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el

SYST! OUND OF THE I NVENTION 1. Field of the Invention The present
i nvent'i ates to data processor storage systens and nore [ﬂﬁj_ﬁp@g?gy
to dynaki c Storage systens for nultiprocessor systens. 2. Description

the PRjorL”Art The follow ng are systens representative of the prior art.
U.S. Patent 4,365, gdn,\s Lo r em | Lhg a nenory
systemin which the rrerrg%;ﬁogx'ﬁeeag@%k%rL%%gE@PB%}&DgMé;%g%Mgéd i nto four
| ogi cal address areas. The nenory systemincludes a map which transl ates
| ogi cal addresses to physi cabciEHIURS TS T bl CO- acts with the

mul ti processor systemto bring pages from secondary nenory into primry
main nmenory as required to inplenment a virtual nenory’system This patent
whi ch dedcr Fbell af cthey eddn@én MENDry nmappi ng system does not address the
efficient access of nmenory by single or nmultiple pro- cessors including

I nterl eaving storage references by a processor and dynamcally directing
st or age rfecPrasent inyegtisyakelatesotaldaparnriognssaxf storage systewms lrndtmarage
‘nodul e. lﬂa?tic?tﬁtagf'% T A26:370QU6 & sTLihd 'fgf%ﬁ%§8foc§¥§$ze%}(§%sgdl ng a
menory system as above to inplement a virtual nenory syste wever, this
patent which describes a conventional nmenory mappi ng system does not
addr ess thepeddriptioi ofictheSeri¥r REOOry by single or nultiple processors
including interleaving storage references by a processor and dynam cally
directing storage references to global or |ocal portions each storage

modul e. TheYD@llgwimp@re systems representative of the pgidy &t.Patent 4,174,514

shows- appar atus for perform ng nei ghbour hood transformations on data

nmetrices for inmage Jorocessi ng and the |ike _
U.S. Patent 4,365,295 shows a multiprocessor system including a memory

system in which the memory of each processor module is divided into four
logical address areas. The memory system includes a map which translates
logical addresses to physical addresses and which co-acts with the
multiprocessor system to bring pages from secondary memory into primary

main memory as required to implement a virtual memory system.

This patent which describes a conventional memory mapéing system, does
not address the efficient access of memory by single or mﬁltiple pro-'
cessors including interleaving storage references by a processor and

dynamically directing storage references to global or local portions of "(

each storage module.

U.S. Patent 4,228,496 shows a multiprocessor system including a memory

system as above to implement a virtual memory system.

However, this patent which describes a conventional memory mapping
system, Qoes not address the efficient access of memory by single or
multiple processors including interleaQipg storage references by a
processor and dynamically directing storage references to global or local

portions each storage module.
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achi evi ng processi ng speeds greater than serial processors wthin an
econony of nenory through use of a plurality of serial neighbourhood
Rrocessors that S|nu1taneously operat e upon adjoining partitioned seg
of vX¥. singl.e data matrix. This patent shows a mul tiprocessor systemwt
~any provisoss4faze access by all processogs to a common gl obal . storage.
Patent 4,121, 286 shows apparatus for allocating and de-all ocati ng nenory
space in a multiprocessor environment. This patent which describes a

convent i o¥iell- Retamty4 Magpbg shyed epparxies Rl padkdiRSy hbeebhindognt access

of mMenor yi b s5b 9%k Soty p cessors including interl|eaving storage
ref erences b; a pro?:esgg?&%r?d yrﬁa%s ?Zéfl ma&l r RECPRY tﬁ?%ééerJéf‘érences to

gl obal oraqh&E‘éﬂ-nngF?‘FQﬁ%n%fspeaQ% gsemg'ehamded'zal ktcﬁesaatsenitl-&,nQ% 383

shows a resacke Q,fainéxw‘z@t birough reedi &5 %ebﬁfzta'ﬂ‘é‘g} %fag#l‘éi“ %fua'
processors b IS where a tine i ce has ap ox na y the

S

same tinmg r&u%ﬁfqrgnt%%t fh‘éul?'stﬁgﬁ%ﬂlgt‘tﬂeég? PR adTﬁ@Wsmnteélmeldocat i on
circuit igegmenlesof prsiogld Yanetmaeeix.whi ch receives real tinme comon
resource utilisation requests fromthe processors according to the
I ndi vi dual processor needs, assigns a priority rating to the received
request ANdSAtens shews ex puhtiprohesssirosydtenctithbut @y SRguesidilfoACt | vat i on
of the praeess ®ySall EBSc&%B?QttoSQ%mé‘n%i%ﬁ“ \%}% several independent data
processors-within a single central processor i's not a true
mul ti processor systemin the usual sense. The present invention'relates to
2 syst emmawmmﬂdepenmu sHUWAC &5 Sud %mmoeadml;uﬁ QEES8EadjAg Wi Ch 2

ge %¥ﬁ£€%]b§ éganl deﬂbpartltloned i nto gl obal storage and Focal
St or age. 5 ﬁe cessor environment. 3 U S Patent 3,820,079
shows a mul ti processing conputer structured in nodular form around a

command efint e dmat %egg:?ibegoQtJoglzeJItqggéi %Ql%ory mapping system, does

not address the efficient access of memory by single or multiple

processors including interleaving storage references by a processor and
dynamigally_directing storage references to global or local portions of
each_sto:age_module.'

U.S. Patent 3,916,383 éhows a resource allocation circuit selectively
activating individual processors by time slice basis where a time slice
has approximately_the same time duration as the systeﬁ'sto:age time. The
resource allocation ciicuit includes a p:iority network which ¥eceives
\_/ real time common resource utilisation requests from the processors
'according_tp_the individual processor needs, assigns a priority rating to
the received'request and alters in response thereto the otherwise
sequential activation of the_procgssors- The patent shows a system with
several independent data processors within a single central processor
whiqh is not a true multiprocessor system in the usual sense. '
The present invéntion relates to a system having independent processors
formlng a multlprocessor in which a storage system is dynamlcally

partitioned into global storage and local storage.



(for-'the various nodules are distributed anong the nodules to“facilitate

s €N flexibility. The patent shows a systemincluding conventional menory,
: g and interleaving. The nmenory mappi ng does not control the A a

tavi ng, but the interleaving being the same over all nodules for all*

datd U . S._Patent, 3,641,505 shows a nultiprocessor conputing systemin '

whi ch a nmé?"'cﬂ“?sprocessi ng units, vari abl e storage units and i nput/out put

units may be sel ectively conbined to formone or nore independent data

rocessin _ e rLigioni ' nor e _t han _one i ndependent
gyst e?nS: s%éng%ﬁ;ﬁgdﬂsa Pééqnggtg %‘5;7 %ﬂ%‘gkﬁéﬁ%séw CRhG ro?tzbulr%&’r'%q?nlﬂi rected.

~partitionimeguiiyFars. arpynd 3 germrndnpertyod eansr flvess bus ¢ o Gertrtdlofaictienor y
mappi Ng Sykepmdl9asidil mssidledSsrd Besafibheis Anods GRS Sndd 108 MR ¥4y 18100l e or
mul tiple processqrs.including interleaving storage references %y_ a
processor XFHSHERIREAEY- diT?'éo?ﬁtr‘?Qtsﬁhﬁf”ﬁg’e sygtett dnekdlipg qgmyentiossl| ocal
]E)ort ibopfs mbr;stnrapggrg anduirterléavingat ané n%lm69;1 mabpitdQB6s holEEBHLY oS KHEem

or buffer, t a.central  storage unit. or conputer to
soveral satreieavEhd: 1E8 WL Thier el Bl B0 B ottt el me BB

ef fici ent aldedatidereof. The digits of the address are deconposed into two

di sjoint subsets one of which is used as a buffer nenory address and the
other of which is stored with data word to effect identification thereof.
The pat entV-SedatedFt B8} £39P] APWFeATIY tdBTOSFRPT CRTIPY YIRS tsssB rinaWiiddoas -
not show awsiyenBiECptdaespirid uhi€y)edafiblagetcried At Enddinat /et 6aM4it8g

st or age r%gergen%ggebé/ivgl roc ss%_tan di recting dyna 'ca%eld%/: gt-orage U
ref erenced® 0°GIP60RT 0r 1 SCAr - Por 7 o1 Mot % PEIFE. 1RISPARIF 1982 (STO)

rel ates t eracdsmihg swustem$i gSystHrepaxtidpbuwing tetd mprochssiong Sydependént whi ch

mul tipl e %g,%gﬁ,ga%réﬁxﬁrrsliy:@gs%rggt%%l%} inﬁlkgafts%@&ﬁngnéx_t p2bg ik each to

each basi clearl
directed partitioning signals.

