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BACKGROUND
The invention relates to managing storage of data for range-based searching.
A database system can store individually accessible units of data or “records” in
10  any of a variety of formats. Each record may correspond to a logical entity such as a
credit card transaction and may have an associated primary key used to uniquely identify
the record. The record can include multiple values associated with respective fields of a
record format. The records can be stored within one or more files (e.g., flat files or
structured data files such as XML files). Within compressed database systems, individual
15  records or values within records may be compressed when stored and decompressed

when accessed to reduce the storage requirements of the system.

SUMMARY
In one aspect, in general, a value of a numerical attribute of a record stored in a
data structure is received. A numerical range is generated that includes the value of the
20  numerical attribute. An entry is stored, in an index associated with the data structure, that
specifies a location of the record within the data structure and that includes a first index
key and a second index key. The first index key corresponds to a value of an attribute of
the record different from the numerical attribute, and the second index key corresponds to
the generated numerical range.
25 Aspects can include one or more of the following features.
The value of the numerical attribute is represented by a time stamp, and the
numerical range defines a range of time.
Generating the numerical range includes determining a first value in time units

that separates a time corresponding to the time stamp from a predetermined point in time.
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Generating the respective numerical ranges includes dividing the second value by
the predetermined time duration to provide a quotient that represents a numerical range
for the first time, and dividing the third value by the predetermined time duration to
provide a quotient that represents a numerical range for the second time.

20 Entries are identified within the index that include the first index key and that
include a second index key that corresponds to a numerical range that is equal to the
numerical range for the first time or the numerical range for the second time or that is
between the respective numerical ranges for the first time and the second time.

In another general aspect, a computer-readable storage medium stores a computer

25  program that includes instructions for causing a computing system to receive a value of a
numerical attribute of a record stored in a data structure and generate a numerical range
that includes the value of the numerical attribute. The instructions further cause the
computer system to store, in an index associated with the data structure, an entry that
specifies a location of the record within the data structure and that includes a first index

30 key and a second index key, the first index key corresponding to a value of an attribute of
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and that include a second index key that corresponds to a nunerical range
that i s ewoabixwshe nunerical range for the first timePor/ush@2/usreyi cal
range for the second tine or that is between the respective nunerical
ranges for the first tinme and the second tine. In another general aspect, a
conput er -readabl e st orage nedium stores a conputer 25 programthat includes

instructjons for. causi.n conputing .syste 0 receive val ue of .a
nuner i calhedtears BifeDfon e SRRnCHGRERIE A BarEOL MICE frocutiargies ate a
nuneri caly thapafritbdhurh&davggct he val ue of the nunerical attribute. The

instructions further cause the conputer systemto store, in an index
associ at ed wi Ine fundedganarad tsnect arcempaimngesysteyn inbhdespeinphi deyicg or port i on of

the record mthin the data structure -that. inclydes a first index 30 key
and o seRtirE Ry e B Rl e PESRE Fig 4% vl ue of an
at t riput @neturet Mee t@eRItHhgdyittrfaRherlih@ildshe 1aastRkiptadesadh Loh k& toand t he
second i ndex key corresponding to the generated nunerical ran In a

e.
further gsEta) nu@peeal range dinipialudey ﬂg/@ﬂ@rﬁfith%n%@récahﬁtﬁiimwtangétﬂr%én or port
confi gur gd. I v, u I | : tored
e S S P BEGTCE e U B uR IR ki By BlinRo L FE Rl o1 e
pr ocessoivithiarthe dath egludtoxre age miest aickudes adirihdl keyande stdval indulkegiethet he val ue

of the nunerical attribute; and store, in_an inhdex associated with the data
st ruct ur BISt (I§CBKEY SOTFRRPNURELO; %Yai%e of ngeabdptsPfdhe repurdidlleest Figmths t he data

strugt ur rﬁ&&: i j ; -£Q%%‘ iﬁﬁ&%- y, the
firs?}inﬁéx SggggTﬁﬂg%gﬂﬁﬁﬁg“%ghg&%% ue géﬁgﬁﬁgﬁ???%ﬁ%gﬁ%?'t e ?ggord

di f f er entange.om t he 10 nunerical attribute, and the second i ndex key
anot her gener al

correspondi ng, to the generated nuneri.cal range I

aepect 8 conBUTRHET SYSTaTEIIEDHEANS TD e utes mrpRy o5 TR b a
numer i calaad bf 4 AUh&iQf a@ifRCOf Hre3b @ sested h AddatRudlkUsidh8insdnd neans for
i ndexi ng the record. The indexing includes generating a nunerical range

t hat i ncindgesg tiBtrheordallbe ingiexing endludes igenerhting @ pirbenicd! rangel that mcludgs i n an

i ndex_ associated wth the ta structure, an.entry that, specifjies a

L ocatt onar et b iR AT N UEbHAEiip B PP ot BHaT B e caBes a 11 v s

i ndex Keytrigffte anS@e bkt ispeteifeskecatio@ flitd @bord Melein KRYdaEONtHREROME thgt t 0 a
val ue of an attribute of the record different fromthe nunerical attribute,
and t he Beldpvia firdEdek &gy awt ¢ secpad iidey key thBrsgmder kewerrmspeidiegio 4 ange.

20Aspect 5, 1Ga0r iR Gfe Riofiiffeht 06 tﬂ@ﬁl&lﬂ%é&gatﬁ%{ﬁa LAGBR: second

index key corresponding to the generated numerical range.
20 Aspects can include one or more of the following advantages.

Techniques for managing storage and indexing of data are able to reduce the
amount of records that must be decompressed (if the records are compressed), loaded into
memory, and/or discarded for failing to match a given query. In some examples, records
are stored in groups according to a numerical attribute, such as time (e.g., if the records

25  correspond to telephone calls, the records may be stored in data files that represent calls
for a single day based on the time a given call was placed). An index may be provided
for each stored group of records that identifies the location of each record within a
respective data file.

In some examples, it may be desirable to locate one or more records that match

30  parameters specified in a query. If one of the parameters specified in the query relates to

a range of time, however, some systems may require that a data file representing an entire
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for different FRIQNAL BBE26I ZRIVD are schematic diagrams of data processed by and
stored in the system.
15 FIGS. 3A and 3B are tables showing false positive probabilities for different
signature sizes.
FIGS. 4A and 4B are flowcharts of procedures for searching for records.
FIG. 5 is a flowchart of the procedure for querying records.
FIGS. 6A and 6B are schematic diagrams of appendable lookup files.
20 FIG. 7 is a flowchart of a procedure for querying an appendable lookup file.
FIG. 8 is a flowchart of a procedure for storing data.
FIG. 9 is a block diagram of a system for storing and retrieving records.
FIG. 10 is a diagram of an example index.

FIG. 11 is a flowchart of a procedure for providing information in an index.

25 DESCRIPTION
Referring to FIG. 1, a record storage and retrieval system 100 accepts data from
one or more sources, such as SOURCE A — SOURCE C. The data include information
that can be represented as individually accessible units of data. For example, a credit
card company may receive data representing individual transactions from various retail

30  companies. Each transaction is associated with values representing attributes such as a



FIGS. 4A and 4B are flowharts of procedures for searching for records.

FIG 5 is a flowhart of the procedure for querying records. FIGS. 6A and
6B are soNormatymwoe2agr ans of appendabl e | ookup fil es. 2@ETES202i085789
flomchart of a procedure for querying an appendabl e | ookup file. FIG 8 is
a flowhart of a procedure for storing data. FIG 9 is a block diagramof a
systemfor storing and retrieving records. FIG 10 is a diagramof an
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records pfreparing r s for fast accessi Ity in an
10appendaid éaclappdadpblfiléakuptiieapt memssnsa imodeherylifd@exappaesdsbddie maeor ds as
they arr éie\{ca%l below. When preparing records for compressed storage in a compressed record
file, the processing module 102 sorts the records by a primary key value that identifies
each record (e.g., either a unique key identifying a single record, or a key that identifies
15 multiple updated versions of a record), and divides the records into sets of records that
correspond to non-overlapping ranges of primary key values. For example, each set of
records may correspond to a predetermined number of records (e.g., 100 records).
A file management module 104 manages both the appendable lookup files (in
situations in which they are used) and compressed lookup files. When managing
20  compressed record files, the file management module 104 compresses each set of records
into a compressed block of data. These compressed blocks are stored in a compressed
record file in a record storage 106 (e.g., in a non-volatile storage medium such as one or
more hard disk drives).
The system 100 also includes an indexing and search module 108 that provides an
25  index that includes an entry for each of the blocks in a compressed record file. The index
is used to locate a block that may include a given record, as described in more detail
below. The index can be stored in an index file in an index storage 110. For example,
while the index file can be stored in the same storage medium as the compressed record
file, the index file may preferably be stored in a relatively faster memory (e.g., a volatile

30  storage medium such as a Dynamic Random Access Memory) since the index file is

typically much smaller than the compressed record file. The index can also be a dynamic
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represented by one or more records (e.g., each record having a given primary key value
may correspond to a different updated version of the item). The primary key can be a

25  “natural key” that corresponds to one or more existing fields of a record. If there is no
field that is guaranteed to be unique for each item, the primary key may be a compound
key comprising multiple fields of a record that together are guaranteed or highly likely to
be unique for each item. Alternatively, the primary key can be a “synthetic key” which
can be assigned to each record after being received. For example, the system 100 can

30 assign unique primary key values as sequentially incremented integers, or some other

sequence of monotonically progressing values (e.g., time stamps). In this case, records
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of the data being compressed and on the size of the data being compressed (e.g., R is
typically smaller when more data is being compressed). The compression may also have
20  an associated overhead (e.g., compression related data) of average size O. The average
size of the resulting compressed record file generated from M records each of size X can
be expressed as | M/N [(RNX + 0), which for a large number of blocks can be
approximated as RMX + OM/N. Thus, a larger value of NV can in some cases provide
greater compression both by reducing R and by reducing the contribution of the overhead
25  to the size of the file. A smaller value of N reduces the time needed to decompress a
given compressed block to access a record that may be contained in the block.
In other implementations, different compressed blocks may include different
numbers of records. Each block may have a number of records according to a
predetermined range. For example, the first block includes records with primary key
30 values 1 — 1000, and the second block includes records with primary key values 1001 —

2000, etc. The number of records in the compressed blocks in this example could be
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(e.g., Ris typically smaller when nore data is being conpressed). The
conpr essiwo 20890096220 have 20an associ at ed over head (e. gPCTASAPRAIITEDN

rel ated data) of average size 0. The average size of the resulting
conpressed record file generated from Mrecords each of size X can be
expressed as r M NARNX + 0), which for a | ar ge nunber of bl ocks can be

appr oxi d as. RMX + OM N. Thus, | a alue n in sone cases
bt e B BESnEof S B EOReY BSlur Bt RIS 5y BHET A0 ne

contri buéphﬁﬁngIurﬁeJ?Feam&HB%Ohs%ﬁlahﬁaltlié? size of the file. A smaller value of
N reduces the tinme needed to deconpress a given conpressed block to access

a record t hat hlrmynebelpdmmwtmd differchiecamedsed blocks mﬂmmhw@ratarget
|nplenentat ng f.erent conpressed %lgﬁ ﬁP' %e dlff rent nunbers
of recor BUIOE Pi“BF SRONAY “Havea ThENBEBI OBy “P& éiéncé‘& o@?ﬁeﬁ’é ‘?Ser
preded er ficaiRld. Fang@mphOif £3688PrRords RIS With b réloeC WhbRArlflas kegeauds W th

30 values 1 - 1000, and the second bl ock includes records with

prinmary ke

primary @lé‘gy{r%freélsthq_@umary bpoalucaidhe fllewigssprddn theswsiederden thors
conpr es Sﬁegorl?il 2 lﬂ?’se& th % 'e?atee F @&H{Jg%ssféa "Bboq:kb & thg Isét q% rrgé&rdssénﬁg g\/lt@l reg
primary Key va ue ‘necessari exi s ng
numer i calvhbdegdrinats &dy asluaisthé samd akiby ))rlrnary key darmmme fdmkx&ﬂi@fkbaﬁdl ians,

di fferent conpressed bl ocks nagrlnclﬂde a target nunber of cords in sone

cases, aidg SPHCEXEeh il diraddaionakreperds havdng ot %mérYd?GYfVé%@rarfsa dedée ts. For
exanp e’se'tfhfath%e\;z D d QAR 5 Vg;{%lwgées%@g{)gs[w%ﬁmpsﬁm rggx%va' ue is

different fromth prlnar ue of the OW Nng recor |n the sorted
order, tbhlosletoathcoexds are used to generate a conpressed block. If the set of

records ends with a .record whose val ue .i s t

br i mary ey v NG BEHn e fafsronpoe 1Tt S dh eednGraty 2060 ¢ e
addi ti onglch g @Rr @enaNENBlotIRATHRIThAB hitkQYnMBILEKES Belddd6 that RichhifeslO set .
In this way, the sanme primary key val ue does not cross over from one

conpr esseathisbupkessasl hlpek, fenexample, by thﬁhmm?mﬂéiﬁ}’ afthadidstsecord in thodul e 108

h f bl ks.
The Thderr e te vied it B R g forieg b St i RSB IREERSY ecsed

bl ock, f@at @¥aidsehe Q¥rabh & cRfibiTEl e kiyitifiéd Edigpikbises blocRedfeh the t he
15correspond|ng unconp{%fae% f%gn?q aﬁcPrgfllgqe gptzhﬁgaalﬁglhgﬁlude a
| ocat i oncamrEspce ogpord file 202. For example, the location field can co pointe ¢
form of an absolute address in the record storage 106, or in the form of an offset from the
address of the beginning of the compressed record file 202 in the record storage 106.
20 To search for a given record in the compressed record file 202, the module 108
can perform a search (e.g., a binary search) of the index file 204 based on the key field
206. For a provided key value (e.g., provided by one of the agents), the module 108
locates a block that includes records corresponding to a range of key values that includes
the provided key value. The record with the provided key value may or may not have
25  been included in the set of records used to generate the located block, but if the record
existed in the records 200, that record would have been included since the records 200
were sorted by the primary key value. The module 108 then decompresses the located
block and searches for a record with the provided key value. In cases in which the
primary key value is not unique for each record, the module 108 may find multiple
30  records with the provided key value in the compressed block. In this example in which

