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Abstract 
The educational programs of degrees in Computer Engineering rely on emulators, simulators and 
simplified tools to teach students fundamental concepts. Current commercial pieces of hardware and 
software are usually too sophisticated to study. In this context, some old platforms could help 
professors to illustrate low-level concepts. This work proposes distributing among the subjects of the 
Bachelor’s degree in Computer Engineering several micro-projects related to CHIP-8, a virtual 
machine from the late seventies. They are designed to teach students: i) low-level programming in 
assembly, ii) the way in which emulators and simulators are programmed, iii) the fundamentals of 
platform-independent software, and iv) the basic ideas of compiling high-level languages into 
executable binaries. Additionally, considering the growing interest in discontinued videogame consoles 
and retro-gaming, the proposal is also valid to motivate current students and to attract new ones. The 
projects described in this work are designed as complementary tasks to enrich the selected subjects. 
Although the educational program considered is that of the University of Almería (Spain), the 
proposals can be adapted to any other one by identifying the equivalent subjects. 

Keywords: Teaching, Computer Engineering, CHIP-8, emulator, virtual architecture, retro-gaming.  

1 INTRODUCTION 
Emulators and simulators are popular tools in the framework of Bachelor’s degree in Computer 
Engineering (BCE). For instance, at the University of Almería, the students of BCE have to work with 
the network simulator Packet Tracer [1] on several subjects [2]. They are also expected to use tools 
such as VirtualBox [3] to emulate different machines. For mobile programming, the standard 
development kits include emulators of their target platforms too (e.g., the Android SDK [4]). This kind 
of software significantly enhances the flexibility and scope of lessons. Students can work on their own 
and do not depend on using real infrastructure in laboratories [3]. Moreover, these tools allow studying 
a wide range of situations [5] without risks for real equipment and on subjects of short duration. 

Independently of the tools, most educational programs of BCE have a crosscutting plan. Their 
subjects mainly aim to teach students the fundamentals of the relevant topics. Students are ultimately 
expected to delve into their areas of interest either in the job world or in later educational programs. In 
fact, due to the continuous evolution of technology and Computer Science, real hardware and 
software have become significantly more complex and difficult to study transversally. Thus, proofs of 
concept and simple systems have a great interest because of their educational value. The operating 
system MINIX [6], which was explicitly developed with pedagogical purposes, is a good example of 
this idea. Similarly, but in terms of hardware, in [7] a simple family of RISC processors was designed 
for teaching purposes. The micro-computer Raspberry Pi, even though it was initially designed to 
introduce Computer Science to children, has been proven to be a good platform for BCE education too 
[8],[9], [10]. 

Unfortunately, most students lack interest in low-level topics of Computer Science [9]. For instance, 
while most of them enjoy programming in portable high-level languages such as Python and Java, 
assembly and even C are poorly received. Nevertheless, most students like video games, including 
the classic ones, which were programmed at low-level. In fact, retro-gaming and emulation of old 
consoles are really popular [9], [11]. In this context, this work states that CHIP-8 [12], a virtual 
architecture from the late seventies, is a good platform to motivate students and complement their 
knowledge. First, it features only 35 instructions aimed at video game programming, which makes it 
attractive to students in spite of being a pseudo-machine language. Secondly, CHIP-8 is especially 
suitable to introduce the development of emulators, which is not usually covered in BCE. Thirdly, 
CHIP-8 can be used to introduce the fundamentals of platform-independent and interpreted software. 
Fourthly and last, it can be also used to introduce some concepts of compilation and binary files. In 
this work, several micro-projects based on CHIP-8 are designed to complement certain subjects of 
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BCE at the University of Almería in Spain. They can be adapted to any other compatible educational 
program, though. They are designed as modular activities, so they can be included in any target 
subject without altering its contents. 

The structure of this paper is as follows: Section 2 describes the design of CHIP-8. The syntax of Octo 
[13], an assembler for it, is also included. Section 3 contains the details of all the proposed educational 
projects based on CHIP-8. Section 4 includes the conclusions and future work. 

