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Summary

An Algol 60 computer program is presented that accepts as input the
mathematical formulation of a linear programming problem and generates

as output the standardized matrix of constraints.



Introduction

Any linear programming problem can be written as

n
maximize Z c.X.
2y 7
dJd
n
subject to .Z a; 5%; < b, (i =1, ..., m)
J=1
n
.Z aijxj = bi (i = m1+1, cee, M)
J=1
X, >0 (3 =1, eee, n).

The formulation of a practical problem as a LP problem often leads to
more complex formulas. However, by re-indexing the variables and

constraints the above form can be found.

Computer-programs that solve LP problems require as input the coefficients

cj, bi’ aij of the problem. Usually these coefficients must be given

column after column, i.e. input consists of the numerical values of

n m1 m

©1 11 %21 ®m1

c a 8,: eoe a. see &

J 13 23 13 mJ

cn am a2n ce amn
b1 b2 e o 0 bi e o0 bm L]

Many programs accept a condensed form of this scheme, instead of

Cc. a.,. .. o060 .. o0 8 .
J 13 2] 1] mJ

only the non-zero coefficients must be given, each preceded by a row

index.



Whatever scheme of input is used, the step from the (compact) mathema-
tical formulation of a problem to that particular scheme cannot be
avoided. This step consists of mainly simple but tedeous and error-

prone calculations.

Such tasks are best left to a computer.



General Outline

The Algol 60 computer-program presented in this report accepts as input
the mathematical formulation of a (mixed) LP problem as defined in [1],
with the exclusion of post-optimization and parametrization. Each
variable is assumed to have lower bound zero, unless specified otherwise.
The input text is reproduced by a printer. Indices 1, 2, ..., M are
assigned to constraints and indices 1, 2, ..., N are assigned to the
variables of the LP problem in accordance with the following standard-

ized form of a (mixed) LP problem:

N
maximize z c.X.
2y 37
J
N
subject to .Z 8; 5% < b, (1 =1, cee, M1)
J=1
N
2 a;s%; = b (1 =M+, ooy M)
J=1
L. < x. < u. ] = 1, eees N
J="3=73 (3 ’ > )
xj = integer (3 =1, veuy N1).

A list, giving the correspondence between the indices and the constraints
as identified in the mathematical formulation, is printed. A similar list

is printed for the variables.
A tape is punched, containing the numerical values of

N, N M, M,

followed by

b1 b2 oo b

and, for each variable,

j 1. wu. r a_ . “os r a . M+ c.
J J L r.d p T J



where

j = index of the variable,

and 85 = 0.if i & {r1,, ...,,rp}.
This tape can serve as input for a computer-program that solves the
(mixed) LP .problem.

The Algol 60 program does not contain an M x N array with the values

aij’ the coefficients of a single variable are computed and punched,

then this process is repeated for the next varisable.



Input and Output

As mentioned above, the input for the Algol 60 program consists of the
mathematical formulation of a (mixed) LP problem as defined in [1].
This formulation of the problem must be typed on a Flexowriter, which
simultaneously punches a tape that serves as input for the
Electrologica X8 computer. The Algol 60 program reads this tape by
means of the procedure RESYM., Table I gives the correspondence between:
() the value of RESYM and

(B) the Flexowriter symbol.

(a) (8) ()

0 0 0
9 9
10 a A
35 z Z
37 A b
62
64 + +
65 - -
66 x x
67 / /
70 B =
T2 < <
T4 > >
76 - -
79 - ) v



1
1
1
1
1

1

1
1
1

87 5 s
88 . .
89 10 10
90
91 H 5
93 <gpace>: <space>
o <undefined> °©
95 <undefined> \
96 <undefined> #
98 ( (
99 ) )
00 [ [
01 ] ]
18 <tabulate> <tabulate>
19 <new line carriage return><new line carriage return>
20 ! !
21 " "
22 ? ?
26 _ _
27 i
table T

The contents of the input tape are printed by means of the procedure

PRSYM(v). Table I gives the correspondence between

(a) the value of v and

(y) the symbol that is printed.

Furthermore the Algol 60 program conbains calls of the following output

procedures:
RUNOUT

FIXP(n,m,i):

: punching a piece of blank tape,

punching the numerical value of i in fixed point notation,
with at most n digits Dbefore and m digits after the

decimal point,



PUNLCR : punching a <new line carriage return>,

PUNCH(r) : punching the numerical value of r in floating point
notation,

NEWPAGE : shifting the paper to the first line of a new page,

print(r) : printing the numerical value of r in floating point
notation,

PRINTTEXT(s): printing the string s.

Some symbols occurring in the formulation of the LP problem consist of

two or more punchings, these are listed under (B8) in table II.

(a) (B)

69 4

73 <

75 >

81 index
85 MAXTIMIZE
86 MINIMIZE
102 4
103 }
106 INIT
107 real
108 integer
109 POST
111 RANGE
113 PARA
114 OPEN
115 CLOSE
128 formula
129 discrete
130 continuous
131 SUM

table II



Punching of a _ (underlining) or a | (bar) does not cause a displacement
of the carriage of the Flexowriter. Thus the symbol + consists of a |

followed by A and < consists of _ followed by <.
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Storing the LP-problem

In the outermost block of the Algol 60 program the integers cO, cl, ...
«ee, 7 are declared, and values are assigned to these integers. The
integers are used in the declarations of arrays in the second block of

the program, and have the following interpretations:

c0 = upperbound for the length of identifiers in the LP problem,

¢l = 199 + upperbound for the number of identifiers in the LP problem,

c2 = 1 + upperbound for the number of constraint descriptions in the
LP problem,

c3 = upperbound for the length of the LP problem,

ch = c¢1 + 1 + upperbound for the number of numerical values stored as
reals,

c¢5 = 1 + upperbound for the total length of all strings in the LP problem,

c6 = cb + 1 + upperbound for the number of formula elements,

cT = el + 1 + upperbound for the number of integers to be stored.