the key field 206 includes the primary key of the first record in a set, the module 108



that identifies the storage |location of the identified conpressed bl ock
within the conpressed record file 202. For exanple, the location field can
contai n awpabrsimee2en the form of an absol ute address i nPChASc@COUZI5St Or age
106, or in the formof an offset fromthe address of the beginning of the
conpressed record file 202 in the record storage 106. 20To search for a
given record in the conpressed record file 202, the nodul e 108 can perform

a search (e a binar sear of the index file 2 4 ba d on the key
field 20¥: rcﬁ‘%? fog %98%58 LA fi%%ﬂn&ées(tg athave E?YoYﬁlkhf‘éc?a ¥t 81?1 69* t he agents),

the nmodujeg é%@gel:y%éﬁﬁi% QH&Plkeaﬁ\th@ﬁe A THHRS te@FUkAD e PonamRAp g to a

range of key values that includes the provided key val ue. The record with
the pr ovewedwwejhe\ﬁatlwe kmyalm hagonmtamatle reabdehkdyncllusdeey bathehemset of

d I d h [ d i
{he.r oooldera00! Aoan BB Hohsos houatindPbeetTe IRaRdner scor ds 200

wer e §or&ﬁﬁmgﬁl oRhateatry. key val ue. The nodul e 108 then deconpresses the
| ocat ed bl oc searches for a record with the g;OVIded key val ue. In

cases in which ‘ilfféfeﬁ? inerpendeljonsaihgis 4re diftsreng Miagje Eor g crémesnintecivdex ¢ he

compr essid Bra i M H kPR RS RO Rt B bR g RSl e ho-
WMWywmmMM@%w%%ﬁmmﬂmmﬁ%mwmmwmmmRH%MMMSHNtm

consecutive |ndex ntrle t hat have key values earlier and |ater,
respect i 8BS OT kqyar iﬁ%@% difcdares Mmtb%twemr%%kwﬁw oftlgcyecords

corr ?@poﬁ‘%m&%&férm%b gr(é( g\'\ﬁtﬂé}“&%d%gn %o%&%/se Qédé@ofbl?h%%)‘f(‘i@ alcases, the

provi ded ue nmay he sane as a key value in an entry, in
whi ch capremaﬂydcemydhﬂee ot @8 metmonmsantdmeaxdmonkin Acorted squontkicnd nimetib@t entry.

In different t t here ar erent wa for the entries in
et naoR i dSaNED: dineardds s cin dieTesk atbS o Be FrEeBb el g f o t ho
records aéfﬁf@tma%@e A CRME R oAb, qphlevi@&ex%ﬂ%saﬁ&gde S nlifinf€ key

i npl enentation shown in FIG 2A the range of key val ues can be the range

bet ween vdec thabdedines e mange Keya it blockithe et indeosndty associated with the last

15  block in a compressed record file may also include a maximum key value that defines the
range for that block. This maximum key value can then be used when searching the
compressed record file to determine when a given key value is out of range.

Alternatively, the range of key values can be a range extending beyond the key
values of the records used to generate a block. For example, in the case of a block

20  generated from records with numerical primary key values between 1 and 1000, the
smallest key value represented in the records may be greater than 1 and the largest key
value represented in the records may be smaller than 1000. The index entry can include
either or both of the extrema 1 and 1000 that define the range.

When additional records arrive after an initial group of records have been

25  processed to generate a compressed record file, those records can be stored in a buffer
and searched in uncompressed form. Alternatively, additional groups of records can be
incrementally processed and stored as additional compressed record files accessible by
additional index files. In some cases, even when compressing a small number of
additional records may not provide a great reduction in storage size, it may still be

30 advantageous to compress the additional records to maintain uniform procedures for

accessing records. Additional records can be processed repeatedly at regular intervals of



10used to generate a block (e.g., the first and last in a sorted sequence
of al phabetical primary key val ues, or the m ninum and maxi numin a sorted
sequence WO 20m@pi2¢al prinmary key val ues). The index enPcy/usanmiontvsude
either or both of the extrenma that define the range. In sone

i npl ementations, if the index entries include the m ni mum key val ue t hat
defines a range for a given block, the last index entry associated with the

|l ast 15 block in a ressed record file al so, i ncl ude a,maxi mum ke
value t hAPe degh REY oHSCRYEr $6FY £ ANRUBD ok Ior A PE SRR RGFIRBY SRR ue can

then be ueRELIMNRRORBALEIDRY by EqE] f,%$§1??i00@?&6‘éhsfoir|e€e1’yQO%b%dHrdI§§. when a
given key value is out of range. Alternatively, the range of key val ues can

be a r anfeneniagdicntseymoedessékbisey o dimeasteofaly, resaneciotedealsithett may bener at e
a bl ock. For exanple, in thqlcas§%pf a Q#Pﬁﬁ 20]9enerate .Hronmr cords with
nuner i cal® pfP CREYs 05t vRY! BUPDRS " osRd 4602 FHEPIEREL M SIE val ue
r epr eseng regyell BRI ckecords may be greater than 1 and the | argest key val ue
represented in the records may be snaller than 1000. The index entry can

i ncl ude ei t heRelgrringgpFlof 2B He agyexpaplg in windh addownehigeordehaveboehe range.
VWhen addj tj. Il f.1. Litkhal. or rds have been
2501 ocesibi oy IRSSLED MOGREHR By Aty Reg PRBOTha L 8RR 2R be

st ored i genardued, bebddifiong eamphestdiicotd CidnPriecsad dppernded Ab theriniabi vel vy,

addi ti onal grougs of records can be increnenta%%y proc?ssed nd stored as

addi t i onAMREEEH ExeEhileaddier farm eompaund ompEestRf seRif diloabl Thidextemi 1 es. In
sone,fas 3 i r (A rds ma
1€ soEi &k Ma?tgbengpfaa&%@ %y %gin?a&ggj vbanﬁ'éé@a&c? k%é;%gégtsﬂs ;Migﬂere%(gag y

not provide a great uction st orage si ze,
advant ageqesctate mompessdblohbles adbié toropratsed ecordi§letd Ondihatfastreomprdseadn

rocedures for_ accessi r rds. L1 | records can rocessed
Iroepeat edﬁ?déln t}l@@m’eﬁﬁe‘?ﬁ{%ﬁ&af‘@?ﬂ ﬁf&p&é&f@s&n’mwnggaesglgégnlgé iﬁe every 5
M nut es) mo@ilcabk gEn@atbs SHSIEHSHaN B R WIPER Bht iaddilds ARMs thaear gsulavs been
received (e.g., every 1000 records or every 10,000 records). If incom ng

records ssrechgophesddidionalgewrdrepiosentehwihinghg apiendgbinke 21At dhoakw t here nmay

be no_incgm cords or | nunmber. of re ds that are all conpressed

intog% SgﬁaTgﬁgégéﬁpgggg@nﬁpigﬁ£epmvmus 4%r¢¥284t0 FIG 2B, in an exanple

in which addi AhpRambéeso ré@@é@reb@amléﬁ@aibé@gp&wealf@f&msd@mdpbﬁhﬁdaflter t he
i ona

initial conpressed record file 202 has been generated, an addit
conpr essexmprewsd gecprd Blep 10the andesmgang sparel moguleHO8 insqardingionpreceskd record

file 202,40 .00 ia, SAMRRUh & ABMpSSREDREQLA bl The mHAGICSEE em

searches for the record within each of the appended compressed record files using the

20  corresponding index files. Alternatively, an agent requesting a given record can specify
some number of the compressed record files with a compound compressed record file to
be searched (e.g., the 10 most recently generated, or any generated within the last hour).

After a given amount of time (e.g., every 24 hours) or after a given number of

compressed record files have been appended, the system 100 can consolidate the files to

25  generate a single compressed record file from a compound compressed record file and a
new corresponding index file. After consolidation, a single index can be searched to
locate a compressed block that may contain a given record, resulting in more efficient
record access. At consolidation time, the system 100 decompresses the compressed
record files to recover the corresponding sets of sorted records, sorts the records by

30  primary key values, and generates a new compressed record file and index. Since each of

the recovered sets of records is already sorted, the records can be sorted efficiently by
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10 100 sorts the additional records by primary key val ues and conpresses
sets of Nrecords to generate conpressed bl ocks of the conpressed record
file 210.wOhe13dope conpressed bl ock in the appended fi lpeTABR01Raksed BLOCK
91 has primary key values BA - FF. The nodul e 108 generates an additi onal
index file 212 that includes entries that can be used to search for the
addi tional records represented wthin the appended file 210. The new

15i ndex file 2&% can be a Snded to the evi ous . ind ex file 204. Any
nanber ot e et Bara i decOdiniie Be gz Aot STher et daitdound
conpr essgf|k 86 doftéd Rcodds. the indexing and search nodule 108 is searching

for a record with a given key value within a conpound conpressed record
file, the nodBterri@goddar 2habe tompouns qospuesdediechidiiledd hinstudehéicappended

conpress record fi rres ondi | es.

o mas il S5 0hs eiory Bidst MR s iR gl e AR SRR PRk M 0D b i mber umber
of the cemgidasmercdn®ieysed fdcbrsfies 270 @2¢0np&3p@ﬂdlﬁg)ﬂﬁh6ﬁ1%ﬁﬁ1yr@l@mo@alfl le to be
searched (e.g., the 10 nopst recently generated or aqyég@nerated within the

| ast houre)cords have arpyedandghayy olen heseaerdsdrave bagn greceyse hyomprasendr s) or
after a giyansnugbgr. of h g?&}%@@ﬁ% ﬁl%ccﬁét%gﬁ b ‘E?ed*lg‘éga&’r??& a@&e%’}ggoq»d the

system 1 0%'Can® consoli ressed

record finlweitlin @l @ngﬁease&lbkdclemﬁlhasfﬂedlﬂmwmmbld ena@ﬁhacmpreSMr espondi ng
index file. After conso|idation, a single index can be searched to |ocate a

conpr es kg0 fges2 %Orrétsmﬁafn%%ta.hﬁV%@Q}Wéﬁlgrl%mHeSSP%?lﬂCk (REOCK M e
ef figg enancrtﬁgrgrdrig A6GaRS nfc%%samynﬁééd' adaafsr&ﬂatéd MBex El’éeblgycaﬁ BN LA dRePPr esses

t he conpress es to recover the corresponding sets of sorted
recor ds, dgotitasintdivatas ecengtsoflpyindy bey nEngs ik eye Matluasl itsalochtpanes@tas. a new

conpr ess record, file and i hdex ch.of the recovered s ts of
oo oo RbeL fnaaiption, SR opdh e eii o B i Sen dag B R trenes

ner gi ng fe@@rdﬁl@é’é@%%déss%@% g@herart@a&ngre%wr&@e& Rcbleilppiomry key val ues to
generate a single set of sorted records. Referring to FIG 2C, the

conmpound conplretbe e@e@@mndtoﬁmqaéy agsigried pirimerey keyserdepidsiapd attt@m@ir@ﬁsred record

f|Ie i ti.gnal conp ssed C £ 210 r 5of
add 11 onded epPHe Sl e BRREAFEE B S 4ho ont GRe AR HEERChow many
addi t i onghvistepahé sediay @odolidye dilaid of@unt®hdess 4 hgordas artgldiadex Kash,
processed Each conpressed record file can have an associated index file

t hat canReferingdta Rl 3dathe iysten 180 grogies p é%td)rf deqordsm X0rhat arpislepiaingst s sed
220K bl 0L 0RO 5, SREFRSRN, ARG
10and thﬁmaﬁeaéodﬁﬂﬁmnmnwaeﬁameﬂﬂnhynnaedeﬁnAassm@]aquamadﬁxoﬂiﬁk but can
havezoas SS.S% 1%%&1865 compressed blocks each including 100 records in this example, and an index
file 254 includes a key field 256 for the primary key value of the first record in a
compressed block and a location field 258 that identifies the corresponding storage
location. Since records that arrive after the initial compressed record file 252 has been
generated will automatically have primary key values later in the sorted order, an
25  appended compressed record file 260 and corresponding index file 262 do not need to be
consolidated to enable efficient record access based on a single index search. For
example, the index file 262 can simply be appended to the index file 254 and both indices
can be searched together (e.g., in a single binary search) for locating a compressed block
in either of the compressed record files 252 or 260.

