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How do we profile?

CPU |

Choose the type of tracing:

e detail: detailed information of the tracing
enabled="yes" e bursts: summarized information of the tracing
home="/cvmfs/software.eessi.io/..."

initial-mode="detail" type="paraver"

enabled="no"
enabled="yes"
enabled="yes"

— Trace the MPI calls
enabled="yes" empt="no"
enabled="no"

enabled="no"

enabled="yes"

Trace OpenMP
events
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How do we profile?
CPU |

enabled="yes"
enabled="yes" starting-set-distribution="1"

enabled="yes" domain="all" changeat-time="0"
PAPI_TOT_INS,PAPI_TOT_CYC,PAPI_L1_DCM,PAPI_L2_DCM,PAPI_L3_DCM

Select the enabled hardware counters:

enabled="yes" domain="all" changeat-time="5s" Y PAPI TOT INS: tota' instructions
PAPI_TOT_INS,PAPI_TOT_CYC,PAPI_L1_DCM - -

enabled="yes" period="100000000">PAPI_TOT_CYC e PAPI_TOT_CYC: total cycles

enabled="yes" domain="user" changeat-globalops="5" ¢ PAPI—L]'—DCM: total L1 data cache
PAPI_TOT_INS,PAPI_TOT_CYC,PAPI_FP_INS misses

enabled="yes"
enabled="yes"
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How do we profile?

Compute CcPU |
Communicate Compute

—_

M outside MPI
l MPI_Send

[J MPI_Recv

B MPI_Isend

B MPI_Irecv

@ MPI waitall
[J MPI_Bcast

B MPI_Barrier
@ MPI_Alltoallv
[0 MPI_Gatherv
B MPI_Comm_ rank
B MPI_Comm _size
B MPI_Waitany

SOpON

k-
2
2
i
)

Time (us)
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How do we profile?

Compute CcPU |
Communicate Compute

ul Duration @ ifsMASTER.SP.chops.filterl.prv
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How do we profile?

CPU |

L2 Total cache misses per 1000 instr @ pi_4omp_ins_cyc_dcm.prv
THREAD 1.1.
THREAD 1.1.
THREAD 1.1.

THREAD

Aggregated L2 Total miss ratio @ pi_domp_ins_cyc_dcm.prv
21.75

Barcelona

Supercomputing

Center

Centro Nacional de Supercomputacion 7




How do we profile?

| GPU

We don't have something that portable for GPUs..
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How do we profile?

| GPU
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How do we profile?

| GPU
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How do we profile?

AMD

S

NVIDIA.

) NVI D IA ROCm/rocprofiler
Compute “n_ o1 em vm
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How do we profile?

| GPU

- )6ms +8 89s » )6ms s +824ms
S — —— ” S —— " I - i 2 | 1
» CUDAHW (0000:1b:00.0-NVIDIAI oo ~ 96.9% Stream 13 - < 106,0% SUEAA3 ‘ ; d ‘
! tnie . sl [ | ) I
- Threads (4) S ] > 311%Kemels .. . [Begins8o.8081s [TTTT] 7 A TR
~ [1664414] MPIRank 0 » 68.9% Memory ® - Ends: 89.8082s (+90.079 pis)
[— b6, 9% Memory HtoD memcpy 4,863,040 bytes L g & i 7 i1 | L
MPI Source memory kind: Pinned |
B — NVTX & : Destination memory kind: Device ]
— NVTX < Throughput: 50.2787 GiB/s
Database Structure | Browse Data | Edit Pragmas | Execute SQL Launched from thread: 1664414 )
Latency: —1.584 ms
JCreate Table ' Create Index (=Print | 2 Refresh Correlation ID: 18777 | 1 N
P e —— = Stream: Stream 13
~ [ Tables (93) =
| ANALYSIS_DETAILS Database Structure | Browse Data | Edit Pragmas @ Execute SQL
] ANALYSIS_FILE R = o=
| CUPTI_ACTIVITY_KIND_CUDA_EVE... Table:| || CUPTI_ACTIVITY_KIND_KERNEL MR H = = Aa) & 1 any colt
CUPTI_ACTIVITY_KIND_KERNEL
CUPTI_ACTIVITY_KIND_MEMCPY start end deviceld contextld greenContextld streamid correlationid globalPid demangledName shortName mangledName IaunchType cacheConflg reglstersPerThread grldx gndY gridZ bloc™
CUPTI_ACTIVITY_KIND_RUNTIME i T Eil Eilto Filt Eilt = + Eilte Eilt Eilt E Eilt E F Filter |Fi
CUPTI_ACTIVITY_KIND_SYNCHRO... - ; ’ e : : ‘ e : - - - : : -
bl A 1 |68465067023 68465073871 o 1 0 13 5034 286233330712576 1786 1786 1786 1 1 16 9 1 1 1
ENUM_CUDA_DEV_MEM_EVENT....
G Bt R e e 2 68466657038 68466664846 o 1
ENUM_CUDA_KERNEL_LAUNCH ]
ENGBTICUDAIME ICEY OF Bt 3 68468302925 68468310669 0 1
ENUM_CUDA_MEMPOOL_OPER
E:m—ggg:—mimpzz;—”PE 4 68469559884 68469565996 0 1 : ID","Process Name","Host Name","thread Domain:Push/Pop_Range:PL Tvne PL Value:CLR_Type:Color:Msg_Typ Msg”.”Id:[)omain:Start/Stopj{ange:PLiType:PLi\/alue:CLF\
ENUM_CUDA _SHARED_MEM_LIMI... 5 68470829547 | 68470836011 o 1 De:f"\bg::,”’(el;n?l Name”,r : ,: t "St:ﬁan "Block Size" e SectlognNar"’\f ,"Metric Name","Metric Unit","Metric Value" . )
ENUM_CUDA_UNIF_MEM_ACCESS... - ,"nemo","127.0.0.1","3877427 <default donaln»stp:none:none:none:none:nong.none <default domaxn>.stp_sbc:none:none:none:none:none:none <default domain>:s
ENUM_CUDA_UNIF_MEM_MIGRATI... 6 68473840073 68473847849 0 1 bc:none:none:none:none:none:none"" ""<default dOﬁBLn\'LEL;t - one:none"" ""<default domain>:ice_dyn:none:none:none:none:none:none"" ""<default domain>:icedy
ENUM_CUPTI_STREAM_TYPE n_adv:none:none:none:none:none:none"" ""<default domain>:ice_dyn_adv_pra_h2d:none:none:none:none:none none”” n,0 ", "cuda assign_kernel™, 1% "13% " (128, 1, 1)", (L)
Exmig;?;;x%?::mﬂe 7 68474558856 68474566760 0 1 ","Command line profiler metrics","gpu__compute_memory_throughput.avg.pct_of_peak_sustained_elapsed”,"%","3.14"
ENUM_D3D12_HEAP_FLAGS 8 68475459624 68475466472 ) 1 7","nemo","127.0.0.1","3877427 ""<default domain>:stp:none:none:nonefinone:none:none"" ""<default domain>:stp_sbc:none:none:none:none:none:none"" ""<default domain>:s
ENUM_D3D12_HEAP_TYPE bc:none:none:none:none:none:none"" ""<default domain>:icestp:none:none:none:none:none:none"" ""<default domain>:ice_dyn:none:none:none:none:none:none"" ""<default domain>:icedy
ENUM_D3D12_PAGE_PROPERTY (A ol 1 n_adv:none:none:none:none:none:none"" ""<default domain>:ice_dyn_adv_pra_h2d:none:none:none:none:none:none"" ","","cuda_assign_kernel","1","13","(128, 1, 1)", 0","9.0

ENUM_DIAGNOSTIC_SEVERITY_LE..
ENUM_DIAGNOSTIC_SOURCE_TYPE
ENUM_DIAGNOSTIC_TIMESTAMP._....
ENUM_DXGI_FORMAT
ENUM_ETW_MEMORY_TRANSFER...
ENUM_GPU_CTX_SWITCH
ENUM_NET_DEVICE_ID
ENUM_NET_IB_CONGESTION_EVE...
ENUM_NET_IB_DEVICE_TYPE
ENUM_NET_LINK_TYPE
ENUM_NET_VENDOR_ID
ENUM_NSYS_EVENT_CLASS
ENUM_NSYS_EVENT_TYPE
ENUM_NSYS_GENERIC_EVENT Fl...
ENUM_NSYS_GENERIC_EVENT Fl...
ENUM_NSYS_GENERIC_EVENT Fl...
ENUM_NSYS_GENERIC_EVENT_FI
ENUM_NSYS_GENERIC_EVENT GR...

