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/bProgram invesment Simulatear CIMYESTOR) was originally develaped
and written in "SIMCRIPT II" vy " Dr. Lhuve) Chansa-ngawvej." [t
was then converted i1nte "C" programming language in order  te run
oa microcomputer by G e

Kittirat Lelahuta

Dept. of Industrial Engineering,

Chulalongkaorn Unxversity. i
The basic hardware and saoftware requirements are micro preocessaor
80286 with at least 1 ME Enrl and LOs ver 5.3 and abaove. #/

#include<stdic.h>
#include<stdlib.hX

wdefine MAX_STE g0
#oefine LENGTH 17
fdeiine LIFES &
#ogefine NI
#define MZ
#agefine N3
sdeiine- N4
#define NS
#define N&
#define N7
#define HORN 11

#define T1 3

#define T2 3

#define MAX_RYVAL 3:768.0

NS -

FILE #fp _out;
char f_out_name(MAX_5TK];

FILE *ip_seed;/# file for random seed #/
int study;

char title_1(MAX_STRJ;
char title_2[MAX_STR];
char title_3CHAX_STR];

unsigned seed(30);/# seed number for ¥andem numbey */
unsigned temp_seed ;
int harizon; /% simulation length #/

‘float 1b_pfi,mo_pfi,ub_pfi;
float 1b_cpi,mo_cpi,ub_cpi; /% economic parameters ¥/
fleat 1b_wri,mo_wri,ub_wri;

-—

int Ib_prao_num,m>_pro_num,ub_pro_num; /% numbers of projects x/

int 1b _pra_life,m> _pro_life,ub_pro_life; /% project life %/
fleat b k,ma kw0 'k; /7% value of ‘¥ %/

tloat 1b_mo_IRR, mo_IRF, ub_mo_IRF;
thaat 'l o FER, b TER; /% distribution of IRE *#/



float 1b_ar,mo_ar,ub_ar; /# growth rate #/

tloat start_bdat; /% starting budget of simulation */
float a,b; /% cutput elasticities #/

float 1b_cap,ub_cap; /% aistributicn of cutput capacity »/

float 11_ep,ul _ep;
float Im_ep,um_ep; /% price elasticities #/
float lu_ep,uu_ep;

float 11 _ew,ul _ew;
float Im_ew,um_ew; /* wages elasticities #/
tloat lu_ew,uu_ew;

float 1b_qt,ub_qi;
float 1b_qZ,ub_qZ;
float 1b_q3,ub_q3;
float 1b_qg4,ub_qg4;
int ml,mZ;

tlocat MARR, STRR, HORE;

float au, bu;

float equity;

float z_pricr (HORN], dvdend LHORN;

float pfiCLENGTHI;
char pfi_classCLENGTH];

flocat cpi(LENGTHI;
char cpi_class[LENGTHI;

float wri[LENGTHI;
char wri_class[LENGTHI;

int pro_numlLENSTHI;

float ant_bdgt [LENGTH], gr CLENGTHI;

int pre_lifelN6ICLENGTH];

float k[NS][LENGTH],cap(NG][LENGTH],c[N6][LENETH];

float mod _IREINEIILENGTH], IRRINGICLENGTHI;
float l_ep(NG][LENGTH],m_ep(NS][LENBTH],u_ep[NG][LENGTH];
float l_ew[NGJ[LENGTH],m_ew[NGJ[LENGTH],u_ew[NBJ(LENGTHJ;

float ql[NG][LENGTHJ,qZ[NS][LENGTH],qB[NG][LENGTH],q4[N6][LENGTH];

float fk[NB][LENGTH],Scale_up[NBJ[LENGTH],sum_fz[NG][LENGTH];
float Z[LIFES][NEJ[LENGTH],Iife[NSJ[LENGTH];
float dILIFESIINEIILENGTH]; Y

float dm_pfi[Tl][LENGTH],dm_ﬁpi[Tl][LENGTH],dm_uri(Tl][LENGTH];

float dm_z[TZICT1ICLIFESICNEICLENGTHI;
/% variables used by "ci_gen()" functicon %/

float ep[LIFES][NG][EENGTH],ew[LIFES][NG][LENGTH];



float pILIFESIINGILLENGTH], wCLIFESIINGILLENSTH];

tloat LILIFESIINEICLEMSTH], y(LIFESIINEILLENIZTH];

float 1ncomelLIFESJINEITLEMSTHI, cutgo (L IFESIIMNEICLENIETHI;
tloat raw _z[LIFESIINSICLENGTH], fzLLIFESIUNGICLENIGTHI;

/% variables used by "dm_cf_gen()" function #/

float dm_w(TZICTIIILIFESIINGEICLENGTHI;
float dm_p(TZ ](Tl][LIFEb][NGJ[LENbTH];
float dm_y(Tz ][TlJ(LlFES][NEJ[LENbTHJ,
float dm_1CTZICTIICLIFESIONGEICLENGTHI;
float dm_incomelTZICT1ICLIFES ]lNG][LENuTHJ,
float dm uutun[T JOTIICLIFESIINGILLENGTHI;
float dm_ep(TZ ‘JILIFESICN6ICLENSTH];

float dm_ew(TZICLIFESICNG6ICLENGTHI;

float dm_raw =[TZ J[TlJ[LIFES][NG][LENbTH],
float s s-ale _UpCTZICT1ICNEICLENGTHI;

float dm_fkCTZICTIIINEICLENGTH];

float fz_z(Tz ][Tl][LIFES][NG][LENbTH]
float sum_fz z[T2ICTIIONEICLENGTHI;

float dm_TRRTTZICT1ICNEICLENGTHI;

float one_bun_KkINEI[HORNI;

float two_bun_KkINEICNEILHORNI;

float three_bun_kINSIINSICNSILHORNI;

float four bun l[N4][N4][N4][N4J(HORNJ
float rive_bun '[“SJLNQJ[Nu][Nu][NHJ[HUFN]

float one_bun_wor thINEICHORN]D;

float two_bun_wor thINEILNEILHORN];

float three_bun_wor thINSIINSICMSICHORN];

float four _bun_wor thTM4 JON4IUN4 10N I [HORN] ;
float five_bun_wor thINSICNSITH3ICNSIINSI[HORN];

float k_best(LENGTHI;
float z best[LIFEbJ[LENbTH]'
fleat d best[LIFESJ[LENbTHJ’

int best_flaag;
float best_warth;
float shmt;

int jl_best, jZ_best,jS_best, j4_best, j5_best,.j6_best, j7_best;
float maxw;

float sum l[LENbTHJ k_minCLENGTHI;

float sum_z,sum_d;

flcat budget [LENGTHI;
float xequity,mult;

float uniform(y;
float triangle();
float max();
float mint);

int iunifarm();
int 1triangle();
Int imax();
int 1min();



