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Handheld User Interface for GPU-Accelerated

Large-scale Volume Visualization

Cybermedia Center, Osaka University, Japan

Fygue 1: Prochpe Bssam

Introduction

Tha evardncmasing seas of the volumalric data sets acguired by A
variely of sciantific stisdins mpresent a formidable challenge for
subsaquent real-time large-scake valume seualizahon and analysis,
While steady advances in graphics hardware have enabled fasier
randering, real-time rendening of lange-scala volume data shill
remains a tough probleme Linlike pohygonal data, visualization of
vodume data requires assignment of transparency o infarmal
voxels, which necessitates time-consuming woxel sorfing with
comanticnal volume rendenng algorthms.

Such large-soala volume vissalization muest also take nbo acoound
intaractiva transfar funclicn comral for data mining and sciemific
discowvery. & high-resalution, large screan is often used for
dizplaying large-scake volume data, and so comvenhaonal mpad
dvwicas sisch as a mouss and a keybanrd are nod prachoal.

This pasier presents ongaing wark on an interactive large-scake
walume visualization system incorporating a kandhekd devico for
imeractive contral and a GPU-accebkrated particie-based algombm
fior volume rendoning (see Figuno 1)

Particle-based Volume Rendering

Couar visualization system employs a parficle-based valuma
rendering algorithm developed at Byodo Linneersity. The algoathm
genaraias a sel of tiny opaque particles fram a given 30 soalar
fiald, Tha final image is then genarated by projecting thesa
paricies omo an image plane. Sami-transparency is realized by
sub-piaal procassing and averaging, thus doing asay with the
need for vouel saring, This akgonthm is further accelermied by GEU

Progra MmN

Interactive Transfer Function Control

For assisting data mining and scientific discovery, a handhald
dovicn is provided to control the transfer function in detail in
raal=tima. Qur visualization sysiam consisis of a sarver that
rendars valums data and 1he cliand handhedd desice e, an iPad),
whizh are connectad to aach other via WiFI or Blustooth (sen
Figure 2). The hardwars specifications for our system is
summarized in Tablka 1.

The GPLI-basad rendaring algarithm was carstully modified 1o
accep! usar input for contralling a variety of visualization
pammeters with negligible perfarmancs degradation.
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A set of graphical user interfaces (GLI ae under dovelopment (see
Figure 3) tor the handheld device, & user will be ablo to control the
visualization paramaters interactivaly, Example interactions
rrplrmanted are as folloess

= Coler curve editing. Mapping between a scalar value of woxel
data and s rendered color can B changed simply by deforming
i calor cunens,

= Paricle filtenng. Particles with specified values can b hidden or
hegnhighied,

Any change in visualization parsmeters will be immediataky roflecod
n tie renderng rosult
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Conclusion

An inderactive visualization system for large-scala valume data is
proposed. Large-scale volume viswalization can be realized with
GFU-aocelarated particle-based wolume rendaring. Interactive
transfer function contral can Bo malized with a dedicated graphical
user inderface an a handbakd deecn,
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GPU-based Pedestrian Crowd Simulation and its
Application to an Evacuation Scenario in a Large-scale

Underground Shopping Mall

Cybsimadio Canfee
ey

Cybermedia Center, Osaka University, Japan

Introduction

Padesirian crowd simulations are designed and usad Tor wariying
the evacuaiion safely of buildings and urban envirenments.
Aganl-basad simulations are particulary suilable for pedasirian
crowd bahavior dorved from a set of simple mdividual rulos.
Howeswar, compuding and wisualizing crowd behador in raal timea is
a campuiationally imansren fask largely because most algarithrms
for calculating tha inlaractions amaong all tha agenis hava Jn°)
complexily. In relovant provious works, this comploxity was
reduced by using spacial dala struclures such as grids. In addilion,
researchers have demonstrated significantly inareasad
computalional speaad alfar adapling exigling CPU-oriented
algorithmes 1o parallel processing architectures, Furtbermore,
roodern graphics processing unils (GPUs) haye many cores, and
offer the pardormance banedits of paraliel processng at lw cost. In
2007, MVIDEA released fhe CUDA parallel-processing anchiteciure
for their not-generation GPLs, which alows programmea s 1o s a
wiarsion ol G 1o code algonthms Tor exaculion on (ha GPLL Hanca,
i1 is now easier to dasign ageni-basad simulations that can ba
exaciiled an GPLUs,

