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ABS TRACT

The branch-and-bound technique has been the basis for algorithms to

solve both the mixed integer linear program (having linear objective

func tion, linear cons traints , and integrality restrictions on some

variables) and the concave nonlinear program (having a separable con-.

cave objective function and linear constraints). The subpr ograms for

each of these branch-and-bound algorithms are linear programs with

simple upper bounds.

In Volume 1, a new branch-and-bound algorithm is presented for the

composite mixed integer, concave nonlinear program. This integer con-

cave (ICØN) algorithm has been implemented in the form of a computer

program coded in FORTRAN . A guide to the use of the computer program

together with examples of its application are included in Volume 1.

Documentation of the computer program is included in Volume 2.
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FOREWORD

Optimization problems involving integer-valued decision variables

occur freq uently in operations research and in systems analysis. Many

cost-effectiveness analyses performed within the Department of Defense

are optimization problems of this type. Specific applications related

to amphibious operations occur in mine wat~fare , logistics, and fire

support. This report presents a new method for solving a large class

of integer nonlinear optimization problems.

The material presented here implements ideas developed dur ing the

author ’s program of studies in the Department of Operations Research ,

School of Engineering and Applied Science, The George Washington

University, Washington, D. C. Support for this research in integer non-

linear optimization and the development of computational algorithms has

been provided by the Naval Surface Weapons Center’s Independent Research

Program. The author is presently involved in surface warfare applica-

tions of this optimization technique.

RELEASED BY:

d~~~~~~~~~~~~~

RALPH A. NIEMANN, Head
Warfare Analysis Department
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1. INTRODUCTION

The IC~N branch-and-bound algorithm has been implemented in the

form of a computer program coded in FORTRAN for the CDC 6700 computer

system. Appendices A and B of Volume 1 describe the input data and

the user subroutines which are required by the program. Appendix C of

Volume 1 provides descriptive examples of input data and user sub-

routines for three test problems. Volume 2 includes that additional

information which is needed to fully document the computer program.

Although the computer program for the ICØN algorithm was developed

for use on the CDC 6700 computer, a special effort  was made to assure

that the programming techniques utilized would be compatible with a

wide variety of computers. Minimal e f for t  should be required to con-

vert the program for use on other computers having a FORTRAN compiler.

The Ic~ N algorithm, like many branch-and-bound algorithms, re-

quires substantial amounts of computer storage for most efficient

operation. In the CDC 6700 computer system , the availability of a

random access mass storage ~ievice fulfi l ls  this requirement. The CDC

6700 system subroutines which are required in order to utilize this

capability are described in this report. Other computers possess

similar capabilities to which t~~ computer program can be readily

• •
‘ adapted.

Appendix A provides the general flow schematics on which the

computer program is based. Appendix B gives the definitions of param-

eters and arrays utilized in the program. Aspects of programming1



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -n —~~~~ -~ — — -.-. ——-- w ~~~~~~~~~.

technique are discussed in Appendices C and D. Appendix C deals with

the use of mass storage for the branch-and-bound list while Appendix D

deals with the representation and solution of subprograms. The sub-

routines which comprise the ICØN algorithm as well as the system sub-

routines which are used by the algorithm are described in Appendix E.

Finally, Appendix F provides a listing of the computer code.

2
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The gener al flow schematics f or the IC~N branch-and-bound algorithm

are presented in this appendix. Figure 1 shows the basic sequence of

steps which are performed when Method 1 is used , and Figure 2 shows tha

sequence when Metho d 2 is used. Methods 1 and 2 are discussed in

Volume 1.

The general flow schematics shown in Figures 1 and 2 agr ee exactly

for phase 2 of the branch-and-bound algorithm. The schematic of Figure

1 ca~i be regarded as being embedded in the schematic of Figure 2 if the

test “Phase 1?” in boxes 6, 18 and 28 of Figure 2 is replaced by the

test “Phase = 1 and the variable best upper bound method is in use ?“

With this replacement, Figure 2 represents a general. flow schematic for

the computer program implementing the ICØN algorithm.

5
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The paramete rs and arrays  used in the ICON branch-and-bound

algori thm are described in this appendix.  Fixed storage consists of all

pa rameters and two arrays (array s IMASS2 and IMASS3) which are located

in labeled conunon storage . All other arrays are given variable dimen-

sions , with the actual value of these d imensions being assigned during

program execution.

The use of variable dimensions resul ts  in the minimization of the

core storage required during a computer run , an important factor  in the

CDC 6700 computer system where the cost of a computer run is proportional

to the amount of core storage used . A fur ther  benef i t  from variable

dimensioning is the el imination of a~ tj f ic ia1 limits on individual pro-

blem pa rameters (such as the number of variables , N , or the number of

const raints , M) which typ ically resul t  when fixed dimensions are

assigned in a computer code . The use of variable dimensioning thus

resul ts  both in reduced running cost and in program f lexibi l i ty ,  where

either small or large problems can be solved with the only changes being

in the user supplied subroutines.

17
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FIXED STORAGE

Exhibit  1 shows the labeled conunons used in the ICON branch-and-

bound algorithm. CØMMØN/P0/ consists of a set of pointers  used in con-

junction with the variable dimensioning of arrays (parameters NIl

through N112 and parameters NFl through NF24) and in conjunction with

the bra nch-and-bound l i s t  (parameters NIMS 2 and NFMS3). CØM?~N/Pl/

consists of the control parameters discussed in Appendix A , Volume 1.

COMMON/P 2/ consists of those parameters which are used repeatedly

in the algori thm. These are:

Va riable Description

EPSI and EPSIM Tolerances ( l0~~~ ~nd _10ui.) u sed to test if a
number is zero within roundoff error

BIGN A large number (10100) us ed in p lace of +

BEGTM The clock t ime at which the branch-and-bound
algorithm coiisnenced the processing of a given
program

Ml , M2 and M3 The number of less than or equal , equality , arid
greater than or equal constraints in the program1

M4 = M2 + M3 , the number of a r t i fica l  variables
associated with the program

Ni = N + (M3 + Ml) + (M2 + M3), the total number of
va riables associated with the program including
slack , surplus and artifical variables

MPI M + 1, the number of basic variables in a one
phase linear program , and the position of the
linear progranuning phase 2 objective function
among the basic variables

1See the discussion of the constraint matrix and right-hand-side
vector in Appendix A , Volume 1.

/ 
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EXHIBIT I

lABELED COI~~ N STOEA~E

CON ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
t NIMS2, NF t , wr 2,Nr3, Np 4, NFS, Nr6,NF 7.M,s. NF9,Nno, NFII,
2 Nfl2 ,NFt3,NFt~~.NFt~~,N~ t 61 NF t 7,Nns, Nr t~~,NFzO,Nc2t,Nr22 ,
3 wF23 .Nc2~~,scIqs3

CONPtON /PIIN, M, j T Y P F ,NST DA T ,NOO PL1, NRV~~Lj , NTTT Ej ,Mf f l3 Rt?,  NSVRLZ.
t PITIT€2, MXL !ST ,LTSTOD , IT A PE,T cR ,’4X!TER ,M~ !NV ,!OU TPT,
2 TTRAC E ,NS TAR T ,TTH~ t ,TOL1, TOL2 ,PC~ U8,&LPHA (JO )

CON /P2FFP~~t .EPS ,BTnN ,BEr,TM ,N1 ,M2, N3, Il~~,Nt, NP1.NP2,NN3,NM1MZ,
1 NM jM 3 ,P1tP2, NP t,N~ UI4,NTC .MtO

CONNON/P3/NOD~~OT ,UNOT, IRU~~O0 ,LPHA~~F, NO~~~UL, N8V QUL ,t4TlGW T ,NLIST ,
I NLlS T~ ,NFEA 5,LStMX , I T R TOT ,TTRIIAX ,RL.5,NR RNOQ,PRQNOO,
2 NBRVA P ,N U P O W N ,X~ °~1f~C, T Bq NOD,Hfl DE,LN’ ,OE, Z,~~OUNDL.B OUMOU,
3 TSTG ,TFE*S, IOOVRI,IUFO NI ,xB~VR1 ,!eRVq2, TU~ ON2 ,X8RVR2 ,

LiO ,NTTcR ,NBINV .w7, TPHASF ,NPHASE ,NN3H7. IAtGO , IEOJ
COW $ON/ P~l SAV E,KR RA N ,XI
CONMONFPS ,IqOUN~COI4MO NFAO1IMISS2( IOOt ) ,TM*SS3( 1001)

19
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Variable Description

• MP2 = M + 2, the number of basic variables in a two
phase linear program, and the position of the
linear progr~~~ing phase 1 objective function
among the basic variables

NM3 = N + M3, a parameter used in subroutines GETCOL
and ØBJl

NMIM2 = N - Ml - M2, a parameter used in subroutine
- GETCØL

NMIM3 = N + M1 + M3, the total number of variables
excluding the artificial variables

N 1P2 = Nl + 2 , the total number of variables plus the
- • linear prograu.ning phase 1 and phase 2 objective

- functi-ons

NP1 = N + 1, a parameter used in subroutines BØX2,
BOXI5 and OBJ I

NSUN The total number of nonzero entries in the con-
straint matrix’

NTC The number of constants in the table of constants
for the constraint matrix’

Mb The position of the objective function (either
MP1 or MP2) in the current phase of the linear
program

COMMON/P3/ consists of those parameters which are required through-

out the branch-and-bound algorithm. These are:

Variable Description

NODNOT The node number corresponding to the current best
upper bound

UNØT The current best upper bound

~See the discussion of the constraint matrix and right-hand-side
vector in Appendix A, Volume 1.

