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Menory Conputing Environnent and | npl enentation
Thereof; Filed January 22, 2003; Attorney Docket
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BACK GREMBX YR EPHEEIN RZATARAS IFVRANAGEMENT $HYERM AND-
The present i nveniMBEEMENTATHDNdHERHE®F at i onal
Dat abase Managenent Systens (RBMS) and nore
particularly fo a Menory -Resident Database Managenent
RMERBYED RECATES APPRICATEIONG i on. Description
of the Related Art Mst conventional Rel ational
Dat-abase I\/Ianagerrent Systens store data in hard disk
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reduce hard di I operati ons

in a dat aba %?\TB g‘ggﬁg E%’?ﬂﬁ&t hephard

di sk use is PHSP %ESW@HQRPWPWPW and

recover operations. SUMVARY OF THE | NVENTI ON Exanpl e

igablay provi de a method and system for an

I\/lermry Resi dent Dat abase Managenent System | In

accordance with a first aspect of the present

invention, theBAGKGROUNDIGH THES)SIENTION managi ng a

dat abase, sai d dat abase conpri si ng dat abase Obj ects
FmH@fdmﬂavenuomprl sing: =

The present mventlon 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 bard disk into RAM. (Random
Access Memory) when necessary, However, bard disk I/0 is normally much slower than
/O in RAM. The present invention is to reduce hard disk ¥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

y - Example embodiments may provide a method and system for an Memory-Resident
Database Management System.



a processor, and a system nenory; wherein
substantially all of said database objects and data
are stored in said nenory. In a accordance with a
second aspect of the present invention, there is
provided a systemfor nmanaging a database, said

dat abase conpri si ng dat abase objects and data
conprising a plurality of devices, each sai d device

conpg| g'clc ch 9 eSFO{a cg o? reseX’m en 10 ?here ovided a system for
m%Ha?n ar!ita éﬂ %aﬁﬁatﬂ:afe ﬁo Ipa 1 lc-; ?s% éb% gnctxi% rg)(ip gﬂl%d -

tored I’'n sal F a8 Nenbr | 8.
accordance with a thlrd aspect of the present
i nvertpremssot;ade i s provided a nmethod for nmanaging a
dat abase, sai d database conprising database objects
and daystemsmntbryret hod conprising the steps of:
storing substantially all of said database objects and
dat awhered sibstatiallya8E of Gaid FHRMBEL okjbdls BRI URR M Stored in said
substantially all database oper-ations on said database
Yt s and data in said menory. In accordance with a
fourth aspect of the present invention, there is

provi ]ﬂ%% & (ﬂ% h&’ﬂ é%i?éndc gg Lod prgs até \feptgr yg:%%z% ]gB‘ggféi a system for
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categor|2|n | | d during the inporting . .
pr oceddieren %“%3@@9%@)?@ ozlfﬁ‘g agq ohiegts |and dats arg stored in said
|ﬁﬂﬁ?bf¢&ﬁ&ﬁhaﬁﬁ§£y to I n accordance MAth a fifth
pect of the present invention, there is provided a

network attached nenory device conprising: a CPU;

In a accordance with a third aspect of the present invention, there is provided a method for

;?:;;ﬁ?g a database, said database comprising database objects and data, said method comprising the

storing substantially all of said database objects and data in said database in
memaory; and

performing substantially all database operanons on said database objects and data

in said memory.

In accordance with a fourth as
pect of the present invention, th
configuring a memory-resident database .comprising the steps of: Fre 8 provided @ method for

mmnmgadawbweomaxhnmwmmn

importing data from an external database into said database abject bascd on a set
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a nmenory having at |east one nenory block; a
connection to a network; and a nenory nmanagenent
functi on managi ng said nenory block in said nenory,
means for providing access to said nenory block to a
conmputing device attached elsewhere to said network.
I n accordance with a sixth aspect of the present
invention, there is provided a nenory service
architecture conprising: at |east one network attached
MeNUh Yacebdaheewili Wi g APEDIOY the RBGnRvaKisn, fiere id plovidgl a network
attadiedimamory dadée om@risigt wor k att ached nenory device to a
menory area network, wherein said at | east one
network attached menory device provides to at | east
one %G%Hﬁting devi ce | ocated el sewhere on said network
access said nenory through a network connection. In
accof gemery baving & lestoapmemesyblecksof the present
invention, there is provided a menory service
ar cha tamtetion to@mptwosk;mgd: a first network attached
menory device having first nenory; and a second
net v@imkmatst iaipemem faicyion eshagindaid mgmesdsiad imssid memory,
wherein said first network attached nenory devi ce and
sai 3Rk FHhroGHMS akoesPlolsAIdRRInITR BRICY SIS ¥hBRItAE devibduimohed
into a nenory area network, and said first and 5
sg&g&ﬂmgﬁ;ﬁﬁﬁﬁﬁgh&gched‘nennry devi ces provide to a
separate conmputing device access said first nmenory and
said second.nenory through a network connection. |IDb

I'n gc r T s. i iheférigﬁﬂ{dd m
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menory device conprising: a CPU;, L.J a nenory having
Blot {63 She RRGONEHRENd BTy deflod BAG hbGly! Saft MOt VOTK: -
mmmﬁﬂﬁﬁémﬁﬁwmmmm@mmﬂmﬂﬁmmmwéﬂwwam@mw
area. network, | |
wkﬁh&ﬁmhmmmmmmmmmhﬁmmmw&Mmmmﬁ%mm
kmimmcmnmnmgdm&mkxa&dd&m&mﬁon&&hwhmnkmm%%&ﬂi
ﬁummnyﬂhnughaneﬁwnkcmmmxﬁom |

In accordance with a seventh aspect of the present invention, there is provided a memory
service architecture comprising :

a first network attached memory device having first memory; and
a second network attached memory device having second memory;
wherein said first nefwork Mhm memory device and said second network
aﬂmiﬁdnxmnuydeﬁseamﬂh&bdﬁnoanxminyamanﬂhwnk;mmiaﬁdﬁﬁﬁand
. second network attached memory devices provide to a separate computing device

access said first memory and said second memory through a network connection.
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a menory managenent function managi ng said nmenory

bl ock in said nenory, wherein said network attached
menory device provi des access to said nenory block to
a conmputing device attached el sewhere to sai d network.
lc WO 20041066079 PCT/ US2004/ 001438 |In a disclosed
enbodi nent, a nethod of Menory Managenent for any
process within a server to access |arge anmount of RAM
is disclosed. Also disclosed is a nethod of extending
('\)/Err? ?ci%e dongtvélﬁsa_nl_ I.' tlté gs:plg(%:t) P?%él’llezggs%gtgln\? yggsﬁtler%}s provided a network ¢
a'é‘{%g h GRPB-EE gabyt es or Terabytes of data
froma | egacy systeminto nmenory. In a disclosed
enbodREht, a nethod of Messaging System architecture
used between the nmenory user processes and nenory

hol di mgmonybadegstdeast enednembiybdetk; | n a di scl osed

-enbodi ment, a nmethod of Mrror -Backup and Recovery

Sy s teetvnasctiti foadietivarkj mddi scl osed. Al so disclosed is a
met hod of creating database objects in nmenory

i nclaiémigty ﬁdehﬁ%&ﬁn%@ﬁlg 'saié)nehﬁgj Iﬁécls saitintifory,
c) triggers, procedures, e) packages, f

f UNGitiefPsaidiesw il SitShed At gg¥g§i LScl o

is a met hsgtlj 0 60}?eat| ﬁ% a 82%%%%% engl ﬁgegsgtr?p%fﬂét%éﬁo%
[ I . St i ng a execution of the
SEi gg‘%gﬁpiﬁanfﬂauerEéggﬁ%%mggpé@ﬁPdﬁﬁgéte, Del et e
and Insert statenents. Also disclosed is a nmethod of
conpleting the transactions for nutating data
conpletely in nenory for all the Update, Delete and
Insert statenents, before and after "commt,, and/or
"rol | back"” statenents: Also disclosed is a nmethod of
bypassi ng the nmaximum data transfer per transaction
basis. Also disclosed is a nethod of data refresh for
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each transaction conpletely in nmenory conducted within
the MRDBMS for recovery purpose from database crash.
This method nmay include the activities to conplete all
in- between transactions. Still features, and

wapgeerges of exanpl e enbodi nents are readidgrER@3haAss
fromthe follow ng detail ed description, sinply by
illustrating preferable enbodi nents and

i mpl grengatd b Mo/ 230 6079

PCT/ US 8%)45 8014%5%&?&%@ e %é)o ments, and several

Madegeniehtforany firecesvwlitlii @ serivar tvarces bargs 8eP@8 bERAM s disclosed.
wi t hout departing fromthe spirit and scope of the

