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Who am I?
▪Working in HPC space since ~2003

▪Mostly performance tools for US DOE grants/projects
– SciDAC Computer Science Institutes (PERC, PERI, SUPER, RAPIDS, RAPIDS2)

– X-Stack program

– ECP – Exascale Computing Project

▪ Developing / maintaining TAU https://tau.uoregon.edu 
– Highly portable, scalable measurement/analysis for HPC

▪ Designer / Developer of APEX  https://github.com/UO-OACISS/apex 
– Highly portable, scalable measurement/analysis for asynchronous HPC

▪ Designer / Developer of ZeroSum https://github.com/UO-OACISS/zerosum 
– User space monitoring

https://tau.uoregon.edu/
https://github.com/UO-OACISS/apex
https://github.com/UO-OACISS/zerosum
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How did this project start?
▪ April 2023, I was invited to the Dagstuhl seminar: “Driving HPC Operations 

With Holistic Monitoring and Operational Data Analytics”

▪ https://www.dagstuhl.de/23171 

▪Mostly facility/sysadmin focus

▪ I presented my performance analysis perspective on monitoring (users)
– Why do users monitor?

– How do users monitor?

– What do users want to monitor?

– What is lacking?

▪ Advocating for the user space

▪ Discussion inspired ZeroSum

me

https://www.dagstuhl.de/23171
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Performance Analysis Perspective on Monitoring
Three main classes of performance optimizations:

1. Algorithmic replacement (usually a high level of difficulty)
– E.g. replace O(n2) with O(nlogn)

– Can involve data structure changes, new dependencies, major rewrites

2. Code optimization (usually a medium difficulty)
– Improve cache reuse, reduce stalls (branching, instructions, I/O, etc)

3. Optimized launch configuration (low(?) difficulty, high embarrassment 
potential)
– Misconfiguration

– Wrong assumptions from another system/application

– Changes to system policies/defaults (e.g. reserved cores)
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Motivation: Why do users (want to) monitor at runtime?
▪ Sanity check / curiosity / impatience (logging, essentially)

▪ Check for misconfiguration

▪ Check for efficient utilization

▪ Confirmation of expected hardware / operating system behavior

▪ Identify cause of failure – deadlock, crash, stalls, etc.

▪ Adaptation / computational steering / feedback & control

▪ Identify system failures  (out of scope)

▪ Debugging/correctness/validation, essentially.
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(Mis)Configuration – what could possibly go wrong?
▪ Process placement: 

– Logical/physical mappings, resources assigned/constrained to each process

– Are there reserved core(s) for system? GPU mapping?

▪ Thread placement: Socket, NUMA domain, core, thread (HWT)

▪ Undersubscribing: Wasted hardware, energy, time (under-utilization)
– Can provide better performance in some situations (memory-bound code)

▪Oversubscribing: Increased contention with no realized benefit

▪ Imbalances
– What is the communication frequency/volume between pairwise MPI ranks?

▪ Slurm/PBS/Alps/Torque/Flux are complicated to use
– …especially when combined with MPI, OpenMP, GPUs, or other model settings
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Frontier (HPE Cray EX, AMD Epyc and MI250X):

Although accurate, system documentation can be confusing

Sources: https://docs.olcf.ornl.gov/systems/summit_user_guide.html ,
https://docs.olcf.ornl.gov/systems/frontier_user_guide.html 

Core indexing, HWT indexing, GPU mapping not universal (or even intuitive)

Summit (IBM POWER9 and NVIDIA V100:

https://docs.olcf.ornl.gov/systems/summit_user_guide.html
https://docs.olcf.ornl.gov/systems/frontier_user_guide.html
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Although accurate, system documentation can be confusing

Sources: https://docs.olcf.ornl.gov/systems/summit_user_guide.html ,
https://docs.olcf.ornl.gov/systems/frontier_user_guide.html 

