/ e —

/ .

BTN BT RE R RE A TT VA

QAR $2 15 V.

- NI HHLAF AL A L

1P TiEE

Intel A AR 55w . AEHUIFATRHECH IR 2 7]

PAritTera FF1T


http://www.paratera.com/

— \\-&——‘
/—/_

Performance (Wall time)

JUAN I H . L RE TR R

__.-f/

CPU Utilization (CPUF|H #*<100%, — &8 ZZHH0)

Frequency Scaling (14BEfECPU=
Core Scaling (14 feRE CPUIZ LY

=R AZAL)
B A 224k )

Cluster Scalability (FLEF 75 s InIE LE)

PARATERA FF17



g— _-_-_-_'__'_'“-'———__.__:_‘_ I
_——

M &b T A

L He él‘] € X

H2etge?
Performance(Time/Bandwidth/latency/...)=

F(Hardware+Software+Workload+Benchmark)
PERE (I I8] /57 95 [ 9EIR /...) =

F(RE & B A+ 8 A+ 17 8+ 2 207V
FiB A1 e

o FrifEBenchmark/EMi 4 FHIIE4T 45

e Linpack/Stream/Iozone/IMB/...

BAFERE
o FPEBMERMEMT & ERjsiras R
e Fluent/Ansys/MMs5/Gaussian/GeoEast/...

PARATERA FF17



i?)\f“x*":\ TR

o WATHEAUE R A5 BTt
o HbrE
o HLIFPUT
o M=
o CachelZR&5 1
« %
o ZAbHHZR
o FSB/NUMA
o oy HIPKC I 2%
o HATXMHARS

o ﬁ%?ﬂ'ﬁﬁﬁﬁﬁﬁ, anqrl e R AC AL ?

o

OE

PARATERA FF17



\li

Ul

Core Microarchitecture

L oy 32 KB I-cache (B way)

F 9

T+ 160+ bits

r r

4 x50 Instruction Pre-Decode. Fetch Buffer

4 ucps !1 nep !1 nop !1 .l.LC‘p

T+ Entry pop Buffer

=4 nops
I Eegister Alias Table and Allocator I

$-1— wops
/| Betirement Register File
96 Entry Feorder Buffer (ROB) . }{Gps Visible State)

"4 pops

F

- 32 Entry Reservation Station

SIMD4bH B

AL BT

F
»~ Store
~ 128 bits 128 bits

Internal Results Bus L. 256

bits

ParaTERA F117

The IP of this figure belongs to the original owner



Intel Xeon Platform

3500 /5600
Intg‘lu))(gon Nehalem/Westmere
Harpertown

DDR
1333~

1600'F 32GB/s 32GB/s

12.8GB/s i

PCI Express® 2.0

MC

FBDIMM
1/O 800

25.6GB/s

Intel® 82599 10GbE
Controller

The Right Answer in HPC LT

PaArRATERA 717



Hero Featuress

\_\“‘—‘_______ - - e
es Processor (Nehalem/Westmere)

- ntel Xe—on® 5500/5600 Seri

4 )
Intel Turbo Boost Technology

. Increases performance by
increasing processor frequency and
enabling faster speeds when

conditions allow
Normal 4C Turbo

<4C Turbo

Intel Hyper-Threading
Technology

Increases performance for
threaded ap|'): ications delivering
greater throughput and

responsiveness

N
>
(&]
c
(]
>
o
et
L
All cores All cores Fewer cores
operate at operate may operate at
rated at higher even higher
frequency frequency frequencies
Higher performance
on demand
- /

Higher performance
for threaded workloads

PARATERA FF17




. : / =

/ e —
mPERE THE 2 i )

28K 22 B R bria AT BB RO AR D H TS e
BAFRABOR R SR, W B Th T HAL Z R
BAFAC AR, MR, R EREATT A

HAr: FH20%/) 8} B 248 H 8o % L4t = 8]
RRFTR: ETNHBITRIERPEEDAL 5%

PeRe BRI AL TEREER N

PARATERA FF17



[ BEC AL A

Start Here

e SR 1 B Bdia

AP S S0 M B RE AL 1R

LM REIR REFEITTR

TN R LI/, 5 R A Tttt

The Right Answer in HPC LT
Performance Methodology of Intel ParATERA 7717



/

.3 AT R R 5 1 5%
T € A 1 RIS FH A A7 %8

K H£CPU/Memory/Disk/Netowrk U 73 I#) 3= ZAFAE FR bR

T B2 N PE RE R i B LS BORTE DR, Bort AH N A 1 REPEAS 5
1 CIE) S b2 PE RIS A 2 B 20

B RN [ B S RHE AR S HFE
ix}gﬁf LR R, HHBIH P 2R A5 RE MR/ DR IS et AR L R
SIS
%ﬁﬁ%ﬁ%ﬁﬂ M1 L H Paramon/Intel 5 A4FESEIL H 3, (&TH0N B TR
k%

o ﬁﬁ: ﬁﬁb‘f&%%

EX

PAritTera FF1T



—
- _

Ny . ’ 1 0 LL- L—
- B RE R IE TR AR
RGN

o CPU: M HTHEIA]. ZRGEIT4H I [A]
e Memory: NAFEH & . SWAPEH] =R
e Disk: f#tie. WS

o Network: 2SI, W% &
AR 2

o fUI4%%: CPI. GIPS

o F 184 : x87. SSE. sSSE

¢ ﬁ%’pﬁ fVEC

e WAFV5Hl: Memory Bandwidth

L b )

| 1]

PAiATERA FF1T



o )
Paramonf# BE la &

Paramon—f reeiﬁmﬁﬁ E‘Jiﬁﬁ (

Memory
(0-100%)

Di SR Disk Write
(0-101 )Mﬂlgc) (0-100MB/sec)

___-__-:

CEFU (=y=1% Swaph Disk Read (ME/=) Dislt Write MES=)  Het Send ME/Ss) Het ReewME/=)

HPC S

PArRATERA 17


http://www.paratera.com/

~Paramon l'iﬁlﬁﬂn# (4064: )f—IT ) .

