Hardware Locality (hwloc)
2.5.0rc1

Generated by Doxygen 1.9.1






1 Hardware Locality

1.1 Introduction . . . . L L L e e e e e

1.21Installation . . . . . . . e e e e e

1.2.1 Basic Installation . . . . . . . . . .. e e e

1.2.2Installing froma Gitclone . . . . . . . . ..

1.3Questionsand Bugs . . . . . . . .. e

2 Hardware Locality (hwloc) Introduction

2.1 hwloc Summary . . . . . . e e

2.2 hwloc Installation . . . . . . . . . . . e

2.3 Command-line Examples . . . . . . . . e

2.4 Programming Interface . . . . . . . . L e
241 Portability . . . . .
242 APIExample . . . . . L e e

25 History / Credits . . . . . . . e e

2.6 FurtherReading . . . . . . . . . o e e

3 Terms and Definitions

3.1 Objects

3.2Indexesand Sets . . . . . . e e

3.3 Hierarchy, Treeand Levels . . . . . . . . . . . e

4 Command-Line Tools

4.1 Istopo and Istopo-no-graphics . . . . . . . . . L
42hwloc-bind . . . . . e e

4.3 hwloc-calc . . . . . . . e e

4.4 hwloc-info

4.5 hwloc-distrib . . . . . . . e e e e

4.6 hwloc-ps

4.7 hwloc-annotate . . . . . . . . . e e e e e

4.8 hwloc-diff,

hwloc-patch and hwloc-compress-dir . . . . . . . . . . .. . . ... .. .. .. ... ..

4.9 hwloc-dump-hwdata . . . . . . . . . .

4.10 hwloc-gather-topology and hwloc-gather-cpuid . . . . . . . . . . . . .. . oo

5 Environment Variables

6 CPU and Memory Binding Overview

7 1/0 Devices

7.1 Enabling and requirements . . . . . ...
7210 0bjects . . . .. e e
7.830SdeviCES . . . . e e
7.4 PCldevicesand bridges . . . . . . . . . L

7.5 Consulting I/O devicesand binding . . . . . . . . . . . e

N

—
O O 00 N N o b~ Wwow

—_

13
13
13
14

17
17
17
17
18
18
18
18
18
18
18

19

23

Generated by Doxygen



7.6 Examples . . . ..

8 Miscellaneous objects

8.1 Misc objects added by hwloc . . . . . . .. . ... ... ... ...

8.2 Annotating topologies with Misc objects . . . . . . . . . . . .. ... ... ..

9 Object attributes

9.1 Normal attributes . . . . . . . . . ..
9.2 Customstringinfos . . . . . ... L
9.2.1 Hardware Platform Information . . . . . . . ... ... ... ... ..
9.2.2 Operating System Information. . . . . . .. .. .. ... ... .. ..
9.2.3 hwloc Information . . . . . . . . . ... .o
9.24 CPU Information . . . . . . . . . ...
9.2.5 OS Device Information . . . . . . .. ... o
9.2.6 Other Object-specific Information . . . . . . .. .. ... ... ....
9.2.7 User-Given Information . . . . . . . .. . ... oL

10 Topology Attributes: Distances, Memory Attributes and CPU Kinds

101 Distances . . . . . . . e
10.2 Memory Attributes . . . . . . .. L
10.3CPUKINds . . . . . . . o e

11 Importing and exporting topologies from/to XML files

11.1 libxml2 and minimalistic XML backends . . . . . . .. .. ... ... ....

11.2 XML import error management . . . . . . . . ... Lo

12 Synthetic topologies

12.1 Synthetic descriptionstring . . . . . . . . ... oL
12.2 Loading a synthetictopology . . . . . . . . . . .. ...
12.3 Exporting a topology as a syntheticstring . . . . . . ... ... .. ... ..

13 Interoperability With Other Software

14 Thread Safety

15 Components and plugins

15.1 Components enabled by default . . . . . . .. ... .. ... .. ......
15.2 Selecting which componentstouse . . . . . . . .. .. ... ... .....
15.3 Loading components from plugins . . . . . . . . ... ... ...

15.4 Existing components and plugins . . . . . . . ... ...

16 Embedding hwloc in Other Software

16.1 Using hwloc's M4 Embedding Capabilities . . . . . . .. . ... . ... ...
16.2 Example Embeddinghwloc . . . . . . . ... ... ... .

17 Frequently Asked Questions

37

............ 37
............ 38
............ 38

39

............ 39
............ 40

1

............ 41
............ 42
............ 42

43

45

47

............ 47
............ 47
............ 48
............ 48

51

............ 51
............ 52

55

Generated by Doxygen



17.1.1 1 only need binding, why should luse hwloc ? . . . . . . . . . ... ... ... .. ..... 55
17.1.2 Should | use logical or physical/OS indexes? andhow? . . . . . . .. .. .. ... ..... 55
17.1.3 hwloc is only a structural model, it ignores performance models, memory bandwidth, etc.? 56
17.1.4 hwloc only has a one-dimensional view of the architecture, it ignores distances? . . . . . . . 56
17.1.5 What are these Group objects in my topology? . . . . . . . . . . .. .. ... .. ... .. 56
17.1.6 What happens if my topology is asymmetric? . . . . . . . . . .. .. ... ... .. ... 57
17.1.7 What happens to my topology if | disable symmetric multithreading, hyper-threading, etc. in
the system? . . . . . L 57
17.1.8 How may | ignore symmetric multithreading, hyper-threading, etc. in hwloc? . . . . . . . .. 58
17.2 Advanced . . . . . L e 58
17.2.1 | do not want hwloc to rediscover my enormous machine topology every time | rerun a process 58
17.2.2 How many topologies may | use in my program? . . . . . . . . . . . .. ... .. ... .. 59
17.2.3 How to avoid memory waste when manipulating multiple similar topologies? . . . . . . . .. 59
17.2.4 How do | annotate the topology with private notes? . . . . . . . . . ... ... ... .... 59
17.3Caveats . . . . . 59
17.3.1 Why is hwloc slow? . . . . . . . o e 59
17.3.2 Does hwloc require privileged access? . . . . . . . . . . 60
17.3.3 What should | do when hwloc reports "operating system" warnings? . . . . . .. .. .. .. 60
17.3.4 Why does Valgrind complain about hwloc memory leaks? . . . . . .. . .. .. ... ... 61
17.4 Platform-specific . . . . . . . . . e e e e 61
17.4.1 How do | enable CUDA and select which CUDA versiontouse? . . ... . ... ... ... 61
17.4.2 How do | find the local MCDRAM NUMA node on Intel Xeon Phi processor? . . . . . .. .. 61
17.4.3 Why do | need hwloc-dump-hwdata for memory on Intel Xeon Phi processor? . . . . . . .. 62
17.4.4 How do | build hwloc for BlueGene/Q? . . . . . . . . . . . . . . 62
17.4.5 How do | build hwloc for Windows? . . . . . . . . . . . . . . 62
17.4.6 How to get useful topology information on NetBSD? . . . . . .. ... ... .. ... ... 62
17.4.7 Why does binding failon AIX? . . . . . . . . . 62
17.5 Compatibility between hwloc versions . . . . . . . . . . . . L 63
17.5.1 How do | handle APl changes? . . . . . . . . . . . . . . . . 63
17.5.2 What is the difference between API and library version numbers? . . . . . ... ... ... 63
17.5.3 How do | handle ABl breaks? . . . . . . . . . . . . 63
17.5.4 Are XML topology files compatible between hwloc releases? . . . . . . . . . .. .. .. .. 64
17.5.5 Are synthetic strings compatible between hwloc releases? . . . . . . . . . ... ... ... 64
17.5.6 Is it possible to share a shared-memory topology between different hwloc releases? . ... 64
18 Upgrading to the hwloc 2.0 API 65
18.1 New Organization of NUMA nodes and Memory . . . . . . . . . ... .. .. ... .. ...... 65
18.1.1 Memory children . . . . . . . . . L 65
18. 1.2 Examples. . . . . . . L e 65
18.1.3 NUMA levelanddepth . . . . . . . . . . . e 66
18.1.4 Finding Local NUMA nodes and looking at Children and Parents . . . . . . . .. ... ... 66
18.2 4 Kinds of Objects and Children . . . . . . . . . . . . . . e e 67

