PeKypCUBHbIN CNYyCK
Jlekuma Ne5



3agada:; pasodpaTb U BbIYUCIINTL BbIpaXXeHUs
SELECT (4 + (5 / 4)) * 2;

SELECT 2, 7 + 1.5, 10.25;

SELECT GREATEST(7, 10 - 4);

SELECT LEAST(16, 17 / 2);



dopma 3anncu BblipaXKeHUn
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e 4 + 5 / 4 — nHdukcHas
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dopmbl 3anncm bUHaApPHbIX onepaunm
OKBMBASIEHTHbIE POPMbI 3aMUCH:

e 4 + 5 / 4 — nHdukcHas
e + 4 / 5 4 —npedukcHas (nonbckas)
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dopmbl 3anncm bUHaApPHbIX onepaunm
OKBMBASIEHTHbIE POPMbI 3aMUCH:

e 4 + 5 / 4 — nHdukcHas

e + 4 / 5 4 — npedukcHas (nonbckas)

e 4 54 / + — noctdukcHasa (obpaTHas nonbckas)

HApyroe BblpaxeHue: CKOBKM HY>KHbI TOMBKO
e (4+5) /4 —vHPpuKcHas / AN MHPUKCHON hopmbl
e / + 45 4 —npedukcHasa (nonbckas)

e 4 5+ 4 / — noctdukcHas (obpaTHasn nonbckas)



[lpnopunTteTt onepaumnin
(Operator precedence)



‘abnuua NnpMopuTeToB

1 'la ** b BO3BefleHNe B CTeneHb

+a, -a yHapHble “nnawc”’ u “MumHyc”

2
3 |la*b, a/ b |ymHOXeHne, peneHune
4

a+ b, a- b |cnoxeHue, BbUYUTaAHUE




‘abnuua NnpMopuTeToB

1 'la ** b BO3BefleHNe B CTeneHb

2 |+a, -a yHapHble “nnawc”’ u “MumHyc”
3 |la*b, a/ b |ymHOXeHne, peneHune

4 'a + b, a - b |cnoxeHune, BbYUTaAHUE

8+ 7 +3 - ((8+7) + 3)

8 +7 *3 - (8+ (7 * 3))



Tabnuua NnpruopuTeTOB B pearbHbIX A3blKax

e (C++— 17 ypOBHEN NPUOPUTETOB
e Python — 18 ypoBHEN NPNOPUTETOB
e (Go — 5 ypoBHEN NPUOPUTETOB

5 * /% << >> & &7
4 + - | A

3 == I= < <= > >=

2 &&

1 | |



https://en.cppreference.com/w/cpp/language/operator_precedence.html
https://docs.python.org/3/reference/expressions.html
https://go.dev/ref/spec

Asbikn LISP n Clojure

Bce onepauun — B npedmKcHOU HOTauun

(+ 4 (/ 53))



AccounaTUBHOCTbL onepauunn



AccoumnaTuBHOCTb onepaumm
JleBoaccounaTuBHbIe

2 -8+ 7

- (2 - 8) +7

— 1



AccoumnaTuBHOCTb onepaumm

JleBoaccounaTuBHbIe
2 - 8+ 7
— (2 - 8) + 7

— 1

N3meHeHune nopAaaka N3AMEeHUT pe3yribrar.
2 - (8 +7)
- _13



AccoumnaTuBHOCTb onepaumm

JleBoaccouuaTuBHbIE MpaBoaccounaTBHbIe
2 - 8 + 7 2 %% 3 *% 9
(2 - 8) +7 - 2 *¥* (3 ** 2)

— 1

N3meHeHune nopAaaka N3AMEeHUT pe3yribrar.
2 - (8 +7)
- _13



BbluncneHue BblpaXeHunu
yepes NOCTPUKCHYIO opMy



BbluncneHue BbipaXXeHU C NOMOLLbIO CTEKA

1. lNpeobpasyem B NOCTMUKCHYH HOTALMIO
o 4+5 /4 - 454/ +
2. Bbluucngem ¢ noMoLLblo cTeka
o Yucno — push
o bwuHapHasa onepauna — pop, pop, push
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o 4+5 /4 - 454/ +

2. Bbluucngem c nomolblo cTeka
o Yucno — push

o buHapHaga onepauuna — pop, pop, push

Buipaxerue: | 4

S 4/ +

Crexk:




BbluncneHue BbipaXXeHU C NOMOLLbIO CTEKA

1. [Npeobpasyem B MOCTMPUKCHYIO HOTALUIO
o 4+5 /4 - 454/ +

2. Bbluucngem c nomolblo cTeka
o Yucno — push

o buHapHaga onepauuna — pop, pop, push

Boipaxenue: 4

4 / +

Crexk:




BbluncneHue BbipaXXeHU C NOMOLLbIO CTEKA

1. [Npeobpasyem B MOCTMPUKCHYIO HOTALUIO
o 4+5 /4 - 454/ +
2. Bbluncnsem c nomoLblo cTeka
o Yucno — push
o buHapHaga onepauuna — pop, pop, push

Buipaxernne: 4 5|4 |/ + Crexk:

o b




BbluncneHue BbipaXXeHU C NOMOLLbIO CTEKA

1. [Npeobpasyem B MOCTMPUKCHYIO HOTALUIO
o 4+5 /4 - 454/ +

2. Bbluncnsem c nomoLblo cTeka
o Yucno — push

o buHapHaga onepauuna — pop, pop, push

Boipaxenne: 4 5 4|/

4

Crexk:

1

.25




BbluncneHue BbipaXXeHU C NOMOLLbIO CTEKA

1. [Npeobpasyem B MOCTMPUKCHYIO HOTALUIO
o 4+5 /4 - 454/ +
2. Bbluncnsem c nomoLblo cTeka
o Yucno — push
o buHapHaga onepauuna — pop, pop, push

Boipaxenune: 4 5 4 /| +

Crexk:

5.25




Anroputm copTnpoBovHoun ctaHumm (Shunting Yard)

1. [lNpeobpasyeT MHPUKCHYIO 3annUcCb B NOCTQUKCHYIO
o 4 54 /] +

2. Hwnsknmn pacxog namsaTtu

O CTeK AJid COCTOAHNA

© odepenb And pe3ylibratoB
3. HepocTtaTku

o HeycTonums k oumbkam cuHTakKcuca (A _—— HEHED
o PasbupaeTt ToNbKO BblpaXeHus Output ( Input

Operator stack [+]

nnnrctpauna n3s Wikipedia



https://en.wikipedia.org/wiki/File:Shunting_yard.svg

[lepeBo pa3bopa



Mprmep BXOOHbIX AaHHbIX

SELECT 2, 7 + 1.5



MuHumansHasa rpaMmmaTuka

SELECT 2, 7 + 1.5

query = "SELECT", expression_list ;
expression_list = expression, { ",", expression } ;
expression = NUMBER, { "+", NUMBER } ;



[epeBo pasbopa

SELECT 2, 7 + 1.5 query

SELECT expression_list

expression COMMA expression

~ N

NUMBER NUMBER PLUS NUMBER




Pa3bop cBepxy BHM3 (top-down parsing)

SELECT 2, 7 + 1.5



Pa3bop cBepxy BHU3

SELECT|2, 7 + 1.5 query

—

SELECT expression_list




Pa3bop cBepxy BHU3

SELECT |2

7 + 1.5 query

—

SELECT expression_list

expression

o~

NUMBER




Pa3bop cBepxy BHU3

SELECT 2|, |7 + 1.5

-

sy
—

query

—

expression_list

AN

expression

COMMA

expression

o~

NUMBER




Pa3bop cBepxy BHU3

SELECT 2, 7|+ 1.5

SELECT

query

—

expression_list

expression COMMA expression
NUMBER

NUMBER




Pa3bop cBepxy BHU3

SELECT 2, 7|+ (1.5 query

SELECT expression_list

expression COMMA expression

~ N

NUMBER NUMBER PLUS 7?77




Pa3bop cBepxy BHU3

SELECT 2, 7 +|1.5 query

SELECT expression_list

expression COMMA expression

~ N

NUMBER NUMBER PLUS NUMBER




Pa3bop cBepxy BHU3

SELECT 2, 7 + 1.5 query

SELECT expression_list

expression COMMA expression

~ N

NUMBER NUMBER PLUS NUMBER




[logrotoBka rpamMmmMaTuKu
K PEKYPCUBHOMY CMYCKY



YcTpaHeHne neBou pekypcum

EBNF c neBoun pekypcuen:
expr = expr, [("+" | "-"), term];
term = term, [("*" | "/"), factor];