!!Ig‘-l'!ll!-l.!!ll!l S0 00 A g g o g oy -I'-I.!-I_'l_l
TR PP TR IVl ol o ol ol ol Y o |
..I_.I..I._I.l'.ll!!'.II!-!Illl".';.'.':.'.'lllll!!l.ll.l\ll.lll
A} O RN DG 1NN U U U O] O g g o oy IIIII RUAL} WU U] SONDG SIS N 2} Y
0 G0 G0 GG O 0 A 0 0 0 0 o v D G GO G0 O A
WG I A I DG 0 O WUOG UMD G GO OUOG O O S O A OO U DY Wl U} O} iy
-V R RN YIE R UEE U O U O Y YO DO T DO A A
YA UL LR VI VUG D U I S 1y LN G UG LI D I 0N I A A
TR T SALEQ RO A O I WV Y RN TR P T U WU O UG R R R0 I R L g
0 L RUNDG 012 N R AU WO W] DG NDUG A AT MUY WD} RO SONDG GG A A AU WOADY W] GG SR
I!!!IL!I'!:!I!!!!!I!!IL!!!IL!!I!IL!!IL!IE!I'.!L!@
AR U SAMDQ AMAVY U1 00 A N 119 Uy U NDQ A WO ANDQ A 0 ARG 101y AN} ANDG Y BAAN) DANSG iy
S S Ry Oy ey )y iy
I.IE-I|.IE-I!E-I|!!-IE!-IE!I'_I:..I'..I'_.I'..I_I'.--I_'_Ii
'_l'_l.'_l'_ll.l'_l'_I'_I'”IEE"'IEﬂ"lﬂ"l“’lﬂ"‘l'-ls--lﬂ:g
NN LI NN RO UG N I DD GOUNG NG SNNNG AUNOG ANAOG HOMOG U0 UG NG I AN R U O
0 G 0§

l.



:ﬂPall" amon{¥ F ZZ 4|

o IVMHI1350 HAENEE

‘‘‘‘‘‘ a [ WPS120GG
== T s — ———. ==, i =——— N = ==
S SIS el it £ S . = - W - ——

PAiATERA FT1T




Paramonﬁ ﬁﬁ %@J

F1 %*Jrﬁ (457 KD %@JUV‘&(




Paranon{l

o FHATHRIHParat (4 &) EHEMA (CPU/Memory/Network/Disk)

P55 | ZHENR AR WA AN

1 Linpackllig 47T A TE] I CPUTH AL g

2 Streamilf i MK 2 RMemory N AT 17 T8

3 Intel MPI Benchmarkil]iz 275 A5 TA] B Ne twork P 284 BE
(TR AR IMBIIR)D

4 10zoneill iz AR S D1 skg B35 M e

PARATERA FF17



~ Paramonfs¥ FH =44

o ParamontRERF|——CPURZHT ] E

Paramon-cluster http://wwww.paratera.com

Paramon-cluster htt

File Edit Tool About

l

Tasks: 290 total, 17 running, sleeping, 0 si
Cpud : & 0.0%ni 0.0%id, . O%we
Cpul : . Bwi
Cpu2
Cpu3

D
Cpus
Cpub
Cpu7
Cpu8
Cpu9 :
Cpuloe :
Cpull :
Cpul2 :
Cpul3 :
Cpuld : 0.0%us, 0%ni,100.0%id, &
Cpul5 : 0.0%us, .0% 0.0%ni,100.0%id, 0.0%w:
Mem: 24675612k total, 2295236k used, 22380376k fi
Swa 1020116k total, Ok use 1020116k f1

o

COPOPO OO Qq
[oN-N-No NN N N>R NN ol NN l-)

- M-I M- - - W o o Mo o - o o o)

PID USER PR NI VIRT RES SHR S %CPU EM
6477 hwx 25 0 127m 81m 5364 R 52.5 0.




Paramon-cluster http://wwww.paratera.com ‘7 ) Paramon-cluster http://wwww.paratera.com

comiput
i

npuﬁ—( +




Paranonff I Zp

o [RULEMRETRSIN, ParamoniKAFid % HF LA R AR
> CPURZ BSOS R 2
> NAEREHHIRE,
> RS EAT SO, W AR R R

> MZOIRSHIIRZ, 0. TIAL BRI R A A B I PLR M
Infiniband 40Gb/s#H B B20Gb/ sE K, SHEFeAr 25,

o ZRAL RIS T,  FAAR R A P O R AT 2 A B 7R AT
.
o SCRFHITEE UEARIIRE .



WEHE T 00
i,ﬂa 22 1282%’)#\/ RICIEAEFITE

X 28 P B 22 1 25 Ve L 12 3

File
FARATERA

Illl"“' Il-l I|.I I'II I""'I_Il-l
JJJnmmwmmmmmmumm
mgmmmmmummmm|gm-

il 1 I' I' 1O e
_:II'"I I I_"I II*”I II I-
A J 00 Il I'.!IEI' ..I' Jmps L'I!L!IE'

IIM~ i I”"'I l """" Il """ II'“ l"'"l Il“"" l“ll

N R ERE 4 RN BBk E




Paratunefd: g8 #r

PERESR AR I

PINEN
L

PIRENELiT]

CPUf &

Zx

= CF%

L fle syle Window Help
Info Charts Edit

View Layout

Application Runtime Characterization

I

[tz mos:

LASRLL Mivhabenit
[tr2trimos:

50 —{[r2trimes

CPU SYS{# FH =%

RLLE

= CFU (=y=s)%

A7 AR

et

= Memory¥%

SWAPfg FH

AN

- Swap®

RE-Y ers

FRAL

= HNet Send

RS

==
H

Het Becw

T A% B

e

= Tisk Eead

R A

Wi

= Di=zk Write

CPU(%) Disk(NB/s) Net (NB/s)

45

LRLPALLES
30 {2,

T T T T
s I @
= Ed g

as[) desg (%)pas[ @Ay

(5/49)38esn ﬂ!‘:{ (%) P

T
w
]

T
16:06:15

T
16:14:43

T
16:24:11

T T T T
16:33:40 16:43:08 16:62:37 17:02:086
Time/HH:}MM:SS



Paratune s FH Z 4

o HHII—BATIRE ﬁﬁﬂ‘%ﬁ%

lL: Ele syle Window

Info

CPU(%) Disk(NB/s) Net(NB/s)

Charts  Edit Wi
ntime Characterization

LT

T T T T T
19:35:56 19:49:02

Time/HH:MM:55

20:02:08

20:15:16



Paratune s FH Z 4

F P ——F AR SRS A R

|LL Ble Stle Window Help

Info  Charts

Edit Vi

ew Layout

Bazelnfo MetricsInfa | Currentdverage |

CPU(%) Disk(NB/s) Net(NB/s)

