
Below: Telemetry data is captured as time series data and can be post-processed to visualize 

changes over time – and visualize variability between threads, ranks or nodes. These sparklines 

show a collection of GPU monitoring data from a 64 rank MPI job utilizing one AMD MI250X GCD 

per rank.
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root

main
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/main.cpp:12

512:0-511

xgc
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/xgc.cpp:365

512:0-511

main_loop
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/main_loop.cpp:92

512:0-511

solve_for_fields
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/solve_algorithm.cpp:77

512:0-511

em_solve_algorithm
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/em_solve_algorithm.cpp:216

52:[0-3,32-35,64-67,96-...

em_solve_algorithm
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/em_solve_algorithm.cpp:272

460:[4-31,36-63,68-95,10...

all_species_pullback_weight
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/pullback_weight.cpp:185

52:[0-3,32-35,64-67,96-...

Plasma::for_all_nonadiabatic_species
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/plasma.hpp:136

52:[0-3,32-35,64-67,96-...

operator()
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/pullback_weight.cpp:187

52:[0-3,32-35,64-67,96-...

pullback_weight
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/pullback_weight.cpp:153

52:[0-3,32-35,64-67,96-...

ElectricField
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/electric_field.hpp:318

52:[0-3,32-35,64-67,96-...

PlaneFieldGatherer::gather_phi_ff_on_device
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/plane_field_gatherer.hpp:262

52:[0-3,32-35,64-67,96-...

PlaneFieldGatherer::gather_phi_ff_on_device
/global/common/software/m499/perlmutter/install/kokkos/default/gcc/include/impl/Kokkos_ViewMapping.hpp:3247

52:[0-3,32-35,64-67,96-...

PMPI_Allgather
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

52:[0-3,32-35,64-67,96-...

MPIR_CRAY_Allgather
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

52:[0-3,32-35,64-67,96-...

MPIR_Allgather_impl
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

52:[0-3,32-35,64-67,96-...

MPIR_Allgather_intra_auto.part.0
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

52:[0-3,32-35,64-67,96-...

MPIR_Allgather_intra_recursive_doubling
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

52:[0-3,32-35,64-67,96-...

MPIC_Sendrecv
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

52:[0-3,32-35,64-67,96-...

MPIC_Wait
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

52:[0-3,32-35,64-67,96-...

MPIR_Wait_impl
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

52:[0-3,32-35,64-67,96-...

ofi_cq_read
prov/util/src/util_cq.c:286

2:[0,354]

MPIDI_SHMI_progress
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

5:[1,64,66,256,482]

ofi_cq_readfrom
prov/util/src/util_cq.c:232

26:[2,32-34,96,99,160-1...

ofi_cq_readfrom
prov/util/src/util_cq.c:229

4:[3,128,225,416]

MPID_ST_progress_queue
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

2:[35,98]

MPIDI_CRAY_Common_lmt_progress
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

2:[65,450]

ofi_cq_readfrom
prov/util/src/util_cq.c:230

1:130

ofi_cq_readfrom
prov/util/src/util_cq.c:231

1:193

ofi_cq_readfrom
prov/util/src/util_cq.c:233

1:418

cxip_util_cq_progress
prov/cxi/src/cxip_cq.c:110

2:[2,160]

cxip_util_cq_progress
prov/cxi/src/cxip_cq.c:112

21:[32-34,99,162,192,19...

cxip_util_cq_progress
prov/cxi/src/cxip_cq.c:109

2:[96,257]

cxip_util_cq_progress
prov/cxi/src/cxip_cq.c:115

1:161

cxip_ep_progress
prov/cxi/src/cxip_ep.c:186

8:[32-33,194,289,320,3...

cxip_ep_progress
prov/cxi/src/cxip_ep.c:185

6:[34,162,192,224,258,...

