; €3e9=9889l ; . ; <6<T=nt ( METHOD AND SYSTEM FOR MANAG NG AN ALLOCATI ON OF A
PORTI ON OF A MEMORY BACKGROUND Field of the Invention [0001] The present
isnvention relates to conputer nmenory nanagenment. Mre particularly, the

present invention relates to a nmethod and system for nanagi ngm Wely!
of a portion of a nmenory associated with a central processing mmm’mmmm%’ﬁ)
Background | nf or magg Menory space within a conputer can 3?5‘315*

al l ocated for excl &m‘mm ‘ﬂ%mm M a particular application or process. R
"menory space" is prurality of positions in a conputer menory, each
position correspondi ng‘GP‘Boza basic unit of nenory, such as, for exanple, a
byte or word. The process runs in the physical or real nenory of the
conputer. "Real nenory" refers to the actual conputer nenory chips, such
as, for exanple, random access nenory (RAM conputer chips, that are
installed in a conmputer. Once the process has conpleted, the nenory is
deal | ocated and nade avail abl e for subsequent allocation. [0003] Status

i nformati on can be mai ntained for each portion of the nmenory space. The
status information indicates whether the rrermré is currently allocated and,

therefore, not avail abl e. WFHHQD SXSTEM ROR MANAGING, bl ock of nenory,
a suitable portion of adABBOEAHQYQF APQRFION OFAMEMQ@RBYand t hen

al l ocated to the process. Menory allocation is typically perforned on a
bl ock basis, where nenory -1 BACKGROUND

Field of the Invention

[0001] The present invention relates to computer memory management. More
particularly, the present invention relates to a method and system for managing an
allocation of a portion of a memory associated with a central processing unit system.
Background Information

[0002] Memory space within a computer can be allocated for exclusive use by a
particular application or process. A “memory space” is a plurality of positions in a
computer memory, each position corresponding to a basic unit of memory, such as,
for example, a byte or word. The process runs in the physical or real memory of the
computer. “Real memory” refers to the actual computer memory chips, such as, for
example, random access memory (RAM) computer chips, that are installed in a
computer. Once the process has completed, the memory is deallocated and made
available for subsequent allocation.

[0003] Status information can be maintained for each portion of the memory
space. The status information indicates whether the memory is currently allocated
and, therefore, not available. When a process involves using a block of memory, a
suitable portion of available memory is first identified and then allocated to the

process. Memory allocation is typically performed on a block basis, where memory
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bl ocks are allocated to a given process. A "nenory block” is a contiguous
portion of nmenory | ocations or addresses. The nunber of addresses in a
menory bl ock is the nenory bl ock size. [0004] Real nenory, also referred to
as main nenory or sinmply nenory, is directly accessible to the processor of
the conputer and stores the current application or process being execut ed.
Real nenory nmay have several nenory nodules, with each nenory nodul e havi ng
its own bus interface logic. A nenory |location is accessed through

mul til evel address decodi ng. [0005] For exanple, the address bits
specifying a nenory | ocation to be accessed can be divided into three
groups. The upper group of address bits can be decoded to enabl e one of
several nenory nodules in the nenory. For the enabled nenory nodul e, the

m ddl e group of address bits can be decoded to select one of several rows
of menory devices in the nenory nodul e. The | ower group of address bits can
be decoded inside the selected nenory devices to access one of many

| ocations. Each nmenory nodule is assigned to an address range, which is
specified by its interface logic. During a nenory reference, the address is
sent to all memblyksmpoalloeated tamgivempropmssod { mamaly block g canbigroas pwtiethat

address is activated. Data are then read fromor witten to the sel ected
menory nodul e. jpPfRefdry Meatimmy onmideegsesneTie noinbdr o€ addossyes incr memere Blocknie ther v

i ncl udes three basic operations: allocation, deallocation, and
consol i dation. higmbRelaklsiaeati on phase, the -2 conputer receives a
request for a nmenory block and identifies a suitable nonallocated bl ock of

nmenory. The compsgos] RB&mMemoly)hlso fefetred B0 rafni ritehody S1Gkmplymérhérstis mar ki ng t he

bl ock as all ocated and then comruni cates to the requesting process which

mermory bl ock i s ggual h@Bls®lelto thepddRessbi bt ofiBatbd 6 8loted heRUASR apgliBfios ONMPUL er
receives a comruni cation indicating that a process is done with a

previously all OS%ﬁ&spté&@%x%teﬁﬁi@zﬁ)he%% ﬁdﬁ%ﬂvé@&e‘fa‘i nlef8ly iRk v bei ng
avai | abl e for subsequent "allocation. [0007] In dividing or partitioning the

real MemOry, Ny R halihARA b BRIBIBEY. AHehofy BHRBRE Of bl ocks.

If this process I's cont’inued unc t he ry can Ivided i nto many

smal | bl ocks ofa&ggafgngggg&ﬁkwgggr&gg&gpﬁé may be unable to satisfy
al l ocation requests Tor nnry_por?|ons arger than the | argest fragment,
even though a suRgkankh Al at thoalls il SpolRARI M SREP Bofi BB Rscbiguged: Thi s

nmenory fragnent can rnefticien e us € nenory space and
can result in false jindicatjons that. the nenory.space .S exhaus . [ 0008]
To alleviate rreFﬁi‘rslS? dll“'r’%&#@%thé"tei Q1S TheURRer BEWR SF FEEET B cﬁ'hées ,co‘{eﬁgo conput er
can attenpt to joip one_or several contjgquous blocks of available nmenory to
forma |arger cﬁ?fh’[;é’ﬂﬁﬁgse% §1°£¥|'5992E5 ﬂ&@e%%slgqrﬁl&m@#mﬁo% referred
to as coal escing, ,rearranges all ocated.fragnent 0 that unused portions of
the menory spac®° %%@3‘&@@@ Q%d&efsg@égz}“ IdE§°%idS§°l SF‘G?PP%?@V"’E%e process
of menory allocation, deal]ocation, and consolijdation in a, conventional
menory managemeFAVSSE REReAsEiEss 1 the memary dnodple. (s Jgper a!w(ﬂfgdfr?fs b¥rapenor y
space. The nenory | ocations are physically and electrically connected to a
conput er bus at b flscaded insidsitheselecterimeranyy derpces@dreessne of PANYIPeaHonso5,  no
menory bl ocks are allocated. In step 110, process A requests and is

al l ocated two nEADYEmprHERdule is ﬁssgtl@go 41 arldress agss whih saperiisd BY nd | s
allocated two nenory bl ocks. In step | 20, process C requests and is

al | ocated two ni¥gsfage lpgipcRuring amaspasprefepance, egddrgssdsssent ta alimememye conpl et ed,
and so their respective nenory bl ocks are deal |l ocated and nade avail abl e
for other proceswdyes, diane mgmonymeadale shap contains it pddmgspris agtivetedcRetaatgai | abl e i n
step 125, if a process D requests three nmenory bl ocks, the operating system
moves the cont ethesread frommop wyitter todhesselattedmemery module.pr ocess B so that it can
provi de three contiguous nenory bl ocks to process D. The consolidation
phase is perf or [i8d6]i nMemery thdegemeht afthecompwtn’ stedl mempryi inchsleethrek asic pr ocess D
can be allocated the three nenory bl ocks. [0010] By noving bl ocks of nenory
as part of the opastiohs: didcation, gdalisatiod, el copsslidayiomainaheaiiectios pliaesyehemakes t he
menory look like it is relocatable within the nenory space. However,

unpr edi ct abl e nenory managenent, processing overhead, and nenory
fragmentation occur. -



SUMVARY OF THE | NVENTI ON -4 [0011] A nethod and system are discl osed for
managi ng an allocation of a portion of a nmenory associated with a central
processing unit systemthat can be selectively coupled to a bus of the
central processing unit system In accordance with exenplary enbodi nents of
the present invention, a first portion of the nenory is allocated for a
first range of addresses. The allocated first portion of the nenory is
selectively coupled to the bus of the central processing unit system The
selectively coupled first portion of the nmenored first portion of the
menory is reallocated for a second range of addresses. [0012] In accordance
with an alternate enbodi nent of the present invention, a systemfor

managi ng an allocation of a portion of a menory conprises at |east one
central processing unit, at |east one bus connected to the at | east one
central processing unit, and at |east one nmenory nodul e associated with the
menory. The at | east one nenory nodule is electrically decoupled fromthe
at | east one bus. The at |east one nenory nodul e conprises nmeans for
electrically coupling the at | east one nenory nodule with the bus, and at

| east one menor yompiter re@REEFeDIRSCR PmeraNy bieckrynd idoryifies NSURPISORES [ 0013]