69

main ()
{
/% start to read all the input data from file %/
read_input(); /# call read functicn %/
fp_seed = fopen("seed.dat","r");
write_input(); /% call write functicn to echo check the input

: read in */
read_seed();
pfi_gen(); /* generate performance index of the firm */
cpi_gen(); /% generate consumer price index of the economy ¥/
wri_gen(); /% generate wages rate 1ndex of:the ftirm */
cf_gen(); /% generate net cash flow for each candidate projgct */
dm_pfi_gen(); /% DM simulate performance index of the firm */
dm_cpi_gen(); /% DM simulate consumer price index of the economy ¥/
dm_wri_gen(); /% DM simulate wages rate index of the firm */
dm_cf_gen(); /% DM simulate net cash flow for each candidate project */

sum_z = 0,0;.
sum_d = 0,0,

form_bundle(7;

npwi);

[

read_seed ()

{

int i;

for(i-= 01" v 28 1+#)
fscanf(fp_seed,"’Zd", ¥seedlil);

S
5
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/% function read input from the files #/

read_input €2

4

/* geclare input file pointer as well as input file name */

PIEE ®fp TN
char f_in_namelMAX_STE];

/* get "input file name for simulation run */
At i ‘

printf("Enter the input file name ");
gets(f_in_name);

fp_in = fopenif_in_name,"r");

/% read title of each run */
faets(title_1,MAX_STR, fp_ in);

fgets(title ‘,MAX STR, fp . )y

fgets(title_J, MAX STE,fp_xn);

/+* read data for all parameters used in the simulation run */
fscanf(fp_in,"%d",%harizaon);

/% read economic indecies distribution */
tseantGip: ing "4 f lb_pfl,zmﬁ_pfx %ub_pfl)
fecanf(fp_in,"Af %f /f" 'lb cpi, dma npl,wub Lepas
fescanf(fp_ 1n,"/f L LEn, k1 wrl,:mu_wrl,:ub_wrx!'

/% read project life and number of project distributicon */

fscanf(fp_in,"/d Zd %Zd",%lb_pro_num, &mz_pro_num, &ub_pro_num);
fscanf(fp_in,"%d %d %d",%lb_prao_life,&mo_pra_ lle,(Ub_lellle"

/% read value of K */
fscanf(fp_in,"%f %Af Zfd,&lb_k,&ma_k,&ub_k);
/¥ read distribution of IRR */‘

fscanf(fp_in,"%47 ZAf Zi",%1b_mc_IRE, &mo_IER, %ub_mao IRRD ;
iscanf(fp_in, "4Af /f",%lb IEFR, %ub IREY

fscanf(fp_in,"uf Zf %f",%1b_gr,%mc_gr,%ub_agrd; /% growth rate %/

fscanf(fp_in,"Zf",%start_bdqgt); /* starting budqet */
fscanf(fp_in,"/Af 7Zf",%a,%p); /% %/



fscanf(fp_in,"%Af

tscanf(fip_in,"%f
fescanf(fp_in,"%1
tscanf(fp_in, "%f

fscanf(fp_in,"7%f
fscanf(fp_in,"%f
fscanf(fp_in,"4f

fscanf(fp_in,"%f
fscanf(fp_in,"%f
fscanf(fp_in,"%f
fecanf(fp_in,"Af

fscanf(fp_in,"%d
fscanf(fp_in,"%f
fscanf(fp_in,"%f

Zf",%lb_cap,%ub_cap);

7", %11 _ep,%ul _epl;
Zf", %1m_ep, kum_ep);
Zf", &lu_ep, kuu_ep);

?fr,&ll_ew,&ul_ew);
1", &lm_ew, dum_ew);
2" &lu_ew, Huu_ew);

Zf",%1b_ql,%ub_qgl);
Zf",%1b_qZ,%ub_qz);
21", %1b_q3,%ub_q3);
Lf",%1b_q4, %&ub_q4);

Zd",&ml, &m2);
Zf Af", WMARR, Y5TRER,
", au, ¥bud;

fscanf(fp_in,"%f",kequity);

far (i = 0;i < HORN; i++)
fscanf(fp_in,"Zf", %z _pricr(il);

for (i = 031 < HORN; i++)
fscanf(fp_in, "Zf",kdvdend[il);

(90

YHORR) ;

71
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/% function to write the data that are read in by " read_input" %/
write_input ()

(

1Nt 1

printf("%Zs\n",title_1);
printfctzs\n’ytitle 2):
printft"zZs\n",title_3); -
tprintf(tp_out,"%-S0s\n", title 1);
tprintf(fp cut,"%-50s\n", title 2);
fprintf(fp_out, "7Z-30s\n",title_3);

/% read data for all parameters used in the simulation run ¥/

printf("Length of study is : %d\n",harizcon);

/¥ print economic indecies distribution */

print fCYPEER ¢ 7f Z4f I \Mals p&d, ne i, ub . pfi);
primt i CIERT o 4f 710401 N pfrcnl g Senl SO0, pi);
printf("WRI : %Zf Zf 7Zf \n",1b_wri,mo_wri,ub_wri);

/% print project life and number of project distribution */

printf("FROJECT # : %d %d %d \n",lb_pro_num,mo_pro_num,ub_pro_numd;
print f("FROJECZT LIFE : %d Zd %d \n",1b_pro_life,mo_prao_life,ub_pro_lifed;