»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
»
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CREATE TABLE ENUM_DIAGNOSTIC_SEVERITY_LEVEL ( -- Diagnostic message s
CREATE TABLE ENUM_DIAGNOSTIC_SOURCE_TYPE ( -- Diagnostic message sour]
CREATE TABLE ENUM_DIAGNOSTIC_TIMESTAMP_SOURCE ( - Diagnostic messadli
CREATE TABLE ENUM_DXGI_FORMAT ( -- DXGI image format labels id INTEGER bc:none:none:none:none:none:non
(SUZ RS VANV MBS SR GAC R CVRERR SR, n_adv:none:none:none:none:none:none”"” ""<default domain>:ice_dyn_adv_pra_h2d:none:none:none:none:none:none
CREATE TABLE ENUM_GPU_CTX_SWITCH ( -- GPU context switch labels id INTEG "
CREATE TABLE ENUM_NET_DEVICE_ID ( -- NIC PCle device id labels id INTEGER
CREATE TABLE ENUM_NET_IB_CONGESTION_EVENT_TYPE ( -- IB Switch congestiji
CREATE TABLE ENUM_NET_IB_DEVICE_TYPE ( -- network device types id INTEGE] bc:none:none:none:none:none:none"
CREATE TABLE ENUM_NET_LINK_TYPE ( - NIC link layer labels id INTEGER NOT n_adv:none:none:none:none:none:none"" ""<default domai ice_dyn_adv_pra_h2d:none:none:none:none:none:none

,"Command line profiler metrics","gpu__time_duration.avg","ns","10752"
7","nemo","127.0.0.1","3877427 ""<default domain>:stp:none:none:nonefnone:none:none

<default domain>:stp_sbc:none:none:none:none:none:none

<default domain
<default domain>:icestp:none:none:none:none:none:none" ""<default domain>:ice_dyn:none:none:none:none:none:none <default domain>:ic
meeom "t "cuda_assign_kernel", 430, %¢128, 1, 1), 0","9.0
Command llne profller metrics","l1tex__data_bank_conflicts_pipe_lsu.sum.pct_of_peak_sustained_active","%","0.08"
427" ,"nemo","127.0.0.1","3877427 ""<default domain>:stp:none:none:nonefnone:none:none"" ""
default domain>:icestp:none:none:none:none:none:none"

<default domain>:stp_sbc:none:none:none:none:none:none"" ""<default domain>:s

<default domain> e_dyn:none:none:none:none:none:none <default domain>:icedy
fram ¥ cudalassignike cne Ll IR 3N S(128 1 8 1) % BESEORD

CBEATEJABLEENUMINET.VENDORNDI(SINIGIECe vendoridilabels Id INTEGE i "Command hne profller metrics","launch__occupancy_limit_blocks", "block","32"

CREATE TABLE ENUM_NSYS_EVENT_CLASS ( -- Nsys event class labels id INTEG {8 =
CREATE TABLE ENUM_NSYS_EVENT_TYPE ( - Nsys event type labels id INTEGERSS -
CREATE TABLE ENUM_NSYS_GENERIC_EVENT_FIELD_ETW_FLAGS ( - Nsys gene bc:none:none:none:none:none:none
CREATE TABLE ENUM_NSYS_GENERIC_EVENT_FIELD_ETW_PROPERTY ( - Nsys o NELEL LR L ERN LLERL CL B L EER I S
L O R S ML IR Dl ', "Command line profiler metrics","launch__occupancy_limit_registers”,"block","32"
CREATE TABLE ENUM_NSYS_GENERIC_EVENT_FIELD_TYPE ( -- Nsys generic everfi8

CREATE TABLE ENUM_NSYS_GENERIC_EVENT_GROUP ( -- Nsys generic event gril

"nemo","127.0.0.1","3877427 "<default domain>:stp:none:none:noneffinone:non one <default domain>:stp_sbc:none:none:none:none:none:none

<default domain>:s
<default domai icedy
<default domain>:ice_dyn_adv_pra_h2d:none:none:none:none:none:none"" ","","cuda_assign_kernel","1","13","(128, 1, 1)", PESHOR D

<default domain>:icest one:none:non one:none:none" <default domain>:ice_dyn:none:none:none:none:none:none

4 ,"nemo","127.0.0.1","3877427 ""<default domain>:stp:none:none:nonefnone:non <default domain>:stp_sbc:none:none:none:none:none:none <default domain

bc:none:none:none:none:none:none" <default domain>:icestp:none:none:non one:none:non default domain>:ice_dyn:none:none:none:none:none:none <default domain>:icedy
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How do we profile?

| GPU

% = v Default Workspace H

Raw Data

Headers

Collapse All  Expand Al (slow,

Database Structure

pMemcpyHtoD"

rc(@x7ffd839e5d80) sizeBytes(122912))

gpu-id,queue-id,queuve-index,pid,tid,ard.wgr,1lds, - ,a@cum_vgpr,sgpr ,wave_size,sig,obj,
MemU ltStalled LDSBankConfltct heanOccupdnche ActlveLU

dyn g z ad B ck_L .kd",4,0,0,27821, 4,4,80,64,0x0,0x1465f42db680
3 9627994956 G 6742028463 0. OOOOOOOOOO 0.1453099251

,4,0,2,27821,

27821,1280,256,0,

27821, 256,0,0,8,0,48,64,0x0,0x1465F42db6c0, 1
icedyn_ad 4 _c ‘ 6,4,96,64,0x0,0x1465F42dbbcO
,12. 8071263929 1. 3061930822 0. oooooooooo 0. lJSZbGSOOS
adv kd",4,0,6,27821,27821,
12. 8897429217 1. 3606623820 o oooooooooo 0.1452832662
: 3 1.kd",4,0,8
ooooooooo 0.1452791655
ad form.kd",4,0,10,27821,27821, 1880 .
13 2032840202 1.3670204136,0. oooooooooo 0.1452787764
$1bclnk_$ck L1597 141 ¢ loop$ .kd",4,0,12,27821,2[i821
i 0432107772 0.2182423889, 0.0000000000, ,0.2435044681
4 1 form.kd",4,0,
2453008240

,4,96,64,0x0,0x1465f42dbbcO
6,4,96,64,0x0,0x1465f42dbbcO
36,4,96,64,0x0,0x1465f42dbbc0, 1

256,0,0,24,0,64,64,0x0,0x1465f42e2100, 1¢

14,27821,2[§821 256,0,0,24,0,64,64,0x0,0x1465f42e2140,

2‘4642417100,0.2303530294,0.0000000000.0.

, name: "hipStreamSynchronize”, pid: "2%, .. }

v .Wavefronts,VALUUtilization,

).20.0000000000,

ice_dyn_adv_pra_d2h

b _Inkra..__lbc_in...

| 1l LT TR

=Hit,MemUnitBusy

20.0000000000,76.7172546183,
1204.0000000000,99.0394065394,

78.2342364532,

0.0000000000,
78.2342364532,

0.0000000000,78.2342364532,

20.0000000000,78.2342364532,
56.0000000000,98.5498070429,

56.0000000000,98.5493856786,

Database Structure Table:| -] OPS
o Create Table o - Bogiohts
Name 1 |6227108892783
~ |=] Tables (5) 2 6227108892965
il CORY 3 6227108893055
» =] HIP
» [ KERN 4 6227108893159
v [ ops 5 6227108893259
» ] rocTx 6 6227108893357
Indices (0) 7) 6227108893609
& Views (0) 8 6227108893664
L] Triggers (0)
9 6227108905944
» 11275
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How do we profile?

<3 AMDZ

NVIDIA.

Portability gap:
e Different applications for collecting performance metrics
e Different output formats to analyze
e Different hardware constructs
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How do we profile?

<3 AMDZ

NVIDIA.

Portability gap:
e Different applications for collecting performance metrics
e Different output formats to analyze
e Different hardware constructs

Indicator gap:
e No big red arrow with "your problem is here"

Barcelona

Supercomputing

Center

Centro Nacional de Supercomputacion 15

@



Why BRAVAS?

| GPU

Portability solutions:
e Single user interface for profiling various applications
o Flat learning curve
e Single output format for analysis
o Generalization of hardware constructs
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Why BRAVAS?

| GPU

Portability solutions:
e Single user interface for profiling various applications
o Flat learning curve
e Single output format for analysis
o Generalization of hardware constructs

Indicator solution:
® Quickly identify performance problems
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Design Overview
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Design Overview

config config.yaml /
P p g t h O n TM ——create-config—— l l

BRAVAS . ——job0_profile_trace——»
——proflle conf.yaml—y rinner profiler

—job5_analyze_setup_overview—

Barcelona

Supercomputing

Center

Centro Nacional de Supercomputacion

@

/D

—y/ raw data

——analyze conf.yaml-—» ——job1_profile_get_hwc—»
- — %  parsed data
__ P
|

_job0_analyze_kernel_overview___ \ 2
—job1_analyze_gpu_factors—— ( )
—job2_analyze_memory_transfers— 7 —
_job3_analyze_runtime_ratios—_) analyzer | visualizations
—job4_analyze_ldsbankconflicts—

~_ @@
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Design Overview

config config.yaml /

L

' p g ——create-config
BRAVAS ,
— / |—profile conf.yaml

_—analyze conf.yaml|

Barcelona
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@

~

runner

oy

_jobO_analyze_kernel_overview_—_
_job1_analyze gpu_factors————

—job2_analyze_memory_transfers—
—job3_analyze_runtime_ratios——
—job4_analyze_ldsbankconflicts—
—job5_analyze_setup_overview—

job1_profile_get_hwc—p

)

