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 Development environments
« Compilers

e Version control

e Debuggers

* Profilers

* Runtime monitoring
 Benchmarking
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 Text editors * IDEs
_Vim’ emacs, atom — Visual * EClipse
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 Open source
— GNU
— Open64, clang
« Commercial
— Intel
— Portland Group (PGlI, owned by Nvidia)
— Vendors (IBM XL, Cray)
— Others (Absoft, CAPS, PathScale)
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e Languages
— C/C++ - GNU, Intel, PGI
— Fortran — GNU, Intel, PGI

e |Interpreters
— Matlab — has its own ecosystem

— Java — reasonable ecosystem, not so popular in HPC, popular in
HTC

— Python — attempts to have its own ecosystem, some tools can
nlug into Python (e.g. Intel VTune)

http://www.chpc.utah.edu Slide 6




TOGETHER WE REACH
THE

UNIVERSITY

OF UTAH™ _ - | Pérféitnance

CCCCCCCC g

e Language extensions
— OpenMP (4.0+*) — GNU, Intel*, PGl
— OpenACC - PGI, GNU very experimental
— CUDA - Nvidia GCC, PGl Fortran

e Libraries
— Intel Math Kernel Library (MKL)
— PGl packages open source (OpenBLAS?).
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e Copies of programs

— Good enough for simple code and quick tests/changes
e Version control software

— Allow code merging, branching, etc

— Essential for collaborative development

- RCS, CVS, SVN

— Git — Integrated web services, free for open source, can run
own server for private code
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DEBUGGING
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e Crashes

— Segmentation faults (bad memory access)
 often writes core file — snapshot of memory at the time of the crash

— Wrong I/O (missing files)
— Hardware failures
e |Incorrect results
— Reasonable but incorrect results
— NaNs — not a numbers — division by O, ...
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e Write variables of interest into the stdout or file

o Simplest but cumbersome
— Need to recompile and rerun

— Need to browse through
potentially large output

Terminal - u0101881@p8: ~/tests
root@p8:/uufs/chpc.utah.edu/sys/builddirfoc... 3 u0101881@p8:~/tests

N X

Fd Bd P B2

pi is approximately: 3.141600
Enter the number of intervals:

8/1/2016
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o Text only, e.g. gdb, idb
e Need to remember commands or their abbreviations
 Need to know lines in the code

h " d - h root@p8: fuufs/chpc.utah.edu/sys/builddirfoc... 3 u010188l@p8:~/tests 3
(O r a.ve It O p e n e I n Ot e r Starting program: /fuufs/chpc.utah.edu/common/home/udl01881/tests/pl3
warning: File "/jopt/at9.0/1ibb4/powers/libthread db-1.0.s0" auto-loading has been declined by
your “auto-load safe- set to "$debugdir:$datadir/auto-load".

WI ndOW To enable execution of this file add
add-auto-load-safe-path Jfopt/at9.0/1ib6d /powerd/libthread db-1.0.s50

line to your configuration file "fuufs/chpc.utah.edu/common/home/udl01881/ . gdbinit".
To completely disable this security protection add

® U S efu I fo r q u i C k CO d e C h e C ki n g line to ;sﬁr-‘!;:::‘rl:;ljlrjﬁr:;ﬁ$:1ﬂel .:I:I_.-"|_u_|f5,-"cl'|pc .utah.edu/common/home/udl01881/ . gdbinit".

For more information about this security protection see the

Terminal - u0101881@p8:~/tests

"fAuto-loading safe path" section in the GDB manual. E.g., run from the shell:

O n CO m pute n Od eS and CO re mmllu]l:::ruljb1éljigli:r|3Etﬁﬁlrlgﬁjs Egﬂll'luing inferior's thread library, thread debugging will

not be available,
Process B of 1 is alive

d u m p an alys i S Iigézg@tl‘ue number of intervals: (0 quits)

Breakpoint 1, MAIN__ () at pi3.f:50
50 if (n.le. @) goto 30
(gdb) p n

$1 = 100000

(gdh) I

8/1/2016
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 Have graphical user interface
e Some free, mostly commercial

* Eclipse CDT (C/C++ Development Tooling), PTP (Parallel
Tools Platform) - free

 PGI's pdbg — part of PGI compiler suite
 Intel development tools

 Rogue Wave Totalview - commercial

e Allinea DDT - commercial

http://www.chpc.utah.edu Slide 13
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 The only real alternative for parallel or accelerator
debugging

e Cost a lot of money (thousands of $), but, worth it

 \We have Totalview license (for historical reasons), 32
tokens enough for our needs (renewal ~$1500/yr).

