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Abstract

With the rising of virtualization technology applications, VMware Worksta-
tion and vSphere / ESXi, KVM had used as high-availability virtualization man-
agement platform. In response to the target of various industries to "improve
management efficiency, reduce costs”, configuring the number of servers in a single
virtual cluster, it’s not only able to effectively improve the utilization of resources,
but also to meet with those who make different operating systems. In this paper,
for considering construct a virtual server in the cluster may cause the increasing of
storage consumption, high data duplication, resulting in increased load on the host
side, and cause performance degradation. Therefore, we proposed the comparison
test of different architectures, different virtualization management platform. In
order to obtain the best configuration, to provides the information of building
virtualized environment. We've using of GUN compiler and C 4++ compiler on
different platform, and using High Performance Linpack and Intel Linpack for
performance testing. It makes sufficient resources can be used more on the server,
it can also improve efficiency, to further to reduce business costs by reducing the
number of servers purchased, and can also save energy. For conclusion, using ESXi

to create a virtual cluster can get the best performance.

Keyword : Virtualization Technology ~ VMware ~ HPC Challenge Benchmark Suite
(HPCC) ~ Compiler
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B e Bt (Virtual Random Access Memory » VRAM) 4 TB

¥t ¢ vSphere A $8pt s~ §5 75 % Auto Deploy FALE » FIE 7 &
AT KON FoE 2 ATA > EIEE QRSE R AT HTIP
FRERT FRRT 24X @ R« [3] [4] [5] [6] [7]

2.1.2.3 KVM §5 o b #Hie

Kernel Virtual Machine (KVM) > Z B /& Linux m#F =T 22 - > 3§ *
LK SRS CPU AHEARS - 8 B 5 RRBLE AR
vSphere / ESXi kehili# » v i & 42 B4 @ F] 5 4 75 Linux % & ¢ > 40 F 3
Windows iT% st T @& * > RIZ3pe 2 L mHET 2 £ £ % Linux (7% ks, 3
TR DR G AR RH L 0 e B PN AR F > ERE G

BRd 7 E LR NFL Ao

KVM 2 = 2 b ras it g Mg ik > 10§ Wiz FiRA i
FKVM ¢ 915 matpamon » AR T Ed KVM g ¢ #rd ik g2
BT RSB A o
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2.1.3 % M Linpack £ #p):#

HPCC (HPC Challenge Benchmark) % # IR IRLE 7344 F 2 % 2%
R BT e R Y AT 0 AR FFONIER ey 0 H o AR
- ~HPL : f1* 2 Linpack-HPC #pf 24> 42l » PlEFREFH P o
= ~PTRANS : st ggde & (74250 > §78 % s b @ afseat o

W

s STREAM : & B|p F1a °
7 ~ Random Access : £ R} 3 { i F o

I=q

» Latency and Bandwidth : |8 %0 » &R & & 2LFF ﬁﬂ@ﬁ%l'b‘_é‘i °
= ~DGEMM : £ Pl4E"L4p 3k crif & »ay o
~FFTE % FFT (3@ B> £ ) FE M0 - N FLHHELTRE -

I

Linpack 42*" 1974 # 4 * » £ & Argonne R #F % 3 & * &% 771 i Jim
Pool 13 A1t 4 % > Rdp P chpa3h e 2 - 2 & P fRAM L AR 482 B8 a0kl -
EEFRFFE A £ ¢ (National Science Foundation ) #% % s > d £ Wik
FratF o FE Bt Pt AR 0 Rl X B 0 T dEke B F & & Dr. Jack
Dongarra #£iZ3-F 13 A > B ¥ P i FRINREE * il ¥ A8 o

W= % ¢ #ri¢ * oo HPL Linpack & # |3 (High-Performance Linpack
Benchmark » HPL) B % # ¥ 2. - » ¥ {7i& & (Parallel computing) # 3} ¥ #-
__:LlF‘A,\il, Q»&]I}M%H}Eﬁ—#{l‘r’-,|12§ Bk o 4 B P ehd
B AR GEEEFE L o Uk Bt B A AH TP T efE
% (Grid computing) &3+ 5% & » 3~ 5% Eedg x4 G FRE EfoF
BLFBEE o dp e B B E 0k B R (5§33 R3E Y S #) (Floating-point
operations per second » FLOPS) » 4 @i & i & 12 CPU eha #F#rd3_o P a0 %
A DRILEY PG BT F o &S P RE S e R T i F R

jeLiEmag § B eodt v A& - (8] (9] [10] [12] [12] 13
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TABLE 2.4: p| 8 & #5808 5 = B P8 £

¥ = S
Mflop/s (MegaFLOPS) & #j:& {7 10° = 100 § = i¥-2-E ¥ -
Gflop/s (GigaFLOPS) Ffpiei7 100 =10 R FBFEY o
Tflop/s (TeraFLOPS) FfieiT 102 =1 5 iy o
Pflop/s (PetaFLOPS) A 100 =1+ F R E8EE o
Eflop/s (ExascaleFLOPS) # #yi& {7 10" = 100 f& R=% 3218 & o
GB/s (Giga) & f @i 100 A e TR

2.1.4 % FE

1952 # B R 5. A4 & UNIVACT F B8 1% - 2 %3FE A0 & ¥
A2 R4 dE i S 8 BA 0 1957 &4 IBM thX k. ~ 804048 # o0 FORTRAN
PIES - ZERFELE s iz %dE -

¥ ®E (Compiler) > 5 - T %25 » B 1 8 P enf B4 Porig * chi fife
P AR 24255 (R 408 source code) » S d S BE Y 5 T T M
iR e R F D EE T (MFF 45 B2 machine code) » # B 533 X L5 H (7
# © [14] [15]
R AR 1 (TiAR
- ~ B 4245 (Source code) -
- 4k 5 B F#3% 3 (High-level language ) » 4 C ~ C++ ~ Java & -
Z ~ FpEJIEE (Pre-process) :
35 ARV RIfEEAEIE R 0 AL 0 TV - IS AN 2 A2
Wi okl F B EaE > HFEe IMEL o
=~ %33F%E (Compiler) ‘fr.f_#ﬁ ;¥ (Assembler) :
i&%]”"mflé: AR B L I EY M B RS A2 PR
#h (object file) e grle £ F T AP BAH L E X o 2FE (assembler)
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SR E RIS E

™= Fg. nn = [?‘ .ﬁl‘;,&%
(High-level language ) ('source code )

| ( preprocessor ) I

I %32 % I
| _ Ccompiler) I
I msgmix |
|_ (assembler ) |

- Ll

wmEH B &4
(Machine code ) (object code ) )

I % I
| _ _(Linker) _ _ |
TR V=
| ( executables ) |

FIGURE 2.3: %% % i & 1 (7427 7 B

z ~ B %% (Object code) :

TR e FRAST R T SN g o BRI P EE T
RAg AT o :s,n_,‘:%e 62 5 P ek (object file) % 3% p g infh % > S fLIFS
g% (binaries) e ® P effil ¥ € ¢ 7 #5354 (symbol table) ~ & #7 %= %
at % (relocation table)---% F3t » r2 i 2 ® (linker) 2 # % 3 ;% B (shared
library ) # {7 pFFenF e (71 % o

7 ~ i3 2% (Linker):

AR IFE RS B HFRL 2P R 285V E (library) & ¥
A BETRBFALATERESE 5 - B B EA s H - T

R TR R S R R R R P
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R R TS N R TS L BT P R
gi—ﬂ‘ﬁ SR o

= ~ 3 78 (Executables) :

¥R AL REMEETAREL O RERN G GRS OTR AR

iﬁ? ,- ~ léfh Fl ‘}‘l-.._‘i_‘f_ o
IATHE TR
T REE T
I_ _ (executables) |
I ——— _I call Py
| (process) I return (Library)
-2 I ss) 4_-_____—_________
£33
(results )

FIGURE 2.4: # 71 (F/5 428

2.1.4.1 GNU %3 E

GNU %:# % (GNU Compiler Collection » GCC) % GNU B # 2. %423 3
% F® > 2 GPL 2 LGPL #4258 (7chp J #cf8 > 1985 £d MR 5 i3,
B g BAF B oD pAd AL g FRE LT Z @ CE7 ~CHtr
Fortran ~ Pascal ~ Object-C ~ Java, ™ % Ada---% H 32 ;GNU B# 1 £ &
d GNU *+4] (GNU Project) ®» e BAENAEF I ErE &a = 0 it 2 i
BB EEHH B BAG A BRI B I RS

GOC 3t 5 4 ‘Sﬁﬁﬁﬁﬁﬁ’i{&#ﬁﬁ%%%ﬁ’jw&—a
BT E L AR DFE > GCC ffry T SRR - B s
AR A - PR G Y AMELBRAR TS RY GCC M 1
< et € F 9 I Fr ey DAEsS - [16] [17) 18]
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TABLE 2.5: GNU B#1 &4 * 1 L5 H
ERR o
GNU make Pt B
GNU Compiler Collection (GCC) %m:F % £ #
GNU Binutils Z Eda B
GNU Debugger (GDB) "f b B
GNU Build System poeitfgst Sy ks

2.1.4.2 Intel C++ %HF=

Intel C++ %:F % (Intel C++ Compiler » ICC) » Intel Parallel Studio XE
( Parallel Studio XE 2016- Cluster Edition for Linux) # - £ 3 5 T (78 5 %
#1 L > ¢ 7 Intel C/C++ v Fortran %FE ~ % » £ i foi R i3 5%
B (eREfrAED BRRE TR RAF P FARSFE) + LES
Intel & #{r HPC 4~ 471 £ ehz £ > % % Windows™ » Linux* v OS X* £ %

JE s BN E RN R RS eng Ko

Intel Parallel Studio XE Cluster » 12 Intel % # 5 A # E H 18 5 fodl > =7
¥ A E Rt 25 4 & (Message Passing Interface » MPI) ¥ % & PC i
FEE (B /AL ~ BB %~ FPEPHRIL) XAE T P

_7E_l1_ °

&

dOERR D P > A% Intel AU B 7 AR N2 6B R > & LY
¥ 2t Intel fe £4p % *° Intel 28 HPEIL B > 4o AMD A2 % > & B .z&é%%ffcﬁ
EAN KGR T HFCHEF T C++ 0 Vb T S RFHELE (p
# T 5 ~ OpenMP) » ZE #7538 F%“%:E—‘ﬁ? ok ik (Thread) e d kB3 T 7
3 4238 o Table 2.6 &5 A~ 9 % “7F 4p M Intel Parallel Studio XE 2016
23 e [19] [20] [21] [22] [23] [24] [25] [26]

TABLE 2.6: Intel Parallel Studio XE 2016 2. # &%

w

o

Intel C4++ Compiler

Intel Math Kernel Library
Intel MPI Library

Intel LINPACK Benchmark

FEE C++ %R
EHEREE o SR (MKL)
FHEFE MPI B

#F#f LINPACK A 28 jp3
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2.1.5 A#FMMEEHAENE

A#H RPN # & (Basic Linear Algebra Subprograms, BLAS) # 4= 3%
1979 £ # > A3 fep? R ffiu A2 &% Af{F- 2 FLEE
ki (GEMM) > *o42 4 ¢ & ¢ C3F 3 & Fortran % e & @ * kF i
R AR AT A2 46 (APD) R 0 £ @ % 282 2 { 4 o Linpack £
BplEAZA R > $f Linpack EE 3 FFApy e F o T L FRA L AG2

v % 3|3 & e BLAS o

2.1.5.1 GotoBlas

B 1Li % Pow BLAS B 0 48 5 2T R FE B ¢ v Kazushige Goto #7 B 4 -

ee iz b 7 FEREEE O (%% 5 OpenBlas -

2.1.5.2 OpenBlas

B M % 5w BLAS B 5 31 GotoBlas e i BLAS eng iv» 2 &£ d ¢

R TR EFm gy rE s e Y P E IRz EFRT

2.1.5.3 Intel MKL

#HEFE L e Sk (Intel Math Kernel Library ) > 5 538 % B g4 e
BLAS» & i % G rfia & £3 i1~ P18~ emiphl 245 R
BRSO EF S o LSV RY ¢ 7§ LAPACK ~ St e (ffnse'd
fRE B P ERE% (FFT) s » 2#&& 2 (VML)--% > T 5 Windows

/ Linux 48 % > % 4% Pentium - Intel Core £ Ttanium % 7| °
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2.1.6 4 @iE4 5 L8

74 @i e &% (Message Passing Interface, MPI) #_z % MPI #% 3% -
B W .‘f AZiE 40 B > s X | F ’?lﬁ’“ﬁ‘ﬁiﬁrj‘&ﬁ~$}t§§5’§%4
REEkpE  PIRAMPL3EL TR RFTVHEL-T B &2 BF
TRALBEERAZEE N TREFERETHTFFEORT A 10

»
\\v

( Application Programming Interface, APT) 22 & {73+ 8 ¢ » A 4EM# 7 & 47 .< S50
BemEd oA REHE - RiF - BHEBSGG R FT NI B
thk b e (7R ki 4 iR - [27] (28] [29] [30]

2.2 pMAY

AN ER TR N IT AKX G2 BRI T UL ERE TR &3
Fefp® 2 BEFFRNEZE AR - BRWIP? 2 gt gL
FRiEEFAES
REE OBRRFERFAIARE S~ EN - ENBETADEARE - FE
T REE AHT U AREY RIRBFRLIREFA PR T S E R

T AR .

