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REGARDI NG FEM RCH OR DEVELOPMENT
15 Not appli ; ENTI ON 100011 The
present invention relates to Distributed Menory
Conputing Envi r oneMENEMRSnore particularly to.a
system and net hod of shan@gERandom Access 20 Menory
or the like in a Nonputi ng envi ronment and
the inplenentation of such system and net hod.
BACKGROUND OF THE FOWNATHWSN\V[I00021 Thr oughout the

evol ution of conmputers, CPUs have becone faster and

faster 25 and hargiNGiEIKsWha® becone bi gger and
bi gger. Al though Random Access Menory (RAM |ikew se

has besQsss-REBERENERAPREUATED APPIRANTRURE! abl e to the
comput er neverthel ess has al nost al ways been | ess
than the anount needed. No matter how nmuch 1

. Related Application: Memory-Resident Database Management System and

Implementation Thereof; Filed on January 22, 2003; Atiorney Docket Number 0299-
0005; Inventiors: Tianlong Chen, Jonathan Vu. '

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT
Not applicable.
FIELD OF THE INVENTION
[6601]  The present invention relates to Distributed Memory Computing
Environments and more particularly to a system and method of sharing Random Access
Memory or the like in a distributed computing environment and the implementation of

such system and method.

BACKGROUND OF THE INVENTION
[0002]  Throughout the evolution of computers, CPUs have become faster and faster
and hard disks have become bigger and bigger. Although Random Access Memory
(RAM) likewise has become biggér and bigger, the RAM available to the computer

nevertheless has almost always been less than the amount needed. No matter how much



RAM has been installed in a conmputer, physical
limtations and costs have restricted RAM needs from
bei ng satisfied in nost conmputing environnments. To
conpensate for insufficient RAM nobst systens swap
files between the RAM and a storage device such as a

rand hgs! Beén .irQ{ailéﬂein a%ut@f?‘%ﬁﬁc%ﬁﬁnﬂgﬁg&sanﬁ %ﬁ&tf have res 'Scted RAM

conputing in the same CPU environnent, which avoi

Bk TS RERSAT S BT S S R0 o Phhdf B mogoin
| cal | Ll apbl e i h
ROV RL R oo B R AN oy el B oo i

RAM from sonewhere when it i s needed and rel ease it
firen More RaMpfien pigen datter pompupRSinthenisee CPR/goyironment, which avoids
deficiencies may be overcone and costs may be saved

BYyaPRiER ffraeg henpenipgbatsden RAM endfdisk-basetl swaplfdesuser s.  SUMMARY

'OF THE | NVENTI ON [ 0004] Exanpl e enbodi nents may

083 de alnrma¢vh ofithe finsifetendyooft thel RMMDpicallyComajtabld ingy sydtem, the
Di stributed Menory Conputing Environnent (DMCE)

pregshi ieatiotpeovidas a Nefeith khidh bacdag GorMRNRAY NAMne@RtE GBen it is
a method of using a Network Attached Menory device, a

Meagr ndAeRae NEWHE I i Mo\hee@ddC Nin! &t iBer, RAM AcfildnBRd may be
of using a Menory Area Network. [0004a] In a first

SRSk 2R cogtpﬁa)pﬁeesﬁﬁeﬁﬁ)ﬁv&rrﬁgiﬁ?&g R SAGHE dr ?yglﬁape\{ﬁ&g d a

nmet hod of nmappi ng ne n a conputer em said,

conmput er system conpgd,Si vi ce havi ng
a nenory and said HE%Q§§B%%ﬁ%F+§%§Bﬂ§ﬁ$Pg§§t one bl ock
j.-ng a startin ddress, conprising the steps of:
BB g Eafiels EbeBhmit ity PRRE heaveons of quvhbeed Memory
entry for _each said device, each said device entr
tamritigedavPisebptgd Memery oRompiting oRpyitormeny (DMERE) @rchitecture, a
devi ce and accessing said device; creating a block ID
Netvtedp Attaghieé MerpdmgNAM) dekicerd mgthiodrof esdigha shétetork Attached
menory bl ock, and each said bl ock entry having bl ock
Mefnoryndetvicera Membiydireg Network €RAIN)aardfiRte@iiny, dldQckethod of using a
starting address of said nenory bl ock; assigning a
MembseartNEofkal d  at | east one device in said
conmput er system wherein said device |ID conprises an

foD8RX O 1 a frst aspect of the present invention, there is provided a method of

mapping memory in a compufer system, said computer system comprising at least one
device having a memory and said memory comprising at least one block having a starting

address, comprising the steps of: creating a device ID lookup table having a device entry for

- each said device, each said device entry having device information for connecting to said

device and accessing said device; creating a block ID lookup table having a block entry for
each said memory block, and each said block entry having block information including at
least a memory block starting address of said memory block; assigning a device ID to said
at least one device in said computer system, wherein said device ID comprises an index to a
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device entry in said device ID | ookup table; assigning
a block IDto said at | east one block of nenory,
wherein said block ID conprises an index to a bl ock
entry in said block ID |ookup table; and assigning an
offset IDto a nenory unit stored in said at | east one

f: ; ' L d. I j rises
l?l'eﬂ&%‘entr? in SRdBWYee ﬂﬁh&fkﬁ A Egiéﬂ%gg.b\vfocﬂ rﬂl)gc,) gés%cglgtc}ezgf %rhe&)lock

virtual "address conprising $ai ice

| id _of f | 0004b] 1 t of
el Yutrefd SB0hoTIo (VAN & BrS P atnd St erflglock D
Tbiot GRS 5 Bl tinigonary s 61 ghrlgyone block

bl.ock; a devjce ID stored in said nenory, said device
PHMeRIST MRgER G anemory pnif eepsprisenye vigaljaddresssaimprigieg paib device
I D conprising an index to a device entry in a device

P saidbisiely B2 ensksiaidl offset 1Bai d devi ce entry conpri sing

device information for connecting to said device and
&¥0dlssi nglnsakdontbwiped ;of ahdopreght infkmsibarteete iinpoaided a computing
menory, said block ID identifying said at |east one
eevinhyielh lconprsiga kel Ofddehide GHARY 4 HbNGyadid MBS ryicBmprising at
block entry in a block 1D |ookup table, said block

- eRitlofe MOMBKbRCRO &vitk 3D ko iRGHY ﬁéﬁo&{jsaﬁﬁﬂeqme S TRhdfying said

bl ock; and an offset ID stored 1n saifd nenory, sa

tdent i fyi . Lt stored.in sai.d .
SR b UL M el oy WP SR B0 s evice 0

e C r.i,Sin aid device I.LD,.said.block ID and |
BR8Pl BT el P i o oo iR e Gypmecti to said
retrieved fromsaid device entry in said device ID
AE%ieugRd: 2058s8i0g el flvies: A ek ééﬁdow said apemeny. owid plegk ID
accessing said device. [0004c] In a third aspect of
tdsetifping sed gt lepy ene memoryt egkesaid blaeloll) cebrisingamindeixrig a block
envi ronnent conprising: at |east one device having a
¢ntyysin anklnekr ID lovdnygl tabler sdid kb eytry canypisingi ngarsihg bédrss of said
one nenory bl ock; a device ID stored in a second

memoryybhlockabil aevffeelD kel de B4ill inehidgy, Sal @feé: IDea&tifARea data
devi ce, and wherein said device ID conprises an index

it Aored BVdaCPm@REK Y whdteif sa18 VihiG Sindt Eoh@RRKYP v é?id?é?éjcomprising
said device entry conprises device i1nformation or

SRAREL D Osatdhl f ﬁ%gtﬁlé)@igetqﬁl %h&%lﬁ gﬁgﬁgﬁc?er}gfogrgﬁlog%tﬁeved

a block ID stored in sald secoh

from said device entry in said device ID lookup table comprises authentication information
for accessing said device.

[0004c] In a third aspect of the present invention, there is provided a computing
-environment comprising: at least one device having a first memory, said first memory
comprising at least one memory block; a device ID stored in a second memory, said device
ID identifying said at least one device, and wherein said device ID comprises an index to a
device entry in a device ID lookup table and said device entry comprises device information
for connecting to and accessing said at least one device; a block ID stored in said second
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menory, said block IDidentifying said at |east one
menory block in said first nenory; wherein said block
I D conprises an index to a block ID | ookup table and
said block entry conprises block informtion
conprising a nmenory starting address of said nenory

St ORI Uiy T i e B R
fj SV 1Y o [ dd [
o AR SR S TR B o

address, from.sai d bl ock entry in said bl ock | D | ookup
£apprises Rigeks nfogmation comprisine 2 gisppTyedating ddresy of said;pegeory block;
address conprising said device ID, said block ID and

&4 o offet bttorpdin sgideserand megiory, said pies ID isntifyiogingeta unit stored
conprises a first server and said second nmenory is in

& gekindmesery ewherdio 8 edtual memofyoddteks inspledatedby dddéng said offset
present invention, there is provided a nethod of

tiaapd sgd meming Wddress roaospdibleck &nStin Brid Hiick 10 0sakUp Edble and said
system conprising at |east one device having a nenory
dind usiabainpTREDY FrstCAARI hddrd§ cothprls@@$hid ABACDID) §did Hiddk MBarA said
starting address, conprising the steps of., creating

Bf6He Yib.Cfhekdih baP kUt SRIdBviBAN G R 2FE% ES SRl k¥d E%Bnd memory

each said device, each said device entry having device

iisr]leEéEBﬁds%R,eI or connecting to said device and
accessing sal'd device; creating a block ID | ookup

l.e having. a.block entry for each sajd nenpr
IR " R el o P bt i Ry BB R  nethod of
infqormation including at | east a nenory bl ock
SPRRIPS RETA R & eEmRYfer Sfan. sl empUlsT Selem Epriging fdoagt one
device IDto said at |east one device in said
eoigs e eng & pemeny andiprid mEmors gordprisngiatieast Dreddor hindrgs nting
index to a device entry in said device |ID | ookup
addodse comprisingribariepa ob kratlknglaBetic: BHbokupttabictasing adevitd entk for
of nmenory, wherein said block ID conprises an index
tah said Hotde, @l $a2yd deics antel Having elid? ihRakMPN bralh@ctidNd said
assigning an offset IDto a nmenory unit stored in said

advideQAS hocORBp RAAGKIQS creRBR block Mﬁﬁﬂgﬁ?lg@gﬂm{%@‘gkﬁgeﬂtry for

information 1n said device entry iIn vice

RO E LS SR 3T 0

%%st %p%ﬁi?)hfgbﬁg%ﬁn%eagarlesosndf satlig Ienréglo}ysblgcli(;oa\{slsi%l%gg 2 dgr?ctelho)% said

. at least one device in said computer system, wherein said device ID comprises an index to a

.device entry in said device ID lookup table; assigning a block ID to said at least one block of

memory, wherein said block ID comprises an index to a block entry in said block ID lookup
table; and assigning an offset ID to a memory unit stored in said at least one block of
memory; wherein said device information in said device entry in said device ID lookup table
comprises network information for connecting to said device.

[0004e] In a fifth aspect of the present invention, there is provided a method of mapping
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menory in a conputer system said conputer system
conprising at |east one device having a nenory and
said nmenory conprising at |east one block having a
starting address, conprising the steps of. creating a
device 1D | ookup table having a device entry for each
Sihnfdry AAChHButc@Pstbn S qloﬁ{ﬁ)’tércﬁst@xﬂ BE%pﬁﬁ? a Qasg 6Md &Kice having
i nformation for connecting tosal evi ce an
i [ ice:. i bl ock |1D.| ook

PR B 2R Bl SR B BE e B e i

nd each,said bl ock entr. Vi n lLock. informatio )
?%%P%Sé‘.‘gﬁae G o8 g %@0%@&%&1&%?&@“@&&%&% said
%aLd negvng bl ock, assi%nLng a device IDto said at
AR cach ald dryise eriny having peviceamistmation &y serawstingfirteis device and
sai d device |ID conprises an index to a device entry
Peressiigdaid dovies creating a bleclpID lapiw; tablsksivigaia hlyclaeritly dariea¢hDaid
to said at | east one block of nenory, wherein said
pleooky tl®keodrgach said black éntrgl dxvibgblackonfoekatntincjuding as Rbd a

bl ock I D | ookup table; and assigning an offset IDto
aemernohlyckurirtingstidres df faid meahéty dlock;eesningRelclbomko 8fid at least
menory; wherein said device information in said device

e deyick fh sGidicOmpl@isgfent, RhbRRISHA dEAR 8 cofdpfitdd & index to a device
conprises authentication information to access said

B8N ifi Said IARRAD liodikRp B! ALihifSPAGK B0 Ldiat PG S8 iock of

invention, there I's provided a conputing environnent

. - devi . . :

AR kot Th bEASh SREETH Bie REREy ot e Hogi leger

k@ig&gred L N sahgtﬁﬁnnr%} sai d device | D jdentifyin
PRSP R SHE 1 I8 A BEmory ypifstergd insatd ee%ﬁaﬁhl%kﬂg

an index to a device entry in a device.ID_Iook;E3table
DRgOYarerein s devicsintpymationigsnididayjcralry desaiddegicerd? logkup table
for connecting to said device and accessing said
fathercompises patbinticios irfpragtipmtosaeads smehdevigs. sai d bl ock
IDidentifying said at | east one nenory block, said
BOEEKk | D Inampth sspag ofthe preskakinventian,iha@e Is peovide a bdinpiting

bl ock 1D | ookup table, said block entry conprising a
alvarbithdt@ cRfiEHsRE & 10kt csedeflicOMNRE Y rdneSKsaiddehoR boRbrlishBlat least
ID stored in said nmenory, said offset IDidentifying
She@RhBryMck; eREEH storbd SRR B, Yaid MEL R iﬁenﬁﬂﬁng.s%&iﬁtqeast one
unit conprises a virtual addreéss conprising- s

