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' - Mathematical models
" - Causal models

" - Conceptual models

" - Phenomenological

® - White box

* - Descriptive models
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' - Black box

"~ Simulation Models

" - Objective oriented

" - Optimization Models
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' - Deterministic models
¥ - Stochastic models

"~ Static Models

' - Dynamic Models
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' - Linear Models

" - Nonlinear Models
" - Cybernetic Models
¥ - Feed Back
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' -System Dynamic
" - Mathematical Programming

www. bank- projeh.ir



Lot Judd oy 095

dwbﬁd\ﬂum&i))ulai.)yﬂuama}b%yé%ﬁamQQ?Q%JE‘ML;LQ%J&A)‘A&.M\{UAJ&
o roian b oSl piuw p oS> (cledgiome dsgesme (b 039l bpd 4 Ban &b Hlde by o)

S e 55 4 sy s i o s o e &35
max W= f(x,y)

subjectto  g(x,y)=c¢ )
X,y=0

Sy iz gla yogy aibl (Jod e b dad dacodgize b un ol 4 basye Volee &S pl 4 dogi b
Ohey Ml das (beodgiome 9 CBun ab) dslee ¢ 2 ST )b 3gmg ol iyelp dlue S >
3 oy plo 3l (Jad e 93 cpl j1 (S0 48 Sppo )3 9 398 (o odlatl Ao o ) plsie & GuSlyons
535 (oo 5ly8 olissl 3y90 ST — pgS dudB Juib
[ . . - r . .
g Sl ye sz glaanlp phai lp &l ob) Uy S ey il 2 by R el

e o ey cpl bl sl 3y glhe Ulyy 4 ey ly Lde pid 0 il Sleseuss Bl Sy

ol (Blaso iz Oloz 4 iy (6l Silostians S5 o bgy (30 4ol g 398 o0 0wl dlluse (glals 1o

d)MM ‘_5‘).3 a3liw! dy90 aSg‘.SJ -Y-3
il (ST 3529 5 e sl Blite slagaly prdi b alal) )5 358 Slnsg 4 g b

ol > siladse sl ooliial 3)90 SGSS 9 Ao g5 gupdS 9 (Byre 4 bl )3 Sy S e e 5> (ilude

ol (gilwand o Jao g5 5l Seolild i SuSS A5 Jalgd &Sy ywyd

' —Kuhen- Tucker

" - Dynamic Programming
" - Decomposition

" - Composition

www. bank- projeh.ir

IPA 51V ais



Lot Judd oy 095

LI s B PP ISR VAP PR S L] S RRWAL 58

oyl 5 ol o 4l 31 gl g0 s Lo &S el (i 42,25 1 pogenigi]
doddo —V-Y

s & oxie (el b g Curer ¢ (GFPSS Clys ) 39290 LS Ll i Cb iS5
UL g il 5l ezl p SleMbl (659655 8l —Casl 00335 Lgy (b 4 c8le 5 el s ) laa
Al ge Mo i Sy g 00 SUybS by sl 388 Sl S Syl g Ol Cunsy p GBS (lajls
Db g0 gLdgl D Yimdg 4 i diue Jo glp b Joall puSe @lge (S
4 g odd (S odn Slapliuw JlB) Sp3 0ld (Bpme sty g balpl Sl ookl b ot ;SE5 )
Sy adl 3905 Colud gt g )3 |y Slyus g B 36 se 561 cavlio (slogiwluw d 6 S maonas ;3 ol &5
23l Saoltshs it ol JSitio (618 bl oo a5l G 5 095 & alSin odomy (slapian Hl,
ot By (g2 (8l ol Canslio odn (ot 513y S (sl (UL 590l (s Slay Sl ad S
Dad oo odlatwl Lol sledie cile sly ooyl 5l Soluly piww 5o
g ik 9 Suid «loly 3 (62)585k U g eyt Seelid )98 Al Seelhy piees

dy90 sl HB, 0908 Jdo sly 398 oyl Kol g j3 S0 4 angi b 005 o 48 ool

www. bank- projeh.ir

[ NS I C o5



Lot Judd oy 095

Cawl o 03l Ly elain ] psle plo 5 dhaidl o awlid dxel> pole 1 Seoli]d v 1 35,5 0 1,3 oalazul
(s 4w 0925 B I @S o0 Jao | (Bly Sl UKL g Bluwe Lo Salioly s )3 &S] 4 25 L

ol 1y 5 sl 331 0 Jolos 0555 5 losls s
9 odmn Ll HL8) S50 0956 ¢ (ol SE drwgl S piY slo)loe b dlly > iz ol
Gl S ypitaannn jl8y S'pd il dled con lojln MU > s Seoluly w1 oolaiwl 0920
() & 5L e S8l caslio S35 (glp Al oo s J515 (sl 51 Slie plus 55, oS |
I Cowd Caa (il amd syl 5l ealaiwl (V) lojle sdomy Plus o a2d Jio &l)) cas ola)lpl

el gl 5l Jeols ol gy g 2> (slacusl (b ¢ o)