BITE kLB ;ﬁd Tihenig * 4B RO RIR

& 2 %4 [31] Abdellatief Elsayed > m ##8 ¢ A2/ 2 E T E &3
Foud s~ @ % RE T Hooa LR D45 - [32] E. Angerson & 4 ] #
LAPACK Rk &ZFEF - B E g i o ticE » A3 g LINPACK

o AT A FEERE Y PE L - - > peh s mgF ko [33]Sebastien
Varrette ¥ A 2 ¥ 7% b m #4242 5 0 HPL plz# > # ¢ IR L

™

PoREFERAGOTE LR AHT U ERBRZRETRTL ST A
Bor ¥ ppl BSXi AT 5 M b2 P AHMT SFFRE @y
Intel Linpack i& 745 B> M %FE LT F EF T 5 L F P 2 fEtw
B ER e R g 2 24 (34 [35] ° [36]Ou ZhiQiu ¥ Zhou Yue **
Research on application of virtualization in network technology course — < ¥ #1

# 3| VMware Workstation »* 8 el =2 B* £ 07 B0 FABBE IR S £
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WHF Y WA MG BRPEY B RERG P T
F% [37) [38] [39] [40] - R ¢ 1 R AR

FHov 2 EA B

% - AL S S
B RN A BEERORE VLI RAAREBRMCBEFE S TR
I RIRE 2 AL 2 R o

M BT SHER L AH P x//Tf 7 &% VMware Workstation 7 %

vSphere / ESXi 2 ¢ » £ 2t = A ¢ 3F Hioki A R 4 o

¥ 7% % KVM %
EE g BRSO KVM * 3 Liunx (7% 35 P &4 S AR 32 E 5
K5 B AR ORI R TR B A AL FER R

WEeE ot 2 - o [41] [42] [43] [44] [45]
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3.1 FHEH

EE3SZITAW I AR RS BRSO AN EENZIFAFEY A
BB I Al 2 A B ARG I el 24 Co ARSI fek 24 D
NFHEAEPERN AR E 2 A B FAR KVM o 530> 29 3 Al
B P EBRRIFST R AAARAAH AL &R (GeRE 246G H
7% € 100GB) - *t Deploy ## ¥ # P % %£1F & > F Pl 22 Deploy & 2 &
TR TEAAT o HRE 2 IFREHAT o

TABLE 3.1: E3 3 {838 % #

CPU : Intel Xeon E3-1230 V3 3.30GHz(64 =)

Test No. Deploy Finally A #4350
A Windows \ VMware Workstation \ vSphere Ubuntu I
B Windows \_ VMware Workstation Ubuntu 1
C ESXi Ubuntu IT
D Ubuntu Ubuntu 111

18
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TABLE 3.2: i7 i %3R3 % #

CPU : Intel Core i7-3960X 3.30GHz(64 i)

Test No. Deploy Finally H #-%%
A Windows \ VMware Workstation \_vSphere Ubuntu I
B Windows \_ VMware Workstation Ubuntu 1
C ESXi Ubuntu IT
D Ubuntu Ubuntu 111

TABLE 3.3: KVM ipl3& 2 % 4

CPU : Intel Core i7-3960X 3.30GHz(64 i =)

Test No. Deploy Finally A #4350
E Ubuntu \. KVM  Ubuntu I11

BERMPERRTA  BRABSIBURE B C IRBRE
FoHEe D MRARY KD 5 F R e

EHRAEH
Host-based Architecture

==y i

Bare Metal Architecture HOST

piep k]

EHA B

Host-based Architecture
T

________

FIGURE 3.1: w1 7 4 5
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A ZEHERE 12 Windows 7 ¢ 2 m 848 F #32% & Workstation 12 p - A7
H# vSphere 6 m ¥ FE T 5 > (i ¥ #F% % Ubuntu-desktop 14.04 » g+ 3%
e R KRBT &5 FERLG -
Lot g @ B i
Pen: SRk E - BEIF T 5 (Workstation 12) 2 »cit £ 8 -
2. v O
pen: 330 %4 (Workstation 12) &4xi 28 4 (ESXi6) 2 »ziv £ % -
3. vt % D FH
Pen: SRRt maniHt BB a2 8 -

Vs

AZE AR
Ubuntu 14.04

R
Virtual Machine

VMware vSphere 6

VMware Workstation 12
Windows 7

&
Hardware

>

FIGURE 3.2: A 17 & R

(.

B %4k B ¢ Windows 7 7 2 m## ¥ 2T ° Workstation 12 p » 2
% #% 1% E Ubuntu-desktop 14.04 -
Lot g @D g
p 1. Workstation 12 ¥7 i & #2142 »cas £ B o
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-

BZE #5835
Ubuntu 14.04

Ji #E M
Virtual Machine

o
Hardware

FIGURE 3.3: B 7 17 & Bl

CHHRXE P ESXi6* > 2§ 32%#E Ubuntu-desktop 14.04 » * 3R >
= ESXi6 s m#tT o 5 3% 1 fho
Lottt g @ A 4y
P SoRBERT SR EEL it L8 -
2. V% 1D FEHE
P xR (BSXi6) 2Rt kB2 ek L8

Vs

CZz3Ea)30%
Ubuntu 14.04

M
Virtual Machine

B B
Hardware

FIGURE 3.4: C #17 & §



Chapter 3 3 BB 2=} 22

4k B ¢ 2% Ubuntu-desktop 14.04 E 358 FRlsE - 2300 & % * m iR
WEET &> BRI dha E AT TR RERE
Lot gt AB FEH
Pen R mait 2 H - nagi T o (Workstation 12) ~ & & # 1 2 2%y
2. vt g D B.C EHE

A 3% (Workstation 12) 24k 7% 4 (ESXi6) > 2 & m 1 &

B2 i £ 3 o

- N\
DEF: B
Ubuntu 14.04
o &id
Hardware

FIGURE 3.5: D %47 & Bl

EZHERE v R GG 2R FXKVM T3 msEit T oo
BN AR m R T iy o
Lo gedt g B s
IV RAST IR T AR IR AT 2 PR T 52T o
2.yt gt C 3 #
SERIS S Al - el SR A E S AR
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23

s 2

EZ &84
Ubuntu 14.04

Ji #E M
Virtual Machine

KVM

Ubuntu 14.04

o
Hardware

(. J

FIGURE 3.6: E 7 {77 2 B

3.2 BB

BB o A PR Y - S F A Intel 345> 2 E3-1230 1 & A MR faw
P RJZ® (48 AVX &2 FMA3 #) =88 32GB ;5 iT-3960X = 1o kg2
F o ol ASGB A A B4 B0 300GB 1 B AN A R T

ZoB K PIFRESAT R 2 TR AR 100GB o

Ris o mBERERMT SRR KR e BRSKREREAS BINE N 3L

1TB A #-? » T & 23w B2 o

TABLE 3.4: E3 A §84.%

B2 L I A5/ AR i
Mainboard a4 ASUS TS110-E8-PI4 1%
Power Supply #A&EEE PCA022 Rev : C/DC300W 1 %p
CPU S Intel Xeon E3-1230 V3 3.30GHz 1 %
RAM ety Transcend DDR3-1600MHz 8Gx4 % 32G
HD p< o Seagate HDD3.5” 1TB/7200RPM 3 %p

W 8o



Chapter 3 3 BB 2=} 24

TABLE 3.5: i7 A #8382

R W
Mainboard ER ASUS P9X79 1%
Power Supply =& A iEEE RS-400-ACAA-D3 DC400W 13f
CPU fid2 R Intel Core i7-3960X 3.30GHz 1%
RAM oY Transcend DDR3-1333U 8G/4G & 4 # 48G
HD F Seagate HDD3.5” 1TB/7200RPM 3 3f

Hi: Hi/ 0

3.2.1 3 ¥4

E3 1 #4 #% 5 ASUS TS110-E8-PI4 » £ 3% Intel Xeon Processor E3-1230
v3 EJTE > e RliE R Al =4 (21 ) ECC» &+~ etz 1 32GB; ¥
FLek % s i3 SATA3 6CGb/s @ #53 x2 » SATA2 3Gh/s il # 4 x4 -

i7 2 4 R4 5 ASUS P9X79 > if * Intel Core i7 % 7| 2 B > o R #E
Hdfie =8 2 ECC> B+ g7 £ 3 64GB 5 T4 &% B * feif SATA 6Gb/
s @33 x2 0 SATA 3Gb/s #4538 x4 °

3.2.2 7 & EJEE

¢ i g2 ® CPU (Central Processing Unit) 3 — % ' (Fepfrw » 4 & o
Al AR/ S A RF TR AIINE EY o
-~ BE/BRE & T BB B o
oAl E R e L 2 B i e
ST E D CPU Rty kAR G T RS 2

W
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iy
CPU

PR E T
Control Unit

\ 4

Say/ 29 8 7T
Arithmetic / Logic Unit
. P

1

v

g Y1 %
Register

EX N
Memory Unit
(g #% 77 B2 1R B8 RAM )

MR E

Storage Device

il
M B -

S/
o
>

FIGURE 3.7: ¥ & &JZ B~

CPU s & v 4 & L A A 5 (PF7% Clock )% » 8 ¢ 5T aeh
HEFER - PrRdgenE CPU p 3897 8 29 & §) o0y md@endy £ Bic® > il
WA R o BT A %kif?ﬁ?ii)ifjﬁ,ﬁ'}i”

Intel® Xeon Processor E3-1230 v3 = 5w (64 =~ ) AJLZ BN % SMB P-B~

el o 35 4 B9 Haswell AVX2 / FMA3 » g2 B 3 ##f & (#5*% ) 3.3GHz -
B AgHE 3.7 GHz > 245 AVX 2 &2 FMA3 454 & -

Intel® i7-3960X = 2 (64 =7 ) AJT B AH#IF 5 (PF%) 3.3GHz > £+
AZHE 3.9 GHz » £ 3% Sandy Bridge AVX 45 4 & -

Haswell(AVX2 ~ FMA3) ~ Sandy Bridge(AVX) 45 4 % it #%& % FBE 5 i 4
BB R AT G
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TABLE 3.6: Intel E3 2 B 44

CPU 4% : Intel Xeon E3-1230 V3 3.30GHz(64 = =)

B v A

Core %0 B 4

Flops }i?—égtiﬁ B (=) 16(% # Haswell AVX2 / FMA3)
Freq JE R L 3.3 GHz

Max Freq ﬁx < Hf & 3.7 GHz

i1
TABLE 3.7: Intel i7 AJ® B

CPU A]35L : Intel Core i7-3960X 3.30GHz(64 i+ )

® > ¢ 2 3H
Core NS 6

Flops A B L (=) 8(x 4% Sandy Bridge AVX 45 4 &)
Freq fid2 B AL g % 3.3 GHz

Max Freq # *#f 3.9 GHz

Hi:13%f

A2 ¢ L0 I HEZENR- > Fle o CPU 4 * Hyper-Threading
Bt s TG g PEE: SAE CPU &9 B ¥ § £ 1 BIOS ¢ #ig#t 7 5

(Hyper-Threading » HT ) #is 2 T# % o

3.2.3 H

@ﬁHD@MﬁM%)gﬁkzﬁ%ﬁﬁ%iﬁ%iﬁ’%ﬁﬁ%gﬁﬁ
R P IRR TV G AP RS PR S R RN (swap) 2@ £ 5 B o
“r3f #i#& (PRM) ;E&Eﬁ R KRR D B 0 RSB

PAPH L AR S TR R FRE 4R TRFRRAE RERER
£ (swap) # @ * Ay AFLiFl FHcRMaud > FoRMIEMRE &
P BT Y - IRk @ o i S 2 4 e (7 swap Qe iF o d
FAEf 4 p 2R ,]-}gg Bk Bty o B WAept o H IR FR G @@?]
i g’fﬁﬁ%“‘ @R S o hv P AR Y T SATAIL it 46 > @ F
Fake 717 85 F 6 /Gbps S B 5 -
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3.2.4 "TPHFPR

15 P e i 4 RAM (Random Access Memory ) 3% > B F i T 71 =
P E o 2V R S plEnE Ko P % %EB ¢ Intel Linpack 7 & Rz lity
16GB » fe 4@ # * Intel Linpack P¥ » H e f:F 5 gt H e B2 o507
B oAc P AT Y g BR ’F‘:‘If"—_—l cB ¥ kiiens iRt £ APty R
R AR A R e
TABLE 3.8: ##FEwBHE 3+ H a0

BHEE G = (e x SR x mAE) /100 mAE TR
FI—""E 7‘“9‘—:} 8'?]%7“9:1\"ﬂ‘;ﬂ_‘h‘:c'%%ﬁmé*]q]?ﬁle’o

TABLE 3.9: 185 etz R&FEE

S A Bytes GB/s (Giga)
Flcx ik ak EfBE 100 A e TR
10000 x 10000 8 0.8GB/s
20000 x 20000 8 3.2GB/s
30000 x 30000 8 7.2GB/s

TABLE 3.10: ¥ % ¥ HhizlRt g fa g8 a5

TRAE = FEIATR L AROT 2R+ REFETR

TABLE 3.11: 277 et g £51 &%

FEiRET s B A BB EEC EFED FEE
3 3 . . .

