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Модуль 3

BALANCING LOOP
• SFD, Differential equation

• Exponential decay, two type of representing

SIMPLE BALANCING LOOP with INFLOW
• SFD, Structure Graph (negative sloped)

• Stable Equilibrium, different parameters values

• Differential equation

SIMPLE REINFORCING LOOP with OUTFLOW
• SFD, SFD, Structure Graph (positive sloped)

• Unstable Equilibrium, Repellor

GOAL SEEKING BEHAVIOR
• SFD, structure graph

• Equilibrium, different initial parameters values

• Differential equation

• Assignment 4 : 4.1, 4.2
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y′ = – β y

Підхід системної динаміки

SFD (Stock and Flow Diagram) 

+

-

Feedback

Loop

Balancing loop

Outflow = b * Stock

b – fractional decay rate



4 GEO SD322     Aug 17, 2017david.wheat@uib.no 4 GEO SD322     Aug 17, 2017david.wheat@uib.no

Диференціальне рівняння

y′ = – β y

Розв’язок : 

dy / dt = - β y, 

dy / y = - β dt , 

∫ (1/y) dy = -∫ β dt , 

ln y = - β t + ln C,

ln y = ln e-βt + ln C,

y(t) = C e-βt

Початкова умова :  y(0) = y0 ,

t =0 : y(0) = C = y0 

y ( t ) =  y0 e -βt

exponential decay
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Реалізація в STELLA

Structure Graph Behavior Graph

SFD

exponential decay

S(0) = 1B
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Реалізація в STELLA

Structure Graph Behavior Graph

exponential decay

B

SFD

B S(0) = 1
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Два типи представлення

Flow = decay fraction * Stock 

Flow = Stock / average time in stock

Stock

flow

avg time in stock

Stock

flow

decay fraction

exponential decay

decay fraction = 1 / AT 
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Модуль 3

BALANCING LOOP
• SFD, Differential equation

• Exponential decay, two type of representing

SIMPLE BALANCING LOOP with INFLOW
• SFD, Structure Graph (negative sloped)

• Stable Equilibrium, different parameters values

• Differential equation

SIMPLE REINFORCING LOOP with OUTFLOW
• SFD, Structure Graph (positive sloped)

• Unstable Equilibrium, Repellor

GOAL SEEKING BEHAVIOR
• SFD, SFD, Structure Graph (positive sloped)

• Equilibrium, different initial parameters values

• Differential equation

• Assignment 4 : 4.1, 4.2
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Balancing Loop with Inflow
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S(0) = 0

Inflow = const

Outflow = b * Stock

Net Flow = Inflow – Outflow 

Inflow

B

decay fraction
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Рівновага (Equilibrium)

Net Flow = 0 :   Inflow = Outflow 

1 = 0,4 Stock

1) S(0) = 0     2) S(0) = 5 Stock (equilibrium) = 2,5

Stable Equilibrium
Inflow

S(0) = 0 S(0) = 5S(0) = 0 S(0) = 5

Structure Graph – negative sloped
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Збіжність до рівноваги

Net Flow = 0 :   Inflow = Outflow 

1) S(0) = 0     

2) S(0) = 5

3) S(0) = 2,5

Stock (equilibrium) = 2,5

Різні початкові значення
Stable Equilibrium

exponential decay
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Диференціальне рівняння

y′ = a – b y

y(t) = C e-bt + a/b 

Початкова умова :  y(0) = y0 ,

t =0 : y(0) = C + a/b = y0 , C = (y0 - a/b)

𝒚 (𝒕) = 𝒂/𝒃 + ( 𝒚𝟎 − 𝒂/𝒃) e –bt

1) y0 = a/b  → y(t) = a/b = const = equilibrium value 

2) y0 > a/b  → (y0 – a/b ) > 0  , 

y(t) decrease and approach equilibrium

3)     y0 < a/b  → (y0 – a/b ) < 0  , 

y(t) increase and approach equilibrium
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Завдання

Різні a, T, K

Кожного дня фірма виробляє а товарів, які надсилаються в магазин. Середній термін 

перебування товару в магазині з моменту надходження до моменту продажу 

становить Т днів. 

Дослідити динаміку кількості товарів у магазині, припустивши що в початковий 

момент у магазині було наявно K товарів.

