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Abstract

In the IBM z/OS environment, assembler programming remains essential for creating high-
performance, low-level system software. Despite the assembler's perceived complexity, IBM's High-
Level Assembler (HLASM) provides powerful constructs that enable developers to write modular,
maintainable, and efficient code. One of the most critical constructs is the assembler macro facility,
which allows repetitive or complex logic to be abstracted through reusable templates. [1]

This paper explores how assembler macros simplify complex operations by leveraging
parameterization, conditional assembly, symbolic evaluation, and macro expansion strategies.
Drawing heavily from IBM’s HLASM standards, this work provides a detailed guide to macro
definitions, conditional branching constructs, symbolic handling techniques such as SETC, SETA, and
SETB, and practical examples like looping macros that generate dynamic instruction sequences. [1]

This paper focuses on how these capabilities can be applied to modern mainframe applications,
ensuring maintainable and high-performance assembler code within enterprise environments.

Keywords: Assembler Macros; IBM HLASM; z/OS; Macro Processing; Conditional Assembly;
Symbolic Variables; Macro Expansion; Systems Programming

1. Introduction

Assembler programming on IBM z/OS systems is well-known for offering unparalleled control over
hardware, performance optimization, and access to low-level system functions. However, its flexibility often
comes with significant complexity, particularly when developers must manually write large volumes of
repetitive or structured code. Recognizing these challenges, IBM's High-Level Assembler (HLASM)
introduced an extensive macro processing facility designed to simplify coding, improve reusability, and
reduce human error. [1][2]

Assembler macros allow developers to encapsulate complex instruction sequences into reusable components
easily invoked with varying parameters. This capability not only shortens programs but also enforces
consistency across multiple routines. Through parameterization, symbolic substitution, conditional
assembly, and code generation control, macros effectively introduce a higher level of abstraction into what
is traditionally a highly granular and manual programming environment. [1][2]

In modern mainframe applications, assembler macros remain critical — not just for system exits,
authorization checks, or device drivers — but also for maintaining legacy applications that still run some of
the world's most critical financial and transactional systems. As organizations continue to modernize while
preserving existing infrastructure, a deep understanding of macros becomes essential for safely maintaining,
optimizing, and extending mainframe software. [1][2]
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This paper explores assembler macro processing in a structured and practical way, beginning with basic
macro definitions and progressing through advanced techniques such as symbolic variable manipulation,
conditional assembly, and macro expansion internals. Practical examples, real-world usage patterns, and
troubleshooting guidance are included to make this a comprehensive reference for new and experienced
assembler developers.

2. Macro Definition and Invocation

At the heart of assembler macro processing lies the ability to define reusable code patterns through
structured macro definitions. IBM's High-Level Assembler (HLASM) formalizes this using the MACRO
and MEND instructions, framing the boundaries of macro definitions. [1]

A macro begins with a MACRO statement, optionally followed by a parameter list, and ends with a MEND.
Any combination of assembler instructions, pseudo-operations, and macro-processing statements can be
included within these boundaries. When the macro name is invoked during assembly, the assembler expands
the macro body in place, substituting any provided parameters.

2.1.  Structure of a Macro Definition

A typical macro follows this structure:

MACRO

&NAME MACEXAMPLE &PARAM1=, &PARAM2=DEFAULT
MVC FIELD1,&PARAM1
MVC FIELD2,&PARAM?2
MEND

« &NAME is a label variable representing the invocation label (optional).
e MACEXAMPLE is the name of the macro.

o &PARAML1 and &PARAM2 are parameters, where PARAM2 has a default value of DEFAULT.

The assembler interprets anything prefixed by& as a symbolic parameter. During macro invocation, actual
values replace these symbolics.

2.2.  Positional and Keyword Parameters
HLASM supports two types of parameters:

o Positional Parameters:
« Inthis case, the parameter values are substituted based on their order in the invocation statement.

