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CANGA Goals
• Highly performant, accurate and robust 

coupling strategies for a new E3SM
• PIGLET: Prototype Integration of Global 

models using Legion Execution of Tasks
• Replace hub/spoke, monolithic 

components
• Asynchronous Many-Task Model
• Exposes more parallelism
• Better load balancing
• Fault tolerance
• Manage complexity
• Enable process coupling at proper time, 

spatial scales
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CANGA Goals
• Upgrade coupling algorithms
• Remapping Online-Offline (ROO)

• Non-convex cells
• On-line adaptive remapping
• Vector and property-preserving
• Meshfree (agnostic to staggering location)
• Remap test suite

• Time InteGration for Greater E3SM Robustness 
(TIGGER)
• Replace ad-hoc time-lagging and instability
• Address multiple space, timescales

• Integrate into task-based coupler
• Applications, mini-apps
• Simpler coupled systems to analyze, evaluate
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Task Parallelism with Legion and 
• Legion
• Stanford/LANL/Nvidia
• Logical regions intersect field/index space
• Fast runtime analyzes dependencies (DAG) 

and schedules tasks
• FleCSI: C++ framework designed for 

multi-physics apps
• Run-time abstraction layer (Legion, 

Charm++, HPX, MPI)
• Control, execution and data models
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FleCSI: Pure 3D Lagrangian Sedov

FleCSALE : Strong Scaling
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Task-parallel implementation approach

• Top-down
• Reproduce current coupling

• Currently have Regent prototype

• Converting to FleCSI

• Not enough parallelism

• Bottom-up
• Begin to create task-based components

• Ocean/ice (MPAS)
• Large component – prototype interfaces

• Land Model

• Ideal component w/ many tasks that have high 
space and time heterogeneity

• Extract in-situ analysis (RAPIDS)

• Lagrangian particle tracking
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ocn_tend_freq_filtered_thickness (UID: 11)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_vel_hmix_tend (UID: 18)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_vel_hmix_del2_tensor_tend (UID: 200)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_vel_hmix_del2_tensor_tend (UID: 201)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_vel_forcing_tend (UID: 19)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_vert_transport_velocity_top (UID: 30)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_tend_freq_filtered_thickness (UID: 107)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_vel_hmix_tend (UID: 115)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_vel_hmix_del2_tensor_tend (UID: 218)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_vel_hmix_del2_tensor_tend (UID: 219)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_vel_forcing_tend (UID: 116)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_vert_transport_velocity_top (UID: 128)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_high_freq_thickness_hmix_del2_tend (UID: 113)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

variables_init (UID: 104)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

mpas_strain_rate_R3Cell (UID: 206)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE

ocn_diagnostic_solve_init (UID: 38)

0 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE
1 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE

mpas_strain_rate_R3Cell (UID: 208)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE

ocn_vel_hmix_leith_tend (UID: 202)

0 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE
1 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE

ocn_vel_hmix_del4_tend (UID: 203)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_vel_hmix_del2_tend (UID: 199)

0 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE
1 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE

ocn_vel_hmix_del4_tensor_tend (UID: 204)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_vel_forcing_surface_stress_tend (UID: 210)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_vel_forcing_rayleigh_tend (UID: 211)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

compute_uTemp (UID: 20)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_ALE_thickness (UID: 213)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE

ocn_dagnostic_solve2_pressure (UID: 46)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_high_freq_thickness_hmix_del2_tend (UID: 215)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

mpas_strain_rate_R3Cell (UID: 224)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE

ocn_diagnostic_solve_init (UID: 136)

0 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE
1 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE

mpas_strain_rate_R3Cell (UID: 226)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE

ocn_vel_hmix_leith_tend (UID: 220)

0 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE
1 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE

ocn_vel_hmix_del4_tend (UID: 221)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_vel_hmix_del4_tensor_tend (UID: 222)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_vel_forcing_surface_stress_tend (UID: 228)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_vel_hmix_del2_tend (UID: 217)

