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SUMMARY

Subject: Development of simulator with Beowulf system for

towing fisheries by chaotic fish behaviour

A fishing simulator for towed fisheries was investigated in order to mimic the
fish capture process or investigate fishing selectivity or fisheries management. A
fish behaviour model using a psycho-hydraulic wheel activated by stimuli is
established to introduce Lorenz chaos equations and a neural network system in
order to generate the components of a realistic fish capture process. This study is
applied to four different towed gears using the Alpha cluster computer system as
Fortran MPI parallel programming. The results of the simulation can be
represented as animation of fish movements in relation to fishing gear using
Open-GL and C graphic programming as well as catch data and selectivity
analysis. The results of this simulator mimicked closely the field studies of the
same gears and can therefore be used in indoor training systems and expert

system after further study.

1. Hardware and OS

It is important to have an economical system that can process enormous data
with high computing performance to develop a simulator to be used widely for
capture process in a towed fishing gear. For this purpose, a Linux cluster system
was built on 16 node Compaq-Alpha processors (21264, master: 833MHz, slave:
600MHz, RAM: 256MB) connected through high-speed Ethernet (3COM,
10/100Mbps) by switching hub(24 port Intel Express), and an operating
environment (Linux RedHat) for communicating and managing the resources and
jobs in the system, and for FORTRAN programming in MPI (Message Passing
Interface). The system performances have been evaluated in the following three
aspects:

The performance of communicating installed with VIA (Virtual Interface
Architecture) was maximum 100 Mbps and visualization tool was developed to
detect message race in parallel computation of MPIL Computing tasks of the 16

node Alpha cluster in this study defined by published NAS benchmark programs



achieved 1205Mflops for LU (Lower-Upper diagonal benchmark) and 1095Mflops
for BT(Block-Tridiagonal Benchmark). These performances of the Alpha cluster
(600MHz) were similar to the Intel Pentium cluster (1.5GHz) which can be
upgraded by recent model more than 3GHz. The algorithm of kernel benchmark for
chaotic fish behaviour model was designed using MPI function with calculation

time step.
2. Modelling and simulation

A simulator for towed fisheries was developed and established using a cluster
computing system, capable of modelling the chaotic fish behaviour and create the
underwater visualization of fish movements and 3-D gear geometry. The selected
towed fishing gears were the North Sea 4-panel bottom trawl for haddock
(Melanogrammus aeglefinus), midwater trawl in the North Pacific Ocean for
walleye Pollock (Theragra chalcogramma), two boat bottom seine in the East
China Sea for yellow croaker (Pseudosciaena manchurica) and two. boat surface
seine for anchovy (Engraulis japonica). The main sub-models of the grand model
of the simulator for the capture process were those generating sea bed and sand
cloud, generating random fish, fishing gear geometry, stimuli of the gear, chaotic

response model, capture process model etc.

(1) Generating fish

The body length and weight for the selected fish species were reformulated as
power equation or exponential equation with year from the previous data. The size
of fish can be generated by random distribution, normal distribution or Gamma
distribution etc as mean and deviation for the specific frequency of the fish
school. Once fish size as body length is decided, sensitivity of vision, swimming
ability and water flow sensitivity could be decided.

The sensitivity of vision in each fish species was represented by a contrast
threshold and a minimum resolvable angle in relation to body length and
background luminance to decide visibility and visual stimulus of the fishing gear.
The swimming energy and maximum burst swimming speed as fish swimming
performance were estimated considering ecological and physiological similarity as

body length and water temperature in relation to fish species.

- g -



(2) Chaotic fish behaviour model

The fish behaviour model involved chaos activated by the so—called
psycho-hydraulic wheel in order to generate realistic responses to fishing gear
stimuli. The basic equations for the chaotic behaviour model adopted by Lorenz
(1979) were derived as three of the variables which are R proportional to the
strength of the response to the stimulus, W proportional to the angular velocity of
fish and V proportional to the swimming speed of fish. The parameter k is the
coefficient of response filtering which varied between 1-6 as a normalized value
derived from the distance ratio between fishes or between net and fish, swimming
energy reserve of fish and variation of visual contrast to net. The parameter m is
the coefficient of stimulus which varied between 5-20 as a normalized value and
was derived from internal and external stimulus, stamina of fish swimming and
panic behaviour index. The main factors of this behaviour model are number of
encountering fish, distance coefficient between fishes, angular movement coefficient,

equation parameter m, number of mesh knot for fish herding.

(3) Simulation and validation

The catch ratio as caught fish to total encountering fish in front of the fishing
gear with the angular coefficient C in the North Sea bottom trawl is
logarithmically increased from 0.07 to 099 (correlation coefficient r*=0.89). The
catch ratio With number of haddock from 200 to 5000 is linearly increased from
049 to 0.75 (r*=0.87). The catch ratio with distance coefficient between fish from
1 to 3 as multiply of body length shows a U-like shape from 053 to 0.83. The
other coefficients have little affect on the catch ratio.