O her objects and advantages of the present invention will becone apparent
to those skil | edlldcated hlockofimampoyy Fheadinpufertthen allesh thedentified dlosk befirstdescri pti on
of preferred -5 enbodinents, in conjunction with the acconpanyi ng

dr awi ngs) wher eimarkingtbe bledkeas alareted amithan comhmuieatésae theurspesting pobesss gnat e | i ke
el ements, and wherein: [0014] FIG 1 is a block diagramillustrating the
process of nenomhichlmeoostblank is aveinble doraké. dn thealeallocaion phdselabd compiter a
conventional nenory managenent scheme. [001S] FIGS. 2-5 are flowcharts

il lustrating theecsiveascombtunidaivn gidivgtirgthak pacess isalonowitina pevibustn of a nenory
associated with a central processing unit systemthat can be selectively
coupl ed to a bugldhted BRciCE vy 41 Aea SRR that/ Bloék K Wbsihg Maildblefeeor dance with
an exenpl ary enbodi nent of the present invention. [0016] FIGS. 6A and 6B
are bl ock di agr giBsequbntdfdchéidn. Ng steps for managing an allocation of a
portion of a nenory associated with a central processing unit system

[0007] In dividing or partitioning the real memory, the computer can fragment the
memory into a number of blocks. If this process is continued unchecked, the memory
can be divided into many small blocks of unused memory. The computer may be
unable to satisfy allocation requests for memory portions larger than the largest
fragment, even though a substantial portion of the memory space remains unused.
This memory fragmentation can be inefficient in the use of the memory space and can
result in false indications that the memory space is exhausted.

[0008]) To alleviate memory fragmentation, in the consolidation phase, the
computer can attempt to join one or several contiguous blocks of available memory
to form a larger contiguous memory block. Thus, consolidation, also referred to as
coalescing, rearranges allocated fragments so that unused portions of the memory

space are combined.



t hat can be selectively coupled to a bus of a central processing unit
sy.stemin accordance with an exenplary enbodi nent of the present invention.
[0017] FIGS. 7 is a block diagramillustrating a systemfor nmnanagi ng an

all ocation of a portion of a nmenory in accordance with an exenplary

enbodi nent of the present invention. [0018] FIG 8 is a block diagram
illustrating external connections to a nenory nodule in accordance with an
exenpl ary enbodi nent of the present invention. DETAILED DESCRI PTI ON OF THE
PREFERRED EMBCODI MENTS [0019] FIG 2 is a flowhart illustrating the steps
carried out for managi ng an allocation of a portion of a nenory associ ated
with a central processing unit system-6 that can be sel ectively coupl ed
to a bus of the central processing unit systemin accordance with an

exenpl ary enbodi nent of the present invention. In the follow ng discussion,
the words "attach," "connect," and "couple” will be used interchangeably to
refer to an electrical connection between el ectronic conponents that all ows
any formof electrical signal to be passed between the electronic
conponents . In addition, the words "detach," "disconnect,"” and "decoupl e"
will be used i n{@08haFiadulustrates thepragess of ragmosy dlogation.deallocationmidct i on

bet ween el ectroni ¢ conponents that does not allow any form of electrical
signal to be pasemsdlidetionie eronvhasiosdl ssmonyhanagemepicokemesvhefegi2re six used
herein, a "central processing unit systenmf is any form of conputer, such
as, for exanpl e memorydhlsksnialthequampny spage. Thevoeietydedations ag physiathoandut er, a

mai nframe, or a superconputer, that contains at |east a central processing
unit (CPU), a bulsctricalig conaeapedyto a threputirbusytfixahphysical brel legicabaddsesgbs.oln a si ngl e
CPU or nultiple CPUs. [0021] As used herein, a "CPU' is a conponent that
can fetch instr sep l08)80 Memeybivsektte dllocdiedraNBE)y 1 HX) proesse Autdedtdand ds
instructions or commands to performa specific task. The CPU can be any
form of processallocatsditdo &mory Block8 X BIRMpEL15 Bprodesy BRGOSR880s alldc@@@#to As used
herein, a "bus" is any collection of wires through which data is

transmtted fromeRbs biRkd. IRbte 1200 pidéss C réquesdaidiedllocalaa®b eyt 0 exenpl ary
blocks. In step 125, processes A and C are completed, and so their respective
memory blocks are deallocated and made available for other processes. Although
there are now four memory blocks available in step 125, if a process D requests three
memory blocks, the operating system moves the contents of memory blocks allocated
for process B so that it can provide three contiguous memory blocks to process D.
The consolidation phase is performed in step 130. After consolidation, in step 138,
process D can be allocated the three memory blocks.
[0010] By moving blocks of memory as part of the consolidation phase, the
memory management scheme makes the memory look like it is relocatable within the
memory space. However, unpredictable memory management, processing overhead,
and memory fragmentation occur.

SUMMARY OF THE INVENTION



enbodi nents, the bus is a systembus internal to the CPU systemt hat
cannects internal conmputer conponents to the CPU and nenory. The bus can be
di vided into several groups, such as, for exanple, an address bus, a data
bus, and a control bus. The data bus transfers actual data, while the
address bus transfers informati on on where the data should go. The control
bus can be used to transfer control signals. [0023J As used herein, the
"menory' is the pool of physical or real nenory of the CPU systemthat is
avai l abl e for use by applications or processes. The nenory, also referred
to as main nenory, can be, for exanple, random access nenory (RAM or any
ot her form of addressable read/wite nenory that can be allocated to
applications or processes running in the CPU systemthat require internal
storage in the CPU system [0024J According to exenplary enbodi nents, the
menory is electrically detached fromthe bus of the CPU system and can be
electrically attached to and detached fromthe bus. Thus, the nenory is

i ndependent of and isolated fromthe bus so that there is no fixed
connection between the nenory and the bus. The nmenory can include at | east
one portion, suf¥lil, Afmathadendpystem aze discloséd fof menaging gn #llgcdtiop of a pastionof t he
menory can, therefore, be electrically attached to and detached fromthe
bus. Accordi ng bbHa mzmeerpbhsogiateditida ceamél processinf upibsystemrthad fanrbevelecfivedan have
its menory address space reassigned. Thus, the address of each portion of
menory can be champlpddo a Bisrof eheapmplabprotedsengumpaystent. Iniachordanatovithadem@ayg bits of
each portion of _g_ menory can be electrically reconfigured or changed so
that each porti esibslimensrofehe peasent iimuttion yfira@ditios f the namtrytidwllosayeitfera menory
space of the CPU system The |ower or |ow order address bits can select the
storage | ocati OBrsydahgt oF a@dt€ses) Thé hlRBate firkIdRIoy of the tefmpSiicsdedidBT Y space of
the CPU systemis the total range of addresses avail able for applications

and processes. AupRHW e blsdreheRRRttalhibcREROHit RS . TheBlestively eSUpRIERK Y Space
is large enough to hold the address spaces of at | east one process

concurrently. [ D84&d ofthe Mlidty BUcoRbled frbi i bulof th &Tntrﬂ%éc-bélg{ﬂg Qhit t he menory

is allocated for a first range of addresses. The nmenory allocation phase
according to ex E‘;lmh@ The Qém&ﬁém&tp%n% of fRE 6544 YeallodMEd ol £5kciid rlmgtée
described with reference to FIG 3. [0026] In"step 305 of FIG 3,” the

al l ocation of tphefleksl portion of the menory is requested. After a process
is initiated, the process can request a portion of menmory from for

exanpl e, the Opﬁfo 1 NHh a%%’o%&a%g% Wit ASna e %E%P?Fﬂéégr%&ht i}(&‘ﬁu&??r ating
systemis a col Fection Of System prograns at, ftor exanple, supervises the
operation of the sysLem . mnages zp%gw&ggahardmare andmﬁoftmare

cP
resour ces of th‘gSt&a%rsys"? 1R e p?%‘\’/l QLo OTR TPEPY SQEPEEY He®h Phe user and

the CPU system T rocess .cap, request a rtian menor f a particular
Si e needed to FNTRisanRE dnE ek RS oPpRUL B of o R foMel "o ange. o
addresses located in the system nenory space of th system, -9 [ 0027]
st ep. 31 0t hEopssPag v, it e BER Pt BTl Seocla IRt Ay
avai l abl e nmenory space in a system nenory S agsociated with the central
processi ng uni t%wg'ﬂeéﬂﬁmo,E«‘EE‘Ba‘ﬁ? ﬁ@fpftﬂcaggg%ﬁ\’@?‘i‘?%ﬁ’ﬁﬁf Irashene busy HS 2 equest