pr es &k dippyesis 4 regthod piesiondiiengl y, t he dr awi ngs and
descriptjons. arg to be arded as illustration in
Mgy regbnd i Brelatons mecsed Peppy eperstingsistenne Borampikofimer be
used Hor ERANNCT o WiR R CERABRE O TophbHea WF BYS fr]pm %Ez%cﬁ'.rsgstem into
i ncorporated in and constitute’a part o 1 IS
me@Pci fication illustrate some enbodi nents of the
invention and, together with the description, serve
to elpt displossd sabedipetradncthipd e MaRf8€E and princi pl es of
Syt alcit | drawings. FIG 1 illustrates
et ar eﬁ%g&ésys e#&g yd;ﬁ]g’ aﬁnag?rghﬁﬁegé{rwq Gpd Jagnery olding
prodepdesistdisalokasly an i npl enentati on of a Menory- Resi dent
Dat abase Managenent System of the present 15
| nvent & discliddemBodihbiSrhdiADr MGONEEREal bl ock
d iagra? of an .enbodi.nent of the Menory- Resi dent
- an B ?Wﬁéﬁ’é‘ﬁ‘ﬁﬂ‘?’g%‘%@ﬁ#of the present invention.
FI G l3 i1l uqs/it rates a conceptual block di agram of
hi gHYPETEPSeL BiRet of seating dashmsof  t he mai n process of
objedtd iMVeidBioy ﬁﬁsﬁidﬂ%“ﬁ] (ﬁﬁ@s ; stemJy . an
! 20 errbogiilyrrent 0 tﬁéﬁlpre e%g@%\%ﬁ%@g‘%p aneﬂsecj %‘ggm 9

procpqurisspackages Nofinaieps, ghindéres,akd H) sgoaymof a Menory
Managenent Unit (MM 1) systemin an enbodi nent of the

pr es@lpft dipolpsedit # ppthod of creating a
database engine completely in memory to include the parsing and execution of the SQL-

92 complianf queries for Select, Update, Delete and Insert statements.

Also disclosed is 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 “roliback” statements.
Also disclosed is a method of bypassiné the

maximum data transfer per transaction basis.
Also disclosed is a method of data refresh for

each transaction completely in memory conducted within the MRDBMS for recovery

purpose from database crash. This method may include the activities to cormplete all in-
between transactions.

Still features, and advantages of example embodiments are readily

apparent from the following detailed description, simply by illustrating preferable

embodiments and implementations. Other
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FIG 5 illustrates a conceptual block diagram of an
extended nenory address in an enbodi nent of the
invention for a 64-bit Operating System 25 FIG 6
illustrates a conceptual bl ock diagram of an extended
weeworgseddr ess in an enbodi nent of the i nverntirgnodio01438
a 32-bit Qperating System FIG 7 illustrates a
conceptual bl ock diagram of how to use a 64-bit

dlﬁ%&heé?xﬂ)%@lmem@ R YeRAUELSR chf:@l hftied Il Garihd r%éf)gcts all

Address") of an enbodi nent of the present nvent i
withouladeparting fibm thesliritAdd s@ps ofithe presért idvbsiont r t ual

address provided by an 30 underlying 32-bit Operating

Sys AeoardidgWOHR AR 4winS6 AhEOddREH IR B 4b AR I edRlsGllugiration in

il us({rat es a conceptual bl ock diagram 0 how to use a
DAGP. Bip n"é%ﬁ@ﬁ@éﬂv%mry address (called "ITC Virtual

Address") of an enbodi nent of the present invention

to access the Real Address which is the virtual

addr ess provi ded an underlying 64-bit Operating
BREGE DESCRETIONDOF DEAWMQSS a conceptual bl ock

di agram of Menory Page Pool managenent in an

enbblli seompafyitghdrapings evh:wh are andorpmmated-loGand1€bnstitute a part of

| i i A B o

dest:ﬁ;mom@.fwtb ek pl8bin® Bspebth, @dvanta I\gg& lati$ hfimdifi8s ¥ the invention. In
conceptual block diagramof a nory Information 10
theé%?@ﬂ%ﬂﬁge (ME) layer by using shared-nenory-based
msssa |n architecture in an enbodi nent of the
yRizales p rferemeGystam physicabarehitestresfor usedn piiustiiting an

it P S5y RSO SRl BB ERLERS it o AT

ter uses a
invédtionry Sl ave.in an enbodi nent of the present
invention. 15 FIG 13 illustrates a conceptual data

fl mmoﬂkstﬁteagrcamwﬁmﬂmmmmmm’aﬁj etnBodimeMaifthy Memory-

ses M er to exchange information with
Rﬂs egtrfw SRIBENJRVeten. o esent

ﬁ&tl(ﬁg FIG 14 illustrates aconceptual data fl ow

high-level-view of data flow of
the main process of an Memoxy.—Remdent Database Management System in an

embodiment of the present invention.

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

(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 fiustrates a conceptual block diagram of an extended memory address in
an embodiment of the invention for.a 32-bit Operating Syster.

FIG. 7 illustrates a conceptual block diagram of how to use a 64-bit extended
memory address (called “ITC Virfual 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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al l ocation function malloco allocates Menory Pages
using a Menory Managenent Unit 20 (MW) in an
enbodi ment of the present invention. j FIG 15
illustrates a conceptual data flow bl ock di agram of

wOoWasstROry read function read] reads M
Pages/ Nodes using an MMJ i n an embodi nent WF¥IUF<1;20041001433
present invention. FIG 16 illustrates a conceptual

- data fl ow bl ock di agram of how a nenory wite 25

f uddbr Srllptmtee e cppeeplugt N@ﬂi)fﬂlﬂglmlg@shmdotbemeusﬁmm axteﬂM
f n nve ti,on
merhfly SAREDICUER 7O el ABEEESTbE o ol oF s esent
invéndion 40 mevesy yhef Red Addness twitich fis ey hrﬁ]ﬂe@cﬁr%;&évyded by an
an MMU i n an enbodi nent of the

“ndg?’g‘ggeéﬁw?ﬁ ﬁg S WD 2004/ 066079 PCT/ US2004/ 001438
FI ﬁéﬁv‘?ﬂi %#egt r at esgﬁk&a{gzﬁpt ualof?&eg}%gédl a rogkr;nngaggn?evr\{t

in kGGG O 1 PO idhiokl G 19 11| ust rat es
conceptual data flow bl ock di agram of how Dat abase

Engiee1o ﬂlﬁst@aﬁbs%f@;ﬁ blogi P !

works. 5 DTALED DEaeRy o LeP PR R T O made
from mpmaery pageds ap pnbodimpntef the prsent phvpstiapal  architecture of

an_environnent in  which the invention may be

pr BEg-i &bdllustiates i somepiml block hiagemw | afoaManolyakf@mation

Bl Pl i, o PR B R i kPR, o on

cmanmOﬁﬂh\pmsmtirﬁreMﬁdnh an operating speed of 10
gi gabits per second (Gops). Although a plurality of

ek r12 Shusietes a 2oveptusinuiidw blobl giagRROst mnettm%ad ina
Me tion @XI\’E@ %Factl ced in_an environnment with a
mﬂ%ﬁf rlost 1o gxchange informaticasvigh MemogeSlevein an

emb®Ngb 05the pRbdit BRBRREAL €d via a | ocal area network (LAN)
14 or intranet to one or nore 15 slave servers or

eNIq3 itstrdiBea bANeHBM dif 10 H108X BIRLS: of BDwidal 8

net wor k. The one

| Memory Slave uses an MIE layer to exchange information with Memory Master in an

embodiment of the present invention.

!
FIG. 14 illustrates 2 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 inveniion.

FIG. 15 iltustrates a conceptual data flow block diagram of how a memosy read
funcuon read(} reads Memory Pages/Nodes using an MMU in an embodlment 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

fonction freef) frees Memory Pages/Nodes using an MMU in an embodlment of the

present inventior.
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or nore master servers 2 may al so be connected to one
or nore master clients 6 via the LAN or intranet 14.

Each sl ave server 4 may further be connected to one or
nore slave clients 8. The master engi ne(s) or

wéﬁfomgﬁrssﬁ) may further be connected to a th%p"@?@@@m

dat abase 10. This exanpl e environnent shown i'n
is just one exanple, as it will be 20 apparent to one
of skill in the art fromthe follow ng description

t h3AG: 18 iPnboisnta pomtualdﬂoclknﬁm Qfslecdwrf] |anM¢allo;y Database
Bacgm e@%ﬂféﬁ%ﬁﬁ?ﬂf‘@%gﬁ%‘r PRt aroh tectures i n
- ol i hoonrRRCRR it By S SRy Toeit

maﬁemw@ﬁamﬁfma@ﬁbsbm@mtmrmn Thereof; Filed January
22, 2003; Attorney Docket Nunmber 0299- 0006 I nvent ors:

25 Tianl ong Chen, Jonathan Vu, Yngbi n Wang, hereby
I ncor porated by refer ence her-ei n, in 5 WD 2004/ 066079

DETPAT/AIBRSEIPYIGRDOF THE REVENTRIY - Referring to FIG 2,

there | s illustrat ed bl ock di agram of Menory- Resi dent

A BREDR gl ot ST AN o B g
S i
oA i B AP

is re ponS|bIe for, handI| dard SQL erie
optig Aearks 2ayith ahenmssing %ﬂ s PEDEPOpEd f‘g@ﬁbnéﬂﬂrﬂ pgh 2
for handling systenrnanagenent such as conflguratlon
plurglity) ofangster seetsed sire Shawib iR Hiiy ewbedimpnly theyinvention way be
statistical and perfornmance status, maintenance, 10
pracivesl in Bhenwtomoent with aginglermastin iStrV(rWlWeﬂl 1'thomw¢rcseeers or
menory page and node pool nmanagenent for the front
engibe)? mescofibdted Gda a Toval Adbdkndtbrka(had NyddooryintSanek trporfyartmore

