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oOvI TV I EORE (L2 FvvYa1Z RICKDT—IEFEE) ICEPSNENHBIL T, ARV &
BIRLTLWELRE.COTL—LT—DI1F. ZORDDIC INATSAVDOVY —REATY T BHEEEFERL
FI. by I TR EIBR TR, BLANILORA o007 —F 7 0Fv—OE S %=HEBELEI . 71D
O7—FFO0Fv—DFEDZLIEITOTL—LT—OTHRILEINTED, \— I 7OIFX/\— TR
<THEMBLT FHITBIENTEET,
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B ZONTIV—ICRI DA VY INKRREINET . BEN/\ 151 MEREICED MREEBOIREZRETE
ENGEEEENEASINE T, CCTld price out impl OXEU—KEFD/\1 TS5 20v +DL
ENN\ASA SN TVET,

107 —FFOFv—-Fa—VIDOhEEH

INTA=RVAF 21—V 0TI BICT7TVT— 370 EAIdD hotspot ITFBE LEFT, Thotspot,
[35® CPU KA HEE LTV BEH T, CNBORRY MEBL, 7 TUT -3y /N TA—T UV AE
RICEEITIRBILERFELEIT AT IL® VTune™ Z7O7 715 —IClF, A—F—F—FROY > TFUV T
IN=RILTARY SR=AOY Y FTUV T D 2 DOUEE—R%ZEZ T2 hotspot fEITHEEEN D FET . <
1oO7 —FFIOFv—2RE1—R1 FRAD hotspot |£, CPU ZOvIFrvoHAERELT. &EHEL
IOVITavIARY FCOBEBEOEY 31— ERETDCETHECETHI Y107 —F 7 0Fv—D
Fa—ZVIOhoRABROFBEEEFDH, HiFWIBOEMEEDT IILTIXLORKRELHNT TICITHNT
WBRCEEERLET , —RICV AT LADFa—ZVINRMICITTON, ZOE 7 TUT =23/ LRNILDT
IWIVZALDF -0 7—FF7O0Fv—IA4007 —F T IOFv—DF1a—_VINEHBEEFIT . D
FlgIF, by T IOV T DT Fa—Z VO BERERKRIC Ty T EFENET, D—o0O—
ROBIRIGEZDMBODEEBLR/NTA—I VA Fa—ZVTICDVTIEX THRDVN Y T RDT 7 N TA—T
ADEEL = RS | (REE) DEETIHASINTLET,

1. hotspot @ (77T —3vnEETIOVITAvIDOAF = D) BRERELFT,

2. bYTIIVEEMNTICRI HA RS ZERLT hotspot DNEEFFMLFT

3. IFETHNIE, RDEBBEFRMILRYIERIHTIU—2RUILTTVL BO T, REILRY
IOYTLRNIVERANCTRAZRFELET,

4. BEEZRBEILLET . AVFILVTune™ J7O7 715 —DOFa1—=_V 7 -1 RICIZF EHFTU—D
ZLONT ATV AOBBICNITZDFa——VIDHREENSENET,

5. E{U® hotspot ZI NI T DETLEENDATY T&EDIRLET,

A1 FIL® VTune™ 7O7 745 —[&, hotspot WERIE RSN LI LVMEDFEE B I TL\DIHEE,.GUI £
DALY O EZBEINIC/NASAERRLET A VTIL® VTune™ 70771 >—&,. 77UT -3Vl
TERESNLEEETIOVvIT1vID 5% M ETHIEH%E hotspot LLTHFELET /N1 TZ1>- 20O
YDA T IU—OMBILRY OB T DNESHOHIRTIED—o0—RICERLTLERITMN, LTD
RIC—WGHA RS1 = RLET,


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

BAFIV—DINA1 TS50 A0Y FOHFENDEHE
(BUICKBE LS NIZ hotspot)

AFdJU— D547/ Y—N\—/F7—IR—-X/ NINTA—=I VR
FRO LY FEIF PEE IV —3y | OAvEa—F174 (HPQ)
7TV —-3y 7TV —-3y

U417 20-50% 10-30% 30-70%

I\WO TV RIKTE 20-40% 20-60% 20-40%

JOVRIVRIKE 5-10% 10-25% 5-10%

BHEDORIRE 5-10% 5-10% 1-5%

NBEOLEVMEIE, 1V T ILORTRATLLKDOHIDT—o 00— RE@EFTLIEERICE DL TLETD  hotspot
DHTIV— (UL T7%BRL) ICEDSNEREN EAIICHDID, mENBDEERLDH RS VIEE, AENE

MDEEZBNET, CORRN 1 DU EOHFIVU—ICHTIFFEIEE BRANED EMNOATFIU—%5K

MICABLET  hotspot NEZ AT ITU—TRREIZEDLLTLTH, ZOEIBE QS F N THNILRIRE LK
HINZEWAEMNRHDEITEELTLEZL,

by TV FEEBRATBIRICEEGRCEIF MMLRYITIREWAT IU—ICHRBEOREZHNT DN E
[FRNEVWSZETT . RBILZETOTHORIBR/NTA—T Y RA@E LICIFDEHDEE A,

NYOITYVRKEATIV—-DF1—=

Fa—ZTINTUWVREWT FTUT =23 VDIFEALIE, NV I TV FMRETT, /\Y O T FOREZRRR
DL, ZLDBE REN EICUSIZICREBIONND LA T VY —DREEBRTZETIT AV TIL®
AoOO7—FFOFv—HFEI—ER Sandy Bridge BIFIC, A FIL° VTune™ 707 71> —IF, BL\L
17V V—ORAZERETIROHD/N\YIT Y RMREX NIy OZAELTVWETHIZIE, SALA)L:
FrvwY 1= (LLC Miss) XkUY D&, T—5%EF T BD/2HIC DRAM ICF7 ORI BIRENH D I—RE
IHEREL, 2 EIO—R (Split Loads) &2 A +77 (Split Stores) X R I (E N TA—T U AICHETD
BHEOF vV ABOXE—T7 ORI\ =% BHLET AV TIL X007 —F T O0Fv—RE
J—R% Sandy Bridge DX MUY ODFMIE TF 12—V T - A1 R1ZBRBLTESV AV FIL I1D
O7—FFUOFv—RFEI—RSE Ivy Bridge (5 3 1> F)L° Core™ Oy —T7=U—) DIET
E \WO TV RMREFEICHEINDIANRY Y, XBEU—KEFEEDT7REDT T XUV IICRPSNTULE
9. L 4 DOATTU—ICBITBARUYIIX INA T4 2OV R RXALVNADORXA >V #ERTSD
AREMENHDET . BEXRUYI(E PMU AR CORDBEGRACEFERLET FFMIE, EX UV
FrlFHATIV—0RFa XU (RE) #8RLTLIESL,

XEBU—KFEATRKEDOT T XU IIE by T LRNILORETERSIND 7O -3V - A7Vl
SRRIC, EITAZY FOERARICTISTBIRY MR L TRESNET Lo T . INGMOX Ry
DEFIF BTLHRYTLNILTRESNE/N\YIIY REERE—HBTIDIFITIEHDERA BEEMEIZS
LYo

AXAEY—KEFANTIV—DRA—ILORRAIF, XEU—- BTV RFLAICEAELEFIFIZIE, Frva=REX
TEU—TIERIF XEV—KEFORAS—ILDOREEZDET, AT7EKFORA S—ILIF, ZFEYTILT CPUDE
TAZY A RICHASNTUORVCENRRTRELET HIZIL, Ein T 2EBOBRE GBI FEL


https://software.intel.com/en-us/vtune-amplifier-help-cpu-metrics-reference
https://software.intel.com/en-us/vtune-amplifier-help-cpu-metrics-reference

ZvhkOBEEESIEECL, ATVKEOAL—ILOBRREGEDET , CODETIE AR—ILTRETDOXE
U—7 0w ZAD0VEWEE. ZOA0OY MMEIOFKEICHESINET AIZIL BELTLDIO—-RIHIIZAE.
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(Divider) XtUw D% BRERR/N\— RO 7HERICERSINEY 1OV ERFEL, R—MERE (Port
Utilization) X U IZETIZY FOBROREEEELE T,

Back-End Bound ®
Function / Call Stack Memory Bound o Core Bound @
L1 Bound/=/| L2 Bound | L3 Bound [®/| DRAM Bound® || Store Bound ®

k refresh_potential 1.7% 0.0% 46% 75.9% 00% | 0.0% 10.6%

kb primal_bea_mpp 0.0% 1.1% 11.7% 26.0% 0.0%| 0.0% 236%

b update_tree 33.3% 16.5% 229% 41% 0.0% 0.0% 14.6%

kb sort_basket 11.4% 0.0% 0.0% 0.0% 0.0% 0.0% 13.8%
iE

RETRIRSNBX UV IEIF, COX MUY ITRESNLET —IDEREMEVCEZRLETT.CN
[F UNESNTE PMU ARV OB Y TILVEDFERICDRVCEDNRETHDEEZAONKT . COT—FIF
BECTETERIN NEICR>TT —YNERE, Y TUV I ORRE, £ldD—o0—F=iEv L TEERE
IHIEHTETFET,

JOYRIVREKEATIV—-OFa1—=27

JO0YEIYRMKEATIU—E, ENDIATOINATSA2 - A= LW DD AN-LET /1 TS51
>O70O0Y IV REANT TUT -3V ORBILRYDICEDEF, ZNIFESLIFZHDERABIZIE,
JT I—REAV5—=TUS—THRRSNZDI— R B F AN —LADBWICERSIND (3 /\15—ICk
21— FEREOF[RHESNGEW) 28, 70V IV R-A—IILOREEGFDERT, 7OV IV MXEFEAT



JU—QI\TA—=TVAOHREF BE, I—FEREE ((hy MrO—REBHELTRE) £V /\15—0FD
“YOICEELET HIZIE, DIKEOZVNI—ROARSLETIVEIUVROOI—-RIE,. 7OV I RMKEAT
JU—TEEINFT, - R X0KBELPIV/IN\N1S5—ICLDTOT 711 R&iEL (PGO) RED
FOZWIIE ZLDBEA NIV EERITDDICERTY,

1VTIV RAOO7—FFTOFv—RFEI—RHA Ivy Bridge MO MY FF D VETIE, 70V T RMK
EOAL=ILATOVRIVRLATVY=70Y IV REERO 2 DOAFIV—ICHBiENFELE.
JOY IV R-L14F 73— (Front-End Latency) X kUw o1, \w O TV ROEFNTETTLBICHHD
HBEY, 70V RIVRICEDT pop BNEITSNEVWT IO ERELFT . 7OV IV R OSRI—E, T
1OILHIEDERAX 4pop ZFETTETDEEBUVLHL TSV, 707 T Y REEE (Front-End
Bandwidth) X tUw (&, FEiTSNTz pop MY 4 KEOY A D)L, DFED, 7OV IV ROBENEFEWIST
WEWHA O ERELET . ZFHTITU—OTICIE, SBICKXARIUYIRHDET,

DIEFA = RNE, Z<LDIZE REORBEAT IV —ICpESNEI N 1T v1oO7—F 70 Fv—
B IJ—RA Ivy Bridge & TIE, 7OV IV RICET 218U X577 (Branch Resteer) X ~Uw (T
£oT,. 70V IV RN IERICE ST CENREINET,

Front-End Bound

b primal_iminus

oy 1 nor
‘o A Ao

Function / Call Stack Front-End Latency &« Front-End Bandwidth

ICache Misses | ITLB .| Branch Resteers |DSB.. |Length..|MS.. | Front-End Band.. | Front-End ..

b 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% | 0.2% 0.0% | 0.1% 7% 0.1%

p primal_bea_mpp % | 0.0% 29% | 071%| 00%) 00% 12.2% 0.1%

b update_tree % | 0.0% 22%| 06% 0.0% | 0.0% 72% 14%
0.0 2. 0 0

kS 9.0% 0.7%

AVFIeVTune™ 70771 5—I&, 70V IV RMREORAZRFEIT DA NIV ID—EEZRRLET,
NBOATIV—DVINHOFERNEERIZE XMy OESBIGRABLTRAZSEL BIETD
BFEZZEFTHXIE GPRTVAL—3ITLB A—/\—AWR (ITLB Overhead) & fiFvv/a=
A (ICache Miss) X~UwO(E, 70V IV MRKEOETTRAEDHIB/EN D NDET  Fa——V T 0
RBFEIEIZ AT IL°VTune™ 7OT7715—OF 12— 0 HARESBLTLIESL),

BioMEATFIU—-F21—=VY

3BEBHORYTILANILOAT I — BEOBREIL, /N1 TS DL LELW S E Ty FLTEITL
TUWBRHICEY —THD e RLET RIEOBED/\1 TS 20Y MME, IV VD RNENRIREE
THBEIETBRE, UL 7 LIEVWERIFA =)L S pop NETEINDETRAOY FVRESNTLDIR
RRTT REOBEL, DIEFA=RETYVIUT BLO (—RITIZHDEEAN) BEEBEI—RICKD
TEIERISINFTREOMEIX, 3V /I\15—ICkBDTOT 7)1 RE#EIt (PGO), BED KD E 8,
BLOTYVOUT7ES|FRITIS—REOHRGREDT I VI TEHTETET RIEOREERRT D
CElF. 7OV IV RREOA R=ILEERSITDOICERIBET HEDFa1——_T DT O ZvIICDLT
I BUGTroO07 —FF70Fv—RITOCVTIL® VTune™ 7OT7 715 —DOF 21—V - H1RESHE
LTy,



Bad Speculation L B

Function / Call Stack ) ) ) Back-End Bound
Branch Mispredict Machine Clears

p price_out_impl 74% 0.0% 12.7%
p refresh_potential 8.0% 0.1% 828%
p primal_bea_mpp 24.3% 0.0% 55.5%
p update_tree 11.5% 0.0% 741%
bsonbasket  NONMEYEY 00| 84%]
p primal_iminus 6.7% 0.0% 754%
p primal_net_simple 0.0% 43.4% 26.1%

UL 7 hAFIV—0Fa—=J

by FLNIVOREOATIV— UL TIE I TSA VDN BEEEOEITTEY —THIZEZEKRLE
I, AEETHNIE, CORNFTU—ICT7 TV -3 rvnz<oR0Y D EESN230ON BB T, LHL,
INATSA4>-20Y hTUSA T ITDIREBA D I— REETHNIL, HEBORRIZHDFET  USI7HFTT
U= 1 DO\ TA—=TIVADMEEIE, v o0V =T v —nBWBRETY, CNIE HFEOFREH TR
SNfe pop DEVANI—LFEERTRIET, 7O IV RETZIVARLET, CDBE, Z<0 pop H'Y
HATZLETH, LWKONKEBTDCENRIBETT HIZIF FP 7V ARET /=< ILANRY MCEBEN,
ZLDBE. AVINAS—DA T3> (DAZ P FT2) ICL>TERTEE T, O— REFMDEBIRBER, NS
DREEFEH T BDICRIEET  FMIE, 7TV VTune™ 707715 —OF 21— T -1 RESHBL
TLEESVAVTFIL vAoO7—FFOF v—REI—FH Sandy Bridge Tl&k, 7 X+ (Assists) [FUS
AT7ATIV—DOA I OELTREINET AV TFIL 7007 —FF7O0Fv—HEI—FA lvy
Bridge MAETIE UL T AT IU—DINA TSV I&, 2517 (General Retirement) &IFENZH T
AFTJU—ICREIIN, o030 —R-I—T VY —0 pop [FBIICEHBIESNET,

Retiring &«
) General Retirement «|| Microcode Sequencer «

Function / Call Stack - :

FP Arithmetic « Other Assists
FPx87 | 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%  100.0% 0.0%

FRTOTVWENES, PILTUZXLOTLFIE ORI MILEICEZF a—=V T (E UFA 7 AT ITU—TD
JI—REED/TA—I Y RAEWETBDICRIEET,

xeH

by I sEEAYTILE VTune™ ZO7 71 S5—ICH 3B Z0EMMEIE, PMU ZFR LR/ TA—T Y X-
Fa—ZV IO RBEERLCVET HRENCOEFIE L EBETIHICEC TR MES D
HOTT DT R— L EERIED PMU [IFICERETSNTED, ZOBEBBEIIRDAI U TILe 1D
O7—FF7OFv—ICHIRAUBE T AIRIE FEIZ. 1T 71007 —FFO0Fv—HRI—RA



Sandy Bridge W\o1 VT IL® Y1007 —FFT U Fv—RFEI—RA Ivy Bridge OB TAMBICHh SRS NEL
Iz,

by IO EOBEIR, 7T =3 N T A=V AORRIILRY O DOIEEE R ETDETY,

AV FIL® VTune™ 707741 S —DEMRENTE B EEEDBEIX, 7 TUT —2 a2 WET BHICE
AR BRERILE T CE T . CNBAEHBTIZET,. 7 TUT -3 vmINTA—T VAR KIRICHE
TEBRRIFITIH HBIUICHBITDEEMDR ETEET,

BEEoOvoOITvo-LIE

o Fa—ZUTLIVETAINRTTFTUVT
o Fa—T-LVESEELR DRAM 7Ot R
o Fa—ZUULVEBLIR—NERZER

o Fa—ZUULVE GmPDOFYYIIZR

B:EIEH

o RAOOF—FFOFv— )T (H5E

o WAUOF—FFUFv—EMRE 21— (REE)

o Fa—ZUTHARENTA—TVRBETOLE

o IOVITAaVIENATSA-ZOY AR=ADX U WY (EE)


https://software.intel.com/en-us/vtune-amplifier-help-microarchitecture-pipe
https://software.intel.com/en-us/vtune-help-general-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— Rfith

ZOLYEIE, OpenMP* £zl OpenMP* - MPI \ATUw -7 7UT -3 CPU RIARZREITLT,
BERNGIENREDORRAZREELET,

a5 WY -ITHR/)\—: Dmitry Prohorov (3:E)

OpenMP* [3T7A—2-I 3414 Villif| €T ILTHD, OpenMP* FOT S AlFE—DTRY—UT7)LI—R-
ALY R TETERIRLET, MFHEFGICEIETDE, Y AT—AL Y RIFEBHDAL v RICT7A—o LT3
EIEEERITLET . ZALY RIZTLFSEIHOREICHD/\UT7TI A1/ LT ZOEIAT—ALYRENY
ZILA—ROETEGITLET . X RAY—AL Y RS EIRIC T A—T U, barrierX° single IR EDIBIET
D—O%FEITD MPI 7OT S LDEDIC OpenMP* 7OT S L%ELIRI D EDHTERI . LHWL,VUT
IWOA—EHRETDSNBEHDY —T >V ATHEM S NS OpenMP* 7005 LB N —HRHITY,

BENICIE LI nie” TUT—2 3> (3R AR EER CPU J77 OMIERFEZ 100% FIAL T, E175H

NS T ETERRBD—UZEITIDIV—N—ALY FEFBEFET . ERICIF. O—H—ALY R T7 I T+
TAEVTHRHEL TV BI5E (FIRREFECRDIENFREINET), FLIFZEICHFHL T CPU =
BLTLRWEEIE, B2 CPU MARIJMBEZDET, D—H—AL Y RO\ FEL . BRABDO—O%ETL
TULRLERIFV<KDOHNHDERT,

o JUFIIMEEDORET (WHEES): T X5—-ZA Ly FRYUT)LiEEEETLTLBIEE. D—H—
ALY EIE OpenMP* 5251 LATROUFEIEZFFHELTULET,

o O—FAYNFVR: ALY RIFIFEEGTO—o0—-FOETERTIDE MDALY FHET T
BDE/NUF7TRELET,

o WHD—OFRRE:II—TOREEHBNDT—A—ZLY FHELDDHLRNEH, F—LDLKDIDDR
Ly RIENUTTHELTED  BRGED—0ZETLTVLEE A,

o OYOTORH: LFBERNTRBEATI I MERSINDE, FNDRLY REOHBUY —2ZN
D7 O AFREZRITDIH ALY RIFOYvIDHERESNDETRHELET,

1> 7 )L® Composer XE 2013 Update 2 AfREEDBICAVFTIL® VTune™ Z7OT7 715 —%ERT DL, 7
TUT—2avnHIRRIgER CPU ZEDKSICHIAL, CPU WNKRERATHIRAZRFETETET,

A FIL® VTune™ F7O7 745 —TC OpenMP* 7 UL — 3V #@BITT BICIE ROBIEEITLETD,

WRATaycd—R#IVI\1ILTD

OpenMP* (BT 2R ET D

FTUT =237 LRILGD OpenMP* X ~UwO%RABETS
U7 I IA—-RERETD

BENGT AV ETRTS

HIFRSEIEZIER T D

O uUAWN =

WRATVaryca—rz2IVIN1ILTS

OV INAIVESICTE S4B E Y — R =B RICT BICIE ROFIEICRK > TS,


https://software.intel.com/en-us/user/334810

e OpenMP* 5| 4Bl #EMT I BICIX, 1>FTIL® T2 /\15— 13.1 Update 2 BLRE (1 FIL°®
Composer XE 2013 Update 2 ICEFENFT) TOA—RHNTV/IAILSNTL BRI EEERBL TR
SV EWVWN—=T3VM OpenMP* SV 1 SATSTU—hgHEINBdE, 17 )L° VTune™ 70O
T7A5—IFEEXvE—I % HNLFET, COGEE, NEERIFAR S EENDHDFET,

REa XV RCEESNTLDEHD OpenMP* AT 3V #FERIBICIE, BICERHH/\—J3
VDAVTIL AVINATS—#FRL TV EZERLTIESL,

e Linux* ET,GCC TaV/\TILENNfc OpenMP* 7 UL —2/ 3% g BICIE, GCC OpenMP*
Z147ZU— (Libgomp. so) ICV VRIVEBNEEN TV DL EZERL TSV CNEERT
BICIE, 1ibgomp.so ZHREL T nm AY VY RTYVRIILEF VI LET IRICHZERLET,

nm libgomp.so.1.0.0

SATSU—ICVVRIVEBRNEENTLERWEE. YV RIILTEOMLWSAITISU—%1V R
F—ILERIZOVINMILTDIN. S TSU—DFT/)I\vIERZE ML TSV FIZIX, Fedora* T
& yum UIRY RU—\5 GCC F/\wIE#H%E1 VA ~—ILTEET,

yum install gcc-debuginfo.x86 64

OpenMP* i 2R ET D

55— D OpenMP* BT 21T S ICIE RDREEETLET,

1. AVFIL°VTune™ 707715 —DYV—ILI\—IC$HD > (R ROV GUI)/ 4 (Visual
Studio* IDE) [Configure Analysis (BBtFDERE)] "5 &2IUVILET,

[Configure Analysis (BBHTDERE)] 7~ RODNRTREINET,

2. [HOW (ED&LSIT)] X1V T, [Browse (BR)] Ry %S UwvH LT OpenMP* @AY IR—
bR T (ALY R{E HPC N T A=V 45 XEU—T O R FRIFARY LEFRSA
7 =8RLET,

3. [Analyze OpenMP regions (OpenMP* fBIEZ##IT)] 47> 3V MBIRESNTLVEVWEEIRER
LFT ([Details (3¥#ll)] &> 3> %=f:R).

4. © [start () RyvEIUYHLT BIESFLET.
AT AV INAT—0 OpenMP* S VA1 IS4 T7SU—IE, 7OT 71 I E—RTEITHOT7 FUT—

2 avElFIERGEY—A—ZRHLET . CNEFMALT, 17 I)L° VTune™ 707 71 >—I% OpenMP*
iZsEEOMEt =gl 7 VT —3>-0— ROV U7 VEZ X TEET,

IV —=237-LANILD OpenMP* ARV OB TSD

BT —o v o CPU FIRERZEBELTHORBITZIANHET  HPC I\ TA—T >V A (REB) Ea—R1>
~EERTBIBE. [Summary (B<U—)] 71> R0 [Effective Physical Core Utilization (X)1ZE44


https://software.intel.com/en-us/vtune-amplifier-help-hpc-performance-characterization-view

BIO7HIAR)] €IY3V T ERSNTVDHEIZHREIED 7, HELU CPU FAROME (\—tY
B) OFRISEBLET AV ITHARF, NTA—I YV AOBEELTI S TS IFENET,

o 2—R1>V bTIE, 7TUT -2 av0R2BRRE%E CPU FIRZERLANILETHEZELTZ [CPU
Utilization Histogram (CPU FIAZENAHE)] "R RSINFET . D HRICITENEFIBARLNRRSNGE
Wesh, 7TV =3 v REVIL—T (o717 #F#) T CPU Z@ERLIE CPU B OILIFATV REn
FEAFMAITEEGR/N—RDLT7- ALY FEEIDHDIEL OpenMP* D—H—X Ly REERNICERT D15
BATTRN—EFRLTT 7AILELARNILDSRABTEFRT,

CPU Usage Histogram
This histogram displays a percentage of the wall tme the specific number of CPUs were running simultaneously. Spin and Overhead tme adds to the ldle CPU
usage value.

25 4

Elapsed Tmea

Target Litiliz ation

Avwrage CPU Usaga

Simultanecusly Utilized Logical CPUs

IN—DEBEWNGFAEXRIGEWVES. I\ TA—I VAR LOWTEEEZRDIFBICIE, 7ILTUXLFERIZTID
O7—FFO0Fv—OF 21—V I %R ITDIRENRHNDET , 7 TUT—2avVOIENXRZLFEICDOULT
(&, [Summary (Y U—)] 71> FO®D [OpenMP Analysis (OpenMP* f##ff)] o> av#RAELFY,

OpenMP Analysis. Collection Time : 18.399

Sarial Time [outside any parallel ragion) 0.068s (D.4%)

Parallel Region Time : 18.331s (99.6%)
Estmated Ideal Time B424s (458%)
OpenMP Potential Gain 9.907s (53.8%)

[Summary (BRYU—=)] D« RODOIOEoYaVICIF IRERBETO0 5 L0 U7 )LHEE (155815
4} WHIRIFEDOFHRHRN R RSNE T, VU7 LN RVEE, S5ICTFINEZEA TSI, TLiFIE
MR UT VBT IL TV LS IO07 —F T OFv—DF 21—V T % 7>, YIUTILET
ERMET BRI L TLKIES VL ALY RAT Y EDZ VWY VOV U7 ILEEIE GEERNGR T —U VT
ICRAFEZ BB X B (77 L5 —ILVOER!), FIRERRDER/NCINETT,

[Summary (Y U—)] 71> Ro®D [OpenMP Region Duration Histogram (OpenMP* f8IE#F& 2
E)] £28BL T, OpenMP* $BI D1 > X5 > REMBIT L, A VATV ADIFEHROS HEAEL T, 5%/
BF/MERBEEHDA VAV A=H#HBILET . 7 74 EODHRTIE, &/NGEERRE & R A B OB
20/40/20 OLEETER/RF/MBERICHBINET  HEICIHLT, LELVVEEZFARELET,



OpenMP Region Duration Histogram

This histogram shows the lotal number of region instances in your apphcation executed with a specific duration. High number of slow instances may signal a
perfarmance botlenack. Explore the data provided in the Botom-up, Top-down Tree, and Timaline panes to identify code regions with the slow duration

OpenMP Region: | conj_grad_$omp$parallel: 486 home/viune/work/apps/NPE/NPB3.3.1/NPB3.3-0MP/CG/cg £514:695 P

Instance Count

02 04 045

_Eﬂ H_

Duration Type (zec)

ZOT—3%{EML T, [OpenMP Region/OpenMP Region Duration Type/... (OpenMP* $&1
/OpenMP* $BIIFHGESY 1 7/..)] TIL—TLRILTIUy RaSBICF LB LETD,

JUFPII—-FREFETD

YU IILETSNEO— REEITTBICIE, [Summary (HIYU—)] T+ RO [Serial Time (outside
parallel regions) (U7 JLEER (liFI5EIEN))] 0> 3> %=ERE LT, [Top Serial Hotspots (outside
parallel regions) (LD U7 JL-iRy FRRy b (dEFI5E1ES))] #RERBLET AREEIUVIT L,
[Bottom-up (REAFY )] U1 ROTZOBEBOAMEEIRTETET,

CPU Utilization : 64.7% &

Average CPU Usage 5,174 Out of § logical CPUs
Serial Time (outside parallel regions) —: 6.897s (37.9%) k&
Top Serial Hotspots (outside parallel regions)

This section lists the loops and functions executed senally in the master thread outside of any OpenMP region and consuming the most
CPU time. Irmprove overall application performance by optirmizing or parallelizing these hotspot functions. Since the Serial Tirme metric
includes the Wait 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]  matrix. exe 4 4935
[Loop at line 45 in foo_serial]  matrix. exe 2218z
[Loop at line 75 in init_arr] matrix.exe 0.051s
bar_serial matrix.exe 0.046s
foo_serial matrix. exe 0.035s

BENGT 1 =2FATD

J— o5t T CPU M AROMFZ TR T BICIEBENGT 2 (RFB) X EUvI=ERLET .0
X RV oI, MFEEOE SN ZBRE S IR SNRBRFRE (ALY FONS Y INZET
OpenMP* SV 54 LDA—/\—AY FHIEOTHIERE) DEEFALET . COTF—5%=EAL T, L5
ETEeWET DL THRBECETIRARBEZEREDI LN TERT,


https://software.intel.com/en-us/vtune-amplifier-help-openmp-potential-gain

[Summary (B<U—=)] T+ RDICIE, [Potential Gain (BEHNGS 1) XU OENRRHEL 5 D0
5B R RSNET  #pragma omp parallel CEBSNELFEIF EIC  ZOX MUY OIEiIF]
BEIHDIRNTODTI Y/ RAIV AOBENGT 1V OEETERLET,

Top OpenMP Regions by Potential Gain

This section lists OpenMP regions with the highest potential for parformance improvement The Potential Gain metric shows
the elapsed ime that could be saved if the region was oplimized to have no load imbalance assuming no runtime
overhead.

OpenMP Region OpenMP Potential Gain (%) OpenMP Region Time

con grad Somp3parallel 48! homefviuneworkiapps/M aone. m  328%
PB/NPB33.1/NPE3 -OMP/CGlcg £514.695 SRS, 176435

MAIN Sompiparallel 48 homefviune work/apps/NPE/

NPB3 3 1/NPB3 3-OMP/CG/cg £ 185231 0175 09% 0853

W = appled to non-summakle metws.

EIHOBENGT 1 VN BEETHIIBE. EmliFgBoU > 0% Iy LT [Bottom-up (RELATFY )] T«
Y RIICREEIL, NUTICKDMVINT Y AGEDIENZEGE X Uy O DG #2779 [/OpenMP
Region/OpenMP Barrier-to-Barrier Segment/.. (/OpenMP* £813/OpenMP* NUFZNSN\UF DI
XVMNIN—TaERLT, SOICRGAETEERT,

AT AV INAZ—0 OpenMP* S/ LIE A>T IV VTune™ 707715 —@EIFIC/N\UT7 %A1V R
FILXVERLET ATV VTune™ 7O7 74 5—(&, $8IHO T A— O MEXZIZBLRID/\U 7otz X
VrEERITB/INITETH,INUFRD OpenMP* SBIFZT X FOBESEBALTLETD,

- #pragma cmp parallel

..... Yaralel Region
#pragma cmp barrier /

#pragma omp single A

Bamerto-bamer segment 4
{ A
snas Y |
} Barner-o-barmer segment 1 Bamer-lo-bamer segment 2 Barner-to-bamer segrnent 3
b A

gﬂ'a?ma e Reguor ;;'i/ \ . / \ "':-\---f.{/ \ 1 Join

}

}

LEEOHITIE user barrier BEHE single barrier BEHE omp for L—F/NUT7E region
join NUFPELTERSNE 4 DONUTNS/\UTZADET X EHHDET,

OpenMP* £815(C, Wi 5 )L— 7> #pragma single sections HEDEED/\U 7 e l$BARNG1I—H—
NUTHEBERSIN TV DIEE FEDEBIEDEEVLIEMFTRLGEX UV IICHT DN 7 ZBITLET,

INUTFIAL I TAV RRITHRAENET (BIRIE, Loop, single, reduction &), £ BBED/\UTF
EFDOWHIL—FICDODVWT I —TDRT I 2a—=IL Fr oA X BLOE/NEKR/FEIN—-TREATY
MRE AVINTG VAR Y 2a—=IILOA—/I\—A\v REBRTIDICERIDEMDEREHNLET IL—TF



READY HERIE, AERIL—TOiFIMEICED, RERIBNDZNDT—HA—ZL Y FOFIAENME T I SR
RBEHBTBDICH/IEERT, COimE. ABIL—F%#ii5{bdSh\, collapse Ei#ERALTIT—H—X
Ly REEMIEDIEERTTL TS,

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

OpenMF Region | OD'C MF' Paotential Galn v Mumber

OpenMP | Awg DpenMF' Max

. . N OpenMP Min OpenMF |

tnug:%,?rpsc%agltlnr—%;jgk Imbalance Co#&’ilen Crea1|orl Schedullng Reduction | Atomics | Other Elﬁﬁd Ou‘;"’i?":';qf Iné‘t:'aur:"c:e (,I\'p-?uuk SdL"%O“IB m%’::r:n LDS%::%EEO“ Lm&ét:;dl gk
ompsp Os| 0017s| 17.649s |48

» conj_grad_Somp 1.129s 0.000s s 2542 Os Os 0003s| 10.898s 48 1 Dynamic 0 ] 0

» conj_grad_$omp 2913s s 0s 0.001s 0.001s Os 0007s 31225 48 1563 Static 0 ] 0

» conj_grad_Somp 1510s Os Os 0.000s 0.000s Os 0003s 1659s |48 1563 Static 0 o 0

» conj_grad_$omp 0.758s Os Os 0.000s 0.000s Os 00025 0.861s 48 1563 Static 0 o 0
» conj_grad_Somp 05%s 0.000s 0s 0.001s 0s 0s 0001s (0630s 48

» conj_grad_Somp 0.167s s s 0.000s Os Os 0000s 0.396s 48 1563 Static 0 ] 0

OpenMP* ZLw REITIERIELIZIERED IR b (IBERFE) #RRIT DL T, BEDEBENLZT 1V DOR
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DPDK Rx Batch Statistics

In data plane apphcations, where fast packet processing s required, the DPDK polls a certain port for incomang packets n an infinite loop. To
understand efficiency of the polling thread utiization, explore the batch statistics of fetching packets with the rte_eth_rx_burst() batch operation
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DPDK Rx Batch Statistics
in data plane applications, where fast packet processing is required, the DPDK polis a certain port for mcoming packets in an infinite loop. To
understand efficiency of the poling thread utkzation, explore the baich statsucs of fetching packets wath the rie_eth_rx_burst() batch operation
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- DPDK Rx Batch Statistics

In data plane apphcations, where fast packet processing is required, the DPOK polls a certam port for mcoming packets in an infinge loop. To
understand efficiency of the polling thread utilizaton, explore the batch statistics of fetching packets with the rte_eth_rx_burst() batch operation,
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I\ R PCle* #13i1g)] 3L [Outbound PCle Bandwidth (7 k/\J> R PCle* Sigig)] o >/avIC
SEBELET,

: 3

A VFIC 1007 —FFOFv—EFI—RE Skylake EDHT —/N\— TS5y~ TA—LTIE, T/I\1R
C&IC PCle* iR X RV O EINETE E T root HERMNMETYT,

& ~~Total MB'sac

¥ CPU Frequency
~~CPU Frequency

[ Input and Output Input and Output = & | NE AMPLIFIER 2019
Analysis Configuration  CollectionLog  Surmary  Botlon-up  Slatfor i,
O g o= 145 f6s 18 s s Ms s s s 38 I B (Thread .
. T A N N T T T T T T T P T T M T T T R PT T MIET T AT
3 # WRunning
£| testemd (TID: 11843) # wuCPL Time
£ kg ] p—J | #0755 e
w package 1
§. - ! * Inbound PCle Bandwidsh
kd 153,793 # Inbaund PGle Bandwidih
3 115,345 .
& # maiiita
Ethernet Controller XLT10 flor 4DGEHE .
‘5 1075897 ¥ ~~Total, MBisac
2 SRR ¥ Outhound PCle Eandwidth
' 10878 | # Oulbaund PCle Bandwid
= ¥ package_1 * maRaad
E' #  mahiite
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=
i
=
g
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o
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8.2347
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NTY - TAT=F1 VT ICRER PCle* ERXEIRRTD

DPDK ICKBD/INT Y TAD—F 1V T1E. I\ v ~%ZE (rx_burst DPDK JL—F2) LI=gIC I\ Ty
ZIXfE (tx burst) LET.DPDK 77U —3vIa7ERFE ILVED R B FEEL Rx Fa1—%
FMALR/IN\TY FZEOFENSEICIENE T, DPDK [CLB/\Ty RREIZ/NT Y FZEERICLSICEME
LFET/\TYbEZETD, BEITI7IE Tx b F (/\TY 7 RL A, B4 X, ZOMOHIEIEHREZ &N
9216 N1 +DOT—18E) #FERALET, Tx Ll FO/\W T 7—IFEH T DX EU—DITICLDEIDHT
BN . TXx Fa—EMENFET . Tx Fa—1FUV TNy T 7= L TUESN, ES, Head, Taill TEHZINFE
I, Tx Fa—m60/\Ty REEIF/NTY FZEICIERICLTLET, 3713 Tx F21—0 Tail THLL Tx
Sk F &% fEL ., NIC I& Head h'\BAIBLET,

RX F¥a1—& Tx Fa1—0 Tail RAVF—(F FLL R FH A RIRETHD L ZBMIT Dfesh, VI o
TICKDEFSINET, Tail R1VF—IF MMIO ZEICYTENS NIC LY R —CHRINSNET, DOF
D Tall RAVI—FTIORINDYRESAH (MMIO EESAH) TEFHSNEIT MMIO 7 RLZAZE/E I
FryTaTERWED, FORNTYRESRAHET I RNTY FHRAHAIDICIFIERICOAZX D HNDET,
ZOeH . INBORS VYUY 3V IFR/IMRICTINETT,

NTY R TAD—=FT 1V T%TIHBE PCle* ST 3vm0—070—FRDELIITEDET,

7D Rx Fa1—%=HFEHEL T Rx Fa1—D Tail DIR—U >V I %=RAIALE T,

NIC ¥ Rx 21— Head @ Rx B FEFHENDET (1 V/IND Y R-U—=ER),

NIC H' Rx EBIRF TIEESNLE T RLRIC/INT Y REREDET (A VINDVE-STR),

NICH Rx BIRFEESRL T, IZICHLLW\TY BB LI EEZBIMLET (FVINTVR-5
18).

A7DN\Tw &EIBLET,

O7H Rx B F AL T Rx Fa2—0 Taill RA V5 —=BEILET (FIRNTVE-STH),
7N TxFa—0 Taill O Tx ieib FEEFHLET,

AT TXF 21— Tail KAV Y—=BELET (FPIRNITVESFTR),

9. NICH Tx B FEFRHEDET (FVINDVR-U=E),

10.NIC BS/\Tw b EZRHFEDET (1 VIND Y R-U—=K),

TTL.NICN Tx B FZESRELT, I7IT/\TY MOREESN T B FEBBCET DL #BAMLET
(AVINTVE-S1F),

PN =

© N o w

PCle* FS71vODRBILEEFETD
BRIy hL—EEOLTLAF Yy — &8I 18, DPDK [FROBELEEHLET,

o FIORNDYER-U—REZTDEVL.RX BED Tx F1—0 Head DI BEAILET DHICIRX DD
MBF7 I EINDV R —R (MMIO 5%#&HID) Z{TLWER A KHODIC, NIC [Z Rx BLD Tx it 7%
EFRLTYILII7IC Head DIUEBNRBEILIECEEBHILET,

o TXFEHRFICEHETDAI VNIV ER-SA MEEIRZRST . 377IC Tx F1—0 Head DIIEEBF|
FATE3 Tx S F& BT BICIE TX BB FOEETRLNAVETT,/\ TV ZETIE, TEBLEIF
BLRx R FAEEZFRELTCOTICHLLAE LR/ T Y FOEHREBHMITBIENEETT,/\TY
FRETIE. TX BRFEESRIVEIIHDERA. I7IT/INT Y BRIEDORKINZE EHBMIC (BIX X,
32 /T R EI) BHITNIE, ZORIOTIANTO/INTY FHIERICEESNLEIENEDHDET,
NIC I Tx EBIEFD RS (LIR—FAFT—HR) Ev iy hanNdE Tx i FEEZFTELET,



DPDK @IICIZ,RS Ew kL E UL VE (358) i'dpDET, COMEIL. RS Ev iy LN BEEE, DED
NICH TX SR FAESTRIEEEATEELET. COFBILIE, T BB FICEAEIT DI V/IND VRS
1 +EHBLET,

o FIORNDYR-SA+EEYTSD.DPDK [F/\TY LZEEREERE/\YFTITLN 7 TUT—3>
(FITy by FHRIESNARIC Tail IRA V5 —%ZEFHLET . rx burst D—HEPDEEKIF, Rx
LS VME (REE) Z#FRALTVET . COLSWMERFRTDE, 7 TUT—Yavy N Rx Fa1—0
Tail INA >V —%=BFH I DAIAIEINSD Rx SCIRFOHZERETETFT (COLEVMEIF/NYFH
AZAEDHAREVBEICOFBNIRDZEITEFELTLREETW) 7T RNT Y RESFAHIZ/INTY
FETER{LENET,

TSV RTA—=L-LNILTIE bSUT 02 aVIEFvyy a5V ORETITONDRZD, \—RITT7IE,
BICHRHFADEEZTAHZFREDH T, —BIDFvvY 251V NEESNEVKIICHHFET,

PCle* BiRIEHEZHETD

BEbESNE/N\TY R~ TAD—F1T1F RO EBERLTIEESNGR/\ T Y L —0 PCle* HigiEHE
EWHETETET,

Ix Desc Size
rs bit threshold

Inbound Write = Pkt Rate - | Rx Desc Size + Pkt Size +

Inbound Read = Pkt Rate - (Rx Desc Size + Pkt Size + Tx Desc Size)

Outbound Write = Pkt Rate - | Rx Tail Pir Size n Ix Tail Ptr »5-‘-'€J

max(rx free threshold, rx batch size) tx batch size

Outhound Read = (

FEDTIRNTY R-SA MEEROHIE, Ty D RCY A XDy F TS NIZIZGRICOHBRT
T /Ty bHBEHOY 1 ANy FTEESNLBEE, AOBEIFE<RDERT,

B TIAD—T407TIE, O7IEZELRNTY R EINTEELE T  testpnd R TETEESHTE
TIBDETILTRET SN TUT -3V THDIES, tx _burst IF rx burst EEC/\TYED/NYFT
ENEIDEHEAITEE I, DFED, [DPDK Rx Batch Statistics (DPDK Rx /\wF#izt)] ((DPDK 77 FU4s —
2avOI7ERELVEESR) X/\Uy EEREL/ Uy MEEOmBOMEHEERMLET , ZD6H,
[DPDK Rx Batch Statistics (DPDK Rx /\wF#i5t)] #EHL TLENGT —ADT7 I RND Y R-S1 e
IHiEEHEETEET,

Tx I\ FHA XKD TFIG T Ny FYA XZ2EZET,

n, b°N
average tx batch size = Z b—L = % p \‘f
‘on i OilV;

ccTbigNyF a2 N 14 rx burst BOHLOES /Ny F B2 0) 7 = BN 14 [DPDK Rx
Batch Statistics (DPDK Rx Ny F#&t)] 00 i EEOE—UD/\ TV N Z,- b, E7AD—Rank


https://doc.dpdk.org/guides/testpmd_app_ug/testpmd_funcs.html#port-config-threshold
https://doc.dpdk.org/guides/testpmd_app_ug/testpmd_funcs.html#port-config-threshold
https://doc.dpdk.org/guides/testpmd_app_ug/testpmd_funcs.html#port-config-threshold

INTY OB TT . RORIFZDFTEDBITT , COBITIE, NNy FREHCTIFN\NYFHLX8,10,12D 3D
OE—IHHD FTESNEFE/NYFYrXF 11 TT,

: average_tx_batch_size
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Outbound Write = Pkt Rate - _
rx free threshold  average ix baich size

HEBERITERELRTD

RD 2 DORIE, FEEDORICUARSNMETRESNG testpmd 7 FTUT—2/3> D, PCle* HiFiNDIE
RIS EEE 1> FIL® VTune™ Amplifier TURES Nz PCle* HiEiE%E RLTLET,
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FPIORNIDY RS FOEIZIFFHFRORA Y ENSETLTVET, COBETIE LIETD/N\T Y FHOE
BnIC& 3 [DPDK Rx Batch Statistics (DPDK Rx /\wF#zt)] DZENRE T, CORT > +LLRTIE
[DPDK Rx Batch Statistics (DPDK Rx /\wF#i&1)] [CIF/\wFH A X0 & 4 D 2 DOE—IHHD, 2D
A BRAREIE /NN FH A X 8 ICHLLWE—ONBRNTULET (FiedD 2 DOEA RIS L%ZSR), LR
ICHTIEFHDE, FEINYFHALXFER, T7IORNIY BS54 MERIRIEREDET,
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XNTERLTCLVERLERZENRREBONDIZDOEVEHDETN BL T, BRIV EBIZ1VTIL®
VTune™ Amplifier CLR—hkaNeT—5ICIERISESESTULET,

COLYVETERLET—5-TL—>-7FUT—aviE gic@tlicaBitenTuhELRZ LWL, ERE
DOFTUVT—23VTI/O FILDINTA—I Y A ZITIRIE, COLYVEZR BT B2 HELET,



B:EIRHE

e i40e RSA/\—m 16/32 /\1  Rx SR FDIIDER (5B

e testpmd THIATEGRLEMESLOLEVMEOEEE (REE)

e https://fd.io/wp-content/uploads/sites/34/2018/01/performance_analysis_sw_data_
planes_dec21 2017.pdf (3E


http://doc.dpdk.org/guides/nics/i40e.html?highlight=config_rte_librte_i40e_16byte_rx_desc
https://doc.dpdk.org/guides/testpmd_app_ug/testpmd_funcs.html#port-config-threshold

RRELIE

BEDI—RRIBET/IN I A=YV RABIRZEIT OO VAT LER—=FRAVFTIL VTune™ 707715 —&
KD TIL® VTune™ Amplifier 58 E 925 5%FL<EGHALET,

e CPU & FPGA (17 )L° Arria® 10 GX) DIEEER=/EITI D
ZOLVEIX AT IL® Arria® 10 GX FPGA %fil&e LT, CPU & FPGA MIEBEER BT Bcs
ToVhTA—L%ERETDHFE=HALET,

e .NET Core 77U —avo7O771I)L
ZDOLVEIX A7 )L VTune™ Amplifier Z{ER LT .NET Core 1 F=voI1—RE7OT7 71
LU NR—Y RO—RO hotspot ZRFELT/I\NTA—TVANB LT BKRSICT7TIT—VavrER
HLLET,

e Amazon Web Services* (AWS*) EC2* 1 VRV A L7 U —3avoFOa7r71IL
COLYVERR ATV VTune™ 7O7 715 —=FERALTN\TA—I Y R&TOT71ILT DI,
AWS* TVM AV RV AR ELFET,

e GitLab* Cl T/I\TA—IY VY R&T7OT71ILTSD
ZOLYVEIF AT IL® VTune™ 70771 > —% GitLab* Cl /\1 FS1VICHRELT. EILRET
O771ILTdRE%=HALET,

o \—=FTIFNR—AD hotspot @#frEIFIC Hyper-V* REY >V ZRET D
OLYVEIFR AVTILVTune™ 707715 —&ERALT/\—RIx7-N\TA—<TVR%&TOT7
1L D28 Hyper-V* RIBETIRBY Y VAV ATV A =B/ ELET,

e DPC++ 7 UT—3avop7Oo7r71IL
COLYVEIX DPC++ (F—HUiF C++) 7TV —avEER LTIV /INTILT B EFEEBNLE
I, Ee AT IL® VTune™ 7077145 —%{EBL T DPC++ 7 U —2/3> 0 GPU @ir%E1T
L. ERZRIITDAEDRLET,

e FPGA £ETODPC++ 7 U —avnp7O7rvI)L
COLYVEIX FPGA £ T DPC++ (=A% C++) 7 U —3v#=7O771ILLET . COL
JETIX AT IL® VTune™ 707715 —0 CPU/FPGA MBBE{EREN YA 7 (FLE 1—HRE
[CHRESINTLB AOCL F7O771>—&FRALET,

o AVFINOYYTUVTRSAN—EFERLEW\—RDz7O7O771IL
CHO—EDOLYVEIE ATV VTune™ 7077145 —CTRIA/\—%ER LML) Linux* perf X—
ADNT A=V R TOT 71 IV %R EL T, ZOF REFIPRICT T DEERZIBET DDICHERILE
F7,

e MPI77UT—3avorO7rzAIL
COLYVEIX AT IL® VTune™ Amplifier 2R LT MPI 77U —23av0A 2V INTVAEBEBE
OREEEFEL. 7TV —23y - N TA—T /A% ELET,

e Node.js* @ JavaScript* J—RO7O771)L
DL VEIF Node.js*ZUEILRL. AV FIL® VTune™ 70774 5—%#R LT, JavaScript*
TL—LERAT14TITL—A (RAMT1072—R HIXIE, JavaScript* J—RFHBIFOHEINRET R
TITATSU—ORITATSATS)—=) ol DEETE—ROI-ILAIVIEET
JavaScript* — RO\ T A=V A= EIT T DIebDREFIEZHRALET,

e Docker* AVFF—TOZFO771)L
ZDOLYVEIF A7 )L VTune™ Amplifier OfEMTEIFIC Docker* O 7+ —%1p LT I LI
AVFF—BREBTEMELTWLWB 7 FUT -3 70 hotspot ZRFELET,



Singularity* 3> FF—cn7O771)L

COLYVEIE A>T IL® VTune™ Amplifier OF#TEIFIC Singularity* 3> 7 F—%=# L T 03
Lizar s —BREBTIHEL TS 7 UT—3>M hotspot Z4FELFET

Linux*, Android*, 8K QNX* DY AF AT —FROZOT771)L

ZDOLYVEIF 17 )L VTune™ Amplifier ®/\ 74— > % Linux*, Android*, 8KV
QNX* ARL =T VTV AT LOT— 7 0O0—EMETDREERLET, COFENRIE, 0S T—k~
BFIC CPU O7 CRENNCRKETIND 7T 1ET—ZH#BITDDICKRIBEET, CHICKD,
T—HIEFOSBICELVABENTEEICEDETD,
VRATINTFIAY—ICRBUTIIAM LE'EZIU T

COLYVEFR VAT LT F AT —OBBEBNL Y- VI AT LBEUTILIALICEZSY
VLT, CPU,GPU XEY— T1 AT RV ED—UICKBHIRERELET,



CPU & FPGA (5 )L° Arria® 10 GX) OiEBE{EB RIS

COLYVEIF AT IL° Arria® 10 GX FPGA %Z§le LT, CPU & FPGA DIEEFRZBTI5eHTS v
TA—LERET DR EEHALET.

aAVFY-ITFHFRX/N—b: JONG IL P. (%5E), Vitaly Slobodskoy ($3E)

e ERIDHD
o FE:
1. A7 )L° Arria® 10 GX FPGA &> 7)L°® FPGA SDK for OpenCL* Z5&E T D
2. YN -7TUT—23av&EE)LRLTFPGANT v/ 19 3d
3. CPU/FPGA tHE{ERBETZETTD
4. BREHERITD

EFHITIHD
PRI INTA—T I RAEFY FIUATERITBR/IN—FROxz 7Y TR 7ODUR T,

o IV —23V:175HE OpenCL* 7 U — 3>V TREY Y IV 7T U -3V,
1>7)L® FPGA SDK for OpenCL* Dz 7Y+ AU O—RTEFET,
o YW—JL. 15 )L® FPGA SDK for OpenCL*, 1 >5)L® VTune™ Amplifier 2019 PABE

: 3

o AVTIL®VTune™ Z7O7 71 S5 —HERODS D> O—RERHF Y R—RTDOLTIE,
https://www.isus.jp/intel-vtune-amplifier-xe/ #&RB L TLIEEL Y,
o COUVIOTVIDLYVEIFINTRT—=FTILTHD, 17 )L VTune™ Amplifier 2018
PARRICEACTEERT . /\—JaVICEDERENDITNCELGDIENHDET,
o NR—=HIAVTIL® oneAPI R—ZY—)LFv @IFO/N—=T3avhb, 4> F)L® VTune™
Amplifier DBV FILe VTune™ 7O 771 S5—ICEDODELE 5|1 E/mE . 71V FTIL°
Parallel Studio XE Ffzl&-1>7)L°® System Studio DIAVR—R/ tEL T, HBLIERS
YR7ZOVEROAVFILe VTune™ 70771 > —%2CHRBAVWEEITET,
o ARL—=F1VT-IAXF L CentOS* 7, Red Hat* Enterprise Linux* 7 A&
e CPU:AMVFIL H—\—TSvrTA—L (FFEI—RE Skylake)
e FPGA: 17 )L°® Arria® 10 GX

1> 7 J)L° Arria® 10 GX FPGA &1~ 5)L° FPGA SDK for OpenCL* Z5RET D

1. A7 )L°Arria® 10 GX FPGA T DIP 21w F =R EL T, BIRE USB I —J )Lz LF . 55
17F|E (H58) #TELESL),

2. 177 JL° FPGA SDK for OpenCL* (A—REJIS — 17 IL° Quartus® Prime V7 +0x7 .5

INA RAZFE) % http://fpgasoftware.intel.com/opencl/ (%58) h\oF o O—RLFET,

setup pro.sh Z71IL&EEITLTSDK 21V A~—ILLET,

4. source init_opencl.sh ZER{TLCHENGRIEERERELET,

w


https://software.intel.com/en-us/user/1021075
https://software.intel.com/en-us/user/407139
https://www.intel.co.jp/content/www/jp/ja/programmable/products/design-software/embedded-software-developers/opencl/support.html
https://www.isus.jp/intel-vtune-amplifier-xe/
https://www.intel.com/content/www/us/en/programmable/documentation/tgy1490191698959.html
https://www.intel.com/content/www/us/en/programmable/documentation/tgy1490191698959.html

5. aocl version ZETLTELLAI VA R=ILENIEZERLET IRDEISEXvE—I
HENxEd,

aocl 17.1.0.240 (Intel(R) FPGA SDK for OpenCL(TM), Version 17.1.0 Build
240, Copyright (C) 2017 Intel Corporation)

6. aocl install ZFE{TLTFPGA R—RZAVA+—ILLET,
7. aocl diagnose ZEITLT/N\—RIIT7HELLA VA M=ILENcleZBRLETIRDESL
Xyt—I N AEINE,

Device Name:
acloO

Package Pat:
/home/tce/intelFPGA pro/17.1/hld/board/al0 ref

Vendor: Intel(R) Corporation
Phys Dev Name Status Information

aclal(0 refO Passed Arria 10 Reference Platform (aclal0 ref0)

PCIe dev _id = 2494, bus:slot.func = 44:00.00,
Gen3 x4

FPGA temperature = 44.3555 degrees C.