_ j : ' . d,said of.fset. [P, wh in, .
A S e T L0 o RS0 Bh frod ol SR D ol B R e s

ntry in said device. |D.|ookup -2c
evice entry compnsmg%evme information fgr cognect%ng to said device and accessing said

device: a block ID stored in said memory, said block ID identifying said at least one memory
block, said block ID comprising an index to a block entry in a block ID lookup table, said block
entry comprising a starting address of said memory block; and an offset ID stored in said
memory, said offset ID identifying a data unit stored in said memory, wherein said data unit
comprises a virtual address comprising said device ID, said block ID and said offset ID;
wherein said device information retrieved from said device entry in said device ID lookup
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tabl e includes network information for connecting to
sai d device. [0005] In a disclosed enbodi nent, a

met hod of a virtual nenory address schene to provide

| arge addressabl e nenory across a network and a
mappi ng method between an underlying Operating System

Yabld iH@hdeBERDN iREFH | memory
address i s diséloséﬁ§§§%%%6%86 Sﬂ&& #%Closed

?6569]0“ BE';/EEI a%&ﬁfs%ho Qn@odxrﬁéﬁ? eg %e%d ql a v1r§1lal r@xteor na%idﬁﬁ

address i s di sclosé

s&eme " grgt,@%@{w mpgay bR e R
&ecove IS dlsclosed 0008] In a disclosed )
G erlyingieretiding Sysera ke maswesy yddasy amde 1BVCEgiirst
arch|tecture and a nethod of using the device or
gemppradiessds disqlesséd. Such device or server can

provi de menory-sharing services to other conputing
devices. [0009] In a disclosed enbodi nent, an
apparatus and nethod of a Menory Cache nechanismis
di scl osed to provide virtual nmenory access on a
menory- borrower device (called a Menory Cient).
[0010] In a disclosed enbodi nent, an apparatus and

met hod of a Menory Area Network is disclosed to

provi de high fault tolerance and nore nenory sharing
services to nenory borrowers. [0011] In a disclosed
enbodi nent, a nmethod of a nmenory sharing nessagi ng
protocol (called "MsSMP') is disclosed to provide a
networ ked or in- server conmunication mechanism
between a nmenory client and a nenory server in the
process of nmenory sharing. [0012] In a disclosed
enbodi nent, an apparatus and nethod of a Menory Switch
devi ce for providing dispatching and routing service
of a nmenory request to the Menory
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Area Network is disclosed. 3 [0013] In a disclosed
enbodi nent a nethod of a nenory-to-nenory failure
tol erance nechanismis disclosed to provide

har d-di sk-RAID-li ke functionality on nmenory base.
[0014] Still other, features, and advant ages of

?ﬂ@?@?l € eﬁ‘pé)ﬁil%é]@sg(ﬁ énﬁfdﬁnén%%.%étyod il %H’P)E/cﬁié}{% r{eﬁ%&ﬁé %I)!?cﬁination inna

ol 'owi ng detailed description, sinp rating

gﬁggg%ﬁ&hﬁmmﬁgygg%gyghgdeﬁ-inplenentations. Exanpl e

iments are also capable of being nodified in

I.ouUs respects,  al M t hout departing fragmthe
S0P anf L BGisfeg Prbadiiupplot inho0 Ao e Mgy o-memory
Ac ordinqu, Lhe drawi ngs and descriptions are to be
PRYBFOedisk packu sodescgrery i dissleesdr e, and not as
restrictive. BRI EF DESCRI TI ON OF THE DRAW NGS [ 0016]
03k nor B ¢ displreed embadianents aditwerkofttached Mememnievice or server
invention and the advantages thereof, reference is
awhitarhideantdn méthod of] Usingitingdedtes or bqptdr dndisuhaded. ISach device or server
acconpanyi ng drawi ngs, in which: [0017] FIG 1A
icdd pretidahasorg-sitoing aptitalo bhatkmpitagaameaf an
enbodi rent of a Distributed Menory Conputi ng

Foveor onMent a afsclbfR® RbESRRE:, hid VEPAtdaRNand [RQAR] oM ﬁenlob{ Cache

iflustrates a conceptual bl ock di agram of an abstrac

Lafishd i s. I i . . t-0 wer device
RSB F st o ER N R B 4 SRR beon b6

@gﬁ&ﬂhggﬁ&yQﬁi )prior art conputing environnment as a
onpari son-in hél ping understand the present

gﬂ%ﬁntion %OO%% FI IDillustrates an enbodi ment of
stri bt 2 RESE e A FPPAERYY Ashietied 6f ap Migmory Area
resent jnvention. 4
etwork is disclosed to provide high fault tolerance and more memory sharing services to
memory borrowers.
{0011} In a disclosed embodiment, a method of a memory sharing messaging protocol
(called "MSMP") is disclosed to provide a networked or in- server communication
mechanism between a memory client and a memory server in the process of memory
sharing,
[0012] In a disclosed embodiment, an apparatus and method of a Memory Switch

device for providing dispatching and routing service of a memory request to the Memory

Area Network is disclosed.




WD 2004/ 066093 PCT/ US2004/ 001711 [00211 FIG 2
illustrates a conceptual block diagramof a first
enbodi rent of a nmethod of an In-Server nenory-sharing
schenme of the present invention. [00221 FIG 3
illustrates a conceptual bl ock diagramof a second

epgfi ment, Qf qacloBt HodaentR H%Eh?@ rl%gé ﬁ&@%@(&&%&ﬁyﬂ Ghilure

schenme of the present |Invention.

[ r . . Dblock .dj fan. ..
AR € NGRS b bR AP @igpapy on memory
%onfi guration schene of the present invention. 100241
f& S5 illustrates a conceptual bl ock diagram of a

d en‘%glir%gt of a nethod of a Menory Area )

rk ( ﬂl}“ fF3yED A0 A vakagenel rampine eipbesinaents are readily
invention. 10 100251 FIG 6 illustrates a concept ual
BPRSESRt offoay r then foHoveing edetrdlgdl ndaserintipn, a sitetyndy k illugttating hereferable
Menory device or server of the present invention.
tobxbmenrs @Gnd Amplemgsttticars e Exanpde reabpdimahts kire also déapgil@amt being
of a Menory Client on a client nmachine in accordance
wiotlifiedim enib@chespedts, allfwithbe: dRpEERN frot INEPiritARd sdfPO 2T the present
FIG 8 illustrates a conceptual block diagramof a
Yivediieal Address schenme for 15 a 32-bit Operating
Systemin accordance with an enbodi nent of the present

fgdygntio nAccoflr#r%%g éhe\E/l}a%ing% a.hgg%r i tﬂhsea%%@rlra% 9%%1?@3 gsailllustration in

| ock diagra I rtual SS SC
04 hi [ Systemin accordance with an
eér%%’dﬁfnﬁegﬁgsg%sln?ﬁ%ge'pr esent invention. 10029) FIG 10

illustrates a G | ock diagram of how to use a
"MEM Bl ock | D%%iﬁﬁﬁggékgﬁp%éﬁ,gm WRGH enbodi nent

of the Virtual Address schenme of the 20 present

[9RRInt i ontor1donee omplete pndgrstepsings ob shen present eipvantipn and the
dat af | ow di agram of an enbodi nent of how to translate
ddvaingen Gpeefatiefren8y d¢ ernw @8)de \Vior tthealfollaskige Sisscripti@n and the
application programto 5 WO 2004/ 066093

RCThHIBROO 4raBik7, 34 which:

[6017] FIG. 1A illustrates a conceptual block diagram of an embodiment of a
Distributed Memory Computing Environment of the present invention.

[0018] FIG. IB illustrates a conceptual block diagram of an abstract basic Distributed
Memory Computing Environment of the present invention.

[0019] FIG. 1C illustrates an embodiment of a prior art computing environment as a
comparison in helping understand the present invention.

[0020] FIG. ID illustrates an embodiment of a Distributed Memory Computing

Environment of the present invention.
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the virtual or physical address on a Menory Server in
accordance with an enbodi nent of the present
invention. [00311 FIG 12 illustrates a conceptual

I i agram of how nenory actions (includin
WORH@?%F%%', "read", “wite" and "delete) ar e"%\’s%’“ﬂ 01711
froman application to a 5 Menory Server i

In
oo RE L L R B I,

[ sharing from ry Client.to Menory
metho€ %l SEHRE henndEinefif b8 OEE pFss iVeiahent  on.
[O EJ,G. 14 illustrate concept ual dat afl ow
[0022] y; gg&ér%‘h?f‘%atcaﬂ%ﬂpr“&@a?% (ﬁ%ﬂf% ofi yseegnd embodiment 662 )

mepory froma Menory Client to a Menory Server in an
methodofisadi-Server memophefingscheme pfthe presashinvend®dl FI G 15
illustrates a conceptual datafl ow diagram of how to
{0023] r e LG5 dritlettateis @ conesprimal bléckoliagranh/bfror gmiddirmet: of ®method
Menory Server in an enbodi nent of the present

of a Mémarg AiréaNetwhbik ddddighrhtibn ssherdof thé pebdndi®entmc oncept ual
dat af | ow di agram of how to wite content to nenory

0024} 1 OPIGR SNR¥BMaYs BlcbRRbubCbISekMBAPRIY oSEEEhd bithdd
i len‘oodi ment of the p?esent inventoi on. [003615}1&?n Of%w

_ N o t
o P N R AR o Bl e T ot e

inventib® @ Menory Server in an embodi nent of the 20 present
Imvention. [00371 FIG 18 illustrates a concept ual

., dat diagram of how.t i sconpect a _Menory dient
1002517 o, SRS BEbiRerton, losk AP Han Amoimens o Neatork
I nvention. 6 WD 2004/ 066093 PCT| US2004/ 001711 [0038]
Attached Memary deyice 8t sesyes of the prsent favgationo| ock di agr am of " a
nmet hod of Menory to File
{0026]  FIG. 7 illustrates a concepinal block diagram of a Memory Client on a client

machine in accordance with an embodiment of the present invention.

i0027]  FIG. 8 illustrates a conceptual block diagram of a Virtual Address scheme for
a 32-bit Operating System in accordance with an embodiment of the preseat invention.
[0028]  FIG. 9 illustrates a conceptual block diagram of a Virtual Address scheme for
a 64-bit Operating System in accordance with an embodiment of the present invention.
[0029] FIG. 10 illustrates a conceptual block diagram of how to use a “MEM Block
ID” and a “MEM Server ID” in an embodiment of the Virtual Address scheme of the
present invention.

10030 FIG. 11 illustrates a conceptual dataflow diagram of an embodiment of how

to translate from an Operating System (OS) Virtual Address in an application program to
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or Menory to Menory Backup and Recovery in an
enbodi nent of the present invention. [00391 FIG 20
illustrates a conceptual bl ock diagram of Menory Area
Swi tch which i nproves the speed of nenor
wo4 étl}rﬁ?ﬁrr?g3 based on a Virtual Address in an SPEW%P%@HH
of the present invention. DETAILED DESCRI PTI ON OF

oo NI GRSt Sl B By S

Distributed Menory Conputing Environnment (DMCE)
thepmg?ngiﬂ"?%g%re of the present 10 invention. Cients
100 re .devi ces needi npry, e.g., a conpyter, a
l093llser€%¢-, ﬁdﬂ“%“f??s ?iCR‘EeP?Qﬁ%lP%W%SWQVEW%PWWOHS
. applications run on Clients 1005 may need nore menory.
(including="mpdlog”, “rradn yrite’ apd Fdsleted) argasking Sorrarapplicaiotioss
Menory, or chip-based nmenory. Cients 1005 access
Memorydiemer kieztconskraceywith0ba prefdat invertiod. menory 1007  resi des
on various devices. In the enbodi ment of FIG 1A
[0032]net MG KSd1losews ¥ cdbiRguailathBod diigiab® bR toaehp delRipr v
(NAM Box (or called appliance) 1003 and a Network
shm*in%ﬁ&:ﬁ@\h@ﬁo fivto MYy SG49h ard B8Bodidehd drRigrabad (NAM
ox, NAM Server may be exchangeabl e, see explanation
invenﬁ@/g.l ow). In order for nenory sharing to be possible,
nory Client 1006 is installed on each of Cients

o 100G SR P PRV SRl

0.The Menory Client 1006 and nory_ Seryer 1002,
caled S0 peERRy gt & MEBgEt kot 0k Me@ontiorsar usn embodiment
functionality to control the menory managenent, nenory
Of"heléfﬁfﬁflﬂﬁﬁefﬁll‘?ﬂ- network connection control needed to
share nmenory. Menory Server 1002 provides
[6034}f unEG.dAdllistptes a sombeptoalidpiatiowdiagednaoBabvpimtreatt content in -
appl i cati on Menory-Resi dent Database Managenent 7 WO
memor® Gtddd HBROHIy Clidut (ER PR Berlet in Dyaiisodiracd of the present
i npl enment ati on thereof, hereby incorporated by
inventibgf erence. A Client network 1004 connects nenory
borrowers (Menory Clients 1006) with nenory | enders

[0035]  FIG. 16 illustrates a conceptoal dataflow diagram of how to write content to

memory from a Memory Client to 2 Memory Server in an embodiment of the present
invenfion.

[0836] FIG. 17 illustrates a conceptual dataflow diagram of how to delete (or called
“free”) memory from a Memory Client to a Memory Server in an embodiment of the
present invention.

