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Abstract  
 

 

Mainly based on the survey of the current research status of blockchain in the energy 

Internet, the application research conducted in this report is focused on the applications 

of blockchain in energy Internet, adopting the energy Internet distributed electricity 

trading as a scenario. The research is gradually explored and realized the blockchain 

technologies from the existing electricity system towards energy Internet to realize 

distributed electricity trading. 

Solutions presented in this report can be summarized as follows: 

1. The architecture and functional modules of a blockchain-based energy Internet 

distributed electricity trading system is proposed. An on-chain asynchronous settlement 

scheme is designed, adopting the form of signing off-chain and automatically recording 

transactions and settlements on-chain. The proposed system suits for the existing 

centralized trading infrastructure to realize distributed automatic trading and settlement 

based on the supervision of centralized exchanges. 

2. Using the dissimilarity algorithm of K-prototypes clustering, a distributed 

electricity transaction matching mechanism considering multiple factors and 

corresponding trading system are proposed. Based on smart contract, automatic 

matching, signature confirmation and other functions are provided for both sellers and 

purchasers for automated matching and controllable matching. Privacy protection 

methods and algorithm implementations for power transactions are designed based on 

zero-knowledge proof and homomorphic encryption methods. Distributed electricity 

matching and trading in decentralized/multi-center scenarios are realized. 

3. Based on the linear multi-objective optimization method, a multi-attribute 

preferential power matching mechanism that supports splitted buying and selling needs 

is proposed. It is more flexible to provide matching services for distributed electricity 

selling and buying needs. The whole process of on-chain electricity trading is designed. 

The automatic matching, trading and settlement in distributed scenario are realized. 

4. Focusing on the demand for consensus mechanism of distributed electricity 

transaction blockchain of energy Internet, the research idea of designing consensus 

mechanism to couple business scenarios is put forward. A hierarchical asynchronous 

consensus architecture for future energy Internet distributed electricity trading scenarios 
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is proposed. A specific consensus mechanism combining reputation mechanism with 

PBFT is designed and verified as an instance. 

 

Keywords: Energy Internet, Blockchain, Distributed Electricity Trading, Transaction 

Matching, Consensus Mechanism 
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Ȃ 

ⱬ֜ ᴇ └ ̆Һ ҈ ̔ └ ᴇ [48]ȁ

ꜚ ᴇ [35][46]ȁ ᴇ └[49][50]Ȃ ѿ̔ ץ

ᴇ̆ᵖ ᴇ ꜚ ̆ ᴇ Ҍ≠ԍ ⱬ Ȃ ԋ̔ᶭ

̆ ᴇ̆ ≠ԍ ⱬ Ȃ ᴇ ⱬ

ӊѿ̆Ὲ ᴇ Ԉ ᵬҹ Ȃ ҈̔ Ḡ
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ᴇ ӊ╠ ̆ ԅ ᴇ ᵬҹ Ȃ ᴇ└ ̆

Ḡ ῒ ̆ ᾟ№ ̆ҹ ≠ Ȃ 

ҹ ӯ ̆ ҹ ᶫ Һ Ḥ ⱳ Ȃ ̆

№ Ḥ ꜚ [31][43][44]Ȃᶛ ̔

[51]ԅ ⱬ ֜ ̆ ѿ Ḃ ֜ Ḥ Ȃ Ҭ̆

֜ ᶭ ̆ ȁ Ḥ ̆

ⱬ ̆ ҍ ⱬ֜ Ḇ̆ ⱬ + ̆

̆ Ḥ ᾟ№ ̆ ᾧ ⱬᶫ Ȃ 

ᾝ ֜ ̆ ⱬ֜ └ ₮̆

ץ ҹP2P [47][48]ȁ [1,50-54] ⱬ֜

҈ Ȃ 

[55]₮ԅѿ ԍ Ẓ Ҭ ̆

ԅ ԍ Ẓ P2P ̆p ֜ ȁ ֜

Ҋ̆ ҩ ᵞȂ ⱬ֜ ̆

֜ Ȃᶛ ̔ [56] └ҹ

ⱬ ̆ ⁞ ԅ ᵣ ̕ [57]₮ԅѿ

֜ └̆ №ҹ Ҭ ңҩ Ȃ Һ

ⱬᴇ ̆ ȁD Ҍ̆≠ԍ ̆

ғ ᴰ Ҍ ᴰ ̆ ᴰ Ȃ 

ⱬ֜ ̆ ᾟ№ ᴇȁ֜ ȁᴰ ȁ Ḡ

̆ᶷ ΐᵣ ̆ ≠ԍҹ

ⱬ֜ Ȃᶛ ̔ [58]₮ԅѿ ԍ № ⱬ֜

└̆ [59] ̆ └ ̆

ԅ ᶛ̆ ᵞԅ ⱬᴰ ̆ ҹ ᾝ

֜ ѿ └Ȃ 

ⱬ֜ ̆ Һ Ҋңץ ̔ᶭ ֜ ⅞

[35,43,45,48,49,51]ᶭ [60]Ȃ╠ ᾢט ̆

ᶭ ֜ ⅞Ҭ Ḥ ≠ ꜚ ̕ ᾢ ט

̆ ⱬᶫ ̆
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Ȃ╠ Ӟ ԅ ⅞ Ẓ ̆ ᾧԅ ⱬ

Ẓ ̆ ҹ № ⱬ֜ Ȃ 

 ⱬ֜ Ҭ Ẓ Һ̆ №ҹ ⅞ Ẓ ᴰ Ẓ Ȃ

╠ ҍ ⅞֜ Ẓ ̆

֜Ẓ ֜ ̆ ⅞ ̆ Ẓ [49][51]̆ Ẓ

⅞֜ Ҍ ‰ ̆Ҍ ̕ ᴰ ҍ

ӯ Ẓ ̆ Һ Ҍ ᶫ ̆

ᴰ ҍ Ҭ ⅞֜ ̆ ₮Ẓ ̆ ᶭ └̆

[48][50]Ȃ 

ῒזⱳ  

ⱬ֜ Ҭ ⱳ҉ץ ӊ ̆ Һᵣ Ύ

[50][61]ȁ [35]ȁ [11][43]ȁ ⱬ֜ ⱳ

Ȃ ⱳ ѿ ҉ └ԅ ᶏ ̆ ≠ԍḆ

̕ ⱬ֜ Һ Ḥ [26][35][55]ȁ ⱬ

[1,58-60]ȁ ץ[51,58,59] ֜ [43]

̆ Ḥ҉ץ ꜚ ҉ Ữ̆Ḡ ԅ֜ Ҍ

̆ ̆Ӟҹ ⱬ ᶫԅ‰ ̆ ꜚԅ ꜚ

ⱳ Ȃ 

̆ ԍ ԑ Һ ԍ Hyperledger 

Fabric[62]̆ ԑ ̆ Golang

Ώ̆ Ḡ ꜚ ̆ ᾧֲҹ ⱬ֜

̆ ΐᵣ ԍ ̆ Ҍ Ȃ ̆

֜ ꜚ ̆ ҳ Һ ̔ ꜚ Ữ

ȁ ȁ ֜ ₃ Ȃ 

1.1.6  Ҳ Ὴ ┼ 

ѿҩ ᵬ ҹ ԑ ᶫ ῃḠ ̆

ῃ └ӞṐ ῏ Ȃ [63][64]ԅ ҳ ῃ ̆

╠ ѿ֓ ᴇȂ ֓ ⱴᶷ ԍ №
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̆ ԑ ҳ ⱴ ̆ ᴍ ҍ └ȁ

Ḥ ῃȁ Ḡ ҙ Ȃ 

ᴍ ҍ └ 

ᴍ Ḡץ ῤ ֜ ȁ ⱴῈ ̆

Ḥ ̕ └ ׆̆ └ ῤ

̆ ᶏ Ȃ ԑ Ҭ ҍ֜ ῒזҙⱵѿ

ᴍ ̆ ҬӞ ̆ ȁ

ȁ№ ױז̆ Ҍ ̆ Ҥ

└Ȃ 

ԑ Ҭ ῀ ѿ Ύ ᴆ̆ ᴍȁḤ

’ ̆ ᶏ Ὲ Ḡץ ѿ Ȃ ̆ ԍ ӊ №

≢̆ ץ └Ȃ 

ᴍ ᴍ [65]̆ᵖ ҉

₯ ⌠ԅ ѿ ̆ ⁞ Ȃ 

ᵥ Ҭ ’Ҋ̆ ᴍ └ └̆ ‗

ᴍ └ Ȃ ̆ ԍ ԑ ῤ

̆↕ └ῒ ̆ ֟ ₯Ȃ [66]

Ҭ └̆ Ӟΐ ѿ ᴇṿȂ

Ҭ ԅ └ ȁ Ύ ∞ ̆ Ҥ ̆

ᵬ̆ ҉ ԍҬ ᴪ Ҋ Ȃ 

Ḥ ῃ 

Ḥ ῃ Ḡ ȁ ҈ҩ [26]̆ῒ

ҬḠ Ḥ Ҍ ̆ ҍ ѿ ̆ ⌠

̆ ץ Ȃ 

ᶏ P2PḤ ӊ Ḥ̆ ҍ ӊ

ᴰ ̆ Ḥ Ӟᴪ └ᴰ ⌠ ҩ ȂP2P

ᴍ ȁ ȁ ῃ └̆ᶏ ₯ ᴪ ῤ

₯[67]̆ ₯ȁ ₯ȁDDoS₯ Ȃ [26]₮

№ Ⱶ̂DDS̃ᵬҹ ᴰ ̆
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̆ Ẋ ₯ȂDDS / ᵣ ̆ ᶫ Ⱶ ̆

ҩ ҉ Һ׆῏ ҍ̆ ᵌ̆ ԅ Ḥ ̆

ᵖӞ ‗ Ȃ 

Fabricԍ Ҥ ᴍ └ └ ᶏ̆ ῃᴰ ̂TLS̃

ӊ ῃ ḤȂTLSᴪ ңҩ ӊ ῃ ̆ ᴍ

ⱴ ᴰ ̆ ᾧԅᴺ Ẋ Ȃ ̆TLS ῃ Ӟ

CA Ḡ Ȃ 

̆ Ḥ ῃҍ ῤ ᴍ └ ῏̆ ᴍ

Ҭ̆ Ḥ ῃ ⌠Ḡ ̕ ᴍ Ὲ

₯Ȃ ‗ ̆ ԍ ң ῃ ѿ Ȃ 

Ḡ  

ԑ Ҭ ԅ ֜ ̆ ӊ Ḡ

Ȃ Ҭ Ҍֽ ԅ ҩ ῃḠ ̆Ӟ Ḡ

ҹ ȂP2P Ҭ Ḡ ҉ΐ ѿ ᴨ̆לᵖӞ

ҳ ѿ֓ [68]̆ ֓ Һ №ҹ ᴍ Ȃ 

a.  

Ҭ Ὲ ̆ ₯ № ֜ ᴇṿ

Ḥ ̆ᶛ ֜ ῤ ̆ Ҍ ֓Ḥ ῒֲז Ȃ 

ԍ UTXO ΐ ѿ ̆ ץ ᶏ ҩ

֜ ҹȂᵖֽֽ Ҍ ̆ ₯ ᶭ

ץ ֜ ⌠ Ḥ Ȃ [25] [69]ꜚ

ȁ ץ̆└ ᾧ

₯Ȃ └ᴪ ҌḂ̆ ⱴ Ҍ

Ȃ 

Ḡ Ӟ ѿ Ȃ ѿ

̆ ҩ ѿ № ᵣ̆ғ ҍ ӊ ֜

Ȃɒ ѿҩ ץ ֜ [35]№̆≢ ỮҌ ̆

ҍῒҬ Ȃ [65]֜ №ҹԅῈ ֜ ֜ ̆

֜ Ҍ ῃ ῍ ̆ ѿ Ḥᴋ ̆
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ץ № Ḡ Ȃ ҉ ѿ ԅ ñ ֜ ò ñῈ

֜ ò Ȃ ҉ №◓ ᵣ Ḡ № ̆

ᵖ ᵬץ ԍ ҍ Ȃ 

̆ ԍ Ҭ ᴪ ҍ ̆Ḡ

Ҭ Ӟ ᴪ ѿ Ȃ ╠ ₮ SGX[70][71]ȁ

ῃ [72][73]ⱴ [74] ҍ ᶏ̆ Ҭ

ҍ ֓ ׅ Ḡ ̆ ҹץ ᶫ Ȃ 

b. ᴍ  

Ҭ № ץ ֜ ᴰ ̆ Ḡ

ⱴᶷ ԍḠ ̆Ӟ ᴍ Ȃ 

╠῏ԍ Ȃ [75]ᶏ

Ḥ ֜ Ȃ ԍ ̆ ᵥ Ḥ

ѿҩҌ Ȃ ̆Ἕ [76]ȁ [77]ȁ

[78] Ḡ ῏ ̆Ҋѿ

֜ Ҭ Ạ₮ Ȃ 

ҙ  

ῃҕ ῤ̆ ᴧ ̆

῏ Ӟ ᴪ ԍ ֓ Ȃ

ᵬ ̆ ҙ Ȃ 

Ҭ ԅ ̆ ᶏ Һ

̆ SHA256ȁsecp256k1Ȃ ҙ ᴪ ԅѿ

ҙ ‰̆ ץ ᶏ ̆ ֓ Ғҙ ̆

ԍҺ ΐ ῃ Ȃ ╠ῒז

῏ [79][80]̆ ҹץ ҙ ᶫ Ȃ 

Ӟ ҳ Ȃ ╠ ῏

ẫῃ[81]̆ ῤ ғ ԍ ̆

[13]Ȃ [65][39] Ҭ

̕ [30] ̆ ֜ ҹ̕

[35] ᵣ Ҭ ԅ ̆ Ḥ ҹ ̆ ⌠
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ץ Ȃ ԍ ̆ѿ ῏ Ҥ ῏ ̆

ҙ ᶏ ̕ ѿ

̆ᶛ ȁ ȁҺꜚ ץ Ȃ 

1.1.7  Ҳ Ὶל  

ԑ ῏ Ҭ̆ ῒז ᶛ ȁֲ ȁ

ҍ ȁ5G ̆ ԍḆ ԑ ѿ Ȃ ֓ῒז

ҍ ԑḆ ȁ ԑ ׆̆ ₮ñ1+1>2òȂ ╠

ῒז ҍ ץ̆ ₮

ᵣ Ȃ 

 

ץ ԑ ҍ№ ⱬ̆ ԑ

ΐ [16]̆ ȁ№ ῀ȁ ῃ ל

Ȃ 

Һ № Ữ ҍ̆ ҹ Ȃ

ҹ ᶫ ῃ Ӟ̆ ץ №

[82]Ȃ ̆ ҹץ ԑ ᶫ ү

̆ᶛ ҹץ[83] ᶫ ȁ Ⱶ

Ȃ 

ֲ  

ֲ ȁ ӟ ҹ ԑ ȁ ȁᴨ

№ ᶫԅ ΐ[18]̆ ҹֲץ ᶫ ῃ

Ḡץ̆ ֓῏ Ȃ 

[84][85][86]ԅ ֲ ԑ ꜚ

ף ᵬ Ȃֲ ץ № ҩ

̂ ȁ ̃ ̆ ᴰ ᴨ ȁ῀᷅ ֜

≢ ⱳ Ȃ ԍ Ҍ ᶏ ̆ ֓

ñ ҉ Ҋò ֲ̆ № ҍ Ȃ 

ᵣ ↕ ҍ ̆ᶛ ᴨ ̂ACÕ
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ȂACO ҍ ῍ Ҭ ̆ ҩᵣ ᵬ

ᵣ ᴨȂ [44]≠ ACO Һᵣ Ԉ

ᴨ ̆ ᴨ ҍῒז ᴨ ץ̆ ῃ

ⱬ ⱬ ȁ Ȃ 

̆ ץ ֲ ҍ ̆ᶛ ≠

ӟ № ̆ ꜛ ԑ Ҭ ᴨ ̆

№ ҩ ץ̆ ӊ №

[87][88]Ȃ 

ҍ  

ѿ ̆ᶛ ꞉ └ ף ̆

’ ⱴ ̆ ᴇ ⱴ ̆

[44]ȁ ҹḆ ҍ ֜ Ȃ 

[34][89]⌠ԅᶏ ף ᵬҹ ҍ ꞉̆

ѿ ꞉ └ ⌠Ḇ ҍ ᵬ Ȃ [44]

Ῥ ≠ ԅ ꞉ └̆ ץ Ῥ ≠ ԍ

꞉̆ ԅ ῏ └̆ ԍ ᵩ ԇ

Ȃ 

ᴪ ⌠ ӊ ̆ ꜛ

ꜚ Ḥ ᴨ ׆̆ ֜ Ҭ Ȃ

Ҍ ̆ ᵬ [39] ᵬ [44][52][90]

Ȃ ᾢ ̆ [52]

ל Ḡ ԅ ̆Ҍ ̆ ≠ԍ

ѿ Ȃ [44]№ ԅ ȁ №

̆ ԅ Ԉ ̆ ԅ ҈ ῤ Ҍ

ᴨ ̆ ⱬ Һᵣӊ ΐ Ԉ῏ Ȃ 

̆ └ ԅ ҍ֜ ӊ ̆

ҹẒ ȁ Ḡ ץ̆ ⱴ֟ ̆

֓Ӟ ⱴץ ̆ № Ȃ 

5G  
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ѿ ̆ 5G Ḥ ԅ5ҩ

̆ ȁ ȁ ȁᵞ ҍᵞ [91]̆

̆⇔ Ȃ 

5G ̆ Ὲ ץ 100̓ҩ ꜚ ̆ᶏ

ץ ῀ ̆ ԑ Ҭ ⱴ ȁ

Ḥ ԑ Ȃ 

5G ȁᵞ ץ Ҭ֜

׆̆ ҉ ῍ └ ̆ ≠ԍ

῍ └ ᴰ Ȃ 

5G ℗ [92]̆ ץ ԑ ҬҌ ҙⱵ Ҍ

̆ ᵞ ȁ Ḥ ῀ Ȃ 

ԍ 5̆G ꜛ ⱴ ȁ

‰ ᴰ׆ ץ̆ ῤ └Ȃ₡Ṣ

ḤҬ ᴨל 5̆G ᴪḆ ⱬ ҍ ̆ ñ5G+

+ ò ѿᵣ Ȃ 

5G ╠Ӟ ѿ֓Ҍ ̆ɒ Ḥ Ȃ5G ף Ḥ

ᴪ ⌠4G ף 10Ṑ̆҉ץ ȁ ȁᵞ ᴇף ᴪ

ᵞȂ ̆ ᵥ ⱴ Ḡ ҉ 5G ̆ ԑ

Ȃ ̆ 5G ḤҬ Ӟ ѿҩṿ

̆ҍ ╠5G Ҍ ̆ ꜛ

ԍ └҉ ῃ ḤȂ 

1.1.8   

ѿҩ ̆ ╠ └

Ȃѿ ̆ ׂ῏ԍ Ҭ̆ ╠

῀ ҍ ̕ ѿ ̆ Ả ̆

Ȃ ԍ ’ ̆

ᴪ Ҭ ȁ ῃȁ ₃ҩ Ȃ 
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̆ ‗ ̆

֟ ╠└ Һ Ȃ 

̆ ׆ └₮ ̆

Ȃᶛ ̆῍ └ ҍ ӊ ‗̆ ₮

̆ғΐ ῍ ̕

ץ ֲ № ̆ ׆ ῀

̕ Ҭ Ҭ Όᵩ Ữ ᵞҊ̆ ץ №

Ữ ̆ IPFS[93][94]̆ Ữ Ȃ 

ΐᵣ ֟ ̆ ΐᵣ

Ȃᶛ ̆ Ḡ ῃ ̆Ӟᴪ ᵞ ҙ

Ⱶ ̆ Ḥ Όᵩ ȁ ⱴ ῃ Ḡ └̕

ԑ ῀ ᴪ̆ ⌠ ᴆ

̆ 5Gȁ ҍ Ȃ 

ῃ 

῏ԍ ῃ └ ̆ ⌠Ạץ Ҋ₃ץ  ̔

ѿ ⱴ ᴍ └̆ Ҭ Ὲ

└ └ └̆ ᶭ ᴍ └ Ḥ ῃ̆

ᾧ ₯̕ᾟ№ Ḡ ̆

ῃ ̆ Ḥ SGXȁ ῃ ⱴ

Ḡ ̆ ȁ Ḡ №

֜ Ҭ ̕ ⱴ ῃ ‰̆

Ҭᶏ ף Һ ׆ץ̆ ҉ ῃḠ

Ȃ 

 