20
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Variable Description

IBU B~P Indicator for the variable best upper bound
method (0 = do not use the method ; 1 = use the
method)

LPHASE Current phase of the branch-and-bound algorithm
(1 = no feasible point has yet been determined;
2 = a feasible point has been determined and the
current best upper bound represents a feasible
point)

NODRUL The current node selection rule according to the
phase of the branch-and-bound algorithm

NBVRUL The current branching variable selection rule
according to the phase of the branch-and-bound
algorithm

NIGHT The current limit tightening rule according to
the phase of the branch -and-bound algorithm

NLIST Number of nodes currently in the branch-and-bound
list

NLISTS Number of nodes currently in the branch-and-bound
sub list

NFEAS The current total number of nodes for which the
corresponding subprogram required complete
solution

LSTMX The current maximum size attained by the branch-
and-bound list

ITRTOT The current total number of linear prograssning
iterations performed

ITRMAX The current maximum number of linear programming
iterations performed along any single branch of
the branch-and-bound tree

BLB The best lower bound

NBRN OD The node number of the branching node

PBRNOD The processing order number associated with the
branching node

21
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Variable Description

NBRVAR The branching variable associated with the branch-
ing node

NUPDWN The direction for continued branching (when the
node selection rule is the LIFO rule) for the . —

branching node

XBRNOD The value of the branching variable in the solu-
tion corresponding to the branching node

TBRNGD The constant associated with the subpro gram
for the branching node

NODE The current node number

LNODE Indicator for the current node (I the lower
node emanating from the branching node; 2 = the
upper node emanating from the branching node)

Z The optimal objective function value in a sub-
program

BOUNDL The lower bound for the current node

• BOUNDU The upper bound for the current node

TSIG The constant associated with the subprogram for
the current node

[F EAS Indicator as to the feasibil i ty with respect to
the master problem of the solution to the current
subprogram (0 = not feasible; 1 = feasible)

IBRVR1 Branching variable selection under the first
branching variable selection strategy

IUPDN 1 The direction for continued branching correspond-
ing to branching variable IBRVR 1

XBRVR 1 The value of the branching variable IBRVR 1

IBRVR2 Branching variable selection under the second
branching variable selection strategy

IUPDN2 The direction for continued branching correspond-
ing to branching variable IBRVR2

22



Variable Description

XBRVR2 The value of the branching variable IBRVR2

L10 The number of nonbasic variables associated with
the curren t subprogram tableau

NITER A counter for the number of linear programming
iterations which have been performed to reach the
current subprogram tableau

• NBINV A counter , similar to NITER , for the number of
linear programming interactions which have been
performed since the las t basis reinversion

M7 The number of basic variables associated with the
current subprogram tableau (either M + I or
M+2)

IPHASE Indicator of the method being applied to solve
the current subprogram (I one phase method;
2 = two phase method)

NPHASE The current phase of the method being applied to
solve the current subprogram (when IPHASE = 1,
NPHASE is riot needed and is set to 0; when
[PHASE 2 , NPHASE is set to 1 or 2)

NN3M7 = N + M3 + M7, the number of basic and nonbasic
variables associated with the current subprogram
tableau

IALGØ The linear programming algorithm to be applied to
move to an optimal tableau for the current sub-
program (1 = primal algorithm ; 2 = dual simplex
algorithm)

IEOJ Indicator for the tableau resulting from the
application of a linear programming algorithm
(0 = optimal; 1 = primal infeasible; 2 = primal
unbounded ; 3 = dual value exceeds the current
best upper bound; 4 = maximum number of linear
programming iterations exceeded)

COMMON/P4/ consists of three parameters which are used as temporary

storage in subroutine BOXI5. COMMON/P5/ consists of a single parameter

23
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which is set in subroutine INPUT3 and used in subroutine BOX17, It is

used to indicate whether or not the objective function is an integer

valued function for a mixed integer linear program. C~MMON/A0/ con-

sists of two arrays used in conjunction with the branch-and-bound list.

24
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VARIABLE STORAGE

Arrays [F and F are assigned fixed dimensions in program MAIN

compatible with the program or programs to be solved. These two arrays

are in turn subdivided within the branch—and-bound algorithm into the

various integer arrays and floating point arrays required to solve a

program . This subdivision varies from program to program depending

upon the program structure as specified in the input .

Exhibit 2 shows how the variable dimensioning of arrays is

accomplished. Program MAIN t ransfers control to subroutine ICON , at

the same time passing the locations of array s IF and F together with

the corresponding dimensions Ni- and NF as shown at line 1 of subroutine

ICON . These two arrays are dimensioned at line 18 of subroutine ICON .

At lines 24-25 , control is transferred to subroutine BOXI which read s

the input for the branch-and-bound algorithm and allocates the storage

occupied by the array s IF and F to the various integer and floating

point arrays needed in the branch-and-bound algorithm. This allocation

is accomplished by developing dimensions NDI through ND 1I for these

arrays and by developing pointers NI l through N112 for the integer

arrays and pointers NFl through NF24 for the floating point arrays.

The subsequen t use of these variable dimensioned arrays is exemplified

by the call to subroutine B~X7 at line 43 of subroutine ICON . The first

location of the eighth integer array is IF(N18) and the f i r s t  location

of the thirteenth floating point array is F(NFI3). It happens that

both of these arrays have the same dimension, ND1O. The nomenclature

25 
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EXHIBIT 2

EXAMPLE OF VARIABLE DIMENSIONING

SUBROUTINE ICON (tF ,F,NI,W~ ICON001 I
C SRA NCN-ANO—B OUND AL GORITHM FOR THE INTEGER CONCAV E PROGRAN . ICON0002

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ICON0003
Nj M 5~~, j , NF 2 ,Hc3 , Mvl , ,HFs,Hcs,N c7 ,NF~~,NFq,w p j o ,NF t~~, IC ONOOO~2 NFI2, NF13,NFI4,NFI5,NFI6. MFI7,NFt~ .NF19.NF2a, NF2t,NF?2 . !CO N0005

3 NF23, P4F2~.,NFMS3 !CON0006
• .

• .
.

DIMENSION IFDIT).F(NF) TCONOOIB
• .

• •
• .

100 CALL BOX1 (IF ,F,NI, PW ,NO1,N02,N03 ,NOI.,ND5,M06 ,P407,NO8. N09.PIDIO, ICON0O2~NDj I,NDHS2,NDHS3) ICON OO 2S
• .
. S

• .
CALL BOX? ( IF(NTBI ,FCNFI3) ,MDt0 ) ICONOO k3
• •
• .
• .
END ICONOO~ 8

SUBROU TINE BOX? ( IN(J SE,CA PP ,NOj 0 ) 80X7 00 01
C OETEPMT PIE THE BEST LOWER BOUND. 80170002

• .

• •
• S

DIMENSION INUSE (ND10) 30X 7001 3
DIMENSION CA PPINOI O) 00X7 0014

• .

•. .
(NO 8OX?00 2~

26
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associated with these array s is modified as shown at line I of sub-

routine BØX7. The labels INUSE and CAPP are mnemonics which reflect

the functions performed by these array s within the branch-and-bound

algorithm. The arrays are dimensioned at lines 13-14 of subroutine

BØX7 and are manipulated within this subroutine in a manner no differ~~t

from that of an array having fixed dimensions.

The dimensions NDI through ND11 are established in subroutine

BØX1 from the control parameters discussed in Appendix A, Volume 1.

The values of these dimensions are as follows:

ND1 = N

ND2 = NSUM

ND3 = NTC

ND4 = M + 2

ND5 = N + M 3

ND6 = M + 2 + N + M 3

ND7 = M + 2 ( 1 if the basis reinversion fea-
ture of the program is not used,
that is if IFB = MBINV = LIST~P = 0)

ND8 = M + 2 ( 1 if the sensitivity slopes are
riot needed , that is if NSTRAT = 1,
NBVRL1 � 3 and NTITE1 = 1, or if
NS TRAT = 2 , NBVRL1 � 3 , NBVRL2 � 3
and NTITE 1 = NTITE2 = 1)

ND9 = N (=1 if the program to be solved is
a mixed integer linear program or a
linear program , that is if ITYPE =
1 or 3)

ND1O = NXLIST

27
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NDII = ~ (LIST (= 1 if the LIFO node selection rule
is not used , tha t is if NSTRAT = 1
and N~DRLl = 1 or if NSTRA T = 2 and
N~ DRLI = NØDRL2 = 0).

Array IF is subdivided into the following twelve integer arrays :

Array (Dimension~ Description

1. NZ(NDI) The number of nonzero entries in the con-
straint matrix by column

2. NP(ND 1) Pointers marking the beginning of each -•

column for arrays IR and IA

3. IR (N D2) Row index for a nonzero entry in the con-
straint  matrix

4. IA(ND2) Pointer to the appropriate constan t (in the
table of constants) for a nonzero entry in
the constraint matrix

5. INT(NDI) Markers for integer variables (0 = not
integer ; 1 = f i rs t  integer variable; 2 =
second integer variable; etc .)

6. ICC(ND1 ) Markers for concave variables (0 = not con-
cave; I = f i r st concave var iab le ; 2 = second
concave variable; etc.)

