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Tarantool

T

e CYB/] obLuero HasHa4YeHus
e CepBep npwuioxkeHunn Ha 6ase Lua (luajit)

e Memtx n Vinyl



MoTuBauuns

box.sql.execute('create table tl1 (id integer primary key, a, b, c)')
box.sql.execute('create table t2 (id integer primary key, x, y, z)')

box.sql.execute('select distinct(a) from t1, t2 where tl.id=t2.id and t2.y > 1;')

function query()
local join = {}
for _, vl in box.space.tl:pairs({}, {iterator="ALL'}) do
local v2 = box.space.t2:get(v1i[1])
1f v2[3] > 1 then
table.insert(join, {tl=vl, t2=vZ})

end
end
local dist = {}
for _, v 1in pairs(join) do
if dist[v['tl'][2]] == nil then
dist[v['t1l'][2]] =1
end
end

local result = {}
for k, _ 1in pairs(dist) do
table.insert(result, k)
end
return result
end

query()



SQLite and The Standardﬁ

e transactions

e |eft/inner/natural join, unions, subqueries
e having, group by, order by

e with recursive

e views, triggers

e 75 built-in functions



XonO BbINOJIHEHUSA
3anpoca

SQL Statement — Tokenizer —» Parser —»| Query Planner

OUT: EXpI l where.c
Prepared statement ExprList——AST select.c
Select analyze.c
Virtual Machine l

Code Generator



create table t1 (id integer primary key, a)

tarantool> select * from t1 where a > 5;

SQL: [select * from tl where a > 5;]
VDBE Program Listing:

101> 0 Init

101> 1 OpenRead
sgl_autoindex_t1_1

101> 2 Explain

101> 3 Rewind

101> 4 Column

101> 5 Le

101> 6 Column

101> / Copy

101> 8 ResultRow

101> 9 Next

101> 10 Halt

101> 11 Transaction

101> 12 Integer

101> 13 Goto

0
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SCAN TABLE t1
0

(BINARY)

[Tlonmep 6anT-KoOAa

00

00
00
00
51
00
00
00
01
00
01
00
00

Start at 11

00 root=525312 1Db=0;

r[l1]=tl.a

1f r[1]<=r[2] goto 9
r[3]=tl.1d

r[4]=r[1]
output=r[3..4]

usesStmtJournal=0
r[2]=5



Tabnvupbl

PK=1 |ptr

— SPACE

PK=1,a="B’, b=123

PK = ... | ptr PK

I
N

/ \ PK =2,a="A, b=456
PK=2 PK=3 |[ptr /DK=3,3_=‘C,’ b =789

ptr




[Tonck no Tabnunue
TABLE SCAN

SELECT a WHERE b = 666;
SELECT * WHERE PK = 4;

l

PK=1 |ptr

— SPACE
~PK=1,a="B, b=123

PK =2, a="A, b=456

— ptr/PK=3,a=‘C’, b = 789

ptr
m /PK=4,a=‘B’,b:666

PK=... | ptr PK=4 |ptr

/

PK =2




NHOeKcbl

SPACE

PK=1,a="B, b=123
PK=2,a="A", b=456

PK=3,a="'C’, b=789

SRERT R

Bce nHpekceobl asnarotca COVERING
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AND

SELECT price FROM Fruits WHERE fruit = ‘Orange’ AND city = ‘NY’
- fruit _id

Apple
Banana
Grape
Lemon

> Orange
Orange
Peach

Kiev
Kiev
MILAN
MSK
MSK

NY
| NY

id

WIN =201 & O DN

Lemon KIEV 125
Banana MSK 245
Orange NY 105

N OO O A WD =

N [PB~ O W0 o =
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OR

SELECT price FROM Fruits WHERE fruit = ‘Orange’ OR city = ‘NY’

