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Moaynb 1

STOCK and FLOW :
Instantaneous and Accumulation Effects

HannpocrTiwi pisHnueBe, audepeHuiarbHe piBHAHHSA

Migxig cncrtemHol anHamikm : Stock (3anac) and Flow (noTik)
Peani3auis B nakeTi STELLA

MuTTeBi Ta akymyrnboBaHi e(peKTU (MPUYUHHICTb)
O3HauyeHHA Ta BnactuBocTi Stock and Flow

Assignment 1:1.1,1.2

PiBHOBara, BnsvB napameTpiB Ta NOYaTKOBUX YMOB
'padivHe iHTerpyBaHHs Ta agudpepeHuitoBaHHSA

Assignment 2: 2.1



MuTtTeEBI Ta aKyMyribOBaHI e(PeKTH

Instantaneous and Accumulation Effects

Problems left and right
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MuTtTeEBI Ta aKyMyribOBaHI e(PeKTH

Instantaneous and Accumulation Effects
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Solution — puhh!
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MuTtTeEBI Ta aKyMyribOBaHI e(PeKTH

Instantaneous and Accumulatlon Effects

©Cartoonbank.com

What can you say?
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MuTtTeEBI Ta akyMynboBaHi epeKkTu

Two types of cause and effect relationships

Instantaneous cause and effect

O O

Cause Effect

Accumulating cause and effect

Stock
effect




Structure and Behavior 4§
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outflow of water

The stock of water depends on inflows and outflows.
Explanatory model should explain what causes the flows to change.
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patients in a hospital?
money in a bank account?
students in a university?

Inflow

of water
patients

stock of weater
patients
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tflow of water
patients
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Pi3HuUeBI pIBHAHHSA NepLUOro NopsaaKy

PisHuuUeBe piBHAHHA (difference equation) —
CMiBBIOHOLUEHHS MK 3MIHHOK y; Ta
il nonepeaHiMn 3Ha4YeHHaAMU (naramn).

Yi =P Vi1 T W;

PisHuueBe piBHSAHHSA neplioro nopsaky (first-order difference equation)
MICTUTb nuLie nepwuin nar ( y;-4)

Yt —Yt-1=(@—1) Y g Wy,
Ay;=(@—1) Yu.1 + Wy, Ay:= Y — Y1

Ay,;=ay,, +w,

BEenMYMHa W, MoXe Byt [eTepMiHOBaHOK (PyHKLUIE Big Yacy
abo BMNagKoBMM MpoLecom
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HaunnpocrTiwe pi3HULeBe piBHAHHSA

Ay, =ay., +w,, Ay, =Yy,=VYiu1

HannpocTiwumn BMnagok:

a=0, W,=a— KOHCTaHTa / \

AvV. =
Vi a=0,
, _ Ye =Yt a W, = & — npouec 6inoro Lymy
Po3B’a3ok : (white noise)
Yi =Yuta=(y,ta)+ta= Ay, =c¢ ,
=Vipt2a=(y3ta)+2a= Yt=Yi1 T & —npouec
v +33= v+ BMMNaAKOBOrO
=Yztoa=..=ytt-a BryKaHHs
k (random walku
yi=at+y,

npsAMa K KyTOBUM KOediLiEHTOM &, Y, — 3adaHe novyaTkoBe 3HayeHHa nput =0

yO’ y1:y0+a’ y2:y0+2a1 Y3:y0+3a, y4:y0+4a,...
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HaunpocrTiwe andepeHuianbHe PiBHAHHSA

ANCKPETHUU BMNAAOK — pPi3HNLEeBe PiBHAHHSA
Ayt = y, - y,_1 = a —TNpUpPICT 3a OQUHMLIO Yacy
Ay = a At - npupicT 3a Npomixok Yyacy At , Ay /At = a

akwo At - 0

HernepepBHUM BUNaaokK — audepeHuianbHe PiBHAHHSA
!

y = 4a
Po3B’A30K :
dy /dt = a,
dy = adt, [NoyaTkoBa ymoBa : y(0) = y,,
[dy = [ adt, t =0:y(0) =C =y,

YO = at +C y(®) = at + y,
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NMigxia cucteMHoI ANHAMIKMU

HavnpocTtiwun Bunagok: Ay, =a abo y'=a

Po3B’A3ok: Yy, =at+y, 4 =
Graph -
* Yo = 10
Ay, abo y’ / Yi
Flow 4
' ﬁ St k Y 0 5 10 15 20
C > oc years
—— Flow
Solution
a 30
MapameTp 2
(converter) o

years
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Peani3auisa B naketi STELLA
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Peani3auisa B naketi STELLA

" New Model.stmx* - Stella Architect l‘=' =1 |ﬂﬂ
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PiBHOBara, BnnvB napameTpiB

