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Traditional Modeling

sl

- Linear
- Co relational
- Static
- Quantitative|
- Operational

- Rigid
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Dynamic Business Modeling

N
Growthin Employee

» Non-linear (& looping)

- Ongoing causality

« Dynamically oriented

- Quantitative & qualitative
« Strategic & operational

- Flexible

15. A|2AE] CIO|LfIAQ} SQFH Al

10




16. X Al vs. FAE AlD

171 2101Af Sf0] TIEH Eme
EIE RS TR S

= =

EfSI=0) o5t 33 I
AN 2gio, go| I=w =

Tz
N
/' \ PrpS
Water x P Fire
A5 &
& 4
Gold N —— Earth

2011 2 A 2%l cfojuiul = 9] A

17. A|2H] Clo|Lig{22| &= a1y

o AIAEIAITIE 2IMOR AIAHS HSAIY & Y= ST XHS
SHZASITX} BICE 012{3 HOIM AIAE ALD

A2 HAEIC S AMEICE

[
=

===

=
N
£
ra
J
18
!
]

| 3. #xo|

=8 o3 e x|y
Ha Aol Y Ay

AlEZ|0]M

AT = B

Stock / Flow

=2l ofa
BOTG

2011 29 A 2%l cfojuiul = 9] A




18. HE{OIA] =2 O2|1 MECR

SHEH =
——
e 2M n=u 2M
Continuous Patterns Endogeneous Feedback Loops

| E——

L

B x|y

Policy Leverage

So mEm £
(Negative Feedback Loop)
PR —— S

=°| D= £ + A|ZEX|AH
(Negative Feedback Loop + Time Delay)
g — @ | E—

o] m|EM 2
(Positive Feedback Loop)

20119 29 X ¥ choluu) ~ 9] g4

19. 22l= ofm gt =#3 Elx U=71?

1. R2|= =&2 Etx U=}
=>

712
X2 L0{ 2017} OfL|H =&t2| E2=2 E&{7}=71?

2. 227} Et2 U= =&2 OfC|2 =8 7k=91?
=> 22| m|=URIT} OfLIH 2| m|=ufelT}?

20119 29 X 2#) choluu) ~ 9] I 4




System Dynamics 22! |2

E=s
(MMM AT L, cwkim@seri.org)

20114 23 7

13

CLD2| &&u} st
oz DEE =70 Eat / YEH 2EE =12

-
- B AAHC FEE 27| A E8I510] 0|sHEI=F &
- 2| Ho0f U= Mzts A2 M M2 nRE IS &

Al2H! 218 (archetype)S E&510 AIAEIS| HEQL F2 XEICHE 2| wA
# AIAE 28: A BHEHoR KBS ElE 7= H0|HMA HEHel 7E,
Limits to Growth, Shifting the Burden, Tragedy of Commons ---

e

Al:
A|AEIO| SEfX WSl (dynamics) S HO0{EX| 28
- MM BMo| OX FEN BME MS5HK| &

O™ DynamicsZt LIEFEX| 2{™H FFE DG A=t

olof T2t A|Eo|M E410] E2




odizl g ALl Ingallsiit 2] 0[0F7]

o EHNIZF B|AL, Ingalls

19704, 0| Z&Y2| MAZICHH= A2t
219764, 52 &2 H|E =1}

HAHE Y FlF=
o2 0l =z} 2% =

ZIEE2 ZifblZ, oA BtE Z217f?

AAE CholUEA 28

= X =2
=0
IZ2MEO| A|AH ClO[LHA RS M=
> ol
s a=dE
oFel Uy a2 obel
=




= evasEsEEEREEEEALaaea..,, i L)
oz &= > 29|
- Haiof Cifs
- e =
L
T2k 94 %,
. H2o| =0
S THat o3t
0” “‘ ’.0 “‘
& y ’.0 .
O. .0. 6‘ “
o A o .
< Eo|] o A (4%
4 280 0lgf -..op T 2UH I - > A==
QL= Alzt SHIE =8 ..
[ Ttrnaa.,, ¥ ‘,’ 0 0‘---.....
R - CENTUVR e
+ pte——> LU TN ool 28 < s2iol 4= " sfplo
12| &7} a s
== T - e
2= 7|8t “ FO W <« % Hi74 OfE|
%0, & o=
ZHof 7|2t | )
. g 8§
280 w
"’ .0 ..0
7|8t teio|
R~ = S Sk
=0 et o T
., ol chat
ZHO{7[ZEQ|  seurauranrennnet oo HEk
of2d

HAE ST TS YA AIBHOINE S

M) sor & & (=) E9| 91 919 (BxH)
4 M 2,000
3M 1,500
2M 1,000
1M 500
0 1 2 3 4 5 6 0 1 2 3 4
AlZH(A)
sHoket U (Il L) Line £l o Ql(FII2T L)
sHoker A (71=2) Line £l o 2l (TI2)

&7 10% FI} 2 50% 0|2 FIH|S Ll




A& Clo|ulii 22| S2|

Q O] 2E4, 49/ 47008 £ A|S

“Al2H] CloILH=i AT} Azl ?”

Sysiem Dynamics

2,000
1,500
1,000

500

2 H| 40%ZL

16



CIO|LIAE = 22 ‘state’ 2 ‘change’ 2| feedback

Cranoe
T\

State 1

oiTho) eI > BRI

Feedback®| HH=& SO CIO|LHSIA T} 248

4 4y

=

Dcizlo| sHAMA: Stock/Flow &1} H47H 2

- 2 ‘Sz dEjolM CHS HENTE OfE A ZYEI=X] Yt S| FEY
« AMEZo|M: ‘2o U= MEf 0|HE HEH2= XESH= 2

M
AL

fijo
HI

- AAHS| SR MEXE AR MEEE SHE 54

o DESo| sHAITLA:
1. MEfH=(stock) I} H3E Bi(flow)E 7&2
— stock-flow diagram(SFD)

2. 4SxZo| =S Y3

o]

— 71 2H7|Al(equations) M A

I

17



Stock-Flow Diagram:
Stock, Flow, Auxilary Variables?| ZtHAHE ®E8l

flow

stock

auxilary variable

|5t ofadof 2472 - stock®| Y-S Hro}
oo sk €A g
of 5t 7|5t otad 9| flowBl =0l H& =
S HM=tMof ohst
Ao ol Tl e

HME 2ZE0{(Vensim)2| &&: SFD &y / 214 Y

P MOL Var Produeivitg

~ Mmnmbm PHOJEC

BER S el ENfowsnn A SewRAd SROM
pe@Mm @SR TTA SN 2xe [ 3
o s
2 e ™Fatigue Effect |
(=] Fatigue 4 FIAL TIVE
= OVTLimit //’ e o on nn;:ual.ty A

arertine e Overtime EftectO aigue i
E ! Fatigue Effect on onouaity? Tames
Productivity
£ Favgue Anticipated

e Producion Riate

w Marmal
Produetsity.

Desied
People =ople
e v
Desired doing ¥ Doing =—Productivity—
rate 8 p—
Change ames s idden
Remaining %{\ i Dc;i.ng Fg“ S I?.'uv jﬁi : : . vmml:wmlm|—l 1
: | [rom =
Time ~_ c_nanve rlme - wrang ||_~m =l ; é El ) [P T mProdcivty
inding v | U]
t
e Date Making H“m""Hasle/F;uﬁ o — -
: Anticipated Bughind Time B
Due Date Estimated =gl
s\ TeChan ""C‘:‘/"y'em Time  schedule e | . pewl [T oo o peeppuelieon &
e Sthagule . \»,____'Pressure_ . G ]  ChechSpnia | Check Modd | e | _Carcel |

18



HE 2ZEH0{(Vensim)2| &E: A|[S0]M / Z1} B4

4 Venpim:PROMEC=2.M0L Var:CumStat Years

Elle Edt Modal Jooks Mindows felp
XL ICXEL T i e 13 2 FICLL L
TYEr X N E|
x|

—— o —FEre|

OVTLimit /,Faligue;_\ EffectofFatigue an
2 ™ g 2000
OverTene e et ¥ o %
%‘ " Fatigue Effect on
Productivity

. ~ e
Fatque Adtekinkedi < | lono |

CumsStafl Years

HENE® ?@.&?

,
Indicated \ TimeToGet
J 0ver1ime A,

—— " Eroguction Rt " Zesa®

Desired
People

N — B il
R w Nommal e
i P Ry, MIES=

People * People

e
Dioing right o

Finish Mn‘\

e WMo TN s
Desired doing (eS| WV mo]._- )

=¥ Daing==—P|
CumStaf Years - Project-Changes = = person
CumStalf Years  Preject-HoChanges prion

rate ’Sh(a"ues —
{ Change amours” / TIME STE il
Remaining / um:v\vo- Tabo ) bgﬁé/ 3 [
ije‘ ‘-\-.E.nmy-.'lm.\lil - || wrong o
N ME STES
iy g
Haste BUgS
BugFing Time \‘

Waste
g

Making Haste 1,
AT Makng Wastie 1
“Anticipated
Due Data Estimated
—— Complete Time
Tochan
ok 5 m_ilé_ f} h

Initial D
Ny

Schedule
e Pressure =
—

SD ZHE Hy2 4t 2 7Y

AMHS EE
2x2 35z -Reference Modes
.ImEEI- EI:II x =
=4 o] A -olm2 I Clojo{14(CLD)
o e -X{2E- 22 C}0]0{1(SFD)

(HZE BAIA] R =013k MY
+AIS2]|0|M

=Es)
callbratlorﬁ
- DHIO| HIAE

S0 R HS

*ALIE|2 A
-OIZt= B M(sensitivity test)
«Z|X3l(optimization)

3 9ot

19



Bal2] WA 0: Boom & what?

or

Vs. 0l

Capacity £t

v

2Xlol Hys - T2 03 Mol 25

< g, FX1, 17 3 202 2™l H &Y

%‘%‘ o3

k\ga%%

20



A&l = T2(7]

FETOME | BUAL)  gmom - R
!

R T

ZEoHII - FHAS | - FE

ol a|
/ of| &
= \R) o
o m Y oE
Loop

2+
I

2l

!

[ EITT
PN

<Time>

C

» Stock-Flow Diagram =AM / ZHA|AT} =72k MY | 22 e HIAE

B

4

+

=t7|7} Salesoll
0%l &gk

L =717} Salesoil
0%l & &g

21



@} (1) - FHLD

Strengthening the Positive Loop
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4-2. Drifting Goals

ot
Tar§et Pressure to o
Budget B2 Impress Corporate
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Gap Actual
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Actual B1 Use of Expensive
Expenditure Options
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4-3. Drifting Goals
e

sE . 3
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Ga > Ga
+ +
B
A B
N N

Gap between desired performance and current reality can be resolved either by taking corrective action to achieve the
goal or by lowering the goal

;

=
k=)

The gap is often resolved by lowering the goal. Over time, the performance level also drifts downward. This drift may
happen very gradually, even without deliberate action, so that the organization is not even aware of its impact.

Boiled Frog Syndrome : it describes a scenario in which performance or expectation degrade imperceptibly over a long
period of time.




4-4. Drifting Goals
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5-2. Limits to Growth
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6-1. Growth and Underinvestment
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6-3. Growth and Underinvestment
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7-2. Success to the Successful
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8-2. Escalation
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8-2. Escalation
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1. Stock-Flow Diagram &H2|¢} 7|2 74 (2)
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E83 £2|(water level)

E42 $(employee)

X|&l(knowledge)

32 (inventory)

2011 29 A 28] dhoj w2~ 9] A%

OutFIow

3

Out flow(S=2H

71 £4&l(loss)

AIE (death)

£ A2 (water usage)

2 Z (fire rate)

22k (forget)

ol (sales)

70



3. QlnlX|=(CLD)0IM Stock-Flow Diagram7}X|...

ol M-
(SFD)

xigfg’r%f

az|s|

e
sael
£
olNtX| =

(CLD)

2011 2 A 2%l cfojuiul = 9] A

[=2

4. 2 Z2=0| FIIX| 28 : Top-Down & Bottom-Up Modeling

+ Top-down modeling (&M 2EIl) :

Al2E40] cHEt QITtX|=(CLD) & M J2{M S8 n|=4

IL

1]
ok

= oI,
AlAgle] ®A TEE 0[sH3 CHS (Top) S OIS HIZOE A XY-RUE

S O™

(SFD)E 7= (Down) = Vensim, S MY (Here we go~~!! **)

< Bottom-up modeling (FHHILM 2HZ) :

=0 &= & Hx(stock) 2t W32 W (flow)E FAEH] (building-block)
22 501 ME-FE=(SFD)E 758t CkZ (Bottom) > HES UHFSIX0| 73|
% SFDE HIE 22 MA|Z NX|=E 74 (UP) > Stella

20114 2 A 2%l cfojuiul = 9] A
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5. AHIH MA-FL=(SFD)2| 7 Al2fl : 3Z2| W &tA 2#H(CLD)
& ol Z2l Akt +
ZAZH AFRIO| BHLE=
5%
= &
+
U | El'lgl fxli
\\// :
i 9

20114 29 A 2 ol 2 ) 2

st Aleh| =4t

<STOCK>
1. 2L MRS 27, 2.