Windows 7

Workstation 12 1.5 1.5 . . .
vSphere 6 / ESXi 6 1.5 . 1.5 . .
Ubuntul4.04 2 2 2 2 2x2
KVM . . . . 1
Intel Linpack 16 16 16 16 16
e qd REE 24 22.5 19.5 18 21

i :GB
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FEHWP ZRBEEF ZEUEB R B E SR FEEP Intel

Linpack | 3+ o
d PRIk g o F AR 32GB & 48GB e M AL Kb iR 288
B B RE s Ubuntu % % 24GB se i~ e € > FIRIRRBR Y 2 o7 £/

BEAEPE AREpR R A - M TFEL REETRE (swap) & % >
PR E A A H A T e 4 CPU enf mE 2R u B mIRE TR
Wi 7~ 2 -

A

%, L Y ’. )
3.3 AAREHMEKRA
T % % % (operating system » OS) &% § T *ofc A 8 F R DR Mozt o »
B ahPis o 3 R TR F I cis R E C TRA R @'?]1'1 ~EE
PEAGK T MFIAFRITHAGEET TRER Y FE 0T Bk

45 o

)

BRI P E % G iu R LT i
- ~ BB 4258 (Device drivers)

=~ 2317 2 (Processing management )

I

et ¥ 2 (Memory management )

 ~ 4h% k5 (File system)

[

~ R —fﬁ i % (User interface )
+ ~ epeid 2 (Networking )
= ~ & >4 (Security)

3.3.1 ,fiffuﬁ')ij\
3.3.1.1 Windows

d Microsoft #r# 72 Windows 7 % k5L e i P L B i@ * ¥ 1Y
R AR H B gL g o 9T 32 AR A 0 Windows 7 & 4R
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e

3E

o

29

TOUAH 32 BASLEPLCG 0 @ 64 A AR B ST LA JE 256 B ASL B p o
forl-o s
() =, Emim , zrsse , 25 D
B @
s RREROESRA
¥ =EeEs Windows BE
& asmE

Windows 7 28
% 2EEE

& EERERE Service Pack 1

BES
ERETEME RAM):
REED
FESEETD:
EHEE - SMETEMERTE
B2
RETEIE
EEE
Ifetvil

Windows 158
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3.3.1.2 Ubuntu

E}

(Long Term Support » LTS) £ & % 3 & > §

miEAES
kIR
EEnE

REAR

Ubuntu d 5 s+ £ 4 f 87412 > 12 Debian 5 B# F AR RIFE k3

G S Hep o BRI LT AME E WA B R ki 5
4

ubuntu 14.04 LTS

care-virtual-machine

e 235G
HEEE  Intel® Xeon(R) CPU E3-1230 v3 @ 3.30GHz x 4
@@ Gallium 0.4 on llvmpipe (LLVM 3.6, 256 bits)
OS HE 64 {7

HiEE 1013GB

FIGURE 3.10: Ubuntu % & -E3
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3.3.2 m#EEitT SR A

A #E 1 (Virtualization) & 38T hY 2 A3 - B4 ~ FRETR % -
B TR LA Y KT L (e R g S TR 2 R AR
FAMERREPBEPAFEFNEE A2 €3 WA Ko Eitn i
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T A F = (B Intel virtualization Technology [ Enabled |); &2 p &
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3.3.2.1 VMware Workstation

VMware Workstation 12 £ ¥ 2 5 #4 % (Virtual Machine) * 5 » # 3+ p

SRR ERTE R R AR SN R TR AR RPE 0 X p RS L2
LHAMEE 0 LG P IRIER A .'rhﬂﬂ* P LG RINF R p F R
VI PR B o 51T
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FEBER
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\
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g

- g

|E|'Ie Edit View VM Tabs Help | | - | | ,Iﬁﬁiﬂt‘l.ﬁ

Libr, x
e P [ r——
Q, Type here to search -

=] @%y(:omputer
vSphere6-E3-A ™
Ty uhpumulat,o-t,a—sa—s WORKSTATION 12 PRO
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Virtual Machine | Machine Remote Server VMware vCloud
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FIGURE 3.12: VMware Workstation 4 &
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3.3.2.2 VMware vSphere / ESXi

VMware vSphere 6 / ESXi 6 & kw4 T ¢ - RPpE L 5 - PIRE
BT L T R TABARET AL RTRPB T ER L FRET g
vSphere 6 / ESXi 6 L iysfifcfh ~ &g fsB R * Fp o % R Tk
fo B E TR S B o

A< ¢ vSphere Jig * i #H o ESXi RI&* *tAR8 3 4 -

) 192.168.139.10 - vEphere Client =l ==
E20 &/EO® BRW FHEsSN HHEEQ HEEIE RBQ
|Q'§E b o] SEEE [ ==E ‘
a &
=23 care Jocaldomain VMware ESXi, 6.0.0, 2494585
& vsphereh [ A RS (EENE (R (ER (EET TH R
FEARIEE
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Tt - THIBEEEREEMN CPU AT i 3
AEERSREAETTRTIENRRESET
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WEIEETR -
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FIGURE 3.13: vSphere 4 @

3.3.2.3 KVM
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4.1 RIFEH

4.1.1 A#HPIRERE EH

Za R SRR N | o B % @& * Ubuntu-desktop 14.04 f*¥ ¥ koA
BEFR S RFELIE L B oTa #E PIFEEZ (HPC Challenge Benchmark
Suite, HPCC ) ~ GNU % :# % (GNU Compiler Collection,GCC) ~ Intel C++ %
#F % (Intel C++ Compiler ICC); B3 E P 5 A &M &~ #&+ 25 BLAS
(Basic Linear Algebra Subprograms) : GotoBlas ~ OpenBlas ~ # & 1% & i
(Intel Math Kernel Library, MKL ) °

4.1.2 PREEHRP
P REREREF > AP PR AR ORME AR T RFE ¢

Windows 7 ~ Ubuntu-desktop 14.04 ~ VMware Workstation 12 ~ vSphere / ESXi
6 ~ Intel Parallel Studio XE 2016--- % o

35
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AB.CD ZE 2 g3 plFTE k sk % 5 Ubuntu-desktop 14.04 » ** % fe
$oF® GCC~ICC 2z pI3R7E B P& u) e B 4 B sc e $2 R & 10,000 ~ 20,000
30,000 2 & 2 plzEmE P = o £ @ % Intel Linpack T8 {é ap|3Es B » 30k &
P A2 A W& EIE B 2 KVM & (7R3 -

{ Y
__Ubuntu14.04 71— HPL Goto blas_|—— Ns=10000
Open blas 1 Ns=10000

GCC —__Goto blas__} Ns=10000

—  Ns=20000
—  Ns=30000
—__Open blas_} Ns=10000
—  Ns=20000
—{  Ns=30000
—  MKL blas_} Ns=10000
—  Ns=20000
—{  Ns=30000
ICC —__Goto blas__} Ns=10000
—  Ns=20000
—  Ns=30000
—__Open blas_} Ns=10000
—  Ns=20000
—  Ns=30000
—  MKL blas_} Ns=10000
—  Ns=20000
—{  Ns=30000

FIGURE 4.1: ¥ %38 P
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@ DAFZEFR-20131101 FEAL\05-0 FE AR -SHBTHE201 50730 SHBXAESEN-01 BXEF\HPLRA dat* === =R
i0 20 30 40 50 60 80 a0 1 i i 1 W
1 HPLinpack benchmark input file #E A .[H:?g%ﬁ? (AmiEE)
2 Innovative Computing Leboratory, University of Tennessee #RE (T RS
3 HPL.out output file name (if any) iy KA AR (R iEE)
48 device out (6=stdout,7=stderr,file) HEE M H A (TR fEE)
51 # of problems sizes (M) #E5 PETREVIERE A (K%F&)
[3:0000 ns #IEREEY A (B ERHHEBULRE - 5§ 10000, 20000, 30000 c |4
74 # of NBs #E B BT ﬁﬂ%&)
288 128 108 168  NBs WIEESTI@BLA - WIS A Bess Ll T - DEHRGREME) t*%ﬁ&)
90 PHAP process mapping (0=Row-,1=Column-major) #Row-waijor #HFFSCPUBTEL D BB REBIET SE9 R G colum-naior B T (R SR
101 # of process grids (P x Q) HPxO=RAT [ BT = TR (FEED)
nz Ps HEEFEITEL (REEE
1z 2 as #EIRTIET (RIS
12 16.0 threshold #HIEE AR (T BIEE
14 3 # of panel fact #14~219T | BALLATRETT (TR
15012 PFACTs (O=left, 1=Crout, 2=Right)
16 1 # of recursive stopping criterium
17 4 NEHINs (>= 1)
12 1 # of panels in recursion
19 2 NDIVs
20 1 # of recursive panel fact.
211 RFACTS (0O=left, 1=Crout, 2=Right)
22 1 # of broadeast #22~231T ¢ HPLAR{It sEREHE H =.. (T RIS
23 0 ECASTS (0=1rg, 1=1rM,2=2rg, 3=2rM, 4=Lng, $=Lnl) #0. VES TSRS - 2 cEn @R EAEA - SRR IR EEE TR
24 1 # of lookahead depth #24~257T { Massage passingi9ZEEF (BH8E5 7 FOEMERT) (FEER)
250 DEPTHs (>=0)
26 2 SWAP (0=bin-exch, 1=long, 2=wmix) #26~277T | T UEIBHE S = (FREIER)
27 64 swapping threshold
28 0 Ll in (O=transposed, l=no-transposed) form #eeAT ¢ FLLETFERAE RS » transposed BIEVIFER - B 7 EITER ()
23 0 U in (O=transposed, i=no-transposed) form #20T ¢ FETUETEERAE R, ¢ transposed BIEVIER - K7 HETTER (T EER)
1 Equilibration {0=no,l=yes)
22 8 m:mnry alignment in dnzhls (> 0) HEL AT = (FRIBE
< >
3 24 e
FIGURE 4.2: % 3 S ¥ &
A 2Ll F
4.2 = ‘&/[\rj B2 &
L - 55 22 KE b = > £ s SN oL > ] 5N
AR B R b F A E I AH CPU AgZic 4 Eemfe > A3t h o 58
) I WS o 45 > X .
BT R LR AT
TABLE 4.1: 2% @8 250
Peakl(freq x core x flops)
TABLE 4.2: 7Ty ' ¥ ¢ fL T
%= T3 REA
. . . =S N PR r PN 03 sL
Compile library(min) F2E8GE 5 i 4 (B RE /& )
Gflops FEREGE R %
eType FELRCE Y H
Effiency eI T
Peakl #E T 3F
H = &
freq L F IR S
core P ﬂzfé_
flops FELEGE D (k)
v R <\ 4 el , PN ] . 5 0w v 5
PREE 0 A A3 Intel o 20 E3-1230 V3 #7 i7-3960X 2 ¥ BLiF ¥

i

—\

£
[
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TABLE 4.3: E3 CPU 2% B3+ %

CPU : Intel Xeon E3-1230 V3 3.30GHz(AVX2 ~ FMA3)
e [ ABEE [ Poodk | ARk | AEE | ABE (BF)

E 2 Freq Max Freq | Core Flops | Peakl Peak2
Py 343 3.7 4 16 211.2 236.8

TABLE 4.4: i7 CPU % @3+ &

CPU : Intel Core i7-3960X 3.30GHz(Haswell AVX)
e [ ABEF [ Podk | ARk | AEE | ABE (B3F)

=

E < Freq Max Freq | Core Flops | Peakl Peak2
TEE 348 3.9 6 8 158.4 187.2

TABLE 4.5: s IR B2 5L ] o 38

Effiency=Compile library(Gflops x eType)  Peakl(freq x core x flops)

4.3 FH&>E

4.3.1 HPL % %243 i

ﬁiﬂﬁgﬁ@#ﬁ%%i@ﬁ%%ﬂiﬂ&ﬁ%}&ﬁﬁﬁ,kﬁx
Bt it X T2 BT RAE LA FHT 2 2 & RIFEA Ubuntu-desktop
14.04 iF % % %2 7% % GCC (GNU ¥%# =) 12 HPL B ram 38 20T
i‘ % %2 2k % > %] Ubuntu-desktop 14.04 & 42 % st 8 ¢ ¢ & 7 GotoBlas »
OpenBlas = 8% i % 2. Blas B » &% %157 Lt (7 HPL Bldsca » & B
BEEErma ARE > = HPLRGFS > RO RIBAD PR R R~
1> B2 LR FHRPIITIREAD -

3

Jml-

4.3.2 GotoBlas ¥ OpenBlas }]:#

WM EFRZET R PEAPEF g R 2D eRiFYE (Grid
computing) > B * & w3t AV T E SR > RREEAPIERL N B> A2
® - L E N &5 10,000 ~ 20,000 ~ 30,000 0 F 515 8w (T E A feinf A iR
A N I R E N S R
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4.3.2.1 GCC #%HFBH (70

# % GCC %FBHE Y27 GotoBlas ¥ OpenBlas 2§ ip] » ¥ B~ H %

Rt
#=
il

e s

4.3.2.2 GCC # {7 Intel MKL ]

hiplaEa g L7 ICC S Bk (LT - &) £33l »RB R

# % GCC %FBRF &7 Intel MKL 2§ g » £ 2~8 % % Bcdp (T 5325 o
4.3.2.3 ICC % B% £ P

F it ma LT [CO % EE #2237 (Intel Parallel Studio XE 2016) »
AL Intel Faed T FHBATHIIETT AWML P F PR

5 o https://software.intel.com/en-us/intel-parallel-studio-ze

# % ICC %P B 27 GotoBlas & OpenBlas 2. 7 | » & B~ H & % iy

1= Y 2oL
I‘E_‘i “z:r‘l‘:p °

4.3.2.4 ICC #{ {7 Intel MKL }l:#

# % ICC % B2 = Intel MKL 2 F i8] » £33 5% 5% ficdf (7 53265 o

4.3.2.5 Intel Linpack P|:#

% * Intel® Parallel Studio XE 2016 % % p& #135 ' 2 Linpack £ =t i& {7 ]
Fo T A PRES S HPL #rpl 2 i 7 4 o
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4.3.2.6 F &4Plle

Awmv? E ST A& Rle o 22 1lgﬁ§wéﬁf§iﬁiﬁiﬁdgﬁ%a¥%§ =
d o R s B 0 RO A BIR \ﬁ’ji»ﬁk.,’é!.%%ﬁi;;});f%;gf—

a
e °

4.3.2.7 B K

o BB 2 g Tk bt’ﬁ{ﬂﬂ%@ﬁ'f,g (A ~ A RAATFFET R
PRAPREEARF ) PN R AREGE PR F A T
Lgﬁ@%’ﬂ%ﬁ$ﬂzﬂﬁ»%Mé@%mﬁ§ﬁér’wn%%*

/’7\%’?,3‘—;‘-% ‘4_‘,['_,_“‘;. (S E0T - & o

5

t~
N
bt
n
i

4.4.1 HPL §pl%%

E3~17 = 4 #3 & 7 #¢0 HPL RI3# Open Blas » Goto Blas 4p+* » Open
Blas #& iF -

FlE R mEEE BEEE - mRT o0 A R AT P o
L. E3 2 4% > *% Goto Blas * B 7% #9% %> A 784 5 *% OpenBlas * A 7 3%
B3 B % -
2. 307 2 4% > »% Goto Blas * B 7 #9% > A 784 5 % OpenBlas * B 7 1% i
WA

FE3 A a2t mpad S knmETEd RPE & P7d 445 Intel

Linpack §F B Kk i& (7 /230 o
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E3X 2 X HPLAL &

100%

80%
58.85% 57.05% 60.27% 60.94%

60% e
ey "-\."-\.
22.53% % Eid 23.13% [ 9
. (+] . 0 Tl . .- .- ® (+]

0%
GOTO OPEN GOTO OPEN GOTO OPEN GOTO OPEN

FIGURE 4.3: HPL g pl% % & 7L E-E3

i74 224 2 HPLEA & (AKVM)

100%

80% 74.31% 73.55% 71.72%

67. 49% 70. ISE T e -

=t Tl Tt az 669{ .l. =,

2.19% E 34

g 99/ L 4 05% A 4 - o bk - o R 4 36% 2,

39.7 ] K 1.

