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Introduction 
OOP languages are mainly used nowadays 

for software development due to their capabil-
ities in better modeling real-world problems 
through concepts such as classes, objects, ab-
straction, encapsulation, inheritance, and pol-
ymorphism. The most popular OOP lan-
guages: Java, C++, and Python (according to 
the TIOBE index [1]) allow developers to cre-
ate modular, maintainable, and reusable code. 
Both interpreters and compilers are used in the 
translation process of source code written by 
programmers into executable code that com-
puters can understand and execute. 
The interpreter will translate and execute code 
line by line, by reading the source program. 
Languages such as Python use interpreters, 
which provide more flexibility but slower ex-
ecution times when compared to languages 
that use compilers [2]. 
By contrast, a compiler will translate the en-
tire source code into machine code that can be 
later executed. For instance, the C++ language 
uses a compiler to develop platform-depend-
ent binary files, which can be later executed 
[2]. 
Regarding OOP language compilers, C++ is 
one of the most notable representatives. As 
mentioned, a compiler is a computer program 
that transforms source code written in one 

programming language into machine code or 
an interpreted language. One of the most pop-
ular compilers for C++ is GCC, part of the 
GNU Compiler Collection [3]. 
Another example is the Java compiler, which 
compiles Java source code into an intermedi-
ate language called bytecode. The bytecode is 
then executed by the Java Virtual Machine, an 
interpreter that executes the Java bytecode on 
a target platform. This hybrid model increases 
the code portability: the same Java program 
can execute on different systems without 
change [4]. 
Interpreted OOP languages, such as Python 
and Ruby, rely on interpreters that execute 
source code line by line. For example, CPy-
thon, the default and most popular Python in-
terpreter, allows direct execution of Python 
code, eliminating the need for complete com-
pilation. This approach provides ease of use 
and simplicity, but at the cost of slower exe-
cution speeds compared with other languages 
that are fully compiled [5]. 
 
2 Formal languages and automata in inter-
preter design 
Building an interpreter requires a solid under-
standing of formal languages – the mathemat-
ical way to describe syntax, and automata the-
ory – abstract machines that recognize those 
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languages [6]. The Romanian Pseudocode In-
terpreter (RPI) project was inspired by 
“limbajul pseudocod” (the pseudocode lan-
guage) used in the Romanian education sys-
tem, which, according to [7], “contains the 
structures specific to an ordinary program-
ming language (like Pascal, C/C++, Basic, 
etc.) but is intended to be read by humans, not 
computers”. 
Pseudocode is, in general, a natural-language 
description of algorithms: it may omit certain 
formal requirements of a real programming 
language (for example, variables might not 
need explicit declaration, and syntax can be 
more flexible and closer to natural language). 

To create an interpreter for a pseudocode lan-
guage, we must formalize it. We need to turn 
the algorithm's human-readable steps into a 
specific formal language that a machine can 
parse. The Chomsky Hierarchy categorizes 
languages into a hierarchy (see Fig. 1) that in-
cludes: regular languages (type-3), context-
free languages (type-2), context-sensitive lan-
guages (type-1), and recursively enumerable 
languages (type-0). Programming languages 
(and the Romanian pseudocode) fall into the 
first two categories: the lexical structure can 
be described by a regular grammar, and the 
grammatical structure by a context-free gram-
mar.

 

 
Fig. 1. Chomsky Hierarchy [8] 

 
These two theoretical classes influenced the 
interpreter implementation: finite-automaton 
principles were used for the lexical analysis 
(tokenizing the input code) and pushdown-au-
tomaton principles for parsing (analyzing the 
hierarchical structure of code). Formal gram-
mars (such as context-free grammars) allow 
the specification of a precise sequence of to-
kens that form a valid program. As [9] ex-
plains, context-free grammars (CFGs) “are 
widely used in computer science to write new 
programming languages... they allow a com-
plicated system (like a compiler) to be speci-
fied in a very concise way, and there are pro-
grams that will automatically take the gram-
mar and build the system for you”.  
In other words, by writing a grammar for a 
language, we not only document its syntax, 
but also, we can easily create parser genera-
tors or methods to implement the interpreter. 

In the current scenario, the grammar was man-
ually crafted and written in the form of a cus-
tom parser. 
In theory, a finite automaton is an abstract ma-
chine with a finite number of states, the ability 
to transition between those states, and to pro-
cess strings one symbol at a time. One formal 
definition [10] describes finite automata as 
“abstract machines used to recognize patterns 
in input sequences, forming the basis for un-
derstanding regular languages in computer 
science”. In simpler terms, if a set of strings 
can be described by a regular expression, then 
there exists a finite automaton (deterministic 
or nondeterministic) that will accept exactly 
those strings. According to [10], “Finite au-
tomata come in two flavors: deterministic 
(DFA) and nondeterministic (NFA), both hav-
ing the same expressive power over regular 
languages. They are widely used in practical 
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applications such as text processing, network 
protocols, and, importantly, compilers and in-
terpreters”. 
The first stage of interpretation, breaking the 
input source code into tokens, is known as lex-
ical analysis or scanning. This stage can be di-
rectly modeled using regular languages and fi-
nite automata. Each token type (keywords, 
identifiers, numbers, symbols, etc.) can be de-
scribed by a regular expression, and the col-
lection of tokens forms a regular language. 

Many lexer generators (like the classic Unix 
tool lex or modern equivalents) are built on 
DFA theory [11]: “Lexer generators such as 
lex and ocamllex are built on the theory of de-
terministic finite automata... the input to a 
lexer generator is a collection of regular ex-
pressions that describe the tokens of the lan-
guage. The output is an automaton... that takes 
characters as input and eventually produces 
tokens as output.”