(Policy Resistance) cuwbw d giaww dbio Jordl uss -Y-9-Y

i Jodll puSe e —Y Y-
wdiodiMe Yoomo Lo a8 Canl ) 3 008 Jlos] ol 4 piow Slate ol uSle cde
oo by edl il Ll eogree” Jle i 4 el s @By 3l g Oygar ]) 055 Sl
S Srge 3 paled Byl |y 55 asdly (See joe (el b paleiige (x i o el S
255 o 1l bo sld) Jpame Cuad (ialS o oadl 5 U9 8 Rl iy (sogge Gl cudl Ses
sl 4y e 1,5 asdly 3,55 caluly Al (6,50 BYs el g alubes Gygo ) 35 LB, Cand yialS

D9 g0 Jluo > (sl 1,5 asdly (sla yo,

Goals

Sa

Problem ——p» Decision ———§ Results

Situation

Bluo > (sl 15 aably (3,55 :(V-Y) S5

www. bank- projeh.ir

YA )‘ 19 4o



Lot Judd oy 095

DB oy ALBNS ) G |y Lo Cumidg &S dgu o D)e3 5L 4 e Lo 0, Slas Cuably Wlle )

0dgime plad bo aSTys> il sales (ili8l Lo slacaluw & piww dlaie Joddl wSe iy cp
3y mamsen 8 Jaine ol el &5 1y 31 L Ygans oS ool 5135 )3 s )3 |y Ko sladygs
iy Ygomn i Site ol uSe I pls ol on 5 By 239 Gt i JB b sl o5 Sl

sl e Ko K38 & e g Glej a5 Lo Jlesl 51 5 s Ygomn 15 2030 &

/ Decisions

Goals

Environment

Our decisions alter our environment, leading to new decisions,

/ Decisions —\\
> Side

Goals\ Effects
/ Environment /

Goals of

Other

Agents Actions of

Others

2y55 5L A(Y=Y) S

g ool oS |y 05 ad Jao s LU blwlw 4 piw dlate Jedl WSe 5l Clisl 4y

28)5 Sl 1y pSee sl ygd il
339534 TV-Y

S s J50 (00,95 5L slaai]yd ldie il eolaiwl b piiw JU8) paw i Seolld piinn i

aile sl balgy o Sloj slopsl b p—cdl glalsls )b

www. bank- projeh.ir



Lot Judd oy 095

Sin Jdb &gl plan el o ()93 5b) SMeled Sy s odimy sl 18, e
Cogis & e Cuto 385 ke g Cute (sladygsil Cusl 3,85k £ 93 5] Slie s sl )

Structure:

/‘\*_ /’\
+
Eggs @ Chickens
LoD @ Grnns?i:gs
)\/ v

A system’s feedback structure

J

generates its dynamics Behavior:
Road
Chickens Crossings
Eggs
% Chickens
Time - Time

e 3 o sla95 b 1Y) S5

(53553 31 Sigl B Sy (653 —Y-Y

dusldo g (28ly lox 5l oad 48,5 CleMbl 5l eolaiwl b o jd a8 cawl (63,95 5b a3 G (6,500

Dgdi s (slab Cinndg )3 s dloml 4 i o1 Pl Jae g 0k 6] raas ¢ B b

www. bank- projeh.ir

IPA 5l P) o



Lot Judd oy 095

Real
/ World \
Decisi Information
eCisn Feedback

Sl 53395 28 2 (50 F-Y) JS5

—Siged &y > e g 35S o0 )8 ool 350 5 W) ol 3 45 Cunl ospde 3)95 5k

(Plan-Do-Check-Act).col oss oslitl ot 3900 45 > lo sl porde opl 5l &)las

sldio 3l e pread slacuslw 9 ol98 Wil o 1y paeuad Coles > 4T 15,500 slaedg)g il 8 puaenas
e 4S5 acgazea I pasid slacatlyy plas " i3 i CSKalbly s )3 i 01555 pausd ind

Real
/- World \
& Information
Decisions Feedback
Strategy, Structure, Mental Models
Decision Rules of Real World
‘\_///

6330 (03,55 adls ST (0-Y) IS

www. bank- projeh.ir

IPA 5l PP o



Lot Judd oy 095

o il s 1) 053 (a8ly (s> CleMbl jl0)55 5k (58,5 L (loj yepe 4 paSed (a3 JAe
By )»L Cod |y i Slo oS Oygay (SO &S Cowl odds WSS ddls 90 5l (605 paenal puuslSo i 5

Real
/’ World \
Information
Decisions Feedback

v

Strategy, Structure, Mental Models
Decision Rules of Real World
v

o1 el e (63,551 il :(F-Y) S

S50L &ilge -Y-Y

b 28 caS” el o d)lge (30 )3 &Sz putes Blue (13905 Jdo & 2356 Lo 35 p5bs puas
Ol Jos 13 4 Canl 35 (6388 &) i Joodl (oS g Jas o 338 Gloj e 5 Yl (B 9wyl