cxip_ep_progress
prov/cxi/src/cxip_ep.c:184

4:[99,290,480-481]

cxip_ep_progress
prov/cxi/src/cxip_ep.c:181

1:321

cxip_ep_progress
prov/cxi/src/cxip_ep.c:187

1:385

cxip_ep_progress
prov/cxi/src/cxip_ep.c:177

1:449

cxip_ep_ctrl_eq_progress
prov/cxi/src/cxip_ctrl.c:312

2:[32,448]

cxip_ep_ctrl_progress_locked
prov/cxi/src/cxip_ctrl.c:373

3:[33,289,386]

cxip_ep_ctrl_eq_progress
prov/cxi/src/cxip_ctrl.c:318

2:[194,352]

cxip_ep_ctrl_progress_locked
prov/cxi/src/cxip_ctrl.c:374

1:320

cxip_ep_ctrl_eq_progress
prov/cxi/src/cxip_ctrl.c:312

1:33

cxip_ep_ctrl_eq_progress
prov/cxi/src/cxip_ctrl.c:347

1:289

cxip_ep_ctrl_eq_progress
prov/cxi/src/cxip_ctrl.c:318

1:386

cxi_eq_peek_event
/usr/include/cxi_prov_hw.h:1539

1:386

cxi_eq_peek_event
/usr/include/cxi_prov_hw.h:1536

1:194

cxi_eq_peek_event
/usr/include/cxi_prov_hw.h:1531

1:352

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:394

4:[34,192,224,258]

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:434

1:162

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:383

1:417

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:394

2:[99,290]

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:396

2:480-481

cxi_eq_peek_event
/usr/include/cxi_prov_hw.h:1539

2:480-481

ofi_genlock_unlock
./include/ofi_lock.h:364

1:385

ofi_genlock_lock
./include/ofi_lock.h:359

2:[96,257]

ofi_genlock_lock
./include/ofi_lock.h:359

4:[3,128,225,416]

ofi_mutex_lock_noop
./include/ofi_lock.h:295

1:128

ofi_genlock_unlock
./include/ofi_lock.h:364

1:193

ofi_mutex_unlock_noop
src/common.c:996

1:193

ofi_genlock_lock
./include/ofi_lock.h:359

1:418

ElectricField
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/electric_field.hpp:421

460:[4-31,36-63,68-95,10...

get_field_grad
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/get_potential_grad.cpp:504

460:[4-31,36-63,68-95,10...

EMParField
/global/common/software/m499/perlmutter/install/kokkos/default/gcc/include/impl/Kokkos_ViewMapping.hpp:3247

460:[4-31,36-63,68-95,10...

poisson_extra::get_pot_epar_em_filter
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/poisson_extra.F90:598

460:[4-31,36-63,68-95,10...

em_field_filter
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/poisson_extra.F90:934

460:[4-31,36-63,68-95,10...

remove_toroidal_average
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/tiny_functions.F90:85

28:4-31

remove_toroidal_average
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/tiny_functions.F90:88

432:[36-63,68-95,100-127...

pmpi_allreduce__
/opt/cray/pe/lib64/libmpifort_gnu_123.so.12

28:4-31

PMPI_Allreduce
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

28:4-31

MPIR_CRAY_Allreduce
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

28:4-31

MPIR_Allreduce_impl
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

28:4-31

MPIR_Allreduce_intra_auto
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

28:4-31

MPIR_Allreduce_intra_reduce_scatter_allgather
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

28:4-31
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/opt/cray/pe/lib64/libmpi_gnu_123.so.12

28:4-31

MPIC_Wait
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

28:4-31

MPIR_Wait_impl
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

28:4-31

ofi_cq_readfrom
prov/util/src/util_cq.c:232

20:[4-9,11-14,16,18-19,...

MPIDI_CRAY_Common_lmt_progress
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

2:[10,15]

MPID_ST_progress_queue
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

2:[22,31]

ofi_cq_readfrom
prov/util/src/util_cq.c:234

1:24

ofi_cq_read
prov/util/src/util_cq.c:286

1:27

cxip_util_cq_progress
prov/cxi/src/cxip_cq.c:112

18:[4-6,8-9,11-13,16,18...

cxip_util_cq_progress
prov/cxi/src/cxip_cq.c:104

1:7

cxip_util_cq_progress
prov/cxi/src/cxip_cq.c:110

1:14

cxip_ep_progress
prov/cxi/src/cxip_ep.c:184

5:[4-5,16,21,30]

cxip_ep_progress
prov/cxi/src/cxip_ep.c:186

9:[6,8-9,11-13,25,28-2...

cxip_ep_progress
prov/cxi/src/cxip_ep.c:185

4:[18-19,23,26]

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:394

2:[4,21]