———job0_profile_trace——» —7/ raw data /

profiler

‘y/parsed data /
|
/%

—» analyzer —y/visualizations/

~—
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Design Overview

analyze:
60 # The results folder name in the outdir to perform the analysis on.
61 # By default the latest timestamp will be used.
62 res_folder: ""
63
64 # Create a table with all kernels, their calls, and duration stats.
65 # Options for value:
66 # none: do not create the table
67 # basic: create the table without coloring
2 68 # colored: create the table and color rows
1 proflle:‘ : 69 kernel overview: none
2 # Application setup. 70 =
3 application: ! y 71 # Create a GPU Factors overview for each provided kernel.
< # Output directory for this experiment. 72 gpu factors: "
5 outdir: None 73 =
6 # Path to the application binary. 74 # Create a runtime scaling figure or table for the given nodes.
l 7 binary: None . _ 75 # Options for value:
.8 # Environment file to load before executing any jobs. ;¢ # none: do not create a scaling overview
9 env: " 77 # figure: create a figure with the runtimes
10 # Wrapper script to wrap each binary execution with. 78 3 “table: create o toble ik thE ruktises ?/ raw data /
i; \;rﬁppeg: v Y 79 # figure table: create a figure and a table with the runtimes
— 1xed arguments Tor theé binary. 80 runtime scaling: none
p— fixed args: "* 81 i : ?/parsed data/
14 # Variable arguments for the binary. 82 # Create an energy scaling figure or table for the given nodes. |
15 var_args: "" 83 # Options for value:
16 84 # none: do not create a scaling overview
17 # Experimental setup options. 85 # figure: create a figure with the performance per watt
18 options: 86 # table: create a table with the performance per watt 7/ SO /
19 arg_mode: zip 87 # figure table: create a figure and a table with the performance per watt visualizations
20 repeats: 1 88 energy scaling: none
21 trace markers: "" 89
90 # Create figures with memory transfers against bytes transferred.
91 # Options for value:
92 # none: do not create figures
93 # aggregated: create a figure per setup with aggregated values for all ranks
94 # setups: create a figure containing aggregated values for all setups
95 # List[int]: create a figure per setup containing aggregated values for the
96 # provided ranks
97 # all: create a figure per setup containing values for all ranks
98 memory transfers: none
Barcelona 99 -
Supercomputing 100 # Create a table with statistics on memory transfers.
Center 101 setup overview: false

Centro Nacional de Supercomputacién 21




Design Overview

config config.yaml /

L

' p g ——create-config
BRAVAS ,
— / |—profile conf.yaml

_—analyze conf.yaml|
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~

runner

oy

_jobO_analyze_kernel_overview_—_
_job1_analyze gpu_factors————

—job2_analyze_memory_transfers—
—job3_analyze_runtime_ratios——
—job4_analyze_ldsbankconflicts—
—job5_analyze_setup_overview—

job1_profile_get_hwc—p

)

———job0_profile_trace——» —7/ raw data /

profiler

‘y/parsed data /
|
/%

—» analyzer —y/visualizations/

~—
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Design Overview

config config.yaml /

—create-config l i G
BRAVAS : ——job0_profile_trace——» —»  raw data
——profile conf.yaml—» e — = profiler

@ python’

L—analyze conf.yaml—» ——job1_profile_get_hwc—»
- — %  parsed data
« = J &
|
_job0_analyze_kernel_overview— \ 2
_job1_analyze gpu_factors————

—job2_analyze_memory_transfers— = T

_job3_analyze_runtime_ratios—| >| analyzer Vi V|sual|zat|ons/
—job4_analyze_ldsbankconflicts—
—job5_analyze_setup_overview—

~—
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Design Overview

config config.yaml /

@ python’

—create-config
BRAVAS , ——job0_profile_trace———|
- —profile conf.yaml—» riTner profiler

_job0_analyze_kernel_overview___
—job1_analyze_gpu_factors——

—job2_analyze_memory_transfers—
—job3_analyze_runtime_ratios——
—job4_analyze_ldsbankconflicts—
—job5_analyze_setup_overview—

Barcelona

Supercomputing
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@

——analyze conf.yaml—» ——job1_profile_get hwc—p!

)

—7/ raw data /

‘y/parsed data
N——

v

—» analyzer

~ @@

A )

—» visualizations
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esign Overview

Memory Transfer Sizes
Setup Overview Runtimes per Setup per Setup GPU Factors

N1 78 096 Type 105 icedyn_adv_pra_adv_y_1045
- [ H2D N1
i p2p 3025305 Global , 100
— " 1 4,34
Unique kernels (#) 79 e 10 Kermet T (15 14.34
7123
[ Kernel Grid (avg) | (1182,1,1)
Kernel call count (#) | 8592 w0 | i o= 10°
6011 Block (avg) (128, 1,1 80
. a &
Kernel time (ps) 71 085 3 ¢ € $ Device Load (%) - 29.14
=%
= o
Ak N Achieved Occupancy (%) - 36.83 3
H2D count (#) 6232 8 @ o XC S
® 10! /A . 8 > = Theoretical Occupancy (%) - 43.75 60 g
H [ rae 2 3
DZH count (#) 3 664 o ' 1 © 10° Memory Efficiency 3
oA = Throughput (%) - 70.97 Y
H2D time {jis) 83228 @ ¢ B esoene - S | [ &
- Copy type LDSBankConflict (%) -| 15
D2H time (ps) 75 690 100 1072
[ H2D
. 1 p2p . . .. 20
. Arithmetic Efficiency
FADSnaeaNE) 3 716.49 = o
D2H size (MB) 3018.95 N1_ N1_ Branch Efficiency (%) -| 99.99
Setup Setup 0
M Transfer Sizes
Kernel Time LDS Bank Conflict per Rank Runti Rank
KernelName calls i 9! Rank| KernelName LDSBankConflict 934912 934912 938927 934927 10° “igan 19485 19561 157 Type
0 icedyn_adv_pra_adv_x_667 1.63 10% 1 H2D
0 icedyn_adv_pra_adv_y 883 16 756,343 756,343 756354 756354 1 1 p2p
0 icedyn_adv_pra_adv_y_ 1045 117 10 ‘ 16737212 17547063 17 043 [ D2H
1797
0 cuda_assign_kernel 0.06 10° 10? 15 748 15703 Losas —c K?:n,il,
icedyn_adv_pra_ice_dyn_adv_pra_543 1943.71 1 icedyn_adv_pra_adv_x_667 162 = 14029 14029 18977 18977
Ibcnfd_lbc_nfd_nogather_3d_gpu_dp_939 | 832 169341 2.04 238 1 icedyn_adv_pra_adv_y_883 158 X 102 T
————— 1 icedyn_adv_pra_adv_y_1045 115 & = 0 v ] w, v =
icedyn_adv_pra_ice_dyn_adv_pra_505 2 1369.28 42.79 193 == = =i B oam s
1 cuda_assign_kernel 0.07 L 10 S
Ibcink_mpp_nfd_3d_ptr_gpu_dp_3117 96 978.75 102 138 L © 10!
2 icedyn_adv_pra_adv_x_667 1.62 2 o | =1
Ibcink_mpp_nfd_3d_ptr_gpu_dp_3210 % 886.4 9.23 125 - G 10 o
2 icedyn_adv_pra_adv_y_883 1.6 ]
[ 2 ) ; -
Ibcink_mpp_nfd_3d_ptr_gpu_dp_3188 96 852.42 8.88 1.2 2 icedyn_adv_pra_adv_y_1045 116 10-1
icedyn_adv_pra_ice_dyn_adv_pra_360 32 804.99 25.16 113 2 cuda_assign_kernel 0.03 = o .
= = co e
icevar_ice_var_zapneg_689 160 724.0 4.52 1.02 3 icedyn_adv_pra_adv_x_667 Ted 102 —. Copy HVZF’D 10°
icedyn_adv_pra_hbig_1101 32 705.82 22.06 0.99 3 icedyn_adv_pra_adv_y_883 1.6 10 —
icedyn_adv_pra_ice_dyn_adv_pra_331 32 665.37 20.79 0.94 3 icedyn_adv_pra_adv_y_1045 132 [ D2H
icedyn_adv_pra_hbig_1158 32 627.36 19.6 0.88 3 cuda_assign_kernel 0.03 o 1 5 3 o N ) 3
Rank Rank
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Design Overview

config config.yaml /

@ python’

—create-config
BRAVAS , ——job0_profile_trace———|
- —profile conf.yaml—» riTner profiler

_job0_analyze_kernel_overview___
—job1_analyze _gpu_factors——

—job2_analyze_memory_transfers—
—job3_analyze_runtime_ratios——
—job4_analyze_ldsbankconflicts—
—job5_analyze_setup_overview—
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@

——analyze conf.yaml—» ——job1_profile_get hwc—p!

)

—7/ raw data /

‘y/parsed data
N——

v

—» analyzer

~ @@

A

—» visualizations
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Design Overview

' p g ——create-config———
BRAVAS ,
— / |——profile conf.yaml

——analyze conf.yaml|
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@

config config.yaml /
Y VY
A )
—job0_profile_trace——» _ —»  rawdata /
runner , _ profiler
—job1_profile_get hwc—>» 2 /parse 4 daia
o |
_analyze_kernel_overview___ \ /
—job1_analyze _gpu_factors—— ( )
—job2_analyze_memory_transfers— 7 —
—job3_analyze_runtime_ratios—_) analyzer > visualizations
—job4_analyze_ldsbankconflicts—
~_ @@

—job5_analyze_setup_overview—
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Ocean model

create-config |

bravas.py create-config config.yaml

1 profile:
2 # Application setup.
3 application:
4 # Output directory for this experiment.
5 outdir: "./bravas outdir"
6 # Path to the application binary.
7 binary: "./nemo"
8 # Environment file to load before executing any jobs.
9 envy *®
10
11 # Experimental setup options.
12 options:
13 arg mode: zip
14 repeats: 1
15 trace markers: ""
16
17 # Execution setup.
18 runner:
19 # Runner mode: 'job', 'mpi', or ‘'submit’.
20 mode: job
21 # Job name.
22 job name: "bravas"
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Ocean model

create-config |

bravas.py create-config config.yaml

24 analyze:
25 # The results folder name in the outdir to perform the analysis on.
26 # By default the latest timestamp will be used.