NodeName  CPU% CPU(sys)% Memory3t Swap% Net Send(MBy Met Recw(MIB/ Disk Read(MB Disk Write(ME 1B Send(MB/s IB Recv(MB/s) i
hp3e-215 71.6922 0.500607 53.0059 0.0805373 7.30094 -1.3 2 0.0128497 g
hp3e-216 72,3205 0.520949 53.6408 0.0594629 6.36774 1 0.0278477
hp3e-217 71.561 0.796823 57.2622 0.0585943 14.0282 0.12473 |
hp3e-218 71.19456 0.511905 52.4073 0.0599218 6.82927 0.027727
hp3e-219 609.5738 0.518716 52.3974 0.0556946 7.37961 0.03
hp3e-220 68.0669 0.512387 52.1614 0.0715729 7.39356
hp3e-221 67.7017 0.515114 52.0721 0.0583185 7.41421 -7 0.0231583 -0.401012 HfA HfA i
Application Runtime Characterization
10

T
19:35: 56

{s/d9)=238esn
454 (X)Pas[ desg (K)pas) w2y

T T
20:02:08 20:15:18



~ Paratunef# FH &4

H
L

PARNY

2z = i A R
JR— Y N

o  FMI2——5 Hi N [A] i AL A e

L Ele Syle Window Help [=[=]x]
Info Charts Edit View Layout

Metric=Info Currenthveragze
MNodeName  CPU% CPU(sys)% Memory% Swap% MNet Send(MB; Met Recv(MB/ Disk Read(MB Disk Write(ME IB Send{MB/s IB Recv(MB/s) g
hib4n01 1 0.653348 40,1996 0.129984 0.251802 0.350( 0.602357 -0.595129 HiL D
hib3nl4 3.73985 64,4451 20,7197 0.25192 0.3553 2.11561 -1.90138 Hi& |
hib3n13 0.684784 40.2599 0.125789 0.251596 0.34 7 0.61413 -0.534829 HfA
hib3n12 0.66197 40.3801 0.128357 0.257539 -0.54743 HfA -

Application Runtime Characterization

] 1172 = i
__ . 50+ = x -
~ T RITE L
> L 8B3n = [
TlgsTHes = I
bt - K _
_'_PE; 7 kT - i
= 7 e - [
7] Tall - r
W10 B Iale; = N
! it - -
= : x [
SRR | i —_— r
.E35_ n - -
—= ] OkEx - [
a7l -
= - 7 - -
S’ _ n [
NI =KL o = -
TS J8nm x :
At
RN iroe x - i
H 2| s : : P
] ] = - ;
e gL rrereviveperriaby: Hrsteprent  TaalE ol B Sl Ay mrrep el vepre e ifvrorsrereedl Seereive  optieto R, v Tyt S v S v v st e o AR, vl SPNatiry. 15 Ao sy e sl e e gy SOl g ik oy - |
4
| . . . . | . . . . 7 . . . . | ; . . . | . ; . . | .
11:02:51 11:21:39 11:40: 26 11:59: 14 12:18: 01 12:36:48

Time/HH:MN:5S

=y o
(S/g9)a8esn gg (%)pasn dess (%)pas w2y

e
=

]
5]



~ Paratunef# FH &4

o EHI2——SHi I R AZ AR L

lL: Ele syle Window Help
Info  Charts Edit View Layout

CPU(%) Disk(NB/s) Net(EB/s)

|_ ApplicationfRunmtime—tharacterization
| ol | 2
b
J s " L
| T —— -
BN
[_|
o
i g
=
5
b N} a
L)
................................ o
i L
................................................... - %"J
| e de al L
8
_ A i L g
......................................................................................................................................................................... g-
i
45 — = 45 &
......................................................................................................................................................................... S
1 P | i A
%]
T e T e R w
£ r =
...................................................................................................................... m
il - | &
o
...................................................................................................................... a
A M L &=
...................................................................................................................... -
g
"y 1 _qn“-’
A S S A T i s I
T
£ ~ W k 2= |
Vo
A | i -
m |
T : : | T | : : : | : : : ; | : : : : | ; : :
11:12: 16 11:21:39 11:31 11:40: 26 11:48:51




N I N7AY “I_“ NI AR . ‘\I-“ »
o ZA3——Para+IE N2 Linpackilli
Elle Style Window Help

Info Charts Edit View Layout

EBazeInfo MetricsInfo Currenthveraze

NodeName  CPU% CPU(sys)% Memory% Swap% MNet Send(MB; Net Recv(MB/ Disk Read(MB Disk Write(ME 1B Send(MB/s 1B Recv(MB/s)
compute-0-4 9082 2,58116 70.9189 0 0.0151343 -0.0338115 2.63378

compute-0-5 347643 0 0.0149838 -0.0272797 1.91384

compute-0-6 2.5001 0 0.028968 -0.0355405 2.22093

compute-0-7 266781 0 0.0149295 -0.0251025 2.07455

Application Runtime Characterization

4. 5 ................................................................................................................................................................................................................. N 4. 5
7| compute-0-7 e
7 _v_ L
4 ;J e e — —— é - 4
3. 5 __ ................................................................................................................................................................................................................. 3. 5

w

i
|
!
o
p
)

2.5

CPU(%) Disk(EB/s) Net(NB/s)

Lol
(s/g9)2%esn gsq (%)pasq desg (%)pas) wag

_: - T __/--- .......................................................................................................................................................................... '
X i == — -— N ) AW —, \
1. 5 __ ................................................................................................................................................................................................................. 1. 5

| compute-0-4 :
1{____4£::::: 2 §q_ﬁ —, e, e, o 1
0.5 . “Lo.s
4 il L
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

14:11:58 14:12:09 14:12:20 14:12:31 14:12:42 14:12:53
Time/HH:MN:S8



~ Paratunef# FH &4

o ZE3——Para+FEENHRZ Streamllix

L._ Ele Style Window Help

Info Charts Edit View Layout
MetriecsInfa Currenthverage
MNodeMame | CPU% CPU(sys)% Memory3 Swap% Met Send(MB; Net Recv(MB/ Disk Read(MB Disk Write(ME 1B Send(MB/s 1B Recw(MB/s)
compute-0-4 00 0.0625 14 0 0.0140266 0 0 a
compute-0-5 318 0 0.0143814 0 0 1]
compute-0-6 | 100 0.0625 0 0.0143814 0 o o
compute-0-7 | 100 44,1931 0 0.0167179 0 -0.0117188 0. 000705719

CPU(%) Disk(NB/s) Net(EB/s)

0.

