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● metakeys
○ metakeys Command 개요

○ metakeys Command Flow
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● Parse to Statement Tree by using “Stack”

● Statement Tree로구성하여사용하는이유

■ Evaluate & Filter
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● Redis의 MetaDict에저장되어있는 Key들중에, 특정조건에맞는 Key들만

Filtering하는연산
○ MetaDict의 Metakey는다음과같은구조를가지고있음

M:{TableID:Partitions}

Partitions = ColumnID:Value:ColumnID:Value...

○ ex) M:{100:2:0}

→ Col2 = 0

● Command Parameters
○ Pattern

■ ex) M:{100:*}

○ Statements

■ SQL의 Where절을 String으로표현

■ ex) SELECT … WHERE col2 = 3 OR col2 < 2;

→ 3*2*EqualTo:2*2*LessThan:Or:$

metakeys

4



● Where Statements에적합한 Partition을가지고있는 Metakey를 Filtering
○ ex) redis-cli> metakeys M:{100:*} 3*2*EqualTo:2*2*LessThan:Or:$

■ TableID

100

■ Statements

col2 = 3 OR col2 < 2

metakeys

M:{10:2:3}

M:{100:1:1}

M:{100:1:3}

M:{100:2:1}

M:{100:2:2}

M:{100:2:3:5:1}

M:{100:3:1}

M:{200:2:1}

...

M:{10:2:3}

M:{100:1:1}

M:{100:1:3}

M:{100:2:1}

M:{100:2:2}

M:{100:2:3:5:1}

M:{100:3:1}

M:{200:2:1}

...

Filtering
why?
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● Q) 왜 M:{100:3:1}도 scan하는거에요?

→ 해당 Partition에, Statements 조건에맞는값들이존재할수있음

metakeys

M:{10:2:3}

M:{100:1:1}

M:{100:1:3}

M:{100:2:1}

M:{100:2:2}

M:{100:2:3:5:1}

M:{100:3:1}

M:{200:2:1}

...

Col1 Col2 Col3 Col4 Col5

102 1 393 209 129

39 1 24 94 34

281 1 200 12 7 Col1 Col2 Col3 Col4 Col5

4 3 393 209 1

55 3 24 94 1

95 3 200 12 1

Col1 Col2 Col3 Col4 Col5

12 29 1 32 4

559 3 1 1332 123

321 1 1 1345 958 6



metakeys

M:{10:2:3}

M:{100:1:1}

M:{100:1:3}

M:{100:2:1}

M:{100:2:2}

M:{100:2:3:5:1}

M:{100:3:1}

M:{200:2:1}

...

M:{10:2:3}

M:{100:1:1}

M:{100:1:3}

M:{100:2:1}

M:{100:2:2}

M:{100:2:3:5:1}

M:{100:3:1}

M:{200:2:1}

...

Filtering

M:{10:2:3}

M:{100:1:1}

M:{100:1:3}

M:{100:2:1}

M:{100:2:2}

M:{100:2:3:5:1}

M:{100:3:1}

M:{200:2:1}

...

fpScan

fpScan D:{10:2:3}

fpScan D:{100:1:1}

fpScan D:{100:1:3}

fpScan D:{100:2:1}

fpScan D:{100:2:2}

fpScan D:{100:2:3:5:1}

fpScan D:{100:3:1}

fpScan D:{100:2:1}

...

No Filtering

Filtering

fpScan

fpScan D:{100:1:1}

fpScan D:{100:1:3}

fpScan D:{100:2:1}

fpScan D:{100:2:3:5:1}

fpScan D:{100:3:1}

Call “fpScan” Count

= Total MetaKeys → 5
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metakeys - Overview
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metakeys - Command Flow
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metakeys - Code Structure

metakeysCommand()

Initialize Step

Validate Step

Parse & Evaluate Step

● MetaDict에서 MetaKey들을 Collect

● Pattern matching

● Stringfied Statements가 Valid Form인지
Check (미구현)

● Stringfied Statement를 Evaluation Tree로
Parse

● Evaluation Tree에각 Metakey를 Evaluate, 

조건에맞으면유지, 조건에맞지않으면
Filter

Collect

Validate

Parse

Evaluate

Filter
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metakeys - Example
● ex) redis-cli> metakeys M:{100:*} 3*2*EqualTo:2*2*LessThan:Or:$