 

 
Fig. 2. Lexical analysis process [12] 

 
In the current project, a generator was not 
used; a manually crafted lexer was used; 
nonetheless, the same principles were fol-
lowed. Patterns for tokens were defined, such 
as: 
• Keywords: specific reserved words in Ro-

manian (e.g., daca, atunci, altfel, 
pentru, executa, cattimp, repeta, 

panacand, scrie, citeste); these are 
recognized as distinct token types.  

• Identifiers: names for variables (e.g., n, 
suma, index); in pseudocode, variables 
are not pre-declared, but they must follow 
a pattern (starting with a letter, followed 
by letters, digits, or underscores); a regu-
lar expression like [A-Za-z_][A-Za-z0-
9_]* could define an identifier.  

• Literals: numeric constants (e.g., 123, 
3.14) and string constants (text in 
quotes); each has a regex (for example, 
\d+ for an integer, or a pattern for real 
numbers and a pattern for strings in 
quotes). 

• Operators and symbols: e.g., +, -, *, /, 
%, comparison operators (=, !=, <, <=, 
etc.), logical operators (SI for AND, SAU 
for OR, NOT), assignment symbol (<-), 
punctuation like commas and 

parentheses; each of these is a fixed string 
(or symbol) that the lexer can recognize 
directly.  

• Whitespace and newlines: which are typ-
ically ignored or used only as separators 
(except indentation, where they might 
have semantic meaning). 

 
By constructing a finite-state machine that 
reads characters and recognizes specific token 
patterns, we ensured that the source code is 
split in a correct manner. For instance, when 
the lexer reads the characters d, a, c, a sequen-
tially, it will match the pattern for the keyword 
“daca” (meaning “if”). Similarly, a sequence 
of digits such as 123 matches the pattern for a 
number literal. If a sequence of characters 
doesn’t match any token pattern, the lexer will 
report an error for an illegal token. Using au-
tomata theory here guarantees that the lexicon 
of our language is well-defined and that to-
kenization can be done in linear time, relative 
to the input size, since DFAs run in linear time 
in general. The result is a scanner that reads 
the raw Romanian pseudocode text and pro-
duces a stream of tokens for the next stage. 
While the lexer deals with linear patterns, the 
parser must deal with hierarchical structures 
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in code: matching parentheses, matching an if 
with the corresponding else, grouping state-
ments into blocks, and so forth. “The theoret-
ical model for handling such nested or recur-
sive structures is the pushdown automaton 
(PDA), which is essentially a finite automaton 
equipped with a stack” [13]. 
Programming languages require matching 
constructs and potentially infinite nesting, 
similarly (e.g., an if inside an if, loops inside 
loops, etc.), that being the reason why a PDA 
model is more appropriate. To quote a suc-
cinct explanation [14]: “Pushdown Automata 
(PDA) extend the capabilities of finite autom-
ata by using a stack, which allows them to 
handle a broader range of languages, particu-
larly context-free languages.” 
In practical terms, the parser of our interpreter 
behaves like a pushdown automaton: it reads 
a stream of tokens (from the lexer) and uses a 
recursive strategy based on a stack (implicitly 
the call stack, in our recursive descent imple-
mentation) to build a parse tree or abstract 
syntax tree (AST) representing the program 
structure. Each time the parser encounters a 
code construct that can be nested (like an ex-
pression with parentheses, or a control struc-
ture with a block of inner statements), it will 
push that context onto the stack (for instance, 
by calling a function to parse a subexpression 
or sub-block), and later will pop it when the 
construct ends. 
As [11] states: “A context-free grammar is the 
formal device we use to specify which strings 
(or token sequences) a pushdown automaton 
should accept. A CFG consists of a set of pro-
duction rules of the form A → α, where A is a 
nonterminal symbol, and α is a sequence of 
symbols (terminals or nonterminals) that A 
can be replaced with.” 
In the case of our interpreter, context-free 
grammar was designed to describe the pseu-
docode language formally. For example, there 
are rules to describe an if statement structure, 
a loop structure, an assignment, etc. The 
grammar provides a blueprint for writing the 
parser: essentially, code was written to imple-
ment each grammar rule (in a top-down par-
ser, this means writing a function for each 
nonterminal that consumes tokens according 

to the rule). An important aspect of grammar 
design for a programming language is ensur-
ing that the grammar is unambiguous (each 
valid program has a unique parse tree) and is 
compatible with the parsing technique. 
A recursive descent parser was chosen (a type 
of top-down parser), which typically requires 
the grammar to be LL(1) or at least free of cer-
tain complexities like left recursion [15]. As 
the grammar was designed, it was adjusted for 
these constraints: for instance, eliminating im-
mediate left recursion in expression rules by 
using equivalent formulas. Operator prece-
dence was leveraged to structure the grammar 
for expressions. The result was a grammar that 
the parser could easily handle. 
At any point, the “stack” of the PDA is mir-
rored by the call stack of parsing routines 
(e.g., if we are in the middle of parsing an ex-
pression inside an if-statement inside a loop, 
the call stack has something like parseLoop → 
parseIf → parseExpression). Each of these 
corresponds to a partially processed construct, 
and returning from the function corresponds 
to completing that construct (popping from 
the stack). 
Creating a programming language, even a 
simple one for educational purposes, requires 
a balance between simplicity, familiarity, and 
clarity. The primary inspiration for RPI was 
the pseudocode used in the Romanian educa-
tional system, so the language should feel fa-
miliar to students and readers of that pseudo-
code. At the same time, since we wanted to 
implement a real interpreter, we needed to re-
move possible ambiguities and make certain 
implicit aspects explicit. Romanian pseudo-
code (like pseudocode languages in general) 
is meant to be human-readable in the first 
place. For example, one might write an algo-
rithm in pseudocode as if they were writing 
instructions in plain language, mixing mathe-
matical notation and natural language. This 
led to a specific design principle: preserve the 
human-readable nature of the language. We 
chose to keep keywords and most syntax in 
Romanian, rather than replacing the words 
with English or symbolic equivalents, to 
maintain student familiarity. This meant key-
words like daca/atunci/altfel (if/then/else), 
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pentru (for), cattimp (as long as), rep-