This patent which.describes a conventional memory mapping system doeé not
address the efficient access of memory by single or multiple processors
including interleaving storage references by a processor and dynamically
directing storage references to global or local portions each storage

module.

U.s. Patent 3,601,812 shows a memory syétem for buffering several

computers to a centrdl storage unit or a computer to several small memory .
units and a partitioned address scheme for the efficient use thereof. hd
The digits of the address are decomposed into two disjoint subsets one of
wﬁich is used as a buffer memory address and the other of which is stored

with data word to effect identification thereof.

The patent deals with buffering memory data in a multiprocessor and does
not show a dynamically partitioned storage system including interleaving
storage references by a processor and directing dynamically storage

references to global or local portions of storage.

GB-A-1411182 (STC) relates to a fault reconfigurable telephone call
pfocessing system in which multiple processors are connected to multiple

storage unit on an each to each basis (shown clearly in Fig. 1). In this



- %Y09- 84- 026 4 arrangement, conmmunication frg
processor to any other part of the systemis by way of nenory. |Insoffay
.When the sane function is allotted to plural processors, nultiple coRi
t Her program det érmining that function are nmade avail able, one to each
al | otted yppogepser but with the starting address for each processor
differing, to avoid clashing, this docunent has sone bearing on
i'nterleaving, but only very indirectly so. In the context of the present

I nvent i orrrafgemeht) |cosmunigatiorpfoan ded, protessorbyo anynothernpgar b6f heof a
page, | .Qnal of p r he spread
of functlg%g%gtﬁgslgwgg a{fgﬂ%&gcelsﬂsﬁ%rg% S %l?ecri\o#l?egésggésaﬁ%ﬁéélﬁrnl 6% art, and
the questadldatisd helnluprl PEORRIESTF 6 "@é%@ﬂitel eorips o0f &he tryroghem plpémpmc

i nvent i Ofhat NEBEE £ P8 malab auﬁaadamré t e RbESRAMt anra\ée&& '&Bceés%r%ﬁ:dwi&
spread angd access corres ondln t he segnents, of a single nodul e across

plural stOfaferhing 244 imales E é%"'ﬁFﬁﬁ”&'ndﬁfér%’E%tt Fe13v0af Pashindsf

differ entthms OIe|mENtS ha€ (Home | mrﬁiné forr idertedvisgpfbdthenyovenN indikdcely at t he
sane ting’ a l.i kel Nnt__access, | fferent .(not the sane)
storage ahi t r}% w%lhcé’gg%{r}go [ #e'gr?ﬁn}gﬂ’szﬂ l°(§'24 % Srgr?r%lreav%ngal% relates to a
speci al pappiied, i dsaby g veifernrrorpien pfnh thage, misegments eated st or age

modul e anginbOab LSBT $:Dak & 282EH RN QL $RPLaa Ak eudbOIScichs
accessible via_a shared nmenory bus under the control of a control processor

and an amBreiieli BYPSERApers F’hl‘f*hfigm‘aﬂaltaﬁd%‘ﬁeﬂ’fi°r06?ﬁ'eﬁ?‘? dhei esgion RE shar ed
mam)ry buﬁleiﬁielt B@J_l@bj £ tes@éntdiBelyvack én ?fssfmmrs?dﬁ emm;h giénh.a Singl ef

Tam ng, - ur a roc SSOI’ i n alra e W t eac Focessor erform ng
s own SoberisRerin EWRE S eln b tPhl Rty h ik Re RERII " obal
menory" ascsﬂrﬁaucedrempndmﬂe. dhei segrgups iofad iingls redele tagrcmmpngé
cont ent | QofQe biifhesNAIAAHE M IS on LS SUURLLEALAMRAS! O Bdrai 0D

menory being . resident in res$)ect|ve ocal storage units. READ .
essent | alPFGCISFORF ZeANivAROTEL ferent #Rris ofy the GB%H‘“aH‘EF“}lﬁ Pt &PF e?a’“ﬁnd to
accorrrmd&tuae-t hing, tﬁub,ebéie@akuaetlgrag@auﬂlatcaeeé eodapdtepord qlot Bk | same)

storage unit "at the same time".

- US-A-4,414,624 (Summer et al) relates to a_ngcial purpose, plural
processor System wifh a unitary shared storage module and local storage
units for each procéssér; All storage is accessible via a shared memory
bus under the contréi of a control processor and an arbitration unit. In
this arrangeménﬁ, cohtention iS for the shared memory bus and the object

1\ of the whole system is to execute a single program using plural
processors in parallel, with each processor performing its own
sub-function, with a common task manéger in each processor. "Global
memory" is shared buﬁ, here again,_duplication is used to minimise
contentioh for the shaféd memory bus, the duplicated sections of global
memory being resident in respective local storage units. READ is
essentially locdal and WRITE is essentially globa; and in parallel and, to

accommodate this, the local storage units are dual ported. While



.Y09-84-026 ' | .5 there is time frane control

s%eNci sed¥r8ét@26cont rol processor, no Pparticul ar. control, i s exercised‘by..,
ddressing schene. The present invention does not have anyt hing Nl ¢
elsponding to the unitary shared storage nodul e, any counterpart - :
c¥/i on being provided by the conposite of the |ocal storage units and
control thereof is by the addressing organisation. US-A-4,285,6040 (Carlson

et al) relates to access to |local and shared storage under addressing

control [ Vg r ddress . transl ation, a narker appears

whi ch i n\élséli’%gtge{s% tglg eﬁr%/{h éjt Sat ?%gg{e%cgias ?gbrY r %]u°|°f‘gﬁ°]1 ETPSRESGENE0 n | ocal

st or age, RRrtienlar] contepl imekexcised ity the taileessind sdhemésr ambe giresent

Oper at i OMirven@haf 485k nBE ARHEPRAMN1E® bEhedbohing B9 it 0Gal 5t O 2ge

- and change the marker thereafter so that processing’can continue. A further

mar ker al S6TaFHIIARIthPAER OHBFCRREE TUBREIGuUBRnD PreNided iyt &lle segnent s
Wi thin a coppgeite dhechenDowmil Storaganalidhi £ c¥OB1PERTEDE 85 sPamgi Ng

dependent i ad_mar ker. The present ‘invention relates to a plural
pr ocessoradgg?r%)%}'éé ?%\%Eig%ﬁof‘he processor and the storage units attach to

the ports of a network and in which, by neans of a co-ordinated virtual.

addr essi ys-SChEE, 61t (EhRbhalS ) | Akl B0 ccelgsnfl\ﬂégg%lr itang%g,gggﬁgt ly by

each processor, the real |lqcation - local address

requi r ed X2F39S SngRT SPRTSRSANG RPREFOWMPEFELN, nom YA TEHAL &7 reefeaddsess i ons of a
"page" Ccaraheladiven yatierahpseirs ywiiicht indivhesk,Pesie19ddiRgsese despite o
having the sane high geder virs eugl . agdrﬁss val ues. No nmarkers are used toyy
i ndi cat e T6cal or - fenote T 85T denceasorhr $Ta¥984ePT V8E- dilfelityaFrom t he
addr ess tingestupti b taken anduthe noanslahidrabperntdboris aBorteqyi red. Accordi ng

to the Dieagitanipycl kOl DAL SohgePiRKb deda oAby RIOGRASIIM SRR A1 US
conprising a comruni cations netwdrk having plural ™1 ndrvidually addressabl e
ports wi fRT%EH LHerRAfSPr f9d thats PEPERfSiN®iqan continue. A further marker
also appears which indicates contiguous or dislocated segments within a
“page", the manner of translation, when possible, changing dependent on

this second marker.

The present invention relates to a plural processor complex in which
the processor and'the storage units'attach to the ports of a netwcrk_
and in which, by means of a co-ordinated virtual add?essing scheme and
the translation'therepf; performed independently by each processof, the
real location - local address AND port - of the reQuiréd'datQ is k_J
determined and by which, in one option, the locations of a "page" can
- be given systematically distributed port addresses despite having the
samé high order virtual address:vaiues.' No markers are used to
‘indicate local or remote residence as this all derives directly from:

the address translation and, thus, no translation abort is required.