/% read value of K */
printf("K VALUE : “f Af Zi\n¥sskbdemey |, ub_k);
/% read distribution of IRR %/

printf("MORE IRE : 7Zf Zf Zf\n",lb_mo_IER,mz_IRR,ub_mc_IRR);
printf("IRF : %Zf Zf\n",1b_IRR,ub_IRR); '

printf("GEOﬁTH RATELnghin i Zf\n",lb_gr,mo;gr,ub_gr); /% growth rate ¥/

print f("STARTING BUDGET : %Zf\n",start_bdgt); /% starting budget */
priantf("VALUE OF &aFi%kuUn.~LYINATNAM A BT EARNe,

printf("CAFACITIES : Zf “f\n",1lb_cap,ub_cap);

printf("LOW EF : Zf Zf\n",11_ep,ul _ep);
printf("MODE EF : Zf %Zf\n",1m_ep,um_ep);
print f("UFFER EF : 7f Zf\n",lu_ep,uu_epl;

printf("LOW EW : %f %Zf\n",11_ew,ul_ew);
print f("MODE EW : Zf Zf\n",Im_ew,um_ew);
printf("UFFER EW : %f Zf\n",lu_ew,uu_ew);



printf("@1 : Zf Zf\n",1b_ql,ub_qgl);
printf("@z : “f Zf\n",1b_qZ,ub_q2);
priptf Q3 X AT\n", 1o gl ab.ial);
printf("Q4 : Af Zf\n",1b_qg#,ub_q4);

printf("Ml & M2 : Yd Zd\n";mi,m2);
printf("MARR,STRE,HORE : %Zf %f Lf\n",MARE, STRER, HORR);
printf("AU BU : AT Zf\n",au,bul;

printf("EQUITY : “Zf\n",equity);

foriGi =00y < JHORNS Sidt)
printf("Z_FRIOE (Zd) : %Zf\n",i+1,z prior(il);
printti"\n%-

forti = 0;i < HOEM; i++) _
print f("DIYIDENT (%d) : %Zf\n",i+1,dvdend(il};

()
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/¥ function uniform distribution to calculate value of simul ated
parameters

®/

float uniform(lower,upper, seed)

float lower ,upper;
unsiagned seed;

( .

rnd

-

flcat x_value,rnd;
srand (seed);
= rand();

rnd = rnd/MAX_RVAL;

x_value = lower + rnd*(upper. .- lawer);
temp_seed = rnd*MAX_RVAL;

returnix_valuel;
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/% function uniform distribution tao calculate value of simulated

parameters
*/

int iuniform(laower,upper,seed)

int lawer ,upper;
unsigned seed;

(
int %x_value;
float rnd,result;

srand (seed);
rnd = rand();

rnd = rnd/MAX_RVAL;

result = lower + rnd¥(upper =~ lower);
x_value = result; i :
vy

“if(result - x_value * 0.5)

{

%_value = %_value + 1;

temp_seed rnd*MAX_RVAL;

return(x_value);
}
- else
£

temp_seed = rnd*MAX_RVAL;

return(x_value);
3

4

.



76

/+ function triangular distribution to generate values that have
this kind of dgistributicon%/

#include<math.h’

#include<errna.hi
iloat triangle(lower,mode,upper,seed)

float lower ,upper,mode;
unsigned ceed;

{

float rnd,rnd_var_x,c_prime;
c_prime = (made - lower)/(upper - lower);
srand(seed);

rnd = rand();
rnd = rnd/MAX_RVAL;

if(rnd <= c_primel

{

rnd_var_x = sqrt(c _prime*rnd);
else
{

rnd_var _x V -/ sqrll, - c_prime)*(1 - rnd));

temp_seed = rnd*MAX_RVAL;

rnd_var _x = lower + (upper - lower)#(rnd_var_x) ;
return(rnd_var _x);
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/# functicn triangular distribution to generate values that have
this kind of distributiconx/

int itriangle(lower,made,upper, seed)

int lower,upper,mode;
unsigned seed;

r
S

float rnd,c_prime,rnd_var_x, result;
int rnd_var _num;

c_prime = l.*%¥(mode - lower)/(upper - lawer);

srand (seed);
rnd = rand();

rnd = rnd/MAX_RVAL;

“ifdrnd <= c_prime)
'3
AY

rnd_var_x = sqrtlc_prime¥rnd);
%
4

else
£
rnd_var_x = 1 - 'sqrt((l - c_prime)*(1 - rnd));
result = lower + (upper - lawer )#(rnd_var _x) ;

rnd_var_num = result;

if(result - rnd_var_num > 0.5)
r
AS

rnd_var _num = rnd_var_num + 1;

temp_seed = rnd*MAX_FVAL;

return(rnd_var _num);
¥

else

{

temp_seed = rnd*MAX_RVAL;

return(rnd_var _num);
2

J

-
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/% function that returns maximum value between a % b #/
tloat maxia,b)

float a,b;

r
it Ca >h)
return (a);
else
return(b);
).
/ *=========:=======================================================*/

/% function that returns maximum value between a &« b #/
int imax(a,b?
int a,b;
r
.
) & G- S T
return- (a);

else
return(b);

.
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/% function that returns minimum value between a “ b #/
tloat minca,b)

float a,b;

{
if (a < bl
return (al;
else
return(bl;
g |
s
/ *=================================================================*/

/% function that returns minimum value between a % b */
int iminCa,b)
1t ayb;

)
if (a < b)
return (a);
else
return(bl;

)
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/# function to generate the perfarmance index of the firm at each
pericd using the intial distribution function and the current
transition classes*/ :

pti_gen()

int. lmax,ts

float third,cne_third, two_third;
float one_six, five_six,cne_nal f;

Imax = ub_prao_life;

“thirg = (ub_pfi - 1lb_pfi)d/3 ;
one_third =.lbo_pfi + third ;
twa_third = ub_pfi - third ;
one_six = lb_pfi + third/z;
five_six ub.pfi. ~ thirg/2;
cne_hal f (lo_pti it ub pfid/z;

/% set the level of pfi #/

pfif0] = triangle(lb_pfi,mc_pfi,ub_pfi,seedl0]);
seed(0] = temp_seed;

if (pfil0] < one_third)
pfi_classf0] = '1’;

else if(pfil0Q] >= cne_third %% pfil0] < twao_third)
pfi_class(0] = 'm';

el se
pfi_classf0] = "h';

