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Big Data — Small Data

*Cnocobbl XpaHeHUSA AaHHbIX

* Komnpeccua, cxxatne gaHHbIX
[TapTnumnoHmnpoBaHue 1 WapguposaHue
*DopmaThkl XpaHeHus aaHHbIX (Avro, Parquet, ORC)

» TabnnyHble dopmaTtbl XxpaHeHus (Iceberg, Hudi, Delta)

* IHOEeKCbI
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count(distinct ...)

* MHoro CPU
* MHOro RAM
*[lepekochbl B aaHHbIX (data skew)
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Compressed Probablility Counting (CPC)
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CPC Ha nanbuax (merge)

Anuca
bob
Anuca
[>xek
bob

MapTa
[xek
Tom
Mepu
bob

h(Anuca)
h(Bo0)
h(Anuca)
h(>xek)
h(bo0b)

h(MapTa)
h(>xek)
h(Tom)
h(Mepwn)
h(bo0b)

1110
0110
1110
0111
0110

0000
0111
1110
1010
0110

1100
1110
1100
0100
1110

1001
0100
0011
0010
1110

86



CPC Ha nanbuax (merge)

Anuca
bob
Anuca
[>xek
bob

MapTa
[xek
Tom
Mepu
bob

h(Anuca)
h(Bo0)
h(Anuca)
h(>xek)
h(bo0b)

h(MapTa)
h(>xek)
h(Tom)
h(Mepwn)
h(bo0b)

1110
0110
1110
0111
0110

0000
0111
1110
1010
0110

1100
1110
1100
0100
1110

1001
0100
0011
0010
1110

=) 1100 0000

=) 1100 1000

87
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Compressed Probability Counting

[NnnTenbHOCTb, CEK.
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Compressed Probability Counting
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CPC vs HLL
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CPC vs HLL
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YCcnoXxHsiem Keucobil

* Beb6-canT — KONMYECTBO YHMKaNbHbIX NONb30BaTesien,
NOCeTMBLUMX Ball CaUT 1 CAaUT NapTHepa

* YH/KaNbHbIe NMONb30BaTe/ N, NoCeTUBLLME Ball CalT, HO He
CalT NapTHepa

(AUB)N(C UD)\E
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Theta Sketch
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Theta Sketch (ClickHouse)
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Theta, norpewHOCTb OT pa3mMepa
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CPC vs HLL vs Theta
(AUB)N(C UD)\ E

109



CPC vs HLL vs Theta
(AUB)N(C UD)\ E
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YHacToTa BCTpeyaeMoCTHU



[TlpmMmepbl ncnonb30BaHUA
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YJacToTa BCTpe4yaemMoCTn

select

1tem,

count(*) as amount
from <table>
group by 1item
order by amount desc
limit K
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select count(*) ... group by

 MHOro CPU
 MHOro RAM

*[lepeKkochkl B JaHHbIX (data skew)
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select count(*) ... group by
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CountMin Sketch
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CountMin Sketch Ha nanbuax
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CountMin Sketch Ha nanbuax
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CountMin Sketch Ha nanbuax
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Annca

Anunca
bob

hash(Anuca)
hash(Anuca)

) hash(Bo6)

—

K

2a

16

2a

16

2a

16

120



CountMin Sketch Ha nanbuax
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CountMin Sketch Ha nanbuax
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CountMin Sketch Ha nanbuax
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CountMin Sketch Ha nanbuax
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CountMin Sketch Ha nanbuax
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CountMin Sketch Ha nanbuax
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CountMin Sketch Ha nanbuax
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Misra-Gries
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Misra-Gries Ha nanbuax (top 2)



Misra-Gries Ha nanbuax (top 2)
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Misra-Gries Ha nanbuax (top 2)
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Misra-Gries Ha nanbuax (top 2)
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Misra-Gries Ha nanbuax (top 2)
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Misra-Gries Ha nanbuax (top 2)
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Misra-Gries Ha nanbuax (top 2)
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Misra-Gries Ha nanbuax (top 2)
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Misra-Gries Ha nanbuax (top 2)
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Misra-Gries Ha nanbuax (top 2)
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CountMin Misra-Gries
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KBaHTUNU 1 ructorpaMmmbil



[TlpmMmepbl ncnonb30BaHUA

Peknama UccnenoBaHue ayanTopuun
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KBaHTUNXU 1 ructorpaMmmbil

PaHr — HOMep anemMeHTa PaHr 1 2 3 4 5
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KBaHTUNXU 1 ructorpaMmmbil