106 together provides backup and recovery

,JD

slavé sopedis GrRaginésyd. OfheNEOBMEY b&ifod dxatiplt StrHibgnéteivofk. The one

the MMJ 115 includes one or nore Menory Master(s) 103

or nRRIMANAG sOiiverd 2! BagVRIN® by cornddQBto iokle oL RGR: ARART tiesth 8 the
102 having a Menory 15 Page Pool 107. Each Menory

LAl\ﬁb GankP 4. "ERM B Ex%er%"ﬁla Erybel% Sﬁec%% léﬁe BPmM%fE%¥
up System 106 (gsee 11 Each Menory Sl ave

chet{tse §.p R Faalr E@ﬁﬁ’e@j 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 skill 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;Inve1§1t0rs:

Tianlong Chen, Jonathan Vu, Yingbin Wang, hiereby incorporated By reference herein, in
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Master 103's request for any nenory actions such as

mal | oc, read, wite and free (see 111). In the

exanpl e physical architecture shown in FIG 1, the

various conponents of 20 the MRDBMS may reside. in a
wiMidBocédpi ety of locations that would be regdi\ 0001438

apparent to those of skill in the art For éexanp PiE e,

the database managenent systeminterface may be

t hrough the various master and slave clients 6. and 8.
its epfiEtvelat abase query engi ne 104, the system nmanagenent

engi ne may reside in. one of the nmaster servers or

en &efwwggto F!ﬁ.rra,r IShemast itinstratedd3blogly diagaid gg IM\Tnmiyi-R@ﬁdeut
0 av sl aves nmm
Daifhike’ Siiefeflr | SRt GoRBhNRHS e VRBis? Tudicher e
Mamapshent Sgdted Eﬁlﬁrfﬁ:e 198 AW Qtabdst IQRESERRIRY 1040 S?&E}EVM agement
s on.the fiberoptic network or the’ LAN. gﬁw%
Eogffe 1 et MAsossyrom s 40 ohChdomesy el Sysion 116 Dirs a9
masfdchicfl ﬁ“%z%@%?ﬁﬁ%ﬁ?%%ﬁ it DorBE Ot Bpgine 104

rives

is m&m@é}?tfehhm@llﬁﬁ:#&@ﬂ@gﬁ%ﬂweS hehestan Systery MBRAgment Ed@Ime

g?ﬁigg t he da e daenon,rea
loséﬁ;n gurat’on Egs)][erig ﬁ guration an Setup’
mmmwmaﬁenésom ﬁatﬁﬁmfhm Bl aicthe GRS, hid,

t he ar ts st ave based MW 192. "I f
ete. ﬁg SaMemg, ﬁ‘af’ t@%@@ 1 proxidesmameryenage rdoegls pool
man@eﬁxbﬁtffoﬁﬁ@ﬁbﬂlﬂnﬁﬁabmfif mse?h@mﬂ/ﬁi]é&ﬁﬁ&ge Caaﬁn&)}c}stgm

108, then external - Daf abase | oader
106 fogetber prayideg hackpmand reneweits Sunstipality (FDRNBMIDS .
Ot herwi se, MRDBMS will be | oaded 194 from5 Menory
Ba%tﬂliﬁfes}‘;lﬂté HlG03. the MMROSBchidee oneaorahere Rilempry Master(s)
r her rg or dat.abase
103 ﬁfdo&m%cﬂll ork Me?ﬁ&ﬂ%%ﬁag cft ”mcgel@exg?ry Wor 1) haripg aMgpfugr

daenon was term
Page \RROBNGT.i BadhobfgmdrynBiabe 102 headlesois ewni ey, p ﬁgﬁ%ackup to
d 19

MenfgB! BRESS St 362 ¢ 160" Hogh Mdhoss Skt LR siepdr-focemory
Masterrme requeit forl sity AbB6yachhRGEscK hARLRIA Péadﬁﬂn?‘er%ﬁ%ﬁwe

11 10 Menory Managenment Unit architecture
)prOV|d|ng extended virtual nmenory to calling

p &J&sses and for reliable backu&and recovery
;'(’b iFRpRle physicabareieetarer shewn jraf sledtdmri%s coh@nmn;s of

thie MEIEMIS mh Fesiddah'p Q%deﬁag&? of foriond BITP¥uil B Q05 ép%grent to

Exchange’ | ayer
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
Systemn 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

7 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 I\/[RDBMS daemon 190, the database daemon reads configuration file(s)!

N
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Menory Backup and Recovery (MBR) | ayer 140 which
i ncl udes Menory Pool Backup and Recovery Manager 148,
Backup file 141, Log file 142 and rel ated | ogi cal
links 143, 15 144 and 147. Still referring to FIG 4,

ry Master 103 Is an interface Iayer bet wee
wérg)(rarg%wésers (called "callers") and menmory? Bpﬁqo?fléﬂﬂlﬂﬁ

process(es). It provides nenory functions such as
al |l ocate mam)é read frommenory, wite to nmenory,

for pysésgn ationol Ske then ystags éwi@terlsmwh basedovAU 192. If

oo SAEF Rl 198 SR D0 T o

Mm%&ndﬂ Sinibifm:et 1080 shear @utﬁmﬂiﬁé)ambgse Ibatder Wil (&, cAllo® tdViaHar e

et dnghest i MR 53 Mt XoBSEisenLyioakvaon

Me@&geﬁa%htﬂ Syste1806. OS MRDBMS, &lefi af Ghecl&R) fvg isShadell 1o

and schedul e the Menory BacRup and Reco uncti-ons

cheojcmhedier piandatabase|dagrean wisgermiinated gosnalhy ¢r@nmromﬂyks6 Afier
MREBSIS AR yShE 4Rt ol GODUARL S BT o

daenpn process outsi
enalleds98 foriseFingmeériy quedesd®9” Menory Sl ave Daenon") or be

configured as a functional |ayer within the process

t hRefehing mewttih BIGM thzereyis ibstrsted 4BI3ck digdrm o€ gn a8bodidBem by

Menfirp bt PR oo B aisbsLinempe e

procéisesviid 18} Zeliabletatihip@ud %@o% Spatility O IBte SRR TR4M sections:

ssa nnel 153 bet ween

oC a communj cati on ng Cha
Meﬂg%l@s tot L0 Migmom¥erso 1 2. M Sfoaretion oapgon Fgehangalayarl 56 and

S TR VMRS SO Sy Bl

and Reggvery Maypges 148, a&htesﬁlm a1, drog fdelfl’umdwehteﬂ ogidub lisksri3,
144 499ess that hosts Menory Master 103, the Menory
annel 153 in the ME layer is sinple and may be

e R o Pra! L AR e ol SRt 103 3 B Sieiduet gy between
membdymoess (balietl €valleiOPasti ety holdiSE proctREs)) ¥ides memory

Pa es/l\lods |nthel\/|e ry Slaves 10Q2. ereas in the
‘Wé’gﬁ? gt memeny. read Siom memonyeie to messaday.dfee greransy,

' efe. weienﬁnrmtsl Eu@?ﬁ@ﬁ&y"ﬁﬁ@%ﬂs 2 BRONOH R edring M5 thdMRER6Y

Sl aves 102.
users do not know where memory is actually located. Besides the transparent memory

functions, the Memory Master 103 initializes Memory Slaves 102, sets up Memory
Information Exchange layer 156, and provides accessible finctions fo 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 Dagmon”) 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 évery
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In an enbodi nent of the invention for a 32-bit
Qperating System the Menory 10 Slave Daenon is a
mandat ory configuration for Menory Slave 102 in order
for callers to be able to access nore than 4GB of
nenory and up to hundreds of Terabytes of nenory. In
WOZMO69%Hi ment of the invention for a 64- biRCTEYSEN409143
System either the Menory Slave Daenon or the Menory
Sl ave Function inplenmentation provides capability to
Mendfr§ Shve 167 Sdlhap Mé%?mamw SRRl RekPawitn e MR ity
Terabytes of menory. 15 In both 32-bit and 64-Dbit
Inforgstipm Exehange(MIBHprar 661 IhMemery Slaves 10%are sed up avithin the same

procgsrg gf\i/aﬁglﬁsﬁ ﬁdeﬁﬁ)nﬁ?nl\éagtﬁfg@; ?%%e 0 e{:ﬁeﬁméﬂsgriﬂ etﬁe[ Wg layer is:

e nmax compat 1 bi
simplec amk may dei mplenRAtedi 4s wrppédfubitions e raadekd hemosibe held tyn
[ 4_"‘ . -

Meniggt Ses 3, 1 ok dhon Dl st APE G T mori efoae

PagelNod& B HenhRmoBl SBRes 20DAWHYRaY i tm@Mam%ﬂf rSfavadBh&ich
in a process (referred as the MEM 20 Cell 1D); a .
scengfionprsmasy Jdsteat dPR <o nededirectly @neesh Mlepiosy Re es in the