.8

5

Application Runtime Characterization

compute-0-T

compute-0-6

compute-0-5

compute-0-4

o o o
o o

]

%]

(S/d9)a8esn ggd (X)pasn dess (%)pas) Wag

—_

[T [T T T[T T T T[T T T T[T T T T[T T T T [TTTT [TTITT]
=]
o

]
o

T
14:11:85

T
14:11:55

. T . | .
14:11:85
Time/HH:MM :SS

T
14:11:55



/ N

~ Paratunefs FH =4

o M| 3——Para+3EEN 2 TMBI

L Ele Style Window Help
Info Charts Edit View Layout

MetricsInfo Currenthverage

ModeMame  CPU% CPU(sys)% Memory3 Swap% Met Send(MB; Met Recv(MB/ Disk Read(MB Disk Write( N Lot o o 4, )
compute-0-4 127355 8.88179 213513 0 0.0194179 0 -0.0343628 282. 024 3 3 d ( o rar */—p )
compute-0-5 19.287 9.14155 2.0 8 0 X 94 0 -0.0315857 ZT3. 80T InflnlBan lﬂj 7\ IB
compute-0-6 19.2247 10.1479 81398 0 034 4 0 -0.0363159 Z47.T41 ATY

° ] 2% T %
compute-0-7 120745 10.1395 1.61731 0 -0.0337219 234. 061 —

Application Runtime Characterization

CPU(%) Disk(NB/s) Net(EB/s)

(/49 3%esn gsq (%)pasn desg (%)pasq wayg

0.5 “ICo.s

T T T T T T T T T T T T T
14:26: 38 14:27:00 14:27: 23 14:27:44 14:28:06 14:28:28 14:28:50
Time/HH:MM:SS



—_—

// S

Paratunef F &4

o ZEf3——Para+IEHENK 2 10zone i

L.,, Ele Style Window Help

Info

Charts Edit View Layout » ﬁ > S
Al '::, DN
MetricsInfo Currenthverage Egé i JE z

NodeName  CPU% CPU(sys)% Memory% Swap% Net Send(MB; Met Recv(MB/ Disk Read(M peblislediisitalME 1B Send(MB/s 1B Recv(MB/s)
compute-0-4 1 9.93499 2 5 0 0.0141238 0.0 2 -41.7408 9. 0559-07

compute-0-5 8.80072 0 0.0140898 -41.5837 1. 0979306

compute-0-6 11.2367 0 0.0280957 -50.9888 Z.19051e-07

compute-0-7 10.6466 2.10463 0 0.0141408 -51.4806 1.92338e-07

CPU(%) Disk(NB/s) Net(EB/s)

e
o

o
|

—

=
=y}

Application Runtime Characterization

compute-0-7

compute-0-5

compute-0-4

A . _ A _ __A _ A

4 | 1 |

1
[l
o

L R
(s/d9)@8esn ggy (X)pasn desg (%)pas) Wag

T T T T T T T T
14:58:33 14:59: 28 15:00:23 15:0
Time/HH:MN:S55

! I
1:18 16:02:13 15:03:08 15:04:03

s

0.5



Ny — /__A

requency Scaling
LI

odlle, TR A 4723 A
o | 3 R B LA AR E 4 21 A A7

6M L2 Cache 6M L2 Cache

BUS Interface BUS Interface 2. iﬂé/fﬁ i+%:

¥ MMemory# A\ Cache
Dual T84 P AL BRI SN B A7 2
ToooMIS B L T 8 58

25 6GBI/s FBDIMM 800MHz s T
25 6GB/s ¥ 51814 Cache 5 [0l N 17

A S YR Rt

(03 (03
O (@)
‘R. lR'
E E
(0] 1

Cc C
(6] (6]
CRM g
E =
2 3

6M L2 Cache

BUS Interface

1600 MT/s
12.8GB/s

3.0 TFEAS
o tH 4 2R
BE SOt B A

Data file on Disk \

PAritTera FF1T



o e o —
WA 3 i AT REFF BB AT I . CJUEED
A Ry &S
o [#{KCPI (Cycles per Instruction) , RER] LAFFEE$E &
SLINFE S R m) = A PRAE

 SSE (128bit Vector Instruction) by Intel
Harpertown/Nehalem

o XK EETHE M Bem K] LR o i

o HURGEETHE MR REm K] AR g
e AVX (256bit Vector Instruction) by Intel Sandy Bridge
e LNI (512bit Vector Instruction) by Intel Larrabee

e E Cache I #E ([F{kCache Miss Rate)
o THEMREmH KRB LR Ei>101%

o B Z NI F B BARRE 7 1 PARATERA F113




_— . , . . N v
TR ey AT AR P RS AT (7
JE ] A 8 i B Intel 2 145
e Intel Fortran Composer 12.0
e Intel C/C++ Composer 12.0
o 57 FH Z 13 4 15 T
o FOXTIEAHIVEREDCAL:  -O3 —fast
o EPXHRIEFRIEAMHA . -no-prec-div / -no-prec-sqrt

o XTI EA: -xS, —xT(Core) —xP(NetBurst)
%%} Cache Miss: -fno-alias ......

o EPRIAIZIN ~-ip/-ipo —prof-gen/-prof-use
o HEH L I —static —unroll(n) -recursive

PARATERA FF17



’ﬁﬂ ﬁj’m Els 1T?F£? EI’JJ\JTJS RIS (7R )
JRT A FH B i i) Intel MKLEL 2 % (10.3)

o PRECHATE O —2, BEBEEBEE SRR, JT AR

o HiIntel FIR TAEITE XS IntelfiE {41 & 78 0L

o 1 NIR RIS | Cache Miss/Branch MissPredictionsF
(ERALTET

o i NFREERIMEH] 1 AL BRAF N FEA BEJR, L ANSSEALFH 5
TG, 640IF R E AR

Intel MKLAE {H K 2 05 FH 207 R AL
o BLAS
e FFT

PARATERA FF17



o e
T3 5 R AT AR R BB 4Tk 5 (51 =)
165 B0 7 PRV B 2 B AL B

e JH i Intel VTune Amplifier & & 27117 7\ m BR ZUR1 4
AR B

o ERAEUE TR S
o BT HALSEI L
o HARZEGI AR .....

