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Abstract
Compilers might parse different parts of a programming language most efficiently using different parsing
methods. This paper introduces CTCD grammar systems – a new type of Cooperating Distributed (CD) grammar
systems controlled by a communication table – and demonstrates their practical usage in such scenarios.
A concrete eight-component CTCD grammar system is designed for a programming language inspired by
Zig, and a parser is implemented for it that combines LL, operator-precedence, and SLR analysis within
a single framework. The result is a working parser whose used analysis methods can be selected for individual
components, making CTCD grammar systems a practical tool for multi-method parser construction.
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1. Introduction
Real-world programming languages include various
syntactic constructs. These are naturally suited to dif-
ferent parsing methods. Arithmetic expressions, for
instance, are most elegantly handled by LR or operator-
precedence methods, while statement-level structures
often fit perfectly into LL grammars. However, there is
no unified approach to combining them into a single
parser. Formal models that can express such coopera-
tion of parsing methods may therefore bring practical
value beyond their theoretical level. Grammar systems
represent one such approach.
Cooperating Distributed (CD) grammar systems (see
[1]) provide a formal model in which several grammars
(components) share a common sentential form and
take turns rewriting it. The central open question for
their use in parsing is: how to specify the cooperation
protocol – i.e., which component is active at each mo-
ment and for how long does it rewrite the sentential
form. The cooperation protocol must also be determin-
istic for meaningful use. Without a deterministic pro-
tocol, CD grammar systems cannot be utilized within
real-world parsers.
Existing related work from FIT BUT [2, 3, 4, 5] has ex-
plored various mechanisms, yet they share a common
limitation: a single system component can be activated
by at most one communication symbol, thereby re-
stricting the protocol’s expressiveness.
The Communication Table-controlled CD (CTCD) gram-
mar systems are introduced as a new approach to solve

the described challenges. Their communication table
maps pairs of communication nonterminals and com-
munication terminals to grammar components and can
be constructed automatically from the components
themselves via a simple algorithm (see Algorithm 1).
The active component changes only when it can no
longer rewrite the current sentential form, following
the terminating derivation mode.
Furthermore, as a proof of concept, a CTCD grammar
system with eight components is designed for a Zig-
inspired language, featuring expressions with 16 oper-
ators, user-defined structs, switch expressions, and
more.
Based on this system, a C++ parser is implemented
to analyze the syntactic correctness of the designed
language, along with lexical analysis and AST construc-
tion. The parser combines LL, operator-precedence,
and SLR parsing. In addition, the user can select the
parsing method per component at the start of the pro-
gram.

2. CTCD Grammar Systems
A CTCD grammar system of degree n is a (n+ 4)-tuple:
Γ = (N,T, S,R,G1, . . . , Gn) where N , T , S are the
usual nonterminal alphabet, terminal alphabet, and
start symbol, eachGi is a finite set of context-free rewrit-
ing rules (a component), and R ⊆ M × C is the com-
munication table.
The set M of communication nonterminals contains ev-
ery nonterminal that appears on the left-hand side of
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some rule in componentGi while also appearing on the
right-hand side of a rule in some other component Gj

(i ≠ j). The set C of communication terminals contains
every terminal that can appear as the leftmost termi-
nal derived from any communication nonterminal (the
Predict set). The evaluation functionα(A, t) = Gi is de-
fined whenever t ∈ Predict(A → x) and A → x ∈ Gi.
There are two types of derivation steps. A rewriting
step applies a rule of the currently active component
to the leftmost nonterminal it can rewrite and is per-
formed preferentially. A control step changes the active
component based on the communication table. It is
performed only when no rewriting step is possible, and
α(A, t) is defined for the leftmost communication non-
terminal A and the current communication terminal t.
A communication stack records the chain of component
changes so that control returns to the correct compo-
nent after each sub-derivation (see Figure 2).

3. Application in Syntax Analysis

3.1 Designed Grammar System
The concrete CTCD grammar system designed for the
Zig-inspired language has eight components (see Fig-
ure 1):
• G1 – top-level structure (sequence of function and

struct definitions)
• G2 – function definitions, most statements (variable

definition, assignment, if-elif-else, while, for,
return), data types

• G3 – comma-separated function parameters
• G4 – function call command with arguments
• G5 – switch expressions
• G6 – user-defined struct definitions (attributes, de-

fault values, methods)
• G7 – struct instantiation with attribute initialization
• G8 – expressions with 16 operators (arithmetic, rela-

tional, logical, member access .)
Components G1–G7 are LL grammars, G8 is an unam-
biguous CFG for expressions. G1–G7 can be analyzed
by LL or SLR, G8 by operator-precedence or SLR. The
eight communication nonterminals in the communica-
tion table (seeTable1) include<FUN_DEF>and<TYPE>,
both targeting G2 but via different communication ter-
minals – demonstrating that a single component can
be activated by multiple communication nonterminals.

3.2 Parser Implementation
The parser is implemented in C++20 and is structured
into nine modules (lexer, three analyzer classes, gram-
mar system, AST, argument parser, utilities, andmain()
entry point). The abstract base class SyntaxParser ex-
poses a virtual parse()method and a communicate()

method that implements the communication stack.
Concrete subclasses LLParser, PrecedenceParser,
and LRParser provide the respective parsing methods
(see Figure 3).
The runtime assignment of a parsing method to each
component is handled by ArgParser and is stored in
equivalent Component structs inside GrammarSystem.
This design makes the three analyzersmutually inde-
pendent: changing the method for one component
does not affect the others.
The LRParser holds nine separate SLR tables (one per
derivation sub-tree root, two of them for G2), gener-
ated with an online SLR table tool and converted to C++
arrays by a Python script.
Lexical analysis was implemented for practical reasons,
as it processes the input file and complements the
parser.
In addition to the analysis part of the program, the AST
representation of the input text structure is generated
and can be exported in DOT format for visualization.
An example of a generated AST is in Figure 4.

4. Conclusions
CTCD grammar systems aim to fill the gap between
pure formal language theory and compiler construc-
tion.
Their communication table is formally defined, auto-
matically constructible, and it groups multiple parsing
methods into a single cooperating framework. The im-
plemented C++ parser demonstrates this in practice.
Function calls triggered by communication nontermi-
nals perform a seamless change between individual
parsers, which is entirely controlled by the communi-
cation table.
Future work could incorporate semantic analysis and
code generation with the parser framework, thus cre-
ating a complete compiler for the designed language.
Studying the formal generative power of CTCD systems
in relation to the classical CD grammar system families
might also be worthwhile.
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