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Workshop outline

Background: Agent-
Based Models & FRED

w

Tutorial: FRED Web

Make your own Agent-
Based Model with FRED
Web
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Agent-
based /

Individual-
based
models

COMPRISES A COLLECTION
OF AGENTS

AGENT BEHAVIOR CAN
ADAPT

AGENTS FOLLOW RULES

BEHAVIOR AND
INTERACTIONS OF AGENTS
GENERATE POPULATION-
LEVEL PHENOMENA



Agent-based Models

Study the effects
of
heterogeneous
populations on
spatiotemporal
dynamics

Include individual
people/animals/
cells/etc in the
model, their
contacts with
each other and
interactions with
the environment

Include individual
responses and
behaviors in the
model

Investigate
interactions
between agents
and spatially
distributed
resources such
as school and
hospitals



Agent-based Models:
Public Health Purposes

Study how interactions among individuals
and their environment can result in patterns
of population behavior

Study the impact of policy and programs on
public health



Agent-Based Model Software

* NetLogo [1] - Simpler

* RePast [2]
* AnyLogic [3

* FRED - Synthetic
population.

More
powerful
More
complex

°[1] Netlogo, a multi-agent
simulation environment. Artificial
Life, 13(3):303-311, Jul 2007.

°[2] Complex adaptive systems
modeling with repast simphony.
Complex Adaptive Systems
Modeling, 1(1):3, March 2013.

°[3] Collaborative management of
complex major construction
projects: AnyLogic-based simulation
modelling.

= Discrete Dynamics in Nature
and Societvy val 2016 2016
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* FRED is a Framework for Reconstructing

Epidemiological Dynamics

* Framework: FRED is not a model. FRED
Is a tool for building epidemiological

models
* Epidemiology: distribution and
determinants of health-related states or

events (WHO)

*Dynamics: How patterns in defined

populations vary over time



Foundational Concepts in FRED

¢

Space

Three-
dimensional
geography
based on actual
locations

Time

Time step =1
hour (agents
have multiple
serial activities
per day)

Duration =1
day to 100
years

Agent

Individual
person

ﬁ%ﬁ
Places
(mixing
groups for
HaGRAEds,
neighborhoods,

workplaces,
schools

Flexibly create
additional
places

Population

Based on
census data
and other
sources

Agents are
associated with
specific places



GROUP INFECTIOUS CHRONIC INTERVENTION
QUARTERS DISEASES: DISEASES: MODELS
TRANSMISSION AGENT
MODELS, DAILY =~ CHARACTERISTI
TRACKING CS, TIME &

VARIABLES




U.S. Census-matched Synthetic Population

Person = Each agent is
Agent '
ﬁ] ° assigned to U.S. Population (117

household, o h nold
US Census Data miliion housenolas

\fﬁﬁg:aacnecl with 306,970,295
people)
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Agent Model

Maintain health history
over lifetime of agents

Agents can age,
give birth, die

Models of Health Behavior Change:
Activity Profiles can change *Stochastic
over lifetime of agents *Social norms / influence
*Health Belief Model



FRED Daily Dynamics

Location and size
of each school

{

Location and size
of each workplace

o

Household size,
ethnicity, ages,
income

@

!
{



FRED Daily Dynamics

&

Location and size
of each school Household size,

ethnicity, ages,

U &

Location and size
of each workplace




FRED Daily Dynamics

Location and size
of each school

{

Location and size
of each workplace

Household size,
ethnicity, ages,
income



FRED Outputs

Per 100,000

Daily Summary Statistics of
Population Health Status

* Incidence

* Prevalance, etc

Plots of user-selectable
variables

FRED: Allegheny County
Influenza with RO = 1.5
Effects of School Closure on Incidence

18000 : : .
Weeks Closed=0 ——
16000 + Weeks Closed=2 ——
I Weeks Closed=4 ———
fa Weeks Closed=6 ———
12000 + Weeks Closed=8 ——
10000 +
8000 |
6000 +
4000 |
2000 ¢+

Week

Individual transmission events
* Who infects whom, and
where infection occurs

Data for producing maps and
movies

Influenza in Allgheny County: 2 Week School Closure
Day (@)

AN

Percentage
[ REES!
W -z “
W3 -5 ‘
6 -1
12-u4
W 5 - 196
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Paid sick leave

* US does not have universal access to
paid sick leave (Heymann et al. 2009)

* Employees sometimes turn up at work
when sick and infect others

* Would paid sick leave help?




e R T e

" To=1.4

W Pe Percent infected by
WC asymptomatic workers

= DL

Percent infected
due to presenteeism

Conclusion: ~71% of infections at work occur due to presenteeism

Policies to reduce influenza in the workplace: Impact assessments using an agent-based model. Ku



* Universal access to paid sick days
reduces influenza infections due to

_ workplace transmission by about 6%

* Flu Days have a larger impact on
infection reduction:

Lessons + 25% (1 Flu day)
Learned * 39% (2 Flu days)

 Combination of universal paid sick days
and interventions to increase the number
of days spent at home may have a large
as well as an equitable impact




Background: Donora PA, 27-31 Oct 1948
* Heavy air pollution
* Temperature inversion

Case * 70 excess deaths within 1 month
Study- - Elevated mortality for 10 years
SmOg Population fraction with respiratory distress
emergenc :g
y 40
20
0 B B -
None Mild Moderate Severe

MW Respiratory distress




Case study: Smog
emergency

Scenario
* Pittsburgh experiences a severe heat wave

* At the same time, an air pollution event
occurs

* An air temperature inversion occurs,
trapping dense smog at lower elevations

Focus

* How well does the City's emergency
response system deal with the crisis?




