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Introduction

Spatial population modelling:

» Systems Biology, Ecology, Performance Analysis, ...

Problem:

» CTMCs with enormous state spaces

Solution:

» High-level modelling languages: process algebras, stochastic
Petri nets, ...

» Moments approximating ODEs: E[Prey], Var[Predator]| [1, 2]



Introduction

» What if high-level descriptions become tedious?

Agent OnOff {
On = !(1.0,M,1.0).0£ff;
0ff ?7(M,1.0) .0n;

+;

Locations = {A,B,C,D,E,F,...};

OnGA
0ffeC

450; Offe@B
300; 0ff@D

450;
300;

Channel (On@A,0ff@B,M)
Channel (On@B,0ff@C,M)

1/450;
1/300;
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Markovian agent models (MAM)s in MASSPA

Agent OnOff {

On = !(actionName?,1.0,M,1.0).0£ff;
0ff = 7(actionName?,M,1.0).0n;
0ff = (actionName?,1.0).0n;

};

Locations = A,B,C,D,E,F,...;

Channel (On@A,0ff@B,M) = 1/450;
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MASSPA-Modeller work-flow

MASSPA-Modeller - fhomes/mcg05/test + X
File Edit

_[ Agents & variables | Locations | channels | Evaluator

Define your constants, variables and MASSPA agents below Detected Agent(s)
mu=1.0; 7 (S Agents
lambda = 2.0; ¥ (& HeatSensor
epsilon = 0.5 [ Hot
Agent OnOff { [ warm

0On = 1(1.0,M,1.0).0f; [ cool
ff = 2(M.1,0).0m: v (& onoff
¥ [Cion
Agent Heatsensor { ot
Cool = (mu).Cool + (Iambda).warm;

(mu). Cool + (epsilon).Hot;
(lambda).warm;

Compile agent definition(s) ]

Console

102:40:07] Compiling MASSPA agert definitions 0
102:40:07] Compiling MASSPA model definition

[02:40:07] Console statistics:

102:40:07] #WARNINGS: 0, #ERRORS: 0, #FATAL ERRORS: 0




MASSPA-Modeller work-flow

» Step 1: Define sequential agents

» Step 2: Create topology
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MASSPA-Modeller work-flow

MASSPA-Modeller - /homes/mcg 05/test + X

Elle Edit

[ Agents & variables [ Locations | channels | Evaluator

Generate Topolo... | Topology Generator: |RectangularGrid |¥]  #Locations X-axs: 2 #Locations Y-akis: 5

(options
Locations | Populations:
O O

O O [ Addichange Populations in selected Locations |

|Add Populations for Location(s) selected in Topology edit
P

O O Off@(0,0)=200.0 L\
0n@(0,0)=100.0
0ff@(0,1)=200.0

O @ onelo1-1000

0ff@(0,2)=50.0

O . 0n@(0,2)=200.0
0ff@(0,3)=50.0

0n@(0,3)=200.0

0ff@(0,4)=100.0
off@(1,2)=50.0

On@(1,2)=200.0

L off@(1,3)=50.0
v On@(1,3)=200.0

v

v 7

Console




MASSPA-Modeller work-flow

» Step 1: Define sequential agents
» Step 2: Create topology
» Step 3: Create communication patterns
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MASSPA-Modeller work-flow

MASSPA-Modeller - /homes/mcg05/test

Eile Edit

[ Agents & variables [ Locations | channels | Evaluator
Generate Channels_|Channel Generator:shortestPathTosinkchannel v
E:vder State:[ <ALL> |v]Receiver State:| <ALL> |v|Message Type: <ALL> |v]channel intensity: 1 [ Receiver Population proportional in

I Options

Add channels | View/Edit Channels

Sender State:

<= B}
Receiver State:
<AL= =
Message Type
[=ALL= D]

Channel intensity:

¥ Receiver Population proportional intens.
ADD CHANNELS

v | pelete channels |

<N

Console

[02:44:34] Disabled selected locations.
[02:44:41] Disabled selected locations.