MetaDict

M:{10:2:3} hashdict

M:{100:1:1} hashdict

M:{100:1:3:2:0} hashdict

M:{100:2:1:3:7} hashdict

M:{100:2:2} hashdict

M:{100:2:3:5:1} hashdict

M:{100:3:1} hashdict

M:{100:3:2:4:1} hashdict

M:{200:2:1} hashdict

M:{200:2:3} hashdict

Evaluation Tree

Results
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metakeys - Code Structure

metakeysCommand()

Initialize Step

Validate Step

Parse & Evaluate Step

● MetaDict에서 MetaKey들을 Collect

● Pattern matching

● Stringfied Statements가 Valid Form인지
Check (미구현)

● Stringfied Statement를 Evaluation Tree로
Parse

● Evaluation Tree에각 Metakey를 Evaluate, 

조건에맞으면유지, 조건에맞지않으면
Filter

Collect

Validate

Parse

Evaluate

Filter
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metakeys - Initialize Step

● MetaDict에있는모든 metakey들을 Vector로수

집함

● 이때, Pattern matching을수행하여, Pattern에맞

는 metakey들만가져옴

● Stringfied Statements가주어지지않으면, 

Pattern matching한결과만 Reply

13



metakeys - Example
● ex) redis-cli> metakeys M:{100:*} 3*2*EqualTo:2*2*LessThan:Or:$

MetaDict

M:{10:2:3} hashdict

M:{100:1:1} hashdict

M:{100:1:3:2:0} hashdict

M:{100:2:1:3:7} hashdict

M:{100:2:2} hashdict

M:{100:2:3:5:1} hashdict

M:{100:3:1} hashdict

M:{100:3:2:4:1} hashdict

M:{200:2:1} hashdict

M:{200:2:3} hashdict

Evaluation Tree

Results
M:{100:1:1}

M:{100:1:3:2:0}

M:{100:2:1:3:7}

M:{100:2:2}

M:{100:2:3:5:1}

M:{100:3:1}

M:{100:3:2:4:1}
14



metakeys - Code Structure

metakeysCommand()

Initialize Step

Validate Step

Parse & Evaluate Step

● MetaDict에서 MetaKey들을 Collect

● Pattern matching

● Stringfied Statements가 Valid Form인지
Check (미구현)

● Stringfied Statement를 Evaluation Tree로
Parse

● Evaluation Tree에각 Metakey를 Evaluate, 

조건에맞으면유지, 조건에맞지않으면
Filter

Collect

Validate

Parse

Evaluate

Filter
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metakeys - Code Structure

metakeysCommand()

Initialize Step

Validate Step

Parse & Evaluate Step

● MetaDict에서 MetaKey들을 Collect

● Pattern matching

● Stringfied Statements가 Valid Form인지
Check (미구현)

● Stringfied Statement를 Evaluation Tree로
Parse

● Evaluation Tree에각 Metakey를 Evaluate, 

조건에맞으면유지, 조건에맞지않으면
Filter

Collect

Validate

Parse

Evaluate

Filter
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metakeys - Parse & Evaluate Step

● Related Structs
○ Condition

■ Where의하나의 Condition을저장하는구조

■ ex) 3*2*EqualTo:

○ ConditionChild

■ Condition의 Child에해당하는 Value를저장함

■ Long type, Sds type, Condition type

■ ex) 3 (long)

○ ConditionValue (union)

■ Condition 혹은 Long 혹은 sds

○ PartitionParameter

■ Metakey의 Partition 정보를저장하는구조

■ ex) M:{100:2:3}

→ 

columnId = 2, PartitionValue = 3 17



● Stringfied Statements를하나씩 Parse & 

Evaluate
○ Statement Suffix(“$”)로 tokenize

○ ex)

3*2*EqualTo:2*2*LessThan:Or:$4*5*EqualTo:$

→ 

3*2*EqualTo:2*2*LessThan:Or:

4*5*EqualTo:

○ 하나의 Statement에대해서 Parse & Evaluate함

metakeys - Parse & Evaluate Step

18



● Stringfied Statement (rawStatementStr)
○ 하나의 Statement를 Statement Tree로 Parse함

○ parseStatement() function에서수행함

○ Condition *root에 Statement Tree의 root를저장

○ ex)

3*2*EqualTo:2*2*LessThan:Or:

→ 

3

metakeys - Parse & Evaluate Step

Or

EqualTo LessThan

2 22
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metakeys - Parse Statement

● Stack을사용하여 rawStatement를 Tree로

Parse
○ Why?