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:396

1:16

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:383

1:30

cxi_eq_peek_event
/usr/include/cxi_prov_hw.h:1539

1:16

cxip_ep_ctrl_eq_progress
prov/cxi/src/cxip_ctrl.c:312

2:[6,28]

cxip_ep_ctrl_progress_locked
prov/cxi/src/cxip_ctrl.c:373

5:[8-9,11-12,25]

cxip_ep_ctrl_eq_progress
prov/cxi/src/cxip_ctrl.c:318

1:13

cxip_ep_ctrl_eq_progress
prov/cxi/src/cxip_ctrl.c:318

2:8-9

cxip_ep_ctrl_eq_progress
prov/cxi/src/cxip_ctrl.c:347

1:11

cxip_ep_ctrl_eq_progress
prov/cxi/src/cxip_ctrl.c:312

2:[12,25]

cxi_eq_peek_event
/usr/include/cxi_prov_hw.h:1539

2:8-9

cxi_eq_peek_event
/usr/include/cxi_prov_hw.h:1531

1:13

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:394

3:[18-19,26]

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:383

1:23

pmpi_bcast__
/opt/cray/pe/lib64/libmpifort_gnu_123.so.12

432:[36-63,68-95,100-127...

PMPI_Bcast
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

432:[36-63,68-95,100-127...

MPIR_CRAY_Bcast
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

432:[36-63,68-95,100-127...

MPIR_CRAY_Bcast_Tree
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

432:[36-63,68-95,100-127...

MPIC_Recv
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

432:[36-63,68-95,100-127...

MPIC_Wait
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

432:[36-63,68-95,100-127...

MPIR_Wait_impl
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

432:[36-63,68-95,100-127...

ofi_cq_readfrom
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7:[36,116,177,187,233,...

ofi_cq_readfrom
prov/util/src/util_cq.c:232

205:[37,39,44,47,50,56-5...

MPIDI_SHMI_progress
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

41:[38,46,52,73,82,86,8...

MPIDI_CRAY_Common_lmt_progress
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

24:[40,54,58,60,77,87,1...

ofi_cq_readfrom
prov/util/src/util_cq.c:230

7:[41,62,124,202,403,4...

MPID_ST_progress_queue
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

22:[43,80,83,111,117,13...

ofi_cq_readfrom
prov/util/src/util_cq.c:231

5:[45,120,164,264,491]

ofi_cq_readfrom
prov/util/src/util_cq.c:234

17:[48,55,101,152-153,1...

ofi_cq_readfrom
prov/util/src/util_cq.c:280

10:[49,114,136,155,260,...

ofi_cq_readfrom
prov/util/src/util_cq.c:221

12:[53,81,92,113,230,24...

ofi_cq_read
prov/util/src/util_cq.c:286

22:[61,78,84,91,181,184...

ofi_cq_readfrom
prov/util/src/util_cq.c:229

19:[100,163,182,186,232...

ofi_cq_readfrom
prov/util/src/util_cq.c:233

5:[197,242,281,334,399...

cxip_util_cq_progress
prov/cxi/src/cxip_cq.c:112

175:[37,39,44,47,50,56-5...

cxip_util_cq_progress
prov/cxi/src/cxip_cq.c:109

13:[68,104,121,127,167,...

cxip_util_cq_progress
prov/cxi/src/cxip_cq.c:110

3:[93,115,356]

cxip_util_cq_progress
prov/cxi/src/cxip_cq.c:104

5:[131,146,296,421,508...

cxip_util_cq_progress
prov/cxi/src/cxip_cq.c:114

2:[148,274]

cxip_util_cq_progress
prov/cxi/src/cxip_cq.c:115

4:[176,188,218,255]

cxip_ep_progress
prov/cxi/src/cxip_ep.c:184

43:[37,39,44,56,59,72,7...

cxip_ep_progress
prov/cxi/src/cxip_ep.c:186

78:[47,69,74-75,107,112...

cxip_ep_progress
prov/cxi/src/cxip_ep.c:183

7:[50,57,70,119,170,26...

cxip_ep_progress
prov/cxi/src/cxip_ep.c:185

34:[63,94,123,139-140,1...

cxip_ep_progress
prov/cxi/src/cxip_ep.c:177

3:[103,150,298]

ofi_mutex_unlock_noop
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3:[158,246,419]

cxip_ep_progress
prov/cxi/src/cxip_ep.c:181

3:[327,429,463]

cxip_ep_progress
prov/cxi/src/cxip_ep.c:187

3:[370,461,465]

cxip_ep_progress
prov/cxi/src/cxip_ep.c:189

1:428

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:394

26:[37,39,44,59,79,88,9...