« XSEDE systems have DDT.

http://www.chpc.utah.edu Slide 14
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1. Compile binary with debugging information
« flag -g
gcc —g test.f —0 test
2. Load module and run Totalview
module load totalview
« TV + executable
totalview executable

« TV + core file
totalview executable core fTile

« Run TV and choose what to debug in a startup dialog
totalview

http://www.chpc.utah.edu Slide 15
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also, there are numerous flags that enable TV customized startup – refer to the user’s manual
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= Etnus TotalView 5,0 [ ] | mpirun<trapp_r, 0 [
File Edit Wiew Tools ‘Window Help File Edit ¥iew Group Process Thread Action Point  Tools  Window Help
Aftached I Unettached|  Groups Lag Group |  Contral | Go| Halt| Next| Step| Out| Run To| Next| stepi| | ﬂﬂJJ
D 1001795 T mpirun. (in _ select) 3 Process 1003847: mpirun<trapp_r=-0 (At Breakpoint 4)
= 1003847 B4 mpirun<trapp r>. 0 {in main) m Thread 100347.1: mpirun=trapp_r=.0 (&t Breakpaint 4) [0
141003847 B4 in main Stack Trace Stack Frame
b 1004955 B4 mpirun<trapp_rr. 1 (in main) main, FE=TEff2f20 Function "main":
1/10040955 Ed in main _ start, FP=TEFEEE30 arge: 0x00000001 (1)
- 1004633 B4 mpirundtrapp £y 2 (in main) argv: Ox7LE£2134 -» OxTEEE30
1/1004633 E4 in main Lecal variables: @ 000000 (0
- 1000345 F4  mpirunctrapp r>.3 (in main) P = (0)
1/1000345 B4 1 i - tag: 0x00000000 (0}
n main ny_rank: 0x7£f£2fc0 (2147430336
status: (Compound Ohject)
n: 000000001 (1)
i: 0x00000000 0)
w local n: 0x0£b70250 (263651920)
. — 2l £ o £ 0TI _l"_
Function main in trapp.c =
33 MPI_Sendish, 1, MPI_FLOAT, i, tag, MPT_COMM WORLD) ;
. 34 tag = 2;
¥ a5 MPI_Sendi&n, 1, MPI_INT, i, tag, MPI_COMM WORLD) ;
1E7 = [ 36
I r a7 H
a8 y
1 | 9 else
: 40
= [ T
: . : : 4z MPI_Recw(&a, 1, MPI_FLOAT, 0, tag, MPI_COMM_WORLD, &status);
File Edit View Tools ‘Window Help 43 tag = 1; - R
— - - — — 44 MPI Recw(sh, 1, MPT FLOAT, 0, tag, MPT_COMM WORLD, &status) ;
i 45 tag = 2;
my_rank Caminatec) [TTTTTOONOOOD 2 | |- B % (1,01, , sng 207 L, St
(at Ox7ffflead) Type: int [y 47 b
Filter: 48
STOF h = (b-a)/n;
| &0 local n = ;
Process Value 1 ocaln = n/p
local_a = a + my_rank*h*local_n;
mpirun<trapp_r>.0  OxD0000000 (D) local b = local a + h*local n;
mpirun<trapp r».1  Ox00000001 (1) oc nbE(vEd AF 5F Sdha ark. Local 2 local b, Local o ;
mpirun<trapp_r>.2  0x00000002 (2) T — ot ny tok loval 2 docal b Local 1.
mPl]:UI1< trapp_r>. 3 0x00000003 (3) Thread (1) Action Points =4
171003347 14 in main BrE 4 line 16 at main+0xi24 in "trap
T line 27 at main+0x80 in "trap
2 line 49 at main+Oxled in "trs
il Judl |
=) = ] |
— 1

http://www.chpc.utah.edu Slide 16
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Presentation Notes
root – displays what processes are running + access to global menu items
process – most commonly used window – go over it in more detail later
variable – inspection and modification of variables
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Allinea DDT - Allinea Forge 5.0-40810

Edit view Control Tools Window Hel

i}

=nk Group: :I.-JI-

128 processes l,i_]_-.h't.l"i

B & % & B Bl Bt B] BE !

