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Abstract

A massivelyparallel processoicalled JUMP-1hasbeen
developedto build an efficientcachecoheent-distrituted
shared memory(DSM) on a large systemwith more than
1000processorsHere, thededicategrocessorcalledMBP
(MemoryBasedProcessor)-light to manag the DSM of
JUMP-1lisintroducedandits preliminaryperformancewith
two protocolpolicies—update/ivalidate—is evaluated.

Fromresultsof its simulation,it appearsthat simpleop-
erationslike the tag ched andthe collection/geneation of
adknowledgmenpadketsare mostlyprocessedby the hard-
ware medanismsin MBP-light without aids of the core
processomwith bothpolicies.

Also,thebuffer-registerarchitecture adoptedoy the core
processorin MBP-light is exploited enoughto processa
protocoltransactiorfor bothpolicies.

1. Intr oduction

A CacheCoherentNon-Uniform Memory Accessma-
chine (CC-NUMA) is one of hopeful candidatesfor fu-
ture common high performancemachines. Unlike bus-
connectednultiprocessorsthe systemperformancecanbe
enhancedcalablyasto the numberof processors.More-
over, parallelprogramsdevelopedin smallmultiprocessors
canbetransporteckasily

A numberof CC-NUMA systemshave beendevelope-
d: StanfordDASH[10]/ FLASH[8], MIT Alewife[1], SGI
Origin2000[9]andthe SequenNUMA-Q[11] arerepresen-
tatives. Suchsystemswork efficiently with tensor hundreds
of processorsHowever, whenthousand®f processorsre
connecteda large amountof memory and hardwareare
requiredto managehe DSM

JUMP-L1is a prototypeof a massiely parallelprocessor
with cachecoherentDSM developedby collaborationof 7

Japaneseniversities[4]. The major goal of this projectis
to establishsometechniquegequiredto build an efficient
DSM on a massvely parallel processar A lot of nowel
techniquesareintroducedin the DSM of JUMP-1for this
purpose In orderto satisfybothhighdegreeof performance
andflexibility, a dedicatedorocessocalledMBP(Memory
BasedProcessor)-lights proposedo managethe DSM of
JUMP-1. MBP-light [5] consistof asimplecoreprocessor
and hardwiredcontrollerswhich handlememorysystems,
busandnetworkpackets.

Varioustypesof cachecoherencerotocolscanbe uti-
lized on the DSM of JUMP-1, including an updatepoli-
cy which hasnever beenimplementedon traditional CC-
NUMA systems. Although this type of protocolrequires
alot of packettransfersjt canbe usefulfor someapplica-
tionswhichaggressiely accesshe shareddata. MBP-light
providesdedicatechardwaremechanisms$o supporimple-
mentationof suchprotocols. In this paper two protocol
policiesimplementedn JUMP-1laredescribedcindevaluat-
ed.

2. A Massiwely Parallel Processor—JUMP-1 —

As shown in Figurel, JUMP-1consistsof 256 clusters
connecte@achotherwith aninterconnectiometworkcalled
RDT(Recursie Diagonal Torus)[15]. The RDT includes
bothtorusanda kind of fat tree structurewith recursvely
overlayedtwo-dimensionakquarediagonaltori structure.
Eachclustemprovidesahighspeegointto pointl/O network
connectedvith disksandhigh-definitionvideodevices.

Eachclusteris abus-connectethultiprocessqrasshovn
in Figure 2, including four RISC processorgSuperSRR-
C+), MBP-light which is directly connectedto a clus-
ter memory and RDT router chip for interconnection
network[13]. MBP-light, the heartof JUMP-1 cluster is
the customdesignedprocessomwhich manageOSM, syn-
chronizationandpackethandling.
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Figure 1. The Structure of JUMP-1
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Figure 2. The Structure of JUMP-1 Cluster

In traditional CC-NUMASs — DASH / FLASH, Alewife
andNUMA-Q —, theDSM is managedn a cacheline size,
anddatain other clustersis copiedinto a cacheattached
to eachprocessar The consistencyprotocolis a simple
invalidate policy, the interconnectiometworkis a simple
meshor ring, andthe directoryschemds basedon one-to-
onedatatransfer

Although sucha mechanismworks efficiently in those
systemswith alimited numberof processorsit is not suit-
able for a systemwith thousand=f processors. For ex-
ample,a large amountof memoryfor cacheanddirectory
is required. The invalidatepolicy basedon one-to-oneda-
ta transferoften causesa network congestionvhen many
processorsharethe samedata.