7. IS(ND4) Temporary storage used in the transfer of
one column of the constraint matrix (corre-
sponds to the data in array IR)

8. INUSE(ND1O) Indicator for an entry in the branch-and-
bound list (0 = not i.n use; positive integer
— node number of active node in the list;
negative integer = node number of active
node in the sublist)

9. NV(ND6) Temporary storage

10. IBV(ND4) Current list of basic variables in a
subprogram

11. NBV(NDS) Current list of nonbasic variables in a
subprogram



Array (Dimension) Description

12 IUPPER (ND5) Upper bound indicator for nonbasic variables
given in array NBV (0 = nonbasic variable is
at lower bou nd ; 1 = nonbasic variable is at
uppe r bound)

Array F is subdivided into the following 24 floating point arrays:

Array (Dimension) Description

I. TC(ND3) The table of constants for the constraint
mat rix

2. BORIG(ND4) The original right-hand-side vector speci-
fied in the program input

3. RHS(ND4) The iktitial right-hand-side vector for a
subprogram

4. C2(NDI) The coefficients of the program objective
fu nction for variables which enter linearly
(i. e.,  objective function values for con-
cave variables are provided through sub-
routine GETØBJ)

5. Cl(ND5) Objective function coefficients used in
phase 1 of the linear programming solution
of the f i rst  subprogram

6. BI(ND4) The current values of basic variables in a
subprogram

7. BN(ND5) The current values of nonbasic variables in
a subprogram

8. U(ND 6) The upper l imits on the variables in a
subprogram

9. PJ (ND4) Temporary storage used (together with array
IS) in the t ransfer of one column of the
constraint matrix

10. BINV(ND7 ,ND7) Temporary storage used to develop the basis
inverse when the basis reinversion feature
of the program is exercised

11. XJ(ND4) The updated co lumn of the entering variable
in the subprogram

29 
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Array (Dimension) Description

12. XN~~T(NDI ) The current best solution in the branch-and-
bound algorithm

13. CAPP(ND1O) The lower bounds assoc 4 —tted with nodes saved
in the branch-and-F u list

14. CAPL(ND11) The processing order associated with nodes
saved in the branch-and-bound list for use
in the LIFO node selection rule

15. SIa4AL(ND6) The lower limits on the variables for a
subprogram

16. SIGMAU(ND6) The upper limits on the variables for a
subprogram

17. V(ND6) Temporary storage (used in conjunction with
array NV)

18. XZ(ND6) The solution to a subprogram adjusted for
lower bound constraints

19. S0(ND8) The “left” sensitivity slopes associated
with the basic variables in a subprogram
solution

20. S1(ND8) The “right” sensitivity slopes associated
with the basic variables in a subprogram
solution

21. SLOLD(ND6) The lower limits on the variables for the
branching node

22. SUOLD(ND6) The upper limits on the variables for the
branching node

23. C2OLD (ND9) The coefficients of the program objective
function for the branching node

24. B(ND4,ND4) The current basis inverse in a subprogram

The pointers NIl through NI12 are determined in subroutine B~Xl so

tha t the elements IF(NI1) through IF(N 1l2) of array IF correspond to the

30
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f i rs t  elements of arrays NZ through IUPPER . This is done, in a natural

fashion , by setting NIl = 1, N 12 = NIl + ND 1 where ND 1 is the dimension

of array NZ , NI3 = NI2 + ND 1 where NDl is the dimension of array NP , and

so forth. The pointers NFl through NF24 are similarly determined so

that the elements F(NF1) through F(NF24) of array F correspond to the

first elestents of arrays TC through B.
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The branch-and-bound list is discussed in this appendix. The list

contains a record of the active nodes in the branch-and-bound tree to-

gether with the data required to characterize each such node. Associ-

ated with the list is the data required by the branching node selection

rule or rules to manipulate the list. The record of the active nodes

and the branching node selection data are maintained in core storage,

while the data required to characterize each node are maintained in

random access mass storage.

The items of information which are maintained in core storage are

the following:

(i) The number of nodes in the list (parameter NLIST) ;

(ii) The number of nodes in the sublist (parameter NLISTS) ;

(iii) The node number for each active node (array INUSE);

(iv) The lower bouud for each active node, used by the
priority node selection rule ( array CAPP) ; and

(v~ The processing order for each active node , used by the
LIFO node selection rule (array CAPL).

The items of information which are saved in random access mass storage

for each active node are the following:

(I) The lower and upper limits on the variables which serve
to characterize a node (arrays SIGMAL and SIGMAU);

(ii) Branching variable selection data (parameters IBRVR I ,
IUPDN 1, XBRVR I , IBRVR 2 , IUPDN 2 , XBRVR 2) ;

(iii) Limit tightening information (parameter Z, arrays XZ,
SO , Si); and

( iv) The optima l tableau associated with the subprogram
(parameters TSIG , LlO , NI TER , NBINV , Mi , IPHASE , NPHkSE ,
NM3M7 , arrays 1EV , NBV , IUPPER , C2 , B) .
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Depending upon the program solution strategy , the program type , and the

branch-and-bound list option, certain of these items need not be saved

and are omitted from the list . If only one solution strategy is  to be

used in the solution of the program (NSTRAT = I ) ,  the data associated

wi th the second solution strategy (parameters IBRVR 2 , IUPDN 2 , XBRVR2)

are omitted from the list. If limit tightening is not included in the

program solution strategy (NSTRAT = I and NTITE1 = 1, or NSTRAT = 2

and NTITEI = NTITE2 = 1) ,  then the data associated only with limit

tightening (arrays XZ , SO , Si) are omitted from the list. If the

program is a mixed integer linear program (ITYPE = I), the objective

function coefficients (array C2) are the same for all nodes and are

omitted from the list. If the branch-and-bound list option indicates

that the basis inverse should not be included in the lis t (LIS1~ P = 1),

then the basis inverse matrix associated with the optimal tableau for

a node (array B) is not saved in the list. The basis reinversion

feature is then used to regenerate the basis inverse matrix in the

event that this node ~s selected for branching.

The balance of this appendix discusses the mechanics associated

with manipulating that portion of the branch-and-bound list which is

maintained in random access mass storage. Four integer arrays are

associated with the data to be saved in the list. These are:

NV(ND6)

IBV(ND4) ¼,

NBV(ND 5) 
- 

• -
~~•• • -

IUPPER(ND5).
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The eleven integer parameters

IBRVRI

IUPDN1

[BRVR 2

1UPDN2

Ll0

NITER

NB INV

Ml

IPHASE

NP HAS E

NM3M7

are transf~ rred Into the las t eleven locations of array NV . The integer

parameters and arrays to be saved in the list thus occupy

NDMS2 = ND4 + 2 ND5 + 11

consecutive locations in core storage, all within the basic integer

array IF. An auxiliary array INS, having variable dimension NDMS2, is

used to refer to this integer data. The first location of array IME

within the array IF is p~-eitioned eleven locations before the first

location of array IBV. Setting

NIMS 2 = NIlO - ii ,

IMS(l) corresponds to IF(NIMS2).

Eigh t floating point arrays are associated with the data to be

saved in the list. These are:
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V(ND6)

XZ(ND6)

SO(ND8)

Sl(ND8)

SLØLD(ND6)

SUOLD(ND6)

C2OLD(ND9)

B(ND4 ,ND4) .

The contents of arrays SIGNAL , SIGMAU and C2 are transferred into the

arrays SLOLD, SUOLD and C2OLD (respectively) . The four floating point

parameters

z
TSIG

XBRVR I

XBRVR 2

are transferred into the last four locations of array V. The floating

point parameters and arrays to be saved in the list thus occupy

NDMS 3 = (ND4) 2 + 3 • ND6 + 2 - ND8 + ND9 + 4

consecutive locations in core storage, all within the basic floating

point array F. An auxiliary array EMS, is used to refer to this float-

ing point data. The first location of array FMS within the array F is

positioned four locations before the first location of array XZ.

Setting

NFMS3 — NF18 — 3 ,
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FMS(l) corresponds to F(NFMS3) .

The definit ions of the dimensions NDMS2, NDMS3 and the pointers

NIMS2, NFMS3 just given correspond to the maximum possible l ist  size.

In the event that selected items of data are omitted from the branch-

and-bound list , these dimensions and pointers are modified to reflect

any such omissions.

