GNU Compiler Collection Internals

For ccc version 16.0.0 (pre-release)

(GCC)

Richard M. Stallman and the GCC Developer Community




Copyright (©) 1988-2025 Free Software Foundation, Inc.

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 the Invariant Sections being “Funding Free Software”, the
Front-Cover Texts being (a) (see below), and with the Back-Cover Texts being (b) (see
below). A copy of the license is included in the section entitled “GNU Free Documentation
License”.

(a) The FSF’s Front-Cover Text is:
A GNU Manual
(b) The FSF’s Back-Cover Text is:

You have freedom to copy and modify this GNU Manual, like GNU software. Copies
published by the Free Software Foundation raise funds for GNU development.



Short Contents

1 Contributing to GCC Development . ...................... 1
2 GCC and Portability......... ... i 3
3 The GCC low-level runtime library . .......... ... ... .... 5
4 Language Front Ends in GCC ......... ... ... ... .. .... 61
5  Source Tree Structure and Build System . ................. 63
6  Testsuites....... ... 81
7  Option specification files . . . .......... . ... .. 133
8  Passes and Files of the Compiler ................. ... ... 143
9  Sizes and offsets as runtime invariants . .................. 163
10 GENERIC . ... e 177
11 GIMPLE ... 229
12 Analysis and Optimization of GIMPLE tuples ............ 269
13 RTL Representation ............. .. ... .. .. 281
14 Control Flow Graph . ...... .. ... . .. 347
15 Analysis and Representation of Loops ................ ... 357
16 Machine Descriptions . ......... ..., 367
17 Target Description Macros and Functions . ............... 5925
18 Host Configuration . ......... ... ... 719
19 Makefile Fragments .. ........ ... . . i 723
20 COLlleCt2 . i it e 727
21 Standard Header File Directories ... .................... 729
22  Memory Management and Type Information.............. 731
23 Plugins. ... ..o 743
24 Link Time Optimization . ... ..., 751
25 Match and Simplify . ... ... o 759
26 Static Analyzer . ..... ... 767
27 User Experience Guidelines. ................ ... .. ..... 779
Funding Free Software ......... ... .. . . i 789
The GNU Project and GNU/Linux......................... 791
GNU General Public License . . ......... .. ... .. ... 793
GNU Free Documentation License. ........ ... ... ... .. 805
Contributors to GCC ... ... . 813

Option Index . . ..ot e 831



11

Concept Index



Table of Contents

1 Contributing to GCC Development............ 1
2 GCC and Portability............................ 3
3 The GCC low-level runtime library............ 5
3.1 Routines for integer arithmetic............. ... ..o oL 5
3.1.1 Arithmetic functions. ... 5

3.1.2 Comparison functions. ..., 6

3.1.3 Trapping arithmetic functions.............................. 7

3.1.4 Bitoperations ... 7

3.1.5 Bit-precise integer arithmetic functions..................... 8

3.2 Routines for floating point emulation...................... ... ... 9
3.2.1 Arithmetic functions........... ... 9

3.2.2 Conversion functions............. .o i 10

3.2.3 Comparison functions. ...........c.ooiuiiiiiiineiiinean.. 12

3.2.4  Other floating-point functions.............. ... ... .. ..., 13

3.3 Routines for decimal floating point emulation .................. 14
3.3.1 Arithmetic functions......... ... ... . i 14

3.3.2 Conversion functions. ......... ... ..o, 15

3.3.3 Comparison functions. ............c.ooiiiiiiii ... 19

3.4 Routines for fixed-point fractional emulation................... 20
3.4.1 Arithmetic functions............ ..o, 21

3.4.2 Comparison functions........... ..., 29

3.4.3 Conversion functions. ............coeviiiieiiienninneann. 29

3.5 Language-independent routines for exception handling ......... 59
3.6  Miscellaneous runtime library routines......................... 59
3.6.1 Cache control functions............... ..., 60

3.6.2 Split stack functions and variables ........................ 60

4 Language Front Ends in GCC................. 61

5 Source Tree Structure and Build System .... 63

5.1 Configure Terms and History ........... .. ..o it 63
5.2 Top Level Source Directory .........coooiiiiiiiiiiiiii.. 63
5.3 The gcc Subdirectory ..o 65
5.3.1 Subdirectories of gcc .. ..o 66
5.3.2 Configuration in the gcc Directory........................ 66
5.3.2.1 Scripts Used by configure .......................... 66
5.3.2.2 The config.build; config.host; and config.gcc Files.
5.3.2.3 Files Created by configure.......................... 67

5.3.3 Build System in the gcc Directory ........................ 68

.67

iii



iv

5.3.4 Makefile Targets........ooooiiiniiiiiiiii . 68
5.3.5 Library Source Files and Headers under the gcc Directory.. 71
5.3.6 Headers Installed by GCC ............ ... ...t 71
5.3.7 Building Documentation............... .. ... oo 71
5.3.7.1 Texinfo Manuals............ ... ... i il 72
5.3.7.2 Man Page Generation...................oooiiiiii.. 72
5.3.7.3 Miscellaneous Documentation........................ 73
5.3.8 Anatomy of a Language Front End........................ 74
5.3.8.1 The Front End language Directory .................. 75
5.3.8.2 The Front End config-lang.in File................. 75
5.3.8.3 The Front End Make-lang.in File................... 76
5.3.9 Anatomy of a Target Back End .............. ... ... ... 78
6 Testsuites.............ciiiiiiiiiiiiii.. 81
6.1 Idioms Used in Testsuite Code.............ooooiiiiiiiia... 81
6.2 Directives used within DejaGnu tests ................ .. ... ... 82
6.2.1 Syntax and Descriptions of test directives................. 82
6.2.1.1 Specify how to build the test......................... 82
6.2.1.2 Specify additional compiler options................... 83
6.2.1.3 Modify the test timeout value........................ 83
6.2.1.4 Skip a test for some targets............... ... ... 83
6.2.1.5 Expect a test to fail for some targets................. 84
6.2.1.6 Expect the compiler to crash......................... 85
6.2.1.7 Expect the test executable to fail .................... 85
6.2.1.8 Verify compiler messages..............coiiiii.. 85
6.2.1.9 Verify output of the test executable.................. 86
6.2.1.10 Specify environment variables for a test............. 86
6.2.1.11 Specify additional files for a test .................... 86
6.2.1.12 Add checks at the end of a test ..................... 87
6.2.2 Selecting targets to which a test applies................... 87
6.2.3 Keywords describing target attributes..................... 88
6.2.3.1 Endianness.............ccoiiiiiiiiiiii i 88
6.2.3.2 Datatypesizes........cooiiiiiiiiiiiiiiiii i 88
6.2.3.3 Fortran-specific attributes............................ 90
6.2.3.4 Vector-specific attributes................ ...l 90
6.2.3.5 Thread Local Storage attributes...................... 96
6.2.3.6 Decimal floating point attributes..................... 96
6.2.3.7 ARM-specific attributes.............................. 96
6.2.3.8 AArch64-specific attributes ............ ... ... ... 102
6.2.3.9 LoongArch specific attributes....................... 103
6.2.3.10 MIPS-specific attributes.................... ... ... 103
6.2.3.11 MSP430-specific attributes......................... 103
6.2.3.12 nvptx-specific attributes........................... 104
6.2.3.13 PowerPC-specific attributes........................ 104
6.2.3.14 RISC-V specific attributes.................. ... ... 105

