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Background

. ‘ ISO/IEC JTC1 SC32
| . e OLLI WG 3
‘ Database Languages

Declarative Query Languages

Query Optimizer is

Graph Database Relational Database
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A Pipeline for query optimization
Specific Graph Query Specific Graph Intermediate Distinct Graph
Languages Representation Optimizer

. Optimize with
Gremlin Traversal Steps : : P .
Traversal Strategies

GraphScope [1]

@ Loves
al f@' Optimize with

Cypher Planner

MATCH( : Person{name:“Dan”})-[:LOVES]—=(:Person{name:“Ann"})
3 l | l |

[ ]
LABEL PROPERTY LABEL PROPERTY N e O4J

* *
* .
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

[1]GraphScope: a unified engine for big graph processing, Fan et al, VLDB 2021
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Specific Graph Query

Languages

Gremlin Traversal Steps

@ Loves f@\
N
Dan Ann
Node Node
| |

EMATCH(:P eeeee {name:“Dan”})-[:LOVES]—=(:Person {name:“Ann"})
3 l | l |

LABEL PROPERTY

-
‘e
-------------------------------------------

LABEL PROPERTY

s

Hard to extend the support of

~

_ various graph query languages |

Pipeline for query optimization (Cont.)

Specific Graph Intermediate Distinct Graph

Representation Optimizer

GraphScope

Optimize with

Neo4j's Cypher-IR Cypher Planner

Optimize with
Traversal Strategies

NEO4j g/
N
Lack advanced optimizations:
* No CBO in GraphScope
; * No high-order statistics in Neo4j ...
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A Relational Optimization Pipeline

Standard Relational Relational Algebra Relational Optimizer
Query Language

Top
Join 40

. /
Bottom
Join
1 / \ 6,000,000

Top
Join

Bottom
Join

YSOL

Filter
\ 1,500,000
. . A
Filter ‘ 150,000 Scan
! - . [lineitem]

Y Scan
Scan [orders]
Scan | [customer]
Scan [lineitem]
s [orders] S o
[customer]
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A Graph Optimization Pipeline?

Various Graph Query Unified Intermediate Optimizer?
Languages Representation?
o=
y N
A
Greng.ﬁ%
(@ Loves f@“\

| |

MATCH( : Person{name:“Dan”})-[:LOVES]—=(:Person{name:“Ann"})
I I I T

LABEL PROPERTY LABEL PROPERTY

ISO/IEC JTC1 SC32

WG 3

Database Languages
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A Non-graph-native Pipeline for graph optimization

Various Graph Query Relational Algebra Relational Optimizer
Languages
Top
Join 40
o Top
Join
10 /
@ @ Bottpm Bottom
= Loves 99 Join
Dan Ann
1 / 6,000,000
Node Node /
l l Filter 1.500.000
MATCH( : Person{name:“Dan”})-[:LOVES]—=(:Person{name:“Ann”"}) ' . } s
1 | I I
LABEL PROPERTY LABEL PROPERTY Filter ‘ 150,000 Scan
] 3 = : Séan [lineitem]
i /) &4t [orders]
. Sqan [customer]
ISO/IEC JTC1 SC32 Scan [lineitem]
WG 3 G [orders]

Database Languages ° [customer]

[1] Modern Techniques for Querying Graph-Structured Relations: Foundations, System Implementations, and Open Challenges, Amine Mhedhbi, Semih Salihoglu, VLDB 2022

[2] Implementing Graph queries in a Relational Database, https://blog.whiteprompt.com/implementing-graph-queries-in-a-relational-database-7842b8075ca8?gi=fb6853dc262e
9



https://blog.whiteprompt.com/implementing-graph-queries-in-a-relational-database-7842b8075ca8?gi=fb6853dc262e

(IEL

A Non-graph-native Pipeline for graph optimization (Cont.)

