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(57) Abstract: Described are methods for data compression of a column store database. A method may include providing a plurality
of columns sorted from a first position to a last position in increasing order of individual cardinality, permuting columns of the plur-
ality of columns one-by-one to a second position of the plurality of columns, except for the column at the first position to determine
a first permutation of the plurality of columns having the greatest run-length encoding (RLE) compression, and permuting columns
of the first permutation one-by-one to a third position, except for columns at the second position and the first position, to determine
a second permutation having the greatest RLE compression. The method may further Include continuing permuting the plurality of
columns to determine a final sort order and compressing columns of the final sort order using RLE compression.
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COLUMN STORE DATABASE COMPRESSION

Background

{Hooh Databhases @ organizad collsctions of dats that can include g
collection of records, aach record having data pertaining to muitipls felds o
parameters. Some databazes may be represented a5 & table in which the
rows covespond o records and the columns sorrsspond o fields. The
intersection of a record {row} and Beld {columit is termet! 8 “cell” and typically
stores the value for 2 field parameter for a particular database record. Othes
database bypes, &.¢., relational, hierarchinal, and nebwork databases, can
have rrutliple related tables, sach with records, fislds, and calls,

{5002} While some dalabases may have only & few cells, others may
have aver g billon, The amount of data containad in databaseas may vary
significantly. To reduce the amount of physical storage required for databiase,
datahases can be comprassad.

Brief Description of the Drawings

{0003 Tha defalied descripiion section references the drawings,

wharein:

Figure 1 5.9 block diagram of an example sysiem endowsd with

a database manager 1o compress a column stors database of the
sysieny

Figure 2 is 3 Howehaut of an sxeumpls mathod for compressing
data & columm store dalabass;
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Figure 3 i3 8 Sowchst of another example method for
comprassing dats in a column stors database,; and

Figure 4 is 3 block diagram showing an axample tangible, non-
transdory, machinewreadable medium that stores code adapted o

o

compress dats s g column store database;
all in which various embodiments may be implementad,

{0004} Examples are shown in the drawings and desgribed in detail
below. The drwings are not necessarily fo scals, and various features and
views of the drawings may bs shown exagoerated i soale of in schematic for
clarity andior condiseness. The same pard numbers may designats the same
of sirnilar parts threughout the drawings.

Detailed Descoription of Embodiments

{0005} I 2 column-onganized database {a "column store™), tabular dats
may be omanized into projecticns that have a speaific sont order, and data
may be physicsily clustered by column, A3 @ result of the sort arder, non-
unigus columns appearing sarly i the sort arder may have an opporiunity foe
run-length encoding. In stime cagas, the columng may include s number of

correfated pairs of sets of columng, which may also provide an opportunity for

rurvength encoding 1o provide sven futher dats compression.

o008} Pesoribed hersin are various implementations of methods,
syatems, and computer-readable medis for dats compression of a column
store database. A msthod may nchde parmuting the oolumns within 8 sorlsd
projection (0 exploll correlations amony the celumng, and thereby o-achiseve
graater run-length encoding (RLE} comprassion. In soms implemeniations,
the msthod may nohede sorting & plurality of columns from & ficst position fo g
tast position iy oreasing order of individusl cardinality, permuting columng of
the plurality of colimns one-by-one 1o a second posilion of the phurality of
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codurmng, axcepd for columng 8t the first position, to determine a firgt
parmutation of the plurality of columng having the greatest RLUE comprassion,
and parmuding columns of the first permutation ona-by-ong 10 a third position,
gxcept for columns o the sacond position and any praceding position, o
determine a sscond permutation having the greatest RLE comprassion. The
method may frther incuds continuing permuting the plurality of columns o
determing a final son order, and compressing columng of the fingl sort wrder

wsing RLE compression.

