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Steady state

From Wikipedia, the free encyclopedia

For other uses, see Steady state (disambiguation).

In systems theory, a system or a process is in a steady state if the variables (called state variables) which define the behavior of thg

this means that for those properties p of the system, the partial derivative with respect to time is zero and remains so:

Op
— =0 forallt.
E‘}t or

In discrete time, it means that tlje first difference of each property is zero and remains so:

pt —pi—1 =0 forall£.

The concept of a steady state has relevance in many fields, in particular thermodynamics, economics, and engineering. If a system i
will continue into the future.['l In stochastic systems, the probabilities that various states will be repeated will remain constant. See

form for the derivation of the steady state.

In many systems, a steady state is not achieved until some time after the system is started or initiated. This initial situation is often
example, while the flow of fluid through a tube or electricity through a network could be in a steady state because there is a const

is a system in transient state, because its volume of fluid changes with time.

Often, a steady state is approached asymptotically. An unstable system is one that diverges from the steady state. See for example
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Contents [hide]
1 Applications

1.1 Economics

1.2 Electronics

1.3 Chemical engineering i % X_-II & O|_

1.4 Electrical engineering
1.5 Mechanical engineering
1.6 Physiology

1.7 Fiber optics

2 See also

3 References

Applications [edit]

Economics |[edit]

Main article: Steady state economy

A steady state economyis an economy (especially a national economy but possibly that of a city, a region, or the world) of stable size featuring a stable population and stable consumption that remain

at or below carrying capacity. In the economic growth model of Robert Solow and Trevor Swan, the steady state occurs when gross investment in physical capital equals depreciation and the economy
reaches economic equilibrium, which may occur during a period of growth.
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This November is the Wikipedia Asian Month. Come join us.

Chemical reaction engineering

From Wikipedia, the free encyclopedia
(Redirected from Reaction engineering)

@ This article does not cite any sources. Please help improve this article by adding citations to reliable sources. Unsourced material may be
challenged and removed. (December 2009) (Learn how and when to remove this template message)

Chemical reaction engineering (reaction engineering or reactor engineering) is a specialty in chemical engineering or industrial chemistry dealing with chemical

reactors. Frequently the term relates specifically to catalytic reaction systems where either a homogeneous or heterogeneous catalyst is present in the reactor. ¢

Sometimes a reactor per se is not present by itself, but rather is integrated into a process, for example in reactive separations vessels, retorts, certain fuel cells, and
photocatalytic surfaces. The issue of solvent effects on reaction kinetics is also considered as an integral part.’]

Contents [hide]
1 Origin of chemical reaction engineering
2 Discipline
3 Books c
4 ISCRE Symposia
5 Awards in Chemical Reaction Engineering
5.1 Neal R. Amundson Award for Excellence in Chemical Reaction Engineering

5.2 Rutherford Aris Young Investigator Award in Chemical Reaction Engineering

6 References

7 External links
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1.2 The General Mole Balance Equation

To perform a mole balance on any system, the system boundaries must first be
specified. The volume enclosed by these boundaries is referred to as the system
volume. We shall perform a mole balance on species j in a system volume,
where species j represents the particular chemical species of interest, such as
water or NaOH (Figure 1-3).

System
Volume, V

Fia 0 | F]

Figure 1-3 Mole balance on species j in a system volume, V.

A mole balance on species j at any instant in time, f, yields the following

equation:
. . Rate of generation Rate of
Rate of flow Rate of flow o g . .
.. ) of j by chemical accumulation
of jinto |_| of joutof | : o _ o
reaction within | = | of j within
the system the system
‘ ‘ the system the system
(moles/time)| | (moles/time) ‘ ,
(moles/time) (moles/time)

Mole balance Generation Accumulation
dN,;
dt

(1-3)
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Figure 1-4 Dividing up the system volume, V.

The rate of generation, AG ), , in terms of r;; and subvolume AV, is
AG; =r; AV,

Similar expressions can be written for AG, and the other system subvolumes,
AV, . The total rate of generation within the system volume is the sum of all
the rates of generation in each of the subvolumes. If the total system volume is
divided into M subvolumes, the total rate of generation is

M M
G;=YAG;=3r; AV,
i=1 i=1
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By taking the appropriate limits (i.e., let M — e and AV — 0) and making
use of the definition of an integral, we can rewrite the foregoing equation in
the form

Gj:.rrj dv

From this equation, we see that r; will be an indirect function of position, since
the properties of the reacting materials and reaction conditions (e.g., concen-
tration, temperature) can have different values at different locations in the reac-
tor volume.

We now replace G; in Equation (1-3)

FoFeG =N (1-3)

0~
= dt

by its integral form to yield a form of the general mole balance equation for
any chemical species j that is entering, leaving, reacting, and/or accumulating
within any system volume V.

This is a basic dN .

equation for Fj{I_Fj"'J. r dV =1 (1-4)
chemical reaction dt

engineering,.

From this general mole balance equation, we can develop the design equations
for the various types of industrial reactors: batch, semibatch, and continu-
ous-flow. Upon evaluation of these equations, we can determine the time
(batch) or reactor volume (continuous-flow) necessary to convert a specified
amount of the reactants into products.
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Total Supply = Private Sales + Operation + Reserve + Consumer Pool(S0) + Token Pool(S0)
Consumer Pool(S0) = Consumer Pool(S1) + PoA(S1)

Consumer Pool(S0) = Consumer Pool(S2) + PoA(S1) + PoA(S2)

Consumer Pool(S0) = Consumer Pool(S3) + PoA(S1) + PoA(S2) + PoA(S3)

Token Pool(S1) = Returned Token(S1) + Token Pool(S0)

Returned Token(S1) = Burning(S1) + Dividend(S1) + Company Reserve(S1)
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Fort=0, Stock A =10, Stock B =0

