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Introduction

Dynamic graph processing systems aim to ingest an evolving graph and repeatedly provide results to a
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standing graph query at different points in time.
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Colour IDs of the top 50 most popular (by PageRank) vertices as the graph evolves
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Stability & total colour count over time
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A stream of graph updates arrives at the system, and the system is expected Programming Interface
to provide solutions to a standing query at different points in time...

e \ertex-centric, event-driven, and no shared

: - 100% 100
Timeline of real-world events with queries; Rate below the framework's capacity state between vertices Key Takeaways when used to generate many results over time S o
Graph Q Q Q S * Vertices communicate via message-passing e [ollipop can leverage “free” CPU resources and produce real-time results e Static is about 2x faster than Static with Wait Count < 80%- 80 o
. . . - (-
Evolution % 2 . with dramatlca//y lower /atenC){ for low event rates a o I 5
(Graph Events) ~ . . —N hic ability e 1b . " h Key Takeaways ! 60% 60 g
ote this anil Ity IS NOot ofTere Yy Streamlng systems that operate WIL (_c; 3
. M . . o/, o
GraphOne (fastest system that processes events and in batches) [4] \ batches like GraphBolt [2] or GraphOne [4] * Results provided by a Dynamic are more stable than = G 0% 10 3
Graph Q Q Q = ‘ those provided by Static ones, but have [ower guality % - N o
° ° ° > (0]
Evolution% §| Latency Of L0”|p0p under dlfferent event rates and query |ntervals (Uses more CO|OurS) =
Algorithm frommmmee- 1 ALLLEEREEEE 1 ALLLEELEEEE 1 S Shared-nothing abstraction, 0 o A tradeoff in addition to performance vs. guality ® oy 0
I I I ™ o, : 1000 100%  —— Latency (ms) (left) N OO0OONTTOWOVONTOVWOONTOVOOMON I O
Progress \ amenable to distributed settings X X % of edges added (right) MOONOOANINOANIBDBATFTOAFITNOSTNO MO
R R R n 2 0 9 M9 A H AN NNMMONTTTODODN OO ON~NNN
. . . | . E ] F| f E h P ] Th d .q_) S 500 - L 509, X Target rate not achieved Edge Count (millions)
e Event ingestion and execution are pipelined xecution Flow of Each Processing Ihrea - B (_/J//
e Each thread owns a set of vertices, and g_ 0 MMMO%
. : : 1000 100%  —~
Lo”’pop (What we propose) [5] executes the fO”OWlng tasks: + X %2
cC N . & R f
Graph Q Q Q go func() A g ) 500 - L 50% I s ererences
er ﬁ EE ﬁl 0 ﬁ N ﬁ = . O 3 LC) CO n C I u S I o n 1.Juntong Luo, Scott Sallinen, and Matei Ripeanu. Going with the Flow:
Evolution 3 while(true) A @ O . .
|"I= ‘ |._I= ¥ |._L_ ¥ D if(1pending_query) { = . ,--*/ e oo = M/r’ Real-Time Max-Flow on Asynchronous Dynamic Graphs. (GRADES &
Algorithm I I I 5 enact topology_changes() w 1000 100% > We highlights two additional important properties of dynamic graph NDA 23)
N _ ' " X : : : : : 2.Mugilan Mariappan and Keval Vora. Graphbolt: Dependency-driven
Progress R R R if (1topology_buffer_empty) 2 E / Graph Evolution processing systems, and show Lollipop succeeds in them: Synfhmnous prz'zessmg Ofstreammggmpphs (Eurofym) Y
: : S 500 - - 50% T : : '
e Fvents and are processed concurrent/y continue; § / (Edge Volume) * The ab///ty to Ieverage free Comp"’tat'on resources dur/ng lower 3.Alan E Mislove. Online social networks: measurement, analysis, and
h I d v (i +h - ] ~ } . _.__,/ PRS- | S v event rates, to produce solutions with extreme[y low Iatency applications to distributed information systems. (Rice University 2009)
asynchronously, and gutonomously (i.e., without shared state) // Process up .to M messages 100me/s 80me/s 6.0me/s 4.0me/s  2.0me/s e The ability to provide stable results to a graph analytics problem 4.Pradeep Kumar and H Howie Huang. Graphone: A data store for
e For fine granular queries, provides grders of magnitude higher process_algorithmic_messages(M); . real-time analytics on evolving graphs. (TOS'20)
if(!pending_query && terminated) Lower event rates over time 5.Scott Sallinen, Juntong Luo, and Matei Ripeanu. Real-Time PageRank

and lower latency compared to GraphOne hreak -

on Dynamic Graphs (HPDC '23)
6.Scott Sallinen, Roger Pearce, and Matei Ripeanu. Incremental graph
1 processing for on-line analytics. (IPDPS'19)
7.Scott Sallinen, Keita Iwabuchi, Suraj Poudel, Maya Gokhale, Matei
Ripeanu, and Roger Pearce. Graph colouring as a challenge problem

for dynamic graph processing on distributed systems. (5C'16)

* The system is unaware of when the next query or event will be issued
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