2 OVERVIEW OF CHIP-8 
CHIP-8 is a hexadecimal interpreted language created by J. Weisbecker in 1978 and described in 
[12]. It was intended to be a kind of high-level machine language which made it possible to create 
software, especially video-games, without programming in real machine code. Every one of its 
pseudo-machine instructions is expected to be linked to the necessary machine-specific code by the 
interpreter.  

As highlighted in [12], once the interpreter is ready for a certain platform, further software development 
is significantly simpler. Moreover, in contrast to more flexible languages, the constrained structure of 
CHIP-8 allowed very simple interpreters and hence, its use in low-power machines. Several metrics 
are used in [12] to support this affirmation: First, a tic-tac-toe game written in CHIP-8 requires up to six 
times less bytes of code than its equivalent version in BASIC. Second, the CHIP-8 interpreter is eight 
times smaller than the one for BASIC. Third and last, the CHIP-8 program ran on a 1.5K memory 
system with a hexadecimal keyboard while the BASIC one required an 8K system, an ASCII keyboard, 
and an alphanumeric display. Although CHIP-8 was initially designed for the COSMAC VIP, it was 
later ported to other machines such as the Telmac 1800 and COSMAC ELF because of its properties 
[14]. It also has several descendants such as SCHIP, featuring some more instructions and power 
[13]. CHIP-8 is still of interest for hobbyist and to learn about emulation [13], [14]. 

The definition of CHIP-8 is linked to a homonymous virtual machine [13], which is implicitly 
represented by the interpreter. In fact, as said in [12], development of software for CHIP-8 can be 
simply addressed as microprogramming considering its pseudo-machine instructions. This conceptual 
virtual machine features a single processor which is directly connected to its main memory, two timers, 
a buzzer, a hexadecimal keyboard and a monochromatic display. Any interested reader should be 
able to write its own CHIP-8 interpreter and software from [12], [13], [14], which are publicly available. 
Nevertheless, a summary is provided next for the sake of completeness. 

The CHIP-8 processor offers 16 general-purpose registers of 8 bits labeled as V0, V1, ...VF (the latter 
is also used as a flag for certain conditions by the system, though). It contains a special register of 16 
bits, I, which is used to store memory directions, and two 8-bit ones, VS and VT, linked to the sound 
and delay timers, respectively. The processor also has two non-modifiable registers, a 16-bit one, PC, 
used as program counter, and an 8-bit one, SP, used as stack pointer. Up to 16 directions of 16 bits 
can be stored in the stack to allow returning from subroutines (the number of levels might vary 
depending on the implementation [15], though). 

The maximum amount of memory that can be handled by CHIP-8 is 4096 bytes. It is addressable per 
byte (8 bits) in big-endian format. Hence, any valid memory direction only requires 12 bits. However, 
the initial implementation of CHIP-8 directly mapped its memory with that of the underlying hardware 
and where the interpreter of 512 bytes was also loaded. Thus, CHIP-8 software generally assumes its 
code starts at direction 0x200 (i.e., slot 512 in decimal). For compatibility reasons, this situation is 
inherited by modern implementations [14], [15]. That room is used to store the set of fonts that the 
language specification defines, though.  

The sound and delay timers work at 60 Hz and decrement registers VS and VT, respectively, while 
their values are greater than 0. The buzzer is expected to beep while the value of VS is greater than 0. 

The hexadecimal keyboard consists of 16 keys labeled from 0 to F and would theoretically allow both 
using and writing software. 

The screen is monochromatic, and it is 64 pixels in width and 32 pixels in height. Its status is 
persistent, which requires 256 bytes of memory to be managed by the interpreter but not part of the 
virtual machine memory map. Graphics are printed as byte-coded sprites of 8 pixels wide and up to 15 
pixels height. While plotting, the XOR function is computed between every pixel of the sprite and the 
current status of the screen in the corresponding point. If any pixel was changed from 1 (active) to 0 
(inactive) after plotting the sprite, VF is set to 1 (and to 0 otherwise). Any CHIP-8 machine must 
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provide software with the hexadecimal symbols from 0 to F as sprites of 8 pixels width (only 4 used) 
and 5 pixels height. Fig. 1 explains the coordinate system defined and summarizes the aspects of 
plotting with one of the default symbols as example. 