The structural part of the LP;problem is stored in the array P. However,
most numerical values and real formulas are stored elsewhere and then P

contains only a pointer to the appropriate value or formula.

IA, IB, ..., IG contain information about the identifiers of the LP

problem:
IA 0, 1, «ee,y cO IB IC ID 1IE IF IG
- Rt e Py P r=1 e o
200 A e e
i H ' ! | i ! ‘ ) : i z
" o o L .
. | | | ? % P | |
o : i 1 i ‘ | !
X | ¢ I b :‘ 1 |
1 | i : : § i ' i !
| N § i H ! H H
. i | i : { !
| | ¢ i | H i
. % | i i r %
% L L ? :
' o | .
c 1 L..___....._.._.._._.. R — a [ N——- .Iw....‘......_,; : PO i—,- . J ;...—... —J‘ [ —— 4

Each identifier corresponds to a unigue row of the above scheme.



1A [i,0]

TA[i,1]5000,IA[1,1]

1B[i]

16([i]
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1 = length of the identifier (length < c0),
letters and digits constituting the identifier,
type of the identifier,

1, 2, 3, 4, 5, or 6 if the identifier is of type
index, integer, real, formula, discrete variable

or continuous variable respectively,
number of subscripts of the identifier,
pointer to the domain of a subscripted,
pointer to the numerical value(s),

number of numerical values corresponding with

the identifier,

auxiliary storage.

Instead of the letters and digits constituting the identifier the

value of i is used throughout the Algol 60 program.

LA, LB, ..., LG contain information about the objective function and

constraint descriptions of the LP problem.

LC LD LE LF LG

kit it e et e s

! i
! {
! i i

i i § . i H { i
— G [ R | [ R |

The first row of this scheme (1 = 0) corresponds to the objective

function, each constraint description corresponds with: a. unique row

(1 <1< ec2).
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pointer to the constraint description or objective function,

type of the constraint description (<, > or =),

pointer to the right-hand side of the constraint description,

pointer to the constraint identification,

pointer to the domain of the constraint description,

number of simple domains constituting the domain,

[
[ S L S S L
1]

number. of constraints.given by the contraints description.

Numerical values of type integer are stored in II. All strings are
stored in an array string. Numerical values of type real and numerical

values that are explicitly given in the structural part are stored in RR.
FA, FB, FC contain real formulas.

The integers str, 1f, p, id, con, num, f are pointers to the last
elements of string, LA, ..., LG, P, IA, ..., IG, II, RR, FA, ..., FC

that have been used.
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Algol 60 program

The tape containing the Algol 60 program was printed by a Flexowriter,
the resulting text is reproduced here.

A number of problems was successfully processed by the program, however,
it still may contain errors.

The efficiency of the program can certainly be improved.

A future report will contain an extended syntactical definition of
LP problems and a corresponding extended and improved implementation.
That report will also give a more detailed description of the Algol 60

program.



ik

begin comment Input System Linear Programming Problems, jma 110769;

Boolegn tests

Integer cO, cl, c2, c3, cli, c5, cb, cT;

Tests= true; cO:= 15; cli= L99; c2:= 505 c3:= 1000; cls= 999;

c5e= 5003 ebs= 2000; cT:= 2500;

begin integer array IA[200:ci,0:cO], IB, IC, ID, IE, IF, IG[200:c1],
1%, B, 1LC, LD, LE, LF, 16l os :c2], P[1; c3], 1Ilel + 1-c7],
string[1:c5], FA, FB, FC[cu + 1:c6];
regal array RR[cl + 1:cl];
integer lettera, letterd, lettern, letterr, letters, lettert,
Tetterh, letterC, letterI, letterM, letter0, letterP, letterR,
letterS, sigma, letterU, plus, min, mult, div, power, equal,
smaller, less, greater, more, hat, index, MAXIMIZE, MINIMIZE,
comma, point, lowten, colon, semicolon, space, par, rap, sub,
bus, openstring, closestring, INIT, real, integer, POST,
RANCE, PARA, OPEN, CLCSE, tab, rnlcr, line, bar, formula,
discrete, continuous, sum, str, 1f, p, id, con, num, f, mem,
cursym, conil, ruml, stri, objective, my, n, N1, N, M1, M, dmax;
Boolean skipcap, skipline, error, model;

procedure start;
begin integer i, J;

for i:= 200 step 1 until ¢i do

Tegin for j:= 1 step 1 until cO do IA[1,]
IB[T]s= IC[TT:= ID[1]:= IE[TJ:= IF[i

[N -

end;

Tor i:= O step 1 until c2 do LA[il:= IB[i]l:= Lc[il:=
TOlile= LE[1]:= LF[1]s= 1GT1]:=

for is= 1 step 1 until c¢3 do P[il:= 0;

Tor i:= c1”+ 1 step 1 until c7 do II[i]:= O;

Tor i:= 1 step T until ¢5 do stringli]:= 93;

Tor i:= ¥ 7 step T until cb do FA[ils= FB[i]:= FC[i]:= 0;
Tor i:= c1 + 1 STtep 1 until ci do RR[i]:= O; lettera:= 10;

TeTterds= 13; lettern:= 23; letterr:= 27; letters:= 28;
lettert:= 29; letterAs= 37; letterC:= 39; letterIl:= L5;
letterM:= L9; letterD:= 51; letterP:= 52; letterR:= 5u;
letterS:= sigmas= 55; letterU:= 57; plus:= 64; min:= 65;
milt:= 663 divs= 67; power:= 69; equal:= 705 smaller:= T72;
less:= T3; greater:= Th; more:= 75; hat:= 80; index:= 81;
MAXIMIZE:= 85; MINIMIZE:= 86; comma:= 87; point:= 88;
lowten:= 89; colon:= 90; semicolon:= 91; spaces= 93;

par:= 98; raps= 99; subs= 100; bus:= 101; openstring:= 102;
closestrings= 103; INIT:= 1065 real:= 107; integer:= 108;
POST:= 109; RANGE:= 1113 PARA:= 113; OPEN:= 11&;