6.2.3.15 CORE-V specific attributes........................ 106



6.2.3.16 Other hardware attributes......... ... ... ... ..... 106

6.2.3.17 Environment attributes............... .. ... L. 109
6.2.3.18 Other attributes......... ... ... .. L. 111
6.2.3.19 Local to tests in gcc.target/i386................. 115
6.2.3.20 Local to tests in gcc.test-framework............. 115

6.2.4 Features for dg-add-options.............. ... .. ... 116
6.2.5 Features for dg-remove-options ............ ..., 118
6.2.6 Variants of dg-require-support........................ 118
6.2.7 Commands for use in dg-final.......................... 120
6.2.7.1 Scan a particular file.............. ... 120
6.2.7.2 Scan the assembly output....................ooia... 120
6.2.7.3 Scan optimization dump files........................ 122
6.2.7.4 Check for output files............ ... ... . 123
6.2.7.5 Checks for gcov tests......... ... oot 123
6.2.7.6 Clean up generated test files........................ 124

6.3 Ada Language Testsuites...........cooiiiiii ... 125
6.4 C Language Testsuites..........c.ooiiiiiiiiiiiiiiiini ., 125
6.5 Support for testing link-time optimizations ................... 127
6.6 Support for testing gcov...... ..o 127
6.7 Support for testing profile-directed optimizations.............. 128
6.8 Support for testing binary compatibility ............. ... ... 129
6.9 Support for torture testing using multiple options............. 130
6.10 Support for testing GIMPLE passes ......................... 131
6.11 Support for testing RTL passes...........coooooiiiiiiiia.. 132
Option specification files..................... 133
7.1 Optionfile format.......... ... ... . i 133
7.2 Option pProperties .. .......ovuee e 135
Passes and Files of the Compiler............ 143
8.1  Parsing Pass. .....ouunt i e 143
8.2 Gimplification pass.........coviiiiiiiii i 144
8.3 Pass manager ......... ... 144
8.4 Inter-procedural optimization passes...................c..unn. 145
8.4.1 Small TPA Passes ... .vunrtt et 145
8.4.2 Regular IPA passes..........cooiiiiiiiiiiiiiiiii .. 146
8.4.3 Late TPA passes ......oouiiiiii e 148
8.5 Tree SSA PaSSES . .ottt e 148
8.6 R Passes. ..ottt ettt 154
8.7 Optimization info ...... ... ... i 158
8.7.1 Dump setup.... .o 159
8.7.2 Optimization groups.........c.oouiiiiiiiiiiiiinnia... 159
8.7.3 Dump files and streams............ ..., 159
8.7.4 Dump output verbosity........... ... ... 160
8.7.5 DUMP tyPeS . 160

8.7.6 Dump examples ....... ..o 161



vi

9 Sizes and offsets as runtime invariants...... 163
9.1 Overview of poly_int.......co.iiiiiiiiiiiiiniiniennenn.. 163
9.2 Consequences of using poly_int.............ccoiiiniinni.... 164
9.3 Comparisons involving poly_int ..............ccoveiiieaa... 165

9.3.1 Comparison functions for poly_int...................... 165
9.3.2 Properties of the poly_int comparisons ................. 166
9.3.3 Comparing potentially-unordered poly_ints............. 166
9.3.4 Comparing ordered poly_ints...........c.cvvueenne.... 167
9.3.5 Checking for a poly_int marker value................... 167
9.3.6 Range checks on poly_ints...............coviiiiiia.. 168
9.3.7 Sorting poly_intS.......covueiitiiiiiii i 168
9.4 Arithmetic on poly_ints...........cooiiiiiiiiiiiiiiiiiean.. 169
9.4.1 Using poly_int with C++ arithmetic operators......... 169
9.4.2 wi arithmetic on poly_ints..............ooiiiiiiia... 170
9.4.3 Division of poly_ints ......coouiiiiiiiiiiiiiiiiiiian.. 170
9.4.4 Other poly_int arithmetic............. ...t 171
9.5 Alignment of poly_ints..........c..ooiiiiiiiiiiiiiiiiiii.. 171
9.6 Computing bounds on poly_ints............. ..., 173
9.7 Converting poly_ints...........couiiuiiiiiiiiiiiiiiiaiean.. 173
9.8 Miscellaneous poly_int routines.............................. 174
9.9 Guidelines for using poly_int..........c..coviiiiiiiiiine.. 175

10 GENERIC ... ... ... ... ... ... ... 177
10.1  Deficiencies . .......oouiiniii e 177
10.2  OVEIVIEW . ¢t ettt e e 177

1021 TreeS. .ottt 178
10.2.2 Identifiers...... ..o 179
10.2.3 Containers ........ooiuuii i e 179
103 Y DPES ettt 180
10.4  Declarations ....... ..ot 184
10.4.1 Working with declarations.................... ... ... 184
10.4.2 Internal structure ............ ... . i, 186
10.4.2.1 Current structure hierarchy........................ 186
10.4.2.2 Adding new DECL node types..................... 187

10.5  Attributes in trees............ i 189
10.6  EXPressions . .......o.ueuutetitte et 189
10.6.1 Constant exXpressions . ..........eeeevieenniieeennnn... 190
10.6.2 References to storage ....... ...t 192
10.6.3 Unary and Binary Expressions.......................... 193
10.6.4  Vectors........ ..o 201
10.7  Statements. .. ...o.ute e 205
10.7.1 Basic Statements............. .. i 205
10.7.2 BloCKS .. oot 207
10.7.3 Statement Sequences ..............c..iiiiiiiiiiiiii.., 207
10.7.4 Empty Statements. ........ ... 207