The catch ratio by simulation in the North Sea 4 panel bottom trawl for
haddock was varied from 7% to 100% when C=0.7~2.0, the midwater trawl in the
North Pacific Ocean for walleye Pollock was 48~90% when C=0.2~2.4, the bottom
two boat seine in the East China Sea for vellow croaker was 20~90% when C=
0.3~15 and the surface two boat seine for anchovy was 80~90% when C=0.1~
1.5. The frequency distribution of the body length or the frequency ratio in relation
to position of escape along the length of the fishing gear could be represented for
relevant species and relevant gear using this simulation.

There was no significant difference by a paired T-test for frequency ratio

_10_



between field observation and simulated results in either relative swimming speed
or angular velocity. The comparison of neighbour distance ratio between field
observations and two simulation results for haddock showing an optomotor
response mainly in front of the net mouth are not significantly different and they
do not show normal distribution. Therefore the distribution of catch frequency ratio
from the data of field studies of the commercial fisheries for the four selected
towed fishing gears can be simulated by total encountering fish, angular coefficient,

fish interval coefficient etc.

3. Display and animation of the simulator

Goal of this study is to implement 3-dimensional underwater appearance
graphical display of the fishing ground, sand cloud and fishing gear geometry, and
animation for fish movements as fish capture process based on chaotic behavior
model as well as ship handling, navigation and fish finder model. It is essential to
compose user interfacing and realistic description of image scenes from the
enormous data of fish movements tracks calculated from Alpha cluster system.

OpenGL was used as a graphic programming tool with generalized powerful
API functions that is revealed distinguished performances in operation efficiencies
and result-representation methods for graphic procedures and applicable for most
host languages and most OS such as Linux or Windows. Therefore, in this study,
we implemented graphical representations and animations of the simulator by using
OpenGL together with C routines programming.

The main menu of the fishing simulator was designed for 3 options such as
navigation and fish finding, fishing gear geometry and fish capture process. The
sub menu in navigation and fish finding can be displayed ship handling, bridge
monitor and fish finder as real time. The sub menu of gear geometry can be
displayed input dialog box for fishing gear design and 3-D geometry on up to 3
kinds. The sub menu for fish capture process can be operated animation of fish
movement as capture process, animation of the trawl eye and results of catch.

Examples of the resultant animations of the four kinds of fish in each towed gear

can be played in the website http://mirbada.gsnu.ac.kr.
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H 3 & Hols= Za|AaH AA”H A OS

2 Agel dgolg ARy Aee <1 1> o] WA FAE
27 3 ARATHA WA LI Fe2E A2ee) SEsofsh OSEok, golg)
APl ¥ 3 18 ofurold okl g3 AT Y& L Ane 77

g4e9 2o

Computer Modelling Visualization
Cluster 1_» Gear Data
node _geometry Processing
Network Sensitivity Gear
system of fish display
Operating Underwater ]_» Ground
system light display
: Stimulus Fishfinder
Environments models display
MPI Response 1__’ Fish
libraries model image
Catch I > Fish
D eb;gger process movement
Catch S
Benchmarker analysis Animation

<8 1> doiqd A EEolg e FA.

2 AFAT AN HFHoZ A FEE HOLE AA"Ee A4S A
5 A% st=dold Aladd 2ZEdoz FAHEY d=HolZE 600 MHz Alpha
Z2AME 256 MBytes 7 71937 Fad 16709 A4t ==9 833MHz, 1GB
RAMeol Z#d & o & ==2 P, o]5g AZA37] 9siA 100 Mbps Fast



Ethernet 7}=& AM&3tH T Alad 2ZEoj2 e 7 229 72X $9& 93
A AXE Linux 2214 Ad, B4 5£8& M3yl A Ade] o4
VIA(Virtual Interface Architecture) 72, Ee2H A 2 A9 #HE HsiA A
A" PBS(Portable Batch System), bWatch, Cheops 52 =75, #%8 g 2 =2
a9y 7S $3A A€ MPICH 123 HA Fol gtk 181 HFHoE 75
g Aade Ao oFdeld Ad wWAvta, NAS W #E WA vk, Netperf WlAvh=
Z209 5& ol&std Hrlstgrh

1
2 dA7go] HFHoE F5T WX A2EL 16719 64-bit Alpha ==&
o] =98 X% BN /\}Z;E“i?.i dET nANE YA A2 (Buyys,
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A

g4 2 APAL AR F UEE <F [>F go] TASFAY.

<E 1> HF A=Y st=del 4

T8 T84 2dvy
Alpha-21264+ 2 MB Cache

CPU
b . Z T 833 MHz, AlAbx=E: 600 MHz
ocessing KTC6615/128 (KINGSTON 374-128 ECC)

M
Node emory Z wx=: ]GB RAM AAx=: 256MB RAM
Main Board| UP-2000, 1000

Communication| Switch Intel 410T Switch

System NIC 3Com 3C905B (10/100 Fast Ethernet)