CLOSE:= 115; tabs= 118; nlcr:= 119; lines= 126; bars= 127T;
formulass= 128; discretes= 129; continuous:= 130; sums= 131;
stry= 1fs= pe= 0; ids= 199; cons= nums= cl; f:= cl;

meme= — 1; models= error:= skipcap:= skipline:= false;
end;



15;

procedure ER(b, s); value b; Boolean b; string s; if b then
Degin error:= true; NLCR; PRINITEXI(s); goto exit end;

Boolean procedure letter; letter:= cursym > 10 A cursym < 35;

Boolean procedure digit; digit:= cursym > 0 A cursym < 9;

real procedure unsignednumber;
begln Integer s, Ww;

real p, V;

se= we= 03 vei= 03 p:= 13
L1s if cursym = point then goto dec;

if cursym = lowten then goto exp;

Tf 7digit then goto_gclr\'rF v X p + cursym; p:= 10;
Cursym:= nextsym; goto L1;

dec: p:= 10;
I2: cursym:= nextsym; if cursym = lowten then goto exp;

if 7digit then goto exit; vi= v + cursym / p; p:= p X 10;
goto L2;

exp: if p = 1 then vi= 1; wi= 0; p:= 1; s:= 13

cursym:= nextsym; if cursym = min then s:= — 1;

if digit then goto L4;
L3t cursym:= nextsym; if Tdigit then goto exit;
ILh: wi= w X p + cursym; p:= 10; goto L3;
exit: unsignednumber:= v X 10 A (5 X w)
end;

integer procedure nextsym;
begin 1integer ¢, k, S;

procedure out(f); integer f;

begin s:= f; goto exit end;

Boolean procedure capital; capital:= s > 37 A s < 62;

read: if mem # — 1 then
begin s:= mem; mem:= — 1; go to tst end,

s:= RESTM; PRSYM(s); -

tsts if s = space V s = nler V s = tab then goto read;
if capital then goto cap; skipcap:= false;

if s = line then goto lined; skipline:= false;

IT s = bar then goto barred; goto exit;
barred: s:= RESYM; PRSYM(s); ER(s + hat A s + smaller,
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4 |not followed by A or < }); if s = hat then out(power);
if s = smaller then out(openstring); -
1Tned: s:= RESYM; PRSYM(S), if skipline then goto read;

if s = smaller then out(less);

T s = greater Then out(more);

for k:= 1, 2, 3, I do

Tegin s:= RESYM; PRSIM(=) end;

SKipline:= true; if s = letterd then out(index);

if s = lettern then out(continuous);

it lettera Then out(real);

it lettert Then out(integer);

if letterr Then out(formula);
= letters Then out(discrete); ER(true,

?‘ followed by wrong symbols}); goto read;
cap: if skipcap then goto read; if s = letterS then

begint s:= RESYM; PRSYM(S); if s = letterU them

~ begin skipcaps= true; out(sum) end

hou

0 n nh ”
I(

eIse
Degin mems= s; out(sigma) end
end; -
SKipcap:= true; if s = letterC then out(CLOSE);
if s = letferl then out(INIT);
If s = letterQ then out(OPEN);
Ez s = letterR Then out(RANGE); if s = letterM then

gin skipcap:= false; s:= RESYM'_PRSYM( ); skipcap:= true;
if s = letterA then out(MAXIMIZE);
3T s = letterI Then out(MINIMIZE)
end; - -
IT s = letterP then
Pegin skipcap:= false; s:= RESYM; PRSYM(s); skipcap:= true;
if s = 1etﬁEEK'Ehen out(PARA);
I s = letterQ then out(POST)
end; -
ER(true, {wrong captal letters}); goto read;
exits nextsyms= s
EEE nextsyms

procedure readstring;
begin
Tead: cursym:= RESYM; PRSYM(cursym); if cursym = bar then
begin cursyms= REBYM, PRSYM( cursym) ;™
if cursym = greater then goto exit; str:= str + 1;
string[str]:= bar -
end;

Stre= str + 1; string[str]:= cursym; goto read;
exite
end;

procedure structuralpart;



T

begin integer i, v;
“ER(nextsym ¥ OPEN, ¢ OPEN missing });

ER(nextsym 4 openstring, {identification missing});
readstring; cursym:= nextsym; declarationpart;

model:= true; objectivepart; constraintspart; conl:= con;
numl ¢= num; stri:= stry; LD[1f + 1]:= str;

for is= LA[O] + 1 step 1 until p do

Pegin vi= P[i]; if v < 200 V v > C1 then go to nexti;

T if IB[v] = T then P[i]:= IE[v];
nextis -

end;

end;

procedure declarationpart;
Pegin integer type, i, J;
agains vypes= if cursym = index then 1 else if cursym =
integer then 2 else if cursym = real then 3 else if cursym
= formuls then I else if cursym = discrete tTfé'rT'S—e'lse if
cursym = continuous t. then 6 else 0; if type ¥ O then
begln llst(type), cursym:= nextsym; goto again end;
Tor 1:= 200 step 1 until id do if IBTI] = O them
Pegin type:= 1; NLCEK;
for js= 1 step 1 until cO do PRSYM(IA[i,3])
end;
ER(type 0, {declarations missing});
exite
end;

procedure list(type) 5 value type; integer type;

begin integer t, i, J; -

new: cursym:= nextsym; ER( Tletter, {wrong symbol});

pi= p + 1; is= P[pl:= identifier(false); t:= IB[il;

ER(t ¥ O At 4 type, dwrong type}); IBLil:= type;

tst: if cursym = semicolon then goto exit;

if cursym = comma then goto new; BR(type = 1,

Jwrong symbolt);

ER(cursym # sub A (cursym # equal V type # L),

dwrong symbol}); t:= p; if cursym = equal then

begin cursym:= nextsym; 1E[i]:= realformula(t);

