GNAT Reference Manual

GNAT Reference Manual , Sep 05, 2025
AdaCore
Copyright (© 2008-2025, Free Software Foundation




Table of Contents

1 About This Guide............................... 2
1.1 What This Reference Manual Contains.......................... 2
1.2 Conventions . ... ...t e 3
1.3 Related Information......... ... o i 3

2 Implementation Defined Pragmas.............. 5
2.1 Pragma Abort_Defer........ ... .o 5
2.2 Pragma Abstract_State......... ... 5
2.3 Pragma Ada_83 ... ... 6
2.4 Pragma Ada_-95 ... 7
2.5 Pragma Ada_05 ... ..o 7
2.6 Pragma Ada_2005 .. ...t 7
2.7 Pragma Ada_12 ... ... 8
2.8 Pragma Ada_2012 ... ...t 8
2.9 Pragma Ada_2022 ...... ... 8
2.10 Pragma Aggregate_Individually_Assign ........................ 9
2.11 Pragma Allow_Integer Address .............c.cooiiiiiiean... 9
2.12 Pragma Always_Terminates ..............oooiiiiiiiiia... 10
2.13 Pragma Annotate ........... ..o 10
214 Pragma ASSert ... ..ot 10
2.15 Pragma Assert_And_Cut ......... ... ... i 11
2.16 Pragma Assertion_Policy ......... ... . i 11
217 Pragma ASSUIME. . ....ovtttt it 13
2.18 Pragma Assume_No_Invalid_Values........................... 13
2.19 Pragma Async_Readers.......... ..., 14
2.20 Pragma Async Writers ........ ..ot 14
2.21 Pragma Attribute_Definition ........... ... ... ... 14
2.22 Pragma C_Pass_By_Copy......ccoooiiiiiiiiiiiiiiiiiii .. 15
2.23 Pragma Check ..... ... . 15
2.24  Pragma Check_Float_Overflow.................... .. ... . ..., 16
2.25 Pragma Check_Name.......... .. ..o .. 16
2.26 Pragma Check_Policy ......... ..o 17
2.27 Pragma Comment........ ..ottt 18
2.28 Pragma Common_Object..........cooiiiiiiiiii ... 18
2.29 Pragma Compile_Time_Error.............. ... ... ... 18
2.30 Pragma Compile_Time_Warning.........................oo... 19
2.31 Pragma Complete_Representation ............................ 19
2.32 Pragma Complex_Representation............................. 19
2.33  Pragma Component_Alignment............................... 19
2.34 Pragma Constant_After_Elaboration.......................... 21
2.35 Pragma Contract_Cases .........coouiiiiiiiiiiiin.. 21
2.36 Pragma Convention_Identifier ............... ... ... ... .. ... 22
237 Pragma CPP_Class........coooiiiiiiiiiii i 22



2.38
2.39
2.40
241
2.42
2.43
2.44
2.45
2.46
247
2.48
2.49
2.50
2.51
2.52
2.53
2.54
2.55
2.56
2.57
2.58
2.59
2.60
2.61
2.62
2.63
2.64
2.65
2.66
2.67
2.68
2.69
2.70
2.71
2.72
2.73
2.74
2.75
2.76
2.77
2.78
2.79
2.80
2.81
2.82
2.83
2.84

Pragma CPP_Constructor............c.oooiiiiiiiiiiii... 23
Pragma CPP_Virtual........ ... . i 23
Pragma CPP_Vtable........ ... .. . i 24
Pragma CPU. ... .. 24
Pragma Deadline_Floor............. ... i i 24
Pragma Debug ... 24
Pragma Debug_Policy ............c i 24
Pragma Default_Initial_Condition ............................ 25
Pragma Default_Scalar_Storage_Order........................ 25
Pragma Default_Storage_Pool ............. ... ... ... 26
Pragma Depends........ ..o 26
Pragma Detect_Blocking .......... ... ..o il 27
Pragma Disable_Atomic_Synchronization ..................... 27
Pragma Dispatching_Domain............... ... ... ... 27
Pragma Effective_Reads.......... ... ..o il 27
Pragma Effective_Writes. ..., 27
Pragma Elaboration_Checks.......... ... ... .. 28
Pragma Eliminate........... .o i i 28
Pragma Enable_Atomic_Synchronization...................... 30
Pragma Exceptional _Cases ...........ccoiiiiiiiiiiieiiinnnn. 30
Pragma Exit_Cases. ... 30
Pragma Export_Function.......... ... ... . .. L 31
Pragma Export_Object..... ... oo i 32
Pragma Export_Procedure............. ... ... i 32
Pragma Export_Valued_Procedure............................ 33
Pragma Extend_System ........ ... ... . i 34
Pragma Extensions_Allowed ......... ... ..., 35
Pragma Extensions_Visible............ .. ... oL 35
Pragma External ......... .. 35
Pragma External Name_Casing..................cooooii.... 35
Pragma Fast_Math...... ... . . i i 36
Pragma Favor_Top_Level ......... ... ..o i i i, 37
Pragma Finalize_Storage_Only............ ... ... oo 37
Pragma Float_Representation ..................... ... ... ... 37
Pragma Ghost. ... ... 38
Pragma Global........ ... i 38
Pragma Ident ....... .. 38
Pragma Ignore_Pragma.............. ... i 38
Pragma Implementation_Defined ............................. 39
Pragma Implemented........... ... i 39
Pragma Implicit_Packing............ ... ... L. 40
Pragma Import_Function............ .. ... i i 40
Pragma Import_Object........ .o 41
Pragma Import_Procedure..................... ... ... ... 42
Pragma Import_Valued_Procedure............................ 42
Pragma Independent .......... . ... . i 43

Pragma Independent_Components..................ccovvnnan. 44

ii



2.85
2.86
2.87
2.88
2.89
2.90
2.91
2.92
2.93
2.94
2.95
2.96
2.97
2.98
2.99
2.100
2.101
2.102
2.103
2.104
2.105
2.106
2.107
2.108
2.109
2.110
2.111
2.112
2.113
2.114
2.115
2.116
2.117
2.118
2.119
2.120
2.121
2.122
2.123
2.124
2.125
2.126
2.127
2.128
2.129
2.130
2.131

Pragma Initial_Condition........... ... ... ... . ... 44
Pragma Initialize_Scalars............. ... .o i, 44
Pragma Initializes......... ..o 45
Pragma Inline_ Always. ... 46
Pragma Inline_Generic ............. .. i 46
Pragma Interface.......... ... i 46
Pragma Interface_Name ......... ... ... ... it 47
Pragma Interrupt_Handler............ ... ... ... ... ..., 47
Pragma Interrupt_State ......... ... i i 47
Pragma Interrupts_System_By_Default ....................... 48
Pragma Invariant........ ... oo i i 48
Pragma Keep_-Names..........ccooi i 49
Pragma License ....... ... e 49
Pragma Link_ With..... ... .. oo 50
Pragma Linker_Alias ....... ... ..o i 50
Pragma Linker_Constructor .......... ... ... .. ... 51
Pragma Linker_Destructor............... ... ... oo .. 51
Pragma Linker_Section............ ... ... i i, 52
Pragma Lock_Free .......... o o i i 53
Pragma Loop_Invariant .............. ... .. ... ... ... 53
Pragma Loop_Optimize .......... ..., 54
Pragma Loop_Variant ........... ... ... oot 55
Pragma Machine_Attribute........... ... ... .. ... ... ..., 55
Pragma Main . ... 56
Pragma Main_Storage . .........ccovvirineiiiiieeniinennnnn.. 56
Pragma Max_Queue_Length......... ... ... ... ... 56
Pragma No_ Body ............ i 56
Pragma No_Caching.......... ... i, 57
Pragma No_Component_Reordering ...................... ... 57
Pragma No_Elaboration_Code_All........................... o7
Pragma No_Heap_Finalization................... ... ... o7
Pragma No_Inline.......... ... oo i i i, 58
Pragma No_Raise .......... . i 58
Pragma No_Return......... ... . oo i it 58
Pragma No_Strict_Aliasing ........ ... ...t 58
Pragma No_Tagged_Streams............ ..., 59
Pragma Normalize_Scalars ............. ... 59
Pragma Obsolescent......... ... 60
Pragma Optimize_Alignment ........... ... ... ... ... ..... 62
Pragma Ordered ... 63
Pragma Overflow_Mode ....... ..., 64
Pragma Overriding_Renamings.............................. 65
Pragma Part _Of. ... ... . 65
Pragma Partition_Elaboration_Policy........................ 65
Pragma Passive ...........o i i 65
Pragma Persistent _BSS........ ... 66

Pragma Post ... 66

iii



2.132
2.133
2.134
2.135
2.136
2.137
2.138
2.139
2.140
2.141
2.142
2.143
2.144
2.145
2.146
2.147
2.148
2.149
2.150
2.151
2.152
2.153
2.154
2.155
2.156
2.157
2.158
2.159
2.160
2.161
2.162
2.163
2.164
2.165
2.166
2.167
2.168
2.169
2.170
2.171
2.172
2.173
2.174
2.175
2.176
2.177
2.178

