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NENORY DEFECTS TEGHNI CAL' FIELD 5 The present W?ﬂlliﬁﬂﬂﬂmllllﬂll Mk
VMEMORY DEFECTS TECHNI CAL FI ELD 5 The present

disclosure rel ates generally to conputer systens and, .
informati on handling systens, and, nore particularly,

to a system and nethod for creating a map of ne

whi ch éoverns its use by the conmputer system or W”/”””f”///”//”/m”/
i nformation handling system BACKGROUND 10 As the sgpgggs

val ue and use of information continues to increase,

i ndi vidual s and busi nesses seek additional ways to

process and store informatign. One option available to
these wusers is an information handling system An
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conpi l es, stores, comuni ca

data for business, peMBWRYDEFEGEher purposes

thereby allowi ng users to take advantage of the val ue
nf ormati on. Because 15 technol ogy and

iﬁgu.uajbdrrhandllng needs and requirenents vary

bet ween d[hé fp&&@ﬂﬁm&lﬁsﬁfa&el@t&s gedBilly €A RSy sy's@&n@ﬁﬂﬁ%foﬁﬂatlon
i Wth respect to the type

w
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WM&BOM ity mse by ltie compuites shstefnof infirfatds Sindlg sgdtépd | Ny Or .
comuni cating the information; the anount of

i nformati on processed, stored, or communicated; and

and efficiency with which the infornation is

pr ocessedys i Qued amp[lsecd?rmfdﬂﬁa%@ﬁ F&Prrmgeg 1d erdd@r Im% s and

n |nfornat|on handl i ng systens allow for 1n
mlalﬁﬁfwf ﬁﬁ gc}ﬁéttogﬂﬁvaysbto piecess and store information. One option avmlable 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 information handling systems allow for information handling systems to be
gcnerdl 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. '
An information handling system will typically include some type of temporary

information storage medium, such as random access memory. In recent computers, the amount
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general or configured for a specific user or specific
use such as financial transaction processing, airline-
reservations, enterprise data storage, or gl oba
conmuni cations. In addition, information handling
systens may include or conprise a variety of hardware
and software conponents that may be configured to
process, store, and conmuni cate information and nmay

i nclude one or nore 25 conputer systens, data storage
systens, and networ ki ng systens. An infornmation
handling systemw || typically include sone type of
tenporary information storage nedium - such as-random
access nmenory. In recent conputers, the anount .2 of
menmory conprised by the infoymation handling system
may be on the order of gigabytes. As nenory size
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geonetries becone smaller and nenory size grows

| arger, it is necessary to add another |evel of .
service protection that is quickly avail able and
resident on the nenory nodule itself. 3 SUWVARY In
accordance with the present disclosure, a system and
nmet hod are herein disclosed for nmanagi ng nenory
defects in an information handling system More
particularly, the present disclosure conprises a
system and nethod for generating a usable nenmory map 5
whi ch excludes nenory | ocations containing defect
menory elenments. In an information handling system a
| ocal nmenory defect map, which conprises infornmation
about the l|ocation of defeciive nenory el enents
wWithin a nenory device, is coupled to the nenory
GMMARY Bl OS uses the | ocal nenory def ect nap to

| ?é%i Zt <R T e i CEoPRE  5s H) B hri

for managing memgrycdefeets: ini anenfnmmwyhaidImQ |smﬂtl\‘dora p&ticularly,

the Grdd T abI nenory
ma;gﬂ i gﬁglasgg%m %O%(Bt %ﬁ o%er ai i'ng sys’i 5cn“ratm(§ ?e) BB, map
VR (exeledes mempry Ipgstions qomtainiom slefoét mezrny yleanms g B tue thf@mation

Hﬁﬂ.ﬁ!{g&ystém d l&ﬂﬁne@%fﬁﬁfebt\ifap JIB&: c%%ﬁttl Mﬂﬂmﬁﬁ Lln'gtqhe locatlon of

g | osed hereln are technicall vant ageous
CIEREE RIS AFPEnts,WigHA HBgmey f’e‘i“‘éd’lﬁ GP‘H’Q’dt"% e fmemotyi d@mﬁ "BIOS

asesi tHei lmhﬁibzﬂd)ry idefo@ Gliap Qb g@lﬁfa&q ky\gtemmwcief&@m% eRE Alrtap of
glgr‘,galbl% Y the£ % I scl osure provides a way
no1nfo ‘ﬁﬂ’ SR Tegignypataiping defective memory
Pl@l{;?l gr VCXCIU@ [iotneth¢ iseblomesan ﬁﬁqu theﬁiﬁ&ldlﬁerﬁﬂi’f Bap is passed to the
m. n Cl o
SR En PRI GG SRR YR ol e e B ol Rsptgias wabl
ﬂ@ﬁﬁ??dﬁ?ﬁtks fron1the operating system crashes of