{0637}  FIG. 18 illusirates a conceptual dataflow diagram of how to disconnect a

Memory Client from a Memory Server in an embodiment of the present invention.
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(Menory Servers 1002). This Cient Network 1004
preferably is a high-speed network, for exanple, a
fiber optic or Ggabit Ethernet. However, current
woﬁfo%&ﬂ t networks may 5 be used. Network 1001 is an

optional network that provides a backend nB¢T(BF20044g3711
NAM devi ces, such as NAM Box 1003 or NAM Server 1008,
to . , L

(0038] | O MUY AhERLEs %%JPB% Block tilEan] s BEAY NIERBT S H

recovery an €SSI ng e _ unctions e
or Men B WGty Pl R oed ot Fonf ol e o

met.had i s, onl referr n overal | menory sharing
100391 7 TR A At icgesti Bioeh e Froery AAsed NetwREk mum
.. .capacity of the Client Network 1004._ Further, the NAM
Switch miychipprageathe spepd pf mamery shanghasechenn Viswal Addsess inan
conbined into a single unit, in which case Network
embodigpgtiofithe présentinvéngionsed. [ 00411 Menory sharing not only
can happen in a network environnment, but also can
happen within a server (or any conputer). Such
situation often happens on 32-bit (or 15 other

| over - t haDEFATKED DESORIEFIONOBINVENTION) . The 32-bit

operating system has a maxi num addressable nmenory of

10040} 4 GBferfiiStPRRNA Hefis ﬁfﬁéﬁ&&‘ﬁ[{a{ &ﬁ%ﬁ?&ggﬁgkpbc&mem o

approxi mately 3 @B, depending on t used,

. e, . OV f eraiin
w basic it e ARG CRRRE B o SR RO eR e BT
X .aval.l abl nd ,of.t en es unused. 20 100421 FIG 1
inventih AR08 &5 By BIaE mEORK o AGPRRTES 2 peracragithe act
. basic Distrjbuted Menory Conputing Environnent.
like. , inyphichparticplary #P@H?aﬂfmm&ﬁ&hveﬁffdmg may pesdimore pEmoEs i de
in a dient 1005 (not illustrated), for exanple, a
The wordfrpernery’ rafess forsonges of Random\ocess ilenyory,Re ghipdiasedt o
borrow nenory are sent through a Menory Messagi ng 8 WO
memorP 00U¢r6 B8 aceSTaigaiedmenbn g7 Catwoelked 30ndrin 1607 h
client network 1004. The Menory Messagi ng Channel 990
resides ph Oatidie dedessTiNhe dinbedieEINIIEN1 4, AdBREEkYd :6bh61009 66
- and a Menory Server 1002.

a Network Attached Memory (NAM) Box (or called appliance) 1003 and a Network

Attached Memory (NAM) Server 1008 is illusirated (NAM Box, NAM Server may be
exchangeable, see explanation below). In order for memory sharing to be possible,
Memory Client 1006 is installed on each of Clients 1005 which desires to borrow
memory. A Memory Server 1002 on each NAM Box 1003 or NAM Server 1008 exists.
The Memory Client 1006 and Memory Server 1002 applications work together to provide
the functionality to control the memory management, memory sharing and network
connection control needed to share memory. Memory Server 1002 providés functionality

as described in related patent application Memory-Resident Database Management
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[0043] FIG 1C illustrates an enbodi nent of a prior
art conputing environnment as conparison to help
under st andi ng the present invention. In the internal
i.ng .5 environnent of the prior art environment
wo@@m\%@ﬁi ous comput er applications 100, e.gPCT/UR0UA0L11
(r), run through a conputer operating system 105. The

sen SOy SR oo R
105, Al 110
oS AR B bR e BT o,

and dat .executjn jcati and.operatin
Memorg Spicrn 102l gt Sl Nefronk 1004 geptepsbly B i B neifr

virtual nmepory address tables can recognize up to 4
for exangpley A fihes aptisy oririgatitithernel) Howevepsumrpntritagmef petworks may

illustrates a distributed conmputing environment. A
be used diNstworu #08 is anmptional nefworluthatgnoddes atpRRAE) ngtvioginor

net wor ked nenory 135 can be sharable for other client
NAM déeldodscssh ad NAM Box 20030 NAMSzoven 1 008) teeconmmmicatawit® ach

i ncludes a Menory 15 Server 130 including a nenory

ther f ¢ ko) andl¥Rerlphbdes RitddFencliofs it 1 n
oerogﬁgﬂﬁ{lgqi.hkﬁﬁ“ vozp andlo ;

One scenario is to nodify the virtual address

i t . i i ot onl
Memorjflg\%}gér' 1062 8 gaﬁ)sgt T léneﬂﬁﬁm&]emmecs Q6 RicZ8mB y

rnal nmeno so the networked nmenory 135

tonctiorpy” e PE G e 585108ty bt S s R B Pt
neworkifhs epofighabmpseed § e RREN soRtD ofghs hGp IR |

menory 135 addressable. [0045] In grder to .access nore
1004. Exgfdiere thedbAM Baxasd NAM sprver indhizgmbesimentsopld bsyeembined c an
provide, a DMCE Virtual Address schene is descri bed.
into a siRglgunB, iniwhich case NetwarkOMOE would natde ugeddr ess schene for
a 32-bit Operating System and FIG 9 illustrates a
[0041] DMBerRory\ehR @ Ab06aaP 8 HAGin IS0t @R tnvidnoient; bualso can
Address schene for a 64-bit Operating System Both the
happen %2thi 4 st (G14nP cémpdel) eSschstiaivhDiien bippess én IMbib(or

address including three portions: a Menory Server
other lower-than-32-bit) Operating System (OS). The 32-bit operating system has a

maximum addressable memory of 4 GB. The usable user-space memory is often
approximately 3 GB, depending on the type of OS used, due to memory management
overhead of an Operating System kernel. Thus, approximately 3 GB of RAM are
available and often goes unused.

[6042] FIG. 1B illustrates a conceptual block diagram of the abstract basic

Distributed Memory Computing Environment. Application Client 1000 and Memory

Client 1006 reside in a Client 1005 (not iltustrated), for example, a computer, desiring to

borrow memory. Requests to borrow memory are sent through a Memory Messaging
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Index (called "MEM Server 1D'), a Menory Bl ock | ndex
(called "MEM Bl ock I D') and a Menory O fset |ndex
(called "MEM Cell ID'). 5 [00461 Referring to FIG 8,
Wo he MEM Cell 1D 401 is |owest 32-bit portion in a
%% tual Address in a 32-bit Operati ngPCIE289#00TH
MEM Server | D 406 and the MEM Block ID 405 are 16-bit

om0 GBI TGS B B0
i S b Y i a2 T

Ad S {n a 64-bit erating System and the nunber
10043 o dﬁf(?-slclolﬂ“ftfﬁteé ansgab%i@ﬁnﬁ of agyighatt eHRPHINE SBYEONEEHE as
normal | y Operating System dependent. The MEM Server
comparisonq help yadesstendinbeprsesat inpentivg. lytee nferisl corapiting as
illustrated in FIG 9; however, they do not have to
envirotmeent hbthe priomdybenyirolimdyit 98, varidust doenputer eppdioationg 100 elgs .
[00481 Referring to FIGs. 8, 9, and 1D, the MEM Cel |
Oracle I8 riusthidugh aeompitedpettihg Hfsteni105] Thelbstasutis Bk iMonfukhal
or physical address If a DMCE application 140 buil ds
includ i i i >
e G ar seane Rty ) 1 P ol
- I+ . .
systemglﬁé E}chugeg gg resgeh#'wgd‘g r’l:aggi légﬁsegﬂ?uc urcg %?@RAM
referred to "confiqurabl e’ .because a_qroup . of
forsorft FiBliohs Tt e e PrupESR AR PR Rt ng
onl ..mappi.ng of a server ID or black ID .
progra & 33 G AP HAHLESYSISm Hbal JPasuqsy Faress tablos s Sscogize up fo
. configurable structure nakes it easy to copy a bl ock
4Glgab)ﬂeﬁ'ﬁé%iaﬁl¥mt6@ﬁlhént that may include nenory addressing
i nside, fromone server to another w thout | osing
[0044] ad VK3 d Deitlogietsis i distiutedReidputingerDirbimertio hadisttibut&ls
kernel or inside the OS kernel is further described
computied @wirodiGeAMDRIIE)/a066O8IwHikdd 1SRO8 3B bd shalBRADE
Referring to FIG 10, the MEM Server |D 401, 407 is an

other cliéifl @¥viée3 135 MHEREN maPeIRiting BrviRAkR: 95ARLI8IRAMemory

Server 130 including a memory management unit 135. Two DMCE scenarios are shown
in ¥IG. 1D. One scenario is to modify the virtual address handling table 110 and logic to
recognize not‘only internal memory but also the networked memory 135 through memory
cache 125. The other scenario is for the application 100 by directly using the DMCE
virtual memory address scheme, which is disclosed in Figs. 8, 9 and 10, to directly make
networked memory 135 addressable. |
[0645]  Inorder to access more addressable memory than a normal Operating Systemn
can provide, a DMCE Virtual Address scheme is described. FIG. 8 illustrates a DMCE

Virtual Address scheme for a 32-bit Operating System, and FIG, 9 illustrates a DMCE
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[ 0050] Each entry 501 in the Menory Server |D Lookup
Tabl e 500 is a mapping between MEM Server 1D (index)
406/ 414 to an entry of server information 502

[ g 5 a Server |IP address, a port nunber
Wog@?}ﬁgﬁﬂ%‘{cati on, etc. The server informati oRCEE52004/001711

i ncl udes whatever information is needed to connect a
vintual (SRS p R » ot ey YRR, BB SR et i
addres s e ot b puinb Bt b BTl ek °"
icex (B0 YEN SerperuD i Migoars Epesk RGpAFin i f Blpgk 107 and

addresses, instead only changing the , mapping entry
a Memgry Qffset Inderdeslleg MM CollIB0kup Tabl e (assum ng nenory

content are the sane). [0052] Still referring to FIG
{0046] 10, Refaihg exIGy 85Hd MEMCell IDetd iy loBeg SR-bitpottivakng

Table is a mappi ng between a MEM Bl ock | D (index) 405,

DMCEAMidud Raldeess @ra3vbioOpdratingy Systekh THeddBMSeryeali® 406 and the
i nformati on 602 including a starting nenory address, a

MEM BIBSPIY 403386 1 6 b BachiréPediiveBeds ibistaRI™ FIGR BTRSwdver, s
bl ock and the daenon process IDif a different block

' j ' r BiAbR (further described
do n°"‘%§'?2‘?jﬁéirde?‘ésf“f‘?ﬁﬁ3{°? oang%G&ﬂ 2and FIG 3). The
ad sin i 08, Q. nmory
[0047] 4ot BE %%m%%mggﬁsﬁ%%‘é%i Igg“r‘]\}’ g? %’%&%%ﬁ*ﬁ"ﬁ? to
re-map, al | jndivi.dyal addgesses. ., lnstead, .onl he
DMCE g hlzsss o oAy biteratieSseiran A W mymper o PP
. Lookup Table (assum ng menpry content are _the sane)
portion;igalshegrgigurable gubnyrmally Operappg Srstem dependent.  Hhe MEM;
il lustrated bl ock diagram of how to access the "real"
Server Hl d14ysl thoREM Blogk TR 43 preIrhiteach, g Hlugimaed igiKEen 9an
Operating Systemvirtual 11 WO 2004/ 066093

howevdrGhéy EPAQ 4400 Bé thosamkniess of bitsamé thep pyel configuraie.
program Instep 1120, the Application dient 100

[0048] R/L qvéf@lﬁg% ATFICRES, M, hitD1IBVEE BIBM iOel] U lis tBel theSsy ¢fset bfan
nory ient 1006. The Menory dient
underlying virtual or physical address If a DMCE application 140 builds above OS kernel
105, the underlying address 403, 409 is a virtual address. X DMCE builds inside the OS
kernel, the underlying address 403, 409 may be a physical address. This addressing
structure is referred to as “configurable” because a group of addresses may be effectively
re-mapped by changing oniy the mapping of a server ID or block ID corresponding to
that group of data. This configurable structure makes it easy to copy a block of memory
content that may include memory addressing inside, from one server to another without

losing address accessibility. Building DMCE above the OS kernel or inside the OS

kernel is further described below.

10
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1006 holds a transl ation table between OS Virtual
Address and DMCE Virtual Address. Using the Menory
Client translational table, the Menory dient 1006
wo{yﬁﬁk ranslates the 5 OS Virtual Address to_ a
§%° Address 1221. The DMCE Virtual Ado"r‘?éré'észp"é”"“”“
1225. Then Menory Cient 1006 uses the MEM Server

o 5K 4SRN 00 B3,

ther processing. 1222. The Menory
ServeréZi\gtglfu ilg'%]fgg@ts request from Menory Cient 1006 for

0050} th 49% aCC ﬁgﬂg’ge anﬁé)ﬁ@mp\éﬁ% R%Saégagﬁpsﬁ’ges

|Ilustrated|n Fi to determ ne the NMEM Bl ock

betweep MY Serer B2 (mdqugﬂﬁﬁ 0 apsiiry of seeenfasmpticnedi2dpciuding
1002cal cul ates the "real" address fromthe starting

a Serven R adslsess,of porhemberpantheitication, ¢60 ZTheaerved ihfosmatame®2i n
Fig. 10) and the MEM Cell|l ID 1224. The result is

include® hagvertihforrhativa iy ndeded/iorcomicet ARlembelCms 1806 dnla act ual
Physi cal address 1227. 15 [00541 Referring to FIG 8,

MemmsrfS%{-@r 1602 (HusitePinTed 1AGHadBIr am of how the real
address 403 is cal cuI ated in"a 32-bit Operating

[0051lsy3§(fﬂ{?gfe8%ﬁgrt he F\% &£§% ng %P@g}éfb&%ﬁé
o i %ﬁﬁs@%&g IR R

Qred.in MEM Cel | D sthen add hthe
memow&w hevige fo wragn ihelsdigesss %eafei&ng apging the 5.
_address 403. Referrln to Figs. 9 and 10, there is
mapping|qnirg 1 te dprasiy BlockTRd oalkep bl (eseuming mepery sepriges the
calculated in a 64-bit Operating System environnent.
same). The 64- bit OS address includes portions of 40-bits
409, 410 and 24-bits 411, 412, as illustrated. The OS
[0052} ad dStilbefdrling ke THIG, #8] each antdyi6Ol in thd Mendogy Bloek D Gookupt
wi |l be appreciated by one 12 WO 2004/ 066093
Table 15’951@1%& éhld MEM Bldck | TBindex)408, 45 land AiéntidFedemory

64-bit address structures are simlar, and do not

block di’%@@eﬁhfo‘hﬁ&fﬁntdm IRRRREE @étarbﬁg m@fn%ﬁ%ﬁreb@ &%@.ﬁ&y pagk¥e,

calCul ation using the | owest 40-bit
the number of memory pages in the biock and the daemon process ID if a different block

resides in a different daemon (fuorther described herein referring to FIG. 2 and FIG. 3).
Thé addressing scheme of Figs. 8, 9, and 10 allows memory data to be moved between
servers without having to re-map all individual addresses, Instead, only the mapping
entry 406, 414 in the Memory Server ID Lookup Table (assuming memory content are
the same) is changed.