Example:

MACEXAMPLE DATA1,DATA2

Here, &PARAM1=DATAL, &PARAM2=DATAZ2.
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o Keyword Parameters:
« In this case, the parameter values are specified explicitly by name, allowing greater flexibility and
improving the readability.

Example:

MACEXAMPLE &PARAM2=DATA2,&PARAM1=DATAl

Keyword parameters are particularly useful when a macro has many optional arguments or defaults.
HLASM macros allow parameters to be flexible, providing the below options for their values:

e No default (must be supplied at invocation)
e Aspecific default value
o Anull default (allowing the parameter to be omitted)

2.3.  Handling Defaults and Null Parameters

When a parameter has an assigned default, the assembler uses that default if the caller does not provide the
value on invocation.

Null parameters (defined with an equal sign but no value, e.g., &DEBUG=) allow a macro to detect the
presence or absence of options.

Null parameters allow macros to implement optional functionality without requiring the programmer to
always specify every parameter.

Example with default handling:

MACRO

&NAME DEBUGMSG &MESSAGE=DEBUG
WTO '&MESSAGE'
MEND

If invoked as DEBUGMSG, the default DEBUG message will be printed. The customized message is used
instead when invoked as DEBUGMSG &MESSAGE=ERROR DETECTED.

2.4.  Invoking a Macro

Macro invocation looks identical to calling an assembler instruction.

When the assembler encounters a macro invocation:
o It substitutes any symbolic parameters based on the provided arguments.
o It evaluates conditional and symbolic expressions inside the macro.

« It generates the resulting source code inline at the point of invocation.
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Example invocation:

MACEXAMPLE FIELDVALL,FIELDVAL?Z2

After expansion, this would result in:

MVC FIELD1,FIELDVAL1

MVC FIELD2,FIELDVAL?2

Macros can be invoked repeatedly within a program, generating customized code based on the parameters
provided. This enables a level of reuse and abstraction that significantly reduces programming effort and
error-proneness in large assembler programs. [1]

3. Symbolic Variables in Macros

Symbolic variables are fundamental to making assembler macros flexible and dynamic. Unlike constants
hardcoded at assembly time, symbolic variables allow macros to adapt their generated code based on input
parameters, loop counters, or macro-internal computations. IBM’s High-Level Assembler (HLASM) defines
three primary types of symbolic variables: SETC, SETA, and SETB. [1]

3.1. SETC - Character Symbolics
The SETC instruction can assign a character value to a symbolic variable.

Example:

&FIELDCODE SETC 'DATAFIELD!

MVC FIELD1,&FIELDCODE

o Here, &FIELDCODE is set to the string 'DATAFIELD'.

o During expansion, the assembler substitutes DATAFIELD wherever &FIELDCODE appears.
Typical usage:

o Setting field names dynamically.

» Selecting specific constant values based on input.
3.2.  SETA - Arithmetic Symbolics
The SETA instruction can assign an integer value to a symbolic variable.

Example:

&COUNT SETAS

&COUNT SETA &COUNT +1

o After these statements, &COUNT would hold the value 6.
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Typical usage:
o Loop counters within macros.
« Generating repeated sequences (e.g., register save/restore).
3.3.  SETB — Binary Symbolics
The SETB instruction can assign a binary value (0 or 1) to a symbolic variable.

Example:

&DEBUG SETB 1

AIF (&DEBUG).DEBUG_BLOCK

o If &DEBUG equals 1, the assembler branches to the .DEBUG_BLOCK label during expansion.
Typical usage:

« Enabling/disabling optional code blocks.

« Simplified yes/no decision-making during macro expansion.
3.4.  Built-in Symbolics
HLASM also provides a rich set of built-in symbolic variables that can be used inside macros [1]:

Table 1: Ilustrating built-in symbolics. [1]

Symbol Purpose

&SYSLIST | All parameters are passed to a macro.

&SYSLISTn | The nth parameter individually.

