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Cybarmedia Center, Osaka University, Japan

As a resource provider of knowledge and technology derived from advanced researches conducted in Osaka
University, the Cybermedia Center (ML) offers support in the areas of large-scale computation, information
communication, multimedia contéent and education. The center also works closely with educational and
résaarch organizations within Osaka University, as weall as with ingustries and institutes cutside the
University. By sharing its resources and eancouraging local communities to use its faciities for public leciures

and other events, CML has helped to créeate a more iIntermationally-onented |1 soclety Tor the region.

Ressarch Dvislans

Informedia Education Division devslape an advarced smvircemsnt foe
irlarmation proceasing aducation; offere adeealicnal programs on
infarmation processing and informaticn ethics; and alsc condwots
aducatisnal radsaret, incldivg oty developenied grograma o bedching
stafts in information processing.

Multimedia Languages BEducation Divigson devalops &n snvinonmean]
far larguags sducailen using muliimedis and predes saatstanca In tha
dewsalopmiant of mubimecla-Desed anguage sducation materials, such os for
Inarresatioralized sducation uaing retwois and loreign language programs
a5 commen sobjects in Osaka Unbsersity.

Large-Scale Computational Science Divigion supports the
coamion of CMC's supsrcompuier sysiam, dissaminaies ermalogy for
wvizualtzatson of cormputational resulis, and faciiiotes advanced widization
rashinlogy Ter lange-ecaks compuling gyabema. Ths didalan alse alfes
educational programs and studies on computing science and related

aulrsla

Computer Assisted Scionce Division supports the oporaticn of
geEnomi-prposs computer sysheme; hosts faculy development programs 1o
impreea allicent comaular appicalion lor setlirg un o Soivieg Sceric
probloms; slso offors sducstiorsl programs snd concuchs ressarch on
subjecis ralalad to laming procassas Tor setling up and Sciving scianlific
problsma.

HPE Bywiem

Cybarcommunily Division supporte the plaraing a5d opecaticn of
SCS-bapsd diglance laaming, plis and opaciles digtance Irecing in tha
finld of advanced lechnalogy, and shudies the cparation and promotion of

GyBrirrrtity plank

Advanced Mabtwork Envirenment Division supporis the operaion
and uhlzabon of QOINSG [Ceaka Dalgaku Informabion Nabwark Sysism| ta
Intraducs raw natwerk tashnelegles such aa Mgh-spaed nebeoha and
mistile oomputing srvionments, bo faoliole the wblabton techniclogies o
langa-Ro ek wice-ama camptar nalworks, and 1o CRry oul fedsarch an
network-relafed ecucation

Applied Information Systems Division develaps and providas
aducation an WEzalicn lachrakbgy Ner larga-scaka mlormalion syatame;
digitalizes |ibraries; supports the mareagement of varicus databases;
i peaEails aducabon o inferralion Bt and mulirsecia s and
undertakes educaton on information oxploner

Communication Mehwork Analysis, NTT DDCOMO Collaborative
Rossarch Divislon, was foundod last year in collaboration with thae
largost mobils communications oparaior in Japan.
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for Aero-Acoustic Analysis in Sibilant [s] ()]

Cybermadic Cande:

Cybermedia Center, Osaka University, Japan

Introduction

This work presents a study of flow charecterstics of sibdant |5)
{Fig- 1) using a three-dimensional low visuakzation provided by a
Large Eddy Simulation (LES). We visualize volume data with
Particle-Based Yolume Rendering (PEVRE][1] to abserve three
dimansicnal strscture of tha resuit of tha LES, Whiks tha PEVR
enables fast ransparent rendering bo treal lange-scale unstruchuned
voluma data, its computational cost in a preprocessing step can
become a boltlenack in concurrant simulation and real-tima
rendering,

In this poaler, we describe & customized PEVA Tor raal-lime
simulation, & wisuslization technique for time-series data, and
inbaractive randaring paramater setlings 1o absere the valume
daia. Wa also report on new sclantifio findings obtamad by our
visualizalion svslem

