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1. 7] &

GLOVE(Global Virtual Reality Visualization Environment for scientific simulat
on)e AFY Ao Yegdor dolugel F43 F/E eTsta A

AEECIA ool b4 HetdolelE agHor s stsle] BAsly] $1%

7HA 8} E?O]E‘r. GLOVE® $8#8tate] Aaer f4o= By deyd A
W2 7N EE e S 9}% ot OME‘r e dolHE nafdee 2 5
A tiled display, Th¥e HolE o] 548 mhotsh 4 gl VR Agx; <l

HHo] 2 & AlFsity, T3 g &5 Holy WHAXEE f8 &4t ¥ HEHE
A&3F= Global ArrayEs =435te] HEulolE w@ ol HolHE AA o= A

=
g o UEF A B FAAME e HFEE SN e AlEdolA

High End User

High End User GLOVE Client
GLOVE Client

- ReQidering
for visfialization |

High Speed Network

Research Network

Low End User Low End User Low End User
GLOVE Client GLOVE Client GLOVE Client
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2. GLOVEY] A" Fx

7}. GLOVE Overall Architecture

% 2+ GLOVES] 7|& FxE Ho] Fth. GLOVE: AFSAF QIEjF o] =21 GI
VI(GLOVE Integrated Visualization Interface)®} Hlolg 7}& 2 ddS 93
3}+= GLORE(GLOVE Rendering Engine)®] + HF o2 uydt} GIVIE= 74

A ey AXE FZE, AIEAERE 8-S wolx GLORE AdYEstal G
=

!

LORE®] A3 A#E A9 wold suid] %
7% 9 ANFE 98 GIVIe) A nA| 2wy,

High End User

GLOVE Client Display
uster

Low End User R?ﬁggggg

GLOVE Client

GIVI : GLOVE Integrated Visualization Interface
GLORE : GLOVE Rendering Engine

[Z2¥ 2] GLOVE Architecture

gttt GLORE+« &% dloE <]

GLOVE®l 4] GLORES} GIVIE= A= HHHoR 95 = FH2HAA Agd
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Ol Hlo] 25 Al F3t) o]= sy Y& GLOVES
Ae dlolHE ATH Fx= st % 25 GLOVES dHoly AS+xE

dlolg A& Fx9 7P ofsiE-Hof 91X 3 Data [/O management AlZo|A =

dolg el ¥HE d&= 9 Ff Al (cache) 59 HAUSTS s

Basic data management AlZolA = 7N 3E ¢3%F structured grid, unstructure

d grid & 712420 WA Fx9 ts &5 (multi—block) dlo]E % AW 3H(time
Z=

—variant) Ho|HE 93k A= ] s}

GLOVE Application Specific Area

Application Specific Data Management

Rotor Blade Data Rotor Field Data Application
User Specific

Interface Visualization
Application Common Data Management echnique:

Wall Data Field Data

Basic Drawing Object

Basic Data Management S A . Management '
Jechnique:
Structured Grid Unstructured Grid Temporal

Collaboration Parallel
X Framework Rendering
Data |10 Management { Collaboration Management Cache

Parallel |O Lambda RAM Session User Hatale) Data Sharing

GLOVE Basic Framework

[2¥] 3] GLOVE Data Management Hierarchy
Application common data management ASlA+= GLOVEZ} A Qs &
ool | FEFoE &Eole ARTXE THETE CEDOl oA = 7|9 THES
UEtl = Hidolg et 717 Z5& UEls #s HelHE o AlSolA
ot =t} 9m 4T 2 U2 FokY $8& FUHE e o] A
B M2 AEF+FE A3t} Application specific data management A%l
M 54 S&EoklA Abgets ARTERE AT 2E AlEdold o

)
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3.

