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Introducing Networks

* Networks are
everywhere.

* Many situations can
be represented by & _ 4
entities (nodes) & '*
relationships (links).
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Motivation

* Many social processes can be formulated as contagion dynamics on
networks.

* Agent-based simulation tools are commonly used for networked
systems.

* People need software development experience to build and run
such tools.

* Some simulations require high performance computing resources.

 Modeling and Simulation as a Service (MSaaS$) can alleviate many
Issues.



Highlights of Our Solution

* Network Simulation as a Service (NetSimS).
* Web-based open access system.
* Simulation module for contagion dynamics on networks.

* Graph seeding module for network state initialization.



A Cyberinfrastructure for Network Science

% Net.Science "“° Q@ Home B About [ My Jobs Tanvir Ferdousi

* Open to public and
accessible at: —
http://net.science S T S s

@ > File Manager > home > tanvif > cines.work > networks  jozz.net cleanuel

small_graph_10_25 PUNGraph tanvirf 296 B ayear ago OVERVIEW.  DATA  METADATA  PROVENA!

e pro it s S T T T

Nodes 108 Source ID Column o Average 27696369697
Edges 2742 Destination ID Column 1 v 100
Edge Directionality andirected Min 1

FALSE

* Features e
. . . er_random_graph PUNGraph tanvirf 5.63 KB ayear ago f.‘iiii‘.‘.’,\‘;:iii s
* Modeling & Simulation as a

STRONGLY CONNECTED COMPONENTS 'WEAKLY CONNECTED COMPONENTS NODE IN DEGREE
Num 1 Num T .

Average 27696969697
. Size Smalest 108 Size Smallest 198 Max. 100
Num Smallest 1 Num Smallest Size 1 Min 1
Frac Smallest 1 Froc Smallest 1
L] 108 1%

@ > File Manager > home > tanvirf > generated_graph Q c E @

CE VISUALIZATION

D B D D

Size Largest Size Lorgest
Num Largest 1 Num Largest Size: 1
Frac Lorgest 1 Froc Largest 1

NODE OUT DEGREE KCORE 'NODE BETWEENNESS CENTRALITY.
verage ‘Average

. . .
) A 27696969697 Smallest g rage 1216515151515
M 100 Num Nodes Smallest 108 Max 2912901040932
Min 1 Frac Nodes Smalest 1 Min o
Largest 2
Min 2 Min 00000035315 Min 00000035326

9 .
% Net.Science "' “° Q @ Home Ba About [NSNEIM (B My jobs Tanvir Ferdousi Sy 20
FrocNodes Lagest 0515151515
1Y
.
[ ] n e m a n I e r' O r m a n Ce OVERVIEW ~DATA METADATA PROVENANCE  VISUALIZATION Average 00558719064 Average 00050505051
o 02104085662 Max ooues7s2z51
in o0o0003sa1e in 00000285752
m H In I I I , o O --Luycu(Me(hod:KLAYv

* The results in paper were
generated using net.science.

@ > File Manager > home > tanvirf > generated_graph > small_graph_10_25_dir Average. 317943107221 Average 00556719064 Average. 00556722192

Max 664946335133 Max 02104085663 Max 02104080754



http://net.science/

Network Simulation as a Service (NetSimS)

Front-end SaaS
User Interface API Scheduler Backend
Web app forms HPC
) Execution —
Submit Form s
= B -
D
CSonNET Slurm Script App Code
Q) o — Data I/0 .’
Submit Form o —
Data Analysis Slurm Script Job List Containers
Q)
Submit Form
Storage
- ) )
Plotting Slurm Script

Common Services

\ﬁ B File 1/0

Visualization File Explorer



Web Interface

% Net.Science %2

input_file *- | SELECT FILE /home/cjk8gx/18-feb-2022-big-graph/snap-n-1e7-m-5e7-v04

Dynamics Model

ehavi
SEIR

Edge probability *

Infectious duration *

Composition Of Simulation

Simulation Timing

Iterations *

salnellellille ° Representative inputs for simulation
* Agent model and parameters

* Network
0  Number of iterations, time per iteration
2 * Initial conditions

* Many types of web forms
- N * Contagion simulation
= P * Post-processing simulation data
/ * Plotting
= ' * Web app uses same API| as other 3™

Initial Conditions (default)

party tools.



