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RepastHPC

=  RepastHPCis an implementation for high-performance computing of the Repast
(Java) toolkit for Agent-Based Modeling (ABM).
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Agent-Based Modeling (ABM)

Agent-Based Modeling is a modeling technique (or paradigm) that begins by
defining a population of discrete agents that have:

— the ability to perceive aspects of their environment
— acollection of behaviors that they take in response to those perceptions

This is particularly useful in social science modeling (for example: economic
simulations)

The outcome of interest is usually the characteristics of the global population,
which are difficult to predict based only on the rules that govern the behavior of
the agents.

Applications in biology and the physical sciences are also easily implemented in
this paradigm
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ABM (ctd)

= The agents in a population can be highly varied, either in their internal states or in
their rules for action. This allows exploration of cases in which common simplifying
assumptions of homogeneity can be avoided and more complicated cases tested.

= Generally speaking, both the agents’ ability to perceive their environment and

their ability to affect it are limited. Hence there is a sense in which decisions are
local, and the global phenomena observed can be said to be emergent.
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ANL Decision and Information Sciences Division
(DIS): Core Mission

= DEVELOP innovative decision support tools, including simulation models,
databases, and analytical methodologies that can be used to provide quantitative
information to decision makers;

= APPLY these tools to the analysis and solution of problems of national, local, and
international significance; and

= TRANSFER these tools to the community of researchers and end users for their
own implementation

= See http://www.dis.anl.gov/about/designdeveloptransfer.html

= Agent-Based Modeling is a key tool for this kind of research.
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Repast: Java (Repast Simphony)

= The ABM paradigm was so useful for social scientists that they began to generate a
large number of models based on it. Very quickly, redundant structures were

found, and toolkits that pre-packaged these were created, so that creating a new
model did not require re-creating fundamental components.

= Repast Simphony is an ABM toolkit that has been developed here at ANL.

= Both Repast and Repast HPC are distributed without licensing restrictions and can
be used freely both here at ANL and elsewhere.
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Components of an ABM toolkit

Repast Simphony

v

Specify Agent Behaviors (Graphically)
Scheduling Agent Actions
Data Collection/Output
Specify Agent Interactions:
— By Space

e Discrete
e (Continuous

— By Networks
Graphic Output of Simulation State
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Components of an ABM toolkit

Repast Simphony + RelLogo

Specify Agent Behaviors (Graphically)
Scheduling Agent Actions
Data Collection/Output

Specify Agent Interactions:
— By Space

e Discrete

e Continuous

— By Networks
Graphic Output of Simulation State
Predefined Semantics for

— Agents (Turtles)

— Landscape (Patches)

— QOperations on Sets
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The Schelling Model

= The ‘first ABM’ was created by Thomas Schelling in the late 1960’s; it showed that
highly racially segregated residential areas could arise even when the preference
to be with neighbors ‘like’ self was comparatively small.
— It was performed by rolling dice and moving nickels and pennies on a checkerboard
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A more immediate problem...

=  http://www.bt.cdc.gov/socialmedia/zombies blog.asp

= DISis proactively attempting to deal with this imminent threat...
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Zombies Model

= Agents of two kinds:
— Humans
— Zombies

= Humans are initially uninfected, but become infected when attacked by a zombie,
and after a time turn into Zombies

= Zombies pursue humans; if a zombie is on the same patch as a human, it can infect
that human (one per time step)

=  Humans move away from zombies; zombies move toward humans

Argonne National Laboratory, Decision and Information Sciences Division
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Components of an ABM toolkit

Repast Simphony + RelLogo

Specify Agent Behaviors (Graphically)
Scheduling Agent Actions
Data Collection/Output

Specify Agent Interactions:
— By Space

e Discrete

e Continuous

— By Networks
Graphic Output of Simulation State
Predefined Semantics for

— Agents (Turtles)

— Landscape (Patches)

— QOperations on Sets
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Repast HPC

Specify Agent Behaviors {Graphicathy)
= Scheduling Agent Actions
= Data Collection/Output

= Specify Agent Interactions:

— By Space
e Discrete

e (Continuous

— By Networks

. GraphicC ¢ Sirmulation.S
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Components of an ABM toolkit