{0007} Referring now o the drasvings, Figuee 1 is 2 block diagram of an
sxampie system 100 including & processor 102 and 3 storage device M {o
store & datebase 108 comprising 8 plusality of columns of data. The system
100 further indludes a database manager 108 o manage the database 106
The datsbase manager 108 may induds permulor 110 and 8 cumpressor
112, In vanious implamentations, the stonags device 164 may ingluds the
database managsr 108, In various implemantations, the system 100 may be
snplemanted 88 one oF more compiting devices. The storage device 104 may
oMmprise 8 magnsdic medium, Bke one o mors hard disk drives.

{0008} i operation, the database managsy 108 may be axatudable by
e provessor T2 to implerment § method for dale compression of the
databhase 108 i vanous implemantations, the permutor 118 may parmule
colinns of the dalabase 108 onsby-ong into & final sont arder, iy accordances
with the vanous implementations descnbed herein, and the compressor 113
may compress the columns of the final sort order using RLE compression. For
SXSMPIE, N some implamerdations, the permuky 110 may psoamuds columns
of the pluraily of colmms one-by-ong 1 8 second position of the plurality of
columns, except for the column at the first position, o determine s first
permtation of the plursiity of columng having an RLE comprassion graater
tan an RLE comprsssion of any other peenutation. The permute 110 may
cantinug, for example, with parmuting cotumns of the first permutstion ane-by-
ong to 3 third position of the plurality of columns, excapt for colimns at the
sacond position aod any preceding position, o delerming @ sgoond

[#53
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permutation of the plurality of columns having an RLE comprassion greater

than an RLE comprassion of any other permutation. I vartous
implementations, s sordey 108 maysort the plurality of colmneg from the first
position o & et position inincreasing order of dwidus cardinglity. In some
mplementations, an dentfier 113 may identify corrslated column pairs from
the plursiity of columns of the detabase 108 and store in memory, such ag, for
sample, the storage device 104, correlated pairs having correlation strangth
valuas greater than a predetermined value. In these after implemantstions,
the stured corralated pairs may be referencad later by the database managsy
108 g other comiponent of the system 100 o faciidale looking wp data, in

respanse 1o & query, for example.

{ooas) Figures 2 and 3 are fowcharts of example methods 200, 300,

respechively, for compressing dals in a column sfove database, in sccordance

with vanous impdemantations, | should be notad that varicus operations
discussed andior ilustrated may be generally refemed 1o as mulliple discrate
aperations i o help in undersianding vanous mplementatons. The
order of description should not be construsd to imply that these operations ars
order dependent, unless sxpdicitly stated. Morsaver, soms implementations
may include more or fewer opargtions than may be described.

{8010 As shown in Figure 2, the mathod 200 may begin of procesd
with providing & plurality of colurmns sored from 3 first position, I=1, 10 a last
cosition in increasing order of individual cardinality at block 218,

{0011} The method 200 miay procsed {o block 218 with permuting
colurons of the plurality of columns one-by-one 1o 2 seoond position of the
glurality of columrs, except for the colurnn 31 the fivst pesition, o detammine 8
first pammutation of the plurgity of columns Baving an RLE comprassion
greater than an BLE comprassion of any other permutation, wherghy BLE
COMPrassion is 8 facky of grouping cardinalites al each position, the column
dats typas, column width, or carrelations, of 3 combination thersaf, The
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mathod 200 may continue {6 block 220 with continuing permiuting the plurality

of columns 1o defemmine g final sort ordey,

{0013} The method 300 may procesd 1o block 232 with comprsssing
the plurality of columns of the fingl sort order,

D013 Turning now 1 Figwe 3, the method 300 may begin or procsed

322, Iy various implementations, correlated pairs of columns may be ideniified
using a "porrslation detection via sampling™ (CORDS technique ("CORDS:
Autornatic Discovery of Correlation and Soft Functional Qependencies” by
inab Fo Byas st al) or another swtable lechnique,

