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Workshop Overview

e Summary of Approach
e Case Study (SIR)

e Model Building

Aggregate Model
Agent Models
Runtime Model

e Running the Model
e Display Results via Excel




Aggregate

IR=cS (I/N)i

Disaggregate
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Solution Approach

o X - System State Change in System State = X Change in Agent States

Zs
Change in System
State

N

X B Agent State
Change in Agent
State

Cuel
Cue2

Cuen

Output = {Cuel, Cue2, ..., Cue n)

L/

Agent's Decision Rule

Information from

/ other Agents

Different Models Capture Heterogeneity



Model
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CABM Approach

Aggregate Level S =X

IR

Agent Level




Agent Level

e Sum of stocks =1

e RR =DELAYFIXED
(IR, Recovery Time)

o IR
o IFfS=0,IR=0else

e IR Prob = Prop(l) *
Infectivity of Agent

e Generate random
number to decide
whether to Infect

XY
TIX
T
e00
o0
o

S =X | =—X—p R

IR RR

Prop(l)=4/8=0.5

Infectivity = .10

Prob(l) =0.5*.1=0.05

e.g- R=.9600

If (1 — R) <0.05, then agent is infected,
IR =1/ Delta Time
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Model Building

e XML-Based
e XML Editor would be useful!

e Three types of files
Aggregate Model
Agent Models
Runtime Model




Aggregate Model - Stocks

S =X® 1 ==X R

IR RR

<stock>
<hamerlggregate . Susceptible</ name >
{is_aggregate}true{fis_aggregate>
<init>0.0</init>
<outflowriggregate. InfectionRate</outf low:
</ ztock>

<stock=>
<nameriggregate .. Infected</ name >
<i= aggregatertrue</is aggregate:>
<initx0.0</inits>
<inflowrlgogregate. InfectionRate</ inf low:
<outflowrliggregate. BecoveryRate</outf low:
</stocks

<stock:>
<namesAggregate . Becovered</ namex
{is_aggregate}true{fis_aggregate}
<init>0.0</init>
<inflowriggregate.RecoveryRate</ inf low:>
</ stocks:



Aggregate Model - Flows

S =X® 1 ==X R

IR

<flow-
<namexAggregate. InfectionBate</ names
{is_aggregatebtrueifis_aggregate}
<equation>AGEREGATOR () </ equations

</ flow:

<flow-
<hnamexhggregate . Becowver yREate </ name >
{is_aggregate}true{fis_aggregate}
<equat ionxAGGREGATOR () </ equationx
</ £ lows
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Aggregate Model - Auxs

]<auxiliaries=>
] <auxiliary:

<namerbggregate . Time3tep</ name >
<equation>TIME 3TEP () </equation>

- <fauxiliarys>

] <auxiliary:

<namerxbggregate .. Population</ name s

X

IR

<equationrxlggregate. 3usceptiblet+iggregate. Infected+liggregate .. Recovered</ equat ionx

- <fauxiliarys>
-<fauxiliariess>
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Agent Model: Stock

S =X 1 =X R

IR RR

<stock>
<namexiNAMES . Susceptible</ name >
{is_suhstuck}trueifis_suhstuck}
{super_stuck}ﬂggregate.Susceptihleiﬁsuper_stuck}
<initx38U3CEPTIELE INITS</init>
<outflow=3NAMES . InfectionRate</outf low:
{capture_state}true{fcapture_state}
{value_if_true}1DD{fvaluE_if_truE}

</ atocks
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Agent Model: Stock

S =X 1 =X=P R

IR RR

<stock>
<hnarme>iNAMES | Infecteds/ name>
{is_suhstnck}trueifis_suhstnck}
{super_stnck}ﬂggregate.Infected{fsuper_stnck}
<init>SINFECTED INITi</init>
<inflow=iNAMES . InfectionRate</inflow:
<outflow>SMNAMES . RecoveryRate</outf low:
<Ccapture statertrue</capture statex
{value_if_true}zDD{fvaluE_if_truE}

</lstocks
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Agent Model: Stock

S =X 1 =X R

IR RR

<S2tock:>
<hname>iNAME S . Fecovered</ name >
{is_substnck}true{fis_suhstnck}
{super_stuck}ﬂggregate.Recuvered{fsuper_stuck}
{init}$RECGHERED_INIT${finit}
<inflowx$NAMES . RecoveryRate</inflows>
{capture_state}trueifcapture_state}
{value_if_truE}SDD{HvaluE_if_truE}