HA 7 e CPUE 53T FAA] B2 diold] AEdelHd A3s
Alpha-21264+ TZ M2 A, SPEX9] 4y A% "H2ENA 543 28 &5 8 714
E OE Z2 Az HEiM FdE&ErE oF 259 ME Aoz HubE vt du HE
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e A 2 IS A 1-bit £F9 BASHo] glE ECC.RAMOZ Md
by 2] A &F2 2719 128 MB RAMEXN 256MBE 7A &%t g
= ZeAM R FH2EHY e dAAder XNYT 5 e
Alpha Z2A2 H& WAREQ UP-100002 FASGT o]9e] 7|gt FHA 2=
=2 A RE Fol7] YA 7h e 40 GB st= ga=mE Ze)
g 2 A3 AGAPE s 52 w49 CD-ROM, 1.44 FDD, Networkterface Card
(NIC) §& 7 w=d] 4259
Azl gAE Alpha TZAAE 1500 wle Edx A dAs5n 2
F 37 600 MHzQ) Alpha-21264+ X @o|t}. 21264+ Alpha I & Woj
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AME 1 542 gg3 2ok A, 21264 RISC +2E o
woll, CISCEY W&ol Ma&ert w2u, Z2AN 327t
A, 212649] 64-bit Y Z3} 2 MBo)| o2& tj&ZF9o A4 w=R
A E g Z2AAY He £Ero 2~6 v ALY &%
7VsekA gk mAw o g maz Ao BE A 7)5S AFets dtolxmal
Alpha-21264¢] &4 AMsES AN
Alpha-21264 Z2ANE A UP-1000 WARE= 2 10 AW oj4fe HE
T U AT Rzl o] BREE AMD A chipsetS 7)uk
X ZFol wa} MA=EYon 1 GFlops o4 A%
sasy QA 8ol 5 Hg Herie #H Eof
THAFE A" FFo] A welr =oejth UP-10000]
Alpha-21264 Z =2 MM+ L2-cache W2 87} 2 MBelx 600 MHz &9
£ 7= Edoly, L2-cache ME27} 4 MBolx 700 MHz 8 £%& 7HA:=
ol B AFA A= L2-cache W E g7t 2 MBol1 600 MHzS &8 £% & 71X
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2. BEA d=¢jolo] 1A

2 A2"Y At =558 dAss 4 7FE2E 100 Mbps Y Z S 717 Fast
Ethernete2A, zt At ==%o] A= Ethemet NICEH 88 dds:
switching hubZ T=3}3it}

Fast Ethernet2 &= —’F%Oﬂf\i Hdl 100 Mbps9] thd =& 712} Fast Ethernet
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E9 gt=go] 7= Ae 5L 3lsted 3Com 3C905B Cyclone 100Base® T3t
o a8y =% Y dF FEE port 7 Hd 100 MbpsE ALE F s
24-port Intel-Express switch hub® 3te] 100 Mbpse 4 F8& Hd3d &8st
w=o #3448 nstnAt STk switch hubol A 54 =22 Adshs e
Ttk AGHI GE portZ2E ABHA gopr A £5& aAFeR FAY F
et agla B Axde] Ax® 410T switch hub 2 @& 1 A7} & B9k oy

Py 1
g, e A2 A £%, dy 7% 5E Ao FL Aoz ANAIE 10/100

AE &4 port: ZFa vk EF %%\l%ol %%5}% A 2b ARgAl A A8
3

o
HEHQ HojZALde] A F2E <:1% 2>} ‘ét}. 16719 Alpha *==9f
2 MASI switching hub® A28 24 EHE A vEHIE F
zagth 28z shue] A" FA(bridge) =20l F<l(public) IP F42& 243}
of R VEHA] AZo] /e UEYAR FAToZHN, B A7 siEE 4
Folg ANEHOIEHI ) Hul2=g ATY F dA FH TAlY dAHANE Jgd
o} &z AjAgle] zFo] JhesAl st

>
>

X
&
b

i The internet

GlEtErSysiéeh &

Switching Hub

<Y 2> HEF WX FHaE A" FATFE.

3. A" ¥4

oMol e At 7 xEt BUH gE BAwRez F4HN, 16749 24

2 Al2~® cabinetd] A UE FEReHrt 18l zZF =29 NIC Ethernet cables
AAst3, o] AolE S TA x27te] FAS 93 switch hubol AZAsIIT. =3 ¢
B ogkate] BEAS Y3iA R iy dAE AolEXE switch hubol JAsH 1, 9F
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171 Y48lM FA =zo] F 7he) NICES A&stdrh. 9714 3hve

A8 H3iA ALEslT & e R 548 94 ArEstA s
o FA =xe 02 AN ==2ERT ATol £ 833 MHz Alpha Z2AAs 1

= 8 port ®UE FTH7]
298 Aojss FAFA.

