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ID Name Type Formula
1 hiring rate Rate IF THEN ELSE(total WF<Ceiling on total WF, WF gap/hiring delay, 0)
2 P1 current WF Aux IF THEN ELSE( P1 Wf sought>0 , total WF*(P1 Wf sought/WF sought) , 0)
3 P1 developement rate Rate IF THEN ELSE( P1 requirements>0,P1 actual WF*(1-P1 communication
P overhead (P1 current WF)/100)*P1 nominal productivity ,0)
IF THEN ELSE( P1 support WF sought>0 , MIN(P1 support WF sought, total
4 P1 support current WF AU WF*(P1 support WF sought/WF sought) ), 0)
(P1 support current WF/P1 Supporter per Customer)*P1 support revenue per
5 P1 support revenue Aux customer
P1 WE level needed to complete on IF THEN ELSE(Time>=P1 Start Date, IF THEN ELSE ( P1 requirements>0 ,IF
6 time P Aux THEN ELSE(P1 time remaining>0, P1 requirements/P1 time remaining , P1
ceilling on WF) ,0), 0)
7 Marketing Cost Aux IF THEN ELSE(P1 requirements<=0:AND:Investiment Interest Rate>0,
g Investiment Interest Rate*0.05, 0)+0.1*P2 receiving rate+Fixed Marketing Cost
8 experienced i:gisnoi:ge' jeded for Aux inexperinced workforce*"training overhead: % FTE experienced"/100
IF THEN ELSE((P2 Start Date+Indicated completion date of project
9 P2 late Aux 2)<=Time:AND:P2 requirements>0, (Time-(P2 Start Date+Indicated completion
date of project 2)), 0)
INTEG (Investment Return+Sales and support Revenue-Costs-Debt
10 Net Cash Stock Interest+20000)
1 Sales and support Revend Rate .—(a(t::Sh Sale+DELAY1(Non Cash Sale, 90))+P1 support revenue+P2 receiving
. . IF THEN ELSE(P1 requirements<=0, P1 Potential customers*("P1 Fraction
12 P1 A n from Mark A
doption fro arketing X (Adopting from AD & Marketing"), 0
IF THEN ELSE(P1 requirements<=0, P1 Contact Rate*P1 Adoption
13 P1 Adoption from Word of Mouth Aux Probability*P1 Potential customers*P1 customers/(P1 customers+P1 Potential
(customers)*p1 support quality, 0
14 P1 Adoption Rate (P1 Adoption from Marketing + P1 Adoption from Word of Mouth)/P1 adoption
delay
15 P1 Potential customers Aux INTEG (-P1 Adoption,pl initial customers)
P2 developement rate/P2 requirements*P2 contract remaining amount
16 P2 receiving rate Rate




The First National Conference of
The Iranian System Dynamics
Society

oyl 4838 gl
ldoslobuw wluibbigy (ol il ol

L s 2 3 0 yScloe —F-Y

Pl (5978 i 25 - F-T-)

Blase sl oo 059 CorkeS 5 aly @y ;3 IS8 3E L 5 otn sloyiSTh 5l esloan so 50 Sl 590
e DAl el )15 argsyee 3l Gladle o soasie bYs & )8l slaeisn 3 Sladl o 4 by
Gixd 4y 52 el 997 4y OISy (pizeed 095 o0 bgiye Sl (5955 4 )8l slrodsy 4 bgrpe slaan o
Sroly 093 les 9 551 i G)lPBle S sleesgn Glpoe &5 Sl (RS Gres 4098 o0 bgrye (Sl ($95 908
(Y ) 88 o by T 4y Lo yo s 5 Sl pilie gyt

NPle s anng sloogn ;o (Gluil (9 Cunde 4 bgrpe Glajiagh slp hclas e b odd el Jluws o]
o)lyd 035 (nl Glnae (ol Syo pas 350 0 2l SIS jeie Sezscnll ALl Al 3g2g (6)l5le 5 slanS L o
S 3l 50 ar g BB S5 canlin pas (SigleiS 5 ple it demsl 5 9,55 o0 i A IRl dneg w8
(VF) (V) (V) sy o0 S5 40 5501 Jlgin Lo g8 0l