. (I . i

40% 4!

0%
GOTO OPEN GOTO OPEN GOTO OPEN GOTO OPEN GOTO OPEN

A B C D E

FIGURE 4.4: HPL % pl% % & BLB)-i7
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4.4.2 GCC %FE3 P2

E3~i7 = 14820 O~ D ZHrci it 2 #H7 2 ik o 2ail A R4 H
o d PR gL

E34 % # 2 GCCCompiler # e &4 B (KBEKRESH)
£ & FH % {H=10,000
100%
i p— 65.06% 68.47% 61.17% 67-66%
60% 58.66% i = Q et % o ﬁ
:Ez 22.41% % 22.92% % 23.08% % 22.72% %
o 4 N N N N
GOTO OPEN MKL GOTO OPEN MKL GOTO MKL GOTO OPEN  MKL
A B c D
£ #& ¥H 2 {5 =20,000
1::: 77.23%
co% 54.;;1% %
40% %
23.56% \ 23.96%
20% \
GOTO OPEN MKL GOTO OPEN MKL GOTO MKL  GOTO
A B c
4% 7H 2% {5 =30,000
100%
80% 70.41% 16:99% 72.16% 80' % 81 %
L1 N = \
ED% e % [ % %
0% 53.06% % 24.49% % 24.66% % 24.43%
20% % \ \
GOTO OPEN MKL GOTO OPEN MKL GOTO OPEN MKL GOTO
A B c D

FIGURE 4.5: GCC % E 7 8% % & LE-E3
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i74- %4 % GCCCompiler & fE 2B (KBHEEH) (AKVM)

#7478 % 15 =10,000

100%
80% 73.93% 73.74% 74.87% 75.13%
- ‘ ‘
60% 39.31% 41.01% 42.13% § 42.45% % 41.47%
40% % %
20% % §
0% : N
GOTO OPEN MKL GOTO GOTO MKL GOTO MKL GOTO OPEN MKL
A C D E
7 #& 78 % {5 =20,000
100% 75.00% 80.62% B81.50% 81.38% 82.51%
80% . 68.69% w §
2 R N
60% araie % 43.13% 44.48% § 44.88% % 43.76%
40% \
N N N
20% N N N
0% 2 4N i N 2
GOTO OPEN MKL GOTO GOTO OPEN MKL GOTO OPEN MKL GOTO OPEN MKL
A C D E
9 #& 78 ¥ {5 =30,000
100 78.98% 83.96% 86'1% S?'% 80.18%
80% 70.20% % % N
Y|
60% 13.50% % 44.60% 45.71% § 45.98% % 45.16% §
40% N NY N
N N\ \ N
20% 2 \'Q § § §
0% 3N ; N N
GOTO OPEN MKL GOTO GOTO OPEN MKL GOTO MKL GOTO OPEN MKL
A B = D E

FIGURE 4.6: GCC %3 ¥#FE 9 |2 % T R B-i7
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4.4.3 ICC %:FEF Pl %

E3 07 2 2% C D Hfocii it > 2 i A gl »cit A 4G 4
feer g R gL o (2 GOC Sl % 4pit) -

E34 224 2 ICCCompiler sk e & 3. (REKESH)

&H & FH % {H=10,000
100%
60% 59.80% 61.36% 60.32% & “\‘: N
40% - % % % % % % %
e 22.48% % 22.86 % 23.12 % 22.92% %
Ogﬁ L - L
GOTO OPEN MKL GOTO OPEN MKL GOTO MKL GOTO OPEN  MKL
A B E D
&8 % 7H % {5 =20,000
100%
80% 70.98% 70.17% 70.36%
65.01% :
60% o N T Q
40% % %
20% 23.50% % 24.02% %, 24.18%
GOTO OPEN MKL GOTO OPEN MKL GOTO OPEN
A B C D
& #& 7H 2 {f =30,000
100%
80% 70.36% ?7 B
60% iy \
40% \
24.02% § 23.61%
20% §
s N

GOTO  OPEN MKL GOTO OPEN

A B C D

FIGURE 4.7: ICC % B¢ Pl % £ mEB-E3
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i74 %42 ICC Compiler 2k e 2 R (KEKESH) (BKVM)
7 #& 78 % 45=10,000
100%
80% 72.79% 73.36% 74.05% 76.45% 71.45% 72.35%
60% 30.41% 40.90% 41.96% 42.59% % 41.34% %
40% % §
20% \ N
0% = i
GOTO OPEN MKL GOTO GOTO GOTO MKL GOTO OPEN MKL
A (€ D E
7 #& 78 % {5 =20,000
1:[)0: 75.10% 80.43% B0.43% 81.50% B2.64% 79.80% 80.18%
68.75% T ™ = 5
-
60% 42.17% % 43.43% 44.36% § 44.91% % 43.48% §
20% N N N
N\ N \ N\
o N N \ N
N N
096 r 2 wr r
GOTO OPEN MKL GOTO GOTO OPEN MKL GOTO OPEN MKL GOTO OPEN MKL
A (€ D E
7 #& 78 3% {4=30,000
100% 78.85% 84.28% 85.54% 87.31% 85.73%
B80% . 70.45% % § §
60% 43.36% § 44.84% 45.66% § 46.03% % 45.14% §
40% N N \
N N\ \ N
20% N N N N
il 4 N B BN
GOTO OPEN MKL GOTO GOTO OPEN MKL GOTO MKL GOTO OPEN MKL
A B G D E

FIGURE 4.8: ICC %#F %9 #l% % & RE-i7
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4.4.4 MKL #% < 3 B9 %

E3~i7 = 2483 C~ D e 2 RPN H & 4 -

B35 M MKLE AR R (REKESH)
&84 T 2 {£=10,000
100%
80%  63.73% 61.36% 65.06% 63.73% 68.47% 66.62%
% N
o § § §
20% \
. GCC Icc GCC Icc GCC Icc
A B c
##& FH 3z {5 =20,000
1:2: 70.79%  70.98% = 72.63%  70.36% @ -23% 7%
60% Q \
N\ N
ARNENE
' GCC Icc GCC Icc GCC Icc
A B c
#4#& FH 5% {5 =30,000
1003 76.99% 77.37% 80.11% 76.99% 81.20% 81.58%
80% - :
60% § §
ao% \ §
20% \ \
e GCC Icc GeC Icc GCC Icc
A B c

67.66%

GCC

77.13%

GCC

81.58%

GCC

67.80%

\

777

ICC

77.51%

81.63%

FIGURE 4.9: MKL § ipl% % & 3 B-E3
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— 7E&EHZMVMKLEEER (REKES) (LKVM)
17 # 78 3% 44.=10,000
100%
80% [ —— 2%  63.89% 73.74% 73.36% | 75.13% 76.45% | 7071% 72.35%
:z: 63.38 § 64.52 § § §
20% \
o GCC GCC GCC Icc GCC GCC
A B c D E
ﬁ:‘;ﬁﬂﬁ:z&m 81.50% 80.43% @ 82.51% 82.64% 80.18%

80%  g8.69%
60%

68.75%

70.39%  70.39%

N ™ ﬁ
YTy
HENE

40%
20% \ % %
%
’ GCC Icc GCC Icc GCC Icc
A B c D E
7 #& 78 % {5 =30,000
100% 86.17% 85.54% | 87.25% 8?% 80.18%
80%  70.20% 70.45% '@ 70.52% 72.35% N N :
60% = N \ \
s \ N \ \
GCC Icc GCC Icc GCC Icc GCC Icc GCC

§ 74.94% %
N N\
\

85.73%

FIGURE 4.10: MKL % pl% % & BLEBl-i7
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4.4.5 Intel Linpack § P& %

PIRRRIEG B ARGEL LG R (Gra

ARG AP kY P R T 24G sl o I BRI E

Nt

FRAG RS 16G 2L 0 o

7 °

Intel Linpack A # |38 7T % 37 3% 30,000 shfim™ k5> % C~D
2E fﬁﬁ& F;m A-B 2% Tﬁ ke 2 3 Windows % %t &x T » £ & * VMware
Workstation £ vSphere 2. £k m#R it > d PP el nEEit 2 1Fk § B RBE
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% % VMware vSphere

B.1 =% % VMware vSphere

HH L BprR FadF TF8, ERs 4 - USB-

%P 2. e % TESXi e

E5SXi-6.8.8-2494585-standard Boot Menu

ESXi-6.8.8-2494585-standard Installer
Boot from local disk

fintomatic boot in 3 seconds...

FIGURE B.1: ESXi % %% &
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Enter an authorized login name and password for
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Conf igured Keyboard (US Default)
Login Name: [ root

Passuord: [ resesrcsessss

<Enter> 0Kk <Esc> Cancel
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Loading VMuare ESXI
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Enter an authorized login name and password for
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Conf igured Keyboard (US Default)
Login Name: [ root
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<Enter> 0K <Esc> Cancel
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C.1 * windows 7 % % VMware Workstation 12

HAELT i‘ VMware Workstation f& » 3% 7% % -

ﬁ Whiware Workstation Pro Setup E =] @

Welcome to the VMware Workstation Pro
Setup Wizard

VHMWWARE .
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Cancel to exit the Setup Wizard.

Back [ Mext J [ Cancel

FIGURE C.1: VMware Workstation % %% &
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Completed the VMware Workstation Pro Setup
Wizard

VMWARE
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(X care@ubuntu: ~

care@ubuntu:~$ sudo apt-get install g++

[suﬁo] password for care:

IEEENEHBE... M

IFES 2R KR )

IEfEEEUREE ... TR

g++ BRI,

LTEGABRSRE K TAESLHER !
linux-headers-3.19.0-25 linux-headers-3.19.0-25-generic
linux-image-3.19.0-25-generic linux-image-extra-3.19.0-25-generic

Use 'apt-get autoremove' to remove them.

FHéE o (B FEE o @, B o . 5 o EREHI

care@ubuntu: TS sudo apt-get install build-essential

. FEhL

EFEEIREEE. .. T _
LT EAABBHEE , TACERMA

linux-headers-3.19.0-25 linux-headers-3.19.0-25-generic
linux-image-3.19.0-25-generic linux-image-extra-3.19.0-25-generic
Use 'apt-get autoremove' to remove them.
TR EGEHETE
dpkg-dev fakeroot libalgorithm-diff-perl libalgorithm-diff-xs-perl
libalgorithm-merge-perl libfakeroot
BEENS:
debian-keyring
THl [(Fh] EFBESHEE
build-essential dpkg-dev fakeroot libalgorithm-diff-perl
libalgorithm-diff-xs-perl libalgorithm-merge-perl libfakeroot
45 o @ , ¥ﬁs:§éﬂl]?glﬂ B o B, B o EREHE

== TE

HE3 AR REFLESH -
4 tgt+-v (4 7@ * gee —version)

@S E care@ubuntu: ~

care@ubuntu:~5% g++ -v

Using built-in specs.

COLLECT_GCC=g++
COLLECT_LTO_WRAPPER=fusr/lib/gcc/x86_64-1inux-gnu/4.8/1lto-wrapper

Target: x86_64-1linux-gnu

Configured with: ../src/configure -v --with-pkgversion='Ubuntu 4.8.4-2ubuntul~14
.04' --with-bugurl=file:///usr/share/doc/gcc-4.8/README.Bugs --enable-languages=
c,c++,java,qgo,d,fortran,objc,obj-c++ --prefix=/usr --program-suffix=-4.8 --enabl
e-shared --enable-linker-build-id --libexecdir=/fusr/1lib --without-included-gette
xt --enable-threads=posix --with-gxx-include-dir=/usr/include/c++/4.8 --libdir=/
usr/lib --enable-nls --with-sysroot=/ --enable-clocale=gnu --enable-libstdcxx-de
bug --enable-libstdcxx-time=yes --enable-gnu-unique-object --disable-libmudflap
--enable-plugin --with-system-zlib --disable-browser-plugin --enable-java-awt=gt
k --enable-gtk-cairo --with-java-home=/usr/lib/jvm/java-1.5.0-gcj-4.8-amd64/jre
--enable-java-home --with-jvm-root-dir=/usr/lib/jvm/java-1.5.0-gcj-4.8-amd64 --w
ith-jvm-jar-dir=/usrf1lib/jvm-exports/java-1.5.0-gcj-4.8-amd64 --with-arch-direct
ory=amd64 --with-ecj-jar=/usr/share/java/eclipse-ecj.jar --enable-objc-gc --enab
le-multiarch --disable-werror --with-arch-32=1686 --with-abi=m64 --with-multilib
-list=m32,m64,mx32 --with-tune=generic --enable-checking=release --build=x86_64-
1linux-gnu --host=x86_64-1inux-gnu --target=x86_64-1linux-gnu

Thread model: posix

gcc version 4.8.4 (Ubuntu 4.8.4-2ubuntul~14.04)E slilan:r Y

care@ubuntu:-%

FIGURE D.2: &5 % £ kind s
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D.2 OPEN MPI 7™ &% &R 7

j-b'% 1 s ?\.Lﬁ/_‘i"_}:’ % o
ip % * wget https://www.open-mpi.org/software/ompi/
v1.10/downloads/™ §* 3% & tar.gz

F

care@ubuntu: ~

care@ubuntu ~$ sudo apt get install openmpi
J'E

= =g
Jo

£: HAGIEN openmpt

care@ubuntu ~$ wget https://www.open-mpi.org/software/ompi/v1.10/downloadsfopenm
pi-1.10.0.tar.gz

--2015-16-22 17:46:52-- https://www.open-mpi.org/software/ompifvi1.10/downloads/
openmpi-1.10.0.tar.gz

IFEESHKFE www.open-mpi.org (www.open-mpi.org)... 129.79.39.208

IF{Ei#EE www.open-mpi.org (www.open-mpi.org)|129.79.39.208]|:443... B LT,
EiEl vTTe BEX , EEFERIE. .. 200 oK

RE: 19808618 (19M) [application/x-gzip]

Saving to: ‘openmpi-1.10.0.tar.gz’

