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Tealeaf

= HPC mini-app developed by the UK Mini-App Consortium
= Solves the linear 2D heat conduction equation on a spatially decomposed regular grid
using a 5 point stencil with implicit solvers
= Part of the Mantevo 3.0 suite
= Available on GitHub: http://uk-mac.github.io/TealLeaf/

» Measurements of TealLeaf reference v1.0 taken on Jureca cluster @ JSC
= Using Intel 19.0.3 compilers, Intel MPI 2019.3, Score-P 5.0, and Scalasca 2.5

= Run configuration
= 8 MPI ranks with 12 OpenMP threads each
» Distributed across 4 compute nodes (2 ranks per node)
» Test problem “5”: 4000 x 4000 cells, CG solver
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TealLeaf summary report analysis (I)

CubeGUI-4.4.3:

scorep_tea_leaf_baseline_8x12_sum/summary.cubex <®@jri11>

File Display Plugins Help
Restore Setting ~ Sawve Settings
Absolute ~ | | Absolute ~ | | Absolute “lw
B metric tree EE calltree Flat view B systemtree | [ statistics | [l su §
~ O 0.00 Time (sec) = » 0.00 timer_ | so.86 =
(o) . - O 0.00 Execution » W 0.06 set_field_module.set_field_ ' =
91 /0 Of the exeCUtlon + @ 0.00 timestep_module.timestep
- 0 0 O ~ W 0.75 tea_leaf module.tea leaf 2
t|me IS COM putanon .. » @ 7.97 Management » @ 0.26 timer_ 89.30 | r88.05 |
» m 0.38 Synchronization » @ 51.30 update_halo_module.update_halo_
- O 0.00 Communication » @ 6.22 tea_leaf_kernel_cg_module.tea_leaf_kernel_init_cg_{
12.08 Point-to-point » 1.03 tea_module.tea_allsum
19.82 Collective » 0.61 tea leaf kernel cheby module.tea leaf kernel chet 88.74 1
0O 0.00 One-sided ~ @ 1.24 tea leaf kernel cg_ module.tea_leaf kernel sofve c¢
» 0.00 File IfO ~ ® 1.69 I$omp parallel @tea leaf cg.f90:186
-~ O 0.00 OpenMP m 3421.11 '$omp do @tea leaf cg.f90:187 |
~ O 0.00 Synchronization O 0.00 '$omp implicit barrier @tea_leaf cg.f90:199 88.17 1 el
~ O 0.00 Barrier O 0.00 !$omp implicit barrier @tea leaf cqg.f90:200
. D 0.00 Explicit -~ @ 2.43 tea leaf kernel cg module.tea leaf kernel solve cc
...almost ent“"ely Spent m 114.81 Implicit - m 2.01 i$omp paraliel @tea leaf cg.fo0:234 o761 87.61
. 3 O M P | 0 00 Crltlcal m 3402.24 '$omp do @tea leaf cg.f90:247 ‘
= O 0.00 '$omp implicit barrier @tea leaf ¢g.f90:255
In pen do OOpS -t m O 0.00 !$omp implicit barrier @tea_leaf cg.f90:257
m| 0 00 Task Wait -~ @ 2.04 tea leaf kernel cg module.tea leaf kernel solve cc 87.05 -
O 0.00 Flush ~ @ 1.54 '$omp parallel @tea leaf cg.f90:284 [ 86.99
O 0.00 Overhead = 1580.11 '$omp do @tea leaf cg.f90:294
» 656.11 Idle threads O 0.00 '$omp implicit barrier @tea_leaf ¢g.f90:300
1.17e8 Visits (occ) O 0.00 '$omp implicit barrier @tea_leaf cg f90 302 86.49 r 86.61
2.37e10 Bytes transferred {bytes) y 1.17 tea_leaf kernel module.tea K i
. o o 00 = - Box Plot ® Violin Plot
] 4 ]
Wlth a Sllght Imbalance 8478.33 (91.27%) 9239.50‘ ‘0.00 8403.46 (99.12%) 84?8.33‘ ‘0.00 0.00 (0.00%) 8403.46‘
across ranks & threads X T eaaa—
ok
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TealLeaf summary report analysis (II)

