CREATE YOUR OWN COMPUTER LANGUAGE

CREATE YOUR OWN COMPUTER LANGUAGE IS AN AMBITIOUS YET ACHIEVABLE GOAL FOR DEVELOPERS, PROGRAMMERS, AND TECH
ENTHUSIASTS INTERESTED IN THE FUNDAMENTALS OF PROGRAMMING. DESIGNING A CUSTOM PROGRAMMING LANGUAGE INVOLVES
UNDERSTANDING SYNTAX, SEMANTICS, COMPILERS, AND INTERPRETERS, AS WELL AS THE GOALS YOUR LANGUAGE INTENDS TO
FULFILL. THIS ARTICLE PROVIDES A COMPREHENSIVE GUIDE TO THE PROCESS, INCLUDING THE MOTIVATIONS BEHIND CREATING A
NEW LANGUAGE, KEY DESIGN PRINCIPLES, AND PRACTICAL STEPS TO IMPLEMENT AND TEST YOUR CREATION. ADDITIONALLY, IT
COVERS TOOLS AND RESOURCES THAT CAN SIMPLIFY THE DEVELOPMENT PROCESS. WHETHER AIMING TO CREATE A DOMAIN-
SPECIFIC LANGUAGE OR A GENERAL-PURPOSE LANGUAGE, THIS GUIDE WILL HELP NAVIGATE THE COMPLEXITIES INVOLVED IN
LANGUAGE DESIGN AND IMPLEMENTATION.

WHY CrREATE Your OwN COMPUTER LANGUAGE

o FUNDAMENTAL CONCEPTS OF LANGUAGE DESIGN

o CHOOSING THE PARADIGM AND SYNTAX

e BUILDING THE LANGUAGE COMPONENTS

® |MPLEMENTING A COMPILER OR INTERPRETER

e TESTING AND REFINING YOUR L ANGUAGE

TooLs AND RESOURCES FOR LANGUAGE DEVELOPMENT

WHY CReEATE YOUR OwN CoMPUTER LANGUAGE

(UNDERSTANDING THE REASONS TO CREATE YOUR OWN COMPUTER LANGUAGE IS ESSENTIAL BEFORE EMBARKING ON THE
DEVELOPMENT PROCESS. CUSTOM PROGRAMMING LANGUAGES CAN ADDRESS SPECIFIC PROBLEMS MORE EFFICIENTLY THAN EXISTING
LANGUAGES. THEY CAN OFFER SPECIALIZED FEATURES, IMPROVED READABILITY, OR BETTER INTEGRATION WITH PARTICULAR
SYSTEMS. SOMETIMES, CREATING A NEW LANGUAGE HELPS EXPLORE PROGRAMMING CONCEPTS OR ACHIEVE BETTER PERFORMANCE
IN NICHE APPLICATIONS. ADDITIONALLYI LANGUAGE DEVELOPMENT FOSTERS A DEEP UNDERSTANDING OF HOW PROGRAMMING
TOOLS WORK UNDER THE HOOD, WHICH IS INVALUABLE FOR ADVANCED SOFT\W ARE ENGINEERING.

ADVANTAGES oF CusToM LANGUAGES

CUSTOM LANGUAGES PROVIDE TAILORED SOLUTIONS, ENABLING DEVELOPERS TO EXPRESS CONCEPTS DIRECTLY RELATED TO A
PROBLEM DOMAIN. SOME ADVANTAGES INCLUDE:

® ENHANCED PRODUCTIVITY FOR DOMAIN-SPECIFIC TASKS

® |MPROVED CODE MAINTAINABILITY AND CLARITY

e OPTIMIZATION OPPORTUNITIES FOR PERFORMANCE-CRITICAL APPLICATIONS
® EXPERIMENTATION WITH NEW PROGRAMMING PARADIGMS AND FEATURES