DIAGNOSTIC PASSED

BTN TVT—230%#EIRLT FPGANT S Y293

1. TI7AILFD makefile Tmake ZETLTHRRAMDEFT I 7ML EEILRLET . EHSINDET
771 ILDOAFIE host T,
2. KOOIV RTFPGA @IFON1FU—%ZEILRLET,

aoc -v -board=allgx device/matrix mult.cl -o bin/ matrix mult.aocx

3. 75v¥amUSB RSA/N\—%EH/ELET,
a. ROAVYVREZEFFTLET,

sudo vim /etc/udev/rules.d/5l-usbblaster.rules
ROTZEEMLET,

# usb blaster

SUBSYSTEM=="usb", ENV{DEVIYPE}=="usb device",
ATTRS{idVendor}=="09fb", ATTRS{idProduct}=="6001", MODE="0666",
NAME="bus/usb/S$env{BUSNUM}/Senv{DEVNUM}", RUN+="/bin/chmod
0666 Sc"

SUBSYSTEM=="usb", ENV{DEVIYPE}=="usb device",
ATTRS{idVendor}=="09fb", ATTRS{idProduct}=="6002", MODE="0666",
NAME="bus/usb/S$env{BUSNUM}/S$env{DEVNUM}", RUN+="/bin/chmod
0666 %c"

SUBSYSTEM=="usb", ENV{DEVIYPE}=="usb device",
ATTRS{idVendor}=="09fb", ATTRS{idProduct}=="6003", MODE="0666",



NAME="bus/usb/Senv{BUSNUM}/Senv{DEVNUM}", RUN+="/bin/chmod

0666 %c"
SUBSYSTEM=="usb", ENV{DEVIYPE}=="usb device",
ATTRS{idVendor}=="09fb", ATTRS{idProduct}=="6010",

MODE="0666",

NAME="bus/usb/S$Senv{BUSNUM}/Senv{DEVNUM} ", RUN+="/bin/chmod

0666 Zc"
SUBSYSTEM=="usb", ENV{DEVIYPE}=="usb device",
ATTRS{idVendor}=="09fb", ATTRS{idProduct}=="6810",

MODE="0666",

NAME="bus/usb/S$env{BUSNUM}/Senv{DEVNUM}", RUN+="/bin/chmod

0666 %c"
4, ROOTVRTITAG DUOVIRE%R 6MHz ICERELET,
jtagconfig --setparam 1 JtagClock 6M
5. ROORVETN\AFU—%Z FPGANTSvYaL&KRYT,
aocl flash aclO ./bin/matrix mult.aocx

6. FPGA ZHHLIRKRAN Y AT LA zBEFLET,

CPU/FPGA HE{EBBIREETITD

1. 477 I)L° VTune™ Amplifier ZEEILFE T RICHIERLET,
/opt/intel/vtune amplifier 2019/bin64/amplxe-gui

2. BFADTOY Uk (fl:hello world opencl) Z{ERLET,
[Configure Analysis (BEHTDRE)] 20Uy oL THLULWVERZRIBLET,
4. [CPU/FPGA Interaction (CPU/FPGA HE{EA)] @@= ELET,

w



Configure Analysis

@ Local Host

WHAT

@ Launch Application

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

Application:
fhomefopencl_matrix/matrix_mult/bin/host = )

Application parameters:

+| Use application directory as working directory

Working directory

Advanced *

a. [WHERE (EC%)] 1Tl [Local Host (O—ANKAR)] =TV I RFTBA1T
ZEIRLET,

b. [WHAT (fil%)] X /T, [Launch Application (P 7V —av#EE#)] 59— v 541
TEZEIRL T hello world 7 U —YavaEBELFEIBE . CO7TUT—r3viE
<sample app>/bin/host ICHNET,

c. [HOW (EDKSIT)] X1V T, 517 H\5 [CPU/FPGA Interaction (CPU/FPGA HE
fEA)] =BIRLFET,

5. [Start (BtR)] =0 Uv O LTI ZRBLET,

RREWRTD

F—INENT T IDE ERNT 71 F514 XN [CPU/FPGA Interaction (CPU/FPGA {8E{EH)]
Ea—RAYVRCRRSINETFPGA D LAIOFTE S X T CPU D LIMI AT E hotspot MRRSIND
[Summary (Y U=)] 57 Hh\5ik6FT,



) Elapsed Time : 13.817s

(“) Top Hotspots

() CPU Time “: 13.606s
Instructions Retired: 23,009,601,552
cPI Rate “: 1420 R
wait Rate ¥ 175.356
CPU Frequency Ratio 7 1.345

(3) Context Switch Time: 5408.699s
Computing Task Time: 0.044s
Total Thread Count: 758
Paused Time *: 0s

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_utils: getDeviceName host 8.276s
[aclpci_a10_ref_drv] aclpci_a10_ref_drv 3.222s
copy_user_enhanced_fast_string vmiinux 0.643s
clear_page_c_e vmiinux 0.158s
__memmove_ssse3_back libc-2.17.s0 0.120s
[Others] 1179s

WA is applied to non-summabile metrics.

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 ™

matrixMult 0.033s 1
clEnqueueReadButfer 0.006s 1
clEnqueueWriteBuffer 0.005s 2

*N/A is applied to non-summable metrics.

[Bottom-up ((REATY )] 5T ICUIDBERTRHEIRODT—OYA AT —FEERI—T v R
LET.[Timeline (F1TLSA V)] RAVTHBEIRDET —FEIED FPGA ERFEERERLET,

- Work Size Computing Task Data Transferred
Computing Task (FPGA) / Instanc Computing T
- 2 Yook Giobad | Local Total Teme | Averaoe Time | Instance Count Sae | Total, GBisec
» CIEnQueveReadButier | S566Tms 5 65Tms 5687Tms 1 sn8 1.480
» CEnqueveWrteButier 4575ms 4575ms 2287ms 2 122mM8 275
D;f—r'; 5§340ms. £360ms §380ms | 22 [Throad v
A A @Rwong
B .., = * — Tl
Is (D 277045) | [CPreemption
| , 1 [CISyncheonization
bash 27708
L, | 20| By Tm
Frcszacn I .| Bmspmmiona.
- " o > = Oecruax um. |




[Platform (F5Y k7 A—L)] 97T FPGA &R A7 U -3V Dt B 1 — %8 L E T . RimEs
B HR D B tARF R & Mk HARS ICRE I BB R DR RSINET,

~

Computing Queue
£4 Computing Task
[ZiTransfer
Computing Queve
EiTransfer
[[ISynchronization
[ Thread vl
‘ £ ERunning
4 Context Switches
1 [ Preemption
|

Thread omputing Queue |

host (TID: 276309)

Is (TID: 277055)
bash (TID. 277044) £ aaCPU Time
M [ ser Tasks
==Computing Task
4 FPGA Utilization
Computing Task Count
sCompute
Synchronization
i’ - [ v meTransfer

FPGA Uikzaton y____________________ I=rrht
ESpENEL=

host (TID: 277051)

bash (TID: 277062) ‘

pinbin (TID: 277040) \

o CPU/FPGA tHE{ERf#AT (325E)


https://software.intel.com/en-us/vtune-amplifier-help-cpu-fpga-interaction-analysis-preview

.NET Core 77U —ayn7O771)L

COLYVEIX A7 IL® VTune™ Amplifier Z@R LT .NET Core 1 =vo1—r&#7O0771)LL. <
R—IRO—RO hotspot ZRELT/NTA—TVANE LT BLIICT7 VT —rarvE=gEBLLET,

a5 -ITFRX/\—k: Denis Pravdin (3235

o (EAHITDHOD

« FlE:
1. 77UT—23vaERETD
2. BE hotspot BfEETTD
3. ¥YRX—IYRO—F® hotspot ZHFET D
4, —TX@EFEALTI—FrEREILTD
5 mE{tEWERITD

ERHTDIHD

UTE NTA— Y ABFY FUATERATD/N— RO T7EY T RIITDIARTT,

o FIVT—3V:BHIALOINCOERZMEI DUV IIL C# 7TUT—23>, 2077
T—3avVFFERATHN. YU O0—-RTRLFTEFEA,
o VY—Ib:
o AVFI)L®VTune™Amplifier 2018

: 3

= AVFIL°VTune™ 707745 —FlilkDS 0> O—REHBTR—KIDLT
|, https://www.isus.jp/intel-vtune-amplifier-xe/ Z#2B L T ZEL\,
s CDOVITYIDLYVEFINRTRT—FTILTHD, A7 )L VTune™
Amplifier 2018 DIREICEATEE I, /N\—TJaVICEDERENDINCELGDI L
NHDET,
= R—=HRAVTIL® oneAPI R—ZY—)LFv ~EIFO/IN—=Tavhb, A7 IL°
VTune™ Amplifier OB A > FIL® VTune™ 7077415 —ICEHODELI, 5|
SHE, 17 )L° Parallel Studio XE Ffzl&-1>7)L° System Studio M/ R—
RYBELT HBWIERIY RFZOVROAYTIL® VTune™ 707 745 —%#|
BuWEEIFERT,
o .NET Core 2.0 SDK (%3E)
o ANRL—=F1VT I AT : Microsoft* Windows* 10
e CPU:rVFIL® 7OtvH— (BFEI—RR Skylake)

PIVT—2aveElHTD

1. NETREZBNRESNLHLWLWITY FU1Y RDO%BE, NET Core 2.0 BNEELLAI VR R—IL
SNTLBIE=HERLET,

dotnet —--version


https://software.intel.com/en-us/user/337311
https://www.isus.jp/intel-vtune-amplifier-xe/
https://www.microsoft.com/net/core#windowscmd

TV —3 VLWL listadd T4 LI RU—&ERRLET,

mkdir C:\listadd
> cd C:\listadd

dotnet new console EAHNLTIROBEDFHLWATILEY-TOV O REERLET,

C:\listadd>dir
Volume in drive C has no label.
Volume Serial Number is @A4A-D42D

Directory of C:\listadd

/2817
9/28/2017

LTs]

PM

PM ‘s

PM 178 listadd.csproj
obj

LT

=7
)
=

o 0

NED S S

[#]

listadd 7AW —® Program.cs DABR%E BHIUALOEBRXRZMNETSD C# O—RICEELE
ER

using System;
using System.Ling;
using System.Collections.Generic;

namespace listadd
{
class Program
{
static void Main(string[] args)
{
Console.WritelLine ("Starting calculation...™);
List<int> numbers = Enumerable.Range(1,10000).ToList ()
for (int i =0; i < 100000; i ++)
{
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 Z7T1IL®D PropertyGroup EO/3VIC
<DebugType>pdbonly</DebugType> 7 ZT%ZEBIMLTA 7 IL® VTune™ Amplifier DYV —2X
J—F@RTEBICLET,

6. C:\listadd\bin\Release\netcoreapp2.0 ZAISF—IC listadd.dll ZERKLFET,

dotnet build -c Release
7. Y TINTF IS -3 EETLET,

dotnet C:\listadd\bin\Release\netcoreapp2.0\listadd.dll

S E73 hotspot i 2 E1TTD

1. EEEERTTTIL® VTune™ Amplifier Zi£EILET

2. W—ILI\—® "T | [New Project (i 7OV I N)] RV EIUVHLT FHB IOV ~DE
gl (Bl: dotnet) ZIEELET,
3. [Analysis Target (BBt —S'v )] D1 ROT ERA VDS [local host (O—RJILKRAR)] H&
¥ [Launch Application (7 U —YavzRE)] 59— 51 T&=BIRLET,
4. [Launch Application (7 U -3z iR#)] X1V T BT 7 U —2avE=BELE
9,
o FPFUT—3arvic:\Program Files\dotnet\dotnet.exe
o FPFIVT—=2avnINTA—=5—:
C:\listadd\bin\Release\netcoreapp2.0\listadd.dll

& Choose Analysis Type
4 @ Analysis Target | & Analysis Type

. (roetsystem 1o 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 W &
Select a target type to

profile: Application parameters:

Attach to C:listadd\bin\Release\netcoreapp2.0\listadd.dll 1
Process | Use application directory as working directory
@ Profile System

Launch
User-defined environment variables:

Application



b
dotnet.exe OBFAIFBELZHMICIKFLEI . where dotnet AXVRAEFHLCHESRTEET,

5. A [Choose Analysis (BBHTDEIR)] K5 %=0UvO LT, £ H\5 [Advanced Hotspots
(SE%E hotspot)] BT ZEIRLET,

*

S hotspot (. 1>/ JL® VTune™ Amplifier 2019 TR ® hotspot i (3R3E) ICHE
SNFELREN—ROIT ARV R=R BTV TINEE—RTHATEET,

6. [Start (BtR)] =#0Uv O L THEIRZRBLET,
Y R—JRd—R0 hotspot Z4FET D

INE LI BiT#E RHNR RSN 5, [Bottom-up ((REAF Y] ¥ TICINDEZT
[Process/Module/Function/Thread/Call Stack (Ot X /T a—IL/BEAB/AL Y E/O—=ILAT v )]
IIN—T=8RLET,

il Advanced Hotspots  Hotspots viewpoint (change) @
4 ] CollectionLog  (2) Anshyzis Target 4 Ansbysis Type [ Summary 38 Bottomeup o Calle/Callee & Top-down Tree = Platform
Grouping: | Process / Module / Function / Thread / Call Stack

CPU Time ¥ =
Process / Module / Function / Thread ! Call Stack Effective Time by Ulilization »

Bidle @Poor B0k @ideal §Over | P Time| Overhead Time
p dotnet.exe

dotnet.exe > listadd.dll ZRMELT. &P CPU RFREINHNDO>TLDIIR—I K
listadd: :Program: :ListAdd BA¥ZERDIFET,

P Module / Function / Thread / Call Stack Effective Time b um'CF:'UT'm“ )
f

MCEsSs {11:] LIMCAROm rea a bl B ide . F:;:,? |mgm 'fl Idlgllﬂlﬂ. Onver * SDII'I Tima | Owerhead Tima

» system.private.corelib.dll 1.515s D Os Os

¥ listadd.dil 0.773s D s 0s

» listadd::Program::ListAdd 0.773s (D Os Os

¢ ntoskml.exe 0.016s | s Os

Z D hotspot =S T IO UwOLT [Source (V—R) Ea—%#REFT . V—RAEFET7EVTILLE
O—REWANTRRTBICIE, VY—IL/I\—0D [Assembly (72 TU=)] Ry V%= IUYILET,


https://software.intel.com/en-us/vtune-help-hotspots-analysis-group

| Sowce || Amemdy || I L -~ Q| Assembly grouping: | Address

CPU Time: CPU T
s Source Effective Ti.. B || Address | *r e Assemibly Effective Ti...
D de B Poer | D die B Poor
T Block 1:
g, push odi
OTHER... push rad
1% 1 sub rap, 0x3E
O FFB ... mov rai, rex
[ % 1 lea =41, pre [Saps0xl0]
B oy ecx, Oxd
D THE... EQE £&X, cax
g, rep atced dword pre [pdi)
THE... =ov FoN, Eai
e, 23 xor esl, esi
g .. 24 mcv eax, dword ptr [rex]
TG, 24 BV aax, dword por [Eex+dxle]
xTHE... 24 mov qeord per [rcap+OxZ0)], rex
THE... 24 mov dword prr [rap+O0x28], esl
078 24 Eov dwoed per [captlEle], eax
OTHE ... 24 mcv dword ptr [zap+ixdd], esd
e, 4 lea zocx, pre [Taps0xI0]
OuTfiB .. 24 call OxTEE8&and 00
=T . Block 2:
TR, 24 LEST SAX, SAX
uTfig... 24 Jz OxTLE20ATaZE3d <Block 5>
n ine sesale = 02 | 0T ... Block 31
24 foreach (it item in candidateList) 55!!.{01111:- l:!-l-?ﬂiﬂ[n;:\‘v ecx, dword ptr|r-:p-|-lilu:!b] ”2‘5&%5-_
5 i TG, 26 add e3l, ecx 183.000ms Il
% resalt += item: 188.000ms Il OTHE.. 24 1ea zcx, pir [rapsix20) 163.000ms [l
il 1 (T8, 24 call OxTLfScanBfvog 128.000ms [
] Ox T ... Block 41
il return ceault: wTfg.. 24 TEat Sax, SaX
I g, 24 inz 0x72£804TAZEI0 <Blesk 3>
I T Block 35:
8., 29 T T H

V=177V TU—a DM ZERAL T ROEEZENLL TV SI— R (EEZOBITIXT 24)
ERFELERT,

W—IXEERALTI—-FrE2REILTS
A7 I)L® VTune™ Amplifier (£ ) RDI—RTE/INTA—I VA OUF1HILELTINAST1RLET,
foreach (int item in candidatelist)

for V=X EFHALTOI—RZERE{LLET . Program.cs DRBERDISICEELFT,

using System;
using System.Ling;
using System.Collections.Generic;

namespace listadd
{
class Program
{
static void Main(string[] args)
{
Console.WritelLine ("Starting calculation...");
List<int> numbers = Enumerable.Range(1,10000).ToList ()
for (int 1 =0; 1 < 100000; i ++)
{



ListAdd (numbers) ;
}

Console.WritelLine ("Calculation complete");

}

static int ListAdd(List<int> candidatelList)
{
int result
for (int i

{

0;
0, 1 < candidatelList.Count; i++)

result += candidatelList[i];

}

return result;

}
RE{LE#RTD
BH LD~ ROBBILERRT B0, BE hotspot BITEBERTLET.

RBICAIZ UV TIL-7TUT—2 370 CPU KEIE 2.636 HTLI.

CPU Time ¥ «

Process / Module / Function / Thread / Call Stack ) | )
Effective Time | Spin Time | Overhead Time

» system.private.corelib.dll I 1.876s Os Os
w listadd.dll 0.701s Os Os
» listadd::Program::ListAdd I 0.700s 0s 0s
p listadd::Program::Main 0.001s Os Os
» ntoskml.exe 0.030s 0s 0s

BEbEIZ T TIL-FTUS—370 CPU BRIN 0.945 RITHED AUIFILHBHK 64% INTA—T
AN\ ELELR,

CPUTime ¥
Spin Time | Overhead Time

Process / Module / Function / Thread / Call Stack

Effective Time

945.215ms |
v listadd.dlil . 878.058ms Oms Oms
» listadd::Program::ListAdd ‘ 878.058ms Oms Oms
» listadd::Program::Main , Oms Oms Oms

» ntoskrnl.exe . 23.054ms Oms Oms
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https://software.intel.com/en-us/forums/intel-vtune-amplifier-xe/topic/747599
https://software.intel.com/en-us/VTUNE-AMPLIFIER-HELP-NET-CODE-ANALYSIS

Amazon Web Services* (AWS*) EC2* TV AV A LDT
FUo—=3ayn7Oozr 1

COLYEIR ATV VTune™ 707715 —%FERLTN\TA—I Y R&TOT 7L DIz, AWS*
TVMAVRIV AR ELFT,

a5 W-ITFRX/\—F: Denis Pravdin (23E), Jennifer Dimatteo

e FRATDHMD

o FIE:
1. RETY V- AVRI Y %R LTERET D
2. EC2* MV RV RICHERT S
3. 7O77AIVAIIFICAVRAIV A%EHRETD
4. hotspot BEfixETID

EFHITIHD
PRI INTA—T VR FIUATERITB/IN—FO 7V T I T7DIUARTT,

o FPIUT—=UaVimatrix.COFTUT—V3aVFTERATHD, YO O0—-RTBLIFTEFE
A’O

o VY=L R—=HFRAVTIL® VTune™ 7OT 715 —FlFA>F)L® VTune™ Amplifier 2019 -
hotspot f&#f

o AVTIL®VTune™ 7O7 71 S5—FHEMROSY V> O—RERETR—HIDWNTIE,
https://www.isus.jp/intel-vtune-amplifier-xe/ #&RB L TLIEEL Y,

o COUVIOITVIDLYVEIFINTRT—ZTILTHND, 17 )L°® VTune™ Amplifier 2018
PIFICHERATEERT  N—JaVICEDRENDITNCEGRDZENHDET,

o N=HRAVTIL® oneAPI R—ZY—)LF¥v ~EIFD/N—Tavhb, 17 )L VTune™
Amplifier OBFRDA >V FIL® VTune™ FO7 71 S5—ICEDDELI BIEHE 1V TIL®
Parallel Studio XE FEfzl&-1>7)L°® System Studio DIAVR—R tEL T, HBLIERY
YRF7ZOVHROAVFTILe VTune™ 7O7 71 5—=ZFBEVREIFEY,

1. AWS* A T[TV (Account)] > [AWS YRI XY =)L (AWS Management
Console)] "B7 AoV COTA1VLET,

PRIV R EHFETRWGEIF ERLTIZSL,

2. Amazon EC2* #vw</ah—RT [Compute (AVE21—FTr9)] > [EC2] #BIRLET,


https://software.intel.com/en-us/user/337311
https://www.isus.jp/intel-vtune-amplifier-xe/
https://aws.amazon.com/jp/

EIWST Services =« Resource Groups ~ * [\ Local_Administration/nj
T — s

History | |
ECZ
Console Home j:@:[ Compute % Developer Tools
| EC2 CodeStar
Lightsail CodeCommit

[Launch Instance (1 VX5V ZADIERK)] #0 Vv I LT, D1 —RICH>TIRE Y V&IERL LR
ELET,

EIW% Services v Resource Groups - * [\ Local_Administration/np
= -
=€ Dashboard Create Instance Information
Events |
Taas To start using Amazon EC2 you will want to launch a -ge.ttmg Started
} virtual server, known as an Amazon EC2 instance. Guide
Reports

Documentation
Limits m All EC2 Resources
RETH—RTIE FERATBIT—XRITIELT 0S &4V RV AN (CPU OB XEU— A~

L—Y Ry hD—ORE) ZIEETEFT,

[Step 1: Choose an Amazon Machine Image (AMI) (RFv 7 1: Amazon Y/ VA X—=J
(AMI))] Tl&, Ubuntu* Server 18.04 LTS Z&IRLET,

EIWST Services Resource Groups ~ * [\ 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)

EMA Enabled: Yes

Ubuntu Server 18.04 “

LTS (HVM), SSD Volume

Type - am- 64-bit

Obbe6b3b405ecebdb

[Step 2: Choose an Instance Type (RTY T 2: 1V AIVRAIALTDEIR)] Tld, 1V ATV X%
i#IRL T [Next: Configure Instance Details (RDFIE: 1 ATV ADFFADERE)] =0 Uv oL
E3 I8



Services ~ Resource Groups ~ * ,.f:L Local_Administration/npr

1. Choose AMI 2. Choose Instance Type 3. Configure Instance 4. Add Siorage 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 Eoz oy
General purpose t3 large 2 8 EBS only
General purpose t3.xlarge 4 16 EBS only

3

Cancel Previous Review and Launch Mext: Configure Instance Details

i 3

AV FIL°NVTune™ 70771 5—DERI X7 LEHI(F 4GB RAM ZET1 AU A E 10GB DL E
TY,

[Step 3: Configure Instance Details (RFY 7 3: 1 VX5V AOFH DR E)] Tl&, [Auto-
assign Public IP (BEIEIDHT/\T7Uw IP)] #83ICL T [Next: Add Storage (RDOFIE: A ~+
L—ImiEm)] #0UvoLET,

EIWST Services ~ Resource Groups - * [\ Local_Administration/npr

1. Choose AMI 2. Choose Instance Type 3. Configure Instance 4. Add Storage 5. Add Tags

Step 3: Configure Instance Details

Reguest Spot instances

Network (j
vpc-7aa3dsie (default) v| C create new vPC
Subnet (j
No preference (default subnet in any Availability Zon * Create new subnet

Auto-assign Public IP  (j
Enable v

g

Cancel Previous Review and Launch Next: Add Storage



7. [Step 4: Add Storage (RT7v 7 4: AL —IDEM)] Tld, ARL—IFNAADBEEIE®OLT
H\5 [Next: Add Tags (ROFIE: 7T DEM)] #0UvILET,

awg Services Resource Groups - * ,-’:L Local_Administration/npr

1. Choose AMI 2. Choose Instance Type 3. Configure Instance 4. Add Storage 5. Add Tags

Step 4: Add Storage

Volume Size

Device ; ) ; : Throughj
T'y!:e | Snapshot (i [G!B) Volume Type (i IOFS (i (MBIs) (|
i i
Root /devisdatl  nap- 30 General Purpose S v | 100/3000  N/A
e 0576704bcf883d5ee = '

Add New Volume

]

Cancel Previous Review and Launch Next: Add Tags

8. (A7 3v)[Step 5: Add Tags (RTFY T 5: 1V RI VAN T HI)] TlE, 57 (BIZIX VTune
Demo) ZEML T [Review and Launch (FESRE{ERE)] 27UV oI LET,

BWS.F Services - Resource Groups ~ * [\ 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.

R ) Value (255 characters Instances  Volumes
Key (127 characters maximum) ) . : :
maximum) i i
Name WVTune Demo v v (%]
Add another tag (Up to 50 tags maximum)

Cancel Previous Review and Launch Next: Configure Security Group

9. [Step 7: Review Instance Launch (RFYv 7 7: 1V X5 Z{ERDTEER)] Tl&. [Launch (ERE)]
= OUvILET,



aWST Services - Resource Groups ~ * ,.f:k 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), S5D Volume Type - ami-

mpyomy  Obbebb35405ecebdb
Ubuntu Server 16.04 LTS (HVM),EBS General Purpose (5SD) Volume Type.

Support available from Canonical (hitp:/fwww.ubuntu.com/cloud/services).

Root Device Type: ebs  Virtualization type: hvm

¥ Instance Type Edit instance type
Instance ECUs vCPUs ME_ITIDW' Instance EBS_-Gptlmmed Network
Type (GiB) Storage (GB)  Available Performance
Uptos
t3.medium | Variable @ 2 4 EBS only Yes P )
Gigabit
* Secuy rity Grou ps Edit security groups
Security group name launch-wizard-4

Cancel Previous m

10. F—R7Z{ERLET,



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.

Naote: The selected key pair will be added to the set of keys authorized for this instance. Learn more
about remaving existing key pairs from a public AMI .

| Create a new key pair v
Key pair name
|M1,rEC2Instance |

Download Key Pair

Q You have to download the private key file (* pem file) before you can continue. Store
itin 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 (FiLL\F—~XT7DIERE)] %=:&IRL T, &/ (FIXIL
MyEC2Instance) Z&|DHTET,

b. [Download Key Pair (¥—~R7DF o r0O—-R)] #oUvoLT %5 o/0O0—-RLE
ER

c. [Launch Instances (1 AI YV ADIER)] =0 v oL T Yy 7V I%#=ZETLET,

ARV ADMERENET,
11. [View Instances (1 YAV ADOERTE)] =#0VUvILET,

[Instance State (1 X5 > ZAMDIREE)] B\ [running] ICEFSNEBRDRATY FITEHFT,



Services + Resource Groups ~ % 1'1 Local_Administration/npr

EC2 Dashboard - Launch Instance Connect liBActionshy
Events 1
Tags . . .
Reports (@ WFiiter by tags and atiributes or search b{? JEMESEESIN1 to € of 6 [EE
Limits
Name - Instance ID + |nstance Type ~ Av
=] INSTANCES
I Instances VTune Demo_old i-003d6d3494a0271f5  t3. medium Us-
Launch Templates B VTune Demo i-054c597be3152f5b6  t3.medium us:J
Spot Requests
Reserved Instances Description Status Checks Monitoring Tags
Dedicated Hosts )
Instance ID I
Scheduled Instances 054c597be3152f5b6
Capacity
Reservations Instance state  running
T p— Instance type  t3.medium
AMIs ) Elastic IPs
EC2* 1V RV RICERT D

ER LTz EC2* 1 R R%BIRL , [Connect (¥E#E)] 20UV I LTA VATV AN SSH #EHLET,

Connect To Your Instance

I would like to connect With @ A standalone SSH client (i)

O 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 SSH to work. Use this command if needed:

chmod 488 VTuneDemo.pem




PuTTY* [, Amazon EC2* [ICKD2TERIND T TAR—F—HR (.pen) ZR1 T TICHR—~LEE
Ao PUTTY* Z{FRL TV RSV AICIEH I BHIIC, PuTTYgen ZFRLTTSARN—kF— (.pen) &b

BEIRPUTTY* 2R (. ppk) ICEBRTDIHE

1. T5AR—bF—%ZHLET,
a. PuTTYgen Z{2EILET,
b. [Type of key to generate] T [SSH-1 (RSA)] Z:&IRLFT,
c. [Load] #OUwOLT .pemn Z71ILERBIRLET,
d. [Save private key] #0UwZ LT PuTTY* NMERATREGH N THF—%RELET,

2. PuTTY* %##2&IL T, [Connection] > [SSH] > [Auth] TA VRSV AD/\NTUwvS DNS & TF541

N—h-F— (.ppk) 71 EIBELET,

NHDERT,

| would like to connect with

Connect To Your Instance

To access your instance:

chmod 48@ VTuneDemo.pem

® A standalone SSH client ()
0 A Java SSH Client directly from my browser (Java required) @

1. Open an SSH client. (find out how to connect using PUTTY )

4. Connect to your instance using its Public DNS:

ec2-34-219-178-12.us-west- 2. compute.amazonaws . com

Example:

ssh -i

Y
Please note| B PuTTY Cﬂﬂﬁguwn

you read yo
AMI userna

If you need any assist

"VTuneDemo. pem”

2. Locate your private key file (VTuneDemo.pem). The wizard automatically detects the key you used to
launch the instance.

3. Your key must not be publicly viewable for S3SH to work. Use this command if needed:

ubuntu@ec2-34-219-178-12.us-west-2.compute.amazonaws . com

Category:

?

g

= Sfassion

- Terminal

- Keyboard
- Bell

- Features
(=1 Window

- Appearance
- Behaviour
- Translation
- Selection
- Colours

- Connection

.. Data

- Promy

- Telnet

- Rlogin

| Basic options for your PuTTY session

\Spedf)rthe destination you want to connect to

Host Name (or IP address)

a

ort

[ubuntu@ec2-34-213-178-12.us west-2.01| | 22

Connection type:

() Raw

Load, save or delete a stored session

Saved Sessions

() Telnet () Rlogin @ 55H () Serial

Default Settings

Save

&

nsure that
he default




3. ®EZRFLT [Open] 20UvILFET,
AV RV RICOTAVLET,
p:

EITHROAVRAI YV XIT Xubuntu* TR MY T&2A VA S—)LTBRENGHDEIT  VNC BETY AT L
IC7OERTBERIF YNC* U —N—Dty 7Yy THMRETT,

FO77CIAIFICA VY RIY AZ_ET D

/proc/sys/kernel/yama/ptrace scope % O ICEREL T, 7OT77IIAIFICY—T YAV RE Y
AzXEf/LET,

echo 0 | sudo tee /proc/sys/kernel/yama/ptrace scope
hotspot T2 E179 3
ROEBD AT hotspot RiTEEITLET
SSH HTO—-AIICA YA R=IENeL >V FIL® VTune™ 7O7 71 5—h\BUE—MNIEEZET:
i
UE—k/N\=RILT7 ARV R=RG Y TUVITBIRIE NRTRAII AV TSZASSOFv—EAVTIL®
VTune™ 7O7 715 —DINRTOTOT 71 IUEREICER 7 O XA 8EG EC2* RFZAF I AV ATV R
(i3.metal 1V RAF Y R-T7=U—) ZRRE, AWS* EC2* REBIBIETIZFIATEEEA.
1. AVFILVTune™ 707715 —Cc 7OV U EERLET,

[Configure Analysis (BBTDRRE)] V>~ R UDRRSNET,

2. [WHERE (£C#%)] 1> Tl&.[Remote Linux (SSH) (UE— Linux* (SSH))] #i&RL T, [SSH
destination (SSH MIIHR)] IC ubuntu@<PuTTY* EREDRAI> EANNLET,

COFRTIYTIL® VTune™ 707715 —3UE— Y RT ALICEHR L T UEICHER/NAF
U—ZiBESNZTAINST =AY A—=ILLEDSELFT,

w

[WHAT (d#%&)] X1V TlE, 7TV =3V OIBmEfEET <L O M) —%=I8ELFE T,
4. [HOW (ED&LSIC)] RA1UTlE, T 7AITRREINS hotspot T [User-Mode Sampling
(A—Y—T—FR-BUFTUVD)] &BIRLET,

5. @ 5ouysic miremEBLET,

BRIE BFTOREHBEENICO—NILY AT AICOE—2NET,



AWS* TR Y ZANBEEA VT IL° VTune™ 707741 5—%X£1T:

N =

Ul

T A=) AR (BREE) ICRST ATV VTune™ 7OT7 715 —%AVAR—JLLET,
AV FILVTune™ 7077145 —%ET7LETIRICHZRLET,

sudo <vtune install dir>/vtune profiler/bin64/vtune-gui

JO0VOEERLETD,
[Configure Analysis (BBHTDERE)] 7~ RONRREINET,

[WHERE (£C#%)] X1 Tld,[Local Host (O—AIKAR)] 5T v I AT L1 TEEIRL
FI,

[WHAT (d#%)] X1V Tl 77UV =3V OBmEfEET L O MU —%1I8ELFT,

[HOW (ED&LSIT)] X1 Tl&, [Hardware Event-Based Sampling (/\—RJx7- ARV NR—
A YU TUVI)] 1RE, hotspot FEITOUNEE— REZIRLET,

(>) #OUYOLT, BT 7ZRIBLET.

RATERIZ, 7 4)L 0 [Hotspots by CPU Utilization (CPU ERZERIC LBy AR )]
Ea—NR1VRCRRSINFET,

BEIEH

REREBEOY—T VI (EEE)
INT A= AT (5B
UE—RUNEMIFIC SSH 7Ot A% E (K:E)


https://software.intel.com/en-us/articles/install-intel-parallel-studio-xe-on-amazon-web-services-aws#inpage-nav-4
https://software.intel.com/en-us/vtune-amplifier-help-on-virtual-machine
https://software.intel.com/en-us/vtune-amplifier-help-analyze-performance
https://software.intel.com/en-us/vtune-amplifier-help-configuring-ssh-access-for-remote-collection

GitLab* CI TN\NT A=YV X%&7OT71INVTS

ZOLYVEIR ATV VTune™ 707715 —% GitLab* Cl N1 71 VICEL T ErETOT 71
WIBLFEEHRALET,

aVFY-ITHFRX/\—: Dmitry Sivkov (%:E)

ZOLYVETIE, A7 IL® VTune™ 707 71 S5 —% GitLab* Continuous Integration (Cl) /\1 751 ~IC
REIDETENREBETOT77MILT D AEE AV TIL® VTune™ 707715 —0&RGE HTML L
R— b EREZERA L TCHERRD/INTA—I Y AR T—I\DT7 IR LDEHICT D HEERLET,

COF77O—F(F, RO REDHRBLET,

o BEINTA—V VR INTA—T VR UT Ly avhgHeniziga T AL BEESRELTF
EC/I\TA—TY VY ABERZWNET DI BRAGIEETHD . T VI ZFnEERREEEELTL
FWET, A VFIL® VTune™ 7O T 74 S5—% GitLab* Cl /NA TSA VDT ARRATF—IICHETD
CET. OO LOHRELRRIETNIA—T VA T—5%=BE#HINELT. BRZEHIHNICT—T
JrokrEeLT7YyIO—-RTEEYT,

NICED  FEEEZEAS EILRRTEIC/NTIA—TIVRAEREFBTERLSICTDET YUY
LyyavoRRARBICERTEEY,

o ARHLEEE:1VFTICVTune™ J7OT771S5—DIAIVRIA AV —T A X (CLI) #EE (&
E) X ZEL ClMAEERBLET AT IL° VTune™ 707715 — O CLI &EHRTBIZET Al
2 F—LOZ—-XICEDLEB T REREIRIA TE/INTA=F—ERBIRLTHRYLTOERA%E
Ty PV ITEET,

PATRIE, WO DR ESFITT

o EILRZEITHRY RRARY HEENT (R58) #BHEETLET,

o EIRIYRFLADERTACRT—ITINITA—IVR-UTLvYavhigEanizigand
FLLWEIREZTZOT7MILL T, INTORBEIRENIA TDINTA—T VAT —I%&INEL
x99,

o HTMLERLK—b: 1> )L° VTune™ 70771 5—ICIF WNEBROT T -2 TEHRNZ
HTML LIR—bZ&EKT 2OV RS1>-AT 3> (REE) AESNTLET, 20 HTML LiR—
bETSOY—CTRRL T EMOBITNLENE DN EHIMTEXRIT  AT3aV T, TOHTML L
R—bZEFZ GitLab* R—JELTRARTBIEDHTEET,

e FHTDIHOD
e FlE:

1. GitLab* Runner Z#1>Ak—JL 93
BElT—YUNEZRET D
FBRoOBE7YIO—REREITD
ERT—IEKRRID
(ATVay) lICRELIZREERRT D

s WDN


https://software.intel.com/en-us/user/540864
https://software.intel.com/en-us/vtune-help-command-line-interface
https://software.intel.com/en-us/vtune-help-basic-hotspots-analysis
https://software.intel.com/en-us/vtune-help-format

EFHITIHD
PRI INTA—T AN FTIUATERTBY IO 7OUR LT,

o AVISARSUFv—: LTS, Gitlab* Cl /\1 T 541 V&R EZHD GitLab* URI kU —:
o FOYxU b0 Makefile
o BJRIREBHD .gitlab-ci.yml Z7TII)L
o AVFTIL®VTune™ 7O7715—h1 VA —)LENz GitLab* Runner
o VW=IL:1VF)L®VTune™ 7OT77145— 2020 (RF > R7OVERIE1>7)L° Parallel Studio
XE/A >~ 7 )L® System Studio I[CEFENDDD),

o AVFTILVTune™ 7O7715—DF 00— REHFHR—FITDULTIE,
https://www.isus.jp/intel-vtune-amplifier-xe/ #&RBL TLIEEL\,

o COVITVIDLVEIFITNTRT—FTILTHD, 17 IL° VTune™ Amplifier 2018
RFICERCEERT . N—YaVICRDBRENDIMNCERGDRZENHDFET,

o N—=HIRAVFTIL® oneAPI R—XY—)LF v +EIFO/IN—= 3B, 1> 7 )L VTune™
Amplifier OBMMNA >V FIL® VTune™ O 7715 —ICEDDELE B E /S 1V FIL°
Parallel Studio XE F7z[&->F)L°® System Studio DIVR—R/ LT, HBLIFRY
YR7ZOVEROA Y FIL® VTune™ 7O7 714 5—#FBUVWERIFEY,

GitLab* Runner Z1 > A F—=ILT D

GitLab* Runner W\ i&ESNTULVELEA L, GitLab* AT RFa XU~
(https://docs.gitlab.com/runner/#install-gitlab-runner (#58)) OF|EICHE>T, GitLab* Runner V 7
T )\ =T %AV A—=)ILLTERELFT,

GitLab* Runner #1> XAb—)LLIEEIC AV FIL® VTune™ 7077145 —% 1V AL—ILLET, FlIEEF
RAmEERA Y A= ILAEICDVWTIE T/ >F )L VTune™ 7077145 — AV A=) HA By (3£5E) %=
BRLTLIESL,

: 3

o root ERELT/N\—RILTARY R=R BV TV TINEEEITTEDLIIC,
/proc/sys/kernel/perf event paranoid & O ICEREL TSV AV FILDBGYTUY
T RSAN\—FE root ERZEFERALEWVW\—RDI7-7O7 71 ILICDVWTIE KOV I TV oD
T FILDY Y TV T RSAN\—%FERLGEW\—RD7-7O771)LIL YV EESRBLTLE
=LY,

o NTA—TVRBIFERIL FEHATS Runner EEEFEETIBDVVVICLO>TRIFDET,


https://www.isus.jp/intel-vtune-amplifier-xe/
https://software.intel.com/en-us/vtune-install-guide-linux
https://jp.xlsoft.com/documents/intel/vtune/2020/Intel_VTune_Profiler_Performance_Analysis_Cookbook.pdf

BEIT—YNEZRETD

vtune AY Y RFOHLET —FT 1770 FLIBOT Y R%E GitLab* /N1 5S4 VICEBMLET . FIZIEL IRD
OV R% .gitlab-ci.yml Z7TILICEMLET,

vtune -collect hotspots ./<F7FUT—/3>>

COIARVRIF &REOINY RATY 3V TIRESNE7Z TUT -2 3V = REIL T, Ry ARy ST (3R
) T—YENEL BERERDT LI FU—ICRELET,

VTP VTune™ 70774 S5—DiERE HTML HXU—LiK— FOEBOEHADEETY FO—RTE
FTHIRIE, FTVT—Y 3V DI TA—I Y AOBEEIET D12, REFBAER LB HTML
TU—LK— a7y TO—RTEET,

FHIE HTML LIR— b EE R I BICIE ROIY Y REEMLET,
vtune -report summary —format=htm| > hotspots summary.html

AT VTune™ 707715 —DREFERET7—T1 770 LTy T7O—-RIBICIF EREDY—
IWTRERTALOR—%/\W T —IMETBIREDNHDERT BIRIERDELDIC, tar ZERLTHERT LD
FU—%/)\w T —IMELET,

tar -c r00* > vtune result.tar
. 3

e vtune AV VRZEFERLT EEDATYav%EIBEL, ETRIBECEWREEDREFTS 1 T&EIR
TEFI . AV VRSIUNBEITEETIDHEICOVLTIE 1T IL® VTune™ 707715 —-
A—Y—HA R IT Y RS VEIRDETT ) (5B) 28RBL TS,

e AVFILOVTune™ JOT71S5—NIS5T1HIL-A—T—A U5 —T 141X (GUI) I£, GUI THEAT
ERELT REBELRINTOATYIVENSA—I—ECATVRIAIVEERLTIE—TES,
OV Y RSA VR EEMMEE (E3E) £t LET, COMEEAFIBLTOVY Y RSV EBBICER
L. BTHERTEEY,

FETO vtune AYY REOERKICDOWLWTIE A F)L® VTune™ 707745 —A—F —HRapFav
VRSAATVI=T AR (REB) #SHBRL TS,

: 3

BHEDRIZTIE, BITHREGENT YA THEIRSNET . FIZIE, 1007 —FF OF v— 2L RFE
DIREIY V- INAN—= I\ 1T —TIFFATEEE Ao


https://software.intel.com/en-us/vtune-help-basic-hotspots-analysis
https://software.intel.com/en-us/vtune-help-format
https://software.intel.com/en-us/vtune-help-running-command-line-analysis
https://software.intel.com/en-us/vtune-help-generating-command-line-configuration-from-gui
https://software.intel.com/en-us/vtune-help-command-line-interface
https://software.intel.com/en-us/vtune-help-command-line-interface

BROHE7ZY7O—RZRETSD

7vIO—R9BT7MI)% .gitlab-ci.yml Z7MJILD artifacts/paths: BV IVITEMLE
FTHRIEERTALIRI—D .tar 77MILE HTML BIYU—%7v7O—-RIBEERDEDICIEE
LFT,

artifacts:
paths:

- <70V OEI/NRA>/vtune result.tar
- <70V O LOEI/NZ>/hotspots summary.html
E

ERIE, GitLab* 7—T1 770 LTy T O—RLTLIESV Z5TRVE AT IL® VTune™ 7O7 7
15—%=RITIBIY Y LICRERNMRESN, FECTHE I IRENHDET,

WBRT—I=RRTD

EILENRT LIS ROFIEICHST, GitLab* Iz T AV =T A AN TU—R—JICTICT
DEATEET,



1. GitLab* T Pipelines XR—/ICHEENILFET,

LT Project overview

Details
Activity
Releases

Cycle Analytics

B Repository

D Issues 0
11 Merge Requests 0
« Cl/CD Pipelines
¢ Operations Jobs
Schedules
® Packages
Charts
[ wiki
o6 Snippets
{3} Settings

2. TOR=INB,T7—FT14T70 NV R Z2For0—-rFdN EARKDO HTMLR—JZSRLT YT
U—%ZEICERZ2Y U YO0-FIdRENHINEINEHRITEET,

& 00:01:29 "
- [ B
£ 5days ago




HTML R—I&E@ERIICH D> O—RTBICIF IROBIEETVLED,

1. )M T4 ATF—IDLIR— k- R—IICFEENL T, [Browse] 20 Uv I LET,

profile Retry

Duration: 25 seconds
Timeout: 1h (from project) (7]

Runner: runner 1

Job artifacts

The artifacts will be removed in 3 weeks

Keep Download Browse

2. HTMLR—JDiFmICHEIL T, ¥o>O0—FLET,

Artifacts / your_application

MName
..