<FLOW>
g Z2l= A

= 2iE
1. Mooy 2l A}

28I £

6. Stock ? Flow ? or, Else ?
+ Mool 2l At
2L AIRO| BHLH=
1 w.
) | =
‘\w o x-lg‘%il =
.

gto| =}t

CELSE?> & THIE 247
LI.EI,I-H A JAIE
gt} 7

> £IH9| Stock HA9|
7'.2 ulga..

ol ZEl AlEte| At

fl3iAM= Stock, Flow #8F OfL|2} 5=

B (aux) 2} At=(constant)7} 22~!!

(E=1%
=
TN =E B

A&l
HE

24Zk5H ALRHO| D= 214
Zra 8H =8| BAE
(CLDOj| S£7}5H SFD 7A)

2011 29 A =¥ tloluul X 9] a4
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HZEMH4(aux), M5(constant) FII2 28 IS}
eemRERR R A \\\
HAHo| 22 AT « \
T ouzs Ao B + |
’ =
' Uz
. e
= @ ) @@‘
Va TS
’ ar S
. Yt MRS 2% Mol Hals Algte] 2x} HHE Pl Al X
II & \\ + 4
1 1
1 1
1 1
1
L 1
v i
(& 2B AJEIO| AHRES BHIE & 31557 / |:> : Bt AR SN0 BILIS AlESl 21
s (> st AR BHHE QHLEE AJRIRRL - AZSAIES) ) - dZS AR =R
< 7
/7
< ZAZHSt AFRIO| BHLH= ALRIE S0 Mgioll 22l Alte? [/ |f) - FHO| ZEl Aol Hlg
(> ZZ3t ALRIO| ALRHS BILE= 3 215+ M ZEI AL HIB) | - S0I7 (T3 AL + MY 8
U
»
+ Z1Zst AHEIO| MO Z2 ALRLE BitE A2 MeElE ul%eﬂj - MY BRI} BN MYE= HIS
11

2011 2 A 2%l cfojuiul = 9] A

8. Stock-Flow Dia

gram J2|7| : EXM$, M5E FIt6H SFD HEH!

st=o) BHi= s
P
/ @ WA meron e
AbREe] H|
st ALEHE S0l Tl #xEe}
BH= AlRtel BILPA Ml
po HIS
aun SHepol Ze
At 2% - Alete 2%
“Hal=
AtRES] 27
s017

20114 29 A 28] cho] =} = §] A 12




©
(2]
n
O
=

45

it
I
Ju
mio
O

8t 2kM : Constants

1. ‘FAFol ojo|2= FECt. (01=] Fo=IX| $2 HSS0] I LIEHR)

2. Ho|5111X} 5l= HE+E Editing equation for - 3 ARIEHGH2H BH = ARES) 27
2|51 A F 9| B R & ah ol BIhE AR Ak
SIELT} LIEpLE. G =

]
Type Unda 3| 9| +| Waiables |Funclions| More I
4. A0[7] S0 [Eonstart j MR EEE Bhttse e et |
_ 58 Zalpit | 2 Bl
I Suppleme ol E| .|/ ’
Help I | ;I
5. EQI3 HlAlo= Units: [17day =l
JSEsea sl g, 5
== menk:
0.12 Fosict. |
Errors: IEquatinn F ﬂ
,TI Check Syntax I Check Model I Delete Yaniable I Cancel I
2011d 29 A28 chol v ~ 9] a4 B

10. SFDL 4] @IS S5t 21y : Stock Variables

5. 0] =AlQ] ojn|= ‘AW HE|= AHEe] AP 25
H3lSHSE AlSoiA Bok= 2|ojoct. o] 412
Vensim PLEOIAM XIS 2 MBS =C}.

fal AbEto| sexp AP A £
TEHSTE &6l 2L N EECLEEEECEEE =]
2. 2EESo MR mE |
Folgt £} gict. Iritial [ 1e+005
/\‘ Walue
3. C}Bk, =7|Zk(Initial 1 Undo | 7| 8] 8] +| Vaisbles | Functions| Mors |
Value) B2 Ho|af =M Level H oy 4] 5] &] - T R
EIC}. 047]0fIA{= 1,000,000 | I7| TEEE e
5oz No|519c}. e SIEl [ 7] [2Ees aas tere s
EIETE o o e
4. TEE¢N|A1I_ LH:HXIOII Units: IPerson j
CHSHM = &1 £ EH2I}
eict Com- =
. ment:
=l
6. OREIIIXIZ ‘Mgof el Erers [Euusion O [-]
A}Egl %XF 9_| _’:‘_7'3}\% 0K I Check Syntax I Check Model | Delete ¥ ariable I Cancel I

10822 #o|5tA}.
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11. SFDL} Al o]&i= E5F &M : Flow Variables

1. ‘Foddof He|= |.El-o| - I X Editing equation for - TESH 2a= ARD 2
3l H4aE ZeI5K} EEELFEEREE
TEE O AR LR AL E A0l U E B HEE SA e HEE S g L]
2. A=P0| S7h E 0il Variab
OIM  ‘HEol 242! Aletnt 24zt
AVRIO| BHE 215 2t B4E =
Zal5lA. (4] "o T|=.?.o|| Lipe Unda| 7| 8] 8] +]| Varables | Functions | More |
Selst Hi= 0|S0] LIEIL Zi0|Ct.) IAUX‘I‘GW jv for] 4]5]6. Bl = |
|Norma\ = 11213 e TR S ZE = " E j
3. HIAZ|OIA] * = SEl5}A} I~ Supplementary S| [TEE DY AR AL Q0| BHAS H
g5 o
4., EI‘A' Variablesollkl ‘x1‘.’=.‘“§0|| Units: IPersomfday -
22l Abzta A28 ALRO| e =
BiLlE= 21 & SE[olxl. menk
|
5. OK= I_E'I H‘ﬂ'o onI Enprs: IEqualiDnDK j
AIE o l_l_ TS Check Syntax I Check Model Delete Variable Cancel |

X Variables 8I=20=
W4 0|SS0] LIEPCE.

20114 2 A 2% cfojuiul = 9] a3 15

QIALEHA| SHAER HZE|0] 0] H0f FES F=

12. SFDL $4] olzig S5 2

L x| 4

E0il cHsiM = ClZ 3t Zol

A =Eo
TAMES MF

(01)
(02)
(03)
(04)

(05)

(06)
(07)
(08)
(09)

2zt ALEte] =Xt= INTEG (- ﬁ.":.‘"goll Zel= Altel =%}, 1e+006)

ZE0I3 = 225t AlRte| =X} + ZidHof| Zal AlEte| =Xt

o shxjel OHEAM ME|= HI =0.1

ol Hel= ALRte] =X} = ZgHoj| Zel Algtar 2423t ALEto] BiLt
* MW EiX1Q} BHLIAM ML= HIS

Hdoll Zel Al 2425t ALgto| BiLh= Sl

* X-lofll:go" 7-IE| AI.EI-O' H|°

Heddoll Zel Algte| HIE = W0l Zel AlEte| =i} / EoI7

"oy Zel Algkel ==Xl= INTEG (Zgiof Zel= Algtel =XL, 10)

SIR0ll BHLb= ALRte| X} = Z4Z8E ALEke| At + 8F ALEHE SHROfl BHL= AFRe| =Xt

Bt ALEtet SIR0]| BHLb= ALEte| Xl= 5

314

=~

rir

= 8l 0f| BHLl= Alke]l =X}

20114 2 A 2%l cfojuiul = 9] a3 16
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13. Simulation : Time Bound2} & Data Set A&

1. Model M5 21, CIA| Time Boundszl=
HIFE FEM, 2EXM 22 AIS0|M

AlZhS M3ESH= A=} LIELICE Time Bounds for Model

IMITIAL TIME =
g
(AlZ20]M Zato| Jaf=of LIEFL) &
- AIEg|0|M E& A2t / TIME STEP = |1 -]
- A|S8|0|M ZIgH CIQ|A|ZE ¥ Save results every TIME STEP

(O17[0IA= BIEOICt AISROIS 28— e SAERER- |
. AIEHIOIE ,E’J-!I'E x‘lon%I‘E ?_l'a/’—v Units for Time Ida_l,l VI
- AlZte| B9l (097I0IME= SIF)

3. ‘AIZHOIM AIZF O[2H= Ol0I2S F2i4]

NOTE: Tachange later use Model: Time Bounds

owen_|

AlE[0|M AlFo[2}= Ol0|2S F2H,

Data Set0| CurrentZ E|0{ /=0, ©0{ £ HLIX|E =S0{= Z0|C}.

Data Set0|2t AIZ2]|0|M Z1IE XM5l= LtUS o|0|FHC.

VensimOAM= 5iLi2| 2HS 0[2] X2| HEA|F HHA d0[3t AISE|0|M

ANE CHE ool MFS=SF 1835t QUCt
ol2{st mS Data Seto|2lz sict.

20114 2 A 2% cfojuiul = 9] a3
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14. Simulation Z3} 27| : Workbench Hi$ &&

o Vensim o] BHI2l2 ‘=to{Cl(workbench)2| HISHAIS 7}X|2 /C}.
o Vensim?| O|EE2 U=o| ‘£ 0|1,

Solo) TatEl eSS =) MRE £ = K|S’ 2T AZHst 4 oic).
o ‘Zte{¥=x(Workbench variable)’ & ‘=37 AISHM ML= ME’ O[Ch

o X, Vensim?| =52 (oIt £3, Hnitis £3, u|=H 2, Zjojtiel 7 2loIH~E9|
B8} D20, Zojeso| st DI, Zef Aol s} HIOIE) YA Mol A HBECH
° mullo| HAES oA OhSa{p, HA M 0l0| 230 SN WA E CiE Selsich
° o{7|0flAls TgiHoll ZEl AJRte] XA B MiH42 M siC),
© Vensim 33| M SIS0l Ztefsh= mtelo| 0|t & =2 0|F0] LIEHCE.
Current Graph for 0| Z2l AlBHe| =X}
HAHoj| ZEl ALErS| XL 2M
2M
1.5M 15M
1M
500,000 ™ ]
0 e
HAY™oj Hel= AEe| =Xt By /
ZO0,00J - 500,000
150,000
1003500 2 0 5 10 15 20 25 30 3 40 45 50
50,(:)0( Time (day)
0 25 50 Hedwofl Zal Aol 24t : Current Person
Time (day)
2011 294 X 2 ol = 9] A% 18
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15. Simulation Z1} ©7]| : Control Panel &2

o L= AIEY0|ME SHEITA F2Z F2t & .
CIE o{Ele| HL-Eo| HME #0151, = £ pL-Eo| SEfX WIS H|wsi2{H AlS2o|M HuE
HO{FE WaAlS Myt TQJ| QUCt
0|E £=845}7| 2I5HM= Control PanelO[2l= HIFE AH
Control Panel2 Window2H= Mis2] 5191 M0l Abch

I

o T
]
F0
=
32
n

o 2E% Z 0j0|2S Me5i0] 8 += ULt

o Control PanelE 211, GraphE +2H,
SEZ s1mHo| HolC}. Control Panel

/ Yaiizble | Time Axis | Sealing| Datasets  Graphs

IS MYSHE M
AlS2|0|M 23} D2 Z0IM AlZtEAIS MF
AlE2[0|M Zat J2=o| MZS A} Ehe| &8
AlZ% Data SetES ™
AISHIOIM 23 )0l EBAIZ 4 R|Y | Meds | oo | ten
Delete I / Rearder...

I~ Kespontop Cloze |

S5

© O0|A| Newz}= O[0|2S SECF.
32| CiZe| Ho|XIt 22 A=27} LIEHE Z{0[C}.

