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Disclaimer

I'm presenting this but this is certainly not exclusively my work. This is the
work of the DWARF for GPU's group. Participants include:

» Started by AMD and they did the original design
(highly evolved since then)

» TotalView (John DelSignore) instrumental in the design
» Led by Cary Coutant the DWARF Committee chair

» Intel has made important contributions

> Nvidia is actively participating

» Red Hat

Source:
https://llvm.org/docs/AMDGPUDwarfExtensionsForHeterogeneousDebugging.html#introduction ‘
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https://github.com/ccoutant/dwarf-locations/tree/main
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https://www.google.com/url?q=https://llvm.org/docs/AMDGPUDwarfExtensionsForHeterogeneousDebugging.html%23introduction&sa=D&source=editors&ust=1785429282352905&usg=AOvVaw0IAZhYDbXLTfvO2i47kRC0
https://www.google.com/url?q=https://github.com/ccoutant/dwarf-locations/tree/main&sa=D&source=editors&ust=1785429282353022&usg=AOvVaw2AKsiFzjvG7-8mI_pd_tYF
https://www.google.com/url?q=https://snapshots.sourceware.org/dwarfstd/dwarf-spec/2025-05-17_20-15_1747512902/dwarf6-20250517-2014.pdf&sa=D&source=editors&ust=1785429282353127&usg=AOvVaw3IT17Gp3q5KApwSbIVnVV6
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Overall status of DWARF

After several years of hiatus post DWARF5. The DWARF committee is
meeting regularly being led by Cary Coutant (ELF standard maintainer).

> |I'm now on the committee & driving the agenda.
» People are continuing to work constructively

» Draft standard is being published in the open.

» DWAREFG6 is probably about 9 months out (quess)

» GPU support is the marquee feature.

Source:

https: Ilsts4dwarfstd.f)ro mailman/listinfo/dwarf-discuss Version for Scalable Tools Workshop 2026 ‘
https:/dwarfstd.org/issues.html
https://snapshots.sourceware.org/dwarfstd/dwarf-spec/


https://www.google.com/url?q=https://lists.dwarfstd.org/mailman/listinfo/dwarf-discuss&sa=D&source=editors&ust=1785429282374252&usg=AOvVaw3NZcZMfC1AEDic0325Phd-
https://www.google.com/url?q=https://dwarfstd.org/issues.html&sa=D&source=editors&ust=1785429282374346&usg=AOvVaw02vtmJHNTe9VOfmfqzgg5T
https://www.google.com/url?q=https://snapshots.sourceware.org/dwarfstd/dwarf-spec/&sa=D&source=editors&ust=1785429282374417&usg=AOvVaw3_vlxKEOrNrADgZAFhSJ4U

Simple changes

New since last year

Source:
https://dwarfstd.org/issues/250407.1.html

https:/dwarfstd.org/issues/250506.1.html https:/dwarfstd.org/issues/250506.2.html https:/dwarfstd.org/issues/250506.3.html

https:/dwarfstd.org/issues/250925.1.html
https:/dwarfstd.org/issues/260127.1.html
https:/dwarfstd.org/issues/260617.1.html

Allocator call sites
Vtable improvement
C++ packs
Operation headings

Address Spaces and Address Classes
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https://www.google.com/url?q=https://dwarfstd.org/issues/250407.1.html&sa=D&source=editors&ust=1785429282384578&usg=AOvVaw0auWdbJNh2diCzBT9Bp7Fm
https://www.google.com/url?q=https://dwarfstd.org/issues/250506.1.html&sa=D&source=editors&ust=1785429282384667&usg=AOvVaw2PcGu7dmhASb6ntZ88v5aX
https://www.google.com/url?q=https://dwarfstd.org/issues/250506.2.html&sa=D&source=editors&ust=1785429282384704&usg=AOvVaw0UBvUmq_OY0zSDhqUAPyLT
https://www.google.com/url?q=https://dwarfstd.org/issues/250506.3.html&sa=D&source=editors&ust=1785429282384734&usg=AOvVaw0ki1hsOETzDVSHjAHuTWYV
https://www.google.com/url?q=https://dwarfstd.org/issues/250925.1.html&sa=D&source=editors&ust=1785429282384763&usg=AOvVaw1GmApSRTcvZz7gk8lxKd_x
https://www.google.com/url?q=https://dwarfstd.org/issues/260127.1.html&sa=D&source=editors&ust=1785429282384791&usg=AOvVaw2gKPyqu-cKmnjuEYsxY8gO
https://www.google.com/url?q=https://dwarfstd.org/issues/260617.1.html&sa=D&source=editors&ust=1785429282384822&usg=AOvVaw3cUdDTeXbFbcJwjQbxyulW
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Allocator sites

Status: approved in the current draft standard

Add type to allocation site when known.