Summit (IBM POWER9 and NVIDIA V100: Frontier (HPE Cray EX, AMD Epyc and MI250X):

Modified default: system reserves 8 cores…but user controllable

https://docs.olcf.ornl.gov/systems/summit_user_guide.html
https://docs.olcf.ornl.gov/systems/frontier_user_guide.html
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More systems – information missing

No physical layout 
information available in the 
documentation, no core or 
GPU indexing…

Sources: https://docs.nersc.gov/systems/perlmutter/architecture/ 
https://extremecomputingtraining.anl.gov/wp-content/uploads/sites/96/2022/11/ATPESC-2022-Track-1-Talk-9-Muralidharan-Aurora.pdf 

Perlmutter: Aurora:

https://docs.nersc.gov/systems/perlmutter/architecture/
https://extremecomputingtraining.anl.gov/wp-content/uploads/sites/96/2022/11/ATPESC-2022-Track-1-Talk-9-Muralidharan-Aurora.pdf
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ZeroSum: User Space Monitoring of Resource Utilization and Contention

▪ Inspired by the hello_jsub program from Tom Papatheodore: 
https://code.ornl.gov/t4p/Hello_jsrun

▪Why “ZeroSum”? – An advantage for one side results in an equivalent loss 
for the other

– the fixed number of resources available in an allocation – no elasticity

– the need to periodically use some resources to monitor

▪ Available on GitHub: https://github.com/UO-OACISS/zerosum 

▪Monitors application threads (LWP), CPU hardware (HWT), Memory, and 
GPU hardware for all processes, all nodes in the allocation

▪ SC2023 HUST workshop paper: https://doi.org/10.1145/3624062.3624145 

https://code.ornl.gov/t4p/Hello_jsrun
https://github.com/UO-OACISS/zerosum
https://doi.org/10.1145/3624062.3624145
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ZeroSum Functionality 
✓ Detect the initial/changing configuration of the application

❑ Evaluate the configuration to automatically detect misconfigurations

✓ Provide runtime feedback to the user that the program is progressing

✓ Provide a report of how effectively the hardware was utilized

✓ Provide a report of how much contention was identified in the 
execution

❑ Provide a way to expose the observed data to other tools that can 
perform computational steering / runtime optimization / reconfiguration

✓ Implemented
❑ Future work
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How to use ZeroSum
▪Wrapper script(s) – zerosum and zerosum-mpi

– Periodicity – default 1 second

– Detailed/verbose output – true/false, default false

– Heartbeat (memory consumption) – true/false, default false

– Register signal handler – true/false, default false

– Run in debugger – true/false, default false (also specify executable name)

– Detect deadlocks – true/false, default false

– Deadlock period – how many periods of “inactivity” is considered “deadlock”

– HWT/Core for async thread – defaults to last core/HWT in affinity list for process

▪ Preloads the library, wraps __libc_start_main or creates global 
static constructor/destructor functions
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What does it do? …Configuration Detection
▪Query /proc/[self|pid]/status to get the allowable cores

▪Query /proc/meminfo to get total memory available

▪Query MPI rank, size, hostname (after MPI_Initialized() returns true)

▪ If available, use hwloc to query hardware topology (lstopo)

▪ Asynchronous background thread is started, it periodically queries:
– /proc/[self|pid]/status to get process thread count, memory usage

– /proc/[self|pid]/task directory to get all thread IDs

– For each thread, query the affinity list for that thread (it may change!), utilization, 
state, core/HWT it’s running on, context switches, other metrics

– /proc/stat to query core utilization of all cores

▪OMP-Tools (v5.0+) callback used to identify OpenMP threads at creation*

▪ NVML/ROCm-SMI/SYCL libraries used to query GPU(s)*

▪ Now also queries /sys/cray/pm_counters/* for power/energy
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Utilization Report
▪ Rank 0 writes a summary report to the screen

▪ All ranks write a report to a log file – including full time series data as CSV