eta/panacand (repeat/until), and scrie (write, 
used for output) are exactly as one would see 
in educational pseudocode problems from the 
Romanian curriculum. 
However, human-oriented pseudocode often 
omits details that a real language would re-
quire. For example, pseudocode typically 
does not require variable declarations or type 
annotations – one just starts using a variable. 
We decided to embrace this simplicity: our in-
terpreter does not require explicit variable 
declaration. Any new identifier encountered is 
treated as a variable, which the interpreter will 
create on the fly (with an initial value of 0 or 
null, as appropriate, similarly to most dynam-
ically typed languages). This design choice 
lowers the barrier for writing code, at the cost 
of making the interpreter more complex (it 
must manage a symbol table dynamically). It 
also implies the pseudocode language is dy-
namically typed (a variable can hold any type 
of value, though in practice our pseudocode 
mainly deals with numbers and strings). 
We think this is an acceptable trade-off given 
that pseudocode algorithms and problems 
usually focus on a single numeric domain. An-
other omission in pseudocode is explicit end-
of-block markers. In languages such as C or 
Java, we have braces to mark the beginning 
and end of a block of code. In Pascal, we have 
the begin and end keywords. In Romanian 
pseudocode, some examples just indent the 
code to show it’s inside an if or a loop, similar 
to Python, since there is no standalone “end 
if” or “end for”. For our implementation, we 
chose to use braces for simplicity reasons. 
 
3 The Romanian Pseudocode Interpreter 
implementation 
The RPI project was designed with a classic 
compiler architecture in mind, consisting of 
distinct scanning, parsing, and execution 
stages. The source code (written in Romanian 
pseudocode) is processed through a pipeline 
of components: a scanner for lexical analysis, 
a parser for syntax analysis, and an inter-
preter for executing the instructions. Each 
stage transforms its input and feeds it to the 
next stage, following a common design in 

compiler theory: “In the lexical analysis 
phase, the input (the pseudocode text) is read 
and converted into a sequence of tokens, with 
whitespace and comments discarded” [16]. 
The tokens are then passed to the parser, 
which checks their ordering against the lan-
guage grammar and builds an in-memory rep-
resentation of the program’s structure: “To 
perform syntactic analysis, there’s a parser 
that processes these tokens and parses them 
into a tree called the Abstract Syntax Tree 
(AST)” [17]. 
This modular separation offers clarity and 
maintainability: each component handles a 
specific set of tasks (lexical, syntactic, or se-
mantic processing), making the system easier 
to develop and debug. It also mirrors the struc-
ture of many real-world language processors, 
which makes it appropriate for an educational 
pseudocode interpreter. Notably, while the in-
terpreter is inspired by established compiler 
design, it was custom-built for Romanian 
pseudocode syntax. This meant adapting the 
generic architecture to support Romanian key-
words and idioms. For example, the language 
uses the symbol <- for assignment (instead of 
= as in many languages) and keywords like 
“daca” and “pentru” (meaning “if” and “for”), 
which needed to be recognized. The architec-
ture remained flexible to accommodate these 
specifics. The design also allowed adding fea-
tures incrementally: basic expressions and 
control flow were implemented first, and 
more complex features (like functions and 
classes) were integrated on top. 
The scanner goes through the input character 
by character, grouping characters into higher-
level units such as identifiers, keywords, num-
bers, string literals, and punctuation. Each to-
ken is classified by type (for example, “NUM-
BER”, “IDENTIFIER”, “PLUS_SIGN”, or 
specific keyword categories) and retains the 
exact text (lexeme) and its location (line num-
ber) for error reporting. In our implementa-
tion, the scanner was coded in Java following 
a common algorithmic pattern for lexical ana-
lyzers. It maintains indices into the input 
string and advances through it, using a 
switch–case structure to identify token pat-
terns. For instance, when it encounters a digit 
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character, it will read the full number se-
quence to produce a numeric token; when it 
sees a double quote, it will accumulate char-
acters until the closing quote to produce a 
string literal token. Pseudocode keywords in 
Romanian (such as “daca”, “pentru”, “varia-
bila”, etc.) are recognized by the scanner as 
well. The scanner uses a dictionary of re-
served words so that any identifier matching a 
known keyword is output as a keyword token. 
This allowed easy adaptation to Romanian-
specific keywords. 
The output of the scanner is a list of tokens. 
Internally, a Token class holds the token’s 
type, the exact text snippet (lexeme), any lit-
eral value (for numbers or strings), and the 
line number. For example, a numeric token 
might be represented as type NUMAR with 
lexeme “123” and a numeric value 123.4, 
whereas a keyword token for “pentru” would 
be type PENTRU with lexeme “pentru” and 
no literal value. These tokens are appended to 
a list as scanning progresses. At the end of the 
input, the scanner adds an end-of-file marker 
token (EOF) to signal completion. This token 
list is then passed on to the next phase, the 
parser. 
After tokenization, the parser takes the stream 
of tokens and performs syntax analysis. The 
goal of this phase is to understand the struc-
ture of the program according to the grammar 
of the pseudocode language and to produce an 
internal representation of this structure. In 
compiler terminology, this is where we build 
the Abstract Syntax Tree (AST). The AST is 
a tree data structure where each node repre-
sents a language construct (an operation, a 
control structure, a literal value, etc.), orga-
nized hierarchically to reflect the nesting and 
order of execution in the source code [2]. Our 
parser is implemented as a recursive descent 
parser, which is a kind of top-down parser 
where the set of methods corresponds to the 
grammar rules of the language. Each method 
calls sub-methods to handle sub-rules, mirror-
ing the code’s grammar structure. For exam-
ple, one method might handle an <if-state-
ment> rule: it expects a DACA (if) token, then 
an expression token sequence for the condi-
tion, then the ATUNCI/ALTFEL (then/else) 