Joo ilide loog S50 Glesoa 1) 0595 oI 595 )l S g 33 JET g pladiial (oda b pcs 25 00
oz Jlamt o590 40 5o Dglds a5 Cewl (6900 Sz l3) les (pl 0,5 (gamaiws sadplasinl o5l ol 3l 4 4y 2l ol 4l
@, 5,1 g bige] gl 5Lio,ge al B U oS e mal,d |y el ] Jos (ol Cpizman 058 Llod wb la g ple g
auly8 WS e oonge a4y sl oEl ] Sesl ol 3l igel laeS i iy j0 (YY) 0pl a8 )3 5 o wyas slacl
aa5 53 30 cod a2l o3l 65000 Rl JdS 4l 059 S8 i (2 BB 9> b g oe wox slasl 3]
55 b S5 bL)| o] et 5 ol siiiplnl 2l ) e b alal, 5 ools clidss Jlali (YF) (Y0)
Sy 5l oo, YO JINO war Jrwp (g0l 45795 (et (g o0 (LA Slas oLl aslllaesjge lejl
(YY) 020 oo plaisl ogs a |, o0l Jow

4225 Gyl S35 S Oliea b 08 (b syl cadiplasiinl o3 05 S ol Gloj Lawste 'l i3 b Sils
slodse o &5 oSt Gezmes Jl 4y b &b S Ojgear oo nl o r’l’ Ol el LIS 4y Jerine (SIS
(M)l sasnad 5,k o el Jolase pincms ol obig

a7 0 sl 38 3G S 1 Sl (9,5 LIS (5390500 2 e i y3bots 020> 035 (595 priiine (Di9al
oGan By Coriay 9 998 Bro 6ok loj Wb slasl o (Sealen 5 SLs )l bl (gl Bl by s ol 3 slass
LS psbas oS 5 Talile bl s edgy me o3kl e dlal, RAS gl ool Sl S anlys s
(VY)Y S o iy i3I N2 s b ol bl | e s 1 0 585 N1, o5 slaasl slass 51 S lgs oo

oGan g2t ln eadis i yaelin Gloj daygiSL Gl 5 (Ko o )ls (Soas Jle wiz w039 jld 90 ) (9 Oliee
OB o 5l gl Gl e 0bL e ley )3 059 45 98 (o0 Sl 0 IS |, I s9 mhaw Su pae e
wyee miee Syl Glnde Gln 38 oy Sl &S Tl l g ogdle g e oael I (55 euiaiine prlans
(V) 08 oo Sl 50 1) ) (69508 @i g plasiinl (o) g 039 0 pledl oy (e 09 o0

' Average Assimilation Delay
2 communication overhead

e



The First National Conference of
The Iranian System Dynamics
Society

o Ul y21S gl
lposlobw (s aliibgy 3l gl ezl

Gk 5l 5 BybSuil S g Sl 4 Lles S Sl 40 S e Jae glite 050 ol 4 cilie (glaglojle

slagley )3 Jlo (gl S (oo i by ©)j90h 039 n yos 4352 Job )3 5 S Sl iR oy 40 039 plesl Koo
Ol b sl aseiie gaiple) 5l Gogr e Lulyh o S wpae ol plasiul ol bled gy eledl 4 SGo3
050 6551 9 oy Jelie 50 4 9,05 o S0 5l g0l 6551 5 loy eumBse (nl )0 wa gy plaseiul 15 el
5 050 e sliael L o] (30,8 42 L w0 mnilSio b gz o131 it LiaT sl o el sl ol o555 plesl (sl
Siales 1y oads 1 Joo 50 1y (Sladl (69508 w2 3l tlod () S5 (FY) sl Y (28 sl po Loyl el

.Mé‘so

Vs \

support WF gap

oe) P1 support WF ga;
Out Delay

—_—

P1 current WF—in. /
P1 actual WF

P1 support

current WF P1 time remainin;

WF out ry / P1 Wf sought ‘
1 support WF

total WF sought P1 ceilling L P1 WF gap
on WF P1 WF level needed
/\?’n Delay \ ) 7
WF sought /4