-..".'":Fncl.nm current: ® Group | Process | Thread

a-%-

Shen Threeds Together

Faused: 126 F;I.awng: O Fnished: &

CUrently seected: 0 1o dawid-laptop, pid 24BE7, main thread WP 24007}
L& Group
-k Fias E®  Forngc ® | T peommorankc ¥ .| £ precur .
h (CEF£E) = ] 4l Cag: to, Crom, Llocgpa:
- &

| application Code

=y i z

¥ Sources I

E- T ring.c ; 7

£ I InibiSarcge, Easgvil

| Fﬁmmalcude 2 rank [WPT_ OO WORLD, dpel ;
! f _mipe |HPI_COMY WOBLD. &nprocal:
b H Headars T

¥ Sources 14 to = fpe 4

] [k

from = [(pe + BErocs

1} % nproos)

| % mprocs;

-
I

to, tag, WPI_COMM WIRLIH !

(] Locals @&
| variahle Hame Wakre
= [
- arge ==l
| i &g — OWT M 258
- fram L~ r27
- L -11696
- lnopis [ &
| Fnprocs — 128
| Fpe 0
| i status {MPI_SOURCE = 11658, MP_TAG =
| i +MP_SOURCE -11654
|- MPTAG IzTEY
— | ~MPI_ERAOR 4157477
| - _cancelled q
“_ueoant 1STT44E3

| Lecals | Current Linels) | Current Stack |

while {13 |
MPI Recv(Ekloops, 1, MPTI INT, iron, tag, WPI OONN WOELDO, Estatos))
(pe == 01 loope—:

(Output | Breakpoints | Watchponts  Stacks | Facepoints | Tacepoint Gutput | Logbook |

-tag —1
E—1:

= PMF_Recw (precw.c76H

|
1 = mca ol obl_recy {pml abl_irecuc:1o5)
] + ompi_request_wait_completion [request. 377

main (ring.c:33)

http://www.chpc.utah.edu

[ = ink
=T | Range: from 0 ko127 |—
RET ol =3 k]
= Type int 1j128 processes aqual
Ewvaluata = =
@ & | Expression  Walwe
“loops 5
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e Data examination

= view data in the variable windows

« change the values of variables

= modify display of the variables

« visualize data

e Action points

- breakpoints and barriers (static or conditional)
. watchpoints

. evaluation of expressions

http://www.chpc.utah.edu Slide 18
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o Automatic attachment of child processes
e Create process groups

o Share breakpoints among processes

* Process barrier breakpoints

* Process group single-stepping

* View variables across procs/threads

* Display MPIl message queue state

http://www.chpc.utah.edu Slide 19
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e Memoryscape

— Dynamic memory debugging tool
 Replay Engine

— Allows to reversely debug the code

* Accelerator debugging
— CUDA and OpenACC

http://www.chpc.utah.edu Slide 20
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e Compilers check for syntax errors
— lint based tools

— Runtime checks through compiler flags (-foounds-check,
-check*, -Mbounds)

 DDT has a built in syntax checker
— Matlab does too

« Memory checking tools - many errors are due to bad
memory management

— valgrind — easy to use, many false positives
— Intel Inspector — intuitive GUI

http://www.chpc.utah.edu Slide 21
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e We have a 2 concurrent user license

— One license locks all the tools
— Cost ~$2000/year

e Tools for all stages of development
— Compilers and libraries
— Verification tools
— Profilers