AW = Al=2lo| M= o} 7]
5l A

v 7122 N2 B2EO0| 2

A2 S0p7H=X| 29l
v EZ2 TII} S(-)0| B
Wotx| Qx| ol

Dynamic stock and flow diagram
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[Time ] Stock & A Flow Al StockB 2

[0 1000 000|000
1 9.912844 0087156 0.037156
2 9,739196| 0173648 0,260804
3 9.480377 0.258819 0519623
4 9,138357 0.34202 0861643
5 8.715739| 0422618 1.284261
B 8215739 0,50 1,784261
7 7.642163 0573576 2357837
=] B.93937/5 0642788 3.000825
9 6,292268| 0707107 3,707732
10 5.526224 0.766044 4 473776

Ten first stocks and flow values

Equations that change the two stocks via the flow are:

¢
Stock A = f —Flow dt
0

¢
Stock B = f Flow dt
0

List of all the equations, in their order of execution in each time, from time = 1 to 36:
1) Flow = sin(5t)
2.1) Stock A — = Flow
2.2) Stock B + = Flow
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Population size

Time / Number of generations

CEO= THA|OCt OftH Ej =5 7} Of of=

Carrying
Capacity
(K)

7F?
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Sigmoid 52| EHAE o=

Population size

Time / Number of generations
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1 1.0000001 1.0000001 1.0

7/ 1.0000064 1.0000064 1.0
12 1.0002048 1.0002048 1.0
17 1.0065751 1.0065751 1.0
21 1.1105525 1.1105525 1.2
24 2.3137296 2.3137296 2.4
25 54 54 28.7
26 28.7 28.7 821.3
27 821.3 821.3 674530.5
28 674530.5 674530.5 454991362407.6
29 454,991,362,408 454,991,362,408 207,017,139,865,568,000,000,000
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MARKETS 4 CHART OF THE DAY

VALUE OF $1,000 INVESTED IN AMAZON

Value of 51,000 invested at the closing price on May 15, 1997

5/15/97 5/15/99 5/15/01 5/15/03 5/15/05 5/15/07 5/15/09 5/15/11 5/15/13 51515 5M1517

SOURCE: Yaho

Finance. Prices adjusted for

splits and dividends BUSINESS INSIDER

Business Insider/Andy Kiersz, data from Yahoo Finance
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== |+ 222 |
OTCMKTS: TCEHY

50.27 usD-0.030 (0.060%) +

HZE: 42 17L 2F 4:55 GMT-4 - HEHEF

HZE = 50.27 0.00 (0.00%)

14 54 171 670 YTD 14 5 Z|CH
60
40
20
0
20114 20134 20154 20174 20194

A7t 50.45 Hi Sl & 0.20%

Edin] 50.60 MU =7t 50.30

L pS| 50.11 52-F F 1 h4 .84

A7S o - 52-F XX 31.54
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https://www.hankyung.com/economy/article/2019040792601

https://www.hankyung.com/ec
onomy/article/2019040792601
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86,800 v 700 (-0.8%) FuvE= 615,000 - o(o%) FMy==
34 34
87,500 87,200 85,700 | | esnonr 615,000 619,000 611,000
104,000 ! el i
93,200 254,000
85,400 14’109 15.510/0 6,808%‘1 766,000 253 22590/0 4;42891
77,600 722,000
£9,800 656,000
62,000 756.29 ' 10.60(-1.38%) =0, 2,216.24 ¥ 29.65(-1.32%)
L, | ﬂwuihﬂﬂhmmuﬂuuww .
2018101 2019/01 e ol o 201701 2018/01 201901 e ol Ak Sl
ZE=EER U L] M| Jlge ZEZEE 2 AL [0 a
DhH 5 A THEHE 2 MYS S oA R WEE 2 MYSS
AR L = EX
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System Dynamics
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System Dynamics
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Peak of Inflated
‘ Expectations Supplier
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Exponential increase &| S-Shaped:Limit growth Goal-Seeking
Decrease
Boom and Bust Oscillations Chaos
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«  QIMXEE M ZEA] T 2 A (Weick 1979, Hall 1994)

- Z1F0 ™ol e, SHO| SFE = v
- SAEAM ] g = thE i

« o+, - 7130 QIR R HA

— Same Direction, Opposite Direction

— "yr= T QO|0| e digio 2 HBlE o|O|
- RQI0| SIS At S715h= 2ol THA|
» If cause(A) increases, the effect(B) increases above what it
would otherwise have been
- b S R0l0] Hinf WHoz B
- JQI0| S715tH A= HAShHE 2 A
« |If cause(A) decreases, the effect(B) decreases below what
it would otherwise have been

oA

Mo 02
=2

a [ al

—  Same direction(S), Opposite direction(0)S 27| & &j=0, &<
= FEY = 0| TS| 5,

. SiLto] HME o HA
— OJCH = (Maruyama 1963, Weick 1979)
— 71 A H I KOl
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Jay Wright Forrester

Prof. Jay W. Forrester

(July 14, 1918—November 16, 2016)
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The Fifth Discipline: The Art and Practice of the Learning
Organization

NI &
(Personal Mastery)

¥

HAl B B NrEsMn 4 29 HH
(Mental Model) (Systems Thinking) (shared Vision)
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(Team Learning)
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L E MALITHI5Z B, 1t Al E 4]
cleze ¥ Ojo| oftol=of £

¥ HoIAL:

EEERPRE
mE i FHSZESE: It MYEA

s 19903 T TAH57E % (The Fifth Discipling), (A7h g A4
AT Amgae] B4xgs] FTHRT ABHD, AL =2
AEPILE TEEI G A ESTDiscipling) Y AT A3,
AelE 9, FUEE, FHEE, ¥8EE A4 e
A28 AIE A58 ET%(The Fifth Disdpling) 02 F&sia Uoia]
EoTEE EUtls HH2E Ejiod, 2EEI gEEY 24
DA Feis FAFY TAT 2YHE FA FLES B2T

