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XIREREIE D

1 J/KRDMW
—MEBNRREIREIN FEFTR, T2 4 MBHAR:
- EEEL: ERIZERAIRIA .,

= Hash: BT XIRAY hash ERESHTAXRAER, ELENTAF, RBXRASTENEE, BAXRE
FLHY hash B2 RAEZEM, Z hash ES T—XKIRTZAY prev hash A—, XM BERA B BIEHRER. U
LEsEHE, FRARIBIRIREBER T, FER—T 4k,

= Prev hash {H: 1ZXRIBEI—XERAY hash (B, 1% hash HEHBI—XBRANBSER, ARG — T XIRE
TRER, ASLIAH hash {EH prev hash F nonce @4 AL, BN: MD5(concat(prevhash, nonce)),

= Nonce: BEHER, HE—EFKMAARRBE, B4 20 "IMR.

= T BT EZERORFICE, —MR—TERANUEE 1000 ™RSEH., BTEKRPHRFAL 1000 M35
D%, MMBRXRRBERINEIEE.

— From ] To FENEE—MNKS. BTMKSERHNFNFEAEMNFRSE.
— Amount IERIZERZINEH,

Block: 92094
Hash:
00000000000ab2bab3 | eebdc 15927¢ 1291
7b | ce7a4cef80b0e8 | ecd22844bcac
Timestamp: 1289874960

from: o

Txid: IHLdDwYJykEUF5F8 Amount:
12 cZA|szkzbXPEq67Y6 0.0l

Block: 92069

Hash:
00000000000c890177eb8e97152b433882
c0dbae361e6615f369e9f4cf060974
Timestamp: 1289863342

from: to:

Txid: 0 IBAjnzBx6jvuQJWxB |IMMd9tQB6iiacuGnxwL
yQGtiYVJUCdjwiz37 LDA6qKmT92WuNnw

13PsLMzVnZnT)304aHZ
YkBDYKnkéqHPk2E

M

from: .
Txid:  IHLdDwYJykEUF5F8 ' Amount:

13qG8w5qqo)geqtbYekA
13 cZAl szkz:IXPEq67Y6 waoy9GAFbSZAG 15.53

from: to:
IBAjnzBx6jvuQJWxB  12wmLv9Br]rpFFITxeyq
yQGtiYVJUCdjwiz37 clAAjIdX34k8Y8

1. XIRBELEHY

BRI AT TR EHIELERER, UMEMXREFEENAKERZICRH#TON, EMAIM—LHE.

1.1 EARER

1. BURMMATE: MIEEXH (29 100M) IRANEIRE, MintXiRGE., BIERASN (BIESIRR). EXRARE
DEIEMETTHE, EREENNENTMREIEDRL. SIREMFICRETXIRIEMNE, ER—TKIR
PATANR H12 XN B-HZRAR.

2. BIREN
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- EREERSE—TIBEERANMERASIEHICE, RERICREY, XZEHREAMNE kK KoK
(k A—TIERE, HEWRA)

» BRETNKSERETNZNES (RIFERE)
» EENHZINEHHESRE MHEZNZISEHNE kK TAF, k BAMER 50, AIMBEAPEN k

(=8
3. BUEDH
s MERSGXARE, EKS A B4 BREIK, WA Z BE-TI, MEENE, RT A 4L B RITHEIK
iRFE

» BUHRGEAAENTHLEE. NE. ERHEFIARESHIAT kK TIKS,
- RERGAABPESFAES, HH YES 5 NO,
= BE—TIKS A, KA FEMABKSHNRERRR, BRRKEABRRLMAINNNREZN. ~7E
128, TRME.
4. BUBHEA

» MXHEFRBAFRZIER (AP REFITRAXGER), TNENRSE HEMMNRSEE, A
[REFTNATINGE 2 FTHEE 3.
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2 WEgit
2.1 HSREIBEE (ADT) IENX