t he operating system can | ocate avajil abl e nmenor ace in the system nenory
space of the pa‘Y‘?ﬁt QR gy 2’839]%%‘?6@&‘36? fonflec %G‘B'(g’é’gpﬁmﬁ %ZBH”SF frest ep 315,
the first range of addresses are reserved within the system nmenory space
for the first pBFRPRYModyle g us, AR 1635t 0ge PEMEY ARG ary enbodi nents, the
operating system can assh&n the first range of addresses within the system
nmenory space to the por tAFSEF BESERETIGNGE THE PRAWINGEIGURESe first portion
of nmenory is re&yested for the system nenory space at the first range of
addr esses. Accoll@iig Ptherbiasisiand §dvaniegssphthepresent ingentignoyill beaeie gpngreatn can
request a portion of nmenory of the particul ar size needed by the process
froma menory niribese skillefrietheerupgn radingdhe follaywing detailed descripyinmof mrefedrddocat i on
of menory. The nmenory manager can be used to allocate, attach and detach

bl ocks of nmenmory fromthe avail abl e pool of nmenory. [0029] In step 325, the
availability of the first portion of menory is determ ned. According to
exenpl ary enbodi nents, the nenory nmanager checks if enough nenory bl ocks
are available fromthe nenory to fulfill _sthe request for nenory of the
requested size. If the first portion of nenory is not available, in step

330 a nenory allocation failure or other simlar type of error can be
i ssued. Thus, if there are not




-10 enough menory blocks to fulfill the request for nenory, a nenory
allocation failure can be issued. For exanple, the nenory allocation
failure can be returned to the operating system and the operating system
can informthe process of the lack of nmenory resources. The operating
system and/ or process then processes the nenory allocation appropriately,
such as, for exanple, by causing the process to termnate or by performng
any ot her appropriate response. The nenory allocation procedure of the
present invention would then end and wait for another nmenory allocation
request. [0030] If the first portion of nenory is available (i.e., there
are enough bl ocks of nenory available to fulfill the request), the first
portion of menory is allocated for the first range of addresses. The nenory
manager can allocate the portion of nmenory. In step 335, the first range of
addresses in the system nenory space is assigned to the first portion of
the nmenory. The nenory nanager can assign the first range of addresses of
the system nmenory space to the allocated nenory bl ocks. Thus, the nenory

bl ocks can be assigned the first range of addresses while detached fromthe
bus. [0031] Acc&mbedigentsincaiupatian yltbaﬁ@eﬁomemmg deamdngsphereindlikg refrencei t s of
the nmenory bl ocks can be reconfigured to the first range of addresses

usi ng, for examphmeralshavebeanfuses tp dptignatgdike dementbedndadereimc| uded in t he
portion of menmory. A pointer to the first portion of nmenory can be
returned. Accor §0014] t El@XNaspblackdizgndmilisimringsthe praeess dfimemopoalletationt o t he
menory bl ocks allocated by the nenory manager can be returned to the

oper ati ng syst eweallp&Midid Jand consdlidition da ainvéntithal Remdrly enandgemem sehdmé.i r st porti on
of menory is selectively coupled to the bus of the central processing unit
system Accordi (@150 EIGSIR}sdry flerdhats ilBtating the beep foe hahdging af ylidcation@@n | ssue
control signals or commands to attach the allocated nenory bl ocks to the
bus. However, ebpbgion bivmenay adsbdidedsyit £entdl pidaessip Gl $ystf fiagesn bean
electrically attach the nenory bl ocks to the bus. The nenory bl ocks can be

electrically atkqéhedy dpkd® $868 oPthe béhtrliprockRing QXiBEReR in focbidance wWithe,
bidirectional buffer interface between the bus and the nenory bl ock or any

other form of bygeilehhRf Abedieetiof tHe prkentinv@iien.2 menory bl ock to be
electrically attached to and detached fromthe bus of the CPU system

0033J In ste arRy ' égmp | : be
Eeturned. Apcgr |n@ tgﬂgigh%+%§§a%q)ggyﬁ nts?m%%gﬂﬁgﬁﬁg??%gﬁggg?en1can

o the process. PluaResPa e ol Sdif o EURRIaN ol bRERALWIRTREN | Neo
t he returned poj r I t | y attached
nmenory bIocksP.F@E%ﬂfg%ﬁ%ﬁ&%ﬁ%?gggggggg?ﬁH%%Fgg%§§?§%£+hﬁaﬁéﬁbry bl ocks
termnates or ig of er‘ev‘\{l,it?}e f)l{nl fheéjmbvéndt Ld I}ﬁlerlr}raergle)rt er}tog'ks, t he nenory

bl ocks are elec?rlcg?iy éPﬁéWgH"¥ron1 e‘bus_and1 ea Pocated. In step 215
O o e b TRYEF LB 1B g e o PRI, h Sl =

of a portion of a memory in accordance with an exemplary embodiment of the

present invention.

[0018] FIG. 8 is a block diagram illustrating external connections to a memory

module in accordance with an exemplary embodiment of the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0019] FIG. 2 is a flowchart illustrating the steps carried out for managing an

allocation of a portion of a memory associated with a central processing unit system
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system The nenory bl ocks can be returned by the process by, for exanple)
returning the pointer to the nmenory bl ocks to the operating system and/ or
menory manager. However, any form of indication fromthe application or
process can be used that signifies that the application or process is
fi-nished with the allocated and electrically coupl ed nenory bl ocks.
According to exenplary enbodi nents, the operating systemcan electrically
detach the nmenory bl ocks fromthe bus upon indication that the bl ocks are
no | onger being used by, for exanple, instructing the nmenory nmanager to
command the nenory block to electrically detach. However, either the
operating systemor the nenory manager can electrically detach the nenory
bl ocks. [0035] The decoupling according to exenplary enbodi ments of the
present invention includes the steps illustrated in FIG 4. In step 405 ) a
| ast address of the nenory is assigned to the decoupled first portion of
menory. For exanple, the nenory can be organized in a last-in, first-out
(LIFO structure or any other type of nenory structure in which the

nmost -recently decoupl ed and deal | ocated nmenory bl ocks returned to nmenory
are the first nthbeap besekskivelpeaupled tocbus atithe eanprpladocessimg waik systelyie a pr ocess
requests nenory. Thus, the last address in the nenory is the |ast free
address in the peordande withainlexdmplaryrembpdiment of thetpagsent inyentione Inthe tollpwiagl f i r st
portion of menory is appended to the nenory at the | ast address. Steps 405
and 410 can be dik@ssiompghefrardssidttish,”t brmnent, iand,/ ‘coupiel el bé wned iteedhanpeablyr y bl ock
decoupl ed and deal | ocated. [0036] Once the nmenory bl ocks are detached and
deal | ocat ed, t heo rwéntran decoici somaction detslebroaiatrenic eomshoattstbitatlowsomy anot her
process that requests nmenory. In step 220 in FIG 2, the decoupled first
portion of the feimwfyledtrical sigial 0®bapaesded@twesn the eletebnicasomporhtsadar esses. The
steps of allocation, selectively coupling, and decoupling performed in
steps 205, 210 afdkion]lfhe @ordsk@etach,”Caiscohhtiy’ 4d “pbipglnwill bé edt he second range
of addresses for the sane or different process that requests nenory. [0037]

