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Design and Implementation of
Mathematical Programming Software — LinProT

Kwang Min Yang*
ABSTRACT

This study addresses basic requirements for mathematical programming software,
discusses considerations in designing these software, implementation issues facing in these
types of applications development, and shows some examples of codes being developed in
the course. This type of projects requires long and ever-changing evolutionary phases. The
experience is therefore, valuable in suggesting some useful hints which may be salvaged for
similar projects as well as providing reusable codes. In particular, scanning and parsing the
free-format inputs, symbol table management, mixed-language programming, and data
structures dealing with large sparse matrices are indispensable to many management science
software development. Extensions to be made are also discussed.
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scanner.c

#include "linpro.h”

typedef struct node {

}

unsigned short int node_no:
struct node #left, =right:
node:

int scanner{int, ELEMENT %, char #%, int #):

int edit_line(char *), get_line{char #):

int get_token(char #), look_up{char #):

int jstate(int state, int token_type):

int parser{int state, int #class, char *#*ptab):

void error_msg(int err);

int var_no(char #symbol, node *#root, char *¥p_varname, int *nsymb):
void free_tree(node *n):

void view(ELEMENT %, char ##, int #):

int setup{int #* char #%, ELEMENT *, char **, int #):

extern char *varnames, *top_names:
extern FILE #1u6, #*1uS:
/¢ This main is for testing purpose

char #*p_varname[MAX_VARS]:
int  out[4+MAX_CONSTR]:
ELEMENT =#A:

void main{void)

{

*®/

unsigned int rhs, sign, constr, nsymb:
double digit:

int nz, row:

char *prog:

node *root:

FILE #lu0, *lu2:
int nz:
int i:

if((A=malloc(MAX_NZ#sizeof (ELEMENT)))==NULL) {
puts{"not enough heap storage - A!"):
exit(l):

if({varnames=mal loc{9*MAX_VARS))==NULL) {
puts{ "not enough heap storage - varnames!”):
exit(1):

}

top_names = varnames:

nz = scanner(l, A, p_varname, out):
printf(” nz= %d, nsymb=%d\n", nz,out[2]):
for (i=0: i<4+out{1}: i++) printf(” %d ", out[il): printf("\n"):
for (i=0: i<nz: i++) printf(” %d %d %f", A[il.row,A(i).col, Ali].value):
printf("\n variable names:"):
for (i=0: i<=out[2]: i++)
printf("\n i=%d str-%s loc=%d str2=%c”,
i, p_varname[i}, (int)(p_varname[i]-varnames)
,varnames{(int)(p_varname[i]-varnames)]):
printf("\n"):
for(i=0: i<{int)(top_names-varnames): i++)printf("%c", varnames[i]):
printf{ "\n\n"):
view(A, p_varname, out):

int scanner(int keybd, ELEMENT *A, char ##p_varname, int #out)

char token[20}, line{81], tab[l160], *loc:
int i, err, pos, state=0, err_count=0:
int class[80]:

char #ptab[80];
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nz = constr = rhs = sign = nsymb = O;

root=NULL;

top_names=varnames:

digit = 1.:

row=1:

if(keybd) clrscr(): 1/ _clearscreen( _GCLEARSCREEN):

while(state!=18) { // not 'END’
if((izkeybd ? edit_line(line) : get_line(line))==0) { // ESC pressed
Iz if('keybd) error_msg(2): // wsg hidden
nz = 0:
break:
}

prog=line:

loc=tab:
err=pos=0;
while((i=get_token(token))}!=EOL) { /7 EOL==COMMENT
if(i>0 && err==0) {
class[pos]=i:
ptab[pos++]=loc:
strepy(loc, token):
loc += strien(token) + 1:

}

else if(i€0) {
error_msglerr=-i):
err_count++:

}
class[pos]=0:
if(terr) {
if({i = parser(state,class,ptab)) >= 0) {
state = i
nz=setup{class, ptab, A, p_varname, out):
error_msg(0): // clear message area
if(keybd) fputs(strcat(line, "\n"},1u9):

else {
error_msg(3):
err_count++:

}
if('keybd & err_count) {
error_msg(2):
nz = 0:
}
}
free_tree(root):

//out[0] // max/min designator
out{1] = constr - 1: /7 # of constraints
out{2] = nsymb: // # of variables
out{3] = O: // print option
return nz: /7 A{0:inz-1] 1i.e. nz units

