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NERSC Dungeon Session Gompleted m

« Wednesday — Friday March 18-20, Hillsboro, OR
 Codes: MFDn, BerkeleyGW, CESM, EMGeo +1
* 7 NERSC staff + 1 Cray + 1 additional LBNL staff

* Nathan (Cray) + [Max/Ruchira/John/Kartik/Gaurav/
DmitryR/DmitryP/Martyn/SarahK/Nadezhda/
Rakhi/MikeG/ChrisC/Anthony/Rezaur/BBurroughs/
Avinash/Jeongnim]: 18+ Intel

* Significant Intel preparation in advance
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General Observations
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Having several codes at once worked well
Need code expert present
Detailed processor architecture exploration!

Code kernel useful for fast repeats but needs to be
weighed against work involved and context lost

Might not get immediate performance boost but
learn a lot about code, tools, and Intel architecture

Next DS: may have KNL; expect to choose codes
that can make best use of it; solid understanding of
performance required + reasonably good scaling
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More Specific Examples

 What you can learn from the compiler

 What you can learn from VTune

* How you can run VTune at NERSC on Edison
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Make Sure Your Code is Vectorized

* Vectorization is another important level of parallelism after MPI and OpenMP for KNL.
— https://www.nersc.gov/users/computational-systems/edison/programming/vectorization/
— https://software.intel.com/en-us/articles/explicit-vector-programming-in-fortran
* Use compiler report to check and make sure key functions are vectorized (and all functions
on the call stack are vectorized too)
— Elemental functions need to be inlined

— “-ipo” is needed if functions are in different source codes.
— “-gopt-report=5” reports highest level of details: loop optimization, alignment, ipo, inline,
dependency, vectorization, etc.
 Add !SOMP DECLARE SIMD, IDIRS ATTRIBUTES VECTOR, and SIDIRS FORCELINE when

needed.
Example call stack for vectorization and inlining
do k=1,nlev
call funcA(a(:,k), b(:,k), ...)
|

funcB B IDIRS ATTRIBUTES VECTOR funcC

elemental subroutine funcA(a,b,...)

ISOMP DECLARE SIMD funcA IDIRS FORCEINLINE funcD
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Questions Answered at The Dungeon

Is your code memory bandwidth/latency or compute bound?

@ <no current project> - Intel VTune Amplifier
B B2 b §OE @ welome

# General Exploration General Exploration viewpoint (change) @

B Collection Log | @ Analysis Target | © Analysis Type | i Summary | RSYSIIECIuRIN o Top-down Tree | | BB Tasks and Frames | | & gppkemnel.d.

Grouping:  OpenMP Region / Function / Call Stack

* Filed Pipeline Slots Unfilled Pipeline Slots (Stalls)

Pot..
®  pack-EndBound @ Gain Nu.
; . . Instructions | CPI | MUX D) Pot.. (% |Elaps...| of |Ins.. Fun..|Sou..
OpenMP Region / Function / Call Stack Clockticks Retired Rate | Relabity | pting Bad ’ Front-... | Gain | of | Time |Ope.|Cou. Mod. (fal) | Fie Start Address
specul.. | Memory  Core " Boynd Col thr
Bound Bound - !
Tim..
» MAIN_ $omp$parallel:18@unknown:281:529 1,757,836,636,751 2,159,187,238,776 0.814 - 0.328 0.001 0.141 0.731 0.003 0.9265 1.9% 39.849s 18 512 0
> MAIN_$omp$parallel:18@unknown:67:74 3,946,005,919  4,100,006,150 0.962- 0.245 0.004 0.105 0357 0.004 0.2335 0.5% 0.234s 18 1 0
> MAIN_$omp$parallel:18@unknown:206:260 297,620,446,430  194,362,291,543 1.531- 0.162 0.001 0.621 0305 0.010 0.160s 03% 6.751s18 512 0
> [Serial - outside any region] 13,782,020,673  11,316,016,974 1‘218- 0.258 0.000 0392 0.302 0.021 0.0% 14655 0

Learned that Vtune can tell you, for each OpenMP region, the percent of

cycles retired that are either memory bound or core bound. It can also tell

you which level of memory you are bound by.

- The heaviest loop in the above code is core-bound (due to divisions),
not memory bound. .
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test_divide2

(change) @

Summary

Assembly grouping: Address

my_igp)

) * CONJG(cden) * rden

* cden

, we help the compiler.

emp(ig,nl) * delw * I_eps_array(i

Questions Answered at The Dungeon

Why is complex division so slow and what can be done about it?