parts, etc. (in our pseudocode grammar, daca-
atunci-altfel would be the structure of an if-
then-else statement). 
The parser methods use the current position 
in the token list and advance as they recognize 
tokens belonging to each grammar rule. If an 
unexpected token is encountered, the parser 
reports a syntax error indicating something 
like “Expected X but found Y at line Z,” help-
ing the user locate mistakes in the pseudo-
code. The output of the parser is an AST, rep-
resented by a set of Java classes correspond-
ing to different statement and expression 
types. Rather than using a generic tree node, 
the design defines specific classes for each 
kind of syntax element. For instance, there are 
classes like Expr.Binary for a binary arithme-
tic expression, Expr.Literal for a literal value, 
Expr.Variable for a variable reference, and 
similarly, Stmt.If for an if-statement, 
Stmt.While for a loop, Stmt.Function for a 
function definition, and so on. These classes 
are organized into class hierarchies (one for 
expressions and one for statements), with a 
base abstract class (Expr or Stmt) and sub-
classes for each variant. This design makes the 
AST typed and easier to work with in code: 
instead of a one-size-fits-all node, each node 
carries the exact fields it needs (e.g., a Binary 
node holds references to its left and right sub-
expression nodes and the operator token). 
The AST is essentially a tree of these objects. 
When parsing is done, we obtain the root of 
this tree (or a list of Stmt nodes representing 
the top-level statements in the program). Man-
ually constructing the parser and the AST was 
one of the most complex parts of the project. 
One challenge was operator precedence and 
associativity. The parser’s recursive descent 
implementation had to ensure that, for exam-
ple, multiplication and division bind tighter 
than addition, or that the = (equality) compar-
isons are evaluated after arithmetic opera-
tions. This was solved by structuring the par-
ser methods in a typical precedence climbing 
fashion: methods like expression() delegate to 
term() for addition/subtraction, which dele-
gates to factor() for multiplication/division, 
etc., all the way down to primary expressions. 
Another challenge was correctly parsing 
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nested constructs (such as an if inside a while 
or vice versa) and matching the correct “end” 
tokens. In Romanian pseudocode, blocks are 
indicated by words or braces (depending on 
the dialect; our implementation used braces as 
block delimiters), and ensuring that each 
opened block was closed properly was im-
portant to avoid syntax tree inconsistencies. 
The parser code includes error recovery mech-
anisms in a simple form – if a syntax error is 
encountered, it tries to synchronize by dis-
carding tokens until it reaches a likely state-
ment boundary, to prevent one error from 
causing a cascade of further errors. 
Despite the complexity, the result of the pars-
ing stage is a robust AST ready for execution. 
Having the AST as a separate data structure 
also made it easier to implement certain fea-
tures, like static analysis before execution. In 
fact, an additional step called the resolver runs 
after parsing and before execution (still in the 
parsing stage conceptually). This resolver 
traverses the AST to resolve variable names to 
the correct scope (to differentiate global vs lo-
cal variables, check for misuse like reading an 
uninitialized variable, etc.). It effectively 
builds a symbol table of definitions and uses. 
The resolver was implemented using the same 
AST visitor approach. Once parsing and re-
solving are done, the system proceeds to the 
interpretation phase, confident that the code is 
syntactically correct and symbols are properly 
resolved. 
The final phase of the pipeline is interpreting 
the AST to produce program behavior. The in-
terpreter module implements a tree-walk in-
terpreter: it recursively traverses the AST, 
evaluating expressions and executing state-
ments in a depth-first manner. In essence, the 
interpreter is a visitor that “walks” the tree 
and performs the appropriate action for each 
node type. This design cleanly separates the 
definition of the language syntax (in the AST 
classes) from the execution logic, following 
the Visitor design pattern. 
Here, the algorithm is the execution of pseu-
docode, and the objects are the nodes of the 
AST. The Interpreter class implements the 
Expr.Visitor and Stmt.Visitor interfaces (as 
defined by the AST classes), meaning it 

