






• Redis 내 관계형 모델 자료구조
• Key-Value 형태의 저장 기반을 관계형 모델로 변경
• Key-Value Store의 빠른 저장 속도를 활용하여 데이터를 적재

Key

value

object

timestamp:24

encoding:8

datatype:7

Key ∙∙∙ Key

location:1

Key-Value Model Relational Model
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• 관계형 모델 데이터 적재 문제
• 키-값 중복문제로 인하여 관계형 모델 적재 불가능
• 새로운 관계형 모델 설계가 필요



• 관계형 모델 설계

Date Item_Num Quantity User_ID

20180925 1 4 User2

20180925 1 2 User1

20180925 1 6 User6

20180925 1 11 User8

20180925 1 5 User5

20180926 1 3 User1

20180926 2 3 User13

20180926 2 7 User8

20180926 2 15 User2

• TableID

• RowID

• ColumnID

• RowGroupID

• PartitionInfo

TableID = 1

• TableID

• RowID

• ColumnID

• RowGroupID

• PartitionInfo

• TableID

• RowID

• ColumnID

• RowGroupID

• PartitionInfo

RowID = 1

RowID = 2

RowID = 9

ColumnID =1  ColumnID =2    ColumnID =3    ColumnID =4

• TableID

• RowID

• ColumnID

• RowGroupID

• PartitionInfo

RowgroupID = 1

RowgroupID = 2

RowgroupID = 3

RowID = 1

RowID = 2

RowID = 3

RowID = 1

RowID = 2

RowID = 3

RowID = 1

RowID = 2

RowID = 3

Iteration

Iterator로 인한 읽기 성능 저하
과도한 dictEntry 생성 및 데이터 핸들링 단위 증가



• Rowgroup
• Access 빈도를 줄이고 데이터 관리
를 편하게 하기 위해 Row를 Group
단위로 구분

Date Item_Num Quantity User_ID

20180925 1 4 User2

20180925 1 2 User1

20180925 1 6 User6

20180925 1 11 User8

20180925 1 5 User5

20180926 1 3 User1

20180926 2 3 User13

20180926 2 7 User8

20180926 2 15 User2

RowGroup = 1

RowGroup = 2

RowGroup = 3

Iteration
36 times

RowGroup = 1 RowGroup = 2 RowGroup = 3

Iteration 12 times



• 관계형 모델 설계

Date Item_Num Quantity User_ID

20180925 1 4 User2

20180925 1 2 User1

20180925 1 6 User6

20180925 1 11 User8

20180925 1 5 User5

20180926 1 3 User1

20180926 2 3 User13

20180926 2 7 User8

20180926 2 15 User2

• TableID

• RowID

• ColumnID

• RowGroupID

• PartitionInfo

Date Item_Num Quantity User_ID

20180925 1 4 User2

20180925 1 2 User1

20180925 1 6 User6

20180925 1 11 User8

20180925 1 5 User5

20180926 1 3 User1

Date Item_Num Quantity User_ID

20180926 2 3 User13

20180926 2 7 User8

20180926 2 15 User2

PartitionInfo = 2:2
PartitionInfo = 2:1

• TableID

• RowID

• ColumnID

• RowGroupID

• PartitionInfo ➔ ColumnID:Value





• Redis 관계형 모델 구조 적재 명령어(fpwrite)

Column1 Column2 Column3 Column4

1 1 3 4

5 1 6 7

FPWRITE D:{TableID : PartitionInfo}:G:RowgroupID PartitionInfo ColumnCount IndexColumn Value…

• TableID ➔ 100
• Rowgroup size ➔ 1
• PartitionInfo ➔ 2:1

• fpwriteCommand : 데이터 적재 명령어
• 데이터는 Row단위로 적재
• Parameter

• TableID
• PartitionInfo
• Column count
• Index column
• Value

FPWRITE D:{100:2:1} 2:1 4 0 1 1 3 4

Data prefix



• DataField

Date Item_Num Quantity User_ID

20180925 1 4 User2

20180925 1 2 User1

20180925 1 6 User6

20180925 1 11 User8

20180925 1 5 User5

20180926 1 3 User1

20180926 2 3 User13

20180926 2 7 User8

20180926 2 15 User2

• TableID ➔ 100
• Rowgroup size ➔3
• PartitionInfo ➔ 2:1

Date Item_Num Quantity User_ID

1:1 1:2 1:3 1:4

2:1 2:2 2:3 2:4

3:1 3:2 3:3 3:4

1:1 1:2 1:3 1:4

2:1 2:2 2:3 2:4

3:1 3:2 3:3 3:4

1:1 1:2 1:3 1:4

2:1 2:2 2:3 2:4

3:1 3:2 3:3 3:4

1
2
3
4
5
6
7
8
9

1         2          3         4 
Row

Column

1
2
3
4
5
6
7
8
9

1         2          3         4 
Row

Column

Row : Column

• Datakey – Hashdict pair에서 Hashdict에 저장된 value의 위치를 나타내는 Field

• Row : Column으로 구성

• Metadict에서 조회한 정보를 사용하여
데이터 적재시 Field를 생성하여 데이터를 저장



• Redis 관계형 모델 구조 적재 예시(fpwrite)

