Models as the Basis for Visual Representation

e “realistic” 3D visualisation
¢ “insight” athigh abstractiorievel

e link visualisationto model
1. structure
2. entitity attributes
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Categories of Simulation Animation Implementation

e Animationusinga post-processor

e Directsimulationanimation
— integratedprogram(onethread)

— cooperatingorogramgmultiple threadsreactve subjectpattern)

e Visuallnteractve Simulation:userin theloop
— interrupt,modify (parameterd(C, ...), re-start
— discreteevent: statisticalrelevance?
— discreteavent: transientbehaiour

— needto keeptrackof modifications
(generatescriptlogging modifications)
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Technical Problems of Simulation Animation

speedup/slwdown
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Transformatiorof time for animation:non-equidistant,

e Suspensiof animationon multi-taskingsystemshbuffer

McGill, 1 November2000

CS308-767BModelling andSimulation

hv@cs.mcgill.ca

4/21



Real Time Deadlines:
Rate Monotonic Scheduling (RMS)
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Continuous Models: ODE
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Euler discretisation

dx

— = f(xut

dt (ut)
U

X(ti +At) — X(t
: Az LU f(x(t), u(ti), t)
4
X(G+At) = x(t)+ fF(x(t),u(ti),t)At
McGill, 1 November 2000 hv@cs.mcgill.ca CS308-767BModelling andSimulation 7121

Taylor SeriesExpansion

Atdx‘ +At2d2x‘ N
dt'i " 20 gzt

ERROR = O(N+1) if choppedafterN

X(t +At) = X(t) +

ERROR gN 22 approxn41 — approxy
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Integration Methods: Euler

Single-step

Xo = 0o

Xiy1 =X +hf(t,%),i >0
Unsymmetricalusesonly deriative in begin point.
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Integration Methods:Modified Euler

Single-step
Xo = 0o
k1= hf(t,x)

k2 = hf(t+ h,x + k1)

oy o kL k2
Xit1=X+Z+ 7,120
Symmetrical:usesdervative in begin andendpoint.
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Integration Methods: Midpoint

Single-step
Xo = 0o
k1= hf(t,x)

k2= hf(t +5,x + &)
X+1=x+k2,i>0
Symmetrical:halfway point.
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Integration Methods: Heun

Single-step
Xp = 0o
k1= hf(t,x)

k2=nhf(t+ 2 x + %)
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Integration Methods: Runge-Kutta 4

Single-step
Xo = do
k1= hf(t,x

k3=hf(ti+1,%+ )
kd = hf (t +h,x +k3)
Xp=x+9+24+81Ki>0

“Optimal” choiceof intermediatgoints.
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Integration Methods: Adams-Bashforth

Multi-step: Needone-stepmethoddor start-up

2-step
Xo = Op
X1 =01

Xip1 =X + 5 (3f(ti, %) — f(ti—1,%-1),i > 2

3-step

Xo = 0o
X3 =01
X2 =02

Xi11 =% + 15(23f (ti, %) — 16f (ti_1,%i11) + 5 (ti_2,%i-2)),i > 2
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4-step

Xpo = Qo
X1 =01
X2 =02
X3 =03
Xit+1=

Xi + 214(55f (ti,xi) —59f (ti—1,Xi+1) + 37F (ti—2,%_2) — 9f (ti_3,%_3)),i >3
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Integration Methods: Milne

Predictorcorrector

e Predictor
Xo = 0o
X1 =01
X2 =02
X3 = a3

X0 = %3+ B(2F (t1,%) — F(tio1,%i-1) + 2f (ti2,%_2)),i >3

e Corrector

XY = o1+ B0 (X)) + 41, %) + F(tiig,Xii1),
i>2k=12,...
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Adaptive Step-size Control

Useaccuray indicatorto double/hale step-size

1. stephalving

2. EN =2 approxn+1 — approxy
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Adaptive Step-size Control

RK4 + RK5 — Runge-KittaFehlbeg (embedded)
ki = hf(ti,x)
ko = hf(t +axh, X + b12k;)

ks = hf(ti + agh,X; + bglks + bg2ks + - - - + bgbks )

Xi+1 = X + C1K1 + Coko + - - - + Cgks + O(hG)
X1 =X +Ciki+ Ciko + - - 4 Ciks + O(h°)
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Stiff Systems

u’ = 998u+ 1998/

vV =—-99—199%
u(0) =1,v(0) =0
Uu=2y—2zv=-y+z
U= 2e~t _ g—100Q
V= _et1 g-l00Q

X = —cx

Explicit: ForwardEuler: xiy1 = X + hx

Xi+1 = (1—ch)x;

Implicit: BackwardEuler: X1 = X +hx_ 4

Xiq =
+1 = Ttch

RosenbrockGear ... methods
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Differ ential Algebraic Equations (DAE)

(A d i
dtn ’ dtn_l ’

g(x,t)=0

LoXut)=0

ResidualSolvers
DASSL (Petzold)
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