L "A5EE; FauE s
- AsEY AS
- A&¥ A3 F58 B
L memag] EOE A R AAE Do EDTg
- GEEE 2 ol T ONERE

2 AAE ADE BT F8Ld AHEE (i )

3 R Eass Az

A R AAE

A" NIFE ERE ALAE el H 2 (System Dynamics) 2257+
EEEAL == FEE 2 2] =] gloict 4A HEo|
Frew BA 3

Y BAZELFE BUE AR A3 JET FEEE
TS TIETE AAYUAEE T3 | ZAREE AT A~
EE SRS T2EMN A4 49F Hamsed JdE9E

P& FoE TEE

(29 6f plu| M EH)
1. FH5EE: FTRIHE 8%

O H5ESE L
o 57 % (The Fifth Discipline}=]&?
- BEeEIld 4357 3 QA 2" A, @UE 8, @34
=L, @FHHAE, @€ e =854 A7 Ad
- Alad Ane g o AHE ESErES) Sd94 d4deH
ZebdE o4 ¥# EE(The Fifth Discipline)=]& T 4 1%

<oHi BEEas 9y A BERe

| A i B

1Pamcnal Maskery) A % Stared Visionh

ey | o
Syetem Thinking)

e
N
1 Meantaming
< & #Fe] TA57%%(The Fifth Discipline)y 21 *1& >

£7152] ‘Discipline' & 28] £717] 98] £54 923 G249
ek T olB% 7148 ATAR S=olH, pReindAr I

P ERTERESE EUE TAD 2RI UNT TEeT SU9 (ET-2E 23us ¥

o S 3

- 1978'E FH =W Zela ebAlElast MITHR SE= £ 2#
‘%<& 23 [Learning Organization)’ =] W% MEe] srE=ggad
EEZ - AIEE Al Ho A= wdE s fE0RE

aSSIST 44

CEO Z|4l=ztupd

83


http://archives.knowhow.or.kr/policy/presidentialReport/view/20685

(‘8ElotH) A AR CHO|LER A FAfel &9

« AAHR CO|LY A = 1961H, Z|AE{(Jay W. Forrester)2| [M-SEfE (Industrial
Dynamics)]2t= AMOjA| S2otC|,

« 0|2 AJAR Af WHH2 1990'ELY I E| M| (peter Senge)2| "The Fifth Discipline:
The Art and Practice of the Learning Organizationy O|M H|A|=} EICE

- 7|E YEHME M E AL 2 HX|E JE2 7P8e A 2-S Atol=s A0
OfL| Ef 40| Moo= A AR AlZHo| UHE HetE mYot= - -EO|Ct



1.Token Dynamics2| B &

2.System Dynamics2| 0|3}

3.System Dynamics2| 223 1f&l O] s
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SD Libra ry https://metasd.com/model-library/

» Path Dependence, Competition, and Succession in the Dynamics of Scientific Revolution

e Polya urn with increasing returns

CATEGORIES
e A System Zoo
e Delay Sandbox + Aside
» Theil Statistics + Balaton
. . « behavior
o The Rise and Fall of the Saturday Evening Post . Business
« Boiling Water Reactor Dynamics « Climate
« Fibonacci Rabbits « Armstrong Green et al.
. .. . « Clout & Climate Change
e Poisson distribution demo cop g
. ]_5
e Market Growth « impacts
» Oscillation from a purely positive loop + Integrated Assessment

. . « Low Carb Fuels
e Bifurcating Salmon

» Post-Copenhagen

e Urban Dynamics « Regional Climate Initiatives
e DICE « sealevel

) « Skeptics
e Java Vensim helper . The Deal We Need
e Cumulative Normal Distribution « Data
o WORLD3-03 « Education

. . « energy

e Payments for Environmental Services « Ethics & Equity
« Models in the Special Issue of the System Dynamics Review on Environmental and Resource Systems « Feedback Everywhere

. . . 7 Wi
» Rental car stochastic dynamics Few Words

. . « financial crisis
* M « Forecasting
 Industrial Dynamics + health

» Limits

» Model Library

‘ 88

e Lorenz Attractor
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https://metasd.com/model-library/

_I
A| i |Eé! L__l- O‘ I |- I:I! ﬁ AE 7:” LI_ | https.//www.vensim.com/

Vensi
enSIm Contact Us  Software Support FAQ News Q
VENTANA
Diagrams for Transparency L'
Y
- v
S
- P Ca -
BV - % Dera :' cacity tirng R o Code when you need it

Industrial strength simulation software for improving the performance of real systems.
Vensim's rich feature set emphasizes model quality, connections to data, flexible
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https://www.vensim.com/

Featured Resources Applications Real Dynamics
Some features & applications of sus potential meads . 4
. e Actual Inventory versus potential measurement 7 p
- . . Sl & Filcurem I F @ S AOM % 4
Ventana simulation products: : = S i '
4 n0n custome: —— @ curtomer with nom rugtomes pr l / y ’
. cedact ustomer < onlacts l '’
© view More Featured Items | I BT pe a1} T E / | DA =
B [ Petenta 2 a wting oo Curts el = Z < u -
g ‘.f'f,um" nnitade Costemess | -n;m. ans e é A o A /# ~/\ Py [ / hd
= J— oot "l i bl
24021
a’?:’m« namg%# L ":‘ s % 80 83 @6 =3 92 35 S
00w ordess new ehygments T Time (month)
Actual Inwentory (data ven) widget
o g s A —— Fourteen reasons to move up
Kalman Filtering (fltervdf) ————  widget