27 res folder: ""

28

29 # Create a table with all kernels, their calls, and duration stats.
30 # Options for value:

31 # none: do not create the table

32 # basic: create the table without coloring

33 # colored: create the table and color rows

34 kernel overview: colored

35

36 # Create a GPU Factors overview for each provided kernel.

37 gpu_factors: "yes"

38

39 # Create a runtime scaling figure or table for the given nodes.

40 # Options for value:

41 # none: do not create a scaling overview
42 # figure: create a figure with the runtimes
43 # table: create a table with the runtimes
44 # figure table: create a figure and a table with the runtimes
45 runtime scaling: none
46
47 # Create an energy scaling figure or table for the given nodes.
48 # Options for value:
49 # none: do not create a scaling overview
50 # figure: create a figure with the performance per watt
51 # table: create a table with the performance per watt
52 # figure table: create a figure and a table with the performance per watt
53 energy scaling: none
Barcelona
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56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85

# Create figures with memory transfers against bytes transferred.
# Options for value:
# none: do not create figures
# aggregated: create a figure per setup with aggregated values for all ranks
# setups: create a figure containing aggregated values for all setups
# List[int]: create a figure per setup containing aggregated values for the
# provided ranks
# all: create a figure per setup containing values for all ranks
memory transfers:

- aggregated

- setups

- all

# Create an overview of kernel and memory operations.
setup overview: true

# Create figures with the GPU kernel time and cumulative memory times.
# Options for value:
# none: do not create figures
# aggregated: create a figure per setup with aggregated values for all ranks
# setups: create a figure containing aggregated values for all setups
# List[int]: create a figure per setup containing aggregated values for the
# provided ranks
# all: create a figure per setup containing values for all ranks
runtime ratios:

- aggregated

- setups

- all

# Create a table with kernels that have LDSBankConflicts.
ldsbankconflicts: true
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create-config |

bravas.py create-config config.yaml

24 analyze:
25 # The results folder name in the outdir to perform the analysis on.
26 # By default the latest timestamp will be used.

27 res folder: ""

28

29 # Create a table with all kernels, their calls, and duration stats.
30 # Options for value:

31 # none: do not create the table

32 # basic: create the table without coloring

33 # colored: create the table and color rows

34 kernel overview: colored

35

36 # Create a GPU Factors overview for each provided kernel.

37 gpu_factors: "yes"

38

39 # Create a runtime scaling figure or table for the given nodes.

40 # Options for value:

41 # none: do not create a scaling overview
42 # figure: create a figure with the runtimes
43 # table: create a table with the runtimes
44 # figure table: create a figure and a table with the runtimes
45 runtime scaling: none
46
47 # Create an energy scaling figure or table for the given nodes.
48 # Options for value:
49 # none: do not create a scaling overview
50 # figure: create a figure with the performance per watt
51 # table: create a table with the performance per watt
52 # figure table: create a figure and a table with the performance per watt
53 energy scaling: none
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63
64
65
66
67
68
69
70
71
72
73
74
75
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77
78
79
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# Create figures with memory transfers against bytes transferred.
# Options for value:
# none: do not create figures
# aggregated: create a figure per setup with aggregated values for all ranks
# setups: create a figure containing aggregated values for all setups
# List[int]: create a figure per setup containing aggregated values for the
# provided ranks
# all: create a figure per setup containing values for all ranks
memory transfers:

- aggregated

- setups

- all

# Create an overview of kernel and memory operations.
setup overview: true

# Create figures with the GPU kernel time and cumulative memory times.
# Options for value:
# none: do not create figures
# aggregated: create a figure per setup with aggregated values for all ranks
# setups: create a figure containing aggregated values for all setups
# List[int]: create a figure per setup containing aggregated values for the
# provided ranks
# all: create a figure per setup containing values for all ranks
runtime ratios:

- aggregated

- setups

- all

# Create a table with kernels that have LDSBankConflicts.
ldsbankconflicts: true
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| trace |
bravas.py profile -j 0 config.yaml
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Ocean model

create-config | trace | make cut | profile & analyze

bravas.py profile -j 0 config.yaml

| = Timeline View ~ | | @ options... | \E\
= 7265

“1h- Kernel
~ CUDA HW (0000:1b:00.0 - NVIDIA | Memory

» [All Streams]

» 96.7% Stream 13

» 1.6% Stream 14 |

» 1.5% Stream 15 ||
2 streams hidden.. e

~ Threads (4)
~ [3547840] MPI Rank 0

MPI e L

®BeQ [« (® 13 messages

73.5s =

~
N
~
0

72.8s 72.9s 73s 73.1s 73.2s 733s 73.4s

EE |

|l. ] -l1|u. . ! ' it LU L) B S ,i

SN NER, el e 8.
-uJIl_... | B | ¥ Iit

- 1 ‘ ..

NVTX &

CUDA API

Profiler overhead o
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Ocean model

create-config | trace | make cut | profile & analyze

bravas.py profile -j 0 config.yaml

| = Timeline View - ||00pﬂons... ’ jz[ Q I;::; — 1 (@) 13 messages
725 » +69§ms 2 +696ms 2 +698ms : +700ms +70?_ms +704ms ) +706ms G ‘+708ms g +710ms 2 +71I2{.‘.
~ CUDAHW (0000:1b:00.0- NVIDIA | Kerme! T ———— TR SRR W W s S —
» Al streams] i f o i i o Y Y L,,.. dUMRUURUOLRRIL,. o o e e JLJ...J.._
» 96.7% Stream 13 T R 1] T T T e ]
» 1.6% Stream 14 11 | | | ) i 1 1
» 1.5% Stream 15 I
2 streams hidden... —_ 4
~ Threads (4)
~ [3547840] MPI Rank 0
MPI [TSF ET RS AS FY I |.u|i|n..|‘ I. ll.-ll ].I.L.J.L.L-I. l.
- ees®wy
- seselmmms
o emmse
- ew®Sm~
NVTX &
Il ol ol ol ol shal sl i |
ulimuml.l.hlnul..
(cio.) CIT) ®)
e N - e s e = ]
CUDA API o O s i ot LD DL M i im0 e D)
Profiler overhead o
| 3threadshidden.  — |
<] »tv
Barcelona
Supercomputing
Center
Centro Nacional de Supercomputacion

36



Ocean model

| make cut |
vi config.yaml
1 profile: 1 profile:
2 # Application setup. 2 # Application setup.
3 application: 3 application:
- # Output directory for this experiment. 5 # Output directory for this experiment.
5 outdir: "./bravas outdir"” 5 outdir: "./bravas outdir"
6 # Path to the application binary. 6 # Path to the application binary.
7 binary: "./nemo" 7 binary: "./nemo"
8 # Environment file to load before executing any jobs. 8 # Environment file to load before executing any jobs.
9 env: "* 9 env: "
10 10
11 # Experimental setup options. 11 # Experimental setup options.
12 options: 12 options:
13 arg mode: zip ‘ 13 arg mode: zip
14 repeats: 1 14 repeats: 1
15 [trace markers: "*| 15 [trace markers: "icedyn adv’|
16 16
17 # Execution setup. 17 # Execution setup.
18 runner: 18 runner:
19 # Runner mode: 'job', 'mpi', or ‘'submit’. 19 # Runner mode: 'job', 'mpi', or 'submit’.
20 mode: job 20 mode: job
21 # Job name. 21 # Job name.
22 job name: "bravas" 22 job name: "bravas"
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Ocean model

| profile & analyze

bravas. rofile config.yaml
Py P &y mm)  For both OpenMP and OpenACC, on both MN5 and LUMI

bravas.py analyze config.yaml

Version | Machine Branch
MN5 master
OpenACC
LUMI master
MNS loop-test-mn5
OpenMP
LUMI loop-test
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Ocean model

| profile & analyze

bravas. rofile config.yaml
Py P &y mm)  For both OpenMP and OpenACC, on both MN5 and LUMI

bravas.py analyze config.yaml

@

Setup Overview OpenMP - Full OpenMP - Cut
N1_ N1_
Unique kernels (#) 76 Unique kernels (#) 76
Kernel call count (#) | 11 008 Kernel call count (#) | 1376
Kernel time (ps) 567 886 Kernel time (ps) 71.513
~ H2D count (#) 11344 ~ H2D count (#) 1418
D2H count (#) 4 224 D2H count (#) 528
MN> H2D time (ps) 90 758 H2D time (ps) 11 437
D2H time (ps) 75 305 D2H time (ps) 9 540
H2D size (MB) 3717.79 H2D size (MB) 464.72
D2H size (MB) 3 018.96 D2H size (MB) 3731
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Setup Overview

