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ABSTRACT

In this thesis, a solution technigue to éolve a,classbof
nonlinear programming problems is presented. The problem Considered
is the minimization of separable concavé functions and linear function:
errblinear‘polyhedra. A branch—and—bound algorithm for identifying
an optimal sélution is described; it is egguivalent to thé solution
of a finite sequenceée of lineariprogrammiﬁg problems. Computational
results are cited for a computer code developed implementitig tﬁe
algorithm. VThe algorithm is applied to dynamic capacity expansion
problem considering siﬁgle_plant—single commodity, multi—plaﬁt—single

commodity, and multi;plant—multi commodity cases.
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OZET

Bu tezde, belli bir grup dogrusal olmiyan programlama
problémlerini c¢&zen bir algoritma takdim edilmektedir. Incelenen
problem ayrilabiliy ic bﬁkey fonksiyonlar ve dogrusal fonksiyon-
lardan olusan bir afma¢ fonksiyonunun dogrusal klsltiarln olggtur—
dugu bir kapali ve sinarli set lizerinde enkiigliklenmesidir. Eniyi
¢dzlimil bulmak ig¢in bir dal-digim algoritmasi tanimlanmakta ve
uygulanmaktadir. Bu algoritma sonlu sayida bir dizi dodrusal
Programlama problemlerine esQeQefdir. Algéfitmayl uygulamak
i¢in gelistirilen bir bilglsayar programi ile ilgili sayisal
sonuglar verilmektedir. Algoritma tek fabrika, tek tip lirin-
gok—fabrika~tek tip Urin, ve gok-fabrika~gok tip lridn durumlar:

i¢in dinamik kapasite arttirim problemlerine uygulanmaktadir.
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CHAPTER I

INTRODUCTION

In the paét, sclution tBchniques of optimization problems
were primarily based upon the asslimption of linearity. Since
linear programming (LP) his found large application fields to
bring solutions to industrial and econonical pfoblems, the theory
and solution techniques of LP has been Gbfipletely developed . Today,
highly efficient ¢omputer program packages are available to LP
ugsers to golve larg@~seaie LP problems. On the other hand, there
are several classes of problems which are nonlinear but can be
solved using LP as an approximating technigue by applyinq successivel
Such a class results from the formulation of problems with eco-

nomies of scale.

fconomies of scale are empirically significant in a number
of major indubtries. Decreasing unit costs are encountered in
the process of creating additional capacity and in manpower use
in industries sdch as petroleum, chemicals, petrochemicals,

steel, cewent, and aluminum (1,2,3). Empirical studies of plant

¢



construction costs have demonstrated that in these industries the
elasticity of total cost with respect to plant size is constant
over a wide range, and frequently has a valve between 0.6 and 0.8.
Therefore doubling plant size increases costs between sixty and
eighty percent. Similarly distribution cost of goods between
regions display economies of scale in certain cases and again,
decreasing unit costs are encountered in distribution systems.b
Recently, minimum cost models, focusing ©n optimal plant size,
location and construction timing in a single industry with'econof
mies of scale have been of considerable interest (4,5). Plant
locatidn type of problems which can be included in the above

class of problems require the ConSideration of fixed charges (6,7).
Mathematical models which are expected to cover the above features§
lead to the consideration of nonconvex cost functions, thus reguiring

the development of hew solution techniques.

In this study, a general algorithm which can solve the
problems having the above features will be preSehted. An objective
function consisting of separable conceva functions and linear
functions including fixed chargés if necessary, will be minimized
over linear polyhedra. Here, a branch~and-bound algorithm will
be appliad to obtdih the solution. The algorithm is mainly
based upbn soland's (7) simplified dlgorithm for minimizing sepafable‘
concave fucntions over linear polyhedra.

The general.principles of branch-and bound solution
tecbnique are covered in the second chapter. In the third chapter,
the problem is defined and the algorithm is presented. An example



problem is given to demonstrate the algorithm. In the fourth
chapter, davelopment of a computer program written in FORTRAN IV
and some computational results are introduced. Applications

of the algorithm to'dyﬁamic expansion problems considering
production, inventory, and distribution appear in the fifth
chapter. The last chapter covers the conclusion and extensions.
A user's manual of the computer program used in this thesis is |
given in the appendix togethér with a source listing of the |

program,



CHAPTER 2

REVIEW OF BRANCH-AND-BOUND METHOD

2.1 Introduction

Among the mostvgeneféi approaches to the solution of
constrdined oétimization pfoblemé is that of 'branching and
‘bounding'. . Branch and bound is intelligently structuréed search
of the space of all feasible solutions. Most commonly, the
space of all feasiblé solutions is.repeétedly partitioned into
smaller and smaller subsets, and a lower bound (LB) and an upper
bound (UB) is determined for the cost of the éolutions within
each subset. After each partitioning, those subsets with an
LB that exceeds the minimum UB of all subsets are excluded from
all further partitionings. The,bartitioninq contiues until a
feasible solution (Z2UP) is found, the e¢ost of which is no greater
than the LB fof any subset. |

2.2 Essential Features of Branching - and - Bounding
There are many optimization problems for which 'direct'

methods of solution do not exist, or are inefficient. Typical

examples are problems with a nonconvex objective function or



‘nonconvex constraints or problems with some or all variables cons-
trainéd to take on discrete values. Branch and bound technique

makes it possible to solve such problems by applYing'existing methods

of solution to easy problems.

Suppose we are conf;ontedfwith»the,following problem (Po)

P, ¢ Minimize fo(g)_'

subject to,g? (x)z0 i=1,2;,..,m
X € X

where X° denotes thie domain of optimization and  x denbﬁes»a vector

' -(klj Kor eens xn); In accordance with the general terminology,

an x vector which satisfies the éSnstraints and l1ié8 within the
domain of optimization is calied a feasible solution andra-féasible
solution which yields the minimum value of £2(x) is called optimal

solution.

One way to solve such a prbblem is to solve a related
easy problem and show that this solution is also a solution to the’
original ptroblem (Po). Suppose, in the case of minimization, Po
is replaced by problem P, which bounds pé, in the sense that

following bounding property is satisfied :

There exists at least one optimal solution

(o}

X of p,, which is feasible for p, and f}(§o).< £9(x°)

X

-5-



where £ is the objective function of P -

' . 1 . e
Assume x! 1s the optimal solution to P , if X satisfies
the following optimality conditions

Optimality Condition 1(OCl):
x~ is a feasible«solution to P Optimality Condition 2(0C2):

the ¥~ is an optimal solution to Py

-

If (0CI) and (OC2) are not satisfied then 8ne proceeds
as follows :

Generdlly, the easiest way is to replace P, by a set
of problems P {(2),43), ...}

that simila¥ly bound P_ in the sense

that they jointly satisfy the following generalized boufiding property:

GeﬁeralizadvBounding‘PropertX'

There exists at least one
optimal solution X° of Ps, such that it is feasible for at

least one problem (j)eP, and fj(go)sfo(gq)

Branching : Suppose we have €h6 optimal solution x° to
each problem (§)eP. Let xX be such that
£ () = min £ (x%)
(j)eP
In general, P represents the set of problems that have not been

replaced (i.e., set of problems that have not yet been branched from).



It is obvious that §k is optimal solution to P_ if (0Cl) and (OC2)
are satisfied (with fk replacing §l‘in their statement.) If (OC1l)

and (OC2) are not satisfied, then problem. (k) is replaced by a
(k)

set of problems P . In addition to requiring that the new set

(k)

of bounding probiems (p={k})uipP satisfy the generalized 'bounding

property, we may imyosev the following "weak convergence" condition.
For each problem (j)&P(k), either §k is infeasible

for (3) ox fj(gk)~>fk(§k)

and the "strong conVergence' condition

For each problem (j)eP(k); and each feasible solution
x to problem (k), eitker x is infeasible for (j) or

f (%) > £ (%) .

These conditions, however, are not sufficient to end up wWith an
optimal solution to P_ with a finité amount of computation. They

do represent minimal conditions to be imposed in order that somg

progress toward a final solution éaﬂ>be made.

A tree is usually used to represent the branchlngwand—

bounding. Bach node of the tree correspcnds to a problem (3j) as

follows



Minimize £9 (%)

gi(§);0 i=1,2,..,m
o o ' J
zSXJ

The problems that repléce problem (j) in the bounding set are pointed
by branches directed outward from node(j). Thﬁs set P at any
intermediate boint in the calculations are designated by ﬁhé nodes
of the tfee. |

The total aiiunt of computation is related to tHe& number
as well as the complexity of the pibblems created in the fully
devéloped treé. The amoHht of storage reguirement is also relétéd

to the maximum number of nodes.

To reduce the cardinality of the set P, some~observations
can be made. In the course of calculations, various féésible solu-
tioﬁs to P are aiscoVered Supposé X is thé‘least costly soiu-}
tlon (wlth respect %o f°) at any ihﬁermediate stage and (j) is a
bounding problém in P w1th Optlmal golution Xiéx ‘ 1f fJ(xJ)>f (%),
it is obvious that a better soluticﬁ cannot be obtained by proceeding
from node (3j),then problem. (j) can be removed from set P.without
affecting the optimaliﬁy chdition.Z. This proéess is called

'fathoming."



A lower bound £7(x7) is associated with each node (j) of
the tree, and a node (j) with f%gg)ﬁfo(g) is called 'active' and
the others are called 'fathomed'. The branching-and-bounding

concludes when every intermediate node is fathomed.



CHAPTER 3

ALGORITH M

3.1. Introduction

There are differént approaches to solve the problen of
globally minimizing o coﬂCave function over‘a linear polyhedron.
Some of them use branch-ahd-boiind tgchniqueékand,some othérs.employ:
‘extreme point techniques. Since Tui's fun&éméntal wdfk(B); this
problem has been‘considered by a'numbervof-authors. Some authots
(7,9,10) emphasized branch—and—bound techniques, some others(ll 12,13)

empha51zed extreme point ranking technigques.

Most of the apﬁrbédhes :equire'the separabllity of the
objective function (7,9,10). However, there are saﬁe racent approachesb‘

in which separability of the objectivexfunction is not a rgguirement. (14|
According to Lawler and Wood (15), branch-and-bound methods
appear to be the best way to obtain globally optimal solutions to

nonlinear programming problems in which a nonconvex cost function

-10-



is to be minimized. In this study, this approach will be adopted.

3.2. Convex Envelopes

Prior to developing the branch-and-bound technique for the

problem, the mncept of'convex envelope' is to be emphasized.

Let £ be some function defined over a compact set C. Let ¥

be the cénvex envelope of f takenover C.

Definition

i) ¥ (x) is convex over C.
ii) ¥ (x)¢f(x) for all }cC.
iii) If g(x) is any convex function over C, and if g(x)<f(x)

for all x8C, then Y¥(&)»g(x) for all xeC.

A single dimensional example of convex envelope ig given in Fig. 3.1.

f(x)

¥ (x)

N
P U \ A

\
L

X

Fig. 3.1. A nonconvex function and its convex envelope

-11-



Intuitively, the convex envelope of f taken over C is the “highest"
convex function which fits below £. We will bé'dealing with functions

n ~
f(x)=t fi(xi) which are separable and set C which may be described

i=1
by simple inequalitieg, e.g.; C={ x| Lsx<L'} where 1 and L are fixed

. n
vectors in E .

Theorem: (9) Convex envelope of a separable function f

OvVer a rectangular set C is equal to the sum of the convex

envelopes of fi taken over Ciz'{xﬂ lf:Xﬁ:Lﬁ

Proof. Define a function r over En by means of the relation:

r(;)::max{<g,;>—f(§)} .
XEC |

¥ (x)=sup { €_K,E>‘;'— ()}

teE™

1f £ 1s separable and C={x|l¢x¢L) we may write

n 'n o
-_—.—_‘Z Yy = 11T - 7
Yoma, Yy =g S‘éli’{xiti ry (e}
n ; n : '
= 7 _ max {x,t.-f.(x,)}
where r(t) o r,(t)) = i£1 1< x¢q + 17174
=1 . 1 1

In other Words, the convex envelope of a-Separable
function f over a rectangular set C is equal tc the

sum of the convex envelopes of the fi taken over

Crl{x] i< %<y ¥



This observation is especially useful if f, is concave, for the convex
envelope of a concave function of a single variable is that linear
function passing through the endpoints of the given function. (See

Fig. 3.2)

rig. 3.2

In the material which follws, we take the convex - envelopes of f over
rectangular subsets of C and use the resulting information to obtain

increasingly better approximations to f.

The following theorem is the heart of the solution method
to the above cited problem. |

Theorem = (Kleibbhﬁ (16)). If¥ is the convex envelope of

f taken over C, then a point gobglobally solving the mini-

mization problem with. concave objective function also

minimizes Y over C.

Proof . GivenVY (x) < f£(x) xeC | (3.1)

we want to show that‘P(§O)=f(§okﬂ’(§) X X



i. From (3.1l) we know that w(gO)Sf(g?) Assume
¥ (x7)< £(x°) (3.3)
with g(x)=£(x) ' (3.4)
where q(x) is any convex function defined over C and
q(xISE(x) (3.5)
From (3.3) and (3.4) W(§9)<q(§°). THis contradicts

the definition of convex envelope. Therefore, W(go)ﬁf(§o)

is not possible, thus

v(x%) = £(x°) .

-0 €

ii. Assume f(§9)>W(§) for x€C and let the convex function

g(x) be deiined by (3.4) and (3.5). Thén

£(x7) = g(x%) >¥(x) X xdec

—

-._L4_



but’ we know that g(x) \<\P(>£)', ¥ C by definition of ¥ (x) and

. o o o
therefore, this is a contradiction. Thus f(§.)<ﬁK§) X Xe L.

3.3 Problem Definition

As cited in Chapter 1, some optimization problems fequire
the involvemént of nonlinearities in model formulations. ¥xistence
of economics 6f scalé leads us to a certaln group of nonlinear
Programming problems and causes the relatlonshlps between costs and
amounts of activities to become concave. A minimization problem’
with a concave objective fuﬁction_cannot be solved by a direct
method because of its nonconvex nature. A model which w111 handle

the above condltlons w1ll be a minimization problem as follows :

~

N .
Minimize f(x) = f.(x.,) + ,I g, (x.)
i it i=n+l i1

IR Yo

1

subject to XeG= { x| AX:<Ub }'

XeC= {xllsgg}k

where £, is concave and g; 1s linear over the finite interval

fli.Lg . It is well known that f takes on its minimum value at some extr

14



point of the linear polyhedron GAC, so that the search for an optimal

solution may be restricted to extreme points of GnC.

Theorem: If objective function f is concave over linear
polyhedron GNC, then f achieves its minimum at some extreme
point of liner polyhedron.

Proof : Let x° be optimal but not an extreme point, then

Bv definition, if £ is concave, then
Lo ] Z'f(xj5~

£(2 %4 ¢ ) 72057 TR0
3 J

since §O minimizes if over GNC

£(x)E(x)  x,

and since we have assumed that optimal solution is not on

one of the extreme points
£(x0) € (x) x° x7J eane
£(x%)=£( Za.x7) <Za £ (x))
- 3™ 53 7

This is a coftradiction.

.



"Falk ~and Soland (9) presented an algorithm for separable
nonconvex programming problems that may be applied to the above
problem. For this problem, their method reduces to a finite
sequence of LP problems. Soland (7) has developed a different
version of the algorithm for 'a plant location problem' with an
objective function composed only of the separable concéve cost
functions and a constraint set of‘the £ransportation fype. He
shows tliat the constfaintisét’can reméin the séme at each subproblem
(iteration). ‘Based 6n this result; his algorithm éxploits the
special structure of the trarnsportation problem when s&lving the
subproblem after each partitibn. Rech and Barton (10) have
developéd a different Vefsion of theé algorithm. Theirvproblém
contains an objeCtive function which'is‘cOmposed of mostlyvlinear
cost functions and some seéarable nonconvéx piecewiée linear ones.
They convert a diStribution probiem irivolving only one commodity
into a 'minimal costnetwork flow' éroblem.and because of'the
vspecial structurée of retwork flow problem they use the out;of -
kilter algorithm for the solution 6f the subproblems. In their
algorithm, the constraint setvdoes not ra&main thé same since
the lower and upper bound conétfaiﬂts on fnonconvax variables
- change from one iteration to another. The aigorithm which will
be presented here will be a combination of the‘algorithms developed
by Rech and Barton (10), and Snland (7) and no restriction

will be imposed on the structure of the constraint set with the

-17~-



exception of linearity.

3.4 Essential Features of the Algorithm

A<« mentioned previously, the algorithm: to be presented is a
branch-and-bound algorithm. 1In the folléwing, the set Cand its
subset will be reférred to as é:reétanglé; Branéhing correspoOnds
to partitioning tlie subset Gf solutions if a subrectangle Cch ifito

twSd new subsets of solufions in thé two subréctangles cP and c¥,
where cPuéd= c®. Bounding corresponds to the determifidtion of a
lower bound on the optimal Solution valu& in a subrectangle Ck.

As in all branch-and-bound solution methods, a tree will be

used to répresent the development oOf the problem} 'Nl, NQ, N3,.;.

represent the nodes of the tree where N is the initial node.

2k 2k+1

At stage k of the algorithm nodes N°" and N are credated. Each

node NX represehts a rectangle'CEﬂ‘xllkégsggk} with';$;k<gk$gt.