In this study, we present an agent-based paedaestrian crosd
girmiikalion mglermantation lor a GPU and apply it be an avacualion
soconanio for a lnrge=scals undenground shoppng mall

Implemeamtation

Wie used the aocial lorse madal lor pedaalnian rovd bahavior. In
this modal, an agent is representoed by o movng diso (Fguee 1) Thet
has mass and & constand radius and B subjecied 10 Rorcas eoaed
by other agents, chstacles, and the destnation. Al cperations wenm
exaculed on a GFU using CUDA (Figure Z). The compuialional
powar avadlnble whon paraliel processing on GPUSs with many
G i huge; this computational power 5 sulficient for updating
the babanviar of massive pedestrian orowds in real time.
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Figars 1. Sccl Force Modal
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Fegere 2, Dperalions on GRU

Case study and performance

As A case Sudy ol pedasirian crowd simulalion, we l:l'.'ll'l||guh‘."d an
avacuation scenana in a large-scale mderground shappng mall in
Cisaks, Japan (in Fiﬂ.II'El ). For perfarmance |EEI|J'I'IQ wa evalusled
o varsions of the simuation. The first was axecuted onoa GPL,
and he gecond was agaculad on & CGPUL In bolh casas e sanmse
algorithm and data structures wera usaed; thase tesis wars
parfarmed on an Inkel Cora iT 930 2,80 GH: CPU and an NyIDILA
GnForor GTX 460 GPLUL Fgur 4 shows tha averaga fime requined 1o
compule 1ha gacial force of all EQBI'IIE in the absence of 1ha
rendanng process. The tests ware pacouted for each implementation
Iy by varying anby the numbsar ol agens, which ranged betwesn
1000 and 10,000, 1t was fund that tha GPL version had Beiter
scalabikty than (ha GPU varsion For axample, al 10,000 agands, the
GPLI varsion was approximately seven fimes taster than tha R
varsion, Momaower, il could be claarky obsarsad (hal Bhe performance
of the GPL] version was suffcant bo sustain interactive frame raies
lor randering cormphes modals of agenlz and buldings.

Figire 5 Aonboaiion bo Large-scaks Undorproend Shopoing Mal
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Conclusion

I thig E1|.Ilﬂ:|'. we daveloped an E@ﬂﬂt-bﬂﬂ-ﬁﬂ padasirian crowd
simulation implementation for a GPU and applied it to an
ayacualion scenario in a lange-scale underground shopping mall.
Wa demaonsirated thal tha GPLU-based implemantation was

capablia of supporing up to 10,000 aganms al an inlaractive frams
rate using cument graphics handware and GLIDW, technology,
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Management of Overlay Network Performance:

End-to-end Network Measurement Strategy and

Quick Failure Recovery

Cytimeedio Cenfee
[ Sy

Cybermedia Center, Osaka University, Japan

Jaint works of Osaka Liniversity and MEC Carparation, Japan,
supgared inpart by the Maticnal Insttute of nformation and
Communications Technalogy (MICT) of Japan

Owearlay Metworks
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Management of overlay networks

Metwors measuremants: Simple fullsmesh measuremant has the
CHM) overhead, So, we nead simpla, lightwaight, and scalabie
measurement rmethad,

N ) Trauriry Moo Fiorar

Failure recovary: Since overay networks share underay network
pquipmants, a single network failure would bring multipla,
simultaneaus failures in cverlay networks. S0, wae need failure
recoyery method from smulaneous taikires in overlay networks.
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Measurement strategies for overlay networks
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sntermediate ovaray nodes capture them and record sra‘dst
nodas’ 1P addmssas

Al pyerlay nodes undarsiand path owadapping status
Measurement af langer path will be amitted and measureman
resuilt is astimated from rasults of shorer paths.
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Proactive recovery method for overlay networks
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Wo construct multipln
tapologies for tailune
meconeeny from the orignal
tapology

<Ench topology hias
isolated nodes. Whana
ok falung CoCUrs, v
utlize tha topology which
isolates the failed nodes
Mldtiple simidtanosous
rode faluras can be
reconeared, whian such
rodes isclaied in one

tapology
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A Virtual Cluster over Multiple Physical Clusters

Using P2P Overlay Network

Improving the Accuracy of Throughput

Prediction over the Internet

Cybermedia Center, Osaka University, Japan

Introduction

Bacantly, vrtual cluster technalogy, which alows scienlists 1o build ther private
compuAatianal ermamnments that can be cusiomized as they ke, has attracted
atterion. Howewer, althawgh it is becoming rolatreoly oasy 3o buld a vrual clusier
on a srgle physical clester, building and managing a virual cluster spannod awr
rmustiphs physical cusiers on muliple siles is hard despite that it is cxpecied 1o b
usahul for paramatar-siudy research obsereed in vanous compuiatonal sciontfic
ficdris.

