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HANDLI NG SYSTEM 5 TECHNI CAL FI ELD The present
di scl osure rel ates generally to the
systens and information handllng systenB and nnre
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i ncrease, individuals and businesses seek additional.g,.
ways to process and store information. One option
avai l able to these wusers is an information handling
system An information handljng system generally
processes, conpiles, stores, and/or comuni cates
informati on or data for business, personal, or other
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the value of the information. Because 15 technol ogy

and i nformation handlF%@E“@$E§Y§Hﬂ”reqU|renents vary
between different users or applications, information
ens may vary with respect to the type of
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i nformati on processed, stored, or comruni cated; and

the speed and efficiency with which the i nformation is
BASEQEQEEP stored, or communi cat ed.

As the value and use of information continues to increase, individuals and
businesses seek additional ways to process and store information. One option available to these
users is an information handling system. An information handling system generally processes,
compiles, stores, and/or communicates information or data for business, personal, or other
purposes thereby allowing users to take advantage of the value of the information. Because
technology and information handling needs and requirements vary between different users or
applications, information handling systems may vary with respect to the type of information
handled; the methods for handling the information; the methods for processing, storing or
communicating the information; the amount of information processed, stored, or communicated;
and the speed and efficiency with which the information is processed, stored, or communicated.
The variations in infbnnation handling systems .allow for information handling systems to be
general or configured for a specific user or specific use such as financial transaction processing,
airline reservations, enterprise data storage, or global communications. In addition, information
handling systems may include or comprise a variety of hardware and software components that
may be configured to process, store, and communicate information and may include one or more
computer systems, data storage systems, and networking systems.

A computing system will typically include some form .of temporary information
storage medium, such as random access memory. In come computing systems, the amount of

memory included in the information handling system may be on the order of gigabytes. As
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20 The variations in information handling systens
allow for informati on handling systens to be genera
or configured for a specific user or specific use such
as financial transaction processing, airline
reservations, enterprise data storage, or globa
communi cations. In addition, information handling
systens may include or conprise a variety of hardware
and software conponents that rmay be configured to
process, store, and comuni cate information and may

i ncl ude one or nore 25 conputer systens, data storage
systens, and networki ng systens. A conputing system

w |l typically include some,formof tenporary
informati on storage nedium such as random access

nen@y \tize hxfdreﬁ‘sﬁﬂ&hd?mﬂ?ﬁkﬂoﬂ Right PHB bE IS mekddfy MIOHAL: Rf manufactured
nory h %% in the informtion 1andI|ng syst em nay
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forcing an_ever-grow n ot print.
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| 0N COS
%o elflnes gecomc smaller and memory size grows larger, it is necessary to add another level of

service protection that is quickly available and resident on the memory module itself. The
successful operation of the system in a PC architecture depends on certain memorsl areas not
being defective. For example, even in an advanced server system that includes 128 GB of
memory, it is critical that certain memory regions such as the interrupt vector locations, Basic
Input/Output Systems (“BIOS™) data area, and the 64 KB region at F000:0 address space contain
no defects.

There are a variety of methods that may be employed to track or otherwise
indicate the presence of a known memory error. As a result, in instances where the presence and
condition of a defective or damaged memory block is known, it becomes imperative that early
BIOS Power-On Self Test (“POST”) processes be made capable of tolerating memory defects,



but the inpact of erroneous behavior in the nenory can
have a nmuch nore adverse effect on the life cycle
expenses associated with the conputing system
Traditionally, enmbedded error correction schenmes have
successfully been used to 15 avoid "crashes" on a
single bit error and to detect multi-bit corruptions.
However, as menory geonetries becone snaller and
menory size grows larger, it is necessary to add
another level of service protection that is quickly
avai |l abl e and resident on the nenory nodule itself.
The successful operation of the systemin a PC
architecture depends on cerf3ain nenory areas not
bei ng defective. For exanple, even in an advanced
Smrifiaily, gy stdesirablaat allave thbl POST p2iBessd (0 fsucE&sfﬁWT&ﬁdpletei the POST
I i on ch as
%dtafgrat?ﬁ f&%g%%t%’?l{ {roc ari'o Sﬁl ° ti{"Bﬂa S °?H‘ﬁ g{"?"ﬁﬂeﬂ’ﬁfy defects.
Systens ("BIOS'") data area, and the 64 KB regi on at
FO00: 0 address space contain no defects. There are a
vari ety of nethods that nay be enpl oyed to track or
ot herwi se indicate the presence of a known nenory
error. As a result, in instances where the presence
and 25 condition of a defective or damaged nenory
bl ock is known, it becones inperative that early BICS
Power-On Self Test ("POST") processes be nade capable
of tolerating menory defects. 3 Specifically, it is
desirable to all ow the POST processes to successfully
conplete the POST initialization process w thout
crashi ng, despite the existence of the known nenory
defects. 4 SUMVARY In accordance with the present
di scl osure a nethod for handling nenory defects
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during the POST phase and nmenory calibration in single
processor and nul tiprocessor information handling
systens is disclosed whereby infornmation regarding the

| ocation of a 5 known nenory defect is utilized to
optim ze the performance of an information handling
system A technical advantage of the present

invention is that it can significantly reduce the

cost of an information handling systemby allow ng the
use of nenory conponents with known nmenory defects

