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CMPT 858 Focus: Systems
Simulation Models for Public

Health
 Purpose of models <« Software &
- Model strength & analytic tools for
limitations working with
models

» Diversity of
classes of models © How models mesh

available With traditional
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Class Objectives: To Help
Students

Learn to appreciate and critique existing models

Understand the proper limitations and limitations of such
models

Understand the mathematical foundation on which
models are based

Gain familiarity with modeling software
Learn how te conceptualize, formulate, and analyze.
dynamic:mogdelsi(regardlessioffapplicationianea).
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Class will Be...

» Highly interactive
» Informal
» Adapted to student interests

» Aimed for accessibility to diverse
audience

s Some material presented injadditionall
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Anticipated Class Coverage

« Motivations » Focused
- Basics of systems discussion of
thinking particular areas
- Causal loop S ChIonic
diagrams * Infectious
» C&l Interactions

» Stock & Flow Diag.
State eguations
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Class Coverage Cont’d

 Modeling process
e Scoping
 Formulation
* Parameterization
Calibration
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Class Diversity

» Our class Is expected to be diverse in many
ways
» Students/Faculty observers

« Student backgrounds In
CH&E/MPH/Biostats/Computer
Science/Economics

» Participant interests
~ * Participant backgreundiin partlcular subject. -

J Tne mstructorwilllmake efforts toraddress
civerse gac,gromda SATILENRESTS
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Extra Resources for Students

 Office hours

» Focused Tutorials
* Providing extra background & context

e Providing more advanced material (upon
student interest)
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What 1s Expected of You

» Attendance & Participation

» Reading papers before class

» 2 modeling exercises

» Project (with instructor guidance)
» End-of-Term Presentation




Classroom Exercises

 Interactive modeling exercises on laptops
will be a key component of the course

» We will have (pre-installed) laptops

delivered to the classroom for students who
need them
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Administrative Info

» Good Reference: Sterman, J.
Business Dynamics. Boston:
McGraw-Hill Higher Education. 2000.

» Office Hours: Friday 3-4:30pm
(Thorv 280 6) 30)Y appomtment
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Project Information

» Multi-person projects

» Project can be

 Modeling application (in area for which
data Is readily available)

* Paper review & critigue
» Methodological study

» Instructor can help facilitate
N it any idea
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Resources

* Vensim Download
* http://www.vensim.com/freedownload.html

» VVensim Is also installed on lab
computers & laptops provided by dept

« WebCT
e http:H//Www.webctb.usask.ca
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Motivation: Assisting Management of
Complex Situations

« Serve as “what if” tool for
* Counterfactuals:ldentifying desirable policies

o Cost-effective
» High-leverage
 Robust

* Prioritizing research/data collection

» Help make sense of interaction of diverse
. Infermation, PrOCESSES
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Complexities & Regularities
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Public Health as “Redirecting the
Course of Change”
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Public Health as “Redirecting the

Course of Change”
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Complexities

Delays

 Presentation of symptoms/Contact
tracing/ldentification of asymptomatic

Interactions (e.g. STIs & HIV, HCV&HIV,
Chronic & Infectious iliness)
Feedbacks

 Intergenerational/social network mediated

* Immune system

» \With healthcare system

e Behavior change after knowledge ofihealth stat
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Complexities Matter for
Intervention Selection

Blowback, multiplier effects
Presence of “tipping points”

Tradeoffs of prevention vs. screening Vvs.
contact tracing & treatment

Interaction between infections, with chronic d.

Evaluation of focused intervention on
* Presenting Individuals? (Risk perception)
* Youth (RISk attltudes & soclal network effects)
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Common Phenomena In Complex Systems

» Snowballing: When things go bad, they
often go very bad very quickly

* “Vicious cycles” lead to “cascading” of
problems

- “Path dependence”: Different starting
points can lead to divergence in project
pProgress
~ * Locksin, Pelicy resistance: Situation,
. canibelunexpectedlyidifficultstorchanges
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A Metaphor for Scientific Exploratlon
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Historical Total T2DM Deaths for Time by Ethnicity
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Pieces of the Elephant: TB

Saskatchewan’s War on “White Plague™
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Level of Progression of Cases
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Pieces of the Elephant: STI

ObsVsPred Cases
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Regularities Arise from Underlying Processes
 The time series shown are tightly

Interrelated, not independent

 Many of the features of the time series
are driven by the same underlying
Processes

* Natural history of infection/

« Demographic change of the population
« Mechanisms of Infection transmission
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Systems Simulation Models

