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BACKGROUND OF THE I NVENTION Field of the Invention 20

The present invention is r t o Rel ati onal
CrERs TR Be R AR AP LG TNE o <

particularly to a Menory-Resi dent Dat abase Managenent

System (MRDBMS) and its inplenentation. Description
Disfritiuies] Rdérmoryd Camtputing Fbsitormomy eartd dmplenkRetadionodhereof, Filed
Jabadrg b2 e2003n agyoraest Deckéte Moo 0299-8006;1 vbmines: Tiaslong Chen,

Jonames Viu, Yasbed Wahge systens, and |oad data fromthe
hard disk into RA (Random Access Menory) when

necessary. Howey GAROMNG FEDRRATRIY Y nuch

I h t
o oner i 0l ?@%%E%E%Q%%YWEW@E =t

operations.in a database. In a preferred enbodi nent,
t he tr‘gf’@’r%ﬂleuseisIim'tedto initialization,
backup and recovery operations. SUMWARY OF THE

| NVENTI ON 35 Thec&r esent invention disclosed and
cl ai ned herei n PAGKGROKNP QFTEE SNYRNIEPNan

Field of the Invention

The present invention is related to Relational Database Management Systems
(RBMS) and more particularly to a Memory-Resident Database Management System
(MRDBMS) and its implementation.

Description of the Related Art

Most conventional Relational Database Management Systems store data in hard
disk based files or file systems, and load data from the hard disk into RAM (Random
Access Memory) when necessary. However, hard disk I/O is normally much slower than
I/0 in RAM. The present invention is to reduce hard disk I/Os for substantially all
operations in a database. In a preferred embodiment, the hard disk use is limited to

initialization, backup and recovery operations.

SUMMARY OF THE INVENTION

The present invention disclosed and claimed herein is a method and system for an

Memory-Resident Database Management System.
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Menory- Resi dent Dat abase Managenent System 1 WO

2004/ 066079 PCT/ US2004/ 001438 In still another aspect
wo@Rooilesodd scl osed enbodi nent, a nmethod of MenoP@T/US2004/001438

Managenent for any process within a server to access

| arge anount of RAMis disclosed. 1In still another

aspect ..af _t di scl.os enbodi ment .method o

ext th I1ﬁganﬁer1;o?syege9§ﬁlae E‘%@POIS? -%ﬁoﬁigﬁ@ti ﬁp’&’gﬁ’&dbﬂ’; Memory
MARSEmER Esratiny Mo RySWRIR-a sERies towRichR dargB ¥mbentofUSRIk is filRElosed.

exanpl e to downl oad G gabytes or Terabytes of data

from aillegene i HeOdiscTBIRY ¥mbddinSh fendi
aspec?tlgfﬁft%herzr?ég%ﬁosed errlts)ogli rrenr{l, a rreit’ hdoé&gl?)tdqgf extending

Mamars dgyongl th@iigﬁ‘@ﬁomimﬁ%@bbmest wpentibg systems. (This method yay be
usff B8 ReB RS GG s R S s o SGE TTORR ety st into

medippdi nent, a met hod_ of M rror Backup _and Recovery
System architecture is disclosed. In still another

as e tiffanbiiRr dissect QFafe mﬂﬁEMbodﬁn&ﬁ{ Egﬁﬁtggctl hO'éf Messaging

creating database objects in nenory inc .
Systen| aehitagtusejused detwdent thiol memoty) usdremoeessys tnd ggemey holding

d rocedures, e) packages, f) functions, g) indexes,
proé%ﬁsge%s%i%?ﬂog ms. 15 In still another aspect of the

di scl osed odi nent.s, t hod of . creating a .

dat B3 0E it ot SFGIoreH SHRROI) Tios g e Migor Backup
and®RESIVBE SREEXREMIAE iNdisdbedSQA- 92 conpliant queries

for Sel'ect, Update, Delete and Insert statenents. In

sti : ' [ .

et ool sARPEH g iRt ARG, £ Hoaa TR oot database
objdets an coempdrgtintlpding the fuliowihg obgcts: b eablisd b) eievidelck ttpgers, d)

and Insert. 20 statenents, before and after "commt"
PIOSRAFSY e)'PQ?F?%’ﬁCﬁ' 10p% g indexes) pndR) YPOBBY her aspect

of the.disclosed enbodi nent, a nethod of bypassing the,

naxf-“rrﬁ‘i’ml? J2P%eE ArSt aF thio Aiselogees SEbPUMaBss s melbRd it grpating a
dat@BHt BREine SRRHletcl i o6iA368 BRBAAMIPRIG oReEh e SQL-
atgl?b@d atﬁéamélg@rﬁ‘;%%e%; g{ﬁ%gg h tﬂr?‘gﬁ(geacti on o%rﬁrgll eext%g y in e SQL
92 pempliant querits forsSelent,t Update, PelckdRpDENBsdrostatementser y 25

pur pose from dat abase crash. This nmethod wi Il include

t helmagill adtheesaspart ob tipl ditdoset lenbodiment, a method of completing the

transactions for mutating data completely in memory for all the Update, Delete and Insert

statements, before and after “commit™ and/or “rollback™ statements.

In still another aspect of the disclosed embodiment, a method of bypassing the

maximum data transfer per transaction basis.

In still another aspect of the disclosed embodiment, a method of data refresh for
each transaction completely in memory conducted within the MRDBMS for recovery
purpose from database crash. This method will include the activities to complete all in-

between transactions.

Still other aspects, features, and advantages of the present invention are readily
apparent from the following detailed description, simply by illustrating preferable

embodiments and implementations. The present invention is also capable of other and
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bet ween transactions. Still other aspects, features,

and advantages of the present invention are readily
wappanemnrd fromthe foll owi ng detail ed descri pt POIUS2004/001438

simply by illustrating preferable enbodinents and

I mpl ement ations. The present invention is al so capable

..O0f other and 2 2004/.066079 PCT/ US 1.0014.38

difGiepf BRGS0 AP 8 1o BPLP rooae ke PR 4 LioBs sespeets. all

withefd 'dfe;!tuﬁﬁ'ng foMahd it 4ASLESd oF th@presertirdvegtidn. depar ti ng
‘fromthe Spirit and scope of the present invention.
AccREAL AAbY, 'ang HO5S &el 1Bt E€at fon i
FeoarEElY: ey B A AR e @ e R et Aliiaton in

naturesindinot ayestristiBRI EF DESCRI TI ON OF THE DRAW NGS The
acconpanyi ng drawi ngs, which are incorporated in and
constitute a part of 10 this specification illustrate
some enbodi ments of the invention and, together with

BRIFIEDESERETION OPFHE PRAWIRGSXP! ai n_some aspect s,
advant ages, and principles of the invention. In the

dr apj _n . iLlustrates, a.ref t .

O o 8Ronhfind dkhlS! SPHGRy? S80S SHTLS By o o of
thisi speti€icativrailluomate fsome Maibydyméras iofl ¢l invahtidnasel, together with the
l\/anagerrent Sysifem of the present 15 in,ven%oor% FIG 2

desentiply $eaYR0 FPRYhIURR BRFCHD K IRFCEAN AIGFIPig of the invention. In
thegfﬁtg‘qg%ﬁ“rent of the Menory- Resident Database Managenent
System of the present invention. FIG 3 illustrates a

co t G I.agr ' I = Vi . .
Pl GG o S RS B B Bl Baing
imphahabasn dfnddemdntRSydine Mdtabas MagantadSysemi off the heesent
) resent invention. FIG 4 illustrates a concept ual
mV%“’GEk di agram of a Menory Management Unit  ( MMJ)
systemin an enbodi nent. of the present invention. FIG

5 i 1iGusk Hlusiaatesa eonrepiel Rlpcipliggianyplangy qansiﬁm@mhof the Memory-
. . f
PR e S a st o

FIG. 3 illustrates a conceptual block diagram of high-level-view of data flow of

the main process of an Memory-Resident Database Management System in an

embodiment of the present invention.

FIG. 4 illustrates a conceptual block diagram of a Memory Management Unit

(MMU) system in an embodiment of the present invention.

FIG. S illustrates a conceptual block diagram of an extended memory address in

an embodiment of the invention for a 64-bit Operating System. ‘

FIG. 6 illustrates a conceptual block diagram of an extended memory address in

an embodiment of the invention for a 32-bit Operating System.

FIG. 7 illustrates a conceptual block diagram of how to use a 64-bit extended
memory address (called “ITC Virtual Address”) of an embodiment of the present
invention to access the Real Address which is the virtual address provided by an
underlying 32-bit Operating System.
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ext ended nenory address in an enbodi nent of the

wo paafosdoon for a 32-bit Operating System FlI G P@T/US2004/001438
illustrates a conceptual bl ock diagramof how to use a
64-bit extended nenory address (called "ITC Virtual

t o 1165 3% Pl SRR Sloch iRt o/ R it o4-bi cxtonded
meri6lT Sddredd’ RUIEHTIY PiuaBUMPASEN| ¥f BY 3RbRitefPEF gﬁé Mesent

. System 3 WD 2004/ 066079 PCT/ US2004/ 001438 FIG &
invenfipp stor apcess B Be@edddrars mihaghk isditheg virmabfaddess provided By an
-.hj t , address (called "I TC Virtual

md%%?%éé—%ﬁ@k%&%g&%%wmm of the present invention

to s§ the Real Address. which i he virtual

o dHEE S Ppistifssur tog i, Slvsclogin st aletaory Mot Pagh mgpagement
in a¥mbediment & the pRsédt iehtigl.€s a conceptual bl ock

di agram of Menory Page Pool managenent in an

o . ot :

g Tt e A S bt gt honbmeHibry nodes e mad
fronnogewrapageinde embodimentofithy preagre invention.enbodi ment  of

the present invention. FIG 11 illustrates a

coli€pt Lalilliptacs 6i ageeptudf blachvedmiiml of of Méhew [k@rmation
by usi ng shared- nenory- based

h E) .l ayer > .
‘EXC%% Z@?&g‘fgy@m i shersl-BROB RN BAABINE itecture in an

embBERERPbS e PRAbAARvenibf? 12 11l ustrates a conceptual
data flow bl ock diagram of how one thread in a I\/brmLy
Va r €.l r|ti o pth..
Voo TRk cont Rl ol AKE BRRERIAMA TR el in o
Memory vinstemused an FVIE 1ak8r td exchbuiget mformacion Gt Mo Stave in an
flL.ow bl ock di agr.am of how one thread in a Menory
embghgy:gtgé PLESCTIRYAEORT t 0 exchange i nformation with
Menory Master in an enbodi nent of the present
in

¥l 13 allustrates ajconpentipd detas ey hlack hiagsem af s enefthesad in a
eyt 334870 904, SR BR85S
embMiinggtofthe ptasentt inR@tighMJ) i n an enbodi nent of the

present invention. |

FIG. 14 illustrates a conceptual data flow block diagram of how a memory

allocation function malloc() allocates Memory Pages using a Memory Management Unit

(MMU) in an embodiment of the present invention.

