. 2 T : program won't recognize y
IHL?EEEHTE LEHEH:'[ILI#EIE-:“EE: because it was never defined in

AT LINE O CTAE O} the first place



Rules for Using Variables

FUNCTION _INITC 2 There are a few rules for naming

—- EALL variables:

EAL_N=1 e The variable name cannot be another
EHL_:-:EhI] recognized word like spr or _draw
EAL_3=c e The variable name must be one word
-- PAOOLE and cannot have spaces

PAO_N=C e Underscores ARE acceptable, so use
FEH:E;EEE these instead of spaces, or just make

the variable name one unbroken
END word


https://pico-8.fandom.com/wiki/Spr
https://pico-8.fandom.com/wiki/Draw

PICO-8 allows you to use symbols
as variable names

But many other languages require
that the variable name:

e must NOT contain symbols

e must NOT begin with a number



Troubleshooting Errors

Most runtime errors are caused by simple
typos; if you get an error, check:

Are there any unclosed parentheses?

Are there any missing end keywords?

Are all your variables and function names spelled
correctly and consistently?

Is the PICO-8 font disguising any typos?



Let's use variables to
define our player
sprite’s properties



Using Variables

e We can define the player’s . -
properties (sprite number, x
coordinate, y coordinate) as
: : . . : FUNRCTION _INITC)D
variables in the _init() function X\ =1 -- SPEITE NUREEF

i -= = Capf
(which runs once when the E EI] — g' .‘bEEHEE%E
ENO

game starts)
FUNRCTION _ORAUC )

e And then use those variables in i
our spr() function later on 5FH'3"foH:':E; EEHE!EE
to refer to those values END



https://pico-8.fandom.com/wiki/Init
https://pico-8.fandom.com/wiki/Spr

Using Variables

e But we’ll need variables for
the key in our game too

e So we should name our
variables for the player and
the key in such a way that we
can tell them apart

If you change the name of a variable in one
place (such as _init), you must also change the
name accordingly anyplace else you use that
variable (such as in _draw)

FUNCTION _INITC)

== PLAYER WARIRELES
PLYR_N=1 -- SPRITE NUREEFR
PLYFR_=Y

PLYFR_Y=k0

== KHEY WARIRELES
KEY_N=2 -- SPRITE NUREER
KEH_i=1lh

KEY_Y=h0O

EnD

FUNCTION _DRAWC )
CLSC ) -- REFRESH SCREEN

== PLAYEFR
SPRCPLYR-N.PLYF_n.-PLYR_Y 1

-=- KHEYH
SPRCEEY-_N.-KEY_W-HEY_H)
END



Detecting and Responding to Input

Download Example File: intro_09_move_player.p8


https://github.com/matthewdimatteo/helloworld/blob/main/intro_09_move_player.p8

Detecting and Responding to Input

We can use variables to
change the player sprite’s
position (making it move)
when the player presses an
arrow key

We’'ll do this in the _update()
function, because it’s always running

== RUNS J0nYSEC
FUNCTION _MPDATEC )

-— [p
IF EThiCx] THEN
EEII:I.'.-IILl-l = PLYF_n + 1

EnD

plyr_x
S—— 0


https://pico-8.fandom.com/wiki/Update

Detecting and Responding to Input
The function btn()is  FunciTan —WPGATEL 3
used to check whethera --

1 CHT
; . IF Wmcu: THEN
button is being pressed PLOR-7 = PLYR._% + 1

END
currently -

There’s also the function btnp(),
which checks whether a key was
pressed and released


https://pico-8.fandom.com/wiki/Btn
https://pico-8.fandom.com/wiki/Btnp

Detecting and Responding to Input

e Inside the parentheses
for the btn() function,
include the symbol for
the button you're
checking for

e YOU can create a
left-arrow symbol by
typing SHIFT L

== RUNS J0nYSEC
FUNCTION _MPDATEC )

-=- M CHT

IF (ETNCCx ) THEN
PLYK_v = PLYR_n + 1
END

EnD

SHIFT R = right arrow
SHIFT U = up arrow
SHIFT D = down arrow


https://pico-8.fandom.com/wiki/Btn

You can type SHIFT and the first
letter of a directional key to
produce a symbol for that arrow

O

O O O O

O

SHIFT L = left arrow

SHIFT R =right arrow

SHIFT U = up arrow

SHIFT D = down arrow

SHIFT O = O key (the letter O)
SHIFT X = X key

Each of these arrow keys also has
a numeric code associated with it

o O O O O O

0 = left arrow

1 =right arrow
2 = up arrow

3 =down arrow
4=272/C

5=X

LONTROLS

O
Ok O] ChED

(o0 4

PLAYERL1: £k
PLAYER2: 5

Refer to the PICO-8 Cheat
Sheet for key codes

FUNCTION _UPDRTEC )