</ stock:
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Agent Model: Flow

S =X 1 =X R

<flow-
<name>{NAMES . InfectionRate</ namex
<iz subflowrtrue</is subflow:
{super_fluw}ﬂggregate.InfectiDnRatE{fsuper_lew}
<equat ion>EXTERNAL (0] 4+ (§NAMES .Neighboursivg+0) + ($HMAMES . RBandom®*0) </ equation>
<parameter>$NANES . 3usceptible</ parameters>
<parameter>$NAMES . Infectivity</parameters>
<parameter>$NANES .Neighbourshvg<,/ parameters
<parameterriggregate. TimeStep<,/ parameter>
<parameter>$NANES . RBandom</ parameter >

</ flows
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External Function (1)

override public double ExecuteFunctioniString[] parameters, double[] walues,

Af walue[0]
A owalue[1]
ff owaluel[Z]
Fowalue[3]
A owralue [ 4]

doubhle time)

susceptible state [either 0 or 1]

infectivity [(how prone iz agent to catching infection
neighbourhood average

delta time

0..1 random number

double overallProb = wvalues[1l] ¥ walues[Z]:

if [(walues[0] > 0.1} S/ i.e. the agent is susceptible

{

if [(owverallProb >= 1.0 - walues[4])]

{

double ans = 1.0 / wvalues[3]:
return ans;

recurn O0.0;



External Function (2)

<exXternals>
<exXternal>
<ids=0</id>
<path>C:YProgram Filesh 3DPrototype’ CSharp</ paths
<assemb ly>3IRDyvnamics.dll</assemb 1y
<z lassname>3IRDynamics. et InfectionRate<,/ o lassname -
</external>

</externals>
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Agent Model: Flow

S =X 1 =X R

IR

<flow>
<namerx{NAME . RecoveryRate</ name x>
<iz subflowrtrue</is subflows
{super_flnw}ﬂggregate.RecuvervRatE{fsuper_flnw}
<eguation>DELAYFIXED (SHNAMES . InfectionBate, SWNAMES.RecoveryDelay,0] </ equation>
</ flows
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Agent Model: Auxs

<auxliliarvy-
<hame> §NAMES . Recovervle lay</ name >
<equation>$fRECCVERY DELAYS</equation>
<fauxiliary:>

<auxiliary:
<hamex {NAMES | Infectivity</ names
<equationx§ INFECTIVITY CONSTANTS</equation:
<fauxiliary>

<auxiliary>

<names> $NAME $ | Neighboursivg</ name s

<equat ion>NEIGHEOUTRHOOD AVERAGE [(§MNAMES, SMAMES.Infected)</edquation:
</auxiliary>

<auxliliarvy-
<name> NAME § . RBandom</ name >
<equation>RANDOM () </ equat ion>
<fauxiliarys



Runtime Model - Setup

<atart timex0</start time>

<finish timerZ0</finish timex
<time stepr0.25</time step>
{numher_agents}lﬂD{fnumher_agents}

{suciety_structure}ﬂrid{fsnciety_structure}
{numher_ruws}lﬂ{fnumher_rnws}
{number_culumns}1D{fnumher_culumn5}

{du_grid_trace}trueifdu_grid_trace}

<grid state variables>
{grid_state_variahlE}SuscEptihlE{fgrid_statE_variahle}
{grid_StatE_variahlE}InfectEd{fgrid_StatE_variahlE}
{grid_StatE_variahlE}RecherEd{fgrid_state_variahlE}

</grid state wvariables:

{grid_trace_frequency}E{fgrid_trace_frequency}
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Runtime Model — Aggregate
and Sub Models

{aggregate_mndel_name}AggregatEHDdel.xml{faggregate_mndel_name}
<aggregate model path>C:\Program Files)\ 3DFrototype' Models) CAEMY3D3 07 Workshop',
kﬁaggregate_mndel_path}

<submode ls>
<submode 1>
<id=0</id>
<filerTesthigent Ol.xml</filex
<path>C:VProgram Files'\3DPrototype'Nodels' CABMY3DS 07 Workshop' </path>
</ submode 1>

<submode l>

<idrl</id>

<filerTesthigent 0Z.xml</filex

<path>C:YProgram Files\3DFrototype'Nodels' CABMYSDS 07 Workshop' </path:
</ 2ubmode 1>

</ submode 13>
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Runtime Model — Agent
Instances

<Jagent instances:
<agent instancex
<idrNormallgent3usceptible</ id:>
<percentager>35</ percentages
</agent instancer

<agent instancel
<idrNormalligentInfected<, idx>
<percentage>5</percentage>
</agent instance:>

</agent instancesr
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<segment:
{segment_id}NDrmalAgentSuscEptihleffsegment_id}
<submodel id>1</submodel idy
<parameters:r
<parameters
<idx§3USCEPTIELE INIT§</id>
<valuerl</valuer
</ parameter>