Barcelona

Supercomputing

Center

Centro Nacional de Supercomputacion

Ocean model

| profile & analyze

OpenMP
N1_
Unique kernels (#) 76
Kernel call count (#) | 1376
Kernel time (ps) 71513
H2D count (#) 1418
M D2H count (#) 528
H2D time (ps) 11 437
D2H time (ps) 9 540
H2D size (MB) 464.72
D2H size (MB) 377.37
N1_
Unique kernels (#) 74
Kernel call count (#) 1770
Kernel time (ps) 147 374
LUMI H2D count (#) 2 008
- D2H count (#) 616
H2D time (ps) 43 624
D2H time (ps) 23 022
H2D size (MB) 461.57
D2H size (MB) 373.28

OpenACC

N1_
Unique kernels (#) 79
Kernel call count (#) | 1074
Kernel time (ps) 9 008
H2D count (#) 778
D2H count (#) 458
H2D time (ps) 10 684
D2H time (ps) 9454
H2D size (MB) 464.56
D2H size (MB) 377.37

N1_
Unique kernels (#) 77
Kernel call count (#) | 1674
Kernel time (ps) 42 545
H2D count (#) 2 372
D2H count (#) 608
H2D time (ps) 47 275
D2H time (ps) 22 736
H2D size (MB) 461.57
D2H size (MB) 373.35
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Ocean model

| profile & analyze

OpenMP
N1_ |
Unique kernels (#) 76
Kernel call count (#) [ 1376 |
Kernel time (ps) 71513
H2D count (#) 1418
M D2H count (#) 528
H2D time (ps) 11 437
D2H time (ps) 9 540
H2D size (MB) 464.72
D2H size (MB) 377.37
N1__ |
Unique kernels (#) 74
Kernel call count (#) 1770
Kernel time (ps) 147 374
LUMI H2D count (#) 2 008
- D2H count (#) 616
H2D time (ps) 43 624
D2H time (ps) 23 022
H2D size (MB) 461.57
D2H size (MB) 373.28

OpenACC

N1_ |
Unique kernels (#) 79
Kernel call count (#) | 1074
Kernel time (ps) 9 008
H2D count (#) 778
D2H count (#) 458
H2D time (ps) 10 684
D2H time (ps) 9454
H2D size (MB) 464.56
D2H size (MB) 377.37

N1_ |
Unique kernels (#) 77
Kernel call count (#) | 1674
Kernel time (ps) 42 545
H2D count (#) 2 372
D2H count (#) 608
H2D time (ps) 47 275
D2H time (ps) 22736
H2D size (MB) 461.57
D2H size (MB) 373.35
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Ocean model

| profile & analyze

OpenMP
N1_
Unique kernels (#) 76
Kernel call count (#) | 1376
Kernel time (ps) 71513
H2D count (#) 1418
M D2H count (#) 528
H2D time (ps) 11 437
D2H time (ps) 9 540
H2D size (MB) 464.72
D2H size (MB) 377.37
N1_
Unique kernels (#) 74
Kernel call count (#) 1770
Kernel time (ps) 147 374
LUMI H2D count (#) 2 008
- D2H count (#) 616
H2D time (ps) 43 624
D2H time (ps) 23 022
H2D size (MB) 461.57
D2H size (MB) 373.28

OpenACC

N1_
Unique kernels (#) 79
Kernel call count (#) | 1074
Kernel time (ps) 9 008
H2D count (#) 778 |
D2H count (#) 458
H2D time (ps) 10 684
D2H time (ps) 9454
H2D size (MB) 464.56
D2H size (MB) 377.37

N1_
Unique kernels (#) 77
Kernel call count (#) | 1674
Kernel time (ps) 42 545
H2D count (#) 2 372
D2H count (#) 608
H2D time (ps) 47 275
D2H time (ps) 22736
H2D size (MB) 461.57
D2H size (MB) 373.35
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Ocean model

| profile & analyze

OpenMP
N1_
Unique kernels (#) 76
Kernel call count (#) | 1376
Kernel time (ps) 71513
H2D count (#) 1418
M D2H count (#) 528
H2D time (ps) 11 437
D2H time (ps) 9 540
H2D size (MB) 464.72
D2H size (MB) 377.37
N1_
Unique kernels (#) 74
Kernel call count (#) 1770
Kernel time (ps) 147 374
LUMI H2D count (#) 2 008
- D2H count (#) 616
H2D time (ps) 43 624
D2H time (ps) 23022
H2D size (MB) 461.57
D2H size (MB) 373.28

OpenACC

N1_
Unique kernels (#) 79
Kernel call count (#) | 1074
Kernel time (ps) 9 008
H2D count (#) 778
D2H count (#) 458
H2D time (ps) 10 684
D2H time (ps) 9454
H2D size (MB) 464.56
D2H size (MB) 377.37

N1_
Unique kernels (#) 77
Kernel call count (#) | 1674
Kernel time (ps) 42 545
H2D count (#) 2 372
D2H count (#) 608
H2D time (ps) 47 275
D2H time (ps) 22736
H2D size (MB) 461.57
D2H size (MB) 373.35
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| profile & analyze

MN5 LUMI
OpenMP | OpenACC
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| profile & analyze

Runtime Overview MNS5 LUMI
Type 71514 147 375
3
—1 H2D 10
103 43625
10534 D P2pP oA
1 D2H
[ Kernel -
8 037 23022
904
_ 102 R 102
) )]
=2 =2
_LO en M P | 5 S Gy 2D
] s
o c
S -}
0O 10! @)
10!
Type
100 1 H2D
1 D2H

10° - 1 Kernel

N1_ N1_
Setup Setup
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Ocean model

| profile & analyze

Runtime Overview MNS5 LUMI
3
10 9766 Type 47 276 Type 42 546
[ H2D [—1 H2D
3 P2P 1 —J D2H
6 536 [ D2H 1 Kernel
918 — Kernel 22 737
102 9UUJ
102
m m
= =
| OpenACC 5 s
] +J
© 10! <
S >
A a
10!
100
N1_ N1_
Setup Setup
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| profile & analyze

Memory Transfers MN5 LUMI
467 607 5
10° 378157 10 472 851 Copy type
1 H2D
4 ]_04 382 243 D2H
10 —
3
103 10
8270
o m 102
4 102 g
()
B Y
OpenMP | 5 100 @ 10
5 10 s 10
= =
101 107
10-2 Copy type 1072
[—1 H2D
1 P2pP
10—3 1 -3
[ D2H 0
N1_ N1_
Setup Setup
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| profile & analyze

Memory Transfers MN5 LUMI
106 467 460 105
472 651 Copy type
1 H2D
378174 10° x| DH
104
103
= o 10?2
¥ 102 g
& g 1
| OpenACC G @ 10
5 5]
@ 2 00
g 10° o
= =
107t
1072 Copy type 10-2
[—1 H2D
—1 P2P 10-3
1 D2H
N1_ N1_
Setup Setup
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create-config | trace | make cut | profile & analyze

Kernel Overview N5 LUMI

KernelName Calls| TotalDurationUs | AverageUs | Percentage

KernelName Calls| TotalDurationUs | AverageUs | Percentage

icedyn_adv_pra_icemax3d__F1L1596_38 16 1965.94 122.87 2.75
cuda_assign_kernel 498 1612.77 3.24 2.26
Ibclnk_mpp_nfd_3d_pt;_gpu_dp_F1L2872_21 12 1154.46 96.2 161
O IQ en M P | O p en A CC icedyn_adv_pra_icemax4d__F1L1641_45 8 1049.79 131.22 1.47
Ibclnk_mpp_nfd_4d_ptg_g pu_dp_ F1L3482_26 2 960.38 2401 134
Ibclnk_mpp_nfd_3d_pt5_g pu_dp_ F1L2948_22 12 846.14 70.51 118
mpp_nfd_4d_gpu_dps$lbcink_sck_L3241_405 4270.62 266.91 2.9
Ibclnk_mpp_nfd_4d_pt:)_gpu_dp_F1L3558_27 4 679.55 169.89 0.95 om0 apu_dnsibeink Sck L2672
pp_ntd_3d_ptr_gpu_dp NK_SCK_|
"360_ccesnoloopsform 24 3161.32 131.72 2.15
Ibcink_mpp_nfd_3d_pt dp__F1L2934_22
MPp_Nic_2d.p |(')_gpu_ P, = 12 593.5 49.46 0.83 mpp_nfd_4d_ptr_gpu_dp$Ibcink_$ck_L3482 s 247539 309.42 168
_441_cce$noloop$form ' . )
Ibcink_mpp_nfd_4d_gpu_dp_ F1L3179_242 4 502.46 125.62 0.7 mpp_nfd_4d_gpu_dpsibcink_$ck_L3179_402 8 2180.67 272.58 1.48
Ibcink_mpp_nfd_4d_ptr_gpu_dp_ F1L3544_26 icemax3dsicedyn_adv_pra_sck_L1596_109_
_mpp_nfd_4d_p 8_99 _dp__| 2 a 468.51 117.13 0.66 cce$nolcop$fam 32 2102.58 65.71 1.43
Iocink fd_ad dp_ F1L3241_244 4 32061 80.15 0.45 mpp_nfd_3d_ptr_gpu_dpsibcink_sck_L2948
cink_mpp_nfd_4d_gpu_dp__| - "366_ccesnoloopsform 12 1528.98 127.42 1.04
icedyn_adv_pra_hbig_ F1L1182_28 80 306.79 3.83 0.43
Ibc_nfd_nogather_3d_gpu_dp$Ibcnfd_$ck_
1039 264 ccesnoloopsform 208 1328.34 6.39 0.9
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| profile & analyze

N5

icedyn_adv_pra_adv_x_ F1L705_20
N1_
Global !