According to\the present invention'thefe'is provided data processing
apparatus comprising a communications network having plural
inaividually addressable ports with a processor and a storage unit
connected to at least some, and potentially all, of the ports providing

addressable p:ocessing nodes, the network being arranged to support
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Connect ed tg ﬁ) |'east sonme, and potentiz{(ly all, of the ports providing
‘-addj essabl¥® P 'eé’gsipg nodes, the netwo bei ng arranged to support

\_’0&84-026 D 6 node address containing nessage \
passSi ng fromany originating processing node and the addressed node, each™
processor incorporating a table driven, virtual to real address transl atinon
facility and an interface mechanism in part controlled thereby, providing
bi -directional comunication between the processor, its connected port and

the 10cal neherA@ResHicntddiEnd RBSLAY Lol d Uny GIRONMILI, bRoeadihbual
g node address Ichy if it

addr ess frogﬂh groca.sor to derive_a processin )

is the | of§ epﬁ"‘gc & é’erﬁ‘?ﬁg W06 LS REATEELOY RROITRPERYIRGE ttPEBNNect t he

processor daidert,heittomal tereahg@dpess tesiblation FaéfliRPtardahen |ideakedpeocessi ng
"~ node addr €88padi@mCYINESCE ¢ Lecessor .and_the network. via the |ocal port -

and a rres?%gléa%cg}ﬂf-g}lng %%t £ gt%elg%cr?a 86"-"6&'h%¥°"ﬁ8b’é9§3 ’ér§§?"°a{‘r?§ hence,

i ndi r ect | Fommgpicpbionifetwesndths pressssoy, riodesonnbetddnpert and tiechamilsm at

the addr egeeshdar @66SS kRO t2aR1 2980 eGkE NGyt DERRRInd QoFJ‘%-?&&&aQ&&QLF | ocal
to that part, the translation control talgl es bei ng W|ta5_e at runtinme to

mat ch t he SFORUPEPRAFESSAH tapfnivatd BRRCesHRT d1vfe tandreesmwhichir dSsitspace of
ané piar L i &hé aXocal m@smu‘gfsnw E?dﬁeﬁsdidéiud% dnetm}&@aﬁa&es tb Wohhedt @hagE uNi t
and gl oba e_.in orm,of _the regate,of, the storage. units in

ot her pro gése%%ggnaon eéggﬁaa ﬁ§°f%gceaf’m§’?gf’§gé‘fuh? 5 PR 488 ‘%a%ari ably

di vi ded beregsssihpowie saddrage &ndecapnedtlthet promgesordan@aheyndiyotheria
transl at i @Re 0RJchN&EbRYakd 18 heabe tdoARS Al c : e present

[ nge/nt i on vviel I cbe%(}esc?i bed f_ur%?ler E§/ r&é’gog}e gggénr%:tgé%%ﬁfrngggrence to
embodi men89¥esSr e henge.| {RIiTECRYY /i KO t1he aRKSAPRMh PreRESEianinegs: BRI EF
DESCRI PTI @hké¥tatblmdoBAV GO Fihg. addressdd Brosdesthd 3ioa d¥hnnactint £{y ocessor

system ac%glr;gltrggtﬁeo

s&gggge uniﬁ local to that port, the translation control
tables being'writablé at run time to match the requirements of
applications, whereby the real.address space of any particular
processor. is variably divided between its local storage unit and global
storage in the form of the aggregate of the storage units in other
processing nodes, énd the local storage unit is equally variably
divided between local storage and global storage, directly by the

translationldefine& by the local translation control tables.

The present invention will be described further by way of example with
N reference to embodiments thereof as illustrated in the accompanying

drawings.
BRIEF DESCRIPTION OF THE DRAWINGS.

Fig. 1 is a block diagram of a multiprocessor system according to the

present invention.



present invention. 7 FIG 2 is a block diagramof a processing node
ar.ding to the present invention. FIG 3 shows the physjcal address space
'Neé mul tiprocessor, that is, the addfess of each word in aJl.the L ¢
ries in the nultiprocessor. The nogt significant part of the address
ci/fies the node nunber. The |least significant part of the address is
he“of fset within one of the nenories. FIG 4 shows the entire contents of

avirt uabxdzagelsas biodhOdlshraR &f @r SEbolkihg?Rodd WBESRANE mu&tpﬁée@@r 0;
that is, guentlally within one of the node's nmenories. ;FIG 5 -shows the

entire c’cfh‘ie F®-of a virtual page as it would be stored with an |nterleave
anount- of |og base 2. of the nunber of nodes; that is, fully interleaved

acr oss o] rrﬁgo I W”Ig_n ysi,em ywul d
pr obabl %ic o?sseé %sa %hfe cgfse%targ?gmgquentl mﬁgé‘{p%% é%ve ﬁa%ue)s W t hin
menory. ¥heGaddrdss ef (fagh kwazdatn a4l otheamemayripatidy Fb%tmlbimkes#n;\m The FIG 2

accor di ngodeO 51 i3 FRESRCBhrd %\featé Qadré:ssGspe%iﬁe@ the Age tn@fe 2N The @
Net wor k/ St orage I nterface bl ock shown in according to the present

i nvent i offastnsterdEirak ARyt PF kfé‘eeF%‘??sisaltBe @F@ﬁé’%ﬁi‘hﬂ‘ﬁ of e ar

r ef er enceendti®er s, and identical elenents in different specific enbodi nents
are designated by identical reference nunbers. DESCRI PTI ON OF PREFERRED
EMBODI MENTS OF THE | NVENTI ON The present invention allows the main store of
a nmul ti prEs. p#oﬁ!@ysothecemneepontsnbe oy pavarsusl pagaras it ormuad Let storredt i ne,

bet ween S« @89Cinterleave amount of zero; that is, sequentially within one of

the node's memories. = ' . o/

.FIG. 5 shows the entire contents of a virtual page as it would bé stored
with an interleave amount of log base 2 of the number of nodes; that is,

fully interleaved across all of the memories. -

FIG. 6 shows how an operating system would probably chose to allocate a

set of sequential and interleaved pages within memory.

FIG. 7 is a block diagram of a Map/Interleave block shown in FIG. 2

according to the present invention.

FIG. 8 is a block diagram of a Network/Storage Interface block shown in: k_)

F1G. 2 according to the present invention.

In the drawing, like elements are designated with similar reference
numbers, and identical elements in differént specific embodiments are
designated by identical reference numbers.

DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION

The present invention allows the main store of a multiple processor

computer to be dynamically partitioned, at run time, between storage



*l ocal to each processor and storage gl obal I'y accessible by all proce
Prior art multiprocessor systens provjide either 1.° only local, an
gFobaI storage 2. ° only global, a no | ocal storage 3. gl obal
! Yatet a fixed anount of |ocal storage Sone of the systenms of type 2. !

~ fixed amount of | ocal storage in the formof a cache to effectively reduce
gl obal storage latency; as will be noted, the present invention does not

pr ecl ud@?ﬂetﬂsﬁécbfpwceamam Stpna‘yeakwlalliytdwemmfbsaasl orage hierarchy.
Unli ke phsceabome systens, the invention described here allows the st or age
configuration to be dynamcally-altered to fit the needs of the user
resulting in substantially inproved perfornmance over a w der range of

appl i captrimys arthul cippotepassydent pressdgestisat ween processors, achieved in
systens of type 1. -above by special hardware, is also supported by this
invention. Configuration As shown in Fig. 1, tthe nachine organisation
needed &ensi stly dbcd prut aosglnpalostosagd connect ed by sone conmuni cati ons
network 10. The processors and mai n storage of the systemare contained in
t he nodes (see FI? . Any network providing conmunication anong all the
nodes mly be®¥ed: °’Né{ itk PRSP pTHOBAIF gure 1 shows an interconnection
network (I CN) 10 which is connects the vari ous nodes.20 together. This

i nventi nnection network design,

but sucg'n ?gxf)?bl?gn%tsqt %le(r:agisggyflllxjg/gm ot %?f i ﬁrcorﬁ *¥%e fol | owi ng
capabilities: Messages whi ch originate at any one node 20 can be reli ‘ably
rﬁtf;ed Some of the systems of type 2. have a fixed amount of local stbrage in

the form of a cache to effectively reduce global storage latency; as will

be noted, the present invention does not preclude the use of a cache or,

in general, the use of a storage hierarchy.