<parameters
{id}$INFECTED_INIT${fid}
<yaluer0<fvalues

</ parameters

<parsmeters Ru ntime MOdeI -

{id}$RECD?ERED_INIT${fid}
<valuexd</value>
</ parameters

<parameters
{id}$RECGHER?_DELAT${fid}
<valuer3<fvaluesr

</ parameter:>

<parameter:
{id}sINFECTI?IT?_CGNSTANT${fid}
<valuex0.15</values>

</ parameter>

</ parameters:>
</ segment

Agent Type 1
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<SEqmENT > :::.
<segment idrNormallgent Infected</ Segment id> 0000
-::sul:urm:n:lel_id}lﬁfsubrnndel_id} 00
<parameterss> | X J
<{parameter: ®
{id}ESUSCEPTIBLE_INITE{fid}
<valuer0</valuex
</ parameters
<parameter:
{id}EINFECTED_INITE{fid}
<valuesxl</valuex

</ parameter>

It Runtime Model -

<id>$RECOVERED INITH</id>

<value>0</values Agent Type 2

</ parameter>

<{parameter:
{id}ERECD‘IERT_DELA?s{.-"' id=>
<valuerd</values

</ parameter>

<parameter:
<id»g INFECTI‘.?IT?_CCJI‘-ISTANT$ </ id>
<valuex0.15</values

</ parameter:>

<fparametersr
</ Zegqment > 24



000
0000
o000
o000
- o0
CABM.exe.confi :
.exe. g
<?¥ml wversion="1.0" encoding="utf-5" >
E <configuration>
E <appifettinga>
<add key="InputFile™ walue="EunTiweModel. xml' -
<add key="CutputFile™ walue="RunTimeBenchmarkModel . xml"™ Lo
<add key="Inputlirectory™ walue="C:\Program Files3DPrototype' Models\ CAEMYIDS 07 Workshoph " Lo
<add key="CutputDirectory3im'™ walue="C:\Program Filesh3DPrototype'Results'\CAEMYSDS 07 Workshoph ™
<add key="FilterCutput'™ value="true' =
<add key="NumberFiltervVariablezs"™ walue=r4q" =
<add key="FilterWarishle OF value="Aggregate. 3usceptibhle™ =
<add key="FilterVariable 1" walue="Aggregate. Infected™ Fa=
<add key="FilterVariable 2" walue="Loggregate.Recovered™ />
<add key="FilterVariable 3" walue="Aggregate.Population™ />
- </applectings:

L gfconfiguration:>
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Run Simulation (CABM)

e CAWINDOWSAsystem 3 2\cmd. exe

C:~Program Files“S5DPrototype?’
C:~Program Files“S5DPrototuype’>
C:“Program Files“S5DPrototype>cabm

CABM U1i.8... running [RunTimeModel.xml]l @ time [38-87-20087 23:49:331

Heading the contents from the filelC:“Program Files“SDPrototype*Modelz~CABM-5DS
A7_Workshop~RunTimeModel.xml]

Is_Sensitivity = False Hagents = 186

Heading the contents from the filelC:“Program Files“SDPrototype*Modelz~CABM-5DS
A7_Workshop~AggregateModel.xml]

Reading the contents from the filelC:“Program Files“SDPrototype*Modelsz~CABM-S5DS
A7 _Workshop~TestAgent.xml]

Starting Agent Simulation run

»»» QisProgram FilessSDPrototypesResults~CABM~5DS_A7_Workshop~MODEL_RunTimeModel
_38_@7_2887_23_47?_33.xml

Starting Integration @ [38-87.-2007 23:49:33.6751

Finizhed Integration @ [380-.87-20807 23:49:35.6171

CABM... [HML] results written to directory [C:nProgram Files“SDPrototype“Results
~CABM~5DS_HA7_UWorkshop]

CABM U1 _.8.._.. Completed P time [30-87-2087 23:49:351

G Program Files“S5DPrototype
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XML Output Files

% SDS_07_Workshop

File Edit Wiew Favorites Tools  Help

eﬁack - x_,x.l lﬁ ;,.__HJ Search H__L' Folders | |i:

Address ||L) CriProgram FilesSDProkobypei Resultst CABMISDS 07 Workshop
Folders X |@|MODEL_RunTimeModel_30_07_2007_23_56_38
> .
) Repast 3 A %jl.ﬁ.GEr'-.IT_SI:aI:EET_RunTI:llmleMDI:IEI_SEI_EI?_EEIEI?_ES_SEuj1
[ﬁ SDPrototype =|GRID_O_RunTimeModel_30_07 2007 23 Sa_ 41

£ Cshare ¥ GRID_10_RunTimeMadel_30_07_2007_23_S6_41

2 GRID_15_RunTimeModel _30_07_2007_23 56_41
=) Models
[ﬁ fAgents 21 ERID_ 5 _RunTimeModel _30_ 07 _2007_23_56_41
= [h ABM 2 SIM_GRID STRUCTURE _RunTimeModel 30 07 2007 _23 56 41
E- =
[h S0S_07 21 5IM_FunTimeModel _30_07_2007_23_56_41

