W‘Q‘L“L}"'Q“JAJ"'JJMJ“V'M@HJJ L_JLIJLL:.A)JLSJLJ.LA.LJ‘J&SV_—.QSMJUL?'M\Q Oju...d_)édsduﬂ‘_;‘.dwﬁjb
' (C 01]c,c,plu il Phase) oo gg20 ado> 0 =\

(()u intitative Phdst,) ngLLu 4.L->-Jn ~Y

N o . - . (bBvaluation & ahaly%i% }‘hase) S )Jl g J...L‘:u 54 4.L->-Jn —T'
K )3 drzr S Al |y Jde (o ol Oladlas o )-‘J*l’“ P fg*"” SSUS P Je e nl ST Sy
S (514053 8 (sl Wit &5 s Oy 5 S U 15100 oo Jok 168 (810 g0 g Tl 0] Juks Uy 355 4Ly S o AL ol o
OLL (5 55 gaalS (5l =1 L a‘_gjL..J.u e _..LZSCU; ol Scelus s 5l Wl g . Jde Jleslant O s (s 5ld C)__\i_\i_p
2Ly Oldlas ONS gad 35,8 oo O peas 5 USG5 G g ‘_5)43:.4:\5‘_5\):—1)\.:,&\.: aS sl (Slas- o a5y 3 p o oo
' B el 4 &Jou@dﬁbw

T AT AR EVE M N el e AP B .

e )3 acd b ol 398 o0 Sht ool Sl a3 K LU s St b JS gl g Sl (2 5400 d> o J gues
\,:-15\ g AL 395 a3 s 5 5ealS 4 DYNAMO &Yl B 3 03 S e plonil e 533 5 o ioedly 5 > (5, ke
Dl (W‘L“ e 4y Tsdoma ¢ Judon 5 3o 51 ool Sl IG5 5500 e Jde o0 Jebowl 5 4 g 4 T genalS b
:;JSL;AJ;‘_;L,@_,J*MJ ;.J...Q.S_xa u_,.;]a e ol ol 14.‘_,.' 3850 2 5 e Seln acd 3531 5 e (Conceptualization)
_ ' ' w\Jbef.p \J\SijoS\n.Laoy)leﬁGJ,SwLo\)ﬂ.lauaSbulb

&ty h.aL.. u—*‘.BJ u‘j_..r- a (€ ausal Dmurams RS EVIPRGRN U U EPOL RGN O\J‘,:-‘-J‘L: 2193 e b sl S a5 IS azaS
5V C‘°>L~ 5t A J}Ju 5 u—‘f— 13 ged e 5 L Sl 00 S 0Ly o spie domya 3 0l oL gy e 431 5K L]
(Closed € G0 (gm b g (5 \getnns Sl 68, g e alL p 3> 5 J)) Slaal; ﬁ.a-@-‘ ) 53 s e A1 Sl > ans

PP Y Lg\_m(.:.....:.a Sl f_)\_e_‘g- 5 o sl Wpd o asela (63945 U (Feed back Loops) olye>3L 15> 5 Boundary)

VVY Sl =Y o)lem = o e il -y .



o les (Flow Diagram) O\ = 15 ged ¢\J 4 s, » L (Rate Variables) Cf_' SlB yuxia (_S.l;:ilt: or Level Variables) cll> gla ae

Al (61 hes al- o g aggie al o pu adasl g altl Ol gT a1, OL o Sl 500 (L g5 g0 000

JQJ\A} S 3\ Fir 2> Ob i shee 5‘@\‘\? S\ x__\r<\.

IMow Diagram QL’ Dt )‘b 9.0-\

oS s 5l g Lo & S\a paxia L;:_:L.J| Jeolo (Cl sl e S U CELVL,M PAE L S g e ads O s
355 ges 0315 B led K23 el Jolae g e (5la,0s ges 53 el e b 181 oy, dile 55 Suiie b Sl e il 2L
23 L 31 51 5 oS el ol Sl Gl 6,106 K200 p spie 1 816U o Joban 5 o la i 3 Laie fulie o 31
33 8 0 5 535 ga Rl e e Sy 5 (Gl jlie it (SE2U f 50 51 Jslas 5 2de s e

