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Overview



YTo Takoe Picodata SQL & picopara

Library for distributed SQL
Uses vshard for queries dispatch
Needs several traits to be implemented before usage (e.g DDL)

For executing on single node uses SQL Tarantool (read queries),
tarantool-module (update/insert/delete)



Overview: big picture & eicobata

IR == Intermediate representation == Plan

Router
select count(*) from
people where company —_— SQLto IR o —> |Executor
= 'picodata’ CACHE

Link temporary
tables to IR
/ A
/ IR subtree IR subtree

IR subtree
temporary temporary temporary

tables? tables? tables?
IR to SQL IR to SQL IR to SQL
1. create(temporary tables) CACHE CACHE CACHE Temporary or
2. Convert IR to SQL/stmt_id sQL to VDBE SQL to VDBE saL to VDBE final tables
3. box.execute(SQL/stmt_id) e —— ——
storage 1 storage 2 storage 3

v v




Overview: IR creation

1. Add types
2. Check metadata

3. Reorganise

<

user sql

—> AST —> raw IR

PEST .
parser 1. Transformations (rules)
2. Motions insertion
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Overview: Executor

Motion

subtree 3

Motion

subtree 1

subtree 2

@ PICODATA

Executor

subtree 1

subtree 2

Bucket
Discovery
Bucket
Discovery

Map Reduce
Map Reduce
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subtree 3

Bucket
Discovery

Map Reduce




Example 1



Query

SELECT b FROM t WHERE a=1
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Grammar @ PICODATA

® Grammar - a way to describe formal language
e AST (abstract syntax tree) - representation of sentence (that satisfies grammar) in form of a tree.
® PEST - external library for building AST using PEG (Parsing Expression Grammar)

(2*3)+36

num = @ ("+" | "-")? ~ ASCII DIGIT+ }
operation = { add | subtract | multiply | divide}

add = { "+ }

subtract = { "-" } AST

multiply = { "*" }

divide ={ "/" }
expr = { term ~ (operation ~ term)* }
term = _{ num | "(" ~ expr ~ ")" } Expr

calculation = _{ SOI ~ expr ~ EOI } k/////zl \\M
[ num: 2 } [Multiply: *} [num:s}
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AST @ PICODATA

select b from t
Select
where a =1
Y
Projection Scan Selection \
-« P 4
V4 ’
\ 4 ! \ 4 y \ 4

! 1 V4
’l Column I Table "t" /
| ' !
| ' !
| Y \ I

5 " \ I
\ Reference "b N \
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\ 1 1
SELECT b FROM t WHERE a =1
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IR

IR (intermediate representation) -
represents a plan for distributed
query execution

It is a tree consisting of Relational
and Expression nodes

Motion - special Relational node,
that materializes subtree below it

Each subtree below Motion can
be converted to valid tarantool’s

SQL

select sum(a) from t

=

@ PICODATA
IR

(simplified)

Projection

|

Motion

!

Projection
i

Scant
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AST: transform select

Reference "b"

PE——— S
~
~
Sy <t ~
\
N\
\
Scan Selection
~ '
~ e
Y Y
CEEEE— Y
Table "t" Eq

~———

Reference "a

Number "1"

@ PICODATA

select b from t
where a = 1
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AST: bind references & picopara

o select b from t
Projection where a = 1




AST toraw IR @ PICODATA

select b from t o | N ,
Projection 4

Scan "t"

where a = 1
Selection ]( - Column ] Output tuple

----------- oy N, ; l SN

i =

\
{ Reference "b" ]
S T / \ v v
2y
Sy
~ - [ Column 1 [ Column J
Reference "a" Number "1"




AST toraw IR

select b from t
where a =1

[ Projection
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Scan "t" L

Y i

Output tuple '
Distribution: None C
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AST toraw IR

Projection

select b from t
where a = 1

Scan "t"

Output tuple
Distribution: None

~
J

Column

Selection

Y

{ Reference "b"
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Z

Reference "a"
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AST toraw IR

Constant 1
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select b from t
where a =1
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AST toraw IR @ PICODATA

select b from t o
where a = 1 Projection

....................

____________________

- (Alias: ’ Alias:} '
L.

