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Limitations of systems with native JSON support

BSON

{
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• They use inverted indexes

• The index size is at the same order of magnitude as the raw data

• Ingestion involves complex processing

Index-based search engines: Inefficiencies in ingestion

Low ingestion speed

Low compression ratio

High resource usage
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Automatic schema inference

Queries on different fields connected by logical operators

High compression ratio and fast search

𝜇Slope: High compression and index-less search
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Semi-structured logs are highly repetitive. 
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• 71% of the values are variables (single-word strings) and they are highly repetitive. 
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3 serviceA: obj 4 traceID: str
5 request: str
6 timestamp: str
7 serviceB: obj

8 traceID: str
9 error: str

Merged Parsed Tree (MPT)

0 root

1 level: str

2 message: str
3 serviceA: obj 4 traceID: str
5 request: str
6 timestamp: str
7 serviceB: obj

8 traceID: str
9 error: str
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Schema Tree and Schema Map
{

"level": "warn",
"message": "Could not fetch cell for flow 1.",
"serviceA": {

"traceID": "abc" 
},
"request": "1_vehicle_compliance",
"timestamp": "2022-04-14T07:58:02.368Z"

}

{
"level": "error",
"message": "Error handling inbound request.",
"serviceB": {

"traceID": "xyz",
"error": "application_error"

},
"timestamp": "2022-04-14T07:58:02.372Z"

}

Node IDs Schema ID

Schema Map

1 2 4 5 6 
1 2 6 8 9

0

1

{
"level": "warn",
"message": "Could not fetch cell for flow 1.",
"serviceA": {

"traceID": "abc" 
},
"request": "1_vehicle_compliance",
"timestamp": "2022-04-14T07:58:02.368Z"

}

{
"level": "error",
"message": "Error handling inbound request.",
"serviceB": {

"traceID": "xyz",
"error": "application_error"

},
"timestamp": "2022-04-14T07:58:02.372Z"

}

0 root

1 level: str

2 message: str
3 serviceA: obj 4 traceID: str
5 request: str
6 timestamp: str
7 serviceB: obj

8 traceID: str
9 error: str

Merged Parsed Tree (MPT)

0 root

1 level: str

2 message: str
3 serviceA: obj 4 traceID: str
5 request: str
6 timestamp: str
7 serviceB: obj

8 traceID: str
9 error: str

0 root

1 level: str

2 message: str
3 serviceA: obj 4 traceID: str
5 request: str
6 timestamp: str
7 serviceB: obj

8 traceID: str
9 error: str
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Schema Tree and Schema Map
{

"level": "warn",
"message": "Could not fetch cell for flow 1.",
"serviceA": {

"traceID": "abc" 
},
"request": "1_vehicle_compliance",
"timestamp": "2022-04-14T07:58:02.368Z"

}

{
"level": "error",
"message": "Error handling inbound request.",
"serviceB": {

"traceID": "xyz",
"error": "application_error"

},
"timestamp": "2022-04-14T07:58:02.372Z"

}

Node IDs Schema ID

Schema Map

1 2 4 5 6 
1 2 6 8 9

0

1

{
"level": "warn",
"message": "Could not fetch cell for flow 1.",
"serviceA": {

"traceID": "abc" 
},
"request": "1_vehicle_compliance",
"timestamp": "2022-04-14T07:58:02.368Z"

}

{
"level": "error",
"message": "Error handling inbound request.",
"serviceB": {

"traceID": "xyz",
"error": "application_error"

},
"timestamp": "2022-04-14T07:58:02.372Z"

}

0 root

1 level: str

2 message: str
3 serviceA: obj 4 traceID: str
5 request: str
6 timestamp: str
7 serviceB: obj

8 traceID: str
9 error: str

Merged Parsed Tree (MPT)

0 root

1 level: str

2 message: str
3 serviceA: obj 4 traceID: str
5 request: str
6 timestamp: str
7 serviceB: obj

8 traceID: str
9 error: str

0 root

1 level: str

2 message: str
3 serviceA: obj 4 traceID: str
5 request: str
6 timestamp: str
7 serviceB: obj

8 traceID: str
9 error: str

• MPT and Schema Map takes up less than 0.001% of the total compressed data size 
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Data encoding and storage
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Data encoding and storage
• Log records are stored in tables partitioned by schemas.
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Data encoding and storage
• Log records are stored in tables partitioned by schemas.