When N® is selected for branching, NP and N? are branched from

Nk and they respectivelybéorrespond to‘rectangles'cp and Cg sieh

that cPoc%c®. an intermediate node is one which has not yet

been branched from.

The algorithm generates a sequence of feasible solutions

k

k
: k=1,2,3,...} where g# is obtained at node N .-

Ux

-18-



Let zuPminle(xd) : 3=1,2, ....} and xBESTC x* such that zuPS £(x™).
ZUPk is an upper bound on the optimal solution value of the problem

and XBESTk is the best soiution found through node Nk.

Let LB(NY) be a lower bound on the optimal value of f. Now
it is time to introduce convex envelopes. With C£{§|LE$§$QEL let .

gk be the linear function passing through the endpoints of the

. k kq . : k,. k, _ k. k k, k
interval [1, r Ty Jsuch that ¥,"(1,7)=£,(1,") and ¥y (L )=£, (L) .

Recall that gi‘s are linear and obviously they overlap with their
convex envelopes over C. For this reason'gi's are included in the

algorithm without any changes. Since fi is concave} the followihg

facts are evident.

k | kL ke
Yo (x)€fy (%), Af xell, ™, 1,7] (3.6)
YRie ) st (x.) 'bif e (1K, 1.k '
i (¥g) 2E (x00, Xg (17 L) (3.7)
Gk n N . S
Let - L vy, . : . . i i i :
{x) (0 l(Xl) +££mlgl(xl) it 1§ obv1ous’that
) . .

YU(X)SE(x)  if XeC

Thus the minimum of wk over Gnc® is less than or equal to the mini-
~ -k k | :
mum of f over GOC . Y 1is bounded by the minimum of‘¥k over GnC

and LB(Nk) is defined as follows : °

-19-



R K
LB (N%) = min {¥* (x) |KeGAC }amin (¥ (x) | %eGRC" )

Therefore, LB(Nk) is the optimal value of the following linear
programming problem, which is called Pk.‘
N

¥y k :
LX)+ Z (X0
1 1 1 i= 0 Jitki

(P¥): Minimize ¥ F(x) =

i

| o e’

Subject to xe GNC

. s . . _— - ky.
at each iteration on §k is obtained and the sequence-{§ }is the

optimal solutions to Problems Pl, Py ie..n

Branching from an intermediate node, say node Nk‘, can be
2k+1

considered if and only if LB(Nkﬁ)§ZUP (the 1last numbered

* *

node presently is NZkfl). §k is the solution to problem Pk at
kad . .

node Nk’. Determine the component ib,,fOr which the following

difference is maximized. This difference corresponds to the

eryor introduced by the convex approximation for each concave

function. The difference is

%, _ ykT LK) (i=1,2,....,0) (3.8)
: . i
1 1

-20-



* .
L. X . |
Divide the corresponding interval (1ib ' “ib ] into two intervals
¥

KoK KK ; | K
[lib ¢ Xip ] and[xib,, Lib 1. By branthng from node N , nodes

2k+2 2k+3

(i.e. su:problems) N ’ and N are created. Although the

convex envelopes are updated according to the new bounds at each

node, constraint set is not updated to introduce the changes in
E3
lower and upper bounds. Therefore, some x.k may occur outside
%* % « 1 :
of (1 k L k ) What would happen if x K (1 k L k ) 2
iy . ‘0. PP i Yoy !
< _

The following theorem explains that at nade Nk selected for

x* . s k" K*
branchirg Xib must fall iA open 1nteryal (lib ’_Lib ?.

. . L%
Zk*l, then x< (1 k, L, k)

#*
Theorem : If LBka)< ZUp ., €
i AN » ib ib lb

Proof : We are given LB(Nk )y % ZUP

since LB(_Nk )=‘1’k(§k )
. % 3% *
¥R (") e ()
* ® %
£(x° ) - Wk(gk*)> 0

-~ 21 -



This impiies at least one of the differences in (3.8) is positive
' B * * * :
) k
and by (3.7) this can only happen if x.%:(lg . L ).
| - *p b b

What the theorem shows is that, although the solution point Xi

* : *
may lie outside the rectangle Ck , at least one component X5
‘ b
* * *
. 2k+
must lie in (1.5, X ) if te® ) <zup?L.
S

Before the stéps of the algorithm are given there is

a final remari o be made. As mentioned in Chapter 2 branch-
and-bound technique is an intelligently structured search of the
space of all feasiBle solutions, and in order to reduce the
number of nodes creatéd some observations ¢an be made. At any
1ntermed1ate stage, 18t node 1\]:J be a bounding problem in the

set of intermediate nodes (l.e., node that has not been branphed
from). and let total number of nodes be m and §J#XBESTm‘ Accdor=-
ding to section 2.2, i£¥ J(x9) 2 £°(xBEET™) , the 87 is fo be
fathomed and_excluded from further donsideration. However, this
"is not the case in this algorithm i.e., no such fathoﬁing rule
can be stated since the condition is éutOmatiéally taken into
account. That isg; at.the end of any stage, Nj (or ahy other

node with the same property) may or may not be selected until the
optimal solution bhas been obtained. If‘Nj is not selected for bhran-—-
ching, then there will be no problem. If Nj is selected for
branching, then optimality condition is satisfied since LB(Nj)=
qj(xj);fo(XBESTl) = ZUPl, where 1 1s the number of nodes creaird

until node N1 has been selected for bratiching and ZUPls 7™,

-22-



’ : L . o1 L
Algorithm stops with optimal solution XBEST T and optimal value ZUP .

1.

3.5 Steps of the Algorithm

k=1. Find LB(N'), ZUPY, XBEST . Go to step 2.
. . ,
- . k :
Find ¥* such that LB(Nk ) is the minimum of LB(N ) over all
, .
o y . 2 2kl .
interiediate nodes N°. If LB(Nk )320P" ktl = yppsre®*™ is an

2k+1,

optimal solution and ZUP is the value of the obijéctive

function. Otherwise go to step 3.

; % A
k=k+1l. Branch from node Nk £o creaté& nodes N2k and N2k+l

rina TR(N2X), Lam®tY), zup?¥, 20p?¥*l. Go to step 2.

tepq of the algorlthm given above comprise only the general

framework of the algorithm. The details of the steps will be given

in the flow chart for the computer program of the algorithm.

3.6 Convergence of the Algorithm

Theorem :  The aigorithm terminates at an optimal solution
after a finite number of itevations.
Proof : The linear polyhedron GNC pCssesses a finite number

of extreme points and we assume that each point xk that

-23-



solves P, is one of these. Let E be this finite set of
extreme points and let Ei’ i=i,2,..., n be the set of
projections of the elements of E on the it coordinate

axis. Define E=E.0l1 }u{L.} and E=E_xE
i ti . i , 1t

5 X e

: "B
is a finite set of points in C. The operation of the
algorithm is sudh that every fectangle Ck is defined by

an appropriate set of thpointé éf E; i.e., 2” extreme
p@intélofick' are elements'of_ﬁi There are, therefore,
only a finiﬁe nunber of‘possible rectangles ck that may be
obtained in the céurse of the algorithm. Since it generates
two néew rectangels at éach stagé,'it can proéeed-for onlyf

a finite number of stages.
3.7 Example Problem -

The following probiem is to illustrate'hOW the algorithm

‘proceeds and converges tO‘Optimal'solutibn.'

Minimize z=fl(gl)ff2(x2)+x3

Subje§t to x£+4x2+2x338
3xi+2x2 z6
<
0 x1§l6
0$x2$9
Ogx. <
\x3\8
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_ 1/2 if x>0
where fl(xl)— 1648 X, 1

0 if xf=0_

‘ = - x>
fz(xz)— 9+3x, 1£ X, Q

U
O

: if x
Q 2

"~ Soluntion

Upper bound of the problem is set t0 ZUPj ©

Node 1

i
W
[o¢]
W
a
g
|
@{g:
il
[N

Convéernveldpes C =
. 16

Pfdblem to‘be'solVed'at nbde"1

Min Z=3x !
CAxyrxg

x£r4x2+2x3;8»

S

0 16

A

X

jo)
IN

X

O

=
In
]

w,,\_ Nl/\. l“m
(o]

 BOGAZIC) DNVERSITES! KETUPHANES!



Solution at node 1

1

1 1.
Z=ZL(1)=9 Xl:: 2, xz_—.;O, X3=

3

" Value Bf the original objective function at x* is zZu(l) = (16+8(2 :%+

0+3 = 30.3137

Since ZU(1)<ZUP, cuf¥éht upper bound becomes ZUP=2U(1)=30.3137 and

XBEST = x*

Optimality test

Since 2UP " 2ZL(1) this solution is not optimal, and we must continue
with branching. Nodes 2 and 3 will be created.  First branching
variable is to be found. | ,’ |
a. £ (x,") = 16+8(21/%)=27.313
g (x, )= (3) (2)=6

1

oyl 1y .
£ (x ) Lix ) =21.313

N .
y 1 1y
2 (x2 )=0

LyLwd o, Iy
fz(x 2) 2 (X2 )-Ov
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.. X is the branching variable.

At nodes 2 and 3. only the slope of X in the objective function

1

will change, since the interval [ll ' L111==[o,161 is divided

into two intervals flll

[113, Li3]= [2;16].

1. 2 2 . 1 1
;o x, 7 0=01,% v “)=T0,2) ana [x "1 1=

Node 2

Coefficient of X 1 in this approximate problem is the

~slope of the linear function whose endpoints are [llz, Ll2]='

2 2 _27.313

[0,2] and [fl(ll ) . £ (T l)]?[0,27-313] thus o/ = T2 T13.656

and other coefficients remain the same i.e., c, C2f==4.

Attitudes to be added F=0.

Problem to be solved at node 2

Min Z::13.65§ X+ 4x2f x3:

w. >
xi+4x2+2“3‘ 8

3x£r2x > 6
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Solution at node 2

2. 2 | 2

z=2L(2)=12, X, 0, X, = 3, x, = 0

Value of the original objective function at x° is ZU(2)=0+(9+3(3))+0 =1¢

Since ZU(2)<ZUP cirrent upper boﬁhd.becomes ZUP;ZU(2)=18'and

XBEST’= x°.

Node 3~

Coéfﬁicieﬁﬁ of Xl in this appfoximate'problem is the slope
of the linear functioanhose,endpoints afe[113; L;3]4};16] and
ENEISF fl<Ll3{F[27.313,48] thus ¢, °=1.477 and other coefficients
rémain the safie as ﬂh@sevin node 1;1i.e.; c2§=02¥a4. Altitudé'to
be added (4.4, int@fcépt'@f‘the function with the vertical axis)

1s P=24.35.

Problem to be solved at node 3

Min 2 1.47jxf-4x2fx3

. : >
Xf‘4X2f2X3/ 8

S
3xl+2x2 > 5



) Solution at mnode 3

225.995 ZL(3)=2+F 30.3137, x 22, x,°= 0,
1

x33= 3. Value of the original objective function at g? is
Z0(3) =30.317. Since ZU(3)>ZUP upper bound does not change, ‘i.e.,

Z2Up=18 XBEST%=§?

Select the noéde from among nodes 2 and 3, with the minimum

lower bound.

" Lower bound of node 2 2L (2)=12 and lower bound of
node 3 ZL(3) = 30.316. Since 2ZL(2) £ 2L{3) nodezig selected for

bratching.

Optimality Test

Z2UP=18+# 2L(2)=12 therefore solution is not yet optimil

and we must continue with branching from node 2.

Nodes 4 and 5 will be created. First branching variable

"at node 2 is to be found.
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' 2
b. £,(x,7) = 16
y 2, 2
2 (%) =12

2
2 Y 2 '

- %, is the brancliing variable.

At nodes 4 and 5, only the coefficient of X, will be different

from the @oefficients of all variables at node 2. Interval

2 24 o O 2 2 4 _ 4

[12 ¢ L, ]is divided into two :mtervals.‘[l2 r Xy }{12 1Ly ]:J
g 5. 5 B . .

[013] and [xz ' Lz ]=[12 4 Lz ]=[3'9]

Node 4

Coefficient of xz in this approximate problem is the slope

4
of linear function whose endpoints are [12 ' L2 ][0 3]and[f207 )i

£s (L, )]4b¢18] thus C, =18[3==6 and other coefficients are the

same as those in node 2, i.e., Cl4=-C12=;¥3.656 and altitude
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to be added F=0

Problem to solved at node 4

Min Z=13.656 X+ 6X.,+X
1 2 73

: >
xir4x2+2x3 8

3Xi+2x2

Sol tion at node 4

Z2=721.(4)=18 xli 0, x2ﬁ=3, x3i=0'and'value of original objective

function at node 4.

Z20(4)=0+(9+3(3)) + 0 =18, Since 2U(4)=2UP upper bound of the

problem remains the same, i.e., ZUP=18 XBESTé=§2.(or 34)

Node 5

Coefficient of X, in this approximate problem is the slope

of the linear function whose endpoints are[lzs; L25}43,9]and
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5 5 ' .
[f(l2 ), f2(L2 )]=h8,36] thus C25= 3 and other coeeficients remain
the same as thoseé at node 2. Altitudes to be added to the objective

function of LP solution is F=9.

Problem to be solved at node 5

o+ X

2

Min Z2=13.656x + 3x
"1 3

v 2
3y o+ 2x -z 6
. 1 ’

X + 4x_+ 2x. 28
1 ] .

Solution at node 5

2=9 2L (5)= 2+F=9 +9=18, xii.o; xzi 3;1x32 0 and value of ofiginal

objective function at 55 is 20(5)=0+(9+3(3))+0=18. since ZU(5)=2UP

upper bound of the problem remains the‘same i.e., 2UP=18 and XBEST2=X2.

Select the node from among the intermediate nodes 3,4, and

5, with the minimum lower bound.

- =32-



ZL(4) = ZL(5)< 2L(3) therefore node 4 or 5 is selected.‘Let

us select node 4.

Optimality Test

ZUP=18=2L(4)=18. Therefore optimal solution has been obtained.

Algorithm termjmates. .

Optimai>sqlution of the ?r@blemf

7UP=18  x.=0, | Xy = 3,_'” o Xy = 0

réé representation of the problem is as follows
ZL(1)=9

" 50(1)=30.3137
20P = 30.3137

7L (2)=12
2U(2)=18  2L(3)=30.3137
2Up=18 %U(3)=30.3137
YZUP =18

ZL(4)=18 ‘
2uay=18 @
2UP (4)=18 *

2L (5)=18

2U(5)=18

-ZUP=18
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CHAPTER 4

COMPUTER PROGRAM CF THE ALGORITHM

4.1 General

Th& Brogram is‘composed'df a main program, MAIN, and various
subprograms which &¥e Galled in thé main program. " One of the stib-
programs i1s SMPLEX, %hich is a FORTRAN IV code 6f Simplex algorithm.
This subprogram his Beén devéloped by Land and Powell (17) , to solve
LP problems. SMPLEX contains several subprograms. Some of the
supprograms have béen removed and some have been modified. DATA
and IPRINT subroutines of SPLEX have been deleted and véwritten
in consistence with the reguirements of the problem intfudced
in this study. Subroutine SPRINT 6f SMPLEX has been rémoved
completely since it is unnecessary in the program. Some minor
modifications have bsen made in sibrotutines IEXIT, COPY to match
them to our program. A new subroutine, ARRGMT, has beén wriﬁtten
for some tolerances used in SMPLEX. AS mentioned SMPLEX is one
of the stbprograms called in MAIN and its subroutines will not be
e¥plained here., However, the details of the subprogramsg of SMPLEX
are avallable in (17 ¢or those interested. In the following,
we will briefly, refer to what happens in the main and subprograms
developed in this thesis. -
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4.2 MAIN PROGRAM

Main program contains a number of subroutine subprograms.
DATA is the first subroutine which reads in a problem for_solutidn.
After the execution of-DATA.‘cbnvex_envelope of the ijectivel
function over set C is computed and subroutine SMPLEX is called.
This subroutine solves problem 1(p)) at node 1. If the solution

to P, is infeasible or unbounded, the é&xecution stops, this implies
an errof in the data input. If the solution to P, is Optlmal,

execution proceeds and subroutine ACOBJF; which édmputes the
valué of the objective functlon of the’ orlglnal problen, is.
called. Optimality test is made, if solutlon is optlmal control
is transferred to subroutine SOLUTN to print out the résults,

otherwisé subroutine BRVAR is called to find the branching variable

at this node. vsubrouﬁines\BND_aha CFBND are called to obtain the
bounds and objective fuhction eoefficienﬁs to be used iﬁ‘the,
following two problems created. FOf each of the two new problems
subroutine SMPLEX 18 called and théfi subroutlne FXCH is called and

associdted altitudes are added to the value of the Objective functions
cofiputed in SMPLEX for the probletis considered. Value of the original

objectivé  function for thé solutidr at this node is computed

and if it is less tHan the upper bound of the problem (zZUP), this
new value becomes the UB of the problem. Subroutine BRVAR is
called to find the branching variable at this node. After this
sequence has been completed for the two created problems, the
intermediate node with minimum lower bound is looked for and

ah optimality test is made 1f solution is optimal control is
transferred to subroutine SOLUTN, otherwise branching occurs from
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the node with minimum LB and the above steps are repeated.

4.3 -DATA

In appendix there isa list of input formats for the prbgram.
In this subroutine all necessary data for the broblem are read in.
Subroutine SMPLEX had a DATA subroﬁtine, but‘this hés been deleted
'nd a new DATA subroutine consisteht with the problem has been

written.