ԍ ȁ ΐ Ȃ

ԑ ל̆ ᴪ ₮ Ȃ 

ᾢ ̆ ῍ ̆

№ ȁ ȁ Ḡץ̆ ԊⱵ ⱬ̆

ĺḤ ԑ Ȃ 
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ԍ ԑ ҙⱵ ѿ̆

̆ ҩ ԑ ̕ ѿ ץ

ⱳ ̆ Ȃ 

 

῏ ⌠ ̆ ҉ Ạ⌠Ҥ ̆

Ḡ Ԋ╠ ȁԊҬ ȁԊ Ȃѿ ⱴ

ԑ ῤ Һᵣ ̆ ҩҺᵣ ̆ ȁ

ȁҺꜚ ץ ̕ ѿ ⱴ

̆ ῒ Ḡ ̆ ҹ ᵩ ̆Ҥ

῏ Ḥ Ȃ 

1.1.9   

ᵝ ԑ Ҭ ⱬ֜ Ҭ ῏ ῍׆̆ └ȁ֜

ҍ ȁ ῃ └ ῒז ҩ ̆ ׂ ⱬ

֜ ̆ ⱴ ῀ ҍ

№ ̆ ₮ ╠ ץ̆ ץ̆ ҹ

ԑ ⱬ֜ ѿ ᶫ Ȃ 

ץ ₮̆ ԍ ԑ ῃ ᵝȁ ̆ ⱬ֜

῏ ҉ ῒᵬ ̆ ׆ ҉ ‗ ╠

ⱬ֜ ҳ ȂҌ ̆ ╠ ԑ ⱬ֜ ׅ ѿ

̆ ̆ ԅ׆ ⱴ ῀ ̆

ҙҬ ⱴ Ȃ 

1.2  

Ҭ Һ ῤ ׃ Ȃ 

ԋ № ᴰ Ҭ ⱬ֜ ԑ Ҭ ҳ Ҭ̆

ץ № ֜ Ȃ ⱬ֜ Ḥ Ҍ

ѿȁḤᴋᵣ ץ ȁ ⱬ ⱬẒ ╠

ԑ № ⱬ֜ ̆ ₮ѿ ԍ ⱬ֜
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̆ ԍҙⱵ ̆ ̆ ֜ ҍ ҉ ̆ ꜚ

֜ ҍ Ȃ ֜ ᴏ ̆

̆ΐ ╠ Ȃ 

҈ ԍK-prototypes ̆ ᴇȁ֜ ȁ

ᴰ ȁ ⱬ Ȃ ⱬ

Ȃ ̆ ԋ ҹ Ḥ ̆

⁞ ῍ ԍ ҍ Ȃ ԍ ꜚ ȁ

֜ ⱳ ̆ ҉ ֜ ꜚ ̆

ⱬ֜ └̆ ԍ ⱴ ⱬ֜ Ḡ

Ȃ̓̀ └ ԍ ѿ № ֜ Ȃ

₮ ֜ ᶛҍᴇ ̆ ᵞ ԑ

̆ ⱳ Ȃ 

ҹԅ ԍ № ⱬ֜ ҍᴨ̆ל Ҭ

ѿ ԍ ᴨ ₮ѿ №ӯ Ẓ ⱬ

֜ ̆ ⱬ֜ ῃ ҉ ֜ Ȃ ᶫ

֜ ֜ ֜ └ Ḡ̆ ֜ Ὲ

Ȃ֜ ӯ ̆

Ẓ ̆ ӯ Ȃ ̆

ⱳ ȁ ȁᴰ ȁ ΐ

Ȃ ̆ └֟ ̆ ԍ Ӟ ԍ

֜ Ȃ 

ԓ ⱬ֜ ῍ └ ҍ ⱬ№

҉֜ ̆ ₮ ҙⱵ ῍ └ ̕

ԑ № ⱬ֜ № ῍ ץ̆ PBFT └ҹᶛ̆

ԑ № ⱬ֜ ῍ └ ̆ ԑ

Ҋ Ȃ ₮ └ Ȃ 

Έ ԅ Һ ̆ ԑ Ҭ

Ạ₮ Ȃ 
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ԑ  ԓ ⅎ Ⱶ֢ ֢  

 

 

ב 2.1  

№ ⌠ ҹ ᶫ № Ữ

[95]Ȃ№ ≠ԍ ԑ ̆ ץ ̆

Ῥ ≠ Ȃ ῏ Ῥ

̆№ [96]Ȃ ꞉№ ҍ ֜ ̆ ץ ѿ

ꜚ ⱬᵣ└ ֜ ̆ῒ ҹ ל Ȃ 

ԑ ԍԑ ѿ Ḥ [14]Ȃ

ԑ №[31]Ȃ ѿ ᶫ ̆

ץ ⱬ ̆ Ḡץ ᴆҊ ᶫ ̆

Ȃ ԑ Һ № Ữ ȁ

[15]Ȃ ѿ ׆ץ ⱬ

Ȃ Ҍֽҍ ̆ ҍῒז ԑ ̆ᴰ

̆ └ ῤ ӊ Ȃῖ

2.1 ̆ Һ Ȃ 

 

2.1. ѿҩῖ ԑ Ȃ 

ᴰ ֜ Ҭ [97]Ȃ

ҙⱵ̆ ҙⱵ̆ ֜ Ḥ Ҍѿ ȁḤ ᵣ
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[98]Ȃ ‰ץ [99]̆ᵖ ⅞ ⱬ֜

Ҍ ᾧ ⱬẒ Ȃ ֜ ץ ȁ

Ẓ ̆ᵖ ѿ ҉ׅ ᶫ Ȃ 

ᵬҹѿ № ̆ ṿ ỮȂ

ⱴ ȁ ᾥ Ḡ ҉Ḥ Ҍ ̆ Ḡ ԅ

ῃ [19, 100-101]Ȃ ΐ Ҭ ȁ֜ ȁ ḤȁҌ

̆ҍ ԑ ̔ Ҭ ҹץ ԑ

ῤ ֜ ᶫ ̕№ Ữ № Һᵣ̆ ᾧҬ

̕ Ḥ Ὲ ̆ ≠ԍ Ȃ 

╠̆ ԍ Ҍ ̆ Ả

Ȃ ̆ [102] ₮ԅ ̆ [103] ԅ ԍ

ԑ ῃ῍֣ ᵣ Ȃ ץ

ⱬ֜ Ҭ̆ ‗ Ḥ Ҍ ȁḤ ᵣ ץ Ȃ  

[104] ԅѿ ץ Ữ ⱬ֜ Ḥ ꜚ ⅞ ⱬ

֜ Ȃ [105] ԅ ҍ ⱬ ‗ └

Ȃ 

ᵬҹѿҩ∆ ῖ ̆ ᾥ  LO3 Energy 

 ConsenSys ῍ ԅѿҩ [22]̆ ҍ ץ

⌠ ⱬ֜ Ȃ ֜ ᴰ

҉ Ҋ № ̆ᾛ ⱬ֜ ̆

ⱬῈ ҍȂ  Scanergy [106] ԍ

֜ Ȃ ֜ Ҭ 15№ ѿ ֟

̆ ᶫ ᶫ ᵌԍ  NRGCoin ᵬҹ ֟ ꞉Ȃ

̆ ңҩ ̆ ҹԅ № ⱬ

֜ ̆ ῤ ѿ ̆ῒ ֜ ΐ ׅ

Ȃ 

Ḥ Ҍѿ ȁḤᴋᵣ ץ ȁ ⱬ

ט ̆ ̆ ₮ ԍ ⱬ֜ ̆

∆ ԅῒҬ ֜ Ȃ ᾧԅⱳ Ẓ
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Ȃ ԋ ₮ԅ֜ ᵣ ⱳ Ȃ ⱬ֜

ΐᵣ ҈ Ȃ Ȃ ԓ

ῤ Ҭ ԅ Ȃ 

2.2 ԓ ԝ Ⱶ֢  

2.2.1  

ױ ₮ ԅѿҩ ԍ ֜ Ȃ ҍ 

Hyperledger Fabric [107] ̆ ԑ Ҭ ӊ

֜ ֜ Ȃ ᵣ 2.2 Һ̆ ȁ

ȁ ȁ Ȃ 

 

2.2. ԑ ⱬ֜ ᵣ Ȃ 

2.2.2  

a.  ̔ ԍ ΎḤ ᴍ Ύ

ῒז ῏ қ ̆ ̆Ӟ ץ

Ύ ᴍḤ Ȃ ΎḤ

̆ᴪҹ № ѿҩ ̆ ҍ Ҭ ֜ ҙⱵȂ 

b. ̔ Һᵣ ̆ ֓Һ

ᵣ ᶫ ̆ ֜ Ȃ ̆ ֓ ֜ ᶏ

⌠ Ȃ 

c. ̔ ԍ ҩ ӊ
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ᴰ ḤȂҺ ȁ ȁ ȁ ӥ

Ȃ ҩ Ҋ ҉ᴰ ҉ Ȃ

ҍ ֜ԑ Ȃ 

d. ̔ ԍҹ ҩ ᶫΐ ⱳ ̆

ҩ ȂҺ Ύ ȁ ҉ᴰ ȁ

ȁ ȁ Ȃ 

e. ̔ ԍ Ȃ ᴪ

Ҍ ⱳ Ȃ ̆

Ȃ 

2.3 Ⱶ֢  

ױ ₮ ⱬ֜ Һ ֜ ⅞└ ȁ ᴇ ȁ

ȁ ҉ᴰȁ ԓҩ №Ȃ Һ ׃ ԓҩ №

῏ Ȃ 2.3 Ȃ 

 

2.3. ⱬ֜ Ȃ 

2.3.1 ֢ ↔┼  

Ҭ ץ ױז ֟ ᴇ Ȃ ץ

’ ᶫ ᴇ ̆ ҉Ὲ ᶫ ᴇ Ȃ

ץ ⌠ ᶫ ⅞Ȃ ̆ ᶏ Ӟ ץ
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ᴇ ̆ ⅞Ȃ 

2.3.2 ֢  

Ҭ ӯ ץ Ȃ ̆ѿ

ױז ֜ ᴇ ѿҩᴇ Ҭ̆ ᴇץ Ḡ

ҬȂ ̆ѿҩ ҍץ ҩ Ҍ ֜ ᴇ ̆ ғ ץ

ӯᴨᾢ Ȃᶛ ̆  A ץ ҍ  B  C ֜ ᴇ ̆A ץ

ᾢ  C ʟ Ȃᴨᾢ Ӟ ᴇ ҬȂ 2.1 ΐ ҩ

ᴇ ᶛȂ 

2.1. ѿҩ ᴇ ᶛ  

         

Buyer 

Seller 

User A User B User C User D Grid 

User A  (1, 0.3) (2, 0.4) (3, 0.5) 

0.5 

User B (3, 0.5)  (1, 0.2) (2, 0.4) 

User C (3, 0.4) (2, 0.3)  (1, 0.3) 

User D (1, 0.2) (2, 0.4) (3, 0.4)  

Grid 0.5  

 

Ҭ ᾝ ӯ ̆ ѿҩԋ Ȃ ѿҩᾝ ף ӯᴨᾢ ̆

ԋҩᾝ ף ӯᴇ Ȃᶛ ̆ ԋ ף ҹ Ă ף↓҈

ӯ ҹ BȂ Ӈ ҈↓ ԋ ᾝ ף B A ӯ Ȃ

ҹ B ׆ A ӯ ̆ᴨᾢ ҹ 1̆ ѿ ӯ ̆ ӯᴇ ҹ 0.2 ᾝ

/kWĿhȂ A ץ ᶫ10kWĿhⱬ̆B 7kWĿh̆C 5kWĿh̆Aᾢ

Bᶫ 7kWĿh̆ Ῥ Cᶫ ▼ᵩ 3kWĿhȂ  C Ҋѿҩᶫ

ץ ⱬȂ 

ѿ↓ ѿ Һ ᴇ Ȃ ▼ᵩ Ҍ₮ №

̆ ҍҺ ֜ ̆▼ᵩ֜ ᴇ Ȃ 

2.3.3  
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Ҭ̆ ҉ᴰ ҹTȂ ᶫ ̆‰

ᶫ Ȃ ѿҩ ѿ ̆ ᴰ ⌠ ððPeerȂ

IDȁ ȁ Ȃ ҩ ץ Ύѿҩ

⌠ ҩ ף Ȃ ̆ѿҩ ץ ҩ Ὲ ᶏ Ȃ

ѿ ῤ ῀ ῀Һᵣ ᶫ ӊ Ȃ ṿף ᶫ ̆ ṿ

ף ⱳ Ȃ Ȃ 

2.3.4 ҏ  

Peer ⌠ ̆ ֜ Ȃ ֜

҉ᴰ ֓ ҉ᴰ⌠ ̆ ֜ ῍ Ữ

҉Ȃ ױ Ҭ Ҭ Ḥ῍ Ḥ ҈

῍ ̆ ԍ ῃ №

ⱬ֜ ҬȂ Ҋ̆ ץ Kafka└ ῍ ̆ΐᵣ

2.4 ȂPeer֜ ӥ ̂ῒז Peer̃ ӥ̕ ӥ

֜ ֜ Peer̕ Peer ֜ ⌠  

Orderer̆ ֜ ῒ ⌠ Kafka Ȃ  Orderer ᴪ ⌠ 

Kafka ѿ ֜ ↓̆ Ȃ 

 

2.4. ֜ ῍ Ȃ 

2.3.5  
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҉ ᶏ Ữ ҉ ҍ̆ ֓

҉ᴰ Ȃ ԍ‰ ̆ ‗

ⱬẒ ט Ȃ ԍ Ҭ ̆

ҡ ̆ №ҹ Ȃ 

҉ᴰ ̆ ῤ ֜

⌠ ’Ȃ ֓ᶫ ᴇ

Ȃ ԍ ̆ № ֜ ҉

ᴰ⌠ ̆ ҹ Ȃ n ̆ Ҋѿҩ̂i 

< ñ ҉ᴰ ֓ ̆↕ ѿ ̕ ↕̆

 n ҩ ̆ Ҍ ῃ ̆ ▼ᵩ֜ Ȃ

̆ Ҍ ҉ᴰ ‟ Ȃ 

ΐᵣ 2.5 ȂSLף ῤ ᶫ ↓ ̕ CL 

↓  ̕PMף ѿҩԋ ̆ ԅ ңҩ ӊ

ᴇ ᴨᾢ  ̕systemPrice Һ ᴇȂ UL ף ѿҩ

↓ ̆ῒᾝ ֜ ȁ֜ ᴇ ȁӯ Ȃ ֓

Ữ Ҭ̆ץ ᶫ ᶫ Ȃ 
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2.5. Ȃ 

2.4 ᵆ 

ᾢ׃ ̆ Ȃ ̆ ԍ

֜ ԅ ᶛ ̆

Ȃ 

2.4.1  

ԍ Hyperledger Fabric v1.4.4 Ȃ ҹ ҹ2288H V5Ⱶ

̆40 64GBῤ ̆№ 30 1 2GB Ȃ ҉ ᵬ  

CentOS Linux release 7.7.1908Ȃ ҩ ѿҩ ҩ Peers̆ №ҹ₃ҩ

Ȃ ҩ Peer ץ ѿҩ ҩ Ȃ 

῍ └ ԍҬ Kafkă ⱬ֜ ̆

ғKafka ֟ Ҭ ̆ ԍ ҩ

Algorithm  1 Asynchronous Settlement 

Input : SL, CL, PM, systemPrice 

Output : RL 

For each s in SL: 

 While s.value  > 0: 

  Choose a buyer  of s by priority;  

  If there is no one to choose from: 

   Set amount  = s.value  ×  systemPrice; 

   Generate a record r(s.value , amount , s.user , ñGridò); 

   Add r into RL; 

   Set c.value  = 0; 

  Get c in CL that belong to buyer ; 

  If c.value  != 0: 

   If c.value > s.value : 

    Set amount  = s.value  ×  PM[s.user ][c.user ]; 

    Generate a record r(s.value , amount , c.user , 

s.user ); 

    Add r into RL; 

    Set c.value  = c.value  - s.value ; 

    Set s.value  = 0; 

   Else: 

    Set amount  = c.value  ×  PM[s.user ][c.user ]; 

    Generate a record r(c.value , amount , c.user , 

s.user ); 

    Add r into RL; 

    Set s.value  = s.value  - c.value ; 

    Set c.value  = 0; 

For each c in CL: 

If c.value  > 0: 

  Set amount  = c.value  ×  systemPrice; 

  Generate a record r(c.value , amount , c.user , ñGridò); 

  Add r into RL; 

  Set c.value  = 0; 
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Ȃ Peers ԍ Ȃҹԅ Ḡ

Ҭ̆ ҩ ѿ ῒ ӥȂ 

ҩ Ҭ̆ ԅңҩ ᴆ̔ 

1) ᴆ̔ ⌠ ̂MBT̃̕  

2̃ ᴆ̔ѿҩ Ҭ ֜ ⌠ ̂MMC̃Ȃ 

ң ’Ҋ ץ ḱ Ȃ 

2.4.2 ᵆ 

ԅѿ ↓ ᵀ Ȃ

̆ ᾣᴟȁ№ Ữȁ ꜚ ȁ ⱬ Ȃ 

ᾢ Ȃל Ҋ̔

ҹ 5̆ Peer ҹ10̆MBT ҹ2s̆MMC ҹ10̆

҉ T ҹ20s̆ ⱴ̆ ױ ⌠ 2.6 

Ȃ ̆ ⱴ̆ ⁞ Ȃ Ҭ

̆֜ ⌠ѿҩ ⁞ Ȃ ̆

ⱴ̆ ԍ֜ ⱴ̆ №֜ ̆

Ȃ 

 

2.6. Ҋ Ȃ 

MBT MMC Ȃל

ҹ̔ ҹ 5̆ Peer ҹ30̆ ҉ᴰ
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T ҹ20s̆MBT MMC Ȃ ױ ⌠ 2.7 Ȃ

ױ ץ ⌠̆  MBT  MMC ̆ Ӟ Ȃ

2.7(a)Ҭ̆  MMC M̆BT ל ᵌ ̆

ԍ ҩ ֜ ̆ ῤ Ȃ  MBT 

̆ ᴆ ᴆ ̆ ᵌ ’₮ 2.7(b)Ȃᵖ ̆

MBT=32̆ ₃ӍẢ ̆ ѿҩ ῤ

Ҍ ץ MMC ᴆ̆MMC ҌῬ Ȃ 

 

2.7. MBT  MMC Ҋ Ȃ 

ԍ ̆№≢ ҹ 2ȁ5ȁ10 ȂPeer

 

(a) 

 

(b) 
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ҹ10̆MBT ҹ2s̆MMC ҹ10ҩ̆ ҉ᴰ T ҹ20s̆