Unlike the above systems, the invention described here allows the storage
configuration to be dynamically altered to fit the heeds of the user
.resulting in substantially improved performance over a wider range of
applications. Efficient passing of messages between processors, achieved
in systems of type 1. above by special hardware, is also supported by

this invention.
Configuration

As shown in Fig. 1, the machine organisation needed consists of N
processing nodes 20 connected by some qpmmunications_network 10.  The
processoré and mainistoragé_of the system are contained in the nodes (see
Fig. 2). Any network providing.communication among all the nodes may be

used.
Network Description

Figure 1 shows an intefconnection network (ICN) 10 which is connects the

various nodes 20 together. This invention does not require any specific



aygh network 10 to any other node 20. The routing of a nessage is based
gen 8ddressing information contained within a "Node #" fjeld of the
. The message-routing functions the 1CN 10, when coup! ed with \*‘h
“pf the various nodes 20, nust enaBl e any processor to access any
l'ocation at any node 20 merely by specifying the .correct absolute
#&ss. The nenory-nmappi ng nechani sns of this invention provide each

pr ocessoanuﬁcbnﬁmlsap@lmﬂ )llegngeﬂﬁf BhEN etk ARSOMUEE AL HIGS ashi 9. 2
shows the contenﬁsE E‘?@ % esses for storage references issued by

t He proc8s%EBH™ ) °§’r'tg ﬁﬁ% d*BYFShe MAP/ | NTERLEAVE (M 1) 24 as

descri bed bel ow. A cache 26 is used to satlsfy sone storage references

af ter mappi ngneéfé;%eg%qealm aﬁfer L.@ead, efngﬁée%on %&;@g.&uhsbiaﬂ%f,&éﬁof a

cache nor does It restrict R acemen e cac

cache 26 coul &hlf%@?‘d%ﬁtyéi-"v\éé’nt? W@Yp?’é't?ﬁswe 29.:and M| bl ock 24. References
not satisfied by the cache 26 (or all references, if there is no cache) are
directed by the network/stora i nterfac NET/ STORE I NJF, (NSI)) 28 to
either the poft§ o‘i‘?ufﬁ“grrﬁ? g?aege?,bsé’tasf'gd&°ﬁoﬂ’élrﬁ? S3ogy e et wor k 10
to store 30 otomtadhbdiwinbilea TheleN$' fi8lalcfothemesya®.l ef erence requests
fromother nodes and directs themto the storage of a node to be satisfied.
This effectively makes the node's storage 30 dual-ported. Close to the sane
i ncr easeThey message-reptdpgyfunstionfef hesICN dQm whenogrunlad wish thessl ¢f

interl eavwg;aalagdao&essa@r St AhaBNé &y%}&aegw tBh&cBEQC@@Sh&ﬂ:r?f o
interl eaxed requests. ﬁﬁ [ d obhal erforns t e usual \

Ma
two- | eve RRfY pap&e RETDY BY r gl ?&iﬂﬁr%@s& T5C5 IR processor

22 to readdz&delresses under the direction of sone formof segrrent_/ page
tables held in the main store 30. The real
The memory-mapping mechanisms of this invention provide each processor

with the capability of generating such absolute addresses.

: i
Fig. 2 shows the contents of a node. Addresses for storage references
issued by the processor (PROC) 22 are mapped by the MAP/INTERLEAVE (M/I)

24 as described below.

A cache 26 is used to satisfy some storage references after mapping. The
invention described here does not require the use of a cache nor does it

restrict the placement'of the cache. For example the cache 26 could | K.)
reside between the processor 22 and M/I block 24.

Reférences not satisfied by the cache 26 (or all references, if_thére is
no cache) are directed by the network/storage interface (NET/STORB INTF. _ 
(NSI)) 28 to either the portion of main siore 30 at that node or through
the network ;0 to store 30 of another node.

The NSI 28 also receives reference requests'from other nodes and directs
them to the storage of a node to be satisfied. This effectively makes

the node's storage 30 dual-ported. Close to the same increase in



addresses produced- uni quely identify every word or byte in all the nodes'.
stores: the high-order bits specify the node nunber, and the | ow order
3pgyafy the word or byte within a nodeyg store. This is illustrated ir
3.~Tn this invention, M1 24 may al so performan interleaving
“transformation on the address. Whether it does so or not is specified
additional field, unique to this invention, that is added to entries

t hE segmﬁflic&mdzyoratpageeﬂ 2bk€es cadha elfaéaq&%? oy tl&a&l&&ﬁi%‘éé@émhboaﬂ i SI to
make a o age. a s guen oc addr esses co tely
cont ai ng%gg s'ltﬁg%genoé ’% gLeie H"%r"rgcﬁsdﬁ‘?( ot 8%@5’%'2?3

scattered across several. nodes' stores (see Fig. 5. A sequentlal page can
thus be i@eai ABEH Mappffy i N @ node's own store 30, |ocal to that processor
22 and quickly acceSS|bIe providing the function of’ a | ocal storage.
Since an interleaved page is spread across many storage bl ocks, the

pr obabi |M/11y24)fpe$fa‘n&ge11£ﬁh§ﬁ$1 &bs-mhem é’ééhbhﬁ}*pﬁg@ruﬁggﬁﬁ%s Jﬁftﬁéﬁnce it is

reatly reduced rovi des effi accessi bl e storage. To
P iher 4BEHEESY idlSal il pECEa Bl 0117 irefL “daresten; SFRBER AL
formati cnf aeme Fbsw ofheedrient fragrotkbles riead 1:m|the mmmf stidre midrm,reﬁbr
exanmpl e, ;daye 4R bf&ugga(QJn'fé%éﬁ?SE&ﬁ?Qg} enrg uce ﬁé iRCL1 2h ab h'e

address with ot her dr ess e pro abr't '&y of

conf | i ctS*RRess theyHigh-qrder pits §Pe°&étef§§ B?,%Pumbervm Yoy rlow-exder

. nterl eaitsgspesesl the Wiranoripgte GfitROM QS nadd '@SstMai. ClraB idtieidhayesds page

spre % iz ngy be specified by the additional field added to the segnent

an or page *Fapres. This field may al so specify characteristics of t he
“hashi ng" used. By having some pages mapped sequenti-ally, and sone

i nterl eayedy; PIhterdtliolBiM) 1S3 -l gcal L:Rar " The

amount that 1 1ocal ostl}é ‘ﬁ;n?y%qsgﬁ%' E%r?t%rgt}terﬁ‘lg 1% éroarngée r%bon ng

tabl es, qgnah%.ﬁdér?ﬁﬁy Whether it does so or not is specified by an additional -

field, unique to this invention, that is added to entries in the the

segment and/or page tables. The effect of this transformation is to make
a page of real storage a sequential block of addresses completely
contained within a node (see Fig. 4); or a block of addresses that is
scatte;ed across several nodes' stores (see Fig.:5).

A sequential page can thus be guaranteed to be in a node's own store 30,
local to that processor 22 and quickly accessible, providing the function
of a local storage. Since an interleaved page is spread across many -
storage blocks, the probability of stérage_conflicts when multiple
processors reference it is greatly reduced; this provides efficient

- globally-accessible storage.

To_further_reduce the probability of conflicts, the interleaving trans-
fo:matioﬁ_may also "hash" the node number portion of the address, for
example,_by XOR;ing_(exclusive-ORring) the ncde number portion of the
address with other address bits. This would reduce the probability of

conflict when regular patterns of access occur.



