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BLAS.LAPACK.FFT R D5t EANIEZREL - MPI SICOBEERES 1T 35—
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B clang 7JOYRIVRE LV LLVM Ny I TR ZIHRE
v+ BEOF TP I-REREER

v clang OOV NAINA T3> #5853 L DD,
AT AV NAS—IRDA T3> = FERTEXY

B SYCL* 2020 [CkBAANTOPZ7 R OS2 J %z R—k
v JN—23> 2024 |ZT SYCL* 2020 [CEHL =418 TD
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Intel® Compilers Boost C++ Application Performance on Linux*
Performance Advantage Relative to Other Compilers on Intel® Xeon® 6980P Processors

Relative Floating Point Rate Performance (Estimated) Relative Integer Rate Performance (Estimated)
GCC14.1=1.00, Higher Is Better GCC14.1=1.00, Higher Is Better
1.80 1.67 1.60
1.38
1.60 1.40
140 1.20
1.20 1.02 1.00
1.01 1.00 1.00
1.00
0.80
0.80
0.60
0.60
0.40 0.40
0.20 0.20
0.00 0.00
Intel® one API DPC++/C++ LLVM19.1.0 (Ivm.org) GCC14.1.0 (gec.org) Intel® one API DPC++/C++ LLVM19.1.0 GCC14.1.0
Compiler 2025.0 Compiler 2025.0 (llvm.org)
(Based on LLVM*) (Based on LLVM*)
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 (baseline) workloads from the SPECrate 2017 Integer suite (baseline)

Testing Date: Performance results are based on testing by Intel as of October 20, 2024, and may not reflect all publicly available security updates.

Configuration Details and Workload Setup: Intel® Xeon® 6980P CPU, B2 stepping, at 2.0 GHz, 2 sockets, hyperthreading on, turbo on, 64G x24 DDRS 6400 (1DPC). Software: Intel® oneAPI DPC++/C++ Compiler for applications running on Intel® 64 v2025.0.0 build
20240928; GCC 14.1.0; LLVM* 19.1.0. Ubuntu® 24.04 LTS, 6.8.0-45-generic. SPECint_rate_base_2017 compiler switches: Intel oneAPl DPC++/C++ Compiler: -xsapphirerapids -O3 -ffast-math -flto -mfpmath=sse -funroll-loops -qopt layout-trans=4.

GCC: -march=sapphirerapids -mfpmath=sse -Ofast -funroll-loops -flto. LLVM: -march=sapphirerapids -mfpmath=sse -Ofast -funroll-loops ~flto. jemalloc 5.0.1 used for Intel® compilers, GCC, and LLVM. SPECfp_rate_base_2017 compiler switches: Intel oneAPI
DPC#++/C++ Compiler: -xsapphirerapids -mprefer-vector-width=512 -Ofast -ffast-math -flto -mfpmath=sse -funroll-loops -qopt-mem-layout-trans=4. GCC: -march=sapphireraids -mfpmath=sse -Ofast -funroll-loops -flto. LLVM: -march=sapphirerapids -
mfpmath=sse -Ofast -funroll-loops -flto. jemalloc 5.0.1 used for Intel compiler, GCC, and LLVM.

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.

Performance varies by use, configuration, and other factors. Learn more at www.intel.com/Performancelndex. Your costs and results may vary.
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https://www.intel.com/content/www/us/en/developer/tools/oneapi/dpc-compiler.html#tab-blade-1-0
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Intel® Fortran Compiler Boosts Application Performance on Linux*
Performance Advantage Measured by a Polyhedron Fortran Benchmark on an Intel® Xeon® 6980P Processor

Relative Polyhedron Performance Benchmark (estimated), 64-Bit Mode
(Higher Is Better)

AR 1.46

1.40

122
1.00
0.80
0.60
0.40

0.20

0.00
Intel® Fortran Compiler GCC14.1.0/ Gfortran AMD* Optimizing C/C++ NVIDIA* HPC SDK
2025.0 (Based on LLVM*) Compiler 5.0.0 / flang 24.9 [ nvfortran

Estimated Relative Geomean Performance

Testing Date: Performance results are based on testing by Intel as of October 20, 2024, and may not reflect all publicly available security updates.

Configuration Details and Workload Setup: Intel® Core™ Ultra 7 268V processor. 2.20 GHz. 32 G DDRS. Software: Intel Fortran Combiler for applications running on Intel® 64 v2025.0.0. build 20240928: GCC 14.1.0 / GFortran: AMD* Optimizing C/C++ Compiler 5.0.0/

NI FI—7 HH

gosorr



https://www.intel.com/content/www/us/en/developer/tools/oneapi/fortran-compiler.html
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— IR RBEILF TS ay

m -O0
v FEtETVERA
-g A7 avIcEhEFHNICEEESINET
m -O1
vV I—FRHY1XEECPILVEENREELEITVWET
m -O2
v BEIRIMNEEZEED . Z<OFRELEBRICLET
T4 INDFERBEILLANILTY
m -O3
v 02 LARNILDOFEEEICIAZ T IL—0 8
XE)=T7 IR ODVWTEIDBEBNICHEELZITULET
v 02 UATEELTAY /NI ILICERBRRA DD BESICHEDET
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for (int 1 = 0; i < count; 1i++)

BEIXRIRILL © ol - AmE + 8Ll

ks

B ) —HIERREICcOVWT/N\N—RIT 7 THR—rINB
SIMD #{EZ= WA 1—R x4l TEITIXRESHEXT

SIMD : Single Instruction Multiple Data

NI ILEL TUWRLLE NIRILE RIIE
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[SSE] float4 EXRZ=—EITER
addps %xmm1, %xmm2

SI M D 1:;:.%1,Eo) -Ij- '1-: _ l~ [AVX] float 8 BERZz—EITER

vaddps %ymm1, %ymmz2, %ymm3

m > FILe ZM)—Z> 4 SIMD i3k VXG12] float 16 S i m
v AV )L® SSE2,A Y7L SSE3, 1> FIL® SSE4 Lt Pe BATE, DA
v 128bit RODL XA (xmm)ZzfERL 7 SIMD ##{EZ23R17LET
B 127 )L®Advanced Vector Extensions
v AT AVX LUV TIL® AVX2
v 256bit RDODL XA (ymm)ZRBL7c SSE DiLRM ST vk
B 127 )L®Advanced Vector Extensions 512
v AT IL® AVX-512
v 512bit ROL P XA (zmm)ZFIFAL T AVX D213,
SSE DABDOERZNIBTIBLIICIRIN oS Yh

gosorr



<target> {3
= S, COPFERLAKE
7Oty —ERO&EILTTIaY S

SKYLAKE
SKYLAKE-AVX512

® SIMD ig%{?%ﬁt%ﬁg@jmt‘yﬂ_‘: COMMON-AVX512
YL d—ROE%EIERLET COREAVKS12

B -x<target>
v <Target> CfeELIc@metybZzHR—+931>7IL® Oy —mEITD
BHRO—-RZE/MLEY
v RITAEET 7 TILIEIET > TIL® Oty —X 38 L f=<Target> O
R E T R—FLTOWAVNT Y TIL Oy —THELEEA

> icc -O3 -xcore-avx2 ./myapp.c -0 ./myapp.out

B -xhost
v O—hAI>>oz2—4yNMILTEEBERI—RZEBLET

> icc -O3 -xhost ./myapp.c -0 ./myapp.out

gosorr




70ty —ERDO&E(LF T ar K

B -ax<target>,<target>...
v <target> CfsEN=7O0tvH—MmEITOEARAI—RE
x86 7Ot vt —mIFTOABI—REZERLET
v 1B <target> ZIEETIXY
v BREIO-RER{TTIRVIITLATIE SSE2 OAEO—R%=E1TLET