30 The compound compressed record file 261 may optionally be consolidated to

eliminate an incomplete block that may have been inserted at the end of the compressed
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data that indicates a range of primary key values in the block and its

| ocation in storage. After consolidation, the records recovered fromthe

di f f er entwappsmdec2conpr essed record files are processe#CraSg@EnAIxce a
singl e conpressed record file 230. In the case of nonotonically assigned
primary keys, records are automatically 15sorted not only w thin conpressed
record files, but also fromone file to the next, obviating the need to

consolidate fil in order to access ecord in a sj e i ndex search.
Ret or 11 nets e 6520 Sicha oyt BftorognPebefotomneded bt SLbFaEAs { hai are
identifiesh BYuBARSERBI HRoMPERAR! SnPRSANSER IR the Medon®PrélREd &8s HF | Mary
keys for the records. Thus, the records 250 are automatically sorted by

primary keegrds.Ahe bets of mbords npuld swendy be conadtehiicd t@ forespndwesdrtedesst efonpr essed

bl ocks each 4 nc] udi ng ,100 rec inthis ex le, and,an .index file 254
el e SO I b RN sES SPRES 1P R o BRI b RS ARtk I i e 51
conprgssg@wahg@&aéaqa@nﬂgﬁgtion field 258 that identifies the correspondi ng

storage location. Since records that arrive after the initial conpressed
record file 28pothasadysptaggyehiesing @epngppeutive intesrssyrBstiqPHEYE kgy valEsiskey

nd cor 1 SEI g0 B B e e o O SRR BEE" 0 omabl o

ef fi ci enpartideny @nde aawsnadiasigdbaiincad sindgtherd ardas gapsainahe kdyoval@sanpl e, the
index file 262 can sinply be appendeg to the index file 254 and both
i ndi ces can beN¥&h# ¥y Pbtseharesc@n e ussdfoupdpts geeerds adrgvalidatccny f or

| ocatj ng i 1 : t e L 252 or
td Tgévfbﬂ&‘%%ﬁ?@ft% O&ord aﬁﬁlg,{)%%lsﬁllae&ﬁl QU] RESRKIC. Ff{/oﬁi%ée das &3

260. 30The conpound conpressed recor 261 may optiona
consol i deceds tlon’¢ hea todeacrmovddroampdhted endividediyt (leat, logsy triwesactidosen i nsert ed

at the en f the ¢ essed record, file 252  1n,.such . a consolidati on,
oy e hetftond s B SR Eed1f Fbfs el P vad g BB oY FAReH 1 o be
deconpr esafs oNstclidtetaad @Imwrogb&gpﬁe%d%mgm%%ﬁp@%&n gfc records, the

sets of records could si be concatenated to forma new sorted set of

records bagityenglpld enpricsred reserdfilsf 11.00me eases.dstitchmpesscd resordddapeadssed
again to gorn1g 5 new conpressed record file. Anot her advant age of
usingsa %oﬁ?ggh?ive i nteger synthetic primary key values is that if the

records are gmidoghe @s@ComPbrihbiconids bas adolart DpdNEd PREJIKEY nv@l ue, the
partitions can be automatically bal anced since there are no gaps in the key
val ues. Wplategfregord 491 sQrpgoin & eEmtpgedBlogkingda niedeusvragpived ecrsiee@f ds and

inval i dafye anyy (with the same primary key value) may be left stored in a different compressed

block. There could then multiple versions of a record and some technique is used to

20 determine which is the valid version of the record. For example, the last version (most
recently received) appearing in any compressed record file may be implicitly or explicitly
indicated as the valid version, and any other versions are invalid. A search for a record
with a given primary key in this case can include finding the last record identified by that
primary key in order of appearance. Alternatively, a record can be invalidated without

25  necessarily adding a new version of a record by writing an “invalidate record” that
indicates that any previous versions of the record are not valid.

The system 100 mediates access to the compressed record files stored in the
record storage 106 by different processes. Any of a variety of synchronization techniques
can be used to mediate access to the compressed blocks within one or more compressed

30 record files. The system 100 ensures that any processes that modify the files (e.g., by

appending or consolidating data) do not interfere with one another. For example, if new
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10previ ous versions of the record that may exist in a conpressed record
file. In sone cases, records don't need to be renoved or updated

i ndi vi duawbyo(3oge22 | ogs, transactions, tel ephone call spCTius2aibpsscases,
ol d records be renoved and di scarded or archived in groups of a
predet erm ned nunber of conpressed bl ocks, for exanple, fromthe beginning
of a conpressed record fiIe In sone cases, entire conpressed record files
can 15 be renoved. n,_sonme cases, one or e values.of a record are
updat ed B§OSHATRG vg}llﬁ&ﬁﬂéﬁi@é{l%lsr%ewagf P Sxdgp d00 Sm VAt BBihessed bl ock,
and a_ pr &msQldbn pRSRViS HinkBES 0P RaPferdche EGRRS el MddRs hitestSRMBeRT | Mary key
value) may be |left stored in a different conpressed bl ock. There could then
mul ti pl etewpogirinbelofe appeadiog dleantcb @Mgtcemhmsmderewd iidesd Pcr@:esmehaer m ne
which is_the valid vers ecord. .For ersion
(st r o fiy™s bl Sud sbb ol Pk bbhe FESTRNS iselRal S et By e

i mpligi tigylo@ranw@d létblpottiaﬂltﬁaﬁttrﬁgr @%ﬂd@%oﬁ@ rh&ilﬁ@z{tfdnon and any ot her
versions are invalid. A search for a record ven primary key in
this case canThawisteaelqQ siechgdditenal data th?é@afrﬂtleﬁ @@qafq%ffpwcggﬂ Raped ope} mar y

key in Oég Mt Lo ALPE ﬁFcﬁ&g%thél IR %Earzﬁés;}’ ' ARe o%ﬁ&’&qn&&gf g? cbrﬂi&f&éeﬂat ed

wi t hout necessari ew versi'on o
"inval i daterdride dtottides Ift&brmmdmcaztt@soxtldim@tonarmy € pHmus, k@r@i&@ba@ﬁ otnhe record
are not valid, he system 100 nedi at es access tq the conpressed

record fqu%%OE%no%t%ﬂPur%hﬁtﬁé deansied astioresgelanoeyhyEagh piabpdesignéeksdds. Any
of ajyariehyqd 3&5@/ e%kcﬁ?én écP&hth%%BH’e Rdin %%Qco@ﬁa ﬁ&lext %&ggéfraﬁgl@ access to

t he conpresse s W t one or e comnpressed 30rec The
syst em 18@hepsmdaey ihdext caarbg opgamwslsaes taHhathaniwd;l rbws sdrtedf byl the agsecgted by

appendi ng or,copsolidatin do not jinte wi th one anot her. For
e e g e e R0 A ps B e B el Ve g o o B PRy <¥he yst em

100 can yaids oMbdords ther iON8OIHaARCORMPLECeITe. | Bufsi MafAgcht iQtiacah generate
conpressed bl ocks and store themtenporarily bef or e appendi themto

exi sti ngse@mhpfpegtgemcwrés: thatlinclude 2. girnoeewslary kdyatalycethd siystom @%dmﬁﬁru@s sed

anors alhy PrRERbRaDaC 487 st e Ryt bR Reg O Rear s PP °

The syst gsmpOfcs bick®) afddinciuaoahe [dadra(d aharhe sitahd £ idlcs @@yt 1hige (£.8¢0r d
based on an attribute of the record other than the primary key. A secondary

i ndex f oPn Hie@wdgsiof Siarpmbes of tpepids bandng Isore saseh sy hstsiaspd ke si9Fagei des one
or nore R%HMB{%mﬂﬁﬁeygm Q%§§é. q?%glue of an attribute that is
ary

desi gnat e secon ribute designated as a
In some cases, the Values of an attrlbute designated as a secondary key may be

20 unique for each record. In such cases, there is a one-to-one correspondence between that
secondary key and the primary key, and the interface module 112 can present that
secondary key attribute as though it were the primary key to an agent.

Each secondary index can be updated as new compressed record files are
appended to a compound compressed record file. Alternatively, a secondary key can be

25  associated with a different secondary index for each compressed record file, and the
secondary indices can be consolidated into a single secondary index when the
compressed record files are consolidated.

A screening data structure can be associated with a compressed record file for
determining the possibility that a record that includes a given attribute value is included

30 in a compressed block of the file. For example, using an overlap encoded signature

(OES) as a screening data structure enables the system 100 to determine that a record
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10 secondary key can be associated with a correspondi ng secondary i ndex.
For exanpl e, each secondary index can be organized as a table that has rows
sorted bywohe1s#®s@ei at ed secondary key. Each row i ncl udesTass@acomiiary key
val ue and one or nore primary key val ues of records that include that
secondary key value. Thus, if an agent initiates a search for any records
that include a given secondary key val ue, the system 100 | ooks up 15t he

primary key(s) tq use for .searching the index. of .the conpressed record file
Por "the Eoltoebudiy SrBERPETRHED o AEi e Y Re) b dEBP UL ot RRE TGk ondary. | ndex
may be | %@%@tix(e@-rgsu,lt),% Vi eheP b d&0or®Hvith ke BVEPREy Rllud BEWISIssiBilfly bh some

cases may be stored in the storage nediumthat stores the conpressed record

files. |bcispmesausesnositive” wshliesFafa pesitiat resuliuthe sy goasesd this a secondary

key may be 20.unigue far.each record.. I n,such ses,.there is a one-to-one
o r e portreritbstger 2 AR S EBRA Ay R B RS SR PR el ™ R e
i nt er§ acer deagdig: thiZhe adtoR 890Nprebdila SRIRO POV key1D! Fbi budgtias t hough it
were the primary key to an agent. Each secondamg i ndex can be updated as

(3

new conpfeselsdic skt epnfgives negabiva ppselidean egenh Wvébagdgading dhpced §8¢ r ecor d
file. Alfer [ r I | L ferent
secondar%gpﬁ%%§$$%¥n%gﬁﬁagﬁgggééggg%gggg?ﬁg???g%%gﬁg%{ﬁgmgg%%ﬁla?géindices
can be cgnsef thd @BSthffaststhoay sftsnghositBecanttanie fhikdexsisnwithéarganPESsised
record files are cqnsolidated. . A screening data structure can be
associ at Baldg l§wsr g@éﬁw&%a@%%mmﬂaﬂ-e%r&rgl&%& QF%Srﬁen%“teﬁéwBB%tsi bility
t hat r i [ a i alue is included 30 in a
1R gﬁs@%?eo%%}de?ﬁi&%?%g@r Bl6qH3s Al L] inPeh&ral

conpr ess For “exanpl e,” using an overl ap encoded
si gnat ur e ( OESjhcagypas sCsceenimpglatiattaucatressat positdnallsexching dstastrentuid0 t o

determne that a record with a given key val ue rimary Kk or condary
oy 15 BEFENCQIT RGO HbbHy kP rfed 1 aull s P OHbRtn 1 ecor d
Wi th theagbMaivde pdcHghRe SReuROR? ialkel ichly bOproR Ricl Fola8B 8ohple8scdPOSi ti ve”
result). For a positive result, the system accesses the appropriate

conpr esseldclhl ock to either retrieve the record (a "confirnmed positive"

result) For hiHoga Ty sl eBis RETRGuiE Eba T Vs i oniyEE P88 15 an
agent w pddtile rogediong kbpvape gt vatiohs GREOMRA e8&hplaryaDHS saaémiig Bgat he

conpressed block for a record that is not present. The size of the OES
af fect s HBwiuse {@hupesjangd yeariqusgwmbsrseafdistimrcskeypudics igaesentgiimthear ger OES

2: ;g, y} g.\%,\ogirlﬁ} ?ngﬁ{\gn‘c(r?{({ SRS kbt #POESSHpLRdihE o ANEGA of thODER Ab YR CFS

number of distinct key values, the presence of more than one key value may be indicated

20 in the same portion of the OES, potentially leading to a false positive result for one of
those key values if the other is present. The size of this exemplary OES varies from 2'° =
1024 bits (in the table of FIG. 3A) to 2°® = 256 Mbits (in the table of FIG. 3B). The
number of distinct key values varies from 100 (in the table of FIG. 3A) to 100,000,000
(in the table of FIG. 3B). For both tables, the blank cells in the upper right correspond to

25 0% and the blank cells in the lower left correspond to 100%. For the cells in which the
false positive probability is low (e.g., near zero), the screening data structure may be
larger than necessary to provide adequate screening. For the cells in which the false
positive probability is significant (e.g., > 50%), the screening data structure may be too

small to provide adequate screening. This example corresponds to a technique for

30 generating an OES using four hash codes per key value. Other examples of OES
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10possi bl e key values yields fewer false positives in general. O her
types of screening data structures are possible. A screening data structure
for a gi Wwe0 2pr3aeps2g or secondary key can be provi ded forcCeashoiconysessed
record file. Alternatively, a screening data structure for a key can be
provi ded for each conpressed bl ock. 15FI GS. 3A and 3B show t abl es t hat
provi de probability values for obtaining a false positive result for a key

val ue for various sizes of exenpl.ar screening data structure

(ol amejrninaiit SUE Tty G EERThE B0k 45 nesTyappBLhidor n « ne
conpr essgded ReAb&s bF HBtiAdtRWS). . For an CES, depending on the size of the OES
and the nunber of distinct key values, the presence of nore than one key
val ue may be Smdé tatnathb0dhdistiret keyrealporeprssengdd inheco@PS;sspbeeordifdE | y

| eading to a false positive result for one of.those key.values if. the other
i s preselfy 1the H100d: Bi° YHFL @ecﬁﬂls%m}t Z%%ﬁﬁ‘%é“??“dﬂg%afﬁ S5 4Ohi ts (in
t he tabl ge@bmbtdssed3Beort Fil@Baed or B MRhEeS of tddotdd EronawhRhahe filcvas3B) . The
nunber of distinct key values varies from100 (in the table of FIG 3A) to

100, 000, @00 4ted Ipmeleetyn) the size thee igmjrade=pif berasn tedycing faksppoitiehk cells in

h J : 0% ! ls 1.t | ef t
cor r eaponaPheNaRl EERATRRAR A A IR Mg Bl Tl Yonc SBE P11
is | ow (& this tradeaff thetikglihoblef sereaend fog abshakst valedsuTemostyoflie kegr ger t han

necessary to provi de adequate screening. For the cells in which the fal se
posi t i veVPretanr 19aked up ag @?ﬁ%f toc%ﬁm@@g {g. the deagmpressedhiecaids S8R 51ECHRE a