&, reason can be explained from the fac that each physical node composing the
wirtual cluster can b, in genenal, solabed by the Firesallor MAT daployed based
on anganizational administratien policies. Also, d causes tha situation thad virual
rmachines deployed on diferent physical nodes cannot be connecied diectly with
mach o her,

From the point af vimy abown, we ame workng on a scluton thal allows soenlists 1o Organizalicn &
bkl & wirlusd cluster spanned over muliple physical dusiees aasty, by saamiosshy
imtegrating virtual machine fechnolagy and ceerlay network fechnalogy, Indhis
poshor, we will Fepon our work=n-prognss actidlies melaled 1o this eseanch,

Figore 9 = Dgneepl of gur wirtos| chusier

Features of Our Virtual Cluster Solution
Dynamic network connection among virtual machines composing a virtual cluster :

In pur saluhon, each srual meschine composing cur arual clster sulomatically establishes an oeaday nebsonk o dedcated and secum use ol 1,
irespaciien af the underying pheysical nebwork struchume, Bor ihe unciionabity of ceeray network, KE2RL which provicdes. an encrypted L2 wisal notwark
solLEon, is utilimed, Leveraging MEM, we ann now devaloping a mechansm that asameaticaly establishes an oweray notwork among vbual machines

Seamless integration with Rocks cluster toolkit :

Bocks clustar ioolkil s & toolkit thatl facilgatas mesearchors io buld a clshar syshom compaseod o muthpls compuiatoanal resoses Furihermmors
respahars are able o sasiy build & vinual cluster system on & Rocks-based physical olusber systomwith it. For owr viclual clustor soltion, we ame
deveioging the funclicnality of building a vl custer on mulipls physical clster systerms for the Recks foolkd, by mlegrating the mechansm that
aucrmaboally estabishes an oueday nebaonk wiihil,

Development of Our Virtual Cluster
Chur wirtual clister is deplayed on muitiple Bocks-based physical dusiers which are mady fo accommedaba virual machinaes compasng a virdsal

cluster. &n overlay network is established by K2W among sirual machines composing the videal clester. To realize our virual clster, we am
desmlaping four modules that allow resean: hers o build 8wl clusier over muttiple physical clusions.

Bridge module:
This module astablishes a bridge nelwork between a nebaark device of & sirual machina and an M2N vidual nebsos dendca on a smecankainer, &

connection between wirual machines and one 2N owerday network is establishod ns @ msuk.

Resource Management module:

Focks utlizes a Database (DE) for managing computaticnal rescurces composng a Rocks cluster Dot there is no data schama for computational
rescurces at rermoie sibee This module providas the Bocks with the n1.-'|n.|19r:rrmrt-:f resmiote nodes and managas viriual machines comgasng syl
clusters sparmed over mubtipks physical dusors,

Owverlay Network Setup module:

This madula seis up an NN overday netaark for aur
wirtual clusters. This launchas B vidual netwark . k
dewicas on aach virtual machine compasing a virtual

B EEEFIEC B TR R E
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Pk sl pooke g il rde
cluster, communicating and this instructs Bridge porrecantplngr] dp—
madules o establish an oweray netwark amang - e e -
wmecontaners, Finalky, vidual machines remning an the : :
WITRCRMAnens can be on tha same oy ek,

- - =2 =] 1 T
Virtual Machine [VM) Management
mmadule:

: i Bl || | Machine:

Wiral machinas at remate physical clester cannot be
deplayed with the orginal Recks functionakty. This
madula anhancns Bocks with tha functionality of = —I_'I";l— L —I_"I";l—
deploying virtual machinas al remate sitos,
cammumicatng with other Wid Management madula at 9 .
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Cybermedia Center, Osaka University, Japan

Motivation

Applications in the grid emviranmen mest share largs distributed
blocks ol data across mmulliphe sies