[3] hotspots_summary.htm|



3. FROTSUY—THYTU— HTML ZRUL T EBMOBITHBENE SH\VEHIRTLE T,

Intel® VTune™ Profiler 2020

Elapsed Time: 1.6525
CPU Time: 1.070s
Effective Time: 1.070s
Idle: 0.010s
Poor: 1.060s
Ok: Os
Ideal: Os
Over: Os
Spin Time: Os
Overhead Time: Os
Total Thread Count: 3
Paused Time: Os

Top Hotspots:

Function Module CF’U
Time
memcmp libe- . 0.084s
dynamic.so
OS_BARESYSCALL_DoCallAsmintel64Linux libe 0.082s
dynamic.so
[Outside any known module] [Unknown] 0.073s
llvmizStringMaplmpl:LookupBucketFor libpin3dwarfsc  0.056s

std:privi_Rb_tree<std:pair<std:string, unsigned long>,

stduless<stdupair<stdistring, unsigned long = =,

std:pair<std:string, unsigned lang>,

stdzprivi_ldentity <stdupair<stdustring, unsigned long= =, libtpsstool.so 0.052s
stdzprivi_SetTraitsT<stdupair<std:string, unsigned long= =,
stdzallocator<std:pair<std:string, unsigned

long == >zinsert_unigue

[Others] N/A 0.722s

Effective Physical Core Utilization: 21.5% (0.861 out of 4)

The metric value is low, which may signal a poor physical CPU cores
utilization caused by:

- load imbalance

- threading runtime overhead

- contended synchronization

- thread/process underutilization

- incorrect affinity that uwtilizes logical cores instead of physical
cores
Explore sub-metrics to estimate the efficiency of MPI and OpenMP
parallelism or run the Locks and Waits analysis to identify parallel
bottlenecks for other parallel runtimes.




AVFILVTune™ 7O77AS5—DT S5 T4 ) A—F— AV 5—T1A AR FEBLTERT —5%ERRT
BICIE ROBIEEITLET,

1. .tar 7—HATHOER T 71 IL=ERALET,
2. 1VFTIL°VTune™ JO7715— GUI #EEILET,
3.

T RIYEIUYILT BRI PV EBRLET BRT—5FHLL S TICRRENET,
(AT ay) MEICRELCHREZRRT D

NTA—=X VA UT Ly arvhigtieniciza BEZRELTRIRT DD, 1T IL° VTune™ 7077
15 —DIENDET T T ERTERT,

: 3

CHOLYVEDERIE. A>TV VTune™ 7OT7 745 —-FANOV/\—TA—S 1\ (HE) #BRL TS
LYo

EEIEH

o HMELVE

o AVFIVTune™ 7OT77AS—NIAX VY RSA/AVF—T (R (85
o AVFICVTune™ 7OT7715—D CLIVT 7LV (%55

o IOV VRSAVERELEMEE (535


https://software.intel.com/en-us/forums/vtune
https://software.intel.com/en-us/vtune-help-command-line-interface
https://software.intel.com/en-us/vtune-help-command-line-interface-reference
https://software.intel.com/en-us/vtune-help-generating-command-line-configuration-from-gui

IN—FD 7 R—ZD hotspot @#Hf[EIFIC Hyper-V* {R%8
NI VERETD

ZOLYVEIR AT VTune™ 70771 5—%FERLT/N\N—RD7 N\ TA—T VR %=TOT71ILTD
fz$b Hyper-V* RIECTIREBYY VAV AV A&/ ELET,

V7Y -IFRIN—b: Alexey Kireev (%78), Denis Pravdin (3£5&

o FEAHTZHOD
o FIE:
1. Hyper-V* RRA+EHRET D
2. RV VEEHRLTHRETSD
3. N\—ROz7EFEIFICREYTY VERETD
4. hotspot Bt (J\—RILT7 AN R=RGVTUVTE—R) 2ETTD

FERTDIHD
UTRIE INTA—T YV ABRY FTIUATERITD/IN—FRI 7Y T I T7DURRTY,
o« Y—)b:
o N=HRAVF)IL®VTune™ 70774 5— (Ffeld1>7F)L® VTune™ Amplifier 2019)

o HY—R/I\—F1—&n Virtual Machine Manager (VMM) HRE(ICIRBTENHDET,
e CPU:AMVFI N—F¥SAE—a>r-70./09— (AVFILeVT) JISD1 5 IL® Xeon® O

Tyt —
RDEDIGNTA=R VBT N\—RIzT7EREOAVTIL RAOOF7 —F T OFv—%
FERITDIEHTEET,
17100 PMU PEBS LBR IPT PT2GPA
P=F¥FOFv— | N=Vay
ARI—F3

Kaby Lake 4 o o o X

Ice Lake 4 o o o o

Cascade Lake 4 o o o X

Gemini Lake 4 o o o X

Skylake 4 o o x X

Haswell 3 o o X x

Broadwell 3 o o x X

o ARL—=F1VYT-2 X5 Ls: Microsoft* Windows Server* 2019 &7zl3 Windows* 10 /\—/3>
1809 (October 2018 Update) BAf#


https://software.intel.com/en-us/user/2029780
https://software.intel.com/en-us/user/337311
https://www.isus.jp/intel-vtune-amplifier-xe/
https://ark.intel.com/content/www/jp/ja/ark/products/codename/82879/kaby-lake.html
https://ark.intel.com/content/www/jp/ja/ark/products/codename/74979/ice-lake.html
https://ark.intel.com/content/www/jp/ja/ark/products/codename/124664/cascade-lake.html
https://ark.intel.com/content/www/jp/ja/ark/products/codename/83915/gemini-lake.html
https://ark.intel.com/content/www/jp/ja/ark/products/codename/37572/skylake.html
https://ark.intel.com/content/www/jp/ja/ark/products/codename/42174/haswell.html
https://ark.intel.com/content/www/jp/ja/ark/products/codename/38530/broadwell.html

o AVFTIL®VT XD BIOS
p:

Hyper-V* ICI&, THyper-V* (RIEB< VTA U FIL NT A=V AEBZHUV T N\—RI 7 %=BRICT
BICTHASNTLDEINDEHNGHDET,

Hyper-V* RARZRRTET D

1. Y=/\—DOBIOS Y7V I TIVTIL® VT ZBMICLET,
a. BEREBRABOBECZT AL (POST) FIC F2 F—%#HLTIY AT LD BIOS IC7OEALEY,
b. [Advanced] > [Processor Configuration] ZZRLFT,
c. [Intel® Virtualization Technology] #iZiRL T [Enabled] ICZELFT,
d. ZE#RELTHREI#LETD,
2. [AvkO—=) RV > [FOT3 4] > [FOT5LE#EE] ICEEL T, ZOR1>T [Windows*
OBEDBMEEITEBNE] 20Uy I LET,

[Windows* M#EEE] Y1 7O Ry I AR RINET,

3. [Hyper-V] ZEBELTINTOF VIRV IREAVICLET,

[Fl Windows Features — O *

Turn Windows features on or off e

To turn a feature on, select its check box. To turn a feature off, clear its
check box, & filled box means that anly part of the feature is turned on,

Containers ~
[0 Data Center Bridging
7 [] | Device Lockdown
[ | Guarded Host
= Hyper-4
= Hyper-Y Managerment Tools
Hyper-W GUI Managerment Tools

Hyper-Y Module for Windows PowerShell
= Hyper-i Platform

Hyper-Y Hypervisar

Hyper-y Services
.1 Internet Fenlarer 11

Cancel

4. [OK]=Z0UvOLT AV A=I)LLET,

AV AL=IDRT LIS [ST<BER] 20 )y ILET,


https://docs.microsoft.com/ja-jp/windows-server/virtualization/hyper-v/manage/performance-monitoring-hardware
https://docs.microsoft.com/ja-jp/windows-server/virtualization/hyper-v/manage/performance-monitoring-hardware

REVYV=ERLTHRETD

Hyper-V* iR X+ (BUE, TR R ) T [ARY—K] XZa—H\5 Hyper-V Y RX—Iv—%ETLT FHLLY VM
(BARE, TVM)) ZERL LERELF T,

1. [84E] /\RILT [#iR] 220U v o LT REIVY..] EBRLET,

28 Hyper- Manager —

File  Action  View Help

A Ao

E %p::;;f;: ?Ufn LQS;T Virtual Machines Actions
= HYPER-W-HOST -

B Quick Create..,

Marme

ey 4 Yirtual Machine..,
Import Virual Machine.., Hard Disk...

Hyper-¥ Settings.., Floppy Disk...

ie [ ¢

YWirtual Switch Manager..,
< wa Wirtual SAMN Manager...
Checkpoints em EditDisk..

Inspect Disk...

Shop Service

Rermowve Server

¢ X m kgt

Refresh
Wi 4

Help

2. RV YOHBIER T+ —R] THLWLWI Y VICHEZINTD/INT X—5— (CPU B, XE
J— RV D=0 I\—RF1RT 1FH) #IBELET,

AT IL°VTune™ 7OT7 74 5—DRI AT LAEMH(F 4GBRAM, ZET1XAUAE 10GB ML Lk
TY,

3. AYA—ILDYV—REFRELETHIZIE, O—SILDAV A=) A X—=Y (. is0) ZEATEE
ER



EH Mew irtwal Machine Wizard >

Ed Installation Options

Before You Begin ‘fou can install an operating system now iF vou have access ko the setup media, or vou can install it
later,
Specify Mame and Location

Specify Generation () Install an operating system later

Assign Memory (®) Install an operating system from a bootable image File
Canfigure Metwaorking Media
Connect Yirtual Hard Disk, Image file {.iso): | | [ Erowse...

Installation Options

Summary () Install an operating system from a network-based installation server

< Previous Cancel

4. FLERLIE VM ZREL T, 0S D1 VA —IL- 7O R =RBLET,
N—FOT7@BrRIFICEEYY VZRETD
PMU/PEBS/LBR Z VM ICRARLTTOT 7ML T2 —T Y VAT AV A Y A EERHLET,

1. VM EYvY T TVLT [RI—F] XZa—HhSEBEBEER TR D Windows PowerShell* %

HREILET,
2. PowerShell* TXMDIOY > R&EEITLT,PMU,PEBS,LBR I\ VM ICARESNBLSICERELFT,

Set-VMProcessor -VMName your vm name -Perfmon pmu,pebs,lbr



3.

EN Adrministrator Windows PowerShell — O >

Windows Powershell
Copyright (C) Microsoft Corporation. &1l rights

P Cinlsersypdministrators: Set-WHMProcessaor W pmu, pebs, 1br
PS CiwlUsershyadministrators

VM ZREILET,

BIOERIL, THyper-V* RIEETY VY TAIVTIL NTA—TVAEBZAUV T N\—RIT7HBIICT S
#SRBRLTLIES,

hotspot T &ETT D

VM D\BEECVFTIL® VTune™ 707 71S5—%2ETLET,

1.
2.
3.

VM ICA>FIL® VTune™ 707715 —%1VAL—)LLET,
[RI—=F] XZa—D\B1FIL® VTune™ 7OT7715—%#ETLET,
OV EERLET,

[Configure Analysis (BBEHTDRE)] 7~ RODNRTREINET,

[WHERE (E£C#%)] X1 > Tl&, [Local Host (O—HAILKRAR)] 5—5vY I AF A1 TEEIRL
97,

[WHAT (d#%)] X1V TlE, 7TV =3V OIBmEfEET L O M) —%=I8ELF T,

[HOW (ED&LSIT)] R Tl&, hotspot fi#HrdD [Hardware Event-Based Sampling (/\—F™>x
T AR IR=Z YV TUV D) INEE—RZERBIRLET,

PMU/PEBS/LBR W' IE LK ARENTUL\BIZA. [Analysis Configuration (B2iTMDERE)] R VICT
T—AvtE—VERRINT BREETTIET,



https://docs.microsoft.com/ja-jp/windows-server/virtualization/hyper-v/manage/performance-monitoring-hardware

7. © [start (BH8)] 50Uy oL CERITABIBLET.

fRMTREER |, T 7 4L D [Hotspots by CPU Utilization (CPU {ERZEICL DKy FRiRY )]
Ea—R1YhCRRINET,

p 3
BERFICETLTLBERD VM T hotspot BBifiEETITBEHAEETT,

B:EIRHE

e Hyper-V*B®RIBEOY—Tvba7OT771) (K5

e Hyper-V*{REIYZVTAUFTIV NTA—XVZA-EZHIUV T N\—RIz7Z2BRICTD
o N=RIIT7ARYR=ZHUTUVTUEE (KB


https://software.intel.com/en-us/vtune-amplifier-help-profiling-on-hyper-v
https://docs.microsoft.com/ja-jp/windows-server/virtualization/hyper-v/manage/performance-monitoring-hardware
https://software.intel.com/en-us/vtune-amplifier-help-hardware-event-based-sampling-collection

DPC++ 77U —ayp7O0771)L

ZDOLVEIF DPC++ (F—H1i% C++) 7 TUS —avAEER LTIV INMILT B AEEBNLET . X
e A>VFILe VTune™ 7O7 715 —%FEBLTDPC++ 77U —3>d GPU e E7L ERE%
SETBAFEDRLET,

aAVFY-ITFRX/\—I: Jackson Marusarz (3&:E)

o (FRHIDDOD

o FE:
1. DPC++ 7 U —2avzERLTIVINTMILT D
2. DPC++ 77U —/370 GPU @BifEET9 S
3. IN&ET—5%MEITITD

EFHITIHD
ZOLYVEDR/N\—RIzT7EHEY T RO TEHRIZIROESDTT,

o FPIUT—aVimatrix multiply. DUV A7 TUT—2327(F A7 )L° oneAPI Y —
IWEY OS> T)O—R )\ —3 (HEZE) ICEENTULET,

o IAVNAS—:DPC++ 7 U —a>raTOT 71 ILTBICIE AR—FhRA>T)L® oneAPI 'V —)L
Fw bk (3EB) ICEFEND dpecpp AV /A S—DRETT,

o W—IL: N—HFhRAVFIL® VTune™ 7O 71 S5—: GPU 518/ X517 hotspot i

: 3

o AVFTILVTune™ 7OT7 71 5—FHEROSY T O—RERFTR—HTDONTIE,
https://www.isus.jp/intel-vtune-amplifier-xe/ Z&RB LTI EEL),

o COUVIOTVIDLYVEIFIRTRT—=STILTHD, 17 )L VTune™ Amplifier 2018
PIRICEBATEERT /=Y aVICEDBRENDITNCEGTDIENHDET,

o NR=HRRAVFTIL® oneAPI R—ZY—)LFv ~@IFD/N—Tarhb, 1> 7)L° VTune™
Amplifier OBTRDA >V FIL® VTune™ FO7 71 S5—ICEDDEL BIEHE 1V TIL®
Parallel Studio XE &/z[&->/7JL°® System Studio DIV R—RV ;ELT, HBDLIERSY
YR7ZOVEROAVFILe VTune™ 70771 > —%2CHRAVEEITEY,

NAoO7—FFOFv—:

o FIHKIVFTILL FOtYH—TST1vIX (Gen9)

o AVFIRAOOT7—FTUFv—RFEI—FE Kaby Lake E/zl& Coffee Lake
ARL=F 1T I ZAF I Linux* 1—=)L 4.14 DU (GPU 5 —4'y - 7O 7 71 )LDETT)
o UST714NIN-A-Y—AUH-TI1R:

o GTK+*(2.10 AR, 2.18 DA H#ER)
o Pango*(1.14 DAF%)
o X.Org (1.0 DARE, 1.7 D= HEIR)


https://software.intel.com/en-us/user/434821
https://software.intel.com/en-us/articles/code-samples-for-intel-oneapibeta-toolkits
https://software.intel.com/en-us/articles/code-samples-for-intel-oneapibeta-toolkits
https://software.intel.com/en-us/oneapi
https://software.intel.com/en-us/oneapi
https://www.isus.jp/intel-vtune-amplifier-xe/

DPC++ 77U — 3= ERLTCaVINTILTS

MBE® DPC++ 7 TUT—2 3=V /\1ILI B1mE, oneAPI DPC++ OV /\A5—-AT23a>®
-gline-tables-only & -fdebug-info-for-profiling Z# I IEEL TS L CTNITKD, /N
TA—=T YV ABRICRBIZT N\ I BHRNERINET,

matrix multiply U2 FILEEILRTBICIE ROBEFEEZITVET,

1.

YT I FTALORU—ICRBEILET,

cd <sample dir>/VtuneProfiler/matrix multiply

src TALORJ—=M multiply.cpp Z7IILICIEZ THREDLKDOND DPC++ /\—I3UhH\'E
FNTUVET multiply.h THUIHNT D #define MULTIPLY {T&MRELT /N—I 3V EBIRLE
ER

B> 7ILDPC++ 7 FTUT - 3%V IINMILLET,

cmake .
make

matrix.dpcpp RIT77TILNERSINET,
7005 L EHERITBICIE IROOT Y REETLETD,
make clean

make IV Y RICEOTERMSNIERIT T 7MILEATI O ST 71 ILDEIBRESNE T,

DPC++ 7 7U4sr—3/3>0) GPU Bif&2E179 D

WERMY: GPU B ZzERT9 Y AT LZREMLET . FMIEZ . T1>FI)L° VTune™ JOT7 745 —1—
Y—-711 R (EEE) ZBRL TS,

1.

R—=HFHRAVFIL® VTune™ 707 71 5 —%#2EL T, [Welcome (DT Z)] X—I T [New
Project (il 7O O] #0UvOLEFT,

[Create a Project (FOY U LDIERE)] 71 7 ORI ANKRRSINET,

7OV Y LOBRIEIBFEIEE LTIE5, [Create Project (FOY O FOIER)] Ry %&EIUvIL
9,

[Configure Analysis (BBEHTDRE)] 7~ RODNRTREINET,

[WHERE (E£C#%)] 1>/ T [Local Host (O—AJLKRAR)] BNBIRESNTULBR I EEERL TS
(A

[WHAT (fil%)] /X1 >/ T, [Launch Application (7 7Uo — 3 %{EE)] 5—0 v LHhNBIRESN
TWBIEERERLT, 7077193 [Application (77U —/3V) &LT

matrix multiply EIRELFT,


http://software.intel.com/en-us/vtune-help-gpu-analysis-of-dpc-application
http://software.intel.com/en-us/vtune-help-gpu-analysis-of-dpc-application

5. [HOW (ED&LSIC)I X1V T,  RyV%ESJvHLT [Platform Analysis (5w L7 A— I fi#
#1)] 7 /)L— 7 ® [GPU Compute/Media Hotspots (GPU 5tH/XF17-ikv L ARw )] &&IRL
FxJ,

CNUF AVTIV TS T4V I REIOA Y TIL® VTune™ 70T 71 5—CTHIR—rand—k
N—=F1— GPU ZRBH LTSV TA—LTERITHROF TIT -V 3V KD FELRVWEETE
fLET,

6. =D GPU B TIZ RDTI7AILEOA T aVNEBRMICHE TLDR AR LTIESEUY,
o [Characterization ($§%)] E— R& [Overview (IiE)] X ~Uv o
o [Trace GPU Programming APIs (GPU 7035 =>4 APl ZL—X)] FvIhvI X

Configure Analysis (7% INTEL VTUNE PROFILER
WHERE

(® Local Host v #F GPU Compute/Media v @&
Hotspots (Preview)

Identify your most time consuming GPU computing tasks, what limits
performance of your kernel and drill down to individuazl lines of source

. . code. Focus optimization efforts on hot code for the greatest
6 Launch Application v performance Impact. Lear7ors

® Characterization Overhead
Specify and configure your analysis target: an application or a script to

axecute. Select a predefined GPU metrics group for Intel

Graphics to either analyze sampler, general memory
and cache accesses, of track accesses to different types

Application: of GPU memeory, or analyze GPU instruction frequency

ftempimatrix_multiply/matrix.dpcpp =] per certain instruction types.

Compute Basic [with global/lecal memory -
Application parameters: accesses)
o P
GPU sampling interval, ms

+| Use application directory as working directory 1

Advanced * Analyze memory bandwidth

' Trace GPU Programming APls
1

Analyze memory bandwidth

| Trace GPU Programming APls

7. T4V EODOTERICHSD [Start (FIR)] KRy > Z20Uy O L TRITZRIBLET .
OVYRSAUNDIOREEETIDICIF ROIAR Y FEAALET,
vtune -collect gpu-hotspots -- ./matrix.dpcpp

UNEE T — 5 =fEIRTD

[GPU Offload (GPU A7 0—FK)] Ea—R1> bh\oEiZERIALET . [Summary (B U=)] D1V kD
T.CPU & GPU UV —XOF BIKRICETMat =R LT, 77U — 3> GPU RENE SHVE kT
LFET, CORITIE, GPU MAENEZEICEVLCENDNDET,



Elapsed Time ~: 17.559s

GPU Usage : 90.3%

Use this section to understand whether the GPU was utilized properly and which of the engines were utilized. Identify the
amount of gaps in the GPU utilization that potentially could be loaded with some work. This metric is calculated for the engines
that had at least one piece of work scheduled to them.

GPU Usage
GPU Usage breakdown by GPU engines and work types.

GPU Engine / Packet Type GPU Time GPU Utilization

Render and GPGPU 15.855s 90.3%
Unknown 15.855s 90.3%

*NA is applied fo non-summable metrics.

[Platform (F5Y b TA—L)] V4V ROICHIDEZRT, V7D x7-F1—0 GPU R BAROBTICRILD
EARMNGR CPU XhUwDE GPU XUV OZRERLET . COT—F (3. 5151 T CPU FFARICEE
FIFIoNET, [Platform (FS5Y T A—LA)] V17 FOT UTORRICETZEHRERERLET,

GPU K7V -3y CPUKEZ TV -3y
ZJO7 71 IILEERBIOKRERHS T GPU i'EY — ZO7 71 IILEBOARES T CPUDEY —
EY—DRBIC/NSET7 A RILEEEH G D EY—ORICKEIRT 1 RILERN®DD

GPU V7 bz 7-Fa—NFALEOITESERL

: 3

FEAEDTTUT -3V TlE, LEOLSBHSHNIINENESNZEVNGENGHDET, INTOKFER
BRI BICIX FHERITNEEZETT HIXIE, ETAWIBEL VT U T%IT5 GPU TV Y VHREIC
O—RENBBE.INBOT VI VIEVITIVICERSNKT . 7T U —3>-0—F% CPU TETIS
#e.GPU DAY Y 21— )LD IERRICEDET, CNICKD 2o TT7 TUT -3V N GPU IKFTH DI LR
ReNZHEMNHDET,



Analysis Configuration
PDid = i o

Collection Log  Summary

10s
N

5PU Engine

Ihread jomputing Queue

matrix.clang (TID: 14518)

pinbin (TID: 14541)

GFPU Execution Units

GPU Computing Threads Dis...

GPU EU Instructions

GPU Memory Access

0.381

I —————
|

L3 <-> GTI Total Bandwidtho.als | [~

GPU Texture Sampler

GPU L3 Cache Bandwidth an...

GPU 'R ICHhizoTEY —7%5154. [GPU Compute/Media Hotspots (GPU

GPU Shared Local Memory ...

i

Graphics

Platform

e
|« GPU Usage

[l Render and GP...

Reconstructed ...

|+ GPU Software Queue

Il Render and GP...

Reconstructed ...

|+ Computing Queue
|« [ Computing Task
| [ Computing Queue

[# |Thread v

[+ [ Running

[+ giaa CPU Time

|# GPU Engines Usage
sy Render and GP__.

[ []User Tasks

[+ = Computing Task

|« GPU Execution Units
|| Idle
[ s Active
|+ gag Stalled

¥ GPU Computing Thr...
= Computing Threads ...

¥ GPU EU Instructions
~= FPU Utilization

|| GPU Memory Access

N7

Elapsed Time: 17.559s

GPU Usage: 90.3% ()

EU Array Stalled/idle: 85.1% & of Elapsed
GPU L3 Bandwidth Bound: 39.7% of pe
Sampler Busy: 0.0% of peak value

FPU Utilization: 3.1% of Elapsed time with
Bandwidth Utilization Histogram ()

Bandwidth Domain: | GPU Memory Re v

Bandwidth Utilization Histogram ()

50

SHE/AF AT Ry kR

Ry )] Ea—R1>Y RTHIDE R T, [Graphics (57 1Y I R)] D+~ RO0 [Platform (F5v kT A—
D) 5T TALYRZEIC GPU TEITSNTLRD—ODRESE (L VAUV T EEIZEE) #RANET,

Thread

matrix.clang (TID: 14518)

pinbin (TID: 14541)

GPU Compute/Media Hotspots ~ (@ EL VTUNE PROFILER
Analysis Configuration  Collection Log  Summary  Graphics e
Grc{:gping:| Computing Task Purpose / Source Computing Task (GPU) v | @ IE
Computing Task Purpose / Source Computing Task Data Transferred EU Array
Computing Task (GPU) Total Time ¥ | Average Time | Instance Count | Size | Total, GB/sec | Active | Stalled | Idi
+ Compute 7.156s 0.000s 32,768 0.000  129%  23.8% 61
CMatrix=<float> 7.156s 0.000s 32,768 0.000 12.9%  23.8% 61
» Transfer 0.000s 0.000s 1 0.000 0.0% 0.0% 10
» [Unknown) 0.000 17.6% 32.1% 5
]

|#| | Thread

pinbin (TID: 14542)

GPU Execution Units

GPU Computing Threads Dis...

[+ [ Running

[+ daa CPU Time

| swa Spin and Overhe...

[ = Clocktick Sample

|# GPU Engines Usage
sas Render and GP...

[#| []User Tasks

[« = Computing Task

B> 7LD README 771 I)LZEFERAL T multiply. cpp DIFHNOERZTOT71ILLET,



B:EIRHE

e GPU 5tE/ X717 hotspot f#if (X558
o AVFTICHD IS TavIREAVTILC Iris® TS T4 IRXTH GPU 7 FUT —2/ 3> O
(EB)


https://software.intel.com/en-us/vtune-help-gpu-compute-media-hotspots-analysis
https://software.intel.com/en-us/vtune-help-gpu-application-analysis

FPGA £ET®O DPC++ 77U —/ayp7a7r71Ib

COLYEIE FPGA LT DPC++ (F—#illi5l C++) 7 TUT—2ar= 70771 ILLEIT . COLIVET
[F,1>F)L° VTune™ 707745 —0 CPU/FPGA tBE{ER 51T (7L E1—HEE) IRESTNTL
dAOCL 707715 —=EALET.

a7 Y-ITHFX/\—: Dmitry Ryabtsev (%58)

o« EAIDHOD

o FIE:
1. YV=IFYrEAVAR—ILLTHRETD
2. YT TVT—0avzEILRTD
3. CPU/FPGA tHE{ERBRiEEITID
4. EREMHIRTD

ERAT B0
COLYEDRN\—RITFEBHLY T I 17 BHIIROEBDTT,

o FIUT—3V:crr.COFPGA YV F)UIE A7 )L® oneAPI DPC++ AV /\1S5—H >V F)L
DURY bU— (H5B) "D AFTEFET,
o OAVINAS—:DPC++ 7 TUT—30w=TOT7(ILT BICIE, N—HKRA T IL® oneAPI V—)L
Fw bk (38EB) ICEEND dpcpp AV /A S—DRETT,
o« Y—)b:
o N—HHRAVFIL® oneAPI N—Z Y —)LFwv I (Linux* kR) (3&3E)
o AN—%hkR oneAPI R—ZY—)LF v BEAVFTIL® FPGA 77 RA Y (55
o N—HhRA>VFIL®VTune™ Z7O7 741 >—: CPU/FPGA MHE{EREMN (L E1—1aE

o AVFIL®VTune™ 707715 —NF 70— RERBYR—FTDOLTIE,
https://www.isus.jp/intel-vtune-amplifier-xe/ #&R L TS,

o COUVIOITVIDLYVEIFINTRT—ZTILTHD, 17 )L°® VTune™ Amplifier 2018
DIRgICEATEERT . /N\—JaVICEDBRENDITNCERGDIENHDET,

o NR—=HHRAVTIL® oneAPI R—R Y —)LFv kEIFTO/N—=T3>VH\5, 17 IL° VTune™
Amplifier OBV FIL® VTune™ 7O 7715 —ICEDDELE B E/mE 1 VFIL°
Parallel Studio XE F/z[&->7)L°® System Studio DIVR—R/ LT, HBLIFRSY
Y R7ZOVIROAVFTILe VTune™ 70771 > —%=CHMABAVEEITETD,

o ANRL—F1VT-IAF L Ubuntu* 18.04

e CPUAVFIL H—N\—TSvrTA—LBHEI—FH Cascade Lake

e FPGA:7VFIL® OIS IIL-7oESL—3>-A—R (A4>FIL® PAC) 15 )L° Arria® 10
GX FPGA ¥ #hxEzld DPC++ [EIF1>FJL° Stratix 10 GX FPGA PAC h—R (BXO1 VA +—
JLATBERR T RA YY)


https://software.intel.com/en-us/user/334814
https://github.com/intel/BaseKit-code-samples
https://github.com/intel/BaseKit-code-samples
https://software.intel.com/en-us/oneapi
https://software.intel.com/en-us/oneapi
https://software.intel.com/en-us/oneapi/base-kit
https://dynamicinstaller.intel.com/oneapi/toolkits/base-kit/linux/
https://www.isus.jp/intel-vtune-amplifier-xe/

YV=IFY AV A—=ILLTHRETSD

1VF)IL° PAC H—RETY VD PCle* 2OV RICEELET,

1.

N—A A5 IL® oneAPI R—Z Y —)LFw I (Linux* hR) () #5¥ U O—RLTAIV A=)
LET . INTDT IAINDA T3V EBIRLT AV SAVERIEFATSAV AV A= —DL)
INHVEBIRLET,

NR—%5hR oneAPI R— Y —)LF v BAVFTIL® FPGA 7 RAY (K58) #45 o >O—RLET,
N—5hR oneAPI R—ZY—)LF VAV TIL® FPGA 7 RAV%ZERL T, setup.sh ZE1TL
FIT . INTDTIAINSDOATYaVEBIRLET,

oneAPI ®iEEtY 7V ILET,

source <oneAPI-install-dir>/setvars.sh

FPGA h—FZRELFT,

aocl install
EPMOY Y REEITL T INTOZERMIC/INAT DL ZERBLET,

aocl diagnose

YOIN-TTIT—3v=EIRTS

. A>T )L° oneAPI DPC++ OAV/N\AS—- BV FILOURY FU— (&FB) h\ob >V FI)ILd—RETD

~O—kLET,
git clone https://github.com/intel/BaseKit-code-samples.git

crr YV TN TAIT —%=REET,

cd BaseKit-code-samples/FPGAExampleDesigns/crr

src/CMakeLists.txt 771 ZASET,

set (HARDWARE LINK FLAGS M\BIRFED, /\—RD17-75T0% UL TS I—R{TICHEEL
E3 I8

DX IC -xsprofile Z#EBILET,

YU TIDAA - TALORI—ICEDET build EWSEBIOFHLW T AN —E/ER L TS
F9.

mkdir build
cd build

BTN &EdVIAILLET,

cmake ..
make fpga

CONIBICIZHEFEHODDET  MIBNER T ITDE crr. fpga EVWVDSBRIDET I 71ILDNERS
nxd,


https://software.intel.com/en-us/oneapi/base-kit
https://dynamicinstaller.intel.com/oneapi/toolkits/base-kit/linux/
https://github.com/intel/BaseKit-code-samples

CNT . FPGA/\—RJx7 LT crr.fpga ZEITTETEYT,
CPU/FPGA HEFHRBIRZEETTD

1. A7FIL°VTune™ 7O771>—%#2EL T, [Welcome (&5 Z)] X— T [New Project ($7#R
ZOJzOR)] #OUYVOLET,

[Create a Project (FOY O LDIERK)] 71 7O Ry O AMNKRSINET,

2. IOV UOBREIEIZFR%EIEE LD, [Create Project (O U FDIERE)] M5 %=OUvIL
9,

[Configure Analysis (BT DFRE)] ¥ 1 7O Ry O XD EHEET,

3. [WHERE (¥C%)] X1 7T.[Local Host (O—AJILKRAR)] &&IRLET,
4. [WHAT (fli%)] X1 T, 57— &L T [Launch Application (77U —3 3> &ieE)] #i&
RLFET,
o [Application (77U —23V)] 71—ILRIC crr. fpga EIT 7 71ILDINRA%ZIEEL
7,

o [Application parameters (77U —3>DINGA—=5—=)] 71—JLRIC,
ordered inputs.csvZAALFET,

ﬁ Configure Analysis (7

@ Local Host «

O Launch Application «

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

/home/vtune/dryabtse/BaseKit-code-samples/FPGAExampleDesigns/crr/build/crr.fpga =9

Application parameters:

ordered_inputs.csv (o)
«| Use application directory as working directory

Advanced >

5. [HOW (ED&LSIC)] R T, [Platform Analysis (F5v k7 A—LBRIN)] )L —TFD
[CPU/FPGA Interaction (preview) (CPU/FPGA #HHE{EA (L Ea—))] #BIRLFT,



6. MEHTDERET.[FPGA profiling data source (FPGA 70O 771 JL-5F—4Y—2X)] IC [AOCL
Profiler (AOCL 7O7715—)] &&IRLET,

@ CPU/FPGA Interaction v )
(preview)

Preview feature - should we keep it, change it, or drop it? Send us your
comments.

Analyze the CPU/FPGA interaction issues via exploring OpenCL kernels

more

CPU sampling interval, ms

5

Collect stacks

FPGA profiling data source
AOCL Profiler v

Path to .source file

» Details

7. D14V ROOTERICH S [Start (BIR)] Ry V&I UvO L TERERBLET,

HREBINTD

F—HUNENT T I BE, [CPU/FPGA Interaction (CPU/FPGA HBE{ER) Ea2—RAV +TI71F54
ASNEHEREZERBTETET . &ZAIC, [Summary (YYU=)] D12 ROTROFMEERBLET,

e FPGA OLNIETESRY
e CPUDLEAIDIRDERY AR Y



_

) Elapsed Time : 25.189s 7|

() CPU Time 24.486s

CPI Rate ¥: 0.530

Computing Task Time: 0.473s

Total Thread Count: 10

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
test_correctness crr.fpga 10.324s
clsycl:fmax<double> crr.fpga 3.367s
std:vector<double, std::allocator<double>>::operator(] crr.fpga 2.907s
cl::__host_std::fmax libsycl.so 2.625s
_ZN2cl4syclédetail17 convertDataToTypelddEENSt9enable_iflXaantaasr11lis_vgentypelT_EESvaluesr11lis_vgentypelTO_EESvalueeqstS5_stS4_ES5_E4typeES4_  crr.fpga 2.509s
[Others] N/A® 2.754s
*N/A is applied to non-summable metrics.

(~) 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
CRRSolver 0.473s 2

[Bottom-up (REAFY )] D1V ROICIDEX T U TFEETN—RILLNILOFBITREHERLET,

o Ak—JL

. HEE

. FSEEYAX

. ERF—HOTEEIE

_

Grouping:| Computing Task / Channel

Computing Task Device Metrics

Computing Task / Channel tea h
Total Time v | Average Time | Instance Count | Stalls(%) | Occupancy (%) [— Average Bandwidth, GB/s

» CRRSolver 473.059ms 236.529ms 2 0.0% 60.5% 21KB 0.000

HALTAV-Ea—%FERLT A—RILAV ATV RICETDROEHREERLET,

o FRIEE/MART RRE
o ZEDAL—IL

e HEX

o« WHIEXRUYD



O: + - rL 300ms 400ms SO(r'ns 600ms. B800ms 900ms 1000m: 1100ms 1200ms

L T R A S BRI B P

'g crr.fpga (TID: 138670)
= perl (TID: 138549)
dirname (TID: 138664)
dirname (TID: 138665)
£/ » cRRSolver ’_‘ NYYYY VYD
s WS oe SR S D I e R e A
<
& CRRSolver
Global Bandwidth, GB/s
g rachiD l I 0.002 /sec
T [ stalls (%) |
o 0.0%
£~
2l Occupancy (%)
g 72.2% 1
CPU Time
System Bandwidth 2793 - . =

[Bottom-up (RELAFPY)] D4V ROT A= EGIUYILTIVTF AR XZa1—h\5 [View
Source (V—RXZRT)] ZBIRLFT,

[Source (V—R)] Ea—D'HVWT RHEDA—RILY —RITOX Ry I H#BTEERT,

f23 CPU/FPGA Interaction (preview) CPU/FPGA Interaction ~ @ 1%
Analysis Configuration  Collection Log  Summary Bottom-up  Platform  main.cpp P

W Device Metrics
Data Transferred
37 § Source ) )
) OQociymncy (M) Data Transfer Size Average Bandwidth, GB/s
548 cgh.single_task<CRRSolver>([=]() { [
549 /7 11: |
550 // n_crr is the number of CRRs. Each iteration of this loop implement
551 // one CRR with Greeks.
552 [[intelfpga::ivdep]] for (int 1 = ©; 1 < n_crr; i++) { [
553 // L2: one CRR with Greeks problem will run crr_main_func three times. |
554 [[intelfpga::ivdep]] for (int j = 0; j < 3; ++j) { |
555 int iteration = accessorVals[i].nSteps + (j == 0 ? 2 : 0); [ 0.0% 0.0% 10KB 0.000
556 ‘
557 func_params params;
558 params = crr_main_func( | 0.0% 0.5% oB 0.000
559 iteration, accessorVals[i].u[j], accessorVals[i].u2[j], | 0.0% 0.0% 4KB 0.000
560 accessorvVals[i].c1[j], accessorvVals[i].c2[j], |
561 accessorVals[i].umin[j], accessorVals[i].param_1[j],
562 accessorVals[i].param_2);
563
564 accessorRes[i].vals[j] = params.val; | 0.0% 0.0% 4KB 0.000
565 |
566 // L3: Save parameters for post-calculate fives Greeks.
567 for (int k = 0; k < 4; ++k) {
568 if (j == 0) {
569 accessorRes[i].pgreek[k] = params.pgreek[k]; 0.0% 0.0% 2KB 0.000
570 } [
571 }
572 ¥

B:EIRE

« HWELVE
» CPU/FPGA tHE{ERERHT (158


https://software.intel.com/en-us/vtune-help-cpu-fpga-interaction-analysis-preview

1T TG - RSN\ —=EBLEWVW/\—-FDT
7-7O0771)L

ZHO—EDLIVEF AVFTIL®VTune™ 707715 —CTRS1/N\—ZFH L Linux* perf X—2X?D/\
TA—IVA-7OT71IERELT, ZONREFIRICT T DEIRRZIRF T DOICHRIEET,
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o AVFINOYYFTUVT-RSAIN—D1 VA L—ILTEREL (B: root #ERELTT VA R—ILLIZIE
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o FTFODRIVIHAITRIVIESTUNENEIRESN, RS1/\—&FEHRLGVWIEDEHIE
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|)] ©U a3 THERTEERY,

e ERTIHN:

AT VTune™ 7077415 — (Efzl&1>FIL® VTune™ Amplifier 2019) [ RO EH % T
FTIBAICRSAIN—2FERLGVWE—REFERTETEY,

o AFPEFPVATFANRV I AVFTILVTune™ 7OT7 715 —DINTD/\—RILT7 ANV
EA—UNEIFTT PMU ARY FZERALET  XEU—T7IERW 10 BE—BORETS A
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/sys/bus/event source/devices/cpu BXQ
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hERELET . TLIRI-DEDRE, VAT LRED PMU AR MREZEYR—~L
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o /proc/sys/kernel/perf event paranoid MfEN 1T,
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o VAFLAEARFRIFO—HY-—TOLROTOT7AILEERICTD
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TIILFFOEZAOTOT7AILEBMICTB
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TA—=R Y AEHRERELFT,
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2. ROOXRVF%ZEZEFTLT, /proc/sys/kernel/perf event paranoid 771 ILDEZHERLE
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cat /proc/sys/kernel/perf event paranoid

BDY 1 RBDBE, A>T IL° VTune™ FOT 71 5—FY AT L2 HEDOINEEFHITTETET,
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https://www.kernel.org/doc/html/latest/admin-guide/perf-security.html
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Uy O3S NEEA.
o RSAN—ZFEAHALEVWE—RTO7ZOT7ANY FOUEIZ, Intel Atom® FOtvH—Tl3HR—
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cat /proc/sys/kernel/perf event mlock kb
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FSAN—ZERALGEWVWE—RFTEZHO PMU IRV ETOT7I1IILTD

1. A=V 771\ DOLREEBLET,
ulimit -n

2. WBEICHLT, /ete/security/limits.conf Z7TILISRDITEEBINT 3D BEEFEOTEZEL

TLERZEEPLET,
o soft nofile 65535
o hard nofile 65535

E
EREERIVETT,

TIFINDY I TIIT-BS51N—DHIR: 3L

AIVODYYTIY T=BRICTS

Bt 5417 hotspot (/\—R I 7 ARV R=RHB Y TUVTE—R) ALYR (\=RDO7 ARV~
R=A BTV T ET—RBLVORIVI AT 1 vFE—R) HPC I\ TA—T > X5 ([Collect stacks
(RIVOEINEE)] A T3>V hAY), GPU EHE/ X517 hotspot ([Collect stacks (RF v I =YNEE)] A~
23avnAY),

RS N—%ERALEWE—FOFIFR:

o BN RYVIICEZLDT—HZEEINDHTIIHEE. T 7AILED 1024 N1 DRIV IY A XTIFR
IO EREICT VDAY RTERVBENHDET, COIBE UET—4IC [Skipped stack
frame (s) ] WRRSINFET,

o N—33V 37 EDHBHL Linux* I—RILIE, TL—LRA VI — (FP) R—ADAIVI T IA
YV ROHFETGR—ELTWVWET , DED AVFTIL® VTune™ 707715 —&, TL—LRIV5—%
BHIFL (-fomit-frame-pointer AV/I\AT— AT 3YV) TEILRSN/N\AFU—DRTY
DERMTERRAFR glibc RYVIHTL—LRA U I—EDIEVTEILRESNTL\ D20
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FSAN—%ERALGEVWE—RTRIVI -7V IV FOMEZEET S
AT A B OLET . RICHZRLET,

vtune -collect hotspots -knob sampling-mode=hw -knob enable-stack-
collection=true -knob stack-size=2048 <application>

Z5TRHRUWERE A VTILOY Y FTUD T RS I\N—ICIDE X T [Stack size (RIVIYALX)] ATV 3>
% O (EHIPR) ICERELET,
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AT TG RSAN—2FEB LAYV S TUVTPREIFH—RIVERICKEFIT D6,
BEIFFHLWA—RILN—=I3VAOEMNUETHD EMOMRRFIASNRETDIEMENHDE
I, COIRNEERRT DD, AT IV VTune™ 707715 — (BELOA T IL® VTune™ Amplifier
2019 Update 4 PA[§) Tld, AV OPRENBIEINTCORFIA T T AVTILOY Y TUV T RSA
N—HO—RENTLBIEETHOTH, RFSI/N\—%2FRLGVWE—RZFERLEIT  RIVIDOT Y TUY
TJWEEAVTIVLOY Y TU T RSAN—=ICHIDBEXDRENHDIZEIE DAY LB T=ERL
T.[Enable driverless collection (RS 1/\—2FERLGVWNELZBRNICTI)] A T3V =EMCTD
MORICRITWIET DAV RSAVEREEFERALET,

vtune -collect-with runsa -knob enable-driverless-collection=false -knob
event-config=<event-list> <application>

1TV TV IG-RSAN—DFIR: 71> F IO TUV T RSA/)N—IF, TJ—IL AV IUREICE
BR37IVTVXLEERITDRH RAIVI- T4 ROFIRIZHDEEAA>TIL® VTune™ 70771
S—CTHR—FSNBIEFON—RILIN—=TI3a>VEDBEFHLWA—RILIN—TV a3V FRLTLDIEE RS
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AVTFFAMNRIYVFEYNETD

BITYLT: ALV,

B2 OV T F ARy FONEIF BERFERIFALY R TUT Y TV aVICLBD ALY ROA YT 0747
FRERBICEDKX R YODOREICRIUEERT,

RS N—2ERLLEVE—ROFIR: Linux* perf &, A—XI)L 43 IETIVFF A A1y FEIREL
FI.AVFTFAMZAIYFORA (AEEFERIFTVIV TV 3Y) o#blE A—xIL 417 DETHRATSE
FI. HVWA—RILN=I3VTIF ATV VTune™ 70771 5—IF, Y AT LATH B AIBERIBE
AVFINOT YTV T RSAN—=ICDERFT,

1OFNVOY I TVIT RS54 IN—DHIRR: 5L,

N—RIVERDOY VRV ERRTD

BIRY1 T INT,

RSAN—ZERALEWVWE—RORIFR: BINT kptr restrict Z7MILEFETRETILENHDET,
NT A=Y VR F=HEN—RIVEAR B ZREETITD

BEEEIRT kptr_restrict RET7TILDEZ O ICRELFT,
echo 0 > /proc/sys/kernel/kptr restrict

&% 1 ICRETDE, 77 MNIILBEOBRNI—T —LNILOEY 2—ILICHIRESNET,



1OFINDY YTV T - RSAIN—DHIFR: 720, /boot /System.map-<kernel version> Z7AJLH
FSHENDAIBEIRIZ R, ¥l /proc/sys/kernel /kptr restrict MO ICERESNTL\DIER,
AVTFINOY Y FTUI T RSAN\—Fh—RILI VIV EERLET,

NMI DAY F Ry OEDVY —RAGHREZEETS

BRY1T: INTC,

FSAN—ZERALGEVE—FOHIFR: NMI DAvFRyT (J\—k-O0vo7v i&dis) 1£.1 DD CPU /N
TA—=R VRN —LIRI—EFRAL, COLY XS —IZ Linux* perf TR TERLEDET . N
ICEDZETIL—TOHNMERT M T Y TV T -T—9DBEICEEBLET,
RSAN—ZEALEVWE—RTEHOINY FMERETIRINOETOREZR LTS

BIEEERT NMI AV F Ry I BAMICLET,

echo 0 > /proc/sys/kernel/nmi watchdog

RSAN—%=ERALE perf IRENT T LIS NMI DAavF Ry I % (B EERT) BEBIMICTEET,
echo 1 > /proc/sys/kernel/nmi watchdog

1TV TV G- RSAN=DFIR: GL. 1V TILOY Y TIV T RS N—F, TOT—FEED
8%z ik g S, INERFICHEIT NMI DAy F Ry I ZBLELET,

INEA—/IN—A\YRZEFHTD
BR51 7. INTC,

RSAN—%ZERLEVWE—ROFIIR: CPU BHFORVT7 TUT —a>YTIFINTO CPU ICRE2ZERN
MBIz, Linux* perf IRETHA—/N\—Aw RNV RET D AIEEMENHDET,

FSA4N—%=ERLGEVWE—FTINEDA—/I\—A\Y FEEFE KT D
RDESIC, LB R T 71 —F1—DBRBEILERELET,

vtune -collect hotspots -knob sampling-mode=hw -knob enable-stack-
collection=true -run-pass-thru=--perf-affinity=cpu <application>

o AAVOHYUTUIITRED L —RA YA X% /T B, 17 IV VTune™ 7O 7715 —hH\E
B9 3 Linux* perf kL—XEHEL, BIIOA—/\—Av REFRETIEEENHDET , CNEE)E
9 BICIE, -run-pass-thru A7 aV#IBELTHL—AEfiEEBEMICLET,

vtune -collect hotspots -knob sampling-mode=hw -knob enable-stack-
collection=true -run-pass-thru=--perf-compression=0 -run-pass-thru=--
perf-aio=0 <application>



CNICED, AL TI—DA—IN—AY FEERTEDENHDEIN, FL—A Y1 XN KIEICIEH
LET,

e Linuxperf AL~ —ICL>THEINSD CPU BFRBIOLREFRELETFIXIE, 10% ICHIERT S
BE EBEERTAOIVY REETLED,

cat 10 > /proc/sys/kernel/perf cpu time max percent

CNICED BV TV T RBRBEMEBEENMET T DREMENHDET,
1OFVOY I TVIT RS54 IN—DHIRR: 750,
PEICKHLTRSIN—-%ZERLBEWE—FZ2BAICTS

AVFILeVTune™ 7O7 715 —&, A9V BV TUVTINERFLKINTDT —AT AV TFILOG VT
U RS\ —HO—RENTLBIBEIFZENEZFERLEIT . 7VFTIL° VTune™ 70771 5—MN A5V
DEEFGTVWG YTV TICRSAN—%FERLGV perf E—RZEFERTBIRSICINDERBICIE, AT A
BT 51 7={ER LT, GUI T [Enable driverless collection (RS /\—%{EALLGVLIIEEZERICTS)]
A3V EBIRIT DN IRDELIICOAYY RSAY knob fEIC enable-driverless-
collection=true Z®ELFT,

vtune -collect-with runsa -knob enable-driverless-collection=true -knob
event-config=<event-list> <application>

CDATYavIE A7 IL® VTune™ Amplifier 2019 Update 4 I THIETE XY,
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https://software.intel.com/en-us/vtune-amplifier-help-enabling-linux-kernel-analysis
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e FEAHITDIDD

o FIE:
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SRR T A=V AFE%HEILTD
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1> FJL® VTune™ Amplifier GUI TiER =TT
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(AF3av) ARV RSAULIR—rEFERLTREREZREITT S
(AFVav)@RLEI—-REEZT7OT771ILTS