WS o ol )8 1y 4y
&lgo dlon 51.uS o WSy (6 50L A3 A wad o Fy (lge (6 S0L (63,55 3L Al ed sladdls )

inse > oo slojppate (S 3929 o(HBly sid (B CleMbl dg2g pas apian )y )3 (Shomy (508

bl gn lagenad cunlial (glpl i Jiluws Jiboss 3 ians (ole

www. bank- projeh.ir

IPA 5l PP o



oo ol oy 0952

Real World

* Unknown structure
* Dynamic complexity
= Time delays

* Inability to conduct controlled
experiments

Decisions Information Feedback
* Implementation failure : Sgtet_:lwe perception
* Game playing : gé?:;"g feedback
* Inconsistency o —
* Performance is goal . E':]%I ;L;?ttyomon. anor
Strategy, Structure, Mental Models
Decision Rules * Misperceptions of feedback
o . i ¢ Unscientific reasoning
« Inability to infer dynamics . .
from mental models dudgmental biases

* Defensive routines

&3S @lse (V-Y) JSS

g HU8y Sy —V-Y-Y

e (Bly slid 3 &5 (59053 90 3k ool (ke 3)03 5k S Cjgar 5Ll pole el

RSV EPCTWWSIIN (W N FPS VS N KPR SVESSRe) IVC SREVSC SN C I ) I GURICONN IR I VE PN 4
By Sz dpde o3 i alds ik ermed (lodle b pilus ) )18 (Suomy &5 Sy,
o el wlie g prenai 561 o 1l Gloj sl loj Job 53w <lia] Mol 393y Sty dgitaus
Sy piY loy Gde g o sl L3 as el o Gl i Hl8y  Saumn dbul o Jol Jeles

www. bank- projeh.ir

IPA 5l PE o



Lot Judd oy 095

Ly 293 Gloyod g 00908 (b |y (6,50L a5 > wuilei o (65iaS ladd 4 Lo IV Wb iol38l (6500 a5 b
S S bl bols 650k plie S e WS ) 650k Sl ogMe JlB) (S e 138l

A2 o ials 351y 6580k
e S5k Al Sy 38 03958l b dgdie by Slaptes > Ui dbul 4 e 53U

Abise pRIBl Slog 513, dbnl 4 g bles
SleWb| o dg9a%0 -Y-y-y
SRS Sle (s pSdiged (g (ATt Sahe) b e Bybo Sl ) GleMbl Lo Jos 3 4l 4 d2g L
ol Siglize  adly sloosly b Lo leMbl o)lg0n 11 o5l oo Cowdy 23l L o (65 05100 (bl 5]

oy o a3 1) 4l b oledis " Sl witew pllhe Cusdly b ool Counds (slmodld 55 gBlge (S 5

."Aliﬁ.gua Alb.)u.o

L i (& ) 291 o0 9 S5 VY'Y
2 W 298 0 S50 pranal wg2ge Cumdy 8Ly GleMbl ulul y prenad adls > 4SSl 4 425 L
90 3l Cunl San SleMbl 30 3561wyl prenad Gl Sao daeiS jd Adl (el SleMbl oyl &S Sye0
o b cbMasl jl (S U (L) ) aSl 4 da g b (&S dej )0 Bl el gl (oS g (RS A
s e o 35 S e 3 395 Sl 230 Camdy ) Candl cutliy sl Kan 1 s e
e S (Sl ielyly 5 )lS e (035 gl SIS gy Sl eslanul b alaly 5 dls ppaiy (iSedS ygoladl

D)3 3929 (398 i J13) ool 5251
3,95 3U 31 Caw U 543 g 9000 Cuidie —F-Y-Y

) calis Jowily Bly ol 4 cuws b (28T Lials b cleMbl codgiome § pimw i3, S

Cad )b St Cawlio puoual 531 & 26 L lﬂ 5L ALl 3939 Cunlio odld &7 JSygo 0 Jg i o ialS

9 by el 5 o Blo Slel U duglio 55 ety Blao S 5 008 dgop sl oladl 03

www. bank- projeh.ir

IPA 5l Yo aio



Lot Judd oy 095

S 3l rimman (S o 58 b g |y badils 5 03505 Jos 1,5 xdly Yoaro Lo luw o 3 598 Cudgions

w8l g by ealie | oxono )5 g w8 e s o |y ol Gl g emenal oy Sloj
fouoli Sl 1 —O-Y—Y

395 Sudlyy (3905 oy g (FELe )3 (aw o)lgen Lo sl (23 slodde (Lol Sl Sh 5l e Ly,

Jolis Lo elacudls y Ysane 45 and o b Sllllas et ladlbl clacydgrse o ok 5 Sl by, 5|
Co Ky 055 (6o Sl bl WS o xw 33l Ysare usl Sl 5 Sgdoe s claails
g2 g A8 o o o ddls S Oy osyy a8l Liwly pl o Labled sbog] (See i Y (gly paouas
g Sl 1) g5 Jlgw Ol dtypo e gl 4 &Sl oo 4 (plpls e cle ) Sl |y Bl

