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PRICRETIHRBILEFELET .1V FIL® VTune™ Amplifier ICIE, I—H—FE—ROY Y FUVTE/\—R
DITANRYR=ZAOY Y TUVTD 2 DOPREE—RERI Ry ARy MEFERENSHDET . <120
F—FFOFv—2fRE 1—R1 Y FROKY RRRY RE, CPU 7OV I Frv I ENELT. &bal\voyOvy
TAVIANRY FOBEBPEY 12— ERETDETRETERT . v O7—FF70Fv—DF 21— 0hH
SERABOFEHEEEDH, MHWEBEDEBNGEDTILTUXLORBEELNT TICITHONTWDZ EAERBLET,
—RICV AT LOF 2a—ZVIDNRDICITON, ZOE T TV -3/ LRILOT VIV LDF -7,
F—FFOFv—IA o007 —FFIOFv—DF1——VINEHZETET . COFIEIF by TIITTUDY T RTT
P FaA——VIBEREBRIC. TRy IO ) EFENE T, - O0— ROBIRFEZDMBOEER/INTA—T
VAFA—ZVTICDNTIE POV Y T RO N T AV AOREb AR ERL< ) (EEE) DB THAS
NTLET,

1. RYRZARY D (PFUT—23V0EI0vIT1vIDKE%E SHD) BRERFELET,

2. bYITIFOSEEMTICRIT ARSI EFERLTRY R ARY FOWEREZTFMLFET

3. EMETHNIE. BDEBGRNILRYOZERITHDTIV—2RUILTTVL BT, RILRYOOY
TLRIVERARNTRRAZFELET,

4. MREAERBELLET.IVFIL® VTune™ Amplifier DF 12— A1 RICIZ, EHFTU—DZLDIN
TA—R YV ADMBEICNTDFa—Z VI OHEREENZENET,


https://software.intel.com/en-us/vtune-amplifier-help-microarchitecture-exploration-view
https://software.intel.com/en-us/articles/de-mystifying-software-performance-optimization
https://www.isus.jp/products/vtune/processor-specific-performance-analysis-papers/

5. IRy FARY bEINTHMIDERTLEDRATY T2 &DIRLET,

A7 )L® VTune™ Amplifier [&, iy Ry FIVSERIE RSN LEVVEDSHEEEB I TL\DIHE,GUI DX

FUYOEEBEINIC/I\ASA RRRLET 1T IL® VTune™ Amplifier (&, 7 U — 3V ATEES NS
FoOvoOTFavI®m 5% P ETHBERZERY FARY LELTHELET /N1 TS51 - 20V EDSFEDN T

JU—ORMILRY ORI INE IO DHIRTIEZD—oO0—RICERLTOLETN, LTORIC—RIGH1 RS
1% RLET,

BHAFTIV—NLTS1- 20V FOREESNDEH
(EtNICRE{LEN=RY LXKV )
AFIU— DSA4T7IRITFRORY T H—-N—/F—HIN—-2R/ INTINTA—T V-
[IFFZ V-3 SEBFTU -3y | OAVEa—F+1>4% (HPQ)
77U -3y

Us17 20-50% 10-30% 30-70%
NwO IV REKE 20-40% 20-60% 20-40%
7OV RIVREKE 5-10% 10-25% 5-10%
‘HBOEE 5-10% 5-10% 1-5%

NBOLEVVEIE, 1T ILOMBA TV DD -0 0—RE#FEIFLIEERICE DUV TLET Ry F ARy
bDATIU— (UFA7%BRL) ICEDPSNRFRN LAICHID, RENBDEERLDBHARZTVIGE AENEILD
EEZBNFT, COWRN 1 DU EOHTIV—-ICEHTIEFEDSES. BENED LUOHT I —%KMICAE
LET . HRYRARY R AT IV —CREZEDLTLTH, ZOENBEOHFE AN THNIEEEITTHRE NG
WATBEMNH D ZEISERLTLIEEL,

by IOV FEEBRATIRICERGRI LI RNLRYITIFRVWAT V- ICRBCLOREZENNF DL EIFR
WEWDSTETT . &RIBILZEITOTCHARIBR/NTA -V X[E LICIFDEHDERE A,

NYOITYRMKEATIV—-OF 21—

FA—ZVTINTVWRWTF TUT =23 VDIFEAEIE, NV I TV RMKETT . /\WI T ROBBEEERT DD
F. Z<LDBE RWEMEICUSLTICRHBIONDDLAT VY —DRRERRTDETT ATV v1o0O
7—FFOFv—RFEI—FH Sandy Bridge @IFIC, 1> 7 )L° VTune™ Amplifier [, BL\L1T VY —DIRE
ERHTBEOHONVIT Y REEXARIYOERELTVWET HIXIE, SARLARILFvva=X (LLC Miss)
XUy D(E, T—5%EF T B128IC DRAM IC7 ORI IRHENHDI— REEEFEL, PEIO0—F (Split
Loads) & &I R 77 (Split Stores) X RUwWOIE, INTA—T YV RICHEITDEBEOFvvY aBOAXEY— T D
T NF—VERHLET ATV 71007 —FF7OFv—RFEI— A Sandy Bridge DX ~Uw oD
F TFa—ZVT 1R 1ZBRBLTKESV A VTIL 71007 —FFOFv—RFEI—RA Ivy Bridge (5 3
1> 7F)L° Core™ 7Oty T —T7=ZU—) BIETIE, NNV I IV MRFICHFESINDI ARV RO, XEU—1K
BEOAT7REOY TARUYIICRAESNTVET, £l 4 DOAFTIU—ICEIT DX LUYIIE N1 TS1-R
OV BXLVPNORXA V% FERITBDIREMENDDET . ZEX LUV I(E PMU AR FORDEIRRX1Y
EERALET M FARIYOERIIHTIU—DRF XV (EE) #BRBLTLESL,

XEU—KFEATEREFOTIA NIV IF MY TLRNILORETERSNS 7O -3 - AT—J L (IR

MIC.RTIZY FOERRICHR T BNV FEFERALTRESNET . LIehtoT, INBOX FUvIDERTE,
BILBHRYTLNILTRESNIE/N\Y I I RLERE—HITZIDIITIEHDEEA BEEMEFELY),
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https://software.intel.com/en-us/vtune-amplifier-help-cpu-metrics-reference

XEBY—KEATIV—DRA—ILORRAEAEY— BTV AT AICEELEFIHZIL, FrvvIVa=REXE
=70t AEBY—EKEODIA—ILORRAEGEDET , A7KEODAL—ILIE, ET10ILT CPUMET
YR RICHASNTUVEWCENREATRELET XL, BRI IEHOBREG X FREI-Y D
E&ES|FECL, A7IRKEDORAL—ILORAEEDET, CORLETIE, AL—ILTRETDODXETIY—=T7IEZIHVRL

ZE. CDAOY IOV REICHEEINET AR BELTVRO—-RIHIIEE, O—RNERT—5%ZHE
LTUVWERWTENRRTETIZY RN FEL TLBREH), HAOIILIEXEY—KEFICHFEINEIT . PMU 1RV ~
&, 7TV =3V DEORRILRY O ZRET DDICERIDDENTREICIRDLIIC, \— R U7 TERIN
TWET /\WIITVROBEDIFEAEIF ABU—KEATIU—ICRDSINET,

XEBEU—KEFEATIV-DIFEAEDARUYIE LT FrvvYahBXEY—FTO, REILRYIICIEDTLNDX
TBU-RBBOLNILESELES . COREICFERSINB IR MIFEREREG TSN TLWET . —BN\woT R
MRAR—=ILTBE AUV IIFIEZEFOFENDFvY Y alLNIAOO— R ERIFETHFOALTDRAL—)LZERX
DLESELFET RY RRARY FOFEDLANILTHIRESNTLBRIEE . ZOT—YDELIEF vy a P XEI—
BN SHEENTUVD L EZBKLET . BLORRIE, D7 ISEVMIBICT —5%BET e ITERLET,
A L774&7F (Store Bound) 1Z, /N1 751 V& ETHOO—RNEFIOR 7 ITKEFELTLREREDKEFIEERT
HIAFIU—LTHIASINET . NEOATFTU—-ICIF XBYU—KEEZTORREGDZ 7 TUT -3y
EBEOIMEERFET DA RIVIRBDET FIZXIE. AT TAT—RTTOvISNzO—F (Loads Blocked
by Store Forwarding) & 4K TU7 X (4K Aliasing) (&, 77U —>3>ht L1 k7= (L1 Bound) THD & %R
TARUYITY,

ATVREFEDAR—=IUIFE, I\ IO IV FMRETIEFZNIFEZLIFHDFEA CNBOAR—)LIF, KEDXEU—EK
IRz DICH B RERETE DY — AN IERMICFBSNGVIBEICRELE T XL, FE8/ N = (FP) $E
SEENSZIL—TTITV, T=IDF vy alCERIBRBRETT 1T IL® VTune™ Amplifier [, CDHF
JU—DENMEEEHT DIV DODDARIYIOZRELTVWET BRI, BRE RS (Divider) XU (X, [RERS
IN—ROTF7HERICERSNE Y1 OILZRFEL, R— MEBSR (Port Utilization) XRUWOIXETIZVED
BArROBREERELET,

Back-End Bound «
Function / Call Stack Memory Bound « Core Bound &

L1 Bound'®|| L2 Bound L3 Bound =/| DRAM Bound® || Store Bound =
b price_out_impl

b refresh_potential 1.7% 0.0% 4 6% 75.9% 00%| 00% 106%
» primal_bea_mpp 0.0% 1.1% 11.7% 26.0% 00%| 00% 236%
b update_tree 333% 16.5% 229% 41% 00%| 00% 14.6%
b sort_basket 11.4% 0.0% 0.0% 0.0% 0.0%| 0.0% 13.8%
E

o RETRRSNBXRUVIEIF, COXRUYITRESNET —YDOEREIMELWCEZRLET.CN
[F UREESNTe PMU AXRY ROY Y TILEHIEBICDIBRVWCENRETHDEEZONET . COT—H
BB\ TESETIN NEICR>TT —YIERE, > TUV T O/RE, £2ldD—o0—F=iEvYLTH
BRETEIELHTEET,

ORIV RKEADATIOY—0OFa—=-5
JOVERIVREKEATIIU—IZ IFDDIATDOINA T4/ A=)V DODNAN=LET I\ T TS1D
JOYVERIVREASNN 7 TUT— 3V BIILRYIICIEBRZEIF ZFNIFESLIEZHDET A BIZIE JIT O—

ReAY5—TUS—TRIRSNDI—RIF PRI —LNBNICERMSND (VN5 —ICLDI—FERE
O [NESNZW) 126, 70V IV R A—ILORREFDET, 70V FITY MMEFEATTU—D/INT 21—
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IVANWEIF BE, I—FEE (R MEO—REBHZELTRE) £V /I\1S5—DF O ZvIICEELFET . FI X
X, DIFEOZNI—RPREFETYRTUY OO —RIE, 70TV RMEEATIV—CESINET, I—FY
A ZADFRBILPAVI\AT—ICKBDTOT 71 I 1 R&R#E{L (PGO) BEDT I ZvIIF, ZLDIZFEA—IL%
BRI DDICHERTY,

AVTFIV RAOO7—FFUOFv—REI—RA Ivy Bridge MIBO MY 5 03ETIE, 70 FIY RMRED
A=) 7OY IV RLATVY—=E70V IV REEED 2 DOAFIV—ICoBiaNELE, 7OV T
~R:LAF><— (Front-End Latency) X tUw D& N\v O TV ROEFNRTETLBICHNNNDST, 7O ~
TV RICEKDT pop NETINGEW T IO ERELET . 7OV IV R OSRY—F . A UILHIEDEKX 4
pop ZETTEZILERBVLHLTLEE W, 70 I REIHIE (Front-End Bandwidth) X kUw oIk FiTS
Nz pop M 4 KEOTAT)L, DFED, 7OV IV EOBEAZFEWNI>TLWVEWS A O ERELET . EHTT
U—DOTRICIE, SBICKX UV INHDET,

DIEFR= R, Z<DIBE  BIEOREAT ITU—ICREINFEIN AV TFIL v1o07 —FF70Fv—HE
J—F% vy Bridge BIETIE, 70V IV RICET S 2 I%U R 77 (Branch Resteer) X kUwOICL>T, 70
VIV RO IERIRICIG I EDNRENE T,

Front-End Bound

Function / Call Stack Front-End Latency o Front-End Bandwidth
Cache Misses | ITLB .| Branch Resteers |DSE.. |Length..|MS . | FrontEnd Band.. | FrontEnd ..
p price_out_impl 0.0% | 0.0% 09%| 00% 0.0% | 0.1% 3.8% 0.0%
p refresh_potential 0.0% | 0.0% 14% | 02% 0.0% | 0.1% 5 7% 01%
p primal_bea_mpp 0.0% | 0.0% 29%| 071%| 00% | 00% 122% 0.1%
b update_tree 0.0% | 0.0% 22% | 06%| 00%]00% 72% 14%
00%] 0.0 21%| 00%] 00
b primal_iminus 0.0% | 0.0% 1.0% | 0.7%| 0.0%)00% 9.0% 0.7%

127 I)L® VTune™ Amplifier [, 7OV IV MKEORAZSFET DA NI ID—EERRLET, CNHDH
FOU—OWLWINHDERNEERIZE ANV IESBIGRABLTRAZSEL BIET A EEEXFT,
BIZIEX . BB EZVAL—3/TLB A—/\—AwW R (ITLB Overhead) & & F v v/ 2= X (ICache Miss) X
Uwold, 707V IV MKEOERITTEBEOGHIBEENANDET . Fa—ZV T DHREIAIFE, 1~ FIL°
VTune™ Amplifier OF 12— 14 RESRL TS,

BREORENTIV—DFa—=2Y

3FEBHORYILANILOATIU— BEOREREIE, N1 TSA NS LT7 LRV RETyvFLTEITLTWVS
EHICEY —THBDeERLET  BEORED/\A TS0 20v MME, IV VD REGEIREETHDEET
BE VI T UEWERIFZA R—ILT S pop BETEINBELTAOY MHNRESN TV DIRETY, IREDRIRE
. PIEFR=ZRETIVIVT BRO (—RETIEHDERAD) BSBEI—RICE>TSIFRISINFET K
HoOMEIF, VIS5 —ICLDTOT 7131 RREE (PGO), BEDIRDEE, 8LOTYVIUT7 %S| Eie
CTIS—FRUEDHBRGEDT IV VI TRBTCERT . REOMEZRRI D L(F, 7OV IV MMREFEDX
=L RS I DICRIBEER T RHEDF 21—V I DTV ZvIICDWTIE BRI o007 —FF70F v—
@IFOA > 7 IL® VTune™ Amplifier DF 2—Z 711 RESBL TS,
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Function / Call Stack

Bad Speculation @

Branch Mispredict

Machine Clears

Back-End Bound

p price_out_impl 74% 0.0% 72.7%
p refresh_potential 8.0% 0.1% 52 8%
p primal_bea_mpp 24 3% 0.0% 555%
p update_tree 11.5% 0.0% 741%
Jsonbaske  (WMMNCEY 00w %)
p primal_iminus 6.7% 0.0% 754%
b primal_net_simpl 0.0% 434" 26.1%

UL AFIV—-DFa1—=VT

by FLANILOREOATIV— USLTIE INATSA VDB EIMEDETTEY —ThHD e EBKLET, A
gETHNIE, CONFIV—-ICT7 TV -3 vnE<nA0Y Fi D EES N3O EBENTT . LHI\L, N\ 1T TF51
> Z20Y LTUSALT7ITBDREA NI —REFETHNIE, REORMFHDFET UYL T7HFTIU—D 1 DD\
TA—IXVAOMEIF, 100y =T —08WVWHAERTY., CNUF FEOREN RSN pop DRULIA
F—LZERTDET, 7O0VRIVRETZIARLET, COIFE . Z<O pop NUFLT7ZLEIH, LW<DOHMF
BT DENFEETTBIRIE FP PV RAMET /—<ILAARY MTEASIN, ZLOBE, AVINAIS—DA S
23 (DAZ P FTZ) IC& > TEBCTEFRT, - RFEROBIRDFRL, CNOORMEZER T DDICHRIIEET 5+
ML, 1> 7IL° VTune™ Amplifier DF 2a—Z— 14 RESRBLTLIESV AV TIL 1007 —FF0
Fvy—RFEI—FH Sandy Bridge Tl&, 7Rk (Assists) (FUSA T AT IV—DA MUY OELTHEINET,
A1VTIV RA0O7—FFOFv—REI—RA Ivy Bridge IETIZ U7 HFIV—DINA T4V &
%% 1 77 (General Retirement) EIEENB Y THFIU—ICHEIIN, YOOI —R-I—T Y —D pop (&
BIICERIENET,

Retiring &
) General Retirement a|| Microcode Sequencer «
Function / Call Stack = .. -
Other Azzists
FP =87 | FP Scalar | FP Vector
p price_out_impl 0.0% 0.0% 0.0%  100.0% 0.0%
p refresh_potential 0.0% 0.0% 0.0% | 100.0% 0.0%
p primal_bea_mpp 0.0% 0.0% 0.0%  100.0% 0.0%
p update_tree 0.0% 0.0% 0.0% | 100.0% 0.0%
p sort_basket 0.0% 0.0% 0.0% 1000% 0.0%

ERIT>TLWEWES. ZILTUXLOLFHE ORI RIILEICEKZFa—=—TIF U917 AT U—Ccna—R
BEIGDINTA—T IV AEWETBDICERIBEET,

FeH

by IO UEEA YT IV VTune™ Amplifier ICHBIFBZDEMEIE, PMU ZERLIE/NTA—I VY A-Fa—=
VOOFREAEMEERLTVWET  AREEN O L2 BB I I HICBEOITREEIXMED B BDTYT, it
b R—EERIED PMU @IFICEKETSNTED, ZORBEEIXFROIVTIL 71007 —FFI0Fv—IC
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DILRATRETT L BIRIE FFIELIE, 1V T I v1oO7 —F T UF v—RHFEI—RH Sandy Bridge h\5
ATV RAOO7 —FFOFv—lFEI—FHA vy Bridge OB TAMRICH S RSNE L2,

by IO EOBREIR, T TUT =23 N TA =TV ADR IRy O DIEEERETDETI A/ TIL°
VTune™ Amplifier D2 MEEEITE ATRICEEEDBIZIL, 7 TUT —2 3V 2 W ET ScOHICBA AR IERZ R
FTBETT . CNEEHBAITRIET, 7T -3 VDN TA—I U/ A KIRICHETE BRI T &FEL
[CHIFBDEEHDRLETEET,

BEEOvOITvo-LIE

o Fa——UOLIE:TAINRTTTUVT
o Fa—Z—UU: LI 8% DRAM 7Ot
o Fa——UT-LIEKLIR—MMERSR

o Fa—ZUOLVE:@mPFrYVIaI=R
BEIEH

RAOOT7—FFTOFv— )\ (HEB)

TAOO7 —FFOFv—2RE 21— (%K)

FaA—ZVT A RBEIVNTA—T RBITER
oOvITAvIEINATSA 20V M AR—=ADX UV (BEE)
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https://software.intel.com/en-us/vtune-amplifier-help-microarchitecture-pipe
https://software.intel.com/en-us/vtune-amplifier-help-microarchitecture-exploration-view
https://www.isus.jp/products/vtune/processor-specific-performance-analysis-papers/
https://software.intel.com/en-us/vtune-amplifier-help-clockticks-vs-pipeline-slots-based-metrics

OpenMP* J— Rf#tR

DL YVE(F, OpenMP* Efzld OpenMP* - MPI A\ T Uw R-777UT—23> 0 CPU M AERZM@ITL T BHE
HRIENRMEDRRZRHELET,

OpenMP* (3T A4—0-J 34V WliFIEFTILTHN, OpenMP* TOT S AIFE—DTRAY—IU7)LO—R- ALy
RCETZRBLET MHNEHICEIZETDE, TAY—AL Y RIFEBHOAL Y RICTA—0 LTIy 4815 % E1T
LFET. ZFRAL Y RIFMFEHORREICHD/NUT T3V LT, ZNEIYAT—ALY RBVU7)LO—RDEST
BHATLET . YAY—ZALY RONMFISEIHIC T A—2 L, barrierX® single & DIEIETT — I %FHE TS MPI 7
O3 LNESIC OpenMP* Z7OJ S L %ETLIRTDCEHTEFRT . LN, YU7ILI—RHRET BilFI4EED
V=TV ATEEEINSD OpenMP* 700 S LAOAN—RRIITY,

BREMICIE, W EENeF TUT—2 3>V IFF ARG CPU 7 DALERE%Z 100% FA LT, E1TRES
RTIFTHEABD—UZETIDT—N—ALYREFHEET . ERICIF,. O—H—ALY RN T7OF 1 TRAEV TH
HLTL\BIEE ((FRERBIFERDIIENFEINET), RZIFZEFRIICHFRL T CPU ZHEL TLVRVIBEIZE,
B2 CPU FMIARIFMESEDERT, D—A—ZAL v EOFHEL BRGED—IZ2FTLTUVRVIERIFV<DOHES
NEI,

o YUFISEEDETT (WFEEN): T AT —ZA LY RNV UT)LEEEETLTVBRIEE,. T—H—XLY
Rlx OpenMP* S5+ ATROIFISEIHZF#EL TVET,

o O—RAVYNSYR: ALY RIFFEHTO—IO0—ROERITERTITRE MDRAL YRR T ITBD
NV THRELETD,

o WHI—IUOFRRE: IL—TORERENT—H—IALvYEREEDBHDZEWNEH, F—LOWLKDDDALY R
NV THELTED,  BRGD—U%ZEITLTLFREA,

e OVOTOHORER: MFHNEFATREEA T O DMERINDIE, IFHDALY REDHBUY —I\DT7 D
T RAGEEETDRH ALY RIZOVINEBESNDIETHEELET,

1>7)L® Composer XE 2013 Update 2 B F&EHICT>FIL® VTune™ Amplifier ZFERIdE, 7 TUT—
2 3VNFIAEEER CPU ZEDEDICFIAL, CPUNKERTHIRRZRETCETET,

1> FI)L® VTune™ Amplifier T OpenMP* 7 U —3/ 3> %9 BICIE I ROBIEEITLET,

WA T3 ca—REIV/IA(ILTS

OpenMP* {BIF T ERET D

FTUT =237 LARILD OpenMP* X ~UwO%TEET S
U7 I I—RERETSD

BENGT AV EFATS

HIREIEZIERTD

WRATYayTTOA—REIVINTILTD

O U A wWN =

e OpenMP* li5lI$EIH & fEFrd BICIE, A7 I)L° T /\1S5— 13.1 Update 2 DARE (1 F)L°
Composer XE 2013 Update 2 ICEFENFET) TOA—FNOV/IAILESNTLB e ERL TS,
BULWN—=T37D OpenMP* S V51 ST SU—hHteHENd &, 15 )L° VTune™ Amplifier (&
EEXvE—YEHALET, COEGAE NERBRIITZEBEAIREENHDET,
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RF1XYMCERHSN TV DEHD OpenMP* B#iTA T3V ZERTBICIE BICEM/N—-T3a>0
AVFIV AV INA5—=2ERL TV B ZMRBL TIZSL),

e Linux* ET GCC TOV/\AILENfz OpenMP* 77U —2/ 3 % Td BICIE, GCC OpenMP* S
7SU— (Libgomp.so) ICYVRIVBEBNEENTLBRIEEERL TSV, CNAEERT BICIE,
libgomp.so ZH&RELT nm XY RTY VML EF v ILETRICHZRLET,

$ nm libgomp.so0.1.0.0

SATSU—ICVVRIVBEBNEENTUVVEWEE, Y VNI EOFHLWSA TS -1V A —ILE
EIEFaVIAIILTDN F1TSU—DF N\ I EREERLTRZVHIZIE, Fedora* Tl yum UK
JRU—H\5 GCC TN\ I IEREAVAR—ILTEET,

$ yum install gcc-debuginfo.x86 64
OpenMP* &R ETD
55— D OpenMP* @i 1T DIC I3 RODIFEIEEETLET,

1. A7 I)L® VTune™ Amplifier Y —)L/\—IC$HSD > (RF> 7O GUN/ = (Visual Studio* IDE)
[Configure Analysis (BBiTDERE)] N5 Z2OUVILET,

[Configure Analysis (BRHTDRTE)] T+~ R OMRREINFKT,

2. [HOW (ED&SID)] X1V T, 7 [Browse (BR)] RY>V%EHUvILT OpenMP* BT E D R— 93
BT (ALY R HPC N T A=V REFE XBEY—T O R FRIFHRY LEIFY 1) #BIR
LFY,

3. [Analyze OpenMP regions (OpenMP* $8iHZfEIT)] 772/ 3V HNBIRENTUVRVIESISHERLET
([Details (5¥#l)] o>/ 3> %=wER).

4. © [start (B8] K5>RIV LT BIFEEHLET.

AVFILe AVIAS—D OpenMP* S UL 51 TSU—F, 70771 E—RTETHROT7 U -3
VEANFICHERIIGY—h—=RMLET. CNEFIBLT, 17 )L° VTune™ Amplifier [& OpenMP* i 5l 4815 D
Hetem@easL,. 7 7V —ray-0—-ROVU7IEIEXBITEXRT,

TV —237:-LANILD OpenMP* XRUYOEFAETTS

AT —5 Y o CPU FIAZRZEBELTHOBRTZERDET  HPC N T A—T >V AN (EE) Ea—R1V hE
FRIBHE. [Summary (B<U—)] D1 R [Effective Physical Core Utilization (XIZERI4NIE 77 5
BAR)] Y3V T HERINTLIREBIZHEYIEI7H, HEV CPU FBROMR (/I\—t> k) OFRITE
BLETELWIT7FARIZ NTA—IVAOBBELTTISINFITENET,

tEOE1—R1V +TlE, 7 FUT—2 30 0fZiBRE% CPU FIRERLANILETH L LE [CPU Utilization
Histogram (CPU fIAED R HR)] "R RSNET, 2MRICITBENEFBAERLHNRRISNGLEH, 7TUT—
avhREV I =T (7OF714 7)) T CPU Z{ER LT CPU B OILIEADY FanFB A FIRAJEER/\—
ROT7-ZALw RBEDH DI OpenMP* D—H—ZL v REBRINICERTIIEE . A5 RIN\—%FRLT
FIAIRLRIVDSHABTETET,
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CPU Usage Histogram
This histogram displays a percentage of the wall tme the specific number of CPUs were running simultanecusly. Spin and Overhead tme adds to the Idie CPU
usage value.

28

1.55

Elapsad Tima
Target Litiliz ation

Average CPL Usage

Simultanecusly Utilized Logical CPUs

N—DEBRENGHBAEISGEWVGS, /\TA—Y >V AE LOREEEZRDIFBICIE, ZIILTVILFRIFTIoO
=X T OFv—DF1—ZV IR ITDIRENDDET, 7 TUT —2 a3y OIENFELGLFEIC DL TIE,
[Summary (YYU—=)] D> R0 [OpenMP Analysis (OpenMP* fi&tf)] o3 #HABLFT,

OpenMP Analysis. Collection Time : 18.399

Sarial Time (outside any parallel region) : 0.068s (0.4%)

Parallel Region Time : 18.331s (99.6%)
Estimated Ideal Time 04245 (45 8%)
OpenMP Potential Gain 499075 (53.8%) M

[Summary (YYU—=)] D1V RoOZORoYaVICE RERBE 7005 0027 )V4EE (T5IEHH) &

TP EE OB GEHRRNRRSINET . VU7 ILEENREVGE, S5ICTFNIEAE A I 5H\ TiFI{b N E iR
U7 AR TIE 7L TUZX LSRR OO07 —FFOFv—0DF 21—V I %&{To>T. VU7 IIETEIEHEI D&
REILTLIESV ALY RAOD Y FOZWI I VOV UTIVEIF L BENGRAT UV JICFRAGEXERS X
B1z8 (7 L5 —ILERl), AJBERRD&R/NCTRETT,

[Summary (U<U—)] > D0 [OpenMP Region Duration Histogram (OpenMP* 81 #F G2 M E)] =
SR L T, OpenMP* $BIF D1V AV A% BITL, AV AV ADFHHE O HZRAEL T, B8R/ RIF/ERE
oAV ATV ZAEHRILET . T 74 O HRITIE, &/NEFEFEE R ASEITRFROB N 20/40/20 DOLEE
TER/BFMERICHOEENFIT HEICIGCT, LEVVEEZFAELET,
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OpenMP Region Duration Histogram

This histogram shows the total number of region instances in your application executed with a specific duration. High number of slow instances may signal a
performance botlenack. Explore the data provided in the Bottom-up, Top-down Tree, and Timeline panes to identify code regions with the slow duration

OpenMP Region:  |conj_grad_Somp$parallel:43@home/viunefwork/apps/NPE/MNPB3.3.1/NPB3.3-OMP/CGlcg £514:695 iV

Instance Caunt

104

02 04

_Eﬂ H_

Duration Type (zac)

ZOT—5%FAL T, [OpenMP Region/OpenMP Region Duration Type/... (OpenMP* $&1%/OpenMP* £8§
WiFGEI 1 7/..)] TIL—FLRILTIUY RESBICEHELEITLET,

JUPINI—-FRIFETSD

DU IIEFTSNEI—RERIFI BICIE, [Summary (B U—=)] 7> R0 [Serial Time (outside parallel
regions) (U7 JLESR (HE5U5EIEMN))] 0>/ a>%#ERL T, [Top Serial Hotspots (outside parallel
regions) (LD UFIL-Kky Ry  (HLFU$EIHS))] 2B LET . AREEI VY IT L, [Bottom-up
(RELTP Y] D42 ROTZOEBOFMEHEIRTEET,

CPU Utilization —: 64.7% &

Average CPU Usage 5174 Qut of 3 logical CPLUs
Serial Time (outside parallel regions) : 6.897s (37.9%) k
Top Serial Hotspots (outside parallel regions)

This section lists the loops and functions executed serially in the master thread outside of any OpenhP region and consuming the most

CPU time. Improve overall application pedformance by aptimizing or parallelizing these hotspot functions. Since the Serial Time metric
includes the YWait time of the master thread, it may significantly exceed the aggregated CPU time in the table.

Function Wodule Serial CPU Time

[Loop at line B1 in bar_serial]  matrx exe 4493
[Loop at line 49 in foo_serial]  matrix.exe 2.218s
[Loop at line 75 in init_arr] matrix. exe 0.051=
bar_serial matrix. exe 0.046s
foo_serial matrix.exe 0.035s

BENGT 1V =2FH

J— R HEET CPU M AEROIFREFRTBICIE BERRT 1 (RFE) AUV IZERLEIT . COXH
UwolE, WHEEHOE S NIRBRECEBBIESNEBIFRE (ALY FONS Y ADZET OpenMP* 5~
FALDA—IN—AYENEOTHIERE) DEZEFRLET, COT—FZFERL T LIIETEREITDET
R CE2RAREEZRBEDCENTERYT,
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[Summary (YYU—=)] 7> RIICIE, [Potential Gain (BEHRGRT 1)) XUy OENRHEL 5 DO
EIEYMRRSNET . #pragma omp parallel TERSNLLHNFEHFEIC . ZOX MUY IILIFISEH DTN
TOAVARI YV ADBENGT 1V DOEH%ERLET,

Top OpenMP Regions by Potential Gain

This saction lists OpenMP regicns with the highest potantial for paformance improvement The Potential Gain metric shows
the elapsed timea that could be zaved ifthe region was oplimized to have ne load imbalance assuming no runtime
overhead.

OpenMP Region OpenMP Potential Gain (&) OpenMP Region Time
RN T e T A J— ooss  01% 0.015s
SRR -k EaYTee  — 00zs - 01% 00135

WA = appled fo non-summable metncs.

EIHOBENGT A UNBEETHDIHEE, BEHEBDUYI%0)vILT [Bottom-up (REAFY )] D1/ RD
([CFEENL, INUTICRDAVINSG VY RIGEDIENFTIGA FUY U DFF @S EfT %2~ d [/OpenMP
Region/OpenMP Barrier-to-Barrier Segment/.. (/OpenMP* $8i#/OpenMP* NUFZHNSNUFDEI XV~
[N IN—FbzFERLT, ESEITRFARTEFRT,

AVFILe AV INAS—D OpenMP* S 541 LlE, 17 )L° VTune™ Amplifier @IFIC/\U7&A VA RILXY

FLET A>T IL° VTune™ Amplifier [&, SBIED T A — M BRZIFMBIONUTDNEEIT AV FegERT /)
PETO,INUFRED OpenMP* @l J X FOBEZZEBALTLWET,

-\ #pragma omp parallel

{

atbaE Paraliel Region
#pragma omp barrier /
#pragma omp single I

Bamerdto-bamer segment 4
{ \
asas T |
Barnerto-barmer segment 1 Bamerto-bamer sesment 2 Barner to-barmer segment 3
} \ P

gpaﬂ?ma e Reegior i:--q/' ¢ Barmes \ = / \- :u-/r/ \ a1 Join

}

}

LEE0HITIE, user barrier BEEME single barrier FEERL omp for JL—F/\U77& region
Join NUZELTERSINR 4 DONUTFHNB/NNUFADEIT XY ENHDET,

OpenMP* $81IC, W%l )L— 74> #pragma single sections IGEDBERD/N\U 7, FelFBRNGEI—H—/\UF7
NEHERINTVDHEE FEDBEDZEVIFNRGA NIV IICHTD/NI 7 =@ LET,

INUFZIALTIZET XY RRICHERAENET (BIZIX, 1oop, single, reduction &E), £ BBED/\U 7 &S
DI —FICDODWVWTI—TDRT I 21— Fy /I A X BLORNEKR/FEIN—TREADV MEE A
VNSV ZAORT Y a—=)IDA—IN—AY REEBFTDOICRIDEMDERELEALET I —TREADV
1B IF, ABBIL—TDOIFHEICED, REBRBENDEWDT—H—IALy ROFBAEMET I IREZHBITDDIC
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HRIUBET, CDIEE. WEIL— TG T BH\, collapse BixERLTI—H—AL Y REEMNIETI L%
‘et TS,

Grouping: OpenMP Region [ OpenMP Barrier-to-Barrier Segment / Function [ Call Stack

%per;\n':l; g‘:?;oer:-f 5 T Vais, OWHMFE e Galr‘ ‘ T Elapsed Pumber Instance OPL‘EO:':P Umeniit: | EDF:F;‘MF OD':::dP E‘C:: Dlae';\:ﬂo: |
?L}n;'-g:r.-%ﬁ"é?;fj Imbalance Congnan Creation Scheduling | Reduction | Alomics | Other Time Onf’rec';';q: Count Chunk S‘?r’:p‘;-'ls “’E’l?:r‘;“ LDO%LIE:“O" Eounl
______ 144z ooo0: IFETY  oo00is 0s] 0017

» conj_grad_Somp 1.129s 0.000s 0s 25425 Os Os 0003s 10898s 48 1 Dynamic 0 0 0
» conj_grad_$omp 2913s Os 0s 0.001s 0.001s O0s 0007 31225 48 1563 Static 0 0 0
» conj_grad_%omp 1510s 0= s 0.000s 0.000s Os 0.003s 16593 48 1563 Static 0 o 0
» conj_grad_Somp 0.758s 0= Os 0.000= 0.000= Oz 0.002s 0861s 48 1563 Static 0 o 0
» conj_grad_Somp 059%6s 0.000s i 0.001s Ds 0= 0001 0630s 48

» conj_grad_Somp 0.167s 0s 0s 0.000s 0s 0s 0000s 0395 48 1563 Static 0 0 0

OpenMP* ZL v RHITIERELIZIENZRO I ~ (RiBAEFRE) 2R RIDET, BEOBENGT 1V ONERE
=9 [Potential Gain (BERBT1V)] HS LADOT—5%=ENLET . ZBRBIZANT FEDOIENHRESY 1T
[CRBIRENESHEHIRFT DDICIRIIBEET 1T IL° VTune™ Amplifier (&, JROIENZHRMES 1 TABHT
ETFET,

e Imbalance (1VN\SVR): ALY RIFERGBFRTT—0%EZ, N\UT7THELTVWET  1V/INTVR
RENEE THIBE, BNERAT Y 1—IILOBAZRET L TIES L 1> 7 )L° Parallel Studio
Composer Edition @ OpenMP* S5 A IS4 TSU—FA VNSV REEHEICLIR—EL XUV D
FTY TV TICEDVWTCETESNBMOIENEMEDL S ICHETOREICKEFLEEA.

e Lock Contention (OYI#i&): AL VR FEEITDOvVY, £eld "ordered" EinttgES NS JL—
TTHEELTVLET ., OV IHRESORENEE THIHR  UF IV avgE ALy R-O0—A)- AL —
I FRIFMEIZALOT REVOBREEERTIET, MSIBERNTORBPEEE L TZEL,

e Creation (%hk): W50 —ODEEICEEELEA—/I\—AY R, {50 —0DE BRFENEE CTHDIEA.
i3 $EiE =S ERIL—FICFEEN L T WO EEEL TS,

e Scheduling (RT¥a—=I): D—A—ZL Y RADQUFD—ODEIDHTICEEELE OpenMP* S /51
LAT I a—5—OA—/I\—AYRTT AT Y a1—)LOBBINEETHDIIEE FHNRT I 1—ILTLL
BoNED), KEBEF v/ IHAAD "dynamic" RT3 a1—)b, Fzld "guided" ATV 1—)LEFERLE
7,

e Atomics (ZrEwD): 7~V OBRIEDETICEELE OpenMP* SV 51 LADA—/\—AVE,

e Reduction (U592 3Y): US 0T 3/ RETCEDOINER-,

1V FILD OpenMP* S 54 LD/I\—I 3V E <, [Potential Gain GETERNES 1 V)] 1S LZEMLR TSR
SE WIHT S CPU BRBIX RUYODRRERITL TS,

INT A=V ANEEX OpenMP i 5B DY — =TI BICIE, [OpenMP Region/.. (OpenMP* $&1/..)]
TI—=FLNILTY —LIzT Uy RTElEg#R 7 &S TILoUvILET . 17 )L VTune™ Amplifier &,
V—Z2E1—%FBW\WT 1T VN1 S—DE R LI BB A DEIRE NIz OpenMP* $8I5 0 &% R R
LFT,

iE
o FTIAIETIR AVTIL AVINAT—IFHEHRICY —RXT 71 ILEBZEBMLEEA. ZDI28H, OpenMP*

54812 D' [unknown (REB)] ERRSNF I MBIHBOYV—AT7MILBZRETDICIE, VN1
AT 3T -parallel-source-info=2 ZEBMLFEY,

HIRFIRZEETD

15 )L® VTune™ Amplifier ®illi5] OpenMP* $BIMEEMTIC I, XDESIEHIRNHDET,
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o YR—FSNBIBENGIINEFORAEIE 512 TI,512 A%BIDUMFNEHICRI—THNEET S
& A7 /) F—=avigihEIngEti.

o  ANFITHoRMFEFG Y R—FESNFELBA. R EMUOIEBEOHFNEIGEERLET,

e A7 )L®VTune™ Amplifier |&, BRI U2z OpenMP* S 7S U—%HR—kLEBA,

BEEOYvITvo-LIVE
o Fa—ZUU:-LYE:OpenMP* A VNS VRERT I a— ) A—=/\—AV R

o Fa—ZUU-LYVE BULWIOtzvY—I7FEZEK: OpenMP* /77 LIRS
o HRELVEMPIZIUS—I3avodOTrzv1IL

BEIRE

knob analyze-openmp=true (&&&) amplxe-cl A 73>
MPI J— REE#T (K55
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DPDK 77U —23a>y@7{ERAFE

ZHOLVEIZ . DPDK R—ZADOF7 FTUT—2avIcHI3B/\Ty FZEQIT7ERRESFHNITBRIA NIRRT
LE¥Y,

SR/ Y RN KRDHONDT 5T L— 7 U -3 TlE DPDK IR EMREBI7ICEZ VTS
NIEBERIL—TT/I\TY R EZETBIROFEOR—ER—UVILET, COLSH/\ TV RZER—UVTE
TV BRI 7EREREZAEI D LETHREEGDET  R—U T IL—T%#E{TTSDI70 CPU K&,
DPDK M7 RILDIL—TH 12 )LEICEFREL, BIC 100% ELICHEDET , Z0D7z8, CPU BEREINS/\T v =
EOI7FEREEIDNDEBA. LN, COR—UVTETILTIE, [Rx Spin Time - % of wasted polling
loop cycles (Rx RAE VM - BEAGR—U VT IL—T 1L IID %)] h\6IT7ERENSHDFET, Wasted
Cycles (BTG U)L) &1E, DPDK BN\ T v hEZELGH\ e REZIBLET,

COLVEIR RDATY FICHST DPDK R—ZADT—o0O0—RT/INT v CZEOMERERITLET,

o FRHTDIHD
o FlE:
1. ANEHNBRERERTID
2. DPDKRx RAEVHEBX MUwOZEFERLCI7EREZERITD
3. DPDKRx \wFMEtEANT S LZFERLT/\TY ZEEREITTD
4. RxBEEBELTRXE—IUEFAEFID

£ ERSESTO)

o FIUT—=3:IVIIVATTL2 7ATD—FT10%FEi79 % DPDK testpmd 7 U —/37/,
127 I)L® VTune™ Amplifier D707 71 )L 8B R— M EXE DPDK TV /N1 ILESNTULET,
o Y—)b:
0 A VF)°VTune™ Amplifier D707 71 )L-HK—HiEX% DPDK,
1> FI)L® VTune™ Amplifier D707 7 )L-H7R— k1, DPDK 18.11 BARRICHRESINE T,
DPDK 17.11,18.02, 18.05 2RI 315&IF. R AD/N\vFZEALFI . DPDK 7O T 71
IWEBRITTBICIE, 17 )L° VTune™ Amplifier i\ DPDK IR—U>VTBADILICTIVF TS
&SI, (config/common_base config 77-1JLT)
CONFIG_RTE_ETHDEV_RXTX_CALLBACKS 754&
CONFIG_RTE_ETHDEV_PROFILE_WITH_VTUNE 7545 %ABXICLT,DPDK (E5—5"Y 7
JUT—23v) =BERLBIY/I\1IILLET,
o A YFIL® VTune™ Amplifier 2019: A & H A&

= A5 )L° VTune™ Amplifier FfffilD5 0> O0— RER BT R—RTDOLTIE,
https://www.isus.jp/intel-vtune-amplifier-xe/ Z&B L TE &L\,

 COOVOTYIODLYVEIFITRNTRT—FTILTHD, 17 )L° VTune™ Amplifier
2018 ARRICERA CEEX T N—JaVICEDERENDINCERGDENHNET,

o ARL—=F1VT-IRFT L 40GbE UV DN L TERiSNZ. 64 N1 +DTL—LZEHKTDIHS

T4y IR —5— (UTORITIE GEN) &/ L3/—/\— (SUT: System Under Test) THER
SNET AR AT LSUT FINTYERD L2 TAD—FT1 V0 %ETLET,
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GEN SUT

e CPU:15)L® Xeon® Platinum 8180 7Ot v — (38.5MB Fvw/1, 2.50GHz, 28 17)

ANEHN@EINERTID

DPDK T Tl&, 1> 7JL° VTune™ Amplifier GUI TA D& H DEET%ZZIRL, [DPDK 10 API] #8%IICLFET,