Pragma Postcondition............ ... o it 66
Pragma Post_Class. ... 69
Pragma Pre. ... 69
Pragma Precondition............. ... i 69
Pragma Predicate........ ... i 70
Pragma Predicate_Failure .............. ... ..ol 71
Pragma Preelaborable_Initialization ......................... 71
Pragma Prefix_Exception_Messages.............coovveee.... 71
Pragma Pre_Class. ... 71
Pragma Priority_Specific_Dispatching.................... ... 72
Pragma Profile...... ... .. 72
Pragma Profile_Warnings.............. ...t 75
Pragma Program_Exit..............o o i 75
Pragma Propagate_Exceptions.......................oo ... 75
Pragma Provide_Shift_Operators ............................ 75
Pragma Psect_Object ....... ... i 76
Pragma Pure_Function........... ... . ... .l 76
Pragma Rational ... ... ... ... o 77
Pragma Ravenscar .......... ..o, 77
Pragma Refined_Depends ............... .. ..ot 77
Pragma Refined_Global ........... ... ... ... .. 78
Pragma Refined_Post........... ..o o i 78
Pragma Refined_State......... ... ... .. i 78
Pragma Relative_Deadline............. ... .. ..o il 79
Pragma Remote_Access . Type ......coiiiiiiiiiiiiin... 79
Pragma Rename_Pragma............. ... . ... i i 79
Pragma Restricted_Run_Time............................... 80
Pragma Restriction-Warnings ................ ...t 80
Pragma Reviewable ........ ... . . i i 80
Pragma Secondary_Stack_Size................. ... ... 81
Pragma Share_Generic ........... ..o, 82
Pragma Shared....... ... ... i 82
Pragma Short_Circuit_And_Or ........... ... ... ... ....... 82
Pragma Short_Descriptors. ..., 83
Pragma Side_Effects........ ... .o 83
Pragma Simple_Storage_Pool_Type.......................... 83
Pragma Source_File_Name .......... ... ... ..., 84
Pragma Source_File_Name_Project .......................... 85
Pragma Source_Reference ............. ... ...l 85
Pragma SPARK Mode ......... ..o, 86
Pragma Static_Elaboration_Desired.......................... 87
Pragma Stream_Convert ............ .. ... i 87
Pragma Style_Checks......... ... .o i 88
Pragma Subprogram_Variant................. ... ... 90
Pragma Subtitle........ ... ... 91
Pragma Suppress. . .....ooui i 91

Pragma Suppress_ All. ... ... . 92

iv



2.179 Pragma Suppress_Debug_Info ................ .. ... ....... 92
2.180 Pragma Suppress_Exception_Locations ...................... 92
2.181 Pragma Suppress_Initialization.................... ... . ..... 92
2.182 Pragma Task_ Name........ ..., 93
2.183 Pragma Task_Storage .............ooiiiiiiiiiiiiiiiiiii 94
2.184 Pragma Test_Case .......ouuiiiinii i 94
2.185 Pragma Thread_Local_Storage ............ ... ... 95
2.186 Pragma Time_Slice.........ccoiiuiiiiiiiiii i, 95
2.187 Pragma Title. ... ..o 95
2.188 Pragma Type_Invariant ............ ..., 96
2.189 Pragma Type_Invariant_Class ........... ..., 96
2.190 Pragma Unchecked Union................ ..o, 96
2.191 Pragma Unevaluated_-Use_Of_Old ........................... 96
2.192 Pragma User_Aspect_Definition ............................. 97
2.193 Pragma Unimplemented_Unit .............. ... ... ..., 98
2.194 Pragma Universal_Aliasing .................coiiiiiiiii... 98
2.195 Pragma Unmodified........ ... 98
2.196 Pragma Unreferenced .......... ... 98
2.197 Pragma Unreferenced_Objects.................ooooiiiii... 99
2.198 Pragma Unreserve_All_Interrupts............................ 99
2.199 Pragma UnSUppPress . ....coveeeeninnniiiiiieeeaeanaann 100
2.200 Pragma Unused........ ..o, 100
2.201 Pragma Use_.VADS_Size.......cooouiiiiiiiiiii . 101
2.202 Pragma Validity_Checks..............c.ooiiiiiiiii., 101
2.203 Pragma Volatile........... . ... 102
2.204 Pragma Volatile_Full_Access ..............ooiiiiiiiiin 102
2.205 Pragma Volatile_ Function..................... ... ... 102
2.206 Pragma Warning_As_Frror........... ... ... ... ... . 102
2.207 Pragma Warnings..........ccooeiiiiiiiiiiiiieeeennnnn. 104
2.208 Pragma Weak _External .............. .. ... ... ...... 106
2.209 Pragma Wide_Character_Encoding......................... 107

Implementation Defined Aspects............ 108
3.1 Aspect Abstract_State............. ... .. i 108
3.2 Aspect Always_Terminates .............cooiiiiiiiiieiiaan... 108
3.3 Aspect Annotate . ...... ... 108
3.4 Aspect Async_Readers............co i 109
3.5 Aspect Async_ Writers....... ..o 109
3.6 Aspect Constant_After_Elaboration........................... 109
3.7 Aspect Contract_Cases ........oueeiieii i 109
3.8 Aspect Depends...... ... 109
3.9 Aspect Default_Initial_Condition ............................. 109
3.10 Aspect DImension . ..........ouiiuiiiiii i 109
3.11 Aspect Dimension_System...............c.coiiiiiiiiiii.... 110
3.12 Aspect Disable_Controlled............ ... ... oL, 111
3.13 Aspect Effective_Reads.......... ... .. 111



3.14
3.15
3.16
3.17
3.18
3.19
3.20
3.21
3.22
3.23
3.24
3.25
3.26
3.27
3.28
3.29
3.30
3.31
3.32
3.33
3.34
3.35
3.36
3.37
3.38
3.39
3.40
3.41
3.42
3.43
3.44
3.45
3.46
3.47
3.48
3.49
3.50
3.51
3.52
3.53
3.54
3.55
3.56
3.57
3.58
3.59
3.60

Aspect Effective_.Writes ............. ... 111
Aspect Exceptional_Cases ..., 111
Aspect Exit_Cases . ..o 111
Aspect Extensions_Visible............ .. ... .. i 111
Aspect Favor_Top_Level.................... ... .. ... ...... 111
Aspect Ghost ... vii i 111
Aspect Ghost_Predicate................ ... ... 111
Aspect Global. ... ... . 112
Aspect Initial_Condition......... ... ... . i, 112
Aspect Initializes........ ... .. . 112
Aspect Inline_Always. ... 112
Aspect Invariant . ... 112
Aspect Invariant’Class. .. ....ooiiiii i 112
Aspect Tterable. ... ... 112
Aspect Linker_Section..............cooiiiiiiiii .. 113
Aspect Local_Restrictions ................ooii .. 113
Aspect Lock_Free ... ... 114
Aspect Max_Queue_Length................ ... .. 114
Aspect No_Caching ... 114
Aspect No_Elaboration_Code_All............................ 114
Aspect No_Inline........ ... i 114
Aspect No_Raise ... ... 114
Aspect No_Tagged_Streams ..., 114
Aspect No_Task_Parts............cooiiiiiiiiiiiii ... 114
Aspect Object_Size. ... ..o 114
Aspect Obsolescent . ... 115
Aspect Part_Of ... .. 115
Aspect Persistent _BSS ......... . 115
Aspect Potentially Invalid............. ... ... ... .. 115
Aspect Predicate............... 115
Aspect Program_Exit ........ ... 115
Aspect Pure_Function............ ... 115
Aspect Refined_Depends ... 115
Aspect Refined_Global ......... ... ... ... ... 115
Aspect Refined_Post ............ i 115
Aspect Refined_State.............. ... ... ... 115
Aspect Relaxed_Initialization......................ooian.. 115
Aspect Remote_Access_Type ......coovviiiiiiiii .. 116
Aspect Scalar_Storage_Order........................o.... 116
Aspect Secondary_Stack_Size........... ... L. 116
Aspect Shared ...... ..o 116
Aspect Side_Effects ... 116
Aspect Simple_Storage_Pool............ ... ... ... ... . 116
Aspect Simple_Storage_Pool_Type............c.cooiviiii..t. 116
Aspect SPARK Mode . ... 116
Aspect Subprogram_Variant............... ... ... 116

Aspect Suppress_Debug_Info................................ 116

vi



3.61 Aspect Suppress_Initialization............................... 116
3.62 Aspect Test_Case .....o.ueiiii 116
3.63 Aspect Thread_Local_Storage ..................coiiiii... 117
3.64 Aspect Universal_Aliasing ............ ..., 117
3.65 Aspect Unmodified........... ... i 117
3.66 Aspect Unreferenced ...........ccooiiiiiiiiii .. 117
3.67 Aspect Unreferenced_Objects........ ..., 117
3.68 Aspect User_ASpect ... ..ot 117
3.69 Aspect Value_Size. ... 117
3.70 Aspect Volatile_Full_Access .......c.covviiiiiiiiiinennnnn... 117
3.71 Aspect Volatile_Function....................... ... ...t 117
3.72 Aspect Warnings . .........couiineiie i, 117