Network throughpet affects total procassing tima as wall as tha
task proonssing,

Thea predicied
nabaork throughput
would be a sl
pararmeder

in ssheduling lasks Interret i.r-'—Er‘c

to mprove tha total e e Cloud @

Procassing Y

perfarmanca. £ f R
"-‘.:{r..-" Lh__,*-x.-'
[ kmTreTea
Crarpuleca

Furpose of our research

Improving pracision of tha throughput prediction mathod calkad
“Hatwark Waather Serdca® [1],

Adapding the predictian methed te virualized hasting smdnrenmean,
which shows anomsabous bahavion mona fl‘llilIlLIl‘."l"Il|:|I 1han I‘.'l|'|:|'E-|l35|
[t =t

Connection pair

Malwork |hr|_'||_|g|'||'_|u'| pradiclicn is 'E"'IH"'EI"IQiI'Iﬂ besause of
dynamics of natwark trattic and the lack ol guaraniaad
banctacith,

Cormechon pair uses a probe transfer to predict the throughpot
ala HF?EI dala Iranaler.

In pravizus waork [1], the restricted sats o4 pairs of probe and
data size wans exammned ina limibed nebwark emeronment.
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Traffic anomalies

Tha evaluation resulls warg allaciad by ovarsiza packet
spacngs, which ame caused by GPL scheduling latency:

Packet spacings larger than the TCP fransrmission period resul
im sayers '||'l'l:lug|'l|.'lLl'| anoerEies2].
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Experiments

We used Planetlab nodes, aguipped with a virtualization
miachaniam calied V-Sarsar (hElpudwn. linu-vsarear.ongl.

Vanous sizes of bath prote and dals wara e

Cormdation between boih probas is evaluated by Spearman’ s rank
oomelation coefficient, a non-pararmednic metrics.

Original result
Smalkar prmbas had bBatter condilions than largar probss,
oyy W Dana T avo@aon il s @ <an

i 3

§w3 e é 3

Frestack
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GO L g 62
Probe size |KE

Results without anomalous cases

W re-adaliialed e maulls withoul e anomealies, and Tound
Ihat larger probes ana reguined 1or irmprrceyed pradiciability

I throughga is decreased by the anamalies, we should carafully
ey mEasLnEmEnt results,
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Conclusion amnd fTubure work

Ancrmallas from virtualzed hasting anvironment heyve 8 greal
rrpaicd on b predction msts,

Wi re-evaluslesd the rasuts withoul the anomalies, and found 1hat
lamer prokes an medaguined Tor inmproesed pradiclabilily

Futurg work incledes massuremant of throughgut with vanous
proba siras and doeelopment ab an aramaly estimerhion medhod,

1] M 5-’.‘3“'{ and R, Walskl, Mutlivariale Basaurce PartHmmancs
Fareonsting n the Matwork Waather Servics, in Procaedings of
IEEESACK Conference on Hiph-Parformance Compuoting and
Melworking, po 1-10, Novambsar 2002

1#] G, Lae, H, abe, T, Hiretsw, and Eyojl Limemura, “Analysis of
ancmalins on a vifualized netwark testbed,” in Brocesdings of
the 10¢tH (EEE Internalional Conferance aon Campotar and
Mnfarmalioy Techialogy, pp. 287=304, June 2010,
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PetaFlow Project:

A Project towards an Ultraparallel Synergy Internet System

for Scientific Applications

Application for Finding Broken Sensor Nodes

by Using Satellite Data

Strategic Japanese-French Cooperative Program

Background

It ie & reality that “comfemporary
9&4."-'5-9!5.' and sciance i laead with
the challange of daaling with
inocraasing amounts of data.”
Taday, caminuous developmens
Goournng in measureman
lechinolagies and compdtalional
resaurces in various fields of
'“m_lmnmlmml‘_mmﬂ' science and society have
o arvseiuiont o Ul ® lacililated tha collaclion as wall
as ganeralion of pelascale dala
High=prrtarmance computaticnal
[HPG) resources need 1o be made rermately acoessible throwgh
long-dislance, high-perlermanca nelworking for the elliciant
ganeralion of procassing of petascale data The PetaFlow progct
cnalbies the representation of these data as an inberacier scontific
visualization. Consaguently, the emergence of adequate
“imlormealion and cemmunication !EL-"'l'll'll.'lh:lgiEE- [ICTs)™ has Baen
beneficial ior the ganenstion and procassing of patascala data with
respect 1o high-padormances compatng-networking vissalizakion
and their mutusl "awsreness,”