Strugd ur g meyuigiet ARy SI8BM ndeBe P! dEuRACYYURIS FGHESBbA ity kS §xanpl €
& %nl f S&& ﬁ

corresponds to a tec qgue for 30 generating an OES using four hash codes
per key vabhaesevill@tohbe famdnthke sllafati@ESospe apaicrfor whdtixclytlange saeesng dathd yi el d

a different table of falsg g sitive probabilities for given nunbers of
di st i nct SIRIEHECS may SaveCORNACTANE fifher of distinct key val ues represented in

a conpressed TREQL&of 4 §Bedid D@L stRR 1 BONBocidthe Wit 2t @MptdQeLRBoRIElIECt t he
size of the screening data structure for 5 the conpressed record fil e based

on the nuebdepawf onedmtips tifa folmoniespandie anjinislalwiscogsoislatedderge databeseoft i ng

the size, there is trade-of f. bet n requci fals ositiv

or oobbr 1 1eepes S autraleb G Sel-Ret 4R E sk A E A otk Sd e R R hipt fates

st ruct ur @ruct€ sizaeiobe idd b Gontprasded ffcbrd files thakat iab?&@e@ﬂuﬁ@fe@biaﬁg for
absent key values. |If nost of the key values to be | ooked up are likely to

be presewdaiintanalsdpenhriesseaencedlyrfgyer dinencs keeiongn radardat: rilet.ur es may
not be N gﬁﬂll%fze%% redlur:e {hla%{o?aéesspgcesﬁe%%({ ALAE Buﬁ%&bd?{?:'ohfpgé/ss&n%go#aey

files grows after many updates. The size of the screening data structure can be based on
20  the expected number of records and/or distinct key values in an update, and on the
expected number of updates. For example, if updated files are appended every five
minutes through a 24-hour period, there will be 288 compressed record files at the end of
the day. The probability of at least one false positive result will be 288 times the
appropriate value from the tables of FIGS. 3A and 3B (assuming the results for different
25  updates are independent). After consolidation, a larger screening data structure may be
appropriate for the consolidated compressed record file since the number of distinct key
values may increase significantly.
A compressed record file can have a screening data structure for the primary key
and for each secondary key, or for some subset of the keys. For example, the system 100
30 may provide a screening data structure for the primary key, and for only those secondary

keys that are expected to be used most often in searching for records.
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values wll not be found, then allocating storage space for relatively

| arge screening data structures nmay save consi derable tine. The si ze
of a screxoi2ogp/med2a structures associated with a conpregsedse@coudtsdil e may
depend on whether the file corresponds to an initial or consolidated |arge
dat abase of 15records, or a smaller update to a | arger database. A
relatively smaller screening data structure size can be used for conpressed

record files t are appended during requl update intervals since there
e gener al yPREV SR bRyl et Bk Bt Prane 3 ke "ol |

si ze canke@YGRhiNGvel MRS IRPAGRINTBEPebREut R0 ALRRAMPLoLRARRESSed record
files grows after many updateS. The size of the screening data structure

can be bthsesds ancrzeningdatespeduesdssnemied woh afesmodpreandl weordifde.i Hop, they

values in an u e, and he expected nunber of updates. For exanple, if
ot ed PoPRLfesR Socdie AR e BRRENSE NN e PhalR Bt Sh oo Fier by

t her es Wi hdgali®c AB8It.CHMR £58€ Prife6cd Vallcedhotifass @Bdciebnihf e Adytivd he
probability of at |east one false positive result will be 288 tines the

appr opr i @set)y ticp éher prepgduret Q0gheelss 400 for caextzpmprrgsaiBeeerd Suermifyrepeads r esul t s
for diff e re.i r..co, I i . ] .ar ger
screeningﬂggtg%g{#ﬁgﬁﬁrZfﬁﬁénﬁg§§%%£g§$§g%%@?%gI?%Eﬁggﬁégﬁﬁ%gﬂggﬁgknpressed
recor ]9 f iehﬁlt)s ihea ehd recdtturd4€00 sefarcgé§408lmg u#delx forad Meﬁk fhaymhy coreain e |
significantly.. . A conpressed recor ile can have a screening data

st ruct ur BCPEWithhe givergirimassren ki us off neagterisg daaiycieis agockisd Withe

subsgg O{hetcgﬁlgks%ye?i' reb FEX tﬁi gﬁo‘&@dﬁg a?@ Q@al(%%s/ ﬁgﬁﬁﬁxn@éxqwt @ Screening

data structur or the primary y, and for o ose secondary keys that
are expepdréominge becreed@g. nost often in searching for records. FIG 4A shows

a flowhart for, a procedyre 400 far. searchi for one o re recoards wth
2 given pri mefekEIDAEAS thhBdstdEaUMBISE RRAkaHACTIE Wb  FMEERr ¢ her e

is a scregndhghsdRdt dnchldcd St iCePHiaalyaleg dalictiNfRnl Ul 6 Lh&PIB pRSSEG14000r d
file. If sSo, the procedure 400 procéssés 404 the screening data structure

t o obt ai deceimphessesat1gdké bliogle atghe Biveigen idgatifiesklyl the indexehisy ghd/sqarghes bty key

val ue. dogs not..pass the screenin a ;negatjve. result t hen t pr ocedure
200 Pheclts ratRapeorb PO B BShe ol SABbe FivF Sk ksadfhe’ ePhat i1
if it exp®tedurd fheh B e faaTd MERE York@¥ssed rdtdrdIARnBa§Seatshd tharfieming (a

positive result), then the procedure 400 searches 408 the index for a bl ock
that naycdght Hing @mperssediblark i fowrd @israhthsrivaarnyinay konvelae i smallst scr eeni ng

data str ' i j .t - il -hen t he
pr ocedur o Jly il BRI8T, B ey ety tlol  SOMR BEFAC HBER0R Kb Ll
Aft er setheddst bipckDhchhie prodedure #00 eheckapreos e dekl alprassbecadddde wad h a
range of key valueﬁk%gat i ncludes the given primary key value is found 410,
t hen2t hetprdie e thae lleoh teeBbnpr esses 412 the bl ock at the |ocation

identified bypidhed 36X S WHhaATS §§1%E€dﬁ?§4§(ﬁf%)r searching for one or more

records with a given secondary key value. The procedure 450 determines 452 whether
there is a screening data structure associated with a first compressed record file. If so, the
procedure 450 processes 454 the screening data structure to obtain either a positive or

25  negative result. If the given secondary key value does not pass the screening (a negative
result), then the procedure 450 checks 456 for a next compressed record file and repeats
on that file if it exists. If the given secondary key value does pass the screening (a
positive result), then the procedure 450 looks up 458 the primary keys that correspond to
records containing the given secondary key. If no screening data structure is associated

30 with the compressed record file, then the procedure 450 looks up 458 the primary keys

without performing a screening.
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15 the resulting records for one or nore records with the given primary key
val ue. The procedure then checks 416 for a next conpressed record file and

repeat s omotzhesoopézke if it exists. If no conpressed bl o®kTius26100m375¢ €. g.

if the given primary key value is smaller than the m ninmum key value in the
first block or greater than the maxi num key value in the |last block), then

the procedure 400 checks 416 for a next conpressed record file and

20repeats on that fi if.it exists. FI G 4B shows | owchart for a
S epdar e abokech ak fenrimsty B shiic e ppetb i atietinesed b RNEE ongar o
key val U@bloﬂ@%a@hﬁ?%_@ﬂﬁaﬁl é‘é@oﬂ%iﬁ[ iﬁ%%@@emﬁ%ﬁﬁi&é@%lué.hﬁﬁ@r ieﬁrdﬁi@‘%@eni ng
data structure associated with a first conpressed record file. I'f so, the
pr ocedur teds@xpif aseswesssdbldockhessednted mithg rdageaofdtey vetugs that mcbideathe ei t her a
ositive .or 25negative,result., |l he .qi ven ,secandary key v does not
Poss t hoeitn ERMARAY AR hisTR it 4bgc b e iR A0SRk duiis Feb Behochs 956
for & nexloclc @RE RaRsh IdesDiidl By the iR ch@PRAd Scabthel D66 thiirksiltidg rebor@Xi sts. | f

t he given secondary key val ue does pass the screening (a positive result),
t hen t hefosoae etmer wswds vakdhagivasprimpe kayiviekioy Theysoachee thay ¢heslgond t o

records i, ni i f ~NO.-SCY. i data structure
i's assoc%%?%%agﬁgﬂf%ﬂg?%éyggﬁgﬁgggg%&¥g%%¥%t%?ﬁ%?fﬁﬁgﬁﬁ?ﬁgggrocedure 450

| ooks upcotiyetsbé blarck iefoyindalien te phsvgtiuneesd eheiks g6 8 fatr egntdigpressed For
each of the primry keys foungs,the,procedure 450 searches 460 the index
for a bl GERIHgpndERpeaty AR A1ah file  #FiS-wi th the given primary key val ue.

Af L ef, searchi Nﬂllltl QretcEFdsif (e uléllltl gfch PrRaty 5@&,0%&&&%@&%@6@%@%6‘&} a

range of key val ues that es the given prinar value 1s und 462,
t hen t hepprabedddEodBocadieondiiriessds of 6gpdalmmcShir oic konat cashe ohlycthe lash
identified.b¥ tgﬁ iQ&EX entry and searches 466 the resulting records for
one or mBPEORQEBEASAU IR dyi ven primary key val ue. The procedure then

checks 468 f oTh@fiRGHinagOARKIGRGRIAL | RFASSIMbhdRs 3RFhok ARGt &P kbalsfile if it
exists. If no conmpressed block is found, then the(Egocedure 450 checks 468

for a newtingamsndaielpokerbiled. 11 dre exampteplaning apnendabic lpokup files,ithe exi st s.

10Multiple re ds faound with a en primary or secondar can be
ot Ul hen B O e Bt piRndalits Kb oRich il BHREN o RREER oF 1,
sone caseBprimitlyYataheThd phinkey §at@RetGlilltdeBertRe BE totl ih@hbbNetkrickloe fil e
managenent nodul e 104 al so manages_storage and access of records using

appendabMaltiphorampressed sccordhfilgh passihtyproacaenated intp apprenriaBicempesiadp fil es,

t he 15sy I i mar.y..Qdat t o P ing
hundr eqae o B0 RS el Rl L TRGAR Mords P durv FICRTRARR &

gener al | sihee sit lossy thenrit wag bousdulse sugderaéntnid tormpressed poassSiedvitleaord fil es

(possi bly concatenated into a compound conpressed record file), However, if
the &t aanpé@@?ﬁq lookep glesi%eépgﬁ@gﬁeyogwé{w ista% tojrg@uce the lgtenciybetpican 5
m nut e OfhehBRSWhdMRRY ddta TR D End BT ite FRerSHRI BB D v ARBRE S8R ecor d

file wth an
query processes. The new data could result, for example, from another process actively

writing data to the file. The system 100 is able to manage access to partial appendable

lookup files that may be incomplete. In some systems, if a query process encountered a
25  partial file, a program error would result. To avoid this program error, some of these

systems would reload an index associated with the file every time the file was queried.

Reloading the index on every query can be inefficient in some situations, and may

consume an appreciable amount of system resources.

Generally, appendable lookup files are uncompressed data files which are tolerant

30  of partial records added at the end of the file. An appendable lookup file is able to

recognize incomplete records, and is able to process query requests even when the file
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20appendabl e | ookup file. The appendable | ookup file is able to reduce the
| at ency between the tinme when new data arrives and the tine when that data
becones awei2bsloge2o vari ous query processes. The new daCa/usoubl®4376sul t
for exanple, from another process actively witing data to the file. The
system 100 is able to manage access to partial appendabl e | ookup files that
may be inconplete. In sone systens, if a query process encountered a

25partial file, a. programerror would re t. To avoid this programerror
sone. of et SoySiBiEtBIG Bl bad haprrible el e tei TREHR o every
tine theofinli& MR%s AUKEHEH abd3R! f8AME REMbRSsddNEEstd PMeseMBRY, AUSp¥ndBlE be
inefficient in sone situations, and nmay consune an appreci abl e anount of

syst em rlpobuy filsshas a “dynamic Galeat diak papapgrbndaisd’s [dokum 4 ditestragterc

unconpressed .datg files which are tolerant f partial,records added at
the_end Srepiieerire e L BB RERF RO BB vaira: rBRk raR SR e

i nconpl ebendrhic WedomaNsteisSMaRbs)t @opmexgﬁé thRde dyndrid URkikss @ENbyhaA t he
file queried contains inconplete records. An appendabl e | ookup file does
not havetables, RigyE tiges, brisrss. Grrialnetha%tya@§E@ﬁsg@atl‘éﬂd£%stmtur@-he conpr essed

record files; e K I qup fid g 1 ¢t ndex" that
maps each rec1(:)1;($'ls3 ’ %%dc%?i ié?nﬁﬁq‘g&&gl%&s ruaé]taglrn g r%l%gc}sgl 1%2[}3?5@}%@!% ively fast
wor ki ng Ivekey file§ eFUG., 5 B avekahple®f siicqiragss bR ahihigh Sipheadabl 1boypniElBic Random
Access Menory). For exanple, these dénanic,indexes coul d be h%ﬁh t abl es,

)
bi nary tAuasd’ Fhe peacess flpw a0 tahaied oyfhe opgratiensef@nappeadaglierlgolanriilet ur e.
FI GS;, 5, : S i i bl e
i PR oD SIS fhe(108, A0ct 671D A SRRRRRLY

| ookup e process by an appendabl e
| ookup fwhen ths fdeisrqueded)Tthe lgratic efSthe fill 0w do@dmmet 208.d Affter thederppleoatheon of an

appendab | ookup,file 10inhcludes a.l Qad process .and a ery. process
oD AT DBlE e BT ditrEng s S gl GRERed REF i BeRe G icBny tne
| engt h ofychhgid ik &vdrRind @iy ned 508. After the length of the file has been

determ ned 508, the determned length is stored 510 in a nenory | ocati on,
such as in th&hawysiinnthendatsrmpineThE gy sandneinhéwhibdties fhoaaen Bpresanting