■ Tree로만들어서사용하게되면, metakey를

하나씩 evaluate할때 Condition을매번재사

용할수있기때문

■ Stack으로 evaluate하게되면, metakey를하

나씩 evaluate할때마다 stack 연산이필요함

(memory write 발생)

● ex) 3*2*EqualTo:2*2*LessThan:Or:

20



metakeys - Parse Statement

● Stack을초기화하고, Operator delimiter(“:”)

로 tokenize함

Empty

2*2*LessThan:Or:

Stack

savePtr (Remain)

3*2*EqualTo

Token

21



metakeys - Parse Statement

● Stack 상황과 Token에따라서, Condition을

생성함
○ createCondition() function으로 condition 생성

Empty

Stack

3*2*EqualTo

Token (= rawCondition)

2*2*LessThan:Or:

22



metakeys - Parse Statement

● rawCondition을 Operand Delimiter(“*”)로

Tokenize

Empty

Stack

3*2*EqualTo

rawCondition

3 2*EqualTo

23



metakeys - Parse Statement

● Operand(ConditionChild) 객체생성
○ Long type이면, type을 Long으로지정한뒤 value.l

로저장

○ sds type이면, type을 sds로지정한뒤, value.s로

저장

Empty

Stack

rawCondition

3 2*EqualTo leafOperandCount = 0

3

24



metakeys - Parse Statement

● Stack에 ConditionChild를 Push
○ leafOperandCount를 1 증가시킴

○ Operand Delimiter로다시 Tokenize 

Stack

rawCondition

2 EqualTo leafOperandCount = 1

3
3

25



metakeys - Parse Statement

● Keep Going… Finish

Stack

rawCondition

EqualTo \0 leafOperandCount = 2

3

2

32
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metakeys - Parse Statement

● Continue on createCondition()
○ 남은 Token의 OperatorType Check

○ optype에따른 child 개수인 opCount Check

■ EqualTo는 opCount = 2

Stack

rawCondition

EqualTo \0 leafOperandCount = 2

3

2

3

EqualTo

2

27



metakeys - Parse Statement

● Continue on createCondition()
○ leafOperandCount가 2 이므로, Leaf Condition

○ Stack에서 Pop하여 newcond에붙여줌

○ 첫번째 element는항상 columnID이므로 Err check

Empty

Stack

rawCondition

EqualTo \0 leafOperandCount = 2

3

EqualTo

2

28



metakeys - Parse Statement

● 새로만든 Condition을 Stack에넣고, 다음

Condition Parse...

Stack

3

EqualTo

2

2*2*LessThan

Token (= rawCondition)

Or:

EqualTo

29



metakeys - Parse Statement

● 마지막 “Or”의 Case
○ rawCondition에 child가없으므로동작이약간다

름

Stack

3

EqualTo

2

Or

Token (= rawCondition)

\0

EqualTo

LessThan

22

LessThan

30



metakeys - Parse Statement

● rawCondition을 Operand Delimiter(“*”)로

Tokenize
○ savePtr이이미 “\0”이므로 While문을거치지않음

Stack

Or

rawCondition

Or \0

3

EqualTo

2
EqualTo

LessThan

22

LessThan

31



metakeys - Parse Statement

● Continue on createCondition()
○ 남은 Token의 OperatorType Check

○ optype에따른 child 개수인 opCount Check

■ Or는 opCount = 2

Stack

rawCondition

leafOperandCount = 0

3

EqualTo

2
EqualTo

LessThan

22

LessThan

Or \0

Or

32



metakeys - Parse Statement

● Continue on createCondition()
○ leafOperandCount가 0 이므로, Non-Leaf Condition

○ Condition들을 Stack에서 Pop하여 Child로붙여줌

Stack

rawCondition

3

EqualTo

2
EqualTo

LessThan

22

LessThan

leafOperandCount = 0Or \0

Or

33



metakeys - Parse Statement

● 새로만든 Condition을 Stack에넣고, 다음

Condition Parse…
○ rawStatementStr을모두 Parse했으므로마지막

root만 Stack에남음

Stack

\0

Token (= rawCondition)