-Menﬁ%;‘@%goﬂthi n a server (referred as the MEM Bl ock
I'D); an

a nmenory server address used to extend the

[ P pep RURRA o BeXRREch Bl %%iE GhdBing S/ CR! e MBory
Slavé Bpinm_ém sidatoryeatigniation for M@aday Slase 12GA-obdet for callers to
L TN ST TR -
In ar0émbddéndnd O€ el i@fenkibn Jorb4 6ipiblt ORRAILA SYRENSHMer Me Memory

mﬁm)r address is natively 64-bits, as illustrated in
Slavq Dacmon athe Mermery Siave Bungdipn dpalementaiipnsnroyidesscapahilitn dw

accesd thoi! then JGB 0BG SHld BYyohl Gude of ﬁér@l%rtes%ﬁgferﬁrfgh{‘ g

system for a virtdal address. In this ‘enbodi t he

gl S0 a? dall bR Rlchs B d IR B0 lacd Bale

enbedded in the 12 mappi n ookup

-addrageissed teaddress manaried iSerdeerto profvisie matimwm Botioy code level

conskb 8 A SRS ASE BB pvdpn e S RSETTR

extended 64-bit addiss(foycléde seripiéls cAlled dTC F3Pudll Uddress) tickdes three

Kinds G Pl HPL Y S48 H BRIGES oo e B

Cell II¥Fa méeryvlodkaiddRbs fiell $o bRedd e MeMobrbdunbdly WitRM Beeds

ID, MEM.Server |ID may vary based pit" t.he operating .
(referesdascthe MEM. Block ID); and 2’ memory server address used to extend the
memory boundary beyond a single server (referted as the MEM Server ID). The address
lookup and implementation mechanismi in 32-bit and 64-bit operating systems, however,
is different,

Referring to ¥IG. 5, which jltustrates an embodiment of the invention in a 64-bit
operating system, a niemory address is natively 64-bits, as illustrated in Linux IA64
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 TP address, por,
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5 Referring to FIG 6, which illustrates an enbodi nment
in a 32-bit operating system a native nenory address
is 32-bits as shown as the MEM Cell 1D 122. The MEM
Server ID, which is the server index if several
servers are grouped together to forma distributed
WORM607? arm uses the high 16 bits 120, anBCEHS00438

Block I D, which is the Menory Slave Daenon index,
uses mddle 16 bits 121. 10 Referring to FIG 7, which

s B RGO B By kAL 905 583] e
menpeyrinmetv@iraliekdi0@rvers. ThaMEM Bloek 113 bakMemby Siahd Besod Gitiex

is et Y T e ke bl lpef chif 3 P M E B b e ook

" ID, MEM®Se Doy vaRy Bhéoh @ o S @shugEgOry bl ocks.

Bot h |i nked Ilst nodes and nmenory pages are the basic

t 1
i, T B B S 15, 51 i

. systegy @mel e mepory gddregsris 32-bity asshewweasdhoMEM Cell 17 #22. The MEM
ServBOf, §RES1s tﬂ@@ér@ r%&ex ff@@ve?ﬁ Al (i’sfeegr]% C%Aﬁ% é{j@eg 1§ ?ﬂmbg

used to access y space is ¢
distriputerd mm::qf fat:h,e:sss ﬁ\eﬁughgﬁantsl it26; and! (B2 Mlﬂ\ﬂdslcbdkd})ofzvhﬁ:ﬁﬁs the

AR B L
@B“T@O %ZWQ}‘& ?ﬁ*@%@ havs s Hser 3 ?fqgéfz%ﬁ\/gf ess to

addrdsm mmor;adﬂa 83 DitOpRAHRSRend, 2ad PRRoHNSIVd @ M%ﬁ&!ﬁé the

Backup S\ﬁstem is consi dered The address used in

startigg addsess 4 %Oﬁ&e m%ommmwhgm alegl the stgwing addussoftatimked
I L
Bol‘llalméwbhﬁ nodss amdlmttxmrm |pa@srmrﬁne3bam fisitat tp fmh:etwmfmgryﬁge

roo S L) T e AP0 e e b

offsepfromi the abdve stdﬁﬁagefﬂwﬁsem? Mthefefidre tthe?Réeﬂ Alkﬁ'ﬁmﬂs ok Bﬂ1 be
ted in FIG 8. FIG

st em,enbodi nent as | ustr
used fq §E6F e PRenoms pacs byt the o A0 R e o adnoe 402
and thESTBestérad i EMPCE IR61. althts %e%}é?ﬁn%rﬁddék SO m&:ﬁoﬁ'ﬁﬁge

32-bit situation, the sum 408 the offset fro
and sigsting pddresg ofjthe bakad-lispnary7blagky atrmélff@mnb pnd ﬂmlcbbe freated
epm%% rting address formthe low 40-bit of the real 9 WO
4/ 066079 PCT/ U82004/ 001438

The reason for the above memory address arrangement is clear when the Memory
Backup System is considered. The address used in any process is nof the actual physical
address but the virfual address. It would be useless if the address maintained in Memory

- Backup System were the virtual address. By maintaining memory 6ﬁ'set, the 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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address 409, the high 24-bit of real address 412 cones
fromthe high 24-bit of the associated starting
address 411 as illustrated in FIG 8. Referring to
FIG 4, each Menory Slave 102 constructs its own
nmenory into a pool of basic nenory units of nenory
W(b%{’ﬁ‘&%%?”aal | ed MEM Pages) and snal | er menorBCI/ES24{0pky38
or nenory nodes (called MEM Nodes). MEM Pages and MEM
nodes are the main constructing conponents of the
B30y i RefiRkd | F { .
1, | zgtﬁ%lg%&glft ]‘#ﬁgdmmrihg?zﬁ{’/‘g"slﬁ@‘ (@%3#@?‘@? of the
asspeipted stanting addrasadbloasaliustiated dni BkGh 8conf i gur abl e
paraneters including total nmenory size per Menory
Sl akgertig to NI/ f2zgeh Memory Slavk NENohidrbets Siszewn dvaasy Yato a

podhed ¥isisrp St Bty el M roton M st Fesmey
uniéd dr nfeR1oBy Hoded (chlled MBIMICSRS). MENI PaBR iR WIENI 26des 2RARS AR

this huge nmenory buffer-«into an array of contiguous
congfftpg gemponays offhgMemory Pagp Peel 1d8ubl e- | i nked- 1 i st - node

bl ocks 130. The starting addresses of the two nenory

ar r§rering & Flen ?aﬁ‘?é&%ﬁaﬁ%ﬁﬂ%é’? they Memgryediaye 197 (Raemon or

P RS o B B PP R g 1 By ory iz per
Mepopatiavn 164, MEM: Paga cire, MEMVIPA) dNode sy, Nlemory Slowehlog can
' | 81 S eat.eq, to | i nk,,VE ges a .
col A o SMTEE e PlmeeSitecdod e Yetrod2 wit
allooata dll negofecfithatathetdsal herfory \ee Gepdrs iR nfenlorp e
lists dl e MEM Pages, and the other two

o d
. into g atgay.of Goptignony 0436 and AR AT ob Aot kst istenode
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blodkis 1B@ Arhkistatting Qe 0EM Srydzﬁl% lfkaekd |
OIi,nks al IS 20g" Unused"ml\/gﬁ/l_‘ﬁ%glgés, t gg%? er IIn ésstgﬂare

used {gaemory agkvmapd snengirybackup g5 disclagedinlaboveipataguiphs. i st
links all 'Used MEM Nodes, the other |inks "Unused"
VEMtiNGefesing th ETG. Yrafter the creation ofeomtigwoup MEM Page array, four

T e T T

MENGRzgesand MEM Noded Bahdling fisi aatl chsy. Dinetwiviolfdia g&xbfl@ﬁ;kediﬁsts
the first

i.cted,b 133. t h ti ,
are {56 BEYR BN Pt Ui S oS 5 R aiied s banaleaMEME Slodes.
AmORPIG b dbublp Tt 1inh THOMEN RS ohe Subhi el Yy 1
| - | | S | V I -0alT. | |
“Unig A MERS Poses e ttoamiokioall Soed SHIEM Begse. Somarbia Houbladinbs

list BAIRvA ‘%”W@dﬁ% i?% gﬁnﬁpﬁﬁfé “ pﬁ’l‘ P@)ﬁg\fgdé{g‘g%s %'\ﬂle

Pages 136 are nove use

s pmboraf deubleslinkied HsIVENEPE3rs (HEKIEM Bagef meatidcand, Miatly

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 pointeré
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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235

20

Sl ave on behal f of Menory Master, the related MEM
Pages are noved fromthe "Used" 30 list to the
"Unused" list. The sane occurs with respect to the MEM
Nodes. 10 WD 2004/ 066079 PCT/ US2004/001438 Still
referring to FIG 9, MEM Nodes are handl ed as the sane
WORBYORY'VEM Pages 136. Referring to FI G 4ECH¥R00MOPIES
Page Pool 149 includes the above conti guous MEM Page
buffer herein the MEM Pages and MEM Nodes, and the

fo

20 S o), ME S 98T B0 el RS,
PagePa3@ or I\/EM Page) and nenory node (cal | ed MEM Node or

MEM Node) nmanagenent. A nenory page is the basic

meReftying o FIGS 4,|\ﬁ£rMemobth@GPﬁbh 40rchdaoheabdv| dadguous

. M e s, B e e KB gt e, ot

r
e e e U b i

PagetanEMtP@a@ apé msmonssande {aslicd MM HoderdEMNele) tapsement.