[ (:);
while(t < horizon + Ilmax - 1)

{

{
if (pfi_classlft] == '1")
pfilt+1] = triangle(lb_pfi,cne_six%,ub_pfi,seedl0]);

else if(pfi_classlt]l == 'm’)
pfilt+1] = triangle(lb_pfi,cne_half,ub_pfi,seedl0l);
el se

pfilt+1] = triangle(lb_pfi,five_six,ub_pfi,seedl0]);
J :
seed(0] = temp_seed;

/% generate next pfi for the next periaod which affected
from t - 1 pericd (auto coreratian
*/
if (pfilt+1]) < one third)
pfi_classlt+1] = "1"';
else if(pfilt+1] = one_third %% pfil0] < two_third)



()

.-

pfi_class(t+1])
else

pfi_class(t+1]

~

L+

I'n';

lhl;

81
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/% DM simulation function to generate the per forman:ze index of the
tirm at each pericd using the intial distribution function and the
current transition classes#/

dm_pfi_gen()
( :

int lmax,t,tri;
float third;
float one_six,five_sim,qne_half;

Imax = ub_pro_life;

third = (ub_pfi - 1lb_pfiy/3 ;
one_six = 1lb pfi + third/2;
five_six = ub_pfi - third/Z;
one_half = (lb_pfi + ub_pfi)/z;

/% set the level aof pfi #/

trl =0
while (trl < m1l 7
{

dm_pfiltr1l(0] = triangletlb _pfi,mo_pfi,ub_pfi,seed(11);
seedl1] = temp_seed;

i vril++s
ti= ();
Yhile(t < herizon + 1lmax - 1)
A trl = 0;
¥hile(trl < ml)

if (pfi_classft] == 117} -
dm_pfittEEIEt+ET—= triangle(lb_pfi,one_six,ub_pfi,seed[1]);

else if(pficlasslitl == 'p!)
dm_pfiltRd ITt+1] = triangle(lb_pfi,ane_half,ub_pfi,seed[l]);
el se ‘

dm_pfiltr1llt+1] = triangleflb_pfi,five_six,ub_pfi,seed[l));

b 1:
seed(1] = temp_seed;

++ts

[

()
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/v function to generate the consumer price index at each periad using
the 1ntial distribution function and the current transiticon classesx/

cpi_gen()

€

int Imax,t; .

tloat third,ocne_third, twa_third;
float one_six, five_six,cne_hal f;

Imax = ub_pro_life;

third = (ub_cpi - 1b_cpid/3 ;
cne_third = lb_cpi + third ;
twa_third = ub_cpi - third
one_six. = 1b cpi + third/2;
five six = ub_cpi - third/2;
cne_half = (lb_cpi + ub_cpid/z;

/* set the level of cpi */

cpil0) = triangle(lb_cpi,mo_cpi,ub_cpi,seed(21);
seed(Z]) = temp_seed;

if tepil0] < one_third)

: cpi_classl0) = '"1";

else if(cpil0) *= one_third %% cpil0) ¢ two_third)
cpi_classlnl = "m';

else
cpi_class{0] = 'h';

t = l:l;

while(t € harizon + lmax - 1)

(
{ .
if (cpi_classit) == t}1")
cpilt+1] = triangle(lb _cpi,cne_six,ub_cpi,seedl(Z11;
else if(cpi_class(t] == "m")
: cpilt+1] = triangle(lb_cpi,one_half,ub_cpi,seed(21);
else :
cpilt+1] = triangleflb_cpi,five_six,ub_cpi,seed(2]);
seed(Z] = temp_seed;
/* generate next cpi for the next period, which affected from t - |
pericd (auto coreration) ¥/ e

(

if (cpilt+l] < one_third)
cpi_class(t+1] = '17;

elese iflcpilt+1] = one_third %% cpil0] < two_third)
cpi_classCt+1] = "m';

else
cpi_classlt+1] = "h';

3

Le®:

.o

[
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/% DM simulation function to generate the consumer price index at
each period using the intial distributicon function and the current
transition classes#/

dm_cpi_gen()

int Imax,tytrl;

float third;

float cne_six, five_six,one_hal f;
Ilmax = ub_pro_life;
thirvd. = (ub cpi’ = Tbicpin/3 ;
cne_six = lb_cpi + third/z;
five six = ub_cpi - third/Zz;
cne_half = (1b_cp1 + ub_cpi)/z;

/* set the level of cpi #/

telb = OF .
while (tr1 < m1 )
{

dm_cpiltr1]L0] = triangle(lb_cpi,ma_cpi,ub_cpi,seed(31);
seed(3] = temp_seed;

Tl
t = 0
whilet(t < horizaon + lmax - 1)
{
trl1 = 0
while( tr1 < mil )
{
if (cpi_classlt]l == '17)
dm cpiltr1]lt+1] = triangle(lb_cpi,cne_six,ub_cpi,seed(31);
else if(cpi_classltl == "m')
dm_cpittedd(t+1] = triangle(lb_cpi,one_half,ub_cpi,seed(31);
else
dm_cpiltrillt+1] = triangle(lb_cpi,five_six,ub_cpi,seed[S]);
Hitnlas
seed(3] = temp_seed;
Y
T+t

-

[
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/# functicn to generate the wage rate index of the economics at each
pericd using the intial distribution function and the current
transition classesx*/

wri_gen()
r
\

int Imax,t;
float third,cne_third,two_third;
float one_six, five_six,cne_hal f;

Imax = ub_pro_life;

third = (ub_wri - lb_wri)/3 ;
one_third = 1b_wri + third ;
two_third = ub_wri - third ;
one_six = lb_wri + third/Z;
five_six = ub_wri - third/z; -
one_half = (lb_wri + ub_wri)/2;