Implementation Defined Attributes......... 118
4.1 Attribute Abort_Signal ....... ... ... .. 118
4.2 Attribute Address_Size ... 118
4.3 Attribute Asm_Input..........c i 118
4.4 Attribute Asm_Output ... 118
4.5 Attribute Atomic_Always_Lock_Free............. ... ... ... 119
4.6 Attribute Bit..... ... 119
4.7 Attribute Bit_Position........... ... i 119
4.8 Attribute Code_Address.........ooiiiiin i 119
4.9 Attribute Compiler_Version................oooiiiiiiiii.. 120
4.10 Attribute Constrained................coiiiiiiiiii. 120
4.11 Attribute Default_Bit_Order........................ooiat. 120
4.12  Attribute Default_Scalar_Storage_Order ..................... 120
4.13 Attribute Deref ... 120
4.14 Attribute Descriptor_Size. ...t 120
4.15 Attribute Elaborated.............. ... ... 121
4.16 Attribute Elab_Body ... 121
4.17 Attribute Elab_Spec....... ... . 121
4.18 Attribute Elab_Subp_Body ............ ... ... 121
4.19 Attribute Emax...... ... . 121
4.20 Attribute Enabled.......... ... ... ... 122
4.21  Attribute Enum_Rep....... ... i 122
4.22 Attribute Enum_Val............. ... .. 122
4.23 Attribute Epsilon ........... .. 123
4.24 Attribute Fast_Math .............. ... ... . . . 123
4.25 Attribute Finalization_Size ....................... ... ... ..... 123
4.26 Attribute Fixed_Value............ ... .. 123
4.27 Attribute From_Any ........ ... 123
4.28 Attribute Has_Access_Values................. ..., 123
4.29 Attribute Has_Discriminants ..., 124
4.30 Attribute Has_Tagged_Values................................ 124
4.31 Attribute Img. ... 124
4.32 Attribute Initialized........... ... i 124

vii



4.33
4.34
4.35
4.36
4.37
4.38
4.39
4.40
4.41
4.42
4.43
4.44
4.45
4.46
4.47
4.48
4.49
4.50
4.51
4.52
4.53
4.54
4.55
4.56
4.57
4.58
4.59
4.60
4.61
4.62
4.63
4.64
4.65
4.66
4.67
4.68
4.69
4.70
4.71
4.72
4.73
4.74
4.75
4.76
4.77
4.78

Attribute Integer_Value ......... ... ... . i 124
Attribute Invalid_Value.............. ... ... ... ... ... 125
Attribute Large . .. ..o 125
Attribute Library_Level ......... ... .. . i 125
Attribute Loop_Entry ........ ..o 125
Attribute Machine_Size........... ... ... . ... 126
Attribute Mantissa . ...... ..o 126
Attribute Maximum_Alignment.............................. 126
Attribute Max_Integer_Size. ..., 126
Attribute Mechanism_Code.............. ... ... .. ... ... 126
Attribute Null_Parameter ................................... 126
Attribute Object_Size ... ... 126
Attribute Old .. ... o 127
Attribute Passed_By_Reference.............. ... ... ... ... 128
Attribute Pool_Address ... 128
Attribute Range_Length....... ... ... ... ... L. 128
Attribute Restriction_Set.......... ... ... . L. 128
Attribute Result ......... .. 129
Attribute Round ....... ... 129
Attribute Safe_Emax........ ... ... 129
Attribute Safe_Large...... ... i 129
Attribute Safe_Small ........... ... ... ... 129
Attribute Scalar_Storage_Order.............................. 129
Attribute Simple_Storage_Pool .......... ... ... ... ... 132
Attribute Small . ... 133
Attribute Small_Denominator ............................... 133
Attribute Small_Numerator................ ..., 133
Attribute Storage_Unit........ ..., 133
Attribute Stub_Type ... ... 133
Attribute System_Allocator_Alignment ...................... 134
Attribute Target_Name.......... ... i, 134
Attribute To_Address ...t 134
Attribute To_Any .. ..o 134
Attribute Type_Class .. ...t 134
Attribute Type_Key. ... 135
Attribute TypeCode. ... ..o 135
Attribute Unconstrained_Array..............ccoiiiiiiiia... 135
Attribute Universal_Literal _String........................... 135
Attribute Unrestricted_Access ..., 135
Attribute Update ... 138
Attribute Valid_Value........ ... ... i i 139
Attribute Valid_Scalars............ ... ... i i 140
Attribute VADS_Size. .. .o 140
Attribute Value_Size ........ ... 140
Attribute Wchar_T_Size.......... ..., 140
Attribute Word_Size ...... ... 141

viii



5 Standard and Implementation

Defined Restrictions ........................... 142
5.1 Partition-Wide Restrictions................ ... L. 142
5.1.1 Immediate_Reclamation ................... ... ... ..., 142
5.1.2 Max_Asynchronous_Select_Nesting....................... 142
5.1.3 Max_Entry_Queue_Length.............. ... .. ... ... ... 142
5.1.4 Max_Protected_Entries............ ... il 142
5.1.5 Max_Select_Alternatives.............ccoiiiiiiiiienann.. 142
5.1.6 Max_Storage_At_Blocking .............. ... ... 143
5.1.7 Max_Task_ Entries...........cooiiiii . 143
5.1.8 Max_Tasks .. ..o 143
5.1.9 No_Abort_Statements .................ciiiiiii .. 143
5.1.10 No_Access_Parameter_Allocators ....................... 143
5.1.11 No_Access_Subprograms. ...........ceuueenieenieennenn. 143
5.1.12 No_Allocators . ......ooiiiii e 143
5.1.13 No_Anonymous_Allocators ............... ..., 143
5.1.14 No_Asynchronous_Control.................. ... ..., 143
5.1.15 No_Calendar ...t 143
5.1.16 No_CoeXtensions .. .......uuuutteiiieeiieenaieeann 143
5.1.17 No_Default_Initialization ............... ... ..o ... 144
5.1.18 No_Delay . ..o 144
5.1.19 No_Dependence ...........c.ouiiiiiiiiiiiiiinnnnnnnnn. 144
5.1.20 No_Direct_Boolean_Operators .......................... 144
5.1.21 No_Dispatch ... 144
5.1.22 No_Dispatching_Calls........... ... ... i, 144
5.1.23 No_Dynamic_Attachment............................... 146
5.1.24 No_Dynamic_Priorities .............. ..o 146
5.1.25 No_Entry_Calls_In_Elaboration_Code................... 146
5.1.26 No_Enumeration . Maps...........ccooiiiiiiiiiiiii... 146
5.1.27 No_Exception_Handlers............... ... ... ... 146
5.1.28 No_Exception_Propagation ............................. 146
5.1.29 No_Exception_Registration ................. .. ... ... 147
5.1.30 No_Exceptions ...........c.oiiiiiiiiiiiiiiiiiiiin. 147
5.1.31 No_Finalization ......... ... ... 147
5.1.32 No_Fixed_Point ........... ..., 147
5.1.33 No_Floating_ Point......... ... ... o i it 147
5.1.34 No_Implicit_Conditionals . .............................. 147
5.1.35 No_Implicit_Dynamic_Code.......................o.... 148
5.1.36 No_Implicit_Heap_Allocations .......................... 148
5.1.37 No_Implicit_Protected_Object_Allocations .............. 148
5.1.38  No_Implicit_Task_Allocations........................... 148
5.1.39 No_Initialize_Scalars................ ..., 148
5.1.40 NoO_LO. . oo 148
5.1.41 No_Local_Allocators. ...........ccoiiiiiiiiiiiiiiina.. 148
5.1.42 No_Local_Protected_Objects...............ooiiiiiii.t. 148
5.1.43 No_Local_Tagged_Types........ccovueiiiiiiiiiiiiiea... 148

ix



5.1.44 No_Local_Timing Events................ ... .. 149
5.1.45 No_Long_Long_Integers............... ... ..., 149
5.1.46 No_Multiple_Elaboration ............................... 149
5.1.47 No_Nested_Finalization................... ..o, 149
5.1.48 No_Protected_Type_Allocators ......................... 149
5.1.49 No_Protected_Types........coooiiiiiiiiiiiiii .. 149
5.1.50 No_Recursion ...........ccuuiiiiinneeiiiiiiiiannnn. 149
5.1.51 No_Reentrancy...........ccooiiiiiiiiiiiiiiiiiiiinnan. 149
5.1.52 No_Relative_Delay ..., 149
5.1.53 No_Requeue_Statements................................ 149
5.1.54 No_Secondary_Stack................ooiiiiiiiiL, 150
5.1.55 No_Select_Statements ............. ..., 150
5.1.56 No_Specific_Termination_Handlers...................... 150
5.1.57 No_Specification_of_Aspect ..............coooiiiiiii... 150
5.1.58 No_Standard_Allocators_After_Elaboration ............. 150
5.1.59 No_Standard_Storage_Pools .................. ... ..... 150
5.1.60 No_Stream_Optimizations ............. ... 150
5.1.61 NO_SEreams .. ..o 150
5.1.62 No_Tagged_Type_Registration.......................... 151
5.1.63 No_Task_Allocators ...........c.cooiiiiiiiiiiiian.. 151
5.1.64 No_Task_At_Interrupt_Priority .............. ... ... ... 151
5.1.65 No_Task_Attributes_Package .................... ... ... 151
5.1.66 No_Task_Hierarchy............. ... i iiiiiii.. 151
5.1.67 No_Task_Termination ................oooiiiiiiii... 151
5.1.68 No_Tasking ..........ouiiiiiii e 151
5.1.69 No_Terminate_Alternatives............................. 151
5.1.70 No_Unchecked_Access .........cooiiiiiiiiiiiiiia... 152
5.1.71 No_Unchecked_Conversion................ccoooovea... 152
5.1.72 No_Unchecked_Deallocation ............................ 152
5.1.73 No_Use_Of_Attribute........... ..o, 152
5.1.74 No_Use_ Of_Entity.........c..ooiiiiiiiiii i, 152
5.1.75 No_Use_Of Pragma .............cooiiiiiiiiiiiiia... 152
5.1.76 Pure_Barriers ......... ..o 152
5.1.77 Simple_Barriers ... 153
5.1.78 Static_Priorities............ciii 153
5.1.79 Static_Storage_Size........ ... 153
5.2 Program Unit Level Restrictions.............................. 153
5.2.1 No_Elaboration_-Code..............ccooiiiiiiiiiiiii.. 153
5.2.2 No_Dynamic_Accessibility_Checks ....................... 154
5.2.3 No_Dynamic_Sized_Objects. ... 154
5.2.4 No_Entry_Queue ........ ..o, 155
5.2.5 No_Implementation_Aspect_Specifications................ 155
5.2.6 No_Implementation_Attributes........................... 155
5.2.7 No_Implementation_Identifiers........................... 155
5.2.8 No_Implementation_Pragmas............................ 155
5.2.9 No_Implementation_Restrictions......................... 155
5.2.10 No_Implementation_Units.........................o.on. 155