Tape units 2 and 3 are the areas of mass storage occupied by the

branch-and-bound list . Three CDC 6700 system subroutines are used to

establish a random access structure for these areas of mass storage

(subroutine OPENMS) , to transfer the data for the branching node from

mass stor age into core storage (subroutine READMS), and to transfer the

data for an active node from core storage into mass storage (subroutine

WRITMS). Exhibit 3 i l lustrates the use of these subroutines in the

manipulation of the branch-and-bound l ist .  At line 22 of subroutine

ICON , a call to subroutine OPENMS establishes the random access struc-

ture for tape unit 2. Array IMASS2 is used to store subindices or

pointers for 1000 “ compartments” located within this area of mass

storage . The call to subroutine OPENNS at line 23 of subroutine ICON

establishes a similar structure for tape unit 3 using array IMASS3 to

store subindices. Subroutine BOXI, called at lines 24-25 of subroutine

ICØN, sets the values for dimensions NDMS2, NDMS3 and pointers NIMS2,

NFMS3 for the particular program being solved. Subroutine BOXl2,

called at lines 49-51 of subroutine ICON , selects the branching node

from the branch-and-bound list (or sublist) - The compartment in which

39
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MANIPULAPIC~ OF TUE BRANCH-AND-BOUND LIST

SU~ROUTINE ICON (TF,F,MT,NF I ECON000I
C •RANC H—A NO—BD UNO ALGORI tHM FOR THE INTEGER CONCAVE PROGRAM. ICON0002

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1 0N0003
I NIMS2 ,NFI,NF2 ,NF3 ,NF1. ,NF5,NF6.NV7,NFA ,NFq,NFIO, P4FLI, TCON0004
2 NF~ 2,,w~ 3,Nfl1.,NFj5,wFj6,Nct7,Nc1e,NF1q,NF2o,NF2j,NF22 , VCOM0005
3 NF23,Nc21. ,NFMS3 ICON0006 - -

S

• S

• S

COMMON ~ A0~~INASS2(I001) , IMASS3(1001) ICONOOI?
DIMENSION IFtNI),F(NF) ICONOOI8
• S

• S

• .
CALL OPENM S (2 ,IMASS2.I00I,0) 1C0N0122
CAL). OPENMS (3 ,IMASS3,1OOt ,0) ICONOOZ 3

100 CALL BO X1 (IV ,F ,NT,NF ,NOj,N 02,N03,N04,NDS ,NO6,N0?,ND6,N09,N0i0, ICON OO21.
I NOii ,NOMS2,NOMS 3) 1C0N0025
• .
• •
•

160 CALL 80112 (TF (NI6),IF(NTMS2),F(NF4), F (MFI3),FI NF1I.),F(NFt5), ICONOO 1.9
I F(NFIS),F(Nc21),FC NF22).F (NF23), F(NFMS3).w0i.NO6 . ICONOO5O
2 N09,ND10,NO11,MOMS2 ,NOMS3) 1C0N0051
• S

• .
• S

240 CALL 80125 tIF NIe ,IF N!Ns2I,F NF4),FP4F13 ,F w f l~~~,FUl~ 15 ,  ICO NOOS6
I F(NFI6) ,~iNF2I), F(NF 22) .F(NF23), F( NF MS3), N Di,N06, ICON OOB?
2 N09,NOi0, NDii ,NDMS2,NDMS3) ICO NOOS8
• S

• S
• S

END ICONOS9B

SUBROUTINE 00X12 (TN USE,t llS ,C2.CA PP,CA PL, SIGMAL ,SIGMAU,SLOLO, 33X1000 t
I SUOLO,C2 010,FMS ,NO1,N 06,N09,NOI0,NOht,HOMS2, 30110002
2 NDMS3) 83 110003

C SELECT ‘V HF BRANCHING NODE FROM THE SUBLIST (PHASE I) OR THE LIST 8011000’ .
C (PHASE 2). 80110005

•
• .
• S

DIMENSION !NUSE (NflIO),IMS(NDMS2) 80110016
DIMENSION C2(N0t ) ,CA PP( ND tO ) ,CA PL (Nf l1 j ) ,S IGMA L ( N06) ,S IGNAU OI0S ) , 80110017
I SLO L D(N06 ) ,SUOL O(N06) ,C2OL D(N09 ) ,FM S(NOMS3) 3011001.8
• S

• S

S S

CALL RE*O MS (2 , IMS,NOMS2,fO ) 3)110065
CALL REA OM S (3,FMS,NOMS3,IO) 80110066
• S

.
• S

(ND
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~~CHIBIT 3 (Continued)

SUSROUTINE 30123 UNUSE.IMS,C2,CAPP ,CAPL. SIGMA L .SIGNA U.S L OLD, 3012000 1
I SUOLO.C2OL 0,cWS.NOI .N06.NO,,N0l0,N0lI,NDN~2, 33120002
2 NDMS3) 30120003

C STORE NODE LNODE IN THE SUBLIST (WHEN IN PHASE I AND LOW ER 30(3(0 LESS 83 120004
C THAN BEST UPPER BOUND ) OR TN THE LIST (OTHERWISE). 90120005

S .
• S

•
DIP(EP4S!ON INUSE (N0iO),TMStNDMS2) 83120016
DIMENS ION C2(N01I,CA PD(P40t0) ,CAPL(NOtt ),$TGMIL(N061,SIGM*tJ(N06,, 33X2 0C17
I SLOLO (N 06) ,SUOLD (P4~ f,I,c~ O).O(ND9),F~5 (N~M 53) 30120018

S S

S S

S S

360 CALL WR IT HS (2,IMS ,NOMS 2,1O) 93120145
CALL W RT TM S (3, FNS,NO M S3 ,I0b 93120146

•
S S

END 83123195
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the data for the branching node is stored (parameter 10) is determined .

At line 65 of subroutine BOX12, subroutine READMS is called to transfer

the data contained in compartment 10 on tape unit 2 into the array INS

in core storage. At liae 66 of subroutine BOX12, a similar call of

subroutine READMS transfers the data contained in compartment 10 on

tape unit 3 into the array FMS. Subroutine B0X25, called at lines 86-

88 of subroutine ICON , stores the data for an active node in the branch-

and-bound list (or sublist). An available compartment is found (param-

eter 10) and, at lines 145-146 of subroutine B0X25, two calls to sub-

routine WRITMS transfer the data contained in arrays INS and FMS in

core storage into compartment 10 on tape unit 2 and compartment 10 on

tape unit 3 (respectively).
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The representation and solution of the subprograms generated by

the branch-and-bound algorithm are discussed in this appendix. The

data associated with a subprogram (a linear program) are:

(i) A , the M x N matrix of constraint coefficients;

(ii) RHS, the right-hand-side vector;

(iii) Cl, the vector of coefficients for the (linear pro-
granuuing) phase 1 objective function ;

(iv) C2, the vector of coefficients for the (linear pro-
gramming) phase 2 objective function; and

(v) U, the vector of simple upper bounds on the program
variables.

Figure 3 displays this data in the form in which it is used in the

computer program.

Specific labeling conventions are adopted for the rows and columns

of the linear program. The (M + 2) rows are ordered as follows:

Less than or equal constraints (Ml rows)

Equality constraints (M2 rows)

Greater than or equal constraints (M3 rows)

Phase 2 objective function (1 row)

Phase I objective function (I row).

The (N + M + M3 + 2) columns of the linear program are ordered as

follows :

Program variables (N columns)

Surplus variables (M3 columns)

Slack variables (Ml columns)

Artificial variables (equality constraints) (M2 columns)
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Artif icial  variables (greater than or equal
constraints) (M3 columns)

Phase 2 objective function (1 column)

Phase 1 objective function (I column)

Right-hand-side (1 column)~

The constraint matrix A is represented within the computer pro-

gram in a form which is commonly used for large linear programs.

The density of nonzero entries in the constraint matrix is frequently

low for such programs. Moreover, among the nonzero entries, particular

values (such as I or - 1) may recur often. Maintaining the entire

M x N dimensional constraint matrix in core storage is wasteful for

matrices of this type. An alternative means of representing the con-

straint matrix begins by establishing a table of constants which lists

the distinct values which occur in the matrix. For each column of the

matrix, the following information is then recorded:

(i) The number of nonzero entries;

(ii) For each nonzero entry, the row number in which the
entry occurs; and

(iii) For each nonzero entry, a pointer which indicates the
appropriate value in the table of constants.

In the computer program, the array TC corresponds to the table of con-

stants, the array NZ corresponds to the number of nonzero entries by

column , the array IR contains the row numbers in which nonzero entries

occur, and the array IA contains the corresponding pointers to the

table of constants. An auxiliary array NP is defined by the relations

NP(l) = 0 and

47
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NP(J)  — ~ NZ(I)

I—I

for J — 2,N. This array provides a set of pointers for use in con-

junction with arrays IR and IA. The data corresponding to the J-th

column of the constraint matrix is then stored in the locations NP(J) +

1 through NP(J) + NZ(J) of arrays IR and IA. For extremely large pro-

grams , the integer arrays NZ, NP , IR and IA could be maintained in core

storage b~ packing them.

The linear programming code used in this branch-and-bound algorithm

utilizes the revised simplex method with simple upper bounds on the

variables. This version of the simplex method is discussed in Lasdon

(1970) and in Garfinkel and Neinhauser (1972). Both the primal and the

dual simplex algorithms are included. The primal algorithm operates

either as a one phase method or as a two phase method depending upon

the requirements of the program being solved. Associated with this

linear programming code is a basis inversion feature which can be used

to combat the accumulation of round-off error associated with the

simplex pivot operations.

The data associated with the current tableau in a subprogram are:

(i) IBV , the vector of indices of basic variables;

(i i)  NBV , the vector of indices of nonbasic variables;

( iii) IUPPER , the vector of indicators of nonbasic variables
at upper bound ;

( iv) BI , the vector of values of basic variables;

( v) BN , the vector of values of nonbasic variables; and
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(vi) B, the basis inverse.

These arrays are updated at each simplex iteration. Note that

El = B(RFI S - �~ - P j )
J

where the summation is taken over all nonbasic variables j which are at

upper bound and where P~ denotes the correspondir~ column in Figure 3.

Also, BN can be obtained directly from IUPPER and U. As a consequence,

El and BN need not be saved in the branch-and-bound list.

The initial feasible basis for the first subprogram consists of

slack and artificial variables unless the user elects to provide a

basis as a par t of the branch-and-bound input. A phase I objective

function is established if there are artificials in the initial basis.

