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APPARATUS FOR POPULATI NG SPARSE MATRI X ENTRI ES FROM CORRESPONDI DATA 5
BACKGROUND OF THE | NVENTI ON The present invention relates to databases and
in particul avooa6sat a aggregati on on demand. In the field oPCTa5%9/25938
war ehousi ng) nenbers of an organization will frequently need to sumari ze,
or aggregate, vast quantities of data at various different |evels of
sunmari zation within various stored dinmensions. A level of data in a
di mensi on of a database is a grouping of the entries in that dinmension. 15
For exanple) if a dinension consists of different stores, the stores could
be grouped aVIETHODyANBVAPPARASEGES EORDPOPULATING SBARSE MATRIXVENTRIESvel .
Different people will freque K ane sumari zed data at
different tines. Rather thanr%é d §9§§tﬂ;§f:‘;ﬂgﬂ‘ dat a war ehouse and
aggregating the data every time 20 aggregated data is required) it has
becone common practice to pre- aggregate dat a at various. conmonly queried
| evebs of aggregation and stiAC Jle: AHEJNIANMTION t he dat abase for
easy retrieval in what is referred to as a partrtron The | evel s which are
pre-aggregated and stored in this fashion are often defined by the system
adm ni strator. When further aggregations are perfornmed at the request of a
user, these mght also be stored in a partition to be retrieved at a 25
| at er date. A ghebresentuiventionrshatesito datghasesfand in partigudaréeldaiaaggrégstiomen demand. a
request is made for data at a certain | evel aggregati on which has not
aI ready been generated, the aggregation nust be carried 1 WO 00l 26821
NgS99/ 25938 [putte HEH NG dhed AiatehoBMBY, #lethBers d@2RIdraniAABod 61 fleRddnt! hfée&i%a
t actually be stored at a hi erar chi cally marginally lower l'eve and
easr | y besemuarigat erdaggoegakte rvasioquanutigseafedatd Al vaTEys idéfferent devslssofasugmarization
hi erarchical Ly abo or e another if all the detail records
associ at ed” W‘%Irvma‘é"“\é%ﬁ’é?‘%i?‘?{&r‘gf’& nber of the |lower |evel are also
.associated with a single nenber of the higher level. For 5 exanple, a city
| evel grouping of stores is hierarchically below a state |evel grouping of
stores, as all Asleselexd dpta ima dimenisioniod e daiabgsenis 4 groupiag obide eririas ipahatidimenston.
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| evel , as |dvegresiate 1@1,@1,@&&9r@tﬂeetoﬁdameletlevelpe a correl ation between store
size and state. 10 To overcone the problem of always having to resort to

the detail level data to performa new aggregation, it has become comon
practice to def I r

actually store gft(:g f’f\ﬁg@ E"Qbﬂpé@‘? f}elﬁf"érﬁﬂl ev SH [3) 0@ aﬁi{ ﬁ]%%%{nggﬁ%%@g%&t gﬁqphlf erent
appear anceingds. Raihét thgn ignerytiny e dhtadn d&rdam watehvesk and aggregacigatieatata everly ame
provided with the functionality to aggregate data from one or nore | ower

| evel0 phy SBEEsRatH data isoisguings. di has Becoms Ommoppractice 1o pre-aggrogate: (a3 gh¥arigus:
*pr e- progr %& f

aggregat i %n \?\i\?aé}letdrg 8‘%‘4’58@%%& \ngl,rgffEl ncP?{oH {nk%g%rggiégd % 2 ﬁ%rqg%(b)aﬁsg f%‘n%asé
si gni fi camretrizualbbiarwiet is leﬁﬂ'fesl tb ras egrattittbnn®he ildival,s vihieh drel plecaggrdgared rahdistored in
partitions which must be defined can be prohibitive - both from an

admi ni str ébrs\/@slyer A5 Often lefiged aySearSdﬁ!Fauecrrymﬁga@bemeve‘mw 328TA8ALRRS) arsQ
partiti on I I
Phe. di mendeorie? iR OB a Sk, BAETBREMNCbEAGR £ ppiiEhto BETRRREla: 2
t he zfrodudntenﬂatbhe nunber of levels in each di rensi on. For exanple, a
systemwi th 6 di nensions each with 5 |levels and 2 dinensions each with 7

|l evel s results in a matrix of 765,625 cells. 25 Wiat is required is a

systemto al | ow, tlgh & WA subf 9dkdga%s phitibfict ddta 5400 Wheh B Feqh&® s made for data at

a certain level aggregation which has not already been generated, the aggregation must be carried