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:383

7:[56,72,109,220,344,3...

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:396

6:[174,200,250,359,407...

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:434

3:[190,206,361]

cxi_eq_peek_event
/usr/include/cxi_prov_hw.h:1539

6:[174,200,250,359,407...

cxip_ep_ctrl_eq_progress
prov/cxi/src/cxip_ctrl.c:318

23:[47,107,165-166,212,...

cxip_ep_ctrl_progress_locked
prov/cxi/src/cxip_ctrl.c:373

37:[69,74-75,112,126,13...

cxip_ep_ctrl_eq_progress
prov/cxi/src/cxip_ctrl.c:312

17:[209,215,227,245,301...

cxi_eq_peek_event
/usr/include/cxi_prov_hw.h:1539

19:[47,165,265,277,286,...

cxi_eq_peek_event
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3:[107,212,413]

cxi_eq_peek_event
/usr/include/cxi_prov_hw.h:1531

1:166

cxip_ep_ctrl_eq_progress
prov/cxi/src/cxip_ctrl.c:318

24:[69,74,112,133,137,1...

cxip_ep_ctrl_eq_progress
prov/cxi/src/cxip_ctrl.c:312

4:[75,126,270,489]

cxip_ep_ctrl_eq_progress
prov/cxi/src/cxip_ctrl.c:347

3:[204,268,434]

cxi_eq_peek_event
/usr/include/cxi_prov_hw.h:1539

19:[69,112,133,137,141,...

cxi_eq_peek_event
/usr/include/cxi_prov_hw.h:1536

5:[74,169,347,402,498]

ofi_genlock_lock
./include/ofi_lock.h:359

7:[50,57,70,119,170,26...

ofi_mutex_lock_noop
./include/ofi_lock.h:295

3:[57,119,311]

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:396

5:[63,198,280,377,441]

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:383

6:[94,144,159,240,244,...

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:394

17:[123,149,217,253-254...

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:433

1:139

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:388

4:[140,201,363,479]

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:434

1:323

cxi_eq_peek_event
/usr/include/cxi_prov_hw.h:1536

1:63

cxi_eq_peek_event
/usr/include/cxi_prov_hw.h:1539

4:[198,280,377,441]

ofi_genlock_unlock
./include/ofi_lock.h:364

3:[370,461,465]

ofi_genlock_lock
./include/ofi_lock.h:359

13:[68,104,121,127,167,...

ofi_mutex_lock_noop
./include/ofi_lock.h:295

6:[104,121,167,219,362...

ofi_genlock_unlock
./include/ofi_lock.h:364

2:[148,274]

ofi_genlock_unlock
./include/ofi_lock.h:364

5:[45,120,164,264,491]

ofi_mutex_unlock_noop
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3:[120,264,491]

ofi_genlock_unlock
./include/ofi_lock.h:364

10:[49,114,136,155,260,...

ofi_mutex_unlock_noop
src/common.c:996

3:[155,316,422]

ofi_genlock_lock
./include/ofi_lock.h:359

19:[100,163,182,186,232...

ofi_mutex_lock_noop
./include/ofi_lock.h:295

7:[100,282,326,412,424...

ofi_genlock_lock
./include/ofi_lock.h:359

5:[197,242,281,334,399...

ofi_mutex_lock_noop
./include/ofi_lock.h:295

2:[197,334]
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/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/main.cpp:12

512:0-511

xgc
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/xgc.cpp:365

512:0-511

main_loop
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/main_loop.cpp:92

512:0-511

solve_for_fields
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/solve_algorithm.cpp:77

512:0-511

em_solve_algorithm
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/em_solve_algorithm.cpp:216

52:[0-3,32-35,64-67,96-...

em_solve_algorithm
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/em_solve_algorithm.cpp:272

460:[4-31,36-63,68-95,10...

all_species_pullback_weight
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/pullback_weight.cpp:185

52:[0-3,32-35,64-67,96-...

