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SECTION 1:
SOURCE CODE AND COMMENTARY

In 2002, | posted a tutorial on the
Internet about a project I made called
"Super Mario Clouds". In this work, I
took anold Super Mario Brothers Nin-
tendo video game and erased every-
thing but the clouds. The tutorial
explained my motives for making this
work, and included the source code
behind the work as well as technical
fnformation on how the work was con-
structed. Over the years, | have got-
ten many emails about this web page
with technical questions (people of
course were free touse these direc-
tlons to make their own Super Mario
Clouds), and | have realized there were
many parts I could have written bet-
ter (especially the technical section).
So |l am pleased to say that below |
have rewritten this page, and have
attempted to address the questions |
have received from people over the
yaars. Also, as a side note, I actually
updated the code to this progject in
2003 (my laptop was stolen... it was a
blg mess), therefore | have updated
I ha code bolow as well.

Bolow | will go through the
Hour co ¢oda line by 1Ine, The idea hera
I lo dlnply wrlile a prodgraim that will
faka ha clouds from Supor Marlo
It ot hot s and scroll Tham acrots tho
Horeon, Hero comos tha flrst Ino of
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you die like the rest”
- Anon

"punks jump up to get beat
down”®
- Brand Nubian

EIIE IR IR TAEE E E IE IR IR N IR O O N |

When computer code is made publio |t
is common for programmers to give
contact information for a varlety af
reasons. Here | have also Included &
few small phrases aimed at med|a
artists who think they can gtap to my
style. This is a trait I Inherlted fram
the early commodore 64 aradadking
scene whore gangs of hackerd would
compete to craclk vidoo gamad (Oradk

means 1o remove cepyright protags

llon), and they would algo make Vary
olaborato vidoo Introductions in orday
to show of f, Thoga oftan agontalnad
Jibes al olthor compaling groups,
Barore | gol alarted with tha
dondes | wollld Hker 1o Lake |hid OPRAFs
linity to slala thal Lamnot really 8
programmest, The gl Hima | toak &
alags In "oomptiter golanoa” wad at A
el Sohool whah | wag hor 9 YEATrS
Ol Aand 1 remambier o ying and swWiteahs
g to the "storytalling' olads, YEaTS
late) I dollege et didn't k@ geams
puter solenoe and got helow 508 1)
most of my exams, | have ainda grawh
uasd to programming only hecauss [

is the mechanism that seems to make
most of the world move. Believe me, if
[ could order pizzas (dominos has a
great online delivery mechanism) by
painting, 1 definitely would paint. For
thosewhoareinterested, I have actu-
ally hacked the dominos pizza order-
ing system in a project called "pizza
party" with help from my super-genius
programming friend Michael Frumin.
Google "pizza party"... last time 1
checked it was the second result. So
let's get back on track, the first line
in this program that actually does
anything is:

asm

This program is written in a program-
ming language called assembly. Assem-
bly language is the lowest level some-
one can program. It is one step away
from the ones and zeros, and in some
cases involves actual ones and zeros.
I tend to prefer assembly because it
gives me control over the machine and
assures me that aesthetic choices
are based on the hardware of the
machine and not, say, some dupe at
Macromedia. The above line of code
simply says we will be writing this pro-
gram in assembly. The particular brand
of assembly we wlll be using Is 6502
assembly. That is because the Ninten-
do runs on the 6502 microprocessor.
The 6502 is the chlp that made the
Apple Il posslble and thus revolution
fzed home computing. The Nintendo
runs on a modiflad varslon of this ahip,
It should not bo surpriging that the
Nintando and Appla run on | he sama
Procansol, hacatse Vidoo game vy
Fonet Aata raally Jusl home compulenr s
WHE RO el dt ey,

Chnespyr g Y
Cinesohr
Clnesmir

.inesmap O
.org $8000

clouds_start:

.dwWw clouds_start_addr
clouds.start_addr:
.incbin "clouds.hex"

I like the idea of making things out of
trash (one can easily find an NES in a
dumpster these days) and I like the
idea of actually having to break Into
something that I find in the trash
even better. The only way to make
work for the NES is to hack and sol=
der a cartridge. To do this, [ will ¢lip
off the program chip from an actual
Mario cartridge, burn my new infor=
mation, the output of this code com=
piled to a chip, and solder it In the
place of the old one. Please see SEC-
TION 2 of this tutorial for information
on how to do this. The above l1ines ba#l

cally set up our compiler and tell it
that we would like thls program to ha
For a chip which is 32k (the same ag an
old Super Mario Brothers chlp), and
also that we will later be working with
a file called "clouds.hex", whioh |g a
data flle of the clouds.