/% set the level of pfi %/

wril0] = t'riangleclb_wi,m-:._wi,ub_wi,seedHJ);
seed[4] = temp_seed;

i7 (wril0] < one_third)
wri_classf0] = 11!,
else iflwril0] >= cne_third %% wrif0] < twa_third)
wri_class(0] = 'm?;
. else
wri_class(0] = 'h!;

while(t < harizon + lmax - 1)l
{
{ s
if (wri_class(t] == 117) : '
wrilt+1] = triangle(lb_wri,one_six,ub_wri,seed[4]);

else ifCwri_classlt] == "p’)
wrilt+1] = triangle(lb_yri,one_half,ub_yri,seedt4]);
else

wrilt+1] = triangle(lb_uri,five_six,ub_yri,5eed(4]);
seedl(4] = temp_seed;
/* generate next wri for the next pericd which affecte from t - 1 pericd
Cauto coreration) ®/ :

AS
if (wrilt+1] < cne_third)
wri_classl(t+l) = 11/,
else iflwrilt+1) »= cne_third %% wrilQJ < two_third)
wri_classlt+l] = "m?; .
else



wri_class(t+1) = 'h;

{of 2 ]
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/# DM simulation function to geherate the wage rate index of the
economy at each period using the intial distribution functicon and
the current transition classes*/

dam_wri_gen()

'
L

int Imax,t, trl;
float third;
float one_six, five_six,cne_hal f;

Imax = ub_pro_life;

third = (ub_wri - 1b_wri)/3 ;
cne_six = lb_wri + third/Zz;
five_six = ub_wri - third/Zz;
cne_half = (lb_wri + ub_wri)/z;

/* set the level of pfi #/

trl = 0}
?hile (vl Gmli)

dm_wriltr1J00] = trianglellb_wri,mo_wri,ub_wri,seed(51);

seed(3] = temp_ceed;
tri++;
t. =10,
while(t < harizaon + 1lmax - 1)
( 3
tr1 = 0;
while(trl < mi)
{
if (wri_class(t] == ’1") :
dm_wriltr1JLt+1] = triangle(lb_wri,one_six,ub_wri,seedl(51);
else if(wri_classlt] == 'p’)
dm_wriltr1]lt+1] = triangle(lb_wri,one_half,ub_wri, seed(S51);
else

dm_wriltr1J0t+1] = triangle(lb_wri, five_six,ub_wri,seed(51);

tri+s; .
seed(5]) = temp_seed;

[

(o)



88

/% function to generate cash flow for the simulation run */
cf_genc)

{
5 Vo 4T 1 v EAOR B
float templ, tempS, tempZ,swp,ratic, labor;

n = uo_pro_num;
ant_bdgt (0T = start_bdgt;

while(t < horizen )

{ :
pro_numlt] = itriangle(lb_pro_num,mo_pra_num,ub_pro_num,seedCE€1);
seedlc] = temp_seed;

ar(t) = triangle(lb_gr,ma_gr,ub_ar,seed(73); .
seed(7] = temp_cseed;
it < 2.0)

ant_bdgtl(t] = ant_bdgtlt-1J#(1. + gr(tl);

/¥ for each available project determine :the project life as a skewed-to-
the-left triangular distribution*/
Ji=003

while(j < pro_numlt]?
{
pra_lifeljllt] = itriangle(lb_pro_life,mo_pro_life,ub_pro_life,
seed(81);
seed[(B] = temp_seed; :

/% determine the project first coast (K) based on triangular distributicn®/

k[jICt] = ant_bdgt[t]*triangle(lb_k,mo_k,ub_k,séed[?]);
seed(3] = temp_seed;
/% determine the IFF as a triangular distributicn */

mod _IRRCjICED = triangle(lb_mo_IRE,mo_IRH,ub_mo_IER,seed[10]);'
seed(10] = temp_seed;

IRRCjICE] = trianale(lb_IRR,mod_IRRCjICt],ub_IRR,seed[111);
seed(11] = temp_seed;

/% determine ather parameters needed in the cash flew functicon */

1 _epljllt]) = uniform(ll_ep,ul_ep,seed(121);
seed(1Z] = temp_seed;

m_epljllt) = uniformClm_ep,um_ep,seedl131);
seed(13]) = temp_seed;



u_epljllt) = uniformilu_ep,uu_ep,seed(141);
seed(14] = temp_seed;

1 _ewljIlt] = uniform(ll _ew,ul _ew,seed(151);
seed(15] = temp_seed;

m_ewljllt] = uniform(lm_ew,um_ew, seedl[1&1);
seedl16] = temp seed;

u_ewljiltl = unlfurm(lu _ew,uu_ew,seedl17171;
seed(17] = temp_seed;

c[j](t] = uniform(lb_cap,uo_cap,seed(131);
seed(13] = temp_seed;
qlCjlCt] = unifcrmilo_qg!,un_ql, seed[ld]"
seed(13] = temp_seed; .

20510t) = uniform(lo_q= uD 2 seed[ﬁnl)
geed[:ﬂ] = temp_seed; La#1u8_92,

q3L.jiCt] uniformtlb_q3,uo_q3, seed(211);

seed(Z1] temp_seed;
q40jilt] = uniform(lo_qd,ub_q4,seed(22]);
seed(ZZ] = temp_seed;

FECkTJILE ) 2= 89 . OF
capljllt] = uni form (27000, , 35000, , seed(231);
else if(kCjMt] </BEV %% k[jICt] >= 65.0)
capljllt]l = unlfnrm‘~3UUH.,uUnHU.,seed[LGJ)
else if(k{jI[t IO O, K(jICt] >= 45.M)
capljllt] = uniform (16000, , 21000, ,seed[Lu])
else ifCkEJITE] < 45.0 &% KCFICE] >= L0
capljllt] = unlfurm(lnunn.,IGHUH ,seed[~g3)'
else if (REYALED < 25.0)
capljIlt] =-uniform(4000,,8000.,seed(231);
else ¥ :
’

[

seed(Z3] = temp_seed;

/% calculate net operating cash flow based on Cubb- Dnuqlass
praducticon functiaon*/

s (:l;

while(i < pro_lifel.jlCt])
{

epliJCjIlt] = triangle(l _ep(jlCtl,m_epljlCtl,u_epljlCt],
X seed(z4]1);
seed[(Z4] = temp_seed;
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ewlilJ[jllt) = triangle(l_ewl(jllt], m_ewljllt],u_ewl.jllt],
seedl£5]);
seed(z5] = temp_seed;

pErlEdIced = gkl 0t ira+td . + q2EjILEI¥cpilitt]
HoapplililIied;
wlil(jICt] = q3CjIltd#pfili+t] + qa4CjICt)*wrili+t)