Case Study: GeoBenchmark

PARATERA FF17



r

GeoBenchmark* 1AL & 1A

GeoBenchmark* &
8% #Evgeny KurinJt
R — =] B R
=B R b FE LR

FF:

Floating Point Instructions

Ratio

Seismic Bechmark (GeoBenchmark)

Performance Analysis
CPI

100.00 unVecteorizationratio_

Branch Misprediction

erformance Impact
L1 Data Cache Miss

—e— GeoBenchmark
Unopotimized

—s— GeoBenchmark
Optimized

1. GeoBenchmark data is tuned by Intel CRT and accepted by Evgeny Kurin, permitted by Kurin to share herepﬂrﬁmﬁr.’iﬁg’ﬁﬁ ﬁ' fj


http://geocomputing.narod.ru/benchmark.html
http://geocomputing.narod.ru/benchmark.html
http://geocomputing.narod.ru/benchmark.html

v2 VTune(TM) Performance Environment - [Source View - [C:\...\Projects\VTProject4\mig_benchmark.c]]

. ile Edit View Activity Configure Window Help o ||51 |l|
ﬁn@ BE L BE wY BE D[y ZIeE XN ¥ (% q\
=E-ERERR| L4 A fif@@
AZddress [Line| Source ) ||RESOURCE ST|CPU CLK UNH |INST RETIREQL1D |ST|cPU c|A/
i132 float dx, /* distance between traces, m */ { { { i ;
133 float dt, /* sampling rate, sec */
”iééu float velhalf, /* half the wvelocity, m/sec */
135 float * modl, /* migration output */
”iéﬁj int ix /* migration output trace number */
Ox223E:138 {
............................... i s, A A, A
”i%b”' float x0, vyO0, dy, z0, dz, t, X, v, 2z, hs;
141
: Li§2: X0 = 0; yO0 = 0; dy = dx; 20 = 0; dz = dt; nz = nt;
h0x2442H;§§u X =x0 + dx * ix;
0x224E:144 for (iy = 0; iy < nx; iy++) {
0x225D: 145 v =v0 + dy * iy;
bubﬁééééwiég' for (iz = 0; iz < nz; iz++) {
"""" 0x22AB 147 z =20 + dz * iz;
 0x2271 148 ns = (x - y) / velhalf;
0x2298 149 t = sqgrt(z*z+hs*hs);
it = 0.5+t/dt;
0x24DE LR ZrLEsesmE )
.0x227C 152 modl([iz] += datal[iy][it];
153 }
154 }
.0x2320 156 [ }
157
158 /*
159‘ * structure to pass data to a computing thread = §  f
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\Projects\VTProject4\mig_benchmark.c]]

v YTune(TM) Performance Environment - [Source View - [C:\

” File Edit View Activity Configure Window Help

|[hEe®m 28 tae (D E B |aow SiemnX|EN|¥|[|®]]|%w|||#
 ==[-0 RERRR| L% 2V (BE D
B Address |Line §| Source |Pe RESCURCE ST|CPU CLE UNH |TNST RETIREQLI1D |ST|CEU C|BU|l#A|
Ox2330:144 jnge mig one trace+lf
Ox2336: 144 .ace+f8: jmp mig one_trace+el
O0x2250: 145 ¥ = w0 + dv * 1v; 29 1 1 9 FS B/CaChe
Ox225D: 145 .ace+lf: cvtsiZss $r9d, Ixmm3 T 1 1
0x2262 145 mulss $xmm0, %xmm3 33 j:/j ;] ?T ﬁﬁl
OxZ2266: 146 for (iz = 0; iz <« nz; iz++) | 140 543 216 431
Ox2266: 146 xorl %r8d, Irsd 33 2 I 4&6@
Ox2269:146 testl Fedx, Iedx
Ox2268! 146 jle mig_one_trace+e’ )( :
Ox22FD: 146 .ace+bf: addl 1 22 534 216 424
Ox2301:148 cmpl Fedx, FIrsd 1 5 1
0x2304 148 inge mig one trace+&d 1 }Eﬁ _‘E‘j;lﬁ
0x2306 146 .ace+c8: movgr  OXE (irsp), rbx . /j_\‘i H
Ox2308:146 movgr (¥r=p), %ril2 284 4 & - A
Ox22RE 147 z = z0 + dz * 1iz; 17 445 ag 377 i1
OxZ22ZAB:147 .ace+6d: cvtsil2es  %Fr8d, IxmmT 16 361 327
Ox22B0:147 mulss Fxmml .
Ox2271 148 hs = (& - ¥) / W 2 . 1§}Eﬁj:
0x2271i148 .ace+33: movss OxE8£f0£ (%
Ox2279: 148 movans FHmme, 3
0x2285:148 subss Fxmm3, 3 “, \
Ox2289: 148 movaps Exmm5S, 3 \
0x228C: 148 divss THMM2, RIS "EE i PARD)
0x2294:148 mulss Fxmm3, Sxmmd ﬁﬁ‘
Ox2298:149 t = =grt(z*z+hs*hs); o047 181 744 i1
Ox2298:149 mulss Fxmm4, IXmmd el 2 F{E}Eﬁ j:
Ox22B84:149 mulss FxmmT, SxmmT 368 a7 279 i1 EI
O0x22BD; 149 addss Fxmmd, ExmmT 300 234 Cvtts 1
Ox22C1:149 sgrtes FxmmT, 3xmmd 272 94 229
0x2290:150 it = 0.5+t/de; 11,242 3,901 {100 9,182 :11 "EE E= é“
O0x2290:150 divss Fxmml, FxmmS ] ] &
0%2223 150 movsd  Ox@ebd(irip), I E
0x22B8: 150 pXOY Eumms, FXmmd 318 91 282 2 _T_E
Ox22C6: 150 mulss FxmmS, $xmmd 330 6,270 1,758 11 5,166 3
Ox22CE 150 movss Exmms, %xmmd a8 1,548 734 1,242 14
Ox22D0: 150 cvtpsZpd IXmmS, FXmm 70 778 377 667
Ox22D4: 150 addsd Fxmm3, Fxmml 75 1,156 370 83 930 i1
Ox22D8: 150 cvttsdZsi  Fxmml0, %rlld a3z 1,165 ZE2 1 880 i1
0x22DE 151 if (it < mt ) { 115 1,772 2,159 1 1,614:2
Ox22DE: 151 cmpl Fedx, 3Irlld 77 1,083 719 1 935 i1
Ox22E1 151 Jge mig one_ trace+bf 38 f88 1,440 678 i1
0x227Ci152 modl[iz] 4= data[iy] [itc]: 17 853 1 2 747
Ox227C1 152 mowva Frbx, OXE(%rsp)
0x2281:152 move %rlz2, (%rsp)
(] 1 | 3| ) ]
Function Summary Tue Now 13 15:40:09 2007 - Sampling Results [127.0.0.1]
Address |Size |Function Class |RES... |CPU INS...|L1...(5.|CPU_... |B..|B..|PA... |5.|L.|X.|L.|B.. |UOPS RETIRED.ANWNY ({
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For Help, press F1




void mig_one_trace(
float ** data, /* input for migration */
int nx, /* number of traces '.‘:/’
int nt, /* number of samples */
float dx, distance between tr aces, m x=/