ғ Ҭ ⱴȂ 2.8 Ȃ ץ ₮̆

ⱴᴪ ⁞ Ȃ ⱴ

֜ ӥ ⱴȂҌ ̆ҍ ̆ ץ

Ȃ 

 

2.8. Ҍ Ҋ Ȃ 

2.5  

№ ԅᴰ Ҭ ⱬ֜ ԑ Ҭ ҳ Ҭ̆

ץ № ֜ Ȃ ⱬ֜ Ḥ Ҍ

ѿȁḤᴋᵣ ץ ȁ ⱬ ⱬẒ ╠

ԑ № ⱬ֜ ̆ ₮ѿ ԍ ⱬ֜

̆ ԍҙⱵ ̆ ̆ ֜ ҍ ҉ ̆

֜ ᴏ ̆ ̆ΐ ╠ Ȃ 
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Ҏ  ԓ K- prototypes Ⱶ֢ ┼

 

 

 

ב 3.1  

№ Ῥ Ữ ῀ ץ̆ ⱬ ԑ Ҍ

̆ ԑ ̂REĨ ₮[108-111]Ȃ׆ ̆REI 

ץ Ȃ ץ ҩ ̆ Ȃ

ץ ѿҩ Ȃ REI Ҭ ȁ

ӊѿ[3,112]Ȃ D̆RE ᶏ ֟

 REI ҍ ⱬ֜ Ȃ [113] ԍ

REI ԅ № ̆ҹ REI ᶫԅ Ȃѿ

̆REI ҹ ᶫ ῒẒ Ῥ ̕ ѿ ̆

̂ ȁ ȁ ȁ ̃ ҍ ֜ Ȃ ⱬ֜ ׆

ᴰ ѿ Ҭ֜ ҹ ᾝ ֜ [114]Ȃ֜ ȁ

̆ Ҭ Ȃ 

ᴰ ⱬ Ҭ̆ ҈ Ҭ ҍ Ῥ ᶫ

֜ [115-117]Ȃ └ ‗ԅ ӊ Ḥᴋ ̆ᵖ ҈ Ҭ

ⱴ῀̆ ⱴԅ ֜ ̆ Ḥ ῃ [22]Ȃ ̆ᴰ

└ ᴋ REI ᾝ ֜ Ȃ 

ᵬҹ [19]̆ ≠ ⱴ ȁ ᾥ Ḡ

҉Ḥ Ҍ [118-119]̆ ≠ ȁ̓̀ P2P֜ .≠

REIҬ ᾝ ֜ Ҍ̆ ҈ ҹ

Ḥ ᵣ Ȃ ֟ ץ P2P֜ ⁞ץ ᴰ [120]̕ ғ

ᶏ № ⱴ Ữ Ḡ ֜ Ḥ ῃ[121]Ȃ ̆

 REI Ҭ ⱬ֜ ⱬ ӊѿȂ 

֟ ῀REĬ֟ № ⱬ֜ Ȃ

╠̆ ⱬԑ ̂DÃ ᴰ └̆
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ץ ȁ Ȃ ҹ̆ REI └ ῏ Ȃ

׆[23] ֜ ȁ ᵣ ᴇ DA҈ҩ № ԅ ῤ ⱬ֜

̆ ֜ ₮ Ȃ ̆ ₮ѿ

ҩ Ȃ [122] ₮ԅѿҩ ԍ Ҭ ֜ ᾛ̆

֟ ֜ ̆ ҉ Ῥ Ȃᵖ

Ῥ ҍ ᴇ └Ȃ [56] ₮ԅѿҩ

ԍ ֜ ̆ DA └ҹ ᶫ ⱬ

̆ ᵞԅ ҩ Ȃ ̆ Ҍ

└Ȃ [47]ᶏ ԍ ֜

̆ᾛ ֜ ף ⱬ֜ ̆ ҈ ̆ᵖ ֜ ῃ

̆ ≢ ȁ ȂLO3 Energy ԍ ֜

֜ [22] ԅ DA └Ȃᵖ ̆ ᴇ

ғ ԍ Ȃ [54]ҹ ԑ № ⱬ֜

₮ԅѿ ԍ  DA └̆ᵖ Һ ᶷ ԍ

ᴇ̆ ⱬ֜ ₡ ᴰ ⱬ Ȃ [57]

ԍ ⱬ֜ ̆ ₮ԅѿ ԍ ֜ └̆

№ҹ Ҭ DA ңҩ Ȃ╠ ҈ Ҭ ̆Ҍ

ԍ ֜ ̆ Һ ᶭ ᴇ Ȃ ԍ ӎ

ȁ ̆ ׆ └҉Ҍ≠ԍ ̆ ᴪ

̆ ⱴ Ȃ 

REIⱬ֜ ₮ԅѿ ԍ ⱬ֜

└Ȃ ԍ ̆ҹ֟ № Ḥᴋᵣ Ȃ ԍK-prototypes

̆ ᴇȁ֜ ȁᴰ ȁ

ⱬ Ȃ ⱬӯ ֜ Ȃ

̆ ԍ ԅ ꜚ ȁ ֜ ̆ ԍ

ⱴ ֜ ȁ ȁ Ḡ ̕ REI

№ ֜ ֜ Ȃ 

ῒᵩ № ҊȂ ԋ ԅ ⱬ֜ └

ᵣ Ȃ ҈ ׃ ԅ ԍ ⱬ֜ ץ└
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└ Ȃ ԍREI ̆ ₮ └ ԅ ̆

Ҭ ԅ№ Ȃ ԓ Ҭ ԅ Ȃ 

3.2 ⅎ Ⱶ֢  

3.2.1  

₮ ⱬ֜ └ ҹ REI ̆ 3.1 Ȃ

ѿҩ REI ҩ ̆ ҩ ֟ ȁ ֟ Ȃ

ҩ ѿҩ ץ Ȃ ҩ

Ӟ ѿҩ Ȃ ԍ ᴰ ̆ ԍ

ᴰ Ȃҍ ҩ ̆ѿҩREI ̆ ҹץ

ᶫ ῃ ȁ ҩ ⱬᶫ Ȃҍ └ ̆ ₮ └

̆ ҉ ᾢ ꜚ ⱬ֜ ̆

Ӟ ̆ ҉ ⱬ֜ ̆ ꜚ Ȃ҉ ̆

ᾧֲҹ ⱬ֜ ̆ ⱬ֜ Ḥ Ữ̆

Ḡ ⱬ֜ Ḥ ῃ Ȃ 

└ ⱬ ֜ Ȃ֜ ⅞֜ ̆ ֜ ҹҊ

ѿҩ Ȃ ѿҩ ╠̆ ҹ ̆↕

ᵞᴇ Ὲ Ȃ └ ҉ ᾢ ̆

ⱬ ̆ ᾧ Ȃ 
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Energy Router

Energy flow

Data flow

Microgrid  ɹ 

Microgrid  ɸ

Microgrid  ɺ

Microgrid  ɻ

Microgrid  ɼ

  

3.1. Ȃ 

ב 3.2.2  

└ ᵣ 3.2 ̆Һ ȁ ⱬ֜

ȁ Ȃ ԍ ԋ ⱳ ѿ

Ḥ ̆ᶏ ֜ ץ ԍ ҉ ȁ֜

̆ ԑ № ⱬ֜ Ȃ 

User Management

Module

Blockchain Node 

Module

Power Transaction 

Acquisition Module

Smart Contract

Module 

In
v
o
ke

 c
o
n

tr
a

ct
s

 

3.2. ԍ № ⱬ֜ Ȃ 

̔ Һ ҹ ᴍ Ύ̆ Ύ ⱳ ҹ

№ ѿҩῈ Ȃ ץ ̆ᶏ ꜚ
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ⱬ֜ ȂҹḠ ῍ ̆ ץ ѿ

Ȃ 

ⱬ֜ ̔ Һ ֜

Ḥ Ḥ ̆ ֜ Ḥ ꜚ ֜

Ữ Ȃ ꜚ ⱬ֜ ̆ҹ ᶫ

ⱬ Ȃ 

̔ Һ ᶫ ҍ

ᴰ ḤȂ Һ ȁ Ȃ

Һ №ҹ ̆ᶫ ⱬ֜ ̕

Һ ԍ ̕ Һ ԍ

֜ ῍ Ȃ Ҋ ҉ᴰ ҉

̆ ҍ ֜ԑ Ȃ 

̔ Һ ԍ ΐ ⱳ ̆

Һ̆ ԍ Ḥ Ữ

҉֜̕ Һ ԍ ̆ Ḥ

Ữ ҉Ȃӊ ̆ Ҭ Ẓ ⱬ ̆

֟ Ȃ 

3.3 Ⱶ֢ ┼ 

3.3.1 ┼  

₮ ԍ ⱬ֜ └ ΐᵣ 3.3 ̆

Һ Ҋ7ҩץ 15ҩ Ȃ 
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3.3. ԍ ⱬ֜ Ȃ 

ѿ̔ ֜Ҋѿ Ḥ Ȃ 

ԍ 3.3 Ҭ  1Ȃ  REI Ҭ Һ

Ȃΐᵣ ’ 3.1Ȃ 

3.1. ⱬ Ḥ  

User 

ID 

Energy 

Type 

Electricity 

Selling Price 

Cycle Total 

Electricity Supply 

Cycle Available 

Electricity 

Electricity Supply Location 

Ҭ Һ ȁ ȁ ȁ ȁ ̕

ᴇ ᵝ └ ᵝ ᴇ̆ ᴇ̕ Cycle Total Electricity 

Supply ᵝҊѿҩ ̕ ᵝ

ᶫ Ҭ ₮ ▼ᵩ Ȃ 

 

ԋ̔ Ḥ ꜚ Ữ ҉Ȃ 

3.3Ҭ 2-3̆ ΐᵣḤ 3.2 Ȃ 

3.2. ⱬ  
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Electricity 

Sales Records 

ID 

User 

ID 

Environmental 

Protection Index 

Electricity 

Selling 

Price 

Cycle Total 

Electricity 

Supply 

Cycle 

Available 

Electricity 

Energy 

Type 

Credit Value of 

Electricity Seller 

Electricity 

Supply 

Location 

Ҭ Ḡ ᶫ ᶛ̆ ȁ ȁ

ȁ ҹ ̕ Ḥ ṿ 100 ⱬ֜

₮ ⱬ Ḥ ṿ̆Ḥ ṿ ̔ ѿ ⱬ֜ Ḥ

ṿ ⱴ 1̕ ѿ Ḥ ṿ⁞ 10Ȃ ∆ ṿ ҹ100̆ ⌠100Ҍ

ᴪ ⱴȂ 

 

҈̔ ֜Ҋѿҩ Ḥ Ȃ 

№ 3.3Ҭ 4̆ ΐᵣ Ḥ 3.3Ȃ 

3.3. ⱬ Ḥ  

User 

ID 

Environmental 

Protection Index 

Electricity 

Purchase Price 

Cycle Demand 

of Electricity 

Estimated 

Transmission Loss 

Energy 

Type 

Electricity Demand 

Location 

Ҭ ᴇ ᵝ └ ᴇ̆ ᴇ̕ 

Cycle Demand of Electricity Ҋѿҩ ̕ᵀ

ץ ᵀ Ȃ 

̔֜ Ḥ Ữ ҉Ȃ 

№ 3.3Ҭ 5-6̆ ΐᵣḤ 3.4 ̆

Ḡ ⱬ Ḡ ̆ ̕

ᾢ ӯ ̕ Ḥ ṿҍ Ḥ ṿ

̆ ̂2̃ ̆ ҌῬ Ȃ 

3.4. ⱬ  

Electricity 

Purchase 

Record ID 

User 

ID 

Expected 

Environmental 

Protection Index 

Electricity 

Purchase 

Price 

Cycle 

Demand of 

Electricity 

Energy 

Type 

Credit Value of 

Electricity 

Purchasers 

Electricity 

Demand 

Location 

 

ԓ̔֜ ׆ Ҭ Ҋѿ Ȃ 

̆ K-prototypesҬ Ὲ

Ȃ ̆ ⱬ֜ Ữ ҉Ȃ 



41 

 

3. 3Ҭ 7- 9̆ Ὲ ̂3. 1̃ ȂҹԅḠ

ҩ ̆ ҩ

Ȃ 

Ὠὢȟὤ Ὠ ὢȟὤ Ὠ ὢȟὤ        ̂σȢρ̃  

Ὲ Ҭ̆d(Xj ,Z i )ҹ Xjҍ Zi ̆

ҍ ҹ ᴨ ̆Xjҹ  j ҩ ̆Zi  i  ҩ Ȃ 

dm(Xj,Zi)ҹ ᴇȁ ȁ Ḡ ȁ Ḥ ṿȁD ṿ

Ȃΐᵣ Ὲ ( 3. 2) ̆Ὲ Ҭ P ṿ ҩ ̆Ŭp

p ̆↕(Xjp-Zip)2ҹ p Ȃ 

Ὠ ὢȟὤ ‌ ὢ ὤ      ̂σȢς̃  

dn(Xj,Zi)ҹ ṿ ̆ Ὲ ̂3.3̃ Ὲ

̂3.4̃ ̆Ὲ ̂3.3̃ Ҭ̆Q ṿ ҩ ̆ɓq q Ȃ 

Ὠ ὢȟὤ ὢ‏‍ ȟὤ       ̂σȢσ̃  

Ὲ ( 3. 4) ̆ Xjq Ziq qҌ ̆

ҹ 1̆ ҹ 0Ȃ 

ὢ‏ ȟὤ
ρȟὢ ὤ

πȟὢ ὤ
       ̂σȢτ̃  

ⱬ֜ ΐᵣḤ 3.5 ̆֜ ᴇ ҹ Ҭ

ᴇ  ̕ ᶫ ҍ ⱬᴰ  ̕

ID IDҺ ԍ ⱬ֜ Ȃ 

3.5. ⱬ֜  

Pre-

matching 

Record ID 

Electricity 

seller ID 

Private Key 

Signature 

of Electricity 

Purchaser 

Tradin

g Price 

Electricity 

for 

Periodic 

Trading 

Environmenta

l Protection 

Index 

Transmissio

n Loss 

Electricity 

Sales 

Records 

ID 

Electricity 

Purchase 

Record 

ID 

 

Έ̔ ׆ ⱬ֜ ̆
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ⱬ֜ ̆ Ữ ҉Ȃ 

№ 3.3 Ҭ 10- 12̆ ⱬ֜ ΐᵣḤ 3.6

Ȃ Ҭ ⱬ֜ ̆

Ҍ ҹ Ȃ ‗֜ Ȃ Ҍז ז̆ ץ

Ҍᶏ ז Ȃ 

3.6. ⱬ֜  

Matching 

Record 

ID 

Electricity 

seller ID 

Private Key 

Signature 

of 

Electricity 

seller 

Private Key 

Signature 

of 

Electricity 

Purchaser 

Trading 

Price 

Electricity 

for 

Periodic 

Trading 

Environmental 

Protection 

Index 

Transmission 

Loss 

Electricity 

Sales 

Records 

ID 

Electricity 

Purchase 

Record 

ID 

Ҭ Cycle Available Electricity ҹ ֜ ▼ᵩ

Ȃ ▼ᵩ ҹ 0̆↕Ҍᴪ֟ Ȃ 

 

҂̔֜ ⱬ֜ Ҭ Ὲ

Ȃ ⱳ ̆ ⱬ֜ ̆ ⱬ֜ Ữ ҉Ȃ 

№ 3.3 Ҭ 13- 15̆ ⱬ֜ ΐᵣḤ 3.7 Ȃ

Ҭ̆ ⱬ֜ IDҺ ԍ ֜ Ȃ 

3.7. ⱬ֜  

Transfer 

ID 

Electricity 

seller ID 

Matching 

Record ID 

Private Key Signature 

of Electricity Purchaser 

Trading 

Price 

Electricity for 

Periodic Trading 

Transfer 

Amount 

3.3.2 Ὶל  

Hyperledger Fabric[62] ԅѿҩ ԍ ⱬ

֜ └ ȂῒҬ ȁ Hyperledger Fabric

Ҭ Peer̆ Ḃ ҉ ᵬ̕ ҹOrderer̆Һ

ԍ PeerҬ ֜ Ȃ Ҭ ҩ

Ⱶ ̂ Orderer̃ Ȃ ҩ Ҋ̆῍ ҬҌᴪ₮ Һ

ꜚᵬ ̆ ̂Peer̃ ֜ ȁ֜

Ҭᵬ Ȃ ԍ҉ ̆ Raft῍ ҍ Ȃΐᵣ
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3.4 ̆Raft῍ 3.5 Ȃ 

Electricity 
sales node

Electricity 
purchase node

Orderer node Blockchain

2: Electricity sales record 3: Blockchain transactions 
containing electricity 

sales records

5: Electricity purchase record

4: Upload electricity 
purchase information

6: Blockchain transactions 
containing electricity 

purchase records

7: Latest electricity sales record8: Generate a pre -
matching transaction 
record based on the 
electricity purchase 
record and sign its 

private key
9: Pre- matching records of 
electricity transactions

11: Pre- matching records of electricity transactions
12: Private key signature 
pre- matching record or 
rejection , successful 

transaction will generate 
electricity transaction 
matching record and new 
electricity sales record

13: Electricity transaction matching record 
and latest electricity sales record

1: Upload electricity 
sales information

10: Blockchain transactions 
containing pre - matching  records

 of electricity transactions

14: Blockchain transactions 
containing electricity transaction 
matching records and electricity 

sales records

15: Electricity transaction matching records16: The public key decrypts 
the private key signature , 
and completes the transfer 
based on the electricity 

transaction matching 
record

17: Electricity transaction 
transfer record 18: Blockchain transactions 

containing electricity 
transaction transfer records  

3. 4.  ⱬ֜ └ ↓ Ȃ 

ҹ REI ̆ ᾢ  Peer  

Orderer Ȃ Peerⱴ῀ ̆ Peer

ᶛ ̆ REI Ȃ 

3.5 ̆ ҉ᴰ Ḥ ̆ Peer ῒ

֜ Orderer̕ Orderer ֜ Orderer

ᵬҹ Leader̕ Leader ֜ ԍ Follower ᴍ  

Orderer  ̕Follower ֜ Ḥ Leader ̕ 

Leader⌠ №Follower Ḥ ̆ ֜ Ḥ

Follower̕ Follower ֜ ҉ Ữ̕  

Peer  Orderer ҉ ỮȂ 
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Follower

Leader

Follower

Administrator node

Peer node

Orderer node

Unsynchronized transaction

Confirmed transaction

New blockchain transactions

New blockchain transactions

New blockchain transactions

 