® EDUCATIONAL INSIGHTS INTO COMPILER AND INTERPRETER DESIGN



ComMoN Use CAsEs

CUSTOM LANGUAGES OFTEN EMERGE IN SPECIFIC CONTEXTS, SUCH AS SCRIPTING FOR APPLICATIONS, CONFIGURATION
LANGUAGES, OR DATA QUERY LANGUAGES. THEY ARE WIDELY USED IN AREAS LIKE GAME DEVELOPMENT, SCIENTIFIC COMPUTING,
AND EMBEDDED SYSTEMS WHERE STANDARD LANGUAGES MAY NOT OFFER THE REQUIRED FLEXIBILITY OR EFFICIENCY.

FUNDAMENTAL CoONCEPTS OF LANGUAGE DESIGN

BEFORE CREATING YOUR OWN COMPUTER LANGUAGE, IT IS CRUCIAL TO GRASP THE FOUNDATIONAL CONCEPTS THAT GOVERN
LANGUAGE DESIGN. THIS INVOLVES DEFINING SYNTAX, SEMANTICS, AND PRAGMATICS, WHICH TOGETHER DETERMINE HOW THE
LANGUAGE LOOKS, WHAT IT MEANS, AND HOW IT BEHAVES IN PRACTICE.

SYNTAX AND GRAMMAR

SYNTAX REFERS TO THE FORMAL RULES THAT DESCRIBE THE STRUCTURE OF VALID STATEMENTS IN THE LANGUAGE. T YPICALLY,
A GRAMMAR IS USED TO DEFINE THESE RULES, OFTEN EXPRESSED IN BACKUS-NAUR FORM (BNF) or ExTeNDED BACKUS-NAUR
ForM (EBNF). THE GRAMMAR SPECIFIES HOW TOKENS, SUCH AS KEYWORDS AND SYMBOLS, COMBINE TO FORM EXPRESSIONS,
STATEMENTS, AND PROGRAMS.

SEMANTICS

SEMANTICS DESCRIBE THE MEANING OF SYNTACTICALLY CORRECT STATEMENTS. THEY DEFINE HOW THE LANGUAGE CONSTRUCTS
AFFECT THE PROGRAM’S STATE AND BEHAVIOR. SEMANTIC RULES GUIDE THE IMPLEMENTATION OF LANGUAGE FEATURES LIKE
VARIABLE ASSIGNMENT, CONTROL FLOW, AND FUNCTION CALLS.

PRAGMATICS

PRAGMATICS CONCERN THE PRACTICAL ASPECTS OF USING THE LANGUAGE, SUCH AS READABILITY, EASE OF LEARNING, AND
ERROR HANDLING. THESE CONSIDERATIONS INFLUENCE DESIGN DECISIONS THAT IMPACT THE USER EXPERIENCE AND OVERALL
ADOPTION OF THE LANGUAGE.

CHoosSING THE PARADIGM AND SYNTAX

ONE OF THE EARLIEST DECISIONS WHEN CREATING YOUR OWN COMPUTER LANGUAGE IS SELECTING AN APPROPRIATE
PROGRAMMING PARADIGM AND DESIGNING THE SYNTAX THAT COMPLEMENTS IT. THE PARADIGM SHAPES HOW PROGRAMMERS THINK
ABOUT PROBLEM~-SOLVING AND STRUCTURE THEIR CODE.

PROGRAMMING PARADIGMS
COMMON PARADIGMS INCLUDE:
® PROCEDURAL: FOCUS ON SEQUENCES OF INSTRUCTIONS AND PROCEDURES OR FUNCTIONS.
e OBJECT-ORIENTED: EMPHASIZES OBJECTS AND ENCAPSULATION OF DATA AND BEHAVIOR.
e FUNCTIONAL: CENTERS ON IMMUTABLE DATA AND PURE FUNCTIONS WITHOUT SIDE EFFECTS.

LoaIc-BASED: USES FORMAL LOGIC TO EXPRESS COMPUTATIONS.



