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ITAC: profiling with Intel Trace Collector and Analyzer ;===i‘==§=§
Envwonmentpreparaﬂon
:$ module load itac/2019up04 intel64/19.0up05 :
L (intelmpi/2019up0S-intel) .
-trace
S CoIIectorcompllatlonImkmgandrun ..........
i$ mpiicc -trace myProg.c -0 ${binary}
Smpirun-n 4 Soinant
format

${binary}.stf

STF: Structured Trace File
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Applications
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----------------------------------------------------------------------

Standard HPCG

https://www.hpcg-benchmark.org
C++ program

----------------------------------------------------------------------

----------------------------------------------------------------------

: Ab initio molecular dynamics CPMD

https:// www.cpmd.org
Fortran program
(Broadwell EP and fat-tree

----------------------------------------------------------------------

MP|

Hybrig:
MP] + Openmp

\

N~
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ITAC basic features
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ITAC features: profiling with graphical visualization and statistical data
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w Charts

Navigate

X Intel® Trace Analyzer

. Inter® Trace Analyzer Flat Profile

All_Processes

Name
Summary: xhpcg.stf 4 All_Processes
ComputeSPMV_ref
- ComputeWAXPBY

Total time: 1.88e+04 sec. Resources: 9 processes, 1 node.

Ratio

This section represents a ratio of all MPI calls to the rest of your
code in the application.

Top MPI functions

This section lists the most active MPI functions from all MPI calls in the application.

ComputeSPMY
- ComputeSYMGS_ref
ComputeWAXPBY_ref

18.7874 5
226e-6s

ComputeDotProduct_ref 854.298e-3 s

4le6s
39.4382s5
1.6031s
9le6s
654.169e-3 5

‘Wait at Barrier

Pl

wait time

barrier

8l
‘Event-based approach that record; T T T T S T
user function calls EE EE EEJE EE __

ComputeSYMGS_ref

ComputeDotProduct
User_Code
ey e
MP1 Wait I 75.8 set YOO KT
MPI_Send [ 7.83 sec (0.0416 %)
MP_irecy | 0,683 sec (0.00363 %)
MPI_Wtime

0.14 sec (0.000745 %)
B Serial Code - 1.86e+04 sec 99.1 %

B MPI calls - 160 sec 0.8%

‘Where to start with analysis

For deep analysis of the MPI-bound application click "Continue >" to open the
tracefile View and leverage the Intel® Trace Analyzer functionality:

- Performance Assistant - to identify possible performance problems.

- imbalance Diagram - for detailed imbalance overview

- Tagging/Filtering - for tharough customizable analysis

To optimize node-level performance use:

Intel® VTune ™ Amplifier XE for:

- algorithmic level tuning with hotspots and threading efficiency analysis;

- microarchitecture level tuning with general exploration and bandwidth analysis;
Intel® Advisor for:

- vectorization optimization and thread prototyping.

For more information, see decumentation for the respective tool.
Analyzing MP1 applications with Intel® VTune™ Amplifier XE
Analyzing MPI applications with Intel® Advisor

[l Show Summary Page when opening 3 tracefile
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Flat Profile Load Balance Call Tree Call Graph a B e
Chidren of All processes - [ show ist | 22 T ae—wr=-wemeclll Collective ops profile Function profile
Min Radius: El # Per Row: 4 Al Processes o asil04s