The basis is primal feasible if the initial values of the basic varia-

bles are nonnegative and do not exceed their upper bounds. In this

case, the primal algorithm is applied to solve subprogram 1, using either

a one phase method (if there are no artificials in the basis) or a two

phase method (otherwise). If the initial basis is not primal feasible,

the reduced costs are examined to see if they are nonnegative, in which

case the initial basis is dual feasible. In this case, the dual simplex

algorithm is applied to solve subprogram 1. In the event that there

are artificials in the initial basis, the phase I objective function is

treated as a constraint so that the values of these artificials are

forced to be zero in the solution. When the solution to subprogram I

is reached, the optimal basis is tested to see if it contains artificial

variables. If no artificials are in this basis, the row and column
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corresponding to the phase -l objective function are deleted from the

tableau. If there are artificials remaining in the basis, these

necessarily have value zero. However, the phase 1 objective function

must be maintained in the tableau as a constraint to assure that these

artificials cannot assume positive values in the solutions to sub-

sequent subprograms.

Linear programming sensitivity analysis is applied to solve the

subprograms after the first subprogram. This allows the solution of a

subprogram to proceed from the optimal tableau associated with the

branching node. If the basis inverse is not included in the branch-and-

bound list , then it is regenerated using the basis inversion feature of

the linear programming code. The simple upper bounds U are computed to

be the difference between the lower and upper limits SIGMAL and SIGMAU

(respectively) on the variables The initial values BI of the basic

variables are computed by adjusting RHS for variables at upper bound

and then multiplying by the basis inverse. As a result of the new con-

straint added for the branching variable and of the tightening of lower

and upper limits for the basic variables, this tableau may be primal

infeasible. Since the initial feasible point was the optimal solution

for the branching node, this tableau is dual feasible. flu dual simplex

algorithm is applied to generate an optimal solution under the new con-

straints. The cost coefficients C2 are next updated to reflect any

changes made to the lower and upper limits for concave variables. When

the cost coefficients change, the reduced costs appearing in the tableau
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also change resulting in a tableau which is not in canonical form . The

basis inverse and values of the basic variables are modified to re-

establish the canonical form of the tableau, which then is primal

feasible but not optimal. The primal algorithm is applied to generate

— 
an optimal solution for the new cost data. An adequate presentation of

- the linear programming sensitivity analysis techniques used here may be

found in Hillier and Lieberman (1967).

