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Abstract

In recent years, blockchain technology has attracted widespread attention. It has
the characteristics of decentralization, imtamability, traceability and automatic execu-
tion that are not found in traditional distributed network systems. However, the per-
formance of blockchain is not as good as traditional distributed systems, and its per-
formance problems have been restricting its rapid development. Blockchain is often
deployed in an unstable network environment, prone to unknown failures, and commu-
nication between nodes requires a large amount of computing resources, which leads to
severe performance problems of blockchain. Private chains improve the performance
of blockchain systems by sacrificing some degree of decentralization. The security and
reliability of the block chain network have been greatly enhanced, and it has been ap-
plied in many professional fields, under the guarantee of the immutable, traceable and
automatic execution characteristics. At present, there are many kinds of private chain
networks, and their operating principles and performance are not the same. How to ac-
curately evaluate the performance of private chain networks is particularly important.
Although existing private chain of performance testing tool can evaluate the perfor-
mance of some private chain network, it has high technical requirements for users.
Using the tool requires complex configuration inputs and manual deployment of the
private chain network as well as manual deployment and startup of the test client node.
And the presentation of test results is not intuitive, which is very unfriendly to users. In
addition, most test tools are used when the test client node and the private chain network
node are deployed together, not separated from the private chain network operating en-

vironment, to achieve pluggable test services.
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This thesis conducts in-depth research on the operating principles of Ethereum,
Parity, Quorum and HyperLedger private chain networks, and selects throughput, trans-
action delay, fault tolerance, scalability, and resource consumption indicators of net-
work node CPU, memory and bandwidth. At the same time, the test platform service
node, private chain network node and performance test node are separated by combin-
ing related performance test methods and SSH secret free login technology, and plug-
gable automatic private chain network performance test service is realized. Based on
the above research, this thesis designs and develops an automatic performance test sys-
tem to systematically test private chain network. The overall architecture of the system
is divided into four modules, which are configuration management, network building,
test driving and result analysis. Code development uses Python, C++, Shell language,
different modules with appropriate language development. The test configuration man-
agement and test result analysis modules are developed using Python language, and
Django development framework is introduced, and MongoDB database is used for data
persistence. The test chain building module and test driver module are developed by
Shell and C++ language, in which Shell language mainly develops the corresponding

automatic running scripts, and test driver development uses C++ language.

The system implemented in this thesis can accurately evaluate various perfor-
mance indexes of various private chain networks. Three groups of experiments are
designed to complete the function test of the performance test system. The first group
compares and analyzes the performance indicators of throughput, transaction delay and
resource consumption rate of various private chain networks in the normal operation
process. The test results show that Ethereum consumes more CPU resources and per-
forms worse, while HyperLedger consumes more bandwidth resources and performs
better. The second group compares and analyzes the impact of various private chain
network throughput and transaction delay performance indicators on node failures. The
test results show that the performance indicators of Ethereum and Quorum private chain
networks show obvious change trend when nodes fail. The third group compares and
analyzes the performance indicators of various private chain networks when the number
of nodes increases. The test results show that the throughput indicators of Ethereum and
HyperLedger networks increase first and then decrease with the increase of the number
of nodes. Among them, the transaction delay indicator of Ethereum network shows a
trend of first decreasing and then increasing. The experimental results show that there

are differences in one or more of the performance indexes mentioned above for vari-
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ous private chain networks. Therefore, the automatic performance testing system for

private chain networks can achieve the expected results.

Keywords: Blockchain, Private Chain, Performance Metrics, Automation, Perfor-

mance Testing
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K 378K T RGEMIREIE . 1K 37K, FERR S 4 e o 2 R AR R i
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25 SR B UERE 2 MR E B SSH Ao 2 68 Sk B 4% IR 55 4 1 A T T 56 400 5 P Y
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N R A WIS R T, A IR R sh R T iRl SSH %
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————————————————————————————————————————————————————————