"endpoi ng, " ch.is a lpcation representi 15 the end of .t he | ast

conmprot ot sa Lt efmp REYhHE Wil BRTHL Bl % ST SR RE data i s
bei ng wr iidth @rbeing Wheed iol te ﬁldﬂﬂle%ﬁdp&hﬂ‘klomlﬂrﬂpl?iréﬁib%nfﬁh@%ﬁ& ghthetthe end of
the file. The endpoint could also represent a |ocation that imrediately

pr ecedesThhendpping codd ghererretenhelpcaiamthpisanediaelygyecedes tae firfiecgmeioi nt has
Prgrergr S_et §F (OWEHa pber16t6) SRk UEhapdihe hdl ReABPRMNink@SH iPR stotdlfS 4% 1N main
a memory location, such as in main memory.
20 During the query process 504, the system 100 decides whether to process the
query 522, or to update 518 the associative data structure associated with the queried file.
To make this determination the system compares 516 the current length of the file to the
length of the file that was previously determined and stored in memory. This
determination can be made in a number of ways. For example, the system can examine
25  the file metadata, file headers, or can search the file for new line characters. If the length
of the file does not exceed the previously-stored file length, then no new data has been
added to the end of the data file, and the query is processed 522. If the current length of
the file exceeds the previously-stored length of the file, the associative data structure is
updated 518, beginning at the previously-stored endpoint. In this manner, the associative
30  data structure can be updated without having to reload or rebuild it entirely. Instead, the

data that is already loaded in memory remains loaded, and new data is appended
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20During the query process 504, the system 100 deci des whether to process
the query 522, or to update 518 the associative data structure associ ated
wi th t he woenisagdodel e. To nake this determ nation the sysramseaoopises 516
the current length of the file to the length of the file that was
previously determ ned and stored in nenory. This determ nati on can be nade
in a nunber of ways. For exanple the system can exam ne 25the file

net adat file he ders, can se file for newlin ers. |f
e anabadiigtit fiafe pregioyeetolnd Seitogta Befat presrissins duir g s BEheni

then no ﬂmh@l@ttgoottﬁsdr@@@@u fekdarb 00 G @il s0h aBrahacidid @n RN the query

is processed 52 If the current length of the file exceeds the
pr evi ouspyrfamed edthisprgedss.ofor ¢¥@prlld ef the h:@tfas deteinainey hatithe susentdotgtir e i s

updated 5 egi nnj,ng, at the ous - st or gint. In this manner,
he e oot AR SRR 1 B PR B R e R D £ SERE shor et Mol oad or
rebuidd it enriG.&ayand @teeslammg oﬂﬁteaoctahah oféncI}Jo[rﬁ@d'Ythianaﬂl%das n menory
remai ns | oaded, and new data i s a en ed ﬁ%;nnlng at th

previ ousfisicratingdly @ﬁuéb?t mtFIGRaf éft %r(@e@ﬁ@n lg h@kqmﬁlqﬁOOtm@uqiw e length
dth t hecki
00 e SRR Eoal 30 HRRRNEY 2% P RLERS pRUSoaR BiTiRh, check no

t hat t helocationemprebantiag hh@éndtdfehé fabtecongplaeredcbal withiampp&ielapledvolkapsily - st or ed
length of the file, an error can be flagged. 5FIG 6A and 6B are exanples
of the | hendimpedigishppieerdss thetisemniper %g%corla%etaé%@rdrﬁ%d by step 512 in

FIGp. In F ﬁth@@xarﬁ;ﬂ@%?ﬁﬁ?'(ﬁs ly ﬁﬁ’ Bbl%'l&cﬁ(uﬁ(i}ﬁ%e en%@ﬁﬁn‘é%&&@el{z ecor ds

602 and i nco ete record 604 IS case oint 606 is a |ocation
repr esend:dmlgeﬂehecoedmhiﬁ Ih hltes kasst erclpomit éﬁzeagamcmpdesmmts Ithenen&imﬁetmdlabl e | ookup

file 600, and imedi a eI s, the beginnin co te record 604.
10/ n t he® Igﬁiﬁlrﬁcoﬂi WI*—"#‘@ fai’g%@ ﬁ? q%g X flegd%’@)t& ai%l’l sed of
entlre|yﬁ?ﬁﬁ&hﬁﬁ§(ﬁﬁ%@ﬁQ§ﬂ@52 In this case, endpoint 654 again represents
t he end the | ast conplete record within appendabl e | ookup file 650;

however, endpBiistm®sa eonsioueushr appendas! to tlee appandsble lheklm' ﬁles Wmhaimtagn be

cont uousl ded . to,the a n abIe n n, 1lb5are
cont [ huotteiynABRENE §hekde AT a2BRR R RuFens BN ik o ke oF inceeisiione

i ncreasi Redeyinlsiegad the Shieds taRdtto bRl ainl dendabicaksisunt flclimachsan appendabl e

| ookup file increases correspondi pendable | ookup files may be

conbi nedcairasponskirgy. Apperslable lerglwarﬁq@%mw ¢ eebibre With@éher formsoft o avoi d t he
2PPNCa0h 8L S5, B D8k 3G TS TR PR it o
a queri atollead in a desirable amount of time.
20 In some applications, a continuous stream of data to be loaded into a queriable
data structure may be arriving at a high rate of speed, and access to the data soon after it
has arrived may be desired. When the data arrives, it is handled by a dual process. First,
the data is replicated, and is simultancously added to both an appendable lookup file (so
that it is immediately visible to and accessible by the file system) and to a second file or
25  “buffer.” The data continues to accumulate in both the appendable lookup file and the
buffer until a predefined condition is satisfied. The predefined condition may be a
number of criteria. For example, the predefined criteria may be a length of time, a file
size, an amount of data, or a number of records within the data.
After the predefined condition is satisfied, the block of data that has accumulated

30  in the buffer is added to a compressed record file for longer term storage. After the data

is added to the compressed record file, a new appendable lookup file is created and
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data structure may be arriving at a high rate of speed, and access to the
data soon after it has arrived nay be desired. Wen the data arrives, it is
handl ed byoaotumbe2pr ocess. First, the data is replicat e@CTAISA12945759

si mul t aneously added to both an appendabl e | ookup file (so that it is

i mredi ately visible to and accessible by the file systen) and to a second
file or 25"buffer." The data continues to accunmulate in both the appendabl e

| ookup fjle and the buffer il a efined c fled The
oo, HhertraRp S 4RI il seal SR IoId Fief dble-oRil i B

predef i nggl S bleRidiaRicFBY cgﬁlp?eské%ﬂ%&dﬁle Eétﬁﬁns a1 b1 e c§fr5§)onﬁiﬂg @Hﬁunt of
data, or a number of records within the dat After the

predefi ned coWdileitbmddts lsslmngtﬁc@md tyhleothy Itltﬁfdmffwt antatha appentdablgdociepunul at ed

30in the r a sed re or _lon

Stor age. il (e el TR k8 B SRR, RS S RPE Tl g F PP ERLD,
appenﬁabérﬁoduﬂ@kHﬁlefahti@yst&n@és%afc%ﬂ 1a@ddvabﬁ@ea§s fobeg i thesértid@habckssam t he data
stream The ol d appendable | ookup file is finalized, and is deleted after

the co rrp@aéb’s?’édmﬁ%@é telalew Ehecdsin @uh@ﬁraeﬁﬁerréqi tq the ce@preége@dﬁ@nrﬁgﬁ ABROEL

VWi | e th &a is being received by both the buffer and the appendable

| ookup f| the data in the buffer can be sorted. Because sorting the data
consunes a suhsk@mnvaythéqaﬁnwﬂﬂeQbkﬁpﬂRuﬁﬁ@eamaienahﬁﬁmwmaEe it is
advantageous to begin the sorting proc as ear| OSSIb|e o allow the
data to HEDGHERAY dite éijaCtCBmPHeedGB wosadiadske fileat Rfi

Al tefpat L gy fon, it 0&isfeR e@ﬂ@?& OOKHP a%ﬁénﬂaﬁ@ﬁbo@lﬁg lﬁ?@ﬂe @ﬁenaadla%'& {oet'he In this

enbodi nment ta I's accunu I'n the appendab ookup file until the
predefi ne:dnﬁr@ssedl dacbrcbﬁlelvshlleasmlﬂnamdmsryhmecmmamhéawé ldohep ﬁb:pe hidalided | ookup

file are en added .t he c ressed record | e i | t aneousl
Lhe ol o aebenasBreauty lnskes PP Srpflan Bons it oh S p B  ookus
file is gr@at aGa ﬁ‘lnﬁhetlﬂ&h}lﬁb;enﬁé)olé:Riokﬁﬁﬁléjﬁfdéleferd%@?&Jﬂf% Apies8dd R8dRd fAgai n, the

ol d appendabl e oku is deleted after the conpressed record file
contaunsaaﬁ$nbﬂloﬁeﬁe@mwegpwn@dmg dat a.

15 During each cycle of this process, it would be desirable to simultanecously add
data to the compressed record files and delete all the data in the appendable lookup files.
However, because the two updates may cause race conditions, there could be a significant
window in which the old appendable lookup file had been deleted but the compressed
record file had not yet been updated with its data. This would result in a temporary loss

20  of data. In order to prevent this, the old appendable lookup file can be kept for an
additional cycle of this process. The indexing and search module 108 is configured to
detect conditions in which duplicate data may exist in both the appendable lookup file
and the compressed record file, and the indexing and search module 108 filters out
duplicate data if a query is made during this condition.

25 Alternatively, the file management module 104 may maintain status information
in, for example, a status information file 107 to coordinate the retirement of an
appendable lookup file after either the data buffer has been written to the compressed
lookup file or the contents of the appendable lookup file have been added to the
compressed lookup file. The status information file 107 identifies the currently active

30  record related data structures. For example, the status information file 107 identifies all

of the compressed data files and the number of blocks they contain along with the all of
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15During each cycle of this process, it would be desirable to

simul taneously add data to the conpressed record files and delete all the

data i n twe appenadabl e | ookup files. However, because tReTIUSRORPAETEES MmAY

cause race conditions, there could be a significant wi ndow in which the old

appendabl e | ookup file had been del eted but the conpressed record file had

not yet been updated with its data. This would result in a tenporary | oss
nt this, the .ol ndabl e | ook file can be

200f data. In order to ap u

cept 1 or TRl YR Beigre Phf gt dhE N g A Rulsar
modul e 196 WAl §igRkh@Wh§dppdeeit &6dkup Pk EdBpRsdel dwhi M, duPbiocRd Rithiat a may
exist in both the appenda | e Tookup file and the conpressed record file,

and t he mnmmﬁwngdandHQQQMawInmdmwermo@eﬁmhmen®nmmmndMQlM&mmamﬁNa.|f a

gquery is_na ur i i.s conditi 25Alternati t he f e managemnent
todu e 169Gy ieeRI Y IS pSRRE ik PIondRe b haplito thnahfa hiSs ot o

I nf orsrat et b tAOIctRarkoemhehtmadrild e kiR file @EBLcrént atbdarPEAdARS Bel 0okup
file after either the data buffer has been witten to the conpressed | ookup

file or daetcihacempresisd datelilgspéatpatss & newotenpndabledoplgipeilpetdn fidtided to t he
conpressgd, |9 8{%%{{3%&1&18 104, E‘d%k? h@t gh%%éalg% %’Aﬁ&ﬁ fur ‘;' k&ﬁﬁ% filogle@ﬁtlféé les the

currently a rve recordre ruc or exa t he status

i nf or mat acessstd be tHORdéxienind deeghahddudd 108 ﬁlecﬁlam@agaﬂerﬂ atoalufel updateand t he
nunber of bl ocks the gntain al with the of the appen€able | ookup
I‘]l

files thie sk piymanen flede rolst glf?ﬁédliﬂﬁa@ip%%aﬁ%&o HegoamreefLiada filss wi | |
di sr ﬁgarﬂile%%o@a@g?g@ %ﬁ)qeﬂﬁﬁﬂ 1okl Bite, SRR S EHn g?t}h@ el ppendiBft bl ocks

wi t hin conpresse 0 not appear int status I nformation
file. Wheokap ﬁbwtlaﬁ“ﬂendtabgemndnmniodplefunllc@ks ﬁlecstaeemmﬂqmiahm fill, hibowing i s an

exanpl e of a pratocol t 5 .0bserved i enment nodul e 104:
The 1 1 e rfiins it B Serscnin v ibe Magee abdeaiog s o8 BrpRISSRg it 11 o
and creag@gyld 108 WrAGRS Mkahl ap ]%&ﬁhb!@lcﬁdlduﬁ filg.he file management nodul e 104
| ocks the status information le to prevent it from being accessed by the

i ndexi ng and ddanedexmgdudecaroigmodnls leIfellqmmthgéwQngr@mn@mpnam@l t he

st at n file t | ect ition of

conpt ossRRHATE Ftinidefpt fl iRt i Mo B RionLRiaR B 6Bl r 11 e, and
the creatpdaein@it; itherfoeiy @ppeagadheok@aksFithithesppchéabid loskipfirganent nodul e
unl ocks the status information file, allowng it to once agaln be accessed

by the i srIeewgd dafd desddeniifisdduthe stoes 1n{f91’élaf1pll &largirudesie e ssdul e 104
e iy SRPRTHER, il BA1HR e TG IFFIANE I RS TR ©, %,
file to f@veniontie file managenent nodul e 104 from
20 The status information file 107 may be stored either on disk or in memory. This
protocol ensures that the search module will either see the old appendable lookup file and
the compressed data file prior to the incorporation of data from the old appendable
lookup file, or the new appendable lookup file and the updated compressed data file.
When a query is made when both the new appendable lookup file and the old
25  appendable lookup file exist at the same time, in one implementation, the system looks in
a directory to see which appendable lookup file is currently active (e.g., either the new
appendable lookup file or the old appendable lookup file may be active since the new
appendable lookup file may not become active until some amount of delay after it has
been created). Alternatively, when the system processes queries, it first looks in the
30 newest appendable lookup file, then in the old appendable lookup file. If the queried data

is still not located, the system looks in the compressed record file.
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updating it; it perforns the query in accordance with the appendabl e | ookup
files and conpressed data files identified in the status information file;
it unl ockwoths/®p@us i nformation file to once nore per rCT/uSh@ 2/0i3769
managenent nodul e 104 to update the status information file. 20The status
information file 107 may be stored either on disk or in nenory. This

prot ocol ensures that the search nodule will either see the ol d appendabl e

| ookup file t conpr ess data file prior to the.incorpagrati of data
from the of d HochdatPRCHaRR AP0 Prramed:yhuc R S isEninsnh S TIoRUbIRI e and
t he upday@dafoihtess cheddb At il Ein aV%ﬂm@m@l}cﬂ}ﬂ"o}éatio% TRdehhestcBgklobhe new
appendabl e | ookup file and the ol d 25appendabl e | ookup file exist at the

sane ti nésterinnnesra dndpdishedn st complatheccoydswahmitookls 700 aad dioresdhory to see

whi ch appendabl e | gokup file is.c ently active (e.qg.,. ejther the new

appendab‘?@lrf”m_l)1 Eh?:)sefclo’i“ggﬁpm%g)c ﬁl%lu%%pgﬁwyﬁﬁ?céedfl@oﬁ?&boa%slt%e kﬁ%t%lﬁ)étﬂéect ive

si nces t hglen@ve@RPABO diad heenh 29 katatibh tota BYenh RingEFIREFiRCAIO\A] WPldtes $OME

anount of delay after it has been createdéb ilternatively, en the system
A

pr ocess edaty sfapiters asjociapqdrwith thedile beginnipg attha spdnpintihihe suapntdengorip fil e,

then in e p.fi i is still not

| ocat ed, ﬁltgﬁiégé}gcseg %%ﬁPg%%{sh Olflr%ﬂ%ﬁieé S(t:%rer%rﬁietggg&&?lgecor léc:%ﬂgg%? In FIG 7,
a procedure 7ROFIOE KT oproecdlry 88Y pérdsrmkddydettemnioosamaltdneagiiadifs dataf i | e 702
and stores the length of the file in a first menory |ocation 704, The

pr ocedur Bomaoiaesterm fﬁé‘sﬁréhgléﬁ%&? ﬁbufg@r 802} apgt trans gy the dategsicstst Win t he
file, /06 r j i : : i 708. The

pr oc SHur e e S SRR « R B R iR e B T ot mermor y

| ocat i onptooedure 800 extted & sepphd Gie tbhrecelivd datd iOmahel datp daitams afierdhe datgt r uct ur e

associated wit he file beginni,ng_ ,at the endpoi if the current | ength of
The ot P it Rarithal b PR 1Rl co e SREBRIMS o 1 st memnry. Togati on
712. | NEF. G shBws @ sP§tOa e teat 3RS Lir&oi® Qtokhr%e%ﬁ§ t@AVHD Oystem 902