Why is real division so much faster?
c=1/c VS.

Complex division yields many x87
instructions

test_cpl... X
Intel VTune Amplifier X€ 2015

n-up | | % Caller/Callee % Top-down Tree B2 Ta EUCIEEINEEN [ gppkernel.... &
5]
Sou.. . : o
Addressa |70 Assembly Effective Time by Utilization
I¢ Idle @ Poor [J Ok @ !deal @ Over
0x408745 481  vunpckhpd symm3, %symm3, %ymm3 0.001s|
0x408749 480  vmovapd %xmm5, %xmml5
0x40874d 480  vmovsdq Sxmml5, -0x28(%rbp) 0.202s i
0x408752 480 fldq -0x28(%rbp), %st0 0.456s [
0x408755 480 vunpckhpd %xmm5, %xmm5, Sxmmll 0.0015|
0 0x408759 480 fld %st0, %sto
0x40875b 480  vmovsdq %xmmll, -0x28(%rbp) 0.184s
0x408760 480  fmul %stl, %stO 0.444s [
2 0x408762 480 vextractfl28 $0x1, %ymmS, Sxmmd 0.0065|
0x408768 480 fldq -0x28(%rbp), %sto
0x40876b 480 fld %st0, %sto 0.1835'
480 fmul %stl, %sto 0.4185.
480 vmovsdq %xmml2, -0x28(%rbp) 0.006s | J
480 faddp %st0, %st2 0.001s|
45  0x408776 480 fxch %stl, %st0 0.1965.
3 0x408778 480 fdivr %st3, %sto 0.462s [
4 " 0x40877a 480 fldq -0x28(%rbp), %st0 0.113s] -
3 0x40877d 480  vmovsdq %xmm7, -0x28(%rbp) 0.192s |
0x408782 480  fld %st0, %sto 0.418s [ #
0x408784 480 fmul %std, %sto 0.0015|
(ig,nl) * delw * I_eps_array(ig,n 19 0x408786 480  fxch %stl, %stO 0.025s|
— 0x408788 480  fmul %st3, %stO 0.602s [
" 0x40878a 480 fldq -0x28(%rbp), %sto 0.002s|
= 0x40878d 480 fld %st0, %st0 0.0265|
delwr.lt.limitone) then 6 _ 0x40878f 480 fmulp %st0, %st5 0.185s)
= 0x408791 480  vunpckhpd %xmm, %xmmg, txmmd 0.404s [
NvANRTAR aen Fvrh %ctd  %ctn Ne

r =
r
C

c * conjg(c)
1/ r
conjg(c) * r

Real division yields vector instruction
vmm register

tom-up | % ler/Callee  +% Top-down Tree | B Tasks and Frames  JEXslGuEN

Address ‘|
A =5
Addressa | 3%U- Assembly Effective Time by Utili
Line -
[ @ide @Poor DOk @Ideal | |
0x4087b0 477 vmovddup %ymm3, S%ymm2 0.455s(] §
0x4087b4 477 vmovddup %ymml, S%ymm3 0.214s|
0] 0x4087b8 477 vfmaddsub231lpd %symm2, ‘%ymm7, ‘%ymml4 0.349s ) -
0x4087bd 477 vfmaddsub231pd %symm3, %ymm5, ‘%ymm8 0.045s|
0x4087c2 477 vperm2f128 $0x20, %ymm8, %ymml4, %ymm7 0.4945.
0 0x4087c8 477 vperm2f128 $0x31, %ymm8, %ymml4, %ymmld 0.565s [
0x4087ce 477 vunpcklpd %ymml4, %ymm7, %ymml 0.423sf)
0x4087d3 478  vdivpd %ymml, %ymml3, %ymm7 0.141s|
7 0x4087d7 480  vunpckhpd %xmm7, %xmm7, %xmmo 14.800s (I |
0 0x4087db 480  vinsertfl28 $0x1, %xmm0, %ymm7, %ymmg 0.727s [l
0x4087el 480 vmovddup %ymm8, ‘symml4 1.8695-
* rden 22 0x4087e6 480 vextractf128 $0x1, ‘%symm7, ‘exmm7 1.249s [l
5| 480  vmulpdy (%rl4,%rdi, 1), %ymml4, Symmg 0.005s|
480  vunpckhpd %sxmm7, %xmm7, %xmmO 3.1265 (D J
0x4087f6 480 vinsertf128 $0x1, %xmm0, %ymm7, Symm7 0.015s|
ompiler. ~ 0x4087fc 480 vmovddup ‘%ymm7, Ssymml4 -
* I_eps_array(ig,n 17 0x408800 480 vshufpd $0x5, %ymm8, %ymm8, Symm7 0.032s| |
1w * I_eps_array(i = 0x408806 480 vmulpd %symm7, S%ymm6, ‘%ymm6 0.619s [ o
0x40880a 485  vmovupdy (%rl4,%rl5,1), symm7 3.080s (N
0x408810 480  vmulpdy 0x20(%rl4,%rdi, 1), %ymml4, %ymmO 0.019s|
ne) then 10 0x408817 480 vfmaddsub213pd %ymm6, S%ymmg, ‘%ymm2 0.399s ()
3 0x40881c 485  vunpckhpd %symm7, %ymm7, %ymml4 3.034s () =
0x408820 485  vmovupdy -0x50(%rbp), Symm7 0.017s|
0x408825 480  vshufpd $0x5, %ymm0, %ymmO, %ymms 0.025s|
.and. delwr.lt.l3 0x40882a 480 vmulpd %symm8, %ymml5, Symml5 0.014s|
0x40882f 485  vmovupdy 0x20(%rl4,%rl5,1), %symmg 0.637s [
Avanocone aoc Tmdd - e 14 = LEEER ]