Plasma::for_all_nonadiabatic_species
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/plasma.hpp:136

52:[0-3,32-35,64-67,96-...

operator()
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/pullback_weight.cpp:187

52:[0-3,32-35,64-67,96-...

pullback_weight
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/pullback_weight.cpp:153

52:[0-3,32-35,64-67,96-...

ElectricField
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/electric_field.hpp:318

52:[0-3,32-35,64-67,96-...

PlaneFieldGatherer::gather_phi_ff_on_device
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/plane_field_gatherer.hpp:262

52:[0-3,32-35,64-67,96-...

PlaneFieldGatherer::gather_phi_ff_on_device
/global/common/software/m499/perlmutter/install/kokkos/default/gcc/include/impl/Kokkos_ViewMapping.hpp:3247

52:[0-3,32-35,64-67,96-...

PMPI_Allgather
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

52:[0-3,32-35,64-67,96-...

MPIR_CRAY_Allgather
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

52:[0-3,32-35,64-67,96-...

MPIR_Allgather_impl
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

52:[0-3,32-35,64-67,96-...

MPIR_Allgather_intra_auto.part.0
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52:[0-3,32-35,64-67,96-...

MPIR_Allgather_intra_recursive_doubling
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

52:[0-3,32-35,64-67,96-...

MPIC_Sendrecv
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

52:[0-3,32-35,64-67,96-...

MPIC_Wait
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

52:[0-3,32-35,64-67,96-...

MPIR_Wait_impl
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

52:[0-3,32-35,64-67,96-...

ofi_cq_read
prov/util/src/util_cq.c:286

2:[0,354]

MPIDI_SHMI_progress
/opt/cray/pe/lib64/libmpi_gnu_123.so.12
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ofi_cq_readfrom
prov/util/src/util_cq.c:232

26:[2,32-34,96,99,160-1...

ofi_cq_readfrom
prov/util/src/util_cq.c:229

4:[3,128,225,416]

MPID_ST_progress_queue
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2:[35,98]

MPIDI_CRAY_Common_lmt_progress
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1:130
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2:[2,160]

cxip_util_cq_progress
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2:[96,257]

cxip_util_cq_progress
prov/cxi/src/cxip_cq.c:115

1:161

cxip_ep_progress
prov/cxi/src/cxip_ep.c:186

8:[32-33,194,289,320,3...

cxip_ep_progress
prov/cxi/src/cxip_ep.c:185

6:[34,162,192,224,258,...

cxip_ep_progress
prov/cxi/src/cxip_ep.c:184

4:[99,290,480-481]

cxip_ep_progress
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1:321
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cxip_ep_progress
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cxip_ep_ctrl_eq_progress
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cxip_ep_ctrl_progress_locked
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cxip_ep_ctrl_eq_progress
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cxip_ep_ctrl_progress_locked
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cxip_ep_ctrl_eq_progress
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cxip_ep_ctrl_eq_progress
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cxip_ep_ctrl_eq_progress
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1:386

cxi_eq_peek_event
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1:386

cxi_eq_peek_event
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1:194
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cxip_evtq_progress
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4:[34,192,224,258]

cxip_evtq_progress
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1:162
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2:480-481
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2:480-481

ofi_genlock_unlock
./include/ofi_lock.h:364
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2:[96,257]
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4:[3,128,225,416]

ofi_mutex_lock_noop
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ofi_genlock_lock
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ElectricField
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get_field_grad
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/get_potential_grad.cpp:504

460:[4-31,36-63,68-95,10...

EMParField
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460:[4-31,36-63,68-95,10...
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460:[4-31,36-63,68-95,10...
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PMPI_Allreduce
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

28:4-31

MPIR_CRAY_Allreduce
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28:4-31
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28:4-31
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1:7
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cxip_ep_progress
prov/cxi/src/cxip_ep.c:184

5:[4-5,16,21,30]

cxip_ep_progress
prov/cxi/src/cxip_ep.c:186

9:[6,8-9,11-13,25,28-2...

cxip_ep_progress
prov/cxi/src/cxip_ep.c:185

4:[18-19,23,26]

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:394

2:[4,21]