BT KREABIED TS REINEBIRERAR, ERIRYP, FHMREUEREIRITMAAREFNETR
R, HEE ERBURRRTE., NINRRERFETT, ALWAEERT C++ stl inEEFRRunordered_map#iifE
AR IR LR EMNE X, RIERIELRNNEERER 0(1), UTAKRERBIED TATEHRE
EERBENEX:

1. XIRE XiR4E:

(a) X3R (block): HTFEMNXREHE blocklD M—HE, ELLIRE blocklD F blockinfo FISMERS, ik
i8] X SR AT B $5 I I5 () BT RIAY blockinfo BIATE & XIRAPAER.,

1 unordered_map <unsigned long long, blockInfo> blocks;

IXE blocklD BFIEUIESEEYZE unsigned long long, blockinfo BIEIBZEME B E XA blockinfo,

(b) XBR{ER (blockinfo): XIR(EEEIFEXIRAY hash {H. AFEIE (Timestamp). RFHICFE (transactions)
HEE, HPRG (transactions) L@ —1"TTHFME, REIHORZEFENRE (txid) BIATFEIZR
SER. EIENX blockinfo FIEIBLESMENT :

1 typedef struct blockInfoq

2 string hash;
3 unsigned long long timeStamp;
4 unordered_map <unsigned long long, tx> transactions;

5 }blockInfo;

IXE unsigned long long B3R F M txid, tx EBEEXMNRXZEEFIREN,

(c) RBER (ix): REEEEERINES (txid). ZRBEAEM blockiD, BRBEEN (money). MK
ZR 5 R ERIATE R (Timestamp), EILE X tx BOEIEZERNT:

1 typedef struct tx{

2 unsigned long long tx_id;

3 unsigned long long blockID;

4 double money;//transaction amount
5 unsigned long long timeStamp;

6 Ftx;
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N

BEigit

Calculate
account
balance

Block: 92069 Block: 92094
Hash: Hash:
00000000000c890177eb8e97 1 526433882 00000000000ab2bab3 | eebdc15927¢c 1291 Forbes
NEUINC cOdbae36 | e66 | 5f369e9f4cf060974 7b | ce7a4cef80b0e8 | ecd22844bcac
°““"a“zfe' Timestamp: 1289863342 Timestamp: 1289874960
recort
Transfer Out: B-Tree Transfer Out: B-Tree Account |
(Organized in account name) (Organized in account name) Account 2
Search for Transfer In: B-Tree Transfer In: B-Tree N
in-transfer (Organized in account name) (Organized in account name) Account k

record

2: XRS5 XRERRVARF

2. RERAE: — " RBXABPHREENEHMENR (KS) 58 (%)

(a) B (edge): ERHKRAER, BEMTIKSHNR S, BERXZNCEINSEF AR, FERH
MR, BFEEFRAEYE, RIERRIFIFHNFAES.

1 typedef struct edge{

2 double totalAmount;//total transaction amounts

3 list <tx> txs;//detailed transactions records

4 //the sum-up of amount in detailed transactions records should be totalAmount
5 redge;

(b) TR (vertex): ERHXZREP, NMKRESE5RFGMIKS (accounts), R TICEKS BRI, TNmAY
BIESHPESFE—THBER. AR, MERRURZHA @M., XFZENTFLERERENXR
PABEDITFEIEMAENTKSHEANZREICE, ETHITHENNE, HiBRANNBROE
REMthETFIREY, RIAMRIEAEREEIERER O(1), AKEET EHRATE,

1 typedef struct vertex{

2 string accountName;

3 unordered_map <string, edge> outEdges;//transfer out money
4 //string: account name

5 unordered_map <string, edge> inEdges;//receive money

6 //string: account name

7 }vertex;
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(c) RHKFRE (transaction graph): XFHXRERHINK/DAEMNE. LI, BFEZRBXAEFH
40 AMIKS, ATEFEMLIENTKSHES, BERA—1TFRE, BKkS ISR
HUEIREMR, Eit, RBXRAENBIREMEXNT:

1 unordered_map <string, vertex> graph;

$17 $7
Account A Account C Account D

Inedges of Account C Outedges of Account C

3: RGKRZE: WML

2.2 XRBESRHRAENME
KIRFZ HERRVRECKA C++ BV ifstream LI, HATRINESR, EBNBRHRABENME., REXAR

= DIRENEL: FEMESN, URZKSHIREERTFE, WEFRE, SNMAETFMREPBAZ
KSR, BTFLFRENBARENNEERER 0(1), ATNRENEINNEERENR O(n), H
B n AKSHTE.

1 void makeVertex(string Account){

2 if (graph.find(Account) == graph.end()){//The vertex is not in the graph
3 vertex V;
4 V.accountName = Account;

graph[Account] = V;

6
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SNBUNNBERERN O(m), HF m ARSI

1 void makeEdge(tx Mytx, string from, string to){

2 //Modify/Adds OutEdges & InEdges of vertex "from" & "to"
3 //Check if an edge from "from" to "to" already exists

4 if (graph[from].outEdges[to].totalAmount != 0){

5 //edge exists

6 graph[from] .outEdges[to] . txs.push_back(Mytx);//adds the new transaction to the list
7 graph[from] .outEdges[to] .totalAmount += Mytx.money;

8 }

9 else{

10 //need to generate an edge

11 edge E;

12 E.totalAmount = Mytx.money;

13 E.txs.push_back(Mytx) ;

14 //Modify OutEdges of "from" and InEdges of "to"

15 graph[from] .outEdges[to]l = E;//adds outEdge of "from"
16 graph[to] .inEdges[from] = E;//adds inEdge of "to"

17 }

s}
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3 gt
3.1 IIBEFIGINAEE

1. ERIETEREEANEHICR: ANTREXZABNRFME, EXRIEEKRSEAELIERREIHEZKSH
HIAFR outEdge FINIBFK inEdge, BRBIERMEFE— vector A, XTI vector WTEIRHEF, BIR/RENHER S
SERAMAT k FIEHE.

2. BHENKSERENNZNEE: BZKS N\BXK inEdge FHIAFE outEdge PR BICFKEH—i&E, BIF1F
FZWSEENIZINEN; EZWKS HiAK outEdge PR FZICRIEH—IE, BEIEISEZKSEREMITZIN
. MERBICEINZKSERTIIZIMREL,

3.Forbes 1%: BRHXABPNINRIEH—IE, FHREGRIFAMKS ZBIRFA—T vector 1, 3 vector ATTER
RHEF, BIRIBEIEMTESRE,

3.2 #EDIRTHEE

1. FHREXABNFHIH/ NESEESEANE: BH—ERXZXARE, £H outEdge.size() Fl inEdge.size() 1
BNEMNRNEENNE, ENERUIRNEIRSERITOE/ ANE, BN, BHEMAEFA— vector
B, Xt vector HtRIRHEF, BIAREIRSEH/ NE.

2. R FMONNEERBEZHRIMNIF. BTRZXABBESHRNEIRT, FFEMSRAKSIROAN
WAL, HERFMIFRRT,

EX5EE] O(n?), BITREWRIE, BULERA C++ stl BFTATIRERR (priority queue) fift Dijkstra BiE, MM
REHRITTNRADARHENEE, RIS EEREREER O(nlogn).

3.3 EUEEAINGE
BUREAINGE: FUEBABRAE LRI BIESIN IR E void readTransactions (string fileName) B[R],
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4 RF{ERIRA

BITREFE, BFRAEMEREBES. ERXRESMAEANE 0.1 WER, NS5 S AN E

ARAE 16 WA, EEER, BFEmHABPRE, B REN TEAMR:

Block Reading Runtime: ©.016852s

Number of Transactions: 1048575
Transaction Reading Runtime: 15.776s

Input your command

A. Inguiry

B. Data Analysis
C. Append Data
D. Quit System

. Detect possible ring structure in graph.