» Simulation models can be viewed as
dynamic hypotheses concerning the causal
structure underlying observed patterns

» WWe need to understand causal structure to
understand counterfactuals — how patterns
would change if we were to change X

.as_AIIS|muIat|on models are computational.
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Historical Births for Time by Ethnicity

The Pieces of the Elephant
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Single Model Matc
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Tuberculosis

vaccinationTrials segin COUNt of Incident TB Cases in Saskatchewan
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Pieces of the Elephant: STI

ObsVsPred Cases
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An Example STI Model
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Individual-Based Modeling
Simulation Models

Uncomplica 2DMandCKDStage1




State Transitions (Agent-Based IBM)

Statechart
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Aggregate Simulation Models

T2DM/ESRD)
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Individual-Based Simulation
Models (T2DM/ESRD)




Deleterious Feedbacks

Cutting cigarette tar levels reduces cessation

Cutting cigarette nicotine levels leads to
compensatory smoking

Targeted anti-tobacco interventions lead to equally
targeted coupon programs by tobacco industry

Charging for supplies for diabetics leads to higher
overall costs by increases costs due to reduced self-
management, faster disease progression

ARVs prolong lives of HIV carriers, but lead to
resurgent HIV epidemic due to lower risk perception

“Saving money” by understaffing STl clinics, leads to,
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Examples of High-Profile
Simulation Modeling Projects

« CDC Diabetes Model

* Influenced health goals
 Adapted to 7+ States

« SImSmoke
« US National tebacco policy




Outline

» Motivation for systems modeling
concepts

 Model Vignettes
 Aggregate

* Type 2 & Gestational Diabetes Mellitus
Models

s Individual-Based
e HINVESpread in RPapua New Guinea
sVt nEScalENMMUR eI 2N SIMISSICNINGE El

s Concluelirie) Rernzigs
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Common Misconceptions about
Causality

» Focus on single events

 Focus on proximal causes (close In time
and space)

 Focus on one-way chains of cause and
effect

» Assume unchanging strength oficause-
EITECTIINKS

Richmond B, Peterson S, High Performance Systems Inc. An introduction to systems thinking. Hanover NH: High Performance
Systems, 1997.



Complex System Characteristics

« Feedbacks
e Nonlinearities

» Delays
» Path dependence & Lock-In

» Behavior a result of internal structure

~ (“The enemy is us™) _

- Result: Emergent behavior (“Whole
greater thanthesstumeoiyts parts=)

PDaeziriznt of Coggurer Sejapes



Common Phenomena In Complex Systems

» Snowballing: When things go bad, they
often go very bad very quickly

* “Vicious cycles” lead to “cascading” of
problems

- “Path dependence”: Different starting
points can lead to divergence in project
pProgress
~ * Locksin, Pelicy resistance: Situation,
. canibelunexpectedlyidifficultstorchanges
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Deleterious Feedbacks

Cutting cigarette tar levels reduces cessation

Cutting cigarette nicotine levels leads to
compensatory smoking

Targeted anti-tobacco interventions lead to equally
targeted coupon programs by tobacco industry

Charging for supplies for diabetics leads to higher
overall costs by increases costs due to reduced self-
management, faster disease progression

ARVs prolong lives of HIV carriers, but lead to
resurgent HIV epidemic due to lower risk perception

“Saving money” by understaffing STl clinics, leads to,
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COMPLEXITY of SYSTEMS

« Dynamics: Dynamic problems are harder than static problems. There are time delays
involved between causes and effects; between actions and reactions.

« Feedback: The problem is further complicated when dynamics are created by
operation of feedback loops. It means that which way the system will move is not
easily predictable; the evolution path unfolds gradually and continuously determines
its own path into the future. (Path-dependent dynamics).

* Non-linearity: Most system dynamics problems are non-linear. This means that the
cause-effect relations between variables are not proportional. Non-linear effects are
subtle, because a certain effect observed in a one range may not be valid at all in
another range. Non-linearity furthermore often means that there are “interaction
effects” between variables.

» Cause and effect separated in time and space: In a non-linear dynamic feedback
model with several variables, the cause-effect relations become detached in time
and space.

» Scale: As the number of variables increases, the complexity of the problem
increases nonlinearly. Even “small size” policy problems involve tens of variables.
. At thlS scale anon- Imear feedback problem immediately.becomes |mp053|bly hard :
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PRINCIPLES/LAWS of SYSTEMS

* Principle: Meaningful macro behavior emerging from the interactions of micro
components. The macro dynamics is not built into the behavior of individual
components nor is it obviously predictable from the action rules of these agents.