'be changed at run tine to match the requirements of applications. An

exanple of the kind of main store use that this invention nakes possible is

il lusteated in Fig. 6. This shows gl obal ,storage allocated fromone end ok~
‘ 3\ storage 30, |local storage fromthe other. Wiile this is not the

“pf using the invention described here, it illustrates howthe

all ows the proportions of storage used for global and |ocal

R CARREE deh hbG e seuela Lunéuengmwl f@%ﬁ@.@s&cr%%g& Rgssing In

¥on to t he conmuni cati on "af f or ded storag direct

Tnter . pr dREEEkeAVAd SR o SECA T smagulpwpewfls; o te | AAFAEIIE,: S5 l06ct main

st orage dated rﬂavamarstagtht éh%EOﬁEge( €alflles. " MWTk" £iBl fysbesd Ipeciy nci pl es
of Operat can b teqhﬁ move data froma sequential page in one.
al

processor® h?’é FeERY ISR T hésPh“qaan% processor, ‘wi t hout disturbing or
requiring use of any other node S storage Descki ptlon of Storage Mappi ng

Tabl es The r? ﬂ%&gﬁ%ﬂﬁﬁﬁde%ﬁ/yé@%eéeq%ﬁt geﬁdt Q&ae’vﬂte(ﬁg eﬂ%éﬁe okhe

napplng per or ne dﬁ% be“meen t ress | ssue rocessor
and t he Z@éprstorecthesae e nlefddorand Ps'a%s B?-‘?*@él Ty,Than%!""GﬁF cﬁi’@tt%ﬁ 1RFat
i nventi oRs. tyIRpatiefs aracvhebitiolass ithk esdopayé %pbiﬁ‘&éﬂé@tmmﬁs ray be

lied d t d |
? Pgnls:‘a or&?%t %%Fgr%ﬁ%m?énfqg ft?e%nbﬁn%éﬁ e?ﬁér%ﬁm? 8?\%’%‘22&y reside in

the MI itself; or in the main nenory of the system(elther gl obal or | ocal

storage), Pna%:falinﬁggoelﬂ & ii¥a tdie Mo ’stgfe 'u'&ebﬁlaté tﬁ%egﬁtyé?{tﬁ#%kéfm de, they

are nodi vvare runni ng on r ocessors will
of ten be PEERIRAA éﬁtﬂi‘és*é'éﬁﬁ i@ Fie fef |WF| %’}?Wéfﬂq}??br#*é’&?‘ﬁ@li?f’attﬁése

tabl es vmf&bmam\él &R mrraweisrramﬁgeojo ZQB&lf StdRage. from ﬁl@?%’cﬁ&ppl ng, :

segnent or two eve egnent an I Ng ence aer , :
O Corihets e s boR anE Sy LS piiig, e Lalribioh HestE A hma o WD

1980) )  byilexdtarades otvhehel dudntdomtaiidss he spipotiainesofl Gtoregeudsed £b1 el d

global and local storage to change in the course of running applications.
Message Passing

In addition_to the communication afforded by global storage, direct
inter-processor message passing is supported by fhis invention: Direct
main storage data movement instructions (e.g., "MVCL" IBM System 370
Principles of Operation) can be used to move data from a sequential paée
in one processor to a sequential page in another processor, without - &_}

disturbing or requiring use of any other node's storage.
Description of Storage Mapping Tables

The storage mapping tables are used by the M/I. They define the mapping
performed bylﬁhe M/1 between the address issued by the processor and the .
address accessed in memory. Specifically, and unique to“this'invention. _
they defihe whether an interleaving transformation is to be applied to an
address or not, and may specify what interleaving transformation if any '
is to be applied. The tableé themselves may reside in the M/I itself; or.

in the main memory of the system (either global or local storage),



‘of at least one bit containing information determining the interleaviffig.—
and/ or remapping. This has been done in the preferred enbodi nent de@/%
ih'_ére, but is not required by this invaion, which only requires thgt<the
f_’eﬁ?#’“stence_ and/ or anount of the interleave be controlled by each prodesser /-
O her mechani sns for doing this include: extending the processors’ :
instruction set to have interleaved and non-interl eaved data access
i nst r uctFPEPRENcBY hvnshe Wi ¥ dBtbathe efbrBevegT thovoresider uBheYoAT®ont rol , have
} nst L uc tmo@ i dbliatbyt u?&wﬁm&&dnaaﬂé g ﬁ?a ezsw‘l{/n;-Isfﬁz?cld:_gé&sangﬂtplwlﬂlnstfémt i OR
et ch. scriptio the. at of. the i gure il lustrates the
oper ati on 8?nvt%ﬂée'%agﬂ'f?f'§?%§\i78 éﬁ%{’)‘f’}tﬁo&rq R 8%%9?8 il ﬁrﬁf)pi ng and
| ow or derth enwpptual memriyohdpping arfpeorst ddim,Tleegliopagd mapyeirlg, gsegmestions a
vi rt ual S ecejye [ he 0 R redd.n,.VAR 242. This
s sunara HLE gf SRR el e R ARG PASCSIEr oY 004,
page of f'Seppytep) Systems fyghitemsiee of Feputendrionse PragfasBoqkvilipsy MBve the
convent i1086]) BPagtag8ing) thE N1 BRRREMNE &F FueHbtablBe tW0indMiaca SRELd f i es
whi ch byte |r1§gn addressed wqr in nijral unit of
i

d (qr word, a | ar.ger .
addr essiPAg]t i*§380 WBE Bt SeRERIT; %é ﬂ'&g%‘é‘ﬂgf‘?ﬂ &ﬁﬁ?\n‘llﬁé“% E}‘F rESFERAYAEE pr ocess
unchangedd(@s rehapping. aTisvilals bekn 8enenént thenprkeferréd embodiimentS/ P | is used
in a co s Y . N N t pe. st ' | es, as
Shonn. _Er oot R ebi® 18 b 6Pl By’ PSRRI B et (s
0) 250 ireT¢fesyvirpt phey exdatanctei JPr \afpupYy ofabhe ipbendepve def epntiral ey
Addr.ess p3SesdhOphoceshbt qUBthdr hbéiank Bie Fok AMbing NhiEallAub@OleMperdling pProduces
an-¥ nt eé:keave anount (shown) associ ated wjth egch segme_nt nd/ or page
whi ch i $PEREECERRFS) ntHrEUSHSP YT MRPB A TEBl e A POR HE SRR R dr ess i s
deri ved dat@eadcess dnderudieamyy Bp2instyudidonpyuti exkensiqr @HULL dAnftemepied
A(.:I,dr ess c'ogt:%%s l%a'i:{r% i;\rﬁr%cméal:??é)c QSrr?ERLéxel%agfng on or off for data

and/or instruction fetch. _ _ :

bescriptién of the Operation of the M/I 24

Figure-7 illﬁsﬁrates ﬁhe operation of the Map/Interleave (M/I) for the
case wherelmemory mapping and low-order remapping are both incorporated.
The top of thé figure shows a virtual address as received from the
processof and étbred in VAR 242. This is subdivided, as shown, into a
segment and/or page index (S/P I) 244, a page offset (PO) 246, and a word
i_; offset (WO) 248, These fields have the conventional meanings in memory -
. mapping systems. - The WO, whiqh specifies which byte in an addressed word
{or word in a lérget minimal unit of addressing) is to be accessed is ;
passed through the entire mapping proééss unchanged {as shown), and will

not be mentioned further.

The S/P I is used in a conventional way as an index into the storage
mapping tables, as shown, From the storage mapping tables, the real
Segmeﬁt/Page offset (S/P 0) 250 is derived in a conventional way by Table
Lookup ﬁo form a Real Address as shown. Unique to this invention, the '

Table Lockup also produces an interleave amount (shown) associated with



part -t he variabl e anmount variable-width right rotate described bel ow, or
e olytted, in which case the Real Address is passed. through unchanged
he \wext stage. The | ow order Remap ?ferat es on a field LR,to produce a_z »
neyl dddregss field LR of the same w dth¥%using the rest of the Real -Address
(flabel |l ed HR) as shown. The width of LR (and LR ) nmay be any val ue
bet ween two extrenes: at largest, it is equal in wdth to the page offset
(PO ; at &4pH Lésdentidnd/sr igaGe WhiicHUIE abbei¥adai i ehé ateagd REPbing . €., 1 f
the width is N, the maxi mum nunber of menory nodules is 2**N. Fig. 7 shows
it at an Ft&Fnedi ate poi nt between these two extrenes. The purpose of the
| ow- order Renmap is to randon se successive addresses that are to be
i nterl eavg c ! ' I ) c [ LEd seent
sequencesiﬁg;]e%i é’%soiev\glr ?uteﬁ%sp?%bagl Hat/'ng Lir?g’ﬁorégf olé%n% o??glg%e%s?%%ﬁt%ﬁe
same nmenpty proddec asRemappethAddrdss i AR P4 -daThiss PaY @LEP &e pePHEdaR% essed

have a siggd BaltHeSvaiabid GBhntWhtidH18-Pfathhei DK atel ddscRIRaE b Iowgne
i nterl eaved sweep across all _ the nenories. T?s maxi pum si z ari-ses

|t ze of L
from the PeddviRs PBLHFeGagth Which f28edhen e ‘bﬁ?&ﬁsﬁ/l’aﬁ%ﬁﬂeé’é‘ﬂ’g | ocks; the
M ni MuUM Sudchahged k6 thenhextnsregsle dThe lekfanier VREmap pagerates ohea filetdildn
descri bed The 1o r J - LO- | . ' ' i bl e
val e of TRbeies, i e adieat oWy, S0 bard Mo, RetnfXAE keS|
| ow or der tiRe Rapl iAddrens f(6igldniakplled diR)t pe shpva. ofhe Wigth (pfndR (amé) IR'R]

