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Introduction
Parsing and abstract syntax trees (ASTs) are fundamental concepts in compiler design and language
processing. They provide a structured representation of source code, enabling further analysis, optimization,
and code generation. In this article, we will develop parse trees and abstract trees for a set of statements
involving assignments, arithmetic operations, and expressions. The statements under consideration are:

D = 24  21 + T + Y
C = 10(T + 11) / 40
A = 10 % 2

We will analyze each statement, derive its parse tree based on the grammar, and then abstract it into an
abstract syntax tree that captures the essential syntactic structure.

Understanding the Statements

Statement 1: D = 24 21 + T + Y
This is an assignment statement where the variable D is assigned the value of the expression: 24 21 + T +
Y.



Statement 2: C = 10(T + 11) / 40
This statement assigns to C the value of the expression: 10 multiplied by (T + 11), divided by 40.

Statement 3: A = 10 % 2
This assigns to A the remainder when 10 is divided by 2, demonstrating a modulus operation.

Parsing Methodology
To parse these statements, we need to define a simplified grammar that covers assignment statements,
expressions involving addition, multiplication, division, modulus, and parentheses, as well as variables and
constants.

Sample Grammar

Statement → Identifier "=" Expression

Expression → Term { "+" Term }

Term → Factor { ("" | "/" | "%") Factor }

Factor → Number | Identifier | "(" Expression ")" | FunctionCall

FunctionCall → Identifier "(" Expression ")"

Number → [0-9]+

Identifier → [a-zA-Z][a-zA-Z0-9]

Using this grammar, we will construct parse trees by applying recursive descent parsing techniques,
respecting operator precedence (multiplication/division/modulus over addition), and associativity.

Parsing and Building Trees for Each Statement



1. Parsing D = 24 21 + T + Y

Step-by-step Parsing

Identify the assignment: Variable D, expression on the right.1.

Expression: 24 21 + T + Y2.

Operator precedence dictates multiplication first: 24 21, then addition with T and Y.3.

Expressed as: ((24 21) + T) + Y4.

Constructing the Parse Tree

Root: Assignment

Left child: Variable D

Right child: Expression (Addition)

Left: Addition

Left: Multiplication

Left: Constant 24

Right: Constant 21

Right: Variable T

Right: Variable Y



Abstract Syntax Tree (AST)

Assignment(D, + (+ ( 24 21) T) Y)

2. Parsing C = 10(T + 11) / 40

Step-by-step Parsing

Assignment: Variable C1.

Expression: 10(T + 11) / 402.

Interpretation:3.

Function call: 10(T + 11)

Divide by 40

Parsing the Expression

- 10(T + 11) is a multiplication of 10 and (T + 11), represented as 10 (T + 11).

- Then, this product is divided by 40.

Constructing the Parse Tree

Root: Assignment

Left child: Variable C

Right child: Division

Numerator: Multiplication

Left: Constant 10



Right: Parenthesized expression: (T + 11)

Denominator: Constant 40

Abstract Syntax Tree (AST)

Assignment(C, / ( 10 (+ T 11)) 40)

3. Parsing A = 10 % 2

Step-by-step Parsing

Assignment: Variable A1.

Expression: 10 % 22.

Constructing the Parse Tree

Root: Assignment

Left child: Variable A

Right child: Modulus operation

Left: Constant 10

Right: Constant 2



Abstract Syntax Tree (AST)

Assignment(A, % 10 2)

Summary of Parse and Abstract Trees
For each statement, the parse tree reflects the detailed syntactic structure derived directly from the
grammar, while the abstract syntax tree simplifies this structure to focus on the core operations and
operands, removing unnecessary syntactic details such as parentheses or specific grammatical constructs.

Conclusion
Constructing parse trees and abstract syntax trees is essential in understanding the syntactic structure of
programming statements. These trees facilitate subsequent phases like semantic analysis, optimization, and
code generation. By systematically applying grammar rules and operator precedence, we can accurately
model complex expressions and assignments as shown in the examples above. The process demonstrated in
this article can be extended to more complex statements and language constructs, forming the backbone of
compiler design and language processing systems.