IF ETHCOCH) THENR
PLUR_E = PLUE_X + 1
|

END


https://www.lexaloffle.com/bbs/files/16585/PICO-8_CheatSheet_0111Gm_4k.png
https://www.lexaloffle.com/bbs/files/16585/PICO-8_CheatSheet_0111Gm_4k.png
https://www.lexaloffle.com/bbs/files/16585/PICO-8_CheatSheet_0111Gm_4k.png

Detecting and Responding to Input

e btn() is used within what's ;.],,Eﬁ'-f.nmfu,':"ﬁﬁ'm I

called an “if-statement” B i
e Use the keyword if to begin ﬂL_HTHEn
an if-statement i L3F-s + 1
e Follow it with the condition

that you are checking for
o (in this case, that the left arrow key has been pressed)

END


https://pico-8.fandom.com/wiki/Btn

Detecting and Responding to Input

e After the condition (the

== RUNS J0nYSEC
FUNCTION _MPDATEC )

button press), use the
keyword then

—— MOME RICHT Y
IF ETHCCY THERN

e Followed by the effect —Ekdf-in = FLIF_5 + 1

that should happen if o
the condition is met
e Finally, “close” the

if-statement using the
keyword end

ENDQ

The effect in this case is that the
plyr_x variable is increased by 1,
moving the sprite to the right



Anatomy of an If-Statement

1. if (begins the 2. the condition 3. then (separates the condition

if-statement) \ J / from the effect)
ameerece LF BTN Y THEDN
i;zz'g::xdezzﬁﬂur:_:-: = PLYR_ R + 1
I

M=)

A~

5. end (closes the
if-statement)

You'll get a syntax error if you try to run
your program without the keywords
then or end



Detecting and Responding to Input

e This code will increase ;.],,Eﬁﬁnmfu.':ﬁﬁ}u ;

the player’s x position
play P -- AOVE RIGHT

by 1, ONLY if the right [

arrow key is pressed i;FLHH-H = PLIR.q + 1
e [f the condition specified o

after if is NOT met, the

code between then and plyr_x

end will NOT execute ---> @ o




Detecting and Responding to Input

e This is how we write the Fl]an:l!H!EnEHI.III’EE!I'EII I

expression that changes :
== AOWE RILGHT

the value of plyr_x, I
adding 1 to it EFLHH-H = PLYR_H + 1

o If plyr_x was equal to 4 at the start ENDO

of the game, it will change to 5

after the right arrow key is pressed plyr x

for 1 frame e @ .
e _update() runs 30 times per

second, so this adds up over time



https://pico-8.fandom.com/wiki/Update

Detecting and Responding to Input

We can extrapolate this to the other
directions:

e Subtract one from the player’s

x coordinate when the left key v

is pressed

e Subtract one from the player’s
y coordinate when the up key is
pressed

e And

when the
is pressed

] +
-= RUNs JORrsEC
FURCTIONn _UPOATEC

(]

== AOWE LEFT

IF ETNCER) THEN
PLYR-% = PLYR-% - 1
END

== AOWE RI
IF ETN(CR)
PLYR-% =
ENO

-- NOYE UP
IF ETNCEX 2 THEN
PLYR_Y = PLYR.Y - 1
END

== AOWE _DOOUT

LHT
THEN
PLYR-% + 1



Detecting and Responding to Input

e A shorter way of changing
variable values is to use the
syntax below:

e The arithmetic symbol
(plus/minus) followed by an
equals sign: += or -=

e Both versions of this code
will achieve the same result

== MOME F
IF ETNC O
PLYR_W =
END

== MOME RILGHT
IF EThH{Cx) THEN
PLYFR_n += 1
END

ILHT
3 THEN
PLYF_»x + 1



Detecting and Responding to Input

This practice is called
incrementing a value
And decrementing when
decreasing a value

You could also use asterisk-equals *=

for multiplication

and slash-equals /= for division



Detecting and Responding to Input

FUNCTION

~INITC}

o If you want to try different -- PLAYEFR YARIAELES
, PLYR_N=1 -- SPRITE NUNEEF
values for the player’s PLUR K= -- & COORDINATE
. - i 'E
speed, it makes sense to PLYR_S5PO=3 -- %%% SPEED
malfe that number a variable * = LeFT
e Define the player EEEEETEF!E PLUR_SPL
speed variable in _init() [
e And use that variable to a¢d™ :Ehﬁﬁfﬁ:cﬂ FLYF_ZPE
to or subtract from the . FTIE O
IF ETHCERD

! iti PLYR_Y -=
player’s position PL

FLUF _ZAD]



https://pico-8.fandom.com/wiki/Init

Detecting and Responding to Input

FUNCTION

~INITC}

e If you need to repeatedly -- PLRYER WARIAELES
PLYR_N=1 -- SPRITE NUREEF
change the speed value, you  PLUR_:i=H -- R COORDINATE
.y - = iyl 'E
onty Bove i changeltm/'FLHH _5P0=@ -- X%% SPEED
one place: in _init() . noue LEFT
e And all the places you use __yzﬁhﬁﬁfﬁﬁi FLUR_EFD
that variable (such as in - nawe EIoHT
_update) refer back to —> PLUR_} += [FLUR_ZFD
that Value \_- AOUE UP
IFLEHau-g |FL'.-IH_5F[|