Generated by Doxygen



18.2.1 /0O and Miscchildren . . . . . . . . . 67
18.2.2Kindsof objects . . . . . . . 67

18.3 HWLOC_OBJ_CACHE replaced . . . . . . . . . . . o e et e e e s 67
18.4 allowed_cpuset and allowed_nodeset only in the maintopology . . . . . . .. .. ... ... ... 68
18.5 Object depths are now signed int . . . . . . . . . . . . .. 68
18.6 Memory attributes become NUMANode-specific . . . . . . . . . . . ... . o oo 68
18.7 Topology configuration changes . . . . . . . . . . . . . . e 68
18.8 XML changes . . . . . . . . e e e e e 68
18.9 Distances APl totally rewritten . . . . . . . . . . .. 69
18.10 Return values of functions . . . . . . . . . . . L 69
18.11 Misc APl changes . . . . . . . . . . e e e 69
18.12 APlremovals and deprecations . . . . . . . . . . . . L 70

19 Network Locality (netloc) 71
19.1 Netloc Summary . . . . . . . e 71
19.1.1 Supported Networks . . . . . . . . . e 71

19.2 Netloc Installation . . . . . . . . L L 71
19.3SetUp . . o o 72
19.4 Topology display . . . . . . . . . e e e e e e 73
19.4.1 Generate the JSONfile . . . . . . . . . . . . 73
19.4.2Using netloc_draw . . . . . . . . . L 73

20 Netloc with Scotch 75
20.1 Introduction . . . . . L L L e e 75
20.2S€tUD . . . e e e e 75
20.3 Tools and APl . . . . . e 75
20.3.1 Build Scotch architectures . . . . . . . . . oo 75

20.3.2 Build Scotch sub-architectures . . . . . . . . . ... 75

20.3.3 Mapping of processes . . . . . . . . . e e e e 76

21 Module Index 77
210 Modules . . . . e e 77

22 Data Structure Index 79
22.1 Data Structures . . . . . . . e e e e 79

23 Module Documentation 81
231 APLVErSION . . . o o e e e e e 81
23.1.1 Detailed Description . . . . . . . . . . e 81

23.1.2 Macro Definition Documentation . . . . . . . . . ..o 81

23.1.2.1 HWLOC_API_VERSION . . . . . . . e 81

23.1.22 HWLOC_COMPONENT_ABI . . . . . . . . e 81

23.1.3 Function Documentation . . . . . . . . ..o 81

23.1.3.1 hwloc_get_api_version() . . . . . . . . . . e 81

Generated by Doxygen



23.2 Object Sets (hwloc_cpuset_tand hwloc_nodeset t) . . . . . . . . . . .. .. ... ... .. .... 82
23.2.1 Detailed Description . . . . . . . . . 82
23.2.2 Typedef Documentation . . . . . . . . . . Lo 82

23.2.21 hwloc_const_cpuset_t . . . . . . . .. 82
23.2.2.2hwloc const nodeset t . . . . . . . . ..o 82
23.223 hwloc_cpuset_t . . . . . . L 82
23.224 hwloc_nodeset t . . . . . . . 82

23.30bject TYpes . . . . o . e e e 82
23.3.1 Detailed Description . . . . . . . . . e e 83
23.3.2 Macro Definition Documentation . . . . . . . . . ..o 83

23.3.21 HWLOC_TYPE_UNORDERED . . . . . . . . . . it 83
23.3.3 Typedef Documentation . . . . . . . . . . . L e 83
23.3.3.1 hwloc_obj_bridge_type t . . . . . . . . ... 83
23.3.3.2 hwloc_obj_cache_type_t . . . . . . . . . . 83
23.3.3.3 hwloc_obj_osdev_type_t . . . . . . . . 84
23.3.4 Enumeration Type Documentation . . . . . . . . . . ... Lo oL 84
23.3.4.1 hwloc_obj_bridge_type_e . . . . . . . . . . 84
23.3.4.2hwloc_obj_cache type e . . . . . . . . .. 84
23.3.43 hwloc_obj_osdev_type e . . . . . . . . L 84
23.3.4.4 hwloc_obj_type t . . . . . . e 85
23.3.5 Function Documentation . . . . . . . . ... 86
23.3.5.1 hwloc_compare_types() . . . . . . . . o o 86

23.4 Object Structure and Attributes . . . . . . . . L 87
23.4.1 Detailed Description . . . . . . . . L e 87
23.4.2 Typedef Documentation . . . . . . . . . . e 87

23.421hwloc_obj_t . . . . . . 87

23.5 Topology Creation and Destruction . . . . . . . . . . . . .. . . e 87
283.5.1 Detailed Description . . . . . . . . . L 87
23.5.2 Typedef Documentation . . . . . . . . . . . L 87

23.5.2.1 hwloc_topology t . . . . . . . . . 87
23.5.3 Function Documentation . . . . . . . . Lo 88
23.5.3.1 hwloc_topology_abi_check() . . . . . . . .. .. ... . . .. ... ... 88
23.5.3.2 hwloc_topology_check() . . . . . . . . . . . . . 88
23.5.3.3 hwloc_topology_destroy() . . . . . . . . . . . . 88
23.5.3.4 hwloc_topology_dup() - . . « .« « v o 88
23.5.3.5 hwloc_topology_init() . . . . . . . . . . . 89
23.5.3.6 hwloc_topology load() . . . . . . . . . o o o 89

23.6 Object levels, depths and types . . . . . . . . . . . . e 90
23.6.1 Detailed Description . . . . . . . . L 90
23.6.2 Enumeration Type Documentation . . . . . . . . . . .o 90

23.6.2.1 hwloc_get_type_depth_e . . . . . . . . . . . . L 90
23.6.3 Function Documentation . . . . . . . . ..o 91

Generated by Doxygen



23.6.3.1 hwloc_get_depth_type() . . . . . . . . . . . 91

23.6.3.2 hwloc_get_memory_parents_depth() . . . . . . . . . .. ... ... .. 91
23.6.3.3 hwloc_get_nbobjs_by_depth() . . . . . . . . . . . .. .o 91
23.6.3.4 hwloc_get_nbobjs_by type() . . . . . . . . . . . ..o 91
23.6.3.5 hwloc_get_next_obj_by depth() . . . . . . . . . . . . ... ..o 91
23.6.3.6 hwloc_get_next_obj_by type() . . . . . . . . . . . 92
23.6.3.7 hwloc_get_obj_by depth() . . . . . . . ... . ... ... 92
23.6.3.8 hwloc_get_obj by type() . . . . . . . . . . 92
23.6.3.9 hwloc_get_root_obj() . . . . . . . . . 92
23.6.3.10 hwloc_get_type depth() . . . . . . . . . . . . . o 92
23.6.3.11 hwloc_get_type_or_above depth() . . . .. .. ... ... ... ... ..... 93
23.6.3.12 hwloc_get_type_or_below_depth() . . . . . . . . . . . ... .. ... ... 93
23.6.3.13 hwloc_topology_get_depth() . . . . . . . . . . . . . ... 93

23.7 Converting between Object Types and Attributes, and Strings . . . . . . . . . .. ... ... ... 93
23.7.1 Detailed Description . . . . . . . . . e e 93
23.7.2 Function Documentation . . . . . . . . .. 93
23.7.2.1 hwloc_obj_attr_snprintf() . . . . . . . . . ... 93
23.7.2.2 hwloc_obj_type_snprintf() . . . . . . . . . . 94
23.7.2.3 hwloc_obj_type_string() . . . . . . . . . o 94
23.7.2.4 hwloc_type_sscanf() . . . . . . . . . 94
23.7.2.5 hwloc_type_sscanf as_depth() . . . . . . . . . . ... . ... ... 95