.. LRn f bl St vhfud BbtveedNelhd BRLRINeS: it Dhrdddtanit LK ec@1n@imeglath o
simlarly. Then, "usi nftg "xor" to regiesent, t he &Enven,t [ o% eéézl usi ve- or u
| ogi ¢ funtQ it9R, Pagesafisel &P éweh sBet 5 matt i8: R BIPRIEF RO, LR 1 =
LR1 xor HiYterleavel Bmdunt,LRe.50if HRa.wilth i Nyathd maeirueaminbgrtofamsharymat i on .
Is then perfqroed Qy,.a yariab t, L] : 14 { dth
bit-fiel dm%l\?'fe?:elszg&‘ap?g%'u?i %go“?shngy}& ég%kﬁé'g%ﬂ%ge Z‘%&?“é‘é’?‘t’?‘%ﬁ? %gegccess
t he syst etws estxsmege fbeubwposqivfs the dovwrorder nRemapebsy & ARIRPLSfer i ved

earlier, Q&E%eQQfVéakgéiéggeﬁrﬁﬁaﬁeiﬂe to be interleaved across a subset of memory

modules, i.e. accessed in different sequences. This lowers the

probability of many procesébrs acceésing the same memory module
simultaneously when the data structures being accessed have a size that
is an integer multiple of the amount of storage in one interleavgd sweep
across all the memories. The maximum size of LR arises from the need to
keep pages addressed in contiguously-addressed blocﬁs; the minimu@ size
is the minimum needed to effectively perform the function descfibéd
above. The low-order Remap is one-to-one, i.e., every possible v;lue of
LR must be mapped into a different value of LR'. One possiblg low-order
Remap is the following: Let the bits of LR be named LRO, LRi, ... LRn
from right to left; and the bits of of HR and LR} be named similarlf.
Then, using “xor".to represent the conventional exclusive-or 1ogic
function, a suitable low-order remap is: LR'0 = LRO xor HRO;'LR‘I = LR1
xor HR1; .., LR'n = LRn xor HRn.

The actual interleaving transformation is then perfdrmed by a variable_
amount right rotate on a variable-Width bit-field device 256, producing
the actual Absolute Address used to access the system's storage modules.

This uses the Interleave Amount derived earlier, and operates on the real



address after remapping (if remapping is done) excluding the word of f
(MO). .The width of the field to be rotated and the anount the field }
be: rotated are speC|f|ed by the interlegye anount. The operation off
{I‘I@'h rotate is as follows: Let HS be rfutbered simlarly as LS above
an interleave amount of Q the width of the field to be rotated is HSO=
through LRO. The nunber of bit positions the field is rotated is Q

| nst ead adfiress/ aftab remappangt (ifarénipbend/\Vidt done)) OdMclua8imf €he aroransEBet onal

i w se ) at i achSe CRINEATA {Bpe GoraBlll her dCLAS YR Souldlspe used.
However , & sch presen ed “af 1'6ws Sy St € construc f f ewer
t han thé=°nh9<|mm¢mn§ersm1§reécb$sqhnglmaé@av§eem@ i tTheeoperation Aft he
Absol ut en8dgiesSriiete 203 ashf&h09£-d%t (Heebt Mgbérdd smﬁtar@p ReaL.e dpbhe,

Remapped Address in_RAR 254. Conventional rotation wuld not do this, and

t her ef of$VER AT Apterlpaye ampuntnefidy &he LR off thssEield tRPe PR 1o ces
addr essinsg~Dfthabiglparei birke NaEBer JfNbid@oshiohyttheadillasss robetdd aal HS
field d the pracessin ode se. SLor nodqul e contains the data
to be a eg%sgt ?I\%}c}@ %na? eeaé‘gﬁ% Neg™ egvgl’dittﬁsra’%?‘FeV(cifgkfhcﬁ cate the of f set
i n that oconventjenabdikeissheotatiihn afathe worbined ¥, 68, fapdnts (Sebdsaapy @ f set) ;
and the &Rl deddldi G&feSar MneNedibhe e sshtiaVei GuikSsyiRshs &d. pdot e t hat

when the interleave ampunt 1s 0, the variable anount Variabl e-Wdth ri ght
rotate |S9RFESICHEd “Hihafewes Han ‘é‘?ﬁj“‘ES”““é‘qﬁ‘a'fbeFo°{Sr°q?ﬁsén$ F298% t he

Absol ut eeldise,is Fdtaine)TRnathd hﬂsdianapmadeMdtégszs,e thigm-prapei di ng direct

sequenti ddressi ng., This &3 t he .s entlal ssing descri bed
abeve. Srfgmporslt e \?g T 8EPFH !p eSt SPaRyEd ress %?Fgg'é% lowthis to be
st or age Gooenticpal hetntﬂd:e g@d@r em dg this, adcﬁr @bmorerthst&mgbh@wll ely

cont ai Nl il Uﬂue'éogf’%s( &nﬁ'& Bé‘tél%wé@%k'éeé Q&dxflé%§§ﬁ<£%fp§ﬁ5 bBQsl@ﬂQ Ot her

operations). Note also that the use of |ess than the maxi mum possib
i nterl ed\?idﬁﬁ effectively restricts the processors across Whl ch gl obal
menory is allocated. This can be-used in several vvays e.g.: (a) to allow

the systemio BON11USad:2:0PGha! finad! ANOYIN ] B HSOLAY8S p%gggsfn‘; some of
node whose storage module contains the data to be accessed (Node #); the
combined CS and LS' fields indicate the offset in that storage module
where .the data word is to be found (Storage Offset); and the WO field

indicates which byte or sub-word is desired.

Note that when the interleave amount is 0, the v;riable amount
Variable-Width right rotate leaves HS' equal to HS, and LS' equal to LS.
N This 1eaves-the Absolute Address the same as the Remapped Address, thus
providing direct sequential addressing. This provides the sequential
addreésing described above. Appropriate values in the Storagé Mapping
Tables allow this to be storage local to. the node generating the '
addresses, or storage entirely contained in other nodes (the latter

useful for message passing and other.operations).

iNote also that the use of less than the maximum possible interleaving
effectively restricts the processors across which global memory is
allocated. This can be used in several ways, e.g.: {a) to allow the

system to continue to operate, although in a degraded mode, if some of



‘Ihe storage nodul es are inoperative due to their failure, thé failure of
t he~Ae™Nw0OIrk, etc., (b) to effectively partition the system allow ng parts

¥ Qus reducing interference between these parts -- either to run
“ilndependent problens, or a well- ért i tioned single problem The

nt described above can function vmth or without a private cache
6. The cache can be positioned as indicated in Figure 2 or between

t he FN'OCESEMH’saéﬁhdﬁlmoéﬂl@sféﬂlcihéﬂérgélJéaﬁbg HEE RN k§1fd}ereﬁﬂécf§{fﬁgg %?

access ti or ‘those menory accesses whi ch occur repéat ef
cont i guougﬁrﬁaﬁﬁ?{? gdo?'ié’sSe ) E8reffaehivedynrardation Gh?)éYSMma&lmdgr n a

mul ti pr ocmrs €D hiaivg Uttt ¥ asvn gicgldaa magsar YeehiEHy aws&a%l&@qthe dﬁéﬁa@ﬁ‘é’%fan
addi tional 4 \/ not.qordin enented on a

uni processor ap#ts' ?h‘ﬁ? die“%gﬁ%rlé‘tS’ﬁfe‘-’SPS%3’?&‘6‘%/3%5%%85“&1 ~riithey to

| ocati on a‘E“naEﬁYﬁmérlnm@Pymi% meéemasmrtha‘telamﬁrhenqwedceﬁ@oé probléem.t i ng
in the sane location, it is required that neither processor satisfy such
menory references in its own cache. This additional capability can be

provi ded by aﬁ%ﬁ’ﬁgﬁf‘?ﬁtofieﬁ‘?‘?jpé?eﬁ??vﬁé‘a‘?sfu’sq}éﬁn &4 throys yithausr 2 mypdvion
bet ween drda‘cheemmoegdse NE thélfe: c@A Héypsm&bﬁya RE LRfikatds TR L 0L QLI ONS