W t hout jeopardi zing the system perfornmance. The
capability to recognize and store nenory defect
information allows an information handling systemwth

a 10 partially defective nenory conponent to operate
SWMMARY "crashi ng. " Speci fically, the information

handl i ng System re ‘2{ E)Ie as it byg_@s_ses t he
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syst em meno
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Another technical advantage of the present invention is that it allows the system to

=

maintain normal operations despite minor deficiencies in the system memory. By minimizing the
impact of erroneous memory behavior a system and method in accordance with the present
invention can significantly reduce the life cycle expenses associated with an information
handling system. Other technical advantages will be apparent to those of ordinary skill in the art

in view of the following specification, claims, and drawings.
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thereof may be acquired by referring to the foll ow ng
description taken in conjunction with the

acconmpanyi ng drawi ngs, in which |like reference nunbers
indicate |i ke features, and wherein: 5 Figure 1 is a

bl ock diagramof a traditional information handling
system Figure 2 is a flow diagramof the steps for
handl i ng nenory defects in servers wth Non-Uniform
Menory Access architecture; Figure 3 is a flow diagram
of the steps for handling nmenory defects when
calibrating a Dual In-line Menory Mdul e; 10 Figure 4
is a flow diagram of an exenplary nmenory nodule with
defective regions; and Figyre 5 is a flow diagram of
steps for handling nenory defects when allocating
WM? asks. 6 DETA LED

DESCRI PTI,ON For rposes of this disclosure,

i nf or mat i“of° ‘ﬁa‘i‘fa’gr Wg‘méifgf“gﬁg rPhhe; Pfeqemd@nbaﬁpylents and advantages
thcrsctf mvrbmcqhxreﬂ By mfer&ggb @ TSR wil dbsaﬁ;ttfou R A cbrdjreon with the

ssi f ess, transmt,
r ec %E}Jm% ?g'{/)‘gh]&c}lrl ? e‘x“mg g‘Ff‘tc like drares,apd yhezgjn:
mani f est Flgdletl éutblock élagrmd of zrttapmmdum&nndﬁamﬂnmmg@yste&
utilize gyreHt MRl diddfa0r F&L con elps For ﬂan%l xﬁ%{;‘o%?ﬂﬁ%% d’g geévaers

f or busi ness, scientific,
Wy N %%ﬁ#ﬁ@é"fewﬁ%mmmm handl i ng system nay be a

ger SOnSCB@ﬂUFgfs,a \ﬂ/(ladc?:' giagﬁ{élkoéa @é \E/’tg}?sﬁxi- gﬁg*ﬂ}gmﬂg{{%gyﬁs when
aﬁbr% ﬁgﬁ"’ig‘q P&H’E Madulei ty,  and price. The ’

i nf or mat Figure Haisdl fl6vg diayreh @MafRYenphe) HidRoly ARSRIN AECERStive
Noryy; (RAM, one or nore processing resources suc

&S A central processing unit (CPU) or hardware or
Figure 5 is a flow diagram of steps for handling memory defects when allocating

memory for use by the POST tasks.
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10 software control |ogic, ROM and/or other types of
nonvol atile nenory. Additional conponents of the
i nformati on handling system may i nclude one or nore
di sk drives, one or nore network ports for
conmuni cation with external devices as well as various
i nput and output (1/0O devices, such as a keyboard, a
nouse, and a video display. The information handling
system may al so include one or nore buses operable to
transmt communi cati ons between the various hardware
15 conponents. Shown in Figure 1 is a block diagram of
a typical information handling system A processor or
CPU 100 of the typical inforgmtion handling systemb5
IS connunlcatlvely coupled to a nenory controller hub
ERCORIRIFONO02. annry controller hub 102 is

coupled tQ hi cs pr.ocessing unit
106. I\/lem)r v c tﬁi Sfiskl %“’ feg’f?f@a%nélandmwt@a @y, inplgde any
Byrymegsalit at %@Iegaéer Of Immumxtakm b;bferdbre it€l@enphie Felasstiy Corétedd, thBénit,

fe‘éel evdl o
?2#1&1 ﬁc{lﬁnﬁ S‘Ll%g’gstwgér a l erren‘t J]e%itoreg(ggﬁepé@“‘fei haagle, or
351 fopmp af wforpatign, ltﬂhlégeneeo apdatacior bysesnscinitfics bcmudnaardxher