7 wEe

Wi H© 2= Alphad€ RedHat 6.2% é—.ﬂﬁ]ﬁ}‘}iﬁ‘r.
b /\]ésﬂo] AEE ul NICE <lalgl
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R AL HAM FAckE A" HEE Yete/hosts)
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FoHH T

9 AT 2ZEYRe I/ EFAAY Linuxg 98}
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2 FASHT £ 16709 At =28 A # Asr] o
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ZNdFAR AT 4 w2 JEHS AT VREY BUE Wi
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teol Az, sute] FR=g TUHZ RE wpEeo
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g AZEor AXEH Fol=

AEZ dAsa, 7k w=d AMd P F48

~{>
i

‘Yetc/hosts.equiv’, /AFHEAAI A/ rhosts’ §0lth. Yetc/hosts’ A= AME HEH A ol
shar

q Hze] b5 RE w=SEY PE 55

, ‘/etc/hosts.equiv’ ol A1 & remote shell

S FHREE nEEY EES %‘%f&‘:} Z12] I remote shell& AMgdls Algx}E= Z)

¢

remote shell H#Ho{Ql rsh& o] &3t} & E9o], £4
Alzkol stdel YeEld FA =

A= RS 9 node29)

aw.&naﬁﬂéﬂéﬂ%ﬂcW}@
Hol grE Fo,

st & & jirh

: Lo
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L F ¥ :65‘

A

== Zbo) B4

s wunit:— 5

38t ‘hosts.equiv'®} LT H&oZ HA
E <a¥ >3 2o V“%‘?} 87 s A
|Foix 7t 187 fsiA

2004 ‘rsh node2 date’'z}
=9} node2 Atol9] 212 H&

2
4o,
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ol
O

~TocaIhost, Tocaldomain — Toce Thost
rodel . ninbeds rodel
el mirads rodel

poied i ru b
resded xir. bad
o w7, Dadds
m:&i‘ﬂm
rode] xir.bada
el i v Datle
procds ol v, Dol
w10 wir beds
el wirhade
tade i wir bk
nodeld.mir backe
node 4, wir,tady
newie 15 mir. hach
rode 16 wir. back

okl i bade noded

" ek pfedks” ML, 8I8C

model ] ode?

b 45 01 4 ey

roded oded

m§ﬂ 0 ;..
rodet ]
nodeil 55 3¥4
rodeil Foeid
modeld iode 14
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B oA zdoa T2l Aug dojge FX) A 4% Fortrang 433
omn olZ 94 Alpha AlA#e] HA3E Compaq-Fortran V1.2& Z} =] HX
3t th. Compaqg-Fortrane RedHat Package Manager (RPM) #d 2 A ¥ =™,
RPM #de Atz Aol sk & Alxdd 243" Compag-Fortran RPM J}
AL HAste &AUE AshE <F 2>9 #oh

<E 2> B A" Al£3 Compaq Fortran &

RPM 7l HE
libots-2.2.7-n.alpha.rpm Astdy x4 golBe g
cpml_ev6~5.1.0-n.alpha.rpm 3t ol B g g
cfalrtl-1.2.0-n.alpha.rpm Compaq Fortran HEFY el H 2]
cfal-1.2.0-n.alpharpm . Compaq Fortran 7 3+
cxml_ev6-5.0.0-n.alpha.rpm g3d 43 golreg
ladebug-4.0.65-n.alpha.rpm Compaq ¥ A

Fortran A7} 5 HW Wad Z2aR4 A% dojg MHXgn ¥ =233

& Mg dojzE Wl &X Axdy 2 Bixg Alzdd Agd MPI(Message
Passing Interface)(Ong & Farrell, 200008 A €31, o] T+83% MPICH(Ong &
Farrell, 2000) V123% Z ==d Adx&ch. MPICHE AAsr] fdiM=
‘http//www.mcs.anl.gov/mpi/mpich’?] 4 ‘mpich.tar.gz F¥4< TUERE Popx =
& Zojof g} B AAYS % MPICHY HA#44L& &7 2t

@ tar xvzf mpich.targz - @A ty@E A mpichtargz 5 FLE& T}
229, mpich-123 HAEL 7} B3, MPICH 22328 08 4 9t

@ cd mpich-1.2.3

® J/configure —-prefix=/usr/local/mpich -fc=fort —f90=fort - 27 A= %
A4 Aol MPICH7Y Axd d¥Eg = /usr/local/mpicho] 3, MPICH®|
A %% Fortran77% Fortran90 7 %% 2= Compaq Fortran$l forte] o

@ make - MPICH &223 2 & #Axdste Agned AA s

® make install - A4 9 AR L =S Jusr/local/mpich Y HEZZ HAg T

® cd /usr/local/mpich/share

@ vi machines LINUX_ALPHA - #7439 4 g0tk 3¢ MPl =221

P FPo FAY ==E9 o]lFEY FF5E YHT

A28 233 T MPICHY Asid22 &elsly] 98 = mpich/examples T
e g 9A l‘iﬁ%‘a Z A cpicE & UIEHE BAE &9 a3
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P’S-PZ! she bm mapsxtif 3. fish por phs.gif  run foviet
[roctBoode! Jroollt woirun ~np 15 opi
Process § oo rodel o beds
Process 7 on hoded.mir.bads
Procese 1 o sode?, el v beds
Provess 3 on noded mir.bade
Process & on nodeS. wir.bads
Process 5 on model . air.bade
Process & on node?. i r.bads
Process 7 on nodel e r, bada
Process § on soded. i o bada
FProcess § on nodel Loeir.beds
Process 10 on nodeld. sir. bads
Procesz 11 of nodetd, wir.beds
Process 12 on nodels., mir.bags
Process 13 on rode?. mr backs
°rwc®s 14 on noded,wir.back
i is speroximtaly 3 NISDQQ%S?@?"S Error is €,0000028333238314
wnil clock {ime = 8.080781
[rootBoodel frooill

<I¥ 4> £ A" MPICH A3¢] o.