ENnO



https://pico-8.fandom.com/wiki/Init
https://pico-8.fandom.com/wiki/Update

Keeping Your Code
Organized



Keeping your Code Organized

e A good practice is to indent }_'I]an:l!#:rI!En _UI;EE!I'EII 1

any code that's in a “block”

: ) -= AOUE RILCHT
e Ablock s several lines of IF ETHCCYY THER
related code, such as a EEIﬁHH_H = PLYF_w + 1

function or if-statement

e Blocks usually begin with a
keyword (like function or
if) and are closed by the
keyword end

ENnD

Everything between function
and end is a block




Keeping your Code Organized

e Sometimes, you can have I-'l]l'llF:l!#IIEEI'I _|_||':"|;1|E!|-E.;;|

lock within lock, lik

at.w.c : abo? - © -— MOUE RIGHT

this if-statement within a IF| ETNCCR D THE
function IFLYR_i = PLYR.H + 1
e Thisis called “nesting”

o Named after

nesting dolls

ENnD




Keeping your Code Organized

e You can even nest an IF ETRCCEY THER
if-statement within PLYR_n += PLYR_5PD
another if-statement IF ETNCEx2 THEN

EFI[.I'.-IF:_EFD += [0.¢
|

EnD -- END IF




Keeping your Code Organized

When you have a block
nested within another block,
indentation helps indicate
where one block ends and
another begins, making code
more readable

==_PBlNOS nJsELC

FUNCTION) _MPDATEL )

== MOME RILHT

IF) ETNCcCxY THEN
PLYF_»x = PLYR_n + 1
END

EnD




Keeping your Code Organized

== RUNS J0nYSEC

This is the same code, FUNCTION _UPOATEL 3

ith
fo.rmatte.d wit a.nd = MOUE PICHT
without indentation IF ETNCCxY THEN
You can see in the lower EEID'HH'H = FLAR_n + 1
version how it becomes En

tricky to see which end
FUNRCTION _UPDATEC )

closes which block \ IF ETHC O THER
Making troubleshooting PLYR_H += 1

ENO
difficult ENO



Keeping your Code Organized

FUNCTIOn _UPDATEC )
e It can also be helpful

to put comments after ~1F BETNCERY THEN

PLYE_ += 1
each end statement, EnD [-- ENO IF

indicating which block
they close END |-- ENOD FURCTION

Some languages, such as JavaScript, use curly brackets { } instead of end

If you don’t close a function or if-statement, it can result in an error or
unexpected behavior



Keeping your Code Organized
FUNCTION _UPOATEC )
e Comments are started

with two dashes: -- IF ETNHCGRY THEN

PLYER i += 1
o or two slashes // END - ENO IF

e Any text after the
dashes or slashes is END |-- ENOD FURCTION

treated as separate from the executable code, so you
can type whatever you want and write notes for
yourself




Keeping your Code Organized

FUNCTION _MPDATEC )

You can even put a
: IF ETHCCx ) THEN
comment in front of a -— PLYF_ ¥ += 1

line of code to disable PLAR_n += PLUR_ZPD

: : EnbD -- EnO IF

it and prevent it from

executing EnNOD -- EnOD FUNCTION
This is called “commenting out” a line of code

And is helpful if you are working with experimental
code that you don’t want to delete altogether just yet



Writing Custom Functions

Download Example File: intro_10_functions.p8


https://github.com/matthewdimatteo/helloworld/blob/main/intro_10_functions.p8

Writing Custom Functions

e We've been using several built-in PICO-8
functions:

Functions are sets of instructions for a
cls()

= program to perform, written as multiple
. lines of code
o print()
These functions have been written into
= spr() the game engine
o btn()

But we can write our own functions, too!


https://pico-8.fandom.com/wiki/Cls
https://pico-8.fandom.com/wiki/Print
https://pico-8.fandom.com/wiki/Spr
https://pico-8.fandom.com/wiki/Btn

Writing Custom Functions
e Technically, we've already been

doing this with _init(),

_update(), and _draw()

e But these function names just
happen to be recognized by
the game engine for specific

purposes

== RUNS _OnhcCE
== USE TO SET INITIAL CONDITIONS
FUNCTION _INRITC)

ENO

== RUNS _In A LOOP 30RsSECOND
== USE FOR INPUT. CALCULATIONS
FUNCTION -UPOATEC 3

ENO

== RUNS In A LOOP 30nsSECOND
== USE TO ODISPLAY GRAPHICS
FUNCTION -DRAUL 3

EnO

I
LINE 19r19 qralfd =


https://pico-8.fandom.com/wiki/Init
https://pico-8.fandom.com/wiki/Update
https://pico-8.fandom.com/wiki/Draw