Fhgure 1. Tarlussss Fow |2 Oesl Caeiy

Simpdilied PEYR

The PEVA genaratas pariclas by wsing a densily funclion in a
preprocessing step. Te reduce the computational cost of the
praprocassing steg, the Simplified PEVA does nol ganerate
pariiches. inetaad It simply usas complutaticnal mesh verticeas as
points to render. The Simplified PEVA anables fast preprocessing
a0 that concurmant simulation and rmal-tima mendaning. Visualization
resulis have sarme artifacts reflacting mesh structure [Fig.2).
Horeavar, the rendanng results of the cantral reglon of the voluma
data aré comparable 1o those by 4 cornvectional PEVA as ks mesh
dansity Is high ard unlform anough o gaf A good transparant
gffact. The Simplifisad PEVRE grovides interactive frams ratas
[Fd.53ps) for our targat volume data (3,65 mBon particlas) with &
cammanial maching [Insl Xean @5.20GH: CPL, BOGE RAM, and
Cluadm S000 GPLL)

FMigers & Viawsksson Mat n Smelfisd POV

Interactive Pararmater Selling

In time rendaring, #° s desirable to randar aach frame within a
fixad interval, sinca our targel volume data is generaiad by a
simulation model based on constant time. Wa apply o ime-critical
rendaring tachnique 1o control rendaring tima. Specifically, a
rumber of particles drawn is madified to render within a certain
amaunt of time. Flgure 3 shows the results of time-critical
rendering.

o [PutchMerng o, o Poiaton,

Figurn I Tima-criticsl Asndaring

Visualization of Time-seres Valume Dala

Far afficiant observation of the valuma data, rendering paramatars
ghould be applied immediataly. By using a GPL and GUDA, owr
application abows for the changing of visualization parametars n
real-tima. For exampla, salscting A part of the volume data, moving
the salecied part (Fig. 4], temparariy hiding of a part of the woluma
and g6 on. Calor mapping can alza be directly changed in
real-trma,

F ore ) ImMerson v Pana=eer Semnp

Scientific Findinga
Using our wisualization system, we made soma new sciantific

disczovaries. Figura 3 shows that the Tluctuating jet ks balng
penarated at the consiriciion betwean the base of tha tongue and

T LD E.

Figpora & Fluctualing Jol on Tocgus

Coamtlusian

Wa proposed an interactive visualization system for large-scale
volume dala. As Tuture work, we ane planning to conlral nol only
rendaring paramaters but alsc real-time skmaulation paramaters
such &8 mesh struciun and oral cawity shapa,

1) Z. g, 7. Kiswiamiord, B, Sekdmolo, K Koyafiiin ©Partce: bised Pollips
;ﬁ-lﬂ Vobimay Randering an CLIGK, " Simolniion Modsdbneg Pracsics snd Thacn,
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introduction

Evacuation simulaticns ane designed and used for estimating crowd mevement in buildings or urban environments In the event of & cisastar,
Agent-based simulations ane padiculardy suilable for modeding @ach person's evacuation behavior by following a set of simpls individual rues,
Mormeover, real-time simulation toois are effective for intermctrvely analyzing crowd behaviors, However, computing data for and visualizing
massive crowds inreal tme is a computalionally inbersive task. This complexity was reduced in previous resaarch by amploying special data
structures, sUGh &5 mesh madels or nedwark modals, Additionally, reseanchars have significantly increased computational parformance by
adapling existing CPU-oranted algoriihme bo parallel processing archilsciures. A promizing new parallal architecturs usas commodily
graphics procassing units (GPUs) having many cores, offerng the performance banatits of parallel processing at a low cost,

In bhis study, wa describe our novel aoprogch o he real-time visualization of crowd Tlow using a large-scale, agenl-based evacuation
simulation that is suitabla for execution on GPLs.

Large-scala Evacuation Simulation

The evacuaton simulation uses an agani-oased sysbam. Mameby,
an avacusn is modaled &s an agent. Tha modaling of sach agent's
behavior consisls of (1) the route chaice model: setiing a
dastination and caloulating the route, and (2} tha orowd walking
moded: approaching the deatination and avoiding collislons with
othar agents and obstackss. In cur resaarch, wi implamented tha
shortest roube choice model and the sockal Tonse model.

