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Why profile?
ldentify compute intensive

portions in the code
Generate an overall profile t

Profile
Application

of the runs i Optimize
Inspect

Identify performance A"al”ia

bottleneck

ldentify memory usage or
memory leak
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GNU GPROF profiler

* How to use gprof
— Using the gprof tool is not at all complex.
— Have profiling enabled while compiling the code

— Execute the program code to produce the
profiling data

— Run the gprof tool on the profiling data file
(generated in the step above).

Sample test codes in canvas Files->code
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Flags to enable (GCC)

-pg : Generate extra code to write profile information
suitable for the analysis program gprof.

— You must use this option when compiling the source files
you want data about, and you must also use it when
linking.

S gcc -Wall -pg test.c new_func.c -o test_gprof
Sls

S./test_gprof

S gprof test_gprof gmon.out > analysis.txt

S s
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Blat profile:

Each sample counts as 0.01 seconds.

% cumulative self self total
time seconds seconds calls s/call s/call name
34.19 7.42 7.42 1 7.42 14.72 funcl
33.67 14.72 7.31 n | 7.31 7.31 new_funcl
33.62 22.02 7.30 1 7.30 7.30 func2
0.14 22.05 0.03 main
% the percentage of the total running time of the
time program used by this function.

cumulative a running sum of the number of seconds accounted
seconds for by this function and those listed above it.

self the number of seconds accounted for by this

seconds function alone. This is the major sort for this
listing.

calls the number of times this function was invoked, if

this function is profiled, else blank.

self the average number of milliseconds spent in this
ms/call function per call, if this function is profiled,
else blank.
total the average number of milliseconds spent in this
ms/call function and its descendents per call, if this

function is profiled, else blank.

name the name of the function. This is the minor sort
for this listing. The index shows the location of
the function in the gprof listing. If the index is

Dea moameaamidbbasndas dd bl acs s sah asma dd 2 iz ad s Lo
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Profilers

NVIDIA Nsight Compute and Nsight systems
Tools Analysis Utilities (TAU)
Score-P/Vampir

Arm MAP

HPCtoolkit

AMD rocProf

Intel Vtune
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NSIGHT PRODUCT FAMILY

Standalone Performance Tools

Nsight Systems - System-wide application algorithm tuning
Nsight Compute - Debug/optimize specific CUDA kernel

Nsight Graphics - Debug/optimize specific graphics shader

IDE Plugins

Workflow

Nsight
Systems

N

Nsight Nsight
Compute | | Graphics

Nsight Eclipse Edition/Visual Studio - editor, debugger, some perf analysis
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Nsight Systems

) NVIDUA System Profiler 40
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CPU functionalities

Get an overview of each thread’s activities
Which core the thread is running and the utilization
CPU state and transition
OS runtime libraries usage: pthread, file 1/0, etc.

API| usage: CUDA, cuDNN, cuBLAS, TensorRT, ...

17s +670m + 680 +690ms +700ms +710ms +720m +7300 +740
e uUuI yoJy
poupoon - I S, I A L. LN . A
OS runtime libraries
CUDA API | cuEVentSynchromze '”| tuEventSyl.. | 1' cuEventSy... :icu,..jl‘iju lu L cuEventSynchromze ;L l; cuEventSynChronize | 5 (TN |
CuDNN 0 0 1 08 @

CuBLAS
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GPU functionality

* Trace OpenACC/CUDA API calls
* See when kernels are dispatched

@ (@] NVIDIA Nsight Systems 2021.4.1

File View Tools Help

Project Explorer X | pi_sys.qdrep X FJESEX{[(10)

= Project1

B physicell_gpu_.. = Timeline View v Qix i . @® 2 errors,1 warning,11 messag
B pi_sys.adrep (... 0s v ms +50ms +100ms +150ms +200ms 252.0ms +300ms +350ms +400ms +450ms +500

pi_sys.qdrep ||
~ [102140] pi

OpenACC -

CUDA API [ cu...
Profiler overhead » D

» CUDA HW (0000:07:00.0 - Tesl
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NVIDIA NSIGHT COMPUTE
Next-Gen Kernel Profiling Tool

Key Features:
Interactive CUDA API debugging and kernel profiling
Graphical profile report
Comparison of multiple kernel reports
Fully Customizable (Reports and Analysis Rules)
Command Line, Standalone, IDE Integration

OS: Linux, Windows, ARM, MacOSX (host only)
GPUs: Pascal (GP10x), Volta, Turing

Docs/product: https://developer.nvidia.com/nsight-compute
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Disconnect
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> vectorAdd