Column1 Column2 Column3 Column4

1 1 3 4

5 1 6 7

FPWRITE D:{100:2:1} 2:1 4 0 1 1 3 4

FPWRITE D:{100:2:1} 2:1 4 0 5 1 6 7

• TableID ➔ 100
• Rowgroup size ➔ 1
• PartitionInfo ➔ 2:1





Date Item_Num Quantity User_ID

1 1 3 4

5 1 7 8

9 1 11 12

13 1 15 16

17 1 19 20

21 1 23 24

Which Rowgroup?
Which Rownumber?

fpWriteCommand

• 데이터적재 요청시, dict를 순회하여 정보를 조회
할 경우 성능 저하 발생

• 데이터 적재를 위해 필요한 정보를 별도로 저장 및
관리하는 구조가 요구됨



• Metadict
• 데이터 적재에 필요한 정보를 저장

• Current_RowgroupID
• RowgroupID
• Rownumber



• Metadict 구조

• Metakey :M:{TableID:PartitionInfo}
✓ Meta정보를 찾기 위한 Key

• Current_RowgroupID
✓ 데이터가 적재되어야 할

RowgroupID 정보

• RowgroupID
✓ 데이터 적재로 인하여 생성된

Rowgroup

• Rownumber
✓ 각 Rowgroup에 저장된 Row 개수



fpwriteCommand

1. Command Parsing
✓ TableID
✓ PartitionInfo
✓ RowgroupID

2. Metadict 조회
✓ RowgroupID
✓ Rownumber

3. Datakey 생성

4. 데이터 적재
1. DataField 생성
2. Dict 조회(Datakey)
3. Hashdict 조회(DataField)
4. 데이터 저장

5. Metadict 갱신



Column1 Column2 Column3 Column4

1 1 3 4

5 1 6 7

FPWRITE D:{100:2:1} 2:1 4 0 1 1 3 4FPWRITE D:{100:2:1} 2:1 4 0 5 1 6 7

• TableID ➔ 100
• Rowgroup size ➔ 1
• PartitionInfo ➔ 2:1

Metadict

dict

dict

dict

de

M:{100:2:1}

Hashdict
Current_

Rowgroup

0

de

1

1

0

de

• RowgroupID =1
• Rownumber = 0

de

D:{100:2:1}:G:1

Hashdict

1:1

1

de

1:2

1
de

1:3

3
de

1:4

4
de

1

de

D:{100:2:1}:G:2

Hashdict

1:1

5

de

1:2

1
de

1:3

6
de

1:4

7
de

• Metadict를 활용한 데이터 적재 과정

1

0

de

01

2

• RowgroupID =2
• Rownumber = 0





• 초기 관계형 모델의 문제
• 과도한 메모리 사용

• 데이터 저장에 필요한 부가적인 요소로 인하여 메모리 사용량이 급격히 증가
• dictEntry – 24B
• Redis object – 16B



• Vector를 사용한 관계형 모델 개선
• 저장된 데이터 타입을 고려하여 Column 단위 Vector를 적용
• 생성되는 dictEntry와 Redis Object 수 감소

