DESCRI PTI ON METHODS FOR PRESERVI NG ENDOGENOUS TGF- BETA BACKGROUND ART (1)
Field of the Invention [0001] The present invention relates generally to
met hods ofopoewEsissng t he bioactivity of transform ng gPoEtUs26000672 b
(TGF-b) inliquid nutritional products. DI SCLOSURE OF THE | NVENTI ON [ 0002]
Briefly, the present invention is directed, in an enbodi nent, to a nethod
of preparing a liquid nutritional product that retains the bioactivity of
TGF-b. The steps involve selecting one or nore protein ingredients that

have been s UPA?@FIQQO@\ONBANR@EMEM H@ APPARTIFIORED! SACBABYE, 1995

conbi ning the protein | :FE WHROCAHUREDRGFORRTPNENt S of the Iiquid
nutritional product to orma slurry; subjecting the slurry to a pressure

of from about 2500 per square inch (psi) to about 3500 psi at a tenperature
of from about 550C to about 650C for about 5 to about 20 seconds;
subjecting the slurry to a tenper2hUK&RPUNPom about 1350C to about 1500C
for about 1.5 to about 15 seconds; and cooling the slurry to a tenperature
of |ess [0A8K aboutDisoibutsdeystamedinciadingisavee §iros, Welsscrvigs, Brd BrRIGRL PAVCON OF
THE DRAW NGS [0003] A full and enabling disclosure of the present

i nvent i drcoma cihtidigiggly heonrast toopevideevaofantiunec b€ dohpuaitienaf awd dtoragey
skill inthe art, is set forth in the specification, which refers to the

appended{duaies eFor EXurvé, Cdistrib @9 Stordg g’eggﬁ@m&hh\l’é beeh atiesd @rtt&maﬁairéfﬁ@te of a
met hod of the present |nvent| on; 005] Figure 2 is a bar chart

I Tustragingbigs tH iﬁ’ %/Xrlcﬂfs fh% fs O ﬂP'sSmQ dp%gééc%%r s‘?érﬁsguﬁgz dhe
new process Versus |n or mul pro duced accor Ing to the "standar
process. CARR THE | NVENTI ON [ 0006] ,Ref erence, now wi | |
Perade YT P H%Ofsn%ﬁ POTR IS HietS ﬁvelloﬂ%a An%‘?& St es
of which are set forth bel ow. Each exanple is provided by wa

expl anatStUAZOIYSicRE MR vEXE HefA acipss marltinlernedasithipughout HélerwténtASdhe aQuRptact |

it wll be apparent to those skilled in the art that various nodifications
and var idtcompstic@areste ceradisirgdtot frevide es@ntoragey matdasas, suchhouegedsypamisiomy f r om
the scope or spirit of the invention. For instance, features illustrated or

descri bag asakdr sutdfbyoneadiapbditional compitine dusiees eeréiyoprinidieghodicxdrt t o
yield a still further enbodi nent. [0007? Thus, it is intended that the

present (,nMeH t&&h&ﬁvﬁﬂﬁlo%ﬁ&s&ﬁ@ésf ﬂnﬁfﬁob %Bée@&kdné’e%& atAl RORirfkly, GAMBruydd hi n
the scope of the appended clains and their equivalents. Oher Ob] ects,

features ct r nv, i re. di ar

obvi ous Srtoz%ogtf %}snﬁﬁyoﬁe} %t goﬁrﬁrgsga e’sfg(gr}r%1 t(:8 ﬁgﬁteg éx%%y&%? Sﬂset&%% rastjgsod by
one of ordr 1'y gtrll |n the art that P resent di.scussion is

descri pt3 BHIBC i R CAPDICY it BUN AR WP, gk, HPCURE SO HE IR 24 A 1 ng
the broader aspects of the present invention. [0008] As set forth above,

t he presiftisiehvanayoinbleionpesssyrndetatlly to prevint Hoddosst preserving the

bi oactivity of TG--b in liquid nutritional products. References related to
such nmethods may include U S. Patent Nos. 7,057,01 6 or 6,057,430 to
Cerletti. [0009] Transform ng growg@ 19[% -beta (TG~-b) is the general
nane for a famly of polypeptides, ers of Whl ch have

il R CTEE e e T

form that are further described below in the Detailed Descrlptlon. This summary is not

intended to identify key features or essential features of the claimed subject matter, nor is it
intended to be used as an aid in determining the scope of the claimed subject matter.

[0003] Embodiments of the present invention relate to partition management in a
structured data storage system. In the store, structured data is divided into a number of

partitions, which can be served by different servers. A partition map is used to keep track of



inportant roles in a nmultitude of processes in the devel oping enbryo,
infant, child and adult. TG~b is a 25-kDa honodi nehc cytoki ne known to
medi at e pWei2broaEszesfuncti ons both within the i nmune sysPemEsne9/061972
systemcally. TG~ b is expressed in several cell types in the intestinal
mucosal including | ynphocytes, epithelial cells, macrophages, and stromnal
cells as well as by T-cells, neutrophils, macrophages, epithelial cells,
fibroblasts, platelets, osteoblasts, osteoclasts and others. In addition,

TGF- b itfe RMeRERSutt Bf MREEBELRIARS tMbield e@}ﬂ@lalgﬁsihgtﬂé&%@oﬂmhﬁ,i PhRnBERECt S
of infant health and devel opnent. [00010] TG~ bs are synthesized as |arge

precur sqf, ALALGEAS. M KL SANGL Shechifc AT AL PR lo A R AATRL T (GORR | ST N9
a signal sequence an atency-associ ated conplex, and a mature
carboxy-term nal subuni.t. Bio]ogically active TG--bs.are h di mers whi ch
consi st 18T PRUONHeHATLUMS skt G| THRES SRS CHiSIhPH, DRANEASEOR t he
TGF-b honodi mer fromthe | atency-associ ated conplex is necessary for TG b
t o exer tSehicH dypear capediponis, Ehachigvgdictieielopd balppee, gapagfitéonowith fhigh load is

| at ency- associ at ed conpl ex and the nechani sns responsi ble for TG b

r el ease idemiflcdyfot splittnier A tlacadibn dori@Hiting the phitigipe & daeniivéd, ynd thevpavtitionl n t he
human gut, this may be acconplished by the action of proteolytic enzynes,
pH extr apaplit heakcat€ @hitd Wartitand/ %imﬁﬁgnb@@kﬂdaaaditaganoi&@%nib} iBasoagk on

t he nunerous benefits provided by TG~ b, it is often inportant that the

growt h fe%%oﬂfmélﬁs.prAeﬁa‘?ﬁﬁoﬂ Hrag%%lu el fMRAt&dniithe E[l)al‘fﬁiroh%§ bR to the

nutritional products. For ex , certain protern sources in nutritional
products rovide a source . of TG-- b. Alternatively,, if.the nutritional
b oduct SgaRiRs T Sp e ShEGARonl=wo O wo g P G i i o Mekkihl

suppl emented into the product. In either case, however, it is difficult to
retain tﬂ@ma&vwﬁ@;&ﬂ mgfee Wf 9paﬁlt19ﬂélap@up<§tq¢rpaﬁt theencrapdiPHERR | ng
process for a liquid nutritional product. [00012] Shelf stable,

non-r ef ri0@@4at ed | Thyuitichned stojagnad bHeaduop of arsereempiystaml whinhomressstsdanusi ng
a high heat treatnent to destroy pathogenic bacterial spores. A comon
retort pppesbenlyifibtsyhteat intdafacpr ddyttarh as 2a300gousad . fppehdiehBsfiledeBashdi ng
upon the solids content of the nutritional product. Alternatively, Utra

H gh Terpei@iniR A {4dbr se@ihdadigeibis8dvitiHT A1eeHcSpdrfi@elt QU6 t(ROprBAREAL Ur es
in the range of 135-1500C for 1.5 to 15 seconds. TGF- b, a heat-labile

bi 0act i e pPARRUh: SELRD CRAR: SHINT ¥ondioE AL BHO horlT O BRRLBAUT T o0

for manufacturing shel I I onal oducts. ese processes

often significantl enature the.native. structure of TGF- b, .thereb

Cender | ngeE R OERe AT R hdoimanieel BRsdhoctent BT e R hunan
gut. [00013] Thus, the technical problemto be solved by the present

i nvent i o WSl asdhpesseitind infermpbien of diat prraiban sugh ps daipartisien ey ranesiof gl dfuct s
such that TGF- b and other heat-|abile conponents retain their bioactivity
and avairbabinduded in thegartgmpodi nent, the present invention is directed to a
processi ng nethod and a selection of ingredients that wll retain TG b

| evel s, bioactivity, and/or bioavailability in a shelf-stable,

non-refrigerated, dairy LAYl (I t. [00014] Prior to
arrival at any processﬂﬁgﬁg?gﬁsgﬂiﬂgﬁﬁ%ﬁ%¥Q§€3#%8%?ﬁ§§iry-based raw
mat eri al uch as.nhon-fat dry mlk (al so . known . Kim.m | owder whey
protein[ﬁg%aers, i@ﬁd@ﬁ@%ﬁlﬂ¥%%9ndés ﬂ@?ddﬁd$%Pﬂ3F§?”P@ﬁtﬁ§@§n§%ﬁb%W%ve|
or heating to ensure safety. According to the invention, dairy-based raw
mat er i alafeghed dpwiggiffgueey. wheeW: on the cunul ative heat treatnents that they
have received, as shown in Tables 1 and 2. Because it is difficult to
det er mi @09dle t ypdl6f 1heatblockedingrent oft dvecxecaw!larmtcempating asviroapeiny ewltable

for use in implementing embodiments of the present invention;

[0007] FIG. 2 depicts a table structure in accordance with an embodiment of the

present invention;



upon inspection, the undenatured whey protein nitrogen (WPN) |evels of the
raw material are neasured to convey such information. Table 1 indicates the
gener al | ywacompgidst r eat ment paraneters and WPN | evel s Pam/useenfoaty7zr y
mlk. Table 1. Approximate tenperatures, times, and WPN | evel s for non-fat
dry m | k[00015] The level of WPNin non-fat dry mlk is the anmount of
undenat ured whey protein present in the non-fat dry mlk expressed in
mlligranms nitrogen per gramnon-fat dry mlk. In a particular enbodinent,
to detergpesy the MRY. | pvigl a0blosk NARshAl sHEWind bk, elchfpldry | kysRoywdiar wiesh be
rehydrated, heated in a saturated sodi umchl oride solution, and filtered.

The 11 thal 8k B60, FABLALR KNG BRAEYaLUES ey, protei ns and the

non-protern nitrogen fractions. frl may then be diluted in a

sat ur at It soluytiop.and, acjdified, and the solution may. be neasured
spect rolOfdt hoar 15/0- Tha® ar ks divsie BBFiak recrim oA BEOTShpR Bt o
standard curve that plots the Kjeldahl nitrogen values from standards

agai nst AhodERertAed et MIE®Nst andards. This nethod is often referred to
as the Harl and- Ashworth Test. In other enbodi nents, any nmethod known in the
art for [@8tHr m ni AJGVPNIY eviddws dimgramnshostinglraymeihiod foryspbeingse gart[t@AO0M6]
Thus, as used herein, a "lowheat" non-fat dry mlk is defined as one that

cont ai nscaérdh@Rstitlaioehb&limphd RN o imehtioal for processing. Low heat
non-fat dry mlk has likely experienced exposure to a tenperature of |ess

than abqypy1{00C fCFIG"?‘ij&egffd yﬁﬁe%xgmgg é@&%@%’ﬁt @Qnﬁoﬁiﬁawgggpm R8O cifivd

"medi umheat" non-fat dry m efi ned as one that t ai ns bet ween

about 1.51.nmg/ g and about .5.99 nyl/ on_ arr.ival. for processing.

vedi um AR RS i PP BRCY ik er o aclt o R BB PR epostr o 1o a
tenperature in the_range of abouyt 700C tq 78C for approximately 15 to 25

mi nut es.[H?t%OlS] @Gusﬂéﬁ Aty rilagrampshoming gt meﬁ@ﬁ-%&tw&ﬁ?gnﬁ‘ INRIHONGEY | ned
as one that contains about 1.5 ng/g or |ess of WPN upon arrival for

pr ocessiasgordaiaghwitearothes ymbadinging onthk prasert inydosby; experi enced exposure to a
tenperature of at |east 88C for 30 mnutes or nore. [00019] Table 2

i ndi cat g8013je tr edliGe st ispaflawediegramastdwiiiNal mythbd fbomevdiry ppitioioes mtpawder s,
i ncl udi ng whey protein concentrate and whey protein isolate. See Mahnoud,

et al., ﬁ%é&ﬁzﬁﬁ%ﬁ fCddcBdaMRASHE 8BRboAcknslaRap k&t iiaMokr ot ei n Nitrogen
in Dried ey by a Mdified Harl and- Ashworth Test, Dairy Sci.

J.
73:1694- (1 T i Jrat t ol VIPN
| evel s #égﬁﬁhey pﬁﬁgi?ﬁs%@&ﬁéﬁ?ﬁ@@%@?%kﬁgl@&*ﬁ?@@gﬁ%ﬂ?ﬁﬁ%ﬁé?ﬂﬁﬁ%ﬁéﬁﬁ¥n
powders .are higher .than thgse of .gtandard. non-fat dry m |k because the whey
Dot i n IBrSBLE Srtien S Era e o alienind vhoy pr ot o n
concentrate, which is about 50% protein, is at |east 6 to 7 tines higher
than in [@BHat dr P16 1R o Howrdjagsami showipg pHacthed FydDadBtQE verswars: #idat i on
in whey protein, results of whey protein powders are expected to be higher
t han r esuigtasic abaaionddcavvith anembbdimant yf thiclpkeseftG8@tipnThus, as used herein
a "low heat" whey protein powder is defined as one that contains at |east
about 14.5 ng/g WPN upon arrival for processing. Low heat whey protein

powder has |ikely experience erature of |ess than about
63C for approximately 30 secg%ﬁigﬁgﬂégnﬁﬁggyggsﬁ[00022] A "medi um heat "
whey pr i1 powd is.defined a ne that .cont.ai ns between about .5..99 ny/g
ona’ abodBle] 56" rafty S Btca it QR prit FGRHER o GRSl Jrifh ottei Gy
protei n powder has |ikely experienced exposure to a tenperature in the
range oflCEBB{® NG tafugorygedwisrmbpr Heviselethe descriptignsitglh s raf intended to

limit the scope of this patent. Rather, the inventors have contemplated that the claimed
subject matter might also be embodied in other ways, to include different steps or
combinations of steps similar to the ones described in this document, in conjunction with

other present or future technologies. Moreover, although the terms “step” and/or “block”



[ 00023] As used herein, a "high-heat" whey protein powder is defined as one
that contains about 6.0 ng/g or |ess of WPN upon arrival for processing.

Hi gh- heatwoatrel/@sssei n powder has |ikely experienced expoTarSeoono6e72
tenperature of at least 9 10C for 30 mnutes or nore. [00024] The sel ection
of ingredients according to the invention is inportant because the |evels
of heat treatnent inpact the physicochem cal properties of a protein source
as well as its value in the processing of foods. The heat-induced

denat ur ahiPPe QbediYinRb RoRALS dPRUSRSISHER bP meiods akdpIdYelNthkhemsHoare of
casein mcelles. This denaturation provides higher heat stability to mlk

casein i L gui r er., i .
donat ur o S nkhRubdd YLD SR MATI Goo BIRK b FERBESEREhERE
factors |.ike TG~ b. [00025], In an enbadi.nent. of the present invention, the
ot hod cbiReL Guiepn P atien A B Bet o Vet Moot SubicH el accor di ng
to the heat |oad received during its manufacture and the thermal processes
appl i ed 081 he nuthmbedsmeants miodacrrespnt imgnpen deesing. sqabibbz 61vallsblgnand
enbodi ment, the selection of protein materials for the nutritional product

i ncl udesluaatdoureauefl stwnagd. aflhdrsyructuicd. stbnage i sepessbitdd royret number ofbrabfeat dry
m |l k source nmay have a WPN of greater than about 1.5 ng/g. In another

enbodi MefAth of Rehitle indlddes dhyltifld Fows) BREE rdMmteavatiag \APHhtefengfyeatie kabldran
about 2.0 ng/g. In yet another enbodinment, the non-fat dry mlk source may

have a VPNGES 1 §hufibet HEPAABAM! cath GalBod indilldife b £E8F SURIRITRRL taiyik he
non- f at cllry mnlgi sour(e:egﬁgdy havéea %ﬁN of larealtéra thé;ﬁ about 4.0 n%/ g.ln a
still fugther.enbaodi nent, non-fat . dry m, k. soyrce may have a WPN of

or eat er (AR e T hgn s f90erh b el B3t AT ¥ ne mon- fat dry
m |k source may have a WPN of greater than about 6.0 ng/g.. [00027] In sonme
enbodi rrelﬂg%ﬂ,l t he r8nsomg cAPYIimCNts. PaTIitons ke Shlgv@ralowbrq(l%%mblftwanp%w- 3
mg/ g to about 10 ng/g. In sone enbodinments, the non-fat dry milk contains a
WPN | evdloadfdiginbuftonlinormgtign isotradkedtfosthagilye senyerstand|paditives. diabestpmét s,
the non-fat dry mlk contains a WPN | evel of between about 5 ng/g and about
8 ny/ g. W UstritheoMPiNolaxédrs tiy exbtd agstef hagt dveideito lasd baldhdrgpdratibomand

medi um, and high-heat, it is to be understood that a nedi um heat non-fat
dry m | keh@ihNhr@iofBNb lde¥@bntcl RS e in bcP RPErDuRAhESA. t o dittore B Wonde S
ng/ g may have greater endogenous quantities of TG-- b present therein.

[ 00028] - t ' - sehect i on [ ' f t he
hut 1 ¢1 Gy st T RECCRE dedASi A ER biflof o B SR REA LRy, Al
enbodi ment.,, the ey protei owder may he | ected fromthe gro

Cone st 1 RgC B CrltETREs - SHE AR OBt QheSPTe Stk proneith PauREarbr ke,
whey protein isolate, and conbi nations thereof. In _each enbodi nent, the
whey pr dhrmatisniarlossingdie wakt. r Bawdvaytheddy upfammation resgivigd from dhe mblheat .
Thus, in an enbodi nent, the whey protein powder may have a WPN of greater
t han abowtves.tbe raplgmastar msoudiethegrblodirvento, splihéhanpratitigr. otUpom repeipd ef theay
have a WPN of greater than about 8.0 ng/g. In yet another enbodi nent, the
whey prabéi Fequestdee tasly sbiaée ualoiINheftagee pirifiof, @eatédidtchll@. fartieng, add a
further enbodi ment, the whey protein powler may have a WPN of greater than

about  12,:0; QL Ging e @hifd g;iﬁﬁi&ﬁkf TR.bmEXRAAL RS, ahfd W ﬁoﬂ'hpdgqjerks;ﬂgzgﬁr may
have a WPN of greater than about 14.0 ng/g. In a particular énbodi nent, the

whey pr Qb %ingthglp ‘é’a\lgf‘aérserr{fae}{. aﬁ/a%tif’flon\/\f’;lla\llp (i)sf u&{a?e%ttg rreftiehc?ﬁleatggl%tser]v%f(?) s@éigg the
child partitions.
[0019] In some embodiments, partitions are merged. Again, load distribution
information is tracked for the table servers and partitions. Based on the load distribution

information, two or more partitions are identified for merging. The table server(s) serving

the partitions are instructed to stop serving the partitions. The partitions are merged and



[ 00029] In sone enbodi nents, the whey protein powder may have a WPN of from
about 6 ng/g to about 15 ng/g. In sone enbodi nents, the whey protein powder
cont ai ns wWOWPIN/d48398] of about 10 ng/ g to about 20 ng/ g. PCH/GSRéMIcOTher
enbodi nents, whey protein powder contains a WPN | evel of between about 12
ng/ g and about 15 ng/g. Wile the WPN |l evel s are classified herein
according to low, nmedium, and high-heat, it is to be understood that a
medi um heat whey protein powder having a WPN | evel closer to about 14.5

ng/ g thapaded tabeptaﬁoleﬁs&v&gmncrmemvw%g%@&n&g&ppﬁﬂaw QU Rkt &Rapfs TG
b present therein. [00030] In another enbodi nent, the selection of protein

nateriah&dggaggREEQHL%%%EQ%$¢%E%?g&ﬁb?hgg%ggﬁﬁﬁﬁmsource of casein sel ected

fromthe group consis mIlk protein concentrate,
mlk pr in isolate, and conbinations thereof. In ch enbodi nent, the
casei n JbEe has et edt GuCrined. apoipormAal teareorn el pain i
history. By minimzing the amount of heat applied to the protein materials,
t he TGF-dirsciedrio empidpd amplementast Brorter Bre sUPRIting daviccorfithin gcdgstugsr i ng

t he product manufacture. The TGF-b in whey materials is nore sensitive to
heat - ders&iragaasystm trhahich bgudiGedstEras Bntpricsent@issi orecanhaicrthblgs,icagh eableent s.
This is generally attributed to a protective effect that caseins exert over
t he bi oggatludiagGopRRNGNb rdvd)@ad row rép@denEDe dhiaBintisy sioRidNbyc aReimcaRrd Whey
protein sources are utilized in the nutritional product. [00032] Prior to
the presentod QYRR bR incRBfeUne ¥ Ho@kysSt {dentifide e 30w, MOPhLIRObS RAVE
seIecte? ra%/ﬂéterialgchavﬁngethe MPN3FeveI§n6$%ine%ﬂ%érg?g}l%hg person of
ordinary skil.l.in the art believed.that the heat .processing of. a |iLquid
e e ovighl it irterali S5 il b BB SRIGREF T e M aPunhE <.
Accordingly, there was no notivation to select a | ow or nmedium heat raw
mat er i a|tge phuraléryiqlirows wihind ?é@?bth,o%h%?mﬁﬁa wf%lgy HaRPTHEQNS 4T EISPTGER EN 2
actually preferred prior to the present invention due to the fact that
denat ur gtlitehtyodf tehls srorsiand wheseihighablempsterennttts partinen pescdnmany és the
provided a final product which had | ess foam ng than one with undenatured
pr ot ei nplurkh®y ofindbltererdaThe suothyd Sifogkplitdhg aaetitea intathiby paatient amig

i ngredi ents having WPN | evel s as clainmed herein and by adm ni stering the

cl ai med jREIQERSAbREy RS pa&ﬁfénef@fi@%ﬁﬂﬁg’%aéﬁ@:orpldaﬁ\{ﬁf&mm Aftthy bhiitieAn be
retained in the fihalh product. [00033] In an enbodi nent of the invention,

protein j edi . e gr=Y. "

P oat mont Ll TS (B PP e lop RRShaDR Splctohe FRTHA R D! B O5RbES ona
product to.for slurry..In s nmbhodi nents, the slurry.is first .

