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v SYCL Overview (khronos.org)
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https://www.khronos.org/sycl/
https://www.khronos.org/sycl/

icx/icpx DEEE. OpenMP* Hik—

] C/C++ Eﬁn%ﬁ*%mmjjmlét Clang J0O>/ |\I/ |\|L_—|—14L

vV AL aAVINAS—DBELTLS
Clang /\_/3 /IQ:IJ IJ_X/_ I\I':-Z/A\E:ﬁ Standard Intel Feature Support

C++23 standard (ISO/IEC 14882:2023)  Partial support

C++20 standard (ISO/IEC 14882:2020) Partial support

Intel® oneAPI DPC+/C+ Compiler Release Notes (intel.com)

C++17 standard (ISO/IEC 14882:2017)  Full support

. O p e n M P* C++14 standard (ISO/IEC 14882:2014)  Full support
/ 4.5 7)I/.|j.l—|—{)_ |\\ 5.0\ 5.1 . 5.2\ 6_0 TR1 1 C++11 standard (ISO/IEC 14882:2011)  Full support

C++98 standard (ISO/IEC 14882:1998)  Full support (except for export)

C23 standard (ISO/IEC 9899:2018) Partial support
*F d (intel )
OpenMP* Features supported (intel.com |
C17 standard (ISO/IEC 9899:2018) Partial support
€11 standard (ISO/IEC 9899:2011) Partial support
€99 standard (ISO/IEC 9899:1999) Full support

H B Standards Conformance (intel.com)

11/103



https://www.intel.com/content/www/us/en/developer/articles/release-notes/oneapi-dpcpp/2026.html
https://www.intel.com/content/www/us/en/developer/articles/release-notes/oneapi-dpcpp/2026.html
https://www.intel.com/content/www/us/en/developer/articles/release-notes/oneapi-dpcpp/2026.html
https://www.intel.com/content/www/us/en/developer/articles/technical/openmp-features-and-extensions-supported-in-icx.html
https://www.intel.com/content/www/us/en/docs/dpcpp-cpp-compiler/developer-guide-reference/2025-2/standards-conformance.html

Intel® Compilers Boost C++ Application Performance on Linux*
Performance advantage relative to other compilers on Intel® Xeon® 6980P Processor

Relative Floating Point Rate Performance (est.) Relative Integer Rate Performance (est.)
(GCC 15.1 = 1.00) (GCC15.1=1.00)
(Higher is Better) (Higher is Better)
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160 135 Lan 137
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1.20 101 1.00

0.95 1.00

1.00
0.ED

0.80
060

0.60

0.40 .40

0.20 020

0.00 0.00

Intel® oneAP| DPC++/Crs LLVM 20.1.0 {lvm.org) GCC 15.1.0 (gee.org) Intel® oneAP| DPCe+/Cre LLWM 20.1.0 (llvm.org) GCC 15.1.0 (gee.org)
Compiler 20253 (LLVM based) Compiler 2025.3 [LLVM based)
Estimated: internal measurement of the geometric mean of the C/C++ Estimated: internal measurement of the geometric mean of the C/C++
workloads from the SPECrate* 2017 Floating Point suite (base tune) workloads from the SPECrate* 2017 Integer suite (base tune)

Testing Date: Performance results are based on testing by Intel as of October 10, 2025 and may not reflect all publicly avallable security updates,

Configuration Details and Worklaad Setup: Intel® Xeon® G380P CPU @ 2.0GHZ, 2 sockets, Hyper Theead on, Turbo on, 64G x24 DDRS 8800 (10PC). Software: Intel® aneAP1 DPCe+/C++ Compiler for applications running on intel® 64, Version 2025.3.0 Buld 20251010; GCC 15.0.0; LLVM 20.1.0. Uburiu 24.04 LTS,
E.2.0-55-gengric. SPECR®_ratg_base_J017 compller vaitches: Intel® oneAP| DPCr+ /Cos Compier: agraniterapeds -03 -Hast-math -fito -mipmathesse -unrol-loops -qopt-mem-layout-transs4, GOC: -marchenative mipmathssse «Ofast furnall-loops flto. LLVM: -marchsrative -mipmathesse -Ofast -funroll-
lmops =fMe, gkmalioc used far Intel compiler. ppmalliac 5.0.1 uied for gee and llvm. SPECIp®_rate_base_20017 compiler switchas: Intel® aneaPi DPCesCar Campiler: xgraniterapics -mprefervector-widthe512 =03 -Hast-math -fito -mipmatheise funrell-lpaps -gopt-mem-layout-transsd, GOC: -manchenathse -
mipmathesse -Ofast -funeoll-loops -fito. LLVM: -marchsnative -mipmathesse -Ofast -unroll-loops -Mo. jemalloc 5.0.1 used for Intel compilers, GOC and LLVM

Perlonmance results ane based on testing as of dates shown in configurations and may not reflect all publicly available updates, See configuration disclosure for details, No product of companent can be abiolutely secure,

Mare infermation on the SPEC benchmarks can be Tound at: hitpfwww s

Performance varies by use, configuration, and other Factors. Learn mone o1 wrw intel com)/Perfo

NI FI—7 HH
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https://www.intel.com/content/www/us/en/developer/tools/oneapi/dpc-compiler.html
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The Next Chapter for the Intel® Fortran Compiler (intel.com)
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https://community.intel.com/t5/Blogs/Tech-Innovation/Tools/The-Next-Chapter-for-the-Intel-Fortran-Compiler/post/1439297
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ifx DEEE, OpenMP* Hik—

B Conformance, Compatibility, and Fortran Features (intel.com)

B Fortran SERIZ
v' 77,90, 95, 2003, 2008, 2018 Bik—k
B 2023 O—E&EEE
B OpenMP* {Ri%

v’ OpenMP* 4.5 P\#i, 5.0, 5.1
+ 52D KB & 6.0 —8B

v 1427 )L° GPU [@1F TARGET XD R—k
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https://www.intel.com/content/www/us/en/docs/fortran-compiler/developer-guide-reference/2025-0/conformance-compatibility-and-fortran-features.html
https://www.intel.com/content/www/us/en/docs/fortran-compiler/developer-guide-reference/2025-0/conformance-compatibility-and-fortran-features.html

Intel® Fortran Compiler Boosts Application Performance on Linux*

Performance Advantage Measured by Polyhedron® Fortran Benchmark on Intel® Xeon® 6980P Processor

Relative Polyhedron Benchmark Performance (est.), 64 Bit Mode
(Higher is Better)

146
14
1.22
12
1 I
06
04
0.2

org) AMD Optimising C/C++ and Nvidia HPC SDK 24.9
Fortran Compilers (AOCC) 5.0.0

Intel Fortran Compiler GCC 15.1.0 / gfortran (gec.
Compiler 2025.3 (LLVM Bas

Estimated relative geomean performance
Testing Date: Performance results are based on testing by Intel as of October 10, 2025 and may not reflect all publicly available security updates.

Configuration Details and Workload Setup: Intel® Xeon® 6980P CPU @ 2.0GHz, 2 sockets, Hyper Thread on, Turbo on, 64G x24 DDRS 8800 (1DFC), Software: Intel® Fortran Compiler for applications running on Intel® 63, Version 2025.3.0 Build 20251010; GCC
15.1.0 / gfortran; AMD® Optimizing C/C++ Compiler 5.0.0 / flang - AMD clang version 17.0.6 (CLANG: AOCC_5.0.0-Build#1377 2024_09_24); NVIDIA® HPC SDK 24.9 / nvfortran; Ubuntu 24.04 LTS, 6.8.0-55-generic. Compiler switches: Intel® Fortran Compiler: -C
-KCORE-AVXS512 -flto -nostandard-realloc-lhs. GCC / gfortran: -Ofast -mipmath=sse -flto -march=skylake-avw512 -funroll-loops. AMD® Optimizing C/C++ Compiler / flang: -03 -ffast-math -march=znver5 -fveclib=AMDUBM -flto -milvm -unroll-aggressive -mihn
unrall-threshold=500. NVIDIA® HPC SDK / nvfortran: -fast -Mipa=fast,inline -Mallocatable=03 -Mfprelaxed -Mstack_arrays.

Performance results are based on testing as of dates shown in configurations and may not reflect all publicly available updates. See configuration disclosure for details. No product or component can be absolutely secure.

erfarm dex. Your costs and results may vary.

Performance varies by use, configuration, and other factors. Learn more at www intel.co



https://www.intel.com/content/www/us/en/developer/tools/oneapi/fortran-compiler.html

Intel® Fortran Compiler (ifx) &

Intel® Fortran Compiler Classic (ifort) Performance on Linux”
Performance Advantage of ifx to ifort on Intel® Xeon® 6980P Processor

Relative SPEC_CPU2017, SPEC_HPC2021, and Polyhedron Benchmarks (est.)
(ifort 2021.13.0 = 1.0)
(Higher is Better)

1.60
1.42
1.40
118
1.20 1.14
1.00 1.00 1.00

1.00

0.20

SPEC_CPU2017 SPEC_HPC2021 Polyhe
mIntel® Fortran Compiler ntel®

2025.3.0 (ifx)

Estimated: internal measurement of the geometric mean of each of the SPEC_CPU2017, SPEC_HPC2021, and Polyhedron Benchmarks suites (base tune)

Testing Date: Perdormance résults are based on testing by Intel a5 of October 10, 2025 and may not reflect 3l publicly avadable security updates.

Configuration Detadls and Workboad Setup: Intel® Xeon® 6580F CPU @ 2.0GMz, 2 sockets, Hyper Thread on, Turbo on, 24x 646 MROIMM DORS-8800 {10PC). Software: Intel® Fartran Compiler for applications running on Intel™ 64, Viersion 2025.3.0 Build 20251009, Intel® Fortran Compiler Classic for
applications running on intel® 64, Version 2021.13.0 Build 20040602_000000. Ubunty 24.04 LTS, 6.8.0-55-generic. Compiler switches: intel® Fortran Compiler for SPEC_CPU2017: -graniterapids -mprefer-vector-width=512 -Ofast -Hast-math -fito -mipmathesse -funroll-loops -gopt-mem-layout-trans=4 -
liemalloc. Intel® Fortran Compiler Classic far SPEC_CPU2017: -wCORE-AVXS12 -ipo -03 -no-prec-div -gopt -prefetch -Hinite- math-only -qopt- multiple-gather-scatter-by- shuffles -qopt-mem-layout-trans=4 Jjemalioc. jemalioc 5.0.1 used for intel compilers. intel* Fortran Comgiler for SPEC_HPC2021: -Ofast
wgraniterapics -mprefer-vector-widths512 -fiopenmp Mo -gopt-multiple-gather-scatter-by-shaffles -funroil-loaps -gopt-streaming-stores=always -nostandard-realioc-Ihs -align amayESbyte. Intel® Fartran Compiler Classic for SPEC_HPC20F1: -Ofast -xCORE-AVXS12 -qopt-zmm-usages high -gopt-multiple
gather-scatter by-shuffles -anai-alias -gopenmp ipo. intel® Fortran Compiler for Polyhedron: -Dfast -=CORE-AVNS12 -fitc -nostandard-realioe-Ihe -qopt-dynamic-align -Gogtion,§, " target feature -fastvector-fuqrt™ -auto. Intel® Fortran Compiler Classic for Polyhedron: -03 xCORE-AVXS12 -ipo -nastandard
realio-lhs -no-prec-dh,

ROFI—U HE
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https://www.intel.com/content/www/us/en/developer/tools/oneapi/fortran-compiler.html

m kv Vg o4

B ZNZNOIV/I\AS—ICHILLIEDV M5 — RS\ —%igH
v B V=R T7AILE app #3V/\1IL UL T run.out Z& K

N — " =]
e WA 8 > icpx ./app.cpp -o run.out

icx/icpx 127 )L®oneAPI DPC++/C++ 2 /N1 55—
ifx 1> 7 JL® Fortran > /N1 55— > icx ./app.c -o run.out
icc/icpc AT C++ AV NAT—TTv YT

ifort 1> FI)L®Fortran AV /INAS5— 5wy > ifx ./app.f90 -o run.out
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AVINAMTS—-AT3>