In orderto addressheseproblemsthefollowingmethods
areusedin JUMP-1.

1) Eachprocesso(SuperSRRC+)sharesglobalvirtual
addressspacewith three-stagelLB implementation.
Thedirectoryis attachechotto every cachdine butto
every page,while the datatransferis performedby a
cachdine. Somepartsof clustermemory areavailable
asL3 (Level-3) cachewhich storesthe copiesof other
clustermemory

2) Varioustypesof cachecoherencerotocolscanbe uti-
lizeddynamicallyincludingnotonly aninvalidatepol-

icy butalsoanupdatepolicy. In traditional CC-NUMA

systemsanupdatepolicy hasneverbeenmplemented
sinceit requiresa lot of packettransfers. However,

it can be usefulfor someapplicationswhich require
frequentdataexchangeby accessinghareddataag-
gressvely. Forefficientimplementatiorof suchanup-

dateprotocol, MBP-light providesdedicatechardware
mechanismgo multicastnetwork packetsand collect
acknavledgmentpackets.

3) Reduced Hierarchical Bitmap Directory schemes
(RHBDs) are introduced[7]to managedirectory ef-
ficiently. Thehierarchicaktructureof RDT is suitable
for anefficientimplementatiorof the RHBD.

4) Eachprocessoprovidesa customsophisticategnoop
cacheasthe L2 cache. Variouscacheprotocolsin-
cluding cacheinjection are supportedoy this chip. A
relaxedconsisteng modelis implementedusingwrite
buffersin theL2 cache[2]

Thedetailschemesf DSM managemerfor JUMP-lare
describedn [12].

3. The Structur e of MBP-light
3.1.The DesignPolicies

In protocolprocessorgor the recentCC-NUMA, — the
MAGIC of FLASH andthe SCLIC of NUMA-Q —apacket
is split into the headerand the data part by a hardwired
logic. A powerful core processottreatsthe headerpart,
while a hardwiredlogic treatsthe datapart which is only
transferrebetweerbuffers. Whenthe packetis sentagain,
the headerand data part are also quickly combinedby a
hardwiredlogic.

Unlike sucha traditional method,the following design
policiesareadoptedn JUMP-1.

1) Generatiorandcollectionof acknavledgmentpackets
must be done quickly to introducean updatepolicy.
Therefore,they are managedwith a dedicatedhard-
ware mechanisms.Anothercustomlogic is provided
to checktagsin the clustermemory

2) All processesnentionedabo\e requirea complicated
large hardwiredlogic. Thus,a simple16-bitcorepro-
cessor(MBP Core)is introducedto reducethe total
hardwareequirement Althoughthe coreprocessors
simple,a packetcanbe processedjuickly by adopting
thebuffer-registerarchitectule which cantreatapacket
buffer asa special68-bitregister

Figure3 shawsthestructureof MBP-light dependingpn
abo\e policies. MBP-light consistsf threemodules:RDT



Interfaceto treat network packets, MMC (Main Memory
Controller)to control clustermemoryandclusterbus,and
MBP Corewhichis the coreprocessarRDT Interfaceand
MMC provide their own hardwaremechanismsandwork
independentlyrom MBP Core.
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Figure 3. The Structure of MBP-light
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MMC (Main Memory Controller) manageghe cluster
memorywhich consistsof SDRAM for dataand SRAM
for tags. It also controlsthe clusterbuswhich connects
four SuperSRRC+ processorsvith the L2 cache. When
a processomisseghe L2 cache the clustermemorymust
be accessedind MMC checksthe tag. Dependingon the
statusof a cacheline, MMC interruptsto MBP Core,and
thesoftwareon the coreprocessors invoked.

As shawn in Figure 4, it consistsof the cluSterBUS
ConTroLler (SBUSCTL) which managescluster bus and
paclets,Input/OutpuBUFfer(I/O BUF)to storebuspackets
andMemoryTiming Controller(MTC) which controlsread
from/write to SDRAM andSRAM.