INTELVTUNE AMPLIFIER 2019

@ Input and Output aedli”-

Select 10 API type to profile:
System Disk 10 AP
SPDK IO API

» DPDK IO AP

+| Analyze PCle bandwidth

Analyze memory bandwidth

» Details

DPDK Rx Spin Time (DPDK Rx ZE >/ IE[E) ED API BB X RUYDE/N—R I L7 ARV MO/\—RTTT7-
ARV ER=R XMy OEEBEMITDIENTEERT . HIXIE, DPDK Rx AE VK& [Analyze PCle
bandwidth (PCle* FFIEZRIT)] MERZISSICUNES NS PCle* HIHROBICIFKEFERBENDDET,

IRV ESAUNBANEHN@EFZETLT PCle* HiEIRE DPDK X RUYOZEET BICIFIRODIR Y R
ETLET,
$ amplxe-cl -collect 10 -knob kernel-stack=false -knob dpdk=true -knob collect-

pcie-bandwidth=true -knob collect-memory-bandwidth=false -knob dram-bandwidth-
limits=fFalse --target-process=testpmd

DPDK Rx AEVERBA MUY OZERLTI7EREEZRITT S

F—AMRES NS, [Platform (FSv kT A—L)] 7 THh\B5848, AL E@ [DPDK Rx Spin Time (DPDK
Rx AEVEEAE)] A—/N\—F1 L XUV OEFABLEFT . COX MUY OE, EO/NTY MR
rte_eth_rx_burst(...) BHFOHLOEIEE (RLYRIEID) RLET, Nl /T v L ERH LGN
R=UVIIN—TREOEEGERLTT,
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num iterations that give 0 packets
total num iterations

DPDK Rx Spin Time =

i nputandougut ¢ @

Analysis C wn  Caollection Log ¥ Bofiom-up | Pladorm
D e == o e 10 125
TIPS IO S AT ST ST AT AT Y WA Y

- i " 2
(M G s s B B e Bt e [

@ WFming
. B maCPU Time

: . ;

testpmel (TID: 330087) B87% 59 0% & muOPOK Fx Spin Ting

Thesad

¥ Giohad Coumntors
Irstant Vake

E
g 10% A45% & PCie Bandwidin
| o a0 Ghi a
£ FECKELE Oh o oy [ Average Bandwidih, MBisec
E B wFead
= B mate
B ~~Teral, MBisec
Packot Loss (H) & CPU Freqguency: cpu 1
11% 22% =P Frequency
- 40276847
y 375096
é_ * packags_D |
“: 1642 548
a 278447
Ethemes Coniroler XLT10 for £0GDE 205,006
1642548
CPU Froquency: cpe_L 2506Hz T
3
4.

o CZITHNLEBRIFEMSINLEBDTT,

£ [Platform (F5v k7 x—LA)] Ea—Tl& R—UVTZL v RD [CPU Time (CPU )] (X&) (FFIC
100% iE<TY, [DPDK Rx Spin Time (DPDK Rx RE V)] (F &) IF. /\T Y FZIEDAL Y FMERFETT, ¥
DATI S T'RINAV T DL, ZORRDENY —ILE Y FCRRSNET,

COBITIE FSTrv oI RL—5—EBHELL T, 2 T LI 40Gbps D 5% I DRZTrv oL — &G
LTI\ MMERT—AZIIELELRE BUICTA—< v SN *.csv T7TMIIERDA—IN—51 LT —5
(&, 1>7)L° VTune™ Amplifier 7O T ~CAViR—b (E5E) LTIT LTSI VICRRTEET,

T I7AIETIE A7 )L VTune™ Amplifier [ E52® [Global Counters (FO—/NILAD VA=) o3>
ICRRSINTL'\S [Packet Rate (/N7 v L—K)] XkUwoE [Packet Loss (/N\Tw RMEK)] XUy OEINE
TEFERA.COLVETIE, CNBOX RUYIFBIRINESN, 17 IL° VTune™ Amplifier IC&o>TUESN
EERICFENTT Y IR—bENELIZBIOGEELT, A7 IL° VTune™ Amplifier DAY LATIL D5 — (HEE
HEEAFRLTEIMOXRIYIZED csv 771 EAVR—FTCEXET ARSI LDL IS —E WNEDRR/E
LE/—FFSIERFICT > 7 )L°® VTune™ Amplifier ICKD>TETSNBDEMOTOCRATT ARSI LILII—%E
ALT. INTOVATLBEMLEEEL, BMOX MUY ORINETEET, CNICKD, EERNBIRATREE R0 #E
REBRTEDLIICIEDET . CNIE N TA—T VA F 21—V JICRIBFET,

[Platform (F5Y k7 A*—LA)] Ea—DOTETIE, Y151 T [PCle Bandwidth (PCle* F1HiE)] NDZ1t % HE
HRCEFXT, COBTIEAVTIL /007 —FFOFv— (BRI — BB Skylake) LT root #ERCEITENIEZ
1z8, PCle* Higght PCle* /N1 ABIIC AN RF TE DR A CRRSNTULET,

EEOANDEHAEFD [Platform (FTSY T A—LA)] E2—TlE, INTOX MUY IICHEEMENSHDET A5
TavIE L — N EFRTSE, [PCle bandwidth (PCle* FidiE)] 1&1&EI0L . [DPDK Rx Spin Time (DPDK
Rx AEVEERE)] TR LET . HDIERT, TALV AT AlZFA—/N\—O—R&iED JEEOD [Packet Loss (/N
Ty hEX)] ENRSNBELIICHEDET,
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3
o ALYRHEH®D Rx F1—%MIET B84 . [DPDK Rx Spin Time (DPDK Rx AEVEF/)] X ~Uwo
FEEMETERLET,

DPDK Rx \wFRETEA LIS LEERLT/\TY FZ{EZRITTD

DPDK &, rte_eth_rx_burst(...) BHEFEHALTNIC ha/\Tv O/N\vFEZIFEIDET, X[E (0,
MAX_NB_PKTS) DEBOED/\T Y ~EZETETET . CZT.MAX_NB_PKTS [ZEHE (8% 32) TY. Liehto
T.EZE® [Rx Spin Time (Rx AE V)] TlX, 37D RS 71y O NBENK S ELRD RN GH D28,
[Rx Spin Time (Rx AE V)] 32K GE=RL TV FERA,

NTY RZEOYTU—RETZRRL R OOV ERFEREZREICHEET BICIE, [Summary (PYU—=)] 5712
N#E X T, [DPDK Rx Batch Statistics (DPDK Rx \wF#it)] EXA LTS L FAELET,

DPDK Rx Batch Statistics
in data plane appbcations, where fast packet processing s required, the DPDE polls a centain port for incomang packets in an infinite loop. To
understand EHIEIEI'II:',' of the polling thread utlization, explore the baich statistcs of fetch ng packats with the ree_sth_r_burst() batch operation

Staftstics Domain Port 0; Rx Queue 0 [TID: 201749] *

5,000,000 .

|
J

4.000.000
3,000,000
2,000,000
11000000 I
Jm BB B N B ® . .
o 5 10 15 20

- —_— ——
25 30

Mumber of packets fetched on a single Me_eth_n:_burst) call

EXRT S AIEEIRLUTZ [Port / Rx Queue / TID (fR—k/Rx F2—/TID)] FIIL—FOZE/\vF/I\Tv ~ICE
TEMaTERLET, COBITIE, INTOE—ID 4 DEHOEERLTVNET, CNIFBATIF R REARGR
RZERABEIBICIE/I\NTY ZEOESEEEBRIDIVENDDET,

Rx R{F2IBELT Rx E—UZRATFTSD

NIy b EZETREH, EIT7(F R BRFENLT NIC EBIELET R BB FIF, 7 RLAWwH 1 XtE /X
Ty BT BIERERIFTIT —IEET R Fa—EFIENBYVINY T 7—ITEESNET BEICEXIL,
INTYRZEIXU TN T7—RADL—ITHOD NIC (U T/\w T 7—0 [Head (568E)] IC Rx 2k 72310
L. E7371% [Tail (RE)] h\5 Rx stk FER—U T L8 ZLTRBLET .
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TAIL ; core polls here

HEAD

NIC reports here

O71F Rx il F &R T D&, Taill KA V5 —%FI B ICFEELET  Tail H' Head ICEIET DL,
rte_eth_rx_burst(Q) I& 0 /\T v rEIRLFET,FEIC, Head H' Tail ICEET D&, Rx F1—ICFI B AT EERR Rx
SR FNGL NIy MEEANRET I HEEENHDET,

FLWLWT Y bERIMT D728, NIC IE Rx F21—0 Head ICH D Rx ok F&FkHELD, EeilR FOI7 THRESN
EXEU=T7RLRICNTY b EiELET  ZLC Ry B FZ2ESTRL T, A7 ITHLW\T Y FORIE BT
BMEDHDFRT,

COLYEDEY 7Y TICERLEZA YTV A—S Ry OV bO—5— XL710 YU—X(F, 16 /{1 k& 32
NA O R BIRFEYIR—FLET . EEHHF YV aA51VOT A XEDBH/NSLVE8HNIC F PCle* HiFiE%z
MR BDEHEBDF vy 151N\ R B FZ2/\vILTESTAHEFTEHD, BB TFOESRURYY —%8K
ALTWET  EIC VT A —PRy O bO—-5— XL710 VU—XF ROFRGEEHZTIHBE R TLE
Rx ek F2EETRLET,

o Ax32NTh DR FEZIZ8x16 NTrOERRFNAR T LIZIES
e A NIC Fvv¥aTihFHERICEINEIES

HMIE ATV A= Ry OV FO—5— X710/XXV710/XL710 Y U—XDF—F Y — | (EZE) =#88BL
TS0,

COLYVETIF VAT LN 32 /81 +0 Rx Eoi F &AL TL VST, [DPDK Rx Batch Statistics (DPDK Rx
NyF#ED] OIFEAEDE—T(F 4 DFEBITFEOTLET,

DPDK Tl& Rx EBIR F DU A X NDEZ D ENTEET LA TIL, testpmd % 32 /N1 k& 16 /N1 +D Rx &€
BFEFERLTCHEEDAR TETLIZIEA M [DPDK Rx Batch Statistics (DPDK Rx /\wF#i5t)] DZ1L T,

o 32 /\1Mbt@RxEBIF: IFEAED rte_eth_rx_burst) FOHLIZ 4 /\T Y ~EZIFEIDET,
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v DPDK Rx Batch Statistics
In data plane applications, where fast packet processing is required, the DPDK polls a certain port for mooming packets in an infinite loop. To
understand eficiency of the poling thread utkzation, explore the batch stanstics of ferching packets with the me_eth_rx_burst]) batch operation,

Stausics Domain: | Port O; Rx Queue O [TID: 75941)
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~ DPDK Rx Batch Statistics

In data plane applcations, where fast packet processing i required, the DPDK polls a certain port for mcoming packets in an mfinse loop. To
understand efficiency of the polling thread utilizaton, explore the batch statistics of fetching packets with the ne_gsth_r«_burst{) batch operation.
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Systern Under Test

e CPU: 125 /L° Xeon® Platinum 8180 7O tzvt— (38.5MB F¥v3/1, 2.50GHz, 28 I7)
1VINIVRIPIRINDVE PCle* BEHEX MUY O%IBRETD

PCle* 53X (& PCle* /\1 X (NIC %x&) & CPU OB B ICKDBRSNET , ZDed, 17 IL° VTune™
Amplifier |&, JXDHIEHIES 1 7T, PCle* BIFIEX ~UYOEH#BILETD,

e [Inbound PCle Bandwidth (1>//\" >k PCle* &iFiE)]: AT LAXEU—HS—T v ETIT/\A
ADLS VYOV a3V EE T EEEERLETD,
o [Read (U—R)]: XEU—D\SF /N1 A\DFHEDERLET,
o [Write (51R)]: T /\AANBXEY—\DEZTAHERLFET,
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o [Write (51F)]: CPUD\SF /N1 RAD MMIO ZEEINDOESAHERLET,
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[Inbound PCle Bandwidth (>//\"7>/ | PCle* #1#ig)] 5K [Outbound PCle Bandwidth (777 /X7
I} PCle* BigIE)] > —~=NETRICIF ABNEFEZFERLET,

GUI T, 70V U RE{ER L, [HOW (EDKSIT)] R T [Input and Output (AN & HA)] BifERIRL T,
[Analyze PCle bandwidth (PCle* FHIEZ/EMT)] A 73>V =BICLET,
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@ Input and Output (- (

Analyze utilization of 10 subsystems, CPU, and processor
buses. Learn more

Select 1O API type to profile:
System Disk 10 API
SPDK 10 API

«| DFDK 1O API

+| Analyze PCle bandwidth
Analyze memory bandwidth

OV RS54, collect-pcie-bandwidth knob (F7#JL T true ICRE) ZEALET X IE XD
Y RIZ DPDK X ~UwOEFERLT PCle* SBigigT — Y DUNEARIALET,
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memory-bandwidth=false --target-process my_ process
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MIBLET,
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NICH Tx B FZ2EERL T, A7IC/N\TY EOVEESN T B FEBHR CET DI EEBIMLET (1
NOVES1ER),
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BA/NTYRL—hEEYLTLAT VY —%ER/T 528, DPDK [FXDORBELEERLET,
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= O
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FORINDY R U—E (MMIO 5H+ED) ZTWEBAADDIC NIC [ R BLO Tx Bk FEEEFTEL
TY7hDx7IC Head DIEDBE LIcCE&EBALET,
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o FPIORNDVE-TALEFTSD.DPDK IZ/\T Y RZEEREEER/NYFTITVL. 7 TUT—3V(FN
T QNN FHREBESNEEIC Taill IR1 VY —EBHLET, rx_burst D—EBMEZRIE, Rx BBRLE
LME (RFE) Z AL TVWET . COLEWMEZERTDE, 7 U — 3V Rx Fa1—0 Tail iK1~
H—%EHITDENCIBSND R B FORERETETET (COLEVMEIFNYFHAIEDBHKREN
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=N hN
H A
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<install-dir>/samples/en/C++ T4 LU RU—ICEENTULET,
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e CPU: 17 )L® Core™i7-6700K 7Otzwvt—

ERFHZEETID

YT TF TV =3V OBENGINTA—I VX REILRY O ZIBET D128, I, 1T IL° VTune™
Amplifier DEMBEFTEETLET,

1. W—JL/\—® [New Project (il 7OV U R)] Ry EOUVOLT FB IOV o DA (6
linear_regression) ZEELEY,

2. [Analysis Target (5= v )] T+ ROT RARR=ADENTELT [local host (O—AJLKRA
RN 5—5Y I RTLIATEERLET,
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4. A [Choose Analysis (F#fFD&EIR)] K5 > %&=2Uw L, [Microarchitecture Analysis (Y107 —
F7UF v—[i#if)] > [General Exploration (£f8)] Z#:2{RL T, [Start (BER)] 20Uy I LFT,

A7 )L® VTune™ Amplifier £, 77U —av#REILTT — 5% IEL WNELIET 5% T 71T
SAALT VY VRIVEREBRRLET, COERIE, V—RABRTREICEDET,

MRRILRYOZEIFET D
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Tld, 77U —23> o [Elapsed Time (BBIFAE)] ZX—X51 VL TERLET,

Elapsed Time : 3.076s

Clockticks: 73,312,000,000
Instructions Retired: 24 832 000,000
CPI Rate =: 2552,
WL Reliability = 0.830
Frant-End Bound =: 3.2%  of Pipeline Slots
Bad Speculation = 9.7%  of Pipeline Slots
Back-End Bound = 80.8% K of Pipeline Slots
hWlemory Bound = 54.4% K of Pipeline Slots
L1 Bound = 16.4% k& of Clockticks
L2 Bound 0.0%  of Clockticks
L3 Bound = 29.9% Mk of Clockticks
Contested Accesses 51.2% ke of Clockticks
Data Sharing 31.2% M of Clockticks
L3 Latency = 6.3%  of Clockticks
S0 Fall = 0.0%  of Clockticks
DRAM Bound = 0.0%  of Clockticks
Store Bound 4.4%  of Clockticks
Care Bound = 16.4%  of Pipeline Slots
Retiring 6.2%  of Pipeline Slots

PIU—X Ry IO XEU=FIRADFRERICEDT TUT -3\ TA— Y ADFIRESN TS E
MADDERT,

mRaddT—YBEZRDITS

[Contested Accesses (P EZRFRB)] X UV IDENTVWRREZFFHNSB78, [Analyze dynamic memory
objects (1 F =V REU—-AT IO ME@IRTD)] ATV 3aV 2B LTAEY—T O RBEHZET
LET . COENTIE FRAREDRRAICEOTVDT—IBEND T I AZRDIFBDICKRIBEET,

Top Memory Objects by Latency

This section lists memory objects that introduced the highest latency to the overall application execution

Memory Object Total Latency Loads Stores LLC Miss Count

stddefines. 52 (512 B) 736% 95153085453 1543624 654 0

[Stack] 04% 3320899524 5500084 0

Ireg-pthreadimain (517 MB ) 57% 1220836624 D i}

[Stack] 0.2% 32,200 266 21000315 1]

[Unknawn] 0.0% 700021 0 0
2,800 084 0
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[Summary (HYU—=)] Ea—m5, 771l stddefines.h DT 52 ODXEU—EIDHTF—5-ATI I LT
IV =3VERITOLAT VY —DELEOTVBIENMDERT EIDHTOT A XIFE 512 /N1 REIFEEIC
NSV LT FryvYalCREICNEDRIFT TY . HlZHRIT DS, COATI o EI IV ILT
[Bottom-up (REAFP Y] Ea—ICIDEXFET,

Memory Obiect Function / Allocation ... | CP... Loads ¥ Stores LLC Miss Count | Averace Latency (cvtles)
b [Stack] 3320899 624 0 8
» Ireg-pthreadimain ( 517 WEB ) 1,220 636 624 ] ]
b [Stack] 32,200 966 21,000,315 0 9
B [Ireg-pthread] 4 0

# [Unknown] a

CDATITOROFEETORRLATVI—IE 59 A1 0)LE L1 Fvvya bICHDEFERINBIAETI—YA
RELTIFIERBICEVMEICIEOTWVWET, CNDFIERBRE /N T A=V ARBORAICE>TLB A REENHD
x9,

U RO stddefines.h:52 (512B) XEU— ATV U ERBALTCEINDYTRIVIERRLEIT EDYHTR
IwoESITILOUvILT [Source (V—AR) Ea—%#BEFT . ATIIMEIDHTEHNTLDO—RITH/N
151 haNET,

124 nuw_threads = nuw_procs;

125

126 primtfi"Linear Regression P-Threads: Puwming. . .\n");

127 printfi{"lreg args size: $d\n", sizecf(lreg args)):

128

129 IOINT_T *peoints = (POINT_T*)fdata;

130 long long n = (long long) finfo.st_size / sizecf(POINT_T);
131

132 reg units = n / num threads;

] f tid args = (lreg args *)CALLOC(sizeofilreqg args

134 Fitid args = (lreg args *)_ nm malloc(slzeof(lreg args)*num_procs, 54} ;
135 Simemset itid args, 0, sizecf(lreg args) * num procs);

Ireg_args DABZRXICRLET,

Eypedef struct

pthread t tid;
POINT_T *p0|nts
int num_elems;
long long SX;
long long SY;
long long SXX;
long long SYY;
long long SXY;
} Ireg_args;

RDOELSIC, Ireg_args BHICT7OEALTWVWRO—REILYRIELET,

// EREGR

for (i = 0; 1 < args—>num_elems; i++)

// SX.SY.SYY,SXX,SXY %:FtH
args->SX += args->points[i].x;

args->SXX += args->points[i].x*args->points[i].x;
args->SY += args->points[i].y;

args->SYY += args->points|[i].
args->SXY += args->points[i].

y*args->points[i].y;
x*args->points[i].y;

}

BALYRIFBIRICEFIDERICT IEALTWSRS, T4z 77UV THENEZISNET,
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YV 7ILD Ireg_args BEDY 1 XIE 64 N1 T, FvvaS1V0Y A XE—HLTVET . LH\L, TNS
DEBEDER N ZBDHTBEEIC, CORID 64 N1 TTSAAXY FSNBRIEIIHDERA. ZORER, BLIIE
ZENFrvYaSAVIEREBIA T BRLGVRAME (TANR-TT7UVI) NEETEENHDERT.

TANR- VTV IREZEIET S

CDTANA VT IV TEBEEBIET DD AT I—% 64 )\M T T4 XV FTENEHTS _mm_malloc 8
HICEELFT,

=0 inline woid * CALLOCisize t num, size_t size)
{

H > void * temp = mm o mallocinum*size, 64);

53 assert (temp) ;

54 memset itemp, 0, num*size);

55 return temp;

BOVI\ALILLTAFIL® VTune™ Amplifier D7 7V —2 3V BHEBEETIDE BRIFIRDKISITED
FLI

Elapsed Time . 0.521s

Clockticks: 14 897 200,000
Instructions Retired: 24 791 200,000
CPI Rate = 0.601
MUK Reliability = 0.959
Front-End Bound = 7.2%  of Pipeline Slots
Bad Speculation 0.2%  of Pipeline Slots
Back-End Bound = 54.4% K of Pipeline Slots
Memory Bound = 11.9%  of Pipeline Slots
Core Bound =: 42.5% ® of Pipeline Slots
Divider = 0.0%  of Clockticks
Port Utilization =: 24.2% M of Clockticks
Cycles of O Ports Ltilized = 0.2%  of Clockticks
Cycles of 1 Port Utilized = 24.1% m of Clockticks
Cycles of 2 Ports Utilized = 33.2% M of Clockticks
Cycles of 3+ Ports Utilized = 96.3% M of Clockticks
“ectar Capacity Usage (FPLU) = 0.0%
Retiring 38.2%  of Pipeline Slots

Elapsed Time (#ZiB8FE) & 0.5 MITED, AVUTFILD 3 BN TA—IVANKIRICR ELELIE, XEYU—
REORRILRYIONEEL, TAI -7V IEBEMEEESNELR,

b
o ZOLYVEDIERIE, 17T IL° VTune™ Amplifier 7ROW/\—TJA—3 L\ (K58) #8RBLTLIESL,

REIEE

RAOO7—FTOF v —EHT (%)
XEY—T I R@AT (5E)

by TR OOT —FFOF v —RITE
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https://software.intel.com/en-us/forums/intel-vtune-amplifier/topic/748224
https://software.intel.com/en-us/vtune-amplifier-help-general-exploration-analysis
https://software.intel.com/en-us/vtune-amplifier-help-memory-access-analysis

$5%1 DRAM 79X

ZOLYVEE AT IL® VTune™ Amplifier D<A 007 —F T O Fv—BITEAXTBY -7 O A@HEFERLT
XEU—KIFZD matrix 7 U —arw# 707 70)LL S8 DRAM 7O A0 RE=BELET,

o EATDDD

o FE:

R=2AZ1V%EH TS
RAOO7—FFOFv—iFEETTD
IN—=ROTT7DORY ARy M EFET D
XEU=T OB ZEETID

Y MEXEBY—FOCRAERETD
IW—TRBORECEERT S

Ed:ERSESTO)

UTRIE NTA—RY AR FIATERITD/N— I 7EY T RIITODYRRTY,

o U AwWN =

o FFUT—232:2048x2048 1D 2 DNOITHIERERE T BITHIRE D> )L (EXKIZ double ),
matrix_vtune_amp_axe.tgz UV FIL/I\wT—J|F BED <install-dir>/samples/en/C++
F1LORU—ICEENTULET, https://software.intel.com/en-us/product-code-samples (&:E) H
BT O—RIBIEHTEFT,

o NTA=TVRERITY—IL:

0 A VFIL®VTune™ Amplifier 2019: Y1007 —FFOF v—f#th (1B: £MRET). XETEU—72
t AT

o AVFIL®VTune™ Amplifier fHfiRRDS V> O—REB B Y R—FTDLTIE,
https://www.isus.jp/intel-vtune-amplifier-xe/ Z&B LTS\,

0 COUOVIITVIDLYVEIFIRNTRT—FTILTHD, A7 IL® VTune™ Amplifier 2018 DU[#
ICHEATEXRIT . N—I3VICIDBENDTNCEBRDIENHDET,

o ANRL—F1VT-I AT Ubuntu* 16.04 64 Ewv
e CPU:T5)JL®Core™i7-6700K XOtzwvH—

N—RAS51%={EKTD

YV TN A—RFOFMAN—I 3V ROT—RICED XAV A—RIVICEBRRERE7 LTI LZERLTVE
ER

void multiplyl(int msize, int tidx, int numt, TYPE a[][NUM], TYPE v[][NuUM], TYPE
c[1INUM], TYPE t[][NUMD)
{

int i,j,k;
1/ RATATER
for(i=tidx; i<msize; i=i+numt) {

for(J=0; j<msize; j++) {
for(k=0; k<msize; k++) {
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https://software.intel.com/en-us/product-code-samples
https://www.isus.jp/intel-vtune-amplifier-xe/

clilhy] = clilb] + alillkl * bIk1Lil;

}
}
}

AVINTILLEETZ U =23V OETICIEN 22 BHD\DFET, CNHY DIEORBIL TERITDI/INTA—T VR
DAY & L 2 A0k 3N

1007 —FFOFv—BIfeETITD

U7 T TIT =3V OBERNGN T A=V AR RY O%IBIRT D25, FI .17 I)L° VTune™
Amplifier DA oO7 —FFOFv—@BiixETLES,

1. W—ILI\—® “T | [New Project (B 7OV I M) RV EIUVHLT FEFOY T ~OEH (f:
matrix) ZEELFT,

2. [Configure Analysis (BB DFRTE)] 7+~ RU®D [WHERE (£ C%)] X/ T, [Local Host (O—AJLik
ARN =T YV RT I TEBIRLET,

3. [WHAT (fi%#)] X >, [Launch Application (7 7UT -3 #ieE)] 59— v k51 75&RLT,
Bifrg 37 VT —avEIBELET,

4. [HOW (EDLSIT)] X1V T[] "5 EDIUYILT [Microarchitecture (Y107 —FF4
Fv—)] Z)L—7H\5 [Microarchitecture Exploration (Y1007 —FFUFv—)] @EHi%EEIRLET,

[ configure Analysis INTELVTUNE AMPLIFIER 2019
@ Local Host @ se

Microarchitecture
Exploration

6 Launch

Application

Specify and configure your analysis target: an
application or a script to execute

Application:

frootfintelfamplxefsample/matrix/matrix =D

Application parameters:

v| Use application directory as working directory I‘

Analyze CPU microarchitecture bottlenecks affecting
the performance of your application. This analysis
type is based on the hardware event-based
sampling collection. Leam more

CPU sampling interval, ms
1

Analyze memory bandwidth
«| Evaluate max DRAM bandwidth

Collection mode

oo

5. O [start (B KYVESUYHLET.

127 I)L® VTune™ Amplifier (&, 7 U — 3w REIL T — = NEL WNELRRT—5%ET71F
FAALT, Y VRIVIEREBRLET . COERIE, V—RABEIRTREICEDET,
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IN—FOx7DRY bRARY L ZFETD

IAOOQ7—FFO0Fv—BfEETIDE, - ROFEGRMNLRY IR TEEI BRLIE 7 U —2/3
>0 CPU YA oO7—FFTOFv—DMERE CPU I\ATZA4 2 A—=)LRREINSD [Summary (BYU—)]
E 21— [pPipe (p /N1 F)] h\BERTEIASDHET . AT [pPipe (pu /N1 )] TlE AN T T7O—-HIEEIC
R\, 7TV =23 vmINTA—<T > A% [E LT BICIE, [Retiring (UF1T7)] X EUYODEEIENDTHE
NHDFERT, CO/I\1 TDERREE, [Memory Bound (XEU—&EF)] X ~UvODETY,

lysis Configurati Collection Log ~ Summary  Bomom-up  Event Count  Flatform I“:v |
Elapsed Time : 21.858s
Clockticks: 349,198,500,000

ructions Retired: 69,671,000,000
Pl Rate 5012 &

The metric value is high.
This can indicate that the

Batirin -+ Pinaling & significant fraction of

Retirir 10.1%  of Pipalir =
e 8.0% R . execution pipefne slots
[ Banr W Fipsiine could be stalled due to

Bad Speculabon 0.5%
. 83,45

demand memary kad
and siores, Lse Memary
Access analysis 1o have
the memric breakdown by
ey hierarchy,
memony bandwidth

¥ Baund 73.8%
1 Bound “; 1.3%
Baune 0.0%6

Bound = 9.2% M of Clockzicks infarmation, correla
E v TL3% M ¢
22.9% m of Clocka

LC M 100.0% M ol Cla

_m Core Bound
siore Bound 0%  of Clocktick: pPipe
Core Bound = 9.6% of Pipeline Slot
. i This diagram represents inefficiencies in CPU usage. Treat it as a pipe with &n output
4 X flow equal 1o the “pipe efficiency™ ratio: [Actual Instructions Retired)/[Maximum Possible
Pausad Time ~; os Inztruction Retired). If there are pipeling stalls decreasing the pipe efficiency, the pipe
shape Qels mofe narrow.

ZRIOX UV —5 INTA—T Y XIFEIC DRAM 7O XICLOTHIRESNTLDZENDHDET,

[Bottom-up (REAFZ YA Ea—ICtIDEX DL, 7TV —237/IC 1 DOXREERY LAY SRR
multiplyl "&H3TENAHDET,

Analysis Configuration  Collection Log  Summary Bottom-up  Event Count  Platform

Grouping: Function / Call Stack v |
Function / Call Stack CPU Time ¥ Clockticks Instructions Retired CPI Rate
M 143.770s 347,326,000,000|  69,093,500,000 5.027
enqueue_task_fair 0.036s 52,500,000 28,000,000 1.875
__entry_text_end 0.036s 101,500,000 10,500,000 9.667
task_tick_fair 0.028s 77,000,000 17,500,000 4.400
update_curr 0.027s 77,000,000 14,000,000 5.500
native_flush_tlh_single 0.025s5 59,500,000 3,500,000 17.000
swapgs_restore_regs_and,  0.024s 49,000,000 10,500,000 4.667

COR¥ESTILOYYILT [Source (V—R)] Ea—ZRASFI . HH/NTA—I VR DUF1NILIGO—R1T
NI\ S1 FENET,

42



] ronmye [

Insznschions | Locators
e f— | *““‘“‘”‘”‘ Retied | P e ] Frore End._ - | B Specutaben - |
¥
3 woid mltipir:l[;'.nt msize, int tide, int mumt, TYPE a[][nuM], |
s { [
las int 1,3, k; [
las |
47 /7 Naive implementation |
lag for(istids; iemsize; i=ienumt) { |
ag Tor(1=8; jemsize; je+) { | | |
a0 for(k=8; kemsize; k++) { ||4,711,000... 619,500,000 7.605 0.2% 0,05 0.0%
51 3438150 68.474,00 5.004

FEAEDEERBM, 3 DOEEF (a b, BELD ¢) BRIELTL\BY —R1T 51 TEOINTLET,

XEBY=T O RABERZET

RDRENOD\ B S 77Uz A &FANSB125, [Analyze dynamic memory objects (BIMIXEV—-ATI o
R A T3V EBRICLTAEY -7 O RABREETLED,

Application

Specify and configure your analysis target: an
application or a script to execute,
Application:
frootfintelfamplxe/sample/matridmatrix =~ = | Lo ]
Application parametars:
9

|w| Use application directory as working directory
Waorking directory:

frootfintelfamplxe/sample/matrix

EX)

Measure a set of metrics to identify memory access
related issues (for example, specific for NUMA
architectures). This analysis type is based on the

more

CPU sampling interval, ms
5

|5|f| Analyze dynamic memary objects

Minimal dynamic memory object size to track, in
bytes
1024

|w*| Evaluate max DRAM bandwidth

MY FEXEBY-FOCRZHETSD

RDESIT XAEY—=T UL RABFERD [Summary (BYU—=)] D1V RIS, EUOAEV—ATI UMK

RENEY,
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Top Memory Objects by Latency

This section lists memory objects that introduced the highest latency to the overall application

execution.

Memory Object Total Latency Loads Stores LLC Miss Count
matrix.c:121 ( 32 MB) 94.8% 14,125,223 744 0 7,208,432,480
maifrix.c:116 ( 32 MB) 5.1%  3,061,691,848 0 4,800,288
[vmlinux] 0.1% 232,006,960 102,403,072 1,200,072
[sep5] 0.0% 8,000,240 0 0
mafrix.c:126 ( 32 MB) 0.0% 800,024 8,688,260,640 400,024

2,400,072

*NYA Is applisd to non-summabls metrics.

DR DOBRAIORY RARY AT O matrix.c:121 Z2Uv 2L T [Bottom-up (REAFPY ) Ea—
[CIDBERE. TUYRTI\AISARESNTVWBRIOATI O ES TILIUYILT [Source (V—X)] Ea—
EEES . COXEV—ATI O +OITERLET,

H bufz = (char *) malloc i NOM*NUM* (sizecf (double)i+10z4) ;
122 printf{"Addr of bufZ = %p \n",bufz); fflushistdout);
123 addrZ = bufZ + 256 - ((UINTe4)bufZ$(zLe) + (UINTe4)0ffset Addri:
124 printf("0ffz of bufZ = fp\n",addrZ); fflushi{stdout);
125
126 buf3 = {char *) malloc (HUM*NUM* (sizeof (double))+l0Z4);
127 printf{"Addr of buf3 = %pin", buf3); fflushistdout);
128 addr3 = buf3 + 256 - ((UINTe4)buf3%25e) + (UINTe4)0ffset Addr3;
129 printf({"0ffsz of buf3 = fp\n",addr3); fflushi{stdout);
130
131 bufd4 = {(char *) malloc (HUM*NUM* (sizeof (double))+l0Z4);
132 printf{"Addr of buf4 = %pin", bufd); fflushistdout);
133 addr4 = bufd4 + 256 - ((UINTe4)bufd4(zie) + (UINTe4)0ffset Addrd:
134 printf({"0ffz of bufd4 = fp\n",addr4d); fflushi{stdout);
135
136 fendif //ALIGHNED
137
138 a = farray *) addrl;
139 b = {array *) addrz;
140 o = farray *) addr3;
141 t = f{array *) addrd;

buf2 ZHH addr2 [CRAST, ZNHEF b [CKASNTLBIEDSNDERT, DFED, BEDHDEFIIE b

EEZBENET,W—IL/IN—D \EI [Open Source File Editor (V=X 7715715 —%2R<)] "I %&D
UwoLT, I—R=BERILETD,

void multiplyl(int msize, int tidx, int numt, TYPE a[][NUM], TYPE v[][NuUM], TYPE
c[1INUM], TYPE t[J[NUMD)
{

int i,j.k;

/! RATATER
for(i=tidx; i<msize; i=i+numt) {
for(J=0; j<msize; j++) {
for(k=0; k<msize; k++

)
clilhy] = clilb] + alillk] * bLk1Lil;
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}

RIEOIRAKWGERREN D MDE LI &R OILHIERNZRE S ETES b Z#RELTL\BEH, ERETARER
AXEBY—FvoICIv > FLTULET,

W—TXBORELEERTD

ROESIT jEKITIL—TRBZILTUXL%EBEBRLET,

for(i=tidx; i<msize; i=i+numt) {
for(k=0; k<mS|ze k++) {
for(j 0; J<mS|ze Jt+

)
c[iif = C[l][l] + a[i][k] * b[k1[]:

}
}

HLWI—RZEIOV/I\CILLTEITIRE, ZTERMIE 1.3 RITHED AUIFIL (26 B) D 20 FIC/N\TA—
AMEELELE,

RDATY T

RBLLIEI—RTY1007 —FF7O0Fv—BiieBERITLET . [pPipe (4 /\17)] RO [Retiring (U5
7)1 XEUYODfED 10.06% 5 63.28% NKIRICIEMLELT,

Elapsed Time : 1.269s
Kickes 24,881,500,000
34,713,000,000
[ hy

B3.3%:

End Baur 5.9%

1l Speculabor 0.0%:

10.6% K
LER

16.2%
1B.1%
5.9%
17.3%
64.9% _of
o

uPipe

Tatal Thread Count T

ZOMDOTSTDR/NTVNBXRIYOITEELT, S58B3/N\TA— > X [E EDORTEEME (BIZ X, KLV R— ~MEH
) #FELET,

BEEIEH
IN—ROzT7REBEOIoOO7 —FFTOF v—ifT (REE
XEU—=7 Otz @i (KB

by IO RAoOF7 —FFOFv—EiE
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https://software.intel.com/en-us/vtune-amplifier-help-microarchitecture-exploration-analysis
https://software.intel.com/en-us/vtune-amplifier-help-memory-access-analysis

&L VR—MERE

ZOLVEIX AT IL® VTune™ Amplifier DX o207 —FFO0Fv—BifEFERLTI7KED matrix 77
Uo—2ava70771)LL BUOWR—MEREDRRZEBRELET K2, 17 )L° Advisor ZFERLTIV/N
A1S5—DIRTIUEEITSELIICLET,

o FHTDHD

e FE:

R—RATA1V%=ERTD
RAOOT7—FTOFv—ET%EE1TTD
BLWR—MERZEDRERZRETD
RIRINEDA T3V #AND
BHOmety EERLTIV/I\1ILTSD

Ed:ERSESTO)

UTRIE NTA—RY AR FIATERITD/N— I 7EY T RIITODYRRTY,

ok wWwnN =

o FFUT—232:2048x2048 1D 2 DNOITHIERERE T BITHIRE D> )L (EXKIZ double ),
matrix_vtune_amp_axe.tgz UV FIL/I\wT—J|F BED <install-dir>/samples/en/C++
F1LORU—ICEENTULET, https://software.intel.com/en-us/product-code-samples (&:E) H
BT O—RIBIEHTEFT,

o NTA=TVRERITY—IL:

0 A VFIL®VTune™ Amplifier 2019: Y1007 —FF U F v —f@##fr (£:5)

= A7 )L° VTune™ Amplifier FFflilD5 0> O— RER BT R—RITDOLTIE,
https://www.isus.jp/intel-vtune-amplifier-xe/ Z#E&B LTS\,

 COOVOTYIODLYVEIFITRNTRT—FTILTHD, 17 )L°® VTune™ Amplifier
2018 ARRICEATEER T /\—JaVICLDBRENDINMNCRGEDZENHDFET,

o A F)L® Advisor: N )AL (32EE)

o ANRL—F1VT-I AT Ubuntu* 16.04 64 Ev
e CPU:T5)L®Core™i7-6700K ZXOtzwvH—

N—RASAVEERTD
BERRE 7)) JUXLEEELE matrix J—ROMHIN—YarE=R#ELTBIEICED (8% DRAM 77

DR LYERSR), ETRREIX 26 D\5 1.3 MITEDELEZ. CNHY, URROSE{C TRAT DL/
THA=NVADNR—=RAFAVEIFDET,

1007 —FFO0Fv—@RifeETITD

YT FTVT =23V OBENGINTA—I VAR RY O ZBFET DD, X007 —F T OFv—
feRTLET,

46
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https://software.intel.com/en-us/get-started-with-advisor-vectorization-advisor

1. W=ILI\—D =+ [New Project 3R 70OV IR RyVEIUVOLT FETOY U DB (6.
matrix) ZEELFT,

[Configure Analysis (BT DE’TE)] V1~ RUNRRSINET,

2. [WHERE (¥C%)] X1, [Local Host (O—AIKAR)] -5 vV RFT I A1 TEBIRLET,

3. [WHAT (fi%#)] X > 7T, [Launch Application (77U - av#iEE)] 59— v k51 7&&8RLT,
BIFT D7 TV —avEIBELET.,

4. [HOW (EDLSIT)] X1V T[] RFEDIUYI LT [Microarchitecture (Y107 —FF4
Fv—)] > [Microarchitecture Exploration (Y1007 —FF O Fv—2R)] #BIRLFT,

5. A7VavT . &BEitLiz matrix 77U —23avOESITNSED—o0—-RT U FUV T RRE
0.1 MICLTEEEDHDA LUV IENESNDIDHEELET,

6. [Start (M) Z0VUv O L TEIZRIBLET,

f configure Analysis INTELVTUNE AMPLIFIER 2019
@ Local Host @ o
Microarchitecture
_E =" Exploration
6 Launc h il Analyze CPU microarchitecture bottlenecks affecting
" " the performance of your application. This analysis
Ap p’ ication type is based on the hardware event-based

sampling collection. Leam more

Specify and configure your analysis target: an CPU sampling interval, ms
application or a script to execute 1

Application: Analyze memory bandwidth

frootfintelfamplxe/sample/matridmatrix B E '
P ? 9 «| Evaluate max DRAM bandwidth

Application parameters: Collection mode

w| Use application directory as working directory o Q =
oL
e =) o i

127 I)L® VTune™ Amplifier (&, 7 U —2 30w REL T —=INEL WNELIT—5%ET71F
FAALT, Y VRIVIEREBRLET . COERIE, V—RABIRTREICIEDET,

BULWR—HMERRDOREZRETD

IN=ROx7 AUy O D7 FTVT =232 )\ TA—I YV ADMENRARSIND [Summary (BPYU—)]
Ea—momHET,
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Front-End Bound = 14.¢% ot Hipeline Slots

Bad Speculation = 0.3%  of Pipeline Slots
Back-End Bound = 57.1% M of Pipeline Slots
Wemary Bound = 20.6% K of Pipeline Slots

L1 Bound = 10.6% M of Clockticks

DTLE Cwerhead 14.3% K of Clockticks

Loads Blocked by Store Forwarding = 0.0%  of Clockticks

Lock Latency = 0.0%  of Clockticks

Split Loads 0.0%  of Clockticks

A4 Aliasing —: 21%  of Clockticks

FB Full = 0.2%  of Clockticks

L2 Bound = 1.8%  of Clockticks

L3 Bound = 0.1%  of Clockticks

DRAM Bound = 0.2%  of Clockticks

Stare Bound 0.0%  of Clockticks
Care Bound =: 36.5% K of Pipeline Slots

Divider —: 0.0%  of Clockticks

Part Utilization =" 22.6% K of Clockticks

Cycles of 0 Ports Utilized = 0.4%  of Clockticks

Cycles of 1 Port Utilized = 22.2% M of Clockticks

Cycles of 2 Ports Utilized = 26.6% K of Clockticks

Cycles of 3+ Ports Utilized G4.5% K of Clockticks

wector Capacity Usage (FPLU) ™ 26.0% &

Retiring = 27.9%  of Pipeline Slots

FEGRRLRYID [Core Bound (A7 #&7F)] > [Port Utilization (FR— FIASR)] ICTBENL ., ITEAE DORFRS
T3 DU EDETR—EDERICERSNTLDZENDHDET, [Vector Capacity Usage (NI MILEENDfE
B)] XRUYOHOUFADIVIGMEE LTI STV TVWWBR CEITFELTLIEE L CNUE, O—RFIIRT ~ILE
SNTLEBLNART BIUEDRIENBVNCEZBIRLET BEFRDRH, RDE DT, I—RILOD [Assembly (77
YTV Ea—-ICIDBEXFET,

1. [Vector Capacity Usage (FPU) (NI MILBEAD(ER (FPU))] X ~UY OO UYOLT, COXRIYD
TY—hkanfz [Bottom-up (REAFZ Y] Ea—ICtIDEZXFET,

2. Ry kEmultiplyl B¥ES7IILOUvILT [Source (V—X)] Ea—%#BEFT,

3. Y=I)LI\—m [Assembly (P TU=)] RV EOUvOLT #E72YTILLId—RERRLET,

Ox4016ca [=t2] wmovsd xwwl, gword ptr [rlZ]

0x4016d0 &7 inc rhx 94,800,000 91,200,000
0x4016d3 68 mulsd xmm0, cgqword ptr [rlltrcx*l] 4,330,800,000 7,659,200,000
0x4016d9 63 addsd xmm0, oqword ptr [rll+rl5*1] 4,378,400,000 2,163,200,000
Ox4016dF 65 movsd eword ptr [rll4rlS5*1], xmm0O 11,392,400, ... 4,576,500,000
Ox4016e5 63 movsd xmml, gquord ptr [rlZ] 3,642,800,000 9,885,200,000
Ox4016eh @3 mul=sd xmml, gqword ptr [rlltrex*l+0x% 958,800,000 836,000,000
Ox4016f2 63 addsd xmml, oqword ptr [rll+rl1&*1+0x&] 2,749,600,000 1,459,600,000
0x4016F3 65 wovsd eword ptr [rll+trl5*1+0x8], =xuw] 9,280,000,000 6,056,500,000
0x401700 67 add rll, 0Oxl0 4,434,000,000 18,955,600, ...
Ox401704 &7 cup rhx, rdx 38,400,000

Ox401707 67 jb 0Ox40l&ca <Block 10=

0x401709 Block 11:

O0x401709 [=t:) lea ecx, ptr [rbxtrbx*l+0xl]

0x40170d Block 12:

0x40170d &7 lea ebx, ptr [rex-0xl]

0x401710 &7 cup ebx, edi 7,200,000
Ox401712 67 Jnb 0x401736 <Block 14=

Ox401714 Block 13:

Ox401714 [=t:) wowsxd rox, ecx

0x401717 68 wovsd xwmml, gword ptr [rlZ]

0x40171d @8 lea rbx, ptr [rS8+rcx*g]

Ox401721 [=t:) mul=d xmm0, gword ptr [rbhxtrld*l-0xg

0x401728 68 addsd xmm0, eword ptr [rlS+rcox*8-0xS 1]
Ox40172F 53 wovsd guword ptr [rlS+rcx*2-0x8], xnm

ZAAZ—amBIMEASNTVBIENDNDET, A—RIERT HUEENTLER A,
NI BINEDA TS 3>V =FAND
A7 )L° Advisor ONT IUET RN T =Y —)LZERL T, 3— RORT RUEZIIT TV S REZRANE T,
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| # & Higher instruction set architecture (ISA) available ]
Consider recomplling your application using a higher ISA.