ﬂ&mm%ﬁﬁ%ﬂ@ﬁ 1 BT

flo
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" SSE/SSE2/SSE3#5 4 Szl w4k,
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o [ EALEE R
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» 7E4¥%Intel® Xeon® processor (Clovertown)'ﬁi@%%iz LS PERERR T T

Original code

Improved code

1. GeoBenchmark code modification and share is granted by Kurin for Intel IDF usage.
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2 VTune(TM) Performance Environment - [Source View - [C:\...\Projects\VTProject8\mig_benchmark.c]]

‘. File Edit View Activity Configure Window Help o |E| X ”
| R - | [ . G [t [t | | - e [T | e \.1"‘“
HEH $& | L hE B e D HIActwutﬂ “IE XN ¥ || |
J4 JJ | 1) | JJ | JJ
ey =E-ERERER | J% 27V 55 A
2 %1‘25vit”1 Address [Line| Source | cCPU_CLK UNHALT|INST RETIRED. A
. CW@&‘NedNovu el LR float x0, v0, dy, 20, dz, ¢, %X, ¥, 2, hs;
W“J Run1 Gx1fnaal. ame ieeinel: 0 Bssesseasesdas e s,
CPL Ox1776:142 2 flocat ftt[nt],‘
IRCTIAINIIIIN Y & - & T x0 = 0; y0 = 0; dy = dx; 20 = 0; dz = dt; nz =
0x178C:145 x = x0 + dx * ix;
GX1798. 425 FoE (1Y =-0: 1y £ DR 1y} f ONINTU 4 LOINE TN NIV L6 deunaning
OX17AE 147 . y n YO + dy ® iy; 3 esecansesseesresensessesss 12 ...........................
G e for iz =9y lz s nzs d2bey £ B STl v LI PN e
0x183D:149 Zz =320 +dz ¥ 1z; N vaTau. 102 11757 TN
0x17CF:150 hs = (x - y) / velhalf; 6 14 =
0x1814:151 t = sgrt(z*z+hs*hs); 525 694
i52 r/ it = 0.5+t/dc;
153 4 3E { I € #e )

154 // modl[iz] += datafiy][it]:
[iz] = 0.5+t/dt;

156 }
Oxroeh Ao ToE itz =0 1z £ D fzeer f ETL TNV 20D 203 S
0x1953:158 itc[iz] = freliz]: 123 385
spnen L, !
0x1982:160 for (iz = 0; iz < nz; iz++4) { 442 1,219
0x198D:161 if ( ictcfiz] < nt ) { 426 1,178
0x1996 162 medliz] += dataliy][itt(iz]]; 1229, 638 . .
} ..........................
}
sereesienrninnene. } ..........................
0x19D2:166 }
4] i | =L
Function Summary Wed Nowv 14 17:41:20 200
Address |S5ize \Eunction CPU_CLK UNHALTED.C... |

0x1752| 0x312 mig one_ trace

AT 19:32
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une(TM) Performance Environment - [Source View - [C:\...\Projects\VTProject8\mig_benchmark.c]]

_l=]x]

|

| BE D 'H|Activity1

Srm x| |w|[®|)|x 9 |)|e

ining Bro

= vtdefault
=& Activityl

|

AE® B8 ;e

=[=[- &

BEERER % 29 B[

= 4B Wed Nov 1¢

AZddress |Line|§| Source |icPu cLx UNHALT|INST RETIRED. | A
Ox19FB: 157 " mig one trace+2id
O0x1A01:157 ... race+2af: jmp mig one trace+230

E‘!-% Run 1

Ox196F

0x1975

0x1982

0x1982

0x1985

0x1987

0x19B0

0x19B4

0x19B7

0x198D

0x198D

0x1991

0x1994

0x19396

0x19396

0x198C

O0x199F

0x1943

Ox1San

1

&

ittc[iz]

fre[iz]:

8

$ri3d 2 3
mig one trace+25e

modl[iz] += dataliv][itt[izl]: 229 63

(8]
) ]

8 8 8 b~ L
0O 0 D Q
n

=]

$rg8, 4), %xmm3
$riq 103 284

) r
(¥xrcx, %xrg8, 4) 125 347

| ¥|= i |2"!i

Function Summary

Wed Nov 14 17:41:20 2007 - Sampling Results [127.0.0.1]

Address

Size

Function

CPU _CLK UNHALTED.C...|INST RETIRED.... |Clocks per Instruc...

For Help, press F1
‘4 Start

0x1752

0x312 mig one trace

Selected Range --—-

117 381 0.307
8
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o
» x e . o =
2 S\aRNEYAs]e)--Convert Packed Single-Precision Floating-Point Values to Packed Doubleword
) Integers with Truncation
| = St
| Opcode Instruction Description
|
I F3 OF CVTTPS2DQB el ¥ Convert four single-precision floating-point values from xmm2/m128 to four signed doubleword
5B /r xmm2/m128 integers in xmm1 using truncation.
Converts four packed single-precision floating-point values in the source operand (second operand) to four packed signed doubleword
integers in the destination operand (first operand). The source operand can be an XMM register or a 128-bit memory location. The
destination operand is an XMM register.
When a conversion is inexact, a truncated result is returned. If a converted result is larger than the maximum signed doubleword integer, =
the floating-point invalid exception is raised, and if this exception is masked, the indefinite integer value (80000000H) is returned.
Operation
DEST[31-0] € Convert Single Precision Floating Point To Integer Truncate (SRC[{31-0]);
DEST[63-32] < Convert Single Precision Floating Point To Integer Truncate (SRC[63-32]):
DEST[95-64] € Convert Single Precision Floating Point To Integer Truncate (SRC[95-64]):;
DEST[127-96] ¢ Convert Single Precision Floating Point To_Integer
Truncate (SRC[127-96]):
Intel(R) C++ Compiler Intrinsic Equivalent
_ mi28d mm cvttps epi32(_ mi28d a)
SIMD Floating-Point Exceptions
Invalid, Precision. B
Protected Mode Exceptions
#GP(0) - For an illegal memory operand effective address in the CS, DS, ES, FS or GS segments. If memory operand is not aligned on a 16-
byte boundary, regardless of segment.
#SS(0) - For an illegal address in the SS segment.
#PF(fault-code) - For a page fault.
#NM - If TS in CRO is set.
#XM - If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 1.
#UD - If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 0. If EM in CRO is set. If OSFXSR in CR4 is 0. If CPUID
feature flag SSE2 is 0.
| Real-Address Mode Exceptions 2
L et a R TE mmmimm mam e A im mmb Alimmad A w1 biibka mmiim A s emmmedlans A E mm A~ - —