] 17,833,984 266KB/s eta 7s

FicGure D.3: OPEN MPI —* i\«zz %3

4p 4 * tar xvf openmpi-1.10.0.tar.gz

K3 hg PP R
ip 4 ¢ cd openmpi-1.10.0

care@ubuntu: ~/openmpi-1.10.0

care@ubuntu:~$ cd openmpi-1.10.0
care@ubuntu:~/openmpi-1.10.85 1s

aclocal.m4 configure INSTALL S README

AUTHORS configure.ac LICENSE README. JAVA. txt
autogen. contrib Makefile.am 0 test

autogen. Do ﬁ'.l.e Makefile.in L VERSION

config p Makefile.man-page-rules

care@ubuntu.=f0pcnmp1 1.10.05

FiGUuRrRE D .4: ﬁ—g 20>
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# 2% 4. % % openMPI(7f 3% I /usr/local/lib) -

ip 4+ ./configure

care@ubuntu: ~fopenmpi-1.10.0
carefubuntu:~% cd openmpi-1.16.08
g@ubuntu:~/openmpi-1.10.08% . fconfigure

Configuring Open MPI

llnu» gnu
c-linux-gnu

v\lhl-'i'hr'l' f‘hl-' C |Dr|1pl]_|-'l' works. ..

for auﬂ'u Df ex
whether we are cross compiling... no
for suffix of ob t files... o
whether we are using the Gh
whether gcc accepts

gcc option to

to run the C pr

grep that handl long lines and -e...

egrep... fbinjgrep -E
ANSI C header files... yes

g.out

fbin/grep

Ficure D.5: % % openMPI

VE TS Do R
ip 4 ¢ sudo make all install

@?J)\ gl 1 RRRE

96



IO ek F R -
ip 4 ¢ sudo gedit /etc/profile
Al - Ao TRBE B

profile (fetc) -gedit
E(F) REE(E) WIE(V) BE((S) ITHR(T) D) HERH)

B_ B - e 5

L] profile X

i

# The default umask is now handled by pam_umask.
# See pam_umask({8) and fetc/login.defs.

if [ -d fetc/profile.d ]; then
for 1 in fetc/profile.d/*.sh; do
if [ -r 41 ]; then
&i

fi
done
unset i

¥ v TabWE:8 v ENTEIFE @A

FIGURE D.6: B E ik

caref@ubuntu:/home fkare fopenmpi-1.10.0/examples

carefubuntu:~/fopenmpi-1.18.8

FIGURE D.7: e ¥ 2 %
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B8 A FRBLT X RS (5P 0 .

@590 care@ubuntu:/home fare fopenmpi-1.10.0/examples
carefubuntu:~/openmpi-1.10.05% cd
cd openmpi-1.10.0/examples
:~fopenmpi-1.10.0/exampless make
hello_c.c -o helle
ring_ -0 ring_c
connectivity_c.c -0 connectivity_c
Entering dir
Entering dir y " [hom
mpic++ -0 hello_cxx. -o hello_
mpic++ -0 ring_ -0 rin

carefopenmpi-1.18.08/examples
-g hello_oshmem_c.c lo_oshmem
Leaving dir ry " fhome
Entering dir ory ~fhome
-g ring_oshmem_c. i
Leaving dire ; refopenmpi-1.160.8/examples
Entering dir 5 re/openmpi-1.16.08/examples’

Entering dir y refopenmpi-1.18.0/ex
-g oshmem_cir -0 oshmem_circular
eaving dire carefopenmpi-1.16.
i ory " fhom refopenmpi-1.16.68/example
5 & reduction.c -o oshmem_max_reduction
Leaving d1 v refopenmpi-1.106.8
Entering dir ory ~fhome/care/openmpi-1.10.0/ex
c -g oshmem_strided_puts.c -o oshmem_strided_puts
WLGLTE
" [hom e/openmpi-1.16
mem_symmetric_data. o oshmem_symmetri
ving dir ory "~ fhome/carefopenmpi-1.10.8

:~fopenmpi-1.10.0 ampless mpirun -np 4 hello_c

Hello, world, I am @ of 4, (Open MPI v1.18 i ge: Open MPI carefubuntu
bution, ident: 1.10.8, repo rev: vl.10-dev-2 94355, Aug 24, 2015, 12
Hello, world, I am 1 of 4, (Open MPI wv1.1f i : Open MPI caref@ubuntu
bution, ident: 1.18.8, repo rewv: 355, Aug 24, 2815, 1

Hello, world, I am 2 of 4, (Open MPI v1.18, pack Open MPI care@ubuntu
bution, ident: 1.10.8, repo rev: v1.10-dewv-293 355, Aug 24, 2815, 1

Hello, world, I am 3 of 4, (Open MPI v1.18, pa : Open MPI carefubuntu
bution, ident: 1.18.8, repo vl.18-dev-293-gf694355, Aug 24, 2815, 1

carefubuntu openmpi-1.10.0/exampless

FIGURE D.8: 4 {7iRl3# (¥ * = 0))
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E.1 HPL = %23 B

#3317 L GCC

850 care@ubuntu: ~

carefiubuntu:-5 sudo apt-get install g++
[suda] passwo For care:
EERNEMFAN... =6

IE W R (5

EEIRMAERE... =

LIk itﬂ-—‘*"%.r:ﬁ
: 1 S-geneéric
eneric 11nu- 1ragf rvrra 3.19.0-25-generic
t-get autore 5" to remove them.
ik o @ ek o @, #E% o Zﬂ He ﬂﬂ*ﬁ?ﬂé
are-uhun:u ~% sudo
IEERDE AN, ..
IE £ E R 48 e RR (R
IEERIAA M . .
LfTE1—'T—‘%E|!J]1:rﬁ _-H_E.J_*“Eﬁi
1inux-headers-3.19.08-25 Linux-headers-2.19.8-25-generic
- i =generic Linux- ir!qq_ extra-3.19.0-25-generic
ge to remove them.
5 B’Jﬁﬂ“bﬁ# T
dpkg-dev fake t libalgorithm-diff-perl Libalgorithm-diff-xs-perl
libalgorithm-merge-perl libfakeroot
EMEH
debian-keyring
TRIIW] EFERETE
build-essential dpkg-dev fakerocot libalgorithm-diff-perl
lihalqarﬁrhm-diff pErl libalgorithm-merge-perl libfakeroot
Hik o @, HEH 7 Bl o @ .8 o EREAE
¥E-Th 287 kB E’“IE'f'—HE,
ARfFRAZE =ﬁ1£ﬁﬁ 2,436 ke FEE S M,

FiGure E.1: 7 §#& % % GCC
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B2 BT ERG -

@S @ care@ubuntu: ~

care@ubuntu:~$ g++ -v

Using built-in specs.

COLLECT_GCC=g++
COLLECT_LTO_WRAPPER=fusr/libfgcc/x86_64-1inux-gnu/4.8/1lto-wrapper

Target: x86_64-1linux-gnu

configured with: ../src/configure -v --with-pkgversion='Ubuntu 4.8.4-2ubuntul~14
.04' --with-bugurl=file:///usrfshare/doc/gcc-4.8/README.Bugs --enable-languages=
c,c++,java,go,d,fortran,objc,obj-c++ --prefix=fusr --program-suffix=-4.8 --enabl
e-shared --enable-linker-build-id --libexecdir=/usr/1lib --without-included-gette
Xt --enable-threads=posix --with-gxx-include-dir=/usr/fincludefc++/4.8 --libdir=/
usr/lib --enable-nls --with-sysroot=/ --enable-clocale=gnu --enable-libstdcxx-de
bug --enable-libstdcxx-time=yes --enable-gnu-unique-object --disable-libmudflap
--enable-plugin --with-system-z1lib --disable-browser-plugin --enable-java-awt=gt
k --enable-gtk-cairo --with-java-home=/usr/lib/jvm/java-1.5.8-gcj-4.8-amd64/jre
--enable-java-home --with-jvm-root-dir=/usr/lib/jvm/java-1.5.0-gcj-4.8-amd64 --w
ith-jvm-jar-dir=/usr/1ib/jvm-exports/java-1.5.0-gcj-4.8-amd64 --with-arch-direct
ory=amd64 --with-ecj-jar=/usr/share/java/eclipse-ecj.jar --enable-objc-gc --enab
le-multiarch --disable-werror --with-arch-32=1686 --with-abi=m64 --with-multilib
-list=m32,m64,mx32 --with-tune=generic --enable-checking=release --build=x86_64-
1inux-gnu --host=x86_64-1inux-gnu --target=x86_64-1linux-gnu

Thread model: posix

gcc version (Ubuntu 4.8.4-2ubuntul~14.04)E seefilae- "y

care@ubuntu:-~%

FIGURE E.2: ¥ & % %k &

# % 3.HPL scripts #=x 4§ ™ ;‘1 °

care@ubuntu: ~
http://ctyang.thu.edu.tw/install_hpcc_hpl_03082016.sh
101-- - ang.thu.edu.twfinstall_hpcc_hpl 830B2016.s
.thu.edu. ty ang.thu.edu.tw)... 140.12 228
.edu.tw (c thu.edu.tw)|146.128.99.228|:80... #® ET,
BiE HTTe EX , EEFEOE... 200 0K
EE: 621 [application/x-sh]

sa {ng to: *‘install_hpcc_hpl_03082816.5h°

100%[= 1 621 --.-KJ/s 1in @s
2016-83-13 23:48:02 (184 MB/s) - stall_hpcc_hpl_03882816.sh’ saved [621/621]

care@ubuntu:~4%

FIGURE E.3: HPL scripts 3= 4~ §*
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#H A 4. &% GCC Compiler ¥ Fa;C £ Blas # 4% 5 xhpl(#8 BF 3
g4 > T8 38 HPL PR A E @8 A7 Pl F

care@ubuntu: ~

B30E2016.tar.gz’
] 55,771 362KB/s in 8.2s

2016-83-13 23:49:48 (362 KBfs) - ‘sh_hpl_hpcc_NOsource_@3882816.tar.gz" saved
57T71/55771]

-2016-83-13 23:49:48-- http://ctyang.thu.edu. tw/install_ubuntu_83082816.sh
Ett_ Sk ang.thu.edu. =
IF#E#E# ctyang.thu.edu.t ng.thu.edu.tw)|148.
e %ﬁ HTTP & ERMOE... 200 0K

Innovative Computing Labnraroru, UTK
Computing Laboratory, UTK
ty of Coleorade Denver

An explanation of the input/output parameters follows:
TV : Wall time / encoded variant.
N : The order of the coefficient matrix A.
NB : partitiening blo
The number of process
] : The numbwr of process
Time : Time onds to so
Gflops : Rate of cution for s

The following parameter values will be used:

looea
BB 12 188
jor proc mapping

Crout Right

Crout
iring

L 0]

: Mix (threshold = 64)
transposed form
transposed form
Ves

B double precision words

FIGURE E.5: B8 %y A%
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E.2 GotoBlas ¥ OpenBlas p|:&

E.2.1 GCC #%FEH (703

care@ubuntu
care@ubuntu
carefubuntu

High-Performance Linpack E February
. Clint Wha Computing Laboratory, UTK
, Computing Laboratory, UTK
ed by Julien Langou, Univ

An explanation of the inputfoutput param
TSV Wall time [/ encoded

The

The

The

The number of pro

Time 1 nds to

Rate of cution for

The following parameter values will be used

N - 10868
NB B 1
PMAP : Row-major process mapping
P 2

Q

PFACT Crout Right
NEMIN

NDIV

FIGURE E.6: # 7 GCC %% GotoBlas %

#H 38 2. $1 7 GCC %% OpenBlas § Lig TsARHE 1o i T iy T
UEE ST

care@ubuntu: ~/hpl_hpec gec_open gote/hpl-2.2/bin/Linux open
care@ubuntu:~% cd ~/hpl_hpcc_gcc_open_goto/hpl-2.2/bin/Linux_open/
care@ubuntu:~/hpl_hpcc_gcc_open_goto/hpl-2.2/bin/Linux_opens export OMP_NUM_THREADS=1
care@ubuntu:~/hpl_hpcc_gcc_open_goto/hpl-2.2/bin/Linux_opens mpirun -np 4 ./ /xhpl
carefiubuntu:~/hpl_hpcc_gecc_open_goto/hpl-2.2/bin/Linux_cpens more HPL.out

High-Performance Linpack benchmark -- February
A. Clint Whaley, Innovative Computing Laboratory, UTK
by Piotr Lu . t Computing Laboratory, UTK
Modified by Julien Langou, Uniy ; of Colorado Denver

An explanation of the inputfoutput parameters follows:
: Wall time [ e iant.

: The orc f nt matrix A.
: The

: The

: The number
: Time

: Rate

will be used:

188
mapping

FIGURE E.7: # {7 GCC %3 OpenBlas % o
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E.2.2 GCC §if7

%t

—_
40

AplET 3

ﬁ%Lﬁﬁ

ICC %¥FB =% % (3

GCC %% Intel MKL %

Intel MKL 23

P 80T - ’j éf’ ) ’

51 TR R

H o TR Ry A e

foptflntelfcomptlers and_libraries_z2@16.2.181/1linux/mpi/intel64/bin/mpirun
care@ubuntu:~% cd ~/hpl_ hpcc gce_mk1l/hpl-2.2/bin/Linux_gcc_mkl/

Cnmpurln; Lab

tory,
=

An explanation of the inputfoutput parameters follows:

TiV
N : The
NB : The
F : The
Q : The
Time : Time in

Gflops : Rate of e

order

: Wall time [ encoded

of the coe

partitioning blo
of proc

ent matrix A.
c(ing factor.