Case study: Smog
emergency

Simulation of Ambulance requests

* Assign asthma and
heat stroke risks to
iIndividuals

 Based on age, gender
and race

* Air pollution at lower
elevations

* Heat wave throughout
area




Case
study:
Smog
emergenc




Case study: Smog
emerc-ncy

Frequency

a0

75

Simulation shows how EMS
response times would be
delayed
L]
[l Baseline

Smog emergency

‘MHDBDD_ 0 = =0

i

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Response time / mins
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FRED:
Model

Componen
ts

)

Condition

States

Durations

Transitions

Process to
model

Parts of
condition

Time in a state
before
evaluating
whether to
move to
another state

How agents
move from one
state to another



Model Concepts

Influenza /‘

States

Suscepti . Exposed . Infegtlou . Recovere

ble d

Vaccination
Immune

Not Received
vaccinat vaccinati

ed on
Failed

Conditions Transition events & state durations



Example—Infectious Disease Model

* Simple infectious disease model -- influenza
* Susceptible

* Exposed

* Infectious symptomatic

* Infectious asymptomatic

* Recovered

la Ve




Conditions and States

Reality FRED

Disease - Influenza Conditions = INF
Stages - Susceptible, INF.states =S ElslaR

Exposed, Infectious
(symptomatic),
Infectious
(asymptomatic),
Recovered




Transmissibi
lity

* FRED conditions have
transmission mode

* May be None’ if not
transmissible

* Transmissibility & susceptibility
modifies infection probability




When agents are co-located in a Place, chance of
infection event occurring multiplied by:

Transmissbility.,.4., ¥ Transmissibility., ... *
Susceptibility,.,.

‘ INF.Is.transmissibility = 1.0

|
= ’ ~
S — E R
- ~ .
INF.S.susceptibility = 1.0 | #INF.R.susceptibility = 0
a

INF.la.transmissibility = 0.5



Exposed state

* Exposed means being infected

* In FRED, the exposed state is state to enter
after an exposure event

* Infection event is required to trigger state
change Sto E

e IS ~




Dormant states

 In FRED, state is dormant when state
does not change

* Speeds up simulation times

Is ~

\




Duration

* Duration—When to check for new state
* Specify in simulation days and distribution

* Different distributions available

0.1
0.08
0.06
0.04
0.02

10

20

30

Lognormal

40

50

60

0.5
0.4
0.3
0.2
0.1

Gaussian



Transitions

* Specifies probabilities of each state-to-state transition

* Logistic regression for combining multiple factors to
determine probability

Exposur D = Ii g
e event 0.67 Is -
= ~

S — E R
~

) = la ~

0.33 b=

1.0



Transitions:

Imports
* Imports

* Seed outbreaks

Import
event

\

/

Is

la




Model Concepts -
Summary

* Model is made of Conditions
 Conditions have states and transitions

* States
* Have durations
* May receive an event (like infection)
* May be the result of an event

* Conditions may be transmissible

* Level of transmissibility at Condition
and state level, which interact

O.

0&

o-¢
HeO®



BARRIERS TO USE

LEARNING COMPUTING
CURVE RESOURCES




FRED Web

Online platform

FRED

Simulations run Plotting and
on dedicated mapping tools for
server data analysis

for creating,

running & Graphical User
analyzing agent- Interface
based models in
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FRED Web: Example

*Simple example

* Measles outbreak

 SHARED condition %




Home page

Conditions Plots Movies More ~ David Galloway =

-
o —

Try the new FRED Measles page!

FRED (A Framewark for Reconstructing Epidemiclogical Dynamics) is an agent-based madeling system developed by the Pitt Public Health Dynamics

Laboratory.

FRED represents every person in a real geographic region as a separate individual each with herfhis own unique social, familial, demographic, behavioral,
and health characteristics. Individuals interact within realistic household, school, and workplace social networks.

FRED was originally developed to simulate infectious disease epidemics, but has been extended to enable users to model a wide range of health
conditions and to study how patterns of those cenditions vary over time in a specific region.

FRED is available through this web interface in the hopes of making large-scale agent-based madels more useful to the policy-making community, the
research community, and as a teaching tool for students in public health.

Citation

If you use FRED in your research, please use the following citation:

Grefenstette JJ, Brown ST, Rosenfeld R, Depasse J, Stone NT, Cooley PC, Wheaton WD, Fyshe A, Galloway DD, Sriram A, Guclu H, Abraham T,
Burke DS. FRED (A Framework for Reconstructing Epidemic Dynamics): An open-source software system for modeling infectious diseases and
control strategies using census-based papulations, BMC Public Health, 21 Qet;13(1), 940. dai: 10.1186M1471-. -13-840. PubMed PMID:

Funding

Support for this work is provided by the Mational Institute of General Medical Sciences under MIDAS grant 1US4GM088491-01, by the Vaccine
Maodeling Initiative funded by the Bill and Melinda Gates Foundation, and by the Robert Wood Johnson Foundation.