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:396

1:16

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:383

1:30

cxi_eq_peek_event
/usr/include/cxi_prov_hw.h:1539

1:16

cxip_ep_ctrl_eq_progress
prov/cxi/src/cxip_ctrl.c:312

2:[6,28]

cxip_ep_ctrl_progress_locked
prov/cxi/src/cxip_ctrl.c:373

5:[8-9,11-12,25]

cxip_ep_ctrl_eq_progress
prov/cxi/src/cxip_ctrl.c:318

1:13

cxip_ep_ctrl_eq_progress
prov/cxi/src/cxip_ctrl.c:318

2:8-9

cxip_ep_ctrl_eq_progress
prov/cxi/src/cxip_ctrl.c:347

1:11

cxip_ep_ctrl_eq_progress
prov/cxi/src/cxip_ctrl.c:312

2:[12,25]

cxi_eq_peek_event
/usr/include/cxi_prov_hw.h:1539

2:8-9

cxi_eq_peek_event
/usr/include/cxi_prov_hw.h:1531

1:13

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:394

3:[18-19,26]

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:383

1:23

pmpi_bcast__
/opt/cray/pe/lib64/libmpifort_gnu_123.so.12

432:[36-63,68-95,100-127...

PMPI_Bcast
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

432:[36-63,68-95,100-127...

MPIR_CRAY_Bcast
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

432:[36-63,68-95,100-127...

MPIR_CRAY_Bcast_Tree
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

432:[36-63,68-95,100-127...

MPIC_Recv
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

432:[36-63,68-95,100-127...

MPIC_Wait
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

432:[36-63,68-95,100-127...

MPIR_Wait_impl
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

432:[36-63,68-95,100-127...

ofi_cq_readfrom
prov/util/src/util_cq.c:282

7:[36,116,177,187,233,...

ofi_cq_readfrom
prov/util/src/util_cq.c:232

205:[37,39,44,47,50,56-5...

MPIDI_SHMI_progress
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

41:[38,46,52,73,82,86,8...

MPIDI_CRAY_Common_lmt_progress
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

24:[40,54,58,60,77,87,1...

ofi_cq_readfrom
prov/util/src/util_cq.c:230

7:[41,62,124,202,403,4...

MPID_ST_progress_queue
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

22:[43,80,83,111,117,13...

ofi_cq_readfrom
prov/util/src/util_cq.c:231

5:[45,120,164,264,491]

ofi_cq_readfrom
prov/util/src/util_cq.c:234

17:[48,55,101,152-153,1...

ofi_cq_readfrom
prov/util/src/util_cq.c:280

10:[49,114,136,155,260,...

ofi_cq_readfrom
prov/util/src/util_cq.c:221

12:[53,81,92,113,230,24...

ofi_cq_read
prov/util/src/util_cq.c:286

22:[61,78,84,91,181,184...

ofi_cq_readfrom
prov/util/src/util_cq.c:229

19:[100,163,182,186,232...

ofi_cq_readfrom
prov/util/src/util_cq.c:233

5:[197,242,281,334,399...

cxip_util_cq_progress
prov/cxi/src/cxip_cq.c:112

175:[37,39,44,47,50,56-5...

cxip_util_cq_progress
prov/cxi/src/cxip_cq.c:109

13:[68,104,121,127,167,...

cxip_util_cq_progress
prov/cxi/src/cxip_cq.c:110

3:[93,115,356]

cxip_util_cq_progress
prov/cxi/src/cxip_cq.c:104

5:[131,146,296,421,508...

cxip_util_cq_progress
prov/cxi/src/cxip_cq.c:114

2:[148,274]

cxip_util_cq_progress
prov/cxi/src/cxip_cq.c:115

4:[176,188,218,255]

cxip_ep_progress
prov/cxi/src/cxip_ep.c:184

43:[37,39,44,56,59,72,7...

cxip_ep_progress
prov/cxi/src/cxip_ep.c:186

78:[47,69,74-75,107,112...

cxip_ep_progress
prov/cxi/src/cxip_ep.c:183

7:[50,57,70,119,170,26...

cxip_ep_progress
prov/cxi/src/cxip_ep.c:185

34:[63,94,123,139-140,1...

cxip_ep_progress
prov/cxi/src/cxip_ep.c:177

3:[103,150,298]

ofi_mutex_unlock_noop
src/common.c:996

3:[158,246,419]

cxip_ep_progress
prov/cxi/src/cxip_ep.c:181

3:[327,429,463]

cxip_ep_progress
prov/cxi/src/cxip_ep.c:187

3:[370,461,465]

cxip_ep_progress
prov/cxi/src/cxip_ep.c:189

1:428

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:394

26:[37,39,44,59,79,88,9...