Writing Custom Functions

e We can follow a similar practice and use the keyword
function to write our own functions

e For example, we could write a function called
make_plyr() that declares all of the player variables

NAKE PLAYER

FURCTION MARE_PLYRC ) e et o B D
PLYR_N=1 -- SPRITE NUREER

FLHH_H:H — :: I:IJIJH[II[IHTE We could even name it yourmom()
PLYR_4Y4=bk0O0 -- 4 COOROINATE

FLHH_ﬁFD:l -= LPBEEDN Butitmakgssensetonameitipaway
ENO -- SFUNRCTION NAEE_PLYEL 1 that describes accurately what it does



Writing Custom Functions

There are some rules for writing functions:

The function keyword must be used first to declare the function
The function name must be all one word (use underscores
instead of spaces)

Often, the first character of the name must not be a number or
symbol (though PICO-8 gives us some flexibility with symbols)
The name must end with parentheses (no spaces between the
rest of the name and the parentheses)

The function must be closed using the keyword end

A function should not be declared within another function



Anatomy of a Function

1. function (declares 2. thename 3. parentheses at the

the function) \ J / end of the name

_ FUNCTION ARKE-PLYRC )
4. the lines of code

that the function | BLYR_N=1 -- SPRITE NUNEEF

“~a|PLYR_H=Y4 -- ¥ COORDINATE
PLYR_Y=kO -- Y4 COORDINATE
5. end (closes the PLYR_SPO=1 -- SPEEL

function)
\\*EHD -= CLOSE THE FUNCTION




Writing Custom Functions

But our code was working just fine! Why do we need to change it and
write our own functions?

e For asimple program like the one we've written so far, it's true
that custom functions are not strictly necessary

e But as your game grows, it will become more useful to have code
separated and organized by what it does

e This will make the overall program more readable

e Troubleshooting becomes compartmentalized - you only need to
edit a specific block instead of having to disentangle code that

performs various purposes



Writing Custom Functions

e Another reason to write your own functions is that you
can run them whenever you want, as many times as
you need

e When you find yourself writing the same code over and
over again, it may be a sign that the code should be
written as a function

e Similarly to our plyr_spd variable - we can insert the
same functionality in multiple places but only need to
define that functionality once



Writing Custom Functions

Where do you write your custom functions?

, : : i e -
e Anywhere that's outside the main  -- L, A P T b
FUNCTIONn _UPOATEY )

game loop (as in, not in the _init(),  RE*E=PER A zan* intaTer 5

_update(), or _draw() functions -- RURS 30HSSEC
And not inside any other function  Finirion oAt
e And notinside any other function UNcTIon _DRAWCY -
-=- OFRAU PLAYEFR AND KEY
SPRCPLYR_N. PLYR_n.- PLYR_YH )
. SPRCKEY_N.- KEY_H.-HEY_ Y1
One place you can write your custom ERD -~ SFURCTION _ORAUC 3
functions is after the _draw() function —FUNCTION AY_FURCTIONC 3

ENQ


https://pico-8.fandom.com/wiki/Init
https://pico-8.fandom.com/wiki/Update
https://pico-8.fandom.com/wiki/Draw
https://pico-8.fandom.com/wiki/Draw

Writing Custom Functions

Where do you write your custom functions?

e Another option is to use the Wt NRNE PLRMER. RKEAE:

code tabs in the editor SRS S e

PLYR_N=1 -- SPRITE NUREER

e Click the + next to the tab listto  RraR-fZdg T "y PoERiIRaE

PLYR_SPO=1 -- SPEED .
add a new tab END -- SFURCTION MAKE-PLYRC 2
. . == MAKE KEY
o Anyth/ng you type is tr.eated as FUNGTANN RRKE_REMC )
written dfter the last line on the HEDHobD

. ¢ b ENOD -- JYFUNCTION AREE-REYY 2
previous ta

LINE 1br1hb 100r8192 =




Writing Custom Functions

e [t's important to FUNCTION AAKE-PLYRQ ]
understand that the Ftﬂﬁ'ﬁ . :FHHEDQPQEEH
; ; ; -n=4 -- n COOROIN
code in a function will & e n "y CO0ROINATE
not run on Its own PLYR_5SPO=1 -- SPEED
e The function needsto gnm -- CLOSE THE FURCTION
be “called” or referred v,y might also say the function
to elsewhere in the must be “run,” “triggered,” or

: : “executed” - calling a function
program (in the main  means the same thing

game loop)



Writing Custom Functions

e Think of a function like FURCTION BARFE_PLYFEL 3

o e o PLUR =4 - it CODRUINRTE.
. —n=Y4 -- ¥ COOR l
inventory | PLUR_4zbD -- 4 COORDINATE
e [t doesn’t do anything PLAR-_SPOTY wop 050y R
until you tell it to EnD -- rL [oooooooo&} it Lt
LZ] g & XA
B, M
; |,j Rl
"./ rTaTn & ®

Z “’?5'—3- o SRESESe
— y > -y y N W W e 9
o - ~

)
)



