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Example : Letters in Bergen

You deliver 1000 letters at the post office in Bergen, all at the same time

* The letters are addressed to persons living different places in Norway
» Make a sketch of when the letters are actually delivered to the different persons
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Third Order Material Delay

Third order material delay (Delay time=12)
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High Order Material Delay

Inflow Stock 1 Flow 12 Stock 2 Flow 23 Stock 3 Qutflow
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Outflow for Different N (DT = constant)

Delay time=12 days, N =1, 3, 12 and infinite
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Stock for Different N (DT = constant)

Delay time=12 days, N=1 and 12 ( Inflow = pulse)
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Third Order Material Delay

Delay time=12 days, N =3 : Inflow = PULSE (10; 2; 0)
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Outflow for Different N (DT = constant)

Delay Time = const = 12 days,

Flow 1 Flow 2
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N is changing =1, 2, 3,4,6 and 12
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Outflow for Different DT (N = constant)

Delay Time is changing 2, 4, 6 and 12 days, N =const=3
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Outflow for Different DT (N = constant)

Delay Time is changing 2,4,6 and 12days, N=3 and N=12
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System of Differential Equations
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Information Delay

Desiredrinventory
Time to perceive
Perceived information
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Third Order Information Delay
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Three Order Information Delay

Delay Time =12 , N=3 — different stocks
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High Order Information Delay

Update Update Update Perceived
stock 1 Stock 1 stock 2  Stock 2 stock 3 Information
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Last Stock for Different N (DT = constant)

Delay time = 12 days, N =3 and 12 (Information = step)
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Third Order Information Delay

Delay Time =12 days, N=3 Information = STEP (10;2)
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Perception for Different N (DT = constant)

Delay Time = const = 12 days,
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Perception for Different DT (N = constant)

Delay Time is changing 2, 4, 6 and 12 days, N =const=3
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System of Differential Equations
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Combining Different Delay Types
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Combining Different Delay Types

In transit

Change of Delay Time
In Material and Information Delay
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Combining Different Delay Types
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Common Modes of Behavior

Expon ential Growth Goal Seeking Sshaped Growth
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Time — Time — Time —
Oscillali on Growth with Overshoot Oversho ot and Collapse
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Figure 4-1
Reference Modes
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1. Exponential Growth

1. Feedback, First Order Linear — Reinforcing
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2. Goal Seeking

2. Feedback, First Order Linear — Balancing
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3. S-shape Growth

3. Shifting Dominance : First Order System — Nonlinearity

Carrying Capacity
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4. Oscillation

4. Cycles : Major Feedback Loops — More than one Stock
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5. Overshoot and Oscillation

5. S-Shape Growth with Overshoot and Oscillation :

_ _ Major Feedback Loops — Nonlinearity
Carrying Capacily J’A&uﬂv

State of the
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6. Overshoot and Collapse

6. Major Feedback Loops — Nonlinearity
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Minor and Major Loops
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Polarity of Major Loop

/ ‘\ e e x| \

and tracethe Hfad\‘ j
%3 of a change around

the loop.

Odd number (HenapHa KinbkicTb) of minus signs: Balancing loop
Even number (napHa KinbkicTtb) of minus signs: Reinforcing loop
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Misperception
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Misperception
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General Solution

The general solution (time behavior)
of linear, higher order systems

Xilt) = Gy et 4 akzej'zt
+ag5 eR%4)t cos{Im (43,4 )t} + g Sin{Im(A3,4)1}]
+ags €551 + aggt]

Here, six stocks with behaviors x,(t), k=1, 2, 3,4,5,6

The behavior of each stock k is composed of six possible behavior modes (unless
weights a,;=0)

The possible modes are: exponential growth, exponential decay, oscillations, and

exponential terms multiplied by t, t,, t5,....
When simulating we observe the sum of behavior modes
That is why simple rules are imperfect for higher order models
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1. Reinforcing Loop and Stock Coordination

dx1dt x1

a2l

-
-
:C
T4

dx2dt

dxldt=al2*x,, dx2dt=a21*x,, al2=a21=0.3
A=(al2*a21)"3=0.3, A,=-(al2*a21)"=-0.3

x; (£) = 2{x, (0) + x,(0)}e*1¢ + 1{x, (0) — x,(0)}e?=t

x,(t) = %{xl (0) + x,(0)}errt — %{x1 (0) — x, (0)}e?=t
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1. Reinforcing Loop and Stock Coordination

x,(t) = %{11 (0) + x,(0)}e?rt + %{xl(O) — x,(0)}e?zt
dx1dt %1

x,(t) = %{xl (0) + x,(0)}errt — .;_{xl (0) — x, (0)}e?=t

a2l

dx2dt

x,(0)=x,(0)= 0.2 x,(0)=2.0, x,(0)=-2.0

ao | ] 6.0 |

4.0 40

. xl  — j‘

2.0
0.0 0.0 |
=20 | 20 /4
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Steady State and Transient Period

Definitions of steady-state and transient
modes of behavior

* Transient behavior modes follow from negative real parts of eigenvalues
e That is: Exponential decay or decaying oscillations caused by goal seeking
feedback loops or by stock coordination.

» Steady-state behavior follows from non-negative real parts of eigenvalues
e That is: Exponential growth or non-decaying oscillations caused by
reinforcing feedback loops or diverging stock coordination,
or driven by external influences (e.g. a drifting goal).

43



2. Goal Seeking and Stock Coordination

dx,/dt={(0-ax2) - x1}/T

dx,/dt=x,

T=0.1, a=1.0

6.0 |
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Population — Several Generation
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