B

1. Analyze degree information of transaction graph.

2

3. Query certain account's shortest path to other accounts.

FUBMANFRNAGNEEFEN N INEE, BRI FRIFMED, BIFEIIER, XEMKRKSHHMIKS

RADIRIZRIINGE (B3) A BFiafTla, FENHLIETAARE, FHREERSE

Account 1EKGMGUmMVK4Mpbnnh3UysJvT3Z5fywrv5A to Account 1P9UTssG8i2MsrcVvqtziuHn8kNSUcBhN4
Shortest path: 0.1617
Pathway: 1EKGMGUmMVK4Mpbnnh3UysJvT3Z5fywrv5A —> 1P9UTssG8i2MsrcVvqtziuHn8kNSUcBhN4

Account 1EKGMGUmVK4Mpbnnh3UysJvT3Z5fywrv5A to Account 1EidJ9FrQeXed5jGYsZRrmFFBgCJIBU7qb3
Shortest path: 1.0929
Pathway: 1EKGMGUmMVK4Mpbnnh3UysJvT3Z5fywrv5A —> 1EidJ9FrQeXed5jGYsZRrmFFBgCIBU7qgb3

Account 1EKGMGUmVK4Mpbnnh3UysJvT3Z5fywrv5A to Account 1CBcM2yf9e76yt28RGQ5VMkCoeX4QYFilp
Shortest path: 0.0284
Pathway: 1EKGMGUmMVK4Mpbnnh3UysJvT3Z5fywrv5A —> 1CBcM2yf9e76yt28RGQA5VMkCoeX4QYFilp

Account 1EKGMGUmMVK4Mpbnnh3UysJvT3Z5fywrv5A to Account 12Pvxz3wiGFyombsxUp4QK3R3X7vH7Skxg
Shortest path: 0.0231
Pathway: 1EKGMGUmMVK4Mpbnnh3UysJvT3Z5fywrv5A —> 12Pvxz3wiGFyombsxUp4QK3R3X7vH7Skxg

Account 1EKGMGUmMVK4Mpbnnh3UysJvT3Z5fywrv5A to Account 1PsDg5AN2uukWokRjqvAL73JsQxrQEdcnc
Shortest path: 0.1916
Pathway: 1EKGMGUmMVK4Mpbnnh3UysJvT3Z5fywrv5A —> 1PsDq5AN2uukKWokRjqvAL73JsQxrQEdcnc

Account 1EKGMGUmMVK4Mpbnnh3UysJvT3Z5fywrv5A to Account 14rWhXdqoS2BKGNbb9UW8tjeFAP1jpzDgn
Shortest path: 0.1968
Pathway: 1EKGMGUmMVK4Mpbnnh3UysJvT3Z5fywrv5A —> 14rWhXdqoS2BKGNbb9UW8tjeFAP1jpzDgn

Account 1EKGMGUmMVK4Mpbnnh3UysJvT3Z5fywrv5A to Account 1EZqVmé5VQb3j43kh9Vz1PZUvyTqBZ23jGUD
Shortest path: 0.2125
Pathway: 1EKGMGUmMVK4Mpbnnh3UysJvT3Z5fywrv5A —> 1EZqVm65VQbj43kh9Vz1PZUvyTqBZ23iGUD

Account 1EKGMGUmMVK4Mpbnnh3UysJvT3Z5fywrv5A to Account 12K5SyY2Z3DNsqFtTCnyGC3J7jYTCjM54m
Shortest path: 8.1342
Pathway: 1EKGMGUMVK4Mpbnnh3UysJvT3Z5fywrv5A —> 1FiDCGXMbE34VSEbq4UJHggA4YFnmXhV7Y —> 12K5SyY2Z3DNsqFtTCnyGC3373YTCiM54m