FERIT3 BN

DATRIF N T A=Y @Y FUATERTD/N— I 7EY T I DUART,

o F7IUT—23aineart demo UV IIL-7TUT—2/37,GitHub*
https://github.com/CardiacDemo/Cardiac_demo.git (&58) M\o5¥ 0 >O—RTEFXT,
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1> FIL°MPI 514 751J— 2019
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127 )L® VTune™ Amplifier 77U —2 3>\ TA—<I VA AFv T3y

127 I)L® MPI 5475 U—(&, https://www.isus.jp/intel-mpi-library/ WS B TEET,
A7 FIL° VTune™ 70774 5 —FlilkD5 > > O— FERHBYR—ETDLTIE,
https://www.isus.jp/intel-vtune-amplifier-xe/ Z&RB L TLIEEL ),
ZDUOVOTYIODLYVEFRINTRT—FTILTHD, A7 )L° VTune™ Amplifier 2018
PIFICHERATEXRT  N—JaVICEDBRENDINCEGFDIENHDET,
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1> F)L° VTune™ Amplifier N/\T A=YV RF—H%Y—ZADA—Re 7V TU—ICEEMIFRIENT
EBLSIC, TINVIV UM ETT U —arwEILRLET,
1. GitHub* UMY -7 U —23r#=0—-NIILY AT AICoO0—-VLET,
git clone https://github.com/CardiacDemo/Cardiac demo.git
2. AVFTICC++ AVINNAS—EAVTIL® MPI SATSU—DRIEERELET,

source <compiler install dir>/bin/compilervars.sh intel64
source <mpi install dir>/bin/mpivars.sh

3. BTN —=IDIL—ELANIVIC build T4 LU RU—EERRL MERRLTIET LD RU—ICTEED
LFET,

mkdir build
cd build

4. ROOVYR=FERALTFZIUT—2avzE)LRLET,

mpiicpc ../heart demo.cpp ../luo rudy 199l.cpp ../rcm.cpp ../mesh.cpp -
g -o heart demo -03 -std=c++1l -gopenmp -parallel-source-info=2

heart demo E{T7 7ML REDT LI MU—ITERSNET,
2ENENT ATV G ILTSD
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23y kEREBLET,

export OMP NUM THREADS=12
mpirun -np 16 -ppn 4 aps ./heart demo -m ../mesh mid -s ../setup mid.txt -t
100

RO T IBE, aps_result YYYYMMDD EWVSEZHIDT A LI RI—TOT7 71 F—IDNERIN
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aps --report=./aps_result 20190125
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COF7TIT—23VIFEENIC MPLBEICKEFLTVET N AEU—ERTHUEOBEDHDET .
[MPI Time (MPI BER)] €223V MPI VSV RSNz LU0 MPI BISIFOH L7aE BN
OFERERMLET, COBIMNS, I—RIFEITRAY bY—R1 Y hBEZERLTED 1V NSV R(E
HEEETHDIENDHDET,



MPI Time

o, 505

36.24%M of Elapsed Time

MPI Imbalance

1.86% of Elapsed Time

TOP 5 MPI Functions %
------- aital 20.06
send 3.92
Barrier 3.6

it 2.22
ecv 1.2

Intel Omni-Path Fabric Usage

Interconnect Bandwidth AVG, GB/sec

Outgoing: 1.81
Incoming: 1.81
Interconnect AVG, Million
Packet Rate Packets/sec
Qutgoing: 0.53
Incoming: 0.53

COBRIE, O—RICEMEEENDDCEEZRLTVET N TA—TV AORBEISICEELAEL,
EEYDD TR, 1T IL® VTune™ Amplifier @ HPC /NTA#—< >V 2§51 @ raERLEY,

HPC /XT#—V > AT 2R ELTRERITID

FEAEDDSRI—F. 0041 /—REFE/—RTHBESNTLWET BE, - —30J1>/—FIC
BEHRL AT Y 1—5—%FERLTY3T=HE/—RICEEL. Y3 TNETSNFI IS RAI—RIET
1> )L° VTune™ Amplifier 2R LT MPI 77U —2 3> 70771V 920 ERNGHEEF, O
NYRSAUTT—9%EL, YaTHRT LD GUI TINTA—I Y R ZITLET,

MPI BE:EDA YUY IDLIR—FE, AXY RSV OB EICEFTEERT, —RIC, 7BURIETETI 5%
BERBRIEFIRDELIICOIVY FEERTBIETT,

<mpi launcher> [options] amplxe-cl [options] -r <results dir> --
<application> [arguments]



5 3

o IOTVRIF WEBtLYYIAVTERTRICED \YFREEBRIIUTRCEHDIEHTEET,
e MPIZ7US—23vTlE BRTALIRI—EIBEITDINENDDET,
o AVFTILPMPI SATSU—%FEHRLTLERWEEIE, -trace-mpi ZEBILET,

ROFIEICH-OT, ARV RSA NS HPC INTA—T > A4F 4 BIFEETLET,

1. BAEI BT IL® VTune™ Amplifier 77 )L% source LTERIBEZRELFE T . bash /L% fF
RI3F77AIEDA VA =ILTIE RO REFERLET,

source /opt/intel/vtune amplifier/amplxe-vars.sh

2. hpc-performance fEfTZFER LT heart demo 7 7UT—/3vnT—5%NELEFT . DT
U —3 V1%, OpenMP* & MPI M5 #fER LT, BIRDER (1> FIL° MPI 514735 U—%
FARALT 4 DOE./—F,16 ® MPI 57) TERITSNFET, E1TICIE, 1T IL°® Xeon®
Platinum 8168 7Ot wH—& MPI S5 Z¢IC 12 M OpenMP* AL w REFERLET,

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

BO\BRAS N OROMBERAUICHST 4 DOENT LI RU—DERSINET:
vtune_mpi.<node host name>,

: 3

(FND MPI S O%ZRERFICEITLENS RED MPI SV OOHTOT71I-T—5%ZNET DL
SISBIRTEXTFMIE, NERLIZ MPI S 00707 71)b) (REE) #8RL TS,

15 I)L° VTune™ Amplifier GUI TIEREEINT S

14> FJL® VTune™ Amplifier DTS5 74 A V=T A AL WWELIZ/NTA—T VAT — 5% EIFT
BIed, ARV RSAVEDHESIGIEEL 1 VIS T 1 TR AR ERMLET ROV REEFTLT &
BEAVFIL°VTune™ 707715 — GUI TEEET,

amplxe-gui ./vtune mpi.node 1
E

127 )L® VTune™ Amplifier GUI ZRRIBICIE, O—HILY AT ATEITEINTULND X11 IR—Tv—,
FRIFVRATALICEHRENTVD VNC EY Y3V ETT . Y AT AIFZENZNELGD L) HEEINDH
SEICDOWTIRO—AIILEBEICHARLTIES L,

RN )L VTune™ Amplifer TRE, 7 7UT—2/3> /I\T A=YV AOME% 7RI [Summary (Y

RYU=) D1V RODNKRRSNET s heart demo & MPITIFN 7 TUT —2 3> THDzsd, [Summary (B
IYU=)] D4V RIICGBEEDOXRIUYIICINZ T, [MPI Imbalance (MPI 1/\Z > Q)] IBREETIUT1H
L INZAD MPI SV OICET 25N R RSNET,


https://software.intel.com/en-us/articles/using-intel-advisor-and-vtune-amplifier-with-mpi

e [MPIImbalance (MPI TVI\SVR)] &, /—REDQDITRTHOSVODFEE MPI ES —FIEERIT
9, CDEIX, NSV AN BENTHNILEN TS IEBERLET,

e [MPI Rank on the Critical Path (9UF 1A INZAEDF V)] IF. &/NEY —FHERDS D
T,

e [MPI Busy Wait Time (MPI E3—#F##%/)] & [Top Serial Hotspots (LI U7 )=k b
ARY ) &, ZUFTHILINADSTVIICH L TRRSNETBE, AV /T APED —#FX
FIYODENRBWIEEAT —SEUF—DFIREN B2, CNIFRT—FEUFTr—OREEST
EITBRRVGETT . VILF/—REFTTIOUTAHILINREDS 20 [MPI Busy Wait Time
(MPI EY—FH#IFR)] "AZVIBA. 1FDD/—REICANEDS > OD\HBAIREENHDET,

COBITIE AVNSVZBHD, - ROV UT ILEHTEZLORENBEPINTLERT (U TORICIFRT
SNTULEEA),

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%)
MP| Rank on the Critical Path :
MPI Busy Wait Time ~: 0.601s (2.2%)
Serial Time (outside parallel regions) : 13.223s (47.9%) &
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,

Funclion Maoduile Serial CPU Time
[Loop at line 230 in Task..init send buls] heart demo 21055 &
[wmliriux) wimilinux 1.9009:z »
[Loop at line 230 in Task:init_send_bufs] heart_demo 1.0525
[Loop@0x59e10 in func@ix59d41) libpsm2.s0.2.1 0DB47s
[Loop at line 212 in |_MPI_COLL SHM_GEMERIC RELEASE BCAST] libmpiso.12.0 0.767s
5944z &

T = appkad o non-Sumynable meirc s

Parallel Region Time : 14.402s (52.1%)

FO771IUE/ —REFRTIRESNDINDLNEZAN, ITRTOH MPI T—5%ERTIICIE, &/ —FRD
ERAERICO—RIDRENHDFT . FEM MPI L —XICIE, 1> F)L° Trace Analyzer & Collector
EEELET,

1> 7 )L® VTune™ Amplifer 2019 BAFETI&, [Summary (BYU—=)] T+ RJIC1 7 J)L° Omni-Path
T—=FFOFv— (1VFTIL° OPA) 777UV ODBERASHRNEENTT . CNODOX MUy I FHEEIEE
Ny bL—rZERRL ETREICADDI- I SEEREREYS/\TY L —MERFICLSTHIR
SNTUVREIS (%) ZRLET heart demo 7 FTUT—2 a3V Id, FEEWY/\TY EL—FIEoTHIRS
NTLEBAD, 2HERIFFEIITEL 1.8GB/MDORATEHBERAFEEZRLTLWET, CNIE, MPHEEO/E
G TIEMNERNERERELTLET,


https://www.isus.jp/itatc/

Bandwidth Domain: | Interconnect Outgoing Bandwidth, GB/sec -
255

20s -

Elapsed Time

155 1

Average Bandwidth

103 4

25

0g =

Bandwidth Utilization

[Bottom-up (REAFYA)] HTICINEZ TESBICELLFABLET I ROEIGRRICEDLSIC,
[Grouping (Z'JL—71E)] T Process (Ot R) My FLANIUICIED LS ICERELFT,

[ HPCPerformance Characterzation ~ @ INTELVTUNE AMPLIFIER 2019
Analysis Configuration  Collection Log  Summary  Ecttom-up i

Grouping: Process [ OpenMP Region / OpenMP Barrier-to-Barrier Segment / Function f Call Stack 5|2

: ; [ [ | Sarial CPU Tima

Procass / Mr:m : mémm g"’“ﬁﬁqi"mm“’ Elapsed Time ¥ | OpenP Polential Gain CPU Time e

v heart_demo (rank B} 27.794s8 1.204s  314.452: NN 3634 14674
» |Serial - outside paralle| regions] 18,8463 206.609: N 36348 14674s
» make rk_stepSompSparabel ! 3@ nls/scralch 1.618s 0,159s 16,1253 1 Os 13
= make_rk_stepSompSparaliel | 2@ nlw/scratch 16178 01588 19275z 1) s O
» Mmake_rk_stepSompSparaliel: | 2@l scratch 16138 01565 19,370z ) 13 Os
» make_rk_stepSompSparaliel:] 2@ nis/scralch 1.5945 01545 19,0155 ) 0s 0s
» make_rk_stepSompSparaliel: ] 2@ nls/scralch 1.532s 0271 19,155z 1) 0% 0s
w update_coupling_vESompSparallel 1 2@nts's 08125 02375 9.978s | 03 05
» make_rk_stepSompSparaliel 1 28y nfsscralch 01618 0.069s 1.955s 0s s
» solveSompSparallel:1 2@/ nis'scraich03/crosal 0.001s 0.0005 05
heart_demo (rank 11) 27.757s 1.389s 312617 I 22905 15.587s
heart_demo (rank 10) 276375 1.157s 312572 N 24415 15.692s
heart_demo (rank 9) 27 6255 6.253s 12622: D 06015 12.023s

ZM—RI& MPI & OpenMP* O A %&{FH I Sz, [Bottom-up (REATY )] D1V RIICIEBED
CPU EXBY—DFT—HICIMAT. BEDS VA LICEELX NI YIODRRREINET , ZOFITIE, OU
F 411 SZDBEHENTLS MPI S40> [MPI Busy Wait Time (MPI E'S/ — &I R)] X <Uw Zht
KRBTRSINTLET . Fe, BB AZLE [OpenMP Potential Gain (OpenMP* BIEET 1) HIFRET
RENTVFEIT  CNIF ALY R bEWRETDIET, N TA—T VAN E LI DTEENERBLTLET,

[Bottom-up ((REAFY )] 1~ RUDTET DDR & MCDRAM 1gig, CPU B5fE, 1> 5IL° OPA &
BAEREZFTCVONDANIVIDOETIALTA V= ERBLET . COI— RO V5 —IRT MEIGIEDS
1 LT VIF BELGFIEGE (GB/MEN) CRENTEREREZRLTCVWET . CNIE SOV E2—FT100
T—RAGRIEVD 1 DTHD, /NSBEXYvE—IDBED MPI RIBHNRE TY,



= 12.000 |
s

E 9.600

T p package 0 7.200

= -
£ 4.800

8

i -

A

KDHEKRNCE(F, ALY RTEDFFMIFETRRE [Effective Time (BXIEER)]. [Spin and Overhead
Time (RE V& A—/\—Aw REER)]. &0 [MPI Busy Wait Time (MPI £ — 5 #4p58)] OHRTT . 7
TAIEDE 21— [Super Tiny (&/MN)] BRET N TA—IVADET a7 IV FICIRNTOTOLAER
Ly REFRESHTERRLET,

JOREE 0s 5s 10s 15s 20s 25s

Thread

DT —ATIE NFEAEDA LY RTEMERIN DI ULHIVEL (&) MPI A—/\—AYROEHHITHT
9 (HEE), CNIFZ. ALY MEOEEICEBENGEENDH D EERLTULET,

SOICHLAET S, IS5 7DERIDIREDEIHEZGIUY I LT, [Rich (RXK)] Ea2—%=#IRLET,
RICEMPI SVOEZERALY ROBREINKDBREICIEDKSIC, IS T7DERIT [Process/Thread (Ot
R[ALY R Z88RLTERET I —TILLET . COTIN—TbEERTZIET, ETOEAOR LD
N—=IFITRTOFRALY FOFHERERL, ZOTFICEALYRNALYRESEZOEXID £EBICUR
FENET,

ZOBITIZ, RAI—ALYENE MPI SO0 9NTOH MP| BIEZREEICAUEBLTVWET . CNIFZ/N\1T
Uy R-FZTUT -3 TIE—RRITT, ETORAD 10 #E &, MPIBE (EE) ICEZ<LORENEYdPEIN
TWET . TR BEDEY b7y TET—IDREIITHONTLDEEZIBSNE T, ZORIFEBEED MPI
WIS &0, [Bandwidth Utilization (FIFIEERZE)] 51 LS > & [Summary (B<U—)] LIR—FDER
E—HMLTULET,

O: 4 -

v heart_demo (rank 8)

OMP Master Thread #0 (T...

Process / Thread

OMP Worker Thread #7 (...

OMP Worker Thread #4 (...




AEVEA=IN—AYE (FTAIFTIFHRBTRR) NEVLCERDNDERT . CNIE, 7TUT—2avnR
Ly RbDEZEICAENH D% RLTLET, [Bottom-up (REATZ Y] D1V RODLEERT,
[OpenMP Region / Thread / Function / Call Stack (OpenMP* #&81#/XL v R /E#/J—IL XY D)] %=
BIRLTT—9%TIN—TL, D1V RIOTED T 1)L —%ER LT [Functions only (BA#lnd)] =X
RLEIT . VU—ERRATDE. init send bufsEAEIZAL W E 0 UADBIHFEORHEINTLVELZENRSHD
FI. NN, N TA—TVRETORRAETY , COITESTILOUYITREY —AT—R-Ea—hHEFT,
I—rzRAETI L BBOMIDIL—TZLFTHEL, COMBEEIETDEEBGIENHDENDNDE
9,

(AF3>) 157 IL° VTune™ Amplifier GUI TV VRSV ZER TS

127 )L® VTune™ Amplifier D&HFED IS TULVELVEFIRHEEE L, GUI ZF A L TR ZREL XTI0T
BOAVVRSAVERELT, OV Y RSAUNSERERTEFRT . CNIE, BEICHRYTI SN0
TV OEMBRIVY FeRBA/EKTDDICEFTT,

1. A5 IL® VTune™ Amplifier Z#2&)L T, [New Project ((ifR 7OV U RN)] 20Uvoddh Bk
Fo7OY O EREETD,

2. [Configure Analysis (BBtFDERE)] =0 UVILFET,

3. [WHERE (¥C%)] /X >/ T [Arbitrary Host (not connected) (fEE DR A I (FK#E#))] =:E8IRL .,
IN—=ROx7 TSV TA—L%IEELEXT,

@ Arbitrary Host (not connected)

Hardware platform

Intel(R) Processor code named Skylake

Operating system

GMNU/Linus -

4. [WHAT (f%&)] R4V TROBIEEITLET,



6 Launch Application

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

A This target system type is used to produce a command line analysis configuration for the selected microarchitecture.
You cannot start this analysis from the host. To collect data on the remote system with no connection to the host,
copy the generated command line and run it directly on the remote system.

Application:
my_app )

Application parameters:

« LUse application directory as working directory

Working directory

| Use MP1 launcher
MPI launcher: Intel MP1

Other MPI launcher:

Mumber of ranks:
14

Profile ranks: All
Selective ranks:

Result location:
Spanfs/users/viune_user/results

a. 77U —2avEEELT SIMEEETALON—ERELFT,
b. [Use MPI launcher (MPI 5 VFv—%{ER)] FzvIRvIR%EAVICLT MPI E1TICE
ELEBREEELET,
c. (AFVav)7OT77MIVTRHENDT Y IEERLET,
5. [HOW (ED&KSIC)] R1VTT T AL D [Hotspots (7Ry R RXRw )] #EHrH\S [HPC
Performance Characterization (HPC /\7 A— > X4§14)] @BFICEEL, FIBRIRERA T3>
TBRHAIIAALET,

TELVTUNE AMPLIFIER 201€

@ HPC Performance (- (&)
Characterization

Command Line




6. T4V RIDTERICHSD [Command Line (AYYRSA V) MY - #OUvHOLET KV
YT OV RONEE GUI TERELRARYLABFICHISTDIY Y RSA VDR RSINET &
ZICHLT, OV RICZOMBD MPI A Y3V #EBINTEET,

: 3

AVTIL°MPI SAT3U—DBE, INVY R3MVIE -gtool ATV 3V TERSINET . CNICTED, ER
LIS 00707 71 IUBXD\IEE ICRRICEDERT.

(AF232) VY RS1Y-LiIR— 2 ERLTHERZRITTS

177 I)L® VTune™ Amplifier [Z, B&RGIY Y RSAYTF A LIR—bERHLEFTFIZIE . BTU—L
R—bZEEITBICIZ RO REETLET,

amplxe-cl -report summary -r ./results dir

EROUYIU—DEEICHEASNET EREBEZE T 71ILICRELRED BIOT 71 ILFI (csv, xml, html)
TRETDIATYIVRE ZOMBOATYavHFBETERIT . IV RSAV-ATavnsF .,
amplxe-cl -help IV RTHERITZIH, 1—H -1 R (E:E) #SRBL TS,

(AF2aY) ERUEEO—-REEZTOT71ILTS

T IAIETIE, AT IL® VTune™ Amplifier [E7 U =320/ TA— > ARt =IELET
HY,/\—3/3> 2019 Update 3 BAFETIE MPI 7 U =2 3> 7 —FIEEFIEI TS #EEDEINENE
LTz COMBERFERIDET, BRICAUB RN SIGBER 777 EEH LT NRI—REFHICEE T
CEER

PEIDIEIRIE, MPT Pcontrol BEEFEALTITLETMPI Pcontrol (0) HOHLTT—5&EE—
RHELEL . MPT Pcontrol (1) ML THRALETAPI & -start-paused ANV RSAV-ATYaYy
E—REICERALT 7V -2 3V OBt 7 1 —X&BRNTEET . COIEE, MIHEDERIC

MPI Pcontrol (1) ZFOHLTT —YNREZBRLET . COBETIF AITIYIITTAPI 5175
U—A\DUVIOHRBER ITT API FOHLZERTRIBREIRERD, 77U -3yl R 7O0e X0
EENTETT,

BEEIEH
e A7 )L®VTune™ Amplifier 1~ A —)L+ 1 - Linux* (3£58)

e MPI &A1Y F)L® Advisor XV T )L VTune™ Amplifier DfEF (358)
e Cray*XC Y AT LATDHOA VT IL® VTune™ Amplifier DfER (RF5

COLYEDRRIF, TAROYV/N\—TA—3 L (K:E) 28R L TS,


https://software.intel.com/en-us/vtune-amplifier-help-command-line-interface
https://software.intel.com/en-us/vtune-amplifier-install-guide-linux
https://software.intel.com/en-us/articles/using-intel-advisor-and-vtune-amplifier-with-mpi
https://software.intel.com/en-us/articles/using-intel-vtunetm-amplifier-on-cray-xc-systems
https://software.intel.com/en-us/itac-vtune-mpi-openmp-tutorial-lin
https://software.intel.com/en-us/forums/intel-vtune-amplifier-xe

RELICET S EEFIE

AT AVINAS—Tlx 1TV vroO070tv Y —ICRESNZRVEELICEALT MR 1
o070ty —RICEFORELZITREVWEDHDET . CNICIE, 17V ARJ—=2%2 SIMD
R P 2,17 ARU—=272 SIMD #h3Ra 3,17 I)L° ARU—=>2 SIMD #isRkan % 3
RHPREDRBICNZELET A VT MBERTrIO0TOYyY—ICEALT, LWHVERBRE{LDF]
FA. HEE, FRIIDRBFRIELVVELFEBA AREROTIOO7O0Y Y —KEORELIE, 1V F7IL° <A1
o070ty —COERZRIRELTUVET . A VTIL 91007 —F 7 O0Fv—ICRESNGV &L
DIENTH I VFILe /o070ty —HOBbONHDET , COFEFEIECE MLcHmPtzY FOF
MICOUVWTIE ZHIBIEZOI—T—-UT7L VR A1 RESRLTLIESL,

SEEEIEOWET #20110804



Node.js* @ JavaScript* A—FD7O771)L

COLVEIE Node.js* ZUEJLRL, 17 )L° VTune™ Amplifier Z{ER LT, JavaScript* 7L —A& X
1TF14TTL—L (R1T17 32— R BRI, JavaScript* —ROWBEFOHSINEIY AT LTI TSU—PR
1T17 51475 U—) Wbl BREE—ROI—-ILAIYI%EEE JavaScript* I—RD/INTA—T VA%
FRIT I DI EFIEZRALET,

a5 YW-ITFRX/\—F: Denis Pravdin (335

e FRHTZHOD

o FIE:
1. Node.js* T1FIL® VTune™ Amplifier DY R—kEBRICTS
2. Node.js* TEIELTUL\D JavaScript* —F&EZO771IL9 3D

EFHITIHD
PRI INTA—T IV RABRFY FIUATERITB/IN—FRFO 7V T I T7DIUARTT,

o FPIUT—33Y:sample.jseCcDF7FUT—V3aVIFTERTHN AU O—RIBILIITSE
EJ ey I

e JavaScript* IRi&: Node . §s* 8.0.0, Chrome* V8 5.8.283.41

o NTA—=T VXY —I: 17T I)L® VTune™ Amplifier 2018: S hotspot fi#tf

o AVFI®VTune™ JO774 5 —fHlilRDSY V> O—FERHBYR—RTDVTIE,
https://www.isus.jp/intel-vtune-amplifier-xe/ #&RB L TS,

o COUVIOITVIDLYVEIFINTRT—ZTILTHD, 17 )L® VTune™ Amplifier 2018
MREICBRATERT, /\—Y3VICKDRENDTHNCRRDIENHDET,

o N—=HRAVFIL® oneAPI R—Z Y —)LF v kEIFD/N—=Tarhs 14> F)L° VTune™
Amplifier OBV FIL® VTune™ FO7 71 S5—ICEDDELE BIEHES 1V TIL®
Parallel Studio XE Ffzl&-1>7)L°® System Studio DIAVR—R/ &L T, HBLIERY
YR7ZOVIROAVTILe VTune™ 707715 —%2CHAWEEITET,

o ANRL—=F1VT I AT : Microsoft* Windows* 10

Node.js* T1 7 J)L° VTune™ Amplifier DY R—~EBHRICTS

1. Node.js* MY —2RA (nightly build) #5 >0 >O—RLFT,
2. JL—bk®Mnode-v8.0.0 FAILI—H5 vcbuild.bat AOUTREEFTLET,

echo vcbuild.bat enable-vtune

CDRAOUTRE ATV VTune™ ZFO07 74 5 —h JavaScript* D—ROFO7 71 )L %= HR—
I BLDIC Node. js* &EZEILRLET,


https://software.intel.com/en-us/user/337311
https://www.isus.jp/intel-vtune-amplifier-xe/

e Linux* AT ATIE, enable-vtune 777& fully-static iRE 7 ST ZREFICERLEVLT
ISV, COMRHEDRIFEBRMENR Node . js* RIENI SV aLET,

e Microsoft* Visual Studio* 2015 PAFE® IDE R 9 31551 node-v8.0.0-
win\deps\v8\src\third party\vtune\vtune-jit.cc Z7JLIC #define
_ SILENCE STDEXT HASH DEPRECATION WARNINGS ZEHILET,

#include <string.h>

#ifdef WIN32

#define SILENCE STDEXT HASH DEPRECATION WARNINGS
#include <hash map>

using namespace std;

#else

Node.js* CEIELTL\S JavaScript* J—F2707717ITD

COLYVEIFY YTV JavaScript* 7 U -3V FERLETD,

function say(word) {
console.log("Calculating ...");

var res = 0;
for (var 1 = 0; 1 < 20000; i++) {
for (var j = 0; 3 < 20000; j++) {
res =1 * 3/ 2;

}

}
console.log("Done.");
console.log(wozrd);

}

function execute (someFunction, wvalue) {
someFunction (value) ;

}

execute (say, "Hello from Node.js!");

127 )L® VTune™ Amplifier Z#ERALTCCO7 U —2 3% 70771V BICIE ROBIEEITLE
7

1. A7 I)L® VTune™ Amplifier ZF2ELET

amplxe-gui.exe

2. W—JLI\—® [New Project #7003V o) Y 7ravaE Uy o LTHBIOY 0 hEE
BLET,

3. [Analysis Target (5 —%'v )] 57 <, [Application (77U —23>)] 71—ILRIC
node .exe, [Application parameters (7 77U =3V OINTGKX—=5—=)] 71—ILRIC
sample.js ZBELFT,



&l Choose Analysis Type
4 @ Analysis Target | & Analysis Type

Select a target system to H -
el Launch Application
® |ocal 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 W

Select a target type to

profile: Application parameters:

C:\samples\sample.js ]
Aftach to Process P Pie

Profile System « Use application directory as working directory

Launch Application Working directon

[Analysis Type (8tf 51 7)] 7 7ICtIDEX T, &1 H\5 [Advanced Hotspots (BELR
hotspot)] #1751 7%RIRL , [Start (BIR)] =0V v O L TEIZEEITLED,

: 3

BSER hotspot L, 1> )L® VTune™ Amplifier 2019 TNE® hotspot &ifr (3238) ICHE
SENFELRN—RIIT7 ARV IR=R BV TUVTINEE—RTHETEET,


https://software.intel.com/en-us/vtune-help-hotspots-analysis-group

BN T IBE, 17 IL° VTune™ Amplifier (7 7 4)L D [Hotspots (Hotspot)] E 2—R1 >/ +ICH
BAEXRRLET, [Bottom-up (RELATPYA)] TV Ro%EFERLT, Y 7LD JavaScript* BAEICE DL

SICHBSESNTUVDINFEANRET . &H CPU BRI\ TV BEHES T ILOUYILTY —RD—RERR
L.&bhybra—RITEEELET,

[sowen ]| eamay || (7173 51 5 90 11 (@] ey grovping: ¢ | [CPU Time g
~ *BI~ D viewing < 1012 » selected stack(s)
Scll-l:Jrce Source CPU Time: | 100.0% (29.249s of 29.2505) |
ine Total
[Dynamic code]!say - sample.js ~
! function say(word) | . [Dynamic code]lexecute+0x2a - sa...
; ::":':‘::":"1"“1"““? et [Dynamic code]![0@]+0x54067 - [u...
. , ; . [Dynamic code]!Module::_compile...
4 for (var i = 0; i < 2000000; i++) | C-UC'2~.~| . .
5 for (var j = 05 j < 2000005 §++) { | 20245 [ : [Dynamic code]!Module::_extensio...
6 res =i * 3 / 2; [Dynamic code]!Module:load+0x2...
7 } [Dynamic code]ltryModuleLoad+0x...
a 1 [Dynamic code]'Module::_|load+0x...
9 console.log{"Done."); [Dynamic code]!Module::runMain+...
10 console. log(word) ; [Dynamic cnde]!run-'-ﬂxﬁ? - bootst...
11 1 [Dynamic code]'startup+0x11da-b...
Highlig ... _ 292485 v | [Dynamic code]![0@]+0x225ff - [un...
= o || & [Dvnamic codellJSEntrvTrampolin... v




Docker* A FF—chH7O771I

ZOLVEF A7 IL® VTune™ Amplifier O#EAT[E1F1C Docker* AV FF—%#EKE LT MIILEOV T
FT—BIBTEMELTWLWB 7 FUT -3 M hotspot H4FELET

a5 -ITFRX/\—k: Denis Pravdin (3235

e ERIDHD

o Fl&:
1. Docker* VT F—%AVAL—ILLTERETD
2. 7HYVFE—RTHER hotspot BTEEITI D
3. OVFF—TNELRT—YEBFITD

: 3

SETR hotspot ifTlE, 17 )L° VTune™ Amplifier 2019 TNE® hotspot fi#if (KEB) ICRESINEL
[ee\—RILT ARV R=RHB VTV TREE—RTHATEET,

ERAT B0
T, T A—T Y RS FUATERTZ/\—RITTEY T FIIFOURRTT,

o FPIU—I3U:MatrixMultiplication.—® Java* 7 FUT—av(EFERTHD T I
O—k9gdlelFTEFREA,
o W—IJL: 15 )L® VTune™ Amplifier 2018: BE7: hotspot &#f

i 3

o AVFICVTune™ 7O7 71 5 —FHERDY V> O— BT IR—RIDWLTIE,
https://www.isus.jp/intel-vtune-amplifier-xe/ Z#&RB L TIEEL),

o COUVOITVIDLYVEIFINTRT—ZTILTHD, 17 )L°® VTune™ Amplifier 2018
DEICBATEXT . /\—JaVICEDRENDINCERZDENHDET,

o NR—HIRAVFTIL® oneAPI R—Z-Y—)LFv ~@IFO/IN—Tavhb, 425 )L° VTune™
Amplifier OBZINNA >V FIL® VTune™ O 7715 —ICEDDEL B E /S 1V FTIL®
Parallel Studio XE &/zl&->/7JL°® System Studio DIV R—RV tELT, HBDWLIERSY
YRFZOVEROA VT IV VTune™ 70771 5—&2ZMAWEERIFTET,

Linux* 37 F—3> %4 Ix: docker.io
ARL—=F 12T -2 X5 s Ubuntu* 17.04
CPU: 17 )L° 7OtvH— (AFEI—RA Skylake), 8 512 CPU

Docker* AV FF—%A 2V AF—ILLTRETD
1. [AFYaV] REICIGCT RARY AT ADBLARIOD Docker* /\—3/ 3> &HIBRLET,

host> sudo apt-get remove docker


https://software.intel.com/en-us/user/337311
https://software.intel.com/en-us/vtune-help-hotspots-analysis-group
https://www.isus.jp/intel-vtune-amplifier-xe/

Docker* #1 > A+—I)LLFET,

host> sudo apt-get update
host> sudo apt-get install docker.io

i 3

o Docker* AVFF—S UM LDIN—=I I VIIARL—F1 VTV RAFLDOIN—I 3 VITHK
FLEJ ., apt-cache search "container runtime" EANTBRE IELLV/N—T3Y
NRREINFT,

o I\WT—=I%AVAL—=)LTERVIZE, Docker* M systemd T—ERXT771)LTcTOF
V= —=/\—DRESINTLDEEERL TSV HMIE,
https://docs.docker.com/engine/admin/systemd/#httphttps-proxy (:8) #88B LT
KRSV ATV 1HB 6 LV flo7OFy —BEFERIZITOF T —RICEELE
ER

o AVAL—)LOFFMIZ, https://docs.docker.com/engine/installation/linux/docker-
ce/ubuntu/#install-docker-ce (£:8) #2RB LTS,

Docker* ¥ X—I#{ERELET,

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

ela742c2abfd: Pull complete

486cb8339%9a27: Pull complete

dc6£0d824617: Pull complete

4f7a5649a30e: Pull complete

672363445ad2: Pull complete

Digest:
sha256:84c334414e2bfdae99509%a6addl166bbb4fad041dc3fa6af08046a66£fed3005f
Status: Downloaded newer image for ubuntu:latest
---> 14f60031763d

Successfully built 14£f60031763d

A X—3 myimage DMER SN EERERLET,

host> docker images

REPOSITORY TAG IMAGE ID CREATED SIZE
myimage latest 14f60031763d 2 weeks ago 119.5 MB
*

docker load -i image.tar ARV FEFERLT Z71ILhbEfSNEURI FU—20—k
IBHEDHTEFET,

-t BEXY -d ATV IVEFEALTOV T FT—ZEGTLET,

host> docker run -td myimage



7.

8.

i 3

1> 5 )L® VTune™ Amplifier 7 )LTU X LB (BZA hotspot, WifT14%, Ow o & FFi) mIFIC
Docker* OV FF—%ZE{TIBICIEZ RDELIIC ptrace BiR—rEBRICLET,

host> docker run --cap-add=SYS PTRACE -td myimage
FrzlZ, privileged E—RTOVFF—%iEEHLFT,

host> docker run —--privileged -td myimage
JV773— D ZWHERLFET,

host> docker ps

CONTAINER ID IMAGE COMMAND CREATED

STATUS PORTS NAMES

98fecl4£0c08 myimage "/bin/bash" 10 seconds ago
Up 9 seconds sharp thompson

V77— IDZERALTN\YIT STV R-E—RT (bash Y T)L%Z{EILT) AV T F—ICADE
3-0

host> docker exec -it 98fecl4f0c08 /bin/bash

Java* 7 UL —av & JVM ZEIEFROD Docker* 1 VXSV AICOE—LET . RICHIERLE
9,

host> docker cp /home/samples/jdkl.8.tar 98fecl4£f0c08:/var/local
host> docker cp /home/samples/matrix.tar 98fecl4f0c08:/var/local

matrix.tar LY jdk P—HA1T%=ERALET,

FIVFE—RTRER hotspot B EETITS

1

RARTA T IL® VTune™ Amplifier Z#EEILET,

host> cd /opt/intel/vtune amplifier 2018.0.2.522558
host> source ./amplxe-vars.sh
host> amplxe-gui

ZO0VzOk (Bl:matrix java) ZERLET,
V5 F—RT Java* 7 U -3V #ETLET,

container> cd /var/local/matrix
container> /var/local/jdkl.8.0 72-x64/bin/java -cp .
MatrixMultiplication 2000 2000 2000 2000

top ANYVREZEITLT java 7OTEAD PID ZE1EL XY,
[Analysis Target (BiFy—I' v )] 97 TROIEEZRELET,

o [local host (O—AIVKRAR)] Y- VI RAT AL T

o [Attach To Process (FORRICFZIYVF)] 55— v 51T



o java® PID (ZFOtX ID) (fl: 24116)

Project Navigater & g v b B W@ | @

& srootjinteliampley...
M matrix java
i roD0ah € Analysis Target
[ roo1ah

Select a target system to

profie: Attach to Process

e local host )

Specify the process to analyze. Performance data
Android device (ADB) will be collected after attaching to the process.
Press F1 for more details.
remote Linux (SSH)

Process name: 5

Select a target type o .

profile: U 24118

ﬁ’} Attach to Process Managed code profiling mode
Auto -

Automatically
resume
collection
after (sec):
Automatically
stop
collection
after (sec):

o AO [Binary/Source Search (/\1FU—/YV—=RREK)] "5 %= IUvOILT KA+ LD
V—ZAWBREBINTLRIGEMEIRRELET.

Attach to Process K

Specify the process to analyze. Performance | ﬁ So e e b
data will be collected after attaching to the ‘ g

process. Press F1 for mare details.

Additional Binary and Symbaol File Locations

Specify the possible locations of binary and symbol files, These can be
local directones, or symbol server paths using the form

snv*local_cache_directony*http:/faddress/. Press F1 for more details.

Add new search location




1> 7 )L® VTune™ Amplifier I&, CD/X\ZX%EE LT, hotspot DRETHDY —RXI—F&
RV BEEEMITET,

6. [Analysis Type (BtFr51 )] 57 ICtDDE X T, [Advanced Hotspots (BE’S hotspot)] i#F>
1 7%i21R L, [Hotspots and stacks (hotspot EXF W) AT a3 &RBIRLET,

P ik B b B OE @I welcome ro02ah |m|
fis jrootfintelfamplxey... ach A e
= & matrix_java oose "a|¥5 s Type
A rO00Eh 4 (D Analysis Target | A Analysis Type
im ro0lah
. e Advanced Hotspots
Basic Hotspots

Advanced Holspots

Identify time-consuming code in your application
Cancurrency Advanced Hotspots analysis (formerly, Lightweight
Locks and Waits Hotspots) uses the OS kernel support or YTune
Amplifier kernel driver to extend the Hotspots
analysis by collecting call stacks, context switch and
statistical call count data as well as analyzing the

Memaory Consumpticn

Compute-Intensive CPl [C:,fcles Pf-r 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)

Microarchitecture CPU sampling interval, ms

Analysis 1

General Exploration
Select a level of detalls provided with event-based

7]
B sampling collection. Detailed collection levels cause
TSX Exploration higher overhead,
TSX Hotspots Holspots
IR ® Hotspots and stacks

. Hotspots, call counts and stacks
Platform Analysis P

CPUIGPU Concurrency Hotspots, call counts, loop trip counts and
stacks

System Cvervdew

7. [Start (BH#R)] 22Uy O L TRITERIALET,
AV T F—TIRELET—5 BRI

FT—ARENT T ITDE, AT IL® VTune™ Amplifier X5 74U+ [Hotspots (hotspot)] Ea—R-1 >/
MCRRERRLET,



) Elapsed Time ”: 37.196s
() CPU Time “:
Instructions Retired:

Top Hotspots

35.
59,733,556,340

CPI Rate “: 1.470 &
Wait Rate = 500.889
CPU Frequency Ratio . 0.702
() Context Switch Time: 706.2355
Total Thread Count: 21
Paused Time & Os

This section lists the most active functions in your application. Optimizing
these hotspot functions typically results in improving overall application

@ Summary

6995

performance.

Function Module CPU Time ©
MatrixMultiplication::multiply  [Compiled Java code] 34.137s
[Outside any known module] 1.254s
javazlang:integer:getChars [Compiled Java code] 0.085s
jshort_disjoint_arraycopy [Dynamic code] 0.064s
clear_page c e vmlinux 0.061s
[Others] 0.098s

[Summary (<Y U—)] E2—® [Top Hotspots (LD hotspot)] o/ av g -5y T TUT—
3@ multiply BHICED CPU BRINODOTLWBRIEAERLTLWET  URLOBEHZEIUVILT
[Bottom-up (REAFYA)] 5T ICIDEZR, 2D hotspot BHDRAS YO 7 O—%fERBLET,

Grouping: Function / Call Stack

CPU Time v =

Viewing © 1of 4 - selected stack(s)

Function / Call Stack

w MatrixMulphcation::multiply
= Interpreter — call_stub — JavaCalls::cal

» MatrixMultiplication::multiphy 6.954s (D
= [Unknown stack frame(s)] — Interpreter| 0.082s

» [Outside any known module] 1.254s

» java:lang::Integer::getChars 0.085s

» jshort_disjoint_arraycopy 0.064s

» clear_page_c_e 0.061s

» func@oxladba 0.029s

Effective Time by Liilization
Bidie ®WPoor B Ok Wideal B Over

27.102s S

]

| 79.4% (27.102s of 34.137s)

[Compiled Java code]!MatrixMultipli...
[Dynamic code]linterpreter+0x23af ...
[Dynamic code]lcall swb+0x87 - [u...
s libjym.solJavaCalls::call_helper+0x...

[ibjvm.s0lni_invoke_static+0x361 - [...
libjvm.soljni_CallStaticVoidMethod+...
libjli.salJavaMain+0x80b - [unknow...

libpthread-2.23.solstan_thread+0xc...
libc-2.23.s0lclone+0x6e - [unknown ...




SEMICARMT I B128D, hotspot BEEES T ILO UYL TEED hotspot V—RITEHFEL, COITTYNES
NIEXRUYOTF—5%@BITLET,

Docker* OV FF+—EY a1—LO#Hst%#E1E 9 BICIE, [Module/Function/Call Stack (€3 2—J)L/BEA#/
dA—=ILAIYI)] TT—5%T)—FL EY2—ILINAD docker TVRU—TOAVFTF—FIa—I)L%
HAILET,

= Advanced Hotspots Hotspots viewpoint (change) @ W

9 [ collection Log ) Analysis Target & Analysis Type Summary & Bottom-up & Caller/Callee & Top-down Tree
Grouping: Module ! Function [ Call Stack

» »

Module ! Function / Call

Siack Context Switch Time | Context Switch ... Module Path

| [compiled Java code]

b [Unknown] 0.0255 3

e vmilinux 435.0155 929 | vmlinux

¢ [Dynamic code) [Dynamic code]

k libc-2.23.50 hvar/ib/docker/aufs/difficB15e624d2790db25f1f23d9{321b4...
# libjvm.so harllibfdocker/aufs/dift/Sh28d2afed94227fa6afB18b4b2d1 ...
» libpthread-2.23.50 271.194s 19 var/lib/docker/auts/difficB15e624d2790db25f1 f23daf32fbd ..

i
COLYEDIERIF, FAOY/\—TA—S L (#5E) #BRLTREL,
REIRE

o Java* O— RfEHT (3:E)
o AVFF—H—YUvkOFOT71IL (KE


https://software.intel.com/en-us/forums/intel-vtune-amplifier-xe/topic/743546
https://software.intel.com/en-us/vtune-amplifier-help-java-code-analysis
https://software.intel.com/en-us/vtune-amplifier-help-profiling-container-targets

Singularity* O FF—cH7O771J)L

ZDOLVEIF A7)V VTune™ Amplifier OEEMTEIFIC Singularity* 377 F—%=#@BKL T JRIZILEED
VT F—RIEBETHELTVSR 7 U —23>® hotspot ZHFELFT,

a5 -ITFRX/\—k: Denis Pravdin (3235

o EATZHD

o FlE:
1. Singularity* AV FF—%AVA—=)LLTHERETD
2. AVFF—ANTNTA—I YV ABTEETITD

EATIHB0
DRIF N T A=Y A@EHY FIATERTD/N— I 7EVY T I DUART,
o FPIUU—I3U:MatrixMultiplications
O Java* 77U =23V (FTERTHD YU O-RIBIEIFTEREA.
o W—)L: A7 I)L®VTune™ Amplifier 2018
i

o AVFTILVTune™ Z7O774 57— iilRDS 7 O—RERBYR—ECDULTIE,
https://www.isus.jp/intel-vtune-amplifier-xe/ Z#&RB L TIEEL),

o COUVIOTVIDLYVEIFINTRT—=FTILTHD, 17 )L VTune™ Amplifier 2018
PIBFICERATEERT . /\—JaVICKDBRENDINCERGDIZENHDFET,

o N—HHRAVFTIL® oneAPI N—Z Y —)LFv kEIFD/IN—T3arhs 1> F)L° VTune™
Amplifier DBAFNA>FIL® VTune™ 7O7 71 S5 —ICEDODEILIE Bl EHE A1V FIL°
Parallel Studio XE &/zl&->/7JL°® System Studio DIV R—RV ;ELT, HBDLIERSY
YRF7ZOVHROA>FILe VTune™ 7O7 71 5—=FBAVREIFEY,

Linux* Y7 F—3 54 A: singularity
ARL—=F120-Y A5 A: Ubuntu* 16.04
e CPU:T1VFIL® F7OtvH— (MFEI—RA Skylake), 8 5832 CPU

Singularity* A7 F—%1VAR—=ILLTERETSD
1. Singularity* V7 kD7 (BIZIF/IN—T 3> 2.4.5) #AV AR—ILLET,

host> VERSION=2.4.5

host> wget
https://github.com/singularityware/singularity/releases/download/S$SVERSI
ON/singularity—-SVERSION.tar.gz

host> tar xvf singularity-S$VERSION.tar.gz

host> cd singularity-$VERSION

host>./configure --prefix=/usr/local


https://software.intel.com/en-us/user/337311
https://www.isus.jp/intel-vtune-amplifier-xe/

host> make
host> sudo make install

b
LWV A—ILFIEIZ, https://singularity.lbl.gov/install-linux (58) #8BLTIEEL),
LWL Singularity* 2> FF+—% #lX £ Docker* Hub B L TIERLET .

host> singularity build ubuntu.img docker://ubuntu:latest

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:d3938036b19cfa369e1081a6776b07b54be961
2bc4c8fed7£139370c8142b79f.tar.gz

Importing:
/root/.singularity/docker/sha256:a9b30c108bda615dc10e402f62d712f413214e
a92cT7ecd4354cdlcc0£3450bch8.tar.gz

Importing:
/root/.singularity/docker/sha256:67de21feecl183fcd009%a5eddc4de8c346ee0f4
369a20047£f1a302a90716fc741.tar.gz

Importing:
/root/.singularity/docker/sha256:817da545be2badbac8fébdda584bcalfb48449
38ecc462b9feabl001b5df7405.tar.gz

Importing:
/root/.singularity/docker/sha256:d967c497¢ce230b63996a7blfcb6ec95b741laecad
348118d3328c676£f13be789fa7.tar.gz

Importing:
/root/.singularity/metadata/sha256:c6a9ef4b9995d615851d7786fbc2fe72£723
21beela87d669190881a0336525a.tar.gz

Building Singularity image...