Date Item_Num Quantity User_ID

20180925 1 4 User2

20180925 1 2 User1

20180925 1 6 User6

20180925 1 11 User8

20180925 1 5 User5

20180926 1 3 User1

20180926 2 3 User13

20180926 2 7 User8

20180926 2 15 User2

1 1 1ColumnVector1

1 1 1ColumnVector2

2 2 2ColumnVector3



• DataField 변경

Date Item_Num Quantity User_ID

20180925 1 4 User2

20180925 1 2 User1

20180925 1 6 User6

20180925 1 11 User8

20180925 1 5 User5

20180926 1 3 User1

20180926 2 3 User13

20180926 2 7 User8

20180926 2 15 User2

• Vector 적용 전 • Vector 적용 후

Date Item_Num Quantity User_ID

20180925 1 4 User2

20180925 1 2 User1

20180925 1 6 User6

20180925 1 11 User8

20180925 1 5 User5

20180926 1 3 User1

20180926 2 3 User13

20180926 2 7 User8

20180926 2 15 User2

• TableID ➔ 100
• Rowgroup size ➔3
• PartitionInfo ➔ 2:1

Date Item_Num Quantity User_ID

1:1 1:2 1:3 1:4

2:1 2:2 2:3 2:4

3:1 3:2 3:3 3:4

1:1 1:2 1:3 1:4

2:1 2:2 2:3 2:4

3:1 3:2 3:3 3:4

1:1 1:2 1:3 1:4

2:1 2:2 2:3 2:4

3:1 3:2 3:3 3:4

Date Item_Num Quantity User_ID

1:1 2:1 3:1 4:1

1:1 2:1 3:1 4:1

1:1 2:1 3:1 4:1

1:1 2:1 3:1 4:1

1:1 2:1 3:1 4:1

1:1 2:1 3:1 4:1

1:1 2:1 3:1 4:1

1:1 2:1 3:1 4:1

1:1 2:1 3:1 4:1

• TableID ➔ 100
• Rowgroup size ➔ 3
• PartitionInfo ➔ 2:1
• Vector size ➔ 3

1
2
3
4
5
6
7
8
9

1
2
3
4
5
6
7
8
9

1         2          3         4 1         2          3         4 

RowRow

ColumnColumn

1
2
3
4
5
6
7
8
9

1         2          3         4 
Row

Column

1
2
3
4
5
6
7
8
9

1         2          3         4 
Row

Column

Row : Column Column : VectorID



• Vector & Rowgroup size 변경에 따른 DataField 변경

• Vector size = 3
• Rowgroup size = 3

Date Item_Num Quantity User_ID

20180925 1 4 User2

20180925 1 2 User1

20180925 1 6 User6

20180925 1 11 User8

20180925 1 5 User5

20180926 1 3 User1

20180926 2 3 User13

20180926 2 7 User8

20180926 2 15 User2

Date Item_Num Quantity User_ID

1:1 2:1 3:1 4:1

1:1 2:1 3:1 4:1

1:1 2:1 3:1 4:1

1:2 2:2 3:2 4:2

1:2 2:2 3:2 4:2

1:2 2:2 3:2 4:2

1:1 2:1 3:1 4:1

1:1 2:1 3:1 4:1

1:1 2:1 3:1 4:1

1
2
3
4
5
6
7
8
9

1         2          3         4 

Row

Column

1
2
3
4
5
6
7
8
9

1         2          3         4 
Row

Column

Column : VectorID

Date Item_Num Quantity User_ID

20180925 1 4 User2

20180925 1 2 User1

20180925 1 6 User6

20180925 1 11 User8

20180925 1 5 User5

20180926 1 3 User1

20180926 2 3 User13

20180926 2 7 User8

20180926 2 15 User2

Date Item_Num Quantity User_ID

1:1 2:1 3:1 4:1

1:1 2:1 3:1 4:1

1:1 2:1 3:1 4:1

1:1 2:1 3:1 4:1

1:1 2:1 3:1 4:1

1:1 2:1 3:1 4:1

1:1 2:1 3:1 4:1

1:1 2:1 3:1 4:1

1:1 2:1 3:1 4:1

1
2
3
4
5
6
7
8
9

1         2          3         4 

Row

Column

1
2
3
4
5
6
7
8
9

1         2          3         4 
Row

Column

• Vector size = 3
• Rowgroup size = 6



• Vector & Rowgroup size 변경에 따른 DataField 변경2

• Vector size = 3
• Rowgroup size = 6

Date Item_Num Quantity User_ID

20180925 1 4 User2

20180925 1 2 User1

20180925 1 6 User6

20180925 1 11 User8

20180925 1 5 User5

20180926 1 3 User1