&SYSCNT | The number of parameters passed.

&SYSNDX | Current macro nesting index (for recursive macros).

&SYSMAC | Indicator that a macro expansion is active.

&SYSUPT | The uppercase version of a string.

These built-ins allow macros to:
o Handle a variable number of parameters dynamically.
o Adjust behavior based on call context.
e Manage nested invocations safely.

Symbolic processing is one of the core foundations for creating powerful, reusable macros. Macros would
be reduced to mere static text substitution without dynamic symbolic handling. Through SETC, SETA,
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SETB, and built-in symbols, HLASM empowers developers to generate highly customized assembler code
during macro expansion. [1]

4. Conditional Assembly in Macros
One of the most powerful features of assembler macros is conditional assembly.

Conditional assembly enables a macro to generate different code sequences depending on the parameter
values provided during macro invocation.

Rather than producing a static code block every time, a macro can branch, include, or exclude certain parts
based on logical conditions evaluated during expansion. [1]

HLASM offers several specialized statements for conditional assembly: AlIF, AGO, ANOP, and MNOTE.
4.1.  AIF (Assembly IF)

AIF is the macro equivalent of an "IF" statement in high-level languages.

It tests a logical condition and, if true, branches to a specified label during macro expansion.

Example:

AlF (&DEBUG EQ 1).DEBUG_BLOCK

o If the symbolic &DEBUG equals 1, macro expansion jumps to .DEBUG_BLOCK during assembly.
AIF comparisons can use EQ, NE, LT, LE, GT, GE, ANY, and ALL operators.
Typical AIF usage:
o Generate extra code when debugging is enabled.
« Customize macro output depending on the operating environment.
4.2. AGO (Assembly GO)
AGO provides an unconditional branch during macro expansion.

Example:

AGO .SKIP_DEBUG

e Macro expansion jumps to .SKIP_DEBUG, skipping any intermediate statements.
While AIF depends on a condition, AGO always branches when encountered.
Typical AGO usage:

« Skipping optional blocks after a decision.

e Structuring macro flow clearly without complex nested conditions.
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4.3.  ANOP (Assembly No Operation)
ANOP defines a label without generating any executable assembler code.

Example:

.DEBUG_BLOCK ANOP

WTO 'Debugging active'

« .DEBUG_BLOCK acts purely as a jump target for AIF or AGO - no instruction is emitted at that
point as part of macro expansion.

Typical ANOP usage:
o Marking destinations for conditional branches inside macros.
« Organizing macro expansion flows without polluting executable code.
4.4.  MNOTE (Macro Note Instruction)
MNOTE generates a message during assembly processing - but it does not affect the final object code.

Example:

MNOTE 2,'Invalid parameter passed to macro'

o Message level 2 usually means a warning.

o Useful to alert developers if a macro was called incorrectly or unexpected conditions arise during
expansion.

Typical MNOTE usage:
e Warn when mandatory parameters are missing.
o Debugging complex macro expansions.

4.5.  Example: Conditional Debug Block

MACRO
&NAME DEBUGBLOCK &DEBUG=
AlF (&DEBUG EQ 1).DO_DEBUG
AGO .END_DEBUG
.DO_DEBUG ANOP
WTO 'Debug message: Debugging active.'
.END_DEBUG ANOP

MEND
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o If&DEBUG is 1, the WTO (Write to Operator) message is generated.
o Otherwise, the macro expands without generating any debug output.

Conditional assembly is crucial in real-world macros. Without condition assembly, macros would be rigid
and unable to flexibly generate different code paths depending on user needs or runtime context.

By using AIF, AGO, ANOP, and MNOTE, macro authors can build sophisticated, modular, and context-
sensitive assembler macros. [1]

5. Macro Expansion and Processing

Macro expansion is the assembler's core function that transforms a macro invocation into actual assembly
source code.