-
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partition fromwhich to aggregate data "on the fly" w thout rral nt ai ni

dat abase of appropriate partitions to aggregate from 2 ' [\ﬂﬁx HA% 2&&3
O 001 26821 SUMVARY OF THE | NVENTI ON PCT/ US99/ 25938 The present i nvention
provides a nxbhedesapr Creating aggregations to higher |evels pgginigornsoas
aggr egatl ons over the sanme dinensions already created at |ower |evels.
systemis provided 5 which allows a neasure of processing "cost" to be

?Z a 5 re ; ?l nggl d} @{%eg%%gf]?\%gé% gdgéplng t’a& tf?ﬂ tkfegdra%eklﬁ gﬂ? cgugasn&%re%gog?f . aﬂgﬁg(,%}cgﬂyl S

ascertai nﬁﬂrglﬁall‘}amet‘ hevel, oma&hsltyo&t agg'FE@tdieﬁmhbr ke Rl ledélt id qERYtidE Levels are
classified as a partition, se, if no partition can provide the data

at the rea@r%@calw@me 8¥ bqlqw pw‘eano&méftalb&lasfleqaé rm@ﬁ aspogiptath with@ny. pagticgfar
f f |
Do or . el BPUARL] R0t Bsclalel i £ YBlo Bt AOHARHLE F

i nvedt i onexamplahy @nt leval grapiny dftsedesss thiererehicalby Béled Pgge eoal FMpm’g of gdres,
stored data. The qbject can be polled based on a set of |evels which are
required PhalthSQEs B narieke ety il 2ise bE B} & PETTICHIR STk @BWEYNE 8O Chies liggetoys a
with a bi " d
Yo aggr ogarE RRESTNLAG e TP UL el GRRERT hOihe bttty a5 GBS
request i ngsuty lewdl, ad thereas ko tdasaorﬁiggmtgatoebwd)ccfmdlatro@tbu\mmtcbx’eexzbwsﬂatebl dto
performthe aggregation and return the appropriate aggregate data.

Equi val ent operation could be achieved by storing the neta-data defining

the jgata storeg, 'oOfocBﬁle Q%Yﬁbtg% & vya‘yts nORg tdred0kt APfHe %Iau%gan‘aa&%? perform a

structure, and po |ngt atas racture to ascertain whi 1 on

use to pené\mraggxtegaxcﬁﬂ inbayregarhe oommoh phatioe ¢ defitcoviemal b&tltlmmtmt&fscﬁthms (J

|nvent|on t he bid retgrned is calculated by nmultiplying together the

"di st ance hfcgrdoe%?é RCTHEILN 31978 213 2ha RagtigRlar Wﬁ%lr Butdpeead-presens thejpuiwaid jappesrance e

nunber of ,epdiHingShé Barh € 2 CEMERE fdgatith, t f |

stored Ie?/ef&S ng Acc%[r di ?15 to anop% 21‘rng\é Se(glt a@? apﬁgmﬁﬁfgn‘?@gg{e ftﬁﬁ%fogflgfb%
r et urned aggregate ditatfexin loye onmord mwiendevehphydichl pardrions Wwaichers stoled. ke ivirmiatd
al%t ual nunber of entries |n t he sthore data and the estinmated nunber of

ont riPes WARTEHOD 31E PR PERREARITRd 35110 {hWhich pnyjeal @griyion datagio use fqyaperegaon\o
00/ 26821 BRI EF DESCRI PTI ON OF THE DRAW NGS 5 PCT/ US99/ 25938 FI GURE | shows
an application server in accordance with a first enbodi nent of the

i nvention. However, for systems with a large number of dimensions and a significant number of

levels in each dimension, the number of virtual partitions which must be defined can be
prohibitive - both from an administrative perspective and a search/query perspective. If a virtual
20 partition is to be maintained for each possible set of levels across all the dimensions, the number
of virtual partitions which require storing is the product of the number of levels in each
dimension. For example, a system with 6 dimensions each with 5 levels and 2 dimensions each

with 7 levels results in a matrix of 765,625 cells.