' Foze kN ik an 55 T o]ﬁocgm etwor
g@“? I exgﬁl?lorm; Supe*rﬁnlqg C()ﬁ%:{% IAAE(YQ\A,E%E P‘f%’eﬁ?%’v k
cotpl @ap °frrﬁﬂ¥y°‘B?‘ Yitable) fiqyicp Fpd gmagf vaph in @mu@e,r performance,
Byctiondalify, andqiiced i THg Mﬁkﬁﬂﬁnd]aﬂ@syst@ﬁ 'ﬁ%? lnll]age raﬁt{(l)gl access memory

Ién%mgoret s 120. "ﬁé‘ffg ure [ ow di ramo
§ E zst eps o PORAHH rﬁ‘?‘érc ‘H’é‘?aéﬁrf’%“ﬁ‘% “§’éfq}’ gr haggiwar or
QB areadntrol logid/ ROV, yndkuofbﬁﬁy}(ewmvoﬁﬁle Hehm6§! WaAtdng components
SRR FEIEESPES DHELD lone %065 s @ggsp@ms /o Network

each processor as 1ts”’l oca
DORFR) for pswunisatian ithswtersal glevices ascmu agVsiousaiomme sl otdpet (HBfﬂé{'lyes,

satht achiegbod, Ob@e, R4 QW@@Q@E}!W&&O@&:&&R ﬂgﬁﬁn syft?]m may also

G I STTICE T R
pF 0CEas B8 RUSFH@PeRRIRA | BEi o by the aeriss beadware
components,

Shown in Figure 1 is a block diagram of a typical information handling system. A
processor or CPU 100 of the typical information handling system 5 is communicatively coupled
to a memory controller hub or north bridge 102. Memory controller hub 102 is coupled to
memory 104 and a graphics processing unit 106. Memory controller hub 102 is also coupled to
an 1/O controller hub or south bridge 108. /O hub 108 is coupled to storage elements of the
computer system, including a storage element 110 such as flash ROM for the BIOS of the
computer system and the hard drive 112 of the computer system. 1/O hub 108 may also be
coupled to a Super I/O chip 114, which is itself coupled to many of the I/O ports of the computer
system, including keyboard 116, mouse 118, and parallel ports 120.

In Figure 2, a flow diagram of the steps for handling memory defects in servers
with Non-Uniform Memory Access (NUMA) architecture is denoted by reference numeral 200.
In a NUMA system, each processor has its locally mapped memory. In addition, each processor
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def aul t boot service processor. The designation of the
default boot service processor nay be nade as part of
the hardware configuration of the systemor may be
sel ected or nodified through 5 software functionality.
The BIOS will initially run fromthe default boot
servi ce processor. At step 202, during the POST
process, the BIOS | ooks for and | ocates defective
menory bl ocks on each of the segnents of the nenory.
Next, at step 204, the default boot service processor
is selected as the processor whose nenory is to be
anal yzed for nmenory defects. At step 206, it is
deternined whet her the defaglt boot service
processor's menory 10 segment has any defective nenory
Gih @ls& 8cceds fthd\ﬁémor)aiﬁaﬂk(e ﬁt %QS %roie?ﬁrsdﬁfl@% InafR@bn &€ 'iJ)Gc&%r as
n e boo

SOor ervi ce rocessor an
Qz{ngt% %%mm%rl a‘ypxca{ﬂ% o egg éqc pwfvn \mem gaurﬁés designated as the
defaylt 1bPQ1 gempine ptocdor. ﬁhesdpﬁgzemmomﬁs @BfuR o Rerdicd %be%shffhxay be
n n at at st
A—Qi? {ﬁaﬂ%& g% twg@ﬁ/%ogﬁ El(c))ncog] SSSF S?e? WEWD 5€S‘~’§e&t§%’ m"dﬁﬁ through
wévee fupctisnglismdhy BIOS| VOH: lnitiallyt toe frora the sitfeyit tddiderivice processor.
determn
ol or at e 3@ gfﬁfﬂ Q@Zh Ql[nné hlg )l/’ggg ﬁl&tc sy, Qher@ﬁg n% f%r anl%leloca%eﬁ gefec’uve
PEIoBY E‘H@% g éf‘é‘r%ﬂﬁa*?%ﬂ“ aEpe WH@O{YH wahscp 204ethe default boot
®ixvics tg&ﬁ&‘sﬁ)erl af seg&feg @Ea ::h\é g’rd&&%}l? g@hgfﬁzgéfk?ymﬂ?{oiﬂg C‘Hlﬂ?zred for memory
B9850 300 5SS PSS pors e
sdgmiehthpe aty defective hﬁmﬁl‘ﬁylod‘le. lfﬁdStSét dep 208, 1 8dFaultBb& lséFibd fH8kessor

def dd [
vﬁg\?%nrbiﬁ% tthglbgc?;%rvigg Prgr ssoe ftﬁpeﬂ;{;e & g)ﬁal%ef#‘o%z\?ﬁlgvge used as the