51 

——~~~~~~~~~~—-“-~~~~- - . -  ~~~~~~~~~ - . -~~~~~
—-

~~~~~
—---- ~

_
~_ . iIiIi



APPENDIX B

SUBROUTINES

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



- -- 
~~~~~~~~~~~~ 

-
~~~~~ 

- 

The subroutines used in the ICØN branch-and-bound algorithm are

discussed in this appendix. The algorithm consists of 29 subroutines.

Three of these (MAIN, READIN and GETOBJ are provided by the user for

each program to be solved. These are discussed in Appendices B and C

of Volume I. Following is a description of each of the remaining 26

subroutines, indicating the function performed by the subroutine in the

algorithm and any notable features of the subroutine. The nomenclature

selected for subroutines BOXl through 30X25 corresponds to the labels

which appear in Figure 2, the general flow schematic for the algorithm.

Figure 4 shows the number of times one of these subroutines calls or is

called by another subroutine.

Subroutine - 

Description

ICON This is the master subroutine which calls the
various subroutines in the sequence specified in the
general flow schematic for the branch-and-bound
algorithm. The initiation of a program solution
from previously prepared restart tapes and the prep-
aration of restart tapes when the program time limit
is reached are accomplished by calling subroutine
RSTART .

BØX1 The branch-and-bound input and the user input are
accepted by this subroutine by means of calls to
subroutines INPUT1, [NPUT2 , INPUT3 and READIN. The
dimensioning of arrays and the structuring of the
branch-and-bound list are done in BOX1.

BOX2 This subroutine initializes the data used in the
branch-and-bound algorithm. The initial basis,
basis inverse and values of the basic variables are
established by a call to subroutine INPUT4. The
algorithm to be used to solve the first subprogram
is determined by subroutine INPUTS. The first
subprogram is then solved.
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CALLING SUBROUTINE

ICØN I
BØX I I
BØX2 - _I 
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BGX5 2’
BØX7 

- — - — - - — — —
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~ 80X23 
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FIGURE 4

CALLS TO ICON SUBROUTINES
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Subroutine Description

BØX5 The solution to the problem at the end of the branch-
and-bound computation is printed by this subroutine.
It also prints the current best solution in the
event that the program time limit is reached and re-
start tapes are prepared.

80X7 This subroutine computes the current best lower
bound as required by the variable best upper bound
method.

B~Xl0 This subroutine selects a node from the branch-and-
bound list and places it in the sublist as required
by the variable best upper bound method.

BØXI2 The branching node is selected from the sublist (in
phase I of the variable best upper bound method) or
from the list (in phase 1 of any other solution
me thod and in phase 2). The data for the branching
node is read in from random access mass storage
(using subroutine READMS) if this data is not al-
ready in core. The branching variable selection is
adjusted according to the current phase of the
branch-and-bound algorithm.

BOX13 This subroutine tightens the limits on monotone
variables during phase 1 and tightens the limits on
all basic variables using the best upper bound
during phase 2. The latter function is accomplished
by calling the auxiliary subroutine ADJUST.

BOXI5 The subprograms associated with the two nodes
obtained from the branching node are solved in this
subroutine. The tableau associated with the branch-
ing node is modified to reflect any new lower and
upper limits on the variables. The modified tableau
is the starting point for the solution of both sub-
programs and is saved on tape unit 4 for use in the
second subprogram solution. The first subprogram
is solved using the dual simplex and primal algo-
rithms, as required. The information on tape unit
4 is read in before the second subprogram is solved.

BØX17 This subroutine determines the lower bound for the
node and selects the branching variable. If one of
the most noninteger branching variable selection
rules (rules 3 or 4) is being used for a mixed
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Subroutine Description

integer linear program (ITYPE = 1), or if the con-
ventional branching variable selection rule (rule 5)
is being used for a concave program (ITYPE = 2),
the lower bound is taken to be the objective func-
tion value Z. If the maxmin or maxmax branching
variable selection rules (rules 0, 1 or 2) are being
used, the stronger lower bound corresponding to the
maxmin penalty is used. If it was determined in
subroutine INPUT3 that the objective function is in-
teger valued, then this lower bound is rounded up.
When a two strategy method is being used, two branch-
variable selections are made.

BØX23 The best upper bound is updated in this subroutine.
The branch-and-bound list is edited to delete any
nodes for which the lower bound exceeds this new
best upper bound. If the algorithm was in phase 1,
then phase 2 is entered and the sublist is merged
into the list when the variable best upper bound
method is being used.

B0X25 The current node is saved in the sublist (in phase 1
of the variable best upper bound method when the
lower bound is less than the best upper bound) or in
the list (otherwise). The data for the node is
placed in random access mass storage (using sub-
routine WRITMS). In the event that the maximum list
size is exceeded, the node having the greatest lower
bound is erased from the list to make room for the
new node.

ADJUST This subroutine is called by subroutine BOX13 to
adjust the lower and upper limits on a variable
using sensitivity analysis information together with
the best upper bound.

BINVRT Basis inversion or reinversion is accomplished by
this subroutine. The basis matrix consists of those
columns P. from Figure 3 for the basic variables
j (specified in array IBV). The corresponding right-
hand-side vector is

R H S - E  Uj  ~~Pjj
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Subroutine Description

where the summation is taken over all nonbasic
variables j which are at upper bound (specified in
arrays NBV and IUPPER). Subroutine INVERT is called
to determine the basis inverse matrix and the
corresponding values of the basic variables.

GETCOL This subroutine places the J-th column from the
tableau shown in Figure 3 into the array PJ which
is assumed to have been set to zero prior to calling
the subroutine. The number of nonzero entries in
the column and indicators as to which entries are
nonzero are returned using parameter NZEROS and
array IS.

INPUT1 The number of less than or equal, equality, and
greater than or equal constraints are read and the
parameters in COMMØN/P2/ are initialized. From the
number of nonzero entries by column (array NZ), the
column pointers are developed (array NP).

INPUT2 The arrays IR and IA associated with the constraint
matrix representation are read, along with the
number of entries in the table of constants (param-
eter NTC).

INPUT3 The remainder of the data associated with the con-
straint matrix, the table of constants and the
right-hand-side vector, are read. The lower and
upper limits on variables are read in when values
other than the default values of 0 and -i- ~ (respec-
tively) are desired. The cost data and lists of
integer and/or concave variables are read in next.
For a mixed integer linear program (ITYPE = 1), a
determination is made if the objective function is
integer valued. This information is used in sub-
routine 30X17 to round lower bounds on the nodes.

INPUT4 Called by subroutine BØX2, this subroutine
establishes the initial basis, basis inverse and
right-hand-side for the first subprogram. If the
initial feasible basis is a part of the program
input (IFE — 1 on the first control card), then
this basis is read in and the basis inversion
feature is used to establish the corresponding
basis inverse and right-hand-aide. Otherwise, the
initial feasible basis consists of slack and arti-
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Subroutine Description

ficial variables with the basis inverse being an
identity matrix and the initial right-hand-side
agrees with the input right-hand-side vector. In
either case, if there are artificals in the
initial basis, subroutine OBJ 1 is called to estab-