S o b | alts aslllas

CALS ) i 3L 1L s ol Glush lises S8l praad g9 iyl 55k Ao gt (S 5> &S

S8, b bl 3 Ll bluil —S_YY

o pead 3561 & oxio g3l 395 sl jasd (0D Jus 3 (Bly olen I (e Sy ST o>

sl Jols cledbl wluly aod Jae sbul 51 s 2593 5b ddls 93 b (6,5 puewal Jdo 53 .00 Ao
alisee (iled puls Wb calises lacusluw 5 g3l gl puxi Cas Db o et BCawluw g b o35l il ¢ 2lg
S5 U5 pas 5 asls den (5,55 50 sl Codgazme 4 da g b 090 el gl syt 9 005 gy Jie 09
5T Galie ronal Canl (Sa 35 camlio (3 Jho S 3929 (28 b (> (Jole (paix lojen s

www. bank- projeh.ir

IPA P ain



Lot Judd oy 095

ole g JY il ~Y-Y-¥

5055) S o b 5| i lebl 35390 slady 5 4 Ysane 355 (59> 5 s S prenal > ol
8 elogl S p 1y 0oy g dbles e odlatul dual 5 g5yl (5,55 5l 05 slacgyly 3 b g ((Bly Hlade ) S
bl wlss b g cVlas] 6l b adgl wiled 1 Sy (o> S5 SgpS meanas 53 33l ol il imd e

d)ﬁfbl,{ » u’m 6,9" 9 uw -A-Y-Y

OhRod p s Ghilas Jleel )3 (aw (Sen B2)bo o 4 g 035 dbul (Glang 35l luas I edlazul L
oheo SleMbl (B 905 a5t b o clls cpl )5 (ol oo punio g s e 1y 095 JL3) 5 Jlas] plod g o)
23 Ygaze o) ool plede 503 31 (o o (503 siSe )3 om lappgail (S Sl lizal 5 o), )

oles oo 1300 4 095 @l Jlasl 3 o (29)5 &S (leS dad 0 &y (295 Coles
Iyl OWSUwe -4-Y-Y

Jde bl 50,8 IS cwolio Oygay (a2d Jdo g 0ty guone Ojguay SleMbl cuwl (Sas Jos 5o
@ dag b oplpls Wads oolo Cunyd 598 3)lae Lyal ps 3 Jg 24 D0l awslio acuwlw ¢ gl < 598
Sy s IS 2,550 gllasl i Sep cle 4y a4l (e ol (S Mgl oo Ao 4 Gy pe aSG)

23l
By SR 53 (3990 (6150l (g0l —F-Y

S Ol S0 15 3k Sl dgmp -V -F-Y

2553k Joged JolS 595 o 425 gl i ploy Wb 0k Ele &y slp S JSKS 4 g L
ol b dleion L) (Bly (e wlon oS ol 0ad onlitul (gilxe Glox 1 polate cnl (sl 90 0UsS 1) (5 50k
ol b cpalliy 0 Salgs obsS o (il (laa Bk ) laged oS 90 S (o (sl Y loj a5 DS

S ) oronad (3 yik2 9 03903 4220 |y calisie Clowona gl )b (i lgie ploj cp5olisS 1> (398 b9, )l

D903
www. bank- projeh.ir



Lot Judd oy 095

www. bank- projeh.ir



Lot Judd oy 095

S5l so Wislyd pgas Juad =Y

NS5 il ad o)Ll (65:55k 2l 50 @yl Caz (b9 Oy 4 silme Lo porée pod Juab 5
il g oD cldie Mol 5 s sy g0 dgeyd b 5D dwgy gy & Cawl (6,53L s K

235 o B s 290 Seeliahd i ) Sildie Suld 5 il I Bu Juad (pl g a3l o Bl
obilw blb g & ol s i gjldao 3 Ban —)-Y

2 Gl o s gl b g Cosl yiaga (objgal LS S S Lo jla5 4 1S o gt el jtylé (B

A3 (b 3]y Jgese gt lalpd ple Mlgn b ol & car cnl I cul gt gl )18 Gl jlas
ol o wlen b & b 1) 2l g (LS 18 95 p elaial g (oolaid] slagtus ) Glpde 25
s 1218 5 ylgd dael il clojlu lSle @b S Al § 6K preuad Cilisee Lylpd o olej]
“o ik ebigel QU i e 1)) e Baplejle 2l ) wliwlie ailes Sk 1y Glejle )3 (58
sltiwly 3 Glte 4 S8 Gl cwl @lp! il plpl ) 353 lojle Sk 4 a2 oS g WS

il powle (b 5 )l ol plxl

Jow (6 ywino g jlwdie —Y-Y

Sy led oy |y 295 e gyt g odd ksl dbgiye lojlo b b sldie cgjludie g 5l L
9.))'.) LRVESY) 1))154»,5& w‘)ﬁ@wgw&wb9b)}@ A.Ey)n ub)bﬁl)wgw&wngm

www. bank- projeh.ir

YA )‘ Pq dwo



Lot Judd oy 095

e () 53 Al ales 308 095 Jue (gyide slagainjls ol AL b g 50 Lad Juo aSl sl S

) 395 s ude 395 Jdo (il )> Ladd aSh A8 aag 55 Jdo 5y lagiiojls Sl a4 Cuns 15 jldse