3.5. Raft῍ Ȃ 

3.4 Ⱶ֢ Ḧ  

Ҭ ֜ Ὲ ̆ ӊ Ḡ Ȃ

₯ № ֜ ᴇṿ Ḥ ̆ᶛ ֜ ῤ ̆

Ҍ ֓Ḥ ῒֲז Ȃ ֓֜ Ҭ̆ ₯ ץ

֜ ⅞ ̆ ֜ ꜚ ̆ Ȃ ̆

Ҭ № ̆ ץ ֜ ᴰ ̆ ̆

Ӟ ᴍ Ӟ ῤȂ  

̆ ҉ Ҭ ⱬ֜ ̆ ₮ѿ ԍ

֜ Ḡ ̆≠ ץ ⱴ ̆ ‗

֜ Ҭ ץ ᴍ Ȃ 

ΐᵣ ̆ ᶏ ⱴ ̆ Ḡ ᴍ

’Ҋ ֜ Ҭ ҩ ̆ Ḡ

ӊ ̆ Ҍ ΐᵣ ṿ ’Ҋ ᴨ ̕ ң҉ץ

̆ Ḡ Ҭ Ữ Ҍ № ̆ Ḡ

֜ Ҭ ᴍ ̆ ԅ ֜ Ҭ ᴍ

Ḡ Ȃ 
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3.4.1 ꜘ  

ѿ ԍ Ḡ ̆ ץ ѿ

῏ ̆ Ҍ ΐᵣῤ Ȃ ץ

Ҋ ץ̆ Ḡ Ȃ Ҭ ῏

ҹgk̆ ҹvkȂᶏ gk proofᶏ̆ vk proof ̕

₱ Gen(gk, data)̕ ₱ Ver(vk, data)Ȃ ₱ ᶏ

῏ Ҭ proof̆ proofᶏ Ὲ

Ȃ 

ⱴ ̆ ⱴ ̆ ԍ

Ȃ ⱴ ⌠ѿҩ ₮̆ ѿ ₮ ̆

ῒ ҍ ѿ ⱴ ⌠ ₮ ѿ Ȃ

Ҭ̆ ᶏ Ὲ pk ⱴ ̆ᶏ sk Ȃⱴ ₱ Enc(pk, 

data)̕ ₱ Dec(sk, data)Ȃ 

ᶏ ⱴ Ҭ Ḥ ץ

֜ ⅞ ᶫ Ḡ Ȃ 

Ḥ ≠ ҉ ̆ ⌠

҉ Ḥ ̆ ȁ ⅞ Ȃ ֓Ḥ ҉Ҍ

ᴍ̆ └ ̆

Ȃ Ḥ ᴍ ̆ Ḡץ ⱬ֜ Ȃ 

 

3.6. Ḥ  

Ḥ 3.6 ̆҉ Ḥ ѿҩ ṿ ҬȂ

Ḥ h ̆h ҹ̔h = H (data || r)Ȃ 

data ҉ ̆ᶛ Ḥ ҹ ⅞ ̕rҹѿҩ

ṿ̆ῒᵬ ҹ ⱬ Ȃ 
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ԍ Ḥ Ҍ ᴍ ̆ ץ ׆ ҉

Ȃ 

Ḥ ᶏ ↕ҹ̔ 

a. Ҭ proof̕ 

b. ᶏ Ҭ proofԍ ̆῍ Ҭ̆ῒז ᴪ

proof ̆ ↕ ץ Ȃ 

ᶛ ̆ ῒ ⱬ̆↕ ⱬ Gȁ

ⱬvȁ ṿr proof̆ ῒ ῏ ҹ̔G = H (v || r)Ȃ 

Ҭ Ὲץ ֽֽҹG proofῒ̆ז ԊⱵ ῍ ̆

ᶏ G proof ̆ Ḥ ᶏ

Ȃ 

⌠ѿ֓ ᶏ ᴪ ֟ ̆↕ ץׅ ̆

ҹ ṿ̆ Ȃ 

ᶛ ᵩ B ṿҹ b̆ ᶏ №ᵩ bn ▼̆ᵩ

ᵩ Bô ṿҹbô̆↕ ҹ▼ᵩᵩ ᶫѿҩ ṿrô̆ғ

֓ Ҋ῏ ̔ 

1̃ B = H (b || r)̕ 

2̃ Bô = H (bô || rô)̕ 

3̃ b - bn = bô̕  

ԍ ῏ Ҋ proof̆ῒז ץ Ὲ B Bô proof

Ȃ 

 

3.7 ֜ ⅞  

֜ ⅞ 3.7 ̆Һ ⅞ ⅞ң

̆ῒ ᵌ ̆ ץ P ̆P ҹ̔ 

P = (v || p || r)̕ῒҬ̆v ⅞ / ̕p ⅞ / ᴇ ῒז
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̕rҹѿҩ ṿ̆ῒᵬ ҹ Ḥ ⱬ Ȃ 

ԍ ⅞ ̆ῒ Ҍ ⱬȂ

└ ѿҩ ⅞ ̆ ҉ ̆ ῒ Ҋ

῏ ̔ 

1̃ G = H (vg || rg)̕  

2̃ Ps = H (vs || ps || rs)̕  

3̃ vg >= vs̕  

ῒҬῈ ԍ ҹ ⱬG ⅞PsȂ 

ԍ ⅞ ̆ῒ ⅞ Ҍ ᵩ Ȃ

└ ѿҩ ⅞̆ ҉ ̆ ῒ

Ҋ῏ ̔ 

1̃ B = H (b || rb)̕  

2̃ Pp = H (vp || pp || rp)̕  

3̃ b >= vp Ĭ pp̕  

ῒҬ̆Ὲ ԍ ҹ ᵩ B ⅞PpȂ 

 

3.8 ԍ ֜ Ḡ Ҭ ҍ  

3.8 ̆ ԍ ֜ Ḡ Ҭ №

ҹ ̔ 
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ѿ ̆ ᵬҹץ ҍ ֜  ̕

ԋ ̆ ҍ Ḡ ֜ ̕ 

҈ ᴆ ȁᾟṿ ̆ ᶫ ֟  ̕

Ⱶ ̆ ֜ ̕ 

ῒҬ̆ gkȁvk pk̕ ῃ ̆ gkȁ

vkȁpk sk̆ ҍ №֣ҍ ̕ ᴆ ȁᾟṿ

pk̆ ҍ №֣Ȃ 

3.4.2 Ⱶ֢ Ḧ  

₮ ֜ Ḡ Ҋ ̔ 

1. └̆ ⅞̆

⅞ ̆ ᶏ ⱴ ⅞ ̕ ȁ

⅞ȁ ⅞ ⌠ Ҭ ỮȂ 

ΐᵣ ̆ ᶏ ⱴ ⅞Ҭ ₮ ȁ ᴇ ץ

ԍ ⱴ ̆ ⅞ ̆ ⅞ ҍ ⅞

ѿ ỮȂ 

ץ ṿȂῒҬ̆ Ҭ Ữ

ҹ ṿ ṿȂ 

⅞ ȁ ᴇ ץ ṿȂῒҬ̆ ⅞

Ҭ Ữ ҹ ȁ ᴇ ȁ ṿ ṿȂ 

2. └ ⅞̆ ᵩ

⅞ ̆ ᶏ ⱴ ⅞ ̕ ᵩ ȁ

⅞ȁ ⅞ ⌠ Ҭ ỮȂ 

ᶏ ⱴ ⅞Ҭ ӯ ȁ ᴇ ץ ԍ

ⱴ ̆ ⅞ ̆ ⅞ ҍ ⅞ѿ ỮȂ 

ᵩ ᵩ ץ ṿȂῒҬ̆ ᵩ Ҭ Ữ

ҹᵩ ȁ ṿ ṿȂ 

⅞ ȁ ᴇ ץ ṿȂ 

ῒҬ̆ ⅞ Ҭ Ữ ҹ ȁ ᴇ ȁ ṿ
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ṿȂ 

3. Ⱶ ᶭ ⅞ ᶏ̆ ҉ Ҭ ⌠ ҹ

⅞ ̆ ҉ᴰ⌠ Ҭ Ữ̆

P2P Ȃ ᶏ ⅞ ⅞Ҭ ץ

⌠ ₮ Ȃ 

Ⱶ ΐᵣ Ҋ̔ 

a. ԍѿҩ ⅞ ׆̆ ⅞Ҭ ѿҩ ⅞ ≠̆

⅞ ⅞ ҍ ╠ ⅞ ⅞

̕ 

b. ҉ץ ̆ ⌠ ⅞Ҭ ⅞ ҍ

⅞ ̆ ᴨ ̆ ⌠ Ȃ 

ῒҬ̆ ⅞ȁ ⅞ȁ֜ ȁ֜ ᴇ ץ

ṿȂ Ҭ Ữ ҹ҉ץḤ ṿȂ

Ⱶ ᶏ ⱴ Ҭ ֜ ⱴ

̆ ֜ ̕ ֜ ҍ ѿ ỮȂ 

4. №≢ ̆ ҉ᴰ⌠ Ҭ Ữ̆ ҹ

Ȃ ҹ ΐᵣ Ҋ̔ 

ԍ Ҭ ⅞̆ ̆

Ҭ ̆ ̆ ̕ 

̆ ԍ Ҭ ⅞̆ ̆

Ҭ ̆ ̆ Ȃ 

5. №≢ ᶫ ̆ ⌠

ᶫ/ ̆ ᶫ/ ᴆ ᶫ ҉ᴰȂ

ᶫ/ ȁ ᶫ/ ȁ ṿȂ ᶫ/

Ҭ Ữ ҹ ȁ ᶫ/ ȁ ṿ ṿȂ

ᴆ ᶏ ⱴ ᶫ/ ⱴ ̆ ᶫ/

Ȃ 

Ⱶ ԍ ֜ ҍ ᶫ/ ≠̆ Ẓ

₱ ̆ ֜ ҍ ᶫ/ ӊ Ẓ ̆ Ẓ ̆



50 

 

Ȃ∞ Ẓ ΐᵣ ҹ̔ 

Ẓ ̆∞ Ẓ ṿ ԍ Ẓ ṿ̕ 

∞ ̆ Ẓ ԍ Ẓ ̆↕ Ҭ ֜ ̕

Ẓ Ҍ ԍ Ẓ ̆↕ ᶫ/ ̕ ⌠ Ȃ 

6. №≢ ̆ ⌠ Ҭ ̆ ҍ֜

Ȃΐᵣ ҹ̔ 

ᶭ ᶫ/ ῒ׆̆ ᵩ Ҭ⁞ ֜ ̕

̆ ῒ ᵩ ̆ ҍԅ֜

̕ 

ᶭ ᶫ/ ̆ ῒ ᵩ Ҭⱴ҉֜ ̕

̆ ῒ ᵩ ̆ ҍԅ֜

̕ 

̆ Ҭ⁞ ֜ ̆ Ӟ

Ȃ 

҉ ̆ ԅѿ ԍ ֜ Ḡ ȂῒҬ̆

ᶏ ̆ Ḡ ᴍ ’Ҋ ֜

Ҭ ҩ ̕ ̆ ᶏ ⱴ ̆ Ḡ

ӊ ̆ Ҍ ΐᵣ ṿ ’Ҋ ᴨ

̕ ԍ ҍ ⱴ ̆ Ḡ Ҭ Ữ

Ҍ № ̆ Ḡ ֜ Ҭ ᴍ ̆ ԅ

֜ Ҭ ᴍ Ḡ Ȃ 

֜ Ḡ ᵝԍ ⱬ֜ Ҭ̆ Ҋץ ҩ

ⱳ ᴆ̔ 

a. Ḥ ᴆ̔ 

ԍ Ḥ ̆ ҍ ҹ ᴆ ȁ

ᾟṿ Ȃ 

Ḥ ̆ ᵩ ̆ ԍ Ḥ ̆

֟ ῒ ṿғΐ ᶏ ̆ Ҭ ῒז ↕ Ȃ 

Ḥ ᴆ ⱳ ҹ̔ 
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ѿ ֟ ̕ ҩ ֟ ̕− ᶏ ֟ Ȃ 

ῒҬ̆ Ḥ ᵩ ̆

ᴆ ҉ᴰ Ữ̕ ᵩ ץ ῏ᾟṿ ̆Ӟ ץ ֜

Ȃ 

b. ֜ ⅞ ᴆ̔ 

ԍ └ ֜ ⅞̆ ҍ ҹ / Ȃ 

֜ ⅞ ᴆ ⱳ ҹ̔ᶭ └ ⅞̕ᶭ ᵩ └

⅞Ȃ 

c. ֜ ᴆ̔ 

ῒⱳ ҹ Ҭ / ⅞ ̆ ̆

֜̕ Ȃ ҍ ҹ Ⱶ ȁ

/ Ȃ 

d. ֜ ᴆ̔ 

ԍ ҍ ῒ̆Ҭ

ט ̆ ט ̆ ט ῀ ̕ 

֜ ᴆ ҍ ҹ Ⱶ ȁ / ȁ

ᴆ Ȃ 

֜ ᴆ ⱳ ҹ̔҉ᴰ ᶫ/ ̕ ᶫ/ ҍ

Ҭ Ẓ ̕ ט ̕ Ȃ 

≢ ̆ Ҭ ѿ ӈҊ ̆Ҍ ԍ ₮

└ Ȃ₮ԍ Ḡ ̆ Ҭ ᶏ

Ҭ Ҍ Ȃ 

ԍ ֜ Ḡ Ҭ ᶏ ⌠ ̆ ῒ

Ὲ Ữԍ Ҭ̆ ᵬ ̆ғᶏ Ҍ Ȃ 

3.4.3 Ⱶ֢ Ḧ  

Ҋ ≠ ץ ⱴ ץ ΐᵣ

̔ 

a. └̆ ⅞̆
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⅞ ̆ ⌠ Ҭ ỮȂ 

ҹvğ ῒ G ҹ̔ 

G = H (vg || rg)̕  

ῒҬ̆rg ѿҩ ṿ̕ 

⅞ ₮ ҹvs̆ ᴇ ҹps̆ ῒ ⅞Ps ҹ̔ 

Ps = H (vs || ps || rs) 

ῒҬ̆rs ѿҩ ṿ̕ 

ᶏ GȁvgȁrgȁPsȁvsȁpsȁrs proofs̆ ῒ

ҹ̔ 

proofs = Gens(gk, G, vg, rg, Ps, vs, ps, rs)̕  

ῒҬ̆gk ̕ 

Gȁ ⅞Psץ proofs ⌠ Ҭ

Ữ̆ Ҭῒז ⅞Ps ҹ̔ 

1̃ Gҹ Ҭ ̕ 

2̃ r = Vers(vk, G, Ps, proofs) ғrҹ ̕ 

ῒҬ̆vk ̕ ⅞ Ps ̆ Ữ⌠

ҬȂ 

̆ ᶏ ⱴ ₮ vsȁ ᴇ psץ ῒז

ԍ parasⱴ ̆ ҹ̔ 

CTs = Enc(pk, vs, ps, paras) 

ῒҬ̆pk Ὲ ̆CTs ⅞ ̕ 

⅞ CTsҍ ⅞Ps ѿ ỮȂ 

b. └ ⅞̆ ᵩ ⅞

̆ ⌠ Ҭ ỮȂ 

ᵩ B ҹ̔ 

B = H (b || rb)̕  

ῒҬ̆b ᵩ B ṿ̆rb ѿҩ ṿ̕ 

⅞ ӯ ҹvp̆ ᴇ ҹpp̆ ῒ ⅞Pp ҹ̔ 

Pp = H (vp || pp || rp)̕  
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ῒҬ̆rp ѿҩ ṿ̕ 

ᶏ BȁbȁrbȁPpȁvpȁppȁrp proofp̆ ῒ

ҹ̔ 

proofp = Genp(gk, B, b, rb, Pp, vp, pp, rp)̕  

ῒҬ̆gk ̕ 

ᵩ Bȁ ⅞Ppץ proofp ⌠ Ҭ

Ữ̆ Ҭῒז ⅞Pp ҹ̔ 

1̃ ᵩ Bҹ Ҭ ᵩ ̕ 

2̃ r = Verp(vk, B, Pp, proofp) ғrҹ ̕ 

ῒҬ̆vk ̕ ⅞ ̆ Ữ⌠ Ҭ  ̕

̆ ᶏ ⱴ ӯ vpȁ ᴇ ppץ ῒז

ԍ parapⱴ ⅞ ̆ ҹ̔ 

CTs = Enc(pk, vp, pp, parap) 

ῒҬ̆pk Ὲ ̆CTs ⅞ ̕ 

⅞ CTpҍ ⅞Pp ѿ ỮȂ 

c. Ⱶ ᶭ ⅞ ⅞ ̆ ⱴ

҉ᴰ⌠ Ҭ Ữ̆ Ҋ Ȃ 

Ⱶ ҹ̔ 

ԍѿҩ ⅞Pp̆ ѿҩ ⅞Ps̆ ᶏ ⅞ CTp

⅞ CTs ῃ ̆֜ ҹ F̆ ↕ ҹ̔ 

1̃ CTr = F(CTp, CTs)̕  

2̃ t= Dec(sk, CTr)̕  

ῒҬ̆CTrҹⱴ ̆tҹ ̆sk ̕ 

Ⱶ ҉ץ ̆ ⌠ ⅞ ҍ

⅞ ̆ ᴨ ⅞ҍ ⅞  ̕
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3.9  

3.9 ̆ MR ҹ̔MR = H(Ps || Pp || vm || pm || rm)̕  

ῒҬ̆vmҹ֜ ̆pmҹ֜ ᴇ ̆rmҹ ṿ̕ 

Ⱶ MR ⌠ Ҭ Ữ̆

Ҋ ̕ 

Ⱶ ᶏ ⱴ ֜ vmⱴ ̆

ҹ̔ 

CTm = Enc(pk, vm)̕  

ῒҬ̆pk Ὲ ̆CTm ֜ ̕ 

֜ CTmҍ MR ѿ ỮȂ 

d. №≢ ̆ ҉ᴰ

⌠ Ҭ ỮȂ 

Ҍᴪ ̆ ȁ ̆ᴋᵥѿ Ҍ

̆֜ Ҍᴪ Ҋ Ȃ 

̆ ⅞

ῃ vsȁpsȁrs̆ ̔ 

ԍ Ҭ ⅞ Ps̆ proofms

Ҋ῏ ̔ 

1̃ MR = H(Ps || Pp || vm || pm || rm)̕  

2̃ Ps = H (vs || ps || rs)̕  

ῒҬ̆MR PsῈ ԍ ̕ proofms ҹ̔ 

proofms = Genms(gk, MR, Ps, Pp, vm, pm, rm, vs, ps, rs)̕  

ῒז ᵬ ҹ̔ 

1̃ MRҹ Ҭ ̕ 

2̃ r = Verms(vk, MR, Ps, proofms) ғrҹ ̕ 

̆ Ȃ 

̆ ⅞

ῃ vpȁppȁrp̆ ̔ 

ԍ Ҭ ⅞ Pp̆ proofmp
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Ҋ῏ ̔ 

1̃ MR = H(Ps || Pp || vm || pm || rm)̕  

2̃ Pp = H (vp || pp || rp)̕  

ῒҬ̆MR PpῈ ԍ ̕ proofmp ҹ̔ 

proofmp = Genmp(gk, MR, Ps, Pp, vm, pm, rm, vp, pp, rp)̕  

ῒז ᵬ ҹ̔ 

1̃ MRҹ Ҭ ̕ 

2̃ r = Vermp(vk, MR, Pp, proofmp) ғrҹ ̕ 

̆ ̆ ҹ Ȃ 

e. №≢ ᶫ ̆

⌠ ᶫ/ ̆ ҍ ̆ Ȃ 

 

3.10 ᶫ/  

ᶫ/ ᴆ ᶫ ҉ᴰ̆ 3.10 ̆

ᶫ/ AR ҹ̔ 

AR = H(MR || va || ra)̕  

ῒҬ v̆aҹ ᶫ/ r̆aҹ ṿ v̆a raҍ ῍֣̕

ᴆ ᶏ ⱴ ᶫ/ vaⱴ ̆

ҹ̔ 

CTa = Enc(pk, va)̕  

ῒҬ̆CTa ᶫ/ ̕ 

⌠ ’Ҋ ҍ ⅞ ῃѿ ̆ Ⱶ

ᶫ/ vaҍ Ҭ ֜ vm ץ̆ ᴰ Ҭ Ẓ

ῤȂ 

Ẓ ₱ ҹDev̆ Ẓ ҹ̔ 

1̃ CTd = Dev(CTa, CTm)̕  
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2̃ d = Dec(sk, CTd)̕  