A2 - Wo]x X2 9

o 7] 93 A Linux gA A o4
Architecture) AT A s, F2E Alad
Z37] 93 AxEo] FHoBA PBS, bWatch, Cheops
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37l A8 Linuxoll A jgist 7|22 F4 ZIZEZL AUl A AEHE
TCP/IP Z2EZ2 A, w7t A4 dE A $£5748 Hs) udd Aok 19
U TCH/IP Z2B 22 o8 /A9 715 ASS 75 AH3UA Fd5H7] g, 4

2 e B Alzgle] s EXo A

L&
T A QAR ZEEH?Z‘:}. d& 5o, HAA ST ffA wdH A

Interface Architecture)(Comp) ZE2EZS *}%3}55 SEat-
WA 9] 52 BN A AYLS wiAStn, TEA29 YEYA FX ALl
A AFH o7 vANE $5A5 e A2 2 24 T2 EFZ 24 Intel, Compag,
Microsoft &l 9aix EF3H=HAT

VIAT 7d H¥ 29 BALE AFfsto] A& d 9] viHdgAM A4 NIC2 4
AE AFdte AR FFEY FEA ASVIHEE AFTH VIAY 725 <29 5
¢} 2t}

Vi Consumer

User
Mode

Kernel
Mode

VI Provider

<9 5> BEAjxge] L3 VIA B4 TEZEFO F X
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YAt Zo] VIAE VI-Provider, VI-Consumer, VI(Virtual Interface),
CQ(Complete Queue) 59 Yl 7}4] 71B 4257 FA A}t VI-Providers &8¢l
HWENA o HE 9} Kernel Agent 2 #tolB2la)]E £ 33}m, VI-Consumers VIAES
olgsts §& ZEIaFolth YutH o Ao oy ZeAAE e H]E%ﬂ
oIHEE FfetARt, VIAdA = 7pdH oz Zh7be] VI-Consumermhth dhibe] %
OlHEIZ} o] e AF Zo] RonE XY mgM F ZRAAT B2

oA 7 ZRAR VIE i A4t m, o5 VI Abele] b 3]

(o op

Z+7re) Ve $45 9% Send Queue®t F2-E 93 Receive Queue® T4 =1,
VI-Consumerv AEst7AY Agdwr-g wazlo] gt HRE /IXEe d2=mydys
Send Queue E& Receive Queued] 37130 24 dolglE wasth 1glm o7 )
o F5A FE stUY CQSt IR EAN, Wi RE FE A Bart glo]
CQE —Eg?‘SH 459 d2aygygE Mg 5 Aok Send Queuedt Receive Queueo] A
FHE HEe AA d2adHE gy ZUHE Adsn o AE: 24
send T2 HEE Send Queued] 493H Kernel Agent7} WMAIAE VI Network
AdaptorE F38te] AL £ %9 Kernel Agent= Receive Queued] vl 4+
%] 1= Receive HEAYHE 7L X AJ3HE vlig Fodo] A e WAXE AF3
th. Kernel Agent®= A dlojge AEy F4 W 59 F8s= A02A, Send
Queued] Y2AYE o] mebr vA A& 5o VI Network Adaptor® #AE3sti, CQ
& At d2aadE e 95 qRE doplit)

!
Pt APYES @Yy % =42 PBS(Portable Batch System)(H 5, 2000),
5, 2000, EAT T4 g BAsE

2 Azge] Ag@y £ @w PBSE #gle) Aa4A 7%, Bt 2 AR
A 71, AR 2a(og) 715, B2 AdAH 7%, EE APl §& A¥doh =
e AP 71%-& Mg 1A dBAE Aadle vsew e AW % A

H(priority) .2 A 57} ok B 2 AL AT 75 e 5
_]
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AP F glE AW, 1, A4 5 A4F F ow, 548 A

4o Aede A 3
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A AREA RO ARE A e] mE AA S AME Y] Eo] AFog A ¥E &
AxE 7)%-& MPI(Message Passing Interface), PVM(Parallel Virtual Machine),
HPF(High Performance Fortran) 59 ¥ @47 RdEg A4t B Az 2

B9 PBSe 32 <1¥ 6>3 2

Mon Tot. Ena Ste Ouwe R Ml Het Trn - Ext Tupe.

T e w0 0660 0 Beehlon madeidir,
Qutput Dialog k k

20 Held:0 Haiting:0 Rinnir

<21¥ 6> PBS 428 o

bWatcht: 28 4959 Je8 FAT & AA she
o WFE R}, MR AWF ZAL 5 5 wolFth B Axde #xd

bWatch®] A8 o= <29 7>3 72

= bwatch 103

" Host Hum © 1 win Smin | 15min ¢ Hun | Total | Free  Shared . \ Total Free
‘Buffers Cache L Swap Swap

