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[Abstract]

In the recent power industry, a change is taking place from manual meter reading to remote meter
reading using AMI(Advanced Metering Infrastructure). If such the power data generated from the AMI
is recorded on the blockchain, integrity is guaranteed by preventing forgery and tampering. As data
sharing becomes transparent, new business can be created. However, Ethereum blockchain is not suitable
for processing large amounts of transactions due to the limitation of processing speed. As a solution to
overcome such the limitation, various On/Off-Chain methods are being investigated. In this paper, we
propose a interface server using data sharding as a solution for storing large amounts of power data in
Etherium blockchain environments. Experimental results show that our power-data processing system
with sharding method lessen the data omission rate to 0% that occurs when the transactions are

transmitted to Ethereum and enhance the processing speed approximately 9 times.
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I. Introduction
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II. Preliminaries

1. Related works
1.1 Ethereum
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III. The Proposed System Design

1. Overall Proposed System Structure
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Fig. 1. System Architecture

2, Database
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Table 1. Power Data for Simulation Test

Data Meaning

0+N Meter ID

0+N DCU ID

0+N Active Power(kW)
ddmmyy 00:00:00 Registration Date Time

3. Interface Server
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Fig. 2. Interface Server Structure

4. Smart Contract
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Fig. 3. Smart Contract Structure

5. Sequence Diagram
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T
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:
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saveDataArray(PowerData[]) :
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Fig. 4. Sequence Diagram

Shard Size=3

Queue Shard Lem T T TS
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Fig. 5. Shard Size Example

6. Function Mapping

AJAF RequestZt S5A]Q10] AEHENIA] =sh= it
Aol oisf 2™ 6o =2}t PostmanofA]
‘/insert’ URIZ $&31A =W <QlEmo]A Ao
‘saveDataWithoutSharding 342 5535 §1, o=
AFE A2)E AXIA] ool vhz ZAEHE 2 o]ojxA| H.
Z o] ZeAAE HolHE ofwst A2 glo] SFAIS
2 AgsH He 7189 YAAS-IS)S UERL, AlQtst
+ YR(TO-BE)Y] g5 vlws sl F71-t 7]soltt
Y9I /enqueue’ URIZ & 0|87} AFER HdE|o]

A2 0]=35A EI ‘saveDataWithSharding eF4ps £
o) #AoR BEARlY] HEMER ALH)

Blockchain
(Ethereum)

Interface Server

Router Function

finsert saveD: i harding == saveData
e e P e e [erbaairy |
/search/id getData |—-——— getData

Fig. 6. Function Mapping

IV. Experimental Setup

1. Experiment environment
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Fig. 7. Network Deployment
Table 2. H/W Specification
No System CPU Memory
Interface Server, Intel i7 9750
HW1 Database 2.60GHz 16GB
. AMD Ryzen 3
HW?2 Blockchain Node 32006 3.60GHz 9.95GB

Table 3. S/W Version

S/W
MongoDB 4.4.5
Node.js 14.16.0,
Express 4.17.1,

System
Database

Interface Server

Web3 1.3.4
Blockchain Geth 1.10
Smart Contract Solidity 0.7.6

2. Definition of Measuring Time
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Fig. 8. Definition of Measurement

P, = Timestamp(m)— Timestamp(n—1) (1)
TE, =S, + T,+ P, 2

3. Simulation Test Scenario
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Table 4. Scenario-I

Case Data Shard Y/N Shard Size
Casel 2x10° N -
Case? 2x104 N -
Case3 2x10% Y 100
Table 5. Scenario-II
Case Data Shard Size
S5 10° 5
S10 10° 10
S25 10° 25
S50 10° 50
S100 10° 100
S150 10° 150
5200 10° 200
$250 10° 250
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V. Performance Evaluation

1. Scenario-I Result
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Table 6. Result of Scenario-I

Case St T, Py TE; Loss
Casel 0 0.50 96 96.50 0
Case2 0 10.12 606 616.12 3794
Case3 0.20 1.49 72 73.62 0

2. Scenario-II Result
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Table 7. Result of Scenario-II

Case St T, Py TE; Loss Tx
S5 0.93 | 25.95 | 1374 | 1400.88 | 18155 | 20000
S10 | 0.76 | 10.42 | 1302 | 1313.18 0 10000
S25 | 0.79 | 7.33 | 960 968.12 0 4000
S50 | 0.92 | 6.08 | 762 769.0 0 2000
S100 | 0.84 | 676 | 708 715.6 0 1000
S150 | 0.83 | 5.78 | 684 690.61 0 667
S200 | 0.77 | 693 | 654 661.7 0 500
S250 | 0.81 | 530 | 600 606.11 0 400
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Fig. 9. Graph of Scenario—Il Results

Table 8. DPS of Scenarios

Scenario Case Data Sh.ard DPS
Size

Casel 2x10° - 20.72

Scenario-I Case2 2x10* - 32.46

Case3 2x10* 100 271.68

S5 10° 5 72.78

S10 10° 10 76.15

S25 10° 25 103.29

Scenario-II S50 10° 50 130.03

S100 10° 100 139.74

S150 10° 150 144.80

5200 10° 200 151.12

S250 10° 250 164.98
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Fig. 10. DPS Graph of Scenario—Il Results

3. Performance Analysis
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Fig. 11. Data Processing using Sharding
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VI. Conclusions
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