> icc -O3 -axcore-avx512,core-avx2 ./myapp.c -0 ./myapp.out

B x86 Oty —mltONBEA TS 3> -march Z38E€ TZX9

> icc -O3 -march=native ./myapp.c -o ./myapp.out

gosorr



70ty —ERDO&E(LF T ar K

B 774l SSE LU SSE2 Z4ERLE T (-02 LU L)
v X BT -ax ZFBL T KD LISy ZE R T BEIICIERLET
v xicelake-server D= HELLTETUV

B -x, -ax, -march [IWITNHDAIEETEEXY
v BEIEELEBES. OV VRORRICEERINI-DONEHINET

gosorr



70ty —ERDO&E(LF T ar K

B -gopt-zmm-usage=[low] LI [high]
v zmm L RZ—DER%ZIERLET
low TIZBERANICIEE DR VEED xmm, ymm L X ZICL > TREINET
v X, -ax DIBTEICEDEILETH . ZLDFE low BERESNET
v BEBRIC zmm LY A Z—DFERAL-O—RE/MZIETR T BICIE high Z3IEELET
v f5l: -qopt-zmm-usage=high, -qopt-zmm-usage=low &ERF®D asm 77

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

vmovupd 64+b(%r1l,%rbx,8), %zmml vmovupd 32+b(%rsi,%r8,8), %ymm2
vfmadd213pd c(%rax,%rbx,8), %zmm2, %zmmo@ vmovupd 64+b(%rsi,%r8,8), %ymm3
vfmadd213pd 64+c(¥rax,%rbx,8), %zmm2, %zmml vmovupd 96+b(%rsi,%r8,8), %ymmi

vmovupd %zmm@, c(%rax,%rbx,8) vfmadd213pd c(%rax,%r8,8), %ymmo, Bymml
vmovupd %zmml, 64+c(%rax,%rbx,8) vfmadd213pd 32+c(%rax,%r8,8), %ymmO, %ymm2

vfmadd213pd 64+c(%rax,%r8,8), %ymmO, %ymm3
vfmadd213pd 96+c(%rax,%r8,8), %ymmo, %ymm4
vmovupd %ymml, c(%rax,%r8,8)

vmovupd  %ymm2, 32+c(%rax,%r8,8)

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

vmovupd %ymmé, 96+c(%rax,%r8,8)




HEhIESIE

B ZE|[CAL YRS TRITTETAEED/I —TNEZEHL T
OpenMP* [CKBVILF AL YREL7=O—RZE/RLEY

W -parallel
v  BEAbEEMICLEY (T 74 /LNIER)
v TIAINTIEERTROIL yRBISHIEI7BERREADET
v ZALYREOFEEIS
RIEZH: OMP_NUM_THREADS=N
XEAV N1 Z—FT> 3> -par-num-threads=N
ZfERATEEXT

> /N1 JLEIC par-num-threads % CibL f=35 & EITHFIC
OMP_NUM_THREADS IC&%iEExR FEZLET

gosorr



for (int i = 0; 1 < count; i++)

BEhESMEICEBEFE=EDSE |1 ...

ks

B VN3 —TNEDHEEZ= (0,1, 2, ... count-1) %=
ALYRADEETEBLIICHEILET
v DBEISINTELDOAEFERZRVELTERLYRDEHELEY
B DU TR Da—ILeREARIDLEEEIS
-par-schedule-<keyword> > 3> CIER CZX 9
v T 7#JLkE -par-schedule-static-balanced
AEEZHHFIIDEILTSIROEY AR TALYRESIEICEIDIRSNET
v Iz X - par-schedule-dynamic=100 %Z3E§E 9 3L+
0~99, 100~199 THEISNIH XU ZE K
OS5 LDERTHRICEALYRIEFZR DT T RE.
MDARIHEIDEHTENTHELET

gosorr



70— v—RD&mE L
IPO - Interprocedural Optimization

B NS T7 ) r—>3> %%
BL2DY—RT71IZRthLET
v V=X I771IILETHRINZ I O—/NILEHDIRER
B/ T I —F > OV HLBERZRA TE3L3ICAD
SDZLDORBEILABERHIN R ITLEDET
B/ T —F> D151 B
I —TERPERCRE
FAEHESNIAIBPE . K ED IR DB 7Y
H -ipo
v IPO ZBMICLEY (774 /L TIFIER)

> icc -ipo ./myapp.c -0 ./myapp.out
B



IPO [C&BANTILEI> Y

B N1 TJx—X:
BR2DYV—AT7AILHDEREIRIBZSC AT I ER

m )y Tr—X:
AT ORT710IILZERNL ENMDRE(CZ ST I /N1 )L =3

flele (IR file1.obj icc -ipo

file2.c —m— file2.0bj ipo_out.obj

AV NAILTT—X | )22 JT—X




IPO Ol : D151V ER

B N A5—IET 74 TE—T71I)LNOBERZHAILEY

B UTINBRIELTIL—THNTERB I 7TILICERSN IO
IFOHELIKIL =T AR INUEICEA Y 2B IGISN 2TV TT

v PO IC&>TEABADLIED 1> 51V BATNAINLIEL THERER L
FHlS N B L —TUIBIZEHEINRN ML EERRICK > TR IMLIEENE T

for (int i = 1; i < nx; i++)
3

X = x0 + i1 * h;

BEDZYV—RT71ILICEERI NI func BEEDEE

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

return denom;

3




70771 IILICES<HEEIt (PGO)

B ETEO7O7717ILIgH Rz EmML T,
FOfERZHLICBERELLET

B -prof-gen & -prof-use
v JO77AIINOE/CTOT 7 ILOFA

B L FREDHEEICED.CPU DigRFvyI I,
XE)= e R=D T DT RZEZmLET
v BYIRLYRZ—EIDET

ANFD If . Switch XD I &1L,

B80T >>1 VB BN TN, BENES LI K 14 e EFi

EARXTOvIPEBOLUVER BE...

RN
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ZO77 1 ILCED<RELDEH

1. TO771IWNVEEIE T 2R IVTNZIBDIAATERITI 71 L 2 £

> icc -O3 -xhost -prof-gen ./myapp.c -0 ./myapp.out
A — S —
2. TOUZLZET
> ./myapp.out data.txt

v JO771IILIEERD *.dyn TrMILEL TRESNET
vV ZHICEDRITINZI-RNIADERARZSGEIX.FNEND/IN %
BALDICEREIERBELET (RITOEIC *.dyn T7MILZEMLET)

B JO771)VIER (.dyn)ZdlIlTr—R Ny o-aV N1

> icc -O3 -xhost -ipo -prof-use ./myapp.c -0 ./myapp_pgo.out

v TIFA—RNyT-aOVNTILEIC IPO Bt E
HATIEHOEE AN BEORVWRE(LA T3> TY

gosorr



PGO DOfil: Switch XD &EE{L

for (int 1 = 0; i < NUM_BLOCKS; i++)
3

switch (check(i) )

3

case 3:
x[i] = 3;
break;

case 5:

£ case DEITHEEICOLWTTOT 71 I)LIEHREINE
SEEOSWVEFICTEREZ T 7Oty —o0

DI&kF R %= BhlT 5
case 10:

> case 5:

x[i] = 5;
break;

case 10:
x[i] = 10;
break;

default:
break;

case 3:

default:

%
%

I* 80% */
X[i] = 10; break;

I* 15% */
X[i]=5; break;

I* 5% */
X[i] = 3; break;

1* 0% */
X[i] = 99; break; }

(RU—R)
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B EH/ R U RAITALUEZ RO B RD
BEERICIIREZEHET
vV CHUIPRATLXR OS . OAVNAF—REICE>TE LT BRIEEMED HDXT

B EEEROBRM"CHERBOEMRE" S —F AT DERICHD
RECZER T TRRDBEERZHNITIEAHBDET
v ADTIIW® OAVNAS—DFENNEIZEEICE TS ERD—E M | iSUS

B —ELIRICERZHEFIZIHE. A>T O N1Z—TIE
fp-model > avICEDFHIHILET

gosorr


https://www.isus.jp/products/c-compilers/consistency-of-floating-point-results/

-fp-model=[type]

B FELF—T—FR

type anEA
HERERICEENHIRELETFALET
fast[=12] fast (fast=1) B4A> 7L AV N1 S—IcBF BT TAILLTT
fast=2 BMIEEINBE. ISICLK DD DENMDELHAFIIINET
precise RERICEELLVREBLOABMILET
consistent BR300ty —vmE{ELNILTH
: —BLI-BREMOBHZERNESN IS I—REERLET
precise ZI8EL T-HEDRRICI KX T.FMA (Fused Multiply-Add) S5 DIER %
strict L. FPU BEBEADOT7 VX %HFALET
BB ZIHNEEFNET T4 X (except DISTE) #EICLET

gosorr



DA aMBICED

~ ‘I A o

AR mehEH SR e

B Z89F sum1, sum2 ... sumN O E(CHEIL.
BHhoREBLELEBRIA I 3 DFERES
BEERINEDHBZRREENHDET

1 _ N N a | |

D - N N a

{ sum3 = 0.0 ;

i for (i=Dbegin ; i < end ; i++ )
3

13

sum3 = sum3 +

sum=suml+sum2+sum3+ - sumx;

DEBPHBIRF I
RE{LPRITRORMICEDEL BI5GB B

gosorr




AVNAS—=FTa2FEH

B EROINAT—F T3 zllAEHEBILT
KOMEEZ R EL P I<RDET

-02 HLLIE -03 ZHE LTV
YIROTOY Y —ZIEE T 2L LDREIE N HEF TEIET
v -xicelake-server ZH L <FETL)

B BEFHLIIETILFAT ZF B TET IR HDFET
v -parallel TEHEBEICBMCTIET

IPO & PGO DA EHhBEZHELLIETV
EEERD—E LI -fp-model Z35R<IETL
v TelELMBEERL —RATERDE Y

gosorr



Bt R—bF T3y

B NS —OxBEItELUVEEZT T ANT 7ML THALEY
B -qopt-report=n

v mE{tLR—bZERLET

v LAR—NMI .optrpt IL5RFZFOT7MILICHAITNET

v niliZF0~5DLANIIWNZIEELEFT (T 74K 2 TY)

gosorr



V=T DEEEL R —

B 5E{tLAR—MNIYV—RT7TILBICERMSINET
v IPO ZHERALEBEV—RAT77TILBICERLEEA
ipo_out.optrpt DE—TJ 71 )LDV ERINET
B LAR—NIIIIL—TNIBICH D BEE L EEINR VN, B8Nk
51t OpenMP* OEA% Y 2D /N1 Z—h EhiL fczE1k
DR A=Y —RfTEHHETHALET

> icc -O3 -xhost -qopt-report ./matmul.c -0 myapp.out

for(int 1=0; 1 < m; 1i++)
for (int j = 0; j < p; j++)
for (int k = 0; k < n; k++)
c[il[j] = c[il[j] + alillk] * b[k1[jI;

gosorr




LOOP BEGIN at ./matmul.c(23,3)
remark #25444: Loopnest Interchanged: (123 )-->(132)
remark #15542: loop was not vectorized: inner loop was already vectorized

LOOP BEGIN at ./matmul.c(23,3)
remark #15542: loop was not vectorized: inner loop was already vectorized

LOOP BEGIN at ./matmul.c(23,3)
remark #15542: loop was not vectorized: inner loop was already vectorized

LOOP BEGIN at ./matmul.c(23,3)
remark #25442: blocked by 128 (pre-vector)
remark #25440: unrolled and jammed by 4 (pre-vector)
remark #15542: loop was not vectorized: inner loop was already vectorized

LOOP BEGIN at ./matmul.c(25,5)
remark #25442: blocked by 128 (pre-vector)
remark #25440: unrolled and jammed by 4 (pre-vector)
remark #15542: loop was not vectorized: inner loop was already vectorized

LOOP BEGIN at ./matmul.c(24,3)
remark #25442: blocked by 128 (pre-vector)
remark #15301: PERMUTED LOOP WAS VECTORIZED
remark #26013: Compiler has chosen to target XMM/YMM vector. Try using -qopt-zmm-usage=high to override
remark #25456: Number of Array Refs Scalar Replaced In Loop: 24
LOOP END
LOOP END




-qopt-report-phase=name1,name2,...

B &t 7T—X namel.name2 BB D&mELL R—tZERMLF
B name 5|&UTIZ A TDF—T—REZIEETITXY

v all IRTDITT—XDITARTDETwBEILL R—k (T TAILK)
v’ loop IW—FDANFEXE)—DREL

v vec BFARINVEEBRNBRNINL - TOTZ320 T

v par BEh 51k

v’ openmp OpenMP* (L&D XL w1t

v cg O—R&Rg

v ipo 1A VERREZS0 7O —2y—RO&EL

v pgo Z7O77 1 ILICE DRt

> icc —qopt-report=3 -qopt-report-phase=vec,par sample.c -o myapp.out

gosorr




LOOP BEGIN at C:¥work¥fortran¥pi¥pi_calc.f90(23,3) inlined into
C:¥work¥fortran¥pi¥pi_calc.f90(42,8)

remark #17109: LOOP WAS AUTO-PARALLELIZED

remark #17101: parallel loop shared={ } private={ } firstprivate={ X | } lastprivate={ }
firstlastprivate={ } reduction={ SUM }

remark #15305: vectorization support: vector length 8

remark #15399: vectorization support: unroll factor set to 4

remark #15309: vectorization support: normalized vectorization overhead 0.138

remark #15355: vectorization support: SUM is double type reduction
[ C:¥work¥fortran¥pi¥pi_calc.f90(21,3) ]

remark #15300: LOOP WAS VECTORIZED

remark #15475: --- begin vector cost summary ---

remark #15476: scalar cost: 41

remark #15477: vector cost: 6.120

remark #15478: estimated potential speedup: 6.690

remark #15486: divides: 1

remark #15487: type converts: 1

remark #15488: --- end vector cost summary ---

remark #25015: Estimate of max trip count of loop=93750




BEIRXJMIL{EI L
HLLIZEEZBETIEIER

B 5EtLR—MIRINILIEDERICDWLT
SOFFHBBEREAFITBI-ODOFEREL GERWEREITET

B )—HOHBENIBICE > GERAINAEVGEENHDET
v HEBEIEFICKEERL DS
v BT &MEEFD
v SA7I)—FEECI—F—DMERL B T IL—F UL TWS

BES1 75 U—%kK<

B FXE)—TIERAZEOTRIMNIEDHEREDN AS<KETLLET
v IAZyhARSART7 IR
v XEU=TSA AL

gosorr



=T %E X I ILEL B VKEFRIZRDH

B XFDIRICKBIR TR GZET

O @E@JT INDT I ANMKEZRERZIFD
=133 |=2kEDA2] DE%E
n‘l'%i?%t&)k_A[ﬂ Dt EBRZERLTVET
v X=2UECREINIIHEEIE
NIMIUESNBRIEMED HDET
B BFRCHTIL—FOOUVHELEZEST
vV AVSAVERREFEDIAVNAT—D
RE{LICEDRINIE TSRS EDHDEFT