t he It nf ormekyskm Jﬁaﬁﬂ%hbﬁgisc']"dé%i 1%@::?&@ tcblﬁ:.tlctaﬁ)r ad@Xq?Aégu%g bechllc
1 0N, uesterin erecti ve nmenor
BRsE 8 ariegs 36 R EERE e Metna o Svimckbimgret 56 eradve mémory

thgqnal In myistlanhepsdest disclbsutelpovides @Wﬁ&ﬁﬂ a8 &f&fﬂﬁﬁ“n'hﬂtﬂihng system
t%yoiagﬁfp xf%{:n%lly Oc{egp%g Ql?englésg&e of roged grcr%orc d%fechve memory elements, with
mme_al impact on system performance. By effectively hiding defective memary blocks from the
operating system, crashes of the information handling system are better avoided. In addition, by

sequestering defective memory elements, the pfesent disclosure extends the life of memory.
Overall system costs for the information handling system are correspondingly reduced - as
memory need not be replaced even after multiple memory elements are found to be defective.
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menory need not be replaced even after nultiple nenory
el enents are found to be defective. 4 BRIEF
DESCRI PTI ON OF THE DRAW NGS A nore conpl ete
under st andi ng of the present enbodi nents and

advant ages thereof may be acquired by referring to
the follow ng description taken in conjunction with
the acconpanying drawings, in which |ike reference

‘nunbers indicate |like features, and wherein: 5 Figure

1 is a block diagramof a typical information handling
system Figure 2A shows the addressable nenory space
for a typical information handling system Figure 2B
shows the nenory space included in a usable nenory nmap
whi ch excludes defect blocksg; 10 Figure 3 is a flow
dlagran1dep|ct|ng an i npl ementati on of a nenory

B CRf - AWINGE shows the code flow for an

s t at ‘ |1. 5 DETAILED
II:)EngC;InE[Ill %\lﬂ'ﬂ%p GS)IL (?l% orﬁgcgcgs{ax?m% ﬁf gir%%?t d:gwp(gmergsnand advantages
ﬂﬁfegfmhe@m“hﬂlm Tefenying Yosthe followiyig descriptiche takemyin conjunction with the
oper abf‘iﬁé‘&@dﬂh&s}’ mQJhwﬂMr@lg@ﬁc? n%be&ﬂg&&%ﬁng Jhn-et ! edS wherein:

e to conpute, classi cess,
recei ve, &yl éééhcwi}g@ﬂ}ﬁta@'plmmhmsha@dlmg sHespl ay,

mani f est , Figied 2CIhows @6 dfkssabICREASH ‘s]ﬁce f{‘tgfn Gl in®frmation he%ndlmg

dl ize any formof information, inte ence, or d
%5 busi ness, scientific, control or other purposes.

For ex an’pm@,re 2B slmxfsahermtm&yl s;kh&nd:lcluﬂ@ i8Y6ShsBIR Moy $naf which

_g&lﬁ&qghngggguter a network storage device, orany

er sul & device and may vary in size, shape,
per f or marfigye 3 ismBew dingrhrh typictiagien fipleneentafidieof a memory mapping
hiéRpat i on handling system may include random access

Figure 4 shows the code flow for an implementation of a memory mapping call.
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menory (RAM), one or nore processing resources such as
a central processing unit (CPU) or 10 hardware or
software control logic, ROM and/or other types of
nonvol atil e nmenory. Additional conponents of the

i nformati on handling system may include 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 (1/0) devices, such as a keyboard, a
nouse, and a video display. The information handling
system may al so i nclude one or nore buses operable to
transmt communi cations 15 between the various

har dwar e conponents. Shown in Figure 1 is a block

di agram of a typical information handling system A
processor or CPU 10 of the typical information

BEMWILER@ESCRIRINON | S connunicatively coupled to a

nmenory c | e nort hhri dge .30, Menory
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é‘i’% Vet & ot ﬁ'i’é%‘? cafledise (sad ey prasd in siza S&nseperfotr@nce
ﬁ;hnupnaBQ andMpried) 1 The | ihfoRhatiort ‘Bbﬂabﬁéj s¥sRmTBR iMludb hrgud’oén access

t he cor ut er stem includin eyboard
*ﬁs%%% » O r%{P‘F%"‘FPé PBPYEes su apyg of pg?fﬁ?Stﬂép%fCPU) or

hatdaraieof mwateucmohlagucuamg asd/artoeher ks of ﬂbﬁvcﬂéﬁl‘ﬂlﬁ&ﬁﬁﬁt sqdai‘uonal

