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Tetris for the NES is a great game, BUT!

…it released in 1989, two years before the Standard 
Rotation System!

Project Goals & Introduction

Our Goal? Add in modern Tetris 
mechanics! 

● Add in missing rotation states
● Add in wall-kicking mechanics!



1) Modify logic as LITTLE as possible
AKA, use as much of original code as possible

2) Three environments, one for development, one for 
translating, and one for playtesting
● Ghidra = translation & commenting
● VSCode + GitHub = development & modifying
● Mesen = playtesting & debugging

Project Approach



● Disassembler (nesgodisasm)
● Assembler (CC65)
● Decompiler (Ghidra)
● Emulator (Mesen)

Development Environment Tools



1) Modifying NES memory is HARD!

Just disassembling & immediately reassembling a perfectly 
fine ROM was giving us glitched screens!

General Challenges & Solutions

Solution?

Create our own config 
file and add a segment, 
this allowed us to 
actually START testing



2) Modifying NES memory is STILL HARD!

Can’t just add new functions and data in the middle of the 
ROM, it misaligns everything!

General Challenges & Solutions

Misaligned…Solution?

Add new data and 
functions to the end 
of the ROM, remove 
padding bytes, and 
change references



General Challenges & Solutions

3) The NES is extremely 
limiting

● 8-bit processor
● 2 general purpose 

registers
● An accumulator register
● Stack is 256 bytes



Missing States



Three Parts to Rotating Pieces in Tetris…

1) Find correct rotation state for that piece
2) Mapping that state to screen coordinates!
3) Spawn in the correct piece

Missing States



Missing Rotation States

SRS NES



Missing Rotation States

SRS NES

Missing:
● 2/4 I-pieces
● 2/4 S-pieces
● 2/4 Z-pieces



Old Rotation States

1 byte per rotation state (0x0-0x12)

Increments from top-left…
(T-Block up) 
to bottom right 
(I-Block horizontal)

0x0

0x12



Old Rotation Table

Maps button presses to state changes!

0x0   0x1   0x2  0x3



New Rotation States

0x0

0x12

0x0

0x18



New Rotation Table

38 bytes

50 bytes
~32% size increase!



Graphics



Mapping to Graphics

-2   -1    0    1

-2

-1

 0

 1 -1   0    1

-1

 0

 1

X

X

Y Y



Old Graphics Table

4 sets per 
Tetromino:
● 1 per block

Each set: 
● (Y, TILE, X)



Old Graphics Table

-1   0    1

-1

 0

 1

X

Y

T-Tetromino Up:
(Y, TILE, X)
(0, 123, -1)
(0, 123, 0)
(0, 123, 1)
(-1, 123, 0)



New Graphics Table

306 bytes

378 bytes
~23% size increase!



1) Tables are relative to each other in terms of 
block ordering...

This meant that any changes to the layout of one table 
meant it had to be reflected to the other.

Solution? 

Just be careful and 
keep copious records, 
try things by hand!

States & Graphics: Challenges & Solutions



2) O-Block was ANNOYING!

See how it shifts the 
picture? That was happening 
in the code too, it meant 
easily typing between rows 
and columns was VERY 
tedious & easily led to 
errors

Solution? Though tedious, 
moving it to the END of BOTH 
tables was best

States & Graphics: Challenges & Solutions



3) Very difficult to read 
graphics tables

Reading incorrectly as 
(X,TILE,Y) was often, also 
very difficult to see if 
the new positions were 
correct until we 
playtested!

Solution? Python code that 
translates bytes into 
displays

States & Graphics: Challenges & Solutions



4) Decompiled assembly is 
just hard to read

Many moving pieces + no NES 
dev. experience meant lots 
of dead-ends

Solution? ROM Hackers who 
helped point us in the right 
way! Also helped with 
earlier memory problems

States & Graphics: Challenges & Solutions



Spawning



Game now knows that

a) There are more rotation states!
b) How to draw them!

Final part?

c) How do we spawn them in?

Spawning the new piece



Categorizes IDs into 7 tetrominoes

Tables used for Spawning

Spawn rotation for each tetromino type

Spawn rotation for each ID

Sprite ID for next window ($00 = don’t display) 



Tables used for Spawning

Before After



We’re done right??



Spawning: The Challenge

is_position_valid()

● Checks if we can move piece 
to a position

● Iterates over all 4 blocks 
in a piece using 
orientation_table

● Checks each (X, Y) in 
orientation_table



Spawning: The Challenge

is_position_valid()

● Uses byte as index into 
table

● Table now has >255 bytes of 
data!!

● Overflows lead to game 
ejecting us from level when 
spawning pieces with IDs > 
0x14



Spawning: Attempted Solutions

New graphics table

● Removes repeat sprite 
ID bytes

● Saves enough data!

Use offsets

● Pull from &table+255 
if ID > 0x14

● Much simpler!



Spawning: Attempted Solutions

Cons

● Involves lots of logic 
manipulation either 
way

● Takes too much time to 
experiment & test 
everything

● Involves replacing 
entire functions!

● Had to abandon both



Spawning: Final (Partial) Solutions

Restructure tables

● O-piece = 0x14, 
I-piece = 0x15-0x18

● Spawn O-pieces instead 
of I-pieces

● Now only missing 
I-pieces

● Reordering tables was 
a simple task



Wall Kicks



What Are Wall-Kicks?

● Wall-kicks “push” 
pieces around a little 
bit when you rotate 
them

● Makes the game a little 
bit friendlier to play

● The effects of these 
wall-kicks range from 
minor to weird

Video Examples

https://docs.google.com/file/d/1G5t00fb8n1lotvYsNsKBMXqRN9703Zx-/preview
https://docs.google.com/file/d/196autKLZ4bxngsQQFOHqGgMngZQeilef/preview


Existing Mechanics

There are a few helpful functions that we found early on

1) is_position_valid 
function for determining
piece placement validity

2) shift_tetrimino can move
tetriminos around the screen

3) rotate_tetrimino function 
for rotating the pieces



Wall-Kick Approach

1) Create a custom rotation function utilizing 
shift_tetrimino to check for piece placement

2) Check validity with is_position_valid



Wall-Kicks: Challenges & Solutions

Existing rotate doesn’t do 
everything we need

● It rotates pieces, but 
if the piece doesn’t 
perfectly fit as-is, 
it’ll give up on the 
rotation entirely

Solution?

Add a jump to a new function 
at the end of the ROM



Wall-Kicks: Challenges & Solutions

The plan kind of got derailed 
immediately

● shift_tetrimino doesn’t 
actually work how we hoped 
it did

Solution?

Write our own tetrimino shift 
checks (wall-kick biggest 
roadblock)



Wall-Kicks: Challenges & Solutions

6502 assembly is hard to work 
with

● Hard to write and there 
isn’t as much 
documentation out there as 
we would’ve liked

Solution?

A lot of trial and error with 
the debugger in the emulator



Wall-Kicks: Challenges

Given the allotted time, we 
couldn’t flesh out wall-kicks 
correctly

● We kept running new issues 
with every turn, and 
debugging only got harder

● Had to leave them out the 
final product



Final Product



Final Product

Additions!
● +6 new rotation states!
● Expanded graphics table

What we’d add next time
● Proper spawning (smaller graphics 

table)
● Wall-kicking
● Fix statistics
● Fix minor graphical issues

Overall?
● very proud :)



Demo!



Questions?



Thanks for watching!

P.S.
If you give us really good grades we’ll also put your name in the title screen! Not a bribe


