
LESSON 6 
We’ve spent a lot of time setting up some fundamental architecture without 
seeing much immediate feedback. One of the things NESmaker’s default 
modules is meant to do is to allow a user to hyperspeed beyond these 
common engine setup steps and launch right into the creative part of 
development. But under the hood, these are all of the same foundational 
elements that are present, and just as we can get in and edit the scripts 
while we’re creating things from scratch, those template modules that offer 
a massive head start on all this stuff are editable in the exact same way. 
 
From now on, though, we should have relatively instant feedback for most 
of the things we’ll be doing, and our lessons will begin to yield something 
that looks a bit more like a game. 
 
In the previous lesson, we finally drew our player to the screen. In this 
lesson, we’re going to set up a very rudimentary system for managing 
objects, and as a result, rewrite our drawing routine to allow for this object 
management. Additionally, we’ll do some very simple work with reading the 
controller. By the end of this lesson, you will be able to move the player 
around the screen using the controller, and we’ll set up a frame 
management system so that the movement is consistent. 
 

Step 1: Creating object property variables. 
 
Right now, we’re drawing our object to a static position. We don’t want to 
draw him in a static position. We want to draw him to a variable position, 
and as we press the dpad, we want that variable position to change. For 
this, we will create some variable handlers. 
 
From Script Settings, open our Object Variables script. This was a script 
that we included into memory management, and it points to a chunk of 
RAM that we have declared. Here, we’re going to place a few variables for 
our player to keep track of his x and y value. If you’re familiar with 
programming, you would understand this effectively as declaring a pair of 
one-byte variables. In ASM terms, we are giving particular memory 
addresses (again, think mailboxes) easy to read labels with one byte of 
storage space each. Functionally, the concept is the same. We can write to 
and read from the address represented by the label the same way we 
would write to and read from a variable. 



 
But for clarity to understand a bit better what’s actually happening, our 
ObjectRam space is where this file is included. We set our ObjectRam 
space to be $0400. These represent the first two bytes at that address. So 
effectively, right now playerX lives at address $0400 and playerY lives at 
address $0401. Reading from or writing to these memory addresses would 
have the exact same outcome as reading and writing to playerX or playerY 
as labels. 
 

 
 
 
 
 

Step 2: Setting the initial state of the variables 



 
Next, navigate to your initialization script and scroll down to just after the 
palettes are finished loading, but before we’ve re-enabled rendering and 
NMI. Here, you’ll see I added a comment to denote a section for 
initialization of variables. Here’s where you can put all the beginning states 
of variables that we might need to set at the start of your game. 
 
Right now, I am setting each to decimal value 128. 
 

 
 
 

Step 3: Drawing our player at a variable position. 
 



Open our Sprite Drawing script from the script settings. We want to replace 
the y values with playerY and the x values with playerX, but we also have 
to remember that each of the four sprites has some sort of pixel offset. The 
second sprite is drawn 8 px to the right of our object’s origin. The third 
sprite is drawn 8 px down from our object’s origin. Our fourth sprite is 
drawn 8 pixels to the right and 8 pixels down from our object’s origin. So in 
addition to just using the variables to define positioning, we’ll also have to 
add the appropriate math. 
 
I have indented the math so it’s a bit easier to see, but this is just an 
aesthetic to make it clearer to look at. Indenting the code does not change 
the functionality. 
 



 
 

Test your game and everything should look identical to our last test, but we 
know that now, simply by changing playerX and playerY, we can change 
the position of the entire drawn object. 
 



To test this theory, open your initialization script again and play with the 
numbers. For instance, I’ll change both numbers, so that playerX=decimal 
20 and playerY= decimal 200 at the start of the game. 
 
 

 
 
You should see that your player shows up in a different position. The higher 
the x value, the further to the right. The higher the y value, the further 
down. 
 
Now we need to work on a way to change these positions using controller 
input. For ease and clarity, and because we’re creating a very light and 
agile engine, we’re again going to get controller reads the long way, 
wasting a lot of variable space and creating a routing that is very 
unoptimized. As you get more comfortable with coding in ASM, there are 
much more efficient ways to get controller data, but the method I’ll be 
showing in the next step should be very easy to read and understand even 
if you have very little understanding of code. 



 

Step 4: Setting up variables for the controller. 
 
In the unoptimized  version of reading a controller, we’re going to treat each 
button state as its own variable. The reason this is wasteful is that each 
button on the controller really only needs one bit to convey its state - it’s 
either pressed or it’s not. This means that a better optimized controller read 
would likely be able to keep all info about all 8 controller buttons in a single 
byte (each bit representing the state of the button, 0 for not pressed, 1 for 
pressed). That means that using a whole byte for each button wastes 7 
bytes of precious RAM variable data, however it will make it much easier to 
read and work with. 
 
