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;@%T)/ﬁﬁ%%fi SDETIVEAREE « T 272D OHEAMES AN LT E
T, FREIED DT, TE DTS Ol CHRIAT 28I LT, £72
VensimlZIBIL TV V2V \0)“(3?)21, I, 22—V —XH A R TEIZ > CTET VAT
HTEEREDLET,

ZDOHA R TR BETET DN SN TOE T, ENENDFEE GiAERTIRN G|
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ZOET Y T HA RTHIT LI=E7 /UL, Vensimz A VA b—/L Liza L B 2—H D
EOT 4 L7 NURNIZHY £3, ! BRETAMMRGEINTNDT 7T 1 L7 YA,
ZDEFZNOIEED . A RTHWSLNTWD XA M T LA MBI 7 A VA E
LCTHWTWET, 7 /VEH BIERT 2 & X%, VensimDV L 7 VDM HILTWNDT
#4 L7 N LIERNOSENCARTE EZ TIRE T ORI LT TEEYY, ZOHA RCITET
IVEREGES D 72D ORI M ERITETR L QO E AL, b L BMER EF L7070
AlFa—YP—A~v=a T MR L EBED LET,

ZOFGERINCIL, BT AEXIRT DA JRAIE LTRSS 235 & FE-> & OFn
Rt DI CTFRR L QONET,

£ & RO AT
workers attrition workers attrition
FHEER (ANER)

2B, REFor T DEAIIFRR AR O X CifEtT 5 & BIeeER L5 os B L IRFE L
THYIR LT K 2B DT, ROFERIZOWTIESLTOLEL L TCWET,

1 Vensim D~V A =2 —GET U A e, FOFHEICTET VOMRT
SNTWBET 4 L7 BUA~DY 7 PRSI TNET, T U iyeunfi'%naézhﬂ vET,
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1.2 =& - IE 58 L 48:1& (Events, Behavior and Structure)
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@Ehfwéﬁﬁ%ﬁm¢ékwﬁﬁ%fﬂ\$%m&i@&uﬁtﬁw&w5:kﬁ%
20 F9, FEOASGEOMROBEMR NN T 7o D Z &%, B OREEZ T HUL
B0 ET,  BHEIDAFEDRNNE ST, [Fa =213 8% b-00? ] LadalzL
LEL X I, AfEL AR T a—T 2F00H LTINS T EEX T AT AELEST
IO TLEWVWET, FUFAICA—YZHFET 7ol TR L7 T2 |
E:|NIHEATYH, NEHAVE R EERESNSHE BT 5 ERE LMD TT | EEUHIC
%25fbiioz@m@%m\$21%abt%%‘ \ZHIATIUE, EOWRIZHD
WIEOAREITIA D Z LIIARATRETE 80D 2 V0 £,

FLNH—BFNTEZDH LD _&iﬂm6%w®mwmﬂmﬂ&~vum%afé
EWVWHZ LT FET,  RAEO O — L, BRI TR Lo
HDZ LT, HlziE, T A Y BESITIOOFEL T, YO MERTEORLEE . B0
15 0 OFLFERH AN AT S HEM OB EHORE L W o 72 b DI, IRDERND S F—
EEZLNET, FEMLHEIDo T, (INEOFLREFI S Lion? ] L
AMPNEEZ D 2 L TIRABN D SE— NN TEZ DI LN TXARERDET, #
I FHIUR, A DFGOBREED Z L, TOERIZH D, 1THMITRCERIZE
TREVBELZERTEDLOTT, ZZETREEVEL ZERTEIUR TZOFRDOKIC
EORER TGRS DTHAHN? | LWoT-{fx OFLGICET BRI NS p o T
F7, ZONDY | WEEZEC S LSRRI EOPIEIIER 2D T L1270 £

1% (Structure) &3 IR DHE VA5 | Xk Z W) ekl AR S i OH oS O £
D CY, FEL IR L HOERBRE LD TH D) W) O0EETYT, 72, 19
BB IE L IBRDONEHCTE LT 5] SV ) OMEE T, £ LT, L b
DZEEWD D T- DI E SN APERREIZEESWTABZEHT 5 £ 0 ) O BiEETT,
ZOREEDRER L UC ERAMENEE 5] L) D0 HRDER THY | [TEEAFF
HEE RS BN S22 720 CEONY ElZ72 572 L) ZENRFERTHS, Lo n
TEFT, BEHRIBOERTELET, T LU CHEIHRDIE DA TS v T v g v NEE
D72 b DO THD LWV ET,

%%\ﬁéﬁw\%ﬁ%E%?é*km\%%%ﬁ%bﬂmﬁétbmﬁﬁigﬁﬁo
DFY | ERICECROTHEEAT O 72DIld, EEEZ DVERHDHDTT, HHEEE

IUFIRD B NIGES N ET, %L%Ewﬁﬁ (2 L & U, ﬁ;ﬂib<&m2@t
Zoltl LTh, LS HDANLRTHEN TNV ET, VATLHATFTIvIRE
Vensimid, #&aRELL, &N EORIEDHEWEAIRET 20 E i 5 — V72D T
7
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1.3 YRTLFAFIvoRTOER

BUSDET VAT A 720 DOEBINIfE 2 57 0B A LN >T2 b DiEdH U FHAN,
TN FEANTE L W22 b D0EH Y 7, T Va7 b HA RTA4 AT,
TV T Tt R IONTIRRBIVTNET, EOFNDEINLHZE D72 HA RTA
ZitBALET,

1.3.1 FEIRERT— kA k(Issue Statement)

BIHAT— R A P Eld, 2B L&D & LT D RTEIMITTH D0 5T
L2 DOTY, SWHZIUL, BT ABPEOEMNE VWX SO TY, FRRET LERED
TeDITIFAMZIHIT 2 Z L3 THEETY, EORICT AT 2 UET D20 E RS
L EORDELAND BN 2O E T & ) SEFNZ, VAT LT k' ADE
TR D Z LITREECT, IR REER A RO Z &1E, BT VAR L EFEE
H LTS ERRIR2Z £ T,

1.3.2 E#HOHEE (Variable Identification)

MEZET L E LTCOEETHRALL Y L LL &EIC, BT MIGENLF—L 08
FRELET, BHFIX. ORI LT N TEET, ZOFTY
O EERLOZHHITH7-01I0E, L2 ET_CY AR LTEIHLT, #
DIVANETT 7T 2L THDLERNTL L D,

1.3.3 SBBE—F (Reference modes)

SHE— RNEE, EHOIED RN E LTHND \Z—2 D LT, ZfE— NI,
RSO LA KRBT D7D NS 77 7T, 3 LIRS L
RN THDOVETIH Y T A, bo LIEHEICE AL, BRE— N BLHIIED
BRNDRHE AT DR TR b 0T, Bz, HHreH05E @i nTEx
X EL WS L 7y 70 E IR TN g7 bD T, kE
MLV RDHIZTT v FHET LTS VW) ZEEHY 2T, 2T— R i@
FOWRDIENZT Tl FEROIRDEN L EHH T ENTEET, Zhud, B2 L
WG T 52 L) b LIVER A, RELTEZ>THRLLRNZ &) b LitEt
A, TEERE Z > TBRLWEUNTE->TWA Z 8] b LnERA, b &)
0 [HAERO72 2 &) 2RO FHE L LTI b OB IR — R0 T, &R
F— RN EARNCEZE STV e LTt £47728, BIEAT— R AV b &R0 B
FCEREZ TV SEHZ ENAMTT, °

2 “Guidelines for Model Conceptualization”, by Jorgen Randers in Jorgen Randers (ed.),
Elements of the System Dynamics Method, MIT Press, Cambridge, MA 1980
pp.117-138, HifElL. Pegasus Communications 7>H AFTEE7,

3 IRl L 0 1TEe LA, WS & OFREED A/ (H BN CEEAE 72 O7 HEHLC 100
R DMNE NS Z L) THIDL D DO EE T,
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1.3.4 RBHEO[E

FHWEO SR EIT, VAT ATEEFNTND &%zé%ﬁ‘%&%‘% EORRIZBHRL T
HONEROENTHZETT oI THIETT, TODIL, HDHERLEHDHERDM
(2B DENRZ SR L £ 4, T2 FENED SCC E SV ET, FEME O SRCcE B,
AT DT E DRERBEEN G ENTWNADD, HDHWITENSDEERM T L ORI A
TEH L T DNENST2Z EITOWTEARR Z EV0 0 7, HAEENEL LT
L& REEDNBILT DEEDH D50, ZHNEDEI W& ZDIZL D bDn k-
o2 &N F, FEBWEO SRR, EORRIR DR D3 DL oTe Z B AT
J— M LGl SNIZ b DGR EERA, £7o. ZL<OHERITLICEDEL Lot
NPT ETEZHY ET, EIEOSBSCE LTEEHEN b0, ET /UELIZY
AT KOV TOHGKRIZHEDNTNET,

1.3.5 #4+ = v {xE% Dynamic Hypothesis)

BAF I w7 GRE L [EOEENZ DB T — R AR L TN D002 |
EWVIOGETT, XA v 7T, Bl cERsnET, 410 v 7T, KR
N—TRA Ry 7 L 7u—DFvy— e LTERLET, ¥4 v 760, nEs
NOFNZEFNTNDEDN? | Fio, HIREENRODN? | ZRDDT-DIFEHTH 2
EHLTEET, TXRTOEEDNZE S THHIRZ, XA T v ZREULHEITE LW &R Y
FHA, TETNEERT DI-0I20T, B SIEIENNETT,

1.3.6 ¥2alL—Y3>ETI/IL(Simulation Model)

Valb—a ETUL, BESIVEERE LCESH SN XA T v 7GR TH
0. BURIICER SN BFIBHROEF D T, v Ial—Ta ' T MIvIab—
ANl TRABNEALRH LET, v Ialb—a BT UL, EICEENSE
FROEEFA ST T, EORRTRD IR WAL T 5%, 2 Ba—H - Ial
—a VRS T IR UEND D Z LN TE HDT, HEEICEFNDEHRN EORIHR
LHENERTET D00 EEET 5720 DFBREORR LD L E 2 F T,

RO e AL, FUTHERAORRE L TMEGEATZ Y LIRS0 5D TT )
B, ZFARIZRIG L7 iudie 0 $8A, MEEZRATH4FTIE, ZNETELWEE X
TWBZTEEZDNENRLZ > TEET, ZOFT VT HA ROBETIE, Eiio
Tt AOHT, ERAES TR RRAEIAREZ DD, £< ORI RN HET L
HOT AT AR TEX DI L TWET,

VensimlZ K- T2 0 09 < HBUCAEU A T AT, FEHWED 5RO T D DIFH A7)
FEL. ATFTI v IGREREL., VI a2l —a B TFNAEEEET L LV - EEAE
OHZENTEET, AT — AL FOIESRCSIE— REET DITiE, e %
R0, MOEM THEGICTE BN ER A, VensinZ 2 1L, fEHEICEY 27T
TNELTHAT Iy VG EEET 5 N TEET, ;hiﬂ&@%f%ﬂbﬁuh
EHTZENTEET, LLENRDL, v al—rar357200%. arEa—40)n

WEE TR FT,
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1.4 EXRMEE L FDIRSEL (Fundamental Structure and Behaviors)

PLEEGR LRI, BT UBEO 7 0 2T, BRE— N ORSNIESEWD, Y
DREIREEN B> TND DN EN D Z EIZOWT, GROREIRD B ET, Zhut
KEHE LN b LVER A, LU, BT/ UEEEORBRZFET Nt > CIREITIEN T
KBHHEDOTY, 7287 b, fhid e TORENVELH IR B OBIRZ SR - LTS
XEMHTY, ZOEGBORBROFE 5L LT, KbEMTEENLIEADIEL D
IRG = L ENE ST R BRSOV TR LET,

WDR 7 va DR T, ik, R TR RBIOIED BB & 25 2 A9 Hile
WiEE L TTEET, TNOOXA T v 7 EaE A TARERNR L DI 41— RNy
T, T A4— RNy 7 BT A7-010, TF UIRFEL—T7ORLET,

1.4.1 FE3ABRASAIRLER (money. md|)

PUZHITIZI00 RVETAEIT =& LE L X 9, FEDMEI0% CHERIFHR L LC, 1008568 T,
EORAHTLE I ZHUT. 1BEORIT 47« 74— Ry 7 « —7OFITT,

money
interf rate (B
(IH\\ @
interest
(&F)
TE4
4 M
w 2M
O 10 20 30 40 50 60 70 80 90 100
Time (Year)
money (TH4A:) : Money t t 1 1 1 1 1
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1004588 CIE20005 RAVEL BIZ72 0 £97, BBIERORRIIER RN —E & 72 DMED &
DFEF, L. 100 K/LA3200 BRI 72 D T2 DITHRITAED D> TUNVET A3, 10007 K/L7>5200
T R B DI HR00T 0 R U2 OKITHED D 37, ZOf%EE-> T, FIEREFEH2
72 5 T2 DI DD I OBMREFI~FUZ L 0 BRI RO 5 Z LN TEHTL X D,

ZOBENZOWTIE, BEEA R UZRVERIS, TIME STEPZ 4310/ NSV ME (203, 0. 125)
ERT D0, BONEE LOVT « 7 o FIERBERT DRI LTSN,

1.4.2 IEBEIEAYERLER Workers. md|)

WERIZ, Sl DOEAECENTO D B 300 A5 & LET, S1%IEHT7-IEM L
RONbDELET, £LT, HEEOFIREASIMITIOE™ & UET, TEEEiI e ok
(LT DTLEIDY ZDEAFT I AXIBEDRHT 47« 74— R R - b—
T OBITY,

workers

average tenancy (FAErREER

(=R R

S =)
attritio
(NER

T EE I

100

50

Person

0

0] 4 8 12 16 20 24 28 32 36 40
Time (Year)
workers (95{#13& %) : workers + + +

H
H

TR, FIDIIIERITES . £OR%ITD- < DD LEY, TRk
ERITT, I7bh, SRR T, MI0RITES . £O%REIIZ L E L,
LU, FEEEIAREE CIIRIDIIREIC, D% Vg LET, £, fBrpE T
(RGBSR IR —E L W O MEED S Y £ LT3, FREEIERIARERIC b AR
DRI D W F97, T 70D b, J7BRE OH-537MBk LT T < DITRITEED DD &9
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UL FEY @%{%75@ NN DT DI T TR E L 70 ) F97, I A o x
EELSET, FEEIESET r)ﬂw\@“é@ CH BRI ORRA BT ER RS
HED 7,

EERE SRR B U CEEER 2 &I BT A 207 OB LT
b FICERRIRD IR0 D &) 2 & TF, ICEEDI0E Th o7 & X 40EEI1ThR5
REZRET D ERRITEOEIT/DTL L 9Dy

1.4.3 ST (mice.mdl)

WERIZ, ZOHINY HRAI AL LT, S TITHE Lz S REL TLIEE
VY, ANV HRR I OIEITE DRI D TL £ 9002 — R IRD BRI IFEEIR R D
BRI R A ET, HENNT, BHIOMIZZFDO LI T, LrLARb, W bz -L
LTH, FOHONY TR I 200 HVEI/85 Z 213720 TL k9,

mex net new micerate Mice normal carrying capacity
(RAIOABNED) (RAIDE) (?1"&%71’—\1/9
effect of denS|ty onsurvival
net new m'ce (T _Eﬁ
(*Z:U)i@][%l) effect of density on
survival function
(AR
Mice (X D) .
800 - -
600
()
S5 400
=
200
0
0 6 12 18 24 30 36 42 48 HS4 60
Time (Month)
Mice (R X ID#) : Mice - - 1 T T T 1

TIN5, WO BB R ORI LA F 9703, R FE B 7353
BNTWDERICRA FT, 2O~ T ZEOHREITHE—D T 4 — RNy 7 V—T7TIIEMFET
TFEHA, ZOEFTNADGEIL, ROT 4T ERXBTT 4 TI2T 4 — KXo 7 )—T7)5l
FEAEL, IINIIAR T 4 7« =T DI THY . B TIIRHT 47« —T
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T E 7o TNET, ZOfEE AR 72D IES max net new mice rater LS
B TCHDHERBNTLE I, [HEZ(LEEHIZON T, 25 net newmiceDIRHEENTED
R DBELTHEL L), ZOETAPCEENLWHOT mE AT, vy I Ty
TIE effect of density on survival function®JEIZKEAKIELE T, ZORKOE
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1.4.4 IREh(spring.mdl)
BEEEM 72N EARE LT K ETO B O RDOWZRA T U OB E AE 2 THE D,

position spring constant
(fi28&) () \RER)
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S
‘\\\\ zqﬁﬁﬁgn B2

. FE4R /B @) (Spring)
20 cm 3 2 f
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0 cmSecond |
-20 cm 3 2
= 20 Cmmm 9 1.: ':: i ;': :l' ":: ::":
0 4 8 12 16 20 24 28 32 36 40
Time (Second)
position (ff &) : Spring + + + + + + t t cm
Velocity (%) : Spring 2 2 2 2 2 2 cm/Second

IEHESFEREIS D=0, ZOFTNE Y 2 b— MTDEAIIV T« 7w 2R
EVTHRTHERIC L TLEEV, 2B, IREVA AN e HifliZos <3, R
T LA, BPEEE S 5 —2BEZXTAHL I, ahZ MEET, #Hiln
IIAT Y NEST H~—0 T 4 VT FERINT DR e, T T 4 Tl GA TR
NHZET HEREESZITORMN—ETH D LW ) BURICEE M TEZTAHL I,
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Of average tenure
(FHREE# )
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IRE (clients)
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% 500,000 e o
400,000
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728N,
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(Workforce, Inventory and Oscillation)

2.1 [FL&HIC

ARETIE, BT NVERFE, e L UEHT 2 CGREE R ERIZ W T T +— B AL
T, ARFEEFAIR, VensimCSDET /LA FEIZE]N L THD & LD EREIERD D Z &
NTEET,
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2.2 Plisknzs

AL TROT NI Y VOARE, IRGEEIToTCWNDE LET, HRT-OSFOFHET
RN RBINETI T, LovL., AFEZHENSE5Y 7 M LR, Eivb7a<
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Z ORBEICE Y $AT el 7> T, CXAFPTHEML L TELTAE L X5, Bk T
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& T, BRI TE 5,
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72Xy,
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LUWEBREUVNZ 2> T LELET,

2.2.1 BRE—FTHEDFEZITEY D

ST — NI E 7T 7 TR LIELOTY, WEESEECHREE, AETIEIEE%
EL72W] E72BHTLE D, TNET T 7 THUFIZIROKIZ/2 Y £7,
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20



L72bD) &) ZEHTEET, LU, SIS <BEOT—2 b LILERA L,
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BT, 1B S TAEENEmY ChH 7270, BT NEWETHILIZL-T, AFLE
T2 Lo TERMIZET VORIMEERRET 5 Z £ TE 5139 T,

2.2.2 REMORIRTHEZRHFLTS

EURANEDRRTED S D0 E WD Z LB kAT T VORI AT UAR T,
BIZ TR OB H DT,

< HBE DR UE, AEITTE AL

AEEARTAUR, I CEEEA,

- BRIED B D IR AU, AEZIER L&D & LE T,

 (EEERFF- 2L, AR T Z LiITTE A,

HAF I GRTHANTI I 2 Lb—2 g VBT NAEET 5 L X3, 2nb0E
BIMED S BT 215 A, WISONIEO TR ZENHEETT,

2.2.3 BA4FT2 v/ RBRTHEEZEZS

FAFI w7 EEEL L) T e EOREE R HIFSIRE— RIORSNIED
BN A USDMNEN) 2L EBEZ D2 ETT, ZOFITIE, HICBBE— R TORE
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Iy AMGREENET 52 ENTEET, X0, B ke 5z btk s &
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2.3 FHEH/EEETILWfinvl.mdl)
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HZTIENT, LV EZLDAAZBUTE VL DR EED Z LN TEDHESH L
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TRTHAEDLE T, —OOAFME Snet hire rate X BEX £9, net hire rateld,
Worikforce ZHIME A 72T TR EEDLEADRHH T LITER LT ZEN,

, 2 p-| | VENtory ¥ >
C:/ production (£E) sales
(£ESD (B
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\ g X iy
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-

2.3.2 IRABELZEIT HREF (IFHD)

REOYEE 25 2 5 Z & T RO ZELS Z LN TEE L, RICTHFROESSE 2
ERLTUTEEL L), HIEEDRIOEZRDIRD TR NI L H- 2 5 Ly 5 ERRCIRD
BNIBIT ARSI 2B X THTIHIERWT L X 9, BWETIVEIELT-DI0IE, B
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EWVWH TRV ET, 1o T, ZOHA NTIEL, BRIEKINC R 257 Ta—T % L
HERCLET,

TEROEEZSE S EDICHT= - T, TX ALY FELHMET 20 ERH Y 7, 4
PEIZOWTEZDIZHT=- T, APEY 7 MEEICET 258X L £V MAA T, production
IFWorkforce 2§25 LD Z L TEIT TRELT HERIC L E T, £D2dIz, HfilEkk
productivityZfHIINz F9, Iz T net hire rateldWorkforce DfEIAKIE L CIRE D
DELET, TNOEEIRT D LRI 7,
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net hire rateld, BHINDZERDONETT, ZDZ L2 EILT DB A ML— R
JHENA k7 &t 2 (A stock adjustment process) CT9, A b v 7iHEE7r ot A
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GEREEIIA Ry 2) X, &RIEDT 780k EN UL ) 2L & EIRL 0D
HIZEATLX D,

DA Ny IHHET O A EET MET D72, Efitarget workforce & time to
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(HED HiGoE
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(—ADEED
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o - yay )
(FHEEE net hirerate

— (AR
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(EHErERD

time to adjust workforce

(EFEREETED

time to adjust workforceld, ¥R —T ¥ —NHBEDNEHEZLETTHZ EEZIEL
KRIEEZ2EE L= LA A7 Z2@iE Lz 0 3 AR LEJ, target workforceld,
AREICVEE L T2 5 NESTHY A v I WorkforceDFIHME & LT ZDEXIDIZE > b
INFET, KIT, target production& W IHOMEEZEHTINZ E4, £ LT, Tk traget
workforce & fiNEd, Target productioniZsalesZ EElZiRD HILET,

. Z - Inventory Z )
N TS
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Ralb—yarTEERA, ROAT Y7, MEEET NG I ab—2a VBT VA

24



FA¥ET D Z L TYS

2.3.3 AEX wfinvl. vmf

ZOETNOFREENITROBZ/2 0 £7,
FINAL TIME = 100
Units: Month
INITIAL TIME =0
Units: Month
TIME STEP = 0. 25
Units: Month
SAVEPER = TIME STEP
Units: Month
Inventory = INTEG( production—sales, 300)
Units: Frame
net hire rate = (target workforce-Workforce)/time to adjust workforce
Units: Person/Month
production = Workforce*productivity
Units: Frame/Month
productivity = 1
Units: Frame/Month/Person
sales = 100 + STEP (50, 20)
Units: Frame/Month
target production = sales
Units: Frame/Month
target workforce = target production/productivity
Units: Person
time to adjust workforce = 3
Units: Month
Workforce = INTEG( net hire rate, target workforce)
Units: Person
ENENOHFENL, BANAT T BEM DGR & B ORI L TOE T, salesTEFKT
HAUL, Time=20F TIXI00T—ETH Y, A7 v HRIZT v 7L, ZDOKITIS00MRIZIVE
T ZOANIWE =TT AT DISAREITHERIRRBIZ 8 205703 T A R L2 D 2T, 8
LA (SalesASBOIZHIN L 7= Z &) 12kt LGRS LTI T Bk T2 T = v 7 35 72D H
WONET, ZORRAT Yy AL, ZOFITHERL L 9 & LTV DERZRINERRIIZ A2
HEND VAT LOFA T v I AEBEET HI-ODR GV TN\ E— T, ZL
T, MUTHNELD Z2u & E BN ORI S AT DO TR [T T < Doz
B TEHDTY,
ETTUTZN TR LE L, WEWE YR 2 b—v = AARIWwFinvl 24 L TIATL
S
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2.3.4 9