23.8 Consulting and Adding Key-Value Info Attributes . . . . . . . . . .. .. ... .. ... ... 95
23.8.1 Detailed Description . . . . . . . . L 95
23.8.2 Function Documentation . . . . . . . . ..o 95
23.8.2.1 hwloc_obj_add_info() . . . . . . . . . . . 95
23.8.2.2 hwloc_obj_get_info_by name() . . . . . . . . . ..o o 96
23.9CPUbInding . . . . . . .. 96
283.9.1 Detailed Description . . . . . . . . . .. 96
23.9.2 Enumeration Type Documentation . . . . . . . . . . . ..o 97
23.9.2.1 hwloc_cpubind_flags_t . . . . . . . . . . L 97

23.9.3 Function Documentation . . . . . . . . ..o 98
23.9.3.1 hwloc_get_cpubind() . . . . . . . . 98
23.9.3.2 hwloc_get_last _cpu_location() . . . . . . .. . . ... ... 98
23.9.3.3 hwloc_get_proc_cpubind() . . . . . . . . ... 98
23.9.3.4 hwloc_get_proc_last_cpu_location() . . . . . . . ... . ... ... ... 99
23.9.3.5 hwloc_get_thread cpubind() . . . . . . . . . . . ... ..o 99
23.9.3.6 hwloc_set_cpubind() . . . . . . . . . 99
23.9.3.7 hwloc_set_proc_cpubind() . . . . . . . . . . .. 99
23.9.3.8 hwloc_set_thread_cpubind() . . . . . . . . . .. .. ..o 100

23.10 Memory binding . . . . . .. L e e 100
23.10.1 Detailed Description . . . . . . . . . e 101
23.10.2 Enumeration Type Documentation . . . . . . . . . . . .o 101

Generated by Doxygen



vii

23.10.2.1 hwloc_membind_flags t . . . . . . . . . . . . .. 101
23.10.2.2 hwloc_membind_policy t . . . . . . . . . . . . 102
23.10.3 Function Documentation . . . . . . . . . .. 103
23.10.3.1 hwloc_alloc() . . . . . . . 103
23.10.3.2 hwloc_alloc_membind() . . . . . . . . . . . . 103
23.10.3.3 hwloc_alloc_membind_policy() . . . . . . . . . . . . oo 104
23.10.3.4 hwloc_free() . . . . . . . e 104
23.10.3.5 hwloc_get_area_membind() . . . . . . . . . . . .. oL 104
23.10.3.6 hwloc_get_area_memlocation() . . . . . . . .. ... ... ... ... ... 104
23.10.3.7 hwloc_get_ membind() . . . . . . . . . . .. 105
23.10.3.8 hwloc_get_proc_membind() . . . . . . . . . . . .o 105
23.10.3.9 hwloc_set_area_membind() . . . . . . . . . . ..o 106
23.10.3.10 hwloc_set_membind() . . . . . . . . . . . . . 106
23.10.3.11 hwloc_set_proc_membind() . . . . . . . . . . . ..o 106

23.11 Changing the Source of Topology Discovery . . . . . . . . . . . . . it 107
23.11.1 Detailed Description . . . . . . . . . e e 107
23.11.2 Enumeration Type Documentation . . . . . . . . . . . . . ... ... .o 107
23.11.2.1 hwloc_topology_components_flag_.e . . . . . . ... ... . ... ... .... 107

23.11.3 Function Documentation . . . . . . . . . .. L 107
23.11.3.1 hwloc_topology_set_components() . . . . . . . . . .. .. .. .. ... 107
23.11.3.2 hwloc_topology_set_pid() . . . . . . . . . . . 108
23.11.3.3 hwloc_topology_set_synthetic() . . . . . . . . . . . .. ... L. 108
23.11.8.4 hwloc_topology_set_ xml() . . . . . . . . . . . 108
23.11.3.5 hwloc_topology_set_xmlbuffer() . . . . . . . . . ... ... ... ... ... .. 109

23.12 Topology Detection Configurationand Query . . . . . . . . . . . . o o 109
23.12.1 Detailed Description . . . . . . . . . L e e 110
23.12.2 Enumeration Type Documentation . . . . . . . . . . . . . ..o 110
23.12.2.1 hwloc_topology_flags_e . . . . . . . . . . L 110
23.12.2.2 hwloc_type_filter_ e . . . . . . . . . 113
23.12.3 Function Documentation . . . . . . . . . .. 114
23.12.3.1 hwloc_topology_get_flags() . . . . . . . . . . . . ... . 114
23.12.3.2 hwloc_topology_get_support() . . . . . . . . . . . 114
23.12.3.3 hwloc_topology_get_type_filter() . . . . . . . . . . . ..o 115
23.12.3.4 hwloc_topology_get_userdata() . . . . . . . . . ... . ... ... ... ... 115
23.12.3.5 hwloc_topology_is_thissystem() . . . . . . . . . . .. . ... ... .. 115
23.12.3.6 hwloc_topology_set_all_types_filter() . . . . . . . . . . .. ... ... .. ... 115
23.12.3.7 hwloc_topology_set_cache_types_filter() . . . . . . . . . . .. ... ... ... 115
23.12.3.8 hwloc_topology_set_flags() . . . . . . . . . . . . 115
23.12.3.9 hwloc_topology_set_icache_types_ filter() . . . . . . . . . . ... ... .. ... 115
23.12.3.10 hwloc_topology_set_io_types_filter() . . . . . . . . . . . ... oo 116
23.12.3.11 hwloc_topology_set_type filter() . . . . . . . . . .. . ... oL 116
23.12.3.12 hwloc_topology_set_userdata() . . . . . . . . . . .. ... ... ... 116

Generated by Doxygen



viii

23.13 Madifying a loaded Topology . . . . . . . . . . . e 116
23.13.1 Detailed Description . . . . . . . . . e e 117
23.13.2 Enumeration Type Documentation . . . . . . . . . . . ..o 117

23.13.21 hwloc_allow_flags_e . . . . . . . . . . . 117
23.18.2.2 hwloc_restrict flags e . . . . . . . . . . L 117
23.13.3 Function Documentation . . . . . . . . ... L 118
23.13.3.1 hwloc_obj_add_other_obj _sets() . . . . . . . . . . ... .. .. ... 118
23.13.3.2 hwloc_topology_alloc_group_object() . . . . . . . . . . . . .. .. .. ... .. 118
23.13.3.3 hwloc_topology_allow() . . . . . . . . . . . . 118
23.13.3.4 hwloc_topology_insert_group_object() . . . . . . . . . . . . . ... ... 118
23.13.3.5 hwloc_topology_insert_misc_object() . . . . . . . . .. .. ... ... ... .. 119
23.13.3.6 hwloc_topology _refresh() . . . . . . . . . . . . . . . 119
23.13.3.7 hwloc_topology_restrict() . . . . . . . . . .o 120

23.14 Finding Objects inside aCPU set . . . . . . . . . . . . . . 120
23.14.1 Detailed Description . . . . . . . . 120
23.14.2 Function Documentation . . . . . . . . . .. 120

23.14.2.1 hwloc_get_first_largest_obj_inside_cpuset() . . . . .. .. .. ... ... ... 120
23.14.2.2 hwloc_get_largest_objs_inside_cpuset() . . . . . ... .. ... .. ... ... 121
23.14.2.3 hwloc_get_nbobjs_inside_cpuset_by depth() . . . . . . . . . . ... ... ... 121
23.14.2.4 hwloc_get_nbobjs_inside_cpuset_by type() . . . . . . . . . .. ... 121
23.14.2.5 hwloc_get_next_obj_inside_cpuset by depth() . . . . . .. .. ... ... ... 121
23.14.2.6 hwloc_get_next_obj_inside_cpuset by type() . . . . . . . . . . .. ... ... . 122
23.14.2.7 hwloc_get_obj_index_inside_cpuset() . . . . . . . . . . .. ... oL 122
23.14.2.8 hwloc_get_obj_inside_cpuset_by depth() . . . . . . . . . ... ... ... ... 122
23.14.2.9 hwloc_get_obj_inside_cpuset_by_type() . . . . . . . . . . . ... 123