Kernel Time (us) -

100
360.77

Grid (avg) -

(835, 1, 1)

Block (avg) - (1,1,1) 80

Device Load (%) -|

8.47
Achieved Occupancy (%) -
r 60

Theoretical Occupancy (%) -|

Memory Efficiency
Throughput (%) -

- 40
L2CacheHit (%) -

LDSBankConflict (%) -|

20
Arithmetic Efficiency

Throughput (%) -

Centro Nacional de Supercomputacion

Device usage (%)

LUMI

adv_x$icedyn_adv_pra_$ck L705_70_cce$noloop$form.kd

Global
Kernel Time (us) | 73.39
Grid (avg) - (835,1,1)
Block (avg) - (256,1,1)

Device Load (%) -|

94.89

Achieved Occupancy (%) -

Theoretical Occupancy (%) - 50.0
Memory Efficiency
Throughput (%) - 30.0

L2CacheHit (%) -

LDSBankConflict (%) -|

Arithmetic Efficiency
Throughput (%) -

2725
26.59

Branch Efficiency (%) -

100

80

r 60

- 40

20

Device usage (%)
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create-config | trace | make cut | profile & analyze

Kernel Overview N5 LUMI

KernelName Calls| TotalDurationUs | AverageUs | Percentage

KernelName Calls| TotalDurationUs | AverageUs | Percentage

icedyn_adv_pra_ice_dyn_adv_pra_543 4 241.5 60.38 2.68
Ibcnfd_lbc_nfd_nogather_3d_gpu_dp_939 104 210.56 2.02 2.34
icedyn_adv_pra_ice_dyn_adv_pra_505 4 171.04 42.76 19
Ibcink_mpp_nfd_3d_ptr_gpu_dp_3117 12 121.6 10.13 1.35
@) pen MP | @) QenACC Iocink_mpp_nfd_3d_ptr_gpu_dp_3210 12 110.24 9.19 122
Ibcink_mpp_nfd_3d_ptr_gpu_dp_3188 12 106.34 8.86 1.18
icedyn_adv_pra_ice_dyn_adv_pra_360 4 101.28 25.32 112
icevar_ice_var_zapneg_689 20 90.11 4.51 1.0
_Ice_var_zapneg_| Ibc_nfd__:_\;);gaté\:rjd_gpu_dp$|bcnfd_$ck_ 208 1263.84 6.08 2.97
g 3 _94_ccesnoloop$form
icedyn_adv_pra_hbig_1101 4 87.74 21.94 0.97
mpp_nfd_3d_ptr_gpu_dp$Ibcink_$ck_L3038
icedyn_adv_pra_ice_dyn_adv_pra_331 4 83.84 20.96 0.93 HE _2Jo°3_c§§$nof:,op$f°,m 48 814.72 16.97 191
icedyn_adv_pra_hbig_1158 4 79.65 19.91 0.88 ice_dyn_adv_prasicﬁe(i‘ygn_adv _pra_sck_L28 8 614.08 76.76 1.44
ice_dyn_adv_pras$icedyn_adv_pra_sck_L25
9.10_cce$noloopsform 8 587.52 73.44 1.38
mpp_nfd_3d_ptr_gpu_dp$lbcink_$ck_L2974
~202_ccesnoloopsform 24 527.2 21.97 124
ice_var_zapnegr;‘iilgi\:;rfircrl‘(_L69o_4_cce$ 20 516.32 12.91 121
hbig$icedyn_a(:‘\éTg¢r):gs;(c"l§r_nLlo91_62_cce$ 8 480.8 60.1 113
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GPU Factors

| OpenACC

Ocean model

| profile & analyze

N5

icedyn_adv_pra_adv_x_667

N1_
Global L 100
Kernel Time (us) | 39.12
Grid (avg) - (835,1,1)
Block (avg) | (128,1,1) 80
Device Load (%) - 10.09
Achieved Occupancy (%) - 12.63
r 60
Memory Efficiency
Throughput (%) - ByM/6!
- 40
L2CacheHit (%) - 62.61
20
Arithmetic Efficiency
Throughput (%) - 17/, 331
Branch Efficiency (%) | 98.01
0
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Device usage (%)

LUMI

adv_x$icedyn_adv_pra_$ck L657_50_cce$noloop$form.kd

Global
Kernel Time (us) | 66.45
Grid (avg) - (835, 1, 1)
Block (avg) - (256,1,1)
Device Load (%) - 94.89
Achieved Occupancy (%) -| 7.65
Theoretical Occupancy (%) - 50.0
Memory Efficiency
Throughput (%) - 331617

L2CacheHit (%) - 83.36

LDSBankConflict (%) -|

Arithmetic Efficiency
Throughput (%) -

29.62
27.81

Branch Efficiency (%) -

100

80

r 60

r 40

20

Device usage (%)
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GPU Factors

| OpenACC

Arithmet3

Barcelona
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Achig

Theorg)

Memo

jor)

Ocean model

| profile & analyze

GPU Modelfactors for easrelb$easrelb_mod_$ck_L75_1.kd.

1024x1024

128x128 256x256 512x512
1 1 |

Device Load
(% of device)

Wavefronts -

100

Occupancy
(% of device)

sgpr - 70.59 70.59 70.59 70.59

Memory Efficiency

80

(% of 128x128) - 60
MemUnitBusy - 96.58 94,87 91.46
L2CacheHit - 88.93 55.59 22.10 10.81

- 40

MemUnitStalled - 33.62 38.04 38.69

Computational Efficiency

(% of 128x128)
VALUUtilization - 100.00 100.00 100.00 100.00

VALUBuUSY - 24.45 12.14 8.47 7.60

20

Relative load (%)

B $ck _L657_50_cce$noloop$form.kd
N1_
' 100
(835,1,1)
(256, 1, 1) 80
50.0 60
33.67
- 40
20
29.62
27.81
0

Device usage (%)
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BRAVAS Workflow
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BRAVAS Workflow

create-config | profile | analyze
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BRAVAS Workflow

create-config |

bravas.py create-config [config.yaml]

1 profile:

2 # Application setup.

3 application:

- # Output directory for this experiment.
5 outdir: None

6 # Path to the application binary.

7 binary: None

8 # Environment file to load before executing any jobs.
9 env: ""

10 # Wrapper script to wrap each binary execution with.
11 wrapper: ""

12 # Fixed arguments for the binary.

13 fixed args: ""

14 # Variable arguments for the binary.

15 var _args: ""

16

17 # Experimental setup options.

18 options:

19 arg mode: zip
20 repeats: 1
21 trace markers: ""
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BRAVAS Workflow

create-config |

bravas.py create-config [config.yaml]

1 profile:

2 # Application setup.

3 application:

- # Output directory for this experiment.

: s il == @ bravas_outdir/

6 # Path to the application binary. ° /

7 binary: None nemo

g inSnv}:onment file to load before executing any jobs. ® 20250513-170555
10 # Wrapper script to wrap each binary execution with. ® 20250526-180627
11 wrapper: "" @® monarch/

12 # Fixed arguments for the binary. k )

13 fixed args: "" @® 20250523-124610
14 # Variable arguments for the binary.

& iramige: 18 ® 20250522-161004
16

17 # Experimental setup options.

18 options:

19 arg mode: zip

20 repeats: 1

21 trace markers: ""
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BRAVAS Workflow

create-config |

bravas.py create-config [config.yaml]

1 profile:

2 # Application setup.

3 application:

- # Output directory for this experiment.

5 outdir: None

6 # Path to the application binary.

7 binary: None

8 # Environment file to load before executing any jobs.
9 env: ""

10 # Wrapper script to wrap each binary execution with.
11 wrapper: ""

12 # Fixed arguments for the binary.

13 fixed args: ""

14 # Variable arguments for the binary.

15 var args: "" <=

16

17 # Experimental setup options.

18 options:

19 arg mode: zip
20 repeats: 1

21 trace markers: "" <
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BRAVAS Workflow

create-config |

bravas.py create-config [config.yaml]

59 analyze:

60 # The results folder name in the outdir to perform the analysis on.
61 # By default the latest timestamp will be used.

62 res_folder: "*

63

64 # Create a table with all kernels, their calls, and duration stats.

65 # Options for value:

66 # none: do not create the table

67 # basic: create the table without coloring

68 # colored: create the table and color rows

69 kernel overview: none

70

71 # Create a GPU Factors overview for each provided kernel.

72 gpu_factors: "

73

74 # Create a runtime scaling figure or table for the given nodes.

75 # Options for value:

76 # none: do not create a scaling overview

77 # figure: create a figure with the runtimes

78 # table: create a table with the runtimes

79 # figure table: create a figure and a table with the runtimes
80 runtime scaling: none

81

82 # Create an energy scaling figure or table for the given nodes.