+ ewlil(.jICt];
templ = wlilC(jICtI/Ca*plil(jICtI*cljICtI#pawikijIltd,bl);
10i1C0j10t) = pow(templ, (1./Ca-1.2)1);
temp3 = c[j][t]*pow(l[iJ[j][t],é)*pow(k[j][t],b);
yC0illjllt] = minCcapljlCtl, temp3);
if(yCil0jICt] == capljllt])
1013050t = pow(Eiieggggtl/(c[;J(t]*puw(k[j][t],b))3,

incomelilCjIlt]) = plilCjICtI#yCil(jiCt];

cutgalilljlft] wErILdd Lt I*1CidCjICE];

raw_zCiJCjIlt] incomelilCjllt] - cutgolilCjllt];
tempz = pro_lifeljlCt];

fz0iJ0jI0t) = raw 2(i]0 10t I#pow( (1. +IRRCjICED),
YERMpZ =1 % 1.));

sum_fz(jI0t] = sum_f=0jI0t) + fzCilCjICt);

1+%s
>
fhi)e—= KEGITE I*pow( (1. +IRRCjICE]), temp2);
scale_upljlCt] = fkCjICtI/sum_fzC(jIlt];
g
tets i
t=0;
while(t < harizan )
{
Jp &

while(j < pro_numlt])
(

i = 0;
while(i < pro_lifeljllt])

g
s

=0iJ0jICt] = raw_z[i1CjICtI*scale_upl.jllt];

b 7 -
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/%DM simulaticon function to generate cash flow based on DM simulaticn
run #/

dm_cf_gen()

( ;

IOE el Sen®. b hdis

float dummy 1, dummy _Z, dummy_3, dummy _4;
float templ;

t.=0;
while( t < harizon )
. :
tr1 = Q;
while(tr1l < ml)
trz = O
while(trz < m2)
{
JSe O
while() < pro_numltl)
I 3

1 = 0;
while(i < pro_lifeljllt))
{
dm_epltr2][ilC;jICt] = tr1anqletl epljiltl, m_epljlltl,u_eplCjllCt],

seed(Z61);
seed(:6] = temp_seed;
dm_ewltrz 101305 C0t) = triangle(l_ewljllt],m _ewljlltl,u_ewljllt],
seed(Z71);
seed(Z7] = temp_seed;
dm_pCtr2)CtridCilC 0] qlCjICtI*dm_pfiltr1]Ci+t]
q2CjICtIxdm_cpiltr1]Ci+t]
dm_epltr2ICilCjICt];

+ +

dm_wltr2]0tr130ildL,jICt] q3CjJCt)#«dm pfiltr11Ci+t]

+ gdljI0tI#dm wriltr1dli+t]
+ dm_ewltr23Ci10j10t];
dummy_1-= pow(k[jIlt], b); :
dummy_ = = a*dm_p[tr ][trl] (ML VIRAEIIL L I;
dummy_3 = dm_wltr2]ltr110i] 1010t 1/ (dummy _1¥dummy_Z);
gummy_4 = 1.7¢a - 1.);

dm_10tr2]0tr1I0id0 20t

pow (dummy _3, dummy _4);

dm_yCtr2I0tr13C0i3C 10t ) min cap(jICtd,cCjICt]
#paedm_1Ctr2]Ctr 1301305080, a)

*dummy_1);

1fCdm yCtr2TEtr 130130508

] == capljlltl
dm_1CtrZ)Ctr13C0idCjICt) =

pow((capljlCltl/(cljllt)
* pow(kCjIltl,biad, (1.0/a));
el se
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am_incomeltr2I0tr130130j10t)

am_pCEtrZICEr130id053C0t]
dm_yCtrZ2I0tr130i105ICED;

*

1}

dm_cutgoltr2ICEr130110,jI0] dm_wltr2ICtr130idCjI0t]

din A ltr 2308 1LA0FICHI0ED;

'Y

dm_raw_z{tr2]Ctr1ICi10510t] = max(O., (dm_incomeltr23Ctr130i3C 10t ]
! = dm_outgoltr2ICtr110idC51C0E00);

dn_IRRCtr2]Ctr13Cj2Ct] = triangle(lb_IRR,med_IRR(jICt],ub_IFF,
seed(281]);

seed(z3] = temp_seed;

temp! = pro.lifeljllt] ;

fz_zCtr210tr10i30,1Ct] = dm_raw_z(tr23Ctr13CilCjICt)
*pow( (T, O+dm_IRRCErZICtr13051Ct00,
(tempi - i =71. 205

sum_tz_z[tr2]0tr110j3(t] = sum

m_fz _z J
* &Pz FEE

l

I
kel

B - S
13 It

‘< r._l

[t

2L

dm_fkCtr2]C0tr 130510t = kOjICtI*paw( (L. + dm_IRRCtr210tr13C0530t),
templ);

i++;

M
E)

ifosum fz_zLtr21tr 11071 BIEESERGD)
s s-ale _upltr2]Ctr1ldLjllEd = 0.0 ;
else
s_scale_upltrZ)Ctr110530t) = dm flkltrZICtr130j10t]
/ sum_fz _zC(tr21Ctr11CjICt];

Jt
>
tr2++;
b
trids;

t =0
while( t < haorizaon )

{

tril =0
while(trl < ml)
i
tr2 =20
while(trZ < mZ)
) = 0



while() < pro_numlt 1)
{

I C);
while(i < pro_lifeljllt])
{

am_zCtr2]Ctr1J0i3C0 0] = am_raw_zCtr2dCtr130idCjIC0E]
# 5 _scale_upltr2ICtr110510t];

94



form_bundle ()

Ay

int t;

while(t < harizon )
torm_lp_bundle(t);
form_Zp_bundle(t);
form_Sp_bundle(t);
form_d4p_bundle(t);

{5 -

.