© Name | Users load  load © Lload © precs. . Mem . Mem - Mem
248 Mb | 3768 K

20 12904 GV | TOMD [ 13MD [1027Mb (1021 M
2430 B2064KB| 11 Wb 12600 | THD I51ZMb (ST MR

niie
UGN {user, | 219 0.08 .00 000
CRICNEE 1 user, | 416 0.00 0.00 0.00
GCUR 1user, | 3353 0.00 0.00 0.00
OUCKE 1 user, | 3:55 0.00 0.00 0.00
PR | user, | 355 | 000 | 000 | 0.00
ICUEE 1 yser, | 401 0.00 0.0 6.00
[N 1 ysor, M 0.0 0.00 000
GG O users ; 7122 0.00 0.00 000
ISEHIE O users | 651 .00 008 0.06
TSN Qusers | 1212 | 000 6N | 000
(RN Ousers | 1:29 0.00 0.00 0.00

246 Mb 103408 Kh| 16 M0 | 102 M0 | 10Mb |1027 Mb {1027 Mb
246 Mb 130240 Kn) T2Mb | 64Mb | 14Mb | 5247 Mb {5247 Wb
28 M0 S37I2Kh] 120 | 1030 | 14MR 1027 M0 1027 Me
20 My 03982 Kh) 16MD | 104Mb | BMh | SiZW [S12M
240 Mb M02648Kh 17Mb [ 1040 | SMb | 512 Mb | 512 M
121Mb (397200 | 22 M0 | 29Mb | 37 M 11027 WD [1017 Wb
2460 100B8KD| TMb | 168 Wb | 34Mu 1027 Mb 1020 M
248Mb [S0720D | B3ML | 157 Mb | 30 Mh 1027 Wb 1021 M
501 Mb PA3256 KR) O7Mb | 191 Mb | 12MD | 502 Mb | 502 Mb
WIEN Qusers | 405 | 000 | 000 | 000 28Mh 26256 Kb 13IMb | 154MB | Z7Mb | S1ZMD [ STZMb
UCREE Susers | 354 | 015 | 005 | 8401 246Mb (54K | B3MB | T2Mb | 103 b (1027 Mb 1022 Mb
IS Qusers | 400 | 000 | 000 | 000 | 37 |24BMb [14235Kh] 15Mb | 174Mb | 14Mb [1027 Mb 1020 M

Rafrash i Exit

SR BIBBLIBHB BB

Al

<" 7> B Axdd A bWatch 3 23] o).
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Cheopst UEY A A AHE A Z3sle] 22 3)
9] Zt w9 $PAA FHE AZAHog RojFEth E Ajxdo] 4X€ Cheopsd
g e <29 8>3 2

=
2
T

nodel5.mirbada 255.285.255.255
nodeld.mir.bada 2552552552595
nodel3 mirbada 255.255.2585.255
nodelZ.mirbada 255.255.255.255
‘nodetl:mir.bada 255.255.255.255
hodel0.mirbada 255.255.255.255

3. Z2a9 A% 3#H

Hlo]- A Ade] gl A FFE FHar] ey, HEZ2a9 g
AdojZE MPI(Ong & Farrell, 200002 A €31, MPI=Z A8 d Oﬂuo“ﬂ% AN EY
He a3 oL s A4 AdE dAXNEE gAETE A FEFIH.

o
i}

2 o IALYAN A FED Aol ABdclEE FAALY AP TS
odogt 1A% WHAYE AP MPI golneieis} AAH o] AAHYTh MPI 21
ge Awron 1 Fzrh Bistn Basel H": A AY FAL I
shepsty] ojelgmz, odd Rde) TRaPL REHOD ALY AT 9

Se 24e7] A% A% BA proflens ©F 94 2 FHE AP

o8] 7} (debugger)7} BFHojr}, oj2d MPI Z=adE g Astr] A% 7|&E
91 EFELS " Fy¥uid gE FPARE Hole WIZRIHY HEA
(irrepeatability) & 2 18] ©jnj 7 =jo] tjeks] ojydch. ol¥ g WHx 2P n
HEEA S of7]3 o] -

¥ 992 AAAE (message race) (8] 5, 2000a, b)o]
o AAEFGS YA SFAEE WAXEY] Z2AE AAF
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A3 A wolgx N2 A5

2 dFdME AFHeE AR N2y %S HAser] A, WA S
©

=
g WArta T2aASS olgstel 1 45 AnHow Hrkstm, B Az A
1

o BHQ dgoly] ABHIHTNS FASE 4ol AFe] BrhsATh B o)A
= 75E A299 AR 45S B 984 NAS B2 WA vh=9} Netperf

