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[Mavvne Kwridng



LoTtoypdupara

Eidape mwc umtoAoyiCoupe Tov apiBpud Twy
amoTeAsopdTwy oe pia miAoyn A oUleuln péow
ATTAWYV OTATIOTIKWY

TTx utéOeaon opoldopoPYNC KATAVOUNC YIA TV ETTIAOYA:
- T(oz.(W)) =T(W)/V(W ,Z)

2.Th Tpdln Ta cuoTAPATa diaTnpoUV TTolo ouvOeTdA
OTATIOTIKA WOTE va £TITUYXAVOUV HEYAAUTEPN
akpipeid oTIC EKTIHACEIC TTOV TTdipvouv

- Tlapadeiypa: ioToypappa



["evikh 10€d

* Partition attribute value(s) domain into a
set of buckets (assume B buckets)

» Describe (compactly) data within a bucket

- Issues:
- How to partition?
- What to store for each bucket?
- How to estimate an answer using the histogram?



TTapadeiyua

- | Bucket | Count |
250 -
S 200 (18.24] | 49
§_ 150 —— [25..34] 250
Q) 100
L s (35.48]| 108
O,
18-24 25-34 35-48 49-65 [49..63] 55
Employee Age
Q: select * from Employee T(Q)=?

where Age = 30



[NiaTi givar Xpnoipo;

Q: select * from Employee

i ()25 [18.24] | 49
KTIUNO =
Hnon (Q) [25..34] 250
[35..48] 108
EoTtw un clustering index oto Employee.Age
AV To €UPETAPIO PPioKETAI GTH UVALN KAl TO [49..65] 55

koaTo¢ Tou random I/0 civai 10msec, méoo
Xpovo Oa Tdpel n eKTEAEGN TOU EPWTAHATOC
HE Th XpAONh TOU €UPETNpPIOU;

ATtavrnon: ?



EmiAuon

Q: select * from Employee T(Q)=?
where Age = 30

Xwpic 10 10TOYpappa

T(R) = 462

V(R,age) = 34 (to yvwpilw amd Ta amAd
OTATIOTIKA)

T(Q) =22:-136

34



EmiAuon

Q: select * from Employee T(Q)=?

[18..24] 49
[25..34] 250
[35..48] 108
[49..65] 53

Xpnoigomoiwvrag T1o 10TOYpappa
H 1iun 30 avikel oto bucket [25..34]

To bucket éxer 250 eyypagég kai eUpog YToBéTw 0TI o1 TIHEC KATAVEHOVTA
10 mipéc [ opoidpopya péoa oe éva bucket

T(Q==25




TTaparinpnaon

Q: select * from Employee

Av emITTAéoV ToU dpiBuoU TwWV gyypapwv [18..24] 49 10

(Count) oe kdBe bucket kpaToUoa kai Tov [25..34] 250 5

ap1Bpo (Values) Twv diapopeTikwv/distinct

TIHWV Tou age péoa oTto bucket [35..48] 108 11
[49..65] 55 8

T(Q)=2?

Amdvtnon: Ektipnon T(Q) = % =50

(e TNV YVWOTA UTTOEON OTI Yaxvw pia amd TIC TIHEC TTOU UTTAPXOUV Kdl h
KATAVOUA TWV £YYPAPWY WEC TPOoC TIC UTAPXOUOEC TIPEC cival opolidopopen)



Moarfionon

, , [18..24] 49 10
+ KpaTwvTtac mepioooTEPA
>, ) [25.34] | 250 5
OTATIOTIKA Héoa o€ éva
bucket (6wc [35..48] 108 11
#HdistinctValues, most [49..65] 95 8

frequent value, ka)

- TTepipévw kaAUTepn "
akpiPela oTIC EKTIUATEIC _
TOU Kavw [18..24] 49

- Ouwg o xwpog mou [25.34]| 250
amaiTeiTal yia Thv
anoeﬁkeuo\;\ TOLT [35.48] 108
IOTOYPAHHATOC HEYAAWVEI [49..65] 55




1-D Histograms: Equi-Width

* Goal: Split domain evenly
Assume B=4 (Domain 1..20)

Data:Jl 2 2 3 4|7 8 91010101011 11 12 12 14|16 16 18 19 20 20 20

Buckets?
- [1..B5],[6..10], [11..15], [16..20]

bucket

Count in I 5 7 - 7

12345 678910 11121314151617181920 Domain values

How many tuples with value=12?