Writing Custom Functions

e We need to “call” our

L FUNRCTION _INITC
function in either NAHE_PLYFRL )
_init(), _update(), END
or draw() FUNCTION MAKE-PLYRC )
o Here, | “call” PLYR_-N=1 -- SPRITE NUREEFR

O PLYR_%=Y4 -- ¥ COORDINATE
make_plyr()in _Init)  prgg=licpg --"y CO0RDINATE
since that's where | PLYF_SPO=1 -- SPFED

declare variables  pnn - ¢l gsE THE FURCTION


https://pico-8.fandom.com/wiki/Init
https://pico-8.fandom.com/wiki/Update
https://pico-8.fandom.com/wiki/Draw
https://pico-8.fandom.com/wiki/Init

Writing Custom Functions

The code inside a
function runs right
where you call it

Think of it as a
shortcut or portal

FUNCTIPN AARKE-PLYERY 2

TPLYR_N=1 -4 SPRITE NUREER
PLYR_#=Y4 -- ¥ COORGINATE
IPLYR_Y=bD 4+ 4 COORDINATE
(PLER_5PD=1 -- SPEED

END -- CLOSE THE FUNCTION

" —



Writing Custom Functions

EunetIon JIOITE 3 FUNCTION _INITC)
LI e e N _PLURL

IPLYR_Y=bO 4- 4 COORDINATE  ENDO
| PLYR_SB0z1 j-- SEEED =

an FUNCTIPN AARKE-PLYERY 2

Instead of declaring my LYE_N=1 -4 SPRITE NUREEF
variables directly in _init(), | LYFR_¥=4 -= ¥ COO0FOINATE

can do that in a custom ||:I|_I_-|H_H_|:|[| -I— H COORDINATE
function and then “call” that PLYF_5SPO=1 ~-- SPEED
function in _init() e

END -- CLOSE THE FUNCTION


https://pico-8.fandom.com/wiki/Init
https://pico-8.fandom.com/wiki/Init

Writing Custom Functions

FUNCTION _INITC 3

PLYR_N=1 -- SPRITE NUNEER
PLYR_n=H -- i COORDINATE
PLYR_Y=b0 -- 4 COORODINATE
EFhHH_EF[Fl -=- SPEED

|

The code on the left will do
the same thing as the code on
the right; the only difference
is how it's organized

FUNCTION _INITE 2
NAKE_PLYFI )
EnD

FUNCTION AARKE-PLYEY 2

PLYE_N=1 -- SPRITE NUREER
PLYR_%=4 -- n COORODINATE
PLYE_4=b0 -- 4 COORODINATE
PLYFR_SPO=1 -- SPEED

END -- CLOSE THE FUNCTION



This may seem like a lot
of work for something
that doesn’t change the
program'’s behavior ...
but the result is more
readable code



Animating a Sprite

Download Example File: intro_11_animation.p8


https://github.com/matthewdimatteo/helloworld/blob/main/intro_11_animation.p8

Animating a Sprite

e Animating a sprite simply involves changing which
sprite is displaying over time

e When planning an animation, it's helpful to draw all
frames (all sprites) for the animation on consecutive
spots in the sprite sheet

= L) = w = L)
[ |
p— . h—— h—]
e - ———— [ | T

L D o iE DaaE ¢ L D e TE aaa o L e D Al EEeEE
» s x i pes x fpronfd

b b k



Animating a Sprite

e |'ve drawn three frames for an animation of a key
sparkling - on sprite slots 2, 3, and 4
0 NaJt

L e D [E Daas 5 O [ Deae d L e O FE T EeEaE
« i e = ifp-pg s = froafd



Animating a Sprite

Sin ce th e keyrs Sprite number animation function that’s called in _update()
is a variable, key n, | can -= LO TO NEAT SPRITE
increase the sprite number—~hREd_NI = KEY_N + 1

by 1 to go from sprite 2 to
sprite 3 to sprite 4

EE““ t4

,,= -- oFMU EEY
................ Si—  GPRCHEY_N. KEY_Y.HEY_Y)

¢ L D oE @

GEHH

Lii WO & wao-—-n.---
w w EnD -- SFUNCTION -DRAUY )



Animating a Sprite

This code would go in _update() or in a custom

Then, once the Sprite number animation function that’s called in _update()

-- LO TO NEXT SPRITE
goes bgyond the range of the BEYD = BEH T + 1
animation (past sprite 4), | can . i .
reset it back to the first frame __ ﬁ tEEpHFEﬁTEHFEH'TEE:TEEEI
(sprite 2) IF KEY_N > Y4 THERN

KEY_N = B
/\ END
Erﬁ-_ﬂ .ﬂ [4]"=

¢ L D ol @ é Hiv ) +4[E &) & Hv:--ﬂ-..-.
GEHH



Animating a Sprite

This code would go in _update() or in a custom

ThlS W|” be a blt too faSt SO We'” animation function that’s called in _update()
: . —- START TIMER
use a timer to stagger the sprite TIRER = TIMNEF + 1
: —- EVERY FEU FRAMES. SUAP
Swapping —- THE HEY'S SPRITE
IF TINER >= 9 THEN
—- GO0 TO NEXT SPRITE
KEY_N = HEY_M + 1

