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» Streaming

 Read intensive vs Write intensive

* Full-dump

 Timeline data vs non-time series
» Random get

» Bulk update, Force update .
* TIme-range scan

» Update policy « Scan with filter
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. Miarat .
grations  Prefix scan

« Secondary Index search
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» Scalability * Schema-less

performance » Hadoop-eco friendly

Image : https.//hbase.apache.org/
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 Throughput Throttling
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Read Amplification Problem in Naver Cuve Cluster
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1. Multi File Access Amplification
2. Granularity Mismatch Amplification

3. Cache Pollution
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HBase Key Structure

Row Key Column Family | Column Qualifier Time Stamp
Client RPC Handler Scanner (Initialization)

3 stages of scanner initialization

* Region Scanner Initialization

« Store Scanner Initialization

 Store File Scanner Initialization
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HBase Key Structure

_ Column Family | Column Qualifier Time Stamp

Client < RPCHandler «———+ Region Scanner Initialization

HRegion




3.2 Multi File Access Amplification: Read Process

HBase Key Structure

Row Key

Column Family

Column Qualifier

Time Stamp

Client

RPC Handler

Store Scanner Initialization

Store Scanner Heap Space
Column Family “cf1”

Store Scanner Heap Space

Column Family “cf2"

Store Scanner Heap Space
Column Family “cf3”

HRegion
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HBase Key Structure

Row Key Column Family | Column Qualifier Time Stamp

Client RPC Handler Initialization Terminate

HRegion

Store Scanner Heap Space Column Family “cf1”
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1. Check Compaction Status: compaction throughput, compaction thread...
2. Check Flush Status: memstore size, flush threshold size...

3. Check Bloom Filtering Status: bloom filter type, bloom filter size...
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2. Granularity Mismatch Amplification

3. Cache Pollution
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. Application request data size differ from I/O data size
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. Application request data size differ from I/O data size

Key (a) Value (a) Key (b) Value (b) Key (¢) Value (c)

y, _

4KB Page #1 4KB Page #1 4KB Page #3 }KB Page #4

~ -
y, -
~ -
\\ -
~ f’
\\ ”
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64KB Data Block A 64KB Data Block B I » Application Request: Single OS Page (4KB Page #3)

« Disk I/O unit: Single Data Block (64KB Data Block B)

» Theoretically, amplification occur
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+—Multi-Fe-Access-Amplitication

2. Granularity Mismatch Amplification

3. Cache Pollution
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Data Block unit LRU Replacement

Block Cache

V1 Hot SHes3 S I aAC&V4 KV | KV IBQAl KV 13 KV | KV KV
C) [
KV2 | 9 | 10 \mEml 12 141 15 16
)

(0) (10) (2 (1) Mm © @ @} O 6 @ O (2) (M © 1)
Data Block 1 Data Block 2 Data Block 3 Data Block 4




NAVER

3.4 Cache Pollution Problem DEVIEW

Cache Pollution with Varying Data Block Size

7213

« 4KB Data Block: 72.13%

404 « 16KB Data Block: 40.4%

Utilized Cache Space (%)

20.17

« 04KB Data Block: 20.17%

Utilized Cache Space (%)
W4KB = 16KB m 64KB

64KB Data Block = /2.02% under utilization than 4KB Data Block



NAVER

3.5 Naive solution: Small Data Block Size DEVIEW

1. Decrease space locality

« Low space locality leads frequent random read

« Frequent random read increase the number of disk seek operation

2. Increase block encoding cost

« Decrease Block encoding & compression efficiency
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3. Index Block size grow

Index Block Size (GB)

: » 4KB Data Block Index size = (per RS)
E » 04KB Data Block Index size = (per RS)
) - 1.78 » 4KB DB Index size = X 64KB DB Index size
O 4K Block 16K Block 64K Block

Index Block Size (GB)
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Key-Value Size (bytes) in Log Scale

Figure: Data Block Size Distribution in Naver's HBase Cluster
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Various key-value size in Naver Cuve cluster’s
« 80% of key-values smaller than 4KB
« 10% of key-values larger than 16KB

cannot handle various size of KV
 Small KV benefit from small size data block

« Large KV benefit from large size data block
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ldea: Dynamically configured depending on KV Size

Add two more condition in vanilla HBase

- MaxNumbData: Upper bound of Key-Value entry in single data block :
= To store small Key-Value in small data block to mitigate read amplification problem

1 MinDataBlockSize: Lower bound of data block size

= Keep the data blocks from getting too small to get benefit from spatial locality