Inexperinced workfore i
xXp , T T experinced workforce it WF gap

- X
A
\acrual \\'F/ quiting delay [

/ P2 \\T{ough.,. Pi::T

- experienced personnel training overhead: %
hiring delay-| needed for training FTE -expenenced

i N~
iring rat P2 ceilling on WF
P2 current WF
\ \P: WF level needed
I Y / \\‘ to complete on time

P2 actual e
WF

Ceiling on total

il (59555 s 523 ¥ S

B R B R e S B

g el a5 ol y 059 b gaieil ams co (yLis | 059 Cd ey g (Goiuilo) «(g 3,800 5 0558 pmnn 25 (2]
2 59y el (G955 haw (b (atie Sl Gy g d9d g0 (Sl (G950 ) D)y e o) 00l 5 o U
D23 g0 LS Ty s 125 ol (F)USCD 095 s (st w23 () 59 03950 9 ro Sy (Sl (59 325 oo 2

"



lposlobw (s aliibgy 3l gl ezl

The First National Conference of
The Iranian System Dynamics
Society

oyl 4838 gl

4 — ™y
L i
P communication P1 productivity ————_ P1 developement
overhead ’ T delay
‘\\ /i
T P1 WF level needed to Pl A .«/ Pl
Indicated completation complete on time |requirements completed
date of project 1 T P1 developement tasks
AN rate
Te—y
P2 1“»‘7 P2
. . — fremment leted
Indicated completation P2 WF level needed to 4~ reqm P2 developement > e
date of project 2 complete on tme rate
.-H--H-“-—\—\_
_,..// " P2 developement
— delay
e -
P2 communication P2 productivity H_F
overhead ) ,—-""

\ e A

39y gl T 59 witumnun 5 P S

4 059y S pdon SleMbl &1l sl g (Slasl (69,08 i 5 b (Glasil (59,5 Dledlbl il jo (gl w55 00l

el oS o (09,8 s 0 5

o o 5 —F-Y-Y

Flae wilio o1 3,5 an3e 5 Bpan 050 9 <530 & dilo 5 Jou 95,9 (( Sudds 0y 4 bgyye (Jbo pians
i 25 ol 50 B9 Sl Jel> sm g welie Gl g o] Sl (ULl OMgeas Sl e Jre il

Iy s 25 2l (@) UK ol

SEBS g Fge Lol apiusnnj plo b (Jlo oo 25 2025 (o0 515 (o) 20590

Investiment
Interest Rate

os}

Debt Interest
Rate

e
: ’;B_[.Q

Net Cash

Sales and support
R

Debt Interest

Non Clsw

raction of Non Cash Sale

Cash Sale
( Sale fixed

otal Salé cost

pl price

Fixed Marketing
Cost

J 2 F \-\
{arketin

Sale Cnsf\

P2 late delivery

‘/””J_—fine for per day
osts
\:PJ late>

WF Cost WF salary

total cost

g Cost Other Costs

Slo 2530 S

Y



The First National Conference of
The Iranian System Dynamics
Society

o Ul y21S gl
Ldoslobus awlidilgy (531 gl (pazl

99 i 25 ~F-Y-F

Dgbee Jold ;) plyie 5 2Bl Jgaze (B8 Jre (b it 5 ol Lot e adsi 5 (Jlo i 15 b e 25 02
L] C..S_v g.iv u)}.a L @5.“‘5@ J..Jﬁ.' J}‘ 0)5)) ) as LJ?M & R PR W c\..ﬁ)f).lm B J}.m 654 9o JJ.A U"‘ L)
s ye G958 4 2b)Ll g Sl Al sl by, Gayb 5l g ool adye Ik o wgi ) ey Jsaze g5 0

( P2 Contact Rate K
P2 l” developed 5 /
requirements | p g software };r?bdaobpﬂtix[(? —_—— L
rate P" communication Total Sale - A .
P2 StartWate overhead / P‘:’ivAddOP?o\f; fﬂ[)hm
ord of Mou! \
P2 nominal :
productivity
<P1 Adopt P2 Potential L
customers P2 Adoption customers
/ A 4 >
P2 contxact P2 contract price P2 Adoptxop from / ~~___P2 adoption delay|
fEMANING AMOUNY  yoceiving rate seceived | Marketing
P2 contract price : \ P2 Fraction Adopting from /
P2 Marketing “\Advertising & Marketing /
Effectiveness —v b
\ J
7 I