]

form_lp_bbndle(t)

ing s

{

int.jgls

F1..=70;

while(jl < pra_numCtl)
{

cne_bun_kLj110t]) = Kk{j110t];
gilE+s

Lo

form_2p_bundle(t)

int- t;
(
int J91,J2;

Jl = 05
while(j1
{ :

jz =

< pro_numCtl - 1)
P 3 G S O

while(j2Z < pro_numlt])
two_bun_k[jl](ji—jl—l}[t] =

J2EE;
3

LR

o

KOG1ICEI+ KOj2ICD;



96

form_3p_bundlect)

intats
{
int: 51,302,988

Jj1 = 0;

while(jl < pro_numlt]-2)

r

AS

S T I R T

while(j2 < pro_numltl - 12
o Pt A S

while(jZ « pro_num(t])
{

three bun_kCj130j2-51-130)3-)2-130t) = KCj1ICED + kCj2ICt] + KEISITEI;

- o



form_dp_bundle(t)

o i A
(
Wntag a2, i394

Jjl = (:);

while(jl < pro_num(t1-3)

¢

J2.= ji1+1:

while(j2 < pro_num(tl - 2)
i3 = jz+l; :
while(j3 < pro_numlt] - 1)

JiE: j341 .
while(j4 < pro_num(t1)
{

four_bun_k(jl]EjE-Jl—l][j3—j2-l][i4—j3~ljtt3
+:k

Jatt:
3

97



98

npwet)
4

ing 43

shat = 0;

o 6

whilett < haorizaon )

\
update(t);
one_npw(t);
two_npw(t);
three_npw(t);
four _npw(t);

one_pro_best(t);
two_pro_best(ty;
three_pro_best(t);
four _pra_best(t);

printf(" FERIOD A ", t+10;

print f("\n\nBUDGET = $ %f \nk EQUTY = $ %f \nk DIVIDEND = $ %f K"
budget(t],equity,dvdend(t]);

print f("\nOUT OF 7d CANDIDATE FROJECTS,",pra_numCtl);
print f("\nWITH TOTAL COST OF s %f K",sum_kC[t1);
Printf("\nAND A MINIMUM FIRST COST OF $ %Zf K \n ",k_min(tl);

printf(" Best _flag is %d": \n", best_flag);
switch(best_flag) :
{

case O :
print f ("NONE ARE FEASIELE, MO KUNDLE IS SELECTED\n" ) ;

break;
case 1: _ :
print f ("BUNDLE %d IS SELECTED\n", .ji_best);
break;
case Z:
print f ("RBUNDLE %d AND %d IS SELECTED\n", j1_best,jZ_ best);
breal;
case 3:

> print f ("BUNDLE %d AND %d AND %d IS SELECTED\n", Jj1_best,
J2_best, j3_best); &

break;



[
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print f ("BUNDLE 7d AND %d AMD %Zd AMD %d 1S SELECTEDMA",
11 _best, ji best, j3_best, j4_best);

break;

[

t++

¥
J

per formance();



per formance ()
r

.

Rt k. i

float measure;

measure = 0,0;
, PR (:);

while( t < harizon)
r

measure = measure - k_vestltl#pow((1.+STRR), (harizon - t - | SRS

¢ o

while(i « ub_prao_life)

\

ifit+l <=
{
measure
>
else
{
measure
b
I
it+;
H
t++:

3, L

harizon)

measure +

measure +

measure);

[}

100

z_best[iJ[t]*pow((1.+STER),(harizon—t—l.—i));

z_bést[i)[t]*paw((l.+HDRR),(harizon—t-l.—i));-

print f("\n\n\nNET FUTURE WORTH OF CASH FLOW AT THE HORIZON = % A7 K%
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one_npwit)

¥ ok

{

I i, brbtr 25
float sum;

J1 = 0;
while(jl < prao_numlt1)
(

sum = 0;

k= 0;

whilet(trl < ml)

trz = 0;
while(trz < mZ)
(
i =(H
while(i < ub_pro_life)
{
sum = sum + Um_z[trﬁ][trl][i]()l][t]/pow((1+MARR),(i+;));
JEbhe
tra++;
trltts
cne_bun_worth(j1Jlt] = (=1)#one_bun_kC[jl11[t] + sum/(ml¥mZ);

one_bun_kCj110t], sum);

Dulteke
2

J



two_npwie)
int t;
{

b9t 02;

J1 =03
yhile(jl < pro_numCtl-1)

i
?hilg(JZ < pro_numltl)
xtua_bun_warthtjlJ[jE—jl—lJ[t] = oné_bun_worthl{j11lt]
+ one_bun_wor thLjzZ10t];
‘.J':-:'++;
131++;

102
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three_npwit)
int t;

{

ANt 9150738

Jjl = O
while(jl < pro_numltI-2)
(

J2 = 9l+4;

wnile(jZ < pro_numltl-1)
< :
J8 = -32+1; :
while( )3 < pro_numlt])

£
three_bun_worth(j130j2-j1-130j3-j2-11Ct) = cne_bun_warth(j1lC0t)
+ one_bun_warth(j210t]
+ one_bun_worth(j310t];
3Bk :
Jat+s
;1++-
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four _npwtt)
int>ts

{

mnt B1592:93,.09;

J1. =0
while(jl < pro_numlt]1-3)

(
J2o= 1+
while(jz < pro_num(t]l-2)
{
J3 = jI+1; ;
while( )3 < pro_numltl-1)
{
J9 = j3+1;
while(j4 < pro_numCt])
four_bun_worthCj130j2-51-110j3-j2-110j4-j3-11Ct] = cne_bun_wor th(j11Ct]
: + one_bun_worthCj2I0t)
"+ one_bun_worth(Cj310t]
+ ane_bun_worth(Cj410t];
Ja++;
g+t
J2E+;
B 5 B



updatect?

) Y o
r
L

int kkk;

RGBS
while(kkl

.