FRED Web v2.2.0, ® 2018 Public Health Dynamics Laboratory, University of Pittsburgh



Projects

Projects

Projects

Description

ditions Plots Movies More ~

David Gall

This page provides a list of your current Projects. Projects provide a way to organize your work with FRED. A Project is a set of related FRED jobs,

such as all the jobs associated with a given research study.

The My Projects list shows the status of your current Projects. Click on a Project to see the list of FRED jobs associated with that Project.

My Projects

Name
Derno

new

Create New Project @ = Demao2|

Created At

2018-03-06 01:00:57

2018-03-06 0212:31




Projects Conditions Plots Movies More ~ David Galloway -

Create Job

Description

( r‘ a t ‘ J O This page provides the form used to create a new FRED Job,

A Job is set of simulations based on the same parameters.

Job Setup

Job Name TestJobl

FRED Version 4.00

Mumber of Runs m

1234667 891

Start Date 2o;m7

End Date 06/30/2017



Projects Conditions Plots Movies More - David Galloway -

Create Job

Select

This page provides the form used to create a new FRED Job.

[ |
O ‘ a l I O I I You may select as many locations as you like to run the simulation. Salect a country for the simulation and then use the filter box to find locations

within that country.

Note: FRED currently only allows simulations to run in one country per job.

Location Slection

4

Country United States

ar

State Pennsylvania

2 Shewing all 62 Showing all 5
Locations

Filter Filter

PA-Adams PA-Allegheny
PA-Armstrong PA-Beaver
PA-Bedford PA-Butler
PA-Berks PA-Washington

PA-Blair PA-Westmoreland




Projects Conditions Plots Movies More ~

David Galloway ~

Create Job

S e I e C t Descriptim
2 2 This page provides the form used to create a new FRED Job.
‘ O I l d I | I O I Select as many conditions as you need for your simulation. You can use the filter box to search for conditions.

Condition Selection [ Back | Mext |

Empdy list Empdy list
Your Conditions
Filter Filter
. Showing all B Showing all 1
Shared Conditions
Filter Filter

Baseline Influenza (INF) Baseline Measles (MEASLES)
Baseline Maternity (MATERNITY)

Baseline Mortality (MORTALITY)

Workshop Example: Perceived Risk of Influenza (RSKw)
Workshop Example: Influenza Vaccine (Perceived Risk) (VA



Projects Conditions Plots Movies WMore -

David Galloway -

Create Job

Description

] |
V I ; u a I I 2 ( This page provides the form used to create @ new FRED Job.

Visualization allows you to show changes in states for agents on a map of the simulation area. Please select all of the states you may want to sl
on the map.

Visualize @m

States o Visuakize Showing all & Showing all 2
Filter Filtar
MEASLES Start MEASLES.Fever
MEASLES. Susceptible MEASLES.Rash
MEASLES. Exposed
MEASLES Latent

MEASLES. Recovery



Import

Projects ditions Plots

Create Job

Description

This page provides the form used to create a new FRED Job.

Imports allow you to seed condition cases into the population. All seeded cases are placed in the exposed state of the condition.

Imports

Condition to Import

Start Day

End Day

Type of import?

Max

Restrict location?
Restrict by age?

Min Age

Max Age

Imports

Condition to Import

MEASLES

MEASLES

© Max  Fraction

2
Yes © Mo
O Yes Mo
0.0
12.0

StartDay EndDay Max Fraction

1] 5 2 nfa

Latitude

nja

Longitude

nfa

Radius

nja

Min Age

0.0

David Galloway ~

Max Age

12.0



Projects Conditions Plots 2% re David Gallo

Create Job

This page provides the form used to create a new FRED Job,
I e X t FRED Job level parameter code can be added intn the tews asas boloe Mlosss saba dhat for condition level parameters the condition needs to be

adited.

Additional Parameters @ m

Parameter Text

-



Projects Conditions Plots Movies More - David Galloway -

Create Job

Job

This page provides the form used to create a new FRED Job.
S l I l I I l I I a I y Please review all of your settings for this simulation. Use the "Back" button to make any changes.

Review and Submit Back | Submit Job

Variable Name  Selection
Job Mame  TestJobl
FRED Version  4.0.0
Mumber of Runs 5
Start Date  1/1/2017
End Date  06/30/2017
Country  United States
Locations  PA-Allegheny, PA-Beaver, PA-Butler, PA-Washington, PA-Westmoreland
Conditions  Baseline Measles (MEASLES)

States to Visualize  MEASLES.Fever, MEASLES.Rash

Imports

Condition to Import Start Day End Day Max Fraction Latitude Longitude Radius Min Age Max Age

MEASLES 0 5 2 nfa n/a n/a nfa 0.0 12.0



Projects Conditions Plots Movies More = David Galloway -

A new job was created named: TestJobl »x
Additionally, the status column below will be automatically refreshed.

J O b Project: DemoZ2
‘Submitted’ g

This page provides a list of your FRED Jobs associated with this project and the job's status. When the status of a job changes, this page
automnatically refresh and display the updates.

Once the status of a Job is "completed”, click on a Job Mame to see the job details.

Click the "Create Job® button at the top of the list on the right to create a new job.

FRED Jobs s

Mame Build
TestJob1 submittad 400
FRED Plots Create Plot

None



Projects Conditions Plots Movies More - David Galloway ~

A new job was created named; TestJobl *
Additionally, the status column below will be automatically refreshed.,

J O b Project: DemoZ2
‘Executir —

This page provides a list of your FRED Jobs associated with this project and the job's status. When the status of a job changes, this page
autamnatically refresh and display the updates.