MASSPA-Modeller work-flow

v

Step 1: Define sequential agents

v

Step 2: Create topology

v

Step 3: Create communication patterns
Step 4: Generate MASSPA and evaluate using GPA [3]

v
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MASSPA-Modeller - /homes/mcg05/test + X
Elle Edit

[ Agents & variables | Locations | channels | Evaluator |
Generated MASSPA model

0ff@(0,1)=200.0; L
0n@(0,1)=100.0; P
Off@(1,4)=100.0;
0ff@(0,0)=200.0;
0n@(0,0)=100.0;

I CHANNEL DEF\NH’\ON

I Off@(0,3),M) = (1.0 p
e (0 31 ff@(0,4),M) = (1.0 p
Channel(On@(0,2).0ff@(0.3).M) = (1.0 P
hannel(On@(0,3), 0ff@(0,2), M) = (1.0: P
Channel(On@(0,1).0ff@(0.2).M) = (1.0 P
hannel(on@(0,2),0ff@(0,1),M) = (1.0: p
Channel(On@(0,2),0ff@(1. 1.0 P
hannel(On@(L,2).0f@(0.2).M) = (1.0 5

channel(On@(0.2)offe(1.3).M) - (1.0 p F

hannel(on@(1,3),0ff@(0,2),M) = (1.0 v

L Generate MASSPA definition J

Valuation methad:
ODEs(stopTime=5.0,5tepSize=0.1, density=100,closure=MASSPA infty) { L\
oG A Eom e o -0 EIonG(L Hrarana( 1~05.
E[0n@(0,2)].E[0N@(0, 2)]+Var[On@(0.2)] 0.5, E[0n@(0, 2)]-Varlon@(0,2)] ~0.5;
b

imulatior 0,stepSize=0.1,
E[ON@(1.4)}.E[ON@(1, 4)]+Var[On@(1,4)] 0.5, E[ON@(1, 4)]-Varlon@(1,4)]~0.5,
E[ON@(0.2)},E[0n@(0, 2)}+Var[On@(0,2)] ~0.5,E[0n@(0, 2)]-Varlon@(0,2)]~0.5; rJ
b
L Evaluate ]
Console r
[03:01:30] Closing GUI window will not terminate the application. 0
[03:01:30] Running in debug made, oLtput folder is /dbg.

[03:01:30] Opening file model. masspa
103:01:30] Compiling MASSPA agent definitions
103:01:30] Compiling MASSPA model definition




15 20 25 30 35 40 45 5. 15 20 25 30 35 40 45

time time
—EI0n@(1.4)] — (EION@(L.4)1+ Varon@(L, A1)~ (0.5)) —E0n@(.4)] — (EOR@(L 4]+ (Var (On@(L A1~ (0.5)
- E[0n@(1,4){(Var{on@(1,41)(0:5))  E[on@(0,2)] [On@(1, A)(Var {On@(1,411)7(0.5))  E[On@(0,2)]
- (E[0n@(0.2)]+ (Var{On@(0,211)°(0.5)) 1S5P) (£ (on@(0.2)1+ (var (on@ (0,21 ~(0:5)
| E[0n@(0,2)]-{(Var{on@(0.2)})"~(0.5)) —|__Elon@(0.2)1-{(var{on@(0,2)})~(0.5))
T ODEs(sto o0 e MASSPA_Inity) { TaT
oGl EnB G o 05 om0 VAo (1 ] ~0.5,
. ElOnG0 I EonG(0 21 varlonG(E. 2105 Elon G, /oG 2105
4y
© simulatior 0,stepSize=0.1 0000){ [
©EION@(L 4L E(ON@(L,4)]+Varlon@(1.4)1~ 0.5 E[0n@(L 4)]Varlon@(1.4)| 0.5,
 EIOnGo I EonG(0 21 varlonG(E. 2105 ElonG (. 21 varone(0. 21~
03 v
[ Evaluate ]
Console
103:0L:30] Closing GUI window wil not terminate the application. 0
[03:0L:30] Running in debug mode, outpLt folder is ./dbg.
[03:0L:30] Opening fils modsl.masspa
[03:0L:30] Compiling MASSPA agent defiritions
103:0L:30] Compiling MASSPA model definition i
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Thank you!
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