20180926 2 3 User13

20180926 2 7 User8

20180926 2 15 User2

Date Item_Num Quantity User_ID

1:1 2:1 3:1 4:1

1:1 2:1 3:1 4:1

1:2 2:2 3:2 4:2

1:2 2:2 3:2 4:2

1:3 2:3 3:3 4:3

1:3 2:3 3:3 4:3

1:1 2:1 3:1 4:1

1:1 2:1 3:1 4:1

1:2 2:2 3:2 4:2

1
2
3
4
5
6
7
8
9

1         2          3         4 

Row

Column

1
2
3
4
5
6
7
8
9

1         2          3         4 
Row

Column

Column : VectorID

• Vector size = 2
• Rowgroup size = 6

Date Item_Num Quantity User_ID

20180925 1 4 User2

20180925 1 2 User1

20180925 1 6 User6

20180925 1 11 User8

20180925 1 5 User5

20180926 1 3 User1

20180926 2 3 User13

20180926 2 7 User8

20180926 2 15 User2

Date Item_Num Quantity User_ID

1:1 2:1 3:1 4:1

1:1 2:1 3:1 4:1

1:1 2:1 3:1 4:1

1:2 2:2 3:2 4:2

1:2 2:2 3:2 4:2

1:2 2:2 3:2 4:2

1:1 2:1 3:1 4:1

1:1 2:1 3:1 4:1

1:1 2:1 3:1 4:1

1
2
3
4
5
6
7
8
9

1         2          3         4 

Row

Column

1
2
3
4
5
6
7
8
9

1         2          3         4 
Row

Column



• Redis 관계형 모델 적재

FPWRITE D:{100:2:1} 2:1 4 0 20180927 1 3 User7

Date Item_Num Quantity User_ID

20180925 1 4 User2

20180926 1 2 User1

20180927 1 3 User7

• TableID = 100
▪ Rowgroup Size
▪ PartitionInfo

= 2
= 2:1

FPWRITE D:{100:2:1} 2:1 4 0 20180926 1 2 User1

Metadict

dict

데이터 저장에 필요한 부가적인 요소로 인한 메모리 사용량 증가
✓ dictEntry – 24B
✓ Redis Object – 16B

Column : VectorID 단위 저장

dictEntry & Redis Object 수 감소

ColumnID : VectorID

▪ Rowgroup Size
▪ PartitionInfo
▪ Vector Size 

= 2
= 2:1
= 2



• FPWRITECOMMAND CODE



Column1 Column2 Column3 Column4

1 1 3 4

5 1 6 7

8 1 9 10

FPWRITE D:{100:2:1} 2:1 4 0 1 1 3 4

• TableID ➔ 100
• Rowgroup size ➔ 2
• PartitionInfo ➔ 2:1
• Vector size ➔ 2

dict

Metadict



Column1 Column2 Column3 Column4

1 1 3 4

5 1 6 7

8 1 9 10

FPWRITE D:{100:2:1} 2:1 4 0 1 1 3 4

• TableID ➔ 100
• Rowgroup size ➔ 2
• PartitionInfo ➔ 2:1
• Vector size ➔ 2

Metadict

dict

dict

de

M:{100:2:1}

Hashdict
Current_

Rowgroup

0

de

1



Column1 Column2 Column3 Column4

1 1 3 4

5 1 6 7

8 1 9 10

FPWRITE D:{100:2:1} 2:1 4 0 1 1 3 4

• TableID ➔ 100
• Rowgroup size ➔ 2
• PartitionInfo ➔ 2:1
• Vector size ➔ 2

Metadict

dict

dict

de

M:{100:2:1}

Hashdict
Current_

Rowgroup

0

de

1

1

0

de

• RowgroupID =1
• Rownumber = 0



Column1 Column2 Column3 Column4

1 1 3 4

5 1 6 7

8 1 9 10

FPWRITE D:{100:2:1} 2:1 4 0 1 1 3 4

• TableID ➔ 100
• Rowgroup size ➔ 2
• PartitionInfo ➔ 2:1
• Vector size ➔ 2

Metadict

dict

dict

de

M:{100:2:1}

Hashdict
Current_

Rowgroup

0

de

1

1

0

de

• RowgroupID =1
• Rownumber = 0

Datakey ➔ D:{100:2:1}:G:1



Column1 Column2 Column3 Column4

1 1 3 4

5 1 6 7

8 1 9 10

FPWRITE D:{100:2:1} 2:1 4 0 1 1 3 4

• TableID ➔ 100
• Rowgroup size ➔ 2
• PartitionInfo ➔ 2:1
• Vector size ➔ 2

Metadict

dict

dict

de

M:{100:2:1}

Hashdict
Current_

Rowgroup

0

de

1

1

0

de

• RowgroupID =1
• Rownumber = 0

Field ➔ 1:1

Datakey ➔ D:{100:2:1}:G:1



Column1 Column2 Column3 Column4

1 1 3 4

5 1 6 7

8 1 9 10

FPWRITE D:{100:2:1} 2:1 4 0 1 1 3 4