}
int get_token(char stoken)
{

int token_type:
register char stemp:

temp = token:
while(isspace(*prog)) prog++:

if(*prog=="\0")
return( token_type=EOL):

if(#prog=="1")
return (token_type=COMMENT):

if(strchr(”+-" 2prog)) {
dtemp++ = ¥Prog++.
stemp="\0":
return {token_type=SIGN):
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if(strchr("<=>", #*prog)) {

*temp++ = ¥progr+.
while(isspace{#prog)) prog-+:
if{#prog && strchr{"¢=)>" #prog)) %tempr+ = #progr+:
stemp="\0":
token_type = REL_OPERATOR:
if(strien{token)==2
&% strcmp(token, "<=") && strcmp(token, ">=")
&k strcmp(token, "=<¢") && strcmp{token, "=>")) token_type=-9;
return token_type:

}

if(isdigit{®sprog) || #prog==".") {
while{isdigit(*prog) || ¢prog==".") #temp+- = #prog+-:
*temp = '\O":

}

token_type = NUMBER:

if(strien(token)>16) token_type = -5:

if(!'strcmp(token, . ")) token_type = -6:

if(strchr(token, . *)!=strrchr(token, ". ")) token_type = -7:
return token_type:

if(isalpha(®prog)) {

while(isalnun(#*prog)) %temp++=#prog--:
#temp = '\0";
token_type = look_up{token) ? COMMAND : VARIABLE:

if(strlen{token) > 8 ) token_type = -8:
return token_type:

}

pmgov:
return (token_type=ILLEGAL):

}

int look_up(char #s)

char #command(]= {

"MAXIMIZE®,
"MINIMIZE",
ST,
“SUBJECT",
"TO",

"END",

}:

register char ®p:
register int i:

for(p=s: ®p: ®p = toupper{(¥p), p++):
for(i=0: scommand{i]: i~+)

if(!strncop(command(il, s,3)) return 1:

return 0:

¥

voi

{

char 2e_msg[)={

b

d error_msg{int err)

Error{01) - Use carriage return for overlength line! "
Error{02) - Error(s) detected in the file "
Error{03) - Syntactic error encountered "
Error{04) - Expecting keyword "SUBJECT TO' .
Error(05) - Numeric fields are too long 7,
Error{06) - Decimal point must be with digit(s) v
Error(07) - More than one decimal point within a numeric”,
Error(08) - Variable name is too long "
Error{09) - Illegal set of relational operators "
Error{10)} - Illegal character "

T T T T T B N O ¥

short color: long bcelor:

#define RED 4
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color=_gettextcolor(): beolor=_getbkcolor()
_settextcolor(RED): _setbkcolor(0):
_settextposition(25,1):

_outtext{e msglerr]):

_settextcolor(color): _setbkcolor({bcolar)

}

int parser(int state, int #class, char #sptab)
{
register int p;
for(p=0: stated=0 &k class[p] &% state<l18: p++) {
state = jstate(state,class[p]):
if(state==1 && strncmp(ptab[p], "MAX", 3) &k strncmp({ptab(p}, "MIN", 3))
state=-1:
if(state==8) {
class[p] =KEYWORD:
if(class(p-1]!'=KEYWORD) {
if(strncop(ptab[p], "ST",2) &% strncmp(ptab[p], "SUBJ",3)) state=-1:
if(!strncup(ptab[p], "SUBJECT",3)) state=7

else if(strncmp(ptab[p], "T0",2)) state=-1:
}
}

return state:

int jstate(int state, int token_type)

int ist[]={1,2
tok{]={0,4
5. l ,
jst{]={0,1,2, 3 4,3,
9,10,11,10,1
register int j:

for(j=ist[state]: j<¢ist[state+l]: j++)
if{token_type==tok[j]) return jst[j]
return (-1):

void free_tree(node *n)

if(n!=NULL) {
free_tree(n->left):
free_tree(n->right):
free(n):
}
}

int var_no(char #symbol, node **root, char *#p_varname, int #*nsymb)
{
#define MEMORY_ALLOC(left_right) { \
if((n=malloc(sizeof(node)))==NULL) { \
puts( "not enough heap storage - node!”): \
exit{l): \
P
n->left = n-Dright = NULL: \
left_right = n: \
n->node_no = ++&nsymb: \
if(*nsymb==MAX_VARS) {puts(”“exceeds MAX_VARS!”): exit(l):} \
strepy( top_names, symbol )5 \
p_varname[n->node_no} = top_names: \
top_names *+= strlen(symbol)+l: \
return n->node_no; \