FIG. 15 illustrates a conceptual data flow block diagram of how a memory read
function read() reads Memory Pages/Nodes using an MMU in an embodiment of the

present invention.

FIG. 16 illustrates a conceptual data flow block diagram of how a memory write
function write() writes Memory Pages/Nodes using an MMU in an embodiment of the

present invention.

FIG. 17 illustrates a conceptual data flow block diagram of how a memory free
function free() frees Memory Pages/Nodes using an MMU in an embodiment of the

present invention.
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FIG 15 illustrates a conceptual data flow bl ock

di agram of how a nenory read function read() reads
woveimyoPages/ Nodes using an MU in an enbodi meeit/usfoo4/001438

the present invention. FIG 16 illustrates a

conceptual data flow bl ock diagr am of how a nenory

13 G oFP ARASAI o cBiisbiele R OF ol MR Database

Ba f!%&kscman BhfBoditdent bt ths prabmsnengencept ual data flow
ock di agram of how a nmenory free function free()

! e
Ly B FRGR s il 0, S48 gl MG AR i
in aRCh{boSReaM bOhepBSentihGntios warksust r at es a concept ual

bl ock di agram of how a Menory Database Backup works

in an enbodi nent of the present invention. FIG 19

illustrates a conceptual data fi1ow bl ock di agram of

DETAY BB HECIEPEIONGF THE BWWENDIBN ment  of the present
i nventi on works. 5 DETAI LED DESCRI PTI ON OF THE

| NV ﬂ\i idstiies hn! dxhiiple! S @8 é)‘;l]igsl@if aliRcRte 508 environment in

phyS|c arc tecture of ~an ironment in which the

ention. may he ; S

whigh Yot ioR oo e AT i isetBls” ugs ?2?5@?@21?5 gty of
connected to each ot her throu a, hig eed

MagBICIFIYEEs & cPPIREtedoigrsaeh REEHAIR g?lz wghlrﬁpa ByEP FW & a fiber
speed of 10 gigabits per second (Gops). Al thoug

optis| netwidtkt A2 with an opetating spesd of 20@1@b§h pensecond Hﬁ‘zps) Although a
enbodi nent, the invention may be practiced in an

pluehivy B NEsdr Surtdrs 2 sien shoavrmis tteis  egwbrodamerds thee idventi¢re may be
master servers or engines 2 are connected via a | ocal

praéﬁ&é iR gh Wb kodhwilifta @inglebaaederded 2@ RRLIOr T MRS Bservers or
sl ave servers or engines 4 The LAN may be, for

engfit8Phe ¢ ﬂﬂec”fécf‘%rhe ocTIELeR by ogﬁ‘ 614(3'1' Rt ¥18h&br more

Servers may al so be connect or nore naster

MEPELER R AT, T .

or &b;';ef Ig'éqstergsgr\;gs}, gtliqsyt gq gen | neé org?qs srr more 1%)aster Xhents 6 via the

LAN or intranet 14. Each slave server 4 may further be connected to one or more slave
clients 8. The master engine(s) or server(s) may further be connected to a third party
database 10. This example environment shown in Fig. 1 is just one example, as it will be
apparent to one of s1<1:ll in the art from the following description that the present invention
may be used in many different systems with widely varying physical architecture. Other
embodiments of architectures in accordance with the present invention are described in
related application Distributed Memory Computing Environment and Implementation
Thereof; Filed January 22, 2003; Attorney Docket Number 0299-0006;Inventors:

Tianlong Chen, Jonathan Vu, Yingbin Wang, hereby incorporated by reference herein, in
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dat abase 10. This exanpl e environnment shown in Fig. |
is just one exanple, as it wll be 20 apparent to one
w@Roogkédoro i n the art fromthe foll owi ng descriPCT/082004/001438
that the present invention may be used in many
different systenms with wi dely varying physi cal
.. architecture. Other enbodinments of architectures in
1S eifetY-dance with the present invention are described in

rel ated application Distributed I\/leno(réi; Comput i ng )
EnBefersingnic BH: Rnpheserdnibestioted tleek ebagrami oo & yeoydiepident

2 : r er—02 ~l nveniors;
Do Wi SRS DAYE= 2 SRR | I, Bt
ManagemenoSattam Ihigrfaef B08 Migabaes Qu&ryRE]{iginE_l‘M), Sﬁﬁﬁ%ﬁﬁgh@ment
PCT/ US2004/ 001438 its_entirety. Referring to
Engiol 5, Neniary DAt aematnt Dingokd ure, Msfiosy By Spstess T0fe klsers do
B 380 BOMETRB < S SN, o 19 gy e 10
is revpomils dorChendiingEntgndeed BQL, qByis cwhdvaaaSestann Meﬁlagﬁgéméingine
105, Me agenent Unit 115, and Menory,.Backu
1050 BprRIDI, ot BRa o I SRISHEECTa It ABHUN R i setup,

accdsh lcOnt@dl dndesebit9! §@eRs bAGtatiabA A HePeRhihENUHNE rldiftenance,
IS responsible tor handli nE standard SQL queri es,

ete. ke Neamosy Measgemenhjaitd dilherovids memoryspagn sindinede pool
. ' .
ki SATEL DY ER ST BRTIRG UL 5 R BB sy

106 ségzthies provades dackupeind esosrag FusdtRhblity ofMRDBMEICe, 10
etc. The Menory Managenent Unit (MWJ) 115 provi des

e $illreRagies ANEIGOhdRINIU NBNARIRNdnef BmblReVEHLORt Master(s)
Engi nes 104, 105. The MMJ 115 and Menory Backup System

103 ppg ansqutmeie Memorydlevesatl2, sactn Meamarp \Bdave 102 having a Memory

Pagy 36} 87 ottt MfmdfF Sl 193 ' HenalcS ufY BbIHb ol e bagiap to
Memory Bavkup Systemel (¢efer ¥135| Baeh MédoryeSiave M2essyoridsay ®Memory
15 Pg 107, Each_ Menor

0 avi ng a_Menor e Pool nory
Maskgt A3 5800 Gl 8 T80, AFORGHTHEP. 25tuellasCicl P GE Rhfeg (see
111)_Backup System 106 (see 113). Each Menory Sl ave 102

responds to Menory Master 103's request for any

T S SO Bl B0 0 L s o
the MRDBMS niay sfebide una iwddesvagiotypsftiecationothat would be readily apparent to
those of skill in the art. For example, the database management system interface may be
through the various master and slave clients 6 and 8. The database query engine 104, the
system management engine may reside in one of the master servers or engines 2.
Memory masters 103 may reside in master servers 2 or in slave servers 4. Memory
slaves may reside in various master servers 2, slave servers 4, master clients 6, slave
clients 8 or in other memories on the fiberoptic network or the LAN. The memory
backup system likewise may be in any number of different forms, such as one or more
hard disk drives.

Referring to FIG. 3, which illustrates a conceptual block diagram of the starting
procedure of an MRDBMS daemon 190, the database daemon reads configuration file(s)
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20 the MRDBMS may reside in a wide variety of
| ocations that would be readily apparent to those of
w@Raokledom t he art. For exanple, the database neCEUS20B4H001438
systeminterface may be through the various naster
and slave clients 6 and 8. The database query engi ne
for ]sys%%nﬁt Eferrsd %ﬁﬁ?ﬁﬁﬁ&g §UE e WA 2\45@%%@3% BEseiVIRAS 192. If
0 master servers or ‘engi nes nory nasters
loadif® exgrnale Hathbasan 198sisereqestodrthralighr either stanfigusstion efiks or

4. Menp 5 s es nma re'delnvarlou ster
Magigeqient fertae b B, dber iermet- Db, loanaronih T8 cedipdfa load the
ext&rhdletsbas fio MRDBVES 195N0fheRMsO rMRb%Ms ReTIoRY | i[o ded 194 from

network or the LAN. The nmenory backup system ew se
Memayy Beckup &ysyem 08B rIf oMRIDBMS; dien 4 checkingsprobedise dmstarted to

i sk,drives. Referr to FlI 3, [
chofl B Frprad s sl vis BERT R matator chastorally} i A
MRIBMRAS ke vith a2 MrPRAS iflagfane Rthbasd EndatAPes 8nd 105 are
daenon reads configuration file(s) 6 W 2004/ 066079
enabled 198 oarviRwss s qgiesdP8t em preferred configuration
191, then starts Master/ Sl ave based MMJ 192. |f
I o%fn@ingmwmdﬂfbdt thieresie ilhBBated abbapliskigramtofino aglbodiment of

B P e s o SR 5 v
proteRsed ahB €or 18NAEE Balkup ah@RRECerl VAALIVINIBME. ardi¥fecture main sections:
O herwi se, MRDBMS w Il be | oaded 194 from5

Measiipsiey M Moy JrvesRbRIdsmoreh armefise EXppnge layer 156 and
MeBRACBRHAS il RUBLE INSR) GG HI0RE SlolRleh Nih@h AR} Backup

and NRioBMBy iMarlagexdbt8, Bathurt file 1da} bhafk, 142f arﬂﬂ‘stlatddl‘l@glcal links 143,
3B23e Engi nes 104 and 105 are enabled 198 for
1442 g user's queries 199. Referring nowto FIG 4,

there is illustrated a bl ock di a%ram of an enbodj nment
of Stilbrefgrripg yo Wilfrade thenMemary Mastenil03 ds an dnterface layer between

V, NGafidi € » ' .
eI e PR o W Rt RSB rovides memery
funcmma Isighi as/allobhte raembiyt eeatl frem mreentorg,.ewtitectoshemddymiiey memory,

| nf ornat i

S 1 0 2 Me
etc. i Dot Uiy ONSPGHOIN FREHe Rl R Y fhe memory

usets M3Rlot kAW §F whde ndh&y b %%M%eﬁ)cﬁ@ﬂo 'Bésﬁ@@ hw%ﬂﬂenﬂﬁ&nory
Recovery Manager 148, Backup f 1, Log fil

funciivas,r iealMethoryo dilastgr 103n jitialwes Memow48llamsdlﬁ_?47sets up Memory
Information Exchange layer 156, and provides accessible functions to callers to

configure, start and schedule the Memory Backup and Recovery functions 148 of

Memory Slaves.