Singularity container built: ubuntu.img

Cleaning up...

b
Ubuntu.img Z7MILDNREDT LI R —[CEHESNBDCEZERL TS,
AVFF—%=ETLET,

Singularity* [F KRRV RAF LA LEDTFALOR) =%V FF—RICIY T TEFRT . NICED G
BICKRRAM AT LA LEDT—9EHRHESTEFRITHIZIE, 77)L° VTune™ Amplifier & Java*
FIUT =3V THRAR I AT — /tmp/vtune ZEFEAITIIBE. IVFTF—%ETLT
/tmp/vtune Z#IVTF—MHD /local/vtune NIV TITIRENHDET,

host> singularity shell --bind /tmp/vtune:/local/vtune ./ubuntu.img
Singularity: Invoking an interactive shell within container...
Singularity ubuntu.img:~>



AT F—RTINTA—I VAR ZETITD

Singularity* 3> FF—m\61>7)L° VTune™ Amplifier DYV RS/ A5 —T A4 R amplxe-cl
HEREILT Java* 7V - a0 EEITLET IR IX MatrixMultiplication 7 U —
23V OEER hotspot BfiEEITIBICIF RODIATY REANLET,

Singularity ubuntu.img:~> cd /local/vtune/matrix/

Singularity ubuntu.img:/local/vtune/matrix> /local/vtune/bin64/vtune -collect
advanced-hotspots -- /local/vtune/jdk9.0.1-x64/bin/java -cp .
MatrixMultiplication 2000 2000 2000 2000

: 3

e Singularity* AV FF—THELTWBRY—T Y 7 TUT—2 30270770V BICIF . ALO
VT F—hB1F)IL® VTune™ Amplifier Z#2&)L &7, Singularity* 7O 771JLTlE, 3V F
F—HADBEDA T IL® VTune™ Amplifier DETIEFHR— kSN TLEE A

o BEL hotspot (%, 17 JL® VTune™ Amplifier 2019 TR E® hotspot i (3R:E) ITHE
SENELRN—RILT AR R=Z- B TV TINEE—RTHBETEFRT,

INER . RAM Y RAFAICA Y A R=ILENTLS1 VT IL® VTune™ Amplifier @ GUI h\SfEfriE RN\ %R
T RROBFI7O—-ICHTT7 TVT =23 N TA—TV ADHBE IR TS [Summary (YT U—)]
T4V RODSRBLET,

& Advanced Hotspots Hotspots viewpoint (change) @

4 Collection Log D) Analysis Target & Analysis Type  ® Summary  ¢& Bot

Elapsed Time : 37.196s

CPU Time ~: 35.699s
nstructions 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

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
javazlang:integer:getChars [Compiled Java code] 0.085s
jshort_disjoint_arraycopy [Dynamic code] 0.064s

clear_page c e vmlinux 0.061s


https://software.intel.com/en-us/vtune-help-hotspots-analysis-group

x

Singularity* 377 F—% (BIZIE KRRV AT AICA YV A R=)LENTLBT T )L® VTune™ Amplifier
D GUI) THRITEREZEB 771 S5 AT IRENDHDIER. EY 21— ILITHERIRTO/NAFU—E&Y —
A77AICAVTFF—NADNBT IR TE DL EERBL TS,

BEIEH

e Java* O— R (EE)


https://software.intel.com/en-us/vtune-amplifier-help-java-code-analysis

Linux*, Android* . &V QNX* DIV AT LT — IO
771

COLYVEIX AT IL® VTune™ Amplifier /N7 A—< > A% Linux*, Android*, 5K QNX* AR

L—F4V 0 I AF DT —r70—MEITDREEERLET, COBENIE, OS 7—HEFIC CPU O7TF
HNCRLKETEINZ 79T 1ET1—&H#BITBDICRIBEET , CNICED, T—HEFROSBICEHELUVVE

BHATREICIEDET,

a7 Y- ITFHFX/\—I: Vitaly Slobodskoy (%3E), Kirill Uhanov (%3E), Dmitry Obrezchikov (358),
Artem Shcherbak (3&3E

T—rBEOTOT771ILTIE, A7 IL® VTune™ Amplifier /N7 A=<V A F—FUEIT > R% (FHA1L
AOUTTHRET DN FEDT—EREFERLT) 0S 7—~OMHBERICHEALFT . REODEREES
e RDEHERELTVDIEEERL TS,

o AVFI)L®VTune™ Amplifier 7=~ L OF—DIN\AFU—T 71 )L BRI g RDHE<L<O—RS
Nd3771) LI RU—ICEBRELET,

e Linux* & Android* Tl&, 77—~ L 05— T 71V AT LAICEEZT AT HH T 71 ILEIEF]
AL RDELO—RESNBIESAHTET AL I —ZFRITDIVENHDET,

e Linux* & Android* Tl&, 1>~ JL® VTune™ Amplifier OF—SUREIT Y RIET 71 ILY AT LD
AAMICKFEINRETI.QNX* Tld, ATV RIERY FD—0D T AEICKEFEINRETT,

: 3

CO77O0—FIF,0S T—rEOUVKDOHNOORRBICH LT BDISELTLWETH, T—~ 7Ot XEE %
IN—=FBLIFTETEBABIRIE H—RILVOREET 7MLV AT LADOR TV MFHIN—NEEA.

e ERHIDHD
o FE:
1. 9—0YbrIRFLAOT—rREZTOT71ILT S
= systemd ZF AT D Linux* AT A
= QNX*2RT LA
*= Android* X5 A
2. ®BEREAVFTIL®VTune™ Amplifier 7O O MNAVIR—T D
3. JOLRRAOETERETTD

ERATBD
T, T A—T Y RS FUATERTZY 7RI FOURRTT,

o ARL—=F1VT-IRATL:
o systemd IC&KDYRFT L%EHEA{LT D Linux* (root 7Oz ANERN)
o QNX*

o« Y—)L:
o QNX* Momentics* W—J)LA1—k


https://software.intel.com/en-us/user/407139
https://software.intel.com/en-us/user/666158
https://software.intel.com/en-us/user/1776011
https://software.intel.com/en-us/user/2088300

o QNX*7.0SDK
o AVFIL®VTune™ Amplifier 2019 PARE

o AVFTIL®VTune™ 7O771S5—HBROSY VY O—FERFYR—KTDOLTIE,
https://www.isus.jp/intel-vtune-amplifier-xe/ Z&8BLTIEEL,

o COUVITYIDLYEFINTAT—FTILTHD, A7 IL°® VTune™ Amplifier 2018
PARRICEACEERT . /\—JaVICEDERENDITNCRGDZENHDET,

o NR—=HIAVFTIL® oneAPI R—Z-Y—)LFv ~@IFO/N—Tavhb, 425 )L° VTune™
Amplifier OBINNA T )L VTune™ O 7715 —ICEDDELE BIEHES . 1V TIL®
Parallel Studio XE &F/zl&->FJL® System Studio DIAVIR—RV LEL T, HBDLIFRS
VR7ZOVEROAVTIL® VTune™ 7O7 71> —&FIRWEREIFTEY,

Linux* =Y, IR LADT—-REE27O0771IIVTS

WERY:

H—v I Linux* Y AFAICA 5 IL® VTune™ Amplifier 214> X +~— )L (3£35E) LET,
VAT LOHMEEBEEFIVILET . VAT LD systend ZFERALTUVBRIEEHERTBICIE,
ROIATY REETLET,

systemctl | grep "\-\.mount"
systemd MEASINTULBRIBE . XOEDITHEDET,

-.mount loaded active mounted /

Linux* VX7 LDT—FiEE7O771ILTS

1

/boot profile Z7AIEIEHLT, 17 IL® VTune™ Amplifier ®/\— R 7##T (hotspot,
1/O, IFM) #ETITBDLIICKELET,

BIZIE BREDT—INESNDLSICEVWS Y TUVIRIRTY AT LAZRD hotspot %
30 MRIETIBICIE ROV REFERLET,

#!/bin/bash

/opt/intel/vtune amplifier/bin64/amplxe-cl -c hotspots -knob sampling-
mode=hw -knob sampling-interval=0.1 -d 30 -finalization-mode=none -r
/tmp/boot _profile &

: 3

o Z7TILADINZANA > FIL® VTune™ Amplifier D1V A=)« Lo RJ—%IELLIE
ELTWBIEEER LTSV T 7AILETIE, Linux* DA VA=) FsL O U —
I&, /opt/intel/vtune amplifier T,

o boot profile AOUTEM/NRIZ, /tmp 1GE #IEA T — FERBETHI AR B ERDO—
HILNNRICTBENTEET,
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FT—HINERMRAT VT ~OEREEELERT.
chmod 755 /boot profile

RDABT /etc/systemd/system/vtune boot.service 771 ILEEHLET,

[Unit]
Description=VTune Amplifier boot profile service

[Service]
Type=forking
ExecStart=/boot profile

[Install]
WantedBy=multi-user.target

Y—ERZBMICLET,
systemctl enable vtune boot

Y AT LEBEELT,0S 7—~FOtRHITAVFIL® VTune™ Amplifier D7 —SUREZERIAL
E3

F—AWNENTTITDE, /tmp/boot _profile IERTFILIRI—NEREINET . COTALIRI—
& root A== TICHDFEIT  BEDI—F—THERERDENHDIHE, TAINT—DT7 Uz RIER
ELEBELTLESL),

sudo chmod -R a+w /tmp/boot profile

EBMHIYVE

Y—EREBEMICLET,
systemctl disable vtune boot

BENELELRIZEES.0S 7—+FOEXHICA VT IL® VTune™ Amplifier AL OS5 — OH %R
WLET,

sudo journalctl -u vtune boot

Android*y—4'Y b RAFLDT—FEETOT7IIVTS

WERMY:

1

RARYRAFAICAVFTIL® VTune™ Amplifier #1> A—)LLET,

2. Android* #—%5'v Y RF AT 1smod ANV REEITLT AV TILOB Y TIVT-RSAN\—N

FATEBCE=ZHRALET,



RS54 /\— (pax.ko,sep5.ko, socperf3.ko) MEDMBRVIGE, IEDRATYTE#IFvTL
TRIAN—ZFERLEVWE—RTHEITIDN UEORTY FICR>TRSA/N—ZEILRLTER

LET,

RARYRFLATROIY Y REEFTLET,

<vtune-install-dir>/target/<android-version-arch>/sepdk/build-
driver

ANERDENEB =TV I AT LADOEILRICERTS GCC* AV /I\1T5—&
Android* 1—XRJ)LYV =T L O RU—D/I\A%EIEELEXT,

BIZIE, A—RILYV—R-FT1 LD U—[& <android-source-dir>/out/target/
product/<name>/obj/kernel T, AVI\1S5—F LI U—IZ <android-
source-dir>/prebuilts/gcc/linux-x86/x86/x86 64-linux-android-
<version>/bin/x86 64-linux-android-gcc CT9o,

EIVRLERSAN—IXROT LI RU—ICHDET,

» <vtune-install-dir>/target/<android-version-arch>/sepdk
/pax/pax.ko

» <vtune-install-dir>/target/<android-version-arch>/sepdk/
sep5.ko

" <vtune-install-dir>/target/<android-version-arch>/sepdk/
src/socperf/src/socperf.ko

RDEDIC RSAN—ICBELET,

$SKERNEL DIR/scripts/sign-file $(CONFIG MODULE SIG_HASH)
$SKERNEL DIR/S$ (CONFIG_MODULE_ SIG KEY)
SKERNEL DIR/certs/signing key.x509 <driver file name.ko>

CCT.<driver file name.ko> [FBETDRSA/IN\—DBERITY &S /\—I3{E5!
ICEBRITDIRENHDET,

KERNEL DIR ICHBA—FRILD config T71ILEERLT,
CONFIG MODULE SIG HASH & CONFIG MODULE_SIG KEY /\TX—%5—MDEZEEFL
F9o

Android* Y AFLDT - EETOT7IIVLTS

1. 427 I)L® VTune™ Amplifier D5 —5 v L OS—%A 2V A—ILLET,
a. BEODHATY—U YR AFTLET—RLET,
b. 427 )L® VTune™ Amplifier GUI Z{TLTHLWLWIOI U MEERLFE T,

C.

FLWBHERELET, [WHERE (£ %)] X<, [Android Device (ADB) (Android*
5 I\1 X (ADB))] &E# 51 %2R LFE I, [ADB destination (ADB DWW KR)] 71—ILRT
=Y :FINA ZEBIRLET, CNAE, 17 )L° VTune™ Amplifier [FBEIRIICY —
SyraALOY—S—T VI RT ANTYTO—-RLET,

2. 5—0vhrILO5—%FAARLRLELO—RESNBT71ILY AT LOIG (Bl: /vendor) N\
JE-L&ET,

adb shell cp -rf /data/data/com.intel.vtune/perfrun /vendor/vtune



3. AVFILOY Y TU T RS /)I\—DFI B A BERIB & . pax . ko, sep5. ko, BED socperf3. ko
RS54 /)\—% /vendor/vtune NIE—LFT,

4. NERL—ZAOENFTELT HHAELGRDELO—FESNZIESAH I ERIGAZEIRLET. B
ZIE, /data/vtune BBRLTIRDA VT ILDOY Y TUV T RSAN—E—RELIFRZ1/\—
EERALEZVWE—RFOVWINHNTEITRAIUT~ (/vendor/vtune/vtune. sh) ZELET,

1OFVNOY I TVIT - RSAN—F—F RSAN—%2ERLEVWE—R
#!/bin/sh #!/bin/sh rm -rf /data/vtune
rm -rf /data/vtune mkdir /data/vtune 0777
mkdir /data/vtune 0777 echo 0 >
/system/bin/insmod /vendor/vtune/pax.ko /proc/sys/kernel/perf event paranoid
/system/bin/insmod echo 0 >
/vendor/vtune/socperf3.ko /proc/sys/kernel/kptr restrict
/system/bin/insmod /vendor/vtune/sep5.ko /vendor/vtune/perfrun/bin64/amplxe-perf
LD LIBRARY PATH=/vendor/vtune/perfrun/lib64 |record
SEP BASE DIR=/vendor/vtune/perfrun/lib64/ -a -o /data/vtune/android boot.data
vendor/vtune/perfrun/bin64/sep -start -d 10 |-- sleep 10

-out /data/vtune/android boot.tb7

o

CDATUT F, hotspot UNEZRAL T 10 MREETLET,
DRIV T =S —T YD init. rc [CEBMLET . EEOT— 70— LT, post-fs ®IEH
DORUA—DFERERELTREL,

on fs
start vtune

service vtune /vendor/vtune/vtune.sh
user root
group root
seclabel u:r:init:s0
oneshot
disabled

i 3

FHEDEROT 7MLV AT ATIE RARTCINEO 7 7MILEZEELT V—RO—FH\B
Android* Y AT L%EEIILRT BT EERETLTLIZSLY,

AT 3T, 0S DFREITHLE T IRDITR /system/sepolicy/private/file contexts
T7A1IVICEMLET,

/system/bin/toolbox
+ /system/bin/insmod
+ /system/bin/sep

+ /system/bin/sh

:object r:toolbox exec:s0
:object r:toolbox exec:s0
:object r:toolbox exec:s0
:object r:toolbox exec:s0

cccocc

3
Android* 7/\1 X\ permissive E—RFTT—hraNTL B =MHERBLFT,

Android* ¥—5'v c 3 RF LAEBREIL T, T—INPNESNBIDEFEET,



9. FHLLMRrgdrcdb, /data/vtune/android boot.tb7 Z7AIERALIY AT LNIE—-LE
EBS

QNX* Y RFLDT—-FFETOT71IVTS
BERMY:

e QNX* Momentics* Tool Suite ZRACA VY AR—ILLET,

e QNX*7.0SDK%ZAVAL—JLLZET,

o [File] > [Import] > [QNX] > [QNX Source Package and BSP] %3&iRL T BSP % QNX*
Momentics* J—IAR—AICAVR—kLET,

o RARVRFAICAVFIL® VTune™ Amplifier Z41 > A ~—)L (558) LE T,

QNX* YRFLDT—-FRFETOT7 71T S

1. <vtune-install-dir>/target/qnx x86 64 h\D <gnx-sdk-path>\gnx700\target\
qnx7\x86 64\usr\bin \F—Tv - TFOT7A)I'IT—TI Vb (sep NMFU—) ZOE—-LFE
ER
2. QNX* I X—=ID *.puild Z7MINEZELFT,
a. XF% /usr/bin/gzip=gzip ZRERL T, ZDF&IC /usr/bin/sep=sep ZEBIMLFT,
b. BERIUT I3 VICT sep -pl & ZEBIMLET,

[+script] startup-script = {

# NOTE: Temporary enable for UART devices on OCP bridge
# will be able to removed once ABL is fixed

ocp init -d 0:24:0 0x200=0xffff04b5 0x204=7

ocp _init -d 0:24:1 0x200=0xffff04b5 0x204=7

ocp init -d 0:24:2 0x200=0xffff04b5 0x204=7 # console
ocp _init -d 0:24:3 0x200=0xffff04b5 0x204=7

# the sep run before this could move system to unstable
# state and crash it

sep -pl -d 10 &

sep A—=TwhkTOT77MIT—I TV bOATIIVIEIRODESDTY,
= —p<mode> | UNEE—REHRELFT,

0lx. BEDT I7AINLOE—RTT. 7OT7 7ML T—I x>V RE RARDED
TCP/IP E#HiaiFHL £,

1d I—Yx VDRIV IZEFEVFRIEREHDIREZMIALE T INET
TINEE =T Y EDOREY—ICRINSNET  RART —FZEETBICIE,
TCP/IP iGN b E T,

2 3. I=I VDYV TIL-O—ILRY YO ECERERBHONEZRBLE
TUES Y TIET—TY FOAXEY—ITHRIASNET JRAMNT =5 %EIET D
ICIZ, TCP/IP i\ ETT,
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3.

= —d <sec> [FUNENRAE (W) ZRELEFTUNEIF FEELIZRFEMBBLE
B.ERIEXABY-N\v T 7—D—ICEDEEBILELET,

»  —s <sec> [F IBELRERINRBLIEEICINEZRBLET,

= -b <size ratio> [FYRE/N\YT 77— X%&HELFT (1~ size_ratio /A
R BIZIE B— CPU O7NDIBE.8MB/N\w T 7—H 1 XIF -b 23 &IBELFT,
IT—IxzVh&E CPUIDTTEDNI—TY R XEU—DFEREN 16MB IC15DLD
IS\ T 7—DUIDEXICTTILINY T 7— AFx—T%FERLFIT .4 CPU IT7D
A I—JIVrOATATY—FEREIX 64MB ITIEDET . T 7AIL MEIE 19
(0.5MB) T9d,

QNX* A X—=I%ZUEJLRLTTSVvYalLFET,

4. JRTLEBREILT,0S 7—+FOtERHICTFTIL® VTune™ Amplifier DF —SUNEAERIAL

5

FY.
INERERERARCEHELET,

ERERBHOPREE—FR (-p1 FEIF -p2) TR =TV I—I U FIXEU-/N\YvT7—A
DI—0O0—REIBESNEBBE 07 71IILLT URAZVTE—RICTIDE DD JROKSHEXY
T—I%IVYV—=ILICHALET: sep5 0: Waiting for control connection from host on port
XXXX..."(sep5_0: IR— b XXXX TR SH\oDHIEER i Z fF L TVET .). COXYvE—INHE D
SNEB IKRART sep A—FTAUT1—&ERBLT RV ED—UBBATY TV ED\OIRET—5%
IE—CEFIFRHIINRRACDIAR Y RSA V- ATYarnNy -5y I —IzV bOA T3y
ERMLTVNBR e ZRERLTLEZVBIZIE, -p1 E—RDBE MR RITY RIFIROELSITED
F7,

<vtune-install-dir>/bin64/sep -start -target-ip <target-system-ip-
address> -target-port 9321 -out /tmp/qnx boot.tb7

-p2 DIFBIFRDELIITIEDFRT,

<vtune-install-dir>/bin64/sep -start -target-ip <target-system-ip-
address> -target-port 9321 -lbr call stack -out /tmp/qnx boot.tb7

EREAL VT IL® VTune™ Amplifier 7OV ISV R—LTB

1

3.

RARYRFTLATA VT IL® VTune™ Amplifier 7> R70Y GUI #REIL T ERDT71F541
AARISETENAFU—T 71 )L ZBIRLET,

Bz 1L, Windows* Y 2F AT T IL® VTune™ Amplifier ZE19 BICIE, RO REFERL
F9,

<vtune-install-dir>/bin64/amplxe-gui.exe

LW F)L® VTune™ Amplifier 703 =0 M{ERLL T (3REB), N1 FU—/VVRIUERET 1L
ORU— (EZEB) ICH—RILPRSAN—DFT/I\vIT T71ILDI\R%EZELET,

Linux* 7R A +Tl&, kptr_restrict value (#58) % 0 ICEE L TH—RILEARBDBRREBICTE
7.

BRETOIIOMNAVR—FTB
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e}

Linux* O#ER % > R— 3 3ICIE, [Import a result into the current project (RED T
OVIOMCEREAIVR—N)] ATV avA2ERLETRICHERLET,

Intel VTune Amplifier

B % b 40> O weome s | =
b

INTELVIUNE AMPLIFIE

(@ Import a result into the current project @

ftmp/boot_profile/boot_profile.amplxe IE|

Create a link instead of result copy to the project

Import raw data @

Import muitiple files from a directory

Android* F1zl& QNX* hSIER%E AV R— 9 BICIE, [Import raw data ($DRL—X
F=IAVR—R)] ATV avEFERLT SRRIVEIUVILTRER « . tbT 7741
IWEBIRLET,

INTELVTUNE A

Import a result into the current project @

Create a link instead of result copy to the project

(e Import raw data @

ftmplgnx_boot.th7 |E|
Import multiple files from a directory



*.tb7 Z7T1ILNA VY IR— R SNERN T 714510 X&Nfz5, [Hotspots by CPU
Utilization (CPU FIAEICLDKRY ARV R)] Ea—RA4> ~TIDERET,

Hardware Events ~ (@ 10
Analysi HPC Performance Characterization imary
E Hardware Events
Hotspots
Hotspots by CPU Utilization
System Overview

Threading Efficiency
H ount

TOCAOETEZ@ENTD

UNEZRZRULT [Bottom-up (RcAT7Y )] 57 (HKEE) #0UvIL . BHZELD CPU UV —-E=HEL
TWe7OtR&EELET,

& Hotspots Hotspots by CPU Utilization v @ INTEL-VTUNE AMPLIFIER 2019

Analysis Configuration  Collection Log Summary Bottom-up  Caller/Callee  Top-down Tree  Platform

Grouping:| Process / Thread / Module / Function / Call Stack r |@E
Process / Thread f Module / Fu... CPU Time ¥ | Instructions Retired Microarchitecture Usage * Module Functio
1681 8,461,900,000 36-5%H-

vmilinux 1.295s D 1,185,100,000 16.6%

python3.4 0.648s D 3,260,600,000 33.6%

compiz 0.5365 D 2,175,250,000 32.2%

xorg 0.3955 B 1,458,100,000 28.9%

nautilus 0.310s @ 1,656,550,000 40.6%

unity-greeter 0.2485s B 988,050,000 29.9%

amplxe-runss 0222z B 897,400,000 37.3%

python3.4 0.158s B 586,950,000 28.6%

polkitd 0.1585 B 569,450,000 27.3%

python3.4 0.152s B 585,200,000 28.2%

unity-panel-service 0.131s B 415,100,000 33.2%

gnome-terminal-server 0.129s 483,350,000 29.0%

dbus-daemon 0.1265 372,750,000 29.1%

dbus-daemon 0.125s5 529,200,000 39.8%

unity-settings-daemon 0.122s 478,800,000 37.0%

[Platform (F35y ;T Ax—L)] #7(CHIDEZX T, 7OCR /U —ERADETY—T Y RAZ2@BITLET . RDEE
fE=ITLET,

1. 91LS1V0OTIL—F{t% [Process/Thread (FOEZRX/ALYR) ICEELEY,
2. GOUvOLTOAVTFALAXZ21—%[ZE [Sort by (V—F)] H'5 [Row Start Time (FtARFRE
7)1 & [Ascending (RE)] =:&RLTiT2Y—LLFET,


https://software.intel.com/en-us/vtune-help-window-bottom-up

Intel VTune AmpliFier

AT

O: g = s

& % > & B > O [ welcome x

# [CIRunning

=
i ‘
= » thermald ¥ @aCPU Time
P . . ¥/ CPU Time
% Filter In by Selection
P polkitd i B i CPU Time
:EL Filter Out by Selection 2 CPUF
i Remove All Filters v requency
b rikit-daemon ~~CPU Frequency
Change Band Height  »
ksoftirqd/7 + by .
g " Sort by ~* Row Start Time
Show Time Scale As T T
P jbd2/sdas-8 Ow Labe
Dismiss Menu CPU Time
» ypbind Effective Time
_ " Ascending
» cifsd SeenT
CPU Time |
& cpu_3 3.9 GHz
T = =
ug; cpu_7 3.9 GHz
| cpu5 3.9GHz |
S _
% cpu 2




3. JOCROETIEFZ#ETLET.

Intel VTune Amplifier

BEF > &0>0 =
[NTELUTUNE AMPLIFIER 2019

Did = rps 5 20s 255 s | g [Process/Thread v

E ¥ [WRunning
.E b gnome-screensaver ¥ @aCPU Time
p ¥/ CPU Time
§ P dbus-daemon WaCPU Time
2
o v

P gvis-udisks2-volume-monitor ¥/ CPU Frequency

~~CPU Frequency

P unity_support_test

P unity_support_test

b dbus-daemon

P evolution-source-registry

P udisksd

P dpkg

P dbus-daemon

b evolution-calendar-factory

CPU Time | ‘
Al il ™ A R n |

a‘ cpu 3 3.9GHz |
& = ]
ug; cpu_]" 39GHz
L cpus 3.9 GHz |
5 .
Bl cpuz 39GHzT 7 Al

7010008 g | oyouss | ayresas v | aoyworte v | Ly | | s + | ruons | Stowiner

BEIRE

e QNX*5—4'wi (HZE
o HERERL—REAVTIL® VTune™ Profiler GUI N1 ik— k93 (2EE)
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VATFITFSAY=ICKBUT NI L-EZHIVUV T

COLYVEIF VAT TFSAH—OBEEBN L I—T YR AT LB T IVIALLICTEZFIUVTL
T.CPU.GPU XEY— FT1RI Ry D—DICLDHIREFELET,

AV FUY-ITFHFRIN—: Jeffrey K. Reinemann (z8

VAT I T F AT =& MERRU T ILI A EZAUVIICINMAT, ER/NTA—TVREUY —RADfE
BRRICEAT 2T —5DLIR—bETEEICLET, CHUE, 17 )L° VTune™ Amplifier 2019 Update 2 T
EBmEneFLEa—#eETd . - —nonT7r—R/N\WIICISCT HRKDT7Y TF7— R PUU—XTH
FEEO I —FBRNSEINRLD, HDVIFHIBRESN B REMD HDET,

: 3

N—HhRA VT IL® oneAPI R—Z Y —)LF v kEIFO/N—=T 3> H\5, 17 IL® VTune™ Amplifier D&
1> FILe VTune™ 7077145 —ICEDDELIE, 5| &S, 1> 7)L° Parallel Studio XE F£/zlE
1> 7)L® System Studio OOAVIR—RV FELT, HBWVIEAY Y R7ZOVIROA > 7 )L° VTune™ 70
T77145—%=CHBVWEEITERT,

F—ANPNESTNBY—5v I RF AITIE, Linux* £zlE Windows* Y RFLA%=FIBETEETIBIRL
feF—%% GUI TRRIDHRANYRT A ICIE, Linux*, macOS*, E£izld Windows* Y AT L©EFIATSE
FIT VAT LT FSAH =X (FFITINIAILTY TV IRAT LTIV I ZOEERFERIC
EDVWT 70770 ILEIFICEYGA > FIL® VTune™ Amplifier DTSR ETETET,

JARTITFIAT =R =Ty T=5-OL O NTA—I VXNV IDIA LT T5T
ERRIDIZ T4 A—F—AU5—T 14X (GUI) THBHEEINTLETRD/INTA—TI VA XUy
DERRATYVaV%=FATEET,

o CPU ERREERY

o XEU—FEMAE (Linux* MH)

o RYET—:-Z)L—Tv I (Linux* MFH)

o GPUEREELZOMDIZTAVIZ XUV (AVTIV TS T4VIRRTA/I\—INA1 VA —
ILENTLBIESE)

VARTITFIAT =G AVTIN TS TAVIRINTA=I VAT F ST — (1T IL° GPA) \w T —
JICOHBENFIT IS T4vIR LUV IDT—00O—-RERMLRY DEFBITTDICIF, VAT T T
SAT—EAVTIL® GAP Ny T —JICEENBIEFENDY—ILEFERLET,

e FHITZHBOD
o FlE:

1. VAT TFIA(HF—%ELEHTD
[System View] #:&E TS
SRR FICEERIFETD
EEERHTBILIICTVTIL® VTune™ Amplifier 58 E IS
VAT T F A=AV FIL® VTune™ Amplifier #1795

ok wN


https://software.intel.com/en-us/user/1654195

ERTDIHD
UTRIE NTA—=TVRABERYFIUATERI DV I LI T7OUARTY,
o W—)L: 177 IL® VTune™ Amplifier 2019 (Y RFT LT FSAH—/\wT—IH#ED)

RAREDIVRTF T FSAF— )\ —I DALV A=) T A —I|F <install-
dir>/system analyzer C9.<install-dir> [&, 47 JL°® VTune™ Amplifier D/\—/3>/
ICRDREIFDET,

o NR—=HIAVTIL® oneAPI R—ZY—)LFV CEENDTIVTIL® VTune™ 7OT7 71
Z—: [Program Files]\inteloneapi\vtune\<version> (Windows*),
/opt/intel/inteloneapi/vtune/<version> (Linux*)

o AFVE0OYV: [Program Files]\IntelSWTools\VTune Profiler <version>
(Windows*), /opt/intel/vtune profiler version (Linux* &&U Android*)

o AT IL®System Studio: [Program
Files]\IntelSWTools\system studio <version>\VTune Profiler
(Windows?*), Linux* [£XRDL VT NAN:

» A-N\—1—Y-0iFa:
/opt/intel/system studio version/vtune profiler

- BEOI-Y-0BE:
$HOME/intel/system studio version/vtune profiler

o Apple* macOS* VA7 \: /Applications/Intel VTune Profiler
<version>.app

FO771IENBdI—T Y I RF LADBLEIICA >~ 7 )L® VTune™ Amplifier IC&>TZFO7 7))L
SNRIENHDBIBE. 1T IL® VTune™ Amplifier 771 JLIFIRA DB ESNEFAL I KU—
ICHDFETHIZIE, /opt/intel/vtune amplifier version(root A—H—MDFT7A)LE) &
Izl /tmp/vtune amplifier version (3E root I—HF—DFITA)I ) F—T v T RF L
TFSAF—T7MIUI& system analyzer/target/ B TFALURU—ICHDET,

o INTOT—ARAT I—TYIRAFLAALII—T74)UE target YITFT«ALIRU—
[CHD KA GUI IE host BT FALORU—ICHDET,

o VAFITFIAP-—THIR—FENBIKRAL 0S &5—5 v OS DU KE, MFR—k&
NBTSYETA—LETTIT -3 (RRE) #BRLTLESL,

o AVFIL®VTune™ Amplifier sEffikRDS 7 O—RER Y R—ECDULTIE,
https://www.isus.jp/intel-vtune-amplifier-xe/ Z&R L TLIEEL ),

VAT I T FSAY—-%ZRENTD
WERM:

o F—UYrIRTFTLDWRALI AT LERBRBIBER F—T Vv T—5-IL 05— T7( IV &5 —
TYvbhYRFAICOE-LEFT,
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Linux* =5V Y 27 LTI —FIA—H—& LT gpa router XTI BICIF RDIT Y R%E
E£17LT /proc/sys/dev/i915/perf stream paranoid % O ICERELFRT,

echo 0 > /proc/sys/dev/i915/perf stream paranoid

A=Y I RATF AT AT AT F S =L 5%y 7y ILET,
o Windows* —5'Y I RFATIK VAT LT FIAF— 2L OI—FTaLORU—ICHE
)L T gpa router ZREILET . ATV 3VT IIKALD IPv4 PRLAZEBELT VAT
LT FSAH = GUI EETL. COT VAV ANDEGEHF AT R ENTEFET,

target> gpa router.exe --ip-whitelist 10.7.158.142

o Linux* =Y RAFLATIE VAT LT FSAH—0I—0 v aLOY—FT1L T+
U—IC#EIL T gpa router ZRREILET  AT3 VT IKRALD IPv4 7RLAZIEEL
T IAT T FSAH— GUI ZETL, COTVRI Y ANDEGEHF T BDENTEE
a-o

target> ./gpa router --ip-whitelist 10.0.0.2

VAT LTI — GUI BN =Ty U RFT LAICER T DL, gpa router FEEES
ZLR—ELETIRICHZRLET,

target> ./gpa router --ip-whitelist 10.0.0.2

Start listening for new connections from port #27072
New incoming connection established with 10.0.0.2.

i 3

FHTD TCP R—bhEIEETDLHDENEEL, gpa_router ARV RSA VAT 3V DEFM
SR T BICIE gpa router —--help EANLFET,

VRFINT ST —ZRELET,

Bl z1E Windows* RRA RV AT ATIX ROOATY REETLET,

host> SystemAnalyzer.exe

i

H—TY I RTFLATRETHOD gpa_router M incoming connection from host <IPv4> was
rejected since address is not in jp-whitelist. (R A <IPv4> hoMEE S, ip-whitelist IC

BWEDERSINELRL) I TS —%#HRELRIBZEE, -—ip-whitelist ATV IV THRALI AT I
D IPv4 7L A%ZIEEL T gpa_router ZHEEILET,



3. localhost ZI{ETDINI—T VLI RATFLOBRRIERIZ IPv4 7RLA%EIEEL T, [Connect]
"IV EIUVILET,

10.7.158.142 Connect




[System View] #5&ET D

1. YRAFLTFIAT—05—5v I RF LICEF LIS, [System Profiling] D RIC$H D
[System View] A 7>/ 3av&&RLET,

Connected to: 10.7.158.142

System Profiling

System View

2. [System View] Tl& Y IRATISTDORTEEHAX NIV IZRSYIT 7Y RROYILT EZY
UV TTBANIYIZIBELET . NV =BT BI5EE, Crl F—Z2RLENET S Tnx
TEENNDYI—ZRSYILETITLASIVZEMTBIHEF ANV IETEDT 1 LSA
V- OTTINRSYILET,



BIZIE RICTRT £5% CPU FRREERM. RV D= 1/0. TART /0 DIALSA-F5T
ERELET,

Disk Write, B/fs

TS TICRRIBEHRABRSN VDT 2NV IRXYDDT 71 INAIITAIR—EFBICIF, VAT
LT FSAY—GUI D4V RODLEERICHSD [CSV] 7MY ZRIUYILET Y RT T 515 — GUI
F, TORIR—EEDT1LIORU—E * . csv T7TILDEBET T RILIN—ICRRLET,

HAGETEIFICREERZRETS

VRFINTFSAY—DES S ATRABNGEERZRTIBE BIXIL, -0 Y I RTFLAORY FD—0
BENEEFESRALOITGELEDRENHDIBE). 1TV VTune™ Amplifier DA D EH DERITO< A
a7 —FFOFv—2RENTHELATRL, RREFEIDIVNENHDET,

COBITIZ . TS TOWVKDIODDERFRT, TAAINDEZTIAHERY R D =-S5 T v IDERFICODET
LTWET, ZLT, HBREMTIETAI AINDOEZTAHFNBEDOEALICREL, BARFICRYRT—5- 5
TowohEOICE<E>TWLWET,



CPU D01 Load %

CPU 03 Loa

App Resident Memory

Available

CPU 01 Frequency, MHz

Network TX, Kig/s

Disk Write, Bfs

ZDIBE. TARINDEZTAHFNRAEBITIERIICT > FIL® VTune™ Amplifier DT — S UNE#RIMA
LR EBICEBLEINRETI LHILZOT—RTIE. T RAINDESTAHFNRIETBIIIZ T RIEREICE
AP B EIFAETT . ZCT UV INYIT7—%FRAL T, T AINDESTAHFNRELRY D —
D STV IOMMETRLIZABT —YDREOHHWBDOHEREFEIT DL IICT—IPNEEREINETT,

BEEZRHUTILSICTYTIL® VTune™ Amplifier Z58ET D

BED 1 ~ 20 REIOHFNMREFESNTARINEZTAFNBDII VI Ny 77— FERALT, Y AT LD
ZTO771I =T OILIICA T IL® VTune™ Amplifier & ETETET,

1> 7 )L° VTune™ Amplifier GUI Tl&, [WHAT (fil%&)] X1 > ® [Attach to Process (FOEXICT7 Y
F)]1. [Profile System (¥ A L% 70771 )L)], £fzl& [Launch Application (77U —2 3> %#2E))]
T, [Limit collected data by: (IRET—ZHIFR)] IC3SD [Time from collection end (UNEFR T H\ODEF
) ATV avaEEFERLTUYIN\Y I 7—RKRETETET,



Configure Analysis

@ Remote Linux (SSH)

55H destination

root@10.7.158.142 o)
WHAT "

Profile System

Configure settings for system-wide analysis. Select this analysis type to analyze
system performance as a whole instead of particular applications or processes.

Advanced ™

Automatically resume collection after
(sec)

Automatically stop collection after (sec):

Duration time estimate

Between 1 and 15 minutes i
Limit collected data by:

® Time from collection end, sec 20

Result size from collection start. MB 500

IRV ESAUNBYYINY T 7—% R E LB EEITIBICIE, --ring-buffer ATV aVEFERLE
ERS

VAT TFSLHF =15 VTune™ Amplifier 2E1T79D

177 IL® VTune™ Amplifier £ AT 7 F 5P —%RRICETLT, 17 IL° VTune™ Amplifier ®
BRATICE DR/ T A=YV A XUV OZREEL, Y AT T FSAP—ICEDA RV IDRTEZES
UV TLTA VT IL® VTune™ Amplifier OF—SINEEEILTDIIIZ VI EFFELET . CNICELD B
ENOEMENRETDER], &P, BEEDY AT LZFITITEIRIFITHR YNEBBEORMEICEDT 1 RO
DESAHEASL—IVEUNEFHIN IEDA—/\—AY FER/IMETEXT,

COLYETYRT LT FIMY—ICEoTRESNIET 1R T |/O FIEDIEE AN EH N #ET%
[System Disk 10 API (Y RAFLF1XT 1/0 API)] €E— R (T 74)Lk) TEITLET,



OV RSAUMBAL T IL® VTune™ Amplifier DUNEEEITT BICIZ IROIT Y READLEYT,

amplxe-cl -collect io -knob collect-memory-bandwidth=true -ring-buffer=20 --
duration unlimited

INELT—9%ANERAEI—IR1Y FTHERLET, 7L —%ERALRED 51T LASAYDT1RAIN

DESRAHNRUELRY D=0 STy INMERLTVBEBDNR—LIVTBIET,

AEXNREZRD

RETENTEXTHIRIE, [Bottom-up (RELTY )] D1V ROTIE IRDELSICRRSNET,

g F F & D e @ | Wecome x

Bottom-up
Grouping {Module / Function / Call Stack | v][%][2] 2] | cot St
Context Swtch Ti ~ll v
Module / Function / Call Stack CPU Time ¥ Instructions Retied | CPIRate | Wait Rate : mes Viewing « 0of .
Wait Time | Inactive Time | P f "= ° ~ — "
» vmiinux |8031s GENNNNEEN  17.500,000000 1121 0.000 | No stack inform...
» e1000e | 0833 @ 105,000,000  18.033 0.000 ;
» libahci | 0.4825 1 31,500,000  44.778 0.000
» llbc-2.23.50 | 0.260s | 367,500,000 1848 0.000 .
» NI_conntrack 0.115s | 182,000,000 1077 0.000 v
£ ¥ € >
. - L3
A g
E Server (TID: 11705) fa] i [+ Operation Type
= . [#] ~flush
= vmilinux (TID: 0) I - A i [y el s o .
1l T m m T 1 ~irite
ample-funss (TID- 12044) LIl L UL N
: [+ WO Data Transfer
gpa_router (TID: 22877) W
£ [#] waTotal
B p idevisda | | I ‘ Operation Type
= ¥ ~fiush
z Zoom In on Selection ] ~ead
g [w] ~~write
= Filter In by Selection ¥ CPU
1]
§ e Fifler Out by Selection . CHJ&ﬂe!
H Zoom In and Filter In by Selection Active
O -
o Dismiss Menu s
A W

I .
- j --Myﬁncess v-.ﬂ.nyI Thread vIAny Module v. User function: vI Show inline v'meinns vl




[Platform (F5y b TA—L)] T4V ROTIE ORDELS ICRRSNET,

3% > & O O weicome x |

- - 5 Piatform
D2 iy e fs, 114915 [Duralion. 5097826, || [Thead 1] ¢
B -
B Server(TID: 11705 e (] mRunning JAL S
= ki ) [¥] Context Switch k informa._ |
g /O Wait
vmlinux (TID: 0) - ) ottt
' Il hronization
amplxe-runss (TID: 12044 L 1 ‘ l J I I [1Sync
- " : L‘H‘.L = ﬂ [v] maCPU Time
£ Ao [¥ VO Queue Depth
8 » /devisda /O Queue Depth
S ] ™=Slow
3 ] =Good
o [J™Fast
Page Faults
:S’ » /devisda ["] Page Fau
: 4] 110 Operations
Cg>[ [¥] . Total
gl [#] Operation Type
~flush
5| » /devisda ™ ~wite
.g [ /O Data Transfer
é waTotal
Q [¥] Operation Type
e T ¥ _~lush
CPU Activity i
AR < -l Zoom In on Selection d
g cm3 406Hz T VWY V__J = 1
3 cpud 4.0 GHz Filter In by Seiection
5 cpu2 40GHz” Filter Out by Selection
& cput B 40 GHZ Zoom In and Filter In by Selection y
[7) v Dismss Menu [Show nine +

REIRE

o ANEHNERMT (REE

o AVFINC TS TAVIRINTA—=I VAT FS5AHF— (17 )L° GPA) for Windows* i X ~
(278

o AVFIC TS T4VIRINTA—I VAT FSAH— (15)L° GPA) for Ubuntu* R R I~ (223E)


https://software.intel.com/en-us/vtune-amplifier-help-disk-input-and-output-analysis
https://software.intel.com/en-us/gpa-user-guide-for-windows-host
https://software.intel.com/en-us/gpa-user-guide-for-ubuntu-host

Fa-—=—J:-LIE

NR—IRA VT IL® VTune™ 70774 5 —EREFKDA > T IL® VTune™ Amplifier T H AT BERRH —IRH
FINT A=V ADREERAEL, I\ TA—T Y RAEHEILT BODRATY THBEHLET,

o TAINATZIFUVT
ZOLVEF, A7 IL® VTune™ Amplifier DEMREEIREXEU—TF O A@EH%EFERALTXEY—
fKFD linear regression 7 FUT—2arv#7O0771I)ILLET,

o SEZIX DRAM 7Ot R
ZDOLYVEIX A7V VTune™ Amplifier D007 —FFOFv—2REBIREXEV—T 0
AR EFERALTAEBY—KED natrix 7TV —3ar&#=7O0771)LL BEER DRAM 7ot
ADFRERA=BELET,

o EULR—NERE
ZOLYVEIX A7V VTune™ Amplifier D1 007 —FFOFv—2RERZ=FERA LTI 7K
BFED matrix 7 VT —23vw=7O771)LL BUOR—MERXRORRAZEBELET . £,
17 )L°® Advisor ZFRLTIV/I\IS—DRT L EITSKSICLET,

o WMPFVYVIVI=ZR
ZOLVEF A7 IL® VTune™ Amplifier OEB@ERZFERLTCI7OY IV RMRKEDT7Z TUT —
37O 7714)ILL . PGO A7/ 3V %IBELT ICache ZA&EFHSLET,

o IEXNFIFEHE
ZOLYVEIR RV IOREEABIICLTTTIL® VTune™ Amplifier O LR hotspot @& E
7L, O—ROIFNFERGRABRERET DA EEHRALET,

o JFERNERAE TCP/IP RIHA
ZOLYVEF IADWREEBRICLTT T IL® VTune™ Amplifier OO w2 & FiRIT#ETL,
O— RO TCP/IP RAEiZRET D5 HALET,

e |OME VE—KVIYRTOER
ZOLVEF A>T IL® VTune™ Amplifier OEMEERZFER LT, IILFVITY TR AICSIT
DEBENGEE = AMREICDULT DPDK R—=ADT7 U —2av#@IRLET. COLVEIR 1/0
KEOQDD—IO—RICHEFERTEERT,

e |/ORRE: BL\LATVY—EEL PCle* EiFilg
COLYVER O KEDY Y TIL-T7TUT—2 3T/ TA V7 IL® VTune™ Amplifier D7 1 R
21/0 BF%EEITLEI . ZLT PCe* TINA RABIFICT 71 ZF1—%ZELT AV T IR
OFEENE ETBRIICKRBEILLET,

e OSRALYERTATL—3v
ZOLYVEIR A>T IL® VTune™ Amplifier OEE7% hotspot i Z{ER LT NUMA 7—F55
Fv—D 0S ALY R IAITL—VavaEFETDFIEERBELET,

e OpenMP*AUYNSVRERT Y a— )b A—=/)\—AWE
COLYVEIR NUTORT Y 2= )b A—=IN—=AY RDAVINTV RAGE, OpenMP* JOT S ATK
<HBIMFRSIILRYOZEERHE LU TIEIET DA EEHRBALET,

. {EVWTOEYH—I7FEZE: OpenMP* U7 JLiHRS
DL VEIF, OpenMP* TilliF{b SN 7 TUT -3V 7 ILETED ZRE L BINNIE S
fboEERDIF. 7TV —3avpRT—SEUF—#E LELET,

o AVFITBB 7 FUT—3avDRT Y a—)b-A—/I\—Av R
COLYVEIRR AVTIVLE ALY T ENNTa - Tavo (AT I TBB) 7 FUT—/3vdm
AT T 2= )b A==y RERELTEBIET 355 %HBLET,



PMDK 7 7UT —2a> @A —/\—~v R
COLYEIE PMDK R—=ZADT FUVT =23V DRAEY—=T OCADA—/I\—AY Rt H LU TEILE
I EZEHRBLET,



THAINA-x 77U

COLYVEIX AT IL® VTune™ Amplifier D2MREBEITREXEY -7 O A@ERZFERALTXEY—KED
linear regression 77U —2arvz7O0771ILLET,

a5 W -ITHRX/)\—: Dmitry Ryabtsev (33E)

e FRHTDIDD
e FIE:
1. 2RBREERITID
2. MRILRYOZESFET D
3. BRATRIT—YBEEZRDITS
4, TANAzF7UVIEEEBIET D

iE
ERGERMTIE, 1> T IL® VTune™ Amplifier 2019 TY A0 0O7 —F T OF v—EM@EICHBSINELI.

ERAT B0
T, /T A=Y RS FUATERTZ/\—RITTEY T I T OURRTT,

e FPJUU—2/3V:linear regression,linear regression.tgz UVFILN\wT—IJ(F &
Fad <install-dir>/samples/en/C++ T4/ LI RU—ICEENTULET,
https://github.com/kozyraki/phoenix/tree/master/sample_apps/linear_regression (#z8) H\
B IO—RIBEHTEFRT,

o NTA=T VRV —I:

o AYFIL®VTune™ Amplifier 2018: £f%@&tr, XEU—F Iz @&

: 3

o AVTIL®VTune™ 70771 S5—HBRDS D> O—RERF Y R—KTDOLTIE,
https://www.isus.jp/intel-vtune-amplifier-xe/ Z#&RB L TEEL),
o COOVITVIDLYVEIFINTRT—=FTILTHD, 17 )L VTune™ Amplifier 2018
PARBICEACEERT . /\—JaVICEDERENDINCERLGDIENHDET,
o N—=HRAVFIL® oneAPI R—Z Y —)LF v kEIFD/N—Tarmns 1> F)L° VTune™
Amplifier QBT FTIL® VTune™ FO7 71 S5—ICEDDELIBIEHE AV TIL®
Parallel Studio XE &fzl&->/7JL°® System Studio DIV R—RV ;&L T, HBDLIERSY
YR7ZOVEROAVFILe VTune™ 70771 > —%2CHRABAVEEITEY,
o ARL—F1VT-IRFL:Ubuntu* 16.04 64 Ew
e CPU: 17 )L°®Core™i7-6700K 7OtzwvH—

ERBNEETID

BT TVT =23V DBERNG/INT A=V A REILRYO%BRET B2H . FT . 1V TIL°
VTune™ Amplifier DM EFTZEITLET,


https://software.intel.com/en-us/user/334814
https://www.isus.jp/intel-vtune-amplifier-xe/

1. W—JL/\—® [New Project (iR 70T O] RO UVOLT FRTOI T OB (B
linear regression) ZIEELFT,

2. [Analysis Target (BHFy—'v )] D12 ROT RAR—ZADEMELT [local host (O—7JL
RARN T vV RT L1 TERBIRLET,

3. [Launch Application (P 7V —2av & RE)] 7—0 v 51 T=BIRLT ART U TREITTS
IV —avEIEELEY,

4. A0 [Choose Analysis (BBrdiEiR)] "~ > %&2Uw 2L, [Microarchitecture Analysis (V1%
O7—*%5OFv—f#h)] > [General Exploration (£fi8)] #:&iRL T, [Start (FtR)] =oUvoL
E3 I8

127 )L® VTune™ Amplifier &, 77U —av#REIL T —Y = REL WNELET—5%T 7
1FZAALT, Y VRIVEREZBRLET . COERIE, V—RABIRTTREICEDET,

RRILRYOZIFET D

N—=FDz7 AUy OTEeDT7 TIT—2 3> -LNILOREFTHRARSNSD [Summary (BYU-—=) Ea—
MBIRHET .

—RIC, INT A=V ABRTIE NR=RFL VEER LT BRORBECZAET DA HELEIT O
T—2Tl&, 7TUT—2 370 [Elapsed Time (@) ZR—XS1VELTERLET.

Elapsed Time : 3.076s

Clockticks: /3,312,000 000
Instructions Retired: 24 532 000 000
CPl Rate = 2952 K
MU= Reliability = 0.830
Front-End Bound = 32%  of Pipeline Slots
Bad Speculation = 9.7%  of Pipeline Slots
Back-End Bound =, 80.8% Kk of Pipeline Slots
hemory Bound ™ B4.4% K of Pipeline Slots
L1 Bound = 16.4% K& of Clockticks
L Bound 0.0%  of Clockticks
L3 Bound = 29.9% K of Clockticks
Contested Accesses 51.2% K of Clockticks
Diata Sharing = 31.2% K& of Clockticks
L3 Latency —: bB.3%  of Clockticks
= Full = 0.0%  of Clockticks
DEAM Bound ™ 0.0%  of Clockticks
Store Bound 4.4%  of Clockticks
Core Bound = 16.4%  of Pipeline Slots
Retiring B.2%  of Pipeline Slots

BIU—AXEUYINS XEY—FTICADHRBICEDTTVT -3V DINTA—I Y ADVEIRSNTLD
CEMBHDERT,



MeddT—YEEZRDITD

[Contested Accesses (P zRiRA)] X UV ODENSVWRREZFAND8, [Analyze dynamic
memory objects (BIIXEY—-ATI U 2R A T2 a2 BHICLTAEY-F O REHEE
TLET. COREIE BEMEDRRAICES TV T —IBEND T I A% R DIF2DICKRIBET,

Top Memory Objects by Latency

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

Memory Object Total Latency Loads Stores LLC Miss Count

stddefines.h:52 (512 B) 736% 9515385453 1643 624 b54 1]

[Stack] 20.4% 3320899 k24 5 b00 034 0

Ireg-pthread!imain (517 MB ) 57% 1220836 B24 1] 0

[Stack] 02% 32200966 21000315 0

[Unknown] 0.0% 700 021 0 1]
2 500 054 0

[Summary (BYU=)] Ea—hm5, 771)l stddefines.h DT 52 DXEU—EIDHTT—45-ATIx
DLTT7 TV aVETOLATVY—DNELIGEOTVBRIENDNDET EIDHTOY 1 XL 512 /N1
FEFEBIC/NSVESH LT TP allREBICUNEDIFT T S lEER T DD, COATI U+ ED
UwZ LT [Bottom-up (R~AT7Y )] Ea—ICtIDEXET,

Grouping: EMEmnry Ohject £ Function § Allocation Stack

Mermory Obiect F Function FAllacatian ...