5.2.11 No_Implicit_Aliasing .........c.cooeiiiiiiiiiiiii... 155
5.2.12 No_Implicit_Loops.........coo i 156
5.2.13 No_Obsolescent_Features............................... 156
5.2.14 No_Wide_Characters..................cooiiiiiiii. 156
5.2.15 Static_Dispatch_Tables........................ ... ... 156
5.2.16 SPARK 05 ... oo 156

6 Implementation Advice....................... 157
6.1 RM 1.1.3(20): Error Detection............c.cooviiiiiiiinan... 157
6.2 RM 1.1.3(31): Child UnitS. .. ......oueeeeeneenenenananannn.. 157
6.3 RM 1.1.5(12): Bounded Errors .....................ooll 157
6.4 RM 2.8(16): PIAgIMas ... o.veeeeeeeaeee e 157
6.5 RM 2.8(17-19): Pragmas ............cooiiiiiiiiiiiian.... 158
6.6 RM 3.5.2(5): Alternative Character Sets...................... 158
6.7 RM 3.5.4(28): Integer Types. ... .covvuiuininiiiiiiinnan.. 159
6.8 RM 3.5.4(29): Integer Types......coovuiuiiniiiiniiinenn.. 159
6.9 RM 3.5.5(8): Enumeration Values ............................ 159
6.10 RM 3.5.7(17): Float Types..... ..ot 159
6.11 RM 3.6.2(11): Multidimensional Arrays...................... 160
6.12 RM 9.6(30-31): Duration’Small.............. ..., 160
6.13 RM 10.2.1(12): Consistent Representation................... 160
6.14 RM 11.4.1(19): Exception Information....................... 160
6.15 RM 11.5(28): Suppression of Checks......................... 161
6.16 RM 13.1 (21-24): Representation Clauses.................... 161
6.17 RM 13.2(6-8): Packed Types..........ooviiiiiiiiiiiian,. 161
6.18 RM 13.3(14-19): Address Clauses..............cooovininn... 162
6.19 RM 13.3(29-35): Alignment Clauses ......................... 162
6.20 RM 13.3(42-43): Size Clauses............ccoiviiiiiiiann.... 163
6.21 RM 13.3(50-56): Size Clauses. ... .....ouvnriuenineananenean.. 163
6.22 RM 13.3(71-73): Component Size Clauses ................... 164
6.23 RM 13.4(9-10): Enumeration Representation Clauses ........ 164
6.24 RM 13.5.1(17-22): Record Representation Clauses ........... 164
6.25 RM 13.5.2(5): Storage Place Attributes...................... 165
6.26 RM 13.5.3(7-8): Bit Ordering.............cooiiiiiiiian... 165
6.27 RM 13.7(37): Address as Private.................. ..., 165
6.28 RM 13.7.1(16): Address Operations ......................... 165
6.29 RM 13.9(14-17): Unchecked Conversion...................... 165
6.30 RM 13.11(23-25): Implicit Heap Usage ...................... 166
6.31 RM 13.11.2(17): Unchecked Deallocation .................... 166
6.32 RM 13.13.2(1.6): Stream Oriented Attributes................ 166
6.33 RM A.1(52): Names of Predefined Numeric Types........... 167
6.34 RM A.3.2(49): Ada.Characters.Handling.................. 167
6.35 RM A.4.4(106): Bounded-Length String Handling ........... 167
6.36 RM A.5.2(46-47): Random Number Generation.............. 167
6.37 RM A.10.7(23): Get_Immediate...............ovvununennn... 168
6.38 RM A.18: Containers ...........c..oiuiuiiiiinianinnennenn.. 168

xi



6.39
6.40
6.41
6.42
6.43
6.44
6.45
6.46
6.47
6.48
6.49
6.50
6.51
6.52
6.53
6.54
6.55
6.56
6.57
6.58
6.59
6.60
6.61
6.62
6.63
6.64
6.65

RM B.1(39-41): Pragma Export...........ccooviiiianinn.. 168
RM B.2(12-13): Package Interfaces.............cocuveuenn.. 169
RM B.3(63-71): Interfacing with C.......................... 169
RM B.4(95-98): Interfacing with COBOL.................... 170
RM B.5(22-26): Interfacing with Fortran .................... 170
RM C.1(3-5): Access to Machine Operations................. 171
RM C.1(10-16): Access to Machine Operations .............. 171
RM C.3(28): Interrupt Support.............cooeiuiiinan... 172
RM C.3.1(20-21): Protected Procedure Handlers............. 172
RM C.3.2(25): Package Interrupts......................... 172
RM C.4(14): Pre-elaboration Requirements.................. 172
RM C.5(8): Pragma Discard_Names................c.oouen... 172
RM C.7.2(30): The Package Task_Attributes ................ 172
RM D.3(17): Locking Policies .................oooiiiiii... 173
RM D.4(16): Entry Queuing Policies ........................ 173
RM D.6(9-10): Preemptive Abort ..........c.ooviiiiiin... 173
RM D.7(21): Tasking Restrictions........................... 173
RM D.8(47-49): Monotonic Time..................oooi.... 173
RM E.5(28-29): Partition Communication Subsystem........ 174
RM F(7): COBOL Support .........coooiiiiiiaanan... 174
RM F.1(2): Decimal Radix Support .............c.oooiiua.. 174
BRM G: NUMETICS . oo vttt 174
RM G.1.1(56-58): Complex Types........ovvuiniiueninen... 175
RM G.1.2(49): Complex Elementary Functions .............. 175
RM G.2.4(19): Accuracy Requirements...................... 176
RM G.2.6(15): Complex Arithmetic Accuracy ............... 176
RM H.6(15/2): Pragma Partition_Elaboration_Policy ........ 176

Implementation Defined Characteristics.... 177

Intrinsic Subprograms........................ 196
8.1 Intrinsic Operators . ..... ..ottt 196
8.2 Compilation_-ISO_Date ........ ... ..o 196
8.3 Compilation_Date.......... ..o 196
8.4 Compilation_Time......... ... 196
8.5 Enclosing Entity ........ ... o 197
8.6 Exception_Information ........ ... ... .. L 197
8.7 Exception_-Message ........c.uuuiiiiiiiiiiiiiiiiiiiiiiiiee., 197
8.8 Exception.Name .......... ... 197
8.9 File .. o 197
810  Line .o 197
8.11 Shifts and Rotates ......... ..o 198

8.12

Source_Location. .. ...t 198

xii



xiii

9 Representation Clauses and Pragmas....... 199
9.1 Alignment Clauses . ......ouuuttit i 199
9.2 Size Clatses . ... .vvt 200
9.3 Storage_Size Clauses . ....oovrit i 201
9.4 Size of Variant Record Objects ...t 202
9.5 Biased Representation............. ... o i i 204
9.6 Value_Size and Object_Size Clauses................cooviiuo... 204
9.7 Component_Size Clauses ..ottt 207
9.8 Bit_Order Clauses . .....vuuuriteiiie i 208
9.9 Effect of Bit_Order on Byte Ordering......................... 209
9.10 Pragma Pack for Arrays.............. i 213
9.11 Pragma Pack for Records.............. .. ... . oL 215
9.12 Record Representation Clauses ............... ..., 216
9.13 Handling of Records with Holes ............................. 217
9.14 Enumeration Clauses. ..........ouuiiiiiiiiiiiieniaann. 218
9.15  Address ClatSes. . ..ottt 219
9.16 Use of Address Clauses for Memory-Mapped I/O ............ 224
9.17 Effect of Convention on Representation...................... 224
9.18 Conventions and Anonymous Access Types.................. 225
9.19 Determining the Representations chosen by GNAT........... 227

10 Standard Library Routines................. 230

11 The Implementation of Standard I/0...... 241
11.1  Standard I/O Packages............cooviiiiiiiiiiiiiian... 241
11.2 FORM Strings . ...oovnutitii e 242
11.3 Direct IO ..o 242
11.4 Sequential IO ... ... i 242
115 Text IO . .o e 243

11.5.1 Stream Pointer Positioning ............... ... ... ..., 244
11.5.2 Reading and Writing Non-Regular Files................. 244
11.5.3 Get_-Immediate...........cooiiiiii i 245
11.5.4 Treating Text_1O Files as Streams...................... 245
11.5.5 Text_IO EXtensions ...........ouiiiiiiiiiinenninaann. 245
11.5.6 Text_IO Facilities for Unbounded Strings............... 245
11.6 Wide_Text_IO ... .o 246
11.6.1 Stream Pointer Positioning .................... ... ... 248
11.6.2 Reading and Writing Non-Regular Files................. 249
11.7 Wide_Wide_Text_ IO . ... 249
11.7.1 Stream Pointer Positioning ................ ... ... ...... 250
11.7.2 Reading and Writing Non-Regular Files................. 250
11.8 Stream_TO . ... 251
11.9 Text Translation ..o, 251
11.10 Shared Files ... ..o 251