T ER(t ¥ OV cursym = sigma, {wrong realformula});
for i:= 200 step 1 until id do if IB[i] = 1 then
TFLils= 0; g0oto tst

end,

nxts cursym:= nextsym; ER( Tletter, {wrong symbol});

pi= D + 13 je= P[pl:= identifier(true);

ER(lf j # O then IB[j] # 1 else true,

fwrong identifier}); IF[j]l:= 2;

if cursym = comma then goto nxt; ER(cursym # bus,
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{1 missing}); te= p = t;

if IC[i] = O then IC[i]l:= t else ER(IC[i] # t,

Pwrong numbe£=3?'subscrlpts}T"-TD[1]°— P; cursyms= nextsym;
ER(IC[i] # domain, dwrong domain}); cursyms= nextsym;

goto tst;
exits
end;

integer procedure identifier(known); Boolean known;
begin integer 1, t, s; :
integer array H[1:c0];
te= 0
tpls if “I(letter V digit) then goto tst; ti=t + 1;
if t < cO then H[t]:= cursym; cursym:= nextsym; goto tpl;
tsts 11 t > cO then t:= cO;
for Tt= 200 step 1 1 until id do
Eggln if IA[T,0T + T then goto nexti;
T for s:= 1 step 1" until © T do if IA[i,s] #+ H[s] then
2oto nexti; goto exit;
nextis
end;
1= 0; ER(known, {identifier unknown}); is= ids= id + 13
IA[1,0]:=
for sg= 1 otep 1 until t do IA[i,s]:= H[s];
exit: identifiers= 1
end;

procedure constraintspart;
begin integer v;
again: tor vi= 200 step 1 until id do if IB[v] = 1 then
begin EFTIF[V] = 2, Jdomain missing ¥); IF[v]:= O end;
IT cursym + openstrlng then goto exit; 1fs= 1f + 15
IDl1if]s= str; readstring; cursym:= nextsym; LA[lf]: D3
linearform(false);
ER(cursym ¥ equal A cursym # less A cursym F more,
{type of constraint missing}); LB[1f]:= cursym;
cursyms= nextsym; LC[1f]:= p; p:=p + 1;
Pl[pl:= realformula(v); ER(v # O V cursym = sigma,
{variable or sigma in right hand side});
if cursym 4 par then goto again; LE[1f]:= p; v:= domain;
ER(v < 0, {wrong domain¥); LF[1f]:= v; cursym:= nextsym;
goto again;
exits

end;

procedure initialization;

Pegin integer 1;
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cursym:= nextsym; ER(cursym # openstring,
{identification missing}); strs= strl; readstring;
cursyms:= nextsym; con:= conl; num:= numl; portions;
exits
end;

procedure linearform(simple); Boolean simple;
Pegin integer i, d; -
new: ir cursym = openstring V cursym = less V cursym =
more V cursym = equal then goto exit; p:= p + 1;
Plpl:= if cursym = min thnen min else plus;
if cursym = plus V cursym = min then cursym:= nextsym;
Pi= p + 13 P[pl:= realterm(i);
ER(simple A cursym = sigma, {sigma not allowed});
if cursym # sigma then goto 12; p:= p + 1; Plpl:= sigma;
Pi=p + 13 P[pl:= SIGMA; p:= p + 1; P[pl:= rap; goto new;
I2: ER(i = 0, {variable or sigma missing}); -
ER(IB[i] 4 5 A IB[i] # 6, {wrong identifier}); p:= p + 1;
P[pls:= i; if IC[i] = O then goto new; ER(cursym # sub,
[ missing¥); d:= subscripts; ER(d # IC[i],
$wrong nunber
of subscripts}); ER(cursym + bus,
4] missing}); cursym:= nextsym;
if cursym = plus V cursym = min then goto new;
exit: -
end;

integer procedure subscripts;
begin integer J, d;
ds= 0;
again: d:= d + 1; cursym:= nextsym; p:=p + 1;
P[p]:= realformula(j); ER(J # O,
{variable in subscript});
if cursym = comma then goto again; ER(cursym # bus,
fwrong symbol});
exit: subscripts:= d
end;

integer procedure SIGMA;

begin integer k, 1, j;
T:= 17 BER(cursym + sigma, {sigma missing});
cursym:= nextsym; ER(cursym # par, {( missing});
cursyms= nextsym; ER( Tletter, ¢ wrong symbol}); p:= p + 1;
je= Plp + 1]:= identifier(true); ER(j = O,

funknown identifier}); ER(TBLJ] # 1, {wrong identifier});
ER(IF[ 3] > 1, ¢ index not allowed}); k:= j; IF[jl:= 1;
ER(cursym # commz, <, missing}); cursym:= nextsym;
P[pl:= realformula(j); ER(J + O, {variable in bound});
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ER(cursym # comma, ¢, missing}); cursym:= nextsym;
p:= p + 2; Plpl:= realformula(j); ER(J # O,

{ variable in bound}); ER(cursym # comma,

£, missing}); cursym:= nextsym;

if cursym = sigme then i:= i + SIGMA else llnearform(true),

ER(cursym # rap, €]
missing}); cursym:= nextsym;
IF{k]e= - 1;
exite SIGMA:= i
end;

integer procedure domainj
begin integer 4, J;s

ds= 0; ER(cursym ¥ par, {( missing});

again: ps= p + 1; cursym:= nextsym; ds=_d — 1;

Plpl:= realformula(J), ER(J + 0, {variable in bound});
ER(cursym § less, ¢ < missing}); cursyms= nextsym;

pi= D + 13 Je= Plpl:= identifier(true);

ER(IBLJ] + 1 V IF[j] = = 1, dwrong identifier}); IF[jl:= 1

ER(cursym # less, € < missing}); cursym:= nextsym;
p:= p + 1; Plpls= realformula(j); ER(J # O,
{variable 1n bound}); if cursym = comma then goto again;
ER(cursym # rap, |) missing});
for js= 200 step 1 until id do if IB[j] = 1 then
Tegin ER(IF[JT = 2, {bounds missing}); IF[j]T= O end;
de= = d; -
exit: domains= 4
ends

procedure objectivepart;

begin ER(cursym F MAXIMIZE A cursym + MINIMIZE,
Jobjective missing});
objective:= if cursym = MAXIMIZE then 1 else — 1;
LA[O]:= p; LBl[O]:= equal; cursym:= nextsym;
cursym:= nextsym; linearform(false); LC[O]:= p;
exits

end

integer procedure realformula(ident); integer ident;
begin integer w, Vv;

we= ve= Te= T + 13

FB[v]:= if cursym = min then min else plus;

if cursym = plus V cursym = min then cursym:= nextsym;
again: FC[v]:= ve= fi= £ + 1; FA[V]:= realterm(ident);
ER(ident # O V cursym = sigma,

{variable or sigma in formule});

if cursym + plus A cursym + min then goto exit;
FB[v]:= cursym; cursym:= nextsym; goto again;

.