Addi tional all om&élﬁﬂ%&aw to FefiP{oYan CREUriEA dR@nhR LGkt &Rh eRétbinici cOMBdnes OCESSES
that run either serially or concurrently in the system nenory space. For

exanpl e, additi gaflioedREMMIYw gy BfRbS RRFicAIRnd & Babsed bR WedhThd WectrBBe St €pS
illustrated in FIG 5. |If another process requests nenory, in step 505) a
second portion efmggaemey is allocated for a third range of addresses. In
step 510, the allocated second portion of nmenory is selectively coupled to

the b f th | [ [ R j 1
ormnat os or 1 Rarhora e abEsn. ekt fror i et SR cBPBER S one
portion of emiuy | B SLemo 18 ANR GRRSRLI (RN Al ARARL porti on of

menory i s decouple entral processirng unit system The

decoupl ed secon i j i th s of the
menory and appeﬁﬁgg&%%%Fﬁgkﬁeﬁ@$§&h%§fﬁ§%#g§§gg§ %%@gsﬁﬁ%@ﬂéﬁﬁbnd portion
of menory is th vaj | abl.e for | ogation e not her.. s. -14
(00381 T 1t nGrPO f s PRy e SRR o Ehmiihed P BARG:

i nvention, FIGShwEf% 6B are block diagranms illustrating the steps
carried out for R&gi é'an al l ocation of a portion of a menory associ at ed
with a central essin nit sy mthat can,be selectively coupled to a
bus of ¢ he cont [UIRLIy &% Bd Brigi AGHE RS oiporer LRGHR o1gh AHURIORYS of FI G
6A, according to exe éary enbodi ments, all nmepory bl ocks of nory poo
610 are el ectri E%T"P%f‘gg 1 RBGrY-ARM SHECUE BIORRipSIRIEHans BRSOIangs)8 P 3y 1 poses
of illustration, assune there are six nenpry blocks in the nenory. In block
620, a first préR %taﬁl%q-{f@sqpy‘iaﬂgeﬁ'ﬁ’m}/oflﬂ%&%%’f sych as, der ¥R, ap| ocks E and
F are allocated and electrically attached to bus 605. In block 625, a
second process MPEPEEEHtwo nenory bl ocks. In response, blocks C and D are
al located and electrically attached to bus 60S. In block 630, a third
process request 00%o Aense herpingcfbys” is nycellpptignad wirss hraugh whighdatBisar e

al l ocated and electrically attached to bus 605. [0039] In block 635 of FIG
6B, the first phasmdteddfiommpngparbef anemputentoagothdro dkeprdingiockxenplary el ectrical ly
decoupl ed fromthe bus, deallocated and returned to nenory pool 610. Since
menory bl ocks are appended to the nenory at the |ast free address of the
menory, blocks E and F are not necessarily returned to the sane address
fromwhich they were originally allocated. In block 640, the third process
term nates and nenory blocks A and B are electrically decoupled fromthe
bus, deallocated and returned to nenory pool 610. In block 645, a fourth
process requests three nenory -15




bl ocks. In response, blocks F, A and B are allocated and electrically
attached to bus 605. Thus, according to exenplary enbodi nents, the
processes have not been noved in nmenory to provide three contiguous nenory
bl ocks to accommopdate the fourth process' nenory requirenents, as woul d be
done in conventional nenory managenent schenes, such as shown in steps 125
and 130 of FIG 1. Rather, the addresses of the nenory have been changed
before they are electrically coupled to the bus so that the fourth process
can be allocated the three contiguous bl ocks of nmenory w thout having to
nove the fourth process in nenory. [0040] The single processor, single bus
architecture di scussed above is presented for purposes of illustration
only. Those of ordinary skill in the art will recognize that exenplary
enbodi nents of the present invention can be used with any nunber of
processors and buses in the CPU system [0041J A system for managi ng an
allocation of a portion of a nenory in accordance with an exenplary

enbodi ment of the present invention is illustrated in FIG 7. According to
exenpl ary enbodi nents, the system conprises at |l.east one central processing
unit, at |east 6%50‘{5‘?]?‘%@}’?&@%’? adsten '?“ﬁé‘teé’t‘a? F%‘&%Fsﬁé}‘ﬁ%‘i A LORLESsi ng uni t,
and at | east one nenory nodul e associated with the menory. According to
exenpl ary enmbodiHeEAsompusericpmponsnts tathe CRY andmemqrypile bps sancbedivided i,
processor, such as, for exanple, a mcroprocessor or any other type of
processor. -16 seerbappsTsich ag for examplegansaddiess bus,rp data byphand dpongtetusn of wires
or any other formof electrical connection through which data or any ot her
form of el ectri dhe dah bysdtanifers aqtuahdatd, twhdelthe pddress hes tpasfers fformatiammput er to
another. FIG 8 illustrates the external connections to a nenory nodul e
700. Accordi ng twhemthendatashqulégd GEliersenttad bustdar beused toteansformontyelsighals. a syst em
bus internal to the CPU systemthat connects all the internal conputer
conponents to t [@028PUAamskdrieming the “msmaxy’siy the pnollafiphysicél er el thenasy oftshee bus can
be divided into several buses, such as, for exanple, an address bus 725, a
data bus 730, amPUssystanthadks awilsble/fdbuse b applizaiond @ praveses The Memorg2dsoc an
transfer address information on where data should go. Data bus 730 can

transfer the actdfeteddabomii® mameryf da B2, 161 Rariple, Cdbn @bceBiUfembBp(RAM) drr ansf er
control signals, such as a bus command (e.g., read or wite) from CPU 755

or return an ackmosth@dstth ofaddiesksable 84l WiREREMoryREl b beQBodaRdkndi cate that a
read or wite operation has been conpleted. [0043] The at |east one bus can

be connect ed t 0 afifbhtibRPorbRbdREes fufMingSi SHEUPE syeid thabfeQhifcAif@rmhReirspe iP0. BUS
interface logic 750 can be any formof bus interface |ogic for connecting
nmenory over thegyatciegdsemone bus to CPU 755, such as, for exanple,
dat a/ address transceivers for perform ng data/address buffering, or any
ot her form of bygynt o 1oQgk |dth&tst BE Ren8SiCel tached’

Y60 tﬂe%gl&f;i‘glfg%{o xﬁpflm?Ulﬁbd s\ emOS'i el (\{s alyPddtac

exanpl e, regul ate Ion of data and address’f uring nmenory

reterences. DAl Golineidlor 1 PRIty AU 6 oMddfhicON/dBthod JAREAcHSE | L0, while
data flowis in the opposite difection for a nerfory read. Bus Interface
| ogi ¢ 750 al i - 700
using address bigtTiE IR, PRSIy AARIGARES o A RBIIRAULE Q¥ 1) 7c6

using bus i nt er fags. Lol SOMNBHLLAM B2 naBlS hdWERLATRe LRlbS Gonnect i on

752 can be any formof electrical connectron 'S’ capa carrying

| ectrical si | s .bet | ect i 1 . 44 dj. t
oty el % OUR PG S5 00 BB s AR, |
d | ed f t t | t bys.. Th le 700 i s.ind dent
decoupled 1O 4 ok 250 BB G R R0 e o

and control bus . 735). so that, t e.is no fixed c nnectio% bet ween the at

her e,
| east one menor PCHAHNS 10 eXppPlary embgdiments. gach portipn of memeryean hayg s mMemo ot one
menory nodul e is, conprised of ns for electrjcally coupling the at |east
one nenNory rmduP‘é‘kWnFH?c W%ss'ﬁ’(‘edﬁg‘é% thg address of eag EHF'@{%“?AS’% BBl ary

enbodi ments, each nmenmpry nodul e 700 can be electrically attached to and

det ached from t Fanggd Fengpmplsdheppper o5 hughagdes pddresy bits ofeachpriiop ofpdul e 700
can be used as the neans for electrically attaching and detachi ng nmenory
nodul e 700 fromthe at | east one bus. For exanple, bus coupler 705 can be a
tri-state, bidirectional buffer interfaceg.between the at | east one bus
(address bus 725, data bus 730 and control bus ?35) and nmenory nodul e 700.
However, bus coupler 705 can be any formof bus interface |ogic that can
electrically attach and detach nenory nodule 700 to and fromthe at |east
one bus. -18

=




[ 0046] The at |east one nenory nodule is conprised of at | east one nenory
unit. Menory unit 715 of nenory nodule 700 can be, for exanple, random
access nmenory (RAM or any other form of addressable read/wite nmenory that
can be allocated to applications or processes running in the CPU system
that require internal storage in the CPU system [0047] The at |east one
menory nodul e i ncl udes an address decoder for reconfiguring a portion of an
address of the at | east one nenory nodul e, such as reconfigurabl e address
decoder 710. According to exenplary enbodi ments, each nenory nodul e 700 can
have its nenory address space reassigned. Thus, the address of nenory
nodul e 700 can be changed. For exanple, the upper or highorder address bits
of each nenory nodul e 700 can be electrically reconfigured or changed so
that each nenory nodul e 700 can have any address within the system nenory
space of the CPU system The |ower or |ow order address bits can select the
storage location within nenory unit 715 of each nenory nodul e 700. Thus,
reconfi gurabl e address decoder 710 can be any type of reconfigurable
address decoder that can electrically reconfigure the high-order address
bits of nenory msmaryesaryboelectrisalygeconfiguredpr.chinged sogbpd each poRion of memetE cesss