{0053} Referring to FIG. 11, there is illustrated block diagram of how to access the

“real” address 1227 on a Memory Server 1102 when given an Operating Sy‘stem virfual

11
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simlar to that wwth the 32-bit OS. The MEM Cell 1D
407 in the | owest 40-bits is used to get the Menory
Bl ock Starting Address 602, retrieved fromthe Menory
5 Lookup Tabl e 600 using MEM Bl ock 1D 413.
wo "gﬁﬁ‘."%ﬁ 24-bits of the Memory Block St ar PEFHESRAHIELS
41 fare directly copied to the high 24-bits of the

il | et =
address i a Sy it in sep 1450, B8 SRl CRenf 100l A0S
over Lt he 4. l.imtafi f -bit. operatin tem
on OpefiSg Syséin Jrtgh adgte b3 BBy O st ARG ety BHSHE LY
such extension s n t ho appl | cabl e
1006 s S rgnHIoPT B PRteR OIS VhEa ARG ArOIMUEEVERBLARERs: e
. resent invention. The FIG_ 2 illustrates a
Using theMemgty elignd franshtional fiabds, the Meypony (iepbolP0p fhsndeagslates the
directly uses DMCE Virtual address to access nenory in
OS Virtvghdyddress Se a DMCE Virtal Addressal 2dbr EhadMUR Yistial Address is
configuration of FIG 2 in which client application
1225. ThesliMenédy \CliRaCHO6 ases tieEM Seaver INVBIG6HY4 toegey siatéd Bepvigh
a Menory Dispatcher. In the 15 enbodi nment illustrated

informdtidn 508 (asHlusted BXETEN @ hndR oM e¥t th Theviilériiifiad batver for further
transparent to the client application process,

128 e S NOPRR Aol sl BT i
Ve

memer SR B SRS b B

e SRS O e ARG b

20 nmenory mappi n(_:i) in a 32- bit in-seryer or
1223. Nexsthe Mempsy Servieri 108 aictlates thee reabt addressi fpedhesinting
menory for an application process should be within 4
address@f thegnemenyibdock £6(Roas ilusiatedanl Figo 1 0)aand ghe-MEM Cell ID 1224,
environnment. The "Virtually transparent nenory
The resob fpdithgr’ the MentorySérvat\Ecual Addbdss oithe actuaiPhysichbaddrasbl e
for 64-bit environnent. For any application process in
1227. 32-bit 13 WD 2004/ 066093 PCTI US2004/ 001711
environment that desires to access nore than 4 GB of

10054 M MRRYring tdFIG2 8] therk RSIRGRIATHIRR diRHROSH iR the tAl adaRish

S
i n-server and cross-server situations. Both FIG 2 and
403 is daldRated if5 82-bit Operating System environment. First, the MEM Block 1D

405 is used to get the Memory Block Starting Address 602 of the targeted memory block
from Memory Block ID Lookup Table 600 as illustrated in FIG. 10. The memory offset
stored in MEM Cell ID 401 is then added with the Memory Block Starting Address 402
to get the real address 403. Referring to Figs. 9 and 10,7 there is illustrated block diagram
of how the real address is calculated in a 64-bit Operating System environment. The 64-
bit OS address includes portions of 40-bits 409, 410 and 24-bits 411, 412, as Hllustrated.

The OS address illustrated is a Linux 64 Intel version. It will be appreciated by one

12



10

15

20

applicable if the total required addressable nenory is
less than 4 GB in a 32-bit environnment. 5 [00561
Referring to FIG 2, there is illustrated bl ock
diagramin which a daenon 1074, 1078, 1079 in a
wo%”@?’@@fmeach hol ds one or nore Bl ocks of neRfk/|jS2004/001711

Appl i cation processeshlozl 1072 and 1073 access
E
shﬂedlféﬁaafg%%ﬁer i OSSOl L R0 el

borro rrerrpry from ot her. daenpns
from the geppe &ﬁg BERah JIVERR, ?&sﬁ%ﬁﬂiww&@ﬂawgﬁdo%%s or
bot h, one f)gl i cation can access nore than 4 GB nenory
similar forthat veith the 82-bis % ThaMEM CeldDi407 insthe lovest 40nb1tsuﬁlsesi to
one nenory daenon can serve nore than one nenory
get the Meimony BloBb Btagingpldesss 6@2yoetyieved fioar the Metozy Blosk ID
application processes. And as illustrated in FIG 2,
LookupoTubleag0l using MEM Rlockd®s4] 3¢ dihe highradvisitsefithe WidniamBieoke
than one nenory servers. For exanple, application
Startmé%&&%ﬁll 10d &r&ﬂ? lcopied ﬁﬁﬁ@ﬁigh&ﬂ% gemeRred Alfdrek94 82 apd
In order to nake i n-server DMCE and cross-server
etworked) DMCE transparently equivalent in
ﬂiustrai(eﬂ ¥ Virtual Address, the MEM Server ID "0" 1is

s, 53061 B, PSR RRek b B Sl 6 400,
e o s 9 e BB Y 52

100581 Referring to FIG 3, extendin mermr access
such exgapsion syseer an meftipds ateiapplicabledo a Gibit

within a server with mam)r?/ communi catlon through a
the scopeofiths pre®intioventionr ThOBIG. 2dilustiates a cenfisnirating that glient
Di spat cher 1083 keeps a nenory usage history and,
applicatibepretass directig fsdsMMEEB P& TId] iatigresscto Iaa:lesnmanmfyi:phien:tory
menory usage across different 14 WO 2004/ 066093

‘Server. PG, Y&20R6RADEnhlzd chififkatiob®f FEG.2 i Whitch chigs applicativn

Di spat cher 1083 may optionally be configured to

indirec{g% ﬁégb%gs nr%fﬁ;/i&g 11}) %’E{eﬁrlﬂ)gf tgt\el\rgé‘r t&%ﬁgﬁ B Yciey DRPABHFerOfn fhbe
embodiment illustrated in FIG. 3, the extended memory is virtually transparent to the
client application process, meaning that the client application process cannot distinguish
between the memory from its local usual address and the memory extended from
Memory Server. Both two configurations are applicable to the cross-server networked
DMCE environment. For use of the embodiment of F1G. 3 (i.e., virtually transparent
memory mapping) in a 32-_ bit in-server or cross-server envirbnment, the total addressable
memory for an application process should be within 4 GB, but this is not required for a

64-bit environment. The “Virtually fransparent memory mapping” as illustrated in FIG. 3

is most desirable for 64-bit environment. For any application process in 32-bit

13
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-applicalple 3 7he toknd requivesbaddressab

nore) different Menory Servers 1076. \Wen one Menory
Server 1076 fails, the Menory Dispatcher 1083 wi ||
automatically re-direct the nmenory access to the

5 Menory Server 1076. [00591 Still referrin
wo?@?)g%r@é 3, such a Menory Dispatcher 1083 iBCyUSZ‘“"”““”gH

;:ross-server DMCE can be built into a special devi (r:]e
enviro I%%%@%ﬁc*g%‘eﬁy %%ﬁ%%&%@ﬁﬁé% &E@Eﬁlﬁﬁnﬁ@?“l Tﬁe@aﬁfﬁé %g?f
i in Fl 5. The, MAN Sw '
embodifnent 13t poh Bechor 50g reRierveR gugons et B qug Bzt "

00601 Still_referrin? to FIG 3, such _a Menmor
§ memapnigless thrdGBy 1p@i 34
transparent address mappi ng between an OS Virtual
environAgdt.ess and a DMCE Virtual Address. The Menory
Di spatcher 1083 holds a Lookup Tabl e between the CS
[0056] Vi rRefatingbdf16s2, there istiHestialddblodkrdiagedm #dsliiels 8 dackfons uch
functionality is enbedded into the Operating System

1074, 16%8,1679 intah@Feetch holag oBP hed Blsuks b AahHaITE Apslicitios 15
on that OS will not have to be reconpil ed. en nenory

processS€10/! 0702404 1673 LY Bxiehded emd}f Ik tROOIMUEE Richi t S
main functionalities Is to provide menmory sharing

e U1, LG8 s Ep ], S5
e 5 B SH LRSS A Dot

functional ity and will be further disclosed.in"’

1079, of Bethcruciagplicahen capaepesgmors than 4 OB permory gn 3 3201t Net wor k
Attached Menory Server 1044 (abbrevi.ated as " NAM

environgnt, ohs iflustygtaddn . ane mempTydacmon pangemicaeore Han ohes
Menory Server functionality is called a Network

memorAtliant hBut exdvbyle ey séfrdS] (78 strvesdpplieation procbébdd. Bmd'ds.
There are no strict differences between 15 WO

iltustrate® GAFITH 8 0dhe abjlicatil? Prodése Qdn/HokrovemeiAddy Sy Siorefish oM
Box, they often refer to the sane thing, and they are

menr 0, e R Rl o
1079 and 1074. In order to make in-server DMCE and cross-server (i.e., networked)
DMCE transparently equivalent in the DMCE Virtual Address, the MEM Server ID “0”
is reserved for referring to the local server 1070.

[0057] Referring to FIG. 2, an across-server DMCE Environment is illustrated when
Memory Servers 1478, 1074 and 1079 are on different physical servers.

[0058] Reféﬁﬁlg to FIG?B, extending memory access over the 4 GB limitation of 32-
bit operating system within a server with memory communication through a Memory

Dispatcher 1083 is illustrated. Memory Dispaicher 1083 keeps a memory usage bistory

and, therefore, has the capability to balance dispatch memory usage across different

14
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NAM Box 1043, but not required. Additionally, Network
Attached Storage (NAS) functionality and NAM
functionality may be conbined into one server. It wll
reciated by one skilled in the art that
WO?@F‘@‘; ?32 and software for providi ng networKeHUSHeHNOEEL
for sharing nenory may be achieved in a variety of
MemoYwSeivert 00B2 The Mepitey Disphtcker 10§D Ray bsti bE&Mnfigured to
application 1006 or a S?I I ent mach)(n%tl 1005 thagmhas
ARl efahb S8 kb hiRS b Patiples of tHRWhint 1 b The
providl R ¥elcht R ek HRE b Abies o tHUhdt dofhofl bIbAS tvho e

nory dient urt I'scl osed

oo R OO SR RmEBASATCoRR  L
e e PSS S St ikl

rovid ot only nmenory sharing service to nenory
Memo eéYﬂrgalé;OS, but al so provi des menory access | oad
__bal ance, fault tolerance, high scalability, and high
[005%1ay aSilh piferring to I8G B, sueled MemornDispatpheG308Min artbsS-serieaM
Servers 1044 and 15 NAM Boxes 1043 are connected wth
DMCE ¢ap bedtilicintosa special dedio6for faser ponckssig6 ThatSpetsed devites
serve the nenory clients for a nmenory sharing service
furtherafestribed aclMemdryod h NetvorEIWRK) SwHE 1068, iBustiele ] INGL 945
is used for MAN functionality (backup, mrroring,

The MARIS Witch Wil @Ry ilRkEated RIS bederhia 'tc?ﬁgg Hyet wor k or
Menory Backend Network 1045. 100641 Sti referring

v 45 (S Sl P 5
oMYy 84S b A i B
ovcs i 4 i R T AL ARES ©©

appreci ated by one skilled in the art that a variety
the OS Yivtyel Addpesa el (e DSUGH Virtiehaddrsss1 4f weh f00dyeBEGS3

PCTI US2004/ 001711 rmay be inplenented with the present
embedigd iatettheQperatingSyistsn keued, e existing kppicativ progeamsmnying

schenme is further disclosed referring to FIG 19
on thattf2f will nobtietvet to ba adcbmpilesh Skihem memory servers further group into a

network and one of its main functionalities is to provide meﬁlory sharing service 1o
clients, such a network is called Memory Area Network (abbreviated as “MAN”), as
illustrated in FIGS. 4 and 5.

[0061]  Referring to FIGS. 4 and 5, a networked server, which has Memory Server
fimctionality and will be further disclosed in connection with FIG. 6), is referred to as a
Network Attached Memory Server 1044 (abbreviated as “NAM Server”). A networked

appliance or device that has Memory Server functionality is called a Network Attached

Memory Box 1043 (abbreviated as “NAM Box™), There are no strict differences between.
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source NAM fails 1044, 1043, one can replace a failed
NAM 1044, 1043, with a new NAM 1044, 1043, by
recovering the nmenory content of the failed NAM
343 5 fromthe backup NAM's) 1044, 1043
Wo}@grﬁ%ng the contact in the new NAM 1044, %szof%%'i

Still referring to FIG 4, in order for automatic
oo S AR Ap (nsl B i kv byl e it

fefeﬂedﬁ’gg’g M@h‘f\iﬁ% éﬁﬁ%%ﬁ%aelﬂ‘gFWﬁ%h?erw ce,
t addit [ t [ t
NAM Baﬁaofseaétmb&%%w%om{g“wna@h&%@v ok e S A ot <
based on a | oad bal ance al gorithm That | oad_ _bal ance
functionalityend NAM fangienality mmbmcqngm a4l intgrong perears WG i n t he

art, will pick up the next server (which will further
apprecidet 18} e |skidledlinrthé axt thahlgariﬂ‘&arﬁhnﬂ s0f®9areafou pm@ﬁmge@twqrbed)r y
access requests ("malloc" "read", "wite", "delete"

somesf&ﬂsﬁ&ﬂ@rbém&iﬁ;ﬁayfb&hﬁﬁe‘féﬂﬁchﬂmbﬂ’w@ls.G 14, 15 15, 16
and 17) to that next server. In such an automatic

[0062] Sctaeﬂsmo%chemmaéarcﬁ%t phicalibh 1006fdr helied tatkaeio0sd by
he spatcher. Therefore, NAM Di spatcher w ||

that has 1 W bty il in RRERRREL ?E‘%E“‘i"fi Ehpiaf0s fan ¢
100661 T
beﬁ’“hﬂ‘?ﬂg‘?sf’%?g %mr—ﬁé\aggal’g' simlar tg ?heoeln‘onggit rrent of

20 _except, th t he aced

10063] vj e RBAGS AATHNP ST ATAN %&@%P?a%mva#

do the work of the NAM Di spatcher in FIG 4. %)
“MANRésf apatwork with argrosp @@Awﬁ@r@rs w%@pWﬁéNAM Boxes/14

bl ock diagramof a MAN Switch device 1066., al so
Memoryg AoearNerworkHS4 Newovides net oolyanemory Bhaging4eigice ReEBIst ¢ h

1066 17 WD 2004/ 066093 PCTI US2004/ 001711 in FIG 5.
clients 1008, BibblsSpiotvites hembrylaeess laatl bhiaace! fanh ¢olérandephiping

informati on: Menory Usage Hi story 1246, Menory Server

scalabilit}) 4a@ BiphRivAiaBility. 181 Prefdiihd i0FISH] Nghd\R PAM Servers 1044 and

NAM Boxes 1043 are connected with two networks 1045, 1067, Network 1067 is used

to serve the memory clients for a memory sharing service and is called a Client Network

- 1067. The Network 1045 is used for MAN functionality (backup, mirroring, fault

{olerance, etc.) and is called a MAN Network or Memory Backend Network 1045.

j006-} Still referring to FIG. 4, the MAN Network 1041can be configured such that
bne NAM Sérver 1044 or Box 1043 is backed-up by aﬁother or several other NAM
Servers 1044 or Boxes 1043. In the operation, any changes on a source NAM 1044, 1043
will be copied through MAN Network 1041 to other backup NAM(s) 1044, 1043. It will

be appreciated by one skilled in the art that a variety of backup and recovery schemes
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Tabl e 1241 and Backup Server | D Recapping Table 1243.