- SRS Beintdena wﬁmtogﬁgyragmzaﬂgoam Hee pryqess will tholemiipate o ktZe212.

of nMenor ¥, th$ BERE Wbt éé&%@ gcsﬁ)pg rﬁieg:%gzsgée%{efﬁ% dia{éguvre] tmegafory

f d on no
'bg‘ggo F‘%‘i‘ %gs[c]qp:d ‘%J {ﬁgs %ﬁ%ﬁd Wha'é?fé’eﬂt defegtivelmeemop] aan h¢ tottratedfby the

sydteen. NiBronE ymblEfneat, the SoldiinbO detedRfatin raepﬁdst &l RHeAbed. Qa{sténl?eeof

t hen the defapl t boot .servi processor w
SAANE Rl ot PRUGT My B I8 eositbiosls i by Systears

remal n
belgriat and pperfismynen A inuier ofsiifbrans fatthee R 8¢ EdnSi@ergdoitizh dét@ining

v&h@tﬁer%yp%ftﬁmmc&?et:ﬁvg lﬂeﬁl&ly%dxgls gv% Lgvlg mtol;rrzl;ﬁe Bnr g& on %he system. In

one embodiment, factors such as the type of memory, size of memory, speed of memory, and the
total amount of memory configured on a node may be considered to determine if the memory
defect can be tolerated. If the memory defect is minor and can be tolerated by the system, then
the default boot service processor will remain the boot service processor and at step 210, its local
memory will be used as the starting point for the system configuration algorithm. The process
will then terminate at step 212.

If the memory defect is such that the system would not perform optimally or at a
pre-specified minimum level, then, at step 216, it is determined whether there are other

processors in the multiprocessor system that have yet to be analyzed. If there are no processors
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will then termnate at step 212. 25 If the nenory
defect is such that the system woul d not perform
optimally or at a pre-specified mninmmlevel, then,
at step 216, it is determ ned whether there are other
processors in the nultiprocessor systemthat have yet
to be analyzed. If there are no processors 8
remai ni ng, the. process termnates at step 218 and a
menory defect error is detected and announced in the
system In contrast, if there are other processors in
the systemthat have not yet been analyzed, another
processor will be selected as the boot service
processor at step 220 and thqe above process wll be
repeated for the newy sel ected boot service

Fﬂmmﬂ pra—dﬁSSStCIﬁﬁlﬂfégﬁﬁ stép QWEﬁd"H%ﬁsde't Jielt‘ecﬁgnor is detected and
rocqﬁsor ocated or thére are no Ogﬁer

ro%%ssor S P& are,athr progagsors/iw the systsmuihat have fiot yet
¢ra apabfzedy moﬂtyopmcemer wincbe same.s §Rbost sERIEDPryceSOPRRD 220 and

dress ranges that are
R a1 pREkss Kt ve oSl e ey ST B imoetay s prces
FeiRYsS @@ccemablgprewwbl in g)csgdsdr hidie aichb Bthéripeocbderethihing to be
s@lyest an alternate processor as the boot 10 service
processor. The selection of an alternate processor as
the boot AerTulic? e defelidoet seraie trecessmchertiday ﬂ:g:gbht aﬂyieﬁénve

bleaks rif ltheSaddfeatDtafiged HEAO bie t J&fn%ccgﬂﬁblé be ‘Pﬁlﬁlﬂ? &t h)g sggem § behavior,

@ er nat e boot service processor.

ntinued WRERE SEtem dien e RIS avilh F%b@sﬁéipmm plhcqssyr as the boot
seegs yocebedre Ghe Qlectﬂjﬂ of &Cﬂ&ﬁﬁt@ DkReskd \u€lhe ngt W M‘ogfsr)re&s be

- insd r error sig 'S
e P it EBE HsBFLGT b i Byeionabe ke dpotamyic
“RIRgepspr. | Fhis M@e-*a rCPnthS mﬂtmomﬂﬁé Ipfocﬁﬁor with nb Riefory defect or an

4 m t def ect bl ock
beépable Tl 8f ménklRy GLELAL de#r%Qnegjory (_1;' Ect eg?r\e;ggn%?/ gg?ﬁ%a(t)e%. S

may i ncl ude both the i ne
stored i NSO dF arrracia emﬁheﬁe of gesdinaiyfskill dn thia ayUvgith the benefit of

ROSsclosune tiee dBbmyinAtdE o8 the defective blocks may include both the predefined
defective blocks stored in nonvolatile RAM or identified through POST-time memory tests.
Although the flow diagram of Figure 2 refers to a NUMA architecture, as would be appreciated
by those of ordinary skill in the art, with the benefit of this disclosure, the same method may be
utilized in other multiprocessor systems such as a multicore central processing unit. For
example, in a multicore CPU system, instead of picking an alternate boot service processor, the
system would select a processor core from an alternate CPU socket.