Ec 2 7 gEr



2 VTune(TM) Performance Environment - [Sampling Modules - [Sat Nov 17 01:54:10 2007 - Sampling Results [127.0.0.1]]]

\5 File Edit View Actvity Configure Window Help

| Project Unpack

L2 Cache Miss Rate 0. 000

TLB miss penalty 0.000

Sat Nov 17 16:54:28 2007 Unpacking file C:ATARYWTune\Projects\W'TProject 145 amplingharc7854tbs239f
Sat Nov 17 16:54:28 2007 Unpacking file C:ATARYTune\Projects\W T Project 145 amplingharc7854tbsBf039
Sat Nov 17 16:54:30 2007 Unpacking file C:ATARY Tune'\Projects\V T Project1 145 amplingarc7854tbs081 7\
Sat Nov 17 16:54:30 2007 Unpacking file C:ATARYTune'\Projects\W T Project1 145 amplingharc7854Modules.

Sat Nov 17 16:54:31 2007 Unpack is finished.

Sat Nov 17 16:54:31 2007 The unpack process completed successfully.

| 5 | | ’ o
]' ‘Dm’#u’;ﬁ, I»@’-@H“Actlvnﬂ _valllX\#\Vﬁ’[HE!H%@ Mq‘
e j I_ﬂ l Wom G [ ‘Q ’E ) ‘ | ’ = Process @ Thread { @ Module @ Hotspot (75 Source ‘ ’ X
El vildefau —
-t s | [ [ E e [ Secionsunmay |
=l @ SatNov171] |2 | | Events | Total |a
=35 Runt | |2 RESOURCE_STALLS.BR_MISS_CL.. 29..
5] RES 2 CPU_CLK_UNHALTED.CORE sampl... 15S...
5 CPL| | INST_RETIRED.ANY samples(12) 331.
5 INS L1D_REPL samples{12) 874...
% LD BT A STORE_BLOCK.SNOOP samples(12) ~ 0.00
=-B% Run2 RESOURCE_STALLS.BR_MISS_CLEAR 29,224 x 100,000 = 2,922,400,000 (98.683%) CPU_CLK_UNHALTED BUS samples... 133...
%] STC oo CPU_CLK_UNHALTED.CORE 159,726 x 2,333,000 = 372,640,758,000 (99.504%) BUS_TRANS_ANY ALL_AGENTSsa... 492..
[ cPL 2o INST_RETIRED.ANY 331,228 x 2,333,000 = 772,754,924,000 (99.843%) BUS_DRDY_CLOCKS.ALL_AGENTS... 433...
=B Run3 T o K00, B/ N, 000 (89.275%) PAGE_WALKS CYCLES samples(12)  16..
g BUE CPU_CLK_UNHALTED.BUS 133,218 x 400,000 = 53,287,200,000 (99.597%) STORE_BLOCK.ORDER samples(12)  33.00
2] BUE BUS_TRANS_ANY.ALL_AGENTS 492 x 100,000 = 49,200,000 (56.164%) L2_LINES_IN.SELF.DEMAND sampl... 15.00
=B Rund4 BUS_DRDY_CLOCKS.ALL_AGENTS 433 x 100,000 = 43,300,000 (53.589%) X87_OPS_RETIRED.ANY samples(12)  0.00
' % PAC PAGE_WALKS.CYCLES 1,613 x 10,000 = 16,130,000 (43.915%) L2_LINES_IN.SELF.ANY samples(12)  33.00
STORE_BLOCK.ORDER 33 x 1,000,000 = 33,000,000 (36.264%) = =
2 STE L2_LINES_IN.SELF.DEMAND 15 x 100,000 = 1,500,000 (65.217%) BR NS RENRED MISPREDsam.. |*19,.
=l % Run5 X87_OPS_RETIRED.ANY 0 (0°/n) = UOPS_RETIREDANYsampIes(12) 387...
) L2_ L2_LINES_IN.SELF.ANY 33 x 100,000 = 3,300,000 (51.563%) S | S5SoLRCE: STALL SRR ANSE ). 2.0
[ xer? BR_INST_RETIRED.MISPRED 1,975 x 100,000 = 197,500,000 (97.243%) v j£i 1] % 4
=B Runb UOPS_RETIRED.ANY 387,204 x 2,000,000 = 774,408,000,000 (99.814%)
ol 3 12 Brand1 Misprediction Per Micro-Op Retired  0.000
g = gLZ"&liT;sgsdicg%%Ze’ﬁ’rma“ce Impact 0.008 | Sample After Value | Total Samples | Duration {s) | Rir &
Clocks per Instructions Retired - CPI  0.482 100000 23614 22.27
Data Bus Utilization 0.001 2333000 160522 2227
Floating Point Instructions Ratio 0 331749 2227
L1 Data Cache Miss Performance Impact 0.002 =
|L1Data Cache Miss Rate  0.000
JL2 Cache Demand Miss Rate  0.000

For Help, press F1
‘4 Start
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Paramon-profE LA EFME — Linpack Benchmark

Swap
0%

153 . e L —— — ‘_ &
Disk Read Disk Write
0 MB/sec 0 MB/sec

Paramon-free http://www.paratera.com

M=

X

'17'.