\0

Or
3

EqualTo

2

LessThan

22

Or

34



metakeys - Parse Statement

● Root를 Stack에서 Pop하고 stack을 free시

킨뒤, Terminate...

Stack

3

EqualTo

2

LessThan

22

Or

35



metakeys - Example
● ex) redis-cli> metakeys M:{100:*} 3*2*EqualTo:2*2*LessThan:Or:$

MetaDict

M:{10:2:3} hashdict

M:{100:1:1} hashdict

M:{100:1:3:2:0} hashdict

M:{100:2:1:3:7} hashdict

M:{100:2:2} hashdict

M:{100:2:3:5:1} hashdict

M:{100:3:1} hashdict

M:{100:3:2:4:1} hashdict

M:{200:2:1} hashdict

M:{200:2:3} hashdict

Evaluation Tree

Results
M:{100:1:1}

M:{100:1:3:2:0}

M:{100:2:1:3:7}

M:{100:2:2}

M:{100:2:3:5:1}

M:{100:3:1}

M:{100:3:2:4:1}

3

EqualTo

2

LessThan

22

Or

36



● Finished Parse Step… Next?
○ Collect한 MetaKey들을 Statement Tree에서 Evaluate

○ Metakey들을하나씩순회하며 Evaluate함

■ 통과된 Metakey만결과에저장함

3

metakeys - Parse & Evaluate Step

Or

EqualTo LessThan

2 22

M:{100:1:1}

M:{100:1:3:2:0}

M:{100:2:1:3:7}

M:{100:2:2}

M:{100:2:3:5:1}

M:{100:3:1}

M:{100:3:2:4:1}

Evaluate

37



● evaluateCondition()
○ Statement Tree를 Traverse하며해당 metakey가조건

에맞는지 Evaluate

○ metakey는여러 partition으로이루어져있음

■ ex) M:{100:2:3:5:1}

→ col2 = 3, col5 = 1

○ 단일 metakey에서 partition들을 parsing함

metakeys - Parse & Evaluate Step

M:{100:1:1}

M:{100:1:3:2:0}

M:{100:2:1:3:7}

M:{100:2:2}

M:{100:2:3:5:1}

M:{100:3:1}

M:{100:3:2:4:1}
38



● evaluateCondition()
○ _parsePartitions()

■ Metakey의 partition들을파싱하여

Vector(PartitionParameter)로구성함

■ Partition Value는 String이될수있으므로 sds 

type도지원

■ ex) M:{100:1:1}

metakeys - Parse & Evaluate Step

M:{100:1:1}

M:{100:1:3:2:0}

M:{100:2:1:3:7}

M:{100:2:2}

M:{100:2:3:5:1}

M:{100:3:1}

M:{100:3:2:4:1}

Vector Col1 = 1

39



● evaluateCondition()
○ Recursive Function인 _evaluateCondition()을사용하여

Statement Tree에 PartitionParameter들을테스트함

metakeys - Parse & Evaluate Step

Vector Col1 = 1

M:{100:1:1}

M:{100:1:3:2:0}

M:{100:2:1:3:7}

M:{100:2:2}

M:{100:2:3:5:1}

M:{100:3:1}

M:{100:3:2:4:1}

3

Or

EqualTo LessThan

2 22

Evaluate
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● _evaluateCondition()
○ Condition의 Type에따라서각기다른함수를호출

■ Leaf → _evaluateLeafOperator()

■ Non-Leaf → _evaluateNonleafOperator()

○ Or는 Non-Leaf

metakeys - Parse & Evaluate Step

M:{100:1:1}

M:{100:1:3:2:0}

M:{100:2:1:3:7}

M:{100:2:2}

M:{100:2:3:5:1}

M:{100:3:1}

M:{100:3:2:4:1}

3

Or

EqualTo LessThan

2 22

Evaluate

Vector Col1 = 1
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● _evaluateNonleafCondition()
○ Format에맞지않는 Error Checking