The first read statement reads MAXNN, maximum number of
nodes £6 be involved t6 obtain a solution, PRECIS, percéntage at
which a ‘acéeptablé solution' is dbtadified. The second read statement
reads NFXOPI, an indiCator4Wh¢;her Ehefé, exists any fixed‘chargé
of the nonconvex Variables, and IPROP2, an indicator whether the
solutions to subproblems are printed. The third réad‘éﬁatement
reads NNVC, number 6f éoncave variables éﬁd NLV, nudmber of linear
variables in the problem.  The foufﬁh read statement reads values
of esssentially used in subroutine SMPLEX. M is the number of
conskraints, N is the number of variables, ISBND~is_thé number of
upper bounded variables, TTRMAX 18§ the maximum riilber of iterations
allowed in SMPLEX 4& fihd the optifial solution to subptoblem at &
node, IRMAX 1s téh méximuﬁ‘ofﬁréinVéréiaﬁs to 'olean up" the basgis
and impréve the accuracy of the SMPLEX solution. After these read
statementd, comes thé reading of a few sets 6f cards. The sets

are :

1. +the fixed e¢ahrges (FX) of concave variables (which
may be omitted if NFXOP1=0)
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2. the coefficients (D) of the concave variables

3. the exponents (E) of the coricave variables

4. the coefficients (C) of linear variables following
concave variables in order (i.e. ¢ (NNVC+l) to C(N))

5. the sijns of constraints and the values of right—hand sides

6. the upper bounds |

7. the lower bounds of only concave variables (if lower
bounds are different from zZero)

7. the nonzero elements of constraint matrix, including

lower bounded variables as sconstraints.
The details of‘data formats é&fe given ih Appendix.

4.4 ACOBJF (Value of the objédive function )

" This Subroutire computes the value 0f the objective function
for the solutioh to LP problem at the node considered. Valies of
variables are obtained after subroutine SMPLEX has been called
and these are substituted in the origihal objective functicn (recall
that all the sélution# form LP probléms are feasible to the 6riginal
problem.) If this value of the objectivée funétion is less than
the.upper bound of tha problem then this value becomes the naw uppel
bound and values of variable are stored in array XBEST, otharwise
the upper bound of the préblem remains the sdme.

4.5 BRVAR (Branching Variable)

This subroutine finds the brénching variable at each node,
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to be used immediately or later for branching. After the LP
problem at the node considered has been solved, the concave
variable that will cause the biggest difference (thus the biggest
eror in a sense) between thé original objective function and
objective function to LP is selected for branching. Branching
variable at this node is stored in array JBRCAR and value of this

variable is stored in array VALBRV.

4.6 BND

This subroutine determines‘the\ﬁ&ﬁes of the lifits (1 and L) of
the branching variable for two neéw préblems created by branching. |
. It also computes the coeff1c1ents of the branching varlable in the
‘objectivé functions 6f these two subproblems. Recall that the
two problems are different from the problem at previous node in
only the 1limits (1 and L) and slope in objectlve functions of
the branching variable._

4.7 CFBND

This subrottine determines the upper and lower limitsg
(1 and L) and the coefficlents of céncave variables in the two
new problems, with the exception of the branching variable. After
the call of this subroutine all the data necessary to solve the
subproblem at the ﬁcde become ready. Then subroutine SMPLEX
is called to solve the sﬁbproblema Subroutipe CFBND is called
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only for the first groblem created at each stage in that the data
provided here remain the same for the second problem of the stage.

4.8 FXCH

This subroutine computes the total altitude to be added to
the furniction value obtained by’SMPLEX. When convex envelopes axe
drawn of the concave functions, their Slopes are computed and used
in LP problem at the node to find optimal solution. Howéver, some
of these c¢Onvex envelopes, which a¥e linéar functiéhs'db not paSé
throigh the origin and intersect the vertical exis. Therefore,
associated altitudes for the probleﬁ.curréntly'éolved are to be
compute& 7

coming from SIMPLAX, and lower bound (ZL) to the problem is

obtained: See Fig. 4.1.

NTY

l
!
| o
P
I
}

il

:'
|
L R % » a
; ) :
f, : ! Fig. 4.1. gz kg DR

For a subproblem with two concave variables, where 1 X, <L ‘and

l-<x2gL ;) © _tg@ mtgct2 ‘and assoclated total altitude to be

added to the objective function from SMPLEX is F= F.o+ F2 .
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4.9 SLTND

As mentioned, when branching;occurs two new problems are
created (LP‘problems) and solved. After ZL's to éach problem
has been found, the intermediate node with minimum 2L is searched
for. This subroutine finds the indermediate node with minimum 2ZL.
As soon as this node has been found an optimality check(in the .
MAIN) is made. If solution is optimal subroutine SOLUTN is called,

otherwise a new branching occurs.

4.10 . PRNT.

Call f this subroutine is opticfial. If the s@liition to
each subproblem is désired, IPRO2 is set to 1 then the values of
variables, optimal value, ~value of original objective function
and the upper bound of the problem at each subproblem are printed.

4,11 SOLUTN

This subroutine is called when optimal solution is found
or the solution is within acceptable rangeé or thé maxifitm (specified?
nutiber of iterations is exceeded. When optimal solutidn is reached,
optimal valuée of the variables and obiective function aré printed
with a niessage of 'optimal solution:' If the solution is within
aceeptable range 6r the number of itarations exceeds a prespecified
number, then the best available solution 1s printed out with a
message of 'best golution'. In the case of optimal solution,
number of iterations is also printed, in the ltatre casesa, the
number of iterations, the tolerance raito, and the difference
between the upper and lower bounds of the problem are also printed.
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4.12 FLOW CHART OF THE ALGORTIHM

7

- START ' Record the optimal solution at
node 1 in array XBEST as the
lower bound of the problem.

CALL DATA.

CALL ACOBJF

Compute convex

- envelopes of
concave functions
for node 1.

Set ZUP ZU(1)

CALL SMPLEX"

Is 2U(1) optlmal
or-within the spec1fied
range? :

Is an optimal

solution LP at

node 1 obtained
?

CALL BRVAR

3

f4i—

Yes




o

Select node 1 for
branching

y

Set lower bound
to ‘infinity at
selected node

CALL NBD

CALL CFBND

CALL SMPLEX

L

CALL FXCH

Mo

CALL ACOBJF

-
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Is zu at the
node ZUP 2

No

Set ZUP=%ZU and
XBEST to the optimal
solution at this node

.\

CALL BRVAR.

Y

Secoid branching -
from the selected node

CALL SMPLEX

CALL FXCH

CALL ACOBJF




Is ZU less than

Y

Set ZUP=2U and XBEST
to the optimal solution
at this node.

CALL SOLUTN

A

CALL BRVAR

CALL SLTHND

Is lower boéund
at the selected
node ZUP?

Is solution
within acceptable
tolerance?

Is max. node no.
) exceeded?

WRITE

There is an-

error in cons-=.

truction of
- the problem

STOP




4.13 Computational Considerations

Computer program of thekalgortihm Yields an accepteble

solution in that thevalgorithm is stopped when ZUP2k+l

is guaranteeéd’
to be within 100r percent of the optimal solution value. Here:
r>0 is specified by the user. Another ériteridn to stop the algorithm
with an acceptable solutlon is the number of nodes to be created.
When the number 6f nodés (subproblems) exceéds a prespe01f1ed
value. algorlthm is stopped and ~the ‘best solution' up to thls»
node is prlnted out w1th a message (TOLERANCE) stating how much
percent of the optimal solutlon value is the ‘best solutlon
within, |

Computer program has been.applied to various problems

randomly selected, of the type mehtiened in Section 3.3."

n - e, N » -
Minimize £(x) = I (K.+dj.x.j'lxza- T c.xj e, <1
j=1 - | j=n+l J 3
. N . , |
Subject to . 2 aljxjgbi i=1,2,..,m
Ld=1 ; ' :
$X gL, =1,2,...N
l] J\ J :] r 14
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Various coefficients of these random problems lie in the ranges

-10<a.. £ 25
ij

0<b, €230

0 sd-jssoﬁ

250 %Lj £10008

The sizes of the generated problemsare givén by (n ¥ M) = (5 x 20)

(10 x 20). Same problems are solved by replacing K, with ZKj and

and by changing the value of Lj appropriately. ~Computational

3K
J
results are summarizsd in the following table. (UNIVAC 1106)%

®
The runs in the’ table were performed on UNIVAC 1106 computer
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Problem No.

L. CupP r
J (sec)
250 4.27 .17x10” !
Kj 500 5.90 .0053
3 750 5.63 .0056
o \ -8
N 250 5.28 .96%10
o 2K 500 5.41 .90x10 8"
0 750 5.29 .00029
> o L
x . e ) . -8
7 g 3Kj 250 3.53 .88x10
8 = 500 3.52 8810”8
750 3.52 .88x10°°
10 Ky 250 29.28 17x10°°
11 | 500 29.17 .93x107°
12 z 1000 30.74 51x10° 3
" b4
Q : -3
13 = 2Kj 250 37.98 .84x10
14 Jﬁ 500 44,03 0.021
15 2 1000 42.71 0.031
%

- —_ g :
16 ~ 250 28.07 .48%x1073
17 3K 500 33.25 .59%10" 3
18 ] 1000 40.15 014
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CHAPTER 5
'APPLICATIONS OF THE ALGORITHM

5.1 Introduction

Algorithm and computer program presented in the previous
chapters can be used td solvé various optimization problems. As
~has been mentioned, in some of the major industries capacity expan-
sion costs are concave functicns_df the c¢apacity c¢reated and produc-
tion costs are conéave functions of the amount produced. Such a
- problem can be handled and oslveéd by the algorithm presented. A
dynamic (in time) problem will be cohsidered and the preésent value
. 6f the costs involved will be minimiZed. First a signle plant-
'éingle_ccmmodity prbblém and then a multi plant-single commodity
problem and finally, a multi-plant=multi commodity problem will

be‘preéeﬁtéd.

'5.2 Problem Formulation
1. 'Single Plant - Single Commodity Problem
A Company has one plant, several warehouses and several

| deménd centers. Goods produced in the plant are distributed to the
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warehouses for storage and then distributed to the demand’centers‘
from them. Demand on qoods increases’over time and the Capacity
of the plant will have to be increased appropriately to meet inc--
reasing demand of each perlod Shortages are not aloowed. Thls
problem is to determine the optimal capacity expansion, productlon,
inventory, and dlstrlbutlon program over time. ‘

Mathematical formiilation of the problem is as'follows.
Let Y. be the cap&dgity added in»ﬁériod't, which is also availabie
for use in the same period. Let"Pt be amount of pfdduction in time

périod t (all" productlon is shlpped to: the warehouses) and sjtrbe
the inventory level in warehouse 3J at the end of perlod t and

Xijt be thé amount Shlpped betweeh nodes L and j in perlod t.
Define Yt(yt5 to be the cost'Of expanding capacity,_Pt(ﬁt) produétidh'

cost, ) 1nventmy cost in warehouse j, and X ) cost

Sjt(éjt i]tixijt
of shipping xijt units in period tz Let d be the‘demand\at demand
center k in period t.  All cost Values are disecountéd to their
present values by some appropriate_disqountjfactors. Let t~show
this discount factor. TLet T be the‘setkof time pefiods; W be the
set of warehouses and D be the set of demand‘cehters and A be the

set of arcs through the network;vWe may now state the probléem as :
Choose all Yo Py sjt,’xijt to

Minimize Zat[Yt(yt)+Pt(pt) f zfsjt(s't)-+..' 13t( ljt)]
. : - (ij)ea
eT ‘ Jew
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Subject to Py = c=0 Y& teT

P = I X,. ' '
t 1jt t*T and node number of plant through

the network is 1.

jkt= "3t €T, €W and i and k
are nodes incident to j.

j eD

Bounds oh Variables

The cost functions Yt(yt) and Pt(pt) are, to be more realistic,

nonlinéar concave funétions. Cost functions Sjt(sjt) and
X (x ) are linear. Therefore the problem can be solved
ijt  ijt '
by the algorithm presented in Chapter 3.

2. Multi plant - Single Commodity Problem

In this case, the problem is similar to the previous one
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except that the company has several plants in which goods are
produced. '

Mathmematical formulation of the problem is as follows .
Let pyy be the ‘amount produced in plant i in period t (all
production is shipped to the warehouses) Yit be capacity
added in plantvi in period t, which is also available for use
in period t, sjt

end of perlod t, and X iyt be the amount shipped bétween nodes

i and 3 1nkper10d_t; Define dssociated cost functions Yi

be the level of inventory in waréhouse j at the

t(yit)'

Pit(piﬁ)' Sjt(sjﬁ)’ l]t(xi t) 51m11ar to the previous problem.
Let P be the set of plants, W be the sét of waréhouses, D be

the: set of demand céﬁférs,‘T be the set of time periods , and A be
£he-Sét of aves through ﬁhe ne£work. c denotes the discount
~factor. |

We may now state the problam as : Choose all Yig

Pigr Sypr ¥yg¢ FO
{ fnd; ZaJE Yo vy )'+L Poo(py) + ps. (s.) 4+ 3o Xl (x.)]
Minimize LET & 1EP iep it'¥Fit Jew jt it (19)e alit ijt |
Subject to pitézfo yic 1gP, teT
P., = T X, X .
it i€ w ijt ieP, tT
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5. Tk, - X =8, - . '
: th-l‘ 17ijt  k jkt jt - 7 j€w, t€T and i and k are inodes

incident to j.-°
®ije o= 4., . Jep, teT
~Bounds On Variables

3. Multi-plant = Multi Commodity Problem

ThlS last case 1s the most general case. A company has

several plants, warehouses, demand centers and several products are

| produced in plants._ Mathematical formulatlon of the model ig 51m11ar o

“to the previous ones;vLet P k be the amount of produc' k produced
1n plant i 1n perlod t (all products are shipped to. the warehouses),

'and ylkt be the 1ncrease 1n the capac1ty of product k- in. plant i
ein perlod t, and Sjkt be the level of 1nventory of product k- at the

end of period t in warehouse ], -and X, 19kt be the amount of product
k- Shlpped between reglons i and i ln period t. Assoc1ated cost
functlon are P, kt(plkt) 1kt(y1kt)' . jkt Jkt)' lekt(xljkt)
Let d]kt be the demand on product k at demiand center j in perlod

t‘and 'f;be the;discount factor. " In addition to. the sets, P,W,D,T,

~and A defined in:the‘previous problem, let K show the set of products

- ‘51 b"r'




We ma y now state the problem as : Choose p X

ike,Yike’ ke’ Fijke’
to
. Y ,
win - ¢ [Z 2 { ikt(yikt)'*Plkt(pikt)}* I L Sy (Syp) ¥
t&T i€p k€K jew kgK
I R X 1
keR (ilj)EA
S.T. " Pipy « . YikC iep, kekK , tel
L20
P. i€pP, k€ K tET
ikt = X. . ! ! :
je ijkt
S5 k,b-1 + 2 x - z"X"k =5 k,t j & keK ;T
J Kyt 1 ijkt g Jg t J.,K, jeEw, eK, te
and i and g are nodes.
incident to j.
e Xijkt.=djkt je D, KHK,- tel

Bounds on Variables
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"hgof Objectlve fuhotions whlch are ‘encountered in some real life

~ CHAPTER 6 .

6.1. CONCLUSIONS AND EXTENSIONS

In- thls study, we have presented a solutlon technlque
‘and developed 1ts computer prOgrams to solve a class of optlml—"*‘
"~ zation problems whlch has a w1de spectrum\of appllcatlons. The
‘computer program developed can be used as a package program when
"the data are prov1ded accordlng to the format spec1f1catlons

»(Vpresented 1n Appendlx A The program can be used directly if

the problem has the features mentloned - previously. It can ‘also
be used as. subprogram for optimlzation problems, requlrlng such
a solution procedure for ltS subproblems. In this case,'some

mlnor modlf;cations are to be ‘made in subroutlne DATA, to make

h‘the program'"andle the parameters of the problem.~,’

The study can’ be extended to cover sofié. dlfferent klnds

. proéblems. In communication And - pipellne network constrictions..
a different kind of- nonoonvex oost function is encountered However,
lithe objective function is Stlll separable. This new problem is

close to the one, for which a solution technique is offered in

"';lthis study

~53-



Cost function in the above cited real life problems is

a nonconvex function of the amount of activity and may be represented
"as ing Fig. 6.1.

fixa
L .
|
I/J,.
. | \
//////j |
i | 1
! ) |
A | |
] l |
; I |
i L -
L X
4 Fig. 6.1.° ¢

Total cost function is a separable nonconvex cost function.
This total cost function is minimized over a linear constraint
set.