B icc/icpc HEXD ifort ICTERINTLE
OAVINAS—ATavnE<L 3| SHSER

B icx/icpx |& Clang OV /\AS—OOVI\A 5 —A T3>V %585
v Clang @3V I\AS5—-AT2a>V0sFfld Clang DEFa XY =S5

Clang Compiler User's Manual (clang.llvm.org)
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https://clang.llvm.org/docs/UsersManual.html
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for (int 1 = 0; 1 < count; 1i++)

N |‘)|/1|$ { c[i] = A[i] + B[il;

ks

) L—TREPEHENRICTOLY T —CHR—Fransd
SIMD #{FZRAWLS1—FZ4E KL TETHRZTHET
SIMD : Single Instruction Multiple Data

RO EL TOARVLE RO UL RO
(ZH5—4LIZ) (FT7ILR) (FEQTOt Y —miF)
+ + +
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[SSE] float 4 Ex%#=—EICEE

addps %xmml, %xmm2

SIMD #iiRan DY R—

[AVX] float 8 ERE=—EITEE
vaddps %ymml, %ymm2, %ymm3

B 17 ARU—=>7 SIMD i3k [AVX512] float 16 BX%E—[EICHEE
v A5 IL° SSE2,A 5 IL® SSE3, A F)Le SSE4 | v2ddps Hzmml, ¥zmm2, %zmm3

B 1275 )L° Advanced Vector Extensions
v 4TIV AVX BEOT VT IL® AVX2

B 1>75)L° Advanced Vector Extensions 512
v 4157 )° AVX-512

22/103




BEINT ~IL{LHEE

B S —YDKERROEN . BLOZBICHDBDR IR NETILIEED
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v 02 Dl EQaVINATS—ATavniEENNE
B AVFI)IOVINAMT—IF LLVM O=a2="5F04—CEEXEINcusd
NI LSAF—EIFRICA T ILEECPU, GPU @IFICH LLE%E

v LLVM OZaZ=Z514—ICHBIFD VPlan NI 1P —%
A1VFIL 7—FFOFvrIFICHBICHLR

23/103




Z0tevU—EaDOREE

B SIMD #{EaEUREDTVTIL® JOtvyY—T
MARREEI—FOER, BLORBELZIER
B -x<target>

v 4TI Oy —[IFOERAI—RELER R <target> iR
v <target>:F_|j_|\\\'3: JOtvy—n ARROWLAKE
_ <150 ARROWLAKE-S
RATO7—FTI0Fv—BLLIE F—%F4 DIAMONDRAPIDS
SIMD #isRm Pty FEIEE Fyv— EMERALDRAPIDS
GRANITERAPIDS
LUNARLAKE
PANTHERLAKE
SIMD #i3E CORE-AVX512
metvk CORE-AVX?2
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Z0tevU—EaDOREE

B -xhost
vV AV T—ZETLTULWBRIVRATAICEEIN:
JOtwvb—=5—SvkIcLiEERI—REER
B -ax<target><target>--

v 41VF)L° Oty —mIFERI—RICINAT
x86 ZOtzwvH—mIFHNHEI—REER

v 1B <target> ZIBEITDET. ZNZNOEHRI—RZEE R
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Z0tevU—EaDOREE

B -gopt-zmm-usage=low / high
v zmm LY RS —DFAICAWSE2—URT v OO

v X, -ax DIBEICENDZEILETH, ZLDIHE low DR TE
v BEBRIC zmm LY ZAY—DOEFEBLREO—REE KT BICIE high ZI5E
B AVX512 OO—FRERNBINTIEEVWEGEITEESINET
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70V —EBORBIELATY 3y GE

B -qopt-zmm-usage=low & -qopt-zmm-usage=high @ asm H A
v Bl: 16 ZERDEREED FMA EH

vmovupd b(%rsi,%r8,8), %ymml vmovupd b(%r11,%rbx,8), %zmmo

vmovupd 32+b(%rsi, %r8,8), Bymm2 vmovupd 64+b(%r11,%rbx,8), %zmml

vmovupd 64+b(%rsi,%r8,8), %ymm3 vfmadd213pd c(%rax,%rbx,8), %zmm2, %zmmoO
vmovupd 96+b(%rsi,%r8,8), Bymmi vfmadd213pd 64+c(¥rax,%rbx,8), %zmm2, %zmml
vfmadd213pd c(%rax,%r8,8), %ymmO, %ymmil vmovupd %zmm@, c(%rax,%rbx,8)

vfmadd213pd 32+c(%rax,%r8,8), %ymmo, Bymm2 vmovupd %zmml, 64+c(%rax,%rbx,8)

vfmadd213pd 64+c(%rax,%r8,8), %ymmO, %ymm3
vfmadd213pd 96+c(%rax,%r8,8), BymmO, Bymms
vmovupd %ymml, c(%rax,%r8,8)

vmovupd  Bymm2, 32+c(%rax,%r8,8)

vmovupd %ymm3, 64+c(%rax,%r8,8)

vmovupd  Bymm4, 96+c(%rax,%r8,8)




Z0tevU—EaDOREE

B SQUID AT LAO7ZOVERIVEMNSOVINAILTBICHIED
-xhost £ L <& -xicelake-server ZF| Bz

v JNEHCPU/—FREIZ7OVRIVREFLZTOEYY—%
FRALTULBRE -xhost THX ISULNERRITET

B -x, -ax, -march [FWLWI N1 DDOHEELIESLY
v BEIEELRIGE. OV Y FOREICEERSNIEDONBERHINET

B IEEDFVIEE,SSE KXV SSE2 ZFALICNAI—FRZERLET
(-02 DL EDw/A)
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70ty —ERanmBEIk A 732/l

B HENTMUEW B GRBELSNZEI—FZEMN

> icx -02 ./source.c -0 run.out

B FEQAVX-512 P ZSCEHERAI—RZLER

> icx -02 -xCORE-AVX512 ./source.c -o run.out

B FEGAVX-512 anpZsCEHI—F +
AVX2 i pESUHEHI—R+
SN —RZS%R

> jcx -02 -axCORE-AVX512,CORE-AVX2 ./source.c -0 run.out
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70ty —ERanmBEIk A 732/l

B RA MOty —mIFICKRECSNEERI—FOER +
zmm LY A5 —0OBmASFH B 215w

> icx -02 -xhost -qopt-zmm-usage=high ./source.c -o run.out
B 3K 1> FIL° Xeon® AT =5 T)L-TOtyY—RITERI—-FOEK +
zmm LY XY —DOEEBHGEHN AZER

> icx -02 -xicelake-server -qopt-zmm-usage=high ./source.c -o run.out
B MP| 7OJZAICBIFDATYavniEE

> mpiicx -02 -xicelake-server -qopt-zmm-usage=high ¥
source.c -0 run.out

30/103




WE: EHI—-FOET

B -x<target> A7V 3aVICKDERINEERI—RIZ
<target> WU IR— TR P EEITTIEVIRATATIFENELFRA
vV B AT LATEITSNDIEEIT -ax<target> ZF HLIZS LN

> icx -02 -xgraniterapids -qopt-zmm-usage=high ./source.c -o run.out
> ./run.out

Please verify that both the operating system and the processor support

In‘tel(R) AVX512F, AVX512DQ, AVX512CD, AVX512BW, AVX512VL, AVX512VBMI,
AVX512_VPOPCNTDQ, AVX512_BITALG, AVX512_VBMI2, AVX512_VNNI and
AVX512_FP16 instructions.
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V> UismiE1L - LTO
ZJ0Y—Yvy—[EoKi#E - IPO

B OV/)\1S—NT7O005L%=EBHITDERDY—AT71ILED
BEREILIEL CENDRE{LZEN
vV V=T 71I)IVEITHHEIND T O—/VLZHOIR(E®
/Y TIL—F VOO LBEFRESBRITERLSITHD
LNZ<LORBEEHERINADTL)
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LTO (IPO) gk

B LV TIL® OVINAS—TIlF LLVM hYR{Ht9 D LTO #EEICE
B -flto, HLLIZE -fto=<arg> ZIEET D& LTO HeExIFOHL

> 1fx -02 -xcore-avx2 -ipo source.f90

v arg = thin HLLIZ full (77 AIL )
v ThinLTO I full LTOE LB L TXEUHEEZINZ DDOE L REFED
EEzEHIBELEERD LTO OFHKs=RMHLET

B PO E#BMWMELITDIV/I\AT—ATF3> -ipo I&
icx/icpx, ifx ICHULVT -flto &HERR

X
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LTO ICKDIAVINTILEUY D

maV/\1I)L-TJx—X;
BROY—AT7ILEIVINAMILLTHEBIRBEOATI 0 L4 R;
mOTT—X:
ATIORT7AIIEENL,  BIORELEST IV I\ ILEEE

[ D N
obj
[ D N
obj out
[ D N
obj - .
aAVIN1I)L-T7xz—X : o J1x—X
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Gl : BTV 1VEH

B O\ 15—3TTAI+TE—T 71 )LAOEFR%ZE R
B VTIINEHELTIL—TARATERB T 7MIVICERSINERD
IFEOHUIFIL—T0ARD R)UEICET 3L\ E I s oL

v BEAOUENTYSAVERBICEKONT ML TEEGZVL i NZIZE
BEIND ILEEEEICE D TRT ML bEeNE T

BRBD/—XT71ILICERINT: func B DEE

for (int i = 1; 1 < nx; i++)
3
X = x0 + 1 * h;

sumx = sumx +['Func(x, Yy, Xp, yp);] -

3

float func(float x, float y, float xp, float yp)
3

float denom;

denom = (x - xp) * (x - xp) + (y - yp) * (y - yp);
denom = 1.0f / sqrtf(denom);

return denom;
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70771 IVICEDS<&RE{t - PGO

B OJSAETEICTOT77MIVIEREERLT,
Zo7O0771I)VIEEREDEICBEOV/NTIL

B ETROBHREDHEICCPUDEGREFYYI T,
XEY—-R—=I VT BFICHIEFAORBbEIE
v EDBEUBRLYZI—DEINET
v ANFD If X, Switch XD I &1L
v B0 VS VER. BEINRT ML, BENSMEIC LB RS

v EXRTOVIPREHBOIOER
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PGO ()7 70—F

B LW VTIL OAVINAS—IE2 D7 FO—F %1%
B VAL XYVRAR®O PGO
v OS5 AICFO774)VIEHRENE T INIEEREA

v BRIOAVFILe AV IS5 =Tl COARANRBASNTED,
LWV TILe OV INAT—ICHWTIE Clang MR T B EEICESTRX

m 57UV TRHO PGO
vV N\—RIOx7FEICKDY T IOR—-20nT7O771U T E5H~=F B
v IREFRTIE icx/icpx MO+ F A BE
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Y700 /BB PGO

B ERDTVARIAY EAHADPGOZRET S FRELTREIN,
2024.0.0 DAFFICHEEE EIENZF L LY PGO D3RR

v J\—R™S 17 PGO (HWPGO) LIEIENFET

B HWPGOIlZrVFIL® TOtwvH—ICEBHEIN TS
INTA—TVAETZAIT 1=y ~PMU)EFI B

B VAR XY AR ELEBRLTEA—/\—\Y EHI\D LD
ERELGTOT71IVIEHRZINE, M| TET D EDFH
v EHRIBONAFU—DNRE
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INTA—IVAR-E=ZHIYH-O=v | - PMU

B PMUIZ CPU DIAITBAXEY— ARL—IESE
BIAW\N—RIT 74Ny AR

B BHITB/IN—FITT7AIRY D
v EfTSnieame:

vV FyvIa=X;:

v DlRY =R

vV XBEU7OEXR:
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HWPGO OFI

B EEERE O NEmAYICEES N THD,
RRNICHRAFIEDNRESNSAREMENHOFET
v HWPGO Fa—kU7JL

Hardware-based Profile Guided Optimization (intel.com)
1. EHIE(E: -fprofile-sample-generate Zi§ELTOV/\1IL
vV RBILICEETBA TV aVIIHBETEERY