® DOMAIN-SPECIFIC: T AILORED TO A SPECIFIC APPLICATION DOMAIN WITH SPECIALIZED CONSTRUCTS.

DESIGNING SYNTAX

SYNTAX DESIGN SHOULD BALANCE EXPRESSIVENESS, SIMPLICITY, AND UNAMBIGUITY. CONSIDER WHETHER THE LANGUAGE WILL
USE SYMBOLS, KEYWORDS, INDENTATION, OR A COMBINATION THEREOF. CLEAR SYNTAX HELPS REDUCE ERRORS AND MAKES THE
LANGUAGE EASIER TO LEARN AND MAINTAIN. DEFINING A CONSISTENT STYLE FOR CONSTRUCTS LIKE LOOPS, CONDITIONALS, AND
FUNCTION DEFINITIONS IS VITAL.

BUILDING THE LANGUAGE COMPONENTS

THE CORE COMPONENTS OF A NEW COMPUTER LANGUAGE INCLUDE THE LEXER, PARSER, SEMANTIC ANALYZER, AND RUNTIME
ENVIRONMENT. EACH PLAYS A CRITICAL ROLE IN TRANSLATING SOURCE CODE INTO EXECUTABLE ACTIONS.

Lexer (LEXICAL ANALYZER)

THE LEXER BREAKS THE INPUT SOURCE CODE INTO TOKENS, WHICH ARE ATOMIC UNITS LIKE IDENTIFIERS, KEY\WORDS, LITERALS,
AND OPERATORS. T OKENIZATION SIMPLIFIES PARSING BY CONVERTING RAW TEXT INTO MANAGEABLE ELEMENTS.

PARSER

THE PARSER PROCESSES THE SEQUENCE OF TOKENS ACCORDING TO THE GRAMMAR AND CONSTRUCTS AN ABSTRACT SYNTAX
TREE (AST) OR SIMILAR INTERMEDIATE REPRESENTATION. THIS TREE MODELS THE HIERARCHICAL STRUCTURE OF THE CODE,
ENABLING SEMANTIC ANALYSIS AND CODE GENERATION.

SEMANTIC ANALYZER

THE SEMANTIC ANALYZER CHECKS THE AST FOR SEMANTIC CORRECTNESS, ENFORCING RULES SUCH AS TYPE COMPATIBILITY,
SCOPE RESOLUTION, AND VARIABLE DECLARATIONS. THIS PHASE ENSURES THE PROGRAM MAKES LOGICAL SENSE BEFORE
EXECUTION OR COMPILATION.

RUNTIME ENVIRONMENT

THE RUNTIME EXECUTES THE COMPILED OR INTERPRETED CODE. |T MAY INCLUDE MEMORY MANAGEMENT, INPUT/OUTPUT HANDLING,
AND BUILT-IN FUNCTIONS. DESIGNING AN EFFICIENT RUNTIME IS CRUCIAL FOR PERFORMANCE AND USABILITY.

IMPLEMENTING A COMPILER OR INTERPRETER

AFTER DEFINING THE LANGUAGE AND ITS COMPONENTS, THE NEXT STEP IS IMPLEMENTATION. THIS CAN BE ACHIEVED THROUGH
BUILDING A COMPILER THAT TRANSLATES CODE INTO MACHINE OR BYTECODE OR AN INTERPRETER THAT EXECUTES CODE
DIRECTLY.



COMPILER IMPLEMENTATION

COMPILERS PERFORM SEVERAL STAGES: LEXICAL ANALYSIS, PARSING, SEMANTIC ANALYSIS, OPTIMIZATION, AND CODE
GENERATION. THEY PRODUCE EXECUTABLE FILES OR INTERMEDIATE REPRESENTATIONS THAT RUN ON VIRTUAL MACHINES.
COMPILERS OFTEN DELIVER BETTER PERFORMANCE BUT REQUIRE MORE DEVELOPMENT EFFORT.