 
Figure 1. Main aspects of graphics in CHIP-8. 

As a language, CHIP-8 defines 35 instructions of 2 bytes for his conceptual processor (only 31 were 
documented in [12], though [14]). As intended in [12], it is possible to write software for CHIP-8 by 
directly using its machine code. This is why CHIP-8 only required hexadecimal keyboards to be 
implemented. In fact, it is simply a more convenient version of directly typing sets of 1's and 0's. 
However, remembering the conceptual meaning of raw numbers and managing memory directions by 
hand are demanding and error-prone tasks. For this reason, it is recommendable to use assemblers 
[14] when possible. This kind of tools defines an assembly-like language for the CHIP-8 virtual 
architecture, which mainly consists in assigning a mnemonic for every opcode, and handles memory 
directions automatically. CHIPPER [15] and Octo [13] are examples of open-source assemblers for 
CHIP-8. In this work, Octo is the recommended option. It includes a whole integrated development 
environment (IDE) with emulator, disassembler, debugging and sharing capabilities. Its documentation 
and tutorials perfectly allow learning to write CHIP-8 software. Finally, Tab. 1 lists all the opcodes of 
CHIP-8 and their mnemonic in Octo. The nomenclature used is as follows (note that decimal values 
must be converted to hexadecimal for opcodes): 

- N is an integer in range [0, 15] 
- NN is an integer in range [0, 255] 
- NNN is a memory address in range [0, 4095] 
- (V) X, Y refers to an all-purpose register index (0x) [0, F] 

3 EDUCATIONAL ACTIVITIES BASED ON CHIP-8 
Despite its simplicity and age, CHIP-8 is a complete platform for development. Thus, although it 
should not replace modern contents, CHIP-8 can be used to motivate and introduce some concepts in 
a context that is perfectly understandable by students. This section describes 5 complementary tasks 
for different subjects and related to CHIP-8 that has been designed for this purpose. They are 
expected to serve as a bridge between fundamental concepts that might be ignored otherwise and to 
improve vertical integration. All the subjects mentioned belong to the educational program of BCE at 
the University of Almería. However, their descriptions are complete enough to allow identifying the 
equivalent ones in any other program. 

3.1 Project 1: Welcome to a binary world  
This project is designed for “Introduction to Programming”, a compulsory subject of the first term of the 
first course (out of four). This subject is of 6 credits and 150 hours divided into 45 hours of classroom 
time and 105 hours of self-work as all of those mentioned in the rest of the paper. The subject aims to 
teach students the fundamentals of programming. It covers the general concepts of Algorithms 
(variables, constants, functions and control structures in pseudo-code) as well as practical 
programming in Java and the Object-Oriented paradigm. This subject is probably the most related one 
in the first term to what motivated most students to opt for BCE. 

In this context, the proposed activity is planned to be included after having taught conditional decisions 
and input/output operations, i.e., the first few practical lessons. At this point, students should have a 
theoretical definition of programs as a set of instructions understandable by computers. They should 
have also developed their first programs. Thus, it is an appropriate moment to give them a more 
realistic perspective of the internals of software when it is out of the IDE and ready to be executed.  
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Table 1. Caption for the table. 

Opcode Octo instruction Details 

00E0 clear Clear the screen (all 0's) 

00EE return Return from a subroutine 

0NNN <Unavailable> Run native code at NNN (deprecated) 

1NNN jump NNN Continue from instruction at NNN 

2NNN NNN Call subroutine at NNN 

3XNN if vX != NN then Skip the next instruction if VX = NN 

4XNN if vX == NN then Skip the next instruction if VX != NN 

5XY0 if vX != vY then Skip the next instruction if VX = VY 

6XNN vX := NN VX = NN 

7XNN vX += NN VX = VX + NN 

8XY0 vX := vY VX = VY 

8XY1 vX |= vY VX = VX OR VY (bitwise) 

8XY2 vX &= vY VX = VX AND VY (bitwise) 

8XY3 vX ^= vY VX = VX XOR VY (bitwise) 