> icx -03 -fprofile-sample-generate unpredictable.c nop.c -o unpredictable
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https://www.intel.com/content/www/us/en/developer/articles/technical/hwpgo.html
https://www.intel.com/content/www/us/en/developer/articles/technical/hwpgo.html
https://www.intel.com/content/www/us/en/developer/articles/technical/hwpgo.html

HWPGO OFI

2. 7005 L%ZEITLT perf BLLIE sep ICKBDTOT 71 ILIEHRZEF

> perf record -b -e BR_INST_RETIRED.NEAR_TAKEN:uppp,

BR_MISP_RETIRED.ALL_BRANCHES:upp -c 1000003 -- ./unpredictable

v"  BR_INST_RETIRED.NEAR_TAKEN,
BR_MISP_RETIRED.ALL_BRANCHES [&
J7O771IVEHRELTHIASND/\—FD I 7IRY
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HWPGO OFI

3. llvm-profgen ZEL\TO771I)LiEgHRZEIV/INAS—H
SIRTERLDICEH

1llvm-profgen ¥
--format text ¥
> 1lvm-profgen ¥ --output=freq.prof ¥
--format text ¥ --binary=unpredictable ¥
--output=misp.prof ¥ --sample-period=1000003 ¥

--binary=unpredictable ¥ --perf-event=cpu_core/BR_INST_RETIRED.NEAR_TAKEN/uppp ¥
--sample-period=1000003 ¥ ~-perfdata=perf.data
--perf-event=cpu_core/BR_MISP_RETIRED.ALL_BRANCHES/upp ¥

--leading-ip-only ¥

--perfdata=perf.data

vV ATV AVINAS—ICEABEEINTLS llvm WV—)L%&F]|H
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llvm-profgen N6EENTTOT 71 ILIGHR

unpredictable:12756426100:0 unpredictable:168000504:0
0:0 0:0

3.1: 201515726 3.1:0

3.2: 201515726 3.2:0
5:201515726 5: 84000252
6: 116257832 6:0

7: 116257832 7:0

8: 119741696 nop:119741696 8:0

9: 114806222 9:0

11: 86644988 nop:86644988 11: 0

13: 201515726 13: 0

15: 0 15: 0
65517: 116257832 65517: 0

nop:199289924:206386684
1: 199289924
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HWPGO OFI

4. AT723V. BEOOD—F/)I\RAPEGD Ty hEFRTIESIE
FE 2 & 3 =R [EEhE
v llvm-profgen merge YV RICE>TERMSINERD I 7ML BT —
5. -fprofile-sample-use Z1§ELTHBIV /1)L

> icx -03 -fprofile-sample-use=freq.prof ¥
-mllvm -unpredictable-hints-file=misp.prof ¥

unpredictable.c nop.c -o unpredictable.hwpgo

v RIRFAICEATIEMD T — RNy oI
-unpredictable-hints-file A 7>/ 3>%&®L T LLVM ICIEE

v freq.prof DHOIEEIZA VA RILAY RBHD PGO DSRELICHEY
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HWPGO BRI 3R EERDLLER
perf stat Z{EHLEAXRY

HWPGO D=EJEH]

xlsoftkk@x1lsta750:~/repos/hwpgo-mispredict-example$ perf stat -e cycles:u,instruction
Performance counter stats for './unpredictable':
484,671,386 cpu_atom/cycles:u/
3,226,244,867 cpu_core/cycles:u/ y
662,616,145 cpu_atom/instructions/ HWPGO G)iﬁﬁ'f&
3,683,104,558 cpu_core/instructions/ x1lsoftkk@x1lsta750:~/repos/hwpgo-mispredict-example$ perf stat -e cycles:u,instruction
141,269,434 cpu_atom/br_inst_retired.all_branches:u/
931,431,248 cpu_core/br_inst_retired.all_branches:u/ Performance counter stats for './unpredictable.hwpgo':
12,160,248 cpu_atom/br_misp _retired.all_branches/
I 84,767,838 cpu_core/br_misp_retired.all_branches/I 55,786,769 cpu_atom/cycles:u/
814,786,022 cpu_core/cycles:u/
0.709172520 seconds time elapsed 250,920,531 cpu_atom/instructions/
4,060,112,009 cpu_core/instructions/
©.705270000 seconds user 18,579,000 cpu_atom/br_inst_retired.all_branches:u/
0.003995000 seconds sys 608,679,745 cpu_core/br_inst_retired.all_branches:u/
594,619 cpu_atom/br _misp retired.all branches
12,770 cpu_core/br_misp_retired.all_branches/
0.184502821 seconds time elapsed
0.180655000 seconds user
0.003992000 seconds sys

45/103



iE{L L R— e

B BRI —AENRICAVI\AS—HEITLIERBEILZHA
v RINLTe&iEl
v [ABh\DEHTERBLIZ&EEL
v BILesEbE KB LUTe&BILICRAT S IEER
B 2025.0.0 [CTHEED BILSNBARIO 5 )L® D2 /)I\15—IC
RBPLELR— OB AEIOIERETEMN I HEIC
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LRNILCEDORENIHOANE

RIB{LL R— LR Y EEtoTE
<n>-2: KL e&ELDEH
<n> - 3: KDFFHAGERAAXC

B -qopt-report=<n>

> ifx -02 -xcore-avx2 -qopt-report=2 source.f90

v LIR—bEOFFHLANIL: <n>=1~3, 7 T7A)LEIE 2
B RECLR—FDEESINETFRANIAD *optrpt 771 L% B
v FIAIEOEMETIE *optrpt 77 AILIZY —RXO—RTEICERSINET
B BHE JL—7 OpenMP Dilli5ltals, ENFEDT IV —TZ&ICH
v LiR—KEY—RT71IILEEY —RTICHB
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#l: matmul.fO0 771V 26{TBICTEET D
IW—TEOND RIEICH T BRE{ELL R—F

LOOP BEGIN

remark
remark
remark
remark
remark
remark
remark
remark
remark
remark
remark
remark
remark
remark
remark

LOOP END

at ./matmul.f90 (26, 13)

#25566:
#25563:
#15300:
#15305:
#15475:
#15476:
#15477:
#15478:
#15309:
#15488:
#15447 :
#15450:
#15451:
#15474:
#25583:

blocked by 64

Load hoisted out of the loop

LOOP WAS VECTORIZED

vectorization support: vector length 8

--- begin vector loop cost summary ---

scalar cost: 83.000000

vector cost: 14.281250

estimated potential speedup: 5.796875
vectorization support: normalized vectorization overhead 0.125000
--- end vector loop cost summary ---

--- begin vector loop memory reference summary ---
unmasked unaligned unit stride loads: 32

unmasked unaligned unit stride stores: 16

--- end vector loop memory reference summary ---
Number of Array Refs Scalar Replaced In Loop: 12
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BEDREILI—XICT1ILY—

B LR—~DHADTBIERIE
-gopt-report-phase=<F—"2—F> [CKDHI{H

> ifx -02 -xcore-avx2 -qopt-report=3 -qopt-report-phase=vec source.f90

v BFEDOREEORECICEETBIEH®RODHH I o r HE®i—X
—— ; —
B O —T— REERE T o ] 22
v FIA)LEIE all TENE ipo  LTO #8e
> ifx -qopt-report -qopt-report-phase=vec,openmp .. loop  IL—TD&E
openmp OpenMP*
pPgo PGO 1%gE
vec R ~IVE
all 27T
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=515 —

B 003 LOETHICENZETVETET SMEZRG
v FIyv ORIV A S—ICEDET I7AILICA YV ARLAY Fan3
v —IREVSENRBRITY —LE LR U CBEICENET 20 BV /LD BE
B Y-S —KEEICEITBFa—RUTIL

v Find Bugs Quickly Using Sanitizers (intel.com)
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https://www.intel.com/content/www/us/en/developer/articles/technical/find-bugs-quickly-using-sanitizers-with-oneapi-compiler.html
https://www.intel.com/content/www/us/en/developer/articles/technical/find-bugs-quickly-using-sanitizers-with-oneapi-compiler.html

<sanitizer>
% —8BIE icx/icpx MH+EFHE

B -fsanitize MIEE
v BHERICY AT 71ILRIREDENBRZEBILHICT/I\VIEHRENS
v fll: PRLAY =915 —0BRE

> 1ifx -g -00 -fsanitize=address source.f90

%I!

<sanitizer> A

address XEU=T7 O XICHIFTZEEHNSBOEREOF AW

undefined REZENMEDORH

RAHMEAIELDOXEU—SBOEH
memory X ifx Tl -check uninit A 73> & EE

thread ALY RBIOT—S5a 0O
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26 !$OMP PARALLEL DO
—"’ oy ﬁ 27 do i=1, n
15“ OpenMP* ALY DT 9 28 x = h * (DBLE(i)-0.5d0)
29 sum = sum + f(x)
30 end do
31 !$OMP END PARALLEL DO

> ifx -fiopenmp -fsanitize=thread -g -02 *.f90

> ./a.out

WARNING: ThreadSanitizer: data race (pid=1185457)
Write of size 8 at 0x7fffa30eabe8 by thread T15:
#0 pi_calc_.DIR.OMP.PARALLEL.LOOP.232.split36 /home/xIsoftkk/work/pi_calc/pi-calc.f90:28:5 (a.out+0x4f039e) (Buildld:
a25fdbb986fd385726123d7a165267d46a0c4e57)
#1 _ kmp_invoke_microtask <null> (libiomp5.s0o+0x167d92) (Buildld: 0b92a2ad5b16d95f07791fdede39499bf1d23cea)

Previous write of size 8 at Ox7fffa30eabe8 by main thread:
#0 pi_calc_.DIR.OMP.PARALLEL.LOOP.232.split36 /home/xIsoftkk/work/pi_calc/pi-calc.f90:28:5 (a.out+0x4f039e) (Buildld:
a25fdbb986fd385726123d7a165267d46a0c4e57)
#1 _ kmp_invoke_microtask <null> (libiomp5.s0o+0x167d92) (Buildld: 0b92a2ad5b16d95f07791fdede39499bf1d23cea)
#2 pi_calc_.void /home/xlIsoftkk/work/pi_calc/main.fo0 (a.out+0x4eeeOc) (Buildld: a25fdbb986fd385726123d7a165267d46a0c4e57)
#3 MAIN___ /home/xlIsoftkk/work/pi_calc/main.f90:16:18 (a.out+0x4eeelc)
#4 main <null> (a.out+0x4346ac) (Buildld: a25fdbb986fd385726123d7a165267d46a0c4e57)

Location is stack of main thread.
Location is global '??" at 0x7fffa30cb000 ([stack]+0x1fbe8)

Thread T15 (tid=1185473, running) created by main thread at:
#0 pthread_create <null> (a.out+0x43c51f) (Buildld: a25fdbb986fd385726123d7a165267d46a0c4e57)
#1 _ kmp_create_worker <null> (libiomp5.s0+0x169587) (Buildld: 0b92a2ad5b16d95f07791fdede39499bf1d23cea)
#2 pi_calc_.void /home/xIsoftkk/work/pi_calc/main.fo0 (a.out+0x4eee0c) (Buildld: a25fdbb986fd385726123d7a165267d46a0c4e57)
#3 MAIN__ /home/xIsoftkk/work/pi_calc/main.f90:16:18 (a.out+0x4eee0c)
#4 main <null> (a.out+0x4346ac) (Buildld: a25fdbb986fd385726123d7a165267d46a0c4e57)

SUMMARY: ThreadSanitizer: data race /home/xIsoftkk/work/pi_calc/pi-calc.f90:28:5 in pi_calc .DIR.OMP.PARALLEL.LOOP.232.split36
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spir64: 64-bit Standard, Portable Intermediate Representation

OpenMP* MOFIA

B -gopenmp %35%E

B 5E: TARGET T«L U7« 71CLD GPU ANDOA T O— RHEE
v GPU DY IR—kIE1 5 )LE GPU ICHIFR
v -fopenmp-targets, /Qopenmp-targets