A method for minimizing the impact of memory defects on the system is shown
at 300 in Figure 3. Figure 3 depicts a flow diagram for a method to handle known memory
defects during calibration of a Dual In-line Memory Module’s (DIMM) parameters such as the
Distributed Queuing System (DQS) delay and Receive-Enable calibrations.

The ability to handle memory defects when calibrating DIMM parameters is
significant. For example, in a Double Data Rate 2 (DDR2) or Fully Buffered DIMM (FBD)
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Al t hough the flow diagramof Figure 2 refers to a NUVA
architecture, as would be appreciated by those of
ordinary skill in the art, with the benefit of this
di scl osure, the sane nethod may be utilized in other
mul ti processor systens such as a nulticore centra
processing unit. For 20 exanple, in a multicore CPU
system instead of picking an alternate boot service
processor, the systemwould select a processor core
froman alternate CPU socket. A nethod for m nim zing
the inmpact of menory defects on the systemis shown
at 300 in Figure 3. Figure 3 depicts a flow diagram
for a method to handl e kno menory defects during
calibration of a Dual In-line Menory Module's (DWW
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CLBFTBY SESG fsvcae@faw%ms enabled prior
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sin bi t ti-bit error becaus
?Jor(’at SFPQ"? éh%Fal DI adfresyiis qompared-with the defectsrindicated in a
ﬁtllagmemtﬁjb m&.q%ﬁ;&inyry sﬁacbasl’ depmm Yigede 4 hndl &ﬁét)ﬂuf- g{ﬁg'ally with
LEQM. efe in th e parti1 cul ar
rl%fcl\/ G%Eess used for ca r}bra‘%pl M?\lﬂ’?ﬁfefl E‘Fegcﬁ npparty of the
BENITH Qs 408112 amtm memay dsfeat Rd@ning frov Galfifine Aitdt sap 308, it is
doteiinéd vHEhk:thd ihiBh HivMAAreds Matchds SR R Pt MO &Y 1088 tohd1€

If the injtial DIMM address does not match a faulty memory location, that address
is used by the calibration algorithm to calibrate the DIMM at step 310 and the process terminates
at step 312. If the initial DIMM address does match one of the known memory defect locations
as indicated by the faulty memory map, at step 314 it is determined whether the iteration

ﬁ

threshold has been reached. The iteration threshold is a predetermined number which represents
the number of iterations that are to be carried out to find an initial DIMM address that does not
match a memory defect. If the threshold number of iterations has been reached, a faulty memory
error message is issued at step 316 indicating that the calibration process was unsuccessful. The
process then terminates at step 312.

If thé iteration threshold has not been reached, then the iteration counter is
incremented at step 318. Next, at step 320, a new address offset within the DIMM will be

‘selected as the DIMM address to be used for calibration. The offset to be used is a
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10 algorithmis set to 1. At step 304, the initial
DI MM address to be used for calibrationis .
deternmined. At step 306, the initial DI MM address is
conpared with the defects indicated in a faulty
menory map. A nenory space is depicted in Figure 4 and
denoted generally with reference nuneral 400. The
menory nmap indicates that certain parts of the nenory
404, 408, 412 contain nenory defects. Returning now to
Figure 3, at step 308, it is 15 determ ned whet her
the initial D MV address matches one of the faulty
menory locations. If the initial D MM address does not
match a faulty nmenory |ocati®n, that address is used
by the calibration algorithmto calibrate the D MM at
m@prrﬁlilﬂl fagtat, Trhehe }@ﬁt&ﬁlﬁﬁeﬁt e bﬁleﬂﬁﬁﬁ& a sﬂﬁscﬁfcﬁﬁ:aéﬁg- %F]eodvﬂ\}]et ora
a one 0
el otrll iRl AL xS M irtpos o whishlypein e
atrstep 30Gito dstempne3f # comtairis &n)dﬁérﬂ(frj?ﬂiéf&ﬂ; \_ﬁ';hﬁt]:bciééss tshr@peaI
be en e iterafiaon
&Fggﬁomt%g(’%&{%r@% %er m r?ﬁ(r’rrbe %Wclﬁ apmgcéhtdg‘mﬁed
forse i thyelibreion proessait i ons that are to be carried out to
find an igdbhbrahealol MY RAHESSSnd @@Lct gg.gl?m&g dotpdl 8 Cf.ge gem s

efect, If the t hr eshol era
%‘g@t%é’eﬁ‘ e 9% fiagpm gf Figwr Syandlenotey epsraliyrby rrofsmang elumgal 500.
$ecifiatly, alie fidwediagid® of Hgl.h'@ @tdb}ﬂgs & bthod RE d&ﬂh th@Ll'exg&y defects

process t hen t erm nat

PR SR Renhal? Y GSSR e ot ifircion opds ohiee fiomee. The

glloeationy Qfandn@d' fot W@ by POST idsleneltides rfommtle lallbdation of CPU physical
ext at st