25 What is required is a system to allow the server handling queries to choose the -best
partition from which to aggregate data “on the fly" without maintaining a database of appropriate

partitions to aggregate from.
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FI GURE 2A shows an exanpl e of a dinension hierarchy. 10 15 FI GURE 2B shows
the dinension hierarchy of FIGURE 2A in a different format. 'f BUssY 3%80ind
FI GURE 3B show two di nensions in an exanple of the operation of the first
enbodi ment oWotoheészhventi on. FI GURE 4 shows a | evel cross pr®dWdisouisssthe
exanpl e di nensi ons shown in FI GURES 3A and 3B. FIGURE 5 shows the results
of the operation of the first enpadi nent of the invention for 20 various
requests on fact tables usi MM@@H&WM in FI GURES 3A and 3B
and the partitions shown in FIGURE 4. 25 4 p 2 MAY 20D3 WD 00/ 26821
DETAI LED DESCRI PTI ON PCT/ US99/ 25938 A speci fic enbodi nent of the invention
i s her ei naf t eThelpresent re@mvdntproviddser mevhed for chéaging @ggfzgdtions do RigherFeesly 6sidg
shows an application server 10 in accordance with the first enbodi nent of
t he i nveREETeSRURAT BYETHBE §ams dimensiophalsasdy sraategoat lowen leyelswhi vitemeisRseded a
physi cal it | ' hase 25 [ CAl yer . al
o) ds o SLRR elER reash oF Rt Ea Rt o tE Rpd R B L SERNE ralihich cihe
aggr egat éata datre tbrsausfy the requiedt aandithe gggrégatioms thar pérformed abing eieparttion Mitich
followng informafi OHqi S axﬂai | abl e _},o t he iﬁg{pl ication_ server 10, and is
def i ned yaSPFféalEsF@fOe VAR HVEEt Sashr Theoetalh layelAnia fBnioRe stasyilied a2 pagiton.
dat abaseppepwitk, e paftitfhad ﬂo@iﬂ,@tﬂé'd@ﬁ%lhr@]'?c @Qﬁgwfé o2 Y&he izsk\%z%&ﬁg/ gridhter

c) T e%u er % e or

hi erarchies 30 within the dinension. est 1 mat

det er m nddnathe wostt of performing thegaggndgarion Heomyehe ajeailntetrel 2ftat chet dggrepariemsds on

taal es) of _.nenhers Wigt hi nl eaﬁg | evel. d) the defining attributes of each

| eyl 25PEFETSG s g detgll 9%§i428ar it ons 22 are stored in the database2s,

a nore will be created with operation of the system as w |l becone

a rent. The physical partitions are essentially tables which store fact

data from t heAderdingste erte sspextidfi thel ineantibs, ofi chjenns iazsiciaced with ezaclh safred he

5 fl 2 MAY 20D3 00l 82:{. PCT/ US99/ 25 38 di gensi ons.the data therein

repr _es_enf‘%g.reaaﬁ’é’nﬁg Err e8] Acpyesgan : led bassdion @St filqVRls & ¢ geqpired

partitiofh a g of BinRvbigRd THe bbjethRed Rijoans RAnEAuary Pith IBG Jeg&eéxﬁmgfme nt

di mensi on which are stored i'n the associated partition 5 b) the neasures

whiléh ar ef prosessingi whichhavill A raguired to aggregate the data it is associated with to the required
level. The requesting object will ask the aggregate object returning the lowest bid to perform the
aggregation and return the appropriate aggregate data. Equivalent operation could be achieved by
storing the meta-data defining the data stored in the physical partitions in an appropriate data
structure, and polling this data structure to ascertain which partition to use to perform the

20 aggregation.

- According to another aspect of the invention, the bid returned is calculated by multiplying
together the "distance" for each required dimension, where distance is the ratio of the number of
entries in the requested level to the number of entries in the stored level,

25
According to another aspect of the invention, the bid returned is calculated by calculating
the difference between the estimated or actual number of entries in the stored data and the

estimated number of entries which will be present in the aggregated data.



c) the rows (by attribute value) fromeach of the levels which §r MAYor2808
inthe table ( eg. East or West Regions, 1995 or 1996 periods etc.) to A
data providing object 40 on the application server 10 is equipped to
receive reqqﬁé?mégl for data representing selecting neasures mitado25038
intersection of specified levels froma set of dinensions. Actual requests
m ght require data to be returned from several intersections, in which case
t he process described herein will be carried out for each intersection. For
exanpl e) a request 15 including Brands and Sizes, Minths and Quarters, and
Regi ons woul d require the follow ng intersections: Brand-Mnth-Region)