The following parameter walues will be used:

N - loe86
NB BB
PMAP

128

Crout

Crout
iring
- e
: Mix (th
= fran;po

FIGURE E.8: # {7

E.2.3 ICC %#FX%

HA L FREF

168 168

: Row-major process mapping

Right

£ie(7 ICC % B % 3

(Intel Parallel Studio XE 2016 ) »

¢ gﬁxr;k‘. ’ %ﬁg}»

pe

AT

UTK

GCC %% Intel MKL % &

B %% j?% f’T
A1 Intel § 4

s

RS EAE

ERat:ad

& © hitps://software.intel.com/en-us/

intel-parallel-studio-ze
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< C'  [3 https://software.intel.com/en-us/intel-parallel-studio-xe
Join Today > Log in

powered by Google o,

i@ Developer Zone

Development » Tools » Resources »

Intel® Parallel Studio XE 201

Deliver top C++ and Fortran application performance Get Free Downloads & Trials
with less effort
Linux® §

PARALLEL - oo _ P ——

Select Edition

Cluster Edition for Forfran and C++
STUUIU XE Professional Edition for Fortran and C++

Professional Edition Tor C++

Professional Edition for Fortran

Composer Edition for C++

Composer Edition for Visual Fortran

Composer Edition for Foriran and C++
FIOUOCT SUPPON > |

HPC Code ization Workshops, Learn More

Your software needs to run faster. It performs tasks that need to get done sooner, not later
including big data analytics, image analysis, time- al financial analysis, and simulalions.

Look for us on: f ' g"’ = English »

FIGURE E.9: Intel ¥ ¥ 3% &

Try Intel® Parallel Studio XE Cluster Edition for Linux* for 30 days -

free
4 Email * | |
kﬂ'-',') Valid email address is needed to complete the installation
process and to inform you when product updates are
available
PARALI.EL Confirm Email * | |
STUDIO XE p— |
Last Name * | |
Country [ Region * | [Please select] ¥ |
Phone * | |
Company * | |
Job Title * | [Please select] X, |
Industry * | [Please select] v |
Company Size * | [Please select] X |

In which language(s) do you program?
Fortran i
C++

[mi

Identify those areas in which you face development
challenges:

Il Eliminate Memory 'l Locate and Optimize
Errors Hotspots
[ 1 _Boost Performance 1 Static Analysi o

FIGURE E.10: Intel 7 #F# % &% o
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%3 2. 27 1CC %3 GotoBlas § 24 T rcdie » &

L) rect@ubuntu: fhomefcare/hpl hpec icc open goto/hpl-2.2/bin/Linux gete

[sudo] password for care:

ers_and_libraries_2016.2.181/linux/bin/ifortvars.sh

.1.3.181/bin64/mpivars.sh inteled

h-Performanc
y A. Petitet and R. Clint Hhalwu»
by Piotr Lu 13 Innw
by Julien Lang

'planaflnn of the inputfoutput parameters
: Wall time [/ enc

The order of the
The partitioning block
The number of pr
The number of prec
Time in d, to ,Dl

Gflops Rate of

The follewing parameter values will be used:
1DDDD

Row-major process mapping

Left
4
2

Crout Right

Crout
iring

FIGURE E.11: # 7

105

root@ubuntu: fheme/care/hpl_hpcc_icc_open_goto/hpl-2.
ers_and_libraries_2816.2.181/linux/bin/iccvars.sh inteléd
root@ubuntu: fheme/carefhpl_hpcc_icc_open_goto/hpl-2.
ers_and_libraries_2816.2.181/linux/bin/compilervars.
root@ubuntu: fhome/carefhpl_hpcc_icc_open_goto/hpl-2.

root@ubuntu: fhome/carefhpl_hpcc_icc_open_goto/hpl-2.

root@ubuntu: fhome/carefhpl_hpcc_icc_open_goto/hpl-2.
Jopt/intel/compilers_and_libraries_2816.2.181/linux/bin/inteléd/icc
root@ubuntu: fhome/care/hpl_hpcc_icc_open_goto/hpl-2.
Jopt/intel/compilers_and_libraries_2016.2.181/linux/mpi/intel&d/bin/mpicc

root@ubuntu: fhome/care/hpl_hpcc_icc_epen_goto/hpl-2.2/bin/Linux_goto# which
Jopt/intel/compilers_and_libraries_2816.2.181/linux/bin/inteléd/ifort
root@ubuntu: fhome/care/hpl_hpcc_icec_open_goto/hpl-2.2/bin/Linux_goto# which
Jopt/intel/compilers_and_libraries_2016.2.181/linux/mpi/inteléd/bin/mpiicc
root@ubuntu: fhome/carefhpl_hpcc_icc_open_goto/hpl-2.2/bin/Linux_goto# which
Jopt/intel/compilers_and_libraries_2016.2.181/linux/mpi/inteled/bin/mpirun
root@ubuntu: fhome/carefhpl_hpcc_icc_open_goto/hpl-2.2/bin/Linux_goto# mpirun -np 4
root@ubuntu: fhome/care/hpl_hpcc_icc_open_goto/hpl-2.2/bin/Linux_goto# more HPL.out

Cnmpuran Labnr

care@ubuntu:~% cd ~/hpl_hpcc_icc_open_gotofhpl-2.2/bin/Linux_goto/f
care@ubuntu:~/hpl_hpcc_icc_open_goto/hpl-2.2/bin/Linux_goto$ sudo su

2/bin/Linux_goto#
2/bin/Linux_goto#
sh intelsd
2/bin/Linux_goto#
intels4
2/bin/Linux_goto#
2/bin/Linux_goto#

2/bin/Linux_goto#

February

source fept/intel/compil
source fept/intel/compil
source fopt/intel/compil
source fopt/intel/impi/5
which icc

which mpicc
ifort
mpiicc
mpirun

Axhpl

e Computing Laboratory, UTK

UTK

follows:

1ICC %% GotoBlas



#H 38 3. 417 ICC %% OpenBlas F ip TAzHE P10 B> 3 dp T
UEE S

root@ubuntu: home/eare/hpl hpec_icc_open_getofhpl-2.2/bin/Linux_open
care@ubuntu:~$ cd ~/hpl_hpcc_icc_open_goto/hpl-2.2/bin/Linux_open/
care@ubuntu:~/hpl_hpcc_icc_open_goto/hpl-2.2/bin/Linux_open$ sudo su
[sudo] password for care:
root@ubuntu: fhomefcare/hpl_hpcec_icc_open_goto/hpl-2.2/bin/Linux_open# source [opt/intel/compilers_and_libraries_2616.2.181/linux/bin/id
cvars.sh intels4
root@ubuntu: fhome/care/hpl_hpcec_icc_open_goto/hpl-2.2/bin/Linux_open# source [opt/intel/compilers_and_libraries_2016.2.181/linux/binfcc
mpilervars.sh intelés

root@ubuntu: /home/care/hpl_hpcc_icc_open_goto/hpl-2.2/bin/Linux_open# source [opt/intel/compilers_and_libraries_2016.2.181/linux/bin/if
ortvars.sh intelés

root@ubuntu: /home/care/hpl_hpcc_icc_open_goto/hpl-2.2/bin/Linux_open# source [opt/intel/impi/5.1.3.181/bin64/mpivars.sh inteled
root@ubuntu: fhome /care/hpl_hpcc_icc_open_goto/hpl-2.2/binfLinux_open# which icc
fopt/intel/compilers_and_libraries_2016.2.181/1inux/bin/intel64/icc

root@ubuntu: /homefcare/hpl_hpcc_icc_open_goto/hpl-2.2/binfLinux_open# which mpicc
fopt/intel/compilers_and_libraries_2016.2.181/1inux/mpi/intel&d/bin/mpicc

root@ubuntu: /homefcare/hpl_hpcc_icc_open_goto/hpl-2.2/binfLinux_open# which ifort
fopt/intelfcompilers_and_libraries_2816.2.181/1inux/bin/intel64/ifort

root@ubuntu: /homefcare/hpl_hpcc_icc_open_goto/hpl-2.2/bin/Linux_open# which mpiicc
fopt/intel/compilers_and_libraries_2016.2.181/1inux/mpi/intel6d4/bin/mpiicc

root@ubuntu: /home/care/hpl_hpcc_icc_open_goto/hpl-2.2/bin/Linux_open# which mpirun
fopt/intel/compilers_and_libraries_2016.2.181/1inux/mpi/intel&4/bin/mpirun

root@ubuntu: /home/care/hpl_hpcc_icc_open_goto/hpl-2.2/bin/Linux_open# export OMP_NUM_THREADS=1

root@ubuntu: /home/care/hpl_hpcc_icc_open_goto/hpl-2.2/bin/Linux_open# mpirun -np 4 ./xhpl
root@ubuntu: /home/care/hpl_hpcc_icc_open_goto/hpl-2.2/bin/Linux_open# more HPL.out

High-Perform, e Li benchmark -- February 24, 2016
o E Innovati Computing Laboratery, UTK
Computing Labeoratory, UTK
r

input/output parameters follows:
Wall riant.

The e ent matrix A.

The partitioning bl

The number of pre

The number of pri

Time i

Rate of on for

The following parameter values will be u

N : 10808
NB : B
PMAP : Row-major proc mapping
P :

12 108

Q :
PFACT : Crout
NBMIN

FIGURE E.12: # {7 ICC %3¥ OpenBlas % &

106



E.2.4 ICC # {7 Intel MKL p|:#

% 1. 3117 ICC ¥ Intel MKL 7 % & » TR % 8o 3y 297w i
LRSI EIE S

% 2. 47 1CC %¥ Intel MKL -

reot@ubuntu: /home/care/hpl hpce ice mkl/hpl-2.2/bin/Linux_ice mkl

care@ubuntu:~% cd ~/hpl_hpcc_icc_mkl/hpl-2.2/bin/Linux_icc_mkl/

jcare@ubuntu:~/hpl_hpcc_icc_mkl/hpl-2.2/bin/Linux_icc_mkl$ sudo su

[sudo] password for care:

root@ubuntu: fhome/care/hpl_hpcc_icc_mkl/hpl-2.2/bin/Linux_icc_mkl# source [opt/intel/compilers_and_libraries_2016.2.181/1linux/bin/icc]|
vars.sh intel64

root@ubuntu: fhome/care/hpl_hpcc_icc_mkl/hpl-2.2/bin/Linux_icc_nkl# source fopt/intel/compilers_and_libraries_2016.2.181/1inux/bin/com|
pilervars.sh intelsd

root@ubuntu: fhomefcare/hpl_hpcc_icc_mkl/hpl-2.2/bin/Linux_icc_mkl# source [opt/intel/compilers_and_libraries_2016.2.181/linux/bin/ifo|
rtvars.sh intelé4

jroot@ubuntu: fhome/care/hpl_hpcec_icc_mkl/hpl-2.2/bin/Linux_icc_mkl# source [opt/intel/impi/5.1.3.1B1/bin64/mpivars.sh intel64
root@ubuntu: fhome/care/hpl_hpcc_icc_mkl/hpl-2.2/bin/Linux_icc_mkl# which icc

[/opt/intel/compilers_and_libraries_2016.2.181 /linux/bin/inteledficc

root@ubuntu: fhomefcare/hpl_hpcc_icc_mkl/hpl-2.2/bin/Linux_icc_mkl# which mpicc
[/opt/intel/compilers_and_libraries_2016.2.181/linux/mpi/intelédbin/mpicc

jroot@ubuntu: fhome/care/hpl_hpcc_icc_mkl/hpl-2.2/bin/Linux_icc_mkl# which ifort
[Jopt/intel/compilers_and_libraries_2016.2.181/1linux/bin/intel64fifort

root@ubuntu: fhome/care/hpl_hpcc_icc_mkl/hpl-2.2/bin/Linux_icc_mkl# which mpiicc
[fopt/intel/compilers_and_libraries_2016.2.181/1linux/mpi/intelé4/bin/mpiicc

root@ubuntu: fhome/care/hpl_hpcc_icc_mkl/hpl-2.2/bin/Linux_icc_nkl# which mpirun
[/opt/intel/compilers_and_libraries_2016.2.181/linux/mpi/intel64/bin/mpirun

Iroot@ubuntu: fhomefcare/hpl_hpcc_icc_mkl/hpl-2.2/bin/Linux_icc_mkl# mpirun -np 4 ./xhpl

root@ubuntu: fhome/care/hpl_hpcc_icc_mkl/hpl-2.2/bin/Linux_icc_nkl# more HPL.out

ruary , 2016
Computing Laboratory, UTK
mputing Laboratory, UTK
of Colorado D

An explanation of the input/output paramet:
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Time in
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r process mapping

Crout Right
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F.1 HPL + 4
E3-HPL

T AAE MM S ESM| FEHR B4 RAE L
GOTO 10000 108 47.58 e+01 22.53%

A OPEN 10000 128 124.30 e+02 58.85%
GOTO 10000 108 48.59 e+01 23.01%

B OPEN 10000 128 120.50 e+02 57.05%
GOTO 10000 108 48.86 e+01 23.13%

C OPEN 10000 128 127.30 e+02 60.27%
GOTO 10000 88 48.32 e+01 22.88%

D OPEN 10000 128 128.70 e+02 60.94%

FIGURE F.1: HPL #cd5 5i3+-E3
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i7-HPL

BiE| A E W s EaM| FEH | B4 | Bk
GOTO 10000 108 63.03 e+01 39.79%

A OPEN 10000 128 106.90 e+02 67.49%
GOTO 10000 108 65.03 e+01 41.05%

B OPEN 10000 88 111.60 e+02 70.45%
GOTO 10000 108 66.83 e+01 42.19%

c OPEN 10000 88 117.70 e+02 74.31%
GOTO 10000 88 67.58 e+01 42.66%

D OPEN 10000 88 116.50 e+02 73.55%

FIGURE F.2: HPL #cdy 53t-i7

109




E3-GCC
& X |  SEASR | TR F4r 24 it
GOTO 10000 108 4732 e+01 22.41%
OPEN 10000 128 12390 e+02 58.66%
MEL 10000 128 134.60 e+02 63.73%
GOTO 20000 128 49.76 e+01 23.56%
OPEN 20000 128 136.10 e+02 64.44%
MEL 20000 128 149.50 e+02 70.79%
GOTO JO000 128 50.61 e+01 23.96%
OPEN 30000 128 148.70 e+02 70.41%
KL 30000 168 162.60 e+02 76.99%
GOTO 10000 108 48.41 e+01 22.91%
OPEN 10000 128 127.20 e+02 60.23%
MEL 10000 128 137.40 e+02 65.06%
GOTO 20000 128 5061 e+01 23.96%
OPEN 20000 128 14270 e+02 B7.57%
MEL 20000 128 153.40 e+02 72.63%
GOTO 30000 168 5173 e+01 24.49%
OPEN J0000 128 152.40 e+02 72.16%
MEL 30000 168 169.20 e+02 80.11%
GOTO 10000 108 48.74 e+01 23.08%
OPEN 10000 128 127.30 e+02 60.27%
MEL 10000 168 14460 e+02 68.47%
GOTO 20000 108 51.09 e+01 24.19%
OPEN 20000 128 146.50 e+02 69.37%
KL 20000 168 163.10 e+02 T7.23%
GOTO 30000 128 52.09 e+01 24 66%
OPEN 30000 128 156.80 e+02 74.24%
MEL J0000 168 171.50 e+02 81.20%
GOTO 10000 108 47.99 e+01 22.72%
OPEN 10000 128 129.20 e+02 61.17%
MEL 10000 168 14290 e+02 67.66%
GOTO 20000 168 50.60 e+01 23.96%
OPEN 20000 128 145.10 e+02 68.70%
MEL 20000 168 162.90 e+02 77.13%
GOTO 30000 168 51.60 e+01 24.43%
OPEN 30000 128 155590 e+02 73.82%
MEL J0000 168 172.30 e+02 81.58%