LB TRAIF o8} 8 FEPo bl MR oty oeg B3 Bpred onfiration

g Bowsr (NFriaerACED tablss.[fystens Mansgement BIGSHSBIBIQS) tablek @nd Universal

Sefifl BAL (USB) Bt 4S8 6ked e Beatd. In%@gﬁ;oﬁﬁﬂgﬁt Jt@oﬁtopﬁlguri ﬂmay be

Qne, e t, the offset may be a sequent
edogﬁtg‘égﬁ)gmﬁ“’ Froyweof fset . The offset address wil |
p0| nt t oAastepe32, Ghdvuirearoynt oO@erhdr pace it thdpa¥clibr FRBHI 4K is
c*eérmmed Next, at step 504, the first memory address in the desirable memory space for the

particular task is selected. At step 506, it is determined whether the memory location

corresponding to the selected memory address contains any errors or defects. If not, then
memory space corresponding to the analyzed memory address is added to the error free memory
range in step 508. At step 510 the system will decide whether a sufficient amount of error free

.memory space has been set aside for the particular POST task. If yes, then the error free memory
Tange is used for the task ap 512 and the process terminates at 514. If a sufficient amount of error

free memory has not been set aside for the particular POST task, then the next memory address in
the desired memory range is selected at step 516 and the process returns to step 506 to determine
if the newly selected memory space contains any defects or errors. If at step 506 it is determined
that the memory locations corresponding to a selected memory address do contain errors or

defects, then that memory space is skipped at step 518 and a subsequent memory space is
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exam ned at step 306 to determine if it contains any
menory defects. This process is repeated until either
the iteration threshold is reached, or an error free
DI MM | ocation has been identified 5 for use in the
calibration process. Another nmethod for mnimzing the
i npact of nenory defects on the systemis depicted in
the flow diagram of Figure 5 and denoted generally by
reference nuneral 500. Specifically, the flow di agram
of Figure 5 depicts a nethod for dealing with nmenory
defects when allocating nenory for use by the POST
task, whether for code or data storage. The 10

al l ocation of nenory for use by POST task i ncl udes,
for exanple, allocation of CPU physical addresses

selvcted etdstdpdléwﬂs heufdcg rap;@tméayﬁy&hdm Hp&ilmﬁf dl?ﬁﬁmé 20t the
nt erface

f
WA ;}Q BB e & e reon B aphersf d et
BpEp P%henmted@epm-giecm (USB) data structures are

| ocated. 4 &ﬁ&‘lﬁdim@ﬂfﬁﬂ%@t tcgs% ?ﬁt hod of E:ggmitgbygpum};:g to

be carried out
Bgws 4.5 éfe memesy spasg dPQ keg S%m@maﬂs mﬁnbn@dmwythmmem f The pedeess of

]ﬂ@l’r& B G\hll QJ thP@thhE %ﬁlﬁox‘y%ddrgggs Q:Bl%s&ﬁxgmg glelﬁ ezE%ré ‘T’ocS:R)ns m the

rst nmenory address In esira

Héoéjés}’?"(? 0 é fpd locatg F}t"lnl?HP%‘(rb"P‘H@R 4045 4Q8e# 12 cpuieiningy mstmpenor or
@&St, Theseinemont 1ecramxﬁ Chtaie! thenerhblP eHEBETBY dbtebt® &R e Ykipped and
G&OPESSRAYN Q n nn e selectedﬂgennr addr ess contapm
any errors or d:ef“g Sf the ajsymptigp | T‘H%Wem?ﬁéﬁﬁﬁ?i/‘wg [sereRgises of one
coBimueus e ifrg memory h@tlmwmxmamegioﬁdm egg 8415 Xﬁﬂdﬂd As

t r .range i.n.ste t step
A SR v 158 QPSR o8 o] BFRE il o PR ACS) i St
agyour of emqry gipped ppoprasreprosip detested sy v Hepseling as ihd @pyfliostion and

1Hiwhﬁﬂerdttd> &leﬁﬁxpmwdﬁﬁéﬁt d.l.JEnt:te&'tﬁlSFn%:\}el'heigl; he gr [ gr free
he ta a an e

menory n s used
process ?‘ﬁﬁﬂ hf %‘§’r°5‘f‘t°dj'iy4th°sF rof grdizgry skilk inthg arty with the bexfefit of
thip dieslosur, rtm:uybmemguoh atahd wBéthdae aikeicset witsk@@nd & Fifld& 3 and 5 is