3.3.RDT Interface

RDT Interfacesdirectlyconnecteavith RDT routerchip
andmanagesetworkpackettransfer

The updatepolicy requiresa lot of network packetss-
ince a large numberof processordendto sharea cache
line. For avoiding network congestion,packetsmust be
multicastin the network (one-to-onetransferis so ineffi-
cient). SinceRDT networkusedin JUMP-1providesthe
hierarchicalmulticastmechanismijt canbe donewithout
network congestion[7]. For a protocol processara fast
generationand collection of acknavledgmentpacketsare
essential. RDT Interfaceprovidestwo dedicatedmecha-
nisms: Ack GeneratoandAck Collectorfor this purpose,
asshavnin Figure5.

Up. Ran|

256

512%2

T T
Packet Handler Ack Collector

Ack
Generator

RDT Router

Figure 5. The Structure of RDT Interface

Ack Generatomprovidestwo cachesystemscalled Net
CacheandAckmapCache.Both cachesareaccesse@hen
a packetwith coherentmessagés receved. Net Cache,a
directmappecdtachewith 512entriesjs accessebly thead-
dresoftheDSMin thepacketheaderlt storegheinforma-
tion whethertheaccessetine is cachedn thecluster(in L2
or L3 cache)r not. At thesametime, AckmapCachds ac-
cessedy thesourceclusternumberof thereceving packet,
andthe bitmapwhich shavs thereturningpathis obtained.
Using the abo\e information, an acknaviedgmentpacket
whentheaccessedatais cachedpr anot-acknavledgment
packetvhentheaccessedatais notcacheds automatically
generated.

On the otherhand,whenan acknavledgmentpacketis
receved, anothercachesystemcalled Ack Cachein Ack
Collectoris accessethy thekey in the packets.Ack Cache
isadirectmapcachewhich provides128entriesfor eachhi-
erarchyof theembeddedreein RDT network. Thenumber
of packetsvhichmustbecollecteds registeredn thecache
entry, andthenumbeiis decrementedhenapacketarrives.
Whenthe numberbecomesero,anotheracknavledgment
packetfor theupperhierarchyis generatedor MBP Coreis
interrupted.



In both cachesystemsijf a missoccurs,the programof
theMBP Corewill beinterruptedor replacingor generating
theentry. In this casethe performances muchdegraded.

3.4.MBP Core

3.4.1 The Buffer-RegisterArchitectur e

The structureof MBP Coreis shavn in Figure 6. MBP

Coreconsistsof a pipelinewith four stagedreating21-bit

instructionsand 16-bit data. 21-bit x 64K local memory
which storesinstructionsandlocal datais connected.The

MBP Core takesthe I/O mappedapproach,and another
64K addresss providedfor I/O devicesandthe dedicated
hardware for the barrier operation. The MBP Core also
providesthe16-bit x 256internalmemorywhichis usedfor

thetablejump andto storebitmapsfor anacknavledgment
paclet.

Sincejobswhich mustbe quickly processedre mostly
manageddy the hardwaremechanismsn RDT Interface
and MMC, MBP Core only processes complicatedpart
of the DSM protocol. It mainly decodes packet,accesses
a table, transformsthe addressand generateghe packet
to sendsomevhere. The headerof a packetin JUMP-1
is sometimesomplicatedand occupiesseveral flits of the
paclet. Also, tagsincludedin the dataof a packetrelate
to a protocolcontrol. Therefore,it is corvenientto treata
paclet buffer asa register However, sincethe width of a
pacletbuffer is 68-bit, it requiresanenormoushardwareo
treatsuchbuffers ascommongeneralpurposeregistersin
theprocessar

Pipeline

(1
®D

Internal
Memory

C J N J

Figure 6. The Structure of MBP Core

To solve this problem, MBP Core provides 16 GPRs
(GeneralPurposeRegisterspf 16-bitwidth and112 PBRs
(PacketBuffer Registersf 68-bit width. The PBRIs in-
dicatedby the contentof the GPR,andaccesseth the pro-
cessorpipeline like a commonregister While operations
anddatatransferbetweenPBR andGPRor PBRandPBR
areallowed, the contentof the PBRsis transferreddirectly
asa packetfrom/to MMC or RDT Interface. Sinceopera-
tions are mainly donebetweensucha packetbuffer and a

register we call this structurethe buffer-register architec-
ture. As anexampleof thisarchitecturethe ADD operation
betweerGPRandPBR(i.e. ADDPG R1 R2(0))isshovn
in Figure?.
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Figure 7.the ADD operation between GPR and
PBR