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:383

7:[56,72,109,220,344,3...

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:396

6:[174,200,250,359,407...

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:434

3:[190,206,361]

cxi_eq_peek_event
/usr/include/cxi_prov_hw.h:1539

6:[174,200,250,359,407...

cxip_ep_ctrl_eq_progress
prov/cxi/src/cxip_ctrl.c:318

23:[47,107,165-166,212,...

cxip_ep_ctrl_progress_locked
prov/cxi/src/cxip_ctrl.c:373

37:[69,74-75,112,126,13...

cxip_ep_ctrl_eq_progress
prov/cxi/src/cxip_ctrl.c:312

17:[209,215,227,245,301...

cxi_eq_peek_event
/usr/include/cxi_prov_hw.h:1539

19:[47,165,265,277,286,...

cxi_eq_peek_event
/usr/include/cxi_prov_hw.h:1536

3:[107,212,413]

cxi_eq_peek_event
/usr/include/cxi_prov_hw.h:1531

1:166

cxip_ep_ctrl_eq_progress
prov/cxi/src/cxip_ctrl.c:318

24:[69,74,112,133,137,1...

cxip_ep_ctrl_eq_progress
prov/cxi/src/cxip_ctrl.c:312

4:[75,126,270,489]

cxip_ep_ctrl_eq_progress
prov/cxi/src/cxip_ctrl.c:347

3:[204,268,434]

cxi_eq_peek_event
/usr/include/cxi_prov_hw.h:1539

19:[69,112,133,137,141,...

cxi_eq_peek_event
/usr/include/cxi_prov_hw.h:1536

5:[74,169,347,402,498]

ofi_genlock_lock
./include/ofi_lock.h:359

7:[50,57,70,119,170,26...

ofi_mutex_lock_noop
./include/ofi_lock.h:295

3:[57,119,311]

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:396

5:[63,198,280,377,441]

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:383

6:[94,144,159,240,244,...

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:394

17:[123,149,217,253-254...

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:433

1:139

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:388

4:[140,201,363,479]

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:434

1:323

cxi_eq_peek_event
/usr/include/cxi_prov_hw.h:1536

1:63

cxi_eq_peek_event
/usr/include/cxi_prov_hw.h:1539

4:[198,280,377,441]

ofi_genlock_unlock
./include/ofi_lock.h:364

3:[370,461,465]

ofi_genlock_lock
./include/ofi_lock.h:359

13:[68,104,121,127,167,...

ofi_mutex_lock_noop
./include/ofi_lock.h:295

6:[104,121,167,219,362...

ofi_genlock_unlock
./include/ofi_lock.h:364

2:[148,274]

ofi_genlock_unlock
./include/ofi_lock.h:364

5:[45,120,164,264,491]

ofi_mutex_unlock_noop
src/common.c:996

3:[120,264,491]

ofi_genlock_unlock
./include/ofi_lock.h:364

10:[49,114,136,155,260,...

ofi_mutex_unlock_noop
src/common.c:996

3:[155,316,422]

ofi_genlock_lock
./include/ofi_lock.h:359

19:[100,163,182,186,232...

ofi_mutex_lock_noop
./include/ofi_lock.h:295

7:[100,282,326,412,424...

ofi_genlock_lock
./include/ofi_lock.h:359

5:[197,242,281,334,399...