11.11 Filenames encoding ...........oouiiiuiiiiiineennnnnnnn. 252



11.12 File content encoding ...t 252
11.13  Open Modes ... ovvee e 253
11.14 Operations on C Streams. ... ... 253
11.15 Interfacing to C Streams ................. .. ... il 256

12 The GNAT Library.......................... 259
12.1 Ada.Characters.Latin_9 (a-chlat9.ads).................. 259
12.2 Ada.Characters.Wide_Latin_1 (a-cwilal.ads)............ 259
12.3 Ada.Characters.Wide_Latin_9 (a-cwila9.ads)............ 259
12.4 Ada.Characters.Wide_Wide_Latin_1 (a-chzlal.ads)...... 259
12.5 Ada.Characters.Wide_Wide_Latin_9 (a-chzla9.ads)...... 260
12.6 Ada.Containers.Bounded_Holders (a-coboho.ads)......... 260
12.7 Ada.Command_Line.Environment (a-colien.ads)........... 260
12.8 Ada.Command_Line.Remove (a-colire.ads)................. 260
12.9 Ada.Command_Line.Response_File (a-clrefi.ads)......... 260
12.10 Ada.Direct_I0.C_Streams (a-diocst.ads)................ 260
12.11 Ada.Exceptions.Is_Null_Occurrence (a-einuoc.ads).... 260
12.12 Ada.Exceptions.Last_Chance_Handler (a-elchha.ads)... 260
12.13 Ada.Exceptions.Traceback (a-exctra.ads)............... 261
12.14 Ada.Sequential_IO0.C_Streams (a-siocst.ads)........... 261
12.15 Ada.Streams.Stream_I0.C_Streams (a-ssicst.ads)...... 261
12.16 Ada.Strings.Unbounded.Text_I0 (a-suteio.ads)......... 261
12.17

Ada.Strings.Wide_Unbounded.Wide_Text_IO (a-swuwti.ads).. 261
12.18 Ada.Strings.Wide_Wide_Unbounded.Wide_

Wide_Text_IO0 (a-szuzti.ads)........covviiiniinininininannn 261
12.19 Ada.Task_Initialization (a-tasini.ads)................ 261
12.20 Ada.Text_I0.C_Streams (a-tiocst.ads).................. 261
12.21 Ada.Text_IO0.Reset_Standard_Files (a-tirsfi.ads)..... 261
12.22 Ada.Wide_Characters.Unicode (a-wichun.ads)........... 262
12.23 Ada.Wide_Text_I0.C_Streams (a-wtcstr.ads)............ 262
12.24 Ada.Wide_Text_I0.Reset_Standard_Files (a-wrstfi.ads)..262
12.25 Ada.Wide_Wide_Characters.Unicode (a-zchuni.ads)..... 262
12.26 Ada.Wide_Wide_Text_IO0.C_Streams (a-ztcstr.ads)...... 262
12.27 Ada.Wide_Wide_Text_I0.Reset_

Standard_Files (a-zrstfi.ads) ............ocoiiiiiiiiinia., 262
12.28 GNAT.Altivec (g-altive.ads)...........coovviuiuiunnnn... 262
12.29 GNAT.Altivec.Conversions (g-altcon.ads)............... 262
12.30 GNAT.Altivec.Vector_Operations (g-alveop.ads)....... 263
12.31 GNAT.Altivec.Vector_Types (g-alvety.ads)............. 263
12.32 GNAT.Altivec.Vector_Views (g-alvevi.ads)............. 263
12.33 GNAT.Array_Split (g-arrspl.ads)...........c.covoeuvnenn. 263
12.34 GNAT.AWK (g=awk.adS) ....ovririeieieniiaaaaiaaeaenes 263
12.35 GNAT.Binary_Search (g-binsea.ads)...................... 263
12.36 GNAT.Bind_Environment (g-binenv.ads).................. 263
12.37 GNAT.Branch_Prediction (g-brapre.ads)................. 263

xiv



12.38
12.39
12.40
12.41
12.42
12.43
12.44
12.45
12.46
12.47
12.48
12.49
12.50
12.51
12.52
12.53
12.54
12.55
12.56
12.57
12.58
12.59
12.60
12.61
12.62
12.63
12.64
12.65
12.66
12.67
12.68
12.69
12.70
12.71
12.72
12.73
12.74
12.75
12.76
12.77
12.78
12.79
12.80
12.81
12.82
12.83
12.84

GNAT.
GNAT.
GNAT.
GNAT.

GNAT

GNAT.
GNAT.
GNAT.

GNAT

GNAT.
GNAT.
GNAT.

GNAT

GNAT.
GNAT.
GNAT.
GNAT.
GNAT.
GNAT.

GNAT

GNAT.
GNAT.
GNAT.

GNAT

GNAT.
GNAT.
GNAT.

GNAT

GNAT.
GNAT.
GNAT.
GNAT.
GNAT.
GNAT.
GNAT.
GNAT.
GNAT.
GNAT.

GNAT

GNAT.
GNAT.
GNAT.

GNAT

GNAT.
GNAT.

GNAT
GNAT

Bounded_Buffers (g-boubuf.ads) ................... 263
Bounded_Mailboxes (g-boumai.ads)................. 263
Bubble_Sort (g-bubsor.ads)................ouuun... 264
Bubble_Sort_A (g-busora.ads)...................... 264
.Bubble_Sort_G (g-busorg.ads)...................... 264
Byte_Order_Mark (g-byorma.ads) ................... 264
Byte_Swapping (g-bytswa.ads)...................... 264
Calendar (g-calend.ads)...........coovuiuenenennn. 264
.Calendar.Time_I0 (g-catiio.ads).................. 264
CRC32 (g-crc32.adS) . cvvvirenaiiiaieaiaeaeaenns 264
Case_Util (g-casuti.ads) .........covvuvrninenenenns 264
CGI (B=CEL.adS) «vuvniii i 265
.CGI.Cookie (g-cgico0.ads) ........ovvvurnrnrnenrn.. 265
CGI.Debug (g-cgideb.ads) ......ovvvrinineenennnn... 265
Command_Line (g-comlin.ads)....................... 265
Compiler_Version (g-comver.ads).................. 265
Ctrl_C (g=ctrl_c.adS).....vviririiiniiaiiienann. 265
Current_Exception (g-curexc.ads)................. 265
Debug_Pools (g-debpoo.ads) .......coovverinennnn... 265
.Debug_Utilities (g-debuti.ads)................... 265
Decode_String (g-decstr.ads)............coevvnen... 266
Decode_UTF8_String (g-deutst.ads)................ 266
Directory_Operations (g-dirope.ads) ............. 266
.Directory_Operations.Iteration (g-diopit.ads).. 266
Dynamic_HTables (g-dynhta.ads) ................... 266
Dynamic_Tables (g-dyntab.ads) .................... 266
Encode_String (g-encstr.ads)..............oouen... 266
.Encode_UTF8_String (g-enutst.ads)................ 266
Exception_Actions (g-excact.ads)................. 267
Exception_Traces (g-exctra.ads).................. 267
Exceptions (g-except.ads).........cccoiuiuininnn.n. 267
Expect (g-expect.ads).........cooviiiiiiiniiiinin.. 267
Expect.TTY (g-exptty.ads) ....coovverinenrenennnn.. 267
Float_Control (g-flocon.ads)...................... 267
Formatted_String (g-forstr.ads).................. 267
Generic_Fast_Math_Functions (g-gfmafu.ads)..... 267
Heap_Sort (g-heasor.ads) .............ccoovuiuinnn.. 268
Heap_Sort_A (g-hesora.ads)..................oo.... 268
.Heap_Sort_G (g-hesorg.ads).........cccoovveuinnnnn. 268
HTable (g-htable.ads).........c.coouiuiuiinanainnn.. 268
I0 (8=10.8dS) vt enet e et 268
I0_Aux (g-10_8uxX.adS) ....ovirirnranininanaeennn. 268
.Lock_Files (g-locfil.ads)..........ccoovvvuinenn... 268
MBBS_Discrete_Random (g-mbdira.ads) ............. 269
MBBS_Float_Random (g-mbflra.ads)................. 269
MD5 (gmd5.2adS) .o\t 269
.Memory_Dump (g-memdum.ads) ..........coeuuerenrnn.. 269

XV



12.85
12.86
12.87
12.88
12.89
12.90
12.91
12.92
12.93
12.94
12.95
12.96
12.97
12.98
12.99
12.100
12.101
12.102
12.103
12.104
12.105
12.106
12.107
12.108
12.109
12.110
12.111
12.112
12.113
12.114
12.115
12.116
12.117
12.118
12.119
12.120
12.121
12.122
12.123
12.124
12.125
12.126
12.127
12.128
12.129
12.130
12.131