PaHr — Homep anemeHTa PaHr 1 2 3 4 5
HopmanusoBaHHbI paHr —rank /n Hopm. parnr 0.2/0.4 0.6 0.8 1.0
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KBaHTUNXU 1 ructorpaMmmbil
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KBaHTWMNb — 3Ha4yeHne, COOTB. paHry Keantune 10[20 30 40 50



KBaHTUNXU 1 ructorpaMmmbil

PaHr — HomMep anemMeHTa PaHr 1 2 3 14 §

HopmanusosaHHbIi paHr —rank /n Hopm. panr 0.2 0.4 0.6 0.8/ 1.0
KBaHTWMNb — 3Ha4yeHne, COOTB. paHry Keantune 10 20 30 40 50

[pumep:. 80% 3anpocoB He npeBbiwatoT 40 ms
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KBaHTUNXU 1 ructorpaMmmbil

select
percentile_cont(0.5)
within group (order by <column>)
from 1tems
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select ...
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Low Discrepancy Mergeable Quantiles Sketch
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KBaHTUNXU 1 ructorpaMmmbil

Anroputm

Uniform Sampling

Greenwald Khanna (GK)

Felber-Ostrovsky
Manku-Rajagopalan-Lindsay (MRL)
Agarwal, Cormode, Huang, Phillips, Wei, Yi
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Karnin, Lang, Liberty

Karnin, Lang, Liberty

Still open ...
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X
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4
13X

X
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Merge
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X X § § § X X
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log? (log(1/e))/ e
log(log(1/¢))/e
log(log(1/¢))/e
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KBaHTUNXU 1 ructorpaMmmbil

Anroputm lNMpocToTa Merge Pa3mep
Uniform Sampling 4 7% 1/¢2
Greenwald Khanna (GK) 4 P4 log(n)/e
Felber-Ostrovsky )4 X log(1/¢) /¢
Manku-Rajagopalan-Lindsay (MRL) 4 4 log?(n) /e
Agarwal, Cormode, Huang, Phillips, Wei, Yi 13X 4 log3/2(1/¢) /¢
Karnin, Lang, Liberty 7 4 Jlog(1/¢€)/«
Karnin, Lang, Liberty « 1K X log? (log(1/€)) /¢
Karnin, Lang, Liberty )4 X log(log(1/¢€))/e
Still open ... 4 4 log(log(1/¢€))/«



KBaHTUNM Ha nanbLuax

163
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KBaHTUNM Ha nanbLuax
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KBaHTUNM Ha nanbLuax
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KBaHTUNM Ha nanbLuax
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KBaHTUNM Ha nanbLuax
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Manku-Rajagopalan-Lindsay (MRL)
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Manku-Rajagopalan-Lindsay (MRL)
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KBaHTUNU U rucTorpamMmmbl
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[Ae Bbl MOIMU 3TO YXXe BUAETb ?

4 N
[ Spark ] approx_count_distinctj [ hil * agg ] [ approx_percentile ] [ percentile _ approx
- J
4 ) I
[CIickHouse] Uﬂl(l]] [unquombmed] [uquLLlZ [unitheta] [quantile* [approx top_*
- J/ J 4
a N 4 ) 4 )
BigQuery count dIStInCt] [ approx_quantiles [ approx_top_count j hil_count.*

- / - J J
« N 4 )
Snowflake approx_count dIStInCt] [ approx_top_k ] [ approx_percentile ][ hil*

A J N J
« N / ™

Oracle approx_count_distinct*j [ approx_percentile* j [ approx_median
AU 4 \_ Y,
[SQLServer] [ approx_count_distinct ] [ approx_percentile_* j
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UTorn Data Sketches

HepeluaeMmble 3aga4n HennHenHble CroXXHOCTU
CTaAHOBATCA pellaeMbIiMu ) CTAHOBATCA NIMHENHBIMU
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KonnyecTtBo pecypcoB TOYHOCTb MoYTKU
COKpaLlaeTcs Ha NopaaKu He cTpadaer

‘—-h
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YT0 ewe noynuTaTthb

« CPC (FM85) - https://arxiv.org/pdf/1708.06839.pdf

« HLL - https://oertl.github.io/hyperloglog-sketch-estimation-paper/paper/paper.pdf
 Theta - https://arxiv.org/pdf/1510.01455.pdf

« CMS - http://www.eecs.harvard.edu/~michaelm/CS222/countmin.pdf

* MG - https://www.cs.utexas.edu/users/misra/scannedPdf.dir/FindRepeatedElements.pdf
« KLL - https://arxiv.org/pdf/1603.05346.pdf

« t-digest - https://arxiv.org/pdf/1902.04023.pdf

« Mergeable Summaries - https://users.cs.utah.edu/~jeffp/papers/merge-summ.pdf

« Quantile Approximation - https://arxiv.org/pdf/1603.05346.pdf
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