 More Info
https://software.intel.com/en-us/intel-parallel-studio-xe

http://www.chpc.utah.edu Slide 22
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 Thread checking
— Data races and deadlocks

 Memory checker
— Like leaks or corruption
— Good alternative to Totalview MemoryScape

o Standalone or GUI integration

 More Info
http://software.intel.com/en-us/intel-inspector-xe/

http://www.chpc.utah.edu Slide 23
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= ® ~
. » 0
pe || B : @ Summary
Type Sources State Modules
Mismatched allocation/deallocation find_and_fix_memory_errors.. F* Confirmed  find_and ...
Memory leak find_and_fix_memonry_errors ... P Deferred find_and ...
Memory not deallocated api.cpp; mlock.c; util.cpp; vi... R MNew find_and ...
1of4 b

Source

Function Module

Object Size | Offset

find_and_foe_memory_errors ... operator()  find_and_fioe_memory_errors ...

.. \

e Source the environment
modulle load inspectorxe Da |G
HP1 @

e Compile with —tcheck -g oz O
ifort -openmp -tcheck -g trap.f wqf
 Run tcheck Desrpor
INnspxe-gui — graphical user interface| |

1467

1nspxe-cl — command line

for (unsigned int i=0;i<={mboxsize/(sizecf(unsig
local mbox[i]=0; /[/Memory Error: C declared

for {int v = r.begin{); v != r.end(); ++¥) {

find and fix memory
find and fix memory
find and fix memory
find and fix memory
thb debug.dll!local

e Tutorial

https://software.intel.com/en-us/articles/inspectorxe-tutorials

http://www.chpc.utah.edu

Slide 24




TOGETHER WE REACH
THE
Center

UNIVERSITY - for High-
OF UTAH™ o '.([iemrpf;(t)i'r‘;:nance

 MPI profiler and correctness checker

e Detects violations of MPI standard
and errors In execution environment

e To use correctness checker

module load intel Impi1 1tac
setenv VT _CHECK TRACING O
mpirun —check-mpit —n 4 _/myApp

e |[TAC documentation

https://software.intel.com/en-us/intel-trace-analyzer-
support/documentation

http://www.chpc.utah.edu Slide 25




TOGETHER WE REACH
THE

UNIVERSITY

OF UTAH™ -

| Computing

PROFILING
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e Evaluate performance

* Find the performance bottlenecks
— Inefficient programming
— Memory or 1/O bottlenecks
— Parallel scaling

http://www.chpc.utah.edu Slide 27
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 Time program runtime
— get an idea on time to run and parallel scaling

¢ IVI any p rog ram S i n CI u d e = Terminal - u010188B1@p8:~/tests

root@p8:/uufs/chpc.utah.edu/sys/builddirfoc... 3 u0101881@p8:~/tests

benchmark problems ot e o o

S mgé;u:h;[{ ltlsrrntr:pi_ o ala]alalalalalalalalalalolsyed ol
— Some also accessible via
“make test”

0+0k 0+01o Opf+Ow
ime mpirun -bind-to numa -map-by numa -np 16 ./cpi

1,52 1476.9% O+0k 0+0io Opf+Ow

 Consider scripts, especially IT [ttt it S,

wall clock time = ©.513617

doing parallel performance  EO R ETERERra

-bind-to numa -map-by numa -np 1 ./cpi
08, Error is 0,0000000000001776

evaluation

8/1/2016
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 Hardware counters
— count events from CPU perspective (# of flops, memory loads, etc)
— usually need Linux kernel module installed (>2.6.31 has it)

o Statistical profilers (sampling)

— Interrupt program at given intervals to find what routine/line the
program is in

 Event based profilers (tracing)
— collect information on each function call

http://www.chpc.utah.edu Slide 29
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 CPUs include counters to count important events
— Flops, instructions, cache/memory access

— Access through kernel or PAPI (Per

Programming Interface)
* Tools to analyze the counters

— perf - hardware counter collection, GEEEEEEEEREEs

part of Linux
— oprofile — profiler + hw counters
— Intel VTune

 Drawback — harder to analyze
the profiling results (exc. VTune)

