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Towards Hybrid Graphs: Unifying Property Graphs and TimeSeries

Motivation — Why combining Graphs and Time Series ?

Bike sharing use case with stations and trips:
number of available bikes and degree of station nodes are in continuous
change and can be represented as time series
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Towards Hybrid Graphs: Unifying Property Graphs and TimeSeries

Previous Approaches

— Graph-based models: rich connectivity - no time-series analytics
— Time-series models: time-evolving data-> no relationships, no graph analytics

— Missing link: limited previous works to connect Graph and Time Series data

(Temporal) (Multivariate)
ngf,ﬁy Time Series

[1] Donato Tiano et al.. 2021. FeatTS: Feature-based Time Series Clustering. In SIGMOD ’'21: International Conference on
[2] E. Bollen et al. 2024. Managing Data of Sensor-Equipped Transportation Networks using Graph Databases. Geoscientificlnstrumentation,
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Towards Hybrid Graphs: Unifying Property Graphs and TimeSeries

Previous Approaches

— Graph-based models: rich connectivity - no time-series analytics
— Time-series models: time-evolving data-> no relationships, no graph analytics

— Missing link: limited previous works to connect Graph and Time Series data
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Towards Hybrid Graphs: Unifying Property Graphs and TimeSeries

HyGraph’s Vision: Combining Graphs and Time Series

Seamless combination of
]i% (temporal) graphs and time
series

Graph operators + Time

Query Operators series operators + Hybrid

operators
Complex analysis :
\. ﬁ_ﬂa?_/tlca' > combine operators and
Ipeline algorithms
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HyGraph’s Vision: Combining Graphs and Time Series
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Towards Hybrid Graphs: Unifying Property Graphs and TimeSeries

HyGraph’s Data Model — extend temporal PG and TS

e Time series as a Property for Graph elements

e T[ime series as Edge/Vertex : PG Vertex and TS Vertex, PG Edge and TS
Edge - Time series as a first-class citizen

o TS Edge and TS Vertex can have label too
o All edges and vertices are temporal (interval)
e Multivariate time series support

o ts={(t, y4) (tsys),--.,(t,y,)Ine N}, y=(val, val, ..., val ).
e Evolving subgraps

o Mapping function of subgraph to a set of vertices and edges per time:
SxT—P(V)xP(E)
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Towards Hybrid Graphs: Unifying Property Graphs and TimeSeries

Converting Temporal Property Graph & Time Series into HyGraph

UNIVERSITAT  EDBT Conference Mouna Ammar 2025-26-03 6
LEIPZIG



Towards Hybrid Graphs: Unifying Property Graphs and TimeSeries

Converting Temporal Property Graph & Time Series into HyGraph

(Temporal) Property Graph

""" PG\Ilsrtex
O [val-stz:bgl-end) &
A static_prop1: ((valy,t;)) HyGI’aph Data mOdel

temp_prop2: ((valy,ty),(valo.tp)....
meta_prop3 : (((valy,valp).ty),-..) |

Subgraph
ID
[val-start,val-end)
Label

static_prop1: ((valy,t;))
temp_prop2: ((valy,ty).(valo.t),.~
meta_prop3 : (((valy,valp).ty),...)

PGEdge
D

[val-start,val-end)
Label

Q static_prop1: ((valy,t;)) /
temp_prop2: ((valy.ty),(vala.tp),.2)
meta_prop3 : (((valy,valp).ty),..)
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Towards Hybrid Graphs: Unifying Property Graphs and TimeSeries

Converting Temporal Property Graph & Time Series into HyGraph

(Temporal) Property Graph (Multivariate) Time Series

“““ PG\Ilsrtex
O [vakstzzbgkend) &
A static_prop1: ((valy,t;)) HyGraph Data mOdel
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Subgraph
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Towards Hybrid Graphs: Unifying Property Graphs and TimeSeries

HyGraph’s Vision. How it works s

External Sources Data + Question .
=

% 3 @ =

Knowledge RDBMS Files streams

Graph

Data Ingestion

HyGraph Data model
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HyGraph’s Vision. How it works o
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Towards Hybrid Graphs: Unifying Property Graphs and TimeSeries

HyGraph’s Vision. How it works o
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HyGraph'’s Vision. How it works

External Sources

o 2 A X
— N
Knowledge RDBMS Files streams

Graph
Data Ingestion

Extracted Time series
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HyGraph Underlying Storage