> ifx -fiopenmp -fopenmp-targets=spir64 source.f90

B SIMD 1L U574 70OBEIMEICIZE -fiopenmp BHLLIF
-gopenmp-simd Z185E
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LWL OAYINTS—ICB1T

m BITHIR
v Porting Guide for ifort Users to ifx (intel.com)
v Porting Guide for DPCPP or ICX (intel.com)

m ifx [Z/\wo—/)X\—2/a> 2023.0.0 MEEFIBALEEL
v 2022 DABI®D ifx [FN—SRRTY
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https://www.intel.com/content/www/us/en/developer/articles/guide/porting-guide-for-ifort-to-ifx.html
https://www.intel.com/content/www/us/en/developer/articles/guide/porting-guide-for-ifort-to-ifx.html
https://www.intel.com/content/www/us/en/developer/articles/guide/porting-guide-for-icc-users-to-dpcpp-or-icx.html
https://www.intel.com/content/www/us/en/developer/articles/guide/porting-guide-for-icc-users-to-dpcpp-or-icx.html

LWL OAYINTS—ICB1T

B ZNZN[WHLEIOYY RICEE
v icc = icx, icpc = icpx, ifort —» ifx
v’ mpiifort, mpiicc DS v/\—O > Rl&, mpiicx, mpiifx [CXT S

icc icx

icpc icpX

ifort ifx
mpiicc mpiicx
mpiicpc mpiicpx
mpiifort mpiifx
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LWL OAYINTS—ICB1T

B icx/icpx [V —RAT 71 IVOIRFICKDEMNEZZELEFEA
v C++ 771 (cpp) ZaV/I\1ILTBIEEIL icpx Z={FEH
B VFILEROYVH— 7 —N1/I\—IZHIR

v makefile &7 xild. xiar ZF|BLTL\B3IE&1E,
ld. lld % ar EDRAT4TU T H—Y—JLICTIDE X
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AVINAS—-ATarvoeverod

B OV/\1S5—AT3avnz<lx
FLWAVFILE OAVINAS—CHE| ShxEE
v —BTRLCIVIMMS— AT a3y ThHENE ORI RS

B OFE/NEEOIEETILIE Clang DT A RERRED
voicx: -fp-model=fast
v clang: -fp-model=precise
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AVINAS—-ATarvoeverod

B icx/icpx [& Clang OV /IN\AS— AT/ a2 %05

v Clang ICOVI\AS—A T av%#ETICIF -Xclang <Clang A7/ 3>>
LLVM ICUYA— ATV aV=ERTIHBE, -mllvm <AT2 32>

v B A4V OVIAS—HRELTLS Clang /\—Y3ViE
AVINAZ—=UU—=/—+ICEE#H

Intel® oneAPI DPC+/C+ Compiler Release Notes (intel.com)
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https://www.intel.com/content/www/us/en/developer/articles/release-notes/oneapi-dpcpp/2025.html
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(o] — : L

AVINAS—ATa>vox
= S -~ ~
RE{KATaY
B -x-ax A SV avnisEE#E

v TIAIREEZLOREIC LLVM 1ZEDREEE A F

v zmm LI XY —OFAIE5| E8E -qopt-zmm-usage=high ZEINTIEE
B -fast AT a>VOEEIXBLRIOA >V TILe OV INAS—EB1IGD

v fast FT7O00 S LAOETREZS|E EIFRHICEROA T a>vE=BIE
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HIRENIEaINAS—- AT

B HIFESNEOVINAS— AT aV%=ERTD

ifx: command line warning #10148: option '/Qparallel' not supported

icx: command line warning #10430: Unsupported command line options encountered
These options as listed are not supported.
For more information, use '-gnextgen-diag'.
option list:
-parallel

B -gnextgen-diag ICED HIfFSNEIVINNAS— ATV aVERR

> ifx -gnextgen-diag

options being removed:
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SEINIRIN (42 -

m BE)LFMEERE IO — Rpo)L— FIBENTRIC
OpenMP* EENDTILF AL v RMtENIzLIBICE R

B LWV /I\AS—TIFBEEMINLIEBEDHIFR SN
-parallel A 73>V I[P R—FENTLFEEA

v OpenMP* &xBAWTFHTTILF ALY MEh R E
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SEINIRIN (42 -

B siE{bLN—EhbBENIESbEREN BRI b NTz)L—T IR % FEES
v -qopt-report, -qopt-report-phase=par OEHEHE

> 1icc -parallel -qopt-report -qopt-report-phase=par source.f90

LOOP BEGIN at ./int_sin.c(25,3)
remark #17104: loop was not parallelized: existence of parallel dependence

LOOP BEGIN at ./int_sin.c(33,5)
remark #17109: LOOP WAS AUTO-PARALLELIZED

32 sum = INTEG_FUNC(interval_begin) * step / 2.0;
33 for (i = 1; 1 < N; i++)

34 3

35 x_1 = 1 * step;

36 sum += INTEG_FUNC(x_i) * step;
37 3%
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SEINIRIN (42 -

B BE)LS{bHEREDIEE LT OpenMP* IE R A& KRR
v -qopt-report=3 Ml _EH'wE

> ifort -parallel -qopt-report=5 -qopt-report-phase=par source.f90

LOOP BEGIN at ./int_sin.c(33,5)
remark #17109: LOOP WAS AUTO-PARALLELIZED
remark #17101: parallel loop shared={ .2 } private={ } firstprivate={ step i }
lastprivate={ } firstlastprivate={ } reduction={ sum }

B L/R—kIE -x.-march Z5CRE{COXEEZZITET

v S5t I<IBIEHIC—RFRIIC-no-vec IFEDEEL ZHNHI T D
AT 3aVEHATIELVDNDBINEEA
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OpenMP* A7</3>/

B OpenMP* IERBZIV/I\A1T—ICRREIBBICIE
-fiopenmp HLLIF -qopenmp #IEFE
v EEBBHEIEFDOHEEZBLEIT

B -fopenmp HERFELFEI N icx/icpx TIEZIEHELE
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icx/icpx ICHI1FBEMAT/arvE
“WXVt JOBESNITOEE

B icc/icpc Tl& warning,remark 2EOQIV /N1 Z—h\5
HASNBIEXYE—VEESHEITERR

v TNB0M warning, remark & -diag-type=diag-list 2T IC LD
FEMNATBETT D icx/icpx TIZFIATETEEA

> icc -diag-disable:161 sample.c

B icx/icpx Tld Clang " #RELTLS warning, remark @
RS KOHIEICZER

v' Clang FFa2 X~/ |: Diagnostic flags 88
Diagnostic flags in Clang (clang.llvm.org)
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https://clang.llvm.org/docs/DiagnosticsReference.html

T2509% 7107147 DYR—F

B —OERZHIBRLTED TS IT/T1LOT1 7 =B/ LEWIEENHDET

v Intel-Specific Pragma Reference (intel.com)

v' Compiler Directives (intel.com)

v icx/icpx ICHLVT-Wunknown-pragmas ICkD
NR—bENTULWEWTSTTYDERZES
NIEFTTAILETERD

> icx -Wunknown-pragmas vec_add.c

vec_add.c(89,9): warning: unknown pragma ignored [-Wunknown-pragmas]
#pragma parallel
AN

1 warning generated.
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ifx [l IFAREERA D
AVIN1S—ATavotzvk

> ifx -g -00 -warn all -check all -traceback -gno-openmp-simd

-standard-semantics -fp-model=precise source.f90

B SEbATVavoOEMbE

FINVTEOATYavEBn 2T A7vaY %
|| ~ /r — E}:M’E \ -00, /Od mE{LOERNE
2 \// \ 7T0) _GDJ‘—L -warn all OAVINTIVEEDOESZ2THD
y ~ E/ gﬂﬂ
RB(EA 7> 3V ICLBHE * -check all SUI1LFTvODRIML
lgjjjégld)tﬂ D \U-l_ g FINVTRYVRIVEIER TS
- - PAAY P h
BIMTY o :
-traceback ETRBIS—ORL—XN\voEHH

(-g BLLIF /debug:full ZEMLTLZELY)
-standard-semantics Fortran SEB{TERICER L IZEME

-gno-openmp-simd OpenMP* SIMD T« Lo 5« 7 DEINL
-fp-model=precise, BEICEEITDIRELDOINLE
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FEVM R REROBIRMN

/?ED/J\M, \/i%"latx_ﬂ,lﬂ_ ZZ&)é;ttGDlﬁﬁﬁ‘i%ldim%%a5’#?3‘
v BFESNBIEERREOBEIZITOT S LOEKICIGCTRE

B EEGEROBRMT "FTEEEOERE"F L — AT DR R
v BIZIFRBEERATZIET, VEECEREGIEEEREENTEILNBOET
ATV AV INAS—DFENNERBEEICH T BERO—ENE | iISUS

B ELREERREZHFIDIES . 71V7I)L° OAVIN15—TIZ
-fp-model A7/ 3 /IL_CJ:'O%MEI]L/EE'
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FEVMREROBIRM

B -fp-model=<type>

> ifx -03 -xhost -fp-model=precise source .f90 -o run.out

B -fp-model DIEEIFHFES TS UMD
BEICHEETZIAV )\ AS—ATYaVDEMFbHHETEESINET

B ifx DFIBICEVWTEROERNASKZENDGE B A—/\—J0O0—0
ROOZEEICHE>THLELTLBAEEENDDET

v -fstrict-overflow A>3 zH LSy
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-fp-model=<type>

B —ERE iR

=idqk type EHHH
RESR AN HERAL AT
TRABAY fast[=1|2] fast (fast=1) B FIL° AV /A S—ICHBFBF T AL

fast=2 NEESND &, TBICL\KDD\DIEINDE B % FF a]
precise BEERERICEELGVWRBICOH TR

consistent FMA #E31{b LEGR 7Ot vH—PEE{ELANILTH
—EBLEBEREOHERNEENZRBILOH I

SHATRAY

(B EE) strict value-safe ZRIELOHF AL SFENERFIND LYY T 10 =B
(] 1R
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YFILVTune™ 7O 715 —

B 1T I)ILEDODCPU.GPU, 7OtES L —5—LTEITIND
7D77A®H—J@1b&§}§§“é/ \TA—I VR TOT715—
v GUI BLLIZ CUIl hBFIE

e %

W ~ o
B CPU RERD/IN—RIIT7-NIOV5—h\5
SN Microarchitecture Exploration  wicwaronitecture exploration = @ [ INTEL VTUNE PROFILER
/ \ j’ 4 /\ / I\ % Anaiysis Conflguration  Collection Log Summary | Gottorm-sp | Exent Gount  Platiorm.
: ; ; ’\ L/ C VAR l crauping{ Funcion 7 Call Scac )[4 eroarentscturs sage: 6.3% . ot Piptine siots

Fonetion | Gall Stack 7 CPUTime Clackicks Instuctions Reticed | CPI Rste | Retiin
RUEnumerate GenericTablel| s 3,000,000 - :

7 — NiCreateThreadEx 0s ] 0 0.000 c
? D J — 7— —v I multply1 oo60oes QU 045575000000 S10.175000000 2871 1€
\ memast i . 2 L

KiRaiselig) 05 0 0000 c

XEY—1/0 BED/N—RITTIC

KeQuerylnteruptTimePreciy

E el KeClockInternuptNotify 0. 1305 247,000,000 5210 000
= =% KeAcguirespinLockRaksaTol a o
x =] a5 o o wartn | Tzaame 13w

€} Retiring: 16.3%  of Pipe
E Front-End Bound: 2.4%  of Pipe
HalsendSoftwarsinterrupt s 1 0 | Bad speculation: 00%  of Pipe
IR —— 0 _aom | EackEnd Bound: 81.4%R of Pipe

Thrasd (TID: 33060)

oPU Time

S e | [y evocsss v e oy Toves <] [y oduev] | [Userunctons = 3 v | [rancaons ooty v [Shom e funcze v




F1XHE

B 7)LTUXLDR
v RIVFALY EETOIER
v Ry R RRY SORE

B Y1oO7—F7O0Fv—XEU—NHAF
v 7005 LDOEREICRHERESRD
CPU ABBDEITIAS
v FvvyaZ AP EEEETRED
XEU—70tAEEDREE
B AT LEROFE

Huser  systen  ESynco... W Other a = - Call stacks o=
CPU Time v

165% (5.9795 07 36,1555 >
i | pag

- P
e freaere
et U
Interpreter GCTaskThread un
Ca Inierpreter thread_native_eniry .
Co compie- Interpreter P org... stan_mreas e
[Skipped stack rame(s)] cang.
5
(CPU Time: 11.046s of 36 153s (30.6%
RALTA>
T : ‘ : . . ‘
Qe Q-CQw 700ms _ 42750ms _ 42800ms _ 42850ms _ 42000ms _ 42950ms _ 43000m P Frame
T00ms _42750me _ 42200ms  42850ms __22000ms _ 42950m: _ 43000
Frame Rate
Frame Rate

[wWinMainCRTStartup..,

_endthreadex (TID: 91...