Thea aiim i fo Savelap and validale auch KT solitians wilh Bhe hedg
ol a ransnaticnal high-spesd aeaarch nelwork talwean Japam and
France that connacts “GEnd S000° (France) to tha "SAREGI® [Japan)
bastbecd, H is indernded o validate data transfer probocals on the dada
ablainesd lor & real sciEmilic |:ll'l.'l|:l|".’ll'l'll|'l'.'ﬂ"-‘ll'ﬁ; palascale dala For
reasons of medicgl relevanca as wel as hasic sciendific interast,
petascain datn are abtained from HPC compudational fud dynamics
(G FD simulaions an & vectar supercormputer (MEC SXB, Japan) with
Ehea inkailian of LII'EI'G?*G“I'I.] 12 Srllow !hrl'.lugh 1M Lipsper -&iI‘A'-&j'E. I
additien, rasults of the GFD simulation ana usad a5 &n Impeed 1o
arra-acoustic computations (CAA) 1o predict noise prodsction.
Begides the inbarmaticnal fransfar of tha gererated pedascale dats,
acEmilic visuslization of palascala data s inlanded on a ‘.’ll"IQH B
as wall as on a Hled display wall {TOW) tor 30 infaractive
recanstruction af tha flow and noise data, In summary, the PolaFlows
project aims 1o conbibute fo state-of-the art HPG, networking,
acianlific wsualsalion, and hair midlual inkaraclions b palascala
data. Al tha same tima, It contnbutes 1o basic resaarch in hsa helds
of GFD and Cab, appied to fiow through the uppor sinsays,

PetaFlow Metwork

Tha PataFlow netwiork festhed is & layar-2 virtlusl prvaba netwark
WP B has been developed from tha MAREG |-Gnad 2000 netaark
testbed (2006-2008) and construcied thraugh a collaberation
armang SIMET, JEM2 phis, RENATER, GEANT, arnd MAM LAN. Figirs
2 shovas The topology of The FataFlow nelwork 1estbed 2 Ehea
Japanesa side, the network is composed of SINET and JGM2pus
netwarks, which are connacted af Tokyo. The NIl and Kyoto
UI'!'.-E"'&il:.'-ﬂl:ll'll'r'.’Hl'! willh ZIMET, ared Diaaks L.HiHrEﬂ:.' Connes a8 with
JERSplus, The intamational network opesated by SINET is usad to
connect the Japanesa rescarch foothokd with Grid&0o0, and this
reebaark exbarncds bo MAMN LAN (Mew York, LESSA) via GEAMNT (Burapea}.
Thea Grd5000 Backbans medwork 2 provided by AENATER
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PataFlow Clouw
Mamy kinds of applications irrcalve nurmerical srmulstions; esamples
of such applicaticns inchida Bhe Vitua Physiological Humsn WEH),
raal-time Eﬂ&ﬂﬁ Wisathar Simulator, numancal waaihar simulation,
nuzlaar fusion simulations, acrodynamic resaarch for
nest=gereration supemanic ransport, and nurrerical simulation for
Teunami dsgsdar pressanlion, an incregsad number of comgiilationsl
MEEOLFCaE g Feduarad B irmplemant these applicatlions, Howayar, it
has nod boon possible to perdorm mumerical simulations for those
applicatians, owing 1o insulficient computational rescurces. This
problenn arisas [ram  #naciuee n o which aach individual resaarchar
OF Qo o Thalr owm compuitabional resorcas, This sinacture of
the scemdifi: socily proves to
b imetficient in several sspecls.
Ta solve this problem, we
| harglzy propase the “PelaFlow
‘*’*L““"H"i!"!‘"d'*‘!l!"il’# cla ||-.f.|.rl" E::lh ich enables
reseanchers ar groups fo obtain
golulions lor thair concrala
J.-q‘.-#- v ;.I.,,'g,#. J,,J.e,.;]., ohjacts. These solufions ara
nipclad m several numanaal
sirrnlabion codes. The PetaFlow
"H’ 4__!‘-_#_4_“ #_‘#_#_4_* cloud hasg threae main
camponanls: “Felascals
retwnrking =sionacge,” “Feiascale
compuiing,® and *Peiascale