Next Trigger: vector

0
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204

] 205

206
207
208
209
210
211
212

- 213
» 214
- 215

APl Name Details
uDeviceGetAttribute

cuDeviceGetAttribute

cuDeviceGetAttribute
cuDe
cuDeviceGetAttribute
cuDeviceGetAttribute

udaMalloc

iceGetAttribute

cuCtxGetCurrent
cuCtxSetCurrent
cuDevicePrimaryCtxRe..
cuCtxGetCurr
cuCtxGetDevice

cuModuleGetFunction

nt

cuMemAlloc _v2
udaMalloc
cuMemAlloc v2
udaMalloc
cuMemAlloc v2
cudaMencpy
cuMemcpyHtoD v2
cudaMencpy
CuMemcpyHtoD v2

udaConfigureCall

cudaSetupArgument

cudaS nt

upArgume

cudaSetupArgument

cudaSetupArqumer
udaLaunch
culaunchKernel
vectorAdd vectorAdd

Sections/Rules Info
& Reload @ Enable All  © Disable All

Name

€ S £ £ < <

Memory Workload Analysis
Memory Workload Analysis Chart
Memory Workload Analysis Tables
Scheduler Statistics (1
Warp State Statistics

Instruction Statistics

Sections/Rules Info API Statistics NVTX

v Launch: 0- 215 - vectorAdd v Copy as Image ~

Current 215 - vectorAdd (50176, requency: 883.21 cycle/usecond CC: 7.0 Process: [11236] vectorAdd L+ - )

Fu* L
(4 High-level overview of the utilization for compute and memory resources of the GPU. For each unit, the Speed Of Light (SOL) reports the achieved percentage of utilization with respect to the theoretical maximum
@ SOL 3.72 | buration [usecond) 4.77
@ SoL ] 38.46 | Elapsed Cycle | 4,232
L SOL TEX [%) 6.60 | SM Active Cycles [cycle 2,368.09
2 SoL L2 (%) 9.77 | SM Frequency [cycle/us 883.21
@ SoL FB (%) 38.46 | Memory Frequency 626.40
)
e GPU Utilization
(8 ]) T T
@ SM [%]
W | ! | ! | | | { ]
w
Memory [%]
w SM (%] 372
w 0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 Memory 1%) 3846 PN
! Speed Of Light [%)
w
cu Recommendations
W
- A Bottleneck [Warning] This kernel grid is too small to fill the available resources on this device. Look at "Launch Statistics’ for more details
w . C
» Compute Workload Analy L J
cu
w Detailed : sis of the compute resources of the streaming mult 2. Pipelines with very high utilization might limit the overall
} performance
. Executed Ipc Elapsed [inst/cycle] 6.61
’ Executed Ipc Active [inst/cyc 3.67
~ 1 dd it Lass ) bl
cu
cu * Memory Workload Analysis L J
Detailed analysis of the memory resources of the GPU. Memory can become a limiting factor for the overall kernel performance when fully utilizing the involved hardware units (Mem Busy), exhausting the available communication
bandwidth between those units (Max Bandwidth), or by reaching the maximum throughput of issuing memory instructions (Mem Pipes Busy). Detailed chart of the memory units. Detailed tables with data for each memory unit
— Memory Throughput [Gbyte/second) 04 | Men Busy [%] 9.77
L1 Hit Rate (%) dwidth (%] 38.46
x L2 Rate (%) 34 s Busy [%] 2.32
» Scheduler Statistics A [ J
Summary of the activity of the schedulers issuing instructions. Each scheduler maintains a pool of warps that it can issue instructions for. The upper bound of warps in the pool (Theoretical Warps) is limited by the launch configuration
Pric On every cycle each scheduler checks the state of the allocated warps in the pool (Active Warps). Active warps that are not stalled (Eligible Warps) are ready to issue their next instruction. From the set of eligible warps the scheduler
. selects a single warp from which to issue one or more instructions (Issued Warp). On cycles with no eligible warps, the issue slot is skipped and no instruction is issued. Having many skipped issue slots indicates poor latency hiding
7
y Active Warps Per Scheduler [warp) 4.26 | Instructions Per Active Issue Slot [inst/cycle) 1
Eligible Warps Per Scheduler [warp) 0.05 | No Eligible 96.17
Y Issued Warp Per Scheduler 0.64 | One or More Eligible [%) 3.83
> » Warp State Statistics A =3
9
Analysis of the states in which all warps spent cycles during the kernel execution. The warp states describe a warp's readiness or inability to issue its next instruction. The warp cycles per instruction define the latency between two
10 ecutive instructions. The higher the value, the more warp parallelism is required to hide this latency. For each warp state, the chart shows the average number of cycles spent in that state per issued instruction. Stalls are not always
» ting the overall performance nor hy ompletely avoidable. Only focus on stall sons if the schedulers fail to issu ry cycle
Warp Cycles Per Issued Instruction 111.19 | Avg. A Threads Per Warp 31.99 =