83 # Options for value:

84 # none: do not create a scaling overview

85 # figure: create a figure with the performance per watt

86 # table: create a table with the performance per watt

87 # figure table: create a figure and a table with the performance per watt

88 energy scaling: none
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90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114

# Create figures with memory transfers against bytes transferred.
# Options for value:

provided ranks
all: create a figure per setup containing values for all ranks
memory transfers: none

# none: do not create figures

# aggregated: create a figure per setup with aggregated values for all ranks
# setups: create a figure containing aggregated values for all setups

# List[int]: create a figure per setup containing aggregated values for the
#

#

# Create a table with statistics on memory transfers.
setup overview: false

# Create figures with the GPU kernel time and cumulative memory times.

# Options for value:

none: do not create figures

aggregated: create a figure per setup with aggregated values for all ranks

setups: create a figure containing aggregated values for all setups

List[int]: create a figure per setup containing aggregated values for the
provided ranks

all: create a figure per setup containing values for all ranks

runtime ratios: none

HoH o W W

# Create a table with kernels that have LDSBankConflicts.
ldsbankconflicts: false
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BRAVAS Workflow

| profile |

bravas.py profile conf.yaml

® 20250513-170555/
@ profile/
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BRAVAS Workflow

| profile |

bravas.py profile conf.yaml

® 20250513-170555/
@® profile/
@® O0_N1_args1/

@® 0_N1_args2
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BRAVAS Workflow

| profile |

bravas.py profile conf.yaml

® 20250513-170555/
@® profile/
@® O0_N1_args1/
@® raw/

@® parsed/

@® 0_N1_args2
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BRAVAS Workflow

| profile |

bravas.py profile conf.yaml

® 20250513-170555/
@® profile/
@® O0_N1_args1/

® raw/
@® rank_0/

O GPU-vendor profiling files
o.

@® parsed/

@® 0_N1_args2
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BRAVAS Workflow

| profile |

bravas.py profile conf.yaml

® 20250513-170555/
@® profile/
@® O0_N1_args1/

® raw/
@® rank_0/

O GPU-vendor profiling files
o.

@® parsed/

@® rank_0/
O kernel_data.csv
O memory_data.csv
O hwe.csv

o .
@® 0_N1_args2
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BRAVAS Workflow

| profile |

bravas.py profile conf.yaml

® 20250513-170555/
@ profile/
@® O0_N1_args1/

® raw/
@® rank_0/

° © GPU-vendor profiling files All hidden from the user!

@® parsed/

@® rank_0/
O kernel_data.csv
O memory_data.csv
O hwe.csv

o .
@® 0_N1_args2
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BRAVAS Workflow

| profile |

bravas.py profile conf.yaml

mestamp,duration_us,grid_x,grid_y,grid_z,block_x,block v.block_z
165067023,6.848,9,1,1,128,1,1

® 20250513-170555/ $,7.808,9,1,1,128, 1.1
7.744,9,1,1,128,1.1
@® profile/ 6.112,7,1,1,128,1.1
,6.464,8,1,1,128,1,1
@® O_N1_args1/ 7.776,9,1,1,128,1.1
7.904,11,1,1,128,1,1
® raw/ 1,6.848,9,1,1,128,1.1
,6.816,9,1,1,128,1.1
@® rank_0/ 6,4.672,4,1,1,128,1,1
) 8478285574,3.744,1188,1,1,128,1,1
O GPU-vendor profiling files 3 68: ,3.904,940,2,1,32,4.1
® 1 : [ ,3.456,929,2,1,32,4,1
68 74,3.84,940,2,1,32,4,1
16 ,3.424,929,2,1,32,4,1
€ ,3.904,940,2,1,32,4,1
o parsed/ 8 _ x3d_1 6¢ ,3.392,929,2,1,32,4.1
,3.296,940,2,1,32,4,1
@ rank_0/ 20 58478476486 ,3.392,929,2,1,32,4,1
O kernel_data.csv ,68497951193,3.84,4,1,1,128,1.1
697,3.104,27,1,1,128,1,1
O memory_data.csv , 7.2.464.27 1.1.128 1.1
O hwec.csv 1656, 6 4,2.176,27,1,1,128,1.1
® : : 6,2.208,27,1,1,128,1,1
6 .304,29,1,1,128,1,1

,4.48,8,1,1,128,1.1
1873,6 2 08529 M e A28 el
. 0—N1—argsz 3,8.0,4750,1,1,128,1.1
1,4.544,1188,1,1,128,1.1
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BRAVAS Workflow

| profile |

bravas.py profile conf.yaml

stamp,duration_us,size_bytes

>8,1.024,36

® 20250513-170555/ il
46.6.848,243152
profile/ : 161334897 ,332.704,18236400
: 1461669681,25. 184, 1215760
@® O0_N1_args1/
== 68461696913,24.768,1215760
® raw/ 8461847313 ,24.896,1215760
0 777,24.384,1215760
@® rank_0/ 58462117233 ,6.88,243152
. 12 68462291601 ,24.448,1215760
(O GPU-vendor profiling files = T
‘ 34 5 (15357014210, .864,8
346 ,71337620866,2.496,3968
® parsed/ 347 ,7/1337768770,1.92,26720
9 58463545456 ,24.288,1215760
@® rank_0/ 20 2,24.544,1215760
O kernel_data.csv 2 B ABIE0T3 1 2d. 168 1213700
22 8464066928 ,24.16,1215760
@) memory_data.csv 23 68464257167 ,24.672,1215760
O hwe.csv 684¢ 1,24.192,1215760
84 3,24.224,1215760
0. 26 164785551,24.16,1215760
27 5846 5,24.16,1215760
3,24.16,1215760
@® 0_N1_args2 8 3,24.256,1215760

.224,1215760
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BRAVAS Workflow

| profile |

bravas.py profile conf.yaml

® 20250513-170555/

. f~| / umberO rea MemoryThroughput KernelExecutionTimeUs,LDSBankConflicll,OccupancylLimit er0fB Occupa LimitRegisters,0 imi a v.0ccupancyLimitBloc

kSize,L2CacheHit, iency,ArithmeticThroughput, A(h‘LE‘VEdO((UDaH(V. idX, C Y.Gridz, Blo(kX MaxThreadsDev1ce
2 .3.9869999999999997,8811.2,04(,JDOUOOUOUOOUOOJ,34.0,34.0, 2.0,16.0,0.6235, >.5125,0.20400000000000004,7.8025,0.05600000000000003,6.14457142857143,7
76190476190474,1 1.0,128.0, 1.0,270336
. 0 N1 args1 / 3 688 38 34384615384616 43689.846153846156,1.633076923 ,32.0 ) 16.0,62.68692307692308, 97.9500 0000003,17.521538461538462,12.519230769
—_ —_— 23077,10.097692307692306,35. .1.0,128.0, 1.0,270336
- 3 08538461538461 17474.46153846154,1.1553846853846155,32.0 0.16.0,78.50846153846153, ).99,9.443076923076925,36.997692307692304,29.1
45384615384618,14.3298461 52,1181.5,1.0,1.0,128 0,270336
. raW/ 5 00.0,45. 537692307692296 54 .38461538462,1.5861538861538465,32.0,2.0,32 16.0,78.91384615384615, ) 999 9998,14.180769230769231,12.21923076
923077,10.344615384615386,4 346 .0,1.0,128.0, 1.0,
k 6 ,4.6,34656. . : - . 5 4 .6 .81,22.728,238.0 . 5 1.0,270336
‘ ran _0/ 7 0464.0,4.99,30624.0,0. .0 . . 35.55,2.9,6.8 .316 0 . ,270336
8 30464.0,6.79,15264.0,0. .0, 88.06,3. 4. .0 : 1.0,270336
. ) 152064.0,15.0,5728.0, 0 A - : ) 21 38.0,1 ,128.0, 1.0,270336
O GPU_Vendor proﬁllng ﬁles 0] 080 .22.93,10\‘)00.0,0, . . 4. 6.2 .46.56,51. 9,3"’. 0 00 ¢ 1.0,128.0, 1.0,270336
1 064.0,12.92,6624.0,0.45 . : .26,19.59,59.68,27.97,4.904 =951 8. .0,270336
2 04 ,41.68,19904.0,0.03 . . .4 [ ,8.14,11.69,9.3,20. € .0, .0, .0,270336
. coe 3 0,43.6,28576.0,0. 0,3 ) .4 .65,12.21,15.88,11.51,25.204,835.0, 5 1.0,270336

,30.81,41312 ,32.6 .16.8,25.54, 5,12.6,15.17,10.9 835.0,1.0.1.6,128.0,
14.93,5088.6,0.02,32.0,7.6 : 4 9.99,4. .78 ,2.9279999999999995,238.6,1.0.1.0,128.0
6 56.0,1.81,75264.0,9.3,32.0,5. .8,62. 9. 67 ‘
7 164.0,41.44,20352.0,0.04,32.0,4.0,32.0,16.0421.08, ‘
‘ parsed/ 0640.0,12.594999999999999,5976.0,1. 9989,32.0,10.0,

.4125,6192.0,1.325,32.0,10.0,3 16.0,35.010000000000005,

.0,270336
. rank O/ 2 0.0,19.925,8544.0,1.26,32.0,9.0,3 : : 99.985,37.21,46.315,31.560000000000002, 5.
—_ 1 116192.0,23.165,8912.0,1.375,32.0,9.0,32.0,16.0,40.85, )9.985,37.78,48.125,32.295,5.68199999
2 1 ,5542.4,0.6 0 ,32.0,12.0,32.8.16.0,0.502, 7.3,16.894,65.246,28.107999
O kernel_data.csv