[00681 Still referring to FIG 20, the Menory Usage

Hi story 1246 in the MAN 5 Switch 1066 i ncl udes the

j tion of how much nenory is used for_each
WO“‘J()G‘I'"%rﬁ'g?he i nformation of |ast nmenory operd’ngﬁgoﬂ"@ﬂﬂaﬁl

history information is used to determ ne which NAM

may be BhdibmSREN iR tb]E ‘gﬁ%mﬁ enthdif. Yeh erfbodiigh bf’é?bag kfp atachi ve a

nory usage a anci ng |f so desire MAN Swi t ch

recover%%) g\gmg ?ﬁwwc%s E c g&r It:n:n # cﬁ) %@ﬁo%ﬁno% a’VI'—B?g Bance
source Wﬁfﬁ@@? PECRERTS %ﬁ@éwﬁw Eff%% R gR o

use qne of them for Ioad bal 00
NAM l%ir é?fﬁ Ry Tegovering thegnenary oeét?%ftahp%ﬂfg 13%%@%242
at | east includes the information of Server
from the bavkep NAM(s)IIH4.c4045 and gtoria $he qontect,in ﬂme'(Vé\derQéﬂ )
aut hentication. Such information is used in directing
1043. nmenory access requests to targeted 15 NAMs) 1244.
[00701 Still referring to FIG 20, the Backup Server
[6065] | DSBH ¢efRing $o Fidh Ueinlotdsd forhutdiic Buwltttelbradédtmd isetdbilite s
the information of which NAM's) 1244 are the backup of

to work i1 td\!éMe%z fidd baRskel SneTRRPEHIIf LRTORRcloM ]§I%F\J/E€ﬁer I D and
Block IDto another MEM Server |ID and M Bl ock

(cauedltheQ%ﬁe 5‘?"@ enabLilgﬁ%\/Efg:hvveengfeﬁl‘eb smr ce% ?g%{f arl\]/gN
service, 35 fiticpalib b Recpinstatinty sRG b %?%4&%&%%}?%%
memorg RIS E S AR AR BEgr ot TG oMU

1244. 18 WO 2004/ 066093 PCTI US2004/ 001711  [00711
algorithgy, isch as squsdrpbin, ar ethrrsdinop in theartywilk nickaun tha geavappen g

Table 1241 in MAN Switch 1066 is simlar to the Backup
(which @it foether i dietraphiefogrifgtiol FHG1 13) 2nd FidredViremornancessy

requests (“malloc” “read”, “write”, “delete” which will be further disclosed in FIG. 14,
15, 16 and 17) to that next server. In such an automatic scheme, all memory requesis will
first be examined by the NAM Dispatcher. Therefore, NAM Dispatcher will keep a

lookup table of each connection session to its targeted NAM (picked by NAM Dispatcher

" at “setup” and/or “malloc” stages).

[0066] The embodiment illustrated in FIG. 5 is similar to the embodiment of FIG. 4,
egéeﬁt that the NAM Dispatcher is replaced with a dedicated MAN Switch device 1066,
which will do the work of the NAM Dispatcher in FIG. 4.

[0067)  Referring to FIG. 20, there is further illustrated a block diagram of a MAN '

Switch. device 1066., also shown as the NAM Dispatcher in FIG. 4 or MAN Swiich 1066
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Mappi ng Tabl e 1241 is used when MAN Switch 1066 is
confl gur ed to automatically mrror updates, e.g.,
"wite" and "del ete”, of the source NAM 1244 and their

NAI\/(s) 1244, Any nenory update re
wo%b‘i).ﬁ{;tﬂgév\“ te" and "delete", are then nul t?@yg%zo%ooml
source NAM 1244 and backup NAM's) 1244 at the sane

in FIG. 5] TBe MANISWRE 1 06Wkeehd 4t WaBAhE HoilBWidg lﬁfoﬁnmammog
requests in Menory Backend Network 1045 of Fig

Usage ﬂ‘%g\%’zl)c?réé tl*l oérﬁfgﬂfgh?go%ﬁgﬁla&eﬁég%&{ﬂﬁﬁ%% ﬁﬁ%‘%ﬁ% 1066

roe ORGSR AEALE, T SRl T

100681 { o Spltesiominzo BiCL N e Hisiary Crenthiy 1906 pue USE
functionality is illustrated. For_ networked DVCE, a

Switch Kb iomindes thednforpativarof bew noxh memory isasedioreach MAM apd
connection to Client Network 1067 and anot her network

the infoomativaof lastmémorytepetationsBSutichistotydtfoomitiondsi ased ¢ deterinin
MAN Network). The two network connections to the 15

which NAMewill sbiet waeit ntH6Fetapithr t“halldd o eichiva altentbriNadago lokd
1045 may be col |l apsed into one. For in-server DMCE,

balanciidi? So SRREE CMANSH¢h 1086 hAiR©R thohy bidli-in Bh@baliicecess
connection based Menory I\/Essagl ng Channel An

algomhg:iégéﬁfllg%%) 'n rg'}’at e erg%p I cat %l Ok}ﬁé ry ReS| ent agnel 19
Da
When S?Y?Eﬁ@%ﬁ?"%?%%%ﬁ‘%%ﬁ%%? coRFERTEY Y gt hem

er 20 0299-0005, Inventors Jonathan Vu and

for lo 8By Chen, incorporated herein by reference. The
mai n_functi onality of these connections,. eithe

[0069] netSHlirrieaingito FI(. 28y the Serverd D lepokpp Fakle 1%’4‘%&%@%@9. on
channel , or nessaging channel, between a Menory Cient

the infor0@i®na Server WeGndest) BeSemer TPLgldeess, Pors, andrtoptionaldt i on or
nmessagi ng channel allows a Menory Cient 19 WO

authentiRQibh. ok BforRENbAS28EYiN Addcting mehitd ) atoassyeqnatsirbnmrggted

requests to a Menory Server 1002 and all ows a Menory

NAM(sperager 1002 to send nenmory responses back to the
nmory Client 1005 after processing. The

{6070} Still referring to FIG. 20, the Backup Server ID Recapping Table 1243 in
MAN Switch 1066 includes the information of which NAM(s) 1244 are the backup of
one NAM 1244, and is mapped from one MEM Server ID and MEM Block ID to another
MEM Server ID and MEM Block ID. Such information is used when backup and/or
recovery is eﬁébled between the sourc;é NAM 1244 and target NAM(s) 1244. When
source NAM fails 1244, MAN Switch 1066 uses the addressing information to
sutomatically re-map the memory request originally addressing to source NAM 1244 to a

backup NAM(s) 1244.
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net wor k connection can provide a variety of data
transfer rates, e.g., Fast Ethernet, G gabit Ethernet,
Fi ber Channel, USB, and the like. 5 [0074] Still
f ng to FIG 6, the Menory Server 1058 has a
WO{\@M&&M"’Page Pool 1052, which may contai n TnEUP04g 21
Menory Bl ocks, with every Menory Bl ock containing

10071] 'aétﬂ,rmcmn ﬁ@f%d\/ﬁ{é%aﬂué’&gﬁgmbﬁn TARe P241 in MAN

envi ronnent, each Menory Bl ock™w not exceed 4 GB

s T B H G R S e
vionin S SRR S  MS

Pages. 100751 Still referring vvorked
mirror updaiRSs §8-SEWRET and)igletegof &lgﬁﬁoawas‘fw lg%m fiae!aba

based Storage 1051. File based storage 1051 nay be
NAM(s)f1844.egniptmaory apdaterequastsy, €-gaf Wit dind “deleie”, pdhen  SAN s,

etc., and/or conbinations thereof. File based storage
mtﬂticaslﬂn&buice N d 24 bandrbackugeN Alelis)rig44 ai-the damebimuk MNulficasting

recovery functionality 1053, (which is 15 further
elinﬁnat%ﬁlh}ﬂéﬁ@dét@fe@ﬁésw‘iﬂ Mendry Bacidad Nvbwork YO45RANEE. 5( 0 i s

normal |y nmuch faster than hard disk 110. However nost
CUE&S: | o QRN t he
[0072] poag?lq% Héﬁﬂ'ﬁ'ﬁe i nd of I\/brmrlyd,agv\ll[%lldge §1ﬁ§§ﬂ?g'2’téo§11§%
[
the next SN W ol kB0l B i fIBY Pheve il BB |
an . ecov.er h| t.ect of the
memorym?@}%?ﬁl %ﬁ&bﬁlﬁmﬂ@% i 0%?‘} ?qm'rce*?%‘ Ry o FiG
at the center of network Memory S ver J,Ogé is a
{0073} fuBéferf&}ﬁ tpFH&16,  Block dlagmmoy %?Wéewﬁ’é 1y $ne
Menory Server Manager 1056 keeps a l\/brm Bl ock

illustratedo BpanetwersebDVAE, b nptworkedemeors Sprver 10583 F e 10)

for virtual address nmapping cal cul ati on. The Menory

~ networkSennetiom Gipat Natevotk Wi dhd sngiber sbmyriaeminggion@® Memory

2004/ 066093 PCTI US2004/ 001711 processing the incom ng
Backend"RB@voyk [®GY6iSdatled BIAN Newkoirkg Thefw@aictvgprieomneytions to the

responses. Optionally, Menory Server Manager 1056
Client Nk 4667 RAGKL e MBADB Ak SRS WOOTD4SRIR Y collapsed into ope.
For in-server DMCE, such connection can be replaced by an inter-process connection
based Memory Messaging Cbannel. An exemplary embodiment of a Memory Messaging
Channel is described in related applicaﬁon Memory-Resident Database Management
System and implementation thereof, filed January 22, 2003, Attorney Docket Number
0299-0005, Inventors-J oﬂathan Vu and Tianlong Chen, iﬁcorporated herein by reference.
The main functionality of these connections, either netﬁorkéd or in-server, is to provide a

communication channel, or messaging channel, between a Memory Client 1005 and a

Memory Server 1002. The communication or messaging channel allows a Memory Client
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to file storage, recovery of menory pages fromfile
storage to nenory, nenory backup and recovery from
one server to another, and (optionally) rrem)ry bl ock
and 5 recovery fromone Menory Bl ock
wog@g)tﬁ eF. Itens 1053 and 1054 refer to | ogi EET’USN“‘”““”“
connecti ons. The l\/brmry Server Manager 1056 al so

1005 to%gﬂlﬂhﬁﬁo R oBAR2 N 00 AR Y WSS Me%or}gé%ezand

not” shown in Fig. 6) through

1002 toSgd] '&“@W%Sﬁ% H%ar%gtl | sﬁﬁlﬁﬁgtﬁ%‘éﬂn‘ﬁ’eﬁ? ?ﬁéf'P?}E‘“eQ@b e,
Va 1056 [
netwoﬂwéﬁ@?“#)&mwg 8 o Ve 4 R0 o T 680 bRRRE ot

hown) for jnter rver f nctlonallty as disclosed in

G1gab1t|&§lme§r,,F,&be§ £hagnel,d 41 (referring to FIG 4
and FIG b5) stem confl guration. Menory Server 1002

(00741 rgtillasie ot (G bokbe Msmers St 1038 205 ebdsmpors Regeitol
rel ated application Menory-Resident Database

1052, whtiohaggynentainSns vemoerideinopt Bloeks; with every Meanoey Block

i ncorporated by reference herein. 15 [0077[ Referring
containing@ ldrbévohimestofMetdsy Page! di 32-bivienvironnicht, emsh MiO@Sry
functionality is 1llustrated. Menory Client 1023 is a

Block \Llp%i 5004 BB §zd. NBle STRTFLSD MEnbRBIGAN d6kdibuablcathe

ient machine 1020 as an agent to handle all the
s ot Pl AN R i B UEIB M B RRISRGBEES 10 2
h
Memor Bigeks 0 i ot B e %ﬁ?dﬁ?rﬂaw 8ty 20" dl fent
u

1020 and uses_t he ess rectly, t
10075] ¢ Hillge mﬁw@iﬁ %%Etwor GIEPI'Y Freg 1 O8anay ?%wnﬁly
uires re-conpiling the application, but is_ the
contamplrfge based Storage éﬂr%r i Rilerbgped storagsel Oébmav@mﬁobﬁ@mulﬁapn%@éd

to access nore than 4GB nenmory in a 32-bit
more ofimrd diskayNAS’s, TAR’ S eteg and/onemmhbinations thereof. WiledagedGraraget
1020 i s enbedded in nmenory 21 WO 2004/ 066093

1051is RTS8 hRADRLD-FIEBACEPHRA tecuveiry fubbtiddality 1USB) (whichgs

GS kernel to transparently provide extended nenory to

further eééaﬁsedq@ehh@% FINS9. MéndHi(RAMD LR abinvalyemhdhaie ther
bit or greater environnment. .

hard disk I/O. However most current physical memory cannot hold its content if the

power fails. The kind of Memory, which has fast I/O and can hold its content afier power

loss, is still very expensive. Thus, file-based storage is used only in some backup and

recovery architectures of the present invention.

