Algoritmi operatora
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Od SQL-a do logiCkog stabla

Relacioni racun Relaciona algebra

- Opisuje rezultat izradunavanja (upita) = Opisuje operacije kojima se ulazni transformiSu u izlaze
= MatematicCki “imperativni jezik”
= Specijalan slu€aj algebre nad skupovima
= Algebra nad instancama relacija
= Zatvorena nad skupom relacija
= | operandi i rezultati su relacije
= Tipizirana
- Sema rezulata zavisi od $eme operanadas

= Matematicki “deklarativan jezik”
= Zasnovan na iskaznoj logici prvog reda
= Operandi su torke relacija
= Predstavlja osnovu SQL jezika

{S.name|S € Sailors,S.ratings > 5/ R
(HR € R@SQTUBS) (RSld = S.sid A\R. bid = 100) T[S.name 0R.bid=100/\S.raitings>5< MR.Sid=S.Sid)




Od SQL-a do logiCkog stabla

= E. Codd dokazao da je moguce svaki izraz
relacionog raCuna iskazati operacijama
relacione algebre
= Povezao deklarativnu reprezentaciju upita sa
operacionim opisom
= Zato je moguce prevesti SQL kod u izraz
relacione algebre
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Relacioni izraz | plan upita (query plan)
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Implementacija operatora

Tehnike koje se koriste pri implementaciji operatora su:

= Indeksiranje — na osnovu ideksa se vrSi odvajanje onih torki koje Ce biti ispitivane pri
realizaciji operacije

= Iterisanje — pretraga svih torki u tabeli, ili celog indeksa ukoliko sadrzi sve atribute koji
se ispituju

= Particionisanje — particionisanjem torki prema klju€u se operacija razbija na kolekciju
operacija nad manjim skupom podataka, uobi¢ajene tehnike koje koriste
particionisanje su sortiranje i hesiranje




Uredivanje operanda ili rezultata

Sortiranje | heSiranje



Poreba za uredivanjem

« Indirektni zahtevi (zahtevano algoritmom neke operacije)
= DISTINCT
= GROUP BY

= Neke vrste JOIN algoritama (sort-merge)

= Eksplicitni zahtev za sortiranjem
- ORDER BY

= Kreiranje privremenih indeksa nad neuredenim slogovima (bulk-loading tree indexes)

= Kako sortirati ako je tabela veca od raspolozivog RAM prostora?




Sortiranje | hesiranje

= Ulazni fajl F:
= Koji sadrzi slogove relacije R

= Zauzima N blokova

= U RAM-u postoji prostor za fiksan broj blokova, B

= Sortiranje

= Daje izlazni fajl F koji sadrzi sortirane torke polazne
relacije

= Hesiranje

= Daje izlazni fajl F,, u kom su slogovi sa istom hes
vrednoScu spakovani jedan za drugim.




Osnovni zadatak

{ | Nesortirano

Sortirano

Nesortirano




1/O bafer strimovi

Jednostruki bafer tok
(single-pass streaming)

Approach
* Read a chunk from INPUT to an Input Buffer
*  Write f(x) for each item to an Output Buffer
* When Input Buffer is consumed, read another chunk
«  When Output Buffer fills, write it to OUTPUT

Input \ Output
Buffer Buffer
. . . f(X (X K
L\ RAM
=




1/O bafer strimovi

Dupli bafer tokovi
(double buffering)

» Main thread runs f(x) on one pair I/0O bufs

« 2nd I/0 thread drains/fills unused I/O bufs in parallel
* Why is parallelism available?
« Theme: I/O handling usually deserves its own thread

* Main thread ready for a new buf? Swap!

Input
Buffers

)|

1/0

Output
Buffers




Sortiranje

Ako je B <N:
= Single-pass streaming

= Divide and Conquer — External Sort Merge




Sortiranje - External Sort-Merge

Najcesce veliCina fajla ne dozvoljava njegovo ucitavanje u celosti i sortiranje na licu mesta i
odmah, vec se vrsi u nekoliko koraka sa belezenjem sortiranih medurezultata.

Osnovna ideja — podeliti na delove, delove sortirati, sortirane spajati u vecCe sortirane
delove, sve dok rezultat spajanja ne bude cela tebela.

Run (prolaz) — sortirani medurezultat

Dve faze:
- Faza delimi€énog sortiranja: sortiranje B stranica odjednom; kreiranje N/B sortirana prolaza.

- Faza spajanja: spajanje viSe prolaza u jedan koriste¢i B-1 bafera za ulaz i 1 izlazni bafer




External Sort-Merge
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General External Sort-Merge
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General External Sort-Merge

Pass 1, 2, ...