* Dividing an elephant in two does not produce two small elephants

 Principle: Counter-intuitive nature of systems. We human beings are naturally
equipped only to deal with cause-effect relation close in time and space. The baby
touches the stove with his index finger; his index finger burns and it burns now and
he learns. Our intuitive ability is further impeded by delays, errors, omissions and
bias in data/information that we use in real life.

« Systems may exhibit better-before-worse dynamics (or vice versa)

 Principle: Systemic misperceptions, biases and omissions are typical in decision
making in a dynamic feedback environment. Experiments show that we are poor
decision-makers in dynamic, non-linear feedback environments. Our intuitive time
and space-constrained notion of causality cannot cope with systemic complexities.
We ignore, distort or misperceive feedbacks, time delays and non-linearities in
making decisions.

+ Yesterday’s “solutions” can be today’s problems

Rrinciplesliearning by experienceis difficultiand flawedin.complexssystems:
Rerhapsithiemostenticalionallyieannngisinotnatural/Intiiiveinicomplexsdynamic:
ENVIroNMentSEEXPenmental Vit ENCESHOWSHH AWt IO UIFEC UCHONISINTUINON 6T
GCAUSEl I AWENTIKEN NGO P ELENEIINI i NRVIG N O ICUSAl N RTERENCES TN OULETT ECLIVENESS
of zleilans/dacisions

SN ETENSINO=EHNEMYOUTNIETE

e A STEAISTSIOWET]

)

Barlas, 2007




Slides Adapted from External Source
Redacted from Public PDF for Copyright
Reasons




[Linked Communities of Scholars
& Research

 Biomathematics
 Complex systems

» System Dynamics

» Operations research

» Public health infermatics




Slides Adapted from External Source
Redacted from Public PDF for Copyright
Reasons




Outline

v  Motivation

 Model Vignettes
 Aggregate

* Infectious Disease models: Broadening
classic compartment model formulations

 Emerging Type 2 & Gestational Diabetes
Mellitus Model

s individual=Based
2 mlY Soreziel in Pt

SV ESCAIE
JAlrnenung/vircal transmissiorn rrnocle)




Feedbacks

Susceptibles
A=)
a

New Infections

+

A

Contacts of
Susceptibles with

Infectives

D)

Infectives




Simple SIT Model
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Stocks?

State variables over time
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T : Alternative 30 HC Workers Exogenous Recovery Delay Person



Broadening the Model Boundaries:
Endogenous Recovery Delay

Susceptibles
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Broadening the Model Boundaries:

Endogenous Recovery Delay

] Long-Term
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Prevalence Implications?

Prevalence
1
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How Does Count of Health Care

Workers Affect Treatment Delay?

Recovery Delay
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Oops!

[Late Hiring of 70 HC Workers?

Prevalence

1
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Lock-In Effect
(Path Dependence)

 Investing Early in HC workers
=Small Prevalence = Fewer HC
workers needed to maintain low
prevalence

» [imited # of HC workers = High
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Model vs. Data with Behavioral Feedback
Cumulative Cases
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Additional stratifying:
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Complicating Factors

» Co-morbidities
 Influences of parents, peers on risks
» Heterogeneity
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Contrasting Model Granularity

<
D
o}
Normal Weight Babies Born
from Non-GDM Mother with
Normal Weight Babies Born History of GDM
to Overweight Mothers
without GDM
D
Normal Weight Babies Born to Nnér::‘\'lr\;egrég::ies
Mothers without GDM P
regnancy
Normal Weight Babies
Born from T2DM
Pregnancy
<Birth
Pregnant Normal
Normal and Weight Mothers Pregnancies to
U ig gnancies of withNo GDM | Non-Overweight Mother
Normal Weight Weight Non-Overweight History Developing GDM
Deaths | ‘Women —
Completion of Pregnancy
to Non-Overweight State
Pregnancy
Duration Pregnant Women
Obesity Developing Persistent
Developing Obegii Overweight/Obesity
NormalWeight Pregnant with GDM
N -
Indmduig D&veloplng Pregnancieq|Developing
GDM from|Mother with
Pregnant GDM History
Overweight ~ Pregnancies to Overweight
Dverweight Babies Born — Overweight Babies Born to Completion of Mothers with No Mother Developing GDM
om Pregnant Overweight Pregnant Normal Weight Overweight Pregnancy to GDM History
Mothers Mothers Ovenweight State Completion of GDM
s — Pregnancy
- i v 7 f
Babies Bom  Overweight Babies Born from  Olfeweight Babie§ Bomn OverweiGkL o
Pregrancy Non-GDM Mother with  ffom T2DM Mothers Dea[,f%“"'e'gm Wormen
History of GDM
Pregnant Women with GDM
" . that Continue on to
Overwelt Indiiduals Developing T20ig Postpartum T20M .
Pregnancies for
[ tom | ) Women with GOM EISTa Wil
Wonmen with History of History of GDM Pre-Existing History of
T2DM Deaths . - GDM
s i GDM Developing T2DM 3
Completion of[Pregnancy for Mother with T2DI New Pregnancies from Completion of Non-GDM
Mother with T2DM Pregnancy for Woman with
History of GDM
Pregnant with
T2DM
Deaths from Non-T2DM
Women with History of
GDM




