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ABS'l'RACT 

In this thesis, a solution technique to solve a class of 

nonlinear programming problems is presented. The problem considered 

is the minimization of separable concave functions and linear functions 

over linear polyhedra. A branch-and-bound algorithm for identifying 

an optimal solution i~ described; it is ~quivalent to th~ solution 

of a finite sequence of linear programming problems. Computational 

results are cited fbr a computer code developed implementihg the 

algorithm. The algorithm is applied to dynamic capacity expansion 

problem considering single plant-singie commodity, multi-plant-single 

commodity, and multi-plant-multi commodity cases. 
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GZET 

Bli tezde, beili bir grup dogru§al olmlyan programlama 

problemlerini ~ozen bir algoritma takdirn edilmektedir. !ncelenen 

problem ayrllabilit i9 blikey fohksiyonlar ve dogrusal fonksiyon­

lardan olu9an bir afuag fonksiyonunun d6grusa1 kls1tiarln olu9tur-

dugu bir kapall ve slnlr1l set lizerinde enkli~lik1enmesidir. Eniyi 

~ozlimli bu1mak igin bir da1-dligtim a1goritmasl tanlmianmakta ve 

uygulanmaktadlr. Bu a1goritma s.on1u saYlda bir dizi dogrusa1 

prqgrarn1ama problem1erine e9qegerdir. AlgoritmaYl uygulamak 

i~in ge1i~tiri1en bir bi1gisayar programl i1e ilgi1i saYlsal 

sonuq1ar verilmektedir. Algoritma tek fabrika, tek tip lirlin-

90k-fahrika-tek tip lirlih, ve gok-fabrika-gok tip lirlin durum1arl 

iqin dinamik kapasite arttlrlm problemlerine uygulanmaktadlr. 
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CHAPTER I 

INTRODUCTION 

In the past, solution f§chnigues of optimization problems 

were primarily based upon the as~limptiori of linearity. Since 

linear programming (LP) hi:is found large application fields to 
. . . 

hring solutions to industrial and economical problems, the theory 

and solution techniques of LPhas been 86fupletely develo~d. Today, 

highly ~fficient do~puter program packa~e~ are available to LP 

ueers to solve large-scale LP problems. On the other hand, there 

ar~ several classes of problems which ate nonlinear but can be 

solved using LPas an approximating technique by applying successive] 

Such a class results from the formulation of problems with eco­

nomies of scale. 

Economies of scale are empirically significant in a number 

of major indu~tries. Decreasing unit costs are encountered in 

the process of creating additional capaci.ty and in manpower us(~ 

in industries such as petroleum, chemicals, petrochemicals, 

steel, cement, and aluminum (1,2,3). Empirical studips of plant 
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construction costs have defuonstrated that jn these in~ustries 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. 

Recently, minimum cost models, focusing on optimal plant size, 

location and construction timing in a si~gle industry with econo­

mies of scale have been of considerable interest (4,5). Plant 

location type of problems wh_ich 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 non convex cost functions, thus reguiring 

the development of riew solution techniques. 

In this study, a general algorithm which can solve the 

problems hav_ing the above features will be presented. An obj ective 

function consisting of separable coriceva function~ and liriear 

functions including fixed charges if necessary, will be minimized 

over linear polyh~dra. Here, a branch-arid-bound algorithm will 

be applied to obtaih the soltition. Thd 4lgorithm is mainly 

bas~d upon soland's (7) simplified algorithm for minimizing separable 

concave fucntions over linear polyhedra. 

The general. principles of branoh~and bound solution 

teChnique are covered in t~e second chapter. In the third chapter, 

the problem is de.fined and the algorithm is presented. An example 
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problem is given to demonstrate the algorithm. In the fourth 

chapter, l:1 i·?velopment of a computer program written in FORTRAN IV 

and some computational results are introduced. Applications 

of the algorithm to dyriamic 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 together with a source listing of the 

program. 
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CHAPTER 2 

REVIEW OF BRANCH-AND-BOUND METHOD 

2.1 Introduction 

Among the most general approaches to the solution of 

constrained optimization problems is that of 'branching and 

bounding'. Branch and bound is intelligently structured search 

of tbe space of ali feaslole solutions. Most commonly, the 

space of ali feasible solutions is repeatedly partitioned into 

smaller and smaller subsets, and a lower bound (LB) and an upper 

bound (UB) is deterrruhned for the cost of the solutions wi'E.hin 

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 partitioning contiues until a 

feasible solution (ZUP) is found, the cost of which is no greater 

than the LB for any subset. 

2.2 Essential Features of Branching - anod - 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 
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nonconvex constraints or problems with some or all variables cons-

train~d to take on discr~te 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~ontee~with the following problem (Po) 

subjecttog? (x)~O i= 1,2; .. ,m 1. -

o 
XEX 

where XO denotes th~ domain of optimization atid ~ denbtesa vector 

In accordance with the general termihology, 

an Z vector which satisfies the constraints and li~s within .the 

domain 6f optimization is called a feasible solution and a f~asible 

solution which yields the minimu~ value of f O (!) is called optimal 

solution. 

On~ way t6 s61v~ such a prbblem is to solve a r~lated 

easy problem and show that this ·solution is also a solution to the' 

original p~oblem (Po)' Suppose, in the case of minifuizationj Po 

is replaced by problem P1 which bbunds Po' in the sense that 

following bourtding property is satisfied 

There exists at least one optimal solution 

X
o of P whl.'ch 1.'S f 'bl f and f1.(!o) ~ fO«(o) 0' easl. e or Pl ~ 
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where f~ is the objective function of P~. 

Assume x~ is the optimal solution to P~, if ~~ satisfies 

the following optimality conditions: Optimality Condition l(OCl): 

Xl is a feasible'Jsolution to P Optimali. ty Condition 2 (OC2) : 
o 

the ~ 
~ is an optimal solution to po. 

If (OCI) and (oC2) are not satisfied then @he proceeds 

as follows : Generally, the easiest way is to replace P by a set 
~ 

of p':!:oblems P {(2) tJ3) I ••• } that similarly bound Po in the sense 

that they jOintly satisfy the follow~l1g generalized bounding property: 

Geiiera.lized BoundingPropert,Y : There exists at least one 

optimal solution XO of P' , such that it is feasible for at 
- 0 

least one problem (j)£P, and fj(~o)~fo(~o) 

~ranching f Suppose we have t.he optimal salution ~j to 

each problem (j)€P. Let ~k be such that 

(j)£ P 

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). 
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It is obvious that xk is optimal solution to Po if (OC1) and (OC2) 

are satisfied (with ~k replacing x 1 ~in their statement.) If (OC1) 

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

(k) set of problems P . In addition to requirinq that the new set 

of boundinq probiems (P~{k})U·JP(k) satisfy the qeneralized iboundinq 

property, we may impose the following Il weak convergence" condition. 

For each problem (j)tP(k), either xk is infeasible 

for (j) or fj (~k) .> fk (~k) 

and the '1 strong co.nvergence ii condition 

For· each problem (j)~p(k) i and each feasible solution 

x to problem (k) ,eit~er x is infeasible for (j) or 
-j k 
f (~) >f (~). 

These conditions, however, are ·not sufficient to end up with an 

optimal solution to Po witA a finite amount of computation. They 

do represent minimai conditions to be imposed in order that some 

progress toward a final solution cart be made. 

A tree is usually used to represent the branching-and­

bounding. Each node of the tree corresponds to a problem (j) as 

follows : 
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i = 1,2 I' ." I m 
j 

The problems that replace problem (j) in the bounding set are pointed 

by branches directed outward from t16de(j). Thus set P at any 

intermediate point in the calculations are designated by the nodes 

of the tree. 

The total a.itJ6unt of computatioil is related to the number 

as well as the complexity of the problems created in the fully 

developed tree. The amoUnt of storage requirement isaiso related 

to the maximum number of nodes. 

Td r~duce th~ 6ardinalit1 of the set P, some obse~vations 

can be made. In the course of ca-lculaticms , various feasible s61u-

tions to P are discovered. 
. 0 

suppose x is the least costly solu-

tiofi (with respect to £0) at any intermediate stage and (j) is a 

bounding problem .in P wi tfi optimal soiution ~~ g . If fi (~j ) >fo (~) ; 

it is obvious that a better solution cannot be obtained by proceeding 

from node (j) I then problem,. (j) can be removed from set P without 

affecting the optimality condition 2. This process is called 

'fathoming. 11 

- 8 -



~.. • : t 

A lower bound fj(~j) is associated with each node (j) of 

the tree, and a node (j) with f~])~fo(~) is called 'active' and 

the others are called 'fathomed'. The branching-and-bounding 

concludes when every intermediate node is fathomed. 
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CHAPTER 3 

A L G 0 R I T H M 

3.1. IntroQuction 

There are diffei@nt approaches to solve the problem of 

globally minimizing 0 concave function over a linear polyhedron. ' 

Some of them use branch-and-bound techniques and some others employ 

extreme point techniques. Since Tui's fundamental w6rk(8)~ this 

problem has been considered bv a number of ~uthors. Some authors 

(7,9,10) emphasized branch-and-bo~nd techniques, some others(ll,12,13) 

emphasized extreme point ranking techniques. 

Most of the approaches require the separability of the 

objeotive function (7,9,10). However, there are some recent approaches 

in which separability of the objective function is not a r~quirement.(141 

According to Lawler and Wood(lS), 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 
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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, theroncept of'convex envelope' is to be emph~sized. 

Let f be som~ function d~fined over a compact s~t C. Let ~ 

be the convex envelope of f takenover C. 

DefihitiQl1 

i) ~ (~) is convex over C. 

i1) '1' (~){,f(~) for all ~-eC. 

iii) If g(~) is any convex function over C, and if g(~)~f(x) 

for all xe:C , then 'l'-,~)?g(2f) for all ~EC. 

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

f (x) 

'1' (x) 
I 

/1' 
/ I 

/ I 
I 

x 

Fig. 3.1. A nonconvex function and its convex envelope 
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Intuitively, the convex envelope of f taken over C is the "highest" 

convex function which fits below f. We will be dealing with functions 
n 

f(x)=L f. (x.) which are separable and set C which may be described 
- i=~ ~ ~ 

by simple inequalities, e.g., C~{~I l~~~b} where 1 and L are fixed 

vectors in En. 

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

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

envelopes of f. taken over C.= { XII 1.~ x.~ L.} 
~ ~ ~ I I ~ 

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

XEC 

\jI (~) = sup { < ~,t>·.. - r (j:)} 

!:E:En 

If f is separable and c={~1 ~~~b} we may write 

where 

n n 
\jI ( x) -, L \jI. (x.) =. r - ~=~ ~ ~ ~=~ 

~up{x.t. - r. (t.)} 
ti ~ ~ ~ ~ 

r(:!:) 
n 

- L 
i=~ 

r.(t.)­
~ ~ 

n 
L 
i=~ 

max {x. t. -f . (x. ) } 
1.~ x.~ L. ~ ~ ~ ~ 
~ ~ ~ 

In other words, the convex envelope of a separable 

function f over a rectangular set C is equal to the 

sum of the convex envelopes of the f. taken over 
~ 

C .= { x. I 1. ~ x. ~ L. }. 
~ ~ ~~ ~'<: ~ 
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This observation is especially useful_if fi 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) 

f 
'f 

Fig. :a.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 (Kleibohm (16». If'¥ is the convex envelope of 

f taken over C, then a point ~o globally solving the mini­

mization problem with concave objective function also 

minimizes '¥ over C. 

Proof . Given Y (~) ~ f (~) 

o 0 we want to show that'¥ (e, )=f (~ )~IJI (~) 

-13--
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with 

.00 
i. From (3.1) we know that I!'J~ )~f(~) Assume 

o 0 
a(x)=f(~) 
:.. -

(3.4) 

where q(!) is any convex fundtion defined over C and 

(3.5) 

From (3.3) and (3.4) 
III 0 . 0 
T (~ ) <q (?i ). This contradicts 

the definition of ,convex envelope. Therefore, ~J (~o) ~f (~o) 

is not possible, thus 

ii. 

f 
Y 
9 

o 0' 
I!' ( ! ) = f (2!.) • 

f ' y 
'" // I 

'" I ",/ -'-1 q 
// _.-' 

I~·--· I 
~ 

1 I 

1 I 

o Assume f(x ) >I!'(~) for >£C and let the convex function 

q(x) be def~ned by (3.4) and (3.5). Th~n 

Ci 
~ , X £c 

-. 1.4-



but we know that q (~) ~'l'(:e), ~ C by definition of '1' (x) and 
o 0 

therefore, this is a contradiction. Thus f (~ ) ~'l'( x) ~ ,~E: C. 

3.3 Problem Definition 

As cited in Chapter 1 , some optim:i.zation problems require 

the inv6iveIfi@fit of non1inearities ih model formulations .·\.~xistence 

of economic~Qf sca1S leads us ~o a certain group~ of nonlinear 

programming problems and causes the relationships between costs ahd 

amounts of activities to become concave. A minimization problem' 

with a concave objective function cannot be solved by a direct 

method because of its nonconvex nature. A model which will handle 

the above conditions will be a minimization problem as follows : 

n 
Minimize f (x) = i: 

i=~ 
f. (x. ) 
~ ~ 

N 

+ i=i:n+1 gi (Xi) 

subject to ~E:G= -t ~I AlF~.:9 } 
... 

~E:C -:-{ ~ I !~ ~ ~ } 

where fi is concave and gi is linear over the finite interval 

[li. L~. It is well known that f takes on its minimum value at some extr4 
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point of the linear polyhedron GnC, so that the search for an optiffial 

solution may be restricted to extreme points of GIlC. 

Theorem: If objective function f is concave over linear 

polyhedron GIlC, then f achieves its minimum at some extreme 

point of liner polyhedron. 

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

where x
j 

is the jth extreme point of GAC anda .>0 and 
] 

~ a.= 1. 
J J 

Bv definition, if f is COncave, then 

since xO minimizes -f over Gnc 

o x.x e: GflC -,-

and since we have assumed that optimal solution is not on 

one of the extreme points 

This is a contradiction. 
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Falk and Soland (9) presented an algorithm for separable 

nonconvex programming problems that may be applied to the above 

problem. For this problem, thetr 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 concave cost 

functions and a constraint set of the transportation type. He 

shows tn~t the constraint set can remain th~ same at each subproblem 

(iteration). Based 6n this result, his algorithm exploits the 

special structure of the transportation problem when solving the 

subproblem after each partition. Rech and Barton (10) have 

developed a different version of the algorithm. Their problem 

contains an objective function which "is composed of mostly linear 

cost functions and some separable nonconvex piecewise linear ones. 

They convert a distribution problem involving only one commodity 

into a I minimal dost network flow' I?roblem .and because of the 

speciai structure ofrietwork flow problem they usa the out-of -

kilter algorithm for the solution of the sUbproblems. th their 

algorithm, the constraint set does hot remain the same since 

the lower and upper bound constraints on fionconv~x variables 

change from one it~ration to another. The algorithm which will 

be presented here will be a combination of the algorithms developed 

by. Rech and Barton (10), and Soland (7) and no restriction 

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

-17-



exception of linearity. 

3.4 ~sse~tia~ Features of the Algorithm 

Aa mentioned previously, the algoribhm to be presented is a 

branch-and-bound algorithm. In the fol16wing, the set q and its 

subset will be referred to as a reetangl@. Branching correspbnds 

to partitioning the subset df solutions in a subrectangle ekce into 

twa new subsets of solutions in the two subrectangles e P and e S, 

where ePucq ::: e k
• Bounding corresponds to the determination of a 

lower bound on the optimal solution value in a subrectangle e k • 

As in all branch-arid~bbund solution methods, a tree will be 

used to r~present the development of the problem. ]. ·2 3 
N , N , N , ••• 

represent the nodes of the tre~where N]. is the initial node. 

2k 2k+l . At stage k of the algorithm nodes Nand N are created. Eabh 

node N
k 

t'epresehtti a reotangle C~{ ~ I *k~~ ~ ~k } with 1~J: k.q/~k . 

When Nk is selected for branching, NP and Nil] are branchsili from 

N
k 

and they respectively 'correspond to rectangles cP and C9 slich 

that ePac~~ck. An intermediate node is one which has not yet 

been branched from. 

The algorithm generates a sequence of feasible solutions 

{~k k=l, 2,3, ... } where xk is obtained at node Nk . 

-18-



Let ZUP~min{f{~j) : j=:1,2, .••• } and XBESTk=~i such that zupk f(2£1). 

zupk is an uppe,r bound on the optimal'solution value of the problem 

and XBEST
k 

is the best solution found through node Nk . 

Let LB(Nk ) be a lower bound on the optimal value of f. Now 

it is time to introduce convex envelopes. Wi th C~{~ I J:.\ ~~~ k}, let" 

\k be the linear ~unction passing through the endpoints of the 

. r k k k k k 1.nterval 1. , L. ]such that'¥. (1. ) = f. (1. ) 1. 1. 1. l 1. 1. 
k k k 

and '¥ . (L. )=£. (L. ). 
1. 1. 1. 1. 

Recall that gi's are linear and obviously they overlap with their 

convex envelopes over c. For this reason g. 's are included in the 1. 
algorithm without any changes. 

facts are evident. 

Since f. is concave, the following 1. 

k 
'i'. (x.)~ f. (x.), if x.e:[l. k, Li k ] 1. 1. 1. 1. 1. 1. ,_ (3.6) 

1.. f ('I k k xl'. i ' Li ) (3.7) 

n N 
E 'i'. (x.) +.E . g. (x.) it is obvious that 

i== 1. 1. 1. 1= ntl 1. 1. 

if 
. k 

~e:C 

Thus the minimum of Mlk over G~Ck 1.' 1 th 1 . ,r ,. s ess an or equa to the m1.ni-

mum of f over Gnc
k • HI k l' b d d b th .. k 

T S oun eye m1n1.mUm of If' over GnC 

and LB(N
k

) is defined as·fo1lows : 
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k 
~gGnC } 

Therefore, LB(Nk ) is the optirn.al value of the following linear 

programming problem, which is called pk. 

N 
L 9i.(Xi) 
i~ n-t1 

Subject to 

at each iteration on xk is obtained and toe sequence {Xk}is the 
. ~, 2 

optimal solutions to Problems P,P, •.... 

Branching from an intermediate node, say node N
k

, I can be 

considered if and only if k.'. 2k+l LB(N )~ZUP (the lRst numbered 

d· t 1 . N 2 k+ 1) • no e presen y ~s 
~ * 

xk is the solution to proble~ pk at 
* 

node Nk.. Determine the 

difference is maximized. 

component i b , for which the following 

This difference corresponds to the 

error introduced by the conv~x approximation for each concave 

fUnction. The difference is 

( i:. 1 , 2 , • • • • ,n) ( 3 .8) 
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Divide 
* 

[ lib k, 

t( "* k k 
the corresponding interval [lib ' Lib 1 into 

it k~ Jt. ' 
two intervals 

k-lt 
x ib ] and[xib ' Lib J. By branching from node N , nodes 

2k+2 2k+3 (i.e. sL'problems) Nand 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 
k¥: 

lower and upper bounds. Therefore, some x. may occur outside 
?i; *' ~ k k k* k k of (1. , L ). Wha/; v!ould happen if x. rl (1. , L. )? 

1 i ~ ~ ~ 1 

* 
The followirlg theorem explains thgt at ftgde Nk selectet:t for 

. . k* 
branch~n~ Xib 

k* k* 
must fail ift open interval (lib ' Lib ) 

Theorem 

- '¥ . 
~b 

k* 
(x. 
~b 

k* 
) > 0 v 

Proof 
* 

We are given LB (Nk );-: ZUP 2k-fl~f (ek~) 

* it 

since LB (Nk ):::: '¥ k (~k ) 

k* k~ k* 
f (~ ) - '¥ (~.) > 0 

- 21 -
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This impiies at least one of the differences in (3.8) is positive 
k* k~ k* 

and by (3.7) this can only happen if x. € (1. ,L. ). 
_ lb lb lb 

What the theorem shows is that, although the solution point 
k~ 

X. 
1 

k* 
may lie outside the rectangle C ,at least one component 

must lie in (I. k*, L~* if LB (Nk
*) -< zup 2k

+ 1. 
lb ~b 

k* x. 
lb 

Before the steps of the algorithm are given there is 

a final remark fu be made. As mentioned in Chapter ~; branch­

and-b6und technique is an intelligently siructured search of th~ 

spa~e of all feaslbl~ solutions, and i~ order to reduc~ the 

number bf nodes created some observations can be made. At any 

intermediate stage, let node N
j 

be a bounding problem in the 

set of intetmediata ri6des (i.e., node that has not been branched 

from). ahd let total number of nodes be m and ~jf: XBEST
m • Accor­

ding to section 2.2 , if IJl j (~j) ~ fO (XBESTID), theN j is ~ Eo be 

fathomed dnd excluded from further donsidaration. HoweVer, this 

is not the case in thii algorithm i.e~, ho such fathoming rule 

can be stated since the condition i~ automatically takeh into 

aCCount. That is; at the end of any stage, Nj (or any other 

node with the samm property) mayor may not be selected until the 

optimal solution has been obtained. 1f Nj is not selected for bran­

ching, then there will be no problem. If Nj is selected for 

branching, then optimality condition is satisfied since LB(N j ): 

_i j 0 1 1 . , 
~(~ ) ~f (XBEST ) = ZUP , where 1 1S the number of nodes cre~=d 

untl'l node Nj 1 m ~ has been selected for branching and ZUP ~ ZUP·. 
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'th t' 1 soluti'on XBE~~iI,l and o[)timal value zupl. Algorithm stops w~ op ~ma ~ 

3.5 Steps of the Algorithm 

1. k~i. Find LB(N l
), 'ZUP~i XBESTl. Go to step 2. 

~ k 
2~ Find k;< such thatGL1(N ) is the minimum of LB(N ) over all 

inteiinediate nodes Nk . If LB (i:l~ ) ~zup2k+ 1 XBEST
2k

+
l 

is an 

(,pti~~l solution and zup2k+lis the ~aiue of the bbj§ctive 

function. Otherwise go to step' 3., 

Branch from' node Nk* to create nodes N
2k 

and N
2k

+
1

. 

steps of the algorithm ~iven above comprise only the general 

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

in the flow chart for the computer ~rogram of the algorithm. 

3.6 Convergence of the Algorithm 

Theorem. The algorithm terminates at an optimal solution 

after a finite number of ite:~ations. 