CubeGUI-4.4.3: scorep_tea_leaf_baseline_8x12_sum/summary.cubex <@jril1>

File Display Plugins Help
Restore Setting ~ Save Settings
Absolute ~ | | Absolute ~ | | Absolute “lw
E Metric tree E Call tree Flat view B systemtree | [ statistics | W su  |» §
7(y f th ti i -~ 0 0.00 Time (sec) - |~ m 0.05 tea_leaf baseline <] - D.Oachne |-i = =
~ O 0.00 Execution - @ 0.32 MAIN ~ 0 0.00 node Jrc =
o0 € execution ime 8478.33 Computation = 82.78 tea module.tea init comms -0 g'O(?&?)PLqRaFK(t}h ]
. ~ O 0.00 MPI » @ 0.09 'Somp parallel @tea leaf.f90:45 . aster tnrea 2
are lost due to idle » ® 7.97 Management B 698 it P @tea_ 8.11 OMP thread 1 )
» @ 0.38 Synchronization - @ 0.01 diffuse_~ 8.12 OMP thread 2
th readS 0o - O 0.00 Communication + @ 0.00 timer_ 8.13 OMP thread 3
12.08 Point-to-point » @ 0.00 set field module.set field 8.12 OMP thread 4
19.82 Collective » @ 0.14 timestep_module.timestep 8.10 OMP thread 5
O 0.00 One-sided - m 8. 2? tea_leaf_module.tea_leaf 8.12 OMP thread 6
» O 0.00 File I/O » @ 2.84 timer_ 8.13 OMP thread 7
- O 0.00 OpenMP w 251.98 update halo module.update halo 8.13 OMP thread 8
- O 0.00 Synchronization » @ 3.63 tea leaf kernel cg module.tea leaf kernel init cg_{ 8.12 OMP thread 9
~ O 0.00 Barrier m 228.56 tea module.tea allsum 8.13 OMP thread 10
O 0.00 Explicit 0.07 tea_leaf kernel cheby module.tea leaf kernel chet 8.14 OMP thread 11
114.81 Implicit 13.66 tea leaf kernel cg module.tea leaf kernel solve « - O 0.00 MPI Rank 1
O 0.00 Critical - @ 0.44 '$omp parallel @tea_leaf cg.f90:186 0 0.00 Master thread
O 0.00 Lock API - O 0.00 !$omp do @tea leaf ¢g.f90:187 7.18 OMP thread 1
O 0.00 Ordered O 0.00 !'$omp implicit barrier @tea leaf cg.f90:199 7.18 OMP thread 2
O 0.00 Task Wait 0 0.00 '$omp implicit barrier @tea leaf cg.f90:200 7.19 OMP thread 3
o 0 00 Flush 26.73 tea leaf kernel cg module.tea leaf kernel solve ¢ 1.18 OMP thread 4
O 0.00 Overhead m 0.92 !$omp parallel @tea_leaf cg.f90:234 7.17 OMP thread 5
= 656.11 Idle threads - 0 0.00 !$omp do @tea_leaf ¢g.f90:247 7.18 OMP thread 6
1.17e8 Visits (occ) O 0.00 !'$omp implicit barrier @tea leaf cg.f90:255 7.19 OMP thread
2.37e10 Bytes transferred (bytes O 0.00 '$omp implicit barrier @tea leaf ¢g.f90:257 7.19 OMP thread -
oo = r 22.42 tea leaf kernel g ml::-dule tea leaf kernel solve ._ = :
' i — e i All (96 elements) -
...IN non_OpenMP _ 656.11 (7.06%) 9239.50‘ ‘0.00 612.48 (93.35%) 656.11‘ ‘0.00 0.00 (0.00%) 512.43‘
parallelized code regions | -
v
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TealLeaf summary report analysis (III)

CubeGUI-4.4.3: scorep_tea_leaf_baseline_8x12_sum/summary.cubex <@jril1>

File Display Plugins Help
M PI Communication time Restore Setting ~ Save Settings
. s 0 )_ Absolute ~ | | Absolute = | | Absolute v %,
IS neg I Ig I ble (O . 34 A) ) E Metric tree E Call tree Flat view E system tree | M statistics | M su [ g
i i i - O 0.00 Time (sec) ~| |~ O 0.00 tea leaf baseline - -l 5
Communlcat|0n 1S Only on ~ O 0.00 Execution - O 0.00 MAIN__ - O g-Oggg?wePJITEISilo z
8478.33 Computation » O 0.00 tea_module.tea init comms v - an
the maSter th reads - O 0.00 MPI v O 0.00 !'$omp parallel @tea_ leaf.f90:45 @ 4.88 Master thread o
MPlI THREAD FUNNELED » ® 7.97 Management v @ 0.11 initialise_ O 0.00 OMP thread 1 3
( _ _ ) » 0.38 Synchronization -~ O 0.00 diffuse 0O 0.00 OMP thread 2
- O 0.00 Communication » O 0.00 timer_ O 0.00 OMP thread 3
r 12.08 Point-to-point » O 0.00 set_field_module.set field_ 0 0.00 OMP thread 4
r 19.82 Collective » @ 0.01 timestep_module.timestep_ 0 0.00 OMP thread 5
O 0.00 One-sided ~ O 0.00 tea_leaf module.tea_leaf O 0.00 OMP thread 6
» O 0.00 File IfO » O 0.00 timer O 0.00 OMP thread 7
- 0 0.00 OpenMP 0 0.00 OMP thread
- O 0.00 Synchronization » O 0.00 tea leaf kernel cg module.tea leaf kernel init_cg 1 0 0.00 OMP thread 9
- O 0.00 Barrier O 0.00 OMP thread 10
O 0.00 Explicit » O 0.00 tea_leaf kernel cheby module.tea leaf kernel chet O 0.00 OMP thread 11
114.81 Implicit - O 0.00 tea_leaf kernel_cg_module.tea_leaf kernel_solve cc - O 0.00 MPI Rank 1
O 0.00 Critical - 0 0.00 '$omp parallel @tea_leaf cg.f90:186 @ 3.97 Master thread
O 0.00 Lock API - O 0.00 !$omp do @tea leaf ¢g.f90:187 O 0.00 OMP thread 1
O 0.00 Ordered O 0.00 '$omp implicit barrier @tea_leaf cg.f90:199 0 0.00 OMP thread 2
O 0.00 Task Wait O 0.00 !$omp implicit barrier @tea_leaf cg.f90:200 0 0.00 OMP thread 3
O 0.00 Flush - O 0.00 tea_leaf kernel cg_module.tea_leaf kernel_solve cc O 0.00 OMP thread 4
O 0.00 Overhead - O 0.00 '$omp parallel @tea_leaf cg.f90:234 O 0.00 OMP thread 5
» @ 656.11 Idle threads - 0 0.00 !$omp do @tea leaf cg.f90:247 O 0.00 OMP thread 6
1.17e8 Visits (occ) O 0.00 !'$omp implicit barrier @tea_leaf cg.f90:255 0 0.00 OMP thread 7
» @ 2.37e10 Bytes transferred (bytes) O 0.00 !$omp implicit barrier @tea_leaf cg.f90:257 O 0.00 OMP thread -
» O 0 MPI file operations (occ) = ~ O 0.00 tea leaf kernel cg_module.tea leaf kernel solve c¢_| | :
I s e T 1 - et [ i v y All (96 elements) -
‘0.00 31.90 (0.34%) 9239.50‘ ‘0.00 31.78 (99.62%) 31.90‘ ‘0.00 0.00 (0.00%) 31.?3‘
[ | I
v,
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Tealeaf Scalasca report analysis (I)