10.7.5  JUMPS - oot 207



11

10.7.6  CleanuUpS . ..o ottt ittt et 208
10.7.7 OpenMP ... oo 208
10.7.8 OpenACC . ... 212
10.8 Functions . ... 213
10.8.1 Function Basics ... 213
10.8.2 Function Properties ........... ... i, 215
10.9 Language-dependent trees............ccooiiiiiiiiiiiiii... 216
10.10 Cand CH+ Trees. ..o 216
10.10.1 Types for CH4 .o e 217
10.10.2 NamesSpPaCes . .o oottt ettt 219
10.10.3  ClasSeS .« vttt ettt e e 220
10.10.4 Functions for CH++. ... 221
10.10.5 Statements for Cand C++4...........oooiiiiiia.. 224
10.10.6  CH4 EXPressions ........o.ueiiiiiiiiieniieennn. 227
GIMPLE ....... ... . 229
11.1  Tuple representation ............coiiiiiniiiiiiiii... 230
11.1.1 gimple (gshase) ..... ..o 230
11.1.2 gimple_statement_with_ops.......................... 231
11.1.3 gimple_statement_with_memory_ops.................. 231
11.2  Class hierarchy of GIMPLE statements...................... 232
11.3 GIMPLE instruction set...........coooiiiiiiiiiiiiiiii .. 235
11.4  Exception Handling ........... ... i it 235
11.5  TemMPOTATi€s. . . v vttt ettt et 236
11.6 0 Operands ... ...t 236
11.6.1 Compound Expressions...........ccoooiiiiiiiia... 237
11.6.2 Compound Lvalues............cooiiiiiiiiiiiiiin. 237
11.6.3 Conditional Expressions ............c.cooviiiiiiienann.. 237
11.6.4 Logical Operators ...........coouiiiiiiiiiniinieenn.. 237
11.6.5 Manipulating operands ..., 237
11.6.6 Operand vector allocation ..................... ... ... 238
11.6.7 Operand validation......................iiiiieo... 239
11.6.8 Statement validation .............. ... . i, 239
11.7 Manipulating GIMPLE statements .......................... 240
11.7.1  CoOmMINON ACCESSOTS .« .\ vttt vttt et et eeeeiiiieeeeeennns 240
11.8 Tuple specific acCessors. ... ...vviiiii i 243
11.8.1 GIMPLE_ASM . ...ttt 243
11.8.2 GIMPLE _ASSIGN. .. ...ttt 244
11.8.3 GIMPLE _BIND ... ..\ttt et ees 245
11.8.4 GIMPLE _CALL . ...ttt 246
11.8.5 GIMPLE _CATCH. ... .ottt 248
11.8.6 GIMPLE_COND .. ...ttt et e eiie e eaieeans 248
11.8.7 GIMPLE_DEBUG. .....otttiiiieeeeettiiiiiiiaaaaeeenn, 249
11.8.8 GIMPLE_EH_FILTER........uiiitiittinne e 251
11.8.9 GIMPLE _LABEL . ...ttt e 251

11.8.10  GIMPLE_GOTO. ... .cvttiitttiie e 252

vii



viii

11.8.11 GIMPLE_NOP ...ttt ittt et et ei e 252
11.8.12 GIMPLE_OMP_ATOMIC_LOAD.......ctuiiiiiineiinnann. 252
11.8.13 GIMPLE_OMP_ATOMIC_STORE..........c.coiiiiinniiennn... 252
11.8.14 GIMPLE_OMP_CONTINUE .......cotitiiiineneeenennnnnnn 253
11.8.15 GIMPLE_OMP_CRITICAL ..... oottt 253
11.8.16 GIMPLE_OMP_FOR ......oititie ittt iie i 254
11.8.17 GIMPLE_OMP_MASTER. ... .'uiiieeettttiiiiaaaaannn. 255
11.8.18 GIMPLE_OMP_ORDERED .........couuiiiiiineeiinnaennn. 255
11.8.19 GIMPLE_OMP_PARALLEL ...ttt 255
11.8.20 GIMPLE_OMP_RETURN. .......oviiiiiiiitiiiaannnnn.. 256
11.8.21 GIMPLE_OMP_SECTION ......coittiiieiieeiieieeaan, 257
11.8.22 GIMPLE_OMP_SECTIONS . ...ttt 257
11.8.23 GIMPLE_OMP_SINGLE..... ...ttt 258
11.8.24 GIMPLE_OMP_STRUCTURED_BLOCK............ccovvunnn.. 258
11.8.25 GIMPLE_PHI .. ...\ttt 258
11.8.26  GIMPLE _RESX ... .'ttttteiteiie e aieaieanens 259
11.8.27 GIMPLE_RETURN .. ...ttt 259
11.8.28 GIMPLE_SWITCH ..ottt 259
11.8.29 GIMPLE _TRY ..ttt 260
11.8.30 GIMPLE_WITH_CLEANUP_EXPR ............ciiiinna.... 261
11.9 GIMPLE SEqUENCES . ...ttt ettt e e 261
11.10  Sequence Iterators. . ... ...t aeieee 262
11.11 Adding a new GIMPLE statement code .................... 266
11.12 Statement and operand traversals .......................... 266
12 Analysis and Optimization of

GIMPLE tuples................................ 269
12.1 Annotations. .. ... ..o e 269
12.2 SSA Operands . .....vniii 269
12.2.1 Operand Iterators And Access Routines................. 271
12.2.2 Immediate Uses ..., 273
12.3 Static Single Assignment .......... ... ... i 274
12.3.1 Preserving the SSA form ........... ... ... ... 275
12.3.2 Examining SSA_NAME nodes.........ccooueiiiiiinennn... 277
12.3.3 Walking the dominator tree.................... ... ..., 277
12.4  Alias analysis .. ... oot 278
12,5 Memory model. ... ... ..o 279
13 RTL Representation......................... 281
13.1 RTL Object Types . ..oouuueti e 281
13.2 RTL Classes and Formats ............... ..., 282
13.3 Access to Operands .......oviiiii i 284
13.4 Access to Special Operands...................ciiiiiiina... 285
13.5 Flags in an RTL Expression.............ccooiiiiiiiiiin.. 288

13.6 Machine Modes . ... 293



13.7 Constant Expression Types. ... .. 300
13.8 Registers and Memory. ..ottt 304
13.9 RTL Expressions for Arithmetic............. ... .. ... ..... 310
13.10 Comparison Operations .............coviiiiiiiennne... 314
13.11 Bit-Fields. ... .o 315
13.12  Vector Operations. .........oeuiuuiteniie i, 316
13.13  CONVETSIONS . .« v vttt et ettt e et e e e e 317
13.14  Declarations ........ ..o 318
13.15 Side Effect Expressions. ..., 319
13.16 Embedded Side-Effects on Addresses ....................... 324
13.17 Assembler Instructions as Expressions...................... 325
13.18 Variable Location Debug Information in RTL............... 325
1319 InSIIS .ot e 326
13.20 RTL Representation of Function-Call Insns................. 335
13.21  On-the-Side SSA Form for RTL .............. ... ... ... .. 335
13.21.1 Using RTL SSA in a pass......ccovviiiniiiniiene... 336
13.21.2 RTL SSA Instructions............coooiiiiiiiieniia... 336
13.21.3 RTL SSA Basic Blocks ..., 337
13.21.4 RTL SSA Resources. ........oouiuiiiiieniennieann.. 338
13.21.5 RTL SSA Register and Memory Accesses.............. 338
13.21.6  RTL SSA PhiNodes ........coviiiiiiiiiiia... 339
13.21.7 RTL SSA Access Lists. ..o 339
13.21.8 Using the RTL SSA framework to change instructions.. 341
13.21.8.1 Changing One RTL SSA Instruction.............. 341
13.21.8.2 Changing Multiple RTL SSA Instructions......... 343