Proof : The linear polyhedron Gf'lC possesses a finite number 

f . d k o extreme p01nts an we assume that each point x that 
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solves P
k 

is one of these. Let E be this finite set of 

extreme points and let E., i~1,2, ... , n be the set of 
1 

,. f h 1 f h .th d' t prO]ectlons 0 tee ements a E on tel coor lna e 

axis. Define E ,=- E. u{ 1 } a{ L J and ]:'=E l XE
2

X •••• xE i E 
]. 1 i ]. n

i 
is a finite set of points in C. The operation of the 

algorithm is such t~at every rectangle ck is defined by 

an approprj.ate set of 2n points of E; i. e., 2° extreme 

k points of G are elements'ofE. There are, therefore, 

only a finite number of possible rectangles Ck that may be 

obtained in the course of the algorithm. Since it generates 

two new rectangels at each stage, it can proceed for only 

a finite number of stages. 

3.7 Example'Problem 

The following problem is to illustrate how the algorithm 

proceeds and converges to optimal solution. 

3x
l
+ 2x2 ~ 6 

o~ x ~ 16 
~, 
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• 

where f (x ) = 16+8 
1. ~ 

o 

o 

Sointion 

if x >0 
1. -

if x <:. 0 
~ 

Upper bound of the problem is set to ZUP 00 

Node l' 

Convex envelopes 

Problem to' be sol vbd at n'ode' 1 

Min Z~3x + 4x ;x 
~ 2 3 

X1.+ 4x2+ 2x3 ~8 

3x~+ 2x2 ~ 6 

O~x ~ 16 
~ 

O~x ~ 9 
2 

O~x ~ 8 
3 

l. 36 
C2 =- = 4 

!9 
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solution at node 1 

Z-=ZL(1):::9 
l. 1 1 

xl. 2, x 2 = 0, x3 = 3 

Value Of the original objective ft.mction at Xl. is ZU(l) = (16-t8(2 l/~+ 

0-+3 -= 30 .• 3137 

Since ZU{l)<ZUP, curreht upper bound becomes zuP;zu(l)=.30.3l37 and 

XBESTl.= e]; 

Optimality test 

Since ZUP . ZL(l) 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. f
1

(x
1

1
): l6~8(21/2):27.313 

1 (1) . 
'l'l.X

1 
:. (3) (2) = 6 

f (x 1) - 'l' l. (x :1-) = 21.313 
l. 1. 1. l. 

l. 
b. £2(x2 )= 0 

'P. 1. ( l.)_0 2 x2 -

£2 (xl. 2) - '¥21. (x2 l.)=0 
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x is the branching variab1e~ 
1 

At nodes 2 and 3 only the slope of x in the objective function 
. 1 

will change, since the interval [1 1, L 11 = [0,161 is divided 
1 ~ 

into two intervals [1 1, X ~:]=[1 '2, L 2J= [0,2J and Lx 1,L ~1;:: 
1 ~ 1 1 ~ ~, 

3 3 J II , L J= (2,16 . 
1 1 

NadEl 2 

Coefficient of Xl' in this approximate problem is the 
2 2 ' 

~lope of the linear function whose endpoints are [l~ , L1 1= 
[0,21 and [f (1 2) I f

1
(L

2
1

»=[0,27.313] thus c~2~ 27 2313 :;13.656 
1. .1 

and other coefficients remain ~he same i.e., 

Attitudes to be added F=O. 

Problem to 'be solv~9 at node 2 

O~x ~16 
1 

O~x ~9 
2 

O~x~ 8 
3 

>,:. 6 
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,y 1 i 
solution at node 2 

z=ZL(2)=12, 2 2 
x~ =0, x 2 =- 3, 

2 Value of the original objective function at x is ZU(2):0+{9+3(3»tO =18 

Since ZU(2)<ZUP current upper bound becomes ZUP=ZU(2)=18 and 

2 2 
XBEST ::. x • 

NOde 3-

Coefficient of X iri this approximate problem is the slope 
, ~ 

of the lin<3ar function whose endpoints are[ 1 3, L 3J=[2, i 61 and 
, ~ 1 

[flo (1~3); f
1

( L
1

3 >]=l27 .313,48] thus C1
3

='l.477 and other coefficients 

'1 ,3 1 "i d . remain the same as those iIi node 1 i '. e. j C2 -::. C2 eo 4 • A1 t ttl e to 

be added (i.e., i~t~rG~pt of the functioh with the vertidal axis) 

is F=24.3S. 

Problem to be solved at node 3 

x~-t 4x2-t 2x3'>;. 8 

3x{ 2x2 ~ 6 
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o~ x ~ 16 
1 

0~X2~9 

0~x3~ 8 

Solution at node 3 

Z=S.995 ZL(3)=Z+F 30.3137, 3 
x :::::. 2, 

1 

X3
3= 3~ Vallie of the original objective function at x3 is 

ZU(3) =30.317. Since iU(3)~ZUP upper bound does not change, i.e., 

ZUP=18 
. ·2 2 

XBEST =X 

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

.lower bound. 

Lower bound of node 2 ZL(2)~12 and lower bound of 

node 3 . ZL(3)::: 30,316. Sit'lce ZL(2) (. ZL(3) nodeZis selected for 

branchinq, 

Optimality Test 

ZUP=18fo ZL(2)=12 therefore solution is not yet optimal 

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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a. f (x 2)::. 0 
]. ]. 

2 2 
'l'(x ) = 0 
].' ]. 

'l' .2 (x 2) = 12 
2 2 

X2 is the brancfiing variable. 

At nodes 4 ~nd 5, only the coeffi6ient of x2 will be ditfer~nt 

\. ftom the eb~fficients of all variables at node 2. Intei~al 

Node 4 

. Coefficient of ~2 in this a~proximate problem is the slope 

of linear furiction whose endpoints are [124, L2 4]=[0, 31 ahd[f2 (l24) I 

£2 (L2 
4 ) J-:(O .181 thus c2

4,::: 18(3 ~ 6 and other coefficients are the 

4 2 same as those in node 2, i. e., C = C =.:\:'3.656 and aLtitude 
]. ]. . 
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to be added F=O 

Problem to solved'at node 4 

Xl.+" 4xt 2x3~ 8 

3xl.+ 2x2 ~ 6 

O<~x ~ 16 l. 

O~x2 ~9 . 

O~x3~8 

Sol"tion at node 4 

Z=ZL(4)=18 444 
Xl. = 0, x2 = 3, x3 = o and value of original objective 

function at node 4. 

ZU(4)=-O+(9+3 (3)) 4' 0 -=18 •. Since ZU(4)::::.ZuP upper bound of the 

4 2 4 problem remains the same, i. e., ZUP=-18 XBEST:=. ~ . (or ~ ) 

Node 5 

Coefficient of x2 in this approximate problem is the slope 

of the linear function whose endpoints arel125, L
2

5]=[3,9]and 
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[f(12
5

) I f2(L25)J=~8/36] thus C2
5= 3 and other coeeficients remain 

the same as those at node 2. Altitudes to be added to the objective 

function of LP solution is F=9. 

Problem to be solved at node 5 

x~ + 4x2 + 2x3 ~ 8 . 

3x + 2 ~ 6 ~ x2 

O~x ~ 16 
~ 

~<X2~9 

O~3~8 

Solution at node 5 

Z=9 ZL(5)=ZtF=9+·9=18, X.t~O, X2~3, X3~ 0 and value of original 

objective function at?!.5 is ZU(5)=O+(9+3(3)-t-O==18. Since ZUC5)=ZUP 

upper bound of the problem remains the same i. e. I ZUP =18 and XBEST5= x2 • 

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

5, with th~ minimum lower bound. 
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ZL (4) = ZL (5)< ZL (3) therefore node 4 or5 is selected. Let 

us select node 4. 

Optimality Test 

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

Algori thm termimtes. 

Optimal solution of the pr~blem 

ZUP=l8 

Tree representation of the problem is as follows 

Z!J(2)=l2 

ztJ(2)~18 

ZUP",18 

ZL(4)=18 

ZU(4)=lB 

ZUP (4)=18 

ZL(1)=9 
. Z tJ:(.l ) -= 3 0 '~ 313 7 

ZUP ;: 30.3137 

ZL(S)=18 

ZU(5)=lB 

ZUP==lB 
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CHAPTER 4 

COMPU'l'ER PROGRAM OF THE ALGORITHM 

4.1 General 

Th@ ~rogram is composed df a main program, MAIN, and various 

subprograms which are called in the main program. One of the sUb­

programs is SMPLEX, Which is a FORTRAN IV code 6f Simplex algorithm. 

This subpr'ogram has been developed by Land and Powell (i 7) , to 861 ve 

LP problems. SMPLEX containS several subprograms. Some of the 

subprograms have been removed and some have been modified. DATA 

and fPRI~~ subroutihes o~ SptEX haVe bee~ deleted and ~~written 

in consistence with the requirements of the problem intrudced 

in this study. Subroutine SPRINT of SMPLEX has been removed 

completely since it is unnecessary in the program. Some minor 

modifications haVe been made in stibfotltines IEXIT, COpy to match 

them to our progi'am. Pi. new sUbroutine, A'RRGMT, nas be"en writtten 
for some tolerances used in SMPtJEX. As mentioned SMPLEX is one 
of the subprograms called in MAI'N ahd i.ts subroutines will not be 

explained here. However, the details of the subprograms of SMPLEX 

are available in (l~"for 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 solution. 

After the executbn of DATA. convex envelope of the objective 

function over set C is computed and subroutine SMPLEX is called. 
This sUbroutine solves problem l(P ) at node 1. If the solution 

). 

to PJ. is infeasible or unboUnded, the execution stops, this implies 

an error in the data input. If tfl@ solution to P is optimal, 
). 

execu~ion proceeds and subroutine ACOBJF; which c6rnputes the 

value of the objective function cf the original problem, is. 
called. Optimality test is made, if solutionis optimiil control 

is transferred to subroutine SOLUTN to print out the results, 

otherwise subroutine BRVAR is called to find the brancfiing variable 

at this node. Subroutines BND and CFBND are called to obtain the 

bounds arid objective fuhctiori coefticients to be used in the 

followlrtg two problems created. For each of the two new problems 
, 

sUbroutine SMPLEX is called and then subroutine FXCH is called and 

associat~d altitudes are added to ~he ~alUe of the objective functions 
oomputed in SMPL~X for the problems con~±dered. Value of the original 
objective fundtion £orthe solutiort at this riode is cdmputed 

and if i~ is lesb ~Hifi the upper bound o~ ttie problem (ZUP) , this 
, '-" 

hew value becomes t.he US of the problem. Subroutine SRVAR is 

called to find the branc?ing 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 
an optimality test is made if 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 program. 

In this subroutine all necessary data for the problem are read in. 

Subroutine SMPLEX had a DATA subroutine, but this has been deleted 

'nd a new DATA subroutine consistent with the problem has been 
written. 

The first read statement reads MAXNN, maximumnuniber of 

nodes 'Eo be involved t6 obtain a soiution, PRECIS, percentage at 

which a'" i acceptable solution 'is 6btainea.. The second read statement 

reads NFXOPI, an indicator -whether ther_~ exists any fixed, charg'e 

of the nonconvex variableS, and IPROP2; ah indicator wRether the 

solutions to subprobiems are printed. The third read statement 

reads NNVC, number of concave variables arid NLV, number of linear 

variables in the prOblem. 'The fourth read statement reads values 

of esssentially used i,n subroutine SMPLEX. M is the nuri1:ber of 

cons:et~dl1ts, N is the number of variables i ISBND is the number of 

upper bounded variables, ITRMAX'is t.he ma}timumnuiriber of iterations 

allowed ih SM.'PLEX to fihd the optitnlH solution to subproblem at a 
node, IitMAX is tell maximum of reinversions t.o 'dlean up"the basis 

and improve the accuracy bfthe SMPLEX solution. After these read 
statementb, comes the reading of a few sets of cards. The' sets 

are : 

1. the £ixed 'oahrges (FX) of ooncave variables (which 

m~y be omitted if NFXOP1~O) 
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2. th~ coefficients (D) of the concave variables 

3. the exponents (E) of the concave variables 

4. the coefficients (e) of linear variables following 

concave variables in order (i.e.e(NNVe+l) to e(N) ) 

5. the s:.gns 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 zero) 

7. the nonzero elements of constr~int matrix, including 

lower bounded variables as sconstrainta. 

The details of data formats are given ih Appendix. 