ῒҬ̆CTd ⱴ Ẓ ̆d Ẓ ̕ 

∞ Ẓ ῤ ҹ̔ 

Ẓ ñ̆∞ Ẓ d ԍ Ẓ ů̕ ∞ ̔ 

Ẓ d ԍ Ẓ ů̆ ↕ Ҭ ֜ vm ̕ Ẓ

dҌ ԍ Ẓ ů̆ ↕ ᶫ/ va ̆ ֜ Ҭ

ѿ ̕ 

̆ vf Ȃ 

f. ̆ ⌠ Ҭ ̆ ҍ֜ ̆

Ȃ 

ᶭ ᶫ/ ׆̆ ᵩ Ҭ⁞ ֜ ̕

Ҍֽ ῒ ᵩ ̆ ҍԅ֜ Ȃ 

ῒҬ̆֜ vfҍ֜ ᴇ pm ӗ Ȃ 

̆ prooffp̆ Ҋ῏ ̔ 

1̃ Bp = H (bp || rbp)̕  

2̃ Bpô = H (bpô || rbpô)̕  

3̃ bpô = bp - vfĬpm̕  

4̃ MR = H(Ps || Pp || vm || pm || rm)̕  

5̃ AR = H(MR || va || ra)̕  

6̃ vf = vm va̕  

ῒҬ̆bp ᵩ Bp ṿ̆bpô ᵩ Bpô ṿ̕rbpȁ

rbpô№≢ ѿҩ ṿ̕ BpȁBpôȁMRȁARῈ ԍ ̕ 

Ҭῒז ᵬ ҹ̔ 

1̃ Bpҹ Ҭ ᵩ ̕ 

2̃ ARҹ Ҭ ᶫ/ ̕ 

3̃ r = Verfp(vk, Bp, MR, AR, Bpô, prooffp) ғrҹ ̕ 

ᵩ Bp ҹ ᵩ Bpô̆ ט ̕ 

ᶭ ᶫ/ ̆ ᵩ Ҭⱴ҉֜ ̕

Ҍֽ ῒ ᵩ ̆ ῒ ҍԅ֜ ̕ 
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̆ Ҭ⁞ ֜ ̆ Ӟ ̕ 

̆ prooffs̆ Ҋ῏ ̔ 

1̃ Bs = H (bs || rbs) ̕ 

2̃ Bsô = H (bsô || rbsô)̕ 

3̃ bsô = bs + vf Ĭpm̕  

4̃ MR = H(Ps || Pp || vm || pm || rm)̕  

5̃ AR = H(MR || va || ra)̕  

6̃ vf = vm va̕  

7̃ G = H (vg || rg)̕  

8̃ Gô = H (vgô || rgô)̕ 

9̃ vgô = vg - vf̕  

ῒҬ b̆s ᵩ Bs ṿ b̆sô ᵩ Bsô ṿ r̕bsȁrbsô

№≢ ѿҩ ṿ̕ BsȁBsôȁMRȁARȁGȁGôῈ ԍ ̕ 

Ҭῒז ᵬ ҹ̔ 

1̃ Bsҹ Ҭ ᵩ ̕ 

2̃ ARҹ Ҭ ᶫ/ ̕ 

3̃ Gҹ Ҭ ̕ 

4̃ r = Verfs(vk, Bs, Bsô, MR, AR, G, Gô, prooffs) ғrҹ ̕ 

̆ ᵩ Bs ҹ Bsô̆ G ҹ Gô̆

Ȃ 

҉ץ Ҍ ₮̆ ᶏ ̆ Ḡ

ᴍ ’Ҋ̆ ֜ Ҭ ҩ ̕ 

̆ ᶏ ⱴ ̆ Ḡ ̆

ӊ ̆ Ҍ ΐᵣ ṿ ’Ҋ ҈ ̕ 

҉ץ ҍ ⱴ ̆ Ḡ Ҭ

Ữ Ҍ № ̆ Ḡ ֜ Ҭ ᴍ Ȃ 

 

3.5 ᵆ 
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3.5.1  

└ ԍ Hyperledger Fabric v1.4.4 Ȃ 5 1 2GB

Ȃ ҉ ᵬ  CentOS Linux release 7.7.1908/ Ubuntu 18.04.4 

LTSȂ ҩ ѿҩ Peer ̆ ҩ Peer ⌠ Ҭ ѿҩ ҩ

Ȃ 

└ ԍREI Ȃ ’ ԅѿ ↓ Ȃ ױ

Ҭ̆REI  5 ҩ ̆ ҩ ѿҩ ̆

֜ ⱬ֜ Ḥ Ȃ ҩ ҹ  10 № ῤ  200 

ҩ ⱬ ӯ ⱬȂ REIҩ 1000 ᶫ ӯȂ

REI ӊ ҹ10000̆ ⱬᴰ № 10%

ῤ̆ץ ⱬᴰ № ҹ 1Ὲ 1%Ȃ ⱬ ҩ ⱬᶫ

ҹ 10-50kwh̆ ⱬ ӯ ѿҩ ῤ ⱬ ҹ 10-20kwhȂ

ᴇ ҹ0.5-0.6ᾝ̆ ᴇ ҹ0.4-0.5ᾝ̆ ᴇ

ҹ 0.4-0.6ᾝȂ 5 ̔ ȁ ȁ ȁ

Ȃ ⱬ֜ Ҭ ҹ 0-1Ȃ ԍ҉ץ

̆ ҹ10№ Ȃ Ҭ M̆BT ҹ2 M̆MC

ҹ50Ȃ 

3.5.2 ⅎ  

a. ᶫ ᶛ 

ҹ ̆ ⱬ֜ └ DA ᴰ └

ⱬ֜ ̆ ң └ ᶫ ᶛȂ ᶫ ᶛ

Ὲ ̂3.5̃ Ȃ ̆ ̆ ≠

ԍ⁞ Ȃ ῏ ׆ Ҭ Ҭ ̆ 1000֜ Ҭ

ᶫ ᶛȂ 10 3.11 Ȃ 

3ÕÐÐÌÙ ÒÁÔÉÏ ÏÆ ÇÒÅÅÎ ÃÌÅÁÎ ÅÎÅÒÇÙ  
4ÏÔÁÌ ÓÕÐÐÌÙ ÏÆ ÇÒÅÅÎ ÁÎÄ ÃÌÅÁÎ ÅÎÅÒÇÙ

4ÏÔÁÌ ÅÎÅÒÇÙ ÓÕÐÐÌÙ
   ̂σȢυ̃  
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3.11. ᶫ ᶛȂ 

׆ ץ3.11 ₮̆ └ 80%̆

DA └ ҹ0Ȃ ̆ └ ≠ԍ ꜚ

֟ ҍREI ֜ ̆Ḇ ̆Ḡ Ȃ 

b. ֜ ᴇ 

≠ ̆ ⱬ֜ └ DA ᴰ └

ⱬ֜ ̆ ң └ ֜ ⱬ ᴇ̂ APET̃ Ȃ

֜ ᴇ ӈҹ ҩ ӯ ᴇȂ Ὲ (3.6)

Ȃ ṿ ̆ᴰ ᵞ̆ ӯ ᵞȂ ῏ ׆ Ҭ

Ҭ ̆ 1000֜ ᴇȂ 10 3.12

Ȃ 

!0%4 
 4ÏÔÁÌ ÐÕÒÃÈÁÓÅ ÏÆ ÓÉÎÇÌÅ ÔÒÁÎÓÁÃÔÉÏÎ

4ÏÔÁÌ ÅÎÅÒÇÙ ÏÆ ÓÉÎÇÌÅ ÔÒÁÎÓÁÃÔÉÏÎ Ȥ ,ÏÓÓ ÅÎÅÒÇÙ ÏÆ ÓÉÎÇÌÅ ÔÒÁÎÓÁÃÔÉÏÎ
       ̂σȢφ̃  

  

3.12. ᴇ Ȃ 

1 2 3 4 5 6 7 8 9 10

Multi-factor 77 86 83 76 81 79 79 82 83 78

Double
Auction 0 0 0 0 0 0 0 0 0 0
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׆ ץ 3.12 ₮̆  1000 ֜ ’Ҋ̆  10 

̆ └ ᴇҹ 0.563ᾝ̆DA ᴇ 0.526 ᾝ̆

ᵝ ᴇ  0.037 ᾝȂ׆ a ץ ₮̆DA └

ᶫ ᶛҹ 0̆ 0.526ᾝ ᴇȂ׆

ץ ₮̆ ҍ ᴇ ҹ0.1ᾝ̆0.037ᾝ 0.1

ᾝ Ȃ ̆ ѿ └̆ ҍ ᴇ

ԅ63%̆ Ḇ ԅ Ȃ 

c. ֜  

ⱬ ≠ ̆ ⱳ ≠ Ȃ ⱬ֜

└ DA ᴰ └ ⱬ֜ ̆ ῤ ң └

ⱳ Ȃ ῏ ׆ Ҭ Ҭ ̆ 1000

֜ ֜ Ȃ10 3.13Ȃ 

 

3.13. r ⱬ Ȃ 

׆ ץ3.13 ₮̆ └ ֜ ṿҹ 7237kwh̆

DA └ ֜ ṿҹ3946.7kwhȂ └ᶏ ֜ ԅ83%̆

Ḡ ԅ ץ ԍ ᴇ ₮ ⱬ̆ ᾧץ ᵞ

ᴇ Ὲ ₮ ▼ᵩ ⱬ̆ҹ Ȃ 

d. ⱬ֜  

ҹ ΐ ѿ ̆ ⱬ֜ ԅ ȂҌ

5ҩ ֜ Ḥ Ȃ ԅ ֜

Ȃ 3.14 Ȃ 

1 2 3 4 5 6 7 8 9 10

Multi-factor 7204727772767152721373297217725373087141

Double Auction 4081395540523814372739074344389537973895
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3.14. ⱬ֜ Ȃ 

׆ ץ3.14 ₮̆ Ҋץ160 ̆ ץ 0.35

̆ ѿ 2.86Ȃ ҉ץ160 ̆

ᵞȂ ҹ 120̆ ҩ 24ҩ ̆

ѿ̆ ҹ2.38Ȃ └ᶭ ԍ

Ȃ Ҋ̆ ҩ Peerӥ ԑ

Ȃ ̆ ҩPeer ̆ ᴪ ᵞȂ 

e. ᶫ ᶛ 

ԍ ̆ DA ᴰ └ ⱬ֜

̆ ң └ ᶫ ᶛȂ 3.15 Ȃ 

 

3.15. ᶫ ᶛȂ 

׆ ץ3.15 ₮̆ Ҍ ᶛҬ̆ ᶫ

ᶛ ҹ 78.15%̆ ᴰ Ҭ └ ᶫ ᶛ ҹ 4.69%

DAȂ ѿ ᾟ№ ≠ԍḆ ̆Ḡ Ȃ 

f. ᴰ  

ԍ ᴰ ᴰ ̆ DA ᴰ └ ⱬ֜
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̆ ң └ ᴰ Ȃ 3.16Ȃ 

 

3.16.  REI ᴰ Ȃ 

׆ ץ3.16 ₮̆ Ҍ ᶛҬ̆

ᴰ ҹ 2.07%̆ ᴰ ҹ 3.15 % D

Ҭ └̆ɒ  DAȂ ⁞̆ ԅREIҬ ᴰ Ȃ ҹ ҩ REI 

ԅ 1.08% Ȃ 

3.6  

ԍK-prototypes ̆ ᴇȁ֜ ȁ

ᴰ ȁ ⱬ Ȃ ⱬ

ᵬҹ Ȃ ̆֜ ԋ ҹ

Ḥ ̆⁞ ῍ ԍ ҍ Ȃ ԍ

ԅ ꜚ ȁ ֜ ⱳ ̆ ҉ ֜

ꜚ ̆ ⱬ֜ └̆ ԍ ⱴ

ԅ ⱬ֜ Ḡ Ȃ̓̀ └ ԍ ѿ № ֜

Ȃ ₮ ҍᴰ ԅ

֜ ᶛҍᴇ ̆ ᵞԅ ԑ ̆ ԅ ⱳ Ȃ 
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 ԓ ᴮ Ⱶ֢ ẘ ┼

 

 

 

ב 4.1  

ҹԅ ԍ № ⱬ֜ ҍᴨ̆ל ᾟ№

№ ⱬ֜ ᶫ ̆ ѿ ԍ ᴨ ₮ԅѿ

№ӯ Ẓ ֜ ץ└ ᵀ ̆

֜ Ҭ ҈ ԅ └ └ ᶏ̆֜

ӯ ̆ Ẓ

̆ ӯ ҩ Ȃ 

ԑ Ҋ̆ ֜ №ҹ֜

└ ңҩ Ȃ ԍ ֜ ̆

ᾛ ֟ ҍ ֜ Ḇ̆ №

Ȃ LO3 Energy  BMG ҕ ҉ ѿҩ ҉ ꜚ P2P 

֜  [22]Ȃ ᾥ  [123]̆  

TransActive Grid ҉ Ȃp ̆ ֜

└Ȃ [124] ₮ԅѿ ᶏ ӊ ᵬ ֜

└Ȃ ᴇ ԅ ̆ ԍ ֜ Ҋ Ȃ

ᵖ ⱬȁ ᶫ ῏ ̆Ҍ ῏

ȁ Ȃ ῒ ҩ ӗ̆Ҍ ҩ

ӊ ῏ Ȃ [125] ԅѿҩP2P ֜ ̆ ᶏ

ԅP2P ֜ Ȃᵖ ᵥ ≠ ╠ Ҋ̆

ѿҩ ΐ Ȃ ╠ ѿҩ

ᴇ ̆ ҹ Ẓ Ȃ 

׆ └ ̆ ⱬ֜ ȁ ̂CDÃ

ѿ ᴇ └Ȃ [126] ₮ԅѿ ԍ CDA

└̆Һ ῏ ֜ Ҭ ᴇ Ȃ └ ᶫԅ ̆ᾛ
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֜ ᴇ̆ ≠  CDA ֜ Ȃᵖ ̆ └

ᶷ ԍ Ȃ [127] ₮ԅѿ ̆ ԍ Ҭ֟ ӊ

 P2P ֜ Ȃ ӊ ᴇ Ԉ ҹ ᵬ Ȃ └

ӞҌ Ẓ Ȃ [128]  P2P ֜ Ҭ ₮ԅѿҩ Ȃ

ȁᶫ ֟ ӊ  P2P ֜ ץ Ҭ ҩҬ ף

Ȃp Ҍ Ҭ Ȃ [24]ҹ ⱬ֜ ԅף └̆

ᶏ ֟ ץ ⱬ֜ ∞Ȃᵖ ̆ Ӟ ֜

Ȃ [129] ԅ ֜ Ҭ ᴰ ̆ ԅ№ ‗

Ȃ [130] ₮ԅѿ ᶏ Ẽ ̆ ԊⱵҬ ԅ

ץ̆└ ᾧ Ҭ Ȃ ң ԅᴇ ץ

̆ᵖ ԅѿҩ ⱴ Ȃ 

̆ Ạ₮ԅץҊ ̔ 

a. ӯ ᾝ֜ Ẓ №̆ Ẓ

Ȃ №ӯ ץ ⌠ ҩ ̆ Ȃ 

b. Ẓ ᴇ ̆ ҹ̆

ᴨ ᶫԅ ᴇ Ȃ 

c. └ └̆ᶏ֜ Ȃ 

ῒᵩ № ҊȂ ԋ Ҭ̆ ԅ ԍ ⱬ֜

Ȃ ҈ Ҭ̆ ԅ֜ ΐ

└̆ ԅ ԍ ᴨ Ȃ № Ȃ

ԓ Ȃ 

4.2 Ὴ ҏ֢ ᵲ  

REI ῤ̆ ΐ Ẓ ԍ

֜ ̆  P2P ֜ Ȃ Ҭ ץ ΐ ҩ

№ ҩ ҙ Ȃ ֜ ׆

⌠ ֜ Ῥ⌠ ⱬ ҩ ᵬ ῃ Ȃ

₮ ҉ ץ ֜ Ὲ Ȃ ̆

Ҭ ᾝ֜ Ẓ Ȃ 4.1 Ȃ 
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׆ ץ 4.1 ₮̆ Ҭ ᶫԅ ꜚ ⱬ֜ Ȃ ȁ№

ȁ ȁ№ Ữ ȁ ῍ ԅ Ȃ

ԅ ᶫ Ữ Ⱶ ̆ ≠ ֜ Ȃ׆ ֜

ӯ ⌠ ֜ ̆ ҩ ҉ ̆ Ҍֽֽ ᶏ

ῃ ỮȂ 

 

4.1 Ȃ 

Ҭ ҩ Ȃ ΐ №

ⱬ ᵣȂ ȁ ⱬ ȁ ȁ Ȃ ⱬ

ӯ ȁ ȁ ȁ ῒז Ȃ 

Ҭ ҩ ѿҩῒ ↓ ̆ ⌠

׆̆ ҹ ѿҩⱴ ᵀ ᴰ Ȃ ѿҩ ⱬӯ

ⱴ῀ ԍ ̆ ῏ ↓ Ȃ 

֜ Һ Ҋ₃ҩץ ̔ 

ѿ ̆ ֜ Ḥ Ȃ 

ῤ̆ҍҺ ̆ ̆№

̆Ҍ ᵝ ᴪ֟ Ҍ Ȃ ᾛ ҩ Ҍ

Ḥ Ȃ ԍ ̆ ԅ ’ ᶫ ᴇ ⱬᶫ ̆

ץ ᵀ ̆ ᶫ Ḡ

̆ ᶫ Ḥ ṿȂ ԍ ̆ ץ ᶫ ᴇ ȁ ȁᴰ



66 

 

ȁḤ ṿ ᶫ Ȃ 

֜ ᶛ 4.1ȁ 4.2Ȃ 

4.1.  ᶛȂ 

Selling 

price 
Supply 

sTransmission 

loss 
Energy type 

Environment-

Protection Index 

sReputation 

value 

4.2.  ᶛȂ 

Purchasing 

price 
Demand 

pTransmission 

loss 

pReputation 

value 

╠̆ ᾢ ֜ῒ Ḥ ̂ҹ Ẓ ̆

₮ └ ֜ Ȃ̃ sTransmission losŝ

ᴰ ̃ ̆ ᶫ ̆ᶛ 4.1

ץ̕ ̆ᶛ 4.2Ҭ ѿҩ ҩ Ȃ Ҭ

ᴋ ᶛҬ ҈ ᵬҹῒẒ Ȃ ̆ ȁ

ȁ ȁ ̕ Ḡ ҹ Ȃῒ

Ҭ̆ ȁ ȁ ȁ ̕ sReputation value ֜

̆ №ҹ 100 №̆ ṿҹ 60Ȃ Ḥ ṿ ΐᵣ  10 Ҭ

Ȃ 

ԋ ̆ Ḥ Ữ ҉Ȃ 

Ḥ Ҭ Ȃ֜ Ḡ ῏ 3.4

Ҭ ⱴ ֜ Ḥ ⱴ Ȃ 

҈ ̆ ֜ Ḥ Ȃ 

╠ᾢ ֜ Ḥ Ẓ Ȃɒ

4.2 ̆ 4.1Ҭѿҩ ҩ Ȃ Ҭ

ᴋ ҈ҩᵬҹῒ Ẓ Ȃ pTransmission losŝ ᴰ ̃

↕ῒ Ȃ ̆ ῀ Ȃ 

pReputation value֜ ̆ № 100̆ ṿ 60Ȃ̆  

̆֜ Ḥ Ữ ҉Ȃ 

Ḥ Ҭ Ȃ 

ԓ ̆ Ḥ ҉ ̆ ֜ ̆↕ ׆

Ҭ ȁ Ḥ ̆ └ ֜ ҉ ῍ Ȃ 
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Έ ̆ ↕ ̆ ֜ Ḥ