CubeGUI-4.4.3: scorep_tea_leaf baseline_8x12 trace/trace.cubex <@jrl1l>

. File Display Plugins Help
Whlle MPI Restore Setting = Sawve Settings
Communlcatlon tlme Absclute * | | Absolute * | | Absolute “lw
and Walt StateS are ‘Metrictree ‘Calltree Flatview .System tree .Statistics .Su i g
- O 0.00 Time (sec) = -~ O 0.00 tea_module.tea_exchange_ = 0 = =
~ 0 ~ O 0.00 Execution » O 0.00 tea_module.tea_pack_right_ v -UL node Jrc =
Sma” ( 06 A) Of the tOtal 8546.03 Computation - [0 0.00 tea_module.tea_send _recv_message right » @ 8.06 MPI Rank 0
0 - = [J 0.00 MPI — 1.05 MPI_lsend » @ 3.73 MPI Rank 1 o
exeCUtlon tlme) . ' .64 Management  0.27 MPI_Irecy ~ O 0.00 node jrc0281 2
’ .14 Synchronization = 10.28 MPI Waitall » @ 8.15 MPI Rank 2
~ [0 0.00 Communication » O 0.00 tea_module.tea_unpack_right_ » @ 7.28 MPI Rank 3
i i v [0 0.00 tea_module.tea_pack top_ - O 0.00 node jrc0282
~ 0 0.00 tea_module.tea_send recv_message top » O 7.61 MPI Rank 4
r 1.42 MPI_Isend | o » @ 5.40 MPI Rank 5
O 0.00 Early Reduce » O 0.00 tea_module.tea_unpack_top_ » @ 7.54 MPI Rank 6
0 0.00 Early Scan » O 0.00 tea_module.tea_pack left_ » @ 7.10 MPI Rank 7
O 0.00 Late Broadcast ~ [ 0.00 tea_module.tea_send recv_message left_
™ 33.50 Wait at N x N[ ]| ~ 0.97 MPI_Isend
~ 1.40 N x N Completion] | ~ 0.28 MPI Irecv
» O 0.00 One-sided » O 0.00 tea_module.tea_unpack_left_
» O 0.00 File I/O » O 0.00 tea_module.tea_pack_bottom_
m 253.37 OpenMP ~ [ 0.00 tea_module.tea_send recv_message botto
O 0.00 Overhead ~ 1.43 MPI Isend
’ 735.75 Idle threads ~ 0.23 MPI Irecv
1.17e8 Visits (occ) » O 0.00 tea_module.tea_unpack_bottom_
v 72 MPI synchronizations (occ) » O 0.00 update_halo_kernel_module.update_halo_ken
» [0 0 MPI pair-wise one-sided synchronizations » O 0.00 tea_leaf kernel_cg_module.tea_leaf kernel_init
’ 1.29e6 MPI communications (occ) -~ [ 0.00 tea_module.tea_allsum_ 3
» O 0 MPI file operations (occ) S = 38.47MPI Alreduce| | Sl '
g e - » q et B B - D All (96 elements) v
‘0.00 54.93 (0.57%) 9594.86| ‘0.00 54.86 (99.87%) 54.93‘ ‘0.00 0.00 (0.00%) 54.86‘
S - o I—
v
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Tealeaf Scalasca report analysis (II)

CubeGUI-4.4.3: scorep_tea_leaf baseline_8x12 traceftrace.cubex <@jrl1l>

File Display Plugins Help
Restore Setting = Sawve Settings
Absclute * | | Absolute * | | Absolute “lw
BB metric tree B call tree Flat view B systemtree | Ml statistics | [ su |’ §
» @ 735.75 Idle threads = - @ 7.00 tea_module.tea_exchange_ - m 0.00 machine Linux = JH3
1.17e8 Visits (occ) » W 4.76 tea_module.tea pack right_ - [ 0.00 node jrc0280 -
» @ 72 MPI synchronizations (occ) - W 1.98 tea_module.tea_send_recv_message right » @ 24.77 MPI Rank 0
» O 0 MPI pair-wise one-sided synchronizations ~ 11.56 MPI_Isend » O 24.21 MPI Rak 1 o]
» @ 1.29e6 MPI communications (occ) ~ 2.99 MPI_irecv -0 g-ozoon;;;ﬁ:gzi ) B
1 » O 0 MPI file operations (occ) = 56.82 MPI Waitall ' - an
.. they dlreCtly cause a » @ 2.37e10 MPI bytes transferred (bytes) » @ 4.79 tea_module.tea unpack right_ » @ 21.55 MPI Rank 3
. ‘e - [J 0.00 Delay costs (sec) » @ 6.85tea_module.tea pack top ~ O 0.00 node jrc0282
S|gn|f|Ca nt amount Of = O 0.00 MPI - W 1.25 tea_module.tea_send _recv_message top_ » @ 23.46 MPI Rank 4
th O MP th d - O 0.00 Point-to-point = 15.65 MPI_Isend D' %10204-13'“1?' Eggg 5
v 4.57 Late Sender ~ 4.95 MPI Irecv v -uu node Jrc
e pen rea » [ 0.26 Late Receiver » B 7.10 tea_module.tea_unpack_top_ » @ 19.39 MPI Rank 6
idleness - [0 0.00 Collective » [ 4.87 tea_module.tea_pack left_ » @ 20.40 MPI Rank 7
’ 0.10 Wait at Barrier ~ @ 1.92 tea_module.tea_send recv_message left_
» @ 33.17 Waitat N x N ~ 10.63 MPI_Isend
» O 0.00 Late Broadcast ~ 3.13 MPI Irecv
~ O 0.00 OpenMP ' 4.59 tea_module.tea_unpack_left_
» O 59.82 Wait at Barrier ’ 6.98 tea_module.tea_pack_bottom_
~ [ 0.00 Idleness delay costs ~ @ 1.34 tea_module.tea_send recv_message botto
= 354.84 Short-term ~ 15.69 MPI _Isend
87.42 Long-term ~ 2.55 MPI Irecv
’ 5.13 MPI point-to-point wait states (propagi ’ 6.96 tea_module.tea_unpack bottom_
v 5.13 MPI point-te-point wait states (direct v + [ 3.83 update_halo _kernel module.update halo ken
’ 99.90 Critical path (sec) ’ 3.55 tea_leaf kernel_cg_module.tea_leaf kernel_init
’ 9590.08 Performance impact (sec) - 9.87 tea module.tea allsum_ 5
’ 198.95 Computational imbalance (sec) = = 54.90 MPI Allreduce 4 '
q ) q e e B T e I All (96 elements) v
‘0.00 354.84 (65.69%) 540.13| ‘0.00 178.86 (50.41%) 354.54‘ ‘0.00 0.00 (0.00%) 1?8.86‘
v
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TealLeaf Scalasca report analysis (III)

