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Interests

The reason | wanted to do this project was:

- 5years of PJAS, wanted to understand and gain
appreciation for the compiler

- | wanted to get better at programming in ASM

- |l wanted to learn how different _—

languages are designed c/c++

PROGRAMMING
LANGUAGES




Goal

- The main goal of this project was to create a
compiled programming language

- Features to include: variables,
if-statements, else-statements, while
loops, functions, boolean evaluation

- Also to analyze how the programming language runs
and generates.



Compiled vs Interpreted Languages

Compiled: Interpreted:
- Uses compiler on text - Text file interpreted
file by the language

- Returns machine (usually a VM)

code (as .exe file) - Line-by-Line
- Ex: C, C++, Go, Fortran execution
- Ex: Python,

JavaScript, C#



Flow of Compiled Languages
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Versatile (.vst)

Language’s name is
“Versatile”
- Compiled Language
- Compiler written in C++
- Outputs NASM
assembly in .asm file
- Designed to be lower level

Demo of Versatile’s Syntax



Why C++ and NASM?

the
netwide
assembler

- Compiler programmed - NASM used instead of

in C++ native x86 asm
Pros: Pros:

- Huge flexibility in data - NASM can be used on
structures most OS (that install it)

- Fastand Low Level - Minor syntax changes

- Supported across most - VERY PORTABLE
operating systems - Only one version of

compiler



Compiler Flow
Chart

Compiler will be a C++ file
and will have 3 main
functions to run

- Tokenizer (1st)

- Parser (2nd)

- Generator (3rd)

- Linking .asm with NASM (last)




Compiler Flow
Chart (Cont.)

Example showing the
final NASM output
- After compiling .txt file
(.vst file for Versatile)
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(#1) The Tokenizer & Tokenization

Lexical Analysis
- Takes away white space and makes “tokens”
- Identifiers, Keywords, Operators, Literals, etc.
- NO LOGICYET (Preparing for Parser)

Example of e g—“"J - ‘—'-‘— _ V{.Uv/vrd« = e
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(#2) The Parser

Takes in Tokens and makes Nodes
- Nodes are structs that contain other nodes (Bin Tree)
- Needs Grammar!!!
- Also does syntax checking and some logic
- Need to allocate
Nodes as well into
memory...




(#2) The Parser
cont. (Grammar)

- Grammar is
needed for
syntax and
program
validity

- Grammar for
“Versatile”
(Right)




(#2) The Parser
cont. (Allocator)

- All Nodes are
referred to in
pointers

- Need to allocate
memory &
access them




When
initialized
with
memory
(4mb):

ArenaAllocator {

ArenaAllocator(size t ) : m sizef
ffel std::byte’>(malloc(

ename T
T+ alloc() {

ArenaAllocator| ArenaAllocator

ArenaAllocator operator=( ArenaAllocator

~ArenaAllocator()
free



(#3) The Generator

Traverses the NodeTree and generates valid NASM
- Bulk of logic checking occurs

- Assembly —— \

utilized!!! N

std::find if

t == cend()) {
std rr <<
exit (EXIT FAILURE

std::stringstream offset




(#3) The Generator cont. (Stack)

Can'tonly use
registers (rax, rbx,
etc.) for vars & exprs
- Use Stack
instead
(essentially a
large array)

Example program (above)
with final stack (right)




Testing/Programming Environment

Using Win. VirtualBox with 64-bit Linux (CentOS 8)
- RAM: 8GB Memory
- CPU: 4-Core Intel i5-3570k @ 3.3GHz (100% Alloc)
- Disk: Samsung 256GB SSD

VS Code used along with g++ (8.5.0) for

running C++ ( /)
NASM version 2.16.01 n




Results/Data

Compiler runs relatively quickly!

- Language has most features implemented with a
low Token-to-NASM Line Ratio

Prog Name Average Run Time (s) Token Count NASM Line Count File Line Count

VST Compiler 0.00454556 N/A N/A 1438
age.vst 0.00144785 81 91 30
fibonacci.vst 0.00121443 F 74 88 20
power.vst 0.00121991 64 71 15
slope.vst 0.00154596 139 168 31

example.vst 0.00112496 10 11 [



Analysis

Versatile is grammatically close to C++
- Takes inspiration from other languages (Lua
comments, “var” declarations in JS, etc.)
Also runs in about the same time as other
languages (within ms)

Lets see some example programes...



Example Programs:

Power.vst: Returns the power inputto Fibonacci.vst: Returns the respective
the base parameter (ex: 3,2in=322=9) * number in the fibonacci sequence



Example Programs (cont):

Age.vst: Returns
1 (true) or 0 .
(false) if the .

. . Example.vst: Returns the
Input Age . ) ) [} ) Ll

. . initialized variable
Variables are .
not great

enough




Errors and Bugs

e Assembly debugging is painful (stack overflows & seg
faults)

e C++ data structures became complex

e Virtual machine ran CentOS slow

| fixed these issues by:

N/
e Talking to my teachers }% Z
e Consulting Youtube & Stack Overflow [ \

e Using test oriented development



Conclusion

e | met my goal of creating a compiled programming
language and testing it sufficiently
o If  would do this project again, | would implement
more data-types and syscall integrations into the
program

® This project taught me that mistakes are inevitable, but
having determination is the only way to prevail.



Other “Practical” Uses

e Many concepts used in Compilers in other areas:

o Lexical Analysis/Tokenization used in NLP
(Natural Language Processing in Al)

o Memory Mapping (Arena Allocation)

o Precedence Climbing (Parsing Order of
operations for Calculators)




Expansion

e Using my new knowledge of assembly and programming
language design, | could expand on this project by:

o Implementing char & class data types into Versatile

o Improving readability of errors and compiler code

o Integrating different programming
languages into Versatile

o Making keywords dynamically typed so
Users can change them
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My Github Repository: (Source Code + Tests)
https://github.com/Gameknight-Bit/PJAS2023-2024
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