to be non-g; I such ¢ one at all) can be_applied
Wit hin thr s tﬁf &%35%?3 gﬂggr}rén?rﬁeg ‘Ttﬁg EF‘ERfeg'e@We%WrS@‘{ﬁeage
interface n(emsrx) azgesh dduwe dfpar thasenmempry| dersissas edich o‘EbgﬂerPSate'Eil? fputi ng
functions Qhet by %t%ﬁtl&@&asdﬂ Elbsé’%z%r‘égé’é/‘!) ﬁsze gﬁgsc%ﬁeyencer : he pr-oper

functi oni n%eof t hi.s enbodi ment . war e configuratton Whi ch provi des a

conpar abl & Bhae‘rnéﬂtlfsétm%#tlﬁﬁsseégerrwﬁwaraw iisnis aeceababe fpbested

i nst ead, anadhé tt® hﬁiﬁd eﬁemcauorhls bapdud1bey shiel sBLi®merrskdinhr-ARYRLE
skilled in trl're art a_unit is associ ated with each processor node, as

i | lustratedrin elgtacllrroen 5 unl‘l%%?ﬁ'f’(?f | BATRBt  tifi EONFFETRIS PRE PROFESSRESWHyes
bet ween t readswechencayd pratdssait, apfreoxassiedyatied same time that another

processor is writing in the same location, it is required that neither
processor satisfy such memory references in its own cache. This
additional capability can be provided by a Varie;y of different means,
such as cross-interrogation between different cache memories, or by
specifying certain memory locations to be non-cachable. Any such caching

scheme (or none at all) can be applied within this context.

The arrangement described includes a Network-Storage interface (NSI) 28
whose operation is illustrated in Figure 8. The routing functions of
this unit (as described below) are necessary for the proper functioning
of this embodiment. Any hardware configuration which provides a
comparable coherent set of messagefrouting functions could be employed
instead, and its implementation should be.straightforward for anyone
skilled in the art. Such a unit is associated with each processor node,
as illustrated in Figure 2. The function of this unit is to route
messages between the éssociated processor, the associated
memory-controller, and other processor-nodes on the network. The types

of messages sent include, but are not limited to

hei r own gl obal and | ocal nmenory allocation independent. of other \_,‘ 3



menory-control | er, and other processor-nodes on the network. The types.
nmessages sent include, but are not limted to 16 Load requests i Sspe
tAe :l ocal progessor.” Store requests issuygd by the |ocal processor.
iche- I i ne | oad requests issued by the I#¢cal cache, resulting from .
cache-m sses on storage requests by the |ocal processor. Cache-line store
requests issued by the | ocal cache, resulting from cache-m sses on storage
requests by thead ceghegisotemedrby Rbe peieakproeesdort age | oad or store
requests by the | ocal processor and/or cache. Load or store requests issued
by ot her processors or caches, referencing nmenory |ocations contained in
the nmenory of Stére [Fegudstprirsusddy tbeidocib pporessort o storage requests:
i ssued by other processors or caches, being returned fromthe menory of the
| ocal processar noﬂ‘g. Nessages fromthe | ocal proces$or to renpte
processors, of*fGHPRAoRe IREBRE S 4FSUFGIRE WE 19ral| erchies pregbLtisg, from
Synchr oni sat | eacheqligsdss of Etobags re@idstarisl, thé,1oeht .procésased by the | ocal
processor, to be perfornmed at the local nenory or at renpote nenory
| ocations. Responses to synchronisation requests. Al such nessages nust
cont ai n i nf or-RathesAine fstpre aeguesssi deaweilfhy the logpd aaiche haregebisiagefromn
addi tion, all -gtlniBRIAGR Sstbhde’ rBGudditsi BiF thS!1281 Biokespl ai n i nformation
sufficient to determ ne whether the nessage is to be routed to the | ocal
processor/cache 26, -the |l ocal store 30, or to the '
' Responses to storage load or store requests by the local processor

\_ ~ and/or cache. _ -
Load or store requests issued by other processors or caches,
referencing memory locations contained in the memory of the local

processor node.

‘Responses to storage requests issued by other processors or caches,

being returnéd from the memory of the local processor node.

‘Messages from the local processor to remote processors, or from

remote processor nodes to the local processor.

‘Synchronisation requests (such as test-and-set, etc.) issued by the
local processor, to be performed at the local memory or at remote

memory'locations.
Responses to synchronisation requests.

: All such messages must contain information sufficient to identify the

type of the heésage.

In addition, all such messages arriving at the NSI 28 must contain
information sufficient to determine whether the message is to be routed

- to the locél processor/cache 26, the local store 30, or to the



i nt er copaection network 10. In the case of storage requests, "by a processor
or caghe uch information is contained in the "Node #" field of the nenmory.
' f the value of the "Node #" fie coi ncides with the.number of (. »
! ¥ -frade, such requests are routed {d the | ocal menory 30; ot herw se
t hey\"an outed to the interconnection network 10. The nenory-nmapping
schelNe "descri bed above ensures that the required interleaving is thereby
per f oNae S tQ,shQrage requests are routed either to
t he | ocal rbtr%gg%%%olrty%ng%p%} ?ﬁe qﬁtéehr co%snee(? i o et WSHRSSS: Rbas to
return top#%smm@ésmhenmhmwwmgl hatcodtainednire $hgeNoGe Y fiebbages

al so rmstomme?&léhorm fi@k%eam\ﬁegé%@ im‘e #-d%aaié ok Qeﬁth‘m' ch
rressages in order to be rout ed 1by 28.

uni quely i dentllghﬁy such
The NSI i the 2plfize obftheo iRgaignofiars SBEY ”P‘i‘éﬂﬁtén?reof'mf tPrtbe %Rﬁﬁlces to any
of the ot:haforym-outmz&me hmsgohm:wﬁear aatahenlma&&maedmm nbtwirts10¥ t hin

the message n_parti.cul ar s, shown ure can operate to
por T or m o neBtRPREPEIES  Siens FostRIPRE IS, BPovste' thae) bR 5Smif

messages interiedndnPE P 2herdbyt herfokipeld #Simildrint eespdnses ura st«braqede t he PE
RTE 282 SFé&%sw%rHEﬁﬁﬁQE éﬁhEPeco' Qﬂé"loééf”p‘%o@@ss\é&azé EL:PQ:?;L enory

concentrat or (LM CON) 4; ot herw se, sénd e network via the

net wor k cHHEERPRISCSIOR NE‘P""{‘K’B\I}o'Z@B a’l’ﬁé‘ Fefuzp ?ﬁar?BFWWSﬁ%Fé’F rede mirigh 288
regel VeS ¢FIpnAaSa RS JRgSsgd. romﬁeheméséﬁgés &I:Ledsgnu%Q cdrftaih e'NobO e ﬁlellds |

i ndi cates_the curre sengds sage to the | oca

PE 22 vi ath& f-f?ggogr:’f?e ‘rg?ﬂt&%ytﬁcé% %g%;h gt JTEF’(’%Q(?H‘E}% "FES% St he ()
net wor k vim orfier rret e ipropeniventutatioby NSET28C0the 2N86. 1§ Fhapabiet mrﬁc)utimt er

(NET RTE) 2258 £G8h @ﬁ%@ge&rfe@gg] ogs %tgn%l&f 8 oefled Q@ mb@csof the

type of each rressa e determ nes a request anot her
processorPdsgA e de %%l%éor*medmﬁﬁyl%aawn she (“BFS%EetsepIEP from
anot Eer NOHR 160131 fd)@evitedl SRdwnOn MAQGUESHSE dih bP&ratHl & perfige shdPm -
anot her :

routing as follows:

tThe PE router (PE RTE) 282 receives messages from the PE 22, If the
"Node #" indicates the current node, the PE RTE 282 sends the
message to the local store 30 via the local memory concentrator (LM
CON) 284; otherwise, it sends it to the network via the network
concentrator (NET CON) 286.

