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Abstract: Rapid traceability of food safety is an important means to reduce food hazards.
Current research on this issue still cannot meet the demand for high—speed and accurate
traceability. In this paper, traditional database technology and new blockchain technology
were combined to establish structural data of blockchain snapshots, which not only
maintained the data security characteristics of blockchain but also utilized the technical
framework of relational databases for high—speed retrieval, it improved the performance of
querying blockchain data by 2 to 10 times. A million—level commodity data was selected
for simulation and performance evaluation. The experimental results showed the rationality
and feasibility of snapshot technology and high—speed retrieval algorithms.
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Fig.1 Traceability product schematic diagram
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Tab.1 Linked list snapshot example

Key Value Next Key
1 A 2,3
2 BO
3 B1 4,5
4 Co
5 C1
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Tab.2 Random access memory snapshot example

Key Value Next Key Childs

1 A 2,3 [{A/BO}, {A/B1}, {A/B1/CO}, {A/B1/Cl}]
2 BO [{BO}]

3 B1 4,5 [{B1/C1},{B1/CO0}]

4 Co [{CO}]

5 Cl [{Cl}]

2 SERMEEVFHEIRBEEER

ﬁﬁﬁwﬁﬁt%%ﬁﬁaﬁi&ﬁ%ﬁﬁﬁ%%%%%ﬁ%?%%ﬁﬁ@*5%?%&@
B A2 B R BB ML AT ik K DR O B 2 A R R e 2R a5 27 N TR] A2 % R R S () A2 Ok
Kigabr LR
2.1 EamEREREEER

PR 2% 8 o R o 0 TR E — B A 10 S AR SO R o 9 DR R B A 2 2 SO 10 JZ2 AR i
P 2, LA 2 S92 B 0 DR 55 O 5 0K o SCAN 3 3 BT 28 B A B REAS JE R TR R JEORE R
A

®3 HmEMEX
Tab.3 Product table definition
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Fig. 4 Linked list structure diagram
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Tab.4 Linked list snapshot table structure
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Tab.5 Linked list snapshot table

id ori_product _id parent_product _id _set

[ { "product_chain_id": 2, "product_id": 10 },

1 1
{ "product_chain_id": —1, "product_id": 11 } ]
) 10 [ { "product_chain_id": 3, "product_id": 100 },
{ "product_chain_id": —1, "product_id": 101} ]
"product _chain_id": —1, "product_id": 1000 },
3 100 ({"p : - p }

{ "product_chain_id": —1, "product_id": 1001} ]
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1. Function generateProductChainListSnapShot ( Product, MaxNodeNum , MaxLeafNum, maxDepth, Prod-
cutListByDepth)

2. If Product. Depth <X maxDepth Then return

Get nextDepthProcuctList From ProdcutListByDepth Where Product. Depth = Product. Depth + 1

4. Make MetaProductList entity

5.  Forstep to from 1 to MaxNodeNum + MaxLeafNum

6. Get random Product From nextDepthProcuctList into NewProduct

7 Make MetaProduct entity

8 Set MetaProduct. [ product_chain_id, product id] = [ -1, NewProduct. id ]

9 If Step less than or equal MaxNodeNum Then

10. Set ProductChain = generateProductChain( NewProduct, maxDepth, ProdcutListByDepth)
11. If ProductChain NotEqual NULL ProdcutChain. parent prodcut id_set NotEqual NULL Then
12. Set MetaProduct. [ product chain_id , product id ]= ProductChain. [ id, ori_product id ]

13. End If

14. End If

15. Add MetaProduct into MetaProductList

16. End For

17. Make ProductChain entity

18.  Set Product. id into ProductChain. ori_product id

19. Set MetaProductList into ProductChain. parent_product id_set
20. return ProductChain

21. End Function
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Tab.6 Random access snapshot table structure
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Tab.7 Random access snapshot table

ori_product _id parent_product _id _set

[ { "product_id": "1/10" },
{ "product_id": "1/10/100% },

{ "product _id": "1/10/100/1000" },
{ "product _id": "1/10/100/1001" },
{ "product_id": "1/10/101" },

{ "product_id": "1/11"} ]

[ { "product_id": "10/100“ },
{ "product_id": "10/100/1000" },
{ "product _id": "10/100/1001" },
{ "product_id": "10/101" } ]

10

[ { "product_id": "100/1000" },
{ "product _id": "100/1001" } ]

100

Az 1 BE LA A DR IR AT SR 3 VA B ik S B, DA AR 0 T

1. Function generateProductChainArraySnapshot ( Product, maxDepth, ProdcutListByDepth)

If Product. Depth <X maxDepth Then return

Get nextDepthProcuctList From ProdcutListByDepth Where Product. Depth = Product. Depth + 1

Make MetaProductList entity
For step from 1 to 2

Make MetaProduct entity

2

3

4

5

6. Get random Product From nextDepthProcuctList into NewProduct

7

8 Set MetaProduct. [ product chain id, product id] = [ -1, NewProduct. id ]
9

If step Equal 1 Then
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10. Set ProductChain = generateProductChain ( NewProduct, maxDepth, ProdcutListByDepth)
11. If ProductChain NotEqual NULL ProdcutChain. parent _prodcut id set NotEqual NULL Then
12. Set MetaProduct. [ product chain id, product id ] = ProductChain. [ id, ori_product id ]
13. End If

14. End If

15. Add MetaProduct into MetaProductList

16. End For

17.  For MetaProduct in MetaProductList
18. Make HashMap<String, Object> mapProductld entity with Key, Value = “product id” , Product. id+

“/”+MataProdcut. product_id

19. Make ArrayList arrayList entity with mapProductld

20. If MetaProduct. product chain_id NotEqual —1 The

21. Get ProductChain By Key: MetaProduct. product_chain_id

22. Convert ProductChain. parent product id array to ProductldList<List>

23. For Productld in ProductldList

24, Add arrayList with Key, Value = “product _id” , Product. id+ “/” +Productld. product_id in-

to mapProductld

25. End For
26. End If
27. End For

28. Make ProductChain entity
29. Set jsonArray into ProductChain. parent product id_array
30. return ProductChain

31. End Function
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1. Function searchProductParsentFromList( ProductChainld)
2. Get ProdcutChain from product chain list with id : ProductChainld

3.  For MetaProduct in ProductChina. MetaProductList

4 If MetaProdcut. product _chain_id Not Equal-1 Then

5 searchProductParsentFromList ( MetaProdcut. product_chain_id )
6. End If

7 Get MetaProdcut. product_id

8. End For

9.

End Function
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1. Function searchProductParsentFromArray ( ProductChainld)

2. Get ProdcutChain from product chain list with id : ProductChainld
3.  For MetaProduct in ProductChina. MetaProductArray

4. Get parentProduct with value : MetaProduct. product id

5. End For

6. End Function
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Tab.8 Comparison of time complexity of two snapshot generation and retrieval methods
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Tab.9 Experimental data scale
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Tab. 10 Experimental software and hardware configuration
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Fig.5 Comparison chart of the time taken to generate two types of snapshot data
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Fig. 6 Comparison chart of the space taken to generate two types of snapshot data
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Fig.7 Comparison chart of the time taken to retrieve
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