2011 2 A 2%l cfojuiul = 9] A 19

16. Simulation Z1} E7]| : Control Panel2 &35 Jz2l= H7|
o H0iIAl New OJ0I2S 20 C}2 1} 22 $100| LIERI}.
017101lM AISI0IA ZTpoll EEHE HA ST ALRE Dataset, 12131 JZo| 54 S MFsiC)
Cistom guaph defndfionfor. [RUNT

Tige [EES moH

1

s | s [uiat |
W [ Mo Hewitions [ Y-vitions
Sump [ Comment | iy stAko| Ay
[ T T e i [
Scale  Venable Diataret Label  Linew Unils Yoo Yaoax 1 M Person
.—::L‘:iz: ﬁ]l : F;: { 20(;,2”0P|;erson/( ay
R sa| | | o T eL2en
= e [ [ T 500,000Person
] s I T 100,00®erson/day
[ Lse | T [ 0 1M Person
I A WIP Graph mspoinis] [ Copyto | Testoutpes | Solt Bounds
[Cox ] Concel | | 0 Person
0 Person/day
0 Person

0 5 10 15 20 25 30 35 40 45 50

o OKE 5E2HM 22| Control PaneJE_/ UL

E0lZtct. ojuf DisplayE SECI. 428k ALREQ| X} : Current —————— Person
o Zal= ALEte| =X} : Current——— Person/day
XHHof| Z2l Alghe| =X} : Current Person
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17. Simulation Z1} E7]| : A|S2{|0|M H1l FES 9|8t H 4|

© Qo] A|E2|0|M ZimlojlA] 2}t =0 WSLYL CIE Moo= HA|LIAC) 80 018 S
ZEIESHH 2ok= =7} 21Ct. 0|8 AlHS517| 215101 CIS 3 22 FIHX| WHS ALZEiCt.
1. 22| Graph MF0M 2} Ho| Mo| HI|E =Fsirt.
Linewzl= ZHoll 1,2,3--- S2| Z}2 M3, Mo| HI |7t H2IZICE..
2. Z} WMo Moj| HSE F0isl= Wio| 2UCt.
0= OptionO|2l= HiwF0ilA MFsiCt.
3. 2|1 LIA Control PanelOlA{ DisplayE =2 E&}.
Mo H#7|2} MS A

1M Person [T T T1
200,00®erson/day
™ Continually Refrssh Sketches 2 M Person
Fonts for Dialog Boxes
Narmal - M3 Sans Seifgii00 | 500,00®Person
Compressed - $mall Fortsl7I0-0-0 | 100,00®erson/day
1M Person
Cancel
0 Person
0 Person/day
0 Person

0°°5°1% 15 20 25 30 3540 45 50

Time (day)
:Currgnt1 1 1 1 1 1 Person
9] :
[gle| =4} : Carrgmtz—3— 33~ Person

2011 2 A 2%l cfojuiul = 9] A 21

18. Simulation Z1} 27| : C}et FEHS| At 2= MYy} HE

© EZ Alzte| 0]ofl O}E M gko| MS17} OLL|2} CIE M gto| F=0[0f WE B3S Slelst IR} 9lrt.
o€ So0{M Med'Hof ZEl AR (=85)0] Soe =5 M20] Mo Za|= Algh(HsE Wy
2| zto| o{E 7 H3lsl=xIE HESH =i st siat.

© O|ujofl= Control Panel®ilM X-F0i TH'Hofl ZEI Algte] =Ab 2= M4E MY

Custom aoph efnion o [3RacH Hpol ZE AFRIO| S7H10 Wt ME H2Is Algtel £X1o] 0]
T\ [FEET S ol B HA ek A= A2 e A g 30 200,000
s [FEET S AR 24 Sel |wlabel |
Hemnin [0 Heman [1e+008  Wedivisions | Yedivisions [
150,000
Stamp | Comment I
I™ Dots [ Lbbniervals  Widh | Height T
Scale_ Warable Dataset Labsl  LineW lnits  Yomin  Y-mas |:> oToco e
'_|ﬁaau|| BRI |
= sel | | [ I
~l sel | ] | 1 50,000
ol s | | N I — /
=i _sd | | ] o l/
| sl | | | [ 0 250000 00000 750000 Te+006
I~ s WIP Graph maxpaints) Copyio.. | Testouput [~ Soft Bounds R0 UL Mol 2R
0K Cancel Mo Hals Algel 24k Current+—+—+—+—+—+—+—+ Person/day

2011 29 A 2% cfojuiul = 9] a3 22




19. OIZ= B M(Sensitivity analysis)

. B4 Zho] Chebsta| wtet of, AIS20|M Zalv} ofEH| HstsH=XIE 2oles A
. Vensim PLEOIM= Data Set2 #2510 DIzi= EAMS 5iC).
.HE AIEH0|M A[ZP Ol0|2 o] ‘AlZE0|M =H|' Ol0|IES

1 ojzis
2

3

4. J2{H & HS0| NS 2 LIEFCICE

5

6

7

=0

fijo

AMo|ata

e

Ct.

HI

£ct.

=

‘st AIRE S5ER0]l BHLL= ARl AP & 3H2E HIL, AIE2|0|M A= of0|22 F+ECt. (0] Z42 LAIFO|L

. ME22 AIS3|0|M ZHE current0f 20{ £X| £0{8 Z{0|C}. OlL|2}11 5t1, M2 Data SetE run122 MFsh
. O|X| Graph &3 idS olz2liel 20| =HSt2 DisplayE 2Lt

(HYwH4o| J2f=E LIEIL= 21%2| Graph 0}0|2S T2 27 =t{eisof chst 2IZ= EAM J2f=7} LIEjLICH

Custom araph definition for; |SA DIZIE EAM (5120] QL= AFRIO] 50[IA] 322 W3
Title |\“J HT 24 ohFoll SHHE ARO| Aol 322 Hst)

1M Person fe e TerT=g c ¢
Setsic Sl [xLabel | 1M Person
Hemin Heman 2-divisions ¥-divisiors

Stamp | Comment | \
& Nom € Cum C Stack | [ Dats [ LbHntervals  Width Height 500,000Person
Scale_ Variable Dataset Label  LineW Unitz  Y'min_¥max  500,000Person %

r EEERCENR N R ETEn
r EEERCERR N R
'_| el ||

I

| crr r \
| T T 0 Person

: I— I_ I_l— 0 Person
I

sel | |
l'l [ 0 5 10 15 20 25 30 35 40 45 50
r | sel || Fl—l_l— Time (day)
| sel || | | 2
}ALRES] 2K ¢
I 8sWIP Graph (maspeints] | Copyto.. | Testouput |I™ Soft Bounds g;j::u:g; ;;::f:;:em U e ::::g:
oK Cancel |
2011 29 X 28 oyl = 9] I f 23

20. (5*=) Vensim &% : Delay &%

© EEHOI AlZkx|2H0| EXHE moll= Delaygt

4>
ln
=
ok
rok
o

O Al 4 DelaygtiE 0121712 Hsls W9l £F HMEE 55t Zi0)2ta & 5= Urt
Oi2tM Delay gl XHAI0] =0} Hels WaE LIESE 2i0]213 3 5= lo).

rEooly
j}-ﬁf‘w\i
N
ol
~
o
o
fik
20
rEoiofy
AN
AN
ofy
N
o
i
S
2
Eoxoly
:LL‘\r_‘\‘
AN
>
T
o
o
2

waRae |

Delay &=+

© onjLt B2 ~EMSE LSt 2U=T100 Of2kM Delay gts=2| X7} ZHEICE
HE 1%} Delay &2l 3kl Delay &7 AFSEICE.

Delay3

LE
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21. (8*2) Vensim &< : Smooth &%

A2 53 WMgk0] ZALY| WEsioziE o]
= E6l Z5t= 01SE2 1 22 JiHol2l 2

& 2912 F7H0| SEHAR EHSHK|R, FHo| X
M3| QIAISI=S 3H= Smooth 84+8 AlZ#tC). 0
o

CIS2 x| B==Zko| ¥3lEt o Smooth1 &2} Smooth3 &=7} O{EH| ¥isls=X|E H0{=L}.
Smooth3 A| &t=2| LIF 0 RIHe| +=EMIL =2UE[A=IHE 2l0|8HC).

Smooth3(input,10)

Smooth1(input, 10)
10 10
7.5 7.5
5 5
2.5 2
0 e
input input
10 10
7.5 7.5
5 5
2.5 22
0, 50 100 % 50 100
Time (Month)

Time (Month)

2011 29 A 2%l cfojuiul = 9] A 25

22. (B*E) Vensim &% : Pulse &%

0 Pulse &= 2FSH 7|2 Sot0f| 12] g2 RXISIES sli= &<0ICt.
olele] 7|zZtojl= 02 ZtS Z=Cl.
test = pulse(30,30)

0
0 10 20 30 40 50,60 7? 80 90 100
Time (Month

0 Pulse &= CIS1t Z0] CHASHA| ALZSE = ULt

ofl 1) test = 0.7*pulse(30,30)
=> 30A|Zt O] 30A|ZF SQt 0.72] Zt2 =X
0]l 2) test = other_variable*pulse(30,30)
=> 30A|Zt O|% 30A|Zt SOt CIE W2 72 R4, 0[2l0l= M=

20114 2 A 2%l cfojuiul = 9] a3 26
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23. (§22) Vensim &% : Step &%

0 Step = UYst A2t 0|F LYE S RAISIES dl= 7I1SE SiCl

Sten(30.10)

0 10 20 30 40 50 60 70 80 20 100
Time (Month)

Step = CIS1 Z0] ALSE & UL

ofl 1) test = step(30,10) - step(20,15)
=> 10A1ZH0IAM 15A1ZE7EX]= 30, 1 0= 102] 2t RX|

2011 2 A 2%l cfojuiul = 9] A 27

24. (8 £) Vensim &= : Ramp &%
o Ramp g AlZHoll 2t 251 So16l= &8 2|o|siCt.

Ramp(71271, Al= AlZ, 2 AlZH) = Ramp(1,30,30)

4Q
3¢
2(
10

0
0 10 20 30 40 50 60 70 80 90 100
Time (Month)

© Ramp gl== AlZH0]l 2l5H O 10l ZYEICH= 540| QUL W2IM SDUHIME & ALZEIR] =
Z=0|ct. Ciak, AjZioll w2t EIMEOl e (M E, M E]) 7L U= BR0I= 0] &5 ALSSICL

oo

of) 2Fst AIFFE] £H|XI| FEH0| MMSI(RIMESR) FIt5t0{ LAY s H2

XI5t

rr

#e

20113 29 A 2% cholyul = a4 28




Delay®} Graph&4$2| &2

E=s
(MMM AT L, cwkim@seri.org)

20114 238 11

Material Delay2| Al&

o XSA ZEREIIS HAN Yiksto]
« LWE i SHE17|
o FZO0IM =2 S|

Pulse Input0j| CH&t 012{7}X| Delay2| HI2

10

|
2.5
ﬁ\,
0
0 i 2 3 4 5
Time (Month)
Inflow : Delays —+———— Outflow C : Delays +——
Outflow A : Delays —= Qutflow D : Delays —s5——

Outflow B : Delays s——
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Pipeline Delay

« Pipeline Delay?| &

Material in
=~ X - Transit X =0
Inflow Outflow
\/ ‘\Average Delay
Time
.

Outflow(t) = Inflow(t - Average Delay Time)

« Vensim &=

Outflow = DELAY FIXED(Inflow, Average Delay Time , initial value)

e —
(e
First Order Material Delay

« First Order Material Delay2| +=
o Of: ==0M T2 Siif7|

Material in i
= = - Transit =
Inflow OUlﬂOW‘\
\/( Average Delay
Time
eSS

Outflow(t) = Material in Transit(t)/Average Delay Time

« Vensim &%

Outflow = DELAY 1I(Inflow, Average Delay Time , initial value)




First Order Material Delay

« First Order Material Delay?| 2=

Outflow?t Material in Transit

10
3
5
25
0
0 1 2 3 4 B
Time (Month)
Material in T ransit : FirstOderDelay B e e

Outflow : FirstOderDelay

Higher-Order Material Delay

« Higher-Order Material Delay?| /1=

Material in Transit

Material in Material in Material in
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Zk31: Oscillation Mode?2| Phase Portrait
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Zk31: Oscillation Mode?2| Phase Portrait
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Figure 3.2: Vector field plot (a) and phase portrait (b) for a damped oscilla-
tor. This plots were produced using the phaseplot command in MATLAB.




Zk31: Oscillation Mode?2| Phase Portrait

Ficure 4-16  Alimit cyvele generated in the Beer Distribution Game

Left: Time series of factory orders. The cycle repeats indefinitely without any external variation,
Right: The orbit of the system is a closed curve, shown here with factory orders plotted against net
factory inventory (inventory less backlog).
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Figure 3.6: Phase portrait and time domain simulation for a system with a
single unstable equilibrium point.
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Zt31: Chaotic Mode®} Phase Portrait

Ficure 4-17 Chaos in the Beer Distribution Game
Left: Time senes showing factory orders, Right: Phase plot showing orders ve. net factory inventary

(imventory less backlog).
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&M 28 (Diffusion Model)

Fab (=3
(&Zrj, jhjuhn@cjnu.ac.kr)
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+  Carrying CapacityOfl EEtal| Ztojl kzp 0 Dl
29| Feedback Loop7} A|AE X|ufs} 0 Dml
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gg Time (Day)
Diffusion Rate : base Dmnl
Cumulative Diffusion : base Dmnl
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2. M= (Analytic) S Mzt ¥

EX|AE! 238 (Logistic Model)
97| 0fl =&4X} Verhulst7} 18384 &HE
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3. Bl MY S 2 (2)

Foiy s B3 9| Stock-Flow Diagram

contacts of susceptible
/ with infectious \

contacts of susceptible infectious population
population prevalence
infectivity
contact rate
Susceptible > Infectious
M . vaN n
Parameter &% Population T Population

Initial time = 0
Final time = 30
Time Step = 0.125
Units for time = Day
Susceptible Population Z712k = 9999

Infectious Population 7|2k = 1 4\

contact rate = 3
| Infectious Population®] £7|Z:0] 10]410]0{0} 2t} 4 |

\

total population

infectivity = 0.25

3. Bh= MY s 2 H (3)

ihe

contact rate=3, Units: 1/Day

contacts of susceptible population=Susceptible Population*contact rate, Units:
person/Day

contacts of susceptible with infectious=contacts of susceptible population*infectious
population prevalence, Units: person/Day

FINAL TIME = 30, Units: Day

infection rate=contacts of susceptible with infectious*infectivity, Units: person/Day
Infectious Population= INTEG (infection rate, 1), Units: person

infectious population prevalence=Infectious Population/total population, Units: Dmnl
infectivity=0.25, Units: Dmnl

INITIAL TIME = o, Units: Day

SAVEPER = TIME STEP, Units: Day

Susceptible Population= INTEG (-infection rate, 9999), Units: person

TIME STEP = 0.125, Units: Day

total population=Susceptible Population+Infectious Population, Units: person
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3. Bk MW M 2 (4)
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4. 24 XEY AT (2)

-1

=4 iy stA 33 9| Stock-Flow Diagram

contacts of susceptible

population
infectivity average duration of
infectivity

FL2 Parameter &
average duration of
infectivity = 2

contacts of susceptible

with infectious infectious population
prevalence

contact rate = 6 Susceptible Infectious EGCO\Ilaet'-‘ed
3 ; f opulation

Recovered Population Population [~ ;o = Population recovery rate .