I
L, sl I STHETETS o

OF 51 Olgs o), sl p e {.@!_,Ja VI FERI NPV EPON . YLt ol b as 81 Jedas 5 ods ciie Jlas!t o
Aol s gl s s Lhes S as e OF O j5es K oS J u.L.‘:;).: L, sl fﬁ“r‘"“""“uf&f i Ol LS ol
53 cu cb_‘ L Caans § ..L.,.;Lq.a (Sink) ab— O 31 g (Level) O 5 m(\nuru,) C:.uﬂ)‘ cu ‘JLJ.:— L Q‘yL;n 1, O 9550 (sl
u):u«t*a)l!_,cudw\dﬁ.uucfru CJ.;W\)‘J:-_,):—JLS:_,)_,ub).:—‘,.b\a.l.._abch_.\.‘;Jb-w\)ufu
| . .aﬁ_)d.aa\_?;qu):-u)l\i LS a3,
Jo) S acni U 500 (59 ) .up¢<,,u>>aud,-:5(.;*,.~,Qﬂ_?uc;;ﬁd;,),ﬁ;_@stms.\:,_ﬁi,xasﬁbd'\'opuzdm
' 2,13 345 5 O 955k 0 s 53 (o ASEREE B FVRLET.S ‘-,-JT (Sl s g
e 5V 82508 5 O O gl (o 0155550 - )
ol 4 s s 05 O e o O g5 5L - Y
5)5obw.>-u|yw1_)u|_,_,:—)bafb_,a AP LYV IPRGN RN LU N RV

L

o el Jeds ) Wl 15 055 O e a2l a5 O g5ee OF s 0053 i (63,5 O S Pa

FA (oW i s ) b G258 0550 O b a0 R0 (S 1Bl g WS (63555 5 5 Ol g (G513 J S
2l sl el gme O i bl I g O A g S dalgs (R 15 o 5 O

PP CEPRPIGIS W L PN Lol el 559, =2 s ‘_;il‘_:\...;\ f-"e'u .5 93 e (Verbal Descreption) (s ead 3 o6 Olo

R =VYVY )l Y olen - L pie il



LS e Wil ]y 25 e ccanBly L alie Hlasla lealaial b 0L o Lo ges s SR LS OF Ly o

| . &
)j et/
(39,5 ¢ av Sy b Jole)

S99 i
e Input Rate

—_—

<~ - J“"ﬁ““&

(23> t -0

s=>9 > o Output Rate

X :a)\..;..::- )\1‘-3»5

L G g8 s 3, N es Ols g, 0 LA O o Jlages 5o eslazal B 5 ool ASS 6 058 0o lun Yoo lel [Iagas 5 aS anssl
ASL o ¥ oo el I lae OL > 10 400 (slasle jheslatld

,_5..\3)_3 dJ_g_‘ d..uleJ)J::! fj)s' 4_]3_| aslay s
N CH | POSUFL /
\ Flow Flow /
\ / Material L. -~ Material \/

? :;_)1\.:..:- )\}-3..5

SERVPVRT{VIS-RLE) PY P J.-Jf»LJ R T SCETTIW dlod K 5 90 50 03l (slasl )l oa\.é:...al\.:v:*..:._. by Oldlas o
Vgt e Ols O s ged LG

(Level or state variable) . C"‘" L el

;% _5__\ (Rate variable) C P s

VY Lo =Y oledi— Do e 2ils =T T



(Auxiliary variable) KuS i

@ (Function) = Y

) (Costant) ol sds Ul
-y . ‘
© | (Exogenous variablc) o\

C e
T (Variable not defined in diagram) Gl oAl Ca x50 400 50 45 (5 jala

S T ## ~ . . .

J T (Information Link) d:\_p)ug\ Jl st
— > (Material Flow) Sga OL >

i (Source or sink of material) slgn ol U

(Symbols For Flow Diagrams) o\ o Vs g W3\ -0 oyl SS.«

Mol Jlail 3 31ae (U 4>
Sages 55 LSl PUB Sosle Sledbl Jlast 5 3150 OL o o ( Jedae 5 e Sl g0 OGNS 5 (0L o )10 g (AS i a5 Olioean
PR S iz (Ol lages 50 Bl agd e ool e Jelas 5 e JLail b Ol § g 51 S G e (ST a J gl 5 e
S35 O35 pam 53 dlgtend il 4 LoDl JUT Gl 308 o 0dtls 3l ga O o (dms 8IS, O j5es el (SR, &S G
OLLG 5 o L olge Ol o o5 Jo 00938 ety QLS 7 e adalls ks U SleMbl Jlast (0L o 515 405 0 EYI LIPS