SOl Aoz

GIP (GLOVE Interface Protocol)

Other Service and Application

Session Layer
Transport Layer

TCP/IP

RBUDP
Infiniband

[Z2¥] 4] GIP Architecture

GIP& €7l A= GIVI® GLORE 7+e] F4lS 918 TCP/IP 7|§te] ZwE
Folth, ZZEZFL request?} responseZ UFoIAH,  requestt o8& WEHEY
5ol w2 = Zo] oy} streamline, iso—surface, pathline & 7FA13e] &
of 2%t webA, 7Rxste 58 dlolE 7t vk AL wl ot uprinkeb A ek, GI
P WA A= WA gtk GIPe AMEshs &8 ZT=Ifo] 38 BtA 8%
S AL, AaE sy GIP GIVIQ‘r GLORE 7+e] &4l 9fell=  th=9]
txEgo] ==& 71X tiled display 27l A= master GIVI®} slave GIVI 3t
o FAle= AREET o] wEel, s W UES Al Infiniband & 7o
Azt EHIE AUgrh

ol
X
0 op

GLORE® GIP ZEEZF=wF Hgtrhd, 1§ 59 Fo] ojulg 38§, ojufgh
vice &= & 7MEsith ol& 98 GIPS M-S #Elst). GIP A oA
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[ Applicationl } [ Application2 ] [ Application3 N Application3 ]

N

Remote Rendering Protocol

N LS

Rendering Server

[18 5] = Sgo]dEES % Y3+ Remote Rendering Protocol GIP
p st o wit} BulE GIP AlA ololt]+=
SololdES §Us] TR S e okoltiolth GIP Al o] A4 ofolt]
Eq gt 2SS AT 5 Utk MA ololf=

o]
Pol9lE Fash W& EE MM Fast 4% TEO 4o Yyste] B

=
>
>
il
2
of

GIP Client1(150.183.12.1:120)  GIP Client2(10.12.13.4:10000) GIP Server

connect.req (mtu:1500, resolution:1024*768, network:1Gbps)

Session registration

connectres(sessionid:1234, sucgess)

GIP Session Established

connect.req (mtu:1500,
resolution:1024*768,
network:10Mbps)

‘ Session registration

connect.res(sessionid:4567,
success)

GIP Session Established ‘

[2¥ 6] GIP Session negotiation

gy 62 A A Al GIPAH Y s2FS Ho] £ connectreqoll EEtoldE




= A9 mtu A719F 31 resolution, HEY T % 5o AHE HAdshd, A
H= o] ARE A HolEd AAste] A3 A%
E FAh9 MY F49 Boz tEo]Z session idE connect.resol H538Fo],
SOl ET} o] & thi GIP wWA AR s, &9 Al A HelEs }x
ot 7 AEE S

A7, KISTIY] VR #7438 16709 display nodeZ 7HAH, o] wto] FU3
7k AR s ofor Fhrt o]2fgk 74, GLOREZF WANS. &= AA¥ 167
o] o EFo HlolHE HuUls AL Hlg&A ot} kA, GLOREE maste
r GIVI®} $418F3l, master GIVIZF yUwx] 16d]e] w=to do]HE HEsir).
32 KISTIE Infiniband® 169 =7} AZAx o] glow, GIPL Infiniband
= Aldgh

4. GIVI (GLOVE Integrated Visualization Interface)

GIVI:= VR 84S AFshe Zad 9= VRJuggler® Fd3lo] 7]H =9} w}%
280k oy} 1S—900, CAVE, tiled display®t #o] &3t dejo] 7paaa ¢
28 22 Yttt wEbr] Alexti= A 9o PCEE CAVEY waAtEe
3 tiled displayel o2& thegt 7FAjst Al~EloA] GLOVEE U3t JE|=
A& At

GIVIE= VRJuggler o} Zg A o)A 24 miAUS wel master Z2Z A 294 m
aster$} LA A= LHolr TrAAR FAUT oz e AFE9}
fgaZdelz 4% tid 78t Al =dld A $248 F9, A= o GIVI &1
olB ZwA|ATF ZF HaEde] w2 dAu"s @it
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29S| YA xml2 dy S A Yste], e S8o 29 o] go
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5. GLORE

GLORE+= GIVI®] AbE2L 845 wrol div®dS Fdstal, 71 A
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6. GDM (GLOVE Data Manager)