Table 1. The Classification of MBP Core In-

structions
| Class | Type |

WGG operatebetweenGPRandGPR
LMA accesso local memory
BRANCH || branch
WGI operatebetweenGPRandImm.
BPI operatebetweerPBRandImm.
RDT controlRDT Interface
MPP transmitfrom PBRto PBR
WPG operatebetweerPBRandGPR
MMC controlof MMC
TJ tablejump
INT controlinterrupt
IMA accesdo internalmemory
SPE specialinstructions
NOP nooperation

Finally, the classificationof instructionson MBP Core
is shovn in Tablel. MBP Corehasabout85 instructions
with 14 classes. In additionto the instructionsdescribed
abowe, MBP CorehassomeinstructionswvhichcontrolRDT
Interfaceor MMC. Sinceit alsohasadozenspecialinstruc-
tionsto process protocoltransactiorguickly, it hasalot of
adwantage®verageneraRISC processar

4. Chip Implementation

MBP-light is implementedon the Toshibas 0.4 um C-
MOS 3-metalembeddearrayTC203E340.n orderto cope
with alargenumberof pins, TBGA (TapeBall Grid Array)
packagés used.



Thedesignof MBP-light is describedn VHDL, synthe-
sizedwith Mentor’s Autologic-1l, andverified with Toshi-
ba'sVLCAD. Usingthebehaior level simulator aprogram
of MBP Core for a simple protocol has beendeveloped
in parallelwith the hardwaredesign. The specificationof
MBP-lightis shavn in the Table2.

The layout of MBP-light is shovn in Figure8. A lot
of embeddedRAMSs are placednearfour edgesof the die
surroundingrandomlogics in the middle squarepart. A
largeRAMs arecorrespondingo thecachememoryin RDT
Interface while smallonesareusedfor PBRs.

Table 2. The Specification of MBP-light
Maximumclock (MHz) 50

Randomlogics 106,905
Internalmemory/(bits) 44,848
Areadutilization(%) 38.3

Thenumberof pins 352
ConsumingPower (W) 3.1

Figure 8. The Layout of MBP-light

5. Evaluation of MBP-light
5.1.Evaluation Method

Now, two clustersof JUMP-1areavailable,andasimple
protocolhandleris implementedon MBP-light. The pro-
tocol handlersupportstwo policies: invalidateand update
policies. Sincethe programof MBP Corefor the packet
handleris so complicated,the descriptionof the handler
implementatioris omitted here. The detail protocolis de-
scribedin [2].

The performances evaluatedby a simple tracedriven
simulator The traceis generatedy an instruction-level
simulatorcalled(ISIS)[6]. It is aflexible simulationframe-
work which can generateaccesdracesof fully pipelined
RISCprocessorsHere,the hit ratio of aninstructioncache
is assumedo be 100 % and only simple one-to-onedata

transferis usedin RDT network. Both updatepolicy and
invalidatepolicy distinguishedn JUMP-1are usedin the
evaluation.L2 cachds adirectmappedLM-bytecachewith
32-bytecachdine. AlthoughthelL2 cacheprovidesalot of
sophisticatedunctions,theyareomittedin this simulation.

Thelatencyparametersf the simulatoraresetasshovn
in Table3.

Table 3. Latency Parameters

| event | clocks |
PU < L2 cache 1
L2 cache—~ CBUS 5
MMC <~ MBP 3
MBP — MBP 24

As benchmarksfour programs:FFT given 64K points,
LU given 128-by-128matrix, RADIX given2M elements
andOCEAN given66-by-66gridsfrom SPLASH-2bench-
marksuits[14]areselected Sincethetracegeneratioriakes
anenormougomputingtime anddisk storagesystemswith
upto 32 processor$8 clustersareevaluatechere.

5.2.Evaluation of Hardwir ed Mechanisms

5.2.1 The Hit Ratio of Net Cacheand Ack Cache

First of all, we evaluatehow often Net Cacheof Ack Gen-
eratorin RDT Interfacehits with both policies. Whenthe
RDT packetarrives,an entry of Net Cacheis accessedIf

it hits, RDT Interfacegenerateanacknavledgmenpacket.
If not,RDT Interfacemustinterruptto MBP Coreto makea
new entry. It shavs the ability to generatean acknavledg-
mentpacketin RDT Interfacewithoutinvoking MBP Core.
Whenit hits, the acknavledgmentpacketis returnedonly
with 11 clocks (220 nsec)insteadof morethan100 clocks
processedby MBP Core.