== IF KEY SPRITE REACHES END
== OF LOOP. GO EACK TO START

IF KEY_Nh > Y THEN

[21- ' .-[J-_ﬂ a a1 A (SRS

________ == RESET TIRER

¢ L D ol @ & Jilvl-'ﬂ-. M e D oS Y TI"EH - u
R w '““ EnD -- SIF TINER >= FATE K




Animating a Sprite

1 Sta rt th e t| mer animation function that'’s called in _update()

Only go to nextW# -- START_TINEFR

TIRER = TIAER
the timer reaches its limit == BRI B Ldildenh L0
3. Reset the timer so the IF TIRER »>= 9 THER

+
=t

: : (== GO TO0 NEXT SPRITE l

animation can repeat HEY_N = KEY_N + 1 |

I—— IF KEY SPRITE RERCHES Enn:

+1 +1 |—— gF LOOP. GO0 BACK TO START

E ] E E ] IIEEEEﬁ_n ; Y THER :
w1 w ...2 w 3 = I - =

END !

rrﬂ-ﬂ -ﬂ e -

________ == RESET TIRER

¢ L D ol @ & Jilv o [E @) A e D I DB TI"EH - u
R w '““ EnD -- SIF TINER >= FATE K




Collecting Items (Detecting Collision)

Download Example File: intro_12_collection.p8


https://github.com/matthewdimatteo/helloworld/blob/main/intro_12_collection.p8

Detecting Collision Between Objects

e To implementitem collection, the

first step will be to determine

when the player and the item are

overlapping on the screen '—n
e We can use the player’'s and key’s

X,y coordinates as a starting

point



Detecting Collision Between Objects

e For a simple collision-detection

function, we can treat both
objects (player and key) as boxes
e You can even use PICO-8's rect()

function to draw and visualize
these hitboxes

Rect
rect( x0, yo, x1, yl, [col] )

s an empty rectangle shape.


https://pico-8.fandom.com/wiki/Rect
https://pico-8.fandom.com/wiki/Rect

Detecting Collision Between Objects

ReCt Q | ¢ SIGNINTOEDIT H

We know the point at the top-left of the
player corresponds to its x,y location:

plyr_x,plyr_y @

rect( x0, yo, x1, yl, [col] )
Draws an empty rectangle shape.
x0
The x coordinate of the upper left corner.
yo
The y coordinate of the upper left corner.
x1
The x coordinate of the lower right corner.
yl
The y coordinate of the lower right corner.

col

The color of the rectangle border. If omitted, the color from the draw state is use


https://pico-8.fandom.com/wiki/Rect

Detecting Collision Between Objects

And we know the player sprite is 8px — SRR SR st

wide and tall, so we can add 8 to the
player’s x,y to get the opposite point:

rect( x0, yo, x1, yl, [col] )
Draws an empty rectangle shape.
x0

The x coordinate of the upper left corner.

8
plyr_x,plyr .y @—>

yo
8 The y coordinate of the upper left corner.
x1
The x coordinate of the lower right corner.
plyr_x+8,plyr_y+8
yl
The y coordinate of the lower right corner.

col

The color of the rectangle border. If omitted, the color from the draw state is used.


https://pico-8.fandom.com/wiki/Rect

Detecting Collision Between Objects

With these two points, the rect() RES! ° g

function infers the remaining two rect( x0, y0, x1, y1, [col] )

Draws an empty rectangle shape.
x0

The x coordinate of the upper left corner.

plyr_x,plyr.y @ @ plyr_x+8,plyr_y

yo
The y coordinate of the upper left corner.
yal

The x coordinate of the lower right corner.

plyr_plyr_y+8 @ plyr_x+8,plyr_y+8

yl
The y coordinate of the lower right corner.
col

The color of the rectangle border. If omitted, the color from the draw state is used.


https://pico-8.fandom.com/wiki/Rect
https://pico-8.fandom.com/wiki/Rect

Detecting Collision Between Objects

We can use the following code in

_draw() to draw the player’s hitbox rect( x0, y0, x1, y1, [coll )

Draws an empty rectangle shape.
x0

The x coordinate of the upper left corner.

plyr_x,plyr.y @ @ plyr_x+8,plyr_y

yo
The y coordinate of the upper left corner.
yal

The x coordinate of the lower right corner.

plyr_plyr_y+8 @ plyr_x+8,plyr_y+8

yl

The y coordinate of the lower right corner.

| f  —1 .. col
I L H H [ I I I E .l I L H H [ H I E :l The color of the rectangle border. If omitted, the color from the draw state is use