Dot our et A Rt Thf meRoraf et ol tirmimte by bt ub iR s splitbou
700C to about 75C for approximately 5 to 25 seconds. |In other enbodi nents,

t he pastiai® forapliBingthg paéitien Ratpdtasidtha doadingsoeschrafithe Hro apegie natonoel
approximately 10-20 seconds. In still other enbodinents, the pasteurization
may be dbageditied. afhecamtéopdndharriecloficsatpouying 2IR tabte sqyperofor fay ehfprision
seconds. [00034] This slurry is then honogeni zed. The honobgeni zation step
may be dadidattiesh attual RE&FHUWRhAS thbghwaRn akeuponddOwirdunesSpefatisqUEE | nch
(psi) and 3500 psi. In other enbodi ments, the pressure may Ee about 3000

psi . The,LRIPLLRdiRIes AR MYy RR M ARIHE taBRGnEReraRRH BhGQQﬁe Ohef AR

honogeni zati1 on step. The honbgéni zation step, 1 n an enbodi nent, my take
pl ace fqr._abput 5 to 20 .seconds. .l;n_a parti.cular_ enbodi nent. .the .
homgen w3 By el HARBEIET fai P dioB b B R IR P 50 melsd ih e,

tenperature inthe range of ab 55C to aboyt 65C for about 5 to 20
se ggnds _slf;{it raltio. T%e rnetgod urther gl%{udes send?ng a spoit request from ?he tlajl{)le master to the

table server, the split request indicating to split the partition based on the key information.
The method also includes splitting the partition at a location corresponding with the key
information to create the child partitions. The method further includes notifying the table

master of split completion. The method still further includes updating a partition map based



[ 00035] The honogeni zed ermul sion is then UHT-treated. I n an enbodi nent, the
UHT treatnent is conducted at a tenperature in the range of about 135C to
about 1508Q.2010M48398er enbodi ments, the UHT treatnent isPcoruseabacoar a
tenperature in the range of about 141 OC to about 145C. The UHT treat nment
may take place for about 1.5 to 15 seconds. In a particul ar enbodi nent, the
UHT treatnent is conducted at a tenperature in the range of about 141 OC to
about 145C for approximately 5 seconds. [00036] The process then invol ves a
rapi d copl ilgpasfifidh blifg tsBiif inkd @R chil® pRARMHE t thEBYrtRRNCAB &bring Rappings
tenperature of |ess than about 8C. The cooling step may occur in less than

about 3 ] Ut ] i , 0 . be
sept i oty i syt Sfa i abd' o BMETof BnERBNER sehyif BBl B
non-refrigerated dairy product having active levels of TG b therein.

[ 00038] BH"™WSal t ernate embodi ment of the method, the slurry may be
processed using hi gh-pressure processing technol ogy, under a conbination of
pressur d00At he r dAgeober epbrdimanionhe tnycativyen ey disatcd to epper AP e in
t he range of about of 600C to about 800C for about 1 to 3 mnutes. This

hi gh- pr essipuertocgssedia mairag @meir-ushign iirtruabomsgenipzddrmaing aewethod dott her
UHT treated, if needed, as discussed above. This highpressure alternate
enbodi MefdnaglngoWsstiubiréi tstoride0 Bpterd rophieSdntddo by €éi@ Br irhére Ti@htes, bedvhoabtd Vi ty.
The high-pressure treated material can al so be conbined with one or all of

the aboviqpifgessenitPoPRNAL Bady W%)]'rés%ﬁ‘tmgea REAUHGEy WBLELAR BGkli TOF D

and ot her t1ve conpounds. [0003 n a particular enbodi nent wn in

Fig. 1, one or re lo or nediumheat ingredients nmay be punped.through a
cr oss- 1 <90 Pt PRl TR O R SE8 PR b Bk R BBV AR eRATRY B Ve

i ngredients may conprise |iquid whey ingredients, or reconstituted_ whey
protein @%@ﬁ@ﬁi@@g{lg S yahly qtypagttions, Faghyparfitign ru%fﬁ R NS PTERVE HPBY i xed
w th other ingredients necessary for the nutritional product. The retentate
m xt ur e theplurklégn deohveavitipn dhe sadad valmdeinrthe plurality coft prrétonssarptsiased ah ke
product tank. The perneate fromthe cross-flow filtration step above may be
punped ggdadalityt &ff @uighscavead, ad whicosia-a tably hbdtér adntols sarsti@msssgitienaso shdd. 20

m cron spiral-wound nenbrane filter. The resulting perneate may then be

asept i cyihyligasrasbll BéQetshahbeihdd 8 3b R dtastieh paakaass tRSaBldiaR) |y to

render a shel'f stable product. [00040] In sonme enbodi nents, the inventive

e e
o oy R P BT S SACEh QB B LHTE M B

In sone enbodi nents, the nutritional product may be an infant fornula. As
used herdilqast Weepariations tp prcagR baspdam shodopd pdermatien. e enathpdnfurtheripplupes of
age. The term"infant fornula"” applies to a conposition in liquid or
powder edréating bynthertaledd niaster usmetadite rseecme desthamysrgabpatisoubsThe otethodalsohuman
mlk (breast mlk substitute) in neeting the normal nutritional

requir eﬂﬁﬂh&esocffﬂbﬁﬁiﬂglﬂﬁe atl 18as@ t € partaions EPROA e tonetthitde Rettvet §droinalthgroduct
may be a human mlk fortifier, neaning it is a conposition which is added

to human. g o t)thlﬁﬁﬂjse "THOmEROARGEcE RR AL ﬁésiénﬂfgé‘E%Y@é H61chasht MR firbdy As a

human m Ik fortifier, the inventive conposition y be in powder orliquid
orm  hAARHNEY o SORATH TRDL chBE ALY B ERYLF ) 18k oR! OFHERATRY £ 2
further includes loading and serving the merged partition at the selected table server.
[0022] A further embodiment of the present invention is directed to one or more
computer-storage media storing computer-usable instructions for performing a method for

managing a structured storage system represented by one or more tables, each table

including a plurality of rows, each row representing a data entity stored by the structured



"followup formula" as used herein refers to foods intended for use as a
liquid part of the weaning diet for the infant fromthe 6th nonth of life
on and f owoyouwngssohi | dren. As used herein, the term "yorag/uskédoas196z "young
chil dren” neans persons fromthe age of nore than 12 nonths up to the age
of three years. In yet another enbodinent, the inventive nutritional
product may be a children's nutritional conposition. The term"child" or
"“children" as used herein nmeans persons over the age of 3 years and prior
to adol eahERCEstehNarkt inklud ARYnBRE nRIORE S8 Identifyfhdl 1Y B8 tHE lﬁlr'él{t#z bf RAA
product may bé a growi ng-up mlk. The term "grow ng-up nl|E" refers to a
broad c ok:V: 1| K- fQrii.fii ] as a
part of S5 yLiE sfob atRElhy (¥ rbllofiS, A6 BRARER i MFREF SuleR i o Rl
devel opnent . of..children fromthe ages of to 6.years. .[00042] 1n,sone
rbod: bt S K gear BT dh Wi e i P IdTh e SHEREPRE ¢ he
term"acidified product” refers to a nutritional conposition which has a

fi ni shedleglity phiablenscprirnfand vehasein Hetably mAvCacandioly PHENY pisiegr@A @ tha han
0.85. In still another enbodinment, the nutritional product may be a nedi cal
f ood. Thduhbtymof'taddbaatrsf dbdinctlodde forrsplittmg agpaftitanh affthe tablesinfoort heasttved t o
be consunmed or adm nistered enterally under the supervision of a physician
and whi cinild patthioanded ifcdidet hRcling todd iafdtneaticd Yorﬁﬁ@@ﬂ@my’lbfgﬁm@iodé sedge or
condition for which distinctive nutritional requirenments, based on

recogni 246861 &Mfable! %r\@ié ”%Q'nﬁ‘éhocfﬁlg% g&é AR Tighedy Ry, nla‘%?{ectg%)le%%té{?ttﬂeon- In

|
general,” to be considered a nedica d, a product a mnimum
neet the fallow ng.criteria; the.product. nmust be food for aral or tube
Feedi ng PR a8 D orp i) BB MHghoThherdd: e R afimdidh ofF

specific medical disorder, disease or condition for which there are

di st i ncthayE! a?mf‘l‘ieé ereRidag @r?eﬁffgr;en%lmﬂ?w%h%amlomgﬂw Beethach %ﬁa@d to
be used under nedi cal supervision.[00043] The nutritional products of the
i nvent i onclpdgs dstaymiieg.rat thentable mysteari abplitsatia otsplit hetpartitioonwhersupibosplit The
conpositions may be nutritional supplenments or neal replacenents. In sone
enbodi maatis is tpeeiftadnissd bhdosdingynfoamatthin midstepra3ents a1 eang Nt antitdd i a
food or nutritional conposition. In this enbodi ment, the conpositions can

ei t her henitRb &gt peetbbitthe bhaitibA Acki@ies QST aridlink b i0aB3hd G RERAR for@isoPr | OF
to ingestion by the subject or can be adm nistered to the subject either

before . I i f ran it . i 1
composi £ e e HHAREL a3l And AP Lr g ShE R ATREHERAR sehlifie o
formula, breast nl a h n.m fortifjer, or .combi.nations thereof.
| 00044} HRESEEBALF FpeiE Bt blelohdhS Mgt R BRAPRI BIHERE The
skilled artisan wi |l recognize "nutritiqnalLﬁiconpleteﬁ to vary dependi ng
on a nuriBetctdl lpeationria the dragiifioig comsponing Wi thegsnlis ratigye Thel mpthedalso
condition, and dietary intake of the subject to whomthe termis being
appl i ed.in¢Indgyeleearmiining, foytthé tabrseitey, thokhpy Btf @’'matmeandentifjang theectwat locatiaonal
conposition of the present invention provides adequate anounts of al
car bohydhahe partitibpicdsespeasi@ptvied tHeadpliy ral €8l capiraticatthg B8 keptihfdtmaitnno
acids, conditionally essential amno acids, vitamns, mnerals, and energy
" equi 1 iR ind'AbEAerk QIR o818 ARR! CfhelRottd Rl hclddae cbRiAfifgseRtd al -
refers to any nutrient which cannot be synthesized by the body Ih anounts
sufficient, for. nornal owt h apd t i.nt ai-n heal-t h d whi.ch therefore
st be Btp s byt BR Py SR B RO TR BELER AN RENELD | o
to nutri.ents neans that the nutrient st be suppl]jied by the diet under
condi ti dﬂ&ugﬁe@ﬁn%éaﬁa weaisLieS Gy taﬂoﬁmbﬁi@f&a F%%@Lleéﬁ%é 4ad i‘ggﬁi‘é}ﬁ&\f"éit bl e
to the body for endogenous synthesis to occur.

table server, the child partitions from the partition. The method also includes ceasing to

serve the partition at the table server; and loading and serving the child partitions at the
table server. The method further includes sending a split completion notification from the

table server to the table master. The method still further includes updating a partition map



[ 00045] The conposition which is "nutritionally conplete” for the preterm
infant will, by definition, provide qualitatively and quantitatively
adequat e woroni@ss al | carbohydrates, |ipids, essenti alPCiratse§oomaciods,
proteins, essential am no acids, conditionally essential am no acids,
vitamns, mnerals, and energy required for growmh of the preterminfant.
The conposition which is "nutritionally conplete" for the terminfant wll,
by definition, provide qualitatively and quantitatively adequate anmounts of
al | car hpbydoat @8, Ilaa{rﬁ@w%ei@s gsntindd thatchid fkGifonsPHIRL ShSion €8E Nidrg am no

acids, conditionally essential am no acids, vitamns, mnerals, and energy

require Eoqr 0, .er - : i Lol -

mtr £ g e DN OF o A8t ol Fig HRUEBAD, dr le BT, efing the
qualitativehﬁlﬁnd quantitatively adequat e anounts of all carbohydrates,

i pi ds, PRWEERTRYHINEy acids, proteins, essential anino acids,
conditionally essential am no acids, vitamns, mnerals, and energy

requi redOBH gr owthhaving Drichly| descubehen prervise it embedimants pelo di trrésentan
infant forrmula or human m |k supplenment, it may be a product for a

ful | -t erinvintibantn aeppbtrgraperatingn¢nvimnient bi mtthehnveimpbdinantsanf tha present
very-lowbirth- weight infant, or an extrenely low birth weight infant. As

used herigidntioh gyt 18 iMplEtdté @ Isrdeséredcdrbeldve in@asiodproliat ardeser@DEdhtéd: tfer
about 37 weeks of gestation through 42 weeks gestation but less than 1

mont - Ofy.3g6s dfteis! @ e Sl LRfeMibR a0l inltAIgNb IS 1SR HaliRhih Nt of er's
to an infant Iess than t ve nonths of age.” As used herein, the terns
"preternt orla"pretrg{.m i nf'{?‘?{‘ N n't ECliUde irtlif antsb Eorr}lﬁor%ﬁ{ to a{){)ut t:13»7 weeks
of gest at'FBR-AASPYUERYE RAYEIRCNt FE TRITHR 0% BIOPEH WL Ght™ REFSc™Y BWFBTF h

wei ght infant" are those infapnts are those weighing fromabout 3.3 to about
5.5 pourl%léhoé’i’n B‘il‘{ &‘F?.lgnaﬂ?ér%@?@ B FORP WG FRY G Bt Om%}%télgt‘%&cé I\Q/Qilﬁiﬂltrﬁg

| ess than about 3.3 to about 2.2 pounds at birth. "Extrenely [ow birth

wei ght " ase exariple vélay suitkichromputigg ghitironnfeaherd iamet tifordedwioi stigas dnyss
than 2.2 pounds at birth. [00047] In certain enbodi ments, the nutritional
product Ifmoitatied sl ® theesdopt lddisofort faactionabtyt oO themayeldorad Neithst eitomtt the
enterally or parenterally. As used herein, "enteral"” means through or

wi thin tdgmmaaas devits €60 bBahterppétedhg8F¥ihY Gny UERGHen ¢ reQiit@Rd! relating to

adm ni stration™ includes oral feeding, intragastric¢ feeding, transpylohc

adninisgﬁlQ;ggrF@%bﬁgxnghﬂ%hﬁ%n&#%ﬁgﬁ%ﬁg@ into the digestive tract. The

term "parentera nmeans take e body or adm nistered in a manner

ot her t hrough_t he digestive tract,, such as by intrayenous, or

Cht a8 oy ot B e ot i Ehte G R cotit BSRRPST Cpde o
fat in the conposition may vary from about 4 to about 7 g/ 100 kcal. In

anot her TBsRbgWrReRRlc IRshaICHeRSY HIClWhng gemprigr-GeeeytablegRstasHORS Sichpsapegirme g/ 1
00 kcal. In a further enbodinment, the amount of fat may vary from about 5.3
t o aboutm&dubesgbdif@ ckeaited hyna yempairoohethcembddngyench at hecmomal niatagfssibant may
vary from about 5.4 to about 5.9 g/100 kcal. In still another enbodi nent,

t he anowitot@ér haiddheRy dvdcy, fGamwraBoWrosralm hddakeuhcladidgdfiolitifés, keagrams,
Suitable lipid sources for practicing the present invention nay be any

known oropised dompbR&it@r data isBed il NG DY S cb&éﬁtﬁa@%e}ﬁmﬂﬁmlarsﬁkﬁscﬁs’
e.g., mlk fat, butter, butter fat, egg yolk liIpid; marine sources, such as
fish oil.s, ;marine_oils,.single cell ofhls; vegetabl e and.plant ail.s, such as
corn of il Bl uh k0B oo LS inURRG P B Bed™ e ST

hi gh ol ei c sunfl ower. oil, evening prinrose oil, rapeseed oil, o]live oil,

f1 axseedYpEMOBEFYTaEPRSs, incdyd s beRhhe devigegy RoRTIEIE e@afrfbmawn%fﬁl-pmaaﬁ%
stearin, palmkernel oil, wheat germoil; nediumchain triglyceride oils
and enulompntersmgore spegiatyofonpatting dewices :cteanbhamycrimnaaeisohs pravéicedin

distributed computing environments where tasks are performed by remote-processing

devices that are linked through a communications network.



[ 00049] In an enbodi nent of the invention, the anbunt of protein in the
conposition may vary fromabout 1 to about 5 g/1 00 kcal. In another
enbodi merwg 20tven48smunt of protein may be from about 1.8 PoTAISee/021952 g/ 100
kcal . I n another enbodi nent, the anmount of protein may be from about 2.0 to
about 2.2 g/100 kcal. In one enbodi nent, the anount of protein may be about
2.1 g/ 100 kcal. Bovine mlk protein sources useful in practicing the
present invention include, but are not limted to, ml|k protein powders,

m |k prqpers) concewtthabRSenchtbkrIRy ot @bmphiRg Abeide 100MThaLdE b Kugalipdat
nonfat m |k, nonfat dry m |k, whey protein, whey protein isolates, whey
protein g . i , i i i ei nate
e g ooy oh it SRR, B0RIG AL S-WEY: mERDR! T1g 3Rk BREEH R B0
any conbj nati ons thereof. )0050] I n an odi nent of the ipvention, the
prot oi nl Ar @181 O it PISSenHIRR PRGNS 10 nnBUMP B by Pl pbut
proteins are provided as a conbi nation of both intact proteins and

parti al |SpUppHess |} 2@dangr at Blugisativg Raves sypRfy de2ofBusy Hrbropegsents fwhse nwadie about
4% and 10% In yet another enbodi ment, the protein source may be

suppl enmsmeed it fbugdes t(suvhrs-ancattdadsnibng qagpbusies conbmbd] thHeneod). pAtthowahl ar
enbodi nent of the invention, the whey:casein ratio is simlar to that found

i n humanhénedsts Bidcks of 'FI@N lerkodhdintwitht N@ePrart flensake USTCEa6QRA 88y  rom
about 40% to about 70% whey protein. In another enbodi nent, the protein

source TRy GRAR:PBul EAPARANL s 360 Q1RO BOMIAREINShe IcORBuRIRBRI Nt

|
the protein source may conprise from about 40%to about %0@6mhey protein

and fron1aboyi §096to %ﬁput 62&60aseins.(§00052éﬁghe anouqa.of carbohydrate
in the CSHPESTYX Pos B Iy ERE FEH MRy O"S Ha%fORHB A RERT UL SRR Gbout
8 to about, 12 g/.100 kcal . I n another enbodi t, the anount of carbghydrate
may var YUER dindadisrley f9Vise ¢ bg pngl/@rempogent. Wsa, PEOCETSELH RavedReBeyme M t he
amount of carbohydrate may be about 10.6 g/1 00 kcal. Carbohydrate sources
may be ansogarrevihatonchuisdbic natuterod thar art, aad geiterate drap e, diggramtod $¢G. isuveosl, corn
syrup, corn syrup solids, maltodextrins, sucrose, starch, rice syrup

sol i ds, itlugtextist @f ah,cxompiafy esnpwing divédecthat capdbe used ih @phmezdios twathcéne oi ce
flour, soy flour, and conbinations thereof. [00053] In a particular

enbodi mMaRbre EMBodiAeRRNYMIRL @r&OPRAREAHoNMRYDRENGRAPTS 86 nfRille 1RO IAGEASe. I Nn
yet anot her enbodi nent, the carbohydrate conponent conprises between about

0% and QQ?%E@&I AR €y t@@@ﬂhefsaﬁgggo'ﬁ%@%j’ & d%[of%%éat Qt&%?(;gxlﬂe'él}e

conpri ses ween abou Yo an % | se. I'n yet another & ment, the
car bohydr at e conponent , conpri bet ween 20% and 30% | actose. In these
enbodi MeROETHE PARR SPSSRFIG- oi BRI & B MEYEEEEF ovi ded by one or
nore of those known in the art including, but not limted to those

pr evi oudP92€)i sc| oSermpsingudevaes 409 dyplﬁ%lg/cmc&dﬁg & Merigly eof e¢pmputer-readable

i nvention.[00054] The nutritional conposition of the present invention may
opt i onalrhgdia.ncCamputereadablerorediantarnt be ahypl dveulillg médiathat scanrbedegcessad i byes
thereof, including, but not limted to, biotin, biotin trituration, vitamn
Bi (e. g.conipatiagidavict NMioardnad pyrdeh6sthhaslgtile tahid atonRolay b @edila 0 Fdnilemablehiraim n
tri phosphate, thiamn nononitrate), vitamn B (e.g., riboflavin, flavin
mononucleatideyatit dYddm, aBen e oA Lo e Hddtot 1lrRedh! @efﬂlﬁutepfégame/ hfddjzs 0di um
ri boflavin, hboflavin-5'-phosphate), vitamn B3 (e.g., hiacin, nicotinic
aci d. i cof L am de. Bl acLAam. eyl cold-nam g adenlinecdhauel Gokl d8icq

ni cot i nani-de MORoNUCeot i de e Al cot i am de. adem ne drnu%WB%i. g ﬁﬁosphate,
pyri di ne- 3- carboxyli ¢ acid, vitamn B3 precursor tryptophan), folic acid
(e.g., fiplafss bofioyoleils anghpapypiat TN ,Onplfeg}089€‘ﬁ6$f‘&ga {a%pé?ﬁl%m%}nd,

any method or technology for storage of information such as computer-readable
instructions, data structures, program modules or other data. Computer storage media
includes, but is not limited to, RAM, ROM, EEPROM, flash memory or other memory

technology, CD-ROM, digital versatile disks (DVD) or other optical disk storage, magnetic



pt er oyl pol ygl ut amat es), pantothenic acid (e.g., pantothenate, panthenol,
cal ci um pantot henate), vitamn B6 (e.g., pyridoxine hydrochloride,

pyri doxi € 2p1wa4seki ne-5' - phosphate, pyridoxal, pyhdoxaCTAISploospivat e,
pyri doxam ne, pyridoxam ne-5'-phosphate, pyridoxine glucoside), vitamn B
2 (e.g., cobalam n, nethylcobal am n, deoxyadenosyl cobal am n,
cyanocobal am n, hydroxycobal am n, adenosyl cobal am n, 5'-
deoxyadenosyl cobal am n), vitamn C (e.g., ascorbic acid, dehydroascorbic
aci d, LaggRih GnanbGe tapRditdPhdicafiSosBR orCh&G! iR etid SFRERAI&iccBSGOERY |
palmtate), vitamn A (e.g., retinol, retinal, retinoic acid, vitamn A

Pl 1 X R AR Y od R PBITLA By SHANLRY B LRLE RSP

reti nyl esters, reti no caro , a-car ot ene,
vitam n D3, calciferol, cholecalciferol, dihydroxyvitamn D, 1, 25-
di hydr oot atecseieo] 00 7 CRRRRiGERD s AT ca sy SRRt es: SOmmisr TeaiblS ne