4 User_Code 4329945 18.8104e43 5
o = - Legend whgcas 60065 606 s 9 6.66667e-65 functions statistics
. « pIP1Comm_rani leds lebs 9 11111le9s .
*|de Comm_ 3e6 36 9 3333339 .
ComputeSPMV_ref Id(’ ntl%ﬁmﬂze 9511:4 : 95, aaia : 156537 612 251:79 : a‘” co "eCtlve
11.8325 11.8325 126 93.909e-3 H
= ComputeWAXPBY PE rqumﬁf 2972676435 3015766435 33381 B9.05276-3 5 0perat|ons for
. cUmpu(eDu(pmduct_rfé“ues Wm_swzek 36.969¢-3 5 3696935 33361 1.1074%-6 5 eaCh proceSS Ca” tree
ran 176883 5 17.688e-35 33381 529.882e-95
= ComputeSPMV P MPIIrecy 175.253e-3 s 175.253e-3 5 148360 1.18127e-6s
213018 s 2.13018 5 148360 14.3582e-6 5 H H
ps P - computestmas_ref @XPlangtion e To7519 s 190300 274 34000 5 +split to children of
= ComputeWAXPBY_ref _. 4 ComputeSYMGS ref | 11.9892e+3 s I 12.025%+35 76608  156.56-35
- i 82736835 82.736e-35 76608 1.07999e-6 5 Grou
computepotproduct® LIPS 0N _mlal 38.209e3 5 3820935 76608 498.76e-9s
u;erp(:ode p luti MPI_recy 420,928e-3 5 420.928¢-3 5 340480 1.23628e6 5 All Processes
_ a 418757 418757 5 340480 12.299¢-6
= MPI Comm size SO u Ioﬁn%::t 31,9955: 31. 9‘995: 340480 93 QEEE:—E: -
- - [£ teWAXPBY ref 20.0829 20.0829 1350 14.8762e-3 H - -
= MPI_Comm_rank 4 ComputeDotproduct,ref 1076145 1336365 1359 791865035 «filtered view with
MPI_Finalize P Al Secazrs enosrs 1335 19173700+ ion i
reduce ¥ s s e3s
MPl_BCESt F CDmDAIlEEPM\I 15.826e-3 s 2.49945e+3 s 10863 1.45687e-6 s expanslon Into
- 4 COmMpuUtesPMV_ref 2.49475e+3 8 2.49943e+3 s 10863 229.656e-3 5 -
o ML irecy o comize  iaamens T3031e3s 10803 119958005 various MPI and
- MP1 EM ECT ] 7 3983 9129 . .
Parformance Issue  Duration (%)  Duration Fesfonmance lssus | D uration (%1111 Durstion Appllcat'on
© Wait at Barrier  0.00% 20.882e-3 5 | Wait at Barrier  0.00% 29.882e-3 5 4 o
L Late Broadcast  0.00% 2665 - Late Broadcast  0.00% 2665

Load balance

Call graph
MP' Bcﬂﬁt Flat Profile Load Balance Call Tree Call Graph ref
= ‘ All_Processes - | ref
A 71337
MPI_Allreduce EREEPS 0.46671  9.8(( _— — — PP~ e
Sum 6.98828 | 2.41009 | 14.1332 | 9.46671 | 9.8(| 4 AlFrocesses
.~ ComputeSPMV_ref called by ComputeSPMV 2.49475e+3 s I 2.49943e+3 s 10863 229.656e-3
Mean 3.49414 | 1.20504 | 7.06659 | 473336 | 4.90] . computeSPMV_ref called by User Code  2.97267e+3 s 3.01576e+3 s 33381 89.0527e-3 ps
- ComputeSPMV_ref 5.46742e+3 s 5.51519e+3 s 44244 123.574e-3
StdDev 3.49413 | 1.20504 | 7.06658 | 4.73335 | 4.9(| 4 callees ple
-~ ComputeSPMV_ref calling MPI_Comm_size le
-~ ComputeSPMV_ref calling MPI_Comm_rank H
-~ ComputeSPMV_ref calling MPI_Irecv
-~ ComputeSPMV_ref calling MPI_Send
- ComputeSPMV_ref calling MPI_Wait
MPI_Anreaguce /2.5104 5 T TTTT T TTTrem e L f LW ]
MPI_Wait 75.7904 s Source Locations shows source locations (with corresponding durations) that are root [ 1 7+2 5

| & ¢ ur o causes of this problem

1  1768s
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ITAC

event timeline visualization
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Algorithmic overview: preconditioned Conjugate Gradient
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Po < Xo, ro<—b—Apg

fori=1,2, to| max_iterations |do

Zi(—M_ll_”’i_1
if i=1 then

- -
Pi<-Zj

a; < dot_prod(r;_1,Z;)

else

Bi—aj/oi_q

a; «dot_prod(F;_1,z;)