4.4 ACOBJF (Value of tne objedive function) 

This subroutine computes the value of the objective function 

for the solution to LP problem at t~e.node considered. Values of 

variables are obtained after subroutine SMPLEX has been called 

and these are substituted in the origihal objective function (recali 

that all the s61titiofi~ form LP problems are feasible to the originai 

~~~blQmi) if fhis vaiue of the objectiV~ fuhation is less ~han 

the. upper bOUhd of tn@ pr6blsm then this value become~ the fiGW upper 

bound and values of variable are storod in array XaEST, otherwise 

the upper bound of the problem remains the same. 

4.5 eRVAR (Branching Variable) 

This subroutine finds the branching variable at each node, 
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to be used immediately or later fo~ 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 the 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 values of the liml ts . (l and L) of 

the branching variable for two new problems 'created by branchiz:g. 

It also computes the coefficients of the branching v~riable in the 

objective functions 6£ these two· subproblems. Recall that the 

two problems are different from the problem at previous node in 

only the limits (1 and L) and slope in objective functions of 

the branching variable. 

4.7 CFBND 

/ 

'ritis subroutine determines the tipper and lower limits~ 

(1 and L) and the coefficients Of aoncaVe variak)les in the two 

new problems, with the exception of the branching vari4ble. After 

the call of this subroutine all the data necessary to solve the 

subproblem at th~ node become ready. Then subroutine SMPLEX 

is called to solve the subproblem. SUbroutine CFBND is called 
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only for the first problem created~t each stage in that the data 

provided here remain the same for the second problem of the stage. 

4.8 FXCH 

~his subroutine computes the total altitude to be added to 

the function value obtained bySMPLEX. When convex envelopes a~e 

drawn of the concave functions; their slopes are computed and used 

in LP problem at the node to find optimal solution. However, some 

of these convex envelopes, which are linear functiohs db not pass 

through the origin and intersect tne vertical exis. Therefore, 

associated aititudes for the problem currently solved are to be 

computed. Tfiis value is fouhdas F and aaaed to the optimal solution 

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

obtained; See Fi~. 4.1. 

~ 
./....<.. I 
~ .. ~..J.rI..4_ I 

. . I I 
: I 

~ ! I ~ 
I I 
I. 
.t L x., 

1 1 Fig. 4.1. 

Fd~ a subproblem with .. two conoave vtlriables, where 11.~Xl.~tl. a.nd 

l2r:.:X2~L2 'Cl.-=tg~l. C2~tg~ ~and assooiated total altitude to be 

added to the objective function from SMPLEX is F -=F 1. + F 2 • 
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4.9 SLTND 

As mentioned, when branching occurs two new problems are 

created (LPproblems) and solved. After ZL's to each problem 

has been found, the intermediate node with minimum ZL is searched 

for. This subroutine finds the indermediate node with minimum ZL. 

As soon as this node has been found an optimality check(inthe 

MAIN) is made. If solution is optimal subroutine SOLUTN is called, 

otherwise a new branching ocCurs. 

4.10 PRNJ:'. 

Call of this subroutine is optional. If the s@llltion to 

each subproblem is desired, IPR02 is set to 1 then the values of 

variables, optimal value, value of ori~in~l objective function 

and the tipper bound 6f the probiem at each subproblem are printed. 

4.11 SOLU'1'N 

~h1S subroutine is called when optimal solution is found 

or the solution is within acceptabl~e ~~nqe or the maximum (specified7 

number of iterations is exceeded. When Ot5timal solution is reached, 

optimal valu~ of the Variables arid 6b1ective function ar~ printed 

with a ~eBSaqe of ioptimal solution~1 If the solution is ·within 

acceptabie ranqe or the number of iterations exceeds a orespecified 

number, then the best available solution is printed out with a 

rnessaqe of 'best solution 1 • In the caSe of optimal solution, 

number of iterations is also printed, in the Itatre case:3, 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 

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

CALL DATA. 

Compute convex 
e,nvelof)8s of 
concave functions 
for ,node 1. 

, \ CALL' SMPLEX 

N°l 

CALL ACOBJF 

Set ZUP Zu(l) 

CALL BRVAR 
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<f 
Select node 1 for 
branching 

1 
Set lower bound 
to infinity at 
selected node 

1 . 
CALL NBD 

, 

1. 
CALL CFBND 

. ' 

.- .-, 1 ",:;:,,-;," 
I 
I 

CALL SMPLEX 

t 
CALL FXCH 

h' '. 

L <- .-

CA!.JL ACOBJF 

." -

~ 

" 

m 
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No 

Yes 

Set ZUP=ZU and 
XBESTto the optimal 
solution at. this node 

CALL BRV'AR 

Secodd branching 
from the selected, node 

CALL SMPLEX 

CALL :FXCH 

CALL ACOBJF 



Set ZUP:ZU and XBEST 
to the optimal solution 
at this nOde· 

CALL BRVAR 

CALL SLTND 

r--

~ 
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CALL SOLUTN 

WRITE 

There is an 
in cons""'· 

~ 2 error 
-truction of 
the problem 

-

J, 
STOP 



4.13 Computational Considerations 

computer program of the algortihm yields an acceptable 

solution in that the algorithm is s·topped when zup2k-t-l is guar.anteed' 

to be within lOOr percent of the optimal solution value. Here 

r>O is specified by the user. Another criterion to stop the algorithm 

with an acceptable solution is the number of nodes to be created. 

When the nuffiber ox nod@s (subproblems) exceeds a prespecified 

value. algorithm is stopped and the 'best solution' up to this 

node is printed out with a message (TOLERANCE) stating how much 

percent of the optimal solution value is ·the 'best solut.ion' 

within. 

computer program has been applied to various problems 

randomlY selected, of. the type m~ntioned in section 3.,3~ 

n 
Minimize f (x) = I: 

j=1. 

Subject, to 
N. 

L a .. X .~bi 
1.J J" 

" j=1. 

1.~ X.~ L. 
J J J 
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E c.X. 

j=n+l J J 

i=l, 2, •• ,m 

j<=.1,2, •. • N 

e. ~ 1 
J. 



Various coefficients of these random problems lie in the ranges 

o ~ c ~ 200 
j 

-lO~a .. ~ 25 
1J . 

O~b. ~230 
1 

.O~.~500 
J 

25b ~L. ~lOOO 
J 

The sizes of the generated pro);lletnSare given by (n k M) = (5 .X: 20) 

(10 x 20). Same problems are solved by replacing K. with 2K
J
. and 

J . 
3Kj and ~y changing the value of Lj appropriately. Computational 

results are summari:tJ('1d in the following table. (UNIVAC;l106)~ 

The runs in the' table were performed on UNIVAC 1106 computer 
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Problem No. L. CUP r 
J (sec) 

1 2S0 4.27 .17xlO -7 

2 K. SOO S.90 .00S3 
J 

3 7S0 S.63 .00S6 

,..... 
4 0 

2S0 5.28 
-8 

("I .96xlO 
x -8 S It) 2K~ SOO S .41 .90x10 

....... J 
6 II 7S0 S.29 .00029 

<: 
x . -8 

7 E 3K. 250 3.53 .88xlO 
J 

88"10- 8 8 ;:';06 3.52 • :./i 

9 7S0 3.S2 .88x10 
-8 

.~ -3 -.,." 

10 K. 250 29.28 .17x10 
J 

.93x10- 3 
11 SOO 29.17 

-
.51x10- 3 12 - 1000 30.74 c 

I'\j 
l< 

0 
.84xl0- 3 · 13 .... 2Kj 250 37.98 "-

14 II 500 44.03 0.021 -15 ~ 1000 42.71 0.031 
~ 

E --
'--' .48x10- 3 

16 250 28.07 

17 
, 

3K 500 33.25 .59}{10- 3 

18 
j 

1000 40.1S .014 

____ c_ . ..-_-. ___ .. ·..........---
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CHAPTER 5 

APPLICATIONS OF THE ALGORITHM 

5.1 IntroduCtion' 

Algor'i't:.hm arid computer program presented in the previous 

chapters can be used to solve various 6ptimization problems. As 

has been mentioned, in some of the,major industries capacity expan­

sion co~ts are coric~ve functibrisd~ th~ 6apacity created and pr6duc­

ti'on costs are concave functions of the amount produced. Such a . 
problem can be handled and eslved by the algorithm presented. A 

dynamic (in time) problem will b~ c6hsidered and the p~esent value 

of the cost~ inv61v~d will b~ mininiiied. First a signle plant­

single commodity problem and then a multi plant-single commodity 

problem and finally, 'a Iflul ti-plant"':mul ti commedi ty problem will 

be p~eserited. 

'5.2 problem FormUlation 

1. Single Plant - Single Commodity Problem 

A Company has one plant, several warehouses and several 
I 

demand 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 goods increases over time and the capacity 

of the plant will have to be increased appropriately to meet inc­

reasing demand of each period. Shortages are not aloowed. This 

problem is to determine the optimal capacity expansion, production, 

inventory, and distribution program over time. 

Mathematical formUlatibn of the problem is as follows. 

Let Yt be the capa61ty added in period t, which is also available 

for use in the same period. Let Pt be amount of production in time 

period t (ali production is shipped to·the warehouses) and Sjt be 

the inventory level in w~rehouse j at the end of period t, arid 
1 

Xijt be the amount shipped between nodes ~ and j in period t. 

Define Yt(Yt ) to be the cost of expanding capacity, pt(pt ) production 

cost, Sjt(Sjt) inventirJY cost. in warehouse j, and ~ijt(Xijt) cost 

Of shipping ~ijt units in period t; Let d jt be fhe demand at demarid 

center k in period t. All cost. values are di60ount~d to their 

present values by some appropriate d!scountfactors. tet t show 

this discount factor. "LetT be the set of time periods; W be the 

set of warehouses and D be the set of demand centers and A be the 

set of arcs through the network. We may now state the problem as : 

Choose all Yt' Pt , Sjt' Xijt to 

Minimize i: (It[Yt(Yt)+Pt(Pt) .,. E ~S't(s't) + i: X .. {x. 't)1 
"] J (ij)eA 1Jt 1J 

te.T j£w 
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Subject to 

s 
't- l ]. 

l: Xijt=djt 

iEW 

tE:T 

tET and node number of plant through 

the network is 1. 

t£ 'I', jf.: Wand i and k 

are nodes incident to j. 

j E: D 

Bounds on Variables 

nonlinear concave funbtions. Cost functions s, (s't) and 
] t ] 

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 

-49-



except that the company has several plants in which goods are 
produced. 

Mathmematical formulation of the problem is as follows . 

Let Pit be the 'amount produced in plant i in period t (all 

production is shipped to the warehouses) Yit be capacity 

added in plant i in period t, which is also available for use 

in period t, S't be the level of inventory in war~house j at the J . 

end of period t, and Xi 't' .. be the amount shipped between nodes 
1.J ~. 

i and j in period t. Define associated cost functions Yit(Yit)' 

Pit (Pit) , Sjt(Sjt)' Xijt(xijt) similar to the previous problem. 

Let P be the set of plants, W be the set or warehouses, D be 

~e set of demand ~ciri~~rs, T b~ the se~ of time petibds , and A be 

the set of ares through the network. 

factor. 

dehot~s the discount 
t 

We may now state the probiam as Choose all Yit , 

Minimize E&I'tO:. Y't(Y't) + }: l'it{Pit) -t E S't(s't) + E· x, 't(Xi't)] 
tE:,T i~P 1. 1. lEl? j £w J J (ij) E: A 1.J J 

.t 
subject to Pit~ E y. 

Z;; =0 J.~ 
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Ex .. 
l.]t 

iEw 
:::. d jt 

Bounds On Variables 

jEw, tET and i and k are inodes 

incident to j. 

JED, t ET. 

3. Multi-plant -" Multi CommOdity Problem 

This last case is the most ~eneral case. A ciompany has 

several pl~nts, waie~ouses~demand centers and several products are 

produced in plant~. Mathemaficial .formulation of the model is similar 
. . 

to the previou~ ones. Let Pikt be the amount of produc!· k produced 

in plant i in period .t(all, ~ro&ucits are Shipped to the warehouses) , 

and Yikt be the iJ:1cir~ase-inthecap~bity of produc~ k in plant i 

in period t, and Sjkt be the level of inventory of prodUct k at the 

end of period t in w~rehouse j, and Xijkt b~ the ci~oU:nt of product 

k ~hipped between regions i ~nd j in period t. Associated dast 

function are P ikt (Pikt)" . Y ikt(Yikt)' Sjkt (Sjkt)' Xij kt. (xl. jkt ) . 

Let djkt be the demand on product k at demand center j in period 

t and be the discount factor. 
t 

In addition to the sats, P,W,D,T, 

and A defined in the previous probl~m, let K show the set of products 
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We rna y now state the problem as 

to 

Min 

s. T ... p ikt ~ 

P ikt =. l: 

j E:w 

t 

S. k· l+l:X ], ,t~ "kt i l.] 

Yik 
I;; 

Bounds on Variables 

E E X" k (X. 'kt)] 1J t. ].J -
kE:K (i,j)EA 

if-P, kFK , tET 

if.. P, k E K I 

j F.W, kEK, trT 

and i and q are nodes. 

incident to j. 

j d) , k f' K , t F'I' 
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CHAPTER 6 

6.1. CONCLUSIONS AND EXTENSIONS 

, , 

In this study ,we have p~esented a solution techniq,ue 

and developed'itscomputerprdgrams to, solve a class of optimi­

zation problems which h.~s a wide; :~pectr.uID'::Of applications. The 

computer program developed c,m be' used as a package program when 

the data are provided according to the format specifications 

presented ,in ApperidixA. 'The program can be used directly if 

the problem has the features mentioned previously. It can also 

be used assubprogra; forciptimization'problems, requiring such 

a solutiorip~ocedtire fori ts EHibproblems~In this case; some 
," ,." ',' . 

ni1.nor modifications ar~it6be made in subroutine DATA, to make 
, the progra'mhandJ,.e' th.;eparameters, of the problem. 

. . .' 

The study dart be extended to cover sdffiedifferent kinds 
ofdbj ect:l vefUhdti6ns whicH: are'encdtit1tered in some r:eal iife 

pr6blems. ' In. Clbmtnl.1rildcit1on €H1dpipeiih€i network cOnBtt'lictions·, 
a different kiridofn6rioonvex ~ostfundt16n is encbuhtdte~. However, 

. " . 

the objecti~e function.isstiil separable. This new problem is 

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

this study. 
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Cost function in the. arove cited real life problems is 

a nonconvex function of the amount of activity and may be represented 

as in; Fig. 6.1. 

~ 
I I 

I 

~ 

x· ( Li. 
Fig. 6.lJ 

Total cost function is a separable nonconvex cost function. 

This total cost function is minimized over a linear constraint 

set. 

Minimize 
n N 

f(2f);: ~ fi (XI )+-L: g' (x,) 
1
' __ '. 1., lL 1. 

1. l=n+ 

~£ G = {~I A~~ Q } 

For this n~w problem, similar theoretical development can be made 

but some modifications will be l',pcessary. Again, in this problC'!m 
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convex envelopes will be needed and they will be piecewise linear 

convex functions, Sinc~the obj~ctive function is separable 

and each f. is defined over' [1. T..). then convex envelope of 
1 . ~1 

f is equa1,!:o the sums of the convex envelopes of fi' Let lJIi 

be the convex envelope of f., Inconsistent with the terminology 
1 

u§ed in the text,for ~ubproblem k let lJI.
k 

be the convex 
1 

piecewise linear ~unbtion 

" k k' 
interval [11 ' Li 1 Hiem 

passing throtigh the endpoints of the 

IJI k= cix ' + ci"xii'+ +c i (m)x
i 

(ill) 
i 

where 0 <c. ' <c. ,I < 
1 1 

<c;m and m is the ntiffiber of the intervals 
1 

to obtain ~ cqnvexpiecewise lirie~r ~unction (convex envelbpe) 

in for subproblem k. The following facts are 

evident 

IJI. k 
~ f. ' 

1 1 

IJI k 
>,. f1 i 

J-,et 

It is obvious that 

'if 

if 

, (' k k] x .. (. 1. ;L. 
1 l' 1 ' 