2 production & Workforcel T3 B EFEFIK 7T 71X RO/ XA T v 7 A%RL
ESC

wfinvlT —+——%F—%+—+ ¢
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Time (Month) 110 |
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=200
g L L L 1 I 1 1 1
0
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Time (Month)
Inventory (f£JE) : wfinvl % t + t t + t

(ERE, FHNE3007> 5150 F TR BN LET, fEHEZFFOBIIL. BEEENES
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2.4 ETILOTUE Wfinv2. vmf)

ETIVEUGET HT-0IZ, target inventory, inventory correction& 20D EFAZEA
LET, FOEZFI TN TT, target inventoryiFERGED 6 ORI EASNTHD
b5 BESEETY, inventory corectioniX BE/EEAAELET A HDTY, HLvv—7F
EEXRELEIZTEOFRINEHER L TRXET,

Q* Inventory #’Q

produc’[;on (Eﬁ) sales
(HED) (P inventory coverage
y (T T
productivity
(—AHDEREED
target inventory

| inventory correction
Workforce | g sr o (RgyEE
(55 5 50 net hire rate

time to adjust workfort target workforce

(RS (BfEEs

LNER target production
N\ VB (R
time to correct inventory
(FHEERERSR)
ce

2.4.1 Bl

target production = sales + inventory correction

Units: Frame/Month

inventory correction = (target inventory — Inventory)/TIME TO CORRECT INVENTORY
Units: Frame/Month

TIME TO CORRECT INVENTORY = 2

Units: Month

target inventory = sales * INVENTORY COVERAGE

Units: Frame

INVENTORY COVERAGE = 3

Units: Month

net hire rate & [AfEIZ, inventory correctioniX A b v 73k~ vt 2 2 AW CESYL
LCUWET, time to correct inventoryld, & LV MEBEESERCAEIZBITA AV 2—/L
EEDOMEMN TR Te DI BRI AEY LE T,

Z ZCTfTo7zinventory correction®ERAL &net hire rateDEE/NE L, EEA k
VNGB R 5.2 TND MWD 2 &8 TF, net hire rateldWorkforceZ i L X 9
L LF9, £ L T, inventory correctionitarget production, target workforce, net hire
rate, Workforce, productionZ#% CEAKAIIZIXInventoryll bt 52 £9. ZORI%
OEFHZIEA | I Workforce DN MEL, ED Z EWEERH A F I v 7 X EOFERE b=
5LET,
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2.4.2 HEEDETILOIRDEL

EFNEFLTAVEINV2 T I ab—ar LET,  SlicWorkforceDIE A ND V5
TERAERRLET, T—F & v ML whinvld X OWFinv2 DO 5 2 5imAR £,

S8 ) LR IREIE T L©
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g 152 22—t 72—F2—F+2—12—+%
5
~ 128

104

80
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Time (Month)
Workforce (@& %) : wfinvl —% . + 1 +
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ZORDIRNIDOETT IV LT Blpo QOET, #i-7eET L DWorkforcelZdh £
LECETHREN) A L QUVE 7 Workforeel 2k U CEREFINZ T 7 2 HWT hL—A L
THREL LD, F7-. target workforce & tareget productioniZ oV TH hL—A&{THo
THEL LD, MERIFRORIZ/2D £7,
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wfinv1 t T T T T wfinv1 T t t t t

wfinv2 2 2 2 2 2— wfinv2 2 2 2 2 2
target production (B4Z4&EE) inventory correction (B ZH71=UTE
300 100
225 67.5
150 p 35
75 2.5 p
0 AR Y e _30 — al
target workforce (B 1E5 &1 #1) net hire rate (A XA -UER%D)
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75 -25 2
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90 0 50 100 90 0 50 100
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inventory correction}d. wfinvldET /TS FHA, bz, wlfinvllT7 a2 v
FENTWEHFA, target porctionDIEENT AIE AT L, (EREKIEEEDT-DOTT,

TEE) O/ Z 7 bR U REN AR LETH, whinvl &1HE-7ola L ET, Ge
RN % & & AERKEE W invI ORI T2 0TI < LD & vz 2%
LWL e LTEL LOFIZAT THEEDME X £7,
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Inventory

600
480 PR g 5 L 2 5 5 L 9
-~ 360
L
= 240
120 T 4 L T T T I T
0
0 10 20 30 40 50 60 70 80 90 100
Time (Month)
Inventory (f£/E) : wfinvl % i i + + + +
Inventory (f£/E) : wfinv2 2 2 2 2 2 2

2.4.3 FIEDT z—X EIRED

COFETFNAEBITELS BET L1010, a2 ha—)W=RLD T T 7 X 7 %N,
Inventory. target inventory. production. sales?® 7T 7 HVERR L CHAEL L 9, HH
A=t/ NI DR RE00ICE Yy RLET, £L T, Ay br— b\ j 07 —4 1y
NE T %Mo, T4ty Mwfinv2 3 EHAIC 72 DRI L T2 S0,

Phasing and Oscillation
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Time (Month)
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target inventory (B1ETEE) : wfinv2 2 2 2 2 2
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BT T 7ORKRDH L% RT7 v 7 LTHELL Y, ok, 2 br—/b/ )LL)
Reftlfil 2 7736, 18 A BA 364 HRIZZ +— WAL THEL X D, IROERRT T 7713
BHNDITTTY,

Inventory

600
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salesS AT THNHINNT 5 & saleshiproductionZ F[A[> T\ 57-8, Tnventoryld
TR D ET, salesHMENNT AT E - T target production3HENN45 & FDi%,
production 2MRFTIZHENN L £ 9, {72 51X, Inventory 3035 & inventory
correction?MENIT 25T, LU b, FilsEd 2 e 2 72 OIS 720
D7=HlZproductionZEINNEH25 7 a& A TENFEA U E4, fEEA0C.21. 34 A BIZ.
productionisales L2 L <720 9, ZOfER, EEOK FIXIEE D MRATTHEIN LiGD
£7

InventoryZ3HEAI Lproduction HHEAN L £9°, Inventoryitarget inventory% F[a]-->T
WA A T dproduction Z NS AEINH D £9, LA LR, production?isales
% F[El > TV T b production2 SN Ukt T £ 97, net hire ratedd~ A F AT 50T,
W DFENinventory correction>HDESJH/NT LV AIEATZOICE, EED L ZA,
productiontd, F&43ilsalesk ¥ HZVWAEENH Y £9°, Inventoryditarget inventoryil
ZELuE X, productionidsales LW HEVREEICH D 9, DO Z LEET DHLENRD
DET, RERGIE FENIER-TEY, 51RO TEEDOHEINOFRIZ 2> TWNDH D
T, salesk ¥ bproduction D LI RE L 2o TWVET, HIL, 5 /UL, RIcERE
— RCHEW=#RICsales L W B productionDZ b itiE 2 = & 2R L CWVWET,

FED & Z A, WRFEBEOBALNEFEIZH L s b & &, BB KRE 72D 2 L I3WEn)
\TRET DR LT, —IANZAREDRIERIT, ARGEDHIEZ B[Rl TV H4AE)
HHOTT, e bi, AEROFFEN R INDHRNC, ERFEEOHINCE>T) B LT
LE o T HEAEHET 2B 65 DT, £ U HEEZHFAR LS 2T, LhEmnE
FEL~SUHEEZ T A BT B BN 85 DT
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2.4. 4 ZEADHIEORE

NG A= B HERSETET /VCERT 5 2 LITHREN b OTY, ST 4—~
L ALUWGET DI DORIRO—IL, EEOE A XN IEIETHZ ETL L D,
Z Z T, time to correct inventoryZ XV /NEAREIZL T I 2L — ML TAHAEL LD,
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3.5 VI7—-DHER (projectd. mdl)

a7 hOFK TS CUndiscovered Reworkhs B™— 27 |25 L CUWA DT, rework
discovery ratet £7-F DI HTCE—7 L7 ) F97,

R

10

Drawing/Month
(6)]

0

O 2 4 6 8 10 12 14 16 18 20 22 24
Time (Month)
rework discovery rate (FBI&H %) : Project3 -t 1 + +

Undiscoveed Reworkld, AEANBIEIZ L > THEATEL2HOTIIRVDT, 7nvx
7 N OBREBEFETIRY U —7 OFREITRE I AHR1H 0 £, ZIUd AL T
EREOE—2A %@ B —ADBEEE NS AT H T & LIFFITBTHET, &
I DIL, &> T, FAVE TO R UCHTEO DT 26T, FilziX, #iEsx
AT DR, B L QW FORE SHRTESTWZ0 |, KO+ 7 ho~Hk
NEES QWD TAHLE VST Z N DT,

initial project definition

TS frectiopsoy'ete
project is done
(FasrHsET 750

— Work Remaining . Work Accomplished L
RE2E worﬁlow > CBEF
R TED
Undiscovered Rework| ||
work quality CRERDTEER ||
(HEH)
time to detect error lookup
v’ (TR

AN
rework discovery rate

< time to detect ;{
T CreustE®

NS AEFRIBITAT-0IZ, time to detect errorsZ T LET, ZOEHIIT 1
Tl NOSTERIRBBIEE LET, 22T, HicY H—oDEHfraction completeZ Iz
9, FLT, FFrLWEEA{# > T, project is doneORXAEFELFT, T2 TEEIN

44



LTROERZ 2D £,

fraction complete = Work Accomplished/initial project definition

Units: Dmnl

project is done = IF THEN ELSE(fraction complete >= 1,1, 0)

Units: Dmnl

time to detect errors = time to detect error lookup(fraction complete)

Units: Month

time to detect error lookup ((0,5), (0.5,3), (1,0.5))

Units: Month

TuYxl PR TISESIZONT, BOI/NSRIEIC/2 58k tine to detect
errorsEZEHETA7-IZ, fraction completez /3T A —H |2 LU CHRKEIH tine to detect
errors lookupZfHEVVET, I 2 b—3 g URERITROERIZZ YD $97,

Undiscovered Rework (RFER DA~ B ETS)

40

o 2
(0] 2 4 6 8 10 12 14 16 18 20 22 24
Time (Month)

Undiscovered Rework (ZRFERDTRZEFS) : Project3 + + + +
Undiscovered Rework (RFERDARHEFS) : Projectd

rework discovery rate (I~ B H #0)

20

% "’ 22,2.

(0] 2 4 6 8 10 12 14 16 18 20 22 24
Time (Month)

rework discovery rate (FEBRARHED : Project3 —=¢ + + + T 1
rework discovery rate (ISRARHED : Project4

2

45



work flow (FEFEEITERE)

+ +

100 N

50

DraningMorth

0}

O 2 4 6 8 10 12 14 16 18 20 22 24
Time (Month)

work flow (ZEFEZESITIEE) : Project3 + + + + + + + +
work flow (ZEFEEITIEE) : Projectd

TuT el FOKETITOTINCGES 20 £T2, 5EREO Y U —r BNEE A ERELRR
SIpoT=Z EWG0 FT

I a2 lb—I 3Tl time to error detectDEFEIZEVNT, time to error detect
lookuplZBF =T — A we—U N HET, ZIUuL, ITONWALFROEIMTOI RELT
FAOHFEREZDTNIBZ D Z LI L TRIZHOTYT, JIUIRERICT r Y =
7 Mk Z ENFRREZZONET, Ziudar 7 M LTRAGREITZS Y £4
DT, 5DOEZAZOEFICLTEEET,

46
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3.7 H@EAHEEM(roject6. mdl)

AFETIE HE LT MEFHEE T T 57002 _TD I & Zwork flowd LT
STREL, LR s, FERAMFEZRTT 572013 VY —ARKETT, =
DET TR, fEEL UL (effort) IZER LTWET, £LTU YV—AIZIATYT, Zi1uh
DN, HFEOT=DIZHT TR DI D DRARENEN T A SA NI BT, 5
EEDOOLEDT-OIIEEL e £, s > PN IRER AR T L
ORTHEHALIZBDLRITTY, ZoWE, BENAAEREIIFH EBVIc7Tey =7 b
BSETTHDITNER T —7 Ta—E\ ) Z L2 £,

time to adjust workforce
Gzt o

}/—\ Workforce
X . _ work fI_QW
net hre rate s (ST TED
(IR o T
productivity

el (e |
required workforceN <project is done

ired v (FOVIONET)>
(WES5EH <\requi;]egl@g%vor|<ﬂow‘/
(ERETED
—////'),, -

<scheduled time remaining <Work Remaining
HreAR)> <maxwork flow (RS>

(RHATHERRR>

required workflowlZEE4 A4t 70 o= 7 MAE T TUEE TR ARRICEE L ET,
B LRI ORI 20 £77,
net hire rate = (required workforce — Workforce)/time to adjust workforce
Units: Person/Month
Productivity = 1
Drawing/Person/Month
required work flow =IF THEN ELSE (project is done, 0, XIDZ (Work Remaining, scheduled
time remaining, max work flow))
Units: Drawing/Month
required workforce = required workflow/productivity
Units: Person
time to adjust workforce = 2
Units: Month
Workforce = INTEG( net hire rate, 0)
Units: Person
TuaTxy NI EETDOIADHED VR THIaE Y £9, £72. AOZEET R H
STEFET, 2O RFIE, B #E - ZOFEIZET L0000 WG T,
hasd L&D D TIEE L~V (ef fort) ZAECONINNET 2 Z &0, VEEDEHFES VA EHE
THZELEHETLL Y, ZOTETADYI 2 b— 3 URERITROBC R £,

49



400
5
=
\g 200
% w
5 a
2
. HT%MW@ ________ A
0 4 8 12 16 20 24
Time (Month)
work flow (EFEEITEE) : projectb t t 1
Workforce (F7{817) : prOJectG R pa P P

WorkforcelE, 100 AF CHUEIZHEIC L, FDOHITPp-L Y LEERLL, HRlcTay =y
ST I AIECTCEARIIEMLET, LT, YuevzZ hoOKTO®RII T ey =7
IEEIAHB L E9, 2 D2 2DOIEBISER IR D R NI OW T & SR VEETT,

50
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willingness to change workforce lookup ((0, 1), (0.5,0.8), (0.8,0), (1,0) )
Units: Dmnl

3.8.1 7>z FOER

e ZAFE L Tkl ma v =7 MBI T-0I12, T2 8
FHVZ SR ETYE, LR, —RICEORERZ E3RET2RTIIR<, K
ERRENRER SN X7 TT,

ZITEZTWDET/UL, bolEb7a Yo7 BNk DRIDZA T2 v 7 A
NHHDT, 7uvey NOFBOMEIIZEIUIEERTIEH D A, 1507y
FOFNHED AT =V &Gy = 7 T, 20U EOIEEM i, 2> oiFE# TV
VAT THEEIE, XA OFHEN O BRCHEHEARMBEICZ>TEET, i
ZET VU DR SE Cian d 2 —E A X v MEEOBRY BN EI1ZEALERTT
T, myy MR HSET LIS EE SNS, SEFENEIRLRVRD, 7'm
Tl NEET AR I LI LERA, (INEEATUTRAEZNVET, )
project is done = IF THEN ELSE (project was done :AND: fraction complete > restart
fraction, 1, IF THEN ELSE(fraction complete >= 1,1,0))

Units: Dmnl

project was done = DELAY FIXED (project is done, 0, 0)
Units: Dmnl

restart fraction = 0.9

Units: Dmnl

3.8.2 #£RELTHEINSESEL

Zo7aYxl "OFETIZVD UEL o TnET, FLUEENI 2y =7 FOK T
SIZETCT7 Ty Moo TITE 4, Yuday MYET LR, BRshiE) Uv—r
WOLRALTCWET, Zhuivnv=7 MERZEISEITIEEREL BT, Try
=7 NEBROESII RSN EEA,
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3.9 Ry Ta—)UzkBFTL v+ (project8.mdl)

TaY ey NORKERESHTTHEE EREHFEELCLE Y 2T, ATV
At d ) LT OORBEINEBOMINE /R T5 2N TEE L, Ty b
BB IRN T, BHOAE— RC@EF), (AFRE T L Eicr ey s MSE
TTHIRD £, L, ZORRIEEREY —E LT 2DIFY TTA, EEL~L
FTELEWV) ZEIFEZONERAL

time to average overtime

<overtime lookup [ 3iSihnmiEi) <eff fatigue quality lookup
(EBEENER)> (EH—SENER)>
overtime Average Overtime i i
—
( (TR [ Sl
work quality
. sche?]ule pressure normal work quality —— > (5E80)
<project is done_ HED) ff fatigue productivity =52 ))
(FoIhisET770)> (BT — AR

productivity/
(7

<scheduled time remaining 2

FRFAR)> thugyeproducl_v_l lookup
(T —HEEEER)>
normal workflow
mex schedule pressure (IZEHTED
(EEROMRRE V‘\\

normeal productivity
<required work flow <required workforce @ =

(ERETED)> (ESHEh)>

Z 2T, overtime GEIEENE) (207273 Aschedule pressure (NEERELR) &9 A8
ALFET, 2L T, PHEFRERFRNREZ D E SRR L DDA L TE T
HEBEZBNDT, Average Overtime ZFREDFERIAET DN AR T REL LTH
WAHZ EMNTEET, JIUL, AFENEEEEOEZ KT S ET,
EHLEEAIKRO LY TT,
Average Overtime = INTEG( (overtime — Average Overtime)/time to average overtime,
overtime)
Units: Dmnl

Z DAY, Average Overtime=SMOOTH (overtime, time to average overtime) &[5 U T,
—RANTIE, SMOOTHOREZ R, XA F 2 v 7 ABBEITRAT I8 0 £ A, (7 HITHRS
FDRENPLWGS, ZORREOBRZNEZT 506 TY, 47 v 7 AT
A LARWE S ZTEOMRITT 5 2 LBREITY,
eff fatigue productivity = eff fatigue productivity lookup (Average Overtime)
Units: Dmnl

54



Graph Lookup - IEFDEEMENEEILYDOFITT—TIL
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eff fatigue productivity lookup((0,1.2), (1,1), (1.2,0.9), (2,0.1))
Units: Dmnl

eff fatigue quality = eff fatigue quality lookup (Average Overtime)
Units: Dmnl

Graph Lookup - EFHDIEEDEADEZE IO FPIITFT—TFIL
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eff fatigue quality lookup((0,1.1), (1,1), (1.2,0.9), (1.5,0.5), (2,0.4) )
Units: Dmnl
max schedule pressure = 5
Units: Dmnl

normal productivity = 1
Units: Drawing/Person/Month

normal work quality = 0.9
Units: Dmnl

normal workflow = MIN(max work flow, normal productivity * required workforce)
Units: Drawing/Month

required workforce = IF THEN ELSE(

Workforce < required work flow/normal productivity,

willingness to change workforcekrequired work flow/ normal productivity + (1 -
willingness to change workforce) * Workforce,

required work flow/normal productivity)
Units: Person
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T BHDETIE, productivity®fio 0 iZnormal productivity 24 AERICEE L
L7, & LEDORRIZER Ligihiud, @lEigss s kv iAEnim WAEECHE SN TL
FEVZOEWT T Ny NER FTHUCAZRAT HBOREEL A7 SN TLENET,
TaYxl MIEoTE, ZOZ SIFFERFHFENZRZ b LnEtA, Loz Lan
O, ZOHE, AEMETIH R G SN AEEEO VT M ERH Y 9, (il
ROIE, APEMEIEEHIER TE VDD TT,

Graph Lookup - ZRZFEERBDILYDOFPuTTF—TIL
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eff fatigue qovertime = overtime lookup (schedule pressure)
Units: Dmnl
overtime lookup((0,0.7), (1,1), (1.2,1.2), (1.5,1.4), (2,1.45), (5,1.5) )
Units: Dmnl
productivity = normal productivity * overtime * eff fatigue productivity
Units: Dmnl
schedule pressure = IF THEN ELSE(scheduled time remaining<= 0 :AND:

:NOT: project is done, max schedule pressure

ZIDZ (required work flow, normal workflow))
Units: Dmnl

VR 2 b— 3 VOBAREZ Inormal workflowlZ0720>C, ZIDZBEE A VW ET, —H.

A a— ) BNDME U284 . schedule pressurel 5] A £ T, O KEE TN
LET,
time to average overtime = 2
Units: Month
work quality = normal work quality * eff fatigue quality
Units: Dmnl

INHOEHET, IRDINIIROERIZI Y £,
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work flow (EFEEITEE) : Project8 + + + Drawing/Month
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Work Remaining(RLIEBEF5) : Project8 3 3 3 3- Drawing
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£, Fo, ALTIN, Tuv=2 FETRICERSND ) U—7 PMBIEShET,
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3.10 3@ HhDFHEE (project9. mdl)

FRROVIab—va TR ey METHUIBLL OITT ey =7 MIEY
BTHNIZADIRD Z e 0 £, Tim. BEEMICHIT 285013EH 5 Z L T
TR FIUL THHED AT 0y =7 O TINELE 9 T, Zusk L TE
UN=R)1 75 &METiﬁ*ﬁﬁ%@é&ﬁmhfk<@#@@f%é &mrwéhi¢
WICBEL FEERZ L37 ey 7 MIEAT A AOHERFTT, WEET, NEETHE

BIHAFENTEALEZCEXE L, 7uy=7 MIEBASRA NI L TV LIEE
LETN, BTEEREDLAE—RICARDET, NL—=U FRREZR Y £,

total workforce

timeto |ncr eworkforce (HErELD)
/ briefing time
(ERETD
New Workforce |~ & Veteran Workforce
: o IR 5
hires () GATHIE) briefing c?npletions )
(BREET)

work flow
(R THD
<productivity

(D>

<total workforce

(?Eﬂiﬁ%‘?@>
\ a4 dismissal time

reqwred workforce B dis(%”lész)?ls Gzt n)

rml g requ|red work flow <project is done
norl pro uctivity ?% - Sk s

vaImgness to changeworkforce

<scheduled time remaining <Work Remaining <|T|ai<workflow
- (D> (RAFEETD) > (CHTHERRS)>
<fraction complete <willingness to change workforce lookup
(ehpn)> (EFEEEENER)>

TN IE, 22023 TF BTV ET, SN TA- TEZAIL £ 9 New Workforce®
EHRIIAD EEZFT, 2O%IZ, +RR N L—= 7 ’i’f%’(\/eteran WorkforelZ73~> T
1T&F3, ZLT, _XT 7 U721 0FEE Nork flow CESI T IS5 T5b0 & LE
9, > T, NewWorkforceZFiH9 X2 &, AHAKEL fa?OT LEWET, filtfy, 3
72558 17 2 BT A BRITI, total workforcelZxf U CLE N2 &£, hiresiFNew
WorkforcelZDIHFA L TUWET N, hiresidHr LWV 138 L OWT Z 057 ) i 5
OB LT E b & LET, hiresiZBET AW, 5@/ S¥ A0 L0
BIOEFE CHEME S RE L E T,

EHINAFTKRO LY TT,
briefing completions = New Workforce/briefing time
Units: Person/Month
briefing time = 2
Units: Month
dismissal time = 0.5
Units: Month
dismissals = IF THEN ELSE (required workforce < total workforce,

(total workforce — required workforce)/dismissal time, 0)
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Units: Person/Month
hires = IF THEN ELSE (required workforce > total workforce,

(required workforce—total workforce)/time to increase workforce, 0)
Units: Person/Month
New Workforce = INTEG (

hires—briefing completions—dismissals * ZIDZ(New Workforce, total workforce), 0)
Units: Person

Bz IDZIXtotal workforceZ0D & X, 0THID Z L ZBA<HDOTT,
time to increase workforce = 2
Units: Month
total workforce = New Workforce + Veteran Workforce
Units: Person
Veteran Workforce = INTEG(

briefing completions — dismissals * ZIDZ (Veteran Workforce, total workforce), 0)
Units: Person

Elo, ZORTNEFATT DL, WIORTIROE OISO ET,

HEFSFATIE . # I B35 2

300

0]
Time (Month)
work flow (ZEFFEITIEE) : Project9 4 4 4 4 4
total workforce (¥255@1E %K) : Project9 2 2 2 2 2