+[=] Function Call Sites and Loops & | ¥ \Vectorlssues seff Time~ | Total Time |Type

HE [loop in multiply2 at multi 67 2 | 05 Sc

W § _start | O 0,000s! 0.000sl  Functig
< § main | O 0,000s! 0.000sT  Funclity
7| FEE—— i)

Source 'I'bp Down | t:u.dsnnawcs | Assembly I / Recommendations nmmnwmmm

Lane Source .1‘ota1‘i‘|rne % Loop!Funcllon‘rlr'ne % Traits Iﬂ
65 B for(i=tidx; i<msize; i=ienumt) { |

66 B for(k=0; kamsize; k++) { J
67 8 for(j=0; jemsize; j++) { 1.130s 10,7305 mm— I

Scalar loop. Mot vectorized: vector depender
Loop was unrolled by 2

&8 cli1(j] = c[41[j] + alillk]l * bk} 9.600s B

‘ O [loop in multiply2 at multiply.c:67]

1> 7)L° Advisor & KEFRBEMRESNI2BICIL—THINRT RIS Nah ofe & R\ LR LTz, 3l ICHEED
9B IN—TEI—UL TV TIL® Advisor DIRFRRERZERTLET,

P y : T A — T
[%p summary % Stniey &Roofline | @ Refinement Reports A S S,
Site Locabon Loop-Carried Dependencies | Strides Distribution Access Pattern Max. Site A

= Slioop in multiply2 at multiplyc: .. @No dependencies found  No information available No information available No informa

for(i= tidx; i=msize; i=i+numt) {
for(k=0; kemsize; k+t) {
for(j=0; j<msize; j++) {
c[111] = c[4111] + a[il[k] * bIKI[f);

5&333

Filter

Site Name | Sources |Modules | State | .Se\;erlty
0 Infarmation 1 ivem
Type
Faralle| site infor ... 1 item
| Parallel site information: Codle L ons. . 1 Source
1D |Instruction Address  Description | Source |Function | Variable references | M multiphy.c 1 item
X1 0x4016ca Paraliel site [ multiply.c:67 multiply2 m Module |
BT for (1= Lﬁi- 1cms,L2e f=i+numt) { S || matrixice 1item =l
- |ss for (k=0; kemsize; ket) { - J . Sort By lem Name | |#

LR—kICENIE KEFRRIFEELTLERA MV FTIL® Advisor |&, OV /1S —DMRESNIEIRFREEHREE
FHIBDLOIC #pragma ZERTDIEEHRLTLVET,

‘ Memory Access Patems Report | Dependencies Report | v Recommendations |
All known issues with all possible recommendations: C++ / Foriran

: Assumed dependency
The compiler assumed there is an anti-dependency (Write after read - WAR) or a true dependency (Read after write -
RAW) in the loop. Improve performance by investigating the assumption and handling accordingly.

“ Recommendation: Enable vectorization Confidence:“Low
The Dependencies analysis shows there is no real dependency in the loop for the given workload, Tell the compiler it]
is safe to vectorize using the restrict keyword or a directive:

Directive
| Fpragma simd o #pragma omp simd | Ignores all dependencies in Ihe loop
#pragma vdep Ignares only vactor dependencies (which is safest)

Example:
RD K3, matrix I—RIC #pragma ZEMLET,

void multiply2 vec(inte msize, int tidx, int numt, TYPE a[][NuM],
c TYPE b[]J[NUM], ﬂ@EcU[MM] ﬂPEtD[MM]

int i,j.k;

for(i=tidx; i<msize; i=i+numt) {
for(k=0; k<msize; k++) {
#pragma ivdep
for(j=0; j<msize; j++

)
cliinn =C[ﬂ[ﬂ +a[i]lfj] * bLil0]:

49



}
BHLIEI—REIV/I\MILLTRITT DL, RITRREIE 0.7 RICRDELL,

EHomePtyrEFERALTIOYINTILTS

BH/IN\—T3VOd—RTAVFTIL® VTune™ Amplifier DA 007 —FFOFv—@BITaBEETIDE KR
[FRDESITIEDFELTZ,

Frant-End Bound ™= 9.58%  of Pipeline Slots
Biad Speculation = 0.3%  of Pipeline Slats
Back-End Bound = B59.0% K of Pipeline Slots
Wemary Bound = 35.8% K of Pipeline Slots

L1 Bound = 5.3% K of Clockticks

L2 Bound 11.6% & of Clockticks

L3 Bound = 29%  of Clockticks

DRAM Bound = 22%  of Clockticks

Store Bound = 0.0%  of Clockticks
Core Bound = 33.2% K of Pipeline Slots

Divider = 0.0%  of Clockticks

Paort Utilization = 21.3% K of Clockticks

Cycles of 0 Ports Utilized = 0.4%  of Clockticks

Cycles of 1 Port Utilized = 2009% K of Clockticks

Cycles of 2 Ports Utilized = 22.5% M of Clockticks

Cycles of 3+ Ports Utilized = B6.4% M of Clockticks

[Vectur Capacity Usage (FPLI = 50.0% & ]

Retiring = 21.2%  of Pipeline Slots

[Vector Capacity Usage (NI MILBEADER)] & 50% £FTE ELTVWEFRIT M FR/INTA—T VR OUF1H
DT STDMIWeFEE T, FlREREEF D, [Assembly (7Y TU—)] Ea—%#BEFANFET,

0x401950 Elock 20:

Ox401950 g2 movddup xmm0, gword ptr [rll+rl3*8]

Ox401956 82 mulpd xmw0, xmmword ptr [rlStrax*g] 138,500,000
Ox40195¢c 82 addpd xmm0, xmmword ptr [rld4t+rax*g] 5,420,000,000
Ox401962 g2 movaps xmmword ptr [rl4trax*8], xnm0| 4,497,200,000
Ox401967 82 wovddup xmmwl, gword ptr [rlltrl3*g] 1,074,000,000
Ox40196d 82 mulpd xmml, ¥mmword ptr [rlS5+rax*8+0 44,400,000
Ox401974 82 addpd xmml, xmmword ptr [rldtrax*s+0 401,200,000
0x40197b 82 wmovaps xmmword ptr [rl4+trax*s+0x10], | 1,792,000,000
Ox401951 gz movddup xmmf, oword ptr [rll+rl3*8] 1,110,500,000
Ox401957 82 wulpd xmm?, xmmword ptr [rlS+rax*S8+0 54,000,000
Ox40195e 82 addpd xmmZ, xmmword ptr [rld4trax*s+0 349,200,000
Ox401995 82 movaps xmmword ptr [rld+rax*S+0xz0], || 1,614,000,000
Ox40199b &2 movddup xmm3, gword ptr [rll+rl3*8] 1,168,000,000
Ox4019a1 gz wulpd xmm3, xmmword ptr [rlS+rax*8+0 50,000,000
Ox4019a5 82 addpd xmm3, xmmword ptr [rld+rax*3+0 244,000,000
Ox4019af az wmovaps xmmword ptr [rldtrax*S+0x30]1, || 1,396,000,000
Fodnanle A . P 4 4nn A0 Aon 1

[Assembly (7Y TU—)] Ea—HB, CTTERLTUVSD CPU IEAVFIL® PRIV AR ARIIL-TORTY
23V 2 (AT AVX2) ety hEYR—~LTUVWBICHELST, O—RIE1VFIL® ARU—=24 SIMD
RS (1T IL° SSE) ZERLTLWBRIERDHDET FHLL Sy ~EHYR— N9 S7z8, -xCORE-
AVX2 A7V avEIBELTCO—REBIV/I\MILL w1007 —FF7O0Fv—@BnaBEETLET,

BOV/I\1IILLIEO—R7TlE, ETERBIL 0.6 RICIEDELIZ. v1/oO07 —FF0Fv—@ihaBEETLCRE
b =R LE T [Vector Capacity Usage (NI FILEENDER)] X~V ODEIE 100% ICEDELE,

50



() Front-End Bound ™ 8.5%  of Pipeline Slots
Bad Speculation 0.4%  of Pipeline Slots
(+) Back-End Bound = 73.8% K of Pipeline Slots

© Memory Bound >; 48.4% K of Pipeline Slots
© L1 Bound 7.1% & of Clockticks
DTLE Owerhead 49%  of Clockticks
Loads Blocked by Store Forwarding ™ 0.0%  of Clockticks
Lock Latency 0.0%  of Clockticks
Split Loads 0.0%  of Clockticks
4K Aliaging % 47%  of Clockticks
FE Full ®: 49.9% K of Clockticks
L2 Bound = 10.0% k& of Clockticks
© L3 Bound 19.0% K of Clockticks
Contested Accesses ™ 0.0%  of Clockticks
Data Sharing 17.1%  of Clockticks
L3 Latency @ 45.7% K of Clockticks
SQ Full™: 13.6% k& of Clockticks
=) DRAM Bound @ 11.0% & of Clockticks
hlemory Bandwidth % 50.8% K of Clockticks
© Memory Latency ©: 19.1% & of Clockticks
LLC Miss 22.4% K of Clockticks
() Store Bound 0.0%  of Clockticks
) Core Bound 26.4% k& of Pipeline Slots
Dividar 0.0%  of Clockticks
© Port Utilization : 247% K of Clockticks
Cycles of O Ports Utilized ™ 0.4%  of Clockticks
Cycles of 1 Port Utilized"':_ 24.3% K of Clockticks
Cycles of 2 Ports Utilized 17.0%  of Clockticks
() _Cycles of 3+ Ports Utilized @ 27.4%  of Clockticks
~ Lvector Capacity Usage {FPL 2" 1DD.D%|
) Retiring 17.3%  of Pipeline Slots

REIER
N—=ROI7EREORA D07 —FF7OF v—RAfT (258
by TE DY RAO07 —F T OF v —BITE
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mPFvvIya=x

COLVEIR, A7 IL° VTune™ Amplifier D@ ZFERLTC7O0Y NIV RMREO7 U —rav#70
T71ILL PGO A7 a3V %IEEL T ICache ZAEFHBLET,

o EATDDD

o FlE:

RBITZETTD

IN—ROTT7ORY L ARY b EFET D

PGO AZ¥avaiEELTO— 2BV /I\T1ILT3
RE{LE#ERTD

PN =

bt
o  EMREEMTIX. 1T IL® VTune™ Amplifier 2019 T/ O7 —FFOFv—EBifICRBINELIE,

£ ERSESTO)

UTIE NTA— YRR FIATERITD/N—FII7EY T RIITDODYRRTT,

o FPIUU—=Y3av:isqlite T—AIR—AR—=ADT ALYV TIL. COF7 TV -3 VIETEBRTHOD,
HorO—RIBEIFTEFRRA,
o Y—)b:
o A FJL®VTune™ Amplifier 2018: £

b
4.
= AF)L° VTune™ Amplifier FHfilRDS 7 O—REEFHR—RTDWVTIE,
https://www.isus.jp/intel-vtune-amplifier-xe/ ZEB LTS\,
s OOV TVIDLYVEIFITRNTRI—FTILTHD, 17 )L° VTune™ Amplifier
2018 DIRRICEATERT . /\—JaVICEDBRENDIMNCRLEDZZENHDFET,

o AVFICC++ OAVI\ 15—
o ARL—F1U5-YRXF I Microsoft* Windows* 7
e CPU:F)L° JOtwH— (B5I—RE Skylake)

ERFNEETITD

B FI T TIVT =3V OB ENRINTA—I VA RRIILRY O %BET D, £, 17 I)L° VTune™
Amplifier DEMEEITZETLET,

1. W—ILI\—® “T| [New Project (i 7OV I M) RV EIUYHLT FBFOY T ~OEH (f:
sqlite) ZBELXY,

2. [Analysis Target (BBF5—'v )] T+ ROT RARR=ADENTELT [local host (O—AJLKRA
R 5—5Y I RTLIA1TEERLEY,

3. [Launch Application (P 77U —2 3> &iRE)] 59— v c 51 TEBIRL T GRA U TETIDT7 T
U—2aveEgELEY,
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4. A [Choose Analysis (f#ffD&IR)] K5 > %&2Uw L, [Microarchitecture Analysis (Y1207 —
F7UF v—[i#if)] > [General Exploration (£f8)] Z#:2{RL T, [Start (BER)] 20Uy I LFT,

A7 )L® VTune™ Amplifier £, 77U —av#REILTT — 5% IEL WNELIET 5% T 71T
SAALT VY VRIVEREBRRLET, COERIE, V—RABRTREICEDET,

N—=Fox7 DRy FRRY FIFET D

SWBITERITTBE, - FOEBLRI LAY VERECEET, \—RIT7 X Ry ITEDT TUT—Y 3
V- LARILOBERRENS [Summary (BYU—)] £ 21— D SRIFERDET, 75T DRVTNS/ (T4~
> ARHEICER LET,

Elapsed Time : 31.539s

Clockticks: 85,288,127 932
Instructions Retired: 131,378,197,067
CPI Rate - 0.649
MUX Reliability - 0957
Front-End Bound ~: 29 3% Rk of Pipeline Slots
Front-End Latency “- 20.1% & of Pipeline Slots
ICache Misses “: 7.1% R of Clockticks
ITLB Overhead ~: 31%  of Clockticks
Branch Resteers ~: 48%  of Clockticks
DSB Switches - 26%  of Clockticks
Length Changing Prefixes - 01%  of Clockticks
MS Switches ~: 3.1%  of Clockticks
Front-End Bandwidth = 9.3%  of Pipeline Slots
Bad Speculation = 82%  of Pipeline Slots
Back-End Bound = 21.5% & of Pipeline Slots
Retiring = 409%  of Pipeline Slots
Total Thread Count: 6
Paused Time = Os

BTN 7TV —2aviE, 7O IV RMKE (M TS5147- 20V +D 29.3%) T, @BFvrvI/a1=ANE
ERRMLRYD (OOVvIED 7.1%) TG,

[Bottom-up ((REAF v )] 7 (CHIDEZXTI— FOEEZRANET . [Grouping (FIL—T)] YV —IL/I\—Di&

D |i| [Customize Grouping (I =T DHRAIIAL X)) RV =IUvILT HLWARS LTI —TF
[Module/Source File (EY 2=V =X T71IV)] ZEHLFET .
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& General Exploration General Exploration viewpoint (change) @ |

4 EJ Collection Log ® Analysis Target & Analysis Type & Summary & Bottom-up <& Event Count | E Platform

Grouplng:‘ Function / Call Stack v |-@

Select grouping levels from: Customize the grouping:
F

Packet Type Py Module

Process E

> sqlite [«] -]

» RtlLe Source Line

b RUET Task Domain E
It Task Type
> sqlite I rhread v
p func
> ?b'"t Delete
» func
’ fUnC\_ FUARTFOUTZ TOUT T T OUE UUE o TETL,UUU OO TITOYT TTOTw

HLWIIL—T#=INELRERICERTSE, sqlite3.c T7MILNIFEAED CPU AU )LAEBENDLTL\D X
1VDORY L RARY R THBRDERRINFET,

& General Exploration General Exploration viewpoint (change) @ I AMPLI L
4 [ Collection Log (D Analysis Target /& Analysis Type & Summary & Bottom-up & Event Count = Platform .y 3

Grouping:| (custom) Module / Source File

Module / Source File Clockticks ¥ |Instructions Retired | CPI Rate | Front-End Bound | Bad Speculation” | Back-End Bound 2/ Retiring * A
v amplxe_dbinterface_sqlite_1 43,668,065502 80,228,120,342  0.544 30.5% 8.8% 17.0% 43.7%
26,176,039,264 | 47,946,071,919| 0.546 [N 356%  11.3% 9.5% 43 6%
» [Unknown source file] 2048,003,072 3474005211 0590  361% ¢ 9.0% 16.0% 38.8%
» vector | 2,026,003,039  3722,005583 0544 12.6% 3.7% 46.2% 37.5%
» attr_table_caches hpp 1628,002,442  2,778,004,167 0586 6.4% 0.6% 57.0% 35.9%
» attr_table_aggregatorcpp| 1,160,001740 1738002607  0.667 3.0% 0.4% 57.8% 38.8%
» record_impl_sglite.hpp 1,080,001,620  1956,002,934 0552 11.1% 3.2% 45.4% 40.3%
» iteratorh | 748001122  1772,002,658 0.422 17.4% 3.3% 26.5% 52.8%
» timeline_table_impl_sqlite| 698,001,047  1,800,002,700  0.388 15.8% 0.0% 0.0% 99.6%
» xstring | 634,000,951 844,001,266 0.751 45.0% 16.6% 14.0% 24.4% v

ICache Misses (ICache =R) X~UwWIICTBENTDE, sqlite3.c 77 1ILOEHEVNENDHNDET,

Front-End Bound =
! Fi Front-End Lat L L
Module / Source File ront-En ency Front.End Bandwid
ICache Misses | ITLB Overhead | Branch Resteers | DSB Switches | Length Changing... | MS Switches
w amplxe_dbinterface_sqlite 7.3% 28% 4.2% 3.3% 0.0% 2.0% 11.1%

» sqlited.c i

» [Unknown source file] 21% 2.9% 19.5%
» vector 0.8% 1.0% 5.7%
» attr_table_caches hpp 1.8% 2.5% 1.5%
> am_lable_aggregalor.c:' 0.0% 0.0% 3.0%
» record_impl_sglite.hpp 1.9% 1.9% 0.0% 3.7%

PGO A7/avEIGELTO—REBIV/IN\NTILTS

AVFIVC C++ OV INAS—%FRLT, 70771 ILICEDKEHE{L (PGO) # sqlite S/ T7SU—ICEALE
9,

1. /Qprof-gen A7 3av&EIBELTCI—RE2BIV/I\1ILLET,
2. RUYFR—UEEFTLET,
3. /Qprof-use A7V avEIEELTCI—REBIV/I\C1ILLET,

A T 7O 71ILICEDKHERBEILOME ) (K58) #8RBLTIESL,
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mB{LE#ERTD

REELIEI—FTERBREBEEERTLET HLLERTIE, Elapsed Time (BiBRF[E) I& 30.3 #ITED A
UJFILD 31.5 MBI TA—T VAN 4% @ ELFELT,

Elapsed Time : 30.370s

Clockticks: 80,494,120,741
Instructions Retired: 128,268,192 402
CPI Rate @ 0628
MUX Reliability ®: 0.987
® Front-End Bound % 27.7% & of Pipeline Slots
& Front-End Latency ©: 19.0% k& of Pipeline Slots
ICache Misses & 6.3% R of Clockticks
ITLB Overhead % 2.6% of Clockticks
Branch Resteers ©- 4.2% of Clockticks
DSB Switches @ 20%  of Clockticks
Length Changing Prefixes @. 0.1%  of Clockticks
MS Switches @ 29%  of Clockticks
() Front-End Bandwidth ©- 87% of Pipeline Slots
(») Bad Speculation @ 8.2%  of Pipeline Slots
( Back-End Bound @ 24 6% ® of Pipeline Slots
(® Retiring®: 395%  of Pipeline Slots
Total Thread Count: 6
Paused Time &- 0Os

sqlite 51 735U—T ICache SRICKNDA~—=)LLTLWeoOVI#IE 9.3% H\5 6.4% ITEDELT.

Front-End Bound “
Module / Source File Front-End Latency

v amplxe_dbinterface_sqlite |

a »
Front-End Bandwidth

ICache Misses | ITLB Overhead | Branch Resteers | DSB Switches | Length Changing... | MS Switches

» sqlited.c | 6.4% 2.1% 4.9% 2.7% 0.0% 8.3%
» vector 3.0% 1.5% 4.0% 4.0% 0.0% 0.0% 56%
» [Unknown source file] | 57% 2.3% 2.3% 11% 0.0% 0.0% 12.2%
» attr_table_caches hpp | 1.2% 0.5% 1.2% 1.2% 0.0% 2.5% 6.8%
3 artr_lable_aggregalor.cp: 0.0% 0.2% 0.0% 0.0% 0.0% 0.0% 2.1%
» record_impl_sqlite.hpp | 52% 1.0% 1.7% 0.0% 0.0% 0.0% 2.6%

REIEE
N—=ROTPEEOAOO7 —F70F v—Eif (8
by TIIY A OOT—FFOF v —EITE
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FEXNZR1 [FIHA

ZOLVEIR, RV OREEBRICLTA T IL® VTune™ Amplifier DB EERY f ARy MEREETL, O—
ROIENEGRAERET DA EEHALEFT,

o (FHITDHBOD

o FlE:

Ay ONEEBMICLTEERRY f ARy M ERITTSD
S1LTAVTREZRDITS

THFEA NIV O%RITTS

BEOYFFRAN AV FERITTS

pPwODN =

o BEIRY bRIRY METIE, A>T )L° VTune™ Amplifier 2019 TRA® Ry b ARy Mg (3£3E) IC
RAESNELE /N\—FRDIT7 ARV R=R- BV TUVTIREE—FTHATEET,

£ ERSEST)

IR INTA—T YV RAERY FIUATERITD/IN—R I T7EV T RITTFOURRTY,

o FPFUT—3av:sample.exe (OpenMP* SUSA L%EFER), COF7 TUT—avVIETERATHN. 5
DoO—kRFBREIEFTEFREA.
o NTA—TVRBTY—IL: 1>F)L° VTune™ Amplifier 2017: BEERY kR &

o A VFIL®VTune™ Amplifier fHliRRDS V> O—REB BT R—FTDWLTIE,
https://www.isus.jp/intel-vtune-amplifier-xe/ Z&B LTS\,

0 COUOVIITVIDLYVEIFIRTRT—FTILTHD, A7 IL® VTune™ Amplifier 2018 D&
ICEATEFRT NV aVICEDBRENDITMICERLED LN HNET,

o ARL—F1UT-I AT Ix: Microsoft* Windows* 8
e CPU:1VF)L® JOtzvY— (FFI—RA Skylake)

A9y ONEZBMCLTEELGRY FRARY MRFZEETTSD
127 I)L® VTune™ Amplifier ZRREIL CTETTD 7OV O ERELET,

1. W—ILI\—® “T| [New Project (i 7OV I M) RV EIUYHLT FEFOY T ~OEH (f:
sqlite) #18ELFT,

2. [Analysis Target (Y —'v )] T+ ROT RARR—ADEMTELT [local host (O—AJKRR
R 5—5Y I RT L1 TEERLEY,

3. [Launch Application (77U — 3> &iRE)] 59— v c 51 TEBIRL T ERT U TETID 7T
U —3vEiBELEY,

4. A [Choose Analysis (fRfr&EIR)] K5 &2 Uw oL, [Algorithm Analysis (77JL.3U X L#EHT)] >
[Advanced Hotspots (BEG Ky F ARy )] #:8IRL T, [Hotspots and stacks (hwv F ARy k&R
YO ATV avEBRIRLET,
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[Start (B8#R)] 20 Uv O LK,

127 I)L® VTune™ Amplifier (&, 7 U — 30w REL T — 5= NEL WNELRRT—5%ET71F
SAALT, Y UMNIVEREBRLET, COBRIE, V—ABRTREICEDERT,

S1LS1VDRBEZERDIFSD

[Hardware Event (/\—RIx7- ANV F)] Ea—R1V T BITRICIRESNLET—IEHSFTET,

Al Advanced Hotspots Hardware Events viewpoint (change) @

- . . - - - . o -
B8 Collection Log| | € Analysis Target Analysis Type| | K Summary | EORNEaEed | +% Sample Count | |+

Grouping: IFunct’Dn f Call Stack

ISynchronization Context Switch Count, 2

Function / Call b= BT Viewing < 1of 1 [+ selected stack(s)
Stack CPU_CLK... w |BR_INST_... |INST_RETIR ... | CPU_CLK_U... | 100.0% (0.015s of 0.0158]

Hsmyp 6,368,831,101 133,502,608 7,128,442,618 6,517,924,716

[ main 3,848,150,933 157,803,476 2,290,487,260 3,839,310,332 ntdll.dl - KiFastSystemCallRet - [Unknown]

Fphi2 1,646,263,345 55,400,346 1,094,105,931 1,704,162,012 ntdll.dll - NtDelayExecution

[ sin 1,631,493,115 120,902,414 2,342,260,273 1,762,608,224 kernel32.dl - SleepFx

Hperfvec_handl] 1,36%,582,356 100,000 714,697,118 753,317,822 kernel32.dl - Sleep

Ephil 1,083,927,393 53,700,445 1,110,107,022 1,043,439,612  libiomp5md.dil - _kmpc_atomic_fixed1_add

Hcos 913,508,797 59,501,433 790,033,583 954,306,943 ibiomp5md.dil - kmp wait slee

Ephio 431,259,554 14,400,355 526,051,876 466,795,980

‘Selected 110... || 6,368,831, 101] 138,502,608 7,128,442,618| 6,517,924, 716 =

Thread (0x1ch4)

Thread (0x1b0)

Thread (0x1324) || 3

Threads

MiDelayExecution (0x19c

Thread (0x1e6c)

[User/system functions (1—Y'—/Y X7 LAB#)] O—I/ILAY V- E—R%&REIRL T, [Call Stack (3—
IWRIYON RAVICA—T—BEREV AT LB Om A ERTLET,

[Call Stack (A—=ILRIYVI)] RAVT, ROV TS T/ XZ1—hH\5 [Synchronization Context
Switch Count (AHIOYFTF AN XA YF- AUV R)] 5914 F&ZIRLT, [Timeline (F1TLS1V)] RA
VCERLERBOYTF AN RAIYFOIA-IINAIVIOEERLET,

HALCSAVOBEEEREERDIFTC. IVFFRAMRAIYFOLEICH—YVILEBELET, V—ILEV T
AR RSINFT HIXIL, EEEOBEGRY RNy SMETOFE R TIE, NtDelayExecution ALY R
CEANBERORENIVTFRAMRIYFNEENTVET  SFAATAI VYOIV TFAM MY FER
R 2L, [Call Stack (A—=ILRZYVI)] RAVDEFHeN, ALY REITHFRIEINEZFRELY—T VR
MRRINET,

FRAFEAXA VY O Z@FTTD

(change) U2 %&2UwZ- LT [Hotspots (kv F ARV )] Ea—R1 Y b EBEEET,
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Al Advanced Hotspots Hotspots viewpoint (change) @

- - 5 - 4
B8 Collection Log| | % Analysis Target I Summary

&8 Bottom-up

» ~ T -
¥y Caller/Callee| | ¥¢ Top-dow

Grouping: IFunch’on [ Call Stack

Function [ Call Stack CPU Time | Wait Time | WaitRatew | CPIRate
[ElKiFastSystemCallRet 0.035s 13.191s (1 34.806 6.723
. NtWaitForSingleObject < WaitForSingleCbjectEx « WaitForSingleCbject 0.001s 13.135s 393.020
. ZwCreateSection + CreateProcessInternalW + CreateProcess\W < [omd.exe Os 0.021s 21.434
F. ZwReadFile « ReadFile + read_nolock + read < filbuf < inc Os 0.020s 1.042
. NiCreateProcessEx « CreateProcessInternaly < CreateProcessW + [omd.e Os 0.000s 0.354 1.001
F. ZwCreateThread < CreateProcessInternalVy < CreateProcessW < [cmd.exe 0.002s 0.000s 0.102
. ZwRegquestWaitReplyPort « CerClientCallServer 0.006s 0.004s
kmpe atomic fixedl add 3‘ D.Dl?:]l 0.011s
=™ _kmp_wait_sleep 0.011s 0.009s
& _kmp_wait_sleep < _kmpe_barrier < smvp < _kmp_invoke_microtask 0.006s 0.004s
™ _kmpc_invoke_task_func < _kmp_launch_worker < BaseThreadStart 0.005s 0.005s
& _kmp_get_reduce_method 0.006s 0.002s

1 FH3IYTFIAZ1YFHREDOFIFHER (R E() THS, [Wait Rate ((FL—F)] XFUvD
T—HEETLET, COA VY OIE IR THERRPE IV EEBNHEZRET DDICRIEE
3—0

2 ¥7IL°VTune™ Amplifier & BV L —F X FUY DB (1 SUMKE) 2/\T4 -V AL T
HIRFL, EVOTI\ASAM RLET . CNHEDMEIE, ALY RERIDFREH LV AT I API DIERNZRIZER %
RIENHDBEHTT,

3 FHERNEL CPU BRNEL (SRTOY AT AI—ILERBOKESD) BRIV IOEREL. Y TIL
2y LTRY Ry FEBOY — 20— RERANET,

BHAOYFFRANRIYF =R TTD

(change) U> %45 )wo LT [Hardware Event (/\—FO 7 ARV )] Ea—R1V bEREERT . T T4
+TlZ, [Event Count (IRXV ATV R)] JUyRIZOOVIBANY LTV —LENEIT . &H CPU BRI (&
Ovo#) WHH\o TV T RBIBEICEAEZITOTULIRY MEBERERELEFRT,

Event Type
CPU_CLK_UNHALTE...

Context Switch Cc
Function / Call Stack

Synchronization

B Interpolatorkic <unsigned char, float’=::InterpolateN

= & Interpolatorkic<unsigned char,unsigned char>::Do < _kmp_invoke_microtask < _kmpec_invoke 585,912,744 23

P _kmpc_invoke_task_func < _kmp_launch_worker < BaseThreadInitThunk < RtUserThreadSt 523,897,299 23

P _kmp_fork_call < _kmpec_fork_call < Interpolatorkic<unsigned char,unsigned char>::Do < O 62,015,445 a
[#KImage::getData 181,995,760 3
EINtwWaitForSingleObject 173,576,490 17,315
. WaitForSingleObjectEx - _kmp_launch_monitor < BaseThreadInitThunk < RtUserThreadStart 173,576,490 17,315

ZOY VTV OpenMP* 7 FUT —2/ 3 TlE, A7 )L° VTune™ Amplifier & InterpolateN F#%
OpenMP* f8IFNBSIFO S NS ERY L RRY &L TRRLTLET, OpenMP* 551 ARERD
WaitForSingleObject THRAMFEEL, K 30% D/\TA—T Y AEXL (FEEROIOYvI/RY kR
RO OYOE) NRELTLBRIEDHHNDET,

InterpolateN &S 7 ILOUvILTY —RAI—RERRL, ENEGZEBHOREEZFELET,

Eor(i = 0; 1 < block no; i++)

#pragma omp parallel for
for(J = 0; j < lines_in_block; j++)
{

/77 IBEZELT

58



} 11/ BEEA—IN—AYRES|ISEITHERD/N\UT
3

BT U -3y O0—REIFICED, 7O0vo1TcEOFv—2 0B L TE T Oy o%=@RIICTiZb TS
I=HITBED OpenMP* NUTZHEMSNTLDZENHIBALE Lz, CORMEERFRT DICIE, nowai t EizfE
A93h\. EOFv—=2/KIC parallel_for ZEAL T #NT—0- AT Y 21—V T=ERLEY,

Event Type Context Switch Count
Function / Call Stack
CPU_CLK_UMNHALTE... Synchronization
EINtDelayExecution 286,509,847 25,997

. SleepEx < _kmp_invoke_microtask < _kmp_wait_yield_4 < _kmp_acquire_lod 286,509,847 25,897
B NtWaitForSingl=Object
[=] F. WaitForSingleObjectEx 241,934,524 7,541

=P _kmp_launch_worker 206,421,435 5,982

F. _kmp_wait_sleep < _kmpc_invoke_task_func < _kmp_launch_worker < 85,531,355 3,023

P _kmp_get_reduce_method < _kmpc_invoke_task_func 120,850,030 2,959

F. _kmp_launch_maonitor < BaseThreadInitThunk < RiUserThreadStart 22,055,633 1,496

F. QThreadStoragelata:: finish{void * ptro4 = pre4) + QMutex::lock(void) 13,457,456 63

. RtiDeMormalizeProcessParams < RtDeMormalizeProcessParams 6,371,880 24
[HInterpolatorPixel<unsigned char=::Do 15,302,558,732 273

RBLLIEERTIE, Sleep() DFREDEXTRIGIRX SHMESEDE LT (26,997),

1 D0 parallel_for BN —2-RT 3 1—U 0% WaitForSingleObject BAHICERIBET. A
ENT A=V ANDEEE% 1% KmlTHBT EMTE LR,

2 DEHOSZE{LLIEERTIE, Sleep) BB THZLOBRENREL VDI EMASNDFET (REEIVFTF R~
AAYyF AU IM 26,997), LH\L, ZOETREZHERT DL, ETRBEIERLEMUORY FARY ~ (RREN
TWERA) D 2% LATHD, ZNIFEEETIIHDERALIEL.ZL<OFOtvY—LETT7 U -3 0%
ETLRBE. COBEBD MEICIRDIEENHDET,

iE
o =MD (RELEID) BV TILT—IREEYYaV(F—EORREBRETITHONLEDBOTT . &iEh/\—
TavTIR T TIT =3V RIRRL TEITSNTLET,

REIEE
25y OBERLIEN—RITTANRY CR—ZDY Y TU Y IR ($5E)
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OS ALY ER-Y1TL—3y

ZOLVEIE, A7 IL® VTune™ Amplifier OB EFRY L ARy ~EFZFER LT NUMA 7—F 70 F v—n
0S ALY R TATL—VavaREd dFIERHALET,

i
o BEIRY LRRY METIE, A>T )L° VTune™ Amplifier 2019 TRNADRY b ARy ST (323E) IC
RAESNELLE /N\—FRDIT7 ARV R—=RA- BV TUVTIRNEE—FTHATEET,

BROEMITARL —FTA VT I AT LI ATV a—5—%#FERLT7 U -3 V- ALYR (VIO 7- R
LyR)#=7O0tyvH—O7IC8INHETET ATV a—F—IF VAT LARAT—F VAT LRI —12EQSTES
FREGBIERICKCTYEBIZ EO7 VT -3 ALY ROEREEERLET VI D7 ALY RIE,
ADY T 7O RSN THFEREICEDET, A7 T—EFBERITEINET . VI LIz 7- ALY RIF /0 ITLDT
OYVIDEIBFSESRGERHICEDFELET A ATRERIES OV I U7 ALYy FNTOIT7TEITS
NET AVIFILDOY TR I 7 - ALY RBEETABEICGDIE ATV a1—F—F, AUIFILOYV T DT
7 ALYENEFTTERLIICHDY 707 - ALY RERIOIT7ICBELET VI LI 7- ALY RE#ET
B ALYRETTICF vV allTzyFSNeT—IDOBEENIINEHEHEIN, T -7 0ADL1F7 V-1
AELGDED FHLLWSAE7—FFI0Fv—CIIBENRELET . COMEIX, 7Oy —mERInO—1
IWABU—%ERIFL, ZNBICERE 771X S NUMA (Non Uniform Memory Access) 7 —FF I F v—TlEE
BICKEIEDET NUMA 7—FF7I9Fv—TlE VI Iz 7- ALY REROIT7ICKEETDE LGOI 70
O—HILXEBYU—ICHER SN TV ET—INUE—FTED  XEBU -7 O AR AIBICIEMLEST . ALY R
RATL—23aVIFNTA—IVRETDREA LGS, 7 TVT—2aVTALY AT —YavyhnEEL
TLBNESHHERTDENEETY,

e [EATZHBD

o F&:
1. BEGRY ARy SETZETIS
2. ALYRRATL—2aVvaRKETD
3. ALYRNATL—2Y3V%FTIETD

EdERSEST))

IR INTA—T YV RAERY FIUATERITD/IN—R I T7EV T RITTFOURRTY,

e FPFUT—237:0penMP* F RN IUT -3, COF7 VT -3 vIFFERTHD Ao O—
RIBEIFTESEFREA
o NTA—=TVRBRITY—IL: 1>F)L® VTune™ Amplifier 2018: B ExRy kR &

o A VFIL®VTune™ Amplifier fHliRRDS V> O—REB B Y R—FTDLTIE,
https://www.isus.jp/intel-vtune-amplifier-xe/ Z&BB L TEEL),

0 COUVITVIDLYVEFINTRT—=FTILTHND, A7 IL° VTune™ Amplifier 2018 LA
ICHEATEFRT  N—JaVICKDBRENDITNCERBRDIENHDET,

o ANRL—F1VT-I AT Ubuntu* 16.04 64 Ewv
e CPU:7F)L®Core™i7-6700K OtzwvH—
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BEGRY ARy MR ZETTD

1> I)L® VTune™ Amplifier (GUI F£7zl& amplxe-cl) ZFRL T, A1V FTIL® 7—FFO0Fv— L TEITHOT
TV =23 vV IR Iz T ALY R AL -3V ERFELET.0S ALY R-II1IL—VaVERET D

ICIF, 7TV =23V TERARY ARy MR EREEIFEERRY R ARy ~#ffre

Ry SEFOHIZRICRLETS,

& Choose Analysis Type

4 B Analysis Target

Algorithm Analysis

Basic Hotspots

Advanced Hotspots

Concurrency
Locks and Waits

Memory Consumption

Compute-Intensive

Application Analysis

HPC Performance
Characterization

Microarchitecture
Analysis

General Exploration
Memory Access
TSX Exploration
TSX Hotspots

SGX Hotspots

Platform Analysis
CPUIGPU Concurrency
System Overview

A Analysis Type

Advanced dl
Hotspots

Identify time-consuming code in your
application. Advanced Hotspots analysis
(formerly, Lightweight Hotspots) uses the OS
kernel support or VTune Amplifier kernel
driver to extend the Hotspots analysis by
collecting call stacks, context switch and
statistical call count data as well as analyzing
the CPI (Cycles Per Instruction) metric. By
default, this analysis uses higher frequency
sampling at lower overhead compared to the
Basic Hotspots analysis. Learn more (F1)

CPU sampling interval, ms

1

Select a level of details provided with
event-based sampling collection. Detailed
collection levels cause higher overhead.

® Hotspots
Hotspots and stacks

Hotspots, call counts and stacks
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ALYRRITL—2aV&RETD

M Collection Log| @ Analysis Target Anakysis Type 5 ary| Bl | = Caller/Callee| %
Grouping: |mxm:m;mm;msﬁ@ ..
| CPU Time ~
Core / Thread / Function / Call Stack || Effective Time by Utilization oo} | y opa. Time i
| @) idie @ Poor @ Ok @ ideal @ {Imbalance . |Lock Contention ..| Communication...| Other
i core_10 IRLEHE  — 18,4145 0s 0s 0l
Slcore B 16.700: ) 17912 s 01105 0,361
[0 OMP Worker Thread #2 (TID: 220371) | 6.375: Il 5.203s 3 s 0.060
| HIOMP Worker Thread #9 (TID: 220384) | sares 55445 [r:3 0s 0.15C
EOMP Worker Thread ®1 (TID: 2203569) | I.dSB:E 2.306s s s 0.02c
HOMP Worker Thread #3 (TID: 220372) || 1.2835.'] 1.965s 121 0 0.0a0
FOMP Waerker wa 7 (TID: 220381) | 0.64250 1,103 0 0: 0030
HOMP Master ad =0 (TID: 22034%) || 05815 0.150s s 0.110s G.0nc
 OMP Worker Thread #10 (TID: 220386) 0.381s] 0.501s 13 0s 0,040
HOMP Worker Thread £11 [TiD: EZCIEEE:IE 0.261s| 0.351s s (13 C
HOMP Warker Thread 25 (TID: 220378) | [I.19|:Is| 0.351s s Os oc
I OMP Worker Thread #8 (TID: 220382) | :
1 OMP Worker Thread 26 (TID: 220379) | (.040s | 0.020s 0s 0= C
| HIOMP Worker Thread #4 (TID: 220375) | 0.020¢] : : :
B core_13 | 16.a50s ) 12,3005 s 6185 0581
Hlenrs 5 |15 250 I 17 042 nnine 1.072r n a1
Selected O rawis): | w
< ¥« »
|E OMP Worker Thread #2 (... v Running@
|E OMP Worker Thread #6 (... o] il CPU Time

|E QPP Worker Thread 28 (...
< |E OMP Worker Thread £3 [...

[+] Mk Spin and Ov...
v MPI Comm...

EEE ORP Worker Thread #10 ... 1™ Hardware Even...

|51 OMP Mastes Thresd 20 (. ¥| CPU Time

E cpu_23 [+ il CPU Time

E cpu_47 ] diluils Spiin and Or...
cpu_22 ¥ MPI Comm..

|E OMP Worker Thread #7 (...