S5 S pxie

Fy 95 ol Sl edoen Slgpetans s (S0 L gu)uﬁ‘.}:&:dbjtj S8 als 1)(..‘:...:._...-@\1_,;)5\..‘ ‘_,,aL.a\'«.-,:)f\
S (s s RGO PRt s SURTICYOrLIN n.:La'.‘:.....iﬁl.‘.l\.b(_'llliln‘llmlikn] Puth) Sledbl OYLail s 53 353 o0 (K0 Hn patle
s 5 4Blde 3,90 Olgi oo e oLl ads e 0 a5 il (s Qb)kb\J.{JL_ﬂ‘..a_,.qu.a)\S.: s SLB s C.):»}Sd‘,.ajéja‘..a
EIERSIpT

o Rk
.J}:u.a a.l.:.aU L’J-J\:-ﬁ.ﬂ.nc.b)‘-\iﬁft d.‘L.-..d duﬁa:n)‘é_fd.u\}é)jha .1::.35_9.)_9.; é‘_, Q‘JJD-)L: 0_}1‘3_).3 45‘_5):.::&;&

sl ge (5,105 ,51 )§JL‘.3__,;)£ D10 Sl Ol Sol slaet 5 b L s by Oldlas o o e 5 5,5 0 g

rr—\‘.VY _)Lé-_i"‘f‘ n_)L“"j‘* "'-"'_’_)'_{"u j"‘:"}



.DJ‘.U J‘}S

5 Sl ol ks & Wl cpl 53 8053 0 (655100 135,50 e 7 (s LS (Sl I ol OL o 10 el S
o) oS el ! La,ubl;_, L«h).:i.zn ﬁ\b b gCJ_g.g...-

(Causal Jedas 3 cde I5 500 9 (Verbal Descreption) (§ s Corv g & by o Oleo g )1, 51 Glaist cole ) (6l
30 Sl ggm jgda @ Cema R LD g LoB) g ax>-] s L;LS dlis Oloec s g7 @ r_g,l Sy g2 Ls.aljfa.l.';sl_,:'- D g o8 (6,153 9> Diagrams)
d> 0 3 aS Sl el ool odd (6,155 95 (Dimension)  Jown o C}L,a! Sl SeS (sl L aad ng! (.:.aL:u dﬁffa\i .
D g rl_gdl b st WLDYNAMO SYoslas 0 S dlge )8

o> — A
VUSS cp joske 55y 9 Wy 3 W9 9315 cCune> o olyesib plas —
Ay 505 =, Conro >, oty S
—\\ B ____,___...--——-"/ _\—-___"/

\35\.120;“}&}\& Je y jx‘gja 3-1333}.\'JL~.L.:L;:7 e Q\ij'-')\:‘ é}'ﬂ".\) \;3\:.»35.3& J\:‘.}.{J-\ a)\.;:.uég:u

9 5 J.LALJ.LA L)::_‘d......g_LL_)‘ ..{JSOMLi.A Lfl_gbu NPT DN ‘_) ;i...»-f"':‘.::r‘ f-"ﬂu Q‘}TGA LJ_’lMJbﬁ—LG“ )‘5_9.@3 CJi‘.)" a8 ‘_5).13\4
Ll e s 4 Vool K3 0L o I ged (sasled Sl eslinad b g SAIbe OF 055 s

JJjjJ‘jh:'_L.jhukT-l—__l)-; (JLaf)f-ojds).ou.“_uuh—u).‘a

3 Wb Ay Ob o ha e -V skl S

) O3 4 (A 5015 FF) 80958 st Sy ey 4 a5 aS 0dd Hgal JUy Cse & (Camex (Ol 5 se5 5
Uy 5005 (2 yite Come 3 Sl olar 4 (et s St ) T S ey 4 05 1y 0l 5Ll (955 e
(Do ol 53 Lgd oo Cgmmen o (SLa bl a5 Spa 5 Ay 5015 Cull o 15 53 5 (s 5 P eiie yae 5 Sye (83958 F 5 ke
S g T et S Sy Mo pla 51 50,8 00 515 55,00 Jgene oo 5 Spe culi o o g5 (Sl slansl culs sk o
NI
0 9 g P 40 paw Pl a>gi b o 9 T y0 9 NG 9 31 cured (o Oly93il plas =

33 Gl e 9 F A diS e g Sy LI e s She and Ol 5 AL JF 50 e 9 She 0 Ll 0 a5 Lalys 51 S
analom o131 o gie gmeds jos 5 308 g 3lom | 4 a5 £ g (Ll I OTL el Comenr A3, L ol pen o108 31 ga 45 3 5

3}5<..:.b|_9.‘>- r.:_..-JJ' |_) OTDE)J‘-_)DFWLO))SJ.SJLA ‘;‘_91.-.«:_9;"‘.1.9)13_9.@5_)5 1_) J..aLP Cﬁ.‘ LL'Q\ C.JL_L .LM_,.‘;- u:..a\S