. n N
Minimize f£(x)=2 £, (x3)+I g (x;)
i=1" i=n+1l
XeG = {x|Ax<b }
geC={ x|lex<l }

For this new problem, similar theoretical developnent can be made

but some modifications will be necessary. Again, in this problem

-54-



tconvex enveloPes w1ll be needed and they will be p’ecew1se linear
. convex functlons.' Slnce the objective functlon is separable

end' each f ‘is deflned over [1 ; ] then convex envelope of

'f is equal to the sums of the convex envelopea of f Let‘\yi

,be'thé conveX~envelope Of f'. Incon51stent with the termlnology

used in the teXt: for subproblem X let Wik' be the convex

piecewise lineaf fﬁnCtioh passing'thrOUgh the endpoints of the

‘interval fl ; L, ] then oy k:& clx' 4+ cL"x. "y ~-+<Cﬂ(m)x-(m)
N - . E 1 b A + 1 ’
where~0<ci'<wciﬁ-<it <cy - andv m is the number of the intervals

_to Obtaih a,eehvex:pieeewiseflinear function (cohvex envelope)
T I R e S ORI U ,
;1n~[1i » Ly~ ]  for subproblem k. The following facts are

~evident :

B NS L N LT ]
Y h. _ ; v Tk
TR i 3 § [1 bi7]
‘ ' ’kt” - ‘n» N
~Let y (?_{) —':'Z .\yvk + L g:(x:)
: g o i=rad 1=n+1

ﬁ'It is Obvioue’thatf

WFix) ¢ £(x) . if xecS
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'Thus the mlnlmum of kadeer?Gth is less than or equal to the
;mlnlmum of f over Gan th this caée'constraint set of the
g problem ‘cannot remaln the same 51nce lower and tipper bounds of
the varlables for each subproblem k w1ll change Let H= {glgg

where{r) is the lengthof the sublnterval in [l ; L.kl over

whlch pxeces of the plecew1se llnear Func+30n oF x; are valid.

‘Thenathejloweribeuﬁdeonfthefeﬁtimal}Value1of £ at'ﬁqde K ot

LB (N ) U vt(x) | xecncan}

All the other con:ideratlons and the etens oF the a]norlihm e

remaln the qame q‘ln Chanter 3.

- -56-
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‘ﬁiThe computer program can solve optlmlzatlon problems of the

;j}:follow1ng type.t An optlmal solutlon may not be obtalned w1th the_~"'
SpEleled number of lteratlons (MAXNN), however,Vln thlS case the

‘best solutlon up to thlS termlnatlon p01nt is prlnted

o
Fh :

;;
-
™

Mlnlmlzef(g) = i

*‘,where FX is th rflxed charge,:B coeffic1ent and Eél exponent‘nfffff» e

:g;the;variable‘ ' is'a‘llnear functlonf

The subroutine DATAlof the c0mputer program has been wrltten

~-to’:handle concaVe functions of the above type. HOWever, any separable,f

fconcaVe function can be handled in the same way ’ To achieve thls,
'”ﬂsubroutine DATA is to be altered to read the parameters, and the form

'f,of this new f ( Xy ) is to replace the existlng form in MAIN ACOBJF BE

o -5




/wﬁMax1mum number of- nodes allowed
fo-flnd the: optlmal or best p0551ble}
“;_eolutlon. Its value is the dlmen51oni
~ ©Of 21, JBRVAR,NPN, FC, CBNDLH, ’
‘}i-:'BNDUP CEE in COMMON /NCVXAL .

QMAXNN 1s ‘an- odd number.;gﬁ»“, ,
;Percentage at whlch an aaceptable “
_solutlon is obtalned Algorlthm is- ﬁ
7stopped when ZUP. 1s guaranteed to .
be‘vwithin lOOxPRECIS percent of
1ﬁthe optimal colution.g;v :

Indicator whether all concav variabl
do- hd:have flxedi harges ’

o None of the concaVe(variables ha
4ixed charges..(Do not punch zer
kiin readinq flxed charges ) :
7;15 Some or 4ll’ of the. concave

_variables have_fixed*charges.;ff
“‘“Pnnch all of'them_‘ ;fjf
nIndicator whether the’ solutlons'tom'”
subprobkmﬁ at each node are A
: printed or not.:3¢, :
‘j‘30f Do not print solutlon
kiv subproblems._i‘ . v B
\fg l Print solutions to qubproblems;}




;Catdt;ﬁ?éljf;%5iNNCVﬁ15)~ f‘”',Number of concave variables. Its

( value lS the dimen510n of FX D,,,
~ BL,BU,CE,BLW,BUP,FCVI in
- ;COMMON/NCVXAL/

T S Number ofdlinearrvariables,fj; B

;ffthe dlmen51on of’" AA ' JCOL,
Z’COMMON/AREF/

iﬁffll§265MXSlZE; 1Max1mum number of variables and

fthe constraints. Its value is “the
"Y and GR in. COMMON.
”Number of constraints._Its valua

t.,ISEFF, S, SLACK, Y in COMMON and
S thé. dimension of IROW in COMMON/
VhAREF/ is Mfl ' '

§Numbar cf variables (in SMPLEX),—
'ﬂexcluding slack variables. Its value
s the dimen51on of the arrays ﬁ‘ -
' BOUND, €, INBASE,PIV,X, and YAC 1néﬂ
‘}f,COMMON AND XBEST in COMMON/chxz/.f
N = NNCV#NLV. |

.~fd2143btiSBNbb';(ildif? 5d lfgumher.df upper,beundedivariables.

'MaXimum”numBer‘of‘nonzerd“elements~m

i is the dimension of the arrays BY'G :?

S un constraint matrix. Its value 1s._

. dimensioh of INV, XBASIS, XR YBASISL:



7Max1mum number of 1terat10ns; per-l o
5ﬁ1tted for solv1ng on LP problem.{& t*“”
r?If 1t 1s zero on the: data card, 1t 3;ﬂfi?
;fls set to 3(M+N+ISBND)

TMax1mum number of relnver51ons :

that are permltted 1n solv1ng an LP f;f
'”problem.;gﬁ" e S

grlxed charge of the flrst concave'fﬁ" 

hen by using NFXO ‘

ara‘, 7,':1‘__cox«1*—f1 o, b ( 1)

1 1*3 OD( 8)




‘~i11;gpiE(2)fghQ[f(Eidfz),_i*

. nsom® (.2

'f(Card 8"1s repeated untll the exponents of all concave varlables;
fﬂln the objectlve functlon, have been read 1n, up to eight per card,

B varlable follow1ng the last
'concave varlable in the

g e T e e .ai,objectlve functlon
11=20  C(NNCV 2) (F10.2) R

. 71-80 C (NNCV 8) (F10.2)

EV‘¢A(Card’9' is. repeated untll the coefflcientsof all llnear varlableq

:7(follow1ng the concave varlable in the objective functlon) havef'
‘been readln, up to. eight per card.,‘ i

-6 -

'S'Card 7' 1b repeated untll the coefflclents of all concave variables,

fif}ln the objectlve functlon have been speclfled, up to elght per cent.

TC?f519fde§3l?f§fééﬁNNéV3¥i(F10k2)hh Cosfficient of the first linear

fCarq.Sf'Col,;flO_E(l)  (F10.2)" Exponent of the first concave variable



J' “have been read';nk(ike.

“Igfconstarlnts”ﬂ

1@fca£dfio* Col 1'2 s(lyf

13220 B(2)

. 73-80B(8)

'1*Card 10"

:[speclfied here.:

. tcara il col1-3a
L 10 BOUND(J)

4f

,_ﬁrv_fnfll 130
":,j§14 20 BOUND(J)

NEEIEE
(F7;0)

- 71- 73 J g
‘“’;74 80 BOUND (J)

they‘are treated ihﬁ

_13) Number of upper bounded variable :
(F7 0) Value of the upper bound on the

e,51gn of the flrst constralnt
'Of-equallty '
fl'_ less- than—or—equal

”  2‘} greater than oreequal

'e'nght ~hand 51de of the first
;}constralnt b

epeated ntil:the signs and RHS R of all constraintS’;'
intil S(M)
"erHS s of lower ounded variaies 11ke ordlnary constraints are Sy
prre bounded Variables ‘are not taken to be

T B(M) up to eight per card

iCard 11'

jth varlable;-

(F? 0)”"‘.




'Card 11" is repeated until all upper bounds have been read in,
up to eight per card. (Any that are not specified are assumed
to have no upper bound.) '

'Card 12' Col 1-10 9999999999 indicates the end of upper bounds;

'‘Card 13' Col 1-3 J  (I3) Number of lower hounded variable

(lower bound other than zero)

4410 BL(JY ~ (F 7.0)Value of the lower bound on the
; ' jth variable ‘

71-73 3 (I3)
74-80 BL(J) = (F1.0)

'Card 13' is repeatéd until lower bounds have been readin, up to
eight per card. '(Any‘that are‘ndt‘specified dre assumed to have
zero lower bound) . '

'Card 14' Col-10 9999999999 indicates the end of reéading lower
4’ : bounds. (If there is no lower bounded

“yaridble only this card will be placed)a5

icard 15' Col 5-10 I (15) numbér of a row of the A matrix.
- 11-13 g (13) numbér of a columi of the A matrix.
15-20A(I,J)  (F6.0janonzero element of the A matrix.
21-23 J (13) -

25-30 A(I,J) (F6.0)

71-173 J (13)
75-80A(I,J) (F6.0)
' ' -64-



All elements on a card must belong to the same row but need not be

in correct column order. The rows must be entered in correct row

order. 'Card 15' is repeated until all nonzero elements of the

A matrix have been specified, up to seven per card. Lower bounded

variables are enterede as constraints and associated coefficient is
specified as above.

'Card 16' Col 1-10 9999999999 indicates the end of reading

the elementsof A matrix.

~§5-
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ST DATA ROUTINE v s T 8 o
F0$MATt////1ox.,AL|ER IOLERANCF(S) APPRUPRIATELY IN SUBROUTINE ARR
ReAL w0
INTEGER SIZtvSIZEl!XBASIS YBASIS : ’ Lo
COMMON BOQNU(EUO)rL(&UU)r;NBAaE(ZOO)rPIV(ZUU):X(ZOO)'YAC(ZOO)WMHp
7BLIUUI Y 6(100) 1 ISEFFT100) $S (1000 2 SLACK(100)FY(200)5 h
INY '100)vXBASlS(lOO)!XR(loo)vYBASIb(lUO)'YR(IOO)pGR(lDO)i' _
5,r0L(s)'axb DRIVER » INREV§ IRFIRMAXF1SBIGH ISBND » ISDONE s ISTATEFITRY -
‘ITRMAXvMWMARKI MARKK’MAXM MAXN:MNOWrMORErMOREPR:MXSIZEer, S
NEblNV)bEbROWrNEWX:NbWY,NUMSLK OBJRrSIZEVSIZET SMALL Y XKPOSY:

oo COMMON/ARtF/ AA(lUUO)deOL(lOOU’vIROW(lUl)
LOMMON/UAMN/MAXA )

- WilUU)vBUP(iOO)'AL(bOl),dBRVAR(Sﬂl)pVALBRV(SOl) o
,*NPN§501"F€(501)'BNDLW(SUl)vBNDUP(bUl) CEEstI)pFCV1§100) :
LOMMON/Nvaa/ ﬂAXNN'PHtC1§vNFXOP1 IPROPavIRLV NNCVFNLY» IN¥
; XBESI(2007) - '

vE)~ x+u*kx**g)

CALL DATA"
V§ISUUNE EQ T’,GO TO ﬁ88§

1
S IF(BL(J)~U 0) 53734'33
34 BLO 0,0

R L(d)**E(g))
EX(J)+D L) * (BULJ)**E ()

(BLO= BUB)/(BL(J)-BU!J))

Chgy T

) =BLD=(B UB)*BL(Q)/(BL(J)—BU(J))
ALL PAHAMETtRS ARE READY §0 USE IR SIMPLEX
NNZ1 o

...

. CALL SMPLEX -
c THIS SUBROUTINE PROVIDES X(J) AND OBJs
FUISTATESEQT7) 60 TO -7huy : ,
IF(ISTATETNEI1) 60 TO 8888
CZUANNT =-0BY , :

FMU 0 ;WL",.‘H“W,;T;W.<;_,,_,

IF(ZU..GT. ZUP) GO TO 223

zuP~4uyl

IF(IPROPz EQTE) 6O TO 1u
LALL'PRNT(NNvUBJLRrFréL(NN)rZUoZUP)

1FE: P¥ZL(1} o

ACRNb-Ulk/ZL(l)

INDEX=1

F(zL(l).GE ZUP) CALL SOLQTN(} NrINDEX)
FLINDEXIEQ+{0) GO TO 8888

IF L ACRNGTLE S PRECIS) CALL §OLUTN(2rNrINDtX)_,
lF(INULX EG+16) GO TO 8888 f BT
%EFELT BRANCHINb VARIABLE

00 87-1= IrNNCV :

BLw(I)=BL(1)

87 - BUP(l)=BU(1)

OMMON/NCVXAL/FX(lUO)rU;lgO):E(lUD)oBL(lOO)oBU(lUO)rCE(lOOTr»'7m R



CALL BRVAR (NN/NNC
SANNSIZTR0EFTO 7 T T e
FIRST oRANEHMiNG S B
IN= 1N+1 S S ' : T e s
PRANNIZNNS 7 , L ARt ITATRERT L e
Ny= QBRVAR(NNS)" ‘

CALL BND (NNSTNVFINyNN) o T SESR S SRR
éALLrLkBND(NNLVvNV INPNND S |

TAMAX)

IFVISTATETEGI7) GO TO 7yuy . R RS
»;F(ISTATE‘Nth) GO TO aasg‘ o

) osucm-—osu 5’ : IR T SR
CALL ACUBJF (NNCV7 IRLV!NLV ZV) , , 1
L. . , o e

IF(ZUs GELZUPY 60 To 1113'

ZuP=Zu

Ho" 1111 UZIN

) XBESI(J)-X(J) l

- BRANCHLNG 'VARIABLE: AT rng NODE FOR FUTURE USE g TR
BLW (V) ZBNBLW(NN) |

BUP (NV) ZBRBUP (NN} | ' S ' . S

LF (IPROP2VEQTH) GO TO 111p : |

CCALLPRNT(NNYOBJCR? FPZLINNY»ZUYZUP) | , T

CCALL BRVAR (NNvNNCV ¢ AMAX) a

bECONU BRANLHIN G T T DI i o I

IN= IN+1 Y

SRNSIN G

NPR (NN) =NNS ST O R |
NVE=JBRVAR(NNS) . TR R R
L(NVF_-LEé(NN)_”H |

CALL SMPLEX . '

IFCISTATEVEGS 7). eo To /uug _ L .
IF(ISTATETNETT) GO TO 8888 . DI ;wu“
L eALL” FXLH_(NerNrNNCV'F) '
CZLANNT==0BI+F |
OBJCR~~OBJ ’ |

L CALLTACOBJF (NNCVF LKLY » va,zuz R L R 3
f“VIF(ZU GE3 zupg 60 To 3335 o
B0 3335 u= 10 N , ~ , o , o
CXBEST(U)=Xtd) ‘ SR LA AR :
BRANCHLNG AT THIS NODE. FOR FUTURE USE ; o o
~ BLW(NVIZBNBLEINN) - 7 , ' o
_BUP(NV) BNBUP(NN) |
IF(IPROP2VEGTH) GO TO 3334 . : _ R =
__ CALL PRNT (NN?»OBJCR FvéL(NN)'ZUoZUP) , _ 5
- CALL BRVAR (N/NNCV,AMAK) : i a
SELECTLON OF THE NUDE FOR BRANCHING FROM AMONG THE INTERMEDIKTE NODEd
© CALL'SLIND UINNNS) ‘
C op%IMAfoY.PR&LISlUN?ANoMAx. ALLOWABLE FOF NODES TESTS ~ i
g DIFzZUP=ZL (NNS). *
ACRNG= UlF/ZL(NNS)
SIFTZE(NNSYT6ETZUP) CALL SQLUTNCT Ny INDEX).
IF(INDEXTEQII0) GO TO 888§
IF(ACRNGTLESPRECIS). CALL SOLUTN(avaINDEX)
LF{INDEXTER.10) GO TO 888f ,
AF(NNVGETMAXAR) €ALL’ 50LUTN(3TN r INDEX)
IFSINULXAEQ 10) G0 TO PBB@
T ooz T




faah  WRITE(O 417110 , . ! ‘
Baks sTop™ e - _ ' : ST R SR

e fsuupRObRAms
& ,susRounth SUBPROGK AMS FOR THE CASE WITH FIXED LHARGES




- SUBROUTINE -DATA -
e ;v,VFORWAr(Bllﬂ) '
9012 ”FORMAT(lHOrrITRMAx='?15)
9016 FORMAT(1HI) - '
ﬁQRMAr(lHU.;You ARt THYINg TO SOLVE A PROBLEM WHICH IS YOO BIG FO
IR THE PRObRAM.r/IX'vTHE LARGEST PROBLEM HASrrIS?iCONSTRAINTS AND'o
&lSr;VARlABLES.v)

FOSMAT(lﬁg'vIT‘IS NOT POS@IBFESTQMﬁAyE_AMNEGAIIVQ;NUMBERAOF ROW§k0ﬂ

FORMAT((sixs.xi'Fs.O)))

2  FORMAT(1HO7W+YOU ARE TRYING TO READ. ROW NO..vISerHICH IS MORE THAN
_ 1¥OUR'SPECIFIED NU: OF ROWET 17150 p3r)
- EORMAT (IHO% 1 YOUR PREVI00US ROW WASF150 ¢ ¥AND YOU ARE' NOW TRYING TO

READ ROW NOsTvI6Fser/r1IT ;s ESStNTIAL THAT THE Réws OF THE A MATRI
2X BE ENTERED 1IN THE RIGHT ORDER.p)

- IFAICH 1S GREATER THAN va';Srr.r/rIT HAS BEEN IGNORED;') . -
FORMAT(IHOrr**** YOU HAVE SPECIFIED THAT THERE AREtoIS'rROWS AND Y

" fOUTHAVE TRIED TO READ IN ELEMENTS™OF "A FOR:#I5%+ROWS})
‘?Qgﬁm_FORMAT *****}HERE L§ A FATAL ERROR IN YOUR DATA INPUT*&****;

= U)))'

FORMAT(SFLB 0)

 FORMAT(8F10.2)

FORMA]((B(I&:F? 8)))

FORMAT(lvalO 3)

FORMATL(315)

 REAL k3 7

. REAL INVS o

_ INTEGER' SIZtrbIZEl XBASIS,YBASIS

N CoMMON. BOUND{200)7C(200) » iNBASE(ZOO)rPIV(ZOU)vX(ZOU)vYAC(EﬂU)v
B(lUU)rb(loé)'ISEFF(luo),S(lOO)cSLACK(lOD)vY(iOO)r ) -

CINYTI00y 100)rXBAblS(lOO).XR(lOO)'YBASIS(100)pWR(100)'GRf100)r ,
TOL (8778163 DRIVER'INPEV!IR?IRMAX“ISBIG I§BND7ISDONE'ISTATE01TR7
TRMAX T MARK L7 MARKK s MAXM ¢ MAXN » MNOW » MORErMOREPRrMX§IZErNa B

Ncglwv.NEbRow'N&wx.Ntwv,NUMSLK.OBJ? rblZE'SIZEl7SMALLvXKPOSv

mzm#mmvp—-

Y/
“COMMONY AREF / AA(lOUO)rdCOE$IQUO).IROW(101)

COMMON/DANMN/MAX A’ .
COMMUN/NCVXAL/FX(loo)oD(lQO)vE(lOU)rBL(lOO)vBU(lUO)'CE(100Tr_
ABLW(100) /BUP(1007 #2L1501) yIBRVAR(5017 1 VALBRVT501] ¥ ° :
#RPN (501 ) 7FC(501) ¥BNDLW (504 ) 1 BNDUP (501 ) 1 CEE (501) 1FCY1(100)
~ UOMMON/NCVX2/7 “MAXNN Y PRECLE¥NF XOP1+ TPROP27 IRLVFNNCVFNLY » INY.