Initial Conditions Module

Inputs Standard Libraries

SNAP Pandas

Command Line NetworkX Numpy
Arguments (CLA)

Configuration File Seed Set Generator

Graph

seed.config.01

Outputs

Initial Conditions
File

Filter Log File

Seed Log File

#graph_metric,sort_method,metric_min,metric_max,metric_weight

outdeg,high,3,4,1
betwcnt,high,0.2,6,1
clustcf,high,0.4,0.8,1

* |nitialize graph node states.
e Compute graph metrics.
* Filter, sort nodes using metrics.

 Combine multiple metrics.

* Generate multiple seed sets
* Deterministic
 Stochastic

* 11 graph metrics are supported

* Including degree, betweenness,
clustering coefficient, pagerank,
and hub/authority scores.



Structural Properties

Network Num. Num. Avg. Max. Largest

Nodes Edges Degree | Degree | k-core
Jazz, M 198 2,742 27.7 100 29
Wiki, M 7,066 100,736 28.51 1,065 53
Slashdot, M 77,360 469,180 12.13 2,539 54
PA-120k, S 120,000 24 M 39.99 2,686 20
PA-500k, S 500,000 | 9.99 M 39.99 5,405 20
Seattle (18-75), C | 256 M | 4034 M | 31.49 664 42
Seattle, C 352M | 6651 M | 37.82 879 43

M: Mined, C: Constructed, S: Synthetic

Total Run Time (Seconds)
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Performance Evaluation — Network
nitialization

BN jazz
e Wiki
I Slashdot

Uniform

I PA-120k
I PA-500k

B Seattle (18-75)
[ Seattle

Deg-Clust
Graph Seeding Scenarios

Deg-Betw




Strong Scaling Study — Agent-Based

Simulation
g1e+07 o L "a_g\é\/ikihd ¢ USGS SIR mOdeI
C eS| ] . . -~
S 1e+06:, ::gﬁggog? * Transmission probability: 0.004
c\b‘i 1e+05;— ) “@&&“ Seattle _ e Infectious duration: 4 days
€10000f. e, 1 *Y-Axis: total time to run 100
= jooolT et e ] iterations of 100 timesteps
S gw’& “““““““ s ] o .
T “ e 1 300 nodes initialized as infected (l).
8 g . -
e 10, . ... ... . L -o—=a 1 eThe system exhibits strong scaling.
n 1 2 4 8 16 32 64

Number of Worker Processes



Case Study | — Simulation of Social Protests

[
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* Simulated using the Granovetter (1978) threshold model.
* Seattle (18-75) network was used.
* Two different seed node sampling methods were used (U, C).



Case Study Il — Simulation of Virus Transmission

240
20000- i 188;‘22235 % == PA-120k, deg. [20, 30] .
é T 3000 coess S 3OHF>A-120k, deg. [80, 259]’/,, -
S 15000 ! o
Y— n i //// ’,I””. .
> 10000 g0 a-e
Q S L ‘/ /.,,
= Z10 /' . :
£ 5000- O
= 3 E’/
A_I_H_!_H_I_PPPI—I’I (@) S U (S RN S
0 ——————— 2 % 7000 2000 3000 4000 5000
0O 5 10 15 20 25 30 £ Number of Seeds
Time

e (Left) Cumulative infection for SIR on PA-120k with three seed
configurations with degree in [20,30].

* (Right) Final fraction of infected nodes after 30 days using two seeding
configurations.



Related Work

* With IDE/GUI

e Repast Simphony [North et al., 2013]
* NetLogo [Wilensky, 2011]

e Geared towards parallel and high-performance computing
* Repast HPC [Collier et al., 2013]
* usik [Perumalla, 2005]

* Modeling and Simulation as a Service (MSaa$)
* Anylogic [http://anylogic.com]
* CloudSME [Taylor et al., 2018]



Conclusions

* A system that generates initial conditions and runs contagion
simulations on networks.

* On demand high performance computing (HPC).
* Open access, versatile simulation framework within net.science.

e Can benefit researchers, educators, and students.



Limitations & Future Directions

* Addition of new models requires working on both front and
backends.

* Input network sizes are limited by available memory and processing
power.

* Parallelization of graph analysis algorithms in the initial conditions
module to improve performance.



Questions ?

Tanvir Ferdousi
Email: tanvir@virginia.edu

Project Site: https://net.science
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