E R 0y b & D Er L A B
RIIEXE)—-77tX

B EHLABAVWXE)=TIEREIRTNEICES
MREX K TS HAERXREHZDET
v IL—TRICTEFHGLIEXE) =7 7R 250 %E
RiE{tL 7R—bk Tl unit stride ERIFINF T

remark #15448: unmasked aligned unit stride loads: 2
remark #15449: unmasked aligned unit stride stores: 1

B /L—HDOXEY—T7 21D non-unit stride DB

SIMD 1#{Ed 2EZEDO—R/ARTICHDBIARNHENLE T
B IO NA5—I3RAT—NIB L THHERAELNY

HFIRFL =)L —T %2 RIMN)L{ELE A

v A2 TIL®AVX-512 LEDFL L SIMD ##ETIE
N AR zmmL P A EZDERICEDOR TR TESGZED HDET

gosorr T




BCHNDXE)=T 7€ X

B RIMNUESNTIBIEST—2DT7 IV ANEFICHEZRITET
v EEHIDEIFITELICAEVICEEEI NS ( Fortran (35BS THELEY)

float alill[j];

a(1,0) a(2,0)

~

a(1.)) a(2,))

a(0,0) a(0,1) a(0,2) a(0,3), ...
B e



ARZAIF XEBV=T IR ADAKX=

constant stide 727t X

for (i =0; i< 4; i++ ) for (1 =0; i < 4; i++ )
for ( j = 0; j < 4; j++ ) for ( j = 0; j < 4; j++ )
|A[i,jﬂ += ... A[F,il]+= ...
RIS A RIS RAZ
_— / N
1R NS5—O—RIANT x EEHEROET
/
0,0) | (0,1) | (02) | (0,3) | (1,0) | (1,1) | (1,.2) | (1,3) | (2,0) | (2,1)
XELEICHEFRSNTET A (4,4) Random access |&
ROIENREEDXT




7712 X2k (Alignment)

B 5T 7 I7AXNNIFEDNTMER LD
XE)—=ICTF—R AT IO ERLET

B BRI NAS—ICEoTREERIIT A AN INBEDIC
FMELE IO I —F—D AR /N1 T5—A
ERBLLIIO—RICEEIRTBAEHTIEY

B 7oA XNINTVWET—RIIO—R/ AN T DR ZE5HET
v OAVNRAS—ETSA AT NIET —RIC L BIIBY

FSAYRAVNINTARVNT — 2% MBS 2EHOI—REER T8N HBDET

remark #15388: vectorization support: reference a|[i][j] has aligned access
remark #15388: vectorization support: reference bJ[i][j] has aligned access
remark #15388: vectorization support: reference c[i][j] has aligned access




logical(2) flag

Vi de 9,97 30171 Ee i g

common /ts/ flag, num(3), name

o Fortran E580 COMMON X D7 51 X Mj|
B —EDT—2BL

7S s '
754 XURINEHE A e o

v ISR COMMONX D 0o 2 6 10 14 19
7oA XMNMIBARBBLLIE name
AVNAZ—AT2a % flag | num(1) num(2) num(3)

FALEY 1XZF = 1byte

BHLLIARZTBRT—FEHS
IBT-SBARNERET

v CC T3 4byte IBRICT —32% . o ) ; - o Byte02f:set
BB 370D /NT1>JLET

name

flag num(1) num(2) num(3)

NT1> 1XZF = 1byte

7
B s



T—RETFARANTS
RN LDETEEM % BDHBT —F T T4 Xk | iSUS
B OVNAS—ZT72avcEDT—32D
TVIAXRNEIBETEEY

> ifort —align arrayéudbyte common.f90

B J—RPICTSAIVRANTBEIICEHRLET
vV WKODDFEDBDERT Fortran
__attribute__((aligned(64))) al[n] double precision, allocatable :: a(:,:), b(:,:), c(:,:)
''DIR$ attributes align:64 :: a,b,c
C++17 2 aligned_alloc ZFIFATEFEXJ| subroutine calc(size, ¢, a, b)

implicit none

integer :: size

double precision :: a(size,size), b(size,size), c(size,size)
'DIR$ ASSUME_ALIGNED a:64, b:64, c:64



https://www.isus.jp/products/c-compilers/data-alignment-to-assist-vectorization/
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JO7715—0DFIHE

B CPUXEV—RBEDIRT L)Y —AOF AR
7075 LOE{EZR{HIFTL TR TEET

B 7 I)L®VTune™ O7 71 o—DEFICEDESN B iEHR%E
2EZ|ICLDo27OJ S LDEEIRR RERESELET

B JOJSLICTNYIIEHRZEMT A ZHRLET
v BBltA T avidbh e TIESRLET

> ifort -g -02 sample.f90

gosorr



INTFA=I IV R T—2DYNE

B OS5 LOEERRZERLET
vV SRATLIN—ZADERZRK
CPU HAXR XE)—FigiE
B SEICEETZ OIS LOIFE=IRET S
v JOvRIALYRDORERE
v BB IVIL—TEAUOD
v AR (RURT—=OFEIZT7AIL) EE (HEALIE, [FER) D&

gosorr



B b D&

4 7 I)r—3> N
m O1—H—7O0JF LHOUIE 1 S5
v ELALIRIL— T TO55 1L D
B — 5 CaA—4—"7O75LUND -
@M’Eb\gng—(-b\éﬂﬁg'&% OpenMP*
ZRTINBENBINBLNELA g -
v EIZSATSU—DFEA | OSAPI
ZAERMZIRHT S ZDfth
A IAS—DS5A TS )— \\ Ot

OpenMP* x> MPI
YP—N—T1®HDZF1T 35—




12T IL®VTune™ 70771 5—

B 7)) Oty —LETEITINBZITOT S L%
ﬁ@*ﬁ?’%f:&bd)7ﬂ77’f7— v EFEICEVEEADHBH
R BB L TR E L R OB
B ORI —IL X2y T (RO BLERER) 2B o

Wait Time by Thread Concurrency v Spin
Grouping: | Function / Call Stack Didle BPoor DOk B Iideal B Over Count | Time
Function / Call Stack ' CPU Time ¥ #*|  Source File s B 10 0
Igrid_intersect 3.8445_ grid.cpp 4.014s 288 0.016:
, 0.714s(0 D 49 0s
dsphere_intersect 2.7805_ sphere.cpp =
ugrid_bounds_intersect 0.291s( grid.cpp 0.649s 7 0.016¢
Hehader n1a62< chade enn
Back-End B¢
Source el Memory Bound
Rate . :
DRAM Boun L3 Boun
7 7 AN b/ ~
‘/ ybﬁ%—@%\/\pn ﬂ%;'fj%b—tb\&b\b\ LLC Miss Conte...| Data ... | LLC Hit
N = syt — Ry O S int k=0; ;
F YL aSABEDN—RILT ARV Fomtint o bomy ) 11325
. or (int j=0; j<p; J .
\/_Zj—l‘@ﬂm c[il[4] = c[i1(i] + a[il[k] * bkI[il; 4.436 0.342 0.014 0.094 0.261

gosorr T



172 e g

B viune OV R THEFEETITS

vtune -collect <fEfT 2> [BIIA T3] -- <EBXIR> <5|8>

> vtune -collect hotspots —— a.out input.txt

v AT MPI S 73 )—=FIAL MPI 70935 LD

> mpirun -np 4 —-gtool "vtune -collect hotspots -result-dir my_result:0" a.out

> mpiexec.hydra -n 16 -genv I_MPI_GTOOL=
"vtune -collect hotspots -result-dir my_result:0" a.out

