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Motivation of FinBench

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

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

* FinBench, following LDBC’s chokepoint-driven benchmark design
philosophy, is to design a benchmark for evaluating graph database systems

in financial scenarios with new chokepoints embedded, based on

financial data patterns and workload patterns.



Key Features in FinBench

Dataset Patterns

. Power-law degree distribution
. Edge multiplicity
*  Asymmetric dynamic temporal graph

. Hub vertex

Workload Patterns

Read-Write query
Time-window filtering
Recursive path filtering
Patterns in temporal graph
Truncation

Time-biased query mix



Dataset: Schema

[———— Person ——
| apply [T own |
| name: String |
isBlocked: Boolean | transfer withdraw
I —_— createTime: DateTime
| | gender: String | I I
| | birthday: Date . |
| | c»ouAntw‘: String | Account
city: String I
: guarantes | : | o Medium
| > invest F:reateTlme. DateTime -
| | isBlocked: Boolean signin id: ID
| type: String 9 type: String
| | = nickname: String createTime: DateTime
| apply A 2 own phoneNumber: String isBlocked: Boolean
| IR C | — — | email:LongString lastLoginTime: DateTime
[ Ompa ny freqLoginType: String riskLevel: String
| | d D lastLoginTime: DateTime
| | name: String accountlevel: String
isBlocked: Boolean
I | createTime: DateTime i
| |  — — — country: String < — repay deposit
| | | city: String |
business: String H
| | l description: String | —_—— Smgle Edges
[ url: String | from src to dst
Iyl | T Loan .
| : | guarantee | nvest | Multiple edges
id: ID
e —*| loanAmount: 64-bit Float from src to dst
rL—————,—,—e————————— — — —» balance: 64-bit Float
usage: String
interestRate: 32-bit Float

e \Vertices are entities in financial systems, while edges are activities involving them

e Asymmetric dynamic temporal graph



Dataset: Distribution

toIldlin_degreel fromId| toIdImultiplicityl
e Transfer edge: Power-law distribution [P M T Fromm e s ’
14891190670301082260 | 14837428949749347364 14891190670301082260 | 671
. . 14897383119788711667 | | 1657887612825840411 286260051314745075 | 531
e Hubvertex: degree increases with | 286260051314745075 | | 183521684815353485| 240942580064328271| 511
| 99079191802151398 | 1475298645673614348014844747299143816836 43|
scale 14868391197187506662 | 1490273114434622279814821666351053553660 | 40|
14907234743973581309 | 14761993655990886968 | 4878524296349098175 | 331
) | 296393150476325373| 1490273114434622279814778882154593534224 | 311
o MaxDegree =1k in SF1 14908642118857140591 | 14863043172630020163 | 4896538694858587751 | 291
| 4865576447420410431 | | 258394028620386533| 218143106950763621 | 29|

o MaxDegree - lOk in SF10 14911456868624245691 | | 297800525359880817| 286260051314745075|
fPoososososososososos Poososososososososos TPoomoE oD o oy

e T 4-----m-- +
only showing top 10 rows

only showing top 10 rows

o MaxDegree =100k in SF100

o) Num of accounts: 26347
Num of transfer edges: 138209

Average Degree: 5.245720575397579
Average Multiplicity: 1.616574068658986

Degree and multiplicity in SF0.1 dataset of v0.1



Workload: Read-Write Query

®  Complexread query: it
represents a risk control strategy

®  RWquery: Transaction-wrapped
complex reads (risk control
strategy)

° If the risk control strategy is not
hit, transaction commits with
write query. Otherwise,
transaction aborts

1

! Blocked

! Txn Abort
1

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

[ othern - Account |

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

Detected

Txn Abort

[
1 src: Account dst: Account
1
| id = ${srcld) id = ${dstid}
1 1
N e e e e e ,
e e - - JI —————————————————————— N
[ transfer + 1
| src: Account dst: Account !
| timestamp <- ${time} :
1 id = ${srcld} amount <- ${amount} id = ${dstld} 1
1 !
N e e e e e e e ,
________________________ L ——
\
src : Account dst : Account
edgel : transfer
id = ${srcld} edgel timestamp > ${startTime} id = ${dstId}
edgel.timestamp < ${endTime}

1 otherN : Account )

Not detected

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

____________________

Txn Begin

accl: Account

id = ${srcld}
isBlocked <- True

acc2: Account

id = ${dstld}
isBlocked <- True

____________________



Workload: Time Window Filtering

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

edgel : transfer *1..3 otherl : Account |<— medium1 : Medium
et:'gel.timestamp - i({sta;tTime)} mediuml.isBlocked = True
. M H edgel.timestamp < ${endTime . =
* Fact: queries only look back in a
*1.3 -
. . . . other2 : Account medium2 : Medium
limited time window —
medium2.isBlocked = True
account.id = ${id}

* Filtering: filter edges between

startTime and endTime in

tra Ve rS a l other3 : Account |<— medium3 : Medium

medium3.isBlocked = True

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

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



Workload: Recursive Path Filtering

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

®* Amountorder:el>...>ei

edgel

loan : Loan src : Account

edge2

loan.id = ${id}

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

edgez2 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}

>{ I1dst1 : Account

I1dst2 : Account

\

I1dst3 : Account

edge3

12dst1 : Account

12dst2 : Account

RESULT dst.id, ratio, distanceFromLoan

12dst3 : Account

Transfer trace after loan applied

[Ref: Transaction Complex Read 8]

edge4d

13dst1 : Account

13dst2 : Account

13dst3 : Account




Workload: Patternsint

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

emporal graph

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]




Workload: Truncation

e In practice, system optimization cannot

keep up with the increase of the workload

complexity

e Truncate less-important edges to avoid
complexity explosion, which is actually
sampling

e TruncationLimit and TruncationOrder is

defined to ensure consistency of results.

