Macro Processor: Fundamentals and Architecture
A macro processor is a program that performs a specific type of text substitution. It allows programmers to define a sequence of statements and assign a name to that sequence. When the name is used later, the macro processor replaces it with the pre-defined block of code.
 1. Definition of Macro-Processor
A macro processor is a system software that acts as a pre-processor for language translators (like assemblers or compilers). It reduces the redundancy of code by allowing a single name to represent a larger set of instructions.
Unlike a subroutine, which is handled at execution time, a macro is handled at assembly/compilation time.
2. Macro Definition and Expansion
Macro processing involves two primary stages:
 Macro Definition: The process of specifying the name and the body of the macro. Usually enclosed between directives like MACRO and MEND.
   Example:
     ```asm
     MACRO
     SWAP &A, &B
     MOV R1, &A
     MOV &A, &B
     MOV &B, R1
     MEND
     
     ```
Macro Expansion: When the macro name is encountered in the source code (a Macro Call), the processor replaces the call with the actual body of the macro, substituting formal parameters with actual arguments.
3. Macro-Processor Algorithm and Data Structures
Most macro processors use a two-pass algorithm (though many are implemented in a single pass for efficiency).
 Core Data Structures
 1. MDT (Macro Definition Table): Stores the entire body of the macro definitions.
 2. MNT (Macro Name Table): Stores the names of defined macros and pointers into MDT indicating where the definition begins and ends.
 3. ARGTAB / ALA (Argument Table): A temporary table used during expansion to store actual arguments provided in the macro call.
Basic Algorithm (One-Pass)
 Step 1: Scan the source program.
 Step 2: If MACRO is found, enter the definition into MDT and the name into MNT.
 Step 3: If a name from MNT is found in the source, start Expansion Mode.
 Step 4: During expansion, read from MDT, replace parameters using ALA, and output to the expanded file.

4. Conditional Macro Expansion
This feature allows the macro processor to generate different code sequences depending on arguments or assembly-time variables.
 Directives:Uses IF-ELSE-ENDIF or WHILE-ENDW constructs.
Mechanism: The processor evaluates a logical expression. If true, it expands the following block; if false, it skips to the next conditional directive.
 Use Case: Optimizing code for different hardware targets or toggling debug modes.

5. General Purpose Macro Processors
These are macro processors that are NOT tied to a specific programming language or assembler.
 Flexibility: They can process any type of text file (HTML, C++, Assembly, etc.).
Independence: They do not need to understand the syntax of the language they are expanding; they strictly perform string manipulation.
Examples: The C Preprocessor (cpp) is a well-known example, as is the m4 macro processor used in Unix-like systems.

6. Macro Processing Within Language Translators
Macro processors can be integrated with compilers/assemblers in two ways:
| Integration Type | Description |

Pre-processor - A separate program runs before the translator. It produces an "expanded source file" which is then fed into the compiler. 
Integrated - The macro processing functions are built directly into the translator. This is more efficient as it avoids creating intermediate files and allows the macro processor to use the translator's symbol table. |
Key Difference: Integrated processors can provide better error messages because they are aware of the language context, whereas separate pre-processors treat the code as plain text.