MPI 7Ot XXt 9§ 2712 7O R B IO EHRLET

gosorr



TRRENIALT

(T4 Toava RRER

RITLIETOT S LDMERL CPU BEZ EICRLET
BA—N—~NYRTEELET

. RILFRALYRESN I TOT S LDZERE EISRLET
threading OpenMP* i 5| 5815 Z 35U CEENA M eEREZFEL X T
% |B/N—23> D Concurrency T 21 ¢ Locks and Waits @21 JICHHELET
FrulaRE LU XE)—FEHEFMBXRE LY
DE—MXEV—7 IR ZEICRLET

uarch-exploration A7 —F 70 Fv—eRDMEBRZEICRLEY
TILFIAT7%EYT CPU ERAR ARINLER/IFPU AR XE—S1HEF

hpc-performance FAZED 3 DO RICHT 3 MREBERZEICRLEY
-knob analyze-openmp=true 3> T OpenMP* BB %= AL E T

hotspots

memory-access

gosorr




T N3EHk

B B ZAAICEDPNESNBIBRERTABNELRDE T
v BIRRATCCICHER I REIBREHIEETIDDITS
BT 3BHRMAZVNEEA—/N—ANVRHELES
Hotspots f##4T Threading ##4

Elapsed Tlme : 35.2315 nalysis nfiguration ollection Log ummary jottom-up aller; lee op-down [ree latform
Elapsed Time : 43.161s
Top Hotspots Paused Time %: 0s

This section lists the most active functions in your application. Optimizing these hotspot functions
typically results in improving overall application performance. -
Effective CPU Utlllzatlon : 43.3% (1.732 out of 4 logical CPUs) k
Function Module CPU Time ive CPU Utilization F gl

26.370s OpenMP Analysis. Collection Time : 43.161

Serial Time (outside parallel regions) : 4.885s (11.3%)

FindPrimes$omp$parallel_for@19 matmul-prime-pi.exe

trul llel@26 trmul-prime-pi. 22,325
matmuiSomp3paralle! maimul-prime-pl.exe s Parallel Region Time : 38.276s (88.7%)
pi_calcomp$parallel_for@23 matmul-prime-pi.exe 6.055s Estimated Ideal Time ”:  25.932s (60.1%)
func@0x1401aac60 ntoskrnl.exe 0.250s OpenMP Potential Gain ": 12.344s (28.6%) &
func@0x1401af940 ntoskrnl.exe 0.227s Top OpenMP Regions by Potential Gain

Total Thread Count: 4

/A s liad - bie metrics.
15 applied to nof-summabie memcs Thread Oversubscription *: 0s (0.0% of CPU Time)

Wait Time with poor CPU Utilization: 46.850s (100.0% of Wait Time)
Top Waiting Objects

Effective CPU Utilization Histogram

Spin and Overhead Time : 1.003s (1.3% of CPU Time)

Collection and Platform Info
Collection and Platform Info

gosorr




NI A= A[EDRIEEEZRT

B BENDMEREREZIEZ TVWESRERZRKRTLET
‘/ 7|:| 7 7 /r 5 B O) Exlz 1@ Eﬁ ‘ : @ Threading Threading Efficiency v @
% O\‘ L \ —C %lj_: :._k *‘L i -a_ lysis Configi Collection Log  Summary Bottom-up Caller/Callee  Top-down Tree Platform

Elapsed Time : 43.161s

Paused Time ~: Os

Effective CPU Utilization ~:]43.3% (1.732 out of 4 logical CPUs) K
Effective CPU Utilization Histogram
OpenMP Analysis. Collection Time : 43.161

Serial Time (outside parallel regions) : 4.885s (11.3%)
Parallel Region Time : 38.276s (88.7%)
Estimated Ideal Time : SSCELERIS
OpenMP Potential Gain
Top OpenMP Regions by"P

Total Thread Count: 4
Thread Oversubscription : 0s (0.0% of CPU Time)

Wait Time with poor CPU Utilization: 46.850s (100.0% of Wait Time)
Top Waiting Objects
Spin and Overhead Time : 1.003s (1.3% of CPU Time)

Collection and Platform Info




<

Hotspots fZthis R fl

B Summary (1E) 27z S0
v Elapsed Time: #2885 (SEHRFR)
v' CPU Time: CPU O & st @RS

Elapsed Time : 5 # >

DN B sfrewtaw
B Bl ) wthasw

|

I 2

|

B o1 Witka a9

— CPU Time: 9.1 #
47177 CPU TO—Hl

B C:¥shared¥viune-sample - Intel Vune Amplifier - O X
m| | B B db = | @ Welcome r000hs

B8 Basic Hotspots Hotspots by CPU Usage viewpoint (change) @

& Analysis Target| | © Analysis Type| | B8 Collection Log | JEIEDRIENE | *% Bottom-up | | «% Caller/Cal ¥

Elapsed Time : 19.140s

CPU Time 17 766z
Total Thread Gount: 3
Pauzed Times Oz

Top Hotspots

Thiz =ection liste the most active functions in vour application. Optimizing these hotspot
functionsz typically results in improving overall application performance.

Function hodule CPU Time

initialize 20 buffer find_hotspots exe Qo21g
grid intersect find_hotspots exe 3751s
zphere intersect find_hotzpots.exe 1522z
Dizpatchiessazed USER3Z dII 0688
GdipDrawlnazePointRect] gdiplus dll Q0428

T 145 LA TR CPU Bi%
B T3 LUK EURE




Hotspots fZthis R fl

Bottom-up (BA#/IEE CDFERR) 7

8 Basic Hotspots Hotspots by CPU Usage viewpoint (change

& Analysis Target| | * Analysis Type| | B8 Collection Log| | Kl Summary | [eRnuanii=) % Caller/Callee| |#% Top-down Tree| |[BB Platform
Grouping: |Function / Call Stack we | (La| (G [
CPU Timew Y
Function / Call Stack Effective Time by Utilization Spin | Ove... Module Function (Full) Source File
@ idie @ Poor Ok @ ideal @ Over Time | Time
Hinitialize_2D_buffer Os| find_hotspots.exe | initialize_2D_buffer{unsigne... | find_hotspots.cpp
[ grid_intersect 3.?515_ 03 Os| find_hotspots.exe | grid_intersect grid.cpp
[ sphere_intersect 1.9225- 03 Os| find_hotspots.exe  sphere_intersect sphere.cpp
DispatchMessaged ] USERI2.dII DispatchMessaged

GdipDrawlmagePointRectl 0.422s [0 Os Os| gdiplus.dll GdipDrawlmagePointRectl

F grid_bound J—ﬂ—jmﬁ\aA (find_hotspots_exe) W@E&;& pots.exe | grid_bounds_intersect grid.cpp

[ Raypnt S _ bots.exe  Raypnt(struct ray *,double)  vectorcpp
[+ shader Inltlallze_ZD_buffer ‘bgb\—t% E pots.exe  shader(struct ray *) shade.cpp

libm_sse_sqrt_precise

gosorr

ucrtbasze.dll libm_ssel_sqrt_precise



Hotspots fZthis R fl

B Platform

own Tree

find_hots... ¥

Kt Summary

<3| &3 | %] O | Assembly grouping: | Address ~
CPU Time: Total £
So.
i Source Effective Time by Utilization