Level 1

| > Level 2
lHHIHIiI

| pd Level 4 e Level 4 £

Coarsening
* SYMGS

« SPMV

* Restriction

SYMGS

Refining Ll 1L

* Prolongation

+ SYMGS
-

pi < Pipi—1+Zi

— — —
Xi+1 < Xi+aip;
e e

ri<ri-1 —aiAp,-

a:<—dot =pr0d(?,-_1,2',-) dot_prod(p;|Ap;

if ||7;]|2|< | tolerance

—

)

then

HPCG

H DDOT (3)

H SPMV (1)

HWAXPBY (3)

1 MG (1) /
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ITAC event timeline: MPI-parallelizable preconditioned CG structure

12 user-defined events + MPI communication
= SYMGS1+SPMV1+restriction+prolongation+SYMGS2

1603 problem size , 1800 second run, Broadwell EP, one socket, 9 processes, 3 GB memory per process

Ayesha Afzal <ayesha.afzal@fau.de> | High Performance Computing, Erlangen, Germany July 14, 2020 9



FRIEDRICH-ALEXANDER
UNIVERSITAT _
ERLANGEN-NURNBERG

ITAC event timeline: MPI-parallelizable preconditioned CG structure

Broadwell Min Max Mean Median Variance Skewness Kurtosis SD IQR=Q3-Q1

(ms) (ms) (ms)  (ms) (ms) (ms) (ms) (ms) (ms)

DDOT1 7.355 9.045 8.398 8.474 0.272 -0.913 0.697 0.521 0.663
DDOT2 8300 9270 8793 8713 0109  -0.080  -0.880  0.330 0.305
DDOT3 6.543 6.890 6.725 6.688 0.013 0.129 -0.607 0.112 0.139
JARIRIfEIENAIESIAIEIEAaPSIN)
J 1
607.14 5 607.18 5 607,22 s 607.26 5 607305 607.34 60738 5
N2s 60716 s 607,20 s 607.24 5 607.28 5 607,325 7.86 5
Po o EomputeSPMV _ref ComputeCompute omputeSPMV_ref
| —
P1 o WG omputeSPMV_ref ComputeComput: omputeSPMV_ref
P2 Qo ElomputeSPMYV_ref JC omputeComputs omputeSPMV_ref
P3 teSPMV_ref C teC t o
0 MeqfomputeSPMV re {ComputeComput! .
a1 | —
P4 (o e omputeSPMV_ref : i( omputeComput! P 2 P 6 S I ower
a1 | —
P5 Co [P omputeSPMV_ref C xmputeCc:m put: P 1 P 5 faS t e I'
P6 (o MEomputeSPMV_ref 1 4( omputeComputt K
a |
P7 (o EfomputeSPMV_ref ( omputeComput
I (|0
P8 (o MG omputeSPMV_ref \ComputeComputt
607.14 5 607.18 5 607,22 s 607.26 5 607305 607.34
60716 s 607,20 s 607.24 5 607.28 5 607,325

1603 problem size , 1800 second run, Broadwell EP, one socket, 9 processes, 3 GB memory per process
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ITAC event timeline: preconditioned CG on Cascade Lake SP
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Cascade

Lake EP

Min
(ms)

Max
(ms)

\ (0

(ms)

Median Variance

)

)

SD
(ms)

Kurtosis

(ms)

Skewness

(ms)

IQR=Q3-Q1
(ms)

DDOT1

10.592

15.225

12.635

12.426

1.761

0.372

DDOT?2

11.728

12.577

12.233

12.170

0.078

0.156

DDOT3

7.603

8.008

7.723

7.686

0.014

1.364

P18 User_Code
P19 User_Code

360.805 5 360.807 & 360
360.806 5 360.809

1809 5 360.811 &

360
3608125

8135

360.810 5

360813 5
360,

36

360.815 ¢
0.814 5

DDOT1: Zoom-in

360.8155 360,
814 s 360.816

360.817 5
360.816 &

P16 = slowest

817 5. 3608195

360.816 5

360.818 5

360.819 5
360.820 5

360.821 823
0.822 5 360.824 5

3611225

361.135 s

127s 1.129 s 61.151 5
3611265 361.128 5 361,130 5 3611325

361125 s 361127 s 3611295 3611315 361.133 5 361.135s

3611245 3611265 3611285

DDOT2: Zoom-in

361.130s 3611325 3611345 361.13¢€

P4 = fastest
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ITAC

usage with cautions
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ITAC usage with cautions: compiler switches, API =ity .