I ZCHERZ LT, total work forced»BHwork flowSii L CW\WAZ b k%<
DANDPBHANCL B Z 2> TND &NV ZETT,
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3. 11 7R") —EEE (project. mdl)

OISR AT v T EfEAH BT D Z ko TC, BRI 0 Y =7 b - BTV
T AHZENTEELE, ZOFETNEFEST, EVIBR) =T ETAT 4T D
FREE: L CAHAEL X 9, MREOTEDIZ, REEHE T vy =7 MNATHIMZ ML 72D
ATz ET, 20k, BAICETAR) —D4Fvarvkarta—4% 32l
—2a L TARET, ZLTT 43—~ AZWETE DN E INEHEIDET,

3. 111 2FHERZRETT 51=HDH

FTNERE Y~ VT OHRINEERR 2025 Z 13 < D5a AT, 2ol
DEE . FbBRROHERR I IREE M & 70 V=7 METHIF T,

Project Completion Time < Currulative Cost
(TOvrD =D o = - (FEED
(éﬁ@,'\\\\\
ject d al kf wage rate
ZFIROIEANET > (R (ke
HTROEIZ 72D £,

cost = total workforce * labor cost
Units: $/Month
Cumulative Cost = INTEG( cost, 0)
Units: $
Project Completion Time = SAMPLE IF TRUE (project was done = 0, Time, 0)
Units: Month
BIESAMPLE IF TRUEIX 7 0 =7 Roaiki 7 7 7 NEIZ/2 5 £ CTimeZ R L, TSt
[INRTA—FTHEZONAEZ R LET, ZOEAUZEY ., EMEWE THHZ ET
HLLH7mT el FOFBRAZIEZ 52 LN TEET,
WAGE RATE = 6000
Units: $/Month/Person
WAGE RATEIZIFFRSZZATND bDE LT

3. 11.25@HD LR

TN DRV o —Ee T FERE U C I ERERIT A Z L 2B L THET,
RIZTERR S H_E KA, 0008 0 APEMEZ 1 & 30U, BiRiZeEHE C, 100 A CL022A 2
JTHFEEK T T DN TELI N0 ET, 6 LABEDNZE LT B <,
Ho LR TEDITEND Y FHA, LERIHE S DWNIEIEE T _RE G o7z
HOERBDTHMEIZLET, LaL, BRCBITEOFENIIEMERE £, 22T 900
LG T 572012, required workforce (WEESF#)/)) % indicated workforce ( H A7) 77)
CHARIEEZ DI EICLET, T LTEDH T, b Trequired workforce & FEEIL 5
B UWERZEAHTINZ £ L,
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indicated workforce
/('Etﬂ: )
willingness to change workforce /
(RARERAD

<total workforce (F&5
required workforce

(WEEU) “®——— equired work flow

\ (BRETED
. mal productivity \
<fraction complete nor Y
GESR)> (=EHEN)
max workforce
(BSHE)

indicated workforceld, required workforcedM#EioILCUV=& Z A I EiVsd Z LIZ7
D E9, LT, required workforcelZxt U CIIB&HBEELZER LET, ZORRIC,
required workforce DA FIZZET L7~ & &, VensimlIZENAME i1 TN =D F 4L
HHBINCELLET, ZOXIILT, HLWRITRORIZA D £7°,
indicated workforce = IF THEN ELSE(total workforce < required workforce,

willingness to change workforce*required workforce +

(1-willingness to change workforce)*total workforce,

required workforce)
Units: Person
max workforce = 1000
Units: People
required workforce = MIN(max workforce, required workflow/normal productivity)
Units: Person

FHAEINE L CIIEHIRE & 972 L9 R Y 2 —Z3 3 72DI, RO @I
ELOERICRE iy FLTWET, ZhHDOERZET/UIMATI I 2b—
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3. 11. 3 BiEROFR
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4.3 EBEMLGERTOER  (sdgrowl.mdl)
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ZOETIMITLOD TAXOEEY ) B3HV EF, 9725, Practitioners &Non
Practitioners T4 (ZZ CIXCE SIS =a— b INREEAFE IR LET), 22T
IIAZITTNT, SFRIATE, I—T 4 7ML, B TRARTIETD L2247
T, HEDDMBADOTIZ, ZOEICAOWTOT AT 4 T EAEAT H72DI21E, B AR
(Bt ) 71t A (process of adoption) 23 WZE 72D T, Non Practitioners H
PractitionersiZiEiE 4 AL N EE| /2> CTEE 9, fif> Tnon practitioner contacts
ERLDHZEIZLET,
practitioner with non practitioner contracts & & Practitioners & . Non
Practitionersfi]D#&iZ R L E£4, ZOHSVVER. Non Practitioners?dEid A5
IRDAREMD DV F9, TRk EONE Z Dt & Adoption fractiond LE T,
FREFAORIFTKRD LB T
adoption fraction = 0.005
Units: Dmnl
adoptions = practitioner with non practitioner contacts * adoption fraction
Units: Person/Year
contact rate = 100
Units: 1/Year
initial practitioners = 10
Units: Person
non practitioner contacts = Non Practitioners * contact rate
Units: Person/Year
Non Practitioners = INTEG( - adoptions, 1e+007)
Units: Person
ZOETADNEITIOE TN THHED T, Zhud, ¥, BIOZOEOHERERZEDT-
DOIZIEE) e, B LT MZ O DR CEE L, ZOITZ 2 COMmETT 2 720
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W b B2 oo b0 LTELIZRWETT, 202 &1k, ZOETEIWD
WHIRRD Z EXLERA,
practitioner prevalence = Practitioners/total population
Units: Dmnl
practitioner with non practitioner contacts = non practitioner contacts 3
practitioner prevalence
Units: Person/Year
Practitioners = INTEG( adoptions, initial practitioners)
Units: Person
total population = Non Practitioners + Practitioners
Units: Person
ETUITIME STEP=0. 125. T, 19604EDH20106FF CHRITENE T, ZOET/UIKRD
ROBENEZARLET,
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0. 01 DR R X 72fE Tl PractitionersDEITIZEHITIER IR LET, T-TOANRZ
DHEEBRAT D & & HICRRIREIC 2 £, fhi)F, 0.0025 DEIZ DV TiE,
Practitioners®#L. Z DA — /)L TiZo T NIHNTL 2RRETT, 7o XEHEAW L
OOZEERIZL, 0. 001 F TEHAHRZ BT ST, SUFRIEICE S £ TIZENL BUVLORFHH
DIDINDIHEN DD Z & TT,
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2, TLTHHEEBERMEZ D ZLTT, ZOET/V T, adoption FH) D7 a—n3
PractitionersiZ[AN &z HLA ERIFAZ, EDOTFUETH S, Non Practitioners® A

k7 ZEFET 5O T, BRI SES, $ L. A b ZNonPractitionersZ &4 T
EEXHZDZ LIV ETAHFOZDY U7 HE L TLE ST RO D £7,
Non Practitioners = 1E7
Z LT, EOHEIHIIRR & T 5 72OIRORICBE £,
total population = 1E7
REDOHFIZED R ERITRT 77 7 ORIZIR D 77
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ZIB2DODET UL, 198HFELIRE, BRI /rvLE T, SR B BB IRk Rl 23 T
1, H T B TR D A ARZSEHHARERROMIZ 2 5 D TTA8, 19884 & D I Cld,
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D, ZZTEODET NAHINTGENTZE A EH Y FHA,

CDETNDOREREFET D& ORI £7,
contact rate * adoption fraction = 100 * .005 = .5

B$H50%/year 9, & L. adoption fraction 730. 001 CHIVUBMERERIFZ1I0%E VYD
ZXIZR0ET, 2ok iz, adoption fractionlZ X - T, Practitioners®7 LA 7 |Z
REREDHTS 5D TT,

ST E TR D77 7 24551203, BEE LTHA T—EEAVWD 2 L&
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RAIEE LE XM TEZ D LN CEET, 2 LT, BADES SO E UL, £
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L DEHNZDE I L TEZMNATAoTCLEVE L, Puv R IV kY 7T
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NET5HZ EMMETT,
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Z DU 2 JEHECT DRI DOET )V E R UHEARETT, A2 DNERRHP IS
MOEEHEL R T NERE & R DHELRET D6 DOEHNHY £7°, self training
timeld AFGIHE 21T 72V A Practitioners & LT84 L CWAERIZ R D DI
GRS T3 (B B R . min training timelX, 72 ARG 22T 72 ADSRES ) %
152 DIZ VBN AR C4 (B S8 IfsFE]) o Experienced Practitioners? k L—=1 7 D7~
DI ZEI 122N T, training productivitylZHit-> T, IR dmin training
time? Dself training timelZZE{L L TITE E 77, BT ATREE D O RHA I CRRIEREE
LR BT DD DONTOERIL S E-FRETT,
adoption fraction = 0.005
Units: Dmnl
adoptions = practitioner with non practitioner contacts * adoption fraction
Units: Person/Year
application fraction = INITIAL(1 - supervision fraction — training fraction)
Units: Dmnl

TAUT, BHERED, ZOBIROmEH BFFEETTV, AR L, BEE RIS 5 0% 3045
T 52 LK THRROEG 2R L TOVET, £ LT, TORFRINIOWTIL, i 23k
THZEFTEERA, ZHUIZOETVOHFTHEHSIVERAN, IROBMETIT O MEE
IZBWTHEBELET,
contact rate = 100
Units: 1/Year
Experienced Practitioners = INTEG(maturations, initial practitioners)

Units: Person
graduations = MIN(Training Practitioners/min training time,
Training Practitioners/self training time

+ Experienced Practitioners * training fraction * training productivity)
Units: Person/Year

BN N L—= 0 ZICE AT D AN Ao idgraduationsD 7 o —ZHER09 2 & T
2 FET, TOEIIE, ZHLIE N L—T 2N TH HITROED RN E D REAIZE N
T, TSN 2EE LRSI ETTT,
initial practitioners = 10
Units: Person
maturations = MIN(New Practitioners/min experience time,

New Practitioners/self experience time + Experienced Practitioners * supervision
fraction * supervision productivity)
Units: Person/Year
min experience time = 1
Units: Year
0. 25

min training time
Units: Year

New Practitioners = INTEG( graduations — maturations, 0)
Units: Person

non practitioner contacts = Non Practitioners * contact rate
Units: Person/Year

Non Practitioners = INTEG(- adoptions, 1le+007)

Units: Person

practitioner prevalence = practitioners/total population
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Units: Dmnl

practitioner with non practitioner contacts = non practitioner contacts 3
practitioner prevalence

Units: Person/Year

practitioners = New Practitioners + Experienced Practitioners

Units: Person

self experience time = 4
Units: Year

self training time = 2
Units: Year

supervision fraction = 0

Units: Dmnl
supervision productivity = 4
Units: 1/Year
supervision productivityld, IADREREZFEATEEEE D FIHT 5 2 LN TE H14-Y
720 DN DEHTT, 1E->7T, BLIE (Person/Year) PersonF 72131/ Year T,
total population = Non Practitioners + Training Practitioners + practitioners
Units: Person
training fraction = 0
Units: Dmnl
Training Practitioners = INTEG( adoptions — graduations, 0)
Units: Person
training productivity = 20
Units: 1/Year
ZOFTNHE Y 2 b— 3 T DA RO DO 77— A DN T TH TADH
=T,
(D application fraction=1, 3 72>H, Y% COEBEIZHA L, Fr LW EEREITH
HLRTFUTR BN NI BRAE
@ training fraction=1, 725, BIANEEROFRIZEST D E WV IHE
@ supervision fraction=1, J72bH, FEFEEEOBFRIZEIK L WIRTE
ZOREF, ROIODIRD N ERIRTHZ LN TEET,
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IR TH D,
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new quality e averagequality
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el (RENFACEARED

lication fracti i i T adoption fraction
<application fraction T

e e e T _— e

normadoption fraction

experienced quality
(REESREDRIRE

WOFHFERE N2 £,

adoption fraction = norm adoption fraction * effect quality on adoption
Units: Dmnl

average quality =XIDZ( New Practitioners * new quality +

Experienced Practitioners * application fraction *

experienced quality, New Practitioners +

Experienced Practitioners * application fraction,

experienced quality)
Units: Dmnl

XIDZHEHEI, EHE0THHGAIT, FHFR R 2 E A 7B Zaverage quality
Ely MTAHZEICL- T, HAEZT—(F— " —Tr—) & ET,

Graph Lookup - effect quality on adoption lookup( B IREAICE 23 EE)
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effect quality on adoption lookup((0,0), (0.8, 1))

effect quality on adoption = effect quality on adoption lookup( average quality)
Units: Dmnl

experienced quality = 0.8

Units: Dmnl

new quality = 0.4

Units: Dmnl

norm adoption fraction = 0.005
Units: Dmnl
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ZIT, D BlEE A E L2, WA THEREET L & R CEIRIZRRHES £ 725% > T E
To ZOFLERDT 4 — KRy I N—TIIAETHY) . EDON—T N AT LORKERSR
FIFN (L0 < Ok, L0 Ol L0 OIGE, £ L GEZ BBEIZLTLED
ZL)ERIATLET, £ LT BN Ny 7 7 —Ch LK (Waiting Customers)
NHY FT, FEEZINEEINTIEL D A, T72b5, FEZ OV THILR IR
ETHZ LN LKL EIEAT A Z LD FHA, T L TENDPKREZIET L &
20 ET, LnLAaRD, B0V 2 b—y g U TR SRR 2 REL T
HOT, ZOZLIFEERA /8T NeFfcie Tl L 9, LhL, AFEETAEZEAT
D& REBEBI 2> TEET,

FFEIERD £ B0 T,
average life product = 2
Units: Year
committals = customer with non customer contacts * sales fraction
Units: Person/Year
completions = new shipments/product per customer
Units: Person/Year
contact rate = 500
Units: 1/Year

VAT DA TR v I AR TIERIC OV TP 5 2 LZud, BN
UL R CHREDS LS ZPESED01E, (X5 NICHHTE &5 2 5315 D Teontact
ratel3IAFEDA U DTNV OFATHEREET MR TRE 28l e LE Lz,
customer prevalence = Customers/total market
Units: Dmnl
customer with non customer contacts = non customer contacts * customer prevalence
Units: Person/Year
Customers = INTEG( completions, initial customers)

Units: Person
initial customers = 100000
Units: Person

Z 2Tl BREDRDRERMED DD TOET, b L, bo & DBOBEE DR
&S EFHUR, HROT r ' R EREANERNET D T2 O DINEEDOIEEN VI Y F
T, (ZAUFEEHOEE & L THS TN THTIIZENY, )

New Backlog = INTEG( new orders — new shipments, new orders * normal delivery delay)
Units: Gadget

new orders = committals * product per customer

Units: Gadget/Year

new shipments = total shipments * New Backlog/total backlog

Units: Gadget/Year

new orders & replacement ordersidiify & bla] URLLOMAEIRIIRT L THia 3 D E%IC
HVET, (bbb, FIHERF ¥ Lo THIREND ED 2 & TT,) Znb0
BLAZNE CICELR SN BT L TRy S b &) Z & CEAb L ET, Ziud,
D EIRO LA KT T D ORI T ITA A2 LT, ERYL,

new shipment=New Backlog/normal delivery delay’’El Uitz 52 F 4, ZDLIHIZ
ERILT D2 LIk o T ARy ¥ —% LD U TMTBINTE D8RIZ7 0 £
non customer contacts = Potential Customers * contact rate

Units: Person/Year
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normal delivery delay = 0. 125
Units: Year
Potential Customers = INTEG( — committals, 1e+007)
Units: Person
Product In Use = INTEG( new shipments + replacement shipments — replacement orders,
Customers * product per customer)

Units: Gadget
product per customer = 1
Units: Gadget/Person
Replacement Backlog = INTEG(

replacement orders — replacement shipments

replacement orders * normal delivery delay)
Units: Gadget
replacement orders = Product In Use/average life product
Units: Gadget/Year
replacement shipments = total shipments * Replacement Backlog / total backlog
Units: Gadget/Year
sales fraction = 0. 005
Units: Dmnl
total backlog = New Backlog + Replacement Backlog
Units: Gadget
total market = ACTIVE INITIAL(

Potential Customers + Waiting Customers + Customers, Potential Customers)
Units: Person

ACTIVE INITIALES%t3Waiting Customers & {p72HIZ, v 2 b— 3 VOFEITTT—
ZRET DT-OICHETY, ZOMEEIE, ¥ 2 b—3 a3 T IAONA TN L E 3723,
FIHEIZ B W TR by 7 BRICHIHEZ > F 95 & &3O 7 i L £,
Waiting Customers, Customersi., >3 = L —3 3 OBERES CIHEI NS WO T, =
DIAETHIMEORR EARAF 2T 2 72 O O GFRR 7RI T,
total shipments = total backlog/normal delivery delay
Units: Gadget/Year

ZOETMID A EFR M- THDHDT, JifEtotal shipment ZAEIET 5721 TH#E
MEEAHTINAD Z LA TEET, ZORITMEZTERIIHEET 2 Z &13. BAEWRH
RELTEEELNI LS LLEEAR, AL LTHEY AT ~E bOTEIH Y
Hhe 74— Ry I PEREEICOBECE . BEWOE Y 2 —ITiR%E L TH D DOHEET
T, e, BRnvs F—mEICHIVEEE S L9752 LT, ERERNRET MRS T
LEIEELHVET,
Waiting Customers = INTEG(

committals — completions, New Backlog/product per customer)

Waiting Customers|IsziE 7 0 — L h 7 2 —D T U AOHTPHEENE T, Z0F
TNaY 2 b— N6, HRI-OF T a2y T 407 (2 b—Ta il
DOFATH I A > M- HHRE) I L - T, kOBRESE N SNET,
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= & 1 & I T
FE:ACTIVE INITIAL differences found. Use Options=Setting to control reporting.
EE:-committals (F#7) - Initial=250000 Active=246761 has changed in value.

B -customer prevalence (BEEEE) - Initial=0.01 Active=0.00987045 has changed in v
FEE: -customer with non customer contacts (EEE IFBIE X O IEARES) - Initial=5e+007 Ac
ER:-new orders (FTREE - hitial=250000 Active=246761 has changed in value
AR -total market (FERERAE) - Initial=1e+007 Active=1.01313e+007 has changed in vz

TS OEEFACTIVE INITIALBEES A > T D Z LB H Y £9°, total market
DIEIFET VRO A b 7 ZRUES 5 72D S, EIKIET T L, —H, $°3To
A~y 7 BIEHEENTZ72 51X, total market!FACTIVE INITIALRER DT 7 5 4 72T
HH1. 01ETTEHAE SN E T, IBIMENTZEEU DV TIHRIIIZIFACTIVE INITIALBERENX
S TOEEAD, 288 OFFEED DL, EoTENLR—FEhET, ZnbHo
EOZT NSO TR SN Z EDFKIC /2 o872 2 LX) £H A,

ZOHAANL, FIOFEIZBNCTHA MR TV Cilian L7=D LRI CIR D ZR A AR L
T, L L7235, replacement ordersZiBANL7-728IZ, total ordersidgr L\ E-ST=
M ZFF ORI 20 £,

totd orckrs (SEEEED
8M *\1\1\1\‘\—1\1—1__1_}
S M
0
0 1 2 3 4 5
Tine(Yeg)
total oers €FHRD Podl F—3F—3F+—F+—F—+—+—F+—F+—+—F+—F+—F+—1+—%

Z 2T, total ordersiIEIICAHELET, ELCUIHEHLLHOTIERL, H X 9 E500
T CEE/AR) OEZRRFT 2RRZ720 3, 2D IIEDME Wil T T DR Y 3845
HEVVEZEEZ LA H0OTY, Product In Useld. & L3 _XTOANFOERLE A>T
WA ETHUTET D THAH 10005 IZITmE A, Jiud, —HEGZE XL H0E
ZTFLTH, BTSN T, FICLEZF> T AL BNDLDT
7
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5.3 4 (prod2.mdl)

HERERIZET LT H720I0E, T X (ENETOEEAFETE 50 ZE L,
WL THEIDBITEINTOL ZEEZRTOMENH D T, v/ OWRTEITAREBE
(S BEOFRE E L CERIE L £, 2R, AR T L Ol S b S
RO OERIUCIHFI B TNET, ZOFTF/UTBNTF v N, EAR L HEH0
W7 2 G AR AERERE ) L B 2 DIVE T 1> T X v &S 5 7O ORFERIE
B SE DEA 22 E A 595 ) — %&4A@Eé%ﬁ%bf;@ﬁw%®kﬁ@i¢

HESXDOFT MUFZERE (ESUIH SN, FREEITESN QORI > ThREh
TWET, ZEEEITE L O THEREOKOEREFFL £, 2O CEEIIHE -
TEEET UBITOET, ZOFTADE 5 —DOENE, BIEES v/ SOk & 51HH
FTAUTHESLOVAUT LS D Z & T, FE-TEEET /LTI, IGEZHSWC R
ApEREREEAL LE Uiz, ZAUTHEMZARES LTI EENTIEdH 0 A, EETH
TOIVEHDVNTH T O L NVAITIESN T, FEROFHEZ T ix LERA,
BB 0L, BETUEVEROFHEICH L TR LA Y52 A,

Z 2T, VensimDEEREZAE - T, HrLWE a—2Ek LAEER 7 ¥ —2 Iz £7,

replacement investment

time to adjust capacity e
(R T (BHORHIA
Capacity -
% > B () = SN
investment reductions
) (AR
capacny adjustment /
HRER RS o i
capacity life
— (B

desired production

desired capacity -— = (&
(RN ‘j@%i
backlog correction
time to correct backlog __——¥9» (B

potential production
(HFERTRED)

=1F

Average Orders (BT

(HIRID

desireg packlog
o R

target delivery delay

(EA=H

; Backlog
time to average orders = % m
(BT orders received (%S production
(D (€S::3)
reference orders
FERIBZED delivery delay (k)

ZDEFTNANDEFEY 7 X —3RHIDOE 22— b5e IS N T, AZ K- Trarm
Fa—t LTERLENTWET, EFT LD S, ZOE 2—DIEDIEBENEZSHEEL TT A
A ZENTEDEIZLTIEDTY, 20K, 200FTNVEY 7 L, EORICEWET S
NERLET, ZOFIATEIEEZ LB LR EDLDICHEHRETT, —#c, €7
NDYT L AT NHOBEFILZ OFIORRTRBEIZITR D £ A, L L, HEO—HRE
DRRAERT 20558 U CHED D D T2 DI T NVER 2T A MAINTEEHZ 5 2 L I13H
\ZA[RETY,

ZOty X —plEEITRD LB T,
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Average Orders = INTEG( (orders received — Average Orders)/time to average orders,
orders received)
Units: Gadget/Year
Average OrdersiISMOOTHESSA (M L (i< 2 & b TE T3, B kO 7 ae A0
2T D I DI RN RE D 2 LTV ET,
Backlog = INTEG( orders received — production, desired backlog)
Units: Gadget
backlog correction = (Backlog — desired backlog)/ time to correct backlog
Units: Gadget/Year
T )VEHRAE CA ¥ — F ZH 572012, Backlogitdesired backlog T L 97,
Capacity = INTEG( investment — reductions, desired capacity)
Units: Gadget/Year
ETVEBIERRAE TA X — F B D 72012, Capacitylddesired capacity THIHHK L E
75
capacity adjustment = (desired capacity — Capacity)/ time to adjust capacity
Units: Gadget/Year/Year
capacity life = 2
Units: Year
delivery delay = Backlog/production
Units: Year
desired backlog = Average Orders * target delivery delay
Units: Gadget
desired capacity = desired production
Units: Gadget/Year
desired production = Average Orders + backlog correction
Units: Gadget/Year
investment = capacity adjustment + replacement investment
Units: Gadget/Year/Year
orders received = reference orders * (1 + STEP(1,2))
Units: Gadget/Year
orders receivedDSTEPRESEI L, KR4 1 1ZBWCTHESCE2FHIZ L CWE T, STEPRIEIC &
5D RI7A 71T R CE DIRA BN E VAT DMIEZHDT, T A MATIZ
STEPEEM A% Z LITAH T,
potential production = Capacity
Units: Gadget/Year
production = MIN(desired production, potential production)
Units: Gadget/Year
reductions = Capacity/capacity life
Units: Gadget/ (Year*Year)
reference orders = 2e+006
Units: Gadget/Year
replacement investment = reductions
Units: Gadget/Year/Year
target delivery delay = 0. 125
Units: Year
target delayld, VHEET /L Cnormal delivery delay: LTy hEX/-d & FUE
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Iy M LET, BIERICIER T2 < THEDRWO TN, BEEA2 W LT DD
TIMNHITVMEIZT 5 & TT,
time to average orders = 0. 25