[0076]  Still refering to FIG. 6, at the center of networked Memory Server 1058 isa

b function block called Memory Server Manager 1056. The Memory Server Manager 1056

keeps a Memory Block Lookup Table (as illusirated in FIG. 9 and FIG. 10) for virtual

address mapping calculation. The Memory Server Manager 1056 handles parsing and
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100781 Still referring to FIG 7, the Menory Qi ent
1023 has a bl ock of nenory as Menory Cache 1022 and
Menory Client Manager 1024. The relation of the Menory
i ent Manager 1024 and Menory Cache 1022 is |ike
Woﬁﬁ‘g}'ép@ ation of the CPU and CPU cache i n BETHER&S{% 711
conputer. That is, the nenory pages currently accessed

processigé 'éﬂrgmﬁe[ng rgtkz Sﬁrtre%%%ﬂ g%éﬁ%oz igl MerAély Y8ipodses) al

e applicati are cached in the
. 22. ' ' '
Osione ko350 YRy L0 BB SR o R
to file G riA0VE S EERSS) PR ECE B Dy e paeresg packad |
requesting the targeted, menor age(s)ﬁﬁg{}al t he

and tecoyerdrom EBIcEVeE to anoiier, gad (opHenally LRemery gl and
register the nmenory mapping in a Menory Cache Mapping

recoveril frbinené Menidry Block & angthien Tang 1053 pnd 10Rdrefer todogical
application 1026 can access the targeted nenory

connectfpig €Fhe Mborydepier Managen 105828sd lanédles ¢onmaniedion hetmeanr y

_ page, Menory Client Manager 1024 will first | ook at

Memor} B&védrE1088 ¥ndIemerylOat 15¢hetckodbintigtd) dirodgdheitharget ed

menory page is there. If the targeted nenory page is

networklell of hSserPEBitnY¥ctiop ChendaRke cAllRE M%ﬁ\%ﬁ%%dgﬁi%o%@ﬁﬁc_})h .

accesses the nenory page in Meno

M"ﬁ“’% v f%#ag%ril}‘ﬁg% oon@@&#gigém%lr g@ibﬁ;‘(%e%g hff%ﬂ%ﬂ}gceﬂ?ﬁe
server {BF Ao pbfhTro R e GRGBEIHEL Hierneo by o5 oo,

R e G T BT i S

that the information is witten to the_nenory page in
configumtionr Ye@orhServerri802 mep firtherprovide Hmetenality,gs idescribed 1  he

correspondi ng nenory page in Menory Server 1002, or
related applitation MdmoryiResiderg DatwbasetManagerhent Spstero and Enplethentation

witten to the nenory page in 22 WO 2004/ 066093

thereof RcoiporaOD By kAt hedviror y Cache 1022, and the nodifi ed
page is witten to Menory Server 1002 only when it is

[0077] ' EMRAGHAL tol HIGVW, | d IR dRRAE 6f MeRBry0li«aP B0I8KuhdiRbalitNist he
art that the updating

illustrated. Memory Client 1023 is a functional block that resides in the RAM 1021 of a

client machine 1020 as an agent to handle all the detailed functionality of memory

extension 1029 to a Memory Server 1002. Memory Server functionality can be

structured in two scenarios. One scenario is that application links direcily to the Memory

Client 1020 and uses the DMCE Virtual Address directly to access extended memory.

However, this scenario requires re-compiling the application, but is the preferred

scenario for those applications that need to access more than 4GB memory in a 32-bit

environment. The other scenario is that Memory Client 1020 is embedded in nemory
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behavi or of the Menory Client 1023 is configurable.
100801 Still referring to FIG 7 and FIG 21, the
Menory Client Manager 1024 is the 5 central 1ogic
' bl ock of the Menory Client 1023.
wo%{l’u%%o nager 1024 keeps a Menory ServerPFBUE%’B‘K%’“
Tabl e 1030 in order for the Menory Cient 1023 to

Qﬂén"tﬁl‘ﬁ‘t@ﬁﬁé’{:ﬂd ﬁiﬁmﬁ?ﬁé&ﬂﬁr FAdlexdnall HERBY 2
ranag DMCE Menory I\/E?f)lpl ng Tabl e 1031 to tprrack %’ﬁérnraent y&%

oS e
o 5t B S o

| 1034,
Memog o WS ke onds TO7E o 2600 kG

track what nenory pages are currently in the I\/bm)r%

Client Magager 1024 2pd Memory £ 022 jsdike thatelaion ofitboGPH|agd CP
handl es the conmuni cati on between Menory Cient 1023

cache in agetvtrabcomBeery dihatli§ (e membyimmges afredifnarcsssed hydviemory
packs the 15 outgoi ng nenory service request and

Client Panspes1024emd its actudl ginslagpona cthé applichions 19265 ¢ ¢athed AB2,
and takes actions accordingly. An enbodi nent of a

Memo he/1 030 aNTRg (708 103¥ @le® fPdccdss BdmdYy fdpe(sMARMDS Y

ient 1023 is further described bel ow, referrl ng to

not ““fﬁa'@"ﬂ%%ﬁ“fiémf% Cagi1003. '@ Riepnelly CHAR %’%ﬁ‘% e‘“"
waccee%z%ﬂveéﬁg'%w‘gma E{Wé‘eﬁb&%‘?%t@?w RS et

e onn re |IIustrated
the me‘Bﬁ@’rFQHtcn'i ‘P"i’é& %&’QTY TA‘;‘E a%¢ fe&‘f@ia‘efﬁ%’fy e ok
separate functions betmeen Menory Client 1006 and
Memowé%s o Mepping Tabios ilsirrio iJIG0 &1). Fes, Beepplication] (26 set
a Menory Client 23 WO 2004/ 066093 PCTI US2004/ 001711
access ﬂ?@@@get%mnyrymg@agwm aphbcation 1026ririkeio atG38a memoryol s
exchanges of information between the Menory client
page, Midnnarg €lieitOdnagerd 024 evilMErsblopk Sethe dMenidry Eache 10056.check |

whether the targeted memory page is there. If the targeted memory page is in the

- Memory Cache 1022, then application 1026 accesses the memory page in Memory Cache

1022. The size of the Memory Cache 1022 is configurable.

[6079] Still re'ferring to FIG. 7, in order to synchronize the memory pages in the
Memory Cache 1022 and the corresponding memorj pages in the Memory Server 1002,
Technology similar to CPU Caching can be used in the présent invention, such as write-
through, meaning that the information is written to the memory page in Memory Cache
and immediately updated (“write™) to the corresponding memory page in Memory Server

1002, or write-back, meaning that the information is only written to the memory page in
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[0082] Referring to FIG 13, there is illustrated
bl ock di agram of "setup" defining the basic protocol
steps to allow a Menory Cient 1006 and a I\/Em)ry
1002 to 5 establish a communi cation_chann
wo @ﬁ‘{é%g 9grt| ng point is from 1100. The il us‘(’(f%?%&mm”ll
diagram of FIG 13 assunes that the Menory Server 1002

Memory @a&ﬁ%ﬂﬂ,%& %e%odiﬁéﬁﬁaﬁ@xs@mﬁeﬁ%ﬁﬁ:ﬁﬁy 84:064 002 o TO Y

e setup tine, however this static nmenory

R T T
ek SSRGSy ¢ rorory

provi di ng, pay no har i vice, |t. wll
10080] b Sl spieRIRS Egébim@%ﬁfg‘?h the fepprs sk Rlasigss 102 sy
conbi nations of static and dynamic reservations can
central logictfisqtioniblack of te Menasy Sdight. 102& plamory CliepidManggar 1§24
stage, the Menory Server 1002 wll register the
keeps alMemory Seiveell Lackop Tabled 03®imeddriforthesMesiopnCliab 1 @23tto
track currently connected Menory dients 1006. 15

borrow by SMdmory eliektMNarggérd 024 glso kébps 8 BMOE Mentory Mapping
comuni cation channel begins at the Menory dient

Table 18906 thaek 8Rrehlly Ybed méer o atIiGrthd aadeakyp"

request to the Menory 02 requi ring a desired

| andDNgﬁ?erm nes I enou%ﬁ/}cn%waéeég éo%iggégttl}sg i

theappli ol R %ﬁ?’?%es’ﬂ%sgﬁ%‘{# AR (ol
Managet g4 S fFmont s tentoiior 40 . keePanMIoTBLCoqHe pppe

recei ves the Fal | ure and Di sconnect st at us nessage
Table 193%ip ordegdetracksyhat mepsrepagesiye cerrently in thg Memorg ﬁ?aﬁhgh
menory is available to satisfy the nenory request
1022. "TheldemoiyClivohbiagagse 1 02dralsodeadlesthe cofomuridtioobetrisen her
the Menory Cient 1006 24 WO 2004/ 066093
MemorPCTie3208 4hdBikihbily Sasvdr1 082 arelxhapesfiNMeahony @iehio packothe
menory 1112. If the Menory Cient 1006 will accept

outgoin@ahdndty sdoick redisst Bhd HERER thé iddohdng felifonb i WMdehdr Bbrver
gm% 06 is registered 1115. Next, %1

1002, and takes actions accordingly. An embodiment of a Memory Sharing Messaging

Protocol used by the Memory Client 1023 is further described below, referring to FIGS.

13,14,15,16, 17 and 18.

[6081] Referring to FIGS. 13, 14, 15, 16, 17 and 18, block diagrams of an

embodiment of a Memory Sharing Messaging Protocol (called “MSMP”), including

“setup”, “malloc”, “read”, “write”, “delete” and “disconnect”, are illustrated. Dashed
lines 1119, 1141, 1161, 1182, 1261, and 1213 separate functions between Memory Client

1006 and Memory Server 1002. All protocol actions are initiated by a Memory Client

23




10

15

20

Menory Server 1002 reserves the required anount of
menory 1116. Once sufficient nenory is reserved, the
Menory Server 1002 creates a connection session 1118,
notifies the Menory Client 1006 that nenory is
W"g@’g{“?‘% e for use 1106, 1102. 100851 Sti| | PFEAUSHP4/498711
to Fig. 13, if the Menory Client 1006 will not accept

ove. 0855 g Bl BRI sy b P
S 10Q2 1.h ired f
v eGPl FESRHE T S OB sl TRL

Server /1002 creates a_connectiqn . sessiqn 1118 _and_ 10
[0082] oeering 1o R mEIe e aeied otk dinsiam.! e JEoanb i
of menory is available for use 1107,1103. (00861

basic prifetestepnity allowr Memovy, Cliant 1906jand p Mamary Seer K08 dx
di agram of "mall oc" defining the basic protocol steps
establisih caninogicaionmehynnel. | Bhetstatidi@poin isfénd 206 Theribwspraiedges
from Menory Server 1002, either fromstatically
diagran! SFIBGY BlasHBAR iat FROeROB! Scpver U902dntadighicd ioresased ved
menory pages. The starting point is from 1130. Menory
| HQfrs SRES - Greve® Wi Shtic ReMBFREWrvaRsn 8
mqucStélaOB(g&tog tep ﬁ 31) . vkl

Menory Server 1002 receives the

ot el ) S5 30 U 5, 0
e BT T TR Gt BB 51 o

a failure notjce 1138 and sends ice to

L j th_efailurf nﬁ#)
desirablp featiye WhemproyIdig by eRs ey Shpring s9VIcPs NSHPP i ent

menory is _available to satisfy the menory request
appreciated by oncrlsiliod ipthe agdhaj yariony oombinptines phsfatiqrnd dypamst ed

anount of nenory and marks the nenory "in use" 1140.
reservafitms chfebobuilt Beo this pro®0dl. Aseart oEthd Ssatp® stage.the MemoVCE

Virtual address 1139 to the Menory Cient 1006 at step

Server 1008 2vill 26ui00 (ROVIMOH00R:At FIUBI th/520khé4 M Isédsion 13618 &itack
Referring to FIG 15, there is illustrated bl ock

cment!\%jqc@ﬂie@féﬂ@ﬁe:ﬁdgﬁﬁén@@édmi ng the basic protocol steps
en Menory ient 1006 wants to access nenory pages
6083} fo rSﬁ'ilq'@férring‘to Fig. 13, setup of a communication channel begins at the
Memory Client 1006 (step 1100). Memory Client 1006 sends the “setup” request to the
Memory Server 1002 requiring a desired amount of memory 1101. The Memory Server
1002 determines if enough memory is available to satisfy the memory request 1109. If
sufficient memory is not available 1110, the Memory Server 1002 sends a failure notice
to the Memory Client 1006 and disconnects the session 1108. The Memory Client 1006
then receives the Failure and Disconnect status message 1104.

