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Array debugging: What we had...

Simple C array

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

Metadata / DWARF

112 = !DILocalVariable (name: "arr", scope: '8, file: !l, line: 3, type: !l13)
« DICompositeType(tag: DW_TAG_array_type !13 = !DICompositeType(tag: DW TAG array type, baseType: !14, size: 320, elements: !15)
* |sconverted to DW_TAG_array_type :l:; :[E[{)iélil}aranqe(count- m
* Has fields A
* baseType
* size

* elements
e DISubrange
* |s converted to DW_TAG_subrange_type
* Mandatory field
* count /DW_AT count: Constant / Variable
* Optional field
* lowerBound / DW_AT lower_bound: Constant
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Array debugging: What we had...

C/C++ Variable length arrays

Metadata

* DISubrange
* |sconverted to DW_TAG_subrange_type
* Mandatory field
* count /DW_AT_count: Constant / Variable
e Optional field

* lowerBound / DW_AT lower_bound: Constant

Yes Yes No

count Yes

lowerBound No Yes No No

(17
119
120

122

h23

IDILocalVariable (name: " vla expr(", scope: !8, type: !11, flags: DIFla ficial)
IDILocalVariable (name: "arr", scope: !8, file: !l, line: 3, type: !20)
!DICompositeType (tag: DW TAG array type, baseType: !21, elements: !22)
{123}

(! DISubrange (count: !17) ]




Array debugging: Enhancement needed...

Fortran explicit shape array

Defined as arr(2:10),
where lowerBound=2,

count = upperbound — lowerbound +1

upperBound=10 and
count=10-2+1=9 :E:i;:!?ﬁ?@;ositeType( : D [TAG array typg, baseType: !9, size: 288, align: 32, elements: !10)

 Count is natural property for C/C++ and 11 =
upperBound is natural for Fortran.




Array debugging: Enhancement needed...

Fortran explicit shape array

Metadata

* DISubra nge |6 = IDIComplsitelype(tzq: D ThG array type, baseType: !9, size: 288, aIign: 32, elements: !10)

* Mandatory 10 = {1
111 = (IDISubrange (lowerBound: 2, upperBound: 10)

e count: Constant / Variable, or

* upperBound /
DW_AT upper_bound: Constant

» Optional
* JowerBound: 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

!DICompositeType (tag: DW TAG array type, baseType: !11, size: 32, align: 32, elements: !12)
{113, 114}

| - ~

« €

DISubrange

* Mandatory

e count: Constant / Variable

» upperBound: Constant / Variable
e Optional

* |owerBound: Constant / Variable




Array Debugging: Inside gdb
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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

18 = !DICompositeType
110 = '{!11, '12}
|11 = !DISubrange (lowerBound: 1, upperBound: 35)
[ J
DISubrange 112 =[!DISubranqe(lowerBound: 1)]
* Mandatory (Optional for Fortran)
» count: Constant / Variable, or
* upperBound: constant / Variable
e Optional

* |owerBound: Constant

: D TAG array type, baseType: !9, align: 32, elementgp: !10)
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Array debugging: array descriptor

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

* Extents can be accessed using mathematical expressions

* Countl = *(base_address + 80 + 48 + 8) = *(base_address + 136)
e IDIExpression(DW_OP_push_object_address, DW_OP_plus_uconst, 112, DW_OP_deref)

* Stridel= mulitplierl * byte length = *(base_address + 80+ 48 + 32) * *(base_address + 24)

. IDIExpression(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)

Header (size=0x50=80) DIM(0) (size=0x30=48) lDIM(l) DIM(n)

base addr + 0x00 |Tag
base addr + 0x08 |rank

base addr + 0x50 |lower
base addr + 0x58 |extent

'base addr + 0x80 |lower
‘base addr + 0x88 |extent

base addr + size(Header) + n * size(DIM) + 0x00
base addr + size(Header) + n * size(DIM) + 0x08

base addr + 0x10
base addr + 0x18
base addr + 0x20
base addr + 0x28
base addr + 0x30
base addr + 0x38
base addr + 0x40
base addr + 0x48

kind
byte length

base addr + 0x60
base addr + 0x68
base addr + 0x70
base addr + 0x78

multiplier
upper

‘base addr + 0x90
‘base addr + 0x98
‘base addr + Oxa0
‘base addr + Oxa8

multiplier
upper

base addr + size(Header) + n * size(DIM) + 0x10
base addr + size(Header) + n * size(DIM) + 0x18
base addr + size(Header) + n * size(DIM) + 0x20
base addr + size(Header) + n * size(DIM) + 0x28

lower
extent

multiplier
upper
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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. .23 = DICompositeType(caq: D TAG array type, baseType: !9, size: 32, align: 32, elements: !24,) datalocation: !20)
124 = 1{125, 126}