Ữ ҉Ȃ 

҂ ̆ ׆ Ҭ ֜ Ḥ ̆ ↕

Ȃ ⱬ֜ Ḥ Ḥ Ȃ 

Ḥ Ҭ ҹ ֜ ▼ᵩ Ȃ ▼ᵩ

̆↕Ҍᴪ Ḥ Ȃ 

ῇ ̆ ⱬ֜ Ḥ ȁ Ḥ Ữ ҉Ȃ 

Ӝ ̆ ׆ Ҭ ֜ Ḥ ⱬ֜

Ḥ ̆ Ḥ Ȃ 

Ḥ Ҭ ҹ ֜ ▼ᵩ Ȃ ▼ᵩ ̆

↕Ҍᴪ Ḥ Ȃ 

֜ ᴇ ⱬӯ ᴇ Ȃ ₮ ѿ

Ҭ ȁ ̆▼ᵩ Ҋѿ Ҭ Ȃ Ҭ

└ ҩ ⱬׅ ̆ ҉ ᾷ ȁ Ȃ 

̆ ֜ Ḥ ṿȂ 

ṿ ̔֜ ̆ ṿⱴ 1̆ ↕ᴪ ⌠ ̆

ṿ⁞10Ȃ∆ ṿҹ60̆ ҹ100̆ ᵞ 0Ȃ 

4.3 ⅎӵ ẘ ┼ 

ԑ ҍҺ ̆ ̆№ Ȃ

ᶏ ҩ /ӯ Ҍ ⱬ /ӯḤ Ȃ ’Ҋ̆

Ҭ ױז ̂ᴇ ȁᴰ ȁ ̃ Ẓ ̆ ץ

֜ ׆̆ ᶫ ⱴҩ ⱵȂ 

₮ѿ ԍ ‗ ̆

Ҭ ԅ ֜ ҩ Ȃ ԍ ᴨ ̆

⅞ Ȃ Ҭ Ẓ ֜

└̂CMAP-MatchingȂ̃֜ 4.2 Ȃ 
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4.2. ֜  

ҹ ḂҊ ֜ └ ̆ ῏ ӈ̆ 4.3 Ȃ 

4.3.  
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1. ֜ ҍ ῀ Ȃ 

Ḥ ῀ ҈ Ȃ 

 

2. №≢ ҩᵣ ᴇṿȂ 

֜ ᴇȂ ԍ ѿҩ Pĭ ѿҩ

Sj Pi ҩ Qh҉ a̔hij ̕ ԍ ҩ  Sj̆

ҩ  Pi ҩ  Iq ҉ ̔bqijȂ ahij bqij

ҹ 0-10ӊ ᴇṿȂ ᴇṿҹ10 ̆0 ᵞȂ

҉ѿ ↓₮ ȁ ₃ Ҋ ₮  ̔

ᴇṿ̔ 

a. ᴇ 

ⱬ ӯ/ ᴇ ҹ pPrice  sPriceȂ Pricemin ҹף
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Ҭ ᵞ ᴇȂ ᴇ Ҋ̔ 

 sPrice Ò pPricĕ ↕ ץץ ᴇ ֜ ̆ahij = 10 ̕

Pricemin Ò pPrice̖ sPricĕ ↕ ᴇ ҍ ᴇ ᵌ

Ȃ ̆ ӯ Ȃ ᴇṿ ӈҹ̔ 

ὥ ρπ                      (4.1) 

sPrice̖ Pricemin̆↕ ҹ ᴇץ ᴇ ̆

ahij =0Ȃ ҩ ҹԅ ᴇ Ȃ 

b. ʟ  

ҹxneed̆ʟ ҹxsupply̆↕ᶫ ᴇṿ Ҋ̔ 

xneed Ò xsupply̆↕ ᶫ ῃ ̆ahij =10̕ 

xneed̘xsupply̆↕ ᶫ Ҍ Ȃ ᴇṿ Ҋ̔ 

ὥ
 
ρπ                      (4.2) 

c. sTransmission loss 

ᴰ ᴰ ER̂ ̃ Ȃ  Dijkstra 

ԍ ׆ ҩ ⌠ Ȃ  Dijkstra 

̆ⱴ҉ ҉ ̆Ҍֽ ԅңҩ

ӊ ̆ ԅ ‰ ᴰ  LȂ 

ER ῤ ҩ ҹѿҩ G=(V,E,W)̆ ף

ꜚ Ȃ ȁ  ER G  VȂᴰ

ԍ  ER̆ ER ӊ ԑ ̆ER ӯ G

EȂ (i,j) ᴰ w(i,j) ᵬҹ ERj wj῍ G

WȂῒҬ̆ ᴰ  w(i,j)  ɖ ӗ Ȃ 

ῤ̆ ᴰ ҹ Lmax = Rmax  ɖ̆ῒҬ Rmax 

ᶫ Ȃ Rmax ȇ ҙҍ ΎȈ[131]Ȃ 

sTransmission lossᴇṿ Ҋ̔ 

L̘Lmax̆ ↕ ҹᴰ ̆ahij =0̕ LÒLmax̆ ᴰ ҍ Lmax

ṿף ԅ ӊױ Ȃ ᴰ Ȃ

ᴇṿ ӈҹῈ ̂4.4̃̔  
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ὥ ρ ρπ                    (4.4) 

d.  

ȁ ȁ ȁ Ȃ ԍᾛ

ⱬ ӯ ױז Ȃ ֜

̆↕ ahij =10̆ ↕ ahij =0Ȃ 

e. Ḡ  

ҹ № Ȃ ԅ ῒ̆ז Ȃ 

ⱳ ̔ahij  = 0̕  ↕ ahij  = 10Ȃ 

f. sReputation value 

Ḥ ṿ ᵞҹ 0̆ ҹ 100Ȃ Ḥ ṿ ҹ sRepVal̆ ≠

ᵀḤ ṿ ̔ 

ὥ ρπ                          (4.5) 

ᴇ̔ 

a. ᴇ  

/ ᴇ ҹ sPrice  pPriceȂ Pricemax ҹף

Ҭ ᴇȂ ᴇ ᴇṿ Ҋ̔ 

pPrice̖ sPricĕ ↕ ֜ ̆bqij=0̕ 

sPriceÒpPrice̖ Pricemax ̆↕ ӯ ₮ᴇ ̆ ̆↕

ᴇṿҹ̔ 

ὦ ρ
 

 
ρπ                 (4.6) 

 pPriceÓ Pricemax̆ ↕ ҹ ҹԅ ᴇ b̆qij = 0Ȃ 

b.  

ҹxneed̆ʟ ҹxsupply̆↕ ᴇṿ Ҋ̔ 

xsupply Ò xneed̆↕ ԍᶫ ̆bqij = 10̕  

 xneed ̖ xsupply̆↕ ѿҩ ᴇ̔ 

                 ὦ
 

 
ρπ                      (4.7) 

c. pTransmission loss 

pTransmission lossᴇṿ ҍsTransmission lossȂ 
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d. pReputation value  

Ḥ ṿ ҹ pRepVal̆ Ḥ ṿ ᴇṿ Ҋ̔ 

ὦ ρπ                       (4.8) 

 

3. №≢ ҩᵣ ᴇ 

ҍ ᴋ ҩ ᾛ ῀ Ȃ

№≢ҹ w vȂ Ҭ҈ץҩ ҹᶛ w̆ v ҈ҩ ṿ

ҹ 0.5ȁ0.3ȁ0.2̆ ҩ ῏ Ҍ Ȃ 

Pi Sj ᴇṿ̔ 

   ὥ В ύ
Ͽ

ὥ                                   (4.9) 

Sj Pi ᴇṿ̔ 

ὦ В ὺ  ὦ                                    (4.10) 

 

4. ᴇ ҹ  

‰ ̆ ᴇṿ ҹ 0-1 ῤ Ȃ 

ᶏ - ‰ Ȃ 

Pi Sj ̔ 

ὥᴂ 
   
    

 

 
    

    
    

 
ȟὭ  ρȟςȟȣȟάȠ Ὦ  ρȟςȟȣȟὲ           (4.11) 

 Sj  Pi ̔ 

ὦᴂ 
   
    

 

 
    

    
    

 
ȟὭ  ρȟςȟȣȟάȠ Ὦ  ρȟςȟȣȟὲ           (4.12) 

ῒҬ̆0ŮaǠijŮ1, 0ŮbǠijŮ1Ȃ 

 

5. ᴨ  

ԍ ̆ ᴨ ̆ ֜ ᵣ ̔ 

-ÁØὤ В В ὥ ὼ                    τȢρσ

-ÁØὤ В В ὦ ὼ                    τȢρτ
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s. t.    

В ὼ ὛὉȟὮ ρȟςȟȣȟὲ              τȢρυ

В ὼ ὖὉȟὭ ρȟςȟȣȟά            τȢρφ

В ὖὉ В ὛὉ                             τȢρχ

 

Ὲ ̂4.13̃ ̂4.14̃ ₱ ̆ ֜ Ȃ 

Ὲ ̂4.15̃ȁ̂ 4.16̃ ̂4.17̃ ᴆȂ Ὲ (4.15) ӯ Sj׆

ӯ ⱬ Ҍ ԍ Sj₮ ⱬȂ ΐ ҩ ᴨ

[132,133]ΐ ҊῈץ ̔ 

В ὼ = 1, j = 1,2, é, n                     (4.18) 

or   В ὼŮ1, j = 1,2, é, n                 (4.19) 

ҩ ѿҩ ӯ ̆ ▼ᵩ

’Ҋ̆₮ ₮ ῒז ӯ Ȃ CMAP-Matching Ҭ ḱ ҹῈ

̂4.15̃̆ ץ ҩӯ ₮ ⱬ̆ Ҍ ῒ

ⱬȂ 

Ὲ ̂4.16̃ Pi ӯ ⱬ ԍPi ⱬ ̂PEĩ̆

Pi ⱬ ӯ Ȃ ΐ ҩ ᴨ  [132,133] ΐ ץ

ҊῈ ̔ 

В ὼ Ů 1, i = 1,2, é, m               (4.20) 

ҩ ѿҩ ̆

ӯ Ӟ̆ זῒ׆ ӯȂҹ ӯ ̆ CMAP-

MatchingҬ ḱ ҹῈ ̂4.16̃̆ ҩ ӯ ׆ץ ҩ ӯ

ⱬ̆ ӯ Ȃ ̆ ̆ҹԅ ᾧ ᵞ ֜

̆ ԅ Ȃ Ҍ ̆ ץ ֜

Ȃ ̆ ̂ 500ֲ̃ ̆֟

ҹ ̔ Ҭ̆ ᵞ 10%ׅ ⌠ 0.43Ȃ ̆

ҍ ̆ ’Ҋ C̆MAP-Matchingᴰ

ΐ ᴨלȂ 

Ὲ ̂4.17̃ ̆ ԍ ӯ ץ̆ Ḡ ץ

Ὲ ̂4.16̃Ȃ 

 

6. ҹ  
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₱ ҹ ₱ Ȃ Z1max Z2
max ҹ№≢  Z1  

Z2 ᴨ ᴨṿȂ ὤ   ὤ  ṿ̆ Ӈ

ңҩ ₱  ɛ(Z1)  ɛ(Z2) ץ ӈҹ̔ 

‘ὤ  
 

 
                           (4.21) 

‘ὤ   
 

 
                           (4.22)  

ῒҬ̆0Òɛ(Z1)Ò1̆0Òɛ(Z2)Ò1Ȃ w1 w2№≢ ҹ  Z1  Z2 Ȃ 

ҩ └Ҭ̆ ̆ ץ w1 w2 ҹ 1/2Ȃ 

₱ Ҋ̔ 

MaxZ = w1ë(Z1) + w2ë(Z2)                 (4.23) 

Ὲ ̂4.13̃ ̂4.14̃ Ὲ ף4.23̃̂ ̆ ҹ

Ȃ 

 

7. ⅞  

ҹᴨ ₱ ̆ ᴨץ ѿҩ ⅞

Ȃ Big M ̂ѿ ᶏ  Simplex ‗ ⅞ ̃ ԍ

‗ ⅞ Ȃ 

 

8. ֜  

֜ ҹxij=value ῒ̆Ҭ Pi Sjӊ ֜ ҹvalueȂ 

 

9. ֜  

ԍ֜ ҹԅ ֜ ̆

ᴪ ֓ҩֲ ≠ Ȃ ԍ ̆ Ҭ ΐ

Ȃ ױז Ҍ ̆ ץ ֜ Ȃΐᵣ

ӈȂ֜ ̆ ץ Ҋѿ ̆ ץ

ⱬ₮ ҉ Ȃ 

4.4 ᴕ  

ⱬ֜  Hyperledger Fabric ҉  [62]Ȃ
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ԍFabric ̆ ҩ ȁ ȁ ѿҩPeer+Orderer

Ȃ Ḥ ῒ ֜  Raft ῍ Ȃ Peer ֜

Ҭ └Ȃ 

ҹ ҹ2288H V5Ⱶ 4̆0 64GBῤ №̆ 5 1 2GB

Ȃ ҉  CentOS Linux release 7.7.1908Ȃ ҩ ҉

ѿҩ Peer Ȃ ҩ Peer ץ ѿҩ ҩ Ȃ 

ⱬӯ 500ҩȂ ֜ ҹ 15 №

Ȃ ҹ 15№ ⱬ ӯ ѿ ֜ Ȃ

ӯ ֜ ӯ Ȃ ᴆ ֜ ҉

15№ ̆ ᾢ ֜ ӯ Ȃ 

4.4.1 ᴕ  

№≢ 500ҩҌ ̆ ῤ

/ ѿҩḤ Ȃ Ҭ̆ 4.4 4.5 Ȃ 

4.4. Ḥ  

Selling price Supply sTransmission loss Energy type 
Environment -

Protection Index  

sReputation 

value 

0.3023 

- 1.4167 

48.96  

-  453.62 

Longitude: 

116.1038574 - 116.7040686 

Latitude: 

39.685167- 40.145071 

Thermal power/ wind 

power/ hydropower /solar 

power/ bioenergy power 

whether it is clean 

energy 

60 

-  

100 

4.5 Ḥ  

Purchasing price Demand pTransmission loss pReputation value  

0.3023- 1.4167 48.96 -  453.62 

Longitude: 

116.1038574 - 116.7040686 

Latitude: 

39.685167-  0.145071 

60- 100 

 

ѿ ҙ ̆ῒᴇ ̆ ῒᴇץ ᵬҹ

ᴇ ᶭ Ȃ ԅ ̆ ֤ ѿ ҙ 1-10kv ᵞ ᴇ
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ᴇ№≢ҹ 0.3023ᾝ/kWĿh1.4167ᾝ/kWĿh[134]Ȃ ̆ҹ  

Pricemin = 0.3023 CNY/kWĿh  Pricemax = 1.4167 CNY/kWĿhȂ ᴇ ᴇ

 Pricemin - Pricemax ῤ Ȃ 

[135]̆ 2019 Ӡ ῃ ᴪ

Ȃ ̆ ֲ ῾ץ ̂12̃

Ӡ ᵞ ̂5 ̃ᵬҹ ҉Ҋ ̆ ҹ 48.96-453.62kWĿhȂ

╠̆ ⱬ ȁ ⅞ ᶫ Ȃ ̆ ⱬᶫ

Ȃ 

ᴰ Ҭ̆ ԍ Ҍ ̆ ֓ Ҍ

Ȃ ̆ ң ӊ ᴰ Ȃ ‰

ᴰ ̆p Ӟ ץ ѿ ҉ᵣ ңҩ ҍ ӊ

ᴰ Ȃӯ ѿ ῤ ̆

ң ӊ Ȃ Ҋ  ̔

֤ ⅞[136]̆ ֤ 16ҩ ҹ 1026.66Ὲ Ȃ

ѿҩ ̆ ҹ 25.55kmȂץ ̂116.403963ȁ39.915119̃ҹ

Ҭ ץ̆ 25.55kmҹ ̆ №≢ҹ 116.403963ÁÑ0.3001056Á

39.915119ÁÑ0.229952Áṿ ̆ ѿҩ ̆ ң

ӊ ᴪ 25.55kmȂ 

4.4.2 ғ ү ┼  

ҹԅ ₮ ΐ └̆֟

ԅ ȁ Ȃ ԅ ̆ ֜

̆ ᴇ ᵞ ↕ Ȃᵬҹ

̆ [126] Ȃ └ ᶫ

ҩ Ⱶ̆ ₮ ᴰ ȁ Ȃ ╠ΐ

└ׅ ̆ [132] ₮ԅѿ ΐ Ẓ

Ḥ ‗ ̂ҹ Ḃ̆ ҹñHFPI-Matchingò̃Ȃ ҩ Ӟ

ԅ ҩ ̆ ץ Ȃ ҩ ֟ 500ҩҌ

500ҩҌ ̆ Ҋң └ ⱳ 4.3 Ȃ 
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ҹ  HFPI Ҭᶏ Ὲ  (4.18)  (4.20)̆ ץ Ҋץ

 ̔a)ȂҌḠ ҍӯ ̕ b)Ȃ ԍ ̆ ▼

ᵩ ̆ ῒז ӯ ̆ Ȃ 4.3 ⱳ ̆

╠ Ҋ C̆MAP-Matchingⱳ

HFPI-Matchingⱳ 25.34% .֟ ḱ ҹ

Ὲ ̂4.15̃ ̂4.16̃̆ ׆ ץ ӯ ̆ ғӯ / ץ ҩ

/ӯ Ȃ 

Ὲ ̂4.13̃ ̆ ѿ ̆ ҹ1 ⌠ ṿ ṿ̆

ҹ ’Ȃץ ṿҹ ̆ Ҋң ṿ̂ ᵝ̃

4.4 Ȃ 

 

4.3. ⱳ Ȃ 

 

  

4.4. ṿ Ȃ 
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4.5. Ȃ 

 

4.6. CMAP-Matching /γ ṿ Ȃ 

׆ 4.4 Ҭ ץ ₮̆CMAP-Matching ṿ  HFPI-Matching 

ṿ  27.18%̆ѿҩ ӊѿ 4.3Ҭ CMAP-Matching 

Ȃҹ ṿ ̆ №≢ ԅң

ṿ̆ 4.5 Ȃ׆ Ҭ ץ ₮̆ң

̂CMAP-Matchingѿ֓̃̆ 0.70̂

0-1ӊ ѿҩṿ Ȃ̃ ̆ ȁ ₮ ╠

Ҋ̆CMAP-Matching Ҋ ̆ ҉ Ȃ

ⱳ ⱴ̆ᶏ CMAP-Matchingԅ ᴇṿȂῒҬ̆

ⱳ ⱴ Һ Ȃ CMAP-Matching Ȃ 

4.5 ԅ ṿȂҹԅ Ҭ ᵞ

C̆MAP-Matching ṿ ᵞ ṿ ӈҹ̔

׆ ⌠ᵞ ̆↕ /γ ṿҹ 10%/ᵞ10%
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ṿ̆ 4.6 Ȃ׆ Ҭ ץ ₮̆ ṿ 0.90̆ ᵞ

ṿ 0.43Ȃ ғ CMAP-MatchingҬ ԅ └̆

Ҍ ץ Ȃ 

4.4.3 ᵩ ᴮ ҅  

ᵣ ᴨҍҩᵣ ᴨӊ ῏ Ȃҩᵣ ᴨ ץ ӈ

ҹ ᴨ ̔ ⱬ ӯ ᶃ Ȃ ҹ ṿ

֜ ᵣ ̆ ṿ ץ ᵣ ᴨ

ᴨ Ȃ ᵣ ᴨ Ҭ ṿ̂№≢ Overall-

PurchaserOverall-Seller̃Ȃ ҍ ᴨ ץ≢№̂

ᴨӯ ᴨ ҹף Ȃ̃ ҩ ֟ 500ҩҌ 500ҩҌ

Ȃ 4.7 4.8 ̆ ṿ ᵝȂ 

 