Q9955 iy 3 1P S

W)l g 055, O JuoSS 3l ey Jeazee (39,8 Sl (] 50 iamo o (LiS Y 035 (sl 1) (g8 e oy AIH(P) U
Jyams Slale 59,105 9579 g sln bk & o @l (el o35 JolS” plasl 51 BB L (s 05500 Jol ik &2 o
Db o ST SBg,8 sl ) g T JeeSS 3l

Sbrtie. )08 pb Ik bt ine Al 5 (Slarogi w3 Cote Al sl 0ud SIS shie 5 Cae Al g0 5 i (]
5% 586 o (o ndy £ gdise o5 £ et b gl Gl e dlaa oS oy iy oo SRl Gindy 5 b Jadlly
Ll Slanogs 3,5 5 b,k Dbl b a0y 5 e

TP e 3 yeite cpl Glli8l g 005 oo Sloy W e (I8l Coge Jaall oL i slass uli8l
09.“4‘540 ).n)l.;)).u J.u:.ll; lJ).M).M Sloss u.\al.v u,..u‘).é‘ ).n.\.v C).’)—M 4> B w'.e))o o)lo M).ula U")J"\"

o ste onl Gl g el (Sblk Sl bl 4w 2 Sl cage ol by al) o hne dil> 5o
ik a8 ol b sms e (2alS 1 sgdll ol slass w5 il colesye Ll 000,50 i s Ep Lialil el
gl o Jeall 4 0qdlly ol i soles g 00,5 sliil Bua

059, )'Lcl Sled 3l oz 05 D yg0 4 TQL%)A MT)o Dol oo ddgi b law Q)yaA.gQT Jyaze a5 Y 055, 40
o bl o WS o Sl als e wix o Iy Jsame Cond ouds adaioe olo |8 il o (6 e S el S LB

Slr o w3l oo 0595 Sty 5 b canliie 5 098 oo ST w0gg 9,8 alasd 51 b 5 b dee ul CS sy d98 e

v



The First National Conference of
The Iranian System Dynamics
Society

oyl 4838 gl
ldoslobuw wluibbigy (ol il ol

Olojer dlio g el 0ol il y0 (g i 3l olo )8 Al do o B el Ay iy doy0 B0 o9y a5 Sy o Jlis
o3 oo aled ) ¥ o3gn (958 it ) oo (F) JSCS 098 o0 ESle oS 55k 4 039 plesl L

Jowo (Hawyloel -F-F

(il pa i g Judow Cam Jow l eolaawl 51 L3 g s (g3le and g Cailil L Jloges olool 51 e
15 Joe ay olezel colls oo jliel sl ol 3 osesl 9yse |y Jow jhiel ¢ by, diz b Ky 5l eoliul by Conglos
Sl a5 ey e 5 0l cume )l Jaw (558, Jliel 5 Jow 3l Ll aas o plas | o bl Coro g 5,8
313 18 (o) 2390 |y e )18 Jlitel Bl oo el e Joe

3530 €290 Dol (pyn by (e D90 a4 0nd g pslaer sloosls SeS 4 oo Ty R (2lisy Sl
el 00 oolatul 15 slagygesl 5 Jow ol il fygesl (gl ols 18 o Ll

slite Gl L «onl 00l ool (Lot y ) 4 Jdo Gyaejl opl o i e Iyl (s QQ.O)’T
i85 18 ol o 50 Wt 3 )18 39 (Silaie a5l Gy g Senl 48 5 plonil lapiass 15 51 S0 2 s

mad Joe 8, o (laie (S sk 5 el 5 byt e o9 ibte (03] nl 50 10 S (903l
28,5518 90l 550 (I 23 Sl elanaly b oads 5l

o3905e 50 (58,5518 5 5039,0 Dy 4 ol 138 55 (glauite (38,5 Jlai j0 Ll 51 Jas M 0 ColiS ¢yg03T
55 5 s 890 caslin il