J
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exit: if v = w + 1 A FB[w] = plus A FA[v] < cl then

begin Ts= £ — 2; realformulas= FA[v];
FA[v]:= FB[V— 1]:= FC[v = 1]:= 0

end

elise realformulas= w

integer procedure realterm( ident); integer ident;
Degin integer w, v -

Ws= ve= Te= f + 13

again: FA[v]:= realfactor( 1dent) 3

if (cursym # mult A cursym # div) V ident # O V cursym =
sigma then goto exit; FB[v]:= cursym;

FC[v]:s= vi= T:= £ + 1; cursym:= nextsym; goto again;
exits if v = w A FA[w] < cb then

begin T:= f — 1; realterm:= FALw]; FA[w]:= O end

‘else realterm:= w

integer procedure realfactor( ident); integer ident;
begin integer w, Vv;

wWe= vi= Ie= I + 13

again: FA[v]:= realprimary(ident);

if cursym # power V ident # O V cursym = sigma then goto
exit; FB[v]:= cursym; FC[v]:= vi= f:=f + 1;
cursyms= nextsym; goto again;

exit: if v = w A FA[W] < cb then

begin T:= £ — 1; realfactor:= FA[w]; FA[w]:= O end
else realfactor:= w
end;

integer procedure realprimary(ident); integer ident;
beglin integer d, v, 1;

ldente= O3 if cursym = sigma then

begin realprimary:= 1; goto e—Tend

else if cursym = par them

Pegin cursyms= nextsym; realprimary:= f:= f + 1;
FA[f]:= realformula(ident); ER(cursym # rap,
4) missing}); cursym:= nextsym

end
else if cursym = point V cursym = lowten V digit then
Tealprimary:= NUMBER else if cursym = sum then =~
begin realprimary:= fi= T + 13 FA[f]:= sum;
T cursym:= nextsym; ER(cursym # par, {(missing});
cursym:= nextsym; v:= identifier(true); ER(v = 0,
{identifier missing}); ER(IB[v] # T,
fwrong identifiert); ER(IF[v] > 1,



22

dwrong place of identifier}); IF[vl:= 1; FB[fl:= v;
ER(cursym # comma, §, missing}); cursyms= nextsym;
= f + 1; FA[f]:= realformula(ident);
ER(cursym + comma, §, missing}); cursym:= nextsym;
FB{f]:= realformula(ident); ER(cursym + comma,
§, missing}); cursyms= nextsym;
FC[f]:= realformula(ident); ER(cursym + rap,
4) missing}); cursym:= nextsym; IF[v]:= =1
end
else if Tletter then ER(true, fwrong symbol}) else
begin integer identis
identiz= idents= identifier(model); v:= IB[ident];
if v > 5 then
Pegin realprimary:= 1; goto exit end;
ER(v = 1 A IF[ident] = =T,
fwrong place of identifier});
if v = 1 A IF[ident] = O then IF[ident]:= 2;
IT cursym 4 sub then -
Degin realprimary:= ident; ident:= 0; goto exit end;
Tealprimarys= f:= £ + 13 FA[f]:= ident; ident:= 0;
ve= f3 FB[v]s= sub; d:= 1;
again: cursym:= nextsym;
FC[v + d = 1]:= realformula(ident);
ER(ident # O V cursym = sigma,
{identifier or sigma not allowed});
if cursym # comma then goto ex;
Tor l:= f step — 1" until v + d do
begin integer a;

as= FA[L];

FA[1 + 1]:= if a < ci then a else a + 1;
as= FR[1]; — 7

FB[1 + 1]:= if a < cl then a else a + 1;
as= FC[1]; -

FC{1 + 1]:= if a < cl then a else a + 13

end;
FA[v + d)s:= FB[v + dl:= 03 fe= £ + 13
for 1:= v step 1 until v + & = 1 do if FC[1] > ck
Then FC[1]3= FC[1T + 13 d:= d + 13 goto again;
ex: 1T IC[identi] = O then IC[identi]:= d;
ER(IC[identi] 4 d, fwrong number of subscripts});
ER(cursym # bus, {Imissing}); cursym:= nextsym
end;
exits

end;

integer procedure NUMBER;
begin integer 1;

real val;

vals= unsignednumber;
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for is:= el + 1 step 1 until num do if RR[i] = val then
g0to exit; is= Tum:= num + 1; RR[1]:= val;
exits NUMBER:= i

end»

real procedure value(g); value g3 integer g;
Value:s= 1T £ < ci then diTect(g) else evallg);

real procedure prime(g); value g; integer g;
begin integer a, b, c, 1, 1b, ub;

real T;

a:= FA[gl; bs:= FB[g]; if a = sum then

begin i:= by g:= g + 13 a:= FA[gl; b:= FB[gl; c:= FC[g];
1bs= — entier( — value(a)); ub:= entier(value(b));
te= 03
for IF[i]:= 1b step 1 until ub do t:=t + value(c)

end

€lse if b = sub then

Pegin integer array subs[1:IC[all;
be= 1Cla];
for i:= 1 step 1 until b do subs[i]:
=7]); t:= subscripted(a, b, subs)