8XY4 vX += vY VX = VX + VY; VF = 1 if VX+VY>0xFF or 0 o/w 

8XY5 vX -= vY VX = VX – VY; VF = 1 if VX ³ VY or 0 o/w 

8XY6 vX >>= vY VF = Least significant bit of VY; Shift VY right by one; Set VX = VY 

8XY7 vX =- vY VX = VY – VX; VF = 1 if VY ³ VX or 0 o/w 

8XYE vX <<= vY VF = Most significant bit of VY; Shift VY left by one; Set VX = VY 

9XY0 if vX == vY then Skip the next instruction if VX != VY 

ANNN i := NNN Set special register I to address NNN 

BNNN jump0 NNN Continue from inst. at NNN + V0 

CXNN vX := random NN VX = Rnd. int. in [0, 255] AND NN 

DXYN sprite vX vY N Draw the sprite pointed by register I; N is the number of bytes (rows); VF = 
1 on collision, 0 o/w (Fig. 1) 

EX9E if vX -key then Skip the next instruction if the key number in VX is pressed 

EXA1 if vX key then Skip the next instruction if the key in VX is not pressed 

FX07 vX := delay VX = VT (register of the delay timer) 

FX0A vX := key Wait for a key and store its index in VX 

FX15 delay := vX VT = VX 

FX18 buzzer := vX VS (sound timer) = VX 

FX1E i += vX I = I + vX 

FX29 i := hex vx Point I to the hexadecimal font in VX 

FX33 bcd vx Decompose the value in VX in its hundreds, digits and tens (decimal). 
Store in memory (I, I+1 and I+2, resp.) 

FX55 save vX Copy V0 to VX to memory from add. I; I is set to I + X + 1 

FX65 load vX Set V0 to VX to the values in memory from add. I. Set I = I + X + 1 

The project consists in giving the students a program that simply writes the bytes shown in Fig. 2 to a 
binary file. It should also allow modifying the bits, at least regions “a” and “b”. It is the machine code of 
a CHIP-8 program that prints either “HELLO” or “BYE” depending on the value of a certain register. 
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Figure 2. Sample CHIP-8 machine code for project 1. 

First, the professor makes them create and run the binary file on a CHIP-8 emulator (e.g., Octo). After 
that, the professor should insist on the idea that programs are ultimately raw binary-coded instructions 
for a certain platform. Next, the students are invited to analyze and alter region “a” creatively. They 
should realize that it contains the messages to be shown by the program. For instance, the first 40 bits 
grouped into consecutive rows of 1 byte (see Fig. 1) represent letter “H”. Then, they should swap the 
first four bits of both parts of region “b” and run the new executable. It simply alters a comparison 
sequence (3XNN and 4XNN in Tab. 1), which makes the program show an alternative message. 
Finally, they should think about the differences between the code they usually write and that required 
by machines. Additionally, if the students are interested in Computer Security, the professor could 
invite them to discuss the potential risks of altering programs in that way (e.g., cracking). 

This project links what students write as code to what it is in reality and does it in a practical way. 
Otherwise, this aspect remains mainly conceptual and they cannot test it. It should attract their 
attention and improve their perspective. This is done in a very simple but descriptive way thanks to the 
simplicity of CHIP-8 as a computer. It can be executed in groups during a single lesson. The final 
report of every group could be used as a complementary mark. 

3.2 Project 2: The missing link between numbers and words  
This project is designed for “Computer Structure and Technology”, a compulsory subject of the second 
and last period of the first course. Its program starts with teaching Numeral Systems, Boolean 
Algebra, Combinational Logic and circuitry related to it (adders, multiplexers, encoders, etc.). After 
that, it includes Sequential Logic and circuitry (latches, flip-flops, etc.). Finally, the memory system and 
central processing units are described before introducing the assembly language of ARM processors 
(formerly MIPS in previous years) [16]. 