I
i
1 <<server>> 1 <<server>> !
<<server>> ! BlockChain Test Driver ! ! BlockChain Server !
Django Server | {gcc = 7.5} 1 1 {Go = 1.17.5} 1
{Python = 3.6.9} ! {GNU Make 4.1} ! ! {Geth = 1.10.14-stable} !
{Django = 3.2.11} ssH ! I JsoN ReC AP {Rust = 1.58.1} i
; {Parity = 2.7.0-stable} :
i ! {hyperledger= 0.9} !
Djang 1 1
Server ! !
Nod 1 1
I I
I I
1 1
1 1
i i
I I
Fymeng i i
1 1
i i
I I
<<DB server>> H <<server>> ! | <<server>> !
MongoDB Server : BlockChain Test Driver : : BlockChain Server :
{MongoDB = 4.0.1} 1 {gcc = 7.5} I 1 {Go = 1.17.5} i
{GNU Make 4.1} : ! {Geth = 1.10.14-stable} :
1 {Rust = 1.58.1} 1
1 ! 1 {Parity = 2.7.0-stable} !
MongoDB 1 1 1 {hyperledger= 0.9}
Server ! ! !
Nod
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7, KA B ARG B, T ELPEREAR SR . AR SRR BGX AR A ) 3 R
P2 R 50 75 A 0 M UEE A5 S S IR A R B i B S5 i e 2 4%,
HEARRZH KR, P2 B ik JSON 247 5 =X ) i i &2 26 508
EMRAE S5 e UG, R B B S WSS 5 B e B 1 [R]— X 4
W RIS A P A —ANECE ) 1D #B 2 i Python PN E R UUID 4144
AR, T H2 ASEON 7 U B G Z G A TIOBER . 2 IE A TR B 2 38 11 1%
ME—E ID KRB BB T 55 A BC B AT 5 AT 25 (R A 7 38 T 3 s SR )
1o BARMIFR BT INZE 3.6F/R .

% 3.6: WAAE 45 7 BLsi T

FEH Py ik

id String DAAT: 55 ME—H 51 ID

user String AT 550 N4 FR

blockChain String Wl e 22

smartContract String HRE R R A ARy 2E

requestsRate Integer P R4 14k

threads Integer PUATIRSN R P i AR

duration Integer AT RE DA ) R B ]

status String P REI AR AS

startTime Integer P BE T 4 174 e [

clients Arrays PATIRBNAR T I 55 TP Hbhl 213
hosts Arrays HBE M EE P 45 17 A TP Hbohik 3] 3%
setupPrivateChain Boolean T B LA N 2%

stableTest Boolean S AT ) i

results Arrays PEREMRSE R, Wk 3.7

% 3.6Jfn TS s A BT, P IR BRI E . BeaY
Fic g . PEREI R ERD B . IR A TP kb . R A5 1P bk DA S i 45 SR 45
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VO LG 55257 ;. smartContract 7B fdF5 HelloWorld, YCSB DA & SmallBank X
=R R A AZETY; status S PEBEMNARIRS T B, & pending fil finished P fj
A5 clients Fl hosts =Bk 1P #udibs1) 3R, f—4> 1P #udib 2 [y <, FadF. 53
5h, results FEHAHACE, Y ISON f55US0R, R IAZARIY 7t
TEHN XN FEL

3.32 MASEHEEEIR

W 398, AR A E RN T AR, Hrh e E G
MBI P SOOI BE . RUEE I . SRIBO 4817 Rl R B
FAABEM 25 DA BRI Y e X SO0 @l il T SOMARI 7 20T, AR
TUHE B4 PSSR AR AR ZAE AR A A 55481 i b, B AW LA SSH %%
EESRPATAH Y A S A . FAA B8 H Sh A fEd A el 3. 1071 .

#!/bin/bash

# WA E I I I

geth --datadir=$ETH_DATA init $ETH_HOME/Genesis"_"$1".json"
geth --datadir=$ETH_DATA --password <(echo -n "") account new

# BENH N RIFERRINNEN R

nohup geth --datadir=$ETH_DATA --nodiscover --http --http.addr 0.0.0.0 --
http.port "8000" --http.corsdomain "*" --miner.gasprice O --maxpeers 32 --networkid
9119 --unlock 0 --password <(echo -n ") --mine --miner.threads 8 --allow-
insecure-unlock > $ETH_DATA/../eth_log 2>&1 &

for com in cat $ETH_HOME/addPeer.txt; do
geth --exec $com attach ipc:$ETH_DATA/geth.ipc
done
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#1/bin/bash
# RIEEARLE BN TR F
LOG_DIR=$LOG_DIR/exp_$3"_"servers_$1"_"threads_$4"_"rates
mkdir -p $LOG_DIR
i=0
for host in cat $HOSTS; do
let n=i/2
let i=i+1
if [ $n -eq $2 ]]; then
cd $EXE_HOME
pwd
echo $BENCHMARK
if [ "$BENCHMARK" = "ycsb"]; then
echo "Begin ycsb test!”
nohup ./driver -db ethereum -threads $1 -P workloads/workloada.spec -endpoint
$host:8000 -txrate $4 -wt 60 -wl ycsb > $LOG_DIR/client_$host"_"$1 2>&1 &
elif [ "$BENCHMARK" = "smallbank"]; then
echo "Begin smallbank test!"
nohup ./driver -db ethereum -ops 1000 -threads $1 -endpoint $host:8000 -txrate $4
-wt 60 -wl smallbank > $LOG_DIR/client_$host"_"$1 2>&1 &
else
echo "Begin helloworld test!"
nohup ./driver -db ethereum -P workloads/workloada.spec -threads $1 -endpoint
$host:8000 -txrate $4 -wt 60 -wl donothing > $LOG_DIR/client_$host"_"$1 2>&1 &
fi
fi
done
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3.7 MG R 7 BseiT