INTERPRETER IMPLEMENTATION

INTERPRETERS EXECUTE CODE LINE-BY-LINE OR STATEMENT-BY-STATEMENT. THEY ARE EASIER TO DEVELOP AND SUITABLE FOR
DYNAMIC LANGUAGES OR RAPID PROTOTYPING. INTERPRETERS PROVIDE FLEXIBILITY BUT MAY SACRIFICE EXECUTION SPEED
COMPARED TO COMPILERS.

HyBrID APPROACHES

SOME LANGUAGES USE A COMBINATION OF COMPILATION AND INTERPRETATION, SUCH AS COMPILING TO BYTECODE AND RUNNING
ON A VIRTUAL MACHINE. THIS APPROACH OFFERS A BALANCE BETWEEN PERFORMANCE AND PORTABILITY.

TESTING AND REFINING YOUR LANGUAGE

THOROUGH TESTING IS ESSENTIAL TO ENSURE YOUR LANGUAGE WORKS AS INTENDED AND PROVIDES A SMOOTH USER EXPERIENCE.
TESTING INVOLVES VALIDATING SYNTAX, SEMANTICS, PERFORMANCE, AND ERROR HANDLING.

WRITING TEST PROGRAMS

DEVELOP A SUITE OF TEST PROGRAMS THAT COVER VARIOUS LANGUAGE FEATURES, EDGE CASES, AND ERROR CONDITIONS.
AUTOMATED TESTING FRAMEWORKS CAN ASSIST IN RUNNING AND VERIFYING THESE TESTS CONSISTENTLY.

PERFORMANCE EVALUATION

MEASURE THE EXECUTION SPEED AND RESOURCE USAGE OF PROGRAMS WRITTEN IN YOUR LANGUAGE. OPTIMIZATION MAY
INVOLVE IMPROVING THE COMPILER OR INTERPRETER, REFINING THE RUNTIME, OR ADJUSTING LANGUAGE FEATURES.

UsER FEEDBACK AND ITERATION

ENGAGE POTENTIAL USERS TO GATHER FEEDBACK ON LANGUAGE USABILITY AND FUNCTIONALITY. |TERATIVE IMPROVEMENTS
BASED ON REAL-WORLD USAGE ENHANCE LANGUAGE ADOPTION AND ROBUSTNESS.

TooLs AND RESOURCES FOR LANGUAGE DEVELOPMENT

CREATING YOUR OWN COMPUTER LANGUAGE IS FACILITATED BY NUMEROUS TOOLS AND RESOURCES THAT SIMPLIFY LANGUAGE
DESIGN, PARSING, AND COMPILATION.

PARSER GENERATORS

TooLs Like ANTLR, YAcCC, AND BISON AUTOMATE THE GENERATION OF LEXERS AND PARSERS FROM GRAMMAR SPECIFICATIONS,
REDUCING MANUAL CODING EFFORT AND ERRORS.



PROGRAMMING FRAMEWORKS

L ANGUAGES SUCH AS PYTHON,JAVA, AND C++ PROVIDE LIBRARIES AND FRAMEWORKS FOR BUILDING COMPILERS AND
INTERPRETERS. LEVERAGING THESE CAN ACCELERATE DEVELOPMENT.

INTEGRATED DEVELOPMENT ENVIRONMENTS (IDES)

IDES WITH SUPPORT FOR SYNTAX HIGHLIGHTING, DEBUGGING, AND CODE ANALYSIS IMPROVE PRODUCTIVITY WHEN IMPLEMENTING
AND TESTING NEW LANGUAGES.

EbucATIONAL RESOURCES

BOOKS/ ONLINE COURSES, AND TUTORIALS ON COMPILER CONSTRUCTION, LANGUAGE THEORY, AND SOFT\ ARE DESIGN OFFER
VALUABLE KNOWLEDGE FOR LANGUAGE CREATORS.

