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Benchmark Overview




FinBench Motivation

* SNB, Social Network Benchmark, is designed based on social network

scenarios, which is limited when applied to the financial service industry.

* FinBench objective is to design a high-quality benchmark for evaluating the
performance of graph database systems in financial scenarios, e.g. anti-

fraud and risk control, based on financial data patterns and query patterns.



Key Features in FinBench

® Dataset

®  PowerlLaw distribution

®  Multiplicity
®  HubVertex

® Transaction Workload

®  Read-write query

®  Special graph patterns
®  Time-window filtering

®  Recursive path filtering
o

Truncation



Brief of the initial version

® Standard Design: all key features in proposal implemented

* Workload: Transaction Workload, including 12 complex read queries, 6 simple
read queries, 19 write queries and 3 read-write queries

®* Dataset: Up to SF10 scale supported

®* Implementation on 3 systems: TuGraph, Galaxybase, and UltipaGraph

®* Collaboration: 9 vendors in Task Force and 6 developers



Data Design and e Data Schema
Generated Datasets

e Data Distribution

e Datasets Statistics




Data Schema

signin

Medium

[~ Person ——-
| apply [D own |
| name: String |
| isBlocked: Boolean | transfer withdraw
—_—) createTime: DateTime I
| | gender: String | |
I | birthday: Date |
| | st | Account
! I guarantee | : : id: ID
| | i createTime: DateTime
| - T invest | isBlocked: Boolean
| I I type: String
_ nickname: String
| ooy : oun 7| st uns
I r——-7 Company —— = fregLoginType: String
| | d D lastLoginTime: DateTime
| | na;me: String accountlevel: String
isBlocked: Boolean
I
createTime: DateTime repa .
[ ] — = country: String le — pay deposit
| [ | city: String 1
I | | business: String I
description: String |
I I url: String
' I
I I ll guarantee l :_ invest | Loan
by e id: ID
v =*| loanAmount: 64-bit Float
k—r——,—,—,——eee e e ——— — —»| balance: 64-bit Float

usage: String
interestRate: 32-bit Float

id: ID

type: String

createTime: DateTime
isBlocked: Boolean
lastLoginTime: DateTime
riskLevel: String

Single edges
from src to dst

Multiple edges
from src to dst




Data Distribution: Transfer Edge

. . . fromIdl toIdImultiplicityl
e Degree: PowerLaw Distribution S e N E———— P P S +
14891190670301082260 | 14837428949749347364 14891190670301082260 |
14897383119788711667 | 5671 | 1657887612825840411 286260051314745075|
. . | 286260051314745075| 5671 | 183521684815353485| 240942580064328271 |
e Asymmetric directed graph | 99079191802151398| 5431 [ 1475298645673614348014844747299143816836|
14868391197187506662 | 543| 1490273114434622279814821666351053553660 |
14907234743973581309 | 5101 14761993655990886968 | 4878524296349098175 |
. . | 2963931504763253731 5101 1490273114434622279814778882154593534224
° Hub vertex: degree increases with scale 14908642118857140591 | 384] 14863043172630020163 | 4896538694858587751 |
14865576447420410431 | 3601 | 2583940286203865331 218143106950763621 |
14911456868624245691 | | 297800525359880817 | 286260051314745075|
. m e [P + Hommmmmmoommooooooo froosososoososasons Ao +
O MaXDegI’ee = 1000 n SFl only showing top 10 rows only showing top 10 rows

o MaxDegree =10000 in SF10 Num of accounts: 26347
Num of transfer edges: 138209

Average Degree: 5.245720575397579
o Larger scale to be supported Average Multiplicity: 1.616574068658986

Profiling of SF0.1



Transaction Workload

Transaction Workload
Time Window Filtering

Recursive Path Filtering

Read-Write Query

Truncation
Query Mix

Transaction Workload Driver




Transaction Workload

Scenario: financial activities among accounts, persons, companies, loans and media

Queries:

* 12 complex reads: match exact patterns including cycles and trees(see next slide)
starting from one or two vertices