}
node *n, *p=*root.:

if (#root == NULL)
MEMORY_ALLCC{#root):

while(1) {
register int compare:
if((compare=strcmp( symbol, p_varname[p->node_no]))<0) {
if (p->left '= NULL)
n = nDleft:
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else
MEMORY_ALLOC(p-Dleft):

else if(compared0) {
if (p-dright '= NULL)

p = poright:
else
MEMORY _ALLOC(p->right}:
}
else

return p->node_no:
}
int setup(int sclass, char ##ptab, ELEMENT #A, char #*p varname, int *out)
idefine SIGNED(sign,digit) {sign) ? -(digit) : (digit)
register int p:

for{p=0: class[p]: pr+) { // not eol
switch{class[p]) {
case NUMBER: 7/ 1
digit = atof(ptablp]):
if(rhs) {
Alnz].row = constr++;
Alnz].col = 0:
Alnz+~].value = SIGNED(sign,digit):
sign = 0:
digit = 1.
rhs = 0:
}
break:
case VARIABLE: 72
Alnz].row = constr
Alnz].col = var_no(ptablp], kroot, p_varname, knsymb):
Alnz++].value = SIGNED(sign,digit):
sign = 0:
digit = 1.:
break:
case KEYWORD: /r 3 ST
constr = 1:
break:
case COMMAND: 7/ 4 MAX/MIN/ZEND
if(constr) break: // exclude "END”
out[0] = !strncmp(ptab[p], "MAX",3);
break:
case SIGN: /75
if('stremp{ptablp],"-")) sign = L:
break:
case REL_OPERATOR: /
if{strchr(ptab(p]. "<')) out[3+constr]

else if(strchr(ptablp}, '>")) out[3+constr]
else out[3+constr]
rhs =1

break;

1"

SN =N

}
if(nz==MAX_NZ) {puts(”exceeds MAX_NZ!7): exit{1):}
if{constr==MAX_CONSTR) {puts(”exceeds MAX_CONSTR!”"}: exit(1):}

}

return nz: /7 Al0inz-1] i.e. nz units
}
int get_line(char #*line)
{

if(fgets(line, 80, 1u6)==NULL) return O:

return 1:

}
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function iptr(value, rnp, linkL, 1inkR, maxrn, nrn)
implicit real#*8(a-h,0-z), integer*2(i-n)
dimension rnp(#),linkL(#*}, linkR(%)
do while {(nrn.eq.0)
rop(l) =
linkL(l) = 0
linkR(1) = 0
nrn = 1
end do
iptr = 1
2 if (value .1t. rnp(iptr)}) go to 3
if (value .gt. rnp(iptr)) go to 4
if (value .eq. rop(iptr)) return
3 if (linkL(iptr) .eq. 0) go to §
iptr = linkL(iptr)
g0 to 2
4 if (linkR{iptr) .eq. 0) go to 5
iptr = linkR(iptr)
go to 2
Snrn =nrn + 1
if (nrn .gt. maxrn) stop ' Error-RNP Exceed’
rnp(nrn) = value
linkL(nrn) = 0
linkR(nrn) = 0
if (value .1t. rap(iptr)) linkL{iptr) = nrn
if (value .gt. rop(iptr)) linkR{iptr) = nrn
iptr = nrn
return
end
2% - 3
subroutine sparse(n,nz, iVAL, irn, jcn, jcolst, lencol )
implicit real#8(a-h,o0-z), integer#2(i-n)
dimension irn(*), jen(#), ival(%), lenCOL{%), JCOLst(*)
o} convert an unordered set of triples(i,j,Aij) into sparse format

[~

do 10 ic=l,n

10 LENCOL(ic) = 0

iz =0
do while (iz.1t.nz)

iz = iz + |

lenCOL(jen(iz)) = lenCOL{jcn(iz)) + 1
end do

Set JCOLst() to point to where the NEXT col would start

JCOLst(l) = lenCOL(1) + 1
do 20 ic=2,n

20 JOOLst(ic) = JCOLst{ic-1) + lenCOL(ic)

do 30 ik=1,nz

do while (JCN(ik).gt.0)
ip=JCOLst(jen(ik}) - 1
itemp = irn{ik)
Jjtemp = jen(ik)
ktemp =ival(ik)
irn(ik) = irn{ip)
Jen(ik) = jen(ip)
ival (ik)=ival{ip)
irn(ip) = itemp
Jen(ip) =-jtemp
ival(ip)= ktemp
JCOLst{ jtemp)=ip

end do

30 continue

return
end