[6684] Still referring to Fig. 13, if enough memory is available to satisfy the memory

request 1111, the Memory Server 1002 next determines whether the Memory Client 1006
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assum ng that the requested nenory pages are not in
the Menory Cache 1022 (as. illustrated in FIG 7)
ot herwi se such request to the Menory Server 1002 is
n necessary. 5 The starting point is from 1150.
woﬁ?&'&(ﬁ?ﬁg %0dient 1006 sends a read request toPEHES20RHMETHY

Server 1002 at step 1151. The Menory Server 1002
. i3 X - ' 1006
wil acéﬁ%t“‘c‘fpﬁfgg% Jﬁ%ﬂ%@?‘eﬂ?ﬁ]ﬁ%‘émﬁgkg@éﬁé gf‘g%?
. Ny 1155
puit SRR Ut e P 100 e L e N e

Server 02 gener at es failure nessa 158, _and
Memory, gryr 19§ ffrﬁérgvveﬁs FeAuired mguy e‘B‘PrYllé?g'h ng peat
1153. If the address is |egal 1156, the requested
memoryig nesexyed e Memory Fravaed 002 areates agvaection sersignd b8, ped
Menory Client 1006 at steps 1159, 1152. 100881
notifies RefMemorygClient F)G. that entolfeis @vaikablel el a0&d 162.ock
di agramof "write " defining the basic protocol steps
10085] Whil Mefeiing 16Fige 13, ifiOFlehoasy Oldm1§0(=ihkt atvepgartiaby
appl i cations and needs to update the correspondi ng

portiond G TRMorP AV LS, the MbREry BRI Y0EY il rediStered 215, T, the
starting point is from1170. A Menory Client 1006

e 4EE0 85 Rt Ty
Wi 117 '

menon 5 A TR 4 o0 e £ R g
e G S By 8 BB o SEBhr  RE

Client 1006 at steps 1178, 1173. If the targeted 20

1107, 1M¥ory address is |egal 1176, the Menory Server 1002

copi es the source pages to be witten to nenory to
[0086] t aRyfreug toditor ¥4, fhagets idbustated block diagtam efntmalleg1definingt |

the Menory Server 1002 checks the witten data for
the basie iprodscol $t8%: allofvirg Memory tGhentcl0e ¢ allueate npadry pages!from

Wt hout error, the Menory Server 1002 prepares and

Memory B&N&M002, dthetE6a Stitickly Yer 0 fil e pool or dynamically
CT/ US2004/ 001711 nessage to the nory Cient 1006

reserve@fn_et bRPSagtd “Phe shakfilz po% isPfiorf 11 50 Mg@lﬂw 1008 sdnti®a

witeto nenory, the nory Serv 2 prepares and

malloc Hqﬂ(%? {H ﬂd@mﬁr{ @r&e‘f h6026Rp ‘1‘9391).t Rlemory Server 1002 receives the
malloc request 1134, and determines if enough memory is available to satisfy the malloc
request 1135. If sufficient memory is not available to complete the malloc request 1137,

the Memory Server 1002 generates a failure notice 1138 and sends the failure notice to

the Memory Client 1006 at step 1133. If sufficient memory is available to satisfy the

memory request 1136, the Memory Server 1002 allocates the requested amount of
memory and marks the memory “in use” 1140. The Memory Server 1002 then sends the

starting DMCE Virtual address 1139 to the Memory Client 1006 at step 1132.
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the Menory Cient 1006 at steps 1180, 1172. [00891
Referring to FIG 17, there is illustrated bl ock
di agram of "delete " (or called 5 ° free sorretirres)
fining the basic protocol steps when
WO?@@’%&PJ& eases the menory pages and updat eg i{’ﬂézﬂﬂ‘g%?l}
status in I\/Ermry Server 1002. The starting point is

[0087] ff%greeg@gm (;at e ¥ iflsrR0d LILOP BiaBBRESEL B UeliHRY Gl

om nenory and sends the request to

vasic prl ol e e Flals, St e ShBte s mERB PR reat
i R bR Bt 5 e MR 0

Ie al 1255, If the targeted nenory address vvhose dat a
xliustratpc&,thdGb@ fgravise quehgequest ip thedylemony Berygg AP0 is nejdiegessary.-
1002 generates a failure nessage 1258 and notifies.the
The statdagpoipt 18ifioant 1500 Mensary Chiew 006 5ands preadiyequestiteiieed
menory address is |egal 1256, Menory Server 1002 marks
Memor{ Bervert 0@ at steb TESTD Mie MentonpServer- 1962 teckiR6Othe Medl request
Menory Server 1002 generates a success 15 nessage 1259

from the Mérdohacﬁéﬂttlaoﬁ AStepUTSE 2Ad HRESHAS Wikkilich eheMagted/ méinognt
1006 at step 125261‘5 ndi cating that the identified

addressg@%:@regﬁlfsl %emgbelxﬁheqd&rae% B@f&ﬂ}rsﬁﬁ@e’gﬁg?iﬂ h@@@&ﬂory

erri therersr l'ust rat ed bl ock

Server g(iog%gﬁ%tgsf a filhd cﬁ&gﬁeg% 158, 458 hoA A IRRBS] Gl g}ggg,
the falhfrﬁilfﬁ ;&tﬁ\t;égg{egsﬂgfqggl 355, ég%’iﬂ??f Bk hes sLocighease

ry Server 1006.. The starti n? Qint is from 1200.
116931!@??@%“?‘1@ the AMemeory § dienfd 906 atsiepsd 5@&&@% to di sconnect
from using extended nenory 1201. Menory Server_ 1002
[0088] r e dReiferdng toIG: &yuibare is ithurated blpck diagram of ‘Gurite ndefining the
to determ ne whether Menory Client 1006 is registered
basic pistdchl Sidprwhen Séanwey CEOG A 0Ghasshempory PBges chingedby 27 WO
2004/ 066093 PCT/ US2004/ 001711 Menory Cient 1006 is

applicafi®is ah& Bk & BsllafedAd corfvBponting SRRy pd&En (e MR Serer
failure nessage and notifies Menory Client 1006 at

1002. BhERartiPrbint'il bR 178 R MWerhdry ©Hentl U6 réduests to write to

memory through the Memory Server 1002 at step 1171. The Memory Server 1002

receives the Write request 1174 and determines whether the targeted memory address is
legal 1175. If the targeted memory address is not legal 1177, the Memory Server 1002
sends a failure message to the Memory Client 1006 at steps 1178, 1173. If the targeted
memory address is legal 1176, the Memory Server 1002 copies the source pages to be
written fo memory to targeted memory pages storing the content 1181. Next, the
Memory Server 1002 checks the written data for error 1183. If the write request was

performed without error, the Memory Server 1002 prepares and transmits a success
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regi stered 1210, Menory Server 1002 rel eases, i.e.,
frees, the reserved nenory pool 1207. Next, Menory
Server 1002 De-registers Menory Gient 1006 by

wo sfiRMbag the 5 Menory Client 1006 fromits trackin
ta%?Pe 51}206. Menory Server 1002 then genera]féég"%?oo‘”” 1711
notification that the Menory Cient 1006 has

messageStH BfeNShoy OlicRER06 @i 62199, IeT. Heh e6rdebls during the
connection session, 1205 and notifies the Menory

write to Elein%gﬁ bl SSHEP1003 opaldd A8 fraddih S b hifik hbsshidto 12,

conc I agr.am of how nmenory actions

i nel.udi "mall ot 114,ead”, "wite" and "del ete")
theMm?)“ﬁ%&i}f’%lpﬁ%%qge ngpgé’hl%@?i on 1026 to a 10 Menory’

Server, 1002 in.accor.dance w.th.the prese I hvents gn.
10089] oBeBaingds B 175 R it D109 dtierfh OF iy TbF Biled

bl ock di agram of the optjonal . nenory &Q fil e storage
“free” samgtimenidelining thebase protpselatsps ahge Memopnt-lient 100G ]ietf'ﬁ%ﬁi ty

of the Menory Server. The Menory Server wll keep a
the menideyrpages BatupdpiesthRuowey statupidpmoryisrier 10020 The stgging

RAM 1282 in the Menory Server and Me storage 1281 in
point is fom 1250 MEheMymGerClemt 1006eehéraes y rdfaesk toplekitdRintoiremy

Lookup Table 1280 includes the information of every
memory \iaREM s Bheelfuestita el SeBlep CH02 1 Ste ME5 1( OMhe WBIEYTY

entries in the table. Each entry at |east includes

Server 1009 r&BHBY e Féﬂggskfrb AdREmos \ClleaM 008 Ledt) NS4atdieaR.  and
the correspondi ng backup“file name for nenory-to-file
backup, ' | is ;

Memor%gé: Y003 F&? .%}eé%%%g)?gglg%%mgﬁo afGrSsd 19%?%1 fg@g tet s

UFrént sta nmenory-1t o- menory backup,

20, menor age size and th er .of r ages in
tho targfHL D YESROLRS: S0090 oREPBER it gy, MeRods ™ he
DMCE Virtual _Address schenes djsc| osed abgye t he
Server 1003 genaratesn iilve mpssige é%gﬁaané gl iye MampRecicrt mqéét ,
t herefore, copying from 28 WO 2004/ 066093
step 1253CTif the Szeda] wenaqy pddResiplogalgi256.dMemery Bervsn FH2 munks the g0
to the Menory Bl ocks in Backup RAM File 1281 or vice
targetedmaemaryen Snot-én-sel’ 260 fNext [Meady Servee i 002rgsnetateem surcess
the invention are to conbine the present invention
messagi 239 and transmits the success message to the Memory Client 1006 at step

1252, indicating that the identified data has been deleted from memory storage.

{0090]  Referring to FIG. 18, there is illustrated block diagram of “disconnect”
defining the basic protocol steps when Memory Client 1006 ﬁnisﬁes the usage of the
extended Memory Server 1002 and wishes to release the reserved (static or dynamicj
memory pool in Memorj} Séﬁer 1006. The stérﬁng point is from 1200. Memory Client
1006 generates a request to disconnect from using extended memory 1201. Memozry
Server 1002 receives the request 1204, and checks tracking table to determine whether

Memory Client 1006 is regiétered with Memory Server 1002, at step 1209. If the
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any or all of those disclosed in U S. Uility Patent
Application entitled "Menory 5 Resident Database
Managenent System and | npl enmentati on Thereof' filed on
22, 2003 (Attorney Docket No. 0299- 5) b
wo an%gng Chen, Jonathan Vu, and i ngbi n V\gﬁ@?’gﬁ‘ﬁﬁ“‘%"
U S. Provisional Application entitled "Central Linked
List Data Structure Methods of Use" filed on July 7,
Memorp Gtient390G ismat tegistexed 12A1 tMemesy Sooeek é@OMnel‘a@se@ﬂ@cm P),
and U. S. Provisional Application entitled "A Method
messagé\all 10tifigy MemoryTalichD 1 086 4t stepn]1 208. dif thedderfary iChlent 1006 is
Recogni ti on And Conparison Using Multiple 2d Faci al

regnsterbdfmfaSMBﬁfoﬁ&ererUmﬁeﬁ%ﬁsyiee dreds| thorbaved magay pbol-ed
by Donald A. MIne, 11l and Jonathan Vu on January

1\3#, Gy SBHeP 1 IRYDR GRS Memol2SiRnmb Yod
1207. Bﬁ% hergl n i ncorpor at elémby referer@:ye 100%51 The

Memor} PHEAIDIORHRS6 Hablh Pl 1206 Sy%@&fé%@% (8 BEkor

nventron has purpéses of

noticao HELHF Mhey Chest 0% bisaSBanputh e BBt RUSh B e e

forn1d|sclose dj fica varjations are
connectigsep e 1207 @E‘Qﬁ?g‘?ﬁtﬂn @ EQ@%@E 1%¢ ‘may be
acqui red from practice of t he invention. The
{0691 entl%ﬁ&rrrmto Kigd 2cenpsenmiual hivck disgranpefhoprmeperzactions
explain the principles of the invention and its
(including &otalled] “requif) ‘tvaie’] aud “deleeipdpemioiien sk appliediioml 026 ¢o ar t
to 20 utilize the invention in various enbodi nents as
MemorServeti 002 én doidageepsit the presdnt isentiomont enpl ated. It is
I ntended that the scope of the invention be defined by

10092] t NeRG4iRh#To FIGPPE RekosishiMisahRd bRk dlaBRin oftBdbptRhaANt S.
The entirety of each of the aforementioned documents

memor%ﬁ) A#l%&%ﬁ%g%&? ﬁg}:&bl#e ééfl&? %chﬁg Ira.ﬁ% fécn%v;'egy mlét?onlalﬁy of the
Memory SERES. e Mg e ﬁf%'@%}%@?%? A Bt BB rﬂ}’%k%
Table Igm ﬂgyﬁ;@l Y ?{Eorgllsg%rgr %tpfﬁfle st%rage ﬁiﬂrm

Memory Server. The Memory Backup & Recovery Lookup Table 1280 includes the

information of every Memory Block. Each Memory Block has one (or more) entries in
the table. Each entry at least includes the Memory Block index, current starting address,
and the corresponding backup file name for memory-to-file backup, the corresponding
Memory Block index and its current starting address for memory-to-memory backup,
memory page size and the number of memory pages in the Memory Block.

[0693] . Referring to FIG. 19, as the DMCE Virtual Address schemes disclosed above, |

the content in memory pages are memory-address neutral, therefore, copying from
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creating a device ID | ookup table having a device
entry for each said device, each said device entry
havi ng device information for connecting to said
vi ce _and accessing said device; creating a block ID
WO%E“&%&%’% abl e having a block entry for eacHJ&RUEMNGIY
bl ock, and each said bl ock entry having bl ock

: . . . ‘ arting
Mennors 1086 T80k Qb IEARELR e Nty BITRERY ook RAMIERY 1) 1S
said at |easi ong device in said conmputer system
1281 OIWSP’%IF%&%C@I"’CF@%% I D conprises an index to a device

entry in said deyice ID |ookup table, assignhing a .
[0094] 1| Qtier prsbecimenss bf the Tveion 357D a9bine e DTRERDRYEIRR M)
said block ID conprises an index to a block entry in
any or al§ of thosst Geglosedin Ysk UplityHatent Anpliratien erditled Memowt f set | D
to a menory unit stored in said at |east one bl ock of
ResidentiBatebage Menegesient Systch anshimplementation dhpreofd dledomiantagal
address conprising said device ID, said block ID and
22, 2005@itebry ket ND. 0299-8003% b Tihnkng @hen, Tgnatiemcieg i and |
further conprising the step of: calculating a nenory

Yingbinf\g%fg? aid U8, Hdvﬁsﬁ?ﬂaﬁlxﬁﬁmﬁ&geﬁiﬂeaﬂminm BheeKListDap ok up

e a menory block ™ starting address from a bl ock

U9 e ¢ R 8t YuRARGHK Y Bon@pPflo! hen
strvotf icioad B VRS A0 SPARY 2007 by Fafih b Mgy Dopietfe
r aid.offset.. | D 3 « i
o299-00BFE bl 15 PRyl gt ot AN sysom e
nenory, .sai. nory c ising at_le .Qn nmenory
PerformfgRated Fitl HEEoR o AL OB HoRE VERGELE 4T oy ce
| D identifying said at |east one _device, said device
Images P@s@oﬁrﬁw&%ﬁg}n@ﬁ 3 Yaeial Imgee, filed by Doasld Ay Milse dlqwdi ce
I D | ookup table and said device entry conprising.
Jonathasl ¥uioodaiuafol 200 tomey dmekedNd. A302-0013B), dachenf mdichdnd
accessing said
herein incorporated by reference.
{0695]  The foregoing description of the preferred embodiment of the invention has
beén presented for purposes of illustration and description. It is not intended to be
exhaustive or to limit the invention to the precise form disclosed, and modifications and
variations are possible in light of the above teachings or may be acquired from practice of
the invention. The embodiment was chosen and described in order to explain the
principles of the invention and its practical application to enable one skilled in the art to
utilize the invention in various embodiments as are suited to the particular use
contemplated. It is intended that the scope of the invention be defined by the claims
appended hereto, and their equivalents. The entirety of each of the aforementioned

documents is incorporated by reference herein.
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device; a block ID stored in said nenory, said bl ock