0 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE
1 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE

ocn_vel_forcing_rayleigh_tend (UID: 229)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

compute_uTemp (UID: 118)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_ALE_thickness (UID: 231)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE

ocn_dagnostic_solve2_pressure (UID: 144)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_tend_vel_init (UID: 12)

0 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE
ocn_surface_bulk_forcing_vel (UID: 13)

0 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE
1 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE

ocn_vel_coriolis_tend (UID: 15)

0 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE
1 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE

ocn_effective_density_in_land_ice_update (UID: 185)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

barotropic_velocity_subcycle (UID: 122)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ssh_predictor_step_init (UID: 123)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_surface_land_ice_fluxes_build_arrays (UID: 6)

ocn_effective_density_in_land_ice_update (UID: 87)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_vel_vadv_tend (UID: 112)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_vel_pressure_grad_tend (UID: 114)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve2_normalVelocitySurfaceLayer2 (UID: 142)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_vel_vmix_tend_implicit (UID: 164)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_gm_compute_gmStreamFuncTopOfCell (UID: 98)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

barotropic_velocity_init (UID: 120)

0 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE
1 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE

ocn_equation_of_state_linear_density (UID: 39)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve1_tangentialVelocity (UID: 53)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve1_loop_324_252 (UID: 51)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_relativeVorticity_circulation (UID: 41)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve2_tracersSurfaceValue (UID: 42)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve2_normalVelocitySurfaceLayer (UID: 43)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve1_tangentialVelocity (UID: 180)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve1_normalizedRelativeVorticityEdge (UID: 181)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_equation_of_state_jm_density (UID: 69)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve2_BruntVaisalaFreqTop (UID: 74)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve2_montgomeryPotential (UID: 78)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve2_pressure (UID: 75)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve2_tracersSurfaceLayerValue (UID: 76)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_gm_compute_dDensityDzTopOfCell (UID: 95)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_gm_compute_gradDensityTopOfEdge (UID: 96)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_time_average_coupled_accumulate_avgEffectiveDensityInLandIce (UID: 186)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

barotropic_velocity_init2 (UID: 23)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

barotropic_velocity_subcycle (UID: 24)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve2_montgomeryPotential (UID: 49)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_diagnostic_solve_init (UID: 67)

0 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE
1 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE

ocn_gm_compute_relativeSlopeTopOfCell (UID: 100)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_gm_compute_Bolus_init (UID: 156)

0 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve1_normalizedRelativeVorticityEdge (UID: 152)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_gm_compute_dDensityDzTopOfCell (UID: 59)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_gm_compute_Bolus_init (UID: 94)

0 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_equation_of_state_linear_density (UID: 68)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_gm_compute_gmStreamFuncTopOfCell (UID: 196)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_surface_bulk_forcing_thick (UID: 132)

0 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE
1 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE

ocn_surface_land_ice_fluxes_thick (UID: 133)

0 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE
1 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE

ocn_time_average_coupled_accumulate_avgEffectiveDensityInLandIce (UID: 88)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

accumulate_running_sums (UID: 27)

0 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE
1 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE

end_barotropic_subcycle_loop (UID: 29)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_relativeVorticity_circulation (UID: 70)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve1_relativeVorticityCell (UID: 85)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve1_normalizedRelativeVorticityCell (UID: 81)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

velocity_corrector_step_init (UID: 124)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_surface_land_ice_fluxes_vel (UID: 14)

0 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

variables_init (UID: 8)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_vel_vadv_tend (UID: 16)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

high_freq_thickness_init (UID: 10)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_gm_compute_gmStreamFuncTopOfCell (UID: 62)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_vel_vmix_tend_implicit (UID: 66)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve2_montgomeryPotential (UID: 147)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_diagnostic_solve_init (UID: 165)