Inflow Outflow
O & N Stock % SO
at a2
Ay, aboy’ = NetFlow = Inflow - Outflow
y' = al-a2 = a

yi=(al-a2)*t+y,

l)al=a2 -? 2)al<a2 -7 Jal>a2 -7

Axkwo Inflow = Outflow abo Net Flow=0 : Ay, aboy’' =0
y = Stock = const — piBHoBara (equilibrium)
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Peani3auisa B naketi STELLA

Inflow Outflow "= 31 2 =
O & ™ Stock & SO y =al—-as=a
/ “\ yi=(@l-a2)*t+y,
al a2
l)a2 =1<al=2 2)a2=2=al 3)a2=3>a2=2
Comparative Graph : Stock
30
20 Inflow = Outflow
al=2 Stock = const =y, — piBHOBara
Yo = 10
10 k= — e e e e e e e e e e e e = = = =
0

0 5

10 15 20
years

—Run1: a2=1--- Run2: a2=2 ——Run3: a2=3
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Peani3auisa B naketi STELLA
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MuTtTeEBI Ta akyMynboBaHi epeKkTu

Two types of cause and effect relationships

Instantaneous cause and effect

O O

Cause Effect

Accumulating cause and effect

Stock
effect




O3HauyeHHSs - BnactuBocTi Stock

What are stocks?

« Things that can be “seen” in a snapshot, at a POINT in time
« When not visible, things that can accumulate or be stored

* The stock value depends on it own recent value, the mflow,
and the outflow

* Accumulation or dependence on ‘own recent value’ is what
creates DYNAMICS

* Stocks only change through in- and outflows !I!!!

* There can be no instantaneous cause and effect arrows going
into stocks (think of a bathtub, what else than flows?)
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O3Ha4vyeHHsAa - BnactuBocTi Flow

What are flows?

» Flows are what change stocks
* Flows are defined as they cross a boundary for a stoc
* Flows do not show in snapshots

* Flows are always measured per time unit
» Flows affect stocks over time

STRUCTURE BEHAVIOUR
system development over time
model behaviour

equations solution

mechanism movement

relationships consequences
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Npuknap (BigBiayBa4vi B Mara3uHi)

People /Minute

u L | | L] L |

When do most people enter the store?
When do most people leave the store?
When are there most people in the store?
When are there fewest people in the store?

0 2 4 6 8 10 12 14 16

Minute
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JJomawHe 3aBpaHHA 1 : 1.2 (a)

Look at the following diagram, which shows arrivals and departures from the hospital

in Schwarzarch, at the two first weeks of the skiing season, from Dec.31 to Jan.13.

Arrivals §f Departures al (he Hospltal Sehwarzarch

30 e Arri 1
. |
2]

E \KB}_"/‘{ '

A\

I}_ ¥y & ¥ ¥ =7 ¥  r 70
n R § §8 8 § 8 8 R E 8§ 8 R
- & = g g @ & & g g & &8 g =g
= & 8 8 3 &8 B B 8 8 ¢ + & =
Miawe

Draw a SFD and use this to explain your answers to the following questions:

a) What day did most patients arrive?

b) What day did fewest patients arrive?

¢) What day did most patients depart?

d) What day did fewest patients depart?

¢) What day were there most patients in the hospital?

f) What day were there fewest patients in the hospital considering the entire period
from the moming of 31.12.2000 to the afternoon of 13.01.20017



Mpuknap (CO, BMkMAn B atmocdepy)
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Mpuknap (CO, BuUknaun B atmocdepy)
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IlomaluHe 3aBaaHHA 1 : 1.3

Think of two persons N and S. N thinks of the world as consisting of only
instantaneous cause and effect relationships, S thinks of the world as consisting of only

stock and flow relationships. Think of a system where Y is caused by X.

a) What would N assume about X when she observes a steady increase in Y7
b) What would S assume about X when she observes a steady increase in Y
c¢) If in reality Y is a stock, explain the frustration of N.

d) If in in reality Y 1s not a stock, explain the frustration of S.
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1) Axkwo Inflow = Outflow abo Net Flow=0 : Ay, aboy =0

y = Stock = const — piBHoBara (equilibrium)

2) Axkwo Inflow > Outflow abo Net Flow >0 : Ay, aboy' > 0

y = Stock — 3pocTae (increase)

3) Axwo Inflow < Outflow abo Net Flow <0 : Ay, aboy'< 0

y = Stock — cnagae (decrease)

Ake abcontoTHe 3Ha4YeHHSs (Ha CKiNbKu 3pocTae, um crnagae) ? — Value ?