\~—‘/ \_/'/
Conquer Sorted Runs Merge Single Sorted Run




General External Sort-Merge Cost

«  Number of passes: 1+ [log, [N/ B]]
- Total I/Os = (/Os per pass) * (# of passes) = 2*N * (1 +[log,.,[N/ B]])

« E.g., with 5 buffer pages, to sort 108 page file:

Pass 0: [198/5]= 22 sorted runs of 5 pages each
« last run is only 3 pages
+ Pass1: [?2/4] =6 sorted runs of 20 pages each
* last run is only 8 pages
« Pass?2: '6/41 2sorted runs, 80 pages and 28 pages
+ Pass 3: Sorted file of 108 pages

Formula check: 1+ lNog, 221 = 1+3 - 4 passes ./




General External Sort-Merge Cost
# of Passes of External Sort

(Total I/O is 2N * # of passes)

N B=3 (B=5 (B=9 |B=17 |B=129|B=257
100 7 4 3 2 1 1
1,000 10 | 5 4 3 2 2
10,000 15 | 7 D 4 2 2
100,000 1 |92 6 5 3 3
1,000,000 20 |10 7 >, 3 3
10,000,000 25 | 12 8 6 4 3
100,000,000 | 26 | 14 9 7 4 -+
1,000,000,000f 30 | 15 10 8 5 4




HesSiranje

Alternative: Hashing

* |dea:

* Many times we don’t require order
* E.g., remove duplicates, form groups

« Often just need to rendezvous matches




Hesiranje - strategija

Divide
« Streaming Partition (divide):
Use a hash function h, to stream records to disk
partitions
» All matches rendezvous in the same partition.
» Each partition a mix of values
« Streaming algorithm to create partitions on disk:
« “Spill” partitions to disk via output buffers




Hesiranje - strategija

Divide (h )
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Hesiranje - strategija

Conquer

* ReHash (conquer):
Read partitions into RAM hash table one at a time,

using different hash function h,
* Each bucket contains a small number of distinct values

 Then read out the RAM hash table buckets and write

to disk
« Ensuring that duplicate values are contiguous




Hesiranje - strategija

Two Phases: Conquer

* Rehash:
(Conquer)

Example
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Hesiranje - strategija

Divide (hp) Conquer (h)

Hash partitions h_of

Hash partitions h,

size ~N/(B-1) Fully hashed!




Hesiranje - strategija

Cost of External Hashing

Total I/Os ~ 2*N*(# passes) = 4*N
(includes initial read, final write)




Hesiranje - strategija

Memory Requirement Cost of External Hashing
+  How big of a table can we hash in exactly two passes? Total I/Os ~ 2*N*(# passes) = 4*N
B-1 “partitions” result from Pass 1 (includes initial read, final write)

Each should be no more than B pages in size
Answer: B(B-1) ~ B2

« We can hash a table of size X in about B = X space (if we run only 2 passes)
Note: assumes hash function distributes records evenly!

* Have a bigger table? Recursive patrtitioning!
Divide (hy) Conquer (h,)

i Hash partitions h,
Hash partitions h, of size ~N/(B-1) Fully hashed!




Hesiranje — rekurzivno particionisanje

Divide (h,) Divide ()




Hesiranje - strategija

Cost of External Hashing

Divide Conquer

cost ~ 4*N I/0s
(including initial read, final write)
(case for 1 divide pass and 1 conquer pass only. Not the general formula!)

Cost of External Sorting

Conquer Divide

cost = 4*N I/O0s
(including initial read, final write)
(case for 1 divide pass and 1 conquer pass only. Not the general formula!)




JOIN algoritmi
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Algoritmi implementacije operacija - Spajanje

Nested Loop Join
— Simple

— Block

— Index
Sort-Merge Join

Hash Join




SIMPLE NESTED LOOP JOIN

foreach tuple r € R:«=—— Quter
foreach tuple s € S:«—|nner
emit, if r and s match

N pages
n tuples

Cost: M+ (m - N)
R(id, name) S(id,value,cdate)
Bic  name |
600 [MethodMan 100 [2222 [10/9/2018
200 |GZA 500 [7777 |10/9/2018
M PagEeS | |100  |andy 400 |6666 |10/9/2018
m tup[eg 300 |0DB 100 (9999 [10/9/2018
500 |RZA 200 |8888 [10/9/2018
700 |[Ghostface
EEEE%SEP | [400 Raekwon




SIMPLE NESTED LOOP JOIN

Example database:
— M = 1000, m = 100,000
— N =500, n = 40,000

Cost Analysis:
— M+ (m - N) = 1000 + (100000 - 500) = 50,000,100 10s
— At 0.1 ms/IO, Total time = 1.3 hours

What if smaller table (S) is used as the outer table?
— N+ (n-M) =500 + (40000 - 1000) = 40,000,500 Ios
— At 0.1 ms/10, Total time = 1.1 hours




BLOCK NESTED LOOP JOIN

foreach block B, € R:
foreach block B; € S:
foreach tuple r € Bg:
foreach tuple s € B_:
emit, if r and s match

This algorithm performs fewer disk accesses.
— For every block in R, it scans S once

Cost: M+(M-N)

R(id, name) S(id,value,cdate)

600 |MethodMan 100 {2222 (10/9/2018

200 |GZA 500 7777 [10/9/2018 | | Npages
M Pages | 100 |andy 400 |6666 |10/9/2018 ntuples
m tuples 300 |0DB 100 (9999 [10/9/2018

500 |RZA 200 8888 [10/9/2018 | |

700 |Ghostface
;géﬁgﬂp | [400 Raekwon

Which one should be the outer table?