• Values are encoded based on their types
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Data encoding and storage

{
"level": "warn",
"message": "Could not…",
"serviceA": {

"traceID": "abc" 
},
"request": "1_vehicle_compliance",
"timestamp": "…368Z"

}

{
"level": "error",
"message": "Error handling…",
"serviceB": {

"traceID": "xyz" 
"error": "application_error"

},
"timestamp": "…372Z"

}

Node IDs Schema ID

1 2 4 5 6 0

1 2 6 8 9 1

Schema Map

0 root

1 level: str

2 message: str

3 serviceA: obj 4 traceID: str

5 request: str

6 timestamp: str

7 serviceB: obj
8 traceID: str

9 error: str

Merged Parsed Tree

Node ID 1 2 4 5 6

Encoded Vars warn Could not… abc 1_vehicle_compliance …368Z

Node ID 1 2 6 8 9

Encoded Vars error Error… xyz application_error …372Z

schema[1] Encoded Record Table

schema[0] Encoded Record Table

• Log records are stored in tables partitioned by schemas.

• Values are encoded based on their types
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Data encoding and storage

Node IDs Schema ID

1 2 4 5 6 0

1 2 6 8 9 1

Schema Map

0 root

1 level: str

2 message: str

3 serviceA: obj 4 traceID: str

5 request: str

6 timestamp: str

7 serviceB: obj
8 traceID: str

9 error: str

Merged Parsed Tree

Node ID 1 2 4 5 6

Encoded Vars warn Could not… abc 1_vehicle_compliance …368Z

Node ID 1 2 6 8 9

Encoded Vars error Error… xyz application_error …372Z

schema[1] Encoded Record Table

schema[0] Encoded Record Table

ID Variable Value

V0 warn

V1 abc

V2 1_vehicle_compliance

V3 error

V4 xyz

V5 application_error

Variable Dictionary

Node ID 1 2 4 5 6

Encoded Vars V0 Could not… V1 V2 …368Z

Node ID 1 2 6 8 9

Encoded Vars V3 Error… V4 V5 …372Z
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Data encoding and storage

Node IDs Schema ID

1 2 4 5 6 0

1 2 6 8 9 1

Schema Map

0 root

1 level: str

2 message: str

3 serviceA: obj 4 traceID: str

5 request: str

6 timestamp: str

7 serviceB: obj
8 traceID: str

9 error: str

Merged Parsed Tree

Node ID 1 2 4 5 6

Encoded Vars warn Could not… abc 1_vehicle_compliance …368Z

Node ID 1 2 6 8 9

Encoded Vars error Error… xyz application_error …372Z

schema[1] Encoded Record Table

schema[0] Encoded Record Table

ID Variable Value

V0 warn

V1 abc

V2 1_vehicle_compliance

V3 error

V4 xyz

V5 application_error

Variable Dictionary

Node ID 1 2 4 5 6

Encoded Vars V0 Could not… V1 V2 …368Z

Node ID 1 2 6 8 9

Encoded Vars V3 Error… V4 V5 …372Z

ID Log Type

L0 Could not fetch cell for flow \INT.

L1 Error handling inbound request.

Log Type Dictionary

Node ID 1 2 4 5 6

Encoded Vars V0 L0 1 V1 V2 …368Z

Node ID 1 2 6 8 9

Encoded Vars V3 L1 V4 V5 …372Z
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Data encoding and storage

Node IDs Schema ID

1 2 4 5 6 0

1 2 6 8 9 1

Schema Map

0 root

1 level: str

2 message: str

3 serviceA: obj 4 traceID: str

5 request: str

6 timestamp: str

7 serviceB: obj
8 traceID: str

9 error: str

Merged Parsed Tree

Node ID 1 2 4 5 6

Encoded Vars warn Could not… abc 1_vehicle_compliance …368Z

Node ID 1 2 6 8 9

Encoded Vars error Error… xyz application_error …372Z

schema[1] Encoded Record Table

schema[0] Encoded Record Table

ID Variable Value

V0 warn

V1 abc

V2 1_vehicle_compliance

V3 error

V4 xyz

V5 application_error

Variable Dictionary

Node ID 1 2 4 5 6

Encoded Vars V0 Could not… V1 V2 …368Z

Node ID 1 2 6 8 9

Encoded Vars V3 Error… V4 V5 …372Z

ID Log Type

L0 Could not fetch cell for flow \INT.

L1 Error handling inbound request.