* 6simple reads: discover the neighbourhood of an Account node

* 19 write queries: inserts, updates, deletes(cascade deletion)

* 3read-write queries: transaction-wrapped complex reads



Transaction Workload: Example Patterns

dst : Account

sre : Account

sre.id = ${id1}

edgel

edgel : transfer

edge2 : transfer
edge2.timestamp > ${startTime}
edge2.timestamp < ${endTime}

> ${startTime}

edgel timestamp < ${endTime}

I onerm el

herN : Account

RESULT
other.id, COUNT(edge2), SUM(edge2.amount), M

[T othert: Account. |
1 otherl : Account

dst.id = ${id2}

edge3 : transfer
edge3 timestamp > ${startTime}
edge3.timestamp < ${endTime}

1

(edge2.amount), COUNT(edge8), SUM(edge3.amount), MAX(edge3.amount)

Cycle

[Ref: Transaction Complex Read 4]

RESULT SUM(loan.loanAmount), COUNT(loan)

loanl : Loan loan2 : Loan
edgel edge2
pl: Person — — — > p2 : Person -———
guarantee guarantee

plid = ${id}

edgel: guarantee
edgel.timestamp > ${startTime}
edgel.timestamp < ${endTime}

edge2: guarantee
edge2.timestamp > ${startTime}
edge2.timestamp < ${endTime}

chain

—_——— ] pN : Person

edgel: transfer edge2: withdraw
edgel.timestamp > ${startTime} edge2.timestamp > ${startTime}
edgeltimestamp < ${endTime} edge2.timestamp < ${endTime}
edgel.amount > ${threshold1} edge2.amount > ${threshold2}

RESULT mid.id, SUM(edgel.amount), SUM(edge2.amount)

Tree

dstCard : Account

dstCard.id = ${id}
dstCard.type = card

[Ref: Transaction Complex Read 6]

loan3 : Loan

edgeN

guarantee

edgeN: guarantee
edgeN.timestamp > ${startTime}
edgeN.timestamp < ${endTime}

[Ref: Transaction Complex Read 11]




Time Window Filtering

edge2 : signin
edge2.timestamp > ${startTime}
edge2.timestamp < ${endTime}

edgel : transfer #1..3
edgel.timestamp > ${startTime}

otherl : Account |(— medium1 : Medium

edgel.timestamp < ${endTime} mediuml.isBlocked = True

* Fact: queries only look back in a limited

other2 : Account |<— medium2 : Medium

account : Account

time window

medium2.isBlocked = True
account.id = ${id}

* Filtering: filter edges between startTime

and endTime in traversal

other3 : Account |(— medium3 : Medium

medium3.isBlocked = True

RESULT
other.id, medium.type, medium.id, accountDistance

Blocked medium related accounts
[Ref: Transaction Complex Read 1]



Recursive Path Filtering

Assuming: A -[el]-> B -[e2]-> ... -> X
* Timestamp order:el<...<ei

e Amount order:el>...>eij

edgel

loan : Loan src : Account

loan.id = ${id}

edgel: deposit
${startTime} < edgel.timestamp < ${endTime}

edge2 in [transfer, withdraw]
edge2.amount > upstream * ${threshold}
${startTime} < edge2.timestamp < ${endTime}

edge3 in [transfer, withdraw]
edge3.amount > upstream * ${threshold}
${startTime} < edge3.timestamp < ${endTime}

edge4 in [transfer, withdraw]
edged.amount > upstream * ${threshold}
${startTime} < edge4.timestamp < ${endTime}

edge2

>{ l11dstl : Account

11dst2 : Account

\

11dst3 : Account

edge3 edge4

I2dst1 : Account

12dst2 : Account

I2dst3 : Account

RESULT dst.id, ratio, distanceFromLoan

Transfer trace after loan applied
[Ref: Transaction Complex Read 8]