23.15 Finding Objects covering atleast CPUset . . . . . . . . . . . . . . . . 123
23.15.1 Detailed Description . . . . . . . . . e e 123
23.15.2 Function Documentation . . . . . . . . ..o 123

23.15.2.1 hwloc_get_child_covering_cpuset() . . . . . . . ... ... ... ... ..., 123
23.15.2.2 hwloc_get_next_obj_covering_cpuset_by depth() . . . . . . . . . .. ... ... 123
23.15.2.3 hwloc_get_next_obj_covering_cpuset_by type() . . . . . . .. ... ... ... 124
23.15.2.4 hwloc_get_obj_covering_cpuset() . . . . . . . . . . . ..o 124

23.16 Looking at Ancestor and Child Objects . . . . . . . . . . . . . . 124
23.16.1 Detailed Description . . . . . . . . L 124
23.16.2 Function Documentation . . . . . . . . . .. 124

23.16.2.1 hwloc_get_ancestor_obj by depth() . . . . . . . . . .. .. .. ... ... 125
23.16.2.2 hwloc_get_ancestor_obj by type() . . . . . . . . . .. .. ... oL 125
23.16.2.3 hwloc_get_common_ancestor_obj() . . . . . . . . . . . ... 125
23.16.2.4 hwloc_get_next_child() . . . . . . . . . . . . . L 125
23.16.2.5 hwloc_obj_is_in_subtree() . . . . . . . . . . .o 125

23.17 Kinds of object Type . . . . . . . . . e 126

23.17.1 Detailed Description . . . . . . . . o e e 126

Generated by Doxygen



23.17.2 Function Documentation . . . . . . . . .. L 126
23.17.2.1 hwloc_obj_type_is_cache() . . . . . . . . . . . . . . 126

23.17.2.2 hwloc_obj_type_is_dcache() . . . . . . . . . . . . oo 126

23.17.2.3 hwloc_obj_type_is_icache() . . . . . . . . . . . . . . . 126

23.17.2.4 hwloc_obj_type_is_io() . . . . . . . . . 127

23.17.2.5 hwloc_obj_type_is_memory() . . . . . . . . . .o 127

23.17.2.6 hwloc_obj_type_is_normal() . . . . . . . . . . . . ... 127

23.18 Looking at Cache Objects . . . . . . . . . . 127
23.18.1 Detailed Description . . . . . . . . . L e 127
23.18.2 Function Documentation . . . . . . . . . .. 127
23.18.2.1 hwloc_get_cache_covering_cpuset() . . . . . . . . . . .. .. .. .. ... .. 127

23.18.2.2 hwloc_get_cache_type depth() . . . . . . . . . ... . . ... ... .. ... 128

23.18.2.3 hwloc_get_shared_cache_covering_obj() . . . . . . .. . . .. ... ... ... 128

23.19 Finding objects, miscellaneous helpers . . . . . . . . . . oL 128
23.19.1 Detailed Description . . . . . . . . e 128
23.19.2 Function Documentation . . . . . . . . . . 128
23.19.2.1 hwloc_bitmap_singlify_per_core() . . . . . . . . .. . .. ... 129

23.19.2.2 hwloc_get _closest_objs() . . . . . . . . . . .. 129

23.19.2.3 hwloc_get_numanode_obj_by os_index() . . . . . . . . . ... ... ... ... 129

23.19.2.4 hwloc_get_obj_below_array by type() . . . .. . . ... ... .. ... ... 129

23.19.2.5 hwloc_get_obj_below_by type() . . . . . . . . . . . . .o 130

23.19.2.6 hwloc_get_obj_with_same_locality() . . . . . . . . . . . .. ... ... ... .. 130

23.19.2.7 hwloc_get_pu_obj by os_index() . . . . . . . . . ... .. ... 131

23.20 Distributing items over atopology . . . . . . . . .. 131
23.20.1 Detailed Description . . . . . . . . o e e 131
23.20.2 Enumeration Type Documentation . . . . . . . . . . . . ... L 131
23.20.2.1 hwloc_distrib_flags_e . . . . . . . . . ... Lo 131

23.20.3 Function Documentation . . . . . . . . ..o 131
23.20.3.1 hwloc_distrib() . . . . . . . . 131

23.21 CPU and node sets of entire topologies . . . . . . . . . . . . 132
283.21.1 Detailed Description . . . . . . . . L 132
23.21.2 Function Documentation . . . . . . . . .. L 132
23.21.2.1 hwloc_topology_get_allowed_cpuset() . . . . . . . . . . . . ... ... ... 132

23.21.2.2 hwloc_topology_get_allowed_nodeset() . . . . . . . . ... . ... ... .... 132

23.21.2.3 hwloc_topology_get_complete_cpuset() . . . . . . . . . .. .. ... ... ... 133

23.21.2.4 hwloc_topology_get_complete_nodeset() . . . . . . . . . . .. ... ... ... 133

23.21.2.5 hwloc_topology_get_topology_cpuset() . . . . . . . . . . . .. ... ... ... 133

23.21.2.6 hwloc_topology_get_topology_nodeset() . . . . . . .. .. .. ... ... ... 134

23.22 Converting between CPU setsand node sets . . . . . . . . . . . ... 134
23.22.1 Detailed Description . . . . . . . . o e e 134
23.22.2 Function Documentation . . . . . . . . .. 134
23.22.2.1 hwloc_cpuset_from_nodeset() . . . . . . . . . . . oo 134

Generated by Doxygen



23.22.2.2 hwloc_cpuset_to_nodeset() . . . . . . . . . .. 134

23.28 Finding /O objects . . . . . . . e 135
23.23.1 Detailed Description . . . . . . . . . e e 135
23.23.2 Function Documentation . . . . . . . . ..o 135

23.23.2.1 hwloc_bridge_covers_pcibus() . . . . . . . . . . .o 135
23.23.2.2 hwloc_get_next_bridge() . . . . . . . . . . 135
23.23.2.3 hwloc_get next_osdev() . . . . . . . . . . . L 135
23.23.2.4 hwloc_get_next_pcidev() . . . . . . . . . . 136
23.23.2.5 hwloc_get_non_io_ancestor obj() . . . . . . . . . . ... oL 136
23.23.2.6 hwloc_get_pcidev_by busid() . . . . . . . . .. .. oo 136
23.23.2.7 hwloc_get_pcidev_by_busidstring() . . . . . . . . . ... oo 136

23.24 The bitmap APl . . . . . e e 136
23.24.1 Detailed Description . . . . . . . . . e e 138
23.24.2 Macro Definition Documentation . . . . . . . . ..o 138

23.24.2.1 hwloc_bitmap_foreach_begin . . . . . . . . . .. ... 138
23.24.2.2 hwloc_bitmap_foreach_end . . . . . . . . . . .. ..o L. 138
23.24.3 Typedef Documentation . . . . . . . . . . . . . 138
23.24.31 hwloc_bitmap_t. . . . . . . . . 138
23.24.3.2 hwloc_const_bitmap_t . . . . . . . . . . 139
23.24.4 Function Documentation . . . . . . . .. L 139
23.24.41 hwloc_bitmap_allbut() . . . . . . . . . . . 139
23.24.4.2 hwloc_bitmap_alloc() . . . . . . . . . o 139
23.24.4.3 hwloc_bitmap_alloc_full() . . . . . . . . .. . . 139
23.24.44 hwloc_bitmap_and() . . . . . . . . . 139
23.24.4.5 hwloc_bitmap_andnot() . . . . . . . . . .. 139
23.24.4.6 hwloc_bitmap_asprintf() . . . . . . . . . .. 139
23.24.4.7 hwloc_bitmap_clr() . . . . . . . . o 140
23.24.4.8 hwloc_bitmap_clr_range() . . . . . . . . o o o 140
23.24.4.9 hwloc_bitmap_compare() . . . . . . . . . 140
23.24.410 hwloc_bitmap_compare_first() . . . . . . . . . . ..o 140
23.24.4.11 hwloc_bitmap_copy() . . . . . . . o 141
23.24.412 hwloc_bitmap_dup() . . . . . . . . 141
23.24.413 hwloc_bitmap_fill() . . . . . . . . . . . 141
23.24.414 hwloc_bitmap_first() . . . . . . . . . 141
23.24.4.15 hwloc_bitmap_first_unset() . . . . . . . . . . .. oo 141
23.24.416 hwloc_bitmap_free() . . . . . . . . . . L 142
23.24.417 hwloc_bitmap_from_ith_ulong() . . . . . . . . . . ... .o 142
23.24.4.18 hwloc_bitmap_from_ulong() . . . . . . . . . . ... Lo 142
23.24.419 hwloc_bitmap_from_ulongs() . . . . . . . . . . .. Lo 142
23.24.4.20 hwloc_bitmap_intersects() . . . . . . . . . .o 142
23.24.4.21 hwloc_bitmap_isequal() . . . . . . . . . . . . 142
23.24.4.22 hwloc_bitmap_isfull() . . . . . . . . . . 143