A maﬂ% ¢ ﬁ' bésgbgﬂn% ugﬁ%?i{d%&% M%kn%nt E&%mré;%ﬁngﬁ

2048 exf &l%l bmpstm datiGmeddyy pm, sdheala Gekniviry nodidisemadesranea

i nto arts as shown in 185, the

memmyéﬁg%@sdd??aéawilﬁr c”‘?ﬁ‘l’;‘%‘EMkNodes 182 in thi sf
M P 2

el B 5 iy, Foafkid eisgada ih I PheRragD: oY

tend td beABied MEMheIRAP SsalpS reg il sﬁaﬂl&'@ﬁe%ﬂm‘}f éﬁ\doN%i.m

in the I\/EMPa thi's M Page 180 can befreed

10, Iﬁ%@&rﬁ@%wetéﬁ@mw%@émﬂ Hid to be noved from
the "Used" list to the "Unused" list. Still referring
t ootit] referring, to Gk 10EhE Kergad §$21tm§ére$8t spadej ¥84tis ®¢amt<td info

two S REROPREFISS Ho 48R 1 BPRnd dnlikP o PAERENO g e T s

MBM]BgeJBG and ﬂle boore BivHiit Bebpb ihe nadﬂexefé‘&eqﬁ’d*dﬁb/ﬂlﬁddeb in ¢hiziMIEM

Page. Sl G ks 8 i) NSRRI i {F o g BT s in

the mmra@;ﬂﬁwmm P26 T80 ci ARS8, Sfcanihyg sk (e MBI AEOREHd to
t he l\/brmrycul\/aster 103, the Menory

be mq\ﬁa gaéﬁt %I,Jﬁsed” list to the

Still referring to FIG. 10, each MEM Node 182 has its first 64-bit address space
186 to point to its parent double linked list node as similarly shown in ¥IG. 9, and it has
its second 64-bit address space 181 to point to the MEM Page 180 from which the MEM
Node 182 is made ‘

Refenmg 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 Chanrel in the Memory

Information Exchange layer is illustrated. Such MIE layer is used to exchange inter-

process infon_nation between memory user processes and memory holding processes.

11
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15

25 Exchange (bll1E) layer 156 is needed for

communi cati on between Menory Master 103 and Menory

Sl ave 102. Referring to FIG 11, a shared-nenory based

Messagi ng Channel in the Menory |Information Exchange

s illustrated. Such .ME layer is used to

Wé%%ﬁ&e" inter- process information betweeRCHEMIP4001438

user processes and nmenory hol ding processes. 1l WO

2004/ 066079 PCTI US2004/ 001438 Wen MEM Sl aves are
WieR MEN W68 @6 caieimRn ab DACHSS fivceshs BMITEME: id §1a§eﬂ 18Y Stves

for Slaves and Masters to exchange menory page/ node

and| Mesierprin ¢xshange aesioRe pagefiode infonmgtionandrothes nformaation sichas
) t

staiB ol and WigolP Shor SRR ool hint PREERRITRTIL,

Whas MEM cSIavamare hbifigueedess Functidn, MIErayes jsahianttaniayent laydrcthat

r‘@é%ﬁ I\/Iast s can di ectl &55@?8‘%?1%@%‘1%%@%}@%‘@8%

meléindfawaﬁﬁ ﬂwﬁerm_\mys Im ﬂh&l HiScl6hed ehBSder PRI, HERbre®ineMo
based nessa architecture for M

'basg%%g%é;g& Bk Xwai;or NﬁEelSl\?e%gng% - e iviessagimgpChannel 160

inclufs! A Nfofy mm{.ﬁuglcﬁwlgtrg F% edb afd'bn slgi}yg@%@%gq\&ég&y

an array of Inde ssagi ng

MegopzinzBlogks. Channel 160 i s needed bet ween every Menory
Master and every Menory Slave. The process hosting
t h @Wé\rimqgiﬂgﬁiaamel 164Q is rszedadl Heividan ewdly MEMoryGhastercund seery

M}, S T8 aret hodtnd e kS WhEE 41 8° pusl¥lies Y- ot
cousse thenpregss codfd b atshighd thréad tpar WhigH istjhe (Halspdens Qaky SHRM
thIeltﬂf!j rfa t 0 custoners, roceSS| ng dat abase queri es

X hyrandategery Ragh e laiphpsstsysem fajortace

1o cBdiGHhfs, préces¥Ry BRkSe Qu&?éi%& oﬁ@xt qiRRes! %gﬂl%iﬁroc& fgléﬁﬁbase

t he MeEND wr@l)F/ Master, to allocate "nenory pages/no
quesye #qnamakeya pv&glew/ #bign gequesti theough sy Memoryclasgierd tosallagnte

e g B BO953005 53R BESicl BGR008, i

men@irpvEagekimdenn \Whén Mmonyt Slammarb’bamﬁgtmg daamon

conmmun Me n. anot r.oC
prock R Bl Aapmot S Eaihon M, v e Misgheg. Chiabme do
comemiTEuR v NI Mster BMhoflBKSobdss, POSS bl e for |arge

vol une data transfer back and forth between Menory
. MastiB reftRihg a0 FIG. N1, 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 wiil 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 (Pirst-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
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Menory Sl ave 162, a shared-nmenory nessagi ng channel
enbodi nent as preferable communi cation nethod is
i mpl enmented. Ot her methods can do this satisfactorily
as well. Still referring to FIG 11, in the
shar ed- renory nessagi ng system each thread 25 170 in
WO ps/picereess- hosti ng Menory Master 161 w | | pdiEuS004051438
own Messagi ng Bl ock 163, in which the nenory space 171
wi Il be used as flag to indicate messagi ng bl ock

Ovecyil et VEORRE B Mesaeat BRG, evs (Bl 364 s be
mﬂeﬁéﬁe@m ditculat argaydf thb hRinhal SimbeMBIREYe RIRY R Khdn Wrlchn

read fromthis ueue 164 to know whi ch nmessagin
cotefbaserlinkrciis & uplknsows doprefveble embodiven n%@cm is

a ?M@W @itk the% r bf %Zefgéfs%eabe‘f o'f rie_gmé axmum

Messagl ng O Queue--
nummrmflthncacbrth@yom!ﬂ commumaate mmmnbmmebegmug aﬂlqﬁegers $n

the R &&3&3@% & EBBAEn: of the Q164 is a
or oAt ing s ERGEH 8l B, Trthinie dimeipaPe Mooy Bgdes 103

reqtmm a maubn;} aCv(alleR kdywiil afl AYeor stiusi(fisp BRP) 1951‘3931601{3

the_circular, array are initiated as

ZP gqr"‘l%dlll?sﬁﬁ%% blggkrveietberigs qvan 1reseaging blagkds yaiable for
meﬂiﬁ@‘rhcﬁ&? (sié@rﬁﬂfj I i@ HB%HW able Wﬁén%e %]Q%d Wrﬁ%ﬁ%sfeaue%t to

menory acti on

- the gegsaging block éﬁ&m on mré{dpiﬁ@d Mehmzjk Messtagmg Pratecol @rid feset the

173 QU 295 TG0 B sREBAE I SR Bl s v

23i),spunri$ et mtoahahmlfa (stEp2Bu)f Ihevet ihé SasterWidd @intbl 166 to the
k 163 hased on

g N I (A2 R I ——

ammuamé&akdéﬁﬂ&pbﬁ,agma@meﬁﬂ@kﬂ a mut ex semaphore 169
in Menory Master process (step 233), -put its index

| ntRefdriey WABGL 84 ahs FRE. @@emfeamm glges V%'ﬂﬂtakesa

poi nter 166 to the next one, then re e mut ex

m"‘% Semaphene 168 dste 340 parpheipcks Syhethen ﬂmae@eq lvcgntprl by Slveeido
f. E

i 1653 ke e L SEMESSHLRIA b g

threpchowne losalyvadibde/(step 325) aidesseathe indee o menﬁpme ef 16 Gstedps24e))

theafidyendd ""’Qg%i’%{'*%g% b O, e g @%ﬁ%ﬁg Squpaphprg 167

(step 2479XTtieh thevbiehd!168\ivat Blead & 08k AR rhdiSaghid) BISck! (Wep 248) and
process the memory request (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 ¥IG. 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 sces 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.
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thread own | ocal variable (step 245), and reset the
index to invalid value of -i (step 246), 20 then nove
the Sl ave-side pointer 165 to next. one, then rel ease
the nutex semaphore 167 (step 247). Then the thread
168 goes ahead to access the nessagi ng bl ock (step
WO2ABYO6EH® process the nenory request (stepPCHBY2004AP1488
processing, the thread 168 puts the response results
into the Nbssaging Bl ock 163 (step 250) whose index

f

I\/F Of% '“g%ggg‘l&gs ) 4%’2’}% ?ftagl% Vrllﬁe?ng{oﬁzxggs eén% gitr%lgted

funcBbmcite g&:fl&ssaﬁﬁ @omm (¢)1h1embiya&ﬂole:f?ﬂoﬂ$‘hmibe” ﬁmuéma,il (Cpishé
te rr.l aln to

frony PP G FPERNEIIPENRAGIory e’ Bitgiampeind (@) froo

menfif Py ﬁfn@ﬁ’on |ﬁﬁ fdildwial hfagraﬂ(!‘illﬁﬁx%&aﬁbﬁ] Gnbli@Ekin dEhdo

for avail ab response ste 6) When the thfead
code] Theysare ol ttchbe ysed pi  praepss g theiMiemmory Mastes 193z FIG.
4 flag 171 (step 237), and processes the response (step
" 238). Such procedure is illustrated 30. as datafl ow