N 
+ E 
l=n"l-l 
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Thus the minimum of IjIk over GnCk is less than or equal to the 
k .. . 

minimum of f over GnC . ·In this case constraint set of the 

problem cannot remain the· same since lower and £lpper bounds of 

the variables for each subproblem k· t.,ill change. Let H= {~I ~~ p} 

where lli·is the lengthofthesubintkrval in [li
k

; Li k] over 
. . 

which pieces of the'piecewiselinea~function of x. are valid. 
1. 

Then the lower bounc1 on the oritima.l.:vallle·of f a.t noc1p' k : 

.. , ;' 

.. k .... ..• .k 
:: min t 'l' (~)I XF: ~(\cfiH1} 

. . . " -' 

All the othercol1siderations arid the. stens of the nJ.Clori t.hm 

remain the same as in Chanter 3~· 

-56-



;, APPEND IX A 

: ~ , 

.DATA":INPUT FOR~1AT 
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.' The computer program can solve optimization problems of the 

fqllowing tYPEL '" AnoptirnaLsolution may not be obtained with the 

specified number of, iterations (MAXNN), however" in this case the 

best. solution up to. this termination point is printed. 

where 

Ii N 

'Minimize f (x) 
,- -.-

_ ,~" ;,,".,',,', '" ~' , 

f.(x.)+., 19.(x.) 
1., ' 1.1.= n+ ,1. 1. 

:_,,'., . ',' , ' 

<~EG ~ ~ ~IA~~~r 

',:. ':,": 

is a~col1cave function 'Of the: following type~. 

;L(~i)~Fl{t13 (xi.) 
,-.';-.• ,-"< 

{ix. >- 0 
1. 

, If,x;:. 0, 
1., ' 

,where FX is,'the' fixed charge ;B:cO~ff:i.C::ient and EEl.' exponent, of : 

,.," 

;The,subroUtineDATAofthe~d6mputer prograrnhas been.written 

to"handlecdfica,,~ f~nctionS()f.the·above type. However, any separable 
. , ; 

"concavefunction~oa;rt behandle4:1.~ ,the, same ~lay; To achie,,~ this, 

subroutine DATA is :to be altered to read 'the parameters, and'the form 

. ," , 

." '._ , e'., 

of thi,s new f1 (:~xi) is to replace the existing form in MAIN" ACOBJF, BF 

, BND. 
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. '~.' 

number of nodes a'll()wed' 

,to··find the optimal or best possible . 

. :~olution. Its value is' the dimension' 

Of ZL, JBRVAR,NPN, FC z BNDLW, 

gNbUP, CEE in COMMON/t'iCYXAL/ .'.~ . 

peI'ce~tage'at which, an 'aaceptable 

:sOIUt.:t6ri' is.obtained ~ . Algorithm is':: 

stbpp~d when ZUP'is' guarante~d'to 
. "be within iOOxPRECis perceh~ of 

"the o~timai ~ol ution .. :,:~ 

"Ind:Lcatorwhethe:r all concave', variabr 

~ori~ of thec;:ondive '\1ari~blesha 
iixed charges •. (DO ndt"iH1I1Ch z~i 
iri teading'fixedc.harges~) 

:r'Sorne or all 'Of the' cbncave 
variables have f1xedcha~ges. 

L(Piindh 'all'oi'them):' -' ,. " 

'Indicator whethe:rthe' s~l ~t.lc)l1~to' -" 

-59-

subprobleIns at each node are'" 
printedo:t not.. ,')<' 

a 'DClnotprint soiuti6ni/{6 i .. 

,,' Stibpr6bierns. 

-~ .. ," 
. ,'" 

1 P:tintsolutions tOfjuhprC>blerns., 



. ·-l:::5}INCV (IS) 

6';"10 (IS) 

Card 4 

21-30 ISBND (110). 
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Number of concave variables. Its 
. ". 

value is the dimension of FX~D,&, 

BL,BU,CE,BLW,BUP,FCV:I: in 

COMMON/NCVXAL/. 

Number of linear variables. 

Maximum number of nonzero ·elements 

. tin~ons~raint ~at~ixi Itsvalu~ is 

the.dirnerisicin of AA,JCOL, iIi 

COMMON/AREF / . 

Maximumnumbe~ of variables and· 

the·cons~raint~. Its ~alue is the 
i 

dimension of INV"XBASIS, XR,YBASISi 

YR, andGR in COMMON. 

·NuIDbercif coIlst:;-airits •. Its valua 

is the dimension of .the a~raysB,G 

." ISEFF, S; SLACK, Y in COMMON and 

thadirnerisionof IR.dW in CQMMON/ 

" A~FI is. M-tl. 

, .' 

~xcludin9 slack ~ari~ble •• ~t. value 
is· the dimeftsionof th~~rr~is 
BOUND, C, INBASE, P IV, X, andYAC in, 

COMMON AND XBEST inCOMMON/NCVX2/ • 

. N =NNCV+NLV. 

Number of upper bounded variables. 



. ITRMAX. . (lID)" Ma~dmum number of iterations per:-, 

roi tted for solving on LP problem. ' 

it is ~ero' on the data card, it . 
. . 

set to 3 (Mi-Ni-ISBND) • 

nUmber of reinversions· 

:that are permitted insoiving an LP 

problem. 

'(FlO.()} Fi'xed charge of the first concave. 

'),"-:. - ,'- ;,'-

~ard 6 1 1§repeated':untii fi.j(~d:charges6fali concave':variables have" 

:::~a~s~:4. ~:x~;iil~~ti{h:e:~::::i;et:.· ~~~r:h:, £ ~::db:h:~~::e:~e . zero, 
dfthe first conba~~ 

';\,'Var:1.able-• 
. . ~ -:-. ,'~ . 

' .• -! 

.... 61~ 
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- ',' 

'Card 7' ib~epeated until the co~fficients of all concave variables, 

in. the objective function have been specified, up to eight per cent. 

Card 8 Col 1-10 E(l) (FIO~2) EXponent of the first concave variable 

11..;.20 E(2) (FIO'.2) 

71-S0E(8) "(FIO.2) 

(Card8Ii~ t~peat~d urifil the exp6nents of all conc~ve variables, 

"in the. cibj ective:ftinction; have been read, in i up to eight per card. 

'Card 9'c611-tO ,~(N~CV~i(FIO.2) 

.. , ",' ',' . ~ .. 

il""20 'C(NNeV ,2')01'10.2) 

, . 
71-80C (NNCV 8) (FIO.2) 

Co~ffibient of th~ first linear 

va~iablefbllowing th~ last 

c6ricavava~iable ih the 

objective furiction. 

(Card 9' is repeated until the coefficient~~ all linear var~ables 

,'., (following the concave variable in the objective function) have 

,been read in I up to eight ,per card. 
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_ '.< c ••• ':, 

-: ".,-' : . .': .. ,.' .... ; ;' 

'C~rdiO' Col 1~2S(1) , (F2. 0) 

9;;;.10B(i) (Fa. 0) 
" 

sign of the first constraint 

o equality 

1 less-than-or-equal 

2 greater than 6requal 

Right~hand side of the first 

'cohstraint. 

'\ 

'cardt 0' ,1Sr~peated:l.lnt:i.l'.t.hesigns and RHS' s 6f all constraints", ' 

have.been r~acfiri(:l.~e.:,.;untiis (M) , B(M) iipto eight per oard~ . 
RliS I s of .'16werbou~~ed\i~~:i.aies <iikeordinaryconstraintsare ' 

speci£iedhete.tippreboun·cled:.v~ri.ablesare not taken to be 
, constarints,' ,tneycire 1:ie~t~ci~ih ,iCard IV, 0, 

, . '" . 

'Card II' ColI -:3 J '(IJ)~limber 6f upper- bouhded variable-.:' 

4-1() BOUND (J) • (F7.0) Value 'of the upper bound on the 

li-13u • 

, j th variable. 

i4 ... 20 BOUND (J'), "(F7. of · 

7l-73J (13) , 

. 74~ao BOUND (J),' (F7. 0) 

, , 
, 



'Card 1111 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 

4~io BL(J) 

. 71-73 J 

74-80 BL(J) 

(13) Number of lower bounded variable 

(lOwer bound other than zero) 

(F 7.0)Value of the lower bound on the 

jth variable 

(13 ) 

(Fl.O) 

'Card 13' is repeated 'until lower bounds have beenr~din, up to 

ei~ht per card. (Any that are not .specified rire assuilied to have 

zero lower bound) • 

'eatd 14' Cbl~lO 9999999999 indio~tes the end of i~~ding lower 

bdundS~ (If there is no lower hounded 

variclble only this card will be placed) . 

iCard 15' Cdl 5~lO 1 

11-13 J 

15-20A(I,J) 

21-23 J 

25-30 A(l,J) 

71-173 J 

75-80A(I,J) 

(15) number of a row of the A matrix~ 

(!3) numb~r of a columri of the A ~atrix. 

(F6.0Danonzero element of the A m~trix. 

( !:l) 

(F6. 0) 

(13) 

(F6 . 0) 
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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 IS' is repeated until all nonzero elements of the 

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

variables are eriterede as constraints and associated coefficient is 

specified as above. 

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

the elernent§of A matri~. 



, " 

, ".,', 

THEiJSTI NG>Or=:JHE· COt1PUTER PROGRAM 
~ . ,I 
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·I-'M.I.''\I.I. c: .. "r...' . DATA KUUT I NE . 

4111 FORMATt/IIIIOX, ,ALTER TOLERANCE(S) APPROPRIATEty IN SUBKOLJTINE: ARR .... - _. -- ;O',·'···--r' ... ·" :" .......... _.,1 ._- f -. '." .• -- -"-1. -....,..~ -........ '.. .'. . _, '_ ,".,-, ".__ • ....: •• '- ..,., ',,!- 'r" i ; • < ':!"._ - ~ .. " 
·~GM;j., ..••..... ...•... . . .. 

REAl.. INV 
INtg~~V<"SIZt:~"5IZEl' XBASIS,YB~S15 .... ... .. 

. ,~(~~02N, ,§.Q9N!:J.~ ~99 ~:r~( ~~ 0 l 'lNB~5E~ 200) ; P I V ~ 200 ~ -; X ~ ~O Q) "X AC ~ ~OO l r . 
_., ... J.I3.Jl.Y,lJLtG t1fJ9.T '15~t:FpU9) ,Sq.QO l ,-S~A~K llQOI'! ~ 1~9". ,. ... .. 

. ~. I~~V.~l u ~'+ 0 0) '~XBA?.t S ~ 100) t XR< 1- 0 0) ., ~f3~SI S~ 1 gO! ';YR( lQO) ';GR'~ 100')"; 
ij, r9~ ~ B~ , ~l b';t)KI V'E;k, 1 NH~V ; I R't !RMAX'U ~BI G'U ?BN,D, I?9QNt:, I ST ~ TE~! T~'; 

.' - ..... ~- !Tt~~f\~!,~:;·I'1.~RK !}~Af{.KK' ~A~M! Mf.\XN, r.1!'J0~, MO~EiM2REP!3"MXS! ZEl~" . 

. . --, ~-~ 'NE~~[~Y;fNElj~OW' ~~WX~ NEWY ,NU!"1SlK, OBJ i R, S~Zt:"?!ZEr; ~M~LL' X~PO?'; 
l Y,Ml~C 
~COMM9~/AREFI AA(lOUO), JCOb(lOOO),IBOW(1Ul) 
C:OMMON/IJAM~/MAXA~' , .,.. . • ... '" • 

[]E:~f~XI~P~i~QN(N~XX~~j>FX~~UO t' b,P g9 US.(~og ~ i~L( l~O ~ 'i§U'( 1QI:) "C~'( 102')" 
f6L~(~~U~"~UPJ100?'LLf5Ql)jJBBYAR(50~~'VALBRV~50~)1 

. .... :tt<JPf\J' ;?Ul ~';fe~ ?Ol) '''~(\jDLW (?,01) , ~!'JDUP ~?~~) ,cEEpsgr )';'fC~lpOO r 
_ ...... _._ ...................... ~9 .. ~.,M~N.! .. ~~ .... yX.?:.~.1Vlf\0N.1~,pf<E~.qr;N~X~pl·q PROP~:" I RL,V ·;·NN~~·'N~ y, IN'; 
~<c.';i~HCRNG'UIF.·;lUP-i'XBEsr(2UO) ....... , . . 
.• ~c._ ..• , ',<, t F ( F)(,jj ri,E) =F' X +t>* \ .x if.: *E) . 
. CALL '" DA:fA ,,' ,~, " " 
- - .... :. J -.... ,. - .~~. 

IFfISOUNE;EQ:t) GO TO BB8§ 
:Si,}~i:~;G:E'2mgp~ii~~};l:i~~~~ ~.~ ... .... . .' .. 

IF'~~(Ji~O;oy'~~134,33 
,,'- ,t - ._. to _ ,'" ,. 

34 8LO=O.U 
·--:"',--(30·"TO.':') 6/.,:';0 ..... . . .. . . 
$3'-lilO::r,X.~ ~f+e (J )*( t3Lt J) **~l tJ» 
~6 BUB=~x(0)~e(J)*(BUlJ)**E(J» 

-CC··E .. J~I=.7. _~~~~~8~.,13.:,/. ~~L (j) -~UT~) ~ 
.. . .... (;.J ) ..... -CE>( U)·:· '. 
't~T~ .... 'FC" tl~?§·~~,b~~BL.,O:;.~UB~ *B~ (~)I ~B~( J~:B~ (J'r ~ 
~. AL~ RAk~METER5 AR~ REAOY f~ USE I~. S~MP~EX 

NN=l 
~:~jU2:~'·.MNS~}· ~' .• ' 

'fN=l. 
.. CAPC,. S;VI~!-~X .. 

C tHIS SUBROOTINEPRuVIUES X~J' AND OB~. r .... _ .~fFJ~tSt.Ar(iEQt7).·.G9Tb744ij· , 
·····-rF·(l~TA 1~';'NE: 1) 69 TO U8fj~ 
"C- •... -ZL'tt'Jr" )5':;'08;:) . .., .. 
. ' .. F=6,U ... -
":3":',~':'" '0 B j C R...; '.OB J 
::;:,,'::L:-CALL"~tOBJp( NNCV', !I-{UI,NLV, ZU~ 
.,' IF:(ZU. GT~"lUP) GO TO 223 

.. ·.1" _" " 

luP:::zu 
r:IDZE~·b9'hi.~2··.·4·=~'(N . 
~22XBESf(J'=~(~) . 
~ 'lFlieRU~2;tQ!~) GO TO 14 

CAL~')PkNT UI:JN! O,BJCR' F, LL'~ NN!' ~~,.ZU~,~ 
14~'~Erit;~OR;;':ZL,~1!' .. . 
. ... ACRNG=U+Fl,lL~ 1:> 

lNDEX=l' .' . 
IF(iL(l~';'GE;lUP) .~ALL S9LyTN~!j'N'lNDEX). 

(tf7J.~N[)~X;§Gq:(H Gq TOB88§ ".~.. . 
IFlACkNG:LE:~AECIS) CAL~§~L~!N{2'~~~NU~~) 
iFt INoL::~~EQ.}O) 5Q TO 8~8§ " ......... . 

C ~~~.:~.~! ~R~NN.CHC.,'VING.VARIA~~E 
.,. ... ' [JOc81!-!, N .. ' 

.- "6LW d) =BL ( J) " 

87~ BLJjJ, P i:80-{ 1! 



-c~-. _o_cC~!-:hBRYAR_ .. l NN, NNCV, AMAX) 
~?_~~c~ZJ..nN!~S).~:tt[)_~~)(j_r .... , ......•... 
~. F]RSTdRANCHING 

rN=lN+l.~ 
~N=iN 

-'NPN lNI'n:::NNs-­
fq\l=JSRVARYNt-J5) . 
CA[C~BN(Y (NNS}NV'U N ,rI:jN) 
.'~ j., ~ ". . '~" - '.... . . -

ct\~b, CF SNDTNNCV d\JV' IN' NN) 
·e.(NV~:::~(,:EETNN"- ... , 

CALL'sMpLEX"'" . 
IF)~Sf~iE~~Q~7)' GO TO 744~ 

... _.lfJ ~§IArE~'NE;t)Gb TO g~8§ 
"._ .CA!-:kFX~rl.JNNilN"·NNCV' F j 

lLJ N~r=:'Of3j+F ' . , \ 
OB~CK=~OBJ . ,",' . 
~A~k~ALQ~JF,~NNC~1!KLV'NLV,ZU1. 
IF ~ ZU ;!it::.;Z(:JP) GO TV 1113 .. 
lUP::ZU' ",- '\' .. 

. t)O"ll1£i:: .i.J=r,N 
1171 XBES'l'<iJ)=X{i,J} 
£{" c • CjR!\N~81f~G' 'V/XRi AE3~_E, AT THI § NQDE F~R EUTtJ~E USE 
11a3 BLW(NV,=SNSLWtNNl 

~uptN~)2B~eu~(NNf 
~F(iPkuP~;EQ:6)~0 TO 1118 
CA~C~PRN~lNN10BJC8i~iZL~N~r,?u~zu~) 

11 :12 CALL B R V A R ( N N , N N C V , J\ M A X)' ,,, , -' 
t' . SEC:ONU' BkANU::JrNG' . ,; .' 
, - IN:::rN+l"'" . 

-~f~=iN ..... 
. NPN fNN) =NNS 
Nv=J8RvAR'('NNS) 
C<NV,}::.i.CEE(NN) 

~ ". :-.\ ' ... 1-- J-" J ••• , ,t;." 

CALL SMPLEX 
~f::~i§'T~~:~:;EQ::?) G9 TO 7,4,* 
IFJ ~~TATE;Nt:::l:) G2 TO t388§ 
CALLFXCHtNNilN1NNCV,F) 

. ·lL'H~Nr=~()BJ~·F.' '. ., 
OB~CR=~OBj' , 
CALL~AtQBJF(NNCVrlRLV'NLV'ZU~ 

I ;., .- I . ,.. ", 

1~.'~~!~~;l~~lG9TY_ 33~5 . 
. ZUF>=lU" '. .., . -, '., 

.-_. . bo 333,) J=l,N 
333~ ,XBESflJJ=XtJ) 
C' BRANtAl~G AT-THIS NODE fOR F~!URE~~~, 
:3335 -£3LW(NVJ=BNBi.j~TNN) 
',,' ~.' BUP (N\i'j=SNBUP t NN)" 

'iF'fi~HUP.2;E:Q;e»Gg TO 3~3~ 
CA!-b,.PRNJ.~ NN~ Ofj~q~' Fi lL~ NN ~ , ?~, ZU~} 

~333f+CALI... . BHV:Af~· l NN.' NNCV, AIVlA.X J 
C"-- "5ELECT lUN OF"THE NUDE rOH BRANCHING FROM ArvlONG THE INTERMEDIATE 
,.... 1 '.-:~ 1\, , ..... -". .. ",\'" ' .-~ . .;;'t'.' ~l ; •. ".~. ..-,,' , "",_ 

CALL SLIND llNrNNSJ ' . 
OP~iMALlr?JPREeis!vN1ANDMA~. ~~LOW~B!-E ~OF, NODES T~S!~ 
rJIF=ltJP~ZL(,Nr'lS) . 
ACRNG~UIF<'lL'~NNS~ . 

-IF'fz~(j\j['JS~ tG~;ZUp' ~ CALL S©LUTf\!tb N! !~DE~~ 
._lfIINDEX:E~;~O) GQ TO 888§ 

lrlA9HNG:CE;~HECIS)_eAL~, §OLUIN(2jN~!NDE~) 
rF'I~O~X:EQ.l0) eQTO B881 . 
iF'~N~G~:MAX~N) e~LL'SO~UTNt~1N'INPEX) . 
JFj ~NP~?<:;~P·.fU) ,69 TO fJ8B@ .. ' 

": • ¥ • - '-. ~. • • 

i 
I 

NODE~ 



vJR I T E ( b , 41 t 1 ) 
5TOP'~ ., , '. 
END' 

c'>;'" ' 
C'" SU8PKO\;iRAMS 

ec

, ~UHR2dt%NgS~BPKOGHAM~ EON THE, CAS~ ~ITH FIX~O ~HA~G~§ 
C 

~BMA~"9~!A 

-, ." 

-. -- .•.. --. 



, , 

N;DATA 
'C'.,""""'" ."'5i]BRUU}TNE'oArA.: 
9uou~b~MAT(~li~J~ . 
~Uf2~~RMAt(i~b1~ITRMAX="l5) 
9016 FOHMAT{iHi) .. " . 
~~0~9~ ~9~M~f(~H~t~XOU ARt.TKYIN§T9. SOLVE A PHOB~EM WHI~H IS TOO SIG F6 

~R, ni~. tJ~O~RI\M.~ '/l~' ,THE' LARG~St PROHL-EM HAs,'i!5nCONSTRAINTS' AND;; 
215' ,VARIABLES;,)" ,....." '. , . ..... -,. 
1Ii:. ~., i ."': - "_ 

'~'~~~"l~O~~tb~~~~{;AT IS I'J(),! tJ,2S§IH~~; TO ~AyE. A NEG~IIV~ tiUMBEH 9~ ROWS 0 

'9050 "r=OR~1Af('8(13iil'F6.0») 
~0~2 ~9RMAf.(iH6¥,~ou A~E tRYING TO REA~ ROW NO.~1r5'~WHrCH IS MORE THAN 
". .., ~" ~()~I(SfJS~.IfI EIJ N9,; Of? yg. w. ~:,. , ; 1_ 5 ,,; '. ) --. ",' "' .. 1, -',.',' 

... 29~l±5()RM~T~t+riQ"YOLJRPKE\710US~RO~ WI\S~'ri5"'fAN~ ~OU AR~ ~<?W T!3'YI~G IO 
lREAD ROW NOi:iI6';.,/,lT '5 ESSENTIAL THAT THER6ws OF THE A MATRI 
gx BE' EN1Ef{EU IN 'fHt. RIGHT~dRDER;,r"" ,', ... ~ -: ~ ,-, .... ".,-

907o~FORMAT(IHa1'YOU H~VE StJtCfFI~5 AN'ELEMENT FOR VARIABLE NO;ifISti W 
T,~~~lfiJCfl>lS'GREAXERTH~\NI'J','i' is, l\;''; ,'tT,' HAS' BEfi:f'Q" IGN2Rt.D~';) ~~. '.' 

9096 PORMAT(lH01, •• ** YUUHAVE SPECIFIED THAT-THERE ~REjiI5~~ROWS AND Y 
~,. tOU~·HAVE. 'TRI E.D TO RE.AD IN ~LEMENTS""()F "A FOR; ii's'" RO\OJS} Y' 
-:;g~B~fo~~~TI~e2',~,~!*,>t:l1<c~rH~t:« I§' A' EATf\L: E~ROR:I~ !OU~rDAT~' INPl!T*¥!f.***; 
51'" FORMATl\ B( F2: IJ, F8 ;~J») . 
53 FORMAt(BFio;b)' . 
54 FbRMAt(8Fio.~) 

. ······55' FORMAi.'tlsl13fP':,. CJ j )') 
5iFoRMAT(f5~FlO;3) ," 
58 · ~ORMi\ T( 31 5.1 .. ~. 

, 

,~ t{EAI.,' K.$ .' .•• 

.-kEAC(I~y: '.. . .... .... .' 
INT~GERSIZE,SlzEl'xaAsIs YBASIS 
CO~MON ~OONDt200J';~(~OOl,IN8AsE1~0011PIV(200l7X(200)'YACt200)~: 

t"B~~Q~):'t7:(1:o6,!'I5S~'FPOQ);S('iQo~'5~ASK(169l'~(199~F.:' .... '", 
.2 .~NV~ lOQ';'lOql i XBA$l SHOO) • XR (~OO) ';~8I,\S15 ~ 100? 'il'{R ~ lQO ~ ';GR'~ 100r, a Tot(biie10toRIV~K'INREV IRtIRMAX1ISBIG1ISBN~1ISDONE;ISTATEtITR1 
5 i Tkrljjd(';~";M~RKl ';M/\RKK Jf-1A~M' ~~XN' ~~o~, MOREi/M~RE:P~';MXS!ZE';'fF .. ~. ~ 

'. ~ .. N~~lN~!~E~Bow'N~~X!NEWY.NUM~LK~O~j1R,S!Z£1§IZE~1§M~~~'X~~0~1 
'. ,:1/," . YAfvlINC : ...... ...... ..' . 
... ""~PMMQNI AR~F / ,/-XA (~Quo 1 ' J~Ob~ 19.~O) 'IRO~( lIB) 

COMMoN/DAlvIN/M~XA 

eOMMOI~( NtyXJ\L!F x ~ ~ UO~ , D ~ 1 go:n!=;(1 0 (J'" ~L (100 ~ 'i~UT 1 0 o~, ~e:( 10 QT, 
"~B~W{fQ(f~;~l:IP:~10P~ ;LL~ 501), JB~yAR (5P~~', VA~BRV ~501t i. . 
i~PN~bOI~~FCl50t)1~NDLW(~U,)'~ND~P~§O~)'C~E~5~~1iEC~~~~OO~ 
~'eOMM5N/~ICVX2)· MAXNN, PKECI ff~NF.XOPl 'i IPROP21;rt{LV';NNC'(/"~NLV' Hf; 

. - . • _ . .., '. f . ~ .' .. -..... '.... :" ~-. • . . ('l I, 

.AC~N0'U1F1!UP~XBES'(20U) 
'c J'tSiMt::NS'~ §N':~B~D;( 8);tjDvLt8) ,Kl ~n) ,K2 ~8l ' KS ~ 81 

R~ADf5,57) M~XNN1PKEels 
t IFFk(~r=6 FOR. ACLJ THEN NFXOP1=O;THEN DO NOT REAO PXtJ)~OTHERWlSE 
C ,fJF~O~l::d:!F f~ROP2=0 KE:.?UbTS"OF SR~~ROBLEMS ARE ~Oi. P,RINt~o .' •. " < 

C>' OTHERW1SE IPRotJ2=f 

c 

c 

c 

'~~~D15,~~)'N~~OP!;lPROP2 