Si ze- Mont h- Regi on, Brand- Quarter-Regi on and Size-QuarterRegi on. For each

| evel intersection required) the data providing object 40 makes a request

to each of the partition BB'[EEE@IPEHBWQETHE@MM&{@ nts as paraneters
to the partition objects. Each of the objects then analyses the requested
datadas will be discussed in nore detail below and 20 returns a bid
representing t ess| C - rat.i equig.ed t
from the. physi'aaCad fta-ers Aishdin, SR R AR Hubitk S e oA
satisfy tiRgentieguest, an infinite cost will be returned. Special partition
objects 21 could be set up to force certain intersection requests to use 25
predeterm ned partitions 22 by returning a very low bid. This m ght be

appr opri at ¢ 1 Meyau g bal hoRRbh Kadbledta diHERidhiaRAy L | Cul ar | ndexing
schenme, was availabl'e to enhance aggregation for a Certain set of levels to
anotter higher set of levels. 6 0 2 MaY zoo3 WO 001 26821 PCT/ US99/ 25938
The data providi ohject then collects up all_the bids fromthe partition( ;
obj ects and sdTIGHRE SRSHBH} S dimentioh pREEe] IRIRE phdn pditirnidomitne -
aggregation. The data providing object 40 then requests the object in
question to performthe aggregation, which in turn submts an appropriate
query to the OJAGURE8AtanddfiGARE BBshaggvediateasionkihanaranpla efithe eperaticn dfltke
aggregated table, 5 For exanple, assune there is a tinme dinension stored in
a tabl e chist egbodimaRiefihenVERtI9My e s day, nonth and quarter, and a

di sion and a di nension of branches stored in a table called . "Branches"
i ncluding branch) district and region |evels. Furthernore, assunme that each
di mensi on t abl IGIRE 4nhowj aifevel anodsymtedueno fithesxampier dimendiomsghavwreindiiGURESSS A
represented t he di nension) but also 10 includes entries representing
each of t#¥ 3Bvel nenbers in that dinension; each entry has a "level" field
identifying the |l evel of the |evel nenber associated with the entry in
guestion. Such a set of fields in the dinmension table sinplifies the query
whi ch needs t oFI(HJREdeshatvedhe rasdtistdfahe aferavion g thgferstyentwdingknb ef the invaptiandgfor

obtain data. at the Region-Quarter |level froma table le wih ta
StodRd at VTS arLERS OF- (A RSy oty e Cmengionde wouAon ELOURES A sndele e B
Ti meTabl ey, fHast BowhSn RIGURE 4. SUM St or edTabl e. Sal es) AS Sal es FROM '
. StoredTabl e, Branches) TineTabl e WHERE StoredTable.Di strict =
Branches.District AND 20 StoredTabl e. Month = Ti neTabl e. Month AND Br anches.
Level = "District” AND ~' 1 TinmeTabl e. Level ="Mnth" GROUP BY

Branches. Regi on, TinmeTable. Quarter; 25 The data providi ng object 40 then
returns this table as the result of the original request. The server could
al so create another partition 22 and associated partition object 20 with

t he 28at a



fromthe table, so that if the request is nmade again) the data i
imediately available. 7 ~ 2 MAY 2003 WD 00l 26821 PCT/ US99/ 2®§8MAY 2003
Furthernore, the newy created partition could also be used to aggregate
data to a hiwbao2b®vel if requested. The al gorithm which is PEIIBY293&h
partition object 20 to calculate the cost is as follows. 5 The partition
object) on receiving the paraneters for the aggregate request, al so obtains
fromthe server the dinension | QETANIBD DESORIPOIOKach di mension called, an
exanple of which is shown in Figure 2A. For eac I mensi on, the | evel
stored in the object is identified in the hierarchy, along with the |evel
bei ng requested. In the exanple shown in Figure 2A, the | evel being
requested is the region | evel 100) and the stored level is the city |evel
102. The di nengi facific @fmdoiment 6f thé iveddbnCib edeREf1EOd 3 erebeli fwithltefefeRtrIRFigtkes

| evel can be reached by travelling up along branches fromthe requested
storéd | eveénd 2t t shoul d be noted that the hi erarchy is not necessarily a
tree, as different branches could join back together at higher levels if
different lower |levels can all be classified into the sanme higher |evel.
For exanpl e, t Fegutle $tshovwsitn applivatisrceervez Vi@l inactdrdaree vhithethafiestiemdbdiynetned fothe
the region level, as shown by a dotted Iine in Figure 2A) although the

di st ri but iRYEANR, Whichdojsipartitipnabisss 2 epeh ofiWhink represeass |aepmlcaj PATHHORRA DR e
because tw. fdsk A" 4Rk o pgl%éa;;hmé LA GRS & ﬁsmt},h rg%ﬁlir{g' HoBab Ynthnf bR HaMdI
cities in esarre Ssta JIWEI’]SIOI’] |erarc'§/ or "ea F