S STaed s |y el cad Jae Wlgn B auad ojl) (giludie anly8 4 Ll Lo bl anily s se dduen
Sdae a3 Jae 81l zpkae 1y o)l ailslo wanl olitil Lo Jio (g yiie el la a5 amd o Ui Jio 3,10
Jae gyie cdls i 50,81 g a5 LS o wiles aw 1S o bleie (pol Chows 4 (ilade ol 3 1) Lo

A8 Ol 08 (gl (6,500 (g e AS aw Cowl (il Mgy 13 05 e Jlasl 3w Lo
Sidae g oud -Y-Y

S Vsaro (sldso sn (slapsd bl oo Jdo (gyde g altuns &yg0 380 COLS gl p5 (giludio

D905 o) dl> o > |y e Al a3 e
(e 5yo ) dline ©jg0 353 upls )
gy JSulio g dlins 1g 9090 Sl A
Wy $3lS pulie g apize b
Dagub g0 Jols 1y 0ai] g 43S 51 (closb as Sloj i 51 a5 3,90 aliue § loj 331 .C
Reference Mode :ous] j3 o ks, Jhas! g awsdS ps Lo o ,bd, puwyy .d
s 950 Je 0)b)d Seolind 4 )8 9 (6)95 i Y
0,03 5929 (glans 8 g (5,95 42 i H18) (sl pols Sl p3 1 se J18) (6l adgl 4o
o 533 Sbl ) I e Lailgy (s ilig)s Jelos p S5 b
(sl muplie g by pusie sl slocsyol g b ans ) 5l edlatel b s Joleo 5 (o bally) wawy €
toed oyl il eolaiul o o yiwd )0 clodld plw AiBIS > i U8,
J%e 50 slaylrges
i 2 sl loges 1
Jsbea 5 e layloges i
byl clalsges AV
Caslbuw jidlo slayldges .V
a3l ol VI
B9 4p5,8 Cund (gl (il dnd Jho S 3 le
owoncd Aelg8 g LA lw s @
www. bank- projeh.ir

YA )‘ Ve duo



Lot Judd oy 095

)8y Sl 5 Jao layiall cadsl polis o5 D

Ol sy g Blaal b Jae (6)85le lie cus .
o 3,Skes o 3] linabl sly e cous ¥
(oo 42335 518)) g yo 518y b Jio )13 duolie 2
TS o 3, ahaie (g Lol 9903 3yl b Jie LT sigas Ll 3 Jae )k, awyp b
e 50 g Lptall cadgl polie yous g0 )3 Jio S8y (o) ilus LS C
Jo dlwgs gl (b)) 5 bl glaculw b 0
B3 &) Cusl (See (dae Lalyd 42 gyl (2L
£3g05 03y (HBly 51> > Gy s Byl 9 (lsh 42wl (Slib
il glacaslu Jlos] gl gy 153U
il (slag lis g5y g0 10 Jho @IS () il Jelos 5]
sl oo blite Sl g Jolos )3 ;085 b cilisee (slacusbw b Hacusls oy Jolss (w0

o & o o

S5 Wl G plgis 4 gl Y
P8 3 VY S8 b el Sl lasgecme Sl (ad Iy S g sl (63)535b anlp o il
& re U8y by Jae Sealns )18 pgd a8 )3 (g 0d (sl Alins D90 g Jio jye g 0390500 (giludie ol
Cono | Glsebl g Jao Cond | g g 0ad (gilodnd 595 g o pI8 )3 g oAb () JIAS 3)50 (S puite
soon b &S cwl gl dog B A XS 0 )8 L)l g ern 290 iliSe lacils (Jae 3 Sas
B9 453 5 03 £y (e Alan g0 el g Jo ye 5 Triome el Kee S gy cilisie slacunlw
P b o 0y Jgl s po 5151 (S0 g 005 dnlss Culey bopsd a5 og) (s slo)]yS5 53 39 155 o)l

g0 dalye

www. bank- projeh.ir

YA )‘ Y duo



Lot Jolod 55 055

1. Problem Articulation

/ (Boundary Selection) \

5. Policy

Formulation 2. Dynamic
& Evaluation HVPOIhjls

4. Testing 3. Formulation

d)])S\;' J,,,l)s S5 O‘?J"c & gildde V=Y JSM:

www. bank- projeh.ir

IPA 5l PP o



Lot Jod 3 05

Real

Decisions i
f t
(Organizational Il;::;gl;a::c:‘n
Experiments) 1. Problem Articulation .
f / (Boundary Selection) \ /
5 Follay 2. Dynamic