W& dolee] g RS mie gse W FaE 2zt o
Qe @ we %o dolgg wreld Le¥n 24
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Zrol Witk diolgo wtg} A RAE E7|SE bl fle A= @At o)
ZA, g8 dHolHE Agste= 7HAIg =T o] 7 2 AHLS dlo]E <9
a&4 e Agolrh ZFAIgd Slo] 7 W2 AIZES 835k Aol HolHE
zEshs d dEe AlRbolth ® 12 GDME o] 83te] =50 W l&de
2 golE= 29 wo} 127} HolH= 2ed u A= A7S BoFEu)
GDM2 &A 7FA st EFoA A2 E7Fs3 diolHE Agd 4 A st
[# 1] Loading time
Data Size 1 node (sec) GDM(sec)

1.09GB 4.69 0.56

6.13GB 31.31 2.14

30.22GB 2] &7} 25.914

1.21TB = 2] &7} 158.408
GDM< GLOVE?] 7IA 3= Q& ¥4 &/ dEgE AFsich eegntolE o

SRR RIS

7F A 4 EE HEAYE AASHESY. 2y, o]g gk B
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Memory

Local

Memory

Local W
Memory

GLORE GLORE
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job

job W

Master
GLORE

[Z28 8] GDM Hlolg g %

AlEd ol dloly 7HA 3}
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5 A BAskE 7159 35S Ve AlEdelAd doeRA, 4
g s M=z 7] 2 A A 2D 5 A= A




iy = UAG 5 A Bo] Folof Fr
O 2 dold= =8 AlEdelA HelHE $13% GLOVES 7es< 7I&dd

7t 4% HolHE 9% 29 7%

&% HolBHE tFe 73 =7 glo] HolHe EdES a8%o= w2
A Fdstes 42 wg Fasith a&4Q oy 298

2 HolEE ¢lo] 5o o555 4 =EE0] Tfote FHE Sx=E vt HY
109} &4 LambdaRAMI} #Z2Distributed Cache Memory & F7}14 0.2 A&
& 79 Computation &%=+ 2082 A= Aol 7[dvt[1]. GLOVE
oA 7wd A A xR dHeolHE i

A3l 19 AlE master == VRJuggler &-80] Ho]lE & o] 7} t]xs
e UESAE S Tl WHoE a8S AU 23AE FA4

t}.

WA Wl Z2]Q]l LambdaRAMS =3ttt @A GLOVEE 1942 F3 = A
U, Byol= dlo|E A3 7]

2B Agdolde] AWz dojxt Lot HolEHE ot Aol ¢
olEle} FAE = Aol B4 HolEHSo] Yt} GLOVERoS Zejo]= g
olEle] FhAsle} A2 HOlHE AT LL )5S AT

ofr

(1) Pressure Distribution on blades

GLOVE:= &dol= dHolg e steel gt HolHE ¢o] ¥7) FHel o X

5 HoFr
(2) Graph

® Pressure distribution graph

o
L)

A2 WS span positiono A 3] HZbo]l wWE pressured] WIS AH FEjo 1
IR HojFEr},
o

[

Pitch angle variation graph

2 WS gpan position I 0~360%7FA] 3] A7zt thdt pitch angle ¢ W3lzk
AR} vy~ FEefe] gz E A3

to w0

® Sectional Force




o1& "FO gpan position ¥ 0~360% 7}A] 3] dZbe| tdlsectional normal forc
e, sectional chord force, sectional span force ZLZEZE AHH L} U~ HE =
A &3k},

® Sectional Moment

Y= W2 span position # 0~360% 7}A] 3177t g sectional x—moment,
sectional y—moment, sectional z—moment L ZZE FH B9} tyAd FHElE A
il

(3) Animation

A7 go] wE Eyol= Aol by BY W3S g9 time stepd F713F
o

3} animation®. 2 HoF= 7|52 A& 3}
ot = "oy A3 7F

L dolyHol& fredd #d GRSl SRSt weba], =Y dolE ] 7HA| s}
o ol d= welEe Tad ovE zEth GLOVEE VR #7°] 3xkd 7HA]
st& A ¥stE®g, ol& HolHE 7HA 3} oz, Ede|l=e dE HolHE Al
o]o] FuAES AR Fr WA geld = dvk o]E fal, GLOVE
= U9 VlsES Al