di mensi on cou
be r@pr esegjuests & apgregaredydata frdm tfive dsth aroeet] inahebarisionobjeas 2y di mensi on)
the requested level as the other. An entry is flagged if 20 the
r ested | evel can be generated fromthe stored | evel, as shown in Figure
2B. if the sto I [ I a
measure of t heﬁg |f§lﬁ$ﬁé% 1ﬁgg?ﬁg)gn§mﬁgl§i%1%o }%\\%Fl’éﬁngﬂégpgu O:tg %bgétdgﬁnédeéﬁhe
di st ance bepdtemadminigrdievior sadhsdinhehsiorestomed ih ke daadbase: of t he nunber of
menbers in the stored |l evel to the nunber of menbers in the requested 25
| evel . The nunber of nenbers in each level is shown in Figures 3A and 3B. ,
8 2 MAY Z%f) V@h@%\%ﬁ&ﬁ%hf@yeﬁgﬁl 25938 If the stored |level is not
hlerarchlcally ower than the requested level, an Infinite distance is
returned for that dinmension, which vviII inturn lead to an infinite cost
bei ng returned bj ect as will, GONTE ap arent, 5 Once the distances
for all di menmg ﬁi»sge%iﬁwragg}ycqn ?ré ‘”ﬁgs %HFéherﬂHnFi‘sﬂﬂ'ﬁ ed together to
gi ve the overall bld for that object. If the levels stored could not be
aggregated to the levels requested in any particular dinension, the
infinite di st am\.e r dthemnmdetigstirhated, dr detagmnioed atickttaih giaws teg. whenichinges are magst

bei n retur t.he one of t raneters in the

mul t?q)l i cé? CPTIO%?%E%?P%WWE?% W@l"h%actﬂi?)‘}%ft can be seen that the ratio
of the nunber of menbers in the two levels is a suitable neasure of the

di gtyance, rather than) for exanple the difference between the nunber of
keys in the tws)l evahedéfining pieritfusgs| b kketglevdason. The critical val ue which
determ nes the processing power required by each partition to satisfy the
request is the difference between the nunber of entries

25
Various physical data partitions 22 are stored in the database25, and more will be created
with operation of the system, as will become apparent. The physical partitions are essentially

tables which store fact data from the database at specified levels of summarization in each of the



15 in the partition object and the nunber of entries in the aggﬁ@zﬂ@pgggg
tabl e, because each aggregation operation will decrease the nunber of
entries by one. For exanple, three entries being aggregated into one entry
will take appoeuhéseiel y two aggregation operations (e.g. addigdramsy 263t he
stored neasures. The nunber of entries in the aggregated table is constant
for all the bidding objects) as they vvoul d all return the sane aggregated
data. Therefaore S I e he 20 titiagn .

b et wAPRtrRlcEs fl A Bt b St TRE el iR Bl 20l P e Brica
for the &;@ggr@gqﬁrb\qmd With shevialieteing @aael ates with the ratio returned for

t he foIIovm ng reason: If R) R2, .. . R3 are the nunber of key values in

t he requested n di nensi ons ) and S,) S2, ... S are the nunber of key val ues
in the dlnen5| ns C in ion, the equation 25
for the bid v ue fﬁsleg%' ¥§éh oq}nfxﬁjs?tgns‘f'ﬁk}?gre S?fﬁ% %he ass%xatcc;( q‘ll? . R R2
Rn' g 0 2 MAY 200r V\DOOI 26821 R*R*...R'" is a constant value in all
cases) so: S2x ~ ~ ~Xx Sn, Stored Entrles bid = (2> K ~ k PCTI US99/ 25938
so the bid retbbr ne i raeasREss Srhichsg pLoted ik Hig @MPr oxi mat e number of stored
entries in the dinension 5 and gives a good estimate for the cost of .
performng the aggregation relative to the other partitions. To illustrate

this, considek)a reguesietly paitud irahlre)\ﬁotn’nedcbmf chierrevidd @Msch akb gronetinethe edble
rrenbers of the requested IeveIs in the two_di mensions are 50 and 3

respectively. 10 Al FS5ic WEBAREBIORH N OPS 05 1 GHoeRerinfs AICD00 | evel nenbers at
thestored level in the first dinmension and 4 | evel nenbers at the stored