Units: Year

time to adjust capacity = 1
Units: Year
time to correct backlog = 0.5

Units: Year

ZOETNA TR a2 b— N LTEGE OIRD NI E O O3 ) TEEET /U T
ESc

SFFRRIISAEN AT THNIEIN LTt L £77, SF | A2
25 ETOM, ZHEESIMUES, EENZEABR DL, ZEERITEY b E
D, AFERENIA— =2 a— P LTINLES, £ LT, #4ER 202 5 £ TIo, Btk
PERBIN TS & REIOBENPFEAEL TLESTHET,

Orders, Production Capacity and Backlog

6M  Gaolget/Year
2M Gagt NS oAl e s n
/'2/3— T
( sl
'23?* 4 v 4
0 Gagetvear| S
0 Gajw 4 4 4 4 4
0 1 2 3 4 5
Time (Year)
"orders received (%) : Prod2 t—t—t+—t+—+—+—+—+—+ Gadget/Year

"production (4 )" : Prod2 2 2 2 2 2 2 2 2 2 Gadget/Year
"Capacity (EERES)" : Prod2 ——--8------rrmmrreGromroeeGromoneBomene GGG e Gaiiget/Year
"Backlog (Ri17%R)" : Prod? S . S €701

Fhr L LC, target delivery dalayZz 14w h L, {AIAEEZ 2D THET,
ZIUTRIEORLHIZ & - CIIEBERNEVMETT 2, mAEWAA T v 7 A4 LSt
£,
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5.4 2DoMtY A—%EAHEHES (prod3.mdl)

THDATNENZ X, INBD2ODETVERBAET LI LT, AT v 7 3 -
AT v 7 THDOTUTS ZEIZLET, £ ZEE FTA 795708 TBE] 13%<7
ST Z LI o TEAHENTZEEERLET, Ehhb, total shipmentsza KT A4 7
A 7=DiproductionZfHH L E T,

fcf)iZreference ordersZHIFEL F£9, WIZETNVELY — LV 2HEH LT, Ea—10

Htotal orders & FDJFIKN & 72 B4 (new ordersis L Ureplacement orders) Z N2 F
T Ea—UIHI X T, RA & —TA T4 R LR BEdIt>Cut, 2DV NICtrl-X
T LET) S Dtotal orderszE v b LET, B =2—2(ZK Y orders receivediZ
total orders&#Hi L. orders received®ifEia AUz 9

orders received = total orders

ST, BT NEVI2L—FLTAHAELE D, ZIHEDOT A S AT (reference orders) ®
RbVIZ, AL LTERHIOETANSDH N ZER L TWET, Vensiml BT 2ET
Jbprod3. mdl e DTN D56, FIORTRRRHERZRS RN E WS Z EIGEREL T ES
W, MEETOREREEDL O, Rk L728kIZprod3. mdl € 7 /L2 Ttotal
shipments=total backlog/normal delivery delayZ{EIET DB H Y F9, HDHVIL,
prod2. md1 DET /UIKF LT HROVEERAT 5 MR H D £7, #5R, IRORFERZ155
ZEWTEET,

Orders, Production Capacity and Backlog

20M Garlet/Year R
AM Gaoget
0 Gaolget/Year
0 Gaolget
orders received (% %) : Prod3A +————+—+—+—+—+—4— Gadget/Year

production (4 # ) : Prod3A At T S SO S S S St S €1 1 - A - |
Capacity (£ E B A1) 1 PrOd3A ----3------G-mmem-BemmemeGemmmenFrmemmen oo Gomenn3emeno-3 Gadget/Year
Backlog (%% %) : Prod3A . S CT:

SZFREL. SFREIN L E9°, & U CUOHHHOSEME T 2122 Tl Ligd £,
QIEFEHOZFEDOE— 7 TN O SFEBITAEEDO E— 7 B, ED%, REIRHI AL
9, ZZTIEER. JHEMAICTtotal shipmentsidtotal backlogZnormal delivery delay
THISTAEIZE LW E W RELEVTWET, Ziud, HhOT 1 ZDARERHOH]
FRUIZEBRISNIRNZ LA BIRLE T, 200V TET N2l T 572012, IROBRKIZEE L
ESCR

total shipments = production

Z LT AMYNIE X T TEEW, HTLWET L GHATORNZIE, # LRt — L%

VPRHTLZ ) 22— 095 L RO 7,
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Orders, Production Capacity and Backlog

8M  Gadget/Year
4M  Gadget

0 Gadoet/Year
0 Gaget

orders received () : Prod3A 4 4 4 4 + + + 4 +— Gadget/Year
production (4 ) : Prod3A A €11V A (=
Capacity (&ERERES) 1 Prod3A —--§------grmmrrrmmrmsGrmemenGomemen oo oo Gonenenng Gadget/Year
Backlog (%1% %) : Prod3A T S Jeaaate Lot e €111 - |

[P & 527 O —27 1%, BAVE U TOET, DENEEGTlIdh 0 84,
SZHFREOE— 7 13300 TR T, BIOFATTIIRIA40077 T LTz, HhO7 vt 20,
X RO L— R THIRB SN TWNADTZORRIZ /2 5 DT,
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5.5 RunitR#Lt8Bd %

Z T, EHBO2DOORUINDIEWETINTERLS Z RIS HE T, 220Runzz— KL
7-FF. CustomersZiEIR LT, A==a—0 [BERKIT7| 27 v 7 LET,

Prod3A +——+—+—+—+—+—+—+—+—+—%

Prod3 2 2 2 2 2 2 2 2 2 2 2 2 2

Customers (&%)
20 M

10M

N —
completions (ZZ#I/E1T)
6M

3M
0

Time (Year)

initial customers (BX7ZEE%)
Prod3A: 100,000 Prod3: 100,000

KIZ, completionsz X7 N7 Vw7 LC, HEFNIZ 7249 —E7 Vw7 LET,
B = D X DT~ T LB 2213, Customers, completions, new shipments, new
orders, committals, customer with non customer contacts&7e ¥ £9, HEBDESD Y

Z 73R ORITI D 7,
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Prod3A +—t+—t+—t+—+—+—+—+—+—+—+—+—+%

S0 0 10 T At RS ST S, SEUUU ST S N S, S ST S, S
customer with non customer contacts (EEREIEREREDIEfLER)
2B
e
1B 2t
2 2
0 = : = 2 e )
customer prevalence (BBZER)
1 o
05
0 4o
non customer contacts (JERERE AEDEARER)
6B

Time (Year)

BEHRT, EFICRWVEIER MEICE E 0 ET E3, WERMEOOT, IR & OBk
VIEFICR LN b D E o TWET, £ LT, FOROFRASRHED D F DR OEA
ZRDIZE VI FEERI 2L BIFEALEH Y TR A,

(ISR L DJFIRNZ 72> TN T, TR EN AR T DB E &R DN E NI 2 %
T 272 OIZERIC 74— A L TAE T, R 2 040 D VRICIRE L TFRR L TA
FLLH, UAEETT 2— NI TLVOTEEZRR), HFOEHERKNS 7 75265 —E7 ) v
LCTHDE, KVEDHRNHEL o7 o7 7y MR FREINET:
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Prod3A 4 T + + s s + + s + + + T +
Prod3 2 2 2 2 2 2 2 2 2 2 )

customer with non customer contacts (FEEZREIEFEREDIERLER)
400 M

N
N
N

200 M

0
customer prevalence (FEZSR)
0.08

0.04

0
non customer contacts (FEFEZZEANEDFEARSER)
6B
5B %3+ 5,
4B 0 0.20 0.40 0.60 0.80 1
Time (Year)

PNRFHHEIPH 28R L 72 £ % | customer prevalencelZ88E % 52 288 % N L—A LT
AL 9, AR/ S AZcustomer prevalence, customers, completions, new shipments,

total shipments T, FIEDEHIFIN T 7RO/ D £,

Prod3A % % + % % + + + + + + +
Prod3 2 2 2 2 2 2 2 2 2 2 2 2 2
total shipments ($@m&ETH)
2M
1M
0
production (&)
800,000
400,000 — A
0
0 0.20 0.40 0.60 0.80 1

Time (Year)

ZAUTLIRIDET MZIFe 0 T8 LUOEEOHT T, MG i HIEEIRFE L T E
T, F LT, ZEBEIMLTWD Z E2MTET 5 2 00X v 25T 5 2 L O L
0. EFEOAE— K& LA 7D 57,

APERFNCEDIRNE WD Z ST A RIS TE D NID ey ZEERLET,
ZLTC, ZHUTFERO L ZAFEEEY HIF20I2K 0 VKRR DD E N Z L EE
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RLFET, HHIEWTIE, ZHUIRBWZ ETT, 970bb, ~—47 v MMafid 51258
TRATDHX XY \OF— "= a— M50 6T, LU n, Bgs o i
HiHIE, ZoZ SEEICZRY F9, ZIUFEOT CHIA L £,

5.5.1 EER

ZDETNEESTTEDFRINANAHY £, ETAHONRTA—=FEERELT
BT, VAT LDOWRDFBLNOEE R T &, BlziE, K0 H 70523 5%
5 (backlog) ZEFH LA DR AE R 572012, time to correct backlogZ i 8T
HLHE LIVER A, HDHWE, T 3 ailifiT ods 2 L0 R LD, IVECLE
D L TCHATHEREZRA7-0I21, time to adjust capacityZZ L EHIULIEWTL & 9,

average product 1ifeZ RIEKREREITEZ THDH Z EITKREBAWERRIZ/e D 7,
HARuNDpruduction & capacityd 7> a v "&b 5 THhD LIROBEZAR Y £,

Production and Capability

8M
~
©
[}
Z
< 4M
o0
ae]
«©
<
0
0 1 2 3 4 5
Time (Year)
production (ZEPE) : Prod3 % + + + + + + En + + +
Capacity (AEFERES)) : Prod3 2 2 2 2 2 2 2 2 2 2

WIZ, FAITRGSEREL R e LT e D7y FERTHEL L 9,

Production and Capability

8M

4 M

Gadget/Year

0 1 2 3 4 5
Time (Year)
production (4EPE) : LonglLife t . . t t + + + + +
Capacity (/EFERE/)) : LonglLife —2 2 2 > > > > > > 2

T5 EILDMITRE72GTX v "PIRAEL TEET, "EOFEMEEL LS, KFEIF
FOBHA A Z EERMT I ENTEE L, i, inoFmarm < rud, mgx
YW 72 BRA Y FERHTZEHTEET,

FXZHENLE T, O &3 Z LTI A~ x A P LK
I ETHELDAANRBI L TCNDZ ETHLHHLDTT,

96



E6E
BEODAATFTIVIR

6.1 [XLHIC

AREHOET VIL, Vensim® NI FHEBEAHEH L EF ., T AT 1 Vensim
Professional 3 X UNDSS TOAEH TE ARREE T,

SETIX, /NERTRRETT VAR L E L-, £ L ¢, TEOFEE IR L
FTERUVRIZ LT, REIF v SERF- RV VRIZT D 2 8T LD RAL—XTEER Y X —
DRPSTEHZ EARHTZENTEE L, LT, BEMOERICLAEENS, LV
EEiT DB IDFE~BITL COL ZENFEETHDLZ /R LEL, L
ML, BEFOBREZEAT D LimIa BioTEET, BF1HLIGA. T ~DK
JEDNEBEN T ST TRICE R A TR TLE D 2 E2ERT 05T,

AREFETIL, 2HLL ED A —H—DFHET DA 2T C& DTG EET VEER L £
9, ZED7=HIZ, Vensim Professional £721IDSS TOAFIHTE 5 FIRZ THEREZ VW F
9, AFEFPLERRDVensimt—H—{Z & > Tidae & L CUImEAy s LIvERAD, 5
BRCET VAR LD 21— g LT 2 LI TEEEA, AL TAWE
AlE, EFER T X — BT NVE2OMER LR EBIET D Z L C2oDEFEY 7 X —ERFED
Ea—|ZU 7352 Lzl et b E32, 20700 BRNHEIZ ZTlids
ML EITFE L EHA,
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6.2 ET/L(prodd. mdl) ICTHAFEMNT S

ORI DT MESIL, 5FE TR L7=ET /L (prod3. mdl) 235 A% — K LET,
Z LT, prod3. mdlZkf LT, Z 2 ToAT 28672 MR F2INA D164 T 57 BRZHE
fif SNT=58RE T /L (prodd. mdl) WASTND T 7 A Vet —7 0 L TL &N, FIRAT
KEREIZ DWW T, Vensime— « HA RDOITEASIL T ZE&W, [T H6EDT 7

NTA T %22 2 CIEEBH L ET,

FT. BT M FIRA T AProducer 1B L E 97, ZD7DIZ, Y —/ 33— EThHES
WZhHd [FRATF(RT MV ) OTAar%7 Uy LTLIESW, T5 &, MR T
PFHOLETE AT 5 Z & &k BET, PRODUCEREAS LT, 0KEZ U v/ LTLIEE
W, D& R T 4 Z0SBHE £ T O T, US, THEW E AH LT, 0KEZ U v 7 LTL
7ZEUY,
producer : US, THEM

T2 LT ¢ ZITACET, FIRAFEW D 72912, PRODUCERD MR X FH4tPH %
VERR LTzt a7 4 # 2 —HEAU 2 ERH Y £3, THEH TV T, ChooseX®
Nextz 7 Vw7 LIcdat, IS TFHEEIIRIHFTREICZ2 0 FHADO TIEEDNETT,

T, 2BHDOE 2—|Z{T> T, total orders, replacement ordersid i Unew orders
PISNADOTRTEER L TLTEE, ZDOIZiE, total orders®d EIZA— Y /L AEUWNT
T IRECEMT LG U 7 L, TR —EOMITERCSN 2T 5L R
WCL X9,

ST, A=a—a~vy RO TR FOREZEVET, Modify Subscripts for —20
variables & V9 T ~ULIR DN EEARN v 7 A3 BLALE §, PRODUCER & 1#4R L T,
Subscript 1 % Kr vy X7 L TCKEZ V27 LET, USZFPRODUCERIE, ER L7220
BEARICENTILBNSNET, 2L T, ZOEEIMERH SN TV AL FRFCAR X
NET, 2oty b 7y TIREAEDOEEIZOWTHINIFE T LTLENE S, L
LR D, T BIRAR D280 I 3IRIRHES DB 72 » 97, 121 dproduction T,
% 9 1-Dldorders received T,

orders receivedlIifE &7 #—DT U 87y N CTHY | {HEE Y Z—IIRZFIH Y
FHADTZ O i%i?’%ﬁ LTHEHATAZ EIETERONOTY, ZoRATBNT,
SEIN2UED A— T3 —IZ EDRRIZ B SN D 0 E R T DM H ) F 37, e b MR E

I, WEEDNESC D55 \?“O%x FTHEWVHRELZEL Z & TT, 3706, IROBRIHRT
ZEMTEET,
orders received[producer] = total orders/2

WO EETY., orders receivediZB L TiI= T — X v —U 03 A w2

LIEETDVERH D T, LOBHMT =y 7 /AL TWENET, HOHRAT
T EL2DMD A —H—FFIUZ, total orders/HNENIY B THILTLEVY, EBEOZHLD L
S OZFEEF VT TLE D EVVD 2 ETH, ZORRBIENE L2V, E7/UT
TR FEIMNZ DA, EEEL D BERH Y £7,

[ CRRICIEE T &880 9 —2H 0 £9, total shipmentiXproductionZMA ZXHUE]
UAEIZZ2 0 9, LnLaedin, IROELRITAEDITIEH Y FHA L, Vensinb =7 —%
HLET,
total shipments = production[producer]

72720 LA EOSHEDVEFE L TOD DT, RO FRERIZT 2 0ERH Y £,
total shipments = SUM(production[producer!])

Z D), total shipmentid, PRODUCER#: % DproductiondD &t TdHhoHDZ & &R
LCWET, BT | BNIRATFAT IND & IS T 55§ TIZHOWTHEE
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THZEEBRLTNET,
ZOETNEY ab— DL EEROTET IV CTROBEISERMEONE T,

Orders, Production, Capacity, and Backlog

4M  Gadget/Y ear
2M Gadget

2M  Gadget/Year
1M Gadget

0 Gadget/Year
0 Gadget

0 1 2 3 4 5
Time (Year)

orders received (5 3) [US] : Prod4 iy + iy Gadget/Year
production (Z=pE) [US] : Prod4 2 2 2 Gadget/Year
Capacity (ZEpERES)) [US] : Prod4 3 3 3 Gadget/Year
Backlog (&%) [US] : Prod4 %4 4 %4 4 Gadget

N

w

UL, DENCRAEREE U TN, A r—nniiesTnEd, Y20 ainoZ T
B2 Z L TIEH Y FHAN ARITBIT DEFEY 7 X —D50%%& AP L TN D2 DODAFE
Y I H—=RHDHEND LTI, L L2ODAFEY 7 X —DR D ER O NE—TRWGATL
T T —INIRET NV ERRTHLERH Y £,

ZIT 200 ER 7 X —D I B EL BENIOT, FX BRI (EEIZP - Y
L) T D EMRELTHEL X D, AFER T Z—D1oTH D US)IE, F v/ \0ifks X
DNIEEIZD- D ETHIELELED, ZDZHIT, time to adjust capacity[US] %1%
MBATLTHAEL X 9, USOAEFEL Y X —7211 T, ZOEFITZIR, T/ DA —r3—
22— MREV/NEL 72D, LY AL XX R SEDENTEDHZ ENRTH
NET, RORISERPEGONET,
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Orders, Production, Capacity, and Backlog

4M Gadget/Year
2M Gadget

2M Gadget/Year
1M Gadget

0 Gadget/Year
0 Gadget

0 1 2 3 4 5

Time (Year)
orders received (%5 7F) [US] : Prod4 T T T Gadget/Year
production (4EpE) [US] : Prod4 2 2 2 2 Gadget/Year
Capacity (AEpERES)) [US] : Prod4 3 3 3 3 Gadget/Year
Backlog (%) [US] : Prod4 4 % % 4 Gadget

MTHZBT DREDO T B ATEL 720 £95, BT ¥/ D3 BET S LUk
FEAEENIHY FHA, TIRATaL ba—/b « IR %fifi> T, PRODUCERD X 7 %
70 w7 LT, USEHLTHME AT 52 T, ALY T 7 &2ffio CTHIMOIE 58\ &
RAHZENTEET, Z22C (BIEY T 7 #EET 5 RO T 7 %215F7,

Orders, Production, Capacity, and Backlog

4M Gadget/Year
2M Gadget

2M Gadget/Year

1M Gadget
0 Gadget/Year
0 Gadget
0 1 2 3 4 5
Time (Year)
orders received (% 7%) [THEM] : Prod4 % + + Gadget/Year
production (4 7) [THEM] : Prod4 -2 > > 2 Gadget/Year
Capacity (ZEPEfEJ)) [THEM] : Prod4 3 3 3 Gadget/Year
Backlog (& {:%%wm) [THEM] : Prod4 # # % % Gadget

BHIPORun & | BIERARDZ A 2 U ZRHIFE L TT, LvL, &FIF v U372
£, ZHuE. IRAFHREIC L > TR O 7 ¥ —2F T T LVOESRIBN T, |7
B —HEIR Y =" Z T2 & EOMROBEEOH T EFA L TODEITT, L LRni b,
ZDOFETIVOIRLERANIIH S NCEEATIIRNO T, ZOFERIZIT Z Ll Bl Zay ik
IZLET,
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6.3 FE & HhHA (prods. md )

FREEORERTIX, A——2fH 37 & b EEOFELEZT TVET, £ LT, —HIEE
S OZHFEFEERA, O — DOZFEFEITTIUIETIED D A, 2D L X, 2(LOH
WA AT-DIT1E,. IRz 52 Fa—/L@OPRODUCERZ 7 DUS & TEMMD[ %27 U~ 7 L
TAANCTHZETT, (BHDHVFAIRZ %27 ) v 7 LTHENERA,) LT,
delivery delayZi&R LT, A=a—0Dr T 7% 7 )7 LET,

delivery delay (HHER

1
~
505
0 b
0 1 2 3 4 5
Time(Year)
delivery delay @) [US] : ProddA 1 4 1 1 1 1 1
delivery delay (§5) [THRM) : Prodh 2— =2 —o5 —o =5 —9 —95 T4 —5

delivery delayld., 2t TlIRE<EZRY 9, LavL, WfHEIEBOZF 26T £9,
ZITRER T Ll ARG O 7 DI CBLEL A B e b X E R E R DNk
REIZL TV A mEWND Z kb ZNENDA—T—D R L OBH#ESIT T,

AFEL TR LR L L & BEOY 7 MR 5 & UL, FAUTBEE O HEE
\CHRTDI08WH Y FHA, EFEEOIREID S b, BRI D EBHEIETE 5D
T, BEDHHRIEAICH > T, BN — RZA DOV T T A Y ERIFTDH L
IRRZET NV EERLET,

ZDIDITET NVOFTERA FIRZ FEHINTEAT D0ERH Y £, ZOHIIC
DN, P D RS S5 RS o2 D2t €7 /Wb L CnvE
T, FRZFZ, ZO® 7 Z—0O%EE MO EM L ET,
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N
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average delivery delay = SUM(delivery delay[producer!] * production[producer!]) /
SWM (production[producer!])
Units: Year
average delivery delayld, productiontZ X CEATT - E L CEE L E,
committal producer fraction[producer] =
relative attractiveness[producer]/
SWM(relative attractiveness[producer!])
Units: Dmnl
completions = SUM(new shipments[producer!])/product per customer
Units: Person/Year
New Backlog[producer] = INTEG(
new orders[producer] — new shipments[producer],
new orders[producer] * norm delivery delay)
Units: Gadget
new orders[producer] = committals * product per customer *
committal producer fraction[producer]
Units: Gadget/Year
new shipments[producer] = total shipments[producer] *
New Backlog[producer]/total backlog[producer]
Units: Gadget/Year
FHITREEOE X TFHEOT-OOHIREOHEIL, bé b EDERLELTNDEDT
I, AEFEFECEEOLO LD T ENRR) F, —E BRI S DA —DR
il Z X BERRIZ LI, T o & DA =D —DR A T A b0 L LET,
Product In Use[producer] = INTEG(
new shipments[producer] + replacement shipments[producer] - replacement
orders[producer],
Customers * committal producer fraction[producer] *
product per customer)
Units: Gadget
Graph Lookup - rel attractiveness lookup (F8xfp0% H3=)

6 R
| | | | | | | | |
[ T T
"V SR At Rt S it ai et Mty e
Yool | | | | | | | |
L S A A SR
A O T TR N SN VN SR
Y | | | | | | | |
N : : | : | : :
P i i | i | i i
AR 8 'Y SN SV RN SRR EOUV VUV A
A
i T i | i i
0 S S S M s e S W,
0 [
rel attractiveness lookup ((0,5), (1,1), (2,0.5), (5,0) )

Units: Dmnl

relative attractiveness[producer] = ACTIVE INITIAL(

rel attractiveness lookup(delivery delay[producer]/ average delivery delay), 1)
Units: Dmnl
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BESACTIVE INITIALIZ, [RRFRIEUEORIEARS < Tedl il S ivES, ApER 7 #—D
M, AR TH D Z A gL LET, LoL, ACTIVE INITIALBSA Fv Vs
WA, EXORENL, b TnD Z EaNE Ll UET, FIEICES L CRIRGHAE
ZELTLE D Z a2l D70, MEREBITPLOMEZ Yy FLTLED Z&ITA
NRBORCT, ZO%E, BRRENE L TEy h&id Didrelative attractiveness
T9, (e BIE, ZAUTHSIA7 il Th D1 2R >0 5 T9,)