CPU Tirne

Q GUI 2ERLTRALY R L — 3V %EEFETBICIE, [Core/Thread/Function/Call Stack (377 /X
Ly R/EB/O—=ILAIYI)] TIL—FEBIRLET,

@ 37 /—FzRBALTY 7017 - ALY FOBERRBLET, —MRIC, VI D7 ALy FO#IF, CPU T
PIR—kLTVWB/N\—FRDLT7- ALY FOBRICTIRENDHDET e, ALY FEIT7ETHEFICH
MIBDREDHDERI . LVINHNOITICFREDDHEZLDY T RDIT7- ALY RRRRSNTUVDIESE. 7
TVT—2aVTALY R-RATL—Y3aVBRELTUVET, LEROHITIE, (1T IL° Xeon® TFOtY
=31V FIL NAN=RLY TV T-70./0Y =T IR—~LTLS) FBEND 2 ALY RTIF
1< 12 @ OpenMP* J—A—XLw R core_8 THEITSNTVEI . CNIFALYR-RATL—Y3V%
RLTVEY,

3 [Thread/H/W Context (ALY R/N\—RHx7-aVFFRAN)] FI)L—T58RLT, [Timeline (F1LS
AV RAVTRALY RATL—Y a3V ERITLET,

. ALVED/—RFERBALT,. COALY RENETSNGE CPU OB SERERL, BENGA LY RETZET
LET, LEEDOHITIE, OpenMP* XLw E #0 |E cpu_23 TEITSNE, cpu_47 ICBEILTLET,
ROESIC, ARV RSAUNBEEINOOBERERDIEHTEFRT,
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$ amplxe-cl -group-by thread,cpuid -report hotspots -r /temp/test/omp -s "‘H/W
Context'"™ -q | less

Thread H/W Context CPU Time:Self

OMP Worker Thread #5 (0x3d86) cpu_O 004
matmul-intel64 (0x3d52) cpu_1 013
OMP Worker Thread #15 (0x3d90) cpu_10 418
matmul-intel64 (0x3d52) cpu_10 023

OMP Worker Thread #8 (0x3d89) cpu_10
OMP Worker Thread #13 (0x3d8e) cpu_10
OMP Worker Thread #6 (0x3d87) cpu_10
OMP Worker Thread #4 (0x3d85) cpu_10
OMP Worker Thread #1 (0x3d82) cpu_10
OMP Worker Thread #9 (0x3d8a) cpu_10
OMP Worker Thread #11 (0x3d8c) cpu_10

OOO0OOOONNOO
o
©
~

%2<M OpenMP* J—H—ZAL Y RO cpu_10 TETSNTLDIZEDHAHDET,
ALYERLIL =3 %ETIETD

ALYRTAITL =3V ERALY R TP I 25—/ ETDE T ECEXRT ALY R T I4Z571—I3F
EDALYROETEIILFIOvYY—IVEa—5—0¥BBI =Y bO—ERICRELET AV FILDS
I TATSYU—ICIE, OpenMP* L w REYIIBALIB I = w MT/NA Y R BHBENHDFET,
OMP_PROC_BIND & OMP_PLACES, &2l FILDT > I1 LBBED KMP_AFFINITY IRIBZHAEFRL
T OpenMP* 7 TG — 3V DALY R I4 54— %R EITD_EHTEIET,

BEEIEH
OpenMP* J— RfE#fT
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JEXNZRLE TCP/IP [EIHA

ZOLVEIX IRIREEBRICL T T IL® VTune™ Amplifier DOv o & FHEREETL, J—RDOIEX
LIFTCP/IP REAZERFE I DA EEHRALET,

o (FHITDHBOD

o FlE:

Ov oL FEBRITERETID

S1LTAVTREMEZEZR DTS

ITT APl 1> 5—%ERALT send/receive /\v I 7—H 1 X%&&HTS
FERNFEAE TCP/IP AEADIRRAZHFET D

Eal S

E
o OVOLFFHEERMTIE, 7> FIL® VTune™ Amplifier 2019 TR L v FEEffrICEIBSNE LTz,

£ ERSESTO)

o FFVT—=3V:TCPVIUYNBERFERIDIIZAT7VNY—N\—TFUT—-3>
o NTA—TVRBRITY—IL: 1>F)L® VTune™ Amplifier 2018: O & iR

o HB—N—AXRL—=F1VJIY A5 r: Microsoft* Windows Server* 2016

o IUSATVNARL—=FT1VT I AT I Linux*

OvOLHFRBEhZEETID

DA77V T TIT—=23VO0A— LTV T ICRENND\SIBE, OV I L BT ZEIT LT ABEA T
ORCEORFEREZREI D= RETL TSV,

1. W—JL/\— [New Project (fifi 7OV O R)] Ry EOUVOLT FBIOI U~ (H:
tcpip_delays) #ERLET,

2. [Analysis Target (BtFy—o'v )] T+ ROT HRARR—ADEMTELT [local host (O—AJLKRR
R 5—5Y TV RTLIA1TEERLEY,

3. [Launch Application (77U —aveRE#)] 90w 91 7% BIRL T ARTVTRITSD7
U —3vEIBELEY,

4. AD [Choose Analysis (BBH#TMD&EIR)] "5 > &2 Uw L, [Algorithm Analysis (77 )LV X\ fi#Hr)] >
[Locks and Waits (Ov o &#Fi#)] =:2RLET,

5. [Start (BtR)] =0 Vv O LET,

1> 7 )L® VTune™ Amplifier &, 77U —2 3V #RELTT—5%NEL WRELIET—5E2T 71 F51XL
TV VRIVERERRLET ., COBRIE, V—ABRTREICEDET,

S1LS1/TRBDEEZRDITD

INERRZRULT [Bottom-up (REAFPY AN 7% 00Uy O REATI O/ T A= AN
HRIRLET, [Timeline (FTLSAI V) RAIVTIF FAM T U -3y ETERBTIE ERORRID
EBENRRSINET, CNOOEREEOELERS| SHIITEBEAT I I L2FETDICIE, FIvI 7V RrOY
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TTRAOO 9 WEERBIRL, IV FF A~ XZa—h\5 [Filter In by Selection (BIRLTT 1L —1 V)] %1

ALEY,

“

Gmuplng:lSync QObject / Function / Call Stack w | ?WF

Wait Time by Thread Concurrency W

Sync Object/ Funcion/ CallStack | o 0 gt @igeal B Over ‘Wai'rCuurl Spin Time ‘ Object Type Object Creation Mo
» Socket Oxc2c0d247 | 44 296 IS 34 0s Socket abstract. diCOMM_C
» Thread 0xSbbSESTT | 16.577s | 1 0s Thread tpsstool.dlifunc@0xe
» Multiple Objects | 16.220; D 2 0s Constant  [Unknown]![Unknown
» Socket 0xBd011123 9 8665 (D 108 0s Socket abstract dllCOMM_C
L4 >l < »

. 0s [Duration: 9.223
0 : 4 {U[Duralion.9.223s]] 5 105 155 & [Thead <]

E func@ox140015190 M- 77 ] - ERunning
’ [ CWaits
wancersune oo |[IIIDIIDIIIINI.____TC 0. 290
abstract_Read_Records (TID... (] imaSpin and Overhead Time
abstract_Read Records (TID.. [] ®CPU Sampie
abstract_Read_Records (TID... Zoom In an Selection [/ Transitions
osi_proc_Process_Caonfrol_T.. J:":_ [ Global Counters
abstract_Fead_Records (TID. . Filler Out by Selection - [#] CPU Utilization
CPU Utilization Zoom In and Filter In by Selection #aCPU Time
- [] waaSpin and Overhead Time
Thiead Concurrency Dismiss Manu =
] Thread Concurrency |

T1)LS—)\—® [Process (FOLR)] XZa1—T . RArOBEIOCRBICTAILI—TVLET,

D:dp = wlos 55 105 15 (2] [Thiead v]
T func@Ox140015180 MO 77 l 8 & MRunning
b [[Waits
wmancrrsane 0 012 [ INIDIDIDID el
absiract_Read_Records (TID... 3 mSpin and Overhead Time
o absamﬂ Head Rscotds ;Tl)_ [0 »CPU Sample
abstract_Read_Records (TID._ [ ! Transitions
osi_pioc_| Pm-::ess Ccmml T... [] Global Counters
abstract | Read Hecoms (TIJ 5 E] CPU Utilization
CPU Uliization £ MaCPU Time
I [ mwSpin and Overhead Time

ZLTOHBRLUI IR N CEHFERERNRZHAET L) Socket RIHEA TS =0 %&RIRL , [Filter In by Selection (&
RUTTAINI—A V) A a—%=FRLTT—IET1IINI—1VLET,
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Gru.ping:' Sync Object / Function / Call Stack

Syne Object / Funclion | Cal Stack

Socket 0x6d011123

‘Wait Tima by Thread Concumency ¥ ™
Bidie @Poor B Ok Bideal B Over

abstract.dil! COMM _C

» Multiple Objects _ ik [Unknown]![Unknown
b Socket Oxc2c0d247 0.005s What's This Column? chat abstract.dil!COMM_C
» Stream tbs3961 b7 0x3335033% 0.000s Show Data As * ream MSVCR120.dlilwfope
£ *||% Hide Column >
p . + - g |05 [ o All Columng | 4 "’]
- v Select All CirlsA -
E wmainCRTStartup (TID: 1012) l_u_m]_ﬂ]]]_ﬂm_ﬂ]]]_ﬂ]]]_ﬂ]]_ &1 EFunning
Collapse Al A Cvaits
abstract_Read Records (TID_
S i Expand Selected Rows =] aCPU Time
e B RAcoi (TS Copy Rows 16 Clipboard Cirl+C #uSpin and Overhead Time
abstract_Read_Records (TID.. Copy Cell to Clipboard [ =CPU Sample
osi_proc_Process_Control_T... Export fo CSVL. [ i1 Transitions
abstract_Read_Records (TID._ [] Global Counters.
func@0x1800c5H0 (TID: 6520) [ [ Filter Out by Selection o || [ CPU Utiization
CPU Utilization S
——| [ waSpin and Overhead Time
Thread Cencurrancy

Fundiior =~

Gru.ping:' Sync Object / Function [ Call Stack

Waits
Start: 3.681s Duration: 195.867ms
Sync Object: Socket 0x6d011123

CPU Utilization

Source File: communication.c

Thread Concurrency

Source Line: 440

Sync Object/ Function/ Call Stack 'E:TTP*OE:T"'“S: c‘.‘"@‘:ﬁ“‘;’;ﬁf " Wait Count | SpinTime | ObjectType |  Object Creation Moj
» Socket 0x6d011123 " 7.940¢ A 76 0s Socket  abstractdiliCOMM_Oj
. N 1]

O: g = & o . 105 155 = |'I'h'end \,J
B wmainCRTStartup (D 1012) ll] [[l][l[l] I][l]]][l]]]m]]][]]]ﬂ | =] ERunning
'E [Chwaits
wmalnCRT Startup (TID: 1012) g ﬁ::::em P

[J =CPU Sample
[ 1 Transitions
["] Global Counters

[-] CPU Utilization

+ [Zoom In (R—LA1V) RIVEIUYITRE BRARED 2 BEOY T v MFENRRSNE T EED

(RW) VT v FH#IFHK 200 ZURT, BED (W) VI v MMF#IEH 937 170N T,

D: e =

[2285.908ms]  2500ms

wimainCRTStartup (TID: 1012)

1 | I
%

wmainCRTStartup (TID: 1012)

Waits

Start: 2285.884ms Duration: 936.925usec
Sync Object Socket 0x6d011123

Source File: communication.c

Source Line: 440

Waits

CPU LEilization
Thread Concurrency

Start: 2286.861ms Duration: 948,895usec
Sync Object: Socket 0x6d011123
Source File: communication.c

Source Line: 440

B [Thead -]
ERumning
[hwaits
aCPU Time
waSpin and Overhead Time
[J = CPU Sample
[ .+ Transitions

["] Global Counters

=1 CPU Utilization

i ZPU Time:

WaSpin and Overhaad Time
[+] Thread Concurrency

s Concumency
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SRR FRORRZBETDICIENTT ATV F—TINTO send/receive FOHLESYTILT,
send/receive /\1 ~&EFTELFEY,

ITT API B0 5—%{ERALT send/receive Ny I 7—H 1 %%
H9d

AVARIAYTF—=avebL—R-545./03— (ITT) APl 2B LT send/receive FOH LE L —XT D
ICI& ORDBIEZEITVET,

1. APINYST—=ESATSU—ICT7OERTEDRLIICYRT L ERE (HB) LET,

2. ITTAPINYS =% =T 7A)LICA VD )IL—RLT, <vtune-install-dir>\[1ib64 Fl&
lib32\libittnotify.lib A7 1w -S4 7SU—%7 U5 —3VICUVILET,

3. TTAD5—%={EFRALTsend/receive FOHLESYILET,

#include <ittnotify.h>

__itt_domain* g_domain
= itt_domain_createA('com.intel.vtune.tests.userapi_counters™);

“itt_counter g_sendCounter = itt_counter_create_typedA(''send_header",
g_domain->nameA, itt_metadata_s32);
__itt_counter g_sendCounterArgs = __itt_counter_create_typedA(''send_args",
g_domain->nameA, itt_metadata s32);
__itt_counter g_recieveCounter = __ itt _counter_create typedA(''recieve_header",
g_domain->nameA, itt metadata s32);
__itt_counter g_recieveCounterCtrl = ittt _counter_create_typedA(''recieve_ctrl",
g_domain->nameA, itt metadata s32);

itt _counter g _incDecCounter = __ itt _counter_createA("inc_dec_counter",

g_domain->nameA);

sent_bytes = send(...);
__itt_counter_set value(g sendCounter, &sent_bytes);

sent_bytes = send(...);
__itt_counter_set value(g sendCounterArgs, &sent_bytes);

while(data_transferred < header_size)) {
it ((data_size = recv(.-..)< 0) {

__itt_counter_set value(g_recieveCounter, &data transferred);

while(data_transferred < data_size) {
it ((data_size = recv(...)< 0) {

j
}

__itt_counter_set value(g_recieveCounterCtrl, &data transferred);

7V —3v%#BIV/\1)LLT, [Analyze user tasks, events, and counters (1—HF—52XT ARV,
BERONOVI—%@if)] A7 3v=BWCLTOvIEFHBITEBERITLET,
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ki Choose Analysis Type

1 (@ Analysis Target | A Analysis Type
Algorithm Analysis
Basic Hotspals
Advanced Hotspots

Concurrency

Compute-Intensive
Application Analysis

HPC Performance
Characterization

Microarchitecture
Analysis

General Exploration
Memary Access
TSX Exploration
TSX Hatspots

SGX Hotspats w

Locks and Waits &

IMIEL ¥ 1UNC APFLITICE £U§

I Start Paused

Identify where your application is waiting on
synchronization objects or 'O operations and
discaver how these waits affect your
application performance. This analysis type
uses user-mode sampling and tracing

CPU sampling interval, ms
10

Analyze user tasks, events, and counters

« Analyze Intel runtimes and user
synchronization

< Choose Targst

ff1 Command Line

JEXNZEE TCP/IP RIHADE A ZIFET D

HLWERTIE, [Timeline (F1TASI V)] RAVICITT APl ZN L TUNES NIz send/receive IFOH LD D
%X 9 3 [Global Counters (FO—/NILAD V5 —)] NEIESNET, Y TATALY ROFELHD 5 —
BERAV ETREWINTDNIII—DA VATV MENRRSNET, COfEIE, BL (FRL) FHETIENEL

NOE SN

D: =
Funci@0x 140015190 (TID: 77
wmainCRTStartup (TID- 1012)

Thread

II 780ms 1785ms
1

e s WmainCRTStartup (TID: 1012) 2
E send_header Waits
é send_args Start: 1554.809ms Duration: 226.423ms
¥ recieve header ' . Sync Dbjgct: Socket _0:(6\_101 1123
=] Source File: communication.c
O receve_ctr send_args Scurce Line: 440

inc_dec_counter Instant Value

24 —
CPU Utilization

ZLT B (BRS) FHETIIREEDET,

D: =
Funci@0x 140015190 (TID: 77
wmainCRTStartup (TID- 1012)

Thread

abstract_Read_Records (TID
send_header
send_args

receve_header

Global Courters

recieve_cirl

inc_dec_counter

CPU Utilization

l‘ TBOms 1785ms
L
\ wmainCRTStartup (TID: 1012)
Waits
Start: 1781.306ms Duration: 378.582usec
Sync Object: Socket Ox6d011123
Source File: communication.c
send_args Source Line: 440
Instant Value
4264

Thread

waSpin and Overhead Time
¥ CPL Sample
Transitions
|| Global Counters
~~instant Value
CPU Utilization
[] aCPU Time
£ amaSpin and Overhead Time

Thread Concurrency

Thread

[] maCPU Time
maSpin and Overhead Time
® CPL Sample
Transitions
|| Global Counters
~~instant Value
[] CPU Ufilization
£ aaCPU Time
[ maSpin and Overhead Time

Thread Concurrency

UE—rY—T v EOBEFEOTOT71ILTIE, WREEREGDFET NS T A ZAD/\Y 7 7—TIEF1
BENEGD +95 Y1 XD/I\Y 7 7—Tl3FHEEERNE<EDET,

COLYETRBEIRY RFyRILNRDET, [FEAEDTITY RIFTA XML BERIICR UV FRERN

RELFT,

FEDRA L, NS/ T 7—DF R ZIEYT tep ack BEXAZILICHDET,
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H—/\—BIDOA A (setsockopt (--+, SO_RCVBUF, ..) /\v 7 7—%&/NELT DL, RENRFREN 5 I £ (B+#H
SEIN) BRICHFEDET,

Gmuplng:. Sync Object / Function / Call Stack Wait Time:
Sync Object / Function / Wait Time by Thread Concurency ¥ ™ Viewing ¢ 1of2 + selected st
Call Stack Bidie @Poor 0Ok @ideal @ Over 100.0% (420495 of 42 053s)
Socket 0xc55b0d87 abstract.dillCOMM_Rec...
» Process Ox24dfdd7s | 9.891s (D) 1 05 Process | ~ | abstract.dlllabstract_Rea...
< < > | KERNFL22 NLLIRAsaT
P:d = e = R i %
B wmainCRTStartup (TID: 7568) -]"] [ ] [ ERunning
E osi_proc_Process_Contral _T.. Dl [CWiaits
aCPU Time
abstract_Read Records (TID... | waSpinand O a0
abstract_Read Records (TID.. [] ®CPU Sample
abstract_Read_Records (TID__ | | - O /1 Transitions
B send_header [ |1 " | [ Global Counters
é send_args I ~~Instant Value
& 1
B recieve_header [ | [+ CPU Utilization
o recieve_cil ‘I '. . WaCPU Time
CPU Utilization MeSpin and Overhea..
T Thread C rrency
Thread Concurrency ~ = oncu

BEEIRE
AYRAMIAYF =3V ERL—R-F5./0Y— AP ($3E)
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/0 lrE: UE—FVIYE-T701EA

ZOLYVEIE, AT IL® VTune™ Amplifier DB ZFERA LT, XILFVITY MY RATAICHITDEBERNGE
= ARREICDLT DPDK R—ZADT7 FUT -3V EBIFLET . COLVEIR /0 IkEDT—oO0—RICHE
HTE%ET,

b
o ZfREEMTIE, 1T IL® VTune™ Amplifier 2019 TY/ o007 —FFOFv—@EiflcBINELI,

COLYVETERTIHRBEILFEIZ, 1VFIL® Xeon® OV Y —E5 77ZU—B LAV FIL® Xeon® 7O
Ty —E7v2 J7ZU—DOEEETHD 1V TIL =551 L DU 1/0 F0./03— (15 )L° DDIO) (33E)
ZMABALTULWET.1FIL°DDIO TlE /O FIN1 R 7Oy —Fv vy 1L BEEEETV XTUXE

U—[CT7OALFEBA. CO¥EEIEZT 7AIETEIT, VI DI 7B 7 ORI EIEFTEFR A,

IRE.1>F)L°DDIO I, O—AILV oY R TDHINTA—T >V AN KIEICH £ (385E) LET, ZDes,
145 )L° DDIO &FRTAICIE /0 D—o0O— REEDICERTINENHDET,

2 DOEBRICIZEWLWDHDET,
e O—NILVIYERI/OFTINARIZI/O DNHB/EESNDYVITYVRCEEZE7ZIVFINET,
e UE—FYIYR IO TNAIRABLOOTOHEE/EET—IIZEGRDVIVRICEBLET,I/O T—5I%
1>5)L® QuickPath 1 & —ax%T~ (1FI)L° QPl) B L CHEI7ICERELE T,

TRORIF, O-AILELRVE—K YTy ROV -0 1/0 7O0—%&RLTVET,

O-AIVovk UE—-FVYIvk

SOCKET O SOCKET 1 SOCKET O

PCle device PCle device

DPDK [&, IR—U>Y O 7O RZFEDCITICHERICEZV I LET . ZDesh, 1> 7)L° DDIO Hge=FIALTL
177y —ZERL THREREERILTBICIF BACYTYRIEIZA7ELVR—tDOHICEZVTITBIEN
EZETI. L. AVFTIIL°DDIO ZFALTREDOYTY b I7 A —URY b T N\A RESTHEMGI AT\
ZEICERT B LIFBBTIZHDER A,
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COLYEIR AVFIL® VTune™ Amplifier 2ERALTUE—~ VI Y T ORRERET B HFEERLET,

o EATIDD
o FlE:
1. EMBFEETID
2. UE—tFvvYanERRERITTS
3. UE—tFvvall7oEALTVWRI7EHETD
4. DPDK 7V —/av%=BEKIT

FRITD3H0D

UTIE NTA—R YRR FIATERITD/N—FII7EY T EIITDODYRRTT,

o FPIUT—=3V:R—k0TEIFER/N\TYRER—L1IC L2 TAD—FT14T93 . 17 )L° Data
Plane Performance Demonstrators (>/5)L® DPPD) PROX (%58) 7 U -3/,

PROX &, JRD 2 DOBETHRESINET,

O—A)IYovi: DPDK [ UE—rYIvI:DPDK I
VovhkonarTIlcEZvoEn3 Vovhk10a7IcEZ>oEn3

SOCKET O SOCKET 1 SOCKET D SOCKET 1

o Y—)b:
o A VFIL®VTune™ Amplifier 2018: &M

s 3

o A VFIL®VTune™ Amplifier FHiikRDSY V> O—RER BT R—ETDULTIE,
https://www.isus.jp/intel-vtune-amplifier-xe/ ZE&B LTS\,

71


https://01.org/intel-data-plane-performance-demonstrators
https://01.org/intel-data-plane-performance-demonstrators
https://www.isus.jp/intel-vtune-amplifier-xe/

0 COUOVIITVIDLYVEIFIRTRT—FTILTHD, 17 IL® VTune™ Amplifier 2018 D&
ICHEATEXRT  N—J3VICIDBENDTNCEBRDIENHDET,

ARL—=F 142 A5 Ia: Red Hat* Enterprise Linux* Server 7.4
CPU: 77 )L® Xeon® FOtzwH— E5-2695 v4 (2 &), 1>5J)L° DDIO BXI, NIC (SUT) BLURS
T4y IR —5— (GEN) hNoDFT—F/N\TY R RS TaT7IVV I Y TV AT A

p
o ZOIVATLEHIF COREDLVEDFIELTERLEBDTY A7 )L° VTune™ Amplifier Y 7
PO TEHBSLO/N\— RO 7EHIE BROUU—-R/— (RFB) Z5RL TR,
LRBITZEETITD

RAOOT7—FFOFv—DINTA—I >V ARBEDIET DI, EMRERD\BIASHET,

1.

E1T7HD PROX D PID ZFNET,

> ps aux | grep prox

A7 IL® VTune™ Amplifier XY RS> AH—T 1 X (amplxe-cl) ZFRA L TERBTEET
L, Ef7H 0 PROX 7Ot RICT7HVFLET,

> amplxe-cl -collect general-exploration -knob collect-memory-
bandwidth=true -r <result _dir> --duration 25 --target-pid <PID>

UE—FFvrvYa1nEREZHFNTD

FTIAILETIE UNELIE#E RIS [General Exploration (£/%)] £ 21—+ ~CRRSNET, [Summary (B
U—=)] D4V ROT BENGEN = A=K EARNLTIEZETH D [Remote Cache (JE—FFvv/a)] X
FUYOISGEELET . COXRIYIIEZ UE—rFrvyahbT—45%Z0ET3MICERINEIOYIROE
B%ERLET,

N=DzOLRT—(O—AIWYVTYE) TIFUE—FFrvya-XEUvIIF 0 ITEDET,
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Instructions Retired:
CPI Rate @
MUX Reliability
Front-End Bound "
Bad Speculation o
Back-End Bound ®-
& Memory Bound ?:
(3 L1 Bound %"
L2 Bound &
(% L3 Bound®:
© DRAM Bound 2
Memory Bandwidth
© Memory Latency &
Local DRAM
Remote DRANM -
Remate Cache

@.

) Elapsed Time “: 25.024s [
Clockticks:

() Store Bound ="
(& Core Bound®:
Retiring‘?):
Total Thread Count:
Paused Time @

®

UE—kFvyyvya-XrUvOR 0
UE—rVOYRERETIZ UE—F
IVABEEL TSI %FIFET,

49 422 240,000
71,430,450,000
0.692
0.996
7.0%  of Pipeline Slots
3.9%  of Pipeline Slots
53.1% K of Pipeline Slots
32.8% K of Pipeline Slots
11.9% & of Clockticks
0.6%  of Clockticks
14.7% Rk of Clockticks
0.0%  of Clockticks
27%  of Clockticks
34.5%  of Clockticks
0.0%  of Clockticks
0.0% of Clockticks
0.0%Q of Clockticks
11.1%  of Clockticks
20.3% M of Pipeline Slots
35.9%  of Pipeline Slots
3
Os

TRVWSE BEIE, I7NUE—F LLC IZ7OEALTVWS L ERBIKRLET,
FyyYa-XLUwIlE 100% T, 17 )L VTune™ Amplifier [/\ 74—

Clockticks:
Instructions Retired:
CPI Rate &
MUX Reliability
Front-End Bound ©:
Bad Speculation B
Back-End Bound ®-
& Memory Bound 7
(% L1 Bound®:
L2 Bound ©:
3 L3 Bound®-
& DRAM Bound ?:

€]

@

"

apse Ime : o S
El d Time “: 25.025s &

49,743.750,000

43,180.410,000
1182 K
0.991
5.7%
19% K
T0.3% M
519% M

of Pipeline Slots
of Pipeline Slots
of Pipeline Slots
of Pipeline Slots

(3) Store Bound
(3 Core Bound®:
Retiring -
Total Thread Count:

@

4.3%  of Clockticks
8.3% & of Clockticks
0.1%  of Clockticks
35.6% R of Clockticks
Memary Bandwidth @ 28.1% k of Clockticks
© Memory Latency @ 39.6% M of Clockticks
Local DRAM 0.0%  of Clockticks
Remaote DRAM 0.0%  of Clockticks
I Remote Cache 100.0% M Jof Clockticks
16.8%  of Clockticks
18.4%  of Pipeline Slots
221%  of Pipeline Slots
3
0s

Paused Time %
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SFAICHRMT T B126D, [Memory Usage (XEU—ER)] E2—R1V ~TIDER T UE—FF vy aTURES
iz LLC ZX0#% =9 [Remote Cache Access Count (UE—k-FvvIa-7oER-DIOVR)] XRUvD
BIRANEFT , COXRIUVIDENRBWEES. I7E 1/0 TINAADNERDIYV I Y RTEELTULW e CEZEKRLET,

UE—FVIYREBHOX UV IEERANET,

il General Exploration Memory Usage viewpoint (change) @

4 Collection Log & Analysis Target A Analysis Type & Summary = &3 Bottom-up {2

Elapsed Time : 25.025s

CPU Time - 237428
Memory Bound ~: 51.9% Kk of Pipeline Slots
L1 Bound = 43%  of Clockticks
L2 Bound 8.3% M of Clockticks
L3 Bound = 0.1%  of Clockticks
DRAM Bound ~: 35.6% K of Clockticks
DRAM Bandwidth Bound =" 0.0%  of Elapsed Time
Memeory Latency:
Remate / Local DRAM Ratio =: 0.000
Local DRAM -: 0.0%  of Clockticks
Remote DRAM = 0.0%  of Clockticks
Remote Cache =: 100.0% & of Clockticks
Stores: 5,654.400,000
LLC Miss Count =: 333,840,000
Local DRAM Access Count = 0
Remote DRANM Access Coynt =- i]
I&mote Cache Access Count ™ 332,880,000 I
Total Thread Count: 3
Paused Time Os

R, A=V Ty MBROX RUY TBZRFNETT,

il General Exploration Memory Usage viewpoint (change) @

4 Collection Log & Analysis Target A Analysis Type & Summary = &3 Bottom-up {2

Elapsed Time : 25.024s

CPU Time “: 23.589s
Memory Bound ~: 32.8% Kk of Pipeline Slots
L1 Bound = 11.9% K of Clockticks
L2 Bound 06%  of Clockticks
L3 Bound = 14.7% K of Clockticks
DRAM Bound ~: 0.0%  of Clockticks
DRAM Bandwidth Bound =" 0.0%  of Elapsed Time
Memeory Latency:
Remate / Local DRAM Ratio =: 0.000
Local DRAM -: 0.0%  of Clockticks
Remote DRAM = 0.0%  of Clockticks
Remote Cache =: 0.0%  of Clockticks
Stores: 9,696,000,000
LLC Miss Count 0
Local DRAM Access Count =: 0
Remote DRAN Access Coynt i]
Remote Cache Access Count 0 I
Total Thread Count: 3
Paused Time Os
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UE—FFvvIalc7oEALTVWRIT7ZRBETD

UE—rFyy2all7OEALTVZIT7%ZANS8, [Memory Usage (XEU—ER)] E2—R1> D
[Bottom-up ((RELAFZYA)] D1 RIICHIDEX T, [Core (A7) TIL—FLRILEEIRLET,

Grouping:[Core ! Thread / Function / Call Stack

Memory Bound &
) DRAM Bound &

Core / Thread / Function / Call Stack
) Memory Latency ®

Memory Bandwidth :

Remote /Local DRAM Ratio | Local DRAM | Remote DRAM | Remote Cache ¥
w core_19 28.1% 0.000 0.0% 0.0% 100.0%
v Thread (TID: 1802%0) | | 2 81% 0.000 0.0% 0.0%| 1000%
28.3% 0.000 0.0% 0.0% 100.0%

[Remote Cache (VE—rFvvIa)] HETI7AIETHDREEENTLRZEISEELTLES L FIDOZFID
BRICHD ">>" a7 bO—-IE2OUYILTHZRRALET . FIIDOX UV IREREIE [Summary (BYU—=)] D«
VRODOXRUYIREBER LT, Z0OT —XTlE [Memory Bound (XEU—KTEF)] JIIL—TH\BAEDET,

ZOBITIE, core_19 MUE—K LLC IC7UEALTWLELT,

DPDK 77U —3avzHigNd 3

AT TSV TA—ATERITTS DPDK 7 FUT—3VICUE— vy Y alENR DO RIZEIE,
FDPDK Getting Started guide (DPDK APF3/i- F)add> "How to get best performance with NICs on Intel
platforms (1> FIL® TSV ETA—AT NIC DRED/\TA—X >V %182 3E)1 (HEB) DEMFIEICHKE>TL
ZEL,

E
o ZOLYVEDERIE, 17 )L VTune™ Amplifier 7RO /\—T7A—3S 1 (REE) #BRLTLILEZL,

BEEIEH

IN—ROI7EORAOO7 —FTOF v—iEiT (K58

by IH T OOT7 —F T OF v —EBITE

127 )L® VTune™ Amplifier 7ROW/\—T7A4—3 A0 DPDK 7O 77 )VICEET2ER (5B
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https://software.intel.com/en-us/vtune-amplifier-help-general-exploration-analysis
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1/O FRE: BL\L 17— &L\ PCle* H1GIE

ZOLYVEIR O KEQY Y T IL-7TUT -3 LTA T IL® VTune™ Amplifier 71 X2 1/0 @&t %
EITLFET.ZLT PCle* TN\ARAIFICT T4 ZT1—2ZBEL T GAH+ED 7O AOFEEEN R LTBESIC
=ELLET,

o (FRHIDHLD

e FlE:

TARU /O BB EEITID

HIHEELAT VY —DOX NIV O %EITT D

FIIT =3 vDT I T — = EELCRITEBEETITD
BEGRIV

Eal

b
o FTARUI/O @EiflE, 17T IL® VTune™ Amplifier 2019 TAHEHDBEIFICHBEINEL.

£ ERSEST)

IR INTA—T YV RAERY FIUATERITD/IN—R I T7EV T RITTFOURRTY,

o FIUT—23Y:3 BWEICESTD 128K SRHID T I R%EITT S hdparm,
https://sourceforge.net/projects/hdparm (&58) B AFTEET,
o NITA=TVRERITY—IL:
o AYFIL®VTune™ Amplifier: 7«4 X2 |/O f&E#fr

o A7 )L®VTune™ Amplifier FEMRDS 0 O—REEHFHR—TDUNTIE,
https://www.isus.jp/intel-vtune-amplifier-xe/ Z#E&B LTS\,

0 COUOVITVIDLYVEIFINTRT—STILTHN, A7 IL° VTune™ Amplifier 2018 LA
ICEBRATEXT N—JaVICEDFRENDITNICELZDENHDET,

o ARL—=F1YJ2 X5 A: Red Hat* Enterprise Linux* Server 7.2

e CPU:1VF)L® JOtzvHY— (FFI—RA Skylake)
e 1/OFINALR:1>5)L®SSD DC P3500/P3600/P3700 ~U—X
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Intel® Solid State Drive Data Center Family for PCle*
P3500/P3600/P3700 Series

Product Specification

= PCle* 3.0x4

= Performance'#
-  SeqR/W: Up to 2800/2000MB/s?
-  IOPSRnd 4KB*70/30 R/W: Up to 265K
- IOPS Rnd 4KB* R/W: Up to 460/175K
-  Seq Latency (typ) RfW: 20/20us

TARYU 1[0 BIFEETITD

/O KEFDT TUT —2a>r Tl T14RD /O BITHDIRDD MR LET,

1. W=ILN—D T [New Project (]ifR 7OV UM My VIV OLT FBETOTI U DER] (6:
hdparm) ZEELFT,

2. [Analysis Target (BBIfr5—5'v )] 742 ROT RARR—XDERELT [local host (O—AJLKZA
M50y Y RTFLI1TEBIRLET,

3. [Launch Application (77U — 3> #iRE)] 59— v 51 TEBIRL T BRIV TETIT D7 T
VT —2avaEELET,
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Launch Application

Specify and configure your analysis target: an application or
a script to execute. Press F1 for more details.

Application:
/home/samples/hdparm-9.48/hdparm 5 9
Application parameters:
"-t" "/dev/nvmeOn1" 2
Use application directory as working directory
Working directory:
= 9

4. AD [Choose Analysis (BBH#TMDi&EIR)] "5 > %o Uw oL [Platform Analysis (75 vk T7A—L
)] > [Disk Input and Output (71 X% 1/0)] #:&IRL T, [Start (BAER)] 20UV ILFET,

127 I)L® VTune™ Amplifier (&, 77U —2 30w REL T —5=NEL WNELRET—5%2T71F
SARALT, Y VNIVIEREBRLET, COIERIE, V—RABITTREICEDET,

FEHREL ATV —DA NIV O %R TS

7TV =3V EITOREIDRRSNS [Summary (YUY U—=)] E2—D\SEITEIRSHFET, /0 EDEELR
1812 TS [I/0 Wait Time (1/0 fFH#ERFR)] XUV OITEBLET,

Elapsed Time ~: 6.571s

[1/0 Wait Time 2.113s]
CPU Time ~: 1.406s
Instructions Retired: 2,391,093,000
CPI Rate ~: 1.109 k
CPU Frequency Ratio ~: 1.260
Total Thread Count: 263
Paused Time ~: Os

/O FFERFE X FUw DI hdparm 777U —2 3V H GBI 30% % 1/0 fFHEICEWPL TSI EZERL
TLET,

EXRTSAT read 74T I/0 BEF 1 TEBRL T GBI T O L ADORRE 2 Mz T LET,
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Operation Type:

4,000 -

3,000 -

/O Operations

2,000

1,000 1

Duration (sec)

TRABZRTZO—F BE, /N TA—IXVAOETZRLET, CNIE T /N\A RIERTESINTL\DIE (20 *1T
OM) KDH 3 MRS VGHFED T I EADENSDHERTEERT,

[Bottom-up (RELFPvA)] T+ RUICtINE X T [Storage Device/Partition (AL—IFNL R [IN—F«
IV IN—=FLNIEBRLES  IT LS T—FITEFELET,

& Disk Input and Output Disk Input and Output viewpoint (change) @ IE[EJ[IHEW.EIEIZ]]
oo '.;_ _,‘, 7
1 L Collection Log @W!ilget A Analysis Type . 3 Summary 9 Bortom-up | 1= Plattorm '5? P
Grouping:| Storage Device / Partition w| -5\ Q M| L ’alsmk
N T Gueus Desth ¥ a0
Smrg%m!:'m’ read by /0 Operation '« | write by /O Operation |« | flush by /0 Opesation =
Fast | Good | Slow | Fast | Good | Slow | Fest | Good | Slow |}
» /devinvmeln1 0 36962 3997 4] o 0 0 4] 1]
» /devisda 1 a 0 224 138 106 1 2 2
oD+ c = s 1s 2 3 ; 45 55 Bs . Thread
T hdpam (TID. 27354) M 0000 e | mRuming
£ taskset (TID: 27497) i & C“‘"'?x' Siches
= T —r T IO Pl
& » /devinvmelnt [CPreemplion
lg [CISynchronization
3 » (devisda ] maCP LU Time
s L. =] =0 APl
S ] ™= Siaw
o ~
S » (devinymelnt 10 Queue Depth
g [~ mali0 Queue Depth
o /devisda ﬁl 2 ] ™ siow
3 O
5 o [ =Goed
3 devinvmedn? e
5 I W yewrvyry "\ L] Fast
E » Idevisda [ Page Feults
=
g = A /0 Operations
z 1060 035 | &4 e Total
3w package 0 ; u ] Operation Type
0
[ ~fush
= 1980.035 0
& 10UT\SIot0 [ ~~read
3 | ]
H 10U2\SIot0 Lt
3 /0 Data Transfer
2 | [ s Total
CPL Activily [ Operation Type

1L LSA>-Ea—0 [I/O Operations (I/0 #£4E)] & [Data Transfers (F—#%¥EiX)] ToavIE. BL /0O F
B RIRARST—y70—%RLTLET,

[PCle Bandwidth (PCle* Higlg)] o3 >IE, 7/\1 X (package_0) DiFRHEIDHIHIEN, T/\1 AL TE
SSINTULBEDH 65% LHVELWZEZRLTULET,
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FALLTA VDT IL—TFL )% [Package [ Core [ H/W Context (/\w&r—I /A7 [I\—=FDx7-AVFFR
M ICEELT. 77V T—23vn7 714 Z5714—=RABLET,

D: 4+ Os 1s 25 3s 4s 55 Bs [ [Package | Core | W Gonted] <|
% » package_1 ~ | [ I@Running
E » package_0 [ maCPU Time
= /0 Queue Depth
z [ /O Quiese Deplh

FI\1 X% package 0 TIM, 7FUT—/3VIF package 1 TEITLTLWBRIEDRDNDFET . CNA . BLY
L17 Yy —eBULEIERORRE O EEMENHDET,

FIVT—=03avnTF I T —2EBLTCRIIEBERETTS

D—O0—RETFNAADZEEMIFLLEEERESING 1/0 BEABRRT Do, 7 TV —3avnF7 I14=
F—ATELT . T1AY /0 BITEBEZETLET,

HLWRERIZ, 7TUT—23>0 1/0 FHEFRFREDBRIEDK 2% [C3okCEZRLTVET,

Elapsed Time “: 7.222s

| /0 Wait Time : 0.183s |
CPU Time ~: 3.958s
Instructions Retired: 8,459,636,000
CPI Rate ~: 0.788
CPU Frequency Ratio ~: 1.125
Total Thread Count: 245
Paused Time ~: Os

EXART S AICRHFED 7 T2 AOBRBA MR TSNGEIEDELR, INTO /0 BENZUMKBTREITSIN
TWLW&ET,

Operation Type:

60,000 ¢ —

50,000 -

40,000

1/O Operations

30,000
20,000 -

10,000

0_ 1 I I I
Duration (sec)

BALTA - Ea—TIE /O BEL I/O T—FEEDRBINGT -5 70— ERTEEFI . NIE . 771=
F1—ORBIICEDLAT VY —DERSNeElEEZRLTULET,
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o: + os

[] [Package | Core / H/W Context]

. ] r
g » package_0 ~| I ERunning
8 et maCPU Time
= [] WO Queus Depth
E} » devinvme0ni all0) Queue Depth
3 ] ™=slow
3 » idevisda m l ™ Good
S! [[]=Fast
§ b devinvmedni L] Page Faults
'-g 0 Operations
& » idevisda 1‘ Total
o - [#] Operation Type
é » (devinvmetni b ~~flush
E B ~read
2| » idevisda ] ~~wrile
" |
: 2668 490 VO Data Transfer
260,490 Operalion Type
10UTSIotn u B ~~fush
1OUNSIott N E “raéﬂ
[l ~write
Q v [#] PCle Bandwidth, MBisec

SBIC, COEEICED, PCle* BwigENE LL, T/\1 AARTES SN TULBIEDK 93% ICEDELT,
BERRTIVE
PCle* BIIRICIKIFT R 7 TUT—avd /0 INTA—I Y ABFICEAL T RO EEHRBALELZ.

e PCe*FT/NNAADI/O A=Wk (I0U) P74 =T —%RETD

o F7TUL—3u%|/0 AV ICEICHERTD

o FTINTADMEE#IERT D

o BEMNGNIA—IVABIEZRETD
o TFTARU IO T (FE) Z#RITLTREVEERD I/0 VU1—Y3veT/\vId3
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OpenMP* T VNSV RERT Y a—=IbA—=I\—AY

COLYVERNIFORTY 2= )b A==~y BEDA VTV RZE OpenMP* 70T S5 LATKLHBWFIM
RILRYDERHUTEIET B H % ZHRBLET,

NUZ(E ALY RF—LOIRNTOALY RERN/NUZICERZELEICEITTETIRANTI Y T, EITEELT
BAIT EEF v IDNT—N—RLYRICE>THEN DENICHBIESNTLRIEE. NUFICEELIRAL YR
&, BREEEZITORDDICIEFNDAL Y REFHEL CRFEZEEICLET . F—LARDOAL Y RETIERLEN
NV TCOREHFHEERIE, 1 VNSRRI BT U —a R cE 3 ZBMERLTL
F7,

NUTDAVINT Y R%HERT D 1 DOFEEIE ENAT Y a—U V0= FERLTALY FRITENICEEF v/ o
B TRETT RELMRIEDF VY IOTINETDIE AT Y 2—)b A —=/\—AY RICEDRANSHITE
bITBENHBDET . COLVERESEICLT, A7 IL° VTune™ Amplifier Z{EH LT OpenMP* O— R~/
INSVRERT T a—)bA—=/)\—AY FOREICHIET 20 —0 7 0—%ZFVFT,

o EHTBHD

e FlE:

R—=RSAVZEHKT D

HPC N7 A=V AFFERITZEEITITSD

OpenMP* M1V IN\TV A%EHFET D
BNATY1—-UVO%RBERATD

OpenMP* 25 2 — )L A—=/\—AvY RERETD

Fv D INSGA—S—%FERLTENRAT I 2—-U VI %=BRITD

EdERSEST))

IR INTA—T YV RAERY FIUATERITD/IN—R I T7EV T RITTFOURRTY,

oA WN =

o FPIUT—23aV:BFEOHEOERNEFETDIT7 VT -3, X1V I)L—FF, OpenMP*
parallel for #XTiliF{btINTLET,

o AVNAT—:AF)L® OV )\AZ— 13 Update 5 BARE. COLVEIE, 1> FIL® Vtune™ Amplifier @
BT CERINBDTYTILD OpenMP* SUAA I TATSU—RDA YV ARILAY T—2 30 %ETT
BB, COAVINAT— N\N—=TaVvERBELELET A VFTIL° IV I\A1Z—D paral lel-source-
info=2 A7 3VEEMLTIV/\1)LF BT LT, OpenMP* BIFHETY —X T 71 )LIEHRHREHE SN,
A—H—DERILYPI<EDET,

o NTA—=TVRERITY—IL:

o A7 )L®VTune™ Amplifier 2018: HPC /\T A —< > X$F MR

» A 7F)L® VTune™ Amplifier §HiilRDY o> O—RER BT R—ETDWLTIE,
https://www.isus.jp/intel-vtune-amplifier-xe/ Z#&B LTS\,

 COOVOTVIDLYVEIFINTRT =S TILTHD, 17 )L° VTune™ Amplifier
2018 LIFICEBATEET . \—JaVICEDRENDINICEBDIZEDHDET,

ARL—=F 125+ ZXF In: Ubuntu* 16.04 LTS
CPU: 75 )L® Xeon® 7Otz wH— E5-2699 v4 @ 2.20GHz
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N—RAS51%={EKTD

BTN A—ROMEBN—=T 3V, T T2 EORBRNAT Y 2—U>Y T TIL—TIC OpenMP* parallel for
TSOREERLET (1T 21),

#include <stdio.h>
#include <omp.h>

#define NUM 100000000
int isprime( int x )
for(inty =2; y*y<=x; y++t )
if(x%y==0)

return O;

}

return 1;

int main( )
int sum = O;

#pragma omp parallel for reduction (+:sum)
forC int i = 2; 1 <= NUM ; i++)
{

sum += isprime ( i );

printf( “Number of primes numbers: %d™, sum );

return O;

}

AVINMILLIEZ TV =23 V@ETICIERN 3.9 DD ET, N UBRORBEICTERTD/INTA—T VR
DR—=RATLVEFDET,

HPC N7 A—VY VA ERITZETITD

BT T =3V OBENGIN T A=V ARV RY O %BRT D28, F9 17 I)L° VTune™
Amplifier ® HPC N7 A—< > AFFMERITZETLET,

1. W—ILIN\—D =+ [New Project iR 7OV O M) MYV EOVUYOLT FETOI 0 DEF] (B
primes) ZEELET,
2. [Create Project (FOY U FDIER)] 0 Uv I LET,

[Configure Analysis (BBHFDFRTE)] V1~ RONRRESNET,
3. [WHERE (£C%)] X1 7T, [Local Host (O—AIKAR)] -5 v I RT A1 TEERLET,

4. [WHAT (fi%)] X >, [Launch Application (P 7UT - avzigE)] -5 v 51 7&&8RLT,
BIrg 27 TV — 3 aEEELETRICHZRLET,
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& Intel VTune Amplifier = O x

[ & & » & Welcome Configure Analysls » =
| (& Configure Analysis INTELVTUNE AMPLIFIER 2018
| WHERE - > .
@ Local Host @ HPC 2@
Performance

. ~8  Characterization
Lau nCh & Analyze important aspects of your application

L = performance, including CPU utilization with
App I ication additional detalls on OpenMP efficiency analysis,
memory usage, and FPLU utilization with
vectorization infarmation.
For wectorization optimization data, such as trip
counts, data dependencies, and memory access
patterns, try Intel Advisar, It identifies the loops
that will benefit the most from refined
Application: vectorization and gives tips for improvements,
The HPC Performance Characterization analysis
type is best used for analyzing intensive compute
applications. Learn mars w

Specify and configure your analysis target: an
application or a script to execute.