| ocal nmenory resident in nmenory unit 715. Reconfi gurabl e address decoder
710 i s connect edathgvganysddresywithinhesysiern mgmamyspacy ofthe EPYsrtaetThsn 776.
Menory unit connection 776 can be any -19 formof electrical connection
that is capabl elawer crlpwyordeg address bits combelest thestbraghlocation within eachiportion of
conponents. [0048] The at | east one nenory nodul e i ncludes a command
interface for recmbry Mhe syotememai®ry spacealfthedPU sygiem isshatotal magt ofone nenory
nodul e. For exanple, comand interface 720 of nenory nodule 700 can be the
i nterface bet weeaddresssyavailabiofbu bplidddidnsand processsyD Aycandingpexengfifty [ 0049] The
system for managi ng an allocation of a portion of a nmenory includes a
menory manager embigaiadhts\he Bystefitmditiory spasd is larpe efd@igh t/hokbthe hédrasgspatdsef at | east
one central processing unit. Menory nmanager 760 can be any form of nenory
managenment unit at 1sddCéhePoceds@bncateitlp) €, a paged nmenory nmanagenment unit.
Menory manager 760 can be connected to CPU 755 using nenory nmanager

connection 758. [¢d28Dr ¥h siEHIBY F FIGO DNefirbtipaRioR 9Bthe ABmbS ivdscdiéd or Hfrste! ectri cal
connection that is capable of carrying electrical signals between

el ectronic conp%g@@ﬁdd,@gg@rﬂgﬁgmgg,aﬁgﬁmIghggé a@éﬁ;&l@g mgg,ﬁplarg,he at | east one
menory nodule (e.g., nenory nodul e 700) is coupled Wth the nenory manager

(e.g., menory ngRaGG, ?s%Q}heg,%saﬂ invEitiofs QITBR WschibddGHifrdeereh& 16 F1G. 30 MMRNd
interface 720). 0055T Menory manager 760 can send commands to nenory

dul e 700 [ i Whi j : . d
"niorface 720 ol aemry pans PEAG, B e eadbb Al b R e ) o m

¢ ol i cal . . I ; . . |
et veon ol ot r ofRRERY ARt d\tbactcis FRARR, o Bboeb O Halth EBRARA bEifnat) 002 °
d d I i cal d h
From thooat 1 oalpmoREeiahel i el he sl ds U CB At Tob fodlifle O 2
interface 720, th

cO nd. cap _be routed t us_caupl er .705 aver,. bus
coup! er command HEMILE Ftgos Jb P pRiA i Sttt Rinud e B¥eitana 1 s
recei ved by bus u r 705, bus caoupler 705 can.connect recqnfjgurabl e
Ldr ese. dexoder “H6 CPE i mewtay S Be Sy et i BaRPBcewee SR Y | on 774
in menory nodul e 700. Bus.coupl er. 705 can, connect ry . unit 715 to data
bus 735 Usi ng dSEEHd REYHFEE isFce PRONERD (HERGE PUBRCH S s coupl er 705
can connect nenory unit 715 to pongéol bus 735 Hang qﬁatrol bus connecti on
780 in menmory nB@HTSECARGRAUCHARPRIQR OhREMTH A cylar sizepeeqed foruBthe connect i on
778, and control bus connecti?n 780 can each be ﬁny form of el ectrical
connecti on t hat Piosest aphghogiog et memeryiwillhave a pangs of gdresseslagated inthg gstsm
el ectroni c conponents. Those of ordinary skill in the art will recognize
that the commanBemPREpaceabHe CRESS A 760 to bus coupler 705 to electrically
attach to or detach fromthe at |east one bus can instruct bus coupler 705
to attach to or detach fromany conbi nation or all of address bus 725, data
bus 730, or control bus 735. [0051] Menory manager 760 is configured to
allocate the at | east one nenory nodule for a range of addresses in a
system nenory space of the at |east one ggntral processing unit. For
exanpl e, menory nmanager 760 can send a command to nenory nodule 700 to
reconfigure the high-order address bits of nenory nodule 700 to a -21




particul ar address or range of addresses. Once reconfigured, the high-order
address bits of reconfigurable address decoder 710 specify the address at
whi ch nenory nodule 700 will be accessed in the system nenory space of the
at | east one CPU. \Wen such a conmand is received at command interface 720,
t he command can be routed to reconfigurabl e address decoder 710 using
address reconfigure command connection 772. For conmands sent to nenory
nodul e 700 from nmenory manager 760, comrand data that acconpani es the
commands can be sent to nenory nodul e 700 usi ng comrand data connection
745, which is connected to conmand interface 720 of nenory nodul e 700.
Command data connection 745 can be any form of electrical connection that
is capable of carrying electrical signals between el ectronic conponents.

[ 0052] According to exenplary enbodi nents, the range of addresses in the
system nmenory space of the at |east one CPU is assigned for use by the at

| east one nenory nodul e while the nenory nodul e i s decoupled fromthe at

| east one bus. The system nenory space of the CPUis the total range of
addresses avail able for applications and processes. According to exenplary
embodi nents, t h&03Ykt B’rﬁ“??eﬁﬁsrfbe firstyangejof a(!‘g?sgfé isgigtstrpiAed; by lergting availBbladdr ess
spaces of at |east one process concurrently. Thus, an operating system
(Q'S) 756 runni mgmory spREiGYster memoryi sprreppeciatpd with the peptralirocgsiihgaistes wi t hin
the system nenory space for use by at | east one nenory nodul e, such as) for
exanpl e, nenor ysysedulAecqididg ta@x8njlEy embediinerds, opon-réqest, tEBPopeTABg syatemt hen

i nform nmenory manager 760 over nenory manager connection 758 of the first
range of addr essadocaidavailable memaryspace @0the systetmemosyespeceaf depamicdarts@ze menor y
nodul e 700 over command connection 740 to electrically reconfigure the

hi gh- or der addr egsestedbg thefpracessonf i gur abl e address decoder 710 to the first
range of addresses assigned by the operating system The actual range of
addr esses can bpoo3gint Ir shepBa Sthe/ firstrahfe ®f dddtessey e résexvedwithinl the syse@nnect i on

745. Once electrically reconfigured, nmenory nodule 700 will be accessible

at the specifi egefn c@ for AT $6ROn B EENdry. A&ofligQb Eieaplay coupled to the
at | east one bus. ?ggg%] Accord?ng to exeé%lary enbodi nents, an all ocated

at |east one NMegREMiRRULE opetatME SREAFEN us%%nqle%@% Sfadlir@sstd Witk fhecat ed at
| east one menory nodul e when the allocated at | east one nenory nodule is

coupled to the Qugm nldibey spaedas tHEGSRIoN ofThd HeRioryOth dtp ROESHE KitsERIrioh of
reconfigured to the specified range of addresses, it can be electrically

coupled to the a,t-,m&?ﬁ%%%&a@d Rpgleigfbtén?ﬁm%}? aE@at%e%gW%goHdgf&ﬁ?ﬁmr y

manager 760. Once a ted an ectric y coupl e ppl1cations or

poi e Lot he reror) B o TERDY ol ool 8L« ) ne:pnl)re’y )
700. T ' ' '

AT ocat ed and oauRy oE B peioll oPE BeBaty S nlich forl Bl piRlesL B8 (°

speci {fed addr oq 8RSy ah{) cdh i F AR OS5 EmitSy AR B il 30, 20

control bus 735. e applrcatron ©or proce m nat es or

i herwi se fipished .ysi h f the all d
Cl oot ri cal Ty coPR ARSI e ot AR § i 56 SRRt oca o

and el ectricall ngpupled fromthe at | east one bus. For exanple) the
application or %?56%§% can return the pointer to the nenory space of

all ocated and e ricall | e r dulee 700 to jndicate that the
appl i cation or ‘ﬁ?ﬁgﬁcles sf?%#g#egar’(@'g’b&ﬁ{gg ﬂ{efﬁgg?rlt‘%% r%ed“°z§¥1'(§%8f‘é‘3'feﬁi cally
coupl ed nenory. However, any form of indication fromthe, |i cation or
process that siQffiof “égsmleFFé‘Ep){%@nb&BHPePE? ?@ﬂ“?f?’“’ﬁ?‘lﬁﬁre‘g’gcl‘?éfaeg&ﬂ’shed with the
al l ocated and electrically coupled nenory can_be used. Upon recejving such
an indi cation, Tpmeryblocksare 3vailable fiom themepory skl dhe rogrostider rramary ofthe e and
electrically decouple nmenory nodul e 700. For exanple, menpry manager 760
can send a conmigAEsied siggs SIf this diFst pertigmef megogy is Betavailghle.yin He BRI reemoRY, nunber
or all of the at |east one bus frommenory nodule 700. Menory manager 760
can al so send adlloeatien filuredr piherimilag type pi esron ermrbe dssucd e Ebpelf theterg #ptr eset t he
address of nmenory nodul e 700. For exanple, nenory manager 700 can send a
command to the at | east one nenory nodule (e.g., nenory nodule 700) to
assign a last address of the nenory whenjghe at |east one nenory nodule is
decoupled fromthe at |east one bus. [0055] According to exenplary