TEBH PRy filiik

time Arrays IR FT ][] A

throughput Arrays EaSlin s

latency Arrays R B EHISIN

cpu Arrays FAA S M 2% b A 19 i) CPU JHAESETHE B
mem Arrays FLA B PR 25 T 1T S A RS THE B
net Arrays AL HEM 28 b T 15 U SETH RS T
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‘ validate.py ‘

utils.py dbUtils.py
+ validate test benchmark(benchmark_config) + read _json(path) + insert(data)
+ validate test node info(node config) + write_json(path, dict) + delete(_id)
7N

+ update_result(_id, results)

- + get_by username(username)
view.py

. . + create_new_user(username, type
+ begin_experiment(request) - - ( ype)

7777777777777777777777777 + test_config(request) o + get.all)

[run.py
+ setUp(config)

+ doExperiment(request)

+ driver(config)

e 4.1 e B A B RS ]

4 urls.py %3 Controller ZH {4 view.py H*AbFHIZ i K P ki 5. e 1] ek 4K
. & E ] validate.py ZH{}H 1) validate test benchmark pRZ5(56 i 556 1 Fic & 25
HEENE, & validate.py ZH{4: 119 validate test node info pRZESIETT M5
BlE AR AN, WRITARCER ARG, WA BEERT, AR & B
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ST AL, H4iid Python () UUID 2H{F45 1% 10 &5 B A L4 SRy ME— 1)
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MongoDB {4l 2 () 38 i el Ar 454, Hod i Python $E{ER 55 =77 44 Pymongo
4% 5] MongoDB 8 ¢, SR B 48 AT 2R T8 484 . SEIE Py run.py 4H
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AP R A

AL 4.2 17 R DU A PRART R A U 1 P R B A 0 i A
ST SECE B G, RESA A B iL EE I T Ik . QiR BT By Bl B ek
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lvalidate ‘ l benchmark_config ‘ ‘ node _info_config ‘ ‘ run ‘
~T——benchmark confiq—’—l‘
Opt —validate config
[validatt True]
K-mmmm== True'====-- -
write benchmark config
--------------- finished ===========--=
write node info config— ]
SR finished=======F=======-----==-- ‘L
begin test
K--——== test start-————-1 /l_
[validate False]
—validate config.I]
-------- False===---—
K-—————= failed======-1
— —
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@login_required
def test_config(request):
if request. method == "POST":

blockChainType = request.POST.get("blockchainType", None)
smartContract = request.POST.get("smartContract”, None)
requestRate = int(request.POST.get("requestRate"”, None))
threads = int(request.POST.get("threads”, None))
duration = int(request.POST.get("duration”, None))
tempClients = request.POST.get("testClients”, None)
tempHosts = request.POST.get("testHosts", None)

benchmark_config = utils.read_json('static/json/config.json")
benchmark_config['user'] = username
benchmark_config['blockChainType'] = blockChainType
benchmark_config['smartContract'] = smartContract

if not validate.validate_benchmark_config(benchmark_config):

return render(request, 'testConfig_py.html', {'err_msg": 'Invalid benchmark config.'})
node_info_config = [...]
if not validate.validate_failure_config(node_info_config):

return render(request, 'testConfig_py.html', {'err_msg": 'Invalid node info config.})

id = str(uuid.uuid4()).replace("-", ")
benchmark_config['_id'] = id
dbUtils.insert(benchmark_config)
event = Event()

t1 = Thread(target=do_experiment, kwargs={"event": event,
"blockChainType":blockChainType, "smartContract":smartContract, "requestRate":
requestRate, "duration”: duration, "tempClients": tempClients, "tempHosts": tempHosts})

tl.start()

t2 = Thread(target=update_status , kwargs={"event": event, "id": id, "blockChainType":
blockChainType, "smartContract":smartContract, "requestRate”; requestRate,
"threads":threads, "tempHosts": tempHosts})

t2.start()

return render(request, 'testConfig_py.html', {msg": 'All config valid, per test begin!})