Once the status of a Job is "completed", click on a Job Name to see the job details.

Click the "Create Job" button at the top of the list on the right to create a new job.

FRED Jobs [ Create Job |

Mame Status Build
TestJobl executing 4.0.0
FRED Plats Create Plat

Mone



Job
‘Complet

e

Projects Conditions Plots Movies More -

A new job was created named: TestJobl
Additionally, the status column below will be automatically refreshed.

Project: Demo2

Description

David Galloway =

This page provides a list of yvour FRED Jobs associated with this project and the job's status. When the status of a job changes, this page

automatically refresh and display the updates.
Once the status of a Job is "completed", click on a Job Name to see the job details.

Click the "Create Job" button at the top of the list on the right to create a new job.

FRED Jobs
Name Status
TestJobl completed
FRED Plots

MNone

4.00

Create Plot



Job
Results

Projects Conditions Plots Movies More =

FRED Job: TestJob1

Description

This page provides details about an individual FRED Job.

The results will be available via a CSV download.

Additionally, basic plots and movies are provided.

Click the "New Job" tab at the top of the page to create a new job.

Job Details
MName Project
TestJobl Demo2
Results

Status

completed

Build

4.0.0

David Galloway -




sk, Popsize, MHEASLES . newStart ,MEASLES . Start HERELES . totStart , MEASLES. newSusceptible, HERSLES . Suscaptible, HEASLES . totSuscept ible, MERSLES . newExpoaed , MEASLES . Exposad, MEASLES . tot Expoaed , M
ABLES.totlatent, MEASLES.newFever ,MEASLES . Fever , MEASLES. totFever  MERSLES . newRaeh , MEASLES . Rash,MEASLES . totRash , MERSLES . newRecovery , MERSLES . Recovery, MEASLES . totRecovery , MEASLES . newImmu
»,HEASLES.RR

1007.01,2142353,2142353,0,2142353,2142353,2142351,2142353,2,2,2,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,6.000000
017.01,2142353,0,0,2142353,0,2142349, 2142353, 2,4,4,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,12. 500000
007.01,2142353,0,0,2142353,0,2142347,2142353,2,6,6,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,15.500000
1007.01,2142353,0,0,2142353,0,2142345,2142353,2,8,4,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,12.000000
017.01,2142353,0,0,2142353,0,2142343,2142353,2,10,10,9,0,0,0,0,9,0,0,0,0,0,0,0,0,0,11.000000
1007.02,2142353,0,0,2142353,0,2142341,2142353,2,1%2,12,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,15.000000
007.02,2142353,0,0,2142353,0,2142341,2142353,0,12,12,90,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0.000000
W17.02,2142353,0,0,2142353,0,2142341,2142353,0,12,12,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0. 000000
1007.02,2142353,0,0,2142353,0,2142335,2142353,6,17,1%,1,1,1,0,0,0,0,0,0,0,0,0,0,0,0,12.166667
007.02,2142353,0,0,2142353,0,2142331,2142353,4,21,22,0,0,1,1,4,1,0,0,0,0,0,0,0,0,0,17.250000
+2017.02,2142353,0,0,2142353,0,2142331,2142353,0,21,22,0,0,1,0,1,1,0,0,0,0,0,0,0,0,0,0.000000
.2017.0%,2142353,0,0,2142353,0,2042331,2142353,0,21,22,0,0,1,0,1,1,0,0,0,0,0,0,0,0,0,0.000000
L2017.03,2142353,0,0,2142353,0,2142330,2142353,1,20,23,2,2,3,0,0,1,1,1,1,0,0,0,0,0,0,4.000000
«2017.03,2142353,0,0,2142353,0,2142323,2142353,7,27,30,0,0,3,2,2,3,0,1,1,0,0,0,0,0,0,7.000000
+2017.03,2142353,0,0,2142353,0, 2142322 ,2142353,1,27,31,1,1,4,0,%,3,0,1,1,0,0,0,0,0,0,1.000000
L2017.03,2142353,0,0,2142353,0,2142313,2142353,9,33,40,3,3,7,1,3,4,0,1,1,0,0,0,0,0,0,11.444444
.2017.03,2142353,0,0,2142353,0,2142292,2142353,21,51,61,3,3,10,3,4,7,2,2,3,1,1,1,0,0,0,10. 761905
L2017.03,2142353,0,0,2142353,0,2142262,2142353,30,77,91,4,4,14,%,7,10,0,2,3,0,1,1,0,0,0,10.900000
L2017.03,2142353,0,0,2142353,0,2142251,2142353,11,87,102,1,1,15,4,10,14,1,3,4,0,1,1,0,0,0,11.545455
.2017.04,2142353,0,0,2142353,0,2142239,2142353,142,97,114,2,2,17,1,8,15,3,6,7,0,1,1,0,0,0,8.750000
»2017.04,2142353,0,0,2142353,0,2142186,2142353,53,147,167,3,3,20,2,7,17,3,7,10,2,3,3,0,0,0,9.603774
L2017.04,2142353,0,0,2142353,0,2042140,2142353,46,191,213,2,2,22,3,6,20,4,11,14,0,3,3,0,0,0,8.230130
L2017.04,2142353,0,0,2142353,0,2142102,2142353,38,22%,251,0,0,22,2,7,22,1,11,15,1,4,4,0,0,0,6.710526