FREQUENTLY AskeD QUESTIONS

\WHAT ARE THE FIRST STEPS TO CREATE YOUR OWN COMPUTER LANGUAGE?

TO CREATE YOUR OWN COMPUTER LANGUAGE, START BY DEFINING THE PURPOSE AND FEATURES OF THE LANGUAGE, DESIGN ITS
SYNTAX AND SEMANTICS, CREATE A FORMAL GRAMMAR, AND THEN BUILD A PARSER AND INTERPRETER OR COMPILER TO PROCESS
THE CODE.

\W/HICH TOOLS AND FRAMEWORKS CAN HELP IN BUILDING A CUSTOM PROGRAMMING
LANGUAGE?

TooLs Like ANTLR, Lex/YAcc, LLVM, AND PARSER COMBINATOR LIBRARIES CAN HELP BUILD A CUSTOM PROGRAMMING
LANGUAGE BY SIMPLIFYING THE CREATION OF PARSERS, LEXERS, AND COMPILERS.

How DO YOU CHOOSE BETWEEN CREATING AN INTERPRETED LANGUAGE VS A COMPILED
LANGUAGE?

CHOOSING BETWEEN AN INTERPRETED OR COMPILED LANGUAGE DEPENDS ON YOUR GOALS: INTERPRETED LANGUAGES OFFER EASIER
DEBUGGING AND PLATFORM INDEPENDENCE, WHILE COMPILED LANGUAGES TYPICALLY PROVIDE BETTER PERFORMANCE AND
OPTIMIZATION.

\WHAT ARE COMMON CHALLENGES FACED WHEN DESIGNING A NEW PROGRAMMING
LANGUAGE?

COMMON CHALLENGES INCLUDE DESIGNING CLEAR AND CONSISTENT SYNTAX, HANDLING ERROR REPORTING, MANAGING MEMORY AND
RESOURCES, ENSURING PERFORMANCE, AND CREATING USEFUL STANDARD LIBRARIES.

CAN CREATING YOUR OWN PROGRAMMING LANGUAGE HELP IMPROVE PROGRAMMING
SKILLS?

YES/ CREATING YOUR OWN PROGRAMMING LANGUAGE DEEPENS YOUR UNDERSTANDING OF LANGUAGE DESIGN, PARSING,
COMPILERS, AND RUNTIME SYSTEMS, WHICH CAN SIGNIFICANTLY ENHANCE YOUR OVERALL PROGRAMMING SKILLS.



ADDITIONAL RESOURCES

1. “CRAFTING INTERPRETERS” BY ROBERT NYSTROM

THIS BOOK OFFERS A COMPREHENSIVE GUIDE TO BUILDING YOUR OWN PROGRAMMING LANGUAGE FROM SCRATCH. |T COVERS BOTH
THE THEORY AND PRACTICAL IMPLEMENTATION OF INTERPRETERS USING JAVA AND C. READERS WILL LEARN HOW TO CREATE A
FULLY FUNCTIONAL LANGUAGE WITH DETAILED EXPLANATIONS OF PARSING, SYNTAX TREES, AND BYTECODE INTERPRETATION.

2. “PrOGRAMMING L ANGUAGE PRAGMATICS” BY MICHAEL L. ScoTT

A THOROUGH INTRODUCTION TO THE DESIGN AND IMPLEMENTATION OF PROGRAMMING LANGUAGES, THIS BOOK BALANCES
THEORETICAL CONCEPTS WITH PRACTICAL INSIGHTS. |T EXPLORES LANGUAGE SYNTAX, SEMANTICS, AND RUNTIME SYSTEMS,
PROVIDING READERS WITH A DEEP UNDERSTANDING OF HOW LANGUAGES ARE CONSTRUCTED AND EXECUTED.