13.22  Structure Sharing Assumptions................ ... ... 345
13.23 Reading RTL ... 346
14 Control Flow Graph......................... 347
14.1 Basic Blocks . ... 347
142 BEdges . ..ot 349
14.3 Profile information.......... ... ... 352
14.4 Maintaining the CFG ... .. ... i 353
14.5 Liveness information ........... .. ... i i 355
15 Analysis and Representation of Loops..... 357
15.1 Loop representation......... ... 357
15.2 LOOD qUETYING ..o oottt e 359
15.3 Loop manipulation........... ... 360
15.4 Loop-closed SSA form ... 360
15.5  Scalar evolutions . ...t 361
15.6 IV analysison RTL ........ .o i, 362
15.7 Number of iterations analysis............... ... .. 362
15.8 Data Dependency Analysis............cooiiiiiiiii .. 364

ix



16 Machine Descriptions ....................... 367
16.1 Overview of How the Machine Description is Used ........... 367
16.2 Everything about Instruction Patterns....................... 367
16.3 Example of define_insn......................ciiiiiiiiia. 369
16.4 RTL Template ......oee e 369
16.5 Output Templates and Operand Substitution................ 373
16.6 C Statements for Assembler Output ......................... 374
16.7  Compact Syntax .. ....ovvi 376
16.8 Predicates. . ... 378

16.8.1 Machine-Independent Predicates........................ 379
16.8.2 Defining Machine-Specific Predicates.................... 381
16.9 Operand Constraints. ..., 383
16.9.1 Simple Constraints .............oooiiiiiiiiiiiiii .. 383
16.9.2 Multiple Alternative Constraints........................ 387
16.9.3 Register Class Preferences............. ... ... .. ... 388
16.9.4 Constraint Modifier Characters......................... 388
16.9.5 Constraints for Particular Machines..................... 390
16.9.6 Disable insn alternatives using the enabled attribute ... 418
16.9.7 Defining Machine-Specific Constraints .................. 419
16.9.8 Testing constraints from C............... ... ... ... .... 423
16.10 Standard Pattern Names For Generation ................... 424
16.11 When the Order of Patterns Matters....................... 478
16.12 Interdependence of Patterns................................ 478
16.13 Defining Jump Instruction Patterns ........................ 478
16.14 Defining Looping Instruction Patterns...................... 479
16.15 Canonicalization of Instructions ............................ 481
16.16 Defining RTL Sequences for Code Generation............... 483
16.17 Defining How to Split Instructions.......................... 485
16.18 Including Patterns in Machine Descriptions. ................ 491
16.18.1 RTL Generation Tool Options for Directory Search .... 491
16.19 Machine-Specific Peephole Optimizers...................... 492
16.19.1 RTL to Text Peephole Optimizers ..................... 492
16.19.2 RTL to RTL Peephole Optimizers ..................... 494
16.20 Instruction Attributes......... ... ... i 496
16.20.1 Defining Attributes and their Values................... 496
16.20.2  Attribute Expressions ... 498
16.20.3 Assigning Attribute Values to Insns.................... 500
16.20.4 Example of Attribute Specifications.................... 502
16.20.5 Computing the Length of an Insn...................... 502
16.20.6 Constant Attributes........... ... ... . 504
16.20.7 Mnemonic Attribute............ ... i 504
16.20.8 Delay Slot Scheduling ........... ..., 504
16.20.9 Specifying processor pipeline description............... 505
16.21 Conditional Execution ........... ... ... i, 511
16.22 RTL Templates Transformations ........................... 513

16.22.1 define_subst Example........... ... ... L. 513



16.22.2 Pattern Matching in define_subst.................... 514
16.22.3 Generation of output template in define_subst....... 515
16.23 Constant Definitions ...t 515
16.24  T0eratorsS . ..ot 517
16.24.1 Mode Iterators. ..ot 517
16.24.1.1 Defining Mode Iterators.......................... 518
16.24.1.2 Substitution in Mode Iterators.................... 518
16.24.1.3 Mode Iterator Examples.......................... 519
16.24.2 Code Iterators ........ccoviiieiii i, 520
16.24.3 Int Iterators.......... ..., 521
16.24.4 Subst Iterators . ..... ..ot 522
16.24.5 Parameterized Names ..............coiiiiiiiiini... 523

17 Target Description Macros and Functions .. 525

17.1 The Global targetm Variable............... ... ... ... ..., 525
17.2  Controlling the Compilation Driver, gcc..................... 526
17.3 Run-time Target Specification............. ... ... ... 532
17.4 Defining data structures for per-function information......... 536
17.5 Storage Layout ... 536
17.6 Layout of Source Language Data Types...................... 547
17.7 Register Usage . ...oovvii e 552
17.7.1 Basic Characteristics of Registers.................... ... 552
17.7.2  Order of Allocation of Registers ........................ 554
17.7.3 How Values Fit in Registers................. ... ..., 555
17.7.4 Handling Leaf Functions.............. ... .. ... ..., 557
17.7.5 Registers That Form a Stack ................... ... ..., 558
17.8 Register Classes . .....o.uvnii e 559
17.9 Stack Layout and Calling Conventions....................... 570
17.9.1 Basic Stack Layout......... ... oo, 570
17.9.2 Exception Handling Support............................ 575
17.9.3 Specifying How Stack Checking is Done................. 877
17.9.4 Registers That Address the Stack Frame................ 579
17.9.5 Eliminating Frame Pointer and Arg Pointer............. 581
17.9.6 Passing Function Arguments on the Stack .............. 583
17.9.7 Passing Arguments in Registers......................... 585
17.9.8 How Scalar Function Values Are Returned.............. 593
17.9.9 How Large Values Are Returned........................ 595
17.9.10 Caller-Saves Register Allocation....................... 597
17.9.11 Function Entry and Exit ........... ...l 597
17.9.12 Generating Code for Profiling ......................... 600
17.9.13 Permitting tail calls.......... ... .o it 601
17.9.14 Shrink-wrapping separate components ................. 602
17.9.15 Stack smashing protection............... ... ... . ... 603
17.9.16 Miscellaneous register hooks..................... .. ... 604
17.10 Implementing the Varargs Macros.......................... 604

17.11 Support for Nested Functions .............. ... i 607

xi



xii

17.12 Implicit Calls to Library Routines.......................... 610
17.13  Addressing Modes. ... 612
17.14  Vectorization........ ..o 616
17.15 OpenMP and OpenACC ...... ... 620
17.16  Anchored Addresses..........ccooeiiiiiiiiiiiiiiia.. 623
17.17 Condition Code Status........ooveiiiiiii i 623
17.17.1 Representation of condition codes using registers....... 624
17.18 Describing Relative Costs of Operations.................... 626
17.19  Adjusting the Instruction Scheduler ........................ 634
17.20 Dividing the Output into Sections (Texts, Data, ...)....... 642
17.21 Position Independent Code.............ccooiiiiiii ... 648
17.22 Defining the Output Assembler Language................... 648
17.22.1 The Overall Framework of an Assembler File .......... 648
17.22.2 Output of Data ... 652
17.22.3 Output of Uninitialized Variables...................... 654
17.22.4 Output and Generation of Labels...................... 656
17.22.5 How Initialization Functions Are Handled.............. 664
17.22.6 Macros Controlling Initialization Routines............. 665
17.22.7 Output of Assembler Instructions...................... 668
17.22.8 Output of Dispatch Tables ............................ 671
17.22.9 Assembler Commands for Exception Regions .......... 673
17.22.10 Assembler Commands for Alignment ................. 676
17.23 Controlling Debugging Information Format................. 677
17.23.1 Macros Affecting All Debugging Formats .............. 677
17.23.2 Macros for DWARF Output........................... 678
17.23.3 Macros for VMS Debug Format ....................... 680
17.23.4 Macros for CTF Debug Format........................ 680
17.23.5 Macros for BTF Debug Format........................ 680
17.24 Cross Compilation and Floating Point...................... 680
17.25 Mode Switching Instructions ............ ... .. ... .. 681
17.26 Defining target-specific uses of __attribute__ ............. 684
17.27 Emulating TLS .. ... 688
17.28 Defining coprocessor specifics for MIPS targets.............. 689
17.29 Parameters for Precompiled Header Validity Checking ...... 690
17.30 CH+ ABI parameters..........oouieiiiteniieenann... 690
17.31 D ABI parameters ..........cooiiuiiiiiiee i, 692
17.32 Rust ABI parameters ...........ccoiiiiiiiiiii .. 693
17.33 Adding support for named address spaces .................. 694
17.34 Miscellaneous Parameters ............ ..., 695
18 Host Configuration.......................... 719
18.1 Host COMIMON. .. vttt ettt e e e s 719
18.2 Host Filesystem ... 720