enbodi nents, the pool of available nenory can be organized in a LIFO
structure or any other type of nmenory structure in which the nost-recently
decoupl ed and deal | ocated nmenory nodul es returned to the pool of -24




menory are the first menory nodul es all ocated and coupl ed the next tine an
application or process requests nenory. Thus, the |ast address in the
menory is the last free address in the pool of avail able nenory. They at
| east one nmenory nodul e can be appended to the nenory at the | ast address
when the at | east one nenory nodule is decoupled fromthe at | east one bus.
The at | east one nenory nodule is then available for allocation and
el ectrical coupling when another application or process requests an
al l ocation of nenory. [0056] Those of ordinary skill in the art wll
recogni se that bus decoupl er 705, reconfigurabl e address decoder 710,
menory unit 715, .and conmand interface 720 of nenory nodul e 700 can be
co-located, for exanple; they can reside on the sane integrated circuit
(1C chip within a CPU system However, each of these conponents or any
conbi nati on thereof can be located in different areas throughout the CPU
system such as, for exanple, on different 1C chips that are connected
usi ng the various conponent connections (770, 772, 774, 77G 778, and 780).
[ 0057] The single processor architecture shown in FIG 7 is presented for
pur poses of il [ eRougkmpBery blocks to filgkthe wauest far mergryaangopory pllogation filpreyyj | |
recogni ze that exenplary enbodi ments of the present invention can be used
wi th any nunber cairhg issyade Forgxapplothasmemnary allpgation dalyreican be reyaned yasthem [ 0058]
It will be appreciated by those of ordinary skill in the art that the
present inventi operging systeme pisoli entrating syatemean infopo thefpracessef the lagkohout
departing fromthe spirit -25

memory resources. The operating system and/or process then processes the memory

allocation appropriately, such as, for example, by causing the process to terminate or
by performing any other appropriate response. The memory allocation procedure of
the present invention would then end and wait for another memory allocation
request.

[0030] If the first portion of memory is available (i.e., there are enough blocks of
memory available to fulfill the request), the first portion of memory is allocated for
the first range of addresses. The memory manager can allocate the portion of
memory. In step 335, the first range of addresses in the system memory space is
assigned to the first portion of the memory. The memory manager can assign the
first range of addresses of the system memory space to the allocated memory blocks.
Thus, the memory blocks can be assigned the first range of addresses while detached
from the bus.

[0031] According to exemplary embodiments, the upper address bits of the
memory blocks can be reconfigured to the first range of addresses using, for example,
a reconfigurable address decoder included in the portion of memory. A pointer to the

first portion of memory can be returned. According to exemplary embodiments, the
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or essential characteristics thereof. The presently discl osed enbodi nents
ar.e considered in all respects to be illustrative and not restrictive. The
scope of the invention is indicated by the appended clains, rather than the
foregoi ng description, and all changes that conme within the nmeani ng and
range of equival ence thereof are intended to be enbraced. -26 1. A nethod
for managing an allocation of a portion of a nenory associated with a
central processing unit systemthat can be selectively coupled to a bus of
the central processing unit system conprising the steps of: 5 allocating
(205) a first portion of the nenory for a first range of addresses;

sel ectively coupling (210) the allocated first portion of the nenory to the
bus of the central processing unit system decoupling (215) the selectively
coupled first portion of the menory from 10 the bus of the central
processing unit system and reallocating (220) the decoupled first portion
of the nmenory for a second range of addresses. 2. The nethod of claiml1,
conprising the steps of:

pointer to the memory blocks allocated by the memory manager can be returned to
the operating system.

[0032] In step 210 of FIG. 2, the allocated first portion of memory is selectively
coupled to the bus of the central processing unit system. According to exemplary
embodiments, the operating system can issue control signals or commands to attach
the allocated memory blocks to the bus. However, either the operating system or the
memory manager can electrically attach the memory blocks to the bus. The memory
blocks can be electrically attached to the bus by using, for example, a tri-state, bi-
directional buffer interface between the bus and the memory block or any other form
of bus interface logic that allows a memory block to be electrically attached to and
detached from the bus of the CPU system.

[0033] Instep 212, a pointer to the first portion of memory can be returned.
According to exemplary embodiments, the operating system can return a pointer to
the allocated and electrically attached memory blocks to the process that originally
requested the memory. The process can use the returned pointer to access the
allocated and electrically attached memory blocks.

[0034] When the process that requested the memory blocks terminates or is
otherwise finished with the memory blocks, the memory blocks are electrically
detached from the bus and deallocated. In step 215 of FIG. 2, the selectively coupled

first portion of memory is decoupled from the bus of the central processing unit

-12-



al l ocating (505) a second portion of the nenory for a third range of 15
addresses; selectively coupling (510) the allocated second portion of the
menory to the bus of the central processing unit system and decoupling
(515) the selectively coupl ed second portion of the nmenory fromthe bus of
the central processing unit system 20 3. The nethod of claim1, wherein
the step of allocating conprises the step of: requesting (305) the

all ocation of the first portion of the nmenory. 4. The nethod of claim1l)
wherein the step of allocating conprises the step of: -27 determ ni ng
(310) the first range of addresses by |ocating avail able nmenory space in a
system nenory space associated with the central processing unit system 5.
The nethod of claim4, wherein the step of allocating conprises 5 the step
of : reserving (315) the first range of addresses within the system nenory
space for the first portion of the nenory.

system. The memory blocks can be returned by the process by, for example,
returning the pointer to the memory blocks to the operating system and/or memory
manager. However, any form of indication from the application or process can be
used that signifies that the application or process is finished with the allocated and
electrically coupled memory blocks. According to exemplary embodiments, the
operating system can electrically detach the memory blocks from the bus upon
indication that the blocks are no longer being used by, for example, instructing the
memory manager to command the memory block to electrically detach. However,
either the operating system or the memory manager can electrically detach the
memory blocks.

[0035] The decoupling according to exemplary embodiments of the present
invention includes the steps illustrated in FIG. 4. In step 405, a last address of the
memory is assigned to the decoupled first portion of memory. For example, the
memory can be organized in a last-in, first-out (LIFO) structure or any other type of
memory structure in which the most-recently decoupled and deallocated memory
blocks returned to memory are the first memory blocks allocated and coupled the
next time a process requests memory. Thus, the last address in the memory is the last
free address in the pool of available memory. In step 410, the decoupled first portion

of memory is appended to the memory at the last address. Steps 405 and 410 can be
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6. The nethod of claim5, wherein the step of allocating conprises the step
of.: 10 requesting (320) the first portion of the nenory for the system
menory space at the first range of addresses; and assigning (335) the first
range of addresses in the system nenory space to the first portion of the
menory. 7. The method of claim1l1l, wherein the step of allocating conprises
15 the step of: determning (325) the availability of the first portion of
the nenory. 8. The nethod of claim1) wherein the step of coupling
conprises the step of: returning (212} a pointer to the first portion of
the menory. 20 9. The nethod of claim11, wherein the step of decoupling
conprises the step of: assigning (405) a | ast address of the nenory to the
decoupl ed first portion of the nmenory; and -28 appendi ng (410) the
decoupled first portion of the nmenory to the nenory

performed by the memory manager for each memory block decoupled and
deallocated.

[0036] Once the memory blocks are detached and deallocated, the memory blocks
can be allocated and attached for another process that requests memory. In step 220
in FIG. 2, the decoupled first portion of the memory is reallocated for a second range
of addresses. The steps of allocation, selectively coupling, and decoupling performed
in steps 205, 210 and 215 of FIG. 2 can then be performed for the second range of
addresses for the same or different process that requests memory.