Olidle B Poor OOk B Ideal [ Over

™ |

[GFU Time

1of 1 [ szelected stack(s)

100.0% (3.921z of 99215)

Viewing <

find_hotzpots exelinitialize 20 butfer — fi--

find_hotzpots exelrender one pixel+Oxdf -
find_hotzpots exeldraw trace+0xcd — find:-

mem array [j*mem array 1 max+i] = *fill walue + 27

f{ Code to give the array accesses a non-uniform stride to defeat

b
&2
10111

if ((iteration count % 3) == 0) J=j+3;
a5 else j=iteration_count; |
95 iteration count++;

Initialize_2D_buffer B3 7055 LD

HITHRBTHRET 45% RDZHHB

83 T
f 1 — flaa
84 /# Firat (3lower) method of £illing array I!nj_:ozspozs.exeizihread :ai'?g;?at fi
85 /f RArray is NOT filled in consecutive memory address ocrder !n hotEpo s.exe;m * rac
86 |"r***********************************f{ :!nj‘ﬁotspots'exe;trac;i@-:%xiag_ tr".
- . . . . . ind_hotspots exelrenderscens+0nds — ree
a7 for (int i = 07 i < mem array i max; i++ )
s { = T ! ! find_hotepots exelrt renderscene+lx ]G -
{ find_hotzpotz exeltachyon video:on proc--
89 Jf Try to defeat hardware prefetching by varying the atride find_hotspots exelthread video+tOxE — win
20 int J(0), iteration count(0): | KERNELZ2 DLL! Base Threadinit Thurk-+Ox-
g1 do { ntdll ditunc@0xabSe05da+ixze - [unkna

ntdll dIMfunc@0edh2e05h8+0x 1a — [unkno=-




Threading 4R

AL YRBRHBRMICERIN TULSD
R G DI DR
$5IC OpenMP* OFIBICDOWTCEBLET

Elapsed Time : 0.729s

CPU Time 12.750s
Wait Time 2.673s
Total Thread Gount: 24
Paused Time Oz

OpenMP Analysis. Collection Time —: 0.729
0.075s (10.3%)

0.654s (89.7%)
0.250s (34.3%)
0,404z (55 4%)

Serial Time (outside any parallel region)
Parallel Region Time :

Estimated [deal Time

CpertdP Potential Gain

27 JLIOpenMP* fEI% TDRITHRFR

(Elapsed Time) D EIF . OpenMP* 7815 T
2RI TEBEIS (Potential Gain)

B Concurrency Hotspots by CPU Usage viewpoint (change) &

B8 Collection Log| | € Analysis Target| | ~ Analysis Type +% Bottom-up| | #% Caller/Callee| | &% T

OpenMP Region CPU Usage Histogram

Thiz higtogram displays a percentaze of the wall time the specific number of CPUs were running simultaneously in
an OpentdP region. Spin and Overhead time adds to the Hle CPU usage value. OpenbdP regions in the drop—down list
are zorted by Potential Gain (Elapzed Time) so it is recommendesd to start exploration from the top.

OpertdP Region:  imainformpfparallel2d@unknown:24:24 IL]

150ms - E g %3 OpenMP* TEIZ DT 14
W (TS TDEN SR B
100ms - :g i
Allmz
= -

20

I} b 10

Simultaneously Utilized Logical GPUs




OpenMP* THIF DRt

A FE DR % 5

Grouping: OpenMP Region / Function / Call Stack |6( | Dl %o || CPU Time
» Viewing 1.
Open M P*jﬁ§u %ﬁiﬁz@1@ Fﬁ OpenMP Region / Function / Call Stack OpenMP Potential Gain ¥ Elapsed Time | Number of OpenMP threads @ 98.7% (837.1...
a.outlpri... ~
primes$omp$parallel:64 @/home/xlsoftkk/workspaces/takedalips/omp/prime.cpp:62:62 8.914s 18.873s 64 libiomps5....
matmul$omp$parallel:64@/home/xIsoftkk/workspaces/takeda/ips/omp/matmul.cpp:25:34 0.026s 0.055s 64 libiomp5....
[Serial - outside parallel regions] 2.451s libiomp5....
matmul$omp$parallel:64@/ home/xIsoftkkiworkspaces/takedalips/omp/matmul.cpp:33:39 _ R s pri...
W 21 LT VICHY R E B TY—0 .
v
D: dp == e 0.8s . ; 1.8s . . I 2.8 Ruler Area: ~
) | — =Region Instance
@ OMP Waorker Thread #63 (TI...
= [] ='OpenMP Barrier-
OMP Warker Thread #61 (TI... IRunning
OMP Waorker Thread #59 (TI... [Waits
OMP Worker Thread #58 (TI... aCPU Time
#aSpin and Overhead ...
OMP Worker Thread #56 (TI... [ wcpu Sample
OMP Worker Thread #57 (TI... [] . Transitions
S R e ——————
CPU Utilization £ CPU Utilization
PUTI
Thread Concurrency i . me
< #aSpin and Overhead ...
v

gosorr



OpenMP* 7 7 r—<,3>®
NTF—=I 2 AREDEY

B OpenMP* %! 7EIE R DB TERY 7R
INTA—X > AA EDRIEEMEZRLEXT
v MEEICEETZERTIRNET
A—R-1>INZY A AL YRER.
R a—)>0 OvIIl&dF—IN—A\YRRY
v %??77'()1/0: -parallel-source-info=2 #* 7> 3> %41 3L
TBEHRYCBERIN—F A T7AILINAR T 7L ILADBHRZENMTEIXY

> ifort —-g -02 -parallel-source-info=2 source.f90

Grouping: OpenMP Region / Function / Call Stack

OpenMP Potential Gain ¥

OpenMP Region / Function / Call Stack

' . . ) i Elapsed Time Number of OpenMP threads Instance Count
Imbalance Lock Contention Creation Scheduling Reduction Atomics

primes$ompS$parallel:64(@/home/xIsoftkk/workspaces/takeda/ips/omp/prime.cpp:62:62 8.914s

matmul$omp$parallel:64@/Mhome/xisoftkk/workspaces/takedalipsfomp/matmul.cpp:25:34 0.026s Os 0Os Os Os Os 0.055s 64 1 0.4¢
[Serial - outside parallel regions] 2.451s 1.4«
matmul$omp$parallel:64@/home/xlsoftkk/workspaces/takeda/ips/omp/matmul.cpp:33:39 0.368s 64 1 224

gosorr



OpenMP* tEI A DILIE

CPU KfffiTY—h

[Serial - outside parallel regions] I& OpenMP* TEIHAN TERITEINILIEZZAHET
—SERAT L VU7 IILRITESNICED 2— LR R TEIET

GrDuping:;OpenMF' Region / Module / Function / Call Stack

N LZTIVT

» CPU Time L]

OpenMP Region / Module / Function / Call Stack OpenMP Potential Gain Elapsed Time Number of OpenMP threads Instance Count Effective Time by Utilization ¥ Ll — L . L
a 2 2 a Spin Time Overhead Time

[Serial - outside parallel regions]

pi_calc
~ main « __libc_start_main «— _start

libc.so.B

liblomp5.s0

Id-linux-x86-64.50.2

T T oo ol o e T T Us
primes$omp$parallel:64 @/Mhome/xIsoftkk/workspaces/taked Sl 1.160s Os
matmul$omp8$parallel:64@/home/xisoftkk/workspaces/takec OMP Worker Thread #8 (TI... 0.020s Os