Thread

_endthreadex (TID: 91...

_endthreadex (TID: 91...

CBatchFilterl:LHBatc... | |4

CPU Usage

Thread Concurrency

ik Frame Rate
Thread v

[#] B Running

[#] 3 Waits

duk CPU Time

ik Spin and Overhead...
] CPU Sample

7 Tasks

Transitions

package_0

@ package_ 0

package 0

CPUTime MCDRAM Ba... DRAM Band..

XEV=7U€X

" 15 2 3 45 S5 65 75 8 95 s 1s 12 135 s 155 l6s 1s DRAM
86.2] : - Tl - - : =
69.0 %
51.7:
345] ]
2 [ mcort
385] ik
308
31
154] N
77 CPUTir
< ks P
25600%
19200% |
12800% |
6400%
»
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IH—=T1x—2R

B CUIIRIBDOFIA

> vtune -collect hotspots -- ./sample.out

> vtune-gui

B GUI IRIEDFA

> vtune -report hotspots -r r000hs

ProjectNa... + 0 & | Woelcome

Hotspots
Analysia Confi

» W aboidBuffers
~ I matrix

rooohs
+ I matrix muttil... Elapsed|
» msampie (matri GPU Tim

+ mtest

funcéoxid
0001550

func@oxtal

ProjectNa... + [

» W aboidBuffers
~ W matrix

» I matrix muttipl...
» W sample (matr,
» mtest

Wolcome - [Configure Analysie

Configure Analysis

B | ocal Host -

& Launch Application ~
Specity and configure your analysis target: an
application or a script to execute. Follow Prepare
Application for. Analysis to compile your app for best
Brodustny

applisation:

CiwerkiFortranimatriximain.exe ole

Application parameters.

¥ Use appiication directory as working directary

Advanced >

INTEL VTUNE PROFILER

& Hotspots ~ +

Identify the most time consuming functions and drill
to see time spent on each ine of source

Facus optimization efiorts on hot code for the

greatest performance impact. Le re

* User-Mode Sampling © Ouerheadt

Hardware Evert-Based
Sampiing @

v Show additional performance insights

Dotails >

Targ:
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Yo 7UV0 E—F

B NETDERICHHOETCEGD Y Y TV TR ZERALEXT
B O—Y—-E-RYUTUVT
v User-Mode Sampling and Tracing Collection

B ANIR—RAYGTUT

v' Hardware Event-based Sampling Collection

v Y2 JUVT BS54/ =& CPU RERD PMU h\oigtend
IN—=FDx7 ARV EZIRELET
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HEEXOD—o70—

4T )L VTune™ 707 715 —DiELE)

BRAT DR E

O—AILHBLLIFY =Ty b TTF—Y U REDRR
BEROKRR/ DM

LOCAL COLLECTION

(Windows | Linux)

Target Application
on Host System

HOSTSYSTEM HOSTSYSTEM

(Windows | Linux) (Windows | Linux)
Start Configure and Run Analyze Profiled
Intel VTune Profiler Analysis Data
*Use GUI

*From Command Line
* Within Microsoft Visual Studio™
Target Application

REMOTE on Remote System

COLLECTION

(Windows | Linux | Android | FreeBSD | QNX)

H B: Get Started with Intel® VTune™ Profiler (intel.com)
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https://www.intel.com/content/www/us/en/docs/vtune-profiler/get-started-guide/2025-0/overview.html
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https://www.intel.com/content/www/us/en/docs/vtune-profiler/get-started-guide/2025-0/overview.html
https://www.intel.com/content/www/us/en/docs/vtune-profiler/get-started-guide/2025-0/overview.html

F—SREETSERITVK

B BT/ RunCommand Line Analysis (intel.com)

> vtune -collect <analysis_type> [-target-system=<system>] [--] <target>

v' hotspots 51 T & E1T

>vtune -collect hotspots -- test.out D e SR e e,

Inte* VTune™ Profiler wtune [Factians | [-act ion-option] | [-globm -optim [ [[--] <target> [rarget-optionsd]]

gt
eellect Run anatysis of certan type -target-systenssstrs  collection, use Speciy directoryi-es) for new
perfarmance-snapshot sshiusergtarget for SSH ~search- binary and symbol search, use
purtern o S e BTas] muiple tmes f hecessary.
. _ start-pause: tater Specty directoryles)for new
= | — anomaly-detection perspmpeo—"r ~Saurca-search-ir—(stes  source fies search, use mutple
=L v o nonecatrs Appl Rocks i - s e ety
= nemory-consumption
N A (- P B mocwomanms | Howewwe

nenory-sccess collect with Run eustom eollection with collector R, -resert Generate CL report of type

N ~ N threading rusa Hardware event-based sampling affinity ‘Theead binding (@ sockets, cores
\ N - I hpe-per Fornance User-inde ssmplin callutacks <PUpwat sme o callsaces
k— / \ o ActionOptians! gorof-ce CPUwait tme in garof format

R — ot e hotspots Detuted view by grovag
—— ety ——
tpu-natspota Soe Tvatab o for e e colletar 5

fpga-intaraction vtune -help collect-with runsa o
g " R weune ~collect-with runsa —knch cvent-canfige? <targets e P

o

Tun Fotspats analyss on appiication o 3
. . vtune -collect hotspots /app —conuand \ssue command t umning oollection “r, -result-gir=qstrs  Selectresultia shaw repor for
Action Optians:
vtune-profiler-cheat-sheet.pdf (intel.com - i
- - *, result girecstrs  Specty result direciary path ) Sex avaiable groupings for eport of ype hotspots
. speaty rosme Resuma cliection Viune -R hotspots -r ra@ohs -grovp-by=r LI
e tobyPID stop Stop collection Cimftecints Show Umited mumber of fems in
cutput
e
Corget process-éstrs  SPEOTY3MUNNING processto atach seatus i eurent stanus e ortomaecatrs | Somdslainsscencing ordecfor i
8 by pracess name nark Ptaca rference tmestamp i dta d e colums
AR eoregescoceps S0Pt N descending order for
r:u,:“tﬁ . perform Action Options: sart-gesc=<ser> Tl
deferradinne aftercollecion, defaultis fast S esategtrcars S iein w s corenand
. oy proviing el drectory
‘Sprcty tme seconds) to delay
ar= . o o0 ) viune -help Prn CU hele
pony veune —comman resume -r rgghs e e s

viune “hetp <actions
‘Speaity directory-ies] for binary 4 . action-options
it sy s e e ; ot i o anabs typm
i e ncessary I, Finalize e fiicean g esut viune ~help aollect ol 5 L e epeic

‘Specy directoryiies] for source “ActionOptions: - modihers)
coree s divecstes e D
Rl e PEr— " Viune -help collect threading
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SIEVVEBEBFRICHHOET
@i 51 7 72&R

v :

@ Performance Snapshot ~
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Hotspots Anomaly Memory
Detection Consumption
(preview)
= i
Threading HPC
Performance

Characterization

2

GPU Offload GPU CPU/FPGA
Compute/Media Interaction
Hotspots

(preview)

Microarchitecture Memory
Exploration Access

u

Input and
Output

v
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Bt 51 761

B BRI CITOURNEINILTDNSSHRATEE

> vtune --help collect

iR S17 EICIRET 154
hotspots =7LITOTS LOMER LI CPU RER
P (EA—/\— A REEM A
threadin RIVFALY RMbanizZ7o00 5 Ao
i OpenMP* TH ISV BRI L CB7E 3 RE R B T4

FrvYaAREIOXEY—FEHBEFARE LD
UE—FXEU—TOCRADIEE

uarch-exploration TMA ZRICLERAMOO7 —F T O0Fv—EROMEEE

CPU ERZE NI ILVEE/FPU FHE XEY—SIgEFBEERD
3 DOBANSRIEEARE

memory-access

hpc-performance
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Fra~N > ROEFSHEH

B AR RR=ZAYTUTD hotspots BHTY 1 T=ET +
O—)LAIYODUEEINE LIRDIEE + EET AL O RUDIERE

> vtune -collect hotspots -knob sampling-mode=hw ¥

-knob enable-stack-collection=true -knob stack-size=4096 ¥
--app-working-dir=/working_dir/path -- run.out <input_file>

B Threading BT 5 1 7%#ETLTER%E /result/path L TICRTE

> vtune -collect threading -result-dir=/result/path/r@GG3at? ¥
-- ./run.out <input_file>

B MPIS>490~3 #IRIC hpc-performance i 51 % E1T,
FER% hpc_result ITIRTF

> mpirun -np 8 -gtool "vtune -collect hpc-performance ¥
-result-dir hpc_result:0-3" run.out <input_file>
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i S

B EITAERIE rO00hs, rO01hs -+ &L\ IEEEDT 1 LI LUEIER
v -result-dir [CEDEED/I\X BRIICEEREE

B BRITORTRICEROMEZHNLET,
CUIl h\oeFfiZE R BICIE -report A< > R (FEH

C:\Users\takeda\Documents\VTune\Samples\matrix>vtune -report hotspots -r r000hs
vtune: Using result path ‘C:\Users\takeda\Documents\VTune\Samples\matrix\r@@@hs'
vtune: Executing actions 75 % Generating a report Function

192.591s 192.591s
NtCreateSection 0.305s 0.305s
func@ex71099770 0.217s 0.217s
init_arr 0.092s 0.092s
WaitForMultipleObjects 0.026s Os
free_base 0.012s 0.012s
vtune: Executing actions 100 % done
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Microarchitecture Exploration Microarchitecture Exploration -~ @ 4

G =
F % t U I %;* Analysis Configuration Collection Log Summary Bottom-up Event Count Platform

Hotspots @ 1
Analysis Configuration Collection Log Summary Bottom-up Caller/Callee Top-down Tree Flame Graph Platform

B ERIFER-VEICEGDIHR RN O ERZRE

B EoNDERIFIBITYAITOEELEATYIaVITKEFELERT

v JL—LTST7%RRLEWVES.
d— LA YVODUNEH NE

(S [HTEL IR EBRIFLER
Acndyun Gonlguialon Golkecton Leg Sunmuy Bolbeneup CadeeGoles Topedosn Tiee P Ciogh Matioom

I e I s W W oovern WU 2] - Fal Bk D E

CRU T
s (RO of 1) B

wharkLd | kTR R Sean wndng
L L= P N
B0 e a T

. mr s AP RNE s

st | (B Stiack 1ACa s ema

Hotepots ® B WTEL VIO FROLER

Elapacd Time : 20,0008

B
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Hotspots fZfr#& 51

B Summary 57
v Elapsed Time: #2i@FRT (ERFRE) :

Elapsed Time : 19.140s

v" CPU Time: CPU @é%T*%E’]H%FEﬁ CPU Time ' 17.768s

Paused Times Oz

. Elapsed Time: 5 # >

L BB Ay e
Thiz section lists the most active functions in vour application. Optimizing these hotspot

functions typically results in improving owerall application performance.