8/2/2016

formance Application

Terminal - u0101881@p8:~/tests

root@p8: /uufs/chpc.utah.edufsys/builddirfoc... » u0101881@p8:~/tests b ¢
[uD1O1BB1EpE ~/tests]% m

[uD101881@pSs ~/tests]) p
pl 1s : imately 3.14
wall clock time = 4.9769

Performance counter sta
5176.2116856
4,255

17,641,344, 721
1 7

[UD1018B1@pE ~/tests]§ ||

picc -03 cpi.c -o cpl =
erf stat mpirun -bind-to core -map-by core -np 1 . /cpl
15926535899708, Error 1s 0.0000000000001776

19

ts for 'mpirun -bind-to core -map-by core -np 1 ./fcpi':

task-clock (msec)
context-switches
cpu-migrations
page-faults

cycles
stalled-cycles-frontend
stalled-cycles-backend
instructions

0.999 CPUs utilized

Hz
), 10% frontend cycles idle
backend cycles 1dle
).76 1insns per cycle
talled cycles per insn |
8 M/sec '
% of all branches

g oW W W W o e W W W W

branches
branch-misses
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Discover inefficient programming
Computer architecture slowdowns
Compiler optimizations evaluation

prof
Compiler vendor supplied (e.g.

pgprof, nvvp)
Intel tools on serial programs

— AdvisorXE, VTune

File View Window Run Help

PGPROF (on she01)

CHERS & R &l FRIEEE
% *swim-acc-data.prof &

bs 1s

= Process "swim-acc-data” (23...
[=] Thread 1776556288

© OpenACC

L Driver API
* Profiling Overhead 1]
(= [0] Tesla K40c
=] Context 1 (CUDA)
5 MemCpy (HtoD) |
L ¥ MemCpy (DtoH)
Compute

Streams

[ Analysis B8 GPU Det R El Console [ Settings = O [ CPU Details X

o
= A

I+

IERL, 5z = B &= Properties R = g
Memcpy HtoD [async]

Thread 0 j

Name | Start Time | Duration | Grid Size | Block Size | Regs . Start 1.574s (1,5
Event % Time
Memc|.65.759 ms 3.104 ps TE - End 1.576 s (1,5
= main 97.597% 5.736 s
Memc|.66.058 ms | 2.944 ps nfaj nfa Duration 1.591 ms (1,
i i < MAIN_ 97.597% 5.736 s .
Memc.66.334 ms  2.848 ps n/a n/a N Size 16.777 MB
= swim_mod_calc2_ 25.878% 1.521s
Memcp.66.596 ms ;| 2.88 ps nfa; nfa; . Throughput 10.548 GB/s
1 1 ~ __pgi_uacc_compute; 25.878% 1.521 s
Memc.66.853 ms | 3.008 ps nfai n/ai . Stream Stream 13
H H ~ _ pgi_uacc_cuda v 25.878% 1.521s
Memc 167.11 ms 3.072 ps n/a nfa ¥ Memory Type
cuStreamSyncht 25.878% 1.521s
Memcp.67.367 ms | 2.849 ps nfai nfaj . Source Pinned
i < swim_meod_calc3_ 21.627% 1.271s
Memc| 167.64 ms | 2.88 ps nfaj nfaj . Destination Device
~  pai uacc compute 21.627% 1.271s
[ | |

http://www.chpc.utah.edu
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Pgprof profiles CPU and GPU
Intel tools feature workflows for ease of use.
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« HPC Toolkit
— A few years old, did not find it as straightforward to use

 TAU (Tuning and Analysis Utilities)
— Lots of features, which makes the learning curve slow

e Scalasca
— Developed by European consortium, did not try yet

http://www.chpc.utah.edu Slide 32



TOGETHER WE REACH
THE

UNIVERSITY

OF UTAH™ -

 Intel Parallel Studio XE 2016 Cluster Edition
— Compilers (C/C++, Fortran)
— Math library (MKL)
— Threading library (TBB)
— Thread design and prototype (Advisor)
— Memory and thread debugging (Inspector)
— Profiler (VTune Amplifier)
— MPI library (Intel MPI)
— MPI analyzer and profiler (ITAC)

http://www.chpc.utah.edu Slide 33
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o Serial and parallel profiler