198 = | o 1 I | I C 88 | v 2
Me ta da t3 .DISubrange(tount. 'DIExpression (DW OP push object address, DW OP plus uconst, 86, DW OP deref)] [lovzerBound 1 ,]

[strlde: ‘DIExpression (DW OP push object address, DW OP plus uconst, 112, DW OP derer, DW_OP_push_ob]ect_aadress,]

Dii OP plus uconst, 24, D OP deref, DW OP mul))
. 126 = !DISubrange (count: !DIExpression(DW OP push object address, DW OP plus uconst, 136, DW OP deref), lowerBound: I,
« DW_OP_push r & .
_OP_pus —ObjeCt—add €ss stride: !DIExpression(DW OP push object address, DW OP plus uconst, 160, DW OP deref, DW OP push object address,
* DICompositeType(tag: DW_TAG_array_type

Dii 0P plus uconst, 24, DW OP deref, DW OP mul))
» dataLocation / DW_AT_data_location : variable
* DISubrange
* Mandatory (optional for Fortran)

* Count/ upperBound: Constant / Variable /
expression,

* Optional
* JlowerBound: Constant / variable
» stride / DW_AT_byte_stride: expression
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Array Debugging: Inside gdb
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Array debugging: Enhancement needed...

Allocatable array: descriptor, data, validity.

Metadata

DICompositeType(tag: DW_TAG_array_type

 allocated / DW_AT_allocated: Variable /
Expression

e DISubrange
* Mandatory (Optional for Fortran)
» Count: Constant / Variable/expression,
* upperBound: Constant / variable /
expression
* Optional
* |owerBound: Constant / Variable /

expression
» stride: Constant / variable / expression

(2

0 = !DICompositeType (

hataLocation: 18, allocated: EEZ)T

121 =

122 = !DISubrange(ﬁowerBound: IDIExpression (DW OP pusg_object address, DW OP plus uconst,
0, DW OP deref)),

. DW TAG array type, baseType: !10, size: 32, align:

1

3y

elements:

'

Dif OP deref),]

{122}
=5

1l

J
2 4

80

!

(upperBound: !DIExXpression(DW OP push object address, DW OP plus uconst,
=

[D

¢ 112,

stride: !'DIExpression(DW OP push object address, DW OP plus uconst
W _OP push object address, DW OP plus uconst, 24, DW OP deref, DW OP mul))

DW OP deref,
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Array Debugging: Inside gdb
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Array debugging: Enhancement needed...

Pointer array: descriptor, data, validity.

Metadata

* DICompositeType(tag: DW_TAG_array_type

» associated / DW_AT_associated: Variable /
Expression

e DISubrange
* Mandatory (Optional for Fortran)
» Count: Constant / Variable/expression,

* upperBound: Constant / variable /
expression

* Optional

* |owerBound: Constant / Variable /
expression

» stride: Constant / variable / expression

120 = !DICompositeType(tag: DW TAG array type, baseType: !10, size: 32, align: 32, elementsd
datalocation: !8,|associated: !12)

121 = 1{122}

122 = IDISubrange (lowerBound: !DIExpression(DW OP push object address, DW OP plus uconst, 80, DW OP deref),
upperBound: !DIExpression(DW OP push object address, DW OP plus uconst, 120, DW OP deref),

stride: !DIExpression(DW OP push object address, DW OP plus uconst, 112, DW OP deref

DW_OP push object address, DW OP plus uconst, 24, DW OP deref, DW OP mul))
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Array debugging: Enhancement needed...

Assumed rank: Rank not constant.

Metadata

* DW_OP_over

* DICompositeType(tag: DW_TAG_array_type 121 = 1122)

. 122 =(!DIGenericsubrange)(loverBound: !DIExpression(DW OP push object address, DW OP over, DW OP constu, 48,

DW_OP mul, DW OP plus uconst, 80, DW OP plus, DW OP deref“
- - R 1 1 8

° rank/ DW_AT_rank: Varlable/ Express|on ?Sgerigugg.piziExg;e;zlgzr(re)vfl)_OP_push_object_address DW_OP constu, 48, DW_OP mul, DW OP plus uconst,

o : : stride: !DIExpression (DW OP push object address, DW OP over, DW OP constu, 48, Dii OP mul,
DIGenerICSUbrange / DW—TAG—generlc—SUbrange DW_OP plus uconst, 112, DW OP plus, DW OP deref, DW OP push object address, DW_OP plus uconst, 24, DW_OP deref,
fov_op mul
« Mandatory (any one of below) 4008 )}