The next part of code tally L ha
cartridge what to do when we pressd
the reset button on Lhe NES. Thig (ode
Is modified from a Canadlan NLS danlusd
namedChris Covell, who appareanlly got
U from Duck Hunl, Awasoma, | leal ned
to program tn assombly landuage loolk
Ing al oxamplas of code poslad Ly
Ghrls Covall, and as with a lolt of this
B DIt work Informallon gomes moglly
from tho hohby sicane, Ih iy opinlon
Lherdtor @arey Cho Lite hat oad of ooh
Lampotrary computar ar b, Ol of tha
hobby doene have dome por lable play
dlatlond, breamaasts that hool | INUX,
and evan hald drlves that play musla
by spinning at differant spmadsy,




start:

sei
cld

.vblank_clear1
lda $2002
bpl .vblank_clear1

.vblank_clear?2
lda $2002
bpl .vblank_clear?2

.vVblank_clear3
lda $2002
bpl .vblank_clear3l

Sei
cld

,vhblank.clear4
lda $2002
bpl .vblank_clear4

,vhlank_.clear5b
lda $2002

bpl .vblank_.clear5

,vhlank_cleareé
l1da $2002
hpl .vblank.clearé

lda 0
lelx O

il laar out oram
Hita 000, x
qta 100, x
gta 200, X
gta V00, x
Hlia K400, x
gla oo, x
gia W60, x
wlm Y100, x

VK :

e oleal out pam

| ila
| of ¥

.clear_.out_sprites
sta $2000, X%
sta $2100, x
sta $2200, X
sta $2300, x
sta $2400, %
sta $2500,x
sta $2600, X
sta $2700, x
sta $2800, x
sta $2900, x
sta $2a00, X
sta $2b00, x
sta $2c00, X
sta $2d00. X
sta $2e00, x
sta $2f00, x
inx
bne .clear_out_sprites

ldx #$FF
t xs

Jsr vwait
Jsr vwait

Ever wonder why Mario and Zelda were
little squares? The Nintendo can only
display graphics in 8 pixel by 8 pix@l
squares, and can only hold 8k of
graphlcs In total, therefore Mario and
Zelda were simply adhering to thé
hardware limltatlons of the Nintendo
Syslemn. These two hardware limitas=
tlons defined the aesthetic of mo#t
varly 80s video gamas an the Nintan
do, and mnaking "art" for this system
it agtudy of Lhaga llnttations, Balow |
load up The color That thig cartridga
W e Into The palal Lo RAM, Thea NiR
lando can only display 4 colors in any
Why Waquare, Far g aar tridge | will
tHea hlaok, hldea, aht hilde arg white,
whitth tranelates bo Bodd, B ke, H30
M Lhe Niiitarudo palel fa,

HE SRR o R o o o R T
; load palette
LR I A A e o AR A A e A o

lda #$3F
sta $2006
lda #0

sta $2006

lda #%$21 ;background
(powder blue)

sta $2007

lda #$30 :cloud inside
(blue)

sta $2007

lda #%11 ;highlight
(blue)

sta $2007

lda #$0d ;outline
(black)

sta $2007

A typical NES Cartridge has two chips.
One is a graphics chip, and the other
is a program chip. Basically the pro-
gram chip tells the graphics chip where
to put the graphics, and thus if you
do this in an interesting manner, you
have a video game. When making a
"Super Mario Clouds" cartridge, 1 only
modify the program chip, and | leave
the graphic chip from the original
game intact. Therefore, since |l do not
touch the graphics from the original
cartridge, the clouds you see are the
actual factory soldered clouds that
come on the Marlo cartridge. Thereis
no generatlion loss, and no "copying”,
because | did not even hava 1o maka a
copy. Wasss up. 3