{0014} The method 300 may procesd with determining the correlstion
strangth value of the corrslated pairs by estimating & grouping candinality of
gach pair of the correlated pairs &t block 324 ang detarmining, for sach of the
correlaled paivs, the corelation strangth values based st lsast npatan 8
cardinality of sach column of the corrslatsed pair and the eshimaled grouping
cardinglity of the corrslated pair st block 326, As used herain, "grouping
cardinalify” may refer to the number of distinet column pair values for s
correlated pair 85 groupsd, sathsr than the number of distinet values of the
Ol 8% paved indspendent, mdividual colunms, s vanous implementations,
sshimating the grouping cardinality of each of the corrsiated pairs may be
perfarmed using & probabilistic counting algorithm of another suitable
sigonthm. The correlation strength for each ot the corrslated pavs may be
passd, in varicus inplameniations, on the number of dstinet valuss for the
gair as indspendent, non-cornsdated palrsd Colunns and & groupsy,
corretated paved columing, For example, in varous implementations,
gdetenmining the corrsiation steenath values may nclude detemmining the
isver-boumnd LV for grouping candinality {assuming the pairs are corrslated),
the uppsr-bound (HV] for gruping cardinality {assuming the pairs are
inglepandant), and he actual grouping (V) cardinality {(the actual cardinality).
in thess implsmsntations, the corrslation strength values may be caloulated

ik



WO 2015/137979 PCT/US2014/029046

a8 (HV-VRHV-LVL Invardous implementations, operations 334 and 328 may
be mited fo coralated pavs having 3 corslation greater than some
predetermined thrashold such that only the most corelated pairs ars further
analyzed. In other implemantations, all corelgted pairs may be analyzed by
opergtions 324 andvor 328

{0015] The method 300 may groceed with storing in memory corelated
pairs having a sorrelation strengih valus greater than 8 predetermined valuse
at block 328, In various inplementations, the stored correlated pairs may be
referenced inter by the database manager of other componert of the system
{0 fncilitate fooking up data, i responss 10 8 query, for exampls. in other
implementations, the operstion of biock 328 may be omitled altogether.

{0016} The method 300 may proteed with sorting the plurality of
colurrins fom a st position, 191, o 2 last position in increasing order of
ndividual cardinality al block 330

{0017} The mathod 200 may procsed 16 block 333 by permuting
colurnng of the pluraidy of columns ane-by-One 1 & second positian of the
clurality of columnns, excepd for the column at the first position, o determing a
first permutation of the plurghty of colurmns having an RLE comprassion
greater than an RLE compression of any other perawtation, whersby RLE
compression is a tactor of grouping cardinahties al sach position, the coluam
data types, column width, or corvelgtions, or a cambination thereof. In thig
aperation, the first peomutation may be delermined sonsidering the first
columiny againgt el remaining columns o find the best nudch for the second
gosition (e, the column that when placed at the sscand position gives the
oosition |in he sort ordey, sl other columns may be moved onsdbyone
{exoept any colming befors position L which may remain indact) and sach

resultant sort arder may be svaluated for RLE compression.
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{Q018] The method 300 may continug permuting the plurality of
oolumng at Dock 334, For sxample, after delermining the fisst permutation,
the columns of the firet parmutstion may be permuted one-hy-oneg 1o & third
position of the plurality of colurans (=141, L, Tor the ned position), sxcept Ror
colirrns at the sscond position and any precading position, 1o determine a
second permutation of the phlurality of columng having an RLE comprassion
greater than sn RLE compression of any ather Qermmsﬂmm and 50 on.
Parmuting may continue untll roaching & colum having an Svarags -
tengih less than a pradetenmined run-ength threshald ot Block 338, In varibus
implemeantations, the operalion of block 334 may be performed as itmay be
desirable 1o only perfony rundength compression on the bast candidates
RAVING SoMme minimun wun length, For exampla, in soms implemeniationg, an
RLE threshold may be sither TN &f@*g segmentad database] Nenumber of
nodes) or 10 {for an unsegmenied database} in many implementations,
parmutations at blocks 332/3347338 may oparate ke & greedy algontnm such
{hat the nest oolumn B compared sgamst only 1he remaning colmng, without
backward companson against columns that have siready been detenmined.