(e.g., choline chloride, choline bitartrate, |ysophosphatidyl choline),

vi t am n igstpustigns, dgfatsgretares, prestaat modyles anetherrdaty bopRedylated dataatignal such
a-tocopherol, a-tocopherol acetate, a-tocopherol succinate, a-tocopherol

ni cot i natseg carricoocopleesobthes trengportRRRelmnisot epthendhdesRRR- axfomcaipnedadivery
acetate, RRR-a-tocopherol succinate, dL-a-tocopheryl acetate,

dL- a- t ogagher Yihestigmi fiaddulated-datat igpphendhs adbipialt@SORNCHN oRGRIratd, its

dL- a-t ocopherol succinate, g -tocopherol), vitamn K (e.g., vitamn K

phyt onadinieeri¥idsatt Br Komo¥d HAHIR < RaniBRR4) ARG TRIBAMIAPREhe signal. B
menaqui none- 7, nenaqU|non§-4, menaqui none- 8, nenaqui none- 8H, neﬁ%qU|Rbne-9,
e MEEo By TR e it Bon TEARAHARRR e nTRRREYAAR ek s o

2', 3" -di hydrophyl | oqui none), carnitine, L-carnitine, inositol,  taurine, and
any conb¥ Iilf‘éwgﬂ&%#lréatrww[:@e@ww%énﬁ%M@I‘Ffw Bidie suehfoaceptisn REF nfigged
present invention may optionally include one or nore of the follow ng

m ner al sindothe witehass vedia, Hearplphatiang oif ady agtheshovenshould alia eadintlydedbwitbm,
calcium cal cium acetate, calciumaspartate, calcium carbonate, cal cium
chl or i dehe sape oficomapiteateadabtamediam ci trate mal ate, cal ci um D-saccharate,
cal cium gl uconate, cal ciungluconate nonohydrate, cal cium glycerol

phosphat|gg2mal ci unb@stat © incRUE HMRNGSPRBEE melRI if TR VARl Cand@ Ci um
sul fate, chloride, chrom um chrom um chlorirde, chrom um picolinate,

trival enf,,¢GQm Mo GOPREL gt Sha b GRMBL fyle Cﬁbglg%rﬁoédlﬂlef A& %c{dél!ﬁﬂéﬁoqle’

i odi de, 1odine, calcrrumio ous i odi d€, assium od , potassi um

iodide, jron, iron trituratian,. elenental,.jron, ferrous sulfate.. .
hept ahy dRGIFS sl Nerdhgne dPideey BORp Rolid Pt guamep ol Ak e foatipgtise
glycine sulfonate, ferrous iron, ferrous fumarate, ferric orthophosphat e,
pol ysacchiBesdici Cempusiag msxican00naghvdes ons ehpsh arasessergiias ruh daadfie de,
magnesi um oxi de, magnesi um phosphate, magnesi um stearate, nmagnesi um
sul f at e,vananganegss, supinas avesey ddetatld) compgeemes é2¢ h[Pogscaeliomaoyporesys)
sul fate nonohydrate, nol ybdenum sodi um nol ybdate, anyhydrous nol ybdenum
phosphorug, prgehadsi itlicapohamsi uder a€ 6ihat Bevif0t B hpliRyiréRADEBA LEMpHRINBSSi UM
chl oride, potassiumcitrate, potassium hydroxide, potassium phosphate,
sel eni u | (% i i 3 &Hﬁﬁ% | fur, sodium
sodiun1g%?%%%ﬁgﬁbg%g?ﬁﬁggk%%gﬁé#&gg Fﬂﬁ@?ﬁ?ﬁﬁ?#g%ﬂgodiun?@ﬁﬁ?ate, i norgani c
sul f at e, 4g4iC, Zi | ycqnat zi nc_oxide, . zi syl f.ate,zinc,sul fate
nnnohydﬂgﬁgg and §ﬁ§%€§%§ﬂ§§/Pgﬁ?“HW@PéégYwﬁdﬁﬁﬁP#FHP%&“@&%%%?%#%’&Lﬂ'
derivatiyes of mneral conpounds jnclude salts, alkaline.salts :
pol ysac clisterdaclidisg HQ cuiremens al i REIaPE Whighy n&a{eL%t LR ahipsitiet al
conpound. [00056] In sone enbodi nents of the invention, the supplenental
cal ci umosswosents inglhde gumidrephonal jayshpo sgameo nadosawllicedisbabeinoen grinksnat e
alone or in conbination with a

wireless device, networking device, etc.
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cal cium source selected fromthe group consisting of calciumlactate,
calciumsulfate, calciumchloride, calciumcitrate, calcium phosphate,

cal ci um Dveaochas®se, cal ci um aspartate, cal ci um propi oRaETAIS2@90861972

conbi nations thereof. In a particular enbodi nent of the invention, the sole
suppl emental cal cium source in the nutritional conposition conprises

cal cium gl uconate. [00057] In a separate enbodi nent, the conposition of the
invention may conprise a children's nutritional conposition provided as a
gr owi ng-g§izhdvkl DR oAVeNt i on may have a standard serving size of 200 m,
provi ding Tromabout 60 to 75 kcal/100 m of energy, with a reconmended

i nt ake to tihr i . S di t nount s
and t ypat " or ot diaCorpfsk AHEeRBEaEH o WSRO fF oo a2
conprise fromabout 2.5 to 3.75 g/100. kcal ith r bohydrat e proyj ding

£ om abgntPiererisd b S et b coetzinssnngt o1 isils TBoMDY So Ay HRBn baus 2. 2
to about 4.4 g/100 kcal. Carbohydrate sources may be any known or used in
the art d€Bicsud perbpe of afabhei20G i dsaandapcsipivl pr pEReIIMCALPILAE REFSBRItINYRIEION] i t ed
to those disclosed herein. In an enbodi ment, sources of carbohydrate for
use i n tkeehgoww tig-talge 2D0.suntays thacowd@d?, deptesantea dath ehiityi anddontains a set of

to, mal todextrins, fructose, |actose, prebiotics, resistant starch, starch,

and any gopdhiisatihadsatchestiied ihn iceBPeaiumR}! incleiss: thBaoddfesotoxresgy per
serving of the growing-up mlk may be contributed from sugars sel ected from

the groupCans|t i(ﬁﬁli g%]lh?é’"ﬁ'f eB1uRHEas 0 QJeUI%‘PtS&}lngtybfo‘?V\ﬂm HE&tion CAdN caMEMP

corn syrup solids, ruct ose corn syrup, I't syrup, maple syrup,

liquid fructo§e,AnDIa§[}s;;est hoqfﬁ? ?qqéqrousadgxtrpsqi ﬁnd any. coqgﬁn tions
t her eof P{1JB058]™ WHER VIPEM MR 1% "Brigseht f A e Y§Fow iy PEp W K™ 1 may
be present in a range of about 1 to about 150 neg/serving. |n another
enbodi rréwl,tlp@i typGs Y??W RADPIBE SRS EWMENG/OF GASH it KIdHA PP RFGYFIPORPEBBUROSE t o
about 65 neg/serving. Any source of vitamn A known in the art to have

nut riti osediongdesThe tableuticHgan have adixetl isphaneaiwheret dyveeropy &vibeusbly hds el osed
for practicing the invention, nmay be suitable for use in the present
conposi tsaok.properiass veittb dadi sampsttypS ool @@shadt nvistlemaicrfodcod whse dviarst toev can

growi ng-up mlk may include preforned sources of vitamn A such as retinyl

acet at e, hak€hidif¥dreRabM R RortidseindMPhes affleANy combi nations thereof. [00059]
When Vitamn Cis present in the growing-up mlk, it may be present in the

SO O T LTS B B e e
" L1 Bhiih S DRSS VLIS Paal. yRgs: nclich g, Bt gl e L bose

in the present conposition. In an enbodi nent, sources of vitamn C for use
in the grevidediousamank apeiyioygietablessionis sngd paiceicsdo dindr sot akteblepaios’s, el ci um
L-ascorbate, ascorbyl palmtate, and any conbi nations thereof. [00060] When
t hi am n firepgriesstbaitmatph theespgribed sigalgpenyi | k, it nmay be present in the range
of about 0.01 to about 0.5 ng/serving. |In another enbodi nent, thiamn may
be presamndrtitidninge range of 0.05 to about 0.15 ng/serving. In yet another
enbodi nent, thiamn may be in the range of 0.08 to 0.10 ng/serving. Any
source Ghodf)i am n FEAahbCiodiliich? didfioRU o irbhOnAl WkRewpARMA 6. but
not limted to those previously disclosed for practicing the Tnvéntion, may
be suitaple for einth resent _co sition..ln an emhodijrent ouf ces
of ¢ht arnkt - st phafigRERRRR0 B PRRL R e g R B Bl e

t hi am n nononi trate and C inations thereof. .
to the dltffrerent parts oal‘n %1/ tagl%p "lao acl?leve this scalability for structured storage,

embodiments employ partitioning to spread the tables and rows out over the servers.
Partitioning groups/breaks the rows in a table into partitions, and then the partitions can be

assigned to and served (provide read and write access to) from different servers.
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[ 00061] When riboflavin is present in the growng-up mlk, it my be
present in the range of about 0.01 to about 0.5 ng/serving. In another
enbodi nerwQ 2niogasisavi n may be present in the range of 0PO%/USeod6LYT2 0. 15
ng/ serving. In yet another enbodinent, riboflavin may be in the range of
0.08 to 0.1 0 ng/serving. Any source of riboflavin known in the art to have
nutritional uses, including, but not limted to those previously

di scl osedfor practicing the invention, may be suitable for use in the

present [9@3MOSi ti ofy mhike AR tAIOQM AP the RPN HaSSnOfo MhROkdyBYhA afOfalldgend N the
growi ng-up mlk include free riboflavin, sodiumriboflavin,

ribofl avjn- 5. e Ay C i k f 0, eshvid am n
6 s gt AR Sop BUDANORTR 8} iRlRer, PR Erep S bt
about 0. o.ahout 0.5 serving. . anat her enbodi nent, vitam n B6. may
e pr esdil: PritERecaiva O o b8 5 DS tnE PHEREE KT TS oo i nohor
enbodi nent, the level of vitamin B6 may be in the range of 0.08 to 0.1 0
ng/ ser vithge Bnyncseuthae o PRIEEIANNKB6 MKPRAKY/Gofuramefoara  giverhdydenthani theonal
uses, including, but not limted to those previously disclosed for

pract i ciprgpdrhes/dohuemnt canbinedjogdethes Giortrablcenpositeusatiiion kéye f@rtbstetable. The
conposition. In an enbodi nent, sources of vitamn B6 for use in the

gr owi ng-vapuenafl the paneitival &P Yor Lave Reusby & Q&hﬁ?/ftihé Partitpde xihichr e chfiggbhat e
and any conbi nations thereof. [00063] Wen folate is present in the

gr owm ”Q'Héibn%‘s.! Khe irbwIWthRR: REAS ?Ekttitibﬁ‘ kre?rgfafu@régeesé?gl bl %ro%g A8Q6 R Wag- 1N
anot her enbodi nent, the fofate ont ent y be 10 to 407 ne ?serV|ng. In yet
anot her %gﬂﬁ%inent, the folate content nay be within the range of 20 to 35
neg/serJ?ng. Any source of folate known in the art to have nutritional
uses, including, but not limted to those previously disclosed. for

pract i cilAB33he i nBAEAIGAN torpgrtiHen keysy saghdopdpay iy eizara taanyiyadgiftonal row
conposition. In an enbodi nent, the source of folate for use in the

gr owi ng-kep prppokti¢scotusnise B iibtanco00Baiingeamn (o thamdbie 20¢ ef Prasetite scponidhe
growing-up mlk, it may be present in the range of 0.1 to about 2

meg/ ser wohgnn 206 yfethe sabdd 20 inelnbexdh roenkqy foheachi rbaranntyD Tlanberniktcyatpresats
growing-up mlk may be 0.5 to 1 neg/serving. Any source of vitam n D known
in the apt uhiQudayef Methivt wRRialthds@atiod. "TheisiriBon R&Y coMindd With ek Lo kdose
previously disclosed for practicing the present invention, nmay be suitable

o1 U5 AL, LSRRI STMGRLLAB,) PRt RTRl TPl 60U £ okl (g 1 ©
ony, cortlal et et ol 000021 Mhen £l LU | 5,0 FoR 40 the, 9ru 1o up

nmg/ serving. In another enbodinent, the level of total calciumin the

gr owi ng-then thiePRrtiviey kee ithe primesy key andehap imyaqedly idsstity aegh cptéty s the table.

ng/ serving. Any source of calciumknown in the art to have nutritional
uses, i nklthalighghe dascriptem hdlow tesdutses ¢rhiosbmpnts vi diwshyendios ¢h asmd of asingle
practicing the present invention, nay be suitable for use in the present
conposi tgagtition] IRGAMA]sinherdw ko)) theSsapicoy iagpliablk Wi @M Nghrtiforaddier dotv May
be present in the range of 0.1 to 2.2 nyg/serving. |In another enbodi nent,
iron maybe.Rresent in the range of 0.5 to 1.8 ng/serving. In yet another
enbodi nent, the level of iron provided in the growi ng-upm |k nay be in the

range of to 1. [serving. Any, source of iron wn i.n the art.to have
et ses TheTRERRRESH: S Rie P Balihe Pt MI bR A o ec

for practicjng the present invention, nmay he suitable for use in the
present Ynpades ivHreasAGPYe ﬁ%mpﬁ%@ﬁfﬂ? t%%mle%% HBP?FIP%TH“T mtﬁlastee PA{IRB.

growing-up mlk include ferrous sulfate, ferrous fumarate, and any
conbi natThenkregkiag aof of RDBOSPS baveh oni the peBitignokdydeddug i therregt wherginugs mi | k,
it may be present in the range of

partitioning the table. This groups/breaks the table’s rows into partitions. A partition is the

set of rows with the same partition key value, so all of the rows with the same partition key

will always be stored into the same partition. Therefore, two rows with the same partition
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0.2 to 1.5 ng/serving. In another enbodi nent, zinc may be present in the
range of 0.5 to 1.0 ng/serving. Any source of zinc known in the art to have
nut riti oD 20888595Ncl udi ng, but not limted to those previusa®opedirscl osed
for practicing the present invention, may be suitable for use in the
present conposition. In an enbodiment, zinc is provided as zinc sulfate.

[ 00068] When iodine is present in the growng-up mlk, it may be present in
the range of 0.2 to 4 1 neg/serving. In another enbodi nent, iodine nay be
present |ich ValiR #r@N0fcQhms phRitiba, AROArS QbVifE acdBY wiPpdriBof Agdiislkngwn in

the art to have nutritional uses, including, but not limted to those
previ ous) y di f >t 1 Cl pr.e ! |.O it abl e
for useEpﬁmtﬁg&%g@ggﬁt8%0%%%@**1gﬂ%a#%SEHEé%%%@?%gﬁgngbﬂwgg§y6$g?gﬂ?he for

use with.the grow.ng-u 11 k include sodiumiodi de, .potassiumiqdide and
ony ContliHEETOR UL KB AR LED SDAS S PR Bichdle SisoRITHER nARIELrh Titiekey

i nventive conposition is a growng-up mlk fornulated for children between
t he agesvabics 1appgare comiguaus i ttheringgitipadkes mamaspacerayBleweand @8 exampiamithng
anounts and ranges based on a per-serving basis. In an enbodi nent, one

ser vi ng roferdnve tgthoviatrlg 200 ofiFI&. Jrdyurgeintitéing afe diustadseditindeding e faktqattits® of
the Estinmated Average Requirenent (EAR) for children between the ages of 1
and 6 yga110ra debend pdriiou (B DL b @iidSpariib@(PN2 &), Mid @fdurthKparfifiGic (P,
pant ot henic acid, vitamn Bi 2, biotin, choline, potassium magnesium

phospho rﬂl%?] A Goldein EIRPPLsomS aﬁmdﬁminéflh&gﬁfd-v%eof 2 @glg?en%{arﬁﬁ kBALLRBS

t her eof . an enbodi nent, one serving of the grow ng-up m mely contain

from abaut., 20% t o out. 30% of th R Faor children between the a of
and 6y eupie ol BaBRR) itk ot of mRt Horfle OEMR: oAF BiRF S
pantothenic acid, vitamn Bi 2, biotin, c¢holine, pofassium_magnesium
phosphorfagn?ercm o P decludes gHapws davigiapartinen, ey yue aﬁﬁ a %‘7286%6{1?[155?5&1#3

t hereof . Any known sources of these nutrients having nutritional uses,

i ncl udi mgws havinggtpartitiant ke vabiet dfcls eAslexanpleee thedasicn Rea3lbeackides alblavs or
use in the conposition. [00070] The conposition of the invention may

opt i onalHayinganpatitiorokéevalseiBsd, anceand AL 1 fayclidogallaohs malingiagpartfidrekdy on
t he host such as | actoferhn, nucl eotides, nucl eosides,imunogl obulins, CWP
equi val ephg dfeydridi ne 5' - nonophosphate, free acid), UWP equival ents
(uridine 5 -nmonophosphate, disodiumsalt), AMP equival ents (adenosine 5'-

nonopho e, fre i . I S b ' : e,

i sodi urPUes ,* argt Bl of M BB MARE phEHEIRT R CRITATIERIAE |
i nvention, the nutritignal ,conposit.ion contai n one or . _probiotics.
The t er REAISESERSOER e HRERY BESHRTRY b SPGALIRnS RAY SRRATHE BoPETCraeEfTect o
on the health of the host. Any probiotic known in the art nay be acceptable
in this SeHsedPasehuppR R awgsy patieen svbyafiisendedy ahdegdatesand: (2) rows in the
particul ar enbodi nent, the probiotic may be sel ected from Lactobacill us
speci es,sainagqrgbai dré geouphd topethes aGcdisel doina dteeramertlsp eeivers which allows

Bi fi dobacterium | ongum and Bifidobacteriumanimalis subsp. /actfs BB-12.
[00072] fbf nidre!cfifieiehti quck{itg CoapQSird eathingh@haimobp&htidh@ peopbd Ghittan ray
vary from about 104 to about 1010 colony form ng units (cfu) per kg body

vei ght ey - Sdaﬁni%%%@ﬁé B%*ﬁeﬁ’ HOBRER nfd?€ AR GineE, dt igosPrAR) BlobCrdfy vary
fromabout 106 to about 109 cfu per kg body wei ght per day. I'n yet another

enbodi ment,.. the ampunt qof the probiotic .may be at | east ut 106.cfu per
kg body v\vAfélliné :t}l%e %aé’trltlodlar)lle_ea to b sca%necE sttt ¢t il Beceded Hom & smgleata ¢ server for the

partition, instead of potentially having to traverse over the whole table if not specifying the
partition key when querying.

High Level Architecture

[0036] In accordance with embodiments of the present invention, a set of servers,

referred to herein as “table servers,” store and provide access to the structured storage
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[ 00073] In an enbodi nent, the probiotic(s) may be viable or non-viable. As
used herein, the term"viable", refers to live mcroorganisns. The term
"non- vi abWe20wo483%6n vi abl e probiotic" nmeans non-|i vi ngPprals2@wioc1972

m croorgani sns, their cellular conponents and netabolites thereof. Such
non-vi abl e probiotics may have been heat-killed or otherw se inactivated
but retain the ability to favorably influence the health of the host. The
probi otics useful in the present invention may be naturally-occurring,

synt het iGsefn. dRUGHERAL, tahdPUPRABR, SaB8E] fo RBRIPA ahblem&kerOP gﬁeﬂﬂagme
whet her Such new sourcé is now known or |ater devel oped. [00074] n anot her

enbodi IR [: Oy bLi: it one or
nor e prgaﬁgg%gég'?hgmgg%%gﬂppgﬁggg?@&hgggﬁggﬁ&ﬁgggﬁﬁ&%g ers ?%&? Fgéstible
food ingredients ich exert | th benefits upon the host.. Such heal th
bene i ¢ J00SY T et i ETisg ok e Bk 14 Wototroesm BaretteudoSHingdeb et t ne
growm h and/or activity of one or a limted nunber of beneficial gut

bact eri architerivig oft 4 Hrtcst 30t acoienceayith ap cabedipony obthe iprryeritisveniiesbiliot i ¢

m croor gani sns, selective reduction in gut pathogens, and favorable

i nfl uenchodd bgumndsistwot] tiedtdlhin ahddthgr aicargepreofsidescribdd pepebicstt fortkmalynas n t he
art will be acceptable in this enbodi nent provided it achieves the desired
resul t. cRumplepr €ithet drfehobRyntdand atdicatd Qe CMadHingG, insothicbgtfigetions, stemel oped

t hrough the genetic mani pul ati on of organi sns and/or plants, whether such

new sour j . ; . ot i e..pr esent
4nfl r%éuﬁ?ﬁg’gl SONR RS, deYehPBE séd%eardldltﬁ'he[@ ho?ruﬁsgéddmndgﬁe Os'thﬁ\‘év?, arfyf

i nventi on y I ntcl ude ol i gosacchari des, polysaccharides, a

prebiotics that contain fructose, xyl sqoya | agt s | uco and
mannose. Ontr e EE e o or UG PGhe i o E0inest Ry P B2SHREEL AP PROTRRE, ey
include la tuLos?, Lac“gsucro;g, raffingse,.gluco-%gi osaccharide, inulin,
pol ydextdd&Ectigpl paules (5alemiy éPPbﬁﬁpﬁ @6ﬁ8¥ﬁﬁ%gh Htgd components or in

gal act o-ol i gosacchari de syrup, fructo-oligosacchahde, ' '

i sonal t copjungidenwihathed eompoydndaandin gosadiehlgrdoddenation enddeserios e Various

xyl o- ol i gosacchai rde, chito-oligosacchahde, mannool i gosacchari de,

ar i bi no-fohétpas dewwhidied Haeinsisdkingl peofotrgas b ofaddeorcfcud e gbs eanbabaeyy and
genti o-ol i gosaccharides. [00075] In an enbodi nent, the total anmount of

pr ebi ot iasdwdre SRiwdre, dndfr Rekvhilel FoRlinseATPARLbLOANGEYsRRay bOBABPHEt by O 9/ L
to about 10.0 g/L of the conposition. In another enbodi nent, the total

anount qof L Ot LGS: pr: - . i.fjonal conposition may be from
about 2%0pr§§{spdgn %a 0 tlgsgﬁlg{lg}sﬁt&gpgyﬂg%% josition. In yet another
enbodi the tofal amgunt of prebiotics present i he nutri.tiopal
compos! AIIFImy beb ABREPUE GOGPLRGE ERiepds DRGH JPOESISRLY il a
gal act o-ol i gosaccharide is used as a grebiotic, t he ampunt of )
gal act odhblgdastes RE2.i taleisprvernedOtug 06, 08I0, eedrp dabile Flignt ddyr, Eaeh migy reside
enbodi nent, be within the range of fromabout 1.0 g/L to about 4.0 g/L. In
anot her amrnydypeoi contfutingdount, soth gadmiuwiokidguisad@hdescdbed with heferente fot i onal
conposition may be about 2.0 g/L. In yet another enbodi nent, the anount of
gal act o-[aG. gofaeehiaple daht Bombendhts ¢fl the Oykadm G ONMRASi col@iunidye Weh abeiibthér. O
g/L. If polydextrose is used as a prebiotic, the amount of polydextrose in
the nut rj;f IaOI[I@JVOH(? RS Wa9NintRYe, WRhAR lﬁﬁ@ﬁ@nﬁ%ﬁ@ or Mo bl Nt hRetvRimge Of
fromabout 1.0 g/L to about 4.0 g/L. In another enbodi nent, the anpunt of
pol ydext in.the.nutritional ition be _about,, 2. [L. 1.n a
a1 oul kA o BUPETE bk PaBB P ARG EC Py B FER u Bt o 4
supplenmented into the nutritional conposition in a total] ampunt of about
4.0 gl L Smeke {4eManBbdPHe fe FRETs Bt SBgle gall gt g %‘éi’&é%gﬁ@dé’ HHy be
about 2.0 g/L and the anount of pol ydextrose nay be about 2.0 g/L.