top - @0:08:26 up 41 days, 15:41, 1 user, losd aversge: 4.48, 2.79, 3.00

) 7 top - 88:18:89 up 41 days, 15:49, 1 user, load overage:
G TN NN NN NN AN AN AN AN AN AN AN AN AN ANEANEENEENEEEEEEEEEEENg, Tasks: 514 total, 3 running, 586 sleeping, 8 stopped, 6 Zombic

Tasks: 618 total, 3 running 503 sleeping, @ stopped,

K3 . lsCuG 1100.0 us, 0.0 5y, 0.8 ni, 0.8id, 0.8 W, . L N S0 i, 0.0 1d ©.0wa o
- 8 ACpul i 8.8 us, 8.8 &y, ,100.8 id, 0.8 wa, 6.
" . Cpu2 9.0 us, 0.0 5y y 0.0 st b— — e i 6.0 0
- Be Careful " - : - _— i i e. s 8.8 st wCpud i 97.3 us, 2.7 sy, 8.8 ni, 8.8 id, 8.8 wa, 0.
M . Cpud : 97,0 us, 3.6 sy, 9.8 ni, ©.0id, 9.8 %, 0. 0.8 st Moput + 973 us, 2.7 &y, e.@ni, 6.4 14 eém @
. . CpuS 1160.8 us, 8.8 sy, .8 ni, 0.8 1id, 0.8 w, B 8.0 st - X . B
L = LA i, . ; 8.8 wa, O 8.8 st T 8.8 us o y a
. . K ,100.8 id, 0.8 ws, o, 8.0 st - °
M . oo 9 .8 , 8.8 wa, B. 8.8 st NCpus  : N ¥ 8
. » NCDUP : 97.4 us, 2.6 5y, 0.0 ni, 0.8 id, 0.8 ws, 0. 0.0 st Mopus : 97.0 us, 3.0 5y, 0. o H
. & KCpule : B.3 us, 8.3 sy, 0.8 ni, 99.3 id, 0.8 we, B. 8.0 st Nopuia © 8.8 us, a8y ee oo a
. . . & 9.0 5y, ©.01i,100.8 id, .8 %, 6. 0.8 st Mopuii ;a0 us, a8 &y 6@ e H
: check pinning correctness : e R R HRE aE
. a 0.0 5y, 0.8 ni,100.8 id, 9.8 w2, 6. 6.8 st WCpul3 8.8 us, 8.8 oy, 8.8 o8 a
. & .0 sy, 0.0 ni,100.0 id, 0.8 ws, 6. 0.0 st NChuls : 8.0 us. 0.8 5y, 0.0 00 H
M . — . @.8 sy, 0.8 ni 1680.6 id, 0.8 wa, O. 8.8 st MCpuls : 8.8 us, 8.8 sy, 8.9 0.8 8
. $ mp f & 8.0 5y, 0.0 0i,100.8 id, 0.8 w3, 0. 0.0 st Nepult © 8.0 . 0.8 5 00 oo H
H I I_Inio H $Ow a8 nLen i 88w b o8t “opuir | 0.8 us 0.8 oy 8.8 oo o
. — ] -8 sy - -8 a8 - Mg s 2.8 us 8.8 4 8.8 ni6e.e m, 8.9 W, @
. $ G= 8.0 5y, 0.0 1i,100.0 id, 0.8 wa, 0. 0.0 st U1+ 0.8 us, 8.8 sy, 0.8 8.0 wa, B
. export l_MPI_DEBU 4 s 8.0 5y, .8 ni,100.8 id, 9.8 wa, 6. 8.8 st e e S e oo o