Various Graph Query
Languages

N roves r@n

Node Node
| |

MATCH( : Person{name:“Dan”})-[:LOVES]—=(:Person{name:“Ann"})
I I I T

LABEL PROPERTY LABEL PROPERTY

ISO/IEC JTC1 SC32

WG 3

Database Languages

=»

Relational Algebra

Top
Join

Filter

A

Scan
[customer]

May miss graph query optimization
opportunities: hybrid join [1], high-order
\statistics [2], etc. 0

~N

Bottom
Join

Relational Optimizer

/

Scan
[orders]

Top
Join
) /
‘ Bottom
‘ Join
1 / 6,000,000
Filter
\ 1,500,000
i . A
150,000 Scan
&l [lineitem]
Scan [orders]
7 Sq?n : [customer]
ineitem ‘

[1] Optimizing Subgraph Queries by Combining Binary and Worst-Case Optimal Joins, Amine Mhedhbi, Semih Salihoglu, VLDB 2019

[2] Glogs: interactive graph pattern matching query at large scale, Longbin Lai et al, ATC 2023

10
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GOpt: A Modular Graph-native Optimization Framework

4 Cypher Client 2
MATCH (...) -[...]-> (...)
MATCH (...)<[...]-(...)

( Cypher Parser

)
( Cypher Planner j

Slngle Store )
_

Neo4j

/

More Languages Clients

WHERE (...)
RETURN l ( ANTLR Parser \
|

Graph-native
Optimizer

\

______________-I

———————————————

( More Engines j

(

Gremlin Client
g.V().match(...)
.has(...)

.group().by(...)
.count()

|

\

( Gremlin Parser )

y

[Traversal Strategy)

( Interpreted Runtime ) K PhysicalConvertor / (Dlstrlbuted Runtlme)

( Dlstrlbuted Store )

e

GraphScope

o

11

A unified Graph Intermediate

Representation (GIR): uniform the
logical expression of various graph
query languages (Cypher, Gremlin)
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GOpt: A Modular Graph-native Optimization Framework

4 Cypher Client

WHERE (...)
RETURN ...

l

MATCH (...) -[...]> (...)
MATCH (...)<-[...]-(...)

g

( Cypher Parser

( Cypher Planner

)
)

Slngle Store

Neo4j

Jd

/

More Languages Clients

( ANTLR Parser \

Graph-native Q

Optimizer

\

______________-I

———————————————

( More Engines j

(

Gremlin Client
g.V().match(...)
.has(...)

.group().by(...)
.count()

|

\

( Gremlin Parser )

y

[Traversal Strategy)

( Interpreted Runtime ) K PhysicalConvertor / (Dlstrlbuted Runtlme)

( Dlstrlbuted Store )

e

GraphScope

o

12

A unified Graph Intermediate
Representation (GIR): uniform the
logical expression of various graph
guery languages

a Advanced graph query optimization
techniques: hybrid join, high-order
statistics, and type inference
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GOpt: A Modular Graph-native Optimization Framework

4 Cypher Client

WHERE (...)
RETURN ...

l

MATCH (...) -[...]> (...)
MATCH (...)<-[...]-(...)

g

( Cypher Parser

( Cypher Planner

)
)

Slngle Store

Neo4j

Jd

N\

[More Languages Clients

N\

b}

/

! ,"

ANTLR Parser

Graph-native
Optimizer

\

______________-I

———————————————

( More Engines j

(

Gremlin Client
g.V().match(...)
.has(...)

.group().by(...)
.count()

|

\

( Gremlin Parser )

y

[Traversal Strategy)

( Dlstrlbuted Store )

( Interpreted Runtime ) K PhysicalConvertor / (Dlstrlbuted Runtlme)

e

GraphScope

o

13

A unified Graph Intermediate
Representation (GIR): uniform the
logical expression of various graph
guery languages

a Advanced graph query optimization
techniques: hybrid join, high-order
statistics, and type inference

e Modular Design: Enable easy
Integration into existing systems
(Neo4j and GraphScope) through
modular APl design
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Purchases

v

( )

Product

Knows

A Simple Query Example

Person
id: Integer

_name: String |

Producedin

LocatedIn

AY

é )

Place

id: Integer

price: Double

"l id: Integer

Schema

name: String |

15

MATCH a triangle pattern containing a Place
vertex, and then FILTER with a specified
place name, GROUP the matchings by the
name and the TOP 10 results are returned?