4.7. ṿ Ȃ 

 

4.8. ṿ Ȃ 
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׆ ץ 4.8 4.7 ₮̆ ᵣ ᴨ ⌠ ṿҍ

ᴨ Ҍ ̕ ᵣ ᴨ ⌠ ṿҍ ᴨ

Ӟ Ҍ Ȃ ꜚ Ҍ ֟ Ҍ

Ȃ ̆ ᵣӯ ṿ ⌠ ᴨӯ ṿ 94.24%̕ ᵣ ṿ

⌠ ᴨ ṿ 96.44%Ȃ ̆ ԍ ᵣ ᴨ Ҭ̆ ҩ

ᵣ ̆ ץ ⌠ ᴨ Ȃ 

4.4.4 ғ ┼  

CMAP-Matchingҍ ̆Һ ᶷ ԍ

֜ ᴇ ȁᴰ ᶛ ᴇ Ȃ Ҭ

≠ ץ ᴇҹ ᵞ ↕ ֜ Һᵣ̆ ֜ᴇ

Ȃ ԍ ҹ֜ ᴇ ȁ ȁ ̆

ᴇ ȁsTransmission lossȁ Ḡ ᵬҹ Ȃ

̆ ᵞ Ҭң ᴇ ֜ ֜ Ҍᴪ ̆

ӯ Ȃ ₮ └ ץ

Ȃ ̆ҹԅᶏ Ὲ ̆ ӈԅ ̆ᶏ ֜ Ҍ

’Ҋ ץ ֜ Ȃ └ ѿ №Ȃ

ҹԅᴏ ̆ Ҭ ѿ ӈ Ҋ̔ 

ԍᵞ ṿ̂0.43̃ ̆֜

Ȃ 

ҩ ֟ 500ҩҌ 500ҩҌ Ȃ Ҋң

└ ̂ ᵝ̃ 4.9 Ȃ 
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4.9. Ȃ 

4.9 ̆CMAP-Matching ԍ Ȃ

ӊѿ  CMAP-Matching ᾛ Ȃ ӯ⌠ ⱬ

’Ҋ C̆MAP-Matchingѿ ֜ Ҭ ҹ937ҩֲ̆

ҹ1.87ҩ̆ ҩ ׆ 2 Ȃ CMAP-

Matching Ҭ ֜  3.00%̆ ѿ ԅ ᵞԍ Low 

ṿ Ȃ ҹ 239̆

52.00% ⌠֜ ȂҊ ԍ ҩ Ȃ 

 

4.10. ֜ᴇ Ȃ 

֜ ᴇ 4.10Ȃ CMAP-Matching ֜ᴇ

Ȃ ֜ᴇӊ ץ 0.85ᾝ/kWĿh̆ ҹ Ҭ /ᴇ 0.3023-

1.4167ᾝ/kWĿhῤ ֟ Ȃң └ ֜ ᴇ №≢ҹ 0.87ᾝ

/kWĿh0.84ᾝ/kWĿhȂ CMAP-Matching ̆p ̆

ҹ 0.03 CNY/kWĿhȂ ңҩ  
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ᴇ ̔ ᾢ̆ ԍ ̆CMAP-Matching

ᶏ 97.00%̆ Ȃ

Ҭ̆48.00% ⱳ ԅ֜ ̆ Ȃῒ

̆CMAP-Matching ̆ Ҍ ҍᴇ Ȃ 

ᴰ ֜ ӊ Ȃ 4.11 C̆MAP-Matching

ᴰ ᵞԍ ᴰ Ȃ ̆ң └ ᴰ №

≢ҹ5.0km26.4km̆ ᴰ CMAP-Matching5Ṑ҉ץȂ

̆ ғ֜ ᴇ ꜚҌ ’Ҋ C̆MAP-Matchingᴰ

ᵞԅ81.06%Ȃ 

 

4.11. ᴰ Ȃ 

 

4.12. Ȃ 

4.12 ̆CMAP-Matching ԍ

Ȃ ̆ №≢ҹ 79.70%73.90%̆CMAP-Matching

₮5.80%Ȃ ҩ ңҩ ѿ̔ CMAP-Matchingᶏ ԅ
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Ȃῒ ̆ Selling priceȁsTransmission lossȁEnvironment-

Protection Index҈ҩ Ҭ̆ ѿҩ Environment-Protection Index

̂ ҹ҈ ҹ 0.5ȁ0.3ȁ0.2̃Ȃᵖ

ץ ₮̆CMAP-Matching Ạԅ №Ȃ 

4.5  

₮ԅѿ ԍ Ẓ ֜ ̆ ԍ

ԑ ⱬ№ ֜ Ȃ ₮ԅ ֜ ῃ ҉

֜ ̆Ḡ ԅ ֜ Ὲ Ȃ ᶫԅѿ

֜ ֜ ֜ └Ȃ ԅ ҉

̆ ԅ ֜ Ҭ Ȃ ̆CMAP-

Matchingⱳ ȁ ȁᴰ ȁ ΐ

Ȃ ̆ └֟ ԅ ̆ ԍ Ӟ

ԍ ֜ Ȃ 
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֒  ԓ ԝ Ⱶ֢ ΐ ┼  

 

 

ב 5.1  

῍ └ ѿҩ №̆ ῍ └

῍ Ḥ ‰ ҍѿ Ȃ 

№ ⱬ֜ Ҭ̆῍ └ ѿҩ῏ ̆ ғ ҉

№ ⱬ֜ ῏ Ȃ̓̀ └ ֜ Ḥ

῏ ̆ ֜ ȁ֜ ᵣ Ҭ Ȃ 

֟ ⱴ῀ ԑ ̆ ῒ ΐ ֜

ԑ ̆ ῍ └ ῍

ȁ̓̀ ῃ ΐ Ԉⱬ Ḇץ̆ ԑ Ȃ

ԑ ῍ └ ץ ᾧ῍ ⱴ ῍

ᵞ Ȃ 

ⱬ֜ ῍ └ ҍ ⱬ№ ҉֜

̆ ₮ ҙⱵ ῍ └ ̆ ԑ

№ ⱬ֜ № ῍ PBFTץ̆ └ҹᶛ̆

ԑ № ⱬ֜ ῍ └ ̆ Ҍ ⱴ ̆

Ḡ Ҭ Ҋ ῍ ̆ Ḡ ῍ ‰ Ȃ ̆῍ └

Ӟ ᶫ ⱴ ₮ ҍ Ḃ≠ ̆ ԑ Ҋ

Ȃ 

ῒᵩ № ҊȂ ԋ ԑ № ⱬ֜ ῍

№ Ȃ ҈ № ῍ Ȃ ԑ

№ ⱬ֜ № ῍ Ȃ №

Ҭ Ȃ ԓ Ȃ 

5.2Ⱶ֢ ΐ ⅎ  

╠ ԍ ῍ └Һ PoWȁPoSȁ
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DPoSPBFT₃ ץ̆ ױ ҉ ῍ └[137]Ȃ ֜

PoW̓̀ ῒ ̆Ḡ ԅ ҩ ̆ᵖ PoW̓̀

ⱬ̆ Ҍ Ȃ ֜ Ҭ PoSDPoS

῍ ̆ ѿ ⁞ ԅPoW̓̀ ⱬ ̆p ԍñ ò ̆

̆ᶏ ӊ ≠Ҍ ̆ ῍ Ȃ ԑ

֜ ̆ № Һᵣ Ҭ ̆ PBFT̓̀

ץ ԍῒ ῍ ̆ ̆ 1. ᾢ ῍

̆Ҍֽ ԅ Ҭ ̆ Ḡץ ҽ ῍ Ḥ̆

ғ ῍ ̆῍ ᴪҌ Ҋ ̕2. Ȃ 

֟ ⱴ῀ ̆ ⱬ֜ ῍ ֟ ̆ ≢

֜ REI ̆ ῍ └ ԅ҉

ᴪ ῍ Ҋ Ȃ 

REI № ⱬ֜ ̆ ҍ ѿ̆

ҍ ֜ ⱬ̆ ῀ ԑ ̂ ȁ

ף̃ ῤ ҩ ⱬȂ ҩ ף Ῥ ѿ

Ҭ֜ԑ ᶫ Ȃ

№ ҙⱵȂ ῍ ̆ ӇҌֽ ᴪ ̂

ҍ֜ ̆ ῍ ̃̆ Ӟᴪ ⱴ ῍ ̂

ҹҌ ȁҌ ᶫ ӥ̃̆ ᵞ῍ Ȃ

Ḥᴋ ץ ⌠ ᵬ Ȃ ֓ᴰ Ὲ Ҭ ᾧ̆ᵖ ֟

̆ғ ꜚ ᵞ Ҭ̆ ץ ₮ └ ῍

Ȃ 

ԑ № ֜ ̆῍ └ ȁ

Ҭ ȁ ѿ ῍ ̆ ℗ ѿ Һᵣ ̆

Ḡ ῍ Ҭ ῍ └̆ Ḡ ῍ ѿ Ȃ 

₮ѿ ⱬ№ ֜ № ῍ └Ȃῒ

ԍ ҍ ȁҺ ֜ № ̆ ᾢ ֜ ῤ ῍ ̆

Ῥ ҩ ף ῃ ῍ ̆ ғ ҩ῍ ץ Ȃ

Ҍֽ ץ ҩ ῤ ֜ ̆ ῃ Ӟ ץ ҹ



86 

 

̆ⱴ ֜ Ȃ 

₮ Ӟ ‗ῃ ῍ ҍ ῍ Ҍ Ȃ

ľ Ŀ Ȃ ⱬ№ ֜ ‗ Ҭᶏ ₮

῍ └ ᶏ ῍ └̆ ⁞ ῍ ̆ⱴ ֜ ̆

֜ Ȃ ̆ ⁞ץ ῍ ⱬ̆

ᵞ ᴆ ̆Ḇ └ Ҋ Ȃ 

 

5.3 ⅎ ΐ ┼  

ԍ ҍ ȁҺ ֜ № ̆ᵖ ׅ῍ ԍ ѿ

ҩ ҍ ̆ №׆ ⅞№̆№ ῍

̂῍ ȁ№ ף ῍ ̃̆ ῃ № ῍ ҈̆ҩ № №

ⱬ ῍ └ Ȃ 

῍ Ҭ̆ ᾢ ῤ № ̆ ֜

֜ ⅞῀ ѿҩ№ Ҭ̕ ̆ ҩ

№ ῤ ῍ Ῥ̕ № / ף ῃ ῍ Ȃ

ѿ ҍῃ ѿ Ҍ ғ̆ῃ ѿ ҍḤ ҉

Ҍ ̆ ҹľ ĿȂ 

Ҭ ᴪ Ҭ ₮ ף Ȃ ף

ף /№ ῍ ̆ ҍῒז ף

֜ԑ̆׆ ֜ ῍ Ȃ 

₮ԍ ̆ ῍ ῃ ῍

Ȃ ף̆ ᾢ Ҭ ῒף ῍ ̆

ῒףז ῒז ῍ ̆ ῃ Ҭ ֓

῍ ҉ Ȃӊ ̆ ҉ ῍ ӊ ‰ ῃ ̆

Ҋѿ ῃ ῍ Ҭᵣ Ȃ҉ѿ ҬҌ‰ ῍ ḱ Ȃ

ᶫҌ ῍ Ḥ ף ῍ └ Ȃ 

₮ № ῍ └̆ ץ ᵞ№ ῍ ҉

̆ Ҍ ῃ ╠ Ҋ № ⱬ֜ ῍ ̆
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ᶛ ╠ȁҬ ֜ ̆ ֜ Ȃ

ΐᵣ 5.1 Ȃ 

  

5.1. № ῍ Ȃ 

 

5.3.1 ⅎ ↔ⅎ  

ᴰ Ҭ ֜ ᵞȁ ȁ ᵞҊȁ Ҍ Ḥ

Ȃ ᵬҹѿ ⱴ № ΐ̆ Ҭ ȁҌ ȁ

ᴨ ̆ΐ ̂Peer to Peer, P2P̃֜ ȁ ֜ ȁ

ᵣ ֜ ῖ ⱬ֜ ⱬȂ ֜ ֜

ѿ ̆ ӯ ҍ ֜ Ҋ ̆Ҍ ҈ ̕ᵖ

ԍP2P № ̆ ӎ ѿ ̆Ҍ ̆ῒ֜

Ȃ 5.2 ̆ ȁ Ҭ̆ ҍ

̆ ҍ ֜ ⱬ̆ ῀ ȁ ȁ

ף ῤ ҩ ⱬ ף̆ ҍ

֜ Ȃ ᵣ ֜ Ҭ̆ ⌠ ῤ Ҭ ̆ ֜

№ Ḥ ̆ ҍῒ֜ ̕ Ҭ ῤ ѿ ̆ᵬҹ

ѿҩҺᵣҹ ᶫ Ⱶ̆ ץ ῤ ҍ

Ȃ 
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5.2 № ⱬ֜ Ȃ 

ԍ ╠ ̆ ֜ ⅞῀

ѿҩ№ ץ ҉⁞ ῃ ῍ Ȃ ‗№ № ᴨ

῏ ԍ ᵥ ҙⱵ № ̆ ֜ ῏ ⌠ ѿ

ҩ№ ̆ Ҍ ҙⱵ ֜ Ȃ ׆

ҩ REI№ ֜ ₮ѿ № ȁ ⅞№⌠

ҩ№ ̆ ֜ № ᴨ ׆̆ ⁞ ᵣ

̆ ῍ Ȃ ҉̆ Ҭ ⌠

׆̆ ӊױז⌠ ̆ ῀ ̆ ֜

№ ᴨ Ȃ 

№ Ҋץ ̔ 

1. ∆  

ѿҩ ̂ҙⱵ ̃ὔέὨὩ̆Ὥɴ ρȟὔ̆ὔ ҹ ̆ⱴ῀
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Ҭ ̆ ѿҩ ὔέὨᾩὛόὴ ⱴ῀ ̆

̆ Mҩ ῍ - ὔ ὔ ȂῒҬ̆

ὔ ҹῃ ῍ ̆ὔҹ ץ Ȃ 

̆҉ ὔέὨᾩὛόὴץ ὔέὨὩҊѿҩ№ ῤ ῀

ҩ№ Ὓ̆ Ὦɴ ρȟὰ̆ 2 ̆ № ץץ

ᵬҹ ̕ ̆ ⱴ῀ ὔέὨὩ ѿҩ֜

ѿҩ֜ ὔέὨὩ ⱴ῀ № Ȃ 

 

2. № Ḥ  

ѿҩ№ ̆ ҙⱵ ὔέὨὩ ҉ № Ḥ

№ № Ȃ ɒ ̆ҙⱵ ὔέὨὩ№ № ὛҬ̆ ⌠

ľ № Ḥ Ŀ ᴍ № ῍

[ὔέὨὩȟȟὔέὨὩȟȟȣȟὔέὨὩȟ ]̆ ῍ Ὧҩ № ῤ №

Ὓῤ ῍ ᵬ̆ ҍῒז№ № ֜ Ȃ ὔέὨὩ Ҍ

№ ῍ Ҭ̆↕ ֜ Ⱶ ֜ ῍ Ҭ ̆῍

№ ῤ ֜ ҍ ῍ ῍ ̕ ҙⱵ ὔέὨὩ

ҹ№ Ὓ № ῍ ᴪז↕̆ ⌠ῒז № ῍ Ḥ

ὔέὨὩȟȟὔέὨὩȟȟȣȟὔέὨὩȟ ̆ ὔέὨὩȟȟὔέὨὩȟȟȣȟὔέὨὩȟ ̆ ŀŀ ̆

ὔέὨὩȟȟὔέὨὩȟȟȣȟὔέὨὩȟ ̆ ᴋ̆ ȁ ȁ

֜ ҍῒז ῍ ῍ ҩ֜ Ȃ 

 

3. ԑӊ ֜  

ѿ ҩ № ῤ ̆ ҩ № ῍ [ὔέὨὩȟȟ

ὔέὨὩȟȟȣȟὔέὨὩȟ] № ῤ ֜ ̆

№ ῍ ̆ ῍ ̕ ῍ ῃ ῍

ῃ ῤ ֜ ҍ ̆ ῃ ῍ ̆ῃ

῍ Ȃ 

ѿҩ῍ ₮ ̆ 4 ᶫҊѿҩ№ Ҭ

№ Ȃ№ ῃ ῍ Ҭ Ȃ №
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ῃ ῍ ̆↕ № ҹҊѿ№ Ҭ № ̆ ῃ ῍

ҙⱵ Ȃ 

 

4. Ҋѿҩ№ № ₮  

ῃ ῍ ₮№ ̆ ᾢ ֜ ⌠ ̆

Ῥ Ҍ № ᴨ ̆ ꜚ ֓ Ҋѿҩ№

⅞ҹѿҩ№ ̆ Ḡ № ῍ ῃ ⁞ ῃ ῍

Ȃΐᵣ Ҋ̔ 

i) ╠ ⌠ ֜ ҹѿҩ Ὑ

π Ễ ὸὼȟ
ể Ệ ể
ὸὼȟ Ễ π

Ȃ

ῒҬ ὸ̆ὼȟ ҩ№ ῤ ὔ̆έὨὩ  ὔέὨὩ ֜ Ȃѿ

̆ ѿҩ Ȃ 

ii)  R Ҭ i j↓ҍ j i↓ ṿ ⱴὸὼȟ

ȟ ȟ
ȟὸὼȟ ὸὼȟ π 

      ρ      ȟὸὼȟ ὸὼȟ π
Ȃ ὸὼȟΏ῀ѿҩ i j↓̆ Ὑ

π Ễ ὸὼȟ
ể Ệ ể

ὸὼȟ Ễ π
Ȃ 

iii)  N ̆ ѿҩҙⱵ ⌠ ҩ Ҭ

̆ὔέὨὩ Ὑ i Ȃ 

iv) ̆↕̔ 

a.) Ë ̆ῒҬ—ҹ№ Ȃᶏ K-mean ҹὯ ὴ‘

ҍ Ҭ ȂῒҬ̆ὴ ρȟςȟσȟỄȟʖ̆‘ҹ ̆—ȟ‘ȟ‫

₮ ῃ ῍ ̆ ҩ №

Ҭ ᶏ Ȃ ץ ᴋ ̆

̆ Ҭ ῍ ̆

Ҭ ᶏ Ȃ 

b.) ҩ ⌠ Ҭ Ὠȟ ȟ Ȃ ҩ

ӊ ὨȟВ В Ὠȟ ȟ  , Ὧ ὴ ρ‘ ᶏ
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άὥὼ
ȟВ ȟВ

ὨȟВ ᵬҹҊѿ№ №

Ȃ 

v) ̆↕̔ 

a.) ᶏ K-mean ҹὰ ὴ̂ ὰ ҹ҉ѿ№

№ ҩ ̃ ҍ Ҭ ȂῒҬ̆ὴ ρȟςȟσȟỄȟʖȂ 

b.) ҩ ⌠ Ҭ Ὠȟ ȟ Ȃ ҩ

ӊ ὨȟВ В Ὠȟ ȟ  ,Ὧ ὴ ρᶏ άὥὼ
ȟВ ȟВ

ὨȟВ ᵬҹҊѿ№ № Ȃ 

 