Disk Read
0 MB/sec

Paramon-pro http://www.paratera.com =1k

L

Disk Write
0.09 MB/sec

PArRATERA 7117
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Paramon-prof iR EFRE - Stream Benchmark

Paramon-free http:/www.paratera.com |- |0/ x /[

b

!

d

Paramon-pro http://www.paratera.com E_E!:I:I:HE!‘

' switching Help By 'h/H’

Net send|| | Net Send
0.08 0.09
MB/sec : ’ MB/sec
CPU  100%

CPl | 4.95

Disk Read Disk Write Disk Read Disk Write
0 MB/sec 0 MB/sec 0 MB/sec 0 MB/sec
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ﬂ
LBKMS t)escription time (s) |speedup
cc 11.0.081
Baseline: Hpthread 14.99
./a.out 1001 1000 1
BKM #1 cc 11,0.081 . 111 | 35.05%
Hpthread -no-prec-div
BKM #2 | cproc_p_11.0.081 + itt[] 4.2 356.9%
| cproc_p_11.0.081 + itt[] 0
BKM#3 Hlpthread -no-prec-div -O3 3.58 418.7%
http://www.paratera.com BIEEN

Paramon free

s‘wtchin - élp By 'h/H |

Disk Read Disk Write

0

MB/sec 0 MB/sec

o AT (LT
AN

S AL A

Paramon pro http /Iwww paratera com - /(O] X

Szwitchin

Disk Read
0 MB/sec

.’-'"-F“'---

élp By 'W/H' |

Disk Write
0 MB/sec
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PP R o 2

TR
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‘
LBKMS t)escription time (s) |speedup
cc 11.0.081
Baseline: Hipthread 14.99
./a.out 1001 1000 1
BKM #1 cc 11.0.081 ) 111 | 35.05%
Hpthread -no-prec-div
BKM #2 | cproc_p_11.0.081 + itt[] 4.2 356.9%
| cproc_p_11.0.081 + itt[] 0
BKM#3 Hlpthread -no-prec-div -O3 3.58 418.7%
£ Paramon-free http l/www paratera com —DX

Disk Read Disk Write

0

MB/sec 0.32 MB/sec

Paramon pro

Disk Read
0 MB/sec

(T R) =

A 7

http //www paratera com -|[O](x]

Net Send

Disk Write
0.32 MB/sec

PArRATERA 17
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LBKMS t)escription time (s) |speedup
cc 11.0.081
Baseline: Hipthread 14.99

./a.out 1001 1000 1

BKM #1 cc 11,0.081 . 111 | 35.05%
Hpthread -no-prec-div

BKM #2 | cproc_p_11.0.081 + itt[] 4.2 356.9%
| cproc_p_11.0.081 + itt[] 0

BKM#3 Hlpthread -no-prec-div -O3 3.58 418.7%

http [www. paratera com [-|o]x]]

Paramon-free

Disk Read Disk Write

0o

MB/sec 0.01 MB/sec

TR ) =
PR E I = S A AT

Paramon pro http://www.paratera.com - /|0 X

Net Send

Disk Read Disk Write
0 MB/sec 0.01 MB/sec
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LBKMS t)escription time (s) |speedup
cc 11.0.081
Baseline: Hipthread 14.99

./a.out 1001 1000 1

BKM #1 cc 11,0.081 . 111 | 35.05%
Hpthread -no-prec-div

BKM #2 | cproc_p_11.0.081 + itt[] 4.2 356.9%
| cproc_p_11.0.081 + itt[] 0

e Hipthread -no-prec-div -O3 3.58 418.7%

Paramon- free

| Qwitchin [

Disk Read Disk Write

0

MB/sec 0 MB/sec

http /Iwww paratera com

Net Send

£

| —a

AR

S A A

W)

Paramon pro http /Iwww paratera com - /(O] X

'Switching Help By 'h/H'

Net Send

Disk Read Disk Write

0

MB/sec 0 MB/sec
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HEZNAEIFATIE 117 /Core Scaling
W SocketlU#F & 7] UL 8%

EHOpenMPERNFT 2T ER WRITEF
T1L T2 T3 T4 T5 T6 T7 T8

1600 MT/s
12.8GB/s

1600 MT/s
12.8GB/s

MCH

FBDIMM 800

1/O 25.6GB/s
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OpenMP

Fork-join parallelism:
e Master thread spawns a team of threads as needed
e Parallelism is added incrementally

 sequential program evolves into a parallel program

/_\ /_\\\ /_\
4 \\ % N 7
S—_——— \\ // SMe—_— v
Master —

Thread

\ Paralle; Regions /
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* Intel Parallel Studio
e Intel Inspector
e Intel VTune Amplifier
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T iz T H< 1 /Node Scaling

N4 X Socketl %Ak 5548 1l AH N* 84N %

PO

1600 MT/s

I/0

NIC |

\

i FIMPI 515 2 A 773H E%ﬁﬁﬁ#ﬁ% Eﬁfﬂ@ A ﬁﬁ}i?

1600 MT/s

I/0

NIC

/

Switch (GigaEth / Infiniband)
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Paramon/Paratune

Intel Parallel Studio
e Intel MPI
e Intel Trace Collector

e Intel Trace Analyzer
e Intel Cluster MKL
e Intel MPI Benchmark
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FEile Style Windows

Help F1 v|‘|£||

Wiew Charts MNavigate aAdvanced Layout

120 s 130 s 1410 = 150 s 60 &

| 129 = | 135 5 | 145 5 | 155 5 |

1b5 5 |

F

-IIJIIIII F OOt 0 T TS UMV

2 L RS L0 e 00 R PEPL ) | ) RRMRVsaus, | ) WEPYERY PV P { FFVFRY | P10 FOF (PO 1) W) oL | L PO

feAP L PR REREEIEAEIEEAHEE > P L L P P TR PP PSP | PP wRwve o | M L ( ER L B (R B Ll albE A

L B |Ir.HIMHHHIHIHHIHHHIHHIHHHIH.-HHHfHHHIHHHIHHIHI.-.-H.-.-H.-HHH.-HHI.-.-.-.-.-I.-I.-.-.-.-T.-HIHIH.-IHIHI.-.-.-HI.-HH.-IHHIH.-IfH.-H.-I.-H.-HIHH.I.-IH.-HIIHHIH.HHIIH.-HH.-.-HII :

3 L O A KR 0 ) ) P 0 8 PP ) U | P PO I T WY o o |

2 B A e UL R e L ey pereeoy o e (e R e R e e L e B R R

PP BsAERERE ICETELEEEEEEE KRR RIEEEAEEE oA CEAREE LA ot o (R P LR P e P At nsdiln PP 1 P 1 L

FIFTEFF ot sBEE ok EEabEakab o sBEE ey abob o ERRERERERREESE ok SEEEE aoborabansbostsbornsr oo abBE s wss R EERERRER b o REEAERE R obF o oERE o ak i Al SREESESEEEERER AEEEEEEAREIE SEEREE A £

|[ApplicApplApplication  Af

I T

trAR ERAPTIMET Barrier fd

A (i [T
API_ I I 010 O3 01 AL 21

N A RS R o L ---uunIIIIIIIIIIIIIlIIIIIIIIr T

CrtdP_EMPLIMPI Barrier b

1 EnAPI NPT Barrier b

PI_EMPIIMPI_Barrier b

(MPI_EMPIMPIL_Barrier hFIh
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