MATCH (v1) -[e1]-> (v2)

(V2) -[e2]-> (v3)
MATCH (v1) -[e3]-> (v3:Place)
WHERE v3.name = “China”
WITH v2, COUNT(v2) as cnt
RETURN v2, cnt
ORDER BY cnt LIMIT 10

User Query
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Typical Optimization Pipeline in GOpt

02 03 04

Rule-based Type Cost-based

Optimization Inference Optimization

NOTE: Case can be more complex in practice

16
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Step 1: Compile (Graph Intermediate Representation, GIR)

GROUP (key=v2, agg_func=COUNT, alias=cnt)

ORDER (key=cnt, cmp=asc, limit=10)

1 ntext for rn matchin A F ______________ B ______________ _______________
iﬁgl utdei ntg graF:)ahttoepe rati)trcs y r S _l MATCHI o
\_ <i G:‘EI'?_XI‘EVI?TEX GE-{I\TXE/I;TEX E GE.{I-N_XE/?IEX E 5 62 i e3
i yp¢e, NA} AIITypie, NA} E AIITypf, NA} :b VO i [V3: Place ]
MATCH (V1) -[e1]-> (v2) I B H |
(V2) -[62]-> (V3) i AIITypeJ OUT} AIITyp(i, OUT} i AIITypei OUT} i
MATCH (v1) -[e3]-> (v3:Place) e ==
WHERE v3.name = “China” Compile | TWTR
WITH v2, COUNT(v2) as cnt MATCH.END £ E
RETURN v2, cnt ;
ORDER BY cnt LIMIT 10 i )

____________ DT o T .

(a) Cypher Query . (b) Logical Plan in GIR
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Step 2: Rule-based Optimization (RBO)

Q Built-in Predefined Rules Q Customized User-Defined Rules
i i i
> . Je3 |
| e2 : :
L v2 : [ v3: Place } :

SELECT (v3.name = “China”)

PROJECT V2

GROUP (key=v2, agg_func=COUNT, alias=cnt)

J L

GROUP (key=v2, agg_func=COUNT, alias=cnt)

ORDER (key=cnt, cmp=asc, limit=10) ORDER (key=cnt, cmp=asc, limit=10)

(a) Logical Plan (b) Optimized Plan After RBO

18
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Step2: RBO (Cont.)

Q Built-in Rule: JoinToPattern

e3

[ v3: Place J

|
|
|
|
|
I
|
|
I
I
I
e

JoinToPattern >

Applied under
homomorphism-based
semantics

SELECT (v3.name = “China”)

ORDER (key=cnt, cmp=asc, limit=10)

|
I
I
|
I
|
|
GROUP (key=v2, agg_func=COUNT, alias=cnt) :
I
I
|
I
|
|

19
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Step 2: RBO (Cont.)

Q Build-in Rule: FilterintoPattern

SELECT (v3.name = “China”)

ORDER (key=cnt, cmp=asc, limit=10)

|
|
|
|
|
|
|
GROUP (key=v2, agg_func=COUNT, alias=cnt) !
|
|
|
|
|
|

FiIterIntoPattern>

20

ORDER (key=cnt, cmp=asc, limit=10)

I
|
|
|
|
|
GROUP (key=v2, agg_func=COUNT, alias=cnt) !
I
|
|
|
|
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Step 3: Type Inference

v Unspecified Types J

Specified Types
A

e2 :
[ v3: Place

PROJECT v2

Q

GROUP (key=v2, agg_func=COUNT, alias=cnt)

~
ORDER (key=cnt, cmp=asc, limit=10)

Optimized Plan After RBO 22
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Step 3: Type Inference (Cont.)

v Unspecified Types J
W
Specified Types
e2 A
{ v3: Place
y Knows

Person
id: Integer

.name: String | | ocatedin

Purchases
( / ) 4 \
Product | pProducedin Place
id: Integer "l id: Integer
price: Double | _name: String |
PROJECT V2 Graph Schema

GROUP (key=v2, agg_func=COUNT, alias=cnt)
~
ORDER (key=cnt, cmp=asc, limit=10)

Optimized Plan After RBO 23



(IEL

Step 3: Type Inference (Cont.)