In this context, the proposed project is planned to be developed just before starting with the ARM 
assembly (e.g., a session before). At that point, most students should understand that programs are 
ultimately combinations of numbers which encode the operations to perform and their data. 
Assemblers provide symbolic names (mnemonics) and handle aspects such as memory directions. 
This micro-project shows the specification of a few opcodes (i.e., the numerical format of final 
instructions) and their direct use in a simple but creative way. After that, students should appreciate 
the tools provided by assemblers with a deeper understanding. 

The task starts by presenting the students a conceptual processor with only 8 opcodes and a coupled 
byte-addressable memory where programs are loaded starting at address 0x200. Specifically, the 
professor simply explains CHIP-8 mentioning only its general 16 8-bit registers, the special memory 
pointer I and its opcodes 1NNN, 6XNN, 7XNN, ANNN, DXYN (including how plotting works, see Fig. 
1), FX29, FX33 and FX65 of Tab. 1. After that, the professor should propose explaining how to write a 
program for that machine. It will simply plot a number and a letter.  

The explanation should be based on Fig. 3. According to it, the program starts by skipping its own 
data. It requires adjusting the “NNN” part of opcode 1NNN to the next valid instruction (the one setting 
V0 to 0 at address 0x20B and 0x20C). In fact, it is only necessary to adapt the variable parts of every 
opcode to use it. This implies manually handling the memory addresses. In relation to the skipped 
data, it consists of: i) a set of five bytes that look like the letter `N' once plotted and ii) an array of three 
positions to be used by opcode FX33 (BCD). After explaining this procedure, the students are then 
required to choose a different number and letter to plot and to adapt the code accordingly. It is either 
possible to give them a program that writes every number into a binary file or directly using the raw 

00010010010011011001000010010000111100001001000010010000 
11110000100000001110000010000000111100001000000010000000 
10000000100000001111000011110000100100001001000010010000 
11110000111000001001000011111000100100001110000001010000 
01010000001000000010000000100000111100001000000011100000 
10000000111100001010001000000010011001000000000011010000 
00010101001101000000001011110010000111100111000000000101 
01110100000000010011010000000100000100100010100111010000 
00010101000000001110111010100010000101101101000000010101 
11110010000111100111000000000101110100000001010111110010 
00011110011100000000010111010000000101010000000011101110 
01100000000010100110000100001010011000100000010101100011 
00000110010000110000011000100010001001010011001100000110 
0010001000111011 a) b) 
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input tools included in Octo to run their programs. It is interesting to make them think about the 
potential problems of code written in that way, i.e., errors and difficulties to make changes. This task 
ends with the professor showing the students the Octo assembly version of the program described. It 
is included on the right side of Fig. 3. They should realize that every opcode has a direct equivalence 
to a mnemonic, and there is no need to handle memory addresses by hand either. 

 
Figure 3. Chip-8 opcodes and Octo version for project 2. 

This task should have enriched their conceptual understanding of what assembly and assemblers are 
before starting with the introduction to ARM programming at the next lesson. 

3.3 Project 3: A few bytes but much fun  
This project is designed for “Computer Architecture”, a compulsory subject of the first period of the 
second course. This subject extends the contents of Computer Structure and Technology, considered 
for the previous project, by analyzing the components of computers from a higher level of abstraction. 
Specifically, it starts with the definition of the fundamental concepts related to Computer Architecture, 
computing performance, and the main metrics considered. Next, it covers the principal approaches 
proposed to improve the performance of modern processors including pipelining and superscalar 
designs. After that, assembly programming for ARM processors is studied in detail. The final part of 
the subject explains memory management and hierarchy as well as the input/output subsystem. 

In this context, like the previous one, the proposed project is planned to be developed before starting 
with the ARM assembly (e.g., a session before). It aims to add to the program of the subject an 
enjoyable and innovative activity to motivate students to program in assembly. In fact, they generally 
remember very few details of that programming style from the introduction to ARM made in Computer 
Structure and Technology. Their experience is not very positive in general either. The proposed 
project is hence good to prepare students to work in assembly again in a fast way and without altering 
the contents of the subject. It also includes optional tasks to earn bonus points and to visualize some 
concepts about memory and efficiency, which are later covered in the subject. 