Still referring to FIG. 4, each Memory Slave 102 can be configured as either a
daemon process outside the process that hosts Memory Master 103 (referred as “Memory
Slave Daemon™) or be configured as a functional layer within the process that hosts the
Memory Master 103 (referred as “Memory Slave Function”). Normally the process that
hosts a Memory Master 103 is also the main process. If Memory Slave 102 is configured

as an outside daemon process, a communication Messaging Channel 153 between every
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Still referring to FIG 4, the Menory Master 103 is an
interface | ayer between nenory users (called

wO ecaiberngy ) and nenory hol di ng process(es). |tPEFUsi00€601438
menory functions such as allocate nenory, read from
menory, wite to menory, free nmenory, etc. to nenory

Mgt Sl 5ot MR Ner A0SO Lol BB e emory

Info?ﬁxﬁﬂ@d Eﬂcﬂaﬁg@(l\@ﬁi) 18R 15631 Mh%n& RSB 6dre Within the same

nctions he Menory Master initializes nory
pro@isa et hmstg Memory Mpsttb b, ythe Wmm&@haonela&,”hmn@e MHE/ dayer is
OVI S c8Eq essi bl e nc o callers.t
simR i B P EaRGS SR tiae (S RBindp ot ghdicy held by
Meﬁ@i?@/l&{féé If()!!n Chl tARSith4bnO MendyMastcrt POXSirecl aSdsh the Memory
erring to FIG 4, each Menory Slave 102 can be
PageaéNﬂd@uuedh%M@n@meSlaaes d@2noVhgseasc Bs dheo Meanery Plgse Daemon
a r
sce n@?@m&% fg/{/agfg%ag(r)%/ﬁcﬁoflgt g%éctﬂgfo nc%lg%éuéffe gﬁ Gfi I%%e@ﬁodes in the
Merhoyc3lnwsdlo2) ayer within the process t hat hosts t he
Menory Master 103 (referred as "Menory Sl ave

Fu tanOdmboditienteH thy idRation e6es 3211)“34)?&5@(% SystedYEtie MMemory
Master 103 is also the main process f Menory Sl ave

SlavegDaqneorcis pimapdetody sonfigrationdot Megory dlevpA0d rrb@réggfor gallers to

be G BB S BB M AR 10 S R ERIFG IS ot fpemory.

In aavanyodinemr of e sSihesntidb Jos b aadHlsit b)pemhg (Hysto, Iutheﬂ the Memory
Ve | nf tion nge. (M er 156. .
Sla‘fs'eﬁgwowoa\;ﬁ% Moo, gﬁg% uaﬁl% wﬁ Haliorh provi o%l@%l%ﬂlty to

accds ﬂ{or@&:%h%d\@&ﬂhé’m @rbe?l&fd h&ﬁ?ed%ﬁ?é%bﬁ@@%hm&éﬁ”

Inthe ME layer Is” sinple and may be inplenented’as

f t
3 3@2@‘{ G276} a8 iy 3p6iRg THARN EfibfiidndY an RMERE $4-bit
addrbss écused tacakssss tﬂmnmmmyordaa@eﬁriol\hhemaxlmmm souvksroode level
102. \Wh Sl Da .
compaHETy BIoiL NI Rl 200 SO QPG oy LRy 18 cithet case, the

extciBEP 6¥-bR%ﬁl%§§\$f9§§eérrﬂe§$iﬁmoNEémfeH It Wﬁﬁal%e§sﬁ1n%fhdes three

enbodi ment of invention for a 32-bit Qperating
kindsyoftinfermathan: wmatmyvmal 18e0Ly Bileess i aprtaem(mfanr@i gs the MEM

fiqurati Menor
caif P ahblsy Y odach ST oo B BUEHRE ikl Pl i g server
(reférsll up the MEMOBRER ), Tad abyletforpiseiveraidress used to extend the
memory boundary beyond a single server (referred as the MEM Server ID). The address

lookup and implementation mechanism in 32-bit and 64-bit operating systems, however,
is different.

Referring to FIG. 5, which illustrates an embodiment of the invention in a 64-bit
operating system, a memory address is natively 64-bits, as illustrated in Linux 1A64
kernel or other operating systems. The low 40 bits 125 are used by the underlying
operating system for a virtual address. In this embodiment, the MEM Cell ID is the low
40 bits 125. The server ID is embedded in the 12 bits 124. A mapping lookup table

between Server ID and Server Information Entry. (including server IP address, port,
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In an enbodi ment of the invention for a 64-bit
Qperating System either the Menory Slave Daenon or
wo 4Dy y Sl ave Function inplenmentation provPCBEES2004/001438
capability to access nore than 4G of nenory and
beyond hundreds of Terabytes of nmenory. 15 In both
32-bit and 64-bit_ operating system enbodi nents, an

accesstcondelymiormstion) isdkapé S4thin a emorsoMagier 403 tonagesss distributed

e R Y U SR8 e Dcron e
is enfpeddddi inghes ¥2 bitsd26.] Theintinber afdsts, inttheeMEMt €alléD, MEM Block
-bit address (for clear description, called ITC
IDa%W‘?&S@r’B@é‘§”V gjedpadhs ?ﬁeé@“%ksp’ﬁa@‘w ‘i nformati on:
a native virtual rrerm_rﬁ/ address in a process (referred

as ReferveMo2§1Ge 6, Wigsh iHusvstes gn smoetimedl b & gl opeating
syslgélt, ?ﬁgﬁ%@?ﬁiﬁr%g %Ys Ah IR 2848 NI RA C%l(ijfﬁflfi.rﬁfé MEM

a nenory server address ‘use
Servexr 1®tvetich ihthe seewopindenoifiselatral deeweomakeagreuprd! togsthevier form a

. (referred ag the erver .| T | ook S
s TG Mk oo e S A0 B Iae MG HBacefff Wi is th
MeRBEY Sihid'Da&MS Biex, REVRYRIle 16 biks @1f ferent. 25

Ref'erring to FIG 5, which illustrates an enbodi nent

of i nventten~i 6 i rating . .

e gL BECT ! DO Dl RGN ARV s o
addkdsm umentodG4n k&2-bitl Oparatotgh®ystampesash iMemenys$levs 10T menihtains the

serde adperfod, 4 e trgtors harg st el dFe BERETAARES o tinked
list MG GRhY. BB SudthfodedW mAHe i Snldfay oFN@me QA mérkbrySblocks.
enbedded in the 12 bits 124. A mapping | ookup tabl e 30

Bothdinkeé lisiSaadge and Dremraty ageseare K basieaunitsriodarm yhe Memory Page

rod LRI BPT St A EBHE TP ot B AR SRLLEERES pt
offsat Fahnthe JHov® startipsidiiesséd3 Therefofess slte Realt Addredsetd3 that can be
menory in network-linked servers. The%pl\‘/‘E% Bl ock, | D _qr

usefnercyssshe eI fRAe ineplsulated by st the, glaringdess 402
o EoRERFCRAMER] o0 8 OB AEA ol M Bl e

andsgtatiagaddeeds of tiRefinked-lig-nbde Blogks Gre dififecdnt iand shouldt lestreated
an _enbodinment in a 32-bit operating system a native

SePH@ITOry address is 32-bits as shown as the MEM Cel | ID
122. The MEM _Server ID, whjch is the server iqlde [
sevEiearasonlgrihe ahpye HFROPEMIdY StTARgemeg 1S SqRr yhen

Backup System is considered. The address used in any process is not the actual physical
address but the virtual address. It would be useless if the address maintained in Memory
Backup System were the virtual address. By maintaining memory offset, the Memory

f
eI Memory

Backup System can rebuild data storage in MRDBMS without any problem. The similar
treatment is provided in the embodiment for the 64-bit Operating system embodiment as
illustrated in FIG. 8.

FIG. 8 illustrates how to use ITC Virtual Address to address memory in a 64-bit
Operating System. Similar to the 32-bit situation, the sum 408 of the offset from 40-bit
MEM Cell ID 407 and the 40-bit 410 of a starting address form the low 40-bit of the real
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di stributed menory farm uses the high 16 bits 120,

and the MEM Bl ock I D, which is the Menory Sl ave
w@@aoesorndex, uses mddle 16 bits 121. 10 Ref PCT/USP01/a01438

FIG 7, which illustrates how to use an I TC Virtual

Address to address nmenory in a 32-bit Operating

o S, G350 SR o 5002 T P e B 0B ot e

assObAfdd s%tu?gjﬁ% 49i adillus 4t in FIG t8 node array. Each

such node 17s made froman array of sane sized nenory

bl o i | s _are
T e e S
podIEHfl lﬁeidmélﬁbpﬂfﬁlhlts of hibmdrif @agésr(bal&ld MEYL ages) and@haldsh memory
actual address t.an t fromthe above st artl ng@ ain
m

unitsjef meRaLy nofas %ﬂMEMi&@ aMENGPagss aub M BEM sodescie
coﬁ’s%%gt]ﬁ4 ﬁ?ﬁhﬁsbhﬁe'ﬁém&gdl?%@@gof g_cal cul ated by the

sum 4 starting ess and the offset

st o?ﬁﬁerﬂ n%m%wléeu thd 38&1% N?].Il %ftt éﬁ&r&gﬁgﬁgﬁi %ﬁaemon or

ess

Fuhd:trmk@etk-lbassd ol dléegﬂaérminﬁg&fabldbaerdSt&fstmc&mﬂng Rl iedabry size per
eI y. The reason for, the above