18.3 HOSE MISC. oottt 721



19 Makefile Fragments.......................... 723
19.1 Target Makefile Fragments .......... ... ..o i, 723
19.2 Host Makefile Fragments ............... ..o it 726

20 collect2 ... .. 727

21 Standard Header File Directories.......... 729

22 Memory Management and Type Information .. 731

22.1 The Inside of @ GTY(()) o.vvriini i 732
22.2  Support for inheritance................. .. 737
22.3 Support for user-provided GC marking routines.............. 737
22.3.1 User-provided marking routines for template types...... 738
22.4 Marking Roots for the Garbage Collector.................... 739
22.5 Source Files Containing Type Information................... 739
22.6 How to invoke the garbage collector ......................... 740
22.7 Troubleshooting the garbage collector........................ 740
23 Plugins....... ... 743
23.1 Loading Plugins......... ..o 743
23.2 Plugin API. ... .. 743
23.2.1 Plugin license check .......... .. ..o i 743
23.2.2  Plugin initialization ................... i i i 744
23.2.3 Plugin callbacks....... ... i 745
23.3 Interacting with the pass manager........................... 746
23.4 Interacting with the GCC Garbage Collector................. 747
23.5 Giving information about a plugin.................. ... . ..., 747
23.6 Registering custom attributes or pragmas.................... 748
23.7 Recording information about pass execution ................. 748
23.8 Controlling which passes are being run ...................... 749
23.9 Keeping track of available passes .............. ... 749
23.10 Building GCC plugins. ...t 749
24 Link Time Optimization .................... 751
24.1 Design OVEIrvIEW .. ...ttt 751
24.1.1 LTO modes of operation..............coiiiiieiiin .. 752
24.2 LTO file seCtions . .. ..ottt 752
24.3 Using summary information in IPA passes................... 754
24.3.1 Virtual clones ........ ..o 755
24.3.2 TPA references. ..........coouiinoiiiieiiiiiian 756
24.3.3 Jump functions. ......... ... 756
24.4 Whole program assumptions, linker
plugin and symbol visibilities.......... ... ... o il 756

24.5 Internal flags controlling 1tol ........... ..., 758

xiii



Xiv

25 DMatch and Simplify ......................... 759
25.1 GIMPLE APT. ... 759
25.2 The Language. .......ouuuuiii e 760

26 Static Analyzer.............................. 767
26.1 Analyzer Internals........ ... ... . 767

26. 1.1 OVEIVIEW . . ettt ettt et e e e 767
26.1.2 Graphs. ... ..o 768
26.1.3 State Tracking ..........ccoiiiiiiiiiii i, 768
26.1.4 Region Model ...... ... 770
26.1.5 Analyzer Paths............ ... ... i i 772
26.1.6 Limitations......... ... 774
26.2 Debugging the Analyzer.......... ... i, 774
26.2.1 Special Functions for Debugging the Analyzer........... 775
26.2.2 Other Debugging Techniques ........................... e

27 User Experience Guidelines ................ 779

27.1 Guidelines for Diagnostics.............c. i it 779
27.1.1 Talk in terms of the user’s code......................... 779
27.1.2 Diagnostics are actionable.............. ... ... L 779
27.1.3 The user’s attention is important ....................... 779
27.1.4 Sometimes the user didn’t write the code ............... 780
27.1.5 Precision of Wording ........... ... ..o i 780
27.1.6 Try the diagnostic on real-world code................... 780
27.1.7 Make mismatches clear............. ... ...l 780
27.1.8 Location Information.............. ... ... . ... ... 781
27.1.9 Coding Conventions ............ccoviuiiiiiiiieennnne... 783
27.1.10 Group logically-related diagnostics..................... 783
27111 QUObING . . oot 783
27.1.12 Use color consistently when highlighting mismatches... 784
27.1.13 Spelling and Terminology................c.oiioia... 785
27.1.14 Fix-it hints. .. ..o 785

27.1.14.1 Fix-it hints should work ............... .. ... . ... 785
27.1.14.2 Express deletion in

terms of deletion, not replacement......................... 786
27.1.14.3 Multiple suggestions. ............ccooiiiiiiiii.. 787

27.2 Guidelines for Options ..., 787

Funding Free Software ........................... 789

The GNU Project and GNU/Linux............. 791

GNU General Public License . ................... 793



GNU Free Documentation License
ADDENDUM: How to use this License for your documents

Contributors to GCC

Option Index

Concept Index

XV






1 Contributing to GCC Development

If you would like to help pretest GCC releases to assure they work well, current devel-
opment sources are available via Git (see https://gcc.gnu.org/git.html). Source and
binary snapshots are also available for FTP; see https://gcc.gnu.org/snapshots.html.

If you would like to work on improvements to GCC, please read the advice at these URLs:

https://gcc.gnu.org/contribute.html
https://gcc.gnu.org/contributewhy.html

for information on how to make useful contributions and avoid duplication of effort. Sug-
gested projects are listed at https://gcc.gnu.org/projects/.


https://gcc.gnu.org/git.html
https://gcc.gnu.org/snapshots.html
https://gcc.gnu.org/contribute.html
https://gcc.gnu.org/contributewhy.html
https://gcc.gnu.org/projects/




2 GCC and Portability

GCC itself aims to be portable to any machine where int is at least a 32-bit type. It aims
to target machines with a flat (non-segmented) byte addressed data address space (the code
address space can be separate). Target ABIs may have 8, 16, 32 or 64-bit int type. char
can be wider than 8 bits.

GCC gets most of the information about the target machine from a machine description
which gives an algebraic formula for each of the machine’s instructions. This is a very clean
way to describe the target. But when the compiler needs information that is difficult to
express in this fashion, ad-hoc parameters have been defined for machine descriptions. The
purpose of portability is to reduce the total work needed on the compiler; it was not of
interest for its own sake.