Browse our list of resources
related to system dynamics and
Vensim. Read More

Vensim can be used to improve
decisions anywhere there are
problems with detail and
dynamics, which is to say,
everywhere. Ventana’s consulting
provides many examples. Our
customers apply Vensim in
energy, health, climate, education
and many other areas.

from spreadsheets.
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https://www.vensim.com/document
ation/index.htm|?20815.htm

Contents | Index | Search

@ Vensim Help
@ Release Notes
@ Models that Come with Vensim
() User Guide - Vensim Introduction & Tutorials
@ 1 Introduction
@ 2 The Vensim User Interface
@ 3 A Hands-On Example
@ 4 Causal Loop Diagramming
@ 5 Stock and Flow Diagrams
@ 6 Building a Simulation Model: A Population Model

@ 7 Functions and Simulation Errors
@ 8 Building a Lookup Function
@ 9 Multiple Views
@ 10 Customizing Quitput
@ 11 Games in Vensim
(1 12 Input Output Controls
[7) Word of Mouth Sales
@
[7] Output Controls
[2] Input Controls
[2] Gaming_Control
@ Publishing the Model
@ 13 SyntheSim
@ 14 Reality Check
@ 15 Sensitivity Testing
@ 16 Using Data in Models
@ 17 Subscripts
@ 18 Optimization
@ 19 Sending_Models to Others
@ 20 Reference Modes

@ Modeling_ Guide — Concepts with Examples
_‘ O o £ LA 1
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https.//insightmaker.com/

& https:/insightmaker.com

Features Explore Insights New Insights News

Nonrenewable
Resources

Resource Usage Rate

=l Start Now

Insight Maker runs in your web-

browser. No downloads or plugins are

aSSIST Gy

INSIGHT

MAKER

4. Start Building Insights and Models

ract €

hange Factor :
'Y nitial Nonrenewable s
btair 800049 TP RBON . Parsiatans s
Resources v = 430t Potkuson
raction of NR
Remaining
~°

ract C¢
btaini

A world population forecaster in Insight Maker (

Start Building Insights and Models for Free

Create an Insight Maker account to start building models. Insight Maker is completely free.

w» Simulate 44 Collaborate

Explore powerful simulation algorithms Sharing has never been this easy.

for System Dynamics and Agent Send a link, embed in a blog, or

System Dynamics

System Dynamics provides a powerful yet
accessible framework for understanding
change within complex systems. Insight
Maker has extensive System Dynamics
support including powerful support for
dimensional analysis and unit conversion

Ry Free & Open

Build your Insights for free. Share

them with others for free. Harness the

Create a Free Account Log In
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o
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« I (self-balancing process)
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6. Bass Diffusion Model (Bass 24t 2 &)

Bass Model &= Bass Diffusion Model (Frank Bass”t 7H2!)
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6. Bass Diffusion Model2| SFD
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6. Bass 24t R E0f| EeHEl Equation

« FINAL TIME = 10 Units: &

 INITIAL TIME =0 Units: &

« SAVEPER = time step  Units: &

« time step = 0.0625  Units: &

- TFOf = =4lof oot Fof + 2O oot 0] units: Y/

- &0 oot FOf = AMEAL* HEE * (O|AFEA/S2lF) * FO0i=HE Units: B/
«  O/AFEAL = INTEG(-7OH, S F-AFEX))  Units:

« AFEXL = INTEG(0OH,0)  Units: &

e M =8 = F0j Units: &/&

« TOi=HE = 0.025  Units: Dimensionless

. M™EE -5 Units: 1/3
« BOIF =10 Units: ¥
« YAl H[E =0.1 Units: Dimensionless

- YU PO £E =01 Units: 1/2
- Aol 2ot 71Of = OJARE AL * HiH|E * A4 0| £& Units: /2



6. Bass Diffusion Model Simulation
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6. Bass Diffusion Model Simulation
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6. (Web) Bass Diffusion Model e

overview

Overview Model Explore Model Run Simulation
L ———— Bass Diffusion Model By Keith Eubanks
Sim URL: https://forio.com/simulate/keubanks/bass-diffusion-mode
The Bass Diffusion Model Sim access: All users may copy the simulation and explore the model.
D} 1]}",11_1];}5- Simulate i Re-Run Sim plan: Simulate Free
Sim stats: This sim has been run 824 times.
Adop : 9 Your Rating:
Average Rating: * % % Kk %
Adopters
M - Keith Eubanks
See other simulations by the same author
750K AY
500K -
250K 4
0 T
0 1 2 3 4 5
Time
B Adopters B Potential Adopters
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https://forio.com/simulate/keubanks/bass-diffusion-model/overview/

6. (Web) Bass Diffusion Model

https://forio.com/simulate/ke
ubanks/bass-diffusion-model

overview

Simulate™

Bass Diffusion Model

Ventana Systems, Inc. For more information on Vensim, visit http://www vensim.com/.

The equations for the Viensim model used in this simulation are shown below. You may also download the full model, which will require a copy of Vensim, available from

Adopters= INTEG (
Adoption,
)

Adopt ion=
Adoption from Marketing + Adoption from Word of Mouth

Adoption from Marketing=
Potential Adopters*(Fraction Adopting from Marketing)

Adoption from Word of Mouth=
Contact Rateridoption Probabilitv<Potential Adopters*idopters/(Adopters+Fotential Adopters)

Adoption Probability=
0,015

Contact Rate=
100

FINAL TIME =5

Fraction Adopting from Marketing=
Marketing Effectiveness*Total Marketing Expenditurex1e-03

INITIAL TIME =0

Market ing Effectiveness=
100



https://forio.com/simulate/keubanks/bass-diffusion-model/overview/

6. (Web) Bass Diffusion Model

Forio Simulate”

https://forio.com/simulate/ke

ubanks/bass-diffusion-model
[overview/

Bass Diffusion Model

Sign In / Register

Sim Showcase Find §
Adopters

Overview Model
v | > None
Adopters

992K

L_:J Fﬂ | il LEs []