Generated by Doxygen



xi

23.24.4.23 hwloc_bitmap_isincluded() . . . . . . . . . . . ... 143
23.24.4.24 hwloc_bitmap_isset() . . . . . . . . . 143
23.24.4.25 hwloc_bitmap_iszero() . . . . . . . . o 143
23.24.4.26 hwloc_bitmap_last() . . . . . . . . . . . . 143
23.24.4.27 hwloc_bitmap_last_unset() . . . . . . . . . . ..o 144
23.24.4.28 hwloc_bitmap_list_asprintf() . . . . . . . . . . . ..o 144
23.24.4.29 hwloc_bitmap_list_snprintf() . . . . . . . . . . ... oo 144
23.24.4.30 hwloc_bitmap_list_sscanf() . . . . . . . . . . . ..o 144
23.24.4.31 hwloc_bitmap_next() . . . . . . . . . . 144
23.24.4.32 hwloc_bitmap_next_unset() . . . . . . . . . . ..o 145
23.24.4.33 hwloc_bitmap_not() . . . . . . . . . . 145
23.24.4.34 hwloc_bitmap_nr_ulongs() . . . . . . . . . . . 145
23.24.4.35 hwloc_bitmap_only() . . . . . . . . . . 145
23.24.4.36 hwloc_bitmap_or() . . . . . . . . 145
23.24.4.37 hwloc_bitmap_set() . . . . . . . . . . . 145
23.24.4.38 hwloc_bitmap_set_ith_ulong() . . . . . . . . . . . ... Lo 146
23.24.4.39 hwloc_bitmap_set_range() . . . . . . . . . .o 146
23.24.4.40 hwloc_bitmap_singlify() . . . . . . . . . . . . o 146
23.24.4.41 hwloc_bitmap_snprintf() . . . . . . . . ... 146
23.24.4.42 hwloc_bitmap_sscanf() . . . . . . . . . .. 146
23.24.4.43 hwloc_bitmap_taskset_asprintf() . . . . . . . . ... ... oL 147
23.24.4.44 hwloc_bitmap_taskset_snprintf() . . . . . . . . .. ... oL 147
23.24.4.45 hwloc_bitmap_taskset_sscanf() . . . . .. .. ... ... ... 147
23.24.4.46 hwloc_bitmap_to_ith_ulong() . . . . . . . . . . . ... .o 147
23.24.4.47 hwloc_bitmap_to_ulong() . . . . . . . . ..o 147
23.24.4.48 hwloc_bitmap_to_ulongs() . . . . . . . . . .o 147
23.24.4.49 hwloc_bitmap_weight() . . . . . . . . . . . . L 148
23.24.4.50 hwloc_bitmap_xor() . . . . . . . . 148
23.24.4.51 hwloc_bitmap_zero() . . . . . . . . . . 148

23.25 Exporting Topologiesto XML . . . . . . . . . L 148
28.25.1 Detailed Description . . . . . . . . L 148
23.25.2 Enumeration Type Documentation . . . . . . . . . . . . ... L 148
23.25.2.1 hwloc_topology_export_xml_flags_.e . . . . .. ... ... ... ... ... .. 149
23.25.83 Function Documentation . . . . . . . . ..o 149
23.25.3.1 hwloc_export_obj_userdata() . . . . . . . . . . ... ... 149
23.25.3.2 hwloc_export_obj_userdata_base64() . . . . . . . . . . .. ... 149
23.25.3.3 hwloc_free_xmlbuffer() . . . . . . . . . . . . . .. 149
23.25.3.4 hwloc_topology_export_ xml() . . . . . . . . . . . . 150
23.25.3.5 hwloc_topology_export_xmlbuffer() . . . . . . . . ... .. ... ... 150
23.25.3.6 hwloc_topology_set_userdata_export_callback() . . . . . ... ... ... ... 151
23.25.3.7 hwloc_topology_set_userdata_import_callback() . . . . . . . . ... ... ... 151

23.26 Exporting Topologies to Synthetic . . . . . . . . . . . . 151

Generated by Doxygen



xii

23.26.1 Detailed Description . . . . . . . . e 151
23.26.2 Enumeration Type Documentation . . . . . . . . . . .. ..o 151
23.26.2.1 hwloc_topology_export_synthetic_flags_ e . . . . . . . . . . ... ... ... .. 152

23.26.3 Function Documentation . . . . . . . . . ..o 152
23.26.3.1 hwloc_topology_export_synthetic() . . . . . . . . ... .. .. ... ... ... 152

23.27 Retrieve distances between objects . . . . . .. ..o 153
23.27.1 Detailed Description . . . . . . . . . e e 153
23.27.2 Enumeration Type Documentation . . . . . . . . . . ..o 153
23.27.2.1 hwloc_distances_kind_e . . . . . . . . . . . .. ... 153

23.27.2.2 hwloc_distances_transform_e . . . . . . . . . .. ..o Lo 154

23.27.3 Function Documentation . . . . . . . . ..o 154
23.27.3.1 hwloc_distances_get() . . . . . . . . . . . 155

23.27.3.2 hwloc_distances_get by depth() . . . . .. .. ... ... .. ... ... ... 155

23.27.3.3 hwloc_distances_get by name() . . . . .. .. .. ... ... 155

23.27.3.4 hwloc_distances_get_by_type() . . . . . . . . . . .. oL 155

23.27.3.5 hwloc_distances_get name() . . . . . . . . . . . ... 156

23.27.3.6 hwloc_distances_release() . . . . . . . . . . . 156

23.27.3.7 hwloc_distances_transform() . . . . . . . . . . . ... L o 156

23.28 Helpers for consulting distance matrices . . . . . . . . . .. ..o Lo 156
23.28.1 Detailed Description . . . . . . . . . e e 156
23.28.2 Function Documentation . . . . . . . . . ..o 156
23.28.2.1 hwloc_distances_obj_index() . . . . . . . . . . .. oo 157

23.28.2.2 hwloc_distances_obj_pair_values() . . . . . . . . . . . .. ... 157

23.29 Add distances between objects . . . . . . .. L 157
23.29.1 Detailed Description . . . . . . . . o e e 157
23.29.2 Typedef Documentation . . . . . . . . . . . . 157
23.29.2.1 hwloc_distances_add_handle_t . . . . . . . . ... ... ... ... ... 158

283.29.3 Enumeration Type Documentation . . . . . . . . . . . ... ... L 158
23.29.3.1 hwloc_distances_add_flag_.e . . . . . . . . . . . . .. ... ... 158

23.29.4 Function Documentation . . . . . . . . . .o 158
23.29.4.1 hwloc_distances_add_commit() . . . . . . . . . . . .. ... ... .. ... .. 158

23.29.4.2 hwloc_distances_add_create() . . . . . . . . . . ... 158

23.29.4.3 hwloc_distances_add_values() . . . . . . . . . . . .. ... . 159

23.30 Remove distances between objects . . . . . . .. ..o Lo 159
23.30.1 Detailed Description . . . . . . . . e 159
23.30.2 Function Documentation . . . . . . . . ..o 159
23.30.2.1 hwloc_distances_release_remove() . . . . . . . . . . . . . .. . .. 159