' Joﬁﬁoneﬁy of ﬁmuﬂfgrﬁlaﬁtﬂ' lIhb(ﬁlLl %%%mgfxgé' in 6:0%01'? %%rg %;g tdBYﬁs one or

inftialization process
RREHHFRYOk Rerts \fpr| qompmigafign matbweteme! @dmesozpewdt asngmgssmmand

dufpb) (VoY @evidek) subtbd & &bybdAd, | aoﬁoﬁsg' &9 rﬁp{qﬁéoedls ormation
created Gs and éb nﬁ ed.

stem r
"t“x THES ﬁ%‘ﬁ‘bﬁ‘ iﬂ’a“emﬁe‘ﬁd?%ie bhssh BPerﬁélectaltransnquma@mﬁons
HﬂWﬁiﬂhE&ﬁ&mhBﬂmeQmﬂbﬁﬁuJnltlallzatlon nmenory def ect

L ansl ot Sl ERREE b Bt 5 el ofigon ding sy, A

‘processor or CPU 10 of the typlcal mformatlon handlmg system 5 is communicatively coupled to

a memory controller hub or northbndge 30. Memory controller hub 30 is coupled to memory 20
and a graphics processing unit 40. Memory controller hub 30 is also coupled to an I/O controller
hub or southbridge 60. /O hub 60 is coupled to storage eléments of the computer system,
including a storage element 50 such as flash ROM for the BIOS 6f the computer system and the
hard drive 70 of the computer system. I/O hub 60 may also be coupled to a Super I/O chip 80,
which is itself coupled to many of the I/0 ports of the computer system, including keyboard 90,
mouse 100, and parallel ports.

During startup of the information handling system 10, the components of the
system are initialized during BIOS setup. The initialization process includes mapping the system
memory that will be available to the operating system (OS) once ﬂie initialization is complete.
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operating systemuses iterative calls to the BICS
menory mappi ng functions to generate the 5 conplete
usabl e nenory map. The conpl ete map details usabl e,
non-usabl e, and ACPlI recl ai mabl e address ranges.
Figure 2Ais a diagramof the nenory space that is
reviewed by a nenory mapping call, such as an E820
call, within the information handling system The

information handling system 10 nay be conprised of

numer ous di stinct conponents capable of being 10
addressed as nenory, including dual inline nenory
nodul es (DI Mvs) 120 and PClI devices 130, such as
di screte graphics cards. Devices that include
addressable nmenory are deteggted during the BICS
initialization period, and the nenory within these

m‘m/syaaﬁ rrieﬁorfj G Basbated BEIBIOYEAY bdrkiSilicBSd to the OS through the memory
ssegiﬁéﬁgﬁpr% during.the nenory scan
“%%“ rF“° T A AIRR) inifiskization, é'i?“\oé’s@ﬂché qymation
stored iirt lu:ﬂtmane)ry adfex ﬁﬂiﬁs’itsl edns1gtd Bﬂﬁﬁ'sﬁ&t : ydelfect ma;i The
eqgl nni.n a\[I e owes
R B8 453 JOBTEUCR, Bt RS TBoRG mammiseriie o g
epmpiete ngblopesmmtyi omp.r Ehei ewpletd map dietnis Gsaklk, endiRizEVley and ACPI

kgg@&ﬂg&ﬁmgqm%&pce33|on i ncluding menmory bl ocks 124,
125 and 126 ven t hough nmenory bl ock 125 contains a
menory d(ﬁ%@t 2A jnsa diggrem af thecwensosy kage thainis myviéveed by a memory

abeall, shol Gk wilE hin anl a n
I|hleﬁ)nttg| fi edé&aseda%nca% he @Mﬂgmn%ﬁoﬁﬁsgaéﬁ The informatio