The project is designed as a guided single session or tutorial. The professor starts by showing the 
students a picture of any modern and popular game. Next, the professor invites them to imagine that 
they had that idea in 1980. After that, the professor says that they are going to implement it for a 
platform of that period, namely CHIP-8, which is called a ‘demake’ in the field of videogames [17]. 
Then, the professor describes CHIP-8 and Octo as the assembler that is going to be used to create 
the game. If the previous projects had been added to the curriculum of BCE, the students would be 
already relatively familiar with both CHIP-8 and Octo (i.e., some opcodes and the online emulator). 
However, this is the project designated to include a complete introduction to the platform. It is 
necessary to provide the students with attractive and complete but also concise reference material. 
The explanation can be based on the contents included in Section 2 and should not take more than 
25% of the session (i.e., up to 30 minutes in a standard session of two hours). After the general 

Add. 
0x200 
0x202 
0x204 
0x206 
0x208 
0x20A 
0x20C 
0x20E 
0x210 
0x212 
0x214 
0x216 
0x218 
0x21A 
0x21C 
0x21E 
0x220 
0x222 
0x224 
0x226 
0x228 
0x22A 
0x22C 
0x22E 
0x230 

Byte #i Byte #i+1 
0x12 0x0A 
0x00 0x00 
0x00 0x88 
0xC8 0xA8 
0x98 0x88 
0x60 0x00 
0x61 0x00 
0x62 0x00 
0x63 0x06 
0x64 0x0A 
0x65 0x6A 
0xA2 0x02 
0xF5 0x33 
0xF2 0x65 
0xF0 0x29 
0xD3 0x45 
0x73 0x06 
0xF1 0x29 

0xD3 0x45 
0x73 0x06 
0xA2 0x05 
0xD3 0x45 

0xF2 0x29 
0x73 0x06 
0xD3 0x45 

Description 
Jump to 0x20A 

Reserving room 
and painting ‘N’ 

V0 = 0 

V2 = 0 
V1 = 0 

V3 = 6 
V4 = 10 
V5 = 106 
Point I to 0x202 
BCD of V5 (save from I) 
V[0,1,2] = Mem[I,I+1,I+2] 
Point I to the symbol in V0 
Plot from I at Screen(V3,V4) 
V3 = V3 + 6 
Point I to the symbol in V1 
Plot from I at Screen(V3,V4) 
V3 = V3 + 6 
Point I to the symbol in V2 
Plot from I at Screen(V3,V4) 
V3 = V3 + 6 
Point I to 0x202 (our ‘N’) 
Plot from I at Screen(V3,V4) 

0xC8 0xA8 

jump init 
: room 0x0 0x0 
0x0 : letter 0x88 

0x98 0x88 
: init v0 := 0 
v1 := 0 
v2 := 0 
v3 := 6 
v4 := 10 
v5 := 106 
i := room 
bcd v5 
load v2 
i := hex v0 
sprite v3 v4 5 
v3 += 6 
i := hex v1 
sprite v3 v4 5 
v3 += 6 
i := hex v2 
sprite v3 v4 5 
v3 += 6 
i := letter 
sprite v3 v4 5 

Octo 

Memory  
labels 
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explanation, the professor describes, step by step, the source code of a CHIP-8 game that mimics the 
modern one. All the students follow the tutorial from their workstations. To conclude the session, the 
professor proposes several optional modifications to the source code provided. The optional tasks 
make them analyse the program and serve to visualize more complex concepts. The students have 
approximately 3 weeks to work on them to earn bonus points. 

According to the previous explanation, the professor must select a game similar to any modern one 
and obtain a CHIP-8 clone to use it. The objective should not be too ambitious because the aim is to 
motivate the students and to enliven the program of the subject, not to add an extra load. In fact, it 
should be possible to explain the code in a single session.  

There are multiple games that meet the requirements among those available in Octo. Nevertheless, 
the authors of this work have developed its own game to describe. It is called Flappy Pong and clones 
the popular game for smartphones Flappy Bird [18]. Its source code is publicly available in [19], and 
any interested reader can use it to implement this project. Fig. 4 shows a screenshot of the original 
game (left) and the clone running in Octo (right). Fig. 5 includes a fragment of the code corresponding 
to the main game loop. 