[0037] Additional allocations of memory can be performed for additional processes
that run either serially or concurrently in the system memory space. For example,
additional memory allocations can be performed using the steps illustrated in FIG. 5.
If another process requests memory, in step 505, a second portion of memory is
allocated for a third range of addresses. In step 510, the allocated second portion of
memory is selectively coupled to the bus of the central processing unit. When this
additional process terminates or is otherwise completed with the selectively coupled
second portion of memory, in step 515 the selectively coupled second portion of
memory is decoupled from the bus of the central processing unit system. The
decoupled second portion of memory is assigned the last address of the memory and
appended to the memory at the last address. The second portion of memory is then

available for allocation to yet another process.
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at the last address, 10. A system (700) for performng the steps as recited
inclaiml. -29 A9 A3 !.A3 '%A [9.A5%A59.A[9.A L.AHO. A9.AL.A . A
n9. An9. A 9. A9. AL.AL.AL.A .A .A . A . AAY_.A _.AYY e. Ae. A3 yl Tkl sru|i _f

/6l v}}xsnid_YU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]calca]ca]cal
cal] ca] cfa] cal] ca] cTa] c*a] cal] ca] cTa] ca] ca } nuM

EwE Tt R URH, $389% ') ) +,, // {vgl ga\ W ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] caU] ca] ca] ca] ca]ca]ca!/2X5 _5679=
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[0038] To further illustrate an exemplary embodiment of the present invention,
FIGS. 6A and 6B are block diagrams illustrating the steps carried out for managing
an allocation of a portion of a memory associated with a central processing unit
system that can be selectively coupled to a bus of the central processing unit system.
As shown in block 615 of FIG. 6A, according to exemplary embodiments, all
memory blocks of memory pool 610 are electrically detached and disconnected from
bus 605. For purposes of illustration, assume there are six memory blocks in the
memory. In block 620, a first process requests two memory blocks. In response,
blocks E and F are allocated and electrically attached to bus 605. In block 625, a
second process requests two memory blocks. In response, blocks C and D are
allocated and electrically attached to bus 605. In block 630, a third process requests
two memory blocks. In response, blocks A and B are allocated and electrically
attached to bus 605.

[0039] Inblock 635 of FIG. 6B, the first process terminates and memory blocks E
and F are electrically decoupled from the bus, deallocated and returned to memory
pool 610. Since memory blocks are appended to the memory at the last free address
of the memory, blocks E and F are not necessarily returned to the same address from
which they were originally allocated. In block 640, the third process terminates and
memory blocks A and B are electrically decoupled from the bus, deallocated and

returned to memory pool 610. In block 645, a fourth process requests three memory
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blocks. In response, blocks F, A and B are allocated and electrically attached to bus
605. Thus, according to exemplary embodiments, the processes have not been
moved in memory to provide three contiguous memory blocks to accommodate the
fourth process’ memory requirements, as would be done in conventional memory
management schemes, such as shown in steps 125 and 130 of FIG. 1. Rather, the
addresses of the memory have been changed before they are electrically coupled to
the bus so that the fourth process can be allocated the three contiguous blocks of
memory without having to move the fourth process in memory.

[0040] The single processor, single bus architecture discussed above is presented
for purposes of illustration only. Those of ordinary skill in the art will recognize that
exemplary embodiments of the present invention can be used with any number of
processors and buses in the CPU system.

[0041] A system for managing an allocation of a portion of a memory in
accordance with an exemplary embodiment of the present invention is illustrated in
FIG. 7. According to exemplary embodiments, the system comprises at least one
central processing unit, at least one bus connected to the at least central processing
unit, and at least one memory module associated with the memory. According to
exemplary embodiments, central processing unit (CPU) 755 can be any processor,

such as, for example, a microprocessor or any other type of processor.
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[0042] The at least one bus can be any collection of wires or any other form of
electrical connection through which data or any other form of electrical signal is
transmitted from one part of a computer to another. FIG. 8 illustrates the external
connections to a memory module 700. According to exemplary embodiments, the at
least one bus is a system bus internal to the CPU system that connects all the internal
computer components to the CPU and memory. As a system bus, the at least one
bus can be divided into several buses, such as, for example, an address bus 725, a
data bus 730, and a control bus 735. For example, address bus 725 can transfer
address information on where data should go. Data bus 730 can transfer the actual
data to and from memory. Control bus 735 can transfer control signals, such as a bus
command (¢.g., read or write) from CPU 755 or return an acknowledge signal from
memory module 700 to indicate that a read or write operation has been completed.
[0043] The at least one bus can be connected to CPU 755 using, for example, bus
interface logic 750. Bus interface logic 750 can be any form of bus interface logic for
connecting memory over the at least one bus to CPU 755, such as, for example,
data/address transceivers for performing data/address buffering, or any other form of
bus interface logic. Bus interface logic 750 can, for example, regulate the direction
of data and address flow during memory references. Data is sent to memory module
700 during a memory write, while data flow is in the opposite direction for a memory

read. Bus interface logic 750 also receives and routes addresses to memory module
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700 using address bus 725. Bus interface logic 750 can be connected to CPU 755
using bus interface logic connection 752. Bus interface logic connection 752 can be
any form of electrical connection that is capable of carrying electrical signals between
electronic components.

[0044] According to exemplary embodiments, the at least one memory module is
electrically decoupled from the at least one bus. Thus, memory module 700 is
independent of and isolated from the at least one bus (address bus 725, data bus 730
and control bus 735) so that there is no fixed connection between the at least one
memory module and the at least one bus.

[0045] The at least one memory module is comprised of means for electrically
coupling the at least one memory module with the at least one bus. According to
exemplary embodiments, each memory module 700 can be electrically attached to
and detached from the at least one bus. Bus coupler 705 of memory module 700 can
be used as the means for electrically attaching and detaching memory module 700
from the at least one bus. For example, bus coupler 705 can be a tri-state, bi-
directional buffer interface between the at least one bus (address bus 725, data bus
730 and control bus 735) and memory module 700. However, bus coupler 705 can
be any form of bus interface logic that can electrically attach and detach memory

module 700 to and from the at least one bus.
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[0046] The at least one memory module is comprised of at least one memory unit.
Memory unit 715 of memory module 700 can be, for example, random access
memory (RAM) or any other form of addressable read/write memory that can be
allocated to applications or processes running in the CPU system that require internal
storage in the CPU system.

[0047] The at least one memory module includes an address decoder for
reconfiguring a portion of an address of the at least one memory module, such as
reconfigurable address decoder 710. According to exemplary embodiments, each
memory module 700 can have its memory address space reassigned. Thus, the
address of memory module 700 can be changed. For example, the upper or high-
order address bits of each memory module 700 can be electrically reconfigured or
changed so that each memory module 700 can have any address within the system
memory space of the CPU system. The lower or low-order address bits can select
the storage location within memory unit 715 of each memory module 700. Thus,
reconfigurable address decoder 710 can be any type of reconfigurable address
decoder that can electrically reconfigure the high-order address bits of memory
module 700 and use the low-order address bits to access local memory resident in
memory unit 715, Reconfigurable address decoder 710 is connected to memory unit

715 using memory unit connection 776. Memory unit connection 776 can be any
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form of electrical connection that is capable of carrying electrical signals between
electronic components.

[0048] The at least one memory module includes a command interface for
receiving commands for allocating the at least one memory module. For example,
command interface 720 of memory module 700 can be the interface between memory
module 700 and a memory manager 760.

[0049] The system for managing an allocation of a portion of a memory includes a
memory manager coupled with the at least one memory module and the at least one
central processing unit. Memory manager 760 can be any form of memory
management unit, such as, for example, a paged memory management unit. Memory
manager 760 can be connected to CPU 755 using memory manager connection 758.
Memory manager connection 758 can be any form of electrical connection that is
capable of carrying electrical signals between electronic components. According to
exemplary embodiments, the at least one memory module (e.g., memory module 700)
is coupled with the memory manager (e.g., memory manager 760) using the
command interface (e.g., command interface 720).

[0050] Memory manager 760 can send commands to memory module 700 using
command connection 740, which is connected to command interface 720 of memory
module 700. Command connection 740 can be any form of electrical connection that

is capable of carrying electrical signals between electronic components. For example,
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memory manager 760 can send a command to memory module 700 to electrically
attach to and detach from the at least one bus. When such a command is received at
command interface 720, the command can be routed to bus coupler 705 over bus
coupler command connection 770 in memory module 700. When the command is
received by bus coupler 705, bus coupler 705 can connect reconfigurable address
decoder 710 to address bus 725 through address bus connection 774 in memory
module 700. Bus coupler 705 can connect memory unit 715 to data bus 735 using
data bus connection 778 in memory module 700. Bus coupler 705 can connect
memory unit 715 to control bus 735 using control bus connection 780 in memory
module 700. Address bus connection 774, data bus connection 778, and control bus
connection 780 can each be any form of electrical connection that is capable of
carrying electrical signals between electronic components. Those of ordinary skill in
the art will recognize that the command from memory manager 760 to bus coupler
705 to electrically attach to or detach from the at least one bus can instruct bus
coupler 705 to attach to or detach from any combination or all of address bus 725,
data bus 730, or control bus 735.