Understanding how expansion works - especially early vs deferred evaluation, nested macros, and recursive
macros - is critical for writing reliable and maintainable assembler programs. [1]

5.1.  Early Evaluation vs Deferred Evaluation

« Early Evaluation happens when the assembler can resolve a symbolic value when the macro is being
expanded.

o Typically, it involves simple constants or literals.

o Example:

&CONST SETA 10

AIF (&CONST EQ 10).TARGET

o Here, &CONST is evaluated immediately during expansion.

e Deferred Evaluation occurs when a symbolic’s value cannot be determined until later in the
expansion or until another substitution takes place.

o Example:

&REG SETC &INREG

MVC REGAREA,&REG

o The final substitution of &REG depends on &INREG, which might not yet have a resolved
value at the first evaluation pass.

Early evaluation improves the performance and reliability of macro expansion.

Deferred evaluation, while flexible, can introduce complexity and must be handled carefully to avoid
unexpected results.

5.2.  Nested Macro Expansion

Macros can invoke other macros during expansion, which is called nested macro expansion.

IJIRMPS2202232455 Website: www.ijirmps.org Email: editor@ijirmps.org 8



https://www.ijirmps.org/

Volume 10 Issue 2 @ March - April 2022 1JIRMPS | ISSN: 2349-7300

Example:

MACRO

&NAME OUTER
INNER MACROCALL
MEND

MACRO

&NAME INNER &TEXT
WTO '&TEXT
MEND

e When OUTER is invoked, it expands to call INNER, which expands itself into assembler
instructions.

o Nesting allows the decomposition of complex macros into modular building blocks [1].
Nested expansions must track symbolic values carefully to avoid conflicts.
5.3.  Recursive Macro Expansion
HLASM allows a macro to invoke itself directly or indirectly through another macro recursively.
This supports advanced generation patterns like repetitive instruction sequences.

Example (simple recursion with control):

MACRO

&NAME LOOPSAVE &REG=0
STM R&REG,R&REG,0(R13)
AIF (&REG LT 14).NEXT
MEND

NEXT LOOPSAVE &REG=&REG+1

o Recursive macros must have a well-defined termination condition (e.g., via a counter or
comparison).

« Otherwise, the assembler could enter an infinite expansion loop, causing assembly errors or hangs.
5.4.  Considerations for Macro Expansion

e Use LCLA (Local Label Control Area) for counters and scratch symbolics that should not conflict
outside the macro.

o Carefully structure macro labels and names to avoid collisions during nested expansions.

e When debugging complex expansions, use MHELP (Macro Help facility) to see intermediate
symbolic values during expansion (more details in the troubleshooting section later).

Macro expansion mechanics are powerful but subtle.A strong grasp of early vs deferred evaluation, proper
nesting, and safe recursive design is essential for building maintainable and efficient macros on z/OS
systems [1].
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6. Macro Examples

This section will discuss how the macro capabilities explored in previous sections can be applied in real-
world assembler development. This section provides a detailed coding example that uses symbolic variables,
conditional assembly, and macro looping to automate repetitive code generation [1].

6.1. Example: REGSAVE Macro - Saving Registers Dynamically

Saving a group of general-purpose registers (GPRs) is a common task in assembler programming.A
programmer would have to manually code a STM (Store Multiple) instruction for each register.

Macros allow this repetitive pattern to be automated safely.

Macro Definition:

MACRO

&NAME REGSAVE &START=0, &END=15
LCLA &I

&  SETA &START

LOOP&I ANOP
STM R&I,R&I,0(R13)

&  SETA &l+1
AIF (&I LE &END).LOOP&I
MEND

Explanation:

o &START and &END are keyword parameters, allowing flexibility in the range of registers to be
saved.

e LCLA &I creates a local symbolic variable &I for iteration.

o SETAInitializes &I to the starting register number.

e .LOOP&I uses dynamic labeling for looping.

o STM stores register R&I at the memory location pointed by R13 (commonly used as a base register).
o AlIF checks if &I is less than or equal to &END and branches back to .LOOP&I for the next register.
e Once all registers in the range are processed, macro expansion terminates naturally.