GNAT.Most_Recent_Exception (g-moreex.ads)............ 269
GNAT.0S_Lib (g-os_1ib.ads).......covuiuinininininannn.n. 269
GNAT.Perfect_Hash_Generators (g-pehage.ads).......... 269
GNAT.Random_Numbers (g-rannum.ads) .................... 269
GNAT.Regexp (g-Tregexp.ads) ......oueurirenininninennannn. 270
GNAT.Registry (g-regist.ads)........ccoovvuvninnnnann.. 270
GNAT.Regpat (g-regpat.ads)........ccovvrenininninennan... 270
GNAT.Rewrite_Data (g-rewdat.ads)....................... 270
GNAT.Secondary_Stack_Info (g-sestin.ads)............. 270
GNAT.Semaphores (g-semaph.ads) ...........oueuenennnn... 270
GNAT.Serial_Communications (g-sercom.ads)............ 270
GNAT.SHAL (g-shal.ads)........ouiriiiiniiiiiiiiienann. 270
GNAT.SHA224 (g-sha224.2adS) ......uuvnenreneneananennannn. 270
GNAT.SHA256 (g-sha256.ads)..........coovuininininannn... 271
GNAT.SHA384 (g-sha384.ads)...........coouiuinininannn... 271
GNAT.SHA512 (g-shab12.ads).......ouvriririnnnnnnnnnn... 271
GNAT.Signals (g-signal.ads)...........covvvniininininn.. 271
GNAT.Sockets (g-socket.ads)..........coovviininininn.. 271
GNAT.Source_Info (g-souinf.ads)....................... 271
GNAT.Spelling_Checker (g-speche.ads)................. 271
GNAT.Spelling_Checker_Generic (g-spchge.ads)........ 271
GNAT.Spitbol.Patterns (g-spipat.ads)................. 271
GNAT.Spitbol (g-spitbo.ads).......covvririniinninennnnn. 272
GNAT.Spitbol.Table_Boolean (g-sptabo.ads)........... 272
GNAT.Spitbol.Table_Integer (g-sptain.ads)........... 272
GNAT.Spitbol.Table_VString (g-sptavs.ads)........... 272
GNAT.SSE (g-5S€.2dS) « . evtviririiiiieiaiaaaaeaenn, 272
GNAT.SSE.Vector_Types (g-ssvety.ads)................. 272
GNAT.String_Hash (g-strhas.ads)....................... 272
GNAT.Strings (g-string.ads)..........oovuiiinuenennnn.. 272
GNAT.String_Split (g-strspl.ads)............cceovnunn.. 272
GNAT.Table (g-table.ads) .........coovuiuinininenenannnn. 273
GNAT.Task_Lock (g-tasloc.ads) ...........covvvnenunnn... 273
GNAT.Time_Stamp (g-timsta.ads)........................ 273
GNAT.Threads (g-thread.ads)...............coooiiunn... 273
GNAT.Traceback (g-traceb.ads) ............coovvvvnen... 273
GNAT.Traceback.Symbolic (g-trasym.ads)............... 273
GNAT.UTF_32 (g-utf_32.2dS).......0ooeeeeneeinee ... 273
GNAT.UTF_32_Spelling_Checker (g-u3spch.ads)......... 273
GNAT.Wide_Spelling_Checker (g-wispch.ads)........... 274
GNAT.Wide_String_Split (g-wistsp.ads)................ 274
GNAT.Wide_Wide_Spelling_Checker (g-zspche.ads)..... 274
GNAT.Wide_Wide_String_Split (g-zistsp.ads).......... 274
Interfaces.C.Extensions (i-cexten.ads)............... 274
Interfaces.C.Streams (i-cstrea.ads).................. 274
Interfaces.Packed_Decimal (i-pacdec.ads)............ 274

Interfaces.VxWorks (i-vxwork.ads)..................... 274

xvi



12.132 Interfaces.VxWorks.IO (i-vxwoio.ads)................. 274
12.133 System.Address_Image (s-addima.ads).................. 274
12.134 System.Assertions (s-assert.ads)...................... 275
12.135 System.Atomic_Counters (s-atocou.ads)................ 275
12.136 System.Memory (S—memory.ads) ...........coevuinininn... 275
12.137 System.Multiprocessors (s-multip.ads)................ 275
12.138
System.Multiprocessors.Dispatching_Domains (s-mudido.ads)..275
12.139 System.Partition_Interface (s-parint.ads)........... 275
12.140 System.Pool_Global (s-p00glo.ads)...........coouvnn... 275
12.141 System.Pool_Local (s-p00loc.ads)..........ovvueunnn... 275
12.142 System.Restrictions (s-restri.ads)................... 276
12.143 System.Rident (s-rident.ads) ..............ccooiuinna.. 276
12.144 System.Strings.Stream_Ops (s-ststop.ads)............ 276
12.145 System.Unsigned_Types (s-unstyp.ads)................. 276
12.146 System.Wch_Cnv (s-wchenv.ads) ..o.ovvevnininennnann... 276
12.147 System.Wch_Con (s-wchcon.ads) ........ouererenanennn... 276
13 Interfacing to Other Languages ............ 277
13.1 Inmterfacing to C... ..o e 277
13.2 Interfacing to CH....ooii 278
13.3 Interfacing to COBOL...... .. ... i i 281
13.4 Interfacing to Fortran ........ ... ... .. .. ... i 281
13.5 Interfacing to non-GNAT Ada code.......................... 281
14 Specialized Needs Annexes ................. 283
15 Implementation of Specific Ada Features.. 284
15.1 Machine Code Insertions ... 284
15.2  GNAT Implementation of Tasking........................... 286

15.2.1 Mapping Ada Tasks onto the Underlying Kernel Threads. . 286

15.2.2  Ensuring Compliance with the Real-Time Annex........ 287
15.2.3 Support for Locking Policies............. ... .. ... ... 287
15.3 GNAT Implementation of Shared Passive Packages .......... 288
15.4 Code Generation for Array Aggregates....................... 289
15.4.1 Static constant aggregates with static bounds........... 289
15.4.2 Constant aggregates with unconstrained nominal types.. 290
15.4.3 Aggregates with static bounds.......................... 290
15.4.4 Aggregates with nonstatic bounds ...................... 290
15.4.5 Aggregates in assignment statements ................... 290
15.5 The Size of Discriminated Records with Default Discriminants. . 291
15.6 Image Values For Nonscalar Types .............. ..., 292
15.7 Strict Conformance to the Ada Reference Manual............ 292

16 Implementation of Ada 2022 Features

Xvii



xviii

17 GNAT language extensions................. 327
17.1 How to activate the extended GNAT Ada superset........... 327
17.2 Curated Extensions ... 327

17.2.1 Local Declarations Without Block ...................... 327
17.2.2 Deep delta Aggregates. .........ooviiiiiiiiiinan.. 329
17.2.2.1 Syntax . oov et 329
17.2.2.2 Legality Rules........ ... i i, 330
17.2.2.3 Dynamic Semantics............coviieiiiiien... 330
17.2.2.4 Examples. ... 331
17.2.3 Fixed lower bounds for array types and subtypes........ 331
17.2.4 Prefixed-view notation for calls to primitive
subprograms of untagged types......... ... .. i 332
17.2.5 Expression defaults for generic formal functions......... 333
17.2.6 String interpolation ............ ... o i, 333
17.2.7 Constrained attribute for generic objects................ 334
17.2.8 Static aspect on intrinsic functions .................... 334
17.2.9 First Controlling Parameter ............................ 335
17.2.10 Unsigned_Base_Range aspect ......................... 336
17.3 Experimental Language Extensions....................... ... 336
17.3.1 Conditional when constructs............................ 336
17.3.2 TImplicit With ... 337
17.3.3 Storage Model. ... ... .o 338
17.3.3.1 Aspect Storage_Model_Type....................... 338
17.3.3.2 Aspect Designated_Storage_Model ................. 340
17.3.3.3 Legacy Storage Pools.............................. 341
17.3.4 Attribute Super............ 342
17.3.5 Simpler Accessibility Model............................. 343
17.3.5.1 Stand-alone objects............ .. ... il 343
17.3.5.2 Subprogram parameters ..................oiiii... 344
17.3.5.3 Functionresults......... ... i, 345
17.3.6 Case pattern matching .............. ... ... . ... ... 347
17.3.7 Mutably Tagged Types with Size’Class Aspect.......... 349
17.3.8 Generalized Finalization............... .. ... ... ... .. 352
17.3.8.1 Finalizable tagged types................ ...t 353
17.3.8.2 Composite typPes. . ..o 354
17.3.8.3 Interoperability with controlled types.............. 354
17.3.9 No_Raise aspect......... ..., 354
17.3.10 Inference of Dependent Types in Generic Instantiations. . 354
17.3.11 External_Initialization Aspect ......................... 355
17.3.12 Finally construct ......... ..o, 355
17.3. 12,1 Syntax ...ooi 355
17.3.12.2 Legality Rules............... .o oot 356
17.3.12.3 Dynamic Semantics.............ccoviiiiiiiiia.nn. 356
17.3.13 Continue statement ............. ... i 356

17.3.14 Destructors . ..ot 356



xix

18 Security Hardening Features ............... 358
18.1 Register Scrubbing......... ... i 358
18.2  Stack Scrubbing......... ..o 358
18.3 Hardened Conditionals ...............coiiiiiiiiii .. 360
18.4 Hardened Booleans.......... ... ..o, 362
18.5 Control Flow Redundancy.............. ...t 363

19 Obsolescent Features........................ 366
19.1 pragma No_Run_-Time....................oo i .. 366
19.2 pragma Ravenscar............. ..o, 366
19.3 pragma Restricted_Run_-Time .............. .. ... ... .. 366
19.4 pragma Task Info...... ... ... . o i 366
19.5 package System.Task_Info (s-tasinf.ads) .................. 366

20 Compatibility and Porting Guide .......... 367
20.1 Writing Portable Fixed-Point Declarations................... 367
20.2 Compatibility with Ada 83 ........ ... ... i, 368