Log Type Dictionary

Node ID 1 2 4 5 6

Encoded Vars V0 L0 1 V1 V2 …368Z

Node ID 1 2 6 8 9

Encoded Vars V3 L1 V4 V5 …372Z

Node ID 1 2 4 5 6

Encoded Vars V0 L0 1 V1 V2 T0 …368

ID Format

T0 yyyy-MM-dd'T'HH:mm:ss'.'SSS'Z'

Timestamp Dictionary

Node ID 1 2 6 8 9

Encoded Vars V3 L1 V4 V5 T0 …372
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𝜇Slope architecture

• Data is compressed into archives

• Archives are independently searched and compressed

• Schema metadata and dictionary lookup speed up search

slow to scan
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Search
KQL Query *.traceID: abc AND request: 1*

……

AND

*.traceID<str>: abc request<str, int, float>: 1*

Abstract 
Syntax Tree
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Search
KQL Query *.traceID: abc AND request: 1*

Node IDs Schema ID

1 2 4 5 6 0

1 2 6 8 9 1

Schema Map

……
0 root

1 level: str

2 message: str

3 serviceA: obj 4 traceID: str

5 request: str

6 timestamp: str

7 serviceB: obj
8 traceID: str

9 error: str

Merged Parsed Tree

AND

*.traceID<str>: abc request<str, int, float>: 1*

Abstract 
Syntax Tree
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Search

AND<schema 0>

KQL Query *.traceID: abc AND request: 1*

Query 
Plan Tree

5: 1*4: abc

Node IDs Schema ID

1 2 4 5 6 0

1 2 6 8 9 1

Schema Map

……
0 root

1 level: str

2 message: str

3 serviceA: obj 4 traceID: str

5 request: str

6 timestamp: str

7 serviceB: obj
8 traceID: str

9 error: str

Merged Parsed Tree

AND

*.traceID<str>: abc request<str, int, float>: 1*

Abstract 
Syntax Tree
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Search

AND<schema 0>

KQL Query *.traceID: abc AND request: 1*

Query 
Plan Tree

Search 
on Strings

5: 1*4: abc

Node IDs Schema ID

1 2 4 5 6 0

1 2 6 8 9 1

Schema Map

ID Variable Value

… …

V1 abc

V2 1_vehicle_compliance

… …

……
0 root

1 level: str

2 message: str

3 serviceA: obj 4 traceID: str

5 request: str

6 timestamp: str

7 serviceB: obj
8 traceID: str

9 error: str

Merged Parsed Tree

AND

*.traceID<str>: abc request<str, int, float>: 1*

Abstract 
Syntax Tree
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Search

AND<schema 0>

KQL Query *.traceID: abc AND request: 1*

Query 
Plan Tree

Search 
on Strings

5: 1*4: abc

Node IDs Schema ID

1 2 4 5 6 0

1 2 6 8 9 1

Schema Map

ID Variable Value

… …

V1 abc

V2 1_vehicle_compliance

… …

……
0 root

1 level: str

2 message: str

3 serviceA: obj 4 traceID: str

5 request: str

6 timestamp: str

7 serviceB: obj
8 traceID: str

9 error: str

Merged Parsed Tree

AND

*.traceID<str>: abc request<str, int, float>: 1*

Abstract 
Syntax Tree

……
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• 21 JSON datasets for compression

• 16 from Uber (30.0GB to 102.9GB)
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• In single-threaded setup and parallel setup
• 21 JSON datasets for compression

• 16 from Uber (30.0GB to 102.9GB)
• 5 from public software (392.8MB to 64.8GB)

• 15 queries on 3 datasets

16

Evaluation

compression ratio

search performance
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Compression performance

Compression Ratio
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Compression performance

Compression Ratio

The average compression ratio of 𝜇Slope is 68.1:1
• 1.5x of CLP's
• 1.7x of LZMA's
• 2.3x of Zstandard's
• 6.1x of MongoDB's
• 15.7x of Elasticsearch's
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Query performance

Query Latency
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Query performance

Query Latency
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𝜇Slope is 
• 2.5x faster than the fastest setup of ClickHouse
• 6.7x faster than MongoDB
• 8.1x faster than PostgreSQL

• 9 queries from Uber and 6 from public software 
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• Open-sourced at https://github.com/y-scope/clp!

• Our email: info@yscope.com

Conclusion

𝜇Slope: An efficient semi-structured log management system that

• Handles dynamic schema structures

• Achieves unprecedented compression ratio

• Allows search without full decompression

YScope 

https://github.com/y-scope/clp