Formulation

& Evaluation Hypothesis

3. Formulation

Strategy, Mental
Structure, Models
Decision of Real

Rules V World

SS paauad Sl Jdo 31 0 a8 S 4108 giludie Y-V S5

S3ludo 1,3 49 50 -0-Y

Bud Cuod! talwe By y25 —V-0-Y

390 5 0391 e Jdo Sytdo (gl oS al el dlius ©po o G (gildie )3 paB (o age

15 lie Sy ¢ . . .
))3 LJ ..') e L& L .w‘ l“ \o | . - s . - ..
P 3 [Z3) )‘d&wxwww S Al &, ,M..)D'.. ‘5‘49:‘

Ly oy o j j ;

I o I CY-I

Gl Gloj 381 pani g x> po Hld) 5l odlaiwl whe 3l 9 dliiws ©ygu0 iy px3

www. bank- projeh.ir



Lot Judd oy 095

] s
&> 4L3,

SIS Y8y oy b e e MBliee (loj b 3 5l 590 pusite b g dlis Jly gy a2 ye 43,
2ro kg ylases | glasgoos I odlitel b plgise 1) g po yliby cedly oal o puite )3, 5l oaygl o0
0dd 593 Pluwe dy oo oligS g I )Sandly (5,55 5l Jdo gy g lasd g2 yo JUd) a3 b 3903 oo 5 it 3 Slas
reolae 9 bajeate 5 (Sloj 381 bk g2 ye Jl3) adlllan (gl 3> aulgs )18 da g 3)50 (loj ) IS )3 ) i L8, 5
g s 55 350 oo

b @@

3y90 oy s 055 o Je lgn (Sloj 381 Jsbo )3 a1iS 4 oSS L a5 A3l slojluil 4 b (Sloj (39l
L‘;l).:.;b" Sl olgn Sy 381 Job 55 oanl 4 ol b a8 wily (glojlusl 4 b Sloj 38 puimed .l 1, dalllas
oly S 3 (oo (Gloj B8l Sy 585 > ged eanlite |) s Sloanal oot Sl g s
Sl 5 e 3 ookl 3o ] et e 81 STyl VSadly 3,55 ) o 6 (sl byt o
5 S w3 38 53l s 1) Jae 33 byl 350 sk g5 (Sloj B8 Sde e )l 1) 5 o5
s 53 Jie 53 39290 53l 3 Vsb sl cptin Jane |y o &5l el Sloj 331 s (ol e sl b,

350
Sawoliyd (6599 9 dwnd 8 S Cpmnd —V-0-Y

395 NS Wl ) glansyd g (6595l 3y9e alies 18y (gl b Sludse e ©jg0 iyl e

Dges Cud |y ol Como g o HBlg e 5l Jols (slaodly g ond (gilu and Jde 5l odlitel b .3,ls 345 g o

o 5 Jels 0181 Lt 4y ol (oS b jouo g Sie odgid S lais 4 Wb ldde s o cpl o
Jae iales sl led S dltie )18 e b bl )3 1) ol imd Jao 098 Jlas )50 Pluwe 3,5 yibd (0,

Dg0d odlaiwl yle o b yldges g byl (S 5l ess 315 01,81 Jd

' Reference Modes

www. bank- projeh.ir

IPA 5 PP i



Lot Judd oy 095

153955 yondl

o il Seoluld w091 135950 sl oy £685 e 3l 153900 ot Sy Seolislsy pitaannn
Aelod g i Sl puni b S 0 KARY e B slia] g ol dliie Solin jld, e oS cunl
oS s o S5 1353955 (sl o Solial witias 39 505 31 i S8y 4y (2 Glgisn it 3, Shos 53 S50
1595 (gl pusiio Cpoand )0 pimad Al o LU 1595 (ol yusiio Dlawi Jg w0gu atiliS [US 15395 (ol yusio pogie
Uyl Jdo jy0 LU Oyao cpl 50 a8 bl aLil g9 1550 5 15,0 (slayurio cpo (093 5b &S 245 B> WL
952 slopeite & 35 5l e latsl 5 o S0 (905 Sgiomo 45 3905 B> 1l 393 (123 159 355 et 5 sl

ooty U L o 53

S b 293 dliie Jolro 5 e ldle &l g Juo Jisled cas i sl pl Salild i )
— b Glajlage 9 Jolae o e slajbged quiunnp sbajldged (Jie pe slajlrges ol 358 sl
Al e by

Jao 550 52903

Amd o sioled Jho p 5 pf (slapiio g 159 di5g) (sla ko (3905 Cand b1y Jao 03ga0e I3l oyl

ks 335 512903

dlge by edimd i Alg oo ptunw ) Jldged (pl )3 a3 o (L 1) Jao (IS (g)lase Jloges ]
sy Sl (sla yisu gy JGlg5 o Bapianm 5y dilelss )0 )S00SS b aST ansl aleMbl § YIS ¢ s