CP... Loads ¥ LLC Migs Count

Averacne Latency (cvtles)

» stddefines,h:52 (5126 ) |  9515385.453| 1543624 B54 0
b [Stack] 3320899 B2 5 JB00 084 0 B
Bk Ireg-pthreadimain (17 ME ) 1,220 836 524 1] ] g
b [Stack] 32,200,966 21,000,315 0 9
» |Ireg-pthread] 2 800 06 1] 1]
B [Unknown) 00 021 1] o

COATITORDFEETORRLATYY—F 59 U1 0ILE L1 FryyYabILHdEFRINDIXE
U—H A XELTIRIERICEBLVMEICGEOTVET . CNNTIERFRE/NTA =T ABEDRR CE>TUL
DAREMNHDET,

v D stddefines.h:52 (512B) XEU—- AT Iz bZRALTEINDH TRV IZRRLET . EIDY
TRYYO=ETTIVDIvILT [Source (V—R) Ea—%Z2REEIT ATI O NEIDHTEHNTLSO—
RIS A FENET,



124 num_threads = num_procs;

125

126 printf({"Linear PRegression P-Threads: Punning. . .Wwn");

127 princf("lreg_args size: 3din", sizecf(lreg args));

128

129 POINT_T *points = (POINT_T*) fdata;

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

132 req units = n / nun _threads;

: i tid args = (lreqg args *ICALLOC(sizenf{lreqg args) ]

134 Fitid_args = (lreg args *) _nm mallocisizecf(lreg args)*num procs, &4);
135 Sfmemset (tid _args, 0, sizecfi{lreg args] * num procs);

lreg args DABZERICRLET,

typedef struct

{
pthread t tid;
POINT T *points;
int num _elems;
long long SX;
long long SY;
long long SXX;
long long SYY;
long long SXY;

} lreg_args;

RDEDIT 1reg args BINICTFOEZALTLSDI—FEALYRELET,

// ADD Up RESULTS

for (i = 0; i < args->num elems; i++)

{
//Compute SX, SY, SYY, SXX, SXY
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].y*args->points[i].y;
args—->SXY += args->points[i].x*args->points[i].y;

BALYRIFBIRICERINDERICTILZALTVSS, TAILA- 27UV TRENEZSNET,

YU TIWD 1reg args BEDYAXIE 64 N\ HT, FryvyaS1YOYIAE—HLTVET . LHL, C
NEDBEDEFZEIDHTHEEIC, COEIIN 64 /N1 TV S XY FSNBRIEIFHDEE A ZDiE
R EINEZENFTYYY 21T VIRERZBIAT BERLRVREAERE (TANR-VzPUVI) BEET DL
HDET,

TANR- 2TV IRIE=IEIET D

CDTANAR YT T IV IREEIEIET BIee, A E)—%& 64 \1 TSI XV LTEDHTS
_mm_malloc BABICEELFT,



ald inline woid * CALLOCisize £t num, sizme t =ize]

53 assert (temp) ;

54 memnset (tenp, 0, num*size) ;
o5 return temp;

s I}

BIOV/XAILLTIVTIL VTune™ 70771 5—OF7 TIT—2 3V eBEET I L BRIFRD
KIICEDZELTE,

Elapsed Time : 0.521s
Clockticks: 14,897 200,000
Instructions Retired: 24 791 200,000
CPI Rate = 0.601
b Reliability 0.955
Front-End Bound 7.2%  of Pipeline Slots
Bad Speculation 0.2%  of Pipeline Slots
Back-End Bound 54.4% k& of Pipeline Slots
Mermory Bound = 11.9%  of Pipeline Slots
Core Bound 42 6% K& of Pipeline Slots
Divider = 0.0%  of Clockticks
Fort Utilization 24 2% M of Clockticks
Cycles of 0 Ports Utilized = 0.2%  of Clockticks

Cycles of 1 Port Litilized
Cycles of 2 Ports Utilized 33.2% k& of Clockticks
Cycles of 3+ Ports Utilized 86.3% & of Clockticks
Yector Capacity Usage (FPLUY ™ 0.0%

38.2%

24.1% & of Clockticks

Fetiring of Pipeline Slats

Elapsed Time (2i8FFR) 1% 0.5 MITED AUI FILD 3 WHB/NTA—I Y ZANKIEICE ELELZ, X
EU—KEFEDORRILRYIDEEL, TAILR-2 27UV TREMMEIESNELL,

;
COLYEDBRIE, FAOY/(— T4 —5 L (#5E) #BBLTIEL,
BEIAE

o RAUOT—FFOFv—LBEIT (E5E)

o AEU-TFIOLREMN (KB
o MYITHIYRAOOT—FTOFV—IRITE


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

$8%1: DRAM 791X

ZOLYVEIX A7V VTune™ Amplifier D<A 007 —FFOF v—2REBEREXTY—F O AEiT%
FHLTXEBY—KED natrix 7 U —3v&#7OT771)LL $EEIE DRAM 7Ot AD R R #1287

LET,

avsr

W-IF X /\—I: Dmitry Ryabtsev (¥58)

FRIDDD

F&:

R=RSAVEERTS
RAOOT7—FFOFv—2RBEREETITD
IN—RJ 7O hotspot Z4FET D
XEBYU—TF O RA@EHEEFTITSD

MY FEXEBU—=T7 O AERET D
=T RE\CEERITS

O U A WN =

FERIT3 BN

DATRIF N T A=Y @Y FUATERTD/N— I 7EY T I DUART,

P TUT—232:2048x2048 1AM 2 DOITH%#FE T DTHREY > 7IL (XIS double
Bl),matrix vtune amp axe.tgz UV FIILN\WT—JIF HED <install-
dir>/samples/en/C++ T4 LI RJ—ICEENTLET, https://software.intel.com/en-
us/product-code-samples (#£:8) N\ I/ O—RITBEDHTEFT,
INT A= XY —I):
o AVFTIL®VTune™ Amplifier 2019: Y107 —FFOF v—2 M@ (IB: SAKERMT), X
TEU—T7 O REM

o AVFTILVTune™ 7O7 74 5—FHEkROSY T O—RERFTR—HTDONTIE,
https://www.isus.jp/intel-vtune-amplifier-xe/ Z#&RB L TIEEL),

o COUVITVIDLYVEIFINTRT—=FTILTHD, 17 )L VTune™ Amplifier 2018
PARBICEACEERT . /\—JaVICEDERENDITNCEGRIZENHDET,

o N—=HIRAVFIL® oneAPI R—ZY—)LFv rEIFO/N—T 375, 1> F)L° VTune™
Amplifier OBINNA >~ FIL® VTune™ O 7715 —ICEDDELE IS /RS 1V FTIL®
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void multiplyl (int msize, int tidx, int numt, TYPE a[] [NUM], TYPE v[][NUM],
TYPE c[] [NUM], TYPE t[][NUM])
{

int i,3,k;

// Naive implementation
for(i=tidx; i<msize; i=i+numt) {
for (j=0; j<msize; j++) {
for (k=0; k<msize; k++) {
c[il[3] = c[i][3] + alil[k] * b[k][3];
}

}
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2. [Configure Analysis (BT DE’TE)] 7>/ R0 [WHERE (£C%)] X T, [Local Host (O—
HIVKRZAR) =TV I RTF L I1TEBIRLET,

3. [WHAT (fil%)] >/, [Launch Application (7 7Uo =3V &iREh)] 59— v 51 T%#&E
RLT . BBIFIB7TUT—avaEEELET,

4, [HOW (EDKSIT)] RAV T[] "IV %I UwI LT [Microarchitecture (Y1207 —*%54
Fv—)] 7 )L—TH\5 [Microarchitecture Exploration (Y1207 —FFUFv—2R)] i
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[} configure Analysis INTELVTUNE AMPLIFIER 2013

@ Local Host @ e

Microarchitecture
WHAT <" Exploration
e Lau nc h - Analyze CPU microarchitecture bottlenecks affecting
. N the performance of your application. This analysis
Ap pl ication type is based on the hardware event-based

sampling collection. Learn mare

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

Application: Analyze memory bandwidth

Irootfintelfamplxefsample/matrix/matrix =3
P P © +| Evaluate max DRAM bandwidth

Application parameters: Collection mode

| Use application directory as working director
P ry q Y =
Working d tory |

5. o [Start (Fi%R)] R > =DUYILET,
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Analysis Configuration  Collection Log  Surmary  Botiom-up  Event Count  Platform

N7

-~ Elapsed Time ~: 21.858s
Clockicks: 349,196,500, 000
nstructions Retired: 69,671,000,000 The metric value is high.
CPI Rate = 5012 N This can indicate that the
Fimtirinn of Pineline Slots significant fraction of
FFL_ — 1:'1% P —— axecution pipeine slots
ant-Emd Baumd 096 ol Pipeline Slol could be staled due ta
Bad Speculaman 0.5% of Pipaline Slots demand memary load
Back-End Bound 83.4% R of Pipeline Slo and siores, Use Memaory
. - Access analysis 1o have
lermary Baund 7 6 B of Pipsline Slols
Wermary Baur 5.8% of Pipelir the metric breakdown by
L1 Bound *; 1.3% B of Clockiicks

memiony hierarchy,
mermory bandwidth
information, correlat

L2 Baiini 0,096 ol Clacknicks
L3 Bound ~: 8.2% M of Clockiicks
DRAM Bound “: 71.3% R of Clockiicks

Memary Bandwadt! 74.6% M of Clocknicks

Mamary Latency 22.9% P of Clocksicks

LLE Mis 100,08 R of Clockuicks
Store Baund 0.0%  of Clockiicks pPipe
7 care Bound T of Pipeline Slat
e B 6% of Pipeline SI9 1hie dapram represents inefficiencies in CPU usage. Treat it as a pipe with an cutput
atal Thread Court 10 nnw equal 1o the “pipe efficiency” ratio; (Actual Instructions Retired)/(Maximum Possible
Pausad Time Os

In=struction Refired). if there are pipaline stalls decreasing the pipe efficiency, the pipe
shape gets mofe narraw.

Taith, i appler io metcs Wi undelined wake. Thene = R0 ol o Gl Ll Se memnc

ERIOA Uy YYU—NS INTA—T Y RIFEIC DRAM 7O RICESTHIRESN TV ZENDHDE
ED

[Bottom-up (REAFZY A Ea—ICIDBER DL, 77U —23>IC 1 DOKEM hotspot FEEL
multiplyl MHDENDHDET,

Analysis Configuration  Collection Log  Summary Bottom-up  Event Count  Platform
Grouping: Function / Call Stack [vl
Function / Call Stack CPU Time ¥ Clockticks Instructions Retired CPI Rate

143.770s 347,326,000,000 §9,093,500,000 5.027
» engueue_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_tlb_single 0.025s 59,500,000 3,500,000 17.000
» swapgs_restore_regs_and 0.024s 49,000,000 10,500,000 4,667
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maiphy.c %

_ Assembly B = AT A ke b
Insenuctions Locaiors
[ & Source # Clocklicis | "TEREET | 0Py Rate e 57 Frant 5] aa spacuacn 3]
|12
M3 wolid multiplyi{int msize, int tide, int numt, TYPE a[][MUM],
Ha
Li] int i.j,k;
Sl
U7 4/ Naive implementation
a8 for(i=tidx; iemsize; i=i+numt) {
g Tor(j=8; jemsize; j++) {
150 for(k=0; kamsize; k++) { 4,711,000... 615, 500,000 T.605 0.2% 0.0% 0.0%
k] * ik 342 615,0... |68,474,00

FEAEDRERINY, 3 DOELF (a. b, BLD ) ZIFIELTULBY —R{T 51 TEOINTLET,
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SDREND\oIE S 7 Oz A% FHNBIz8H, [Analyze dynamic memory objects (BIIXEU—-AT
IO AT a3V EBRICLTAEY -7 IO ABREEITLETD,

NTELVTUNE AMPLIFIER 2019

@ Memory

Access

@ Local Host

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

more

Application

CPU sampling interval, ms

Specify and configure your analysis target: an 5

application or a script to execute.

|I-f| Analyze dynamic memary objects

Application:
frootfintelfamplxe/sample/matridmatrix = = | 9 | Minimal dynamic memary object size to track, in
1024

Application parameters:

o v Evaluate max DRAM bandwidth

[+ Use application directory as working directory
Working directory:

frootfintelfamplxe/sample/matrix

MY FEXEBY-TORZRAZR/ETD

MDESIC XAEY—TUERBITHERD [Summary (BIU—=)] D1V RIIC, EOXEU—ATI o
R RSNET,



Top Memory Objects by Latency

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

execution.

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

2,400,072

*N/A is applied fo non-summable metrics.

U DBRHD hotspot ATV T matrix.c:121 #IUvoLT [Bottom-up (REAFYF)] Ea—
[CIDBEZ B . TUYRTIN\AISALSNTVWBRZOATI O RESTILOUYILT [Source (V—R)]
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m Memory Access Memory Usage ~ @

Analysis Configuration  Collection Log Summary Bottom-up Platform  mairix.c
Assembly WA ke | e

Source... 1| Source

120

121 = buf2z = (char *) malloc(NUM*NUM*(sizeof (double))+1024);

122 printf("Addr of buf2 = %p\n",buf2); fflush(stdout);

123 addr2z = buf2 + 256 - ((UINT64)buf2%256) + (UINT64)0ffset_Addrz;
124 printf("0ffs of buf2 = %p\n",addr2); fflush(stdout);

125

126 buf3 = (char *) malloc(NUM*NUM*(sizeof (double))+1824);

127 printf("Addr of buf3 = %p\n",buf3); fflush(stdout);

128 addr3 = buf3 + 256 - ((UINT64)buf3%256) + (UINT64)0ffset_Addr3;
129 printf("0ffs of buf3 = %p\n",addr3); fflush(stdout);

130

131 buf4 = (char *) malloc(NUM*NUM*(sizeof (double))+1824);

132 printf("Addr of buf4 = %p\n",bufd); fflush(stdout);

133 addrd = bufd + 256 - ((UINTGE4)bufd%256) + (UINTG64)0ffset_Addrd;
134 printf("0ffs of buf4 = %p\n",addrd); fflush(stdout);

135

136 #endif //ALIGNED

137

138 a = (array *) addri;

139 b = (array *) addrz;

140 c = (array *) addr3;

141 t = (array *) addrd;

buf2 BN addr2 ICRASN, ZNHEF b [CRKASNTLBIENINDERT . DED, BEDHDES!

E b &EEXBNET,V—IL/IN\—D ¥ [Open Source File Editor (V=X 7715715 —%Rf<)] /R
SOy OLT, - ReBERIELET,



void multiplyl (int msize, int tidx, int numt, TYPE al[] [NUM], TYPE v[][NUM],
TYPE c[] [NUM], TYPE t[] [NUM])

{
int 1i,3,k;
// Naive implementation
for (i=tidx; i<msize; i=i+numt) {
for (j=0; Jj<msize; Jj++) {
for (k=0; k<msize; k++) {
cl[i][J] = cl[i1[J] + alillk] * blkI[J];
}
}
}
t

BREODRANZREANINDR LIz, AT TILD IR GETES b ZREL TV DEH, BRET
REGAEY—FVyVIICIvVTLTVET,

W—TRBORBELEBERTSD

RDEIIT, 5 &k ITIL—TRIE7IIL TV XL ZBRALET,

for (i=tidx; i<msize; i=i+numt) {
for (k=0; k<msize; k++) {
for (3=0;
j<msize; jt++) {
cli]l[J] = clil[J] + alillk] * blklI[JI];
}

}

FLWI—FZOY/N\AILLTETITDE, ETRREIE 1.3 ITED AUTF)IL (26 #) D 20 IS/ TA—
NYAnEELELS,

RDATY T

RECLEI—RTYroO07—FFO0Fv—2RBNZBEERTLET, [pPipe (u /\17)] RO [Retiring
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Elapsed Time : 1.269s
Clockicks 24,881, 500,000
siructions Retired: 34, 713,000,000 5.91% - Front-End
H dabe oy
Retiring 63.3% |
1t-End Baund 5.9% I
1ol Speculation 0.0%: I
Bound ™ 30.2% |
wy Bourd 19.6¢ |
re Bound ~ 10, 6% |
: 0.0%: K
Inlizs&non 16.2% Clockncks
Clockt
k
K
k

63.28% - Retiring

if 0 Ports Ltilize 1B.1%:
of 1 Port Liilized R
of 2 Porns Uilized 17.3% C
Pors Lhilized = G4 9% .-.' o ki

pPipe

Tatal Thread Count m
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gl (Bl: matrix) ZIEELET,

[Configure Analysis (BEHTDRE)] 7~ RONKRTREINET,

2. [WHERE (¥C%)] X1 7T, [Local Host (O—AIKAR)] 5—5 v I AF L1 TEBIRLE
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3. [WHAT (fil%)] R >/ T, [Launch Application (7 7Uo =3V %iREh)] 59— v 51 T%E
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4, [HOW (EDKSIT)] RAV T, [.] "IV %I UwI LT [Microarchitecture (Y1207 —*F54
F+v—)] > [Microarchitecture Exploration (Y1207 —FF0Fv—2R)] BIRLFET,
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6. [Start (B#R)] £#0VUv O L TERITEBBALETD,

{) configure Analysis INTELVTUNE AMPLIFIER 2013

WHERE

@ Local Host @ e 1]

Microarchitecture

WHAT == Exploration
6 LaunCh - Analyze CPU microarchitecture bottlenecks affecting
. . the performance of your application. This analysis
Ap pl ication type is based on the hardware event-based
sampling collection. Learn more
Specify and configure your analysis target: an CPU sampling interval, ms

application or a script to execute. '

Application: Analyze memory bandwidth

frootfintel/amplxe/sample/matrix/matrix (=) )
H F v/ Evaluate max DRAM bandwidth

Application parameters: Collection mode

+| Use application directory as working directory ° G -
iy -




AVFI°VTune™ 7O7745—(3, 7 FUT—YavERE LT —9%=INEL NELET—5%
T74FSAALT Y VRIVERERALET . COBRIE. V—RABITTHREICRDET,
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N=FDz7 AUy OZTEeDT7TIT =232 -\ TA— Y AR RSNSD [Summary (BT U—)]
Ea—NSHRHET,

Front-End Bound = 14.7%  of Pipeline Slots
Bad Speculation 0.3%  of Pipeline Slots
Back-End Bound = 57.1% & of Pipeline Slots
Mlemory Bound = 206% & aof Pipeline Slots

L1 Bound =: 10.6% ® of Clockticks

OTLE Owerhead = 14.3% ™ of Clockticks

Loads Blocked by Stare Farwarding = 0.0%  of Clockticks

Lock Latency = 0.0%  of Clockticks

=plit Loads = 0.0%  of Clockticks

4K 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
Core Bound = J6.56% & aof Pipeline Slots

Dlivider = 0.0%  of Clockticks

Fort Utilization = 22B8% & of Clockticks

Cycles of 0 Ports Utilized = 0.4%  of Clockticks

Cycles of 1 Port Litilized = 22.2% & aof Clockticks

Cycles of 2 Ports Utilized = 26B% & of Clockticks

Cycles of 3+ Ports Utilized 54.5% & of Clockticks

Yector Capacity Usage (FPLY 250% K

Retiring 27.9%  of Pipeline Slots

FEGR LR YO [Core Bound (O77#&7F)] > [Port Utilization ((R— FFIAER)] ICRBEIL., IFEAED
RERET 3 DA EDEITR—ERBICERINTLDZEMDHDET, [Vector Capacity Usage (NT
IEEADER)] XUy OB IUFAIIVGEELTISTMTNTVWBRZEITEFEL TSV, TN,
OA—RBIRTRUEESNTUVIEODNART MILEDORIENRBLCEZBRLET HEFRDRHIRDELDIC,
H—FILD [Assembly (P> TU—)] Ea—ICHIDEZFT,

1. [Vector Capacity Usage (FPU) (NZ MILBEAD(ER (FPU))] X ~UwOEDUYOL T, COX
Uy OTY—katfz [Bottom-up (REAFP YY) Ea—ICtIDEXFT,

2. MYbhEnultiplyl BA¥ES TILOUYOLT [Source (V—R)] Ea2—%RAEET,

3. W—IJLI\—=®m [Assembly (7Y TU=)] Ry &=OUVOLT E7EYTILLIEI—RERRLE
9,



Ox4016ca 65 movsd xmmd, gword ptr [rlZ]

Oxd016dd &7 inc rbx G4, 200,000 91,200,000
Oxd016d3 63 mulsd xmml, gword ptr [rlltrcx*l] 4,330,500,000 7,659, 200,000
Oxd016d9 63 addsd xmml, gword ptr [rll+rlE*l] 4,378,400,000 2,163,200,000
D401 AdF (atal movsd cquword ptr [rll4rl5*1], xmm0 11,392,400, ... 4,576,800,000
Ox4016e5 68 movsd xmml, ogword ptr [rlZ] 3,642,800,000 9,865,200,000
Ox4016eh &5 malsd xmml, gword ptr [rlltrcx*l4+0xs 988,800,000  &836,000,000
Oxd016F2 65 addsd xmml, gword ptr [rll+4rl&S*140xs) 2,749,600,000 1,459,600,000
DOx4016F2 (ate] wovsd gquword ptr [rll4rlS*140x2], zmwl 9,280,000,000 &,056,800,000
Ox401700 &7 add rll, 0xl0 4,434,000,000 15,955,600, ..,
Ox401704 &7 cup rbhx, rdx 38,400,000

Ox401707 &7 9b 0x4016ca <Elock 10x

0401709 Block 11:

Ox401709 &8 lea ecx, ptr [rhxtrbx*1+0x1]

0x40170d Block 12:

Ox40170d &7 lea ebx, ptr [rex-0xl]

Ox401710 &7 cnp ebx, edi 7,200,000
0x401712 ey qunb O0x40173& <Block ld4=

Ox401714 Block 13:

0x401714 &8 movsxd rox, ecx

0x401717 &8 movsd xmmd, ogword ptr [rlZ]

Ox40171d [sta} lea rhx, ptr [rS+recx*2]

Ox401721 (ata] malsd xmm0, gword ptr [rbx+rld*1-0xS

Ox401725 65 addsd xmm0, gword ptr [rlE+rox*S-0xE -
D401 72F (ate] wovsd quword ptr [rli4+rcx*3-0x2], xnml

ANT—mEhMERSINTVBRIENSHDET, J—RIGNT RSN TLEE A,
NIPINEDA T av=FAND

14> F)L® Advisor ORI R RNNA S —Y—)L&EFRL T, O— ORI M) UbEIBIF TV REZR
~NZET,

| v A Higher instruction set architecture (ISA) available 9K
Consider recompiling your application using a higher ISA.

+ [= Function Call Sites and Loops ) v Vector Issues Self Time+ | Total Time | Type
{4 [loop in multiply2 at multiply.c:67) | B |2 Assumed dep..|10,730sC] 10, 7305:!
« § _start 0.000s! 0.000s!( Functia
« § main 0.000s! 0.000s! Funct:c.
] J1 | 1 [ o
Source I Top Down I Code Analytics I Assembly I ¥ Recommendations lﬁ Why No Vectorization? I
Line Source Total Time % Loop/Function Time % Tréits ‘;;]
|65 for(i=tidx; i<msize; i=i+numt) {
66 B for (k=0; kamsize; k++) { _]
67 8 for(j=0; j<msize; j++) { 1.130s 10.730s mm—

S [loop in multiply2 at multiply.c:67)
Scalar loop. Not vectorized: vector depender
___Loop was unrolled by 2

68 clil(j) = c[4)[j) + alillk) * blk:  9.600s M
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14> 7 )L® Advisor | KFREEMNMRESNIZHITIL—THOIRT b NGh\ ofc e ke LELZ. 3H4IC
BIBEHIN—TEIT—ILTTLVTIL® Advisor DIKIFEEREBETEEITLET,

< 3 e O Refinement Reports
| Site Location | Loop-Carried Dependencies | Strides Distribution jAccess Pattern Max. Siteﬁ

{= S lloop in multiply2 at multiply.c: ... @No dependencies found No information available No information available No informa
65 for(i=tidx; i<msize; i=i+numt) {
65 for(k=0; kamsize; ke+) {
67 for(j=0; j<msize; j++) {
68 c(411§] = cli)(§] + alil[k] * bIkI[f);

59 }

1=

Problems and Messages
D o

| Site Name Modules

State Severity
tiply.c |matrixicc Not a problem Information 1 item

Type
Parallel site infor... 1 item

Source

| Sources

| Parallel site information: Code Locations

[ID  |Instruction Address  Description | Source \Function | Variable references | M| Multiply.c 1item | |8

[¥X1 0x4016ca Parallel site % multiply.c:67 multiply2 m Module I
l for(i=tidx; i<msize; f=f+numt) { _matrixicc 1 item ;
685 for(ks0; kamsize; kes) { P [0 SonByltemNamel

LR—RICENIE, KEFEERIIFEELTLERA T TIL® Advisor |E, AV /1S5 —hMRES NI EFREE
HEBEITBESIC #pragma ZFERAITDIEEHRLTULET,

AII known issues with all posslble recommendations: C++ / Fortran

Issue: Assumed dependency present

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 Outcome
fpragma simd or #pragma omp simd | Ignores all dependencies in the loop
#Fpragma Ivdep ignores only vector dependencies (which Is safest)

Example:



KD KT matrix A—RIC #pragma ZEBMLET,

void multiply2 vec (inte msize, int tidx, int numt, TYPE a[] [NUM],
TYPE b[] [NUM], TYPE c[][NUM], TYPE t[] [NUM]
{

int i,3,k;

for (i=tidx; i<msize; i=i+numt) {
for (k=0; k<msize; k++) {
#pragma ivdep
for (j=0; j<msize; Jj++) {
cli]l[J] = cl[i1[J] + alill3g]l * bIlil[31;
}

}
EHFLEO—REIV /LU TRIT B, RITHRAMIE 0.7 BICHOELE.
RMOEFEY FEFERLTIYNIIILTD

BH/N—J3VOI—RTAIVTILVTune™ 7OT7 715 —OXA 007 —F T OFv— MBI =BERE
1793 BERIFRDESICIEDE LT,

Front-End Bound = 9.5%  of Pipeline Slots
Bad Speculation 0.3%  of Pipeline Slots
Back-End Bound = BY.0% & of Pipeline Slats
Memory Bound = 35.8% & of Pipeline Slots

L1 Bound = B.3% & of Clockticks

LY Bound = 11.6% & of Clockticks

L3 Bound = 29%  of Clockticks

DREAM Bound = 22%  of Clockticks

Store Bound = 00%  of Clockticks
Caore Bound 33.2% & of Pipeline Slats

Diivider = 0.0%  of Clockticks

Fort Utilization = 21.3% & of Clockticks

Cycles of 0 Ports Utilized = 0.4%  of Clockticks

Cycles of 1 Port Litilized = 209% & of Clockiicks

Cycles of 2 Paorts Utilized = 2Z25% r of Clockticks

Cycles of 3+ Ports Utilized = BE.4% K of Clockticks

[‘v’ectnr Capacity Usage (FPLU 50.0% K ]

Retiring = 21.2%  of Pipeline Slots

[Vector Capacity Usage (NT FILEEDDER)] (£ 50% FTHE ELTWEIMN, FRE/NTA—IVR-TU
TARINDTSTMI W ERE T, SFHRIEHREF D8, [Assembly (7T U—)] Ea—%=BEFANE
CR



Ox401950 Block 20:

Ox401950 a2 wovddup xmml, gword ptr [rll+rl3*5]

Ox401956 a2 malpd xmwml, xzmmword ptr [rlS+rax*s] 135,500,000
Ox40195c a2 addpd xmwm0, xmmword ptr [rldtrax*3] S,420,000, 000
Ox401962 a2 mwovaps xmmword ptr [rld+trax*S], xmw0|| 4,497,200,000
Ox401967 a2 worvddup xmml, gword ptr [rll+rl3*8] 1,074,000,000
D01 964 a2 malpd xmml, xmmword ptr [rlS+rax*840: 44,400,000
Ox401974 a2 addpd xmml, xmmword ptr [rldtrax*S+0;: 401,200,000
Ox=40197h a2 mwovaps xmmword ptr [rld4rax*S+0x1071, || 1,792,000,000
Ox401951 a2 movddup xmms, gword ptr [rll+rl3*8] 1,110,300, 000
Ox401957 a2 malpd xmmZ, xmmword ptr [rlS+rax*S403 54,000,000
Ox40195= 82 addpd xmms, xzmmword ptr [rldtrax*S40: 349, 200,000
Ox401995 852 wovaps xmmword ptr [rlatrax*S+0xz0], || 1,614,000,000 1,65
Ox401990 82 movddup xmm2, quord ptr [rll4rl3*2] 1, 168,000,000 1,35
Ox4019a1 g mulpd xmms, xmmword ptr [rlStrax*sS+40: S0, 000, Dod 4 !
Ox4019a8 gz addpd xmm3, xmmword ptr [rldtrax*840: 244,000,000  2A
Ox4019af gz motvaps xmmword ptr [rldtrax*S8+0x3071, || 1,396,000,000 1,71
Aeedmd sl k| s Y ETE B T T T T T T T TR B |

[Assembly (7> 7U—=)] Ea—m5, CCTERLTWLS CPU IEAVFILe PRIV AR ARI R ITORX
T3V 2 AVFTIL® AVX2) sty hEYR— L TVWBICHEHNS5YT, O—RIFAMVFILC AKU—=
>4 SIMD #53R@ % (17 I)L° SSE) ZERL TV ENPHDET FHLL sty cEYR— 931
8, -xCORE-AVX2 AV avZEIBELTI—REBIV/\1ILL, 2REREBEETLEY,

BIOVI\AIILLEOD—RTIE, ETRERBIZ 0.6 ICEDHELE. vroO07 —FF7O0Fv—2RBHE=BEE
TLCRE{L =R LFET . [Vector Capacity Usage (NI MILEEADER)] X ~UYODEIE 100% [T%R
DELI,



(® Front-End Bound 8.5%
(® Bad Speculation 0.4%
© Back-End Bound % 73.8% N
© Memaory Bound ™ A5.4% N
= L1 Bound ©; 7% K
DTLE Overhead 4.9%
Loads Blocked by Stare Forwarding 0.0%
Lock Latency - 0.0%
Split Loads 0.0%
4K Aliasing 47%
FE Full ™ 48.9% K
L2 Bound % 10.0% M
© L3 Bound %; 19.0% N
Contested Accesses = 0.0%
Data Sharing 17.1%
L3 Latency 457% K
50 Full™: 13.6% &
=) DRAM Bound @ 11.0% K
Memory Bandwidth - B0.5% K
& Memaory Latency 19.1% N
LLC Miss . 22.4% K
(3 Store Bound 0.0%
© Core Bound®: 25.4% N
Divider - 0.0%
) Port Utilization ®; 24 T% N
Cycles of 0 Ports Utilized - 0.4%
Cycles of 1 Port Utilized = 24.3% N
Cycles of 2 Ports Utilized ™ 17.0%
& Cycles of 3+ Ports Utilized ™ 27 4%
Vector Capacity Usage (FPU) ©: 100.0%
(3) Retiring " 17 3%
BEEIEH

o N\—RUIFEBEOTAOO7—FTOFv—2RRT (EE)

o bYIHYY OO —FFTOFv—EITE

of Pipeline Slots
of Fipeline slots
of Pipeline =lots
of Fipeline slots
of Clockticks
of Clockticks
of Clockticks
of Clockticks
of Clockticks
of Clockticks
of Clockticks
of Clockticks
of Clockticks
of Clockticks
of Clockticks
of Clockticks
of Clockticks
of Clockticks
of Clockticks
of Clockticks
of Clockticks
of Clockticks
of Fipeline Slots
of Clockticks
of Clockticks
of Clockticks
of Clockticks
of Clockticks
of Clockticks

of Pipeline =lots
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MmPFyvvIya=x

ZOLVEIF A>T IL® VTune™ Amplifier OM@EiTZERL 7OV I Y RMKEOT7TUT -3y
#70771)LL.PGO A7 av%#$EELT ICache ZRA&EFSLET,

a5 WY -ITHRX/)\—: Dmitry Ryabtsev (33E)

o ERTZHD
o FIE:
1. 2RBIAEETID
2. \—Rx7® hotspot Z4FET D
3. PGO A7V av#iEELCO—rEBIV/I\1ILTS
4. RBELEHERTD

: 3

EREERMTIE, 1> T IL® VTune™ Amplifier 2019 TYA 007 —F T OFv—EMETICHBSINELI.

ERAT B0
T, /T A=Y RS FUATERTZ/\—RITTEY T I T OURRTT,

o FPIUT—=V3aV:isqlite T=HINR—RANR=ADTACG VTV, COT7 TV —/3VIFTERT
oD . FoO—RgBEIFTEFEA,
A |
o AFIL®VTune™ Amplifier 2018: % &

: 3

= AVFIL°VTune™ 7O7 74 5 —FlilkDS 00— REHBTR—KIDLT
|, https://www.isus.jp/intel-vtune-amplifier-xe/ Z#EB LT EEL\,
s CDOVITYIDLYVEFINRTRT—FTILTHD, A7 )L VTune™
Amplifier 2018 DIREICEBATEE I /N\—TJaVICEDERENDINCELGDI L
NHDET,
= R—=HRAVFTIL® oneAPI R—ZY—)LFv rEIFO/IN—=Tavhb, AV FIL°
VTune™ Amplifier OBZ#NA1 > FIL® VTune™ 707745 —ICEHODEL, 5|
SHE, 17 )L° Parallel Studio XE Ffzl&->7)L° System Studio M/ R—
RYBELT HBWIERIY RTZOVROAYTIL® VTune™ 707 745 —%Z#|
BuLEEIFERT,
o AVFICC++ AV 15—
o ANRL—=F1VT-I AT : Microsoft* Windows* 7
e CPU:rVFIL® 7OtvH— (BHEI—RR Skylake)
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ERBNZERTID

BT TVT =23V DBERNGE/INT A=V AR RO %BRET B . £ . 1V TIL°
VTune™ Amplifier DT ZEITLET,

1. W—ILI\—® “* [New Project (iR 7OV o R MYV ESUVHILT FRTOV I DOF
g1 (Bl: sqlite) ZIBELET,

2. [Analysis Target (BHFy—v )] D12 ROT RAR—ZADEMELT [local host (O—7JL
RARN =T vV RT L1 TERBIRLET,

3. [Launch Application (77U —2arEE)] 5—0v b5 1 TZZRLT ANRTVTEITTS
FTUT—avEEELET,

4. D [Choose Analysis (BT DiEIR)] "5 > %&2Uw 2L, [Microarchitecture Analysis (VY14

O7—%5OFv—f#th)] > [General Exploration (£f®)] #:&1RL T, [Start (FItR)] =oVUvoL
E3

14> F)L® VTune™ Amplifier |&, 77U —Y 3V REIL T —5Y%INEL WNELRET—5%T 7
1A RALT, Y VRIVEBREBRLET . COERIE, V—RABIRTREICEDET,

IN—BEJx70 hotspot Z4FET D
EREBRZEERTIDE, - ROFBRRNILRY IR TEFRT/N\—RFI7- XUy o7 7Y

=23V LRNILOFETDRTRSNDB [Summary (H<U—)] Ea—D\SEBFZEROHET, 75T DFLITL
BINTA—TVABBIEELEY,



Elapsed Time *: 31.539s

Clockticks: 85.288,127,932
Instructions Retired: 131,378 197,067
CPI Rate @ 0.649
MUX Reliability'@: 0.957
© Front-End Bound % 29.3% &
© Front-End Latency ©- 201% Mk
ICache Misses - f1% K~
ITLB Overhead %: 3.1%
Branch Resteers ©- 4 8%
DSB Switches @- 2.6%
Length Changing Prefixes @ 01%
MS Switches @ 3.1%
(>) Front-End Bandwidth . 9.3%
(3) Bad Speculation - 8.2%
(® Back-End Bound 21.5%
() Retiring - 40.9%
Total Thread Count: 6
Paused Time - Os

of Pipeline Slots
of Pipeline Slots
of Clockticks
of Clockticks
of Clockticks
of Clockticks
of Clockticks
of Clockticks
of Pipeline Slots
of Pipeline Slots
of Pipeline Slots
of Pipeline Slots

Y77 TVT—0avid 7OV IV RMKE (1TS54 20V b 29.3%) T, BFrvI/a1=X

NEBLGRNLRY D (OOVIED 7.1%) TT,

[Bottom-up (REAFPYA)] 77 ICIDEZITI—ROREEFANET, [Grouping (FIVL—T)] W—IL/\—

DED [Customize Grouping (I —FTDARIIAX)] RI#=IUVILT HLWARI LTI —
~ [Module/Source File (B a1—IL/YV—RXT71I)] =ERELET,

=

p sqlite
» RilLe
b RilET
p sqlite
p funcg
p dbint
p funcg

& Bottom-up | d

Grouping:| Function / Call Stack

Select grouping levels from:

Packet Iype
Process
Source Line
Task Domain
Task Type
Thread

~

‘ Delete ‘

Customize the grouping:

[] Module

Source File

>

]

<

Cancel

p func

UATIUUTZ TGO il U0 U0, T |

UET, UUU OO TITOUT

OO




FLWII—TZNELERICERITBE, sqlite3.c Z7TILNIFEAED CPU 1 0)L%ZEBEDPLTLY
BXALD hotspot THDERRINET,

&=l General Exploration General Exploration viewpoint (change) @ I AMPLIFIER 2018
4 [EJCollection Log @ Analysis Target A Analysis Type (& Summary < Bottom-up &3 Event Count = Platform .- 2
Grouping’| (custom) Module / Source File V||‘X ||Q || |
Module / Source File | Clockticks ¥ Ilnsl.n.ll:llnns Retired | CPl Rate | Front-End Bound * | Bad Speculation® [ Back-End Bound * | Retiring [* ~

v amplxe_dbinterface_sqlite_1 43,668,085502 80,228 120,342  0.544 30.5% 8.8% 17.0% 43.7%

S satesc 2617603264 47946071910 0540 INNETT ST Y 9% 436%

» [Unknown source file] 2048003072 3474005211 0590 36.1% 9.0% 16.0% 38.8%

» vector 2,026,003,0390  3,722,005583 0544 12.6% 3.7% 46.2% 37.5%

» altr_table_caches.hpp 1,628,002,442  2778,004,167 0586 6.4% 0.6% 57.0% 35.9%

> attr_lable_aggregalor.cpp: 1,160,001,740  1,738,002607 0.667 3.0% 0.4% 57.8% 38.8%

» record_impl_sqglite.hpp 1,080,001,620  1,956,002,934  0.552 11.1% 3.2% 45.4% 40.3%

» iterator.h | 748001122 1772002658 0422 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 634,000,051 844,001,266 0.751 45.0% 16.6% 14.0% 24.4% ¥

ICache Misses (ICache = X) XRUWOICBENT DL, sqlite3.c Z7MILOEHEVNZENSHDET,

Front-End Bound «
f Fi Front-End Lat £ ¥
Module / Source File R B[ ee oy, : Front-End Bandwidth
ICache Misses | ITLB Overhead | Branch Resteers | DSB Switches |Ler1§nh Changing... | MS Switches
v amplxe_dbinterface_sqlite, 2.8% 4.2% 3.3% 0.0% 2.0% 1.1%

» sqlited.c

» [Unknown source file] 2.1% 5.9% 2.9% 0.0% 0.0% 19.5%
» vector 0.8% 3.0% 1.0% 0.0% 2.0% 5.7%
» attr_table_caches hpp 1.8% 1.2% 25% 0.0% 25% 1.5%
3 altr_lable_aggregalor.cp' 0.0% 0.0% 00% 0.0% 0.0% 3.0%
» record_impl_sglite.hpp 1.9% 1.9% 1.9% 0.0% 0.0% 3T%

PGO A7YavaIgELTI—REZBIV/INTILTS

AVTIVe C++ AV I\AS—%ERLT, 70771 ILICED<LHKE#E (PGO) & sqlite 51 TSYU—ITEHA
LET,

1. /Qprof-gen A7V avEEELTCI—REZBIV/I\TILLET,
. RNYFI—UBEFTLET,
3. /Qprof-use A7V aVEEELTCI—RFEBIV/I\TILLET,
FMIF T 7OT7 70 IILICEDKRKRELOBE ) (R5E) #8RLTIEaL,
RBILZfERRTD

BELEI-—RCEMRENEBEETLET . LLERTIE, Elapsed Time (#@AFR]) 1X 30.3 #ICHR
D AUIFILD 31.5 WDBINTA—TVADK 4% @ ELFELT.


https://software.intel.com/en-us/node/522721

Elapsed Time ”: 30.370s
Clockticks: 80,494 120,741
Instructions Retired: 128,268,192 402
CPI Rate @ 0.628
MUX Reliability @ 0.987
© Front-End Bound 27.7% ® of Pipeline Slots
(+) Front-End Latencyr“"":': 19.0% & of Pipeline Slots
ICache Misses - 6.3% M of Clockticks
ITLB Overhead - 26%  of Clockticks
Branch Resteers ©- 4 2%  of Clockticks
DSB Switches @- 2.0%  of Clockticks
Length Changing Prefixes - 0.1%  of Clockticks
MS Switches ©: 2.9%  of Clockticks
(>) Front-End Bandwidth © 8.7%  of Pipeline Slots
(>) Bad Speculation @. 82%  of Pipeline Slots
(» Back-End Bound ®. 24 6% Kk of Pipeline Slots
() Retiring - 395%  of Pipeline Slots
Total Thread Count: 6
Paused Time &: 0s

sgqlite 1 73U—TICache ZRICEDAr—/LLTWL OOV IHIF 9.3% H\5 6.4% ITEDELTZ,

Front-End Bound =
/ - Front-End Latenc x =
Module / Source File ) Front-End Bandwidth

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

v amplxe_dbinterface_sqlite |- X) ]

» sqlited.c 65.4% 21% 4.9% 2.7% 0.0% 0.9% 8.3%

» vector 3.0% 1.5% 4.0% 4.0% 0.0% 0.0% 5.6%

» [Unknown source file] 5.7% 2.3% 2.3% 1.1% 0.0% 0.0% 12.2%

p attr_table_caches hpp 1.2% 0.5% 1.2% 1.2% 0.0% 25% 6.8%

p attr_table_aggregator.cp 0.0% 0.2% 0.0% 0.0% 0.0% 0.0% 21%

» record_impl_sqglite hpp 52% 1.0% 1.7% 0.0% 0.0% 0.0% 26%
ESEIEH

o N—RUIFEEDOIIIO7—FFTOFv—2MREENT (3RE8)
o MYIFTUIAoOOT—FFTIOFV—EITE
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FEXNF 13 [F 1A

COLYVEIR RIVOREEABMICLTT T IL® VTune™ Amplifier OEELR hotspot T EETL.,
O—ROIFVNELZREPERIET D HEEHRBALET,

e FEHITZHBOD
e FIE:
1. RYYONEEBRICLTEER hotspot BT ZREITTD
2. 91LSAVTRBZRDIFTD
3. FHFEXANIYOERITT S
4, BHIYVTFAMRAIVFERITTD

: 3

S hotspot (. 1>FJL°® VTune™ Amplifier 2019 TRE® hotspot i (3R:E) ICHRESINEL
feo\—RILT7 ARV SR=ZA YV TUVTIREET—RTHRETEEY,

EFHITIHD
PRI INTA—T IV RABRFY FIUATERITB/IN—FO 7V T I T7DIUARTT,

o 77U —2/3Y:sample.exe (OpenMP* S5 L%&ER), COF7 TUT— 3V IETERATH
D AFOO-RTBRIEFTEFREA,
o NITA=TVABMY—IL: 17 )L° VTune™ Amplifier 2017: EE7: hotspot f&ifr

i 3

o AVFTILCVTune™ Z7O7 74 5—fHihRDSY U O—REE Y R—RTDULTIE,
https://www.isus.jp/intel-vtune-amplifier-xe/ #&R L TS,
o COUVOITVIDLYVEIFINTRT—ZTILTHD, 17 )L® VTune™ Amplifier 2018
PIBFICEBRATEERT . /\—JaVICKDBRENDINCERGDIZENHDFET,
o N—HHRAVFIL® oneAPI R—Z Y —)LFv kEIFD/IN—T3arhs, 1>F)L° VTune™
Amplifier DAL F)L® VTune™ 7O7 71 5—ICEDODEILIE Bl EHE A1V FIL°
Parallel Studio XE FEfzl&-1>7)L°® System Studio DIAVR—R &L T, HBLIERS
YR7ZOVEROAVTILe VTune™ 707715 —%2CHRAWEEITET,
o ARL—=F1VT-IRAFA: Microsoft* Windows* 8
e CPU:rVFIL® 7OtvH— (BHEI—RR Skylake)

A9y ONEZFMICLTSER hotspot i ERTTD

127 I)L® VTune™ Amplifier ZE&EF LTI 7OV O ERELFT,

1. Y=ILI\—D + [New Project 3ifR7OY O R RYEOUYOLT FHR IO I DA
g1 (Bl: sqlite) ZIBELET,


https://software.intel.com/en-us/vtune-help-hotspots-analysis-group
https://www.isus.jp/intel-vtune-amplifier-xe/

2. [Analysis Target (BBtFy—'v )] D12 ROT I RARR—ADENTELT [local host (O—7AJL
RARN 5=V I AT 1 TEBIRLET,

3. [Launch Application (P 7V —2av & RE)] 7—0 v 51 T=BIRLT ART U TREITTS
7TV -3 EIBELET,

4. A [Choose Analysis (BT MiEIR)] 5> &2 Uw oL, [Algorithm Analysis (Z)LIU X LR
)] > [Advanced Hotspots (EE%: hotspot)] %#:EiRL T, [Hotspots and stacks (hotspot &
ARIVI)N AT a3V EBRLET,

5. [Start (B®R)] 20UV OLFET,

127 I)L® VTune™ Amplifier |&, 7 U — a3 #REIL T —Y = RNEL WNELET—5ET 7
1S4 ALT, Y UMIVIEREBRLET, COBRIE, V— B CREICEDEFT,

S1LT51VDORBZERDITSD

[Hardware Event (/\—RD 7 - ANV )] Ea—R1Y T BITRICINES N T —5=ZREET,

™ Advanced Hotspots Hardware Events viewpoint (change) @

- - % - = - A — - - —
B8 Collection Log | | € Analysis Target Analysis Type| | K Summary | BERNEAENINE | «% Sample Count | |#

Grouping: IFunu:ﬁu:un J Call stadk IS}-’nchanizatiDn Context Switch Count

Function / Call Hardware Event Count Viewing <1 1of1 [+ selected stack(s)
Stack CPU_CLK... » |E|F‘._INST_... INST_RETIR ... | CPU_CLK_U... | 100.0% {0.015s of 0,015z

Hsmvp 6,368,831,101 138,502,608 7,128,442,618 6,517,924,716

Hmain 3,848,150,933 157,803,476 2,290,487,260 3,939,310,332 ntdll. dll - KiFastSystemCallRet - [Unknown]

#phiz 1,646,263,345 55,400,346 1,094,105,931 1,704,152,012 ntdll.dll - NiDelayExecution

Hsin 1,631,493,115 120,902,414 2,342,250,273 1,762,606,224 kernel32.dll - SleepEx

Hperfvec_handle| 1,389,589,358 100,000 714,697,118 759,317,392 kernel32.dll - Sleep

Fphil 1,083,927,393 58,700,445 1,110,107,022 1,043,439,612 libiompSmd.dll - _kmpc_atomic_fixed1_add

[Flcos 913,598,797 59,501,438 790,083,593 954,306,943 libiompSmd.dll - _kmp_wait_sleep

Fphid 431,253,554 14,400,355 526,051,876 466,795,930 libiomp5md.dll - kmp_wait_sleep

‘Selected 170...| 6,368,831,101] 138,502,608 | 7,128,442,618 | 6,517,924,715 | = [l lbiompSmd.di - kmpc_barrier

9 . equake.exe - smvp

Thread (0x1ch4)
Thread (0x1b0)
Thread (0x1424)
MiDelayExecution {0x19c
Thread (0x1e6c)

Threads

1 [User/system functions (1—%'—/> XFLABEH)] I—IL A5 vT-E—R%ERERLT, [Call
Stack (A—=ILRAFY O RAVICA—TF—FEHEV AT LABROmAEERRLET,

2 [Call Stack (A—ILRHYI)] RAVT, ROV THF D> XZa1—h\5 [Synchronization Context
Switch Count (RAHAOYFF A XAYF- NIV R)] 514 T%&EIRL T, [Timeline (1 LS1
INRAVTERLEREBIYTF AN AAYFOI-ILAIYV O HERLET,



3 STLSAVOEEGREBZEDIIT, IVFFAMAIYFOLICA—VIL EBELET,V—IL
eV RIEFEHANRRESNETHIRIE, EEEOBER hotspot BRITDERTIE,
NtDelayExecution ALY RICEEHNERDOAENIVFTHFRAMAIYFNEFENTLXRT 51
LATZAVOOAVTFIA R YvF%#BIRT &, [Call Stack (A—ILRAIYI)] RAVUDEFHEIN, X
Ly REITHRENEFOHELY =T Y ZANRREINET,

FIIFEXA VY O =TS

(change) U~ 0% 2w LT [Hotspots (hotspot)] E1—R1 > ~ERETET,

B Advanced Hotspots Hotspots viewpoint (change) @ Intel V

B8 Collection Log | | € Analysis Target Analysis Type| | K Summary | ERlmeumne | *% Caller/Calles| |#% Top-dow

Grouping: IFunu:tiDn [/ Call Stack

Function / Call Stack CPU Time | Wait Time | WaitRatew | CPIRate
EIKiFastsystemCallRet 0.035s 13.191s| §L 34.805 6,723
. NtWaitForSingleCbject + WaitForSingleObjectEx + WaitForSingleObject 0,001s 13,135z 393,020
. ZwCreateSection + CreateProcessInternalW + CreateProcess\W + [cmd.exe 0= 0,021s 21.434
. ZwReadFile < ReadFile < read_nolock < read < filbuf « inc Os 0,020s 1.042
. NtCreateProcessEx + CreateProcessInternalVy < CreateProcessW < [omd.e Os 0,000s 0,354 1.001
& ZwCreateThread < CreateProcessInternalW < CreateProcessW < [omd.exe 0,002s 0,000s 0,102
. ZwRegquestWaitReplyPort < CsrClientCallServer 0,006s 0,004z
i kmpc_atomic fivedl add % 0.017s]| 0.011s |
Bl & _kmp_wait_sleep 0.011s 0.009s
& _kmp_wait_sleep < _kmpc_barrier < smvp < _kmp_invoke_microtask 0,006s 0.004s
& _kmpc_invoke_task_func < _kmp_launch_waorker < BaseThreadStart 0,005s 0.005s
& _kmp_get_reduce_method 0.006s 0.002s

1 EHIYTFRARRIYFHIEDOFEFEER (FREN) TH B, [Wait Rate (fFHL — )] X kUw
OF =% LET . COX NIV IENETHEELRPS LOEHBEE HREEEISETINICHE
WY 8

2 AVFIL°VTune™ 707715 —(F BLFHEL—FXRUYOE (1 ZURMKHE) 2/\ 74—V X
BMEELTHML . EVYOTN\ASTIRLET . CNODEIF, ALY FERDFREHELVOY AT L API D
INRMEMAZRI CENHDHTT,

3 FHERFREINIEL CPU RFRBINERL (IRTOY AT AO—ILIFREIOKES D) BEARST Y O =FEL,
FTIWNOUvILT hotspot BERIDY —RAO—RERANRFT,

B>V TFFRAN A1V FZRITTS

(change) U>0%2UwZ LT [Hardware Event (/A\—RIx7- ARV F)] Ea—R1YV b EREXT. T
T#)LETIE [Event Count (IRVRADVR)] Uy RIZOOVIEARY ATV —SNET . &H CPU
R (DOvo) B\ TV T BB EEICEBEAIToCL\DRY MM AR ELET,



Event Type Context Switch Cc

Function / Call Stack

CPU_CLK_UMHALTE... Synchronization

B Interpolatorkic <unsigned char float>::InterpolateM
= & Interpolatorkic<unsigned char,unsigned char>::Do < _kmp_invoke_microtask < _kmpc_invoke 535,912,744 23
& _kmpec_invoke_task_func < _kmp_launch_worker < BaseThreadInitThunk < RtUserThreadst 523,897,299 23
& _kmp_fork_call < _kmpc_fork_call < Interpolatorkic<unsigned char,unsigned char=::Do < J 652,015,445 0
[#HKImage::getData 181,995,760 3
EIMtWaitForSingleObject 173,576,490 17,315
I WaitForSingleObjectEx + _kmp_launch_monitor < BaseThreadInitThunk < RtUserThreadStart 173,576,430 17,315

ZDY >V T)L OpenMP* 77U —2/ 3> Tl&k, A7 IL° VTune™ Amplifier [& InterpolateN B%
OpenMP* SBIFMSIFERHEINIZETE hotspot ELTERRLTULET . OpenMP* 551 LAABR®D
WaitForSingleObject TiaMFEEL. K 30% O/\TA—T VAKX (FEEHO I Ov O /hotspot
BAHOoOvIH) MRELTVWBRIEHAHDET,

InterpolateN BA#¥ZES TILOUYIOLTY—RO—RERRL, IFNRGEBORAZFELET.