EkTi

on (Point

ueries)

- ‘EoTw 6T n TIgA Tou avalnTdpe TEPIEXETAI OTO
bucket b

- To b kaAUTtTel éva didoTnpa améd 1o medio TIHWY TOU YVWPIioUATOC HE
AdTog V

- H 1A Tou counter yia To bucket b givai C,

Count in
bucket

ExTipynon = %
b

5

12345 678910 11121314151617181920

TTooec eyypawéc ye Tipyn 12?

Domain values

EkTipnon=

15—11+1




EkTi diaoThuaTtoc Tipwy (Ran
Quer'les)

Av To di1doTnpa kaAuTTel 6Ao To bucket, pooBéToupe oTnv ekTipnon To C,

Av KaAUTTel Hépog Tou bucket, pooBéToupe Thv ekTipgnon yia kABe pia TIPA
IOV TTEPIEXETAI OTO dldoTha TTou avalnToUpe

EkTipnon yvia To gUpocg [10..177?
ATtavrnon:

- Amo 1o bucket [6..10] > +1*§
- Ao 1o bucket [11..15] 2 +5

- Ao 1o bucket [16..20] > +2*§

= Apd n eKTipgnon yia Tov dpiOuoé Twyv eyypagwyv pe Tigég [10..17] eivai = + 5 + — =09.2

Count in 5 7
bucket

123456789 1011121314151617181920 Domain values



Problems with Equi-Width

- Data is often skewed
-111112,2,3,5,20

+ Assume B=4, domain=[1..20]
- Buckets: [1..5],[6..10], [11..15], [16..20]

[1..5]:9

° " . [610] : 0
Histogram o 2

[16..20] : 1

+ Estimate for value=1? (most frequent)



(Often) a better Solution: Equi-Depth

Goal: Equal number of rows per bucket

Can construct by first sorting then taking B-1
equally-spaced splits

12234789101010101111121214161618 19 2020 20
t t t t t

Example: B=6 (seek to create buckets with % = 4 records each)

Countin

bucket 4 4 41 4 4 4

123 456789 10 11121314151617181920 Domain values

How many with value=12?



Equi-Depth

* Note: it is not always possible to split evenly

1223478910101010101111121214161618 19 20 20 20 20 20
t t t t t

Example: B=6

Count in
bucket

123 456789 10 11121314151617181920 Domain values



Equi-Depth Histograms: Maintenance

* Choice 1: Re-compute periodically
- “optimize statistics”
* Choice 2: Use auxiliary data structures (makes

more sense when data is remote or streaming)

- Use a backing sample: Maintain a larger sample on disk in

support of histogram maintenance

- Use a sketch

» Choice 3: Learn as you go



AAAo!I TUTTO! 1I0TOYPAUUATWY

+ TTAovUaia pipAioypagia, Ttx:
- Self-Tuning Histograms (Microsoft Auto Admin
Project)
- Compressed Histograms (IBM DB2)
- V-Opt Histograms (Y. Ioannidis et al)
- Near-Optimal Histograms on Streaming Data
(one-pass) (Gilbert et al)

- TToAudidoTara ioToypdupara



Self-Tuning 1-D Histograms
(Microsoft Research)

Start with any histogram (equi-width, equi-dept,
etc)

2 | 30 30
10|12 ]12]12]10 10

1 10 1120 2130 3160 6164 6569 70 70 7179 8089 90 99

Use results of user-queries to adjust the
histogram

- Update counters due to insert/delete/updates
- Periodically adjust buckets (merge/slit buckets)



Self-Tuning 1-D Histograms

1. Update Bucket Frequencies:
- Compare actual selectivity to histogram estimate
- Use to adjust bucket frequencies

query range

o5 | 30 30
0l 2] 12]12]10 10

1 10 1120 2130 3160 6164 6569 70 70 7179 8089 90 99

- Assume query for

- Based on this histogram we expect 16+12+12 = 40
records

- Upon running the query, we find 60 records in the result
- How to update the histogram ?