~ [ReferenceJ ‘Reference\ i
: o

= Reference "a" g L E

‘ Column { Column ] S N !
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AST toraw IR @ PICODATA

— - -
~ -~

select b from t ! o -
where a = 1 \ . Projection 6

S
\ ——3A  \ k- o N L RE R
Selection - ‘ Column Output Tuple
~ o ! Distribution: None
N

Y

h / < Alias: "b"
| Reference "b"
\ /

/

A 4

Reference "a" Number "1"
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select b from t
where a = 1

raw IR @ PICODATA

Distribution: None

/ x \ 4
Tuple
S ”tll
@ Eq Distribution: None

Selection

\ 4 K ; \ 4 ;’ v RS

~
; O]fltpu.t W Reference Constant 1 Alias: "a" Alias: "b"
Distribution: None|

4—\ - v v
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1 . L
Column [ Column et R
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Sharded tables
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Distributions

How during IR build, we understand that Motion must be inserted?

@ PICODATA

Distribution - properties of output table, that must be true for Relational node output’s

table after subtree with its node was dispatched and materialized on storages

select b from t
where a =1

Output tuple
None

1

Alias: "a"

[ Column J [ Column J
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Raw IRto IR

select b from t
where a = 1

Output tuple
Distribution:

Selection

None )

y
Output tuple
Scan "t" Eq Distribution: Alias: "b"
None
\ AV 4 e

~
Reference
CTRTEL S Reference Constant 1 Alias: "a" Alias: "b" -
Segment ("a") ’

’
- ) )
s
1 2 Reference Reference
Alias: "a" Alias: "b"
) T

1 T M

h HE \ i
N 'I \ ’l
Column Column S-- S--
J
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Raw IRto IR @ PICODATA

Selection

None )
S E—
Scan "t" Eq Output tuple
Segment ("a")

select b from t
where a = 1

( Output tuple

Distribution:

K ; l » i R
Oumuns Reference Constant 1 Alias: "a" Alias: "b"
Segment ("a") ’
’
v v

1 _ . Reference Reference
Alias: "a" Alias: "b"

v ,

\ 1
[ Column [ Column J ’
J

. ’ \
1 1 1

1
‘’ \ ’

T T
. X
1

26



Raw IRto IR

)

Selection

rﬁx;

N

Output tuple Tuple Tuple
Segment ("a") Segment ("a") Replicated
J

1 & 5 N . Y . g Y

Alias: "a" Alias: "b" Reference "a" Constant 1
J J .

T
[ Column Column }

J

@ PICODATA

select b from t
where a = 1

Output tuple
Segment ("b")

Output tuple
Segment ("a")

l » i RIS
[Alias: "a'] Alias: "b"]

v v

[ Reference ] [ Reference }

~
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Bucket discovery

Bucket discovery - calculation of buckets, where IR
subtree must be executed.

@ PICODATA
‘ . select b from t
Projection
where a = 1

A

y
‘ Selection
[ Reference "a" J [ Constant 1 J

Y
‘ Scan "t"
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Execution: bucket discovery

Buckets::All

‘ Projection

A

‘ Selection

|

:

[ Reference "a" } [ Constant 1 J

|
en \ select b from t
Scan "t .
! where a = 1
1
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Execution: bucket discovery & picopara

where a = 1

select b from t [ - J
Projection

Y

bucket_id = hash((1)) % bucket_count +1

k/_\

':> Buckets::Filtered(10)

f \
Buckets::All <:\ .. Scan "t" \ "
\ A




Execution: bucket discovery

select b from t

Projection
———

where a = 1
’ ~ ‘; T =~ - o o
) - -
~
. N
. Selection ..
- \ \J %
Buckets::All Buckets::Filtered(10)
N\
N Scan "t" Eq
A Y

[ Reference "a" ] [ Constant 1 }

-
——
E—
il T

Buckets::Filtered(10)
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Execution: bucket discovery

g
select b from t , Projection Buckets::Filtered(10)
where a =1 1 \ TS
I S~ -
1 =~ N
1 r—v—\ T
\
/ . 1
L Selection Buckets::Filtered(10) I
" \_ J 7
- -~ /
- Vi
1
Buckets::All Buckets::Filtered(10) !
]
1 ]
\ I
\ [
N I
S 1
N
~ 1
. 1
~ 1
~ \
AN Reference ug Constant 1 .
~ “ \
-~ -~ |
] -~ ,
td
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Execution: vshard rpc & picobata