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

{
#pragma omp parallel for
for(j = 0; j < lines in block; j++)
{
/// do processing
} /// implicit barrier causing contention and overhead
}

YY) 7TV —3>0d—RERICED, 7Ov o cEOFv—2 0B LTE T Ovo%=@ERIICES
b B=HITIBED OpenMP* N\UFZHEMEN TR ENHIBELE LR, CORBEERRT BICIE,
nowait BiZEATEIN EOFVv—2KIC parallel for ZEALT NI —0-RT I 1—-UVT%f&E
BALEY,

Event Type Context Switch Count
Function / Call Stack

CPU_CLE_UMHALTE... Synchronization
ElMtDelayExecution 286,509,547 26,997
[# I SleepEx + _kmp_invoke_microtask < _kmp_wait_vield_4 + _kmp_acquire_| |l:u:k 286,509,547 26,997

B NtWaitForSingleObject ¥ 248,806,404 |

= ™ WaitForSingleObjectEx 241,934,524 7,541
EF _kmp_launch_worker 206,421,435 5,932
& _kmp_wait_sleep < _kmpc_invoke_task_func < _kmp_launch_worker < 35,531,355 3,023
& _kmp_get_reduce_method < _kmpc_invoke_task_func 120,550,080 2,959
. _kmp_launch_monitar < BaseThreadInitThunk < RiUserThreadStart 22,055,633 1,496
. QThreadStorageData::finish{void * ptra4 = ptra4) < QMutex: lod{void) 13,457,456 a3
. RtiDeMormalizeProcessParams < RtDeMormalizeProcessParams 6,871,880 24
[+ InterpolatorPixel <unsigned char=::Do 15,302,558,732 273

BEIELIEFERTIE, Sleep () OFREOETHEIXSMESIEDELTE (26,997),

1 DM parallel for LEIWNTD—U-AT I 2—UV 0% WwaitForSingleObject FARICERTIL
T HREBENTA—IVANDEBZHESR 1% KmlOFHITemTEH LR,

2 DHORBLLIERTIE, sleep () B THEZLOBMANFELELTVBIENDHDET (AT T+
A A YF - AU TN 26,997), LH\L, ZOERITHRREZHER T DL, RITRREIFHR LALD hotspot (R/R



SNTUVERERA) D 2% LIATHD, ZNIFEBETIEHDERALEL. ZLOTOEYY—LTPZTUT—
YavEERTLEBE, COBBNEREICRSARMENHDET.

5 3

SO0 (FRBCEID) BV TILT—5RELYY 3V IF—EORERERTITONIEbOTI . &EL/\—2 3
VT TTIT =3V HIRELTEITSNTUVET,

B:EIRH

o RIVIEEL/IN\—RIITARYR=2ADY Y TV TN (%5E
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FEXNFER TCP/IP AHAZERIE T DA% HALET,

AV FY-ITFHFR/)\—:Kirill Uhanov (%&58)

e FRHTDIDD

o F&:

OV O LRI ZEITID

1 LSAVTREAMEEZRDITD

ITT APl A5 —%ERLT send/receive NV IT7—H 1 X%EHETD
JEXNZFRAR TCP/IP BHIDRE %45 ET D

PN =

iE
Ow O EFFERITIE, 1> 5 )L° VTune™ Amplifier 2019 TRLw REITICEBE S NELI,

EHT3HD

FPIVT—=23v. TCP VYUY BEEFERIZIISAT7 VN Y—/IN\—T7TUT -3
INT A= VRV —IL: 15 )L° VTune™ Amplifier 2018: OO & SR
H—N\—-AXRL—F 1T - XF Ia: Microsoft* Windows Server* 2016

DAV ARL=F1 VT2 AT a: Linux*

OvOLRHRBEREETID

D347V T TIT =23V DUA— LTV TICHENND\SIEE, OV I BT ZETL T BEAA
Tz RCEDOFHRETERET D ZRETLTRSL,

1. W—JL/\—® [New Project (HfifR7OY IR RyVEIUVOLT FRTOI o~ (Bl
tcpip delays) Z{EBLET,

2. [Analysis Target (BBt ¥ —'v )] D12 ROT RARR—ADENTELT [local host (O—7JL
RAR 5—5 Y Y RF 51 TEERLET,

3. [Launch Application (77U —2av & RE)] 59— v 51 T=BIRLT ART U TEITTS
IV —avEBELEY,

4. A0 [Choose Analysis (BBriEIR)] "5 > %&2Uw oL, [Algorithm Analysis (77)L.3U XL
#1)]1 > [Locks and Waits (Owv o & Fi#)] ==IRLET,

5. [Start (FR)] 20Uy OLET,

127 )L® VTune™ Amplifier &, 77U —2a v #RELTT—YENEL WRELET -5 T 7151
ALT Y URIVIEREERLET, COBRIE, VYV —RABITTREICEDET,
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Thread |

"R Time
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abstract_Read_Records (TID...

_ Trread
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Grouping:| Syne Object / Function / Call Stack NEIEE

Wit Time by Thread Concurency ¥
Bide @Poor 0Ok Bideal B Over

7.940s

Sync Object / Funclion / Call Stack Wait Count | SpinTime | Object Type Object Creation Mc

Sacket abstract.dil! COMM_(

Wiew Source

» Multiple Objects nstant  [Unknown]l[Unknown
I Socket Oxe2e0d247 0. What's This Column? ket abstract. dillCOMM_C
b Stream tbs3961 07 0x3335033¢ 0.000s Show Data As ¥ lream MSVCR120.dlllwfope
< >l £ Hide Column >
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E wmainCRTStartup (TID: 1012) l"_[[m][m][m]]]lﬂl]]ﬂm =] EFunning
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bstra _R d_RBDDIﬂS mD R EE] awCPY) Time
anewac Head. mD... Copy Rows to Clipboard cri+C #aSpin and Overhead Time
abstract_Read_Records (TID... Copy Cell to Cliphoard [ =CPU Sample
osi_proc_Process_Control_T... Export 1o CSV... O .1 Transitions
abstract_ Read_Records (TID... M| [] Global Counters
unc@0x1800¢5H0 (TID: 6520) | | ARkl cetion o || 41 CPU Utiization
CPU Utilization ] aCPU Time
——1| [l wsSpin and Overhead Time
Thread Concurmency
. [=] Thread Concurren

P

socket BHIATY U LOFHEIFREZRET BICIF. I ITLASIVITERELET,

& Bottom-up

Grouping: Sync Object / Function / Call Stack NEIEE
Sync Object | Function [ Call Stack '::t%"rg“l”gfmm;;w *'| Wait Count | SpinTime | Object Type Object Creation Mo
» Socket Ox6d011123 | 7.940s 7 0s Socket  abstractdillCOMM_Of
£ ¥ || €
P - e B R J
B wmainCRTStartup (TID: 1012} l“ [ﬂ]ﬂm ﬂ[ﬂﬂ[ﬂﬂﬂﬂ]]ﬂ]]ﬂ | =] ERunning
E [ Cwvaits
[=] waCPU Time
wmalnCRTStartup (TID: 1012) ] aaSpin and Overhead Time
Waits [] ®CPU Sample
Start; 3.681s Duration: 199.86Tms [ .+ Transitions
Syne Object: Socket 0xGd011123 ‘
CPL Utilization Source File: communication.c [] Global Counters
Thread Concumency Source Line: 440 [] CPU Utilization

L
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+ [Zoom In (R—=LAV)] RV HEIUYDITRE, BREERD 2 BEOYV TV MMFENRTREINET,
BED (BLV)) VI A FHEIZH 200 ZURMT, BRO (FBW) Vo v MF#EIFHM 937 vroO#TY,

O: dp = e e/ 22I35-$'|I33msl o 200ms = [Thread »
|  wmainCRTStartup (TID: 1012) ] L | | WRunning
= [] Cwaits
CPUTI
wmainGRTStartup (TID: 1012) 4] iaCGPU Time
Wai s Spin and Overhead Time
its
CPU Sample
Start: 2285.884ms Duration: 936.925usec || O U SATPe
Sync Object: Socket 0x6d011123 L " Transitions
Source File: communication.c ] Global Counters
Source Line: 440 .
S 4 CPU Utilization
CPU Uilization Start: 2286.861ms Duration: 946.895usec il =
Theead Conerrenc || Sync Object: Socket 0xBd011123 (2] taSpin and Overhead Time
’ il Source File: communication.c || =) Thread Concurrency
Seurce Line: 440 L
i G ONCUITECY

SR T ERFFEOBRRERBEITDICIZNTT AT I—TINTD send/receive BFOHLESY
7L 7T, send/receive I\ +ZETELET,

ITT API 05 —%{ERL T send/receive \V I 7—H 1 XK TS

AVARIAYFT—23VERL—Z-T5./03— (ITT) APl 2R LT send/receive BOHLZERL —
AT BICIE RDEFFZITVET,

1. APINYS—=ESATSU—ICT7OERATEDRLDICIV AT LAERTE (REE) LFET,

2. ITTAPIANYS—%Y—RT71)LICAVD)IL—R LT <vtune-install-dir>\[1ib64 or
1ib32]\1libittnotify.lib AAFTAvI-SA1TSU—&T7SUT—/3VICUVILET,

3. ITT AV —%EFARALT send/receive BFOHLZESYILET,

#include <ittnotify.h>

__itt domain* g domain

= 1itt 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 =

__itt counter create typedA("recieve ctrl", g domain->nameAl,
___itt metadata s32);

__itt counter g incDecCounter =

__itt counter createA("inc dec counter", g domain->nameA);


https://software.intel.com/en-us/vtune-amplifier-help-configuring-your-build-system

sent bytes

send(...);

__itt counter set value(g sendCounter,

sent bytes

__1tt counter set value (g _sendCounterArgs,

send(...);

while (data transferred < header size))

if

}

__itt counter set value(g recieveCounter,

while (data transferred < data size)

if < 0)

}
}

___itt counter set value (g recieveCounterCtrl,

((data_size =

(

< 0) |

recv(...)

(data _size = recv(...)

&sent bytes);

{

&sent bytes);

&data transferred);

&data transferred);

7T —23v#BIV/\1)LLT, [Analyze user tasks, events, and counters (1—H—52XJ 1N
YR BEONOYI—=EN)] ATV avEBMICLTOVIO BT EBEETLET,

& Choose Analysis Type

4 (5) Analysis Tanget | A Analysis Type

o~y

Algorithm Analysis
Basic Holspols
Advanced Holspots

Concurrency

Locks and Wails

Compute-Intensive
Application Analysis

HPC Perfarmance
Characlerization

Microarchitecture
Analysis

General Exploration
Memary Access
T5X Exploration
T5X Hatspots

SGEX Hotspals w

Locks and Waits

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

CPU sampling interval, ms

10

Analyze user tasks, events, and counters

« Analyze Intel runtimes and user
synchronization

IEXNES TCP/IP FHIDREZRET D

INTEL VTUNE AMPLIFIER 201

p Start

B Start Paused

< Choose Target

£ Command Line

HLWERTIL, [Timeline (1 LSA)] RAVICITT APl T L TUNESNIE send/receive RO L
DR WEXRTIT D [Global Counters (FO—/NILAD VA=) NEBIENET, T TRATAL Y ROEFHEEND
NOV—EZRAYV RTRENIET DN/ I—DA VATV MENRRSINET . COMEIE, BL) (KR

) FHTIINSLIEDET,
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O: =
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wmainCRTStartup (MID- 1012)
absirad_Read_Records (TID
send_heades

send_args

recewe_header

l1 TEOms
i "

i

1'."85ms|
i i

—

wmainCRTStartup (TID: 1012)

Waits

Start: 1554.809ms Duration: 226.423ms
Sync Object: Socket 0x6d011123
Source File: communication.c

Source Line: 440

recieve_chri send_args
inc_det_counter Izrlm"t Value

CPU Utlization

ZLT R (B8F) FHTIFAESEDET,

] P Time
[ maSpin and Overhead Time
O = CPU Sample
Transitions
|+] Global Counters
~nstant Value

CPU Utilization
] maCPL Time
b<] maSpin and Overhead Time

Thread Concurrency

Thread

Global Couters

D: g ==
funcii@x 140015190 (TID: 77
wmainCRTStarup (TID- 1012)
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send_header

send_args
recieve_header
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inc_dec_counter
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l1TBIZI1'T1S 1?85ms|
v wmainCRTStartup (TID: 1012)

Waits
Start: 1781.306ms Duration: 378.582usec
Sync Object: Socket OxEd011123
Source File: communication.c

send_args Source Line: 440

Instant Value

—| 4284

Thread

[~ maCPU Time
] saSpin and Overhead Time
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CPU Utilization
[~ maCPU Time
] mwSpin and Overhead Time
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o ARL—=F1VT-I AT A: Red Hat* Enterprise Linux* Server 7.4
e CPU: 77 )L® Xeon® 7Ot wH— E5-2695 v4 (2 &), 7> )L° DDIO B3, NIC (SUT) BELD
ST Iz RL—5— (GEN) NoDT—H/N\TY b &ERDIT AT IV T Y I AT I

COYRATLERIE, COFEDLVEDFIELTERLIZDHDTI A>T )L VTune™ Amplifier Y 7
DIT7EHBLION-RIITEHIF BROUI—-/— (5#5B) #BRLTIESL,

ERBREERTID
RAOOT—FFOFv—DITA—T Y AEE S T D1, SRIBATH\BIBDET,

1. E{TH® PROX M PID #FANET,
pPs aux | grep prox

2. A7 I)L°VTune™ Amplifier AX Y RSA AV —T 1A X (amplxe-cl) Z{FER L TEREET
#E{TL,ETHO PROX 7OERICTIVFLET,

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

UE—rFrvYanERREZRINTD

T I7AIETIE UNELTIZERE [General Exploration (£f%)] E 12—~ FCRRESNFET,, [Summary
(HIVU—=)] D1 ROTBENGIEBR = A&HIRFT 2 ERKNRIBIETH D [Remote Cache (VE—F
FryvIa) XRUYOISGEELET . COX UV I UE—rFvvyahbT—5%E1E T IRICERS
nNreoOvoBnEE%ERLET,

N=TzOCRT—(O—IWVYTYE) TR VE—~Frva-XrUvIIE 0 ITRDET,


https://www.isus.jp/intel-vtune-amplifier-xe/
https://software.intel.com/en-us/articles/intel-vtune-amplifier-xe-release-notes

) Elapsed Time “: 25.024s

©OE

Clockticks: 49,422 240,000
Instructions Retired: 71.430.450.000
CPI Rate @ 0.692
MUX Reliability “; 0.996
Front-End Bound ©- 7.0%
Bad Speculation B 3.9%
Back-End Bound - 53.1% K
&) Memory Bound - 28% K
(3) L1 Bound “- 11.9% K
L2 Bound % 0.6%
(3) L3 Bound “- 14.7% &
) DRAM Bound 0.0%
Memory Bandwidth = 2.7%
& Memory Latency ©- 34 5%
Local DRAM - 0.0%
Remote DRAM 0.0%
(>) Store Bound = 1.1%
) Core Bound®: 20.3% K
Retiring 35.9%
Total Thread Count: 3

Paused Time - Os

of Pipeline Slots
of Pipeline Slots
of Pipeline Slots
of Pipeline Slots
of Clockticks
of Clockticks
of Clockticks
of Clockticks
of Clockticks
of Clockticks
of Clockticks
of Clockticks
of Clockticks
of Clockticks
of Pipeline Slots
of Pipeline Slots



UE—FFryYa- XUy ON 0 THEWEE, BEIF, 27NUE—F LLC ICFOEALTLDZEEEK
LFEITVE—FVYITYRERTIE UE—FFryIa-XrUvI(E 100% T, 17 )L° VTune™
Amplifier [FN\NTA—T YV AMBELTTI ST %MHIFET,

k] General Exploration General Exploration viewpoint (change) @

<] Collecticn Log ) Analysis Target ,.& Analysis Type | @] Summary | & Bottom-i

Elapsed Time : 25.025s

Clockticks: 49.743.750,000
Instructions Retired: 43,180,410,000
CPI Rate = 1152 &
MUX Reliability - 0.991
Front-End Bound = 57%  of Pipeline Slots
Bad Speculation 1.9% & of Pipeline Slots
Back-End Bound = 70.3% K of Pipeline Slots
Memory Bound - 51.9% K of Pipeline Slots
L1 Bound = 4 3%  of Clockticks
L2 Bound ~: 8.3% K of Clockticks
L3 Bound ~: 0.1%  of Clockticks
DRAM Bound = 35.6% K of Clockticks
Memory Bandwidth = 28.1% Kk of Clockticks
Memory Latency = 39.6% K of Clockticks
Local DEAM = 0.0%  of Clockticks
Remote DRAM = 0.0%  of Clockticks
Store Bound =: 16.8%  of Clockticks
Core Bound - 18.4%  of Pipeline Slots
Retiring ~: 221%  of Pipeline Slots
Total Thread Count: 3
Paused Time = Os

SHAICEENT I B128D, [Memory Usage (XEU—EHA)] Ea—RAV ~IIDEX T UE—FFvyv2/aT
MIBEINTZ LLC Z RO %9 [Remote Cache Access Count (UE—FFvva-7oEX- ATV R)]
ARy OZRANET, COX IV IDENGWEE, 7L /0 TINAANERSDY Ty FTEHEL TL\Z
CEEBEMRLET,



UE—rVTYRBROX R Y EERANET,

& Summary

apse ime . . S Z
) Elapsed Time “: 25.025

CPU Time @ 23.742s
) Memory Bound 2 51.9% k& of Pipeline Slots
L1 Bound - 4 3%  of Clockticks
L2 Bound % 8.3% R of Clockticks
L3 Bound - 01%  of Clockticks
) DRAM Bound " 35.6% K& of Clockticks
DRAM Bandwidth Bound %" 0.0%  of Elapsed Time
) Memory Latency:
Remote / Local DRAM Ratio ©- 0.000
Local DRAM ©- 0.0%  of Clockticks
Remote DRAM % 0.0%  of Clockticks
Remoate Cache @ 100.0% & of Clockticks
Stores: 5,654 400,000
© LLC Miss Count ”: 333,840,000
Local DRAM Access Count - 0

(7

[ l-l.‘ -4 E Ll ] e
Remote Cache Access Count™: 332,880,000

Total Thread C._nunt: 3
Paused Time = Os



RIS, O—=HILY Ty BRI X Ry JEZRANF T,

k=l General Exploration Memory Usage viewpoint (change) @

i Collection Log & Analysis Target ,ﬁg Analysis Type [l Summary %) Bottom-up fz

) Elapsed Time ”: 25.024s [=

CPU Time 23.589s
«} Memory Bound 32.8% k& of Pipeline Slots
L1 Bound 11.9% M of Clockticks
L2 Bound 06%  of Clockticks
L3 Bound 14 7% & of Clockticks
+ DRAM Bound 0.0%  of Clockticks
ORAM Bandwidth Bound 0.0%  of Elapsed Time
~) Memory Latency:
Remote / Local DRAM Ratio - 0.000
Local DRAM 0.0%  of Clockticks
Remote DRAM 0.0%  of Clockticks
Femaote Cache 0.0%  of Clockticks
Stores: 9,696.000,000
~ LLC Miss Count 0
Local DRAM Access Count ™ 0
Hemote DIEAN E 0 - U

Tota
Paused Time

Os

VE—FFvy2alCF7O0EALTVRITZRETD

UE—brFrvall7oEALTVRI7%#FAND6H, [Memory Usage (XAEU—#EA)] Ea—R1V~
® [Bottom-up ((RELAFY )] T+ RIICHINEZT, [Core (A7) TIL—TFLANILZEBIRLETD,

Gruuping:lCDre {/ Thread ! Function / Call Stack

Memaory Bound «
i 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%
w Thread (TID: 180290) 28.1% 0.000 0.0% 0.0% 100.0%

b [prox]




[Remote Cache (UE—rFvva)] HIETT7AILLTIRDIZEENTLRZEITEFEL TRV DA
FIOAAICHD ">>" I O—)L2oUv oL THERRALEFT . IIOX MUY OEEIE [Summary (VY
U=)] D4V REOOXRIYIREBERIL T, COT —XTlE [Memory Bound (XEYU—&TF)] JIL—TH\o
BEDFET,

ZOBITIE, core_19 MUE—k LLC IC7OtzALTLELTE,

DPDK 7 7UT -3V %= BENTS
AVTIV TSV ETA—ATREITIS DPDK 7 U —3VICUE— vy Y 2lENR DO RIEE
|&,. FDPDK Getting Started guide (DPDK AP3/i- K)add How to get best performance with NICs on
Intel platforms (1> FIL® TS5V ETA—AT NIC DRED/N\NTA—TI >V R%18D55E5) 1 (RFE) DK FIE
[CRE>TLEEL),
iE
ZOLYVEDERIE, TAROYV/I\—TA—F L\ (EFE) #5RLTIESL),
FAEIEH

o N\—FOIF7EEONAOO7 —FTOFv—2MRERT (REE)

o ~YIHTY-AoOT7—FFUOFv—RITE
e DPDK ZO77CILICEETRER (REE


http://dpdk.org/doc/guides/linux_gsg/nic_perf_intel_platform.html
http://dpdk.org/doc/guides/linux_gsg/nic_perf_intel_platform.html
https://software.intel.com/en-us/forums/intel-vtune-amplifier-xe/topic/746417
https://software.intel.com/en-us/vtune-amplifier-help-general-exploration-analysis
https://software.intel.com/en-us/forums/intel-vtune-amplifier-xe/topic/755748

1/0 FRE: BL\L 17— KL\ PCle* HiTilE

COLYVEIX O KEDY Y FIL-T7 TV — 3> ICTHLTA T IL® VTune™ Amplifier 7+ X% 1/0
BrEEFTLEIT . ZLT PCle* FINARAINFICT T4 ZF1—%ZBE LT AN 7 Iz RO IEH @
LB SICRBELET,

a5 W-ITFRX/\—F: Roman Sudarikov (33E)

1. EHITZHBO
2. Fl&:
a. TAARDIO @BFEETID
b. BiEgEELATVY—DAXANIYVI%EITITD
c. 7IVT—avnT7IAZT1—%EBELRITEBEETID
d. BEGRAVE

: 3

T4 22 1/0 @&, 1> )L° VTune™ Amplifier 2019 TADE B HBEFICHBSINEL,

EFHITIHD
PRI INTA—T VAR FIUATERITB/IN—FRFO 7V T I T7DIUARTT,

o FPTUI—237:3 MRICERTSD 128K FHEIN 7 Itz 2% E1T79 D hdparm,
https://sourceforge.net/projects/hdparm (£:8) "o AFTEXT,
o NTA—=TVABETY—IL:
o AYFIL®VTune™ Amplifier 2018: 7+ X% I/O f&E#f

i 3

o AVFTILCVTune™ Z7O7 74 5—fHihRDS U O—REE Y R—RTDULTIE,
https://www.isus.jp/intel-vtune-amplifier-xe/ #&RB L TS,

o COUVOITVIDLYVEIFINTRT—ZTILTHD, 17 )L°® VTune™ Amplifier 2018
DIRgICEATEERT . /N\—JaVICEDBRENDITNCEGDIENHDET,

o NR=HRAVTIL® oneAPI R—ZY—)LF¥v ~@IFD/N—=Tarhb, 17 )L VTune™
Amplifier DBFNA>F)L® VTune™ 7OT7 71 S5—ICEDODELIE Bl EHhE 1V 7IL°
Parallel Studio XE FEfzl&-1>7)L°® System Studio DIAVR—RV tEL T, HBLIERY
YR7ZOVIROAVTILe VTune™ 707715 —%2CHAWEEITET,

ARL—=F 1202 X5 Ia: Red Hat* Enterprise Linux* Server 7.2
CPU: 77 )L° Z7OtvH— (MEI—FA Skylake)
I/0 N1 R: 1>5JL° SSD DC P3500/P3600/P3700 >/U—X


https://software.intel.com/en-us/user/1156748
https://sourceforge.net/projects/hdparm/
https://www.isus.jp/intel-vtune-amplifier-xe/

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?
- IOPS Rnd 4KB*70/30 R/W: Up to 265K
- IOPSRnd 4KB* R/W: Up to 460/175K
-  Seq Latency (typ) R/W: 20/20us

T4 1/0 B ZEETITD

/O KBFEDT TUT -3V Tl T1RD 1/ BITH\SIRHDEZHRLET,

1. W—ILI\—® “* [New Project i 7OV O N R VESUYOLT R TOV I DR
g1 (B: hdparm) ZIEELET,

2. [Analysis Target (Y —5'v )] D12 ROT RARR—ADEMTELT [local host (O—7JL
RAR =5 Y Y RF 51 TEEIRLET,

3. [Launch Application (P 7V —2av & RE)] 79— v 51 T=BIRLT ARTVTREITTS
7TV —avEIBELET,



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 = 9
Application parameters:
"t" "/dev/invmeOn1" D
Use application directory as working directory
Working directory:
= 92

4. A0 [Choose Analysis (B#raiEiR)] "~ > &2Uw 2oL, [Platform Analysis (F5v k74 —LA
f#4fr)] > [Disk Input and Output (71X 1/0)] #ZIRL T, [Start (FR)] 20UV LET,

127 )L® VTune™ Amplifier &, 77U —avaREIL T —5 = REL WNELET—5%T 7
1FSAALT, VY VRIVIEREBRRLET, COBRIE, V—RABRTREICEDET,

FEHBELITYY—DA NIV O=ZFIRT S

7T =23V ETOMRETIRRSNS [Summary (HYU—)] Ea—H\S#F%EE8HFET.1/0 ZEDE
EIFBIETH S [I/O Wait Time (1/0 FHERFRI)] X UV OISEELED,

Elapsed Time ~: 6.571s

I/O Wait Time 2.113s
CPU Time 1.406s
Instructions Retired: 2,391,093,000
CPI Rate ~: 1.109 &
CPU Frequency Ratio ~: 1.260
Total Thread Count: 263
Paused Time ~: Os

I/O FFHERFREIX R U Y OIE hdparm 7 TUT —2/ 3V HEBRE DK 30% % 1/0 FHEICE®PL LDl
ZRLTUVET,



EXRTSAT read T4RT IO HIEF A TEBRL T ZHID 7 I L XD S 2B ITLET,

Operation Type: |read ~

4000 o

[

S

T

3.000 - é"x

)
2 000 -
1.000 -
D_

0.01 0.02 0.03

mﬂ Fﬁﬂ-

FRAZTZO—F BE, /NN TA—IVADETZRLET, NI, T/NA IR TESINTL\BIE (20 %
120%) KDH 3MARSVHHED 7 I ADENSHERTETHT,

Duration (sec)



[Bottom-up ((RELTF v )] 1> RIICHIDE X T [Storage Device/Partition (AL —IF NI X/
N=F123aV)] FIL—FLRILEBRLET  ITLTI - T—FITEBLET,

& Disk Input and Qutput Disk Input and Output viewpoint (change) @ | E H]
4 £l Collection Log (D) Analysis Target A Analysis Type 3 Summary & Bottom-up (21 Platform
Grouping:| Storage Device / Partition v|[ 4 || Q |[2e || Sumemary L o stack
0 Queue Depth ¥ «]| 2000
Stﬂr?:.h%“:“"’ resad by 100 Operation wirite: by 110 Operation .. fiush by I'0 Operation ..
Fast = Good | Slow | Fast | Good | Slow | Fast | Good | Slow _’
» /devinvmedn 0 36,962 3,907 0 0 0 0 0 1]
» idevisda 1 ] ] 224 138 106 1 2 2
p: 4+ 0s 1s 25 35 45 &5 fis . Thread
£ taskset (TID: 27497) . F- Context Switches
i WD Wait

2 » idevinvme0n? ul CIPreemption
'3 [CIsynchronization
2 » /devisda [+] maTPU Time
3 L. ! =10 APIS
z n ] ™=Siow
% » (devinvmeini "-'N-"‘-—J"w*nﬁ-r-“"-*' 10 Queue Depth
E. [+] a0 Queus Daplh
E ¢ /devisda ‘ ] 9 ] ™ Siow
5 []=Good
@ P (devinvmeOn? MH [ ™ Fast
@
=
E » /devisda [] Page Faults
g - ! I'0 Operations
:l 16860 035 fotal
= ~~flush
= 1089 035
S L]
= 1989 035
E QLS00 110 Data Transfer
=2 Teal

CPL Activity [ Operation Type

4 LS1-Ea—D [I/O Operations (1/O $#{E)] & [Data Transfers (F—#¥5iX)] o /av(E B
I/O i ABEGT—4570—%RLTLET,

[PCle Bandwidth (PCle* #15ilg)] =22/ 3 I, 7/\1 R (package 0) DFEHEVDFEEH, 7/ Rt
BRCTESSINTLBREDK 65% LHIVELWCEERLTULETD,

FALLT1YDTIL—FL )% [Package [ Core [ H/W Context (/\v&r—IJ /a7 [/N\—RDx7-aVF
FAMICEELT, 7T =237 T4 ZT1—&RBBELET,

Jo R 0s 1s 25 35 4s 5 65 | Package | Cora | HIW Conleal v||
» package 1 o [Running
» package 0 £ maCPU Time

1I'D Queus Depth
[] mal'O Queus Depth

! HW Context



FI\1R& package 0 TIH, 7TUT -3V package 1 TEITLTLWBRIENANDET, INHY,
BUVLATF VY- BLEIHROREROREEENHDET,

IV -3 I4 T —ZEEBE LRI EBEETID

D—00—RETINA AR ELMFFLLEFRHSNG 1/0 BEEBAT DD, 7 TIVT—3>nT
T4Z714—=ZEBLT, T1RU /O BineBEETLET,

FLWERIE, 7TUT—2a>o 1/0 FER RN EBIFEDK 2% [CEofleCezRLTVET,

Elapsed Time : 7.222s

I/O Wait Time ~: 0.183s
CPU Time ~: 3.958s
Instructions Retired: 8,4569,636,000
CPI Rate ~: 0.788
CPU Frequency Ratio ~: 1.125
Total Thread Count: 245
Paused Time ~: Os

EXRTSLICHEHIRDT I ADORFE DR RSNGEEDERLIE, TNTO I/0 BRIENZURNKETE
TENTUVET,

Operation Type: |read

60,000 -

50,000 4

40,000 -

/O Operations

30,000 1
20,000 -

10,000 +

0- T T I

Duration (sec)



FALSAV-Ea—TIF I/0 BIEE 1/0 T —FEEDRBINGRT —F T7O—NERTEXRT . CNIF. 7T+
T —ORBUICEOLAT VY —EFHEINIEZRLTVET,

o + s ] [Package / Core | H/W Context|
g » package_ 0 * [=] IR unning
& » package_1 @ CPU Time
= [«] WO Queus Depth
é;l— » fdenimernatni 7] el Queve Depth
g _ [ ™=slow
§ » [devisda 1 . [] ™ Good
= ] ™=Fast
§ ¢ /devinvmelni [] Page Faults
g Il0 Operations
& » ldewisda 1 l Total
Q 4 [+] Operation Type
2 » fdevinvmaOni - [ ~~Nush
E [ ~ead
.g » 'devisde v [ manrite
F 2668 490 . /0 Data Transfer
H » package_0 okl
oa6a400] Oiperalion Type
1OUANS i & ~~ush
_ 2668 490 A ~~read
1OUMSIs ol

i
o

EBIC, COZEEICED, PCle* FiFHEN @ L, T/N\A AR TEESN TV BEDH 93% ICIFDFELIZ,

v | [4] PCle Bandwidth, MB/sec

F&o
PCle* &HIBICKIFT D7 TV —a > /0 INTA—< >V AEITICEAL T RO EEHBLELR,

e PCle*FN\AAD /O 1A=V (I0U) P IA =T 1—ERETD

o FFUH—30% /0 Ay HICEICHEET D

o FTINAADMEEEERT D

o BBEHNGINTIA—TVABEEREITD

o TARAYU /O BT (HEEB) £ERITLTEVLEEIED I/0 VYUa—YavETN\vId3


https://software.intel.com/en-us/vtune-amplifier-help-disk-input-and-output-analysis

OS ALY ER-¥1TL—23Yy

ZOLVEF A7 IL® VTune™ Amplifier OEE7R hotspot i =E AL T NUMA 7—FF O F v—D
OS ALY R AT -3V ERETDFIEZEHALET,

: 3

B hotspot (. 1> JL® VTune™ Amplifier 2019 TR ® hotspot i (3R3E) ICHRESINEL
e \—RILT7 ARV SR=ZA SV TUVTIREET—RTHRETEEY,

BROBMGARL =TV T VAT LIE ATV 2a—F—%#FRALTTZ TV -3V ALY R (VTR
D17 ALY R)Z7OtyY—a7ICEIDETEI ATV a1—F—IF . Y RATLART—F VAT LARY
V—IREDIFESFREGRERICISLT YOI L7 U —23v- ALY ROEE=BIRLET VT
o7 ALY RIE ADY T 7O RSNTEHFEIREICIRDET, 7 C—ERBEfTSINEIT . VI LI T7:
ALY R I/0ICEBRTOVINL SIGESHFIFFBHICKDFHRLET  MATEGES DY 7o
T ALY RBNCOOATTEFTEINET  AVIFILOY T -0 7 ALY RO BEEITOREICIRDE AT
JVa—F—IF AVIFILDOV T I T7 - ALY ENEITTERLIICHDOV I D7 ALY RERIDI 7
CBELET .V ILDIT7 ALY REBETDE ALY RETTICF vy all TzvF SN DEE
FIDBESIN, =70 CADL ATV —NRELGDEH FLVWGHE T —FF7O0F v—TIEMENH
HLFEI.COMEE. ZEF7OvT—DEROO—-NILAEU—EFREFL . ZNBICEZET7IERTS
NUMA (Non Uniform Memory Access) 7—F T O F v—TIESBICRKELIEDFRIT  NUMA 7—F55
Fy—TlE VIR0 7- ALY REBIOI7ICHETDE, LFIOI7OO—-AILXEY—[CHEASN TV
F—=IMNUE—FICED XEV=T O ARFRNAKIBICIEMLET ALY RTAITIL—2avIF/N\NTA—T
VABETORREEGDIZH, 7TV =3V TALY AT =23y RELTLVDINE DHVERT D
CENEETY,

1. EATDHD

2. Fl&:
a. BEL hotspot T #ETITD
b. ALYRTATL—Y3VEIFETSD
¢ ALYRTAIL—3%ETIETD

ERAT DD
T, /X TA =Y RS FUATEAT B\~ RITFEY T RITFOURRTT,

o FFUT—23V:0penMP* F RN FUT =30, COT7 V=23 VIETERTHN. 5D
VO—RIBEIFTEFREA,
o NITA—TVRBITY—I: 15 )L° VTune™ Amplifier 2018: EE%: hotspot &

o AVTIL®VTune™ Z7O7 71 S—HERDS U O—RERBYR—TDOLTIE,
https://www.isus.jp/intel-vtune-amplifier-xe/ Z&R L TLIEEL ),

o COUVIOITVIDLYVEIFINTRT—FTILTHD, 17 )L® VTune™ Amplifier 2018
PIFICERATEXRT  N—JaVICEDRENDITNCEGRDZENHDET,


https://software.intel.com/en-us/vtune-help-hotspots-analysis-group
https://www.isus.jp/intel-vtune-amplifier-xe/

o NR=HRAVFTIL® oneAPI R—ZY—)LFv ~@IFD/IN—Tavhb, 177 )L VTune™
Amplifier OBV FILe VTune™ 7O 771 S5—ICEDDELIE 5| E/mE 1V TIL°
Parallel Studio XE F/zl&-1>/7/L° System Studio DIVIR—RV ;&L T, HBDLIERSY
YRF7ZOVIROAVFIL® VTune™ 707715 —#ZHBAVREIFET,
o ARL—=F1VT-IAF: Ubuntu* 16.04 64 Ew
e CPU: 15 IL® Core™i7-6700K ZYOtzwvH—

= E7S hotspot i #E1TTD

15 )L® VTune™ Amplifier (GUI E£7zl& amplxe-cl) ZFRL T AV TIL® 7—FFOFv— ETETH
D7 TIT—23vpVIRIT7 ALY RTATL—aVERFELET.0S ALY R-Y1TL—avE
BFETBRICIF, 7TUT -3V TERK hotspot BT EZIFEEXR hotspot = ETLET . SER
hotspot &t DFlZRICRLET,

@ Choose Analysis Type

4 {2 Analysis Target A Analysis Type

Algorithm Analysis AdvanCEd f'rﬂ
Basic Hotspots
Hotspots
Concurrency
Locks and Waits Identify time-consuming code in your

application. Advanced Hotspots analysis
(formerly, Lightweight Hotspots) uses the OS
kernel support or VTune Amplifier kernel

Memory Consumption

Compute-Intensive driver to extend the Hotspots analysis by
Application Analysis collecting call stacks, context switch and
statistical call count data as well as analyzing

HPC Performance . .
Characterization the CPI (Cycles Per Instruction) metric. By

default, this analysis uses higher frequency
sampling at lower overhead compared to the

Microarchitecture Basic Hotspots analysis. Learn more (F1)
Analysis

£ IER B e CPU sampling interval, ms

Memory Access 1

TSX Exploration

TS¥ Hotspots Select a level of details provided with
event-based sampling collection. Detailed

SGX Hotspots

collection levels cause higher overhead.

® Hotspots

Platform Analysis

Hotspots and stacks
CPUI/GPU Concurrency

System Overview Hotspots, call counts and stacks
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Groupng: |chfﬂnndfﬁncﬁmfﬂnl5hw vl 6] [@] [&
CPU Time "‘-
Core / Thread / Function / Call Stack Effective Time by Utilization & _ ) Spin Time E
Dide @ Poor 0Ok @ |deal ) Imbalance ... Lock Contention ... Communication...  Other

Heore 10 | 6921 T 18,4145 0s 0s 044

Flcore 8 16720+ T 17.913s 05 01105 0361
| OMP Worker Thread #2 (TID: 220371) | 6.375s (D) 5,203 0s 0s 0060
HOMP Worker Thread #9 (TID: 220384) | 3.478s [ 5.9445 s 0= 0,158
HOMP Worker Thread #1 (TID: 220369) 3.458s .:l 2.306s [1:3 Os 0020
H OMP Warkes Thread 23 (TID: 220372) 12235 1.965s s Ds 0040
& OMP Worker ”u £T(TID-220381) | 0.6425 0 11035 0s 0s 0030
H WP Master ad =0 (TID: 220349) | 058151 0.150s s 0.110s 0.01C
& OMP Worker Thread 10 (TID: EECEIE-EIJ_ ﬂ.331;| 0.501s s s 0.040
HOMP Worker Thread #11 (TID: 220338) [I.EEulil 0.351s [1:3 Os c
H OMP Workes Thread 25 (TID: 220376) 0.190s| 0.351s s Ds 000
 OMP Workes Thread #8 (TID: 220382) | 0,000 0205 : :
H OMP Worker Thread 6 (TID: 220379) 00405 | 0.020s s 0s 0
4 OMP Worker Thread &4 (TID: 220375) | 0.020<] s
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RCHZEICHETBIREDHDET LWITNHDIAFTICFEEINDEHELDYV T DI 7 - ALY RIR R
ENTUVBRIBE. 7 TVT -3V TALYRRAIL—arynBRELTUVET, LEEnBITIE,
(A7 IL® Xeon® ZFOvH—IgAVFIL NAIN\=RA VT4V F0./09—%HR—kLTL
21z8) $EEIND 2 ALY RTIFE< 12 D OpenMP* D—H—Z LW RH\ core_8 TEITSNTL
FI.NIFALYRTATL—3vERLTUVETD,

[Thread/H/W Context (ALY ER/IN\—FDx7-aVFFAN)] JIL—F%ZIRL T, [Timeline (¥
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TWET,

RDESIC, IRV RSAIUNBERINOOBRERDZEHTEFXRT,

amplxe-cl -group-by thread, cpuid -report hotspots -r /temp/test/omp -s "H/W

Context" -g | less

Thread H/W Context CPU Time:Self

OMP Worker Thread #5 (0x3d86) cpu 0 0.004
matmul-intel64d (0x3d52) cpu 1 0.013
OMP Worker Thread #15 (0x3d90) cpu 10 2.418
matmul-intel64 (0x3d52) cpu 10 2.023
OMP Worker Thread #8 (0x3d89) cpu 10 0.687
OMP Worker Thread #13 (0x3d8e) cpu_ 10 0.097
OMP Worker Thread #6 (0x3d87) cpu 10 0.065
OMP Worker Thread #4 (0x3d85) cpu 10 0.059
OMP Worker Thread #1 (0x3d82) cpu_ 10 0.048
OMP Worker Thread #9 (0x3d8a) cpu 10 0.034
OMP Worker Thread #11 (0x3d8c) cpu_ 10 0.009
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MNEBICEILTDCENHDFET . COLVEESEICLT, A7 IL® VTune™ Amplifier Z R LT
OpenMP* O—RA VNSV RERT Y a— )b A—/I\—AY ROBRBICHISTDT0—070—-%2F0VFET,

e FEHTDHBOD

e FlE:
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o FIVT—=3V:RHEDHBEORYETEITZI 7TV -3y, X1V )L—T1F, OpenMP*
parallel for X TlF{bENTLET,

o AVINAT—:AVF)L®° OV /\AZ— 13 Update 5 ARE. COLVEIE, AT IL° VTune™
Amplifier O TERIND T TILD OpenMP* S U1 I SATSU—RDA YV ARILAY
FT—aVEETITREH. COAVINMT—/\—IaVERBELET . AVFIL AV I\ 15—D
parallel-source-info=2 A7 3aV&EBEMLTIV/\(ILFSBET, OpenMP* FEIFHZTY —
2771 IIVERMMEH SN, - —mEBI LI <EDET,

o NITA—=T VARV —IL:

o A YF)L®VTune™ Amplifier 2018: HPC /\ 74— Z$F R
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» AYVFIL®VTune™ 70774 5—FHlElROY V> O—-FERBYR—HIDNT
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https://software.intel.com/en-us/user/334810
https://www.isus.jp/intel-vtune-amplifier-xe/

» COOVITVIDLYVEIFINTRT—FTILTHD, 17 IL® VTune™
Amplifier 2018 DIREICEBATCEER I /N\—TJaVICLDFRENDINCELGDI L
HOET,
s R—FHRAVFTIL® oneAPI R—XY—)LFv kEIFTD/IN—Tarhs 17 F7I)L°
VTune™ Amplifier OB FIL® VTune™ 077145 —ICEHODFEL, 5|
SHE, A7 )L° Parallel Studio XE Ffzl&-1 7 )L° System Studio M/ R—
KXV RELT HBWVIERIY RZOVERDA VT ILe VTune™ 707715 —%C#|
RULERIFETD,
o ARL—=F1VT-I AT Ubuntu* 16.04 LTS
e CPU: 77 )L® Xeon® Z7OtzwH— E5-2699 v4 @ 2.20GHz

N—RAT51V%{EHTD

B I A—ROME/N—T a3V IE, T I7AIEOEERNRAT S 21— U TIL—FIC OpenMP* parallel for
TSOTERERLET (1T 21).

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

#define NUM 100000000

int isprime( int x )

{
for( int v = 2; v * y <= x; y++ )
{

o)

if(x 5y == )
return 0;

}

return 1;

}

int main( )

{

int sum = 0;

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

}
printf ( "Number of primes numbers: %d", sum );

return O;

}

IVIAWLEZTIT =23y OERITICIFA 3.9 WHD\DERT, NN, IEOSRBIE TERTS/\TA—
NV ADR—RASAVEIFDET,



HPC N7 A—V Y AR ZRTTS

YU T TIT =23V OBENGNT A=V R REILRY O %IBRT DD FT .1V TIL°
VTune™ 70771 5—0O HPC N\ T7A— > 5B e ETLET,

1. W—ILI\—D o+ [New Project ($ii 7OV RV EOUVOLT FiRIOIV I DA

B (B: primes) ZIBELFT,
2. [Create Project (FOY U LDIERE)] 20 Vv LET,

[Configure Analysis (BT DRTE)] T+ RUNMKRRINFET,

3. [WHERE (¥C%)] X1 7T.[Local Host (O—AIKAR)] 5—5 v I AF L1 TEBIRLE
ER

4. [WHAT (fi%)] X /T, [Launch Application (77U — 3> &iR#)] 5—0 v 51 7%&
RLUT BIFIB7 U -3V AEEELETIRICHZERLET,

& Intel VTune Amplifier - O k4

FO . | = Welcome Configure Analysis x

& Configure Analysis Wguzmmnmzma
@ Local Host ;@: HPC £

Performance
Ll ~& Characterization
e Laun{:h o Analyze important aspects of your application
. n performance, including CPU utilization with
App lication additional detalls on OpenMP efficiency analysis,

memory usage, and FPL utilization with

vectorization information.