Insight into Memory Subsystem (1)

* VTune General Exploration: Expand collected metrics to see more detail
on what levels of the memory hierarchy you are bound (if at all)

k4

Filled Pipeline Slots Unfilled Pipeline Slots (Stalls) I

Clockticks S CT R ca MUX Bad Back—Endf Front-end
Retired Rate | Reliability | Retiring 5 )
peculation Bound Bound
43,126,064,689 62,090,093,135 0.695 (IS BN [ I I
28,364,042,546 32,782,049,173 0.865 (N BB [ |
23,518,035,277 28.584,042,876 0.823 (N BB | (| I
38,104,057,156 22,110,033,165 1.723 I B I |
9,134,013,701 5,266,007.899 1.735 (N B I |
ww Filled Pipeline Slots Unfilled Pipeline Slots (Stalls)
Back-End Bound
Clockticks Ins};rgt?rt_;odns I;::tle R(—:I-\Il:zlajtz(ility Retiring Bad Memory Bound Core Bound
SEEEENon L1 L3 pRAM B stor oviger | Port
Bound Bound Bound Boufid Utilization
43,126,064,689 62,090,093,135 0.695 (N BB I ] ) ] I ]
28,364,042,546 32,782,049,173 0.865 N BB ] ] 0 I ]
23,518,035,277 28,584,042,876 0.823 (I B | ] () [} 1] 1]
38,104,057,156 22,110,033,165 1.723 N B ] [ ]
9,134,013,701 5.266,007.899 1.735 I B [ ]

Front-end

Bound

e Switch to Hardware Event Counts viewpoint to see the underlying event
counts (cache misses, etc.)
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Insight into Memory Subsystem (2)

* VTune Bandwidth: Utilization as a function of time; Per-package (NUMA

node) read and write, zoom-able

Undo Previous Zoom Selection

Ruler Area

7™ Region In...
Bandwidth, GB...
[¥] ik Bandwidt. ..
Read Ban...
(V] duk Write Ban...

[JCPU Time

* Mouse-over to trace back to specific OMP regions in your code

— Helpful in discovering which computations might benefit from MCDRAM for
working set (but remember to also check for locality issues affecting BW)

& Bandwidth Bandwidth viewpoint (change) @
B8 Collection Log| | € Analysis Target| | © Analysis Type| | Kt Summary | EeRslsueails
Qe Q-Qe 6750|6769.16ms| 6800ms 6850ms

package_O |

Region Instance
Start: 6759.001ms Duration: 21.257ms

w55 729
package_1
OpenMP Region Type: Fast

OpenMP Region: idrslap_4m_$omp$parallel:8@unknown:244:252
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VTune Tips and Tricks Learned at Dungeonm

 Want to profile a single code region?