B8 fyStefh 4L dnay bg omprsed, °ﬁéH’B?f9‘“r"é>‘§PQ§ [FORIBarERIF) amabln of being
adagessb:e astrﬂd’nﬁfly | ificludddy BubMEihIRHd SmbrAthdABes (DIVBMILRD and PCI
&%gé h éb §| nt wi.th_this disclosure, the BICS
al SO gérfg? E\ R %)Ep?’ﬁ:% P SV that froludey sridressebls gnepogsTare
stested|dusing ke BIPS indializationdietied; tusl thd mémuryrevithin thefeadd fic e} i Ganned
aBa q¥dnRtial % g"?thﬁ %cgglblenﬁgﬁ%ry dgl%]cg tﬁé Snel X' %ggr %%glnr.] Fhe

unmber of | ocations, inc Serral

'm%fmesmra@gmém ig fthet xmum kArvgitul o possiate ey Desions,

HeEiﬁmﬁ@ﬁﬂDﬂ:éﬁ&ﬂhadﬁF 81 lidwé& possibRMBArYss ¢ WithirkRe g%ﬂnn g'hé?ﬂleg&ry

initialization, st oy.ed Iocal menory def mp 1's
FELHE BT é‘?’ﬁ?”ﬁé‘ sdErsyeblE Bemem locgffony g fgfopssigns iaehuding memory
tidekc 124, 126 addhi26 mmgomeihm bIGYKNDYS cohfainS a knidin6hy [ABfdtORs kyStem-

aLcQgs“)lé &QIQ)%[ f?io%eged mcludlng DIMMs 120, memory regions are identified based on the
type of memory in that region. These type-based memory region designations may be stored in
numerous locations, including CMOS or RAM.

Consistent with this disclosure, the BIOS also generates a systan memory defect
map during POST based on known memory defects. Information regarding previously detected
memory defects may be stored in a number of locations, including the serial presence detect
(SPD) EEPROM of the DIMM module that includes the associated defective ‘memory cell.
Duﬁng BIOS initialization, the stored local memory defect map is read to determine the location
of memory defect blocks in the corresponding DIMM. This information is then translated into a
system memory defect map which stores information for identifying defective memory blocks at
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-system nenory defect map which stores information for
‘identifying defective nenory blocks at 7 the system

| evel. In the system nenory defect nmap, for instance,
the nenory defect blocks may be represented by a
starting address in the system nenory address space,
the length of the nenory block, and a flag indicating
whet her the nmenory bl ock contains defective nenory or
not. By contrast, the local nmenory defect nmap for each
menory device may sinply be a series of 5 flags
representing the presence or absence of defective
menory in sequentially identified blocks of the
correspondi ng nenory devi ce. Mre sophisticated |oca
menory defect maps are possjble, but regardl ess of
conplexity, the information in the |ocal nenory defect

the gysehdeveld Ibe sylsteAschdlyQifektMag, hiiGstls ke ?ﬂcﬁﬁé}‘a&’écé g{ocks may

ddr ess, space. ysed the OS. This function s
%e%}’%‘re%‘g by BytaHe a%‘%é,m ﬁlﬁé&ﬁﬂn fosmonygddress |space] dhet lorgth of the
Bemey bibek, Tiven 1B iu%itaﬁi_?ﬁhﬂﬂ;ér ﬂlld[&.[éhlbfyi visek ChiaitsiRflRe memory or

Q i cal | i a nory mapping |
AR Qon e B oy o 3 ey By BB i ¢ sries of
HagF reprgsesiirigdheupresence hrsabsamen dyfectROmEnEy insaquchtRDy Q€S blocks
$MBe TBFRSNd f ry.regions jdentifjed b
the ne rro(%‘?/lhés/ c%g%ﬁl?ng('{gg e :rﬁz;\ i S rﬁmg%%fg QP%@L TRy s‘ieg’f’femgps are
ROl hptiegatdiess of eqmepdaityrifys infarationsm e Jocal wapiy defedt M EHodB be
tranylated 166 I&efsﬁ{enﬂﬂ&{olr}aﬁgrelsgpﬂﬁﬁs@{ tﬂceog\.kﬁst}ﬁr{cﬁgnm;begteﬁ%ed

d b] ocks 15 indicated e system nmenor
bﬁapceﬁé[éﬁﬁgqu%'i&PF Feudfe thsamelari es of the nmemory type
;I Ji% i ons iThke oS ﬁﬁﬁﬂel{?ideﬁtﬁf@s NGBl %ﬁﬁ?&i 1985 a b Balling
i ng, func en_returns inforndtion
v arop ek AHRR i o B BT ERbA Bl Soateubie fetesiy te
M‘E@@&U@@Pﬁ Mg,gg @g:l; thﬂeglgw dekect thermambﬁyl re@mk likle_hﬁliid by the
N Eadril CaMd a1 nor S W not
be . | ent i f(iged a5 usabl e ﬁe%rr%\ré)%fegeﬁmé% g‘%fg‘i%t“,mpt he® memory
TSBRPE (YRR At BRTENERS ovpslapsnieviiststinies whether tiecmessy defe? Blocks
itdi@tcd & €@ tsyswn MEHE Mofedd Hap bR AFHMIELHRL | &
%10?]5 q(?eﬂt'iéj fective menory. P Defact | ve nen%%s Qltfgl%t"ﬁng e
ect1very” c}%ea%’ﬁ?’? i erfggen- ¢ fhe grsworgfmapping fimetion then
reivrds inforthration togtheyORlindic@iag he bkt region of usable memory. Because the system
memory defect map is consulted during the E820 call, defective memory blocks will not be