— Multicore support for OpenMP and OpenCL on CPUs, GPUs and
Xeon Phi

e Quick identification of performance bottlenecks
— Various analyses and points of view in the GUI
— Makes choice of analysis and results inspection easier

e GUI and command line use
e More Info

https://software.intel.com/en-us/intel-vtune-amplifier-xe

http://www.chpc.utah.edu Slide 34



TOGETHER WE REACH

THE

UNIVERSITY -

Center_

for [ ioh-
Performance
Computing

OF UTAH™

% Basic Hotspots ntel VTune Amplifier XE 2016

B Collection Lo g

| Data Of Interest (CPU Metrics)

e Source the environment

Grouping: | Function / Call Stack

I CPU Timew e | a [ Viewing 4 10f 36 b selected stack(s)
mOd u I € I Oad Vtu ne Function / Call Stack Effective Time by Utilization Spin | Overhead | 26.0% 20585 of 7.630) |
Time | Time e
- ldle . Poor m Ok . |deal . Over Systemprocedurall"ire-mion . ﬁreﬂbject‘cpp ]
& FireObject::checkCollision

SystemPraceduralFire... fireobject.cpp: 1458

® R VT ®func@0x1000e190 3.312< () 2.020¢ 0s
u n u n e EFircOhjr_ct:er:e:sFirc'Co[lisiomRnnge: 5.013: 0 0 SystemProceduralFire... fireobject.cpp: 1377
- @™ FireObject=FireCollisionCallback+ | 4.025s [N 0s 0s| [ Smoke.exelParallelf..managertbb.cpp:573
am p I Xe — g u I —_— G U I " FireObject:EmitterCollisionChecks o.088< 0B Os Os Smoke.exe![TBB parall... - parallel_for.h:212
® func@0x7545a064 | 381 I 0.6755 0s Smoke.exe'tbbzintern. .- parallel_for.h:150
Selected 1 row(s): 76505 Os 05 v | G ok exetTaskMan. anagertbb.cop606
amplIxe-cl — CLI : 3K ’ e
OO 3155 i 33 3, 5¢ 3 Thread |
[ Running
Can be used also for remote rmeras W E
. wWinMainCRT Startup (TID: 3496] thuke Spin and Overhead Time
g . 3 func@0x7854345¢ (TID: 9332) % CPU Sample
profiling (e.g. on Xeon Phi) & finceozesbtse 10 208 5 T
func@0«7854345e (TID: 10792) T “ﬂ;:
- - £ CPU Usage Lk CPU Ti
e Tuning guides for specific e

. Call Stack Mode:

arCh Ite CtU res M iniine Mode: RN Loop Mode: [

https://software.intel.com/en-us/articles/processor-specific-
performance-analysis-papers
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e Vectorization advisor

— ldentify loops that benefit from vectorization, what is
blocking efficient vectorization and explore benefit of data
reorganization

 Thread design and prototyping

— Analyze, design, tune and check threading design without
disrupting normal development

e More Info

http://software.intel.com/en-us/intel-advisor-xe/
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e Source the environment
module load advisorxe