0 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE
1 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE

ocn_frazil_forcing_build_arrays (UID: 101)

ocn_gm_compute_relativeSlopeTopOfEdge (UID: 197)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_gm_compute_relativeSlopeTopOfCell (UID: 198)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_vmix_implicit_init (UID: 163)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_equation_of_state_jm_density (UID: 40)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve2_tracersSurfaceLayerValue (UID: 174)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_forcing_build_fraction_absorbed_array (UID: 7)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

barotropic_ssh_correction_init (UID: 28)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_surface_land_ice_fluxes_build_arrays (UID: 102)

ocn_gm_compute_gradDensityTopOfEdge (UID: 60)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE ocn_gm_compute_relativeSlopeTopOfEdge (UID: 63)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_equation_of_state_jm_density (UID: 167)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE ocn_dagnostic_solve2_BruntVaisalaFreqTop (UID: 172)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve2_pressure (UID: 173)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve2_montgomeryPotential (UID: 176)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_gm_compute_dDensityDzTopOfCell (UID: 193)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_gm_compute_gradDensityTopOfEdge (UID: 194)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve2_tracersSurfaceValue (UID: 71)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_time_average_coupled_accumulate_avgTracersSurfaceValue (UID: 89)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve2_tracersSurfaceValue (UID: 140)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve1_tangentialVelocity (UID: 82)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve1_normalizedRelativeVorticityEdge (UID: 83)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ssh_predictor_step_init (UID: 25)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve2_RiTopOfCell (UID: 77)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_diagnostic_solve3 (UID: 79)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_diagnostic_solve3 (UID: 50)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve1_normalizedRelativeVorticityCell (UID: 179)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

Mapping Op 9 (UID: 9)

0 63993 (2,2,2) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve2_BruntVaisalaFreqTop (UID: 45)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve2_tracersSurfaceLayerValue (UID: 47)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

Mapping Op 3 (UID: 3)

0 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_time_average_coupled_accumulate_avgSSHGradient (UID: 91)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_time_average_coupled_accumulate_avgSurfaceVelocity (UID: 93)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_vmix_implicit_init (UID: 65)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_tend_init (UID: 31)

0 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_thick_surface_flux_tend (UID: 134)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_frazil_forcing_layer_thickness (UID: 135)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

accumulate_running_sums (UID: 125)

0 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE
1 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE

barotropic_ssh_correction_init (UID: 126)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve1_kineticEnergy (UID: 182)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_compute_land_ice_flux_input_fields (UID: 184)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve2_RiTopOfCell (UID: 175)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

velocity_corrector_step_init (UID: 26)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_time_average_coupled_accumulate_avgLandIceBoundaryLayerTracers (UID: 188)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_diagnostic_solve3 (UID: 148)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_vel_coriolis_tend (UID: 111)

0 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE
1 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE

ocn_gm_compute_gradZMidTopOfEdge (UID: 61)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_equation_of_state_linear_density (UID: 166)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_relativeVorticity_circulation (UID: 168)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve2_tracersSurfaceValue (UID: 169)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve1_loop_324_252 (UID: 178)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve2_normalVelocitySurfaceLayer (UID: 170)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve1_kineticEnergy (UID: 55)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_gm_compute_Bolus_init (UID: 58)

0 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_time_average_coupled_accumulate_avgLandIceBoundaryLayerTracers (UID: 90)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_compute_land_ice_flux_input_fields (UID: 155)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_thick_hadv_tend (UID: 32)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve2_normalVelocitySurfaceLayer (UID: 72)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve2_normalVelocitySurfaceLayer2 (UID: 73)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

