












Intro to Emulation



What is Emulation?
The act of a computer system posing as another 

computer system.







The Biggest Problem: Different CPUs
…
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Different Peripheral Management

bro i am 
literally a 

Steam Deck

Can I use the 
CD drive 
please?



Even more differences



Even more differences

???









Emulating networks



Let’s try making an emulator!



Chip8 is a virtual system with its own interpreted 
assembly-like language, often used for games.



https://tobiasvl.github.io/blog/write-a-chip-8-emulator/



Display

A classic Chip8 system outputs a 64x32 image of binary pixels 
(black or white) which can be toggled on or off.

32

64



Memory

The Chip8 has 4KB (4096 bytes) of RAM, which contains all 
the data the system has access to at any given time.

…u8 u8 u8 u8 u8 u8 u8 u8 u8 u8 u8 u8 u8 u8u8



Memory

The first 512 bytes are reserved, meaning they aren’t meant 
to be written to by a running program.

Extra note: The bytes 0x50 (80) to 0xD0 (208) often store 
font data preloaded for any program that wants to draw 
text.

……

Reserved

u8 u8 u8 u8 u8 u8 u8 u8u8 u8 u8



Memory

Bytes from 512 onwards store the running program.

……



CPU Registers

V0

V1

V2

…

VF

Sixteen 16-bit registers labelled 
V0 to VF. 

They can all store numbers from 
0-65535.

Base 10 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Hex 0 1 2 3 4 5 6 7 8 9 A B C D E F



VF is used by many arithmetic 
instructions to store carry bits.

V0

V1

V2

…

VF

CPU Registers



CPU Registers

I
Another 16-bit register I, which 
is often used to point to sprite 
data.

PC
Stands for Program Counter, a 16-bit 
value which stores the address of the 
next instruction to be executed.



Timers

Two 8-bit (0-255) timers which go down by one 60 
times per second until they reach zero.

Delay Timer

Sound Timer
The sound timer plays a beep 
sound as long as it’s above 0.



Stack

The stack consists of 16-bit values which 
can be added to and removed from the top.

It’s often used for functions, since you can 
keep track of where they can return to.

The stack can be as large as you want, but 
historically most programs don’t expect a 

stack with more than 16 elements.
u16

u16

u16

Can only add or 
remove from here



And that’s it!



But how do you control it?



Emulating the CPU

In order words, we need to emulate the Fetch-Decode-Execute 
cycle of the CPU.







Fetch

PC: 512

00E0



Fetch

PC: 514

6101



Fetch

PC: 516

6008



The regular Chip8 has 34 
instructions.

Decode







00E0 5XY0 8XY3 9XY0 EXA1 FX29

00EE 6XNN 8XY4 ANNN FX07 FX33

1NNN 7XNN 8XY5 BNNN FX0A FX55

2NNN 8XY0 8XY6 CXNN FX15 FX65

3XNN 8XY1 8XY7 DXYN FX18

4XNN 8XY2 8XYE EX9E FX1E

00E0 5XY0 8XY3 9XY0 EXA1 FX29

00EE 6XNN 8XY4 ANNN FX07 FX33

1NNN 7XNN 8XY5 BNNN FX0A FX55

2NNN 8XY0 8XY6 CXNN FX15 FX65

3XNN 8XY1 8XY7 DXYN FX18

4XNN 8XY2 8XYE EX9E FX1E

?



Parameters

X The second nibble of the opcode.

Y The third nibble of the opcode.

N The fourth nibble of the opcode.

NN The last two nibbles of the opcode together 
(second byte).

NNN The last three nibbles of the opcode together.

00E0 5XY0 8XY3 9XY0 EXA1 FX29

00EE 6XNN 8XY4 ANNN FX07 FX33

1NNN 7XNN 8XY5 BNNN FX0A FX55

2NNN 8XY0 8XY6 CXNN FX15 FX65

3XNN 8XY1 8XY7 DXYN FX18

4XNN 8XY2 8XYE EX9E FX1E



8XY4

Adds the value of VY directly to VX, and sets VF to 1 if it overflows.



8344

Adds the value of V4 directly to V3, and sets VF to 1 if it overflows.



87B4

Adds the value of VB directly to V7, and sets VF to 1 if it overflows.



6532Fetch

00E0 5XY0 8XY3 9XY0 EXA1 FX29

00EE 6XNN 8XY4 ANNN FX07 FX33

1NNN 7XNN 8XY5 BNNN FX0A FX55

2NNN 8XY0 8XY6 CXNN FX15 FX65

3XNN 8XY1 8XY7 DXYN FX18

4XNN 8XY2 8XYE EX9E FX1E



6532Fetch

00E0 5XY0 8XY3 9XY0 EXA1 FX29

00EE 6XNN 8XY4 ANNN FX07 FX33

1NNN 7XNN 8XY5 BNNN FX0A FX55

2NNN 8XY0 8XY6 CXNN FX15 FX65

3XNN 8XY1 8XY7 DXYN FX18

4XNN 8XY2 8XYE EX9E FX1E



6532

00E0 5XY0 8XY3 9XY0 EXA1 FX29

00EE 6XNN 8XY4 ANNN FX07 FX33

1NNN 7XNN 8XY5 BNNN FX0A FX55

2NNN 8XY0 8XY6 CXNN FX15 FX65

3XNN 8XY1 8XY7 DXYN FX18

4XNN 8XY2 8XYE EX9E FX1E
6XNN: Set register VX to the value NN.



6532

?

16-bit



Bit Manipulation: & Operator
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Bit Manipulation: & Operator

0110
0101

0100

&

= 6

= 5

= 4



Bit Manipulation: Bit Shifts

10110010
3

00010110

>>



6XNN
0F00&

0X00

0110 XXXX NNNN NNNN

   8>>

0000 1111 0000 0000

0000 XXXX 0000 0000

000X 0000 0000 0000 XXXX



BNNN
0FFF&

0NNN

1011 NNNN NNNN NNNN

0000 1111 1111 1111

0000 NNNN NNNN NNNN



Execute

00E0 5XY0 8XY3 9XY0 EXA1 FX29

00EE 6XNN 8XY4 ANNN FX07 FX33

1NNN 7XNN 8XY5 BNNN FX0A FX55

2NNN 8XY0 8XY6 CXNN FX15 FX65

3XNN 8XY1 8XY7 DXYN FX18

4XNN 8XY2 8XYE EX9E FX1E



DXYN
Used to render a sprite.

Sprites on the Chip8 are always 8 pixels wide, 
and can be from 1 to 15 pixels high.

N is the height of the sprite being rendered.



DXYN

…
Row 1 Row 2 Row N

00111100 01111110 00111100

I

The sprite data is read from RAM, and starts at the address 
stored in I.



DXYN
The sprite is then rendered at the coordinates (VX, VY).

The output pixels are the pixels currently in the region to be 
rendered XORed with the sprite’s pixels.

(VX, VY)



Let’s see some code!



On GitHub there is a Chip8 emulator in C that 
has already been started.

It is coded to load a program showing the 
IBM logo on it, but only two of the necessary 
instructions are completed.

Your task is to fill in the remaining 
instructions and get the program running.

Jump to instruction 1NNN

Set register VX to NN 6XNN

Add NN to VX (no carry bit changes!) 7XNN

Set index register to NNN ANNN

https://github.com/LUCompSoc/chip8-demo

Once you’ve done this, feel free to 
implement as many instructions as 
you can and try running some other 
programs!