initialize 20 buffer find_hotspotsz.exe S921s
’ _ 3 %9\/17'(37‘ 2 *@‘ zrid intersect find_hotzpots exe 3751
zphere intersect find_hotzpots exe 1522z
Dizpatchiessazed USER3Z I 05288
0.1 #y/ 49%#
’ I $/ 17'(& ij GdipDrawlnazePointRect] gdiplus dll Q0A2%s

— CPUTime: 9.1 % e 145 [\ T8 CPU %
47177 CPU TO—Hl ELTWS DRz X~

83/103



Hotspots fZfr#& 51

B Bottom-up (BAR/IEECEMRR) Y7

Grouping: | Function / Call Stack
CPU Timew
Function / Call Stack Effective Time by LKilization Spin | Owe... Module
@idle @ Poor [0k @ Ideal (@ Over Time | Time

initialize_2D_buffer

Os| find_hotspots.exe

H grid_intersect 3.?515_ 03 Os| find_hotspots.exe
+ sphere_intersect 1.9225- 03 Os| find_hotspots.exe
+ DispatchMessageh ] USERI2.dII
+ GdipDrawlmagePointRect! 0.422s [0 Os Os| gdiplus.dll

:E{::ifund a—t—2O4 5 L (find_hotspots.exe) RDEEL
£ shader Initialize_2D_buffer h*Z<MDCPU B & &

H libm_sse?_sqrt_precise ucrtbasze.dll

S

L. @ [

L]

Function (Full} Source File

initialize_2D_buffer{unsigne... | find_hotspots.cpp

grid_intersect grid.cpp
sphere_intersect sphere.cpp
DispatchMessaged
GdipDrawlmagePointRectl
grid_kounds_intersect grid.cpp
Raypnt(struct ray *,double) | vector.cpp
shader{struct ray *) shade.cpp
libm_ssel_sqrt_precise
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Hotspots fZfr#& 51

is Target Analysis Type g | | B Summary o Caller/Callee| | o% own Tree| | B Platform find_hots... ¥
Assembly <3| &3 | %] O | Assembly grouping: | Address w |CPU Time v|
CPU Time: Total ~ Viewing ¢ 1of 1 | selected stackis)
So.
i Source Effective Time by Utilization 100 0% (9.921s of 9.921s)
@idle @Poor Ok @ Ideal @ COver firnd_hotspots exelinitialize 20 buffer — fi--
find_hotzpots exelrender one pixel+Oxdf -
83 T find_hotzpots exeldraw trace+0xcd — find:-
84 /# Firat (3lower) method of £illing array find'thSthS'exe:tihread tracet0xds = fi
85 // Rrray is NOT filled in consecutive memory address order f!nd_hotspots.exe;t—race ShrrI1+0x63 - trace
86 ."f***********************************f{ f|nd_thSDDtS.eXe.t—LraCe e IDn+OX88 - tr."
- : : : : : find_hotzpots exelrendersceneteds — po-
87 for (int i = 0; i < mem array i max; i++) l )
s = == find_hotepots exelrt renderscene+lx ]G -
{ - - - - - find_hotzpotz exeltachyon video:on proc--
89 .-jr.-" 1'1-:'5' to :.'le_eat.har:iware prefetching by varying the stride find_hotspots sxelthread vidso0xE — winw
%0 int J(0), iteration _count(0): | KERMEL32 DLL! Ease Threadlnit Thurk-+0x -+
g1 do { ntdll ditunc@0xabSe05da+ixze - [unkna
mem _array [j*mem array i max+i] = *fill value + 2; 22,07 ritdlll AMUNCB0xAb2e 0508+ 0x 12 — [urknge
f{ Code to give the array accesses a non-uniform stride to defeat :
if ((iteration count % 3] == 0) j=j+3; 231% =
a5 else j=iteration_count; ]
95 iteration count++;
T 3K e &5% I
Initialize_2D_buffer BA%I& 7005 LD
TR TS 45% RD%E &
1T CTAET 45% RDZHHTUVET
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tips: Grouping DINE X

B Grouping I3RRIDHREERONIGZAL Y R,
Eﬁ@/}b—j’ﬂi TOERBREICIDER
v FIAINTEIFS A I LTE Grouping hYh&EIR

Thread/Function/Call Stack
ALYRZCEDEBDIRITIRR

Module/Function/Call Stack
=L (ETI771I.F1T3)-)
CEDBBDOEITIRR

alysis Configuration  Collection Log  Summary Bottom-up  Caller/Callee  Top-down Tree  Platfol

uping: Process / Function / Thread / Call Stack

Function / Call Stack
Source Function / Function / Call Stack
Proces Function / Thread / H/W Context / Call Stack
Function / Package / H/W Context / Thread / Call Stack
Package / H/W Context / Function / Call Stack
d_hol Core / H/W Context / Function / Call Stack
rende Module / Function / Call Stack
Module / Basic Block / Call Stack
9rid_il Module / Code Location / Call Stack
spher Module / Function / Function Range / Call Stack
Thread / Function / Call Stack
$had€ Core / Thread / Function / Call Stack
QLG Process / Function / Thread / Call Stack
Process / Module / Function / Thread / Call Stack
Process / Module / Thread / Function / Call Stack
libm_| Process / Thread / Module / Function / Call Stack
tri_int Class / Function / Call Stack
Source File / Class / Function / Call Stack
POS2C Frame Domain / Frame / Function / Call Stack
Rayp._Frame Domain / Frame Duration Type / Function / Call Stack

inters|

£one AN AN QAN al 2 00 OND 13 nos 28 293 nf

Grouping:{ Thread / Function / Call Stack

Grouping: Madule /# Function / Call Stack

Thread / Function / Call Stack

WinMainCRTStartup (TID: 14440)

TBB Worker Thread (TID: 15224)
grid_intersect
sphere_intersect
RilEnterCriticalSection
[TBB parallel_for on class draw_task]
sgrt
shader
TBB Worker Thread (TID: 10060}
threadstartex (TID: 8060)
TBB Worker Thread (TID: 15252)

Module / Function / Call Stack

Effective Time
Ide @Poor 0O

sphere_intersect 24.1%
grid_intersect 24 1%

arid_intersect 17.6%

[TBB parallel_for on clas| 0.0%

pos2grid 0.9%

tri_intersect

shader

VNorm

light_intersect

USER32.dll
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tips: 715UV

B ATIION A LSAVETINT IV TTHIET,
FEDBHRIEITRT

Rs 084 T.083s [Duranion: U.26TS[ [ 1 45 1 Bs 1 Bs

Grouping:| Function / Call Stack
Function 7 Call Stack CPU Tims

FiMPnnmmp -VW..So-u‘me"'_
matmul$ompSpar
pi_calcSompSpar
_kmp_hyper_bar
_kmp_hyper_bar

Frome AANwAd ANA A3

Zoom In on Selection

Filtergt by Selection

Select All Ctrl+A

Collapse All
D« Expand Selected Rows

Zoom In and Filter In by Selection

Dismiss Menu

S OMP MasterT|  Copy Rows to Clipboard Ctrl+C
2 -
i OMP Warker T Copy Cell to Clipboard

Export to C5V..

OMP Worker T

OMP Worker T Fijser Out by Selﬁgun

OMP Worker Thread #1 (TID...




tips: 7rJ)LAUC

\}

B Y1LSM7E BY/IEEOYRNIZEELTT(ILY—NET

Function / Call Stack
FindPrimes$omp$parallel_for@1 9.748s

Ll
W

O: &
OMP Worker Thread #2 (TID...
OMP Master Thread #0 (TID....
OMP Worker Thread #5 (TID..
OMP Worker Thread #7 (TID ..
OMP Worker Thread #3 (TID...
OMP Worker Thread #9 (TID...
OMP Worker Thread #1 (TID..
CPU Time

Thread

FILTER &  42.8%

CPU Time ¥ 2| Instructions Retired

CPI Rate

Gmup\ng:| Function / Call Stack

Function / Call Stack CPU Time ¥ » ‘ Instructions Retired CPl Rate | CPU Fregfiency
matmul$ompS$parallel@26 2 153s D 5.593,000,000 1533
< FindPrimes3omp$parallel_for@1 1.536s [IEEGEGD 3,066,000,000 2.014
Os _kmp_hyper_barrier_release | 0.334s @ 441,000,000 2.937
L _kmp_hyper_barrier_gather 0.090s | 63,000,000 5.389
| func@Ox1401a8889 0.067s | 59.500,000 4.941
NiDelayExecution 0.041s | 63,000,000 2722
funcmnvi AnNad4en [ Wak T=1 he ke I aTaTaWalalsl 1 ANn
| rd b =
| D: a4 0s 0.5s 1s 1.|55 2‘3 =
B nnn e n s T innnnnn o flon,
Yo
| | OMP Master Thread #0 (TD... Bl )
£|  OMP Warker Thread #2 (TID. _
| OMP Worker Thread #3 (TID.
e
| OMP Worker Thread #3 (TID vlld
-
| |Any Proce V| | Ary Thread I i Fiigy i T L8] I i Fogra i T |Userz"syste FILTER 19.3% | |A”V Proce "| |A”V Thread "| |A”V Modu "| |A”V Y V‘ | |US'3""{SyStE 1
11~ W
TV T DfRRR
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tips: 715 —Y—=I)L/\—

X zbelCRRTEHR=Z 5 —
B L\<DHDE ICRRIE 1)
Process Thread |a'3-ny Thread Vl Module |.ﬁ.ny Module V| |."-‘~ny Utilization V| | |Userfsystem functions V| |Sh|:|w inline functions V| |Functi0ns arly V|

Ot R4 ALyrES TPa—)L% B )L — LR
(*.exe *.out. *.dIl\ *.a)

Grouping:| Function / Call Stack v|[%][2][2]
Function / Call Stack CPU Time ¥ #' | Instructions Retired CPI Rate CPU Frequency Ratio Maodule 2
[Loop at line 573 in grid_intersect] 1.359s (D 6,877,500,000 1.147 analyze_locks.exe
[Loop at line 551 in grid_intersect] 0.149s 1.039,500,000 1.101 analyze_locks exe
[Loop at line 554 in grid_intersect] 0077s | 367,500,000 1.026 analyze_locks.exe
[Loop at line 61 in _TBB_machine_pause] 0.074s | 7 0 1.149  tbb.dll
[Loop at line 592 in grid_intersect] 0.059s | 346,500,000 1.407 analyze_locks.exe E!ai&% T‘;;‘;(
[Loop@0x180018390 in func@0x180018310] 0.043s | 10 00 [ 1.140 nidll.dll L —
[Loop at line 103 in shader] 0.025s | 108,500,000 1.194 1.480 analyze_locks.exe }L_jmiEETM—C\?EI—_R
[Loop@0x180004¢00 in func@0x180004bf0] 0.024s | 182,000,000 0.538 1.167 | gdiplus.dll
[Loop@0x18001c030 in func@0x18001c010] 0.018s | 346,500,000 0.212 1.167  gdiplus.dll
[Loop@0x110174500 in memcpyl 0.013s | 14.000.000 4.000 1.231 ' msvert.dll <
£ >
FILTER 100.0% % | |Any Process V| |Any Thread V| |Any hoduls V| |Any Utilizz V| | |Usen"system func V| |Show inline fur V| |Loops only V|
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tips: view OIIDE X

B View IR EDMREBEHREREEL LIERRICTINDEX
v BT TICE>TERRAEER View OFELEIZE

Threading | Locks and Waits ~ | @

sis Configuration  Collection Log  Summary  Bottom-up

ng: Sync Object / Function / Call Stack

¢ Object / Function / Call Stack

ual Reset Event 0x65b2850e
Reset Event Oxedf6a37b
Reset Event 0x22e699b6

P

kal Section 0xd0634ccd

iple Objects

Wait Time by Thread Concurrency ¥
idle @Poor § Ok @Iideal @ Over

cal Section 0x3870dac2 88.600s

42.796s (D |
33.482s (D
30.362s (D
10.324s @D

0.562s |

0.330s

Caller/Callee  Top-down Tree

Wait Count

508 |
1
1,326
4
1,134
15
333

Platform
K| DO

Spin Time )

2.401s

Os
0.025s
0.008s
1.997s
0.075s

ad 0x5c96b238
ad Oxcabb3573
lam ..\dat\balls.da
[d/Write Lock 0x74

cIERERHR

F/OyvIERZEOOVIA TS
HAEXL

TIhE

plenon Port 0x57b34ff1

0.000s

> <

Os

NS

rhreading] Threading Efficiency ~ | @

sis Configuration

Ng: Function / Call Stack

nction / Call Stack

Collection Log Summary = Bottom-up

Effective Time by Utilization

Idle @ Poor

Ok B Ideal

# Over

Caller/Callee  Top-down Tree  Platform
K| O] %
CPU Time #~
Spin Time
Imbalance or Serial Spinning Lock Con!