13dst1 : Account

13dst2 : Account

13dst3 : Account




Read-Write Query

______________________

,
|
1
i N
1 src: Account dst: Account I Blocked
|
\ id = ${srcld} id = ${dstld} |
. ' !
®* Transaction-wrapped complex ~  ‘ooeeeeeeeiioooooooes o
reads (risk control state (e wanster | ——————— ) :
( gy) : src: Account dst: Account : G BACTaIE
H timestamp <- ${time} - | id = ${srcld}
1 id = ${srcld} amount <- ${amount} id = ${dstld} 1 isBlocked <- True
1 ]
* Ifthe complex read matches, |
________________________________________________ acc2: Account
commit the transaction with write | sre: Account pem— dst: Account ! oo e |
. . id = ${srcld} edgeLtimestamp > ${startTime} id = ${dstld} e E ’
query. Otherwise, transaction sdgetmesiamp < Sendine) '
dae2 _edgez : uan;f(e{ Time) edge3 : transfer I
edge2.timestamp > ${startTime] im mp > ${ Tim |
abort i ey <o perei i |
J |I otherN : Account |I )
Not detected
Txn C it

Transfer under transfer cycle detection strategy
[Ref: Transaction Read Write 3]



Truncation

® Truncate less-important edges to avoid

complexity explosion when traversing

® Truncatingis actually sampling
® TruncationLimit and truncationOrder is

defined to ensure consistency of results.

For example, keep only the top 100 edges in

order of timestamp descending



Benchmark Suite




Datasets Statistics

Supported Scale Factor V]| |E|
0.01 8663 61674
0.1 64485 610658
0.3 192971 1830891
1 643241 6091820
3 1928439 18243343
10 6069955 51889416

FinBench datasets of SF0.01 to SF10 are published at the Google Drive. These datasets
were all generated using csv serializers in the initial version.

Note: please see the tables in Appendix A for detailed statistics



https://drive.google.com/drive/folders/1tURBIJE56ZNC9YvMtug31peYD5csizCa?usp=sharing

Transaction Workload Driver

Inherited from SNB Interactive driver, the driver has 3 modes of operation, all starting with a
database containing the initial data set.

1. Generate validation data set 3. Execute benchmark
e single-threaded, sequential execution e multi-threaded, concurrent execution
e output: validation results
e Use TCRto control the load scale
2. Validate implementation e output:

o passed/failed schedule audit
o throughput (operations per second)
o  per-query performance results

single-threaded, sequential execution
input: validation results
e output:
o  passed/failed validation
o iffailed: expected vs. actual results



Roadmap and acknowledgement




Roadmap

Version

0.1.0

0.2.0

0.3.0

Estimated Time

Mid of 2023

End of 2023

2024

Features

Runnable and auditable

Larger scale data generation
Optimize parameter curation
Query mix profiling and design

New workload: Analytics workload
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Resources

*  Specification: https://github.com/ldbc/ldbc finbench docs

e Benchmark Suite

https://github.com/ldbc/ldbc_finbench_driver

https://github.com/ldbc/ldbc_finbench datagen

https://github.com/ldbc/ldbc finbench transaction impls

* https://github.com/ldbc/ldbc_finbench acid

» Datasets: https://drive.google.com/drive/folders/1tURBIJE56ZNC9YvMtug31lpeYD5csizCa?usp=sharing

* Certification audit packages: https://drive.google.com/drive/folders/10QXrz2CkQke7SE9KWBiMeEnOKYx-QCOl?usp=sharing



https://github.com/ldbc/ldbc_finbench_docs
https://github.com/ldbc/ldbc_finbench_driver
https://github.com/ldbc/ldbc_finbench_datagen
https://github.com/ldbc/ldbc_finbench_transaction_impls
https://github.com/ldbc/ldbc_finbench_acid
https://drive.google.com/drive/folders/1tURBIJE56ZNC9YvMtug31peYD5csizCa?usp=sharing
https://drive.google.com/drive/folders/1OQXrz2CkQke7SE9KWBiMeEn0KYx-QCOl?usp=sharing

B

The graph & RDF
benchmark reference