23.30.2.2 hwloc_distances_remove() . . . . . . . . . .o 160

23.30.2.3 hwloc_distances_remove_by_depth() . . . . . . . . .. .. .. .. ... 160

23.30.2.4 hwloc_distances_remove_by_type() . . . . . . . . . ..o 160

23.31 Comparing memory node attributes for finding where to allocateon . . . . . . . . ... ... ... 160
23.31.1 Detailed Description . . . . . . . . . e e 161

Generated by Doxygen



23.31.2 Typedef Documentation . . . . . . . . . . . e 161
23.31.2.1 hwloc_memattr id t . . . . . . . .. . ... 161
23.31.83 Enumeration Type Documentation . . . . . . . . . . ..o 161
23.31.3.1 hwloc_local_numanode _flag_.e . . .. ... ... . ... ... .. ..., 161
23.31.3.2 hwloc_location_type_e . . . . . . . . . .. 162
23.31.3.3hwloc_ memattr id e . . . . . . . . . . . ... 162
23.31.4 Function Documentation . . . . . . . . . .. 162
23.31.4.1 hwloc_get_local_numanode_objs() . . . . . . . . . .. .. ... L. 163
23.31.4.2 hwloc_memattr_get_best_initiator() . . . . . . . . . .. .. ... ... 163
23.31.4.3 hwloc_memattr_get_best target() . . . . . . . . . ... .. ... 163
23.31.4.4 hwloc_memattr_get by name() . . . . . . . . . . . ..o 164
23.31.4.5 hwloc_memattr_get value() . . . . . . . .. . . . .. ... 164

23.32 Managing memory attributes . . . . . . ..o 164
23.32.1 Detailed Description . . . . . . . . L 165
23.32.2 Enumeration Type Documentation . . . . . . . . . . . . ... L 165
23.32.2.1 hwloc_memattr flag_ e . . . . . . . . . . . L 165
23.32.83 Function Documentation . . . . . . . . ..o 165
23.32.3.1 hwloc_memattr_get flags() . . . . . . . . . . . . 165
23.32.3.2 hwloc_memattr_get_initiators() . . . . . . . . . .. oL 165
23.32.3.3 hwloc_memattr_get name() . . . . . . . . . . ..o 166
23.32.3.4 hwloc_memattr_get targets() . . . . . . . . . . . ... oL 166
23.32.3.5 hwloc_memattr_register() . . . . . . . . . Lo 166
23.32.3.6 hwloc_memattr_set_value() . . . . . . . . . . . . . .o 167
23.33Kinds of CRU COres . . . . . . . . o e e 167
23.33.1 Detailed Description . . . . . . . . . e e 167
23.33.2 Function Documentation . . . . . . . ... L 168
23.33.2.1 hwloc_cpukinds_get by cpuset() . . . . . . .. . ... .. .. ... 168
23.33.2.2 hwloc_cpukinds_get_info() . . . . . . . . . . . 168
23.33.2.3 hwloc_cpukinds_get_ nr() . . . . . . . . .. 169
23.33.2.4 hwloc_cpukinds_register() . . . . . . . . . . . 169

23.34 Linux-specifichelpers . . . . . . . . . L 169
23.34.1 Detailed Description . . . . . . . . 169
23.34.2 Function Documentation . . . . . . . . .. 170
23.34.2.1 hwloc_linux_get_tid cpubind() . . . . . . . . . . .. . Lo 170
23.34.2.2 hwloc_linux_get_tid last_cpu_location() . . . . . . . . . . ... ... ... ... 170
23.34.2.3 hwloc_linux_read_path_as_cpumask() . . . . . . . .. . ... ... ... ... 170
23.34.2.4 hwloc_linux_set_tid_cpubind() . . . . . . . . . . ..o 170

23.35 Interoperability with Linux libnuma unsigned longmasks . . . . . . . . . . . . ... ... ... 171
23.35.1 Detailed Description . . . . . . . . . e e 171
23.35.2 Function Documentation . . . . . . . . .. L 171
23.35.2.1 hwloc_cpuset_from_linux_libnuma_ulongs() . . . . . . . . . . . . .. ... ... 171
23.35.2.2 hwloc_cpuset_to_linux_libnuma_ulongs() . . . . . . . . . . .. . ... 171

Generated by Doxygen



Xiv

23.35.2.3 hwloc_nodeset_from_linux_libnuma_ulongs() . . . . . . . . . . ... ... ... 171

23.35.2.4 hwloc_nodeset_to_linux_libnuma_ulongs() . . . . . . . . . .. ... ... ... 172

283.36 Interoperability with Linux libnumabitmask . . . . . . . . .. ... oo o 172
23.36.1 Detailed Description . . . . . . . . . e e 172
23.36.2 Function Documentation . . . . . . . . . .o 172
23.36.2.1 hwloc_cpuset_from_linux_libnuma_bitmask() . . . . . . . . .. ... ... ... 172

23.36.2.2 hwloc_cpuset_to_linux_libnuma_bitmask() . . . . . .. . ... ... ... ... 173

23.36.2.3 hwloc_nodeset_from_linux_libnuma_bitmask() . . . .. . ... ... ... ... 173

23.36.2.4 hwloc_nodeset_to_linux_libnuma_bitmask() . . . . . . . . . ... ... .. ... 173

23.37 Windows-specific helpers . . . . . . . . . . 173
28.37.1 Detailed Description . . . . . . . . L 173
23.37.2 Function Documentation . . . . . . . . .. L 173
23.37.2.1 hwloc_windows_get_nr_processor_groups() . . . . « v« v v v oo . 174

23.37.2.2 hwloc_windows_get_processor_group_cpuset() . . . . . . . . . . . .. ... .. 174

23.38 Interoperability with glibc sched affinity . . . . . . . . . . ... . oo 174
23.38.1 Detailed Description . . . . . . . . . e e 174
23.38.2 Function Documentation . . . . . . . . ..o e 174
23.38.2.1 hwloc_cpuset_from_glibc_sched_affinity() . . . . . . . ... .. ... ... ... 174

23.38.2.2 hwloc_cpuset_to_glibc_sched_affinity() . . . . . . . .. .. .. ... ... ... 175

23.39 Interoperability with OpenCL . . . . . . . . . . . e 175
23.39.1 Detailed Description . . . . . . . . . e e 175
23.39.2 Function Documentation . . . . . . . . ..o 175
23.39.2.1 hwloc_opencl_get_device_cpuset() . . . . . . . . . . ... 175

23.39.2.2 hwloc_opencl_get_device_osdev() . . . . . . . . . . . oo 176

23.39.2.3 hwloc_opencl_get_device_osdev_by_index() . . . . ... ... ... ... ... 176

23.39.2.4 hwloc_opencl_get_device_pci_busid() . . . . . . . . ... .o 176

23.40 Interoperability with the CUDA Driver APl . . . . . . . . . . . o 177
283.40.1 Detailed Description . . . . . . . . . L 177
23.40.2 Function Documentation . . . . . . . . .. 177
23.40.2.1 hwloc_cuda_get_device_cpuset() . . . . . . . . . . . ..o 177

23.40.2.2 hwloc_cuda_get_device_osdev() . . . . . . . . . oo 177

23.40.2.3 hwloc_cuda_get_device_osdev_by_index() . . . . . . . . . . .. .. ... ... 178

23.40.2.4 hwloc_cuda_get _device_pci_ids() . . . . . . . . . . ..o 178

23.40.2.5 hwloc_cuda_get_device_pcidev() . . . . . . . . . oo 178

23.41 Interoperability with the CUDA Runtime APl . . . . . . . . . . . . . 178
23.41.1 Detailed Description . . . . . . . . . e e 178
23.41.2 Function Documentation . . . . . . . . . . 179
23.41.2.1 hwloc_cudart_get_device_cpuset() . . . . . . . . . . . .. ... 179

23.41.2.2 hwloc_cudart_get_device_osdev_by index() . . . . .. . ... ... ... ... 179