GCC does not contain machine dependent code, but it does contain code that depends on
machine parameters such as endianness (whether the most significant byte has the highest
or lowest address of the bytes in a word) and the availability of autoincrement addressing. In
the RTL-generation pass, it is often necessary to have multiple strategies for generating code
for a particular kind of syntax tree, strategies that are usable for different combinations of
parameters. Often, not all possible cases have been addressed, but only the common ones or
only the ones that have been encountered. As a result, a new target may require additional
strategies. You will know if this happens because the compiler will call abort. Fortunately,
the new strategies can be added in a machine-independent fashion, and will affect only the
target machines that need them.






3 The GCC low-level runtime library

GCC provides a low-level runtime library, 1ibgcc.a or libgcc_s.so.1 on some platforms.
GCC generates calls to routines in this library automatically, whenever it needs to perform
some operation that is too complicated to emit inline code for.

Most of the routines in libgcc handle arithmetic operations that the target processor
cannot perform directly. This includes integer multiply and divide on some machines, and all
floating-point and fixed-point operations on other machines. 1ibgcc also includes routines
for exception handling, and a handful of miscellaneous operations.

Some of these routines can be defined in mostly machine-independent C. Others must be
hand-written in assembly language for each processor that needs them.

GCC will also generate calls to C library routines, such as memcpy and memset, in some
cases. The set of routines that GCC may possibly use is documented in Section “Other
Builtins” in Using the GNU Compiler Collection (GCC).

These routines take arguments and return values of a specific machine mode, not a specific
C type. See Section 13.6 [Machine Modes], page 293, for an explanation of this concept. For
illustrative purposes, in this chapter the floating point type float is assumed to correspond
to SFmode; double to DFmode; and long double to both TFmode and XFmode. Similarly,
the integer types int and unsigned int correspond to SImode; long and unsigned long
to DImode; and long long and unsigned long long to TImode.

3.1 Routines for integer arithmetic

The integer arithmetic routines are used on platforms that don’t provide hardware support
for arithmetic operations on some modes.

3.1.1 Arithmetic functions

int __ashlsi3 (int a, int b) [Runtime Function]

long __ashldi3 (long a, int b) [Runtime Function]

long long __ashlti3 (long long a, int b) [Runtime Function]
These functions return the result of shifting a left by b bits.

int __ashrsi3 (int a, int b) [Runtime Function]

long __ashrdi3 (long a, int b) [Runtime Function]

long long __ashrti3 (long long a, int b) [Runtime Function]
These functions return the result of arithmetically shifting a right by b bits.

int __divsi3 (int a, int b) [Runtime Function]

long __divdi3 (long a, long b) [Runtime Function]

long long __divti3 (long long a, long long b) [Runtime Function]
These functions return the quotient of the signed division of a and b.

int __1shrsi3 (int a, int b) [Runtime Function]

long __1shrdi3 (long a, int b) [Runtime Function]

long long __1lshrti3 (long long a, int b) [Runtime Function]

These functions return the result of logically shifting a right by b bits.
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int __modsi3 (int a, int b) [Runtime Function]
long __moddi3 (long a, long b) [Runtime Function]
long long __modti3 (long long a, long long b) [Runtime Function]
These functions return the remainder of the signed division of a and b.
int __mulsi3 (int a, int b) [Runtime Function]
long __muldi3 (long a, long b) [Runtime Function]
long long __multi3 (long long a, long long b) [Runtime Function]
These functions return the product of a and b.
long __negdi2 (long a) [Runtime Function]
long long __negti2 (long long a) [Runtime Function]
These functions return the negation of a.
unsigned int __udivsi3 (unsigned int a, unsigned [Runtime Function]
int b)
unsigned long __udivdi3 (unsigned long a, unsigned [Runtime Function]
long b)
unsigned long long __udivti3 (unsigned long long a, [Runtime Function]

unsigned long long b)
These functions return the quotient of the unsigned division of a and b.

unsigned long __udivmoddi4 (unsigned long a, [Runtime Function]
unsigned long b, unsigned long *c)
unsigned long long __udivmodti4 (unsigned long long [Runtime Function]

a, unsigned long long b, unsigned long long *c)
These functions calculate both the quotient and remainder of the unsigned division
of a and b. The return value is the quotient, and the remainder is placed in variable
pointed to by c.

unsigned int __umodsi3 (unsigned int a, unsigned [Runtime Function]
int b)

unsigned long __umoddi3 (unsigned long a, unsigned [Runtime Function]
long b)

unsigned long long __umodti3 (unsigned long long a, [Runtime Function]

unsigned long long b)
These functions return the remainder of the unsigned division of a and b.

3.1.2 Comparison functions

The following functions implement integral comparisons. These functions implement a low-
level compare, upon which the higher level comparison operators (such as less than and
greater than or equal to) can be constructed. The returned values lie in the range zero
to two, to allow the high-level operators to be implemented by testing the returned result
using either signed or unsigned comparison.

int __cmpdi2 (long a, long b) [Runtime Function]
int __cmpti2 (long long a, long long b) [Runtime Function]
These functions perform a signed comparison of a and b. If a is less than b, they
return 0; if a is greater than b, they return 2; and if a and b are equal they return 1.
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int __ucmpdi2 (unsigned long a, unsigned long b) [Runtime Function]
int __ucmpti2 (unsigned long long a, unsigned long [Runtime Function]
long b)

These functions perform an unsigned comparison of a and b. If a is less than b, they
return 0; if a is greater than b, they return 2; and if a and b are equal they return 1.

3.1.3 Trapping arithmetic functions

The following functions implement trapping arithmetic. These functions call the libc func-
tion abort upon signed arithmetic overflow.

int __absvsi2 (int a) [Runtime Function]
long __absvdi2 (long a) [Runtime Function]
These functions return the absolute value of a.

int __addvsi3 (int a, int b) [Runtime Function]

long __addvdi3 (long a, long b) [Runtime Function]
These functions return the sum of a and b; that is a + b.

int __mulvsi3 (int a, int b) [Runtime Function]

long __mulvdi3 (long a, long b) [Runtime Function]
The functions return the product of a and b; that is a * b.

int __negvsi2 (int a) [Runtime Function]

long __negvdi2 (long a) [Runtime Function]

These functions return the negation of a; that is -a.

int __subvsi3 (int a, int b) [Runtime Function]
long __subvdi3 (long a, long b) [Runtime Function]
These functions return the difference between b and a; that is a - b.

3.1.4 Bit operations

int __clzsi2 (unsigned int a) [Runtime Function]
int __clzdi2 (unsigned long a) [Runtime Function]
int __clzti2 (unsigned long long a) [Runtime Function]

These functions return the number of leading 0-bits in a, starting at the most signif-
icant bit position. If a is zero, the result is undefined.

int __ctzsi2 (unsigned int a) [Runtime Function]
int __ctzdi2 (unsigned long a) [Runtime Function]
int __ctzti2 (unsigned long long a) [Runtime Function]

These functions return the number of trailing 0-bits in a, starting at the least signif-
icant bit position. If a is zero, the result is undefined.

int __ffsdi2 (unsigned long a) [Runtime Function]

int __ffsti2 (unsigned long long a) [Runtime Function]
These functions return the index of the least significant 1-bit in a, or the value zero
if a is zero. The least significant bit is index one.
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int __paritysi2 (unsigned int a) [Runtime Function]
int __paritydi2 (unsigned long a) [Runtime Function]
int __parityti2 (unsigned long long a) [Runtime Function]

These functions return the value zero if the number of bits set in a is even, and the
value one otherwise.

int __popcountsi2 (unsigned int a) [Runtime Function]

int __popcountdi2 (unsigned long a) [Runtime Function]

int __popcountti2 (unsigned long long a) [Runtime Function]
These functions return the number of bits set in a.

int32_t __bswapsi2 (int32_t a) [Runtime Function]

int64_t __bswapdi2 (int64_t a) [Runtime Function]

These functions return the a byteswapped.