ѿҩ№ Ҭ 2-4̆ ץ ԍ֜ ᴨ № Ȃ 4Ҭ

№ Ӟ ֲ ȁ № ̆Ӟ №

̆ ֲ ȁ Ȃ 

5.3.2 ⅎ ΐ  

ῃ ҍ ̆ Ҭ ֜ ̆

ңң P2PḤ Ȃ ѿ ῃ

̆Ҍ ԍ ҙⱵ ̆ Ȃ 

⇔ҕ № Ȃ⇔ҕ ᵖҌ ԍҊ ῤ  ̔

1. ̆ ̕ 

2. ȁ ȁ ̆ ȁ ȁ Ⱳ ̕ 

3. ̕ 

⇔ҕ ᴆ ץ ⱬ ֜ Ȃ 

̆ ⇔ҕ ┴ ѿҩ ̆

֜ Ȃ 

ᵖҌ ԍҊ ῤ ̔ 

1. ↕ ̆ ᵖҌ ԍ̔ ⱴ

̆ ῃ ῍ ҍ ῍ ̆ ⱴȁḱ ȁ− Ⱳ ̆

֜ ̆ ῍ ȁῃ ῍ ḱ ̆ ῍ ₮
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ḱ ̆ᵬ ̆ ̕ 

2. Ⱳ ȁ Ⱳ ̕ 

3. ȁ ȁḱ ȁ− Ⱳ ̕ 

4. Ả Ⱶ ᴆ̆Ả Ⱳ Ȃ 

⇔ҕ ̆ ᵖҌ ԍҊ №̔ 

1. №̔ Ḥ ῏ − ̕ 

2. №̔ ȁ ȁ ῏ − ̕ 

3. №̔ ῏ − ̕ 

4. №̔↓₮ᵬ ̕ 

5. ҙⱵ Ҋѿ № ̕ 

6.֜ №̔ ῤ ῍ ֜ № ῤ֜ № ֜  ̕

7. ῍ №̔ ῍ ҉ѿ № ֜ ῍  ̕

῍ ҬȂ ᾢ̆ ῤ ῍ ̆

Ҍ PoW̆PoS̆PBFT̆Raft̓̀ ԍῒ ῍ └Ȃ

̂p̃ ῤ ῍ T_subp Ҍץ Ȃ 

ῃ ῍ ᴪ ̆ № Ҭ Ҭ ⱬ

₮ № ῍ ̆ № ῍ ף № ῍

ҍῃ ῍ Ȃ ῃ ῍ ҹT_ttlȂ ῤ ⱬ֜

̆ ῍ ԍῃ ῍ ̆ T_subp<T_ttlȂ 

5.3.3 Ὴ ⅎ ΐ  

ῃ Ҭ̆ ҩ ῍ ԑ ׆̆ ῃ ֜ ῍ Ȃ

₮ԍ ̆ ῍ ῃ ῍

Ȃ ̆ Ҭ ῍ ̆ ᾢ Ҭ

ῒ῍ T_ttlῤ ῍ ̆ ῒז

ῒז ῍ Ȃ ̆ ῃ Ҭᶏ ῃ ῍ └ ֓ ҉

̂№ Ȃ̃ӊ ̆ ҉ ῍ ӊ ‰ ̆ Ҋѿ

῍ Ҭᵣ Ȃ҉ѿ ҬҌ‰ ῍ ḱ Ȃ 

Ҋ̔ 
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ᾢ̆ ᴪ Ҭ ֜ ̆ ῒҬҍ ҕ ῏

֜ ₮ ҍ ҕ ̆ ↕

῍ Ḥ Ȃ ̆↕ ֜

῍ ̆ ῍ ₮ № ῍ Ȃ

̆ ῏№ ῍ ≢῍ ̆ ḱ ῤ ̕

̆ ῍ Ȃ

ӊ╠ ḱ ↕̆ḱ ᴪ ῍ ῃ

῍ Ώ῀ ῍ №Ȃ 

ḱ ̆↕ ᴪᵄ ῍ ̆

Ҭ ῏ ̆ ᴪ ῍ ῃ ῍

Ώ῀ Ҭ̆ ᴰ ⌠ ῍ Ȃ 

5.4 ⅎ ΐ ┼ ғΊᵩ  

ԑ № ⱬ֜ ̆ Ҋ ⱬ№ ֜

№ ῍ ҍᴏ Ȃҹ ╠ └

̆ ԑ ⱬ№ ֜ № ̆ ₮ԅѿ PBFT

ҍḤᴋ └ № ῍ ̆ ᴏ Ȃ 

╠ ̆ ԑ № ⱬ֜ ₮ԅѿ

PBFT ҍḤᴋ └ № ῍ ̆ Ҍ ’Ҋ̆

Ḡ Ҭ Ҋ ῍ ̆ Ḡ ԅ῍ ‰ ̆ ̆῍ └

ӞḠ ԅ ҍ№ ⱴҍ ₮ Ḃ≠ Ȃ 

ԑ Ҭ̆ Һ - - ̆

ԑ ԑץ Ḥ ð ñ ò̆  ץ

ҹñҺ ò̆ ץ ȁ№ ȁ ҹñ ò̆ ץ Ḥ

ð ѿᵣ ᴰ ꜚ ᶏ Ȃ

ץ ῀Ȃ ԍ ҩ ̆ ₮ ῍ └

̆ ԅ№ ῤ ֜ ῍ № ֜ ῍ ң №Ȃ 

₮ ԍ ԑ № ῤ ֜ ῍ ̆

Ҋ ̔ 
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5.4.1 ⅎ Ὺ ֢ ΐ  

֜ ԍ ѿҩ№ Ҭ ̆ᶏ ֜ ῍ Ȃ№ ῤ ֜

῍ Ҋץ ̔ 

a. ∆ ̔ ԑ Ҭ ֜ ∆ Ḥ ṿ̕ 

Ḥ ṿ ᶭ ҍ῍ ₮ Ḥ ̆ɰ ӥ

ҍ῍ ḱ Ȃ Ḥ ṿ ∆ ṿ(T_init)ҍ҉

(T_max)Ȃ ѿ ̆ ֜ ῍ ӥḤ ṿ ⱴ ṿ(T_up)̕

ӥ ѿ ̆Ḥ ṿ ᵞѿҩ ṿ(T_down)Ȃѿ ̆T_down >> T_upȂḤ

ṿ ⌠҉ ӊ ҌῬ ⱴȂ 

b. ᶭ Ḥ ṿ ṿ nҩ№ ῤ ᵬҹ῍ ̕ 

№ ῤ ᴪҳ ѿҩ ҩ ῍ ̆ ԍ ҍ№ ῍ Ȃ

῍ ̆ѿҩḤ ṿҊ ̂T_miñ ̆ Ḥ ṿ

ԍ Ҋ ̆ ᵬҹ῍ Ȃ ҽ῍ ̆ҹ ⱴ

Ḥ ṿ ṿ̂T_r̃Ȃ ṿ ѿ

Ҋ Ȃ Ḥᴋṿҍ ṿ ⱴ̆ ῍ ╠ ҩ ҍ֜

̂nҩ̃̆ ҹ῍ Ȃ 

c. ֜ ֜ ̆ ῒ ῍ ̕ 

֜ ⱬ ӯ Ȃ ӯ ╠ҍ ҉ Ҋ

̆ ֜ ӯ ֜ Ȃ ӯ

ᵬҹ֜ ֜ ῍ ȂΐᵣḤ ̔

֜ ID̆ ID̆ ID̆ ̆ ̆

֜ ᴇ̆֜ ̆֜ Ȃ 

d. ῍ ⌠ ֜ ῍ ̕ 

῍ Һ ‰ ȁ‰ ȁ 3ҩ ̆ 5.3 Ȃ 
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֜

῍ 1

῍ 2

῍ 3

῍

1ῤ

‰ ‰

 

5.3. № ῤ ֜ ῍ Ȃ 

‰ ̆֜ ֜ ῍ ̆῍

֜ Ҭ ץ ֜ ̆ ӊ ̆ ֜

ӥȂ 

‰ ̆̓̀ ӥӊ ֜ ӊ ῍

̆῍ ⌠ ӥ ֜ ̆ ⌠ ӥ

ԍ̔2m+1̂ɱmŗN,s.t.3m+1Óñ ̆↕ ֜ ῍

Ȃ 

e. ῍ ֜ Ҭ Ȃ 

̆̓̀ ῍ ԑ Ҭ ӊ

̆ ᶭ ⌠ ῍ ῍ ∞ Ȃ ҩ

⌠ ῍ ԍ n/2̆↕∞ ҹ ̆ ֜

Ữ⌠ ҬȂ ḱ Ḥ ṿ↓ Ҭ ῍ Ḥ

ṿȂ 

⌠ ҍ ̆ Ḥ ṿ↓ Ȃ

῍ ῍ Ḥ ṿ ⱴ T_upȂ ῍ ῍ Ḥ

ṿ ᵞT_downȂ 

5.4.2 ⅎ ֢ ΐ  

֜ Ҍ ԍ ѿҩ Ҭ ̆ᶏ ֜ ῍ Ȃ№ ֜

῍ Ҋץ ̔ 
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a. ҍ№ ῤ ֜ ῍ ̆ № ֜ ֜

֜ ̆ ῒ № ῤ῍ ̕ 

b. ҍ№ ῤ ֜ ῍ ̆̓̀ ⌠ ֜

῍ ̕ 

c. ҍ№ ῤ ֜ ῍ ̆̓̀ ῍

ԑ Ҭ ӊ ̕ 

d. ᶭ Ḥ ṿ ṿ׆ ҍ֜ ҩ№ Ҭ nҩ ̆ᵬҹῃ

῍ Ȃ№ ֜ ῍ ̆ ҍ֜ ҩ№ Ҭ Ḥ

ṿҍ ṿӊ ╠ n ̆ғ ҍ֜ Ҍ

῀ῃ ῍ Ȃ 

e. ѿҩῃ ῍ ῤ ῃ̆ ῍ ҉ѿҩῃ ῍

ῤ № ֜ ῍ ̆ Ҍ̆ ԇץ ̆

ῃ ῍ ῤ ῃ ῍ ῍ ̆ ̆

5.4 Ȃ 

f. ҍ№ ῤ ֜ ῍ ̆ ḱ Ḥ ṿ↓ Ҭ

῍ Ḥ ṿȂ 

 

֜

῍ 1

῍ 2

῍ 3

2ῤ

1ῤ

‰ ‰

῍

 

5.4. № ֜ ῍ Ȃ 

ⱬ ѿ̆ҩ№ ῤ ҍ ῤ ֜

ҹ ̆ҍ ѿ№ ֜ ӊҊҌ Ȃ
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Ҋׅ ץ ῍ └ ѿ ῤ ⁞̆ Ҍ ῍ ‰ ȁ Ḥҍ ̆

῍ Ȃ 

5.5 ᴕ  

῍ └ ҹ16GB RAMȁIntel(R) Core(TM) i5-1035G1 CPU

Air 14 2020ѿ ̆ Golang ῍

└̆ ҩ Ⱶ ֜ ῍ Ȃ

Ҭ ̆ ԍ ֜ ̕ Ⱶ ῍

Ҭ ῍ ̆ ҍ ֜ ῍ Ȃ ̆ ҹ

̆ Ⱶ ҍ ԅ№≢ Ȃ ₮ ῍

└ Ⱶ ҍ Ȃ ̆ Ҭ̆ Ⱶ

ץ ѿҩ Ⱶ ҬȂ ҩ ҹ

ṿȂ 

ԑ ῍ └̆ ῍ ῍

Ҋ ̆ ױ ῍ Ȃ ΐᵣ

5.1 Ȃ 

5.1.  

 ҩ  ᶛ 

Ⱶ ҩ  Ⱶ

ᶛ 

№

 

῍

 

1 20 0% 50- 200 ̆

ⱴ 10ҩ 

10% 10 4 

῍ 10ҩ№ ̆ ҩ№ 2ҩ ̆ Ⱶ ∆ ṿ

ҹ50̆ ҩ№ 5ҩ Ⱶ ̆ӊ ⱴ10ҩ Ⱶ ̆

ⱴ 10ҩ№ Ҭ̆ ṿҹ 200ҩ Ⱶ Ȃ Ὲ Ὲ

(5.1) ̆ 5.5 Ȃ 

῍ ֜ Ⱦ̓̀        ̂5.1̃  
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5.5. ҍ Ⱶ ӊ ῏ Ȃ 

5.5 ̆ ῍ ѿ № Ⱶ ⱴ

ᵞȂ ῍ └ ̆ ץ ₮ ῍ └

῍ ₮ѿ ᵌԍ ᵞ Ȃғל

⌠ ԍ180ҩ Ả ԅ ᵞ Ȃל ῍ └

̆ ̆ ῍ └ ѿ ҹץ̆ ԑ ֜ ᶫ

Ȃ 

ҹ ᵞ ῍ ₯ ̆ ῍ ῍ ⱬ̆

ᵣ ῍ ῍ ῍ ̆ ױ ῍ ῍

Ȃ ΐᵣ 5.2 Ȃ 

5.2  

 

ҩ  

ᶛ 

Ⱶ

ҩ  

Ⱶ

ᶛ 

№

 

῍

 

2 10- 200 ̆

ⱴ 10ҩ 

0% 100 10% 1 4 

1ҩ№ ̆ ∆ ṿҹ10̆ ԍ ѿҩ
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№ ̆ ҩ ֜ Ҍ ῍ ῍ ӊ̆ ⱴ10ҩ

̆ ṿҹ200̆ Ⱶ Ḡ 100ҩҌ Ȃ

Ὲ ╠ Ὲ ̆ 5.6 Ȃ 

  

5.6. ҍ ῏ Ȃ 

5.6 ̆ ԅ ̂ ҹ 10,20̃

̆ ⌠ 30ҩ ̆ ᵝ ԅѿҩ

҉Ȃҩ≢ ṿ ᵞ ԍ ̆ Ҍ

ҩ ᵣ ₮ ₮ ῍ └ ῍ ῍

῍ ̆ Ȃ ῍ └ ԑ Ҭ ֜

ΐ ӈȂ 

ҩ№ ῤ ֜ Һ῍ ̆ ױ № ̆

῍ └ ԑ Ҋ№ Ȃ ΐᵣ

5.3 Ȃ 

5.3  

 ҩ  ᶛ 

Ⱶ ҩ  Ⱶ

ᶛ 

№  ῍
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3 20 0% 10ҩ/ ҩ№  10% 1- 10  4 

№ 1׆ 10 ̆ ҩ№ 10ҩ Ⱶ ̆ Ⱶ

∆ ṿҹ10̆ ⱴ10ҩ Ⱶ ̆ ԍ ѿҩ№ ̆

ԅѿҩ № ̆ Ḡ 20ҩҌ Ȃ Ὲ ╠ Ὲ

̆ 5.7 Ȃ 

 

 5.7. ҍ№ ῏ Ȃ 

№ Ҭ ̆ № ῍

└ Ȃ ̆ ҩ№ ῤ ֜ Һ῍ Ҋ̆ ԍ

Ҍ ₮ ꜚ̆ᵖ ҉ ₮ѿ Ȃ ץ

ҹ№ ⱴ ₮ ҩ№ ῤ ֜ Һ῍ ԍ

Ȃ 

҉ 3ҩ Ҭ Ҭ ₮ ԅѿ Ҍ Ȃ

ԍ ҍ └Ȃ Ҍ ₮ ѿ Ҍ

Ȃ ̆҉ Ҭ ꜚӞ ԍѿ ₮

̆ ԅ Ȃ ᵬ ҍ ̆ ֓

ᵬҹ ᵬ ѿ №Ȃ 
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ѿ ’Ҋ ҹ̆ԅ ⌠ ῍ └

⅞№̆ ױ Ҍ ⅞№Ҋ Ȃ ‰

ҹ ֜֜ ⌠֜ Ȃ 

Ҭ №̆ ҹ1~10ҩ̆̓̀ Ḡ Ҍ ҹ̆100

ҩ̆ Ҍ № ⅞№100ҩ Ⱶ Ȃ ҩ№ ∆ ṿҹ10Ȃ

ⱴ10ҩ Ȃ Ⱶ ҹ 10%Ȃ̓̀ ҹ 4̆

5.8 Ȃ 

 

5.8. ҍ ῏ Ȃ 

׆ ץ 5.8 ₮̆ Ⱶ Ҍ ̆῍

̂ ̃ ⱴ ⱴȂ ₮ ῍ └ ̆ ֜

ⱴ Ȃ ̆ῒ Ҍ ᵌPBFT̓̀ └ ̆

ᵌ Ȃ ̆ҍ ῍ └

̆ ῍ └ ΐץ Ȃ 

 

5.6  

ⱬ֜ ῍ └ ҍ ⱬ№ ҉֜

̆ ₮ ҙⱵ ῍ └ ̕ ₮ԅ

ԑ № ⱬ֜ № ῍ ̆ PBFTץ └ҹᶛ̆
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ԑ № ⱬ֜ ῍ └ ̆ ԑ

Ҋ Ȃ ԅ ₮ └ Ȃ  
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῏  ғ  

6.1  

Һ № ԑ Ҭ ҉ №ץ̆

ⱬ֜ ҹᶛ̆ ԅ ԑ № ⱬ֜ Ҭ

Ȃ ׆ ⱬ ₮ ̆ № ⱬ֜

Ȃ 

ԋ ₮ ԍ ԑ № ⱬ֜

҉ ̕ Ҋ ̆ ҉ ꜚ ֜ ҍ ̆

Ҭ ֜ ̆ Ҭ ֜ Ҋ № ֜ Ȃ 

҈ Ҭ̆№ ֜ └ ₮̆ ᴇȁ֜ ȁ

ᴰ ȁ ⱬ ̆ ԍ ꜚ ȁ

ⱳ ҹ ȁ ᶫ ꜚ ҍ Ҭ̕ ֜ ̆

Ҭ /Ҭ ⱬ֜ ҍ ӊ̆ף ҹ№

ԑ ⱬ֜ ̕ ԋ ҹ Ḥ

̆⁞ ῍ ԍ ҍ ̕ ԍ ⱴ

ⱬ֜ Ḡ Ȃ 

Ҭ ₮ԅѿ ҹ ֜ └̆ ӯ №

֜ Ẓ ̕ ₮ № ⱬ֜ ῃ

҉֜ ̆ ԑ № ⱬ֜ Ȃ 

ԓ ⱬ֜ ῍ └ ̆ ₮ ҙⱵ

῍ └ ̆ ₮ ԑ № ⱬ֜ №

῍ ΐᵣ῍ └ ҍ Ȃ 

6.2  

ѿ ֟ҙ ῀ ̆ ֟ҙ ⱴ ̆ ԑ

ⱴ Ȃ ᵬҹѿ Ḥ ΐ ҹ ԑ ᶫ

Ḥᴋ Ȃ 

̆ ԑ Ҭ ҍ Ȃ ᵬҹѿ

ȁ ȁ῍ ȁ ̆ῒ
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῏ Ȃ ῍ ȁ ȁ ᴆⱴ

ץ̆ ῃȁ ȁ Ḡ ȁ

Ȃ 

ԑ Ҭ ԍ Ȃ№ ȁỮ

ҍ ȁ ῏ ᶏ ҹ№ ȁ ꜚ ⱬ֜ ᶫԅ

Ȃ 

ֲ ȁ ȁԐ ȁ Ḥ ҹ ԑ

ᶫԅ Ȃp ╠ ԑ ҙⱵ

ԍѿ ̆ Ȃ 

╠ ԑ ᶛׅ ԍ ̆ ᶛץҬ ̆

̆ ᴍ ȁ ҹҺ̆ Ȃғ ∆

῀ ̆֟ҙ ȁ ҍῈᴧ ῒׅ ѿ Ȃᵖ ԑ

+ ̆ ֟ⱬ ꜚ֟ҙ ̆ Ḥ Ҍӄ ҹ

ԑ ̆ҹῒ ᶫḤᴋ Ȃ 
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