\\\
Projection Buckets::Filtered(10) >
vshard.router.callro(10, 'libsbroad.execute', args)

\ 4

Selection }

. parameters: (1)
T~ Required
‘»“' - ~~ »“i .
1 ( ) plan_id: hash(IR)
Scan "t" Eq ’ |:>
~———— \ = N W,
P yd \\\* Optional IR
Tuple Tuple
Key ("a" Replicated
Y

Parameter: ?
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Storage cache

parameters
Required

plan_id
Optional IR

@ PICODATA

SQL cache (LRU)

— — — — P plan_id |stmt_id

/ Tarantool cache

T = <lstmt_id VDBE



IR to SQL

Projection

Selection

Output tuple
Key (Nb”)
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Tarantool SQL: VDBE & picopata

box.execute([[ ldx | opcode p1 P2 p3 p4 p5
. " e 0 Init 0 1 0 00
eXpIam,,S,.el_eCt b™ from "t 1 IteratorOpen 1 0 0 space<name=t> 02
where "a" =1 2 Integer 1 1 0 00

]]) 3 IsNull 1 5 0 00
4 MustBelnt 1 10 0 00

5 SeekGE 1 10 1 1 00

6 [dxGT 1 10 1 1 00

7 Column 1 1 2 00

8 ResultRow 2 1 0 00

9 Next 1 6 0 00

10 Halt 0 0 0 00



Example 2



Query

select a from t1 where a in (select b from t2)
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Raw IR

select a from t1
where ain
(select b from t2)

Raw IR

Output tuple
Dist: None

S

{ Reference W ‘ Reference ]
’

Alias: "a"

Column

----------- p

Projection ’ [ Reference

'\}‘Alias: "b”’ [ Scan "t2" ’
v v

;. Output tuple
Ref ;
elerence } ‘ Dist: None

Output tuple
Dist: None

Reference
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Simplified raw IR

select a from t1
where ain (
select b from t2

)

SQ
Scan "t1"

[ Projection "a" ]

Selection "a" in
SQ

o

Projection "b"

|
| s |
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Case 1: t1(a), t2(b)



Initial conditions

t1 sharded by "a"

t2 sharded by "b"

select a from t1
where a in (

Projection "a"

select b from t2

)

Selectlon a" in

-
-

o
=

SQ

Projection "b"

[ Scan "t2"
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Distribution conflict? & picopara

t1 sharded by "a" select a from t1 Projection "a"
where a in (
select b from t2
t2 sharded by "b" )
[ Selectlon "a" 1n]
SQ
Segment("a") Sean "t1" Projection "b" Segment("b")

[ Scan "t2" ] Segment("b")
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Answer @ PICODATA

t1 sharded by "a" |select a from t1 Projection "a" | | Segment("a”)
where a in (
select b from t2 ¢
t2 sharded by "b ) . : select a from t1
Selection "a" in Segment("a") where a in (select
SQ b from t2)

o

Segment("a") [ Sean "t1" ]

SQ

Projection "b"

!

{ Scan "t2" } Segment("b")

Segment("b")
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Case 2: different
filter



Different filter

t1 sharded by "a"

t2 sharded by "b"

select a from t1
where a NOT in (
select b from t2

)

Projection "a" ]

Selection NOT
" H in SQ

o

SQ
Scan "t1" Projection "b"

[ Sean "t2"
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Different filter

t1 sharded by "a" select a from t1

P t P
Where a NOT in ( I'OJCC 10n ]

select b from t2

t2 sharded by "b" |

Selection NOT

" H in SQ

o

segren(a| | sanv |

SQ

Projection "b"

[ wean 2"

Segment(nbn)