FIGURE F.3: GCC #dg ti3+-E3
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i7-GCC

mig| ®XE | MmME | HEHRK| FuE | $4 | smfew
A GOTO 10000 108 B62.27 e+01 39.31%
OPEN 10000 108 10770 e+02 67 .99%
MEL 10000 168 10040 e+02 63.38%
GOTO 20000 108 &67.09 e+01 42 35%
OPEN 20000 128 11880 e+02 75.00%
WKL 20000 168 108.80 e+02 BB.69%
GOTO 30000 168 G68.96 e+01 43.54%
OPEMN 30000 168 125.10 e+02 7B.98%
MEKL 30000 168 111.20 e+02 70.20%
B GOTO 10000 BR 64.96 e+01 41.01%
OPEMN 10000 BE 111.10 e+02 70.14%
IMEL 10000 168 102.20 e+02 64.52%
GOTO 20000 108 68.32 e+01 43.13%
OPEMN 20000 128 122.60 e+02 T7.40%
MEL 20000 168 11150 e+02 70.39%
GOTO S0000 168 70.65 e+01 44 6%
OPEN 30000 168 12B.60 e+02 B1.19%
KL 30000 168 111.70 e+02 70.52%
c GOTO 10000 BE 66.74 e+01 42 13%
OPEMN 10000 BE 11710 e+02 73.83%
MEL 10000 108 116.80 e+02 73.74%
GOTO 20000 108 70.46 e+01 44 48%
OPEMN 20000 128 127.70 e+02 BD.62%
MEL 20000 168 129.10 e+02 B1.50%
GOTO 30000 168 72.40 e+01 45 71%
OPEN S0000 168 133.00 e+02 B3.96%
WKL 30000 168 136.50 e+02 B6.17%
D GOTO 10000 108 67.24 e+01 42.45%
OPEM 10000 BE 118.60 e+02 T4 87%
MEKL 10000 108 11900 e+02 75.13%
GOTO 20000 BR 7109 e+01 44 BB%
OPEMN 20000 128 128.90 e+02 B1.38%
KL 20000 168 130.70 e+02 B2.51%
GOTO 30000 168 72.83 e+01 45 08%
OPEMN 30000 168 15500 e+02 B5.23%
MEL 30000 168 138.20 e+02 B7.25%
E GOTO 10000 108 B5.69 e+01 41.47%
OPEN 10000 BE 111.10 e+02 70.14%
MEL 10000 108 112.00 e+02 T0.71%
GOTO 20000 108 B69.32 e+01 43.76%
OPEN 20000 128 125.60 e+02 79.29%
WKL 20000 168 118.70 e+02 74.94%
GOTO 30000 168 7155 e+01 45.16%
OPEMN 30000 128 130.60 e+02 B2.45%
MEKL 30000 168 127.00 e+02 BO.1B%

FIGURE F.4: GCC #icdg s13+-i7
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=
E3-ICC
i 2, HiE | pESK | FEE Ffr b
GOTO 10000 88 47 48 e+01 22.48%
OPEN 10000 168 126.30 e+02 59.80%
MEL 10000 128 129.60 e+02 61.36%
GOTO 20000 128 4964 e+01 23.50%
OPEN 20000 128 137.30 e+d2 65.01%
MEL 20000 128 14990 e+02 70.98%
GOTO JO000 168 50.72 e+01 24.02%
OPEN 30000 128 148.60 e+02 70.36%
MEL 30000 168 163.40 e+02 77.37%
GOTO 10000 108 48.28 e+01 22.86%
OPEN 10000 168 127.40 e+02 60.32%
MEL 10000 128 134.60 e+02 63.73%
GOTO 20000 108 50.73 e+01 24.02%
OPEN 20000 168 148.20 e+02 70.17%
MEL 20000 128 148.60 e+d2 70.36%
GOTO 30000 168 4987 e+01 23.61%
OPEN J0000 168 156.20 e+02 73.96%
MEL 30000 168 162.60 e+02 76.599%
GOTO 10000 28 48.82 e+01 23.12%
OPEN 10000 168 131.50 e+d2 82.26%
MEL 10000 168 140.70 e+02 66.62%
GOTO 20000 128 51.07 e+01 24.18%
OPEN 20000 168 151.20 e+02 71.59%
MEL 20000 168 161.80 e+d2 76.61%
GOTO 30000 168 52.03 e+01 24 64%
OPEN 30000 168 160.00 e+02 75.76%
MEL J0000 168 172.30 e+02 81.58%
GOTO 10000 28 48.40 e+01 2292%
OPEN 10000 168 131.00 e+d2 62.03%
MEL 10000 168 143.20 e+02 67.80%
GOTO 20000 108 50.66 e+01 23.99%
OPEN 20000 168 150.30 e+02 71.16%
MEL 20000 168 163.70 e+02 77.51%
GOTO 30000 168 51.67 e+01 24 46%
OPEN 30000 168 159.90 e+02 75.71%
MEL J0000 168 172.40 e+02 81.63%

F1GURE F.5: ICC #icdp st3--E3

112




i7-1CC

mig| ®mAE | WME | HEHRK| SB% | $4 | sfew
A GOTO 10000 108 62.42 e+01 39.41%
OPEMN 10000 108 106.30 e+02 67.11%
KL 10000 168 99.60 e+01 62 BB%
GOTO 20000 108 66.79 e+01 42 17%
OPEMN 20000 128 11910 e+02 75.19%
MEL 20000 168 10890 e+02 BB.75%
GOTO 30000 168 68.68 e+01 43.36%
OPEMN 30000 168 124 90 e+02 7B B5%
MEL 30000 168 111.60 e+02 70.45%
B GOTO 10000 108 6479 e+01 40 9%
OPEN 10000 BR 110080 e+02 69.95%
WKL 10000 128 101.20 e+02 63.89%
GOTO 20000 108 G68.80 e+01 43.43%
OPEM 20000 128 120.30 e+02 75.85%
MEL 20000 168 11150 e+02 70.39%
GOTO 30000 168 7102 e+01 44 Ba%
OPEMN 30000 168 129.00 e+02 Bl.44%
IMEL 30000 168 114.60 e+02 72.35%
c GOTO 10000 108 66.46 e+01 41 96%
OPEMN 10000 BE 115.530 e+02 72.79%
MEL 10000 108 116.20 e+02 73.36%
GOTO 20000 108 J0.27 e+01 44 36%
OPEN 20000 128 127.40 e+02 B0.43%
MEL 20000 168 127.40 e+02 B0.43%
GOTO 30000 168 7232 e+01 45 66%
OPEN S0000 168 133.50 e+02 B4 2B%
WKL S0000 168 135.50 e+02 B5.54%
D GOTO 10000 108 67.46 e+01 42 59%
OPEMN 10000 108 117.30 e+02 74.05%
MEKL 10000 108 121.10 e+02 76.45%
GOTO 20000 BR 71.14 e+01 4491%
OPEMN 20000 128 129.10 e+02 B1.50%
KL 20000 168 130.90 e+02 B2.64%
GOTO 30000 168 72.91 e+01 46.03%
OPEMN 30000 168 135.30 e+02 B5.42%
MEL 30000 168 13830 e+02 B7 31%
E GOTO 10000 108 65.49 e+01 41.34%
OPEMN 10000 168 11270 e+02 71.15%
KL 10000 108 114.60 e+02 72.35%
GOTO 20000 168 G68.B7 e+01 43 48%
OPEMN 20000 128 12640 e+02 79 B0%
MEL 20000 168 127.00 e+02 B0.1B%
GOTO 30000 168 71.50 e+01 45.14%
OPEMN 30000 168 13220 e+02 B3 .46%
MEL 30000 168 135.80 e+02 B5.73%

FIGURE F.6: ICC #cdy se3+--i7

113




F.4 MKL %34
E3-MKL
| HAAE #AE GESR | FEH F 4 H fis tb
A |GCC 10000 128 134.60 e+02 63.73%
ICC 10000 128 129.60 e+02 61.36%
GCC 20000 128 149.50 e+02 70.79%
ICC 20000 128 149.90 e+02 70.98%
GCC 30000 168 162.60 e+02 76.99%
ICC 30000 168 163.40 e+02 77.37%
B GCC 10000 128 137.40 e+02 £65.06%
ICC 10000 128 124.60 e+02 63.73%
GCC 20000 128 153.40 e+02 72.63%
ICC 20000 128 148.60 e+02 70.36%
GCC 30000 168 169.20 e+02 80.11%
ICC 30000 168 162.60 e+02 76.99%
C |GCC 10000 168 144.60 e+02 68.47%
ICC 10000 168 140.70 e+02 66.62%
GCC 20000 168 163.10 e+02 77.23%
ICC 20000 168 161.80 e+02 76.61%
GCC 30000 168 171.50 e+02 81.20%
ICC 30000 168 172.30 e+02 81.58%
D ([GCC 10000 168 142.90 e+02 67.66%
ICC 10000 168 143.20 e+02 67.80%
GCC 20000 168 162.90 e+02 77.13%
ICC 20000 168 163.70 e+02 77.51%
GCC 30000 168 172.30 e+02 81.58%
ICC 30000 168 172.40 e+02 81.63%

FIGURE F.7: MKL #d; e3+-E3
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i7-MKL

EH| HAE L2l GESR | FEE F 4 g6 b
A |GCC 10000 168 100.40 e+02 63.38%
ICC 10000 168 99.60 e+01 62.88%

GCC 20000 168 108.80 e+02 68.69%

ICC 20000 168 108.90 e+02 68.75%

GCC 30000 168 111.20 e+02 70.20%

ICC 30000 168 111.60 e+02 70.45%

B |[GCC 10000 168 102.20 e+02 64.52%
ICC 10000 128 101.20 e+02 63.89%

GCC 20000 168 111.50 e+02 70.39%

ICC 20000 168 111.50 e+02 70.39%

GCC 30000 168 111.70 e+02 70.52%

ICC 30000 168 114.60 e+02 72.35%

C |[GCC 10000 108 116.80 e+02 73.74%
ICC 10000 108 116.20 e+02 73.36%

GCC 20000 168 129.10 e+02 81.50%

ICC 20000 168 127.40 e+02 80.43%

GCC 30000 168 136.50 e+02 86.17%

ICC 30000 168 135.50 e+02 85.54%

D ([GCC 10000 108 119.00 e+02 75.13%
ICC 10000 108 121.10 e+02 76.45%

GCC 20000 168 130.70 e+02 82.51%

ICC 20000 168 130.90 e+02 82.64%

GCC 30000 168 138.20 e+02 87.25%

ICC 30000 168 138.20 e+02 87.31%

E |GCC 10000 108 112.00 e+02 70.71%
ICC 10000 108 114.60 e+02 72.35%

GCC 20000 168 118.70 e+02 74.94%

ICC 20000 168 127.00 e+02 80.18%

GCC 30000 168 127.00 e+02 80.18%

ICC 30000 168 135.80 e+02 85.73%

FIGURE F.8: MKL #icdg si3t-
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F.5 A A B F3F st 4
Mum | Tool+Blas Grid MNb
- HPL_GOTO | 10000 | 108 SFESBBATzH=EED
HPL_OPEN | 10000 | 128 Nb Number
- HPL_GOTCO | 10000 [ 108 a8 4
HPL_OPEN | 10000 | 128 108 11
- HPL_GOTCO | 10000 [ 108 128 32
HPL_OPEN | 10000 | 128 168 13
- HPL_GOTO | 10000 | 88 i 80
HPL_OPEN | 10000 | 128
Mum | Tool+Blas | Grid MNb Mum | Tool+Blas | Grid Mb HPL-#4
GCC_GOTO | 10000 | 108 ICC_GOTO | 10000 | B8 Mb Mumber
GCC_OPEN | 10000 | 128 ICC_OPEN | 10000 | 168 88 1
GOC_MEL | 10000 | 128 ICC_MEKL 10000 | 128 108 3
GCOC_GOTO | 20000 | 128 ICC_GOTO | 20000 | 128 128 4
A |GCC_OPEN | 20000 | 128 A |ICC_OPEN | 20000 | 128 168 0
GOC_MKL | 20000 | 128 ICC_MIKL 20000 | 128 st 8
GCC_GOTO | 30000 | 128 ICC_GOTO | 30000 | 168 GOC&r44
GOC_OPEN | 30000 | 128 ICC_OPEN | 30000 | 128 Nb Mumber
GOC_MEL | 30000 | 168 ICC_MIKL 30000 | 168 88 0
GCC_GOTO | 10000 | 108 ICC_GOTO | 10000 | 108 108 5
GCC_OPEN | 10000 | 128 ICC_OPEN | 10000 | 168 128 20
GCC_MEL | 10000 | 128 ICC_MEKL 10000 | 128 168 11
GCC_GOTO | 20000 | 128 ICC_GOTO | 20000 | 108 2 36
B |GCC_OPEN | 20000 | 128 B |ICC_LOPEN | 20000 | 168 ICC 43
GOC_MEL | 20000 | 128 ICC_MIKL 20000 | 128 Mb Mumber
GCC_GOTO | 30000 | 168 ICC_GOTO | 30000 | 168 88 3
GOC_OPEN | 30000 | 128 ICC_OPEN | 30000 | 168 108 3
GOC_MEL | 30000 | 168 ICC_MKL 30000 | 168 128 g
GOC_GOTO |10000 | 108 ICC_GOTO | 10000 | B8 168 22
GCC_OPEN | 10000 | 128 ICC_OPEN | 10000 | 168 skt 36
GOC_MEL | 10000 | 168 ICC_MIKL 10000 | 168
GCC_GOTO | 20000 | 108 ICC_GOTO | 20000 | 128
C |GCC_OPEN | 20000 | 128 C |[ICC_OPEN | 20000 | 168
GCC_MEL | 20000 | 168 ICC_MEKL 20000 | 168
GCC_GOTO | 30000 | 128 ICC_GOTO | 50000 | 168
GCC_OPEN | 30000 | 128 ICC_OPEN | 30000 | 168
GOC_MEL | 30000 | 168 ICC_WIKL 30000 | 168
GCC_GOTO | 10000 | 108 ICC_GOTO | 10000 | B8
GCOC_OPEN | 10000 | 128 ICC_OPEN | 10000 | 168
GOC_MEL | 10000 | 168 ICC_MEKL 10000 | 168
GCC_GOTO | 20000 | 168 ICC_GOTO | 20000 | 108
D |GCC_OPEN | 20000 | 128 D [ICC_OPEN | 20000 | 168
GOC_MKL | 20000 | 168 ICC_MIKL 20000 | 168
GCC_GOTO | 30000 | 168 ICC_GOTO | 30000 | 168
GOC_OPEN | 30000 | 128 ICC_OPEN | 30000 | 168
GOC_MEL | 30000 | 168 ICC_MIKL 30000 | 168