ReCt Q | ¢ SIGNINTOEDIT H


https://pico-8.fandom.com/wiki/Rect
https://pico-8.fandom.com/wiki/Draw

Detecting Collision Between Objects

And we can do the same for the key:

key x,key y @ @ key x+8keyy

key x,key_y+8 @ key x+8key y+8

RECTLREY ii- KEH_ Y.
REY_w+H. KEH_H+H)

ReCt Q | ¢ SIGNINTOEDIT H

rect( x0, yo, x1, yl, [col] )

Draws an empty rectangle shape.
x0

The x coordinate of the upper left corner.
yo

The y coordinate of the upper left corner.
x1

The x coordinate of the lower right corner.
yl

The y coordinate of the lower right corner.
col

The color of the rectangle border. If omitted, the color from the draw state is used.


https://pico-8.fandom.com/wiki/Rect

Detecting Collision Between Objects

e To actually detect collision, we'll
compare the player's x with the plyr x+8  key x

key’'s X, and compare the
player's y with the key's y




Detecting Collision Between Objects

e To actually detect collision, we'll
plyr x+8  key_x

compare the player’s x with the
key’'s X, and compare the
player's y with the key's y

e Forinstance, we know that
the player’s right edge must k.?y_x__ayr x+8

be farther to the right than E

the key’s left edge




Detecting Collision Between Objects
e |f the player’s right edge is

plyr x+8  key_x

farther to the right than the
key’s left edge, we can express
this as an equation:
\ 4

plyr_x+8 >f\ key X

key_x Rlyr_x+8

Use greater than or equals to allow for the
possibility that both points are exactly the same

We can use this equation as the condition for an if-statement:

IF PLYF_w+H >= HREH_:




Detecting Collision Between Objects

e However, we must also make sure the player
i ) We must rule out
hasn't passed the key entirely; in other this possibility
words, the player’s left edge must be key x+8  plyr_x

farther to the left than the key’s right edge:
plyr_x <= key_x+8

We can use AND to stack multiple conditions in our if-statement:

IF PLYF_vi+H >= HEH_.

ANOD PLYR_# <= HEY_:i+H




Detecting Collision Between Objects

Now we can compare the Y positions of both objects:

e The bottom of the player must be below the top of
the key

plyr_y+8 >= key_y

IF PLYF_w+H >= HREH_:
AnO PLYR_# <= HEY_.i+H

AnOD PLYR_Y+8 >= KEH_H




Detecting Collision Between Objects

Now we can compare the Y positions of both objects:

e The top of the player must be above the bottom of
the key

plyr_y <= key_y +8

IF PLYF_w+H >= HREH_:

ANOD PLYR_# <= HKEY_.i+H
AnO PLYRE_Y+H >= KEY._ Y

AnD PLYR_Y <= KEY_4+H




Detecting Collision Between Objects

FUNCTIONn _UPOATEY 3 Y I s
ﬂﬁ%ﬁ'ﬁ'ﬁﬂﬁj FUNCTION COLLECTY )

COLLECTC -- IF PLYF IS TOUCHING HEY
ENO IF PLYR_"+H »= HEY_HX

ANOD PLYR_# <= KEHM_w+H
AND PLYR_Y+H >= KEH_YH
AND PLYFR_Y <= KEY_H+H
THET

We can place this
if-statement with its four
conditions in a custom
function and call that END -- STF
function in _update()

END -- SFUNCTION COLLECTY 2 k


https://pico-8.fandom.com/wiki/Update

Detecting Collision Between Objects

a7

But what should we do ‘

when the player touches  FUNCTION COLLECTE )

5 -- IF PLYR IS TOUCHINC HEY
the key: IF PLYR_¥+H »= REY_Y
AND PLYR. % <= HEY_n+B

e To collect the key, its ANOD PLYR_Y+H »= HEY_Y
AND PLYR_Y <= HEY_Y+H

sprite should disappear THEn
e And there should be ' 222 !

some indication of our  Eno -- SIF
inventory in the HUD  Enn -~ sFURcTION COLLECTO)




Detecting Collision Between Objects

We can increase a variable "SIENEIEIELS ()
that counts the number of FUNCTION COLLECTE )
keys a player has -- IF PLYR I5 TOUCHING HEY

IF PLYR_X+H >= HEY_™M
, ANOD PLYR_¥ <= HEY_M+H
But we'll need to create EPH F:ZEE'?E }EEEEE_E
. . . e e | - - -
that variable first, in _init() THEL
HEYS = KEHS + 1

FUNCTIONn _INITC ) | —— [
ARKE_-PLYFRL )
ARKE-KEHY( )

—— TNVENTORY EnD -- SFUNCTION COLLECTY 2

KEYS = 0

== ANIAATION TIAER
TIAER = 0
ENO



https://pico-8.fandom.com/wiki/Init

Detecting Collision Between Objects

FUNCTION _INITC )
ARKE_-PLYFRC )
ARKE-KEYC )

al | q— Declare variablefor  FYRCTION COLLECTC )

number of keys collected

roneR oo TEAEF -= IF PLYF IS TOUCHINGC KEM
EnD IF PLYF_¥+B >= HEY_H
FUNCTION _UPDATEC 3 AnOD PLYFR_= <= KEY_:-+H

AOME_PLYRL 3 _ AnoD PLYF_4Y4+H >= KEY_HY
ﬁﬁ:z Call the collect() function AnNOD PLYF_Y4 <= HEY_Y+H