=1

sum-z =caum s+ = obestilt—kklIThkkk);

Kkl ++;

el se
prantICi\n’i;

budget(t] = =z pricrltl+sum_z+shot#(1+STRR)-dvdend(t

].
equity = equity+:_prior[tJ+sum_:+shﬁt*STRR—dvdend(t];

if(budgetltl+equity <= 0
{

printf{"\n\n¥x*#%x THE FIFRM IS BANERUFT AT FERIOD %“d

performance);
exit(1);
3
3

else

(]
-

105

EXREEXX\N\N",t+1);
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one_pro_best (t)

int t;
r
.

int 1,)1,nw,max)1;

best_flag = O3
best_warth = 0;
J1_best = 05

shat = budget(t];
Y =0

nw = O;

while(j1 < pro_numCt1)
if{(one_bun_k[jl][t] %= budget(tl) %%
Cone_bun_worthCj1ICE] = O))

nw = nw + 1;
ifinw ==.1)
maxw = one_bun_warth(j110t];
max.jl = Jjl;
else if(one_bun_worthLil30t] » maxw)
{
maxw = one_bun_wortnljlI0t];
maxjl = )1;
}
else
i
}.
“else
7
BRES

b}
if(nw > Q)
{

best_flag = 1;

best_worth = maxw;

k_bestlt] = ocne_bun_kImaxjlllt];
shot = budget(t] - k_best(t];
J1_best = maxji;

) e C);

while(i < ub_pro_life)
{

z_bestlill(t] = z[illmaxjl1lt];

i++:

.

else -

[
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two_pro_best (t)
int it;
7 4

int i,j1,J2,nw,maxjl,max%xjz2;

bl (e 8 0 1
nw = 03

while(jl < pro_numCtl-1)
{
J2 % i+l

vhile(jZ < pro_num(t])
'3
1ftwo_pbun_kDj1I0)2-j1-11Ct] «= budget(t] %%
two_bun warthlfjlICjz-jl-110t]) > 0
i two_bun_waorthUjlI0jZ-)1-130t] > maxw)

£
.

AR I B
If (== 1)

o ¢

maxw = two_bun_worthl(jlI0jZ-j1-13(t];
max.jl = jl;
max.jz = JjZ;

else if(two_bun_worthCjll0jZ-j1-13Ct] > maxw)
{

maxw = two_bun_worthl{j110j2-j1-1]10t];
maxjl = jl;

max.jz J28
}
el se
i
3,
4
else
o
JI+s
.
4
0 b g
)2

if(nw > 0)

best_flag = Zj

best_waorth = maxw;

k_best(t] = two_bun_kImaxjllimaxjz-maxji-110t];

shot = budget(t] - k_bestl(t];

J1_best = maxjl;

JZ_best = maxj2 ;

i = O;
while(i < ub_pra_lifed

-

z_bestlillt] = zCillmaxjllCtI+zLillmaxj2I(t];

1++

[

else

()



108

three_pro_best(t)

iRt 3
r

8

int 1,J1,)2,)3,nw,max)l,max%x)2, max%x)3;
Jli= 0y

nw = 03

wvhilet(jl < pro_numltl-2)

\

JZ = jl+);

while(jz < pro_num(t]-1)

{
J3 = j2+1;
while(j3 < pro_num(t])
{

if(three_bun_kCj110j2-)j1-110j3-jZ-11Ct] <= budget(t] %%
three_bun_worth(,j130j2-j1-130j3-j2-11(t] > O

L% three_bun_worth(j1I0j2-j1-110j3-)2-1][t] * maxw)

A
nw = nw + 1;
if(nw == 1)
{
maxw = three_bun_worthtUjl110j2-j1-110j3-j2-11Ct];
max.jl = jli;
maxj2 = JjZ;
_ maxj3 = j3;j
. else if(three_bun_ wortnljll0jz-j1-110j3-j2-11(t] > maxw)
£
maxw = three_bun_worth(j110j2-j1-110j3-j2-11(t];
max.jl = jl1;
maxjz = jZ;
maxj3 = j3;
else
: H
else
H
I3+
¥
J2HE;
M
94 s
ifCnw > Q)
{

best_flag =
best_warth =
k_bestlt] =

3
maxw;
three_bun_kImaxjlIimaxjZ-maxjl-11Imaxj3-maxjz-110(t];
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shat = budget(tl] - k_best(t];

Jl_best = maxjl;
J2_best = maxjt ;
JS_best = maxi3 ;
1. = 0;

while(i < ub_prao_life)
{

z_oestlillt] = zCiJlmaxj1ICt]+zCidimaxj2]CtI+zCillmaxi3ICt];
1+ ;

else
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four _pro_best (t)
int ita
{
int 1,j1,)2,j3,)4; .
int nw,maxjl, maxjZ, maxjs, maxj4;

Jld= i
AL i

wvhile(jl « pro_numlt1-3)
{
FEoEU L
while(jZ < pro_numltI-Z)
s o P o B
while()Z < pro_numltl-1)
£
Jdim )3+l ;
while(j4 < pro_num(t])
if(four_bun_ktjlJ[jﬁ-jl-l][jB—jf—lJ[j4wj3—1][t] <= budget(t]
four _bun_worthlj1I0j2-j1-110j3-j2-110j4-j3-131C(t] > O
% four_pun_worthfjlI0)2—j1-110j3-2-110j4-j3-11Ct]) > maxw)

nvw =nw + 1;
if(nw == 1)

{ ; E
maxw = four_bun_worth[jl][jﬁ—d1—1][j3~J2—1][j4—j3—1][tJ;
maxjl = jli;
maxjz = JZ;
max.j3 = j3;
maxj4 = jd;

3

else if(four_bun_worth(j130j2-j1-130j3-j2-110j4-j3-13(t]
( .

[

[

_j1++;

.
)

ifCnw > 0)

_bun_worth[jl][j?—jl—lJ[jS—j2*1]EJ4~J3~1](tJ;
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{
best_filag = 4;
best _worth = maxw;

k_bestlt]
= tour _bun_kUmaxjllimaxjz-maxjl-1])Imaxj3-maxjz-1Ilmaxjd-ma%x.j3—-1310(t];

shat = budget(t]l - k_bestl(t];

J1_best = maxjli;
JZ_best = max,jl ;
J3_best = maxj3 ;
J4_best = max.jd ;
Vel 0;

while(i < uwo_pro_lifed
£ 5

z_bestlil(t] = zC0illmaxjllltI+zCillmaxj2ICtI+z{id(max.j3](t]
+ zCillmax.j41lt]; :
K5 s ]

else
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