* Count: Constant / Variable/expression,

* upperBound: Constant / variable /
expression

* Mandatory (all)

* lowerBound: Constant / Variable /
expression

 stride: Constant / variable / expression




Array Debugging: Inside gdb
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Array debugging: Recap

* Added support for DWARF operators
* DW_OP_push_object address
* DW_OP_over

* Added DIGenericSubrange

count / upperBound

lowerBound Yes Yes Yes Yes

stride Yes Yes Yes Yes
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Array debugging: Recap

Upgraded DICompositeType
Upgraded DISubrange

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

count / upperBound

lowerBound Yes Yes Yes Yes

stride Yes Yes Yes Yes
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String debugging

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

Metadata

* DIStringType(stringLength,
stringLengthExpression

* Mandatory
* StringlLength: Variable

* Special thanks: Eric schweitz

115 £ TDIStringType)nane: "character(¥)!2", (stringlength: !16) stringlengthExpression: !DIExpression(), size: 32)
116 = !DILocalVariable(arg: 2, scope: !'10, file: !3, line: 4, type: !17, flags: DIFlaArtificial)




Module debugging

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

units.
* Metadata o . o
'l = distinct !DIGlobalVariable( : 12, ..., 1sDefinition: true)
e DIModule r!\2 = !I?IMgdule(scope:.!4, : : i .
f4 = distinct !DICompileUnit(lanquage: DW LANG Fortran90, ..., imports: !7)
. 17 = 1{18}
!6 = !DIImportedEntity(cag: DW TAG imported module, scope: !9, entity: !2, file: !3, line: 5)
hd Mandatory 19 = distinct !DISubprogram(nane: "module", scope: !4, ...)
* file
e line
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Module debugging

W)

Renamed use of module can be
represented using DlimportEntity.

DO WN

1 = distinct !DIGlobalVariable( : "varl", scope: !2, file: !4, type: !9, isLocal: false, isDefinition: true)

D bl h ? 18 = di§tirllct !DIGlobalVarigble( : "var2", scope: !2, fi}e: 4, type: !9, i§Local: false, i.f,Defil.li‘.cign: true)
(0 yOU See a pro em erer !11 = distinct !DIGlobalVariable ( : "var3", scope: !2, file: !4, type: !9, isLocal: false, isDefinition: true)

12 = !DIModule (scope: !3, : "mymod")

!3 = distinct !DICompileUnit (language: DW LANG Fortran90, ..., imports: !12)

B2 = 1{113, 117, 118}

13 = !DIImportedEntity(tag: DW TAG imported declaration, scope: !'14, entity: !ll, file: !4, line: 6)

!17 = !DIImportedEntity(tag: DW_TAG imported declaration, scope: !14, entity: !8, file: !4, line: 6)

!18 = !DIImportedEntity(tag: DW TAG imported declaration, : "vard", scope: !14, entity: !1, file: !4, line: ¢




Module debugging

Renamed use of module can be
represented using DlimportEntity.

!1 = distinct !DIGlobalVariable( : "varl", scope: !2, ..., isDefinition: true)
. . . 18 = distinct !DIGlobalVariable( : "var2", scope: !2, ..., isDefinition: true)
Rena med varia ble haV|ng Chlld pa rent 111 = distinct !DIGlobalVariable(name: "var3", scope: !2, ..., isDefinition: true)
. . . . . 12 = !DIModule (scope: !4, : "mymod", file: !3, line: 1)
relat|0n Shlp Wlth mOdUIe can Opt|m|ze '4 = distinct !DICompileUnit(language: DW LANG Fortrand0, ..., imports: !12, nameTableKind: None)
112 = 1{113}

debug info size.

= |DIImportedEntity(tac: DW_TAG imported module, scope: !14, entity: !2, file: !3, line: 6,|elements: !17)
= {118}
18 = !DIImportedEntity(tac: DW_TAG imported declaration, : "vard", scope: !14, entity: !1, file: !3, line: 6)




Namelist debugging

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

global, parameter variables.

Metadata ,. , -
19 = {0iConposttclype zo: DN TAG naneldst,| e

* DICompositeType(tag: DW_TAG_namelist 10 = 1{6, 1}
« Mandatory 18 = IDIlocalVariable(nane: "3, scope: !9, file: 13, line: 2, type: 19)

111 = IDTLocalVariable (nane: ", scope: !5, file: I3, line: 2, type: 1)
* elements

"ml", scope: !5, file: 13,




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.
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Thank You

Any Questions?
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