. . 0.0 5y, 4.0 1ni,18.0 id, 0.0 wa, 6. 9.0 5t WCpuZL 0.0 us, 6.8 5y, 0.0 0.0 wa, 0.
. ] 8.8 sy, 8.8 ni,180.8 id, 4.8 wa, 4. 8.8 5t WCpu22 : 8.8 us, 8.8 sy, 8.9 8.8 2, @
u = 8.9 sy, 6.8ni,109.8 id, 4.8 ws, . 0.8 st %Cpu23 @ 0.0 us, 0.0 5y, 0.9 0.0 wa, @
3 E 8.0 5y, 0.8 ni,100.8 id, 0.8 ws, B. 8.0 st N . S8 us 880 oe o o
d s 0.0 sy, ©.8 1i,180.8 id, 8.8 w, 6. 8.8 st SCpuZs 8.8 us, 0.8 sy, 8.8 oo v #
8.0 5y, 0.0 1i,100.0 id, 0.8 wa, 0. 0.0 st w26+ o, X 9w
3 E 8.0 5y, .8 ni,100.8 id, 9.8 wa, 6. 8.8 st A SIS A F
3 Exam ple E 8.0 5y, 0.0 0i,100.0 id, 0.8 ws, 0. 0.0 st NCpuz® : 0.0 us. 0.6 5y, 0 60w 0
3 E 8.6 5y, .8 ni,180.8 id, 0.8 wa, B. 6.0 st Mopust i 8.8 us, 0.8 &y, 8. oo o
8,05y, ©.00i,100.8 id, 0.8 ws, 0. 0.8 st Nepuse |
. — » puld : 0.0 us, 9.8 sy, 6. 0.0 e, 0
i $ export OMP_NUM_THREADS=5 E Bio v s niimele lo sig w0 o8 1t e i omr e o o o
- o . = 0.0 5y, 0.0 ni 1008 id 0.8 wa, 0. 0.0 st Fopudz - 8.8 us, 8.8 w8 g-a w8
E q q 5 + ) . . g : -0 id. 0. - - WCpud3 © 8.3 us, 0.8 sy, 0. 0.0 w, 0.
i $likwid-mpirun -np 2 -pin S0:0-4_S0:5-9 ./${binary} 4 oo wanies . e b R Topuae | el sle i e e
- —_ - -9 sy ¢ 209.8 L - . - MCpuds : 0.0 us, 0.0 sy, . 0.0 wa, 0.
. & .85y, 8.81l,200.8 1d, 8.0 w, @, 8.8 5t %Cpuds © 8.8 us, 8.8 sy, B. 8.6 wa, @.
. e 8.9 sy, 9.9ni, :“ -8 ‘: 9.8 wa, 8. e.e !: %Cpud7 : ©.8 us, 0.8 5y, 0.0 ni,100.0 id, 0.8 wa, @
o & v :° ¥, :: :; :2: ;ﬂ 2: :: : e :: :t %Cpuls : 8.8 us, 0.8 sy, 0.8 ni,160.8 id, 0.8 wa, O.
d « » g i -8 1200, -8 wa, 8 b WCpu3? © ©.8 us, ©.8 sy, 0.8 ni,100.8 id, 8.8 wa, 4. X
k- a -S UX g 5:: 5:: : “935“2 W:ei 559“&3: 2: 9“'-72: ::: 5::%:::: :::;IC:ET KiB Mem : 65936688 total, 55526364 froe, 5898496 used, sauaza butf/cache
- . : g " KiB Swap: @ total, @ free, @ used. 56504868 avail Mem
- L
. g