3. “LANGUAGE IMPLEMENTATION PATTERNS” BY TERENCE PARR

FOCUSED ON PRACTICAL PATTERNS FOR IMPLEMENTING LANGUAGES, THIS BOOK GUIDES READERS THROUGH BUILDING PARSERS,
INTERPRETERS, AND COMPILERS. |T EMPHASIZES REUSABLE SOLUTIONS AND DESIGN STRATEGIES THAT SIMPLIFY THE LANGUAGE
CREATION PROCESS, MAKING IT IDEAL FOR DEVELOPERS LOOKING TO CREATE DOMAIN-SPECIFIC LANGUAGES.

4. “WRITING AN INTERPRETER IN GO” BY THORSTEN BALL

THIS BOOK WALKS THROUGH THE CREATION OF A SIMPLE BUT COMPLETE PROGRAMMING LANGUAGE INTERPRETER USING THE GO
PROGRAMMING LANGUAGE. |T INTRODUCES CORE CONCEPTS SUCH AS LEXING, PARSING, AND EVALUATION, MAKING IT ACCESSIBLE
FOR READERS NEW TO LANGUAGE DEVELOPMENT.

5. “ProGRAMMING L ANGUAGES: THEORY AND PRACTICE” BY ROBERT HARPER

A DEEP DIVE INTO THE THEORETICAL FOUNDATIONS OF PROGRAMMING LANGUAGES, THIS TEXT COVERS TYPE SYSTEMS,
SEMANTICS, AND LANGUAGE DESIGN PRINCIPLES. |T’S WELL-SUITED FOR READERS INTERESTED IN THE ACADEMIC AND CONCEPTUAL
ASPECTS OF LANGUAGE CREATION.

6. “BuiLp Your Own Lisp” By DANIEL HoLDEN

THIS HANDS-ON GUIDE FOCUSES ON CREATING A LISP INTERPRETER FROM THE GROUND UP IN C. THE BOOK ENCOURAGES
EXPERIMENTATION AND LEARNING THROUGH BUILDING, ENABLING READERS TO UNDERSTAND LANGUAGE INTERNALS SUCH AS
PARSING, EVALUATION, AND MEMORY MANAGEMENT.

7. “THe Super TiNy CoMPILER™ BY JAMIE KYLE

A CONCISE AND APPROACHABLE TUTORIAL THAT TEACHES HOW TO WRITE A BASIC COMPILER IN JAVASCRIPT. |T BREAKS DOWN
COMPLEX CONCEPTS INTO SIMPLE STEPS, MAKING IT PERFECT FOR BEGINNERS INTERESTED IN UNDERSTANDING COMPILER
CONSTRUCTION AND LANGUAGE TRANSLATION.

8. “ESSENTIALS OF PROGRAMMING L ANGUAGES” BY DANIEL P. FRIEDMAN, MiTCHELL WAND, AND CHRISTOPHER T. HAYNES
THIS TEXT DELVES INTO THE SEMANTICS AND IMPLEMENTATION TECHNIQUES OF PROGRAMMING LANGUAGES. THROUGH EXAMPLES
AND EXERCISES, IT GUIDES READERS IN BUILDING INTERPRETERS AND UNDERSTANDING LANGUAGE FEATURES, EMPHASIZING THE
CONNECTION BETWEEN LANGUAGE DESIGN AND IMPLEMENTATION.

9. “Desicn CONCEPTS IN PROGRAMMING L ANGUAGES™” BY FRANKLYN TURBAK AND DA VID GIFFORD

COVERING A BROAD RANGE OF PROGRAMMING LANGUAGE CONCEPTS, THIS BOOK EXPLORES LANGUAGE PARADIGMS, SYNTAX, AND
IMPLEMENTATION STRATEGIES. |T PROVIDES A SOLID FOUNDATION FOR BOTH DESIGNING NEW LANGUAGES AND UNDERSTANDING
EXISTING ONES, WITH CLEAR EXPLANATIONS AND PRACTICAL EXAMPLES.
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