Convertional methods implement agent-based modeling using
CPU-orientad algorithme,. The aoial Torce modal that we
implemerted previoushy was also caloulabed using a GPU, and the
agernts were rendared on tha GPU only after thay wpdated thair
position. Howaver, tha usa of GPUSs for genaral purposs computing
has Decome B new area of reseanch in the recent vears. In our mew
simulation, the social force modal oparations ware axacuied on a
GPU using CUDA technology, which ks a parallal-processing
architeciua for GPUs with mary cares. In paricular, one thread is
alizcatad par agent to calcwata tha soclal Torces on that agant
Although CPUs can only concurnintly execuls one thread per Gona,
GLIDA can nun tans of thousands of threacs simultanacusly, Thus,
tha GPU's computational power is sufficiant for updating the
modakas behavior of massive crowds in real tima,

Interactive Visualization

Intéractive visualization is affectiva far interactivaly analyzing
evacuation bahaviors in the trial-and-arror stage of craating an
evacuation plan. In this study, we visualized the evacualion
simulation on & high-definiticn immershe projection display [CAVE),
which sontaired & eluster of high-peffarmancs graphics PCs and
high-defintion projeciors, in order o provide the user with an
avacualion expedance, This imeractive visualization on & CAVE
ofters the tollowing advantages: Such a viruasl axparianca, in which
the participant escapes from a digaster by iraractive oparation,
contributes to that indhvidual's disaster prevantion education, it is
alan possible 10 rechaals 8 parlicipant’s evacuation behavior in onder
to modal the behavior chamoieristics for the evacuation smulation

Cimpdhwr Corill

Edvcation

Figarad Interactve visualaation on a CAVE

Figersd; Bvacuanon Simuledon md Interactive Yisssizedon
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Performance improvement of

TDMA-based wireless mesh networks

Cybermedia Center, Osaka University, Japan

Toward Multi-siteVirtual Cluster toolkit

TOMA-bazad wirsless mesh networks

‘Wirsless mesh nebworss WMNs) which am used for providing & wide-area wirsless broadband acoess armdironment [8.g., IEEE B02.16] relay networkal, have
ottracied misch aftention because of tedr axpandabiity and cost afcdenoy. WHNs corsist of a gabeway node, which is conmeched bo @ wired noteord, and mash
nodes, A mesh nods provides wirslsss broadband acoeas service 10 clisnt teminals within it service arsa, Mesh nodes am connecied Brough a wirslsss link

whan they an within trarsmission mnga of each offr.
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Time slot assignment methods for reducing transmission
latancy [1]

TOMA prolccels cause schaduling dakiye. & acheduling delay (s the paricd
of ime babwsen te arival of & pecket at o mesh rods and e departunes of
Ul piecionl &1 Bhe schduled e alot Tor 1he maah pode, Traretor, in
muti-hop Wikiss, erd-lo-end frarsmission labency beteeen o mash nooa
and @ gatevry nede oam b intraased by accumulaling the schaeduling dalay
ot pach hop on tho path betwoon the clent lomiral ard the galesay node.
W have propeded lima $lol assignmant melhiods Tor rmdusing Fansmission
letorcy im WiiNe by extencing the axsting method [3], which aima at bather
natwerk iecughput and o senall fama length. In our propessd mathods, the
o of imeferonce rolationships among links, i.e., a conflict graph, is first
oblaimed, Tham, Tha crdar of links Tor lima alal aasignmant is debanminead.
Finalty, time slofs are assigned to the inks according 1o the determined
orcer, Linkka in [3], our mathods conligues tha andsr ol lima Sial asskgrenent
by considaring the hop cowrt from tre gateway node, and as a result, tha
Iransmisaion [alercy desreasns withaul incraasing e fams lengih. Our
propossd methods also accommaodate The welghted time slot assignment,
‘which ks consistent with |IEEE BIOZ 16] spacilcations.

Lirke bl bk Lk Lini el |l | Ls |l |y
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‘When closely located Inks In 8 wirsless neteod ars wsed simidllansoushy, &
recalver noda cannot comectly reoive redio signals from e corespanding
sancer nadde becauss of radio imterfarence, In time division multiple access
{TOMA] protocols, tima s divided e framos, sech framo consists of tims
slets af g goratard duralion, and differen] fime sots are assigned 1o links
that inberiens with aacs ofter

Qur ressanrch group Fas propossd 8 varaty of mathods for improvieg the
porfommanca o TOMA-Dosod Wikikls:

= Topokygy constuction methods for galeeay lasd balandng

* Poor ooninol moShads for improving spatial rouss

& Tiene alod sssignmet mstkoch for reducing iransmisaion eeecy [1]

= Mgthods for improving Sarvice anea quakty based on geomainic aigonthms [2)
& Mods repoaicning methods for rducing Fammiscn ey

For mors detais on aach mathod, pleass visit our group” s web site
| e ey, A, GIed, Gadich-u, &5, @, Wa brially Sireducs bea ol tha
mathads In tha following section.