PROJECT v2

¢

GROUP (key=v2, agg_func=COUNT, alias=cnt)
~
ORDER (key=cnt, cmp=asc, limit=10)

Optimized Plan After RBO

Q)‘b
&
N

V2:
Product

24

v

Unspecified Types

7

P

Specified Types

{ v3: Place N

Purchases

( / )
Product

Knows

Person
id: Integer

| name: String |

Producedin

LocatedIn
N\,

Place

(

id: Integer

"| id: Integer

price: Double)

r

O

Producedin | y3:

\,

vl:
Person

_name: String |

Graph Schema



(IEL

Step 3: Type Inference (Cont.)

PROJECT v2

Q

GROUP (key=v2, agg_func=COUNT, alias=cnt)
~ >
ORDER (key=cnt, cmp=asc, limit=10)

Optimized Plan After RBO

25

v

Unspecified Types

7

P

Specified Types

v3: Place

\

r

vi:
Product

\

Purchases

( / )
Product

Knows

Person
id: Integer

| name: String |

Producedin

LocatedIn
N\,

Place

id: Integer

"| id: Integer

price: Double

_name: String |

Graph Schema
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Step 3: Type Inference (Cont.)

v Unspecified Types J

Specified Types }
A

' |
: !
| : e2 :
| : V2 v3: Place -
J W
I | e D
: | Person
: : id: Integer
I : Purcr:?ses _name: String | LOCi:edln
I [ r
: : Product | Producedin Place
' | : id: Integer "l id: Integer
I : UnionType price: Double | _name: String |
]
! PROJECT v2 : Graph Schema
i L | [v1 . Person }
| .
. GROUP (key=v2, agg_func=COUNT, alias=cnt) ! S s”\&” AN ) BasicType
; D : /0 @& o\
: | : {S 0@? Q’éo PG-Schema: Schemas for Property Graphs,
| ORDER (key=cnt, cmp=asc, limit=10) | Q % Angles et al, Sigmod 2023
e2:
:—————————-———————————____________.! V2: PGI’SOHl {VS:P'&CGJ
Product | Locatedin |

Optimized Plan After RBO e Producedin
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Step 4: Cost-based Optimization (CBO)

GLogS: Interactive Graph Pattern Matching
Query At Large Scale, Lai et al, ATC 2023

Hybrid-join Strategies

e e B e i~ m e — — = === S o 2 G ] T 11 o ks st st i St i i
: _ : Registerable Costs | .---------=-----=-=--"=--"-------( 5 SEE s e s s s e S s e i
| [v1. Person ] | o _ Ny . L
| | . | SCAN v3 (Place, name = “China”) | SCAN v3 (Place, name = “China”)
: o & ' o | X ' =
! Q’)\ S (g) (O o ! ' e : :
! N o : ' EXPAND v1 (Person) - EXPAND v1 (Person) o
: £ O S name = | | Ly = . -
! Q° 02) “China” | | L 1. -
| " Product Locatedin| ' CBO > : E PROJECT (expr=v2) o
: Pfcj‘ © c?m i ' PROJECT (expr=v2) ! . ot
. SR cauecll EelcuDEy B | | | GROUP_LOCAL (key=v2, agg=Count) |
: i ! ROUP (key=v2, agg=Count) ' \ N
: PROJECT v2 ! 1 GROUP (key lv 29g=Count) 11 GROUP_GLOBAL (key=v2, agg=Sum) |
! : = | ' N
. GROUP (key=v2, agg_func=COUNT, alias=cnt) E : '\\ ORDER (key=cnt, limit=10) //' \ ORDER (key=cnt, limit=10) -
i ORDER (key=cnt, cmp=asc, limit=10) | | Phase1. Graph Optimization Phase2. Relational Optimization |
(a) Optimized Plan After Type Infer (b) Optimized Plan After CBO

27



Step 4: CBO (Cont.) : Cost Model

* Plan(p) = (® ={py, 02, -, Pn =L T = |11, T2, o, T )

" p;:intermediate pattern
" 7, operation on intermediate patterns, Join or Vertex Expansion

: Frequency(count number) of the p; in the graph.
u Cost(Plan(p)) =)= e +Y . Cost(z)

® (GLogueQuery provides based on

" GlLogue provides precomputed statistics of small patterns

- - — Qoo
" |f patternis notin GLogue , compute by F(p) = Avg,, o, T TR o U p,
® Cost(T;) is according to backend implementations, e.g.,