number of table masters, table servers, and table clients may be employed within the system

300 within the scope of embodiments of the present invention.
[0039] The table master 302 is responsible for: (1) assigning partitions to table

servers 304, 306, 308, 310; (2) quickly determining when a partition is not served due to a
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[00077] If gal acto-oligosaccharide is used as a prebiotic, the anount of

gal act ool i gosaccharide in the nutritional conposition may, in an

enbodi merwg 2b®/d4839m about 0.1 ngy/ 100 Kcal to about 1.0 mgrAGRoE®eis72 | n

anot her enbodi nent, the anount of gal actooligosaccharide in the nutritional
conposition may be fromabout 0.1 ng/100 Kcal to about 0.5 ng/1l 00 Kcal. In
yet anot her enbodi nent, the anpbunt of gal acto-oligosaccharide in the
nutritional conposition nay be about 0.6 ng/ 100 Kcal. |If polydextrose is
used as fgilRkelidoteh Gigrie tRMPAoRto ROHXHEN RN sbvek;NG) Hhirbllin@NA¢ load
conposition may, in an enbodiment, be within the range of fromabout 0.1

ng/ 100 .0 5 [ a h od] . nt of
pondexﬁ%%%g %d@b@gﬁgﬁghgﬁg@%u%%7%ﬁggskggrB@ﬁnﬁgiggptggﬂﬁgingﬁgrl nt,

gal act o- 0l j gosac hde an | ydext e are supplenented into the
nutriti&ﬁﬁh 8@&%3@ﬁ%?§9¥”§§@£%9§1 ’éﬁiunt of about 0.6 ng/ 100 Kcal. In this
enbodi nent, the anobunt of gal act o-ol i gosacchahde nay be about 0.3 ng/ 100
Kcal and004l anpurtachof gl tyblexeivess 0ta30th 0D At tespontifla 61y predfing[remn 78]
In yet anot her enbodi ment of the present invention, the fornulation may
cont ai n antliverte actesy® thgpmtisosuwshigasd toahyy diedable pwisteunBathufahedbleatetvwersaci ds
(LCPUFAs). Suitable LCPUFAs include, but are not limted to, a-linoleic

aci d, g 304i BO,E308, 3Ch dan hoIOkR) © Mehy partitib. €N theaiathplLOTPRAPEMANY4C aci d
(EPA), arachidonic acid (ARA) and/ or docosahexaenoic acid (DHA). In an

embodi Mgy Cygﬂﬁidﬂk'tlfliahh%?'rsﬁ @H@‘B%%t% 'ig%tiioﬁs PYRRY ?ﬁ?ﬁé?gﬁ)%&ﬁs @dﬁﬁtvimor% ﬁ3’A RA

anot her enbodi nent, the nutritiona onposition 1s suppl enent

In yet an r odi nent e ritional conposition is supplenmented with
bot h DHngﬁgﬁiﬁiqBﬁﬁéggﬁfhf%Egﬁgﬂénbodinent, the nutritional conposition is
suppl emented with both .and. ARA. In this enbodi nent, the weight ratio of
ARA: DHA [R@311be fr%@a%w&¢% 13 sbhinked o an ﬁplgFPé“‘éWQilﬁre‘ﬂﬁFdotP iShe
present invention, this ratio is fromabout 1:2 to about 4:1 . In yet

anot her coneafidsgmthe pavetionstaniagnetirynthahidie savest3g4abdut308; 310. The whie
particul ar enbodinment the ratio is about 2:1 . In another particul ar

enbodi maeshiento$ 12 heesi anp@titiow mapt foedatatdine the @blowervkr sdrviy, therpaatitivay, and it
enbodi nents, the ratio is about 1: 1 .3. In still other enbodinents, the

ratio i scaotdmands toShatl AR RAFLT CitehbleMdRA FENhIso trORived!th® rdshltd BRIt
1.5:1 . In a further enbodinent, the ratio is about 1.47:1 . [00080] In

about 0,008 a5 or o by Gl nf Wiah G s HEUD G i EP9E”

about 0.32% by. weight. In sonme enbodjnents, the |evel of DHA nma about
09396 by e WHeh St o O Frfe e Do o Aot Bblstsrvasy SR RERBtR. 0. 649%
by weight. In another enbodinent, the |level of DHA may be about 0.67% by

wei ght . and iyepingesdiar the iabdeimastet 302 he | evel of DHA may be about 0.96% by
weight. In a further enbodinent, the | evel of DHA nay be about 1.00% by

wei ght . [p04X)81] | fAS reprascetdd it REG afrootetnadlfy, Opirtition 200 emtyediatre ablokervere
present invention is typically fromabout 3 ng per kg of body wei ght per

day to dhelulcsitbftcBaip artkhnafpdardyg Wop ghtte tBeharaiembry @bes aohagidnred toof the
invention, the anount is fromabout 6 ng per kg of body wei ght per day to

about 100, 710rRe5HIKI4GY. PRAY, MR lggMOQ%e&atYack!d? HRNRLARChEMRQ %yartrit%
anmount is from about 10 ng per kg of body wei ght per day to about 60ngy per

kg of body weight. per . ln yet, a her, embodi nent_ t he unt i rom
Shout 1805 iR L mbo o B0 dS iR E RS e e SR Wi ebty

wei ght per, day. [00082] If_included, the anpunt of i.n %g nut ritional
conposi tqpéhteﬁayth% 39T 15 Hissutreshoigramelte hanges ibuparggo So.o8 e te s n
one enbodi nent of the present
memory table 404 gets big enough or has enough changes in it, the memory table 404 is
checkpointed to a file table 406, which is persisted to storage. When this occurs, all of the
requests in the update log 402 up to the checkpointed memory table 404 can be removed

from the update log 402. As described earlier, a partition has a set of streams to store its
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invention, DHA varies fromabout 10 ng/1 00 kcal to about 50 ng/ 100 kcal;
and i n anot her enbodi nent, from about 15 ngy/ 100 kcal to about 20 ng/ 100
kcal . | n woparwa4gissar enbodi nent of the present inventi @aT/ush@asdant of
DHA is about 17 ng/ 100 kcal. [00083] In enbodi nents of the invention, the
| evel of ARAis in the range of 0.0%and 0.67% of fatty acids, by weight.
I n anot her enbodi nent, the | evel of ARA may be about 0.67% by weight. In
anot her enbodi nent, the |l evel of ARA may be about 0.5% by weight. In yet

anot her pphadiinent. Thhe H%% 262 RHAoPRYinhel I thER RRES, WhicRROBAII. 47 % and
0.48% by wei ght. [00084 |ncluded t he amount of ARA in an enbodi nent of

the pre n i 0 ht
oo day%ﬁg'aﬁte 18%@?%8 Ah%hé Mi% t&lﬁ%% X%é %8@10?&{’%[011% orfghda%g str%a(i’n O(Nhti)c%n% gﬁ’ rggn C of
this inventi t he armunt vari es from about 10 ng per kg of body wei ght

BT
per day & 0C4utTPsh ny per kg of body wei ght per day. In another
enbodi nent, the anobunt varies from about 15 ng per kg of body wei ght per
day to d884& 90 noVpet 2 kploserrsdgade I@ﬁtﬂthseﬁhedalgfle SPWGSI@Plaé(ﬁé}{N@rfequeStS
enbodi ment, the amount varies from about 20 ng per kg of body wei ght per
day to abmhﬁupﬁﬁtaﬂggpmcelﬂgpmbstbembylt vleickdintp er odayto 1£QBB86¢t thé memokuthbte, t he
anount of ARA in the nutritional conposition may vary from about 10 ng/ 100

kcal to tablew thi QRtd gt @efdke Ble.pattiicaneasandodicmded. of the present invention,
t he ambunt of ARA varies fromabout 15 ng/1 00 kcal to about 70 ng/ 100

kcal . I nogpqt her e&ﬂ’ﬁ&f’hé@@m Peﬁtlﬁgi?%tagfe SORAL MRL ’ta‘BFe sfef\%mf@%gksgg dm/ 100
kcal to about 40 ng/ 100 kca n a particular €mbodi ment of e present
|nvent|op t he 2m |s abo ut 25 100k

it A ke 8%%%@% Seuge B0 g e MRlet st e it bR %%ﬂg?%a. i

and ARA using stan echnl ques known in the_art. For exanple, DHA and
ARA rray @feam@afg %P%gewcl%eeaadatlé? Hylaier fsatEal ent anount of an
oil, such as high oleic sunflovver oil, normally present in the fornmula. As

anot her [80481pl e, tﬂ@rfocansbazmnttmlmmnglonl—mbbmcforAéRpmmtayn lped audienic fide tahlss.
formul a by replacing an equival ent anount of the rest of the overall fat

bl end norieed kyn pe asdriplei meinbey fabiaseaawset wiloant ohdHA catvay A beEHNS7fulll fit
utilized, the source of DHA and ARA nay be any source known in the art such

as mari nRed o b debkinted & DGl EtabRl |l WaEA thi€8GuYQkte durRhfmeaiddy RibRI B ski pi d.
I n sone enbodl nments, the DHA and ARA are sourced fromthe single cell

Mar t ek q%)( E r. S

nat ur aI or m pr o ha%lﬁ\é@%ﬁ@hﬁghﬁ(ﬂ%{é&o e“%ﬁt%% géé?ﬁf\ég?e ggtgtldr?ot
resul t sub antial deleterious effect on th nf ant rnatlvely,
he DHA Bha TR AP 5T HOF P RBI ol i MEOBBBEDIS ReRs hBA AL of

t he present |nvent| on, sources of DHA and ARA are single cell oils as
taught i(del)idpigs, ano¥ cag, hxpg |w7or mossmensEy talles Beigg Aamly) checkpnted.

di scl osures of which are incorporated herein in their entirety by

r ef er endencetdonemery, tablhes greelspmted rovefitd tablej is camolbe ddleted edgarbagsriollegeth oi | s.
[ 00089] In one enbodi nent, a LCPUFA source which contains EPA is used in
the nut rjpp46)nal cappOBidllidnhe thxchpsihigr dewritodi pafition,ahdrElRbirbe s@lEEfiWNI Ch
is substantially free of EPA is used in the nutritional conposition. For

exanpl e, .8 cﬁéﬁpﬁm%f RYartffont i PIMESRMhat WHERMatAbedd 8] frbmQRakIe

conposi tion contains |ess than about 16 ng EP A/lOO kcal I n anot her

enbodi r|t onal, c 05|t C a ns 8 out
EPA” 100 THaiss. PO bl 0211 SIRESHELY RI0€ ROk HPandifiSy i ol d oyt ofED

| h PA/ 1 . A h f
Icg\r/l;ﬁ![ :1 gﬂoq?zgqetaaggt@bﬁa?sh tﬂgsnE 1f)b‘e/cau(l)s% t (e: 6rlnost rencce)}lt F {e taﬂgovgllritrtreenntconc‘gaing tee

most recent changes for the partition. When enough file tables have been checkpointed for
a partition, the table server lazily compacts/merges the file tables together into a new
merged file table in order to reduce the number of file tables that have to be searched

through in order to find the data being looked up for a partition.
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conposition that is free of even trace anounts of EPA. [00090] The
nutritional conposition of the invention also may contain emnul sifiers.
Exanpl es wb 281vt48895e enul sifiers include, but are not | ipairtusdoowoeiorzeci t hin
(e.g., fromegg or soy), and/or nono- and di-glycerides and m xtures
thereof. O her emulsifiers are readily apparent to the skilled artisan and
selection of suitable enulsifier(s) wll depend, in part, upon the

formul ati on and final product. [00091] The nutritional conposition of the

inventi paliye, MaiIADR! dn¥i RPN SirABGired Sthrage St abi lizers. Suitable
stabilizers for use in the nutritional conposition of the present

i nventi jyncl ud . I.m LG L agum
kar aya, qggﬂ]t ragaé.ﬂanﬁl?#mgétgro?q@%ktee rftgggg}llfaba%g{rp l‘gﬁﬁ%g‘é‘il@g’rr?"g%rafa §Ctst
bean gum .pecti.n, |ow nethoxyl pectin, gelatin, mcrocrystalline cellulose,
e ( Socmnieklh e s pogitlr SEG - SaRFtoutia ceaSRIM blypvdgynT )

nmet hyl cel | ul ose, hydroxypropyl cellul ose, DATEM (di actyl tartaric acid

est ers dblifmadablghanteinagitions rand espycadpgxthe Dartitioap oxgle BEN SCrvarsdinnhg tdafee s
thereof. [00092] The nutritional conposition of the present invention nmay
opt i onaldeyter;n€) usieg dorel loalanvorgetopneseparationsesorn alicandy laddsd tdbde sadedota
extend product shelf life. Suitable preservatives include, but are not

l'im ted [fghicrnoidastabl srcBadiRl (33 aBiolihg ab kiade reqRodta s laUsariediz aat Gas &di um
benzoate, cal ci um di sodi um EDTA, and m xtures thereof. [00093] The

nutriti i f: ; [ | t] ' e one
o mor e e F e R B PR e sy S R EatTrr BRIRRR [rich RIS

fl avorec|3 extracts, volatile oils, cocoa or chocolate flavorings, vanilla or
vani | | a X558t peanut butter flavoring, honey, cookie crunbs or any
commercially avail able flavoring. Further nonlim.ting, exanpl es. of flavoring
agent s JQ%‘!% int ‘aﬁuw 1% Pramsiied@wam%q%ﬁv 6911t{1ﬁ%ta%f‘eé§g‘i‘?tpaiﬂﬂf%ﬁthaﬁ?ﬁi
include, but are not limted to, pure anise extract, imtation banan

ext r act ,oni thi tlead torthe Héfargntextts o€ the panidewisatl twen degst balgngmg dceersrihesebreact |
pure orange extract, pure peppermnt extract, imtation pineapple extract,

i mtati carvetsn Bodd Bdincirgrietsathe epstahrdawbaically ediptac the eorkicddasprieadiog ltlss such
as balmoil, bay oil, berganot oil, cedarwood oil, cherry oil, cinnanon

oi |, cl qy&i Sdrbss PlarRERRRBIA dHmhinics Dbty 26RELERg velél RalabAR LY UERS,
t hereof. The anounts of flavoring agent can vary greatly dependi ng upon the

flavoring: n e T t . I be
sel oot eq UZARCH HECHhySIOP riVReS BUBM (oulinZ PRILAD RIGRIcr TR B3 °F e

i nventign he .level of TG-- b in t i nventive, conposition is from about
001 50 Db ANy SRR BE TS S5 G FBhanot her embodi ment .t he
| evel of TG= b in the inventive conposition is from about 0.0225 (pg/ ngy)
ppmto dB8# 0. 075bvailshilig)s ppridadnby dhe sabdr meastcs hiyolficRidiying paatipes, 8Pt of
TG~ b in the inventive conposition is from about 0.0300 (pg/nmg) ppmto
about 0.W@6Q0s¢rpgl, myyigpipm them @ giffictdnt whtde servbodame npdatingetht epagitionf maGF- b
in the inventive conposition is about 0.0340 (pg/ng) ppm [00095] In a

par ti culvaliicie ahees mrntabefclicheto five el @ Idchgod 6V e WirtitidaFto drckdy it.hQuick
i nventive conposition is from about 2500 pg/nL to about 10,000 pg/nL

conposi tiQliontfanARP Nefiti GREP R IR R entt BE nb8YRLwRLk Tfiure KeBpd R ?ﬁ“\’iﬁ@ﬁé ve
conpositions from-about 3000 pg/nL to about 8000 pg/nmi. 1n yet another

enbodi ment e level pf , TGE- b j.n.the inventive conposition is from about
4000 pg/aC ésﬁ%)beaaﬁlgﬁla%g@hﬁ@t%.av?lgabélﬂﬁarti cul ar enbodi nent, the |evel of
TG~ b in the inventive conmposjtiqn is aboyt 5000 pg/nl, [00096] Il n an
enbodi mAPSOlE he' | GOREbGY FaPOVSE Y St Al 8RO et I epliciuy
stream layer. The stream layer provides a file system like interface to write and read data

from a stream (similar to a file), and the stream layer provides full functionality to make

sure that the data is replicated, always durable and available from any of the table servers in
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about 0.0001 (pg/my) ppmto about 0.0075 (pg/ng) ppm In another

enbodi nent, the level of TG~ bl in the inventive conposition is from about
0.001 O (WwO/2nmyo4pge t o about 0. 0050 (pg/ mg) ppm |n yet pamaiShew/oervhndi ment ,
the level of TGF- bl in the inventive conposition is from about 0.0020

(pg/ mg) ppmto about 0.0035 (pg/my) ppm In still another enbodi nent, the

| evel of TG~ bl in the inventive conposition is about 0.0030 (pg/ng) ppm
[00097] In an enbodinent, the level of TGF- b2 in the inventive conposition
i's frompbouerd. %%f&@%arfgﬁorpm&%tﬁaom&n{y@@ paRE{oR0ha R Rifdate noggﬂa{dher

enbodi nent,” the level of TGF in the inventive conmposition is from about

0. 0250 (fﬁgé%@%sé;ggﬁg%al%q éstpea%g er( pg/ ng) ppm In yet another embodinent,

the | eve e Inventive conpositionis fromabout 0.0300 (pg/

ng) ppm . 0400 ppm In still another enbodi nent, the

| evel of f%@lf ?gé‘epw ‘hV@lbDr'i’gE?ﬂq e conposition is about 0.0320 (pg/ ny) ppm
[00098] In_an enbodinent, the ratio of TG-- bl: TG b2 in the inventive
conposi tiPBHi s i n Fhsesticamdayatoratigdes the -canability g sificignthpharginking: heagion
enbodi nent, the ratio of TGF- bl: TG~ b2 in the inventive conposition is in
t he rangd th:ef stedaouintd afother stdoamt Ebch Stredmm asthiclskreamdéyeeiis enrnpogcdrefit list dife
ratio of TG~ bl: TG-- b2 in the inventive conposition is in the range of

about 1:fitd Woakouillcl: ckiontd. MTige @4 i tdlsatad i oofadsbred tilgdd tbk®caéntd GA-
bl: TGF- b2 in the inventive conposition is about 1: 1 1. [00099] In an

embodi nPsﬂream ngn Qir(fé@&f hs}f'otf%x@flts-rg: 1\Qn‘@x{etﬂ{ Qant 1%@1 %Wﬁﬂﬁt’éﬁ{? sﬁ@aﬁ'ﬁ’so%lrg é?ln I's
from about 500 ng Eq/ 100 kcal to agout 5000 ng Eqg/1 I'n anot

enbodi ment, the ctiwvit t he inventiv is
From abdupesrsa i ERfE " s Pt pate ot 5 " Ba) VG ek ai e SEP faa Rot her
enbodi nent,. the bioactivity of TG~ & th|n the inventive co |t| n IS
from abdl!i?"lé?ﬁoann’@t Fi@bc%ﬁ%ﬂsetaétrﬁ% y e ‘i"léet Fi@@n&E’QFmS’I‘N 16 é651
enbodi ment, the bioactivity is about 860 ng Eq/ 100 kcal. In another

embodi mentanothirstisaadye vial gath sophsuinval y@bInhisEyp desO 6o kicialveryl effigieot e
enbodi nent, the bioactivity is about 1200 ng Eg/ 100 kcal . [000100]

Al ter natsitr\zahylayetrhﬁaibﬂamacthé vaférgn@d coli@bof badhrextdne. iOn¢e mhiexenc hapns ktréans can
be defined in ternms of 1C50 in a HT-2 cell growth inhibition assay. In an

enbodi MgRintidgt6 1tbt1fé%%arﬂllé¢ér foill Fmag@m&/ddm@ tHOENEA TR 81 sh&e@f r om about
1. 1 ng/m to about 5. n anot her enbodi nent, the biodactivity of

the. comapi! on com o 3l GBR. o Bl 2RO THATL o POt Y 1

In yet er enb |nen 03¢ IVIt e co osition conprises an
| Cso fromabout 1.3 ng/nmn. out 3.0 In sti nqt.her errbodl ment ,
the bi ofé)m?ao% Y @E@f%h%o%%?%ﬁ%n RS ggétf%?ﬁwr e IBEEENS g+ o
about 2.0 ng/mM . In an enbodi nent, the bioactivity of the conposition
conpri S SH TN, TN AETMIS [HFHIACLON rrg/ m . [000101] The fol | owi ng exanpl es
descri be various enbodi nents of the present invention. Oher enbodi nents

wi t hi n t[A853cope Jfhet biguatlirai sterajger gistemninidkeh eexaqppiae ewse 00 tlose Skiukdseth i n
the art from consideration of the specification or practice of the

i nvent i osffi@isntt %&bﬂg?ee@llhartﬁé Bbsdldte portioRtogittedrdaiglof thRrERAC Ad eainh8 is
together with the exanples, be considered to be exenplary only, with the

scope anf,Shick la ch@ékpb'ﬂﬁ of Qéﬁﬁitidﬁﬂs Bgide gall Bl rﬁé’sts%i:a%{ th g datAoB et &l

fol l ow the exanples. In th exanpl es, all percentages are given on a wei ght
01 U SRS AR g
by atomically creating a new stream of the same name as the update log stream, hard-
linking the extents which are still in use from the original stream to the new stream, and
deleting the original stream. All these are done in one atomic transaction. This

significantly simplifies failure handling logic. Similar schemes are also used for other

streams, such as file table stream and metadata stream, of a partition.
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exanple, the ingredients set forth in Table 3 were interm xed. Table 3.
Nutritional Product Ingredients [000103] The m xture was then subjected to
di rect stwearmnioj4ss9si on at 73C for 15 to 30 seconds. Aft ecmarsdyoobh®7m xt ure
was honogeni zed at 55C to 65C for 5 to 15 seconds. Finally, the m xture was
retorted at 141 OC to 145C for 3 to 5 seconds. The m xture was then
aseptically packaged and seal ed. Exanple 2 [000104] This exanple
illustrates an enbodi ment of a powdered infant forrmula of the present

i nventi EE()? RTI T1 G MYNSHENENT rab N s A tEARTo Th (B Rx tcRGAb ABS- B tHNDFAMAL-BLE
STRUCTU TORAGE BACKGRCOUND [ 0001] Distributed systens, including server

farns, V&Rm?ﬁt a?y uﬁ?me@t”ﬂah‘t Qﬁ% 'tnh e oP@Xﬁm fis; %@Ede'sé}%eﬂaiﬁ'lgtgéryse&ﬁdﬂg‘) VbR

provrde vas atrona orage resources exanpl e

di stri but ed sagra stens have geen il 0 sto rieve vast
amount s “8FCifst tg‘Fse\/ PSS dppiiclald sHcient § n&% §%r§'ﬁe OUgidgly g
utilize structured storage to nore efficiently store, retrreve and query
over dathartitnéprtadhe clilfl Rurgtans) epated fommyplafaerac.duttkow bpvag trphysigHl nodes
t hroughout a network. As the anobunt of conputing resources desired to

provi de ®ypg br sioee agebitncr eases, such storage systens may be "scal ed out" by
addi ng addi tional conputing devices thereby providing a flexible topology

in whi chsartdhg, Meading, emaUl GRSBATRNciAE Paddaehsas- needed. Accordingly,
structured storage systens nay be scal able, for instance, fronrpetabytes to

exabyt egggés)St or eE A Gnbdfiments 98 Hlctpredeht ln%e&f&n%lﬁlgmaﬁ)ﬁl%tﬂbm orffat a