| evel in the second. Assuming the partition is fairly densely popul at ed, (
there will be Actzsprovididd6bjen o orshel applitaciop servért i008 eqisippedNoi reteine@dudsts st
aggregated into approximately 150 entries in the requested partition. The

bi d ret uf¢edRti rFP"’E@“ES 52“6‘?“‘-’ RSBTRGS ARy iressection of ispecified develsofrem aiisehob7

| evel me [P

momber s SRR, SR8 TPAIER B el Gt Lo Rl AR S A Ml B T hien |
t densel yaseahepmcesd desdribeé havielnl witllbe @adyied olfoeedch 11419&eﬁiﬁnr IFes exampid) @ request
partition data \&Eﬂjg nee to e 20 ag rl%gted into approxi mately 150

enthd es iffludias qqtkbv.nands ug pqngc%%gé?%gwﬁblﬂefre%’ée é’{fgf%'@&?%g
this par l h?d?i?k‘i t poves red
to aggr etéda{%ﬂéettﬂhc)\gk o}%rﬁgc? part |Rté$ o S"H‘Ié(hl\e/l%{ékg?iue dﬁ %ﬁ ?gé]g%se [ se Qﬁé}H-.'r
simlarl )RegidﬁlB FonkaahHeved im:ppncnpn regiieed, atxedatn@rd)wdmg@bject m)mkeshmqm:stmleech

appr oxi ma t S cessin ower to performthe ati 1
PP % artr}texon 0 r}?ct? 58 passsmg 8’18 I?f:c\{l\xl?rernents I[a)s parameters to Lﬁg % ition o%)ects %ach

of the objects then analyses the requested data as will be discussed in more detail below and
20 returns a bid representing the processing cost for generating the required aggregation from the
physical partition associated therewith. If a partition cannot satisfy the request, an infinite cost will

be returned.

Special partition objects 21 could be set up to force certain intersection requests to use
25 predetermined partitions 22 by returning a very low bid. This might be appropriate if a certain
optimization, such as a particular indexing scheme, was available to enhance aggregation for a

certain set of levels to another higher set of levels.



WO 001 26821 ~ 2 MAY 2Q03 PCTI US99/ 25938 It shoul d be noted tk@t %ng@ not
proportional to the absolute processing cost of the aggregati ?) e
the absolute cost is approximately proportional to (S, *S2*...S~)
(R*R-*...R| gi fference between the nunber of stored ep fmgg,ggﬁ t he
nunber of re‘kcllﬂgés@é entries. For exanple) it will take tens o? times nore
processing to aggregate 400 entries to 199 5 entries than to aggregate 200
entries to thensgsg ﬂcgﬁd Stk theh ¥hlleeR upQUkik 98¢ HomQRLbdraiSSoi RSB IALLON
operation) ) but th dﬁé;etjurned inth BQ latter case V\%J l eJtV\n ce as

| ar ge. Cltleastiject rérarnimgattie fogrestibigotoipetform thel aggtagammr’fgediataquowdmg@aiebwa then ake

it pose P BB el o e b SRR R AR B
di mensi o (rjqﬁe@&& etd @Mﬁse/\ﬂotdmtnhm %ggegﬁedi@ét@aﬂ ﬁaeﬁl PbruFR e ddoBeharddhispls equest

is considered as if the dinension were requested at the "all data" level -
alevel with one menber of which all the entltles of a dinension are

i at t t t he dat red I | l, hi
i mens: o et ARG e it RS yBtiER sble Qe AEmeIBbRL AUPAS e
15 nunberm&lfm gy qﬁahaeslna n alhﬂnﬁérprﬁﬁl b eivbnstoh ¥f SRGciRg dibrel M o) tale daied bi d
w Il accurately reflect the anount of aggregation required. It should be

not ed t haBramichese iralydinghranay, @*ﬁtrléaitné rmlgmkevﬁé Birtemnorgnasgumn¢ taegach @ateabases
o1 0N NG APRLASA! 0 AFAY i 55k e B LL OB IS e BRRRELAL Sl

each partition provi nece 'ho

pol |0 t he iphpded phidriat &pde%ér&ﬁx%%@chtcﬂ tHegével ﬁmmbek@mthatdxﬁiausxmrebemm@rhak gvielel” An
exanpl e of the operation of the bidding systemw ||l now be given with