6.2.  Example Invocation:

REGSAVE &START=2, &END=5

Expands into:

STM R2,R2,0(R13)
STM R3,R3,0(R13)
STM R4,R4,0(R13)
STM R5,R5,0(R13)
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6.3.  Macro Concepts Illustrated through this example:

Feature How it appears

Parameterized macros | &START, &END parameters

Arithmetic symbolics | SETA for incrementing counter

Conditional looping | AIF based on symbolic comparison

Local variables LCLA ensures safe internal counters

Macros like REGSAVE drastically reduce repetitive coding, minimize errors, and make programs easier to
read and maintain.

Instead of manually coding dozens of store instructions, a few lines in a macro can dynamically generate the
needed logic. [1]

7. Limitations and Best Practices

While macros offer tremendous benefits in assembler programming, they also introduce challenges if not
used carefully.

This section discusses common limitations of macros and provides best practices for writing maintainable,
efficient macros on z/OS. [1]

7.1.  Limitations of Macros
e Debugging Complexity:
o Macro expansion happens before the actual object code is generated.

o Diagnosing the problem can be difficult if a macro expands incorrectly, especially with
nested expansions and many symbolic substitutions.

e Code Bloat:
o Excessive or careless use of macros can lead to significant code expansion.

o Each macro invocation can generate multiple lines of assembler code, increasing module size
unnecessarily if not carefully designed.

e Loss of Readability:

o Overly complex macros, especially those heavily relying on conditional branching, can
obscure the underlying program logic.

o Developers unfamiliar with a macro’s internal workings may find the generated code hard to
understand.
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e Recursive Macro Risks:

o Recursion in macros without a clear termination condition can cause infinite expansion loops,
resulting in assembler errors or system hangs.

e Symbolic Conflicts:

o Improper use of global symbolics can cause name collisions, especially when multiple
macros are nested or used together.

7.2.  Best Practices for Using Macros
e Keep Macros Focused:
o A macro should perform a single logical task.
o Avoid building massive "do everything™" macros that are hard to read and maintain.
e Use LCLAfor Local Variables:

o Always define loop counters and scratch symbolics with LCLA (Local Control Label Area)
to prevent conflicts with outside code.

e Document Parameters Clearly:
o Listall macro parameters (both required and optional) at the beginning of the macro body.
o Use meaningful symbolic names.

e Include MNOTE Messages for Errors:

o If important parameters are missing, use MNOTE to emit assembly warnings or errors during
macro expansion.

e Limit Recursive Macros:
o Ifrecursion is used, implement strict exit conditions and limit recursion depth.
e Review Assembler Listings:

o After expansion, review the generated assembler listing to verify that the macro-generated
code behaves as intended.

o Tools like MHELP can assist in tracing macro expansion logic (discussed more in the
troubleshooting section).

e Avoid Over-nesting:
o Deeply nested macros can be hard to debug and understand.

o Balance modularity with readability.
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Assembler macros provide a powerful tool for assembler programming; when used wisely, they are
powerful tools for abstraction and efficiency. When misused, they can complicate debugging, slow down
assembly, and obscure program logic.

Following disciplined macro practices ensures that assembler programs remain both high-performing and
maintainable. [1]

8. Troubleshooting and Debugging Macros

Despite careful design, macros can still introduce challenges during assembler programming, particularly
when expansions do not behave as expected.

IBM's High-Level Assembler (HLASM) offers several tools and techniques that assist developers in
debugging and validating macros effectively. [1][3]

8.1.  Using MHELP Facility

The MHELP facility is a special feature of HLASM that assists in debugging macros during the expansion
phase. [3]

When a macro is invoked with the MHELP option active, the assembler outputs diagnostic information
about:

e Macro invocation parameters.
e Symbolic values.

« Conditional branch resolutions.
o Final expanded lines.