VY Ll - Y oled - S e il =YY



J*‘J‘Sﬁf"""f‘

_)Lu J_)_’.A ‘_S‘.L" _).3 6‘.&.9

R N T UL YA S g R B I 1T S U AP S F ERERCA I PYSVIR TSRS

g — -

- Ratio

.:5? o\)?—)\é Ah“\) Q\"“f' )\2&3.;.\-\ .;)\'h: Es

_)‘.Ld _3‘ E:_)\:;' JJJ.L-'J _).3 ‘_5‘.19 .-1:.!:“"_;4 R.:MAJJ‘LE_ _3‘:5 D_)J.d ‘_5‘-1-9 JSL&:-;M-?' J‘-Lt: _)-5_;53;“)'\:4 J_)".A ‘5‘.15' _)‘_LL ﬁ.:JJ.-b J...a\:- _3‘
Colsde by 2l 4y b sl L OTO|_,_".“_,_A D gt o, Sl e s s slis ('_)U_;.A;‘ ) 0 o) QLS

Lgu).‘;.i:.a_ﬂ‘_é_wj:..aa);‘_glib S AL 03 ,S ag LﬂL'LL I FVIERYVISY ‘_543;.*.5 JAa ;)'L..J..La;\ A1 OO0 (s 33 V6 >

. #
e -

e

3o leibMJ S0 2 50 oholed oMl (s 53 QX P-e T oS s T 15 00 3 &S (6 mrie ke I Kl e 3L O
' . .Jg_T‘_;a Sewd 4 (Ratio) 1as L D S (LS 3 g Slis S e
.95;‘;{4:1-153 = gt ) 433—5'*;-'51555‘51deﬁﬁé)‘bd%;‘ﬂﬁjﬁﬁﬂﬁ o tu\ef"—<f.°}3f5-"9¢-:ﬂ5c,ﬁ.“%'f‘“

YO rVY - oled = e s



A3 daf g Ol DYNAMO OY¥oles Gsess 55 a5 cond (Table Function)  J gd> c\: CU & DYNAMO zls ) =y J;.AJ'L_,;L‘_‘;)\:@;|
70 350y Cano o5 15 g A fgu jl 4 A> 9T b ya0 9 W50 9 NG 9015 Cure o 093 plgs =T

Ol yoe 4y (World Dynamics) Lds o g0 Olg—s L g5 Oliisd 51 S ).; (J. W. Forrester) o, 4_5‘_5)_@_; Jle 1 S
33 oty S 3 g 4y dm o5 b lield ol das g3 el 1 Salis Jda el 10033 8 e oy n el 03,5 S8 e 9 Spe s i ga fals
PP I a8 e s S Pl o se Jale 535 8 on i Ay 55 G (oS R o e ez 51 ¢ e s

AS Al Lol (Ve oles S8y LS Jadae 5 cde 10 00l

wfhs)aw}—\\&
M)

o LR BTOIvY o3 Sy g oSt S

L T ///—\g\ﬁ

.L‘_g_g.bb Q f‘“j‘S)-‘
\——// /-I-'
udj.u.dﬁ_).)

...:-3\.._..;:.):wé\fakssﬂ\-l&gbjmi\\}bwjaﬂﬂj\\fr-ﬁiu...‘:-.aa.-ﬁj )Wuﬁp\\)?}\aw\\éj\u \_.&J—)\‘*‘:}.p \‘Q)\A—-ﬂ\}g\.‘

\3_95 Q\)?-)\J d}p“’.\;} Q\J::- j\:"-j»;-\\ 5_)\.;_; M\S 3

VEVY Sl =Y sl - Do pde il -



P Olwgey -
Subo 9 oo oy g3k aty —

o Sle '
..‘:"...:La)f - Aa sl
el o -—
+ (—D

-._s.uu..“_ali...

1Jisc D g g0 c.b_,

S J:as\.}-\..b S\a ')\Q:...:-a\S\A) «S\_s:&\.-- 3 \_;..\H\AJS 3\»: e .._}\_}3,:—)\.\ A}a.:_\) \_;3\"“ 3 A )\::3.;." -\ X :;)\.a:u _}\53.;;

D, edalls (((..'.'...:..a Sledy o 1, di‘:.:\_.v‘ (_,.g.ﬂ.a Ol g7 oo u..._JT O yes Oh L’]\:'-_, oLs Jde 9 VY o,leS 10400 pu 4 lae
giia o5 53 e 8 g Sl joite @S 3 0t SLed i .‘.:,....wj-,'w.:@JJ,L,__,T,,:.L:\,L,;J;‘;;\-CJ;QJ;_\J;’
(Discrepancy) > g ¢ c.b_,_,g_i.l.h R oL PR R W) (..':....:_aﬂ)bﬂn_}.q.! by aScl U Zal,l cBaa 5l . 8l CJJ

e ‘J‘ G D A r........... Sled g da sles Lol i g 4..3)5)\): Ol 953k 0 s (Intormanon Path) u;Lc-)Uo! o aS ool ug"“SJ"""‘