end_barotropic_subcycle_loop (UID: 127)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_time_average_coupled_accumulate_avgSurfaceVelocity (UID: 191)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_forcing_build_fraction_absorbed_array (UID: 103)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve2_tracersSurfaceLayerValue (UID: 145)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_time_average_coupled_accumulate_avgSSHGradient (UID: 189)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve1_relativeVorticityCell (UID: 183)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_gm_compute_gradZMidTopOfEdge (UID: 97)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve1_normalizedRelativeVorticityCell (UID: 52)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve1_normalizedRelativeVorticityEdge (UID: 54)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve1_relativeVorticityCell (UID: 56)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_vel_pressure_grad_tend (UID: 17)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve1_loop_324_252 (UID: 149)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_equation_of_state_linear_density (UID: 137)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_relativeVorticity_circulation (UID: 139)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve2_normalVelocitySurfaceLayer (UID: 141)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve1_tangentialVelocity (UID: 151)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve1_kineticEnergy (UID: 84)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_compute_land_ice_flux_input_fields (UID: 86)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_gm_compute_dDensityDzTopOfCell (UID: 157)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_gm_compute_gradZMidTopOfEdge (UID: 159)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_gm_compute_gradDensityTopOfEdge (UID: 158)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_gm_compute_gmStreamFuncTopOfCell (UID: 160)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve2_RiTopOfCell (UID: 146)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

high_freq_thickness_init (UID: 106)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_gm_compute_relativeSlopeTopOfCell (UID: 64)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve2_normalVelocitySurfaceLayer2 (UID: 44)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_surface_bulk_forcing_thick (UID: 34)

0 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE
1 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE

ocn_dagnostic_solve2_BruntVaisalaFreqTop (UID: 143)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_gm_compute_Bolus_init (UID: 192)

0 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_thick_vadv_tend (UID: 33)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_thick_hadv_tend (UID: 130)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_surface_land_ice_fluxes_vel (UID: 110)

0 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_time_average_coupled_accumulate_avgLandIceTracerTransferVelocities (UID: 92)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_time_average_coupled_accumulate_avgLandIceTracerTransferVelocities (UID: 190)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_thick_surface_flux_tend (UID: 36)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_tend_vel_init (UID: 108)

0 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_surface_bulk_forcing_vel (UID: 109)

0 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE
1 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE

compute_normalBaroclinicVelocity (UID: 119)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

barotropic_velocity_init2 (UID: 121)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve2_RiTopOfCell (UID: 48)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve1_relativeVorticityCell (UID: 154)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve1_normalizedRelativeVorticityCell (UID: 150)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve1_kineticEnergy (UID: 153)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_diagnostic_solve3 (UID: 177)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_surface_land_ice_fluxes_thick (UID: 35)

0 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE
1 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE

compute_normalBaroclinicVelocity (UID: 21)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_tend_init (UID: 129)

0 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_time_average_coupled_accumulate_avgTracersSurfaceValue (UID: 187)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_compute_land_ice_flux_input_fields (UID: 57)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

Mapping Op 105 (UID: 105)

0 63993 (3,3,3) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve2_normalVelocitySurfaceLayer2 (UID: 171)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

barotropic_velocity_init (UID: 22)

0 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE
1 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE

ocn_gm_compute_relativeSlopeTopOfEdge (UID: 161)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_equation_of_state_jm_density (UID: 138)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_gm_compute_relativeSlopeTopOfEdge (UID: 99)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_dagnostic_solve1_loop_324_252 (UID: 80)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_thick_vadv_tend (UID: 131)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_gm_compute_gradZMidTopOfEdge (UID: 195)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_frazil_forcing_layer_thickness (UID: 37)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_analysis_compute_startup (UID: 4)

ocn_gm_compute_relativeSlopeTopOfCell (UID: 162)

0 fake_size_lr (1,1,1) READ-ONLY EXCLUSIVE
1 fake_size_lr (1,1,1) READ-WRITE EXCLUSIVE

ocn_frazil_forcing_build_arrays (UID: 5)
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Field remapping
• Current coupler

• Conservative, bilinear, others

• Static, linear, convex cells

• CANGA-ROO
• Irregular meshes (offline, static)

• Adaptive on-line

• Changing mesh/boundary, adjust order

• Meshless
• Support field staggering

• Vector fields 

• Property-preserving 

• Constrained optimization

• Test framework
• Analytic fields derived from observation

• Spherical harmonic truncated expansion
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Triangulation of a concave grid 

cell generated within 

Tem pestRem ap.