Adoption from Word of

Mouth
200%
T44K

’ 100%

I ‘\u
0%
248K

|
496K

Adopters
\.
\
0.0

Adoption from
L Show Table

Marketing Total Marketing

Expenditure
> 750000.0
Adoption
[ 4
Potential Adopters
Equation:
Adopters= INTEG (
Adoption,
0)

? Fraction Adopting
Documentation:

/ from Marketing
/

/
The number of people that have adopted the

product. Increases when people adopt. In

this simple Bass model, people do not

abandon the product

100.0

Marketing
Effectiveness
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https://forio.com/simulate/keubanks/bass-diffusion-model/overview/

6. (Web) Bass Diffusion Model

https://forio.com/simulate/ke
ubanks/bass-diffusion-model

overview

aSSIST 4

The Bass Diffusion Model

DYW& | Re-Run |
Adopters Adoption Decisions Diagram
Adoption -
413K
310K
207K
103K )
0.0 =
0 1 2 3 4 5
Time
Adoption Il Adoption from Marketing Il Adoption from ‘r

Y]
| 1] l | * |
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6. mElo] Est

=3 Strip | Causes for GILIX|2] ZAl .. — O X b Graph | Ol X|2] ZH0 O|X| s EF - O X
File Edit View Options Windows File Edit View Options Windows
0JLiX| O] ZHOY OjX= 2T X2 ZHoo ojXl=s g
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E 05 \
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2 |
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£ 0.4
A 0
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E 05 0
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Table | 0 X2 ZAR0] 01X & & — O >
File View Windows
Time (Year) 1980 1980.25 1980.5 1980.75 1981 1981.25 1981.5 1981.75 1982 1982.25 19825
PILXIC] ZAI0] O|X= 2 - AU22 B 1 0.999739 0.999476 0.99921 0.998942 0.998671 0.998397 0.998121 0.997842 0.99756 0.997
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2.System Dynamics2| O] 5}
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Macro Economics 101

https://forio.com/simulate/keubanks/macro-ec

onomics-101/overview/

embed/link copy

Macro Economics 101

Danwre Ecsnosy Simu e
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Decisions t -
esmemenmrenr —5 | |
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Recent comments:
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add to favorites

Capta dsrats por Capha

Income par Capits

T

m.saleh ahmadniya said: Dear professor... I'm MSC student of Economics in
University of Isfahan. I'm interested in Dynamic and Static Models { Ramsey
Model in particular) . Recently I Visited your website on simulating the Models
by Vensim software .would you mind giving me your workbooks which are
unavailable on your website. Thank you for your consideration. Sincerely/
Mohammad Saleh Ahmadniya // s.ahmadniya@yahoo.com

e T

Overview

Macro Economics 101 By Keith Eubanks

Sim URL: https://forio.com/simulate/keubanks/macro-economics-101
Sim access: All users may copy the simulation and explore the model.
Sim plan: Simulate Free
Sim stats: This sim has been run 7705 times.
Your Rating:

Average Rating:

L B & & ¢

The Macro Economics 101 simulator allows the economics student to explore how
growth in population, the money supply and government spending may affect capital
accumulation, income and employment. The simulater is built from an endogenous
growth model of the Solow theme.

Keith Eubanks

7]

ee other simulations by the same author
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M a C ro ECO n 0 m i C S 1 O 1 https://forio.com/simulate/keubanks/macro-ec

onomics-101/overview/

Mac o Econ om ics 1 01 Capital Investment Employment Wages Money Prices Government Saving Rate Inc Distrib
Generic Economy Simulator
Capital Assets Capital Assets per Capita
3M - 15
&
Decisions o M 8 0754
= a
=] L
= = 054
Population Growth Rate (Percent/Year) 3 = =
“ arik S 0251
S
Money Growth Rate (Percent/Year) 3
0 . 0
0 4 g 12 186 20 0 4 ] 12 16 20
Government Growth Rate (Percent/Year) 3
Time Time
Initial Savings Rate (Percent/Year) 20
Production Production per Capita
516M - 170 -
-
Controls Starter sem | 8 1275
Scenarios 3 g
& 253\ § o5
g $
& 2
128M - 2 425
(L]
D T T T 1 D T T T
0 4 8 12 16 20 0 4 8 12 16 20
New Scenario Time Time

L J

aSSIST 44 CEO %Azt 151

-


https://forio.com/simulate/keubanks/macro-economics-101/overview/

M a C rO ECO n O m iC S 1 O 1 (E :él ; }—) https://forio.com/simulate/keubanks/macro-ec

onomics-101/overview/

Forio Simmatew Sign In / Register ~ | Sim Showcase Find Sims Create Simuli
Macro Economics 101 Overview Model Explore Model
159 Adjust of Fract of Income Devoted to Wages - PFY End: n Simulation Control
Adjust of Fract of Income Devoted t
to Wages dm ek
L
0.0
Q O _200% Price
-00 "100% L
-00 -0% Fraction of Income
Devoted to Wages Wage Income Expected Fraction of
-0.0 ‘ Income Devoted to
) ‘ Wages
-0.0
0 4 8 12 16 20

Show Table ] I

Initial Wage Income ‘

Equation:
Adjust of Fract of Income Devoted to
Wages=

(Fraction of Income Devoted to Wages -
Expected Fraction of Income Devoted to
Wages)/Time to Adjust Wage Income
Expectations

10.0 Initial Fraction of
Income Devoted to
Wages Adjust of Fract of
Income Devoted to
Wages

Time to Adjust Wage
Income Expectations

B Affects Adjust of Fract of Income Devoted to Wages
B s affected by Adjust of Fract of Income Devoted to Wages
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Simulate

Macro Economics 101

The equations for the Vensim model used in this simulation are shown below. You may also download the full model, which will require a copy of Vensim, available fram
Ventana Systems, Inc. For more information on Vensim, visit http://www vensim.com/.