2000 OB TSt dor Bl 10 Ko oL e S g eauested

one {arahdnsurg pages, wikiciohoriatyvaret dfd 0241 2048von gl%djytemand dHeatizzedis

contigisble ey oG omont ek GRSty o SHRLBH i o

madé "R mfoﬂpefheﬁlb Wihd RqhiRed BB plraitedsare “desired
funct?gn) and ?ér%g rrermr CITPfreePfunctlofr:Q eSThe

umbesiof emeny mpsagar ised qumbst 9@@@%@%&’&%@ ‘ohgnedy) s a list

“Saﬁﬁ‘*é‘é%ﬁﬁf@%@“&‘ﬁ%%my vester 103 in FIG 4 The

can f‘t) ? fifhg (b G Ilgnth“ﬁrlﬂﬁ%&Q ol artill B IPBJ@%@’ “HBdcB.

equeste nory pages
function vsiig the presendoMMI0.2Phe faiidEngis a@i@tobydead ranfide:t he si ze
is configurable, the other is for nenory nodes, which
nomalibd(the desiredhursten bf MEM Pages/biodesyr e ~J 10 nmade from
portions of nenory-pages. The required pass-in
{ paraneters are "desired nunber of nenory pages" or
"desired nunber of nenory nodes". The "returned” is a
| | GheckGihether thire afe oNOUEN ey Pages R11TENML, YetnedTSLL 224;
Referring to FIG 14, which illustrates a datafl ow
bl Bgsed Bnagérndry Allocatioh htory 212, choose next one or several Memory

Slaves to request memory pages 213;

If Memory Slave 145 is configured as Daemon 214, then

{

Send message through Messaging Channel 153 requestmg 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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function using the present MMJ. The followng is a
pseudo code of nmalloc: 15 malloc(the desired nunber of
MEM Pages/ Nodes) { Check whether there are enough
menory pages 211, if not, return NULL 224; Based on
menory allocation history 212, choose next one or
W%@Wﬂ?%?”l\/brmry Sl aves to request nmenory pBGEES2AM01438
If Menory Slave 145 is configured as Daenon 214, then
{ Send nessage through Messagi ng Channel 153
request{ng the desired nunber of MEM Pages/ Nodes 215;
Wai ti ng on Messagi ng Channel for response (see FIG 11
above and %émkg xpl anation bel ow) 216; . GCet.
response from é@ggﬁﬁg’Channel 153 (217) or timeout;
If the yesponse is error from Menory Sl ave or tinmeout,
then 14 WD 2004/ 066079 PCT/ US2004/ 001438 { Return

b 2ot USSR el s o

. refert@basi135 M 10G.9) 28] Bent hen { Al l ocate the sane nunber of

menory pages/nodes in a linked list or array from
Menory {pMaster's own tenporary buffers 219; For each
MEM Page/ Node, copy the 64-bit address got fromthe

10 response Aflogdte tHeeahiB aEmBErF nfdnfRnflged/Rodel REa HAINT list

correspondi ng place in the _pages/nodes allocated from
or any Y aﬁ*’ﬁ%ﬁ‘&?‘?ﬂﬂlﬁ-‘%‘iﬂﬂo. Return the
resulting list (or array) of NMEM Pages/ Nodes (fromthe
For each MEM Page/Node, copy the 64-bit address got from the

response from the Messaging Channel to the same corresponding place in the
pages/nodes allocated from Memory Master’s temporary buffer 220.

Return the resulting list (or array) of MEM Pages/Nodes (from the

Memory Master temporary buffer) 225;

3
3
214 If Memory Slave is configured as Function, then
. , .

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 retums error, then |

{
Return NULL 224;

}
If Memory Slave returns a list of MEM Pages/Nodes, then

{

15
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Menory Master tenporary buffer) 225; } 15} 214 |If
Menory Slave is configured as Function, then {
Request the desired nunber of MEM Pages/ Nodes from
Menory Slave 1 J 221; 20 Menory Slave returns native
for error or a |list of MEM Pages/ Nodes 223; 1f I\/brmrg/

WOSURUMESE2¢ 1 ns error, then { Return NULL 22%CT/US20084014p
Menory Slave returns a |list of MEM Pages/ Nodes, then
{15 - - --------- WD 20041066079 PCT/ US2004/ 001438
Return the IRefim & liboYhMiagassdiotees 222, } } } 5 The
"read" function, takes a pointer to a |list of 64-bit
addressgs and the number of addresses in the |ist as
two paraneters, returns a list of the corresponding
MEM Pages/ Nodes with the correspondi ng addresses or
enpty list if error. Referring to FIG 15, which

} illustrates a datafl ow bl ock di agram of "read'
function using the present MMU. The foll owi ng a pseudo

o8 9 WL A RIS i sl

addresses in the list.-as two parameters, returns a list of the corresponding MEM

* Pages/Nodes with the corresponding addresses or empty list if error.

Referring to FIG. 15, which illustrates a dataflow block diagram of “read”
function using the present MMU. The following a pseudo code of “read” fumction:

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

{
For each group of addresses, send “read” reguest trough Messaging

- Channel 153 to each Memory Slave; 263

. Waiﬁng and checking for response from every affected Memory Slave;
264 ‘

Get the responses‘ from Memoty Slaves; 265
If all responses are error, then
{ |
Return NULL; 273
1274
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Parse the list of addresses, separate the list into
group based on MEMBlock ID (which is also the Menory
Sl ave index); 261 If Menory Slave is configured as
Daenon, 262 then { 15 For each group of addresses,

e "read" request trough Messaging Channel 153 to
Wi?ﬁ?@%ﬂﬁ%ﬁory Sl ave; 263 Waiting and checki n§CTE$2004/001438
response fromevery affected Menory Slave; 264 2.0

Get the responses from Menory Slaves, 265 |[If all

I eSPONSE§: bR pREIA respond ﬁleﬁﬁ%?’ﬂlﬁl%' st @f

WD 2004/ 066079 'PCT/ US20047 001438 For tﬁ%réiﬁlgg%igst?%
the eoseppandiag reqvesied MFM Pages/Nades1266,p0tke dopy fordesh of the BIEM

mne

PesfNAOS ERNIGRATMELERs FHAY fﬁﬁ%g o/ Nodies T rh o
Me s ey st
of  vew PRRBC e #RE 0P UM rabiehfioes o b i) Mt

temporang buffery248uf f er; 268 } Request "read" of MEM
Pages/ Nodes from each Menory Slave 269 |[|f Menory
Sl ave is configured as Function, then { | f..l 10 get
the |ist addresses of MEM Pages/ Nodes 270; Build a
|| Rlsqbstl kel oA MPBN Rdged?l6des iofleatlONRmBAI Shdegot 0 one of
MEM Pages/ Nodes 271;
If Memory Slave is configured as Function, then

{
~ 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;
3273

The “write” fonction, takes a pointer to a list of MEM Pages/Nodes and the
number of MEM Pages/Nodes in the list as two parameters, retumn suceess or error code
when finished.

Referring to FIG. 16, which illustrates a dataflow block diagram of “wrire”
-ﬁmcﬁon using present MMU. The following is a pseudo code for “write” 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
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Return this list 272; }273 15 } The "wite" function,
takes a pointer to a |list of MEM Pages/ Nodes and the
nunber of MEM Pages/Nodes in the list as two
paraneters, return success or error code when
finished Referring to FIG 16, which illustrates a
WRZPHIPER bl ock di agram of "write" 20 funcPEHHSLAL3S
present MMU. The following is a pseudo code for
"wite" function: wite (pointer to a list of MEM
Pages/ Nodes, the nunber of MEM Pages/ Nodes) 290 {
Parse the list and separate theminto groups based on

VEM B oslod iokd1Aed 6 RENAARY e dhhfnplbt, 047 DIt 291

25 { If ave I's conffgure engn, then 17

WO 20044R86( é?%%g&n %gg%{_%gg?aﬁ Z%nd MEM Pages to

each Menory rwitlng iting on

returni g, ﬁo_ A ; turn -1 if
no Si ngge angsg°§?“§fe§ﬁa%§§a§%%%%§ﬁ%%%7; .5
1200 |1 RGPS RGostbr SREEER o Eae 2B unct' on. then (
>~_}ﬁ§jti ng on returning code for success or fail 295;
10°Return -1 if no single Pages are successfully

&E{tgrgg%_%%vg‘ésg:%}xﬁgru?eéag%ﬁgu@? eﬁ)f successful witten
- {

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

1299

The “free” function takes a pointer fo a list of MEM Pages/Nodes, and the number
of addresses as parameters, refurn success or error code when finished.

Referri_ng'to FIG. 17, which illustrates a dataﬂow block diagram for “fiee”
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

{ .