• TableID ➔ 100
• Rowgroup size ➔ 2
• PartitionInfo ➔ 2:1
• Vector size ➔ 2

Metadict

dict

dict

de

M:{100:2:1}

Hashdict
Current_

Rowgroup

0

de

1

1

0

de

• RowgroupID =1
• Rownumber = 0

Datakey ➔ D:{100:2:1}:G:1
Field ➔ 1:1

dict

de

D:{100:2:1}:G:1

Hashdict



Column1 Column2 Column3 Column4

1 1 3 4

5 1 6 7

8 1 9 10

FPWRITE D:{100:2:1} 2:1 4 0 1 1 3 4

• TableID ➔ 100
• Rowgroup size ➔ 2
• PartitionInfo ➔ 2:1
• Vector size ➔ 2

Metadict

dict

dict

de

M:{100:2:1}

Hashdict
Current_

Rowgroup

0

de

1

1

0

de

• RowgroupID =1
• Rownumber = 0

Datakey ➔ D:{100:2:1}:G:1
Field ➔ 1:1

dict

de

D:{100:2:1}:G:1

Hashdict

1:1

1

de



Column1 Column2 Column3 Column4

1 1 3 4

5 1 6 7

8 1 9 10

FPWRITE D:{100:2:1} 2:1 4 0 1 1 3 4

• TableID ➔ 100
• Rowgroup size ➔ 2
• PartitionInfo ➔ 2:1
• Vector size ➔ 2

Metadict

dict

dict

de

M:{100:2:1}

Hashdict
Current_

Rowgroup

0

de

1

1

0

de

• RowgroupID =1
• Rownumber = 0

dict

de

D:{100:2:1}:G:1

Hashdict

1:1

1

de

2:1

1
de

3:1

3
de

4:1

4
de

1



FPWRITE D:{100:2:1} 2:1 4 0 5 1 6 7

Column1 Column2 Column3 Column4

1 1 3 4

5 1 6 7

8 1 9 10

• TableID ➔ 100
• Rowgroup size ➔ 2
• PartitionInfo ➔ 2:1
• Vector size ➔ 2

Metadict

dict

dict

de

M:{100:2:1}

Hashdict
Current_

Rowgroup

0

de

1

1

1

de

• RowgroupID =1
• Rownumber = 1

dict

de

D:{100:2:1}:G:1

Hashdict

1:1

1

de

2:1

1
de

3:1

3
de

4:1

4
de

1:1

1  5

de

2:1

1  1
de

3:1

3  6
de

4:1

4  7
de

2



FPWRITE D:{100:2:1} 2:1 4 0 5 1 6 7

Column1 Column2 Column3 Column4

1 1 3 4

5 1 6 7

8 1 9 10

• TableID ➔ 100
• Rowgroup size ➔ 2
• PartitionInfo ➔ 2:1
• Vector size ➔ 2

Metadict

dict

dict

de

M:{100:2:1}

Hashdict
Current_

Rowgroup

0

de

1

1

1

de

dict

de

D:{100:2:1}:G:1

Hashdict

2

1:1

1  5

de

2:1

1  1
de

3:1

3  6
de

4:1

4  7
de



FPWRITE D:{100:2:1} 2:1 4 0 8 1 9 10

Column1 Column2 Column3 Column4

1 1 3 4

5 1 6 7

8 1 9 10

• TableID ➔ 100
• Rowgroup size ➔ 2
• PartitionInfo ➔ 2:1
• Vector size ➔ 2

Metadict

dict

dict

de

M:{100:2:1}

Hashdict
Current_

Rowgroup

0

de

1

1

2

de

dict

de

D:{100:2:1}:G:1

Hashdict

1:1

1  5

de

2:1

1  1
de

3:1

3  6
de

4:1

4  7
de

2

• RowgroupID =2
• Rownumber = 0

2

0

de



FPWRITE D:{100:2:1} 2:1 4 0 8 1 9 10

Column1 Column2 Column3 Column4

1 1 3 4

5 1 6 7

8 1 9 10

• TableID ➔ 100
• Rowgroup size ➔ 2
• PartitionInfo ➔ 2:1
• Vector size ➔ 2

Metadict

dict

dict

de

M:{100:2:1}

Hashdict
Current_

Rowgroup

0

de

2

1

2

de

dict

de

D:{100:2:1}:G:1

Hashdict

1:1

1  5

de

2:1

1  1
de

3:1

3  6
de

4:1

4  7
de

• RowgroupID =2
• Rownumber = 0

Datakey ➔ D:{100:2:1}:G:2
Field ➔ 1:1

de

D:{100:2:1}:G:2

Hashdict

1:1

8

de

2:1

1
de

3:1

9
de

4:1

10
de

2

0

de



Column1 Column2 Column3 Column4

1 1 3 4

5 1 6 7

8 1 9 10

• TableID ➔ 100
• Rowgroup size ➔ 2
• PartitionInfo ➔ 2:1
• Vector size ➔ 2

Metadict
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• RocksDB 관계형 모델 구조 – Tiering에서 설명…