0,1 (6B jls s 50 392750 (6525 el Wig) 5 (ilsd b Jaa sl Tyl (3

Arib o )5k ;K0S b Jae 5o oolitul 5,90 SV olee olul Mol (55 3w 5o 3T

Sl pias 50 35390 sla 00ls b Joe 4o olitul 8,50 sla el b soae polie Fldplyl b3l Y3
IRCCONTY

fams o olis |y rmilio (ST5 58, oo LT el )l (52 50 (GUSL Dlyis &y50 50 P 1l byl pid (o901
Joe Olpss lie g ool ools o ol jlas g o5 Jlewn oo slacdl o Jow ol i v Jlade sl onl ye
el o S o ihaie H3, caes lis bl sl ouls oy Dl ol bl e

Jae @l 50 (6 pmis o] i L g il oads 48,5 )15 55 ool jsbo ¥ Sloj sl 03L 7 1K (gl ¢yg03
Db es Jol>

! Boundary Adequacy

2 Structure Assessment

* Dimensional Consistency
* Parameter Assessment

5 Extreme Condition

¢ Integration Error

7 Time step

'¥f



The First National Conference of
The Iranian System Dynamics
Society
wlo pusl j8aS gl
ldoslobuw wluibbigy (ol il ol

‘stu\.c )J.)LD.A ).) ol JL‘>U| u‘).....u ‘QS'LA) 6[& o)l_v 9 Lﬁ)).a sLﬁ)...obla ).:QLG.A stbul? Lu :‘ML&M’ &125 OP}T

L85 58 Jelos g gy 9550 sl 5 L3,
el (P )b sl o0ls L agli) Jl8) suze w5 39250 slaens o ets 5l (S T Hlid)y duzme udgi (yge3

B8 g5lesb 1y (Su b sleesls wiilgs so Joe (sl yusie 45 0l astine yee;l ol 5o

Lools i g Jow slp2!-F-0

59 VYo o ojl sl Lzl ol g ooyl Joo Wl jliel (qusy 5 Woipnns 03 0,505 (0,57 (aseiion I g

2l (V) U slaloges .ol ool (58 Vo (Soads by 0 (Jar axly g Sl o plaxl 555 S T Slej o8 L (518

Ao oo sl | Jaw sl
P1 requirements P2 requirements
600 2,000
449 499
% 25 = o
= H
14832 497
08 4
0 120 240 360 430 600 720 840 960 1080 1200 0 120 240 360 430 600 720 840 960 1080 1200
Tine (day) Tine (day)
&l b
Net Cash
total WF
800,000
60
400,000
45
0
30
s 400,000
-800.000
0 0 180 360
0 120 240 360 480 600 720 840 960 1080 1200

&

Joe gly2 51 ol glis ¥ S

Soy b aS cwl o3 el a5 £o0 gl 059 JoSS (sl ams oo Jales 1) ol 0390 JeoSS &g, ARV logel

s Bl e 6)l3le 5 dtas D90 @ 0jgn cnl Jpamme el oad eSS 59, YE- 50 T 4 0l ools arass Sl
Sgd oo ad e 4l jo eolaiul 6lp ad oSS 3l e Jpaze (0l

! Sensitivity Analysis
2 Reproduction
3 Time step




The First National Conference of
The Iranian System Dynamics
Society

oyl 4838 gl
ldoslobuw wluibbigy (ol il ol

bas ol 5hs gloy el =55 V0= + 4 ol oSS 6l pgd 059 aBlise p9d 0390 4 bgrye i oV lages
Syt st w3les (B)lhe D50 @ ooy Cal gdice oSS 5, TOF )3 g e el platsl o w65 05
~SS wiS e 23y 05g Sy b Billae (a8 Spgo g S0l Beb ol Alse g wms oo 3ylaw 1) 955 Jpae
Js‘ 0)5)4 ‘bLu‘ )‘ o= | 39y Ve clnds )| o= 0)5).: uﬂjw...) [WRCRONY ).....u ] 4.‘>94 J.'lﬂ )‘ds,o.‘ U"‘ B as 6‘
V-F S 5o alai cnlams e Gl 1) o3g Sy Sy 5 098 e JiSe 0 0550 & Ol (Sl 595 355 ] 50
Ll 0als oolo QL...:

JB U Sl (9,08 0900 oamline Jlaged cnl yo a5 jshailen amd oo plis 1) &8 28 Sludl (s95 J5 gV Jloges
S5 Ny Wojgy pledl 51w aloldl Lol coanl ayas ol 8l slaseinl JLos 4 &858 ¢ 8 1o (s3g00 wis, Wojgm plasl 5l
) L)"‘ ‘.J9‘ 0595 IDLM‘ l.> Aol JL!S 059, 90 ;@ aS Cowd U;’LA) aQ ‘L:u).a )|05_o; L) ) Oy Ju_i..uo ‘..\.u
S8 ol Gl ohaa (alidl s Sl e5g Jyame (B8 b dalsl jo . (s05m0 (lizen g b oo LalS (Sl
& 0ly sl )0 g @ 55 (sl Wi, S o g S5 st SLA phaskial o Isame Jpame ol iy sl
boe 2o Ble 5 b 75 00, 5l b

3o Ogd oo el bras 3 5 5l Sl yo &S lawl o Al oo O8 L Suad by 4 bape 5 0=V loges
Syg0 ol (ol S CBl o ply SOL 51 sl H b 0suaS pl ol (gl aS 098 oo (Ko0i SgaeS o adsl b jus plas]
g Sgu o0 o SOb plg 0,5 Sl )0 cnS Eoris &8y aSyl 5l L 05 o0 0w line gl jo aie (Ko b,
Dy oo Cata (Sl (b > loae

S dl.bc’ml.z.w ‘5|R| -f-5

oz 510,05 )18 (o) 2090 Joe nl 50 WIS oo (S e Sl

(Slels g bylik 4 4zog parass g (o) p wile) 2Lk g Sl Glaclw @

oy o Jeil Sl )3 Joaze 8 Caad (o) (G0B juE g GBS Gh9)8 Glime e wiile) (g Sl @
(Gl > o o) i olass

(72! g plasen! Glacislos s ( Sludl (69,00 plasanl gy i s aiile) Sludl 69, slocasl @

(Wojg, 9,5 Hloy ot wiile) il 5 5iuyaeby slaculw @

Lol g wlads sbeawlow -F-F-)

Ol 50 6ol il a4 cewl 2o pae Glepaeal 51 S SULIL g Olids 4y oals cols plais] slban e ol
Ve wdlalas ]y ol 5las,e O oliwe S Gl 0 Cadie O jge 4 A ie cpl odd ALl Jaw ooyl oS80 (S
5o el (e (ol bz ol 059 plesl ley o 1 wadioe Jold 1) po3 059 (sl 00l )l dhs 5l o)
O 9 S yis0 095 sl VIA 5oy 50 5 09 o0 ST (T pladl 51 g alolidly Sl o35 Jyame (i yiiee shaws 2l
CL PP RN EY

\l4



The First National Conference of
The Iranian System Dynamics
Society

oyl 4838 gl
ldoslobuw wluibbigy (ol il ol

oLz 5 9 lulyd o 4> BB oge Gl 9y 50 ¥ Ve e 4 b L 6l (0B Slade jarass b
S 5093 595 A0 (S PYY 555 50 by olasi g 090 Vb (9,8 Cie s 45T (59565 4 05 edmlie S0 Sk
St Glyz aly B oogdige Sl g o)l Code S5 (ol pbyz )0 e fnl sy o0 093 gl 4 LS LI
a3 oo ol (olylil b an e 85 s slam 5 LS 1) (Sadi bz (B JS8 laged s SET i e
Net Cash

800,000

400,000

-400,000

-800,000

0 120 240 360 480 600 720 840 960 1080 1200

Time (day)
Net Cash : with Fixed Marketing Cost
Net Cash : without Fixed Marketing Cost