]

Figues 3 Vision of PotaFlo= vigalization” [see Figre 3.
Petascale Visualization
Oral flow sound simulation resuls in higher-level complexiies of

A0 phenomena and huge volume datasats. Yisualizalion of huge
data oftan requirs tha uss of hgh-ressiution Ssplays 5o that ing,
impartani struciures are not missad. This is s0 bocauso the
numitser of elements forming the huge valume of data esceads the
rasolutlions of 1he normal LCD displays. Pafick-basad valume
randering (FBVA) 5 ona of the efactive randering techniguas
apghicas to huge weolumes of data, 11 18 basad on Saballa® s
densty smitber rmodel, in which the scalar field is charscterized as
a sloud of opagua and sali-amitling particles wilh singla-laval
soattaring, FEYR, being diftersnt from the rey-casbing mathod,
dors not require sarling of alements, and thus, it faciliiates
handling of huge amounts of data, which could be of the

gl of severa gigabyles (see Figun 4)
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Introduction

Fublic waather loracasl aarvicas
mainly usa satellite image data in
ordar 1o Know Tha curmanl seather
imdormation and predict the fufure
waalher informalicn. In order o uss
Ehase satalbie smasgs daka, we should
know what the raw digital values
from the satellite imegs mean by tha
data at ey relerenca poinls an lhea
ground, But it is difficult to measun
Ee dala of tha 5|I'-Hgglil'|ﬂ refaranca
points frogquenthy. On the other hand,
race I'I'IH.'. many paopls sal Lha low
cosl waathar sansars and open their
data on the inlarnsat, We uas bolh
data and davelap the applization far
calibrafing Lhe salallile dala and
fmding the broken sensor nodes.
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Syatem and Application

Figure 1: The mesmgie of maiplis image dais
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Figure & Saliorating dais

Figure 3 shows our system cutine. We use OGEC [Open Geospalial Consoriurm) web sardices in arder bo gel the sabalife imape and weat hear
sansor data, 18 possibks 10 gel gach satellite image and weathar sansoe data in addifion e calibrating data. Alter gatling tha rasulls of
calirating, we find the broken semsar node an the sarme window By finding the deda of separating traorm calibration lines.
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About Us: Cybermedia Center, Osaka University, Japan

I Agpredl 1960, the Camputation Cerber (G0 was satablished at ODeaka
Urivarsty ae a labaraicnry tat gravides indspansiole compuiatan ard
TS MATON Bricessifng servces b ressdrchers af unneerstis and alher
irretiiubes, Tha GO fansw part of 8 grand-acaks andaavar by 1he Japansss
G nrreT b RO S SUGT BURRNCEHTRUTIE canten BGries e nation
i actondarcs with e suggeston of b Japan Scerce Councd b REciitabs
colairatres s oF Féormator bechnoicdgy m reseandy

I el 2000, Oeskes Ui varad by sxpanced ol reanganized the GG G feem i
Branch of the Irfermadion Infrastnasione Gantar, which was rumsd e
Gyt Canker fGMGE Dunng @ exparsin, the Eduiason Caler for
Inforseten Procsssing and o part of the unmmsy lBrry wens meeged o
GG, Whine s G0 corrss (o pron ces compusers 500 aivanosd schrmSc
bechrigues nd media sarvices, the Educaban Gonter far Irnformdaticn
Py i caartinBeutes Gy procrobing et in rddmt ion processing
prel e urihveminy borary, by prosicing diglal sorsents,

Infprmai lgn Infrasdruciuee Senier

. HifG Byrilin

r
. Thas gim of the GG B b0 aehisns remuarkaiie fol pbon m ndgrrmaton
G past i infrastnacture. by Somplerentanty s systemencaly rmeguating
st g af Sompubryg bechneicg y-raaded arganizations, as wall s b
pravide an advanced infragtrecturs for tha sccumulation and the
crasarination of digits conlent ard for affciet bigh-lesl uibzason,