— The smaller table in terms of # of pages



BLOCK NESTED LOOP JOIN

Example database:
— M = 1000, m = 100,000
— N =500, n = 40,000

Cost Analysis:
— M+ (M- N) = 1000 + (1000 - 500) = 501,000 IOs
— At 0.1 ms/IO, Total time = 50 seconds




BLOCK NESTED LOOP JOIN

foreach 5 -2 blocks b, € R:
What if we have B buffers available? foreach block b. € S:
— Use B-2 buffers for scanning the outer table. foreach tuple r € b:
— Use one buffer for the inner table, one buffer for storing foreach tuple s € b_:
output. emit, if r and s match

This algorithm uses B-2 buffers for scanning R.
Cost: M+([M/(B-2)| - N)

What if the outer relation completely fits in

memory (B>M+2)?

— Cost: M + N = 1000 + 500 = 1500 IOs
— At 0.1ms/IO, Total time = 0.15 seconds




INDEX NESTED LOOP JOIN

Use an index to find inner table matches.
— We could use an existing index for the join.
— Or even build one on the fly.

foreach tuple r € R:
foreach tuple s € Index(r; = s;):
emit, if r and s match

Assume the cost of each index probe is some
constant C per tuple.

Cost: M+ (m-C)




NESTED LOOP JOIN

Pick the smaller table as the outer table.

Buffer as much of the outer table in memory as
possible.

Loop over the inner table or use an index.




SORT-MERGE JOIN

Phase #1: Sort

— Sort both tables on the join key(s).
— Can use the external merge sort algorithm that we talked
about last class.

Phase #2: Merge

— Step through the two sorted tables in parallel, and emit
matching tuples.
— May need to backtrack depending on the join type.




SORT-MERGE JOIN
SELECT R.id, S.cdate R(id, name) S(id,value,cdate)
FROM R, S id__name |
WHERE R.id = S.id »ma Andy 100 (2222 [10/9/2018
AND S.value > 100 200 [GZA ’ 100 19999 [10/9/2018
300 ODB 200 |8888 (10/9/2018
. i 400 Raekwon 400 |6666 |10/9/2018
R(id,name) S(1d,value,cdate) 500 |RzA 500 [7777 |10/9/2018
500 |Methodan
600 |MethodMan 100 (2222 |10/9/2018 700 |Ghostface
200 GZA 500 }7777 (16/9/2018
100 Andy 400 |e6e6 |10/9/2018
300 JODB 100 J19999 (18/9/2018
500 RZA 200 8888 (106/9/2018

Output Buffer

700 |Ghostface
400 Raekwon t R.id R.name S.id S.value S.cdate

Sﬂ'f’fr 100 |Andy 100 2222 10/5/2018
' ' 100 |Andy 100 [9999 10/5/2018

—  Sort!



SORT-MERGE JOIN

Sort Cost (R): 2M - (log M / log B)
Sort Cost (S): 2N - (log N/ log B)
Merge Cost: (M + N)

Total Cost: Sort + Merge




SORT-MERGE JOIN

Example database:
— M = 1000, m = 100,000
— N =500, n = 40,000

With 100 buffer pages, both R and S can be sorted

in two passes:

— Sort Cost (R) = 2000 - (log 1000 / log 100) = 3000 IOs
— Sort Cost (S) = 1000 - (log 500 / log 100) = 1350 IOs
— Merge Cost = (1000 + 500) = 1500 IOs

— Total Cost = 3000 + 1350 + 1500 = 5850 IOs

— At 0.1 ms/IO, Total time = 0.59 seconds




HASH JOIN

Phase #1: Build

— Scan the outer relation and populate a hash table using
the hash function h, on the join attributes.

Phase #2: Probe

— Scan the inner relation and use h, on each tuple to jump
to a location in the hash table and find a matching tuple.




HASH JOIN

Cost of hash join?

— Assume that we have enough buffers. Example database:

— Cost: 3(M + N) — M = 1000, m = 100,000
— N =500, n = 40,000

Partitioning Phase:

— Read+WTrite both tables Cost Analysis:
— 2(M+N) 10s — 3+(M + N) = 3-(1000 + 500) = 4,500 IOs
Probing Phase: — At 0.1 ms/I0, Total time = 0.45 seconds

— Read both tables
— M+N IOs




JOIN ALGORITHMS: SUMMARY

Algorithm I0 Cost Example
Simple Nested Loop Join M +(m-N) 1.3 hours
Block Nested Loop Join M+(M-N) 50 seconds
Index Nested Loop Join M+(m-0O) ~20 seconds
Sort-Merge Join M + N+ (sort cost) |0.59 seconds
Hash Join 3(M+N) 0.45 seconds

Hashing is almost always better than sorting for
operator execution.

Caveats:
— Sorting is better on non-uniform data.

— Sorting is better when result needs to be sorted.
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