Mathods for improving service area quality based on geomatric

algorithms [2]

Tha parformance matrics of wiralass maah nalwarks, such as

pommurication qualty and erergy corsumption, are sigrificantty affectsd by

BETYICH ARRE 3G ard B8 overiap degres. I ofder 10 edequatsly dalarmice

the service area size for each node, it is important to use the location

infprmation of neighibanng nodes. However, due 10 1he aminsriments Wi

e WM s doployed, such imformation is not 2lways ovalabde, or is only

pamaly availabla.

W have proposed soveral mothcsds for determining the servico area sizs

aocondirg be viricos kings of aveilabie inforrnation on neighboning reodes:

= |dentical radius method: Al nodes uss an identical service radius. This
matFad & auilable for S&ualons i which aech moda B urabbs bo eblain
irlormation.

& Dardily-bacad mathod: Each node aslimales tha nearas! rlighbor’ &
cisiancs and sats &3 sarvice racius based on the sstimation results. This
misthcd & fer siluaticns i which aach node can obtain the number of s
naighboring nodes.

# Locafion-hased methad: Each nodn sols He sarvion radius B0 covor iBs
Woronol arsa. This method |8 for sbustions in wihich sach noge can abrlain
precisa lecation infonration for naighbering nodas.
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Cybarmedia Center, Osaka University, Japan

Background

Fecantly, virlual cluster Ischnology, which alows sceotists 1o buikd their
privaie compuiational erdronmons hat can bo custormized as they Tko, Fas
aftracied attention, Howsser, alfhough & is becoming relatively sasy 16 build
a virtual dusior on a singlo physical cluster, bulicing and managing & wirtual
clusber apanned over mulliple physical clusters cn multiphs stes & Raed
duspite that it i axpeoted 1o ba useful for IR varkous compuiational
acnnlifc feda,

A reason can ba sxplaingd from B fact that each physioal noda compaosing
ihe wirbaal clugbss can bs, in general, inclated by The Firswalle or NATE
cheniioynd based on organizational administrative policies. Also, it couses the
aituation that virhual machines deployed an ditiemnt pRysical nodes Gannct
o8 connached dirsclly with aach othar.

T Wchia tre problam, wa proposs & solition thet alows sclertiets i buld 8
virtual ciuster spannad over multipls physioal clusters sasily, by ssamiesshy
Integrating wirtual maching techrology and overiay retwork Sechnokogy,

Proposed Method for Deploying Multi-site Virtual Clesters

In our sohution, sach virfual maching composing a virtual cluster aulomaticaly ssiablishes an overday netecris for dedicaiad and securs vee of B, irespectiee af the
unidarying phyaical nahwark struchur. For B funcsorality of tha owarlay natwork, N2N, which provides an ercrypiad P2P based L2 virual rebenrk solotion, i
utikzed. The PEP basad virual network srables 1o buld an unified neSwork over multiple sftes, regandaess of the depiopsd policies of Firewals and N&Ts.
Laveraging tha MEk, we have bean devnioping Mul-sita Virual Clusber (WWE) Tkt The foolidt realizes virtual cheters on multiph Focks-bhased physical clastom
wiich amns rsady 1o sccommaodate viriual machines composing virtual

clusinrs. Rocks s aapkoBed to autcmala B sonstrectian of wirual

chian an e N2N network,

Technolegy for realizing a miultl-site virtual clustar
Aocks cluster toolkit: Cluster management tool

+ Insinlling and maraging clussers

« By PRE bool, e=iling up clustes automatically
+ CIUSMEFS ang custormizabie By Rols
« ¥en roll s avallable 1o deploy virbeal clusters bassd an Xen

hymerasor

MZN: Layer 2 overlay networking software

v B pacyumne Layer 2 neteorik

+ MUAT trassorsal

v Decenialoed aeerdsy neteak
+ Inolatod sach cvariay rebwork

How to deploy a multi-site virtual clester
1. Request o wirhml clusher deploymment

2. Salect wirlual madchines fram sach domaing

3. Aogisior tha selecind viftual machine ko the MYC databasa
4, Exlaiiish e overiay rabwork among the vifual machices
B. Install G5 and Sofowors roquested