zup;ib.6E~lU~· "- '.' 
,. . .,.." ,t ._ I 

. REAP (5'58) NNCV, N~V 
--IRLV±Ni'-JCV+l '.' . 
PA~AMEltRS USE~ IN SIMPLEX A~~ORIT~M 
BIG;:1.0lrI" '.' , 

.·'!SMALl:: i'toE::.g.· . 
'READ'\5,bs) MAXA,MXSIZE 

fsboNEzb" .". . 
~:fJ)F,~AHIAULES IN LHJEA~lZ~e;~.~~~o~~~~., .. __ 



~--.- --- - -_... - _ .. -- - ~ -

c ... IN LIN~ARIZEDPHOBLEM 
~EAb~ 5, ?OQtl)" M 'N'i"iSBNo, IT~MAX'''IRMAX 

.J~I:\XN::N,.' ~ , ~.','" . • 
cMAXt~=M' 

IF'( I:fRMA~ '; LE -: 0) 00 TO 1 g 
~RfTt(b;90121 IT~MAX 

._GO· T,062 . '., 
10~~.~lTRMAx=6~(M+~+ISBNU) 

30 

35 

4-0 

50 

60 
C 

WRIT~(6~9612)"lTRMAX 
wRitE,(b'90t6f , ., 
!(~M~~L.g.; ·MA~j\1 .~NU. N .L.ft. MAXN;'AND. 15BN!:) ';LE; MAXN') GO TO 35 
WRITE(6'9020}MA)I;M'MAXf\l - ", .. , :! .... 

, lSOONE=l'~ "". , 
Go TO "610 
_!~'M~G~~~;AND:N.GE.O:AND.!SBND.GE:O) GO TO ~o 
WRir(6'9024-')'" ."" ."".'" ,r.', 

r suowE:::f' '\ . 
GO" TiF'bio 
MNOV/=l,' . 

", , TRb\~TL>=l-' 
. _. ·~-f·-·--··-~. 

bO 50J=1,N 
PIv,8)=(r~o 
BOUNQ (J i=':'l~'O 
DO'60,:,T=iJM ~ " 

, 8( ~f=BiG'," . , .. 
5( 1 )=1.0 . 

_, R~l\q.~!HS;F'JXI:<".i-1~Jr::B,S OFCONCAY,E V !\~lI\BLES 
IFJNt~X~e;1·;'E9.;OL:G9TO 11 ' . , 
READl5,53) lFX(J)JJ=l,NNCU> 

__GO'r() 13, \ . ~".:' ,.. , ' ..••.. 

. J~c'. ··~~Jful~t~B;~N~S~,., ., .... , . 
. j 3",t{EAD ~ ~'84- ~(o.< J) ',. J= H'N~ICV J 

c,_._,~~~g.~r~~t~9~~JtL~~~i~N~~.V'IN~t.'R VA8!~BLE~ IN OBJ; ~U~~T' 
. - ~~:~:_-~_:.-<~f.:.~ N~_Y:;.~f;~_;.o.r-X-G9~{T·g~- :-o_~·7;._·· .. 

' ... ~r::AD~!:>;'?tf~ ,(C(J)';~=~RLV;NJ 
.. D06~&~~1~CV1N' . 

696 C(J)::;..c<'J) 
rcE-9C';t,{;,;:c~~,Ab,"'RIi§;$ A~}ji .s! ~Ns .. OF' (; f2NS I!3A I Nr~ 

C EQ: S ( 1) =U, L.E: 5 \ 1) =1 , Gt::: 5 l I) =2 
~9Z RE:AOJo' ~1 r~' ~.S( I? ~tj (il) 'r'l~i ,~~ 

, 00 658 1~1iM' 
~~gl~}~~~~c}fFJ~·~».".~;s~ ;'.' 'z.q"S(!) :;;;'1,0. . 

t3~e, CONT p~uS . 
. ~ ·READALpU~PER, clO~NDEoyA~IA~LES T~I~EAR+CON9AV~l' 
louo , READ~5'55r ·(lKljND(l)"ljOIJ.L.p11'H=1""~) 

~5·}~fi0';il.:·D~~fJk~r~bJil', '~~pt 9?9) . 60 Tll" 1291' " 
DO 4'+4- I=H'8 

,. ~=K8NU·d ) • 
I'F'Li • G i' -; NNC V) GO TO '17 
f3LJJ~ l=,tlqV~(!r ... , ' 

77 BOUNU(J)=aOVL(I) 
'~44-i;: . ·eONTINuf.:' . ,. 

GO. T6 lUOO, 
C'~~jc"~-,ci<E'Atfci..oWER ~OUNDS (ONL Y C§NC~ yE Vf(R I ABLES ~NP NO~Z~RO LOWEK BOUf'!OS ~ 

, 100'1 'bO 222J=1';NNCV , 
· ,222 bL(IoH=o;'o' "', ' 

1 002f!<EAo! ~,5~ 1 (. ~ K~N[j.P U~U,VL' P l rI::" ';~) , 
,-~ .. o~~~-"'.~';:;Ij::'~K8ND~U~?~Q,. 9991 GU It.) 1225 

00 232 ~=~"c) . 



BL(J)=t:HJVL(!) 
:_,g~t,;,;}LCONT !NLJ("; ' •. \. 

. ~ Go TUl '002 

'~ .d~EAO"TH~ ~EFEICIENlSUF C@NSTRl\lNT~ ~ATHIX 
_J.J!~,S,,,REAO~ 2,' 9,O_~9 ( S( 1<1~ -:JKT ' K2 (wK ) -;K3 (JK~ _) ~ JK=~ , 8 ~ 
c--.:./:'/~::_lF(K1U);ElJ; (99)GO TO 00 -. .. 
~;oe_ I = K 3\ U'· '. '.. \ .. -. e .. 

, 510 _ lEt!' ~EQ; MNOW) GO TO 040 
,,·~c-.~_ . __ IFJ 1.Lg~;, M~ _~G9_T9 S:tS 

,cc._c., ... ;WRITE(b\9082r l;M . 
lSDONE.=i 
GO to'6iO .' _. 

515 IF(i"~0t: MNOWr GO TO ~2U --:-=, __ -ViRifE(6,'gb8~rMN()W ,1'­
lSDONE=i . 
GO Ttr'6fu 

520 CA!:-b_C,O~Y _"'. "."-" . _ 
_ IFJI:?UO~E-: .N§ •• ,ll .• GO TO -Sg5 
GO TO 610 

525 DO 530 J=l',N 
S3U Plv(~)=d~o' 

--_-~NOW:~1f~8Wt:t.·._ 
GO TO 5io' 

54V D0550~K=!te 

~ ~-r~'JJTi~L~~~Gf~GO J055U 
IF'J .LE; MJ GO TO 545 
W~ifE(6;~07bj J,N 
GO rUSSO". ' 

-··-,··.-5L~5:-:'Ply.r~T=rf5rdKi: 
c'gsr( tONT.L'NlJ~ . 

r:; .... - GP TO 1(J05 
600 IF( rSuuNE"·-;f:.Q';. Q)_,CI\LL. CO~Y 
,"'" IFriSDoNE ;EQ'; 1)60 TO-610 

.1 F(MNO~J ":; EQ ." M) GO TO 61.0 . 
WRiTt{b'9fi~b) ~'MNow 
lSDONE.=l" .' ... . 

-610'- IF"( ISDoNE;Eoru,wR 1 TE t 6';'9098 ~ 
-.-----~ - ."-----~ .• ~- - t _;,. ~. ." "'.c .,. 

I'<ETURN 
END "." 

,URMAN. soLUTN 
- :;.~~~ ':--~~t;:i-::- _'_0""· ;.-"~ t . ,0'>"· 



; .-:. ;'--' _ ... _-- ~-. _ .. _. - --. -- .. ~ .,"' .~... - - . 

\N;SOt;UT~ '. ,'-
: ",,!" "'5U~RgUqN~ S~CLJTN PND, W,"INOEX l '. . . .',. 
._. . .... ~()~tvigNI ~CyX2(MA;1(N"~' ~K~~ 1 §"~(\Jf~OP1';l,=~OP2'; IRLY"NN~~~ N~Vl I N~; 
'. . .... !f,1\C~N~'lJ!f~lUrO(BE2T (2UO) .' ". '. . 

6029 FOHMAT.'lOX1fOeJEeT1VE=,tE15~9/1J '. .• _ 
~()fO fO~M~t'~1;'15~"w, rERMrNAT~o~1 B~CAUSE:T9LERAN9.E ~S \'J1lH1N AC~EPTAB~E . 

:t<KANG~iI5XHNO; OF" 1 TEHAT lelNS=: , 1415X", TOLERANCE=;'IlX,E15';9'5X'" bIF 
.--. .. EEERE~~E.:¥i·;E1:?;9Ijl;/40X' .r****~SST-; 5R~qTl ON****;'; ~~/<~. . ......... ~ .. _.-~ " 

~O~O _~ORM~T'~//~5t"rE:RMINAT!ON BgC/\USi::: ~~X. ALLOW~BLg~O; OF;!TE~AT!O~. 
!5 OF THE ~LGORITHMH~S BE~NEXCEEbED,/5X7,NO:iOFIIERATIONS=~114/5 

'. ~~.;. tT.~L .. E:.··.·~.A. NS.~.~. ; ... ' 1.X it::l~. 91.5~.".' R!'FFE~gNCE= ;;;E~5 :971;'/<~0~;"; *~.~~i3E~T.· 52 
=t:"'::UTION****.H1JI) '. ...... . . . 

6030'''FORMATl~(tx'dx'd4' '=' '~1§~91) ." 
~u~O EO~M~Tl~/~/~QX".!**OPT!MA~·§6LUrI9N~**~~5Xii~UM~E~ 2E NOQES~;iI4~ 

~/ 't ,'. 
;t~tF-~~~DTPQ;! ?~00. TQ. 7035 

IF'IND.EQ;2J GO TO 7010 
IFtIND.~Q;3' GO 10 702U-

.. JO:1:0_WRl ri::l b '60!0) rr-.fP AI.RlqG, DIF 
":"~~'. .GO"rU 7U30' .. ' . .... ',0> . 

'-i02-0- -WRI rE:: (6','602U) IN';' ACR,NG 'Ol~; 
'''. ;" GO' r01630 • 
7035 iRIT~(6;6540) IN 

.1030 - WRI r£'( 6-;6029)ZLJf> 
1045 'WH'l TE (6'6030) «::J ~ )(B. ESrc J J ~,~:! ~ N.? 
.~ Ii' INbEX=lO" f 

" , ~ • I~ 

RETUKN 
. -- ~.-'-.:.'-'~~-;~<~:. .. - :.-~ END - ~~ 

;ur<'MArf. A(:OBJF 
_; \!'""";;.' ~ • ~ 1 - . tl!1: ._ ~ , ; 



iN ~ ACOB'-'F 
';i_~rc"'-'{"'5LJBROUJ INE,ACO(jJF(NNCV, I I-{b" V, NLV , zrj) 

-,~"--- --",c--'HEAL--!'N'V .~, ,_---c," _c, ".' '" "", "',,',' , \ 

iN!~~~R"~~ZE1SIZEl'XaASISjYB~SIS -,,' 
~0M.MY-N ~O~~l)U~OU ~ ~ t,rgou ~, iNB~?~ (200r;PI V~ 2QO ~:;x ~ ?OQ) ;XAe~~OO~'; 

-l.B~J~~)! GJ~OQltIS~:l-fL109) j SttQO ~ ,5~A~K (lOP U ~P02 ~ ~,", ,,' 
g INV!10~1!OOl1XBASlS~100J ,XR\100)1~B~SISlIQO!1YR(lQOl~GR~lOOr1 ' 
H !O~(8~'BIG10KI~~K'INAtV~~Rt!RMA~~1§BIGtI~B~~1I~D9N~115T~TE~!TR1 
~lTRMAX~~;MARKr1MARKK'MAMMfMAXN'MNOW'MOAE1MOREPR1MxSIZEiN) 
~.-----'~~~lf~~!NEGRP~;NEWX'NE~JY'iNUM511(' bB~J'iR' 5tZEi~!Z~; ';~M~[L-t'XKf"05'; 
~ YAMINC' , 

";-CO~~M~f-.J/NC~XA~(F xquo ~ ,'0 pgo J l!?;t 100~·. ~L (100), ~~.~ lQO ~ ,~g'('1 02')', 
.aLW(lOO),H~PttUOJiLL(~Ol).JBRVAR(~Ol)'VALBRV(50r)1 

-~NPN(~oibFC;~591i';~NDtw t 5U rf' ~NDUP;~~O~ '> , c~E:~ 59, P'EC~l ~ 100~, 
~U=O'-;' "., ., , ... " . - , 

tJO'" ioo '-'==l'HJNev ' ' 
__ ~FJX J '-' ) ;'f.:~r;o ;.~) G9 TO 1Q 0 , 
, ... , llJ::2~:+:F ~~ ~)_:tD~ J )~~X (~) *.*t. ,~.)' ~ 

CONT INUE ' -
IFJ NL.V. ~Q;e) G() TO 102 : 
Oo'lbij~IRLV1N -­
~U=ZO+XTd)lf:j:...e:ljT) . 

- ." .-- - - - - -" .;.- -:, - .. -.. - -r· .. - ~ , ... ;. _. -- -~-.~ 

lUl C,"PNTtNUE",:." 
102' RETURN ' 

t:ND ", , ," ,.'~" c -. =-- ' 
;URMAN ~f:sR\j AI-{ 
-; : 1" .... i . '.:. :;!; : ~'{,' ..., ; 



IN.UHVAK 
.-, -,-, ··'5!J~R9.u:fl.f\lr:: i:3RVAR '. tNN',NNCV, AMAXT 

~EAL INV . '. - . . . 

89 

. 1~tE~§i~··$!Zt::t§IzEl;Xa_J\S!S; YB~SIS .... .. .. . 

. ~oMM~N, ~p~ND~ 200?, C(?UO ~ , 1 NB~~E (2(')0) '(PI V~ 2QU l"X ~.?OQ) ';YAC ~?OO ~:r 
1- B~~Qg) 'G~rtl~~' IS~FF(109) jsqgo~ ,5~A~K(100l 'r~102r~ -- .. ., . 

.. _&; If\lV ~ 10 9.t'~O OJ:' )(BA~l S( 100) • XR.~ +00 );rB~SI ~:! 1 Q O! ';YR~ 1Q 0 ~ ';GFr(' 1 0 0 ) 'j .. 

.. itTO~(t).r; ~I(j:;t'R IV gk , I NR~V ,I. H';! RMMO' I ~B I G'Pl'?BND;' I ?DRN~:; 1ST ~ TE'~! TR'; 

. R 1 TRI"1AX, 1V1',MAt'{K !',MJ\HKK, MA){M ;MAXN.~ MNOw, M9~E'fMOREPR'i~X51 ZE"f\l';' 
~ NEGIN~1NEGROW'N~WX'NEW~·NUMsL~,dBJIR'SIZE15~ZE17~MA[~'xkpOS1 ._ t-"yA01N~"- .' . ; ,.,' ....... -. r.·-....· ~.'" - '.' .. " 

eOMMON'NCYXA~~FX~~UOl'DJ190)7~t100r1~L(1001~~ot190?'~~~10Q7i 
!6LW (; a ei .(;Bl'JP( 1:00), LL( 501> ; JBRY:AR( 50 1 ~ , VALBRV~ 5011';; 
~NPN(?01t'fc~~gl)~~ND(W(~O'l;~ND~P~~O~)'C~E~5~~)iEC~1~IDOl 

AMAX=-lUUODOO.O . 
·-t)o·l,-i = ~'il~~~ ~. 

IF(BLW'I)~o.d) 88i8918U" 
BLwR=U.O.·· .... 
GO TO 91. ... _ 

_ c~~E3 __ - fj~WR.~E)('I~:flJJ 1f* (BLVJ ~ l):~*~.( III 
91 BUrR=F:X (I? :fuJ ~ 1'* ~ ~UP ~ 11 ~*~~ q ~, 

13 
f'· • 

14 
is" 2 . 
:i~ 

C 

tl=(X(11~ULW(1»*(~LWK-~U~R) 
S\l=BFwB!Cl:r(~p, (ll-BUP (!)J' . 
IF(Xn )';';0-;0 )13,!q.'13 _ 

_ . _ .. -- & .. f·- -.-;...; - ~ -. -. -. - - • 

)'.\M~;f)( q.) ~e(! r* (X ~ J. ) **E( I U ~SV 
GO TO .15 
1XMX=:'CV ~. 

i~l~M~*~MAXJ!'2i2 
~MAx=AMX < 

~BRV/.\R \NN)=I 
VALBRV(NN)=X(l) 
CONTlf\juE~"·· .'. 
~ETUKN ' . 

, ..." .... t, ~ .' 

ENU 

;R~~~N,·urne· . 



~N;BNl.) 

ci7~T.7~Z:7:'7.'c_5(JBRUUTIN'Er::8ND (NNSMVINfilN) . 
c.~,' '-~~REA L ., IN'!""":" ,:,,' •.. ,.., -.: 

INI~~~K'~~Z~¥SlZE~'xeAS~5,~B~SIS '.' . 
. _,~O~My'N~O~NLJJ ~~o r ~ ~(200) , lNB~St::~ 200'> ';PI v.~ 290! ',x ~ gOQ) ~ XAC~~OO ~ ", 

." ..... '.' ··········~J·,BJ12 D.? :~GJ}~O l '1 S~FFJ ~ OQ', S t ~ Q 0 ~ , 5~f\~K( 1:~ ° 1 ' Y (19 Q) ~ . . . . 
~. INV ~ ~o~, +ou ~ '''XB1:(§l,S,~ luq, ,XR~ foa) ';rl:3~SIS~ lQO l';Y~ ~ lQO ~ ',GR'('~OO')"; 

81 

c'51 
84 

86, 

a TOL. ~ 8 );B! G;DHI VE~'.I NREY, z R, fRMAX".! S!=!I G, I SBNf),iISQO~E ~ IsnCr;E, ! TR'; 
~,JIR~8~~~!MA~Kl!M~~~~~M~~M1M~XN1M~2w~MORg'MOHEPR1M~SIZEiN1 .' 

,6: 'NEGINV,tNEGROW,i"JEWX-,NEWY NUMSLK, OB;:,rfR, SlZE'iSIZEl·;'SMAL.:L"XK~05·; . --'j, Y~M! NC .".' ''''. ;,..... . I ......." ',. ,. ..... .,' ., ." 

CO~MON/NC~XA~~FX(~OOl,l.)!lg0)1~rl0ol~~L(lOOl1~~t~QO~'C~(10Q" 
.eLW(i08'iI:3UP(tOO',LL(501"JBRVAR(901),VALBRV(SOlJi 
.*~pNJ~o~r'~:C:~5~l:)';§f\JD~.~n ~o t?, ~NDUP~ §o~" , C~E~5.ql:l'EC~1~ too l 
rF'NNS~l) 81186'~1 ' 
SJJ;:NNS' . ". .' " 
jj0510=1 i 1 N 

... MpP:::NfJ.N(V.jj) , 
'n:jNy~tQ~JBi{,\lAR (Mr:~) ~ G'O TO, 84 

DJJ:::NPN (JJ~)' . . 
IF(J~J.~Q~ij GO TO 86 
eONT r'r~ub' ' 
aN~Li(~NJ=BNDLW(jJ0) 
Bf'.joLji-ilr'IJN> =VAt'BKV lNI'JS) 
BNULW (NN:ff) =\;,t~LBt~VlN~S) 
BNDuP(J~i~+iT=BNbuP'(JJJ " ' . . 'T2ut, ,;".. ., .... , 
BNDL,W(NN)=BL(NVJ 

" , . . ~ ! ! 

~NDUe(NN)~VALeRV(NNSl ' 
... , BNU[W (NN+!''f::VALBR V{ NMS). . 

.·.,.cC.'.:'·: •. :": BNDuf.j(NN+ i }:=BtJ( NV r .......... . 
IJO 61 0K=1'; 2"' C',.' 87 
MM~NN+JK~L ........... '.' 
l·FJB~l.)l,;Y,(rf1MJ~C). o~ _ I8} , 1~2, 18~ 

182 8LL=0;U 
• »' BO'T2 121 '. . 
181f3LL=.f·xJ.~~v~ ¥(),~N.V) * ~ jjN!JLW~ MttH :*~E (. NV) ) 
1131' J3tJu;:rx.(Nv) ~D( NV ) ft:( t:SNI:>UP (M~P **EtNV) } 
.• ' .• "eEE(f~MJ =:( BL:L':'SUU); \ BNULW (MM) .:i.BNDUF>j MM) ) 

ECf MH! =~~~.:'l ~LL-B~U J'* (t)~JLJb~ (MM") /lB,N!?U'HMM l :'~ND~E'(MMl ~ , 
RETUr\N··. .. .... . . . . 

... ""ENLf ''''--. . 

61 . 
c 

~H~~A~, ~f?~ND 



\N ;CFONU 
-1: ~ ... '-SUBROUTINE CFBND ~NN~V'NVPN~~N) 

REAL"INV'" ' ... 

... :<.~.',Jr\jt~~E'~·'S!?E~'''SI~EJ 'X8ASIS ,,(BASIS, .' . .' . . 
. ~O~M~N ~OHNO~2UO!'C(~UOl'JNB~~E(200)'PIV~2QOl1X'?02)~!Ae!~OO!1 
, t Bq~OJ~.G~~OO~'ISS:FF~lUg)'SttQOl'5~ASK{100P'~~199~~ . 

, ., .. ~ INVJ ,lU~' ~. 0 9 ~fXB1\§lS.~ 100 J I XI-{ (~OO) ,~a~SI S.~ 1 Q 0 ?';YR ~'lpO ~ :;GR ~ 10. Ol'; ... , 
•. ff'ro,b rt»):,~a I G:;'DRIVE~' INKEV 'iR, !RMAX, ~ 5B IG, 1 SBND', I S!?O~E~ IST~IE' !!R, 

~. I TR~AX'M, MARKl ,MAKKK, MAXM',"MAXN"MI\l6W, MORE, MOREPR iMX5IZE ,I'll, 
~ .. ['JEGINY,NEGROw, NE:WX,NEWy,'NUMSLK, oEk",R, stZE'/SIZE1;'SMAC~'X~l"os'f 1 yAMINL ... - '~"""'" ,. , . . " . ." 

,., .... , ,';6t9~r~9N(N¢~XAP(F)(pUO~ ,o~iQ9) 'sl109)'~L{1Qo?,n~u'('~qrq 'C:E'~'1()2J' 
!8PJqoet'~!JP~tOOULL~!5UtJ ,JB~VAR(5Pl! 'VA~B~V~S(h~, 
~NbPN(~O~!~~e~~91)1~NDLW(50&!t~~OUP!~O~),cgE~!5Qlti~C~1~100?' 

o 52 KK=11NNCV . 

U 
53 
52 

--",,,,,,,-.' 

. IF}Kf(;EU;NV (GO TO 52 . 
~(KKJ=~SE1K~1 " 
BLW( KK )=BL( KK) 
SUP (KK ) =BLJ< KK ) 
::::. :'······1$··" ... ~+ -~, ~- \;: , -

LlL=NPf\I (NNr .. 
DO' 53 i=t'dN 
rF~~cL~gQ;l) GO TO 52 
~MM~NPN'( tlL) 
(FTKK~'Nf. ';JSKVAR (~1MM») . 6.9 fO 8 

. c: (KK'f =~~EE(Li':L) ,. , 
BLW ,KK') =BN'OL\V'( LLL) 
§uf>.~ ~K.) §~Nl')LJ~~ L~~.~ 
Go. TO!:>2 .' . 
LLl~~~~t0[L) . 
t:oNfn~ut::' '" ., 

·coNtiNuE. 
KETuRt~": . 
tNo"';" , 

:ilJRMAI1, F:.~CH . 
. ; ,:. . I.· r ~" - ~~ 0 

, 

I 

I 



AN:FXCH_ 
t"~E§CI:~.,:-::5LJ~R?lI1!~t;EXQH-,~NI·(,T"f; NI':·f§V, ~ l, ' , ' . .' . c,. 

-' CO~M~N/NCyXA~/FX~~UO~ ,opgO) ~~t102~ ,~L;n2ol'i~~'q2G) '~;}'~tJQ?" 
~BL~(~QO~'~OP~100!'LL!~01)IJBRYAR,(5P~)'VALBRV!50111. , 

.~~ . .f~~~Jg~lr·~.~C ~~9~ ) "QJ'J[)~W(50~), ~~DtJP'~'20 t ) ,C~E~ 5~l:) 'eC~l ~ 100~. 
','~ , ... ~ ..... !,,"- _ •. , ..... 

t)o 5 KK=llNNCV 
LLL;:NN ".' ' •. 

bo' 9' 1=1' IN 
IFrhLt.~QJff'GO'T(j io 
MN'M::NfjrlJ '( [LLT- , 
IF\JbRvAR'(MNM) .NE;KK) G9 TO 8 
F=F-+FC (L.LL> " , 

-- -' ._. -."" ..... , ' , ... ' .... , _. ·-f .- .... t ~. •. 

'GO .T05' '. 
8 ' , L:L.L;NPN U::LL) 
9 t:PNT!NU~ i ,. 

10 F=F+FCV1(KK) 
'. 5" - CONtI f~Ut:' ,,' 

RETURN n· .... 

END' >C, . 

bURMA'N.SLfNU 
~---!~~~~:-,"'--:t,~_·-~-f-'-_-." .. 



AN;SLTNU 
.~."C"'! 5UURUUT ~ NEslrNo (IN';NNS) , ..' .. . ." , 

CORMON/~CaXAL/FX(iUo)'U(leO)'E(lOO)iBL(lOO)1BU1100)'CEtloori 

c 

21 . 

- 20 

c 

c '~BL~nTu6ri s0p'\10of ;lLt50i> '" JBfhiAR (SOl'" , VALBRV'(SO 1) ';J ".~,., .. 
!~PN(~Q1TiF'C'~52ii '~~~Nb~w l.?O l'r '~NDUPH?Qr) , C~E ~ 5q~')' '~~.~l ~ ~oo 1 

~M.! N:z~~JL.. .... 
IJ02Ul=U'IN' .' 

~IFJZCilT~A~l~) 21_20120 . 
. AMIN=ZL~ I l',' . 
~NS=!' 

'<ONTINu~: 
RETUKN . 
END·.····· . 

GURMAN~ SMPL.EX· 
_ -~. 11'''''10·, ~" "-.--.' - - . t.' ; ;~ . 



'SMPL!::X 

:': .. ·;~{'\:T~~~~~?~~~NS ?Mf:>C~.*· ." 
. rNft~gHSIZEfS'ZE1'XBASlS~YBASIS . . 

....... ~0M.M~N~ .. ~9.~D~290~ ;~(?UU~.' ~N{:)~SE (20g)" PI V f2QO ~ ';X ~ ~02) '~'(AC~ ~OO~T 
,ct.'BJ~~~)~G ~IUO~,.I?gff~lf) 0', St, ~QO? ,5~A~K(100 l f~ ~10Q~" ... ' ..... , 

g INV ~ lOR' t 00 ~ '; XBA?l.S~ 100) , XHqOO) ';rB~SrS (lQO ~ ';YR~ l:QO ~';GRnOOr; .. 
ft :rOLla l ~ a,r G';E)R,I vp<, r NREV, ~R"'!RMAJC"l?BItr; IS8N,?'n~E)QNE'; lSTATE'~! T~'" 
~ ..... I T~r-1~~' ~·;M~R.K!,,~~/\RKK' ~AWV1fMAXN' MNOV~' MOI'{E~;~2REp~·;t1X5! z~'? ~.,. ...... 

•.•• ~ .... _.c.'.'-..... p> • N~~! NYJ~I::HR")W' N~W~~NE:~~Y ',NUM5LK, 0E3\:H R! S I Z;~§ lZ~~ ';'§M~p:: 'X~f!o?'r 
7 . YAM1NC ... . : 
'''CALL' AHRGlV1T 

IsTA1t;:;o ,,' 
ACL-'L:P"" 

'·'··"·'···"·"·"':"ALC'rt.x IT l I STATE) 
RETURN '-
E:NO' ".' 

·c" 
ilMAN~ARRGMT" 
.. ,. t ; f·~; . 

j 

I, 

\ 

1 



I;ARRGMT 
'C"" 

5UBRUUflNE ARHGMT 
REAL-tNV ." " . 

_, fN:r~~~R"SIZE-,S,IZE1'XBAS~SjYBI;\SIS ....... . 
, ... '.' , COMM2f\i~pq,ND~ 200 l ~C( 2UOP i NB I;\SE(200 ),PI V (200 !'nq20Q )"~YAC ~goo r' 

l-B(lOO)iG(100"ISEFF(lOO) s~i60',$LACK(ltiol~t[10b), . --_.~-.::.--- .. __ ._.,,"_ •.•.. _l.,d"""'~' -:,---.-i -" ': - .-~f·- .-~ .. - •. ,., ! _ ~~ ~. _,I' ,.t .. ;#0-.' \ ~ •• i\"" _, .;, 

- . -2 I NVIIOU,lOO)lXBAS1S(lOO'XR(lOG)1YBASIS(100'1YR(lOO)1GRf10011 
.~ T6['(6}'~IG}bRIVEK,tNREV'iR1iRMA~~I~BIG1ISB~D~I~D5N~;IstATEtlTRi 
~ fT~MA)<'i~"MARkln1ARKK'0A~M~~AXN'~NOW'MURE:;M~REP~:;Hx5~ZEif~' , - c, 

P. ,I\JE::~ !N~.'NE:(;~OW ',f'QpiX ~ NE,WY I NUt1SLK!O~;;H H, S! ZEi~!ZEf ,~MA.~t:, XI<PO?'; 
,,-:f Y~fv!l~JC ... '. ". . 

INREV=U 
IR=O" 
ITR::O 

,i'liEGINv:::o ' 
NEGROVJ"i:i) .. 
t<lE\~X=O' r 

, NE~J'f~O .. 
'f<=O:U.~ . 
~IZE=O 
lSBIG:::O 
TO['( 1) =1; OE-6 

__ , ,l'OL( 2 f=i-;OE~4' 
ToL(3):.:1;OE-6 
tol., ~) =1. ;OE~~ 
TOL(S)=1~OE"'5 

.···.TOL{b} ~I; OE~5 
.. ToL(7') =i;at~~ . 

ToL(t!)=tuC(5T*10;O 
TAM'INC::'O"; b'" ., 

.•. RETURN:' ,- ~." 

ENU"~ , 
C 

RMAN.PRNT ' 
~~--:.-,_,,: _~·I_~~-!l."o..::-_-:.. - _ 

.j 

. 1 

:-j 



I~PRNT 
'TC.·F···~' . . . 

. . - . - - . 

~u8k60tl~~ P~~T(NN'OBJCR'~iZ~OW;Z07ZqP)' 
REAL," INV"' 

. INt~~~R'S!Z~!Sl~E!'XBAS!SIY8~§IS , . 
, .' .~o~M2N::t20~f'lP,~ 200J,'CC?UO? ' iNB~SE(2aO.J ,PI V~ 2QO ~ ';X! ~OQ) ~: XAC~'?OO P'i 
.!, B~l,~UI ,G~ltIO) 'lSgFF~lOQ' ;S(~OO) ,S~A~K(lOOl "XlIU~)~ ". _ ," 

: g I~VJ 10 u·, 100 P XBA~l S ~ 100) "XH ~ fO(J) "'~Bp'.sl S (1QU r;t(R ~ 1 00 r;GR~'l 00')', , 
__ ff _ I q~ ttl ~;~IG'''lJRI V.~R, I NRIfV .. ~ IW !RMAXir'I?BI G',' I~8ND" I ?DRNE:il 5,. ATE~! T~:r. 
,"R I T~MAX"tVl'r:JIIl1XRK I "MARKK'MANM'~l~XN' MNOW, MORE~ MOREPR "r.jXS IZE';N, , ': 
~.NE~~N~'NEG~OW~N~WXjNt~Y,NU~~LK,b~J1R'~!ZE'~~ZE~i~M~~tiX~POS1 
~ ,YAMINe '. , '. ' , . ',' ' 

15YFOR~Ai'illlUX1'**¥*NOU~ NYMBER="I4/) -
"'44 ·'~()BM.~!.(~'±XT;~BJ~~!lVE at §Itvfe~EX=;:'sl5.9~ltfX~ ;AL:!IlUps TO F3EADDED 