1) a = 10, T = 4, K = 20, 

2) T = 2

3) T = 8

4) T = 1

5) a = 10, T = 2, K = 20

6) K = 10    + різні Т

7) K = 30

8) a = 10, T = 2, K = 20

9) a = 20 + різні Т

10) a = 5

Визначити умову рівноваги
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Модуль 3

BALANCING LOOP
• SFD, Differential equation

• Exponential decay, two type of representing

SIMPLE BALANCING LOOP with INFLOW
• SFD, Structure Graph (negative sloped)

• Stable Equilibrium, different parameters values

• Differential equation

SIMPLE REINFORCING LOOP with OUTFLOW
• SFD, SFD, Structure Graph (positive sloped)

• Unstable Equilibrium, Repellor

GOAL SEEKING BEHAVIOR
• SFD, structure graph

• Equilibrium, different initial parameters values

• Differential equation

• Assignment 4 : 4.1, 4.2
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Reinforcing Loop with Outflow
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Inflow =  b * Stock

Outflow = const

Net Flow = Inflow – Outflow 

S(0) = 2,3;  S(0)=2,7

Unstable Equilibrium

Repellor

Stock (equilibrium) = 2,5

Outflow

R
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Збіжність до рівноваги

Net Flow = 0 :   In Flow = Outflow 

1) S(0) = 3     

2) S(0) = 1

3) S(0) = 2,5

Stock (equilibrium) = 2,5

Різні початкові значення

Unstable Equilibrium

Repellor

exponential growth

R
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Модуль 3

BALANCING LOOP
• SFD, differential equation

• Exponential decay, two type of representing

SIMPLE BALANCING LOOP with INFLOW
• SFD, Structure Graph (negative sloped)

• Stable Equilibrium, different parameters values

• Differential equation

SIMPLE REINFORCING LOOP with OUTFLOW
• SFD, SFD, Structure Graph (positive sloped)

• Unstable Equilibrium, Repellor

GOAL SEEKING BEHAVIOR
• SFD, structure graph

• Equilibrium, different initial parameters values

• Differential equation

• Assignment 4 : 4.1, 4.2
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Goal Seeking Behavior

SFD (Stock and Flow Diagram) 

+

Balancing loop

Gap =  Goal – Stock 

Inflow = Gap / AT

Inflow = ( Goal – Stock ) / AT

+

- +

-

+

Gap =  Stock – Goal 

Outflow = Gap / AT

Outflow = ( Stock – Goal ) / AT

B B
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Goal Seeking Behavior

S(0) = 1     

S(0) = 5     

B B



20 GEO SD322     Aug 17, 2017david.wheat@uib.no 20 GEO SD322     Aug 17, 2017david.wheat@uib.no

Goal Seeking Behavior

SFD (Stock and Flow Diagram) 

B
Gap =  Goal – Stock 

Inflow = Gap / AT

Inflow = ( Goal – Stock ) / AT

Biflow

CLD (Causal Loop Diagram) 

-

+/-

+
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Збіжність за різних початкових значень

Goal = 3

AT = 2
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Приклад (охолодження кави)
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Приклад (охолодження кави)



24 GEO SD322     Aug 17, 2017david.wheat@uib.no 24 GEO SD322     Aug 17, 2017david.wheat@uib.no

Balancing Loop – Zero Goal

Exponential decay

B

B

Gap =  Goal – Stock 

Inflow = Gap / AT

Inflow = ( Goal – Stock ) / AT

Outflow = ( Stock – 0 ) / AT

Goal seeking behavior

Goal = 3

Goal = 0
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Zero Goal

Flow = stock * decay fraction
Flow = stock / avg time in stock

Flow = stock gap / stock adjustment time

Stock

flow

avg time in stock

Stock

flow

decay fraction

1. Implicit Goal-Seeking

Stock

flow

goal for

stock

stock gap
stock adjustment time

2. Explicit Goal-Seeking
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Диференціальне рівняння

𝒚′ = ( 𝑮𝒐𝒂𝒍 – 𝒚 ) / 𝑨𝑻

Inflow = ( Goal – Stock ) / AT

𝑦′ = 𝑎 – 𝑏 𝑦

𝒚 (𝒕) = ( 𝒚𝟎− 𝒂/𝒃) e –bt

𝒚 (𝒕) = ( 𝒚𝟎− 𝑮𝒐𝒂𝒍) 𝒆 – t / AT

1) y0 = Goal  → y(t) = Goal = equilibrium value 

2) y0 > Goal  → (y0 – Goal ) > 0  , 

y(t) decrease and approach goal

3)     y0 < Goal  → (y0 – Goal ) < 0  , 

y(t) increase and approach goal
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Завдання

Температура запареної кави становить Q. Температура в кімнаті 20о. 