Thehit ratio of NetCachewith bothpoliciesareshavnin
Table4 and5 whereCL meansclusters”. Thehit ratiowith
invalidatepolicy is overall low exceptOCEAN which has
goodspatiallocality, while that with updatepolicy is very
high exceptRADIX which haslittle temporallocality[14].

Table 4. The Hit Ratio of Net Cache with Inval-
idate Policy

Appli hit ratio

PRI ™2cL T 4cL [ scL
FFT [ 76.3% | 63.2% | 49.2%
LU | 91.5% | 91.0% | 88.0%
RADIX | 48.0% | 22.7% | 19.7%
OCEAN | 97.8% | 98.2% | 98.8%

They shav thatanacknavledgmentpacketwith update
policy is almostautomaticallygeneratecand MBP Coreis
interruptedrarely by RDT Interface.However, the number



of networkpacketswvhichinterruptto MBP Coreis actually
important.

Table 5. The Hit Ratio of Net Cache with Up-
date Policy

Apoli hit ratio

PRI ™2cl T 4cL | scL
FFT ] 99.9% | 99.5% | 92.1%
LU [ 99.9% | 99.9% | 99.9%
RADIX | 45.8% | 38.7% | 38.1%
OCEAN | 99.4% | 99.7% | 99.8%

Then, Figure9 shows the comparisorof the numberof
network packetswith two policieswhereregardsthat with
updatepolicy as100%. Also, thecoloredbarmeanghehit

Tl
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Figure 9. The Comparison of The Hit Ratio of
Net Cache with Two Policies
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Thenumberof networkpacketsvith theinvalidatepolicy
is extremelysmallerthanthatwith theupdatepolicy sincea
large part of transactionganbe processedvith only com-
municationinsidethecluster In otherwords,thededicated
mechanisnmof RDT Interfacewith the updatepolicy is ef-
ficiently used. However, its ability with the updatepolicy,
is insufficient to suppresghe numberof network packets,
comparedo thatwith invalidatepolicy. Maybe,moreclus-
tersarerequiredto bethesamenumberof packetswvith both
policies.

Next, thehit ratio of Ack Cachein RDT Interfaceis also
animportantissue sinceMBP Coresoftwares alsoinvoked
to collectacknavledgmentpacketdor aninvalidate/update
request. Unlike the hit ratio of Net Cache,it is almost
100%with both policiesin all applications.In mostcases,
acknavledgmenpacketsaareimmediatelyreturnedandcol-
lected.Onceall packetsarecollected theentryis remoed.
Thus, the entry is not conflict unlessthe invalidate/update

requestarefrequentlyissued.Thus,mostacknaviedgment
packetsarecollectedonly with 5 clocks(100nsec)by Ack
Cachecontroller

As illustratedabowe, RDT Interfacecanexecutea large
part of protocol processingob with both policies without
invoking MBP Core.

5.2.2 The Wake-Up Ratio of MBP Core from MMC

Whenapacketds issuednaclusterbus, MMC checkdags
andjudgeswvhethetthesoftwareon MBP Coreis requiredor
not. If MMC canprocessa packet,t takesabout10 clocks
insteadof morethan1000clocksprocessedty MBP Core.

Here, the frequencyof invoking MBP Core software
called wake-upratio is evaluated. The wake-upratio is
definedas

thenumberof packetdMMC can’'thandle
thenumberof packetdMMC receves

The averagewake-upratio is shavn in Table6 and 7.
As shawn in thesetables,the ratio with the updatepolicy
is about30%independentrom applications.However, the
ratio with the invalidate policy dependsheavily on each
applicationandit increasesn proportionto the numberof
clusters.

Table 6. The Wake-Up Ratio with Invalidate
Policy

Appl wake up ratio
: 2CL | 4CL | 8CL
FFT 17.7% | 36.3% | 50.0%
LU 19% | 43% | 17.8%
RADIX | 40.4% | 54.2% | 59.8%
OCEAN | 12.5% | 28.0% | 38.1%

Table 7. The Wake-Up Ratio with Update Poli-
cy

. wake upratio
Appli. e T 4cL | scL
FFT | 33.2% | 33.6% | 33.1%
[U | 30.7% | 31.8% | 33.3%
RADIX | 36.2% | 36.3% | 36.0%
OCEAN | 30.8% | 30.8% | 29.6%

The ratio with the invalidatepolicy is relatively higher
thanthatwith the updatepolicy sincemostof packetaused
in the invalidatepolicy are causedby the coherencanmiss.
In orderto comparetwo policiesin detail, the numberof
packetsvhichinterruptto MBP Coreshouldbe evaluated.