ofi_mutex_lock_noop
./include/ofi_lock.h:295

2:[197,334]
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PCIDev

utilization: 95.00

process rank: 0

bus id: 0000:18:00.0

class: Display

id: 8086:0bd6

linkspeed: 0.250000 GB/s

Device ID: 3030

Driver Version: 1.3.30872

EU Count: 448

EU Count per Subslice: 8

EU SIMD Width: 16

FreeMem (bytes): 68645429248

Global Memory Cache Line Size (B): 1

Global Memory Cache Size (B): 201326592

Global Memory Size (B): 68719476736

HW Threads per EU: 8

Local Memory Size (B): 131072

Max Clock Frequency (MHz): 1600

Max Compute Queue Indices: 1

Max Compute Units: 448

Max Memory Allocation Size (B): 65267564544

Max Work Group Size: 1024

Max Work Item Dimensions: 3

Memory Bus Width: 64

Memory Clock Rate: 3200

Name: Intel(R) Data Center GPU Max 1550

PCI Address: 0000:18:00.0

RT_GPU_ID: 0

Slices: 1

Subslices per Slice: 56

TotalMem (bytes): 68719476736

Vendor: Intel(R) Corporation

Version: 12.60.7

subdevice: 0

Cores assigned to

MPI rank 0

Reserved cores

for system

Cores assigned to

MPI rank 1

…

Tile assigned to

MPI rank 0

Tile assigned to

MPI rank 1

GPU devices

GPU devices

Network devices

Network devices

Shared caches

Sockets

Resource

properties,

metrics

High Performance Computing (HPC) systems are large, heterogeneous, sophisticated – and are 

therefore so complicated that they are difficult to use efficiently. HPC users are allocated finite 

compute time on systems and yet have no portable utility to confirm that they are effectively 

utilizing the allocation at their disposal.

ZeroSum is a user space library that is launched within the process space of the HPC 

application. For each application process, it will monitor the application threads, MPI 

communication, and the hardware resources assigned to them – including CPU cores and/or 

hardware threads, memory usage and GPU utilization. Supported systems include all Linux 

operating systems, as well as GPUs from NVIDIA (using the NVML library), AMD (using the 

ROCm-SMI library) and Intel (using the SYCL API). Host side monitoring utilizes the virtual 
/proc filesystem and therefore is portable to all Linux systems. When integrated with the hwloc 

library, visualizations of utilization data can be generated from included Python post-processing 

scripts. Automatic deadlock detection is available, and ZeroSum will generate call stacks from all 

ranks, merge them, and visualize the resulting merged call stacks to help diagnose where 

expected behavior diverged (similar to STAT/Cray-STAT). Monitoring overhead is less than 0.5%.

Future Work: Plans for enhancements include monitoring of network and filesystem devices, 

automated statistical analysis of monitoring data, and in situ monitoring support through 

asynchronous aggregation services.

Above: ZeroSum uses the hwloc library to capture the hierarchical topology of the 

nodes in the allocation and all available properties for each resource as a JSON tree. 

The tree is post-processed with Python scripts and merged with telemetry data from 

each process and compute node monitored by ZeroSum. The data is mapped to the 

resource topology and rendered as an interactive sunburst plot and presented to the 

user as a single HTML page. Users can quickly visualize which resources were 

mapped to each process executing on each node. 

This figure shows a merged callgraph that is captured when ZeroSum automatically 

detects that a deadlock has occurred. When monitoring for deadlock, the application is 
executed in gdb (or a variant) in batch mode, scripting each process to collect a unique 

gdb log. When deadlocked, the application is aborted and gdb collects a backtrace of all 

running processes. This figure and zoomed inset shows a 512 rank MPI job on 
Perlmutter that deadlocked due to a programming bug causing divergent stacks.

This caused cores to 

be shared between 

processes. In 

addition, two 

processes were 

spread across 

sockets, and some 

threads were not in 

the same L3 as their 

assigned GPU tiles.

On the right, the processes are 

mapped correctly.

Utilization
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Shared
cores

Shared cores,
spread across sockets

These two figures show a possible slurm misconfiguration on the Frontier system at ORNL. 

On the left, eight processes of seven threads each are mapped to the eight L3 cache 

regions of the node using two hardware threads per core, and one AMD MI250X GCD per 

process. Unfortunately, one of the processes is spread across seven of the eight cache 

regions, none of which are physically located with its GCD. On the right, the application is 

launched with one hardware thread per core, and slurm maps the processes correctly.
Cores assigned to

rank 1

Cores

assigned to

rank 0

Correct 

mapping for 

rank 7

No shared cores
Threads

assigned to

rank 7

GCD assigned to 

rank 7

These two figures show two process mapping 

strategies on the Sunspot system at ANL. On 

the left, the script assumed one thread per 

core, and assigned processes to consecutive 

   hardware thread IDs.
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