Exam ple artificial data 

field constructed from  

spherical harm onics to 

m im ic topography on 

the sphere.

�1

Optimization+meshfree remap: treating DoF
as scattered data allows to circumvent 
complications of non-coincident interfaces
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Time integration of coupled systems

• Current coupling
• Explicit integration based on flux/field exchange
• Time-lagged or time-averaged fields to enable concurrent execution and ease 

of interface
• Effectively a sub-cycling approach: no reason why it shouldn’t [not] introduce 

instabilities
• New approaches to advance integrated system
• Consistent schemes with no/minimal iteration
• Example: Lagrangian multiplier/dual Schur complement approaches

• Still solve independently in each subdomain, estimates of flux/BC info

• Shift to multiple process timescales in task-parallel system
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Simpler model hierarchy

• Capture enough complexity but no
more
• Perform stability analysis of integrated 

coupled system
• Explore impact/feasibility of new time 

integration algorithms

• Hierarchy
• Coupled transport (advection-diffusion) 

on two domains
• Linearized Navier-Stokes
• Q-GCM: quasi-geostrophic
• All include field remapping

• Simple python coupler
• Replaced by task-based coupler
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TP Convergence

'̇i �r · (✏r'i � u'i) = fi

u = (� sin(⇡/6), cos(⇡/6))

'k(x, t) = x2y sin(2⇡x) sin(2⇡y) exp(t)

Strong advection, ✏ = 0.0001
h(⌦1) h(⌦2) �t IVR(L1) IVR(L2) IVR(LC)
0.25 0.0714 1.042e-02 1.121e-01 9.114e-02 9.114e-02
0.125 0.0357 5.102e-03 3.482e-02 3.426e-02 3.783e-02

0.0625 0.0179 2.551e-03 8.282e-03 8.279e-03 8.747e-03
0.03125 0.00893 1.272e-03 1.620e-03 1.613e-03 1.663e-03

Rate - - 2.04 1.95 1.94

h(⌦1) h(⌦2) �t IVR(L1) IVR(L2) IVR(LC)
0.25 0.0714 1.042e-02 3.215 2.321 2.321
0.125 0.0357 5.102e-03 1.412 1.297 1.448

0.0625 0.0179 2.551e-03 0.6381 0.6261 0.6502
0.03125 0.00893 1.272e-03 0.3012 0.2985 0.3020

Rate - - 1.14 0.993 0.998
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3.2. Advection-di↵usion transmission problem

We formulate the model transmission problem (TP) in terms of a scalar conservation law solved in each
subdomain (

'̇
i

� r · F
i

('
i

) = f
i

in ⌦
i

⇥ [0, T ]

'
i

= g
i

in �
i

⇥ [0, T ]
i = 1, 2; (3.7)

with initial conditions
'
i

(x, 0) = '
i,0(x) in ⌦

i

i = 1, 2; (3.8)

and interface conditions

'1(x, t) � '2(x, t) = 0 and F1(x, t) · n

�

= F2(x, t) · n

�

on � ⇥ [0, T ]. (3.9)

The first interface condition enforces continuity of the states along the interface, whereas the second one
expresses the equilibrium of the flux exchanged between the subdomains.

We assume that the total flux function F
i

has the form

F
i

('
i

) = ✏
i

r'
i

� u'
i

,

where ✏
i

> 0 is a di↵usion coe�cient in ⌦
i

and u is a given velocity field that can also be zero.3

Following along the same lines as in Section 3.1 we let � = F1 · n
�

= F2 · n
�

be the unknown flux across
the interface. As before, by treating � as Neumann boundary and by specifying � as a Neumann boundary
condition we can subsume the flux equilibrium, i.e., the second interface condition in (3.9) into the governing
equations. The end result is an equivalent formulation of (3.7)–(3.9) in which the governing equations (3.7)
are replaced by a pair of mixed boundary value problems
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><