{0018} i the nesd coligvin has an averags run-dengh less than a
predatanmined less than the predetermingd rundlength threshold s block 336,
the method 300 may procesd to block 338 with compressing the plurality of
colurnns of the final sort order using RLE compression. i vanous
implamaniations, one or more of the remaining solimng de,, columns not
wcladed i the final sort order) may be compressed using any suitable
mathod OF may remain uncomprassad,

{0020} Figure 4 15 3 Bock diggram showing an sxample non-ransitory
somputer-readable storage medium 414 hat slores compuler-implamented
nstructions adaplad © implement dals compression of the database 108 in
accacdance with the vanous methods desoribed heralny. The machine-
readabla medium 414 may coresgond o any typical sturage device that
stores computer-implementad instructions, such as programming code, or the
ke, that may be executad by the processor U2, The computanreadable
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media 414 may be of may comprise velatite andior non-volatile madia, such

a8 magnatic media, seamiconducior madia, and the Hke,

{002} Yhen read and sxecuted by the processar 402, the instuctions
starad on the machine-readable medium 414 are adapled o cause the
processor 402 o prosess instruchons 418, 418, 420, and 228, A sorler {such
8%, £.0., the sorter 109 desoribad hergin with refersnee to Figure Yimay
grovide & plurality of columng sorted i increasing order of ncdhvidusl
cardinglify (418) A permutor (such as, e.g., the parmutor 110 described
by-one 1o determing a firsl permutation of the plurality of columes having the
greatest RLE compression (418 and continue permuding the plurality of
oolumms untll reaching 3 column having 80 average run-langth less than &
pradstenmined thrashold o delermine a final sort order (4200 & compressar
{such &%, 2.g., he comprassar 112 describad herain with referencs fo Figurs
1} may comprass the columns of the Hinal sort order (430},

o0z} Adthough cerlain implementations have bean Mustrated and
described herain, € will be appraciated by those of ordingdy skill in the g that
& wide varisty of sifemate andior squivalent implementations salculated {o
achieve the same purpeses may be substituted for the implementations
shown and describad without departing from the scope of this disclosure,
Those with skill in the @l will readily appreciate that implamantations may be
inplamentad in 8 wide vanety of ways, This application & intended {o cover
any sdaptations or vanations of the implamentalions discussed herain, s
manifestly intended, thersforg, hat implemaniations be imited only by the
olaims and the egquivaiends thersat
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CLAIMS

1. A msthod comprsing:

sarting & plurshty of columns from o first position 1o a last positon in
incraasing order of individual cardinality;

parmuiing colunns of the plurslily of columns one-biv-ans 10 3 second
gosition of the plurality of columng, sxcapt for the column at the first position,
o datermine a firsl permutation of he pluralty of columns having & rundength
sncoding (RLE} comprassion greater than an RLE compression of any dther
permutation;

permuting coltenns of the first permutation ona-by-ong o g third

position of the plurslity of columns, exeept for columns &t the second positio

and the firgt position, 1o detgrmine & recond penmutation of the plurality of
columng having an RLE compression greater than an BLE comprassion of
ary other permitation;

sontinuing permuting the plurality of columns o determing a final sont
order; and

comprassing the phaahity of columng of the final sor order using RLE
comprassion,

2. The method of olaim 1, whersin said continusing permuting is
performead untl reaching 8 column having an averags run-ength less than a
predebermingd run-length thrashold,

3. The method of clasm 1, wherein said permuting the plurality of columnsg
ona-hy-ong o the second position comprises parmuting the plurality of
coharns baged at feast in part on dala tepe, ool widdh, coralation, o
cardinglity, or 3 combination thereof.
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&, The method of claim 3, whensin said parmuting the plurglity of coluning
of tha first permutation one-by-one to the third position comprizes parmuding
he plursiity of columns of the first permuiation based at least iy pact on dals

ype, column width, comelation, or cardinality, or & combination thersof,

5 The method of claim 1, further comprising, priof to said sorting the
slurality of columns, identifving a plurality of corralated pairs of the plurality of
aolumng,

8. The mathod of claim &, further comprising stoning i memory corvelated

pairg having a corvelation strength value greater than & predetenmined value.