=7|%=0

IEEER e = contact rate

Infectious Population /
average duration of
infectivity
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+Recovered Population
=t
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NEERER
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—

SI_simple epidemic disease.mdl +Z
+Z/E SIR_recoverable epidemic disease.mdl= A{Zf

2011 28 Al 28 cho el = 9] a4 5
4. M MY &M S (3)

4 s BN DO| HF A

= 4o

average duration of infectivity=2, Units: Day

contact rate=6, Units: 1/Day

contacts of susceptible population=Susceptible Population*contact rate, Units: person/Day

contacts of susceptible with infectious=contacts of susceptible population*infectious
population prevalence, Units: person/Day

FINAL TIME = 30, Units: D
infection rate=contacts of su

ay
sceptible with infectious*infectivity, Units: person/Day

Infectious Population= INTEG (infection rate - recovery rate, 1), Units: person
infectious population prevalence=Infectious Population/total population, Units: Dmnl

infectivity=0.25, Units: Dmnl

INITIAL TIME = o, Units: Day

Recovered Population= INTEG (recovery rate, 0), Units: person

recovery rate=Infectious Population/average duration of infectivity, Units: person/Day
SAVEPER = TIME STEP, Units: Day

Susceptible Population= INTEG (-infection rate, 9999), Units: person

TIME STEP = 0.125, Units:

Day

total population=Susceptible Population+Infectious Population+Recovered Population, Units:

person
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4. 24 MY S 2H (4)

=Y MY M 230 AlZ2[0|M Zut

10,000 [ = +  Susceptible Population2 CHSE0]
ZeEl = 358
7,500 - ZEHjo MNHE == Z2HALIL
sty |2k ot s M| E
5,000 Ehojl 22 =0l Zigdo| L Mst=
7P
2,500 ©  &F0|7]=SHXIZ ZHEX] 274K
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4. Y A SN 2 (5)

DM Y SIAR S| M Z A ZEhol] 22 =0l Zte{o[ 2HAl5}T | 2I8HA{= infection rate > recovery rate

T9| A infection rate : IR, recovery rate : RR , contact rate : ¢, infectivity : i, average duration of infectivity : d,
Susceptible Population : S, Infectious Population : I, total population : C2}x! 5}

+ IR =ciS(I/C), RR = I/d

«  [OfM, IR > RR 2 ciS(I/C) > I/d = cid(S/C) > 1 & O 224 =01 Zho a4
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4. Y A SN DY (6)

«  BY Y SMBHM EZE01 20| WASEHF, System0| 2HFSHEl 0| F7HX] ZAHEIX] 222
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« =621 A2 cid = 6*0.25*2 = 30|22 3=10000/S2EFE{ $~3333
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4. Y A N DY (8)

LS USE ek 24 YN A
«  Z2|d|&(quarantine fraction; qf)= A0[51H| MZ &tof| [}= Susceptible Population@] ¥H3} (qf &zt : 0.0, 0.1, 0.2,
0.3,0.4, 0.5)
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Susceptible Population : sirq_qf2 e o o o o o person
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4. 24 MY s 2H (9)
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Withio TEE infectious population ~ <Susceptible

, prevalence Population>
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infectivity average duration of N )

infectivity <lInfectious
Population>
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4. 24 XY = 2 (10)

o
SR EEe| YTHAY 1Y E 235t 54 MY s Do HA| =4

average duration of immunity = 9o, Unit: Day

average duration of infectivity=2, Units: Day

contact rate=6, Units: 1/Day

contacts of susceptible population=Susceptible Population*contact rate, Units: person/Day
contacts of susceptible with infectious=contacts of susceptible population*infectious population
prevalence, Units: person/Day

FINAL TIME = 360, Units: Day

immunity loss rate = Recovered Population/average duration of immunity, Unit: person/Day
infection rate=contacts of susceptible with infectious*infectivity, Units: person/Day

Infectious Population= INTEG (infection rate - recovery rate, 1), Units: person

infectious population prevalence=Infectious Population/total population, Units: Dmnl
infectivity=0.25, Units: Dmnl

INITIAL TIME = 0, Units: Day

Recovered Population= INTEG (recovery rate-immunity loss rate, 0), Units: person

recovery rate=Infectious Population/average duration of infectivity, Units: person/Day
SAVEPER = TIME STEP, Units: Day

Susceptible Population= INTEG (immunity loss rate-infection rate Units: person

TIME STEP = 0.125, Units: Day

total population=Susceptible Population+Infectious Population+Recovered Population, Units: person

4. 24 MY S 2H (11)

«  BISAECte| STMHAY JIFS 24slE 24 MHY M 2
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AL2Zet HIALZAIZES| &S Soll AL XIS MBS R : &
«  Word of Mouth Effect

el 5t H|ZAX ZAE
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= H|Z(Infectivity)
+ o+
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6. Bass &4t 28 (1)

Che SiA SA D SO0 L MY SADSH0j|M = &H4o] 2oiLt7| fIsH 2= ZHXNE2 AMEUXDH 7 EH3H
Of & > 22l 2=Al0)| 0| S QIR S 2 MAS|H= 2| (Startup Problem) EXj
Bass E BSOME 20 E Sal| AMIEL| =7| &2H0] 0| R0{X|=F st 2 M, Startup Problem i Z

7|& Bass &0 230| 71H
FEdS = 2o 2|8k MES + FF0 28k MES

A FER2 LY
SR FCHH 2= F M RI0] AHEUSHA| £l AHEYSE 0| HTRHE AL
contact rate adoption fraction

+

+ /\y/ mvalence of

contacts of potential adoption from adopters
adopters contacts Q +

+
'/_\ i
Q adoption rate Adopters

Potential Adopters

+
A adoption from advertising

advertising '—+ effectiveness
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6. Bass & 23 (2)

. Bass & 239| Stock-Flow Diagram
« 19814 ~ 19884 Europe®lM 2] VAX11/750 Minicomputer2| SHASE|E = 35t =211 (X2 : J.
Sterman, Business Dynamics)

adoption from
contacts
contacts of potential
adopters | . prevalence of
adoption fraction adopters
contact rate
Potential ivs = Adopters
7 A

Adopters adoption rate

] } advertising
adoption from effectiveness

advertising <e—

total population

| BASS_original.mdl AfZ |

6. Bass &2 8 (3)

+ Bass 2 2E M| 4]
* [Adopters= INTEG (adoption rate, 0), Units: person J._‘ XIS 022 MAM20]| Fo| |
+ adoption fraction=0.0133, Units: Dmnl
« adoption from advertising=Potential Adopters*advertising effectiveness, Units: person/Year
« adoption from contacts=contacts of potential adopters*prevalence of adopters*adoption fraction,

Units: person/Year
« adoption rate=adoption from contacts + adoption from advertising, Units: person/Year
« advertising effectiveness=0.011, Units: 1/Year
+ contact rate=100, Units: 1/Year
+ contacts of potential adopters=Potential Adopters*contact rate, Units: person/Year
+  FINALTIME = 1988, Units: Year
+ INITIAL TIME = 1981, Units: Year
« Potential Adopters= INTEG (-adoption rate, 7600), Units: person
« prevalence of adopters=Adopters/total population, Units: Dmnl
*  SAVEPER = TIME STEP, Units: Year
«  TIME STEP = 0.125, Units: Year
+ total population=Potential Adopters+Adopters, Units: person
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6. Bass & 23 (4)
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219 HE(Word of Mouth) BH0| FEliS RiEtsl= 22101 F 2212 SEIX
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Zns1l(advertising effectiveness) Y& : FH|R UN 2 I} Zh= Hak=] Uy

ZHXN= KHEHXE(H|XHEHX}) QF R{EHXIZES| M= (contact rate) YUH

E=0| 2|st zH=HH|Z (adoption fraction) UL, RSl |22 (Word of Mouth) 2k =5

Zo| #xf : SYUsHRAIEH ME(Z2 ofolC|o]) 2| MrHE Illl =7t n¥E A= 1Y

ZIE 2L} J| =X HE S 0] HEIVIX] AIZHX|A iF

KHE"XIEF FHEHCHALS HIH2| Stock2E FHSHX| 243 : & XIS MRl MIETIL 4
]

L]

KHE—-"EH‘c‘Iz TSt OIF SA1ZH0] ES71S - MSE(F2 Md|2) 2] MasH Foto] £8Hd0|3,
SAAIZI0] 022 71

20119 29 A 2¥) o] yiu) = $] 3 24




6. Bass & 28 (6)

- M| 2lFle] £37E 12{8t Bass & 2 (1)

- REo| EhasE fl5l &Y, ALY, 01F SS Sgfst HIZHS: (net population growth rate)2} 0|18 FHHs =8
(Total Population)& &7} > &4, Al 0|1F SS §7I|E "218l— PHoRo| HAF2 M HS
adoption from
contacts

contacts of potential
/' adopters

contact rate
adoption fraction prevalence of
adopters
gy P
Total_ Pote nti;I IAdopters Adopters
Population adoption rate
s advertising
net populatio ’ S
growth rate adoption from
g advertising
fractional net
population
growth rate

| Potential Adopters = Total Population - Adopters 0|22, [Potential Adopters]E £FHET| OjLl EXHLEZ MHY |

| BASS_original.mdl +& > &% BASS_population growth.md/=Z X{Z}

6. Bass EA2E (7)

. "WI QIFo| &=JIE 123t Bass At BH (2) - HMF A

Adopters= INTEG (adoption rate, 0), Units: person

« adoption fraction=0.0133, Units: Dmnl

« adoption from advertising=Potential Adopters*advertising effectiveness, Units: person/Year

+ adoption from contacts=contacts of potential adopters*prevalence of adopters*adoption fraction,
Units: person/Year

+ adoption rate=adoption from contacts + adoption from advertising, Units: person/Year

« advertising effectiveness=0.011, Units: 1/Year

+ contact rate=100, Units: 1/Year

+ contacts of potential adopters=Potential Adopters*contact rate, Units: person/Year

+  FINALTIME = 1988, Units: Year

 fractional net population growth rate=0.019, Units: 1/Year

« INITIAL TIME = 1981, Units: Year

+ net population growth rate=Total Population*fractional net population growth rate, Units:
r

* | Potential Adopters= Total Population - Adopters, Units: person

« prevalence of adopters=Adopters/total population, Units: Dmnl

+  SAVEPER = TIME STEP, Units: Year

+  TIME STEP = 0.125, Units: Year

« Total Population= INTEG (net population growth rate, 7600), Units: person

| Potential Adopters = Total Population - Adopters 0|22, [Potential Adopters]E £Z8$7} OjL] HEXHAZ MH |
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6. Bass & 23 (8)

- i IFte| &5 12{8t Bass &MTH (3) - AISHI0]M Hat

10,000 person M'Oilkl AT =371
4,000 person/Year 2 0.019/Yearz Q|2i3t
°EM1

A 1T &5IIE 125t
x| 22 22(bass1) 2L}

5,000 person 128t Bl (bass_pop) 2l
2,000 person/Year #Ei=(adoption rate),
‘_’“XHE"EJ(AdODteI‘S)OI

oFZH 3| LIEL:

0 person
0 person/Year
1981 1982 1983 1984 1985 1986 1987 1988

Time (Year)
Adopters : bassl —% i + i i: + i s i person
Adopters : bass_pop person
adoption rate : bassl ==& =) =) ) e S =) 9= person/Year
adoption rate : bass_pop person/Year
201191 29 A 2¥) o]y} = $] 3 27

o
02k
©

6. Bass &AL

- JtAstEroll S MEIXL R 2HSHE 112{5 Bass EHt § (1)

EHoto| ZIE|™ HMIE 71240] StEFSHs 240] 2UHEE{Ol B4k

- I8 MUz 25l [DiZe] FMUSE =2 X7 0I-.-(1950'-.5 ~ 203049) 712 SHARARI] ALS : J.D.