/omefviunefprimes = ]

Application parameters:

9
v | Lse application directory as working directory ° G !:p S

W

5. [HOW (ED&LSIT)] X1V T [.] R V% IUvH LT [Parallelism (iiiFl1¥)] 7 /L—Fh\5 [HPC
Performance Characterization (HPC /N7 #—< > Z4§1%)] BEr&EIRLET,

6. o [Start (BAt&)] M5O UvOLET,

A7) VTune™ Amplifier (&, 7 7UT -2 3> ZREILTT —5ZNEL IRELRET—5%T71F51XL
TV VRIVEREBRLET . COBHRIE, V- AT CRRICEDET,

OpenMP* D1 VISV AZRETD

HPC /X7 — > ZKF MRS, CPU A E (Wi5H), XEY—T I XME NI UEBREDINTA—T > R
MREILRYODBRICRII DB R HPC X MUY IEIEL TR RLET . COLVEDLSICTTI Y FTILD
OpenMP* SV 541 ©EFERT27 FUT— 3> Tld, ALy RSB OB E % T 1B T D4FRIE
OpenMP* IFEX LU IONEIIBEET,

7TV =23 LRILOBETDIR RSN S [Summary (BYU—)] Ea—D\o@EfEiReDET, 7SI NI L

[Effective Physical Core Utilization (JIZERGEIFZFIAE)] XUV (—ED X7 ATIE [CPU
Utilization (CPU R E)]) &, ABEINRE /N TA—I YV ADOMEERLTVET,
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Effective Physical Core Utilization ~: 78.7% (34.608 out of 44) &

Effective Logical Core Utilization ~: 65.9% (57.986 out of 88) &
Serial Time (outside parallel regions) : 0.132s (3.4%)
Parallel Region Time : 3.810s (96.6%)
Estimated Ideal Time *:  2.727s (69.2%)
OpenMP Potential Gain ~: 1.084s (27.5%) &
Top OpenMP Regions by Potential Gain
This section lists OpenMP regions with the highest potential for performance improvement. The

Potential Gain metric shows the elapsed time that could be saved if the region was optimized to
have no load imbalance assuming no runtime overhead.

OpenMP Region OpenMP Potential Gain (%) OpenMP Region Time
main$omp$parallel:88@/home/ 27.5%
viune/primes/primes.c:21:27 1.084s & "y 8.810s

[Parallel Region Time (illi7ll$&1%AFRT)] > [OpenMP Potential Gain (OpenMP* BERLZS 1Y) XRUvD
[CFEEIL T, FERGA S NIBERET D ETHEONBIBART IV EFALET . COY Y FILTIE, 1.084
(F7UT =23V OETRRID 27.5%) ICTSTDMILTULB s, paral lel X EFELANDMENHDE
ER

DYV I 7 FUT -3 TlE [Top OpenMP Regions by Potential Gain (BERGRY 1 VIC kD LI
OpenMP* #815)] =2 >/3>/IC 1 DO parallel BXHHNFET , 7—T )L THElgE%=I v LT, [Bottom-
up (RELAF7 v )] Ea—TaElAE#EELET, [Bottom-up (REAF7 v )] FUw RD [OpenMP Potential
Gain (OpenMP* BENGT 1 V)] H5 L2RBELTIENZIROFHERRLET . COT—5IE,. 7 TUo -3
Tl37%3< OpenMP* T CPU BFEINE PN TULBRE L, ZNICLDBBRENOE EZER T DDICHRIEE
CP

& HPC Performance Characterization HPC Performance Characterization viewpoint (change) © INIELY IUNE AMPLIFIER 2078
| © Analysis Target A Analysis Type £ Collection Log & Summary @ Sartomup AV . )
Grouping:| OpenMP Region | OpenhP Barrier-to-Barrier Segment / Funclion / Call Stack -|| %l o[

‘OpsnMP Potential Gain ¥
OpenMP Region | OpenMP Barrier-to-Barrer Segment/ | T
Function | Call Stack Imbatance | Lock Contention | Creation | Scheduling | Reducton | Atomics.

EMective Tur by Lt

Bl WP Ok Bid;

» mainge -B8 @ home! 1.084s 0s 0s  0.000s 0s 0s 227973 @ ]
[Serial - autside paraliel regions) 0,659

D: 4 Ruiler Area: i

~| [ =Region nstance
O = OpenMP Barrier-io-Bastiar

Thread

Segment
: [ [Thread
F [ WEfective Time
P T ... | [ W57 2 Oveihead Tine
FILTER 100.0% o | |Any Process Any Moduls < || | user functions + 1 || Show inlne functio - || Loops and function - |

TUw RTORY MRHEIET [Imbalance (1 V/\NS5 YV R)] XEUYIDED/N\A S FSNTVERI . YNIXATID
EeRAYITBE BMRAT I a—UVTICEDAIVNST Y AHFT DR T IEY PNRRSNKT 48
BRICERDOD/N\UT7NHBBEIE BE/ —re/\UF7 eI XV MMIRALT. N\TA—< YR 0UF 1AL
BNUTZRETDIREDNHDET.

& HPC Performance Ch ization HPC Perf Characterization viewpoint (change) © INLELY JUNE AMPLIHER 2018
‘ @m'ﬂﬂ! A Analysis Type Tl Collactionlog i Summary & scmomouo - z . L
Grouping: OpenMP Region / OpenMP Bamier-to-Barrier Segment / Function / Call Stack 2| 5

OpenMP Folential Gain ¥

OpanMP Region / OpenMP Bamer-to-Bamer Segmaent / Funchion / Call Stack
imbalance | Lock Contention | Creabon | Scheduling | Reduction | Alomics

main$omp$paraliel:B8@Mhome viunelprimes/primes.c21:27 1.084s Os Os 0.000s Os s
ompSloop_ _segment@/home viuneiprimes/primes 1.037s s/ 0s| 0.000s 08/ 0
main$ompSbarrier_segment@/homeivune/primes/primes. c:27 0.047s Os Os 0s 0s 08

[Serial - outside parallel reglons]

COY Y FIVICIE, A>T IL® VTune™ Amplifier [ICK>THESINGWEKRGA VNGV REFDIL—TN\UT7E
WiF DY 31V /I\UT7ZRHDET,
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iE
o FITVT—Y3VOETHRICAVNTYRZRETBICIE, [Timeline (F1TATFTYV) Ea—%=HAEL
FI . BMHMERZZRITL L\ BREIERETTRSNREREERETRSINET,

BNRTIa1—-VYT%ERHTS

DIV INTG Y RE BHERIEEDBUCED FEDAL Y RICKEEHEZEEINDYTEDI—AT, —SDOAL Y RIZ
INSTFEOF v %= ERETUIEL/NY 7 TRREEEEICLTLWBRZENRRATY . COT VNSV REFEHET
BICIF . TITAIEDING A= —CENAT Y a— UV T #BRALEY,

int sum = 0;

#pragma omp parallel for schedule(dynamic) reduction (+:sum)
forC Iint i = 2; 1 <= NUM ; i++ )
{

sum += isprime ( i );

PV —3EBOVINCMILLT ZOETEBEAVI FILDINTA—I I ANR—IASA = LERLT . &#
{bEEIELET,

OpenMP* T Y a1— )b A—/N\—A\YREHFETD

BELRY YT T7TIUT -3V #RITIdE, AE—R7YyTRTICEITRMEN 5.3 RITBXFI . ST, #
RIEDIEEF vV OTHNAT Y 2— UV 0% BRLRIGEICECSEERTI BENGRNLRY D DFili%E

BETBICIF HPC NT AV A ERTEBEEITLC /N TA—Y VY AETORRAZH#ERT S ZRFTL

TLEELY,

1. XZa—h\5 [New ($7#)] > [HPC Performance Characterization Analysis (HPC /\7 *#—< > X%§
MERIT)] ZZBIRL T BEED primes 7OV U ORISR EERSET,
2. [Start (FMR)] =0UvOLFET,

[Summary (YYU—=)] E2—Tl&, /\TA—T VR TUF+11)LE LT [Effective Physical Core Utilization
(IENGMEBITZFIAR)] XUV OICTSTHMTIFBNTE D, [OpenMP Potential Gain (OpenMP* BER)
BIAV)] OENAVI FILOED 1.084 MEDBIEITLET,

& HPC Performance Characterization HPC Performance Characterization viewpaint (change) @
(D) Analysis Target A Analysis Type T Collection Log & Summary & Bottom-up

Elapsed Time : 5.391s
SP GFLOPS : 8.501

Effective Physical Core Utilization : 47.6% (20.929 out of 44) [

Effective Logical Core Utilization ~: 47.1% (41.467 out of 88) &

Serial Time (outside parallel regions) : 0.158s (2.9%)

Parallel Region Time : 5.232s (97.1%)
Estimated Ideal Time ~:  2.593s (48.1%)
OpenMP Potentlal Gain -~ ; 2.639s 0%) &
Top CpenMP Regions by Potential Gain
This section lists OpenMP regions with the highest potential for performance Improvement. The
Potential Gain metric shows the elapsed time that could be saved if the region was optimized to
have no load imbalance assuming no runtime overhead.,

OpenMP Region OpenMP Potential Gain (%) OpenMP Reglon Time

mainfomp3parallel:88@/home:

viune/primes/primes,c:21:25 2639z R 490% M 52375
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COT—HIF, - FOUFZIEME TR LIz 2BNIFTTVET . RR%ZIRHET B8, [Bottom-up ((REAF v
N Ea—ICHIDBERET,

& HPC Performance Characterization HPC Performance Characterization viewpoint (change) @
| © Analysis Target A Analysis Type [ Collectionlog & Summary @ Zortom-up I
Grouping: OpenMP Region / OpenMP Barrier-to-Barrier Segment / Function / Call Stack -5 (| 2]
OpenMP Potential Gain ¥

OpenMP Region | OpenMP Barrier-to-Barrier

Segment / Function / Call Stack Imbalance |Lock Contention| Crealion | Scheduling | Reduction | Atomics

ompSparallel 88@home; 0.000s os|  osWNPTEEY  osl o0
[|Serial - outside parallel regions]
< >« >

D: 4 s 25 4s Ruler Area: -

z ~|| B Region Instance
g O =OpenMP Barier-
= fo-Barrier Segment
| [#] | Thread d I
FILTER 1000% g | AnyPro| | AnyModuls ~ || User funchon: || Show inline ~ || Loops and -

DRI ORITERE LEB T BE, [Scheduling (R Y a—UVT)] A—/I\—AY RIFAVINT Y ZALDHEBITEZ
ERRICHDET . NI, T—H—ALYRTEIC 1 IIN—TREZEEDEHTIRT I 21— —DF TAILDEIE
NEETT ALY RBNICICRT Y a—5—ICRBEH, AVAL VY —DNBITETRRIILRYIERDET  F1

LS50 [Effective Time (BXEEER)] X FUYIDHH (RB) (F. ALY RICKDBEDIEEERLTVET
N BEIMESGEOTVWET, JUY RT/N\151 ~ENTLB [Scheduling (R 1—UV9)] X~y ODIEIC
Y IARN=FBE/NTA—=TV RICEHT D7 R/INA ZAMRREH, OpenMP* parallel for 7S50 TFv>
OEFERLTUFNIBAERIEICL, ATV a—I)bA—/\—AvY REHBRTILSICHEINET,

Fo - NS A—9—%FEALTHNRT Y 1—UY I EBATS

RDESIT, schedule BIDF v I IN\SA—5—% 20 ICLET,

#pragma omp parallel for schedule(dynamic,20) reduction (+:sum)

forC Int i = 2; 1 <= NUM ; i++ )

sum += isprime ( i );

BOV/INMIILTRE, 77U —2avnETRREIE 2.6 RICHEDELRE (R—ASAEERBLT 30% [ L),
[Summary (YYU—)] Ea—(% BEITEL [Parallel Region Time (1514516 R)] (98.3%) £#RLTLFT,

& HPC Performance Characterization HPC Performance Characterization viewpoint (change) @
1@ Analysis Target A Analysis Type [ Collectionlog & Summary & Bottom-up

Elapsed Time . 2.614s
SP GFLOPS : 17.925

Effective Physical Core Utilization —: 95.7% (42.098 out of 44)
Effective Logical Core Utilization —; 94.1% (82.791 out of 88)
Serial Time (outside parallel regions) : 0.044s (1.7%)
Parallel Region Time : 2.570s (98.3%)
Estimated Ideal Time —:  2.560s (57.5%)
OpenMP Potential Gain —:  0.010s (0.4%)
Top OpenMP Regions by Potential Gain
This section lists OpenMP reglons with the highest potential for performance Improvement. The

Potential Gain metric shows the elapsed time that could be saved if the region was optimized to
have no lcad imbalance assuming no runtime overhead.

QpenMP Region OpenMP Potential Gain (%) OpenMP Region Time
mainfomp$parallel:88@/homefviun

& 1 49 57
elprimes/primes.c:21:25 0.010s  D.4% 2.570s

[Bottom-up (REAFP YA Ea—DI1LSA VL, RIFFBREDEIMEIEE RE) ERLTLET,
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1 Mm #m- nmmm m & Hottom-up |
Grouping: | OpenMP Region / OpenMP Bamer.to-Bamer Segment / Function / Call Stack
§ - I opmup Palenlial Gain ¥ 0| CRUTH~ |

CipanbP Hegion | GpenMP Barner- | 1 1
[ [ =
to-Barmear Segmant / Function ! Call Stack Imbal-arhce- Lock. Cmulb:lri Scheduling Reduction | Atomics| L E:m': Al :";szt:j?mml ey

mainformg§parallel: & homeiviune 0 0.010s 0.000= 05| 216.104s 1R
b [Serlal - outside parallel regions] 0.3025 vl
£ b L4 >
Didh = &l 055 15 1.5% 25 255 Ruler Area: =
= ol [ FHagon instance
E [ FOpankiP Bartiar-
= to-Earmed Segment
£ | Thread u
- __| EHMW 'Trnn w
T T T e —— o i
FILTER 7 1000% |;.]M5Pr-:-rassv| | Ary Madula 1 | Usar funchions + 1~ JSmmmr-amn: [ |L-:r:|1:rsar-dmrln [

BRI a—UTE SEEICHUVMEEF v 0L Y RAEIDH TRz, Fvvya0OBRBELNBIFEN,
d—RETOF vV aMENMETRIDAEMENHDET . DFED, CPU ZMERLFEAL/IN\TVABRLK#ELEN
77U =23 vnIF5N B8RRI 1V 0%FERITI/INSVAOBWT FUT -3V KDHERICES
ZeBmhET., ZhiEE . [HPC Performance Characterization (HPC N7 A—I Y X4M)] E2—0
[Memory Bound (XEU—&#F)] o0 av%#=RAELFT,

p
o ZOLYVEDERIE AT IL® VTune™ Amplifier FAROY/\—-TA—5 L\ (EZE) #BBL TS,

BEIER

OpenMP* J— RfE#f

HPC I\ T #— > ZHF IR (5B

BEWNGT 1 (REE

Fa—kU7 L MPI/OpenMP* )\ 7w R 7 FUT —2/ 3> DT (REE
‘EWZOteyY—-O7FAE: OpenMP* /U7 )LEFE

88
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https://software.intel.com/en-us/vtune-amplifier-help-openmp-potential-gain
https://software.intel.com/en-us/itac-vtune-mpi-openmp-tutorial-lin

EuwZOteyY—a7FHZE: OpenMP* /U7 )LEFR]

ZOLVEIL, OpenMP* TliFl{b SN 7 TUT —avDI U7 ILETERH =4 E L, BIOW T DS %
B2l 77U —3avnR—SEUSFs—%&B[LELET,

WH7FUT =23y U7IVERIE, 77U =23y M ARG/ —RDz7-UY - (7 FUT—2/3
VO —REEFTIDI7RE) #RBEITIENTHD,. 7 TIT—V3avVDRT—SEUT1—%IHIFR23ERD 1D
T MHNFTUT -3V ORAAE—R7ZY FIE, 7 LT —ILOERIT 1/((1-P)+(P/N)) £ RSNFI, TP
E7 U= a3V ETOUTEATHON [T 7Oy —IL XV AT Z0ROD.P (FZ VT -3V ET
DOIVUTILEED) BASRBIFE , ETOVUTILERRICEoTHIBRESNS N (ZFOvH—IL X7V L) oA
ZLIFNFET,

A—H—FFUT—37h OpenMP* TUFHLEN TV BIRA . ¥—F ¥ Vvl O—ROE{FIE, OpenMP* 4
WA OI—RET, F£z(E "#pragma omp master" ¥ "#pragma omp single" #&iEROI— RETOITEEMEN
HOFET,COLVETIFE 1 DEOT —AOBRHBITSEELET . COLYEZSEICLT, 1T /L° VTune™
Amplifier © OpenMP* SEIFENDI—ROETREEEUT )L Ry E ARy FER/IIL—TOafmzEREL T, O—
RoiliZl{b eI EEME = IRRLF T,

o (EFRITDHOD

o FIE:

R—=RSAVZEHT D

HPC N7 A=< A4 Z2E1TTD
OpenMP* VU7 LIS %=HFET D
J—k#i5{bT D
ALYRIZ—%ZHAEITD

Ed:ERSESTO)

UTRIE NTA—RY AR FIATERITD/N—FI7EY T RIITODYRRTY,

O O 0O 0O o

o FFUT—=3V:miniFEGRERXR=_"77UT—>/3> (OpenMP* )\—I/37),
https://github.com/Mantevo/miniFE (358) N\55 7 O0—RTEEY,

o IAVNAT—:AFIL® IV /15— 13 Update 5 A&, COLVEIE, 1> FIL°® VTune™ Amplifier
OB TERIND AV TILD OpenMP* S VA IS4 TSU—RNDA VYV ARILAY F—2 3V #EST
IBEH.COIAVINAST—/N\=JavERBELLFET,

o NITA—=TVABERY—I:

o A VFIL®VTune™ Amplifier 2019: HPC /\ 74— > A4F 44
o A7 IL®Inspector 2019: AL RIS —f#HfF

o A7 )L®VTune™ Amplifier FEMhRDS 7 O—REEFHR—KTDULTIE,
https://www.isus.jp/intel-vtune-amplifier-xe/ Z#SB LTS\,

o A VFIL® Inspector s ikRDY U O—REHFHR—CTDWVTIE,
https://www.isus.jp/intel-inspector-xe/ Z&MB L TIZEL),

o ARL—F1VT-IXF L Ubuntu* 16.04 LTS
e CPU: 1VF)L° Xeon® FOtzwH— E5-2699 v4 @ 2.20GHz
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https://www.isus.jp/intel-inspector-xe/
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openmp/src/Makefile. intel .openmp X177 )L&FERLT7 7UT—3r%=E)LRLET,
AVFIL AVINAS—D -g AT av& -parallel-souce-info=2 A7/ 3V%#EMLTIV/I\1ILTBC
ET TN\ TERNBRICIED, OpenMP* $BIFi & TY —R 7 71 )LIEERIMR N, -5 —H#RIL v <&
NFET,

5% nx=200, ny=200, nz=200 TAV/\1ILLI7 FUT—av %z YIBIO7HITHIET S OpenMP* ZLw

R#EI7Z&IC 1 ALY R (OMP_NUM_THREADS=44, OMP_PLACES=cores) TE{T9d&, # 12 HH\H\D
TN IEORBELTERT /N TA IV ADR—=RAFIVEREDET,

HPC NI A— VAR ZEETTD

7T TIT =23V OBERNGN T A=V AR RY O%IBIRT B2, FT .17 I)L° VTune™
Amplifier ® HPC N7 A—< > AFFERBITZETLE T,

1. W—JL/\—® [New Project FifR 7OV IO R R EOUVOLT FM IO 0 DR (B:
miniFE) ZBELXY,

[Configure Analysis (BRHTDIRE)] T+~ R OMRREINFKT,
2. [WHERE (¥Z#%)] X1 T, [Local Host (O—AIKRAR)] =5V I RATF IS4 TEBIRLET,

[WHAT (fil%)] /X /T, [Launch Application (P 7Uo = av%iE#)] 79— v 51 7&8RLT,
fRITg 27U —3 &5 |8 nx 200 ny 200 nz 200 #EELET,

3. [HOW (ED&KSIT)] XAV T[] R V=D Uvo LT [Parallelism (HiFJ40LIE)] ~')L—TH\5 [HPC

Performance Characterization (HPC /N7 #—< > Z4§1%)] B &EIRLET,
4. O [start (B14)] REVESUYH LT BIFEERGTLET.,
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WHAT

6 Launch Application

Specify and configure your analysis target: an application or a
script to execute.

Application:

miniFE.x B D
Application parameters:

nx 200 ny 200 nz 200 5

" Use application directory as working directory

INTELVTUNE AMPLIFIER 2019 |

@ HPC Performance (- fh
Characterization

Analyze important aspects of your application performance,
including CPU utilization with additional details on OpenMP
efficiency analysis, memory usage, and FPU uftilization with
vectorization information.

For vectorization optimization data, such as trip counts, data
dependencies, and memory access patterns, try Intel Advisor. [t
identifies the loops that will benefit the most from refined
vectorization and gives tips for improvements.

The HPC Performance Characterization analysis type is best
used for analyzing intensive compute applications. |.eam. more

CPU sampling interval, ms
5

Collect stacks

« Analyze memory bandwidth

| Evaluate max DRAM bandwidth
v Analyze OpenMP regions

Advanced * Collect affinity data

IRV RSAUNSEFTERETIBDICIE RO ZERLET,
amplxe-cl -collect hpc-performance -data-limit=0 ./miniFE.x nx 200 ny 200 nz 200

127 )L® VTune™ Amplifier &, 77U —avERELTT—59%=NEL WNELRRT—9ET 7151 XL
TV VRIVIEREBRRLET . COBRIE, V—ABTTREITEDET,

OpenMP* VU7 JLIFEZERETD

HPC /N7 A — > 2T IE, CPU ERER (MiF1E), X EV—F IR AE AT MULGED/NTA—T VX!
MEILRY O DIBRICRIDEER HPC X MUY OZINELTRRLET . COLVEDLIICTIVTILD
OpenMP* S84 ©\EERT 37 FUT— 3> Tld, ALy RIIFIBEDOR D E % T BT D4FRIE
OpenMP* X FUY OMZIIBEET,

7V =232 LRILOFET DR RESND [Summary (BPYU—)] E2—h\SEERERDET, 75T BTV

[Effective Physical Core Utilization (JIZERNGIEIF7FIAE)] XUV (—EDT A7 ATIE [CPU
Utilization (CPU fEB=)]) &, ABE IS/ TA—T Y ADMEEZRLTVET,
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Effective Physical Core Utilization : 62.2% (27.374 out of 44) &
Effective Logical Core Utilization *: 31.5% (27.690 out of B8) &
Serial Time (outside parallel regions) : 3.085s (24.9%) k&
Top Serial Hotspots (outside parallel regions)

This section lists the loops and functions executed serially in the master thread outside of any OpenMP region and consuming the
most CPU time. Improve overall application performance by optimizing or parallelizing these hotspot functions. Since the Serial Time
metric includes the Wait time of the master thread, it may significantly exceed the aggregated CPU time in the table.

Function Module Serial CPU Time

_'i_c\nnp at line 133 in MatrixInitOp<miniFE:;CSRMatrix<double, int, int> *':l:\ua-rn':mrt';[ miniFE.x O.ﬁSﬁ-s
func@OxfIfffffB13f5ed2 wvmlinux 0.286s
[Loop at line 768 in std::__fill_n_a<double®, unsigned long, double=] miniFE.x 0.281s
std::local_Rb_tree_decrement libstde++.50.6.0.21 0.271s
miniFE::find_row_for_id<int> miniFE.x 0.195s

"N/A is apphied to non-summable metrics

Parallel Region Time ' : 9.319s (75.1%)
Estimated Ideal Time “:  7.749s (62.5%)
OpenMP Potential Gain "“: 1.571s (12.7%) &
Top OpenMP Regions by Potential Gain

XUV ODOBEBEREO TIFRE, 7FUS—/3> 0 [Serial Time (outside parallel regions) (/U7 JLBF
(i F14E1EES))] HRBRREMDK 25% Z HSHTVNDRZENDHDET , FLVUFT )UKy FARY b &, 75D
MEAL O —RICHDFET,

J—ILRIVINED HPC N T A=V AFFM @27 LT FIB T EGREOR M EZATE T L&k
SLTKREEVW . O—IILRY YO IE, BRI E T It DRFEZE R DIFTDDICKRIEET, I—IL AT Y IULEIE X
T -FEHROBFTEAHFEHEDENTEEEH, %9 [Analyze memory bandwidth (X EU—HHiF
EZRIT)] SREA TV 3V EBEIMICLTIRE,
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WHERE

@ Local Host @ HPC Performance (w (e
Characterization

WHAT

Analyze important aspects of your application performance,
. . including CPU utilization with additional details on OpenMP
e La UnCh Appllca hon ol efficiency analysis. memory usage, and FPU utilization with
o vectorization information.
For vectorization optimization data, such as trip counts, data
. : o dependencies, and memory access patterns, try [ntel Advisor. It
Specify and configure your analysis target: an application or a identifies the loops that will benefit the most from refined

seript to execute. vectorization and gives tips for improvements.
The HPC Performance Characterization analysis type is best

Application: used for analyzing intensive compute applications. Learn.more
miniFE x e
i CPU sampling interval, ms
Application parameters: g
nx 200 ny 200 nz 200 L)

¢ Collect stacks

| Use application directory as working directory Arsaliras oy il

Werking dirictogy; Evaluate max DRAM bandwidth

| Analyze OpenMP regions

Advanced * Collect affinity data

ONYRSAUNBIDREZERTIBICIFIRDINVY FZANDLET,

amplxe-cl -collect hpc-performance -data-limit=0 -knob enable-stack-
collection=true -knob collect-memory-bandwidth=Ffalse ./miniFE.x nx 200 ny 200 nz
200

p
e [Threading (ALY R1{b)] @BFEEITL T AYvU%EFERLT OpenMP* Y U7 LEISRIABITT 328D
TEFRT. L. EDNTA—T Y RAFUENRRILRY T ITHEOTLBOND DBV A E, HPC /€
TA-R YV AF R EHRERELEIFIHNROITLELD,

EfioRy R RRY LEFFEL, ZOO—ILRAI YO EFAEIT BICIE, [Bottom-up (RELAF v )] Ea—ICHIDE
Z7T.[Serial CPU Time (U77JL CPU BFR)] hZ LATY—KLET,
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[ HPC Performance Characterization HPC Performance Characterization » @ | AMPLIFIER 2019
Analysis Configuration  Collection Log  Summary  Botiom-up  Caller/Callee  Top-down Tree  SparseMatrix_functionshpp i

Grouping: Function / Call Stack v| % |' D Call Stack
T T a CPU Timé -
Function / Call Stack Seral CPUTime v | MemoryBound | NUMA:* | Yiewing  10f8 » selected stackly

40,0% (0.2485 of 0.620s)

- ires atemiin g : - = == ““RMatr...
[Loop at line 133 in MatrikinitOp<miniFE::CSRMatriv<double, in 0.620s | 1.2% mindFE 38| Loop 3t line 70 in d

b std: Rb_tree_const_iterator<std:pair<int const, int>>:opeératar, 0.615s 0.0% mindfE cinit_matrin< miniFE-CSRMatrix < double, int -
¥ miniFE=find_row_for_id<int> 0.316s 0.0% w0t - SparseMatrix_functions.hpe: 70 RMatr
» [Loop at line 768 in stdz__fill_n_a<double®, unsigned long, doubl 0.256s SIS R il
miniFE.x![Loop at IE 70 in miniFE-init_matrik=miniFE2CSR....
b Pl Tkt D70 1400 miniFE. " miniFE:irt trixeminiF E-CSRAMatrix=< double, inf...
¥ miniFE:get_id<int> 0163s 0.0% iniFE X! : g = FL aia
i miniFE :generate_matrix_structures iniFEZCSRMa...
b [Loop at line 768 in std:__fill_n_a<int”, unsigned long. int>] 0.125s 100.0% miniFEdminiFE:driver<double, int. int>+k19¢ - driverhpp:
> [Loop at line 45 in sort_if_needed<int>] 0.092s 0.0% miniFE.x!main+0x918 - main.cpp: 178
¢ [Loop at line 101 in minlFE:get_ids<int>.0] 0.079s 0.0% fibe-2.23.50! fibe start main+Oxf0 - ibc-start.c:335
v MatrisdnitOp<miniFE::CSRMatrix <double, int, int»*:operatar() 0.078s 0 miniFE.x!_start+0x29 - [unknown source file]
b [Loop at line 132 in MatrixinitOp<miniFE::CSRMatrix<double, in 0.064s
J_lLoon at line 768 in std_fill o a<dguble® upsiensd lnne. dauhl M.?ba
D:idp = Seale Markers:
g || @ "“Region instance
E “OpenMP Barrier-to-
= Barrier Segmant
+ | Thread v

« IMEffective Time
Wl5pin and Overhead |
¢ CPU Time
+ mulCPU Time
o maSpin and Overhead ..

e ] WP W VT T S ————

THIEERTIL—TERELTL'\D SparseMatrix_functions._hpp ® 70 {TEHMIFHLICELTLD DD
NoFERT,

[Call Stack (A= RZYI] RA1V DTS TINVIIVYILT YV —RT 7 ZREET, LUORY FZXRY -
=T OmbRY MRTNBEEMICRRSINET,
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ﬁ HPC Performance Characterization HPC Performance Characterization + @ [HTELﬂ“HEﬂHPUHER 2019
Analysis Configuration Collection Log Summary Bottom-up Caller/Callee Top-down Tree  SparseMatrix_functions hpp

S. 4 Source & CPU Time: Total | CPU Tim

70 ® for(int i=8; i<mat_init.n; ++i) {

248.220m: D it
7 mat_init(i);

m Bl b 30 271K (4 Y

#pragma omp parallel for ZEMLT, 75I0O#EA{L%E OpenMP* TiFI{LLET,

#pragma omp parallel for
for(int i=0; i<mat_init.n; ++i) {
mat_init(i);

PV —30EBOVINCMILLT ZOETEBEAVI FILOINTA—I I AR—RASA = LERLT &#
b =RIELET

COLYVETR &BIELEZ TUT — 3> OZBIFREIFA 10 BICED, 7 TUT—2a>vOETIFHK 16% R
E—r7vILELE,

RBIELIEPTIT—23VTHPC N TA— YV A ERTZBEERTLET,
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Effective Physical Core Utilization : 72.1% (31.738 out of 44) &
Effective Logical Core Utilization —: 36.8% (32.413 out of 88) &
Serial Time (outside parallel regions) : 0.902s (9.0%)
Parallel Region Time - : 9.121s (91.0%)
Estimated ldeal Time : 7.390s (73.7%)
OpenMP Potential Gain =; 1.730s (17.3%) &
Top OpenMP Regions by Potential Gain

Effective CPU Utilization Histogram

AR [Effective Physical Core Utilization (J1EEIEI7FIAE)] (F 10% [ ELFELZ, OpenMP*
U7 I)VEEREIE 9% ITiED, 1> 57 )L® VTune™ Amplifier ICE>TRIBE T ST DMF IFENGLIEDELRE (X U
IDOLEVVEIE 15% TY),

WiF%RESBICE LT BICIE, TOpenMP* DA VNSV AERT Y a— )b A—/I\—AY R, OvITvo-LIE
TRIELSIC. BH/NTVAOBEWVWNI 7 ERITTEET,

ALYRIS—ZFAETD

WiFIBDERT AR T IBICIE, T—IHmAaPTY ROVIBREDALYRIS—%#FzvILET . FvIICIE,
—BD/IN\—R Oz 7 TIIRETTICRIDEBTIIREL 3D, HBAVIIEICBIEDOEGIRECRE T IEENL
F=ABREETYROVIBRHTES, 17 )L° Inspector ZFERLET,

IARVRSAVAVI—TxA R%EAL, D—00— - U1 X%E/MBTE, FIyvIETRICITVRRIWGERD
BoN&Ed,

inspxe-cl -collect ti3 ./miniFE.Xx nx 40 ny 40 nz 40
1> 7 )L® Inspector [Fili5) I—FOMEIFEELFER A,

k= Locate Deadlocks and Data Races 0 INTEL INSPECTOR 201
o ) Targat A Analysis pe [ Collection Log | @ summar

IDa & [1pa 5

i Severlty
PL A Eross thread stack accrss CERMaLshpp: Sp

Wamming 1 itemis)
Tpe

Cross-thread stack sccess 1 temis)

Source
CaRMatrie.hpp

Module

hiomps so 1 iternis)
miniFE = 1 fernls)
State
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E
o ZOLYVEDERIE, 7L VTune™ Amplifier 7RO /\— T4 —3S 1 (3REE) #BRLTLILEZL,

BEIRE

OpenMP* J— RfZHf

HPC /\T #—< > R4FIEREHT (H5E)

AL RRMfT (REE

Fa—hkU77 )L MPI/OpenMP* J\1 T Uw R 77 UG —2/ 3> OfENT (3E58)
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127NV TBB 77U =23y DRI I a—=)b-A—=/\—A\y
I

COLYVERAVTIV ALYT AV T-ENT4>0-TOvo (AT TBB) 7 FUT -3V DRI T a—)b-
A==y RZRHLUTEIET 575 5 &FHBLET,

AT T a=)b A==~y RIE BREOIEEF v 0L Y RETHNICH BT DIBEICRE T HHALRR
BT ATV a— ) A==y RENEELTVDIEE, T—H—ALY RICEEEZEIDE TRRHAT I 21—
S—HEPIREE, D—H—XLY EOFLLMEEDRHICE P ITRBENRGD L, W MEBEOINENMETL,
MiGRET — ATl 7O S LOALY RMELIEN=I3>VDIEINY =T Vv )L I\—=T 3V EDBHIELEDET,
FEAEDAVTIL® TBB X |E, A—/\—AY REEBITDHF v I8ET TAILEORELDHARELTS,
TIAIEOBE/N—FTrYar—&FRLET . ERMICER(L parallel_deterministic_reduce HED
BXEERALTERG/N—TrYatr—%=ERTIHA BEHG/N\—T1Y3—F&AT 1 REDT 7AILED
HECELWFYOUA XEEEDEIT DO NELZRAEITINENHDET 17 )L VTune™ Amplifier
F,AVFILTBB 7 TUT =23V DRI I a—)b-A—I\—Ay RFOEHEZIEL WEZKELTA—/\—
AY RICKDREBE T ZERITDHDT R/INA A=RMLET,

o FHTDHD

e FlE:

N—=ATAV=EHTD

ALY REREETTD

2TV a— )b A—IN—AYREFETD
TS IBOREEKELTD

£z ERSESTO)

DRI NTA—T Y RBIRY FIUATERTD/N— RO 7EYTRIITOYURLTT,

W=

o FPFUH—3v:14FI)L° TBB O parallel _deterministic_reduce 7L —EAHEFERL
TRUBIVEROAHEHET UV TIL- 7TV -3y

o AVNAT—iAVFTIL AVINAS—FRIEGNU* AV /N\AS— ) ROAVINAS— UV R—ATF3>
EIEELET,

-1 <tbb_install_dir>/include -g -02 -std=c++11 -0 vector-reduce vector-
reduce.cpp -L <tbb_install _dir>/lib/intel64/gcc4.7 -1tbb

o NTA—=TVRBRITY—IL: 1>F)L® VTune™ Amplifier 2019: AL Rf&#r

o A7 IL®VTune™ Amplifier fHliRRDS V> O—REB B Y R—FTDLTIE,
https://www.isus.jp/intel-vtune-amplifier-xe/ Z&MB L TEEL),

0 COUYITVIDLYVEFINTRT—=STILTHND, A7 IL° VTune™ Amplifier 2018 LA
ICHEATEFRT . N—JaVICKDBRENDITNCERBZDENHDET,

o ANRL—=F1VT-IRXFI:Ubuntu* 16.04 LTS
e CPU: 77 )L° Xeon® 7Otzwi— E5-2699 v4 @ 2.20GHz
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Y7 A—ROME/N—T a3V, T 7AILFORET parallel_deterministic_reduce Z{ERALET
(7 17-23),

#include <stdlib.h>
#include "tbb/tbb.h"

static const size_t SIZE = 50*1000*1000;
double V[SIZE];

using namespace tbb;
void Vectorlnit( double *v, size t n)

parallel_for( size_t( 0 ), n, size_ t( 1), [F1(size_t D{ Vv[i] =1 * 2; } );
double VectorReduction( double *v, size t n )

return parallel_deterministic_reduce(
blocked_range<double*>( v, v + n ),
0.f,
[1(const blocked_range<double*>& r, double value)->double {
return std::accumulate(r.begin(), r.end(), value);

}1
std: :plus<double>()

)
}
int main(int argc, char *argv[])
{
task_scheduler_init( task scheduler_init::automatic );
Vectornit( v, SIZE );
double sum;
for (int i=0; i<100; i++)
sum = VectorReduction( v, SIZE );
return O;
}

RETERATE FICKE RIE R RERET BLIRICT B2, 17 35 DIL—TTRI LA ETEZRDIRLTVET,

AVINAILLETFZ TV =3y OETITIEN 9 hhDELZ, SNDY, MIBROSRBIL TERTR/INTA—T VR
DN—=RATLVEIFNET,

ALY F#ERZETID

T7IVT—2avOALY RliFIEERT Y a—)b-A—/\—AY RICE PNz REZ FRTBICIE, WiTIHERENT
ZERITLET,

1. W—ILIN—p T [New Project iR 7OV O M) MYV EOVUVOLT B TOI 0 DAF] (B
vector-reduce) ZiIEELET,

2. [Create Project (FOY O FDIERK)] #0 JvILFET,
[Configure Analysis (BRIFTDRTE)] T+~ R UONKRRSINFKT,
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3. [WHERE (¥C%)] R T, [Local Host (O—AIKRAR)] =5y I A7 L5414 TEHBIRLET,

4. [WHAT (fil%)] /R >, [Launch Application (P 7UT - avzigE)] 79— v 51 7#8RLT,
BT 7 T —avEIgELET,

5. [HOW (ED&LSIC)] XAV T, [.] R &D Uy LT [Parallelism (di5U1¥)] > [Threading (AL v R
)] #=BIRLET,

6. o [Start (FARR)] M5 > &YV OLET,

127 I)L® VTune™ Amplifier (&, 77U —2 3w REL T —5&2NEL WNELRET—5%2T71F 51 AL
TV VRIIVERERRLET ., COBRIE, VAR TREICEDET,

3
o ALYFBIRIFAVARILAY T =23V R—ATRIVIDAT 1Y F=ERT D) UREA—/\—
ANYRIEED AVZARIVAY RSNz 7 TIT -2 3V ORBBRRBIEAVUI FILOF7 TUT -3V DR
TEDBHREDFET,

AT 3= A—IN—AA\YVEREREETD
TG =37 LRILOBREINRRSNSD [Summary (HYU=)] Ea—H\S@EfFEIRHET,

[Effective CPU Utilization Histogram (XI1ZERUL\ CPU #IREOAHEA)] Z, 77U — 3V HFI BT gER
88 O7MSE5FHTH 3 IFLIMERLTLVRWLWT&ZRLTULET,

Effective CPU Utilization Histogram

This histogram displays a percentage of the wall time the specific number of CPUs were running simultaneously.
Spin and Overhead time adds to the Idle CPU utilization value.

20s4

Elapsed Time

1554
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7S IM\MFL 2 [Overhead Time (A—/\—Av RER)] X ~Uw D& [Scheduling (R a—-UV D)) BT X
FUWOIE BABEINSTIENENGAL Y RMEOBEZRLTULET,
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Elapsed Time ~: 51.933s

() CPUTime ™ 4411.847s
() Effective Time~: 152.245s
() Spin Time =: 1.713s
() Overhead Time *: 4257.889s
Creation ~: 0.840s
Scheduling =: 4257.049s &
Reduction =: Os
Atomics = Os
Other =: (0.000s

[Top Hotspots (Lfiiky F ARy F)] 25> 3>H\5 [TBB Dispatch Loop] hN&HEREEE YL TL\SEH
THDENDDFET  ERICEAET DTS TDEY M, MFNIBONEZASLTRHIRINERT I 2—)L-
A==~V RICEET 3 EHRERLTVET,

Thethread scheduling threading runtime function

TOP HOtSthS consumed a significant amount of CPU time. This occurs

This section lists the most active functions in your applicat| when thethreads are frequently returning ta thescheduler

P . . Pl for morework, which can indicate an inefficient waork
Optimizing JEhEE.E hotspot functions typically results in imp chunksize. To reducescheduling overhead, increase the
overall application performance.

size of tasks ar iteration chunks being perfarmed by
waorking threads.