W thin suc structured storage systens such that data is a mays aval labl e

for acc d dura pr event ata 002 ry is
br ovi ded s BRI BGE ufin BRIEHRON-BR 20raE R TR PSR F Irad o iRt REE Y ar
further described. belo Det ai | ed riptio IS sunmary i S not

i nt ende®ftBh gatiitiopya wgyerr%é%@we@p@r this §ﬁrﬂiﬂ%ﬂm @aﬁl&rté le gnasteqe “élrl%raizﬁ‘d
subject matter, nor is it intended to be used as an aid in determ ning the
scope ofmasgs whlegs et balbjescdeonaenseby nfoy0a3parthitirdimen tbbf sarkess pridser
invention relate to partition managenment in a structured data storage

syst em dchicvbiebg bfffeadingttheitigt @arttidahafrom tie wridmdl tablexseavenuamdessigiing the
partitions, which can be served by different servers. A partition map is

used to JedpnkidsthePlabRecHrgr eabouts of these partitions. Mre
specifically, using the partition map, a client can find out which server

|s servi (085 (ﬁnzpec'A% i B%t%ﬁ&a%n dgfR- en%?hﬁhén%jof 8391 i8h Waé’lhl e t tﬁef {a%%(:ked

for part Par ns can ’'be noved anbng servers to

bal ance across ervers. In enbo i eve hetter

bal ance, TSGREES £ BIPRIA GHT 'SR o F B 14T } SF LR (B TROR oat f on
for splitting the partition is determned, and t partition is split to
creat e cHflpaicgalivonirenssy Nl CITan) t%tabkfsreavﬁa&vall ﬂ@ a&h@ﬁkﬁernt e thegrartitipns oe
enbodi ments. A partition nmap is updated to reflect that the partition has
been splintorday t¢ heduch ithedarpamtt iof lapsghatinged cbe eapbayei vden she pavotion iorded
partitions are identified for nmerging. The partitions are nerged and a

partiti cigaiiidhisis posladiotniect el @ elatiiltg STR U sdpaing ithd guititigd)004] The
structured storage is built on top of a stream system which presents an

append- qphs7|f i | & SHShEBAA! $HGREsinfleShdrfAN his aNRlf00 shlggerarea@prp -only

file. Each partrtron has a set of streans associ ated
per5|stqpt St in the.set of

t he rtltronl
associ at &< %ﬁmaﬂﬁ)‘fﬁ sp% ﬁ% Jgjtition 1o Ortgvaoo ¢ mpre epartltilons anrcri‘3 dlgt nFy p0551ble

if the partition contains more than one partition key value. Subsequently, one or more of
the child partitions may be offloaded to a different table server to achieve load balance.

[0058] For load distribution tracking, a sampling mechanism is used by each table
server to keep track of fine-grained load information within each partition without

consuming much memory. To track load information, a partition is divided into multiple
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stream for the partition, which contains the pointers to all the other
streans of the partition as well as the essential information of that
partiti orwo0mn48®st he partition key range of all the roes/use@vowe®d2in the
partition. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0005] The present invention
is described in detail belowwth reference to the attached draw ng
figures, wherein: [0006] FIG 1 is a block diagramof an exenplary
conputing environment suitable for use in inplenenting enbodi nents of the
present Japes ke angQORMdd (& hofeif@RHBlckeR, T A1l Be F8ddUSMESnkheAGRRESANCE

wi th an enbodi nént of the present invention;[0008] FIG is a block

di agram F e I A i | L t
nvent | On Ray Babltao MR BE ey EL BE) SR dh g p BRI Sehi-L AR RBERED
partitiaonp in accordance wth enbodi f the present inyention; [0010]
B 5 e T bt ol Roh srsiigdne drad BRrRbiRg SropabEeRontom
accordance with an enbodi nent of the present invention; [0011] FIG 6

depi ct s 1avaRsearsstrEnsfto gempariaian Bhel4 tibm heitelje 280 iof FiGt & thopaigihion anay
partitions in accordance with an enbodi nent of the present invention;

[ 0012] HHe@ivided mtatvd bwekdisdgr laad shdwngmpuraosest Abd fifo buskslt wouldnigcladpearws ti on
i n accordance wi th anot her enbodi nent of the present invention; [0013] FIG
8 is a fligwild pfiten REOVAINE 08 3MBE18E JebbndBIGENGoRAr htlutO R todsOvih mRy ged
partition in accordance with an enbodi mrent of the present invention; [0014]

FIG 9 isd@idd W Jhjagram ﬁfkﬁ%@garﬁtiﬁi?_tkﬁg%ahfy of ﬁ'c OeEh PSHiMe QY fHdPhucket

partition 1 n accordance W an enbodi nent of the present 1nvention; and

[0015] EIG .10 is.a, flow diagram.show ng a nethod for rtition versioning
and upgr 28Ry Bt A s o RS RE L G R R DL b T e B
DETAI LED DESCRI PTI [ 0016] . The subject matter of the present invention is
descri bedywittus Eie vayehe i the sans %P%keﬁfegt’r UsRPeR: dhs roveqgiitth Everirdtiondsidever
the description itself is not intended to limt the scope of this patent.
Rat her, vahe ¢iny ennot e valieingo e hptkatse®r dorsh tradkengcpapossd as oisjlleast sphigtineer

m ght al so be enbodied in other ways, to include different steps or

conbi natpuopseaf steps simlar to the ones described in this docunent, in
conjunction with other present or future technol ogi es. Moreover, although

the terngosgtep” andodic chbofikichBY bRRdUSE theh@i@icNsabipl GORIIRERJ ditef BRBL
el enents of nethods enployed, the ternms should not be interpreted as

i nplyin rii a a I n i e

o ol s oty RR ey el eEl TR Ha R i JEUACE R o B PRl Bl
explicit].y .described. 017]..Enbodi nents. of .th resent jnyention, provide a
conl abl SiEOELSTES UG AR 8 PetTine: SFEF by B bRk PP G of age
is represented by a nunber of tables, each of which includes nultiple rows,
each rowy@ppad epmpagd & efherbusketstthey will hpmerged igiod degle brekstcontignely. of
partitions, each partition including a range of rows fromthe table. The
partiti ahenabeckst amgadnosighifibhelysmprecdoad tiad abtethagthdr bigikety, that hindket crmsticer .
[0018] In sone enbodinents, partitions are split for |oad distribution

pur posessplit @ad tdiosifrioesibicONFom{refaned,i i@nthe préviagk echrie, ifhbe tsaking Bkver s
and partitions. Based on the |load distribution information, the table

mast er @Y ARGbE fukR 16028 npakANG & PRt Mc‘k@tﬁ‘ft @Rde %ﬁﬁgﬁﬂgg@p%{dl&t BiRRSts! O

different nodes 1n order to distribute the | oad. | ition, for sone

one of which contains rows with partition key value 4, and the other of which contains rows
with partition key value 5. Furthermore, if the first bucket containing partition key value 3
has little load, then it can be merged with the bucket containing partition key value 4. This
monitoring and adjusting of bucket sizes is all done dynamically on the fly. Besides the
bucket level sampling scheme used to track the load distribution across partition keys within

one partition, the table server also keeps track of the total amount of work load on the entire
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partitions, the table master nay decide to split a partition to distribute
the current |load. The table nmaster determnes a split ratio and queries the
tabl e serwenowausiong the partition for key information Por/use@ansrg2t he
split. Based on the key information received fromthe table server, the
table master instructs the table server to split the partition. Upon
receipt of the split request, the table server unloads the target

partition, creates the child partitions, and begins serving the child

partiti gRstidaN HRMBHENDHhMBATSted B SRitdile RALLE t TIRDAIRY wWhen @ataRathet &
anot her table server. A partition map is updated to reflect the table

server ( er Vi i1 | £.1.0 . l. E ;
partitiéégﬁééélﬁ%?ggﬁ}g%%égﬁgﬂ%%g%&%ﬁégf@%ﬁ%ﬁ%ﬁjgﬁ?%%n%fggﬁgpgﬁgﬁggﬁgﬁ for
t he tabl vers and partitions ased. on the | oad distribution.

|t or mat hH RO b A RIS ET B Qo BIN e F KB GOtk ABBICHRS SPhhe. ¢ abl e
server(s) serving the partitions are instructed to stop serving the
partiti di800lThe pdiaferringrwvatelher yeuflawdiseaads tmoqu@cgﬁl%tr%@gv@ methgd ch
begins serving the nerged partition. A partition map i s updated to refl ect
t he t abl3®0der weittiea pamigion e acrerdpade pathtant dancrodih@020 thedoresmdimghtyon.i In one
aspect, an enbodi nent of the present invention is directed to a nethod

i mpl emenhedmbydiaiat of FIRIE agarg bh@iod SN 1,68 SpIw ihidi thvodchsidrpaetitins dP Bt @cage
systemin which structured storage is represented by one or nore tables,

each t atﬁr%iﬂarl“bhf-{ﬂfoﬂgfnédiﬁb&' E Rl diden1y QRibs 3 Rot QMRS 85 RN Akt ndAbe

entity stored by the structured storage system and I ncludi ng one or nore

keys for. identifying the row, e pl ld t.y_of rows. being.divjded ng a
ot al § o9BFRHE F Rl fob Sl AL GRS dite St g Eimeah BB OGO BEY he
plurality of rows within the table, wherein the plurality of partitions are
st or ed d’ﬁ‘“gloﬁﬁu‘rtéhi)‘t‘@qt?fm’t piteodsthial, a partition may, 8 spit wtq Are thanstey chikht r ol s
partition assignnment to the plurality of table servers. The nethod is for
splitti mygrigdiquanm pecouhantqwsh embbdinpats aftthoprssemehviengdnudes i denti fying t he
partition for splitting based on load information for the partition,
wher ei n [00€l]l oad ilnft@ailppds showinrut Iblebkss 020 fead rdadtiibutisip@irintiog id wadked oreach
of two or nore portions of the partition. The nmethod al so includes o
det er m nhNE sel¥rst PRt BndIBSpRitiorPpSHbhd (ikatbRekeR). SBY khéiliRG fihb@rfaddt i tion
based on the | oading on each of the two or nore portions of the partition.
The net T . i t e ] tion
i cat i o bibion & e RGP ¥R clqlGs IRANNEE, b Boh ST | he
split ratip. The. nmethod al i ncl.udes recejving key inf tiopn at the

Labl e Bt epaimE KTy AN S URon: {HedUBPRIHRGE RfticBr) PRAT 2P ERe
actual location within the partition corresponding with the split ratio.
The net Hod paiadiaty | previdaésios@adiahly master.i tIny Bguewrent rappadiachtathe loadst er
to the table server, the split request indicating to split the partition
based onnfommatt@ysdnhfotheatblo masThechelchda tatad oadrdlcacteparspon and thg lodreof
partition at a |l ocation corresponding with the key information to create
the chi lgdcipaibld $drasts Someoth@tdnchddirigdth ety ipheli gl gs thrabad yhdl@ngd €orhalbibe,
master of split conpletion. The nmethod still further includes updating a
parti ti qpc|@Rg PRt eslRRet & cPahfobhh@th, AT 18 &Bld hakfdt.0 ARGiti6HAIl fhiiMakibh] ONS,
the partition map storing nmappi ngs between the plurality of partitions and

the plurali.ty of table servers,serving.the plurality of partitions. [0021]
i n° anot et el KR C PR R DR hE R SR BBl e BRTYH 18 G o

ent | an—as S ected to one or
nore conputer-storage nmedi a.storing conputer-usable instryctions faqr
per f or m#g HRBRCE ranﬁéﬂga% se%glgfesr e, gﬁsgaémsfb% 3@%@1&59 oLt ed by
one or nore tables, each table including a plurality of rows, each row
r epr eserfuckes infogaetzone e tehle seryeremay iabe hepastifiore tsurductantde aple” switht aedagaged
i ncluding one or nore keys for identifying the row, the plurality of rows
bei ng diofi @ecrignevigrea hjphumahnst thaothpaabld hiasres ,shedd mgpattudst ansplindbudieng a
range of rows from

partition since the table server won’t split the partition, where medium means that there are

certain situations where the table server may choose not to split the partition and the table
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the plurality of rows within the table, wherein the plurality of partitions
are stored on a plurality of table servers, and wherein a table naster

cont rol s wanrvind4sivsassi gnnent to the plurality of tabl ePs&rsess/o6sibne net hod
is for nmerging at |least two partitions of the table into a nmerged partition
and includes tracking load information for the plurality of partitions on
the plurality of table servers. The nethod al so includes identifying, by
the table naster, the at |l east two partitions to nmerge based on the | oad

i nf or matd, Qfer RS vERRacht UELiBE andNPAHE RSy R8B! thBGbIOYert daviliakl®s dmashier . a
metadata streamfor the nerged partition. The nethod al so i ncludes

of f | oadi . partitions fromat | east one table server
serving @%éa fr%adslf?a?)&%&%%errti tions. The nmethod further includes assigning,

by the t master, the nerged partitjon ta a selected,tabl erver from
The prurldfedly Tor ' s BT MRS u bRl o BarieRn ot Feke PR REEU s ng
and serving the nerged partition at the selected table server. [0022] A
further deatssapneaudiee wheehos tesplktpartHipapt Wirihgrdo mare pastitions, apdopwhetbere
conput er - storage nedi a storing conputer-usable instructions for performng
a net hodomorvemant#ging gnang tha@blersedest. dnabe pepsttembodpnas ef FEG. Hythomblor
nore tables, each table including a plurality of rows, each row

represenhidig @tdtatimeseBtdpliy aSladtitesh P)tHasedsbi Wed Wag dBitab@dn BYshRbaNsk
i ncluding one or nore keys for identifying the row, the plurality of rows

bei ng dis}{bggqt?qrgglggo@ plurality of partitions, each partition including a
range of rows fromthe plurality of rows wthin the table, wherein the

pluralit parti.tions are stored.on a plurality .tabl e server nd
ther oi n 08, 6. rteef s e @ gy ol BirvaeRbonRe el or
tabl e servers. The method is for splifting a partjtion of the table into at
| east twP0c ﬁnecﬁp hlfaﬁlptrwfﬁ%enawd@ﬁ&tm@ deteHRIRITER loaafem Hrghipthediin ¢ he
plurality of partitions on the plurality of table servers. The nethod al so
i ncl udesshpedrireisplii. nidor daymplee theathble npater aray denide pasplitta pwtitian il 36%HF8%ed on
the |l oad information, wherein the load information for the partition

i denti filesd poifif. elnesther wadds, tha pdititioarshoildperdplioasa pdint waeeahé idadao a fie

met hod further includes determning, at the table nmaster, a split ratio to
split thRed bf tHeQRrtitHelseI0% bhe tfPloall t6 Md Rnlatn®PeEHAd potilas ed7@n. | gadi ng
information and represents a point in the partition in which a first

portion AN I gl f.r { .

Por t1 on e 8. BEE biheh Miidh 38R b R0 BNy RiymE T ARG REAR .11
further jncludes sending a.r est fromthe table ster to. the table
server, [PheP PSSP Eae TS PRAIET B ERY PTG G PR Tgia ottt i n
the partition corresponding wwth the split ratio. The nmethod al so includes
det er mi rfoRgsPopgingyeith tssplitsratiq & the prgitiopy I Fspensate Bis rpesst fheyipllg sermer
actual location in the partition corresponding wwth the split ratio and
conmmuni dde¢ritrigs theeadtey pariftion ey iloratibn don phéingabt pasition dasddoont the sphtitago,
master. The nethod further includes constructing, at the table naster, a

met adat aisshéwaa block SBE NTIRS aduing Ichtibtlateahipth td Mash tHhadaistiatish spdcifiddr t her
i ncludes sending a split request fromthe table nmaster to the table server;

and bui lgdipg splﬁtraﬁd]ﬁlthé\@heché Gt oad &’i@tri‘Bﬁﬂ'iéﬂijﬁ‘izﬁ{?z. i%?&sﬁ%@@tﬁ@é‘plﬁi@iﬁ tion.

The nmet hod al'so I ncludes ceasing to serve the partition at the table

server; and din d serving {he i artitjons at tabl e server.
The et oM AMLRE U7 RSl sl AT 0P PRI s BIRa b s FEST aREe o
the table server to the table er. The nmethod still further includes
updat i ngtﬁ%F AT Rrpﬁlﬁeﬁirﬁ’ﬁﬁg’g@cﬁsg)ra{g%%éoif’a‘?lﬁrﬁb}l“é?fl-bei ng split into the child
partitions, the partition map storing mappi ngs between the plurality of
partiti dd864dnd thdnplogrcatmbgdiaentsabiceacenl egatios oy itheysplitels pentdicd t usings
partitions. [0023] Having briefly described an overvi ew of enbodi nents of

t he preganitidnnkgninfarmatiam Eweinstaacy, 16 ger pdriitign BA2iI14 @irfdGt 2iwerahio db split
enbodi ments of the present invention may be inplenented is described bel ow
i n orderpchweddrtRY pat€itian 480418k of 9Rh@M! theQey information identifying the split may be

the partition key value of 3 and/or the partition key value of 4. Any and all such variations
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various aspects of the present invention. Referring initially to FIG 1 in
particul ar, an exenplary operating environnent for inplenenting enbodi nents
of the prweento/i4sssenti on i s shown and desi gnat ed gener alPCY/Us30000619a2 | NQ
devi ce 100. Conputing device 100 is but one exanple of a suitable computing
environment and is not intended to suggest any limtation as to the scope
of use or functionality of the invention. Neither should the conputing
device 100 be interpreted as having any dependency or requirenent relating

to any opec&chpaRdNGbE Mhef the QBRRIhbollrhdted shE PresEfQdhtidheThOwsRt i on
may be described in the general context of conputer code or machi ne-useabl e

T ictions includi ne - executabl-e .instructi
odul ee. R resbB M AGFHRUDE TG EXESHAARKS 10 AR LHE RS, S0 AP IGO0

nodul es, ng execu np per sona
dat a asﬁ;ita”t or ot her handhel d device. Generally, program nodul es
i ncl udi d routi nes, prograns, objects, conponents, data structures, etc.,

refer to code that performparticular tasks or inplenent particul ar

abst r act[08@}la t ypekhe trhls mapisrongciag stean felce newdartiion 5?39 agope of thoyst em
configurations, including hand-held devices, consuner electronics,

gener al -ghd pesteicnenpustenve) anbloek SpéciAll the ponpiehi sigtedeiva pegitioatis kefhm

i nvention may al so be practiced in distributed conputing environnents where

t asks arguperd donedt PtifiGOTRerpiPL BRGING sdeMh GiSthe Paititioh ewhichkestainbkiough a
conmmuni cations network.[0025] Wth reference to FIG 1, conputing device

100 i nclyudas g, QHiﬂée'Léﬁ’leF fdanfll Srafil ké(rt@ibniaé‘ Qliiefstthy &Rl GRfoHARIOo @M Ng

devi ces:” nenory 112, one or nore processors 114, one or nore presentation
conponent s,... 116, input/output ports 11 i,nput / out pyt . coppaonents 120, .and an
I et e etk Rt B R RS H Beq oey (i e PR B TR PR G e ooy e
busses (such as an address bus, data bus, or combination thereof). Al though
the var i%ibs ) f@él%sm%irterpﬁ eespensible fenefrAling the metadada pigzan ER% thg peWdRIE oy j ¢y
in realité, del i neating various conponents is not so clear, and

met aphor(Péawith, the herr¢dt peditino ey rargeeinfuarion.evich soygesppndmn@ thaspht rafor
exanpl e, one may consi der a presentation conponent such as a display device
t o be anmddifmdigpiboedtic mabtsosenps osEsassttavie abkoeyer MblockcdgniThe sphat

such is the nature of the art, and reiterate that the diagramof FIG 1 is

merely ikdustmay by Brovidedn BeantRl RéavtbERTRIM tRAaBIEWiaGRr 1L tdNsPRrused in
connection with one or nore enbodi nents of the present invention.