Account 1EKGMGUmMVK4Mpbnnh3UysJvT3Z5fywrv5A to Account 1K7mé6AET2RZ1nqYhbTPDhkMgkzKKHk88Dx
Shortest path: 0.982
Pathway: 1EKGMGUmVK4Mpbnnh3UysJvT3Z5fywrv5A —> 1K7m6AET2RZ1nqYhbTPDhkMgkzKKHk88Dx

Account 1EKGMGUmMVK4Mpbnnh3UysJvT3Z5fywrv5A to Account 1GKk1PdgwN7M5cAGtn9Eht5NCGyQC7gméc
Shortest path: 0.0702
Pathway: 1EKGMGUmVK4Mpbnnh3UysJvT3Z5fywrv5A —> 1GKk1PdgwN7M5cAGtn9Eht5NCGYyQC7gméc

Account 1EKGMGUmMVK4Mpbnnh3UysJvT3Z5fywrv5A to Account 1C27A9TmLg2HRHM4ZAQwi590uXY4QaJ18J
Shortest path: 0.7077
Pathway: 1EKGMGUmMVK4Mpbnnh3UysJvT3Z5fywrv5A —> 1C27A9TmLg2HRHM4ZAQwi59ouXY4QaJ18J

Account 1EKGMGUmMVK4Mpbnnh3UysJvT3Z5fywrv5A to Account 1FiDCGxMbE34VSEbq4UJHggA4YfnmXhV7Y
Shortest path: 0.1081
Pathway: 1EKGMGUmMVK4Mpbnnh3UysJvT3Z5fywrv5A —> 1FiDCGXMbE34VSEbq4UJHggA4YfnmXhV7Y

Dijkstra Runtime: 3.6698s

Input your command

Inquiry

. Data Analysis
. Append Data

. Quit System

OO0 w>
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5.1 BHEE&REDR
TEN XA SR IS N IHEERAT 8 8 2T D4

1. BBWIat: BUBYIBRMAHMRTBEIEZRERN ON), EF N ARKRHU MRV EE., N HERKAH
106,

2. ERIEEKRSEARHICR: EURIKSHRBEEREN 0(1), BHENORNFEIERERN O(n), H
F o0 ARSHENE. RRERZEIMEANE ¢ FICRKBEIRAF, HEERERN O(nlogn), EIL,
EREERSENEL TR EIEZRENR O(nlogn),

3. BETKSERTHZNETH: EMAKSHRBEERERN 0(1), ERHNARNIBEREN O(n),
Hep n AIRIKSHEAE, B, SRENMKSEETNZNEFRRBEEREN O(n),

4. Forbes 1#: EHRZXABEMNINSRMBEREN O(|V]), HF |V]| AKSHTE, REERSETRAK
BRI k ZICEBEIREE, REEZER O(|V|log|V|). Elt, Forbes HEHIRIEIEZER O(|V|log|V]).

AKSHITE. RBEERSEMEANE « FICRAHRAE, HEERERN O(|V|log|V]). BElL, £
R XABENFIIE/ ANESREENENEBEEREN O(|V|log| V().

6. TR PRGNSR FAHRINERE, HEERER O(|V| + |E]), HF |V| IKSHINE, |E| ARZN T

7. RAEIRIR: RIGIRIZRA Dikstra BiE, FAMAIIAL, HEERER O(|V|log|V| +|E|), EF |V
ARSI, |E| ARZHITEL.

8. BUBIBAINGE: BURIBAINEERNEE RES BB ANRBERERE, N O(M), Hf M HFIXR
TR B D,

10
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6 PR

A@ T https: //github.com/GONGSHUKAI/Data_Structure/tree/main/Lab_Code/Dec.1_Block_Chain_Lab6 [

HACRBIRS M,

11
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