Thar GG proreicies & poiefil Fogh- poror inands Gompub ng e rorrmsnt ior
ufiBE Ry ressarciems scroes Jepen 11 acts as T fater’s hub for lesching
Bivl dissemirabng achanssesd mformalion fechraiigy, 0 sdeiian, the cerme
pesumes the reaponsibelity of Rditabryg campus T infrasiructure and
prarmobing b efecive psa, The GG S0 prowches. $5c 1 s for advanied
wdl piia o b Oagss Uinrmesty soockerbs, | apaaies an Indannalion Eduiabon
syutam ard Camputer Asaisbed Language Lasmireg (CALL) syabam, The
Gl GRers & cormsber rdamation sducalion cumculum, Ginenng areas
from Basic usage af s-mail communicalion ark b Inbsrnet 10 acvarced
GO pLRrE fefn g such &3 programnrg, & el | g prosides fansign
language &g Gultural SEucaon supdoeet on vanous Ewals through &
campnHemn Spphcaten of mukmedia wohniguss

Ax a long-ters goal, the GG supports educaliong and ressanch achy Riss
L v g Gavmprha i pss of Sompuler-related eehmoishy, Specicaly,
s R iy @S van oL slEcToric and mulbmeda unchors b amprws
tvis afficiancy of aducatiorsl scinvtien. For resadch sctivilios, the GG
prowicles Facinlias o mprens SCaability, In next-gersration ¢emuler
ppalications. it wil be resessany to effectivaly “doialize” the dess of
resasrdhers, maanieeg T e GG will reed b ceal with avery siage of the
recpgnch proceas, includeg insarmatsan input, rebriegsal ard coleslion,
reporE amd grEcusion, anahems ang modeing, s Anaty wauslization
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Sopercompui ng Gormiesd for Mg Schos] Suders
IEs-Feulad by Tekype e uis of TesFnalooy)

Mirro= Camryg

asaarah Dinvie il

Informadia Education Division devclops an ackanosd ensnonmens for
infarmation processang sdusation; slfars stucalional programsa gn
infarmatan processing and infermation ethics; and alse corducis
achuca bonal ressarch, mcluding Teculty deveopment programs for tasding
etaffs in il on procssrg

Multimadin Langunge Education Division devsops an ervimnment
far Arguage sducation useg mulbrwedia and provdes ssaistancs in ths
clepplpprrent of mulirnescia-Desed lerguage sducation malense, such a8 for
inbarasoralized sducaicn e neesrks and fonsgn BRoUEGE proGraTs.
a5 cmmen subests in Osaka Lisesarsity

Larga-Scale Computntionall Scianca Division suppors the ansaton
of GG 8 supeecampuier sysbam, dissmrates bchadaiigy Sor vtz o of
Gomputational resulbs, and facisaies advanced LRNzalion techaology far
Large-seake compubrg eyshems. This ghmion asa affers aducational prograns
Akl shuckes 0N cmputicg scerse angd nkated subiects

Computar Assisted Sciance Division supoorts the eperatan of
el pur poss compuier systers; hosts Saculty dessopriers progrars e
110 s iRt Smpuber appilcalds S seling ud and sakaing scenifc
proiHame: ahlo edfers aducaticnal progrars and conducts resssrch an
suliecis relabed to leaming procesass for s82ling up s sahing scensdc
prabisma

Cybarcommunity Division supports the panning and opemation of
SCS-based distance leaming, plams sl opecabes diglancs traiferyg in the
fee F sdhvarssd tachnology, and shad e B gpaation e prometen of
GybHronTTLrTy ans

Adwanced Naetwork Environmant Division supooris the aperation
ard ptibzatcr of GDINS [Oaaka Daigaky Infarmation Neteork Syetem) 1o
ingrod s ey fabedck fechroiogres such aa Fugh-epessd refwaras. amd
okl @ CIHTELATG SrirTTETTs, 50 BCiibs T uliimton technaioges of
large-sia b wicke-area Gompuler neteocks, and te cany Gul resaanch an
ripbwors- red et echaca N

Appliad Information Systems Division develops and prosides
aducation an uiikzaticn teschralogy for large-scale infaemation systems;
digitalizes libranss: gupparts the manasgament of varous databases;
i phermerts educaton on infonTahon systems and mulbinvesda spebers: and
uitckSak s SEUGETGR O FREETETGH sxpicner. Furlhemons,

GCommunication Metwork Analysis, NTT DOCOMO Colinborathee
Resaarch Division, was fourded this year in collaboration with the
Largenat ook b commun b gpeabhie inEpan,

¢ Cesaka Unbverssty s a nateonal smiversity in Japan, feanded in 1831,
“Live Localy, Grow Giobaly,” Osaka Ureserssty grapples with chabenges in sducabion and ressarch.