○ optype에따라서각기다른 operator 호출

■ First, Second Child에대해각각

_evaluateCondition()을 Recursive Call

metakeys - Parse & Evaluate Step

M:{100:1:1}

M:{100:1:3:2:0}

M:{100:2:1:3:7}

M:{100:2:2}

M:{100:2:3:5:1}

M:{100:3:1}

M:{100:3:2:4:1}

3

Or

EqualTo LessThan

2 22

Vector Col1 = 1

Evaluate
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● _evaluateCondition()
○ EqualTo는 Leaf Condition이므로

_evaluateLeafCondition() 함수호출

metakeys - Parse & Evaluate Step

M:{100:1:1}

M:{100:1:3:2:0}

M:{100:2:1:3:7}

M:{100:2:2}

M:{100:2:3:5:1}

M:{100:3:1}

M:{100:3:2:4:1}

3

Or

EqualTo LessThan

2 22

Vector Col1 = 1

Evaluate
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● _evaluateLeafCondition()
○ EqualTo에대해서 Leaf Condition을 Check함

○ 첫번째 Child는 ColumnID

○ ColumnID가 parameter의 ColumnID와같지않으면

continue

○ EqualTo의 ColumnID가 2이므로, continue 후 True를

반환하게됨

metakeys - Parse & Evaluate Step

M:{100:1:1}

M:{100:1:3:2:0}

M:{100:2:1:3:7}

M:{100:2:2}

M:{100:2:3:5:1}

M:{100:3:1}

M:{100:3:2:4:1}

3

Or

EqualTo LessThan

2 22

Vector Col1 = 1

True

44



● _evaluateNonleafCondition()
○ Or 연산이므로, 전자의연산이 True라면후자의연산은

계산되지않고바로 True를리턴함

metakeys - Parse & Evaluate Step

M:{100:1:1}

M:{100:1:3:2:0}

M:{100:2:1:3:7}

M:{100:2:2}

M:{100:2:3:5:1}

M:{100:3:1}

M:{100:3:2:4:1}

3

Or

EqualTo LessThan

2 22

Vector Col1 = 1

True

45



metakeys - Parse & Evaluate Step

Vector Col1 = 3

M:{100:1:1}

M:{100:1:3:2:0}

M:{100:2:1:3:7}

M:{100:2:2}

M:{100:2:3:5:1}

M:{100:3:1}

M:{100:3:2:4:1}

3

Or

EqualTo LessThan

2 22

Col2 = 0

46



● _evaluateLeafCondition()
○ EqualTo에대해서 Leaf Condition을 Check함

○ 첫번째 Child는 ColumnID

○ ColumnID가 parameter의 ColumnID와같지않으면

continue

○ 2번째 Partition을검사하게됨

metakeys - Parse & Evaluate Step

M:{100:1:1}

M:{100:1:3:2:0}

M:{100:2:1:3:7}

M:{100:2:2}

M:{100:2:3:5:1}

M:{100:3:1}

M:{100:3:2:4:1}

3

Or

EqualTo LessThan

2 22

Evaluate

Vector Col1 = 3 Col2 = 0

47



● _evaluateLeafCondition()
○ EqualTo의경우는, Long은 ==, sds는 sdscmp()로비교

함

○ 0 != 3 이므로 False를반환

metakeys - Parse & Evaluate Step

M:{100:1:1}

M:{100:1:3:2:0}

M:{100:2:1:3:7}

M:{100:2:2}

M:{100:2:3:5:1}

M:{100:3:1}

M:{100:3:2:4:1}

3

Or

EqualTo LessThan

2 22

False

Vector Col1 = 3 Col2 = 0

48



● _evaluateNonleafCondition()
○ Or 연산이므로, 전자의연산이 False라면후자의연산

도계산해야함

metakeys - Parse & Evaluate Step

M:{100:1:1}

M:{100:1:3:2:0}

M:{100:2:1:3:7}

M:{100:2:2}

M:{100:2:3:5:1}

M:{100:3:1}

M:{100:3:2:4:1}

3

Or

EqualTo LessThan

2 22

False

Vector Col1 = 3 Col2 = 0

Evaluate

49



● _evaluateLeafCondition()
○ LessThan(Equal), GreaterThan(Equal)의경우는, Long 

Type일경우에만계산함

○ 0 < 2 이므로 True를반환

○ 이경우, Or 연산도 True

metakeys - Parse & Evaluate Step