23.41.2.3 hwloc_cudart_get_device_pci_ids() . . . . . . . . . . oo 179

23.41.2.4 hwloc_cudart_get_device_pcidev() . . . . . . . . . . . ... 179

23.42 Interoperability with the NVIDIA Management Library . . . . . . . . . . ... ... .. ... 180

Generated by Doxygen



XV

23.42.1 Detailed Description . . . . . . . . 180
23.42.2 Function Documentation . . . . . . . . ..o 180
23.42.2.1 hwloc_nvml_get _device_cpuset() . . . . . . . . . . .. oL 180

23.42.2.2 hwloc_nvml_get_device_osdev() . . . . . . . . . . . ..o oL 180

23.42.2.3 hwloc_nvml_get_device_osdev_by_index() . . . . . .. . ... ... ... ... 181

23.43 Interoperability with the ROCm SMI Management Library . . . . . . . ... ... ... ... ... 181
23.43.1 Detailed Description . . . . . . . . . e e 181
23.43.2 Function Documentation . . . . . . . .. Lo 181
23.43.2.1 hwloc_rsmi_get_device_cpuset() . . . . . . . . . .. . 181

23.43.2.2 hwloc_rsmi_get_device_osdev() . . . . . . . . . . . Lo o 181

23.43.2.3 hwloc_rsmi_get_device_osdev_by index() . . .. . ... ... ... ... ... 182

23.44 Interoperability with the oneAPI Level Zero interface. . . . . . . . . . . ... ... L. 182
23.44.1 Detailed Description . . . . . . . . . e e 182
23.44.2 Function Documentation . . . . . . . . .o 182
23.44.2.1 hwloc_levelzero_get_device_cpuset() . . . . . . . . . . .. ... 182

23.44.2.2 hwloc_levelzero_get _device_osdev() . . . . . . . . . . . ... ... 183

23.45 Interoperability with OpenGL displays . . . . . . . . . . . . . . . 183
23.45.1 Detailed Description . . . . . . . . 183
23.45.2 Function Documentation . . . . . . . . ..o 183
23.45.2.1 hwloc_gl_get_display_by osdev() . . . . . . . . . . .. .. ... L. 183

23.45.2.2 hwloc_gl_get_display_osdev_by name() . . .. .. .. .. .. ... ... ... 184

23.45.2.3 hwloc_gl_get_display_osdev_by_port_device() . . . . . .. .. ... ... ... 184

23.46 Interoperability with OpenFabrics . . . . . . . . . . . o 184
23.46.1 Detailed Description . . . . . . . . . e e 184
23.46.2 Function Documentation . . . . . . . . . Lo 185
23.46.2.1 hwloc_ibv_get device_cpuset() . . . . . . . . . . ... ... 185

23.46.2.2 hwloc_ibv_get device_osdev() . . . . . . . . . . . ..o 185

23.46.2.3 hwloc_ibv_get device_osdev_by name() . . . . . . . . . ... ... ... ... 185

23.47 Topology differences . . . . . . . . e e 186
23.47.1 Detailed Description . . . . . . . . . e e 186
283.47.2 Typedef Documentation . . . . . . . . . . . . L 186
23.47.2.1 hwloc_topology_diff obj attr type t. . . . . .. ... ... ... ... . ... 186

23.47.2.2 hwloc_topology_diff t . . . . . . . . . 187

23.47.2.3 hwloc_topology_diff type t . . . . . . . .. ... L 187

23.47.3 Enumeration Type Documentation . . . . . . . . . . . . ... 187
23.47.3.1 hwloc_topology_diff _apply _flags.e . . . .. .. . . .. ... .. ... ... .. 187

23.47.3.2 hwloc_topology_diff obj_attr type_e . . . . . . . . .. .. ... 187

23.47.3.3 hwloc_topology diff type e . . . . . . . . . .. 187

23.47.4 Function Documentation . . . . . . . . ..o 188
23.47.41 hwloc_topology_diff_apply() . . . . . . . . . o o 188

23.47.4.2 hwloc_topology_diff build() . . . . . . . ... . ... .. 188

23.47.4.3 hwloc_topology_diff destroy() . . . . . . . . . . . ..o 188

Generated by Doxygen



Xvi

23.47.4.4 hwloc_topology_diff_export_ xml() . . . . . . . . ... . ... ... 189

23.47.4.5 hwloc_topology_diff_export_xmlbuffer() . . . . . . . .. .. ... ... .. ... 189

23.47.4.6 hwloc_topology_diff load_xml() . . . . . . . . . . . .. ..o 189

23.47.4.7 hwloc_topology_diff load xmlbuffer() . . . . . . ... ... . ... ... .... 189

23.48 Sharing topologies between processes . . . . . . . . . . Lo 190
23.48.1 Detailed Description . . . . . . . . . e e e 190
23.48.2 Function Documentation . . . . . . . . .. 190
23.48.2.1 hwloc_shmem_topology_adopt() . . . . . . . . . . .. .. ... 190

23.48.2.2 hwloc_shmem_topology get length() . . . . . . ... ... .. ... .. .... 191

23.48.2.3 hwloc_shmem_topology_write() . . . . . . . . . . . . . . 191

23.49 Components and Plugins: Discovery components . . . . . . . . . .. . .. ... ... ... 191
23.49.1 Detailed Description . . . . . . . . . 192
23.50 Components and Plugins: Discovery backends . . . . . . . .. .. .. ... ... ... ..., 192
23.50.1 Detailed Description . . . . . . . . L 192
23.50.2 Typedef Documentation . . . . . . . . . . . . . 192
23.50.2.1 hwloc_disc_phase_t . . . . . . . . . . .. 192

23.50.3 Enumeration Type Documentation . . . . . . . . . . .o 192
23.50.3.1 hwloc_disc_phase_e . . . . . . . . . . .. 192

23.50.3.2 hwloc_disc_status flag. e . . . . . . . . . . . . . Lo 193

23.50.4 Function Documentation . . . . . . . .. .. 193
23.50.4.1 hwloc_backend_alloc() . . . . . . . . . . . oL 193

23.50.4.2 hwloc_backend_enable() . . . . . . . . . . . oo 193

23.51 Components and Plugins: Genericcomponents . . . . . . . . . . .. oo 193
23.51.1 Detailed Description . . . . . . . . . e e 194
23.51.2 Typedef Documentation . . . . . . . . . . . . 194
23.51.2.1 hwloc_component_type_t . . . . . . . . .. 194

23.51.3 Enumeration Type Documentation . . . . . . . . . . . . ... Lo 194
23.51.83.1 hwloc_component_type_e . . . . . . . . . . 194

23.52 Components and Plugins: Core functions to be used by components . . . . . . . ... ... ... 194
23.52.1 Detailed Description . . . . . . . . . e e 194
23.52.2 Function Documentation . . . . . . . . . L 195
23.52.2.1 hwloc__insert_object_ by cpuset() . . . . . . . . . .. . ... L. 195

23.52.2.2 hwloc_alloc_setup_object() . . . . . . . . . . . . oo 195

23.52.2.3 hwloc_hide_errors() . . . . . . o o e 195

23.52.2.4 hwloc_insert_object_by parent() . . ... ... ... . ... .. ... ... 195

23.52.2.5 hwloc_obj_add_children_sets() . . . . . . . . . . . ... ... ... 196

23.52.2.6 hwloc_plugin_check_namespace() . . . . . . . . .« o o v it 196

23.52.2.7 hwloc_topology_reconnect() . . . . . . . . . . . .o 196

23.53 Components and Plugins: Filteringobjects . . . . . . . . . . . ... 196
23.53.1 Detailed Description . . . . . . . . . e e 197
23.53.2 Function Documentation . . . . . . . . ... 197
23.53.2.1 hwloc_filter_check_keep_object() . . . . . . . . . . .. .. .. L. 197

Generated by Doxygen



23.53.2.2 hwloc_filter_check_keep_object_type() . . . . . . . . . .. .. ... ... 197

23.53.2.3 hwloc_filter_check_osdev_subtype_important() . . . . . . . .. .. .. .. ... 197