Patse 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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} } 15" The “free" function takes a pointer to a |ist
of MEM Pages/ Nodes, and the nunber of addresses as
paranmeters, return success or error code when
finished. Referring to FIG 17, which illustrates a
dat af | ow bl ock diagramfor “free" function using
WOWRUBPT' NV, The fol | owi ng a pseudo code f BET/UF30@401438
function: 20 Free (pointer to a |list of MEM Page
addresses, the nunber of addresses in the list) 310 {

EfErMS B1 oo (MR EREAE T ok Meloh Pl P P bfiﬁ%?s L
. i S. ' 312, 25

i 1¥E%W%@§%é2%%%%%@e}%§%§%ﬁ§ro@§ send’ VEM Page

dd . - ,

315 varpnd TR TR o UG iRl el Sspéf°lfe|§?|

;R | £y ' P

reed aiutt feyinee ShollelBnd spaffis 12 0TI eed 316.

5 éﬁ]ﬁ If Menory Slave is configured as Function 312,

then” { Freed the MEM Pages in Menory Sl ave, i.e.,

noy& £ hose, Pages fro . d" .10 "Unused"” 318. 10
V\&@%ﬁorgglarv%%lff’ﬂé ' @8&%“&8’?%%@@@55 or fail 314;
Return -1 if no single Pages are successfully freed
317; Return the nunber of successful freed 316. }319

Freed the MEM Pages in Memory Slave, ie., move those Pages from
“Used” to “Unused” 318.

Waiﬁng 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 tliey 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
gnything 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 rumning 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 Melﬁory nodes, only

19
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} 15 Referring to FIG 18 illustrates a conceptual

bl ock di agram of Menory Backup Systemto backup
Menory Pages and rel ated doubl e-linked-1ist node

bl ocks as they are the basic conponents in the Menory

B Bapl in the present MMJ. The Menory S

W

Oég‘%&fjg%‘s)yst emis part of MEM Slave in thi s@ﬁ%g@ﬁ@%ﬁ?s,
but it does not have to be. As Menory- Resi dent

Dat abase Managenent System stores data in nenory, and
chapgedavigrodny mgdest38d axded 1o eucopizdito ite gssoeintelRA 13RO ISMand the

il ) . Wwhen th ! f th
unchEER MMeREY s 38 iy neh o Feing Poenih it bare. Povbled
linkeddistsiode Ylocknabe mOHullyesbt chaldBd 8t e iR il PREKHRA 10 be

revent | osing data in disaster

hani sm t
coplsfifich PVe heyd disciqsed iy abEYRFIG T-FEG. & Sho HECFrmelniobgess has
. i : i i | 1A% iR . 25 .N

Ui 708 SERSSRS, GRSk 168yl s

Serven 4p godi Bilack _IB@easi&;ﬁldmdo & bookep tablel BIEM Cell 1D using

[ e ages ange nor ages

o BB b oBIRES 0 Yol AT B 2057
switghing & sartey beconivieeay ¥n CuSE6EnecRry sysksh MR BORMAR60%9

PCT/ US2004/ 001438 changed Menory nodes 384 need 'to_
be Iaératol take fill sivass@cofhabord bhed ﬂ@ﬁ%@?@y dRfk HNRarch

e ‘copi e

unch ed Mepory. nodes 383 need not to
algoeﬁse@f}@? ALy e i $RL aRssbbw ot [lintited do) will assuwie that any

databds0 Gt AUl Bt X1aA" 10 PORIAS Ghcths SR Rl

. .they need to be coplie nce. I'SC
indexiyg s dtpise tablerplnmng cart beeconfiginad atttheastartiairitins of MRDBMS.
three parts as MEM Server ID, MEM Bl ock I D, and MEM

CeHpwdaabase tahlei colmpB e iSdaxed nsihd B-aide MEIVhSBItattKor A3y dbier

Tt SR e PORAES olrflphRALLR b By Daioeeeigings 1 1

Ad S r re. i ndependen swi.tching a server
- et e é‘?@?@- 18 h SRR éé@%&?@ﬁﬁw Bifapase
ngine omhew Yo hdndlear cties 33K 8 éHJEﬂ%i&OBﬁﬁ B0RanBhrd BRI feri

ase&rldaﬁ%g&’gerseﬁ'iu by def altjl t all se%k? ch 10d s
® *folFh }%41@189/ SYSiFIR ImAspgrEnesnusgice (§ystiny Management
Engihd)rak ilRekrdtd) in WIGL 2.2 S8 @onhIR (ogda3 iggfoma %o $cBufe 354 for

colums that are related t'o possible queries from
Procgyglag preyjops icpgneriians stethin Sesdioni Qupué or tolavaitodiseon pbésible

iﬂ""‘ﬁ,%%%ﬁ,%? oftibctEhsC SRl ia@cﬂ{igtgﬂ?,t loéig %318 {)}c}iw[h%d ttci) gﬁecgfsystem-

* level access control, if OK 352, proceed forther; 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 n 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 £0 on for processing 338, if 359 parse

20
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How dat abase table colums are indexed using B+ tree
or Hash table or any other fast search nechanismis
configurable at the starting tinme of Database Engi ne.
15 . Referring to FIG 19, which illustrates a
dat af | ow bl ock di agram of Dat abase Engine on how to
WM ser queries 330. Such Engi ne suppoPEEUSNeMEHRE
SQ queries (Database Query Engine) and al so system
managenent queries (System Managenent Engi ne) as .
with érkodSietodt efbrirespbhee 348. Afeidiubsossfally parsing tiecqued3 lagee 338 is

~ provided to, schedule 354.for rocessd n Vil OUS
Providdfe FRovGSInS BTl 0SS ins el 361 Hpbliily By to e
fo B¥ & HGelufed BUB G0 CliLaE, Yin€ kD @Gtmaphore B olaccess Session

additionally, logic 334 is.provideq to c k _syst
FIFO eQuesfue 308 eappendothe reyprent; gessipt g9 the, pession r QH%P, f‘ﬁ; for

ol 35, i, 1 AFRBERE iy MIGH! 180, rlend by S v

comciioti BATand delete dteicomecasxiums3dre in the Session
Queue, if none 356, then go for waiting for possible
incom ng connection 331, if there exist 355, then 345
get the session and renove the session from25 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
i ndicating a new query, or whether 363 it is in a
status that client is idle. Logic 336 is provided to
parse the incom ng query and check the 30 semantic
syntax, if 362 parse without error then go on for
processing 338, if 359 parse 20 WD 2004/066079
PCT/ US2004/ 001438 wi th error, return error response
348. After successfully parsing the query, |ogic 338
is provided to process the query. If processing
successfully 361, response is going to be formtted
339 to be returned 349 to client, and take a semaphore
341 to access Session FIFO Queue and append the .
current session into the Session FIFO Queue 342 for 5
possi bl e next query. |If processing with error, return
error response 348, close the connection 347 and
del ete the connection session 350. 21 WD 20041066079
PCT/ US2004/ 001435 S :
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and data, said method comprising the steps of:

WHAT IS CLAIMED I S: 1. A system for managi ng a
dat abase, sai d database conprising dat abase objects
and data, conprising: a processor; and 5 a system
menory; wherein substantially all of said database
objects and data are stored in said rrermr%:. 2. A
W%{"é‘vﬂém-’?or managi ng a dat abase accordi ng ti-TEYS390p%438
wherein said system ) nenory conprises: 10 a first
menory on a first device; and a second nenory on a
WHASHSSIIAINVEED 2. 3. A system for nmanagi ng a dat abase,
sai d dat abase conprising database objects and data
C QITIA isfteR@ for maphgisigrd detabasef sald datalese cemuling dutdbaievbjeds
conprising a processor and a nmenory, 15 wherein -

_ aﬂdd%témﬁﬁlpﬁlly all of said database objects and data

are stored in said plurality of device nenories. 4. A

n@wﬁﬁﬁﬁ$ﬁﬁm%anaging a dat abase, sai d dat abase

conpri sing database objects and data, said nethod

C GIFPT¢IB MEBIOe steps of storing substantially all of

sai d dat abase objects and data_in said database in 20

mevhereln subsiantindlyfall of said duplea ebicats| apdaja aresigseds @ seid

mem perations on said database objects and data in said
‘nory. 5. A method according to claim4 wherein said

PP 6 RRAE s M oot TREROCWBTAT S Bl

memdtpe@fipriseer creation; 22 - -- ----------
a first memory on a first device; and
a second memory on a second device.

3. A system for managing a database, said database comprising database objects

* and data comprising:

a plurality of devices, each said device comprising a processor and a memory;

wherein substantially all of said database objects and_ data are stored in said

plurality of device memories.

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

storing substantially all of said database objects and data in said database in -
‘memory; and - |
performing substantially all database operaﬁéns on said database objects and data
i 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;

22
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WO 2004/ 066079 PCT/ US2004/ 001438 assi gn and access
privilege; and create and execute database triggers,
functions, procedures or packages. 7. A nethod
according to claim4 wherein said operations conprise
at | east one operation other than a query 5 8. A
WO 78 ccording to claim4 wherein sai d dBEHBHEY/001438
conprises a relational database. 9. A nethod
according to claim4 wherein said database conprises

aNaseigh 8Ad acctkdpAbdes; and 10. A nethod for configuring a

menory-resi dent database conpri sing the steps 10 of.

cr dat a
Gl Al SedAd &A% A e‘?schxdcﬁor{égé%éﬂ res §

from an external database Int Se 55 j ect

bage |

" nrjos AemBd Shrdify 0 SR uCifih Bha BRGAERS b dtest one

operationiothyr thav aigngpr t i ng process; 15 executing
substantially all queries di rectly fromnmenory . 11.