20.2.1 Legal Ada 83 programs that are illegal in Ada 95 ....... 368
20.2.2 More deterministic semantics...................o... 370
20.2.3 Changed semantics........c..covuiiiiiiniiiniinienn.. 370
20.2.4 Other language compatibility issues..................... 370
20.3 Compatibility between Ada 95 and Ada 2005................ 371
20.4 Implementation-dependent characteristics.................... 372
20.4.1 Implementation-defined pragmas........................ 372
20.4.2 Implementation-defined attributes...................... 372
20.4.3 Libraries ........c.c.uuriiitie e 372
20.4.4 Elaboration order .............. i 372
20.4.5 Target-specific aspects..........cooiiiiiiiiii i, 373
20.5 Compatibility with Other Ada Systems...................... 373
20.6 Representation Clauses...........cooviiiiiiiiiiiiinennnnn... 374
20.7 Compatibility with HP Ada 83 ............... ... ... ... ... 375
21 GNU Free Documentation License......... 376



‘GNAT, The GNU Ada Development Environment’

GCC version 16.0.0
AdaCore

Permission is granted to copy, distribute and/or modify this document under the terms of
the GNU Free Documentation License, Version 1.3 or any later version published by the Free
Software Foundation; with no Invariant Sections, with the Front-Cover Texts being “GNAT
Reference Manual”, and with no Back-Cover Texts. A copy of the license is included in the
section entitled [GNU Free Documentation License|, page 375.



1 About This Guide

This manual contains useful information in writing programs using the GNAT compiler. It
includes information on implementation dependent characteristics of GNAT, including all
the information required by Annex M of the Ada language standard.

GNAT implements Ada 95, Ada 2005, Ada 2012 and Ada 2022, and it may also be invoked
in Ada 83 compatibility mode. By default, GNAT assumes Ada 2012, but you can override
with a compiler switch to explicitly specify the language version. (Please refer to the ‘GNAT
User’s Guide’ for details on these switches.) Throughout this manual, references to ‘Ada’
without a year suffix apply to all the Ada versions of the language.

Ada is designed to be highly portable. In general, a program will have the same effect
even when compiled by different compilers on different platforms. However, since Ada is
designed to be used in a wide variety of applications, it also contains a number of system
dependent features to be used in interfacing to the external world.

Note: Any program that makes use of implementation-dependent features may be non-
portable. You should follow good programming practice and isolate and clearly document
any sections of your program that make use of these features in a non-portable manner.

1.1 What This Reference Manual Contains

This reference manual contains the following chapters:

* [Implementation Defined Pragmas|, page 4, lists GNAT implementation-dependent

pragmas, which can be used to extend and enhance the functionality of the compiler.

[Implementation Defined Attributes|, page 117, lists GNAT implementation-dependent
attributes, which can be used to extend and enhance the functionality of the compiler.

* [Standard and Implementation Defined Restrictions|, page 141, lists GNAT
implementation-dependent restrictions, which can be used to extend and enhance the
functionality of the compiler.

[Implementation Advice], page 156, provides information on generally desirable be-
havior which are not requirements that all compilers must follow since it cannot be
provided on all systems, or which may be undesirable on some systems.
[Implementation Defined Characteristics], page 176, provides a guide to minimizing
implementation dependent features.

[Intrinsic Subprograms|, page 195, describes the intrinsic subprograms implemented by
GNAT, and how they can be imported into user application programs.
[Representation Clauses and Pragmas|, page 198, describes in detail the way that

GNAT represents data, and in particular the exact set of representation clauses and
pragmas that is accepted.

[Standard Library Routines|, page 229, provides a listing of packages and a brief de-
scription of the functionality that is provided by Ada’s extensive set of standard library
routines as implemented by GNAT.

* [The Implementation of Standard I/O], page 240, details how the GNAT implementa-
tion of the input-output facilities.

[The GNAT Library|, page 258, is a catalog of packages that complement the Ada
predefined library.
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*

[Interfacing to Other Languages|, page 276, describes how programs written in Ada
using GNAT can be interfaced to other programming languages.

[Specialized Needs Annexes|, page 282, describes the GNAT implementation of all of
the specialized needs annexes.

[Implementation of Specific Ada Features], page 283, discusses issues related to GNAT’s
implementation of machine code insertions, tasking, and several other features.

[Implementation of Ada 2022 Features|, page 293, describes the status of the GNAT
implementation of the Ada 2022 language standard.

[Security Hardening Features], page 357, documents GNAT extensions aimed at secu-
rity hardening.

[Obsolescent Features|, page 365, documents implementation dependent features, in-
cluding pragmas and attributes, which are considered obsolescent, since there are other
preferred ways of achieving the same results. These obsolescent forms are retained for
backwards compatibility.

[Compatibility and Porting Guide], page 366, presents some guidelines for developing
portable Ada code, describes the compatibility issues that may arise between GNAT
and other Ada compilation systems (including those for Ada 83), and shows how GNAT
can expedite porting applications developed in other Ada environments.

[GNU Free Documentation License], page 375, contains the license for this document.

This reference manual assumes a basic familiarity with the Ada 95 language, as described
in the International Standard ANSI/ISO/IEC-8652:1995. 1t does not require knowledge of
the new features introduced by Ada 2005 or Ada 2012. All three reference manuals are
included in the GNAT documentation package.

1.2 Conventions

Following are examples of the typographical and graphic conventions used in this guide:

*

*

*

Functions, utility program names, standard names, and classes.
Option flags
File names
Variables
‘Emphasis’
[optional information or parameters]
Examples are described by text
and then shown this way.

Commands that are entered by the user are shown as preceded by a prompt string
comprising the $ character followed by a space.

1.3 Related Information

See the following documents for further information on GNAT:

*

GNAT User’s Guide for Native Platforms, which provides information on how to use
the GNAT development environment.
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* Ada 95 Reference Manual, the Ada 95 programming language standard.

* Ada 95 Annotated Reference Manual, which is an annotated version of the Ada 95
standard. The annotations describe detailed aspects of the design decision, and in
particular contain useful sections on Ada 83 compatibility.

* Ada 2005 Reference Manual, the Ada 2005 programming language standard.

* Ada 2005 Annotated Reference Manual, which is an annotated version of the Ada 2005
standard. The annotations describe detailed aspects of the design decision.

* Ada 2012 Reference Manual, the Ada 2012 programming language standard.

* DEC Ada, Technical Overview and Comparison on DIGITAL Platforms, which contains
specific information on compatibility between GNAT and DEC Ada 83 systems.

* DEC Ada, Language Reference Manual, part number AA-PYZAB-TK, which describes
in detail the pragmas and attributes provided by the DEC Ada 83 compiler system.



2 Implementation Defined Pragmas

Ada defines a set of pragmas that can be used to supply additional information to the
compiler. These language defined pragmas are implemented in GNAT and work as described
in the Ada Reference Manual.

In addition, Ada allows implementations to define additional pragmas whose meaning is
defined by the implementation. GNAT provides a number of these implementation-defined
pragmas, which can be used to extend and enhance the functionality of the compiler. This
section of the GNAT Reference Manual describes these additional pragmas.

Note that any program using these pragmas might not be portable to other compilers (al-
though GNAT implements this set of pragmas on all platforms). Therefore if portability
to other compilers is an important consideration, the use of these pragmas should be mini-
mized.

2.1 Pragma Abort_Defer

Syntax:
pragma Abort_Defer;

This pragma must appear at the start of the statement sequence of a handled sequence of
statements (right after the begin). It has the effect of deferring aborts for the sequence
of statements (but not for the declarations or handlers, if any, associated with this state-
ment sequence). This can also be useful for adding a polling point in Ada code, where
asynchronous abort of tasks is checked when leaving the statement sequence, and is lighter
than, for example, using delay 0.0;, since with zero-cost exception handling, propagat-
ing exceptions (implicitly used to implement task abort) cannot be done reliably in an
asynchronous way.

An example of usage would be:

-- Add a polling point to check for task aborts

begin
pragma Abort_Defer;
end;

2.2 Pragma Abstract_State

Syntax:
pragma Abstract_State (ABSTRACT_STATE_LIST);

ABSTRACT_STATE_LIST ::
null
| STATE_NAME_WITH_OPTIONS
| (STATE_NAME_WITH_OPTIONS {, STATE_NAME WITH_OPTIONS} )

STATE_NAME_WITH_OPTIONS ::
STATE_NAME
| (STATE_NAME with OPTION_LIST)
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OPTION_LIST ::= OPTION {, OPTION}

OPTION ::=
SIMPLE_OPTION
| NAME_VALUE_OPTION

SIMPLE_OPTION ::= Ghost | Synchronous
NAME_VALUE_OPTION ::=
Part_0f => ABSTRACT_STATE
| External [=> EXTERNAL_PROPERTY_LIST]
EXTERNAL_PROPERTY_LIST ::=
EXTERNAL_PROPERTY
| (EXTERNAL_PROPERTY {, EXTERNAL_PROPERTY} )

EXTERNAL_PROPERTY ::=

Async_Readers [=> static_boolean EXPRESSION]
| Async_Writers [=> static_boolean_EXPRESSION]
| Effective_Reads [=> static_boolean_EXPRESSION]
| Effective_Writes [=> static_boolean_EXPRESSION]

others => static_boolean_EXPRESSION

STATE_NAME ::= defining_identifier
ABSTRACT_STATE ::= name

For the semantics of this pragma, see the entry for aspect Abstract_State in the SPARK
2014 Reference Manual, section 7.1.4.

