
Enhanced 
debuggability 
support in LLVM for 
various Fortran 
language features

Alok Kumar Sharma
Bhuvanendra Kumar N

FOSDEM’22



Agenda

Array debugging

Fortran String debugging

Module debugging

Fortran Namelist 
debugging



Array debugging: What we had…

Simple C array

Defined as “arr[10]”, where count=10, lowerBound=0,
upperBound=9

Metadata / DWARF

• DICompositeType(tag: DW_TAG_array_type

• Is converted to DW_TAG_array_type

• Has fields
• baseType

• size

• elements

• DISubrange

• Is converted to DW_TAG_subrange_type

• Mandatory field
• count / DW_AT_count: Constant / Variable

• Optional field
• lowerBound / DW_AT_lower_bound: Constant



Array debugging: What we had…

C/C++ Variable length arrays

Metadata

• DISubrange

• Is converted to DW_TAG_subrange_type

• Mandatory field

• count / DW_AT_count: Constant / Variable

• Optional field

• lowerBound / DW_AT_lower_bound: Constant

DISubrange Mandatory 

?
Constant Variable Expression

count Yes Yes Yes No

lowerBound No Yes No No



Array debugging: Enhancement needed…

Fortran explicit shape array

Defined as arr(2:10), 

where lowerBound=2,

upperBound=10 and

count=10-2+1=9

• Count is natural property for C/C++ and 
upperBound is natural for Fortran.

count = upperbound – lowerbound +1



Array debugging: Enhancement needed…

Fortran explicit shape array

Metadata

• DISubrange
• Mandatory

• count: Constant / Variable, or

• upperBound / 
DW_AT_upper_bound: Constant

• Optional
• lowerBound: Constant



Array debugging: Enhancement needed…

Fortran adjustable array is a dummy argument or

local array with one or more of its dimensions or
bounds as an expression of integer variables that are
either themselves dummy arguments or are in a
common block.

Metadata

DISubrange
• Mandatory

• count: Constant / Variable

• upperBound: Constant / Variable

• Optional
• lowerBound: Constant / Variable



Array Debugging: Inside gdb



Array debugging: Enhancement needed…

Assumed size array is a dummy argument, and

which has an asterisk as the upper bound of the last
dimension.

Metadata

• DISubrange
• Mandatory (Optional for Fortran)

• count: Constant / Variable, or

• upperBound: constant / Variable

• Optional
• lowerBound: Constant



Array Debugging: Inside gdb



Array debugging: array descriptor

• Dynamic arrays have two properties
• Array descriptor
• Data address

• Extents can be accessed using mathematical expressions

• Count1 = *(base_address + 80 + 48 + 8) = *(base_address + 136)
• !DIExpression(DW_OP_push_object_address, DW_OP_plus_uconst, 112, DW_OP_deref)

• Stride1= mulitplier1 * byte_length = *(base_address + 80+ 48 + 32) * *(base_address + 24)
• !DIExpression(DW_OP_push_object_address, DW_OP_plus_uconst, 160, DW_OP_deref , DW_OP_push_object_address, DW_OP_plus_uconst, 24, DW_OP_deref , DW_OP_mul)



Array debugging: Enhancement needed...

Assumed shape array is dummy argument which
has different lower bound than actual argument,
but extent and stride are passed from caller.

Metadata

• DW_OP_push_object_address

• DICompositeType(tag: DW_TAG_array_type
• … 

• dataLocation / DW_AT_data_location : variable 

• DISubrange

• Mandatory (optional for Fortran)

• Count / upperBound: Constant / Variable / 
expression,

• Optional

• lowerBound: Constant / variable

• stride / DW_AT_byte_stride: expression



Array Debugging: Inside gdb



Array debugging: Enhancement needed...

Allocatable array: descriptor, data, validity.

Metadata

• DICompositeType(tag: DW_TAG_array_type
• …

• allocated / DW_AT_allocated: Variable / 
Expression

• DISubrange

• Mandatory (Optional for Fortran)

• Count: Constant / Variable/expression,

• upperBound: Constant / variable / 
expression

• Optional

• lowerBound: Constant / Variable / 
expression

• stride: Constant / variable / expression



Array Debugging: Inside gdb



Array debugging: Enhancement needed…

Pointer array: descriptor, data, validity.

Metadata

• DICompositeType(tag: DW_TAG_array_type
• …

• associated / DW_AT_associated: Variable / 
Expression

• DISubrange

• Mandatory (Optional for Fortran)

• Count: Constant / Variable/expression,

• upperBound: Constant / variable / 
expression

• Optional

• lowerBound: Constant / Variable / 
expression

• stride: Constant / variable / expression



Array Debugging: Inside gdb



Array debugging: Enhancement needed…

Assumed rank: Rank not constant.

Metadata
• DW_OP_over

• DICompositeType(tag: DW_TAG_array_type
• …

• rank / DW_AT_rank: Variable / Expression

• DIGenericSubrange / DW_TAG_generic_subrange

• Mandatory (any one of below)

• Count: Constant / Variable/expression,

• upperBound: Constant / variable / 
expression

• Mandatory (all)

• lowerBound: Constant / Variable / 
expression

• stride: Constant / variable / expression



Array Debugging: Inside gdb



Array debugging: Recap

• Added support for DWARF operators
• DW_OP_push_object_address
• DW_OP_over

• Added DIGenericSubrange

New DIGenericSubrange Mandatory Constant Variable Expression

count / upperBound Yes Yes Yes Yes

lowerBound Yes Yes Yes Yes

stride Yes Yes Yes Yes



Array debugging: Recap

- Upgraded DICompositeType

- Upgraded DISubrange

New 
DIGenericSubrange

Mandatory Constant Variable Expression

count / upperBound Yes Yes Yes Yes

lowerBound Yes Yes Yes Yes

stride Yes Yes Yes Yes

Updated DICompositeType(tag: DW_TAG_array_type (DW_TAG_array_type)

Metadata dataLocation allocated associated rank

DWARF DW_AT_data_location DW_AT_allocated DW_AT_associated DW_AT_rank



String debugging

Fortran Character or string type may 
have string length parameter either 
assumed or deferred.

• DIStringType(stringLength, 
stringLengthExpression

• Mandatory
• StringLength: Variable

• Special thanks: Eric Schweitz

Metadata



Module debugging

Fortran Module is a collections of declarations and 
subprograms that may be imported to other program 
units.

• Metadata
• DIModule

…

• Mandatory
• file

• line



Module debugging

Renamed use of module can be 
represented using DIImportEntity.

Do you see a problem here?



Module debugging

Renamed use of module can be 
represented using DIImportEntity.

Renamed variable having child parent 
relation ship with module can optimize 
debug info size.



Namelist debugging

Fortran Namelist is group of variables. These 
variables called as namelist items can be local, 
global, parameter variables.

• DICompositeType(tag: DW_TAG_namelist

• Mandatory
• elements

Metadata



Conclusion

• Enhanced debug experience for Fortran.
• Any new Fortran front end can leverage these LLVM enhancements
• Any other language front end can make use of it.



Thank You

Any Questions?