Behited W AlahRTof §3ns. LGN Al b e Y AT e i on

handling systems to minimize the impact of memory errors. Although the present disclosure has

been described in detail, it should be understood that various changes, substitutions, and
alterations can be made hereto without departing from the spirit and the scope of the invention as
defined by the appended claims.
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the desired nmenory range is selected at step 516 and
the process returns to step 506 to determne 25 if the
new y sel ected nenory space contains any defects or
errors. If at step 506 it is determ ned that the
menory | ocations corresponding to a selected nenory
address do contain errors or defects, then that
menory space i s skipped at step 518 and a subsequent
menory space is 11 selected at step 516. As woul d be
appreci ated by those of ordinary skill in the art,
with the benefit of this disclosure, the anount of
menory space skipped and the offset for the next
menory | ocation selected ar® pre-specified. A better
under st andi ng of the process of Figure 5 may be
WHALIIREHABYER Bt urning to 5 Figure 4. The nenory space
400 has several parts nunbered 402 through 414. The
process of Figure 5 will go through the nenory
addr &ss e Beshedoshanding mymery erers inparnltipyocésen systeoveomiprisitgh e
Menory spaahshreaie meA6d biock Ko MBI |
408, 412 co tgai ning a rregﬁrmry error or%glg%?'&e}%llteeﬁT glgrgemcry
‘é???"oar%"cﬁsé?ﬁ ai ning the menory errors or
defects gele:ﬁﬁéwe;ﬁh Fdcpp@d c@ﬂ_ﬁbondihgﬁ tP(EE]_ hasdty | fgment with a
r.] u r. t .unmpt i on_.t hat e nenory space
ﬁ%&%&%ﬁ cscrlz(lsjb(feo1 Vegefsea*?%“g;g?ﬁ‘i%‘e}m,m rror free memory
sect i on viksigphting geséleted potessoegyadnat sédizs préboSor. 410 and
414. As woul d be appreciated by those of ordinary
skill in_the art, with the benefit of this disclosure,
t he 2anmpdht mgthodrafplpip L idiuthse doremisiog desigoatingrthé memory segment
RBfRtspelaRg td Y seMabdprsleR& A At beAbd &ﬂgagﬁ s
notspl [ m'gt ed to fdl)w/pe exenpl ar y&gbﬁ‘%g%irgng‘%bgggygt ed in:
Figure 4. As woul d be appreciated by those of ordinary
ski |3. i nTohenegod , of Widiln 1,hehddéiimethd tmuBfprocesbort $ybtém comprises a

InS:i0 & ' enent ation of the nethods
}g(%nég{loseg V\?r%yﬁgcreées JP:énr'lce to Figures 3 and 5 is not
limted to nmultiprocessor systens. These net hods may

be uged irfe RetNAk Bhith 19 findrf BE %fﬁipx%&ssor system comprises a multicore

central processing unit system.

5. The method of claim 1, wherein a Basic Input/Output system locates the defective

memory block in the memory segment.

6. The method of claim 1, wherein location of the defective memory block is stored

in a Non-Volatile Random Access Memory.

7. The method of claim 1, wherein location of the defective memory block is

determined by a Power On Self Test time memory test.




handl i ng systens to mnimze the inpact of nenory
errors. Al though the present disclosure has been
described in detail, it should be understood that
various changes, substitutions, and alterations can
be made hereto w thout departing fromthe spirit and
the scope of the invention as 20 defined by the
appended clainms. 12 WAT IS CLAIMED I S: 1. A nethod
of handling nmenory errors in a nultiprocessor system
conprising: locating a defective nenory block in a
menory segnent, wherein each nenory 5 segnent
corresponds to a processor; selecting the processor
corresponding to the nmenory'izsegnent with a
predet erm ned acceptable | evel of defective nenory
bl ocks; &ane Mealsidgstadldifgl, tWieremethe Gle@dryDicphas Sofrespondidg to the
?gg%(;g%% ﬁ%wﬁns? sor. 10 2. The nethod of clalim 1,
i mprising dealghating the menory segnent
correspondlng to the selected processor as a starting
poi nt for system nenory configuration. 3. The nethod
of claim1l, wherein the multiprocessor system
conprises a Non-Uniform Menory Access system 15 4.
The nethod of claim1, wherein the nultiprocessor
system conprises a nmulticore central processing unit
system 5. The nethod of claim1, wherein a Basic
I nput / Qut put system | ocates the defective 20 nenory
bl ock in the nenory segnent.



6. The method of claim1, wherein |ocation of the
defective nenory block is stored in a Non-Volatile
Random Access Menory. 25 7. The method of claiml1,
wherein | ocation of the defective nmenory block is
determ ned by a Power On Self Test tine nmenory test.
13 8. The nethod of claim1l, wherein the nenory
segnent corresponding to the processor is the
processor's local nenory. 14 9. A method for handling
menory defects in a Dual In-line Menory Modul e
calibration, conprising: determning an initia
address to be used for calibration; 5 conparing a
menory | ocation corresponding to the initial address
with a faulty nenory map; and offsetting the initial
address if the nenory | ocation corresponding to the

initpal -y alel N he faulty nmengory nap.
o 2087 ) SpAE A, W05 B T P
ﬁah‘rff‘qf’aﬂowgnsalgt hreshol d counter; specifying an
i terati oRethifi@sakdia AdAGEQIBN st Y; &Fﬁadgg.er ation

al a

counter after offsetting the initl Tess; and
i ssui ng SPREFPHF TRRYE galiopcomresponding tathe ipitiat arldressewith a faulty
manosyt map; i i teration threshold. 15

offsetting the initial address if the memory location corresponding to the initial
address is included in the faulty memory map.