16,6855 0s

re_intersect 8.845s DD Os

hterCriticalSection Os Os

o] Os Os

nternal::governor::init Os

teWindowExA . N _ R

miees| 2 Lo R OB VRS A% BT T MEBEIB R

WaitForMultiple

hToThread 0.0089s Os

Scheduler Internals)] Os 0.231s v

>« : >
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tips: 51T LT12

CPU Time (X): CPU |32 —H—O—RDETICEIN

Spin and Overhead Time (¥&): CPU (&[EIHA AL vk APl HIDOMIBICE I N T
Wait Time (B): AL YRIEFFEL TLVS (CPU A LIEEZ1ToTLVRW)
D: <+ US. . . 2.5 _ 4.8 ___ E.S ______ B.S IIIII Ruler Area:
B ¥ omp-primes._exe =Region Instance
k= [ ='OpenMP Barrier-
= OMP Worker Thread #3 (T... to-Barrier Segment
g OMP Worker Thread #2 (T_.. Frocess / Thread »
DE_ OMP Worker Thread #1 (T... | [ERunning
OMP Master Thread #0 (T... [I8 [Waits
— waCPU Time
CPU Usage #a3pin and Overhead ..

[] = CPU Sample
Transitions

CPU Usage

CPU Usage CPU 1§FH$\ Haij('fl_ﬁ‘?;t 1000/0 * Z[/‘yl\\‘iﬂz Shaow inIirV| |Function:v
Thread Concurrency: BRI CEIEL 1= XL wREk

Thread Concurrency

W
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PIRICHT=>T

B BT TBICINET ST —FIIEGD
vV WOWEY1 T2 ETLTHEERRZEFIDIVENDDINBLNEFEA

B /\TA—T VAN ELOTLVEBEBRZENRLUNET S726HIC
Performance Snapshot #1751 7z FBH<EE0)

B MPI JOJSALICHEITDS YV IBBIEICEZELRIEREBHROUINEICE
Application Performance Snapshot (aps)ZFI <&
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£%: Application Performance Snapshot

B MPI O3 ALICHIFTBRDEEREEEERZEEITDV—IL

B V5 )L°VTune™ 707715 —I&, ALY R XEU RTRIUEFD
SNERICEET SIEIEER LT/ — FADMERERITICERITTVERT

B Y —O—RLANJIVICTHSHICIE Linaro MAP ZFIIBLfZ&0
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&2 Application Performance Snapshot

Application Performance Snapshot User Guide for Linux* OS

Elapsed Tima 1PC Rate SPGALOPS  DPGFLOPS

Average CPU Fregquency

WP msslance
Resident
TOP 5 MP! Functians

Resident per Node

Par Noda

application might underutilize the available logical CPU

because of insufficient parallel werk, blocking on synchrenization, ar too much 10, Perform
el profiling with tools Fee filer to discover why the

P Time
OpentP Imbalance:

Physical Care Utilzation

| Function summary for all ranks

| Function Time(sec) Time(%) Idle(sec) Idle(%) Volume(MB) Volume(%) calls
MPI_Barrier 92.40 36.20 91.79 35.96 0.00 0.00 7788
MPI_Waitall 91.70 35.93 12.53 4.91 0.00 0.00 11733612
MPI_Init 37.57 14.72 0.00 0.00 0.00 0.00 44
MPI_Isend 15.97 6.26 0.00 0.00 50469.13 97.36 18400506
MPI_Finalize 10.92 4.28 0.00 0.00 0.00 0.00 44
MPI_Irecv 6.57 2.58 0.00 0.00 0.00 0.00 18400506

| [filtered out 7 lines]
| TOTAL 255.24 100.00 104.39 40.90 51837.71 100.00 48543557

Awerage Physical Core Utiizstion Cache stalls
DRAM Stalls

fuverage DRAM Banchwidth

| Data Transfers per Rank-to-Rank Communication

0003 14.30 10.21 8835.73 7.33 370654
0002 14.15 10.10 8835.73 7.33 370622
0003 14.04 10.02 8142.73 6.75 336057
0003 14.02 10.01 7449.73 6.18 301492
0002 13.92 9.93 8142.73 6.75 336057
0002 13.89 9.91 7449.73 6.18 301524
0000 11.61 8.29 19577.18 16.24 847663
0001 11.39 8.13 17498.20 14.51 809130
0001 8.41 6.00 8835.72 7.33 370622
0001 8.14 5.81 7449.73 6.18 301492
0000 8.13 5.80 9528.71 7.90 337679
0000 8.10 5.78 8835.72 7.33 303114

|

| TOTAL 140.11 100.00 120581.65 100.00 4986106

| AVG 11.68 8.33 10048.47 8.33 415508
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https://www.intel.com/content/www/us/en/docs/vtune-profiler/user-guide-application-snapshot-linux/2025-0/data-transfers-per-rank.html

Performance Snapshot E{f 51~

B EA—/\A\Y D,

Welcome rooops rooips
Performance Snapshot @ @

Analysis Configuration  Collection Log ~ Summary

Choose your next analysis type

Select a highlighted recommendation based on your performance snapshot.

Elapsed Time : 61.450s

PC: o.980r
SP GFLOPS : 0.000
RN RITH ROARCHITECTURE DP GFLOPS : 15.357
/J \ ~ o = %87 GFLOPS ©0.000
\ — » = = Average CPU Frequency *: 3.6 GHz
/ Hotspots  Anomaly Memory Microarchitecture Memory
Deteetion  Consumption Exploration Access
(preview) 36.5%

IEREDBEZER R

INTELVTUNE PROFILER

Logical Core Utilization : 0.5% (1.283 out of 256) &

= I Microarchitecture Usage : 17.8% ® of Pipeline Slots
o / Threading HPC Input and
~ - gEB 0.5% Performance Output Bottlenecks View (preview)
— (= o — Characterization Mispredictions 25%  of Pipsiine Siots
a2/ = Big Code 4.7% of Pipeline Slots
N Instruction Fetch Bandwidth 1.2%  of Pipaiine Siots
> ~ ACCE R p RM ANA Cache Memory Bandwidth of Pipeline Slots
P B9 o L e Memory Data TLBs of Pipeline Slots
GPU Offlead GPU CPU/FPGA System GPU Memory Synchrorization of Pipeiine Siots
Compute/Madia Intaraction Ovarview Rendering Commute Bound Catimation Pl Siote
—1 — Hotspots. {preview) Lis peline =
= ~EFE — (previow) Irregular Overhead eline Slots
. = = — Other Bottlenecks of Pipeline Slots
AT/ o - (- Branching Overhed ipeine Sits
Useful Work: of Pipeline Slots

DTS 1 TZiER

Collection and Platform Info

This sectien provides informaticn about this collection, including result set size and collection platform data.

Command Line.

Operating System:

-Gt a.out

6.2.0-060200-generic DISTRIB ID=Ubuntu DISTRIB RELEASE=22.04
DISTRIB CODENAME=jammy DISTRIB DESCRIPTION="Ubuntu 22,04.4 LTS"

Top-dewn Microarchitecture Analysis (TMA)
Retiring
Front-End Bound
Bad Speculation
Back-End Bound

Memary Bound

Computer Name: depot

Aesult Size: 20.9 MB L1 Bound 35%  of Clocklicks

Collection start time: 07:37:38 16/10/2024 UTC L2 Bound 0.4% of Clockticks
07:38:39 16/10/2024 UTC L3 Bound 26.8% * of Clockticks

Collection stop time:
Gontested Accesses
Collector Type:

Data Sharing

Event-based counting driver

Finalization mode: Fast. If the number of collected samples exceeds the threshold, this mode limits the number of processed samples

to speed up post-processing.

cPU
Name:
Frequency:
Logical GPU Count:
Max DRAM Single-Package Bandwidth
LLC size:
Cache Allecation Technology
Level 2 capability: available
Level 3 capability: avallable

Intel(R) Xeon(R) Processor code named Emeraldrapids
1.8 GHz
256

:158.0 GB/s

335.5 MB

L3 Latency
sQ Full
DRAM Bound
Memory Bandwidth
Memory Latency
Local Memory
Remote Memory
Remote Cache
Stere Bound
Gore Bound

06%  of Cleckiicks
35.7%% of Pipeline Slots
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\ I A=YV ANDEE

B/ \TJA—TVRACEENHDZESTIEEZ/I\T1TST
v H=VILEHHEBREXRIUYOIOZERS LU B EE IR AE

Elapsed Time :71.187s

CPU Time ©: 70.780s
Memeory Bound @; 41{,00 K of Pipeline Slots
L1 Bound mi
L2 Bound @; | Memory Bound, % of Pipeline Slots
L3 Bound @: 2 49.0%
DRAM Bound @; C—————— ]

i i
Store Bound @: |

NUMA: % of Remote Accesses
UPI Utilization Bound

This metric shows how memory subsystem issues affect the
performance. Memory Bound measures a fraction of slots

Loads: 80,636,419 where pipeline could be stalled due to demand load or store
Stores: 35,119,053 Instructions. This accounts mainly for incomplete in-flight

. : iy . memory demand Iloads that coincide with execution
LLC Miss Count : 786,33

starvation in addition to less common cases where stores
Average Latency (cycles) ©: could imply back-pressure on the pipeline.

Total Thread Count: ® The metric value is high. This may indicate that a

Paused Time ©: significant fraction of execution pipeline slots could be
stalled due to demand memory load and stores. Explore
the metric breakdown by memory hierarchy, memory

Platform Diagram bandwidth information, and correlation by memory objects.
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Threading S#th 517

B TILFRLY RN

= E ThEE A ZH i i
nfﬁ&nfi@;d]%%nmﬁ OpenMP Region CPU Usage Histogram
Thiz histogram displavs a percentaze of the wall time the specific number of CPUz were running zimultaneously it

an OpentdP region. Spin and Overhead time adds to the Hle CPU usaze value. OpenbdP regions in the drop—down list

- ﬁ I': O pe n M P* 0)*” Fﬁ IL—-D Ll \t are sorted by Potential Gain (Elapsed Time) =0 it is recommended to start exploration from the top.
N, —
EELEBEHRZERT OperhP Region: | maindompiparalielzaBunknomn 24,54 ] v

Elapsed Time : 0.729s 1 L

= m
CPU Time 12.750s = £ N —_ /

Wait Time *: 2.673s 160ms: E > OpenMP T-LE\iEYb <‘:0)II2§'J |‘$
Total Thread Count: 24 ﬂ =
o
Pauzed Time [0 uﬁ
100mz - T
L=n

OpenMP Analysis. Collection Time —; 0.729
Serial Tine (outside any parallel region) 0075z (10.2%) Bllmz
Parallel Region Time : 0.654s (89.7%)

Estimated [deal Time 0.250s (34.3%)

OpertP Potential Gain 0.404s (55.4%) Nz -
1] L] 10
Id=al

Simultaneouszly Utilized Logical GPUs
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Threading Ry 17

B OpenMP* @IFICHIFDEBAERNGF/INTA—T YV ANDFEZR R
v Bl O—RAVYNSVR ALY RERICEBA—IN—AY R,
AT a—-Uvg FEs/Ovo
v BRELIYTIL AVIMS—aV L TO5 S LICEIR