provides concrete methods like visitLiter-
alExpr, visitBinaryExpr, visitIfStmt, etc. Each 
of these methods knows how to execute that 
kind of AST node. For example, the visitBi-
naryExpr method in the Interpreter will eval-
uate the left and right sub-expressions, then 
apply the operator (such as addition or com-
parison) to produce a result. A visitIfStmt 
method will evaluate the condition expres-
sion, check if it is true or false, and then exe-
cute either the then-branch or the else-branch 
accordingly by recursively calling back into 
the interpreter for those branch statement sub-
trees. To keep track of program state during 
execution, the interpreter uses a runtime envi-
ronment. The environment is essentially a 
symbol table that stores the values of variables 
and other identifiers at runtime. It was imple-
mented via an Environment class that contains 
a map of variable names and values. When the 
interpreter encounters a variable declaration 
(e.g., variabila x <- 5 in pseudocode), it de-
fines a new entry in the current environment 
(key “x” with value 5). When it sees a variable 
usage (e.g., x + 2 or an assignment x <- 10), 
it looks up the variable name in the environ-
ment chain to get or update its value. The en-
vironment is structured to support lexical 
scoping: there can be a chain of environment 
objects, representing nested scopes. A new en-
vironment is pushed (by creating a child 
linked to an enclosing environment) whenever 
entering a new scope, such as when entering a 
function or a block. This way, variables de-
fined inside a function or block can shadow 
outer variables and will be automatically re-
moved when the block/function ends (the in-
terpreter will discard the inner environment, 
restoring the previous one). This approach 
provides a clear and memory-safe model for 
variable lifetimes. Function calls and proce-
dures are supported by the interpreter as well. 
When a pseudocode function is defined (using 
the “functie” keyword in Romanian), the in-
terpreter creates a function object (in our im-
plementation, RpdcFunction) that contains the 
function’s AST (the parameter list and body) 
along with a reference to the environment 
where it was declared (this is to support clo-
sures, i.e., the function retaining access to 
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external variables from its defining scope). 
Calling a function involves creating a new en-
vironment for its execution (with its own local 
variables and parameters), executing the func-
tion’s body AST in that environment, and then 
returning any result. 
The concept of class definitions was also im-
plemented (“clasa” in Romanian) so that the 
pseudocode language supports simple object-
oriented features. When a class is declared, the 
interpreter creates an RpdcClass object con-
taining its methods. Instantiating a class (via a 
special nou operation or calling the class as if 
it were a function) produces an RpdcInstance 
object that has its own field environment. 
Method calls are handled by binding the in-
stance to the method (so that within the 
method, acesta – meaning “this” – refers to 
the instance). 
Error handling during execution is another as-
pect of the runtime. The interpreter can en-
counter runtime errors, such as dividing by 
zero, using an undefined variable, or calling a 
function with the wrong number of argu-
ments. In our implementation, when a runtime 
error is detected, the interpreter throws a 
RuntimeError exception (a custom exception 
that carries an error message and token infor-
mation). The main execution loop catches 
these exceptions and reports an error to the 
user with the problematic line. For flow con-
trol, we also took advantage of exceptions: for 
example, a return statement in pseudocode is 
implemented by throwing a special Return ex-
ception behind the scenes, which is caught by 
the function-call mechanism to unwind the 
call stack and produce a return value. This 
technique simplified the interpreter logic for 
breaking out of deep execution contexts with-
out deeply nested conditionals. The design of 
the interpreter was influenced by the well-
known Interpreter design pattern in software 
engineering. In fact, the whole system can be 
seen as an instance of that pattern. By struc-
turing the problem this way, each piece of the 
language (each AST node type) knows how to 
interpret itself (via the Visitor’s methods), 
which made the code easier to extend. For ex-
ample, to add a new statement type (say, a Re-
peatUntil loop), we would add a new AST 

class for it and a corresponding vis-
itRepeatUntilStmt method in the Interpreter. 
The clean separation of concerns (parsing vs 
execution, and within execution, each node 
type separated) meant that new features could 
often be added without breaking existing 
ones. One design pattern that was considered 
in the architecture is the Observer pattern. 
While not directly used in the core interpreter 
logic, the Observer pattern could be useful for 
the overall system, especially when integrat-
ing the interpreter into a user interface or de-
velopment environment. 
In the context of this interpreter, an Observer 
pattern could allow the runtime to notify ex-
ternal components about certain events – for 
instance, when a new line is executed, when a 
variable’s value changes, or when the pro-
gram finishes execution. This would be partic-
ularly relevant for a graphical IDE or a debug-
ger where the UI might need to update in re-
sponse to program execution (highlighting the 
current line, updating a variable watch list, 
etc.). By decoupling the interpreter from the 
UI using an Observer-like mechanism, the 
core logic can remain focused on execution, 
and any number of observers (GUI panels, de-
buggers, loggers, etc.) can subscribe to re-
ceive notifications of events. Although this 
was not fully implemented in the current com-
mand-line prototype, the design was kept flex-
ible enough to add such features. For example, 
the interpreter could easily be extended to is-
sue callbacks or events at certain milestones 
(each statement execution, each output pro-
duced, etc.), and a debugger could register lis-
teners to those events. 
 
4 Code demonstrations of The Romanian 
Pseudocode Interpreter 
In the following example, we demonstrate 
variables and assignment. The pseudocode 
language allows declaring variables with the 
variabila keyword and using the left-arrow 
<- for assignment. The following code se-
quence shows how to define three variables: a 
name (string), an age (integer), and a price 
(floating-point number): 
 
variabila nume <- "Ana"; 
variabila varsta <- 25; 
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variabila pret <- 12.5; 

 
The interpreter handles these variable declara-
tions dynamically – there is no need to specify 
a type. This dynamic typing feature was de-
scribed in the previous chapter, and it allows 
nume, varsta, and pret to hold values of dif-
ferent types (string, integer, and double) with-
out explicit type annotations. Running the 
code above doesn’t produce output by itself (it 
just stores values), but we can easily use scrie 
to display these variables or the results of ex-
pressions involving them: 
 
scrie nume; // Output: Ana 
scrie varsta + 5; // Output: 30 
scrie pret * 2; // Output: 25.0 

 
In these lines, the interpreter retrieves the val-
ues of nume, varsta, and pret and evaluates the 
expressions. It correctly prints Ana (the string 
stored in nume), 30 (the result of adding 5 to 
the age), and 25.0 (the result of doubling the 
price). This demonstrates that basic arithme-
tic operations and variable references work as 
expected. The pseudocode syntax for arithme-
tic (+, -, *, /) and the order of operations 
mirror those of standard mathematics and pro-
gramming, making it intuitive. For instance, 
the interpreter respects precedence, so an ex-
pression like 5+3*2 yields 11 (since multipli-
cation is done before addition). We can also 
mix types in expressions in sensible ways. 
String concatenation is achieved with the + 
operator as well. For example: 
 
scrie "Salut, " + nume + "!"; // Output: 
Salut, Ana! 