I) 5DS_07_‘Warkshop

I0) METE

ICT) METOPT

[ N——

£ I
8 objects (Disk free space: 6.34 5B) vj My Compuker




The Full Model: Model RuntimeModel

r"-'-: C:\Program Files\SDPrototype\Resulis\CABMASDS 07 WorkshopMODEL_RunTimeModel 31 _07_ 2007 _02 47 2 - Windows Internet Explorer

[(,P”'i‘,_)! - | Zi\Program Files\SDProtobype\Results\CABMSDS_07 Warkshopi\MODEL_RunTimeModel_31_07_2007_02_47_26.xml V| ﬁ] A

GOL‘JS[E |Gv | G0 1?(5?—;.! o @ \j.?) E] - 'i:;' Bookmarks L@ Popups Dkay‘ ':? Check = % - » @SEttir

w + (g8

'@' To help protect vour security, Internet Explorer has restricted this webpage From running scripts or Ackive contrals that could access vour computer. Click here Far options. ..

| Bl 5vstems theory = Motes - an... l {2 C:\Program Files\SDPrat. ., I | i~ B = v [ Page -

<?xml version="1.0" encoding="utf-8" 7=
- <model=

<name =This file [RunTimeBenchmarkModel.xml] was automatically generated by the CABM Utility </name =

<date=31/07 /2007 02:47:26</date >

<start_time=0</start_time =

<finish_time =20 </finish_time =

<time_step=0.25</time_step>

<has_aggregates>true</has_aggregates:

- «stocks>

- «stock>
=name:=Aggregate.Susceptible </name:=
<is_aggregate=true</is_aggregate =
<init=0.0</init:
<oUtflow =Aggregate.InfectionRate «/outflow =

</stock=

- «stock>
<name=Aggregate.Infected </name:=
<is_aggregate=true</is_aggregate:=
<init=0.0</Init=
<inflow =Aggregate.InfectionRate </inflow =
<outflow =Aggregate.RecoveryRate </outflow =

</stock=

- astock:=
<name=Aggregate.Recovered</name:=
<is_aggregate=true</is_aggregate:= 28
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000

X X J

000

o000

: oo
Aggregate Results: SIM_RunTimeModel
A E C D E

1 [Time ﬂhggregate.lnfected [thgregate.l-:'{-pulation [thgregate.ﬁe-:wered |» |Aggregate.Susceptible |~
2 a ] 100 0 95
3 0.25 7 100 0 93
4 0.5 9 100 0 91
5 0.75 10 100 0 S0
B 1 12 100 0 a5
7 1.25 14 100 0 a6
5] 1.5 14 100 0 86
=) 1.75 16 100 0 g4
10 2 16 100 0 g4
11 225 17 100 0 a3
12 2.5 19 100 0 21
13 275 19 100 0 g1
14 3 20 100 0 a0
15 3.25 20 100 2 Pl
15 3.5 20 100 4 75
17 3.75 21 100 ] 74
15 4 19 100 7 74
19 4.25 18 100 9 73
20 4.5 20 100 5 71
21 4.75 19 100 11 710
22 ] 21 B3

—_——

——

100

11




Aggregate Results: SIM_RunTimeModel §§§§

=&— Aggregate.Infected == Aggregate.Population Aggregate.Recovered — Aggregate.Susceptible
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GRID_Structure

3

M_m._m.;._';_';_m._'._'._';_1|:||:||:||:||:||:||:|I:II:II:I[T

F2IFaR = —= == —_ = = = =

A,

C

D

ID [+ ]ro

— — — — et et b e ek ek ek ek ek ek ek ek ek ek ek ek ek

=
W

column |- afgent

U MormalAgentSusceptible A B3
1 MormalAgentSusceptible AL BS
2 MarmalAgentSusceptible AG 2

3/ MarmalAgentSusceptible AG 55
4| MormalAgentSusceptible AG BT
5| MormalAgentSusceptible Al 72
b MormalAgentSusceptible Al 52
7 MarmalAgentSusceptible AG 57
8| MormalAgentSusceptible A 52
Y MormalAgentSusceptible A B3
U MormalAgentSusceptible Al 7

1 MarmalAgentSusceptible AG 30
2 MarmalAgentSusceptible AG BS
3| MormalAgentSusceptible A 45
4| MormalAgentSusceptible A 16
5 MarmalAgentSusceptible AG G0
b MarmalAgentSusceptible AG 52
7 |MormalAgentSusceptible A Bk
0| MormalAgentSusceptible A B2
S MormalAgentSusceptible AG 15
0 MarmalAgentSusceptible AG BE

=
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Conclusions

e An exploratory approach

to use SD as a basis
ABM

e Research applications,
and classroom teaching

e Enhancements:

Underlying network
structures

Usability
Performance
Aggregating mechanisms
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