> Already exists in MS and LLVM IR

v

DW_AT_alloc_type <type DIE>

v

Applied to DW_TAG_call_site or DW_TAG_inlined_subroutine

>  Uses:
Heap profiling
Associating PEBS/IBS with data cache access

Associating memory access with type info.

Version for Scalable Tools Workshop 2026 ‘
Source:
https://dwarfstd.org/issues/250407.1.html



https://www.google.com/url?q=https://dwarfstd.org/issues/250407.1.html&sa=D&source=editors&ust=1785429282389189&usg=AOvVaw05I9-LN3aMgj3Y_Ae4DQXx
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VTable improvements

Status: approved in the current draft standard

Long overdue. Help consumers find vtable rather than depending on
ABI.

v

DW_AT_vtable_location applied to a variable.
DW_TAG_vtable with DW_AT_vtable_for_type

v

Quick to index rather than looking through all DIEs

» DW_AT_vtable_elem_location (DEPRECATED) - improperly
implemented

» DW_AT_vtable_elem_index - what GCC/LLVM have been doing just
with a new attribute

Version for Scalable Tools Workshop 2026 ‘
Source:

https:/dwarfstd.org/issues/250506.1.html https:/dwarfstd.org/issues/250506.2.html https:/dwarfstd.org/issues/250506.3.html


https://www.google.com/url?q=https://dwarfstd.org/issues/250506.1.html&sa=D&source=editors&ust=1785429282401218&usg=AOvVaw0qTcinT1s6KVnwDH3wa-_T
https://www.google.com/url?q=https://dwarfstd.org/issues/250506.2.html&sa=D&source=editors&ust=1785429282401297&usg=AOvVaw2ebybyyhTvEK5Ln8n0zfB_
https://www.google.com/url?q=https://dwarfstd.org/issues/250506.3.html&sa=D&source=editors&ust=1785429282401335&usg=AOvVaw1YmoxBYHzdH0THsz_ryVLX

Why wasn't this done before?
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VTable example

<1>< >
class MyClass § 1><100

public:
virtual void doSomething();
int myData; // 4 bytes

Ly <111>

<115>
<119>
<2><120>:
<121>
<125>
<126>
127>

<2><130>:
<1><200>:

<201>
<202>
<210>

Source:

<2><110>:

Abbrev Number: 2 (DW_TAG_class_type)
DW_AT_name : "MyClass”
DW_AT_byte_size . 16 // 8 bytes for vptr, 4 for int, 4 padding
W_AT_vtable_location: 1 byte block: 6 (DW_OP_deref)
Abbrev Number: 3 (DW_TAG_member)
DW_AT _name : "myData”
DW_AT\ type

<Reference to 'int' type>
ta_member_location: 8 // Data starts after the 8-byte vptr

Abbrev Number: 4 (DW_TAG_subprogram)
DW_AT_name
DW_AT_virtuality : 1
DW_AT_vtable_
DW_AT declaratiton : 1

Abbrev Number: 0
Abbrev Number: 6 (
DW_AT _artificial

DW_AT Tlocation
DW_AT_vtable_for_type:

"doSomething"”
// (DW_VIRTUALITY_virtual)
lem_index: @ // The zero-based slot index!

end of children of MyClass)
_TAG_vtable)

<Address of the vtable>
<@x100> // Points directly back to MyClass

Version for Scalable Tools Workshop 2026
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https://www.google.com/url?q=https://dwarfstd.org/issues/250506.1.html&sa=D&source=editors&ust=1785429282411951&usg=AOvVaw004BUEjL_AJiJUy9bz4UvO
https://www.google.com/url?q=https://dwarfstd.org/issues/250506.2.html&sa=D&source=editors&ust=1785429282412022&usg=AOvVaw1wCPTXYoI92BFLEhITuUpd
https://www.google.com/url?q=https://dwarfstd.org/issues/250506.3.html&sa=D&source=editors&ust=1785429282412066&usg=AOvVaw3xjbdFTSW5m3Ra1qfjlGJV

Keep up with the Jones

C++ packs
Status: accepted

Like varargs but for modern C++

» Template parameter packs
» Formal parameter packs
» Lambda capture packs

» Possibly other packs.