»2017.04,2142353,0,0,2142353,0,21420684,2142353,18,244,269,3,3,25,0,5,22,2,10,17,3,7,7,0,0,0,9.722232
L2017.04,2143353,0,0,2142353,0,2042062,2142353,22,262,291,4,4,2%,3,5,25,3,10,20,3,10,10,0,0,0,7.636364
L2017.04,2142353,0,0,2142353,0, 2142044 ,2142353,18,274,309,6,6,35,4,7,29,2,8,22,4,14,14,0,0,0,7.000000
«2017.05,2142353,0,0,2142353,0, 2143014 ,2142353,30,291,339,13,13,48,6,13,35,0,7,22,1,14,15,1,1,1,6.400000
.2017.05,2142353,0,0,2142353,0,2141917,2142353,97,372,436,016,16,64,13,23,48,3,8,25,2,16,17,0,1,1,6.296965
.2017.05,2142353,0,0,2142353,0,2141770,2142353, 147,504,563 ,15,15,79,16,35,64,4,9,29,3,19,20,0,1,1,8.000000
+2017.05,2142353,0,0,2142353,0, 20141591 ,2142353,179,650,762,33,33,112,15,44,79,6,13,35,2,21,22,0,1,1,8.207877
L2017.05,2142353,0,0,2142353,0,2141323,2142353,268,6%0,1030,268,38,140,33,64,112,13,36,46,0,19,22,2,3,3,7.910448
L2017.05,2142353,0,0,2142353,0,214101%,2142353,304,1166,1334,26,28,168,26,76,140,16,39,64,3,22,25,0,3,3,7.509860

«2017.05,2142353,0,0,2142353,0, 2040926,2142353,93,1237,1427,22,32,190,28,89,168,15,50, 79, 4,25,29,1,4,4,6. 440860
L2017.06,2143353,0,0,2142353,0,2140836,2142353,90,1298,1517,29,39,219,22,78,190,33,77,112,6,28,35,3,7,7,6.966667
L2017.06,2142353,0,0,2142353,0,2140535,2142353,301,1562,1618,37,37,256,29,79,219,28,92,140,13,38,48,3,10,10,5.5847148
L2017.06,2142353,0,0,2142353,0,2140238,2142353,297,1825,2115,34,34,290,37,88,256,268, 104 ,168,16,50,64,4,04,14,6.922559
+2017.06,2142353,0,0,2142353,0,2139925,2142353,313,2093,2438,45,45,335,34,100,350,22,111,190,15,64,79,1,15,15,6.118211
L2017.06,2142353,0,0,2142353,0,2139520,2142353,405,2437,26833,61,61,396,45,116,335,29,107,219,33,95,112,2,17,17,7.056730
L2017.06,2142353,0,0,2142353,0,2139003,2142353,517,2862,3350,92,92,488,61,140,396,37,116,256,28,120,140,3,20,20,7.129594
«2017.06,2142353,0,0,2142353,0,2138743,2142353,3260,3010,3610,11%,112,600,92, 198,466, 34,122,290,28,146,168,2,22,22,6.003846
L2017.07,2142353,0,0,2142353,0,2138390,2142353,353,3204,3963,159, 159,759, 112,265,600,45,145,335,22,168,1090,0,22,32,6.541076

L2017.07,2142353,0,0,2142353,0, 2137157 ,2142353, 14233 ,4258,5196,179,179,936,159,363,759,61,177,396,29,194,219,3,25,25,6. 167863

«2017.07,2142353,0,0,2142353,0, 2035790 ,2142353,1366,5435,6562,189,169,1127,179,450,938,92,332,4088,37,327,356,4,29,39,6.077559

L2017.07,2143353,0,0,2142353,0, 2134263 ,2142353,1508,6721,6070,222,222,1349,168%,527,2127,012,300,600,34,355,290,6,35,35,6.116711

L2017.07,2142353,0,0,2142353,0, 2132765,2142353, 1498, 6022, 9568, 197,197, 1546,222,590,1349,159,424,759,45,287,335,13,46,48,6.279039

2017.07,2143353,0,0,3142353,0, 2131249 ,2143353, 0536, 9352,10104,306,306,1752,197,608,1546,179,542,938,61,332,396,16,64,64,5.976562