identified as usable memory. As a result, the operating system has no knowledge of or access to
the defective memory, but instead sees only. the usable and non-defective memory. Defective
memory is thus effectively quarantined without the use of software and without any decrease in
hardware performance. '

Figure 2B is a diagram of a usable memory map in which the unusable or
defective locations in the memory of the computer system have been logically mapped out of the
computer system. For example, memory blocks 124 and 126 are included in the usable memory

map, but memory block 125, which contains a defective memory element, is not.
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har dwar e performance. Figure 2B is a diagramof a
usabl e nenory map in which the unusable or defective
| ocations in the nmenory of the conputer ‘system have
been | ogically mapped out of the 25 conmputer system
For exanple, nenory bl ocks 124 and 126 are included in
the usable nenory map, but nmenory bl ock. 125, which
contains a defective nenory elenent, is not. 8 One
nmet hod of mappi ng out defective nmenory bl ocks invol ves
creating the entire system nenory defect map during

Bl OS power-on self-test (POST) and storing each nenory
map entry until the OS requests it. Because each
standard E820 entry is 20 bytes, however, mapping any
significant nunber of defects with this nethod
requires a large quantity of storage. 5 For an 8 DI MM

syst em su@ganetliod gf Rapping eﬂtdeccpi@E m@thblof:l@ {"mv%%%@a%ug 6ﬂﬁe entire
Sre entries an
e AP e BIGS e S T hoBT) e oot s emory
Fapretty | ukiNEROS eequest@(cl Beqavsa leach mdh:d E870r antfl isad0eFHtel) HoW¥¥er,
40 bytes fromthe
%g@uﬁ nftca él?lélg&% ?etgtlé gvﬁgtbtls Ifl g frqu.lr ra 6%‘: ugntlty of storage.
Eorrap 8 QUMM gygtem sypgerting,8 defagts lPPreDIMM derresatpld, thisamdti@d evould dreate
GeRRMd aitRe a4k R eEQQsOas v%l%%tﬁﬂarg g}ﬁﬂ fg&%gs% %ne}nglyf IQF?CBase

nfor t|on and ty up limt
pﬁ‘%&ﬁ’ ‘°§Sﬁv e belnet ‘}%8 t??%lf)bﬂr?gmpmr Mmﬁmmedslos
emum dlrcas C'H'ﬁmqlﬂgltji BEstdrape ad subfRAERY largd €5 f‘cﬁ&re%mgnp{n a reserved
" yHQRPIPM PD durlng E820 entry creation,
| nt e pr e O JOWRBCESS o HhE fmep dnfprmstionrnd tying up fimited
F@m@wnmmgﬂholes inreal time as the OS calls the
oo Y, TR 1l oL e L e e

ignificant tine to

%eéfﬁ%‘mgff’r Hgele frops MMM s SAP, thiring 2820 entrp ctbhlon,dnterpxéﬁngdhe local

heti uéféoiilnﬁ ahdlﬂenﬁﬁ{iﬁé t th defect
iy it RS 0 i 5 ! O e ot Bl Habping

nfor
’L“F 8‘8‘?‘%@@ Qﬂ%a s‘&’i“@“d%t tHeste resesy therdatan bowevcr, causing longer
boot-up tlmes _

~ ]

In a third method for building the system memory defect map with defect
information, the map would be built during POST for all of the reserved areas described in the

'DIMM defect data. Using efficient addressing techniques, the size of each entry could be

reduced to as little as 8 bytes. In the 8 DIMM system described previously, the entire map would
be as small as 512 bytes, a reduction in size by a factor of 5. This method requires a more
intelligent memory mapping function than the current version of the E820 call, -ﬁnd could
implement, for instance, an algorithm to retain pointer offset in the memory defect map (located,
for instance, in the DIMM SPD) created during POST and scanning forward and backward in the
structure to determine next entry types, overlaps, etc.