factor = identifier | number



YcTpaHeHne neBou pekypcum

EBNF c neBoun pekypcuen:
expr = expr, [("+" | "-"), term];
term = term, [("*" | "/"), factor];

factor = identifier | number

[lns peKkypCUBHOIO cnycka neBasi pekypcus
BbI3bIBAET DECKOHEYHYO PEKYPCUIO




YcTpaHeHne neBou pekypcum

3aMeHa Ha npaBylo PEKYpPCUIO:
expr = term, [("+" | "-"), expr];
term = factor, [("*" | "/"), term];

factor = identifier | number



YcTpaHeHne neBou pekypcum

3aMeHa Ha oriepaTop nosTopa:
expr = term, {("+" | "-"), term};
term = factor, {("*" | "/"), factor};

factor = identifier | number



dakTopunsauns
[1Ba npaBuna ¢ oaMHaKkoBbIM NPedUKCOM:
factor = variable | func_call | number ;
func_call = identifier, "(", expression_list, ")" ;

variable = identifier ;



dakTopunsauns

[1Ba npaBuna ¢ oguHaKkoBbIM NpedUKCoM:

factor = va

func_call =

riable | func_call | number ;

identifierL "(", expression_list,

variable =

identifier |;

dakTopmsauunsa co3gaét HeoaHO3HaYHOCTb

[ns PEKYPCUBHOIO CIyCKa JieBas

)"



dakTopunsauns
CBoaum obLWwmn NnpedunKkc B 0AHO NPaBuUsio:
factor = identifier
| identifier, "(", expression_list, ")"

| number



PeKkypCUBHLIN CMYyCK



Cnncok TecToB

[
[
[
[
-
|
[
[
[

]
]
]
]
]
]
]
]
]

Paz6op SELECT 6e3 FROM

Pas6bop SELECT 6e3 3aBepuaiwuero pasgenurens
Pa3bop C/IOXeHUA U BblYUTaHUA

Paszbop cnmcka BbipaXeHunu

YyéT neBou accoumaTUBHOCTWU MPU BbIYUTAHUU
Pazbop YMHOXeHUSA U AeneHus

Pazbop C pas3HbiMM NpuopuTeTamum ornepaTopoB
Pa3zbop CKOOOK

Pazbop Bbi3OBa $YyHKLMUMN



peanpocMoTp Ha OAUH TOKEH

TokenStream

- _lexer: Lexer

- _nextToken: Token

Lexer

SN

- _scanner: TextScanner

+ TokenStream(string sql)
+ Peek() : Token

+ Advance() : void

+Lexer(string sql)

+ParseToken() : Token




Knacc napcepa

Parser

- tokens TokenStream

+ ExecuteQuery(string query) : Row

+ ParseQuery(): Row

,
4
,

+ ColumnCount int

+ this[int index] decimal

+Row(params decimal[] values)

\4

TokenStream

- _lexer: Lexer

- _nextToken: Token

+ TokenStream(string sql)
+ Peek() : Token

+ Advance() : void




Knacc napcepa
public class Parser(string sql) {

private readonly TokenStream _tokens = new(sql);

// BbinonHAaeT SQL-3anpoc v Bo3BpawaeT pel3ynbTarT.
public static Row ExecuteQuery(string query) {
Parser p = new(query);

return p.ParseQuery();



[1lpeBpallaem npaBuna B METOAbI

/// <summary>

/// PasbupaeT OAOHO BbipaxeHue.

/// TpaBuna:

/17 expression = term_expression,

// { ("+" | "-"), term_expression } ;
/// </summary>

private decimal ParseExpression()



Knacc napcepa
// BbinonHAaeT SQL-3anpoc v Bo3BpawaeT pesynbTarT.
// TNononepxuBaeT npaBuna:
// query = select_statement, [ ";" ] ;
private Row ParseQuery() {
Row result = ParseSelectQuery();
ParseQueryDelimiter();

return result;



Knacc napcepa

// PasbupaeT SELECT-3anpoc 6e3 FROM.