Si rrultaneou'slg‘ adds data ' froma data streamto a first file and to a buffer
802, andthetiankfl

ey an mivsfadad B2, ageond arasdssimig modwe he2,kufilt eranagereent onpr essed

file after defined, conditiqn,js satisftied 804.. Th roceduye 800
creates TodledRE $rerddowitcapdl 400 4hipdsRing ndasesh Sirul S VIl % he dat
from t heinlget f;t@fagb@@odh&eﬂ_ot NaRsheexaaplts tihecsranmragsasddit 166 846&saFl G 9
shows a system 900 that includes a record storage and retrieval_ system 902

t hat i nchyyaeey of Fecorisaisingane P1 more corapigsiopiceliguasnyichse those deppribed £ | e
managemefl,ve For example, records can be grouped according to a numerical attribute of the

records (e.g., records that are associated with the same date of occurrence based on a time

20  stamp associated with each of the records). As described above, each group of records
may be associated with both one or more data files that store the records (e.g., as
compressed records) and an index that stores both the location of each record within the
data file(s) and one or more index keys that may correspond to attributes of the records
(e.g., attributes that represent primary or secondary keys for the records). For a given

25  group of records, the data file(s) and one or more indexes associated with that data file(s)
may be stored separately. For example, the one or more indexes may be stored in the
index storage module 110, and the data file(s) may be stored in the record storage module
106.

A query processing engine 910 in the indexing and search module 108 is
30 configured to process search queries (e.g., queries received from a user via the interface

112). In some examples, in order to retrieve one or more records specified in a query
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15 nodul e 104, a record storage nodul e 106, an indexing and search nodul e
108, and an index storage nodule 110. In sone exanples, the record storage
nodul e 1080=x0®@3622 nunber of records using one or norePCOMSREIDUITNG

t echni ques, such as those descri bed above. For exanple, records can be
grouped according to a nunerical attribute of the records (e.g., records
that are associated wth the sane date of occurrence based on atine

20st anp ass.o wi th each of the cor des e, each

ot oup o ot B TafenrBaSTel seehS i BT ob ThDebR b e AR A dees ¢ hat
store thechRIS HaASatlsly fhe quds AMBERIELPFE&A! Bk iRNEcRs loRd&Xinihat stores
both the | ocation of" each rfecord mﬁthln the data file(s) and one or nore

i ndex kegsmohatndrhyveciorneesrgondtchod against mﬁ@smtif:attdme of étecquds' (lheg. ,

EPARTE RAT NG T PO TN TN OB

assocy at er)Wivhife thd@écodd Batf dol it SlatdiBdie Bigecsii Atk SRpQERre iy te@impgiyanpl e,
the one or nore indexes may be stored in the index storage nodule 110, and

the dat aremoved Sprmgmpy - YR theieiample aberdicommpugérasouhilaee $o5d i query
processi pg, %Pe%'ﬂﬁ‘ﬁ cgljrgsipoﬁd Eé‘e?sﬂegﬂ?c’ﬂa?egof%%‘éu&&%r ﬁlg P%%Q%H é?oﬂagg aﬁc?re?’r?e“v‘aﬂf I gured

to process sear erles recerve
i nterfacestkh2)02 1Inay &meﬁ/emem tﬂasr, requrestsrtﬂefetrﬁ@at ef 41l everdonssooiatedovieh r ecor ds
specified in a guery receive pr ocessi ne 910 —any data

file tha®nshoyrelpoggieslale ﬁergcl%ﬁj‘o‘éc‘?ré%%ﬁsa%ulgt%é{‘tﬂhsaatﬂm%ﬁp Rﬁ 004801 d” be
decofpr egs fithe 1h§yﬁg' i3 ufied ﬂﬁdﬁgﬁg@ 'dﬁwth%aarme aés'aellatmﬁtﬂ tthé daéfogrds

mat ched agal nst "t sp eC| at|o the query. The matching records may
be i dentJLfnledd2®bll’W()lllldtbh$earplnelﬂc;h6\8€Vtg, adter duat patire @etag“lle; had)betelne interface

5112), while the rds that do n t h t.he eC|f|cat ons of he query
oy b STSBPNAS Ao FETRIGFIG DRt PR S HesY SESUSAIRE Cfalipr eosed
records @he pslied Blwkéh @l@bAM hﬂ@@ om; Sk T ESRANWithia tﬁe &Q@ﬁlefmgy g@t e of
occurrence, the record storage and retrieval system 902 may receive a query

that r eqd@@msmdwleotrt@matcél\ﬁms cofstegiint. Pscorsidt, decnmeiretsng, maﬂmgomi hour of a
si ng dat records assq ated wi qQ 2: 00AM
oon! Sungeienies pof SrEFaS ER S b3 VER b dfighir e flio, 24 g

associ at @ehddxabhpld@atslfilcasti@btudd) fige probRhlchnWetbehpbendeaaf, eheskamppaver, after
that entire data file had been deconpressed, | oaded into nenory, and

mat ched @45aY Fsuctthihieqeiieyal oh el iredoeditdsenesatest With éha same tyee PStPder fieen 1: 00AM
and 2: OOQM yasr%%%agasﬁl\é@ %hf& lfe%c%ﬂ%t%sgedl foad&Y aP(Fseq d&hﬁ& r@v@ﬁ gl %gfl to

match thi's GORStTal nt. AS a resu onpr essi ng, sear chi ng
t he non- @deéﬁong; wﬁﬁﬁradmgdmhmﬂolﬁeacxlmdawcbmsevmbe}ﬁmdlueopmtl ons Usi ng the
sane exanple data file structure, the problem can be cq nded if, for

exanfl e, a quby ww&aa@@feé, ':Ij‘ﬁéyﬁt%f{lrp%w PW&P@OY%W@GWQE% iTS¢%E with the

decompr oa2aat PR s REMLE, HERh PR St g SRR d R Ren e

si ngl e hedmigicsalasdribddybavce Hoekrarapit, tho itdesingued yea:rér medule 108 may
construct an index that includes (or update an existing index to include) entries that
include an association with a numerical range (e.g., a period of time) that is coarser in

25  scope than numerical attributes associated with a given record, but finer in scope than a

span of numerical attribute values associated with an entire data file. Referring again to
the examples above, records may each include a time stamp. For example, if the records
represent incoming telephone calls, the records may include a time stamp that indicate
when the call was received, as well as what phone number was called, what phone

30 number placed the call, and other information. In some examples, the time stamp may be

in the form of hours, minutes, and second (e.g., in the format HH:MM:SS). Thus, a given

-23-



20l n sone exanpl es, the system 900 may all ow records stored within the
record storage nodule 106 to be located, identified, and retrieved with
greater pweensimwse2ehan the techni ques descri bed above. FPom/usSz@nphssot he

i ndexi ng and search nodul e 108 nay construct an index that includes (or
update an existing index to include) entries that include an association
wth a nunerical range (e.g., a period of tine) that is coarser in 253cope
t han nu attrjbutes SSOCIat th a given card, but fjner

Scope e Spih o feRroced il Sries b B Sktedelin enti e
data fi |§: g RRhenr2019) agadial it RxtdiS XA thatBAY Bile MEF AR BRMiRAER | ncl ude
atinme stanp. For exanple, if the records represent 1ncom ng tel ephone

cal | s, tpwevidedhr satrmayoficach aidtbose refaords withimghe Hate filgydb oatleswhenr mhee cal | was

recei ved s . well, as t phone nunbe ed, . what e 30 nunber

bl aced o TR e ATE e MRS R R Ghe FRe 80 RSl L LR IRRS P st amp
may be léhchlmoflﬁﬂﬁa@lfnfdiﬁuﬁsm tHat Bekclbes aarﬂﬁn@ftﬁpﬁﬁgé @oﬁletmie@retf&eeof teragat

HH. MM SS). Thus, ?lven data file may include records associated with
time stapdme fagntera] whap ¢l inerish g irbubas éned wathin which the timg stamp ofisd an

i ndex as t data file may include entries that provide the
Iocatlonggfsg %ﬁm%%kgﬁggggrecords within the data file, as well as one or
nmore attri but Bsordér tbkelcuReor suri&@idgl ranph forpheced terbetudesl fbeekampldia entri es
in the index mmy 5 each al so include |nfornat|on t hat descri bes

nuner i caliMf §RGW: ¢ SEMTIFFEEcHrGerEre duls 942 apsogietequmith thsndgrang ande

numerj ca t f correspondi ng
reco?% f%mﬁﬁnﬁb&ﬂé?08§m§?§§%&¥%&%%?%%@t8 Ké“%ﬁ%%@?%ﬁ%/ 9 T r a record
that i nchwdessal fange extansgl @, pag dni mmd:rwarbgraaula 9@ that albecrfaasghae m@@fethsi ng
nodul e 912.associated with the indexin ﬁ 10 sear ch @Ddule nay
process @THBUETE T4Nge 0By FLIEE dNT4Q f@é e?ﬁﬂﬂ&”/*ﬁé‘ﬁ%ﬁﬁ?? 0Fange is
based i neR@idlc, e ARuRdHER! %ﬁﬁule@ﬁ@%lyespgéltﬁl t‘hE'tathe ﬁ@ﬁ@h&dl %g%bﬁro%id%@ f&f the
desired nunmerical ran e.g., time duration when the nunerical attribute

i s time)sachsimastampiel encrvénmmﬂmautegpémunglegm Ealyexglp@éq fifie teherd t he

DU 2ingh SRR RN OCP0 SR T hRu B AR shibile S8 RERERSH s L 60 S 0am

and the Iwmute*sa(%ogs@auhg B3 Aumeaed] rig® can vako@pekd 1th wnivéasmp{@0fe
seconds), the nunerlcal range can be coq&uted In sonme_exanples, the tine
st anp (1tlme sporML:WH09d) erteddodlifffgrentamits gmpars ogidie salletﬂatwnt he

cal cul at pr esent ed
by a nu éﬁkﬁﬂﬁB |§§@3Em§ﬂo hggﬂggéghgggse k%%hﬁéaﬁ Hﬁﬁon t'h é§preV|ous
day (e. gmn&khhdﬂﬁepMB&ﬁﬁﬁmﬂﬁﬁmmﬂﬁbnﬂﬂQthBmﬂﬁnﬂk@ﬂﬂHﬁﬁuofB@Xﬂmﬂﬁmh¢a| range

can be calculated by co vertlng the tinme s% to the sane tlgﬁ uni t
assotl at ed wi IHSONKEXR gﬁhéﬁﬂméﬂ% rige ca by pelsylated ¥ CABYREHREHI Hhge can

then be defe "[(ﬂllf%%gme fiide ﬁﬁ%c@atecp%ltﬁ'tﬂé G, %ratnm% (E %mégéotn@g) tige stanp (3600

seconds) byt time granule 0 seconds),
numerical range can then be deterrmned for exarnple by d1V1d1ng the converted time

stamp (3600 seconds) by the time granule (600 seconds), as follows:
ConvertedT: zmeStamp 3600 sec

NumericalRange =
TimeGranule 600 sec

25  Accordingly, for the above example, the numerical key processing module 912 may
determine, based on the numerical granule 913, a numerical range for association with a
record having a 1:00:00AM time stamp. In some examples, the numerical key processing
module 912 uses only the quotient resulting from the division and may round off or drop

a remainder from a numerical range calculation that does not resolve to an integer value.
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Converted TinmeStanp 3600 sec Nunerical Range == 6 Ti neG anul e600 sec 25
Accordingly, for the above exanple, the nunerical key processing nodule 912
may det erworeeld/doaeed on t he numerical granul e 913, a numemiusad12/aiTge f or
association with a record having a 1: 00: 00AM tine stanp. In sonme exanples,
the nunerical key processing nodule 912 uses only the quotient resulting
fromthe division and may round off or drop a remainder froma nuneri cal
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provide an entry (or an updafe to an entry) 914 to the i ndex storage 110
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wi thin a %{%%s (x)e l%s? Oc{n%qu n{o% reec(yiiad?dd ssé&rblgh?ntsﬁrﬁgéyga@ C% { n% ul e 106)

t hat con? s recor at are aSSOCIa 06 and the
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entry, sth G emarisnt oo mibr (eh R et b ovaigE TCp4tE Y 4T | ow g an

i ndex t 0, 8bQh@d fxeiahe BRL kéES06 ! S a dnmbPPBorRMueHRRIsevdINdaKe ABAGddnat
includes four entries: a first entry 1002, a second entry 1003, a third

entry 100age Ahu(eee. :mumqrmabmngq@m@a culaedhabore); e rQ@édn tddresses] QURads

| k " d |
1006 and™e beadiir Ry’ SR o oY Pestad Rl S FRARIERKF B 5™ bhond col umm
1008. | nsfokihg neM@sTe keord fRirsatsuBg kBt ih S sth , Bube ithe @it dilAecdnange key

is a nunerical range of the type describe above; that is, in this exanpl e,
each ent PiFSCIOOSOBEOSPACcE By aHentng & ipdeoiostase feavqsﬁaﬁii@Snunber that has been

cal led and a PRI0L8h: EFPOR0 ek 3090 5AELRHA0: ARMARLS PRl the call.