A vectorAdd [11236)
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SOL SECTION

Sections

SOL Section (case 1: Compute Bound)

High-level overview of the utilization for compute and memory resources of the GPU. For
each unit, the Speed Of Light (SOL) reports the achieved percentage of utilization with
respect to the theoretical maximum

GPU Utilization

50.0

Speed Of Light [%]
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SOL SECTION

Sections

SOL Section (case 2: Latency Bound)

High-level overview of the utilization for compute and memory resources of the GPU. For
each unit, the Speed Of Light (SOL) reports the achieved percentage of utilization with
respect to the theoretical maximum

50.0
Speed Of Light [%]
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COMPUTE WORKLOAD ANALYSIS

Sections

Compute Workload Analysis (case 1)

Detailed analysis of the compute resources of the streaming multiprocessors (SM), including
the achieved instructions per clock (IPC) and the utilization of each available pipeline.
Pipelines with very high utilization might limit the overall performance

Executed Ipc Elapsed [inst/cy | 1.59 | SM Busy [%]
Executed Ipc Active [inst/cycle) 1.66 | Issue Slots Busy [%]

Pipe Utilization

27 A nviDiA
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SOL L2 [X]
SOL FB [%]

P
Memory [%]
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Source Live Registers Sampling Data (All) Sampling Data (No Issue)

|[@!'PT SHFL.IDX PT, RZ, RZ, RZ, RZ;

MoV R1, c[exe][ex28];

S2R R®, SR_CTAID.X;

S2R R2, SR_TID.X;

IMAD R@, Re, c[exe][exe], R2;
ISETP.GE.AND PO, PT, RO, c[exe][ex17@]
|eP@  EXIT;

MOV R2, R@;

|[@!'PT SHFL.IDX PT, RZ, RZ, RZ, RZ;

MOV R4, Ox4;

IMAD.WIDE R4, R2, R4, c[exe][exiee];
LDG.E.SYS R3, [R4];

BSSY B@, exbees7678e;

SHF.R.S32.HI Re, RZ, exif, R2;

......II.I.IGI
......IIIIIII
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Score-P Vampir Trace

BESLE MR WG VS A BB UL O Y WS Y e e I A ST M ST ey

280,971 5

1| anzzer Summery

| All Processes, Accumulated Exclusive Time per Function Group

GPU_IDLE [28.77%

CUD...NEL [71.23%]

Corem Visw

® ru-zon Sarmany X

rropery value
: n
s s |Function Grou
Il Processes, Accumulated Exclusive Time per Function Accumulated Bxclusive Time 101, 378.45673 s((71).23%)
09s 06s 0.3s 0.0s
cptCurrent
moveParticles
deIPamcIes
[l 2ddCurrent
0 141 s updateB
1 0116 s markParticles
0102 s [l updateE
© 30.677 ms [JaddParticles — Cv—
B Application
m CUDART_API
= CUDA_KERNEL
mGPU_IDLE
= MPI

mVT_CUDA
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Arm MAP

= setsm Ip In 26t 2018-12-28 13-22 map - Arm MAP . Arm Forge 19 2,1 [Trial Version] + -

He gdt Wew Metnc: Wndow Help

Prefied: sotsm on | process. 1 node, 208 cores (28 per process] Samphed from FriDec 28 2018 14 2329 (UTC.05) fer 375,64 Hicke Metrxc s
Application activity