Tho codo hoalow i wharo | load
Up tho alouds, Thisralarancos | hea
o (Clouds hax) wo politad To ant e
in they progr am,

HEGE R R OE R R bk o o o b e R
; load name tables
LR o e ]

endasm

array addr 2

set songloadloop O
asm

1dx #0
1dy #0

lda #2

sta songloadloop
load_outcast:

lda clouds_start,y

sta addr, X

iny

inx

dec songloadloop

bne load_outcast

lda #%$20

sta $2006

lda O

sta $2006

nametables:

ldx #%$08
1dy #$00

load_clouds:
lda (a&ddr),y
sta $2007
Iny
bne load.olouds
txa
ldx o
Inc addr, x
I ax
ler x
bhe lomd olotds

oo
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For this cartridge | simply draw every-
lhing and then turn the screen on.
The NES cannot just draw a picture
to the screen like a modern computer,
in fact to make something that looks
similar on a modern computer would
lake about 3 minutesin Photoshop . It
Is too slow for that, so in order to
change backgrounds one has to turn
the screen off, draw a new picture,
and turn it back on again. This is why
the screen goes black for a split sec-
ond between worlds on most early NES
games. | turn the screen on by plac-
INng a sequence of ones and zeros into
a specific Nintendo memory location.
One highlight of working in assembly
language is being able to actually use
ones and zeros. So yeah, abovel just
drew everything and below in the sec-
on "init graphic settings”, I turn on
lha screen

BEEEEEEEEEEEEEESEEEE R R R R E R SR
1 Intt graphic settings
F bt ++++++++++ A+t

lda #%10011000
tla $2000
lda #%00001010
Hia 2001

IR O SO B O S A R Y O S S S Y O A M S A A
| Hal o varlablos for scroll
L O L O O O (O L L T E A RO K C S CO T T T R RN R A |
aldanm
gl DITAYSCRhoOLL
Hevl NIThow O

el doholl o

Aasll

IR R R R ok
; loop forever...
++++++++t A+

main:
jmp main

PR A S o o R I A A o R R
; vblankzzzzzz
LR R R kR e

vwait:
lda $2002
bpl vwait
vwait2:
1da $2002
bmi vwait?2
rts

That's it for the intro code. Now below
I make it scroll.

A TV works by drawing a pic=
ture faster than your eye can see,
every 1/60th of a second. In Europe It
is 1/50th. Every time this scan 1ine@
gets to the bottom of the screen It
has to jump back to the top. This i@
called a vertical blanking interrupt,
The NES canonly draw graphics to the
screen when this line Is Jumping from
the bottom of the screen to the top,
Bolow Is the code which scrollg the
clouds during Lhis period when the
oloctron beam ls Jumping, A highlight
of working on early dalas gsystems |6
Fhig intimate accans Fo the diaplay
mecthant=m of tha talevigion,

PR e A i
; NMI Routinel!l!l!

; Very importantt!!!!

B e T A e R R s

nmi :

dec DELAYSCROLL
bne .end_no_scroll

lda #3$20
sta DELAYSCROLL

lda #$ff

cmp $24 ;scroll
beqg .NT_adyj
Jmp .end

.NT_adj:

lda O
cmp NTShow
beqg .Show_Zero

lda #%10011100
sta $2000
lda #%00001010
sta $2001

lda O
sta NTShow

Jmp .end

.Show_Zero:
lda #%10011101
sta $2000
lda #%00001010
sta $2001

lda 101
sla NiShow

NGRS
fed a0t ol

e e ol
fryooh

lda O
sta $2005

.end_no_scroll:

rti

rti

That's all the code. Now we just need
to set the vector table appropriate=-
ly. This tells the cartridge what to do
when you put it in.