Mﬁf@?@ﬁ%i&%i@@# 48y é%n@nq MM Hederign dviemammdleye 102 can
calBRAGHURe %B&f@ﬂ F«PP& {l%hMEHx% §11.1R/€ 10250 oN‘sﬁAgX 102 will

process Is not e ac yS|ca ress
allodatet alhinendr e&@e targetod tdtai hemoyedizes sepafatd: thés hujrbrmemory buffer

rralntaln |n|\/b ckup, Syst.em wer e e vittyal .
it ey e g M AR, s St A ek hisenode
bloBRE K3 m%ta@tﬁﬁgcéiﬂrés@&%ﬂ tHe B0 teRicy a88yd e NBRBMBed, as they are
wi t hout any problem The simlar treatnent is

usegrip yicmaty lopkup andmsaerneaskup as dis¢lesegddn pbeveqaeaeranbsg
system enbodi ment as illustrated in FIG 8. FIG 8
i || §6H refewingoWlGo Yu98et the crationall coutiguoss MicMaRipeesmy, four

oS e SRS S s s

MEN-Fagés andOMMEIVNGEEd hahBlidDastamd dabge FHethblof 4 dolibie lmked lists

starting address formthe |low 40-bit of the real 9 WD

areogd /todBodis MEM Bageio #ndche other Awerase esgbty hangle MIEM Nodes.

it O 858le BRERR, HENREMEPAL o B BRI s

“Unuwsed! MEN Pafes{ theroithey links 41l QUsedl” MBRPdgesiSimil&ily \aadolibR linked
11stch(}1rl1<s tahu“i}sed’L fv&ﬁ‘%‘od@?,'{ﬁ othern Iimks “Unused” MEM Nodes. There are the
same number of double-linked-list nodes 130 as the MEM Pages are allocated, and each
of the double linked list nodes has one pointer 134 to point to one MEM Page 136, as
depicted by arrow 133. At the same time, the first 64-bits 135 of the MEM Page 136 keep
the address 132 of its ‘parent’ double linked list node 130. Such bi-directional pointers
give bi-directional referring capability. When MEM Pages 136 are allocated by Memory
Slave 145 on behalf of Memory Master 155, these MEM Pages 136 are moved from
“Unused” list to “Used” list, whereas when MEM Pages 136 are “freed” by Memory
Slave on behalf of Memory Master, the related MEM Pages are moved from the “Used”
list to the “Unused” list. The same occurs with respect to the MEM Nodes.

10
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pool of basic nenory units of nenory pages (called MEM

Pages) and snaller nmenory 5 units or nenory nodes
w@ cakloed7VEM Nodes). MEM Pages and MEM nodes aPET/URm®04/001438

mai n  constructing conponents of the Menory Page Pool

149. Referring to FIG 9, the initialization of the

Menor | ave 102 (Daenmon or = Functiaon) is based on the

g VB E3FPG P JEHCh VTENE NoHSS PIFORATIIAGRS, B6 ey §° MEM
Pagééf per Menory Slave 102, MEM Page size, and MEM

e size. Menory Slave 102 can 10 cal cul ate the

No
i bl - "R MY pHETRS OB g PR fprienons

_ MEMPage bifferherdh e VB Pagdseant MEM Nodesyand ehe fouf Hi@wble linked

. into_an array_of conti %uous VEM Pciag s 136, and an
lists{seell (a1 9 tokb The Memnaan PreesPod) gprdudes bgthagemary. pagg gcalled MEM

Pagg bff WM@ag?ﬂ%@?ﬁgo&fnoHQ Boallb® mé/dqu ﬁ\@%lg{(ﬁ% &2 Imanagement.

mal ntal ne y“are “used In nmenor
A nmesmary pap@ iskibp basic diaodrgsmit afriMahonyeMjpasgegreapivith nbimally1024,

til referrin o FIG 9, after the creation of
204 e $ 1920 P BEO A phess Oorea Ju BIOEROrY gt f ide from a

merfdi§ fabE MER A shiallr MVhEPPRRRRFpdSM Nodes separately
and ‘make MEM Pages and MEM Nodes handl i ng fast and

ea ] ofnf ' '
rarratg p SRcolo, Guliaf SRl 18 dnldeThon MER HRECIAE they
tendVieNbeNmsid for mémorygusape raquivingcutaller $izathad MENE RBagko 1 80WEM FIG.
e ne doubl e Linked |ist l.inks all 20 "Unused" '

10, 18K s B e SREe SR i I FIG e o7 e Pages.
Siml|arly, a double linked [list links all "Used" MEM. .
mggégl, ref%“@n%tt% &1Gy il flycthe sepnd ff-bif pddrrgspace T8t isesepptated into
t . e ki =L s

two s of TR HITREY oY Lipl 40 bRs kb RE rhinblr DOMER/ NioF F82 in this

MEM PRéged 80i apt] tholbes321bit keeps timodumtzr of 3&ed”dMBd Nod¢sondine MEM

Page 13 as.. deni .arrow 133. At th .

Pagf W6 Aiparpties BT e MNEM MataS bl s mupiber SEMER Rrodes in

the REENIPR o6 ARk ATEMI%Ee AB0O ic&r?bé REdde Heanid g Ak ehel MBKEPagdd i§ Valid to
node 1%(5. Such bi-directional pointers give

be mpvedifrase theohisedt kistde the\Ynusgdadist. i ty. When MEM Pages

136 are allocated by Menory Slave 145 on behal f of
Ve fisilyrefadng to FBG, 10, ceche MU/ NRslg d82 186 itafiestridviitiaddressispace

186 45 BORF B 5 piey RpbtE e S tiges SR SIS o MG e it has
its sWBSHdeB4-bit Bdred! spacil SYRYpBaH &S the MENDYAE 180GF0h Rbich the MEM
"Used" 30 list to the "Unused"” list. The sanme occurs

Nodg; 183 iy m8dect to the MEM Nodes. 10

Referring to FIG. 4, when Memory Slaves are configured as daemon processes
outside the process that hosts the Memory Master 103, the Memory Information
Exchange (MIE) layer 156 is needed for communication between Memory Master 103
and Memory Slave 102.

Referring to FIG. 11, a shared-memory based Messaging Channel in the Memory
Information Exchange layer is illustrated. Such MIE layer is used to exchange inter-

process information between memory user processes and memory holding processes.

11
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WD 2004/ 066079 PCT/ US2004/ 001438 Still referring to

FIG 9, MEM Nodes are handl ed as the sane way as MEM
w@awened36. Referring to FIG 4, the Menory Paper/Psmb4/001438

149 incl udes the above contiguous MEM Page buffer

herein the MEM Pages and MEM Nodes, and the four

Whggggéﬁo%}d‘r’gé%gq M%(m?ﬁﬁggsg i %vg? m'\:_é}\bﬁigg%ﬁgr Slaves
andﬂglgg\(FM b %Q@ﬁ eﬁﬁﬁ‘? ?é%mﬁéjcfé fofhiaBoh YEMLRH S 0¥ mMeN such as

nage ry page 1s the basic nenory
statistical stdtudveton la;ld Maswgmanmt diretthy ameaatﬂeyiompagesm:i& ior Slaves.

Whea NTgHLS e SO Sy ML Tort o Byl Fpamey Fer tht
M]Etl\}fﬂas?eré'r@iﬂ)&ﬂecl%gi@ces@ %&Eﬁbg} PabebModdsGn Sl-agaes 10gE M5 can be
Nodes 182 are nmade from MEM q(I:]es 180, they tend to

imflemergediinfromeneusovay s uknahis dmlmfs embodiment off ML, ashatedmemory-

sty Mep b el T Mie 80 b b S hE M Epqanet 160

incfles b herfi&§OFight Gd-Fiakil-Oat (FIEe Guaae de&ﬁ drfaysefphidate@dMemory
into two parts as shown in 185, the high 32-bits keep

MegsgeingdHpeks. of MEM Nodes 182 in this 15 MEM Page 180
and the |ow 32-bit keeps the nunber of "free" MEM
Nod@se Messdging MEMnEaL®, is waededthstvesnreyery Mpmory Mastepgd every

MepREESihy I Brpcash, bl WENigBon AP REE 1 BrddiRllnly. of

coutdeMnBagecess c&’lﬂﬂlbé d 6ing Iéethmdetdofwmhhh ¢ust daedpedialsdasé. 0 Each
the "Unused" |ist, Stl Il referri .ng to

Fl
ﬂxreraémmaa indexed byaan infeger. Fagh breadiis Daryaf %Mé@éﬁt@@ interface
to c]u§émf @gdcg%m%ddﬁb%ﬁ@&@é (9 Hﬁ’l@? qtérféla‘ eth fke od’é%@f Pdatabase

iI'ts second
queyi-ib lntayaddkees sneppag aciéd rd:qmeﬂo thmuginthte deheilyl Master, 18 @llocate

f V\/n th M Node 18 made. Referrj
mem%&mpagels des, g ?I\f/f p&prrgr&&@geépc@%@owpfeg m,ega)%égag%séf&qs or free

RIOAF §ag&Inodes!t STRnt Meenky: CSI%ﬁest bRt ¢ ed B8 d4pamrey daemon
l\/as ter 103, the Menory | n ormation change (M E)

procesyes; ceEl Memone fdaver dreraamwilli bawei @iﬁ M\Mewamgo@bamel to
Mast.er Referring to FIG
con]ﬁlumgatgﬁagﬁx ‘Hg%l\%g‘ %3 sérgg?sﬁg Channel in the
, n§t11¥ referring to FIG. 11, in order to make communication fast, and make it
possible for large volume data transfer back and forth between Memory Master 161 and
Memory Slave 162, a shared-memory messaging channel embodiment as preferable

communication method is implemented. Other methods can do this satisfactorily as well.

Still referring to FIG. 11, in the shared-memory messaging system, each thread
170 in the process-hosting Memory Master 161 will have its own Messaging Block 163,
in which the memory space 171 will be used as flag to indicate messaging block status.
One Messaging FIFO (First-In-First-Out) Queue (MFQ) 173 is used to indicate which
thread 170 sends a message first and which later. Memory Slave 162 will read from this
queue 164 to know which messaging block 163 should be processed next.