_ *%RCRNGrLIFYZUPYXBEST (200) ‘
- DIMERSION KBNU(S)'uDVLts),K1(8)'K2(a)'K5(8)
READ{5757) MAXNNVPREELS
IF FX(J)=0 FOR ALL J THEN NFXOP1=0FTHEN DO NOT READ. FX'tJ) . OTHERWISE
NFXOP1=i3IF TPROP2=0 RESULTS OF SUBPROBLEMS ARE NOT PRINTED
{}ZUTHERdle IPROP2=1 ,

READ(5s58) NEXOPL1LPROP2

zup=i0.OE+LU” ,

T

READ(5158) NNCVsNLV

U IRLVENNCVHT ‘

 PARAMETERS USED IN SIMPLEY ALGORITqM

Brézi.obri © .
CSMALL=1.0E=9 -

- READ(bvbB) MAXA;MXbIét

 I5DONEZU .
Rz OF VARIABLES IN LlNEAﬁIZED PROBLEM

M inH

FORMAT (1HBY/»YOU HAVE SPECYFIED AN ELEMENT FOR VARIABLE NO:ivIS' wf




,,,,IN LINEJ\RIZ[-_D PRUBLEM AR
o READ(bv‘JOﬁﬁ) MrNa ISBNU’ITRMAX”IRMAX

_,,1F(11RMAx TLET. 0) 60 TO 1@
;”'WRITt(b QOIZT‘ITHMAXA

.60 70 50 o
T ITRMAX= 3*(M+N+153N0)ﬁ;‘~f- :
o WRITt(vaOla) I1TRMAX

, WRITt(vaOTb} EE TN . ‘ L
TMIF(M ‘LEDT MAXM JAND, N .LE. MAxN_:AND. leND .LE” MAXN) GO TO 35
CWRITE(BY 9020) MAXMeMpXN T T T RS e ol
1SDONE=].
6O To 610 ‘
~ IF(MIGEVOANDIN, GE 0% AND.ISBND GES 0) GO TO uu

.5WRiTt(b.9024)

ISUONL”i#’

S PIVEON=0h0 :
50 VUBOUND(J)—-I 0

S )<
60 S(1)Z1.0° ' '
READ’ THE;PARﬁthERs or CUNCAVE VARIABLES
CIF(NFXOPIVEGTB) 60 1O 11
1!NNLU)

[GINIENE 1'chv; e A
) (E(J) rJZLVNNCY) — B S S
FFICIENTS OF LIN&AR VARIABLES IN OBJ. FUNCT:
- S0)-G0 TO ‘697 | i o
 READ(br5H#) LC(UI7I= IRLV N)
- DO §96 JSIRLVIN T
C(J)S=C (]

CONTINUE -
CREAD ALL UPPER BOUNDED VARIABLES CLINEAR%CONCAVE)
READ(b.bS)f((gaND(l).BDngi))VI 178)
D) TEQ-999) ‘60 TQ 1001 -

DOyl 1= =1v8""
I=kplD4 1) »
IF(J +6Tc NNCV). bg TO 77
BUlJI=BOVLLLY
77 BOUNU(J)—BDVL(I)
By CONTINUE

"t 6070 1000
READ LOWER BOUNDS (ONLY. LQNCAVE VARIABLES AND NONZERO LOWER BOUNDS)
~ bo 222 J {7NNCY ,
CoBLtJI=0v0
KEAD(5155) ((KBNU(l)vBUVL‘I))r =17 8)

EiKaNofl) +EQ,999) 60 1@ 1005 o
BO 232 1=1%8’ , :




”BL}J)-BUVL(1>:;”f ;fT ;;“;j 

SC . READTHE CEFFICIENTS OF LQNSTRAINTS MATRIX

1095 READ(5,9050)" ((Kl(dK)'KZ(QK)oK3(dK))odK“1 8] ;’l*'

IF(kiT) %
500 I=kzl1)'
22510 0 SLIEEL VEQT MNOW) GO TO 540
IFLI <LET M)"60 TO 515 .

NWWRITE(b'908£ 1M SR
, ISUONE i

B0 TU 010

:IF(I $6T% MNOW) 60 To bZU ,

WRITE(619084) MNOWI " :
ISDONE=1 -

S Bo TUTel0.
520 CAL| COPY
§;;i},j;;IF§lbuoNE,.NE. 1) 6070 Sgs

‘ . 60 TO el0 , _
DO 530 Jz1%N '
PIV(J)=070
MNOW=MNOWFT ~
. Bo.1O 510

540 DO 550 JK= 2:8,,:

-t o= K;&u&r
LFGJEdLEY 8) 60 1O ESU,,,”;v,f
IF(J +LES NI GO TO 545
WRITt(b'9070) s

iEu. 999} GO TO~ éOO

CONTINUt

S 60 70 1gos .

Mbpor’wlF(IbUUNE TEQS. 0) CALL copy

e iz;IFgISUUNE TEQT 1) 60 TUT610
IF (MNOW JE@. M) GO TO 610
WRITt(brgogb) Mo MNOW ‘
ISDONE=1 ~

IF(ISDONE: EQY 1) WRth(6v9g98)

RETURN

END. -

URMAN » SOLUTN




\N,soLurw -
, SUBROUTINE. SOLUTNthU N'INDLX) : S R ET : '
COMMON/NCY X2/ MAXNNyPRtLlﬁTNFXOPl IPROPZ?IRLVVNNLV NLVoINr
T ARCRNGYDLIF 7 ZUBYXBEST (2007 - _
- 6029 FORMAT&lDX;iOBdECTlVE“r:tiS 9//), . ' '
6010 FORMATc///7bx..TERMINATION BECAUSE: TOLERANCE IS WIIHIN ACCEPTAB E-
" *RANGE#, 7iNOZ. OF thRArlaNs-.rlq/sx..TULERANCE-,.1x,515 9r5x“" IF_
, V PEL57 9/7//40er*§**§hST SOLUTIUN****'”?//} : :
6020 FORMAT(////bxrrTERMINATION BECAUSE 'MAX. ALLOWABLE NO.:OF ITERATION,
© 7 %5 OF THE ALGURITHM WAS BEEN EXCEEDED/5X¥ yNOTIOF ITERATIONS=}714/5

*X"TOLtRANCt:;'lxrtls 9/5;'.DIFFERENCE=3?E15 9////40Xp'***¥BEST S0
LUTIUN****'r///) , -

.. 6030 PFORMAT(4(7X'rXp'Iva_rrE1§.9)) - ‘ o
ST L 31 FORmAT(////uox..****0P11MAL SOLUTION***r/SX"NUMBER OF NODES=3 It/
X/ . o
LF{IND% £Q: T)760 TO 7035

IF(IND.E@s2) GO TO 7610

C1FCINDWEQS3).60 F0 7020 -

,WRITt(bvﬁoio) N'ALRNvaLE

6070 70307 &
WRITE(6'6OZU)’INoALRNerlE

GO.TO 7030 ,

7035 WRITE(6r6040) IN ;

7030 WRITE(676029) ZUP. '

WRITE (676030) ((Uy XBESTSJ))rJ 1.N) ) \
CINDEXZ10 © 7 o :
,MRETURN R »




N ACOBJUF

SUBROUT INE. ACOBJF (NNCV» IRLVPNLV»ZU) .
CREALINY T R
 INTEGER 'SIZE7SIZELrXBASIS{YBASIS .
COMMON BOUNU(ZUU)'L(ZUU)'gNBASE(EOU)rPIV(ZOO) X(2UD):YAC(200)
“BULUG) 76 (L00) v ISEFF(100) 45 (100) »SLACK(100)#Y(100)7 L
INV(100 100).X5A515(100),XRllno)oYBASIb(lOU).YR(1001 GR(loo)V
CTOL (8T sBIGYDRIVER ) INREV j IRT IRMAXY 15B16% ISBND¥ ISDONEVISTATEF ITRY .
LTRMAX Y M#MARK L7 MARKK s MAXM # MAXN» MNOW » MORE¥ MOREPRYMXSIZEF N1

.v":t:m:;j

vg’ YAmiNC o
, LOMMON/NCVXAL/PX(luO)'Dglgﬂ)rE<100).BL(100)rBUClOﬂ}rCE(loor
*BLW({UU).Qup(iuoirLL(501>,JBRVAR(BUl).VALBRV(SOI) )

*LEEC(Sﬂl)rBNDLW(SUi)rBNDUP(SUl)vCEE(SUl)vFCVl(lOO)

o po” ;00 JZ1TNNEV - ,
VMIFSX§J).EG 6507 GO TO 100 ,
ZU= zu+rX(q)+D(d)*(x(d)x*tgd>) '
_CONTINU& T ;
‘IFQNLV EQ:0) 6O TO 102

Do 101 JU=IRLVFN ©

ZY=Z0%X ()4 :
LONTINutVﬁ
RETURN.
CEND T

- NEGLINVsNEGROWr NEWX s NEWY ) NUMSLK) DB RvSIZEvSIZEloSMALLrXKPOS?Jfﬂ =



N BRYAR

SUBRUUIINL BRVAR ™ (NNVNNCV j AMAX Y

_REAL, Iny — ”

CINTEGER 'SIZEVSIZELS XBASIS,YBASIS : ' o .
€OMM0N BOUND(200) 1€ (200] » INBAS F(200)oPIV(200)rX(200)oYAC(200)”
8(100)vG(lUO)vISEPF(lOO),S(lOO)'SLALK(lOOZvY(lUU)a : :
INV$1UU.100).xBA515(100),XR(100)'YBAsxstloo) YR(100)7GR¢100)o,

8 LTRMAXyM7MARKIFMARKK r MAXMYMAXN  MNOW s MORE 7 MOREPR ¥ MXSTZE¥NY ,
- NEXINV;NE@ROW:NEWXvNEWY,NUMSLK 1 OBU¥RY SIZEVSIZEL¥SMALLy XKPOST
o YAMINC T
. omMons ‘VXAL/FX(lUO)rD{lgO):E(lUO)rBL(lOO)rBU(lOD)-CE(lUO)v
¥BLW(106)7BUP(100) »ZL1501) jUBRVAR(501) »VALBRVIS01) 5. ~
*NPN;bUl)rkC(éOl)vBNDLW(SU&)-BNDUP(SOl)rLEE$501)rFCV15100)

w

. AMAX=-1000000% 0_['
Doy l= 1 RNCV
IF(BLch)-a 0) 88 69?88

BLWR=0.0. -

... 6O 10O 91
.88 BLWRS FX(I)*U(I)*(BLW(I)**E(IQ!
91 BUPRSFX{II¥D(L17*(BUP(L)4*E(1) )

C1=(Xt1h=grw{i) )+ (BLWR=BUBR)

. CVEBLWR*CI/ (BLW (1) BUP (1))

J;JF(st)-o 0071318013 .
AMXz rx<1)fa(1>*(x(1)**t(1;)—cv

GO TO 15 © g ,

_ AMXz=CvT :

- IF(AMX=AMAX ). r.apzk;g L
CAMAXZAMX

, UBRVAR(NN)=L
,,VALBRV(NN)‘X&I)

?T’ﬁTOL(B)vBIb“DRIVERrINREV;IR"IRMAXvISBIb‘ISBND'ISDONErISTATEvITRi»”




SUBROUTINE"BND (VNb:Nv,IN,NN)
REAL LNV — -
INTEGER' SIZtrSIZEI'XBASIb,YBASIS = ' i

COMMON BOUNU(&OO)rL(ZUO)'ZNBASE(zﬁo)vPIV(POﬁ)?X(ZOO)vYAC(ZOO)”
7B100) Y6 (100) v 15 EFF(lUbJ,S(lUO)oSLALK(lOO[vY(lOU)o RS :
2 INVT100, 100).xuﬂ51s(100),xﬂ(100)'YBA515(100).YR(IOO).GRClDO)“ ;
& TOL(8)7BiG: DRIVER? INRE( IR » IRMAX71SBIG» ISBND*ISDONEs ISTATE» ITRY
5 _LTRMAX rM7MARK L s MARKK s MAXM7MAXNTMNOW? MORE » MOREPRTMXS T ZE 7 NY

7T YAMLNL

e COMMUN/NLVXAL/FX(lUU)'D(IQO)vE(loo)rBL(lOO)vBU(lOO)rCE(lUOT‘
7*8LW(iUU)iBUP(1OOfréL(bUl),JBRVAR(§01)oVALBRV(SOi)r '

¥NPN.(501) PCLBUI)rBNDLW(SO;)vBNDUP(bUi)vCEE(bUl)rFCVl(lOO)

T IF(NNS ~1)*81756 81,‘

81 ,JJJ,NNb ,

WMHDO blvd 1rIN

CUMPPZNPNTOOI) o
TF NV QY JBRVRR(MPP)) eo F0 84
JJJ=NPN (Udy) ™ o

'”IF(JJJ £EQs 1; bO_Tgugbv.

Aso To 57
~ BNDLW(NN)=BL(NV)
_ BNDUP (NN) 2VALE

BNDUP(N7+1)‘BU(NV)
- BO 1 uk=ive” ”
MMZN+JIK=],
S TF{BNOLW(MM)=040) 181.182,181
182  BLLzU.u _
St o 70 191 » ST
1 BLL= FX&NV)¥D(NV)*(5NDLW(MM)**E(NV)) -
~ BUUSFX(NV)¥DINV) % (BNDUP {MM) ¥ XECNV) )
R CEE (MM) = (BLL=BUU) / \BNDLW (MM) =BNDUP (MM)) .
6l FL(MM)-BLL-(BLL-BUU)*(BNUEW(MM7)/(BNDLW(MM)—BNDUP(MM}?Q
RtTuRN ﬂi;mnwuw‘“,,w” i

SURRMAN  CEBND

CNEGINV.YNEGROW NEWX ' NEWY ) NUMSLK » OBUFR+STZEFSIZELYSMALLYXKPOSY



N3 LFBNU

EREE T W

. SUBROUTINE CEBND (NNCVPNV § TN/ NN)
REAL INV

NTEGEK SIZEVSIZELrXBASIS | ¥BASIS .