For vectorization optimization data, such as trip

counts, data dependencies, and memory access

patterns, try Intel Advisor, It identifies the loops

o 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 more v

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

/homefvtunefprimes B D

Application parameters:

D
| Use application directory as working directory ° o L_p 3

W

5. [HOW (ED&LSIT)] RA1V T[] "I V%ESUvILT [Parallelism (iliFI0IB)] 7 IL—FH\5
[HPC Performance Characterization (HPC /N7 #—< > X451k)] BRiT &2 BIRLET,

6. O [start (BER)] R EIUYILET.



1> FI)L® VTune™ Amplifier I&, 77U — 30 REIL T — Y& NEL RELET—5& T 71 F 51
ALT Y VRIVEBRERBRLET, COBRIE, VA TREICEDETD,

OpenMP* DIV ISV RAZFET D

HPC /\T#— > ZRFIERRATIE, CPU AR (TH514%), XEY -7 I AR NTRIULRED/INTA—
VA RRILRY O DEBRICRIDEER HPC X MUY IEINEL TR RLET . COLVEDLSICIVTIL
@ OpenMP* SVHA L&ERTE7 TUT—2 3> Tld, ALy FliFIIEORE O E % X B T 455115
OpenMP* 1A LU INEIUBEFRT,

7 IUT =23 LARILORETDIRTRSINSD [Summary (BYU—)] Ea—bD\S@fF%ERSOET, 75T DM
L\/z [Effective Physical Core Utilization GIERNEMEBIFFAE)] XUV D (—8DY AT ATIE
[CPU Utilization (CPU fERE)]) (X FAIEINE/NTA -V ADMEERLTVET,

Effective Physical Core Utilization : 78.7% (34.608 out of 44) &

Effective Logical Core Utilization : 65.9% (57.986 out of 88) k
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%
x

. ; .084s k
vtune/primes/primes.c:21:27 10849

3.810s

[Parallel Region Time (5 $&1%AFR)] > [OpenMP Potential Gain (OpenMP* BEMLET 1) X~
UwOICFEIL T, IENFEQGALHNNIB AN ET D ETEONDIRART IV EFALET . OV FILTIE,
1.084 # (7 TUT —Y 3V OETRRED 27.5%) [CT ST HMIL\TUL\BTIzs, parallel X EFHLAND
fif@HeHDET,

YT TUS —2 3Tl [Top OpenMP Regions by Potential Gain (BENGZT 1 VICED
L{i OpenMP* f8iE)] =2 /3/IC 1 DO parallel XHHDFET . F—TILTHEEZEZEIUVILT,
[Bottom-up (R~A7v )] Ea—TaEl%E#ERELEF I [Bottom-up (RELAF Y )] FUw RO [OpenMP
Potential Gain (OpenMP* BERGT' 1 V)] h5 L% BRELTIMROF@EERRLET . COT—5IE,
77U —2 37 TlF3< OpenMP* T CPU RFEIME WP SN TV RE L ZNICLDBIBIFENOE ER
BRIDIOICRIBETD,



& HPC Performance Characterization HPC Performance Characterization viewpoint (change) © | 2018
1 () Anatysis Target A Analysis Type T Collection Log & Summary & Aattom-up - / b
Grouping:| OpenMP Region / OpenMP Barrier-to-Barrier Segment / Function | Call Stack D

OpanMP Polential Gain ¥
OpenMP Region | OpenMP Barrier-do-Bamer Segment/ |

Function / Call Stack Efictiva Tirme by LIt

Imbalance | Lock Contention | Creaton | Scheduling | Reducton | Atomics L. BF. Ok id:

» main$ompSparallelBE@homeniunelprimesipiimes 1.084s 0s 0s  0000s 0s  Os 227.973s @ 1
[Serial - outside parallel regions) 0.659s
L4 * L4 »
D: g Fuler Area: -
B - FRegion Instance
£ [0 = OpenMP Barrier-io-Barriar
L Segment
[ Thread
WEfiective Time
FILTER 100.0% o | |An1r Process [ Amy Module . | | |User functions + 1 vl |Shl:|w infng functio - | |Ll:|l:||:lsand function vl

Ty BTNy REET [Imbalance (1IN R)] X EUYIDED/\A S ESNTVET . XTIX

TIDEERAY I BE EBNRAT I 2— UV TICEDI VNSV RAZ2HBRT D =R T IEY FIERR
SNET BFERICERD/NU T HBIHEF, 8/ —F2/N\U P70 I XY MCRRLT, N\ T4 —<

VA OUTATIIVENU T 2R ET DR EDHDET,

& HPC Performance Characterization HPC Performance Characterization viewpoint (change) ¥ ‘m
@ Analysis Target A Analysis Type LlCollectionlog i Summary & somom-uo - A :
Grouping: OpenMP Region / OpenMP Barrier-to-Barrier Segment / Function / Call Stack %0

OpenMP Potential Gain ¥

OpenMP Region / OpenMP Bamer-to-Bamer Segment / Funchion / Call Stack
o o imbalance  Lock Contenton | Creabon | Scheduling | Reduction | Alomics

v mainSomp$parallel: /home/viune/primes/primes c:21:27 » 1@4: Os Os 0.000s 0s Os
ompS$ioop sgment@home/Mune/primes/p 1.037s Os Os 0.000s Os Ot
» mainSompSbarrier_segment@/mome/vtune/primes/primes. c:27 0.047s Os Os Os Os 0s

» [Serial - outside parallel reglons)

COYYTIVICIE, AV TIL® VTune™ Amplifier ICEDTHAESNGEVWERGAV/NT Y R&2R/HDIL—TN
U7 M FIBHDY 31>V N\UTNHDET,

: 3

TV —2avOETHRICIVNST VY RERBTBICIE, [Timeline (F1TASIYV) Ea—%=2RAELFET,
B EEZERITL L\ DR EIRETRSNRERBIEIBETRSINET,

FNRTI -V 0% ERITD
CDTVINTVRIF BRRIEEDBUCEID BFEDAL Y RICASBHFEZENDHTEI—A T, —EBOALY

RIZNSTEEFOF v D% iR CEL/\U 7 CRRBZEBEAICL TV B CENRRATI . COTV /NS
AEBHETBICIE, T ITAILEDINSG X = —CTENRT Y 21—V T=2BRLET,



int sum = 0;

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

}

7TV —2avEBIVIMILL T ZOETREEAVI FILOINTA =V AR—ZA51 V=B LT,
RE{LERIILET,

OpenMP* T Y a— ) A—=N\N—AYRZRFETD

BELRYY - 7TIIT—23VaRTITIE AE—R7YTETICETREN 5.3 WITEXFI.CN
(& ERIEDOIEEF v OTENRT Y 21—V I =2 BRLRIGSICECSEHER TY BN LR Y
D OFMZRBET BICIF HPC NTA—X Y AR ERTEBEETLC N TA—IY Y RETOREZHERT
BIEERETL TS,

1. XZa—h\5 [New ($i#R)] > [HPC Performance Characterization Analysis (HPC /\T*—<>
Z4FERRIT)] 2 BIRL T BEFED primes 7OV I ORISR EEHETET,
2. [Start (BAMR)] =0UvOLFET,

[Summary (BYU—=)] Ea2—Tl&, /\TA—<T X OUF1)LE LT [Effective Physical Core
Utilization (XIZERAMEIF7FIAE)] X~V IICT ST IFENTE D, [OpenMP Potential Gain
(OpenMP* BERIES 1 V)] DEDNAUI FILOED 1.084 EDHEZXTLET,

& HPC Performance Characterization HPC Performance Characterization viewpoint (change) ©
| @ Analysis Target A Analysis Type ] Collectionlog & Summary & Bottom-up x

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 B8) ®
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 (49.0%) &
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 couid be saved if the region was optimized to
have no load Imbalance assuming no runtime overhead.

OpenMP Reglon OpenMP Potential Gain (%) OpenMP Region Time

main$omp$paraliel:88@/home/

2.639 49.0% K~
vtune/primes/primes.c:21:25 Ea.y 0 82972



DT =5, - FOWFIIRMETR LR CEZRFAITTVEYT REZIRFET D128, [Bottom-up (REL
7y Ea—[CHDEXET,

& HPC Performance Characterization HPC Performance Characterization wewpomt (ghangg) 9
I © Analysis Target A Analysis Type [ CollectionLlog & Summary @ 2ottom up : ' [
Grouping: OpenMP Region / OpenMP Barrier-to-Barrier Segment / Funcuon / Call Stack || || O
OpenMP Potential Gain ¥ a

OpenMP Region / OpenMP Bamer-to-Bamer
Segment / Function / Call Stack

Imbalance  Lock Contention | Creation Scheduling  Reduction | Atomics

» [Serial - outside parallel regions]

O o4 Ruler Area:
g A 1 ¥ Region Inslance
2 ] =OpenMP Barmer-
23 to-Barrier Segment
v [ [Thread v] v
FILTER 100.0% x | Any Pro | {—Any Module - | | [User function y 55how inline ~ | Loops and - |

DA SR LB T BE, [Scheduling (RT Y a—U V)] A—/I\—AVRIFA1 VNGV REDHEHIC
FRAFIRRICHDET . CNIF, D—N—ALYRZEIC 1 IIN—TREZEIDHTRIRT I a—5—DFT TA)
FOEMENRE T ALY ENIRICRT Y 2—F—ICRBS . AVALVYY—HBITETTRNLRYIE
BDET ., 51 L5170 [Effective Time (BXNEIFR)] X Uy ODHH (RE) I3 ALY RICKDBED
EEERLTVEIH BEDME<HEOTVLWET . FJUYRT/\151 SN TL'S [Scheduling (RS a—
UYON XU ODEICR D ARIN—=92E/I\TA—T >V AICEAT D77 R/IN\A AR RS, OpenMP*
parallel for 7YX TFvoEFERALTIINMBEBNEICL, AT Y 21—)L-A—/\—Av R=HER
TRLDICHEESINET,

FY - NTGRA—=5—%FERLTHNRT I 21UV I%BRTD
RDEDIC, schedule BHIDF v IN\TX—=5—% 20 ICLFET,

#pragma omp parallel for schedule(dynamic,20) reduction (+:sum)
for( int i = 2; 1 <= NUM ; i++ )
{
sum += isprime ( i );

}



BOVINMILTBRE 7TV —avnETERIE 2.6 RICHEDELRE (R—RSA /B LT 30% O
E).[Summary (HYU—)] E2—I%, BITEL [Parallel Region Time (1 5I$E15A%R)] (98.3%) #RL
TLET,

“

Elapsed Time : 2.614s
SP GFLOPS ": 17.925

ctive Physical Core Utilization : 95.7% (42.098 out o
() Effective Physical Core Utilization ~: 95.7% (42.098 out of 44)

Effective Loglcal Gore Utilization —; 94. 1% (82.791 out of 88)
17 Serial Time (outside pamlal regions) : 0.044s {1.7%)
() Parallel Region Time : 2.570s (98.3%)
Estimated Ideal Time *:  2.560s (97.9%)
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 load imbalance assuming no runtime overhead.

OpenMP Region OpenMP Potential Gain ™ (%)~ OpenMP Region Time ©
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FEHITDIHBHD
A& INTA— AR FIUATERITD/IN—ROT7EV T I T7DIR T,

o FPIUT—3VininiFE BREEX=Z77UT—/3> (OpenMP* )X\—/37Y),
https://github.com/Mantevo/miniFE (3&58) "o~ 0> O—RTEFXT,

o AVINNAS—:AF)L° OV )\AZ— 13 Update 5 PARE, COL T EIE, 17 IL° VTune™
Amplifier DI TERIND 1T )LD OpenMP* S5 IS4 T U—ADA UV ARILXY
FT—YavEEFTITRRH. COAVINAST—N\—TavEREELET,

o NTA=TVABEMHY—IL:

o A YF)L®VTune™ Amplifier 2019: HPC /N7 A— > Z5F T
o AVFIL®Inspector 2019: AL RIS —f##fr

: 3

o AT IL®VTune™ Amplifier FflilkD5 > > O—RERHBYR—ETDLTIE,
https://www.isus.jp/intel-vtune-amplifier-xe/ Z#2 8B L TZEL ),


https://software.intel.com/en-us/user/334810
https://github.com/Mantevo/miniFE
https://www.isus.jp/intel-vtune-amplifier-xe/

o AT IL® Inspector FHiikRDS > O— REEBYR—RICTDLTIE,
https://www.isus.jp/intel-inspector-xe/ Z#S R L TLIZEL\,
o ANRL—=F1VJIXFL: Ubuntu* 16.04 LTS
e CPU: 17 )L® Xeon® 7OtzwH— E5-2699 v4 @ 2.20GHz

N—=RT1 V= EHTD

openmp/src/Makefile.intel.openmp XA T 7 I =FERLTT7 U —3vEZEILRLET,
AVTFIV AVINAS—D -g ATF/3E -parallel-source-info=2 A7/ 3v#EEMLTIV/I\TIL
FBDIET, T/I\VIBHRNBRITIED, OpenMP* 88IFE TY — A7 71 )VIEHRNEH SN, 2—F —HEEl
LW I<EDET,

3% nx=200, ny=200, nz=200 TV /{1 ILLET7 FUTr— 3% YBI7HICHIST S OpenMP* X

LwREEa7ZEIC 1 ALY R (OMP_NUM_THREADS=44, OMP_PLACES=cores) TR{T3 3L #] 12
MHODDFERT , N IBRORBEC TERITI/INTA—T Y ADNR=RAFI U EIFNET,

HPC N7 A=Y A5 EBITZETITD

BTN T TIT =23V OBERNGINTA—I Y A RNV RY DR IBETBEH . T . 1V TIL°
VTune™ Amplifier @ HPC /\T7#— > 2@ ERTLET.

1. W—JLI\—0® [New Project (HifR7O0Y VR Ry EIUVOLT FRTOI 0 OB (H:
miniFE) ZBELFT,

[Configure Analysis (BBHTDERE)] 7~ RONKRTREINET,

2. [WHERE (¥C%&)] X1 7T, [Local Host (O—AIHKRAR)] -5 v I RTLA1TEBZIRLE
g-o

[WHAT (fil%)] /X1 T, [Launch Application (77U —2av &gl 5—0 v 51 7%
RLT @BIFITD7 TV —3>E5 8 nx 200 ny 200 nz 200 ZIBELET,

3. [HOW (ED&KSIT)] RV T, [.] RF V&S Jv LT [Parallelism (HiFI0IE)] )L —Th5
[HPC Performance Characterization (HPC /\7#—< > A4§1)] @@ir&2IRLET,

4. © [start ) RyvEIUYH LT BIESFLET.


https://www.isus.jp/intel-inspector-xe/

@ Local Host @ HPC Performance (g
Characterization

WHAT

Analyze important aspects of your application performance,
s s including CPU utilization with additional details on OpenMP
6 La UnCh Appllcatl on e efficiency analysis. memory usage, and FPU utilization with
o vectorization information.
For vectorization optimization data, such as trip counts, data
Speci d f . ) licati !:Iepepdencies. and memory access patterns, try Intel Advisor. It
pecify and configure your analysis target: an application or a identifies the loops that will benefit the most from refined
script to execute. vectorization and gives tips for improvements.
The HPC Performance Characterization analysis type is best

Application: used for analyzing intensive compute applications. Learm more
miniFE.x [es
° CPU sampling interval, ms
Application parameters: 5
nx 200 ny 200 nz 200
3 Collect stacks
+ Use application directory as working directory Analyze memory bandwidth

Working directory: Evaluate max DRAM bandwidth
Analyze OpenMP regions

Advanced * Collect affinity data

IRV RSN\ B@ETERITIBICIE IRDEXEERLET,

amplxe-cl -collect hpc-performance -data-limit=0 ./miniFE.x nx 200 ny 200 nz
200

1> F)L® VTune™ Amplifier I&, 77U —YavERELTT—9=REL WNELRT—%T71F 541
ALT YV VRIVEREBRLET . COBHRIE, V—RBIRTREICEDET,

OpenMP* VU7 JLEIFRIZEIFET D

HPC N7 A—< > ZFFEREMTIE, CPU R E (W51HE), XEU—TIOERE AR NULIRED/INTA—T
VAR RYODBRICRIDEER HPC X MUy OZEIRELTRRLET . COLVEDLSICTTVFTIL
@D OpenMP* S 51 L aERTR7 77U -3 Tld, ALY RiliFILIBOREDF EE X IE T DRI
OpenMP* IEX FUYINEIBEET,



7 TUT =23 LNIILOFHET DR RESNSD [Summary (HYU—=)] Ea—h\SRIFEBSHET, 750
{JuL 1z [Effective Physical Core Utilization (IZERNGMEBIFFAE)] XUy D (—BDV AT LATIE
[CPU Utilization (CPU {ERAE)]) &, AEINRE/NNTA—T V ADMEERLTVET,

Effective Physical Core Utilization “: 62.2% (27.374 out of 44) &
Effective Logical Core Utilization “: 31.5% (27.6%90 out of BB) &
Serial Time (outside parallel regions) —: 3.085s (24.9%) &
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

[Loop at line 133 in MatrixInitOp<miniFE::CSRMatrix <double, int, int>>::operator()] miniFE.x 0.636s
func@Oxfifffif813f5ed2 wmlinux 0.286s
[Loop at line 768 in std::__fill_n_a<double®, unsigned long, double>] miniFE.x 0.281s
std::local_Rb_tree_decrement libstdc++.50.6.0.21 0.271s
miniFE::find_row_for_id<int> miniFE.x 0.195s

“N/A is applied to non-summable metrics.

Parallel Region Time : 2.319s (75.1%)
Estimated Ideal Time'~:  7.749s5 (62.5%)
OpenMP Potential Gain % 1.571s(12.7%) &
Top OpenMP Regions by Potential Gain

XUy ODBEERIEDTIFBE, 7 FUT—>3>0 [Serial Time (outside parallel regions) (U7
JUBSR (M F14E15S1))] DRBRFREIDR 25% & GHTVDZENDNOFT, F7445/1U77)L hotspot (&, 1T
FOMERL I—RICHNDET,



J—ILRIYIRED HPC NTA—T Y A2 RTL T A ARG RBEILOREEEHAETET L
ZRETLTLIES WV, A= )L YO & BIERE TS b DIRFEE R DIFDDICRIEFRT, I—ILAYY
OINEIF X B —HIGEDOBITEEHEHOHEDIENTE A28, 9 [Analyze memory bandwidth
(REV-EHEIBEEIT)] REA TV avEBEMICLTIIEEL,

WHERE
@ Local Host @ HPC Performance (g
Characterization
WHAT

Analyze important aspects of your application performance,
. . including CPU utilization with additional details on OpenMP
6 La unCh Appll Catl on b efficiency analysis. memory usage, and FPU utilization with
o vectorization information.
For vectorization optimization data, such as trip counts, data
; . L dependencies, and memory access patterns, try Intel 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 '
>|9 CPU sampling interval, ms
Application parameters: 5
nx 200 ny 200 nz 200 o]

e |w| Collect stacks

z Use application directory as working directory | Analyze memory bandwidth

Working directory: Evaluate max DRAM bandwidth

[w#| Analyze OpenMP regions

Advanced » Collect affinity data

AV RSAVNBIOREEEITIDICIE IROOT Y RZEAALET,

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

: 3

[Threading (ALw R1{b)] BEFEETLT AV I%EFERLT OpenMP* U7 LIFRIZBITT3EHT
FETZEL.ED/INTA—T Y ZEFENR RILRY DICIE>TLBDONS DBV ESIZ HPC /NI A —<
VA EENERFEAELEIFSDARLTLED,



1D hotspot Z4FEL . ZDOA—IL RV OEFAET BICIE, [Bottom-up (REAF YY) Ea—ICtIDE
Z . [Serial CPU Time (VU77JL CPU B§f)] hZ LATY—RLET,

) HPC Performance Characterization HPC Performance Characterization = @

Analysis Configuration ~ CollectionLog  Summary ~ Bottom up  Caller/Callee  Top-down Tree  SparseMatrix_functions.hpp

Grouping:  Function / Call Stack »| 5\| Of Cal fack
T T a CPU Time v

Function / Call Stack Seal CPUTime v | MemoryBound | NUMA:* || Viewing ~ 10f8 » selected stackls)
40.0% (0.248s of 0.6205)

[Loop at fine 133 in MatrixinitOp <miniFE-CSRMatrix<double, in 06205 1.2% . ;
miniFE.xt{Loop at fine 70 in

» std:_Rb_tree_const_iterator<std:pair<int const, int>>:operator: 0.615s 0.0% miniFEzinit_matrix<miniFE-CSRMatrix<double, int
» miniFE:find_row_for_id<int> 0.316s 0.0% int>>]+0xf - SparseMatrix_functions.hpp:70 RMatr
» [Loop at line 768 in std::__fill_n_a<double®, unsigned long, doubl 0.256s Son amar e i i S A ALt =
miniFE.x![Loop at lige 70 in miniFE init_matrix<miniFE.CSR...
» page_fault 0.170s 14.0% o :
o L miniFE.x!miniFE at CSRMatrix ibie, Int....
» miniFE:get_id<int> 0.163s 0.0% miniFE.x! R FE-CSRM
. 3 - inil mir g te_matrix_structure<minif SRMa...
» [Loop at Ifnc 76§mstd.:“hll_n_a<l>m , unsigned long, int>| 0.125s 100.0% minFE.ximiniFE:driver<double, int, int>+0x19¢ - driverhpg:.
» [Loop at line 45 in sort_if_needed<int>] 0092s 0.0% MINIFEXimain+0x918 - main.cpp:178
» [Loop at line 101 in miniFE:get_ids<int>.0] 0.079s 0.0% fibc-2.23.50! fibe start main+OxfO - libc-start.c:325
» MatrixinitOp<miniFE::CSRMatrix<double, int, int>>::operator() 0.078s miniFE.x! start+0x29 - [unknown source file)
» [Loop at line 132 in MatrixinitOp<miniFE::CSRMatrix<double, in 0.064s
Lllogo atlipe 768 ig stde_fill p_asdoubles ypsiened long doubl 00225
1 5] L g——1]
O:idp =« 0 2 45 65 8s 10s 12 14s Scale Markers:
5 = # "“Region Instance
e “OpenMP Barrier-to-
= Barrier Segment
« |Thread /
v Efective Time
lSpin and Overhead
¥ CPU Time
# maCPU Time
| ¥ maSpin and Overhead .

TIEZETIL—T%2RELTL\D SparseMatrix functions.hpp M 70 ITEMNMFMEICEL TS
ENDHDFET,



[Call Stack (A—=ILARIYVI)N RA1VDITEITILOUVIOLT V—RAT 71 IV%ERETET, LAIdD hotspot
IW—TOEBHRY MEITHBEINICRRESNET,

[ HPC Performance Characterization HPC Performance Characterization ~ @ INTELVTUNE AMPLIFIER 2019
Analysis Configuration  Collection Log Summary Bottom-up Caller/Callee Top-down Tree  SparseMatris functions hpp
S.. 4 Source # CPU Time: Total CPU Tim
]
int
nt
-
1
1
l
| i ;
70 > for(int i=8; i<mat_imit.n; ++1i) { 248.220ms (D I
71 mat_init(i);
|
I
d—RZliFETS

#pragma omp parallel for ZEBHILT, T5IO#MEA{L%ZE OpenMP* TilliFI{LLET,

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

7IUT =23y EBIVINMILL T ZOERTREBEAVT FILOINTA—I YV ZAN—R 51 V= EBRLT,
RBLEREELET

COLYETR &BIELEFZTIT — 3> OBBRREIFH 10 #ITED, 7 TUT -2 3> OERITIFHM
16% AE—R7YFLELL,

BELIE7 U —a Y THPC NN TA—Y YV A ERITEBEZRTLET,



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 Ideal Time *: 7.390s (73.7%)
OpenMP Potential Gain =7 1.730s (17.3%) &
Top OpenMP Regions by Potential Gain

Effective CPU Utilization Histogram

2{RRY%: [Effective Physical Core Utilization (XIZEMGIEI7FIAE)] (£ 10% @ ELFELE,
OpenMP* U7 )LEEREIE 9% ITED, 1>/ F)L® VTune™ Amplifier ICE>TRIBE T SO DMT IFBENGRLLE
DELRE (XRUYIDLELVEIE 15% TY),

TiFIRpEFEZS5ICE LT BRICIE, TOpenMP*( VNSV RERT I a— )b A==~V ROV OTvo-LY
ETRILIIC. ROHNSTVAODBVWNU 7 ZRITTEET,

ALYRIS—%ZRAEFEITD

WF BB AR T IBICIE. T—IRmaPeTyROVIBEDALY RIS —#FIvILET . FT VY
IClE, —BBDO/\— ROz 7 TIEREBITICHINRETIIRBEEL 3D . HBAVWIIRLREBDODEGRDIRECTRET
DEBENGT—IHEETYROVIBRETES, 17 IL° Inspector ZFHALET,

IORYBRIAVAVI—TAR%ERL, D—00— RO A& /5T E, FyIZERICITVRERNGE
RHESNFET.

inspxe-cl -collect ti3 ./miniFE.x nx 40 ny 40 nz 40

1> F)L® Inspector [EilliFl| I—FOMREIFRELFE A,

lﬂ Locate Deadlocks and Data Races 0 INTEL INSPECTOR 20
1 (D Target A Analysis pe [ ColisctionLog | @ summary

S0
PL & Crass-thread stack acceds CSPMatrix hpp; SparseMatrix_functions.hpp: vectar functions. hpp: main.cpp: ilepp  libsamps. s0; mniFEx




*
COLYVEDERIE, TAROYV/I\—TA—F L\ (%5E) #8RBLTLIESL),
FAEIEH

e OpenMP* J—RfE#fT

o HPC/N\TA—< RFFIEREIT (3255

o LR (2EE)
e Fa—kUF)L: MPI/OpenMP* J\1 T Uw R 77 FUT —3 3> O (558)


https://software.intel.com/en-us/forums/intel-vtune-amplifier-xe/topic/754466
https://software.intel.com/en-us/vtune-amplifier-help-hpc-performance-characterization-analysis
https://software.intel.com/en-us/vtune-amplifier-help-threading-analysis
https://software.intel.com/en-us/itac-vtune-mpi-openmp-tutorial-lin

1TV TBB 7 TUT =3V DRAT I a—Ib-A—=I\—Ay

COLYEIRR AVTIVE ALYT 4V T-ENT4>T-TOvD (AVFTIL° TBB) 7 TUT—2a>v ORI
Ja—)b- A=AV FERHELTEBIET D HEZHALET,

a5 WY -ITHR/)\—: Dmitry Prohorov (3:E)

AT o= A==y R HREDEEF v IEALY FETENICOE T IIERICKET AR
WERETT ATV a— )L A=AV RERRELTVBIER, T—A—RALY RICEEEEIDH TSR
ATV 1—5—hBYIREE, D—N—XL v O LLMEREDOFRICE O TRBINR RS L, T5A0LE
DMEIME TR L MBIRET —RATIE, TOTSLDALY RMELIZN—=I3a>VDIFSHY—T Vv )b )\ —
TIaVEDBHELLGDFET L IFEAEDTYTIL® TBB BXIE, A—/\—A\Y R ZE BT DleHF v IET
T EORELDHARELTS. T 74 FOBE/N—T 1Y 33 —%FEALET . ERNICE ZIF
parallel deterministic reduce REDEXZEFERALTCEMG/N—FT1Yar—%FEHTIHES. B
MIZN—FT 1237 —IFRAT 1 REDT IAIIEOREEELWF Y I A XTEEZ D EIT D28 K
EERBITDIVNENHDET .17 )L° VTune™ Amplifier &, 17 )L° TBB 7 TUT—2/a>DRT
Ja—I)- A==~y FOREZBL MEZASILTA—/N—AY RICLDEEE T ZE BT DHD
7 RINARERELET,

e FHTDIDD
e FIE:
1. R=ZASAV%EKTD
2. ALY REBfiZESETTD
3. AT a— )b A—=/I\—A\VREFETD
4. MFNBOREEZAELTD

FEHITDIHD
A& INTA—T AR FTIUATERTD/IN—ROT7EY T I T7DUR ST,

o F7IUT—=23V:A4UFI)L°TBB M parallel deterministic reduce TV 7L —HFE¥%E
ERLTINIMVEROGH BTV I 7TV -3y

o AVINAT—:AVFIL AVIAF—FEIFGNU* OV /N\AZ— J ROAVINAZ =V N—AT
VIVERELFET,

-I <tbb install dir>/include -g -02 -std=c++ll -o vector-reduce vector-
reduce.cpp -L <tbb install dir>/lib/intel64/gcc4.7 -1ltbb

o NTA—=T VRV —I: 17 )L® VTune™ Amplifier 2019: XL REE#f
i
o AVFI®VTune™ JO774 5 —HlilRDSY V> O—FEHBYR—RTDVTIE,
https://www.isus.jp/intel-vtune-amplifier-xe/ Z&RB L TLIEEL )\,

o COUVIOTVIDLIVEFINTRT—FTILTHD, 17 )L° VTune™ Amplifier 2018
PARICEACEFRT . /\—JaVICKDBRENDINICRGERZENHDFET,


https://software.intel.com/en-us/user/334810
https://www.isus.jp/intel-vtune-amplifier-xe/

o NR—=HIRAVTIL® oneAPI R—Z-Y—)LFv @IFO/N—Tavhb, A7 )L VTune™
Amplifier OBV FILe VTune™ 7O 771 S5—ICEDDELIE 5| E/mE 1V TIL°
Parallel Studio XE F/zl&-1>/7/L° System Studio DIVIR—RV ;&L T, HBDLIERSY
YR7ZOVEROAVTIL® VTune™ 707715 —=2FIRWEEIFET,
o ANRL—=F41VTIXFL: Ubuntu* 16.04 LTS
e CPU: 77 )L® Xeon® 7OtzwH— E5-2699 v4 @ 2.20GHz

N—RT1V#{EHTD

YT IA—FOMEN—T 3V (F, T T A EDORIET parallel deterministic reduce ZfERL
FI (17 17-23),

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

static const size t SIZE = 50*1000*1000;
double Vv I[SIZE];

using namespace tbb;

void VectorInit( double *v, size t n )
{
parallel for( size t( 0 ), n, size t( 1 ), [=](size t 1i){ v[i] =1 *
2; Y );
}

double VectorReduction( double *v, size t n )

{

return parallel deterministic reduce (
blocked range<double*>( v, v + n ),
0.f,
[] (const blocked range<double*>& r, double value)->double {
return std::accumulate(r.begin(), r.end(), value);

bo
std: :plus<double> ()

)7
int main (int argc, char *argv[])
task scheduler init( task scheduler init::automatic );
VectorInit( v, SIZE );
double sum;

for (int i=0; 1i<100; i++)
sum = VectorReduction( v, SIZE );

return O;



et EIFICAS UM RERETBAEICT B, 1T 35 DIL—TTRI ML G EZZEDERLTVR
ED

JVIRAILETZTIT =23V OEFTICIEH 9 MWD ELEE CNHY, IBEORBE{L TERT /T4 —
N ADN—=RSAL 2V EIFDET,

ALY Rt 72ETISD

77V —2avDALY RTFIMERT Y 2 —)L-A—I\—Ay RICEYPSNRREZFRITBICE, WiTH
fEthzR1TLET.

1. W= [ * [New Project (] R 7OV U R) Ry VA IUVOLT FIR IOV I DA
g1 (Bl: vector-reduce) ZIEELET,
2. [Create Project (FOY U LDIERE)] 20UV LET,

[Configure Analysis (BBTDRRTE)] V>~ R UDRRSNET,

3. [WHERE (¥C#%)] X1, [Local Host (O—HILIRAR)] =5V Y AT A1 TEEIRLE
g-o

4. [WHAT (f@%)] R >/, [Launch Application (77U — 3V &iRE)] 57— v 51 T%&
RLUT BRI B7 U —avAEEELET,

5. [HOW (ED&KSIT)] RA1 VT[] RIV%ET UYL T [Parallelism (illiFl14)] > [Threading (X
Lw )] &:8IRLE T,

6. ° [Start (FI%R)] R > =DUYILET,

1> 7 I)L® VTune™ Amplifier |&, 77U —2 a0 #REIL T —5%=NREL WNELET—5% T 71+ 51
LT Y URIVIEHREBRLET ., COBHRIE, V—RBIRTHEICEDET,

bt

ALY REMIZAVARIAYT— 3 R—ATRIVIDAT 1V F=ERHTDIH WREA—/I\—A\V R
[CED AVRARILAY RSN TUT -3V oEBERBIEAUI FILOT7 T —a>vynEITRINDBE
<IEDET,

AT a—=I)-A—=I\—\YVEREEFETD

P TUT =37 LANIILOFHS IR REIND [Summary (HYU—)] Ea—h\B@RFERSDHET.

[Effective CPU Utilization Histogram (XI1ZERL\ CPU FIBAEDSHE)] (&, 77U —a v\ FI AT
BE7% 88 OA7MOBIFHTH 3 A7ULHMERLTULVEWCEERLTLET,



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 ldle CPU utilization value.
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TS0 hMFL Ve [Overhead Time (A—/\—Aw REFR)] X ~UwSE [Scheduling (RS a—U> D))
BIX RO (F ABINESEIENGZAL Y RMEDOBEZRLTULET,

Elapsed Time : 51.933s

CPUTime ~: 4411.847s
Effective Time =: 1522455
Spin Time = 1.713s
Overhead Time ~: 4257.889s &

Creation =: 0.840s
Scheduling =: 4257.049s &
Reduction = Os
Atomics = Os
Other = 0.000s

[Top Hotspots (L{i hotspot)] Z23/3>/H\5 [TBB Dispatch Loop] NEDEEEZEYLTL\IEH
THRIENDDET BERICEETZ TS TDE Y MME HMFILEBOREEASKLTHRINERT I a1—
A==~V RICET B EHRERLTVETD,



T H t t Thethread scheduling threading runtime function
Op FAotspots consumed asignificant amountof CPU time. Thisoccurs

This section lists the most active functions in your applicat| when thethreadsarefrequently returning to thescheduler

- . . .. far morework, which can indicate an inefficientwork
Optimizing JEhES.E hotspot functions typically results in imp chunksize. To reduce scheduling overhead, increase the
overall application performance.

zizeof tasks or iteration chunks being performed by
waorking threads.

Function Module C__\

[TBE Dispatch Loop] libtbb.so.2 30852415 &
__Gl___pthread_getspecific libpthread.so.0 154.140s
[TEBE Scheduler Internals] libtbb.so.2 144, 1445
[TBE Scheduler Internals] libtbb.so.2 112.100s

[TBE parallel_deterministic_reduce o
n tbb:internal::lambda_reduce_body]

[Others] 807.511s &

vector-reduce 108.6%3s

WA fz applied to non-summable metrics.

Y77 TVT—0aVICR NIV EROGRFZFE TS 2 DOV 7T)L° TBB #EX
parallel for MFIEAILE parallel deterministic reduce MEFNTULIET,[Caller/Callee
(FOHL/FOHLE)] T —YE1—%FERLT . EE6M1VTIL® TBB X TA—/\—AYRIFRELT
LB H\EERELFET L [CPU Time: Total (CPU B¥f: §51)] > [Overhead Time (A—/\—Av FIF/E)] 75 LA
#RBEL T, [Scheduling (RT Y a—UVI)] hSLTTUY R%EY —~LET, [Function (B%)] VX T
1> 7)L° TBB Dl SN 22T RADITERDITET,

Analysis Configuration  Collection Log  Summary  Bottom-up Caller/Csllee  Top-down Tree  Platform
CPU Time: Total
. ] 3 (Owverhead Time €
Function Effective Time by Utilization Spin
Bide @Poor BOk Bideal @Over |Time | Creation | Scheduling ¥ | Reduction | Atomics | Other
1.7% 00%|  0.0% 96.5% nmﬁ-l 0.0%| 0.0%
_start 2% I 0.0% 0.0% 47.8% 0.0% 0.0% 0.0%
main 24% I 0.0 0.0% 47.8% 0.0% 0.0% 0.0%
__libe_start_main 26% (I  00% 0.0% 47.8% 00% 00% 0.0%
[Stitch point frame] 2% (N 0.0 0.0% 474% 00% 00% 00%
[TBE Scheduler Internals] z5% S 0% 00% 47.4% 00% 0.0% 0.0%
operator new 246% N  0.0% 0.0% 47.4% 0.0% 0.0% 0.0%
thb::interface$zinternal::start_determin| 2.4% (NG 0.0% 0.0% 47.4% 0.0% 0.0% 0.0%
tbb::parallel deterministic reduce<tbb::blocked_range=double® =, float, VectorReduction|[double”, unsigned long):{lambdaitbb:blocked_range
<double”> const&double)#1], std::plus=double==
T
thb::internal:zrml::private_worker:run | 0L4% [ ] 0.0% 0.0% 40.2% 0.0% 0.0% 0.0%

COTIERT YV a—I)bA—=/I\—AY ENEHAKEFL) VectorReduction BD
parallel deterministic_reduce BMXEINAYFLTWET, COBXDIIFIIETA—/\—A\v k&
HERCTEBDLDICAREF v IKIDERIEICLET,

: 3

TV —2aVDERTHRICAIVNGT Y RZRBTBICIFE, [Timeline (F1TASIY) Ea—%FERALE
T BMAMEEZERITLTL 2RI RETRSIN, REFEFRBTRINET,



LS IEDRIEEXELTD

RAIRDESD, T—A—ZAL Y RICHREDIEEF v O%EIDHTRE AT I 1—5—hMEEBIDETICE
PIREEER CEERA. BRI\ —T 123 —%EHAIT D parallel deterministic reduce M
FTIAIIEDFY Y IBAXF 1 T DED, T—N—ALYRF 1 I —TREZEFTLEEIIT AT
Ja—F—ICHULWMEEZERLET . ROI—FOLIIC, R/NF Y IP 1 X% 10,000 [CTIEWLLET (1T
5)e

double VectorReduction( double *v, size t n )

{

return parallel deterministic reduce (
blocked range<double*>( v, v + n, 10000 ),
0.f,
[] (const blocked range<double*>& r, double value)->double {

return std::accumulate(r.begin(), r.end(), value);

bo
std: :plus<double> ()

)

}

ZLT ALY FEBFZBERITLET.



AnaiisContration  Collecontog  Suriry  Bottomup  CallerCalle  Top-down Tree Pitorm

. @, Hotspots Insights
@ E'ﬂ ps'ed Time : 0.909s If you see significant hotspots in the Top Hotspots
3 CPU Time = 37.567s list, switch to the Bottom-up view for in-depth
- T, analysis per function. Otherwise, usa the
> Wait Time — 4.701s Caller/Callee view to track critical paths for these
Total Thread Count: 88 hotspots.
Paused Time ™ 0=

) 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:raccumulate<double’, do  vector-

uble> reduce 33.903s
[TEE Dispatch Loop) libtbb.so.2 1.982¢
[TBB Scheduler Internals] libtbb.so.2 0.332s
_INTERMAL_27______ src_th
b_scheduler_cpp_16d4bf5f.:  libtbb.so.2 0.258%

__TBB_machine_time_stamp

Vectorlnit{double®, unsigned tor-
long)::{lambdalunsigned lon "’3 o 0.140s
g)#1}:operator() recues

T her M 953

o=y LT IELD

W i5 applied to non-summable metrics.

(v) Effective CPU Utilization Histogram

This histogram displays a percentage of the wall time the specific number of CPUs were running simultanecusly. Spin and
Cwerhead time adds to the |dle CPU utilization value.
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)1V TIL TBB DRAT I 2=V T PZ0MONFI IR EOIEEICEPINE CPU BFEIEHOIHNT
9. CONITNEI—REEICEOT, 7FUT -3V TIE (URERRIZERRULT) AU FILIN—T 3 e
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https://software.intel.com/en-us/vtune-amplifier-help-threading-analysis

PMDK 77U —2/3>-A—/)\—AvV

COLYEIF PMDK R—=ZOT7 FTUT =23V DXEY—TIEADA—I\—Av PR HLTEIET 2/
BEFALET,

AV FY-ITFHFR/)\—:Kirill Uhanov (%&58)

TERMXEU—HEFYE (PMDK) &, T—5D—EMEMAMEHRTIRODNS T O3V ELD
7 EEVvOBEOYR—ERMLET, Linux* & Windows* O A TH AT EERA—T YV —ADS1T
SU—=&Y—ILOOAL O3V T F#llE MERMUXAEY—TOIS =TI 7HA ~ pmem.io (&
B) Z#SRLTLIEEL\PMDK (&, B/KESEOUNR—FCEKD RERMEXEU—TOJS=Z VT 0OEA%E
BEICLETIRE, R2ICKRIEEHD C/C++ YiR— k% Linux* THIATEE9, Windows* TIZRHI77Y
TRELTHHTEFT,

1V TIIVOFHERORERMEXEY—F XEU—BEASL—YEICIZ,DRAM KDHAREETARL—
JEDHERZE 3 DAEY—BERMLEIT . 7TVT—2aVIF EROAEY—ERARICTERMEXE
U—RADOT—IBEICT IEATEAEY—ER L —IVBDOT =970V IEEOLESEEHIRLET,

LML PMDK SAT7SU—%FRTBRE, 77T —/3VDINTA—I VAICHETDIENHDET . D
LYETIE, A7 IL® VTune™ Amplifier CZDL SR ARHT DA E#HRBALETD,

o FRHIDDOD

o FIE:
1. PMDK 7 U =23y OAEY—-T7 O @ i%EETITS
2. PMDK R—ZMO7 XIS —2/3>D hotspot Z#4FET D
3. LR PMDK BT H LEHIBRT D

FHITBIHD
AR NTA—T IV ABENY FTUATERTBR/\— RO 7EY TR I T7OYUR LT,
o P7UHr—I3V:PMDK XEU—7OT—45—%FALT 2 DONTILOBEZRBMNOEETZET
BT30SV —3y
o AVIALS—:GNU* IV/AS— ROV IS —/UY H—AF Y3V aEELET,

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

gcc -o arrayBefore array.o —-fopenmp -L <pmdk-install-dir>/src/nondebug
-lpmemobj -lpmem -pthread

o NITA—TVRBITY—I: 15 )L° VTune™ Amplifier 2018: XEU—7 O X &/ S ER
hotspot f&#f


https://software.intel.com/en-us/user/666158
https://pmem.io/

12TV VTune™ 7O7 74 5 —FHMlilRDS 0> O— FERHFYR—RTDOWVTIE,
https://www.isus.jp/intel-vtune-amplifier-xe/ Z&BLTIEEL,
CDOVITYIDLYVERINTRIT—FTILTHD, 17 )L° VTune™ Amplifier 2018
PAIBRICERATEERT /=Y aVICKDRENDINICERGDIZENHDET,
NR—=HhRA VT IL® oneAPI R—Z Y —)LFv ~rEIFO/N—=T 35, 1>~ 7IL® VTune™
Amplifier OBV FILe VTune™ 7O 771 S5—ICEDDELIE 5| E/{E 1V TIL°
Parallel Studio XE F7zl&-1>7)L® System Studio DIAVR—R/ &L T, HBLIERS
YRF7ZOVHROAVFTIL® VTune™ 7O7 74 5—#ZHEBUVREIFEY,

o ARL—F1VIT-IAF I Ubuntu* 16.04 LTS
e CPU:1FJL®Core™i7-6700K OzwvH— @ 4.00GHz

PMDK 77U -3y DAEBY—7 IO RBITEETITD

COLYERFR TERUEXEU—%2FRHITDIY Y TIL-7TVT -3V hBiahEd . co7TIT—ray
(&, F<HIBNTUL\S STREAM RYFI—TD Triad 1—=R)L%Z{ER LT, DRAM HiEiEZm ARICFHI AL

F9.

et AT ICA S CUEA BRI BAEICT B, L—TTRI LIV EEETBEZERDRLTVET,

#include
#include
#include
#include
#include
#include

<ex common.h>
<stdio.h>
<stdlib.h>
<sys/stat.h>
<libpmemobj.h>
<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 1,37

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;


https://www.isus.jp/intel-vtune-amplifier-xe/

}

}
else
{
if ((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; 1i++)
{
D RW(a) [1] = (int)i;
D RW(b) [1] = (int)i+100;
D RW(c) [1] = (int)i+3;
}
pmemob]j persist (pop, D RW(a) size * sizeof (*D RW(a)

’ ))
pmemobj persist (pop, D RW(b), size * sizeof (*D RW(b)));
pmemob]j persist (pop, D RW(c), size * sizeof (*D RW(c)));

for (j = 0; j < REPEATS; j++)
{
#pragma omp parallel for
for (1 = 0; 1 < size; 1i++)
{
D RW(c)[i] = multiplier * D RO(a)[i] + D RO(b) [i];
}
}

POBJ FREE (&a) ;
POBJ FREE (&b) ;
POBJ FREE (&c) ;

pmemobj close (pop) ;
return 0;

BTN OA—RFROINTA—T Y AOBEZEREL X BT I RICEPSNRFEZE TR T BICIE,
1> 7 )L® VTune™ Amplifier ZEZEFLTXEV—T7 I ABITEETLET,

1.

W—)L/)\—® [New Project (iR 7OY O R)] R EOVUYOLT FHBFOI 0 LORAF (F:
arraysum) ZIBELFT,

[Analysis Target (BBt ¥ —'v R)] D12 ROT RARR—ADENTELT [local host (O—7AJL
RARN YT VI RF LI T%BIRLET,

[Launch Application (77U = 3> %iREN)] 5—0 v 51 7%= BIRL T GR1VTHRIFI S
IV —avEIEELEY,



4. D [Choose Analysis (BT DiEIR)] "~ > %&2Uw 2L, [Microarchitecture Analysis (VY14
O7 —FFOF v—#th)] > [Memory Access (XEU—F7 Ut X)] #RIRL T, [Start (BER)] &2
UvoLFET,

127 I)L® VTune™ Amplifier |&, 7 U —Y a3 #REL T —I & REL WNEL T —5ET 7
1S4 ALT, Y UMNIVIEREBRLET, COBRIE, V—RABHICREICEDEFT,

PMDK X—ZXD 77U —23> 0 hotspot Z4FET D

IN=RIIF7 AUV OTEeDT7 FTVT—2 3> LRNILORET RIS NS [Summary (HYU—)] Ea—
ORI EROET . BE ERK/NTA—VVAR—ATAVIET7TUT— a3y ZBRREITI.Ccob
JLO—RTIE# 16 T,

Z® PMDK J—RTI&EL DRAM EHEENFAISNELED, [Summary (BTU—=)] Ea—DXKUwvo
DYV FI-7 U — 3% DRAM BiEEKEELTERELTLERE A

Elapsed Time : 15.625s

CPUTime = 65,8285

Memory Bound —: 1.6%  of Pipeline Slots
L1 Bound = 12.5%  of Clockticks
|2 Bound = 0.3%  of Clockticks
L3 Bound —: 0.0%  of Clockticks
DRAM Bound ~: 0.5%  of Clockticks

Loads: 181,361,440,680

Stores: 49 .43537,483,080

LLC Miss Count =: 3,200,192

Average Latency [cycles) = 12

Total Thread Count: o

Paused Time = Os

[Bandwidth Utilization Histogram (F1HEFIAX S HE)] © 77U —23>7h' DRAM FiEigx &z A
FRRICERLTLVERLWZEZRLTED, [Observed Maximum (BiEINERXE)] TR EARS<KTESY
13GB/#TT,
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PMDK ICEDO—ROA—/\—AY RFHEZ TLDDIFASHTY, il iR T S726), [Bottom-up (R~

LF7wv )] Ea—ICtIDE X T [Function/Call Stack (BAE/J—IRA5vYI)] TIL—TFLN)L=BERLE

ER

Grouping: | Function / Call Stack NEIRE

Function / Call 5tack CPU Time ¥ Memory Bound ' *

LLC Miss Count

31.794s 11%| 83252897512 3.116,893,504
main._omp_fn.0 29.132 N 0.0%  95970,879,040 44,609,338,240 800,048
func@0x11c80 | 23435 8 52.4% 50,401,512 0 0
[vmlinux] | 1.330s | 32.5% 948,028,440 380,811,424 2,400,144
func@0x11b12 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 0

=RBHAEA hotspot [F pmemobj direct inline TY,_OEHIE D ROXYTDOL D RW XTONSH

OHENTVWET ERES TILOUY O L T, <pmdk-install-dir>/src/include/libpmemobi/
types.h [CHBDYV—RAI—RZERRLET,

#define DIRECT_RW(O) \

(reinterpret cast <  typeof ((o). type) > (pmemobj direct((o).oid)))
#define DIRECT RO (o) \

(reinterpret cast < const _ typeof ((o). type) > \

(pmemobj direct ( (o) .oid)))

#endif /* (defined( MSC VER) || defined( cplusplus)) */
#define D RW DIRECT RW

#define D RO DIRECT RO

bt o

7TV —23 7RO DRAM HIFREOFERIKRZRE LT BICIE, [Platform (F5v T A—L1)]
Ea—%=#FERLET.DRAM FiFiEIE, HEBEBEBTRRSINET,



LR PMDK B#IFOH LZ2HIERI S

ZEFIOXEU—IE 1 DOF vV IELTENDHTENSH. D RO & DR IFEFIORIET KL AEEES

IBHABRIC—EREIFFOHLET,

int* ¢ = D RW(c);

const int* a D RO(a);
const int* b D RO(b);
for (j = 0; 3 < REPEATS; j++)
{

fpragma omp parallel for

for (i = 0; 1 < size; 1i++)

{

c[i] = multiplier * afli] +

}
}

b[i];

77UT =23V EBIVINCMIIWXEBY—T7 O AR ITEBEERTLT COEBN /N TV RICED

FOICHELINERLET,

Elapsed Time : 6.642s

CPUTime =
Memory Bound

L1 Bound

L2 Bound

L3 Bound

DRAM Bound

DRAM Bandwidth Bound

Loads:
Stores:
LLC Miss Count =
Average Latency (cycles)
Total Thread Count:
Paused Time =:

17.021s
13.8% K of Pipeline Slots
8.9%  of Clockticks
MAAS of Clockticks
04%  of Clockticks
N/A*  of Clockticks
26.3% " of Elapsed Time
45,389,361,640
7,.546,626,392
2,400,144
11
8
0=

77U =23y ORBRFREINN ARSI CEMBDET  PMDK A—/N—AY R FNTA—I YV XICEE

LEEA,

[Bandwidth Utilization Histogram (FiIEFIAE S HE)] (377U —>3>h DRAM HiFlEZE&A
FRICERLTLERLWZEZRLTED, [Observed Maximum (BiR SR A(E)] 138 25GB/F T,
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