CPU Moating.point %

120% LR -
0
Memery usage am & )
12308 — L
ol
14:25:29-14:29:48 | I75.6123): Main thraad compite 34.7 %, OpanMP 51,2 %, File VO 0.9 %, OpanMP overhead 13.2 %, Sheeping 0.0 % Zzam l}] -4
—
™ setsm_codecpp X Timo spent on lne 1858 1]
1828 @ 1f (promnfo.check_tales SRy (L1 ) 2| Breakdown of the 54.0% time
1033 Spent on this Bne:
1834 & 1f tproinfo.check_tiles Ry (21 H L
1638 Executing netruchons 00%
1838 @ if (proinfe, chack_tiles <) (-1 " Caling cther funchions. 100 &%
1843
{:: a if (proinfo.check_tiler €c) (T
I 1828 prantfORA parsm = %A1, Rinageparan(0], Rinsgep [,
1858
1851 prantfi Tiles row col = row = SNttt col = M tNtseed flag =N\n', 1ter_row_start, ater_row_end, t_col_start, t_col _end, proan fo.pre_GEMtaf )
1652
1w a af(targs, chack_gradenly)
1854 i
7.7 il il 1057 i
1856 cabx, cubYy b Q! al, res, Res, L:.:;opara- k
1857 LRFCe, W(s “pre_CEN_ lml DGN evel, RundfTAparam, check | hle Mr.y,lvh-uphm tale_arr '{
1658 Linagesize, Ruugnu- LBRsize, AR size. paran, total count, ori uumnhn@t Beundary, 1. 1, (double Slaf timaod
1835
UG [ 4374 BUILOMPT (I!:’
1808 @ af(targs, chack arthe) (-1
1929
{:;’ pramtf(-Tiles rowcol = row = whtwhticol = Witwteeed flag =wd\n", iter_row_start, iter_row_end, t_col_start, t_col_end, proinfo,pre_CemMtif)
1532
1933 @ ifditer_row end « ¥ & t_col_end « 2y CL_T
1538
1939 char str_CEMPila(Se0);
1930 sprintf(str DENFile, “Se/%s dem, taf", proinfo, save_filepath,prodnfo, utputpath_nane); -
4 o I Ol
WEUVOUEAL | Prectfiks | OpereRstacks | CpeMP Regens | Functins |
CpenMP Stacks an
ol <ore ime ~ Ouerhoad Functioni<)en ine Sourca Fusiton ]
= 2 wetsm [program)
=/ man

Z!N B IIIIIIIHIIIIH VertacalLiostocus (prosnf o, check_Katchtag,necresylt, mnmwues LSl s _R,qrid_ X JREPCS,L1nages 12w, Oata_s1ze_ F
Sl 1 + DacianMPy bool, ink. deuble”, Up. . tount_blinder = Dacision®Ps (tres, count MPs, sibBomndary, GricP Ty, level qrid_resalutie, Lteration, f2lensme wpr pre, filenaws mps_sft.proanfs seve ﬁ.'lmvl.
1!.!& lI l Il \ + 0fho_bndartagDIDPRIS. irt. ty . comnt_rasults(0] = Ortho_blunder iptslists, ceunt M3, tralists,count_tri, update flag, Geink_grid. smasi_grid,blindsr parss, s
x4 Ladbihonkd 3 = DacienMPy booL int. dzuble, Up . cownt_blunder = DacisienWPs (false, comt s, subGsundary, GrigPTy, lavel, grad_reselution, iteration, fulanges wps_pre, f1lmwme_sps_ancher proinfs swe_filapath, _rode. e
5A% i 0 = DacmicnMPHbool ink, double®, U . comnt_blunder = DacisienWPs (tres,count PP, subBoundsry, GricP Ty, Level qrid_resolutien, Lteration, filonsee re, filanams mps proanfa save_filegath, setem_code cpp 2071
1yl kel  Preprocessngichare, char®, chart, . Preprocessing(proinfe, tapdar,Lsubset flensse Reutsetfilanane, Level @swbsatsize, Mhsuhsetsize, dyta size |, _size_r, fadl; setum_tode tpp 2278
S1%0 0 o Ll ek bl ¥ 22 others .

Showing data from L OGO 5 amples taken over L process (1000 per process ] Ao Forge 18 21w Operd® Viem
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Arm MAP

Summary: wave_c is Compute-bound in this configuration

C 99.9% Time spent running application code. High values are usually good.
om pUte 5 _ This is very high; check the CPU performance section for advice.

Time spent in MPI calls. High values are usually bad.

MPI 0.1% This is very low; this code may benefit from a higher process count.
1/O 0.0% Time spent in filesystem I/O. High values are usually bad.
/ : This is negligible; there's no need to investigate 1/O performance.

This application run was Compute-bound. A breakdown of this time and advice for investigating further is in the CPU

section below.

As very little time is spent in MPI calls, this code may also benefit from running at larger scales.

CPU

A breakdown of the 99.9% CPU time:

Scalar numericops 16.0% §

Vector numeric ops  0.0%

Memory accesses 25.2% B

The per-core performance is memory-bound. Use a profiler to

identify time-consuming loops and check their cache
performance.

No time is spent in vectorized instructions. Check the
compiler’s vectorization advice to see why key loops could not
be vectorized.

1/0

A breakdown of the 0.0% I/O time:
Time in reads 0.0%
Time in writes 0.0%

Effective process read rate 0.00 bytes/s
Effective process write rate 0.00 bytes/s

No time is spent in /O operations. There's nothing to optimize
here!