0 17BU100176'(100) » ISEFFTLU0) 1511600 9 SLACK(10077Y (10607 |
fﬁ INV(lquloo)vXBkSLS(lUO).XR(lUU)rYBASIS(lOO)?YR(lﬂo)vGR(loo)"

5 ITRMAX # M3 MARKI » MAKKK » MAX MY MAXNTMNOW » MORE s MOREPR? MXSIZE W NF,
za?lmv 'NEGROW? NEWX » NEWY 4 NUMSLK OBderSlZEfQIZElvSMALLvXKPOS7
y MINC "
ug4;;LOMMON/NCVXAL/FX(1UO)rD(lQU)rt(lOD)rBL(lOO)rBU(lOO)vCETlOO)v
, *BLW(lOU)rBUP(TUO)oéL(bUl).dBRVAR(SOl)vVALBRV(Sﬁl)o ‘
*NPN(bOl)vFC(SBl)vBNDLW(bU;) BNDUP(SDl).LEE(bUl).ch15100)
Do 52 kKziyNNcy , _ ‘
1;~1F(KK EGTRY) 6O TO 52
C(KKi-—cE(KKg
BLW (KK)ZBL(KK) .
_ BUP(KK)Z BU(KK)
YALLL_NPN(NN)
DO 53 1Z1VIN, ;
IF(LCLGEQsT) GO TO 52
- MMMqNPN(LLL)
. IF (KK NET JUBRVAR(MMM)) GO §0.8
L(KK)—-CEE(LLL) ‘
BLW;KK) SBNDLW(LLL)
BUP;KKJ—BNDUP(LLL)

v
#

i éc\

S B0 T0 52 :
8 LLLz NPN(ULL)
53 EONTINUE
ba ) mCONTlNut
o RETURN.-
CEND

:URMAN FXLH

OMMON BOUNU(&UO)'L(zuU)v;NaASE(zoo)'Ptv<200).X(zoo)_yAc(zoo)"’ -

b TOL{B47YBIGYDRIVER? INREV s IR r IRMAX 1 1SBIG ISBNDY ISOONE ISTATE I TRY




'”Q(NN.IN'NNev F)

#BLW(100) 1 BOP(100) 4L {501y JBRVAR(301) r VACBRV (3017 7. .
+NPN(bUl)-FG(SU “‘NDLW(SU;)oBNDUP(HOi)rLEE(SUI)rFCVlSlOO) 5

no 5 KK 1vNNCV
CLLLann T

bo 9 I= 1 IN
IF(LLL.EQY
" MNMz N’N(LLL)
LF { JBRVAR(MNM) o NET KK) eo FO 8
F= F+FL(LLL) a
B0 TO TS ST
’fLLL'NPN(LLL)
tomleut T :
F= F+FLV1(KK)
S CONTINGE ©
'"RETURN h
: COEND T ,
bURMAN.SLTNUW_‘VMMH“_W

60 TO 10

COMMUN/NLVXAL/FX<100)'04190)'5(100);BL(loo)vBU(loe)'CE(luoy‘“'“””



ANGSLIND

JURMAN

SUBROUT INE SLUTND (lNrNNS)

CxBLW (108 )y BOP(F00i1 y2L(501) JBRVAR(8017 »vALBRY (5010 %

’_AMIN ZL(I),!

DO RU IEIFING sl
IF§ZL(1)—AM1N) 21.&0?20

~AMIN= ZL(IQ » A
NNSzT -

o CONTINUE =

RETURN
END B

SMPLEX

» COMMON/NLVXAL/FX(IUO)rU(lﬁO)'t(lOO)rBL(lUO)vBU(lUO)rCE(l@OTv_v7

*NPN(bUl)“FC(BUl)rBNDLW(bUl)'BNDUP(bol)vLEE(501)vFCVls 00):15'




UBROUT LNE SMPLEX: -
REAL INV. ©

. INTEGER SIZtvSIZEleBASIS’YBASIS

~ COMMON BOUNutzoo).L(2u0)o;NBASE(200;;pIV(zoO).x(zoo) YAC(aoog
“B100) r6(T00) ¢ ISEFF (1000 §S(100) #SLACK(100) 7Y (160)7 *° - °

LTRMAX P M7MARKLYIARKK » MAYXM ¥ MAXN  MNOW » MORE ¥ MOREPR 7 MXS 1ZE 7 Ny

NEGINVY NgbRow'Nwa.NtWY NUM$LK:OBdrRrSIZE'SIZElvSMALLvXKPOSv
YAMlNL i . ) . e

Teany’ ARRGMT

;CALL”It&it'(ISTATE)'
RETURN 8
END T

5 INY(100, 100)oXBKSIS(luo),XR(lDU)vYBASIb(lOU)oYR(lﬂo) GR(100)r ‘, 
G TOL(87rBIGYORIVER) INREV,IR:IRMAXvleIvaSBNDvISBONE:ISTATEyITRv



ASUBROUIINE ARRbMT

CREALTINV. RS s '

INTEGER SIZE:SI&EI XBASIS,YBASIS ‘

COMMON uoumo(auo>,c(zuug.;NBASE(zoo)'PIV(200)7x<200).YAC(zoo)
8(100)iGﬁlUO)'ISEFF(loo)!5(100)aSLACK(lOO?vY(IUU): ‘
INV§1UUr100)rXBASlS(lUO),XR(lOO)rYBASIS(lOO)rYR(lOO)pGR(lﬂO)r 5
TOL(6) 1 BIGTDRIVER, r INREV y IR¥ IRMAXT ISBIGYISBND ¢ ISDONE ¥ ISTATES ITR¥
ITRMAXYM7MARK L 7MARKK ¢ r MAXM e MAXN s MNOW » MORETMOREPR ¥ MXSTZE ¥

NEGINY/NEGROW NEWX:NEWY!NUMSLKvOdeRrSIZErbIZElvSMALU Xkposy
~ YARLNC i | | | A

oqmm.imn—- ‘;

o 1SBIG=0 B

_ToL(l)=1v0E~

g}]OL‘a;-l 0E=4 -
VTOL(S)-i 0E=B,

Tol (4)=150E=5

9.95,75,“

goLy7iziigEss
 TOL(BI=TOL(57%1070
YAMIN 0T

C i |
RMANGPRNT -




IO

BROUIth PRNT(NN'OBJLR E:ZLOW:&U:ZUP)
CREAL Inv 7T o

INTEGER Sth:SIéEl?XBAbIS,YBASIS ‘ -
~ COMMOR - BOUNU(200).L(2UU)';NBASE(2BO>'PIV(200>'xtzoo).vAC(ZOO).«~
8(100)rb(lUO)'ISEFF(IUO)!S(IOO)vSLACK(lUO)rY(lUO)o -

INy {1007 100)'XBA515(1001,XR(lou)'YBA515(100)'VR(100>.GR(luo)'

ITRMAX'W F MEARKT ¥MARKK 1 MA%M *MAXN» MNOW » MORE » MOREPR¥MXSTIZE¥N?"

7 YAMINE V
FORMA1&///1UX'.****NOUE NUMBER_.yIu/)

.....

RV =i ¥5XVETST9/ 18X 0 MINIMUM UPPER BOUND= He1xXy £1539//7
99 "FORMAT L7X1iX0rThe o= 0 rELGS IR
CWRITET6718) NN

WRITE (oruy) OBJLR r.NerLew NNrZU gup
WRITE (6799) ((JrX(U))ruZ1yN)
RETURN

-~ END
IMAN, LP

TOL(ﬁ)vBIerRIVEerNREV’IRrIRMAX!ISBIB?ISBND ISDONE'ISTATE'ITR" e

NEGINY/NEGROW s NEWXINEWY ) NUNSL K/ OBdrRrSIZE'bIZEloSMALLrXKPOSi1f“‘v“

- FORMAT({4X7¥/OBJUECTIVE OF SIMPLEX=i%E15,9/14X+iALTITUDE TO BE ADDED .
23 TEL1509/14XTFLOWER BOUNDTG + Tl s ) 2375X/ETS; 9714 X7 i UPPER BOUND(vr14



REAL lNV R

CINTEGER SIZt.SLAEleBASIs,YBAsrs B 3 ' B

QOMMON BOUNU(zuo).L(200>»gNBASE<200)»PIV(200)'X(aoo).YAC(zoog“ .

fssxuo)rb(IOO)yISErFxlno),5(100) SLACK(IOO):Y(IOD)v'A~p.. v

,INV(1UU.100)'XBA515(1UO) XR(lUO)oYBASIb(lOO) YR(iOO)pGR(IOO)?A“,
ToL(u)rBIb URIVER INREV,IR IRMAX'ISBIvaSBNDvISDONE?ISTATE:ITR'

“»;NEbINV,NEBRow NEWX;NEWY'NUMSLK DBJ prlZEvSIZEl'SMALLrXKPOSv
7. YAMINC 7 , N . o , ;
CITRs0T
1R=0" 3 , 7
-f-jf*fth(ISTArE EQe20) INREV=Y
' “1Q'cALL DOANLP -
IF(ISTATEZGTV3)60 TO 20
»M”LALL 'CHACC
IF(ISTATEZNES7) GO TO. ao
<GET IRMAX) GO 10 20
. LALL RtVERT ) o
W”151A E=11"

AREOMUITR RN
[
—l
R vy
=
-3
><
Z
)=
0 Wt
e
X
H
3
-
-
R
‘X
Z
>

‘ DL - -
3
3
I
x
L2
=
L2
L Q
(-
-
=z
- C
=y
m
3
o
s
m:
-0
17‘
>
w
4 fd
N
RN
B )]
Z




“SUBROUTINE DOANLP
_ REALTINV -
INTEGER' SIZ&'SIZEI'XBASIS,YBASIS

~ COMMON BOUNU(&OO)pL(ZUU)r;NBASE(200)}PIV(200)rX(ZOU)rYAC(ZOD)o_ o

”’773; BL100) 16(T00) v ISEFF{100) §1St100) SLACK(100) vy (108)7
2 INy(100, 100)rXBASlS(lOO),XR(lOO)rYBASIb(lOO)vYRfiﬂo)’GRTIOO)r

;m:.cz'

_ ITRMAXYMYMARKIY MARKK » MA X MrMAXNrMNOW:MORE"'MOREPR MXSIZE'NR

. NEGINVY NEbROW'NEWX P NE WY NUMSLKyOBd“Rpsle'SIZEl.SMALL:XKPOS
YAMINC

T1F(ISTATETEQT0) CALL. FstT@

 IF(ISTATEYE@Y11)60 T0 20

~ IF{ISTATETEQS 12160 TO 50

10 CAL| "CHSLCK :

S OIF(IIR. LE ITRMAX)GU TO 20
ISTATE=ZY.

xF(NteRow.Ea'a”AND NEbINV EQT o»eo 70 40
IF(NtblNV NET8)G07TO 30 : -
WNEWY NtbROW+SILE

TF(SLACK (NEGROW) 361 .6 .U)DRIVER—~1 0
NEGINVESIZEL
cApL Auueom

IF(NEWXWNE 0)60 TO 50
ISTATE=L

U CALL NEWVEE
f.CALL SEEKY
WIF(NEwY‘,tfu)bo T0 60
ISTAtE=3 7 ¢
G0 TL 80
6U 1F (NEWYJLETSIZE)GO TO 70
) CALL AUDCON ~
F(ISTATEVEQT4) G0 TO 80
70 CALL CHBSIS
© " CAL|. REDUCE

'

TOL(B)rBIb"URthRrINREV,IR:IRMAX:ISBI&;ISBND:ISDONE:ISTATEvITRo"




CFUNCTION ACLVY)
REAL Inv ~
CINFEGER SIZEFSIZET+XBASIS | YBASIS e
~commonN BOUNU(ZUO)rL(ZUU)vaBASE(ZUO)vPIV(200)vX(200)rYACC260)v -
1781100176 (1007 1SEFFT100) jS(100) +SLACK(100)7Y(100)7 *
2"INV(1U01100)rXBASlS(lOO),XR(lOO)vYBASIb(lOO)rYR?lOO) GR(lOO)r N
;,TOLiﬁ)vBIG“DRIVER.INREv,IR ¥ IRMAXYISBIGY ISBND7Y ISDONEZISTATENITRY -
5 ITRMAXYMYMARKITMARKK s MAXM 1+ MAXN ¢ MNOW » s MORE ¥ MOREPRTMXSIZEF N,
NEGINVYNEGROW s NEWX s NEWY y NUMSLK y DBIUYR» SIZE¥SIZEL ¥ SMALL » XKPOSY
YAMINCT T o
- OMMON/AREF/ AA (10U0) »JCOL(1000) s IROW(101)
COMMON/ DAVN/MAXA
ISTART= ;ROW(I)
G

DO 1 LOOK= 15TﬁRT:FA5T
 OHERE=JCOL(LODK) o
C O IF(JRERETLTT3I60 TO 1
- ngthRt 6T+ J)RETURN’
- K=AA(LoOK) S :
RETURN e . o , ' : P
‘1 CONTINUE - FEREE _ S B
RETURN‘
END
ADDCON

JRMAI




SUBROUY ENE. ADBCON
REAL LNV &7

1NIE(7!:.R SIZEYSIZELs XBASIS’YBASIS

~_ COMMON BOUNU(aUO)»LtauU)v;NBAss(aeo)'PIV(200)7X(200).YAC(200>.”f,,
L7BUL00) 6 Te07 r ISEFF(100) §S(100)1SLACK (1007 7Y (100)7

, g»INy(IOUrloo)rXBKSlS(lUO)!XR(100)'YBASIS(100)vYR(lOO)?GR(lOO?v ,

B TOL(8YVBIGYBRIVER, r INREV  IR7 IRMAXY IS BIb'ISBNDoISDONEvISTATE?}TRv"
5 ITRMAXvMoMﬂRKIvMARKK'MAxMrMAXNrMNOWrMORE“MOREPR'MXSIZE'N'j”
e NEblerNEbRUW'NEWXoNEWY!NUMSLK 1 DBIYR rsszvsxzslrSMALLvXKPOSr

7.  YAMINC © .7

E ~COMMON/ AREF/ AA(lQUO)'dCOE(IOOO)rIRON(lUI)

_...COMMON/DAMN/MAXA ~

o IF(SIZE1TGTMXSIZEIGD TO 4o

I=NEWY~SIZE . ‘

- DO 3L LE1¥SIZE
 INV(CYSIZETIZ0.0
LU INVAISIZEITFLIED.0
15TART IROW(T)
LAST IRow(1+1; -1
_ bO"30"LOOK=LSTARTsLAST,
- 9zJclLctouk) ™
~ IFCINBALE (91
K= INBASE(J)
__RlJg AA&LOOK)
S DO RV LELSIZE - i ,
L»lNV(SI&tle)-INV(SlZEl L)QAIJ*INV(K L)
"_LONTLNutg ,

E;O)bo TO 5a -

ISEFF(l)-Slétl'
XBAsls&SIZEl)-I+N
YBASIS(SIZEl)‘l
2;j¥Rtsl&t1) =0 0

SIzb SIZEY

J,51451_>1251+1

5W1F5514" 6T% lssle)xaslb“SlZE
~ RUMSLK= NUMSLK#1 ,
NEWY= SIZE B

60 70750
40 ISTATE=H

'kENu‘
URMAN , CHACC -




SUBROU]lNE CHACC-
CREAL INV &
INTEGER ‘SIZEVSIZELrXBASIS)YBASIS S
COMMON " BOUND(200) 1€ (200) s ;NBASE(zco)oPIV(200)"X(2000-YAC(zoa)' o
"BI1U0) 16 (T00) v ISEFFT100) yS 1000y SLACK (100) Y (100)y ~ S
INv&looolou)'xsn515(100>,XRtloo)'YBA515&100)'¥R(100).GR(loo)v
TOL(b).BIbV@RlVER'INREv,IR»IRMAX.ISBIb.stND.ISDONE.ISTATE'ITRa
5 ITRMAXTMYMARKIYMARKK » fAXM» MAXNy MNOW s MOREYMOREPRYMXSTIZEFNY =
.EZéNx&NEQBOWvNEWX'NEWY,NUMSLK 1 OBJYR 1 S1ZEvSIZETYSMALL » XKPOST:
: i )
“COMMON/ AREF / ﬁA(lgUO)deOE(IOOO)yIROW(lﬂI) |
COMMON/DAMN/MAXA ™™
960U FORMAT&lHOv'UNAcchTABLE ERROR OF § FF16487 1 FOUND IN.. B SLACKan OF
© 7 1CONSTRAINTG v16) ,
9004 FORMAT (1HOY » UNACCEFTABLE RELATIVE ERROR DF7¥F165 ST?FOUND IN B&SLAC
_1§-AXFOF4L0N5fRA1NT'.Ib/1H,.THE ABSILUTE ERROR'IS} F16 8§ AND B(I)
21SteFlby :
kgooagFORwATleo.rUNACtEVTAaLE ERROR OF'oFl6 B?pFOUND IN YA-C OF BASIL
. 1VARIABLE: 16) -
9U12° FORMAT(1HO7 s UNACCEPTABLE RELATIVE ERROR OFjfF16378%iFOUND IR YA=C
IC VARIABLE?7 7 16/1H? THE ABSOLUTE ERROR ISs1F16787 ¢ AND ClJ).
as.'Fla 8) o , o _ 1
-~ TIFINUMSLKIEQTUIGO TO 10

&
i

L3N

u-a-o

DO 5 K;L)SIZE :

, IstaAblS(ﬂ) LE N)bO TO 5
1= XBASlb(K)-N -

 SLACKUL)ZXRUK)

-5 CONTINUE i

DO 20 JSTVN
,WYIFSINBASE(J).LE U)bO TO 29
'f;?AL(d)_—C(J) e
"VCONTINUL

,'TOL2 TuL(z)'
;;10L5-10L(6)

| BO 40 1= 1 7MNOW
_ISEFFI ISEFP(I)_H

BAXSLE 5(1)-5LALK§I)
ISTART=IROW(T)
'LAST IROW(I+1)—

Do 30 LUOK ISTAR1vLAST

gz JCOL(LOOK) '

lNd_leASE(J)

7fIk(1NJ EQvHIGO. TO 30

,AIJ AA(LOOK)

BAXSL= bAXbL-X(d)*Alq

’IF(INJ 6T U AND lstFFl NE U)YAC(J) YAC(J)+Y1*AIJ

U~ CONTINUE -

. ERRZABS (BAXSL

IF(ERR GTs ToLa)bo T0 bU
CABSBS Adb(BCl))
;,IF(ABSB.LT 15 U)ABSﬁ 1. U o




TOLL{, FULU&)

,ifbo §50..UZ1/N Ll

_ ”IF(INBASE(U).Ut O)bO 10 bg
ERRz ABS(YAC&J))

 IF(ERR.GTY TUL4)60 10 70

RBSCERBS(CIUN) .

lF(ABSL.LT'l B ) ABSCZT u ,

IF(ERR/ABSES 6T+ TOLT)GO To 75

W@ONTINUE L

,_bo 70‘90
U WRITE(679000)ERRYI
- GO To 80
" b5 RELERR=ERR/ABSE
NRITt(or9064)RELERR I ERR ABSB

60 70 80 T 0 -

‘ WRITt(b'QOOB)ERR'd -
B0 TO 60 » , :
RELERR=Z ERR/ABSC
ﬁj ;wRITE(b'9012)RELERHerERR,ABSC

VQHISTAIt R

TEND
URMAR., LﬁBSIS




jUBROUIINE CHBS1S
R&AL INV 7
INTEGER™ SIZE;SIZEleBAbIb,YBASIb , ' ’ ‘

COMMON: bOUNU(aUO).u(auo)';NaAsE(zoo)vPIV(aoo).x<2007 YAC(ZOO)"
:-;leuo"6‘100)'15EFF(100),5(100)oSLALK(10O)rY(lOU)'~“ L e
e INV{T0UY 100)rXBASlS(lUO)'XR(loo)rYBASIb(lOO)vYR(lOO)vGR(lOO)o

b
3 -

;TRMAx.M MARK 17 MARKK + MAXM¥MAXN ) MNOW » MORE » MOREPRTMXS T ZE7NY
6 NEGINVY NEbROW NEerNth,NUMSLK'OBJ'RrSIZE'SIZEl,SMALL'XKPOS"»4
7 YAMINCTT T

- 1TR% 1TR+1 .