In one example of a more efficient memory mapping algorithm, a continuation
value would temporarily store information about the progress of the iterative calls to the memory
mapping function. The continuation value could-be stored, for example, in the BX register of a
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DI MM defect data. Using efficient addressing

techni ques, the size of each entry could be reduced

toas little as 8 bytes. In the 8 DI MM system

descri bed previously, the entire map woul d 20 be as

smal | as 512 bytes, a reduction in size by a factor of

5. This nethod requires a nore intelligent nenory

mappi ng function than the current version of the E820

call, and could inplenent, for instance, an algorithm

to retain pointer offset in the nmenory defect map

(located, for instance, in the DIMM SPD) created

during POST and scanning forward and backward in the

structure to determ ne next entry types, overl aps,

etc. 25 In one exanple of a%ore efficient nmenory

mappi ng al gorithm a continuation value would
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seguenc f eyents inplenenting an efficient nenory
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ch 'l ocat ' whi ch

whi rons are reserved for other devices,
ar e recl dusiapthe memory mappingralrtie BIOS $insd bxamindetht contilv@tion value
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58l D P a0 Lo LU Bty b e

creation of the system ne

h sonsegstiop rdeesl st ke inieisitiglizmd sehepoigng fri the atre addrése of the
hehéy defEECREY. YThEBIPH B4ds (8 Hemgg'QefeQ_ﬂfab Eﬂ?'tahtﬁe SE0hdcated b_}']the
S

mappi g o I%3 tge BIOS first exam nes the continuatio

SRRSO Y5 110 eyl pomPpret et FREPE PEOY AR B se5erupd and roplamable

rmemyory hddfessend ¥ detbdmined d1|ﬂ-|h1g\itk mﬁrmaﬁdn?fﬁhgmalbmwmd@ CMOS or
e ' [ ] | Sti einits

o A SORESNEY b Byl i Mol gl pemit] o By spaued by

the oy araprieg fupgtipn calll340. BBiSe pessitls the memopmmap\enthefocthd OS 350,

HoRRve nthe BIOH upiht& B LodktuatiddAafd & by (l)t%; gﬁggﬁqg}g%ﬂnw& Jngxgory

&

_(¥# ue 33? an conpares.that_nenomél

gt ’F@Sqé VQ&ce élﬁdnqxrgm mapeatsy ig sent to OS 350, the OS determines whether

or not the continuation value indicates the end of the usable memory space 355. If so, the
memory mappixig function is complete at the iterative process terminates 360. If not, the mcmory.
mapping call is repeated, beginning with the BIOS examining to the continuation valué to
determine where it left off 325.

Those skilled in the art will recognize that the continuation value could be
structured in numerous ways to implement the foregoing memory mapping algorithm. In one
implementation, a single bit could be used to determine whether the next memory map entfy falls
within a defective memory block. Assuming a memory defect map size of 128 entries or less,
seven bits would be sufficient to store an offset to either the current or previous location read

from the memory defect map during the memory mapping iterations. Another bit could be used
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menory addresses 335 determ ned during its previous

- menory scan 315 and stored in CMOS or nenory. After

reconciling any overlaps, the BI OS generates the

menory map entry requested by 15 the nmenory nmappi ng
function call 340. Before passing the nenory map entry
to the OS 350, however, the BIOS updates the
continuation value to reflect its progress through the
menory defect map 345. Once the menory map entry is
sent to the OS 350, the OS determ nes whether or not
the continuation value indicates the end of the usable
menory space 355. If so, the nmenory mappi ng function

is conplete at the iterative process term nates 360.

I f not, the menory 20 nappidQ call is repeated,

begi nning with the BIOS exam ning to the continuation
pletgmnipegVhether s npt thpecugrprs mempry Ldcetfon isHbpve3RAGBThwsteld or not, and
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fective nmenory el ement
]98%0 callt 410 is made. l%mng the first INT15 call 410, offsets are initialized into tables and

returned entries and the standard base memory area is returned. The second INT15 call 430

comprises five steps. First, the information handling system checks for valid memory defect
entries and oyerlaps for a start address. Next, the structure data is checked for invalid ranges and
sizes. Third, th_e information handling system checks for the next entry type and overlaps with
reserved areas. Fourth, flags and offsets are set for the next entry type and routine calls are made.
Finally, the needed entry type is return with its associated address and range.