lish the phase 1 objective function.

INPUT5 This subroutine selects the linear programming
algorithm (primal or dual simplex) to be used to
solve the first subprogram. The initial basis is
tested for primal feasibility (nonnegative right-
hand-side) and, if it is primal feasible, the pri-
mal algorithm is selected. If the initial basis is
not primal feasible, it is tested for dual feasi-
bility (nonnegative reduced cost vector) and, if it
is dual feasible, the dual simplex algorithm is
selected.

INVERT The Gauss-Jordan method of matrix inversion is used
to invert the basis matrix and determine the corre-
sponding vector of values of basic variables. An
ill-conditioned basis matrix, if encountered,
results in the termination of computations.

OBJl This subroutine computes and stores the (linear
programming) phase 1 objective function associated
with the tableau for the first subprogram in its
canonical form.

RSTART The manipulation of job restart tapes (tape units 7
through 10) is done in this subroutine.

If a job is to commence from previously prepared
restart tapes (indicated by the setting MSTART = 1
on the second control card) , subroutine ICON calls
subroutine RSTART with IENTRY = 0. Tape units 7
and 8 are read, restoring the branch-and-bound list,
labeled commons and variable dimensioned arrays to
their condition at the time computations were last
terminated. In subroutine ICON, the flow of the
branch-and-bound computation is then reentered at
the point where computations were terminated.

The determination that job restart tapes are to be
created is made in subroutine ICON when the elapsed
execution time exceeds the input maximum execution
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Subroutine Description

time (parameter TIME1 on the third control card).
The current values of labeled commons (COMMON/P2/,
/P3/ and /P4/~ and variable dimensioned arrays are
saved on tape unit 9. The branch-and-bound list
together with intermediate data on tape unit 4 (if
any) are saved on tape unit 10. Note that the data
saved on tape unit 9 corresponds to the data read
from tape unit 7 on a subsequent restart run. Simi-
larly, tape unit 10 corresponds to tape unit 8.

SIMPLE This subroutine contains the primal and dual simplex
algorithms. Basis reinversion is used as a tech-
nique for suppressing round-off error in the simplex
computations. The frequency of basis reinversion
is specified by parameter MBINV on the first control
card. In the primal algorithm, the entering vari-
able is taken as the first nonbasic variable en-
countered having negative reduced cost. As compared
with the usual rule in which all reduced costs are
computed with the entering variable corresponding
to the minimum reduced cost, this frequently results
in less total computation in reaching the optimum.
A common pivot logic is used for both the primal
and dual simplex algorithms. Note that the phase 1
objective function is deleted when no artificials
remain in the basis.

The computations in this subroutine can terminate
when any one of the following determinations is
made:

(i) The current solution is optimal ;

(ii) The primal program is infeasible;

(iii) The primal program is unbounded ; or

(iv~ The dual value exceeds the best upper
bound (for the dual simplex algorithm~.

Unboundedness of the primal program is impossible
since the lower and upper bounds define a compact
set; however, this form of ter~mination can occur
due to the accumulation of round-off errors.
Because the dual value in the dual simplex algorithm
is monotone nondecreasing, comparison against the
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Subroutine Description

best upp er bound is a useful  way of saving un-
necessary computation.

SL~PES This subroutine computes the sensit ivi ty analysis
slopes which are required by the branch-and-bound
algorithm for penalty analyses. These are computed
from the optimal tableau using the dual simplex
entering variable selection criteria.

TIMEC A printout of the elapsed job execution time is
obtained by calling this subroutine.

There are six CDC 6700 system subroutines which are used in con-

junction with the ICON algorithm. Only three of these (OPENMS , READMS

and WRIThS) are nonstandard. These are described in Appendix C.

Figure 5 shows the number of times each system routine is called by

some subroutine in the algorithm.
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This appendix presents a listing of the 26 basic subroutines which

comprise the ICON branch-and-bound algorithm. Not shown in Exhibit 4

are the three user provided subroutines (MAIN, READIN and GETOBJ) die-

cussed in Appendix B, Volume 1.

— 
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EXHIBIT 4

LISTING OF THE ICON ALGORITHM

SUBROUTINE ICON IIF,F,NI,PF) ICO N~ 001
C bRANC *l—A HO—~ OUN( ALGORiTHM FOR THE INTEGER CONCAVE PRCGRAM. ICO N0002

CONHON/PC/NI1,NI2.NI3,N14 ,N15.N16,NI?,NI 6,N19,NIIC ,NI1i,N112 , ICON0003
1 NIMS2,Nf 1,NF2,NF3 ,NF’. ,hF5 ,NF6,k F7, NFB ,N F9,NFIO,HFjj ,  ICON000~. —

2 NF 12, t~FJ3 , NFj4,NF 15,NF 1 (,NF I7,NF18, NFI9,NF2O, NF2I, NF22, ICON QCa 5
3 Nf23,NFV.,NF MS.3 ICO NG OO 6
COMH ON/Pi/N ,M ,1TYPE ,NSTRAT ,W QCRL 1 ,N~IvRL1, p~TIrEt ,NoQRL2,NavR Le, ICON000 7
1 NrIru ,PIXLIST ,LxsTop . IT A PE ,IFB ,PIXITER ,MB INV ,IOUTPT , 1C0N 008
2 ITRACE,$START , TIPiEI ,TOL1 ,TOL2 ,PC8U 8,ALPHA(10 ) ICON0009
COHMON /P2/EPSI,EPSIM,BIGN,BEGTH ,Pil,M2 ,H3 ,Nh,N1 , MPL,NP2,NM 3 ,NM1 M2 , ICON OC 10
I NHIN 3,NIP2,NP I,NS UM ,NTC,H10 ICONOO 1I
COMNON ,P3/NOONO1,u~OT ,I 6U6OP ,LPHA ~ E ,NOORUL ,NBvRUL ,NTIGHT ,HLIST, IC ON O O LZ
1 NLISTS ,NFEAS ,LSTHX ,ITRT (T,ITR NA ),oLO, NBRNOO ,PeR I’oO, ICONO&13
2 NBRVA R .MJPDWN ,X 8RNO O ,TBRNOP,N OOE,LNOOE, Z ,SOUNOL ,8CUNDU , ICONO CL4
3 T SIG,IFEAS ,I8RVR I,IuPCN I,XORVR I,I6RVR2,LU PDN2 ,X BRVR2, ICONOOIS
4 L10,N ITER ,NdINV,M7,IP HASE,N PHASE, NN3MT ,IALGO ,IECJ IC ONOCI6
COMHON/ AQ /IMASS2UOCI j ,IMASS3I100I) ICONOCIT
D I M E N S I O N  I F ( N I ) , F ( N V ) I C O N O O L 8  

—

LPSI=1.OE—l1 ICO N OGI 9
£PSIN=—EPSI IC ONOO2C
S I G N I . O E + t0 0  I C O N O O2 L

CALL OPENHS (2,IMtSSZ,100I,0) 1C0N0L22
CALL 0PENHS (3,IM ~ S:3,j0Cj,0~ IC ON O G 2 3

1.~~0 CALL dOX l IIF ,F ,NI, I’F ,NOi,N02, N03 ,NDLe,N 05 ,N06,NO?,N08,N09 ,NOi0 , IC ONOO 2 ’.
I H 1 t ,Ht~iS2,NO MS3) ICOND G25
IF (M STARI .EQ .C)çOTOILO 1C0N0026
CALL RSTART (IF,1F 1N18),IF (N IIO) , F(NI1I) ,IF (N112) ,IF(NIHSZ} , 1C 0N0027
1 F,F( NF6),F (NF7 I ,F(NF2k~ ,F(NFI4S3),NI,)~F ,ND~ ,ND5 , 1C0N0028
2 NOjO,NCHS2,NOM S3 ,0) 1C0N0029
GOTOL7O ICONO O3O

110 CALL 80X2 IIF~ NII),IF (Ni2),IF (NI3),IF (NI~~I,IF~ Nt5 $,IF(NI6) , ICONOC 3 1
IF (N 1?J ,IF(N I8) ,IF (N19) ,IE(N Ii0) ,IF(t ~I11) ,IF(N I12I , 1C 0N0032

2 F I N F1) ,FINF2 ) ,FINF3),F IN FLi ) ,F INF5 ), F (NF6) ,F (NF7) , ICONOO.33
3 FiNES) ,F (NF 9),F(NF IQ) ,F (NFI1 ),F (NFI2),F (NF I5) ,F(NFL6 ) , ICON 303L ~
4 F (NFI?),F (NF I8I,FUEL 9),F (NF2C ),F (NFZ4) ,NDi,N 02 ,N03, ICO N OG.3 5
5 N04 ,N05,N06,N07, NO8,tiO~~0I ICON OC 36
1N00E 2 1C0N0037
GOTO 19O 1C 0N 0 0 3 8

120 IF (NLIST .NE.0)GOT OI3O 1C0N3039
CAL L eoxs (IE(I~I6),E(NFI2),F(NF13),F (NFj4),~ O1,ND 1 0,NOii .O) ICON OO4O
GOT OICO - 

I C O N O O 4 I
130 IFIISUBOP.EQ.C)6010160 1C0N3042

CALL HOX? (IF1NI 8),F (NF13) ,hOjOI 1C0N0043
IF (tILS.LT.UNOT)G010140 ICONOU4 ~.
UNOT ULB 4 PCSUB ICON0G ~.5
IF (IOtIT PT .NE.~~) I4RITE( 6,ICCO )UNOT ICONOC46

1’.C CALL ~OX 10 (IFU ~I8I ,E(NF13 ) ,F (NFit,),NOj Q,N0j1) ICOt400~ 7
i~ O LF (M.LSTS .EQ.(~)GOTui2 3 ICONO C 4.8
160 CALL 90X12 ~jFI I~Ie ,IF~ N IMS2) ,FtNF~~~,F (NFI3) ,F NF1 l.,F (NFj5), ICONOC49

I F (NE 16),FLNE~ 1),F (NF22),F (NF23),F (NFMS3) ,NO1,NO6 , ICO N OG 5 O
2 N09,NO10 ,NOI1,NOMS2, NO I4S3) ICONOO5I

CALL SOXj 3 (LF (~ I5~~,IFCt~I6),1F(NIj 0~~,F( NF4) ,FINFt5) ,F INFj 6) ,  1C0N0052
I F (NF1SJ ,F (NFL9),F(NF2 Q),F(NF2 I),F (NF22) ,NO1,N04,NO 6, ICONO&53
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EXHIBIT 4 (Continued)

2 N06) 1C0N0C54
LNODE~ t 1C0N0055

110 CALL SECOND (11ME2) 1C0N0056
1F(TIME 2.LT • &GTM +T IMEI)GOTOLSO ICONO C5 T
CALL aOX5 (IF ( N18) ,F (NE12 ) ,f (NFI3), F(NF I4),NOI ,NUi 0,ND 11, 1) ICONO C5S
CA LL RSTAR T (IF ,IF (N18),IF (NI10),I F(NIlt) ,IF (N112) ,IF(NINS2), 1C0N0 C59

I F, F(NF 6),F (NFT ),F (KF2’.),F (NF NS 3),NI,t.f,N 04,N05, ICONOC6O
2 NO 1O ,NLJNS2 ,NCHS3,1) ICONO CSI
GOTO IOO ICONOC 6Z

180 CALL dOXL5 (IF (I~Il),IE(NI2),IF(t%I~ ),IF (NI4) ,IF(NI5) ,IF(NI 6), ICONOO63
IF (t~j7) .1FcNIgI,z F (NI 1aI ,rE (NI11 p ,rFcN I 12),FINF1), iCON0~ 61i