= Neo4j (ExpandInto): Cost(Expand(pS - Pt)) = aveT(pS)Z{-‘zla_ei

" GraphScope (WCOJ): Cost(Expand(p, 2 p:)) = nF(p1)
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Step 4: CBO (Cont.): Plan Optimizer

Level=1 Level =2 Level=3 Level =4 Level =5
OO0 D—>CO0OD- - - - __ SO0
<1 )
P2 Ps Ps =7 N "
(-0 D=2G0-0> "~ P “=5=7
.3 ’ (O )8( )
p3 p6 {Cl 3 9

» Best Execution Plan

@2——> O—02 g 2

Potential Execution Plan

A top-down search framework utilizing registered operator costs and cardinality
estimation from GLogueQuery to find optimal plans with minimum estimated costs

29
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System Architecture of GOpt

User-friendly interfaces in GOpt

Q Input: various clients to the unified GIR

Q Output: convert to alternative execution plans
Q Metadata: how to retrieve schema and statistics
0 Rules: heuristic rules for using in RBO

Q Costs: cost of physical operations for using in CBO

31

p
GOpt Framework
GOpt Client
| Cypher SDK | [ Gremlin SDK | | GOpt-IR Builder |
GOpt’s IR
et . <
. GOpt Core . | Metadata
[ Pluggable ]_ P . | Provider
Rules | Type Checker & I Adaptive
[Registerable]_ir Optimizer i (_Schema |
Costs Optimized Plan _ r Adaptive ‘
\/  Statistics
[ Plan Converter ] . y
N ]
Execution Plan iL | Execution Plan
N4

Pas

=
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GOpt Integration — Neo4|

” BGEGE
| e | e3
MATCH (v1) -[e1]-> (v2) ; &2 et !
(v2) -[e2]-> (v3) | JLO () | (e:Piace ]
MATCH (v1)-[e3]-> (v3:Place)  Antlr Tool & GIR-Builder : - ‘
WHERE v3.name = “China” o
WITH V2, COUNT(VZ) as cnt SELECT (v3.name = “China”)
RETURN v2, cnt | GROUP (key=v2, agg_func=COUNT. alias=cnt) !
ORDER BY cnt LIMIT 10 | |
ORDER (key=cnt, cmp=asc, limit=10)
k Cypher Query Logical Plan
e e e e e e e e e e e e e e e S

SCAN v3 (Place, name = “China”)

|
EXPAND v1 (Person)

PROJECT (expr=v2)

}

i GROUP (key=v2, agg=Count)

}
ORDER (key=cnt, limit=10)

I e o oo o e e e e e e e e S e e e e B B EEe EEe EEe B Sae B B B B s

32

\_ Optimized Plan

Scan (v3, Place, name = “China” )

v
Expand (v3->v1, Person)

Expand (v1->v2, Person|Product)
\

Expandinto (v3->v2)

Project (expr=v2)
v
Group (key=v2, agg=Count)
v
Order (key=cnt, limit=10)

Neo4j’s Execution Plan
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GOpt Integration — Neo4j (Cont.)

schema

i Knows
/ \. i g Person ?
NeO4J APOC i id: Integer

Purchases \Name:String ) | ocatedin
e P
0 Metadata : [_:rloduct Producedin .d.Pl'a:ce ] |
o [ e
S Data Graph Graph Schema
P
FieldTrim FilterIntoPattern TrimTypeFilter
Build-in Rules User-define Rules
&

Cost(ExpandInto(ps = p¢)) = @peF (Ds) Y110,

Operator Costs according to Neo4j’s Implementations
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GOpt Integration — GraphScope

g = .
g.V().match( o 3 |
__.as(‘v1’).out().as(‘v2), e2 Nawas |
—as(v2').out().as(v3) ot Tool 8 ClRBLC JLO _l_[_YPi'_F_"f‘f?_]_;

.match( M e “buliaer | JOIN |

__.as(‘v1’).out().as(‘'v3’)) i |
0 I n p ut select(‘v3’).has(‘name’, ‘China’) » ! SELECT (v3.name = “China”)

.haslLabel(‘Place’)
.groupCount( ).by(‘v2’)
.order().by(values).limit(10)

|
|
' GROUP (key=v2, agg_func=COUNT, alias=cnt) !
:
|
|

ORDER (key=cnt, cmp=asc, limit=10) |

\ Gremlin Query Logical Plan

SCAN v3 (Place, name = “China”)
v

EXPAND v1 (Person)