Function Module d

[TBE Dispatch Loop] libtbb.so.2 3085.2415 %
__Gl___pthread_getspecific libpthread.so.0 154.160s
[TBE Scheduler Internals] libtbb.so.2 144.1445
[TBE Scheduler Internals] libtbb.so.2 112.100s

[TEBE parallel_deterministic_reduce o
n thb::internal::lambda_reduce_body]

Others] 807.511s ™

vector-reduce 108.693s

Wi fs applied to non-summable metrics.

BT T TUT =23 VI ARIIIVBEROEEZETETS 2 DO 7)L° TBB #3 parallel_for ®
#MEA{LE parallel_deterministic_reduce MEENTL\ET . [Caller/Callee (U L7t /IFOH L )]
F—HECa1—ZFERALT EE5MD1YTIL® TBB X TA—/\—AY RBRELTVDHERRLET . [CPU Time:
Total (CPU B§f: §51)] > [Overhead Time (A—/\—Av Ri§E)] 1> L%=ERL T, [Scheduling (R
Ja—UYAN ASLTT Uy REY—RLET, [Function (B¥)] VXTIV FIL° TBB DlliFIEXESH S
ADITERDIFTET,

Analysis Configuration  Collectionlog Summary Bottom-up Caller/Callee  Top-down Tree  Platform
CPU Time: Total

Owverhead Time

Function Effective Time by Utilization Spin
Bldie BPoor WOk @ldeal @Over |Time | Creation |Scheduling ¥ | Reduction | Atomics | Other
[TEE Dispatch Loop] 1.7% 00%| 00% 96.5% 00%| 00%| 00%
rt

_stal 25% R  0.0% | 0.0% 47.8% 00% 00% 0.0%
main 2% N $00% |  00% 47.8% 00%| 00% 00%
__libe_start_main 25% N $00% |  00% 47.8% 00% 00% 00%
[Stitch point frame] 25% IS o0 0.0% 47.4% 0.0% 00% 0.0%
[TBE Scheduler Internals] 24% IS 0.0 0.0% 47.4% 0.0% 00% 00%
operator new 25% N 00% | 0.0% 47.4% 00% 00% 0.0%
tbb:interface9zinternalistart_determin| 2.56% (NG 0.0% 0.0% 47 4% 0.0% 0.0% 0.0%

tbb::parallel deterministic reduce<tbb::blocked_range<double™ >, float, Vector Reduction(double”, unsigned long)::{lambda(tbb::blocked_range
<double”> const&double)#1}], std::plus<double>>

T
thbainternal:rmizprivate_worker:run | 0.4% D 0.0%  0.0% 40.2% 00% 00% 00%
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COITIFE ATV 2= A==y FI&RH A EL) VectorReduction FA¥D
parallel_deterministic_reduce BX%EMR1>Y ~LTVWET, COBXOWFMIBTA—/\—Av REHEER
TEBRRSICAEEF v OLDBNEICLET,

s
o VU= 3vVOEFTHRICAVINSVREREITBICIE, [Timeline (F1TLT1V)] Ea—%FRL
FI BMHMEEZETLCLIERBIIRETRIN, RERFBEIZEBTRINET,

LB OREZEARELTD

FIRDESD, D—N—ZA LY RICHNEOEEF v OREIDETRIE AT I 1—F—hEEEIDEHTICE DT
RS EMERTEFBA B/ —FT12 3 —%FH 93 parallel_deterministic_reduce T 74/l
DF v/ IPAXE 1T, DED, D—H—ALYRIF 1 IIN—TREZETLEEIFIT.ATI 21—5—ICHLLME
¥H5ERLFEITROI—ROESIC, BINFvIHP1 X% 10,000 ICIEWOLET (1T 5).

double VectorReduction( double *v, size t n )

{
return parallel_deterministic_reduce(
blgcked_range<double*>( VvV, v + n, 10000 ),
0- ’
[1(const blocked_range<double*>& r, double value)->double {
N return std::accumulate(r.begin(), r.end(), value);
sfd::plus<double>()
)
}

ZLT ALY F@EFZBEETLED,
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Analysis Configuration Collectionlog Summary  Bottom-up  Caller/Calles TMHM/

Hotspots Insights

Elapsed TI me 09095 If you see significant hotspots in the Top Hotspots
CPU Time —: 375675 list, switch to the Bottom-up view for in-depth
o o analysis per function. Otherwise, use the
WaitT : 1 = - ey
: . _Imp 47015 Caller/Callee view to track critical paths for these
otal Thread Count: 88 hotspots,
Paused Time “: Os

~) Top Hotspots
This section lists the most active functions in your
application. Optimizing these hotspot functions typically
results in improving overall application performance.

Function Module CPU Time
std::accumulate<double”, do  vector-

uble> reduce 33.9035
[TEB Dispatch Loop] libtbb.so.2 1.982s
[TEB Scheduler Internals] libtbb.so.2 0.332s
_INTERNAL_27__ src_th
b_scheduler_cpp_16d4bf5f:  libtbb.so.2 0.258s

__TBB_machine_time_stamp

Vector Init{double”, unsigned
- . . vector-
ong)::{lambdalunsigned lon 0.140s
4% y reduce
gltloperator()

WA is applied to non-summable metrics.

Effective CPU Utilization Histogram

This histogram displays a percentage of the wall time the specific number of CPLUs were running simultaneously. Spin and
Overhead time adds to the Idle CPU utilization value.
350ms -
300ms
250ms
200ms -
150ms

Elapsed Time

Target Utilization

100ms

50ms A

| Average Effective CPU Utizaton

%

Oms < = 7 T T
0 20 40 60

__

Simultaneously Utilized Logical CPUs

=]
[=]

}

U -3V ORBIEERNVKIBICHED, IR CPU EREROFM K 38 HIBI7ICHEDET (CHOX~
Dy DICIFOA—LTY T T—ANEENDH EFTET—XD CPU EAZE(F 80 O7iH<LICENFET),
12T IL° TBB DRI Y a—U VT PZ0OMOIIFI LI EDIEEICE PN CPU BRI HINTT, Zob
THEI—REBICLOT, 7 TUT -3V TIE (UERBZRVLT) AUT FHILN—=TJav e ERLT 10 &
DAE—R7yvTHEERLELR.

p
o ZOLVEDBRIE. 1T IL® VTune™ Amplifier FAOW/N\—TA—S L\ (3EE) #S8B LTS,

BEIRE
AL AT (558
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https://software.intel.com/en-us/forums/intel-vtune-amplifier/topic/779099
https://software.intel.com/en-us/vtune-amplifier-help-threading-analysis

PMDK 77U -3 -A—=/\—AvYE

COLYVERF PMDKR—=ZADT7 TIT =23V DRAEY=TICADA—I\—A\Y FERH L TELE T B 5% H
BLET,

TERMEXTU—FFEFY I (PMDK) &, T—D—EM LM AMEMIFTDRDDNSVF I3 VERIVOT
SVIOBEOYR— 2RI LET, Linux* & Windows* OB A THRATEERA—T VYV —-ADS1TSU—L&
V=IO DY 3a VT Ml NERMXEU—TOT =00 Web H1 + pmem.io (58) #8HRLT
<IEEUL\PMDK [, BIKESEBOYR—FCID, REBRMUEXEY—TOISZVIDRBAEBRZICLETIRAE,
R2ICKRIEEHD C/C++ HR— k% Linux* THIETEEY . Windows* TIZFRER7Z IR LTHIATEET,

1V FILOFHROFBREXEY—F AEY—BEXARL—YEICIMZ DRAM KDHABETARL—I LD
BHERBTE IDAEY—BEEBLET . 77U —a V[ RFROAEY—LARICTEBREXE—ADT—
IBEICTIEATE XREYU—EAL—YVRBOT—57OvIEmEONESEHRLETD,

UL PMDK S 735 U—%FIRTDRE 7 TUT—23>VDINTA—T IV RICEHET R ENHDET . CDOL Y
ETIE, 17 )L VTune™ Amplifier TZDLSREBEERHT D HEEHRBLET,

o FHTDHD

e FlE&:
1. PMDK 7 U —23avOXEY—F O @BHEETITD
2. PMDKAR—ZMO7FUT—/3vmiy ARy b E4FET S
3. TUR% PMDK BHIFOH LZHIRT D

Ed:ERSESTO)

UTRIE NTA—RY AR FIATERITD/N—FI7EYTRIITODYRRTY,

o FFUT—=3V:PMDK XEU—-7OT—45—%FRLT 2 DORITMILOBEERBEUOEE %518 TS
Y77 U —3y
o AVNAT—:GNU* OV/N\NAS—  ROAVINAS—[UVA—ATVaVEIBELET,

gcc -c -0 array.o -02 -g -fopenmp -1 <pmdk-install-dir>/src/include -1
<pmdk-install-dir>/src/examples array.c

gcc -o arrayBefore array.o -fopenmp -L <pmdk-install-dir>/src/nondebug -
Ipmemobj -Ipmem -pthread

o NTA—TVRBITY—IV: 15 )L° VTune™ Amplifier 2018: XEU—7 I R @ tfh/EELRRY X
Ry AT

o A VFIL®VTune™ Amplifier FHlikRDS V> O—REB BT R—KCDLTIE,
https://www.isus.jp/intel-vtune-amplifier-xe/ Z&8B L TE &L\,

0 COUOYVITVIDLYVEIFINTRT—FTILTHND, A7 IL° VTune™ Amplifier 2018 LA
[CHEATEFRT . N—JI3VICKDBRENDITNCEZDENHDET,

o ARL—F1UT-YRF I Ubuntu* 16.04 LTS
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http://pmem.io/
https://www.isus.jp/intel-vtune-amplifier-xe/

e CPU: 17 )L® Core™i7-6700K 7OtzwvH— @ 4.00GHz

PMDK 77U —ayDOAEU—-7 IO XA@RIfEETITD

COLYVER TEBEMEXEY—ZMNRTIT Y TIL-7TUT -3V mhET . COT7 TUT—aviF, &<
HMB5NTLVS STREAM ANV FI—IO Triad A—FRIL7ZEMAL T, DRAM FiEiEZRARICFIALET,

RETERMT AT ICKEHE TR BIRICT B2, L—TTNIRILERTETBEZZEDIRLTUVET,

#include <ex_common.h>
#include <stdio.h>
#include <stdlib.h>
#include <sys/stat.h>
#include <libpmemobj.h>
#include <omp.h>

#define REPEATS 32

POBJ_LAYOUT BEGIN(array);
POBJ_LAYOUT _TOID(array, int);
POBJ_LAYOUT_END(array);

int
main()

size_t size = 82955000;

size_t pool_size = 16200000000;
int 1,j;

int multiplier = 3;

PMEMobjpool *pop;

char* path = "test _filel";
if (file_exists(path) = 0)

if ((pop = pmemobj create(path, POBJ LAYOUT NAME(array),
pool_size, CREATE_MODE_RW)) == NULL)

printf(*failed to create pool\n');
return 1;

}

else
iT ((pop = pmemobj_open(path, POBJ_LAYOUT_NAME(array))) == NULL)

printf("'failed to open pool\n');
return 1;

}
}

TOID(int) a;
TOID(int) b;
TOID(int) c;
POBJ_ALLOC(pop, &a, int, sizeof(int) * size, NULL, NULL);
POBJ_ALLOC(pop, &b, int, sizeof(int) * size, NULL, NULL);
POBJ_ALLOC(pop, &c, int, sizeof(int) * size, NULL, NULL);

for (i = 0; 1 < size; i++)

D RW()[i] = (inb)i;
D_RWCbY[i] = Cint)i+100;
D_RWCS)[i] = Cint)i+3;

pmemobj_persist(pop, D_RW(a), size * sizeof(*D_RW(a)));
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pmemobj persist(pop, D _RW(b), size * sizeof(*D_RW(b)));
pmemobj_persist(pop, D_RW(c), size * sizeof(*D_RW(c)))

Eor (J = 0; J < REPEATS; j++)
#pragma omp parallel for
for (i = 0; 1 < size; i++)
D_RW(c)Li] = multiplier * D_RO(a)[i] + D_RO(b)[Li]:

}

POBJ_FREE(&a);
POBJ_FREE(&b):
POBJ_FREE(&C):

pmemobj close(pop)
return O;

}

YU TN I—FRAONTA—I Y AOBEZEREL X EY—T I RICEPSNIREZFRTBICIE,
17 )L® VTune™ Amplifier ZEEIL TXAEY -7 O @R EETLET,

1. W—JL/\—0® [New Project FifR 7OV O R)] RV EIUVOLT FM IO 0 +ORR] (H:
arraysum) 3 EELFT,

2. [Analysis Target (Y —'v )] T+ ROT RARR—ADEMTELT [local host (O—AJLKRR
M55y~ IRF L1 TERIRLET,

3. [Launch Application (77U —2avzE#)] 5—0 v 51 T=BIRL T ARAVTHEIRID7
Uo—23vaBELFRT,

4. A [Choose Analysis (FRfrDi&EIR)] K5 > %&2Uw L, [Microarchitecture Analysis (Y1907 —
FFUFv—f#i)] > [Memory Access (XEU—7 Ut X)] &ZIRL T, [Start (BER)] =0V vILET,

1> FI)L® VTune™ Amplifier (&, 77U — 3w REL T —5&NEL WNELRRT—5%T71F
SAALT, Y VRIVIEREBRLET , COERIE, V— BT TREICHEDET,

PMDK RX—ZXDF7 U -3y b ARY L ERETD

IN=BROz7 XUy O D7 TUT—2 3> LANILOMET IR RESNSD [Summary (BYU—=)] Ea—H\ofE
WEBROET BE ERX/NTA—IVAN—RASAVIET7 TV —a V0B8Rt . oY FIILO—RT
34 16 T,

Z PMDK J—RTIEE L DRAM FRENFAIINELELD, [Summary (BIU—=)] Ea—DXRUvIIET
DYV I 7 TUT— 37 % DRAM EiiEikFEE LTERLTULEE A
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Elapsed Time ": 15.625s

CPU Time = 65.828s
+) Memory Bound ~: 1.6%  of Pipeline Slots

L1 Bound = 12.5%  of Clockticks
L2 Bound = 0.3%  of Clockticks
L3 Bound = 0.0%  of Clockticks

(*) DRAM Bound ~: 0.5%  of Clockticks

Loads: 181,361,440,630

Stores: 49.437483,080

LLC Miss Count =: 3,200,192

Average Latency (cycles) =: 12

Total Thread Count: 8

Paused Time ~: Os

[Bandwidth Utilization Histogram (#1HigfIAE S HE)] ©77 7U5 —37H DRAM FiFilez & ARICE
ALTULWRNZEZRLTEHED, [Observed Maximum (TSN iz&AME)] I FEEAS<TEDH 13GB/MT
g—o

_E = | El
42 =g 21
45 = = E
B =1 =
& Zl =1
3 o | KL
2 |
%I =
25 | O|
| |
I |
15 - |
|
|

05‘ I —— T

« »

Bandwidth Utilization

PMDK [C&DO—ROA—/\—AY FHE X TL\DDIFEBSHN T, sF iR I D726, [Bottom-up (KL
7w )] Ea—ICtIDE X T [Function/Call Stack (BI&/a—IAFv )] JIL—TL NI =ZEBRALEY,

Grouping:| Function / Call Stack MEIEE
Function / Call Stack CPUTime ¥ Memory Bound ' * Loads Stores LLC Miss Count

31.794s 11% 83252897512 3,116,893,504
main._omp_fn.0 29.132s N 0.0% §5,970,879,040 44,609,338,240 800,048
func@0x11c80 2.343s | 52.4% 50,401,512 0 0
[vmlinux] 1.330s | 32.5% 948,028,440 380,811,424 2,400,144
func@0x11h12 0.871s | 49.6% 12,800,384 0 0
main 0.340s | 0.0% 1,084,832,544  1,311,239,336 0
gend_irg_handler 0.003s 0.0% 0 0 0
drm_get_last_vbltimest  0.003s 0.0% 0 0

BHAETERY LRARY & pmemobj_direct_inline T3, COBE$IZ. D RO ¥~ O« D RW YoONSIF
OHENTWET BE%EST TILOUvILT, <pmdk-instal l-
dir>/src/include/libpmemobj/types.h [CHDYV—RXI1—R%ERRLFET,

#define DIRECT_RW(0) \
(reinterpret_cast < ___typeof_ ((0)-_type) > (pmemobj_direct((o)-oid)))
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#define DIRECT_RO(0) \
(reinterpret_cast < const
(pmemobj_direct((o).oid)))

#endif /* (defined(_MSC_VER) || defined(__cplusplus)) */

DIRECT_RW
DIRECT_RO

typeof  ((0)._type) > \

#define D_RW
#define D_RO

s
o VU —23VEITHO DRAM HiHEDOFERIRREEELTBICIE, [Platform (FFv kT A—L1)]
Ea—%FEHALET.DRAM BigiEld, RELEBFBTRIRSINED,

TR PMDK BB#IFOH L ZHIFRT S

EZHRINDAEY—IE 1 DOF v oL TEIDHTEND28.D_RO & D _RWIFERFIOREIEBT RLA%ZENET B
SHEERIIC—ERIFFOHLET,

int* _c¢ = D _RW(c);
const int* _a = D _RO(a);
D_RO(b);

const int* b
for (J = 0; j REPEATS; j++)
{

N

#pragma omp
Eor (i = 0;

_cli] =

parallel for
i < size; i++)
multiplier * _a[i] + b[i];

}
}

PV =3BV INAMIIWLABY -7 O RABEREBEEITLT COEEN/NTA—TVAICEDLSIC
HELRHNHEIRLED,

Elapsed Time : 6.642s

CPU Time = 17.021s
Memory Bound = 13.8% M of Pipeline Slots
L1 Bound 8.9% of Clockticks
L2 Bound = MR of Clockticks
L3 Bound 0.4% of Clockticks
DRAM Bound ~: N/A® of Clockticks
DRAM Bandwidth Bound = 26.3% ™ of Elapsed Time
Loads: 45,389,361,640
Stores: 7,546,626,392
LLC Miss Count =: 2,400,144
Average Latency (cycles) = 11
Total Thread Count: 8
Paused Time = Os

77V =23V ORBBIRFE N KIRICE I CEN B DET . PMDK A—/\—AY RIZ/N\TA IV XICHELFE

huo

[Bandwidth Utilization Histogram (FiHIEFIAE 2 HE)] (X7 7UT —/3>h DRAM FHigiEE R ARICE
ALTWLWELWZEERLTHD, [Observed Maximum (iR N=RX(E)] (34 25GB/HTT,
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iE

o ZOLVE®DIBHRIE, AT IL® VTune™ Amplifier 7ROV /\—TA—5 L\ (E5E) #SBRLTLESL),
BEIEH

AV TILORBREXEV—EFHITZITOTSZ /T OERE (R58)
[Memory Usage (XEU—FRA)] Ea—R1> (K58
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https://software.intel.com/en-us/forums/intel-vtune-amplifier/topic/779808
https://software.intel.com/en-us/articles/introduction-to-programming-with-persistent-memory-from-intel
https://software.intel.com/en-us/vtune-amplifier-help-memory-usage-view

RRELIVE

BFEDI—RBIET/NITA—T Y RABREIT IR, VAT LAV TIL® VTune™ Amplifier 58 E T D5 5%5+
L<ERBALZFT,

e CPU & FPGA (15 )L° Arria® 10 GX) DIEEERERIT TS
COLYVEIF, A7 IL° Arria® 10 GX FPGA Zfl& LT, CPU & FPGA OHEEER%ZRITT 3 TS5y
b OA—LERETDHEERBLET,

e .NET Core 77U —3vo7Oar7r71IL
ZOLVEIE, AT IL® VTune™ Amplifier ZER LT .NET Core 51 F=wvoa—R&7O771ILL,
YR—YRO—RORY LRy FEFEL TN T A=V ANE LT RILIICT FUT - a3 =&l
LFY,

e Amazon Web Services* (AWS*) EC2* A VRV A EOQT7 T U —3avon7O0771)L
ZOLVEIF A7 IL® VTune™ Amplifier Z2@RALT/I\NTA—IV/R%ET7OT71ILT D8, AWS* T
VM A VRV A%/ ELET,

o N\—RIIT7R=Z0ORY Ry ~EHTEIFIC Hyper-V* REBY Y V%R ETD
COLYVEIE AT IL® VTune™ Amplifier AL T/\—RD7 - N\NTA—X V27O T71ILTD
Jz$b Hyper-V* IRIETIRBY YV VAV ATV A=/ ELET,

e MPI7FUT—avop7O774)L
ZOLVEIE, A7 )L VTune™ Amplifier 2R LT MPI 77U —2 3> 01V I\ AL BIEORM
BEREL. 7TV -3y N\ TAa—T /R %[ ELET,

e HHVM* TENMELTL\D PHP O—R7O771I)L
ZOLYVEIE, A7 IL® VTune™ Amplifier Z{FER LT HHVM* IRIETEIEL TL\D PHP J—FR®M/\
TA— Y A% BT DI DREFIEZEHBALET,

e Node.js* ® JavaScript* I—kn 70771l
ZOLVEIE Node. js* #UEJLRL, 17 IL® VTune™ Amplifier Z{EH LT, JavaScript* 7L —A
ERITATTL—L (RAT47I—R BIZIE, JavaScript* O—RHNBIFOHSINEV AT L-S1TS
U—PdRAT1TSA4TSU—=) holDREE—ROI—-ILAYYI%EEL JavaScript* J—FD/\
TA— Y A% BITT DI DREFIEEHBLET,

e Docker* AVFF—m Java* 77U —avp7O7 71
CDOLYEIE, A>T IL® VTune™ Amplifier DEET[EIFIC Docker* OV FF—%#E LT MIILEOY
FF—BRIBTEIELTL\SD Java* 7 U —3voiy ARy L EFELET,

e Singularity* A7+ —m Java* 77U — 3707 71)L
ZOLYVEIE, A1>FIL® VTune™ Amplifier OfEHTEIFIC Singularity* > F—%&#K LT IRIILE
IVFFHF—RETHELTLS Java* 7 FUT—3vOmy ARy R EEFELET,

o VATITFSAY—ICKBUTINIAILEZIUT
ZOLYVER VAT LT FIAT—OBBZBN L I—T VI RTLHEUTZILIALLICEZSIUV D
LT,CPU,GPU XEU— FTARI R rD—JICLDHIRERFELFET,
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CPU & FPGA (175 )L° Arria® 10 GX) O BE{FB =i d
3

ZHOLVEIZ A>T IL® Arria® 10 GX FPGA & LT, CPU & FPGA OEEER AT T TSV T4 —
LERETDHEEHRBLET,

e (ERTIDHD
o Fl&:

17 )L°® Arria® 10 GX FPGA &5 )L° FPGA SDK for OpenCL* #5%E7 D
oI 7T -2 3% EILRLT FPGANT SvY/ 193

CPU/FPGA tBE1EFRET%ZEITID
ERERIRTD

EdERSEST))

IR INTA—T YV RAERY FIUATERITD/IN—R I T7EV T RITTFOURRTY,

Eal S

o FPFUT—23:175FE OpenCL* 7 FUT -3V T EREY Y I 7TV -3V,
1>7)L® FPGA SDK for OpenCL* Web B/ bh\BF O O—RTEET:
https://www.intel.com/content/www/us/en/programmable/products/design-
software/embedded-software-developers/opencl/support.ntml (&zE),

e W—)bL: 15 )L® FPGA SDK for OpenCL* 1>/ 7JL® VTune™ Amplifier 2019 DABE

o A VFIL®VTune™ Amplifier FHliRRDSY V> O—REB BT R—KCDWLTIE,
https://www.isus.jp/intel-vtune-amplifier-xe/ Z#E&B LTS\,

0 COUOVITVIDLYVEIFINTRT—FTILTHND, A7 IL° VTune™ Amplifier 2018 LA
ICEATEFRT N—JaVICEDFRENDITNICELBZDENHNET,

o ANRL—=F1UTI XTI CentOS* 7, Red Hat* Enterprise Linux* 7 BAf#
e CPU:MUFIL H—N\—TFSvrTA—L (BFEI—RE Skylake)
e FPGA: 1>/5)L® Arria® 10 GX

125 )L° Arria® 10 GX FPGA &>/ 5)L°® FPGA SDK for OpenCL*
ZERETD

1. 477 )L°® Arria® 10 GX FPGA TDIP R1vF AR EL T, BIRE USB r—J )L =EHELFET . CNHD
FlezESTEFMAIE,
https://www.intel.com/content/www/us/en/programmable/documentation/tgy149019169895
9.html (&R5E) Z&RL TS\,

2. 177 JL° FPGA SDK for OpenCL* (A—REIF—, 17 )L° Quartus® Prime Y7+ x7 FINA
AEFT) & http://fpgasoftware.intel.com/opencl/ (:8) ho~F o> O—RLET,

3. setup_pro.sh 771)L%X£7LTSDK Z1 VA ~—JLLET,

4. source init_opencl.shZE{TLCEBGRIBEZHEHRELET,
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https://www.intel.com/content/www/us/en/programmable/products/design-software/embedded-software-developers/opencl/support.html
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5

aocl version ZE{TLTELLA VA L—ILeNeCEZBRLET IRDEIBX Yy E—I D HAEN
9,

aocl 17.1.0.240 (Intel(R) FPGA SDK for OpenCL(TM), Version 17.1.0 Build 240,
Copyright (C) 2017 Intel Corporation)

aocl install #£{7LTFPGA R—RZEAVAL—JLLET,
aocl diagnose ZETLT/\—RIZFNELLA VA L—=ILeNcl BB LET RDESHEXY
I NHAINET,

Device Name:
aclo

Package Pat:
/home/tce/intelFPGA_pro/17.1/hld/board/al0_ref

Vendor: Intel(R) Corporation
Phys Dev Name Status Information
aclalO_ref0 Passed Arria 10 Reference Platform (aclalO_ref0)
PCle dev_id = 2494, bus:slot.func = 44:00.00, Gen3
X FPGA temperature = 44_.3555 degrees C.

DIAGNOSTIC_PASSED

B IN-7TVT—3V=ZEINBLTFPGANT Sv/a9 3

4.

F 7A@ makeFfile T make #E{TLTRARDEFT I 7ML EEIRLET  ERHSNDIEIT I 71
JLOOAFIZ host TY,
RO RTFPGA [IFTD/INAFU—%=E)LRLET,

aoc -v -board=alOgx device/matrix_mult.cl -o bin/ matrix_mult._aocx

TS5wad USB RSA/I\—%HBELET,
a. JROITVREEFFTLET,

sudo vim Zetc/udev/rules.d/51-usbblaster.rules
b. RXDTEEMLET,

# usb blaster

SUBSYSTEM==""usb'*", ENV{DEVTYPE}==""usb_device', ATTRS{idVendor}=="09fb",
ATTRS{idProduct}=="6001", MODE="0666",
NAME=""bus/usb/$env{BUSNUM}/$env{DEVNUM}", RUN+="/bin/chmod 0666 %c"
SUBSYSTEM==""usb'", ENV{DEVTYPE}=="'usb_device', ATTRS{idVendor}=="09fb",
ATTRS{idProduct}=="6002", MODE='"0666",
NAME=""bus/usb/$env{BUSNUM}/$env{DEVNUM}", RUN+="/bin/chmod 0666 %c"
SUBSYSTEM==""usb"", ENV{DEVTYPE}=="'usb_device'", ATTRS{idVendor}=="09fb",
ATTRS{idProduct}=="6003", MODE="0666",
NAME=""bus/usb/$env{BUSNUM}/$env{DEVNUM}", RUN+="/bin/chmod 0666 %c"
SUBSYSTEM==""usb'", ENV{DEVTYPE}==""usb_device', ATTRS{idVendor}=="09fb",
ATTRS{idProduct}=="6010"", MODE="0666",
NAME=""bus/usb/$env{BUSNUM}/$env{DEVNUM}", RUN+="/bin/chmod 0666 %c"
SUBSYSTEM==""usb'", ENV{DEVTYPE}=="'usb_device', ATTRS{idVendor}=="09fb",
ATTRS{idProduct}=="6810", MODE='"0666",
NAME=""bus/usb/$env{BUSNUM}/$env{DEVNUM}", RUN+="/bin/chmod 0666 %c"

ROATYRT ITAG OOV IRE%R 6MHz ICERELET .
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Jjtagconfig --setparam 1 JtagClock 6M
5. ROAYYRTNAFU—%E FPGANT v/ alLFT,
aocl flash acl0 ./bin/matrix_mult.aocx

6. FPGA ZHEHLIRKRAL Y AT LAZBIEELET,

CPU/FPGA HHE{EHRZEITIT D

1. A4>FI)L® VTune™ Amplifier Z{2EILF T RICHIZERLET,
/opt/intel/vtune_amplifier_2019/bin64/amplxe-gui

2. BirAO7OY ok (Bl hello_world_opencl) Z{ERELET,
[Configure Analysis (BBHFDERE)] 20Uy O L TH UL EITZRIBLET,
4. [CPU/FPGA Interaction (CPU/FPGA HHE{ER)] T %RELFET,

w

Configure Analysis

@ Local Host

WHAT

@ Launch Application

Specify and configure your analysis target: an application or a script to execute.

Application:

/homefopencl_matrix/matrix_mult’bin/host =D

Application parameters:

v| Use application directory as working directory

Workin g directory

Advanced *

a. [WHERE (EC%)] 17T, [Local Host (O—AIKAR)] =5 v I RT I5 4 T%EIR
LFT,

b. [WHAT (fil%)] /X1 >/ T, [Launch Application (77U -3V %igE)] 5— v 51 T%
BIRLT hello world 77U —2 3V aIEELET.BE. CO7 FUT—raviE
<sample app>/bin/host ICHNFET,

113



c. [HOW (ED&KSIT)] X1V T BS54 7TH\5 [CPU/FPGA Interaction (CPU/FPGA HHE{E
)] #=#IRLET,
5. [Start (BA%R)] =20 Uv o L TEITERBLET,

RRZMFINTD

F—HNENTTTIEIERN T 71F 51 XSN [CPU/FPGA Interaction (CPU/FPGA #iE{EM)] £a2—/K
1Y RCRREINEFTFPGA D EMIDFTEH AT CPU O LAIDH R ERY ERARY FIIRREIND
[Summary (UYU—)] 5 T H\ok60FT,
CPUIFPGA Interaction (preview) CPU/FFGA Interaction ~ (DIHTEL"T“NEAHP”HEHZ‘
Analysis Configuration  Collection Log = Summary  Bottom-up _Platform /'l

Elapsed Time : 13.817s

+) CPU Time ~: 13.606s
Instructions Retired 23,009,601,552
CPl Rate 1420k
Wait Rate 175.356
CPU Frequency Ratio 1.345

*) Context Switch Time: 5408.699s

Computing Task Time 0.044s
T 758
0s

~) Top Hotspots

This section lists the most active functions in your application. Optimizing these hotspot functions
typically results in improving overall application performance

Function Module CPU Time
aocl_utits: .getDeviceName host §.276s
[acipci_a10_rel_drv] aclpci_al0_refl_drv 3.222s
copy_user_enhanced_fast_string vmlinux 0.643s
Clear_page _c_e vimlinux 0.158s
memmove_sssed_back libc-2.17 s0 0.129s

WA is applied to NON-SUMMAable meinics

) FPGA Top Compute Tasks *

This section lists the most active FPGA compute tasks in your application

Computing Task (FPGA) Computing Task Time Computing Task Count

matrixhunt 0.033s 1
clEnqueueReadBuffer 0.006s5 1
clEnqueueWriteBuffer 0.005s 2

N4 is applied fo non-summable Metrics.

[Bottom-up (REALAFP V)] ZTICUIDERITEHEIRIDDT—OH A AL T —FEHEII—Ty hEERLET,
[Timeline (F1TLASA V)] X1V THEIRIET—FEIED FPGA EHREEILET,
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' ’_ . E"_*FPG"'?' ! : !. : . o]t

: Woek e Cotmpain Tak ota Tramsfomed |

g Funk [P ki R T T Y Giohl | Local | ToisiTere | Auwwrae Tirw | inatamce Cout | Sie | Total, Glfaec |
Fomatebt I 33260ms 1024X2048  BHEE4  J3260MS I3260WS LI Ll
» tEnqusueReadBufier 586 Tme 5.8ETms 5 £ETRS 1 kB 1480
+ CIEnqueLeTtaBetier 4578me 2575 2 287r T 2750

E.
i
{
It
i

baah (I 277044)
: = = E] malFU i
- S C—— 4 - | _— E-
= i 3 0 »oPU_CLK Lk

[Platform (FS5Y LT A—LA)] T T FPGA ERA 7 TUT — 3 Dt EX 1 — 2R LET, FIiREE FHE
DRAARE R R GHART ICRE T B IB R DR RSINFET,

E Computing Queue
Computing Task
EiTransfer
[ Computing Queue
EiTranster
5
= IRunning
1 B Contesdt Switches
Is (TID: 277055) [~ Preemgtion
1 [ JEynchionizaticn
bash (TID: 277044} =] maCPU Time
I B [Cser Tasks
hast (TID: 277051) . "=Computing Task
& FPGA Unilization
ks (T £1006%) Computing Task Count
pei by ’ mm;:m

Le=r——| ¥ maTransfer
FPGA Weati y_______________I=reheet

BEIEE
CPU/FPGA 1B E{F & (3E58)

Queus |

Thread omputing

hest (TID: 276309)
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.NET Core 77U —/arynp7O771IL

ZOLYVEE AT IL® VTune™ Amplifier Z{ERL T .NET Core 1+ =wvoI—REIOT771ILL, T HR—
JROA—RORY R ARY FEEFELT/INTA—IVANE EITRELIICT U -3V EREILLET,

o (FHITDHBD

o FE:
1. 77U —2avE%FETSd
2. BEGRYRIARY MREIFEETTD
3. YAR—IYRIO—FRORYEIARY ~E4FET D
4. \—TXMEFRLTI—-FEREILTSD
5 mE{tEHERTD

FHITDHD

IR INTA—T YV RAERY FIUATERITD/IN—R I T7EV T RITTFOURRTY,

o FPIVT—=3V:BHIALOINTCOEREZMEIT DYV IILCt 7TVT—3>, 07 TUT—
2a3vVIFTERTHD. AU O—-RTBILIFTEEFE A,
e W—JL:
o A2F)L®VTune™ Amplifier 2018

» A 2F)L® VTune™ Amplifier §HiilRDY 0> O—RER B Y R—RTDWLTIE,
https://www.isus.jp/intel-vtune-amplifier-xe/ Z&BB LT EEL),
. COOVOTVIODLYVEIFINTRT—=STILTHD, 17 )L° VTune™ Amplifier
2018 MRRICEATEFT . /\—VaVICKDERENDINCERZDIENHDET,
o .NET Core 2.0 SDK (3%3z&)
o ANRL—=F1VTIRXF Ix: Microsoft* Windows® 10
e CPU:rVFIL° 7Oty — (R I—RA Skylake)

IV —avaEiEdd

1. NET RIREBNRESNEHLLIYY BV RU%ME NET Core 2.0 MIELLAI YA k—)LEn
TLBILZERIBLET,

> dotnet --version

2. 77UT—3avoFEslun listadd ToLORJ—=ERLET,

> mkdir C:\listadd
> cd C:\listadd

3. dotnet new console EANLT I ROBEDFHLWRT L TOI 2O REERLET,
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v C has no label.
Volume Serial Number is @A4A-D42D

Directory of C:\listadd

34:09 PM

4. listadd 7#/)L5—® Program.cs DRE%  BHRUALDEZZINETSD Ct I—RICEELFET,

using System;

using System.Ling;

using System.Collections.Generic;

namespace listadd

class Program
static void Main(string[] args)

Console.WriteLine("Starting calculation.
List<int> numbers = Enumerable.Range(1, 10000) ToList();
for (int 1 =0; 1 < 100000; 1 ++)

ListAdd(numbers);
Console._WriteLine("'Calculation complete'™);

static int ListAdd(List<int> candidateList)

int result = 0; ) ) )
foreach (int item in candidatelList)

result += item;

return result;

}
}
}

5. listadd.csproj 771/l PropertyGroup 9</3~/IC
<DebugType>pdbonly</DebugType> 75T ZENMLTA > 7 )L® VTune™ Amplifier Y —X3—

FETZBRICLET,
6. C:\listadd\bin\Release\netcoreapp2.0 7#)L5—IC listadd.dll Z{EFKLFET,

> dotnet build -c Release
7. BTN T7TIT—2avEEITLET,
> dotnet C:\listadd\bin\Release\netcoreapp2.0\listadd.dll

BELZRY ARy MERZEETT

1. BEEERTT>TIL® VTune™ Amplifier ZR2EILET,
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2. W—JLI\—® "T| [New Project (i 7OV I N RYVEIUYHLT FBTOY T ~OEH (f:
dotnet) ZIBELEY,
3. [Analysis Target (BBIFT9—'v )] 71 ROT, ERAL VDS [local host (O—AIKRAR)] BXLDQ
[Launch Application (77U = av&RE#)] 7—0'v 91 T#=RBIRLET,
4. [Launch Application (77U —2ar#ZEE#)] X1V T B RITD7TVT—av#=BELEFT,
o FPFUT—3>:C:\Program Files\dotnet\dotnet.exe
o FPFUT—3>vasI#: C:\listadd\bin\Release\netcoreapp2.0\listadd.dll

i Choose Analysis Type

4 @ Analysis Target | £ Analysis Type

i Launch Application

¢ |ocal host
Specify and configure your analysis target: an

Android device (ADB) application or a script to execute. Press F1 for more
details.

remote Linux (SSH)
Application:

C:\Program Files\dotnet\dotnet.exe
Select a target type to

il Application parameters:
Attach to C:\listadd\bin\Release\netcoreapp2.O\listadd.dil
Process

@ Profile System

+| Use application directory as working directory

6 Launch
o User-defined environment variables:
Application

pe 3
o dotnet.exe DEBEAIFEBEEZHICKIFLET . where dotnet AV REFEHLCHEESRTSEE
9,

5. A® [Choose Analysis (BB DEIR)] "5 %=DUvo LT, ERT>H\5 [Advanced Hotspots (B E
TRy R ARy 1) BirZEEBIRLET,

ps
o BEGRYRIRY METIL, A7)V VTune™ Amplifier 2019 TRAMRY kAR @t
(BEB) ICHAESNELIR /N\N—FRIx 7 ARV R—=RA-HV FUVTINET—RTHHTEET,

6. [Start (BA#R)] &0 Vv oL T@ETERBIBLET,
IR—IRO—RDOKRYFRARY FEFETD

INE L@ R MR RSNED, [Bottom-up (REAF Y] HTICHINDEZX T
[Process/Module/Function/Thread/Call Stack (ZORR/EY a2—IV/E¥/ALYR/OA=ILAFYVI)] T
IW—TEBIRLET,
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CPUTime ¥ : |
Process § Module / Function / Thread / Call Stack Effective Time by Ulilization » | Spin Time [ Overhoad Time |
| | |

B dle Poor B Ok Ideal Over

dotnet.exe > listadd.dll ZRBRL T, &b CPU FFENHIDOTLBIIR—I R
listadd: :Program: :ListAdd %= 8B DIFET,

_ _ _CPU Time ¥ T
Process / Module / Function / Thread / Call Stack Effective Time by Liilization » Spin Time | Overhead Time

Bidie BPoor DOk Bldeal B Over

» system.private.corelib.dli 1.515¢ D 0s Os
w listadd.dli 0.773: D 0s Os

b listadd::Program::ListAdd 0.773: I Os Os
k ntoskmnl.exe 0.016s | 0= Oz

ZOiy RRRY RERES TILOUYILT [Source (V—R)] Ea—%#RAEET , V—REFTF7EZVT)LLIEO—
REIMINTRRIDBICIE,V—ILIN—D [Assembly (P2 TU=)] "5V %#IIVILET,

[ soree || mssemsty || I [P Lo i ] 0, Apsembly grouprg: | Address
CPU Time CPU T
5?::, Source Effective Ti.. & | Address sff;' Agzembly Effective Ti... &
B @Posr [ | | @'ae W Poor |
D=TH Block 1:
1y ;. push odi
THE .. push rai
TG .. s oap, 0x32
DTHE ... mov rel, rox
QTG .. led di, pro [Caps0xI0]
il BV &cx, Oxé
DxTHE ... EOE SaN, S
B ... rep atcad dword prr [Edi)
DuTHE... BV IOX, sl
CaPHiE... 23 xor esl, eal
7. M mov ear, dword per [rex)
TG .. 24 Eov gax, dword prr [rex+ixle]
7HE.. 24 mov qeord per [cepiOx20], rex
(uTHE... 24 mov dword prr [rap+Qxlg]; eadl
a?fiE .. 24 mov dwerd per [rapilxlc], eax
OwTHE .. 24 =ov dword ptr [rap+Oxio], esi
Vg, 24 lea rcx, prr [EapeOx20)
DuTHE.. 24 call OxTLENEanBIT00

OxTH . Block 2:

a7HE.. 24 Test Sax, =ax

(uTHE .. 24 1= OmTIEe0dTelfdd <Block 5»
3 int zesale = 0 i | 0T .. Block 3z
24 foreach (int item in candidatelist) 584,00 1ms [ |78 24 | mov ecx, dword ptr {rap+ondo]]| WI
b3 i | CaTiB... 26 add esl, ecx 128.000ms [l
% result 4 items 188.000ms ) TR 24 lea rox, prr [rapeixs0) 169.000ms [l
x } TR 24 £all OxTILSEAeEETO0 125.000ms 8
] | OxTH . Block 41
bl ERTUIn Tesult; aTHE.. 24 TEIT CAN, fAX

i, 24 jnz OTELEOATAZLI0 cBlosk 3o

Dulff Block 3:

e 2 mov eax, #ai

V=177tV - leDFstAFERL T ROEEZEPL TR I—RED (LEEDOFITIZIT 24) =45
ELET,
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W—TXifpeERLTI—FeRELTS

1>V 7)L® VTune™ Amplifier I XRDI—RT7E2/NTA—I VX OUF1HIELTINISARLET,
foreach (int item in candidatelList)

for L= N%EFRALTI—RERE{LLET . Program.cs DRBZERDELIICEELET,

using System;
using System.Ling;
using System._Collections.Generic;
namespace listadd
class Program
?tatic void Main(string[] args)
Console.WriteLine("Starting calculation.
List<int> numbers = Enumerable.Range(1, 1000O) ToList();
for (int 1 =0; 1 < 100000; 1 ++)
ListAdd(numbers);
Console.WriteLine(""Calculation complete™);

}
static int ListAdd(List<int> candidateList)

0;
0; 1 < candidateList.Count; i++)

int result
for (int i

result += candidateList[i];

return result;

}
}
}

RiB{LZERTSD
B O— ROBBILERRT B0, BEARY 2ty MRIEBERFLET,

RBICRIG BV TIL-7TUT—3>@ CPU K IE 2.636 B TLTz,

CPUTime ¥ &«

Process / Module / Function / Thread / Call Stack ) | . )
Effective Time | Spin Time | Overhead Time

2.636s 0s [
» system.private.corelib.dll 1.876s Os Os

v listadd.dll 0.701s 0Os Os

b listadd::Program::ListAdd 0.700s Os Os

p listadd::Program::Main 0.001s

» ntoskml.exe 0.030s 0Os Os

=BLEIE, BV TIL-7TUT -3 0 CPU REIN 0.945 MITIED AU FILHNVSK 64% INTA—T VR
EELELE.
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CPU Time ¥ «
Effective TIITIB» Spin Time | Overhead Time

Process / Module / Function / Thread / Call Stack

v listadd.dil 945.215ms

v listadd.dll | 878.058ms Oms 0oms
» listadd::Program: ListAdd 878.058ms Oms Ooms
» listadd::Program::Main Oms Oms 0ms

» ntoskml.exe 23.054ms 0ms Oms

b
o ZOLYVEDERIE AT IL® VTune™ Amplifier FAROV/\—TA—5 L\ (EZE) #BBL TS,

BEIEH
NET O— REE#T (3REE
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Amazon Web Services* (AWS*) EC2* 1 AV A LDT7
JUo—3avan7Oazr7II

COLVEIR, A7 IL° VTune™ Amplifier ZERLT/INTA—T V%707 71ILT B8, AWS* TVM 1

ATV AR ELETT,

FRITDHD

FE:

RETIVAVAI VA% ER L TRET D
EC2* 1V AV RICIEST D
TO77AIVAIFICA VRV A%RET D
Ry R ARy BT EETT D

PN =

Ed:ERSESTO)

TR NTA—R YRR FIATERITD/N—FI7EY T RIITODYRRTY,

IV —avimatrix.COF7 FUT—avIFTERTHND A ovO0—-—RIBIElFTEEERA.