Sterman, Business Dynamics, Irwin McGraw-Hill, 2000

o FMUE TRl 7=k - 717t (Household)
oj|ze| M= 2JH22 FEH FM R RFI| MESHE AsS AT 2L, 2 DHEuME
7H20] w2t MA|EIChe| LR Eat0] AHENSH= AME 112

- O0|M=24 : Potential Adopters = Total Population - Adopters2 MAFIU2L},

- BZ|2 8 : Potential Adopters = fractional willing to adopt*Total Population -

Adopters2 HZ

712i5teto] mtE MEIISY ASS UIHS| ldl, AET1240] AH|X}L| 7|EIIHEC) =™
ZHEHO| X135 OIRO{XIX| 2211, 7|EIIHECt RHOIX|H iEIIS M0 S2Pt= HEHE 71

- fractional willing to adopt = f (price/reference price)

= MAX(0, MIN(1, 1-price/reference price))
« 0{7|M, reference price = $200/month
Z|= price= $100/month, LHA|A 0|5 $25/monthZ2 5j2tsict 7™
71240]| st2tsti= AlES CHstAl MMM AlS|0|M
- JHIA=D0f ES517| Ish HA| EE = WEISHK| s AR MY
pabe | El'“ﬂ'i = 100,000,000 household
ZlEke| &&= (net growth rate) = 0 household/year

20119 29 A 2¥) o] yiu) = $] 3 28
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6. Bass &2 28 (10)

71zi5iEt0f| M2 xEHA} F2HSIE T2{st Bass &4 238 (2) - Stock-Flow Diagram

/armunt of price reduction
/tlm of price reduction adoption from

i
contacts of potential contacts

adopters
prevalence of

contact rate adopters
adoption fraction A

rice
P k reference price

fraction W|II|ng to
adopt

Total | o potential Adopters X > Adopters

Population adoptlon rate
\ / advertising

adoption from effectivene

advertising <e—

net growth rate

fractional net
growth rate

BASS_population growth.mdI+3 (4] 25 HZ) > +3 % BASS_price reduction.mdlZ i{Z

)

6. Bass MR E (11)
2o 0 M 72 st D218 Bass St 23 (3) - TH £A1 (0|H 2Ho| 2412 HHH

Adopters= INTEG (adoption rate, 0), Units: household
adoption fraction=0.02, Units: Dmnl
adoption from advertising=Potential Adopters*advertising effectiveness, Units: household/Year

adoption from contacts=contacts of potential adopters*prevalence of adopters*adoption fraction,Units:
household/Year

adoption rate=adoption from advertising+adoption from contacts, Units: household/Year
advertising effectiveness=0.01, Units: 1/Year

amount of price reduction=75, Units: $/Month fraction will to adoptzt0]
contact rate=10, Units: 1/Year 00]4F 10|517} EIE==
contacts of potential adopters=Potential Adopters*contact rate, Units: household/Year MAXS} MINEHEZ ZaHsHAM
FINAL L e —

[ fraction willing to adopt=MAX(o, MIN(1, 1-price/reference pﬂcwm—n/ A2
fractional net growth rate=0, Units: 1/Year
INITIAL TIME = 1950, Units: Year

net growth rate=Total Population*fractional net growth rate, Units: household/Year

‘g);sntlal Adopters=MAX(o, fraction willing to adopt*Total Population - Adopters),|Units: household
alence of adopters=Adopters/Total Population, Units: Dmnl

price=100 - STEP(amount of price reduction, time of price reductlon), Units: $/Month

reference price=200, Units: $/Month

SAVEPER = TIME STEP, Units: Year

time of price reduction=1990, Units: Year

TIME STEP = 0.125, Units: Year

Total Population= INTEG (net growth rate, 1e+008), Units: household

| 7}2l SI2¥5H= Potential Adopters7t 847} EIX| 2= MAXEHS: AL : Model Robustnessoil CHzt 22 |
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6. Bass EHMEE (12)

7125t etof| wHE ZHEHRL = B3] I2{St Bass £t 28 (4) - AIE|0|M ZD
amount of price reduction=02! 7|2 A|S|0|MS =3
0|, amount of price reductiong}E 752 HZAMAS}, time of price reduction =
1950, 1970, 1990, 201022 HHZAS|IMHA| A|ZS2j0|M

Adopters
100 M SUs 722 7120 5t
stH, stetAlEoff mat
- Adopters S7}20| =0}x|
= AE2 Ci=x|a,
Z3xoz soals
50 M + t Adopters ET12= S
25M
0
1950 1958 1966 1974 1982 1990 1998 2006 2014 2022 2030
Time (Year)
Adopters : bass3 1 1 1 1 1 1 1 4— household
Adopters : bass3_50 household
Adopters : bass3_70 - - household
Adopters : bass3_90 household
Adopters : bass3_2010 household
20114 29 A 2¥) tlojule) X ]I 31

6. Bass &t 23 (13)

A2 SCHS T2{8t Bass &AL 28 (1)
AUMZO| UAH2Z RS 0|F ALZ0| SX|El= SAS HIH : FEO0F0IA FHE HItHSH| LA
o A2 B, AIBSHSES 212 HA|& +EH(Former Adopters), H|2Hs
(abandonment rate) 57}
o BiX| AF2XIE0| YR 2 Z AIRSH= 712t (average duration of active use)
- A2 SEHL= O 0|2 MIE A4S HESIX| 2= > adoption from contacts=
AdoptorsS1} Potential AdoptersZte| =0 2|sHA{DF L4
F2 parameter JMH
- average duration of active use = 1 year
- abandonment rate = Adopters/average duration of active use
- contact rate = 100 (1/year)
« Former Adopter 7|2t =0
- Potential Adopters = Total Population - Adopters - Former Adopters
- adoption fraction : A|23|0|M == 37}X|2 #2Z(0.01, 0.025, 0.001) (Dmnl)

201191 29 A 2¥) o] yu) = $] 3 32
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6. Bass & 23 (14)

« Al2=C2 128{3t Bass &2t 28 (2) - Stock-Flow Diagram

adoption from
/ contacts
contacts of potential
adopters
/ adoption fraction
prevalence of
contact rate / adopters
Total Potential Adopters :dom:er
Population |  Adopters  adoption rate discontinuation SREb
advertising \\> rate
effectiveness f
net growth rate
Y adoption from average duration of
fractional net advertising active use
growth rate

BASS_price reduction.mdl +& > +3% BASS_discontinuation.mdlZ X{Z

6. Bass M2 E (15)

- AI2ZC2 12{3 Bass &2 28 (3) - A A
+ abandonment rate=Adopters/average duration of active use, Units: household/Year
Adopters= INTEG (adoption rate-abandonment rate, 0), Units: household
adoption fraction=0.01, Units: Dmnl
adoption from advertising=Potential Adopters*advertising effectiveness, Units: household/Year

adoption from contacts=contacts of potential adopters*prevalence of adopters*adoption
fraction,Units: household/Year

adoption rate=adoption from advertising+adoption from contacts, Units: household/Year
advertising effectiveness=0.01, Units: 1/Year

average duration of active use=1, Units: Year

contact rate=100, Units: 1/Year

contacts of potential adopters=Potential Adopters*contact rate, Units: household/Year
FINAL TIME = 2020, Units: Year

Former Adopters= INTEG (abandonment rate,0), Units: household

fractional net growth rate=0, Units: 1/Year

INITIAL TIME = 2000, Units: Year

net growth rate=Total Population*fractional net growth rate, Units: household/Year
Potential Adopters=Total Population-Adopters-Former Adopters, Units: household
prevalence of adopters=Adopters/Total Population, Units: Dmnl

SAVEPER = TIME STEP, Units: Year

time of price reduction=1990, Units: Year

TIME STEP = 0.125, Units: Year

Total Population= INTEG (net growth rate, 1e+008), Units: household




6. Bass & 23 (16)

AI2SCHS 1128t Bass £ 2 (4) - AIS[0|M Z1}
adoption fraction 2 B to]| ujal, F3e| M=7} H3}

Adopters
el - strong : 2ZF 0l ko]
weak : adoption fraction= 0.0012 AMH g-:EI’I:}l;()At'e’T:-;l%III l;\\c:’opters
30M medium : adoption fractionZ 0.012 &3 3t Elz EII_AI < opters
strong : adoption fraction2 0.0252 MX Ado;t-érj} t ormer

* medium : 205719} 2
20M Zto| =S atofl 2lai MM

5| Potential Adopters7}
AdoptersE HEIE|HA 2

10M 5l2, ZI AlZkset
Adopters7} X[ (22
0 — 71 XISEo 22))

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 ;r";’gﬁ';r;(fldég:,ﬁ"gla s

g rean Mg S0l L= =t

OFM, S 1ol ofaHA

Adopters : bass3_weak e e e[S el A}dlptc;-ll'-s?;—}"a?l'l‘é%l}gé oy

Adopters : bass3_medium household 2 =2 Adopters 27}
Adopters : bass3_strong =8=———8=———8=———8=———_tg=———Gm—Ge——i——s household x|z =i

2011 29 A 28 dfoj | = §] A 35

6. Bass & 23 (17)

« LCHAIFOHE 12f3t Bass &2 28 (1)
2l2jjo| Bass 22 MES 13 TUISHS A&0 12511, M2 &2 2 upgradeZLRY S
ofl 218t x40 (CHA|0H; replacement purchase)= D2{5}A| 22
CHAIFOH7 228t &g 2835 LR
- EHE3E 96, MiZEel WR2AL2A|ZHaverage product lifetime) 0|5 CHAITLOH 71H
———total populaton &——— =EE

g S| Final TimeS 19952 HA
_——»adoption from -average product lifetime = 5 (year)
conttacnis IOf contacts ¥~ -discard rate = Adopters/average
gc?o?)tel?s prevalence product lifetime (person/year)
adoption of adopters
/4 fraction
contact rate \
Potential g p Adopters
AN
Adopters adoption rate

/ advertising
adoption from effectiveness
advertising
BASS_original.mdl & > +&£
. BASS_replacement purchase.mdl=E A{3f
N
average product —/disa fil

lifetime
20119 29 A 2¥) o] yiu) = $] 3 36
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6. Bass &2 S (18)

- CHX|F*OHE 312{3t Bass & 2E (2) - FF]| 4]
+  Adopters= INTEG (adoption rate-discard rate, 0), Units: person

« adoption fraction=0.0133, Units: Dmnl
« adoption from advertising=Potential Adopters*advertising effectiveness, Units: person/Year

adoption from contacts=contacts of potential adopters*prevalence of adopters*adoption fraction,
Units: person/Year

adoption rate=adoption from contacts + adoption from advertising, Units: person/Year
advertising effectiveness=0.011, Units: 1/Year

average product lifetime=5, Units: Year

contact rate=100, Units: 1/Year

contacts of potential adopters=Potential Adopters*contact rate, Units: person/Year
discard rate=Adopters/average product lifetime, Units: person/Year

FINAL TIME = 1995, Units: Year

INITIAL TIME = 1981, Units: Year

Potential Adopters= INTEG (discard rate-adoption rate, 7600), Units: person
prevalence of adopters=Adopters/total population, Units: Dmnl

SAVEPER = TIME STEP, Units: Year

TIME STEP = 0.125, Units: Year

total population=Potential Adopters+Adopters, Units: person

6. Bass & 23 (19)

« CHX|FOHE 312{3t Bass &4t 23 (3) - A|SE|0|M Z1
- Adopters7} 2H7|Zt 0|F SFMZS H7|5I2, ZiIF0HE 2I5H Potential Adopters7} E|22
Potential Adopters7} 25| AZXIE|X]| 223
« HIE ALZI|zZio| 23, MIEe| S40| S45| HalshM, ZHTOHRIS| o) ZEo| A FORXLS| FOH
&t X3l X] g A0 =Et
8,000 person
4,000 person/Year

4,000 person
2,000 person/Year

0 person t + + +
0 person/Year
1981 1983 1985 1987 1989 1991 1993 1995
Time (Year)
Potential Adopters : bass4 —+ + + + i + i + person
Adopters : bass4 person
adoption rate : bass4 ==& =) =) =) 9= person/Year
discard rate : bass4 = = = = = = = = person/Year
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SD 7|22 d: HElA ==

Mathematical Biology 2| & 2|0l CHE+ System Dynamics & &

P o =
(SIZ XWX 92, dujeon@Kkrila.re.kr)

20114 28 14

(2 XtZ= Vensim PLES A2 Z 5to{ PLE Plus, Professional, DSS SoilA

P
HBsts 7|SE2 dYstx| FAEHCH

2011 2 A 2% cfojuiul = 9] A

Population Dynamics
Population Dynamics

Wiki: @151 22 JlA|=0f| Cist S5t ‘A ateto| & 2oL= M |0 Z
APz 0| S U T2k HILE OF7|Al7| = ENEHE 2] atofl 2tet 0|2