Adjust of Fract of Income Devoted to Wages=
(Fraction of Income Devoted to Wages — Expected Fraction of Income Devoted to Wages)/Time to Adjust Wase Income Expectations

Adjustment for Desired Labor=
(Desired Emploved Labor-Emeloved Labor)/Labor Adjustment Time

Adjustment for Reference Wages Income Ratio=
(Perceived Wages Income Ratio-Reference Wages Income Raticl/Time Horizon to Assess Wages Income Ratio

Adjustment for Vacancies=
(Des ired Vacancies—Yacancies)/Vacancy Adiustment Time

Adjustment of Asset Income Ratio Expectaticns=
(Perceived Asset Income Ratio-Expected Asset Income Ratio)/Time Horizon to Assess Asset Income Ratio

Adjustment of Asset Price Expectations=
(bsset Price—Expected Asset Pricel/Time to Adjust Asset Price Expectations

Adjustment of Expected Return on Capital=
(Perceived Return on Capital - Expected Return on Capital)/Time Horizon to Assess Capital Returns

Adjustment of Expected Wealth=
(Perceived Wealth — Expected Wealth)/Time Horizon to Asszess Wealth

Adjustment of Money Ratio Expectations=
(Perceived Money Ratio — Reference Money Ratio)/Time Horizon to Assess Inflation

Adjustment of Mormal Savings Rate=
{(Constrained Savings Fraction — Mormal Savings Fraction)/Time to Adiust Savinas Norms

Adinstment nf Price Fypectatione=
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« WA ALIE|R L

« Population Growth
« Try growing the population at 6%/yr, try 10%/yr.
« Try shrinking the population with a negative 3%/yr, 6%/yr or 10%/yr.

Money Supply

Try growing the money supply at 6%/yr, try 10%/yr, try 100%/yr.

Try a constant money supply with 0%/yr.

Try shrinking the money supply with a negative 3%/yr, try negative 6%/yr.

Government Growth

Try a government growth rate of 6%/yr or 10%/yr.

Try no growth beyond inflation with 0%/yr.

Try shrinking government spending with negative 3%/yr or 6%/yr.
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M Od EI DOC u m e ntatio n http://www.dynamicforecastin

g.com/ModelDoc.pdf

Model Documentation

By Keith Eubanks
September 9, 2010
http://www.dynamicforecasting.com/

1:The Engine of Economic Growth

As John Maynard Keyes observed “All production is for the purpose of ultimately
satisfying the consumer”'. From the dawn of time, people have labored to produce wheat
so they can bake bread for sustenance; labored to raise sheep so they can take wool for
thread, cloth and clothing; and labored to make tools and devices so that they can further
their labors and to protect themselves. In modern times, the production of humans far
exceeds that of our distant ancestors. We still produce wheat for bread and raise sheep
for clothing but we also mine iron for steel used to give strength and structure to our
automobiles, skyscrapers, and bridges; dig sand for the silicon that enables the creation of
millions of transistors and other circuitry on silicon chips within our computers, iPods,
and cell phones; harness the atom to generate electricity to light our homes, power our
computers, and cook our food. It is the accumulation of capital assets along with the
steady technological improvement of those assets and our knowledge that enables us to
so exceed our distant ancestors in scope and quality of our lives.

This work focuses on the basic engine of economic growth: the accumulation of capital
assets. A simple feedback model i1s presented that enables the exponential growth in
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M Od e I D OC u m e ntat i 0 n http://www.dynamicforecastin

g.com/ModelDoc.pdf

. “r Capital Assets
a)
Investment
. 4 M
Asset Life
#
'u:hnnlom\ \9 5 2 M
. |
wﬂmmm Savng 5.
F\mctlon of Income 0 ]
Seped 0 10 20 30 40 0
‘ / Time (Year)
Consumption
_ _ Capital Assets | Exporential Dedline
Diagram 1.1: Feedback Diagram for Solow Growth Model Capital Assets : Stability
Capital Assets | Exporential Growth
Graph 1.1
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https://www.cambridge.org/core/journals

Cambrldge Jou rnal /macroeconomic-dynamics

Academic v Cambridge English Education Bibles Digital Products About Us v Careers
Cambridge Core Seg
Browse subjects What we publish Services About Cambridge Core Institution login
Home Journals Macroeconomic Dynamics

Macroeconomic Dynamics

Search Macroeconomic Dynamics content Q
Submit your article Recommend to librarian

Journal home Latest issue All issues FirstView Most cited Most read
—
Getaccess @ Contains open access
Vo 23, Nuses 3. Arex 2007

ISSN: 1365-1005 (Print), 1469-8056 (Online)

Editor: William A. Barnett Oswald Distinguished Professor of Macroeconomics | Department of Economics | University of
Kansas | Snow Hall, Room 356 | 1460 Jayhawk Blvd. | Lawrence, Kansas 66045-7585 | |and Center for Financial Stability,
NY City |wbarnett@the-cfs.org

Editorial board

Macroeconomic Dynamics publishes theoretical, empirical or quantitative research of the highest standard. Papers
are welcomed from all areas of macroeconomics and from all parts of the world. Major advances in
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L https://www.youtube.com/watch?v=AnTwZVviXyY&fb
(MIT) Jo hn Sterman 1< |:I clid=IwAROEGsqOL2wfZ_KFZnla1sXROBFPI7KQionF7iQ

O0gDudYfmSf1APMqudx8

3 YouTube 2

Pl o) 2:14/1635
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https://www.youtube.com/watch?v=AnTwZVviXyY&fbclid=IwAR0EGsqOL2wfZ_kFZnla1sXRO6FPi7KQionF7iQOOqDudYfmSf1APMqudx8

L https://en.wikipedia.org/wiki/John Sterman?fbclid=Iw
(M IT) JOh n Sterma n _' nl AR2yrOnhiHOpFjszjRkbErOwFbat5 wqqgl8nbfK9EKkQO5u

pzxzJEJg12T1w

John Sterman

From Wikipedia, the free encyclopedia

_ This biography of a living person needs additional citations for verification. Please help by adding reliable sources. Contentious material about
living persons that is unsourced or poorly sourced must be removed immediately, especially if potentially libelous or harmful.