@r encé‘leidddmtgnmésheéewé ofthe lqyek membeassasiated Wik he cAHE in quesHPEWSh & pes of
Cust oner r t and
55 TdeRids R AETo GUE BRI e Boh B o Bt Rt St T Bt
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38 Ther e sred %Z%éb‘@i%’lﬂ@nmek? Siintersections that can be requested. Because
onlye 3 of these intersections actually exist) the matrix of intersections
is said to be a sparse matrix This matrix is diagraned in Figure 4. The
enpty celSBLEGT Bi@nh@.megimdASahgoh,e’ViﬁieThmE@mt ASQudrteat have to be

gener ated _"on- the previous techniques, to take advant age

ly. " Usi
of the st%ﬂ\g@‘?}"ﬁi?ﬁmgéﬁﬁ)@ég‘ﬂ“eﬁf@ woul d have to be set up for each of
the possifbeqtitier Bafilte? FindPasiP KHENE W ch partition 10

StoredTable.District = Branches.District AND
20 StoredTable.Month = TimeTable.Month AND
Branches.Level="District" AND
TimeTable.Level ="Month"
GROUP BY Branches.Region, TimeTable.Quarter;

25 The data providing object 40 then returns this table as the result of the original request.
The server could also create another partition 22 and associated partition object 20 with the data

from the table, so that if the request is made again, the data is immediately available.



to use. Virtual partitions would have had to be set up to for ver
to use certain phyiscal partitions. For exanple) the interseclfg W 2ﬁ3
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whi ch merbreFegias levele ag shpsnsbiyg %E?%&l@dl%lﬁ#eaﬁreﬁ@puw @eéilssmb'alwe\éféehnot
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return thsudibure bdidferennditiel én thatsampsuate. di ng obj ect wi Il request each of the
partitions to aggregate the data therein. The data providing object wll
then conbine the data returned by all of these objects and output this data

appropri ately. AN TgE ! i i t ve
oen 111 ust r a5 Rheidh RRO0 Y TP REHeHE0h ol of IR A UER VAN )
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00/ 26821 WHAT IS CLAIMED I'S: 1. A system for aggregating data conpri sing:
.p ~ MAY 2003 PCT/ US99/ 25938

If the stored level is hierarchically lower than the requested level, a measure of the

(-

"distance" between the two levels is calculated. The distance between two levels is defined as the
ratio of the number of members in the stored level to the number of members in the requested

25 level. The number of members in each level is shown in Figures 3A and 3B. ,



nmeans for storing data in fact data tables at one of a plurality of L\g\r@hﬁ
in a plurality of dimensions; means for providing an estimte of) ?h‘g Nt
of processing required to aggregate each fact data table to a requested set
of levels frpagoinegeet of plural dinensions; neans for sel ecti pgrh/30yisess
data tabl e associated with the | owest estimate with which to performthe
aggregation; and neans for aggregating the data in the selected fact data
table. 2. A SYSheWofddleAIN £l Rlcrardhidalylower aﬁﬁ%ed@a&&;emmgqn%mé@is geeln
said neans for providing an estinmate conprises partition objects, each of
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request PBIECIRS I PECURE APRAIEN Gt | evel s, the val ue of the bid being a
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of procedsimigiingeeost being semurygd by shecobiest asione of diaparamgtereinah¢ multipticatian will
requesteg sgt #f. ISEJ%I s froma set of plural dinensions; 14 0 2 MAY 20~~
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are the number of key values in the dimensions of the physical partition in question, the equation

25 for the bid value is as follows:
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" 10%g9& () qd@d) Mputated! rebd W te) close to 400 entries in the partition data which need to be
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dE:/ 10g d4gpgTEaldog® {pproximantys! J0) entiies1iDoh& ragpestedl pargeon. ) The bid returned will be
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dimension and 6 level members at the stored level in the second. Assuming the partition is fairly
densely populated, there will also be close to 400 entries in the partition data which need to be
20 aggregated into approximately 150 entries in the requested partition, so the processing power to
aggregate this partition will be approximately equal to the processing power required to aggregate
the other partition. The returned bid in this case is similarly 2.68, which is appropriate, as the two

partitions should take approximately the same processing power to perform the aggregation.
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@@3@"4/number of key values in the stored level (divided by unity), so the bid will accurately reflect the

amount of aggregation required.