f~j'E!5;2!;4XliLOW~R BaUNUt;,!q'~~~~73X'EI5;9~14X1i~P~ER aQ~Ngl'~I4 

99 
!7,1;~;3~;~15~9/1~~"MINIMUM ~EPER ~O~ND=J'~X!~15:9~/~ 
~O~f\1~!(~_~~)'(' ,XHI~' ,=, '~1~F9! l 
WRITE(6,15) NN 
WRt fg (b;4~)' ohJck<' f'~N ,?L@W, NN; lU';~UR 
WR~T~(6"9?~ ~~J'X~J)? 'J::l,N) 
~ETURN . 

.•.... . ,. '0':":' t:NU ..... , .. -
f:{MA-~. LP" 
J""':', ~ \ 1: t-,..r. 

/ 



J;LP 
, t' 
- e' 
E'~s)EE~X,:$lJ8RO(jTI~~-Lf- ..... 

t{EAL INV . 
INT~~fK'S!ZEiSlZE~'XeAS!Sf~B~~IS ' 

. ~9r.1MQt\j,~9~f\JD~200J ,-~ (?O 0 ~', I NB~?E (200) , PIV~ 200 ~ 'iX (?02
' 
~Y!\C'~ goo l', 

,t BH~(l),~G~!OQ,~tlSs;rF;~lOQ) ,S(~QO! ,S~A~K(lOOP'(POQT' " .. ' . . ..• 
~. INV~lU~'~OP)~XBA~lS!100),XR~~OO)~~B~SlS~lQO!1YR~tQO~JGR!~aOr1 , 
fr IOL(Ul'BrGt~RlV~R'~NREv.rR1IRMAxtl§BIG1I~B~D1ISDPNE1IS!~TE7!TR1 
?-, !T~Ml,\~'~Mlr-l~~KI';MAR,~K' MAXM, ~~XN., ~~!O\~, MORE',M9REP.B,,'MX5!ZE/Nt ' 
~~N~~~N~~~E~ROW~~~WXiNEWY,NUMSLK,O~J1R,51ZE1~!ZE~~~M~LL1X~POSi' 
7.. yAM1NC '. ' " ' 
"-lTR=O' -

IR=O" 
fFTtSTATE~EQ;:l:O) !N~EV=l 

. iti eAt[~b0~NLp'" -
IFi~,I?1:A"tE';(n:3)GO TO 2U 
eALL CHJ\CC 

'·IF'rIS:f8'rt;NE;).>,GO'TO 20 
r~tiR:Gt:IRMAX)GO'JO 20 
CA(~~REV~~t· . . 

,.. - I .<' • ~ "" • \ 

ISTATE.=11 . 
-.'. .Go·!TO~,lU··· ., -
2U RETl)RN " 

tNO' ." 
IHMAN. L)Q~NLP 
".~,!-:::--.~a '-.---" ,:~.!.;_--., _7'~:':-



;DOANCp 
'"'SUBRUUT1NE[joANLp· 
··kEi\C" INV .,' ", , 

1 Nt.~~Et< "SI Ze..',"SIZE1, X6AS IS t Yf:3ASI S . . . 
.~O~M2~~~9~I\lOJ20 O~ ; C(?OO ~ , 1 NB,:\?E (200) ~ PI V( 2QO ~ ''x ~ ?oq) ! Yf\C~ goo ~ '; 

..... '. ckl3.H29J 'GrIU g.! ' I Sp·.fJ 1U9', St ~QO), ~+A£K q 00 l ',y ~ 1 O~ rr 
. ?INV~lUQ'~90l!X8A~lS~10~"XR'r~OO);XB~SIS~lQO!¥YR~t~O~iGR~JOOr1 

4 TOL(b)iBIG1~RIVER,rNREV IR11RMAX1rSBIGIISBND1ISDONEiISTATE1ITRI 
...... ~ ITKMAX',Mlr.1At,(K I ',M/\RkK, MA~M ,MAXN, MNOW, MORE';MOREPrh'MX5IZE'iN'f • ,,' 

.. ' .... ··.·.6 NEG! i'Jv'NEGi!{ovr,f\JEvJ)("NE.~jy . NUM5LK bB~n"R, 51 ZE'iSIZEl rSMALL ,):i<P05'; ······7 'YAMII'k ..•..... '. rOc" f ."_ ,t, 'y .... , .. '... 

;"lF~ I§TA:(E;'Et.r:O)CALL FIRST§ 
IF(ISTATE;E~:tl)GO TU 20 
JFj~§lAJ~;EQ;12}G6TO 50 

1U CALL CHSLC~ 
IF'qTH.LE';ITRMAX)GU TU 20 
IStAfE:::~ " , , 
GO"TQ~~8~ .•• . .. . . . 

2~ IF.~N~GRQW;E~;O~ANQ.NEGrNV,EQ:O)GO ~2 40 
IFlNEGl.NV;NE;Cl)·GO 1'0 30 
NE~~~NE~ROW+SIZE . 
t)RJ V£RFl';'o~7.'...' , . 

. !F·~?~A.~~l~EG~OW)-;~I.O.O)OrUVSI~:="'l;Q 
NEGINV=SIZEl . . 
CALC 'Ao6eON 

.TF.~FistAJ't';'EQ~;~JGO lOBO 
30 CALL' S~Ei<X' ... " . 

IF)~~~X~~E:UlGO TO 50 . 
ISTATE=2 
·GO';'rU·iSlr-·· .. 

--.----.- "4lf c)\LL~·-fsDp-T--·-·---

fF~~t0x~N~~O)GO TO 50 
ISfATE=l'" \ 

.~~~-c~ >6o""t6"~&Q:"'-- _. 
5U CALCi'J~~:VEe 
" .. eAL~- SE~i<'( 

1F~NE01:N~;9)~Or~ 60 
=-i~tAfE=3·~ , 

GO-"T0'~e6- .. 
6U IF(~~WY~LE;SllE)GO TO 70 . . I " _ 

CALL AUQCON 
:.- = ... ~-.. 'ii='t i5tArrE~EQ;':f) GO r080 
, ._- -7U -CA~C-CH~SI!5 

CALL RtlXICE 
Go' TO 10 -

~78";~·~'80; RE'(URh':-······ 
EN!:?"'- . 

URMAN. A o· 

; t· ... :. ," "i • 



J;7C--------------- ... 
,- -FUNCTION 1HI·,\.J) 

R~~~'iN~ ." ~ . . 
:IN,t~~~R"_5JZEJSIZE+')$BASIS, YB~?I 5 . .. . 

_ ._ .~O~_M~t-J ~O~f'lU~ ~UO~, C( ?UO ~ , Z NB~SE (200 r;Pl V~290 r;X~ ~OQ)! XAC£gOO ~'~; 
• 1 Bfl00J,G(IOOJ,ISEFF(lOOJIS(lbO),SLACK(100JiY110H), 

____ c._._.? __ I!'Jvl1UQ .. joo L;XB~~lS'~ 100) , XR( 106) lX6~SIS{100 j'fVR ~ iQo ~ ';GR'pOO )~r . 
-'i14 TOl (5) , Bl G'jeKI VEl-< ,tNREV IR',"iRMAX'; 1581 G'f ISBND'j' ISDONE';'ISTATEtITR'; '~-----"--'--.'-'-."-"'!'.'" -"·--1.---- '''i": "', - - ----.",---- ... - --# ., - ~.- .• " j~" ',,:,' .,...~. " jo ~. < •• 

~ IT~~AX1~1M~RKI1~ARKK'~AMM'M~XN'M~O~'MORE1~yREP~1~XS!ZE;N' ._ 
6 NE0INV1NEGROW,NEWX,NEWY NUMSlK,OB~1R,SIZEVSIZElrSMALC,XKPOS1 ~ : ___ • .,.. • .... .'..... l! ~ ',," I \," ,. _ ',. " ~. "(I ... i-" t. - . • ...", 

7, YAM.l.NC __ 
E:2Ei~:'~~:~~~p&H~9NZAW~E!-_A,i(l QUCH' J~Ob~ 1090 ) , I BO\~ (1 O~ ) 

COMMON/UAMN/MnXA -
. - iSrAR1;='iRO~i(f> . 

. ~p.?T=!.k~,\'J p+,; ~"'1 
C - .,,~;. 

- 1\=9'~· .-: "- ...... . 

DO 1 LOOK=ISTAHTiLAST 
~HERE=JCOL~L6bK) I 

I'Fl;;FiEkE;l:"f;J'iGO TO .. 1-' 
IF~ JHEk~.;Gr~ j-) RETURN" 
A=i\A'n~obK 1 . \ .-
HEtU~N . 

':coNrTNuE 
RETURN~' 
ENo"'-' . 

JRMA~.ADDCON 
~ ~ 0'· ... ,. "" .. ' __ 'f ;.:;:_ .. ~.:l,J. __ .. ~. >:'.~~. 

I 
i 

, 
i 



\I; AOUCOI\I 
l~.~.' ___ :'''~'_"'"~~:'~_·~_;''':'''' __ .. _._ .. _ ._ .... 

c,"'SUl3HOU'IINE:, I,\DE>CON '--''' , .. , kEN,,:~'1.N~' ,. !," ,-, 

IN!E~~KS!l~1~lZE~'XBAS!5fXB~SIS , .' , 
,- .. - .". ~()~rvt~N ~~~f'JlJ ~ ~u 0 ~ ~.c.( 2UUl ' ! NBI;\?E( 200 ~ ~ PI V ~ 2Q 0 ~ ';'X( 20Q'> ';YAC~'gOO ~'; 
-.,-- -, t:BJ loY, q?, G~!U~? ,ISsI"'F<IO Q >, ~ q.QO?, S~A91« 10 0J'''~ ~ 1 OQ ~ ~ , ,.' 

g.INVfIOQ'~OOl'XBA§15~1UO)IXR(!OO>~XB~SIS~lQUr1¥R~lQO~1GR~~OO'1 , 
ft TQ~td,~"'~I G';[)RI \1q~ pI NREV, IH'hRMAX'i I§BI G'iISBNO';'ISDQNETI STI;\TE',! T~'; .. 
ft! T~i':1A~ ;~~~,r-mt{.K n~~AR"I~' ~Aj(~1 'M~XN .r~~0~~, MOREI;M?RE~~'·t1X~!ZE1~/· . 
R' !'lE;? IN\(,NE(7RUW ,f<j~WX'NEWY I NLJ~SL~' OBJ';R, 51 ZE'? IZE~ ',?MALt i1<~P.OS·;. ';1., yMHNC '. .... ", .', .~ " .. 
"'COMMO~~I AREP I ~A (1 OUO) , JCOb' ( 1000) , IROW' (101) 
COMMO~U()AM~U/l.1AXA ,. " ,'" ~" .. ' .. ,,' , 
"Ii=TsIZEf~GT:M*SIZE) GO TO 0 ' 

I::NEW y ~~I ZE ;, ;. . ~ 
B03,U L=1:'{SIZE 
I NV ([-'"5 1ZE1") =t:l. 0 

,:lU IN\I( SiLEi ,'tj =0. 0 
lSTAtff=l"ROW( 1>' . 
~A~T~iK6w{I+ij~1 
00-30-LOO~:rSi-ART~LA5T 
~=JCOL~ GO{JK)"''' .... .... . 
~r~(iN~~~~(~):LE.ri)Gri TO 3§ 
f<='tN8AS~(J) .. , -' . 
A I J;;;i\A ~ lOdKJ 
00--'2fJj~.='i'sliE:- ......... ", ....• , . . 

2U'1 NV" SiLEli;L) =INV (51 ZEI, U 11$ A I--l*INV ~ ~-;L) 
. 30 c::oNTlNU~' ,- - . -- '. . , , " 

- !NV (51ZE1,51Z[1):1. 0 
xR(stti£i'):::5L~eK( 1) 
" - -., f " . ..•. _. ~ - - _ . -- ~ - . \ 

lSEFFtll=Slltl: 
xBA~T~l~IZE11=r+N 
V I3AS'i S (. 5'1 2E'1 ) =1 

.- 'r'RlsT-zI:.IT:;e~ 0 . . 
SIzi:;=S'rZEf' .. 
SIZEI=srZE1+1 

.... tr~S!l~)(7!;1~.t3.1 G! ~SBI G=?l ~E 
.'\jYMS~K=N!JM~L)\~ 1 
NEWY=SIZE ' 
GO TO"50 -

4U 1STAiE=4 
5II_§~,.R tTuR fr:~:( 

ENt;J 
iY,~MA~. ~t!~C~ 

I 
I 
I 



-,-_ .. _--, - _ ... 

~t; tliA-~t-C·-"'·- .-_. - -
:"." t, ce. I 

'C'" 
SUBROUT1NE':CHAct' .'. 
F<EAL,"ri'-Jv ,,' " ' 
~NJ~~~R:~I2E1S1ZE~'X~ASIS,YB~SIS 
~O~!v1~N~,o~ND~ 290 ~ ,e( ?u() t'I Nl3~$E J 200) .,.p I V,( gOO) :;x~ 209'); '(AC (?OO )'; 

t';' E3HRo,J'GP:OU~'lS~~'F~~Q Q) IS q. 20) , S~A~K (120 I ' Y ~ 10 Q ~ ~." .' I, 

? I NVp U Q'; tOU ~ ;' XS):l;21 S pO Q) t Xl'q fOD)'i Xfj,~Sl S~ lQO !:i'fR ~ 10.0 r;GR ~ lOO'r l 
tl r9L(8!~BIG10RIV~k'INK~V,IR1IRMAX11~Bl~iI5B~Dj~SDRNE1IST~~E1!TR1 
JL,,_l_J~~/,\?<.·;~:~~ll:\~!< l"~AHKK,'~A~~' ~~XN"MN~~' MORE';MOREP~';MXS!ZE'; ~." , 

-_e"t~E;§~Ny:,'NEGROW ,Nf;vIX,NEWY ,NUMSLK" OBJ';R, SlZE ,'SIZEl"SMALl:.:' XKPOS';, 
7, yAMHIC .• ' . ' ,. ., ," "" • . •. . . 

~tc'P~MQN/~R~PI ~A(~2UO?'J~Ob~12~0)'I~O~(10!) 
OMMON/DAMM/MAXA' -. 

90q0f:()~Mf.\!T}Ho''tr~NAC~~Pl:AI:S~~-~RR9R OF;'E16,I:rl, FOUND !~, B:5LAC!<f.,AX Of. 
~ lCONSrI-\AINTi,I6J . . . 

_ . - '1, ..' . . ~ ~.: . - T"' - : :: - . - . .• - . . . . . 

9004~0~M~!;'~Hd1,ONACt~~T~fjL~ ~EL~IIVE EKROR OF;iE~6;81~FbPNB !~ ~~S~A~ 
-f~~~~E~~_~~~NS!~~INT"!b!lH. ;TH~ ABS~!-~TE ERRO~ 1~;';~1:E?'-8' ;~flJD~tq 
, .. ~.?., ... ! .. , .. - .... TOO. ..... • 

900~ FORMAT~lH01iUNACCE~TA~LE ERROR OF;1F16.81,FOUND IN YA~C OF BASIC 
,- lVARlAsi.'.(, 16)'" '.' - .. ,' ' .•• , . .' .. " ~; •. ,-. 

9U 1~·F9B~1.~I'J~9:;' ~t'lJ.\Ct:~~T.ABLE:. RELA.!I VE 5;RROR OF,; 'F16; ~:;; PO~ND !"'. YA-C 0 
,,,~ •. ,,.~_ . ., ... _-,,c ... ltt;BA!5J2.,\t'ARll\l3L-EJ~"":I 6/1H,:~' , THE; ABSoLUTE ErmOR IS,; F 1,6; 8 p', ~NO c( j')- i . .,- 2~'·;FI6.8)·· . .. " ~.. - .. \ 

c 

c -.... : 

C 
.;.'~ . 

~lF~~0MS~~~EQ:U)GO TO 10 
.... l ' , • 

b05X~i, SIZE' 
IF~~~AS1StK):LE.N)bO 
l=X~ASl~(~)~N . 
5LACK( 1 T:::Xf~ (k ) 

·t>.sO~IrN.LJS('c., ; 

1U. DO 2U ..;=t',N 
IF~J~BA~E~jr:LE.O!GO 
"tAt (J)=-etJ) ' .. 

: ,..... f ',..,.... ~ f . -

20 CONTINUl 
..... I ,.-+ ~ . r:" 

TOL2=rOL(2) 
. ,,"6L6='fo~T6i) 

- • -~;.o;;.' -- t . --

bO 401=l',MNOW 
lSEFFl::fsEFFll) 
'r f='n t ,t",._:, . ' 

. ~~i~L~~(i)~SLACK(I) 
1ST Mn=rRow (1) ... ~ 
LAST=IR{)W( l+i}'-1 
'.-.' ":'~"'~'--'--;'":::''':~~': '~.'" 

TO :::> 

TO 2g 

. 00 3U LYOK::i§!AR1'lLAST 
~=JCOL(LOOKJ 
I NJ::J)·JI:SASE( .:n 
IF·(II~J. hQ~i'ojGO TO 30 
'A IJ::AJ\ h.·OOK" 
BAx~t=I:S~~~ClX(J)*AIJ .' .. 
IF'Y lNJ. Gr; o. ANL> .1St::PFl. NE. 0) XAC (J ~ =X~C ~ ,j.~ +Y l~AIJ 

30 ,coNtfr~ug: - < • - '-. '. 

ERR::A!3:; t BAXSU 
IFl~RR.$T;TOL~'GO TO 60 

, I:i;BSB=Ao~;;{ B'( (~ ~ 
IF~AHSo;LT~l;H)ABSH=l.U 

I 



c 

I~U CONTINUE 
.:~".'_~_ ;'! ~.~. -'i~- -_ ..• " 

OL7=TOL(7) 
TO~4=-rUL (tt)· . --'~' . 

1:)050 >.J=l '~I 
I~l~~~A§El~';~E.O)GO TO 5g 
ERR::AB5 lY Ae t J),. " 
'IF1~~K.~T:T6C~)GO fO 70 
A8SC=AUS'(C\J'n .. 

" " -"". -.' ,.;" .". "':-.; , 

IF(A~S~:LT:l;OrABSC=I.U 
l~iERR~Aa~~;GT,TO(7)~U TO 75 

5u eONTINUE ,.', '" 
--'-:-:C'-=-:--:-,t> .~- "-;:;:~""--',!~"'-' ". ,-" . -

GO TO 90 
~ 60 WFUTt(b"900U~EH~nI 

GO TO aO ' -
, 65REttRR=~R~'ABSB 

~~j:fITg{bT99t')4l RELEBk, r , ERR, AB§13 
~O T~ 8p ',. . ' -

7U WRITE(b'9008'ERR1J GO'ro' oO '", '," 
75RELERR=ERRIABSC 

~R~Tglb~9B~2!R~LE~K'~'ERR,AB§C 
lSTATE=7 
RETURN·'···· 
ENU"" ,., 

y'~~A~;. ~!l~Sl 5 

\ 



:~C~'_--_CO:!-~-_-R_~~~O~~ ~N~,cCn~SI S ... -

INttb~k'SlZE1S1ZE1'X~ASIS,YBASIS 
._,_~.O~M2N~p~~ll).~2YQL'~_(2t lJ.0t' ~ NsAsEJ 20Q) iP I V~ 2Q 0 ~ ';X ~ gOQT ~ YAC ~?O 0 ~-,r . 

--- :C·:tI~E3~~~()"~Gjl00l-'1?SFF.,ltJQ),%(~qO~~5~Agl«lQO~ 'X(1~2~" .... . ....... . 
~. INV~10~i~OO~'XB~~lS~1~O),XR~~OO);~B~SlStlQO!tYR~1QO!iGR!100)1 

. HIQ~{d),eIG1DRI~EH'INRtV IR1IRMA*1ISBIG1ISBNDfISDONE11STATE~ITR1 
~ ...• ! T~"1A~;:~' ~~RKI '''~/\RK_K' ~A~M;~AXN' MN0~~' MORE';M9REe~';MX5!Z~i~'f ~.' 

'-' -'.' - ~ cc_,NEBHN',NE(;ROW ,NEWX',NE\"IY .. f\1U"1~LK,bBJ';JR' 51 ZE ,StZE1',SMALL, XKP05'r _ ~- ·'YAM.Lf>Jc .,"'-' "" ,,-' " '. r'.. • -, .,' . 

. ><'1 TR;;l TR+1 
IVlOSNEG=O 
tio~H\j£G=(jtd: 
-XOFNEG::o; G 
DRITEM=O;O 
rO~l=TUC( 1) 

" 

f5S{:{:-:}~-T-_--l i~/UNR:t~~r;J:9}t}.-Gq<:r.U '.9 U 
IFtR:Eu~D:O)Gb TO 40 

c ~" .f:· ..'" ' 

1:)0 30 K=l,SllE 
----------:-.--- XR'O<lixRiCK) ~R*GRn()~XKP05 
--------.-- ~~-- -.. --- r;····~,·"··;--·· ... -:-..,i .. ;·· --';;-.. -... ----.. t·-, .. . "". -"., 

XXX=XH (-K) . 
lF~~B~\X~XJ;LE,TOL1)XKlK)~O.O 
;:J=XBASl SH<) I· • • "'-

:-.tFT~;C.~:~~J):GUT01:0 ..-
... xxx;:Xk(k)'·'·· . 

'l=J~N"" ' 
51=5'(1') 

.:JfJS~-;~2,~q;;lJ::tx~D:;X x~; (;T~' 0 ,,0. 2~" 5 1 ;f; Q -; -1 '.' 0) X X ~=-~ ~ X 
GO TO 20 

1U BOUNOJ=BbUNU(j) 
.. IFJI\BS (B.9dNt)~ .. XXX >. .L~. T O.Li~ XB ~K t=BRUNPJ 
XXX:::XR~ kY , .' .. . 
IF'~·X~x,:~E;BUqNOJ;OK.BUUNOtJ:E8._;"1'~~~9. TO 20 
XXX=tWUNDJ:"XXX 
IF(~:~Q;N~G1N~)XOFNEG=XXX . . 
:~61~~s;~E;HOWNE(,;~K~f\.t~'NEGINV~GO I<? 30 

t)RIT~M=~;O 
IF'XRlK)~GE~O;O)DR~TEM=~l 0 

--c·,o~·--"~"c~~pWNE:~?XXX; -....... , 
o'c'-=··-~-'-·3U cONffNU~ . 

c 1-."' -_' .•• 1<,: ,. 

IFlNEWY:NE;-l)GO TO 4U - t· . 1"""'c - "' - ... -:.-_, - -~.'" 

i r::INBASE(~EWX). '. 
~N8A~~:'~EWX)~:"1 . 
IFJI!;~~;~1j!N~~5g'NEWXl=O 
lXOUT=NEWX 

.. '. ···OB.J:;:o8U;;;R *¥AMI NC 
GO'i;Oi20 .' 

4U lxuD1=x8~515(NEWTl 
IF \ IxUuT,;GT _:N)GO tq t)U 
rNBA~E:~1'~oOTr=~. . ..~ '" " _ 
I F'{ GHfNj:,Vrn *XKPOS;L T;U. o. ANO-:N~~~Y !~!S. NE(jlN~ UNB~~Ej ~~<?UT ~ ::"1 

. _ IF\NEVJY<;·EQ~NEGINV;I\ND.X~(NEWn .GT'~'9>INUASEPXO~T~-:! . 
5UIFt~gWX~~r;NI~9~TQ 6~ 

-~_jHc>LQ=-l NBASE,~ ~EWX~ 
- !N8AS~'NEWXt~NEWY, 

. ! 

i 
- .~ 

, 

1 

• 1 

j 



7~-~C<:-~C ) FJNS'iJ ~ ;§T;_~}NLJMSL,,=NUMS~I\+ 1 
.. ' · ... · .•. ·.,1 F~_IXOUL.G'f.JnNU~1SLK=NUMSbK ~ 1 

XRlNrvJY }=R ... , .... 
I~~N~WX~~~:N!GO TO 10 
l=NEWX~N v 

... · ... ~-If'f~TfJ}E~;·.;.~ ;iJ)~R(NEwy! =gR 
GO T~ e~.. '. _ 

7U IFltHOLP;EQ;-l)XR~NEWY)=~§UNDtNEWX)~R 
8U OBJ::Ot)J":RiYAMINC'; . ", I. "' 
9i.(cJu~=1 ~U.lGRTNE.WI') - . 

J ....... ~ _ - -;. -

(:)0 110 ,-;:tlSIZE 
.. IF~A~S~.~NY~N~WY-,-LL}.LT'-SMALLU;O TO t10 

RL=INV"(-NEWY·,L·:r*Hfr" '. ~ . 
,",-." - * ,-j ,--.""- ',-:' "j'"" 

,... 
00 1 U 0 K:=r'i'51 ZE 
1 Ny (~'~L'~=!NVJ K, q!.RL!f(jR~ K) 

;ffJ~ c9f\jTf NUs:<, 
INV(NEWYiLr=RL . 
IF~iNR~0:NE~flYR(L)=YR'Li~RL*YAMlNC.XKPUS 

:t1U~()NrfN~(:"'" ....... ,. .;.,,' F! 

'. "c' 
-~'~2U IF~R:EG;D~O;PR.xofNEG.LT.g.O~~NO'N~w~.NE:N~G~NV!~O 

NEGINV=MOSN~G .' 
DR IVER=!JRI'rEIJI-

:l3U RETuKf--J ,,~ ,. 
.- END"" 

,URMAN. CHSi..CK 
,~!;. ... ~, ~ l:: .. ·.-t:,~ _ (~;"r-

TO 130 
~ 

·1 
1 

I 

I 



>r<EAl...li'JV , 
" ~'Nt~'~t,R','S!Zl:.·'S!ZE~' Xfj/\SIS ,JBA?IS _ ..' . 

. ~OMMyN, 80~ND!20U)~C(?UO~'!N8~SE1200)'PIV~20011x~goR)!XAC1gool1 
.L_t3~J2U)'~G~1.uq~ '1~~rfpO~) ,S(~QO_~ ,5~ASK(1~OUXP~2)'. ' .. ' 

, , gJNV~lUy' ~OU t(XBA§lS ~ lt~Q) ,XRq.OO).·;~B.~Sl S ~ lQO ~ ';y~ ~ 1QO l';GR'~'~oOt, , 
ff TO~(U~~BIG1~Rly~H'!NREV,IRtIRMAX1I~BIGjIS8NOiISD2NE1IS!~TE1!T~j, 
~ ITRMAXlM'MANKI1MAR~K'MAKMfMAXN'MNOW~MOREiMOREPA7MX5IZE~N~ , . 

. ",§ ",,!F;~1 [\jy,~~~~O,\N-,,~gwx,~ N,EWY'~UMSLK' b~..J;'R,Sl ZE:;i~I Z~~'i'§M~~L-; 1<~PO?'; 7 YAMlNC" .,.' -- . " . - ,,-, 
~~OMM90~AREP/ AA(10UO)'..JCOb(1000)'I~OW(lBl) 

COMMON/UAMN/MAXA" , ~~'"'' ,'"'' • 

~~6~~~~G'.~!==g~~;?) , NEGROW = g, 
Do'ib ':,('= "f,N 
YAC:'.(= 0;0 .' 
K ::' If\Jb/\SE ( ..J) 

"'~~[~S7ft~ 9'~~'~~C~,~~t~ J) 
", ,"t ....,J ~ ""~ , l,,-

x..J=O·o .' 
IFT~:£~=~lT Xj = BUU~UlJ) 

.'~-']f:n<~ ~'(rd l·}~.··='-x~\j« 
1U X(J) = X.J 

TOL.2 = 'rbCrz) 
. ~,. :; " ; ;. -t 

DO 7U 1. ::: ]:,MNOW 
"~;lf)!~E:q~'~lT':'-T' .. 
IF\~;[U~O} GO TO 3U 
Y I '::' YR l L} 

. Y ( 1)"=1 t'_·· 
5LACKli'i' = 0';0 
L.:ASr"= lROW<r+U .;..1 
Isi'ART:: lRO~lll> ' 
f:)O"'in:~LJ)br<='ISTART'LAST 
J'= ..JE0[~LriUK) ! 

IFJI~BA~El~):~T.Ol GO T9 go 
~I..J = AA(LOOK> 

..... ,_YAC(J.r=:-,yp;CJ~J *Y I * ,~l~ 
,-- 20 t:ONT!NU~, 

30 
.GO TO 70 
IFlINKEV;NE;r1GO to 5U 
'~LKI =s:t If" .. '~ 
t.>o' tiDj='i,N 
IFli~~A~E(j';EQ.O! GO TO ~O 
5Lki~SL~ILAlli..J)*Xl..Jl, 

-'(:9NT~'~U~"--' ",' 
GO TO 60 

50 IF(R![Q~O:) GO TO 70 
$Lkl=~LACKJ~r~R*GJl)*XK~O§ 

c~UlFXA851~LKl)!LE,TQL2! S~KI~O:O 
5LACR (1 ),=SLKI 
IF\NC:G1NV~NE:O') ,GO TO "fO 

;/.." " " 

,5I::SPJ., ". 
, 1\BSl,i<T=ABS'('SU<:I) . .. .._.. .. 
IF(Sl:NE;a~U:AND;Sl*5LKI.@E.~QWNEG.OR.Sl.EQ.0:0.~NR· 

~LA~~tKl~Gt;HOWNEGl GO T~ 70 
"HOW EG=-AI35L:K I· 

.' . .... .INEG~Ow;:i'c: -, ' .. ' 
7U eON 'lNU~ . 

.. '1 

., 
.. J 



:-o~,-'-c --- ~~~~,m~~-KJ-~- ('4E;-~L ~L~-~~JMI\~K !)::X~( MA~~K~~ 
---------tND'-
UR~1AN. COpy' 
; ;. I"'"~ ~ • ~ ,.., "';.. -

- I 

1 



,N;COPY 
~SU8ROUTINECOPY 

REAI,.,'·HIi\r ,-

'-lNfE;~'~R"SfZE::?SIZEi' XaAS]:S ;YBAS! S ' ... 

~OMr~yN ~~qNU,~ 2UO ~~ C (?UU l ' INB~~E( 200) ~PI V~ 2QO l';X ~ ?,(2) 'fYAC ~,goo !', 
IB(lUUI'GlIOO)'ISE~F(lOO)jS(100)'SLACK(100)'Yt100)' 

.,.,,,g, 1NVJlqQ'. ~.~Y ~ 'hB,A~J. S. ~ 10 Q), XR( ~ 0 0) "XB~SI S( 1 QO?, '~YR1 lQO l';GR'~ ~ao') ';., .' 
'JL ,TObJbL'i3IG';t)~ IVf;R 'INR~V j lR'; IRMAX'II?BI(;';X?Bf'Jg'PI?DRNE'tIST ~TEt! TR'f 

~ ITRMAX'~iMARKI1~ARKK'~AKM'MAXN'~~~~'MORE1MQRE~~'MX5!ZE1~' 
~ NE~IN~i~EG~OW'N~WX!NE~Y.f'JU~~LK'OBJ1R'$!ZE1~~Z~f1§M~LL~X~PO~1 
~ YAM1NC . 

",, __ ,,":e{)fv1MON1AR~f(J~!H 10UO i'J~Ob ~ 1Y.Q0') , lRO~ (1 O~) 
COMMON/UAMN/MAXA 
IF~M~OW~LE~M~1<M) GU J05 
CALL"lEXIT(6) ." 

... 'GO': Tb-':)O'~" ':' 
!)- '-t S:'fR'-i \1=1:--- . "----

iT=~i 0 

I R~1=i HOW (MNOW) 
':-tJo'~iu"J=i{N/," 

'AiJ::Plvt.:.1) 
IF(~rJ~~Q~O:O) GO 10 10 
Is'tRlvz.:u . 

·'·.if=fj+iT,~r" .... , ••... , 
C:OOK=IRM+I'f 
i. FH,·90K ;'<;f;'MAXA) ~~\LL.: l~X iT (~~ 

. ~~'t t5g~~~*~~,;}),,~2 T.D,39 
... bc6C'( LOOK f:::j' 

10 eONT'l NU~' .. .. 
,}FJ~§JB~Y_~P~;'q),~~, IO. 29 
COOK=lRM,~":· .... ' ....... . 
!F'(hOOK~Gt~MAXA) '. ~ALL ~~XIT (~t 
IF\ lSOONE;EU!'U GO TO 30 . 
AAt~uOKl~o -

........ ~ ... ·b~2~JgP9Kf~1", . 
. -.. ---.- .. -~--- -21.f N~XTM=MI\lOW¥ 1 

lRUW}NEX~M!=~OOK¥l 
l'iEXTM=i'-INOW¥2 . , ... 

,,,,,,, .YR'O~(f(\J~XI~t=~,oOK,:f ~ 
3~ ~EILJ~N 

END ' 
~~~!'1AN. t,lf:{c~!§':: •.. 