M:{100:1:1}

M:{100:1:3:2:0}

M:{100:2:1:3:7}

M:{100:2:2}

M:{100:2:3:5:1}

M:{100:3:1}

M:{100:3:2:4:1}

3

Or

EqualTo LessThan

2 22

False

Vector Col1 = 3 Col2 = 0

True

True

50



metakeys - Parse & Evaluate Step

Vector Col2 = 1

M:{100:1:1}

M:{100:1:3:2:0}

M:{100:2:1:3:7}

M:{100:2:2}

M:{100:2:3:5:1}

M:{100:3:1}

M:{100:3:2:4:1}

3

Or

EqualTo LessThan

2 22

Col3 = 7

51



metakeys - Parse & Evaluate Step

M:{100:1:1}

M:{100:1:3:2:0}

M:{100:2:1:3:7}

M:{100:2:2}

M:{100:2:3:5:1}

M:{100:3:1}

M:{100:3:2:4:1}

3

Or

EqualTo LessThan

2 22
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metakeys - Example
● ex) redis-cli> metakeys M:{100:*} 3*2*EqualTo:2*2*LessThan:Or:$

MetaDict

M:{10:2:3} hashdict

M:{100:1:1} hashdict

M:{100:1:3:2:0} hashdict

M:{100:2:1:3:7} hashdict

M:{100:2:2} hashdict

M:{100:2:3:5:1} hashdict

M:{100:3:1} hashdict

M:{100:3:2:4:1} hashdict

M:{200:2:1} hashdict

M:{200:2:3} hashdict

Evaluation Tree

Results
M:{100:1:1}

M:{100:1:3:2:0}

M:{100:2:1:3:7}

M:{100:2:2}

M:{100:2:3:5:1}

M:{100:3:1}

M:{100:3:2:4:1}

3

EqualTo

2

LessThan

22

Or
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metakeys - Code Structure

metakeysCommand()

Initialize Step

Validate Step

Parse & Evaluate Step

● MetaDict에서 MetaKey들을 Collect

● Pattern matching

● Stringfied Statements가 Valid Form인지
Check (미구현)

● Stringfied Statement를 Evaluation Tree로
Parse

● Evaluation Tree에각 Metakey를 Evaluate, 

조건에맞으면유지, 조건에맞지않으면
Filter

Collect

Validate

Parse

Evaluate

Filter
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● _evaluateLeafCondition()
○ 만약연산이 LIKE Query라면?

○ Like의 parameter를연산에맞게 Glob Pattern으로수

정

■ CONTAINS → *Pattern*

■ ENDS_WITH → *Pattern

■ STARTS_WITH → Pattern*

○ sds 타입에대해서만테스트

metakeys - Parse & Evaluate Step

M:{100:2:Test}

M:{100:1:3:2:0}

M:{100:2:1:3:7}

M:{100:2:2}

M:{100:2:3:5:1}

M:{100:3:1}

M:{100:3:2:4:1}

es

Or

Contains LessThan

2 22

Vector Col2 = Test

Evaluate
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● _evaluateLeafCondition()
○ Test는 *es* Pattern에적합하므로 true를반환함

metakeys - Parse & Evaluate Step

M:{100:2:Test}

M:{100:1:3:2:0}

M:{100:2:1:3:7}

M:{100:2:2}

M:{100:2:3:5:1}

M:{100:3:1}

M:{100:3:2:4:1}

es

Or

Contains LessThan

2 22

Vector Col2 = Test

True

True
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Summary

● metakeys
○ metakeys Command

○ metakeys Command Flow

■ Parse

● Parse to Statement Tree by using “Stack”

● Statement Tree

■ Evaluate & Filter

● Acceptation for unmatched partition concept
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Q & A
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