3.1.5 Bit-precise integer arithmetic functions

_BitInt(n) library functions operate on arrays of limbs, where each limb has __LIBGCC_
BITINT_LIMB_WIDTH__ bits and the limbs are ordered according to __LIBGCC_BITINT_
ORDER__ ordering. The most significant limb if n is not divisible by __LIBGCC_BITINT_
LIMB_WIDTH__ contains padding bits which should be ignored on read (sign or zero ex-
tended), but extended on write. For the library functions, all bit-precise integers regardless
of n are represented like that, even when the target ABI says that for some small n they
should be represented differently in memory. A pointer to the array of limbs argument is
always accompanied with a bit size argument. If that argument is positive, it is number of
bits and the number is assumed to be zero-extended to infinite precision, if that argument is
negative, it is negated number of bits above which all bits are assumed to be sign-extended
to infinite precision. These number of bits arguments don’t need to match actual n for the
operation used in the source, they could be lowered because of sign or zero extensions on
the input or because value-range optimization figures value will need certain lower number
of bits. For big-endian ordering of limbs, when lowering the bit size argument the pointer
argument needs to be adjusted as well. Negative bit size argument should be always smaller
or equal to -2, because signed _BitInt (1) is not valid. For output arguments, either the
corresponding bit size argument should be always positive (for multiplication and division),
or is negative when the output of conversion from floating-point value is signed and positive
when unsigned. The arrays of limbs output arguments point to should not overlap any
inputs, while input arrays of limbs can overlap. UBILtype below stands for unsigned integer
type with __LIBGCC_BITINT_LIMB_WIDTH__ bit precision.

void __mulbitint3 (UBILtype *ret, int32_t retprec, [Runtime Function]
const UBILtype *u, int32_t uprec, const UBILtype *v, int32_t
vprec)

This function multiplies bit-precise integer operands u and v and stores result into
retprec precision bit-precise integer result ret.

void __divmodbitint4 (UBILtype *q, int32_t gprec, [Runtime Function]
UBILtype *r, int32_t rprec, const UBILtype *u, int32_t
uprec, const UBILtype *v, int32_t vprec)
This function divides bit-precise integer operands u and v and stores quotient into
gprec precision bit-precise integer result q (unless g is NULL and gprec is 0, in that
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case quotient is not stored anywhere) and remainder into rprec precision bit-precise
integer result r (similarly, unless r is NULL and rprec is 0).

3.2 Routines for floating point emulation

The software floating point library is used on machines which do not have hardware support
for floating point. It is also used whenever -msoft-float is used to disable generation of
floating point instructions. (Not all targets support this switch.)

For compatibility with other compilers, the floating point emulation routines can be
renamed with the DECLARE_LIBRARY_RENAMES macro (see Section 17.12 [Library Calls],
page 610). In this section, the default names are used.

Presently the library does not support XFmode, which is used for long double on some
architectures.

3.2.1 Arithmetic functions

float __addsf3 (float a, float b) [Runtime Function]
double __adddf3 (double a, double b) [Runtime Function]
long double __addtf3 (long double a, long double b) [Runtime Function]
long double __addxf3 (long double a, long double b) [Runtime Function]

These functions return the sum of a and b.

[Runtime Function]
double __subdf3 (double a, double b) [Runtime Function]
long double __subtf3 (long double a, long double b) [Runtime Function]
long double __subxf3 (long double a, long double b) [Runtime Function]

These functions return the difference between b and a; that is, a — b.

float __subsf3 (float a, float b)

float __mulsf3 (float a, float b)
double __muldf3 (double a, double b)

long double __multf3 (long double a, long double b)
long double __mulxf3 (long double a, long double b)

These functions return the product of a and b.

Runtime Function
Runtime Function
Runtime Function
Runtime Function

[ i i

float __divsf3 (float a, float b) [Runtime Function]

double __divdf3 (double a, double b) [Runtime Function]

long double __divtf3 (long double a, long double b) [Runtime Function]

long double __divxf3 (long double a, long double b) [Runtime Function]
These functions return the quotient of a and b; that is, a/b.

float __negsf2 (float a) Runtime Function

[ ]
double __negdf2 (double a) [Runtime Function]
long double __negtf2 (long double a) [Runtime Function]
long double __negxf2 (long double a) [Runtime Function]

These functions return the negation of a. They simply flip the sign bit, so they can
produce negative zero and negative NaN.
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3.2.2 Conversion functions

double __extendsfdf2 (float a) [Runtime Function]
long double __extendsftf2 (float a) [Runtime Function]
long double __extendsfxf2 (float a) [Runtime Function]
long double __extenddftf2 (double a) [Runtime Function]
long double __extenddfxf2 (double a) [Runtime Function]

These functions extend a to the wider mode of their return type.

double __truncxfdf2 (long double a)

( Runtime Function]
double __trunctfdf2 (long double a) Runtime Function

[
[

float __truncxfsf2 (long double a) [Runtime Function
[

]
- ]
float __trunctfsf2 (long double a) Runtime Function]
float __truncdfsf2 (double a) [Runtime Function]
These functions truncate a to the narrower mode of their return type, rounding toward

zZero.
int __fixsfsi (float a) [Runtime Function]
int __fixdfsi (double a) [Runtime Function]
int __fixtfsi (long double a) [Runtime Function]
int __fixxfsi (long double a) [Runtime Function]

These functions convert a to a signed integer, rounding toward zero.

long __fixsfdi (float a) [Runtime Function]

long __fixdfdi (double a) [Runtime Function]

long __fixtfdi (long double a) [Runtime Function]

long __fixxfdi (long double a) [Runtime Function]
These functions convert a to a signed long, rounding toward zero.

long long __fixsfti (float a) [Runtime Function]

long long __fixdfti (double a) [Runtime Function]

long long __fixtfti (long double a) [Runtime Function]

long long __fixxfti (long double a) [Runtime Function]
These functions convert a to a signed long long, rounding toward zero.

unsigned int __fixunssfsi (float a) [Runtime Function]

unsigned int __fixunsdfsi (double a) [Runtime Function]

unsigned int __fixunstfsi (long double a) [Runtime Function]

unsigned int __fixunsxfsi (long double a) [Runtime Function]
These functions convert a to an unsigned integer, rounding toward zero. Negative
values all become zero.

unsigned long __fixunssfdi (float a) [Runtime Function]
unsigned long __fixunsdfdi (double a) [Runtime Function]
unsigned long __fixunstfdi (long double a) [Runtime Function]
unsigned long __fixunsxfdi (long double a) [Runtime Function]