Subsequent INT15 calls differ for memory ranges above 4 gigabytes and below 4
gigabytes. If the memory range is blow 4 gigabytes, the INT1S5 call 460 first checks for offsets
and flags to determine the entry log type required. Next, the structure data is checked for invalid

ranges and sizes. Third, the information handling system checks for overlaps and required
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fromthe nenory map, the length of the nenory map

entry field corresponding to the size of the nenory

bl ock at issue can be reduced to the negabyte range,

since DIMMs with capacity greater 10 than I GB are

still fairly rare. Likew se, since only three genera

types of nenory are returned to the OS, the |ength of

the nenory map entry field denoting nmenory type could

be reduced to as little as two bits. Figure 4 depicts

one possi bl e code sequence to inplenent the third

nmet hod above, where the system nenory defect map is

built during POST for the entries found in the |oca

15 menory defect map. First, an entry handl er 400 uses

a continuation value to detanm ne special handling

routines for calling specific routines as well as
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ég§§8M&#% d, the information handling system checks

for overlaps and required 11 ranges. Fourth, the

i nformati on handli ng system scans through structures
to determ ne the next entry, setting flags and

of fsets. Fifth, the needed entry type is returned with
its associ ated address
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and range. Finally, the systemchecks if the current
entry is the |last entry below 4G. For INT15 calls
above 4GB 480, the information handling systemfirst
checks for valid structure entries and 5 overl aps.
Next, the information handling system checks the
structure data for invalid ranges and sizes. Third,
flags and of fsets are set for the next entry. Finally
t he needed entry type is returned wth the cal cul ated
address and range. Although this disclosure has been
described with respect to the creation of a wusable
menory map, such as an E820 map, in an infornmation
handl i ng system it should be 10 recognized that the
menory mappi ng system and maphod descri bed herein may
be inplenmented with any physical storage device with-
paLAENISIGIAIMEDdEt s. Al t hough the present discl osure has
been described in detail, it should be understood
that various changes, substitutions, and alterations
can He nadestomrfertnmpnagingmeombrydiefeats,tcomgyisiigom t he spirit
and the %Qqﬁ&nggot&53%¥g§ ion as defined by the
appended cl ai ns T ISCLAIMED IS 1. A

syst em f o CREMEG T renory defects, conprising: an
|nfornat|ﬁamﬁﬁndl|ng systen1 5 an operating system
menory; a menory def ect , _Wherein the menory ]
def ect naﬁa“‘?ﬁ?ﬁb‘w%g@a W{f PERPTY dadest manrgmprifes information
régacing Iﬂ(eﬂooeﬁonromgleﬁ’s&’f sulid ol \Olﬁiﬂlfoﬂta.iﬂ"aéfé‘dﬁv&ﬁiﬁcﬁy‘ élements;

def ective neﬂ e function,
wherein tHe" “r'l Mo f}mﬁg‘g%ﬁ%" BT r\’é?o %%’WS‘E%B’QE fpftion fspperahle to
erattor mapeof nwaple oemors aisl sendrtigmpap\of asable sematy tdth: dpetingfsystem, and
WERAL) Be HE@:HR& an}gp%gtdﬂﬁti&rq?ﬁ%ér Q&rﬁ%&%& I%P&engque memory defect map

and exclude memory regions containing defective memory elements from the usable memory

map.

2. The system of claim 1, wherein the device storing the memory defect map is
physically coupled to the memory.

3. The system of claim 1, wherein the memory mapping function is a modification of
the INT15-E820 memory description call.

4, The system of claim 1, wherein the memory mapping function is called before the
operating system is initialized.

5. The system of claim 1, wherein the entire usable memory map is built during the

power-on self-test period of the information handling system.



10

15

20

25

wherein the nenory mapping function is further
operable to reference the nenory defect map and
excl ude nmenory regions containing defective nmenory
elements fromthe usable nenory map. 15 2. The system
of claim1l, wherein the device storing the nenory
defect map is physically coupled to the nenory. 3.
The system of claim1, wherein the nmenory mappi ng
function is a nodification of the |INT15-E820 nmenory
description call. 20 4. The systemof claim1l, wherein
the nmenory mapping function is called before the
operating systemis initialized. 5. The system of
claim1, wherein the entire usable nmenory map is built
during the 25 power-on selfistest period of the
i nformati on handling system 13 6. The system of
clairh 1, Theeyseiroftitie 1, shdtie theBbIE yhelB map is @OREK:ALE Soaktiing
' ry defect dur i n e creation of
gg?%ﬁg§§$%&§ﬁ %ggﬁgg i Ofs f?"%ﬂﬁ?%?;ﬂfﬁ@mgyﬁpen1of
claiml1l, wherein the usable nenory map is built during
powers- on t . reserved menor
Fogi ong. | DeeRElr HERt Rk BEWAL by S bl Suf i on
JestfoF epch o) the rpseryed mgmonregionsfinsliogied ia thefmemeryrietectmenp.
entries is reduced by referencing nenory through
of fsets. .10 9.E%$$_systenLof claim1, wherein the size
of méhor yﬂ“ﬁé’ﬁ“’ fiad. vherginthe dige pf pmory map eqtrigy isrpriced by
feéengyting mémdrnthrougtedfidets or r espondi ng to the size of a :
menory bl ock. 10. The systemof claim1, wherein the
size of nenory map entries is reduced by limting the
| eng®h of The bystefiobtladmd pwheesipthesizerng mermory hp éngrie isGEduced by
RRIERE the REIDNG tﬂ%ﬁ%&e%ﬁhiﬂ@tom%ize of a memory block.