,11.864,7520.0,0. 000000000004,32.0,12.0,3280,16.0,36.06, ) ),3.474,12.969999999999999,7.3559 »3.380775000000001,238
128.0 1.0,270336

O memory_data.c 24 e ot 30464.0,8.96,5523.2,0.132,32.0,12.0 16.0,15.344, 98.52,3.492,15.318000000000001,6.287999999999999,2.2112000000000003,238. 1.0,128.0,
270336
O hwec.csv

@® 0_N1_args2
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BRAVAS Workflow

| analyze
bravas.py analyze conf.yaml
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BRAVAS Workflow

| analyze

bravas.py analyze conf.yaml

® 20250513-170555/
@® profile/
@® O0_N1_args1/
@® raw/
@® parsed/

@® 0_N1_args2
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BRAVAS Workflow

| analyze

bravas.py analyze conf.yaml

Calls,TotalDurationUs,AverageUs,Percentage
) 416,19740.398999999998,47.45288221153846,27.816882206508865
o 20250513-170555/ 116,14639.235,35.19046875,20.628654749501358
4 1920,7036.643,3.6649182291666667,9.915578173483484
() proﬁle/ 5 416,5964.005000000001,14.336550480769233,8.404086693688926
32,1927.67,60.2396875,2.716346783214511
@® O0_N1_args1/ 332,1678. 2910000000002 ,2 . 017176682692308 , 24{3649381684353985
-7 32,1369.9460000000001,42.810812500000004 ,1.9384385139975135
® raw/ 117,96,974.168,10.147583333333333,1.372733980977304
0 96,886.397,9.233302083333333,1.249052814849529]
() parsed/ ' 96,851.739,8.87228125,1.200215022689747
) 32,808.409,25.26278125,1.1391572139793946
o aggregated/ 3 ice v 160,724.895,4.5305937499999995,1.021474734481671
1 32,703.711,21.99096875,0.9916236239411655
(O kernel_data.csv ,32,666.142,20.8169375,0.938683840524613
O d ,32,627.613,19.61290625,0.8843912877482188
memory_ ata.csv 96,601.1189999999999,6.261656249999999,0.847050671686089
O hwc.csv : ) 192,588.7639999999999,3.066479166666666,0.8296478118518771
. 160,543.837,3.39898125,0.7663396149460384
O kernel_overwew.csv : 192,522.3989999999999,2.7208281249999993,0.7364305841790746
® 0 N1 9 21 128,494.172,3.86071875,0.6963549375954813
_N1_args , 224,484.85999999999996,2.164553571428571340.6832330748050173
,32,466.685,14.58390625,0.6576220507267655
,128,437.66100000000006,3.4192265625000005,0.6167233237475533
160,430.3019999999999,2 .6893874999999996 ,0.606353501128517
704,192 ,423.966,2.20815625,0.5974252233485624

1 92,423.55,2.2059895833333334,0.59683902329263%
64,366.238,5.72246875,0.5160786925100852

160,356.062,2.2253875,0.5017393372957639
54,355.328,5.552,0.5007050323893849
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BRAVAS Workflow

| analyze

bravas.py analyze conf.yaml

@® 20250513-170555/
@ profile/
® analyze/
@® 0_N1_args1/
O setup specific figures
@® gpu_factors/

O cross-setup GPU Factors figures
O summarizing figures
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Analyze Figures
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Analyze Figures

Setup Summery | Kernel Overview | GPU Factors | Memory Transfers | Runtime Ratios | LDSBankConflicts
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Analyze Figures

Setup Summery |

3739678 77 240

10° Type
[ H2D
3025 395 1 P2P
104 1 D2H
N1_ 7008 1 Kernel
= 103 102 76-966
Unique kernels (#) 79
Kernel call count (#) | 8592 ) 102 _
Kernel time (ps) 70 965 @ =
H2D count (#) 6232 L 10 2
9 ® 10t
D2H count (#) 3 664 Z =
T 100 a
H2D time (ps) 84 247 =
D2H time (ps) 74 196 10-1
= 0
D2H size (MB) 3018.95 167 1 H2D 10
1 P2P
107 [ D2H
N1_ N1_
Setup Setup
Setup Overview Memory Transfers Runtime Ratios

Barcelona

Supercomputing

Center

Centro Nacional de Supercomputacion

@

75



Analyze Figures

Setup Summery | Kernel Overview | GPU Factors | Memory Transfers | Runtime Ratios | LDSBankConflicts

KernelName Calls | TotalDurationUs | AverageUs | Percentage

w[5| 5|8 5|g] 8|6 n|e|g|u]s|a]8]|e|[E|0

** &2 icedyn_adv_pra_ice_dyn_adv_pra_543 32 1927.67 60.24 2.72
77777 Ibcnfd_Ibc_nfd_nogather_3d_gpu_dp_939 832 1678.29 2.02 2.36
.Z u = : icedyn_adv_pra_ice_dyn_adv_pra_505 32 1369.95 42.81 1.93
G - Ibcink_mpp_nfd_3d_ptr_gpu_dp_3117 % 974.17 10.15 1.37
” “ Ibcink_mpp_nfd_3d_ptr_gpu_dp_3210 96 886.4 9.23 1.25
o o Ibcink_mpp_nfd_3d_ptr_gpu_dp_3188 % 851.74 8.87 1.2
2 : icedyn_adv_pra_ice_dyn_adv_pra_360 32 808.41 25.26 114
icevar_ice_var_zapneg_689 160 724.9 453 1.02
: icedyn_adv_pra_hbig_1101 32 703.71 21.99 0.99
” icedyn_adv_pra_ice_dyn_adv_pra_331 32 666.14 20.82 0.94
o icedyn_adv_pra_hbig_1158 E?) 627.61 19.61 0.88

HHHHERREH
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Analyze Figures

| GPU Factors |

icedyn_adv_pra _adv_y 883

N1_
Global ! 100
Kernel Time (us) - 47.45
Grid (avg) - (905, 1, 1)
Block (avg) - (128, 1, 1) 80
Device Load (%) - 10.34
Achieved Occupancy (%) - 12.26 ;\3
- 60
©
Memory Efficiency 5
Throughput (%) - 45.27 g
-40 >
LDSBankConflict (%) - 1.59
20
Arithmetic Efficiency
Throughput (%) - 14.14
Branch Efficiency (%) - 97.85
0
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Analyze Figures

| GPU Factors |

GPU Modelfactors for easrelb$easrelb _mod _$ck L75 1.kd.

128x128 256x256 512x512 1024x1024

Device Load

(% of device) : 2 . . 100
Occupancy
(% of device)
sgpr - T 70.59 70.59 70.59
Memory Efficiency L 60 S
(% of 128x128) Eo)
wemunitaey [ o146 2
L2CacheHit - JCEREE 55.59 22.10 10.81 2
40 B
MemuUnitStalled - 33.62 38.04 40.17 38.69 2
Computational Efficiency 20
(% of 128x128)
VALUUtilization - 100.00 100.00 100.00 100.00
VALUBuUSY - 24.45 12.14 8.47 7.60
0
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Analyze Figures

| Memory Transfers |

934 912 934 912 934 927 934 927
10°
10° 3733678 . 756 343 756 354
10
16t -\ 3025395 ‘
103
103 e e— . 18977
< ¥ 102 '
= 102 ;
S &
® 101 2 10? 5
g =f}e & '
P 0 . s '
e — o 10° !
= =
10~
opeaepe 10—1
1072 A,
1072 | Copy type
1073 1 H2D
H2D P2P D2H 1073 1 P2p
Copy type DZH
0 1 2 3
Rank
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Analyze Figures

| Runtime Ratios |

10° 19 262 19 263
2 2 19 348 19 36¢ Type
1 H2D
77 240 |:| P2P
36 808 16 519 17 212 —1 D2H
1 1624 1741 1 Kernel
102 bl 15 867 19 726
102 1 : . ‘
v B _
2 = [ - »
[ E
©
5 © 10! l
a = ] ,
e ; |
: |
10°
H2D P2P D2H Kernel
Type
0 1 2 3
Rank
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Analyze Figures

| LDSBankConflicts

Rank| KernelName LDSBankConflict
0 icedyn_adv_pra_adv_x 667 1.63
0 icedyn_adv_pra_adv_y 883 1.59
0 icedyn_adv_pra_adv_y 1045 1.16
0 cuda_assign_kernel 0.06
1 icedyn_adv_pra_adv_x 667 1.61
1 icedyn_adv_pra_adv_y 883 1.6
1 icedyn_adv_pra_adv_y 1045 1.12
1 cuda_assign_kernel 0.06
2 icedyn_adv_pra_adv_x 667 1.62
2 icedyn_adv_pra_adv_y 883 1.59
2 icedyn_adv_pra_adv_y 1045 1.11
2 cuda_assign_kernel 0.03
3 icedyn_adv_pra_adv_x 667 1.62
3 icedyn_adv_pra_adv_y 883 1.6
3 icedyn_adv_pra_adv_y 1045 1.16
3 cuda_assign_kernel 0.03
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