12



10

15

20

25

30

I nformati on Exchange |ayer is illustrated. Such ME

| ayer is used to exchange inter- process information
wheimeen7nenory user processes and nenory hol dP@IyUS2004/001438

processes. 11 WD 2004/ 066079 PCT/ US2004/ 001438 When

MEM Sl aves are confi gured as Daenon processes, ME

h
|a¥§’t. g%g}rp%gg irflé'or N Wagﬁgg gﬁéebﬁ?ﬁegﬁﬁ‘ﬁ‘h)gﬁ%4 can be
1m§}é%iénﬁ§l asH @cuft hgay) 1f$ﬁ@ﬁlb!§1nﬁfr§numﬂé}%f glﬁéﬁeeﬁod‘é?&hrlgltgwn, or can

directly access nenory pages/nodes In aves
be mplestempg@sarleﬂccda Lt lﬁunl@owas Arpretaratde embbdineat/efithe MFQ 164 is

t M Mast ers can. d|r ct
a Gl SRRSOy M buiohEhaC e BoaE Opeanil dpdhe gtimum
nuiier b€ TR Lol dHuTREASe WAHhSSIavd) Athhs beliasiheSAlintegers in
enbodi ment of M E, a shared-nenory- based nessagi ng

thegieawiar agray exe indiatodag -1 as ivlidindex.ed way. The Messaging
Channel 160 includes a Menmory First-In-First-Qut
( FI Refertng e FiGd 1 hand M6y 12f wherdencethrdddninrtje Mdassadilaxter 103

8 et P I 20 e T Sl e
m&m&glmsmh@&iwm&eésbgin%mk)(vﬂwﬁf ak oavﬁjmés§ag?&% Blelt' [se&"‘\‘/gllable for

170. course the process could be a sin hr ead

MRSy aﬁmfb (staps23 skt inpermels @vailable sidhen E@a:threwmfaa itg 7équest to

o SPGB Byl e
flag AT htistep 2321)3 fThes takn ¢ mutee Kergaystore$69 inMehRry Ml{s‘%ﬁ praekss (step

dat ab 15 may make a nenory actio
2389, il FOen B AR MRy 24 frove TromaNpoage Bointer 166 to the

nexXtRIRR! theR @Q@ﬁe NRE Ritex! s%ﬁ'gpﬁ'ﬁg‘iﬁy I%’c@@ §§§g gg@f pr %§sfn&vpmcedures

nory ges/ nodes,
areNH hﬁrajﬂ%saiamlowldodmlaglgmrm ¥l&s12epar at e daenon

processes, each Menory Sl ave daenon will have its own
Mes Bafpirmugg ©©hEHG.ell 4wl FEGNR) ohe &IrEadMGS‘Iml\Mﬁmblvy Masé €02 takes a

o e 07 G5 e B S 18 ! bk e
poinfs 1i68!ie VEH& (ité’gf ag2)v of ﬂh@%&’e% & Jaﬁlﬁnﬁffeﬁ{ Eﬁ'f@ I?:f@irzég the¥dtlle into

bet ween z Master 161 and Menbry S ave
thregey V@dlq(m]ﬁwl} lexsisp 4 Mgarshizset dhe imdrotdi imealid wadue of — 1 (step 246),

thef & 18O Sl SRR 0518 rREL S 15D 28R TR i spaptire 167
(steped4T.r Thea the tHré4d 168]goes Bhédali@o abeke the TREEBAn RISl (Hi¢}0248) and
pro?x%/sss’tﬂ(i"ernmel(;)’f?n%11 retqllzést (step 249). After processing, the thread 168 puts the response
results into the Messaging Block 163 (step 250) whose index matches the index 165 that
the thread gets from the MFQ 164, then toggles the flag 171 in that Messaging Block 163

to indicate that a response is available (step 251).

Referring again to FIG. 11 and FIG. 12, the thread 170 in Memory Master
process keeps checking the flag 171 of its own messaging block 163 for available
response (step 236). When the thread 170 sees the response flag 171, it then resets the
flag 171 (step 237), and processes the response (step 238). Such procedure is illustrated
as dataflow diagram in FIG. 12.

13
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25 170 in the process-hosting Menory Master 161 wil |

have its own Messaging Bl ock 163, in which the nenory
wepaamead7d Wi Il be used as flag to indicate nmeEBCHUBS2VG4/001438

bl ock status. One Messaging FIFO (First-In-First-Qut)

Queue (MFQ 173 is used to indicate which thread 170

62 o e SoPB HES) RUBLG TSt Bl IR Ag pcmory related
fun RS AR Ao rinnisg R s BanPURRRASECyRAEE Lheii) () read
frork Imerverys@geany fEhHOnTUENoviitvRQmaBdrycEnrisd’ fumplienemdH) free
oSS i T8 Sl RGN R 8 LR s pomc
codli.iG’gﬁeryisafre Wik BMsedAviRiR RS BLRs AoRRGI the Mentry Nl‘&tdi/'i?@ in FIG.

a circular integer array wwth the nunber o
4. integers greater or equal to the maxi mum5 nunber of
threads that could comunicate with Slave. At the
bedlrenfmaljocd| findtivhe fershicin two kéndsi afou¢meryamitaycanrbe requested,

initiated as -1.as invalid i . rri to Fl 11. .
oneifRg menary pagesy b hgiraty B 5, SHAERE s 08 fnlesandpd Size is
configHUBR! theotRBTR T B&hbA MddeRIWIA6h nb@@dly 4 bf Smalld siAed are

0

status)(step 230), it first checks 'the fla? 171 jn .
made Sropwportions afji memtyopdeenh Ehd sequited ReiFiBagEgioRyare “desired

| ock is avail abl e.for ' Sthep AL o1
o §F pieiofy PagsR b it Secnul B RE el e 138 Fefdtea ' a s
or frR§WEslenidly phdts ofBes@ey Reddsl ock 163 based on

pre-defined Menory Messaging Protocol and reset the

f 1 ageflihel & BRG284) whithaluliahe & datafiow blosmaigian b8 malloc”

in Menory Master process (step. 233), put its index
funptinousi W@sqraMg/M-é@ei wingqisapiendo pedstafmdioge

pointer 166 to the next one, then rel ease the nutex

s e mapha(the HeSredamembep 86)IEMRagesf¥adesl si ng pr ocedur es

15 are illustrated as datafl ow bl ock diagramin FIG
{ 12. Referring to FIG 11 and FIG 13, one thread 168

in Menory Slave 102 takes a nutex semaphore 167 (step

24 1T hecknsheilie @ige weahberh ibmoiynsiges Pii, iff ed, rotnrn NULL 224;

Sl ave-side pointer 165 is valid (step 242). If the

I NdBXseli SonY Alehidry WBHRaBLAEst6 P2 chb6seVigdxt @nk v Geveral Memory

thread own | ocal variable (step 245), and reset the
Slavescte xequesti memotydaged 203; of -1 (step 246), 20 then nove

the Sl ave-side pointer 165 to next one, then rel ease

t helfidemorysSiaeepiidrie cafigurgdsasdpaempm)2147then t he t hr ead

168 goes ahead to access the nessagi ng bl ock (step

248] and

Send message through Messaging Channel 153 requesting the desired
number of MEM Pages/Nodes 215;

Waiting on Messaging Channel for response (see FIG. 11 above and

related explanation below) 216;
Get response from Messaging Channel 153 (217) or timeout;

If the response is error from Memory Slave or timeout, then

14
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process the nenory request (step 249). After
processing, the thread 168 puts the response results

WO ni0a/06d0e9 Messagi ng Bl ock 163 (step 250) whosePCTUB82004/001438
mat ches the index 165 that the thread gets fromthe
MFQ 164, then toggles the flag 171 in that Messagi ng
Block 163 25 to indicate that a response is avail able
(step 2§1) Referring again to FIG 11 and FIG 12,
the thread 170 in N®n0r¥ Master process keeps
checki ng the 4its own messagi ng bl ock 163
for available response (step 236). Wen the thread
170 seeg the response flag 171, it then resets the
flag 171 (step 237), and processes the response (step
238) . SUf theprespade i ai list ioff MEM RagedNod064bitcmidadsbaswwhich is

refe%@%{%%ﬁf@b&gg ﬂ?"’rlngmvfr)erznc))?s/ Sgg?gg(cal | ers) poi nt

of view, the follow ng nenory related functions are
necessarfi | y inmportant: (1) nenory allocation (" mal | oc”
function), (2) read frommenory ("read" function)

(3) wite t o fie\ihe saipe pamber (anemaery, Pagaingdes i pdiaked List

Bt b E0 R bR ShaocHlS tnflcknerd B2 “They e

Il to b h 0 h
Vhster 103 i CEFE @Mﬁl%g%%é?s%@ﬂﬁ‘ﬁ Shi Afar b B from the

respbﬁkep HrdmOthisi Mb%sdgfngnﬂlﬂahﬂelum tthe Catheb@ofrespaadibgdplacornia the
for nmenory pag which normal |y are of 1024, 2048 or

Pagﬁiweb?ﬂ@@teérfﬂ)m M@ngqrz Master’s igpporgiyrtabice22Q-ne ot her is

for menory nodes, which normally are of smaller_size

and are 10 ndij?ém‘hrthmrqwﬂng bﬁts(ooﬁrrmémf N EMB Rass/Npdes (from the

d .pass ers are "desired nunber of
Ddaﬁg Si &%%QQR%% &Eéi?ﬁéd nunber of nmenory nodes". The

“returned" is a list or array of nenory pages or
menory rfodes. Referring to FIG 14, which illustrates
a dat afl ow bl ock diagram of "malloc" function using
the present MMJ. The following is a pseudo code of
mal | oc: 15 mal | oc(the desired nunber of MEM
Pagdd/IRNemwry Skveticortigned ge Fupghiopdhed e enough nenory
pa%?s 211, if not, return NULL 224;

Or arr;,

T

Request the desired number of MEM Pages/Nodes from Memory Slave
221; ‘

Memory Slave returns native for error or a list of MEM Pages/Nodes 223;