▪ All observed threads (LWP) are reported – user/system/idle, context 
switches, affinity list

▪ All assigned cores (HWT) are reported – user/system/idle

▪ All assigned GPUs stats are reported

▪ Extensive hwloc hierarchy written as JSON file

▪ Post-processing:
– combine JSON data with CSV data for sunburst

– Time-series charts of performance data
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Example Output – miniQMC (OpenMP target offload) on Frontier (OLCF)

Process Summary

LWP (thread) Summary

Note: times are in jiffies
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Example Output – miniQMC (OpenMP target offload) on Frontier (OLCF)

HWT (core/thread) Summary

GPU Summary

Note: times are in jiffies

Logs have full time 
series of all samples
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Contention Detection Support
▪ Voluntary/non-voluntary context switches (analysis todo)

▪Minor/major page faults, pages swapped (analysis todo)

▪ System time analysis (analysis todo)

▪ Comparing affinity lists – across threads and across processes (todo)

▪Memory consumption (analysis todo)

▪ GPU memory consumption (analysis todo)

▪ Analysis: Reinforcement learning? Or just heuristics?

▪However, can detect deadlocks – both active (i.e. spinning at MPI 
collective) and passive (i.e. waiting for mutex)
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Evaluation / Example usage
MPI+OpenMP version of miniQMC on Frontier, 8 processes, 7 threads (64 cores, 1 thread per core, 8 cores reserved)

export OMP_NUM_THREADS=7

srun -n8 zerosum-mpi miniqmc

export OMP_NUM_THREADS=7

srun -n8 –c7 zerosum-mpi miniqmc

export OMP_NUM_THREADS=7

export OMP_PROC_BIND=spread

export OMP_PLACES=cores

srun -n8 –c7 zerosum-mpi miniqmc

Note: stime/utime reported as % of total time
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Overhead – less than 0.5% in resource constrained example

miniQMC time distributions executed 10 times using one OpenMP thread per core (left). In this comparison, the distribution of times with ZeroSum is noisier, but 
there is no significant observation of measurable overhead. The right figure shows the time distributions using two OpenMP threads per core. In this comparison, 
the distribution of times with ZeroSum is both noisier and longer tailed, and does show an observation of overhead, averaging about 0.2752 seconds, or 0.5%.
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Summary views of collected data – 64 GCDs, XGC running on Frontier
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Summary views of collected data – 896 HWTs, XGC running on Frontier
 All hardware threads from all ranks 

 Only main hardware thread from all ranks 
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MPI P2P data
▪MPI implementation includes 

wrappers for 
MPI_Recv/Irecv, 
MPI_Sendrecv, 
MPI_Send/Bsend/Isend/ 

Rsend/Ssend to capture P2P 
frequency, volume

▪Obviously can be done by 
other/better performance 
measurement tools, but for a 
quick view, can be useful

▪What about a P2P graph? 
Could be interesting…
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Successful Use Cases
▪Octo-Tiger (HPX) thread placement on Fugaku (Fujitsu A64FX CPUs)

– Detected unusual core indexing, needs to be mapped using hwloc information

▪ Argobots example
– Detected that the user was running client & server on same node with overlapping 

affinity lists

▪ Grid (https://github.com/paboyle/Grid) on Frontier (lattice QCD library)
– Helped find/understand ideal resource mapping with custom bind arguments 

▪ XGC on Frontier
– Empirically demonstrated that 2 threads per core provided better performance 

than 1 thread per core

– Helped detect deadlock in GPU-aware libfabric/MPI implementation

– Helped detect algorithmic deadlock in MPI (application bug) 

https://github.com/paboyle/Grid


24

Deadlock detection – at scale
▪ Runs application in gdb/cuda-gdb/rocgdb/gdb-oneapi in “batch” mode – 

sequence of commands are scripted

▪ ZeroSum monitors all threads during execution:
– If all threads sleeping for N seconds (N is user-configurable):