Joloe g9 9 3w a5 b s 5 )l3ged Al 0ju8 g Jgpae dnwgi 9 (il cdgi (99,8 Al lojle SO

ol o (S by e 9 Jde jpe odidd L calinne 438 3T

www. bank- projeh.ir

YA )‘ YO dao



Lot Judd oy 095

-— -
Mkt. Response to Price

Mkt. Response to Quality
kt. Response to Delivery Delay
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Market Competing
Sk Competitor
* Market
" share T
ew + Potential
Products market Competitor
Price

e

/ On Time Xﬁoe A )

New-Product Development Delivery Shipments
Defects Pricing
« Breakthrough products
+ Line extensions /'
* R&D staff Orders Utilizafion Unit

« Development projects

Manufacturing Management
Y Accounting
+ Capital
Process )} . Yield. « Labor Product * Cost of goods sold
Improvement Cycle Time « Inventory Costs » Budget variances
* Quality
improvement
\ . Progess Hiring/Firing
” improvement Investment -
» Workforce < . Financial
commitment Stress
= Management Costs » Operating income
support « Labor variances
» Takeover threat
Financial
Accounting

R&D Spending

« Forecasted revenue <
+ Desired fraction to R&DJ

* Income statement
+ Balance sheet
* Flow of funds

The Firm
. _J

Market Value
of the Firm

Financial Markets
+ Share price
« Market capilalization
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Market Unit
Share Costs
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General Structure:

3 >——p~ Stock =3
Inflow Outflow
Key:
Stock
———————3» Flow
X Valve (Flow Regulator)

3

Source or Sink
(Stocks outside model boundary)

Valves regulate amount -
7 flowing In or out \
/ \
Flow of material ‘ * Flow of material
= 3L Stock S <3
" < out of stock
Source Into stoc inflow Outflow Sink
\ /
N ~ _ Nameof _ 4
flow
Example:
3 &= Inventory X P-¢ 3
Production Shipments
QQ)?—CJB )|J9¢5 sl feow V=5 wa:
www. bank- projeh.ir
IPA 5l 50 i



Lot Judd oy 095

oL 2 g bl (S, hales -V-V-F

Cnlio Jl a8y g 0 gl p)lb bawgs )b gl byl Glaglaged puw 5 sl 48 S (lo Jrows
95 L 639y9 ol ploys easms lis 15 obys 9 of auie 1 (glojleinl clls s @)le @ el Sgyun

Stock(t) = .t[[lnflow(s) —Outflow(s)]ds + Stock(t, )

)
d(Stock)/dt = Inflow(t) — Outflow(t)

W8l oo i Syl g Al glapaie b sl U 55 93909 by

Stock and Flow Diagram:

C3=——5C——Pp Stock S {3

Inflow Qutflow

Integral Equation:

Stock(t) = r [Inflow(s) — Outflow(s)]ds + Stock (t;)
ty

Differential Equation:

d(Stock)/dt = Net Change in Stock = Inflow(t) — Outflow(t)
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Field Stocks Flows
Mathematics, physics Intagrals, slates, state Derivatives, rates of
and engineering variables, stocks change, flows
Chemistry Reactants and reaction Reaction rates
products
Manufacturing Buffers, inventories Throughput
Economics Levels Rates
Accounting Stocks, balance sheet Flows, cash flow or
items income statement
items
Biclogy, physiology Compantments Diffusion rates, flows
Medicine, Pravalence, resenairs Incidence, iqfa}':tion,
epiderniology morbidity and

morality rates
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General Structure

State of Net Inflow Rate

the System |y Outﬂow = - Net Outflow Rate = - dS

Q Rate -

Fracllonal
Decay Rate

Examples

:X::"D Death Rate

Population

Death = Fractional Death Rate * Population
Rate +
&N
Fractional
Death Rate

Book Value

Depreclatlon

Rate " Depreciation Rate
B = Book Value/Asset Lifetime

Asset
Lifetime
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Net Inflow Rate = - Net Outflow Rate = - dS

Stable

/ Equilibrium

State of the System (units)

o

1

Net Inflow Rate
(units/time)
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Behavior
0 S!ructuie isi : : 6
t=40 * State of the System
° t=30 = (left scale) >
E 3 LY
's t=20 E g
E % g
= @ 5% [s.2
3
3 t=10 e s
= = §
£ 5 =
§ t=0 g = g-
H Net Inflow
(right scale)
5 T T T T 0 —r - T - = 0
0 20 40 60 80 100 0 20 40 60 80 100
State of System (units) Time
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General Structure

dS/dt S s*
State of Desired State of
Net Inflow the Systeml the System
2 Rate
i e O
AT z dS/dt = Net Inflow Rate
Discrepancy = Discrepancy/AT
Adustment Time . 5) + - (S* - SYAT
Examples
Desired
{ }::X:b Inventory Inventory
Net
Production

E Rate

fE ok o k)
- Net Production Rate
K Inventory = Inventory Shortfal/AT
Adustment Time Shortfall * = (Desired Inventory - Inventory)/AT
Desired
Q % B Labor Labor Force
Net Hiring

= Rate :