Il 4.3: W A 3 o 50 S BRAX D
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@login_required
def doExperiment(event, blockChainType, smartContract, requestRate, threads, duration,
tempClients, tempHosts):

run_cmd = "python /runpy 33440 ¢
os.system(run_cmd.format(hn, tempHosts, tempClients, threads, requestRate,

smartContract.lower(), duration))
event.set()

] 4.4: PATIERE I UAY e A B

42 ASEEEER
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AP —2:, [ ROSA SR T4

W 4.5 R RE @R 2R . %) BT B A2 5L BE run.py 20
AT, 43 5SE prepare. init_all node. start all node. start all client FI
partition. prepare pR %2 FH SR SR BRI AR AT H 7 A A 5k o0 T A JE R s T
FE, A AECEE SRR A 1P k5 A e d . F, RESBIEA
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[ start_node.py | [ add_peer node.py ‘
[ + start_node(config) J RN ‘

‘ partition.py ‘

+ partition(config) ‘ ‘ start_all_node.py

+ start_all_node(config)

run.py >‘ + init_all_node(config) ‘
start_client.py + prepare(config) '

+ start_client(config) + init_all_node(config)

1+ start_all_node(config)

start_all_client.py + start_all_client(config)

+ start_all_client(config) + partition(config)

& 4.5: MRS AR

R A7 1 H S DA AR AL SE 5y W o AN ) 971 i iR B AEA [ gL
TERATAA BEIRIIG AR A R, 7 SR o B ok B 1% Lg% o start_all_node g
W start_all_node.py 4L ABEME BN, RALMF b A IR ImREE SR
BIAR AL AT AL A B S BB AS start_node.py, PASSAATERAIIRS 45747 R B A
add_peer_node.py. ANFIFAAFERMIEFNT R T ASHESR, FHETRITE
A FERI R LT BEE O E IR LA RS TE R — W45 start_all_client %L
Hl start_all_node ZE{LL, A [FIFETE & S8 B R BB i 19 0SS o, X
ANE T R R BCE R f PR partition pRARE B T HOE SR, A
ML HE M SAE SRR B S A 00, AR AL BE M 45 ) A B
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‘ run ‘ ‘ prepare ‘ ‘ init_all node ‘ ‘ start all node ‘ ‘startﬁalliclient ‘ partition ‘

E]—start test—

1
—

—prepare"D
<~ ~finish===~

start all node U
Ke———m = -—-—-started-————f--—=—==—=—=-

tart partition \\:|
—————————————————————————————————— started~——t--""-"-TT-TTT-ooToooo oo

&l 4.6: MR AL P
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def prepare():

benchmark = sys.argv[1]
requestRate = int(sys.argv[2])
threads = int(sys.argv[3])
duration = int(sys.argv[4])

cf = open("./clients", "w")
cf.write(cstr.join(clients))

hf = open("./hosts", "w")
hf.write(hstr.join(hosts))

if benchmark == "ycsb':

cp_cmd = 'cp ./env_ycsb.sh ./env.sh'
elif benchmark == 'smallbank’:

cp_cmd = 'cp /env_smallbank.sh ./env.sh'
else:

cp_cmd = "cp ./env_helloworld.sh ./env.sh'

os.system(cp_cmd)

[l 4.7 MRBERS SR prepare 41 SE BLATHY

MR IE o0 S I i FA A HERC B QI A T S I BE RIS IR ok, &
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FIREIRSME 2T It ATEREMRET BL, FERARARIE b s B sh bk e
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#!/bin/bash

# S BERTANE HREEH BRED AN SHENEENIERE Wi#FE
B[]

python /init_all_node.py $1

python ./start_all_node.py $1

let M=120+40+$1
sleep $M

python ./start_all_client.py $3 $1 $2 $4 $5 &
BACK=3$!

let normal_per_test_time=3$5/2

sleep $normal_per_test_time

python /partition.py $1
wait $BACK

python ./stop_all_node.py $1

] 4.8: MR A run 4L0FA S ILACAD

4.3 AAIRENIRIR
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AHEM LS, ZETFIEME—R . SRIG RG0S A B — 5 A I T AR X B 1] A
AT BEI 265 BRI ROREUEE B KR P TR Ir A S 5 1l . B — A5 5 Bt
RN — AW F(E, XA ENIT AR A8, MR k% 5
P B TR S SR8 Al AN ) AT N5 5, MRS 155 BA S ) PAGE T2 ]
5% P ) AL AL AT B R 2 B ik A R SE G R, i I K BN B A2 o AR R BAS