I 



- -- . 
\N;F IRSll3 
~~~~:I2:.~t~T"stJ~R()l.q}N(t{IR~tB .. ·J· . 

. REAL-INV"'-
INjt~EK' 's I Zt:;SllEl 'XBAS IS, YI3ASI 5 . . . . .. 
CO~1MUN .i:?OONU (200) ; C (2UO) , ! NI3ASE l 200) , PI vt 200 )'IX l200HYAC'( 200 >:r 

.. _ ..t~E3JlY.y""'(H'1o-U?'lS~fFT10g );SC~gOr,5~A£K'( 1()01 it~ i~2~.~· .' .".~ .\ , . 
g INVJfO~'~00liXI3~~lS~1UO).XR(~OO)'rl3~SIS~lQO~1r~~tQol~GR~100)1 
H~TOL(8)i~I~1DRIV~H'lNREV,tRtIRMA*1I§BIGJI~BN01ISDQN~1IST~!Et!T~1 

~ .. ~ ~T~MA~i~iM~RK~1~~~~K'~AKM'~AXN'~~~~'MU~EiM~RE~~;~XS!Z~iN'~,. 
;lr ~I;~!N~!NEGROW'N~WX~ NEWY ,NU~SLK' O~'.FR' S!ZE·'S.!ZE~ l§MA.~L" X~PO?:' i "] YArJlINC ", ... -. .' , 

. "DOlO .,;"=:t,N 
-- . 1U INB~~ElJr ~ 0 
C--~r?{~~':T·:6b')2(J'.·'.I.';='-2 '~4MOW ..... 

... ------2o-rsEFi2'i 1 '--::0 ; 
t>RIvE.l~ ':: 0;0 
NEGI[~V =~O 

··5S .... ,='JS'll}~' 
8B'~·8l f)' ' 
IFlSS'~EQ; 1;0 .ANU. 1:380 8E1, 0.0 ERR! S5 .• E~; --1';'0 .~~Do Sf5 :'~E; 
lo;b-~bR~ SS :~Qo b.o .AND, B~,:EQ. 0.0) 80 T~ 30 

····NEGINV.~:::,l',- ....., .. 
'ORtVEk=:±;o 
IF(BB~~Y:O~U) ORIV~R =~l 0 

./ 'f'. .'1 .. 01- . \ • ~.. I 
3U SIlE= l. 
> -5tzEli=.~.2 

"NEWx' = N + 1 
XBAS1S~i)'~ N + t 
IN\I{i"rl)'= 1;0 

- .. --':Co. -. -; -,"~' - _._. :t~·· -:_.;. .-.".---

XR V1J=>BB -- t : -~ .. -.. . ... -. . ..... 

OBJ = 0'.0 
!Rf~T =.O~O 
YI3ASlSlU :: 1 
ISEFF:llY'::l 
~uMs[k'= 1 

: " •• -j l."!' _, .. 

MARKl:::. 1 
MARKK= 1 
tiR':: lTR ~ 1· 
INREV ='·1 
RETuHr~ 
END .. . 

GUttMAN. 1. EXIT· .... . 
~..:~-.~ .. ~·:~··I. T"h""r :" 

j 



I~t...t: ~ .. 

. ," 5UBROUT·I.NE rEX~ T ("JK) 
f~Et\L INV . , I .. 

·····INTEGE.K('Sl·ZE·,SlZEl 'XBAS IS,YBASI 5 
COMMON HOUNO(20 0 ),'C( 2UO) , f NBASE (200), PI V( 200) ',X (200'), YAC,(200l'; 
.- - ,. - "'. - \ -: ~ I I' - ~ " ~, I). till '" " . 1'" ... ,_ i ....._ ~. ._....... "; 

f B ~lY2 ),G ~ ro~ > ,ISSFF PUQ' f 5 (~ciO ~ ,5~A~Ktl00 ~ , Y(109)~' .. . 
g,:1 NVJIO 0 ;10() >)"XBASJ 5 (100) XR (.1 00) ','(86\5 IS( 100) '~YR ~ 1:0 OlfGR'('IO 0')"; . . 

. a;rO~J8.r,B:i:G;DRIV~RdNRE::V: lW;tRMAX:; 1~8I'e"iJ~B~r)'; I~DQNE';ISt ~TE"!TR'; 
~. !T~MAX1~i~~RKI1MARKK'MAKMiMAXN'MNO~'MORE!M9~E~B'MXS~ZE1N' . 
h NE~lNY7NEG~OW'~~WX1NEWYINU~SLK'OBJiR'S!ZE1~!ZE~;S~~LL'x~~OS~ I YA~HNC' . . .... . 

·;t6MM2Ni~(R~Fl AA a~oo ~ , JC06'~ 1000) rI~O~ (lOI) 
COM~10N/L)AMM/MAXA " , 

9002 FORM~r('l~U';; INFEA~IBLE~' ~ 
9003 FORMAT (lHO';~NBDUNDEU.~) 

·.9Q04 EP~M~t .~lH.o" THE.'MAXIMUM §IZS, DE. tHE INVER~E HAS 8~E~ EXeSEDSp.~ 
900~ fORMI;\ T. pHon THE f.1AXIMUM NU"'l~ER OF lIERA!IOf\JS H~? §Ef;N R~~r;HED; b 
9Q06 fORMAT. llHo,';E.ITHP< THE A~'VECTOR':!S FUI..;~wrTn"~6;; ELEM~N'f5'; ,R 

ITHE ~uM8EM OF CONSTR~INTSIS-ABOUT'Tb EXCEEU~116~;:i/lxi;TAE PROGR 
- •. ·.....·g~rvLI~;:;r~XI~G".tp e~~J·Ro~'iI6i;;' WHI~A.;'IS AS, FO~LO~S';-::1 n .- ,.'" .. 

900!EORM~! ~t~O';5TIl~. INAC~U~ATEAFJER "I5~, Rg!Ny~R§I~NS;i! 
9008 F9RMAT'lHpi~rNTEGER PROGRAM OPTIMUM:,) 
9Q09fO~MAi;.!~f·i,O ',~U,t\tJR':TICER@GRI;\M OPT'fIM~M. , ~. 

..... 9~1~.:SOf~M~J<rlI10";'fHE!Nt:.GIN\lRQW C?~ .. IHE ~~DAT~D A MATB!~ IS AS FO~~O~S; 
~.~; d . 

9012 FORMAT l8(lX1F14:7) 
9013FoR~AT ll~O';¥HE VECTOR SA I~.AS.FOL~OW5:.:j~ 

. 9U14'POKMA,\ {11{O,;THE vt::(roR. :G:'IS-AS FOLLows';:.,).· 
"···~j:JJ~.E~;?c.;0~~JK:~~(:).3) t-'lO~EP~= 1 ' I' 

X SDQNE=.t .' 
G9..T.9.· .. tIr.??~:;tft?"f?:, ?fH ,9) ,~K 
GO~T()}±I}~ ~""': ........••. ". 

2NRITE \b,9eJU2) 
WRITE: \6,9011} 

..c.: ... -~~~+5:"i~r9p~~I(Pr. Vl J l 'd::1 , N')' 

. . ........ 3'WR I TE:{ Edge U3) 

0, WRI TE (6',9013 j 
WRITE (619012)tGR(K)1K=1'IIZE) 

---·:··-"'-'r·-~-"······-- J>".;'~-':' -"':'._-\>--~:'~-"~ .: ;'. _._ .~~\ 

.. ·WR,ITE;:.\6',9(H4J ..•. . . ... 
WRI T~ . (p' 901?~ tG~ ~ ) , I =l"'MN~W ~ 
GO TO 10 . . 

If WRITE: t6',90U4) 
GO'-tU'·l.lF·'· ,,-

S WRITE:: u;~ 90'05) 
60'TO 10'0 '," 

6 WRITe (6,9PU6! M~XA'MAXM'MNO~ 
. .vJiHt~~:~ ~:~9,OJ:?~ (P I V (J ~, J::1, N) 

GOrb lR " . 
7 W R r TEl 6, 90 07) I R 

GO'rP. 19 ...... . 
WRITE; l6.;9t108) 
GO'rO H!" 

9 .ViRIlE: ~6'9t:J09) 
10 REtuRN - . 

~EN5'r 

GURMAN. J. sDP'f' .' 
~_ 1 ;::".- ;. .1 •. - -;. :g",,:. ~.~. 



~N:ISOPT 
;.--(I2~2~-ir .• ··Sy8RO .. Ql !NE.·.·.. lSOPT -

. - I ." ";1 .. '" .- •• 

REA~ INV . . . 
. . INt~-~Ef('SIZf:.lSlZE1' Xt3ASIS, Y8~SIS .... . 

~()["l~l~N ~()~NO ~ gg 0r'.~ (? U 0 t '1 ~13A.?E( 2l'l 0 ') , PI Ij>~ 2q 0 ~ " x ~? 02) .~ X AC ~ go o~'; 
Jt:3 P~U.)'G~l 0g.t' IsgrFpoq) ,S qQO ~ , 5~A~K (100 l ,v, (102 r~. '. 
g II'J\(P u g;' ~ 0 u ~ '; XBA~l s POO) I XR q 00); XI3~SI S( lQU l ',YR ~;1:Q 0) ';GR~IO 0" '; . ,. 
ff TO~~8~iI3IG'ORIVER'INREV,IR1!RMAX1I~BIG1I~BND1I~DQN~1ISI~TE~!TR' 
~. 11~~A~r~lM.~t{Kln·1AR~K' ~1AXM' M~XN, MNO\~ 'Mo~Et, M~REP~'iMX5!ZE';~';' _ .. 

····.-2 .!'lE6A'!I\j,VjNEGROW'Nf,:WX~ Nun ,NuMsLK, OBJ',"R, SIZE, ?IZE~ '?M~~L 'X~~O?,';' 
7, Y MlNe . 
i'-. '. . ' •. 

YAMINC=;..roLl3) 
NEW>(=U ., 
-60'.'£(1 L=iislzE 
I::YBASIS'(L) :.' 

. -51=5 ~ n T" •• 

!FJ S.!.E~~O~O t GO TO 1 U 
YRL=YK,l LT*SlJ· . 
IF~~~L~~E~'A~INC,) bO TO 19 
YAMli\JC=XRL '" . 
NDJX=i+N . 

_.... >fuc()~tJr~~~ .... J .... · 
TOL4=TOL (~) , 
DO' 2o'~i::l"N 
INBjSINSASElJ) .... ~ 
IFJ~RB~;::G'f!:·Q:QtGB.QUNP l.J ~ • ~Q-;2:,o ~G9,.!O 20 
r=YAC(,J) . 
IF¥AGs,f~;tE:TOLq) T=O.O 
YAtt~)~=:)", . ..: : 
IF'lNBJ:EQ:~l)T~~1 

I F~ T,;Gt:.,;YAMI~t';, Gy TO 20 
'tAMINC=T 

. "i" -

NEWX=J -
21) e 9~NT! r~Q~: 

RETURN ' 
END .~ .. 

~URMAN,NEWVEC 
~-':'~-~~~~':::-~--';.-~~-:-:--~~:!< - C,;'·'.-:_·-· 



\J;'NEWVEC 
~- : • ,..: : ~'t :...,. , 

SU~ROUTrNE NEWVEC 
~NXg~~~~S~l~~~lZE1~X~AS!SIYB~S.:I5 REAL 11'JV ' ... :. ' ',.. ,'. ' " 

CPMMON ~OUND(200) ,C(200) 'fNBASEl2ClO) ,PIV(200)'iX\200)',YACl200)', 
rBr120('GT!Ob~dSp·FpOQ);SqQO~ ,S~A~K(160~'fY,P~2)~ ,., \ . 

.. _c~.,..~ll'JlvJ:lO~:npOUXI3I;\§l S~ 100) ,XR< f. o~n .' ~B~SI 5 ( 190 rn'R'~'1:QO r;GR~JCJO')"; , 
~,·IQL(~)rB1GfDRrV~R'INREvrRtIRMA~jISBrGl1SI3ND1ISDQNE1ISTATE7IT~1 
.. 1 ," -, . _. . I , . . .,....... _""'- * \. ' .. ~ "'" ... ... 

~ ~T~MA~i~;MARK11MARKK'MAKM'~~XN'~NOW'MORE1M~REP~rMX5!ZE1~i. '., 
~. ,~~~~N~iNE~ROW'N~WX1NEWYiNUMSLK,OB,qIR'S!ZE1~!Z~!f~M~~C'X~POS~ 
7 yAM.1.NC .~ . ",' ' . ' , . . 

.. - --~J~ -.- - ." :.".; ,-~ : -;~ .".- . .- -
X,KPOS=:t;o 
IF(N£WX:GT;N) GO TU ,+U 
DO' 1'0 K=l:rS lZE. 

1_U GR(K'i:U;O ., ~ 
f)O";3U' L=r;srZE 
l::YSirsrSCLJ' ,.' .. 
Alj~A1l~NtWX) . 
IF(ArJ.~Q:o;6) GO 10 30 

'- QO J 20.'K=1)Sl'it: . " 
2U GR(KT=G~(K)+~IJ*INV<K'L) 

I ,\ - ~ .. '.,' ... " t " .' . \ 

30 CONTINUt:·· ; 
_lF~l~BA~g~N~~X).E~.-!J ~K~OS~~1:0 
Go TO. 60 •. ' .' . 

40 l=NEwx-i\J 
t.:=ISE:FF (r ) 
00' 5tr K=l ~ SIZE 

. _........ .;...)... -""" ;. :'.:. . ~ ..... ... . ,.. . 

50 GR<K):lNVitK,LJ ' ... '. " .. 
1~f~llj~t~:~i!6)XK~O~=-1.§ 

6u. RE'l'URN' : .' ' ' 
(NU .~ . 

LJRMAN;KEt}Dtt~': 
, 1 P-\ .. '. ' i; - : - . .., ... ~ - .:-- . 

1 

I 
1 

I 
I 



\N.REUULE 
c~-"-'7~C[~'c~"C'5UBRUCJtINE'REDUCE ......... '. ' .. 
"'-"-"--""""J:I(rE~~kYsIz~'SlZE1' Xt3AS1S .YBASI S 

HEAL INV" .. "f '.' 

.--- .. ~O.MMQN.§O~ND ~200' ,C! gou ~ , INB~SE:.( 2DO .)"PI V (2Q O! '-'X( 200 )';'!. AC~ goo ~ _'; 
.. ___ ~_.~.~.._-_f_ BJl:~ Q)t§.~ 10 Q~'ISs~f.~l U2" .Sq. 9 O! ' S~A~K ( :t 2 0 1 ' Y ~ 1 O~ r,' '. . ' 

~ INV~lUO'100)1XBAS1S(lUO)jXR1I00)iYBASIS(100)1YR1100)1GR(I0011 
9 TO~~81i~IGtDRI~~R,iNR~V,!R1~~~AX1I~BIGti~B~D11§~~N£1IS!~TEt!T~1 
5 ITRMAX;M/MARKI1MAR~K'MAMMiMAXN'MNOW'MOREiMOREPR1MX5IZEiNr 

, .. -.----. 'e;-~~~fN~,NE~~O)J'N~}'I?<'~NE~Y j~LJM~LK' O~~"'R' S!ZE';~,!ZE'~;;~M~Ct:, XK~9$';' ' .. ' 
1 yAMINC '" ., 
"'MARtd ='0" . . , 

MARKK=U': 
'--fF'fNUMSLK; E@;U) ______ /.; .. ), ,._.. GO TO. 52 

1T=51l£ 
00-60 K=1 d T 

lU IFl5iz~~~£:1) GO TO 70 
Cl:::xsj\Sistj{.) '. 
iF'( J![t-:;N)" GO . TO 60 
l=J~N .. .' 
$1=5'(' r) 

:-,-c-- •. iF1'51it<·xiHK:f.LT.O;'O.Or,{.SI.EQ.O;O-;M;JD~XR(K)'NE·;O;·U,) GO TO 60 ~:~:.~:::.-l.L:~~>.~~.--=--·~· ~·--f-.'·.""· '---'-;--O'-;;'''~'l---'-' -, .. - - ~"". ,"," ":"1'~ \. ,,+,., ..... _ ', ... 
IF(K;EQ~SIZ~l GO TO 3U 

i i ,.., 01 .~ '\. : •• 

f)O 20 L=l, SIZE 
2U INV(R~Lr~INV1SrZEiL) 

............... ···~:::XBA5iSf5IZE)· .. 
-~~~- ·XBASiS~K)=j:~' •.. 

n:lj~ Li::~~j\J)' 1 N8ASE{ J) =K 
30 SLACK(lJ=XR(K} . " 

:XRJKJ=~~R~S;iZ~) ." ... '.' . 
IF'NE~lNV:EQ:51ZE) NEGINV-K 

-I' !" '. ~;: '-1- e 
L=lSEFFn, 
)s~FE~1'i=9 __ ............. ,. 
IF(L;[i:,}-;SH:E).GOT9 5U' 
DO'! 40 'KK=f',sIZE-

4U rNV~KK,C)=iNV~KK';SlZE) 
TR~Lf~Ykt$XlEJ. . 

,'-cYi3'AS1SlLl::'l'87XSlS(SlZE) : 
r=YBASl 5'(51ZI:) --, . - . 

,., -- .... . ~., .~ 

ISEFF U} =L 
5U XBAsls,SI~E)=H 

~-----•. _-.~..,.--:.-.- .. ~ ····'!:'"· ... :-~:t:4.,: ·C;:)o·-:-i~""':"_·~ 

~~~;_._:"'5ILE=SllE;';'1'\ .. 
5IZEi~~Iztl-l 
rlJUMsLK::NUMSl:.!Ki:.l 
_~9·T~.~Q .'. ' 

<6UCONTINUE·, . 
'--'~~--7U tf:'\sl ii::';L:r; 2;ANO; XtjASI S( 1 J;'GI:N) MI;\RK,K=l 

. IFjN~GINV;E{jf;t:l.:AM[j'-M1XRI<'K.gQ·~~l Go, rO 8U 
~=O .. ._. ..' 
'rf=(~iEG{N{;Nt:;'() );j=XBASIS l NEG!NV! 