The i ndex 100 I's 'so and
1002, a second entry 1003, a third entry 1004, and a fourth entry 1005. Each of the

20 entries 1002-1005 includes a first key (called a “value key”) represented by a first column
1006 and a second key (called a “range key”) represented by a second column 1008. In
this example, the value key is a phone number, and the range key is a numerical range of
the type described above; that is, in this example, each entry 1002-1005 represents a
record of a phone number that has been called and a numerical range that is associated

25  with a time of the call. The index 1000 is sorted first by the value key 1006 and is
secondarily sorted by the range key 1008. Alternatively, in other examples, the value key
can be modified to incorporate the range key (e.g., by concatenating the value of the
range key with the value of the value key).

The entry 1003 includes a value of the value key of “Phone Number 1”” and a
30  value of the range key of 2 (representing a numerical range corresponding to the quotient

2). In this case, the numerical range of 2 represents a time quantum calculated in the
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secondarily sorted by the range key 1008. Alternatively, in other exanples,
the value key can be nodified to incorporate the range key (e.g., by
concat enaworegidtdogs2eal ue of the range key with the val ueprofi/usb@29ai7ae key) .
The entry 1003 includes a value of the value key of "Phone Nunber 1" and a
30 value of the range key of 2 (representing a nunmerical range
corresponding to the quotient 2). In this case, the nunerical range of 2
represents ' uantum cal cul ated in. t%ﬁ manner shown bo%F using a
oy Y

tjne
tine st a%n%éb%‘i"%? CHSHHE OHBE HFMRGEC tR OB ORUREF LA Gr anul e

(e. 9., tAGnOWIRLIaGak (EEam Rinkdht grdhge oMy y 1003 is also an exanple of an
entry that is associated with more than one record address. For exanpl e,

the entry 100§h¢@maBHEBua@bdamﬁXMHMhpéenGMHM@@e@9$©¢auﬂﬂeﬁsm@mﬂh@1 addr ess

ocat i orOh R “ORE or thorumar o pied O ROV eRBR SR TR P By st or age

nmodul £ 1Q@dreS$ PN0 T 2B8HIEY 4 ¢ 3, a@@g&&eﬁlﬂmlaﬁ EddMfehtaideessss oaysionn an
index facilitates the a gregatlon or roupi ng of record addresses within a
si ngl e epRipg to Fck?caeszlawlgi@ onghirneorg dptiafidesskOd fptared/inghe rfzspfde%rﬁged by a 32

bi t Charlt%‘ég&rg 16%%@9@5 %H'Eél'r r?égss %t&r?e Paa?ssk ng AEinGUARLHRJRY bea

represente r|n e represented b
single |fh’eaggtregat[tﬁlt(&%do@mgioﬂl@ﬂﬂﬁﬂmaﬂﬂe@ifm Wlthhﬁ&lﬁlﬁgle%ﬁyt B6; cxaapdads, and
fractions, of seconds, endi ng on_the resalution of the ti st anp

Fur t her nyPHe @ fareatrep ﬂ@ﬁ@??%@%ﬁfaﬂ da %ﬁclega%qrﬁel%aml@eegaﬁr%%e a

coarser dic '&k”a%rrﬂet(%ﬁ E&fﬁgmaiz%r @s‘%ﬁﬂeﬁb Al HIPstﬁﬁg"?”EE’a tﬁnegéllyaﬁfhn'i'Hﬂg'B'ecal

range nay e nor e t 0 enconpass 5nu tiple’records. For nple, if a
numer i catepreaaged be psmgbnheger instowl pier ¢oambindtionwd hbotsy mynutds, sesohddsend/ t hat

nore recprds ar ass |ate w th a comon hour ti eriod than a
Common. « oo B toRES e dintiohn® e oiHon b dafite FulGmape { ho aor e

likely tgechgscUlinfd Rl bR sONTRY i@ buddN88shavd R oadelr 88518} k04t may al so
be represented by corresponding entries in the index 1000, as it is not

necessar gamplagdimegsrept heineundeerical rapge siaydicanemtikgly tTleacorepsss d addr esses
assocl ated, with egeh of the entries 10 for exanple,

ino o‘FmHJcP#e FCEFER FORRRIRs %“%%%%&%E%EFP&&SF%S?% y Ih%ilé’g °{680, where
each c oI Bous, GO ligtelyBatuslere @8R @ ar&BsBcidfed tWith 4 €506 86 heEIREe p&fpAci at ed

with an entry

than a’common time stamp, as time stamps can be more precise (and are thus more likely
to be unique) than numerical ranges. The address 1012-1014 may also be represented by
corresponding entries in the index 1000, as it is not necessary to aggregate them under a

20  single entry. The record addresses associated with each of the entries 1002-1005 may be
stored, for example, in one or more additional columns associated with the index 1000,
where each column could include one or more of the record addresses associated with an
entry.

Storing and indexing records using these techniques may allow queries for

25  records meeting certain criteria to be processed more efficiently. For example, referring
again to FIG. 9, the indexing and search module 108 may receive a query from the
interface 112. As in the example above, the query may request the retrieval of all records
associated with one hour of a single date (e.g., all records associated with a time of
1:00AM to 2:00AM on June 1, 2011). The query may be in a form that specifies a

30  particular value of a first attribute to be matched (an attribute corresponding to the value

key) and a range of values of a second attribute to be matched (an attribute corresponding
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Storing and indexing records using these techniques may all ow queries for
25records neeting certain criteria to be processed nore efficiently. For
exanpl e, weReryiomg2again to FIG 9, the indexing and seacthuSpudokss408 may
receive a query fromthe interface 112. As in the exanple above, the query
may request the retrieval of all records associated with one hour of a
single date (e.g., all records associated with a tinme of 1: 00AMto 2: 00AM

on June 1, 2011) h u in a ormtha specifies a 30particul ar
0 une L kS B Y R B by 0 el p Bt L Ul
val ue keypomdR@nef, %ﬁ@ﬁle%ngéaéﬂ%&e@t)f theIeEMhtBbhicl B RpicQel@ tigd ched (an
attribute corresponding to the range key). In this exanple, the val ue of

t he fi r speradtreprigsnecdnya mefpmsetmme él @%Me@dmmmnmunbmc 2:004M). he range of

val ues of the,second,a rlbut ented by a
et o OISR el b 5805 b Bt ERETREY coorts
are of OURRH dafa ﬁi@k@réslrb@ﬁdmoﬁlm@mglé @@a)e@l% idy@ flabesciaRdvith theaed otata file
stores records froma single day), the data file associated with the date

of June JunedpiQl hiyorld indleda oty ¢re@prdtsrﬁ@trs@teséy&@qllﬁm(a§a@l $f yafifie query (as
|1 t ead of

oading Ch0 s NRFRLTol 2sn/TY alih) BLLS. S BubKdne IRAMET AR 7570 o

t he i ndeitagemoty, aemesiprovdsing nidd@lettiy df@hfwmdéxm@end sdmhpﬁdsdlmdla)m@ya form

that can be matched agajnst nunerical ranges such as 10 tinme quanta. For
exarrpl e, CHYER RN EMFPHIQHIHGH PR AFADE élefiﬁa%m@téwﬁ@gléﬂtrale%?é SH¢1¥ peri od

can he copy ﬁ&xﬁ k& && ‘f‘é:bbt‘fﬁhé‘ Fﬂuﬁ‘gég} A V\Eﬁlﬁkﬁtﬂ%@&la{%ﬂfé@éntq it Ded

above. An e ‘e COI']VG sfron I's shown assunes that the same
nuneric apergldauau Ibe cOiBriefl t&Bpstivondmeiicl uswds inGhavenhadlcicriteStahoye. 3600 sec
T meG anxln%ggrg)lplse%%nvce?’sr}gg l{st s%gwybnﬁ)%t \?vm)ché%s(%l%les that the same numerical granule

913 of 600 seconds is used:

ConvertedemeStamp 3600sec

NumericalRange.. =
ECrmentn TimeGranule 600sec

ConvertedemeStamp 7200sec D

15 NumericalRange, ... =
TimeGranule 600sec

Accordingly, the time period of 1:00AM to 2:00AM specified by the query can be
converted to corresponding numerical ranges of 6 and 12, respectively. A modified
query may then be carried on the records in the index storage 110 so that an index (e.g.,
the index 1000) can be searched based on the value key corresponding ot the first

20  attribute (e.g., the phone number specified in the query) and the range key corresponding
to the second attribute (e.g., the numerical ranges 6-12 generated from the time period
specified in the query). Because the index associated with a given data file includes a
range key that corresponds to respective time quanta, the indexing and search module 108
is able to determine that only a subset of the records within a given data file are

25  associated with a time quantum between 6 and 12 (we use the term “between” broadly to
include, for example, values which are equal to either extremum). As a result, the entire
data file need not be loaded into memory, decompressed (if the data file is a compressed
data file), and searched; instead, only the records identified in the index as being

associated with the time quanta 6 through 12 are decompressed (if the data file is a
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15Nuneri cal Rangehnmemax= =12 Ti ne G anul e600 sec Accordingly, the tinme
period of 1:00AMto 2:00AM specified by the query can be converted to
correspormiDregi3nua@ei cal ranges of 6 and 12, respectivel yCTASaudiofii7ed query
may then be carried on the records in the index storage 110 so that an

i ndex (e.g., the index 1000) can be searched based on the val ue key
corresponding ot the first 20attribute (e.g., the phone nunber specified in

t he quer and e rang ey. corresponding to.the second attribute (e.qg.,
the nunetdearrdgedier badGlindraraant Ao rIo: hecpor FUw CReRrRIEE | n the
query). ﬁﬁf A RIctrBRrINREX AR R LRGN Himd @AMER tabasilit iR thchasirs a
range key that corresponds to respective tinme quanta, the indexing and

sear ch mgoified i08ciosigatil query, after esoot dyesatisfaingding quealy baneseen deécaneessed or ds
wthin a gjven ta file are 25 associ,ated w th i e quantum between 6
o 15 (ol eidBed R ahoria SRR TR AR5 Hlokie ot PR RRE Vel Los
whi chs ar gce@yataihe ted drihal @by duddntifyen dBexchiidlahy rdddedseRdtidogoladtBff i | e need

not be | oaded nto nmenory, deconpressed (if the data file is a conpressed
dat a fi | &y orighgl geqsy chélgt the shedald peidernmed; He remaivingsesardnshonidewtisly tite i ndex
as being i PP i r e ed (if
the dat 0T BEpRbE fro il iiaads 112, AR Beg A, (s ARG RGO TR

sear chedcanBeostustede ft Rxample, @uanttthromy thaitdrtbeeneézords that fall within a
mat ching tine Egant§n1but outside the time period specified in the original
query, after FEEd]P8OWaRPEISHINY CPHRr Herarg " HaE2beBECHB B iEsd@8 and/ or

| oaded | Bt 0T8T Xahn E&&eh%j&?&‘@g &Mnﬁ&é"c&&e?f?%‘ﬂaeﬁf déngl? éﬁgﬁ kK the |oaded

5records agai nst the original query to Ident e any records
t hat do mdetx,oato sfdatd dgrierwghinah egisenyinddkt er the check is perforned, the

remai ni ng records shoul d.sati sfy the. guer eceived fromthe interface 112,
ISR S R B e an S A R R AR S e

exanmpl e, rfiyad U98D). tFYrQUaRplche dAtR S fd ¢ eaclukiR-a record that hid 42 ashdcisb@Ws a
process 1100 for storing nunerical ranges in an index. The 10 process 1100

can be uswucniag! aftreate sachas fimdetempt endcthe andexmgriad/search yoduled 8 exdyst i ng

i nde or to te.entries .within a Xisting.i X. numerical attribute
hosott at e PRIgh FUCHIdPrR Pt T RS b et RS e R BT RE R0y For
exanpl e, Tandah@pS ark @nYBah dxAFIPUOSS rintfeic Ol Atribn e, dsmanalgsmeRidaiged nuneri cal

attribute, such as a tine stanp, and the indexing and search nodul e 108 may

15accessNimeiaghelerngseCandy Braberdrieef epeseanate #8mil-th the data file to
extract the tA%ﬂ?&i%mange that includes the numerical attribute is generated (1104). For

example, if the numerical attribute is a time stamp, the numerical range can be calculated
20  in the manner described above. For example, a value expressed in time units that
separate the time represented by the time stamp from a predetermined point in time (e.g.,
midnight on a given day) can be determined in order to convert a time stamp to a quantity
of time units that can be used for determining a numerical range. The time units can then
be divided by a numerical granule (e.g., a time granule) to provide a numerical range. In
25  some examples, numerical granules such as time granules are specified by a user, and
may be of any size (e.g., 10 minutes or 6 months).
An entry that specifies a location of the record within the data structure and that
includes a value index key and a range index key is stored in an index associated with the
data structure, the value of the range index key being associated with the numerical range