% Where should | add vectorization and/or threading parallelism? 1 Intel Advisor XE 2016
P R u n Ad Vi S O r Surnrnary # Refinernent Reports & Annotation Report | Suitahility Report
| Elapsed time: 54445 | | Wectorized | | Mot Vectorized | FILTER: |AII Modules Vl |AII Sources w7 III
- - ' i A
adv I Xe _— g u I _— G U I Function Call Sites and Loops & | @ vectorlssues TSire'rl'ufev %Draael -gjlﬂn Loop Type | Why Mo Vectorization? E:::TT:;:DETW |
- 250 [loop at sti_algo hed740in stdutr.., [ 0.170s1 037051 Scalar B non-vectorizable loop ins ...
adV I Xe-C I — C |_| S [loop at loopst.opp 2448 in 5234_] @ 2 Ineffective peeledfrern.. 017051 017051 124 Collapse  Collapse sy 100 ]
i+ [0 [loop at loopst,cpp:2ddQin s, [ 0.150s1 | 015051 12 Wectorized (B A
. i+ [loop at loopstl,cppi2dd9in s, [ 0.020s1 | 0.020s1 4 Rermainder
([ C re ate p rOJ e Ct an d 220 [loop at loopstl.cppe 7900 inwas_] | [ 0170s1 0170s1 500 Scalar B wectorization possible but...
® ¥ [loop at loopstl.cpp:3509 in s2 ... & 1 High vector register ... 0.160s| 0.160s| 12 Expand Expand avi  R6BE ]
. @ [loop at laopstl.cpp: 3897 in $279_] @ 2 Ineffective peeled/rern., 015051 | 015051 1254 Expand Expand ave  FEER ]
C h O Ose ap p ro p rl ate 3]0 [loop at loopstl.cpp:6249 in 5414 0.150s1  0.150s1 12 Expand Expand AN m .
20 [loop at st_nurneric 247 instd . [ %9 1 Assurmed dependency.., 0150:1  0.150s1 49 Scalar B vector dependence preve .., >

modeling =
* Getting started guide

https://software. intel.com/en-us/get-started-with-advisor
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MPl Performance Snapshot Summary

L R RN |

* MPI profiler g
— traces MPI code

— identifies communication e —
inefficiencies e
e Collector collects the data i e s

.

and Analyzer visualizes them A

o Py o e P - B R S R
S ST

5 0 i B Tl Rl RS B B N il W
Fre pew re e oy T e e R e T T

* More info B s :

s ilaenl By il it el TR e
LI L I R N N A P ST
e R O e R e il s WoeleTN

https://software.intel.com/en-us/intel-trace-analyzer
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e Source the environment

modulle load i1tac

e Using Intel compilers, can
compile with —trace

mpiifort -openmp —trace trap.f

e Run MPI code

mpirun —trace —n 4 ./a.out lam B "‘1
- - e it =l = ‘

e Run visualizer e ol e

traceanalyzer a.out.stf & Wi msend | e T -:I

e Getting started guide

https://software. intel.com/en-us/get-started-with-1tac-for-1i1nux
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 Make sure program is running right
— Hardware problems
— Correct parallel mapping / process affinity

e Careful about overhead

http://www.chpc.utah.edu Slide 41



TOGETHER WE REACH
THE

UNIVERSITY

OF UTAH™ -

« Self checking
— ssh to node(s), run “top”, or look at “sar” logs
— SLURM (or other scheduler) logs and statistics
e Tools

— XDMoD — XSEDE Metrics on Demand (through
SUPReMM module)

— REMORA - REsource MOnitoring for Remote Applications
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BENCHMARKING
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e Evaluate system’s performance
— Testing new hardware

* Verify correct hardware and software installation

— New cluster/node deployment

* There are tools for cluster checking (Intel Cluster Checker, cluster
distros, ...)

— Checking newly built programs
e Sometimes we leave this to the users
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o Simple synthetic benchmarks
— FLOPS, STREAM

e Synthetic benchmarks

— HPL — High Performance Linpack — dense linear algebra
problems — cache friendly

— HPCC — HPC Challenge Benchmark — collection of dense,
sparse and other (FFT) benchmarks

— NPB — NAS Parallel Benchmarks — mesh based solvers —
OpenMP, MPI, OpenACC implementations
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* Real applications benchmarks
— Depend on local usage
— Gaussian, VASP
— Amber, LAMMPS, NAMD, Gromacs
— ANSYS, Abaqus, StarCCM+
— Own codes
o Script If possible

— A lot of combinations of test cases vs. number of MPI
tasks/OpenMP cores
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e \WWhole cluster
— Some vendors have cluster verification tools

— We have a set of scripts that run basic checks and HPL at
the end

 New cluster nodes
— Verify received hardware configuration, then rack
— Basic system tests (node health check)

— HPL — get expected performance per node (CPU or
memory Issues), or across more nodes (network issues)
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BACKUP
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e Totalview
o Advisor

e |[nspector
e VTune
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