10 10.  The method of claim 9, further comprising:
initiating a threshold counter;
specifying an iteration threshold;
incrementing the iteration counter after offsetting the initial address; and
issuing an error massage if the iteration counter equals the iteration threshold.

15

11.  The method of claim 9, wherein offsetting the initial address comprises using a
subsequent cache line offset.

12.  The method of claim 9, wherein offsetting the initial address comprises using a
20  subsequent page line offset.

13.  The method of claim 9, wherein the Dual In-line Memory Module calibration

comprises a Receive Enable calibration.
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11. The nmethod of claim9, wherein offsetting the
initial address conprises using a subsequent cache
line offset. 12. The nethod of claim9, wherein

of fsetting the initial address conprises using a 20
subsequent page line offset. 13. The nethod of claim
9, wherein the Dual In-line Menory Modul e calibration
conprises a Receive Enable calibration. 15 14. A

nmet hod for handling a nenory defect in a Power-On Self
Test nmenory allocation, conprising: analyzing a
menory space requested by a task; detecting nenory
defects in the nmenory space; 5 renoving a nmenory

| ocation corresponding to tin® nmenory defects fromthe
menory space; and replacing the renoved nenory

| oc atl%/ on Aimethod forelranding far memorp eyt is PAPEver-OB - SelfNRst memory

ARt ¢ ﬂ%h im 14, wherein analyzing a menory space
requested)by a task 10 conprises: selecting a first

addr ess |W¥%aﬁwypa§mwstedbyhe@kl ng for nenory

def ect s |d&c&h§m£rh6r§&ef@g%ﬁ§§i mﬁ’? Lffsetting the
first address if a nmenory s ‘detected. 15 16.

The net h&HPBEE @ FFA™L @ca%eqo@f:snoqglhe dKitregménpory efiey Yrom the
mmmmnm&xumdthe first address conprises determ ning

whet her thp st address is deS|%nated as defective
in a faulty acin %%F oved memory location with an error free memory space.

15.  The method of claim 14, wherein analyzing a memory space requested by a task
comprises:
selecting a first address in the memory space;
checking for memory defects in the first address; and
offsetting the first address if a memory defect is detected.

16.  The method of claim 15, wherein checking for memory defects in the first address

comprises determining whether the first address is designated as defective in a faulty memory
map.

17. The method of claim 16, further comprising updating the faulty memory map
when new memory defects are detected.

18.  The method of claim 15, wherein offsetting the first address comprises skipping
over a predetermined amount of memory.

19.  The method of claim 14, wherein the Power-On Self Test memory allocation

comprises allocating memory for one of a code, a static data or a stack.
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map. 17. The nmethod of claim 16, further conprising
updating the faulty nmenory map 20 when new nenory
defects are detected. 18. The nethod of claim 15,
wherein offsetting the first address conprises

ski pping over a predeterm ned anount of nenory. 25

19. The nmethod of claim 14, wherein the Power-On Self
Test menory allocation conprises allocating nenory
for one of a code, a static data or a stack. 16 20. A
nmet hod for handling nenory defects in Power-On Self
Test phase conprising: determning an initial address
to be used for Dual In-line Menory Modul e

calibration; conparing a nenery |ocation correspondi ng
to the initial address with a faulty 5 nenory map;

of f s@0t i nymethes fortiabdliag manlely @efectsiif PaWRLORBADT Yt phil6 BdrpRiSing:

correspo }gg-{ he.i,ni,tial. .address i ncl udes a
nenor y derhfg iect ; ggﬁ‘télni/l%l naél&%s's r%%r%r‘?edsf?égé’gr Jé'éﬁ‘%@t’“é‘i‘i”’bw%“le
oo, Sel f Test task; detecting nmenory defects in
the meNOreYm memQr | AeBod ry Location .

cY & ;Jngry 16 &)g'es?o q.?lgq the 1mtf32 g&d(g%m B faulty

corresponding to the menory ec rom
UHAYE™MINd repl aci ng the rempved menory | ocation with

an error offieafg ARMREY ARRGEF the memory location corresponding to the initial
address includes a memory defect;

analyzing a memory space requested by a Power-On Self Test task;

detecting memory defects in the memory space;

removing a memory location corresponding to the memory defects from the

memory space; and

replacing the removed memory location with an error free memory space,