Find sources: "John Sterman” — news - newspapers - books - scholar - ISTOR (anuary 2077) (Learn how and when to remove this template message)

John David Sterman is the Jay W. Forrester Professor of Management, and the current director of the MIT System Dynamics Group at the MIT Sloan School John David Sterman

of Management.['l?] He is also co-faculty at the New England Complex Systems Institute. He is mostly considered as the current leader of the System Alma mater MIT Ph.D, 1982
Dynamics school of thought. He is the author of "Business Dynamics: Systems Thinking and Modeling for a Complex World'. Dartmouth College
Prof. Sterman has twice been awarded the Jay W. Forrester Prize for the best published work in system dynamics, won an IBM Faculty Award, won the T SRS B e S

thinking and modeling for a

Accenture Award for the best paper of the year published in the California Management Review, has seven times won awards for teaching excellence, and o s v

was named one of the MIT Sloan School's "Outstanding Faculty” by the Business Week Guide to the Best Business Schools. He has been featured on public
television's News Hour, National Public Radio's Marketplace, CBC television, Fortune, the Financial Times, Business Week, and other media for his research
and innovative use of interactive simulations in management education and policymaking.

Awards Jay W. Forrester Prize
Scientific career

Fields Systems science

He was an undergraduate at Dartmouth College and received his Ph.D from the MIT Sloan School of Management in 1982. [1]& Institutions MIT, New England Complex

. . . . .. . . . . ) Systems Institute
His research focuses on improving managerial decision making in complex systems. He has pioneered so-called "management flight simulators” used for

learning to manage the complexity of corporate and economic systems.

Publications |edit]
John Sterman has written a few books and several articles. A selection:

e 1994. Modeling for learning organizations. Edited with John D. W. Morecroft

e 2000. Business Dynamics: Systems thinking and modeling for a complex world. McGraw Hill.

Articles:

» 2005. "Operational and Behavioral Causes of Supply Chain Instability"&
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https://www.amazon.com/Business-Dynamics-Systems-Thinkin

(M IT) JOh n Sterma n _l IE g-Modeling/dp/007238915X/ref=sr 1 2?qid=1553896192&refi

nements=p 27%3ASterman&s=books&sr=1-2&text=Sterman

amazon

Deliver to i i Hello, Sign in
@ Korea, Republic of Departments ~ Your Amazon.com Today's Deals Gift Cards Registry Sell Help Account & Lists ~

Books Advanced Search New Releases Amazon Charts Best Sellers & More The MNew York Times® Best Sellers Children's Books Textbooks Textbook Rentals Sell Us Your Books Best Books of the Month Kindl

¢« Back to results

Business Dynamics: Systems Thinking and Modeling for a Complex World with CD-ROM HAR/CDR Edition

by John Sterman (Author), John D. Sterman (Author)

47 customer reviews

HUS'NESS Hardcover Other Sellers
$39.42 - $129.99 See all 2 versions
(*) Rent $39.42
Systems Due Date: Jun 21, 2019 Rental Details List Price: $499.95
John D. Sterman b . ,
Tbmhf"g and » FREE return shipping at the end of the semester. Save: $160.53 (80%)
Modeling for ja » Access codes and supplements are not guaranteed with rentals.

Free Shipping

In Stock. Rented from RentU , Fulfilled by Amazon ® Deliver to Korea Republic of

Want it Monday, April 82 Choose AmazonGlobal Priority Shipping at checkout. Details ‘ Add to Rental Cart ‘
(O) Buy used $54.73
() Buy new $129.99
ISBN-13: 978-0072389159
ISBN-10: 9780072385159
Why is ISBN important? ~ More Buying Choices s9 offers from $39.24
9 New from $129.99 = 46 Used from $54.73 3 Rentals from $39.24 1 Collectible from $124.99 See All Buying Options

Sell yours for a Gift Card
We'll buy it for up to $18.66
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<) https://link.springer.com/ref kentry/1
(Springer) WY 25 R RO TR SR

&) Springer Link Search @  Home » Logir

Encyclopedia of Complexity and Systems Science

2009 Edition | Editors: Robert A. Meyers (Editor-in-Chief)

@ Contents Q Search . . . .
System Dynamics and Its Contribution to Economics and

4 Page 27 of30 B Economic Modeling

Authors Authors and affiliations

Michael J. Radzicki
Statistics with Imprecise Data

Reference work entry

DOI: https://doi.org/10.1007/978-0-387-30440-3_539 L i i

Stellar Dynamics, N-body Methods for

Citations Readers Downloads

Primary Literature

1. Barlas Y (1989) Multiple Tests for Validation of System Dynamics Type of Simulation Models.
Eur J Operat Res 42(1):59-87
Google Scholar

2. Barr N (1988) The Phillips Machine. LSE Q Winter 2(4):305-337
Google Scholar

3. Dangerfield BC (2007) System dynamics advances strategic economic transition planning in
a developing nation. In: Qudrat-Ullah H, Spector M, Davidsen P (eds) Complex decision-
making: Theory & practice. Springer, New York, pp 185-209

Google Scholar
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Ya m a g u C h i P rOf. http://www.muratopia.org/index.html

3

www.muratopia.org/index.html * L& €

Public Money | Macro Book | Research | Green Business | Money Forum | Aboutus |

— Welcome to MuRatopia (Green Village) Home

<Japanese Site>

Welcome to my MuRatopia (Green Village) Home. This is a
place where I daily envision our sustainable futures and society.
My research works done here, I hope, will be as valuable to
your search for a better world as well.