23 APRe Y

ol z2 o)

« PDQ| 7|2RZ: 017 P, 2M B, AI2 D, 99 |, 92 E of Cish
- § AbS] - dP A3
P =P_,+B—D+I|«(@143) P=—=B-D%%¥E
dt

Population Dynamics2| &&&|

M, SUAA S 2B AAE SOl S SHate B8

o =
o AL (RIAZ) | MBS DT QUZtEH0] A& TS 45 S2 APMEHED| B
£S5t =AZE S 2322l Urban Dynamics?t 22 2 Aleld F=0i| Cist PDe| 7|2+
20| 7|tkst 3P0t 2 £ US
. EAMTA|O|A Q10| RIHHOI ZAH O AfTF ol0j|, 2|2 U 2 So| DS (LT R)9} 2 ALE|H

ol 290lof| ofsfi sliT =A|22| /Y (immigrant), F&(emigrant)o] 2t =A|Q| 4|5 EA[QA9
Z0Hoj|M =3

PDE birth 2 death rates, immigration2} emigration, ageing structure, population decline S
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Math Background
0| 28+- Al (SDOj|A= Flow Equation)
y=ax+b 2 20| 7|2|2| a, b, yoil Ciafi 0|2|2] x& T517] 25t 2
Al o|2{5t WAl Ljof| O£ AI47 23 of| ALl y = ay + b 2F ZH0] BHHAL Lijoj| 0|2]4: yo} yo|

A
S3H4(y)7H SAIO] B[O} O] Al T 22 U WYNS FE W ol 4R ST BIHM E

y ©| 2|0]: 07| M By CHM PE AMR
Cl2a} 22 Al IHEHEMAI(ZIBIAl Z 3z}t

o
+  0]7| A xH=(difference)O|2t P2} P, 0| HI5IE

. gl AleChen 0| HuE 4 U 1 =R

.« BhoF 17[7ke] 30| CHAI dt BHE0| 20| 7H R dPt,m (a=1)P_, +b
0| & (differential): 0]213 220 A2] AtE 25H5] 2HH| OlE A2 gt|u|

B I.D:(:Ttslmp‘ AP at Ilm(aPowy:B’){wﬁI P=aP+b

*  2|0j: P2| AZkoj IHE HHEHH(P)2 POl B4, Z2 level P2 flow (P)= P2| &l
P,

- SDS/WOIA2| Flow Equation: P = P_, +[aP +b] &€ P=[[aP+b,R)]

Simple Birth & Death

b

/43t ArY
SUEMAE) : 44| 170A|2] HAI A3t CESAICHe| 7HA|4
« Ofj7Ch JiTe] 10f2|7F ¥ LUS o] ME, A 14 SHMZE, 20| HBHoz Bajst
sl, 240|7} dA7t & “H”W | MZE 50| RF 2MET} 2
« Dynamic Hypothesis: S4A|7| A8l FHH|= A 7HA|-2F 244E0f B2
QHS(AHE) : 24| population size = O A|Zo|M == 712 H|S, 1742 WR4Ho|

2ol

+  Of|ZcH Biej2|ote] ~HO| B 12U 22, SH 20| dlE|2|of T MAH o= ~Ho| To| &
2 A= E215t0 HHi2 S~Ho| Aop L] 42 WA= EASH=C, 0] 2 SHY Sk MA| JHA|
3 MYt = HRde2 1/70| E

+ Dynamic Hypothesis: S8A|7| &8 i~ A JHA|=2t AHEE0 B2

al ian ¢ bl ZAHE d AlOFRE
CLD Y Flow Equation : b= SME, d= AIYE RO Death Rate

2 1/A Life

P=B-D=bP-dP=(b—d)P Sl
System Thinking Bith  (R) Population (B) Death

+ (b-d)7h OKCE 3B B ZIHRIS 27D + :

- 00|21 £ QA 0xCt Aol AZ
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Simple Birth & Death

VenSIm% %‘g_i} qlxﬂ : Current
. Population
P=(0.2)P-(0.1P where P, =100 2M
15M
Birth Rate Death Rate 1M
500,000
0
oy Population Birth
Birth Death 400,000
-~ T 300,000
200,000
A r 100,000
Discussion : 0
o SAZQITI? ofL| 2, Death
y g 200,000
« Carrying capacity Poa
o Dok 27|ZhS HSIAIZ|H ofH ZAutvt? 100'000
«  Z7|2k0] 242+ 200, 10, 021 AL 50,000
% 50 100

Time (Month)

S-Shape Growth

. P r .
- MEHQI Logistic Curve?| flow equation : P = rp( _Ej el i P
+ 2 2912 MAS(intrinsic growth rate), K& A2 2¥(carrying capacity)

o 9| M2 /K =kZ X|2t510] Z2tTHS| B3 : .
% P =P —kP?
- = flows2| 2o|O|
* Inflow: r2 &34& 52
=2MEZM (b-d)2 sHM birth rate death rate carrying capa
« Outflow : k = 3122 ChjH] \ / _ ¢
ESHERAM HIMY Lo -
SaE = .. N ) o
(density constraint) Al intrinsic growth - density restriction
rate + coeff

- ofjZicH gEl2|op4Y 5%)
174317 SRS 2 17 54

321 1 = 1 7} S0, wef2lopt . /_\ X
= Al A Ol ©OplHo| RS + -
ZME 4 e falYo| UL ) F _
2|CY 50H7H%| ap Proliferous (R) Population (B) Extinct
k =1/50000 = 0.00002 + +

. CLD: 22z 13 2tz
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S-Shape Growth
Logistic Behavior2| System Thinking
Balancing loopZ} 22}4{2] St+-EfQI MY 220 72
StA| 82k | JHA|~7F 22 o,
o INA|4=(P)7F 22| ECHH PR} P22| 2fO| =L} raf ko] 2f0|7} F: rP ) kP?
o M2t 21ZFo| REI T} Z|H{A 2 X (dominant feedback loop) : Exp growth mode
ZHA|=7t SHA|& ol 2ol US o,
+ HAs=(P)7t 2H P2} P22| 2}0|7} rt k| 2O} F: rP < kP2
o [M2IM 2EZ0| BRI 7} R|H|H 2 : Goal-seeking mode
etA: 2| A Zzo| HSES OF7|(rP = kP2 )Al7|i= PZL
JHA==2] B3It Y= S oHHAEl(Steady-state):

Bfi%je 0=rP=kP? -P=0or P=f-—T _k
k r/K

o O{7|M P=0Q! M2 A7t 0Ll SAE ABE BHH 27H5: 2} (trivial solution)

« P=K & A|2EIS| 52 QHEAEN0]| TSt 2t 2 (stable) @l 7 sl (unique solution)

Example of S-Shape Growth
Vensim= 23t of|A|

birth rate death rate cafrying capa
\ / + 51,000 Dmnl '
intrinsic growth density restriction 12,000
rate coeff
23,500 Dmnl
R [ Eopuion —F—0 | 6009
Proliferous Extinct
0 Dmnl
0 b 4
0 3 6 9 12 15 18
Time (Month)
Total flow Population - Current —+——+——+——+—+ Dmnl
Total flow - Current
Discussion

27|2710| WS: 53 HYNENR 25K FR(trajectory) A1 3 HoM B
T2lojelo] Hs: o s74u| height, 2242 E r2 2U4ES

SO B r= 20 22 BHE HaH?
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Chaotic Behavior in Logistic Curve
. [2F11] Bifurcation
. J_lP,lj | St AEo| 27|38 & (bifurcation)2 A|AGC| S2QkA5H7} THl A0 0foF &0l =
TSt 27HR ZEtR| = Mo R oA HElE YU
. oHiMoR 3 Moz Aaqo}RI OFT S YARSH= cyclic & expanding oscillation2| HEHE Ho|=
FLSAECIE. 2, IES FYH0| ZASHLEE7|HAL 24710 2YHo R (BHYoRE) 27
A5 B (52U3+ ALBHO|MEA D1A/9t THET) k2 A phase portrait 2)
+ & flow equationO| H|M& (22} 0| &) Ql AL LMst=0|, 2A|AE] 7{E0| AL ZHM MYE ro|
2 A0 2y

+ o}7| 22 2AAE FHM 2> H0| 471, 16712 27|18 22t

T L YT O *f

Tnn 1! ”P'IHMHVLrm || Y |1| |"|I|||wl|

[ E— N— L i 4 ]r i i | % P E— . !l S - ol i -

A [ M

. _ . TR L L

e
\I\FlnIW‘II‘(I}I“":‘.’:F‘!blﬁwhmlmv-z .';Q.a -

N
]
Chaotic Behavior in Cohort Structure

. [2t3] Bifurcation
.+ C120M HHE Cohort 22 E 25t 2Ho| 27|34
o 0|42 (B2 M 014S THAIS)7E LA AlZHo] ZILEA A& FHAI(IE M2 M4 R M2
St BHAHOM, 0]4S 7|2l A2 QI9(H o2 I SIHAZS o 27] U/l

* 28% phase portraitdflA| F2 0| F 712 Zt2t2l: o Aol M= 2Z0fl ACHE O AlHol|M
£ 2EXR ALt = 2letA =

L (N)lmmmnnn o AR
8 o0 ok ) T _ € . I.L'cf'f.'i, —
N A




Cohort Structure
A4S HEo|| WE H o] AFL R FE5t= AR

o oT

=©o o

dynamics?t 2 25{CIHH, 30t 22 AA|H S S L= A7t 22

OofjZich S MEfS2| 2l ZH(biomass)o]l B3 4 )4 #t2| S 52|22 population
=]

o AAIE FESIAL Y, AHSSHE BHH 52, RAIS incubating (¥4 22 2= 5), 7|=H

3t SO 333 W47 AT TIHE Ysl

- QIzbo| MERA] HYBHE S0l TS R S8 AL, 2ET, A, =2
k2RI =}

=] =2

o HEHAIET OfL 2t QAZFYEOIME 20| ER, oAy Z2{oA o] 25

1CEZE I3 220l ChSt level vare| 22| (subscriptLt array £2) L Z2ICkZEo| 0| S (M=
2 olst £4o| ¥ F), 4 AUTHH HAMHH Sofl chst flow equation2| 12

|

SUE A0 JIE SIATY 28 BB SEUE0 YEI N § 43

off Cifst 2 {AE{Ot0] Y T

11

Modeling Cohort Structure
DR AR BEE US| SA R LF L HH =

Dynamic hypotheses

- AP O MBt F SE-QAAINE 4 A A RIS A2 A2 iz
- A HATIZIE AH MAIR BY, A7 YYIIZ B RS
- QIZER M o] U HIBTHS 07| L2110, YAl 25 SIs) 2B MA B3t 2l
AR ROIM H3t 2 HAIZ AAE 2P0l wE
- A7l o2 X718 Yotol B4 (cannibalism) YEHE B 4 o0}, B4E|0f 1Sl XAl
o2 XA U 47 22l 7 '1|¢7r [OH 9248 37 (LEHI ChH)
0]d= SHAI 2|AI(Py )2t E=THAI FAI(P) 2 H=

P bP, —mP, —cP,P, + ahP,, P mP, —dP, —hP,

o

o 2|72t OtethE: SME b, 458 m, 34 E(cannibalistic coeff) e, ¥ 72 a
o QAP OiRtHE: AIYE d, =8 h
tH S 0H(recruitment relationship b.w mature & immature) -5 Ct2Fst

lsl:blpl :L_kl5 _hlpl’ F;z:bzpz 1- 2& thz
R, R

Hue

©

5 ZICHZF AL 2E20)

12
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Modeling Cohort Structure
. CLD 2 System Thinking
. HEH &M
Y A
R1, B1
© SARHE]Q]
2715
:B2, B3
(MHEef A2
S0k
3|753)

7\] H JH H|= A A xﬂ &

\Lﬂ

&

+

Zug

+
wez iy ARwEANAT
®2) =

+ =

Modeling Cohort Structure

. S QLM AMEl =AM (Steady-State Analysis)

—_

0X

© 2% p_bp,—mP—cRP, +ahP, P,=mp,—dP,—hP,
© SHkHzA: P=0 L P,=0 0] SAl0] ¥
0=DbP, —mP, —cR,P, +ahP,, 0=mP,—dP, -hP,
= O0=(b+ah)P,-mP,—cRP,, 0=mP —(d+h)P,

SE A P1=[@j% g R A0l (Y

m
c(d+h
= 0=[fb+an)-(d+n)p, - S8+ o P o DB
Ch2=5t SHEN Ol 2R} urx-i/\lmg]g olf o i e
Ct=st & O BEdi2E Gls =R
P1=0 or (b*L‘(d‘Lh)
- (b+ah)>(d+h) Y o 0Lt 2 S OHHa7 =2 c

+ (b+ah): 2|79 AASHEN QLIS ME(LRE) &, 2HYZE
© (d+h): G AHYEDL +E, S HLEE
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Numerical Example of Cohort Structure
Vensim A &g
2dmol: Cohort.mdl