value(FC[g + i

end
else t:= direct(a); prime:= t
end;

real procedure eval(g); value g; integer g;
begin integer a, b, c;
real U, Uu;
as= FAlg]; t:= if a < cb then prime(g) else eval(a);
again: bs:= FB[g]; ci= FC[gT:-
if g = sumV b = sub V ¢ = 0 then goto exit; g:= c;
as= FA[gl; us= if a < cb then prime(g) else eval(a);
te= if b = plus Then t + U else if b = Min then t - u
else if b = mult then t X U else if b = div then t / u
else if b = power then t A u else " 6005 b:= FBlgl;
T:= FClgl; goto again;
exits eval:= T
end;

real procedure direct(g); value g; integer g;

directs= 1T g = O then O else 1f g = 1 then 1 else if g > cl
then RR[g] else if 1Blg] < 2 then IF[g] else iT 1Blgl = 3
Then RRIIE[E]T else if IB[g] = & then eval(lElgl) else ,600;
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rezl procedure subscripted(ident, 4, subs); value ident, d4;

integer 1ldent, d; integer array subs;

Tegin integer p;
pz= count{lD| ident], d, subs); if p > IF[ident] then
begin PRINTTEXT(%undeflned*), goto exit end;

Di= p + IE[ident] — 1;
subscripted:= if IB[1dent] : 2 then II[p] else RR[ p]
end;

integer procedure count(b, d, subs); value b, d; integer b, d;
integer array subs; - -
begin integer a, i, t, j, 1lb, ub;

integer arrey savell:d];

te= 05 bs= b = 13

for is= 1 step 1 until 4 do

begin bi=TD + 3; 1b:= — entier( — value(P[b = 11));
ubs= entier(value(P[b + 1])); a:= subs[i];

ER(a < 1b V a > ub, felement undefined}); ub:= a — 1;
at= P[b]l; save[il:= IF[a]l;

if i = d then t¢= t + ub —- 1b + 1 else
Tor IF[a]%= Ib step 1 until ub do Te=t + all(b + 3, 1
¥ T, d); IF[a]:= subs[I]

end;

?3? is= 4 step — 1 until 1 do

begin IF[PLLIJ°" saveli]; bi= b =3 end;
count:=t + 1

end;

integer procedure all(b, i, d); value b, i, d; integer b, i, 4;
begin integer &, t, save, lb, ub; -
Th:= = entier( — value(P[b — 1]));
tbs= entier(vaiue(Plb + 11));
1f ub < 1b then t:= O else 1f i =4 then t:= ub - 1b + 1
GLSe
b@g1n as= P[b]; save:= IF[al; ts= O;
T for IF[al:= 1b step 1 until ub do ti=t + all(b + 3, i
¥ 1, d); IF[al:= save

end;
EET:: t
end;

procedure readlist(ident, i, t, d, ind, subs, num, COEF);
value ident, i, t, d; integer ident, i, t, d;
integer array ind, subs;
begin integer Jj, a, b, 1b, ub;

1" t = O then

Pegin 1b:= count(ID[ident], d, subs);
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if 1b > IF[ident] then go to exit;
TOEF[IE[ ident] + 1D = 1]:= nextnumber; go to ex
end;
Tor j:= 1 step 1 until d do if indlj] = i then goto fnd;
fnd: bs= IDident] = 1 + 3 X 33 T ’
lbs= — entier( — value(P[b = 1]));
ub:= entier(value(P[b + 11)); as:= IE[ident];
for subs[jle¢= 1b step 1 until ub do
begln IF[P[b]]:= subs[j];
T if i ¥ t then readlist(ident, i + 1, t, d, ind,
‘Subs, num, CUEF) else
begin lbs= count(TD[1dent], d, subs);
if 1b > IF[ident] then goto exit;
CTOEF[a + 1b = 1]:= nextnunber

end

endy ~
exs
end;

procedure portions;
DPegin integer ident, a, d, b, i, t;
next; ident:= identifier(true); a:= IB[ident];
if a 4+ 2 A a $ 3 then goto exit; d:= IC[ident];
if d = 0 then -

begin if & = 2 then IF[ident] := nextnumber else
T Pbegin num:= num + 1; RR[num]:= nextnumber;

 IE[ident]:= num

end
end ~
else
Pegin integer array ind, subs[1:4];
T iT iFlident] = O then
Pegin be= IF[identTl:= all(ID[ident] + 2, 1, d);
T IE[ident]:= if a = 2 then con + 1 else num + 1;
if a = 2 then con:= con + b else num:= num + b;
end;
IT cursym # sub then goto exit;
Tor i:= 1 step 1 until d do
begin ind[I]:= 0; cursym:= nextsym;
T if letter then indli]:= 1dent1f1er(true) else

subs[i]:= nextnunber

end;
'i_f-cursym 4 bus then goto exit; cursym:= nextsym;
Ti= 0; if cursym ¥ par Then
begin for i:= 1 step 1 until 4 do if ind[i] # O then
T begin ti= t + 13 indlil):= "E_end
end
else
egin
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agains cursym:= nextsym; b= identifier(true);
te=t + 13 -
for is= 1 step 1 until d do if ind[i] = b then
begin ind[I]:= t; goto fnd end;
goto exit; -

fnd: it cursym = commz then goto again;
iT cursym % rap then goto exit; cursym:= nextsym

end; ~

b:= ID[ident] — 1;

for i3= 1 step 1 until 4 do

begin b= B + 3; If ind[iT = O then IF[P[b]]:= subs[i]

end;

I a = 2 then readlist(ident, 1, t, d, ind, subs,
‘con, II) else readlist(ident, 1, t, 4, ind, subs,
num, RR)
end;
IT letter then goto next
i

real procedure nextnumber;
begin 1nteger s;
gt= 1t cursym = min then — 1 else 1;
if cursym = plus V cursym = min Then cursym:= nextsym;
nextnunber:= s X unsignednumber —
end;

integer procedure numvar(type); value type; integer type;
begin integer 1, 1, t; - -

te= 03

for i:= 200 step 1 until id do if IB[i] = type then

Pegin 1l:= if ICli] = O then T else all(ID[i] + 2, 1, IC[i]);
T IF[il%E 1; b=t + 1 T

end;

numvars= t

end;

integer procedure numcon(type); value type; integer type;
begin integer 1, 1, t; - -