The explanation of the game motivates the students to learn low-level programming and to master the 
architecture. For instance, in the case of the game that we programmed in Octo assembler, it was 
possible to save 2 bytes by not ending the main function (see Fig. 5) with a return instruction as the 
program runs an infinite loop. In fact, the final binary just takes 417 bytes while the original one is 
several megabytes in size. Considering that the gameplay remains the same, that aspect results 
positively surprising to the students.  

It is also possible to mention ideas of assemblers and compilers, not only about the automatic 
management of memory addresses, but also about the code processing capabilities. For instance, it 
can be seen a “loop-again” construction in the code shown in Fig. 5. However, that structure does not 
appear in Tab. 1. The reason is that Octo provides some virtual instructions over CHIP-8 that are 
converted at compilation. The referred “loop-again” instruction results in a simple jump to the 
beginning of that loop, and that can be easily appreciated by comparing its binary output to the 
equivalent with a manual jump to the target address. 

Regarding our sample code, three tasks were proposed. The first one was to change the number of 
points that makes the game finish. It forces the students to understand a given program. The second 
one was to add a new type of obstacle. This task requires a deeper understanding of the code and 
makes them work with the instruction list of CHIP-8. The last task, which is the most difficult one, 
challenges them to store the game data (e.g., the initial title shown when calling the “showSplash 
function”) in a more efficient way in memory. To do so, they need to reorder and group parts of the 
game data, which results in a simpler and more efficient code. That approach can also be applied to 
optimize the final screen of the window, which includes a golden cup when the maximum number of 
points is achieved. Although this idea will be further studied in the subject by working with matrices, 
completing this task will introduce this topic to the students in a very creative way. 

Moreover, since the students can download and save the game that they build by following the tutorial, 
it is possible for them to directly appreciate and think about the capabilities of runtimes and virtual 
machines. In fact, they should be able to run it from their smartphones and computers by simply using 
a CHIP-8 emulator. To do so, that kind of program implements the environment defined by the 
machine and its set of instructions. This idea is more difficult to appreciate with complex environments 
such as a full Java virtual machine (virtualization) or a Python interpreter (interpreted languages). 

Finally, as a complement, the students will learn the details of a real and old game machine, which is 
positive for their background. 

This project has been already included in the program of the aforementioned subject at the University 
of Almería (academic year 2018/19). The satisfaction rate among the students was approximately 
90%, and more than 60% worked on the optional tasks. 
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Figure 4. Screenshot of the Flappy Bird game (left) and its clone programmed for CHIP-8 (right). 

 
Figure 5. Main loop of the game programmed for Project 3 [19]. 

3.4 Project 4: Time flies  
This project is designed for “Real-time systems”, an optional subject of the second term of the third 
course. The subject, as can be deduced from its name, covers the application fields, design and 
implementation of real-time systems, i.e., those that must execute their tasks at precise time intervals 
with limited computational resources. Concurrency and reliability are also common critical facets of 
real-time systems. The subject starts with an introduction to this kind of systems and its programming 
techniques. After that, it covers the main approaches for designing and implementing real-time 
systems including task planification. Finally, several practical applications are discussed. 

In this context, the proposed activity is planned to be included at the initial part of the subject, while 
describing the practical problems of general-purpose systems to fulfill real-time requirements. The 
students should be working on theoretical runtime estimations too. The activity aims to motivate the 
students while also allowing a more practical visualization of the limitations of non-real time systems 
for that purpose. 

The activity consists in estimating the potential delay of a simple chronometer programmed for CHIP-8 
(see Fig. 6 for an implementation that measures time with the 60Hz timing register). In CHIP-8, each 
instruction takes a single cycle, and even though its frequency was not defined, it is generally between 
400 and 1000 Hz. It only allows a single execution flow, lacks interrupts, and does not allow defining 
any kind of priority. Thus, it is a simple exercise to be included in the initial sets of theoretical 
problems. In fact, in contrast to pure theoretical exercises, the students can see the program working 
and check their estimations. They should be already familiar with the platform from the previous 
projects, and most emulators such as Octo allow different speeds. 