2.3 Pragma Ada_83

Syntax:
pragma Ada_83;

A configuration pragma that establishes Ada 83 mode for the unit to which it applies,
regardless of the mode set by the command line switches. In Ada 83 mode, GNAT attempts
to be as compatible with the syntax and semantics of Ada 83, as defined in the original
Ada 83 Reference Manual as possible. In particular, the keywords added by Ada 95 and
Ada 2005 are not recognized, optional package bodies are allowed, and generics may name
types with unknown discriminants without using the (<>) notation. In addition, some but
not all of the additional restrictions of Ada 83 are enforced.

Like all configuration pragmas, if the pragma is placed before a library level package speci-
fication it is not propagated to the corresponding package body (see RM 10.1.5(8)); it must
be added explicitly to the package body.

Ada 83 mode is intended for two purposes. Firstly, it allows existing Ada 83 code to be
compiled and adapted to GNAT with less effort. Secondly, it aids in keeping code backwards
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compatible with Ada 83. However, there is no guarantee that code that is processed correctly
by GNAT in Ada 83 mode will in fact compile and execute with an Ada 83 compiler, since
GNAT does not enforce all the additional checks required by Ada 83.

2.4 Pragma Ada_95

Syntax:
pragma Ada_95;

A configuration pragma that establishes Ada 95 mode for the unit to which it applies,
regardless of the mode set by the command line switches. This mode is set automatically
for the Ada and System packages and their children, so you need not specify it in these
contexts. This pragma is useful when writing a reusable component that itself uses Ada 95
features, but which is intended to be usable from either Ada 83 or Ada 95 programs.

Like all configuration pragmas, if the pragma is placed before a library level package speci-
fication it is not propagated to the corresponding package body (see RM 10.1.5(8)); it must
be added explicitly to the package body.

2.5 Pragma Ada_05

Syntax:

pragma Ada_05;
pragma Ada_05 (local_NAME);

A configuration pragma that establishes Ada 2005 mode for the unit to which it applies,
regardless of the mode set by the command line switches. This pragma is useful when
writing a reusable component that itself uses Ada 2005 features, but which is intended to
be usable from either Ada 83 or Ada 95 programs.

Like all configuration pragmas, if the pragma is placed before a library level package speci-
fication it is not propagated to the corresponding package body (see RM 10.1.5(8)); it must
be added explicitly to the package body.

The one argument form (which is not a configuration pragma) is used for managing the
transition from Ada 95 to Ada 2005 in the run-time library. If an entity is marked as
Ada_2005 only, then referencing the entity in Ada_83 or Ada_95 mode will generate a
warning. In addition, in Ada_83 or Ada_95 mode, a preference rule is established which
does not choose such an entity unless it is unambiguously specified. This avoids extra
subprograms marked this way from generating ambiguities in otherwise legal pre-Ada_2005
programs. The one argument form is intended for exclusive use in the GNAT run-time
library.

2.6 Pragma Ada_2005

Syntax:
pragma Ada_2005;

This configuration pragma is a synonym for pragma Ada_05 and has the same syntax and
effect.
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2.7 Pragma Ada_12

Syntax:

pragma Ada_12;

pragma Ada_12 (local_NAME);
A configuration pragma that establishes Ada 2012 mode for the unit to which it applies,
regardless of the mode set by the command line switches. This mode is set automatically for
the Ada and System packages and their children, so you need not specify it in these contexts.
This pragma is useful when writing a reusable component that itself uses Ada 2012 features,
but which is intended to be usable from Ada 83, Ada 95, or Ada 2005 programs.

Like all configuration pragmas, if the pragma is placed before a library level package speci-
fication it is not propagated to the corresponding package body (see RM 10.1.5(8)); it must
be added explicitly to the package body.

The one argument form, which is not a configuration pragma, is used for managing the
transition from Ada 2005 to Ada 2012 in the run-time library. If an entity is marked
as Ada_2012 only, then referencing the entity in any pre-Ada_2012 mode will generate a
warning. In addition, in any pre-Ada_2012 mode, a preference rule is established which
does not choose such an entity unless it is unambiguously specified. This avoids extra
subprograms marked this way from generating ambiguities in otherwise legal pre-Ada_2012
programs. The one argument form is intended for exclusive use in the GNAT run-time
library.

2.8 Pragma Ada_2012

Syntax:
pragma Ada_2012;

This configuration pragma is a synonym for pragma Ada_12 and has the same syntax and
effect.

2.9 Pragma Ada_2022

Syntax:

pragma Ada_2022;
pragma Ada_2022 (local_NAME);

A configuration pragma that establishes Ada 2022 mode for the unit to which it applies,
regardless of the mode set by the command line switches. This mode is set automatically
for the Ada and System packages and their children, so you need not specify it in these
contexts. This pragma is useful when writing a reusable component that itself uses Ada
2022 features, but which is intended to be usable from Ada 83, Ada 95, Ada 2005 or Ada
2012 programs.

Like all configuration pragmas, if the pragma is placed before a library level package speci-
fication it is not propagated to the corresponding package body (see RM 10.1.5(8)); it must
be added explicitly to the package body.

The one argument form, which is not a configuration pragma, is used for managing the
transition from Ada 2012 to Ada 2022 in the run-time library. If an entity is marked
as Ada_2022 only, then referencing the entity in any pre-Ada_2022 mode will generate a
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warning. In addition, in any pre-Ada_2012 mode, a preference rule is established which
does not choose such an entity unless it is unambiguously specified. This avoids extra
subprograms marked this way from generating ambiguities in otherwise legal pre-Ada_2022
programs. The one argument form is intended for exclusive use in the GNAT run-time
library.

2.10 Pragma Aggregate_Individually_Assign

Syntax:
pragma Aggregate_Individually_Assign;

Where possible, GNAT will store the binary representation of a record aggregate in memory
for space and performance reasons. This configuration pragma changes this behavior so that
record aggregates are instead always converted into individual assignment statements.

2.11 Pragma Allow_Integer_Address

Syntax:
pragma Allow_Integer_Address;

In almost all versions of GNAT, System.Address is a private type in accordance with the
implementation advice in the RM. This means that integer values, in particular integer liter-
als, are not allowed as address values. If the configuration pragma Allow_Integer_Address
is given, then integer expressions may be used anywhere a value of type System.Address
is required. The effect is to introduce an implicit unchecked conversion from the integer
value to type System.Address. The reverse case of using an address where an integer type
is required is handled analogously. The following example compiles without errors:

pragma Allow_Integer_Address;
with System; use System;
package AddrAsInt is
X : Integer;
Y : Integer;
for X'Address use 16#1240#;
for Y use at 16#3230#;
: Address := 16#4000#;
: constant Address := 4000;
: constant Address := Address (X + Y);
: Integer := y'Address;
: constant Integer := Integer (Y'Address);
type R is new integer;
RR : R := 1000;
Z : Integer;
for Z'Address use RR;
end AddrAsInt;

Note that pragma Allow_Integer_Address is ignored if System.Address is not a private
type. In implementations of GNAT where System.Address is a visible integer type, this
pragma serves no purpose but is ignored rather than rejected to allow common sets of
sources to be used in the two situations.

s < B B
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2.12 Pragma Always_Terminates

Syntax:
pragma Always_Terminates [ (boolean_EXPRESSION) ];

For the semantics of this pragma, see the entry for aspect Always_Terminates in the
SPARK 2014 Reference Manual, section 6.1.11.

2.13 Pragma Annotate

Syntax:
pragma Annotate (IDENTIFIER [, IDENTIFIER {, ARG}] [, entity => local_NAME]);

ARG ::= NAME | EXPRESSION

This pragma is used to annotate programs. IDENTIFIER identifies the type of annotation.
GNAT verifies that it is an identifier, but does not otherwise analyze it. The second optional
identifier is also left unanalyzed, and by convention is used to control the action of the tool
to which the annotation is addressed. The remaining ARG arguments can be either string
literals or more generally expressions. String literals (and concatenations of string literals)
are assumed to be either of type Standard.String or else Wide_String or Wide_Wide_
String depending on the character literals they contain. All other kinds of arguments are
analyzed as expressions, and must be unambiguous. The last argument if present must have
the identifier Entity and GNAT verifies that a local name is given.

The analyzed pragma is retained in the tree, but not otherwise processed by any part of
the GNAT compiler, except to generate corresponding note lines in the generated ALI file.
For the format of these note lines, see the compiler source file lib-writ.ads. This pragma is
intended for use by external tools, including ASIS. The use of pragma Annotate does not
affect the compilation process in any way. This pragma may be used as a configuration
pragma.

2.14 Pragma Assert

Syntax:

pragma Assert (
boolean_EXPRESSION
[, string_ EXPRESSION]);

The effect of this pragma depends on whether the corresponding command line switch is
set to activate assertions. The pragma expands into code equivalent to the following:

if assertions-enabled then
if not boolean_EXPRESSION then
System.Assertions.Raise_Assert_Failure
(string_EXPRESSION) ;
end if;
end if;

The string argument, if given, is the message that will be associated with the exception
occurrence if the exception is raised. If no second argument is given, the default message
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is file:nnn, where file is the name of the source file containing the assert, and nnn is the
line number of the assert.

Note that, as with the if statement to which it is equivalent, the type of the expression is
either Standard.Boolean, or any type derived from this standard type.

Assert checks can be either checked or ignored. By default they are ignored. They will be
checked if either the command