Memory

Per-process memory usage may also affect scaling:

Mean process memory usage 66.8 M8 N

Peak process memory usage 74.9 M8 N

Peak node memory usage 3.0% |

The peak node memory usage is very low. Running with fewer

MPI processes and more data on each process may be more
efficient.

MPI

A breakdown of the 0.1% MPI time:

Time in collective calls 100.0% N

Time in point-to-point calls 0.0% |

Effective process collective rate 8.92 kB/s 1N
|

Effective process point-to-point rate 0.00 bytes/s

Most of the time is spent in collective calls with a very low
transfer rate. This suggests load imbalance is causing
synchronization overhead; use an MPI profiler to investigate.

Threads

A breakdown of how multiple threads were used:
Computation 0.0% |

Synchronization 0.0%

|
Physical core utilization 5.0% |
System load 5.1% |

No measurable time is spent in multithreaded code.

Physical core utilization is low. Try increasing the number of
processes to improve performance.
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TAU

(Tools Analysis and Utilities)

Mevk TINE
Vil Exchisive
Uris: seconds

13.002

1250 I
6

Real_t Cake lemvolmelconst Real t *. const Real_t *, const Real t *) ([lufesh.contmue.eel {1361,11-11366, 1)) [THROTTLED)

Al appircation = > Real 1 CalcBlomvolumedcont Real 1, const Real t . comst Real 1 ) Hkhes hoeorminuecc) (1361,0)-1366, 111
SUMMARY) voud INTERNAL 25 s bmp_barres_cpp T1ICI03_kmp_wak termplate <bmp Mg 04 >dkme_indo”, kmp_flag 447 ir, voud™) (1infs 'ske 'proj/ openmp /promo/Z0 180208 Mmool _3Ze-rd 5_nor_dyn.rel 50.c0 9041 hlwl-be 1003/ i ferc/bmp_»
SAMPLE] wosd _INTEANAL 25 SC_ RS Bar R 00 T I0A0I _KNg_ WAl M plte <k e Sad 585 1m0 _nf0T. ke M0 64T, L w0d" ) |10 (SN0 /00t (epenme /2o a /20150208 /om0 N 328115 _aer_ 0w el SO0 S0.TL N wl-fed 160 3 )0, SRS wiit

.';NJ awpiiation = > Real_t CalcblemVolumedconst Real_t *, const Real t = const Real_t *1 Hikleshcomimue ol (136 1. 13-{1300, 11 => |CONTEXT] Real_t CalcDlemVolumedconst Real t *, const Reilj ", const Real_t *) Hhleshcominue.ccl {134 L 1136611 «> [SUNMARY]
TAl appdncation

TAU 3ppication « > ine mainOre. char **) | hle sh commue ct) 12650, 11-12792,11

it maining, char * ) [Dulesh.continoe.ccl lzsso 1279210
¥) L_INI7_INT

[SUMMARY] L__2N17 ) :msnmssnmn[ f B

IDDS par_loood l _T8 (Ifusers/PZ305 30 /s ks ) work space/ performance/ LULESH 'bes h commue. <cl)
2_S2 52 S2 S2 S2 0N 782 __par Joopl 2 _BS [I)uiars P 2S05 30 ks /worki@acs [5a room aadt (LULESH Muesh. contimw oc||

Tl appiication « > [CONTEXT| TAU appliication « > (SUMMARY] voud _leNAL_zs sre_kmo,_barrier_cpp_ 71430003 _kmp_wait_tempiate <kmo_fag 643 Ikmp_info’. kmp_fag 66", me, voud) [ /s st ipeoy (openmp (peomo 200 80209 mmp/ bn_32e-r1i_S_ner_o'

[SAMRE] -o‘ NI(AMLM S0 kme_Bar e cop T A0C03 _kime_walt_lempliis <kme_flag 66> ikmp_info", kme Mg 647, int, void) || s /site pens sepenme /seema 200 80308 fomp in_32¢ 1115 _ner_dymowl. 50.60.60.00. 03wl - fne 16ln0 3 .00,/ srcrkme_wait
CalcEle: 9 . doukie”, doubie”, double (") (41 double. double”. double”, doubie™ ([ fusers/PZ305 30/ skhus/mork space/ performance JLULESH hsbes h cominue. <cl)

|5ullllllﬂ IN‘IEI(MASSOhD Surn Elem S T

Bk Const I°) (8], deubie, doubh, doubk, Soubk®, doubk®, oubik ") []/ e 5P 2505 10/ khuvis /Worksgacs /54 Monm ance (LULESH Mesn. contims o¢|]
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