2713 B 2|0 BEH| 3 HYYEN 7MY, S

i d+h
AFo| ALtz

c

C

m(b+ah_ ) , (b+ah)—(d +h)

Z71% =
A CuES EYE | 455 | SUE | YR8 | MUE | £¥E
P1 P2 b m c a d h
HEHd A7 SHY 24 1.2 0.5 |0.0001 0 0.5 0.4
HEES 3000 1666.67 1.2 0.5 |0.0001 0 0.5 0.7
Chek 300 166.67 1.2 0.5 |0.0001 1 0.5 0.7
7|18} 6999.96 2916.65 1.2 0.5 |0.0003 1 0.5 0.7

Discussion

SAE2 Aotz 477 0.1 EC}h 7of &

= 2ol Aut ~3HE0| Lol WRE KA1 HaTt USIR?
T+ = 3%

GRYS T HSHA] ¥ Y22 5

Numerical Example of Cohort Structure
Auelz Y20 28 A S0]H Aug e g 0 dE

4,000 4,000
3,000 3.000
2,000 E 2000
'\,
1.000 1000 | % a... S A
B = _""'—h-_ﬂ.
e o= 0 ) A —
0 0 2 ——ga —
0 5 10 15 20 25 30 35 40 45 50 55 60 &5 70 0 5 10 15 20 25 30 35 40 45 50 55 60 65 T
Tane (Meonth) Tane (Month)
A M % - Cravene o A MM % Coment 2 2 ] = Crrens —4—— A = Comem
AUz 23: Y e AAE U, PRE A2 Auzlza ) zse 248 29
£,000 2,000
]
AT
6,000 6,000
4,000 T 4000
L e ——2————2—
— \ ~——y
2,000 / okt 2,000
/| ,.e/r \-;,__L_ "
0 B o
0 5 10 15 20 25 30 35 40 45 30 55 60 65 70 0 $ 10 IS 20 25 30 35 40 45 S0 S5 60 65 70
Tiwe {Moath} Time (Moeth)
)  HH S« Comrere —+—— A N - Currens —= 217 M3 - Coment ———— AH MM Covent +—F—
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Predator & Prey
IO A Z}-ZE A2} RE(Predator-Prey Model)

2| AlE2[0]d 2M ARt SE3UH E7|-0{22| 71| 20| ™Al of

Predator-Prey Model2| Prototype (Lotka-Volterra O|®¥A| 4|, 1925-6):

P, =bP —cPP,, P,=acRP,—dP,
o TAZ IHAS Py, ZAE JHAIS P,
o OAZE MAE b, IME ¢, 2315422 (assimilation efficiency) a, ZAIZ AISE d

Dynamic Hypothesis of Lotka-Volterra’s

- DNZ2 P33 B0IZ IS WOt BARIA) o4 3 2|23 4
- EAZO| FSYE DN SARHS@ANAS B2 TN IS0t EAZ0| 295t

17

Modeling Predator-Prey Interactions
IO A Z}-ZE A2} RE(Predator-Prey Model)

Lotka-Volterra Model: p _pp _cpp, P, =acPP,—dP,

o OAZS A Py, EAZ T P,
o IJAIE MZE b, DAIE ¢, 2315452 (assimilation efficiency) a, ZAIZ ALYE d

18




Modeling Predator-Prey Interactions
Lotka-Volterra2| =2 ot AEl(Steady-state)

29 p_pp-cRP, P,=achP,—dP,
=3 QFH2: P=0 X P,’=0 0| SAl0f 4
0=bP,—~cPP,, 0=acPP,—dP,
= 0=P(b—cP,), 0=P,(acP, -d)

(Py, P,) = (0,0)2! A== XYl (trivial solution)0|22 =20 A X 2lotH

b d
Rye=; Re=—
C ac
= = - =
S ok z710| o|0] (312 2, A ) = :_té} ALDE ’.11 2R G5
4 23 EFFEExIAE I E

19

Numerical Example of Predator-Prey
Vensim Example
eIl [ otka-Volterra.mdl
AEo| AlLt2|2

EVFe oi2tm|g
I A| 2} EAR} OASME | DME | 28552 | ZAMYE
P1 P2 b c a d
S2okd d/ac £2 10000 b/c &2 1000 1 0.001 0.02 0.2
Limit cycle d/ac £2 10000 | b/c*0.9E2 900 1 0.001 0.02 0.2
YA M d/ac b/c* 0.9 1 0.002 0.02 0.2
UL HE2 10000 900 1 0.002 0.02 0.2

Uzt Y1 U 20ME UEH DifE] co| 2 HBHATET, 1 2fo|¥e

2 ory U2 2tH[E] 4712 Zxofl 2fsH 2

2 OFHZ: £ O AENC| 2ol
2 =
JsiM 27|22 S0l 57 B, £ 27|22 SR Tiatue{2 ufp 2o}
- HHO B0 Thatue] Zho| HaHA 2lo] AlLt2| BTt SHOHEO| HRIREHE 27|12
72| 40 SR 2 2, 2 TRtojlefel 27|2740] 25 HHH 2o}

HA
o HYE10|M = Ti2tHE] Zho| HEtof|= S5t 27| RAUE Ao 2 PUY| WEof| A2 Di2tHIE] 2
o

=t

20
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13,000

13,000
1.200

10,000 | Lol e o g
Logp |ETERERE et

>
opi ot

Numerical Example of Predator-Prey

ol
i)

(=]
0,
oA

r

0 5 10 15 20 25 30 35

Time (Month)
N3] == - Limit Cyele st

W= - Limit Cycle

. AlLj2|R1:

=
. EZ-I OI-Z'IAI- H_ZL?:IA_!

level variable2] 7|
st 23 53 o
ZHLIEHYD US

(S OFMZ710] TH| T3[R

S3ory

pd3
2

N o

bu

3

EiE

OZ

=

S5
Ut S ety YENof Cici2
S |AstH = 44
(homeostasis) 224

IJ"-‘-"- r.'.E

2
H

Numerical Example of Predator-Prey

Limit Cycle

1.200

10,000

1,000
7.000

0

NraEa
obiob
e

HA| = : Limit Cycle
N3 = - Limit Cycle

5 10 15 20 25 30 33 40
Time (Month)

R2E2Z09| Phase portrait : A|Z 00j|A St 2of|
M S5L0], A|Ho| S2EHM A2 & H=
£ W2tM HZZoz 234 37 42 13
(expanding oscillation)
okZo| 320l HZstA|

e e

Z34Ch= 2| ojoj|
M “limit cycle’2h= B2 AL

1,500

1325

1,150

800
7737

E4]

AlLf2]22: Limit Cycle
S oFyAEl 2N 47 HofLt S
Z7)1Zre 2 st ot cyclic or expanding
oscillation2 Y
TA2H(1)7H 20SH AlRHE £ ZA2K(2)
7t 20|1E31, AT Z0|SH 427} Cf
Al 275l THEIS HiE

=T =

Phase Portrait of Scenario 2 (Limit Cycle)

8639

Z M= - Limit Cycle

9541 10443 11345

12247
42 T
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Numerical Example of Predator-Prey
BT A «  Limit Cycle(A|L}2]22) L 22
20.000 Zt HE182(ALH2R 3, 4)9
15,000 HII‘"
DAlSS 2707 Zat (27|22
10.000 2 #52| T matn|E] 2tk #3h
HE1 AlLl2|2E TAISS £
5000 oM MO FHAT} ZAH
0 oL},
0 5 10 15 20 25 30 35 40 45 50 = gjjdlo] AT 37| & LIEHY=
Time (Month) = o =
27|2712 H5}2| ofof AEE B
o)A 2 3| - Limit Cycde ———+———+——+——+——+—+——+—— % l pil 321 220t 215
a4 2 - UH A &S
T2 Wl L g M
B mAIE-S ZIHAIZI ATt (27]2749] ATjRl 37|7t7] Z0| #ShH HE2 AL 20| A=
= 2j|io] Atch{ol 27| 2740| 210|7} AR 2M FHH4e| S 0| 0fS A5l
A2 00fl 223 |52 Hol=g|, 0l H|HAM o2 mAl-TAl 33 0| Al Lotka-
Volterra REIo| 2x|H o2 2| A=
23
Conclusion
. JHEfA| BEUO| 7| 2R} HENA 220l CHSH A|ARI AL E st

7|22l Birth-Death process
o 2 U AHI2 Aol H2|, 2|0 4
SR EIo] 7| 239l |ogistic curve
 Carrying capacity 0f| 2|3t H| M3 U x|k
« Feedback loop dominance 0f 2|3t s-shape curve &M
o IO2tHE{7} 2 AR HIMH/ Y22 QISt bifurcationt chaotic behavior2| 22§75/
Cohort £ zljElist population dynamics
+ TRt /o 2 RAR 0| S Hd, £5| YEjAtelo| Z Q7S ut Halnt A E 2
S floliM= 23 E F2E HINS| &8
= Cannibalistic behavior S 2 THF 25222 MEfA2| S QAHHENE 23t
Predator-prey model
+ IS E ndlo| SAIJME|Q} ZH2 m4]
o IARE 2ot = 20| JME0|| 28 EAIRO| JA|e DAL 280t £AHE § T|4|Z0 2|
510, Y2 T A2te| Z7[H JHAls FA| ZA|Z{o 2|5 2E

47| 7|22SS EEsto] 7|6 ChFst 2HO| Iks

24




Commodity Cycle 2E!

E=s
(MMM AT L, cwkim@seri.org)

20114 23 15

=2 XM LIEILIE AP | =8

- BHEH| LCD S L) RHARIOM MIHT| 20| Y
« HEz | AFA: Silicon Cycle(4~54 37|)
o 2A|7]: 1996H-2001'4-20074
= LCD 4FY: Cristal Cycle(2~34 F7])
o 2A|7|: 2002H-2004'43-2006'H

o M, St AHA| 44 St FRLUHoM F|eE2 S8
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HE| 27|48 723 oIS mpot
o HOli AEeS FALe £2to| A|ZEZ|H(Delay)
- BE|0| St oY, 220 £2t 24

- |0l AESHAIZHAQ(HHEH: o 214, HIX| AH]: 3~5)

| 21A 85— 2ol 87— £ B0 — (I 23— HEG s 38 - 33U 27}
7 52t — 20 24 — B2 24 — (AN ) — BE £2 34 - ZTHE UIH 45

2o J|E2F=

DelayE Z st 2=9| Negative Loop
= Commodity Cycle Model

Ak
P &
e Acﬂ“%k\#?%
MRz
NI @ _l Q
7+

nx
=
i‘.
Maa
o
oM
Pl
Pl
e
2
\
(
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XMA 2E(CommodityModel.mdl)

¢ Manufacturing CE
iWIP Cycle Time |Inventory\'
Work In

Process Inventory

Production Start Prodi Rat Shipment Rate-
T Ra’i: roduction Rate = “\Omm A Industry Demand
Order Fulfilment Perception Time
Ratio
Normal Capac(y © Minimum Order L Order FuIﬂIment Perceived Inv il
Produciiy > produwton e Processig Time ——awaximum PPN gl o Covere ST
i :
e Rﬁe\—w pRorry © ggs‘:: Inv p Sensitivity of Price
© Average Life of ¢ to Inv Cov %
Capacity i 4 i Capacity on ) Ad‘fjsfe"r\;"ﬁrm
i Capacity Order Relative Inv .
, Coverage
Capacity Capacity on
Discard Rate r‘ onRate | Order Capacity Order
" Rate iTraders Effect of Inv Cov Indicated Industry
¢ Capacity ¢ Supply Line Expected Price on Price Demand
Ad]mumnt Time Adjustment Time N e
Desired Capacny c Capacny \ 5 Traders' Em?ct’ed\ Elasticity
Cansnucmn Delay Adjustment for Price | \
Ad A m <D|scard Rale> Supply Line oTime to AT U"“ Effct of rice on
jCapac ny Desred supply line Traders' Expected Price Demand Referece Industy
Frac;&r;l):;cﬂ;ease i?tilndea:e Indicated Orders Relative Price <Time>__»=
¢ Time to Adjust ¢ Increasing Rate in
Price Expectations Demand
L Fracti || i
e \ s i
Pruﬁtahllly Ratio Wit
¢ Fixed Cost-mm it cost— Bpecmre? Price
¢ Variable Cost @ Investment Cost
Production®} Inventory
i Inv Coverage
iwip ¢ Manufacturing
I Cycke Time
Work In vl
Production Start Process Production Rate Shipment Rate - Sﬂ:j&z
Rate Orders
Order Fulfillment
Ratio
Pd
Normal Capacity  _  Normal ¢ Minimum Order L Order Fufillment
Productiviy ™ pyoduction Rate Processing Time ——a~  Maximum | 100" ufficiency of
Shipment Rate\_" Inventory
<Capacity>
Normal Production Rate = Capacity*Normal Capacity Productivity
Production Rate = DELAY3(Production Start Rate, ¢ Manufacturing Cycle Time)
Shipment Rate = Orders*Order Fulfillment Ratio
Order Fulfillment Ratio = L Order Fulfillment Function(Sufficiency of Inventory)
Sufficiency of Inventory = Maximum Shipment Rate/Orders
Maximum Shipment Rate = Inventory/c Minimum Order Processing Time