Data + Question

Towards Hybrid Graphs: Unifying Property Graphs and TimeSeries

HyGraph System - Analysis

TS - Hy Hy - Hy
__ol_att2
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Multi-Model Storage All-in-Graph Storage Polyglot persistence All-in-Time Series Storage
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Towards Hybrid Graphs: Unifying Property Graphs and TimeSeries

HyGraph'’s Vision. How it works
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Towards Hybrid Graphs: Unifying Property Graphs and TimeSeries

HyGraph'’s Vision. How it works

External Sources Data + Question
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Towards Hybrid Graphs: Unifying Property Graphs and TimeSeries

HyGraph Operators (selection)

— Data Import & Export
o Ingesting hybrid / single data into HyGraph
o Extracting time series / graphs from HyGraphs
— Hybrid Pattern Matching
© Querying both graph structures and time-series patterns in unified way
— Generating time-series data from evolving graph metrics
o E.g., node degree evolution, clustering evolution
— Generating a graph from similar time series patterns
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Towards Hybrid Graphs: Unifying Property Graphs and TimeSeries

Using HyGraph for Bike Sharing use case

— Calculate node degree over time and store it as a property
— Calculate similarity between time series and create relationships

PGVertex
PGEdge

0
>

) DynamicProperty StaticProperty

. &0 +num_rides: +name: A
#ts_num_ride +capacity: 53
+num_member_ride: +lat: 40.7633
Qember_ri +long: -78.980
+regionld: 65

. t o
tan: 2010 o
tP

end

DynamicProperty
+degree_range
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+num_bike avallable
: #ts_num_bike_avail
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de

0 .

\
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Towards Hybrid Graphs: Unifying Property Graphs and TimeSeries

Using HyGraph for Bike Sharing use case

— Calculate node degree over time and store it as a property IS:VSrt_ef
— Calculate similarity between time series and create relationships ' “ >
/3 \
PGVertex |4 \
PGEdge | 0 03,03.2025 05.03.20 l

D )—et ) \¢
—

. N~ 7/
. . . 0 . ~ rd
Station Ut 2010 end Station S_——
> Dvnami ,
) ynamicProperty StaticProperty f
start " t ' 00 +num_rides: +name: A DynamicProperty
end ; P +degree_range
#ts_num_ride +capacity: 53 #ts A degree_range
+num_member_ride: +lat: 40.7633 +num bike available
#ts_num_Qember_rl +long: -78.980 - #ts num bike avail — —
de +regionld: 65 PSR \ 16 - ~ ~
\ \ 127 N
@ \ I( *
18 N \
I

\ 16 \
0
14 12 \ l 01.03.2025 03.03.2025 05.03.2025
Station 9 8 ts_ num_bike_avail
5 4 \ /

0 0
01.03.2025 03.03.2025 05.03.2025 N '

01.03.2025 03.03.2025 05.03.2025 ~ -
ts_num_rides A node_degree Sa—-
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Towards Hybrid Graphs: Unifying Property Graphs and TimeSeries

Preliminary Work & Open Challenges

HyGraph open source python Library https://pypi.org/project/hygraph-core/
— Handling Graph and Time series storage and processing in-memory

— Libraries: NetworkX (graph operations), Xarray (for time series data)
Open Challenges:

v Extending the hybrid analytics possibilities,

v Hybrid learning models over structural and temporal features,

v Scalable storage and indexing of hybrid operators
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https://pypi.org/project/hygraph-core/
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UNIVERSITAT Hy Graph
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Thanks for your attention !

Contact us to collaborate or to
suggest a use case

Visit our website !
https://hygraph.net/




Towards Hybrid Graphs: Unifying Property Graphs and TimeSeries

Comparing between All-in-Graph and Polyglot approach « TimeTravelDB »

.neodqj

QUERIES MRT(s) MRS
Q1 0.0034 4.33 (5} Timescale
Q2 41.47 7.02
Q3 56.09 20.48
Q4 31109 71.86
Q5 73814 62.85
Q6 73446 64.95
Q7 48299 48.39
Q8 54494 48.61
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Towards Hybrid Graphs: Unifying Property Graphs and TimeSeries

Example: Extracting Time series for an evolving Subgraph

Similar bike stations are grouped in the same Subgraph
057 D)\ )

[t1, t1+A] — Similarity edge
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Towards Hybrid Graphs: Unifying Property Graphs and TimeSeries

Example: Extracting Time series for an evolving Subgraph

Similar bike stations are grouped in the same Subgraph

[t1, t1+A]
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