EXPAND (v1->v2, v3->v2, Person|Product) :

i Scan (v3,Place, name = “China”)
PROJECT (expr=v2) :

\
Expand (v3->v1,Person)

Expandintersect (v2,Person|Product)

I I
I I
I I
I I
I I
I I
I I
I I
I I
| ¢ -
: Project (expr=v2) :
. |
I I
I I
I I
I I
I I
I I
I I
I I
I I

i \ GrouplLocal (key=v2, agg=Count)

. GROUP_LOCAL (key=v2, agg=Count) |

| v GroupGlobal (key=v2, agg=Sum)

. GROUP_GLOBAL (key=v2, agg=Sum) !

i ¥ Order (key=cnt, limit=10)

. ORDER (key=cnt, limit=10) e mmmmm—_ - L

_ Optimized Plan 34 GraphScope’s Execution Plan




CIRES
GOpt Integration — GraphScope (Cont.)

P
FilterintoPattern FieldTrim LocalGlobalAggregation
& Rules
JoinToPattern
s Build-in Graph Rules Build-in Relational Rules
g
Q Costs Cost(ExpandIntersect(pS — pt)) =nF(p,)

Operator Costs according to GraphScope’s Implementations

35
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—r
-

Dataset

LDBC Graph scaled at
sf=30, 100, 300, 1000,
up to 2.7 billion vertices
and 17.8 billion edges.

Experimental Settings

=

Queries

LDBC Interactive (IC) and
Business Intelligence (BI)
workloads, challenging the
systems with real-world
scenarios.

©

Compared Systems

« Neodj with Cypher on a

single machine,

« GraphScope with

Gremlin on distributed
machines

37

Optimization
Comparison

Neo4j-Plan: Plans by Neo4j
Optimizer

Gopt-plan: Plans by GOpt
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Experimental Results: Comprehensive Comparison

Neodj-plan GOpt-plan

® Neodj-plan v.s. GOpt-plan on Neo4j

O e et TP PP
103 A . ] i}

® GOpt-plan outperformed Neo4j-plan in gueries

® Avg. speedup 9.2x

Neo4j Runtime (s)
=
<
|
|

100 - I 0
® Max. speedup (1C6) 1071 - m m m m m } W
102 - - — .
R A R R O R N AR M G AR R S A A PP SNSRI
® Neodj-plan v.s. GOpt-plan on GraphScope 0 O - ——--
v 10° 4 N
S ; _
® GOpt-plan outperformed Neo4j-plan in gueries £ 102 ) I i _ I
. 1014 I 1 ml 1 = I mi -
® Avg. speedup 33.4x S 10lm | . _ i
g 10
[} [} [} ] -C :
® Max. speedup (1C6) since hybrid-join strategy and S 107 w m W m W m m w w
w 10_2 - m T T m T T
optimized wcoj implementation CEEICELELELFFF Y " o & & &

Comparison of Neo4j-plan and GOpt-plan on Neo4j and GraphScope resp.
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Case Study: Money Mule

Money Mule: Fraudsters transfer funds through multiple intermediaries before
another fraudster withdraws the money

\I\,AVﬁL%Z(S: :igFNRggN&]&% S]ZTC(IpI?\I gSE;SON) GOpt-plan Neodj-plan Alt-planl Alt-plan2
RETURN p oT _____ 6,0) _________ ((CH ) 6,0 __ 6,0) 60) _ _______
103 0
(a) Cypher Query Money Mule Detection 0 ; )
Q 102 5 ' (2,4) (2,4)
£ ? 33) (3.3) (2,4)
p1: Person | Hop=2 Join D4 Join Hop =4 p2: Person "E 10! 3
pl.idin $S; | Transfer | Pay | Persons Persons | Transfer | Pay | p2.id in $S, é; o 0.4 (4,2) o) 2 4
. . E (3’3)
Optimal Execution Plan of ST1 : (3,3 (3,3)

p1: Person ] Hop=4 Join Join Hop =2 p2: Person
[ p1.idin $S, | Transfer | Pay | Persons X | persons |Transfer | Pay | p2.idin $S, STy STz STs STa STs