If Memory Slave returns error, then

{
Return NULL 224;
3
If Memory Slave returns a list of MEM Pages/Nodes, then
{

15
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Based on nenory allocation history 212, choose next
one or several Menory Slaves to request nenory pages
wWQ21®4/08079 f Menory Slave 145 is configured as BEEOS2004/001438
214, then { Send nessage through Messagi ng Channe
153 requesting the desired nunber of MEM Pages/ Nodes
215; Waiting . on Messagi nel for response (see
FIG 11 abové“%ﬁaﬂiﬂ%ngﬁgﬁgﬁggﬁﬁNgﬁﬁﬁ?gh bel ow) 216:
Get response from Messagi ng Channel 153 (217) or
timeout;} If the response is error from Menory Sl ave
or timeout, then 14 WO 2004/ 066079 PCT/ US2004/ 001438
{ Return NULL 224; } If the response is a |ist of MEM
Page/ Node 64-bit addresses (which is 5 referred as

} 135 in FIG 9) 218, then { Allocate the sane nunber of
menory pages/nodes in a linked list or array from

Ve Nhey - daBtienictnOkest epqinesion 1 bf 64-5it2d8esdko ind ke humber of
VEM Page/ Node, copy the 64-bit address fgot fromthe
addrpgses ciin H19s Hstr AH AP HearaBeisgireRymsha lise| oft Bret parespgpdng MEM

PN AR AR s Rl o 1o
SR 5,19 WP BBERS MEBe a5ar

fundviermisihgShép@sdrt MMUL Toe fellbwisg kphaido eode éfiesnd” function:
read(pointer to a list of addresses, the number of addresses )
{260

Parse the list of addresses, separate the list into group based on MEM Block ID
(which is also the Memory Slave index); 261

If Memory Slave is configured as Daemon, 262 then
{

2

For each group of addresses, send “rea
Channel 153 to each Memory Slave; 263

request trough Messaging

Waiting and checking for response from every affected Memory Slave;
264

Get the responses from Memory Slaves; 265
If all responses are error, then
{

Return NULL; 273

1274
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{ Request the desired nunber of MEM Pages/ Nodes from
Menory Slave 221; 20 Menory Sl ave returns native for

weeeoane®ord a | i st of MEM Pages/ Nodes 223; |f M@DU$2004/001438

Slave returns error, then { Return NULL 224; } 25 If
Menory Slave returns a |list of MEM Pages/ Nodes, then

{ 15 WD _2004/ 066079 PCT/ US2004/ 001438 Return the Iis&,

of MEM PiggdlgsRiggeitive sespoyses, meanitg thabthe rgsponsg ipeRidpsp list of

the gg&ngsg?&dg?g ké;,gggrte& m!ﬁagésﬂgsﬁle@%aj baRIF 55 £ etaa{iof € MEM

esses I nt I st as two pdraneters,

Pagee/Nodéssran ManhorgfMaste’ scempespondfend6MEM  Pages/ Nodes

with the correspondi ng addresses or enpty list if
error. Fadiemr itheg 1iso dfl GIENIS PapéyiNddes| frost rthé eglemory Master’s
dat af | ow bl ock di agram of "read" function using the

temper@@@bnffms The foll owi ng a pseudo code of "read"

function: 10 read(pointer to a |list of addresses, the
nunber of addresses ) { 260 Parse the |ist of
addresses, separate the list into group based on MEM
Bl Réqued “readihpEMEN PagesNadee fivbneach Mimery Slaxged6pP; 261
If Menory Slave is configured as Daenon, 262 then 15
{ ForIf ddetiiorg Stave iotordiparedss danctomnthehr ead" request
trough Messagi ng

¢
get the list addresses of MEM Pages/Nodes 270;
Build a linked list in which each list node pointing to one of MEM
Pages/Nodes 271;
Return this list 272;

¥273

The “write” function, takes a pointer to a list of MEM Pages/Nodes and the

number of MEM Pages/Nodes in the list as two parameters, return success or error code

when finished.

Referring to FIG. 16, which illustrates a dataflow block diagram of “write”

function using present MMU. The following is a pseudo code for “wrife” function:

write (pointer to a list of MEM Pages/Nodes, the number of MEM Pages/Nodes) 290

Parse the list and separate them into groups based on MEM Block ID that is embedded in
the first 64-bit 291

{
If Memory Slave is configured as Daemon, then

17



Channel 153 to each Menory Sl ave; 263 Wiiting and
checking for response fromevery affected Menory
WER@MO6607264 20 Get the responses from Menory BUHUSHD4/001438
265 If all responses are error, then { Return NULL;
273 }274 16 WD 2004/ 066079 PCT/ US2004/ 001438 For
those positive responses, neaning that the response
incl udes a Iist of the correspondi ng requested MEM
Pages/ Nodes 266, nake a copy for _each of the MEM
Pages/ Nodrod MENRagesrsr sachidiraory Slaverfpoweting 29%:f er 267:
Return the |ist of MEM Pages/ Nodes fromthe Menory
Mast er' sWaBingempeenigg badeffor sucess of failR¥uest "read" of
MEM Pages/ Nodes from each Menory Slave 269 |[|f Menory
Sl ave i sRetonif4l gimesingls PRgesctre secedshidly vritich®@93et t he
i st addresses of MEM Pages/ Nodes 270; Build a |inked
list in RétushheastibdricFsudtesifulpaitin Mges 2960ne of MVEM
Pages/ Nodes 271; Return this list 272; }273 15 } The
"wrizee" function, takes a pointer to a list of MEM
Pages/ Nodes and the nunber of MEM Pages/ Nodes in the

[ r; S ess or error code
Sltfl\??%raérgﬁé%i% QORISR as FubEtbnS Hiehi

when

{
Waiting on returning code for success or fail 295;
Return -1 if no single Pages are successfully written 297,
Return the number of successful written Pages 296.

3299

The “free” function takes a pointer to a list of MEM Pages/Nodes, and the number

of addresses as parameters, return success or error code when finished.

Referring to FIG. 17, which illustrates a dataflow block diagram for “free”
function using present MMU. The following a pseudo code for “free” function:

Free (pointer to a list of MEM Page addresses, the number of addresses in the list) 310
{

Parse the list and separate them into groups based on MEM Block ID that is embedded in
the first 64-bit 311

If Memory Slave is configured as Daemon 312, then
{

18
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Referring to FIG 16, which illustrates a datafl ow

bl ock diagramof "wite" 20 function using present
wORAg4/0dd029 f ol | owi ng is a pseudo code for "w i tBCT/US2004/001438

function: wite (pointer to a |list of MEM Pages/ Nodes,

t he nunber of MEM Pages/ Nodes) 290 { Parse thekl i st

and se ate theminto groups based on MEM Bl ock I D

that i 2 a%ﬁéé@%w&igﬁ adélﬁ%g,seﬂf 10P6§9h Blemqry Siaye forfreeing process 313;

Menory Slave is configured as Daenon, then 17 WO

2004/ 066¥7YinpOY reismini¢ade farzwccess gefatl 3VBM Pages t o

each Menory Slave for witing 293; Witing on

r et ur ni Metandé ifrorsisgle Bages atrsutedskful94reedBITrn -1 i f

no single Pages are successfully witten 297; 5

Ret ur n tReturhuhdeumisdr of swcesail leedB16.t en Pages 296.

}299 |If Menory Slave is configured as Function, then

{ W8i9ing on returning code for success or fail 295;

10 Return -1 if no single Pages are successfully

W iTE MREhofy Slave REddAEBulel §s PRHRGH 392, Hspcessful witten
Pages 296. }299 } 15" The "free" function takes a

poknter to a list of MEM Pages/ Nodes, and the numnber
of ‘addresses as paraneters, return success or error

code wh el erri to KILG .17, whigh
illustra %Jsd 2‘63‘2@? |P§§lg SD{ROM}Q%)F% V9% 16 m?‘{,ee’é]ose Pages from
“Used” to “Unused” 318.

Waiting on returning code for success or fail 314;
Return -1 if no single Pages are successfully freed 317;
Return the number of successful freed 316.

1319

Referring to FIG. 18 illustrates a conceptual block diagram of Memory Backup
System to backup Memory Pages and related double-linked-list node blocks as they are
the basic components in the Memory Page Pool in the present MMU. The Memory
Database Backup system is part of MEM Slave in this embodiment, but it does not have
to be. As Memory-Resident Database Management System stores data in memory, and
anything stored in current regular RAM (Random Access Memory) 101 will be gone
when the power of the server that is hosting the MRDBMS is unplugged, it is necessary
and required to have a reliable backup mechanism to prevent losing data in disaster

situation.

Still teferring to FIG. 18, each memory page is one-to-one copied into files 141 in
Memory Backup System. At the running time of MRDBMS, only changed Memory
pages 386 need to be copied to its associated file pages 381, the unchanged Memory
pages 385 need not to be copied except at its first time. Similarly to Memory nodes, only
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30

function using present MMU. The follow ng a pseudo

code for "free" function: 20 Free (pointer to a |list
woRoovadMoPage addresses, the nunmber of addresseBCT/NS100€001438

list) 310 { Parse the list and separate theminto

groups based on MEM Block ID that is enbedded in the

ch%!ﬁrg grg(ilg'l ﬁqd%% %84& e’\c/f tol%,ywsgll%}\g%ﬂ%@sggg;fgtleg l%‘rlee %oc?ess 382, and the
unElahs BRI Arlidd 389aRdd MeMibag ecogfé@f @x%%vgtslt§ ?ir&atﬁﬁe Doubled-

Menory Slave for freeing process
llnk@d-hﬂrﬂ(lﬁig hegks are nomdbres@ Qhang@l at thé 4uniiveg tmm -tHEyI fieed to be

cof i St R Bicheld Y SPE HAC TohRE', Bimc Mot lgress s

thr&t %1 s b§ MEMf sevee aMEMrEIbbmeSARd MieINCel| 1B %@%ﬁc!heMEM

Pages in l\/bm)r]\s S| ave, i.e., nove those Pages from

Serveg Ha and MEMBloek ID3rg using uqu:s o Imfuretabie; M@Mc@deD using
e
or&80HSE 3y el gt LDl By T,

switcling 8 Sérter lfebelﬁés &6 in ¢3¢ 9f ncedfanRBfstid bty Ng@nd:fe&)ve%ﬁ
illustrates a conceptual bl ock diagram of nory

Bac ku prdeSiostaRéTill Paddiagtape oMeiRBioYy HREE %laﬁﬂﬁlef}ﬁ‘ |b2td‘éflault all search

doubl e- | i nked-|ist node bl ocks as they are basi c
algegthsen Bt aenn Gppladivgn®Rl @ege twoaot limitedetop vl eassuniavihat any

[ t of NEM
oGy VAP g (PR S AR AL B i g, s
indasiniyondayabRestable olubaisalan de cdfipgeaiatibe $yi%ing Mokt SINRDBMS.
data in nenory, and

How database table columns are indexed using B+ tree or Hash table or any other

fast search mechanism is configurable at the starting time of Database Engine.