// TpaBuna:

[/ select_statement = "SELECT", expression_list ;

private Row ParseSelectQuery() {
SkipExpectedLexeme(TokenType.Select);
List<decimal> values = ParseExpressionlList();

return new Row(values.ToArray());



JleBoaccouunaTmnBHble onepauunn — BapuaHT Ne1
private decimal ParseExpression() {
decimal value = ParseTermExpression();
switch (_tokens.Peek().Type) A
case TokenType.PlusSign:
_tokens.Advance();
return value + ParseExpression();
case TokenType.MinusSign: // aHanoru4yHo
default:

return value;



JleBoaccouunaTmnBHble onepauunn — BapuaHT Ne1
private decimal ParseExpression() A

decimal value = ParseTermExpression();

switch (_tokens.Peek().Type) A
HeBepHo obpaboTaet

case TokenType.PlusSign: 3 - 8 + 7

_tokens.Advance() ;

return value + ParseExpression();
case TokenType.MinusSign: // aHanoru4yHo
default:

return value;



JleBoaccouunaTnBHble onepaunn — BapunaHT N2

while (true) {

switch (_tokens.Peek().Type) { BepHo oGpaGoTaeT

case TokenType.PlusSign: 3 - 8 + 7

_tokens.Advance();
value += ParseTermExpression();
break;
case TokenType.MinusSign: // aHanoru4yHo
default:

return value;



BbI30Bbl QQYHKLNA

// [function_call = function_name, "(", [ args ], ")" ;

private decimal ParseFunctionCall() A
string name = _tokens.Peek().Value!.ToString();
Match(TokenType.Identifier);
Match(TokenType.OpenParenthesis) ;
List<decimal> arguments = ParseExpressionList();
Match(TokenType.CloseParenthesis);

return BuiltinFunctions.Invoke(name, arguments);



Bbi30Bbl PYHKLMN
// function_call = function_name, “(", [ args ], ")" ;

private decimal ParseFunctionCall() A

string |name [= _tokens.Peek().Value!.ToString();

Match(TokenType.Identifier);
Match(TokenType.OpenParenthesis) ;

List<decimal> arguments = ParseExpressionList();
Match(TokenType.CloseParenthesis);

return BuiltinFunctions.Invoke(name, arguments);



Bbi30Bbl PYHKLMN
// function_call = function_name, "(", [ args |, ")" ;
private decimal ParseFunctionCall() {

string name = _tokens.Peek().Value!.ToString();

Match(TokenType.Identifier);

Match(TokenType.OpenParenthesis) ;

List<decimal> arguments = ParseExpressionList();
Match(TokenType.CloseParenthesis) ;

return BuiltinFunctions.Invoke(name, arguments);



BbI30Bbl QQYHKLNA
// function_call = function_name, "(", [ args ], ")" ;
private decimal ParseFunctionCall() {
string name = _tokens.Peek().Value!.ToString();
Match(TokenType.Identifier);

Match(TokenType.OpenParenthesis) ;

List<decimal> arguments = ParseExpressionList();

Match(TokenType.CloseParenthesis);

return BuiltinFunctions.Invoke(name, arguments);



BbI30Bbl QQYHKLNA

// function_call = function_name, "(", [ args ], ")" ;

private decimal ParseFunctionCall() A
string name = _tokens.Peek().Value!.ToString();
Match(TokenType.Identifier);
Match(TokenType.OpenParenthesis) ;

List<decimal> arguments = ParseExpressionList();

Match(TokenType.CloseParenthesis);

return BuiltinFunctions.Invoke(name, arguments);



BbI30Bbl QQYHKLNA

// function_call = function_name,

(", [ args ], ")"

private decimal ParseFunctionCall() A

string name = _tokens.Peek().Value!.ToString();

Match(TokenType.Identifier);

Match(TokenType.OpenParenthesis) ;

List<decimal> arguments = ParseExpressionList();

Match(TokenType.CloseParenthesis);

return

BuiltinFunctions.Invoke

(name, arguments);

.
)



Onepauunsa Match
// TlponyckaeT oxupgaemyw nekcemy nnb6o 6pocaeT UCKIKYEHUe,
// ecnn BCTPETUT WHYK JIEKCEMY.
private void Match(TokenType expected) {
Token t = _tokens.Peek();
if (t.Type != expected) {
throw new UnexpectedLexemeException(expected, t);

}

_tokens.Advance();



McxogHbIn KOO npumepa

https://sourcecraft.dev/sshambir-public/memsal

- docs/specification/ — onucaHue A3bika
- src/SqlParser — ncxogHbin Kog
- tests/SqlParser.UnitTests — TecThl


https://sourcecraft.dev/sshambir-public/memsql

KoHeu!
Bonpochb!?