Replacement Backlog[producer] = INTEG(
replacement orders[producer] — replacement shipments[producer],
replacement orders[producer] * norm delivery delay)
Units: Gadget
replacement orders[producer] = Product In Use[producer]/ average life product
Units: Gadget/Year
replacement shipments[producer] = total shipments[producer]
Replacement Backlog[producer]/total backlog[producer]
Units: Gadget/Year
total backlogl[producer] = New Backlog[producer] + Replacement Backlog[producer]
Units: Gadget
total orders[producer] = new orders[producer] + replacement orders[producer]
Units: Gadget/Year
total shipments[producer] = production[producer]
Units: Gadget/Year
Waiting Customers = INTEG( committals — completions,
SUM(New Backlog[producer!]) /product per customer)

BEIEZOFENITE, FRAFLP TN TOEHIKH L TEZBILTWD D E, —HD
BENT PIRZ A EEEDR G2 BT AROE IR H Y 7, 1204 pEE 7 #—% FC
1< 2 &, TR_RTOEFELEY X —% R TP T L a2 TedIil RS HW B HBIKIC
SIMBEHED & D £7,

HepER 7 #—ClL, orders receivedD HFElA  IRITRIRRICEZIETHERH Y £,
orders received[producer] = total orders[producer]

THEAEID T BTz0ou Yy 71X, HEE 7 X —fThbinEd, 27T HEAAE
PEY 7 B —DEIEAF LR LN D Z LN EHETT, ZOET /MIEER D FIRAFOH
PHEREETT DT COBMULTEAFEE Y X — 5B 5T-ODEIETHZ EINTEET,

DT NER—ALIRDHILD/NT A—HTU a b— FLicf, Fattofxtiis
EIIFE U220 T, IRDBNIATOET NV ERLFETIZRY 7, LAL, time toadjust
capacity[US] Z21CEH 95 L, BIRNTFERIEDY £,
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Orders, Production, Capacity and Backlog

6 M Gadget/Year

2M Gadget
0 Gadget/Year
0 Gadget
orders received (53F)[US] : Prod5A —+ 4 + Gadget/Year
production (4 )[US] : Prod5A -2 2 2 2+ Gadget/Year
Capacity (4 EEEEH)[US] : Prod5A 3 3 Gadget/Year
Backlog (& ¥ %= )[US] : Prod5A --4 % 4 4--  Gadget

Orders, Production, Capacity and Backlog

6 M Gadget/Year
2M Gadget
0 Gadget/Year
0 Gadget
O 1 2 3 4 5 6 7 8 9 10
Time (Year)
orders received (%) [THEM] : Prod5A ——34—— Gadget/Year
production (4 &) [THEM] : Prod5A 2 2 Gadget/Year
Capacity (ZEEEHE) [THEM] : Prod5A -----: 3rmnmmnnee- 3- Gadget/Year
Backlog (532;¥%% &) [THEM] : Prod5A - e oo Gadget

22T, BHIOEERDIZDICIEROY S 2 b— g U EFETUE Lz, ARERES
T AR T5Z L3, e at 22 2 L—RCT A2 LITiEbEVEHEH Y 8
he TNED G, DOV T T A Y ~DFTEDL 7 "RV | DV 7T A Yiaialoks
RO2AED~—2 FEEHRL THDHD T, ZOE, 220% 77 A ¥ Ddelivery delay
B L commitmental producer fractionZ RAUX. ROERIZARY £47,

Deliverry Delay and Fraction of New Sales

1 Year
0.8 DMl

0 Year
0 Dmml t+ t .-
0 1 2 3 4 5 6 7 8 9 10
Time (Year)

delivery delay (#4 #1) [US] : Prod5A 4 + 4 + 4 + Year
delivery delay (#3 #1) [THEM] : Prod5A 2 2 2 2 Year
committal producer fraction (& %t & O X # & ) [US] : Prod5A ------ Gommmenes Grmmmmmmeee 3 Dmnl
committal producer fraction (& # & @ B #9 % ) [THEM] : Prod5A -4 fmmimmm Dmnl

105



N IR FEDEE BRVEVIRAE L TVET, ~—F v b= TZ2ERL B0
DR T 220338 H S E T, BISHIIDNELS 2o Th, ~—F v b= 7 &L
VIR Z LT TEERA, THME, USE Y HuRICaEST 5720, K 0Bz X 5
SRS TN 5720, S SIIAK T L E T,
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6.4 Fhrm

QLU ED A —T1—WHET B — A %AR D 72D B OFEE L APERE I DET VAL
RLUE LT, TIRZTFEEZ M- T, L TiGOMEIZ DWW TR DIEN TEE L
Too TURZTFHEREIT. T ORZRRIEZI 5 BRI, By 7 7I o Kede
0 FET, MRREIZBNTE, Fv/SORFENRAE URWERIZ, v/ O a 35
ZEMBUVRY —TLMN, ZOETELZ LTARRHFHETFOY 774 vHAnD & &I
I, ISR RERIT D720 E WO FERICe 255035 0 97, FEERZ, 107 mE R
OHIZE ENHERNCEET2ET VA2 LV FEICTIUIT 21T E, HrLWEEERA 7Y
A2 RSN L EFT, FREOERMNEOMOEM LV AR TE L HDE /DT HZ LN
TEHDTT,
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ET7E
T27AFT2IRETYITEYRY

1.1IELC®IC

EVRRAET U U ZIZBNT S, RS 2> TR A LA— 5 Z Lix
RL< BV FET, v 2=V vy —HHORBREFEMT XA VWET L TEXHZ LIZLY fax
REVAR FOBEREZEFETEL06TT, AETIE, A& RUsHMEHO 7
TAT VR T NAEFRIEL, IRICZDT 7 A F 2 A « BT /)VESE T LI-TiSkET
TNEV T LET, FBEITY A7 LR T, MELET U R BEL
I RINTHLAA TOERADN, ERHEND XA T I v 7 AOWEIZERTAZ L TY A
JEELREIC/R Y 5, 2L DA, T ADNERHL 5 2 ATREMEN & D HE 5 B\ i
AR L T < 281X A7 OEEICKRERKIINLLE T, RETIL, MEEOY 27 %
PS5 72 1ZVens im CHIH T & 228 8U8E Ty — VA L £ 7,
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1. 225+ & EREER

A by 7 ET7a—lLOREL | FEENLREFEEITO < OO OREAR Bt Fo
TWLRTHBLTOES, QW7 n—Lb 252 ENTEETL, 7r—FR by
FRALSEET, KFFTIEL B2 R LG ORGSR 2800 Z LITRRE Y T
£, HMRSHORE AT ARROKICET Z LR TEET,

Income Souces Accounts Receivable| Cash In Bank Salary Expences
AR AP GER gl =5 i

sales %@g wages

(B (AS (&R

70— |ZIHREBHR R T RAIIMT S TVARNZ SITEE LT F &V, fEF AT
LOEMNE, 7u—EAR M TG ET UL 5 2 L TIER QBRAEET S Z LI
HHNGTT, DFD, WHOFRIISFHHIEOFROIMNI G S EEXFT, BT, kit
DFERBITE (V=AY 7 &K DT) ZARTEal NI EITER LTSN, Zh
I FERFELORAR R E 2 7 & LT, TRTOEG AT 287 LB T B D05
TY, T, QNI RTEG ST TNRT U AMEN TR R A, IR
& M) 13, BAELEZ LOBEREEZMS Z ENTEETN, TNBERISHO—E8T
X0 FA, LVBBEZFI L QDT /UIRDERICAR D £,

receipt time payout time

(BTG (ﬂwﬁ;E
'C: % > Accounts Receivable Cash In Bank
sales (i) receipt S wage
(Erop) (AD (%%

T g

FFREDOETATRA ZERH T HHEDA by 7 ZFEITEESWZ E LT, 2 LT,
EEREETIIH D ETH, RN o —2RTTOOELEHEINIER LE L, £L T,
ZIUIHANWT, 7r—ZRELTCWET, ZOfIcBITaRY —Lid, O2fhice -
TOFZEIEIM, QBEIZE > T, & L TAZSES LW ERT, OIEEIZE
STOGEVIAHLDEREE LTS VET, BH3DRITMD2 oL D TR Y o —& LTk
SETHINE D INFD A G LT3,

7.2.1 AR by 7O

—fRI, BEVAT MTEEIE S AT N T L Z EIfE R T, BT e
FELE 2NN B2 T, ZR I B, XA v 7 T MR Z N
ZDTeOIIE, ANy 7 E2BNT 520, ST D70 —2fHF M 57200 TldiHE
HFhe Valb—va BT NAHOTRTOT7 B —5RET D200 — VA ELT 5
MERHY FET,1IODA Ny 7 BIONT7a—% A5 L TELDHLNT 41— RNy 7
=T NTEHNRDLNE LIVETA, (o T, EATI v IR T A F Uy VET VA
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BT DBRC., Y AT ANERTHIEE TR 238 L QT 8 A, &
ZE T A0NTET VOB > RO DHERIC L E T,
FOREIEIZ L S THA T I v I ANRFBLT HENEND T T, EZETiEET 5
DEPRD H_RE T, FlE, B ETE DA, i & RO S &R L £
RV AT AT TEZTOIUE, 22078 FER H 232 ICREL L) L BEZF T,
LU s, BETHIOREZ S 9 2Tl B2 XKFI 5 Z 813HE 0 ERL D
0 FHA, BT SFUUTS T S vET, £ LT LT-EmORE&E 8T 5
BRZIERIEZ T 97, T HREMOFIEINE L LD Lo Thiud, %
BaeFldTHIELTLESTZD, XA T v 7 AEER LRV OTHIUR, #Jho5e -
EELTOENZEVICL TRV I RETL L I,
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1. 3WEFHEETIL

WVE “Thneeds”t W 5 A FERIE~DIREZEZB L TWAHDE LET, # LT, Thneeds
WTESARETH D E LET, (ThneedsiIMEEN D 28RS T2ZRZEDREM T, ) HARTiX
BAFDOAEFEREINZ DWW TR - TWET L, FESNDREEFA, AP O 5
T 5. ThneedsDAik, AEFEEENE:., BILUEITEFRNTONTHD>TWNDHHDE L
T, HRTEPMONTODDITEETRENENENH Z LT, Zhud, 4FTEZX
TEIREE IR0 B o TET, T70bbh, VIR DIEENE ORIR D824
TeDMNEV) T EBEZ LD L LTNADOTIEARL . Hl AR E DR R AT~ L 5
ELTNDDTYE, ETNADT 74T X VE ST 5 2 LId, ERID R
REVOTHERETIEH Y T35, S EOHLIIZHEVHY FHA, —FE 77 AT
VU VESHZOWTCER LR TE UL, SRR CARIZ 7 7 A T v v Vi %
fDET UTHATDHZ ENTEET,

1.3.1 BREE&EMR
A & RO E A UTIRORRIC 2 ) £,

profit = revenue — cost
revenue = price * sales
DEMMUIE Y 7B Fr—%BETH LD ZETIE, KEEWRH 34, M
/\77r~7/;<0> PR 2B 2 DI T U HEEE & I3RY £8 A, Ziud, Fligé
?//:-7D~®%_%M#%éﬁkwoﬁﬁf%ék%éiiﬁoLﬁ®i5ﬁiﬁ
fbFsaln) it Fligefryia - 7D»—73§WE“C3%>ZD ERFERICARE L CWET
Fyvia - 7n—F LOEBRES RD72DIdE, WREEEDT rE A% X0 RS
R Z DT @Diﬁoxb/ﬁk7m%f%ﬁi&®% T ET

Awaiting Billing Accounts Receivable :X:>Q
{: )#» = %’ =+
production value RERE billings o) cash receipts

G50 (REZ

ZOFETICI, EE] Birshd b FER7T et R 3BlitET5Z L2 £9, £
LGtk 7 2 223G T AU GERD 72 S, E DOFERIZEDWTSHANEZFH L £,
Fask) & [Blexiy OEAfTHMTT, Znth, RKaaRkEes eiEelsd L T8
DOIFERAZRCCAEHSIND D E LET,

billing processing time average pay abledday
(FERALEERFRE) (KL ALIREFFE)
Awaiting Billing Accounts Receivable %’Q
e %’ = :
production value (CRePRER billings (Feiis) cash receipts
25,5 ) (R
price production
(fi#&) (£
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billingsDEITRDERIZ /20 £,
billings = Awaiting Billing/billing processing time
% LC. cash receiptsiZx}9 5 HFEXD R UARIZZ2 D 7,

1.3.2 HEEFHTORETS

ZOETNADOENUINTT 7 =7 L LTEERLOREENTOET, A~y 7 DF]
U2 BRRRBIC BT D EFETITO 2 & T, BEREETIIA vy ” OD/;IJ\k{uLHj (&3
Lo TNDHEBZBIVET, FBRTEDRRIZR > TWDDONEIFT 572012, RIC
filiks & APERS LG & b RWHIBOM—EE o7& UET, TAREME 235 BER) LV b
REWGS RGEREE] 1TRELS o TITEE T, £ LT REEREE WREL< D L 15
Kl bREL RV ET, EER) 1% MM &5 LR ETER L, Rk o
ZAERIEE Y £, ANP—EOYE, FriofdEd, FER) &, & LR U s
T B bEL—EERYET, BANDIERIIE X TUT &, BleXBo7T v
N7y "3—EThiuL Gk &1 7 m— MG 2% U< Aeidiudie s zno
<.

billings = production value
O ENFHET D720, TFHR] OHFFENITIRORIZ/R D 77,

Awaiting Billing/billing processing time = production value
EelES

Awaiting Billing = production value * billing processing time
BBl ZoRE RGERE owibe LTEWET, RLr Yy 7 TRORIZZRY
ESpp8

Accounts Receivable = billings * average payable delay

Vensim?® [5E8Me] OEAFIHRT D & 21T, FER). AGEREE) . [APENE) 23R
HVENHTEES, 2L T, Mg & Ay bMEIZR Y 97, VensimXBENIZ
NEVREH L 2 34T LRI SruD@m S E 7,

oA b TIEEE s E S AuuR e 13 LE T, BIesimTRe/e 72l
TR T HRRTES(L L E T, ZAUIARTEZR Z L 2D TT MU B DERH TR
B2 EHEIY T, ZTNDEBEOXMEIETHVLERH D55 H 0 903,
ZOMEEIRT BT DITHBROT U v r—2 25 2 b TEET,

billing processingtime average pay able delay
EputEls) (AL AN EERE)
: % > Awaiting Billing % | Accounts Receivable %’Q
==
production value i billings G cash receipts
y (%ﬂ@\ ) \' (BRZ)
price production _ SSes
% fractiond loss rate

(f4%) (470 CNERIB ) 3
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ZZTC,
losses = Accounts Receivable * fractional loss rate

HRZEIT D & 5o OYIHEOREN S DT 0 £7°, F=bid TFEKR)
Z [BleiHak) CELSTD2MNERDD £, T720bb, RORTEALTE £,
Accounts Receivable = billings / (1/average payable delay + fractional loss rate)
2 Z CHRSRITREROMEIZ 2 ) £

PIRRRE CET NV AINET 2 Z 13T L S METIEH D FEANKEAE 72585
BbHVET, VIalb—rarOPHIORSTIE, Ay 7 T a3 R il 7aoT
BY . ZOREIEREE) O IIERRRBIZHR T S 7o O OFEIAMEEL L 72 0 XA F I v 7 A%
ST HZENBRL< BV ET, AL LT, ZORYEIZL->Thleb3InNsd 414y
J AEVAT KIKRER e EBEMIRD ERA L, FRE2TIUTET VOEERF A F 3
> 7 ZADIREWIT D Z L1272 0 E£F, SRIOFET /UTONTE 2T, FEBRZITRZI0 T
PEx AH — N0 THND BB 5200 A F v 7 OfEE0cE Y FT5Z 1T
X2 TLLEY, LLARRDL, 2995628128, K0—RIICTHZENTE, VWE
B L TV OGS, fDETAOHRTHEGHND Z LR TEET,

1.3.3 2T TIL(financ01. mdl)

7%V OISR CE 9, @I, BEAORBUCEET A FIUR DL
HLODIDOTY, ZIZ T VT no% L ORILTHEYIZRFIE LT, #BiFR§IC T
B BB 28O0 E Uiz, RIS, EROBURENRCEROEEEZ1TH) bo Lt L
F7, (XRIKESR)

ZZ TR Ry 7 %&2OMZFE LIz, Debt (BfE) &Book Value (@) T7, ZDET AHT
T4 =Ry 7 LT, ANV INBEARA N IDT U 70—l 7 41— K Xv 7 &
AEVIL—T 0350 F£97, UL, cashflow(Fev v o « 71 —)Rtaxable income (Fi3 |
IR (2B 2072 D BRI A XA T2 v 7 ADBLE T 7 MMTET UL LTZ D
DOTY, Fio, BEEVEHE) 1 TR (2h7z > THEICRET D b0 L L, AR
HERHIMSE T T 2R C—RUTHMT 2 b0 & LET, APEICL>TIHEI LI -Fv v
o s 7a—%, SATEEICRTHREIET UERL COET, E7/UL FlRE & 1%
¥y s Ta—] OEFITOVWCIERBTEAMNEZ 5 5 72 OIINPVEIE A L £77,
NPVBEIZ, B1%kE L CeEsSdh W07 m— E5 5, fIE L ORI AR & 5414
Ty BT, BT AVTIRMIMELS Lo, FEEEHRE LR EHLCOONET, o
DOBIBERET D2 &2k - T NPVEIEI T, I 2 b—a VORISR T, I
— g U EBIA LTRSS B 2B EA L AR— R LET,
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1.3.4 ETILOAER

Book Value = INTEG( new investment — tax depreciation, 0)
Units: §
tax depreciation = Book Value / tax depreciation time
Units: $/Year
taxable income = gross income — direct costs — losses —
interest payments — tax depreciation
Units: $/Year
production = available capacity
Units: Widget/Year
available capacity = IF THEN ELSE ( Time >= building time, production capacity, 0)
Units: Widget/Year
tax depreciation time = 10
Units: Year
tax rate = 0.4
Units: Dmnl
Accounts Receivable = INTEG( billings — cash receipts — losses
billings/(1/average payable delay + fractional loss rate))
Units: $
average payable delay = 0.09
Units: Year
Awaiting Billing = INTEG( price * production — billings, price * production * billing
processing time)
Units: $
billing processing time = 0. 04
Units: Year
billings = Awaiting Billing / billing processing time
Units: $/Year
borrowing = new investment * debt financing fraction
Units: $/Year
building time =

|
—

Units: Year

cash receipts = Accounts Receivable / average payable delay
Units: $/Year

Debt = INTEG (borrowing — principal repayment, 0)

Units: $
debt financing fraction = 0.6
Units: Dmnl

debt retirement time = 3

Units: Year

direct costs = production * variable production cost
Units: $/Year

discount rate = 0. 12

Units: 1/Year
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fractional loss rate = 0.06

Units: 1/Year

gross income = billings

Units: $/Year

interest payments = Debt * interest rate

Units: $/Year

interest rate = 0. 12

Units: 1/Year

losses = Accounts Receivable * fractional loss rate

Units: $/Year

net cash flow = cash receipts + borrowing — new investment —
direct costs — interest payments — principal repayment — taxes

Units: $/Year

net income = taxable income — taxes

Units: $/Year

new investment = IF THEN ELSE (Time >= building time, O,
required investment / building time)

Units: $/Year

npv cash flow = NPV (net cash flow, discount rate, 0, 1)

Units: $
npv income = NPV (net income, discount rate, 0, 1)
Units: $
PRICE =1

Units: $/Widget
principal repayment = Debt / debt retirement time
Units: $/Year

production capacity = 2400
Units: Widget/Year
required investment = 2000

Units: §

taxes = taxable income * tax rate
Units: $/Year

variable production cost = 0.6
Units: $/Widget

TIME STEP = 0. 015625

1.3.5 Y2al—YaliER
TIME STEP=0.015625C, 3 = L— = UHIRIZBER & L CEFAZ 5T LET,
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Net Income and Cash Flow

2,000

$/Year

2 3 4 5
Time (Year)

net income(#t ¥ #£ ) : FinancO —4——4—4+—+%
net cash flow(¥ vy 2170—) : FinancQ -2 -

VR ab—ya VO TRER T, TFRSETEMIE) 13,073 RvERD | Idy v -
7 —HEE) 1354, T0 KV L7200 F97,  ZAUd2, 000 RAOREEERIGR Bicdh b &
WHZEEEWRLET, 2 lb—a COMBTOBEmEEL 7 2 v MAUE, RO

2720 F9,

Net Present Value of Income and Cash Flow

2,000

Time (Year)

npvincome (#f F| #% 3} 7% fffi i€ ) : FinancO —4—
npv cash flow(F vy > 170— 18 7£ ffi f& ) : FinancO

FREEF v v o« 7a—0ANRITEESENNH Y 7, Ziud, FRSOFHE A
NE¥Y o 7a—L 3805 EnDRAFERTT,
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1.4 RESH

FREOVIab—ra itk b b, FREN—ATIE, EEIIHEITH D Liimg T
TEMTE—HTHy vz - 7a—_"—ATILIZIRUHTEEEA, LLER
O, F=BlE, MU DEEICHESSETVEMELE L, L0 ZRHOER
AV AN THD Z LDV >TWET,  FBITIDIDREEZET L7292 T
2b—a UEBVIRL, ZOEMREMNODLZENTEET, ZiufbdbollL
T, BUTHAE - a3 b—3a B WIS EHOBYEY R 2 L—3 3 > (WSS) 3
0 ET, R BITAMEDEITH LTE, EOfHAZTEE L CZ OMEEZFIHT 52 &
MTEET, £L T, VensimIMENRMGEITH L A T o # DTEIRL T, 7V
AEHIE R 2 b—bhLET, YIalb—tar e arbo—AZRBLT, REa b
m—/b « 77 A )Ll z 1 inanc0l. vse) ZAER L TS 723V, IROERIZ, /ST A—=H 5y
BRI U GENITF 2— ) 7LD ESRR) 28R LT EEN,
average payable delay = RANDOM_UNIFORM(. 07, . 11)
billing processing time = RANDOM_UNIFORM(. 03, . 05)
building time = RANDOM_UNIFORM(. 8, 1.2)
fractional loss rate = RANDOM_UNIFORM(. 05, . 08)
interest rate = RANDOM_UNIFORM(. 09, . 15)
price = RANDOM_UNIFORM(. 9, 1. 2)
production capacity = RANDOM_UNIFORM (2200, 2600)
required investment = RANDOM_UNIFORM (1800, 2200)
variable production cost = RANDOM_UNIFORM(. 5, . 7)

WIZ, Multivariate (25 DA T > a U ERAT, Va2 b— g L OE200E
M LTL7EEW, BEOHTAAT O BRICIR, R A ST 57O O A 18R T 2 )3
BV FET, Vensim TR, T XCTOEHOFHFRHERELIRFT DT TETOETA,
TIHTTEDORR: Z LITFEITCIEH D A, - T, B TRHEREZSHRULIEVWERD Y A
FfEELET, 2P A= 7 ADUBEII T A—F Dy b« T v 720 T
DIERNRH Y £, ZOFT IO TUEL, KOV A MEREFETDHERNTLE I,
(financOl1. 1st)
npv cash flow
npv income
net cash flow
net income

WIZ I 2b—yarw2FTLET, VensimImWNIBEHE DY I 2 L—a 23T
L TRIZEHDBIE 51T R = b— 3 U &IV E T, 183MHz DPentium <—AD = > &
2—Z Tl ZOFTIN, 200EDY I 2 Lb— g L EBETT D000 £7,
VensimDESRITKIF LT L, £/, A Ea— 2R a2 DL 52 ENTED
LS THEDLY ET, ES I 2L —a U dhE-oTLERIT. FRBNKT S
NHELEHIT, VAV RTIEE Y I 2 b—a URERAFRLET, —, BIE545
(ZiFCancel RZ %7 ) v 7352 L2 V20002 2L —2a BT _TRETTH
AZ, ¥ alb—al&zihdd 2 ENTEET, PINCIEDTSEE, BRI 2R
LTWoDLIFTDLERDBDIZRDTL X I,
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1. SRR ERTT D