 
Here, the interpreter concatenates the string 
literal "Salut, " with the content of nume 
(which is "Ana") and another literal "!". The 
result is the greeting "Salut, Ana!". This dy-
namic handling of types (treating numbers and 
strings appropriately when using +) shows the 
interpreter’s flexibility. However, it will also 
detect type errors in invalid cases: for in-
stance, trying to add a number to a boolean 
would result in a runtime error with a clear 
message, rather than a confusing behavior. 
We should also note that the language in-
cludes the boolean literals adevarat (true) and 

fals (false), as well as the nimic (null/void) 
value. Basic comparison and logical opera-
tions are supported, using symbols that align 
with mathematical notation. For example, we 
can write equality and inequality compari-
sons: 
 
scrie 3 = 4; // Output: fals (3 equals 4 
is false) 
scrie 3 != 4; // Output: adevarat (3 not-
equal-to 4 is true) 
scrie 5 < 10; // Output: adevarat (5 is 
less than 10) 
scrie 20 >= 15; // Output: adevarat (20 
is greater or equal to 15) 
scrie !adevarat; // Output: fals (logical 
NOT of true is false) 
scrie adevarat si fals; // Output: fals 
(true AND false) 
scrie adevarat sau fals; // Output: ade-
varat (true OR false) 

 
The interpreter evaluates each expression and 
prints the boolean results (adevarat or fals). 
The examples above confirm that relational 
comparisons and logical connectives function 
correctly. 
One of the key goals of the interpreter is to 
support fundamental control structures found 
in typical algorithms. In the next example, we 
demonstrate how branching (if-else) and 
loops (while, for) work in the Romanian pseu-
docode language, and how the interpreter ex-
ecutes them. 
Conditional statements use the daca keyword 
(for “if”) and an optional altfel (“else”) 
block. The syntax is similar to other lan-
guages, but uses Romanian words and punc-
tuation that make it feel like pseudocode in 
natural language. 
 
variabila a <- 7; 
variabila b <- 5; 
 
daca (a < b) { 
scrie "A este mai mic decât B"; 
} altfel { 
scrie "A este mai mare sau egal cu B"; 
} 

 
In this example, since we assigned a = 7 and b 
= 5, the condition a < b evaluates to false. The 
interpreter will skip the first block and execute 
the code in the altfel branch. Thus, it will 
output "A este mai mare sau egal cu B" (“A 
is greater than or equal to B”). We could easily 
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change the values of a and b to test the other 
path; for instance, with a = 3 and b = 5, the 
condition would be true, and the first message 
would be printed instead. The interpreter cor-
rectly handles these branches, only executing 
the block that matches the condition. This 
confirms that the branching mechanism oper-
ates as expected, enabling the pseudocode to 
make decisions. 
Moving on to loops, the interpreter supports 
both cattimp (a “while” loop for indetermi-
nate repetition) and pentru (a “for” loop for 
fixed-count iteration). We illustrate each with 
an example: 
 
variabila x <- 0; 
cattimp (x < 5) { 
scrie x; 
x <- x + 1; 
} 

 
This pseudocode initializes x with 0, then en-
ters the loop. The interpreter checks the con-
dition x < 5 before each iteration. As long as 
the condition is true, it executes the loop body: 
printing the current value of x and then incre-
menting x by 1. Once x reaches 5, the condi-
tion becomes false and the loop ends. If we 
run this code, the interpreter will output: 
 
0 
1 
2 
3 
4 

 
The correctness of this output demonstrates 
that the while-loop control flow works 
properly: the interpreter repeatedly executes 
the block and updates x until the condition 
fails. This behavior is essential for expressing 
algorithms that require repetition, such as 
traversing through array elements or accumu-
lating a sum (even though our pseudocode 
language doesn’t have arrays in this version, 
the pattern is still educationally useful for un-
derstanding loops). 
For a fixed-count loop, the pentru construct 
is used, similar to the for loop from the C lan-
guage, but with a more readable syntax. A 
pentru loop in our pseudocode takes an initial-
izer, a loop condition, and an increment ex-
pression, all in one line: 

 
pentru (i <- 0; i < 5; i <- i + 1) { 
scrie i; 
} 

 
The outcome of this code is the same sequence 
of numbers as the previous example (0, 1, 2, 
3, 4, each on a new line). The interpreter’s 
handling of the pentru loop involves initializ-
ing the variable, checking the condition before 
each iteration, and updating the variable after 
each iteration, just as one would expect. The 
syntax uses semicolons to separate the three 
parts (initializer, condition, increment) within 
the parentheses, reflecting common pseudo-
code conventions and imperative language 
structures. This indicates that the interpreter 
can manage more complex loop semantics in-
ternally (managing loop scope and continua-
tion) while still presenting a clean pseudocode 
interface to the user. Educationally, this is a 
big advantage: students can experiment with 
changing the loop bounds or conditions in Ro-
manian, and immediately see different out-
comes, reinforcing their understanding of how 
loops and conditions work. The fact that the 
interpreter prints the results instantly in each 
case helps to connect the abstract concept 
(e.g., “while loop”) with concrete behavior. 
Functions are vital for structuring code and 
avoiding repetition. Our Romanian pseudo-
code interpreter supports user-defined func-
tions using the functie keyword, with param-
eters and return values. In the next examples, 
we demonstrate how to define and call func-
tions, including the use of recursion to illus-
trate the interpreter’s capabilities with respect 
to the call stack and scope. The following 
function adds two numbers: 
 
functie aduna(a, b) { 
intoarce a + b; 
} 
 
// Using the function: 
variabila rezultat <- aduna(3, 4); 
scrie rezultat; // Output: 7 