Inevitable Tradeotts

High

Practical

constraints:
Data
Scope Time
(Breadth of Cost
Boundary) ansparency




Contrasting Benefits
Aggregate Models Individual-Based Models

Easier

 Construction

« Calibration

« Parameterization

* Analysis & Understanding .

Performance .
 Lower baseline cost
 Population size invariance

Less pronounced

~ stochastics °
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Examining finer-grained
consequences

* Network spread

* e.g. transfer effects w/i pop.
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targeted policy planning

Better heterogeneity.
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Areas of Advantage of Individual-

- Examining finer-graine

BasedModelin

conseguenc
Network spread

Transfer effects within population
Detailed spatial dynamics

Effects of population heterogeneity
Effects of highly targeted policies
Local risk perception

Effects of individual-level synergies (e.g. multlple
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Agent State Chart

Fizure 6.6 Agent State Chart



HIV and AIDS Progre:zion Tlme
Primary Infecnon 28 Days
Acure HIV 2 Weeks
Latent HIV 9 Years
ATDS ] Years
Frobability of Transmizsion 0.001 per Day

Table 7.2 HIV and AIDS Progression Tiune wied m Model

Model Parameters
Populanon Size 2000
Pair Fonunanon Probability 201 per Day
Pair Separaton Probabilicy 0002 per Dav

Table 7.1 XModel Parameter: from Eretzschmar and Morris



Agent Atiributes

Name Tvpe Values | Description

Networls

Farmers Wector Agent Vector which maintains cuwrrent parmersheps

Friends Wector Agen: Vector which maintains current friendships

Partner Data

fotaiPariers Integer vares Counts total parmers for the execution of the model
Time

parmersDuration Wector staps Vector whoch maintains the length of cument parmerships

Dremographics

DrovINCE Intezer 1-100 Flepresents region in whech agent resides

beligfGroup Integer 1,2 Twvpe of belief svstam of the agept: Christian, Amimist

educLevel Intezer 1,2 Level of Educanon received: primary, secondary

dwelling Intezer 1.2 Urban/maral

ase Integer 1,2 Age group: 20-30, 30-20

bt Intezer 1,2 Farmale Male

Idea Spread

rdea Intezer 0,1 Detenmanas whather agant 15 3 non-transnutter or vilnsrable

uddvecais Boolean falze true  Troe if agent 1= an advocate

iiDeaFromddvocaire Boolean falze true  Truwe if agent received idea directly from advocate

somdldeaRecerved Eoolean falze true  True of agent has evear received tdes

Table 6.2 Agent Attribute:
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Multi-scale Model

» Conceptual model
» Network structure, dynamics
» Continuous condition (state)

» Model presently being generalized,

parameterized for. specific disease (w/ B.
- Sahal G ocidi
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X =A=x(d+Av;)
Vi = DXV — Y, (a"‘ pzi)
V; =Ky, + @, ) AV, —uv,
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Individual Model Parameters

Parameter Description Value (units)

Production rate of uninfected cells 10 {cells/dav)
Rate of uninfected cell die-off 0.1 [da}":}
Rateinfected cells are produced from 0.001 (virion'day)!
uninfected cells and free virus

Infected cell death rate {due to virus) 0.5 (dav 5y
R.ate that infected cells are killed bv 1 {cells/dav)

CTLEg cells

Rate of CTLz die-off 0.1 (dayv'h)

Rate at which free virions are produced 3 (virion/(cell"dawv))
from infected cell death

Viral decavrate




Network Embedded Individuals
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~ Concluding Remarks
Simulation modeling complements

existing methodologies for insight
Into health issues

Different simulation modeling
approaches offer insight into
different aspects of obesity
challenge

Modelidesigniis Specific to. guestions.
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