In script settings, open the file for your zero page variables. We are going 
to create a RAM variable for each button - controller1_A, controller1_B, etc. 
 

 
 

Our RESET routine zeros out all RAM, so at the beginning of the game, 
these will all get set to zero. Because of that, we do not have to set their 
initial state to zero. 
 
As of this moment, these variables don’t mean anything. Effectively, they’re 
just labels for addresses $0003–000A. In our main game loop, we will 
populate them with the hardware button states every frame. 



 
 

Step 5: Reading the hardware button states and assigning to the 
controller variables 
 
In Script Settings, open the Main Loop. Before we draw routine, we’ll add 
our controller reading routine. To get the data of the state of the hardware, 
you write twice to the memory address $4016. Writing a 1 starts reading 
the controller data, writing a 0 stops reading the controller data. Once you 
have done these successive writes, you can read $4016 eight consecutive 
times to get the status of each button. The first read will be the status of the 
A button. The second read will be the status of the B button. Etc. 
 
What we want to do is read from $4016, then mask off the non-important 
bits so that we’re only reading bit 0 (the bit all the way to the right). For this, 
we’ll use an AND statement. 
 
This requires a little bit of explanation of logic. When you AND two bytes 
together, you are looking at same bits from each to get a result. A 1 AND a 
1 will return a 1. A 1 AND a 0 will return a 0. A 0 and a 1 will return a 0. A 0 
and a 0 will return a zero. 
 
So think about these numbers: 
 
LDA #%11111111 
AND #%00000000 
 
The result here, currently loaded in the accumulator, would be 
#%00000000, because a 1 and a 0 logically works out to zero. 
 
Here’s another example: 
 
LDA #%11111111 
AND #%01010101 
 
The result here would be #%01010101, because the only bits that would 
result in a one through this operation would be any comparison where both 
same place bits have a 1. 
 



A third example: 
 
LDA #%01010101 
AND #%10101010 
 
The result here would bet #%00000000 for the same reason. 
 

So in our example of reading gamepad data, we would load information 
from  $4016, which is the controller read. We would “and out” all of the bits 
except for the last one (so no matter what they are, they’d result in a zero), 
and only focus on bit 0 (the one all the way to the right). If in $4016, this 
hardware read is affirmative, it would be a 1. And-ing in a 1 to a 1 would 
cause the result to be a 1.  If, on the other hand, the read from $4016 is 
zero, and-ing in a 1 would cause the result to be a zero, because and-ing a 
1 and a 0 logically results in 0. 
 
Pretend the read of $4016 read as true, and had a bunch of garbage data 
in the other bits that we don’t care about, here’s what the read would look 
like, with it’s logical result. 
 

LDA #%11010111 ;; whatever is in $4016, the last bit 
being the important one. 
AND #%00000001 
(the result is) 
    #%00000001 ;; because the 1 is only carried through 
if both bits were 1. 
  
 
Meanwhile, if it was false, and the read from $4016 resulted in a zero, it 
would read like this: 
 
LDA #%11010110 
AND #%00000001 
(the result is) 
    #%00000000 ;; because 1 would not be carried 
through since one of the bits is a zero. 
 



Using that logic, we’ll read each button state, mask out all of the bits except 
the one we’re interested in, and push the result to the controller variables 
for each button that we made. 
 

 
 
 

Now, we can simply read our variables any time we want to know the 
status of a button.  If controller1_A is 0, that means it is not pressed. If it is 
1, that means that it is pressed. 
 
 



Step 5: Checking controller input variables and make something 
happen. 
 

Just below our controller reading code, we’re going to check to see if the 
controller variable that we’ve associated with the right button is 1 or 
zero.  This code will Branch if EQual to zero passed the movement code. 
Otherwise, it’ll flow right into it.  
 
When you test your game, this will work, but something will be very wrong. 
In fact, it may even appear that the object is moving left instead of right, 
and chances are it will be flickering in a weird way. We’ll tackle that in a 
moment, but for now, just try this out and make sure that the player object 
does move in some way. 
 
(Also, make sure in your emulator, your inputs are set up to whatever 
you’re using. If nothing happens, check to make sure that your gamepad 
buttons are linked to the right keys or joystick buttons). 
 

 



 
 

Step 6: Regular Frame timing. 
 