It should be noted that different levels of data might be stored on different databases or on
the application server itself. The partition objects associated with each partition 25 are provided
20 with the necessary knowledge of how to poll the appropriate database to retrieve data at any

particular level.

e’

An example of the operation of the bidding system will now be given with reference to
Figures 3 to 5. In this example, there are two dimensions, Customers and Periods, which contain
25 the levels shown in Figures 3A and 3B. There are three physical partitions 22 stored in the
database 25. Partition P1 contains Daily Customer data, P2 contains Monthly District data and
P3 contains Daily Region data.
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generated "on-the-fly." Using the previous techniques, to take advantage of the stored partitions,
5 an entry would have to be set up for each of the possible intersections to specify which partition
to use. Virtual partitions would have had to be set up to force the server to use certain phyiscal
partitions. For example, the intersection 3,3 includes an indication that the system administrator
has set up a virtual partition to force the server to use physical partition P1 when creating Yearly

- Region records.

10

Using the method of the invention, setting up a matrix of every possible level inrtersection
can be avoided by simply directly poliing the objects representing each of the phyical partitions,

and any virtual partitions defined.

15 The algorithm described above is used to determine, for any requested intersection, which
physical partition should be queried to satisfy the request. This is done by determining, based on
the members within each level, how many members would have to be aggregated within each
dimension to create the requested intersection. Figure 5 is a diagram indicating, for each possible
level intersection, what each physical partition object's bid would be, and, given these bids, which

20 partition would be queried to satisfy the request. In this example, the virtual partition object V1
forces the physical partition P1 by returning 2 bid of 1 if a request is made for yearly-region

records.
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S&10%&' () -9#10%&' ()-BZZ[c[[[[dEYNC 10 1

10z G10%Rany) reqwesisoiR? §rp madsToggesy poly the: pesygregipn (of easkgegipn. andomgulys) fof Byqhy [ [ [
[{\= requests can be returned more efficiently by only having to analyze the data from the appropriate
region without the extraneous data from other regions. The data providing object is provided with
information, either from an internal representation, or from data returned by the partition objects,
concerning which members of the levels associated with a level are stored by each partition. If two
10 or more partitions between them can fulfill a request (eg. one has east region data, and one has
( j west region data), they will all return the same bid, and the data providing object will request each
of the partitions to aggregate the data therein. The data providing object will then combine the

data returned by all of these objects and output this data appropriately.

15 While preferred embodiments of the present invention have been illustrated and described,
it will be understood by those of ordinary skill in the art that changes and modifications can be
made without departure from the invention in its broader aspects. Various features of the present

invention are set forth in the following claims.
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WHAT IS CLAIMED IS:
1. A system for aggregating data comprising:
means for storing data in fact data tables at one of a plurality of levels in a plurality of
dimensions;
means for providing an estimate of the amount of processing required to aggregate each fact
data table to a requested set of levels from a set of plural dimensions;
means for selecting the fact data table associated with the lowest estimate with which to

C J perform the aggregation; and

means for aggregating the data in the selected fact data table.

2. A system for aggregating data in accordance with Claim 1, wherein said means for
providing an estimate comprises partition objects, each of which includes information relating to one
of said data tables, and each of which is provided with functionality to return a bid in response to a
request for data at said set of levels, the value of the bid being a function of the requested set of

levels and the stored set of levels.

3. A system in accordance with Claim 1 wherein the estimate returned is proportional to the
product over all requested dimensions of the ratio, in each dimension, of the number of members in

the stored level to the number of members in the requested level.

4, A method for aggregating data comprising;

storing data as fact data table objects at one of a plurality of levels in a plurality of
dimensions;

providing an estimate of the amount of processing required to aggregate each fact data table

object to a requested set of levels from a set of plural dimensions;
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aggregating the data in the selected fact data table object.

5. A method in accordance with Claim 4, wherein said\step of providing an estimate comprises
sending a request for a bid to a partition object, said partition object including information relating to
one of said data tables, including the set of levels stored therein, and said partition object furthermore
being provided with functionality to return a bid in response to a request for data at said set of levels,

\;

the value of said bid being a function of the requested set of levels and the stored set of levels.

6. A system in accordance with Claim S wherein the estimate returned is proportional to the
product over all requested dimensions of the ratio, in each dimension, of the number of members in

the stored level to the number of members in the requested level.

7. A method in accordance with Claim 4 wherein if one of said fact data tables contains a
virtual partition forcing use of a predetermined fact data table, aggregating the data in said

predetermined fact data table to the requested set of levels.

8. A system for aggregating data comprising:

a data store module for storing data in fact data tables at one of a plurality of levels in a plurality of
dimensions;

an aggregate estimator providing an estimate of the amount of processing required to aggregate each
fact data table to a requested set of levels from a set of plural dimensions;

wherein the data in a selected fact data table having the lowest estimated aggregation processing is

aggregated.
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