B ol A S A S S A A A
; Load Data Filez
B i A e b ot o i 2 S

.bank 3

.org $fffa

.dw nmi ;//NMI

.dw start ;//Reset
.dw irqg ;//BRK
.bank 4

.org $0000

;/7end of file

.incbin "marlo.chr" ;
gotta be 8192 bytes 1ong
include the graphlcs

for our emulator.

endasm

Tho end. The cartridge la comnplatea,
Not that bad., Acltually programming
for Tho NES 18 protly dgimple, Now |
wolld complia thig program, and than
birn il to a ¢hip, Chook SECTION @ oy
it par !




SLCTION 2
IHOW TO MAKE YOUR OWN
GUPER MARIO CLOUDS

I'his tutorial will teach you how to
make your own Super Mario Clouds.
I'he process of making a NES car-
lridge was orginally taught to me by
BEIGE member Paul B. Davis. In this
toctlon I will pass this technique on
{0 you. Basically in short, the process
will entail us taking apart anold Super
Mario Brothers video game cartridge,
desoldering one of the chips in the
cartridge, and then soldering a new
one In lts place.

I'his Making a6f Bupar Marie dinuds

a The first thing you will need to
get is an original Super Mario Broth-
ers cartridge. Not a "Duck Hunt+Mario
Brothers" cartridge, but just a plain
old Super Mario Brothers cartridge.

Next you should unscrew the
plastic back on the cartridge, and
inside you will see a circut board like
the one you see below. There are two
chips on this board. The CHR chiP, and
the PRG chip. We are interested in
the PRG chip for this project. Also
please make sure the cartridge says
NES-NROM-01 (01-05 in also fine). This
let's us know it is a 32k Nintendo cir-
cut board.

b Next take some wire clippers
and clip the legs of the PRG chip. |
like to use the red clippers from
Radioshack.

(] Once the legs are clipped you
should be able to take the chip of#
like this.

d The end of the legs will stlll be
soldered to the circut board though.

e Now, wlth a palr of wire holds
ers, hold a leg that is stlll attachad
to the board. Whlle you are holding It,
touch It with a hot soldering lron,
This will melt tho wire that IS keeping
Il atlached to the board, You should
faal tho leg logan, and you will be able
to pull 1t oul of the ciréut board, 90
hig for eaah loag,

) Neaxl, dal dome dedoldering
I addl

y Ut 1t aver the holesd In the
it et boatds Than place | he golday
g tron on the bratd, Thig will malke
Lhe goldat haal up and the hraid will
sk g
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h When you are done, the holes
in the circut board should ook clean
like this

g Now you will need to solder a
socket into the holes where the pro-
gram chip used to be. You will need to
buy a 28-pin low profile sockets. You
can get these form Jameco.com. This
makes it so you can take the chip in
and out of the socket without resol-
dering. This isn't so necessary, but I
always make mistakes, so it is kind
precaution in casel need to make a
new chip.

J To solder, just touch the pin
and the solder at the same time, and
you wlll see the soldering melt into
the hole thus sealing the socket pin
Into the hole.

K Now you can place a chip into
lhe hole. The way you make these
chipsis by gettingan EEPROM burner.
It I8 llke & CD burner, except for com-
puter chips as oppoed to Cd's. | would
gat one from Jameco. The kinda chip
you will get Is called a 27C256. This Is a
3?2k EEPROM which Is exactly the same-
one the NIntendo used for cartridges
I1ker Mario Brothers. | would also get
those from Jameco.com, Remember to
malke #iure your EEPROM burner can
hurn typa 29296 chips! So once you

have hik, (or maybe a friend hau

anet), you agan downioad the compliad

VWl e from waww, balgaracords,com/

gary/Z and burn thig data to the ahip,
14

I'ha Making 6f Hupar Maria Siauds

1 The next part is the easy part.
Get a drill, drill some startholes into
the front of the plastic cartridge.
Then with your wire cutters you used
earler, bore out the plastic. You need
to do this cause the socket we used
is too tall for the pastic case of the
cartridge, so you need to drill out a
hole so the new PRG chip can stick
out.

m Don't forget to label it!
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