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Abstract—Queries on large graphs use the stored graph prop-
erties to generate responses. As most of the real-world graphs
are dynamic, i.e., the graph topology changes with time, and
hence the related graph properties are also time-varying. In
such cases, maintaining correctness in stored graph properties
requires recomputation or update on previous properties. Here,
we present an efficient framework, CANDY for updating the
properties in large dynamic networks. We prove the efficacy of
our general framework by applying it to update graph properties
such as Single Source Shortest Path (SSSP), Vertex Coloring, and
PageRank. Empirically we show that our shared-memory parallel
and NVIDIA GPU-based data-parallel implementations perform
better than the state-of-the-art implementations.

Index Terms—Large Dynamic Network, Parallel Graph Prop-
erty update, Scalable Algorithms

I. INTRODUCTION

The systems of interacting entities are often modeled as
networks consisting of nodes representing the entities, and
edges representing the interactions. Analysis of such networks
leads to interesting insights about the system. Network analysis
has applications in various domains including bioinformatics,
drug discovery, internet routing, and recommendation systems.
For large networks, computing and storing graph properties
efficiently is itself an expensive operation due to the irreg-
ular memory access during graph traversal. The real-world
networks, which are dynamic in nature, possess additional
challenges of maintaining the correct property values with the
change in network structure.

Most of the existing algorithms perform the ad-hoc com-
putation of properties on network snapshots at different time
instances. This technique of applying static graph algorithms
on dynamic networks is experimentally expensive, involving
redundant operations. Furthermore, the challenge increases
with the increase in the size of the network [1]-[4].

We introduce our work-in-progress software platform
CANDY (Cyberinfrastructure for Accelerating Innovation in
Network Dynamics) for managing and analyzing large dy-
namic networks. We show that our framework can be used to
produce efficient parallel algorithms on shared memory, and
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GPU platforms for updating different graph properties such
as Single Source Shortest Path (SSSP), vertex coloring, and
PageRank in large networks. We compare our implementation
with the state-of-the-art techniques to compute those properties
on a set of real-world and synthesized networks.
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Fig. 1: Overview of CANDY

II. CANDY: CYBERINFRASTRUCTURE FOR
ACCELERATING INNOVATION IN NETWORK DYNAMICS

In this section we introduce CANDY, a software framework
envisioned for dynamic network computations that aims to:

o Create a novel hierarchical taxonomy of network analysis
algorithms that allows for layered specification of parallel
algorithms based on multiple parameters.

o Include templates for creating new scalable, parallel al-
gorithms for dynamic network analysis.

o Provide algorithms to partition streaming sets of nodes
and edges into network snapshots at changing points.

We intend to apply CANDY to numerous areas, including

evolutionary genomic computations and cost-effective opera-
tion of complex mining applications. The functional diagram
of CANDY is given in Figure 1.

ITII. GRAPH PROPERTY UPDATE FRAMEWORK
Figure 2 shows our parallel framework for updating prop-
erties in large dynamic networks. Here we describe it with



an example of updating the Page Rank (PR) algorithm. The
framework has mainly three steps. Step 1. Preprocessing:
Change edges not affecting the graph property are discarded,
dangling vertices are removed; Step 2. Adaptive Switch: It
evaluates the total percentage of affected and high PR vertices.
If more than 50% vertices are affected then the adaptive switch
uses a recomputation algorithm to compute PR from scratch.
Else an update algorithm is used in next step. Step 3. Update
affected Nodes: It is an iterative process of updating the
property. In each iteration, the property is updated in parallel
for the affected vertices in the current frontier. The next
frontier is generated by visiting the neighbors and selecting
the possible set of affected vertices. We introduce an Early
Termination Condition (ETC) to keep track of vertices that
are active during a given iteration. ETC helps the framework
avoid redundancy and makes the update algorithm scalable.
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Fig. 2: Adaptive Framework for Property Update.

IV. EXPERIMENTAL RESULTS
We used our framework to develop and implement parallel
algorithms to update SSSP, Vertex Coloring, and PageRank in
large dynamic networks. In our experiment, % Ins in AE
indicates total A E'xx /100 edge insertion and A E'*(1—2/100)
edge deletion.

A. Single Source Shortest Path Update

Our NVIDIA CUDA-based SSSP update implementation
[1] outperforms state-of-the-art Gunrock’s [5] GPU-based
SSSP implementation (recomputation approach) in most cases.
Figure 3a, 3b shows the ratio of SSSP recomputation [5] time,
and SSSP update time on GPU
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Fig. 3: SSSP update: Comparison with Gunrock shortest path.

B. Vertex Color Update

Figure 4a, and 4b shows the ratio of color recomputation
[6] time (using GPU-based Kokkos coloring), and vertex color
update time on GPU. Experimental result shows that the
execution ratio is more than 1 in most cases, i.e., the update
algorithm takes less time than recomputation.
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Fig. 4: Color Update: Comparison with static coloring [6]
C. Page Rank Update

(b) 5 million change edges

Figure 5 demonstrates how our shared-memory-based PR
update algorithm scales well on real-world networks.
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Fig. 5: Page Rank update scalability

V. CONCLUSION

We introduce the CANDY platform, a parallel framework to
develop algorithms for updating properties of large dynamic
networks. We demonstrate our framework with an example
of PageRank update algorithm. We implement our algorithms
on shared memory and GPU architecture and show that our
implementations update different graph properties faster than
the current state-of-the-art methods. We plan to publish the
basic CANDY APIs soon for the end users.
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