This diagnostic output helps developers trace how the macro processed parameters and where any problems
may have occurred.

Enabling MHELP:
o Some environments allow setting assembler options to enable MHELP.

o Alternatively, inserting special assembler options or using specific assembler tool settings can
activate it.

Typical MHELP output includes:
e Macro name and parameters at call time.
e Symbolic variable evaluations.
« Branching outcomes from AIF/AGO instructions.
8.2.  Reading Assembler Listings
Assembler listing files show the full expanded source code after macro processing.

Careful inspection of listings can reveal:
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o Unexpected substitutions.

o Extra or missing generated instructions.

o Errors in symbolic evaluations.
When debugging macros:

o Compare intended macro logic with the actual expansion output.

o Look for missing labels, incorrectly expanded fields, or bad default parameter assumptions.
8.3.  Using MNOTE for Internal Warnings
MNOTE statements inside macros can emit warnings if important conditions are unmet.

Example:

AIF (&COUNT LT 1).BAD_INPUT

AGO .CONTINUE

.BAD_INPUT ANOP

MNOTE 2,'Invalid COUNT parameter; must be >=1'
.CONTINUE ANOP

e Awarning is generated during assembly time if &COUNT is less than 1.
« This technique makes macro misuse visible early and saves debugging time.
8.4. Common Debugging Issues

Table 2: Common Macro debugging issues. [1]

Issue Cause Solution

Macro parameter missing | Omitted or mistyped parameters | Use MNOTE warnings; enforce
during invocation defaults.

Infinite macro expansion | Poor recursion exit conditions Always implement strict counter limits.

Symbolic name conflicts | Global symbols are not isolated Use LCLA for all local counters.

Unexpected  conditional | Mis-evaluated AIF or AGO logic Review MHELP output and assembler

branching listing carefully.

8.5.  Best Practices for Easier Debugging
o Always add MNOTE messages for critical error paths inside macros.
o Keep nesting depth shallow for better traceability.
« Document macro parameters and expected symbolic values thoroughly.

o Review assembler listings regularly during development.
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« Use consistent naming conventions to avoid conflicts between macros.
Troubleshooting and debugging macros is an essential skill for any assembler developer.

By leveraging tools like MHELP, carefully designing symbolic evaluations, and validating expanded
listings, developers can detect problems early and ensure that macros generate reliable, efficient, and
maintainable assembler code. [1]

Conclusion
Assembler macros represent one of the most powerful tools for z/OS systems programmers.

By introducing abstraction, parameterization, conditional logic, and dynamic code generation, macros allow
developers to craft modular, maintainable, and reusable assembler code — without sacrificing the control
and performance that make assembler essential on IBM mainframes. [1]

This paper has explored several capabilities that macros offer to High-Level Assembler (HLASM)
programmers:

e How macros are defined and invoked using MACRO and MEND.
e How symbolic variables (SETC, SETA, SETB) enable dynamic substitutions and logic.

« How conditional assembly constructs (AIF, AGO, ANOP, MNOTE) guide macro flow based on user
parameters.

o How macro expansion occurs, emphasizing early versus deferred evaluation and safe handling of
nested and recursive macros.

« How the practical macros like REGSAVE can simplify real-world repetitive coding tasks.

e How best practices and structured debugging techniques make complex macros easier to maintain
and troubleshoot.

As organizations modernize their mainframe applications, the role of assembler macros continues to be
relevant — not just for maintaining legacy codebases but also for integrating new system exits, device
drivers, and optimization modules into evolving z/OS environments.

While macros introduce a layer of abstraction that can sometimes obscure low-level details, careful macro
design, disciplined symbolic management, and thorough documentation practices ensure that macros remain
a force multiplier rather than a source of complexity.

Ultimately, mastering assembler macros unlocks a new dimension of productivity and craftsmanship in
system-level programming, preserving the robustness of mainframe applications for decades. [1]
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