Di sti ncty IS not i : i oo server, "
"1 apt op, PIBYLLE o dp O sHBLURRR S Wbt ofALE R Tl e WORETI AN, faluBEL
scope of_ Fl 1 and,reference to "conputing device." [0026 putin
v co. TH (ol TRl i ror Eotes abi bf RRRrRdte S sropStntos TR ase SF
Comput er -readabl e nedi a can _be any avail able nedia that can be accessed by
conput i ABasgEVirdec1 8 a8 crmbrugRlay o ard e Ahle mastsr cam reumat the sPHe fPa
removabl e and non-renovabl e nedia. By way of exanple, and not limtation,
conput erwheadaddfk effmredi a may conpri se conputer storage nedia and
communi cation nedia. Conputer storage nedia includes both volatile and
nonvol at[00e7] r enovafirereaditinpahe EEMeQdse theethbie soadresoiRtsetihd a@nynloedhod or
technol ogy for storage of information such as conputer-readabl e
Stor age hega ETSELATh s S REOSp A TR ST RAR b RERs CEBYRTPIE,
menory Qr _ather.,penor “technol o CD- ROM di.gital .ve il i.sks_ (DVD) or
otner” ot S LR SN U ko s R 1 EURMhl 2Pl B UG R e i ok
storage or other magnetjc storage .devices, 0 ny ot her nmedi um whi ch can be
Used o SORYRETY e SHEETY A oy Rettiigh (G dbswce El‘%%tag@aégﬁ%%%@ée%9n the
conputing device 100. Communi cation nmedia typically enbodies
conput erinfosadadl & thesarrarealipergionddtla Mengcipaeifisallys ity paronudithe slatr that her
data in a nodul ated data signal such

belongs to the key range of P2 will be efficiently copied/hard-linked from partition P1 into

the streams of partition P2 using a feature of the underlying stream layer. The child

partition P1’ is “created” by adjusting the key range of P1. The child partition P1” uses the
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as a carrier wave or other transport nmechani sm and includes any information
delivery nedia. The term "nodul ated data signal” neans a signal that has
one or nowe 20fo/d48®5characteri stics set or changed in sueOTASAEOE7AS tO
encode information in the signal. By way of exanple, and not limtation,
communi cation nmedia includes wired nmedia such as a wired network or
direct-wired connection, and wireless nedia such as acoustic, RF, infrared
and other wireless nedia. Conbinations of any of the above should al so be

i ncl udedaifetshi dF tiREmS SOME oPiiaPpRULiEH P eatakl@daRdifar 1’ ﬁ@&%@ed\@%jw Bl2
i ncl udes conputer-storage nedia in the formof volatile and/or nonvol atile

menory. be renovabl e, nonrenovabl e, or a conbination
t her eof .tﬁggeg%@%r%dmre devi ces include solid-state nmenory, hard

drives, j,cal -disc . driv t tin evi ce . 100 inc|udes.one_or nore
pr ocessc{BQ&hhat r &S%&P&%Mﬁﬁ%ﬂ%@%ﬁ? etrﬁl%aéis iBT@hOfége aﬂlﬁj&wnﬂ’ﬁ?gf 1/ 0
conponents 120. Presentation conponent(s) 116 present data indications to a
user or aEHE) aBdbpgins sqyiagphase pagsitioss nfdeitionalbo Misoiablstssrvicnaotifirs the ibkpl ay
devi ce, speaker, printing conponent, vibrating conponent, etc. [0028] I/0O
ports 1IBasadr|labeutcthapomplegodey itiespldOast sholye dt bfpcki2Ky Toupdtedcation atdydre

devi ces including I/O conponents 120, sone of which may be built in.

| 11 ust r girbvige® AMPEMERL IfcattBEdt UelRn ehofablcGRRRAR thic YISt ntisicr. JdiRespathe to@icel i te
di sh, scanner, printer, wreless device, networking device, etc.H gh Level

Data Modgl;, (AL dofRARRY H8RGSC Wold\PRROME TR hoGler LGRS PRk (R | On.
structurgci st or age 0i s1 represent%d byset abl es, V\%eraeeg ?tgab%e cgntlali ns set
of rows., B of illustration, FlI 2.depi c a portion of a table 200 in
accor daﬁSégf\}\?y\C?ﬁheaﬂe%r%gg}oﬁ%n%s %‘Pwtnh%?bé Aserit %%?1\} 1§]tp|031&|,_ t%Ee'{'q?‘}e rr%%%lr M Phe
tabl e 200, such as _the row 202, represents data entity and contains a set
of propePrPiide thgmipkh C%ﬁ‘l@lefedeﬁg? ft'ﬂﬁfa magten seuls; B 8CHraspignpRpsthal ieludar M5 ¢ he
properties 204, 206, and 208 (the data val ues of colums 208 are left enpty
for si npleivly emeicd shddpatitiani(P3) todhpwblesservense thap drmaittes|therpartition bwp, fsor

i nstance, a nane, typed value pair, or a nane to nultiple typed val ue

mappi ng.shdiwe at bclatzlf.or each individual property may or may not be
versioned. The table itself can have a fixed schema where every row in the

table hgaosd]e samgn RoARIM BRSNS, hifleP 8 RATRNIARDen FFLICHR tHRY SndIRr SEdje M8
enforced where every row can have a different set of properties and types

R S e e kL )
propertigsd B s ian, Luncthenatily e provded { ayscan apdgueny, over

that match the specified scan/query. Partitioning [0031] Tables can growto
bi | | i onsacEss thq Netivers Bartitigpanaiisaepk isagsjicsd f@@tqfﬁg)%(b%g gic ppatition HAE enx abl e
may need to be spread across thousands of servers to handle the

traf fi c/thidaderver dnldgheti dskignengtit panbtheofable sealsre. To achi eve this scalability
for structured storage, enbodi nents enploy partitioning to spread the

tabl es go070]0Ws ouh dINErenitodirB@rty 6f the fradehi Inveitidhy tigy PaHEMmah&AKStht REliT OWs
in atable into partitions, and then the partitions can be assigned to and

served gﬂi‘&%&d&‘es&‘?@é& AR With Ror@eh&SHd FRI. § baMbEl Eﬁiv%&‘tbf@réa\’tﬁ{rgst-hé QRg2]  To

make the table scal able, the table has one to many keys that are called the
properties that. make up the.partition keys, [For. ipstan wi t.-h.reference to
Phe t abl TM368 TR Bt B et pbisdoRdt N Fasg R BlocRRa8y s YatididRef s o
artition ke rr each rowentity. If there is nore than qone partition ke
Br opler ![ nggq)% é&(? fi@)src%ge% aboys ql%;b péo beFRe @p@rént to those s ﬁled?n thepart a}‘lé Iare y
within the scope of embodiments of the present invention.
[0071] FIG. 6 illustrates an example of splitting P3 214 of FIG. 2 in accordance with

an embodiment of the present invention. In particular, FIG. 6 illustrates the interaction

between the table master 302 and TS3 308 of FIG. 3 to perform a split of P3 214, which
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properties/colums conbined together forma conposite partition key for
that table. The value of the partition key for arowis used to identify

t he partiwOanov@sshi ch the entity/row bel ongs. The rows Pairtus2e0aee varme
partition key value are said to be grouped into the sanme partition. [0033]
In addition to partition keys, each row may have zero to many additi onal
row key properties/colums. For instance, referring again to the table 200
of FIG 2, the second colum 206 of the table 200 includes a row key for

each r O%ﬁﬂ'és' SYTSTBER.r BMKERY af SRIVESRH0S, thRaBIOLALRr 58 &indt Becdury t4iTtd3i n the
partition. The partition kéy conbined with the row key represents the

pri mary 3“6%34.? %g@égﬂ%éﬁﬁhf&mh% %origeﬂt aq8§e;r]:|1to¥t tb@ ies 4 ap! ?het %gﬁ?sg[%l:’%?ﬁ%éf key

represents Sor I trons I n t here

are no ro eys, the partition ke the key and has to

i quel v arRapg iBEE e IS S anishe’ K Bl e Ve o SRR el ow
di scusses enbodi nents of the invention in ternms of a single partition key
and si ndine nosbek ey P3t higt dahbay gecaiypd i30%brE thehtoad an P3 Rlé @értBPtfP@ﬂm&tgd/ or
row keys are used. [0034] The partition key is used to group together rows
t hat havy®rtidrethsahms rpatedt7i0bhnokiby [dadal ue, " whereas the row key represents
the unique ID of the roww thin the partition. The breaking up of table

rows bageg7nn the Ipaedpohican thepqiét BOm the EBiembac 302, S8 808 dadrmiacd kdyi oni ng
the table. This groups/breaks the table's rows into partltlons A partition

is the Sefor@hisPUG M bLiADGiHANE sPRA htib sPEbif&Y by MlUBpleSRadddr 302f ey

with the sanelpart|¥%onlﬁgylmtﬁF Q’wa§s gelstor%d |nt8 taersane parté?lon
Ther ef or.e artltlonk o

par 1 41 dnroraifor BiResdte s BF RATGL 0 oA S To B0ied B B ome
enbodi ment t he .definj rtition is extended to ||OMan|tIp|e r ows
with di flP@f distribgtien ?HqCBl’r?d&)é’)}ﬁ?/%ﬂ% agtey Y agrbipad 13t ()Intt PSS SRHPRIL i on
as long as their key val ues amfear contiguous in the partition key
nanespackd3 BY8wdgterniingsx drghl dewlopd @Iefrewenwehtthethe’tltlerblleyzt)@iuefofFBGhasz
four partitions are illustrated, including a first partition (Pl 210), a
second paptaximanly( F2o2t2he 1eadt while thpalohd tonothe (rf8Baidi) rowaniths aappooximbtely
partition (P4 216). As shown in FIG 2, sone partitions include rows of a

singl e pawtiotitRd 1deRY %3!sueh, BRiKe 1ﬁ¥&ﬁﬁtl@1@ﬁkﬂe¥mﬁl@§ HyneEUAe8riaWhe Mreddhd tipl e

partition key values. As exanpl es of the fornmer, Pl "210 includes all rows
h I P2,.2
pare 1 0B} PR ABHAA 6 Sl P G L Ay

B N E LY étfélan%to%%% jd 6 pfmﬁ%%]to Mol B5dadaln AR RN oo

include, but are not limted to: (1) the ability to scale access to the
tabl e bj”ﬂﬁé@%ﬁﬁ@sphtlnto partitions and spreading the partitions over the
servers based upon the access patterns and traffic needs of the data, and
(2) rowd0073]t he sahet@arkSst2Encemaugicaap o ltayg'mtfdreratialm(ﬂi.@ctileslmaitidnrkﬁyn t he
sane table server, which allows for nore efficient querying, scans, and

cachi ng vahenoftd)ao apetadld @asteS3EX OPesitabld Mbdledd (22¢dnistri @8 theSERBMI 0F aGiéar a
partition is much nore efficient since, at nmost, only those rows within the

par ti ti gRf&sd PRO aPB0$ C AMRInal, rtﬁ@ tdble Ts@f 565 §é?ﬁ'1sf r@m feqabaabend able
server for thé partition, I|nstead of potentlally havi ng to traverse over
t he whol e_tabl e |f not i fyin the titio in h
Level A ce‘%c el BB °Fhe g tcf‘é% kB R  Pee

i nvention, set of servers, refer o her "tabl e serv " store
and provieeR 05&%%&2114 HAIHENS ¢ rﬁdtat’ft %r%{ﬁeév@t %ﬁﬁlt%cﬁ% a?H?‘fz regueslet of

servers, referred to herein as table masters,"” nanage the
indicates a low partition key value of 3 and a high partition key value of 4, indicating that

P3’ includes the rows having the partition key value of 3. For the other child partition, PN,

the split request indicates a low partition key value of 4 and a high partition key value of 6,
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tabl e servers. A "table client" provides applications access to the
structured storage system [0037] Referring nowto FIG 3, a block diagram
is provi oo 20id48395ati ng a high |l evel architecture of aPEYAISemB6072 N
accordance wth an enbodi nent of the present invention. It should be
understood that this and other arrangenents described herein are set forth
only as exanples. O her arrangenents and el enents (e.g., machines,

i nterfaces, functions, orders, and groupings of functions, etc.) can be

used in jagiditdoORat N QiclidRs HRAGwRThal MR IR FHANER kENChIROHES, &ls SPBINSheRYvPe
omtted altogether. Further, many of the el enent’s described herein are

funCtiOﬁﬁgﬁ%ﬁhéﬁ&%EOﬁp%%YHRy°P§ i npl emented as discrete or distributed

conmpone conj u Ion wth other conmponents, and in any suitable
conbi nat i and | qcation. Varjous f tions described. herei.n as bein

per for mlVBY one dsaohPR tsPHE AR RS HUORASFY RS G ey RAPHARS, 21 v e,
and/ or software. For instance, various functions nmay be carried out by a

pr ocessdt 2exdditionadyi hS? B0 splin 3stodi3e and ¥Nvesrshgvn pbOBBandrhsaigs Geare
conponents not shown, the system 300 generally includes a table master 302,
t abl e sdt¥Vend PBD4s siBO6) at30®, BI030&%ithdn acrtdalal split Careplbte3b@ificEamhtorthy tabkesi de
on any type of conputing device, such as conputing device 100 descri bed
with refrRigrc®2t as Ehdwn it 6191 Texanpk enasidiesocoiiane nhs patitibhengy st €70 00 may
comuni cate with each other via a network, which may include, wthout

i mtati Qfect ANEHIH JARtRnkocal area networks (LANs) and/or w de area
net wor ks (%ﬁNs). Ifﬁghogﬁd be understood that although only a single table

mast er, tabl e, servers siyhgl ¢ tabl.e client. are.shown in G 3,
oy nuntd 0 F bt R R o K16, 7 DOF A AR S p M B FuR W 0

enpl oyed. within the system 300 within the scope of enpodi nents of the
present PhyrlisingohPtigoR Y] a@ﬁ@ap%wgil raQther embprlimgnt of dhe pregt nvegfion. (1)
assigning partitions to table servers 304, 306, 308, 310; g2) qui ckl y

det er m rthagmbbdimeat paF1G .t 7, arparent pettitiway Yedis dpbt g tfandwrchildpartitieas d12gni ng
the partition to a different table server; (3) controlling the | oad

bal anci ngddf3, paii¢h tdchnaclad®agoitadil ef therrves Sroddhe B0t pa&ion3 PO, A&khoudhd)
nonitoring the health of the table servers 304, 306, 308, 310. [0040] Each

of the t@Ebl & B&UYRE SpHPidg a3QBtiticIOR, twdléhildSpah@SRNEisRbAd frerunBERWodithe o ead
and wite access to ?he partitions assigned to it by the table master. Each

of the tahle s 30 . i tions.
'n the danimyraREy SRt Gl R S RERBRC ERGRA NERE-BRAMGLTC. o
partitigﬁzhpz %%g.P7ﬁ.TSB 308 hosts partition P3, and TS4 310 hosts

partiti PRSI P iY041] The table client 312 is linked into an
application and is used to issue conmmands to the partitions maintained by

t he tabll80%%r ver s Soular toghe mpthwd Sl FitgeS+lapd distibugpr irfermativads witadbt i ti on
map to determne the table server serving the partition, and it sends
comanddgracked, hashdvabiteblewkr X . ThtHead dibiribuicédn mitrn@1idn allews thedahly emstech®
results back fromthe table server and passes themto the application. The
partiti ahakeelad slisdriGnRel @cisial] écluime Whether es sﬁlhgaamuaﬁisng/hb@tﬁdv&emetgee
partitions and the table servers serving them and is maintained by the

table ”3%%(011%9 Znd/bP MR IheAS0 MERVE P ERLIERL iaﬂloﬁ%ﬂ@he 4ablk NeRIRA! Y thé@ pe@khd tion

400 served at a table server Includes three In parts: an update |og 402,

one to nm nenor 404, and zerqg.to many file t s 406. .. The update
o 402 BRBITRIR R F1Ge! Fhe P Ernfl FERGLS I8 bl Feb PP GGy
storage. .The nmenory table 404 is the in-menory version of the recent
(delta)‘Eﬁﬁﬁ@@%“ﬁﬁ“?ﬁ%p%ﬁ%é@ﬁwqﬁﬁﬂog%gge are the recent delta changes to

the partition 400. Wen the nenory table 404 gets big enough or has enough
changes 08771t , t helheetableymasids) detergundssa split ratio for splitting the partition at block

706. As discussed previously, the split ratio represents a load ratio for determining a
location at which the partition should be split. For example, the table master may decide to

split a partition at a 30%/70% load point. At block 708, the table master sends a request to
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checkpointed to a file table 406, which is persisted to storage. Wen this
occurs, all of the requests in the update 1og 402 up to the checkpointed
menory t awbDeowssvan be renoved fromthe update | og 402pCAuSd@s®siodded
earlier, a partition has a set of streans to store itspersistent state. The
update log 402 is stored in one of these streans, which is called an update
|l og stream All the file tables 406 are stored in one of these streans,
which is called a file table stream [0043] Wen a table server |oads a

partitiaRe tdoesdral 1R s8EY MRMpatRRineMEntdidd foP§plitaALEe St ParkiBulhhdRBRL Badt&O
since the nost recent checkpoint, in order %o reconstruct the nenory table

whon acdBa Ry gl it ReRBcdih AYRpghEki i A0 M0 T, o1

to see if there is a matched row in_the nory tabl.e in order to.see al

the r ecdtfiiiandRdesPaits o dionEseliorts teotahliy caver {4oMBidRes M Aeiiek 1G5aHeY daiche
and file table for the data. [0045& There can be multiple nenory tables for
a parti tSPBRIngrific martition| kased joa thgsplisratiphay shevgh abélwﬁﬁpliOm &h yervebl es
because when one nenory table becones full, it needs to be checkpointed to
a file tratore keyieformtican foc thersplit tahe te thertarle nrmsten ray shat & tlecks@2.t o be read
only while it is checkpointed, and a new nenory table is created for the

partiti qoofgyr Wi tTHGabiEheised WolstnatPRe thdthdifa StkadaSiol 8fe VW parEINBAY (F2abl e
bei ng used for recent (delta) updates, and it can have one or nore nenory

tabl es bd%idqg?,l é’%zshb‘)(z%g{‘g&@@ilﬁ‘t ﬁgson@%ﬁb@diﬂi%l ,; éci)tptéﬂi}la?e ﬁlﬁst%]%gé(%iv% to a

file table, it can el eted or garbage co [ 0046 e to all of

t he checkpointi done f.or artjtion, there c be multiple.file table
checkport s, PRESDS TR (P Rl 3B, sIF R Bk ol Bt 5% ¥ eac
fromthe file tables, potentially ltiple files taples need to be | ooked
at and tR8PIEFE sPSbrdn cats trBmiteialss therlagern herep eqsnaaééhe.t i @aster
because the nost recent file table witten contains the nost recent changes
for the qearcsunothe yhiedrosmodgte itilkd afbblAsklitiraaby.bibe rialdh axdspwisendsda fsphit a
partition, the table server lazily conpacts/nmerges the file tables together
into a neyussetged tbleesctvablae bictkoTider Tho splétdieqecst heaynbrbrividetl ihithe nkeabl es
that have to be searched through in order to find the data being | ooked up

for a pafehibda@FoRChb ablemad¥idhtRbaBlcaBecPuUr abl e Structured Storage [0047]
Enbodi nents of the present invention enploy partitioning, |oad bal ancing,

oo, (S RS A i
72 ove B3 BT GRS R0 SRS bbb TS B

table server; and (3) throttling to drop requests to a partition that has

t 00 nucHopstafcty thepefcags dentha aew tagions dBiang Fadheddes the ractadah strednyer
that has too nmuch traffic being sent to it. [0048] Scalability is provided
by aut ortasécen the @iginal partigiondBl e sMiord spepidictlily.itbmporias ef tlendathéhat beldngso t he
different parts of the partitions, and then | oad bal anci ng across the table
ser ver s.to kbatkehah@nrconp2 leillisbd bficsansllyesopibidrand-tiakddy ﬁ@ﬂﬁﬁzﬁrﬁti@n tPheine®tid oad,
spreading the | oad across a | arge nunber of machines, thereby achieving

better seahabbt ft)élrﬁti&i/ P?fuﬁihg b GBIk Jftiihd ﬁr?cfeﬂ?in lst}r_eérﬂ?allﬁhyﬁ-rﬁﬁlrlgr BRYYfERS: I n

addition, throttling protects the systemfro ig oad, keeping the system

operating jn.an efficient/aptimzed regine, [[0049] Availabi!|ity, i rovi ded
oy the 1o EoRR By B A AR B T e et By bt B g

themto different table servers and_updating the partitjon map, which
al | ows thEItonl laingq the sfreargs p Wd”ﬂtl%l’ﬁwg %%mt?nfegm %féthﬁamﬂqrfyﬂ%stfeamaccess

it. Quick reassignnent of partitions in the event of node/ network failures
keeps allkygsartitions

[0080] The table server stops serving and unloads the original partition (P1), as
shown at block 720. Additionally, as shown at block 722, the table server loads both of the

child partitions (P2 and P3) and begins serving those partitions. The table server notifies
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accessi bl e and yields high systemavailability. [0050] Durability is
provided by storing all of the partition data into a replicated stream

| ayer. Thwosbrigasidsayer provides a file systemlike intecfraseomwoeiar:te and
read data froma stream (simlar to a file), and the stream | ayer provides
full functionality to make sure that the data is replicated, always durable
and avail able fromany of the table servers inthe system Therefore,
partition information, including the partition map, update logs and file

tabl es aeh@ta%leoﬁledeﬂ dMoft tRofipl@BMIr A Eplit, Eats sh6ive Rt biskk gam raxeloti@Rigt | ons
[ 0051] The stream| ayer provi des the capabil |ty of efficiently hard-Iinking

aregio i | ayer
2 conpg]é%%{j Efo %I% e d%gPrtle%P@{e gfgrﬁ h{eet {‘t ﬁé %%Jﬁ@hl%ﬁs&&hern%;p%ﬁé‘e‘
streamis jin ct stored nsi d xtents treanrr an ordered | i st
of ' ext erpdid I r%ﬂl%a%ﬁra%%&mﬁd@bferrerrﬁr,ttrﬁra& PSP datst BRI e ar
multiple times in the ordered extent |list of the sane stream The stream

| ayer prown @esflegh thameay pationsoas diopaisd biockt/Paryt byis Ppiikitheytablegastesfmay

exi sting extents, which reside in another stream No real data copy is
involvedmhﬂdmhﬂﬁspﬁocempk&soThetﬂﬂewmmmreﬁkmuieﬂmemgenemw@mmhkhwesﬂm

mai ntai ns the reference count of each extent. Once an extent has no streans
poi Nt i NGiehwly tlcateli tBil§ baeidihd @reindvi3)lo Ry BRGScIco! dehbl i@ elatdhes tH Farident
fromthe systenr [ 0052] The stream | ayer also supports the ability to have
nultrpleni; \meﬁqh(QQQratrons such as creation, deletion, renam ng of
streans, and l'inking extents to a stream in one atomi c transaction.

i h f
oo Wt 2 LR SELETR L Rl DR AR

partition. An exanple is that once a_checkpoi of partifion_ is made, al
the mesdRGELNSANtp ﬁlesneﬁ%e RREtpp hassdr gy éorﬂﬁ@a%%eﬁes dr%@abléroe 1ﬂf9rr16w§7er Ingneq.
These features are used to efficiently truncate the update |og by

at oni caldmpbodineertti agmergaew srfosmad ofhenhevas adiacerd nmriaisonshe.cu paiacent oy thst r eam
hardl i nking the extents which are still in use fromthe original streamto
t he new sstudacnof aowk thethetdbhe) Hake relatigily&dw sdadeavierghig the Ipagiioas & aoimgld n one
atom c transaction. This significantly sinplifies failure handling |ogic.