• pthread_kill(SIGQUIT) the main thread

– If all but 1 sleeping for N seconds, and that thread doesn’t have at least one minor 
page fault during that time, it’s probably deadlocked at an MPI collective:

• pthread_kill(SIGQUIT) the main thread

▪ Gdb will intercept the signal and is scripted to get a backtrace from all 
threads

▪ Post-process the backtraces with zs-stacks.py and make a tree
– just like STAT/Cray-STAT

– However, ZeroSum is automated - queue times on Perlmutter were around 8 hours, 
user didn’t want to babysit the slurm request
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Example: XGC deadlocked on Perlmutter with 512 ranks
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

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

MPIR_Wait_impl
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432:[36-63,68-95,100-127...
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7:[36,116,177,187,233,...
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205:[37,39,44,47,50,56-5...
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41:[38,46,52,73,82,86,8...
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24:[40,54,58,60,77,87,1...
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7:[41,62,124,202,403,4...
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22:[43,80,83,111,117,13...
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10:[49,114,136,155,260,...
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12:[53,81,92,113,230,24...
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19:[100,163,182,186,232...
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5:[197,242,281,334,399...

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

cxip_util_cq_progress
prov/cxi/src/cxip_cq.c:109
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cxip_util_cq_progress
prov/cxi/src/cxip_cq.c:110
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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
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43:[37,39,44,56,59,72,7...

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

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

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

cxip_ep_progress
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3:[103,150,298]
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cxip_ep_progress
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3:[327,429,463]

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

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

cxip_ep_ctrl_eq_progress
prov/cxi/src/cxip_ctrl.c:318
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cxip_ep_ctrl_progress_locked
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37:[69,74-75,112,126,13...

cxip_ep_ctrl_eq_progress
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cxi_eq_peek_event
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cxip_ep_ctrl_eq_progress
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cxip_ep_ctrl_eq_progress
prov/cxi/src/cxip_ctrl.c:347
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cxi_eq_peek_event
/usr/include/cxi_prov_hw.h:1539

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

cxi_eq_peek_event
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5:[74,169,347,402,498]
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7:[50,57,70,119,170,26...
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./include/ofi_lock.h:295

3:[57,119,311]

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

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

cxip_evtq_progress
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1:63

cxi_eq_peek_event
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4:[198,280,377,441]
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ofi_genlock_lock
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13:[68,104,121,127,167,...
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6:[104,121,167,219,362...

ofi_genlock_unlock
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ofi_genlock_unlock
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10:[49,114,136,155,260,...
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ofi_mutex_lock_noop
./include/ofi_lock.h:295
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ofi_genlock_lock
./include/ofi_lock.h:359

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

ofi_mutex_lock_noop
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2:[197,334]
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512:0-511

xgc
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512:0-511
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512:0-511
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/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/pullback_weight.cpp:187
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pullback_weight
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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
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52:[0-3,32-35,64-67,96-...

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

PMPI_Allgather
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MPIR_CRAY_Allgather
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MPIR_Allgather_impl
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52:[0-3,32-35,64-67,96-...
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52:[0-3,32-35,64-67,96-...
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52:[0-3,32-35,64-67,96-...
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52:[0-3,32-35,64-67,96-...
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2:[0,354]
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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]
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2:[35,98]

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

2:[65,450]
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1:130
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1:193

ofi_cq_readfrom
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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
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1:321

cxip_ep_progress
prov/cxi/src/cxip_ep.c:187
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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
prov/cxi/src/cxip_ctrl.c:373