‘ restclient.cc \

+ Post(param)

+ Get(param)

get_test_status.cc + Put(param)

+ Get_Test_Status(config)
database_manage.cc

+ Create_DataBase_Instance(config)

‘ utils.cc

,,,,,,,, + Deploy_SmartContract(config)

+ Timer
N Sleep(()) L | ‘ + Init(pending_queue, spin_lock)
+ Locko ‘ main.cc + Get_Tip_Block_Number()
© Untock) + Get_Param(config) + Get_All_Txs By Block Number(block_number)
___| + Create_DataBase(config) + Add_To_Pending_Queue(tx_hash)
+ Test_Client_Thread(config) + Get_Balance(account)
+ Get _Status_Thread(config) + Update_Balance(account, amount)
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G 4.9 75 AR S ZE K] . IR S ELEL) A 1 28 main.ce 414,
Hrp 5B P YERE S B0 R %L Get Param. O] BHFA A HE75 5 525 - 3B 2 2
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PR %Y Test Client Thread DA S AR 0 A2 i i O 10R A8 H S8 71 1 25 R 1) bR
4 Get_Status_Thread. H A% LBy K%h Test_Client_Thread, ‘BRI A4
— M G KRR FENL - AL G KB FR I S8, A database_manage.cc 4
A B AR SR B T R AT SR Ak . MR AR G, FAA HE M 4 233k [m]
MWIRAZ ) WIWs 75, database manage.cc ZH{4:2 1 ffl Add To Pending Queue p§
BORF IR 32 5 WY A (BLFH 22 575 & HE B T4 B[] AR A7 31 % 75 BA 3] pending_queue
Hro T AR 2 D AR A B A BA S, TRAEL R BT 75 22 S A utils.ce A 3R
s | e, WROE 58 U5 18 75 205 3 e BURE s Hifh Zkf2 . database_manage.cc
AR TRA AR A . B BE A 2R E DA R IR B A HE Y R AL
K2 M restclient.cc 4114 H1 1) Post S5 R G FA A HEAS H.. X HLRFFL A 4 M
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A KKK A, get_test_status.ce ZH 4 3= B X6 I ok 7 H S5 £ X6 471 pend-
ing_queue EHE, PANIGAZSRIC5. %44t database manage.cc 4
) Get_Tip_Block_Number #HUE! 24 1 1 AL A 55 9 26 v £ 28I K5 i
Kivg2 b, MIMEIA S F RS H 4 RIS 2 E el , WY Fi XS
I RAERE E RN T, IBART UAHIZR A 52 7 2 . T21%
X He2x i ] Get All Txs By Block Number b &CRE 24 Fif X He i %) i 1 22 5 42
HRE ] B A I, T 0 SEAEIX B B[R] PN FAA HE X 28 17 A ik B A2 5y SE AR s Ta] - [F]
B RF B 1 22 2 AR & G A (EL AN S8 R BB pending_queue Hr AR .

‘ test task ‘ ‘ main ‘ ‘ clients ‘ ‘ status ‘ ‘ database manage ‘ ‘ results process ‘

- er—
start driver —
Get Param

create database instance

deploy smartcontract

K——————— = ————database objec; ————————————————

do ‘cransactions;I‘
<-—mm—- - transaction hash-—-=----- .

start get status thread
get success txs*] )
------ txg======—
[€-test finished =]

results process _I_]
K-m————m————= I It b processed results'=——=———-—-—-—--o--—---—--——————=

—start client
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S IR IR B i 9 & AR 70 B — e B 1 AR R X AL AT R 28 1
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WEEAZ Gy IR R IR . Y4 INAK FnAE P B2 g, R 520 | sh AR i
RIS T ZRAE ST I PR A I AR AN I T TR 45 R e sk DAE . STy
R 290 I B LA B M 26 h AR ECY B 2 2 0IA R X BT G 32 5, SR
Fl| database manage ZH {47119 get success txs — ZRANITREL. FEELE AR HIAHIA
R AL GBI G, 28T B I 25 35— a] B s 18] o ) 2 ek A P
HAZ G WAL G SRR, SR 5 TR 22 2 i B e A (E A S5 1 BA 1) pend-
ing_queue HHER . MNKLKENFLT )5 30 G 2 dp2i—Beita], 3% ASE ) By PR
H R R LR I R e o i, 4 FE IR ZE R ARG, RS
RICTEFEPATIIRSNER T, IR TA I 45 AL HRA 4 results_process X} 2k FEIL 4R
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AP AR A QRS S MR IR B B rf main 2R SEBIACRS . 56 2 73R
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config FLEX G, PABUS AR F R - 55 3 FrIFIRIRIE B E X R config fii ]
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JUEHRN key I value (SEEXT, key FRZ MG AAE, value ZRZZ 5 T A
IR E eI 32 2008 0 7 G 2 AR 1S5 15 BAS] pending_queue i
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L A T (R 2 1 B[R] AN FA A BE I 2 v R IBURL A S ARS8, B4 24 il
E LA R KA XS AR Z KR P I 8dT GRS F R, R4
SR ARG ER G BAREEXT R AAFR . BRI K 0] 2R ) B B 1] DA
FAEMAT IR IR iR K XS