23.53.2.4 hwloc_filter_check_pcidev_subtype_important() . . . . . . . .. ... ... ... 197

23.54 Components and Plugins: helpers for PCldiscovery . . . . . . . . . . . . ... ... .. ..... 197
23.54.1 Detailed Description . . . . . . . . . e e 198
23.54.2 Function Documentation . . . . . . . ... 198
23.54.2.1 hwloc_pcidisc_check_bridge_type() . . . . . . . . . . . . .o 198

23.54.2.2 hwloc_pcidisc_find_bridge_buses() . . . . . . . . . ... ..o 198

23.54.2.3 hwloc_pcidisc_find_cap() . . . . . . . . . .. 198

23.54.2.4 hwloc_pcidisc_find_linkspeed() . . . . . . . . . . . ... oL 198

23.54.2.5 hwloc_pcidisc_tree_attach() . . . . . . . . . . . . o 199

23.54.2.6 hwloc_pcidisc_tree_insert_by busid() . . . . . . . . . . .. ... oL 199

23.55 Components and Plugins: finding PCI objects during other discoveries . . . . . . .. ... .. .. 199
283.55.1 Detailed Description . . . . . . . . L 199
23.55.2 Typedef Documentation . . . . . . . . . . . e 199
23.55.2.1 hwloc_backend_distances_add_handle_t . . . . . . .. . ... ... ... ... 199

23.55.83 Function Documentation . . . . . . . . ..o 199
23.55.3.1 hwloc_backend_distances_add_commit() . . . . . . . . .. .. ... ... ... 200

23.55.3.2 hwloc_backend_distances_add_create() . . . . . . . . . ... ... ... ... 200

23.55.3.3 hwloc_backend_distances_add_values() . . . . . . ... ... ... ... ... 200

23.55.3.4 hwloc_pci_find_by busid() . . . . . . . .. ... 200

23.55.3.5 hwloc_pci_find_parent_by busid() . . . . . . . . . . ... ... o oL 200

23.56 Netloc APl . . . . o e e 201
23.56.1 Detailed Description . . . . . . . . . e e 201
23.56.2 Enumeration Type Documentation . . . . . . . . . . . ..o 201
23.56.2.1 @n0Nymous €NUM . . . . . L ot vt e e e e e e e e e e e 201

24 Data Structure Documentation 203
24.1 hwloc_backend Struct Reference . . . . . . . . . . . . . e 203
24.1.1 Detailed Description . . . . . . . . L 203
241.2 Field Documentation . . . . . . . . . . L 203
241.21disable . . . . .. 203
24.1.2.2dISCOVEr . . . .. 203
241.23flags . . . . . 204

241.2.4 get_pci_busid_cpuset . . . . ... 204
24.1.2510s_thissystem . . . . . . . 204
241.26phases . . . . . .. e e 204

24127 private_data . . . . ... L 204

24.2 hwloc_obj_attr_u::hwloc_bridge_attr_s Struct Reference . . . . . . . . . . ... ... ... ... . 204
24.2.1 Detailed Description . . . . . . . . . e e 205
24.2.2 Field Documentation . . . . . . . . .. e 205
2422 1depth. . . . . e 205

Generated by Doxygen



Xviii

24.22.2domain . . ... L e 205
24.2.2.3 . L e e 205
24.2.2.4downstream_type . . . . ... e 205
24225 [1/2] .« v i i i e e 205
24226 PCIi [2/2] v v i e e e e e e e e 205
24.2.2.7secondary_bus . . . ... 205
24228 subordinate_bus . . . . ... 205
24.2.2.9 . L e e e e 205
242210 upstream_type . . . . . ... e 205

24.3 hwloc_obj_attr_u::hwloc_cache_attr_s Struct Reference . . . . . . . .. .. .. ... ... .... 206
24.3.1 Detailed Description . . . . . . . . . L 206
24.3.2 Field Documentation . . . . . . . . . L 206
24.3.2.1 associativity . . . . . . L 206
24.3.22depth. . . . . 206
24.3.2.31INESIZE . . . . . . 206
24.3.2.48ize . . . . e e e 206
24.3251PC . . i i i e e 206

24.4 hwloc_cl_device_topology_amd Union Reference . . . . . . . . . . . .. .. ... ... ... .. 206
24.41 Field Documentation . . . . . . . . . . 207
2441.1DUS . . . L 207
2441.2data . ... L e 207
2441.3device . . . . e 207

244 0.4function . ... L L e 207
24415 L e 207
24416 . . . e e e 207
2441.71YPC . . o 207
24.41.8uUnUsSed . . ... L 207

24.5 hwloc_component Struct Reference . . . . . . . . . . ... o 208
24.5.1 Detailed Description . . . . . . . . . e e 208
24.5.2 Field Documentation . . . . . . . . . . e 208
24521 abi . . .. e e 208
24522data . . ... e 208
24523 finalize . . . . .. L 208
245.2.41Mlags . . . .. 208
245250nit . .. L e 209
24526 1YPE . . e e e 209

24.6 hwloc_disc_component Struct Reference . . . . . . . . . . . . L Lo 209
24.6.1 Detailed Description . . . . . . . . . L 209
24.6.2 Field Documentation . . . . . . . . . oL 209
24.6.2.1 enabled_by default . . . . . . . .. 209
24.6.2.2excluded phases . . . . . . . .. 210
24.6.23instantiate . . . . .. L 210

Generated by Doxygen



Xix

24.6.24NaMe . . . . L L e 210
24.6.25phases . . . . .. L 210
24.6.2.6Priority . . .. oL 210

24.7 hwloc_disc_status Struct Reference . . . . . . . . . . . ..o 210
24.7.1 Detailed Description . . . . . . . . L 210
24.7.2 Field Documentation . . . . . . . . . . L L e 210
24721 excluded phases . . . . . . . .. 211
24.7.221Mlags . . . . . e e 211
24.7.23phase . . . .. e e 211

24.8 hwloc_distances_s Struct Reference . . . . . . . . . . . .. L o 211
24.8.1 Detailed Description . . . . . . . . . . L 211
24.8.2 Field Documentation . . . . . . . . . . L e 211
2482 1Kind ... e 211
24.8.2.2nbobjs . . .. L 212

24.82.30DjS . . .. e 212
24.8.2.4values . . . . . L 212

24.9 hwloc_obj_attr_u::hwloc_group_attr_s Struct Reference . . . . . . . . . . .. .. .. ... ... . 212
24.9.1 Detailed Description . . . . . . . . . e 212
24.9.2 Field Documentation . . . . . . . . . L L 212
249.21depth. . . . . e 212
24.922dont_merge . . . ... L 212

24923 kind . . .. e 212

24924 subkind . . ... 213

2410 hwloc_info_s Struct Reference . . . . . . . . . . . . L 213
24.10.1 Detailed Description . . . . . . . . o e e 213
24.10.2 Field Documentation . . . . . . . . . L 213
24.10.21N0aME . . . . L 213
24.10.2.2value . . . . . L e e e e 213

24.11 hwloc_location Struct Reference . . . . . . . . . . . . . 213
24.11.1 Detailed Description . . . . . . . . . e e 213
24.11.2 Field Documentation . . . . . . . . . . L 214
241121 location . . . . . L 214
2AA1.220YPC .« o o i e e e e e 214

24.12 hwloc_location::hwloc_location_u Union Reference . . . . . . . . . .. . ... ... ... .... 214
24.12.1 Detailed Description . . . . . . . . 214
24.12.2 Field Documentation . . . . . . . . . . e 214
241221 cpuset . . .o e e 214
24.12220bjeCt . . . ... 214

24.13 hwloc_obj_attr_u::hwloc_numanode_attr_s::hwloc_memory_page_type_s Struct Reference . . . . 214
24.13.1 Detailed Description . . . . . . . . . e 215
24.13.2 Field Documentation . . . . . . . . . . . e 215
24.13.21count . .. e e e e e e 215

Generated by Doxygen



24.13.2.2size . . . .. 215

24.14 hwloc_obj_attr_u::hwloc_numanode_attr_s Struct Reference . . . . . . .. ... ... ... ... 215