Source:

Ihttps://github.com/ccoutant/dwarf-locations/blob/main/O0la-context.md
https:/dwarfstd.org/issues/241011.1.html
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https://www.google.com/url?q=http://github.com/ccoutant/dwarf-locations/blob/main/001a-context.md&sa=D&source=editors&ust=1785429282427933&usg=AOvVaw1cbu6vjO61S6ojO7L6u9Ar
https://www.google.com/url?q=https://dwarfstd.org/issues/241011.1.html&sa=D&source=editors&ust=1785429282428033&usg=AOvVaw1iHc4wR2oi5xfaZpDdQJa4
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Operation Headers

Status: accepted

Largely editorial. Like man pages for DWARF operators
» Standardized how operators are presented.
» Removes confusion between inline operands and stack operands.
» Firststepinlarger plan
Reorganize chapter 3 DWARF expressions (submitted)
Rewrite descriptions. (planned but not yet written)

Formal description of DWARF expressions

Source: . Version for Scalable Tools Workshop 2026 ‘
https://dwarfstd.org/issues/211206.1.html



The devil is in the details

Source:

https://dwarfstd.org/issues/260211.1.html
https://dwarfstd.org/issues/260617.1.html
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Address Classes & Address Spaces

Status: Accepted

GPUs certainly require Address Spaces
Address Classes were almost deprecated but we stepped back
We may still deprecate xderef operators. (undecided)

Really made people much more aware of DWARF expression evaluation
context.

Thread and Lane may be needed to select the correct instance of that
memory address.

Version for Scalable Tools Workshop 2026 ‘


https://www.google.com/url?q=https://dwarfstd.org/issues/260211.1.html&sa=D&source=editors&ust=1785429282448461&usg=AOvVaw0-0vujPV8jyjI4_wMuOJkS
https://www.google.com/url?q=https://dwarfstd.org/issues/260617.1.html&sa=D&source=editors&ust=1785429282448569&usg=AOvVaw27apLbJzyxdlUHCGE2Y0AP

n

Should have been obvious

Bonus: C++ nested template parameters

Status: posted not yet discussed

Preserves source level template parameter relationship

> Needed for template meta programming (e.g. RAJA and Kokkos)
»  GCC & LLVM currently agree but are not following the current DWARF5 spec
» Conceptually extremely simple and no new DWARF

» Current concern is challenges with implementability.

Source:: . Version for Scalable Tools Workshop 2026
https://dwarfstd.org/issues/260703.1.html
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Why wasn't this done before?

template<typename U> struct tl §
Unl;

3,

template<typename T> struct t2 {
T ml;
t1<T> m2;

3,

int main() §
t1<int> vO;
t2<int> vl;
return 0;

Source:
https://dwarfstd.org/issues/260703.1.html

Nested template example

10%; DW_TAG_structure_type
DW_AT_name("t1")
DW_TAG_template_type_parameter

AT _name("U")

11%:

12%:

20%:

21%5

22%:

pe(referen

23%: DW_TAG_temptate_alias

24%:

DW_AT_type
DW_TAG_member
DW_AT_name("m2")
DW_AT_type(reference to~23%)

25%:

not confidential | public

I points to parameter "U"

I points to

I points

I points

I points

I points

to

to

to

to

int

parameter "T"

the top-level tl<int>

enclosing parameter "T"

the template alias
Version for Scalable Tools Workshop 2026
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Feature

Expression Context
Locations on the stack
Overlays

Address spaces
Refined types

CFI/CFA

Last year vs. this year

2025 status

Accepted

Final review

Nearly ready for submission
On deck from GPU group
Not yet written

Not complete

not confidential | public

2026 status

Refined by other proposals
Accepted

Final review

Accepted

Written - deferred

On deck

Version for Scalable Tools Workshop 2026
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Wow so useful

not confidential | public

Overlays

Status: final review

A better way to make composites & basis for future work

>

>

Source:

https:/dwarfstd.org/issues/251120.1.html

Most controversial topic this year.

Some disagreement about removing piece operators. Still might be
deprecated in DWARF6.

