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' - Mathematical models
¥ - Causal models

" - Conceptual models

" - Phenomenological

® - White box

* - Descriptive models
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' - Black box

" - Simulation Models

" - Objective oriented

" - Optimization Models
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' - Deterministic models
¥ - Stochastic models

" - Static Models

" - Dynamic Models
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' - Linear Models

" - Nonlinear Models
" - Cybernetic Models
" - Feed Back
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General Structure:

3 >——p~ Stock =3
Inflow Outflow
Key:
Stock
———————3» Flow
X Valve (Flow Regulator)

8 Source or Sink
(Stocks outside model boundary)

Valves regulate amount -
7 flowing In or out \
/ \
Flow of material ‘ * Flow of material
3= = % Stock X - 73
Source Into stoc inflow Outflow out of stock Sink
\ /
\ ~ __ Nameof _ 4
flow
Example:
NZ XZ
3 &= Inventory X P-¢ 3
Production Shipments
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Stock(t) = .t[[lnflow(s) —Outflow(s)]ds + Stock(t, )

)

1PA

d(Stock)/dt = Inflow(t) — Outflow(t)
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Stock and Flow Diagram:

%

Sl

Inflow

Integral Equation.

Differential Equation:

Stock

4.3

Outflow

Stock(t) = r [Inflow(s) — Outflow(s)]ds + Stock (t;)
ty

d(Stock)/dt = Net Change in Stock = Inflow(t) — Outflow(t)
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General Structure

State of Net Inflow Rate

= - Net Outflow Rate = - dS
he System |y Outﬂow

Q Rate -

Fracllonal
Decay Rate

Examples

Population ———X—8{3 Death Rate

Death = Fractional Death Rate * Population
Rate +
(5 2N
Fractional
Death Rate

Book Value

Depreclatlon

Rate ¥ Depreciation Rate
= Book Value/Asset Lifetime
Asset

Lifetime
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Net Inflow Rate = - Net Outflow Rate = - dS

Stable

/ Equilibrium

State of the System (units)

o

1

Net Inflow Rate
(units/time)
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General Structure

S s*
State of Desired State of
Net Inflow the Systeml the System
Z Rate
i e O
AT % dS/dt = Net Inflow Rate
Discrepancy = Discrepancy/AT
Adustment Time . 5) + - (S* - SYAT
Examples
Desired
{ }::X:b Inventory Inventory
Net
Production

E Rate

fE ok o k)
- Net Production Rate
AT Inventory = Inventory Shortfal/AT
Adustment Time Shortfall * = (Desired Inventory - Inventory)/AT
Desired
Q % > Labor Labor Force
Net Hiring

> Rate

[ D
AT . Net Hiring Rate
Adustment Time Labor = Labor Shortfall/AT
Shortfall + = (Desired Labor - Labor)/AT
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Rate equation for first order linear negative loop system:
Net Inflow Rate = - Net Outflow Rate = (S* - S)/AT

Analytic Solution:
S(t) = s - (8*-S5(0)) * exp(-VAT)
Desired ; Fraction of
ths‘gte ?f = State of i Irglial Initial Gap
i i the System P Remaining
State of o gf:;:?; hﬁf——‘
the System the System Gap Remaining
1.0
o
=
£ 0.8
5 1 - exp(-1/AT)
g 0.6 - 1 - exp(-2/AT)
o 1 - exp(-3/AT)
‘S 0.4
S 3
E‘.‘ 0.2 . exp(-1/AT)
g _ »
[ exp(-2/AT) —_—
o e e, i i
0 1AT 2AT 3AT
Time (multiples of AT)
Time Fraction of Initial Gap Fraction of Initial Gap
Remaining Corrected
0 exp(-0) = 1.00 1-exp(-0) = 0.00
AT exp(-1) = 0.37 1-exp(-1) = 0863
2AT exp(2) = 014 1-exp(2) = 087
3AT exp(-3) = 0.05 1-exp(-3) = 0.95
4AT exp(-4) = 0.02 1-exp(-4) = 0.98
S5AT exp(-5) = 0.007 1-exp(-5) = 0.993

Cab 4 )y S 53 ol (b dlold o basd loj oo sl (VN -A) S

Sladls o b —F-A

Sy dyd i S &S g 50 D Cou ol A4 b b Cute dils O L dlaly 8 cale
& 48y pals 5 (Ss b Canen aliune 3 Jlo plgis & Seudls anlys ()l dx 2,8 51,8 ails 9 b cou
1l palgd e g Cuto dils 93 L S 42 )3 plis S o 5 S pe £33 9 g 905 2y

Population= Integral(Net Birth Rate, Population(-))

IPA 5l 99 o

100



Lot Judd ey 095

Net Birth Rate=BR-DR
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Structure (phase plot) ~~————————@ Behavior (time domain)

b>d b

Birth Rate 1

Net Birth Rate

M

]

Death Rate - =
0 Population
b=d
Birth Rate
Net Birth Rate
Death Rate
0 Population
b<d
Birth Rate
Net Birth Rate
Death Rate
0 Population

Population

Population

Population

o

Exponential Growth
0 - Time
Equilibrium
0 Time
Exponential Decay
L
0 Time
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Fractional
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Fractional
Death Rate

(1/time)
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Fractional Birth and Death Rates
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{dimensionless)
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