Te= 03

for i:= 1 step 1 until 1f do if LB[i] = type then

bPegin 1:= If LF[iT = O then 1 else all(LE[i] ¥ 2, 1, LF[i]);
- 1e[ilzE 1 te=t ¥ L T

end;

numeon:= t

end;
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procedure bounds;
begin integer j, i, v, b;
bBoolean 1ndj
Tor 1:= 1 step 1 until 1f do
Pegin b= TCL1); Tnd:= false,
T for j:= LA[i] + 1 STep 1 until Lc[i] do
begin vi= P[j]; if v = sigma then goto not;
T if v <200 Vv > cl then go to nextj;
IT IB[v] < 5 then goto nexty
I fnd then goto not else fnd:= true;
nextjs
end;
TEli]:= — LB[i];
nots
end;
Tor i:= 200 step 1 until id do if IB[i] 4 4 then IE[i]:=
TFli]s:= O; - -

end;

procedure pregen;
begin integer 1i;
n:= O3
for i:= 200 step 1 until id do if IB[i] > 5 then n:=n + 1;
m:= O; - - T
for is= 1 step 1 until 1f do if LB[i] > 0 then m:= m + 1;
NTt= numvar(5); Ni= N1 + numvar(6);
M1:= numcon(less) + numcon(more); M:= Ml + numcon(equal),
dmax:= 0;
for i:= 200 step 1 until id do if IB[i] > 5 A IC[i] > dmax
Then dmex:= TC[1]; RONOUT; PUNLCR;
Tor i:= N1, N, M1, M do FIXpP(L4, O, i); PUNLCR; PUNLCR;
T -

procedure generate;

begln integer s, t, i, j, u, h, type, k, 1, ident, v, d, 1fh, w;
Teal Sigcoerl;
integer array PV[1:n], PC[1:m], subs[1:1 + dmax];
real array low, upl1:N], col, rhs[1:M + 1];

procedure each(b, i, d, proc); value b, i, &;
integer D, i, d; procedure proc;
begin integer a, save, 1D, ubj
1b:= = entier( — value(P[b = 11));
ubs= entier(value(P[b + 11)); a:= P[b]l; saves= IF[al;
for IF[al:= 1b step 1 until ub do if i < d then
each(b + 3, 1 + 1, 4, proc) else proc; IF[al:= save
end;
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procedure torhs;

Pegin real a;

integer g;

Zi= vaiue(k); if type = more then at= — a; ui= u + 13
rhs[uls= a; NLCR; PRINTTEXT({nr: }); print(u);

if LF[h] > O then PRINTTEXT({subs: });

Tor g:= 1 step T until LF[h] do prlnt(subs[g]);
PONCH(a) -

end;

procedure genbound;
Pegin integer g, h;
real a, b3
as= v*alae(k), be= value(P[1 — 1]);
if P[1 = 2] = min then b= — b;
T abs(b) < ;, = 20 Then
begin ER((type = equal A abs(a) > p = 20) V (type =
T more Aa>y=20)V (type = less Aa <=y~
20), ferror in bounds}); goto out

end;

'i"é"r' g:= 1 step 1 until 4 do subs[g]l:= value(P[1l + g]);

ht= if @ =0 then 1 else count(ID[ident], d, subs);

he= U + h; a:=a / b; if type = equal then

begin ER(a < low[h] V = > uplh], ferror in bounds});
—  1low[h]:= uplh]:=

end

else if type = more = b < O then
Pegin ER(a < low[h], <4error In bounds});
T if a < uplh] then uplh]l:= a
end -
else
begin ER(a > uplh], ferror in bounds});
T if a > low[h] then low[h]:= a
end; ~
outs —
end;

procedure eachvar(b, i, 4, proc); value b, i, d;
Tnleger b, i, d; procedure proc;
bPegin integer a, save, 1b, ub;
16:= = entier( — value(P[b = 1]));
ubs= entier(value(P[b + 11)); as= P[b]; save:= IF[a];
for IF[a]:= 1b step 1 until ub do
Pegin subs[i]:= 1Flal;
T if 1 < d then eachvar(b +3, i+ 1, d, proc)
else proc
en;
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IF[a]:= save
end;

procedure some(b, i, d, proc); value b, i, d;
integer Db, i, d; procedure proc;
Pegin integer a, save, 1b, ub;
16:= = entier( — value(P[b — 1]));
ub:= entier(value(P[b + 11)); a:= P[b];
if 1G[al # O then
Pegin saves= subs[IG[al]l;
if save < 1b V save > ub then goto out;
Tb:= ub:= save
end;
saves= IF[a];
for IF[al:= 1b step 1 until ub do if i < d then some(b
¥ 3, i+ 1, d, proc) else proc; IFlal:= save;

outs
end;

procedure gencol; comment (ident,d,subs,v);
Pegin integer i, w, n, 1ih, lch, s, type, k, a, 1;

procedure gencoef; comment (1fh,w,h,s,k,type);
Eotulbtddniid —_—
begin integer u, g;

real sigcoef;

procedure addcoef; comment (k,sigcoef,type,u);
beglin integer 1, g3
real a;
Tor l:= 1 step 1 until 4 do
Pegin a:= value(P[k + 11)3
T if a + subs[1l] then got not
end; ~ - =
a:= value(P[k — 11);
if P[k — 2] = min then a:= — a;
a:= a X sigcoef; ~—
if type = more then a:= = a}
olluls= collul™ =
nots
end;

if 1fh = O then us=w + 1 else

begin integer array cs[1:1Fh];
for g:= 1 step 1 until 1fh do cs[g]:=
IFCP[LE[h] =T + 3 X gll;
us= w + count(LE[h], 1fh, cs)

end;