These functions convert a to an unsigned long, rounding toward zero. Negative values
all become zero.
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unsigned long long __fixunssfti (float a) [Runtime Function]
unsigned long long __fixunsdfti (double a) [Runtime Function]
unsigned long long __fixunstfti (long double a) [Runtime Function]
unsigned long long __fixunsxfti (long double a) [Runtime Function]

These functions convert a to an unsigned long long, rounding toward zero. Negative
values all become zero.

float __floatsisf (int i) [Runtime Function]

double __floatsidf (int i) [Runtime Function]

long double __floatsitf (int i) [Runtime Function]

long double __floatsixf (int i) [Runtime Function]
These functions convert i, a signed integer, to floating point.

float __floatdisf (long i) [Runtime Function]

double __floatdidf (long i) [Runtime Function]

long double __floatditf (long i) [Runtime Function]

long double __floatdixf (long i) [Runtime Function]
These functions convert i, a signed long, to floating point.

float __floattisf (long long i) [Runtime Function]

double __floattidf (long long i) [Runtime Function]

long double __floattitf (long long i) [Runtime Function]

long double __floattixf (long long i) [Runtime Function]
These functions convert i, a signed long long, to floating point.

float __floatunsisf (unsigned int i) [Runtime Function]

double __floatunsidf (unsigned int i) [Runtime Function]

long double __floatunsitf (unsigned int i) [Runtime Function]

long double __floatunsixf (unsigned int i) [Runtime Function]
These functions convert i, an unsigned integer, to floating point.

float __floatundisf (unsigned long i) [Runtime Function]
double __floatundidf (unsigned long i) [Runtime Function]
long double __floatunditf (unsigned long i) [Runtime Function]
long double __floatundixf (unsigned long i) [Runtime Function]

These functions convert i, an unsigned long, to floating point.

float __floatuntisf (unsigned long long i) [Runtime Function]
double __floatuntidf (unsigned long long 1) [Runtime Function]
long double __floatuntitf (unsigned long long i) [Runtime Function]
long double __floatuntixf (unsigned long long i) [Runtime Function]

These functions convert i, an unsigned long long, to floating point.

void __fixsfbitint (UBILtype *r, int32_t rprec, [Runtime Function]
float a)

void __fixdfbitint (UBILtype *r, int32_t rprec, [Runtime Function]
double a)

void __fixxfbitint (UBILtype *r, int32_t rprec, [Runtime Function]

__float80 a)
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void __fixtfbitint (UBILtype *r, int32_t rprec, [Runtime Function]
_Float128 a)
These functions convert a to bit-precise integer r, rounding toward zero. If rprec is
positive, it converts to unsigned bit-precise integer and negative values all become
zero, if rprec is negative, it converts to signed bit-precise integer.

float __floatbitintsf (UBILtype *i, int32_t iprec) [Runtime Function]

double __floatbitintdf (UBILtype *i, int32_t iprec) [Runtime Function]

__float80 __floatbitintxf (UBILtype *i, int32_t [Runtime Function]
iprec)

_Float128 __floatbitinttf (UBILtype *i, int32_t [Runtime Function]
iprec)

_Float16 __floatbitinthf (UBILtype *i, int32_t [Runtime Function]
iprec)

__bf16 __floatbitintbf (UBILtype *i, int32_t iprec) [Runtime Function]

These functions convert bit-precise integer i to floating point. If iprec is positive,
it is conversion from unsigned bit-precise integer, otherwise from signed bit-precise
integer.

3.2.3 Comparison functions

There are two sets of basic comparison functions.

CMPtype __cmpsf2 (float a, float b) [Runtime Function]
CMPtype __cmpdf2 (double a, double b) [Runtime Function]
CMPtype __cmptf2 (long double a, long double b) [Runtime Function]

These functions calculate a <=> b. That is, if a is less than b, they return —1; if
a is greater than b, they return 1; and if a and b are equal they return 0. If either
argument is NaN they return 1, but you should not rely on this; if NaN is a possibility,
use one of the higher-level comparison functions.

CMPtype __unordsf2 (float a, float b) [Runtime Function]
CMPtype __unorddf2 (double a, double b) [Runtime Function]
CMPtype __unordtf2 (long double a, long double b) [Runtime Function]

These functions return a nonzero value if either argument is NaN, otherwise 0.

There is also a complete group of higher level functions which correspond directly to
comparison operators. They implement the ISO C semantics for floating-point comparisons,
taking NaN into account. Pay careful attention to the return values defined for each set.
Under the hood, all of these routines are implemented as

if (__unordXf2 (a, b))
return E;
return __cmpXf2 (a, b);
where E is a constant chosen to give the proper behavior for NaN. Thus, the meaning
of the return value is different for each set. Do not rely on this implementation; only the

semantics documented below are guaranteed.

CMPtype __eqsf2 (float a, float b) [Runtime Function]
CMPtype __eqdf2 (double a, double b) [Runtime Function]
CMPtype __eqtf2 (long double a, long double b) [Runtime Function]

These functions return zero if neither argument is NalN, and a and b are equal.
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CMPtype __nesf2 (float a, float b) [Runtime Function]

CMPtype __nedf2 (double a, double b) [Runtime Function]

CMPtype __netf2 (long double a, long double b) [Runtime Function]
These functions return a nonzero value if either argument is NaN, or if a and b are
unequal.

CMPtype __gesf2 (float a, float b) [Runtime Function]

CMPtype __gedf2 (double a, double b) [Runtime Function]

CMPtype __getf2 (long double a, long double b) [Runtime Function]

These functions return a value greater than or equal to zero if neither argument is
NaN, and a is greater than or equal to b.

CMPtype __ltsf2 (float a, float b) [Runtime Function]
CMPtype __1tdf2 (double a, double b) [Runtime Function]
CMPtype __1ttf2 (long double a, long double b) [Runtime Function]

These functions return a value less than zero if neither argument is NaN, and a is
strictly less than b.

CMPtype __lesf2 (float a, float b) [Runtime Function]
CMPtype __ledf2 (double a, double b) [Runtime Function]
CMPtype __letf2 (long double a, long double b) [Runtime Function]

These functions return a value less than or equal to zero if neither argument is NalN,
and a is less than or equal to b.

CMPtype __gtsf2 (float a, float b) [Runtime Function]
CMPtype __gtdf2 (double a, double b) [Runtime Function]
CMPtype __gttf2 (long double a, long double b) [Runtime Function]

These functions return a value greater than zero if neither argument is NaN, and a is
strictly greater than b.

Comparison functions return a CMPtype which is a signed integer of target-dependent
size. Typically CMPtype will be word-sized, but other backends may override this with the
TARGET_LIBGCC_CMP_RETURN_MODE hook. Of note, AArch64 uses an single-int as the return
type, and AVR uses a quarter-int.

3.2.4 Other floating-point functions

float __powisf2 (float a, int b) [Runtime Function]

double __powidf2 (double a, int b) [Runtime Function]

long double __powitf2 (long double a, int b) [Runtime Function]

long double __powixf2 (long double a, int b) [Runtime Function]
These functions convert raise a to the power b.

complex float __mulsc3 (float a, float b, float c, [Runtime Function]
float d)

complex double __muldc3 (double a, double b, double [Runt