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Comparison of workloads

Interactive v1.0

Business Intelligence v1.0

focus
typical query

data generator
refresh operations

target metric

OLTP

2-3 hop neighbourhood queries
with filtering

SNB Hadoop Datagen

inserts

Throughput (ops/s)

OLAP

multi-hop/path/subgraph queries
with filtering & aggregation

SNB Spark Datagen

inserts and deletes

mean latency (WIP)


https://github.com/ldbc/ldbc_snb_datagen_hadoop/
https://github.com/ldbc/ldbc_snb_datagen_spark

Interactive v1.0 and v2.0

Interactive v1.0

Interactive v2.0

focus
typical query

data generator
refresh operations

target metric

OLTP

2-3 hop neighbourhood queries
with filtering

SNB Hadoop Datagen
inserts

Throughput (ops/s)

OLTP

2-3 hop neighbourhood queries
with filtering

SNB Spark Datagen
inserts and deletes

Throughput (ops/s)


https://github.com/ldbc/ldbc_snb_datagen_hadoop
https://github.com/ldbc/ldbc_snb_datagen_spark

Interactive
Workload




Interactive workload

Scenario: Users browsing a social network and producing content (Forums, Messages)
and delete content or their account

Queries:

- 14 complex reads

- T7shortreads

- 8insert operations

- 8 delete operations



Queries

- Complex queries: Always start from one or two Person nodes, and discover their
neighbourhoods (1..2 nodes) or paths between Person nodes

- Short queries: Discover the neighbourhood of a Person or a Message node

- Insert operations: Each operation inserts a node (and connects it to its
neighbourhood) or an edge between existing nodes

- Delete operations: Each operation deletes a node (and its connections to its
neighbourhood) or an edge between existing nodes (new in v2.0)



Interactive deletions

Deletions are backported from Bl workload. The delete queries are:

Remove person and its personal forums and message (sub)threads
Remove post like

Remove comment like

Remove forum and its content

Remove forum membership

Remove post thread

Remove comment subthread

Remove friendship
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Execution of queries

- Insert and delete queries: operations issue times are taken from the update
streams generated by the data generator

-  Complex queries: complex reads times are expressed in terms of update
operations (update frequencies)

- Short read queries: for each complex read instance, a sequence of short reads is
planned



Example queries




Example queries: Complex query 3

Q3: Friends and friends of friends that have been to given countries

xCount = count
hasCreator Message —-isLocatedIn—)I countryX: Country
$startDate = creationDate name = $countryXName
< $startDate +
= $durationDays A «neg»
person: Person otherPerson: Person | isPartOf
1
id = $personid = kNOWS*1,.2 == id isLocatedIn > City
firstName =
lastName yCount = count | «neg»
| isPartOf
Message N
countryY: Country
$startDate < creationDate
hasCreator < $startDate + —risLocatedIn—>» name = $countryYName
$durationDays




Example queries: Insert query 1

Q1: Add person

. City

<€—isLocatedIn —*—

* Person

studyAt

92,

- haslnterest—*-

id = $cityld
F Tag
id in $taglds

id « $personld

firstName «— $personFirstName
lastName «— $lastName

gender < $gender

birthday « $birthday
creationDate « $creationDate
locationlIP « $locationIP
browserUsed < $browserUsed
speaks « $languages

email « $emails

classYear «— $studyAt[k].classYear

workAt

>

University

id = $studyAt[k].universityld

>l

.*

WOTKF rom «— SWOTKAL[i]. WOrKF rom

Company

id = $workAt[i].companyld




Example queries: Short query 6

Q6: Forum of a message

message: Message

moderator: Person

id = $messageld

replyOf*0..

id
firstName
lastName

T hasModerator

Post

<€— containerOf —

forum: Forum

title




Example queries: Delete query 4

Q4: Remove forum and its content

Tag

— hasModerator*’

= hasTag +. Forum Person
id = $f I
K= gronmna + hasMember =g Person
% containerOf
= E Post

v invoke delete

operation 6




Interactive
Driver




Interactive Driver: Components

Datagen

/v Initial data

— Updatestreams

T, Parameter
— >

generation

—> Loader
>
Driver
Substitution
parameters

. DBMS under

test



Interactive Driver: Implementations

PostgreSQL [SQL]: a row-oriented RDBMS

Neo4; [Cypher]: a graph database management system

DuckDB [SQL]: a column-oriented OLAP RDBMS with a vectorized runtime
Umbra [SQL]: a column-oriented HTAP RDBMS with a compiled runtime, WIP
TigerGraph [GSQL]: graph database management system

SQL Server [T-SQL]: row or column-oriented RDBMS with graph extension, WIP



Interactive Driver: v1.0 changes

- Scale Factor properties included in driver

- Forum/Person update streams merged

- Driver divides the update stream across update-threads round-robin
- Fix 5% on-time validation rule

- Short reads are separated from update queries



Interactive Driver: v2.0 Future work

Move to dataset from Spark Datagen
- Allows higher scale factors
- Include deletions
- Implement windowed execution® to support asynchronous execution of
dependent events
- Improve speed of parameter generation
- Scoring analysis separate from driver (using DuckDB)

"Orri Erling et al. "The LDBC social network benchmark: Interactive workload.” SIGMOD 2015.



Windowed Execution
TSTART
1

1. Eventlhasastarttimeanda
dependent time €1

2. Event2isdependentoneventl

3. Datagen ensures that thereis
T-safe time between the T-dep time
of event 1 and the T-start time of
event 2

TDEP,

TSAFE -

- TSTART
2

TDEP,



Windowed Execution

When taking multiple events into

account, each starting in a set interval, TSAFE

Winchwal N Winc)lgw2
the window with dependent events is r s Al A
scheduled T-safe time e; | € | e3 | €4 €y €10 | €11 | €12
€5 | €6 | €7 | €8 €13 | €14 | €15 | €16

! 1 !

TSTART 7END  [START TEND



Larger scale factors

- Current Interactive workload goes up to SF1000
- New scale factors are:

- SF3000

- SF10k

- SF30k (Work in progress)



Interactive workload: Audited results

4 audited results:

Sparksee (driver v0.2.2,2015)
Virtuoso (driver v0.2.2,2015)
TuGraph (driver v0.3.2, 2020) (report)
CreateLink  (driverv0.3.3,2022) (report)
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https://ldbcouncil.org/benchmarks/snb/LDBC_SNB_I_20200726_SF30-100-300_tugraph.pdf
https://ldbcouncil.org/benchmarks/snb/LDBC_SNB_I_20220516_SF30-100-300_galaxybase.pdf
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The graph & RDF
benchmark reference