Simlar meheiBiaPbEb@lcfifial®adddRth@hiber i hEAM®ns HUEs@serhi | € table stream
and netadata stream of a partition.[0054] The structured storage system

and mor quosal port i ARgHER Fféﬁéscr.%ﬁ%”re ar?dé%f%‘gc%. Sl o yfRRITRO8 f5

ecificall t hese featur are ed. t entI referenc data from
theCor gfr?ra%gwartrtrsoer htspraes i R e dart L bR pgss RGN Pashown at
split/merge, hout havi ng to physicall copﬁ nove any bits. Spllttlng
Mer gi ng,bleﬁde(L?@érdehrtahetmglnﬁa’marl@m éﬁn@nt[%a eanaSeﬁt?@dh%mdsdlﬁrl Wi

present invention bal ance | oad drstrrbutron anong the table servers within
t he st oriafpemsiyst, déim taGenmasdl determaidsehatgmoerastities iP1 rad 2o thduhé bt omdgalf each
partition, and periodically report this information to the table master.
The t abligtoregdve parfitibe P3)parkhoamnain i cH 80U S 110 BHbEYm¥BM] Gy Partitiohs Gias fcADNY
table servers. This is achieved by offloading the target partitions from

the ori ga!d?ﬁhnﬁ&lﬂ'aﬁd%@ﬁ\ﬂ join 1@§I§k ﬁ%e {8 eRAL ngéd.i ons to other table
SO

servers. [0056] As an op |n1 ation, enbodi nents of the invention may

have thaghelile TSR IR AR TREPRRSA hERE o ERYSRL el BRNELe Ve

bef ore en the'p n I'S n el ervrng guest, the

tabl e server, will do a, check oint on the partition jn order to reduce the
amount  SFM{HFECPRIEANCTEE e Bt YL >r0etbr HPEISRFTE) ﬁﬁﬂ"émgarl? MQ BHTITQNS, gathogn

at block 806. In some instances, both partitions may reside on a single table server, while in
other instances the partitions reside on different table servers. The ‘prepare-merge’” message
gives the table server(s) an opportunity to compact the partitions prior to the merge in order

to reduce the load time for the merged partition.
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again. This is provided to neet the availability SLAs for serving the
partition. [0057] In the cases where a single partition has a relatively
hi gher | osi0,20i00048%9% becone desirable to split the parti PCOUS206198D Or
nore partitions, and this is only possible if the partition contains nore
than one partition key val ue. Subsequently, one or nore of the child
partitions may be offloaded to a different table server to achieve | oad
bal ance. [0058] For | oad distribution tracking, a sanpling mechanismis

used by [9eg4) tabl erranygmdser %%&s&ﬁ@&gtagﬁta‘ﬁ{r@ﬁn %ﬁh@ﬁf&r%é&%rﬂitfﬂrp('g@% on

W thin each partition wi thout consum ng nuch nmenory. To track |oa

i nf or maty ket 1 [ S, di Vi We)e tjpl [t es,
rof or rod ey i B birld R ettt pftich ] Ao PEeorh hP B or AL
bucket is .tracked. More. specifi ly,,.the tabl e server prqbabilistically
o es THEN Ut Qo Riant Faide 4 pasta RO g daUE B Ieh R ROBRE™ HEUBI G ¢ he
| oad distribution across buckets. For instance, referring to the partition
P3 214 vintihfaterpisally speves dire ol mart@ions enirks, fuk Mertsothe may Metiinn ¢, #nt o
two buckets for |oad tracking purposes. The first bucket would include rows
wi t h t heshpantai blook 8k2yFroah the talfle Bjas@n'd pespedve pthd nipugkiednsadidnds cormplatte t he
rows wth the partition key value of 4 and the partition key value of 5. In

embodi memtisis pohe, ekt thd @RI Y tablSinagbMRYISv&Ethe Me® Rédzkd hhdiiok ayillviad ue.
Nanely, rows with the sane partition key value will always be in the sane

bucket . fﬁ&ﬁdf'nr}ﬁ%g@ﬁﬁtedfp?ﬁitfog\éﬁ%)vﬁlﬁﬂlgtﬁagts tition key value of 3 cannot be

split into two ets'for load tracking purposes as well as splitting

pur pose 059] In. s enbodi ment based on. t traffic sanple
Col | ect d988Tho b ot S afas Ralilade matSiRafiioh Py &3 Huf sfPMheEihaum ¢ o
nore accurately track the traffic distribution across.the keys within a
partiti cﬁ‘ab?qqgr%ﬁy,ﬁwerta@mew &Wﬁﬁﬂﬁ%w&%ﬁd@@ﬂmﬂ in gveeted Ay Baane red
to other buckets, they will be nerged into a single bucket; conversely, if
one buclksetver ot sisteni.giiof imsganct.ythamssghasla@blehsenvesimayt he thst fable fpneketns,
t hat bucket can be split into two if possible. For instance, in the
pr evi ouswigxiaopt er both dfhike paennghriiti@isatsidahbamag bt acdiffacht tabkdseeanpatied t o
the first bucket, it can be split into two smaller buckets, one of which
cont ai nsykieds Wi th partition key value 4, and the other of which contains
r ows vvitf}{ partition key value 5. Furthernore, if the first bucket
cont ai ni artiti key: i , Li:.can d
wth thd Bifiet contal RENAGHE e PR b Bph el mbatPE rhhcfCey RuVE P
adj usti f cket sizes is all dope dynam,cally on t fly. Besides the
bucket |t 8 B ol e ERadale St B e e RBMidncibe i eer BiPvicTase
partition keys within one partition, the table server also keeps track of
t he t ot dhisdpBunereed PHGHRN Bedt senstyets dhe Meegpdrrartitions strgaans| fiemdhe parent
comuni cated to the table master. Therefore, when a partition needs to be
split bagmsediom Hyoefdicichtly rdopyiaghardbiskihgaltt datstfrorbuhé parenhpartitmans osng s
available to both the table server and the table master for determ ning
wher e t Heathay frofhi the uah@llith becaspldyer. AFRE@e Rekenctiondisowe e ik s&ved flow
diagramis provided illustrating a method 500 for splitting a partition in
accor dangg, W {his ARnemRPEE MRMdaff stiche JF rtl?éﬁ@ﬁgeh?&ﬁﬁ‘ﬂoh @& thhitht hexqmpogiyrent
of FIG 5, a parent partition, Pl, 1s splitnto tw child partitions, PI'
(the original partitio dified,to include only. a.subset,of raows) and P2
(o mew gartf Bl Pacheis ST o Bt iD B ctsfrie S bartht
di scusses splitting a partition to two child partitions, it should be
understd@ﬁtlt‘tor‘ilastSt%‘?a%érti tion may be split into nore than two child
partitions in accordance with enbodi nents of the present invention. [0061]
| ni ti al IBecozering by ormupsdardtoned Hate di stribution information is tracked
for table servers, partitions, and/or partition portions (i.e., "buckets").
By trackDog7|f i ne- gk aursbit stnediredtoragatsysomashotikiebepaeni¢ td reoovgpdrdm dogd evel as
descri bed above, determ nations may be

the system state. To achieve this ability, the structured storage system in an embodiment of

the present invention is built on an append-only store, and all deleted data is retained for a
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made regarding where to split a partition. Load information is tracked by
the table servers and periodically provided to the table master. In the
current ewbadinmesids the | oad information sent to the talpCe/usaemsiorncl udes
the total |oad of each partition and the | oad of each table server. Sone

ot her enbodi nents may provide all the |load tracking information, including
t he bucket level information, to the table master. Additional information,
restrictions, and hints are provided fromthe table server to the table
mast er fighiRuRakhythi GMtikhe Ritdisi dtchR@doRlARHINNG &REbRPlah} tdoRUpE&E irS RNS -

For exanpl e, based on the distribution of the bucket information, the table
server q@&e abel a partitionis "reluctant to split" with a degree of
severity; ere high nmeans that the table nmaster should not request a split
for the ition since the ta eryer n't split. t partition, ere
o um AS ¢ har RaBrGeas KEPIG 3 IRl AREne ShsrudehinBiiime s&had
choose not to split the partition and the tabl emaster can override that
deci si oP00afd eeYEINZow PRSHARN tTFm t OB Rl PYEHIOR $thte| ins pesprdange twikle an
direction fromthe table naster. [0062] The table master uses the | oad

i nf or matdndrwdimenai ¢hd mastndinytntidnutnviallgemsi shownst bionk D02 sgprmipe pivéition & spl i t
partitions, whether to nerge partitions, and/or whether to nove partitions

anong t hgerdtAkde 15 epaaition Yodombe chigRenl ceie beeRied 0dn kbfbis Paisddh@atkady e
master determines to split a partition (Pl) based on the |oad distribution
i nf or maty : Bk ' a
pl i 1 ary Bepion S octhe Rrpal P ma AR B P RS o F R U g
represents a %%jg ratio for determining a |ocation at which the partition
shoul d B&é SpPI "oRor exanple, the table master may decide to split a
partition at a 30% 70% | oad point. |n other words, the partition should be
split atlﬂaf?1 oi nt vél%?l}é)"fnn%t blggly 9{)6 the cprrupt PRERERTHE PO BUP fiONYHCNs 30%
and the load to the remainder of the partition is 70% At block 508, the

t abl e maxtteronsdaids The seerasan civharhe) tremirethe panigion hisrte algpridrechpagasite itlen
identified for splitting. In particular, the table master requests key

i nf or matpaetitispest byemgotcdean lticgipend-oalyr st@s pehidh vgllwedtbretthe pagption withbuto 1 n
the partition. In response to the request, the table server identifies the
act ual pagihg binPdatker (bPeatYatI0 tHeYartfiRinl th lai pAdr bhRt Reviché,ti1a6h Bad& FoRRtidIRe
split ratio, as shown at block 510. The actual |ocation attenpts to ratch
the | oa .St |.0 Ch f |4 i t a

oad d SPEart ShrisciheBR8 Hhe Scbulth bRER the iRl ok P ROl U BT 1
tabl e er be a 30% 70% | oad, di stri bution t the closest nmatch that
my be HROUF g enRiTHIE gy SR balte LRI PaHIDlE GBGH SRS BHaT T
enbodi nents, the actual location for the split is identified using

partiti deadiegandwetngef Be strpgpredgéteance, if the partition P3 214 of FIG 2
were to be split between the partition key value of 3 and 4, the key

i nf or mat[0690]i dent i Pyrimygpartitgorsipllbackithe systehiendsding inpstoncdaeyhockpaist, @hich
and/or the partition key value of 4. Any and all such variationsare

cont enpligteld it Galkistave! Hdnuseh eheSho@igobft atorigoditireRt @refpdnldmgnogs éNthey are
invention. The table server returns the key information for the split ratio
to the t@hlR.JRSiEfbudd IRt 0ck 512. [0065] The table master
constructs a streamfor a new partition (P2) as one of the child
partiti as sh .at _block 514 Al.l the persistent stat a_pa
2" kept WIUT  cadsmifthp RS Bifiokt i son% BRES] 86 bl Al AabRfd
partition, which contains. the pointers to aJl the other streans of the
partiti oNEEtRA fhe RAritan isSaHHPIGNt fonfesp Yritho RAGKIOR ke p AR thase fsess s as
the partition key range of all the rows included in the partition. In this
step, thesteabhses thstdera fromyr edhpo nelated eaftgronsy wgtudmyg theeparentéod atf the ttargaim f or
the new partition (P2) with the correct partition key range information,
whi ch cqrart@smodasng thet fnestsyebért sphit oo merge that involves the target partition. More

Jtion
or the

specifically, the system reconstructs the state of the partition by merging the state of the

most recent valid checkpoints from the parent partitions and the target partition.
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Additionally, the table master sends a split request to the table server at
bl ock 516. The split request may be provided in the next heartbeat fromthe
t abl e naswer2otom483ive t abl e server. [0066] In sonme enbodi FEMUS20020p0DT i at e
master logs are witten to handle failures. The table nmaster | ogs each step
after the corresponding step is conpleted, so that in case of nmaster
failure, the |l ogs can be replayed, and the table master can resune the
split fromwhere it left off. [0067] After receiving the split request, the
tabl e sqyyes) St opsas&rali M ARckidM| RIS Db BecB g BRlctRAN t thE IpaRitloRl thap &S
shown at bl ock 518. The table server also builds the two child partitions

(0 el AL 0 A Pl 0ROl SR 21

met adat g ,stregm). based on the informati in th riginal partition (Pl).
Mor e sp}é?cﬁﬁ 9?,0% | \s rﬁégsglb?ﬁsﬁﬁllbafc '@ & &éﬂlf?%qﬂs(%‘ﬂgls@%gs to the key range of
P2 will be efficiently copied/ hard- |linked frompartition Pl into the

st r eans RartigigntVerpigningangsypgradef eat ure of the underlying streamlayer. The

child partition PI' is "created" by adjusting the key range of Pl. The
child pdf893]i on PIWheasgerfolremanen sppradf off tleamblasecitvhie codd, gihnalpgpadet ist i on

Pl. The nmetadata of Pl' is changed to adjust to the reduced key range.
[0068] Agrfohaunodtonbl 06kbR23f tHeh@blealRhers e ¥ @iel 0AdSUdQtie ebld ievahiatd
partitions (Pl ' and P2) and begins serving those partitions. Additionally,

the tabligoRaiHRN pLlOL ASmbie Akl @5@&%@9{%3@ LBOTBLELAAN Qlmd. e

split, as shown 24." This notification provi in the next

heart be omthe, tabl e s er.to 4he table.mster. response to the
oot comITe noma PR GTHE dg £ile % sRenE T BRM Mo b AERERRE pkShd Ga os
the partition map.to reflect the new partitions, as shown at block _526. At
this poikfoo0 ftblhgafﬁaam SehHoRing dyrig %%rﬁ{@r ing gegordanger with 3p jegtbedimens of 15 e
mast er sends a new assignnment that includes the newy created child

partiti aucsePRinverfiatheAs abben seblask K92t partitipns may deegovddelrpartebleiserverrap, as
shown at bl ock 528. [0069] In sone enbodi nents, after a partition has been
split, twighihabthgetragdrade damyaideliarisintaee upgratadencat datihgl thearpgrddeqrodas@mAt he
tabl e server on which the original partition resided to another table

server. pbi bRl LVE ddaB VeBlbE iTBGIS edt 0 BE it isveby WHiBhrthbUh@el GRFagCr 0SS
the network. Partition novenent i's ‘achieved by offloading the partition

fromon n assigning it to another table server. [0070]
In ot he(radoe d%ﬁ?rlgdn\%ggto@%fedbgr esent invention, the perfornance of the split
pr ot ocol cri bed,above with reference tg. FIG 5.can be jnpraoved b

P eat i nd B nen AR fisr bostudsh PEIEDY dattions g A& SRREd 10 bl SeUhMoaded
at block 518. Other variations to the nethod 500 descri bed above may al so
becone djspirehe ey phigserekicpdetersiontand sttt toahe meadificg wHh dotantalie 8 gevof
enbodi ments of the present invention. [0071] FIG 6 illustrates an exanple
of spl i tdatantpriadt, 28 4hofwn Rk Glock 1096acstiedtimcmodifichtiam therpaditioen tarodbnlyHe
present invention. In particular, FIG 6 illustrates the interaction

bet ween sehedttghthe newst epgraded @B sEB2r3& fhy MoGbe Setvod PGrdldirMessiGPtable of P3
214, whichresides on TS3 308. Initially, as shown at 602, the table nmaster
302 sendgn@rd eQUERh diRe TPARRA Ha® bBULIIaY, d APRIBREE 8hvdrQoh SR dy¥teth

| ocation to split P3 214. The request specifies a 0.3 split ratio,

i ndi cating that. the. table ster w.sh to splig P3 2 t.a ocatiaon

bet wean Rt DBk PTURR 15 OBG\Fhet b it Saf Dot o divoRlee P BB S 214
and the remati_\gllién%é ortion that has recgﬂ?\éecii 70% of the load. [0072] In

r espons €OPAIRE t gﬁ?é%?r‘fe}fsé‘?ﬁt??eg PBIAELIgk 1808. 302, TS3 308 deternines key

i nformati on correspondi n% with the split ratio speci fied by the table
mast er d0996]1The keﬁlls may be accomplished in a number of different manners within the scope

of embodiments of the present invention. For instance, in one embodiment, a version
number is tracked of for each partition, table server and table master. When an upgrade

occurs, if the table server serving the partition is at higher version number, the partition
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information represents the |ocation between two portions of P3 214 based on
the 30% 70% | oad distribution specified by the table naster 302 as the
split ratwo.20io483%6 present exanpl e, TS3 308 det er m nesPChAS2000m61902d on
rows with the partition key value of 3 has approxi mately 30% of the | oad
while the I oad on the remaining rows has approximately 70% of the |oad. As
such, the key information determned by TS3 308 in the present exanple is
the partition key value of 4. It should be understood that in various

embodi MBAES ondhitelerdi&Y nlbQr r@sﬁlqriat%mtdmpﬁlegfaﬁwicqle@hnt&@ gedddng hsle
| ocation at which P3 214 should be split. [0073] At 606,” TS3 214

conmuni ¢ S fqﬁt% AN EeTo ion (i.e., the partition key value of 4) to
t he tablsg}\%nass era gﬂd 1rel abl e master 302 constructs the streamfor a new

partiti N, at 608. Additionally, the table ster 302 sends a it
Pequest 89The ¢ adh Rt SimbodRah Hhoat o SgEh FHE BT aS FRGABSE thin blfe
present exanple specifies the range for each of the child partitions. In
part i culsafver FRMyAKatenite thegalkle imasish to picate ikfevasyipi.t The tabésmasterdiracks 8 a | ow
partition key value of 3 and a high partition key value of 4, indicating

t hat P3'latestchhld sgverersiowsint aeitmigns toebepasrigntd am dody by adsigaedto @blefservetshe
other child partition, PN, the split request indicates a |low partition key

val ue ofwith sadatasthe@lon@F bihthake k@patdldiergbn), i ndi cating that PN includes
the rows having the partition key value of 4, as well as the rows having

t he partihefan key : Lo Wi t ops
servi ng ['P 9efﬂori gi ﬁgﬁjegglﬁcﬁ?&%@%%i%ﬁgﬁ 1%%24.}&%813?% ?%ﬁ%ﬁ?%ﬁ%ﬁf@%@é

splits P3 to P3' d BN, ,as shown.at 6 and. begi.pns_serving.P3' d PN, as
shown' e esBls TR Selota 0 e e SRRl RS PREA DT i P bl o
master 302, as shown _at 618. The table nmaster 302 updates the partition map
at 620 t¥S1ERFd dhemndagls eavepnrle? fSneHShelr oupsiersion RVRBCTH Swthedale @aster. 5
flow diagramis provided illustrating a method 700 for splittin? a

parti ti orhei ablgcvesteratherwbwikicrpsatenkhed the magidionevarsions ahwchrasshatabilovened on.

In the enbodinent of FIG 7, a parent partition, Pl, is split into tw new
chil d parectdidrisons, thi2wandhPBblodnbatr @aaies ithat [pactioas pa be assigfedttbehs bk from
the parent partition, Pl. Although FIG 7 discusses splitting a partition
to two GRRegh drabhiphii®BSersidnsshoul d be understood that a partition may be
split into nore than two child partitions in accordance with enbodi nents of
the pr es(?&{clﬁ&/fnti on. [0076] Simlar to the nethod 500 of FIG 5, |oad
distribution information is initially tracked, as shown at bl ock 702. The

| oad di i hution jnformatian allo the tabl e master to nmake | oa

i ot 11 PPl dect BTG s Poidiet gy QeSHER Bhr EAPBNE BRERHEF o
nmerge partitions, and/or whether to nove partitions anong the table

ser ver s.cnbpdiments rwhigh are ipensicpaptalloresmety tozbe dlistratiyn eathegsthar rsidvai nes
to split a partition (Pl) based on the |oad distribution information, as
shown atAldrogk e #Dabod[radiTY JvilTheconmidpparrat oehotatferdmnmysskdl mphe artrtawihochf or
splitting the partition at block 706. As discussed previously, the split

rati o reap¢ peedit smantiG@pertaatd Without deRireidroinAg saopeocat i on at whi ch the
partition should be split. For exanple, the table nmaster nmay decide to

split apgidolti on BhbmandkdANs |05 BOLA tha¥ thR! iRGi6R%s ohdReli ARM R RS €F

sends a request tothe table server hosting the partition identified for

splitting,. .| artigcular..the tabhl ster reqguest s .key i nformati.gn
speci fyi g 1 et B Qdre'e s dRl Ao cheviid b Py dey Qi e e

partition..In response tqQ the request he t e server identifies an
hetual  IQDyiaus gRds TSI § iwateflh%dp@fﬁ%lp@-i ith§§‘I§%an<§ﬁst?qﬁeth§bmalr} BRHES as
shown at bl ock 710. The table server returns key information for the split
ratio tcanghebeoatlieations pesrof widity tislmanbe bmploiycqd pathout reference to other features

and subcombinations. This is contemplated by and is within the scope of the claims.
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[0078] The table master constructs the netadata streans for the new
partitions (P2 and P3), as shown at block 714. In sone enbodi nents,
appropri awe 20881483951 ogs are witten to handl e fail ures. PChast@bloelonnst er
| ogs each step after the corresponding step is conpleted, so that in case
of master failure, the |logs can be replayed, and the table master can
resune the split fromwhere it left off. Additionally, the table master
sends a split request to the table server at block 716. The split request
may be provided in the next heartbeat fromthe table naster to the table
server. [0079] In response to the split request, the table server builds
the two child partitions (P2 and P3#HAH%§1he original partition (Pl), as
shown at block 718. The table server constructs the streans for the new
partitions (P2 andVP3)is cBE8sdiEs t he netadata strean) based on the origina
partition (Pl). Mre specifically, the portion of the data that belongs to
the key range of P2 wl| be %{ficientl copi ed/ hard- linked frompartition
Pl into the streans of p&yhe 6@@?@%3 RY OR€ 08 RQUF CoBPUting deiers VA G
streamlayer. Simlarly, the portion of the data that belongs to the key
range ofstegtupdd dtorgge exstingiemhioh stmpiuesd) starade i reResderftedhy pae oi moshtablesi nt o
the streans of partition P3 using the sane feature of the underlying stream
| ayer. [da0B@dblelmelidady & phedlitgrof sbwRScaske o rgprasealting laakds eithe s@i¢dbynaie
partition (Pl), as shown at block 720. Additionally, as shown at bl ock 722,
the tablggys@FatestoladgsRt AP inditEng bt briasll kéf;@ NRr (Feht@dg RR rand tRegi ns
i

serving those partitions. The table server notifiesthe table naster about

the co i . 1 0, o] £ i i fii i may
be- pr ov 5 i8nofies P e AnarY Bulied of Ferdets, b el hoRhng™
master. In response tqQ the lit co et tificati fromthe table
Corver | T CABN Tb e G aoR AaTb et Wikacinghs ebrdist Of e
partitions, as shown at block 726. At this point, the table naster nmay
consi derar¢ @ragpnta phwgitetad. tablg escivghy, endusheapinsg fhde aastof, caalply MpEHion hat
includes the newy created child partitions (P2 and P3) to the table server
so that adssignmetwthteshe¢ pburplay taftthldn somprs, ds whihed fat siitoed a 728itigh0ig®1¢hildn sone
i nstances, a table master may determne to nerge two or nore partitions
into a sjangidnspad thpesingased on, for instance, |oad distribution
information. In an enbodinent, a nmerge is perfornmed when two adj acent