Aka popma TpaekTopil (BrHyTa um onykna) ? — Shape ?
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‘padbivyHe iIHTerpyBaHHSA

a) 3a 3apgaHol noBeniHku (piBHAHL) Inflow Ta Outflow
300pa3nTu guHamiky (nodyaysatu rpadik) Net Flow :

BigHIMaHHS rpadikis

b) 3a Bigomoil nosefiHkM (anHamikn) Net Flow
306pa3nTun (nobyaysaTu rpadik) Stock :

3a Bigomoro rpadika noxigHol

nobyayesatn rpadik yHKuii (i HaBNakK)
1) Direction (3pocTae uu cnagae) ?
2) Total change (Ha ckinbku) ?

3) Shape (yBirHyTa 4 onykna) ?

27
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‘padbivyHe iIHTerpyBaHHSA

Professor: Erling Moxnes

GEO-SD 302

BEHAVIOUR — analytical solution continuous

Stock(t) = [ (Inflow—Outflow)dt + Stock(t,)

Outflow
0 =

(0 5 Time

Stock

0 5 Time

Stock(t) = jﬂ (100—50)dt + 0 = 50¢

Constant net flow gives linear
development in stock

- as reasoned by graphical integration
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‘padbivyHe iIHTerpyBaHHSA

Professor: Erling Moxnes GEO-SD 302
Simulation (continuous time)

Stock, = Stock,_, + Timestep * (Inflow,_, — OQutflow_,)

Fl Infl
o \ o Timestep=1.0
100
so [y Time Net flow,; | Stock,
Outflow
0 - 0 50 0
0 5 Time | 50 50
Stock 2 50 100
2504 5 50 150
4 50 200
2 5 250
0 >

0 5 Time
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‘padbivyHe iIHTerpyBaHHSA

Professor: Erling Moxnes GEO-SD 302
BEHAVIOUR - analytical solution

Stock(t) = j (Inflow—Outflow)dt + Stock(t,)

Flow Inflow

100 : «
50 &. Smck(r)=£((SU+10:)-SU)dr+0=

Outflow t 5 5
0 - j 10tdt = Y%10¢> = 5¢°
0 5 Time 0
Stock Linear development in net flow gives
250 second order development in stock

suggested by graphical integration, however,
we could not say second order for sure

5 Time
30



‘padbivyHe iIHTerpyBaHHSA

Professor: Erling Moxnes GEO-SD 302

Simulation (computer: timestep, reality: continuous)

Stock, = Stock,_, + Timestep * (Inflow,_, — Outflow,_,)
Timestep=0.8 ~

Net flow
" Correct: Stock,_s=50*5/2=125
50
Time Net flow,, [ Stock,
40
0 0
30 ! 10 0
20 2 20 10
3 30 30
10 4 40 60
5 50 100
0 .

0 1 2 3 4 5 Time Euler: requires short Timestep
Runge-Kutta: longer Timestep
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‘padbivyHe iIHTerpyBaHHSA

Professor: Erling Moxnes GEO-SD 302
BEHAVIOUR (continuous time): Graphical integration

Stock, = Stock,_, + Timestep * (Inflow,_, — Outflow, ,)

Flow, l/s ].I;Ihﬂﬂw

Questions:

1. Direction

2. Total
change

3. Shape
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NMpuknaa rpadivyHoro iHTerpyBaHHs 1

3a 3apgaHol noseaiHku Inflow Ta Outflow

25

Inflow
20 -

15 “

10

0 5 10 15 20 25 30 35 4El|

300pasunTn noeediHky Stock
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NMpuknaa rpadivyHoro iHTerpyBaHHs 1

Graph

30
25

20
15 /
10
5 \/

0 5 10 15 20 25 30 35

years Graph
— Inflow = Outflow 60 7\
50
40
]
30
20
10 ~ N
0 5 10 15 20 25 30 35 40
years

= Stock



Mpuknaa rpadivyHOro IHTerpyBaHHs 2

3a 3agaHol noseniHkn Net Flow

Bicycles per day
15

10 -

0 5 10 15 20 25 30 35 Day 4CI|

300pasunTn noeediHky Stock
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Mpuknaa rpadivyHOro IHTerpyBaHHs 2

NETFLOW
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JomawHe 3aBaaHHA 1. 1.1 (@)

3a 3apgaHol noseaniHku Inflow Ta Outflow

= = =Qutflow Inflow

20
156
10 -

|
5 l
D = - = " - - - I= = - —mm
-5
-10
-15

0 5 10 15 20 25 30 35
Time

300pasunTn noeediHky Stock
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JomawHe 3aBaaHHA 1. 1.1 (b)

3a 3agaHol noseniHkn Net Flow

-10
0 5 10 15 20 25 30 Tme 35

300pasunTn noeediHky Stock
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JomawHe 3aBaaHHA 1. 1.1 (c)

3a 3apgaHol noseniHku Inflow Ta Outlfow

In- and outflow [liter/minute] e— | i fl oW == == Oyutflow
25

20 1

15

10

0 5 10 15 20 25 30 35 40
Minute

300pasunTn noeediHky Stock
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I'padhiuHe andepeHUiItOBaHHA