OMP Worker Thread #9 (TI..
OMP Worker Thread #7 (TI...
< 2| < OMP Master Thread 202 by sel
TRIRIIISRRR. Fihter In by Selection
: Lt} 0.2 0.4: 1.6 1.8 2 2
O: o == o g Os A . OMP Worker Threat  Fijrar gut by Selectio z L = T

E OMP Master Thread #0 (TI... OMP Worker Threac  Remove All Filters

£ F

= OMP Waorker Threac St

Sort b
OMP Worker Th|
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661.440s | 0s| 0s/| |

libiomp5.s0 0.020s 36.373s 0.361s 649.794s D
__kmp_barrier Os 21.758s 0.041s 548.617s (NN libio
__kmp_fork_barrier Os 14.395s Os 101.164s | libio
__kmp_get_global_thread_id_reg Os Os 0.180s 0.013s libio
__kmp_join_barrier Os 0.160s Os libio
_INTERNAL_26 src_z_Linux_util_cpp_d7eeZebe Os Os 0.060s libio
__kmp_fork_call Os Os 0.040s libio
__kmp_join_call Os 0.040s Os libio
__kmp_finish_implicit_task 0s Os 0.020s libio
__kmp_yield Os 0.020s Os libio
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Grouping:‘ Sync Object / Function / Call Stack w ; @ %0 | | CPU Time
. . : » ~ Viewing ¢« 10f2 » selected stack(s)
Sync ObJec%gcuknctlon / Call ‘f"i‘ T:“Denb‘{ Thread Cancurrency ¥ Wait Count | Spin Time | Module | Obj Z5.0% (0080 o0 0n0e)
Mutex 0x7a0df283 6213.634s S 504 0.020s Mute lt::hyonfana\yzeflocks!drawﬁrask::operatorl) - analyze_locks.cpp
" 255 Os Fute T T " o T
Sleep 9.686s 948 Os " priace6: internal::start_for<t
Mutex Oxf50ecOfé 8.982s 66 B Mutex #1—)1 9 3R EECEuezaet
7.185s 1,026 Os custom_scheduler.h:441
6.530s 534 0Os Con:  tachyon_analyze_locks![Stitch point frame]+0x3 - [unknown source
Top Waiting Objects 3.270s 963 0s Soct :libtbb.so.2![TBB Scheduler Internals|+0x54 - task.cpp:81
) . . . . e 0.001s 2 Os Stre: l - .
This section lists the objects that spent the most time waiting in yo tachyon_analyze_lockslopsralor new+0x10 - task.h:913
time associated with a synchronization object reflects high conten 0.000s 2 0s Strei  tachyon_analyze_locks!tbb: interface6:internal::start_for<tbb::block
0.000s 2 0s Strei  tachyon_analyze_locks!parallel_for<tbb::blocked_range<int>, draw |
Syne Object Wait Time Wait Count 0.000s 1 0s Stre: tachyon_analyze_locks!parallel_thread+0x6 - analyze_locks.cpp:17
0.000s 1 0s Stréi tachyon_analyze lockslthread trace+0x9c - analyze locks.cpp:196|
Mutex 0x7a0df283 6213.634s 504 0.000s 1 Os Strei | tachyon_analyze_locks!trace shm+0xB0 - trace_rest.cpp:102
Futex 0x9eec3854 4221.808s 255 0.000s ! Os Strei | tachyon_analyze_lockstirace_region+0x77 - irace_rest.cpp:115
Sleep 9.686s 948 0.000s 1 Os Sock tachyon_analyze _locks!rt renderscene+0x19 - api.cpp:116
. 0.000s 1 Os Stre: ‘
v | tachyon_analyze_locks!tachyon video::on_process+0x1c¢ - video.cy
Mutex 0xf50ec0f4 8.982s 66 > ltachuon_analvze Inckslvidenmain_laon+0x1d - xviden cnn:250
Stream /proc/cpuinfo Oxcc250cd1 7.185s 1,026
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CPU Time ~: 7.563s 2 NED AT —— o =
Effective Time : 5.658s CPU Time & 7 ®12E ?hi:zr—s'ztirsea 3?§;° :
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performance. TBB Worker Thread (TID: 10... »
Function Module CPU Time threadstartex (TID: 19316) | tuditeials o all,
grid_intersect analyze_locks exe 1.487s TBB Waorker Thread (TID: 11... | P E TETAA
func@ox1800164d0 USER32.dll 1.477s TBB Worker Thread (TID- 66 | voale el

RUEnterCriticalSection ntdil.dll 1373s & TBB Warker Thread (TID: 18...

sphere_intersect analyze_locks.exe 1.248s I \xwz SR 7°
sphere_ ‘:: se : _| : - threadstartex (TID: 14232) | | , / TV />
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Elapsed Time : 19.305s
Wait Time ~: 200.227s
Wait Time A% 200 # Wait Count ™ 2,928

Spin Time = 21145 r

CPU Time = 7.541s
Thread Concurrency Histogram | Total Thread Count: 15 |
This histogram represents a breakdown of the Elapsed Time. | unning
simultaneously. Threads are considered running if they are eit Paused Time = Os Essentially, Thread
Concurrency is a measurement of the number of threads that - B ads are in the
runnable state and not consuming CPU time.
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o
 Over

Spin Time

Critical Section Ox6e8d14dd
draw_task::operator()

49.069s (I
42.951s (I

[TBB parallel_for on class draw_task]
Auto Reset Event 0xfsb5da7s
Sleep
Multiple Objects
Thread 0xfsb5da7rs
Critical Section Oxadeecab5

O+ 0s

Grouping:| Syne Oliect / Function / Gl Stack
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6117 @ Sync Object / Function / Call Stack mf;t T‘.mso?r’ Thr%f C:T;e”;e";yorer 8 ‘ Wait Count ‘ Spin Time Mod METE 83?5:;2(1.'4::5
13.772s D Critical Section 0x6e8d14dd 49 0695 495 1.762s ntdll.dlllRIENterCritica
10.134s - draw_task::operator() 42.951s 429 1.471s analyze_loc analyze_locks.exeldral

0.200s | [TBB parallel_for on class draw_task] 6.117s [ 66 0.291s analyze_loci analyze_locks exe![TH
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> | analvze locks.exelinrg

TBB Worker Thread (TID: 5384)

Waits

Start: 5210.777ms Duration: 93.074ms
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Critical Section 0x6e8d14dd 49 069s ) ) o
unsigned int serial = 1;
draw—las}{:mperamr{} 42.951s _ unsigned int mboxsize = gizeof (unsigned int)* (max
[TBE parallel_ior on class draw_task] 6.117s D | 1= . S, -2
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draw_task::operator() =27 ILO)w o

drawing area drawing(startx, totaly-y, STOpX-

Loguire mutex Lo DEoLech pixel calculatid
pthread mutex lock (ergbh mutex); 42,951s
Ior (1nt x = startx; X < stopx; x++) |

color_t o = render_one_pixel (x, y, local

drawing.put_pixel (c);
}

OUT’rjj)l/ ta/a/m BG)LEE‘L'/EE // Belease the mutex after pixel calculation
Kékbgﬁ OIJT’er}LLEEb\ pthread mutex unlock {;rgb_mutex:l:

« atomic MLIBICEIRTIHLD — ;
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CPI: Clockticks per Instructions Retired
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MIBICHL TOHMERERLDBVEERWMBESNET
EHREF IOy — -7 —F T I Fv—ICEo>TELD