Repast Simphony + RelLogo

Specify Agent Behaviors (Graphically)
Scheduling Agent Actions
Data Collection/Output
Specify Agent Interactions:
— By Space

e Discrete
e (Continuous

— By Networks
Graphic Output of Simulation State
Predefined Semantics for

— Agents (Turtles)

— Landscape (Patches)

— QOperations on Sets

Argonne National Laboratory, Decision and Information Sciences Division

Repast HPC + RelLogo

Specify Agent Behaviors {Graphicathy)
Scheduling Agent Actions

Data Collection/Output

Specify Agent Interactions:
— By Space

e Discrete

e Continuous

— By Networks

~raphic O £ Simulation.S
Predefined Semantics for

— Agents (Turtles)

— Landscape (Patches)

— Operations on Sets
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Repast HPC: A Parallelized ABM System

= Repast HPC Automatically provides the following features key in a parallelized
ABM:

— Synchronization of scheduling of events
— Global Data Collection (similar to Repast Simphony)
— Automatic management of Agent Interactions Across Processes

Argonne National Laboratory, Decision and Information Sciences Division
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Agent Interactions: Contexts

= A Context is a collection of agents that have a structure that determines how they
interact.

= Two kinds of contexts: Spatial and Network.

Argonne National Laboratory, Decision and Information Sciences Division
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Spatial Contexts

= Spatial contexts can be:
— 2Dor3D
— Continuous or Discrete Space
— Toroidal or finite (wraparound borders or hard edges)

= Repast HPC manages agent interaction by:

— Allocating to each process a region of the space
— ldentifying a ‘buffer zone’ at the boundaries of the processes’ regions

= Each process has a copy of the buffer zones (and any agents in them) that adjoin
the region of space that it manages

= Updating of the buffer zones and the agents in them can be scheduled by the user
as needed

=  *Assumes a relatively even distribution of agents; uneven distributions can
become unwieldy
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Network Contexts

= Agents can be connected in an arbitrary network that can be independent of the
relationship among the processes managing the agents

= Copies of ‘adjacent’ agents can be updated in a way similar to the updating of
spatial buffer zones

=  *Assumes that network interactions will be clustered primarily on processes rather
than predominantly across them

= Given the limitations of spatial and network arrangements, Not All ABMs Can Be

Parallelized (and the arrangements can change during the course of the
simulation).
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Patterns of Information Flow Automatically Handled
by Repast HPC

Agents in both Space and Network
— Space is 2D grid, continuous, 100 x 100 with 20 x 20 processes

= Agent on Process N1 (‘A’) is at 50, 50

= Agent ‘B’ on Process N2 forms a network connection with (‘A’)
= At each synchronization, A’s state is sent to Process N2

= ‘A’ moves in space to the region controlled by N3

— Process N3 must now export A’s state to Process N2
= ‘B’ moves to region controlled by N4

— Process N3 must now export A’s state to Process N4
= ‘A’ moves to N4

— Now both are on the same process; no need to export
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How to build a Repast HPC Program

= A ‘Package’ used to pack and ship agent information
= Code that provides these packages and can translate them back into agents
= Agent Logic

— Internal State

— Actions

= Any Data Collection Structures Required
= Code to set up the simulation
= Code to schedule actions in the simulation

= No MPI coding required; all cross-process communication is performed by Repast
HPC.
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The Self-Guided Tutorial

»  The Self-Guided Tutorial shows how to build the Zombies Model and run on the
BG/P

= As an additional exercise, think how you might vary the model (speed of agents,

infection time, etc.); the framework makes these changes simple- even ones that
would be mathematically difficult

Argonne National Laboratory, Decision and Information Sciences Division
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Support for Repast HPC

=  Messages sent to support@alcf.anl.gov that concern Repast HPC will be forwarded
to me, Mike North, and Nick Collier. (You might consider putting ‘Repast HPC' in
the subject line.)

= Additional support is available via the repast-interest listserv; visit the Repast
website, http://repast.sourceforge.net )

Argonne National Laboratory, Decision and Information Sciences Division
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Visualization: The Triangles Model
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Thanks!

John Murphy, jtmurphy@anl.gov
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