(graphical differentiation)

Hasnakun, 3a 3agaHoi nosediHkn Stock (rpadoik qoyHKLiT)

Stock (units)

2000

1750

1500

1250

1000

1000 units

1000 units

2
TV e

5 weeks

306pa3nTu noseaiHky Net Flow (rpadik noxigHoi)
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Moaynb 1

STOCK and FLOW :

Instantaneous and Accumulation Effects
 HawunpocrTiwi pisHuueBe, ancgepeHuianbHe PiBHAHHA
« Migxig cucrtemHol anHamikm : Stock (3anac) and Flow (noTik)
 Peani3auis B nakeTi STELLA
 MwuTTeBi Ta akymyrnboBaHi epekTU (MPUYNHHICTD)
« O3HaudeHHs Ta BnactuBocTi Stock and Flow
« Assignment1:1.1,1.2,1.3
» [padcpivyHe iHTEerpyBaHHA Ta andrepeHLitOBaHHA
* lMpuknagu 3 Gionorii, EKOHOMIKKN
« Assignment2:2.1,2.2,2.3,2.4,25
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[Mpuknagu (6ionorif, eKOHOMIKa)

Infected Recovered /
Births Deaths .
( ) ( ) 1) 3anucamu pisHuuese

~

y N Diseased = )
O D{Population) O PIBHAHHA
2) Cknacmu ma po3g’sizamu
K1*t + a1 a2 oucbepeHuiaribHe PiBHSIHHS

(a1) (k2°t+a2) 3) 3nalimu ymosy pigHosazu

4) [lobydysamu STELLA
Production Sales modernb
(supply) (demand)

R 5) Bkasamu oOuHuuji

‘ 5 -
O 1 Inventory O 8UMIPIOBaHHS
6) Po3ansaHymu pi3Hi

) ) kombiHauii napamempis
a1*t + b1 a2*t + b2 k>0, k<0, k=0:
al>a2, al<a2, al=az;
b1>b2, bl<b2, bl=a2
(Kpymumu KOH8eKmopu)

7) 306pasumu pi3Hy MOXugy

_ duHamiky Stock Ha oOHOMY
OanHuudi BUMiproBaHHSA (units) ! epachiky 0nsi KOXXHoi 3adaui

43




[Mpuknagu (6ionorif, eKOHOMIKa)

Infected Recovered / \
Births Deaths .
( ) ( ) 1) 3anucamu pisHuuese

y N Diseased = )
O D{Population) O PIBHAHHA
2) Cknacmu ma po3g’sizamu

K1*t + a1 a2 ougpepeHujiarnbHe PIBHSHHS

(a1) (k2°t+a2) 3) 3Halimu ymosy pigHogazu

4) [lobydysamu STELLA
Mooersib

5) Bkazamu oOuHuUyi
8UMIPHO8aHHS
OauHWL BUMipIOBaHHSA (Units) ! 6) PosensaHymu piaHi
o KombiHauii napamempie
Initial value of stock: 10 k>0, k<0, k=0;
1)k,=1 a,=2; a,=2 al>a2, al<a2, al=a2;
2)k; =1 a;,=2; a,=6 (Kpymumu KoHeekmopu)

3)k;=1 a;=4; a,=10 7) 306pa3umu pi3Hy MOXIuUsY
duHamiky Stock Ha oOHOMY

1)a,=8; k,=1 a,=2 epacpiky Orsi KOXXHOI 3adaqi
2)a;=4; k,=1a,=4
3)a;=12; k,=1 a,=2



[Mpuknagu (6ionorif, eKOHOMIKa)

Production Sales
(supply) (demand)
O f 1 Inventory 5'\0 DO
al*t + b1 a2t + b2
OavHnui BUMiptoBaHHs (units)! 1) & =1 D=2 3,=0 b,=2
2 al = bl =2 a2 = b2 =5
1) al=2, a2=2,b1=100,b2=100 3) &=1 b;=2 a,=0 b,=10
b1=200  b2=100 4) &=-1Db,=8 a,=0 b,=2
b2=100 , b2=200 °) &=-1Db,=2 a,=0 b,=2
2) al=2, a2=1, b1=100, b2=100 6) a,=1 b,=2 a,=-1 b,=6
b1=120  b2=100 /) & =1 b;=6 a,=-1 b,=6
b2=100 , b2=120 8 & =-1Db,=10 a,=1 b,=1
3) al=1, a2=2,b1=100,b2=100 9) =2 b,=10 a&,=1 Db,=14
b1=120  b2=100 10)&;=-2 b;=10 @a,=2 b,=2
b2=100 . b2=120 11) &,=-2 b;=10 a,=-2 b,=2
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BERGEN

University of Bergen
Thanks Professors
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