[0051] Memory manager 760 is configured to allocate the at least one memory
module for a range of addresses in a system memory space of the at least one central
processing unit. For example, memory manager 760 can send a command to memory

module 700 to reconfigure the high-order address bits of memory module 700 to a
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particular address or range of addresses. Once reconfigured, the high-order address
bits of reconfigurable address decoder 710 specify the address at which memory
module 700 will be accessed in the system memory space of the at least one CPU.
When such a command is received at command interface 720, the command can be
routed to reconfigurable address decoder 710 using address reconfigure command
connection 772. For commands sent to memory module 700 from memory manager
760, command data that accompanies the commands can be sent to memory module
700 using command data connection 745, which is connected to command interface
720 of memory module 700. Command data connection 745 can be any form of
electrical connection that is capable of carrying electrical signals between electronic
components.

[0052] According to exemplary embodiments, the range of addresses in the system
memory space of the at least one CPU is assigned for use by the at least one memory
module while the memory module is decoupled from the at least one bus. The
system memory space of the CPU is the total range of addresses available for
applications and processes. According to exemplary embodiments, the system
memory space is large enough to hold the address spaces of at least one process
concurrently. Thus, an operating system (O/S) 756 running on CPU 755 can assign
the first range of addresses within the system memory space for use by at least one

memory module, such as, for example, memory module 700. O/S 756 running on
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CPU 755 can then inform memory manager 760 over memory manager connection
758 of the first range of addresses. Memory manager 760 can then send a command
to memory module 700 over command connection 740 to electrically reconfigure the
high-order address bits of reconfigurable address decoder 710 to the first range of
addresses assigned by the operating system. The actual range of addresses can be
sent to memory module 700 over command data connection 745. Once electrically
reconfigured, memory module 700 will be accessible at the specified range of
addresses once it is electrically coupled to the at least one bus.

[0053] According to exemplary embodiments, an allocated at least one memory
module is accessed using a pointer to the allocated at least one memory module when
the allocated at least one memory module is coupled to the bus. Thus, once memory
module 700 is electrically reconfigured to the specified range of addresses, it can be
electrically coupled to the at least one bus in response to a command from memory
manager 760. Once allocated and electrically coupled, applications or processes can
access the memory of memory module 700 using, for example, a pointer to the
memory space of allocated and electrically coupled memory module 700. The
application or process can write to and read from the allocated and electrically
coupled memory module 700 in the range of specified addresses using, for example,

address bus 725, data bus 730 and control bus 735.

-23-



eee e fxnMbCWA nl0% 10%& ()-- 100 100 100 nmlO%& () - 3+10%0& () -

#1098 ()- 109%0& ()-- fgjjjjjk*I bCWA: m0% 10% & ()-10% u& ()- 10b 10b

10b: 10%& () - #10%& () - 10%& ()--*I1#p(p) p*p+ppat bCW.A: nL0% 10%2&' () -

10%@& ()-10%@& ()- 10-u 10-u 10-u:l10% u& ()-10% u& () - 3tuuuuuxz{ bCWA: nL0%

[0054] Once the application or process terminates or is otherwise finished using
the memory space of the allocated and electrically coupled memory module 700,
memory module 700 is deallocated and electrically decoupled from the at least one
bus. For example, the application or process can return the pointer to the memory
space of allocated and electrically coupled memory module 700 to indicate that the
application or process is finished with the allocated and electrically coupled memory.
However, any form of indication from the application or process that signifies that
the application or process is finished with the allocated and electrically coupled
memory can be used. Upon receiving such an indication, O/S 756 can instruct
memory manager 760 to deallocate and electrically decouple memory module 700.
For example, memory manager 760 can send a command to bus coupler 705 to
electrically decouple any number or all of the at least one bus from memory module
700. Memory manager 760 can also send a command to reconfigurable address
decoder 710 to reset the address of memory module 700. For example, memory
manager 700 can send a command to the at least one memory module (e.g., memory
module 700) to assign a last address of the memory when the at least one memory
module is decoupled from the at least one bus.

[0055] According to exemplary embodiments, the pool of available memory can be
organized in a LIFO structure or any other type of memory structure in which the

most-recently decoupled and deallocated memory modules returned to the pool of
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memory are the first memory modules allocated and cbupled the next time an
application or process requests memory. Thus, the last address in the memory is the
last free address in the pool of available memory. The at least one memory module
can be appended to the memory at the last address when the at least one memory
module is decoupled from the at least one bus. The at:least one memory module is
then available for allocation and electrical coupling when another application or
process requests an allocation of memory.

[0056] Those of ordinary skill in the art will recognize that bus decoupler 705,
reconfigurable address decoder 710, memory unit 715,:and command interface 720
of memory module 700 can be co-located, for example; they can reside on the same
integrated circuit (IC) chip within a CPU system. However, each of these
components or any combination thereof can be located Ein different areas throughout
the CPU system, such as, for example, on different IC chips that are connected using
the various component connections (770, 772, 774, 776, 778, and 780).

[0057] The single processor architecture shown in FIG. 7 is presented for purposes
of illustration only. Those of ordinary skill in the art will recognize that exemplary
embodiments of the present invention can be used with é.ny number and types of
processors and buses in a CPU system.

[0058] It will be appreciated by those of ordinary skill in the art that the present

invention can be embodied in various specific forms without departing from the spirit
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or essential characteristics thereof. The presently disclosed embodiments are
considered in all respects to be illustrative and not restrictive. The scope of the
invention is indicated by the appended claims, rather than the foregoing description,
and all changes that come within the meaning and range of equivalence thereof are

intended to be embraced.

-26-



10(: MLO% & ()- Yy10% & ()- YL0% & ()-Va"dEbCLO%A0%& () -

109& ()-sS109%& ()-3 109 ()-LI 109& ()-3

109 ()-"X. <dEbCL0% # 109& () - F" 109& ()- 109%& ()-

y10%&' () - S10%&' ()- @ 10%&' () - <2xdEbCL0% . 10%& ()-Y - Z10%& () -

L*: 109& ()- (109 ()- ' 109 ()-9%40% ()- !xnb@o0!l 10%m& ()- 10 10
108109& ()- S5 109& ()- 3109 ()-0z109%& ()-aBmb@.O0!'Y 10%m& ()-3

WHAT IS CLAIMED IS:

1. A method for managing an allocation of a portion of a memory
associated with a central processing unit system that can be selectively coupled to
a bus of the central processing unit system, comprising the steps of:

5 allocating (205) a first portion of the memory for a first range of

addresses;

selectively coupling (210) the allocated first portion of the memory to the
bus of the central processing unit system;

decoupling (215) the selectively coupled first portion of the memory from

10 the bus of the central processing unit system; and

reallocating (220) the decoupled first portion of the memory for a second

range of addresses.

2, The method of claim 1, comprising the steps of:
allocating (505) a second portion of the memory for a third range of
15 addresses;
selectively coupling (510) the allocated second portion of the memory to
the bus of the central processing unit system; and
decoupling (515) the selectively coupled second portion of the memory

from the bus of the central processing unit system.
20 3. The method of claim 1, wherein the step of allocating comprises

the step of:
requesting (305) the allocation of the first portion of the memory.

4, The method of claim 1, wherein the step of allocating comprises
the step of:
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determining (310) the first range of addresses by locating available

memory space in a system memory space associated with the central processing

unit system.

S. The method of claim 4, wherein the step of allocating comprises

5 the step of:

reserving (315) the first range of addresses within the system memory

space for the first portion of the memory.

6. The method of claim 5, wherein the step of allocating comprises

the step of:

10

requesting (320) the first portion of the memory for the system memory

space at the first range of addresses; and

assigning (335) the first range of addresses in the system memory space to

the first portion of the memory.

7. The method of claim 1, wherein the step of allocating comprises

15 the step of:

determining (325) the availability of the first portion of the memory.

8. The method of claim 1, wherein the step of coupling comprises the

step of:

20

returning (212) a pointer to the first portion of the memory.

9. The method of claim 1, wherein the step of decoupling comprises

the step of:

assigning (405) a last address of the memory to the decoupled first portion

of the memory; and
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appending (410) the decoupled first portion of the memory to the memory
at the last address.

10. A system (700) for performing the steps as recited in claim 1.
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