‘The local memory router (LM RTE) 288 receives response messages &~)
from the local store 30. If the "Node #" indicates the current

node, the LM RTE 288 sends the message to the local PE 22 via the

PE concentrator (PE CON) 290; otherwise, it sends it to the network

via the network concentrator (NET CON) 286. “

‘The network router (NET RTE) 292 receives meséages from the
network, and on the basis of the type of each message defermines"
whether it is (a) a request from another processor for access to
the local memory module; or (b) a feply from ahother_node.'
containing information requested by the current nbdé frqm'anothér

node's local memory. In case (a), the message is sent to the local



node's local nenory. |In case (a), the rressage is sent to the local .
Mepor y* via the LM CON 284; otherw se, is sent to the | ocal PE 22 vi =
RE,‘.{;C]\I 290. The petwork concentr at or 2%1%1recei ves nessages (either reqiesd
rreplies) fromeither the PE 22, via t*he PE RTE 282; or the LM 30, Wias
the LM RTE 288. It passes both to the network 10 for routing to another
naode based on the nessage's "Node #". The PE concentrator 290 receives
reply nmessagemehsBinves tuher Lt on| 2833| otHe@tr8se30it Visasthte tbMiRT 38 > t he
net wor k 10, vivgal\[__l.i"l; Eglztto%g%g It passes themto the PE 22 (and/or cache 26).
The | ocal nmenory concentrator 284 receives request nessages fromeither the
| ocal PE 22, via the PE RTE 282; or network 10, via NET RTE 292. It passes
themto |ocal, ni.cation
. ThE HeRwatk claﬂcé’}QQééézo Bt TeRBING [O sagg%%q.%rw Feduests Oc?r

routers and concen- trators | ndi cated above rrus ni-ca
i nformation i XEPEAES) nfrafhettheat the SE\2R,i wig therFE REE 1283+« the tl¥e3®ul and

when it can beiacaepledkref sa tb%@@é@%ﬁ%ﬁ alo0End Qxehbl?rkr Qéltf%E)r ax%lwﬁkopo”ed
menory coul d be ysed |‘{1 ﬁ#}s he LM RTE 288 and LM CON-284- devi ces
Thus,  whi | e t RBPTITVelT9® TRRSAPe R dMM f reference to preferred

enbodl ments thereof, it wll be under stood by those skilled in the art that

various changefe igy L‘%&]"%&g %%Sl’% é%FbIee dn?es\ya% oyt depay t | g ﬁ{)rom t he

scope of the invention ce55| U apparatus rising a
comuni cati ond°Ffd FEP%e RAvivig PhreuiM| RTEN@B&s Gaatheynaumrbsgbbtlea PETtRIBA th a

ptoquSCN and2@2. It passes them to the PE 22 (and/or cache 26).
g -
The local memory concentrator 284 receives request ﬁessages frem
either the local PE 22, via the PE RTE 282; or network 10, via NET
RTE 292. It passes -them to local store 30. '

In addition to paths for data communication, the routers and concen;
trators indicated above must communicate control information indicating
when ‘data is valid (from the router to the mul and when it can be

accepted (from the concentrator to the router).

A two-ported memory could be used instead of the IM RTE 288 and LM CON

284 devices.

'Thus, while the invention has been described with reference to preferred
embodiments thereof, it will be understood bY those skilled in the art
that various changes in form and details may be made without departlng

from the scope of the invention.



storage.unit connected to at |least some, and potentially all’, of the ports

L g -addr essabl e processi ng nodes, 1 he network being arranged to v
ode address contai ning message passing fromany origi nating i
g node and the addressed node, each processor incorporating a

rijven, virtual to real .address translatr n interface
. in part controlled thereby, providi j!m u Hﬂ ﬂi Ila

i

‘ |cat|on bet weén the processor, its conne | ocal
storage unit, the translation facilitygaesponding to a virtual address from
the processor to derive a processing Nnode address which, if it is the |ocal
processi ng node address, causes the interface to connect the processor and
the local storage unit and, if it is not the | ocal processing node address,
to connect, th rocessor. . and t he tmor ia th nmessage
cont ai ni ng-t hgbég)temgg 2 e L8 REPaK arat G (d é%‘s“‘-’ a"“ﬁ‘&'ﬁ‘cce"’tgr%sdf‘?g‘&‘ﬁ?‘y, “to the
addr essed pvdoe seumgl n@devutuhely mdérémblmhrasnverthaa prheesstdr s ed

processi ngaade, %@ee&mhggtédﬁ%oe&r Leddt Tsae sraﬂa %%emauy anér' é;p tLQat port
the translation control tables being w run tine tch

r equi rerrerﬂ°§t5fpx’o?ﬁ|b1”r’39ata%¥?§,s%rPéB‘EFStSFrég r’@QPS ddﬁe%_wgﬁ'aé’@lﬁ‘i any

particul araﬁaﬁgas&ersd@oyarﬂoabl aaad‘eyé dﬁdtbﬁh‘h@&ﬁbéshéje Ipeeaingstfedsnaglayuni t and
gl obal storag Jlt e rq 9,89 %; é ag i n ot her
processi ngH8HY man%“t"ﬁa nc?ca? P’st"’“dr age gnit e é’&ﬂﬁT Ieﬁ & °§st§/°rd| vi ded

bet ween | cowbretmatige andbld diodverst viztyel th real |agdbgsst hearslahidmat i on o
dofi ned DiedchrdGRl df IPLAOMEARIG, LRARRED coheriibd BlEEIST NG ~/
apparatus as ¢ In c erein the |nter ace mec anrsnrprovrdes

i ndependerRropidigr Eerqldﬁaﬁqnﬁﬂ-e?%ﬁﬁ?sﬁﬁtF% HeEvoRTe Fhe RXOBEBRESsHYS and t he

local st Orc_%&ﬁecéelaepw@aha%w 2g6a1n8toddge 41183 tRORkadtidie fhochltyport and
e oo onging to 3 virRiadCERERd ARRALA PRodtebl AR &1 L Ner

processing node address which, if it is the local processing node

address, causes the interface to connect the processor and the local
storage unit and, if it is not the local processing node address, to .
connect the processor and the network via the local port and.a message
containing the generated other node address, and hence, indirectly, to
the addressed processing node, the interface mechanism at the addressed
processing node EOnnecting the port to the storage unit local to that

port, the translation contrel tables being writable at run time to .

match the requirements of applications, whereby the real_address space
of any particular processor is variably divided between its local

 storage unit and global storage in the form of the aggregate of the
sterage units in other processing nodes, and the local storage-unit is
equally variably divided between local storage and global storage,
directly by the translation defined by the local translation control
tables.

2. Data processing apparatus as claimed in claim 1, wherein the
interface mechanism provides independent bi-directional interconnection
between the processor and the local storage, the local storage and the

local port and the local port and the processor.



-

“wherein the entries in the translatio:ibabl es each contain a field wh
« specifies the number, which can be ze es "5h
cgnt ain locatjons contri buti ng to the page t he transl atifo

& o] lity, when the number is other than zer w hﬂ i fying the .n-_-e
address in response to that nunmber whereby
page are interleaved over a corresponding plurality of Iocal storage units”
i n other processing nodes. 4. Data processing apparatus as clainmed in claim
3, dw]per eitan thsaéai 9k&eﬂsmg SppatdtugSad RealFRANEGSE &Eh&ﬂ@k&@ediagleu_addé es\?\h _
nmodi fi cati.on. process aratus.as claimed jn_clai : erein
The por t 1 BiFEaiT e PRtedel o EiS S HRTIHREET aB1ER ahrE Poeen o tfdr coses

t ransl at i wigi.chnémedifited dbelnumbee, atitclessn bdeheermunbérother npdepsidressese, zero,
s all ocalid0leRAgR ROUPHAN Eshatfllile (&R ek £ péquw@d'@ﬁ@' storage unit

is allocated on varli abl e segnent ries processi ng_appar at us
as cl ai netranglawipnpfacidding WbPlaltﬁ*F RreeE| iF Phhemﬁhmrzer%' gYpb@dlnt 2, not

exceedi ngmmeywmé rm‘aepéme§§lﬁgr£§yia§e Qldl Y neiIeGhadny OcHeNe net wor k
ports. 7._Data rocessmg garatus as c¢clained in claim®6, wherein the node

addr ess n{ﬁﬁalt? P& s PIe3on\ATE ?l%ﬁﬁréﬁ?"?daﬁ’b‘?fma FUERPPONIB a

vari abl e piuvtebhitddfebsafli statage units in other processing nodes.

4. Data processing apparatus as claimed in claim 3, wherein the field

k‘/' also specifies the manner of cyclic node address modification.

5. Data processing apparatus as claimed in claim 3, wherein the

portion'of the local storage unit corresponding to virtual addresses
translating into the local node address, the number being, per force,
zero, is allocated on page boundaries and the remainder of the local

storage unit is allocated on variable segment boundaries.

6. Data processing apparatus as claimed in any preceding claim,
wherein the number is a power of 2, not exceeding thg number of

processing nodes current connected to the network ports.

7. Data processing apparatus as claimed in claim 6, wherein the node
-/ address modification is performed by a variable amount rotation of a

variable width address field.