Basis for Incremental location lists - replaces overlapping ranges
Introduces transparent vs. opaque overlays
Alternative would be muiltiloc

Autovectorization & Scalar Replacement of Aggregates the big driver

Consumers need to plan on data being in multiple places
RO vs RW copies

Version for Scalable Tools Workshop 2026 ‘

https:/dwarfstd.org/issues/251017.2.html https://dwarfstd.org/issues/260227.1.html


https://www.google.com/url?q=https://dwarfstd.org/issues/251120.1.html&sa=D&source=editors&ust=1785429283163516&usg=AOvVaw0N2ZCGG4g6XtuVZ4lo6knF
https://www.google.com/url?q=https://dwarfstd.org/issues/251017.2.html&sa=D&source=editors&ust=1785429283163610&usg=AOvVaw0IETW2cv4prEdUyW1TQ0Fh
https://www.google.com/url?q=https://dwarfstd.org/issues/260227.1.html&sa=D&source=editors&ust=1785429283163650&usg=AOvVaw1mjVRItr22ALeSmJK-1s5w

So that is how this works? not confidential | public

CFI/CFA -> CFI/CFL

Status: in development

» On GPUs registers can be spilled to locations other than main memory

» Canonical Frame Address or Call Frame Address becomes Call Frame
Location

> Yet another update to DWARF Expression Context
» Several minor errors in spec addressed during development.
Which operators can be used double checked.
» How to make it work for callee saved vector registers is an open question
» Locations on the stack make register rules theoretically obsolete
» Concerns about breaking with ELF

Skipping .debug_frame and only emitting .eh_frame is a useful
optimzation

Version for Scalable Tools Workshop 2026 ‘
Source:

https://github.com/woodard/dwarf-locations/blob/cfi-update/O03-cfi-update.md



For when the compiler gets creative

Refined types

Status: written but deferred

Consumers need to know when the changes the type

>

>

Size of a pointer may change based on address space
Size of aregister is different from the memory size

Compiler proves that a smaller type can be used.

Very controversial even within the DWARF for GPUs group.

May be other ways to solve the problem

No implementation experience

not confidential | public
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So much left to do

not confidential | public

Other things on deck

Status: not complete
Still many changes to come

» Call frame entry registers - like DW_OP_entry_value but uses CF

» Need more operations to selective spill registers based upon exec
mask DW_OP_extend DW_OP_select_bit_piece

Kind of like overlay but with bitmasks

Needed for divergent flow control

Needed for logical PCs in SIMT sections with fused threads
> Memory spaces - type modifier for source language e.qg. “private”
» Data in multiple locations

» Lots of clarifications and details

18 Source:

https://qithub.com/ccoutant/dwarf-locations/blob/main/003-clarifications-cfi.txt https:/github.com/ccoutant/dwarf-locations/blob/main/017-call-frame-entry-registers.txt .
- - - - - o Version for Scalable Tools Workshop 2026
https://qithub.com/ccoutant/dwarf-locations/blob/main/015-vector-composite-location-descriptions txt

https://qithub.com/ccoutant/dwarf-locations/blob/main/022-memory-spaces.txt



https://www.google.com/url?q=https://github.com/ccoutant/dwarf-locations/blob/main/003-clarifications-cfi.txt&sa=D&source=editors&ust=1785429283203309&usg=AOvVaw2g8e3YeW7B66uEeJhUIHW8
https://www.google.com/url?q=https://github.com/ccoutant/dwarf-locations/blob/main/017-call-frame-entry-registers.txt&sa=D&source=editors&ust=1785429283203446&usg=AOvVaw3YoS5MeHu2b2H_ss5LtU70
https://www.google.com/url?q=https://github.com/ccoutant/dwarf-locations/blob/main/015-vector-composite-location-descriptions.txt&sa=D&source=editors&ust=1785429283203581&usg=AOvVaw0WqHnCqQ8TctAwggokipSg
https://www.google.com/url?q=https://github.com/ccoutant/dwarf-locations/blob/main/022-memory-spaces.txt&sa=D&source=editors&ust=1785429283203692&usg=AOvVaw0jwG8quPr2rBQz5IRulzUq
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Thank you

Red Hat is the world’s leading provider of enterprise
open source software solutions. Award-winning support,

training, and consulting services make Red Hat a trusted

adviser to the Fortune 500.

m linkedin.com/company/red-hat m facebook.com/redhatinc

E youtube.com/user/RedHatVideos twitter.com/RedHat

‘ Red Hat




Things to take on in my abundant spare time

Crazy ldeas

Status: not yet written

Let's see what we can do with these

>

Make split-dwarf work for packages like RPM and packagers like
spack. | have an idea.

Extend CFl table to refer to variables and expressions. It might be
more compact than location lists.

Remove CFlregister rules itis all expressions
Retire antiquated DWARF logo and replace it with:

o QIO

P M NI M SRV AL NP AL S D N

DWARF 6
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