-Referring to FIG. 19, which illustrates a dataflow block diagram of Database
Engine on how to handle user queries 330. Such Engine supports standard SQL queries
(Database Query Engine) and also system management queries (System Management
Engine) as illustrated in FIG. 2. Additionally, logic 333 is provided to schedule 354 for
processing previous connections stored in Session Queue or to wait 353 on possible
incoming query connections. Still additionally, logic 334 is provided to check system-
level access control, if OK 352, proceed further, if not OK 351, disconnect the connection
go next step. Still additionally logic 344 checks whether any previous connection
sessions are in the Session Queue, if none 356, then go for waiting for possible incoming
connection 331, if there exist 355, then 345 get the session and remove the session from
the Queue to prevent other thread from processing it. After get a session from Session
Queue, the thread will first 346 check the connection status of the session, whether 358 it
is closed by client or is in error status or client is idle over the predefined timeout
interval, or whether 357 it is in a status indicating a new query, or whether 363 itisina
status that client is idle. Logic 336 is provided to parse the incoming query and check the

semantic syntax, if 362 parse without error then go on for processing 338, if 359 parse

20



20 anything stored in current regular RAM (Random
Access Menory) 101 will be gone when the power of the
W@ eoneseorhat i s hosting the MRDBMS i s unpl uggerCT/Us2004001438
necessary and required to have a reliable backup
nechanlsn1to prevent |osing data in disaster
Sifu t e RIEBY, Y 1c 338 is
with e gl ol fetpeh e 348, er festhully Bersthe TREE loct
proBd6k P plycsiselie ghtryt mﬁpmaessmggsucpeseﬁﬂf/ MDmssonssns ;gomg to be

changed Menor o be co

formpalesod i @bl gt et R B Ry Sy Sgssion

EAGE Rto Ahe | SeSsibh MAFOL Qieue 342 for

FIF@?%@&&%@%@.&\@”DE%%&%? only 19 WD 2004/ 066079

- posHEE hsaoqmdrgonmmcessmnwh eoro Tgturd GBSt IBPOoRe 48,0 clpse the
copj ed o I.tsS ociated file n s 382, and the

COHHW%WQ @HQQWSE§RE$HE§°%8¥feﬁ@gﬂgﬂ?not to be copi ed
except its first time. Doubl ed- |inked-list node
bl ocks are normally not changed at the running tine,
they need to be copied once. As we have disclosed in
above FIG 7, FIG 8, the ITC Virtual Address has 5
three parts as MEM Server ID, MEM Bl ock I D, and MEM
Cell ID, in which MEM Server ID and MEM Bl ock I D are
using i ndexes to a | ookup table, MEM Cell ID using
of fset to nenory address, therefore, the ITC Virtua
Address is hardware independent, swtching a server
beconmes easy in case of necessary system backup and
recovery. In order to take full advantage of nenory
based data query, by default all search 10
algorithms for query (including SQ query, but not
limted to) will assune that any database table
columms that are related to possible queries from
users are indexed. Such indexing for database table
col ums can be configured at the starting tinme of
MRDBMS. How dat abase tabl e colums are indexed using
B+ tree or Hash table or any other fast search
mechani smis configurable at the starting tine of
Dat abase Engine. 15 . Referring to FIG 19, which
illustrates a datafl ow bl ock di agram of Dat abase
Engi ne on how to handl e user queries 330. Such Engi ne
supports standard SQ. queries (Database Query Engi ne)
and al so system nanagenent queries (System Managenent
Engine) as illustrated in FIG 2. Additionally, logic
333 is provided to schedule 354 for

21



10

15

20

25

processi ng previ ous connections stored in Session

Queue or to wait 353 on possible 20 i ncom ng query
w@ommmedorons. Still additionally, |ogic 334 i sp@r/osiodea1438

to check system |evel access control, if OK 352,

proceed further, if not OK 351, disconnect the

wgPISEE Rl e Do step, SITIT add tlonally ogic 3us
RRDEE T AR T

i G cobARpgss 0oL 11 seesion and rerove (he session
DORBBRSHIE Y, o 0, 2 eson Lremsession

stat us of et h§ .session, whether 358 it 1is closed by
cl§ COLPCMOIY.y error status or client is idle over

t he predefine I MpO .interval ., .or ther 357 jty i8S,

RBP4 #&Sﬁéﬁ ﬁ&%"&%?‘i}?ﬁ%%ﬂ@m‘lﬁ g gl f°said
memosy. I N @ status that client is idle. Logic 336 is

provi ded to parse the incom ng query and check the 30

se ' |of S Rc¥diiigUb cBikOr whbeh §6d oyt
for %ggséé’g?%&%%%ﬁ”%g ?a%%gdspaf o \i0 5004/ 066070

memBGTédi5Ried/ 001438 with error, return error response
348. After successfully parsing the query, |logic 338
i Sa fist@wnsted oha firsialeeis; ade query. |f processing
successfully 361, response is going to be formatted

339 sé@nbendhiryibnadedtd devicel i ent, and take a semaphore
341 to access Session FIFO Queue and append the

CUBT eNlsy &8 FhoRandpi 4 Rat08Salddtdat Cdiapitsigddathinike bbjects
possi ble next query. If processing with error, return
and data compuisipginse 348, cl ose the connection 347 and
del ete the connection session 350. 21 WD 2004/ 066079
PCa LR 4f devidSgeachisaid dedicCeampsing & processopand & mepmory;
for managi ng a dat abase, sai d database conprising ) )
datvibrae solgtatinlly aindf ezid ajatabasgpobjstisgandadase gee stoed in said
and 5 a . system nenory; wherein substantially all of
pluralgy of deishRE®OHE- ect s and data are stored in said

4. A method for managing a database, said database comprising database objects

and data, said method comprising the steps of:

stoting substantially all of said database objects and data in said database in

memory; and

performing substantially all database operations on said database objects and data

in said memory.
5. A method according to claim 4 wherein said operations comprise queries.

6. A method according to claim 4 wherein said operations comprise at least one
of:

user creation;
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menory. 2. A systemfor managi ng a dat abase accordi ng
to claiml wherein said system nenory conprises: 10 a

wo poogedoenory on a first device; and a secondP@EDB2094/001438

on a second device. 3. A systemfor managing a

dat abase, sai d database conprising database objects
and data conprising: a plurality of devices, each said
de\?ls%%n%%f&ﬁgp iwqggeplaﬁﬁessor and a nenory; 15 wherein
substantially all of said datahase objects and data

ar GRS drtabasp (Higesrs ?‘V‘CBPHS@I Blocedpeorerkages.4. A

met hod for managi ng a database, said database
corfpr Adnethod accarding ioelpise t svhezgin seidtaperatiansiconaprisedit least one

Opelgglgig[){&g‘it@%%égﬁe%geps of . storing substantially all o;o

obj ects and data in said database in

; _and . perf ar i tantially all datab :
opr ot BRAOB ASSITRE 4 FlaBt dov Bespln pid dilebass Faraprises gpelptional

datab®epry. 5. A nethod according to claim4 wherein said

operations conprise queries. 6. A nethod according to

cl @i | [ [ ; j €ohi
. I\ S oY R i Bt

datap@E/ US2004/ 001438 assign and access privilege; and

create and execute database triggers, functions,
pr d6elumethod forpeniizgasg ainerAoryaekidehtataeBas cemprising ticrsteps
4 wherein said operations conprise at |east one

OL operation other than a query. 5 8. A method according

to claim4 wherein said database conprises a
r eCESRHBS A database fBiegEin memory;

importing data from an external database into said database object based on a set

of configuration parameters; and
indexing, sorting, and categorizing all imported data during the importing process;
executing substantially all queries directly from memory.

11. A method for configuring a memory-resident database according to claim 10

wherein said set of configuration parameters' comprises at least one of data types, data

sizes, indexing, and memory page size.

12. A network attached memory device comprising:

a CPU;

a memory having at least one memory block;

a connection to a network; and

a memory management function managing said memory block in said memory,
means for providing access to said memory block to a computing device attached

elsewhere to said network.
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9. A nethod according to claim4 wherein said database
conpri ses an object database. 10. A nethod for
W@ ovitiogerd ng a nmenory-resi dent dat abase conpriBCTYS100€001438
steps 10 of: creating a database object in nmenory;
i mporting data from an exter naI dat abase into said
dat abase obj ect based on a conf uration
par thet eatworkagitachedragmeary, deg{gp 250y &FREIC g&fhie‘iq“hﬁ“d means
all inported data during the |nport| ng process;
for pretding agressrovidng said compmiting evice aecess toseid) Iyemewmlock by
menory. 11. A nmethod for configuring a nenory-resident
dirélahRBRPPadieRr ding to claim 10 wherein said set of
configuration paraneters conprises at |east one of

dat g tA{ g&axrlgﬁl a%hecﬁfnéfﬁ% AR OHding Rl cRBADD YvHRAGE said means

si ze. att ched nmenory devi ce conpri sing:

.CPU, a

5 forpubifecieS UG s it dsPRE hoRRe B BhAR hemory
function managi ng sai d bl ock.in sai

e BTGPl P OOBRE NS s oE TSP B ARy gl 2
conmputi ng device attached 25 el sewhere to said

menetyaddress 28 saibnoeek aswbebmparr g4/ 001438 13. A
networ k attached nenory device accordin? to claim12
whel §i A nstiotk atvhed femopy daviati acgordingds slagmddivdeseis said
conputing devi ce access to said nenory block by

Q&dr%'wfr%mﬁé%ddBME VituaPAdeiewdr k at t ached nenory

eV|ce according to claim12 wherein said nmeans 5 for

10 Proy¢ %ﬂ&w%?k‘ ﬁﬁ%h@é NhfEP dSAdChc e QRIS tb @gnﬂqwmraﬁ@aasneans

to sai'd nenory by nmenor addr ess transl ati on between
] dd h
forrpéwﬂalglg gacgersg é%%ﬁ%s'eg gf’e%n%fo? Ere&c rgp higgﬁ%&eicen%ﬂrs%ﬁ c}‘g{:}ﬁ%xg as an

extended part of a system memory in said computing device.