(1) Vorticity Iso—surface

L"=N¢]
[}

st
(3) Q-—Criteria

3t vorticity 7] #S 7= FEA iso—surfaceE 19 . 18 a1z}

2
= vorticity9] Z7] #S g4E wol 1€ 4 9iuh

Votex 9 9S Q—criteria WHS AFE3lo] HoET)

(4) Velocity Streamline

wHal = d9ES A eAY vorticity gkl 54 gk o]l FElA velocity
streamline & AJAd3ste] Hol & 4 Qo

(5) Velocity Iso—surface

Y3 velocity 7] #& A& FiolA iso—surfaceE 18t AFEAM7F

a8 A} = velocity A7) @S AAT 4 A
(6) Animation

Edol= do]E ¢} vorticity, velocity © ™3 do|HZE 7HA|dlsle] Edol= 3




A Al vorticity 9} velocity W3tE #zHe 4= ).
(7) Contour line
L e e d9e e Aol Bol FUh vorticity, velocity 247}

of tjsll 7}&3shtt.
. 28 A B4 vlolE AN Ax

g% b= FAE IS ZE AlEEolA tlolHE THASE Aot 9% 1
H2 sAS 2 Sdol=9 tolEo oY EXE 7HAst g v vorticity is
o—surfaces 18]1l, probe by plane o= 3] HH| Z
XE a9 Aot} Q8F Y FA9 EEol=e &
S probe by plane &2 A 7§ HAE W= v}S, zHz}o|
a9 Aot

dleleje] ghel 2

s
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e REE a9 o
o

rEonE

(19 9] &A dloly 7Ixs A=




(23 10] 1.21 HzhHlolE ZE] AlE# o)A dolg 7}A13F 4

9 9% 1.21TBe HolHE 7HAste Adolrt. BF 90719 w=to tlolEE
2rsta, YEAYE Tt dY" w= F wd w2 s 64GB o|H, C
PU Clock 3.0GHzelt}. % a9 f5 dolge ¢4 dolHE iso—surfac
e & 7IA38 o, 22719 5F ol dlEsts vlolHE &3 wed 4
A AR 1.55% (8o w=vt e A9 20.24%) 0|

4

3 2% i 32 =H AlEHOIA HeolHeY 4% 54 Z3E Ho Frh 6GB B

= 1.2TB & Wl€% dlolEUd4= GLOVES A%s°] COVISEY Paraviews
ot 53] COVISE: HHEHAYE S AdstA] Eormw, ARgAre] AR
1.2TB iso—surface ¢ 745, Wd AdP S st GLOVEC] H|s| 20u)o]4
=gt} Paraviews A== Ao ojA= 5ol ey HEAAYE F
et 749 1.2TB iso—surfaced Aglst= d Ao 58] 7} GLOVE®] A-50]

$5% Ao 57 Hch

[3F 2] 6GB, 30 time step =H HlolE A% =A

Tool Parallel COVISE | Paraview | GLOVE | COVISEParaview.GLOVE
Probe by single 11 15.22 1.23 88 : 1237 :1
Plane (sec) multi N/A 0.09 0.15 o 06:1
iso-surface single 13 2347 1.68 77 : 1397 : 1
(sec) multi N/A 0.09 0.30 o: 03 :1
iso-surface single N/A 219.00 1.68 co: 1296 :1
animation(sec)| multi N/A 1.27 0.26 o : 488:1




3.

[3£ 3] 1.2TB, 90 time step ZH Al&#HolA dHoly %5 F4

Tool Parallel | COVISE | Paraview | GLOVE | COVISE:Paraview.GLOVE
Probe by single 36 11.93 20.04 18 :059 : 1
Plane (sec) multi N/A 1.79 1.80 c0 ;099 :1
iso-surface single 47 14.24 18.21 258: 078 : 1

(sec) multi N/A 10.11 212 o 476 :1
iso-surface | N/A 274 212 co 1292 : 1

animation(sec)
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