39 OLyOb dly 0L aee - VY ol S

G.qul)s}h.;_).\

Qy‘)ﬁ_hﬁdé‘?u_)‘ﬁ ‘L?'JJJ‘L;.-IL‘LLGJ HULJLM"‘,L;JL—JM_HLFJJJL-AM \‘ﬂ OJLQ.—&JS..AJJ

NG
o w9 gl Filod oy Olyas5b ally =Y
SHINVYPCICRTPILL SNV RIS CVIPRGR CRA PO ﬁ)ﬁijb)aua a8 fale Ol g q'\)h:wéuﬂﬁl

YY--1rvy le-Ye olad— Co pda il



wﬁhr.’udb-’oﬁd—ﬂu

- Isc -— JJA ‘_SLAJ
Sl '

J::::-u LSLAJ

(00 sgaindele 51 2L s alS ol ca s

‘ﬁ.
N -
"h“ ”
N -
. 7
\ 7/
% e )
’
LalS

39 OVyob ady OU o S g - V0 s i WS -

. ‘ oo 1381 9 g lo g bod o 319550 aluly =T

aJa gle ‘h::u ‘_SLA.)
DISC

M:.--#\“L ) | . - | “ . “h O\t . a s | C . . . .

\YVY JLﬂ-f—Y' .ﬁJLQ_:..—' t..:....i)i.l.ﬂ J;'": '-VA



Db 00l Ll bl g1 Jolo F el (Sladls a5 (oL 90 J 51> e — T

(‘>d“‘6“°\ ' : ‘
e . (V) S5 ‘m

(V) ol LsL:.: | - (Y)u;‘.iu;
A .._—D J+

(V) =L (1) ol sl

w\nﬂfnﬁe\_\.@i ;V}La\S\.h-L\S’ASQ\M:»\.' 83 )\ o S\l [y Q\)}:»-)\a %\)33\» J.f—)\ Sy - \l\ a)\.;..-éS\.a

JUELIRLIOM LN | Eggr LR e Ls\)iau.aifb :Jlauﬁ:bleaJ;Ju u..\dS.LMdA OL-.J VA o, u_\‘,l_u_, Hlogad yo &3
a_,.s.LM_,.:—-(Y)oJLQ_,uLQ..a-LJdLAaC_,a;J\:-JMJ(\)oJL@_-qu..:-L.uLgbad_,‘g.dl:-

(V) Gt )€ B i
* -

.
|

l '

S ULy ob Ay Oh e My - VN e\l \}Sv

V- 1rvY Jle- Y oyled - Co pie il



o f M’}i- S D A &_5 djlw 9 e )|..'>3.03 pEVC Q)|).> 4> 4D )" kS:"B Lo o Q‘I'.:alfq b}g)o Qb,:'-jl._v lebb)g_b Qé)fdélb' L -0

(‘) JMGLaJ

—
L) ose (Y) pule,S \
(1) Lo pols / \ > S5
\ e | = sl
S Lo - & oo X o(1) o
\)gLau.:-L- Q (T)uLn...sL.\_/ﬁuh ] (b

/ K (T) Jm‘SL"J
/ / a>o g lou
GLQJU-A-M..JLL /

bios e loo L 1 C A
.lnm_’(‘)f—h—:‘__/‘s ‘)UHL.)S —— (7} St

23 \_r.h\';t.a\s\a 33 0935 @A\ N o OVy3 00 phas dgee 3 2de g - X ;_)\.‘..";\ngi

(+er g gairgnte 51 2U) Los SoLS 25 o ' e (1) aa gles
-'-:‘(--I-." | "

i

' ’

: ‘ ,..n._u)..au—o'-nJSh_uﬂ
: e fr' (¥)
f

39 Ve 30 pVas b g - XY s\l §,

I-Richardson & Pugh IlI. Introduction to System Dynamics Modeling with DYNAMOQ).

(MIT Press, 1981)
2.3-Forrester Jay, W. World Dynamics.
(Wright-Allen Press, 1971)

4-Goodman M, R. Study Notes in System Dynamics.

(Wright-Allen Press, 1974)

\‘.VY J-%"‘" ﬁJLa.-i_' C"'f.)‘l'u u;-”-’ ""'f’