»-_)

17. A network attached memory device according to claim 12 wherein said
memory management function comprises means for providing a memory block in said
15  memory to a said computing device for access and marking said memory biock as used.
18. A network attached memory device according to claim 17 wherein said
computing device wherein said memory management function comprises means for
providing one-to-one ownership of a memory block in said memory to said computing
device.
20 19. A network attached memory device according to claim 12 wherein said
memory management function comprises means for keeping a record of used memory

blocks in said memory.
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15. A network attached nenory device according to
claim 14 wherein said nenory address conprises a DMCE
woRoBed07Addr ess. 10 16. A network attached nep@r/yS2004/001438

devi ce according to claim 12 wherein said neans for

provi di ng access conprises neans for treating a nenory

bl gck in said ry as an ., extended part of a system

merfdr § qeﬁﬂgriﬁa@}%ﬁ@aﬁm% Oguige acsordimg ol Lawhereia said

attached nenory device according to claim 12 wherein
mergetly dnanagemen fanotiay comprisdsumeans for keeping & sepordefamsisédomemory

providing a nenory block in said 15 nenory to a said
blodke fipsiid ngmdeyi ce for access and marking said nenory

bl ock as used. 18. A network attached nenory device

aceqr gifgvd® afthHerdem W AEGLS a&@f(ﬁn% foTRH 1 Sandei Gl

wherein said nmenory nmanagenent function conprises

¢ SO . "
e N DS RO B A Rl o BB o
A network attached nenory device cor di to claim12
one GHBFR BT oe SRR MR EeOmSH Hettor | ses
means for keeping a record of used nmenory blocks in
saiZd- frawbyerk atiachpgnpayanry dewoT accpdma Joxdany Bowhasin saig,
A network attached nenory device according to claim12
menpbry marinageraénd fmestion yunthen agreprses nfeans for omrkiogpaii seesnory block
nmeans for keeping a record of unused nmenory blocks in

as ufded whenBaid computidy detivdiides 3hitlatdiesty ekl y devi ce
according to claim 18 wherein said 5 nenory managenent

f ungt hGRIGRIRIthGRE Iﬁgmz dbRike g&sﬂihﬁggtoacé&iﬁm WhQtintsha

said one-to- one ownership between Said computing

e g A TR 8 WL BB o

. Tenor agenent function further conprises neans for
Smdﬁﬂ?ﬁ@&éﬂggid nmenory bl ock as unused when said
conputing device frees said nenory block. 10 23. A
ne ot eelyark attechedwremayy devipe eccarding igiokym 2 whespimsaid
wherein said nenory managenent function provides said
menuHmanagement finctionicomprises mehs/ for sopyEns cardent from said memory

block to the said computing device when the said computing device requests said content
by providing a memory address of said memory block.

25. A network attached memory device according to claim 12 wherein said
memory management function further comprises means for copying content received
from said computing device into a memory block in said memory corresponding to a
memory address received from said computing device.

26. A network attached memory device according to claim 12 wherein said
memory management function further comprises means for allocating a second memory

block in said memory to said computing device.

25



said nenory block. 24. A network attached nenory
devi ce according to claim 12 wherein said nenory
woremwagesvent function conprises nmeans for copyi PQI/US2004/001438

content fromsaid nenory 15 block to the said
conputing device when the said conputing device
requests said content by providing a nepor ddr ess, of
sal’H Ametrypsk aitaghsd momoryalexiceRerading i el 1rsvisrein said
devi ce according to claim 12 wherein said nenory

memdBy agesgenient functidrofarther dolgrisesompans Sessfreranga mfegrory block from
copyi ng content received fromsaid conputing device

assodiffidl WithB1®@ EymphigeKddvitesai d menmory corresponding to a
20 nmenory address received from said conputing device.

g?gﬁlg'% ﬁw ﬁ@ﬁé%@%@rﬁ%ﬁeﬁc&ﬁ&iﬂg% BlafR 1divitrdif said

erern sal menory nmanagenent function

further co i ses nmeans. for. .al ' ' menory
e e R R T M
2004/ 066079 PCT/ US2004/ 001438 27. A nget k .att.ach
rodbry nelapc A bEbIATNG $63 eI F g D AIEI 7 g sad CPU
menory managenent function further conprises nmeans for
is prima#ly dedicatedbtorsaid mewoty MamsgemeridBastion; on with said
conmputing device. 28. A network attached nenory device
ac gor Al hagyotloatedchédimbonhdsviderncsaidthg t6 clasmd2ywherein said
managenent function uses substantial computing tinme of

conroiish ©RUetw ik cdnpRNLIkEBEhacdatdedtionDr y device
according to claim 12 wherein said CPU is primarily

acc : _
10 de g %‘?k‘&% £ g@%gg% HE&%@V%MM@&%I@ i, R 1%?&@11 shid

e a evi ce according to claim 12
wh in.said t : . i
T N L Y
Cortpr A aashaak AR Moy S OISR S A porih asioe of

different sizes. 32. A network attached nenory device
said amangory blogk docanfigirable? wherein a size of said menory

bl ock is configurable. 33. A nenory service

ar GBi A esdnture sewivprarchitacture comprising:

15 at least one network attached memory device having memory, and
means for linking said at least one network attached memory device to a memory
area network,
wherein said at least one network attached memory device provides to at
least one computing device located elsewhere on said network access said
20 memory through a network connection.
34. A memory service architecture according to claim 33 wherein said means for
linking comprises a network connection.

35. A memory service architecture comprising:
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15 at | east one network attached nmenory device having

menory, and neans for linking said at |east one
woeio6do7at t ached nmenory device to a nmenory aPERUS2004/001438

networ k, wherein said at | east one network attached

menory device provides to at |east one conputing

devi ce | ocated el sewhere on, sai d network access sai d

20 afasorevenkagached meraerysierice SaHRE O CmOEY: BRdnpnpr y

service architecture according to claim 33 wherein

s ai akeomaistwaork atta¢hedimemerydsvice baving propipdmemory;

connection. 35. A nenory service architecture

C Oy Sih REIA firtGeWRR QA48 G PadVitSaalstl D@t dfBnetwork

first network attached nmenory device having first

gﬁé@ﬂéd MBIy @evGCRE Hnk&l iR kmBhbACAesnFGEY, YindlSald Eest and

avi ng second nenory; wherein said first network
attached r j L. : ;
SR A rorEng e EBE Bieed PP Aol Miputing deyice
network, _and said fjrst and, 5 second network, at

AesesT ST PEmOpt %Rﬁ %‘é‘{ fegond WERRPIILOY Eﬁﬂ%ﬁ?’ N °8}é‘\?efé§§‘9
access said first nmenory and said secon nor . .
t hrudhmemeet sgeke @éﬁiﬂs}éw agpordingto Siﬂlﬁbg%gfgﬁ’é%‘}/%%mg a
architecture according to claim35 further conprising

servce dispattlcfmcticpahich dispatchésanembry abquests feont sped separate y

requests from said separate conputing device to said

contputin deVics RLARTIiREsMRESndidimoiettaciidongmaty\deeiess amidesponds
responds 10 to said separate conputing devi ces based

to sg.{tllt %E%g% r&?@reﬁﬁg{ri{i/é)ﬁgv?@s qi)agé.dgo;f re%fon%&%?ﬂ s&18 Fvd oK second network

devi ces. nMenory service

architecture.according to claim 36 wherein said
aﬁaﬁé‘?({:ﬁn?@oryoﬁ{egﬁ: ?’ch function resides on said first

network attached nmenpry device.. 38. A service .
LG R LR G e AT
_service 15 dispatch function resides on a dedicated
disprach Bctiapgsidescor saihfirst pefvogkh#tachedmamant dyige-
attached nermory devices. 39. A nenory service .
ar c38.t4entemoey srvioe aichiedture abenirding éo olainn 36 whereinisaibsasyipe
dispatch function resides on a dedicated device separate from first and second network
attached memory devices.
39. A memory service architecture according to claim 36 wherein said memory
requests comprise allocating memory.
40. A memory service architecture according to claim 36 wherein said memory

requests comprise copying content from said separate computing device to at least one of

said first and said second memory.
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requests conprise allocating nenory. 40. A nenory
service architecture according to claim36 wherein

w@2200d/0oe@mpry 20 requests conprise copyi ng conP@nusiongmi438
sai d separate conputing device to at |east one of
said first and said second nenory. 27 WD 2004/066079
PCTAUSA0MM@T sa35e anclntewturﬁeaﬁémgdnzgetp\ﬂa@@ 3qrveherein sridmeemory
according to claim36 wherein said nmenory requests

reqUBSEP COmerisopling contetiefiom fsaidrfirstairdedand swengory sresaid themory area
menory in said nmenory area network to said other

nefRIIRY i@ ofleVédiiputihg deficBENDry service architecture
according to claim 36 wherein said nenory 5 requests

O A5 T b S DB 3R S ror

B oA O B 1 BRI o L i s

menpry bl ock; 1Q a connection to a network; and a
netpgrk @ a‘i’f‘ﬁﬁﬁ&é??éﬁfle‘flﬁﬁ?cti on managi ng sai d menory bl ock

in said nmenory, wherein said network attached nenory

devu%eAmebwrbeﬁa@@damcmds'ap@cqmmlsg bl ock to a

computi ng device attached el sewhere to said network.
15 28CPU;

a memory having at least one memory block;

a connection to a network; and

a memory management function managing said memory block in said memory,
wherein said network attached memory device provides access to said memory

block to a computing device attached elsewhere to said network.
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