>:

'̇
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⇥ [0, T ]

'
i

= g
i

in �
i

⇥ [0, T ]

F
i

('
i

) · n

i

= (�1)i� on � ⇥ [0, T ]

i = 1, 2, (3.10)

that can be solved independently, provided an approximation of the interface flux is available. In a traditional
partitioned method an estimate �

i

of � on � is derived by a solution transfer '
j

7! T
i

('
j

) followed by
evaluation of the boundary operator, i.e., �

i

⇡ F
i

(T
i

('
j

)) · n

i

.
The IVR scheme for (3.7)–(3.9) will instead start from the following standard mixed formulation of this

problem: seek {'1,'2,�} 2 H1
�(⌦1) ⇥ H1

�(⌦2) ⇥ H�1/2(�) such that

('̇1, 1)0,⌦1
+ h�, 1i

�

= (f1, 1)0,⌦1
� (F1('1), r 1)0,⌦1

8 1 2 H1
�(⌦1)

('̇2, 2)0,⌦2
� h�, 2i

�

= (f2, 2)0,⌦2
� (F2('2), r 2)0,⌦2

8 2 2 H1
�(⌦2)

h'1 � '2, µi
�

dS = 0 8µ 2 H�1/2(�).

(3.11)

We will use (3.11) to express �, which is the flux between ⌦1 and ⌦2, as an implicit function of '
i

, i = 1, 2.

4. Partitioned Implicit Value Recovery Schemes

For clarity, we break up the formulation of IVR schemes for the LSSI and TP problems into four steps.
The first step discretizes in space an appropriate mixed form of the interface problem and produces a system
of Di↵erential Algebraic Equations (DAE). If necessary, this DAE is further reduced to a Hessenberg index-1
form, which is the second step of the IVR formulation. The algebraic equation in such a DAE defines the

3For advection-dominated problems, i.e., when ✏i is much smaller than u, finite element discretization of the subdomain
equations may require additional stabilization [31]. Although this somewhat complicates the structure of the discrete equations,
the bulk of the developments in Section 4 carries over to the stabilized case as well. We briefly describe the stabilized formulation
used to perform the numerical tests in Section 6.2.
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Task–based M odels

P. Jones (LANL)

Tim e Integration and 

Applications

R. Jacob (ANL), P. Bochev (SNL)

Rem apping (ROO)

P. Ullrich (UC-Davis)

ASCR funded

BER funded

Legion Support

I. Dem eshko (LANL)

Ocean, Ice

I. Dem eshko, PD, P. Jones (LANL)

Land M odel

E. Coon, S. Painter (ORNL)

Coupler Prototype

J. Graham , P. Jones (LANL)

In Situ analysis

T. Peterka, H. Guo (ANL)

Tim e integration

P. Bochev, K. Peterson, 

D. Ridzal (SNL)

Property-preserving and m eshless

P. Bochev, R. Pawlowski, K. Peterson, P. 

Kuberry (SNL)

Adaptive Rem ap

X. Jiao, Stony Brook

Reduced com plexity m odels

R. Jacob, PD (ANL)

Tem pestRem ap Extensions

P. Ullrich (UC-Davis). V M ahadevan (ANL)

Tim e Integration

H. Zhang (ANL)

Applications and 

reduced 

com plexity m odels

Z. Liu (Ohio State)

Perform ant 

accurate, robust 

AM T coupled 

system
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Challenges, potential SciDAC links

• Task-parallel strategies
• Many packages focused more on standard domain partitioning
• Everyone wants control of data layout
• Still need to optimize for node-level memory, core features (platform ready)
• In-situ analysis, I/O as additional task parallelism

• Remapping
• Optimized mesh and meshless tools: searching, geometry, 

partitioning/ordering
• Property preservation, higher-order

• Time integration
• Algorithms, approaches for less tightly coupled systems and with minimal

iteration
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