Frequently Asked Questions

What is the process for developing parse trees for the expression D = 24
21 + T + YC = 10(T + 11) / 40 A = 10%2?
The process involves breaking down each statement into its constituent parts following the grammar rules,
constructing a hierarchical tree structure that represents the syntactic relationships between operators and
operands, and handling multiple assignments and expressions step-by-step to accurately reflect the
statements' structure.

How do you handle multiple assignments and complex expressions when
creating abstract syntax trees for these statements?
You decompose each statement into individual components, create nodes for variables and operators, and
connect them based on precedence and associativity rules. For multiple assignments, each assignment is
represented as a separate subtree, and expression nodes are built to reflect the order of operations within
each statement.



What are the key challenges in developing parse and abstract trees for
the given statements?
Key challenges include managing operator precedence and associativity, correctly parsing complex
expressions with nested parentheses or multiple operators, and accurately representing multiple
assignments within a single statement to ensure the trees reflect the intended computation order.

Can you explain the difference between parse trees and abstract syntax
trees in the context of these statements?
A parse tree explicitly represents the grammatical structure of the statements, including all tokens and
syntactic details, while an abstract syntax tree (AST) simplifies this structure by omitting unnecessary
nodes, focusing on the semantic structure and operational relationships for easier interpretation and
processing.

What steps are involved in translating these statements into parse and
abstract trees for compiler design?
Steps include lexical analysis to tokenize the statements, syntax analysis to parse tokens into parse trees
based on grammar rules, then transforming the parse trees into simplified abstract syntax trees by
removing redundant nodes and emphasizing the computational structure, facilitating further compilation or
interpretation processes.

Additional Resources
Parsing and Abstract Syntax Trees in Expression Evaluation: A Deep Dive

Understanding how programming languages and compilers interpret and process expressions is
fundamental to grasping the inner workings of software development. This article explores the detailed
process of developing parse trees and abstract syntax trees (ASTs) for a set of complex mathematical and
logical statements:

D = 24 21 + T + YC = 10 (T + 11) / 40 A = 10 % 2

By dissecting these expressions, we will demonstrate the importance of parsing in syntax analysis, how to
construct parse trees, and how to derive their corresponding abstract syntax trees. This exploration provides
essential insights for students, developers, and anyone interested in compiler design, language processing,
or expression evaluation.

---



Understanding the Context: Expressions and Their Significance

Before diving into the trees themselves, it’s crucial to understand what these expressions represent and
why their parsing matters.

What are Parse Trees and Abstract Syntax Trees?

- Parse Trees (Concrete Syntax Trees): These are detailed, hierarchical representations of the syntactic
structure of source code according to a grammar. They include all syntactic information, such as
parentheses, operators, and tokens, reflecting the exact derivation steps used during parsing.

- Abstract Syntax Trees (ASTs): These are simplified, more abstract representations that focus on the core
structure and semantics of the expressions, stripping away syntactic sugar and extraneous details. ASTs are
used primarily during compilation or interpretation stages to facilitate semantic analysis and code
generation.

Why Develop Parse and Abstract Trees?

- To validate the syntax of expressions
- To facilitate semantic analysis and evaluation
- To optimize expressions or translate them into machine code
- To understand operator precedence and associativity

---

Analyzing the Given Expressions

The expressions provided are:

```plaintext
D = 24 21 + T + YC = 10 (T + 11) / 40
A = 10 % 2
```

At first glance, these look like compound statements, possibly from a language that allows multiple
assignments or chained expressions. For clarity, we'll interpret them as separate statements:

1. `D = 24 21 + T + YC = 10 (T + 11) / 40`
2. `A = 10 % 2`



For the purpose of parsing, we need to understand their structure, operators' precedence, and how to
represent them in trees.

---

Step-by-Step Development of Parse Trees

1. Parsing the Expression: `D = 24 21 + T + YC = 10 (T + 11) / 40`

This expression appears to include multiple assignment statements or a chained assignment, which is
common in some languages.