7. The mathod of dlaim 8, further comprising determining the correlation
strenglly values of the corelatad pairs by

axtimaling 8 grouping candinally of ssch pay of the plurahty of
corrsiated pairg angd

Q:Bﬁéfmiﬂiﬁg‘ for sach of the correlated paivs, the correlglion strength
value based at bast i part on 3 cardinality of sach colun of the correlgted
pair and the sstimated grouping cardinality of the correlated pair.

8. The method of claim ¥, wherein said estimating the grouping cardinality

of each pair of the correlated pairs comprisss using & probabilistic courting
algorithm,

8. A syslen compeising:

& processon

& slorage devics o store & Jdatabase comprising & plurality of columns
of data; ang

a databass manager v manggs he detabase gnd executable by the
DIOUESEQr I

provigle & plurality of eclumns sorted In incraasing aoder of
individual cardinality;

10
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senond position of the plurality of columns, except forthe columnat a
firal position, 1o determine a first permuiation of the plurslity of columns
having the grestest run-ength sncoding (RLE} compraasion;

permiute eolumas of the plurality of columns of the fisgl
permmutation one-by-0ne 1o a third position, sxcept for columing 8t the

parrnutation of the plurality of columng having the greatest RLE
campression; and

comprass calumns ot the thind position and preosding positions
of the second permutation using RLE compression.

i The system of claim 8, wherain the defahase mgnager i3 exsoulshis by
the provessor o penmute columns of the pluraiily of columng one-by-ong o
the second position basad atleast i part on dala Wype, column width,
corrsiation, or cardinality, o 8 combination theyeof.

11, The system of clain 8 whersin the database manager is further
axacutaiie by the processor i

wanify & plursity of cocrslated pairs of the plurality of colurins;

gstimate a grouping cardinalily of each pair of the plurality of correlated
pairs; and

determing, for sach of the correlsied pairs, the corelation strangth
value based at least in padt on & cardinality of each column of the oorelated
pair and the estimated grouping cardinalty of the correlated pair.

12, The system of clgin 11, wherein the dadabase manager is further
sxecidable by the processor to stors in memory corrslated pairs having a
corrslation strangth valus gresler than a predatenmineyd valus,

13 A noncransitory computerraadable storage madium storing

mstructions that, when executed Dy 8 processorn cause the pronessor io0

1
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parmmute columns of a plurality of columns sorted in increasing order of
individual cardinally one-by-one o3 second position of the plurality of
colunms, sxcapt for the calumn at & first position of the pluralty of columns, ©
datermine s first permutation of the phurality of columns having the grestest
RLE compression;

genmute culurmng of the plurality of columng of He first perrmgation
ane-by-one o g third position, except for columns el the second position and
he first position, W determing & second permutation of the plurslity of
oolumns having the greatest RLE compression;

cantinue permuting the plerality of columng o delermineg 3 finad sont
orger; and

conpress the plurality of columns of the final sort order using RLE
compragsion.

4., The sfmﬂ«i:z‘a‘;‘ssét@fy compular-readable stovage medium of claim 34,
wharain he nstruclions, when exsoutsd by the procsssors, further cause the
processar o

wartify & plurality of correlated palrs of the plurality of columns;

gstimate a grouping cardinality of sach paiy of the plurality of correlsted
pairs, and

detarnting, for each pair of the correleted pairs, the correlation strangth
valug bassed at lsast it part on 8 cardinality of each column of the comrelatad
pair and the astimated grouping cardinahty of the correlated pair, and

sore i memary correialed paivs having g oorrelation strength vahue
graater than a predetermined value.

18, The non-Yransitory computer-readable storage medium of claim 14,

wherels said continue permuting is performed unil reaching & calumn having

A Sverags run-lenath lass than g pradatermined rn-lengit threshold.

12
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