3.5 Project 5: My machine, my rules  
This project is designed for “Rapid Application Development”, an optional subject of the second term 
of the fourth course. The subject covers the namesake field and tries to put into practice good 
software design patterns as well as appropriate development tools and methodologies. The subject 
starts with an introduction to methodologies and tools for agile software development. After that, it 
addresses the topic of design patterns for rapid software development (centered on Java). Then, the 
focus is set to web services and applications. The next topic covered is about tools for the fast 
deployment of applications while also paying special attention to virtualization tools. After that, several 
tools and methods of component-based software development are explained. Finally, the students 
have to develop a software project to apply the concepts studied on their own. 

In this context, the professor would offer the development of a CHIP-8 interpreter as one of the final 
projects available. As can be seen in Section. 2, even though the system is simple, CHIP-8 defines a 
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whole virtual system with a processor, memory, access to disk, user input, graphics and sound. 
Therefore, there is a room for putting into practice design patterns while also learning the 
fundamentals of how a virtual machine and an interpreter work. Otherwise, the students remain as 
plain users of that kind of environments. Some of the authors of this work have already developed 
their own CHIP-8 virtual machine, which is available in [20] and can be used to plan the project. 

Although not every student will opt for this project, they all will learn about virtualization during the 
common exposition. Moreover, this project is also expected to improve the self-confidence of the 
students of the last year: They know how to write the kind of software that they use in their leisure 
time. 

 
Figure 6. Code of a CHIP-8 chronometer (Project 4). 

4 CONCLUSIONS AND FUTURE WORK 
In this work, five educational projects have been designed for being distributed among different 
subjects of Bachelor’s degree in Computer Engineering. They aim to reinforce the teaching of some 
ideas and to fill some knowledge gaps that are not explicitly covered otherwise. Specifically, they allow 
visualizing what programs are in practical terms, the difficulties linked to directly programming a 
computer, the benefits of modern programming tools, the limitations of general-purpose systems to get 
real-time capabilities, and the design of virtual machines and interpreters. All of them are based on the 
use of CHIP-8, a little-known virtual machine from the late seventies. Despite being simple, CHIP-8 is 
a complete computer, and its simplicity gives it great educational potential. Moreover, the distribution 
of several projects related to the same system improves the integration of the curriculum.  

For future work, those projects which have not been implemented yet will be included in their target 
subjects. Besides, since the current curriculum at the University of Almería does not cover the design 
of programming languages and compilers, a project focused on that topic is currently under 
development. It also benefits from the “complete yet simple” architecture of CHIP-8. 

ACKNOWLEDGEMENTS 
This work has been supported by the Spanish Ministry of Economy, Industry and Competitiveness 
under Grant RTI2018-095993-B-100, and the Spanish Junta de Andalucía under Grant P12-TIC301. 
N. C. Cruz is supported by an FPU Fellowship from the Spanish Ministry of Education under Grant 
FPU14/01728. 

: separator 0x00 0x80 0x00 0x80

: digits 0 0 0

: subplot # Plot pair of numbers

i := hex v1

sprite va vb 5

va += 5

i := hex v2

sprite va vb 5

return

: plot

va := 22

i  := digits # Where to write the BCD

bcd v4 # Read MINUTES:

load v2 # Load digits into v0-v2

subplot

va += 7

i  := digits # Where to write the BCD

bcd v3 # Read SECONDS:

load v2 # Load digits into v0-v2

subplot

return

: main

v3 := 0 # Seconds

v4 := 0 # Minutes

vf := 0 # Buffer

i := separator # Plotting the SEPARATOR:

va := 32

vb := 13 # General height at plotting

sprite va vb 4

plot # Initial to be overriden

: my_loop

vf := 60

delay := vf

loop

vf := delay

if vf != 0 then

again

plot # Clear the previous one, updt and plot

v3 += 1

if v3 == 60 then v4 += 1

if v3 == 60 then v3 := 0

if v4 == 60 then v5 += 1

if v4 == 60 then v4 := 0

plot

jump my_loop # Infinite loop

return
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