A8 Ase 4z Hrie Z23E B
o2 Hrtslr) A AEE Ad

WAvka 22 ads HFHow sidd AEYolHe FEeE W 23E B

FH 2 A2dY HAse 7
S-dth B AFoHE Netperf WlAnta T2 398 AFRSHY 7dd wjojE=x A]x
de] BN AEES Hrisld Netperfe= WEHZ AH7E A&A Agd Ax]u}
3 22 o2 TCP(Transmission Control Protocol) ¥+ UDP(User Datagram
Protocol) 71¥re] 9%/8%9 Ae® Ad dolg AL AL Hriste TR0
o TCP/IP Z2EZS AME3E T4 A AHEE = tEdd
EZS AH4ee 942 XN 2dy UDP Z2EZS A143te 792 ¢ 2do] 9l
o B AFME FA =z 24 ===22 TCP ¥4 X%3% UDP 4 A
B7EstAth & Hoj&x A" VEYA FALY A S B 43 dys
<29 10>3 2tk adgelA UDP S2ld disfixe §4 &
£ & Bola, TCP F2loAv 7 o diajA HHA o
T Aok @A W= Alade] F4 A2¥E 100 Mbps Fast Ethernet
TEHAoH, 4¥E T34 UDP Hd AFE=E 719 100 Mbps &%
13tk
HaE AlzglelA Be] AMEEE F4 A2¥ o2 Fast Ethernet, Gigabit
Ethernet, Myrinet §°] ot <718] 4% &&52 7)2® Fast Ethernet NIC 2t
o] EAA H 100 Mbpsd I ZES 7pxug FeiAy AlxdHd HQd FEI
g AFTsAE 28RN Gigabit Etherneto]lY} Myrinetol]l Bla|A] A€l F=4]

1 AEat7] W&o de] AAgsu 9ok ¥t o) Gigabit Ethernet< 1 Gbpsel d o]
H 4 £58 Rolx= 278 BAIWo R Fast Ethernetol] BlsiA & g Z S A
F3HA T anjg o2 Qlste] Wol ALEHI A ¥rh MyrinetS 640 Mbps®l AE
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Throughput(Mbps)

<9 10> Netperf& ©] &3 2 Alx® 100 Fast Ethernet®] $41 Ad5H7} A3}

Myrinet Myrinet APIE ©]-&3te] T2 A 271 ALE TR ¥ AR &
A Myrinet QE#HolA BEE AHHo2 HIFEE gozi wMeE ALHx
G A AL ATt <29 11> Fast Ethernet, Gigabit Ethernet, Myrinet
s MEYANA AF3te T4 45 g Ao,

Z+ HlEY A BN ATE "Hrtshrl g8, wixwla 219l Netpipe
(Network Protocol Independent Performance Evaluator) (& 5, 2002)2 AFg&3dte] o
HY T4 FA qgER dF AdE FAZAo 48 23X MyrinetS U=k
640 Mbps, Gigabit Ethernet< 410 Mbps, Fast Ethernet2 89 Mbps 59 4 &% £
Bt A48 A2 A Myrinet®] 4 Ad%o] 7/} 4383 Fast Etherneto] 713
GO A4 £5E wolr] wWFo, Fast Ethernet 7|90 2 F=5 Ao Hlojgx A
Myrinet 7]@to 2 F23chH Gigabit Ethernetol] dlajA B3 #vjgog

g% B4 & vz Bes.
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2. 482 459 H7t

2 AroMe HEHoR L Ao 4ee HHzer] YA 2AE A
Ak L2180 NPB (NAS Parallel Benchmark) (Pfneiszl & Kotsis, 1996, Saphir
et al, 1996)8 o|&3td 1 HAsE& AAHoz Hrlsidy. NPBE A4 §A4d8 2
#d AT Eokel ANE T2 F9dle 24 HEAFHEY HA5S Hulsr 9
M4 NASA Ames AFAE A Mes Wixntzm T2 ado A 199130 BlH 1.0
dEstel A v 23704 ZEEAY. @A NPBE 879 wWixntz T2
E 7AFEd, 2 T4 57 AY WA FtFeln 34E S8 WxntIog Ay
AHSE NPBE 7HE FalQl 23 W& Agstgon, 849 Z2aas Zo A 3
Ad Z2IH(CG, EP, MO 3 /le &4 T2 IaYWBT, LU, SPez A3ds
S ZZEe] WAeta z2 a9 dEEE BAY A Wb A class, B class,
Cclass 522 F&3t9 43 5 ded, & AdFAAE o8 TN 713 »e a
719] A A classtg AHEEATh 2 22093 H83 A classo g FAAQ
AL <E 3>3 2.

E

m{n
0

o

=

F

B 2
SLL

<HE 3> ¥WEAL WAvta TzaRe] £H9 A7

Problem 7 =27)
Program

CG Conjugate Gradient Benchmark 14 x 10°

71d EP Embarrassingly Parallel Benchmark 2%

MG Multigrid Benchmark 256

LU Lower-Upper Diagonal Benchmark 64°

+& SP Scalar Pentadiagonal Benchmark 64°

BT Block Tridiagonal Benchmark 64°

NAS WAvAE $q3te] B wojLE Alxgle] 42 #AD
12>9 <29 13>3% 2ok 2P XZFL 539 WAsa Teads
Z} vl xuwlg T2 g
12> YEhd wlAw
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<
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<29 13>9] e #xnla 223
EEJ%JQEH ZF 229 S 2 3 4 59 AFF 4, 8 16708 =i F
e o] HEe BAFT Ath SPE 1709 =TolA 19928 Mflopse] A5 & H