 
When this code is interpreted, the function 
definition is stored, and later the call aduna(3, 
4) invokes the function. The interpreter cre-
ates a new environment for the function, as-
signs a = 3 and b = 4, evaluates a + b, and then 
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returns the result. The variable rezultat re-
ceives the returned value (7), which is then 
printed. This example confirms that function 
calls and returns work correctly: the inter-
preter can jump into a function’s body and 
back out with a result. The keyword intoarce 
is used to return a value (it literally means “re-
turn” in Romanian). If a function does not ex-
plicitly return something, it returns the special 
nimic value by default – similar to null or 
void, which is useful for procedures that do 
not have side effects (like printing). 
One strength of our interpreter (inherited from 
the tree-walk design) is that it supports recur-
sive functions. To illustrate recursion, con-
sider the classic example of a factorial func-
tion: 
 
functie factorial(n) { 
daca (n <= 1) { 
intoarce 1; 
} altfel { 
intoarce n * factorial(n - 1); 
} 
} 
 
// Example usage: 
scrie factorial(5); // Output: 120 

 
In this code, the factorial function calls itself 
(factorial(n - 1)) to compute the factorial 
of smaller numbers. The interpreter handles 
this recursion by pushing a new call frame 
each time the function calls itself, just like a 
typical programming language runtime. When 
we call factorial(5), the sequence of recur-
sive calls will eventually reach factorial(1), 
which returns 1, and then unwind: 2 * 1, 3 * 
2, 4 * 6, and 5 * 24, resulting in 120. The in-
terpreter manages the recursion depth and 
each function’s local variables correctly, as 
demonstrated by the correct final result. This 
confirms that even more complex control flow 
(multiple nested function calls) is executed 
properly. It also suggests that the interpreter 
could be used to evaluate recursive algo-
rithms, a common topic in computer science 
education. 
Another aspect worth noting is that functions 
in this interpreter are first-class values in the 
sense that they can be passed around or as-
signed to variables (because under the hood, a 
function is an object of type RpdcFunction). 

While we have not deeply used that feature in 
these examples, the language could support 
paradigms like callback functions or storing 
functions in data structures, increasing its ex-
pressiveness. For the scope of a teaching tool, 
however, the primary use case is simply defin-
ing and calling functions to encapsulate logic. 
This aligns with the educational goal of teach-
ing structured programming: the interpreter 
not only executes the code but also encour-
ages good practices like breaking problems 
into functions. 
One of the more advanced features of our 
pseudocode interpreter is the support for ob-
ject-oriented programming (OOP) concepts, 
namely classes, objects, polymorphism, and 
inheritance. This was an ambitious addition 
for a pseudocode system and was inspired by 
the needs of teaching more complex program-
ming concepts in a simplified environment. In 
the next section, we demonstrate how to de-
fine classes with methods (and attributes), 
how to create objects, and how inheritance al-
lows one class to extend another. These exam-
ples highlight the interpreter’s power in han-
dling OOP despite the dynamic nature of the 
language. To define a class in Romanian pseu-
docode, we use the clasa keyword. Inside the 
class, we can define methods using the proce-
dura keyword (or we could use functie as 
well – the two are treated similarly by the in-
terpreter, with procedura being more semantic 
for “method”): 
 
clasa MicDejun { 
procedura gateste() { 
scrie "Painea se prajeste!"; 
} 
} 
 
// Create an instance of the class and 
call its method: 
variabila micDejun <- MicDejun(); 
micDejun.gateste(); // Output: Painea se 
prajeste! 

 
In this example, class MicDejun has one 
method gateste() that, when called, prints a 
message "Painea se prajeste!" (“The bread 
is toasting!”). After defining the class, we in-
stantiate it by calling MicDejun() as if it were 
a function. The interpreter handles this by cre-
ating a new object (an instance of MicDejun). 
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We store this instance in the variable 
micDejun. Then micDejun.gateste() calls the 
gateste method on that object, resulting in the 
presented output. 
This demonstrates several things: 

1. The interpreter correctly recognizes class 
definitions and stores their methods. 

2. It allows the instantiation of classes, return-
ing an object reference. 

3. It supports method dispatch: when 
micDejun.gateste() is executed, the inter-
preter finds the gateste method associated 
with MicDejun and executes it in the context 
of the micDejun instance. 

Notably, our interpreter also supports an ini-
tializer method, which is a method named 
init that acts like a constructor (runs automat-
ically on object creation). In the above exam-
ple, we did not define init, so the object is 
created with no special initialization logic. If 
an init was present, the interpreter would call 
it during MicDejun(). This feature is similar to 
constructors in languages like Java or Py-
thon’s __init__. We won’t delve deeper into 
constructors here, but it is worth mentioning, 
as it adds to the completeness of the OOP sup-
port. 
Perhaps the most significant OOP feature in 
our pseudocode language is inheritance. A 
class can inherit from a base class, indicated 
by a < symbol after the class name. This 
means the new class (subclass) will have all 
the methods of the base class, plus any new 
ones or overrides it defines. The interpreter 
handles inheritance by linking the classes be-
hind the scenes and enabling method overrid-
ing and super calls. The following code se-
quence provides an example with two classes 
to illustrate inheritance and method overrid-
ing: 
 
clasa Animal { 
procedura vorbeste() { 
scrie "Animalul scoate un sunet."; 
} 
} 
 
clasa Caine < Animal { 
procedura vorbeste() { 
super.vorbeste(); 
scrie "Cainele face: Ham-ham!"; 
} 
} 
 

// Create instances and test: 
variabila animal <- Animal(); 
variabila caine <- Caine(); 
animal.vorbeste(); // Output: Animalul 
scoate un sunet. 
caine.vorbeste(); /* Output: Animalul 
scoate un sunet. Cainele face: Ham-ham! 
*/ 