BERERZFORT HT-OICHHTE Y —UI3-ob v £, T, &ES T 7Y —
V., BBT7F7—] THY. b L. VensimProfessional @ 5 NIDSS A~ T NAEEE
X ety —v) T4, F=2— b U 7 LOFE L, FIHTE 2898 — Nl 2 7= —L -
Ty NEEATLHAECONGERLET, £/, V77 L AR =a 7 LODI2E L 135
Ity b Ty T HESETY N Da T Ko b— g VIFEESIA L CQOVET,

T—J RFCEE [Fxva - 7a—HIfEE] 28R T, EREST 7Y —L%
7 U7 LTLIEEVY, ROFRIZIR DTS TS

ZOrZ 7%, Fhh-> T, Fv v ia « 7u—_"—XOBHHIMEDO TN EZ R
LET, By Iab— a3 OY550% I50%EK) PICINE DEE 725, HDHUWNTATD3
28 TT5%EEIR) PINCINE DB E 72D LWV o T2 Z L AR L TWES, 207 T 7B L THEE
THIEN2OHY ET, —old, RFEPEEDIZ O T, MREMEEINT 52 LT, =
UL BB L LRSI e A > QD 2 L ICHR T 5 HAR R T, 2o B,
K= T =T FR A, BT 7Y UL TIDZ EET-~Z D A
HIEWTEET,

FinancO

50% 75% 95% [l 100% I
npv cash flow (F+vy a1 70—IRTE(HEE)
2,000

-2,000 0

Time (Year)

P BT T L a L DRCHDE A NS T AEEEOF = VIR I AkF T
LTLEE, ZLTRIHET 7 —NE 7 ) v 7 LTLTEEN, 9T UL, ROk
I ERLSTLE D,

Financo I
npv cash flow (F+y Y21 7A—HEM{E) @ 5 sensivity histogram

40

20

-800--600 -200-0 400-600 1000-1200
-600--400 0-200 600-800
-400--200 200-400 800-1000
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AReFED /2 — & LTINIFORM(Z 7w M) iz L7z LT, ¥y via -
7 0 —HEE I TEEBRR O L E T, ZAUL. BT AL ONE LT-REZEDS
EFRNH Y . ZNHOMAEHOEINFER L 72> TNDN B TY, Fatiizid, Tk
AITERMTT D L0 D Z LR ML TOET,

THBHDZ EMS, ROERBEESHTOMENT B35 Z L0000 £, d7hbb, #
FITEZVZ S IR DT L LET, ZORIRERD, L ORI ARSI DN T
BT D0MEND Z B BFET DI OITEE T 2RI 5 2 LN TEET, BRI
DARGRODOAFESZNEDS A A R T RITIFE T 5 Z L AR LE T, BEITBW T,
B AT g AT Wb BT, WA THCHZY . RORSh AR e
A NT T LPBIE, B 5BIHMEL Y &, NEMICE DIFREED Z LN TEET,
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1.6 £BET) > U EHIBRE (financ02. mdl)

Tr AT UAETNVERFET D Z LT, HETHNOSdRE B R L TEE L, LiL,
T7AF A BT NAOEEIENBRES L OT, I bEHTEET, 2
O, 77 AT VA« BT NVEAF (prod3. md]) (ZBWTRFE L7ZHiEEET M, B
WHT2ZENTEET, 20OET /ML, BRTEE LAEOMENEENTWET, 77
AF LR ETFINE, TNO20DMESERETHZ EICLET,

2ODET NEFFEST DHT2DIT, T 7 AT VA BT DL AL — N LET, 7 /UG
BRI C, ThEab— L TLEE, TiET /L (prod3. mdl) 2B, HrL =
—5EVET, 7T AT V=2 FLWEa—lH) Tl diETET M7 A
A« BT NVERANT DHI2OIZa—a~< RORT HEEDORL Y 1)) 47 a oz
LTLE&EY, £L T, financ02. mdl&H AU NIHIA E L THLWET AV ERF L TLIEE
VY, VensimF = — kU 7LOSEL, BIDFET ILOHADIDDET LS OREEEAL 5 7~
WOIFEZRHHALTWETOT, abt™ =L TOFEMIELLE TEF S0,

FLNETNVHOE 2—% T EE, AE) 28 140 & U r—hSn-LISNE,
[ CERR BT /U DR S IV E T, Jhud, B8 T4 BhiEkETT W
fFELTCWDG T, AFEICBT DR D EREFF T LUEED, Eonbipar
— ST, BETMIN—RA R ENDLEEIT, FEPET HOESTEOIZY F—bShvE
T, LU, ZORAREBIThWIOEETHD THE] 2R LW T,
APEOL O FOTSFET VO EFE] Da b —Z AT 572D ¥ KUYy —L
EEHLET, 95&, 25 VEE) ITRIOMT S CERRSET, 22T,
PR~ —Y — VRS T B TR0 o b, 238 TARE) 2 R v 7 LET, 5
& E¥ TAEFE0) 2WHELT 45 TESHREZ I ) YEfshET,

(AEPE] % THEFE0) D EICRT v 74580 ) 2 L Z2REEZRNWTL IE &V, ZDR5
TEHV FEHA, bL, IRAZILLEZORLIFEZIL, EGbDX A T7r 7 TNoE LET,
EUTFHUL, Yesz 2z U w7 LTLIESV, 58, 280 1450 13 <A ClEE#
ZHNET, ZI T, Delete—NEHFHL, A7 yFOIVEATIHD [WEREEE)
AR TAEFERE )] BT ANBED RNTL IS, 2RO DOZEIT BT &
2B T, 2L T, Timed b RG] ~ORHIBERNTS7ZE0, £ L
T, TIme>ZfELTHBLL ZEHTEET L, TOE2—006Hy MTHZEHTEET,

BTN Y RUBEY— Va2 Uy LT, [BEE) % DIREEE ) o <ifHFms <
STEEW, ZLT, &) 26 G ICTRAIZSIWTL I3V, B2 HHHRE
DFERE UTH LWEEL [HE1a X K ZBIMLTLZE, SR OFET /UIIRE DR
W22 AE9 T,

THEAIREY 7Y — %7 ) v 7 LTLEEN, 230U, [HlE) & fEh= =
N RSN ET, ZOHRERITROBIRY £,
new investment = investment * capacity cost
Units: $/Year
capacity cost = 0.5
Units: $/ (Gadget/Year)

AEPERES I DIUE LS L 0 < T e 2 & & g2 7o DI TIUME A 2 2 A L £ 7,

K] 7o A TRAET D X VM2 A T2 v 7 ADT=DIZTIME STEPA0. 015625 F T
BrEegET,
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1.6.1 SalL—Ia ER
ZDFETINDY I 2 b— MIROKEZSFERIC D £,

Net Income and Cash Flow

2M
g i
2: 0 VA =5 R &
B
-2M
0 1 2 3 4 5
Time (Year)
net income (FliFZE) : Financ02 + 4 1 1 1 -
net cash flow (F+¥v<2170—) : Financ02 A S

MAREE v v a - 7o —TIIERICEERQEV DD £3, Frvia - 7u—3
AB—= Ty TOMIFEEER~ A T ALRY ET, Frvia - 7o—0xbRE<2d
L AT, MARREIRE L TOET, SHEMETOHERDH Y £77

Net Present Value of Income and Cash Flow

1M
& 0
umgxﬁxﬂ “ 2
0 1 2 3 4 5
Time (Y ear)
npvincome (ffiFZXIFFEfH{E) : Financ02 —+—4+—3—1
npv cash flow (Frv 1 TJO0—IREMIE) : Financ02 e Do
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1.6.2 RBEESH

ZOFRTNEFS TR ST A T 4T =7 BFTTHENTEET, ZORT,
FAR A MZBIT IGETZT Tl it s & —0/RF7 A= TN THOAMEFENEE S
BTN TEET, TOLEDITIE, KOKREE= fu—L - 77 A1
(financ02. vsc) ZfEH L T 7280,
average payable delay = RANDOM_UNIFORM(. 07,. 11)
billing processing time = RANDOM_UNIFORM(. 03, . 05)
fractional loss rate = RANDOM_UNTFORM(. 05, . 08)
interest rate = RANDOM_UNTFORM(. 09, . 15)
price = RANDOM_UNIFORM(. 9, 1. 2)
variable production cost = RANDOM_UNIFORM(. 5, . 7)
capacity cost = RANDOM_UNIFORM(. 4, . 6)
initial customers = RANDOM_UNIFORM (90000, 110000)
sales fraction = RANDOM_UNIFORM(. 004, . 006)

Ihay I 2 b— Mpud, RGBT DRERA1E0 2 ENTEET,

Financ02
50% 75% [ 95% [l 100% I
netincome (F|ZE)

2M

Time (Year)

ZIT ORIV D DREROFEMIIRERE L 20 7, FRRIRREOBIHFEMIE Xk Ok
2720 F97,

124



Financ02
50% 75% I 95% [l 100%
npv income (#liF| ZEIRTE(HE)

4M

0] 1 2 3 4 5
Time (Year)
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1.7 #em

2L DA, FETNRDT 7 A F A BT =L, BT AREKDEAF v 7 ADE
By e bt b®HHTLE Y, vz - 7a—LRRE e 4 — Ky 7
T HINTAZ DEDLIENIE D> TEET, HOLEEITE, FHEEZHNT 5 &2 &
FRERF v v ¥ 2 DFEERNRICKIN LT, AT T ADOLKHAMIEE L4 5 Z L)W
b LNVERA, KEOPFTHEESNIZET /ML, ZNOHDZ L EEZ HT-OOMENI R
HITT T, AREITBWT, HEFHEOMBIZRFEREZTHME L, RiEditz it 5729
DOFETFNERIELE L, BRSNS AVTIE, BEAA AT v 7 22 RHTICE-S
TWEEAN, G — L E LTI Z &30 D D EMTEE L, EVRAERT
T, T7AFT VAR I H—EEDTEBE, BT /U TR SN EEORR
LB TIT 2 &, BORA 7Y g v OBEW AT ATFERE L TAEATY, %<
DEE. TT VRO T 7 A F A I Z—L, BT NEEDLAF I v 7 ADEENES
ERDBIELHHTLED, Fvvia s 7a—LFRROMNE T 41— Ry 7457
TAX DIELIBNIE D> TEET, HOIGAITIEL, FHREZHNRT 2 &0 ROFIREe
X v VaDEEANRICHHSE LT, AT T U AKHEIEX L35 2 EWE G Li
FtA, KEOFTHEINZET /UL, INOHDI L E2EZXDHT-OOMENI/RDIXT T
7
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F8E
&Y F & & UHRED

8.1 [FL®IC

R AEEET VAR LE Ls, & L, H-EEET VORI IR
FdHrl V) ZEERHLE L, ZoTT /ML, HE) AERICEET D REZ R 5
2O TN, IREZ S SR T 7 a2 &gzl VW ) BN THLEETY, AET
X, S AEREET L & RO ARG 2 FF 0 R HRTEIC OV TE 2 £ T, ((hoET
NHEB AL LET L, HEETRERERH Y 7,
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8.2 EENREHIEHEE (thrmstat. mdl)

HENRAREREE L, BAFEMT DB A D CEIAIN TS Z ENEL<H
DET, ZOVATAHEISED ZEEZHMICL TS &0 ) BERCTHIBIEN S DO D
DET, —FXFy FOHIL, HEVHEICAL vTF 24« F7HTIT, Bz R
TREFANICHERF 5 2 & T, 2O EEFEHT L2012, HifEHOT=00/ Ny 77—k
FERH 2T 72U e A, BRNOREN Ny 7 7 —# PO FRFE T RN & &
FIXA 712720 Ny 7 7 —#HO FIRE TIREN TR o7 & &3 ATRD £, Ny
7 7 —#®PFENOIRE TIE, FIIBUROIRRBICE E 0 £, 7ebb, BURBA V72 5134
VT, ATRBIEF T TREE VT ET,

INETEZIAMOET N E R DHBIE, TUDBETEDA RV b, DF L4
L7Z0AT7 LI THZE5B0F->TNDEND ZETT, FICMEZHELL LD
DIE, JFOARAL v FEAATLIZND A TIZLTIE0 5 Z 1%, FOHIEDIREE R4
MEID) IUEGFLET, T EHEORENTHEDIRIEZ DD ) Z &)X, XT R
VI TCHAMRCRZET, EDOLZA, FOFy « FTDAAL vF o 7%, B EOFS:
TIEH Y A, FEEDZD, MELZV TR H L, AL vT 70X
BHEICRZ D E WD ZETT, BRDT, NT Ry 7 AEFRTH7-0I2, RHEORIE Ly
IEEAEA LT 9 2T, BN ST T UEEAT S 12010, A% (B 12 £ Dk
IRIRIECTH S T=DME NS T L HBHT 5 Z LICE D ZDRT Ry 7 AR LET,

cooling time outside temperature
(PHEAED (VEREE)
Inside Temperature .
- (PEREED A -0
heating cooling
PR l G4
furnace capacity furnaceis on furnace was on .
(kFDRES) ((FRETT)) -— (TATITRINFRET )
target temperature thermostatic buffer
BAREE (E2FIIR
ETNORITKRD LBV TF,

Temperature = INTEG (heating—cooling, 70)
Units: Degrees Fahrenheit
cooling = (Temperature — outside temperature)/cooling time
Units: Degrees Fahrenheit / Hour
cooling time = 8
Units: Hour
outside temperature = 35
Units: Degrees Fahrenheit
WA= OOEAIE, FEAEEET VOR Tl SIS [IEMWRERAZR] OO EN
{BERIT T, [BRFE] 23507 bIXMmAKE AL, NRE FETEOMEN G AEIRHH )
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AT TAMRIREE) (2720 4, TURANRH]) OfFIRE LT, EEOTOE % ORFEE)
INTRLT2ODORHHE L THEZBDDTTN, ORISR EY Z 2 TITHHTIE
b FERA, R E, flx ORI THY , IREOBEERIZIT ) FEBIOEE & D
BEEDPEZE EANTWALTY, MHERHN &1L, BIFEO=R &, BAENRE F 721 VR
FEDX v v T DITE AL (63%) 3D D= & & LA ESE T, BiIzIE SNBOEEH0
T, WEOIREED 00 Ch o 72356, BBHEZ A4 712 U T8RRI QIR IITEIC /R D £
T ZORERCIEERIGRE L COREIZITR Y A, UL, 24REI%ICITEIRIZ0EIZIE
AR LIE (G 12720 £,
heating = furnace is on * furnace capacity
Units: Degrees Fahrenheit /Hour
furnace capacity = 10
Units: Degrees Farenheit/Hour

B2 1d, HERIC=RVF—Z BT 5 2 2B LET, ZAUMENZHIT Tl
KR Z G LIATDIZEITWE T, =iRA BEEAERNICHERT T 57 OEE 4 0T 5 m
Uy I BEENTONET,

furnace is on = IF THEN ELSE(furnace was on :AND:
Temperature < target temperature + thermostatic buffer, 1,
IF THEN ELSE(Temperature < target temperature —
thermostatic buffer, 1,0))

Units: Dmnl

ZoEAE, BENSPICA L THY | REN (B 7 7 —) & FEl TV DI5EE,
WERIADOFEF L L, %5 TRITFIT, IREDSBIEED GRS > 7 7 — D8z 5
T HAEARGG CTHDGE DK, BEITA L ShET,
target temperature = 70
Units: Degrees Fahrenheit
thermostatic buffer = 2
Units: Degrees Fahrenheit
furnace was on = DELAY FIXED (furnace is on, 0, 0)

Units: Dmnl

[T AT TRIOFEE 7 Z 7 ) 1I35EE L TR LERH Y £7, LT, Uiy
A F 2w 7 EETIRT UL Y FH A, DELAY FIXEDEEREIZ Z D7=0 D A £ U HREA B L £
3, DELAY FIXEDBESRA MR 2 % f/ NOIZFULTIME STEP T, F72, IEIEREIN0TH D &
D Z LI DOELEDORIRIZE LD 5 Z & i D72 OIfEH L £, [V 27 v 7R
DIFEE 7 7 7| IFIRORTER LT H Z N TEET,
furnace was on = INTEG((furnace is on — furnace was on) / TIME STEP, 0)

FEFUIR CIZ2 D000 LIVEEAD, [V AT TRIOFEE 7 7 71 12075 1L
AT Z L%, B LR L ET, 41 7 —FEELSNOREMEIMEH S 555
BITFACRTEL 720 £

(D 2T THIONFRES 7 7 7 | OERTHEIZ0 b A X — b5 Z L1225 TL
o, bL, WBEIZ 77| OIETIED S & LTc2bIE, IROBRZR D £7,
furnace was on = DELAY FIXED (furnace is on, 0, furnace is on)

Z 2 CHMEORIRENSRAE L ET, v al—ra U EIATT A0 kS~
Z 7 A E 52 72 T uEe 0 8 A
oy ha—) Vel L, 1RO 9 Ho1/1685 (. 0625) ORIEC24RM = DT /LA %E
1T DN TETNET,
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8.2.1 ¥TalL—I3ayv
ZOETNAYIalb—rab Tl ROBRIRAIBENPELNET,
Temperature, HEating and Cooling

15 Degrees Farenheit/Hour
80 Degrees Farenheit BN B NV VNG

30 Degrees Farenheit

0 4 8 12 16 20 24
Time (Hour)
heating (ANZA) : Thermstatl ——4+—— Degrees Farenheit/Hour

cooling (A&]) : Thermstatl -2 Do Degrees Farenheit/Hour
Inside Temperature ([NER;EE) : Thermstatl Degrees Farenheit

BEONRZ— 31 FRESE 20 £9, 77— HED X, 4(Farenheit/RFH])
DEOEDLY TEEIIAL L ET, FOARA v FIXIRHETIA R0 | 2L 20 EN
BEfEA 712720 £,

IAERIREE ] % (357 0) 10 FIF 74582 3R L1256, IROBRRIED IR NI/ &
7

Temperature, HEating and Cooling

15 Degrees Farenheit/Hour

P
A ”» ”l ” - Y -~ N ~ ”
F H A 8’ N oA TN N e ey S S 3 R

80 D wr % a‘mmt ” k v ‘\3 ‘I" ‘I ‘ 3 “‘ : i

3
mimimisimies i imEl

O Degrees Farenheit/Hour
30 Degrees Farenheit

0 4 8 12 16 20 24

Time (Hour)
heating (/0 # ) : Thermstat2 —— Degrees Farenheit/Hour
cooling (/& #1) : Thermstat2 -2 Degrees Farenheit/Hour

Inside Temperature (A &B i@ E ) : Thermstdd2grees Farenheit

COBE LK VB A AR VIS, KD BIITmEIS D L0120 £,
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8.3 #&xY) F (pendulum. md|)

RO L, Ry 70T X vF A2 hbo 5 SNT-RIEEN T b0 T, L
TERRHS>TOWLIEETH Y KibidoM, FRtohTiHsh TEE L, IR+
PFRE & UMD & 2B, EENOIRIEAY NS TAUT, ) —EOAM R T&
LB TY,

H L. SEHANLORY OB 2O TELIEEA. IR Hoba Nk, Rokm
ESRICTRE R NS 5 Z LIS TE £, TN OIFZENE. mg cos (@) Emg sin(©)
LD FET, (ZZTom BIRY FOEET, ¢ WEJNGEE T, ) $EIRICTEE A
T EBEISE D Z LN TEXHOT, IET 2 3RICEELFAEH LES, 2D
FESL, BRI e sin(©) L7220 FF, EMHIEEZRORES THRTHZEICE VA
NMEEE IS % = LN T £,

Z ORI RS A TV TR T EIROBRIZIR D £,

initial angular position

HRFOVEED
v P Angular Position
- A _ (R FOBHERD
ngular Velocity

(FED)

length
HRFNESD
angular acceleration
(PR
¢
\ (B
RADIAN2DEGREE
o SI7 /R

A — R ST A by ZIZHEB LTLEEV, R ENHT 5 2 L I3Z Ol %
IS ET, WIS, HEILOMBOMBELZLSEET, ZUL, TDO70—Z0Dh
Db E, FIZIDDA Ny 7 ThHZ L HEWLET, ZOFITIREFUI) 2> TOVET
D, Z ORI E LS OT T IV IR T, S AEEOFOHR T, TR RV
TOHIEAE] L. 9ENE TAIEE] SHELELC0ET, LoLanns, 5@,
ERE [EE] ~ERHNY FHAN, TORVIZ, EEZRET T 78 2 () OFIA & 72
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STWET, £ L TEORRRZ LT, 1E Cilah SV —T7 2 L0 28T

HZENLORPOTATEET, ZOET NV TIET 4 — Ry 7 —T R0 50 £7,
HEfio7=dlc, ZOFT VL, degree B CEHE SN-AELEH LET, (907

DRAFE X, 7 VT v degreel I L, sin(0) DFFEOHFCHEH X5 EH (=360/2 1)

T, FTREANORITO—EMEEHERFT 57010, WEHENLT U7 A%, TRorE#E2 5

IETS,
ZOFETIMIRO LB ERLTEET,

Angular Position = INTEG(Angular Velocity, initial angular position)

Units: Degree

Angular Velocity = INTEG(angular acceleration, 0)

Units: Degree/Second

angular acceleration = —radian2degree*SIN(Angular Position/radian2degree) * g /

length

Units: Degree/Second/Second
COHRENZBNT, NI V7 OMAE] ICX->THRT D2 LIk D, AEDAEN

degree/ BT T ATEHAINTWA Z LA TL Xk 9,

FER (sin(®@) g/length) 1ZT7 VT o CTHY ., MMTZ T OAE] IZL-oTERTHZLICK

¥ degreelTAMASIVETS

g =92

Units: Meter/Second/Second

initial angular position = 20

Units: Degree

length = 0.5

Units: Meter

radian2degree=57. 296

Units: Degree:

8.3.1 |RYFDIIal—>3ay

R0 T OEE A B AR RN 5 572 HIE, ERtid e THHPMOIC R A 500
LiIvER A, REDHMIEsING)=0 N7 SIDDONE@BIENG T, bk, 22T
TRz RO DLDOTIHRL, HFEAZTI2L— ML TWDHDOT, BRIV ESHD F
Hh, FBE IR 7O LD REVIRIBEZEfFT H7-0OIC ZOFET NVEFHTHZ LN T
9, b L. B{bLCTLEITEIUIRAREIC > T LEWVET,

8.3.2 A S—HEN*k

TIMESTEPZ 1£00>1/32, (. 03125§) & L IO Z DET VA A A T—F3iETy I a2 b
—RLTHET, T EWITRTEERE LS REFERITR0 9,
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Angular Position (IRYFDIIREAE)

600
5200
-200
o 1 2 3 4 5 6 7 8 9 10
Time (Second)
Angular Position (EV TOBEMANE) : Euler T T T T

DT 7 R0 F TR TR, SESEIRIRICITE SR LT, I, E OO
FOVTEV DD Z LR L TOVET, NI Ok 2 SICREBRAZFFO0 S Li
FRHADMUADDEGTES TOET, FIUIRENEE R L TOET,

H LAA 7 —FNENFRIR Tl I E B ERf- T2 & X3, B O4AZ 532 LT
FERWNEDDINE D DWMENDDH Z LT, ZZTIE TIME STEPA. 01562525 L Cheh b
HZEWTEET,

Angular Position (IRYFDIREAE)

600
= 200
&
-200
0 1 2 3 4 5 6 7 8 9 10
Time (Second)
Angular Position (Y FOBIEMEE) : Euler .y . 1 T
Angular Position (RY FOBU/EMME) : Fuler2 2 2 > 2 2

FERIIRELSEDD E LN, T2, IRENIEA ARSI RDFITTNET, 5L
IR MEIIIEEESEE Z o CLE DI TL X 9, 720, 2DV I ab—r g UFERITER
BRAER L TWA EITEZATEA,