The reason that the crazy amount of jittering happened rather than a nice 
fluid motion is because the increase to the player’s x value was happening 
many times per frame. Think about our game loop so far. All it does is read 
the controller, then move, then do it over again. It’s going to have the time 
to work through those instructions many, many, many times per frame, 
which will result in the x value increasing many many many times per 
frame. What we want to do is regulate our main game loop so that all of its 
logic only occurs once per frame. 
 
We do have a sort of built in method in keeping track of frame timing. We 
know predictably that the NMI hits every time rendering is finished. This 
happens predictably 60 times per second. So this is how we want it to 
work. We want our main game loop to do all of the things that it needs to 
do. When it’s finished, it should loop back up to the top. However, it should 
not continue to do all of its things again until we’ve reached the next frame 
(the next NMI has fired). Once it has, we’re in the next frame and we 
should do all the main loop stuff again. 
 
We need a new RAM variable. We’ll call it frameTimer. Open up your zero 
page and make a one byte variable called frameTimer. 
 



 
 

We want the fame timer to change every time we hit a new frame. We’ll 
have it increase every time we hit the NMI. Open your NMI and scroll down 
until after the palettes are loaded but before we’ve restored the PPU. If 
you’ve set yours up exactly like mine, you’ll see a comment for a space 
where we will handle frame time. There, simply add INC frameTimer. 
 



 
 

Lastly, in our Main Loop, if we happen to hit the top of the loop again, we 
want it to hang out until frameTimer has changed. 
 
This small couple of lines can be quite cryptic if you don’t think it through. 
Let’s work it out logically. 
 
Step 1: Load the value of frameTimer into the accumulator. 
Step 2: Jump into a loop. 
Step 3: Compare the value in the accumulator to frameTimer 
Step 4: if frameTimer is the same as what’s in the accumulator, loop until 
it’s not. 
 
 
 
 
 



 
 
 
 

 
 
 

So how does this work? Well, let’s imagine it like the face of a clock. I’m 
going to look at the minutes. It’s 12:00, so the minute says 00. I’m going to 
do one pushup every minute. The numbers zero zero are what I have to 
focus on, so I put that in the back of my brain. I do a push up. Then I look at 
the clock. Is it zero zero? Yup…so I look at the clock. Is it zero zero? 
Yup…so I look at the clock. Is it zero zero? Yup…so I look at the clock. Is it 
zero zero? Wait! It changed to zero one! Ok, another pushup. Now I need 
to compare it to zero one. Is it zero one? Yup…so I look at the clock. Is it 
zero one? Yup…so I look at the clock. Is it zero one? Wait! It changed to 
zero two! Ok, another pushup…. 
 
And so on and so forth. To put that in terms of the code, we’re looking at 
frameTimer. At the beginning of the game, it will be zero. We load zero into 
the accumulator, then we start our loop. Is frame timer still the value in the 
accumulator (zero)? Yes, ok…keep checking. Still zero? Yes, ok…keep 
checking. Still zero? Yes, ok…keep checking. Then at some point, the NMI 
fires because the frame is over. The NMI takes us out of our code and does 



all of its stuff, at the end of which, increases frameTimer to one, then 
throws us right back where it nabbed us from, which is in that loop. The 
accumulator has been restored to zero, but frameTimer is no longer equal 
to what is in that accumulator - it has advanced to one! Time to do a 
proverbial pushup (run our MainGameLoop code). When the 
MainGameLoop code is done, it jumps back up to the top and the first thing 
it does is load frameTimer, which is now one. One gets pushed into the 
accumulator. Ok, is the frameTimer equal to what’s in the accumulator? 
Yes…keep checking.  
 
And repeat. 
 
This is how we can regulate our frame so that our MainGameLoop runs 
exactly once every frame, which is a great way to manage the game’s 
timing.  
 
With this little bit of code written, try out the game, and you should see that 
movement is as expected. 
 
 

Step 7: Adding controls for four directions. 
 
Simple enough - we will check each of our button variables in turn and 
move our player’s x and y position based on those button states. 
 
Writing INC before a variable will increase the variable by one. Writing DEC 
before a variable will decrease the variable by one. In later steps, we will 
add a variable for the speed of the player. 
 
 



 
 
 
 
 
 

END OF LESSON 6. 
 
By the end of this lesson, you should have a character moving around the 
screen. You should have a basic understanding of working with variables. 
You should also be familiar with how to poll the controller, and how to use 
that data to affect change to your game. You should understand how to use 
AND to mask bits, and you should know a process for regulating your 
frame timing. 
 
 