FIGURE F.9: & % & 8. %5 #icdy s03--E3
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Mum | Tool+Blas | Grid MNb
- HPL_GOTO | 10000 | 108 SESEEATEZHiaEER
HPL_OPEN | 10000 | 128 Nb Number
- HPL_GOTO | 10000 | 108 a3 12
HPL_OPEN | 10000 | B8 108 22
- HPL_GOTO | 10000 | 108 128 10
HPL_OPEN | 10000 | B8 168 35
- HPL_GOTO | 10000 | &8 ks 20
HPL_OPEN | 10000 | B8
Mum | ToolBlas | Grid Mb Mum | Tool+Blas | Grid Mb HPL&#4
GCC_GOTO | 10000 | 108 ICC_GOTC | 10000 | 108 Mb Number
GOC_OPEN | 10000 | 108 ICC_OPEN | 10000 | 108 88 4
GCC_MKL | 10000 | 168 ICC_MEKL 10000 | 168 108 3
GOC_GOTO | 20000 | 108 ICC_GOTQ | 20000 | 108 128 1
A |Gcc_open | 20000 | 128 A [icc_open | zo000 | 128 168 0
GOC_MEL | 20000 | 168 10C_MEKL 20000 | 168 et 8
GOC_GOTO | 30000 | 168 ICC_GOTO | 30000 | 168 GCC4#
GCC_OPEN | 30000 | 168 ICC_OPEN | 30000 | 168 Mh Mumber
GCC_MEL | 30000 | 168 ICC_MEKL 30000 | 168 88 6
GOC_GOTO | 10000 | 88 ICC_GOTQ | 10000 | 108 108 8
GCC_OPEN | 10000 | 28 ICC_OPEN | 10000 | 28 128 4
GOC_MEL | 10000 | 168 10C_MEKL 10000 | 128 168 18
GOC_GOTO | 20000 | 108 ICC_GOTO | 20000 | 108 skt 36
B |GCC_OPEN | 20000 | 128 B |ICC_OPEN | 20000 | 128 ICC a4
GOC_MKL | 20000 | 168 1CC_MEKL 20000 | 168 M Mumber
GCC_GOTO | 30000 | 168 ICC_GOTO | 30000 | 168 88 3
GOC_OPEN | 30000 | 168 ICC_OPEN  |30000 | 168 108 11
GOC_MKL | 30000 | 168 10C_MEKL 30000 | 168 128 5
GOC_GOTO |10000 | 28 ICC_GOTO (10000 | 108 168 17
GCC_OPEN | 10000 | B8 ICC_OPEN  |1o0000 | B8 3t 36
GOC_MKL | 10000 | 108 10C_MEKL 10000 | 108
GCC_GOTO | 20000 | 108 ICC_GOTC | 20000 | 108
C |GCC_OPEN | 20000 | 128 C |ICC_OPEN | 20000 | 128
GOC_MKL | 20000 | 168 1CC_MEKL 20000 | 168
GOC_GOTO | 30000 | 168 ICC_GOTO | 30000 | 168
GCC_OPEN | 30000 | 168 ICC_OPEN | 30000 | 168
GOC_MKL | 30000 | 168 1CC_MEKL 30000 | 168
GOC_GOTO | 10000 | 108 ICC_GOTO (10000 | 108
GCC_OPEN | 10000 | 88 ICC_OPEN | 10000 | 108
GCC_MKL | 10000 | 108 ICC_MEKL 10000 | 108
GOC_GOTO | 20000 | 88 ICC_GOTQ | 20000 | 28
D (Gcc_oPen | 20000 | 128 D (icc_oren | zo000 | 128
GOC_MKL | 20000 | 168 10C_MEKL 20000 | 168
GOC_GOTO | 50000 | 168 ICC_GOTO | 30000 | 168
GCC_OPEN | 30000 | 168 ICC_OPEN | 30000 | 168
GOC_MKL | 30000 | 168 ICC_MEKL 30000 | 168
FIGURE F.10: 4 % & #. %]+ iy svt-i7
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Num | TookBlas Grid Nb
HPL_GOTO | 10000 | 108 SESHRAFIAmESRS
E HPL_OPEN | 10000 | 128 Nb Number
a8 1]
108 7
128 3
168 10
M 20
Num | ToolBlas | Grid Nb Num | ToolBlas | Grid Nb HPL 44
GCC_GOTO | 10000 | 108 ICC_GOTO 10000 | 108 Nb Number
GCC_OPEN | 10000 | 108 ICC_OPEN 10000 | 108 88 0
GCC_MKL 10000 | 168 ICC_MEKL 10000 | 168 108 1
GCC_GOTO | 20000 | 108 ICC_GOTO 20000 | 108 128 1
E |GCC_OPEN | 20000 | 128 E |ICC_OPEN 20000 | 128 168 0
GCC_MKL 20000 | 168 ICC_MEKL 20000 | 168 3t 2
GCC_GOTO | 30000 | 168 ICC_GOTO 30000 | 168 GCC4r#7
GCC_OPEN | 30000 | 168 ICC_OPEM 30000 | 168 Nb Number
GCC_MKL 30000 | 168 ICC_MEKL 30000 | 168 88 0
108 3
128 1
168 5
J-3t 9
ICC4 4
Nb Number
88 0
108 3
128 1
168 5
I3t g9
FIGURE F.11: A2 % & #. %]+ ficdp si35-17-KVM
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FiGURE G.2: Intel CPU E3-1230 V3 Gflops
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Haswell is the codename for the Intel processor microarchitecture that is the successor to the lvy Bridge microarchitecture. Most Haswell products are branded as
4th Generation Intel® Core™ Processors for client systems, and Intel® Xeon® v3 Processors for server systems, in addition to some Pentium and Celeron-branded
processors. Haswell is built on the 22-nm manufacturing process (lithography). Intel officially announced processors with this microarchitecture in 2013, Haswell

delivers significant performance advancements over previous architectures, including improved graphics, battery life, and security.

£ (256)
[ 3 EHH #0408 TP BREFFER RN AR EE
L] B2
H + Intel® Xeon® Processor E3-1230v3 . . $240.00 -
_ (8M Cache, 3.30 GHz) End of Lie Q213 4 ao0w $250.00 None
Intel® Xeon® Processor E3-1230L v3
+ ;
(8M Cache, 1.80 GHz) Launched Q213 4 25W $250.00 None
Intel® Xeon® Processor E3-1231v3 $240.00 -
+ ;
(8M Cache, 3.40 GHz) Launched Q214 4 80w $250.00 None
Intel® Xeon® Processor E3-1240 v3 . . $262.00-
(8M Cache, 3.40 GHz) End of Life Q213 4 80w $273.00 None
e s ¥
Intel® Xeon® Processor E3-1240L v3 Launched 0214 4 25W  $278.00 T

(8M Cache, 2.00 GHz)

FiGURE G.3: E3-1230 V3 Haswell rxia

G.3 i7-3960X

Intel® Core i7-3900 Desktop Processor Extreme Edition Series

Processor |Frequency Type| Clock CTP GFLOP | APP 1-way | APP 2-way | APP 4-way
Number GHz
i7-3960X Base 33 195800 158.4 0.04752 0.09504 0.19008
Single Core |3.9 231400 187 0.05616 0.11232 0.22464
Max Turbo
GPU ONLY |N/A N/A N/A N/A N/A N/A

Intel Corporation is providing the Product Export Compliance Matrix which contains the information necessary to complete an export assessment against the
US Export Administration Regulations and local export country regulations such as Adjusted Peak Performance (APP) in Weighted Teraflops (WT), Export
Control Classification Number (ECCN), AND/OR Harmonized Tariff Number (HTS), etc. APP values are calculated using the Single Core Max Turbo Frequency
as published on ark.intel.com. Effective immediately, Intel will only be providing our customers with the APP information for the single core and multi-core
processors based on the Single Core Maximum Turbo Boost Technology Frequency information, if applicable.

All information provided in the Product Export Compliance Matrix is strictly a recommendation to the user, and should be used in conjunction with the US
Export Administration Regulations (EAR) and local country export regulations when assessing export requirements for the US and local export country.

All the information contained herein are based on Intel product specifications and are subject to change without notice. Intel makes no representation or
warranty as to the accuracy or reliability of such specifications. These calculations are provided “AS IS” with no warranties whatsoever, including any warranty
of merchantability, noninfringement, fitness for any particular purpose or any warranty otherwise arising out of any proposal, specification or sample.. Intel
disclaims all liability, including liability for infringement of any proprietary rights, relating to use of information in these calculations. No license, express or
implied, by estoppel or otherwise, to any intellectual property rights is granted herein.

FIGURE G.4: Intel CPU i7-3960X Gflops

121



	摘要
	Abstract
	致謝詞
	Table of Contents
	List of Figures
	List of Tables
	1 簡介
	1.1 研究動機
	1.2 論文目標與貢獻
	1.3 論文架構

	2 研究背景與相關研究
	2.1 研究背景
	2.1.1 虛擬化技術
	2.1.1.1 主機型架構
	2.1.1.2 裸機架構

	2.1.2 虛擬化平台
	2.1.2.1 VMware Workstation 12工作站
	2.1.2.2 VMware vSphere 6 / ESXi 6 虛擬管理程式
	2.1.2.3 KVM核心虛擬技術

	2.1.3 高性能Linpack基準測試
	2.1.4 編譯器
	2.1.4.1 GNU編譯器
	2.1.4.2 Intel C++編譯器

	2.1.5 基礎線性代數程式集
	2.1.5.1 GotoBlas
	2.1.5.2 OpenBlas
	2.1.5.3 Intel MKL

	2.1.6 信息傳遞介面標準

	2.2 相關研究

	3 實驗環境與建置
	3.1 實驗架構
	3.2 機器規格
	3.2.1 主機板
	3.2.2 中央處理器
	3.2.3 硬碟
	3.2.4 隨機存取記憶體

	3.3 系統與軟體版本
	3.3.1 系統版本
	3.3.1.1 Windows
	3.3.1.2 Ubuntu

	3.3.2 虛擬化平台版本
	3.3.2.1 VMware Workstation
	3.3.2.2 VMware vSphere / ESXi
	3.3.2.3 KVM



	4 實驗環境與結果
	4.1 測試架構
	4.1.1 基礎測試環境架構
	4.1.2 測試架構說明

	4.2 理論值計算
	4.3 實驗方法
	4.3.1 HPL安裝與實測
	4.3.2 GotoBlas與OpenBlas測試
	4.3.2.1 GCC編譯器執行測試
	4.3.2.2 GCC執行Intel MKL測試
	4.3.2.3 ICC編譯器安裝與測試
	4.3.2.4 ICC執行Intel MKL測試
	4.3.2.5 Intel Linpack測試
	4.3.2.6 實驗加測組
	4.3.2.7 數據彙整


	4.4 實驗結果
	4.4.1 HPL實測結果
	4.4.2 GCC編譯器實測結果
	4.4.3 ICC編譯器實測結果
	4.4.4 MKL數學核心函式庫實測結果
	4.4.5 Intel Linpack實測結果
	4.4.6 KVM實測結果
	4.4.7 分區分塊因子分析結果
	4.4.8 各架構效能表現
	4.4.8.1 A架構
	4.4.8.2 B架構
	4.4.8.3 C架構
	4.4.8.4 D架構
	4.4.8.5 E架構



	5 結論與未來方向
	5.1 結論
	5.2 未來方向

	參考文獻
	附錄
	A 安裝Ubuntu
	A.1 Ubuntu下安裝KVM

	B 安裝VMware vSphere
	B.1 安裝VMware vSphere
	B.2 於VMware vSphere 6下安裝Ubuntu

	C 安裝VMware Workstation 12
	C.1 於windows 7 安裝VMware Workstation 12

	D 其他附屬安裝
	D.1 GCC編譯器下載安裝
	D.2 OPEN MPI下載安裝與執行

	E 效能測試安裝與執行
	E.1 HPL安裝與實測
	E.2 GotoBlas與OpenBlas測試
	E.2.1 GCC編譯器執行測試
	E.2.2 GCC執行Intel MKL測試
	E.2.3 ICC編譯器安裝與測試
	E.2.4 ICC執行Intel MKL測試


	F 測試數據統計表
	F.1 HPL統計表
	F.2 GCC統計表
	F.3 ICC統計表
	F.4 MKL統計表
	F.5 分區分塊因子統計表

	G Intel CPU Gflops
	G.1 Haswell、Sandy Bridge指令集倍率對照表
	G.2 E3-1230 V3
	G.3 i7-3960X