partitions (i.e., adj aqa&{tifiziﬁgtﬁg@?%ﬁél?@rﬂ%n ¥ HAMRLIILDSn 1Rl RbRAYE

relatively | ow | oad. Merging artitions to a single partition my be

beneficial ta. reduce.the nunbe f partitions in,the.system 082]
accor di ngl y. T BRSPS lnetord B4R I Dl 3 Fltns sV BB oo
merging partitions in accordance with an enbodi nent of the present

i nvention. Asonsﬁﬁ‘ﬁb\/ﬁ%'é(‘fo?ﬂr&%% p@@?’,nsloég}f R#SH9% but i on i nformation is
initially tracked. Based on the |oad distribution information, the table
mast er det erni nes that delwsmprng (2060nky (iR tabledn@pyr, s wolil ttioefonsplgting ithvt 0 a
new partition (P3), as shown at bl ock 804. In enbodi nents, only partitions
that form a qonitiondonsd anthenextingi &) @ichtof gartivotdr amork pyrtioan géthe partbienrer ged.
[ 0083] When the table naster decides to nerge two partitions, the table

nmasters sends ' prepare-fig ; (FESSRIaLSE defvck TBr kaPliffob@hNGT ‘irﬁi)ica%ﬁg}/dnng t he
two partitions, as shown at bl ock 806. In sone instances, both partitions

may reside on,.g ?io’é%ﬂicgll %ﬁﬂiﬁh{ﬁe{rﬁﬁn c&@@s@&l&iﬁg %&E%ep%pﬂ?%a@i%?es t he

partitions reside o eren e servers epar e’ nerge' message

gi ves the table server(s) .an r{uni t o _conpac he partitiagns ior to
She merge | n order Lo VNGRS {RED! kSt apE A R s G Ehait Ao HBl0084)
The tabl e naster creates the netadata streamfor the nmerged partition (P3)
at bl ock 808 S&H@Nothel keydnformationy isadne Bgr tstudlolosation vaHED Bhy FaFi@ian: he

tabl e server(s) on
corresponding with the split ratio;

sending (516) a split request from the table master to the table server,

the split request indicating to split the partition based on the key information;
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which the parent partitions reside at block 810. The table master then
updates the partition map (atomcally renoves the old partitions entries,
and i nserwe 20lv4g® partition entry), as shown at bl ockpP8TAIS2000morhe t abl e
master's perspective, the nerge transaction is conplete at this point,
since in the case of a table master failover the new nerged partition wll
be found in the persisted partition map during bootstrap. [0085] The table
master assigns the nmerged partition (P3) to a table server, as shown at

bl ock 814. The table ses?nﬁfngt(glsﬂ,ﬁsm,hsztzblﬁle@amﬁql AarbédioRRotrss ﬁ&iingrml nmay
be any table server in the system For instance, the assigned table server

may be the tqgéﬁgfﬁkﬁﬁ%ﬁgﬁgﬁ?%ﬁgt‘ﬂﬁmaraRR&ESOf the parent partitions

resided or nm able server 1n the system [0086] Upon
assignnment, the table server | t merged.partition, as .shown at bl ock
816. From the netadata I?P@B%{%??ﬁﬁégﬁﬁ% rﬁggp?ﬁtf?@ﬁl%“?%émfiabl e server
knows that this is a nerged partition, and it constructs the nerged
partition's streans froWpoatng Gapbaparsdioninrobascdyn dhg pafiden pging split into
copying/hard-1linking the data fromthe parent partitions using a feature
from t he undeh¢ yhild pettiteas thay@rtitiolf ep stbeng orappings thevvech sthd phealityhef t abl e
server records this event into the netadata stream of the nmerged partition
(so that the paexdonk ahi® tHetplgraRBrdfitibloBerbérs k@athgdhe plueal By bPAdFELMs. | not be
constructed again), and deletes the parent partition's streans. Recovering
from Corrupt Partitioned State [0087] A durable structured storage system

shoul d be able to xecovaf. {{BdbBISIAIR UhaviRYSheMeShRied ARMRE oY Sist S
ability, the structured storage systemin an enbodi nent of the present

i nvention | i d-.on I N - data is
retainecfra %ﬁ“%#?ﬁ%g%ﬂgﬁgﬁggﬁgg?ﬁ%?%%mf%§?£%8&%gg%%8mﬁ§#%%§%%hgh to di scover
any corruption in the system [0088] Referring nowto FIG 9, a flow
diagramis provided illystrati et hod 900 f.or recovering a partition
Crom a corrupt parti ti offesraned Fragt brthcs uERe 45 AL SRETSOT ¢ he
present invention. Initially, as shown at block 902, a corrupt partition is
identified. If a partiticenndicshesthe pufitipp frapythe sabhotervd: served, an al ert
is raised marking the partition as not being served. This may cause
tenporary | oss of avai |tablidngtthe tlold pretitgetsdranm thehpattitpar, and i on. [ 0089] As
shown at bl ock 904, the corrupt partition is recovered into a consistent
partition state. The s)sidg e@nscevihf éic childpartRidas froltBie pdld dckvedn, since all
prior changes to the partition have been stored in the append-only store,
which will restore the pantihtbahiNol RIS PG REMpGRL Rakfo { BeckMiht back
the partition to a prior point intinme, which could potentléﬁly cause | oss
of the change hat ..occurred between the raol l.ed hack tine d.the tine of
the fai & ur e e RHESTAPHERy BRIEE MG AR L] ook B MG E A o
be served againh for, readi ng and itin f the structured data. [0090]
During parti TEBALAERIBA SN e de S)RakaRiny phids pﬁlﬁlélowgmpﬁé%ﬁ#&le%%@m,
which is still in valid state, and uses the checkpoint along with the
correspondi n@fl ogs,logf t heycamse st iduringr esenmtheckpeintebui Ity t he ghemidatlyon
state. [0091] During partition rollback, in sone cases, the present

nmet adat a and datiagaanmelistroim) hed pakingt dxaamtd stdrnsaiéHackpeant fréra aneddlgy t he
partition state. In those cases, the systemuses the data from ot her

rel ated partigide®nSe thiehw Bign@rehedAeiRithé s)d B strbfn! AlddeharRiakthd A&N 1gRUr i Ng
the nost recent split or merge that involves the target partition. Mre

stream to a name of the old log stream.

4. The method of claim 3, wherein building the child partitions from the
partition comprises efficient construction of streams of the child partitions by atomically

hard-linking extents from streams of the partition without expensive data copy.
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specifically, the systemreconstructs the state of the partition by merging
the state of the nbst recent valid checkpoints fromthe parent partitions
and the twpgeto/qassssi ti on. [ 0092] After all the partiti ongChaseotdpery72
recovered or rebuilt, the partition map is revised to match the key ranges
of all the partitions in the reconstructed system as shown at bl ock 906.
This brings the system back into a global consistent state. Partition
Ver si oni ng and Upgrade [0093] Wen perform ng an upgrade of the table

server code, the upgradgd shdRRydl OF @AmON, AMerein BbaRthof fdriher tRRIpRisser vers
at atime. As such, the table servers are broken into N upgrade donains,

and eac : I . e i ] : ihg to
G 10, BB PR RR o e BN RERRRAS O Rbnd S ServhE toR 8
partition versioning duri n upgrade i.n agcordance with a odi nent of
Phe pr edgmtanipnta SicaishdBiat B g of MoasR matiis eyt BE WoUed f r om
table servers within a target upgrade domain that is to be upgraded next
duri ng ttAldespyelade process. A new table server code version is deployed to
the table servers within the target upgrade domain, as shown at bl ock 1004.
[ 0095] During the upgrade process, partitions may be assigned to table
servers havi ng t he.new Tebetlper vérclamdd, weres¢ionthandhethodr further wempoidésf | ed
with potentially a new data format, as shown at bl ock 1006. After this

modi fi caildiBing thvangaidsi ff diRstve@mrombie pertivas \6Ehbypakttomeuwrd opghaded t abl e
servers and may not be served by ol der version table servers. As such, once
a partitiRPmhash BEeRersRLVESpMY R 4PRLE S QINEN oPfhe URI0SHORON pbiiBns B8 iRm
ensures that partitions are only served by a table server o? version N or

| ater (q i : i hl bl e server version), as shown at bl ock
1008. [d’%&@ioﬁﬂos“‘ﬁa@q‘%ﬁé@%ﬁﬁ%?shed in a number of different manners
within the scope of enbodinents of the present invention. For instance, in
one enbodi nent, aﬁgersugn nunber is tngckgd of for.each.Eartition,%%?ble
server and table nasterOMSwln MRC (FYPRUE BXREr smeflip SI0ENE o fPEPWS-Psable
serving the partition is at higher ver si on nunber, the partitiontakes on
that verBitewtipmios perfemging eHaethed faitmyreingestpgiued ploFLe snsten| rgpiseenicst ved
by table servers of that version or higher. [0097] In another enbodi nent,
as soon lysoneasmdra dbéess excheaable snchplgrgd ehiralithef teady, eacdhepwerpesmtmpiachtaes t o
the table master to indicate its version. The table nmaster tracks the

| at est toakitye s&REV &y YRS Sir@urc@ngomgé tdybicAnand OinblediagsbANed ®ait QBYy f&e
assigned to table servers with the |atest version (or otherw se conpatible

versio n)idex{tﬁ%glthé 1%??3{ fle ANRLRLSE BIR %@i’nggig&ided Qﬁoblli)ggé giuwﬁy of BASiiOR, ieSch

persisted along wth the partition net ta. Ta ervers hotity the table

master qof the versions of the tition signed to 1t abl.e ser.vers

o so r egdrl LT ARG Rk PE R R A PEr L P RRT AR B R MR B e o1
t hereby keeps track.of the rtition versigns as well as the table server
ver si ong? WRHLY HAtar s 4 étOF Tpd @ﬁ‘%‘t‘lét?’ 03 ﬁglﬂ? &gV ?rﬁa‘l‘ndp‘é(ﬁ?rﬂni %@Pec%lﬁ“ffe
assigned to the table servers of conpatible versions. Conclusion [0099] The
present doptreltnagifidvagssigament &s thei placglifhof &bl baswers.othg anethed iferr mergbegrent s,

which are intended in all respects to be illustrative rather than
rest ri ctleasetwoipdratiomt ofitkee mbieddionremtigedvphititibe andreoapyidngnt to t hose of
ordinary skill in the art to which the present invention pertains wthout

departing fromits scopgckin@Q309)] okt difoiRQidnOfoP Rl Marality oMpAritiBes se@re t hat
this invention is one well adapted to attain all the ends and objects set

forth above,Iﬁ&gﬁ%ﬂﬁqmﬂéggvg&her advant ages which are

identifying (804), by the table master, the at least two partitions to
merge based on the load information;
creating (808), by the table master, a metadata stream for the merged

partition;
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obvious and inherent to the systemand nethod. It will be understood that
certain features and subconbi nations are of utility and nmay be enpl oyed

wi t hout rwbepmnaessso ot her features and subconbi nati onsPCTHIS2009861972
contenplated by and is within the scope of the clains. CLAIMS Wat is
clainmed is: 1. A nethod inplenmented by one or nore conputing devices wthin
a structured storage systemin which structured storage is represented by
one or nore tables, each table including a plurality of rows, each row

representing a data entdhyaih@(Sd)te tah feast WS HiRIENS FRHRAL | Y SHRMBNRA
i ncluding one or nore keys for identifying the row, the plurality of rows

bei ng di vi de%ﬁ{%ﬁ%’%&%ﬁuﬁﬁé# %(X/Oo%aﬁ,g%ﬁsi tions, each partition including a

range of rows rows within the table, wherein the
plurality of partitions are stqQred on plurality of table servers, and
Cherain & Lable mmst er &urtrgl 15h B fo Rt Sriitiertie (BoERS THHYA 15 o
tabl e servers, the nmethod for splitting a partition into child partitions
and conpri si rigtecied dahle sspverdrqns tw)plenghityfitelle pgmepomdspl i t ti ng based on | oad
information for the partition, wherein the |oad information includes

i nformati on speci fyi ng lbahog end eavhmgof8 16 Wwheanenged @apvioniadnlse efledtérbtable
partition; determning (506), by the table naster, a split ratio for
splitting theepastition based on the | oading on each of the two or nore
portions of the partition; querying (508) the table server for key
information indicating an actual |ocation within the partition

correspondi ng wi thg the 8pldde Gahb@: conffbir¥std?Pod i@k dFYaimN QUKERELAR: 8 the
table master fromthe table server, the key information indicating the
actual lgcatio 11 hi partitl r onding with the split ratio;
sendi ng 1%5?%@ a%ﬂﬁﬁlibslta@?étgﬁegsot t%%%érﬁg%] agpet% Ieg' master to the table server,
the split request indicating to split the partition based on the key
information;splitting (J18, 520, 522) the partition at | ogation.

ot respondi g wi ¢ -1 he Ty 1 HRIES FOMPHG-SPBiEEemEtia WA fardrEibie
notifying (524) the table nmaster of split conpletion; and updating (526) a
partiti oflerigd tBblsesereh comerisedr ¢ itahleseryer ag vapreh at lepsoorhef ¢ pglegstrtya i ons,
the partition map storing mappi ngs between the plurality of partitions and
t he pl urmlttitions oésidcdliicéors beme meerget mionge nivegqoll partetiant y of partitions. 2. The
met hod of claim1, wherein the nethod further conprises constructing, at
the table master, a streamfor at |east one of the child partitions. 3. The
met hod of cl ai m 1,10wherHienospbt hidréGoinpetepatotdgei madie wfpulaiges, wheeasihrg t o
serve the partition fromthe table server; building the child partitions

from t hengfsd flrilePeordfihel Qﬁﬂﬁtﬁg Ak R HhBasedBn G dtdeRBRid pdrBfiSnsUcaip t he
tabl e server, wherein ceasing to serve the partition conprises nmaking a

checkpoi . Lki.on.,. . i . : .he
Coot anod ey i enRbied baioh L ORI Q0d rAIRY bR len BESIDARE
artition conprises._ efficien runcation of loqg stre duri ng checkpoi nt
o at o QAT 00 AL e RSt A bl ey s Sy 0 AP o6 GA Mt & af ter ¢ he
checkpoint froman old |log streamto the new | og stream deleting the old

| og stream and renam nﬁlthe new | og streamto a nane of the old l‘O%n
stream 11. ¢ one or more computer-storage media of claim 7, wherein the

method further comprises sending a prepare-merge message from the table master to the at
least one table server serving the at least two partitions, wherein the prepare-merge message
causes the at least one table server to compact the at least two partitions prior to merging in

order to reduce load time for the merged partition.
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4. The nmethod of claim3, wherein building the child partitions fromthe
partition conprises efficient construction of streans of the child

partiti orwoltoaussvscal |y hard-1inking extents from streaog/uskoheldpartiti on
wi t hout expensive data copy.5. The nethod of claim1, wherein the nethod
further conprises assigning at |east one of the child partitions to a
second table server; and updating the partition map to indicate that the at
| east one of the child partitions is |ocated at the second table server. 6.
The nmethod of claim 1, gher&i mdrbecsmpiiedstbiabs hﬁ%diﬁoﬁﬁﬁhgeéoﬁﬁﬁﬂéﬁhéaﬁ%
boundaries of the two or nore portions of thé partition based on the |oad

i nf or mat;] i Wy | eas f t re
por 1 ona ey R Beftrhe B ihdd B st SRS aRoRRT Sl s il
conput er.- st or age ia storing.c uter-usabl e instructions for. performng
O ot hodrE gy iy icDag: &P g by Pisgbu Rt 1y B et
nore tables, each table including a plurality of rows, each row

r epr eserffifiy stprefhtby Eiet plryctaredr Berapy LYREMs Bpd cinglrdigs ot Ajemetpskeyn Apid

i ncluding one or nore keys for identifying the row, the plurality of rows
bei ng diidérdeying ningwa thpl pinaliist gf ofvs pamigi divided ameme i plaality of partitingd, ealihng a
range of rows fromthe plurality of rows wthin the table, wherein the

pl ur al i tpartefonpdtlutiingQNsontizost @hEE oPFovas RbMItAE iplitalet df ablve wsiy lesabland
wherein a table master controls partition assignnent to the plurality of

tabl e seiy&EH thd P&reﬂﬁ& %‘Pgﬁdf?ironﬁfegét&%d %Tntdr Q%Ea}ht} M(atsa%% Ldrbdr@NHdQindrBg o abl e

into a nerged partition conpri si ng: cki ng | oad 1 nformation for

t he plural,it f partitigns on the plurali of tabl.e servers; identifying
(8045 " 50 P PR S on e R B e o NG s8R B iR K on
e ol e ek i s o T b Tmn B il Sl o
partitions fromat |east one table server serving the at | east two
partitions; assigning (t8tking ()X leed ifbrmeatipasfor the plhwlitepfpeartipant pniten to a
selected table server fromthe plurality of table servers; and | oadi ng and
servi ng (816)pludabBtynofrigetel sgpacrsj tion at the selected table server. 8. The one
or nore conputer-storage nedia of claim?7, wherein the at |east two

partitions are stored qRedtiFeingan®4)t BPkR BBIVBEsterdto IR tRNBarfifioAMBER on
conput er-storage nedia of clarm7, erein the selected table server

conprises a tab ljlg%é gﬁ fhattfh, Wh&Bnathe! £33 in Jt}ﬁmﬁén te (}Hép Ajlraftlﬁfo%()%d@@tjl_%es The

partitions resi efore béing nerged 1nto e nmerge

one or nore c uter-stor di a of aim.7, wherein the method further
conpri ses updﬁ Iﬁ@ﬁﬁa éFi&ggﬁﬁFﬂﬁﬁo @ﬁheBﬂﬂg'% at least two partitions

being nmerged into the nerged partition, the partition map storing nmappi ngs
between the plurality ofctpaining (@0, andhe Habls| mages ta/ split rafig & sBlL ds
serving the plurality of partitions. 11. The one or nore conputer-storage
medi a of cl aipartitjormivereeein thhesphetritod i wpdchiead baneprors dsadsendifoignaion and
prepare-nerge nessage fromthe table naster to the at | east one table
server ser Vi ngpeh@itad pbidast the \Wartfdhtih twiaeis a fitdigoeich 6t pheidnhendRdgea

nmessage causes the at |east one table server to conpact the at |east two
partitions praQfahSuntef Wad%nld"h second portion of the partition includes a second amount
of load;
sending (708) a request from the table master to the table server, the
request for key information identifying an actual location in the partition
corresponding with the split ratio;

determining (710), by the table server, the key information

identifying the actual location in the partition corresponding with the split ratio;
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order to reduce load tine for the nerged partition.12. One or nore

conput er-storage nedia storing conputer-usable instructions for performng
a et hod woromaasggsng a structured storage system reprePemusdotopsdne or
nore tables, each table including a plurality of rows, each row
representing a data entity stored by the structured storage system and

i ncludi ng one or nore keys for identifying the row, the plurality of rows
bei ng divided anong a plurality of partitions, each partition including a
contiguous range of rowgnfhamRdiie (PIYHR kdyWin®rmiaB¥® ohi Mk Bl & @b ehe
wherein the plurality of partitions are stored on a plurality of table
servers, andt?gg%%kgra tabl e master controls partition assignment to the
plurality of table servers, the nmethod for splitting a partition of the
table into at least two chil itiaons d conprising: trackin 702)

| oad i nfor mti on for ¢ HETTT AR ot PSP maHer BeHE AR 1§01 O bl e
servers; identifying (704), by the table nmaster, to split the partition
based on t he theakild parétenst i on, wherein the |oad information for the
partition identifies different | oads on different portions of the
partition; determ ning seadi6y (718 atsplet reqinisefromshetableamagpdrito theatblo strvespl i t
the partition, wherein the split ratio is specified based on | oadi ng

i nformation and represeilgding POISNt ai thet bdldaEwEd, 1tBO dhildWhirthio® frofs the
portion of the partition includes a first amount of |oad and a second
portion of thﬂﬂﬁﬁﬁition i ncl udes a second anount of |oad; sending (708) a
request fromthe table master to the table server, the request for key

information identifying an a | ocation. .i.n t rtition corresponding
W th the opiit ratio: qsearaiRoRls wReh: BitbRblBele gt “the ey
information identifying the actual, I gcation in the partition corresponding
with the split rati o;cgﬁ%ﬁﬁm é‘&%%ﬁ%%@&ﬂ%elfénlaé’?“}twpﬁ)ﬁtﬁﬁ?ﬁ’g?#ﬁfef‘Y%the tabl e
server to the table master; constructing (714), at the table master, a

met adat a stream for eachnding (T4 @ipliti cgraplciion oetsficagien dionythe7algy servepto t
request fromthe table master to the table server; building (718), at the
tabl e server  th¢ tublechadtel; pad titi ons fromthe partition; ceasing (720) to
serve the partition at the table server; |oading and serving (722) the
child partitions at thegiate (7285 ¥ PhititDBHUPBhstd 84 khApaRtibd b@iﬁ%@fglﬂtih%n
notification fromthe table server to the table master; and updating (726)

a partition h 1 bel I | i .
partitions, (ho A drpionb, BeRdid ity bt Shpbinet BRycsTaf il of
partitions and the plurality..of | e servers serving.th urality of

ar 1t one. - erins B B gpiokiBorsdi el S adEt iy BFrRIER 127 wher ei n
the nmethod further conprises assigning at |east one of the child partitions
to a second table server; and updating the partition map. to indicate that
the at |east one 0f-thel EnPISORPES EQTBRMECT-Hotage ancsip af clepip 12 odisErin A e
server.14. The one or nore conputer-storage nedia of claim12, wherein
ceasi ng mehedfwéher pempaistsi assigmingoatplei st @ne rrakhaghdd phdidlopsitmta ssfortchesble
partition, thereby reducing the anount of |ogs to be replayed during
partiti aprvesl adddipdudiey the Paiidiloh mgapt thdndicate that the at least one of the child partitions

is located at the second table server.
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checkpoint of the partition conprises efficient truncation of |og streans
during checkpoint by atomcally: creating a new |l og stream hard-I|inking
extent s avoepiwdigsssheckpoi nt froman old | og streamto Prhe/usewloory’stream
deleting the old log stream and renam ng the new |l og streamto a nane of
the old log stream 15. The one or nore conputer-storage nedia of claim12,
wherein building the child partitions fromthe partition conprises
efficient construction of streanms of the child partitions by atomcally

Eglro S-I i nking extens free §hé @AMBoRS cbBuiRARLbidol ORcdht HOUliX PENFh¥gindat a
| ceasing to serve the partition comprises making a checkpoint of the partition, thereby
reducing the amount of logs to be replayed during partition reload, wherein making the
checkpoint of the partition comprises efficient truncation of log streams during checkpoint
by atomically: creating a new log stream, hard-linking extents after the checkpoint from an

old log stream to the new log stream, deleting the old log stream, and renaming the new log

stream to a name of the old log stream.

15.  The one or more computer-storage media of claim 12, wherein
building the child partitions from the partition comprises efficient construction of streams of
the child partitions by atomically hard-linking extents from streams of the partition without

expensive data copy.
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