W—Jb: 15 IL® VTune™ Amplifier 2019 - 7w ARy <@

o A VFIL®VTune™ Amplifier fHliRRDS V> O—REBBHR—FCTDLTIE,
https://www.isus.jp/intel-vtune-amplifier-xe/ Z&8B L TEEL),

0 COUVITVIDLYVEIFINRTRT—FTILTHD, 17 IL° VTune™ Amplifier 2018 DU#

ICERATERIT /N —YIaVICKDRENDINCERDIEDHDET,

BFEIYY AV ATV AZERLTERET S

. AWS* B T [TV (Account)] > [AWS YRI XV VYV —)L (AWS Management

Console)] o7 HovkCOT1VLET,
THOV RESFETRWEEIF AERLTIEEL,

Amazon EC2* #'v</aR—RT [Compute (A Ea—Fr )] > [EC2] ZBIRLET,

Services =« Resource Groups * _fj, Local_Administration/n

History | |

EC2

Console Home @ 3@
EC2 CodeStar
Lightsail CodeCommit
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3. [Launch Instance (1 XZ YV ADIER)] #0 Uy I LT, T4 —RICHOTREBIY YV VEERLEEL
9,

EIWST Services Resource Groups ~ * ,-':L Local_Administration/np

EC2 Dashboard .
Create Instance Information
Events |
Tags To start using Amazon EC2 you will want to launch a "’e_t“”g Started
§ virtual server, known as an Amazon EC2 instance. Guide
Reports

Documentation
Limits m All EC2 Resources
BRETH—RTIX FERATEIT—XICIELT 0S &1 VRV A0 Lk (CPU OF XEU— ARL—,

RYRD—UBRE) ZIEETETET,

4. [Step 1: Choose an Amazon Machine Image (AMI) (XFv 7 1: Amazon ¥4 X—3 (AMI))] T
[, Ubuntu* Server 18.04 LTS &3&IRL&F T,

EIW51 Services ~ Resource Groups - * L\ Local_Administration/np

1. Choose AMI 2. Choose Instance Type 3. Configure Instance 4_ Add Storage 5. Add Tags

Step 1: Choose an Amazon Machine Image (AMI)

ENA Enabled: Yes

Ubuntu Server 18.04 m

LTS (HVM), S5D Volume

Type - ami- 64-bit

Obbebb35405ecebdb

5. [Step 2: Choose an Instance Type (RFY T 2: 1V AI VX541 TDi&EIR)] Tl 1V A5V A% &R
LT [Next: Configure Instance Details CROFIE: 1V A5V ADOFMDERE)] =0 UvILET,
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Services Resource Groups * _.r:I_ Local_Administration/npr

1. Choose AMI 2. Choose Instance Type 3. Configure Instance 4. Add Storage 5. Add Tags

Step 2: Choose an Instance Type

General purpose t3.micro 2 1 EBS only
General purpose t3.small 2 2 EBS only
] General purpose t3.medium 2 4 EBS only
General purpose t3.large 2 8 EBS only
General purpose 13.xlarge 4 16 EBS only

»

Cancel | Previous Review and Launch Next: Configure Instance Details

ps
17 )L® VTune™ Amplifier DR 257 LAEH(F 4GB RAM, ZE T AUAE 10GB ML ETT,
[Step 3: Configure Instance Details (RFY 7 3: 1V X5 AN MDD’ E)] Tl&, [Auto-assign

Public IP (HEIZINEHT/NTUwD IP)] #B%0ICL T [Next: Add Storage (RDFIE: AL —I/DiE
my =ouUvoLEd,

aWST Services ~ Resource Groups ~ * ,-':1. Local_Administration,/npr

1. Choose AMI 2. Choose Instance Type 3. Configure Instance 4. Add Storage 5. Add Tags

Step 3: Configure Instance Details

Request Spot instances

Network (j
vpc-7aaddéle (default) v| C Create new VPC
Subnet (j
No preference (default subnet in any Availability Zoni v Create new subnet

Auto-assign Public IP (j
Enable v

4

Cancel | Previous Review and Launch Next: Add Storage

[Step 4: Add Storage (RTv 7 4: AL —IMEM)] Tld, AL —IFNAAOBEXBPLTHS
[Next: Add Tags (ROFIE: T DEM)] #0UvoLET,
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aws

Services Resource Groups * ,-f:L Local_Administration/npr

1. Choose AMI 2. Choose Instance Type 3. Configure Instance 4. Add Storage 5. Add Tags

Step 4: Add Storage

e s e Throughj
Type o Snapshot (i (GiB)  Volume Type (i) IOPS MBis) (i
0) '0)
Root /devisdatl  Snap- 30 General Purpose € v | 100/3000  N/A
v 0576704bci883d5ee e '

Add New Volume

3

Cancel = Previous Review and Launch Next: Add Tags

8. (A73>)[Step 5: Add Tags (RFY T 5: 1V RIVANITF13)] Tl 77 (B XL VTune
Demo) ZiENL T [Review and Launch (FEE2E{ER)] 20UV I LET,

aws

Services Resource Groups ~ * ,-':L Local_Administration/npr

2 Choose Instance Type 3. Configure Instance 4. Add Storage 5. Add Tags

Step 5: Add Tags

Tags will be applied to all instances and volumes. Learn more about tagging your Amazon EC2 resources.

- i Value (255 characters Instances Volumes
Key (127 characters maximum) ) . ” :
maximuim) (i (i)
Name VTune Demo ’ ’ (%]
Add another tag (Up to 50 tags maximum)

Cancel Previous Review and Launch Next: Configure Security Group

9. [Step 7: Review Instance Launch (RF Y7 7: 1 Y A5V A{EREDFER)] Tl&, [Launch (fERX)] =2
UwoLERT,
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EIWST Services Resource Groups ~ * _.rj Local_Administration/npr

1. Choose AMI 2. Choose Instance Type 3. Configure Instance 4. Add Storage 5. Add Tags

Step 7: Review Instance Launch

* AMI Details Edit AMI

@ Ubuntu Server 18.04 LTS (HVM), $SD Volume Type - ami-

=epyomy Obbe6b35405ecebdb

e Ubuntu Server 18.04 LTS (HVM),EBS General Purpose (S50} Volume Type.
Support available from Canonical (hitp:/fiwww.ubuntu com/cloud/services).

Root Device Type: ebs  Virtualization type: hvm

+ |nstance Type Edit instance type
Instance ECUs vCPUs Me_monr Instance EBE'!-GptIMIZEd Network
Type (GiB) Storage (GB)  Available Performance
t3medium  Variable = 2 4 EBS only Yes Uptos
Gigabit
¥ Security Groups Edit security groups
Security group name launch-wizard-4

Cancel Previous m

10. F—RT7=EHLET,
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Select an existing key pair or create a new key pair X

A key pair consists of a public key that AWS stores, and a private key file that you store. Together, they
allow you to connect to your instance securely. For Windows AMIs, the private key file is required to
obtain the password used to log into your instance. For Linux AMIs, the private key file allows you to
securely SSH into your instance.

Note: The selected key pair will be added to the set of keys authorized for this instance. Learn more
about removing existing key pairs from a public AMI .

| Create a new key pair v
Key pair name
IMyEC2Instance |

Download Key Pair

Q You have to download the private key file (*.pem file) before you can continue. Store
it in a secure and accessible location. You will not be able to download the file
again after it's created.

Cancel Launch Instances

a. [Create a new key pair (fiLWL\F—XTFDIERK)] £:BIRL T, B AT (BIZF MyEC2Instance)
EEDHTET,
. [Download Key Pair (¥—~RF7DFov0O—-R)] 20UvoLT F—%FoO0—-RLET,
c. [Launch Instances (1 VARSIV ADIEMK)] #0UvoLT Y7y T#RTLEY,
AVAI Y ADMERESNET,
11. [View Instances (1 VXAV ADRTR)] #0UvILET,

[Instance State (1 A5 AMIKEE)] B\ [running] [CEFHINIESRDATY S ICEHET,
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Services Resource Groups ~ * "1 Local_Administration/npr

EC2 Dashboard -~ Launch Instance m m o
Events 1
Tags A o %
Reports (@ WFilier by tags and atfributes or search b{? JENEGEESN1 to 6 of & IR
Limits
Name ~ Instance ID « Instance Type ~ Av
=| INSTANCES
l Instances VTune Demo_old i-003d6d3494a0271f5  t3.medium s~
Launch Templates B VTuns Demo i-054c597be315215b6 t3 medium u?-
Spot Requests
Reserved Instances Description Status Checks Monitoring Tags
Dedicated Hosts ,
Instance ID -
Scheduled Instances 054c597be315215b6
Capacity
Reservations Instance state  running
t3.medi
e Instance type medium
AMIS } Elastic IPs

EC2* 1V AV RITIEHTT B

fER LTz EC2* 1 X5 A%ZIEIR L, [Connect (1 E#R)] 20U v I LTA Y RI YV AN SSH ##5LET,

Connect To Your Instance

I would like to connect with &)  ctandaione SSH client (1)

) A Java SSH Client directly from my browser (Java required) @

To access your instance:

1. Open an SSH client. (find out how to connect using PuTTY )

2. Locate your private key file (VTuneDemo.pem). The wizard automatically detects the key you used
launch the instance.

3. Your key must not be publicly viewable for S5H to work. Use this command if needed:

chmod 480 VTuneDemo.pem

PuTTY* |&,Amazon EC2* ICEo2TERSIND T SAR—F—FK (.pem) ZRA T T ICHR—FLERA.
PUTTY* Z{ER LT VRSV RICE#KIT DRIIC, PuTTYgen Z{EH LTTSAR—FF— (.pem) ZRLER
PUTTY* 2= (. ppK) ICEHEIT DIRHENHDET,
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ToANR—F—%ZHLET,

a. PuTTYgen % 2EILET,

b. [Type of key to generate] T [SSH-1 (RSA)] &#:ZIRLFET,

c. [Load] #0UwoLT .pem Z71IL%&EIRLET,

d. [Save private key] #20Uv2o LT PuTTY* hMERATBEGH XN THF—%REFELFT,
PuTTY* Z{2&1L T, [Connection] > [SSH] > [Auth] T1 X5V ZAD/\TUwS DNS & T SAR—|-
F— (.ppk) 771 EEBELET,

Connect To Your Instance X

I would like to connect With &) » <tandai0ne SSH client (1)

0 A Java SSH Client directly from my browser (Java required) @'

To access your instance:

1. Open an SSH client. {find out how to connect using PuTTY)

2. Locate your private key file (WTuneDemo.pem). The wizard automatically detects the key you used to
launch the instance.

3. Your key must not be publicly viewable for SSH to work. Use this command if needed:
chmod 480 VTuneDemo.pem

4. Connect to your instance using its Public DNS:
ec?2-34-219-178-12.us-west-2.compute.amazonaws . com

Example:

ssh -i "VTuneDemo.pem” jubuntu@ec2-34-219-178-12.us-west-2, compute.amazonaws .com

LY
Please note| BR PUTTY Configuraion ? X Insure that
you read yol Category: the default
AMI usernai| | - Session \ | Basic options for your PuTTY session |
D Ter I__og?ing \Specifythe destination you want to connect to
If you need any assist Té;:rboard Host Mame for IP address) Part tion .
 Bel [ubuntu@ec2-34-219-178- 12 us west-2 0| [22 |
- Features Connection type:
=~ Window (JRaw () Telnet () Rlogin @ S5H () Serial m
.ggp:earance Load, save or delete a stored session
- Behawiour
... Translation Saved Sessions
- Selection |
- Colours -
Default Settings
- Connection \—I
- Data Save
e
- Telnet Delete:
- Rlogin

REEFREFELT, [Open] 20UV OLET,

AVRAIVACOTAVLET,
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s 3

EITHRDA Y RAIVRIT Xubuntu* FRO by TAV A=V T BRHENGHDET  VNC BETY AT AICT D
TRITBHEEIF YN U —N\—DY 7Yy THRETT,

ZOFF7AIVEIIFICA YV RAIV A%ERET D

/proc/sys/kernel/yama/ptrace_scope % 0 ICEREL T, 7OT7 7 ILAIFICHI—T YV AV RV R %
feLEI,

echo 0 | sudo tee /proc/sys/kernel/yama/ptrace_scope
Ry FRARY Mgt &ET
E
N=BRIT ARV NR=Z- BV TUVITRFIATF AR XAV TSASSOFv—EAVFIL® VTune™
Amplifier 0)3’/\"(0)7[07’()%%‘“ [CEET7 O ARBEMR EC2* NP XF I AVRF VR (i3.metal 1R
VR T7EZU—) ZBRE AWS EC2* RABIRIETIIFI A TEERE Ao
ROEBDFETRY FRRY SRR EETLET,
SSH @HTO—ANICA Y ZA—ILENT21A YT IL° VTune™ Amplifier BN5U E— MREZELT

1. 477 IL° VTune™ Amplifier ©7/0Y 0 FEERLET,

[Configure Analysis (B#TDFRE)] 7+~ FONKRRINET.

2. [WHERE (¥C%)] R Tl&, [Remote Linux (SSH) (UE—k Linux* (SSH))] Z:&iRL T, [SSH
destination (SSH MOXI&R)] IC ubuntu@<PulTY* FREDEF> EANLET,

COBRERTAFTIL® VTune™ Amplifier [EUE— VAT AICEHK LT INEICKHELG/NAFU—%I5E
SNETAINT —=ICAVAR—=ILLEDELFET,

3. [WHAT (fi%)] X1V Tl&, 7 VT =23V DB fEET L O —&BELET,
4. [HOW (ED&LSIT)] XAV TlE, T 7AI TRRESNDRY R RRY ~ETD [User-Mode Sampling
A—Y—E—R-BUTUII)] #BIRLET,
5. @ %ouvolc miremBLET,
ERIF BITOESEBNICO—AILY AT LAICOIE—3ENET,
AWS* 1V R Y ZADBEEA > 5)L° VTune™ Amplifier ZX17:

1. T4V —=)b- 1R (&) [T T, 1 FIL° VTune™ Amplifier 1 A ~—ILLET,
2. A5 )L® VTune™ Amplifier #{TLETIRICHIERLET,

$ sudo <vtune_install_dir>/vtune_amplifier_2019/bin64/amplxe-gui

130


https://software.intel.com/en-us/articles/install-intel-parallel-studio-xe-on-amazon-web-services-aws%23inpage-nav-4

3. 70V OREERLET,
[Configure Analysis (BT DERTE)] V1~ RUNRREINET,

4. [WHERE (¥C%)] X1 TlE. [Local Host (O—AIKRAR)] 5—T V-V RTF L1 TERIRLET,

5. [WHAT (&) X1V Tl 7 FUT =23V DB fEET L O MU - ELET,

6. [HOW (ED&KSIT)] X1V Tl Ry ARy MM#EFD [User-Mode Sampling (1—H'—E€—R-Y9 V7
U0 #BIRLET,

7. @ aouvoLc BiFEBKLET.

BRITRERIL, T T 4)L D [Hotspots by CPU Utilization (CPU fERRICLBHRY RARY K)] Ea—R1
Y RICRRENFET,

BEIER

RAERIBOY—T WV I (3REE)
INT A= AR (BREB)
UE—RIRE[IFIC SSH 7R %ERE (HEE)
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IN=EIx7R=ZADKRY ARy g EFIC Hyper-V* R
VYV VERETD

COLVEIX, A7 IL® VTune™ Amplifier ZERLT/\—RIx7: N\ TA—=I VA= TOT71ILI B,
Hyper-V* RIBECTIREB YV VAV ATV AR ELET,

o (ERIDHOD

o FE:

Hyper-V* IRA ~ZERET D

RIB< > > ZERR L TERET D

IN—ROT7BIFEIFICRETY VERETD

Ry RARY REMT (\—R Iz 7 ARV R=RY I TUVT-E—R) £ETITD

Ed:ERSESTO)

TR NTA—R YRR FIATERITD/N—FI7EY T RIITODYRRTY,

PN =

o« Y—)b:
o A7 I)L®VTune™ Amplifier 2019
o Y—E/\—F1—&® Virtual Machine Manager (VMM) HRE(TIFBZENHDET,
e CPU:MVTFI N—FvISAE—3ar-70./09— (AVFTIL°VT) WIiSD1 T IL® Xeon® Ot
-ij-_
o ANRL—=F1UTI T Ix: Microsoft* Windows® 10 RS5 (October 2018 Update, EJL K 17763.1)
o AVFIL® VT K0 BIOS

Hyper-V* RAMERETD

1. B—=/\—mBIOS Y r7YFTIUFIL° VT ZBRICLFET,
a. BERBRABOBZT AN (POST) FIC F2 F—#HL TV AT LD BIOS IC7IEALEY,
b. [Advanced] > [Processor Configuration] Z:&IRLFT,
c. [Intel® Virtualization Technology] #i#iRL T [Enabled] ICEXELFT,
d. ZEZFREFELTCHEFHLET,
2. [A¥rO—=IL RV > [FOT5L40] > [FOT5LEHEE] ICBRENL T, ZOXR1 T [Windows* D
BEDBILEEITEIME] 20UV I LET,

[Windows* M#8EE] ¥ 77O Ry I ANEKRRINET,

3. [Hyper-V] ZEBBRLTINTODFVIRYIREAVICLET,
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YWindowes Features — 0 e

Turn Windows features on or off e

To turn a feature an, select its check box, Tao turn a feature off, clearits
check box A filled box means that aonly part of the feature is turned on,

Containers A
[l  Data Center Bridging
] Dewice Lockdown
[] | Guarded Host
= Hyper-4
=] Hyper-i hManagement Tools
Hyper-YW GUl Managerment Tools
Hyper-Y Module for Windows Powershell
=] Hyper-i Platforem
Hyper-YW Hypervisor
Hyper-\ Services
[ Ibternet Fenlarer 11

Cancel

4. [OK]Z0UvOLT AVAR—=ILLET,

(YRR —UNRT LIS [$F <EEM] 20Uy LET,
REVS VZERLTHRETD

Hyper-V* IR I~ (BARg, T7R X ) T [RF—F] XZa2—hH\5 Hyper-V YR—Iv—%FETLT FHLL VM (BLEE,
VM) Z1ER LERRELET,

1. HRE] \RLT HAR] 200y o LT HREBIIY..] ZERLET,
Z|8 Hyper-\ Manager _
File  Action  View Help
|2 E

ﬁ Hyper-¥ Manager Actions

Yirtual Machines
i HYPER-V-HOST = HYPER-V-HOST -

Mame -
EH Quick Create...

Mewr 4 Wirtual Machine...
L:;‘. Irmport Virtual Machine.., Hard Disk...
|j Hyper-4 Settings.., Floppy Disk...

Gm Wirtual Switch Manager..,
< Wirtual 34N Manager...
Checkpoints & FEditDisk..
L Inspect Disk...
m) Stop Service
¥ Rernowe Sercer
@) Refresh

Wigwy »

Help
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2. MRV YOMBIER T+ —R] THLWLWIY VICHELRINTD/INS XA —5— (CPU R, XEYU—,
RYRDI—0 N—RF1RT (FH) ZIRELEFT,

127 )L® VTune™ Amplifier DR X7 LAEH(F 4GB RAM, ZE T AUAE 10GB L ETY,

3. AVA=IDYV—RERELEFTHIZIE, O—AILDAV A=) A X= (.iso) ZERATEET,

EH MNew Virtual Machine Wizard d
2 | Inskallation Options
Before ‘fou Begin ‘ou can install an operating system now if you have access to the setup media, or you can install it
later.

Specify Mame and Location aer

Specify Generation () Install an operating system later

Assign Memoary (®) Install an operating system from a bootable image il

Configure Networking Media

Connect Virtual Hard Disk. Image file {.iso): | | I Browse...

Installation Cpions

Summary () Install an operating system from a network-based installation server

< Previous Cancel

4. FLIERLTIe VM ZEEIL T, 0S D1 VA R—)L-TOtR%=REIARLET,
IN—FO7EBIRRIIFICREBIY VZRETD

Windows® 10 RS5 N—XNDMRA T, PMU/PEBS/LBR % VM ICABLTTOT7 71T 29 —T v I R5F
DAV RI Y A EER/LET,

1. VMZEZ Yy I TV LT [RI—F] XZa2—H\BRZX RO Windows PowerShell* #&EE#LEY,
2. PowerShell* T2 <Y > REZE{TLT PMU,PEBS . LBR I VM ICARISNDELIICEHELET,

Set-VMProcessor -VMName your_vm_name -Perfmon pmu,pebs, Ibr
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EN Administrator Windows PowerShell - O >

Hindows PowersShell
Copyright (C) Microsoft Corporation. &11 rights

sersiAdministrator: Set-WMProcessor LM pmu, pebs, 1br
svhdministrators

3. VM ZREELET,
Ry ARy FETZEETTSD
VM D\BE#EA 7 )L® VTune™ Amplifier #ET7LE T,

1. VM ICA>F)L® VTune™ Amplifier Zz1 > A+—)LLET,

2. [RI—=F] XZa—HB12F)L® VTune™ Amplifier #E17LFET,

3. JOVzOLEERLET,

[Configure Analysis (BRIFTDRTE)] T+~ RUOMKRRSINFKT,

4. [WHERE (EC#%)] R Tl&, [Local Host (O—AIIKRRAR)] 5—5 v I RF LS4 TERIRLET,

[WHAT (A%&)] X1V Tl 7TV =23y DGmefEET LU MU —EIBELET,

6. [HOW (ED&KSIT)] X1V Tl iy Ry ~#EHTD [Hardware Event-Based Sampling (/\—F
DT ANRY NR=RH TV IREET—REEIRLET,

v

PMU/PEBS/LBR ' IEL<L ABINTUL\B15A. [Analysis Configuration (DR E)] RTVICTS—
Xy—JIFRRENT BT ERTTEET,

7. O [start (B88)] £y LCRATERBBLET,

BRITFERIL, T 7 4)L D [Hotspots by CPU Utilization (CPU {EAEICL By kRiRy R)] Ea—R
AV RCRRENFET,
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E
BEFICETLTULBRERD VM TRy R ARY LT EEITIT BT EHRIAETT,
REEIAEH

Hyper-V* BIEDS—5'y b ETO 7 7L (55E)
IN—RETT AR =R—=R > T U TUNE (55E)
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MPI 77U —23a>n7O771)L

ZOLVEIE, A7 IL® VTune™ Amplifier 2R LT MPI 7 U —2 3001 VISV AL BIEOBBEIFE
L7V =230 )\TOA—<T >V R%EELET,

o (FHITDHBD

o FE:

7V —3vEEILRTS

2ERNFNT A=V AT D

HPC 7A=Y R HBITERELTEITID

1> F)L® VTune™ Amplifier GUI TiER%ERITT D

(AF23a>) 147 IL° VTune™ Amplifier GUI TOY Y RSAV%ZEKTD
(AFay) T VRSAULIR—tE2ERLTRREZ@BITTS
(AFvav)BRLEO—REFETOT771ILTD

£ ERSEST))

UTIE NTA— YRR FIATERITD/N—FI7EY T RIITDODYRRTT,

NouhswWwN =

e F7JUU—¥3:heart_demo B FI)IL- 77 FUT -3, GitHub*
https://github.com/CardiacDemo/Cardiac_demo.git (&) oy o> O—RTEXT,
o« Y—)b:
o AVFINCC++ V15—
o AVFI°MPIS1T75U— 2019
o A7 I)®VTune™ Amplifier 2019
o AVFIL®VTune™ Amplifier 77U —2/3>2 N\ TA—=I VA AFVvFVavi

o AVFIL®MPI 5473 U—I[&, https://software.intel.com/en-us/mpi-library (58) o ER
THHRTEET,

o A7 )L®VTune™ Amplifier FEMRRDS O O—REE BT R—ITDULTIE,
https://www.isus.jp/intel-vtune-amplifier-xe/ ZS B L TLEEL\,

0 COOVIITVIDLYVEIFINTRT—=FTILTHD, 17 IL® VTune™ Amplifier 2018 D&
ICHEATEFT . N\—J3VICIDBRENDITNCEBRDENHDET,

o ARL—F1VT-IRXF I Linux*

e CPU: 17 )L® Xeon® Platinum 8168 YO tzwH— (BFI1— K& Skylake)
o RYLI—=L-T7TUwI: 15 )L® Omni-Path 7—FFOFv— (15 )L° OPA)

77V —2avrEIRTS

177 I)L® VTune™ Amplifier BN\ T A=<V A7 —5%Y —ADA—R&T7EV TU—ICEERMIFRIENTES
I3 . FINVITVURIMIETT U -3 EEILRLET,

1. GitHub* YR bU—D7 U —23rz0—-RIILY AT AICOO0-VLET,

git clone https://github.com/CardiacDemo/Cardiac_demo.git
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2. AVFTILC++ AV I\AS—EAVTIL°MPI SATSU—DRIEZERELET,

source <compiler_install_dir>/bin/compilervars.sh intel64
source <mpi_install_dir>/bin/mpivars.sh

3. BTN —IDIL—ELANILIC build FoL IR —EERL AERLIET LI RU—ICRBEILET,

mkdir build
cd build

4., ROV BREERLTFZIVT -3V =EIRLET,

mpiicpc ../heart_demo.cpp -./luo_rudy 1991 .cpp ../rcm.cpp --/mesh.cpp -g -0
heart_demo -03 -std=c++11 -qopenmp -parallel-source-info=2

heart_demo E{T 77 ML REDT LI RU—ITIEREINET,
2ENGEINT A=V AFEERILTD

ATV IO T7RBEY—IEFERITD 7T -3 Fa——VJ0EED—oT70-7TlE &HICT
TV =232 \TA—=IXVADAFTY T3y ~ZRELTH\S, &ERY—I)ILZ2ERLTEEISEELET,
A7 )L® VTune™ Amplifier 07 U5 =23 N TA—=I VA ATV FVavhE IV FINGA V5 —T 4
AEBEA—IN—AYRDERET, 7 TUT -3V OB\ TA— >V A FE 2RI LET HFEOBEEFL
FABIBFIC, 7TUVT -3y \TA—I VA RFTYTVavhaEFERLTT TUT—avo—RIEsFE%

B@RLET,
Intel® VTune™ Amplifier's
Application Performance Snapshot

MPI Bound CPU Bound Thread-level FPU
MPI imbalance Memory Bound serial time underutilization
Thread-level scalability Issues parallelization  {vector efficiency

(OpenMP analysis) I issues)
Intel® Trace Analyzer ‘ ‘

and Collector

Intel® Advisor

Intel® MPI Tuner Intel® YTune™ Amplifier Threading Vectorization

NODE CORE

AT Xeon® RT—57)L-FOtvH— (BIFI—RE Skylake) ZFEAL T, Ta7IL- VTVt /—RD
Y rONTA—T VR RFY T3y b ERELET, COBITIE, VoY kD 24 37017 IL° Xeon®
Platinum 8168 7OtvH—%&FERAL T, /—RTEICAMPI SO . SVOTEIC 12 ALY RTEITTBILSIC
BRELFT . TVIEALYROHIE FRALTLBR Y RATLAOEHICKHLTEELTLIESL,
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WEEBtLYYaVERII/NYFROUTETROOIVREEITLT 4 /—ROINTA—T VA ATV T3V
ZHELET,

export OMP_NUM_THREADS=12
mpirun -np 16 -ppn 4 aps ./heart _demo -m ../mesh_mid -s ../setup_mid.txt -t 100

RN T 9d&, aps_result YYYYMMDD EWLWSEZFIDTALORU—=7OT7 71 I T—INERSINET,
CCTYYYY [FIXEDE MM [ZB.DD [FHEXRLFTROIV Y REEITLT /RO HTML RFv 73y
FEERLET,

aps --report=_./aps_result 20190125

EE5 1L ~U—IC aps_report YYYYMMDD _<stamp>html 771 ILBMERSNE T, <stamp> BS (L, B
FOLR—ED EEESINBIOEHIEHITEMEINE T, LIR—KITIE, MPI & OpenMP* DAV INT VA XE
J—Tv UV REBIBROMBE ZFEHNEEDRIL—TY R, 2NN\ TA—<T U RICET S
BERINEFENET, LIN—FOLEBDF#RBIF, 7TV -3V 0ELGEEERLTVET,

heary dem
3 x
4 Your application is MPI bound.
‘ This may be cawsed by high busy wait time indide the library (smbalance), non-
wrifRT Ko Proacrior dode nawied Shiaing aplimal commisnication schemab of MPI library settings. Use 8P| poafiling toods like
e nied® Trace Snahorer and Colleciar 10 explone performancs botthenecks
Srenl-bdued toustng dmer
BAPI Time 24NN <10%  S—
2 4.7 3 S OpenMP Imbalance  254%  <10%
ABmo i E255%8 <305
Elapsed Time + == X
0%

P 015 129.99
[MAX 1.06 MIN 1.03) SPGFLOPS  DP GFLOPS

COF7TUT -3 VIFEEIC MPIBEICKELTVEIN, XEU—ERT RIUEORESHDET, [MPI
Time (MPI I¥f)] 523> IF MPI 1\ A ERSIN L0 MPI BEEIFOE LGE ETNOERZER
MLFEIT, COEHENS, A—RIEEICRAI Y MY —R1 Y MBEZFERLTED A VNSV RFHIEETHDIE
NODDET,
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MPI Time

e e T =

0. 505

36.24% MR of Elapsed Time

MPI Imbalance

1.86% of Elapsed Time

TOP 5 MPI Functions %o
Waital 20.06
send 8.92
Barrier 3.67
nit 2.22
recv 1.21

Intel Omni-Path Fabric Usage

Interconnect Bandwidth AVG, GB/sec

Outgoing: 1.81
Incoming: 1.81
Interconnect AVG, Million
Packet Rate Packets/sec
Outgoing: 0.53
Incoming: 0.53

COFBERIF, I—RICEMGRENHDCEERLTVWET /N TA—T Y ADORMEESISICHE LFHEL., &=
N FB1e8, 17 IL° VTune™ Amplifier ® HPC /N7 A—< > AKFEBFZFERLED,

HPC N7 A—Y Y AR 2RELTETID

FEAEDDSAT—F. QT /—REFE/—R TR SN TLWET BE, I—Y—d0J7 1 /—RICES
L AT Y a—Z—%FRALTYaT7%5E/—RICEEL, VaTWETINFT IS RI—RIETIVTIL®
VTune™ Amplifier 2B LT MPI 7 U —23v# 707719 23RBERNLGAEEIE. ORIV T
F—HEIREL,. YITNRT LIS GUI TN TA—T YV RBITE{TLET,

MPI B EODX RUYIDLR—EE, ATV RSAVUHOERICEETEET ., —RIC, PBIRIBECTETIIRDE
BOREIZ ROELSICOYY REERTBZETY,

<mp/ launcher> [options] amplxe-cl [options] -r <results dir> -- <application> [arguments]
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s 3

o IOTVRIF WHFEELYYIVTHERTBI LD \YFEERIUTRCEDHDIEDHTETET,
e MPIZ7FUT—23vTlE ERTALIM—EIBETILENHDET,
o AVFIL°MPI SATSU—AFRLTLERWEARIE, -trace-mpi ZEMLET,

ROFNEICHST. AV Y RSAUNB HPC NN T A=YV A4 BFEETLET,

1. BETS17)L® VTune™ Amplifier 771 )L% source LTIRIEZRELFE T bash VIV =FRTD
FTIAILEDA YV ZAR—=ILTIR ROV REERLET,

source /opt/intel/vtune_amplifier/amplxe-vars.sh

2. hpc-performance ##fi%xEHR LT heart_demo 7 U5 — 37 —9%&RELFET, D7 SV
T—23VI%, OpenMP* & MPI D@5 ZfER LT, RIIRDOEE (1> 7I)L° MPI 5473 U—%FRALT
4 DB/ —E 16 O MPI 59) TETSNFET, E1TICIE, 17 )L° Xeon® Platinum 8168 00
Ty —& MPI SOZEIC 12 D OpenMP* ALY RZFERLET,

export OMP_NUM_THREADS=12
mpirun -np 16 -ppn 4 amplxe-cl -collect hpc-performance -r vtune_mpi --
-/heart_demo -m ../mesh_mid -s ../setup_mid.txt -t 100

B RIASNORO@ZRAICHK ST 4 DOEAT LI RI—DERESNET: vitune_mpi. <node
host name>,

: 3

FND MPI SO ERBICETUEND BHEDMPI SVODOFTOT71I-T—9&INETBRLDITE
IRTEEITEFHMIZ. NBIRLIE MPI S>on7O7 74 )b, (E:E) #8RBLTLIEEL,

1> 5 JL° VTune™ Amplifier GUI TIEREEINT D

17 )L VTune™ Amplifier DTS 71 I A V=T A RAF WWE LRI\ T A=V R T—I &I DI,
ARV RSAVEDBEETREEL M VIS UT1 T ARERHLET . ROIT Y FERITLT ERE
1> )L® VTune™ Amplifier GUI TRZEFJ,

amplxe-gui ./vtune_mpi.node 1
iE

475 IL® VTune™ Amplifier GUI Z&R R BICIF, O—HILIYRAFATEITINTLS X11 IR—Iv— EfE
FVRFAICEHRSNTULB YNC EY VIV ETT , VAT AIFZENZENELD O, R INBHEICDL
TIZO—HIILEBEEICHAKL TS,

FERMNA T IL® VTune™ Amplifer TRE, 7 U0 —23 7/ /NI A=V AOBE% <Y [Summary (U<
U=)] D1V RODNRREINET  heart_demo |& MPI 5|77 U —2/ 3> THDzsd, [Summary (YU —)]
D4V RDICBEDARJYIICINZ T, [MPl Imbalance (MPl 1 /\S >V R)] BHREETIUT 17 IKNAD
MPI S UICRT D ANKRRSINET,
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e [MPlImbalance (MPI 1V/N\SVR)] &, /—REDITRTHOSTVIDFE MPI EY —FHREREITI . C
OEIF, NV ZANEBEBHNTHNIFEN TS IREERLET,

¢ [MPI Rank on the Critical Path (ZUF1HIL- KA LD V)] 12, B/NEY —FHEERDZ >V ITT,

e [MPI Busy Wait Time (MPI E</—#F##%/)] & [Top Serial Hotspots (LI U7 )L Ry XKy
M1 & GUFA IR ADTVIICH L TR RSNETBE, M V/N\SUAPEI —FEXA Ny ODE
NEWEERT—SEUT—hHIREND ), CNIFRAT—FEU T —DREZEREITDRUVVAET
I VILF/—RETTIUT 7L /IN\ZA EDS 20 [MPI Busy Wait Time (MP1 £/ —F#$R)] 1
AEVER, FHD\D/—RLEICHANEDS >V OD GBI REMENHDET,

COBITIE AVNSVZABHD, - ROV U7 IILEETELORENEPSINTUVET (L TORICIFERRSN
TLEREA)

Effective Physical Core Utilization : 31.1% (14.936 out of 48) &
Effective Logical Core Utilization —: 15.6% (14.944 out of 96) *
MPI Imbalance : 2.288s (8.2%)
MPI Rank on the Critical Path :
MPI Busy Wait Time : 0.601s {2.2%)
Serial Time (outside parallel regions) : 13.223s (47.9%) &
Top Serial Hotspols (outside parallel regions)

This section lists the loops and functions executed serially in the master thread outside of any OpenMP region
and consuming the most CPU time. Improve overall application performance by optimizing or parallelizing these

hotspot functions. Since the Serial Time metric includes the Wait time of the master thread, it may significantly
exceed the aggregated CPU time in the table.

Function Module Serial CPU Time
|Loop at ine 230 in Task:int_send bufs] heart_demo 2105z K
[wmilinux] vmlinux 1.909s *
[Loop at line 230 in Task:init_send_bufs] heart_demo 1.0525
[Loop@0x59e10 in func@ix59d41] libpsm2.s0.2.1 0.B47s K
[Loop atline 212 in |_MPI_COLL_SHM_GEMERIC RELEASE BCAST] libmpi.so.12.0 0.767s
50944z k

N = anpled i NON-SWTITAbE meirics

Parallel Region Time : 14.402s (52.1%)

0771V —REETPRESININBLNEBAN, INTD MPl T—5%HERITBICIZ, &/ —ROER%E

ERICO—RIBDHENHDET, MR MPI ~L—XICIE, 17 )L® Trace Analyzer & Collector Z#3Z L E
CP

1> )L® VTune™ Amplifer 2019 M [ETI&, [Summary (B<U—=)] T+ EJIC1>F)L® Omni-Path 77—+
TOFv— (AVFTI® OPA) 77 7UvIODERSHRNEENET, CNSOX MUY OIEEIEREE /N oY L —
FERRL ETREICHDDI - EFRERFERRERYE/\UY L —MERRICL>THIRESNTLEEIS
(%) ZRLET  heart_demo 7 FUT—3ViE wiHEN/\TY kL —RCEoTHIRSNTULERAD, 9
RIEFEHITEWL 1.8GB/MOEAFIHREREEZRLTULET, ZNUE, MPI BEO#MEN TIENENTER %R
BLTWET,
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Bandwidth Domain: | Interconnect Outgoing Bandwidth, GB/sec

255 2 £
3 ¢
205 g_ g
155" -
5 i
z

10z -

551

0s-

Bandwidth Utilization

[Bottom-up (RELAFP YA F 7 ICIDBEX TESHICELLABLET RDELIBRRICHEDLSIC, [Grouping
(F)I—F1k)] T Process (ZFOtER) Y FLARIVICIEDLSICHRELET,

HPC Performance Charactarization v (0 [HTELVWHERHPHFIEHENEI
; - " 1«‘.;:_":.1’"" '
Analysis Configuration  Colleclion Log  Summary  Bottom-up _.ﬁ- i, g
Grouping:| Process / OpenMP Region / OpenMP Barrier-to-Barrier Segment / Function / Call Stack - "k =1
Procass | DpOnF ogion | DDAMME BameninBamer | Elagesd Time ¥ | OpeniP Potentiad Giain CPU Time i B:J-T:::'::m 1
w heart_demo (rank B) 277045 1.204z  314.4582: IR 3634z 146T4s
» [Seral - outside paralial regions] 18,8463 206,600 D 2634z 146745
» make rk stepfompSparabal 1 2@ nis/scralch 1.618s 0159 19.125: ) Os 173
» make rk stepSompSparabal 1 2@ nis/soratch 1.617s 01588 19275z ) 113 123
» make_rk_stepSompSparatel 1 2@ nisscraich 1.613s 01565 19,3703 ) s 05
» Make_ik_stepSompiparalel | 28 nlsseralch 1.5045 01545 19,015z | 0z 0z
» make_rk_stepSompSparabel: 1 2@ s soratch 1.532% 02715 19,1555 05 1]
» updale_coupling_v2SompSparallel:12@ints's 08128 02378 9.978s | 0% 0s
» make_rk_stepSompSparabel 1 2@ nfs/scraich 0.161% 0069  1.955 0s 0s
» sohvefompSparaliel 1 2@nis'scralch03 crosal 0.00s 0.0005 0s
= heart_deme (rank 11) 27.757s 1.380s 312617 D 22905 15587s
= heart_demo (rank 10) 27.837s 11578 312,572 N 24415 15892
= heart_demo (rank 9) 27 625s 6253 2622 IR 0601s 120235

ZMO3—RIE MPI & OpenMP* O 5 %{E I 3128, [Bottom-up (R~LT7Y )] D1V ROICIFBED CPU
EXEBUY—DFT—FICMAT. BHEDT VI LAICEELEA )Y IOMKRREINET, COBITIE, JUF7)L-/X
ADBRHEN TS MPI S50 [MPI Busy Wait Time (MPI EY —1F4RR)] X ~Uv OB KRB TRINT
WET . Ffe, RHA S [OpenMP Potential Gain (OpenMP* SBERGST 1 V)] BHABTRSINTLET N
Z ALYRbEWRETZET, N TA—T VAN E LT ZT8EMERBLTVETD,

[Bottom-up (REAF Y )] D+~ KOO TERT DDR & MCDRAM #H=igig, CPU KRS, 17 )L° OPA %%
BULWKOWDA IV IDERITIMTLASA V=R LET . COI— RO VY=Y hmmmﬁ.@s’ﬂ\j»rzlat
BETHIEE (GB/MEA) CHRENGERERERLCVET . CNIE AV E1—FT 1 /I T—RIGRE

D 1 DTHD,/NSHXYEz—IDBED MPI RIBHVRRE T,
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12.000 |
9.600

p package 0 7.200
4.800 7

2.400 P S R e

| Interconnect Bandwidth

|"\—

EDRKENCEIF, ALY RTEDFMGETRRIE [Effective Time (BR7%REER)], [Spin and Overhead
Time (RE>VEA—/\—AY FEFR)], 5K [MPI Busy Wait Time (MPI £/ —#F#rFR-)] OWNERTI . T 74
FDOE 1—I% [Super Tiny (&/N)] E T, /\TA—IVADET a7 I IV TICINTOTORRERAL Y REFE
HTERRLET,

O: &

Thread

DT —ATIE (FEAEDAL Y RTERIRBN DTN ULIVEL (&E) MPI A—/\—AYROEHHIHNTI (E
B). CNIE ALY RMEOERICEENZEENSHD L ZRLTVET,

SOICEFLLRAARTDD. IS T70ERIDREDMHEIHEGIUY LT, [Rich (B&X)] Ea—&#IRLEFTOXRIC,
B MPISVOEZBRLY ROBEINKDBRIEICEBRELDIC, IS TDHEAIT [Process/Thread (FOEZR /ALY
RN ZBIRLTEREIIN—FHMLET . COTIIN—TbEERTIET, FTOERADZERO/NN—FITRTD
FALYROFEEREZRL ZOTICEALYRAALYRESEIOEXID &LEBICURREINET,

ZOBITIE, RAI—ZALY RHYE MPI SO0 T NTO MPI BE%Z#RREICAIBLTVET ., CNIZ/NTTUw R-
7T =3V TIE—RINTT . RITORAD 10 #REIE, MPIBE (EE) ICZ<ORFENEY»EINTVET, C
CTlE . BEEOLY Py TET—IDRENMTHONTNDREEZIONET . ZOEITBED MPIBEEED,
[Bandwidth Utilization (FFIgIEER )] Y1 LS & [Summary (B<U—)] LIR—FOBERE—HBLTULET,

it il et e e e B e e o Ry

w hearl_demo (rank &)

OMP Master Thread #0 (T...