Apple 2
Banana 6
Grape 4 : : _ :
Lemon 5 id fruit city price
Orange 1 » 1| Orange KIEV 85
Orange 7| ——— 2 | Apple MSK 45
Peach 3 - 3| Peach MILAN 60
Z
4 NY
O > 4| Srape >0
Kiev 1 Z 5 | Lemon KIEV 125
Kiev 5 6 | Banana MSK 245
MILAN 3 > 7 | Orange NY 105
MSK 2
MSK 6
NY 4
NY /
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[ToncK onTnmaJibHOro

MnJjiaHa
SELECT * FROM t1 INNER JOIN 12 WHERE

tix>5ANDtl.y=3 AND t2.z=5;

Term Term Term

Loop Loop

Mo>xHO paccmaTtpuBaTh Loop’bl Kak BepLUUHbI rpada,

roe pebpa MMerT CTOUMOCTb.
3agadya — HanTu HAaMMEHbLLUMW MO CTOUMMOCTW MyTb

OJIIHHOWN paBHOW KO/-BY YCNOBWUW B 3amnpoce.
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COop cTaTUCTUKW ﬁ

ANALYZE;
_sql_stat1(tbl, idx, stat)
_sql_stat4(tbl, idx, nEq, nLt, nDLt, sample)

MOoO>KHO ynpaBnsaTb BPY4HYHO: hoskipscan
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_sql_stat1

_sql_stat1(tbl, idx, stat)

BMecCTe
CpegHee KOMMYecTBO ( )

coBrnagaroLmx CpoK B
nepBomM cTtonbue

C

tbl - Tabnnuya 1

IdX - MHOEKC 5

stat - cTaTnctmka )
CREATE INDEX i ON t(a,b,c) 3

stat =832 17 5

/

CTpoK B 3
MHOEeKce Bo BTOpOM 1 TpeTbeMm 3
3
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_sql_stat4

_sql_stat4(tbl, idx, nEq, nLt, nDLt, sample)
sample — 3Ha4yeHMe KN4Ya nHOekca
[1na ka>kgoro nHoekca He bonee 24 camnnoB

BbibupatoTcs niydimne camiibl: CIMMI Ny4ylle, ecnn
cogep>XuTt 6onblle NnEq anemeHToB

NEq — KOM-BO CTPOK B JIEBOM CTOJ1IBLUE NHOEKCA,
3Ha4yeHne KOTOPbIX coBMagaeT C nepBbiM 3HAYEHNEM
Knto4va sample’a
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_sgl_stat4

CREATE INDEX i ON t(a,b,c);

sample =122’
nEq='422’
nLt='022’
nDLt =012’

sample =23 3’
nEg=311’
nLt='466’
nDLt =136’
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OnTnmunsauumm 6e3 ﬁ
CTaTUCTUKN

e WHERE X < ? ymMeHbLLaeT KON-BO CTPOK AJ19 NonUcKa
B 4 pasa

* WHERE x>? AND x<? B 64 pasa

e Tabnuua B cpegHeM conepxuT okosio 260000 cTpok
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Bbibop nyywuero nHoekca ﬁ

e [1na KaXxgoro nHaekca paccynTbiBaeTCA CTOMMOCTb
BbINOSIHEHNA B norapudpmmnydeckon wkasne (10log2)

e CTOMMOCTb COCTOUT N3 TPEX OLEHOK:

1. rSetup — CTOMMOCTb 3arnycka: CoOpTUPOBKa, aBTO-

NHOEKCHI
2. rRun — cTOMMOCTb OOQHOrro umKna

rRun = 10*log(cost))

cost = nRow * 3 — TABLE SCAN

cost = nRow * 4 — SCAN OF COVERING INDEX

3. nOut — KONM4YecTBO NPOCMOTPEHHbIX CTPOK
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Bbibop nyywuero nHoekca ﬁ

CREATE TABLE t1(id PRIMARY KEY, X, vy);
X, ¥ IN [0; 100] — paBHOMEPHO pacnpeneneHob

CREATE INDEX t1x ON t1(x);
CREATE INDEX t1y ON t1(y);