As shawn in Figure 10 where regards the number of
packetswith updatepolicy as100% (thecoloredbarmeans
the hit ratio), that with the invalidate policy is extremely



smallerthanthat with the updatepolicy. In otherwords,
althoughthe ratio which invokesMBP Coreis highto treat
coherentmisseswith the invalidate policy, the numberof

pacletswhichMMC can' handleis muchsmallerthanthat
with the updatepolicy. It comesfrom the frequentdata
exchangecausedy the updatepolicy. However, evenwith

theupdatepolicy, MMC canexecutealargepartof protocol
processingvithoutinvoking MBP Core.

7] | L, W
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Figure 10. The Comparison of The Wake-Up
Ratio with Two Policies

5.3.Evaluation of Instruction SetAr chitecture
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Figure 11. The Instruction Mix with Invalidate
Policy

Here, the programrunningon MBP Coreto processa
protocolis decodedfterMBP Coreis interruptecoy MMC
or RDT Interface. In orderto demonstratahe efficiency
of MBP Core architecture,the instruction mix with two
policieson 8 clustersis analyzed.
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Figure 12. The Instruction Mix with Update
Policy

As shown in Figure11 and 12, frequentlyusedinstruc-
tions are almostthe samein every applicationwith both
policies. Instructionclasseselatedto buffer-registerarchi-
tectureareWPG,MPPandBPlin Tablel. Thetotalratioof
thoseclassewith invalidatepolicy is 31.5%. On the other
hand,thatwith updatepolicy is 30.3%. Fromtheseresults,
instructionsfor the buffer-registerarchitectureadoptedby
MBP Coreis efficiently usedfor bothpolicies.

In our former study[5], we comparedhe corearchitec-
turewith DLX[3] like 32 bit generalRISC processar The
performancef the coreprocessois about20% betterthan
that of 32bit RISC processoin spite of a small hardware
requiremenbecaus®f the buffer-registerarchitecture.

5.4.The Performance Comparison
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Figure 13. Normaliz ed Time for Applications
with Two Policies



Although the time for protocol managemenprogram-
sis not exactlymodeled we measuredhe performanceof
JUMP-1with bothpolicies. Figurel3shavsthepreliminary
evaluationresultsof executiontime normalizedto thetime
whenupdatepolicy is usedon two clusters. Fromthis re-
sult,theexecutiontime of updatepolicy is muchworsethan
invalidatepolicy in all applications. The overheadof up-
datepolicy is causedy the protocolmanagemenprogram
executedon MBP Coreinvoked with frequentpacketsar-
rival. However, in this simulation,the multicag mechanism
in JUMP-1is noteffectively usedandprotocolmanagement
programon MBP Coreis notwell optimizedfor theupdate
policy.

With both policies, the tendeng of speedupss almost
thesame.In FFTandOCEAN,theperformancésimproved
whenthe numberof clustersincreaseswhile it is not well
improved in RADIX and LU. We will optimize protocol
programs,and evaluatethe systemwith larger numberof
clusters.

6. Summaries

A dedicatedprocessorcalled MBP-light to managethe
DSM in JUMP-1is introduced,and its performancewith
two protocolpoliciesareevaluated.

Its simulation appearsthat simple operationslike the
tagcheckandthe collection/generationf acknaviedgment
pacletsaremostlydoneby the hardwaremechanismsvith-
outMBP Corewith bothpolicies.

Also, a simple16-bit RISC calledthe buffer-registerar-
chitectureis adoptedin MBP-light. It is greatly exploited
for complicatedprotocoltransactionsvith bothpolicies.

Thepreliminaryevaluationshavsthattheexecutiontime
with updatepolicy is still muchworsethanthatwith inval-
idatepolicy. Sincethe multicastmechanisnof JUMP-1is
not usedin this simulationandthe systemscaleis limited,
theextensie simulationresearchs required.

The prototypeof JUMP-1with 16 processorss sched-
uledto be availablewithin this year We will optimizethe
protocolprogramon the prototype.
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