IDidentifying said at | east one nenory bl ock, said

bl ock 1D conprising an index to a block entry in a

bl ock I D | ookup table, said block entry conmprising a
w15 ARGy 8ss of said nmenory bl ock; and an of f set

ID stored in said menory, said offset IDidentifying a

dat a-uni tA geadladdol] mappiag dhemenyoinya ophiprtei syseai daidatosnputer system

£

coflting QTR AR Sughiof DORIIP) PR 08 GO TRPIR, Al ot g ome bk
hawag d sigpipg addrespicompusiigihe stepsrifeved from sai d devi ce

entry in ééhgg 48 éU]g&?qDllg%kuh Q%I&lﬁv&ggld%wggém 'fg’ ee%ch said device each

aut hentication 1nformatio or accessing s
said deice shisuthiving devider ipfammptionafor gputiertipgt to saidademcs and accessmg said
deVlbgrein said device information in said device entry

in said device I D | ookup table is configurable without

changi ng cswfieg aielo¢lcld lopkpp tahle ivingrahluck eptnefey bach maie ntemory block,
and G&@! f

ock*q%dBQ?%kS”ﬁf‘%’q%a%% QUi ekl TRt oo bk staring

ad‘érﬁ%d)fw@)@b?m%b ki A conputing environment according to

claim 3, aWrﬁg JUSRED *PA Q6K 85 e fd%&élg said E&‘E@ﬁé@?&e wherein

bl ock size of said at |east one nenor
saig gapieR D Rymprives ro ideto adlsior eritrygn said d¢vme i) @dvhetabhen

sai d deV'a ; ol'.u% aablécq{ﬁ)etﬁ sa1§ ‘at éaﬁ%gpyﬁ)&lpg et é{' %{EFJ]J{ sald biock ID

accor di ng alm 3 wherein the sumo st art
comprarepasinda;tp p blpgkieitydrraid bigclBhiopkuptittdes kndnt ry i n said

bl ock | Dags@é?}ﬁ%gaﬂ Qﬁée? [Bntg asﬁ'leglox?{ urﬁ@gtoﬂap m %QHQJ} t et one block of

menory cel ress. 9. A conputing environnmen
meEgee6rding to claim8 mhereln said nenory cell address

i's a physineh s&d grfe%%ﬁz dnfd o&ﬂﬁrgesdae\){#&? addfe®s cofpfi I 'd@&ce ID, said

envi ronnent according to claim8 er conprisi ng
bkﬁ%@%%?ﬁ%@°*§vgten1and wherein said menory cell address
is a virtual address in said operating system

2. A method according to claim 1 further comprising the step of:
- calculating a memory address by first retrieving from said block ID lookup table a memory block
starting address from a block entry having an index equal to said block ID, and then by adding said
starting address of said block of memory to said offset ID.
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11. A conputing environnent conprising: at |east one

device having a first nenory, said first nenory

conprising at |east one nenory block; a device ID

stored in a second nenory, said device ID identifying

said at | east one device, and wherein said device ID

conprises an index to a device entry in a device ID

| ookdup  tlabrimeputingleryabuinehe vorawisergt ry conpri ses device

i nformatigp &£ c ssm sai d. at

| east one eea\g/‘?[ércla Q%I %Ac I%)qnet%go}’g%gﬁl nUEAPY SEERIsES at least one
megoFpblgckisai d bl ock I D identifying said at | east one

menory bl.o I L&t r I

I D conpri s%élcgn%fsﬁdé(glx{nt%%amgﬁ % X\Q Q dm}%g%?%saé& at feast one
deyigg, gaih desdde Praomprisiogrp inderstob dwice lemtf)un mikmoen]]) lookup table and said
ety aeprinBaipie i B hor BHALERY 8 sl Aol BE posing sai
dedeg;d of fset ID i dentifying a data unit stored |n sal d

first menogy. Bf‘el:[rln %Qigarﬁ‘%n'f'{@gt ﬁ'ﬁf%{) gﬁ"i’c{eﬁé %d. atgleast one

cal cul at ed by ad I ng sal sal
mezayY ek, saidhipdaicopipoisikg emindgx fora bsb@kdntm m(albldCD Ideﬂmp table, said

bldcﬁéﬁt% QSR fxdahda éE%fs%&'HP&JB%‘?ﬁloac st virtual
dréss conpri sing sal evi Sard bl ock 1D and
Sal d of f geptisediD gheedén saidmicont sallcb@f&t IDniderdidying @ data unit stored in
v
sl HERlo? ot pldSlara it e O oSy IEEED MBI ol g e D, s
blogk Fpendespidoflsetdy sai d conputer system conprising at
| east On%vhgl‘@l\ﬂ'sgﬁ FAE ﬁﬁ)rxg:iltock %g%?rﬁra sgldgdt n@e{ ennér in said device ID

COITprI S1 ng at | east one
lookppfrlde compassepithestigagon informatiop for e¢ccssing ewid davige.a device 1D

| oolgup t %b&o?nphﬁﬂé A8iBnHEY hGR ti:(]))f:lafug 3, gﬂé}l&m%%dddeme information

devi ce, each said device entr avin
in sai devipgtenEY: itF w9id %ﬁﬁé@tlpwpt@l%ﬁw@n@mmb@ewmt changing said device
IDaccessing said device; 32 creating a block ID | ookup

table having a bl ock entry for each said nenory bl ock,
5. A computing environment according to claim 3 wherein said block entry in said

block 1D lookup table is configurable without changing said block ID.
6. A computing environment according to claim 3, wherein said block entry further

comprises a block size of said at least one memory block.
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and each said block entry having bl ock information

including at | east a nenory block starting address of

said nmenory bl ock; assigning a device IDto said at

| east one device in said conputer system wherein

said device I D conprises an index to a device entry in

sai d device I D | ookup table; assigning a block IDto

sai d-at |feemepungetyiromRend ficcmslingrty ¢lainh@ wheminsaiil deditedg k server.

| D gCONMPIry s&sm@ie HI8X - ry o i d_bl ock. .

| D I ookup t(g-%lf e, ggxﬁ\g aséﬁ%gag?o%géﬁ %%1%“3%?’ Ih%fﬂ%? %e Sau?n 8 Sid starting
adgrsspgptievediftons seit wempry tedkdnty i1l wakhlodn® bblopkaldé and said offset ID
eqIBPh¥mo M8 fldfssai d device information in said device

entry in said device ID |ookup table conprises

net Wor k iAnfasmmvting envirbumens opmssiitts tn glatno 8 sebietindweid ro@norg 8ell address
is ApHYELA14arRls i BRPIRGMEMOTY N @ conputer system said

conputer system conprising at |east one device having

a nefor y ‘aprinmding eperpomyntcoeqding tngjaiat 8 lfiedst coneisiganloperating

AAY iy iRt 8d hBdord el 5 1&ai Qs
Sycr eat | ngra devi_ceor?_D Foo elﬁgbgt(21 gg}ruglsziﬁig%ls%%%gﬁégé\?%lgg system.

ent Ay f ord eaptisggrdirdepinteomeigink: sai d device entry

having deyicGe ohOhHQIBLL AR of @5t HARECH] ' isi

devi ce and eac 8 essl rllg sa?lg adtg"\gltirge; ’cs%{éia isﬁrgelg&kl%grgﬁnﬁuﬁ at least
ong BeKYY blogkl e having a bl ock entry for each said nmenory

bl ock. ande.gach sakgi ' R

i nformat i o_ﬁ I ncl ufgtjienlgljlkgastg &{_ﬁggﬁl{oé" gnhg%%%%eg:{)g%éhg’tmgrs? ler'ﬁlbiem one
de‘é@f‘d ped whesein said dleweerd? yobEsek an aldsx i dgyi@ abyiic e delice B lookup
tabRAdrd sqiH dleﬁ@é‘%ntlg"t% Vs GRvibd PG SHOP K %ctﬁl%ﬁ(g ccessing said at

ereln sal evice I'D conprises an index to a devi ce

leagtppe gevias; sai d device I D | ookup table; assigning a

bl ock | D,typcRab%tdly t \ |

sai d bl ogk_IcD_ corrprilng%ggl Sg‘%ﬁlﬁrﬁ%%%%g%g bg%%g::i? 1%%%@1{%(3%{& at least
onggegony| sk in Bid 5ok memerbivbereinmeid sk dRicogpases ai fadet tol ablock ID
lookh BbIBHR' idUBbik S IiQesSRH SRR cRistk AC i
00Ecn:‘ibrmr y; wher ei saitgf %gﬂ\ﬁingees @Lr’l%ofraﬁ)an%ll on ?0%{}%3?%% eﬁﬁ%ﬁ starting
addspps plSajdmenagry bivekiiané | D | ookup tabl e

an offset ID stored in said second memory, said offset ID identifying a data unit

stored in said first memory, wherein an actual memory address is calculated by adding said offset

ID and said starting address from said block entry in said block ID lookup table and said data unit

comprises a first virtual address comprising said device ID, said block ID and said offset ID;
wherein said at least one device comprises a first server and said second memory is in a second

SCIVer.

12, A method of mapping memory in a computer system, said computer system
comprising at least one device having a memory and said memory comprising at least one block
having a starting address, comprising the steps of*

creating a device ID lookup table having a device entry for each said device, each
said device entry having device information for connecting to said device and accessing said

device;
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further conprises authentication information to access
said device. 14. A nethod according to claim1 wherein
said block information of said block entry further
conprises a block size of said nenory block. 15. A

met hod acgcor.di | ai rein,said device .
it or mat -4 e Qe P B IRE S L e B R i emory ook
anfl sabugsid blbtlecity fewmg ibipek dbfornaion hiwiitdingex Uéasi g gregory block starting

ad%%&%@ai&&eﬁl@%%é&ﬁyi ce IDin said virtual address. 16.

met hod acc Ing to claim1 wherein said block entry

in said HAstgkng Dldvize it o saibatdeassoneglovitd igusaid bbmpwtrtshoerd, wherein
said QgL d 1D '(g)xrg)r&%%ﬂ Afed B asc%kage QA&S&E szli‘P gé@ceﬁllgok}{%[agl%al

address. 17. conputi ng envi ronment conprising at

| east onesgguigebhek/ilhig saidme brestyone Slatldofmeerpery, wherein said block ID

LS . +.33.;a device ID

cofPARS 4 L0 8 EE SR STBRBEI Bl £ g s a

at | east aoHgnigipy offset IDaiock dewoneuliDstowdpnisgidna least one block of
nmhg%@x to a device entry in a device ID | ookup table

and 'sai d device entry conprising device information

f or connedieidinsaidglevias wfcdmstiondn saididexize estsi ingaid dedee 1D lookup table

HAEViCEa : | | nmory, said bl ock
col%%%ggﬁ??%ﬁ#ﬁgﬁgéﬁﬁﬁgghﬁgggg)%ﬁ%ﬂﬁgﬁory bl ock, said

bl odR- | D 2 orgprod sofnmappingi mamsrytio @ clahped oBEmy said camputer system

> ; i I . I Si

CoBp R 1 O b g b 08 ki Bty SURNLY 0 one bk
hayipy 2 startiagladdiess gpuipmsineshystepsafid of fset 1D identifying a

dat a uni t. sk | ' : r-ein.sal d data .

uni © comprr gkt aeeR 15 Mty REIEHeYing OBHE Lol Bt devics, cach
saig) depieeeenirphaving] dgvibe infkmation ferrvdnisating: to kit é¢videBnd avkessied sid device;

sai d devi oy ez iy, ' f ' [

entry in cgegtllﬁ d@\Bll ce lﬁ%u[) ﬁ%?)i%\rgﬁgaa&ﬁogmeﬁ@{ %(rj ga?{ ﬁ%?%?jﬁry block.
ang pdchrsmigt hloak oy heving block ifotnmtiom irgtludingi at deastl:B mesory block starting

ad&@sgBP%aEJngrﬁ blogpment according to claim1l wherein
sald first server is connected to said second server

by a net wesigtingodesict I o smisbatdeast one device in said computer system, wherein

said device ID comprises an index to a device entry in said device ID lookup table;

assigning a block ID to said at least one block of memory, wherein said block ID
comprises an index to a block entry in said block ID lookup table; and

assigning an offset ID to a memory unit stored in said at least one block of
memory;

wherein said device information in said device entry in said device ID lookup table
further comprises authentication information to access said device.

14. A method according to claim 1 wherein said block information of said block entry
further comprises a block size of said memory block.

15. A method according to claim 1 wherein said device information in said device entry in
said device ID lookup table is configurable without requiring a change to said device ID in said virtual
address.

16. A method according to claim 1 wherein said block entry in said block ID lookup table is
‘configurable without requiring a change to said block ID in said virtual address.

17. A computing environment comprising

at least one device having a memory, said memory comprising at least one memory
bleck;
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19. A conputing environnent according to claimi1l
further conprises an operating systemrunning on said
at | east one device, wherein said actual nenory
address is a virtual address based on said operating

i{st\ﬁ m _%iniéa Igﬁ'f@églh d ﬁl@ﬁllb ,Oﬁﬂglg&ce%qg&gig&g 551(? at%a?ti JR& device,
ereln sal act ual menor aadress 1S hySI ca

saig depieedB comprisiigdn indexy toagieviorrmirg évd dawice B}lookup table and said device entry
comprising device information for connecting to said device and accessing said device:

a block ID stored in said memory, said block ID identifying said at least one memory
block, said block ID comprising an index to a block entry in a block ID lookup table, said block entry
comprising a starting address of said memory block; and

an offset ID stored in said memory, said offset 1D identifying a data unit stored in said
memory, wherein said data unit comprises a virtual address comprising said device ID, said block
ID and said offset ID;

wherein said device information retrieved from said device entry in said device ID
lookup table includes network information for connecting to said device.

i8. A computing environment according to claim 11 wherein said first server is
connected to said second server by a network connection means.
19. A computing environment according to claim 11 further comprises an operating
.system running on said at least one device, wherein said actual memory address is a virtual address
based on said operating system.
20. A computing environment according to claim 11 wherein said actual memory

address is a physical address on said at least one device.
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