E. Login B dapelyed vimusl custerFasiune Faabores

Acimerniptine

Fugured. Aresiectiure of meciBafa virfual clcs®er LoolklL

Y
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PetaFlow Project: A project towards an ultraparallel

synergy Internet system for scientific applications

Advantages of-Vector Supercomputer Maintained
inJapanesesoint-Use for Academia

Strategic Japanese-Freanch Cooperative Program

Owarvimv:

Itis a readily sl "corfemporary sociely and sciance & faced with the challenge of desling with
amounts of daba ™ Today, cominucus dossopmants GO0 iR Mo sIrEmon

and compidational resourcas in vances fields of science and socisty. They have faciEated the

colection os well as genamtion of potascalo data High-poriormancs computational [HPC) resourne

nesd 1o b= mads remaiely accessible through long-dstance, high-periomance networking Sor the

gfficiant generaticn or precessing of petascale data. Tha PetaFlow project enables the

raprisadnlation of thess data & an riecaclig sciesdific visualicalian, Congsguently, The anérgencs

of adeguale “inormaticn and commasnication iechnologias (GTs|™ has baen Danaficial far tha

generation and pracesaing of petascale data with reapact to high-parfarmancs

computing-natworing wisualzaton and e mulual "owarensss.”

Wha anginize our projest inle (hees functicrs; PetaFlos Applicalicn, PetaFioe Vaualisation, and

PataFlows Network and Middlessans on Solloes.

Figeara 1) Owarviaw af PeinFlow sosamn.

Cybarmedia Center, Osaka University, Japan

The Cybarmedia Carter al Deaka University was Taunded by marging the
former Computation Canter. the former Education Canter for Information
Processing and part of tha university libreey in April 2000, Swoh reprganization
was conductad in onder o comprehanshaly promete aducational study In view
ol raphd developments in the fekd of infarmation technology.

The geal of our center is taofold: 1) to continue providing siable infrasbructure "'E
sarvicas as wall as technical knowledge about superoomputers, Information B
aducation systams and networks used arcund the warld, and 2} to pursua E*
regeanch that enalxes the most advanced infrastrechune services.

Advantages of Historcal Vector Gomputing Maintained

D

PataFlow Application:
Imeraciee supsr computing helos oral pracilcnens (dentists] G demonsiraie
a predictive arthodontic sugeny or fabeication of dentures that anabés
patignts o know the change of
pronunciation bedors his opoaration,
Each a8 teoth mosemens. To do this,
appropriate HPC packaging Is
necaRRary. a0 48 to avoid sbrangs
movamants cs 1o tha losing famas,
bacauss Fs packege insudae hakray
simulatians, CFD ato. Smooth and
usalyl eompAatianal arsl margpias
reguined the profluant inéormation Tioe
by using the advascing Intarnat
techncingles jsea Fig. 2.

Figiime & Azl catica agarna.

PataFlow Wisunlzation:

‘W utlize the FlowV librany to visualze compoting resulis in world-wics
larga-sc-aka viausizaticn, Tha Flow'VR likrary provides usara with the
noces=ary i004 1o develop and run Fegh perdormance interaciie soplcetons
en PG elustors and Giide. T maln tanal applieations inclade virual raslity
and scientific wisualizakion. FlowsHA

anloicss B Modular Programming el -‘T'\-’ '] |E
levrages softwars engineenng issuos, Llpu-rvi-:-__.__f*”“'“""“":_ "‘:'BI
whila arabling igh parformancs o

pxecuiions on dstribued 2nd paralel

archilectiuras. Tha Flow'VA aoltwana

sufio has inday thres man componanis;

FlawVR, FlowVE Rendar, and VTE —— =T
Flowh® fsoe Fig. 3 el | o ey || TR
Figurs T Arc=Hechrs of FlowVH.