Example:
#include "ittnotify.h”
__itt resume();
. code to profile ...
__itt pause();

Compile with: -I$(VTUNE AMPLIFIER XE 2015 DIR)/include
Link with: $(VTUNE AMPLIFIER XE 2015 DIR)/lib64/libittnotify.a
Run with: amplxe-cl -start-paused ...

* Want a list of all available counters?

— Option 1: Create new project / analysis in VTune GUI (New Hardware Event-
based Sampling Analysis); Click Add Event and search

— Option 2: Read the db file directly for the relevant architecture:

See: S$VTUNE AMPLIFIER XE 2015 DIR/config/sampling3/<arch> db.txt

Example on Edison:
less $VTUNE_AMPLIFIER XE 2015 DIR/config/sampling3/ivytown db.txt

~
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Estimating memory BW on <arch> NEF

* This can be done using the ratio of bytes-loaded (last-level cache misses)
to retired uOps (measured on Edison Ivybridge, for example):

estimated BW = 64 bytes per cache line *
(OFFCORE_RESPONSE.ALL READS.LLC_MISS.LOCAL DRAM 0 /

UOPS_RETIRED.ALL) *
arch freq *

arch ops per clock *
arch_concurrency

* This provides an upper bound on BW utilization: Assumes every clock
cycle retires arch ops per clock uOps

— Likely fewer in practice when waiting on memory subsystem

~
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VTune is Available on Edison at NERSC

* VTune is a performance analysis tool that can provide rich performance
insight into hotspots, threading, locks & waits, bandwidth and more. Use
powerful analysis to sort, filter and visualize results on the execution
timeline and on your source.

— For serial and parallel codes — on-node performance
— There are both GUI and command line interfaces.

* To get started with VTune on Edison, see
— https://www.nersc.gov/users/software/debugging-and-profiling/vtune/#toc-anchor-4

e A guide to optimizing codes for lvy Bridge processors (Edison)

— https://software.intel.com/sites/default/files/
Using Intel VTune Amplifier XE on Xeon E5v2 or E7v2 Family 1.0.pdf

* Intel VTune website

— https://software.intel.com/en-us/intel-vtune-amplifier-xe
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HBM Tools are Available on Edison

* The memkind library is a user extensible heap manager. It can be used to

test/simulate the benefit of high bandwidth memory (HBM or HBW) on
the dual-socket Edison compute nodes today.

— This is not an accurate model of the bandwidth and latency characteristics of the KNL on

package memory, but is a reasonable way to determine which data structures rely
critically on bandwidth. Edison Node: DIMMs

Socket 1 Socket 0

— Use QPI bus to simulate slow memory

— Code change is required: - e
IDIRS ATTRIBUTES FASTMEM directive

1 Aries

QPI = quick path interconnects

PCle Connection
* To get started on Edison, see O

— https://www.nersc.gov/users/computational-systems/cori/preparing-for-cori/using-
high-performance-libraries-and-tools/#toc-anchor-1

e Reference
— http://memkind.github.io/memkind

— http://memkind.github.io/memkind/memkind arch 20150318.pdf
— http://ihpcc2014.com/pdf/100 KNL HPC Developer Forum SC 14.pdf
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More HBM Tools Will be Available Soon NEF

* New features available in VTune — identify

candidate arrays for HBM
— available in May, 2014
— This can be used with the memkind library

 Auto HBMT - automatically move arrays of a
certain size to the HBM at run time

— No code change is required

Office of
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SDE Available on Edison Under CCM

Intel Software Developer Emulator (SDE)
— Supports the extended instruction sets for KNL (AVX512)

— Allows developers to use currently available compilers and assemblers on the
currently available processors (Edison) to gain insights about whether
applications are ready to take advantage of the opportunities created by the
new instructions available on the future architecture (KNL)

To get started on Edison, see

— https://www.nersc.gov/users/computational-systems/cori/preparing-for-cori/
using-high-performance-libraries-and-tools/#toc-anchor-2

* Reference:

— https://software.intel.com/en-us/articles/intel-software-development-
emulator

A method to evaluate the flops of your application codes:

— https://software.intel.com/en-us/articles/calculating-flop-using-intel-

software-development-emulator-intel-sde
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Some Background Info

* Important Intel tutorial

— https://software.intel.com/en-us/articles/how-to-tune-applications-using-a-
top-down-characterization-of-microarchitectural-issues

— “How to Tune Applications Using a Top-Down Characterization of
Microarchitectural Issues”

— Applies to Xeon processors (not KNC or KNL)
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