Grouping’| Function / Call Stack
Function / Call Stack CPU Time ¥ ® | Instructions Retired CPl Rate PU Frequency Ratio
FindPrimes$omp&parallel_for@19 o748 D 19,400,500,000 2.012 1.143 m:
matmul$ompS$parallel@26 o327 (R 22,655,500,000 1.643 1130 m3
pi_calcsompSparallel_for@23 2155: 12,999,000,040 0.663 1.141 | ' m:
_kmp_hyper_barrier_release 0.559s 724 500,000 3.106 1.148 | liby
_kmp_hyper_barrier_gather 0.174s | 161,000,040 4239 1.121 | liby
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Elapsed Time ~: 177.312s

Clockticks: 158,306,400,000 Issue: A significant
Instructions Retired: 104,288,400,000 portion of Pipeline Slots is
CPI Rate ~: 1518 & 30.80% - Front-End remaining empty due to
MUX Reliability @: 0.979 Bound issues in the Front-E

I Retiring ~: 38.1% M of Pipeline Slots I

General Retirement = 24.5%  of Pipeline Slots Th,a metri.c v.alue is high.
Microcode Sequencer ~: 13.6% K of Pipeline Slots - Memory Bound This can indicate tha
—
I Front-End Bound ~: I

30.8% M of Pipeline Slots

Front-End Latency =: 22.9% Kk of Pipeline Slots
Front-End Bandwidth = 7.9%  of Pipeline Slots ) o
I Bad Speculation = 5.2% M of Pipeline Slots 38.06% - Refiring
Branch Mispredict = 3.6% of Pipeline Slots
Machine Clears ~: 1.6% of Pipeline Slots
Back-End Bound ~: 26.0% M of Pipeline Slots _ _ ’

Memory Bound = 18.1% M of Pipeline Slots

Core Bound = 7.8% of Pipeline Slots UPipe
To =2 lamwlalvigin ] . . . . . .
) This diagram represents inefficiencies in CPU usagg
Paused Time = Os

Instruction Retired). If there are pipeline stalls ded
shape gets more nd

equal to the "pipe efficiency” ratio: (Actual Instrug / f{jﬁ{yo)%*ﬁ%%%*ﬁﬁ{t
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Memory Bound: 10.65%

This part of pTube is fraction of Memory Bound.
The metricvalue is high. This can indicate that the
significant fraction of execution pipeline slots could
be stalled due to demand memaory load and stores.
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Grouping: Function / Call Stack “5( O | % | Microarchitecture Usage: 14.8% & of Pipeline Slots
Function / Call Stack CPI| Rate Retiring * | Front-End Bound * | Bad Speculation * | Back-End Bound * M~
7013 148% I
std::_Rng_from_urng<int,struct ;00,090 1.030 35.6% 33.5% 21.8% 9.1% mrges
std::move 00,090 2.704 39.9% 24.7% 11.4% 24.0% miprges
std::_Rng_from_urng<int,struct s/300,090 1.225 59.6% 44.8% 6.5% 0.0% miprges
std::_Rand_urng_from_func::ope 100,090 1.377 74.4% 48.9% 0.0% 0.0% mrges
func@0x101028c0 100,090 0.772 48.6% 32.8% 20.2% 0.0% ufrtbas
func@0x10090fa0 100,090 0.990 56.9% 46.3% 0.0% 4.3% ufrtbas
rand 100,0p0 0.587 67.3% 28.9% 5.7% 0.0% udrtbas _
func@0x10141940 100,090 0.677 70.1% 43.4% 0.0% 0.0% udrtbas
func@0x10090980 100,090 0.333 53.3% 33.5% 10.7% 2.5% ufrtbas 7
FlsGetValue 100,090 1.723 42 2% 70.9% 10.0% 0.0% kdmelb upipe
std::iter_swap 100,090 1.179 37.4% 28.8% 24.3% 9.6% mrges o )
std:;_Random_shuffled 100,0f0 2736 19.3% 36.7% 19.9% 24.1% mrges Retiring: 14.8% R of Pipe
func@0x1008fa02 100,0ho 0736  69.6% 52.6% 0.0% 0.0% ufitbas General Retirement: 5.8%  of Pipe
RilRestoreLastWin32Error 100,080 0865  380% 52.5% 15% 8.0% ngildl Microcode Sequencer: 9.0% I of Pipe
func@0x1008fae0 00,080 1436 40.4% 56.5% 18% 1.3% ufrtbas Front-End Bound: 12.2%  of Pipe
func@0x1008fb50 100,0p0 0.920 76.5% 41.7% 0.0% 0.0% ufitbas Bad Speculation: 2.2%  of Pipe
func@0x100903d2 :00,0f0 0.710 42.9% 20.1% 4.5% 32.6% udrtbas Back-End Bound: 70.7% & of Pipe
func@0x10090610 100,090 1.192 80.9% 59.3% 11% 0.0% udrtbas v Memory Bound: 64.3% [ of Pipe
< > < > L1 Bound: 4.3% & of Cloc v
D: o Os 205 5 805 1005 1208 140s 160s ] | Thread

- mbamas o e T e S it . i R S | N R, S S A S o i, N B N it Bl A AWkl 4 I BERunninn




HPC Performance Characterization fiZtfr

B HEEYRTOYS LA OMEBRERMCRRLEYS
v CPUAARR  XE)—®IE.FP 1= whb D&M
FPU ﬁﬁ@tt$ (0/0) FPU Uiilization Upper Bound “: 0.9% [*
FPU EARICE B LI 5 DDIL—T/BBEL| = o 252

Packed GFLOPS Upper Bound ' 26628

X jj 5 _2_/_ / \o“/ 7 I\\\ ‘: G FLO PS % Top 5 hotspot loops (functions) by FPU usage

\ . . —_ This section provides information for the mosttime consuming loopsfunctions with floating point operations.
\ 7 =X Z \ ®) \
%Eﬁj 1t (/\ I\} l/’[tk_ h b\%b t. 73 ) Function CRLU Tirme FPU Utilization Upper Bound ™ Loop Characterization

[Loop atline 573 in riniFE:matvec std<mi

niFE:CERMatrix<double, int long long>, mi o “Yectorized
niFE:Vector<double, int long longs > oper T466.308s ngxf (Femainder)

atar

[Loop atline 573 in miniFE:matvec std<mi i . X
niFE:CERMatriedouble. int lang longe, mi 9541255 Gonsider using vectar analysis in Intel Advisar far 2
niFE:Vector<double, int long long>>:oper yoejfcerngg erstanding of insiruction-level paralelism in
ator

[Loop atline 570 in miniFE:matvec stdmi v
niFE:CERMatrixedouble. int long lang2, mi 5

niFE:Vector<double, int long long>>:oper 2733325 1%k Scalar (Body)
ator

native irg enable 161299 0.0%

{EL\ FPU 'fﬁﬁﬁ$‘:ﬂb1@]ﬁ"ﬂ:$ﬁiéht‘. Fﬂﬂ%o)gﬁﬁﬁti\ ”ﬁ;ﬁ;‘igﬁi;ﬁj :: ”“S:]'Fin""ﬁffh <miniFE 115.4575 022 Scalar (Body)
ZDREERDRATY T2 RE T DDICRILEEFT I

| Wi i applled to non-summable metrics.
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Groupineg: | Bandwidth Domain / Bandwidth Utilization Type

Grouping: | Function / Memeory Object / Allocation Stack

Bandwidth Domain / Bandwidth Litilization
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