int main(const int argc, const char *argv[]) {
Get_Param(argc, argv, config);
DataBase *database = DataBaseFactory::Create_DataBase(config);

database->Init(&pending_queue, &spin_lock);
vector<future<int>> threads;

for (inti = 0;i < threads_number; ++i) {
threads.emplace_back(async(launch::async, Clients, database, total_operations /
threads_number, txrate));
}
threads.emplace_back(async(launch::async, Status, database, config["dbname"],
BLOCK_POLLING_INTERVAL, start_block_height));

}

] 4.11: MHAIR SRR A main 2R R SEIA Y
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void Clients(DataBase* database, const int operations, const int tx_rate) {
UniformGenerator operation_generate(1, 6);
UniformGenerator account_generate(1, 100000);

for (int i = 0; i < operations; ++i) {
auto operation = operation_generate.Next();
switch (operation) {

case 1:
database->Amalgate(account_generate.Next(), account_generate.Next());
break;

case 2:
database->GetBalance(account_generate.Next());
break;

case 3:
database->UpdateBalance(account_generate.Next(), 0);
break;

case 4:
database->UpdateSaving(account_generate.Next(), 0);
break;

case 5:
database->SendPayment(account_generate.Next(), account_generate.Next(), 0);
break;

case 6:
database->WriteCheck(account_generate.Next(), 0);
break;

Pl 4120 I i ) S BRAC A
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IRTE], RAFE latency AZ &, [AFE, FrA EBiARI 22 2 AR T DUA R 2
R BEAE ) PR B ) A 7k i, R E 240113 tx_count A8 rp. Y4 Fir i A
Gt i, BB L MIIH 25 N &R BAYI pending_queue HIf . F)5
YW H do_record pRECRHX —FE IIEHICSR TR, PAHEINASE e = o7

void Status(DataBase* database, string dbname, double interval, int start_block_height){
int cur_block_height = start_block_height;

int confirm_duration = 1;
while(true)

int current_tip_block_height = database—>get_tip_b|ock_number();
if (current_tip_block_height == -1)
utils::sleep(interval);
while (cur_block_height + confirm_duration <= current_tip_block_height) {
vector<string> txs = database->get_all_txs_by_block_number(cur_block_height);
cur_block_height++;
long block_time = utils::time_now();
spinlock.lock();
for (string tx : txs){
string s = tx.substr(1, tx.length() - 2);
if (pending_queue.find(s) = pending_queue.end()){
tx_count++;
latency += (block_time - pending_queuels]);
pending_queue.erase(s);

}

spinlock.unlock();

do_record(tx_countv, latency, pending_queue.size());
tx_count = 0;
latency = 0;

P 4.13: M0IR AL AR A S B
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dbUtils.py

+ insert(data)
+ delete(_id)

+ update result(_id, results)

+ get_by username(username)

view.py
+ update_status(request) + create_new_user(username, type)
+ detailed result(request) + get_all()

+ static_compare(request)

results_process.py

+ dynamic compare(request)

+ get_mean_by period(data, start, finish)

+ get_median_by period(data, start, finish)
+ get_max_by period(data, start, finish)

+ get min_by period(data, start, finish)
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K 4.16 7~ RS A results process.py ZH {4 H (R4 4b 7 pR %5 process data
MG T 5 R4k get_mean by period [ fARSSE I, process_data pR£iHr 32 25K
IR F IR S RAAR AL BRI BE . A2 AT A S4L data AR TE, B2
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B T A 6T B 1 A ik i B e 5 o AR P g e b e WERAEM g AR h B — T
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R ME AR — SR . get_mean_by period bR % 2SI BEFE R (H
Gt ETHE, 2 AMSEL data SHRFACER SR, F1E T process_data pREIfL A
S —FE. S%L start Fl finish FOREE P FFARFIZER, X T HTHHHE
WA AN (R S SA N R RE R AR M, AnFE R AN R 0 L T A 2 i
9P DA BT R 2 S 1 SR P A 4

def process_data(data):

res =[]

tmp = np.array(data)