30 (1106). For example, an entry can be provided in an index (e.g., the index 1000 in FIG.
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Time stanps are only an exanple of nunerical attributes, and may al so

i ncl udi ng nunerical orderings (e.g., a linear ordering of one or nore
itens). WwWoO201300pa22eri cal range that includes the nuneripcaiusatiniiyate i s
generated (1104). For exanple, if the nunerical attribute is a tinme stanp,

t he nunerical range can be cal cul ated 20in the manner described above. For
exanpl e, a value expressed in tine units that separate the tinme represented

by the tj stanp,froma predetermned point in tinme (e.g., mdnight on a

o ven dal) shifRicst LG EP T RsaRes BScdhobie <xopike o MBI 5 quant [ty
of time fﬁﬂ%é fssbiidled Gath thE rdng8Ucy Rra AL ghdHtthng a nunerical range. The tine
units can then be divided by a nunerical granule (e.g., a tinme granule) to

provi de a nunmEhé¢ saprdrstorges andre@Bsalrmppmeargtesibethaberi ineludggdmuinedulssich as

time granules are specified by a_.user, d be of .any si e.g., 10
it o6 g g SatnE SR e e ufRY p G AR R A B PR AT B e
record WidfRidie Fdiexeatian haushipur aPer inb@hcd, el seb@arefovas pctddexinkay and a
range i ndex key is stored in an index associated with the data structure,

t he val u@r BPretdeEIPUEN EOSI#EBhak SXECHE RPN 95 Brorapiegrammped empogigmerdbéal range

30(1106 e I t e LoV [ - e.g., the
ingex 1%855 ﬁmﬁéégpmig?ﬁﬁﬁg ]%%%ﬁﬁﬂggs%g@%%gg§gWhga§g§ﬁgﬂ? a(ragge key. In
sonme exadpnescrvéher gridyentcicmkludange |assari rdb@dson dthedshena dungeolegy is a tine

guant um . The record storage and retrieval approach described above,
i ncl udi n@’SE%(lﬁﬂHi‘Péé’o@Fﬂqaﬁ‘é QY HOHHI AHEMOREILY ok 68T CHEMP b A BYC t he

SYStem 630 R&idBRIpBITEHEH 185 8 ourRRUEWRE 6 IIB&F. PREGHHPOMRY fGnF UL er .

6
For instance, the software fornms procedures in one or nore conputer
pr ogr ansott thate rexddest e adargongrogranydorecxpmpdy, drarprbvades ptheg samrabtetatabimput er

syst ens i ch may be. of vari.ous architecturgs such di striputed,

ol T ent | SO Jern B g TSR R FHEPUATALEEPTT 6B Ui SEBELbPT Tt | east one
data st opagecaysd BRpléhaabys dia MAlcAlkd QoRAG FeBmYQkAtdalifo| FRIBI &nd/ or
storage el enents), at |east one 10 input device or port, and at |east one

out put dethprergarizesodata coniernyog tavadata moglel sened one dete renpsgonyodul es of a

| arg progr f exanple, that, provides other servic ted to the
desi Gh and con?d SUMLET BIY GF PESHH O ¥ EATGE ERAUM i HHEDRAN el enent s of
the grapkagdic bea ibRrareRp&Gal parpdat proptdnw@bble @smptiteF ddliNeRd ¢aTRUEER!

readabl e nedi um or ot her organi zed data conformng to a data nodel stored
in a dat® aRppagatesrsjgnal)rRea sgRmnaicatiphpcdaninicduerkdn the nyugie nedi um

such as g, R ecuted. Al of the functions may be performed on a special purpose

computer, or using special-purpose hardware, such as coprocessors. The software may

20 be implemented in a distributed manner in which different parts of the computation
specified by the software are performed by different computers. Each such computer
program is preferably stored on or downloaded to a storage media or device (e.g., solid
state memory or media, or magnetic or optical media) readable by a general or special
purpose programmable computer, for configuring and operating the computer when the

25  storage media or device is read by the computer system to perform the procedures
described herein. The inventive system may also be considered to be implemented as a
computer-readable storage medium, configured with a computer program, where the
storage medium so configured causes a computer system to operate in a specific and
predefined manner to perform the functions described herein.

30 A number of embodiments of the invention have been described. Nevertheless, it

will be understood that various modifications may be made without departing from the
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readabl e by a general or special purpose progranmabl e conputer or delivered
(encoded in a propagated signal) over a comuni cation nmedi um of a network
to the conpuvsoosdrere it is executed. Al of the functi ens/usegi2ioes7per f or ned
on a special purpose conputer, or using special-purpose hardware, such as
coprocessors. The software may 20 be inplenmented in a distributed manner in
which different parts of the conputation specified by the software are

performed.b iffere conput ers. Each such c uter pragramis preferably
D or ot o IB SRS R T B S5 A5a Rt oy RulPa g 2aus Y Bt at o
MeNory OfrdeEftSpen@EntMRANGHI CanWe RPohAd inRidirddr digadaliem bt Acgemeg.al or

speci al purpose programmabl e conputer, for configuring and operating the
conput er whenltih® RSinderstoad¢harthti regoingedaseeption is adendoy ta lesttdeput er syst em

to perform.the.procedur descri bed herei e dnventi Syst may al so
e bons: BT R THERESEST Breft aloRe u Eoriing BF sheuBPe N Bo AT o

conf i gur gdinvd. tHor 3x&AHBU Rm KT FRMun R e s iescgibed abe eesl b dforseaf i gur ed
causes a computer systemto operate in a specific and predefined manner to

per f or m Wrediffareat prdrswitbaw spbeantisly effpctingoncralimsesesgng e@Bsdi ment s of t he
inventio I I - 1.t wll be understood that
vari ous %%@?ﬁ?%gﬁ?%HQR%QQh%§%3%5§%§f§@§h?ggg%%%ting fromthe spirit and
scope of the invention. For exanple, sone of the steps described above may
be order independent, and thus can be perforned in an order different from
that described. It is to be understood that the foregoing description is
intended to illustrate and not to limt the scope of the invention, which
is defined by the scope of the appended 5 clains. For exanple, a nunber of
the function steps described above may be perfornmed in a different order

wi t hout substantially affecting overall processing. O her enbodinents are
within the scope of the following clains. What is clained is: 1. A
met hod including: receiving a value of a nunerical attribute of a record
stored in a data structure; generating a nunerical range that includes the
val ue of the nunerical attribute;
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and storing, in an index associated with the data structure, an entry
that specifies a |ocation of the record within the data structure and that

i ncl udes wof2ntaw9izadex key and a second i ndex key, the PCTAIS201RM¢375key
corresponding to a value of an attribute of the record different fromthe
nunerical attribute, and the second index key corresponding to the

generated nunerical range. 2. The nethod of claim11, wherein the
val ue of _the. nunerical attribute is represented by a tine stanp, and the
nuner i cal’ IPERGLIMES ihes a range of tine. 3. The nethod of claim?2

wherein generating the nunerical range includes determning a first val ue
intime units that separates a tine corresponding to the tine stanp froma
pr edet er mi nedl.pdimethpdinciuding: 4. The method of claim3, wherein the

nunerical range .i s a tinei;an e of %Hg;§dq§$rni e? Hlne grgtiQne and
generat i ng t hECHUMSA AC ¢ Srival AEvLTER r&f?{gs R Fid €2 VEICUE by t he

pr edet er m nedgdncfR@ing Wribhicpidaltrand @ iHeludesqHOVAIRR b thBatmcapilasEbBhS; t he
nunerical range. 5. The nmethod of claiml, wherein the entry further
speci fie#da |ocation, within the data structure, of a second record that is
associated w . I I > . ng. i . 6. The
nmet hod of cIa%ﬁ?@g?%%%pg%ﬁagﬁgégﬁsz¥§@ggggﬁngﬁﬁﬁ%%%es cgﬁgﬁ%%g%?é i ncl ude
val ues ofocitivn sfih@recoml wialiih thdddtesthepire asdthadinbiudeds 4 fiest affex kityrendd anps.

7. The nethod of claim5b, further including receiving a query that requests
the ret risoad ngex kep Sredldrst mgex Kevecortsspndinesie awaftﬁf fpa aftrlggﬁe o thfex key and
that are, 5906, il fyrhdfER1 RESHRE AR it f8nd i BALoRSREANG b1 e

8. The n%tﬁ?gﬁogkgﬁg%%17,ﬁ*uffher ?né%ug?ngsgeﬁbfa@?%g ré%S ctive nunerica
ranges fthe geherated nsineticalearayad t he second ti ne. 9. The net hod of
claim8, wherein generating the respective nunerical ranges includes:
determ ning a second value in tine units that separates the first tine from

a second predet eheRERdRPERImI1INWheE: thaRflue of the iGN Mriddicads t hi rd val ue

intine units that separates the second tine fromthe second predeternined
poi nt i nrepiayented by a timelstampraad thet thisekrish] rehgé defiies wiangsiod tigener at i ng t he
respective nunerical ranges includes: di viding the second val ue by
the predetermned tinme duration to provide a quotient that represents a

nunerical rangeTh®methdd ofclash 2t WiBrcirBEherating theHumhdticBbrahfeinthided val ue by
the predetermned tine duration to provide a quotient that represents a
nuner i cafleterappi@gdist éuesia digrgunifs piat separates a ime copaspeading do Hre tthai m 10,

further | i i pfving entkies within the index that include the
first in%%%bzg%?ggﬁgg?hg%xgEg?ﬁ@ghggsecond i ndex key that corresponds to a
nunerical range that is equal to the nunerical range for the first tinme or
the nunerical range for the second tine or that is between the respective
nuneri cal ranfedhs Bethodof elajrasd, whgrsinathg npmericdl Eyieg it # fne range of a

predetermined time duration, and generating the numerical range includes dividing the
first value by the predetermined time duration to provide a quotient that represents the

numerical range.
5. The method of claim 1, wherein the entry further specifies a location, within
the data structure, of a second record that is associated with the first index key and the

second index key.

6. The method of claim 5, wherein the first record and the second record include

values of the numerical attribute represented by different time stamps.
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12. A conmputer-readabl e storage nedi um storing a conputer programthat

i ncludes instructions for causing a conputing systemto: receive a val ue of
a nureri cab 2atoopd2at e of a record stored in a data struCHuS201QenTsate a
nunmerical range that includes the value of the nunerical attribute; and
store, in an index associated with the data structure, an entry that
specifies a location of the record within the data structure and that

includes a first index key an econd index .key, the first index key

cor t 6spondi ng!+ SIEGEREST S BrieT B e 8GR GRS r o ¢ he
numer i Cafor@dvial bfHb&ids MAfark RERRGANFItH MG stHRYcxORY A8 RIRRdiNBsdQattde _
generated nunerical range. 13. A conputing systefm i ncl udi ng: an i nput

devi ce owithertimalativigus Bkt timerapd gisveond tinad. ue of a nunerical attribute of a
record stored in a data structure; and at | east one processor configured
to: generate a nunerical range that includes the value of the

nunerical attgihé Sict@AGf claim 7, ffr@kLincludir bdnBAENg aspetivahaseritdlh the data
structure, an entry that specifies a |location of the record within the data

st r uct ur @ngefcfor MgtirptiEng sthg seqopdtimiondex key and a second i ndex key, the
first index key corresponding to a value of an attribute of the record
different fromthe nunerical attribute, and the second i ndex key
correspondi ng9t Oh¢ hethpdnéchirrd, Whorid gakratiap ge redpbctive oangridal egs&yst em

i ncl udi ng: means for receiving a value of a nunerical attribute of a
record st6l€eSin a data structure; and means for indexing the record, the

I ndexi ng i ncl H@ét‘ﬂﬂhingla secor8RRIAh 1A% dlﬂliﬂglﬂﬁ@rs.ésﬁtﬂa%tesr tﬁ@gﬁstttﬂﬂ?etfré)ﬂ%l udes the

val ue of the nuneric attribute; an oring, in an iIndex associ ated
wi t h t hescdatdpstictagninedpoianingme;ywndhat specifies a |l ocation of the record

within the data structure,and that includes a first index k and a second
I ndex key.  t RSPTHENEihEd YRGS TEETP SRfoHAL e 4 seons e SRTRPE [ but e of

the recogdogll picaéehinbd pont aipaimeri cal attribute, and the second index key
correspondi ng to the generated nunerical range.
10. The method of claim 9, wherein generating the respective numerical ranges
includes:
dividing the second value by the predetermined time duration to provide a
quotient that represents a numerical range for the first time; and
dividing the third value by the predetermined time duration to provide a quotient

that represents a numerical range for the second time.

11. The method of claim 10, further including identifying entries within the index
that include the first index key, and that include a second index key that corresponds to a
numerical range that is equal to the numerical range for the first time or the numerical
range for the second time or that is between the respective numerical ranges for the first

time and the second time.

12. A computer-readable storage medium storing a computer program that
includes instructions for causing a computing system to:
receive a value of a numerical attribute of a record stored in a data structure;

generate a numerical range that includes the value of the numerical attribute; and
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store, in an index associated with the data structure, an entry that specifies a
location of the record within the data structure and that includes a first index key and a
second index key, the first index key corresponding to a value of an attribute of the
record different from the numerical attribute, and the second index key corresponding to

the generated numerical range.

13. A computing system including:
an input device or port configured to receive a value of a numerical attribute of a
record stored in a data structure; and

at least one processor configured to:

generate a numerical range that includes the value of the numerical
attribute; and

store, in an index associated with the data structure, an entry that specifies
a location of the record within the data structure and that includes a first index key
and a second index key, the first index key corresponding to a value of an
attribute of the record different from the numerical attribute, and the second index

key corresponding to the generated numerical range.

14. A computing system including:
means for receiving a value of a numerical attribute of a record stored in a data
structure; and

means for indexing the record, the indexing including:

generating a numerical range that includes the value of the numerical
attribute; and

storing, in an index associated with the data structure, an entry that
specifies a location of the record within the data structure and that includes a first
index key and a second index key, the first index key corresponding to a value of
an attribute of the record different from the numerical attribute, and the second

index key corresponding to the generated numerical range.
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