[ D
AT . Net Hiring Rate
Adustment Time Labor = Labor Shortfall/AT
Shortfall + = (Desired Labor - Labor)/AT
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S(t)=S" —(S" —S(0))exp(-t/AT)
0.5=exp(_t, / AT) =exp(-dt)

t, = AT In(2) = 0.7AT
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Rate equation for first order linear negative loop system:
Net Inflow Rate = - Net Outflow Rate = (S* - S)/AT

Analytic Solution:

S(t) = s* - (8*-S5(0)) * exp(-VAT)
Desired ; Fraction of
ths‘g‘e ;" . Stateof - "(‘3'“3' . Initial Gap
i i the System P Remaining
State of o gfai:iﬁ hw
the System the System Gap Remaining
1.0
o
£
< 08
5 1 - exp(-1/AT)
g 0.6 4 1 - exp(-2/AT)
o 1 - exp(-3/AT)
‘S 0.4
k)
E‘.‘ 0.2 ] exp(-1/AT)
%
& xp(-2/A =
% Pe———— & ‘T".‘T".*T‘.N" ———

—~ 7
0 1AT 2AT 3AT
Time (multiples of AT)
Time Fraction of Initial Gap Fraction of Initial Gap
Remaining Corrected
0 exp(-0) = 1.00 1-exp(-0) = 0.00
AT exp(-1) = 0.37 1-exp(-1) = 0863
2AT exp(2) = 014 1-exp(2) = 087
3AT exp(-3) = 0.05 1-exp(-3) = 0.95
4AT exp(-4) = 0.02 1-exp(-4) = 098
5AT exp(-5) = 0.007 1-exp(-5) = 0.993
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Population= Integral(Net Birth Rate, Population(-))
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Net Birth Rate=BR-DR
taild g byl g cob e g Spo g Ay g 3lj 25 a0y &S yg0
Net Birth Rate=bP-dP=(b-d)P
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Structure (phase plot) ~~————————@ Behavior (time domain)

b>d b Exponential Growth
% Birth Rate ,
o Net Birth Rate
o c
g |~ _——7bd 2
a0 g
E g
_:;u Death Rate 1 d o
= 4
m
0
0 Population 0 - Time
b=d Equilibrium
0
2
& Birth Rate
: :
E: Net Birth Rate | 2
o0 5
o j= 8
E e
= Death Rate
t
0
- 0
0 Population 0 Time
b<d ' Exponential Decay
g
P Birth Rate
£ 5
3 g
o o
c 3]
~ Net Birth Rate a
= Death Rate
m
0 L
0 Population 0 Time

cab sl 1y Pblo b sl J55 (ole cdls aw jl (S Jas SO 4 ) i SO 3(VW-A) JSS

w1 (S g 39 algs 598 Ll > I dils o lgen 1 sl (ad ©)jga w4 4 25

Sl & Sheopn & Lae (pd did oS 5 Caold gl dad slapinaw 2D 0 &y ol Ly Cls

www. bank- projeh.ir

YA )‘ Vo) dxow



Lot Judd oy 095

uh&hmub)@dlp|wawdpé@)i&Lwowlpl‘)}uu)w9om]_\>w

ol 5 5 LSl oy b (slogts o3k 53 5 b 13 (358 Sy oo

Pl cwl kol cploleS 5 Cures Jlo bl o (Jod slapiuaw | Gglato jluw (28l (obapsiuw
By Slwe Gygas aSLI L g dwy o POl s b Sde s (Jg 03500 Ay L] 0 anl S§ Cares Cusdly Wlle
Cuto dils ) 0 e olgis 4 dg dalgs @olate loj Jsb )3 ke g Cuto sbrails 15l e ol ply S o
3 oplply Dged wales Jos Ll @hpay e ddls mlio D58 5 Cumes by b Jg 0 daled e adls
Awd (ot 8 Oy blgy LISl Bl olaeiiuw
MSM)Z&&)@Q@)D&&W—O—A

A"?“’LS" 9529 é)L.o %39,\>mbu.,,\,o )1&&9 J...wl.’u.n LS’L‘” Jwv) d“)‘) ‘J..u‘ ).) @5‘9 L;LQW u.l.cl
e 063l 5L Codgasie wds Jaame o b dlaly o b g 138 Codgae bgal cuxes b alaly 3 Jle lgie 4
aals o) yoye 4 Jo Conl Ll il cuzo dadls Ll byt 456551 30 cplpls Dgd oo (olod Ay Koy s &
Mool Jole b 4 oles Ay 5l p 5 I8 SO pitams (pl J0 cud 5 pl 0,8 Maled Jes LI ddls O a0
358 o 1l 3 i o Al oo S @STH L (JBe Sl b e g Spe g Ay 9015 £ e Cupnen

sl Cob (Choggo SlKal (gl Jloy Cunos oS

Net Birth Rate=BR-DR=b(P/C)P-d(P/C)P

www. bank- projeh.ir

YA )‘ VoV dxon



Lot Judd oy 095

- 5 | Population % By ]
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Rate
+
Fractional B B Fractional
Birth Rate + Death Rate
- Population/ 5
Carrying Capacity
Carrying
Capacity
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Fractional Birth and Death Rates
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