X,y = tmp[;, O], tmp[;, 1]

for i in range(len(y)):
if y[i] is None:

ylil=0ifi==0elsey[i - 1]

res.append(int(y[i]))

d = np.dstack((x, y))

return d[0].tolist()

def get_mean_by_period(data, start, finish):
tmp = np.array(data)
x = tmpl[;, 0]
y = tmp[;, 1]
print(start, finish)
start = np.where(x >= start)[0][0]
if finish >= len(data):
finish = -1
if finish 1= -1:
finish = np.where(x >= finish)[0][0]
limit = y[start:finish]
print(limit)
mean = np.mean(limit)

return np.around(mean, decimals=2)

Kl 4.16: Bl db B A S ST TR R R RS



45 RGRBIRTE

46

4.5 RGRBIRE
451 RGEFEHE

@ Mooc PBC Per Test
Test Task List a
Test Task List

Profile

D BlockChain
Type Contract

Smart

1] Hyperledger ~ YCSB

B Quorum YcsB

@ Mooc PBC Per Test

Configuration

Test Configuration

Performance Test Configuration

BlockChain Type

Etheraum

Smart Contract

SmallBank

Request Rate(tx/s)
R

Threads

Duration(s)

Test Clients

Test Hosts

st H

Setup Private Chain

frue

Request  Threads  Duration  Clients Hosts

Rate

192.168.0.100  192.168.0.107
192.168.0.179
192.168.0.76
192.168.0.40
192.168.0.96
192.168.0.101
192.168.0.130
192.168.0.55
192.168.0.121
192.168.0.64
192.168.0.47
192.168.0.222
192.168.0.128
192.168.0.54
192.168.0.168
192.168.0.193

20 1 240 192.168.0.100  192.168.0.107
192.168.0.179
192.168.0.76
192.168.0.40
192.168.0.96
192.168.0.101
192.168.0.130

192.168.0.55
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ARSI SAPR . BT AAA SR A A7 AR Ethereum, 5%}
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X BT 2 1T R S B R R R, T DA TR AR M B G ) R 5
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'https://github.com/jenkinsci/docker
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XHESEHE s (3) ARMAAGEMEAE 1A AL 2R 4R 8 A AL
12595 500 16 N5 U O GRMERT FU ST . S it o e 28 ) O B BE T 2948
— A YCSB, N P m SRR 1, MRSt (a8 240 7, afid Eidr
SCH, AT AR UEAN (R AR SEA FAA BEIM 25 S5 55 A BRIERE . BTRIHAG. AEPERAR
RARIESE T T 2257 o

54.1 {EReSTERHFESERIT

ARSCHE T AN WAL FAAT HE M 48 S AE SR IRIH A A 3 55 A HPE e A B
FHX A FESL R, XTFAE A B S HOMIGE 2 TR, R S5 2R
INH . ARRGAEATRIFLAE #ERIN 2k 2 7, #aas h— B, X B K
E 23 Bl A AL AT B W 45 BT AR ) A IR 3] o B BERSHIE) P, LA i 1) 4% T DASE
FPTmA, AT BE S I i o) A 2 X R AE R RS N i S 55 ab HbERE . 5K
5 308 R AN [ 00 3 i AN (] ) FA AT 4 I 2% 0B A TP E AN B JR TS AE A . X
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2 5.5: PRRESR s 3R

kit ] WRMEE me Mpar Mauo Mpyp Pep PEg PEn Ppo Pp Pon
4tx/s 3.38 4.47 4.9 5.98 5.7e-05 3.2e-12 3.2e-19 0.32 2.3e-09 2.7e-15
P 8tx/s 5.31 9.83 8.64 18.99 1.6e-11 8.2e-20 2.6e-31 0.061 4.4e-16 1.1e-30
16tx/s 7.93 16.09 11.36 36.36 3.3e-14 3.5e-09 4.1e-32 0.056 5.0e-20 1.5e-49
(©s) 32tx/s 6.59 26.98 3224 56.2 1.4e-23 5.6e-27 1.2e-34 0.00067 1.5e-19 1.9¢-15
64tx/s 3.29 35.83 52.55 132.15 1.7e-10 1.5¢-08 1.7e-11 0.00034 6.1e-27 8.6e-12
4tx/s 12.11 5.93 7.68 2.75 5.2e-24 2.3e-34 1.2e-41 7.1e-24 5.5e-30 1.6e-48
8tx/s 13.62 6.25 7.69 2.88 1.3e-20 6.9¢-28 2.0e-33 7.2e-16 3.5e-24 1.6e-39
o IR
16tx/s 13.55 5.67 7.62 2.37 8.3e-25 1.0e-40 9.4e-32 4.0e-25 9.1e-26 2.1e-51
© 32tx/s 20.08 5.8 7.41 2.17 7.1e-24 2.4e-28 8.2e-34 3.9e-14 2.1e-29 4.5¢-37
64tx/s 121.46 5.49 7.25 2.64 1.8e-10 1.7¢-08 1.6e-11 2.5e-15 9.6e-27 6.7e-15