CubeGUI-4.4,3: scorep_tea_leaf baseline_8x12 traceftrace.cubex <@jrl1l>

File Display Plugins Help
13 . 1] Restore Setting = Sawve Settings
The “Wait at NxN
. . Absolute = | | Absolute = | | Absolute “lw
COI IeCtlve Walt States E Metric tree E Call tree Flat view [ system tree | M statistics Su | g
» @ 735.75 Idle threads - » m 0.00 timestep_module.timestep - = [
are mostly caused by 1.17e8 Visits (occ) - W 0.04 tea_leaf module.tea leaf - O 0.00 node jrc0280 2
. » @ 72 MPI synchronizations (occ) » @ 0.02 fimer_ » @ 0.17 MPI Rank 0
the fl rSt 2 OpenM P dO » O 0 MPI pair-wise one-sided synchronizations » @ 4.79 update_halo_module.update halo_ » @ 18.55 MP' Rank 1 =)
» @ 1.29e6 MPI communications (occ) + W 0.00 tea_leaf_kernel_cg_module.tea_leaf_kernel_init_ - O Ogﬁggqep{rgozlz 8
» O 0 MPI file operations (occ) - @ 0.03 tea_module.tea_allsum_ ' an
IOOpS Of the SOIVer (On » @ 2.37e10 MPI bytes transferred (bytes) 1.40 MPI_Allreduce D~ 0%16 :IPI' Rggg;
-~ O 0.00 Delay costs (sec) » 0.00 tea_leaf kernel cheby module.tea leaf kernel ¢ node jrc
I’ankS 5 & 1 ; I’eSp) oy = O 0.00 MPI - @ 0.02 tea_leaf kernel cg_module.tea_leaf kernel_solvi » @ 0.10 MPI Rank 4
- O 0.00 Point-to-point - W 0.04 '$Somp parallel @tea leaf cg.f90:186 » O 6.67 MPI Rank 5
» @ 4.57 Late Sender m 7.42 1$omp do @tea leaf cg.f90:187 ~ O 0.00 node jrc0283
» @ 0.26 Late Receiver 0.02 !$omp implicit barrier @tea_leaf cg.fo0: + [ 0.11 MPI Rank 6
- [ 0.00 Collective W 0.01 !$omp implicit barrier @tea_leaf €g.f90:20 » [ 0.14 MPI Rank 7
4 0.10 Wait at Barrier ~ @ 0.02 tea leaf kernel cg module.tea leaf kernel solw
- W 0.06 '$omp paraliel @tea leaf cg. f90 234
» O 0.00 Late Broadcast
v D 0.00 OpenMP 0.06 '$Somp implicit barrier @tea_leaf_cg.fQO:
» @ 59.82 Wait at Barrier 0.02 !'$omp implicit barrier @tea leaf cg.f90:25
= [ 0.00 Idleness delay costs ~ @ 0.01 tea_leaf kernel_cg _module.tea_leaf kernel_solw
O 354.84 Short-term - 0.04 !'$omp parallel @tea_leaf cg.f90:284
= 87.42 Long-term - 0.58 !'$omp do @tea leaf cg.f90:294
’ 5.13 MPI point-to-point wait states (propagi 0.03 '$omp implicit barrier @tea_|leaf cg.f90:
b 5.13 MPI point-to-point wait states (direct v 0.01 !'$omp implicit barrier @tea_leaf cg.f90:30
’ 99.90 Critical path (sec) » @ 0.00 tea_leaf kernel_module.tea_leaf kernel finalise_
’ 9590.08 Performance impact (sec) » O 0.00 field summary_ 5
’ 198.95 Computational imbalance (sec) = O 0.00 tea_module.tea finalize_ o R '
q M q b All (96 elements) =
‘0.00 33.17 (6.14%) 540.13| ‘0.00 25.97 (78.30%) 33.1?‘ ‘0.00 0.00 (0.00%) 25.9?‘
[ ] | I
W
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TealLeaf Scalasca report analysis (IV)