3:[33,289,386]

cxip_ep_ctrl_eq_progress
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2:[194,352]

cxip_ep_ctrl_progress_locked
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1:320

cxip_ep_ctrl_eq_progress
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1:33

cxip_ep_ctrl_eq_progress
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1:289

cxip_ep_ctrl_eq_progress
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cxi_eq_peek_event
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1:386

cxi_eq_peek_event
/usr/include/cxi_prov_hw.h:1536

1:194

cxi_eq_peek_event
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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

cxip_evtq_progress
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cxip_evtq_progress
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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
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ofi_genlock_lock
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2:[96,257]

ofi_genlock_lock
./include/ofi_lock.h:359

4:[3,128,225,416]

ofi_mutex_lock_noop
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ofi_genlock_unlock
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1:193

ofi_mutex_unlock_noop
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1:193

ofi_genlock_lock
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1:418

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

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

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

em_field_filter
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460:[4-31,36-63,68-95,10...
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28:4-31

remove_toroidal_average
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pmpi_allreduce__
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PMPI_Allreduce
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28:4-31

MPIR_CRAY_Allreduce
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28:4-31

MPIR_Allreduce_impl
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28:4-31

MPIR_Allreduce_intra_auto
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28:4-31

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

28:4-31
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28:4-31
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28:4-31
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prov/util/src/util_cq.c:232

20:[4-9,11-14,16,18-19,...
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2:[10,15]
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2:[22,31]
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cxip_util_cq_progress
prov/cxi/src/cxip_cq.c:112
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cxip_util_cq_progress
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1:7

cxip_util_cq_progress
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cxip_ep_progress
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4:[18-19,23,26]

cxip_evtq_progress
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2:[4,21]

cxip_evtq_progress
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cxip_evtq_progress
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cxip_ep_ctrl_eq_progress
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cxip_ep_ctrl_eq_progress
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cxip_evtq_progress
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432:[36-63,68-95,100-127...
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432:[36-63,68-95,100-127...
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432:[36-63,68-95,100-127...
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432:[36-63,68-95,100-127...
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MPIDI_SHMI_progress
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ofi_cq_readfrom
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ofi_cq_readfrom
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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]

Only 52 of 64 in 
communicator  
participated in collective
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HTML/SVG/JS interface: Aurora exampleZeroSum Utilization

Refresh Page / Reset Zoom

To see component details, click once. To zoom, double-click.
Colors indicate MPI rank assignments % ranks per node:
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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

(exclusive caches

are hidden)

Sockets

Resource

properties,

metrics

Sunburst HTML template with 
support from https://d3js.org 
populated by Python script with 
JSON and CSV data

No GUI to install!

Just run:  zs-hwloc-sunburst.py

Inspired by MemAXES:
https://github.com/LLNL/MemAxes 

https://d3js.org/
https://github.com/LLNL/MemAxes
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HWLOC integration with utilization data
▪ 64 rank, 8 node job on 

Frontier

▪ 14 threads per process, 
color coded by 
shmrank (local rank 
per node)

▪ Segment color 
intensity relative to 
utilization

▪ Validates that process 
threads are pinned 
where requested
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Slurm bug(?)
▪ Comparing --threads-per-core=2 (left) and --threads-per-core=1 (right)

▪ Threads for rank 7 “spread” throughout the node, all L3 regions except 
where the rank’s GDC is… even with --gpu-bind=closest

Utilization

Refresh Page / Reset Zoom
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Conclusions, Future Work

▪ ZeroSum addresses the configuration optimization problem
– https://github.com/UO-OACISS/zerosum

▪ Still need automated misconfiguration/contention analysis

▪ CSV output data could be better? – use ADIOS2 BP5? HDF5? SQLite?
– Depends on analysis needs/wants

▪ Streaming data to Mochi (SOMA) or other service (LDMS)?
– Enables robust monitoring approach – but likely redundant in many cases

– Worked with students to implement SIMON (Simple Monitor)

▪ Integration with performance tools (TAU, APEX, etc)
– Analysis of application performance data in context of system monitoring data

▪ Input for automated feedback/control (APEX, Argobots, SOMA, 
application)

▪ Finish integration of high-level HW counter data from LIKWID

https://github.com/UO-OACISS/zerosum
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