13 a5 85 15 5l e (Ko oyl 2 oA S

3Gk 42 0gs (pl &S g0 50 b ol Wil so cume 3> U b )l5L (sl 0als ools arad ol ax g ol
g dolys  dlatene o] Larass g 8gd o (site ddued (SLAE b, il lade oyl

loloiid 9 6 5 4 -0
Sy 8, 45 (s psloy bl anls laofg b, 5oL S Wlgige KaSs  logg hlite 3G amoge Lt b
S Larans 5 gaipley Slaganad 5 0,00 Wojgyn Koo b eles )0 1,18, b g0l Jloay gl gl Lams ) 0595
s sl gy p B iz 90 51 58l Conmnl 010 my bl o 5 4nie 59y stz B Sl 0390 S 0 S
b lojgpm vz slalass o 4l iS5 Dlosouai a2 oo L aSiI il g aiziid il jl>0 JeiS e sl 3l oSSl
I e 50 lojp® Djgod 0595 90 A5 Sl oal (5,8 Jaw ol Ho all anily Gallacl Ol U Wilgs o w4
OIS s 4 Jae l el (65958 o] e Dlbls )| 4 az g ool e 5 fge Cupde lp (nlple wiies
g ol Sl CS 0 spw wigd Cule) mlie lacusgame a5 alS g jasly slgSa 1) Wojen b S eSS
Olfise o latagh ly 95d o0 Slitiany 95h iy n eSS o laalse 5 leasl)s g ejyy ke lacaS s

Sl 13 gy 990 il aasss (bl 00 SS& S j50 41 059 Sl (59505

v



The First National Conference of
The Iranian System Dynamics
Society

oyl 4838 gl
ldoslobuw wluibbigy (ol il ol

[1] Awani, A. 0. Data Processing Project Management. Princeton : Petrocelli Books, 1986.

[2] Master business planning: The art of controlling project management in a multi-project environment. R.
G., Boznack. 143-158 : s.n., 1987. Project Management Institute Seminar.

[3] Abdel-Hamid, T. and Madnick, S. Software Project Dynamics. Englewood : Prentice-Hall, 1991.

[4] —. Software Project Dynamics. Englewood : Prentice-Hall, 1991.

[5] The dynamics of software project staffing: A system dynamics based simulation approach. Abdel-
Hamid, T. February 1989, IEEE Transactions on Software Engineering.

[6] Computer-aided software development process design. Lin, C and Levary, R. September 1989, IEEE
Transactions on Software Engineering.

[7] Lin, C, Abdel-Hamid, T and Sherif, J. Software-engineering process simulation model. s.l. : et
Propulsion, TDA Progress Report 42-108, February 1992.

[8] The Impact of Goals on Software Project Management: An Experimental Investigation. Terek K.,
Abdel-Hamid, Kishore, Sengupta and Clint, Swett. 4, USA : Management Information Systems
Research Center, University of Minnesota, Dec. 1999, Vol. 23, pp. 531-555.

[9] Understanding Software Processes through System Dynamics Simulation. Carina, Andersson, et al., et
al. 2002. Ninth Annual IEEE International Conference and Workshop on the Engineering of Computer-
Based Systems.

[10]Lin, C, Abdel-Hamid, T and Sherif, J. Software-engineering process simulation model. s.l. : et
Propulsion, TDA Progress Report 42-108, February 1992.

[11] Brooks” Law Revisited: A System Dynamics Approach. Pei, Hsia, Chih-tung, Hsu and David C., Kung.
Arlington : Computer Science Engineering Department, The University of Texas at Arlington, 1999.
[12] A simplified model of software project dynamics. Mercedes, Ruiz, Isabel, Ramos and Miguel, Toro.

2001, The journal of systems and software, pp. 299-309.

[13]A multi-project perspective of single project dynamics. Abdel-Hamid, T. 22, 1993, SYSTEMS
SOFTWARE, pp. 151-165.

[14]New Product Portfolio Management: Practices and Performance. Robert G., Cooper, Scott J., Edgett
and Elko J., Kleinschmidt. 4, s.l. : PRODUCT INNOVATION MANAGEMENT, 1999, Vol. 16.
10.1111/1540-5885.1640333.

[15] Portfolio Management Approach in Trade Credit Decision Making. Grzegorz Michalski. Wroctaw :
Romanian Journal of Economic Forecasting, 2013, Vol. 3.