 
In this snippet, we define class Animal with a 
method vorbeste() that prints a generic mes-
sage (“The animal makes a sound.”). Then we 
define class Caine (Dog) as a subclass of Ani-
mal using the syntax clasa Caine < Animal. 
Inside Caine, we also define a method 
vorbeste(), intended to override the parent 
version. In the body of Caine’s vorbeste, we 
include a call to super.vorbeste(), this in-
vokes the Animal version of the method, so 
that a dog will do the generic animal behavior 
before its own specific behavior. After calling 
super.vorbeste(), we then write a dog-spe-
cific message (“Cainele face: Ham-ham!”, 
meaning “The dog goes: Woof-woof!”). 
When we create an Animal instance and call 
animal.vorbeste(), we get the generic animal 
sound message. But when we create a Caine 
instance and call caine.vorbeste(), the out-
put combines both lines: first the general 
sound (from the parent class via super), and 
then the dog’s own sound. This confirms that 
method overriding and super calls are work-
ing. The interpreter was able to resolve su-
per.vorbeste() correctly: it looked up the su-
perclass (Animal) of Caine and found the 
vorbeste method there, executing it on the 
current caine instance. After that, it continued 
with the rest of the Caine.vorbeste method. 
Additionally, although not explicitly shown in 
this snippet, the interpreter supports the 
acesta keyword (literally "this" in Romanian) 
inside methods, referring to the current in-
stance. 
For example, if we had a field or wanted to 
refer to the object itself, acesta would be used 
just like this in other languages. Our design 
ensured that when a method is called, acesta 
is bound to the instance on which the method 
was invoked. This is how the interpreter 
knows what super.vorbeste() should act on 
(it uses the same instance). We could also add 
attributes to classes (since our interpreter 
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allows dynamic fields on objects). For in-
stance, acesta.nume <- "Rex" inside an init 
method could set a name attribute on a Dog. 
Though we haven’t deeply demonstrated class 
attributes here, the ability to set and get 
micDejun.orice (any attribute) on an object 
exists, similar to dynamic properties in lan-
guages like JavaScript or Python. 
The object-oriented features showcased in the 
previous examples significantly boost the ex-
pressiveness of the pseudocode language. 
From an educational perspective, this means 
the interpreter can be used not just for proce-
dural algorithms but also to illustrate princi-
ples of OOP in a simpler setting. Students can 
experiment by creating class hierarchies in 
Romanian pseudocode, which might make the 
concept of classes and inheritance more relat-
able (because the syntax uses familiar words 
like clasa, procedura, etc.). The fact that our 
interpreter correctly handles inheritance and 
polymorphism (including scenarios like a 
class inheriting and then overriding methods 
and using super) is a strong indicator that it 
has matured beyond a basic scripting tool into 
something that can model real-world pro-
gramming paradigms.  
 
5 Conclusions 
In this paper, we presented an implementation 
of a Romanian Pseudocode Interpreter with 
OOP support. In terms of capabilities, the in-
terpreter has proven itself able to handle a 
wide range of language constructs: from sim-
ple expressions and I/O to complex features 
like recursion and inheritance. Each example 
ran as expected, and the outputs matched the 
anticipated results, indicating that the imple-
mentation is robust for the tested scenarios. 
There were no incorrect behaviors observed in 
our trials, which suggests that the language 
grammar and the runtime (tree-walk evalua-
tor) were implemented according to the spec-
ification. 
We found that writing these examples in Ro-
manian pseudocode felt natural and even em-
powering. For instance, the if-else example 
reads like a normal sentence, and the loop con-
structs are very clear in meaning. This sug-
gests that the tool could be effective in 

classroom settings. Students could write pseu-
docode to solve a problem and run it to verify 
correctness, bridging the gap between design-
ing an algorithm and running it. “Normally, 
pseudocode is not run on a computer,” as [18] 
mentions. In essence, the interpreter can serve 
as a steppingstone: once students are comfort-
able formulating solutions in pseudocode and 
seeing them work, they can transition to learn-
ing a full programming language with more 
confidence. 
In terms of performance, our interpreter is a 
straightforward tree-walk interpreter. It is not 
optimized for speed, but all our example runs 
were near-instantaneous given the small input 
sizes. For the educational use case, efficiency 
is a minor concern – even an algorithm that is 
quadratic or worse in pseudocode will typi-
cally be run on small inputs for learning pur-
poses. The interpreter’s response time for 
these examples is well within acceptable 
ranges. Memory usage is also low for these 
short runs. We have not encountered runtime 
errors in the above demonstrations, except 
where we intentionally noted they would oc-
cur for incorrect usage (which we avoided). 
This suggests that the interpreter is stable for 
correct programs and provides meaningful er-
ror messages for incorrect ones (for example, 
if one tried to use an undefined variable or call 
a non-existent method, the interpreter would 
throw a runtime error with a message pin-
pointing the issue). This reliability is im-
portant for maintaining user trust – a learner 
should feel that if their program fails, it’s be-
cause of their code logic and not a bug in the 
tool. 
In summary, the code demonstrations from 
the previous chapter validate that the Roma-
nian Pseudocode Interpreter is functional, fea-
ture-complete for its scope, and user-friendly. 
The interpreter executes a variety of pseudo-
code programs exactly as expected, which is a 
strong indicator that the implementation phase 
was successful. Just as important, the exam-
ples highlighted the interpreter’s educational 
potential: by writing algorithms in their native 
language and seeing them run, students can 
more easily grasp programming fundamen-
tals. The combination of human-readable 
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pseudocode and actual execution makes this 
tool a novel contribution that could enrich 
programming education, especially in Roma-
nian settings. 
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