MOSNEG=0
HOWNEG=030
~ XOFNEG=030 ,
. DRITEM=070 - .
TOL1 TUL(l)m -

IF(ABS (XXX)s Ft;TOLl)XR(K)AO 0
J=XBASLS(K)
CIF(JSCESNIGU TO 10

CIzdeN T
51“5(;)

| . piﬁNDFXXXTGTio;0;987SIfg@:elvo)xxx:—xxx,
50 TO 20 ' ' A
10 BOUNDJ=BOUND (3)
IF(ABS(BOUNDJ XXX) LE.IOL;)XR(K)—BOUNDJ
XXX2XKR (K '
. IF(XXX% Lt.BOUNUd K, BUUNDQ EQ.-l U}bO TO 20
- XXX=BOUNDUJ=XXX
2U IF{KVEQ. NEGLNV)XOFNEG-AXX o

;JF(xxx GE HOWNEG‘OR KeEQe NEblNV)GO TO 30
MOSNEG= ;
bRITEM=170.

i dthb-" X.
CONTINUE

IF(NtWY Nb.-l)bo IU qu

 IT=INBASE (NEWX) ,

INBASt(Nwa)--l

IF(II.tQ =1) INBASE (NEWX) =g
Ixour NtWX )

= OF R*YAMlNC

40 IXOUT=xBASIS(NEWY)
IF{IXOUTVGT #N) GO TO 50

INBASECIXOUT)Z0 .
IFﬁGR(NtWY)*XKPOS LTS0.00 AND NEWY.NE NEbINV)INBASE$IXOUTZ:&1
S ,IFtNEWY.E@ NEGINV 7 AND . xR(NEWY).bT 0% U)INBASh(IXOUT)"—l

50 1F(NEWXIGTINTGO TO 60 | : ‘
HOLD=1NBASE (REWXT
INBASE (NEWX ) ZNEWY.

TOL(tH rBIGYDRIVER, INREV,IR: IRMAXVISBIG' ISBNDv ISDONEv ISTATE';'ITR"F -



lF(Nth GT NI NUMSLK= NUMSLK+1
CIFUIXOUT 6T (R INUMSLK=NUMSLK=1
xﬂtthv) =R ’
CIFINEWXILEINIGO TO 70
1= =NEWX=N °
3EQ.'1 U’XR(NEWY):QR

IFtst Y
, GO TV 8U
T IF(IHOLU t@.-1)XRgNEWY)-BQUNU(NtWX)-R
80 OBJ-UBJ RkYAMINL

'U?RR 1.U/CR(NtWT)

“Bo. 110 L“lvbIZE ' '
F(ABB(INV(NEWY:L)).L[ SMQLL)GO TO rln
Y,RL INV(NEWY L)*RR

HO LU0 K=IFSIZE N o
INV (K’ L)leV(K'L) RL*bR(K} : .
- 100 CONTINVE " , ; :

. INV(NEWY¥L)=RL - ' :
B 1F (INKEVINE S 1)YR(L)_YR(L)aRL*YAMINL*XKPOS‘
110 LONTINUt S '

T xeu IFSR EQ070% , OR XOI—NEG LTog 0% IiND NEWY NET NE(:INV)GO TO 130

“ NEGINVZMOSNEG
. DRTVER~URI1&M

150 RETURN B

CUTUEND T

:URMAN LHSLLK‘




LOK o e
“TSUBROUT INE CHSLCK

REAL TNV~ , .

~ INTEGER SIZt-SIZE1'xBA515,YBASIS . B
LOMMUN BOUNU(ZOU)vL(ZUU)';NBASE(ZUO)vPIV(ZOO)?X(ZOO)rYAL(ZOU)T
B(lUU)thlUO)'IShPF(IOO),5(100)oSLACK(lOO)rY(lﬂO)o - L

INthqulou)pXBASlS(lUO),XR(luo).YBASIs(lou)pYR(tOOQ.GR(leo)?
TOL (8118167 leVERrINREV,IR?IRMAX'ISBIbvISBNDrISDONEpISTATEvITR{

lTRMAAvMoMARKIoMARKK MAngMAXNvMNOWrMORErMOREPﬁ PMXSIZE PNy =" 7

Nb@INV V&bROW.NEuX.NhWY,NUMéLK OBJ Ro&lZEvSIZEliSMALL'XKPOSv
YAMINC : , ,

LOMMON/ARtF/ ﬁA(lOUO)'JCOL(1000)11ROW(161) .

COMMON/UAMN/MAxA - o

IF (R {NE. Y 0) NEbROW N

fﬁothb = 0 0 i o

”@nm#umba

f i

IF&L AH 0) G0 TO 3u

YI = YR(L)

Yy =31
SLACK(l) = 0% 0

CLAST = 1Row<1+1)

WISTART -”1Row§1)

"3 = JCOL(LOUK)
V'IF(INBASE(J).bTIO) GO TO go
”AASLOOK)

0 CONTINUE =~
B0 TO 70 \
30 TIF(INREVfNE i1) G0 10 50

Do 40 u'l}N
IF (INBASE (J)TEQ,.0) 6O TO 0

;SLKI SLKI—A(I)J)*X(J),“f

‘f50‘1F<R EQ0T) GO TO 70

 gLkIE SLACK (1) =R%6(1)%XKPOg _

T BU IF(ABS(SLKI)ILE,TOL2) SLKE=030

) SLACK(I)_SLKI

'IF(NtbLNV NEYO). 60 TO /0

o VSI g1y SLKI) L

g ABSC :

) ?E%éﬁthBU 0TANDY Sl*SLKI @E HOWNEG OR.SLTEQ. 0704 AND,
. x:ABSLKLYGETHOKNEGT 60 TO 70 |
%HOWNtG“ JSLKL-

70 LONTINU&



RET URN

URMAN . COPY

”IFfMARKI‘NE_D) SLALh(MARKi) XR(MARKK) 7; ': R



ANJCoPY
o 'SUBROUT INE COPY
REAL, INV e

q;cxtamis:cim*w

" YAMLNC

~ COMMON/DAMN/MAXA
1F(MNow.LE MAXM) GV TO 5

S GoLTOIsD T
ISTRIV=L
1Tzl
MHIRM"IRQW(MNOWJ

GO 10 10

’”LooK'fRM+IT

lF(LOOK GT MIXXA) CALL IEXZT(6), :
IF(I&:UONE. ‘ TO ‘3 I

3 UCOL(LOOK) =d
10 LONTlNut o ‘ '
WIF ISTRIVIEQTO) GO TO. ao

IF{JSDONETEGTE) GO TO 30
W“AA { L,UOK_) =0

0 s

ZU“NEXTM MNOW*l
IRUWINEXTMY SLOOK¥1.
NEXTM—MNOW#& -

~ TROW(NEXTM)=LOOK¥1
RETURN -

- END ‘i'

JU'MAN b;RSTB

INTEGER™ 514£731z&1'xBA515 YBASIS |
“COMMON BOUNU«ZUO)'L(qu)r;NBASEtPOO)vPIV(zoo).x(200)7YAC(200)
B‘lUU)'G(IUO)'ISEPF(lUO)jS(lOO)rSLACK(lUO)oY(lOO)r , SIS
IstluU'lou)'xaASLS(luo) XR(lOO)vYBASIb(lOO)?YR(lUO) FGR(10O0YY. . .
- TOLAB) P BIGYORIVER, INREV j IR IRMAXY ISBIGY 1SBNDY ISDONEFISTATEF I TR
ITRMAX, “’MARKI'MARKK'MAXM MAXN» MNOW s MOREYMOREPR Y MXSTZEFNY =

NEGLINVINEGROW »NEWX) NEWY yNUMSLK ) DBJYR» SIZEFSIZEI¥SMALL » XKPOST:

"COMMONZ AREF /. ﬁA(lQUO)rdCOE(lUﬂD):IROW(lUl)

vilF(LOOh.GT MAXA) CALL"IEX;Tcax”'"

: L L
RN A




NIFIRSTB -

UBROUT INE  FIRSTH. -

CREALINV. T

INTEGER' 512t-51251rXBA%Is,YBA515 ~ o

“EOMMUN BOUNU(ZOO)oL(ZUU)viNBASE(ZOO)vPIV(ZOU) X(200)vYAC(200)'

,jvB}lUU)rG(lOU)nIbEFFtlUO),S(lOO)vSLACK(IOOQ'Y(loo):g: ER
: I0VI100,100) TXBRSIST106) 4 XRUT00) 1 YBASIST100) ¥YRTE00) 7 GR(lOO)v )

) 1TRMAXerMARKIrMARKKrMAvaMAXNnMNOW:MURE?MOREPR yUXSIZEFNT  © 7
6 NEGLNV# NﬁbROWrNEWX'NtWY,NUMSLK 0BJTR rbIZEoSIZElrSMALL:XKPOSV
7 YAMlNC - | 7
Do 10 g”
WINBASE(4‘

. 170 JAND. BB .GET 040 0 I0R; S5 ,E@F =130 .AND. BB ILE%

0.0 AND 88 .E@. 0 0) BO TO 30 .

lF(BB 6T3070) URIVhR =A§1 0

NEWX = N + N
© XBASIS(I) = N+ %
1NVﬁlvl) 3

TOL(B)oBIerRIVERvINREV IRTIRMAXY ISBI(:'ISBND'ISDONE:ISTATE!ITR" -



WOIEXIT
.0 7. SUBROUTINE IEXIT(JK)

_ REAL INy 7

- INTEGERTSIZEVSIZELI XBASIS | YBASTS ' -

COMMON HOUNU(ZUO)oL(ZOU)riNBASE(ZDO) PIV(aoo;'X(200).YAcc200)f

1 8(100)vG(lGU)vISEFF(lOO),S(lOO)rSLALK(lUO) Y100y o L
2 ‘INy{i00s 100):XBASIS(100)!XR(100) YBA515?100) YR(lOO)rGR(IBO)r o

- ;TOLca) BIGy DRlVERrINREV,IRvlRMAXvISBIbrIQBND ISDONEYISTATEFITRY

”ITRMAX "M MARK I ¥ MARKK » *MAXMPMAXN MNouvMDRE'MOREPR MXSIZEva "w

B NEGLNVINEGROW NEWXY FNEWY NUMSLK OBUYR s STZEYSIZET ¥ SMALL » XKPOSY:
7 YAmNe 7

~COMMONZAREF /. AA(lOUD)rJCOL(lUOO)vIROW(loI)

~_ COMMON/DAMN/MEXA _

9002 FORMAY (1HU» VINFEASIBLE S,

9003 FORMATmﬂlHOvrUNBOUNDEU.')

- 9004 FORMAT .(1HO /i THE MAXIMUM gIZE OF THE INVERSE HAS BEEN EXCEEDED#) -
AQUUbMEORMAT.tlHOr’THE MAXIMUM NUMBER"OF lTERATIONS HAS. BEEN REAcHED.g ‘
'9906.EORMAT;(1H0rvEITHER THE AA VECTOR™ IS FULL WITHe s T60 4 ELEMENTSY OR

5 IBER OF CONSTRAINTS IS~ ABOUT T0 EXCtEU.rIBi??ollX:;THE PRObR”

; RYINGTTO €OPY Row.,la:: WHICH IS AS FOLLOWS?T?E) B

,,9007 FORMAT,&lHO':STILL INACCURATE AFTER v 2157 RtINVERSIONS.:[

. 9008 FORMAT {1HDr7 INTEGER' PROGRAM OPTIMUMI,) , _ S
9009 FORMA1 ( HB » 1 QUADRATIC PRAGRAM OPTIMUM.r)
~ 90 AT (1HO# F THE NthNV ‘RQW OF THE' UPDATED A MATRIX 1S AS POLLOWS,

FORMAT;(a(lx.rlu 70 :
(1A01 7 THE VECTOR GR IS AS FOLLOWS...'z'
1% THO» # THE VECTOR G IS"AS FOLLOWSYS i) -

o IquK EQ7 2TORGJKS EQ.3) MO@EPR =1

(619002)
t699011)
(6)9012)(PIV(J)'J*1!N),:,,

ITE ,16,9003>

(699013)
E‘(a?gelé)ceRxK).K 1'5125),,
- 9va )

€ (6r9006) MIXXA  MAXM 1 MNOW
[TE- 1679012) (PIVIJ)1JZ1,4N)

LY 9607) IR
0 10
TE (619008)
6O TO 10 |
9 WRITE (6'9609) :
’“RETURN e
5 s

(-"URMAN lSUPT S R




INTISOPT ‘ s L e
SOBROUTINE 50T 7 e e

" REALINV '
- INTEGER 'S1ZEFSIZELr XBAbIS YBASIS S “
COMMON BOUNU(&OO)rL(EUO)'gNBASE(Zﬁo)vPIV(ZOU)vX(EOO)oYAC(ZOG)
:,B*lUU)'G<100;vxSErF(100),S(lOU).SLACK(loo) Y(100)7 -
INV\lUleOU)rXBASlS(lOO)!XR(100)vYBASIS(1OU) YR(iOO)?GR(lOO)o
TOL(&)pBIb,DRIVEHrINREV,IRvIRMAX:ISBIbvIbBNDvISDONE ISTATEYITRY
5 LTRMAXYMyMARK I 7MARKK » MAXM MAXN 1 MNOW y MORE s MOREPR ¥ MXS TZE ¥R ¥ ,f
~ NESINV2NEGROW, NEWXrNLWY,NUMSLK 0BUS RvSlZEubIZEloSMALL'XKPOS

7 YAMINC

fYAMINL—*TOLlS)

NEWX=0

DO 10 Lz1rS512E

. YBA IS(L) "
sI1=si)y ' ’ ,

w,1Ft51 EQV0T0) GO TU 10

—¢YRL YR&L)*SL :
IF(YRL bE ?AMINC) bO IO 1@
YAMINCZYRL -

"Nwaﬂ1+N'

TOL4ZTOL ()
BO 20 J=1¥N
INBUSINBASE (J) '
IFTINBICGTTUTOR.BOUNDLY) «EQRT0S0) GO TO 20,

MT'YALKJ)
-IF(ABS(T) RS TULLT») ] =0, 0
YAC(I='T

L IFUINBUY E@.-l) T“—l
, IF(T bt-YAMINt) 60 TO 20
,YAMINL T D -
REWX=J ;
VTQLONTLNUt
RETURN
END
bURNAN-NEWVEC_M_m,;”,ﬁ“W,__Aw




“sUBRouTINE NEWVEC R
INTEGER SIZtvblZEl XBASIS,YBASIS
CREAL Inv ' L Lo
~ COMMON BOUNU(&OO)rL(aUU)rINBASE(ZOO)vPIV(aoﬂ)rX(ZOU) FYAC(200) %
1 B(lUD)rG(IOO)vISEFF(lUO) S€100) SLACK(iUO)vY(lOﬁ)v f

4INV(100 lOO)rXBASlS(lUO). R(1003'YBA515(100>,YR<100).eRtloov.

g
4
2 ITRMAXerMARKI MARKK ¢ MAXM » MAXN p MNOW » MORE FMOREPR¥MXSTZE¥NY .
& . NEGLINV#NEGROW NEWX7NtWY,NUMSLKrOBdrRrSIZEvbIZElrSMALLvXKPOS'
o YAMING S , , :

© . KKPOSTEID -

| IF(NEWK¢bT.N2 60 TU 40
D010 Kz 1'51;& ’