Wi aled utlize Paricle-basad voluma randaring [FENVEL PEVR s o of Tha
pffsctive rendering technigess applicabls 1o hugs volomes of data. It is
basad on BEabsla” a danalty amittar madal, in which tha scalar fald s
charactarizad as & cloud of epaqus arnd salf-amitting particlas with
singla-lval scattaring, PEVA, baing
diffenant fom B ray-casting msthod,
diosss Nl requing sorting of alarmarnts,
ard thus, it faciilales handling of hugs
amounts of data, which could ba of
the magnBude ol sayeral gligabyie. We
SN AN axamoks in Fig. 4, whern onal
flow sound simulation resuite in
higher=lavel complanities of 30
phangmera and hugs wolome datassts  Fgure & ParScis- bused volume rendereg
on Tioad Display Wial in Fig. £,

Mermizer =f I'rEaFoe Prejest

PataFlow Network and Middleware:

The PetaFlow neteordk lestbed s 8 layer-2 vrbaal private nebwork, (0], B Fas
boen dovakopad from S NASEGEE-GrdS000 nabwork st (2005-2008] and
corstrucied Braugh 8 collabomalion among SINET, JEN-X, RENATER, GEANT,
arad MUAMN LAN. Figurs B shows Tho fopology o tha PolaRow nobaorik esthod.
On the Japaness side. the retwork is composed of SINET ard JGN-I networka,
which are commeciod at Tokye. Tha NIl and Kyobo University corrmact with
FNET, and Ceasks Liniversity connects with JGN-X, Thes infernational rebwark
oparabed by SIMET is usad to connecd tha Japareses ressanch foothold with
GridS000, and this network antendi 1o MAN LAN (Mew York, LSA) via GEANT
[Europs. Tha GridE000 taokbons network | prowided by RENATER.

L ——— e -
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Figum B Rstwork iopology in PeleFicw isetied

RESD [ENE Lyaa, INRIA OQranabla) & Todiaed of matralogy equlpananl
syrchronzation and Bulk Data Transfer scfowane. The metrology squipment that
will Ba conraeied & INRLA Oranclle o Dmaka Linhaesity, consiil of bwe sanaeis
that sach have Endaps DAGT SG2 network mon foring card instaled over ons 10
Obpa interconnaction QrcS000 [Frara] angd NAREG] Llapan) and cna 1GDps
cluster at Osaka |nivorsity. Ercfce DAG cord provides a synchronized sub-10
nanosscend limestamp capabiity cvar 2Ebpa caplure & inspsction. For
synchrorszation and accuracy of retwork trafic. we are wsing two Trimible
Arulme Gokd 5P s alenne mounbed o bolh ecaliora. Aolies Gold GFS
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of § He'sacond and Exteral Ever Cagturs of 455 nanossconds.
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wilnessed a phenomenal increass in the compulational parformance on the
TOHPS00 list after this 3X-5, we now give first priarity 1o the users' benefils
gained through the continuous improvement in perfformance rather than merne
parfarmance index, In line with such a pelicy, we desided fo upgrada this
systam in a phasad manrar with an additional 10-node SX-8 system far July,
20048,

The parformance in running raal application programs has baen improved by
tha sophisticated compiler technology. Whils the rcent microprocessars can
redlize the Improved performance as long as their caches are effective, the

supremacy of vecior machines s still remarkabde, Espacially, mulii-threaded
performancs with aulomalic paralslization of the SX-9 is outstanding.
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In thesa ten yaars, tha technology of past high=and
microprocessors has bean inherbed to budget-price products, and
the low power consumption technology has been apraad
gimulaneoisly. Although the lange-scabe cusbar sysbem based on
PC is getling popular, it has also left the issues surrounding
operafion and maintanance. We built & clester systam that can
closaly be co-oparated with the vecter maching In order to gain
benefs from both architectures. It becamse a good axample which
dermanalrales a8 synengiglic elect by different architectures.

Al owr canber, wa inroduced 30-nodas of SX-BR in January, 2007, R raplaced I
S¥-8M128ME which had stunned the HPC community with its peak 2
partormanca of mora than 1TFLOPS for tha first time avar a5 & vector-type "
supercomputer and thia Bth rank on the TOPS0O list In 2007, Whils we have E -
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In terms of the STREAM2 benohmark, the peripgemance of wactor
compubars i rather axcaliant aven for very shart loop lengths parily
dus 1o the auiomate leop collapss by the complar. For the S5X-0,
256K8 of ADB (Assignable Data Buffer) acts like 8 secondary
cocha to increase the bandwidih for short loog lengihs. The
efficiency of the cacha of a microprocessar can now be grasped. In
tact, It becama clear that the vecter maching Is suparior to
conventional scalar processors also for the case with ahart loop
lengits that was thoughl to be tailored lo MiCroprocessons: vactor
operafions can be affective aven for the rangs of very short ey
lengths where tha L1 cacha of the microprooessor is afiecthe,
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