Kaoru Yamaguchi, Ph.D. (UC Berkeley)
Full Professor
at the Social Science University of Ankara, Turkey
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Ya m a g u C h I P rOf. http://www.muratopia.org/Yamaguchi/Research.html

Research

<Japanese Site>
Work in Progress / Done

Currently working on the Edition 3.2 of "Money and Macroeconomic Dynamics".

"Fundamentals of the ASD Model as an Alternative to SMM (JFRC Working Paper No. 02-
2018).(New !)

"Modeling_An EPM-token Experiment" (New !)

-- Accounting System Dynamics Analysis --

(Joint paper submitted to the 36th International Conf. of the System Dynamics Society,
Univ. of Iceland, Reykjavik, Iceland, Aug. 6 -10, 2018)

"Public Money, Debt Maney and Blockchain-based Money Classified" (New ! )
-- EPM as Money of the Futures -- (Presentation Slides)

(Joint paper to be presented at the 13th Annual AMI Monetary Reform Confference,
Chicago, Sept. 14-17, 2017)

"Peer-to-Peer Public money System -- Focusing_on Payments"
(Joint paper to be presented at the 2nd Asia-Pacific Region System Dynamics Conference
of

the System Dynamics Society at the National University of Singapore, Feb. 19-22, 2017)

"The Heads and Tails of Money Creation and its System Design Failures -- Toward the
Alternative System Design"
(Joint paper presented at the 34th International Conf. of the System Dynamics Society,
Delft, Netherlands, July 18, 2016.)

aSSIST 44 CEO %Azt 164


http://www.muratopia.org/Yamaguchi/Research.html

[ J
Ya m a g u C h I P rOf. http://www.muratopia.org/Yamaguchi/Research.html

ing System Dynamics Approach)._pdf

Money

and
Macroeconomic Dynamics

Accounting System Dynamics Approach

Edition 4.0
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Modeling An EPM-token Experiment

— Accounting System Dynamics Analysis —
JFRC Working Paper No. 01-2018

Kaoru Yamaguchi, Ph.D.
Yokei Yamaguchi, M.Sc., M.Phil *

Japan Futures Research Center
Awaji Island 656-1325, Japan

E-mail: director@muratopia.net

Keywords: Electronic Public Money, EPM-token, Crypto-coin,
EPM-token Experiment, Community Service Fee, Transaction Fee

Abstract

In our previous research, we have discussed the Electronic Public
Money (EPM) based on blockchain and distributed ledger technology is
money of the futures. As a first step toward its implementation, we have
proposed an experiment of EPM-token that can be converted to cash with
one-to-one exchange rate, and a roadmap for conducting the experiment
in Japan.
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Preface My Off-Rad Journey for A Better World (Contents included)
Preface to Edition 4.0 (new)

Part I: Accounting System Dynamics
Chapterl System Dynamics (Figures 1) (SD models 1) Model Guide
Chapter2 Demand and Supply (Eigures 2) (SD models 2)

Chapter3 Accounting System Dynamics (Revised) (Figures 3) (SD models 3)

Part II: Macroeconomic Systems of Debt Money

Chapter4 Macroeconomic System Overview (Eigures 4) (SD models 4)
Chapters Money and Its Creation (Revised) (Eigures 5) (SD models 3)
Chapter6 Interest and Equity (Figures 6) (SD models 6)

Chapter7 Aggregate Demand Equilibria (Figures 7) (SD models 7)
Chapter8 Integration of Real and Monetary Economies (Eigures 8)
Chapter9 A Macroeconomic System (Eigures 9)

Part III: Open Macroeconomic Systems of Debt Money
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DBS—08—-01
Open Macroeconomies as

A Closed Economic System
— SD Macroeconomic Modeling Completed —

Kaoru Yamaguchi *

Doshisha Business School
Doshisha University
Kyoto 602-8580, Japan

E-mail: kaoyamag(@mail.doshisha.ac.jp

Abstract

This paper completes the series of macroeconomic modeling that tries
to model macroeconomic dynamics on the basis of the principle of ac-
counting system dynamics developed by the author. Money supply and
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Dynamic stock and flow diagram

Fort=0, Stock A =10, Stock B =0

AW = Al=2lo| M= o} 7]
5l A

i
oAl g

v 7I.A'IE k"o EI:-IIOI AEI

A2 S0p7H=X| 29l
v EZ2 TII} S(-)0| B
Wotx| Qx| ol

Dynamic stock and flow diagram
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[Time ] Stock & A Flow Al StockB 2

[0 1000 000|000
1 9.912844 0087156 0.037156
2 9,739196| 0173648 0,260804
3 9.480377 0.258819 0519623
4 9,138357 0.34202 0861643
5 8.715739| 0422618 1.284261
B 8215739 0,50 1,784261
7 7.642163 0573576 2357837
=] B.93937/5 0642788 3.000825
9 6,292268| 0707107 3,707732
10 5.526224 0.766044 4 473776

Ten first stocks and flow values

Equations that change the two stocks via the flow are:

¢
Stock A = f —Flow dt
0

¢
Stock B = f Flow dt
0

List of all the equations, in their order of execution in each time, from time = 1 to 36:
1) Flow = sin(5t)
2.1) Stock A — = Flow
2.2) Stock B + = Flow
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