L2017.07,2142353,0,0,2142353,0, 2130504 ,2142353,745, 9627,11849,270,270,202%,206,625,1752,189,639,1127,92,409,488,15,79,79,5.5716812
L2017.08,2142353,0,0,2142353,0,2129540,2142353,564,10478,12813,313,313,2335,270,673,2022,222,749,1349,112,468,600,33,112,112,5,.328836
«2017,08,2143353,0,0,3142353,0,2037235,2142353,3315,12431, 15128, 362,362,2697,313,7689,2335,197,787,1546,1459,619,759,268,140,140,5. 102376
L2017.08,2143353,0,0,2142353,0, 2024653 2142353 ,2572,14570,07700,433,433,3130,362, 945, 2697, 206,814,1752,079, 770,938,328, 168,168,5.384526
L2017.08,2142353,0,0,2142353,0,2121568,2142353,3065,17105,20765,530,530,3660,433,1108,3130,270,895,2022,189,%37,1127,22,190,190,5.401305
«2017,08,2142353,0,0,2142353,0, 2017992, 2143353, 3596, 20041, 34361,660,660,4320,530,1335,3660,303,986,2335,322,1130,1349,29,21%,3219,5.380145
L2017.08,2142353,0,0,2042353,0,2113739,2143353,4353,23431,78614,863,863,5183,660,1623,4320,362,1151,2697,197,1290,1546,37,356,356,5.032683
L2017.08,2142353,0,0,2042353,0,2111266,2142353,2453,24823, 31067, 1061, 1061 ,6244,863,2053,5183,433,1378,3030,206,1462,1752,34,290,290,4.647371
L2017.09,2142353,0,0,2142353,0, 2108293 ,2142353,2993, 76637, 34060, 1179,1179, 7423, 1061, 2584, 6244,530,1638,3660,270,1687,2022,45,335,335,4.233211
L2017.0%,2143353,0,0,2142353,0, 2100477 ,2143353,7816,33259,41876,1194,1194,8617,117%,3103,7423,660,1985,4320,313,1939,2335,61,396,396,4.146286
L2017.0%,2142353,0,0,2142353,0, 2092225 2142353 ,6248,40141,50124,1366,1366,9963,1194 3434, 8617863, 24086,5183,362,2209,2697,592, 4686, 488,3.949321
L2017.0%,2142353,0,0,2142353,0, 2083671 ,2142353,6558,47261,586682,1436,1438,11421,1366,3739,9983,1061,3114,6244,433,2530,3130,112,600,600,3,872517
«2017.0%,2142353,0,0,3042353,0,2074530,2142353,9141,54756,67823,1644,1644,13065,1438,3998,11431,1179,3763,7423,530,2901,3660,159,759,759,3.786347
L2017.0%,2142353,0,0,2142353,0, 2064661 2142353, 9869, 62669, 77692, 1956, 19568, 15023, 1644 4448, 13065,1194, 42587, 8617,660,3362,4320,179,938,538,3.645354
+2017.09,2142353,0,0,2142353,0,2059126,2142353,5533,65930,83225,2272,2372,17295,1958,5040, 15023, 1366,4600,9983, 863 ,4056,51683,169,1127,1127,3.267909
(2017,10,2143353,0,0,2042353,0,2053904,2142353, 6224, 69465, 89449, 2689, 2689, 19984 ,2272, 5874, 17255, 1438,5177,11421,1061, 4895, 6244,332,1349,1349,3. 084673
«2017.10,2142353,0,0,2042353,0, 2036854 2143353, 16050, 82521, 105499, 2994 ,2994 , 22970, 2689, 6919, L9904, 16445642, 13065,1179,5877,7423,197,1546,1546,2.901620
«2017.10,2142353,0,0,2142353,0, 2009613 ,2142353, 07241, 96349, 122740, 3413 ,3413,26391, 2994, 7955, 22978, 1956, 6406, 15023,1194,6865,8617,206,1752,1752,2.723566
(2017,10,2142353,0,0,2142353,0,2001339,2143353, 18274,110547,141014,4076,4076,30467,3413,9096,36391,3272,7312,17295,1366,7961,9963,270,2023,2022,2,596695
+2017.10,2142353,0,0,2042353,0, 1980835 ,2143353,20504, 126305, 161518 ,4846,4846,35313,4076, 10463 ,30467 2685, ,8563,19984,1438,9086,11421,313,3335,2335,2.460349
«2017.10,2142353,0,0,2042353,0, 1958267 ,2142353, 22546, 1425941, 184066,5812,5812,41125,4846,12335,35313,2994,9913,22978,1644,10368,13065,362,2697,2697,2.362294
«2017,10,2142353,0,0,2042353,0, 1944411, 2143353, 03876, 150135, 197942, 6692, 6692, 47817,5812,14734,41135,3413,11368,26391,1958,11893,15023,433,3130,3130,2.276881
«2017.11,2142353,0,0,2142353,0,1928533 2143353, 15878, 158674 ,213820,7329, 7329, 55146, 6602 17350, 47817, 4076,13172,30467,2272,13635,17295,530, 3660, 3660,32.095919
«2017.10,2142353,0,0,2142353,0, 1895456, 2142353, 33075, 184049, 246895, 7700, 7700, 62846, 7329, 19833 55146, 4B46,15329,35313,2689, 15664 , 19984 ,660,4320,4320,1.855661
+2017,10,2143353,0,0,2142353,0, 1863848,2142353, 33610, 208417, 279505, 6342, 8242, TI088, 7700, 21721 620846, 5812, 18147,41035,2%94,17795,22976,863,5183,5183,1.765839
+2017.11,2142353,0,0,2142353,0, 1830775, 2143353,32073,331378,310578,9112,9112, 60200, 8242, 23271, 710688, 6692, 21426, 47817,3413,30147, 26391, 1061, 6244, 6244 ,1.686995
«2017.13,2142353,0,0,2042353,0, 1797521 ,2142353,33254,253615,344832,10817,10817,91007,9112, 25054, 80200,7329,24679,55146,4076,23044,30467,1179,7423,74323,1.632195
+2017.12,2142353,0,0,2142353,0,1761709,2142353,35812, 276690, 360644 ,12737,12737,103754,10817,28171,91017,7700,27533,62646,4846,26696,35313,1194,B617,8617,1.570256
«2017.11,2142353,0,0,2042353,0,1736151 2143353, 255568, 288009, 406202 ,14439, 14439, 1181593,12737, 33666, 103754, 8242,29963, 71088, 58132,30142,41135,1366, 9983 ,9983,1.470146
«2017.12,2142353,0,0,2042353,0,17076595 2142353, 28452, 300308, 434654 ,16153,16153,134346,14439,37993 118193, 9112, 32383, 80200, 6692 ,36396,47817, 1436, 11421, 11421 ,1.396633
L2017.12,2142353,0,0,2142353,0,1659635,2142353,48064,331240,482718,17132,17132,151478,16153,43329, 134346, 10817, 35871,91017,7339,42081,55146,1644,13065,13065,1.244653
+2017,12,2142353,0,0,3142353,0,1613353,2143353, 46282, 358612,535000,18710,08710, 170088, 17032,47724,151478,12737,40908,103754,7700, 47823 ,626846,1958,15023,15023,1.186228
«2017.12,2142353,0,0,2042353,0, 1567308, 2142353, 46045, 384465, 575045,20372,20372, 190560, 18710, 50995, 170168, 14439, 47105,118193 824253793, 71088 ,2272,17295,17295,1.145770
J2017.12,2142353,0,0,3142353,0, 1520655, 2142353, 46649, 408706, 621694, 224268, 22426,212988,20372,56214, 190560, 16153, 54146, 134346, 9112, 60216, 80200, 2689, 19984, 19984,1.106112
,2017.12,2142353,0,0,2142353,0, 1472967 ,2142353,47692,431028,669386,25370,25370, 236358, 22428, 60510, 212988, 17132,60461,151476, 10817 ,60039,91017,2994,22978,22978,1.047492