17<intelmpi<19.0up02 19.0up02 <intelmpi
problem with OMP T3 problem with OMP T2

Metric e0438:0:0 e0438:0:1 e0438:0:2 e0438:0:3 e0438:0:4 e@438:1:5 e@438:1:6 e0438:1:7 e0438:1:8 e0438:1:9

76.4479 LALLTQ 76.4479
75.1577 0.0065 71.0678

76.4479
71.0700

76.4479
71.0805

76.4635 Zb_1ARE 76.4635
75.1883 0.0158 71.0499

76.4635
70.9940

76.4635
71.0678

Runtime (RDTSC) [s]
Runtime unhalted [s]

I I I I |
I I I I |
I I I I |
I I I I |
I I I I |
o | o | o | ) o | | [}
I I I I |
I I I I |
I I I I |
I I I I |
I I I I |

Clock [MHz] 2200.0517 220 USS7 2200.0871 2200.0701 2200.0885 2200.0553 2290.095572 2200.0726 2200.0888 2200.0721
CPI 3.3481 | 0.7196 | 1.6558 1.6578 1.6571 3.3520 | 1.2420 | 1.6499 1.6614 1.6565

Memory read bandwidth [MBytes/s] 15219.1748 | 0 | | o | 2}

Memory read data volume [GBytes] 1163.4741 | 0 | 0 0 %} 0 | 0 | 2} 2} 2}
Memory write bandwidth [MBytes/s] 6125.8166 | 0 | 0 2} 2} 0 | 0 | 2} 2} 2}
Memory write data volume [GBytes] 468.3059 | o | 0 0 %} o | e | %} %} %}

Memory bandwidth [MBytes/s] 21344.9914 | o | %} %} %} 0 | e | %} %} %}
Memory data volume [GBytes] 1631.7800 | 0 | %} 0 0 o | e | 2} %} %}
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ITAC usage with cautions: compiler switches, API =
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ST NN E NN NN NN NN NN AN NN AN NN AN NN AN NN AN NN AN NEANNENEAENEREEREEEEEEEN,,
.

.

Compiler switches
1. —-trace
2. —-tcollect -trace
function profile at a high price of maximum overhead
3. -tcollect-filter=func.txt -tcollect -trace

Be careful

check pinning correctness \/
$ impi_info
$ export |_MPI_DEBUG=4 Scat func.txt: funcX on|off

4. —-gopt-report
generate a full list of file and function names that the
compiler recognizes from the compilation unit

5. -tcollect -gopt-report -gopt-report-
phase=tcollect
generate an optimization report with tcollect information to
get a list of the file or routine strings that can be matched
by the regular expression filters

use filtering options for large problems \/
If not handled carefully,
generates loads of unrequired data

U NN NN NN RN RN EEEEEEEEEEEEEEEEEEEEEEEEE,,

M TTI L L

S
Y sEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEsEsEsEsEsEssssssssssnsnnnnns®

Reduce startup time Binary instrumentation at runtime
$ traceanalyzer --cli ${binary}.stf -cO —-w 1. -trace-imbalance
trace only the MPI functions that cause application load

VT API imbalance (idle at some point of the application run)
Manually instrument the code to profile only interesting parts 2. -trace-collectives
of an application or a subset of iterations trace only about collectives operations

o run without "-trace” 3. -trace-pt2pt

o #include <VT.h> trace only about point-to-point operations

o -I${VT_ROOTYVinclude

o inserting calls to VT_traceoff() and VT_traceon()

o VT_begin(mark), VT_end(mark)
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ITAC usage with cautions: environment variables
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VT_FLUSH_PREFIX
VT_LOGFILE_PREFIX

VT_MEM_BLOCKSIZE

VT_MEM_FLUSHBLOCKS

VT_MEM_MAXBLOCKS

VT_LOGFILE_FORMAT

VT _LOGFILE_NAME
VT_CONFIG_RANK

htt S:

/tmp

current
working
directory

64 KB
1024

1024

STF

${binary}
0

software intel.com/content/www/us/en develo

control directly for temporary flush files

control directly for physical trace
information files

trace data in chunks of main memory

flushing is started when the number of
blocks in memory exceeds this threshold

maximum number of blocks in main

memory, if exceed the application is

stopped until AUTOFLUSH/ MEM-
OVERWRITE/ stop recording trace info

SINGLESTF: rolls all trace files into one
file (.single.stf)

control the name for the tracefile

control the process that reads and
parses the configuration file

documentatlon 1tc -user- and reference-

Environment variables: set up in the
1. corresponding environment variables
2. command line when running your application
3. configuration file

$ export VT_CONFIG=<config_file>

# enable all Application activities
ACTIVITY Application ON

# disable all MPI activity
ACTIVITY MPI OFF

# enable all bcasts, barrier, allreduce, recvs and sends
SYMBOL MPI WAITALL ON

SYMBOL MPI IRECV ON

SYMBOL MPI ISEND ON

SYMBOL MPI BARRIER ON

SYMBOL MPI ALLREDUCE ON

Use ITAC wisely
with filtering options of
your own preferences
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https://software.intel.com/content/www/us/en/develop/documentation/itc-user-and-reference-guide/top/intel-trace-collector-reference/configuration-reference/configuration-options.html
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