-............. " ........... -.. 1 FtJ; G(;'N) MARKK::NEGI NV" 

IF~MARKk;EQ';O} GO 'IO'BU 
MARKi=x8A51~lMARKKJ-N , .' - -.c··.· . -C"'·-··'.,~ .• ,: _ .. ,. 

' __ .. 80. .. ~~GLJBN . , 
JKMAN.KEVEKr 
'1'\,." -t-'! ,," 



iN;RE: vtf<J . 
0' .... ,,-" "5U~ROUT INE REVERT 

'REAL li-JV ,,,, 

_tt-frE~~R'SlZl:?SIZE~'Xf3ASIS,YB~~lS _ . .• 
~.o~M~N ~.o~rxJlJ;~200! ;C(2UO! 'fNB~SE(20q) ;PIV~2QOp'X~gOQ)'(;XAC~?OOl' 

-,~, B!1~O'iG~!Ug?'IS~~F!109'tS(}OO~,5~A~K(iOOl'X~19Q)' '. 
?-1~V~~U2'!Q9!'XBA§lS!10d},XR~~QO)jrB~SIS~lQOr1YR~lQO~~GR~~OOri .. 

. ~..:r.OL:(8r' BIG'lOR IVEK, I Nr~~vi ~ R'I'IRMAX; 1 ~BI G-, I?B!'l[r; I ?q~NE';r ST ~TE'; !TR.'; _ 
l2., I T~MA1';'M'n1AHKl';MAR~K' ~AXM' MAXN, ~!'JQW' MORE, M9REf.l~~'''MX5! ZElr'f" •• 
e- NE~fNy 'NE~~OW' NgwX ~ NE~Y • NUM5LK,' bB~';R' S!ZEi~!ZE~l?MA.Lt;, X~POS,· 
~ YAMINC '. . ' 

9~9~·;~.()~M~T(,}~( "'2g~l'REINV£!'TEg AT ITE~~!!.oN; .. 16l 
IR= !K + 1 -
ITHOLO = ITH 
INREV =~'1 -
rlOCO':=sMALL -
5~iALL ="0-:0'-
TOLa':: T.oL.(S) 
Do ~U ~Y=' i,~rlE 

To IF~O(B/\SI5'tKl,'LE; N~ G.o TO 20 
'1 :: XSAsIs'(K) '::'N 

c. =rs£nq i)' 
IF~~J~ ,.gg;q __ G9IU_ 20 

- XBA$IS\K)::::XBASl S (L) 
~ .. -XBASlS'~) ::: I + N~ 

j = X8ASIS(,K) . 
rF~(j iGr:'N) GU !9 10 

:20 -CON'rr'NU-~ .."', , 
eo 40 K~ iiSlZE 
IFCXl3ASISTKY- .LE-;" N~ XBA§IS~~,) = -:X~ASl.S(K) 
eo 3U L"'=:r;'SIZE 

..,30 I NV'~ ,L'i =f u;'o ...•. , 
4iJ INV(K;KJ = l;e 

eo 5U.;' ::-1' N 
IF,qN_bJ:\s.~~i;Jr ~NE_;-!) ,IN~AS~~J) "" (1 

50 eoNT 1Nus .. ' .. 
DO gO K'~ 1,SIlE 
ttJEWX"= -XBASISlK) 

, . IF (NEWX :tT: 0 :OH. NEWX .GT: N) GO TO 90 
~{~u, ~~-~~"!~E~.v~i:;"..' .... . .' ;;,. 

, ~d ou kK= l'SIlE 
IF ,Xl:3i\SIS'('i'\K).G,-. (1) GU TQ 80 

> ABDIF ="'At:3S-rC;R (KK}J . . 
IF(ABUlF''-;Lf; TOLt1) GU Ttf 8Q 
IF t~Ewi';NE: O)~U TU 70' 
~E:?t,:~,~4§:Ll;:O .. ~bDIF) , 

- ..... ·~P:VJy,'=I\.f\ ...• . . 
:__.,_. GO TO 6u 

7U 'ABDIF="AI:3Sl1~'O '" AI:3Dlf) 
" iF iA~U1F-:Gt; BE~I)GO:T§ 80 

8Est' :::AsDlprf . 
NEWY' = Kf< 

8U eONTlNut: 
IF(~EW~';Eq:~V~GYTU 90 
18QLD:;::;~~:;:'XB/\SlSJN~WY ~ .. '.' 

.. IFf1HULD ';E~; NEWX) !HOL§ - 0 
tAL.L.."Crl~SIS" . 
XB~S!S(NEWY)- NEWX 

~---·:;-:;:I~-.·c-tE'~t:rHoiio';:EQ.;-O! ;'(70 -TO 9§' 
.. ····_· .. ··I'IlEWX .. :: 'J-HOLO' 



';IU l:.VI\Jl.1NUI:. 

;2J~?I':"[;~gM~~'lj':~:':~ __ '1 ';5J:2 ~ 
. tl. =' 1<SASI StK J . 

"Il~,'~~ ~, ..• ~:r; '.~ L60 TU lOU 
>=Vl::rASIS(K) . ".~" 'r 

~~~~Y~1~T~~'~'+ r 
NUMSC~ ~. NUMSlK ~ 1 
GO TO '11:0 . 

[~~'X~{Q2'~:~:' (~'.i'~E.;"N}.~ NaAS~ ~J) . = K 
IF (J \GT; NJ NUMSLK'= NUMSL~ + 1 

110 CONT~NU~: '\ '.' .. , 
• ,. 5MAL,L. =" HOtD 

,<.!.:: ,"D:Cf'i~:OI~::: :tist ZE 
X R ( K ) :: ./ '0 '; 0' " 

t, .,f. . 

1:2U "'R~ K~ =' 0';0 
~O 140 K = liSIZE 
i'="Y8AStStKl " . 

"b '::X[jAS"rS(K)" 
TC· ... :;:"U.U ." " 
IF~J:CE~N' TC:ClJ) 

, tB=Sl'.C>'·"'··" .. 
. bb"i~O~J~ l~N 
·IF.nr~t3ASE~JJ(.NE. ;,,1> Gt} TO 130 

T6 = T~- BOUNO(JJ) * AtI'JJ) 
'·\,;f3P,t()NJINL!~.'''· '.'~"' .., . ... . 

DO 140 L = liSlZE 
XR (L..L:;' XR( L) + TB * INVl b:,K) 
_Y~,~ C'}.:;YR. n ... ~ +!c" * I N\j(lf~ L~ 

'J:F·('A!3S(YR;<L).LE,.<SM!\LL).' YR(L) ~.O;O 
.' IF (ABS.~XR(L'! j .t::~ .• SMA~L' X~~l:) :: 0';0 

140 CONTINUE _ ... 

·",.~E~X,~~O~"g,,:_, ..•..... 
. .... bO""lBo'K: l.';SlZE . 

XRK":'XKlK'> . 
tJ = XBA51S (to 

'<:i ~=f1 sB~b:::;~r.Gg)T~()l*g. 150 

IF (§6UNb!~) :EO: -i:u) G~ TQ 150 
IF.JXf{!,.;G'j"; B9UI"JP(J~) Xf{~' = BOUN~FJ! - XR(K) 

i5U IF (XRK';GE;n Gort) 180 ' .., 
.c_~. '.-',,' GO rU"170 . .. ", . 

160 1 = J 'l"""N 
,·~,~:.::.·.lf:t~.LLL.Nt:::O.Cl.AI'()t). xA~ ~ 5(1) .GE. T~?~'e' SJq :'EO. 
'(i'l? .. , ABS(Xf{K) ')f:(,:",1:0} .GE. T) GO TO 1~0 

17U 't'::·;::(.if*·ABst XRK) 
. NEGli'l\t:: K ~. .. . 

[)RIVER:: 1';'0 
.1F·>~~'F(tKt~$r;; O!R '. DHI VE~' :: '!o1 ';0 

t8u CONTINUE 
, IF~NOM~~i< ;'6£;.11 CALL HE§UC§:. 

eALL"CHSLC~" , '. 
,tA~L,' ISOPT:,·.· 
iTk=' ITHOLO 
INREV =" 0" ' . 
OBJ :: 0.;0 

jQQ"i9.02J ::,1 'iN 
,IF qN~I;\S~'(J~ ~EQ'; Ol GO f9 ~~O 

~ .. OBJ = uBd ~ X(J) * C~J' 
rl. 90 ., (;Q~Tll\J~&, ,...... 

: ',:,", WRIT~.~6,90(j0 )rTR 

I 

I 



KETURN 
END'~ , 

RMJ\N. SEEKX 
r~""~-··.~"_!: ----r-r-,,:-: ::". 

" I 
. j 



.. 

I. ::,t.t.I\J\ 

.C'"'''T.~e e~~~~~~~~~N(,SE~KX;.~'. 

_. 

INTEG£K·'SIZE"SIZE1' Xl3ASIS;YBASIS. . 
~q~M2N.H()~~9,~~90!XF <guo ~ , lNB~$E( 2C10t,PI V~290 l 'IX ~ g02')"~ XAC-~·?OO fr. 

1.B.J~~8}~GP:\J2~.'I;;~ff:POQ)lsqqo~ ,5~ACK(100~q~10Q)"· ,. 
~ I~VflU~1!OOtYXB~~lS!lOQ"XR~JOO);XB~SIS'lQO~1YR~lQOl1GR~~OOr1 
ff 10~( B!, f3IG';bR r IJ~K, INR~V, IRTIR~AX};I~BIG'; I§B~D'n~DS?NE';IS!~TE'; !T~" 
~t .. !J~~A~~'~;f!'1.ARKl·~~/\RKK' ~A~~.'MAXN' ~NO~, MOr~E';MOREP~"MXS! ZE';~" 0 •• 

6~ANEGINVTNEG~OW~NEWX1NEWY NUM$LK,OBJiR,SrZE1SIZE17SMAlL,XKPOSi ~ ... -- .... _-' •• ;.-. ~'1'"' ----',,." -" -'-'--~ •• -:--- - - •. ; " ,.- : ~. . "; , _...... -."It ~ .. -I"";i' _,,"~. •• 

J. Yf'M1NC. . 
COM~iON/f:\REFI 1~A(19UO~ 'J~Ob'POOO), 111 0W (lUl) 
COMMON/DAMN/MAXA . ',. . L·· . 

····~E\~J~(' :::0"'" . . . . .. 
·R::: ;:'BiG . 

PIVr-.,AX :: o;u 
~MAXP ;:·"0' 

. f3ESpJ:V =0;0 
TO[3-:: ·fOU(3) 
TO~L+ = foL('4~ 
TOL5· = ToLto) 

: Go j·l~b r; J '::' ·.l:-'N­
lOPIVj j) =0; u . 

Do 40 L"':-':'trSlZE 
'1 =., YBASISTL) . 

~oc··5f~="s( 15':·'" 
iT ~ YK{(j * 51 
IF ~ABSlyi) :LT. TUL3) YI = 0;0 
~Ir-JV~ .=,:INYlt'l~.GJMy" q 

. "rSTAFn= lRO\{<Il 0.·. ·co 
-- . - -~,..... ~~ .... • ,'';''~, - ,,- - ,- ._-- "I -' -- ... .. 

LAST = !ROWll~l> ~ 1 
bb 2b LOOK.="ISTRRT,LAST 
J=JCO~(~OOKJ . ~. 
I F·"(l'NoASt:tJt>~·GE:; 1 • eJR. B()\~~ND (J) • EQ. 0,0) G0 JO 20 
·~ij·= 'iVULOOK)·· ... 
PI\) (~):' PIV:rJ) :r AI~ * H~NV~ 

2U CONT I NU~.. .... . 
•.•... , ·rF(5_r'·;EQ;~0;O) GO TU q.O 

~IVOT=RINVt*51*DRlvER 
IFtPlvOT ;6£:;. -rOL5 .OR. PIVOT .Gf;. -0.5 ;·AND. ~E~X ;NE;O -:AN~; 

.1'0 ~~r"~< 0;0 ~ -00 T~ 40 . 
~,.,... IF .. (t~IVOT ;6E;·_ -0;5 ';AND. YI. ;LT, Q.O) GO TO 30 
.. - NAtIU"= YI I-PIVOT 

·IF(KATIO·;Lr;' R ;AND •. NEWX ;NE; Ol GO TO 40 
IF' (Rf\ri().';'ECr;O;O .AND;~lV~l ';GE; BESP,IV~ GO ~2 ~O 
·fF'(R~fl6.o:EQ;O;Or. I3E~PIV-= :PIVOT 
~ =RAno 
YAMINC ~ 'vI 
NE\-J)(·= . Nc~.1 

/··GO'·T040·' . 
3U iF (PrVUT;GE; PIVIVIAX) GO TO 40 

.. "(A~P" = rI · .. " 
~MAXP '= Nfl 

·········i"i VMAX: =F'lV(JT ... 
q.O eONTil'JUE'~" 

eo 6'0 J':-': 1,N 
·lNJ .= INBA5E{;j) 

.............. ·}j::I!~~~~;G; .. 'I1::~.OK. BUUNDI~);·EQ. Q.O) GO TU 60 

IF(l~J-:EQ~ ~l) SJ ~ -~.g 
. FU~~C"~.XA.C.(\:q * SJ. ._. \ 
. 'fF};'8t3S~E'.[J,N(;; t! LT -;JOl4-)F yNC - a, 0 

. I 

i 



... :.:----.:.~~.:: :~~::.~.: .. .. .. - .. , . 

. PIYOr= P!Vl~~ * §J J+: DRIVER 
. IF (~!V9T;GE.~";TqL5 .OR. "PI~OT ,Gt;. -0'.5 ;AND. ~EYlX ';'NEr 0 
1 ;AND. fUMe :Ll. U,O) GO TO 60 

.'IF'(P1V()T'';GE;,-b';t>':AND. "FUNC ~LT; 0.0'), GO TO 50 
. f<Al'IU':: FUNi.:- i PIVOT -. ",,! "', 

iF'(RA1!0"';l!~ H ~ANO. ~E\~~ ';NE;,~ 'GO TO 60 
IF~~!\T!Q;'EQ. O;0.ANO;,~IV9L~GE 'SESPIV) GO TO 60 

,_>IF rRA'n O ,~'EQ;' ,0;0) 'I:3ESPIV"= 'PIVOT '. " .. ,""" 
H =KAflO • -
YAMINC :: FUNC 
~E\~X' ':: J . 
G9'T6"60" , 

5U IF, ,elvbT :GE~ PIVMAX) GO TO 60 
P.IVMAX ::' PI VOT: ~ l 

YACp' = FUNC - ' 
'··'·'0MAXP't"::"j'" 

6ueoNjlNug " 
IF, ~~EWX;N~: OJ GO TO 70 
l'QEW{':: JMAXP ,. , 

YAr~INC=Y~CP' 
'IF iNtwi, :~~: 0) R = YAMIN~ < PIVM~X 

7U' RETUR.fl 
" ENU' I" 

~!3 ~i-\ ~ ,,_ ~~§ 1«(' . 



: .. - ... 

I;SEEKY 
". '5LJ8Rb~:JTINE SEEKY' 

-REAL' 'fi'Jv .... 
rN!t~ER SIZEiS1ZE1'X6ASISjYBASIS 
COMMbN~OONU(200)~C(2UOJ'fNBA5E(~OO)iPIV(200)1X(200)'YAe(200)1, 

._t'~?cJc~BIl:QlJn~Gf~UQ~·" IS~rFrio Q) i s:tf QU ~ , 5p'~K (100 l ' X ~ i6Q)~' "-\ , . 
g INV~lO~'~00!1X8A§lS~100),XRlI0Q);XB~SIS(lQO!1Y~~lQOl1GR(~OOr7 
H~ rO~A8~.elG'DRlV~R'lNR~V,IRtIRMAX71~BI~1I~B~~iI~D9N~11S!~TE1!T~! 
.~ ....... !T~~A~';~·~r-1ARK~';~ARK~.'M/\XM,MAXN, MNpW, MORE'iM~REER';MX5!ZE';~" , .. 
6~cNEGINV~~EG~OW)NEWX'NEWY NUM5LK,OBJiR,SIZE1SIZEliSMALt~~KP051! ." .~. ·"j~M.lNC ." ;," ...... ,.; ." .. ' .... ,. '." ...,., ... .~ ., .~ . 

COMMONIAREPI AA(tOUOl'JCO~'(1000)'I~OW(101) 
COMMON/OAMN/MAXA'" .. ( ", ."" . 

~'~~~~6~;,g'1~;:~':"": ..... 
R=B 10-- .' 
NEWY'~= 0 
'(Q~5'=.I9~J5) ..•. 
rF~ p BSNo -:E~:: 0 ;'UH; NE, .... WX .GT;' N) GO TO 10 

. IF ~~OUNO~N~,W");~~. -1;U) GQTO ~p -
R = tWUNO(NEWX) 
NEwycc':::';;";'l' / ,.. ..... . .' 
IF:,NEb!N\I';EQ;, OJ Go TO 3g 
XRNEG"-,= . xii '(NEGI NV ) 
~ = ~BASI$lN~GINV} 

, __ , ...... : IJ("I~:}~T~i·N.r>G0'1\), 2 0 
BOUN00 = BO~N~(JJ 
~ F ' (?du~b~~·GE. XRI'lEG • OR,' B9UNDJ • EG. Il..l.0) GO, to 20 

. XRNEG = XRN~G ~ BOUNDJ 
···29·RtRy'~='KR!\fEG'~j.>(X~POS.*.G~(NgGINV H. 

IF'" (Rn-n, ;GT.; 'R) GO T03U 
R ='RTKY a 

, IF~(R-.tE;SMA~l~ ~ = U;O 
'NE;WY"'::'NEGI N\( ".'., 

1'F (K.~Q~O':U) G9 TO. l~U 
30eOgO K= 1,S12E . 

IF(K .EG'; N~GINV) GO TQ filO 
". '··"GK';:'GR'lk)i':XKPOS 

'IF 'c'ABSlGKr';tE. fOl5) GO TO 90 
i.:J ::,XBAS1S'(KJ" - ... 
IF- (J.GT:'Nj 51 = S~J-N'­

;2;f_r;E.g~~IF.'.JJ·.:~E·; ~1~l·tjOU~DJ· =~OlJ~O ~ ~J 
XX = 'XklK) 
IF ,SK ~tt: 0:0) ~U TO 70 . 
IF (XX ;LT-;' 0;'0) GU. TO 90. . . _ 

"::Il=J;t:L~,~f-r:AN[);BO~JI\jUJ';EQ':-r. O!OR; J;~E;N. A~O. X~;L~;BOU~QU) GO TO 40 
IF"S ;GT; N" .AND; S1 .EG. 1.0), GO TO ~El 

GO' TO 9(F " ',. 

!+U"lF L~)(.,. ~E;~~ * Hr .. GO TO ~o 
·SORi=XKd'GK .. 

"'--60 ~IF" (R ;C:EZ' Sf'.1ALLJ R = o;U 
. NEWY-= k . 

IF ,R .t:G: t:):Q'GO TO l~O 
.GQ.rO'.9tj' .'. '. . 

7UIF ,J ¥~T;N~ GO TU eo '. ~ , . . 
'. IF' ~t30Uf'JDJ;t:..Q~';'1;Q.0~.XX.6T"'9,.O.OR.XX.GT.BOLlNO.:J~ GO TO 90 

U ~X .. - 'G~, *.R~ • LE., ~0l-JNIJ~ t GO ~O 9U 
'=.TBUUNO;:J-;XX) It-l,U *~K) . 

..,f," ._-_. 7 • -- ... l: •• ,.' -- ". . ~... , 

GO TO 6U 
8~lF (~X!.G~; O~() :'~K.S.(J-N~ :GE;. 2,;g~ GO TO 90 

..... ,~. ,.tF., U.[<X - (3K, * R~.-' LE, O. ~ ~ ~y TO ~o 

. . 
I 

j 

! 

j 
I 

j 

.j 



-_. ".-_._ .. _ ... -- -- . . -- _. - -

9U tONTINUE 
DO" 130 t = l~MNOW 
!F~ pS~:JFJ!)"' .[Q'; U) GO IA 10.".0 ...•.. 
6(1 ),::.: 0'; O· t; 

'GO TO 130" 
lOU $LAcKi ~. SlACK(l) 
· ~(~;SsJ)' 

GJ::; O,~Q '. 
lSTARf= IROW{l) 
~A~T~= r~OW(l~l) ~ 1 
~0120 COOK.~ ISfAHT1LASr 

.";j:: JC0[(COOK j ',"" .. 

rt~j='" 1 NBASi::{~) 
IF'(I~j~tt;/a)~ GO TO llU 
Gr ;G~ ~ ~~!~()OK1 * GRJINJ) 

......... ' GO TO 120 . , 
.... ilu IF(~ .~,Q; N~~X) ~l:: G~ + A~~LOO".~" 

120 c:o N, I! NU~," . , .' . 
Gtl) :: CH 

.. IF"( ~U~(Gi}~t:!E.i:Ol..~), GO TO 130 
IF (Sl:EQ; 0'.0 ~'J\I'JO; SLA§KI ;NE.. 0;'0) GO TO 130 
IF' (51 * StACK:! ;'LT. u. 0) GO to 136 ~ 
(31 ="Gl *~XKPOS " 
T='SLlACKi ·· ... .:-'G1 * H 

IFrt:GE~O;e ;A~D; SI:~Q;l~~ :?R. T;~~~O.~ :AND.§!~~Q:~l;O!GO TO~3Q 
A ~ SL~tKI I Gl . 
IF"'" (R' .LE; SMALL> k= 0;0 

. .cI\lEW('=5.1 ZJ;: ,{ .~' 
GR(SlZti)-: ~1 * XKPOS 

·f ,.", - -;'.': ..... - .. 

IF (R,·.C:Q;.O.U) GO TO 140 
i3U C:()f\JT~t-!lJ~ """ 

. ~~O I'(~IU". N .... 
END 
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