. Check MaxNumData
. Check MinDataBlockSize

. Check default data block size
. If (1 & 2) or 3 satisfied, closed

. Open new data block

Data Block #1 Data Block #2
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4.1 Solution 1. Dynamic Variable Block Size Control  DEVEw
ldea: Dynamically configured depending on KV Size

e.g., MaxNumData=4, MinDataBlockSize=6KB, Default Data Block Size=32KB
16KB Data Block (Type 1) 6KB Data Block(Type 2) 32KB Data Block (Type 3)

4KB 4KB 4KB 4KB 16KB 16KB
KB||KB|[KB||KB||KB|| KB

Data Block Type
1. Type 1: Closed by MaxNumData Condition

2. Type 2: Closed by MinDataBlockSize Condition
3. Type 3: Closed by Default Data Block Size
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|[dea: Promoting hot KV based on space utilization

KVCache

BlockCache

KV [| KV B8 | KV ||| 1sY% KV |4 KV | KV
KV13 KV16
KV2 51| 6 |RALE| 8 (| 11 15

0) (10) (2) M O 6 @ ® © @ ) (2) O (1)
Data Block 1 Data Block 2 Data Block 3 Data Block 4

« KV2 and KV7 are promoted to KVCache due to
« KV9, KV10 and KV12 are not promoted to KVCache due to high cache space utilization
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|[dea: Promoting hot KV based on space utilization
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« KV2 and KV7 are promoted to KVCache due to
« KV9, KV10 and KV12 are not promoted to KVCache due to high cache space utilization
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|[dea: Promoting hot KV based on space utilization
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« KV2 and KV7 are promoted to KVCache due to
« KV9, KV10 and KV12 are not promoted to KVCache due to high cache space utilization
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l[dea: Promoting hot KV based on space utilization
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« KV2 and KV7 are promoted to KVCache due to
« KV9, KV10 and KV12 are not promoted to KVCache due to high cache space utilization
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|[dea: Promoting hot KV based on space utilization

Promotion Threshold = Access Count|key entry| > Mean + Standard Deviation

KVCache
Hot Hot

KV2 KV7

BlockCache |

KV | KV [R4A KV V13 KV| KV V16
Secure more cache space 9 | 10 |IRE 14| 15

® © @ O (2) O (1)
Data Block 3 Data Block 4

KV2 and KV7 are promoted to KVCache due to
KV9, KV10 and KV12 are not promoted to KVCache due to high cache space utilization
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Cache Replacement Policy

Replacement Matric in KVCache
J Last Access Time : Due to promotion from Block Cache

J Number of Access : Due to relative access frequency of neighboring key-values
J Key-Value Size : Due to various key-value size

Replacement Formula

W - Normalized Access Frequency’
~ Data Size® x (Current Time — Last Access Time)




5. Evaluation

AX 08 X HE8 21



NAVER

5.1 Evaluation 01 2 & DEVIEW

» Synthetic Workload CBMG (Customer Behavior Model Graph)
- Modeling workload based on spatial-temporal customer behavior
- Apply CBMG workload in CUVE based on URL similarity

« Read Amplification Factor
- Application Request #Page / IO Request #Page
- RAF proportional to Granularity Mismatch Amplification
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Read Amplification Factor

100K 200K 300K 400K 500K 600K 700K 800K 900K 1000K
04KB/S —4KB/S ~=D(8) -D(8+KVC) ~-D(32) -D(32+KVC) D(128) - D(128+KVC)
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Cache Hit Ratio & Throughput

Cache Hit Ratio (%) Throughput(Kops/sec)
45
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5.1 CUVE: CBMG Benchmark : Read Amplification Factor 25

Read Amplification Factor

100K 200K 300K 400K 500K 600K 700K 800K 900K 1000K
-64KB/S -4KB/S =D(8) =D(8+KV(C) —=D(32) =—D(32+KVC) -~ D(128) —D(128+KVC)
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Cache Hit Ratio & Throughput

Cache Hit Ratio (%) Throughput(Kops/sec)
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6 Conclusion

Using 64KB Data block in Vanilla HBase:

d Granularity Mismatch Problem ->

d Cache Pollution Problem ->

Using 4KB Data block in Vanilla HBase:

d Frequent small random read ->

d Increasing the size of index blocks ->
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Solution 1: Dynamic Variable Block Size Control
1 Reduce unnecessary Disk /O for small Key-Value

1 Increase spatial locality for large Key-Value

Solution 2: Fine-grained KV Cache
1 Increase cache efficiency for prevent frequent small random read

 Increase cache utilization in large data block
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