AIJ A(LoNEWX) _ )
,WﬂIF(Ald £Q30:0) GO 10 30
po! 20 S1VSIZE
BR(K)-bR(K)+AId*INV(K L)'
LONTINUt ; '
"WWIF(INBASE(Nth).E@.-T) XKgos-—erj
B TO B0 e . : : :
CI=NEWX=N , . : ' :
L=ISEFF(I) o : L
Do 50 KZ1rSIZE
'm:bR(Kl—lNV(K.p{_
S IFtStLYY 0
6U.RE!URN
END
URMAN REﬁULEuA

XKPOSE10g

TOL(8)¥BIGYDRIVER s INREV y IR¥ IRMAXY ISBIG7 ISBND7 ISDONEF ISTATEFITRY




N3REDULE

SUBROUT INE "REDUCE e
CINTEGER™ s;zt.51251rstsxs,YBA515
'REAL INV

§0MMON BOUND(ZOO)oL(ZUU)v;NBASE(aOU)rPIV(ZOU)vx(200)rYAC(200)"
;VBSlUD)pG(lOO)oISh*F(lUO)’S(lDD)nSLACK(tﬂoz'Y(lﬂﬁ)r o

TOL(B)'BIerRIVERvINREV,IRvIRMAX'ISBIBvISBNDrISDONErISTATE'o'ITR'!'
ITRMAX'MvMARKI'"MARKKrMA}EMrMAXNrMNOW MORE + MOREPR MXSIZ&!N:

Nazlwv NE@RON.NEWX.NEWY NUMSLK s OBderblZErbIZElrSMALL xKposi:
YAMING T

MARKI=U™

_MARKR=07.

gIF(NuwsLK EQT0) 6O To 80
IT=SIZE' |

DOT60 KZ1/1IT

U IF(S1ZELEY 1) GO TO 70

C 8= XBAQLS(K)

LF(JTLEINY bO To ‘60'
I EVHEE |

lFﬂSl*XH(K).LT ‘030 OR.SI EQ 0:0% AND XR(K) +NETOVO) GO TO 60
IF(K EQs 517t> GO TU 5u,’
Bo" au L=19SI12E
20 INV(KrL)‘INV(SIZE L)
a_xBA51S(514£3
XBASLIS(K)=a =
IF(J.Lt ‘N lNBASE(d) =K
NWWSLACK(l) XR(K)
'T;XR(K(_~AR(514&)

IF INEGINVIEQ? leL)'Qﬁei&ng
- LElskFR(D e

CIFL SizE) 60 70 8507
80’ quhK-ITSIZE N
4U XNV (KKsL)=INV (KK7S1ZE)

) TR(L)“YR(SI&E) -

'BASLSIL) ZYBRSIS(SIZE) -
I= YBAblb(SIZE)
- ISEFF(I)=C
50 XBASIS(JIZE) 0

,51151 blZEl-l
_ NUMSLK NUMSLK =1
60 1O 10
HETGONTTNU : & ‘ :
a“lk(slzt,LT.a.AND XUASIS(l)”GT N) MARKK= 1

ﬂlF(NtGlNV EQVU L AND. MARKK +EQ¥0) GO TO 80

3:0
_,IF(NEblNV TNET0) 9= KBASIS(NtGINV)

IF(J.GI ‘N) MARKK NthNV

IF§MARKK ERS0) GO 10780
. MaARki= besIs(MARKK)-N,W

.lBD;RETURNMmmM,MW,,m“ A
~  END T
JRMAN.REVERT

':‘INV(lUOleO)vXBASlS(lUD),XR(lOO)rYBASIS(lOU)rYR(lOO)rGR(IOO)"L




USUBROUTINE REVeRT o o
CREAL 1wV ' -
INTEGER ‘SIZEY¥SIZE1» XBASIS,YBASIS : | ‘
- COMMON BOUNU(&OO).L(zuO)';NBAbE(zoo)rPIV(ZOO).xtzoo)?YActzmog“
8(100)rG(IUU)'ISEPF(loo),5(100)rSLACK(lOO)vY(lOO)r
INV(lUU 100):XBA515(100),XR(100)rYBASIleUO)'YR(1DO)oGR(100)" N
TOL(BT1BIGYDRIVER, INREV g IRTIRMAXF 1SBIGT ISBNDY ISDONEY ISTATEF ITRY .
 ITRMAX¥MFMARK I WARRK:MAxM »MAXNy MNOW » MORE ' MOREPRY¥MXSIZEFNy =~ =

NﬁbéNV NEbRUWrNEWXrNEWY NUMSLKrOBJ rSlZEoSIZEleMALL XKPOS
YAMINC 7

9000”7 FORMAT(lH'vagx»'RElNthTEa AT ITERATION "16(
AR Z IR+ 1 '
’,ITHOLD ITh

= 1

= S SMALL -

SMALLV: L

ToLg = WOL(B)

Do 20 K'= 1r312E

@«cﬁuﬂ#hvwe

LUIF (XBASISCK) ¢LE N) 60 70 20
1 = XBASISTK) = N
(- IStFF(I)

. XBASISt
XBASIH(L)
3= XBAbIS(K) ‘ P

CIFT(Y G6TIN) 60 TO 100

HJE

1F (xBAsISTKS LEY N) XBAGIS(K) = ~XBASIS(K)
B0 30 Li=weSize T |

40 INV(K#K) =1
po QU df—"iiN :
_IF (INBASE() WNEZ =) INGASE(J) £ 0
50 CONTINGE -0~
Do 9U K = I'SIZE ;
. NtWX = =XBASIS(K) R ; ' .
IF (NEWX SLETS 0 FOR, NEWX .6T: N) GO TO 90

- PO BU KK = 1FSIZE

IF (XBAbIS(KK) +6Te U) GO TO 80

- ABDIF = ABS(bk(KK)) |

iF (ABUlF TLT: TOLB) 6O T@ 89
IF (REWY E.Nt..o) 60 TO 70

' 351150 - ABDIF) "

:,TQ'ABDIP-_,ABS(l 0 = ABDIP)
- IF (ABDLIF"IGEY BES!) GO lg 80

CBESTIE= ABDIFT T T

- NEWy = KK

8U CONTINUE

(NEWY JEQT 0) 69 T0. 9u
1HO 'DF';;XBASIS{NhWY) F
IF (IHOLD TEQs NEWX) IHOLp = O
CALL CHBSIS. ' : i
XBAsistNEWY;_; thx




o - VVI‘C L&l{ul..

N 60 T0 1Uu
: bASIS(K) R e
. KBASIS(KY "= N ¥ I'“'”” o
..NUMSLh = NUMSLK ¥ 1
11

TON)INBASE(D) =k .
.,N) NUMSLK ‘= NUMSLK * 1

'iig;CONTLNuL
SMALL ="Horp

‘BO° 120 KZIFSIZE -
o XR(K) =050 "
120 YR(K) = 030
»Do 140 K = 1.5125

 ”00 150 dd er -
IF (INBASE(JJ) «NE. =1) 6g TO 130
1B = T8- BOUND(JJ) k. A(I Ju)
:30 CONTINUE = '7 ~
S bo 1b0 L = 1'SLZL ,
CXREL) CSUXRAL) 4+ TB ok INVALTK)
‘VYR(L)mf YRUL) + 1C % INy(gL).
CIF (ABS (YRI(L ):,LE. SMALLYY YR(L)

»_l,“.‘,”f‘
o

" XRK Z7XRUK)
3 ; KBASISIK)

9 925 g 'GO TU 160 L
IF (15 ND TEQ. 0) GO TO 150
- IF. (BOUND(J) JEQY =-130) GQ TO 150
IF ARRK “GTs. BOUND ) ) XR}( = BOUND(,J) - XR(K)
5U IF (KRK VGET T) GO TO 180 7 7 c

RK) % (=170) WGE. T) 60 TO 180

‘W*J-Qif§OIQr DRIVER =170

‘TBU. CONTLNUE |
T IR (NUMSLK .bg:,lg CALL RE@UC§
CALL LHSLLK f o

gCALL IS0PT.
ITR = lTHOLD
CINREV. = |
moau”:vu o L
D019 CAVN
IF (lNBASE(d) EQT 0) 60 F0 190

L 0BJ I 0BJTE X(J) ® Cld)

190 CONTINUE
RITE (6190000 ITR -

) WNEZ 0.0 -ANU. ng * S(I) «6E. T SORY S(I) TE®:

0.0

ANDY




o nuvur\w . . T
ENU SPRIE LS
RMAN bEth '




INTEGER SIZtrSIZtleBAbIS,YBASIS

;lUU.wb‘luﬂ,ﬁIStFF(loo),S(lOO)vSLACK(iOO)vY(lOO)'-f.; =
XBASlS(lOO),XR(lOO)vYBASIS(lOU)vYR(iUO(:GR(lOD)'

_LTRMAX# MY MARK 17 MARKK » r MAXM» MAXN p MNOW » MORE ¥ MOREPR MXSTZETN ¥

,%iéNchtbﬁow NEWX;NEWY,NUMSLKpOBd RrSlZEvbIZEl?SMALLrXKPOSr
Ml

“COMMONy AREF /. AA(10U0) rJCOL'(1000) 9 IROW(101)

quwm::mx

: PIVMAX E'o v
] JMAxP'm

© Tols = foLt
. TOLq =1
TOLS

=VE AN
1u PIng),E-u 0
Do 40 Li=Tres12E
JTWE YBASISIL[”TW

YI = YR(L) * 51 ~
IF (ABb(YI) LT TUL3) YI = 030
RINVL = INVINEGINVIL) = ° °
ISTART = IROW(ID =~ °
LAST'* 1ROW(1¥1) =1
bo 20 LOOK. *’ISTARI'LAST
J = JCUL(LOOK); i S : -
1FE7 ‘;NdASE(J),;GE. lg{QRt;BOQND(J)VdﬁQo 0,0) GO TO 20
f K1J = AA(LOOK)_ o T N B
, CPIV(I) = PIV(Y) ¥ AIO * R;NVL
2u LON}IMUt o
SIF (S0 JEQY 0:0) 6O TO 40
PIVOT RINVL*SI*DRIVER

TOL(87rBIerRIVERrINREV,IRrIRMAXrISBIbrISBND“ISDONE?ISTATE?ITR? 7

COMMON| BOUNU(ZOO).L(auu)v;NBAssczeO)'PIV(200).X(200).YAL(200).v_fQ H

CIF (PLVOT TGED =TOLS <ORe PIVOT .GE. -0.5 IAND. NEWX ;NET 0 TAND;

7;YIA LT 0 TO 40

iS5 IAND. };LT.'O;U)'60 To 30

1 RATIU = YI /7PIVOT.
CIF (RATI0TTLTZ R_SAND. thx YNE: 0) 60 TO 5O

IF (RAvio TEQS 030 +RANDT RIVOT TGEY BESPIV) 60 TO 40

IF (RArlo TEQ: 070 Bt%Plg -PIVOT R

R = RAllO R

YAMINC = YI

Nwa = N 4 I

30 1F (PIVOT .bE. nyMAx) GO TO 40
0YA§E :_YI e
j =N ¥ 1
> = PIVOT
4 LONTlNUt o
PO A0 U = 1N

INJ : LNBASE(J) -
CTECCIN +1-J0R. BOUND{J) 1EQ, §.0) GO TO 60

AF (lNd SEQ

3 =1) $J = =1.9
~FUNC?_xYAC(Q)

* SJ .
_LLTVTOLS) FNC = 0,0

B T T S VPOV S R PN VS i



“AND. FUNC sL1. 0,00 60 TO 60

RATIO = FUNC / PIVUT ,
_IF (RAT10" .LT.;R‘.AND- NEWX " INEF. O
IF_(Ravio TEG. 070 .&NDY. RIVOT .GE.

IF (RATIO.TEQY 0300 BtSPlV “PIVOT
‘R,_ RATIO .~
'YAMlNL —,FUNC‘. R
REWX' = J "
GO-TO bU o
50 IF gPlva

_ PIVMAX = P1VOT
Yacp = - Func_ -~

hﬂ@ONTlNUt , ,
O IF (NEWX ¢NEZ 0) GO TO 70
_ NEWX = JMAXP T &
~XYAMINC = YRCP -

__PIvVOT = PIV(J) x bd *WURWER -
S (PIVUT TGE. ~TOLS JOR. PIVOT ,GE, -0.5 'AND. NEWX .NE- 0 .

F(PLVOT TGES =075 TAND. - FUNC. - .LT,

0;07'60 T0»597

(:O TO 60

BESPIV) GO'TO 60 o

Z6ET PLYMAX) 6O TO 60

- IF ‘Nth..mﬁt,o),R“: YAMINC / PIVMAKX
VVD;RETuRN [ o T o
" END
JRMAN ngKY




pBROUTlNg SEEKY. el
 REAL, INV o
INTEGER SIZE7S1ZEL" XBASIS,YBASIS

1ﬁ8$100)'b<IUU>rISErF(100>,5(100)o5LACK(1003'Y(100)o o
INV(lUUoIOO)rXBASlS(lool,XR(lOO)rYBASIb(lOO)?YR(lool'GR(100?

S

ITRMAX¥MVMARK I Y FMARKK 1 MAXM ¢ MAXN y MNOW o MORE ¥ MOREPRMXSTZE¥Ny | ~

NEbéTxCNEbBOWvNEWX'NtWY,NUMSLK'OBJ'RrSIZEISIZE1'SMALD'XKP051
YA '

- COMMON/AREF/ AA(10U0) »JCOL{1000Y s IROW(101)
uCOWMUN/DAMN/MAXA”‘T_yr%wﬂf’ R

"IF (IBSND TEQE "?UR. Newx L6TZ N) 60 TO 10
- LF (BOUND(Nth),.tu. -17 u; G070, 10 .

W IF (Ntble EQs. 0) bO To 3g
XRNEb ‘,XR&NEbINV) -

'(NEblNV)V o

IFT NGO F0 20

BOUNUJ = BOUND(J)' ; ,

- IF (BOUNDJ YGE. XRMNEG ,OK ¢ BOUNDJ .EQ. %1,0) 60 TO 20
> = XRNEG. = BOUNDJ ) T

U  RTRY = XRRNEG™/. (XKPOS *- bR(NEGINV))

k_IFngTRI_.bT.,R) Go TO 30

‘!!l

CIFT (R .yE. bMALL) R :_u:uw,,““,‘

NEWY,—?NEGINV e

IF (R .EQS 07 U) GO TU 140
30 BO 90 K = 1e51ZE :

IF (K +EQs NEGINV) eo ro go
BK = bR(K) * XKPOS

IF (ABS(GK) .Lt. TOLb) GU TO 90
9 :.XBABIS(K) 3 ; o
LF7(J «GTaN) SI = b(d~N)

Eo( s N} BOUNDJ = BOYND(JY
XX = XR(K) ,
IF gbK FLEY 0%0) 6L TO 70
1F (xx sLTY 070) 6V TO 90

;”f,::,,\.AND. SI .EQ, 130) 60 TO 4o
_GK % R) 60 TO g0 I

60 IF (R .LE. sMALL)'Hf; ofu
© NEWYT=
1F gR_.t@._u 0) 60 TO 140

U 70 1F (3 6T N) 50 T0 80
7 IF (BOUNDJZEQ¢=1T04OR XX+ T¥03020R.XX,6TIBOUNDI) 6O TO 90
(XX = GK % R)"+LE. BOJNDJ) 60 JO 90
BOUNDD = XX} / (=1307% GK)
. 6OoTTO BU "7 :
. BU_IF (XX YGEI 070 .OR. StJ=p) TGET, 0%0) GO TO 90
LIF (XX ="6K * R)“.LE. 0.§) GO T0°90 B

COMMON BOUNU(ZUO)vQ(ZUU)'iNBASE(ZGU)rPIV(ZOU)?X(ZOU)rYAC(ZOO)v -

TOL(B):BIG DRtherNREV'IR IRMAXrleIbrISBND'ISBONEvISTATEOITR!»‘

LANDIBOUNUJYEQT =1, 0YOR3JSLETN, AND: XXLETBOURDY) GO TO 40 -




9u EONTlNUE
’ DO 430 1 = 1¥MNOW :
1F ngtFF(I) .&@. ) 60 T@ 100
S G(I) .= 0.0 SaE
GO TO 130~
*'SLACKI = SLALK(I)
SI = 5yL) )
” ISTART = IRUW(I)
CEAST = 1ROW(1+1) 01
B0 120 LOOK, lsTARTvLASI
,aLoL(LOUK) :
 INd —“LNBASt(d)
IF (INJ LEZ 0) 60 TO. 110 ,
 BI = 61 = AA(LOOK) * bR(lNd)
“eo 1O 120 U
10 IF (J +E@: NEWX) Gl = GI & AA(LOOK)
 CONTLNUE T G R R
&= 61
o LF (ABS‘GI) SCUE. TOL5) 60 TO 130 .
C1F (S1 EGT 040 TANDY sLAgKI INE,
U IF (S1o# SLALRI sLT, U.0) 60-TO 13t
61 =761 ¥xTXKPUS
- T SLACKI - 1 ¥ R R ; N o e
IF;T TGES0:8 TANDY SIS t@.l 0 goR. TiLE.0.0 TAND,SIJEQV=130)G0 TO130
R = statkyr 261 0 T . ‘ ‘ | ’
IF (R LLES SMALL) K :_U;u
~ ONEWY = .SIZE .1 0
,GR(slétl)“* Gl * xnpos o
IF' (R4EQ:. 830) 60 TO 140 ' :
CoNTINUE 7 S -
1

0> 60 TO 130

:REIUBNLfg:ﬁ"?f"
END ;
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