I A T—RENEEFRA LT, ZOFTANLEWRE R THERE1S5 72512, TIME STEP
ZIEFITNE LT 500D MERH Y 9, Tzl 54 1E, SAVPER%. 0625 % 7=
1£.03126 5 Z L 24UV TS, b7 uUR, Vensim 32541210, 000fE D
EAEMLE I E LED, BESEIMLTLEITLLE Y, ZOZEIEELTIHTIN
E VBRI ab— g RSO ET,

ZDEFET BN TAA 7—FRNER EFRATORVERIL, ZOFT /UL, LBELER
LEDFRIZH Y, WEE LN A T L—F—2R L TCNDENETT, 44 7—R0IETEM
ISEOIMEIETT, MR EIMRRIC L > TlEEHEE L L 5 &35 & Hhisd 58T
ITFICA— = a— FLTLEWET, BFIL NS d— " —T 22— MNIbE VS
T ORRRFREICITE S 2V O TTN, ZOEAIIETA 7 Th LT DO AT
STLEV, BRITES T HMNTRERD M- TLENET,
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8.3.3 LD v ATENE

Vensimld Z OFRRET /UUTHHLT 5720128 9 —DOREMETH D IV -0 > 2 FEsy
FEaEPR—FLTCWET, iUk, BBFOMSHIINZ TS EORIZEL L WD %
RT, X0 RWEEREED Z LN TE D, L0 EkOIMEETT,

V= ZFESETCIE, RKARE), RKAREE, RK2HE), RK2EEZEIRT HZ LN TE
T4, TSI L 7 HEGHER L AT L% X0 mROITEL (RK21X27k, RK41F4YK)
EHALT, 22—y arLT0D I EaRLTHET, I, RAEENIR DREE
DEVIAETT, e biEZiud, BEMIC, EMEXE2T = v 7357018, L(AA4 7

—FENED & ZA) TITo T2 TIME STEP%:/&/}\ SE5HT A & BB _ﬁb\iﬁ“ K
DFFRERZ FRlD5E, MEOREEMFOLND £ T, BYOLAMREZED ST ET,
ZIUTOOBERENT D EIIRR Y FH AL, FTEOREZER T 72N E X FEE X v —
MDHET, FWETF = v 7 TR0V JEFRNT, RKAEEIIRKABEE) & [F U T,

RKAEEIIRKA B EY L 0 & AT 720 £97, UL, FEMSRELE 22> Tz
ZEBHEDD BT=OITAA T —FEED & ’a“@ﬁ%i:\ TARNLTHDLMERGHD £,

NP0 BREEEHH LTS & X2, T CoRMOHERE R E % TR 5
TEMTEDEEFRBRNENS Z & :@Eﬁ“ TIME STEPRifH I ZSAVEPER & F45 51T
iofﬁ”*ﬂﬂéhiﬁ/\, V= ZFESYETTIETIME STEP & TIME STEPORIIZ BT & EF

BOMTONET, o T, L-ULIRZOWA EHOBREORERTH D L1TE 2 Hivan
BRMEIZH D 2 EbH 0 £9, BRIV AT AT, JHUTEETIISHY A, L
L. TEICEL -2 TUIZ Dz E0FERF _/mEL%:t_ﬁ”ﬁ% LivEH A,

INEIRETIVCIE, RABENZ T 5 2 LS BUVNEIR T, T OO AT, 1E
Sy ab—ya U B EO N L— A7 25 2 7200 UL B2V BEZRRHE TC, IR E
NDEMBIHNIZNE NS T EEBER LTSN TOE T, BIE EDIRD +DET /L ERK4
HEZHHL T 2 b—y 3 DT USROS R 2150 Z v T £,

Angular Position (IRY FDIHEA

T

0 10
Tlme (Second)

Angular Position (Y FOBIEME) : RK4 4 3

Degree
o

(AN
H
H

T TT R <A T A0 TREN )k L 7SR T, 465 (ZAUT BT/ NS 7%
MLEIFTEAFEA) ETRADNEEZLETHZ LNTEET,
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Angular Position (RYFDIREAE)

60
© o
(=)
-60
0 1 2 3 4 5 6 7 8 9 10
Time (Second)
Angular Position (#EV TDBIfEAME) @ RK4 - T T T .y
Angular Position (RY FOHIEMAE) : Big 2 2 2 2 2

FEDPRE RO THF CARZIRO BN ZBIERT 5 Z N TE Y, LaL, AliEA
FEARESTDHEIVRS R ET, Ziud, WA ARMIZBOTIVIIZEZ BT
DAL IR0 £, e 5, YA sini@)=0 L oimiir & £1, e
THZ LN TWEZ L ERICNARZBIE LTIV E ZITTT VA RORICER LT E &0,
angular acceleration = -radian2degree * (Angular Position/radian2degree) * g /
length

EORRIIRD IR INE U D) O THTLTES N,

8.3.4 W0 v ATENEDFM

B BIFAE C2ODEF N ERTEE Lin, 205 bO1olE, EROHHREREHE2
TN~ BREIENLEET U, L LA, P—FRL v k- EF LTIV
V-0 AREYEAAR LERA T L, ZAUCIEEI S 0 £ LTz,
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8. 4Y—ERZY b ETNENVT-) 9 3BAETI 2 L—Y 3075 (thrmstt2. mdl)
P—FRAH » hET I TIEAA T—FEDEEFHLE L7, b LLRKABEN A LT,
ZOFETNEYI 2 b— LI ETIUL, RO A v E—URHADTL X 9,

=o' & i B B armataty

I3-:Unable to achieve desired accuracy in integration at time 0.621094.
I5—-:Unable to achieve desired accuracy in integration at time 0.625244.
I5—:Unable to achieve desired accuracy in integration at time 0.687 744,

I35—:Unable to achieve desired accuracy in integration at time 0.750488.

LT, ZFORRIIRORRZ2 D £,

Temperature, HEating and Cooling

15 Degrees Farenheit/Hour

80 Degrees Farenheit RN N
—f S 3 g ) g g
- T 0 0n0nni
7.5 Degrees Farenheit/Hour
55 Degrees Farenheit
o o B 2 L

0 Degrees Farenheit/Hour
30 Degrees Farenheit

0 4 8 12 16 20 24
Time (Hour)
heating (#0 # ) : ThermRK4 ——3—— Degrees Farenheit/Hour

cooling (i #1) : ThermRK4 -2 Do Degrees Farenheit/Hour
Inside Temperature (A & ;& E ) : ThermRK4 Degrees Farenheit

He

TAUTH O NTHIOFER L 138720 5, IFRA A>T dlz, EVEIREX
K72 TNVET, ZOFTWMIREINIAEECT, ZORRET UV T -7 v
AFEFETEA CE A, NRE] 377 v MIR> TWADDIITIME STEPORIZET %
RO TT, (MR >TWDEONEF 2L, TIME STEPORIZET AR TR 4
IZFTRE R H— c RA LV IREEL TCWDDOTT, LLARNS, 70T TE
S CUVHDELAY FIXEDIZBERHFFFADENCTH Y | BERIHESROEEIUITIME STEP TOHZE
{ET20T, T 27 v THIOIFEB T Z 7 1300F FIZ/8>TNHDTT,
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outside temperature cooling time

(SRR (rHEE)
Q Z - Inside Terrgiature 2
heating (PR cqoling »Q
(e / CRED S
furnaceis on” sanpled furnace is on
fumace capacity (BT (RS ))
(FOREND) \
furnace was on
(AT TRINFRET )
target temperture thermostatic buffer
(BIEEH (E2F )N

FENEDOWEGIRA RS Z LIXTEETA, L, BT, MBEI > TWDH 00
PHEERAZENTEDLETIINAVELZ ENTEET, (thrmst2. vinf) FA7Z HIXET LV VS
B EE T 7 oY L F ) T BEALET

Ziut, LIRIOTIME STEPIZHIT 2 Tk~ = 7 ) LRICAECY, LA L. TIME STEP
DEO/INSUVMEIZ L7 & 1%, DIETOTIME STEPIZIS 1T AEAMER S E T, ZHUTROES
WCERILTEET,
sampled furnace is on = SAMPLE IF TRUE (MODULO (Time, 0. 0625) =0, furnace is on, furnace
is on)

Z OHFERIT. TIMEDS0. 0626 D272 5 £ C. B 7 5 77V 7| OfE %A%
FFLET, £ LT, TIMEDS0. 0626 DfEEL DR CTH LVMEIZAA »F LET, [T RT v
TRIDIFHE 7 7 7| 1% Wk~ 7 770 o7 ik o TEE»ZAONET,
furnace was on = DELAY FIXED (sampled furnace is on, 0, 0)

TIME STEP230. 06250855, ZDET MIEAIDET V& F o7 RIUCIRDER A LTV
£4, LL7AeA35, TIME STEPZ1/1024 (0. 0009765625) 12t > L, ¥/ = L—3 g LA
MO & %1 (F|Z, OUTSIDE TEMPERATUREZ34 & L% L72) IZHEOIuE, IROFERIMEHN
£,
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Temperature and Heating and Cooling

20 DeyessFaetdt/Hour

80 DegessFaeatt 33 3 o o

3—s—3—8—s8—8—3 35 |
O Deyeskaetettour |, ., . “HH > 5 5 5
40 DeyessFaeatat

0 010 020 030 040 050 060 070 08 090 1
Tire (Hour)

heating (UMY : Thrmstat2 +—t+—+—+—%+—+%

+— Degrees Farenheit/Hour
cooling [HED) : Thrmstat2 2—2——2—=2—2—2——2—2 Degrees Farenheit/Hour

Inside Temperature (NERIEAE) : Thrmstat2 —3 3 3 3 3 3 Degrees Farenheit

IBER IR DEFIIMEDOA L « A7 DOV A 7 NVOFNAFHEL £, BRWETTEL 72
STHNTND) ZOXMEE (7 b« =% M TBE~ U A%5< Z LIk -0 A—
LA UL VFRHB 7 5 7 ) D& E2 R ENTEET,

fumace is on (KFFETZ))

Dmn1

D

O 1 g 1 1 1 1
Q4D Q40 040~ 050 050
Tine(Hou)

"furmace is on (FFETZ2)” ¢ Thimstat2 —4 1

1 1 1
L L L

furnace was on (TVATYTRIDFRETSY)

0.1
£ 005
0440 0460 0480 0500 0520 0540 0560 0580

Time (Hour)
fumace was on (TV ATy HIDIFRETFY) : Thrmstat2 1 + t

1 1 1 1 1
L L L L L
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Inside Temperature (FEREE)

= 680
E
g
g 6300
0490 04990 0490 0510 040 050/
Tine (Hour
Inside Temperature (ARSEE) © Thrmstat2 % 1 1 T T

B A — L% BAUE, 4. B BIIREEO RN 7 4+ — A L QD 2 & DS ER T
TFET, HEIIZEALE—ETT, FIREEEZ —EIREFT D720t 75 A, v
F T L TCWET, VAT v TRIDFBE 7 7 7137 > L0 E->TC0ET, T RT
> TRIONFE 7 Z 77018 F > CODEEIEL 0. 06250548 oAV 7Y 7 L TR
HENDIMHTT, FIBEEICA Y « A7 L TWDHDT, et icLlizv, 71275
M Z R 2 S ITHI D B2 72 0 BB A 1BV NS DIV 0 X 5 LR
LivEH A

LU, R B34 2 2Tl L CO D FRIWE 7 S 2T AOIRDERN TR < |
ZOETNEYI 2Lb—a T HOOEINIL > TH b SNDIELIFENTHD Z &
ZoE LT ZEIFHEETT, b LAy Ty —DRW—ERALX y NEEHILLO L L
2L &I, ZOMER YRS AT ACESSE TE A b AN E A

8.4.1 WSAICEY HiEaR

FA T—=B LWV T -7 v ZFREEOFREFROBIZNE N, ZN O DRARFCH DI E
FHALT D2 L1305 72I2H 0 FHA, BV AT AOFTT NV TIIRENE L > THERN
B ZE % = L 13T, WY 2T AT, FNENOEZEOF A EMRIIERT
& WERIIRERNC SN TV T =7 ZRESE TS % Z L VB E LUVEERIZ D7
DY EF, Lol 1oOBPMNIBRANICHRRR OB S EA LT —EA X > | -
FIVDOBE T, BEBIRHTROMES: (R ZDELAYIERE) 2 L7-3 a3, 44 T —FEEIC
LHRETT,
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FOE

e I E RS

9.1 [XL&HIC

VAT BEAF I w7 AT UIKIROG A, R CEE LA Ry 7 ETm
— B ENE T, 7 L CRIRORE CIIEG AR R T ) & L NEEI T, Lo,
HHr—ATHL, BEEROT 7 a—FMERRGE L H Y £9, TOEA. HigiR
RIZEDEAETEDIIET 5 Z L b TE T2, BEFERROER LA - 72 523
9, VensimlZIFFEHEHEIRZ R — F 2% < OMRENH U £,

O, BERIRO 7 0 A 2 Vens imDSHEA > THRIT D 720061 %2 %< R L
F7. BT ET VAT DO MIT 5720 TT,

Vensim PLECREH T & HHEEHIRHFIFARISUIDELAY FIXEDDA T,
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9. 2;E{5ERFEI R & BRI IRDEN

BRG] 2 B0 45 9 BN, BESERERER &G ER O T LN EORRIZ D723 -
TWADNERTRBEEL L D, FODIZ, W DD H A 7O (discon. mdl) 235EAE
THETNEBE L TAHAELL I,

<processig time
Accumdation 1 (s>
(REELR) oufowt
(10
e ;% oniein39l (| N, | Anmiain3sm? (| Am‘fﬁt‘m&eﬁ(i \
T KA el gL ] ROBEs0SE) >
(0BT E LNBHT0R, 10001 A% ) (1EEh2BE) VEEDLE) (B3ZENHN)
AccumiationN n :;;en’me
(FR(EDR) Oiﬁ :(F% n
B0 ~ (Aoksi

Acoumition Discrete :X:’

EHEBE) [ b 0

disrete( ) (BBET))) ————_ processingtime
(0B

ZOEFNT, Tr—T, IstA—F—DBWOT r—CF, 7r—3ald3rdd—5—iF
T, 7 B—nidnl— 2 —BN (T 7 VER) T, B — S — Lo N
DALy DETHE D £, IstA—4—RBrdd—F—TIEA by 7 HEHBHTT, n
PiA— 2 —OBEHIRH R UTA b 7 OFUIA b > 7 DR 5 oS
OHIZEINTLESTHET,

nR2DWE, T VO DENTRORIZIR D £7,

Delay Gaperisn rel2

1®

Gallon/Hour
S,

0

Ratla Wil |—4
TZOOT

_ r—5Q e oa _ -t
0 0 Z) 3) 43 ED @ 0 8) 92) 1®
pse to 100for 6 hours a tine 10 (1@%@%??&%@0)9% Dsom 1 1 +
atlod GEBEEYIEH : Dson 2 2 2 2 2 2 2 2
aflond GEBEESFEUH) : Doon 3 3 3 3 3 3 3 3
atflonGEBERETHY) : Dson —4 4 4 4 4 4 4 4
atflovdsaete(HIEHFETID) : Dson —5 5 5 5 5 5 5 5

N
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nA3000D & X TROERIZ/2 Y 77,

Delay Canparison re100

Gallon/Hour
3

0

123451LU'+\.1 4\).L 5 L Jl —AfJ.L —AfJ.L TJIL .I.
0 10 o) D Vg D 59) 0 139) D 1
puse to 100 for 6 hours & tinre 10 (1@#%&&#??1.551@)9%% Dsoon 1 1 +
outflon! GEEIERHY) : Dsoon > > > > > 2
outflow3 GEEEESEIH) : Dsoon 3 3 3 3 3 3

autflovn GBS HY) : Dsoon —4 4 4 4 4 4 # # #
outflowdsarete (HUEBFEETIL) : Dsoon 5 5 5 5 5 5

(¢ 5]
(¢ 5]

(6)
(6)

RERMETY I 2 L— b5 A0 £33, ZOFT NV TERT S Z LITRE
HHTTOTREIERCS THTL 7EEW, nZ BN W 51250 C, BEREROIEIUCIT <
Tpo TATE I8, FEERIIR CITIF R 60NN ) Z ENREETTOTHE L TATL
7RV, 100D A — 2B TX 2. BESEFHAOEN & oIz 7e— () 12BL
TIFBEEE DR Y 9, L LAans, SENE S @R 2T ss, £
UTEBENTIH Y FHA,

Selected Variables Selected Variables

]m @
0 430
;o ;
s 20
2 120
0 0
0 10 20 0 40 5 60 70 & D 10 0 10 20 0D 40 S 60 MO 80O DO 10
Time (Hou) Tire (Hou)
outflow dscrete (A (B##FETIL)) : Discon —+—+—+—+—+—+—+—+ Accumulation Discrete (?F(%ﬁﬁﬂw) :Discon +—t+—+—+—+—+—+%
Accumulation N (FREGEENER) ) :

outflow n GEENERDHHF) : Discon

BERFIROETITIA by 7 B0 TFEFRI TR TN 2 SRR T DM ERH D 7,
FEERIZIE, A by 7 $iTProcessing time/TIME STEPIZ 72 ¥ £ 97, DELAY FIXEDIS L UDELAY
NORRAR RN A— 2 — OB CTIE, HIJNITIME STEPOREROE CT—EI R S D5
27225 CWET, ZAuL, BERRFRROEEN A 8GR S 1RA L Tl > Thfbrn s

WO ZEEERLET,
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9.3 MADE L1FHDEN

BERIE ISR OB THEAAINT3 D Z A 7 H38% Y £3, DELAY FIXED, DELAY MATERIAL
F L ODELAY INFORMATION T, IEAERFHIAS—E DAL, Z D3 >DOREHIT+~CH UKk
BRI U Ed, BERBAEE & & HIcEDbD LT NI EL T,

WYEOEFUTIZ. DELAY MATERTAL, DELAY1. DELAY33 X ODELAY NS V) £475, HAX
NIEDOEMRFEIND E VOB Z R > COVET, 370bb, ANOERIIHI0E
FEE—BT 2LV D 2 & T, BIERARNDT 2556, B &2 0 oo &3
MBS ZEEFERLET L, ZOWHELWTT,

TR UIE, DELAY INFORMATION, SMOOTH, SMOOTH333JXUNSMOOTH N723d v £4-, {5k
DN TIIATOFPH ERAET DRI > COVET, $70b b, BEEIERFEAN NS L L
£9&b, BBUIRORERANEL Y REVEZIK LY, kb/PSRATNMEL V/E
VMEZIR U720 LZRWVERIZ R > TOET, Ziud, [HROE S Bl 2 2l D BEAEAREIC
B DI EE B) [TV E U/ A KT 5 72 OIC#b e AR T3, & L, WEOEN
DOHARZATFROBEAUTT U GEH L7272 HIE, RICTHFR D B L7e72 B1E, R
WIS —ETE -T2 & LT, BINL i3 A 7 # —ImZESN T LENET,
ZDOE DT, EHEHROENTIL, SRR OV U 597 B - B LT
RO T,

E7Wdelay LI 25 D3 DOEEE, 18 L OSEERF R OZEF TG U T ZH0 EORRIC
EOAHNEIGELET,

delay fixed of input

" OUARTL)

delay meterial of input
RTUFITAA)

pulse train for 20 every 100 starting at 50
(18205 A. A#1007 A M1 D60y A B D/ ULA)

<imez delay informetion of input

\  > AV7Ar—=2a0T41A1)
delay time with changing values

CESERFE] (Rl C & CEED) )

ZOFETIVCIE, EEREIZZ O OBN AT 57201y b« Ty IR TTVE
9, FHEB0~100DRNE, FRIERHIE—E T, 3 DDBHOBEREIX T X TR U R ZR L
TWET,

143



Material and Information Delays 40_T0_120

2 Widget/Morth
50 Month
9 9 9 I I I 9 9 9 I
0 Widget/Morth
0 Morth 4 |1 Lol
40 438 56 64 72 80 88 96 104 112 120
Time (Month)
Input T T t t t T T t t 1 Widget/Month
Delay Fixed Widget/Month
Delay Material 3 3 3 3 3 3 3 3 Widget/Month
Delay Information % % 4 4 % % % %4 Widget/Month
Delay Time 5 5 5 5 5 5 5 5 5 5  Month

REEI150~200Cld, PRAERFRIIEIT & L1372 AT —E T,

Material and Information Delays 140_TO_220

2 Widget/Morth
50 Mornth
Ey e \L O o T
9 ko) 9 9 I 9 I fo)
0 Widget/Month
0 Morth |
140 148 156 164 172 180 188 196 204 212 220
Time (Month)
Input T T T T T T T T T + Widget/Month
Delay Fixed Widget/Month
Delay Material 3 3 3 3 3 3 3 3 Widget/Month
Delay Information % % % % % % % % Widget/Month
Delay Time 5 5 5 5 5 5 5 5 5 5— Month

DELAY FIXEDE&REI, B ZHw] (RFEI0) DR CH- 2 AV EEIERFH] (30) TBE L £7,
fthD2->DOBIEN T, 25 SR (20) 2 L CUNE, IBBIERFRE]DS EORRIZ 2 A 9
& . DELAY FIXEDREE I H I\ CE DOWIEMEZ T L £97, 77 7 & R09 < 95 72 DIZDELAY
FIXEDIZIR DB HIFERAN U E T, FEIERFRDS, R & & I T 25513, IROERIZ:
nET,

Material and Information Delays 240_T0_320

2 Widget/Morth

50 Month

0 Widget/Morth

0 Month

240 248 256 264 272 280 288 206 304 312 320
Time (Morth)

Input 4 + + 4 + + 4 + + + 4 + Widget/Month
Delay Material Widget/Month
Delay Information 3 3 3 3 3 3 3 3 3 3 Widget/Month
Delay Time 3 % % % % % 3 % % 3 3 % 4= Month

144



TEROEEN TIREEIERFEIAMRATI NS L B Z L2k T 70 b7y MR
B 720 0, HAOOMEI—ETY, Ziud, EERENZE L CHIFHRO PRI L
LTIEWT e Z BTSN THERME SV TW D BT, B DI U TIEAERFH]
DRAMNES L 72D Z iz k» T, RICKRICT 7 b7y b ORI 2L 720 308,
FEHA D DS A (20 Widgets) LRI CICZe H8RIC, KV ZLOWEET D h7r—F 5 &
T B 7y b LE, BERFRS X 0 AR C) LI B @s e 2 b 2 v £97,
FRRZITRORIZ 72 £, ¢

Material and Information Delays 340_T0_420

2 Widget/Month
50 Month

> Mg Monn j u*{ AR (A

uuuuuuuuuuuuuuuuu

340 348 356 364 372 380 388 396 404 412 420

Time (Month)
Input 4 + + 4 + 4 + + + + 4 + Widget/Month
Delay Material Widget/Month
Delay Information 3 3 3 3 3 3 3 3 3 3 Widget/Month
Delay Time %4 4 %4 4 4 %4 4 %4 4 %4 4 4 4~ Month

WEDOENTIE, EOBRASNEZHOMBLENTT 7 by hahb ko b, BTk
ASIVTHEVEFURHE TR SN2 b OB GBWLE L TRIZT D Ry hE L TEINE T,
fth )5, TEHENTIE, BPCREHROIBY B LA Z 2872 TlE, TR iiT <
THRIMED 2 < 720 TND b D & Ao L, IERERDFEEI N O L L TRbivE
T, BRI, EEREAIN L COASAITROBEZZR Y £,

Material and Information Delays 440_TO_520

2 Widget/Morth
50 Morth

0 Widget/Month
0 Month , . ool J . . )
440 448 456 464 472 480 488 496 504 512 520
Time (Month)

Input T T T T T T T T T T T T Widget/Month
Delay Material Widget/Month
Delay Information 3 3 3 3 3 3 3 3 3 S Widget/Month
Delay Time % % % % % % % % % % % % 4  Month