Assumption: The expression involves chained assignment, meaning:

```plaintext
D = 24 21 + T + YC = 10 (T + 11) / 40
```

which can be interpreted as:

```plaintext
D = (24 21 + T + YC) = (10 (T + 11) / 40)
```

Alternatively, it could be:

```plaintext
D = 24 21 + T + YC
YC = 10 (T + 11) / 40
```

Given the ambiguity, for the sake of clarity, we'll parse it as two separate assignment statements:

```plaintext
D = 24 21 + T + YC
YC = 10 (T + 11) / 40
```

Similarly, the second statement:



```plaintext
A = 10 % 2
```

---

2. Building the Parse Tree for `D = 24 21 + T + YC`

Operator Precedence and Associativity:

- Multiplication (``) has higher precedence than addition (`+`)
- Addition is left-associative
- Assignment (`=`) has lower precedence than arithmetic operators

Parsing Steps:

1. Parse `24 21` as a multiplication node
2. Add `T`, then add `YC` sequentially
3. Assign the resulting expression to `D`

Constructed Parse Tree:

```
Assignment
├── Left: Identifier: D
└── Right: Expression
├── Addition
│ ├── Addition
│ │ ├── Multiplication
│ │ │ ├── Number: 24
│ │ │ └── Number: 21
│ │ └── Identifier: T
│ └── Identifier: YC
```

This tree reflects the left-to-right evaluation of additions after multiplication.

---



3. Building the Parse Tree for `YC = 10 (T + 11) / 40`

Parsing Steps:

1. Parse the parenthesis `(T + 11)` as an addition node
2. Multiply `10` by `(T + 11)`
3. Divide the result by `40`
4. Assign to `YC`

Constructed Parse Tree:

```
Assignment
├── Left: Identifier: YC
└── Right: Expression
├── Division
│ ├── Multiplication
│ │ ├── Number: 10
│ │ └── Addition
│ │ ├── Identifier: T
│ │ └── Number: 11
│ └── Number: 40
```

---

4. Building the Parse Tree for `A = 10 % 2`

Parsing Steps:

- Modulo (`%`) operation between `10` and `2`
- Assign to `A`

Constructed Parse Tree:

```
Assignment
├── Left: Identifier: A
└── Right: Modulo
├── Number: 10
└── Number: 2



```

---

Developing the Abstract Syntax Trees (ASTs)

The ASTs are simplified versions of parse trees that focus on the essential structure for computation or
further processing.

1. AST for `D = 24 21 + T + YC`

Key points:

- Use binary nodes for operations
- The assignment node connects variable to expression

AST Structure:

```
Assignment (D)
└── Add
├── Add
│ ├── Multiply
│ │ ├── Number: 24
│ │ └── Number: 21
│ └── Identifier: T
└── Identifier: YC
```

This tree emphasizes the core operations and variables involved.

---

2. AST for `YC = 10 (T + 11) / 40`

AST Structure:

```



Assignment (YC)
└── Divide
├── Multiply
│ ├── Number: 10
│ └── Add
│ ├── Identifier: T
│ └── Number: 11
└── Number: 40
```

---

3. AST for `A = 10 % 2`

AST Structure:

```
Assignment (A)
└── Modulo
├── Number: 10
└── Number: 2
```

---

Significance of Parsing and Tree Construction in Compiler Design

The detailed process of developing parse and abstract syntax trees illustrates how source code is
systematically interpreted:

- Syntax Validation: Ensuring the correctness of expressions according to grammar rules
- Operator Precedence & Associativity: Correctly modeling evaluation order
- Semantic Analysis: Preparing for type checking, variable binding
- Code Generation: Transforming ASTs into machine code or intermediate representations

By constructing these trees, compilers can efficiently analyze and optimize code, detect errors early, and
generate accurate executable instructions.

---



Conclusion: From Syntax to Semantics

Developing parse and abstract syntax trees for complex expressions involves careful analysis of operator
precedence, associativity, and syntactic structure. By dissecting the provided expressions, we've
demonstrated a step-by-step approach to:

- Parsing raw expressions into syntax trees
- Simplifying these trees into abstract representations suitable for further processing

This deep dive underscores the importance of structured representation in programming language
processing, highlighting fundamental concepts that underpin modern compiler and interpreter design.
Whether you're a student learning about language parsing or a developer working on language tooling,
mastering these techniques is essential for creating robust, efficient software systems.
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