10.  The system of claim 1, wherein the size of memory map entries is reduced by

limiting the length of the field corresponding to the type of memory being mapped during the
call.

11.  The system of claim 1, wherein a continuation value register stores information

about the progress of the memory mapping function.

12.  The system of claim 11, wherein the continuation value register comprises an

offset value pointing to a location in the memory defect map.

13, The system of claim 11, wherein the continuation value register comprises

information about the type of memory identified by the following usable memory map entry.
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15 call. 11. The systemof claim1l, wherein a
continuation value register stores information about
the progress of the nmenory mapping function. 20 12.
The system of claim 11, wherein the continuation val ue
regi ster conprises an offset value pointing to a
| ocation in the nenory defect map. 13. The system of
claim 11, wherein the continuation value register
conprises information about the type of nenory
identified by the follow ng usable nenory map entry.
25 14 14. A nethod of managi ng nenory defects in an
i nformati on handling system conprising the steps of:
storing a nenory defect map conprising information
about the location of defed#ive nenory elenents; 5
creating a map of available nenory for use by the
i nf orlfrat i dfcthed i managing yrsmenydefeesin ki formgation bandlitpey steap
edmpavias thekdpeofENOrY regi ons of nenory containing
defect nenory elenents; making the map of avail abl e
nmemory actoER&E Bymery defechmanspmpriging irformptionahout the lobBion FhHe
daftctiataaforyalletients; 14, wherein the entire nmap of
avai l abl e nenory is b 'Jt durj ng the power-on
self-tes tcrcﬁ%qgiaé%p 8?‘“’?1% CISPER RS thednfarratien kapdling gystem;
16. . The reedhkiog ﬂbﬁlltbd xﬂpmfa.\lhilab‘lﬂ'}ﬁd’nﬁ)bﬂeéimloﬁﬁ&n&f containing defect
%g@rya%&tsnenory is generated by scanning the nmenory
efect nmap’ during the creation of each entry in the
map of aveskingibe mag & apaiabie pemdry accdssible methdi@Eratifg spbténh. M
14, wherein the map of available nenory is built

durin
lg. The method of claim 14, wherein the entire map of available memory is built
during the power-on self-test period of the information handling system.

16.  The method of claim 14, wherein the map of available memory is generated by

- scanning the memory defect map during the creation of each entry in the map of available

memory.

‘17 The method of claim 14, wherein the map of available memory is built during

power-on self-test for each of the reserved memory regions indicated in the memory defect map.
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-20. The nethod of cl aim 18,

power-on self-test for each of the reserved nenory
regions indicated in the nenory defect map. 15 18. A
nmet hod for building a usable nenory map, conpri sing
the steps of: calling a nenory mappi ng function;
readi ng a continuation value; reading information from
a nenory defect map based on the continuation val ue;
5 returning information regarding the |ocation of
usabl e and non-defective nenory. 19. The net hod of
claim 18, further conprising the step of determ ning
whet her an overl ap exi sts between a nenory range read
fromthe nmenory defect map and ot her informtion
regardi ng the type of nennr¥ in the nenory range. 10
dherein the continuation
val ug, conprises information regarding the progress of
the fenmo Mﬁ?’&&“ﬁ%ﬁwﬂ&fnww map, cmpaisiag the fersafih t he
menory deilbwpa mdi@Py mapping function; '

reading a continuation value;
reading information from a memory defect map based on the continuation value;
returning information regarding the location of usable and non-defective memory.

19.  The method of claim 18, further comprising the step of determining whether an

overlap exists between a memory range read from the memory defect map and other information

regarding the type of memory in the memory range.

20.  The method of claim 18, wherein the continuation value comprises information
regarding the progress of the memory mapping function as it iterates through the memory defect

map.