FUNCTION _ORAUC ) THEﬂﬁ = FEYS + 1 Increase the number of
CL5( ) -- REFRESH SCREEN — keys when the p/ayer
-- ORAU_PLAYER ' collides with the key
SPRCPLYR_N. PLYR_H. PLYR_Y 3

—— DRAU KEY EnD -- SFUNCTION COLLECTY 2

SPRCKEY-N.- KEY_x-KEY Y

BRI REya ReER_OF RESS Lg— Print the number of keys

END -- SFUNCTION -DRAUC 2




Detecting Collision Between Objects

35

You'll notice that the player can
collect keys indefinitely as long
as they are touching the key

So we'll need to track whether
the player has already collected
the key, and only allow this
number to go up if the key hasn't
been collected yet



Detecting Collision Between Objects
We can use a special type  FURCTIAN _INITC )

of variable to track AAKE_PLYRL )
whether the key has been ARKE_RESC
collected -- INWENTORY

A variable whose value can [HLHEEGLLEETE[I = FALSE| ®

be only true or false is

called a boolean variable == ANIARTION TIRER
EEEHEH |




Detecting Collision Between Objects

FUNCTION _INITE ) FURCTION COLLECTC FELEI " - REFRESH scREEN
ARKE HEHC -~ IF PLUR IS TOUCHING HEY So0itutimsen, ...,
-- INUENTORY Anb0 PLYR-» += KEY_.n+H -- ORAU_KEY k
BEYS = [ AND PLYR_Y+H »= REY_Y I COLLECTED == FALSE THEN
COLLECTED = FALSE| M MMH%LI TN
AND COLLECTED == FALSE )
== ANTAATION TINER i ) PRINTCREYS. 202,13
ENQ - COLLECTED = TELUE ERD -- SFURCTION _ORAUC 3
1. Declare the collected L 4. Only draw the key if it
variable in _init() ENOD == JSFUNCTION COLLECTC M@ hasn’t been collected yet

2. Add another condition to only allow
collection if the key hasn’t been collected yet

3. Set collected to true when the player gets
the key


https://pico-8.fandom.com/wiki/Init

Detecting Collision Between Objects

" ®

- m

Success!



Congratulations!

In this lesson, you:

1. Wrote your first program in the PICO-8 game engine using print()

2. Understood how the coordinate plane works in PICO-8

3. Wrote code to display a sprite in your game using spr()

4. Used variables to track changing values for the player’'s x,y coordinates

5. Moved the player in response to keyboard input by using if-statements and btn()

6. Organized your code using custom functions, calling those functions from the main
PICO-8 game loop

7. Animated a sparkling key by using a timer to control the changing key sprites

8. Implemented item collection by writing a simple collision-detection function and using

boolean (true/false) logic

These skills will transfer to other game engines and programming languages


https://pico-8.fandom.com/wiki/Print
https://pico-8.fandom.com/wiki/Spr
https://pico-8.fandom.com/wiki/Btn

Download the full set:
O e Xa I I l p es _helloworld_00_intro_to_game_programming.zip

1. intro_01 hello_world.p8 Your first PICO-8 program
2. intro_02_coordinate_plane.p8 Understanding PICO-8’s x,y coordinate system
3. intro_03_ text.p8 Positioning text on the screen
4. intro_04 color.p8 Setting text color
5. intro_05_layers.p8 Understanding stacking order
6. intro_06_sprites.p8 Displaying sprites in your game
7. intro_07_game_loop.p8 Understanding the PICO-8 program structure
8. intro_08 variables.p8 Using values that can change over time
9. intro_09 move_player.p8 Detecting and responding to key input
10. intro_10_functions.p8 Organizing your code
11. intro_11 animation.p8 Adding visual effects to graphics
12. intro_12_ collection.p8 Using collision detection to collect an item


https://github.com/matthewdimatteo/helloworld/blob/main/intro_01_hello_world.p8
https://github.com/matthewdimatteo/helloworld/blob/main/intro_02_coordinate_plane.p8
https://github.com/matthewdimatteo/helloworld/blob/main/intro_03_text.p8
https://github.com/matthewdimatteo/helloworld/blob/main/intro_04_color.p8
https://github.com/matthewdimatteo/helloworld/blob/main/intro_05_layers.p8
https://github.com/matthewdimatteo/helloworld/blob/main/intro_06_sprites.p8
https://github.com/matthewdimatteo/helloworld/blob/main/intro_07_game_loop.p8
https://github.com/matthewdimatteo/helloworld/blob/main/intro_08_variables.p8
https://github.com/matthewdimatteo/helloworld/blob/main/intro_09_move_player.p8
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