Process | Thread

OMP Woarker Thread #7 (...

OMP Worker Thread #4 ...

RAEVEA=N—AY R (T TAILTIREBTERR) BV ERNINDET . CNIE, 7 TVT—YavnALy R
{bDEERICRIENH D& ERLTVET, [Bottom-up (REALAFY )] T+~ RODLEET, [OpenMP Region
/ Thread / Function / Call Stack (OpenMP* 815/ XL v R/EAE/I—ILAH VD)) ZEIRLTT—5%T )L—
ML, T4V ROTEBD T 1LY —%TERA LT [Functions only (B8 #)] 2R RLET. VU—EREHRTDE,
init_send bufsE¥IFAL v E 0 UADNSHEOHESNTULWEWCENDDDET , NN, N TA—TVAETD
BRETYT. COTESTILOUvITREY —RD—R-Ea—hEEET, J—FREFEITDIE AHEOMIDIL—F
ZMFMEL, CORMBEEIEIETDEELGTHENHDENDHDFT,
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(AF23>) 1425 IL° VTune™ Amplifier GUI TOV Y RSA &4
|5 )

1> 7 )L® VTune™ Amplifier d&HED RSN TULVELVEFRHEEEIE, GUI ZFER L T EREL XIS
VRSAVERELT, OV Y RSAI VN BERERTEET, NI BEICARITAZASNETOT71ILPE
MOV RERBLIENTDDICEFTY,

1. €45 )L° VTune™ Amplifier 2L T, [New Project (il 7O0Y O R)] #0Uvod3h, BEDT
OYzO=REET,

2. [Configure Analysis (fBfFDERE)] =0 UvILET,

3. [WHERE (¥T#%)] /X1 /T [Arbitrary Host (not connected) ({EEDHR R+ (KiEHE))] &RL, /\—
Rox7-FSvbkTA—LEEBELET,

NHER|

@ Arbitrary Host (not connected)

Hardware platform

Intel{R) Processor code named Skylake

Operating system
GMNUY/ Linux

4. [WHAT (fA%&)] R4V TROBIEEITVET,

6 Launch Application

SiJF_‘LIh" arvd to-lﬂmurt your analysis target: an application or a script to execute.

'y

Application:
my_app

Application parameters:

« Use application directory as working directory

o Use MPI launcher

MPI launcher: Intel MP1
Other MPI launcher

MNumber of ranks:
16

Profile ranks: All
Selective ranks:

Result location:

/panfsfusers/viune_user/results
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a. 77U —3vEEELT BIMEEETLON—ERELFT,
b. [Use MPI launcher (MPI S Fv—%{#ER)] Ftv IRy O XEAVICLT MPI E1TICEEEL
rEiEHREBELETD,
¢. (AFVav)TOT771ILTBREEDTVIEEIRLET,
5. [HOW (ED&LSIT)] X1V TT 7AILED [Hotspots (7Ry XRw )] #&#rH\S [HPC Performance
Characterization (HPC /N7 A—< > Z4§4)] BTICEEL, FIBRIBEGA T3V EHRAITAALE
ER

INTELVTUNEAMPLIFIER 2019

~

@ HPC Performance (-t
Characterization

Command Line

)

6. T1VRUDTERICH D [Command Line (AY Y RSAV) Ry - #OUVOLET Ry 7y
T4V RODEE, GUI THRELEARY LABFICHIST DIV RIAVDRRSNET LEICIHLT,
OV RICZOMED MPI A3V #BIITEFY,

s 3

AVFIL°MPI SAT7SU—MIgE. AV Y RS1VIE -gtool ATV 3V TERSINET ., CNICKDBIRLEES
oO7aT7r7MIVEXDIEEICERICEDET,

(AT23Y) IRV ESAY-LR—+2ERALTERZEINTS

A7 )L° VTune™ Amplifier I&, BEREIVY RS2 -TF A LIR—bERHBLETFIRIE, UL IR—
FEEETBICIFIRODINY REEITLET,

amplxe-cl -report summary -r ./results_dir

FEREOYIU—DEEICENAINET BEREEZ I 77ILICRELRED BIOT 71 LA (csv, xml, html) TR
BIRIATYavRe Z2oMOATYaveFBTEERT, AV RS- AT 370+ #(3, amplxe-cl
-help OV RTHERRT M, T F)L°® VTune™ Amplifier 1—H—71 By (358) #8RBL TS,

(AF2aY)BRLEI—-REHZTOT71ILTS

FIAILETIE, A7 IL° VTune™ Amplifier (377U —/ 3>y 20N T A— > AfEt = IRELETHY,
J\—3/3> 2019 Update 3 BARETIE MPI 7 FUS — 3> DT —IUNEAEHI T BHEEDBIMENELIZ. D
HEEEFERT AL T, BRICIRRIBERNSTBER T 7ML 2E KL T WRI—REFISEETEET,
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PEIYMEIRIZ MPI_Pcontrol BEZEFERLTITLVETMPI_Pcontrol (0) FOH LT —5 &= —RHE1E
L.MP1_Pcontrol (1) MO L TERRLET APl & -start-paused YV RSV -A T3V mE=—#EICE
RALT. 77U —2av oMt 7z —X%BRATEET, COBE . HIEDERIC MP1_Pcontrol (1) =¥
VHELTT—YE&EZBRLET . COBETIF AT Y T ITT API SATSU—AQOUV IO ELRR ITT API
HFOHLEFERTIIEaLIFEED, 7V —2ayoE )L RO A0EENARETT,

ESpER IR

e AT IL®VTune™ Amplifier 1~ XA +—JL+ 131 - Linux* (#38)

e  MPI &1 VF)L® Advisor BEO 7 )L® VTune™ Amplifier DR (58)
o Cray* XC YAFLTHAFIL® VTune™ Amplifier DIER (3258)

e  Fa—kUF)L: MPI/OpenMP* J\1 T Uw R: 77 FULT —2 3> DT (HEE)

s 3

ZOLYVEDBERIE, A7 )L VTune™ Amplifier 7ROV /\—T7x—S L (3REE) #BRLTILEZL,

RELICEAT S EREIE

AVFIL AVINAS—TlE AT v1oO7O0tyvY—ICRESNGLRBEBLICEL T & <TroOS
OtyvY—RICRAFORECZTIEVCENDDET, CNICIE, 1T ARU—=2% SIMD sk ® 2,
AVFI® ARU—ZV SIMD Hisk@4 3.1 FIL® AU—=2% SIMD 53R % 3 M PREDREL
DEZELET 1 VTIIE S TroO07O0yvH—ICEAL T, LWHVRDHRE{LOF B, #eE, £eIENRBIRE
WeELFRBA.AEGROYr/O070yv T —KEORHELIF, VT ¥roO070tyv—CcnFEREZRIRE
LTLWET A VFTIL 1007 —FFOFv—ICRESNBLVRBEILOENCH AV FILe vroo7Oky
H—EOBONHNET . COFEFIECES kLGS Y FOFMICDOVLTIE ZEHIDIEFOI—T—UT7L
VA1 RESRLTLEZL,

SEEEIEONET #20110804
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HHVM* TEI{ELTL\D PHP O—RZ7O771I)

COLVEIR, A7 IL° VTune™ Amplifier R LT HHVM* IRIBTENMEL TLV\D PHP O—FD/\TA—T Y
R fRITT DIHDREFIEZHBALET,

e FHITDHD

o FE:
0 HHVM* T F)L® VTune™ Amplifier DY R—EBZHICTS
0 HHVM* ZFO77AI)LEIFICA T IL® VTune™ Amplifier Z5%ELTEITI S
o HRYRRARYEFFETSD

o BEGRYERIRY MENTIL, A>T IL® VTune™ Amplifier 2019 TRADRY kAR SET (338) IC
MESNELEIN—ROI 7 AN R—AB Y FU TINEETE—RTHBETEET,

£ ERSESTO)

UTIE NTA— YRR FIATERITD/N—FII7EY T RIITDODYRRTT,

o FFUT—=V3V:test.php, COF7 VT —3VIFTERATHN A OvO—-RTBILFTEFERA.
o {RETYV:HHVM*
o NITA—=TVREWTY—I:

o A VFIL®VTune™ Amplifier 2018: BERRY kAR MR

o A7 IL®VTune™ Amplifier fHfiRRDS V> O—REB B Y R—KTDLTIE,
https://www.isus.jp/intel-vtune-amplifier-xe/ Z&B LTS\,

0 COUOVIITVIDLYVEIFIRTRT—FTILTHD, A7 IL® VTune™ Amplifier 2018 D&
ICEATEFRT NV aVICEDBRENDITMICERLED LN HNET,

o ARL—F1VT-IRAF: Ubuntu* 16.04 LTS
e CPU:1VF)L® JOtzvH— (FFI—RA Skylake)

HHVM* T 5 JL°® VTune™ Amplifier DY R—+Z2HFMICTS

WEFH: CORTTERT S hhvm-vtune-env.sh ROU T (I T 71ILICEENTLED) N1 FIL°
VTune™ Amplifier 1V A=) F1L O RU—DIELWW 2L TV e &2ERLET . T 74 RTIE, /IR
[& AGENT_DIR=/opt/intel/vtune/ OLIITHEESNET . CORXTUTHFIT Z71IILDT«1LORU—%
ERL T, 1>FIL® VTune™ Amplifier T—J 7 b/ RA%EERELFT,

1. AUk hhvm-vtune-env.sh % source LEY,

$ source ./hhvm-vtune-env.sh
2. TAMTFTIUT—3VHEBELT hhvm 7OERAEETLET,

$ ./hhvm -v "Eval.JitUseVtuneAPI=true" ./test.php
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Eval .JitUseVtuneAPl-true A 73>V %#EHR LT HHVYM* ZO7 71 I)ILTL>FIL® VTune™
Amplifier DY R—bEBRICLET,

HHVM* ZO7 71 )LEIFICA > 7 IL® VTune™ Amplifier Z58E LT

ETID

*

o ZOLVEIX EMEPRD PHP 7 TUT—23VIC1FTIL® VTune™ Amplifier #75vF L TERZITD
BE (VAT LAZEOTOT7 71 ILICIITUVETD) Z5HEBLE T, [Launch Application (77U —3>
ZRE)] E-RTOF7 VT —3vpINTx—I /R TOT71)LIE HHYM* BIE TIEEL, B INDER

EIFBEHDERE A,

1. €477 I)L® VTune™ Amplifier ZR2EILFE T,

$ _/amplxe-gui

2. W—JLI\—® [New Project (fifiZ70Y I )] =+ FAAVEOUVOLTHR IO O =ERL

F,

3. [Analysis Target (Btf5—%'v )] 5 7T, [Attach To Process (FORRICFIVF)] 57— v 541

T7%32IRL . [Process name (FOEAR)] &L T hhvm Z38ELET,

&= Choose Analysis Type

INTELVTUNE AMPLIFIER

| @ Analysis Target & Analysis Type

Select a target system to
profile:

= |ocal host
Android device (ADB)

remote Linux (SSH)

Select a target type to
profile;

ﬁ Attach to Process
@ Profile System

O Launch Application

Attach to Process [e Choose Analysis

| [ Binary/symbol Search |
Specify the process to analyze. Performance data will 1 & source Search l

be collected after attaching to the process. Press F1 for
more details.

® Process name:  hhvm 2

PID:;

Managed code profiling mode

Auto -

Automatically
resume
collection
after (sec)

a. ARTIUHS [Advanced ((##)] o3> %ER L. [Custom collector (BAFLILYD
H=) AF3>E& LT copy.sh ROUTRDINRA%ZEIBELET,
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Advanced ~
v Analyze child processes

Per-process Configuration Analyze

Default « self |« children

Duration time estimate

Between 1 and 15 minutes

Analyze system-wide

Limit collected data by:

Time from collection end, sec

e Result size from collection start, MB 500

CPU mask

Custom collector

/var/local/copy.sh

copy.-sh ZOUTKE, 7 TUT -3V DETHIRTIREEBICNELET—5EERT L
ORU—ICHEIWICOE—93RENHDET,

#1/bin/bash
JIT DIR=/tmp/jitdata
if [ "$AMPLXE_COLLECT_CMD'"™ = *'stop"™ 7]; then
fi cp $JIT_DIR/* $AMPLXE_DATA_DIR
i

o copy.sh 771V TEESINTL\S JIT_DIR fEH hhvm-vtune-env.sh XU +D
JIT DIRBEE—LTWLWB L &ERLET,

4. [Analysis Type (#4517 7 7ICtIDE X T, £/ > H\5 [Advanced Hotspots (BELRY kX
Ry B)] @RS 1 T=2IR L, [Start (RMR)] 20U v O L THETEETLET,

ARV RSAUNSEFTEREITDICIZIROIIT Y REANLET,

$ ./amplxe-cl -collect advanced-hotspots -custom-collector=/var/local/copy.sh --
target-process=hhvm

VAT LEROREETIHEFIROIVY FEAALET,

$ ./amplxe-cl -collect advanced-hotspots -custom-collector=/var/local/copy.sh --
analyze-system -duration 10

RV FRARY L EYFETS

IR T IDE, 1T IL® VTune™ Amplifier (& [Summary (BYU—=)] Ea—ICHERERRLET,
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Top Hotspots

This section lists the most active functions in your application. Optimizing these
hotspot functions typically results in improving overall application performance.

Function Module CPU Time ™
branchy [Dynamic code] 4.961s
largeMem [Dynamic code] 0.174s
HPHP::PackedArray::Setint hhvm 0.072s
HPHP::f_rand hhvm 0.030s

HPHP:;jit:: TypeProfile::report hhvm 0.015s

[Others] 0.070s

SHHICERITT Bz, R EMUORY FRARY T3S branchy B#%2'1)wv o LT [Bottom-up ((RELF v )]
T4V RIICTIDERETD,

‘@ Advanced Hotspots Hotspots viewpoint (change) @ : INTELVIUNE AMPLIFIER 2018
1 H collectionLog O AnalysisTarget A Analysis Type & Summary & Sottom-up o Caller/Callee @ Top-down Tree {1

Grouping: Fqn_cti_u_n / .‘fa.”_.s.*_“_?‘_ . :' ‘E j

CPU Time v L
Function / Call Stack 5 ilziti L) Instructions Retired | CPl Rate
Gide BPoor §OK Bidesl BOver | S Time | Overhesd Time
» branchy i 0s | 1538
» largeMem 0.174s § Qs Os 532,000,000 0.902
» HPHP:PackedAmray:Setint | 0.072s | 0s Os 72,000,000 2,667
» HPHP::f_rand | 0.030s | Os 0s 144,000,000 0.500

My LAy RE#ES TILOUYOLTY —XD—RERRL &HRY MEO—RTERELET,

ES:EIER

AR LILOS—DER (KB
amplxe-cl Y REEX (REE
M7

Hhhvm-vtu ne-env.zip
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Node.js* @ JavaScript* —FO70O0771IL

ZOLVEE Node. js* Z#UEILRL, 1T IL® VTune™ Amplifier Z{ERB L T, JavaScript* 7L —AL&RA
FT147TL—L (R1T147I—R BIZIE, JavaScript* D—RHOBFOHSNEIVRAT LTI TSU—PRI T+
72147 5U—) hoEBIREE—ROI—ILRAIYI%EEL JavaScript* I—RD/IN\NTA—<T >V A%RBITT DI
HOFREFIEZFHBLET,

o [EATBDHD

e Fl&:
1. Node.js* T1FJL® VTune™ Amplifier DY R—~EBRIITTS
2. Node.js* TEIELTL\D JavaScript* J—RZ=7O0771I)LTD

Ed:ERSESTO)

UTRIE NTA—R YRR FIATERITD/N— I 7EY T RIITODYRRTY,

o FPIUU—=Y3av:sample.js.CcO7FTUT—2avIETERTHND A ovO—-RITBLIFTEFERA.
e JavaScript* IRIE: Node. js* 8.0.0, Chrome* V8 5.8.283.41
o NITA=TIVRBITY—Ib: 17 )L° VTune™ Amplifier 2018: BERRwY L Ry S

o A7 )L®VTune™ Amplifier FEMRDS 7 O—REEHBHR—KTDUNTIE,
https://www.isus.jp/intel-vtune-amplifier-xe/ Z#E&B LTS\,

o0 COUOVITVIDLYVEIFINTRT—FTILTHND, A7 IL° VTune™ Amplifier 2018 LA
ICEBRATEXT N—JaVICEDFRENDITNICELZDENHDET,

o ANRL—=F1VTIRXF I: Microsoft* Windows® 10
Node.js* T1 > FJ)L° VTune™ Amplifier DY R—Z2BRNICTS

1. Node.js* MY —2X (nightly build) 25> >0O—FLET,
2. JL—k® node-v8.0.0 7A#JLF—hH\5 vebuild.bat ROUT+EETLET,

> echo vcbuild.bat enable-vtune

ZDRIVUT &, AT IL® VTune™ Amplifier H\ JavaScript* J—ROFO7 71 LY R—~F3ELDS
IC Node. js* #EJ)LRLFET,

e Linux* ¥RXF ATl enable-vtune 757& fully-static FRE 7SV #RRFICERLGL TS
W, COEFEDEITEBRENGL Node . js* BEBENISVIaLET,

e Microsoft* Visual Studio* 2015 BA[#® IDE R 9 2% & &, node-v8.0.0-
win\deps\v8\src\third_party\vtune\vtune-jit.cc 771JLIC #define
_SILENCE_STDEXT_HASH_DEPRECATION WARNINGS ZEHMLET,

#include <string.h>

#ifdef WIN32
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#define _SILENCE_STDEXT HASH DEPRECATION_WARNINGS
#include <hash_map>

using namespace std;

#else

Node.js* TEIELTL\D JavaScript* J—FZ2707 717193

COLYVEFT YTV JavaScript* 7 U —2av & FERLET,

function say(word) {

console.log(*'Calculating ...");
var res = 0O;
for (var 20000; i++) {

<
; J < 20000; j++) {
2;

console._log("'Done.");
console.log(word);

function execute(someFunction, value) {
someFunction(value);
}

execute(say, ""Hello from Node.js!');
1257 I)L® VTune™ Amplifier 2B LTZO7 U —2 302707 71T BICTIE ROEERITTVET,

1. 427 )L° VTune™ Amplifier Z#2EILF T,

> amplxe-gui.exe

2. W—JL)\—0> [New Project 7OV o] '+ P1avESUVSLTIIRTOY 4 FEAERL
F7,

3. [Analysis Target (¥ —%5'v )] 57T, [Application (77U —3)] 71—JLRIC node.exe,
[Application parameters (77U —23>D5|#)] 7+—ILRIC sample.js #i8ELET,

&l Choose Analysis Type

! @ Analysis Target | /A Analysis Type

Select a target system to Launch Application

profile:

® local host
Specify and configure your analysis target: an application or a script
Android device (ADB) to execute. Press F1 for more details.

remote Linux (SSH) Application:

C:\Exchange\nodejs\node-v8.0.0-win\Release\node.exe

Select a target type to

profile: Application parameters:

. \ J
Atiach to Process C:\samples\sample.js

Profile System « Use application directory as working directory

Launch Application
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4. [Analysis Type (B#F5 1 )] 77 I1CIDE X T, £ H\5 [Advanced Hotspots (BEKRY R R
Ry B)] @R 51 78R, [Start (FtR)] 20UV O L TEREETLETD,

3
o BEGRYRRY SETIE, > F)L° VTune™ Amplifier 2019 TRA®DRY kR @i
(3B [SRASNELIZ N—RITTARY MR—Z PV TUY TIREE—RTHRATEET,

BTN R T IBE, 17 IL° VTune™ Amplifier I£5 7 4L @ [Hotspots (kv F XKy R)] Ea—HR—1 > I
EREXRRLET[Bottom-up (RELAFP V)] TV RoEERLT, Y FILH JavaScript* BEICEDLD
ICHBISNTUVBINANRET . &H CPU BFEINDIDV O TLWBE#MAES TILOUvILTY —ROI—REXRRL. &
By MEO—RITEFELEFRY,

&l Advanced Hotspots Hotspots viewpoint (change) @ INIELVIUNE AMPLIFIER 2018
' EJCollection Log @ Analysis Target /& Analysis Type & Summary & Bottom-up & Caller/Callee @& Top-down Tree f= [
| Source | Assembly = =] Q. Assembly grouping: |£ ~ | | CPU Time -
. o # B~ | viewing « 1072 » selected stack(s)
urce ime:
Line Source Total 100.0% (29.249s of 29.250s)
[Dynamic code]lsay - sample.js =
! function say(word) { I [Dynamic code]lexecute+0x2a - sa...
i console .:Oz{ Calculating ..."); [Dynamic Gode]'["":f};]+0x5406? - [U
; - f“ o i< 20000005 o) | | [Dynamic code]iModule::_compile...
or var 1 = HE 8 00 u; 1 . . .
- for (var 5 = 0; § < 200000; 3++) { | 202405 [ : [Dynamic code]!Module::_extensio. ..
6 res = 1 % 2 /3 [Dynamic code]'Module::load+0x2...
7 ) [Dynamic code]!tryModuleLoad+0x...
8 } [Dynamic code]!Module::_load+0x...
9 console.log{"Done."); [Dynamic code]lModule::runiain+...
10 console.log (word) ; [Dynamic code]lrun+0x117 - bootst...
n 4 [Dynamic code]!startup+0x11da - b...
Highlig.... 29.248s v | [Dynamic code]![0@]+0x225ff - [un...
< > |« >

[Dvnamic codellJSEntrvTrampolin... ¥
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Docker* AV F—® Java* 7 U —a>np7O771)L

ZOLVEIX AFIL® VTune™ Amplifier DM EIFIC Docker* OV FF—%#EpLC R LIV TH—E&
IBETEMELTLD Java* 7 FUT—2 3Dy ARy FERFELET,

e FHITDHBOD

o FlE:
1. Docker* AV FF—%AVAL—I)LLTERET D
2. 7HVFE—RTRELGRY ARy FMEFTEEITTD
3. AVFF—TRELRT—5%EITTD

o BEGRYERIRY MENTIL, A>T IL® VTune™ Amplifier 2019 TRADRY kAR SET (338) IC
MESNELEIN—ROI 7 AN R—AB Y FU TINEETE—RTHBETEET,

£ ERSESTO)

UTRIE NTA=T Y ABRY FUATERTD/N— RO 7V IR T7OYURARNTY,
o FPJUU—=Y3v:MatrixMultiplication,CO7 U —3avIETFERTHN . Fo>O0—-RTS

CElFTEFE A
o W—JL: 17F)L® VTune™ Amplifier 2018: BELZRY kAR ~E@RF

o A7 )L®VTune™ Amplifier FEMRDS 0 O—REEHFHR—KTDUNTIE,
https://www.isus.jp/intel-vtune-amplifier-xe/ Z#SB LTS\,
0 COUOYVITVIDLYVEIFINTRT—FTILTHND, A7 IL° VTune™ Amplifier 2018 LA
ICHEATEFRT . N—JaVICKDBRENDITNCEBZDENHDET,
e Linux* 37 F—3>%4 r: docker.io
o ANRL—=F1VIT-IXF I Ubuntu* 17.04
e CPU:rVFIL° JOtvH— (R I—RSE Skylake), 8 5% CPU

Docker* AV FF—%A1VAL—ILLTRET D
1. [A7VaV] BEICKLT, RAR AT LADBLLHEIO Docker* /N\—/ 3> &HIBRLET,

host> sudo apt-get remove docker

2. Docker*%#1>A+—JLLET,

host> sudo apt-get update
host> sudo apt-get install docker.io
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o Docker* AVFF—S UM LDOIN—=IIAVIEIARL —FT 1V TV RFTLDIN—=TI3VITKEFEL
F9.,apt-cache search "container runtime"” EAHNTDE ELLWN—YaVHRRS
nxd,

o I\WH—IBAVAR—=ILTERWIZE, Docker* @ systemd Y —EX 7 71I)LcFOFT—
H—/N\—DEEESNTNDEERERBL TSV FH(E,
https://docs.docker.com/engine/admin/systemd/#httphttps-proxy (£:8) #&2RB L T2
SV ATYT 1 HB 6 [TV Bl TOFY—BEFERTIIOFY—BICEELET,

o AVAL—=)LOFFMIZ, https://docs.docker.com/engine/installation/linux/docker-
ce/ubuntu/#install-docker-ce (38) #8BL LIS,

3. Docker* 1 X—I#{EHLET,

host> cd /tmp

host> touch Dockerfile

host> echo FROM ubuntu:latest > ./Dockerfile
host> docker build -t myimage .

Sending build context to Docker daemon 6.295 MB
Step 1: FROM ubuntu:latest

eOar42c2abfd: Pull complete

486cb8339a27: Pull complete

dc6f0d824617: Pull complete

4f7a5649a30e: Pull complete

672363445ad2: Pull complete

Digest:
sha256:84c334414e2bfdae99509a6add166bbb4fa4041dc3fa6af08046a66fFed3005F
Status: Downloaded newer image for ubuntu:latest
---> 14¥60031763d

Successfully built 14f60031763d

4. A X— myimage BMER SN CE=RRLET,

host> docker images

REPOSITORY TAG IMAGE ID CREATED SI1ZE
my image latest 14¥60031763d 2 weeks ago 119.5 MB
E

o docker load -i image.tar OXVREFERLT, 771G EFEEINEURI FU—%
O—RIBEHTEFT,

5, -t BLV dATVavEFERLTOYTF—EETLET,
host> docker run -td myimage

E
o A7 )L®VTune™ Amplifier ®77 )L T XL (BARRY bRy b T4, Ov o & F1) [
[FIC Docker* AV FF—%&ETITBICIE IRDEKSIC ptrace TiR—~EBRICLEFT,
host> docker run --cap-add=SYS PTRACE -td myimage
FfelE, privileged E—RTOV T —%RELFET,
host> docker run --privileged -td myimage
6. O7F—ID =B LET,

host> docker ps

156



CONTAINER 1D IMAGE COMMAND

STATUS PORTS NAMES
98fec1410c08 myimage "/bin/bash"
9 seconds sharp_thompson

7. AVFF—ID=ERLTNYIIT STV E-E—FT (bash Y T)LZ#EELT) VT F—ICADFET,

host> docker exec -it 98fecl14f0c08 /bin/bash

8. Java* 7TUT—3v& VM EEIERD Docker* 1 VRSV AICOE—LET ) RICHIERLET,

CREATED

10 seconds ago

host> docker cp /home/samples/jdkl.8.tar 98fecl4f0c08:/var/local
host> docker cp /home/samples/matrix.tar 98fecl4f0c08:/var/local

9. matrix.tar BED jdk 7— A1 T=RERBALET,

7IYFE—FTREGRY FRARY MR 2ETTD

1. IRARTAFIL® VTune™ Amplifier Z#EEILE T,

host> cd /opt/intel/vtune_amplifier_2018.0.2.522558

host> source ./amplxe-vars.sh
host> amplxe-gui

2. 7OV~ Bl:matrix_java) ZERELET,
3. OVFF—ATJava* 7TUT -3V EEFTLET,

container> cd /var/local/matrix

container> /var/local/jdk1.8.0_72-x64/bin/java -cp -MatrixMultiplication

2000 2000 2000 2000

4. top OV FRZEZEITLT java 7OEA®D PID ZEWELET,

5. [Analysis Target (B9 —I v )] 57 TROIEBE#ERELET.
o [local host (O—AIKAR)] I—5F YT RATFIIALTS
o [Attach To Process (FORARICFZIVF)N IS vILT

o java®PID (FO&XR ID) (l: 24116)

?:Jm:"adqamr = s B2z b B & & @l Welcome New A...
tfintelfamplxey...
£ 'r;c __m_ eamp fﬂ = Choose Analysis Type
% roooah @ Analysis Target | & Analysis Type
Aim ro0lah
Select a target system 1o
SR Attach to Process

® local host y y
Specify the process to analyze. Performance data
Android device (ADE) will be collectad after attaching to the process.

Press F1 for more details
remote Linux (SSH)

Process name:

. Select a target type to ey
;  profile: e PID 24118

ﬁ Atiach to Process Managed code profiling mode
Auto
@ Prolie System Automatically

resume

O Launch Application collection

after (sec):

Automatically
stop
coliection
after (sec):
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o AO [Binary/Source Search (/\1FU—/YV—=RREK)] "5 %=IIvILT KA EDYV—R
NEESINTLRIGAEIRELET,

Attach to Process lo Chasss A"alvsiSI

& Binary/Symbol Search
Specify the process to analyze. Performance
data will be collected after amaching to the

process. Press F1 for more details.

| Binary/Symbaol Search a

Additional Binary and Symbol File Locations

Specify the possible locations of binary and symbol files. These can be
local directones. or symbol server paths using the form

|| srv¥local_cache_directory*http:/faddress/. Press F1 for more details.

Search Directories

-

2| o] x|
IT' Cancel |

1> 5 )L® VTune™ Amplifier &, CD/\R&EREL T, 1KY ARy FORETHSDY —X3—R
EXRYV VB EEEMITET,

6. [Analysis Type (851 7)] 5 71CtIDE X T, [Advanced Hotspots (BEGRY FXRw )] i~
1 7%3&IRL . [Hotspots and stacks (/R F ARy F& XY O)] AT a0 #&8RLET,

Project Navigatar

Ll ") z b B O = @l welcome roo2ah |Ne\ll... X|
Mk jrootfintelfamplxey...

= Choose Analysis Type
= & matrix_java ys yp
TAm r00Dah 4 @ Analysis Target A Analysis Type
‘Am r00lah
e e Algorithm Analysis

Advanced Hotspots

Basic Hoispots

Advanced Holspols

Identify time-consuming code in your application,
Advanced Hotspots analysis (formerly, Lightweight
Locks and Waits Hotspots) uses the OS kernel support or VTune
Amplifier kernel driver to extend the Hotspots
analysis by collecting call stacks, context switch and
statistical call count data as well as analyzing the

Caoncurrency

Memary Cansumption

Compute-Intensive CPI (Cycles Per Instruction) metric. By default, this
Application Analysis analysis uses higher frequency sampling at lower
overhead compared to the Basic Hotspots analysis.
*  HPC Performance
Characterization Learn more (F1)
Mil:rcal_l:hileclule CPU sampling interval, ms
Analysis 1

General Exploration
Memaory Access Selsct_a leved of detalls pl.ovluou with event-based

llection. llection levels cause

L o
TSX Exploration higher overhead.
TSX Hotspots Hotspots
Sedlaae ® Hotspots and stacks
Platform Analysis Hotspots, call counts and stacks
CPUIGPU Concumency Hotspots, call counts, loop trip counts and
stacks

System Overview

7. [Start (B#8)] &5y 5 LTHRATERIRLET,
dAVFF—TPELRET—5 =R iTTSD

F—HRENTTITDE, 1T IL° VTune™ Amplifier [£7 7 4L +d [Hotspots (R kXRY R)] Ea2—HR1
VHICERERRLET,
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@ Advanced Hotspots

4 Collection Log & Analysis Target

A Analysis Type

Elapsed Time ~: 37.196s
CPU Time 35.699s
Instructions Retired: 59,733.556,340
CPI Rate 1470 &
Wait Rate 500.889
CPU Frequency Ratio 0.702
Context Switch Time: 706.235s
Total Thread Count: 21
Paused Time 0s

Top Hotspots

Hotspots viewpoint (change) @

i Summary | & Bot

This section lists the most active functions in your application. Optimizing
these hotspot functions typically results in improving overall application

performance.

Function
MatrixMultiplication::multiply
[Outside any known module]
javazlang:integer:getChars
jshort_disjoint_arraycopy
clear_page_c_e

Module
[Compiled Java code]

[Compiled Java code]

[Dynamic code]
vmlinux

CPU Time
34.137s
1.254s5
0.085s
0.064s
0.061s

[Summary (Y<¥U—=)] E2—® [Top Hotspots (iKY F ARV M) ©ovavik 5—0yv 7 TUo—
Va>vo multiply BHICED CPU BRI\ TLWBRZEZEZRLTUVET , URFDOBE#EIUVILT
[Bottom-up (RELAF YA FTICINEX, Cohy ARy FEBORYY O 7 O0—%#EBLET,

& Advanced Hotspots Hotspots viewpoint (change) @

INIELVIUNE AMPLIFIER 2018

1 [l collection Log (D Analysis Target A Analysis Type & Summary @& Bottorn-up @ Caller/Callee & Top-down Tree

Grouping: Function / Call Stack

~|[%][a][=]] cpuTime ~|

Function / Call Stack

Ok Bideal B Over

CPU Time ¥

Effective Time by Utilization
8 idie @ Poor

Wiewing
= 79.4% (27.102s of 34.1375)

[Compiled Java code]!MatrixMultipli, ..
[Dynamic code]linterpreter+0n23af ...

1of 4 = selected stack(s)

= Interpreter — call_stub — JavaCalls:cal 27.102s (D [Dynamic code]ca Ih+0X87 - [u...
» MatrixMultiplication: :multiply 6.954s (D £ libjvm.sotJavacCalls:call_helper+0x...
+ = [Unknown stack frame(s)] - Interpreter| 0.082s libjvm.soljni_im tic+0x361 - ...
» [Outside any known module] 1.254s 0 libjym.soljni_Cz icvoidMethod+...
» java:lang::Integer:getChars 0.085s libjli.solJavaMain+0x80b - [unknow...
» jshort_disjoint_arraycopy 0.064s libpthread-2.23.solstar_thread+0xc...
» clear_page _c_e 0.061s libc-2.23.s0!clone+0x6c - [unknown ..
» func@0x14db40 0.029s =

FHICERMT I BIesd TRy ARy REES TILOUY O L TREBORY ARy bV — X172/ EL, CDITT
RESNX NI YO T—5%BRLET,

Docker* OV FF+—EY 1—I)LO#HET%#E1E 9 BIC (%, [Module/Function/Call Stack (€3 a—IL/BE#Y/1—
WRIYD)] TTF—9%TI—F L, EYa—ILINAD docker TV RU—CaAVFF—FI a—I)LAEH#BILET,
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Grouping: Module / Function / Call Stack

Module / Function / Call
Stack Context Switch Time

Module Path

» [Compiled Java code]

» [Unknown]

» vmlinux 435.0155 929 vmlinux

» [Dynamic code] ic code]

» libc-2.23.50 hvarflib/docker/aufs/diff/cB15e624d2790db25f1f23d9f32fbd. ..
» libjvm.so harflib/docker/aufs/difffSh28d2afed94227fa68fB18bab2d1. .
» libpthread-2.23.s0 271.194s 19 i i

b
e ZOLVEDBERIE, AT IL® VTune™ Amplifier FAROV/\—TA—S L\ (H5B) #BRL TS,

n

BEIEE
Java* O— REEHT (K55
AVFF—9—Tvbkn7a771)L (REE)
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Singularity* > F7F—0 Java* 77U —23>n70O7 7
1L

COLVEIE A>T IL® VTune™ Amplifier DfEHTEIFIC Singularity* 3> F—&#8K LT IR LIEOY T
F—RIBTEMELCTL\D Java* 7 TUT—2av DRy LRIRY bR ELER T

e (FHITDHBOD

o FlE:
1. Singularity* 377 F—%A Y AL—ILLTERET D
2. AVFF—RTNITA—TVRABH%EETITD

Ed:ERSESTO)

UTIE NTA— YRR FIATERITD/N—FI7EY T RIITDODYRRTT,

o FFUU—=Y3v:MatrixMultiplication,CO7 U —3avVIEFERATHN . AoV O—-RTS
ZElFTEFRE A
o W—JL: 17 )L° VTune™ Amplifier 2018

o A VFIL®VTune™ Amplifier FHlikRDS V> O—REB BT R—KCDLTIE,
https://www.isus.jp/intel-vtune-amplifier-xe/ Z#E&B LTS\,

0 COUOYVITVIDLYVEIFINTRT—FTILTHND, A7 IL° VTune™ Amplifier 2018 LA
ICERATEFRT N—JaVICEDFRENDITNICELBZDENHNET,

e Linux*OYFF—3#%1:singularity
o ARL—F1VJ-Y X5 L: Ubuntu* 16.04
e CPU:1VFIL° JOtvH— (R I—RSE Skylake), 8 5% CPU

Singularity* AV FF—%&1VAL—=I)LLTRETD

1. Singularity* V7 +ox7 (BIRIE/IN—/3> 2.45) #1V A—=ILLET,

host> VERSION=2.4.5

host> wget
https://github.com/singularityware/singularity/releases/download/$VERSION/s
ingularity-$VERSION.tar.gz

host> tar xvf singularity-$VERSION.tar.gz

host> cd singularity-$VERSION

host>./configure --prefix=/usr/local

host> make

host> sudo make install

s
o HLWIYRAL—JLFEIZ, https://singularity.lbl.gov/install-linux (8) #8MRL TS,

2. #LUL\ Singularity* 3> 5 F—% I X Docker* Hub Z{ER L TIERLET .

host> singularity build ubuntu.img docker://ubuntu:latest
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Docker image path: index.docker.io/library/ubuntu:latest

Cache folder set to /root/.singularity/docker

Importing: base Singularity environment

Importing:
/root/.singularity/docker/sha256:d3938036b19cfa369e1081a6776b07b54be9612bc4
c8fed7¥139370c8142b79f . tar.gz

Importing:
/root/._singularity/docker/sha256:a9b30c108bda615dc10e402f62d712f413214ea92c
7ec4354cdlcc0f3450bc58. tar.gz

Importing:
/root/._singularity/docker/sha256:67de21feecl183fcd009a5eddc4de8c346ee0f4369a
20047f1a302a90716fc741.tar.gz

Importing:
/root/.singularity/docker/sha256:817da545be2ba4bac8f6b4da584bca0fh4844938ec
c462b9feabl001b5df7405.tar.gz

Importing:

/root/ _singularity/docker/sha256:d967c497ce230b63996a7b1fc6ec95b741aea93481
18d3328c676F13be789fa7 .tar.gz

Importing:
/root/._singularity/metadata/sha256:c6a9ef4b9995d615851d7786Fbhc2fe72f72321be
€1a87d66919b881a0336525a.tar.gz

Building Singularity image...

Singularity container burlt: ubuntu.img

Cleaning up...

: 4
o Ubuntu.img 77(ILDBREDT (LI FU—ICEREINB L ERRBLTES L,

3. OVFF—%ETLET,

Singularity* [F, RZAF Y AT LA EDFTAL O =%V FF—RICIY T TEFT, CNITEKD, FEIC
RAR VY RT LA EDOT—EFZHESTEFRIHIRIE, A7 I)L® VTune™ Amplifier & Java* 77 77U
T—3VTIRAR T ALY — [tmp/vtune ZFEFTBIHE,. I/ TF—%E1TL T [tmp/vtune 1~/
T+ —Ho [local/vtune \Y YV TITBIURENHDET,

host> singularity shell --bind /tmp/vtune:/local/vtune ./ubuntu.img
Singularity: Invoking an interactive shell within container...
Singularity ubuntu.img:~>

AVTF—ATNIT A=YV ABHZETTD

Singularity* 3> F F—mN51>F)L® VTune™ Amplifier DAYV RS> A5 —T x4 X amplxe-cl %z
EIL T, Java* 7 U —2av0@EEEITLEITHAIXIE Matrixvultiplication 7 U -3V nEE
iRy ARy bR EEITTRICIE ROV FEADLET,

Singularity ubuntu.img:~> cd /local/vtune/matrix/

Singularity ubuntu.img:/local/vtune/matrix> /local/vtune/bin64/amplxe-cl -collect
advanced-hotspots -- /local/vtune/jdk9.0.1-x64/bin/java -cp -MatrixMultiplication
2000 2000 2000 2000

e Singularity* AV FF—TEMELTL\BRY—T v 7 IUT -3 7077093 ALV T
F—m\51>5)L° VTune™ Amplifier Z#2EILFE T, Singularity* 7OT7 7L TlE, IV FFH—HAD\BMD
127 )L® VTune™ Amplifier DETIFTR—tINTLFEEA,

o BEGQRYERIRY MENIX, A>TV VTune™ Amplifier 2019 TRADRY kAR ST (338) IC
RESNFELRJN—RIZT ARV R=R BV TUVTNEE—RTHRTEEFY,
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INEE . RARYAFAICA VA R=ILENTULBTFIL® VTune™ Amplifier O GUI h\SEEITERZR S, 16K
DR Z7O—IC>TT7 VT =23 I\ TA—T Y AOEBEERM TS [Summary (BIU—=)] D1V RoMS
MR LET,

& Advanced Hotspots Hotspots viewpoint (change) @

q Collection Log & Analysis Target /& Analysis Type & Summary = &% Bot

Elapsed Time : 37.196s

CPU Time ~: 35.699s
nstructions Retired: 59,733.556,340
CPI Rate ~: 1470k
Wait Rate ~: 500.889
CPU Frequency Ratio = 0.702
Context Switch Time: 706.235s
Total Thread Count: 21
Paused Time ~: 0s

Top Hotspots

This section lists the most active functions in your application. Optimizing
these hotspot functions typically results in improving overall application

performance.

Function Module CPU Time
MatrixMultiplication::multiply  [Compiled Java code] 34.137s
[Outside any known module] 1.254s
java:lang:integer:getChars [Compiled Java code] 0.085s
jshort_disjoint_arraycopy [Dynamic code] 0.064s
clear_page_c_e vmlinux 0.061s

3
e Singularity* AV FF—N (BIRIF KA AT AICA VA =)LENTWNBC1 VT IL® VTune™
Amplifier ® GUI ) TETEREZB 771 FS1 XTI ENHDIBE. BY 12— ILICRERINTO/NA
FU=EY =R T7AIICTAYTF—HADDT I EATED LR LTIES L,

BEEIEH
Java* O— REEMT (3358)
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VAT T FSAY=ICKBUTINILL-EZHUV T

COLYVER VAT LT FISAT—OBBEEBNL Y- VI RT LT IVIALITEZFIV T LT, CPU,
GPU XEU— T1RI Ry b D—UICLDHIREFELET,

JAF T F AT —IF MERNBEUTILIA L EZHVVTITMRA T ERNTA—IVREUY —DERRK
MICEAT 3T —IDLR—rETEEICLET, CHUE, 7> F7J)L° VTune™ Amplifier 2019 Update 2 TEEIISN/E
JLEa—#gETT . - —honT—R/N\VIICISCTORROT7 Y 77— PUU—TH@ESE P I - —K
BOWEINRLD, HDVIFEIBRESNDETEEMENHDET,

F—AIAMNPRESNDTY -5 bV AT AICIE, Linux* £2lE Windows* Y AT LAEFIBECTEETBIRLET—
% GUI TRRIBIRA RV RXF A ICIE, Linux*, macOS*, F/zl& Windows* Y AF LA=FBTEEXT VAT
LT FSAF—IE FFUTILIA LTIV I AT LEEZIV VI L . ZOBEGERICE DT, Sl
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