Now we can create a plot

Example

Let’s look at the following
I states
I I l Susceptib Rash

e Exposed Fever

Recovery
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Project: Demo2

Create

This page provides a list of your FRED Jobs associated with this project and the job's status. When the status of a job changes, this page
O automatically refresh and display the updates.

Once the status of a Job is "completed"”, click on a Job Name to see the job details.

Click the "Create Job" button at the top of the list on the right to create a new job.

FRED Jobs Create Job

MName Status Build
TestJob1 completed 40,0
FRED Plots Create Plot

None
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Create Plot for Project: Demo2

P I O t ey

This page provides the form used to create a new FRED Plot.

| | You can plot the results from any of your "Completed® jobs from this ific project (‘Demoa2'). Please select the appropriate job(s) and any
t I O n S additional plotting parameters.
Once you have completed the forms within each tab, click "Finish".
Step 1
Jobs TestJobl
Find Variables to Plot
Step 2
Plot Mame @ Measles
Title  peasles Pittsburgh Area
Bar Chart @
Error Bars
Mormalize @
By Week
Show Year
Show All Runs
Line Width @

X-tics Frequency @



States to

plot

Projects

TestJobl

TestJobl

TestJobl

TestJobl

TestJobl

TestJobl

TestJobl

TestJobl

TestJaobl

TestJobl

TestJobl

TestJobl

TestJob1

TestJob1

TestJob1

TestJob1

TestJobl

TestJob1

Conditions Plots Movies

Popsize

MEASLES. Exposed

MEASLES.Fever

MEASLES.Immune

MEASLES.Latent

MEASLES.newExposed

MEASLES.newFever

MEASLES.newlmmune

MEASLES.newlLatent

MEASLES.newRash

MEASLES. newRecovery

MEASLES. newStart

MEASLES. newSusceptible

MEASLES.Rash

MEASLES.Recovery

MEASLES.RR

MEASLES. Start

MEASLES. Susceptible

Maore -

Popsize

MEASLES. Exposed

MEASLES. Fever

MEASLES. Immune

MEASLES. Latent

MEASLES newExposad

MEASLES. newFever

MEASLES. newlmmune

MEASLES.newLatent

MEASLES newRash

MEASLES.newRecovery

MEASLES. newStart

MEASLES.newSusceptible

MEASLES.Rash

MEASLES.Recovery

MEASLES.RR

MEASLES. Start

MEASLES.Susceptible

David Galloway -

Blue

Green-Yellow

Orange

Blue

Blue

Blue

Blue

Blue

Blue

Blue

Red

Black

Blue

Blue

Blue

L3

L1

L3

LLY

Ak

EL

L LS

L1

Ak

LL3

EL3

L3

LL3

Ar

L1

LLd

L1
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FRED Plot for Project: Demo2

P I | This page provides the plot of the results of your previously selected FRED Jobs.

Measles

Measles Pittsburgh Area

2.5e+086
MEASLES Expoded
MEASLES Fever ——
MEASLESRash =
Z2e406 MEASLES Rt overy —
MEASLES Susceptible —
« 15e+06 |
]
2
=
&
z
e le+06 [
S00000 -
o T T .y
] 20 40 [14] 80 100 120 140 160 180

Days



We can also make a movie

Example

Let’'s show the new agents who are in the
following states on a given day




Caonditions Plats Movies More =

David Galloway ~

Create Movie

n
Movie:
u This page provides the form used to create 8 new FRED Movie from single FRED Job.
You can create movies from any of vour "Completed" jobs.
( ! ( ! C O Please salect the appropriate job and any additional mavie parameters,

Once you have completed the forms within each tab, click "Finish®,

Description

Step 1

Job | TestJobi

L3

Find Vanablas to Display
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Create Movie

Description

| |
n This page provides the form used to create a new FRED Mavie from single FRED Job.