Optimal Execution Plan of ST2

p1: Person ] Hop=3 Join Join Hop =3 p2: Person
pl.idin $S; JTransferl Pay Persons X Persons | Transfer | Pay | p2.id in $S,
Optimal Execution Plan of ST3, ST4, STs ® GOpt determines the best join vertex
(b) GOpt-Plan for ST1 to STs with Different Src/Dst Vertices based on CBO
[ptpersoﬂ 6Hops [ p2: Person} ® GOpt-plans outperform alternatives by
p1.id in $S, | Transfer | Pay | p2. id in $S,
(¢) Neodj-Plan for STi to STs with Different Src/Dst Vertices ® All Neo4dj-plans run OT

(all plans are single direction expansion )

40
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Case Study (cont.): LDBC SNB Bnechmark

The Case of IC6 in LDBC SNB

( *
MATCH (p1:PERSON {id: $id})-[:KNOWS*1..2]-(p2:PERSON), p1: PERSON | KNOWS™.2 [

(p2)<-[:HASCREATOR]-(p:POST), _ plid=$id |

Lp2: PERSON ]

\

____________

| I
| I
| I
| I
| I
| I
I (p)-[:HASTAG]->(t1:TAG {name: StagName}), I
| (p:POST)-[:HASTAG]->(t2:TAG) p _ HASCREATOR i
| | WHERE p2.id <> $id AND t2 <> t1 t1: TAG :
|| WITH DISTINCT t2, p (t1.name=$name ] HASTAG :
1 | RETURN t2.name as name, count(p) as postCnt POST I
| ‘
| | ORDER B.Y postCnt desc, name asc 2 TAG HASTAG A
I LIMIT 10; |
I t2.name!=$name I
| I
| I
I (a) Cypher Query and Graph Pattern of IC6 |
| I
e L L -1
| I
L LI R I PR - Pk = S a7 e L e > I
I : i { i I
| i a =) e e e Ot : |
| IR ! e — 1 4 \ ’ | |
! | e o 5 G : e — | !
I T s ! sl ; : l ] i ! ! I
| | T et el :
: Hashdoin | [ | =% i :
! e mmn e «  emmmmmee- e 3 A o — |
: ' ] o] [;] | IS U ___ oS | :
| | ] i - o leas | l |
: i | |:{>( ) e s :
: i __________ | : : :L_j_ N _j_i :
| ; : : __________ _: | | I
| I . . 21376 | . 21376 | ;
S Y - S 2 p o S SN e e == = 1
| I
: (b) Execution Order of IC6 in GOpt-plan !
PRI e A s et e el e M B (e e e, A S, e, e B e e s St =1
————————— ~ e —m————- ’_____-____-\\ //’__________—\ e I
‘ |
|
I
I
I
I
I
I
I
I
I
I
|
I
I

= — — — = — =

______________

Benchmark setup SF
D System: GraphScope Flex 30
0.31.3

O Test sponsor: Alibaba

Cloud
100
Date: 2025-04-21
O Query language: Cypher
) System cost: 300

808,444.48 RMB
(110.745,82 USD)

Hardware

Alibaba Cloud ecs.g8a.48xlarge

96xAMD EPYC 9T24 @ 3.7GHz vCPUs,

768GiB RAM

Alibaba Cloud ecs.g8a.48xlarge

96xAMD EPYC 9T24 @ 3.7GHz vCPUs,

768GiB RAM

Alibaba Cloud ecs.g8a.48xlarge
96xAMD EPYC 9T24 @ 3.7GHz vCPUs,
768GiB RAM

The full disclosure
report from LDBC
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AUDITED RESULTS USING A DECLARATIVE QUERY LANGUAGE

Performance Performance
(price-adj.)

37,650.00 ops/s 339.97
79,244.18 ops/s 715.55
80,510.79 ops/s 726.99

More Details in
GOpt Technique
Report

Documents

D Full disclosure report
) Executive summary
O Signatures

O Supplementary package



THANKS

Please star us on GraphScope. We will soon announce a
for better graph data management
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