WE, RO OEE S OSIRSEM L E3, WEOENRTIL, MHHiEn/s
UWRFEIZS 2 [EPRAE L9, & D— 7 CIERIEIUTHIC Wigets/ A T—EDREZR> T
HZEEREWRLET,

2B, WEOEIUIRE LT, %R TRALIZLOREIZEA LTeE 2B VL THD &
NAOKETR Z & 2T 5 7-9121%, DELAY CONVEYORBEE AT 2 DNRBWTL k 9,
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9.4 R7—

DELAY CONVEYORBHELCI, = o X7 —ITHElzE S, 2 X7 —DAE— R& Lif720
T2 0 T 55808 T vt A EET /LT 5 Z LANTE £9, DELAY CONVEYORESHI &,
T RXT—EWN ) T2 & TS LS RURITE C 200 LIVEREAN, X7 — Lo
BN Z 2T METE D X107 > TVE T, FXZ OREREITRERI NI >DT
7

DELAY CONVEYOR BE#%% 73 [E & D B IERF ] T DI 72 WIGEITIX, Z 4UIXDELAY
MATERTAL (& %\ MiZDELAY FIXED) & L CHERE L %97, A& — MRACRIT 5 7 ot 2thowE
DIEMETRARIRBEZFRE LT & &0 a o X7 —B b £ 9,

TEAERFEANE B9~ 5 354 DELAY CONVEYOROIR 2V \IDELAY MATERIAL L V) H1E 55T
X 0 EEICZE L L £, T bdelay2. mdl TR AR 2 b 2 1228 2 TA T, DELAY
CONVEYOR & DELAY MATERTALOD2->DHEREA Hrils U C A E 1,

pulse train for 20 every 100 starting at 50 . delay material of input
(1820 B E#i1007 A, #1#As ED60r A BDIULA) = (RTUTIFALA)
<Time>
dfﬂfﬁ/tin13 VVHFICFYif!ging values o d(ﬂe@/ conveyor ()fir*)L[
GESERSFE (BRI TEED)) T (@URPFALA)
flat
(v Ma7aTr4)L)

Material and Conveyor Delays

2 Widget/M onth
50 Month

0 Month

0 Widget/M onth \ \
T 9

40 48 56 64 72 80 88 6 104 112 120

Time (M onth)

Widget/Month

Input T T t T t T T t t T T t T t
Delay Material Widget/Month
Delay Conveyor Widget/Month
Delay Time —# &3 # &3 &3 # &3 # &3 &3 # &3 # &3 =+ Month
Material and Conveyor Delays
2 Widget/M onth
50 Month
&3 =+ % &3 &3 &3 %
A \\l B
&3 4 % &3 =+ &3
0 Widget/M onth
0 Month
140 148 156 164 172 180 188 196 204 212 220
Time (M onth)
Input + + + + + + + + + Widget/Month
Delay Material Widget/Month
Delay Conveyor Widget/Month
. . . . 4 4

Delay Time Month
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il syor Delays

2 W idget/M onth
50 M onth

0 W idget/M onth

j\\’\
288 296 304

aterial and Conve
s .
240 248 256 264 272 280

0 M onth
312 320
Time (M onth)
Tnput 4 4 4 4 + Widget/Month
Delay Material Widget/Month
Delay Conveyor Widget/Month
Delay Time % 4 4 4 % Month
Material and Conveyor Delays
2 Widget/M onth
50 Month
K/ + + + + ’ \ \
0 Widget/M onth
0 Month
340 348 356 364 372 380 388 396 404 412 420
Time (M onth)
Input T T T T T T T T + + + + + T T Widget/Month
Delay Material Widget/Month
Delay Conveyor Widget/Month
Delay Time —# # # # % % % % % % % % % &3 &3 Month

Material and Conveyor Delays

2 Widget/M onth
50 Month

4 4 4+
+ + + +

0 Widget/Month

0 Month
440 448 456 464 472 480 488 496 504 512 520
Time (M onth)
Input + + + + + + + + + 4 + 4 4 + + Widget/Month
Delay Material Widget/Month
Delay Conveyor 3 3 3 3 3 3 3 Widget/Month
Delay Time —# 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 Month

9.4.1 aURT7—O#HIE

ALANT —EAIMET DB, 2T = ROMBIOT n T 7 A VERELET, 20
TRT 7 AL, ST = DM OB Z RIS > TRk 5 2 & THO
AR LR, fRE LIEMBIOGE S YIIOEIRRICHIOE T, Vensint X HEIIC
70T 7 A NVORRE O REEZ G ET, T Leonvey . mdIZZ D2 L ETELT

WET, BIAITERBEEEET 5 ERORIZZR Y 7,
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Graph Lookup - simple conveyor profile CH{EERZEIOZ 711>

[ =
o3k FORIE y,m
0 o5 =l 1 =
1 1
B S At bl R LRl L LE L LEE Lt EELE L LLEl Crmnl
Yormin:

%ﬁ‘iﬁ_ = 04
F#ETIA | X-min:|0 ~|x=1.013 y=0.2907 H-manc |1 | AE—aNest
MLz | sl | esomis | CusRe|l  sEosibs | Refrcul  vesk |

smple convey time _ simple profile out

(BfERERE ) T (BERE IO TP UC LR )

simple corveyor profile
(B WX TOT7100)
detfailed convey time - detailed profile out
(MR (FHEE 0774 )UCLBH )
detailed conveyor
profile(F 4% T0774)1)

DELAY CONVEYORBEHE(ZWHMLT 2 Z &L TN OO %L ZLnTEET, (AiZ
Tﬁ;ﬂo Ei%)] \—&Abfx_*j*’l'fu “f%’fu”jjj L/TI/ ‘i‘;ﬁo )

simple profile out (Efl{b#ETOT7AILIZKBHE A1)
7

5.25

Dmnl

35

175

0

0 5 10 15 20 25

Time (Month)
simple profile out (B#lLHHETOT7AILIZEDH A) : Conveyl

a 4 a a 4 4
I T T I I T T

MEIORRE: & 2D ) S A RIS U L > TRE L Hjjj DR Z KB TH 2
LI TVET, ZHUI T 0 T 7 A NVERET HT-OIIXERI T, ZL T,
HH ZAVCTHRIKZOK TS, EORRZREEINC EORRICHI T3 200D T & ZEREICHRE
THOTHIUR, LD NSREBEENIVENZ/2 Y 77, Fl RO KB T,
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Graph Lookup - detailed conveyor profile (GEHIRZETI 027113

E#EE | Xemin0 +|x=10.1 y=8.411 Hema |10 x| AF-aEsb

Pua| aomi | 2ooaks | CureRel  sEom | et=Cul ksl |

Delay Conveyor Out

20

16

12

Dmnl

8

4

0

0 5 0 1 T2 = 2
Time (Month)
detailed profile out (FEfAif%ETOT7/ILIZEBHA) : Conveyl —%

ENAEEDI008 72 LEL X 9, BIERENN100 & & detailed profileoutd L
THROEHITHIILET,

Time 0 1 2 3 4 5 6 7 8 9 10

detailed profile out 5 10 20 10 15 20 10 5 5.00E-06 5 0

SEIBRINDEL LIZDIFA by 7 OEFHES (26 6205 K EHEZRD T 2)3) FEIERFH]
TLiz, ZHDES>BH ) OFFIIHE D B<HE FHAT L, FEREBICHAT /72
FLOFEFEZ HVER LTL 72 &V, DELAY_CONVEYORZHFH3 2540%, 48 L bIfE RS
HLpD LITRY £ A,

9.4.2 aAURT7—hDHH

RO X7 — %, X7 —HOMEIORBIIRIOR TG TiETE £9°,
(convey2. mdl)

initial material vitial orofil
(WEARTU7IVE) initial profile
~ IO
Material In Conveyor
NS B (TUR7 LONTUTI —x -
inflow ) outflow using DELAY CONVEYOR

(BAD (H7)

conveyancetime___—%
(kB RaD)

149



Z ZTHENENITS 7 ) o < A TEOICHRE L TV T,

. inflow (X AE)
"g' 20 T T T T T T T T T T T T T T T T T T
=
N
=
Q
E 9 1
0 10 20 30 40 50 60 70 80 90 100
Time (Month)
inflow (?Ql%) :Convey2 T T T T T T T T T T T T T T

outflow using DELAY CONVEYOR (H #1)

20 T T T T T T T T T T T T T T T T

0

Rabbit/Month

0 10 20 30 40 50 60 70 80 90 100
Time (Month)
outflow using DELAY CONVEYOR (/1) : Convey2 —% + + + + + + + + + + +

Material In Conveyor (A7 ED<TT)T7IL)

X T T T T T T T T T T T T T T 1

0 10 20 30 40 50 60 70 80 90 100
Time (Month)
Material In Conveyor (A7 EDI T TFIL) : Convey2 —% T T T T T T T T T T

300

Rabbit

0

I RT = BMEOIRHN G DA G2 D BN H D 3, eI, Bl
FE L X7 —HIZHHMEHZT Tl 2B A>T DM EHZ DWW THEZ D £,
BZeES a3 huL, b LRI E A L & 3ud, FEELE Tlaun < 2Dt
DD ENH 2L TT,

INGEREIT-OIEEEZWET I LROLEEY 1272 £9, (convey3. mdl)

initial meterial initial profile
(RFIPIE) 24
Leaking Material In Conveyor
- = (;‘Eﬂj’ér%ts:lﬂﬂ:a)v-?%l;g')b >
inflow (AR) 2) outflow using DELAY CONVEYOR
(HAE) DELAY CONVEYOR(inflow (% A£) , conveyance time(#fiXB5R8) ,
\_/‘/'/ decay rate(RELE) , initial profile( ¥ 7774 L), initidl
/ AR, 4 !
eckage (L) meterial ($)HAXTUPIVE) , conveyance time(Hifs%RE) )
decay rate ol .
- nveyance time
(FRE) (i4RD)
 / <TIME STEP>

NI i1 /NP R N e =2V | A Q= 3= 3¢ D
leakage= (Leaking Material In Conveyor +
(inflow—outflow using DELAY CONVEYOR)*TIME STEP):*
decay rate
ZOFEADHFROIEL, ZD A>T DHBHIBI L THiRHSE Z 2729012, i
Ho TS 7r—LT T b7 r—0EZFHEIINA TB DD HDOTY, b LEH L
ELTHHRAY NS 7eiize b 70 0 £97, & L CTIME STEPIV NS WO THRESO B IR/
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SR FF, Bl I BER L TLEY, BioEbT 5 2 L1132 < DA B2
ZETT
leakage= Leaking Material In Conveyor * decay rate
ZORRITEREL TH, KEOGEIE, RERREZSIZEZ T2 L3RV TL X 9,
ZOEDITHAE LT Z LI K DT, (R HIUT, 77 F 7 e —0RHIA( 7 n
—DRFEE Y V72 72 DT) EQOHNER L TUT<MEHRANH Y £7,

9.4.3 AUARF7—% AOSREITER L6

BERRF R OELS E R EHTE 2 DI ANOEREERH D 9, £ LT, 7
7 7a—F L LTar— bk (Cohorts) IR FHWHILET, (convey4da. mdl)

young adluit fertility

(PEFEAO—HEE) next 20 years

(BiR#%20%(365%)) remaining lifetime
(RE)

first 16 years
(165%)

Young Young Aduits Non Reproducing Adults |
births (HE~DF) medtring (BE~FE) o (RE~ZH) drg
() (R S (L)
young deaths
(S DEDIEL) young adt deaths
fractional young mortality (BEHREFEDFET)
(S EDFETE)

fractional young adult mortality
(FERENFELE)
1) 1]

gn
FROETNVEERET D ERORZR D £,
Maturing = young/first 16 years
FREBIEORRED R I D721, RFFI0IZbi rths S INg AU, 147412 Young Adul ts
DOEINZGIERZ LT LEWET, (RIZET DRRIITAE > TWDDTI AR Liddh
DERA,) DX D 70X EE, 2T B> TR T 272 DICERL APV B L
F9°, (convey4.mdl),

il next 20 years intal young aduts iniial older a0US ervivinglfetime
" (RE#20E(36M) (BEDEADIMED CRESEADIMD | (4u)

Young Addts\ Non Reproducing Adults

Young ~ > 5z »
(BE~HE) (RE~ZF)

first 16 years initial young
(168 — (SDEADTE)

; (HE~DE) ; i :

births maturing aging dying

() > (R ——f— (hmih) \ (FEL)

\—D youg adut desths fiat
\@E(DFE]‘:) (FRBNDERSIE—E)
fractional young mortality y fractional young aduit mortality
vEoRrE) N éla (B EPEOTELE)
9

maturing & agingZDELAY CONVEYORZf F L CEFE 2 L\ 9) SAFRVT, conveyda b 1E
EAERILTT, LNLERDL, TORDBENINNTA—FEECHCEY FLTH, #F
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LS B2 F7,

Young Adults (FE~H4)

10,000
© 5000
0 bo_go—sp—F
0 20 400 60 80 100 120 140 160 180 200
Time (YEar)
Joung pdults (EETIE) comerts S d oo o b4
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9.5 fFH1751

LI 1T, W EESRICENERYD £5 80 ) Z LM Thn A B¢, #F
AT S — 7Bl (T EfFo7-OIZF %72 L TNDITEICT, £io, ZOM
HFHITHNE. 77 —A R T 7—A T D k&I :?l%bf:)\ﬁi‘%fﬁm:%% EAES
% Z &) ZEMT HFIF0F o — EME IV E T, Vensiml I IFIFOF = —{2 X DB A fE Hil 2
179 2 EMTE LRI D0 Y £,

Vensim®HOQUEUERLIZ LT R T2 oDERS B 72> CUWVET, 1o0% Bl A by o
TY, WEEEHETE DLWV ERTIIEEDOA by 7 LRILTY, HEOA by 7 i13W
FAELOTHICL T OO FIC LT LEWETR, ZORRIRA vy 71, WOl

DEFE LT=Dh, HDHWIEHT-DO0 E W o IO 2 R DISEE A2 FF > T D &
HSBWTHRITT, A ITHETRBEICHONTEZ TS EREL TS &
(queuel. mdl)

INTEG(new m'rimsm processing time procngi capacity
orders(EH:E30) -shipped (F=/MLIBRSRE) (REREE )
orders(HHfariFd£30) ,100)
- Work In Progress|
Q X ) K ™
new qrders shipped orders
(FHRIEX) (TS
average cycle time
. CPfHIEERE S

FREE. RERIEROEGIHRIC L DT 7 n—FTY, ZO7 7a—F TlIFRFbiT
FNIHIH L EE A,
Average cycle timelIRDOBRIZEHECTE £,
average cycle time=ZIDZ (Work In Progress, shipped orders)
FFATHNEAEH L CERL L Tl L CTAHAE L & 9,

minimum processing time
(H—/J\LEEH#F )

processing capacity
/x (EEER)

. > P Work InProgress T 0
ppeéPorders
new orders (HHHTERE) (Hjﬁ,ﬁa},ij()

(FFHET)
<T| ME STEP>
(Mfi’ﬁﬁofg\?ﬁ(;—*) average cycle time
AT (FHHHOEERE )
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B, flat & W) REBABM LT Z L 2R TIZE A LRI TY, £ LT, shipped
orders?>bHaverage cycle time~[A)H> D KEINEES Zp > CUWNET, B X3/ Tk
DL TT:

Work In Progress= QUEUE FIFO( new orders, shipped orders, flat, 100, 3 )
Units: Widget
shipped orders= MIN(processing capacity,
QUEUE AGE IN RANGE (Work In Progress,
minimum processing time, 1e+009)/TIME STEP)
Units: Widget/Day
average cycle time=QUEUE AGE AVERAGE (Work In Progress, 0)
Units: Day

INB2ODFTNDY I 2 b— g & HUR, averate cycle timeZFRIFIX, 1F

& A EDTNIR CARITIR A B> TND Z VD TL X D,

Average Cycle TIme

40

Day

20

0 25 50 75 100 125 150 175 200 225 250
Time (Day)

awerage cycle time (E¥{EEIEEEE ) : quevel —4——+—+—+

average cycle time (SE¥{E#MEIER B ) : queue2 A S S W)

IR ERY LTl average cycle timelX30 H B TC223H32F THIIML CWVEd, Fi
FTHMTHAEL TE O, T TOELETine 2012%Z =0 THiuE, TD X525
\TEWD Y E8ALQEEZEH L CER b UL, LV EfREX 2R Z LN TEET,

—fZ. QUEUEBEL DAL, (R A 2 NB A Dhmd 2 LN TX | MReA 315 R
ICTAZENTEDEWNHZEIZHYFT,

9.5.1 EHZEHEAFBITI

FHITHOFTENL HVOREFF- T2 B L—RATF 25 Z LI T, FHI5IloH
T, HOBEREORIZOA L TNDE0E WD Z 2D 2 L3 OGAAHTT, B
BIRHRR DA R Fo I ab—ra O, flxOERIZEH LV AT ANTED L I
FRE L= BT 5 W) 77 e —F 2 L 0 ET, FIRATEHEH L CGEIIITY &
HLEWRNRHD ZE bR IH Y T, ZIUIETER TR EBRVWEALHV T, B
P 2 T AT 2L, FIRA T2l -T2 7 VEEFTIE7e <. X0 EICEHmZ 20
DHIEWTEET,
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Fle LT, Bix R EFEEOHEEORE S FL—AT 52 2B THET, Zofl
REIZ T AR RIC BT AR 2 7 7 u—F 3 2 IR e - 7 m— A
HZETLLEY, (queued. mdl)

initial average mileage
15OV HENOELTEES (F15) FIHHE)
Tota car mil
< z B (2T R .
/////////' R a Bl e
current gas mileage .
(MHOVSEDDESTEERE (FTE) ) _ average gasmiles
(M AOVSEDDETTERRE (F19) )
Carson the Road
new cars sold (ERPEBELD) cars bafy jurked >
(FERFEE R (REEH)
initial cars :
) average car life
(RO TR AAE) (HEBOTSES)

= - 7 —"ClX, H{iiCariMile/Gal lonZ i~ T2 BE L 7= A b v 7 Z W CEMEA B )
FAHZENTEET, =« 7a—{3FIF07 7Fu—F L0 Tte LA, AR -1~
REHUC L DWHRASARICHE > TYREE L £97, FIFOZfEH L CESIL L TEF /M5 LRk
FRIZZ2 0 £97, (queued. mdl)

initial average mileage average gas mileage

(1 HRYHEDOESTEERE (FIHAE) ) / (A HAVHIDOEITEESE (F19))

current gas mil
(1 HOVHNOESTEERE (F14))
0 = > Cars onthe Road \w
(R BB s betg e~
- (BREEH)
-~ new cars sold >
(FEREEH) o ] average car life
intial cars at (BEEOFEHFER) <TIME STEP>
(R ERESTME  (MBEHOSHE—%) "

A7 A b v 7 T DHtotal car mileageZHIFRL T, Cars on the RoadlZx}L T2
DA T7a—%RERLTWET, 205 bLO1o0EEO7r—T7, LL, ZIUTRE
DR EKBLL TODERZ2 S DT, FEFRDCars on the Road DRJIRD L0 TH,
Cars on the Road = QUEUE FIFO ATTRIB( new cars sold,

cars being junked, current gas mileage, 0, flat, flat,

initial cars, initial average mileage, average car life)

ZOFERUTEE T2 D L~V O FHRERASL T TR Y 2N ZFRFCEIFR L TVE
9, Average gas mileagelZIRDITRERAfH > CEHRE LE T,
average gas mileage= QUEUE ATTRIB AVERAGE (Cars on the Road, -1)

Bef41Z, cars being junkedlXRORRICE X HL2 5 Z ENTEE T,

cars being junked=QUEUE AGE IN RANGE(Cars on the Road,
1e+009) /TIME STEP

average car life,
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avegage gas mileageZ R.5 &2 0DFET UENZEELEONH Y 7

Compare Average Gas Mileage

40
3
S 25
K
5 o rat 4.2 raY
10 Z 1 Z 1 Z 1 Z
0 5 10 15 20 25

Time (Year)

awerage gas mileage (1HOVHIZNDEITIERE (FH)) : queue3 +—+—+—+—4
average gas mileage (1HOVHENDEITEER (F£1)) : queues Do s Do

Z4. Cars on the RoadlZ H1EVVNH Y E£4,

Compare Cars on the Road

20M Car
20M Car

8M Car
8M Car
0 5 10 15 20 25
Time (Year)
Cars on the Road ({& i # B &) & %) : queue3 + + + + + + 4 Car
2 2- Car

Cars on the Road ({& i # B &) & #1) : queue4 va 2 2 2 2 2 2

INLRBRG, A 7 NVZ A LFEERIRD  ZIHD 9 HO1I ORI HMNIRHIENTH
IOMRIALNIIELWNWEWIFETIEH Y FHA, MHE S, ISR E 20 E W) FERT
LU TY, e HiE, BEE XA OREE R O e R A e - CHE S L DR
TIEHY EFHAL, FIFOF 2—I2 L5 70 B A THEREINIRTHL RN ST,
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9.6/\vyFEN

FEAEDEUL, MIEIRYIAA, FELLTHAOLET, 9. ITETREERZ, B
DERIZ 72T 72 DIE EHAIDNE BT/ D IR 8 A, ) HALEAITE. A7 a—
ZIONTTHOTIIRL . oA 7 a—a N "yF (—FE) L L THE D4
ERHLHLGE BRI E9, ZORREAIZIE, DELAY BATCHES A VW E 37, BilxiX, K
XPZEIZ L AFRGERDEFE R 2 THTLIE &, R CREA L= 513, R
NIRRT S 72 5T L & 9, (batchl. mdl)

firing time painting tme
(BERE%D (LBNTIERED)

Formed Urfired Pottery % Fired Pottery —
(RBERIRE) (HERLHE) Firished Invertory

(FE) ,// ///
kiln capacity painting capacity
(£058) (L#NTHZAEN)

Z 2T, firinglIkORIT L > THEZ BILET:
firing= MIN(kiln capacity/firing time, Formed Unfired Pottery/firing time)
LU G, 2Bl AND L) Z LA MET 572 51X, Ny TF 7T et A TE
TN 23 L 0 EfETT, (batch2. mdl)

fring time: pairting me
FENTIERZ
(ERER) (EENIERY)
Formed Urfied Fired Pottery F(Irfrﬁg ;,N;I[ggy
& BERKS - . TR T/
o omig LRI | oty LR | pating ( £180)
(FeHe) \_/'/(
Kiln capacity painting capacity
(E0FD (BT

ZOHAIL firelZkoAcEA LI E T,
firing= DELAY BATCH(sporadic forming, kiln capacity, firing time, 0, 0, 0)

Ny F 7 AL > TET MU LTEGA OESEETIIL, Bk HRIC L 2551
W95 & TRpARET D) EWVORHIAE R L E T2, ENLIMNIZ L IIEDY FH8A,
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Finished Inventory

400
et 1
S 200
0
0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80
Time (Day)
Finished Inventory (587 (E@) : Batchl + + + + + + + + +
Finished Inventory (58 (E#) : Batch2 2 2 2 2

L., b SN DB S -Fagesn &% 1.5 &, iR cET /L=
BE LN TF T ATET ML LTIESA TIIRE FERB RS> TE ET, FORERE
LT1H®Y ORI TAROUNBE R I RE S Bl o TEET,

60

Pot

30

0

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80
Time (Day)

Fired Pottery (BER([@#E) : Batchl + + + + + + + + + + 1

Fired Pottery (BERK#Fi#s) : Batch2

Painting

8 Pot/Day
20 Pot/Day

4 Pot/Day
10 Pot/Day

0 Pot/Day
0 Pot/Day

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80
Time (Day)

) : Batchl + + + + + + + + + + + Pot/Day
) : Batch?2 Pot/Day

painting (I
painting (. E

Ss

ZEMSHRER SN TP T 28I, HATEEIN HixiL 25 EWH XA 7 Th
D, 2D x5z L) BAEIOD FRY TRROBRIZ S v O7E IR A A0 85
5354 DELAY BATCHZ Al 9 Z LIc k- T, LV EfERER4255 2 N T £,

Pk
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