Grouping % [OpenMP* Region > Function > Call Stack] R |5 E

Grouping: OpenMP Region / Function / Call Stack
OpenMP Potential Gain ¥
Elapsed Time Number of OpenMP threads Instance Count

Scheduling Reduction Atomics 1

8.914s 0s 0s 0s 0s 0s __18.873s 64 1 637.1!
matmul$omp$parallel:64@/home/xIsoftkk/workspaces/takedalips/omp/matmul.cpp:25:34 0.026s Os 0Os Os Os Os 0.055s 64 1 0.4
2.451s 1.44

1 2244

[Serial - outside parallel regions]
matmul$omp$parallel:64@/homefxlsoftkk/workspaces/takeda/ipsfomp/matmul.cpp:33:39 0.368s 64

OpenMP Region / Function / Call Stack .
Imbalance Lock Centention Creation

IHECEDFEZst ELTRRLEY
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Microarchitecture Exploration #fF 51~

B CPU RERDETINRZERENLLTE

v CPU EARIFEVHIEIFLDENEN

v Top-down Microarchitecture
Analysis (intel.com) ICH & D<EET

H TopDown Slots i
i Non-stalled Stalled H
Retiring Bad Speculation Frontend Bound Backend Bound
Heavy Branch Machi Fetch
+ : 10 I
Light Operations ' Opera = Mispre ne F: ‘h Core Memory
e | Mime" | Cloars | latency  Bandwidth | Bound Bound
AR 5|8 |
+|S|E|c|2|g| IEls ol § <
|215|2[8lo|5] 5|8 21818 |28 2 [BlolololEi®
£/85/8|8/8l2 Bl 21217 I15l5 5|8 522238
=;;&g§;=‘§ 7|3 2/5|8a |28 Wil = |8|3131318 13
<159|8[s(2lS El% sSl=iGizs Ego 2 2332322
|8l =282 ale o 2is”ma 228 25 |g@leas s
wiOl5(n|5512 | 818 =[3ls| (Rl g |SISNBF S
|21£|8[£|815 3|8 =8 gl 812 s (& Sz
=12|3(52|° 3|8 S o
EiEEIE 2 B i N

TXEERE

EWVWIZEICHAD

Elapsed Time :30.341s
Clocktic
I

224,688,000,000
421,824,000,000

CPI Rate “: 0.533
MUX Reliability 'z 0.993
Bottlenecks View (preview)
Top-down Microarchitecture Analysis (TMA)
31.5%
1.0%

DRAM Bound
Memory Ba

Port Utilization

»s of 0 Ports Utilize

s of 1Port L

of Pipoline Sic

The metric value is
high. This can
indicate that the
significant fraction
of execution

ninoline alnte -

This metric
represents how
much Core non-
memory issues
woro of

uPipe
This diagram represents inefficiencies in CPU usage. Treat it as a pipe
with an output flow equal to the “pipe efficiency” ratio: (Actual

Possible Inst tion Retired). If there
aro pipeline stalls docroasing the pipe officioncy, the pipe shapo gots
more narrow.
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https://www.intel.com/content/www/us/en/docs/vtune-profiler/cookbook/2025-4/top-down-microarchitecture-analysis-method.html
https://www.intel.com/content/www/us/en/docs/vtune-profiler/cookbook/2025-4/top-down-microarchitecture-analysis-method.html
https://www.intel.com/content/www/us/en/docs/vtune-profiler/cookbook/2025-4/top-down-microarchitecture-analysis-method.html
https://www.intel.com/content/www/us/en/docs/vtune-profiler/cookbook/2025-4/top-down-microarchitecture-analysis-method.html
https://www.intel.com/content/www/us/en/docs/vtune-profiler/cookbook/2025-4/top-down-microarchitecture-analysis-method.html
https://www.intel.com/content/www/us/en/docs/vtune-profiler/cookbook/2025-4/top-down-microarchitecture-analysis-method.html

INATSAY 51T TS5

BHATINICEDBZERICEST

RITHEMNMET

=== S i

Memory Bound: 10.65%

Ah=ILLZVZED
RARITINER

o __ This part of uTube is fraction of Memaory Bound.
41.92% - Retiring The metricvalue is high. This can indicate that the
significant fraction of execution pipeline slots could
be stalled due to demand memary load and stores.
Use Memory Access analysis to have the metric

e BLE K QML QALTRE 0 GLNET SLCb B1AI 00 RaNAID D

_-- infarmation, carrelation by memary objects.
DIEF R RBEDERT
- Bad Speculation hop 7’_')\ #"V\/t) L

o o e o o e o O o ¢

ESLNDESREYIES
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HPC Performance Characterization

B EEENRRTOISLABITIRSEEICEE

v SIMD @i XEU 511,
MEI77FIFHZER _FLOPS

HPC Performance Characterization ®

e ]

Analysis Configuration  Collection Log  Summary  Bottol

Elapsed Time : 20.000s
HP GFLOPS 0.000
SP GFLOPS 0.000
DP GFLOPS 2,414.853
X87 GFLOPS 0.030
CPI Rate 0615

Average CPU Frequency

2.6 GHz
Total Thread Count: 1as

Platform Diagram

SOCKET 0
Average Physical Core
Utilization 3%
(55.261 out of 64)

HPC Performance Characterization @ 1 INTEL VIUNE PROFILE!
Analysis Gonfiguration  Collection Log  Summary  Bottom-up
Effective Physical Core Utilization : 84.2% (107.813 out of 128)
Effective Logical Core Utlization ©; 42.2% (107.956 oLt of 256)~
Effective CPU Utiization Histogram
Memeory Bound : 19.2% of Pipeline Slois
Gacho Bound 7 % of Clockticks
DRAM Bound "t 7a%" el Clock:
DRAM Bandwidth Bound *; 37.5%K of Elaps
Bandwidth Utiization Histogram
Vectorization : 98.9% of Packed FP Operations
Instruction Mix
HP FLOPS 2 0.0% of UOps
SP FLOPS 0.0% ofuops
DP FLOPs' 81.0% of UOps.
x87 FLOPs 1 0.0% of uOps
Non-FP 38.9% of UOps.
FP Arith/Mem Rd Instr. Ratio: 2.271
FP Arith/Mem Wr Instr. Rstio " : 13457
Top Loope/Functions with FPU Usage by GPU Time
This section provides information for the mast time consuming loops/functions with floating point operations.
CPU © wofFRT  FP Ops: FP Ops: ector Instruction Se Laop
Function Time: Ops Packed Scalar Vecter Instruction Set Type
[MKL BLAS]G: stz 805.945 . . AVX(128); AVXI256); AVXS12ZF 128(128);
|lr_|| T _K T el 100.0% T00.6% 0.0% AVX512F_258(256); AVX512F_512(512)
aztess 104 0.0% 100.0%
IMKL BLAS] K5 51 & " o, AVX(128); AVX(2G6); AVX2(256);
w_n_intrinsice. 30+7 358 54.3% 100.0% 0.0% yxsizF 512(513); FMA(128), FMA(258)
sy 26,9655 6.6% 100.0% 0.0% SSE(128); SSE2(128)
mpy 27 6408 20.2% 100.0% 0.0% SSE(128); SSE2(128)

Fr517

-
HPC Performance Characterization @ INTEL VTUNE PROFILER
Analysis C: Collection Log ¥y  Bottom-up
IGrouping: Function / Call Stack ~|[%] Elapsed Time: 20.000s
CPU TIme ¥ HP GFLOPS: 0.000
Function / Call Stack crective Spin Time. SP GFLOPS: 0.000
ective Time mbriance or Serial Spining | Lock Cortenion | Other']  OF GFLOPS: 2,414.853
[MKL BLAS]@avx512_dger 805.9455 NN os os XE7 GFLOPS: o.030
kmp flag 64(bool)0, (bod 683.850 N os 0s CPI Rata: o615
[vmilinux] 242.795s @ os o0s Average CPU Frequency: 2.6 GHz
[MKL LAPACK]@xdlaswp | 92.055s @ 0s o5 Total Thread Gount: 138
[MKL SERVICE]@trylock 42.770s : o= 0s Effective Physical Core Utilization: 84.2% (107.813 out of 128)
ran a2.195 os os
mkl_thread_team_cixt_get,  39.315s | os os Effective Logical Gore Utilization: 42.2% (107.956 out
[MKL BLAS]@avx512 dgerl  30.735s | os os Effective GPU Utilization Histagram
normi_ 28.965s | os o0s
mxpy 27.640s | os os Memory Bound: 19.2% of Pipeline Slots
sched yield o5 0s 0s 214¢  Cache Bound 12.9%  of Clockticks
kmp flag native<unsigned  19.445s | 0s 0s DRAM Bound, 7.3% of Glockticks
[MKL BLAS10avx512 dger  18.175s | os os DRAM Bandwidth Bound: 37.5%% of Elapsed Time
[MKL BLASIavx512 dger  17.385s | os o0s Bandwidth Utilization Histogram
magen o el o- S PO —
avx rei  12.335s s N
Instruction Mix.
mkl_ barrier_wait 9.800s | os o0s 1P Pl OPa: 0.0% of uOpe
[MKL BLASISaw512 xdge 73103 0s 0s SP FLOPs 0.0% of uOps
DF FLOPS: 61.0% of uOps
ot wead v
= N Ertoctive Time
B M Spin and Overh
i CPUTIme
s CPU Time
a Spin and Overh.
ePyTIme DRAM Bandwidth
» package_0 Average Bandwl
¥ Read
» package 1 e Write
+ Total, GB/sec
> o
¥ » package 0 UPI Utilization Outgoi...

» package_1

TGomg,

E » packas T A I I TNy My 'y

i UPI Utliization Out...

UPI Bandwidth, GB/sec

FILTER 100.0%

| Process [Any Process v | Module | Ay Module:

R[5 o 11 < P Forcteons oniy R St e
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Memory Access 517

Platform Diagram

59. 0.6%

‘\ : I 7‘{ ol foum ] SOLKETVO SOCKET1 fos ]
l — Average Physical Core Average Physical Core
DRAM Utilization  : 63.9% Utilization * : 43.8% DRAM
(42.069 out of 96)

DRAM/UP| (Ot iE =2

v NUMA #R0Y 27 LICHT3 -
JE—RXEBEU=DILCAORAEICELTVET T

Bandwidth Domain: | DRAM,
Senawidm Utkzason vogram

4%

= histogram diapiays th wall time the bandwidth was utlized by cortain vakue. Use sbdors at tho bottom of the histogram to dofing throsholds for Low,
Memory Access mamory Useae - O 11 THTELVIURCPIGHLER Mm..“ ‘2 High Utkzation lovola, You 6an s thos bandwidth Utkzation typoa n tha Botom-urs viow 1 Group data and 200 all Lnctions Gxo
T T dhring a paricuar utizaton type. To learn bandwidih capabilios, refer 10 Your systam speciications o run apprcpriate benchmarka (o measre them:
= - = o o for aunvb Intel Memory Lat «can provide DRAM an
oit : . . | 2 o
g Q@ et
B

™3 £ U Eandmian. 580 ‘g
e bbb B B s B B Bl M o MG LB 0 M 4 L
A

iz e AR
L o _'zzlm:l 7 X v T~ EEE—
RMp AG 64<(0AGN0, [BARIHEWAT @0 83,150, 494,440 6,002,520 ¢ L
o] Gam SrmemEais  Soiee —
[y — p Srceeracen 1950563000
i et s o et 23 el : samuronam  momm.s
ML SERVICE [strdock 500440 o
(0L BLASI0aeS12 dgsrn_pimaics soaomam  mom
o Latency Histogram

This histogram shows a distribution of loads per latency (in Gycles).

o

o BLABI T i b L0
b it

VKL PLASJR 45 sckgam nbarmal faann
DKL LAPACKIgat2 tacm

1ML LaPaCK jscae
[MISL BLAS RS2 agernim ey i n
ML LAPACK kg oot
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