% 5.5 M N [RI K BT FAA B W 25 O PEREFR PR BIR AT S5 R . ARIE A T
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{H2X}T Ethereum MM, Fik & A KB HET R 56 LA 25
FRE AW N EER S . Hodr, HyperLedger FAY 55/ 48 LR E A L RHE R 2 5
FEIR 5T, F AR LU Al =Fh W 28 47, Py et i s, B A0 5 SR IR AR T
H., Ethereum FAG £ M 4578 Il iR 22 , FEAR I B RAG, 325 MR
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RIEBRARZ IR ) 258, FEA b adeis b, SR /N, Ppg > 0.05, AL
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Quorum W ZFEAE R HEZES . WIERFIR, A Pep. Pro Pen WI{EER/NT 0.05,
A U, Ethereum 5 HAth =FhFAAT #E M 48 To 10 7E At B HRPRIS SR AE AL 5 IR IR 55 b
WAFAE BB VEZE S . I Pen Pras Pou HI{EAR/NT 0.05, W] I, HyperLedger #
A HEM 2855 HA =P W 25 A i R AN AL ) SR IR A _E A S 2R

% 5.6: GHEIHAEIR IR Mk

HabaJen! WRHA  mesan Mres par  Mres.quo Mreshyp  PEP Pro Pen Ppg Ppy Pon
4tx/s 94.87 1.94 2.07 2.96 3.9¢-29 6.4e-40 6.5e-28 0.60 0.51 0.61
CPU 8tx/s 95.15 2.79 3.14 3.48 1.4e-27 1.2e-38 1.4e-26 0.52 0.45 0.60
©) 16tx/s 95.31 4.39 7.44 4.85 1.7¢-28 2.1e-38 1.3e-26 0.76 0.72 0.66
32tx/s 95.23 7.6 13.54 7.62 5.3e-27 6.0e-38 1.5e-25 0.66 0.55 0.68
64tx/s 95.06 15.8 24.33 13.04 1.7e-26 3.6e-28 1.1e-24 0.43 0.38 0.34
4tx/s 3587 1608 2087 2748 2.3e-26 4.5e-32 1.1e-11 3.7e-26 3.7e-20 2.5e-19
MEM 8tx/s 3479 1619 2084 2584 1.5e-25 3.2e-30 2.0e-14 4.7¢-27 2.4e-21 2.9e-21
16tx/s 3488 1629 2157 2608 2.3e-26 3.2e-31 3.2e-16 4.7e-27 2.4e-21 1.6e-14
MB) 32tx/s 3578 1649 2342 2778 1.5e-25 6.2e-23 5.7e-12 4.7¢-27 2.4e-21 2.8e-05
64tx/s 3550 1688 2630 2865 6.4e-26 3.3e-13 4.2e-08 5.1e-22 2.4e-21 0.00018
4tx/s 58 43 64 1094 0.82 0.72 4.9e-07 0.58 4.6e-20 3.9¢-10
NET 8tx/s 47 79 99 1293 0.64 0.60 5.0e-25 0.79 1.8e-18 5.2e-20
(Kbrs) 16tx/s 54 142 172 1425 0.68 0.56 3.7e-25 0.47 1.7e-18 1.3e-21
32tx/s 52 247 250 1840 0.63 0.59 6.7e-26 0.84 1.4e-18 8.2e-24
64tx/s 79 411 249 2658 0.58 0.43 1.9¢-25 0.47 1.7¢e-14 2.1e-19
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T 0.05, FrUARABEM ZSAENAFIHABIE S LA B e . A SETHRESR
KA, A FIRLABE I 25 147 T8 TR T35 (L 2 B 5T RO SR A 3 K 22 BN Wk
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