For example, keep only the top 100 edges in

order of timestamp descending



Workload: Time-biased query mix

Inherited from SNB’ query mix:

* Write queries and read-write queries: operations issue times generated by the
data generator

* Times of complex reads are expressed in terms of update operations (update
frequencies). A sequence of short reads follows each complex read instance

Time-biased query mix:

* Fact: complex read - risk control strategy, simple read - simple checks

* Atime-biased function is designed that a complex read of longer time window is
followed by more simple reads



New Chokepoint #1 in Storage

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

otherl : Account |<— medium1 : Medium

edgel : transfer *1..3
edgel.timestamp > ${startTime}
edgel.timestamp < ${endTime}

[STORAGE] Temporal access locality and
mediuml.isBlocked = True
performance
other2 : Account |<— medium2 : Medium

account : Account

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

Queries access the edges in specific time windows

other3 : Account |<— medium3 : Medium

medium3.isBlocked = True

RESULT

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

| SrcVid | Labelld | Temporalld | Dstvid | Eid |
P\ _—— —— —
N I
TuGreph e
ﬁ VertexUid .| OutEdgeUid | OutEdgeUid | OutEdgeUid |® e @

InEdgeUid InEdgeUid |® ® @

Boost the time-window filtering due to edges well-sorted in storage



New Chokepoint #2 in Language

edgel
loan : Loan src : Account

loan.id = ${id}

>| I1dst1 : Account

I1dst2 : Account

12dst1 : Account
12dst2 : Account

13dst1 : Account

13dst2 : Account

[LANG] Language Features: Recursive path filtering pattern

edgel: deposit H . _ _ _ _ _
${startTime} < edgel.timestamp < ${endTime} ASSU mi ng A [el] > B [e2] > cee > X
edge2 in [transfer, withdraw]

edge2.amount > upstream * ${threshold}
${startTime} < edge2.timestamp < ${endTime}

= Timestamporder:el<e2<...<ei

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

= Amount order:el>e2>...>ei

I1dst3 : Account 12dst3 : Account 13dst3 : Account
- . . . A . -
edged in [ransfer withdrau] Time window: ei-1 <ei<ei-1+ A
edged.amount > upstream * ${threshold}
${startTime} < edged.timestamp < ${endTime}

RESULT dst.id, ratio, distanceFromLoan

MATCH

Possible solution (non-official): (src:card_label WHERE src.id=$cardIid)

° Outside the brackets: vertex to start, edge types, hopping from 1 Eg;;ramferlwnhdra‘” Whete e time: < SCimetSrange =il Seaxhopst
to Smaxhops [

° Clause inside brackets constrains the path SLIDING

e  SLIDING subclause means a window sliding on the path of LENGTH 2
LENGTH and STEP - pSTEP .

° WHERE subclause defines the filter WHERE p[1l].e.gmt_occur - p[0].e.gmt_occur < $delta
° UNTIL subclause defines the termination condition UNTIL dst.type = people

]
Acknowledgement: Prof. Yin and his team at SJTU return path



Another example in language chokepoint

MatchStatement = MATCH [Truncation] Match {',' Match} [WhereClause] [Statement] .
Truncation = TRUNCATING TruncationSpec{'. TruncationSpec} .

TruncationSpec = [EdgeType_id] ['(' OrderSpec {'.' OrderSpec} ')']'='int .

Match = (MatchMode [id '='] MatchNode) {'|' Match} .

MatchNode = '(' Matchltem ')’ {(MatchEdge/MatchPath) MatchNode}.

MatchEdge ="-[' Matchltem '->' | '<-' Matchltem ']-' .

Matchltem = [id | Node Value] [GraphLabel] [ Document | Where ] .

MatchPath = '[' Match ']' MatchQuantifier .

MatchQuantifier ="'?" | "*' | '+' | '{" int, [int] '}'.

MatchMode = [TRAILIACYCLIC| SIMPLE] [SHORTEST |ALL|ANY] .

Implementing the draft Graph Query Language Standard

N —— Malcom Crowe designed a syntax to expand the definition and usage
of Truncation, which is also implemented in his PyrrhoDBMS,
Icolm C i . .
ompiearigd e poasor according to his short paper at DBKDA 2024.
University of the West of Scotland Reutlingen University
United Kingdom Germany
e-mail: malcolm.crowe@uws.ac.uk e-mail: fritz.laux@reutlingen-university.de

We are working on the cross-validation to accept it as an official

Arxiv doi: 2407.09566 implementation.
Acknowledgement: Prof. Crowe



https://arxiv.org/abs/2407.09566

Version plan

Version 0.1.0 . :
Version 0.2.0 (TBA in short)

. All key features in proposal implemented
. Benchmark suite: parameter curation
«  Dataset: Up to SF10 scale supported o
optimization
*  Workload: Transaction Workload, including 12
. Dataset: support SF30 and SF100, SF 300 WIP

. Paper: WIP

complex read queries, 6 simple read queries, 19

write queries and 3 read-write queries

More future work: automated benchmarking, analytic workload, etc...
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Welcome collaboration on benchmark and

research on chokepoints

Contact me at shipeng.qi AT Idbcouncil.org

WeChat QR Code
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