CubeGUI-4.4,3: scorep_tea_leaf baseline_8x12 traceftrace.cubex <@jrl1l>

- o File Display Plugins Hel
.while the MPI point- T
Restore Setting ~ Sawve Settings
tO'pOInt Walt States are Absolute « | | Absolute ~ | | Absolute “lw
rd [ metric tree EE call tree Flat view B system tree | M statistics  Msu | &
Caused by the 3 SOlver b 735.75 ldle threads - - 0.03 pack kernel module.tea pack message « 0 = =
1.17e8 Visits (occ) v noae ire =
do Ioop (On rank 1 ) and » @ 72 MPI synchronizations (occ) » W 0.01 tea_module.tea_send_recv_message _top_ ’ gg? mg: Eanig
3 » O 0 MPI pair-wise one-sided synchronizations ’ 0.00 tea_module.tea unpack top ' I'han =)
tWO IOOpS N the ha|0 » @ 1.29e6 MPI communications (occ) ~ [ 0.02 tea_module.tea_pack_left_ ~ - O 0.00 node jrc0281 g
» O 0 MPI file operations (occ) - [ 0.04 pack kernel module.tea pack message » @ 0.02 MPI Rank 2
exchange » @ 2.37e10 MPI bytes transferred (bytes) » @ 0.17 MPI Rank 3
~ [ 0.00 Delay costs (sec) » M 0.08 tea_module.tea send recv_message left ~ O 0.00 node jrc0282
~ O 0.00 MPI » B 0.04 tea_module.tea_unpack left » O 0.34 MPI Rank 4
~ [ 0.00 Point-to-point » B 0.04 tea_module.tea_pack bottom » @ 0.41 MPI Rank 5
 4.57 Late Sender » @ 0.03 tea_module.tea_send recv_ message botto - [ 0.00 node jrc0283
0.26 Late Receiver » @ 0.00 tea_module.tea_unpack_bottom + [ 0.02 MPI Rank 6
~ O 0.00 Collective » @ 0.00 update halo kernel module.update_halo ker » @ 0.01 MPI Rank 7
’ 0.10 Wait at Barrier ’ 0.00 tea_leaf kernel cg_module.tea_leaf kernel init
’ 33.17 Waitat Nx N ’ 0.26 tea_module.tea_allsum
» [ 0.00 Late Broadcast » O 0.00 tea leaf kernel cheby module.tea leaf kernel ¢
v D 0.00 OpenMP » O 0.00 tea_| Ieaf kernel_cg_module.tea_| Ieaf kernel solw
» @ 59.82 Wait at Barrier v [0 0.00 tea |eaf kernel | cg_module. tea leaf kernel solvi
= [0 0.00 Idleness delay costs - W 0.02 tea leaf kernel cg module.tea leaf kernel solwi
O 354.84 Short-term - 0.05 '$omp paraliel @tea leaf cg.f90:284
@ 87.42 Long-term
’ 5.13 MPI point-to-point wait states (propagi 0.03 '$omp implicit barrier @tea_leaf cg.f90:
b 5.13 MPI point-to-point wait states (direct v 0.01 !'$omp implicit barrier @tea_leaf cg.f90:30
’ 99.90 Critical path (sec) » @ 0.00 tea_leaf kernel_module.tea_leaf kernel finalise_
’ 9590.08 Performance impact (sec) » O 0.00 field summary_ 5
’ 198.95 Computational imbalance (sec) = O 0.00 tea_module.tea finalize_ o R '
q M q b All (96 elements) =
‘0.00 4.84 (0.90%) 540.13| ‘0.00 3.70 (76.45%) 4.84‘ ‘0.00 0.00 (0.00%) 3.?0‘
N i | I
v

49TH VI-HPS TUNING WORKSHOP (DURHAM, UK, 28 APRIL 2026) _



TealLeaf Scalasca report analysis (V)
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CubeGUI-4.4.3:

scorep_tea_leaf baseline_8x12 traceftrace.cubex <@jrill>

File Display Plugins Help
Restore Setting = Sawve Settings
Absolute = | | Absolute = | | Absolute “lw
[ metric tree EE call tree Flat view B system tree | M Statistics [ su |» §
» @ 735.75 Idle threads = - W 0.57 pack _kernel module.tea_pack message = m_0.00 machine Linux =
1.17e8 Visits (occ) = 5.68 !$omp parallel @pack kernel f90:61 ~ O 0.00 node jrc0280 z
» @ 72 MPI synchronizations (occ) » [ 2.28 tea_module.tea_send_recv_message left_ ’ géngMIEIPIRS\nKkOl
d » O 0 MPI pair-wise one-sided synchronizations ’ 1.60 tea_module.tea_unpack_left_ ' Fl'Ran 2
Val'IOUS Open M P do » @ 1.29e6 MPI communications (occ) + B 1.31 tea_module.tea_pack_bottom_ - O 0.00 node jrc0281 g
I . I th | » O 0 MPI file operations (occ) +» @ 1.01 tea_module.tea_send recv_message botto ’ ?gg mg: Eantg
’ 2.37el10 MPI bytes transferred (bytes) ’ 0.62 tea_module.tea_unpack_bottom ' I'han
OOpS (InC . € solver ~ [ 0.00 Delay costs (sec) » @ 0.67 update_halo kernel module.update_halo ker O Ozoyffqepirﬁozﬁi
~ [ 0.00 MPI » W 0.04 tea leaf kernel cg module.tea leaf kernel init ' an
IOOpS) aISO cause - O 0.00 Point-to-point v @ 4.37 tea_module.tea_alisum_ » O 20.14 MPI Rank 5
» @ 4.57 Late Sender » W 0.01 tea leaf kernel cheby module.tea leaf kernel c - O 0.00 node jrc0283
OpenMP th I’ead » [ 0.26 Late Receiver - @ 0.03 tea_leaf_kernel_cg_module.tea_leaf_kernel_solvi » w029 MP' Rank 6
C” th k - O 0.00 Collective - @ 0.07 'Somp paraliel @tea leaf cg.f90:186 » @ 0.33 MPI Rank 7
’ 0.10 Wait at Barrier = 14.89 !$omp do @tea leaf cg.f90:187
I eneSS On O er ran S ’ 33.17 Waitat Nx N W 0.02 '$Somp implicit barrier @tea leaf cg.f90:20
1 1 » [0 0.00 Late Broadcast ~ W 0.02 tea leaf kernel cg module.tea leaf kernel solw
via propagation - [J 0.00 OpenMP - W 0.07 '$omp paraliel @tea leaf cg.f90:234
» @ 59.82 Wait at Barrier = 19.08 '$omp do @tea leaf cg.f90:247
= [ 0.00 Idleness delay costs 0.02 !'$omp implicit barrier @tea_leaf cg.f90:25
@ 354.84 Short-term -~ W 0.22 tea leaf kernel cg module.tea leaf kernel solw
= 87.42 Long-term v 0.61 '$Somp paraliel @tea leaf cg.f90:284
’ 5.13 MPI point-to-point wait states (propagi m 20.37 '$omp do @tea leaf cg.f90:294
b 5.13 MPI point-to-point wait states (direct v 0.12 !'$omp implicit barrier @tea_leaf cg.f90:30
’ 99.90 Critical path (sec) » @ 0.02 tea_leaf kernel_module.tea_leaf kernel finalise_
’ 9590.08 Performance impact (sec) » O 0.00 field summary_ 5
’ 198.95 Computational imbalance (sec) = O 0.00 tea_module.tea finalize_ ! '
q » q ) All (96 elements) v
‘0.00 87.42 (16.18%) 540.13| ‘0.00 64.78 (74.10%) 3?.42‘ ‘0.00 0.00 (0.00%) 64.?8‘
Deselected "'Somp implicit barrier @tea_leaf_cg.f20:302" v
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TealLeaf Scalasca report analysis