32
e

ﬂ

MEo wsoMe £48 5
[+

A, 97h ¢} 167H zo A ZHz 249t 3ule) AE FUHE BT BT+ 179 =
=o Al 365.18 Mflops® A%< BT, 99 167] == A zZ+7 2u)e} 38 A=
7HE BAd. <a¥ 12>9 |

o =
<a¥ 13> 43 AfRE A, £ AFolA 753 M
=7}t

grs 5349 A% 2718 wol: & HusY

15>% B A"l 53 NASA Ames O 7FadA H8g o
2 Aa"el 4Fs vud Aotk <y 14>% IBM/SP2%F SGI Power Challenge
Arrayoll A A class 3718 7IAE BTE 49 ==2 33 AuE vlugt FHolo)
IBM/SP2+= 665MHz Power-2 L2 A 2ES 39y AT 29AR ?i@?{"} Al 2~ Hl
o]li, SGI Power Challenge Array: 87194 90MHz R8000 ZZAAEE 3t 1A
T 29AE dZFE Azdejth. O A ¢ Zo] IBM/SP2E 60MflopsE Heoli
SGI Power Challenge Arrary:= 30MflopsE B g oy, E AlA€18 90MflopsE H o]
22 08 F A29EY ¢S & F Stk <29 15> BT, SP, LU, MG% 9
Aotz Z2aPe gisiA 2 A2z IBM/SP29] 45§ vlad 2ot

gl MGES A BT, SP, LU Hxnta T2 axlox 2 AAglo]
IBM/SP2 2t} 52 A% S Yetdt gaa B dFZFNA 2 Aol IBM/SP2
1} SGI Power Challenge Array®th +53 45 7H4& & + ok
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Performace Comparison to IBM SP2 on class A

140
120
100
80
60
40

MFLOPS/processor

20

BT SP Ly MG @ Apha 21264
Benchmark Programs (I IBM SP2

<219 15> Alpha 21264%} IBM/SP2¢] 4% ]Il

<2 16> dielyd 7 WA wtz A dlolE AEdEe AsE A S
oA, gt Intel PC F2]2E ¢ 2 &z S2gHoAAN FJJE 99

w3k FHolth, PC E8 289 Z+ ==52 Intel Pentium V24 15GHz9]

AW, ZF Wrge %2 256MBelth. 2gdA XF2 dAnaE £3T
£ Uetdlz, Y& X932 E F33 XS Z(sec)E YERA Zelth 4
A wlxwta z2ads 7 FAEY 1, 2 409 xEdA Fystd AT
o B A3 A1 B Alpha(600MHz) Z21 28 A|2= 3} Intel PC(1500MHz) &2 2 ¥
A e] FRAZEE A v Aoz Jehgow wetx dA A HES VIE
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L d< n3d 49 F4

B Z2addxAe dAqs 2
olsted  o]EZ<Q  dAFdiel A= AIE
Friedman(1967)% Dickson(1967)8] R i& o] &3t g g3 2ol FAst o)

D: oA, L: 7o
Ca 22 FHAT, Ce MR AALAS
S MR W, V: dgEe

W AR 5 A, R AAT 2
Ry AN HAH, oS E

B2 ZolAe AT 5738 Wy W+R,-R, ol AT 4
S VY2, AMTe AANY F.x C oS V2 2 Ued 4 Qo olF9 &% §4
A% Ro2 Koyama o} Aeoju 9 A%Xg Fuste 78 & ok 284 22

2ol Azt AT
Ao=tan™ {Wy/(Ro+Run)} (1

olx, oA g i AR MAHY Fe Fy/RuolZ, ol FA e A4
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3 Fish interval
;’ -----
Moyingenge
0.2} P
B
‘l
0.0 1 1
2 3 4
Coefficients
<ag 3B> AFHFEDoA oFulF(HE &$:10007]), MAE wj& PARTE

1.0

.
----------

<% 12> dFRd A5 wsd e A3} vju

A= | g2 | AARES | AS | 93 o) slu] 2 HA 7 o 8129]
AT | AT | EAS | WEs5T | BAT <3H &
A+B C P: Kn P> (%) (%)
5+5 3.0 0.7 2 0.7 90 45 5
6+4 2.0 0.9 2 0.7 91 3.9 4
6+4 1.7 1.0 3 1.0 92 37 3
6+4 1.8 1.0 3 1.0 36 4.1 7
6+4 19 1.0 3 1.0 92 52 3
6+4 1.7 0.9 3 0.9 90 3.7 5
6+4 1.6 0.9 3 09 85 2.9 8
7+3 15 0.9 2 0.7 60 2.7 16
7+3 16 0.9 2 0.7 62 2.6 15
7+3 1.7 1.0 3 1.0 68 25 13
7+3 1.9 1.0 3 1.0 95 2.6 1
7+3 1.75 1.0 3 1.0 67 2.7 14
7+3 1.8 1.0 3 1.0 87 46 6
7+3 1.8 0.9 3 09 92 5.2 3
7+3 1.7 0.9 3 09 76 2.1 11
7+3 1.6 0.9 3 0.9 67 1.7 14
7+3 1.7 0.8 3 0.8 94 3.9 2
3+2 1.0 1.0 2 0.7 21 2.9 17
8+2 2.0 1.0 3 09 30 3.1 10
8+2 19 1.0 3 1.0 74 2.7 12
8+2 19 1.0 4 1.0 74 2.8 12
8+2 1.8 1.0 3 1.0 68 1.7 13
3+2 1.7 1.0 3 1.0 83 34 9
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