Inv Coverage = Inventory/Shipment Rate
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Capacity
A Life of i it
: vé;fc'\ﬂi_:/_\ i Capacity m
o 2 Capacity Capacity on %
Discard Rate Gt Eae Order Capacity Order
p Rate
¢ Capacity CSUPP'V Line
2 Adjustment Time ~ Adjustment Time
<Desired ® Cap_acnty \ g
Capacity> Construction Delay Adjustment for
. <Discard Rate> Supply Line
Adéu:g;i%for Desired supply line
Desired Indicated Orders
Aquisition Rate\—/
Discard Rate = Capacity/c Average Life of Capacity
Construction Rate = DELAY3(Capacity Order Rate, c Capacity Construction Delay)
Indicated Orders = Adjustment for Supply Line+Desired Aquisition Rate
Desired Aquisition Rate = Adjustment for Capacity+Discard Rate
Adjustment for Capacity = (Desired Capacity-Capacity)/c Capacity Adjustment Time
Adjustment for Supply Line = (Desired supply line-Capacity on Order)/c Supply Line
Adjustment Time

Desired supply line = ¢ Capacity Construction Delay*Desired Aquisition Rate

Desired Capacity

Desired Capacity ¢ Time to Adjust
Price Expectations
Fractional Increase
g in Capacity Expected Price P
<Capacity> . /( Chonge in_ </ Price:
L Fractional Increase Expected Price
AR Profitability Ratio
¢ Fixed Cost_pu. Unit Cost
¢ Variable Cost ¢ Investment Cost
Desired Capacity = Fractional Increase in Capacity*Capacity
Fractional Increase in Capacity = L Fractional Increase in Capa Function(Profitability
Ratio)
Profitability Ratio = (Expected Price-Unit Cost)/c Investment Cost
Expected Price = INTEG (Change in Expected Price,
i Traders Expected Price)
Change in Expected Price = (Price-Expected Price)/c Time to Adjust Price
Expectations
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i Traders
Expected Price

¢ Time to Adjust
Traders' Expected Price

Effect of Inv Cov

on Price

Price‘/_\_ /

Traders' Expected

Price

¢ Coverage
<Inv Coverage> Perception Time I
Perceived Inv Coverage
Perceived Inv = SMOOTH(Inv Coverage, c Coverage
Cazres Perception Time )
T Relative Inv Coverage
o p Serskiiy of Price. = Perceived Inv Coverage/c Desired
to Inv Cov Inv Coverage
Relative Inv Effect of Inv Cov on Price
Coverage

= Relative Inv Coverage”p Sensitivity of Price
to Inv Cov
Price = Traders' Expected * Effect of Inv Cov on
Price
Traders' Expected Price
= SMOOTHI(Price, c Time to Adjust Traders’
Expected Price , i Traders Expected Price)

Demand
Industry Demand
<Oﬂ'wer Factors
Sgngﬁd'ai Affecting Demand> Industry Demand
= SMOOTHI(Indicated Industry Demand,
c Demand Adjustment Time ,
¢ Demand c Initial Demand)*Other Factors Affecting
Adjustment Time Demand
Indicated Industry Demand
= Referece Industry Demand*Effect of Price
Indicated Industry on Demand
p Derrand Rerend Referece Industry Demand
BHRY = c Initial Demand*EXP(c Increasing Rate in
Effect of Price on Demand*Time)
Dermand e Effect of Price on Demand
/‘ Demand = Relative PriceA(-p Demand Elasticity)
Relative Price A 7
>, Relative Price '
<Price> = Price/c Reference Price
¢ Reference Price ¢ Increasing Rate in ¢ Initial Demand
Demand
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« ETHSR 0N HESHE 712207142
glolaE 2
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TS HL)E AYHOR YASHRM AIE

kL

(@ F2 FAY 3% b) 52 439 A

16,000 120,000
12,000 90,000
Rt et b Aygn Vaba e Pl
8,000 60,000
4,000 30,000
(0]} [0}
0 20 40 60 80 100 0 20 40 60 80 100

Time (quarter) Time (quarter)

(@ 72 (b) FA
3 0.02
25 0.015
2MW 0.01
15 0.005
1 0
0 15 30 45 60 75 90 0 20 40 60 80 100

Time (quarter) Time (quarter)
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Dol Hi

Ol b

0lo

LRUF AP MY NBAOIAL ZTI0E HY By

I

(a) 7+4 (b) ==
3 0.2
2.5 0.15
2 MWW 0.1
1.5 0.05
1 (6]
0 20 40 60 80 100 (0] 20 40 60 80 100
Time (quarter) Time (quarter)




SEA SEE: AI2H Clo|l 2

WHE B8 Q17 - 2 - 0lILix|

M=
(23| AMZ=ALR], yujk@nars.go.kr)

20114 28 15

1. Zo| 55

 Stock3} Flow<] 7|3 A=

* Stock 42| 54
 Stock H42] A& A A

e Look up g4zl gk o] 3
« Lookup &2 +%
 Look up §52] A8 A1 A

o Stock¥} Look up®] 2 A A&
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2. Stock

o Stock<
. mEe] Ao EAF

« Z2ZAFA AE2E 9 A9 Stocke 2 £Y7) He#

fiow2

« StockS Flowell o] 3 4] gk o & k-3

A
Bl

w

0

B4 3

(0) *)
- 2 el AR 3ol gl -
A2t Har=0| RIS e A e

e e

2. Stock
ds
= 6B
a9
o =
Rl ]
ds
—=gdt
das Y
o o = Sz > S
S A Es w e
ds_ J’ gs
dt i
=In(x)
g
In(S) =gt+c”
Fioler & 29
S =cxexp(gt)
Sterman(2000), Business Dynamics, Irwin McGraw-Hill.pp 265-267..
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2. Look Up

e Look Up &9 +%

X($EH)

Look up &
Y=Look Up(X)

Y(EFES)

. ST MAYA BAE AR 2
o FAe® w3 o AF
o O|EHLAZE WS AA B
o of]) 2E | 2(Stress) S} A F(Performance)
o AoHolgE H| TS S F Yo BR A Fel g A oS A
Bhof of 3+

I
3. ezl 0131(1)

o SllaRE R

o Q17 Stocke] v, AukE Je| = ok A&

< >0
S >
X e
N
At 71
=AE
o om
1,100 1,000
1,075 750
1,050 500
1,05 250
1,000 0
O 20 S 0L ORFORROY 80 %1 1 T 2 @ 4 50 60 70 8 0 10
I Time
Q13 : Current ol= : current
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e
3. Z2Eg: 2171(2)

Yugs ol

EABME—IFAT - FEO

i g0l

A Oof A8 ol 0 AtLE

3. 2 gN 2

« 23 AES T AEEol TA
o 1F LHE LHEIL AR AFAE ] ohg AAEF

\ sag oz
w5 onam ) nsm m

/ 4N
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3. 2R oiXI

« AARE S SAA BAFE o1 Ln]

i AlZE oIUX 2

R EPNIR-S

[NV IEPYR-13

= > 0||/\L"1§I|eo°k i olEX R
ol 2o

&8
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4. Bl XA

CECC AT CE T — A
<Em Aam P TTA CL AXE W B
of

NREL] EYOOTED o

.
T I BN UL o0 s e,

e
5. &0l Afet

Stock¥} Flow 7%

Look up &<

Smooth &4

« REZF QA=
o W49 A 53} 1 (normalization)
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L comdudcudauermas 1 |
[
1. Sequence of SD Modeling : Feedback!

= 24, ge|=eo|M,

(8t= SD st3| HE|Q|IE, unaion@hanmail.net)
20114 28 16

/

| S

M

Understanding J’ N

Causal Loop Diagram ]/'

Input data lists
ey T

I

Stock Flow Diagram ]’

[ Policy Studies }—/

LERN

W
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Validation of SD Model

Ensure that it is soundly constructed

Focusing on the structure of the causal loops to
create the outcome

- Tool : model map(model boundary)

- Expert Judgment : CLD and SFD

- Direct Inspection of Equations

- Unit Check and Reality Check

Do elements respond to reflect data

- Comparing between Historical Data and
Model Output

Validation is depending on what purposes of
model are

How to test soundness ?(Validation)
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Basic Result and Problem
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Sensitivity Phase 2
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Sensitivity Phase 4

Sensitivity Simulation Setup
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Sensitivity Phase 6
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3. Calibration : Optimization
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FE AR

SEEEEEEE
)37 AR TH) s

s cBsE

File Edit Wi L
Name of data to conyert
iﬁ Table to%YDF corwersion

B A3

WView Layo Model

Time < dlo] €]
A= A
Windows

Tgols Help

Ao

. 23 A= (07 TR

© Rawll o O Fomula 0 41

Coltt 1 toF\owﬂI 0 Colft |12

33 O DowrTime values recognized when:

per col

PP

aes =
LEEE Z2: Wicrosoh Offce Excel 37-2003 HINE B yar Enlq_ o CRe[  swdl [ [ [ [ [ [ [
2 L*Mr 00728 95 552 -
EVRAG) TV Stip ™ Value for empty cell - EU" tents V'EEV -
= 3101
HIEE 3t 3 List of rows to exclude: e.g. 69,33 p"’l Ehmse wxt| Bre| Chaosel M
) e 2
List of columns to exclude: MRADEEEC
e IEEE T
a2 =4 003D B GRL
She
8] Ll - Transtaion Doriol——————— | 0 120 e fﬂgé
ER Maw el | 00B1 2000 OO 0 M H 2 2t
L} 4 ZH 007| 2001 007 0 &M 21
_EdSel | | oo 200z 08| 0 S
[ 009) 2003 ooaD FE T
W LUIEYS B2 o AddEd ||| 0101 2004 oD =8 22
— - 011] 2005 oD EH 3 ;
- - b LoadFomatInfoimalion |21 2008 mAD REA LY
k2 QIS I‘ k| ‘ 271(0) o Save Format Information |
IH HA(T) [Data Sources | Ha e Tianslate Cancel

S ERIPY

Wetng % valies for -D T 24] HYUY
Wring 5 vabies i D’h‘—”ﬂ‘}
Wirtng § vabies for -0 EH é?

" Wt 10 vabies for -0 '3‘
Wrg 11 wabies fox -
Wring 11 vabons s - p%bl‘:l
Wrtng ¥ vabies fir -D 5 2 &
Wring 5 vabies for - £E3] %
Wring % valies for .0 2§

" Wrang 11 vabues fou - ]

RELY CHEOWUE® Fes

chETeRaN

chund sy

cuoxmaze Wrng 11 vahies for -0 L SR
Wrtng 10 vakses for -I' «—.‘ii'a‘
Wring 11 vaoes for -0 44|

Wreeg 11 vabies foe -D 5 & HEFy

FE T

163



[
Calibration phase 2 : vdf d]o] €] &&

2] Vensim: &3 K@ T2 )M {0B0606-FXIAIR H).mdl Var: & &0

File Edit Wiew Layou Moﬁools Windows Help
EECIEREET ) e [4F 4% Bk &2 D6
pe[EMM ln B MR 8 BHKE w D

File Edit Miew Layout Model Tools  Windows Help
Simulation Contral

Standardl Ehangesl Sensitivity  Advanced | PIB.-"PDStl

Fun Name..."

e ——
DataSouces. | FEREOET) >
Payoff D efirition... I |"é.‘§.“.—jﬂ-_|1.vpd Ed...l [~ Payoff Report Stens
O ptimization Eontml...l 2 THA 213 fiting Ed_._l [ Kalman Filkering IEE
Save List... | I Ed,_l ™ Use Mirimal Memary

[thiz will slaw graphics)

EI Simulatel SyntheSiml Gamel Sensitivit_l,ll Dptimizel Reality Checkl Eancell

L comdudcwdauermas 00 a |
|
Calibration phase 3 : Optimization

+] Vensim: & 5 A2 T2 3 (0B0606- XA H).mdl Var: HZELH213

FEile Edit Miew Lavout Model Tools Windows Help 7\

EECIE I =L ET i ot % b w(im)y | & 2 @ na
o[BS B WWHh(EH A€ | w D (Begif ptnizator}

3 cogEaEs @ U7 DELRN T 20>

@ EwE e

=
a

= Sz e iy

=4 cags HEEERI

delay time

] o] P

m LEdss

%I-.., ‘
.

x.
£°z|a
.
s on
B3
rg =
» ¥
2
30
2
n
e [ ]
2
=}
* oL
P
4
_:.;_
7
el
=r
e
‘ [FEIR 3
V4
P
u

=
fal
=2
0,
hir
i,
[t

£
.
s
-
"~
(=3
\u
g
g
.
"
40
%
2 ‘
g
A
k-
[
o
4

204-asy ol - RN

fsddiz T ‘\ ;nx;-aTnCm

164



Optimization Setup

Calibration phase 3 : Optimization
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Calibration phase 3 : Optimization
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