[16]Roger S., Pressman and Bruce, Maxim. Software Engineering: A Practitioner's Approach. New York :
McGraw Hill, 1987. 978-0078022128.

[17] Sterman, John D. Business Dynamics: systems thinking and modeling for a complex world. USA :
McGrawHill, 2000.

[18] Sterman, J. D. Business dynamics: System thinking and modeling for a complex world. New York :
McGraw-Hill, 2000.

[19] The human resources task area. “, C. E., Oglesby and J. E., Urban. Nov. 1983, Computer, Vol. 16, pp.
65-70.

[20] Managing information systems personnel: A review of the literature and managerial implications. K.
M., Bartol and D. C., Martin. Dec. 1982., MISQuart, pp. 49-70.

[21]F. J., Corbato and C. T., Clingen. A managerial view of the Multics systems development,” in Research
Directions in Software Technology. P. Wegner, Ed. Cambridge : MIT Press, 1979.

[22]V. R., Basili. Improving methodology and productivity through practical measurement. Lowell : Wang
Inst., Nov. 1982.

[23] Successful development strategies for business application systems. J. D., McKeen. Sept. 1983, MIS
Quiart.

[24] Acquiring entry-level programmers, in Computer Programming Management. J., Hannan and Ed. 1982,
Computer Programming Management.

A



The First National Conference of
The Iranian System Dynamics
Society

oyl 4838 gl
ldoslobuw wluibbigy (ol il ol

[25]H. S., Bolt. The personnel crunch: In Perspective on Information Manangernent, J. B. Rochester, Ed.
New York : Wiley, 1982.

[26] E. H., Schein. Organizational Psychology, 3rd ed. Englewood Cliffs : Prentice-Hall, 1980.

[27] The dynamics of software project staffing: A system dynamics based simulation approach. Abdel-
Hamid, T. February 1989, IEEE Transactions on Software Engineering.

[28] Predicting programming group productivity-A communications model. R. F., Scott and D. B.,
Simmons. 4, Dec. 1975, IEEE Trans. Software Eng., Vols. SE-I.

[29] Software development. H. D., Mills. 4, Dec. 1976, IEEE Trans. Software Eng., Vols. SE-2.

[30]M. L., Shooman. Software Engineering-Design, Reliability, and Management. New York : McGraw-
Hill, 1983.

[31] Brooks, F. P. The Mythical Man-Month. s.1. : Addison-Wesley, 1975.

[32] Abdel-Hamid, T. , Madnick, S. Software Project Dynamics. Englewood : Prentice-Hall, 1991.

[33] Portfolio selection. Markowitz, H. 1, s.I. : The Journal of finance, 1952, Vol. 7, pp. 77-91.

[34] Portfolio approach to information systems. McFarlan, FW. 1981, Harvard Bus Rev , Vols. (September—
October), pp. 142-51.

[35] Lessons learned from modeling the dynamics of software development. Abdel-Hamid, T. December
1989, Communications of the ACM.

[36] Lessons learned from modeling the dynamics of software development. Abdel-Hamid, T. December
1989, Communications of the ACM.

4



The First National Conference of
The Iranian System Dynamics
Society

oyl 4838 gl
ldoslobuw wluibbigy (ol il ol

Designing a Simulation Model for Project Portfolio Management in
software developing companies
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Abstract

The role of software and software systems in organizations and complex managing systems in
recent years has increased significantly, and software is a key factor in the success of organizations
and companies. Hence, the demand for software development in the past two decades has led to
companies pays more attention to software development methods and management patterns. The
managing multiple projects simultaneously in a software development company because of the
intangible nature of these projects, processes, including product development processes, delivering
products to customers and cash flow, is complicated. The development of software systems with
various issues such as cost overruns, delays in delivery of projects, reliability and user
dissatisfaction is facing down. These problems, despite the remarkable progress in the field of
software engineering to overcome the difficulties of software production, are still in force. In this
study, a model to simulate the dynamics of the system investigated. This model consists of four
subsystems, human resources, production, finance and sale, which can be used in decision-making
and analyzing software portfolio management. For simulation of this model, Vensim PLE is used.
At the end, this model was used to analyze the different software management policies.
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