Self-Tuning 1-D Histograms

1. Tune Bucket Frequencies:
- Compare actual selectivity to histogram estimate
- Use to adjust bucket frequencies

. Queryrange Actual = 60
o | 30 30 | Estimate = 40
102112 122]10 10 Error = +20

1 10 1120 2130 3160 61 64 6569 70 70 7179 80 89 90 99
- Divide d*Error proportionately, d=dampening factor (<1)

d=% of Error
30 30 =+10

20 | 15 | 15 25 So divide
10 | 12 10 10 +4 +3 +3

1 10 1120 2130 3160 6164 6569 70 70 7179 80 89 90 99




Self-Tuning 1-D Histograms

2. Restructure buckets:
- Merge buckets of near-equal frequencies
- Split large frequency buckets

merge J merge

»

<
<

A
N

1 10 1120 2130 3160 6164 6569 70 70 7179 8089 90 99

Updated Histogram
(still using 10 buckets)

>

120 21303169 7070 71737476 7779 8089 90 94 9599



1-D Histograms: Compressed

[PTH96]

12345678910111213141516171819 20

* Create singleton buckets for largest values, equi-
depth over the rest

+ Improvement over equi-depth since get exact info
on largest values, e.g., join estimation in DB2
compares largest values in the relations



V-Optimal Histograms

Idea: Select buckets to minimize frequency variance of approximation
within buckets (sum squared error - SSE)

L C
minimize ZBZVeB(fV—V—B)2

B

A

Count for

Bucket H H ”J
“o [0 0 0l - |
12

1
34567 891011121314151617181920 Domain values
Vv

<V, —



V-Optimal Histograms

Idea: Select buckets to minimize frequency variance of approximation

within buckets (sum squared error - SSE) C,

/ Estimate f4 =7
1

True frequency f,  minimize ZB ZVEB (f,——=)

AN

Count for

Bucket H H ”J
AT - |

1234567 891011121314151617181920 Domain values

N

<— V; —



V-Optimal Histograms

L. C
minimize ZBZVGB(fV—V—B)2

B
Count for | c
Bucket H H - V_4
Co |lomanal I ML B "
° UL Onf] .
12345678 910111213141516\1:-7/181920
Too small wrt the rest of the
Compare values in this bucket
Count for

Bucket H H ﬂ ________
Co L0 Mal — H
123

4567891011121314151617181920



V-OPT Construction

SSEP(i,K) = minger. i1 (SSEP(j,k-1) + sse[j+1:i])

SSEP(i,k)=sse of using k buckets for range 1:] sse when using
: 1 bucket in range j+1:i
I
(U T N N S —
1 | J |
—

k-1 buckets P 1 bucket




Answering Queries (example 1)

+  Assume histogram on age
- [20..29]:25, [30..44]:8, [45..4D]:5, [46..59]:11

* How many people with age = 28?
- 25/(29-20+1)=2.5
- Min possible = 0
- Max possible = 25
* How many people with age in [30..44]

- Answer is 8, error = ?

 How many people with age in [25..45]
- Answer is 25/(10/5)+8+5 =12.5+8+5=25.5
- Min possible = 13
- Max possible = 38



Example 2

* Histogram on age:
[18..21]:800, [22..24]:1200, [25..30]:6000, [31..65]:2000
- SQL Query:

SELECT name, age, city, street, number
FROM EMPLOYEE, ADDRESS

WHERE EMPLOYEE.empid = ADDRESS.empid
AND EMPLOYEE.age >= 30

+ Estimate T(0,4.,30(EMPLOYEE)) ?



Solution

* Histogram on age:
[18..211:800, [22..24]:1200{[25..30]:6000, [31..65]:200012

+ Estimate T(0,4.,30(EMPLOYEE))

- From Bucket [25..30] > + 1*&600 = 1000

* From Bucket [31..65] > + 2000
* T(0uge:30(EMPLOYEE)) = 1000+2000=3000 records