Дослідити динаміку температури кави в чашці за різних значень часу пристосування.  

1) Q = 80о, AT = 20 хв

2) AT = 30 хв

3) AT = 10 хв

1.

Температура замороженого продукту становить Q. Температура в кімнаті 20о. 

Дослідити динаміку температури продукту за різних значень часу пристосування.  

1) Q = -18о, AT = 30 хв

2) AT = 2 год

3) AT = 10 год

2.
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Adjustment Time - дотична

e – AT / AT= e – 1= 0,37
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Змінний Goal

Graphical solution for a balancing feedback loop with varying goal 
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Завдання 1

1) AT = 5 

2) AT =10

3) AT= 15
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Домашнє завдання 1

1) AT = 5 

2) AT =10

3) AT= 15
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Лінійно зростаючий  Goal

Linearly increasing goal, AT=5 years 



33 GEO SD322     Aug 17, 2017david.wheat@uib.no 33 GEO SD322     Aug 17, 2017david.wheat@uib.no

Differential Equation

𝒚′ = ( 𝑮 + 𝒌 (𝒕 − 𝒕𝟎) – 𝒚 ) / 𝑨𝑻

Inflow = ( Goal – Stock ) / AT

𝑮𝒐𝒂𝒍 = 𝑮 + 𝒌 ( 𝒕 – 𝒕𝟎 )

𝒚 (𝒕) = 𝑪 𝒆 – t / AT + 𝑨 𝒕 + 𝑩

𝑨 = 𝒌

𝑩 = 𝑮 – 𝒌 (𝒕𝟎+ 𝑨𝑻)

𝒚 (𝒕) = 𝑪 𝒆 – t / AT + 𝒌 (𝒕 – 𝒕𝟎) + 𝑮 – 𝒌 (𝒕𝟎+ 𝑨𝑻)

𝒚 𝟎 = 𝒚𝟎, 𝑪 = (𝒚𝟎− (𝑮 − 𝒌 𝑨𝑻)) 𝒆𝒕𝟎/𝑨𝑻

𝒚′ + (𝟏/𝑨𝑻) 𝒚 = ( 𝑮 – 𝒌 𝒕𝟎 ) + 𝒌 𝒕

𝒚 𝒕 = 𝒚𝟎 − 𝑮 − 𝒌 𝑨𝑻 𝒆−(𝒕−𝒕𝟎)/𝑨𝑻 + 𝒌 (𝒕 – 𝒕𝟎) + 𝑮 – 𝒌𝑨𝑻

Stock approach line with the same slope as goal but shifted intercept 
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Завдання 1

𝒚 𝒕 = 𝒚𝟎 − 𝑮 − 𝒌 𝑨𝑻 𝒆−(𝒕−𝒕𝟎)/𝑨𝑻 + 𝒌 (𝒕 – 𝒕𝟎) + 𝑮 – 𝒌𝑨𝑻

Goal :  y = G + k ( t – t0 ) = 0 + k (t – t0 ) , t0 = 20, G = 0 

𝒚 𝒕 = 𝒚𝟎 + 𝒌 𝑨𝑻 𝒆−(𝒕−𝒕𝟎)/𝑨𝑻 + 𝒌 (𝒕 – 𝒕𝟎) – 𝒌𝑨𝑻

𝒚 = 𝟎 for 𝑮𝒐𝒂𝒍 ∶ 𝑡 = 𝑡0− 𝐺/𝑘,   

𝒚 = 𝟎 for 𝑺𝒕𝒐𝒄𝒌 ∶ 𝑡 = 𝑡0+ 𝐴𝑇 − 𝐺/𝑘 зсув вправо на AT

1) AT = 5 

2)   AT =10

3)   AT =15
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Завдання 2

1) AT = 5 

2) AT =10

3) AT= 15
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Examples of goal seeking behavior
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Numerical instability
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STEP, PULSE Function 

Goal = 0 + STEP (100; 1)
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