You can create movies from any of your "Completed" jobs.

[
‘ l I S t O m I S e Please select the appropriate job and any additional movie parameters.

Once you have completed the forms within each tab, click "Finish®.

Step 1

Job TestJob1

Aw

Find Varables to

Step 2

Movie Name & Measles Outbreak
Title Measles Outbreak

Subtitle Pittsburgh Area

Left Caption

Left Caption Color

s
Center Caption

Center Caption Color s
Right Caption

Right Caption Color .

Show Census Tracts



Projects Conditions Plots Movies More ~ David Galloway -

Right Caption Color

L3

Show Census Tracts

Add Grid

Create Movie:

Line Width @&
Select State
Max X

Min Y

Max Y

Start Day

End Day

Interval

Step 3@

Display? Movie Variable Point Size (0 - 0.100) Period Color

MEASLES.Fever 0.002 Red

L L3

ap

] MEASLES.newFever 0.002 Qrange

MEASLES.Rash 0.002 Red

L3

] MEASLES.newRash 0.002 Red

L L3

Create the Movie
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Movies

. Description
Movie:
u This page provides a list of your current Movies.
]
W a I t if the status is "Complete”, click on a movie name to view the movie.

My Movies [ Create Movie |

MHame Status Created At Delete?
test movie 2018-10-14 18:52:03
Measles Outbreak completed 2018-10-25 10:43:47

Delete Saleted
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Edit Condition

Parameter [

This page provides the form used to edit your condition and add or remove states.

t e X t b O X Enter the required information an click "Update”.

Condition Properties

* Uses FRED

Transmission Mode @ respiratory

L L

p rog ra m m i n g Transmissibility @ 1.4
language S

L AIIOWS more Leng Deseription
flexibility than ]

Parameter Text @ MyTestCond.states = A B C
MyTestCond.transmission_mode = respiratory
G U I MyTestCond transmissibility = 1.4
MyTestCond.exposed_state = B
MyTestCond A.duration_median = -1

* Slightly unstabl - "

First simple Condition

A simple condition



EREM Projects Models Dashboard More ~ Admin User ~
Model: Influenza m

Description INF Add Condition...
Conditions Condition INF Properties
Places
e Transmission Mode Transmissibility Exposed State Fatal State Maternity State
ariables

respiratory

4k

1.0 E ¥ Notset + Notset =
Code

States

S E Is la R Import Add State...

|
O m I n g State E Properties Delete State E

Duration Type Median Dispersion Lower Bound Upper Bound

n n lognormal v 19 1.23 Not set Not set
S O O | |

Transmissibility Susceptibility Place to Visualize

This is a dormant state. Visualize this state.
Mot set Mot set

Not set ;

N Rules For E
W Transitions Side Effects
. t I

Transition Rules For E

From To Rule Action

E Is  if state(INFE) then next(ls) with prob(0.67) [ Edit |

E la if state(INF,E) then next(la) with prob(0.33)




Coming
soonN:;

New
Interface

FRED/\_ e o owsons -

Model: Influenza

Lo IV < I R

b ]
40
4
42
43

b e s b o S L R

® MODULE FRED:Influenza
& Author: John Gredensbetie
i Dartec 185 Apr 2015

& COMDITIONS
conditisn = iNF

wSTATES

INF.statas = 5 E H la B non
INF.evpeosed_stiate = E

INF import_san_stae = impon
INF.Els_doemrant = 1

IME.R & dasrmant = 1

i THANSMISSON

IMF.Iransrisaion mads = apralery
INF.ransmissindity = 1.0

INF, g sransmisgibility = 1,0

INF.la transmissibifty = 0LE

& SUSCEPTRILITY
INF.5 susceptibiity = 1.0

& TRAMNSITIONS
INE. S duration = -1

IMF.E.duraton_destrnbton = ogroermal
IMF.E. turation_rredian = 1.5
INF.E.duration_dspersion = 1.23

INF.ls_ coration_distribuiion = kagnomral
INE. 18 doration madian = 50
INF.ls duraiion_disparsion = 1.5

INF.la duration_distribution = lpgnoenmal
INF.ladurabion_median = 5.0
IME La duraticn diipserision = 1.5

IHF.R dhration = -1

& RULES

il samtn(IMF F1 e resct i) with et UR T

Addrin Liser =




Summary

© 0 6

FRED IS A FRED WEB IS SIMPLE INCLUDE
PLATFORM FOR AN ONLINE INTERFACE ANALYSIS
DEVELOPING INTERFACE TO  DESIGNED TO TOOLS:
AGENT-BASED FRED FACILITATE oL OTTING

MODELS EASY MODEL
DEVELOPMENT AND

ANIMATION



[ Computer practical

\Websitee hhbkp stk red pdhblich ealHawpitt.edu
Opemntbtbtoridbdocennédae Hélporfltorial

PRI v ATBHALRALIWIAG With (Snill Reprisplejangana
T RSP PSS %S per simulation.

-‘ﬁé’ﬁ il iRaty S RIRL Syl lottine

wes@:glrc‘)gltmg customlzatmn

A}\%l@ﬁi@éhhﬁl&ial, then make your own model

* Work through Tutorial, then make your own
model
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