Segment("b")
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Motion with Full policy & ricopata

ng select a from t1 o ction "a" ("a"
t1 sharded by "a where a NOT in ( [ Projection "a } Segment("a")
select b from t2
t2 sharded by "o"  |) A 2
Selection "a" not Segment("a")
in SQ 9
SQ
Segment("a") Scan "t1" Motion(Full) Replicated
Y
[ Projection "b" J Segment("b")
Y
[ Scan "t2" ] Segment("b")
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Motion with Full policy

[ Projection "a"

|

A

A

Selection "a" not

in SQ

v
=

SQ
Motion(Full)

Y

-

Projection "b"

~N

Y

Scan "t2"

Buckets::All

A

Buckets::All

=

1. Execute on all
replicasets
2. Query:

select "b" from "t2"
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Motion with Full policy

Projection "a" Buckets::All

Selection "a" not Buckets::All
in SQ

Buckets::All /

\ Buckets::All

=

SQ
Motion(Full)

Virtual Table
"TMP_space"

1

npyn

@ PICODATA

1. Execute on all replicasets

2. Copy "TMP_space" to each
replicaset

3. Query:

select "a" from t1

where "a" not in

(select "b" from "TMP_space")
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Case 3: t1(a), t2(c)



Motion with Segment policy

[ Projection "a" ] Segment("a")

[Selectlon a" J Segment("a

SQ
Segment("a") [ Scan "t1" ] [Motlon(Segment(b)

|

[ Projection "b" J

[ Scan "t2" ]

Segment("b")

Any

Segment("c")
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Motion(Segment): execution

[ Projection "a"

J

Selection "a" in

SQ

SQ
M

~

otion(Segment("b"))

&

v

e

Projection "b"

Y

Scan "t2"

Buckets::All

1. Execute on all
replicasets
2. Query:

select "b" from "t2"

A

Buckets::All
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Motion(Segment): Linking

{ Projection "a" ]

Selection "a" in

SQ

sQ [ ‘
Motion(Segment("b"))

Virtual Table
"TMP_space"

|

Y

Ilbll
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Motion(Segment): Index

Projection "a"

Selection "a" in

SQ

SQ
Scan "t1"

Motion(Segment("b")) ?_?&Lll)az;z:;l:'

Index
Y
"b" bucket_id
1 100
2 250
3
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Motion(Segment): sending

Buckets::All

Projection "a"

Buckets::Filtered(100, 250)

nan s

Selection "a" in

Buckets::Filtered(100, 250)

SQ

Buckets::Filtered(100, 250)

sQ ( |
Motion(Segment("b"))

@ PICODATA

router

/

"

Storage 1
Buckets: 0-150

Virtual Table
"TMP_space"
Index
Y
"b" bucket_id
1 100
2 250
3

\

b
1
3

\

Storage 2
Buckets: 150-300
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DML query



DML

t1

insert into "t1"
select * from "t2"

insert t1

!

b bucket_id

projection *

t2

|

d bucket_id

scan t2
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t1(a)

insert into "t1"
select * from "t2"

b bucket_id

t2(d)

d bucket _id

Do we need a motion?

insert t1

v

e A

projection * Segment("d")

& J

!

[ scan t2 ] Segment("d")




Motion with Segment policy

t1(a)

insert into "t1"
select * from "t2"

=
!

|

Motion(Segment(c)) ] Segment("c")

b bucket_id

t2(d)

d bucket_id

!

projection *

!

scan t2

Segment("d")

Segment("d")

Yes
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Motion with Segment policy

t1(a)

insert into "t1"
select * from "t2"

insert t1

!

b bucket _id

t2(d)

projection *

!

d bucket _id

scan t2

Segment("d")

Segment("d")
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DDL query



DDL

create table "t" (
"a" integer not null,
"b" int not null,
primary key ("b","a"))
using memtx
distributed by ("a", "b")
option (timeout = 3)

Router

CreateTableParams

CAS
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Thanks for your
attention!



o &~

Glossa ry @ PICODATA

IR (intermediate representation) - plan of a query in picosql library.
Executor - module responsible for plan (IR) execution in picosql
VDBE - internal representation of sql query in Tarantool

Virtual Table - temporary table during distributed query execution
Router - node where IR is built and where Executor works.

Storage - node where data is stored and where execution happens.