(VI)

CubeGUI-4.4,3: scorep_tea_leaf baseline_8x12 traceftrace.cubex <@jrl1l>

File Display Plugins Help
Restore Setting = Sawve Settings
Absolute = | | Absolute = | | Absolute “lw
E Metric tree E Call tree Flat view [ system tree | M statistics Su ‘| * §
» @ 735.75 Idle threads = » [ 0.00 timer_ - m 0.00 machine Linux = JH3
1.17e8 Visits (occ) + W 0.00 set field module.set field - [ 0.00 node jrc0280 -
» @ 72 MPI synchronizations (occ) » @ 0.00 timestep_module.timestep » @ 0.52 MPI Rank 0
» O 0 MPI pair-wise one-sided synchronizations ~ @ 0.08 tea_leaf_ module.tea_leaf_ » O 38.93 MPI Rak 1 g
’ 1.29e6 MPI communications (occ) » W 0.03 timer_ ~ O 0.00 node jrc0281 @
» O 0 MPI file operations (occ) + @ 4.04 updafe halo_module.update halo » @ 0.33 MPI Rank 2
» @ 2.37e10 MPI bytes transferred (bytes) » @ 0.11 tea leaf kernel cg module.tea leaf kernel init » O 13.35 MPI Rank 3
- [0 0.00 Delay costs (sec) » @ 0.84 tea_module.tea_allsum ~ O 0.00 node jrc0282
~ O 0.00 MPI » @ 0.01 tea leaf kernel cheby module.tea leaf kernel c » @ 0.91 MPI Rank 4
~ [0 0.00 Point-to-point - W 0.03 tea_leaf kernel cg module.tea leaf kernel solvi » O 38.44 MPI Rank 5
» W 4.57 Late Sender - [ 0.15 '$Somp parallel @tea leaf cg.f90:186 - O 0.00 node jrc0283
» [ 0.26 Late Receiver m 37.74 '$omp do @tea leaf cg.f90:187 ' ggg Hﬁl Eam; g
11 ~ [0 0.00 Collective 0.06 '$omp implicit barrier @tea_leaf cg.f90: r an
The Crltlcal Path aISO ’ 0.10 Wait at Barrier 0.02 !'$omp implicit barrier @tea_leaf cg.f90:20
. . r 33.17 Waitat N x N ~ @ 0.04 tea_leaf kernel_cg_module.tea_leaf_kernel_solw
hlghllghtS the three » O 0.00 Late Broadcast - [ 0.29 '$omp paraliel @tea leaf cg.f90:234
I I ~ O 0.00 OpenMP m 38.10 !'$omp do @tea leaf cg.f90:247
» @ 59.82 Wait at Barrier 0.07 '$omp implicit barrier @tea_leaf cg.fo0:
Solver 100 pS o ~ [0 0.00 Idleness delay costs 0.03 !$somp implicit barrier @tea_leaf cg.f90:25
@ 354.84 Short-term -~ @ 0.03 tea_leaf kernel_cg_module.tea_leaf kernel_solw
= 87.42 Long-term v 0.25 '$somp parallel @tea leaf cg.f90:284
’ 5.13 MPI point-to-point wait states (propagi = 17.22 '$omp do @tea leaf cg.f90:294
b 5.13 MPI point-to-point wait states (direct v 0.07 '$omp implicit barrier @tea_leaf cg.fo0:
§ ™ 99.90 Critical path (sec) m 0.03 !'$omp implicit barrier @tea_leaf cg.f90:30
’ 9590.08 Performance impact (sec) 4 0.01 tea_leaf kernel_module.tea_leaf kernel_finalise_ %
’ 198.95 Computational imbalance (sec) = ’ 0.00 field summary_ '
q » q — et B - » All (96 elements) -
‘0.00 99.90 (100.00%) 99.90| ‘0.00 93.06 (93.16%) 99.90‘ ‘0.00 0.00 (0.00%) 93.06‘
Ready v
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Tealeaf Scalasca

VIRTUALANSTITUTE = HIGH PRODUCTIVITY SUPERCOMPUTING

report analysis (VII)

File Display Plugins Help

Restore Setting = Sawve Settings

CubeGUI-4.4.3:

scorep_tea_leaf baseline_8x12 traceftrace.cubex <@jrill>

Absolute = | | Absolute = | | Absolute -
[ metric tree EE call tree Flat view B system tree | [M statistics Su |t
» @ 735.75 Idle threads - F 0.72 MPI Waitall - 2
1.17e8 Visits (occ) » O 0.00 tea_module,tea_unpack_right_ - O 0.00 node jrc0280
» @ 72 MPI synchronizations {occ) » @ 0.20 tea_module.tea pack top_ » @ 0.03 MPI Rank 0
» O 0 MPI pair-wise one-sided synchronizations » @ 0.20 tea_module.tea_send_recv_message _top_ » & 3.07 MPI Rank 1
» W 1.29e6 MPI communications (occ) » @ 0.21 tea_module.tea_unpack_top_ ~ O 0.00 node jrc0281
» O 0 MPI file operations (occ) » @ 0.28 tea_module.tea pack left_ » @ 0.01 MPI Rank 2
» @ 2.37e10 MPI bytes transferred (bytes) » M 0.32 tea_module.tea_send recv_message left » [@ 0.28 MPI Rank 3
- [0 0.00 Delay costs (sec) » @ 0.23 tea_module.tea_unpack left -0 Og&()fpjﬂep{rgozﬁi
1 1 1 ~ [0 0.00 MPI ’ 0.31 tea_module.tea_pack bottom_ ' an
Wlth Imbalance (tlme ~ [0 0.00 Point-to-point » @ 0.28 tea_module.tea_send recv_ message botto » O 2.30 MPI Rank 5
iy » @ 4.57 Late Sender » @ 0.18 tea_module.tea_unpack_bottom ~ O 0.00 node jrc0283
on Cr|t|Ca| path above » W 0.26 Late Receiver + B 0.12 update_halo_kernel module.update_halo_ker » @ 0.01 MPI Rank 6
: ~ [0 0.00 Collective 0.02 tea_leaf kernel_cg module.tea leaf kernel init » @ 0.02 MPI Rank 7
’ 0.10 Wait at Barrier 0.09 tea module.tea allsum_
average) mOStIy in the » @ 33.17 Waitat N x N
: » [ 0.00 Late Broadcast 0. 00 tea leaf kernel cheby module.tea leaf kernel ¢
fIrSt tWO IOOpS and MPI ~ O 0.00 OpenMP 0.00 tea_ Ieaf kernel_cg_module.tea Ieaf kernel sclw
. . » @ 59.82 Wait at Barrier - 0.01 'Somp paraliel @tea leaf cg. f90 186
communication ~ O 0.00 Idleness delay costs
O 354.84 Short-term 1 '$omp implicit barrier @tea_leaf_cg.fQO:ZO
= 87.42 Long-term ~ [ 0.00 t a leaf kernel cg module.tea leaf kernel solw
’ 5.13 MPI point-to-point wait states (propagi - 0.02 '$omp parallel @tea leaf cg. f90 234
» W 5.13 MPI point-to-point wait states (direct v
- 90.49 Critical path (sec) ] 0 01 '$0mp implicit barrier @tea Ieaf ~€g.f90:25
- [ 0.00 tea_leaf kernel cg_ module.tea_leaf kernel solvs 3
’ 9590 08 Performance |mpact (sec} = ’ 0. 4? '$0mp parallel @tea Ieaf _Cg f90 2l4 4 '
I ) q . St All (96 elements) -
‘0.00 9.41 (9.42%) 99.90| ‘0.00 5.75 (61.12%) 9.41‘ ‘0.00 0.00 (0.00%) 5.?5‘
N | I

Maln Walshs

12410

7

LY
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TealLeaf Scalasca report analysis (VIII)

CubeGUI-4.4,3: scorep_tea_leaf baseline_8x12 traceftrace.cubex <@jrl1l>

File Display Plugins Help

Restore Setting ~ Sawve Settings =:| ::| E U [:| E E] E] E =:| x-rot:| 0 < y-rot:| 0 =

Absolute * | | Absolute * | | Peer distribution “lw
E Metric tree E Call tree Flat view 5 sunburst | [ Process x Thread |4 §'
- O 0.00 Time (sec) = 0.11 tea_module.tea_send_recv_message_top_ * = =
~ [J 0.00 Execution 4.47 tea_module.tea_unpack top =
4.98 tea_module.tea_pack_left_
- O 0.00 MPI 0.17 tea_module.tea_send_recv_message_left_ 2
’ 4.64 Management 3.09 tea_module.tea_unpack left g
’ 0.14 Synchronization 3.65 tea_module.tea_pack bottom
~ [0 0.00 Communication 0.12 tea_module.tea_send recv_message botto
v 11.31 Point-to-point 4.39 tea_module.tea_ unpack bottom

=g =R =X

i i ’ 4.87 Late Sender ’ 11.04 update halo_kernel_module. update halo ke
ComPUtatlon tlme Of 0.26 Late Receive!h ’ 26 tea_leaf kernel cg_module.tea_leaf kernel init
1 st 3.59 Collective b .90 tea_module.tea_allsum
[ 0.00 Early Reduce ’ .64 tea_leaf kernel cheby module.tea leaf kernel ¢
O 0.00 Early Scan - .21 tea_leaf kernel cg_ module.tea_leaf kernel solvi
O 0.00 Late Broadcast - 1.70 '$omp paraliel @tea leaf cg.f90:186
M 33.50 Wait at N x N ]
1.40 N x N Completion [if] O 0.00 '$omp implicit barrier @tea_leaf ¢g.f90:20
» O 0.00 One-sided ~ @ 0.34 tea_leaf kernel_cg_module.tea_leaf kernel_solw
» O 0.00 File I/O -~ W 2.35 '$omp parallel @tea_leaf cg.f90:234
- O 0.00 OpenMP v [0 3424.97 '$omp do @tea leaf cg.f90:247
’ 140.42 Management O 0.00 '$omp implicit barrier @tea_leaf_cg.f90:25
~ O 0.00 Synchronization - l 0.27 tea_leaf kernel cg module.tea leaf kernel solvt
-~ [ 0.00 Barrier v @ 1614.53 !'$omp parailel @tea leal cg.f90:284
» O 0.00 Explicit » M 1.19 tea leaf kernel module.tea leaf kernel finalise_
-~ @ 37.84 Implicit » 0.26 field summary_
75.11 Wait at Barrier [l ’ 0.00 tea_module.tea_finalize_
. v 1 0.00 Critical midps Ly —

‘o.ao 8546.03 (89.07%) 9594.86| ‘o.ao 3442.11 (40.28%) 3546.03‘ ‘0.00 0,00 100.00‘
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TealLeaf Scalasca report analysis (IX)

CubeGUI-4.4,3: scorep_tea_leaf baseline_8x12 traceftrace.cubex <@jrl1l>

File Display Plugins Help

Restore Setting ~ Sawve Settings =:| ::| [:| [] [:| E E] E] E] =:| x-rot:| 0 < y-rot:| 0 =

Absolute * | | Absolute = | | Peer distribution -

w
e
E Metric tree E Call tree Flat view 5 sunburst | [ Process x Thread |4 E'
- O 0.00 Time (sec) = r 0.11 tea_module.tea_send_recv_message_top_ * = =
~ [J 0.00 Execution v 4.47 tea_module.tea_unpack top =
+ W 4.98 tea_module.tea_pack_left_
- O 0.00 MPI ’ 0.17 tea_module.tea_send_recv_message_left_ 2
’ 4.64 Management ’ 3.09 tea_module.tea_unpack_left_ g
r 0.14 Synchronization r 3.65 tea_module.tea_pack_bottom_
~ [0 0.00 Communication v 0.12 tea_module.tea send recv_message botto
v 11.31 Point-to-point ’ 4.39 tea_module.tea_ unpack bottom
1