A $rehoethbd acconlilg guising whereinsniyl-dambasd eompriss alrelatonal
databg.ge cording to claim10 wherein said set of
nfl guratl on paraneters corrprl ses at | east one of

s, dat [ exi ng, nmenory page
oY oa 8RS afiBidies B0 4R Wgﬁr%ﬁﬂwa CBmRHeH A Abifgt
databdék,a CPU; a nenory having at |east one nenory bl ock;
a connection to a netvvork and a nmenory nanagemnment
F ume Al 186t 5B PR Lo ﬁ@ﬁ@?& S BathhsS 83 AR st
means for provi d| ng access otﬂ:saf'lEi rrermryng oc tosgps
of: conputi ng device attached 25 el sewhere to said

net wor k. 23
creating a database object in memory;

importing data from an external database into said database abject 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—-resuient database according to claim 10
wherem said set of configuration parameters comprises at least one of data types, data

* sizes, indexing, and memory page size.

12. A network sttached memory device comprising:
a CPU; |
‘a memory having at least one memory block;
" a connection to-a network; and
amemory 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,

23
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WO 2004/ 066079 PCTI US2004/ 001438 13. A network
attached nenory device according to claim 12 wherein
said means for providing access provides said
conmputi ng device access to said nenory bl ock by
' nory address. 14. A network attached nenor
W‘S%@%@eﬁogﬁcor ding to claim 12 wherein said F@’gﬂ?‘w"@o%@r
provi di ng access provi des said conputing device access
to said nenory by nenory address translation between
a NBMRMétvaREsBsRedinnsay devidehedordiagpuilding 2 deieitsaidittans
menory address in said network attached nenory devi ce.

for @&ga%@%%%ﬂsvﬁw ARNGApIBERIeYicH86kE %0 FERELbRBIdcR by

rein said "“nenory address conpriSes a

. Virtual ess. 10 16. A network attached nenory
weﬁt@?lggryé@%ggrsdi ng to claim12 wherein said neans for

praovi di n ccess conpri ges neans for,treating.

Bl ol R hon: 36 TR e B2 Wil oo
menpry in said conputing,deyice. 17.‘A}?etmnr&“

for prov duigAgesE BT et comp WCRHEFCEY 1 pAUT TP \RK B1BIOR
said nmenory managenent function conprises neans for

addgseiyanglation betweser ey address %S&v{})thefsowyew qda,;
conputing device for access and marking said nenory

meipbryekdmss insadnetwark attashed memRtydevisehed nenory devi ce
according to claim 17 wherein said conputing device
wh eli5e A metsaiddattaelndroyemmmy deydrrentordingrot dlam: 1dovhereinssaisl
means for providing one-to-one ownership of a nmenory

* mefbi§Gldiest cdRipHlseda MMEE VartghAddresput i ng  device. 20 19.

A network attached nenory device according to claim 12
Wheige s MeBriibaitaBIRITGH S IR BAGR B dih s RCAIA AN 2 GeHeRH saifSmeans
means for keeping a record of used nenory blocks in

B et L s b P

Vi ce according to claim

| or k™ | e "acc _
e8] o5y el Rty R OB g W o ory” bl ocks i

sal lq. NE0RN 0¥k attached memory device according to claim 12 wherein said
memory management function comprises means for ﬁmviding a memory block in said
memory to a said computing device for access and marking said memeory 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,

19. A petwork attached memory device according te claim 12 wherein said

mernory management function comprises means for keeping a record of used memory

‘blocks in said memory. |
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21.- A network attached nenory device according to
claim 18 wherein said 5 nenory nmanagenent function
conpri ses neans for keeping a record of the said
one-to- one ownership between said conputing device
and said nenory block. 22. A network attached nenory
WOLSH @7 hccording to claim 17 wherein sai d PGRS3p04/001438
managenent function further conprises neans for
mar ki ng said nmenory block as unused when said
c (o ' j I I 0.23..A
e e R RS a3 aolBARlplo BRAEL vl " o
wher ei n_sai penory .nmanagenent function ovi des said
menF S Rer Al Br i Gbr B ARAGUR keopinka secors Y lref| SRk
l.ock. 24. A network attached nmenory device according
blocksjn sq1dmsmesy. her ei n sai d menory managenent function
conprises means for copying content fromsaid nenory
1521p Bgisiwark atfashedsmerpory davien acrerding o elaimphevharsinsaidij d
conputing device requests said content by providing a
memggipinggcit Rwetiapfcompiists means fpr keeping a r@®rd of threaidoonk-to-
attached nenory device according to claim 12 Werein
‘one @aiershiprbetvzey saihomgmiing tevicernod said nfemotyisdockconpr i ses
means for copying content received fromsaid
C (R2p Atnetv@rkigtiachied tdth@y dei@aREatdiBl - Klail BrheeiBAD T Y
. corresponding to a 20 nenory address received from
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device according to claim 12 wherein said nendry
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allgcatlng a second nenory I'n said menory to
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‘ .dfreei ?’?’ menory bl ock from association with said
sald e ﬁ@ device. 28. A network attached nenory device

agcording to claim12 wherein said 5 nenory
n&%aé@?@ﬁfk%%gmm%@@@mmmlwmﬁwm me of
~said CPU. 29. A network attached nenory device
memoy msprgemguifanction comprisesvnesns for copying @ritknt 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 biock.

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.
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is primarily dedicated to said nmenory managenent
function. 30. A network attached nenory device
according to claim 12 wherein said connection to a
networ k conprises an Ethernet connection. 10 31.. A

attached nmenory device according tg '
wo\%ﬁ&g}ﬂgloiy said nenory conprises a plurali tf@%%&é”
bl ocks having different sizes. 32. A network attached
menory device according to claim 12 wherein a size of
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service architecture conprising. 15 at l|'east one
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Mnking said at | east one network attached
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onen r at.tached menory devi ce provides
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conprises a network connection, 35. A nenory.seryi
a8+ netwersaiached giemorssdenige acog@ﬂ%&iﬂfb@&/léggwgl said CPU
PCTI US20041001438 a first network attached nmenory.

is primaily delidateditmspid memorymensegmentifictipisecond net wor k
attached nmenory device havi ng second nmenory; wherein
sa30.0A hétwark attethad riematyt devive deconting tp ctbémil2 ovharein sl d
second network attacked nmenory device are |linked into

connedtidiRe R hwakieeoneisenkRthand coiectidbl r st and 5 second
network attached nmenory devices provide to a separate
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second nenory through a network connection. 36. A
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ng a service dispatch function which
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33, A memory service architecture comprising:

at least one network attached memory device having memory, and

wmeans 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 locatéd elsewhere on said network access said

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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10 to said separate conputing devices based on
responses fromsaid first or second network attached
menory devices. 37. A nenory service architecture
according to claim 36 wherein said service dispatch
wd #06dsk@p resides on said fast network attaﬁ@?fﬂsiéﬁm{%s
device. 38. A nenory service architecture according to
claim 36 wherein said service 15 dispatch function
resides on a dedi cated device separate fromfirst and
s e fintinstedrihaithched tremotyadbvive hving fiwtinceery; 8d. A nenory
" service architecture according to claim 36 wherein
S a GecHRTRMWork GBSHES inBmOBHeYics Ravag seeaidinigndignor y. 40,
A menory service architecture according to claim 36
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content fromsaid separate conputing device to at
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architecture according to cl ai m 36, wherejin said nenory
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~least one of said first and said second network
servige tispsiehcfunasion whicheligpatehes naemorprequesiidiom said sepmel¥ nenory
device conprising: a CPU, a nenory having at | east
coniputing devivr tp st dicdt or setndmebwork ettachehmewory devicesnd responds a
menory managenent function managi ng said menory bl ock
to sdidseparhie compming deviedsdaseid on sesponsaefrom shid firdt acivechdmetvonly
devi ce provi des access to said nenory block to a
5mﬁﬁamﬁah@ggbﬁa$ice attached el sewhere to said network.
15

37. A memory service architecture according to claim 36 wherein said service
dispatch function resides on said first network attached memory device.

38.A I;:lemory service architecture according to claim 36 wherein said service
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 -

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

said first and said second memory.
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41. A memory service architecture according to claim 36 wherein said memory
reéuests comprise copying content from said first or second memory in said memory area
network to said other computing device.

42, A memory setvice architecture according to claim 36 wherein said memory
requests comprise freeing memory blocks from at least one of .sa’id first and said second
network attached meqlory‘ devices.

- 43. A network attached memory device comprising;

a CPU;

a memory having at least one memory block;

a connection to a nefwork; and

a memory management ftm_cti;m managlng said memory block in said memory,

wherein said network aitached memory device provides access to said memory

- block to a computing device attached elsewhere to said network.
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