IT s = O then
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begin sigcoef:= 1; addcoef end

€lse -

Tegin sigcoef:= value(P[s = 1]);

— if P[s = 2] = min then sigcoef:= — sigcoef;
some(s + 3, 1, P[s + 1], addcoef)

end
end;
Tor is= 1 step 1 until M + 1 do colli]:= we= 03
Tor i:= 1 step 1 tntil m + 1 do
begin hi= 'f 1<m then PC[i] else 0; 1fh:= LF[h];
1lch:= LC[hT; st= 0; type:= LBLh];
for LA[h] + 1 step 1 until 1lch do
E@i as= P[k]; if & = sigma then s:= k;
T if a = rap then s:= 0O;
T a 4 idenT then goto nextk;

Tor 1:= 1 step 1T until d do

Pegin a:= PLk + 173
if a > ci + 1 then go to nextl;
if a > 200 A a< cl” then
Pegin if IB[a] = 1 then 1G[al:= 1 end

else
DPegin if direct(a) ¢ subs[1l] then goto
T nextk -
end;

nextls

end;
if 1fh = O then gencoef else some(LE[h] +
2, 1, 1fh, gencoef);
nextk: for l-— 200 step 1 until id do
Ic'r'_r. -
end;
wi= w + LG[h]

end;
Vi= v + 1; NLCR; PRINTTEXT(4nr: }); print(v); PUNLCR;
PUNLCR; FIXP(M 0, v); if @ > O then PRINTTEXT(
fsubs: });
for i:= 1 step 1 until d do print(subs[i]);
PONCH(1low[V]); PUNCH(up[v]); PUNLCR;
for is= 1 step 1 until M do if col[i] 4 O then
~ begin PUNLCR; FIXP(3, O, 1); PUNCH(colTTI]) end; PUNLCR;
FIXP(3, 0, M + 1); PUNCH(col[M + 1]xobjective);
end;
Bi= 13 ti= nj
for iz= 200 step 1 until id do if IB[i] > 5 then
oegln je= IB[1]; if J = 5 then
T Dbegin PV[s]:= i; s:=S + 1 end
else -
Pegin PV[t]e:= i; t:= t = 1 end

end;
s¢= 1; ts= m;
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for i:= 1 step 1 until 1f do if LB[i] > 0 then
Tegin je= TBL1]; 1T J ¥ equal then
~ begin PC[s]:= i; s:= s + T end
else -
‘B‘—nPc[t]_l, t° t =1 end

end;

U:s= 0; rhs[M + 1]s= 0; NEWPAGE;

for i:= 1 step 1 untll m do

Pegin h:= PCl1]; Type:= LB[h]; NLCR; NLCR; SPACE(20);
— for k:= LD[h] + 1 step 1 until LD[h + 1] do
PRSYM(string[k]); k:= P[LCLR] + 1]; -
if LF[h] = O then torhs else eachvar(LE[h] + 2, 1,
TF[h], torhs)™ -

end;

Tor j:= 1 etep 1 until N do
Pegin low[Jlt= — 1P00; uplgl:= 600 end;

Tor i:= 1 step 1 until 1f do if LB[i] < O then

Pegin type:= = LBI1]; ke= P[LCLi] + 1]; 1:= LA[1i] + 3;
ident:= P[1]; d:= IC[ident]; u:= O;

for j:= 1 step 1 until n do

Pegin he= PVl j]; if h = ident then goto comp;

T us= u + IF[h] -

end;
comp:“?? LF[i] = O then genbound else each(LE[1i] +
2, 1, LF[i], genbound)
end'
Tor js= 1 step 1 until N do if low[Jj] = — 4,600 then
Towl jle= O; vi= O; NEWPAGE; —
for is= 1 step 1 until n do
Pegin idenT:= PV[TI]; d:= TC[ident]; NLCR; NLCR; SPACE(20);
~ for J"" 1 step 1 until cO do PRSYM(IA[ident,j]);
it d = 0 then gencol else ‘eachvar(ID[ident] + 2, 1,
d, gencol

end;

PUNLCR; RUNOUT

end;

procedure printstorage;
L vressrumas 2epnsnd ° o
begin integer h, i, Jj;

identifiers 3);

for i:= 200 step 1 until id do

Pegin NLCR; print(i7; -
T for j:= 1 step 1 until 15 do PRSYM(IA[1i,j]);
Tor h:= IB[I], ICTIT, ID[iT, IE[i], IF[i] do FIXT(L,
0, h)

end;
WINTTEXT({
program +);
for is= 1 step 1 until p do
bPegin NLCK; print{i); print(P[i]) end;
PRINTTEXT( ¢

linear forms 3);
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for is= 0 step 1 until 1f do

Pegin NLCE; print(i); -

— for h:= LA[i], LB[i], Lc[i], LD[i], LE[i], LF[i],
TGTi] do FIXT(4, 0, h)

end;
PRINTTEXT(4
strings }); NLCR;

for i:= 1 step 1 until str do PRSYM(string[i]); PRINTTEXT(

reals +); print(numi);
for i:= ¢l + 1 step T until num do
begin NLCR; print(i); Print(RR[iT) end;
"'RINI‘I‘EX‘I‘({

integers +); print(conl);
for is= ¢l + 1 step 1 until con do
Pegin NLCR; print(1); Drint(II[iT) end;
PRINTTEXT (<

formulas 3);
for i:= ch + 1 step 1 until f do
begln NLCR; prlnt(l),

~ for h:= FA[1], FB[i], FC[i] do print(h)

end
struct: start; structuralpart; bounds;
nume: if cursym = INIT then initialization else
begin ER(cursym = POST, ¢ post—optimization not implemented});
“ER(cursym = PARA, { parametrization not implemented});
ER(cursym # CLOSE, § wrong symbol %)
end;
Pregen; if test then printstorage; generate; NEWPAGE;
if cursym # CLOSE Then go to nume;
exits
end
end
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