1.04 update halo kernel module. update halo ke

’ 4.87 Late Senclerlk:|

.and 2" do loop .
. . 0.26 Late Receiver
mostly balanced within gSg&ogggfygeduce

b

6.26 tea_leaf kernel cg_module.tea_leaf kernel init
0.90 tea_module.tea_allsum
0.6
0.2

4 tea leaf kernel cheby module.tea leaf kernel ¢
1 tea_leaf kernel cg_module.tea leaf kernel solvi
1.70 ‘$omp parallel @tea_leaf_cg f90:186

i v v =

each rank, but vary

o 33.50 Wait at N x N » O 3442.11 '$omp do @tea_leaf cg.f90:187
considerably across 1.40 N x N Completion [l O 0.00 !somp implicit barrier @tea_leaf ¢g.f90:20
» O 0.00 One-sided ~ @ 0.34 tea leaf kernel cg_module.tea_leaf kernel_solw

ranks » O 0.00 File I/O ~ [l 2.35 '$omp parallel @tea leaf cg.f90:234

s - [0 0.00 OpenMP
’ 140.42 Management O 0.00 '$omp implicit barrier @tea_leaf_cg.f90:25
~ O 0.00 Synchronization - l 0.27 tea_leaf kernel cg module.tea leaf kernel solvt

-~ [ 0.00 Barrier v @ 1614.53 !'$omp parailel @tea leal cg.f90:284

» O 0.00 Explicit W 1.19 tea leaf kernel module.tea leaf kernel finalise_

-~ @ 37.84 Implicit 0.26 field summary_
75.11 Wait at Barrier [l 0.00 tea_module.tea_finalize_
» 1 0.00 Critical % %

1 ] 1 k

‘0.00 8546.03 (89.07%) 9594.86| ‘0.00 3424.97 (40.08%) 3546.03‘ ‘o.oo 0,00 100.00‘

—— 1L 1
v

¥
¥
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TealLeaf Scalasca report analysis (X)

CubeGUI-4.4,3: scorep_tea_leaf baseline_8x12 traceftrace.cubex <@jrl1l>

File Display Plugins Help

Restore Setting ~ Sawve Settings =:| ::| E U [:| E E] E] E =:| x-rot:| 0 < y-rot:| 0 =

Absolute * | | Absolute * | | Peer distribution “lw
E Metric tree E Call tree Flat view 5 sunburst | [ Process x Thread |4 §'
- O 0.00 Time (sec) = r 0.11 tea_module.tea_send_recv_message_top_ * = =

~ [J 0.00 Execution v 4.47 tea_module.tea_unpack top =
+ W 4.98 tea_module.tea_pack_left_
- O 0.00 MPI ’ 0.17 tea_module.tea_send_recv_message_left_ 2
’ 4.64 Management ’ 3.09 tea_module.tea_unpack left g
’ 0.14 Synchronization ’ 3.65 tea_module.tea_pack bottom
~ [0 0.00 Communication v 0.12 tea_module.tea_send recv_message botto
v 11.31 Point-to-point ’ 4.39 tea_module.tea_ unpack bottom
1

1.04 update halo kernel module. update halo ke

» W 4.87 Late Sender
0.26 Late Receiver .26 tea_leaf kernel cg_module.tea_leaf kernel init

3

6.2

0.90 tea_module.tea_allsum
0.6

0.2

.while the 3" do loop

3.59 Collective

also shows imbalance 01 0.00 Early Reduce

4 tea leaf kernel cheby module.tea leaf kernel ¢

i v v =

O 0.00 Early Scan 1 tea_leaf kernel cg_module.tea leaf kernel solvi J
Wlthln eaCh rank O 0.00 Late Broadcast 1.70 'Somp paraliel @tea_leaf cg.f90:186
33.50 Wait at N x N[ » O 3442.11 '$omp do @tea_leaf cg.f90:187
1.40 N x N Completion [if] O 0.00 '$omp implicit barrier @tea_leaf ¢g.f90:20
» O 0.00 One-sided ~ @ 0.34 tea_leaf kernel_cg_module.tea_leaf kernel_solw
» O 0.00 File I/O -~ W 2.35 '$omp parallel @tea_leaf cg.f90:234
- O 0.00 OpenMP v [0 3424.97 '$omp do @tea leaf cg.f90:247
’ 140.42 Management O 0.00 '$omp implicit barrier @tea_leaf_cg.f90:25
~ O 0.00 Synchronization - W 0.27 tea leaf kernel cg module.tea leaf kernel solvi
~ O 0.00 Barrier
» O 0.00 Explicit r m 1.19 tea Ieaf kernel_module.tea leaf | kernel | finalise_
-~ @ 37.84 Implicit 0.26 field summary_
75.11 Wait at Barrier [l 0.00 tea_module.tea_finalize_
. v 1 0.00 Critical midps Ly —

‘o.ao 8546.03 (89.07%) 9594.86| ‘o.ao 1614.53 (18.89%) 3546.03‘ ‘0.00 0,00 100.00‘

—— 1L 1
v
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Tealeaf analysis summary

= The first two OpenMP do loops of the solver are well balanced within a rank,

but are imbalanced across ranks
2 Requires a global load balancing strategy
= The third OpenMP do loop, however, is imbalanced within ranks,
= causing direct "Wait at OpenMP Barrier” wait states,
= which cause indirect MPI point-to-point wait states,

= which in turn cause OpenMP thread idleness
2 Low-hanging fruit

= Adding a SCHEDULE (guided) clause reduced

= the MPI point-to-point wait states by ~66%

= the MPI collective wait states by ~50%

= the OpenMP "Wait at Barrier” wait states by ~55%

= the OpenMP thread idleness by ~11%

2 Overall runtime (wall-clock) reduction by ~5%
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