SELECT * FROM t1 WHERE x > 0 AND x < 100 AND y > 99;
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Bbibop nyywlero nHgekca

1o ANALYZE:
O f 00262 N 1 cost 0,188,178

O f 00272 N 2 cost 0,148,139
[locne ANALYZE:

STAT4 range scan: 97..100 est=16

Range scan lowers nOut from 66 to 16

replace: * 0.01.00 ol e | cost 0,82,63
add: * 0.01.00 t1.tly cost 0,36,14

STAT4 range scan: 1..99 est=64
Range scan lowers nQut from 66 to 64
skip: * 0.01.00 21l b @ f 00272 N 2 cost 0,73,63
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Range 3anpochl ﬁ

CREATE TABLE tab(id PRIMARY KEY, X, v, z);
CREATE INDEX i1 ON tab(x);
CREATE INDEX i2 ON tab(y);

SELECT z FROM tab WHERE
X BETWEEN 1 AND 100 AND
y BETWEEN 1 AND 100

X IN [0, 1000000] — nowuck ymeHbluaeTcs B 10000 pas
y IN [0, 1000] — nowuck ymeHbliaetca B 10 pas
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T

CREATE TABLE people(name PRIMARY KEY, role, age);
CREATE INDEX people_idx1 ON people(role, age);

role IN (‘student’, ‘teacher’)
SELECT name FROM people WHERE age >= 28;

l

SELECT name FROM people WHERE role = ‘student’ AND age >28
UNION ALL

Skip-Scan

SELECT name FROM people WHERE role = ‘teacher’ AND age > 28
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Skip-Scan

SELECT name FROM people WHERE age >= 28 AND age < 44;
[MloacyeT CTOMMOCTM:

NOut = nOut * (min(L - U, 1) / N) — ymMeHbLLUeHMe Ko-Ba
CTPOK OJ1s1 NpocMoTpa

U, L — Kon-Bo sample’oB, KOTopble KOToOpble <= 28 n 44

Ecnun pasHuua mexxgy rpaHMyHbIMM yCnoBuUaMn Mana, To
YCTOBUIO YOOBNETBOPAET BCero 1/64 oT BCeEX CTPOK:

NnOut = nOut/64
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T

e CpeoHee 4yncno coBrnagaroLLxX 3/IEMEHTOB B CaAMOM
nesom ctonbue < 19

Skip-Scan

OnTMmM3aumnsa OTKOYAETCHA, eCu:

e statl.stat cooep>xnt TokeH “noskipscan”

e [lepepn ycnosmnem WHERE cTtonTt yHapHbI nntoc:

SELECT * FROM t WHERE +x = 3;
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T

JOIN ncrnonb3yeTt ToNIbKO 00beanHEHNE LUMKNaMU

JOIN

INNER JOIN — mMoryT meHsTbCsl MecTamu

LEFT OUTER JOIN, CROSS JOIN — kak B
3anpoce

Bbibop nopsigka gnist JOIN —nonnHomMmmanbHbIN
anropnTm

*JOIN == INNER JOIN == COMMA == CROSS JOIN
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JOIN

CREATE TABLE node(id PRIMARY KEY, name TEXT);
CREATE TABLE edge(source REFERENCES node,
dest REFERENCES node);

CREATE INDEX node_idx ON node(name);
CREATE INDEX edge_idx ON edge(dest, source);

SELECT * FROM edge AS e, node AS n1, node AS n2 WHERE
n1.name = ‘alice’ AND

n2.name = ‘bob’ AND
e.source = n1.id AND e.dest = n2.id;



JOIN

foreach n1 where n1.name="alice’ do:
foreach n2 where n2.name=‘bob’ do:
foreach e where e.source=n1.id and e.source=n2.id do:

foreach n1 where n1.name="alice’ do:
foreach e where e.source=n1.id do:
foreach n2 where n2.id=e.dest and n2.name =‘bob’ do:

2/



JOIN

cnyyan 1:

KON-BO HOA ¢ hame = ‘alice’ n name = ‘bob’ == 2

HO MHOro pebep ncxogsiLmx N3 HMUX
Onyus 1. BHYTPEHHUN LK BbINMONHUTCSA BCero 4 pasa
Onyuns 2: ropasgo 6onblie ntepauumn
cnyvyam 2:
Kon-Bo HoA ¢ hame = ‘alice’ n name = ‘bob’ == 3500
Ho kaxxgast Hoga cogep>Xut Bcero 1-2 pebpa
Onyus 1. BHeWHWUN 1 cpegHunn uykn no 3500 pas ~ 12 MUMOHOB

Onyuns 2. sBHewHUN unkn 3500 pas, BHYTPEHHUN U cpegHUn no 1-2
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T

ABTO-UHOEKCbI

CREATE TABLE t1(a PRIMARY KEY, b);
CREATE TABLE t2(c PRIMARY KEY, d);

SELECT * FROM t1, t2 WHERE b = d;

- - SCAN TABLE t1
- - SEARCH TABLE 12 USING AUTOMATIC COVERING INDEX (d=?)

e Bpewms BbinosiHeHnss 6e3 aBTo-nHaekcos: O(N*N)

e (CtoumocTb cospganHus nHgekca: X*N*log(N), N — Kofi-Bo CTpOK B
Tabnuue, X = 7 ans obbivHbIX Tabnuy, n X = 1.375 gns npegcTtaBneHnmn

e be3ctatuctukm N ~ 1000000

e BpeMeHHbI MHOEKC — CYLLECTBYET TONIbKO Ha BpeMs 3anpoca
29



T

SELECT a, (SELECT d FROM 12 WHERE ¢ = d) FROM t1;

ABTO-UHOEKCbI

CREATE TABLE t1(a PRIMARY KEY, b);
CREATE TABLE t2(c PRIMARY KEY, d);

e Ecnn tabnuua cogep>xnt N CTPOK, TO OXXNOAaeTcs, UYTOo
noasanpoc oyaet BbinoSiIHEH N paz — O(NA2)

e C aBTo-mHOekcom — O(N*logN)
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Subquery flattening ﬁ

SELECT a FROM (SELECT x+y AS a FROM t1 WHERE z<100) WHERE a>5

l

SELECT x+y AS a FROM t1 WHERE z<100 AND a>5

MHoOro ycnosum, KOTopble O0JIKHbI BbIMO/HATLCS:
He OomkHbl NpucyTCcTBOBATb arperaTHble QyHKLUNN
He posikHbl npucyTtctBoBaTh orpaHunyeHns (LIMIT)
[Toasanpoc gosikeH cogep>xatb ycnosne FROM

3



Subquery

T

SELECT * FROM
(SELECT a AS x, c-d AS y FROM t1)
WHERE x=5 AND y=10;

l

SELECT * FROM
(SELECT a AS x, c-d AS y FROM t1 WHERE a=5 AND c-d=10)

WHERE x=5 AND y=10;
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Subqguery Co-routines

e [lopg3anpoc obpabaTbliBAaeTCs B TOM XKe NOTOKe KakK
NOJIHOLIEHHbIV 3arnpocC

e [locnie BblYNCEHUS KaXXO0W CTPOKIN noasanpoca
yrpaB/ieHNe nepenaeTca OCHOBHOMY 3anpocy

 Ecnn HYy>XKHO ncnosib3oBaTh pe3ynbTaT noasanpoca
HECKOJIbKO pa3, TO Ny4ylle NCnosb30BaTb OObIYHbIN

flattening

33



Ewe Co-routines ﬁ

SELECT f(a) FROM t ORDER BY date DESC LIMIT 5:

SELECT f(a) FROM (
SELECT a FROM t ORDER BY date DESC LIMIT 5);
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T

MIN/MAX

CREATE INDEX i1 ON tab(x);

SELECT MIN(x) FROM tab:
SELECT MIN(x + 1) FROM tab;

SELECT MIN(x) + 1 FROM tab;
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