2 FiNF2 ) ,F(MF3 ) ,E( NF L.~ ,F (NF5) ,F (NF6),F(NF?),F (NF8), ICON 0C6~
3 F (NF 9I, F (NF 1C), F (NF11),F( NF15),F (NFi 6),F(N~’I7), ICON3C S6
4 F (NF~ 8) ,FtNF i9),Fi NF 2Q), F tN F2 1 ) ,F(NF 23~ ,F(t4F24), IC ONO O6 T
5 ND1,N02,P103,NCk,N05,Nt6,NU7,N08,N09) ICONOC6S

190 IFIIEOJ.NE.0)G0T0250 ICONOC69
CALL aOXi7 (IF(t15),IFIN16),IF (II.l0),F(NF4.I,F(NFI5),F(NFI€), IC ONOCTO
I F(NFI8),F (NF19),F INF2O),NDj,ND4,N06,NC8) ICONOO7I
IFiIUUBOP.EQ.1JGOTO2IO ICONO&72
1F (aOUN OL.LT .(i.0—TOL1)~~UNOT)GOTO200 ICONOC73
IF (IOUTPT.E Q.C)G01025 0 ICONOC -?4
WRI TEC6,iC0I ) ICON OGT 5
60T0250 ICONOCT6

200 IF(IFEAS .EQ. C)G0T0240 ICONOO1 7
IF (c3OUNUU. GE.UN OT )G0T0230 ICO~’I00?8
G OTO2ZO ICONOC 79

210 1F (IFEA S.EQ.0?GOT C24O ICONOU 8O
220 CAL L B0X23 (1FU16),F (NFI2) ,FD4FI3),F (NF 1 8),NDl,NO6,NOiO) ICON O C S1
230 IF(~ OUNOU— 8OUNDL.GT.TOL1’ABS (5OtN (U))GOTC&2k0 ICONQ&82

IFUOUTPT .Eq.0 •OR. IIYPE.E Q.11G0 10250 1C0N0063
WRITEI6,1002)
GOT O25~ ICON~ 085

240 CAL L dOX25 (IF(N18),IF(NIES2),F(NF4),F(NFI3),F(NFi4),F(NF151, 1C0N0086
I F (NFLE ),FLNF 2I) ,F (NF 22 ) ,F (NF2 3),F(NFHS3),NO1,NO6, 1C0N 0087
2 N09 ,ND 1O,NOli ,NCMS2 , NQM S3 ) 1C0N3088

250 IF(IOUTPT.NE .C)CALL TIMEC 1C 0N0089
1F(LN OOE.NE .2)GOT (~260 ICONQO9O
IE(IBUBOP.EQ.IIGOTOI5Q ICONDi~9160T0120 I CON O C 92

260 Lt’&ODE=2 1C0N0093
G0T0170 1C0N0094

1000 FORMA T (3IHOTHE PHASE 1 BEST UPPER BOUND .E15.6) ICONOC9 5
10.1 FORMA T (46HDThE LO SER BOUND EXCEEDS THE BEST UPPER BOUND.) ICONOC 96
1002 FORMA T (3S*4OTHE LOWE R AND UPPER 8OU4DS ARE E~~IAL.) ICONOO9 7

(ND ICONDI.98
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EXHIBIT 4 (Continued)

SUBROUTINE BOX1 (IF,F ,Nj ,Nf .NO1 ,N(2 ,N03 ,NOl.,N 05.N06 ,ND7 ,NOe,NO9, BOX IOCCI
1 ND10,ND11,~~DMSZ ,~~DNS3) BOXI000Z

C READ ~RAN C i4—ANO-BOUND INPUT. READ USER INPUT. BOXIO C O 3
CONNON/P 0/NX j,N12 ,N13 ,N14,N15 ,N16,N17 ,NI8,N19,NIj’ ,NI11 ,N112 , BOX I000 ’.
I NIMS2,NF1,NF2,NF3,NF~ ,NF5 ,hF6,NF 7,NF6,NF9 ,NFi0,I~FIi, B~ X10005
2 NF12 ,KFI3,NF14,KFI5 ,NF tt ,NFL 7,NFI8,NFI9,NF2O,NF2I,t4F22, BOXI0006
3 NF2 3,KFZ4,NFMS3 BOXI00 07
COM NON/P1/N ,14,IIYPE,NSTRAT ,NQ CRL I ,NBVRLL ,N111E1 ,NCDRL2 ,NBVRL2, BOX I000 8

1 NT ITE2 ,I’XLIST ,L ISTOP ,ITA PE,IFB, PXI TER ,MBIM I,IOUTPT , BOX I0009
2 ITRACE,P ISTART ,TIHE1, TOL1, TOL2 ,PCBU 8,ALPHA (10) BOX IOCLu
COM IION/P2/EPS I ,EPSIH , ~IGN ,8EGTN ,M 1,H2,K3 ,P14,N1 ,M P1,MP2 ,NN3 ,NMINZ, BOX IQ O1I
I NH1N3 ,PIiP2,NPI ,N SUM ,NTC ,MlO BOX IOC 12
COK MON /P3/NO CHOT ,UNO T ,I8UBOP ,LP~A~ E ,NODRU L, NBV RU L ,N T IG H I ,NL 1ST . B0X 10613

I NLISTS ,tFEAS,L S TMX , ITRTCT ,ITRMA X,BLB,NBRNOD .PBRNOC, BO x IOCIl.
2 N B R V A R.NUPD WN,XBR NOO ,TBRN OO,NOOE ,LNODE ,Z ,BOUNDL ,8OUNDU , BOX IOI.1!
3 TSIG,LFEAS ,IBRVRI,IU pON I ,XBRV RL,IB RVR2 ,IUFUN2,XB RV R Z , BOX IOC I6
1 L1C,N ITER ,NBINV, H ?,IPHA~ E,NPHASE ,NH3M7, IALGO ,IECJ
DIMENSION IF (NI) ,F (NF ) aox io ois
CALL SECOND (BEGT P) 80X10019

C READ THE CONTROL PARAHETERS . ~OXI0C2C
READ(5 ,I000)N ,M ,ITYPE,NS TRAT ,NODRL I ,N3VRL I,NTITEJ.,N OORL2, BOX IOO2 I
I NtIVR L2, (TITE2 ,M XLIST , LISTOP ,ITAPE ,IFB,NXITER . B0X 10022
2 NBINV BOX 1~ C23

IF(t OF(5 ) .N E.0 .C )CALL  (XII BOX LOO2 ’.
IF (N .LE .0)CALL EX IT 6OX 10025
READ (5, I000)I OUTPT ,ITRACE ,MSTART 60X 1302€
iF (HXLI~~T.tQ.0) HXLIST=1000 BOX IOC 2?
IF (MXL IST.GT•I000IIIXLIST I000 60X10028
IF (ITAPL .E Q.0)ITAFE=5 BOXi 0C2 9
if (eX IT ER .EQ .C) NX ITER= 1000 B OX IOC 3O
INLIEXZO 80X10031
1F( PBI’NV .EQ.0 •ANO . IFB.(Q.0 .AND. LISTOP .EQ .0-)INDEXZI 80X10032
REAO (5 , 1001) TIMEI ,TOLI,TOL2 ,U NOT , FCBUD 90X101. 33
IF’(TI ME 1.EQ .0.G)TiME 1~ 160. BOX I Q C3 4
IF (TOLI.(C. 0.C) TOLL=EPSI 80X 10035
IF (TOL2.E Q .Q.0) TOL2 EPSI BOX IO(-3 6
IF (UNOT.E Q .0.C .OR • PCQIJB.NE.0.O )lJNOT=8IGt~ BOX 100.37
IBUBOP C 80X10638
IF (PCtIUB.NE .0.0) I8UBOP=1 8OX1~ C39
READ (5,1002)ALPHA 80X10040
WRITE (6,1003)N,N,ITYPE,NSTR4T ,NO ORL I,NBVRL 1,NT ITE I ,NODRL2, BO XIOC’.1

I NUVRL2,NT ITE2 ,PIXL IST ,LISTOP,ITAP (, IFB , KXITER, B0X10042
2 M8INV ,I OU TP T ,ITR&CE , PSIART 80X1004.3
NRITE(6,1 004)TIMEI ,TOLI,TCLZ,L NO T ,PCBUB B0X 10044
WRI TE (6 ,100SIALP HA 80X10045
IF (ITRACE .G (.l) WRITE (6,1009 ) 8Ox1004E
NOI N BOXiOOi.?
N1I 1 80X10045
N122N11 4 NOi 8OX10049
P413zN12 4 Nti BOX IOO5C

C RE AD THE NUM BER OF CO t%STRA INTS, THE NLNBER OF NONZERO ENTRIES IN THE SOX lOO5i
C CONSTRAINT MATRIX (BY CCLUMN ), ANO DEVELOP THE COLUMN POINTERS. BOX IOOS2

CALL INPUIL 11F ft411),IF (NIZ),N011 BOX IOOS3
NO2SNSUM BOXIOO5’.
NI4~ N I3 • P102 BO XIO O5 S
N15 N14 4 NCZ SOX ISOSs

C READ THE CONSTRAINT MATRIX COLUMN-8~ —COLUNN. $0X11037
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EXHIBIT 4 (Continued)

CALL IN PUT2 (IF (P411),IF (N12),IF (NI3),IF (NI’.),N01,H02) BOXI SO5B
N03*NTC eox tso g ,
ND4z H + 2 BO XIl O BI
N05z N  + *43 - eoxte s~iN06=N + *43 + P1 • 2 BOXIOOB 2
IF (NOo .LT .tI)ND 6 II 80X10063
N07 N04 BOX i006~
IF (I NOEX .LQ.t )NO ? t 80X10065
NOB N’)4. B0X10066
IF (NBV RL I .LE .2 .OR. NT ITEI .EQ .0)GOTO I1O 80X10067
IF (N STRAT.E Q.t) GOTOt OO BOXIO O 6S
IF (NBVqL2.L (.2 .OR. NT ITE2.EQ .0)GOTOIIO 80X10069

100 ND~~~I 80X10070
110 N09=P1)i 90X10071

IF (IT YPE.EQ.1 .OR. ITY’E .EQ .3)N39 1 B0X10072
ND IOz IXLIST BOX IOOT 3
N011 P4010 B0X10074
IF (I~O3RL1.EO.1 )GOTOt30 BOX IOO75
IF(NSTRAT .EQ.1)00T0120 BOX IOOT 6
IF (N OORL2.EQ .1)GOTOI3O BOX IOO77

120 N011=1 . 80X10078
130 N 16 N 15 + P101 80X 10079

N17 N1 6 4 NOt BOXIO O SO
NI 6=N I7 + N04 90*10081
NI9~ N I8 + P1010 90X10082
N I t 0 = N 19  + P106  BOX IOOS3
N I I I N I I O  4 NO~. 80*10084
N 112 N 111 + P105 90*10085
N ITOT N I12 4 N05 80*10086
NFI 1 90*10087
NF2~ NFi 4 P103 B~ XI0088
N F3~ NF2 + ND~ BOX1o 0e~
NF 4=NF 3 + P104 80*10090
NF 5=NF 4 + P101 90*10091
NF6=NF 5 • P105 B0X1009 2
NF?=PF 6 + P104 80*10093
NF8~ NF7 4 P105 BOX IOO9 I.
NF 9=NF 8 + NO B 80*10095
NF IO NF9 4 ND ’. BOX IOO9E
NFII NF 1O + N07’NO7 80*10097
N FI 2 NFI I  4 N04 BO XIOO9S
NF1 3 MF1 2 • NOt 80*10099
NF 14~NF13 + P1010 90*10100
NF I 5 NFI 4 + P1011 90*10101
NF IB NFI5 4 P106 90*10102
NFI7~NFt€ 4 P106 BOX IOIO3
HFI 8=NFI7 + P106 80*1010*.
NF1 9~ NFI8 + P106 80*10105
NF2O=NF19 + P108 80*10106
NF21 NF20 + NOB 80*1010?
NF22=NF2I + NOB 80*10108
NF23 NF22 + NOB 80*10109
NF24=NF23 • P109 80*15110
NFTOT ~ NF24 + N04’ND’. 10X15111
IF(NI.LT.N ITOT .OR . NF.t. T .NFTOT )G0T0230 OXI•U,

C PEAO THE TA B LE OF CONST ANTS, TPIE RIGHT—HAND—SIDE, THE LOWER AN D .0111113
UPPER SOUNDS, THE COST DATA,  AND THE LISTS CF INTEGER AND CONCAVE SOXtS11~

71 

--



r 
- - - - - - - - - - - - - .-

~~

- -

EXHI BIT 4 (Continued)

C VARIABLES. 80*10115
CALL INPUT3 (IF(Ni5),1P U*I$I,1F (NI~ $,F(NFi),F(NF2hF (NF4* , BOXLOII B

I F (W 13),F (NF 1B ).F(NF 17),N01,N03,NO4,N0B) 50*10117
WRIIE46 ,1006)NITOI.NFTOT 80*10118

C ESTA B LISH THE S TRUCTURE OF THE BRANCN —AN D—8OU PEO LIST. 80*10119
IF (NSIRAT .EQ.2)6010140 80*10120
N IM S2~ NI10 — 9 00*10121
NONSZ ND4 + Z’P405 • 9 80*10 122
GOTOI5O 00*10123

140 t4IMS2ZN IIO — 11 80*1012*.
NDNS2=NUi. • 2 N D 5  • 11 80X 1 125

150 NDMS3 2 NOB • 3 80X1012€
IF(PT IT (1.EQ.0)GO1016O 80*10127
IF ( NSTRAT. EQ.j ) GO IOI7O 00*10128
IF(NT IT E2. EQ.1)G010170 80*10129

160 NFMS3 NFI8 — 3 BOX iOI 3 O
NDM S3 P4OMS 3 + NOB • 2’NOB 80*10131
G0T0180 BOX1~~132

170 NFMS3 NF2I — 3 00*10133
180 IF( NSTRAT .EQ. i )60 T0190 80*13134

NFNS3 NFMS3 — 1 80*10135
NOMS3 NOMS3 • 1 00X1013€

190 IF (LISTOP .E Q .1)G010200 80X10137
NOMS3 NUMS3 + P109 • NO4~ NC4 80* 10138
GOTO2 IG 80*10139

200 IF( ITYP c .EQ.1)G0T0210 80X1011. C
NDN S3 N OM S 3 + N09 80X 10141

210 NMSTO T= N0M S2 + POMS3 80*1011.2
W RIT EIB, I007)NMS TOT ,NONS2,NOHS3 80*10143
IF(IT~ Pt. EQ.i )GOTC 220 80*10141.

C R~.AD USER INPUT . 60X 10145
CALL REAOI N 80*10 146

220 CALL TI MEC BOX 1OI I.T
RETURN 80*10148

230 *i.~ITE (6,1006)NIT0T ,NFTOT 60*101 49
)IRITE (6,1008)N I ,NF 80X1015~
CALL TI I4EC B0X10151
CALL EXIT 80*10152
RE TURN 80X10153

1(00 FORMA T (16 I5) 80*10154
100.1 FOR MA T (5E12.0) 80*10155
1002 FORM A I( ICA S )  80*10156
1003 FORMA T (37HIINPU T FOR BRANCH—AN O—BOUKO ALGORITHM / 80X10157

I Z1HOINTEGER PARAMETERS ,1(I7/21X ,31?) 80X1015 8
1004 FO RMAT I2 IHOREA L PARAME TERS =,5E15.6)  BOXI~~159
1005 FOR *4AT (2IPIQPR0GR A P IDENTIFIER =,4X, 10A 8) 8OX 1O I6C
1006 FORMAT (4’.h0ADE(~UA~ E DIMENSION! FOR ARRAYS IF AND F ARE,Ii0, 60*10161

1 4H AND,I10,16H tRESPECTIVELY).) 80*10162
100? FOR PIAT (39HOTHE BRANCH—AND—BOUND LIST CONSISTS OF ,IIG,21H LOCAT IONSOXIOI6 3

iS PER NOOE (,I1C,25 H LOCAT I CNS 0*4 UNIT 2 AND ,I10,22H LOCATIONS ONIIOXIOIB4
2 UNIT 3).) 80*10165

1(08 FORMA T (15HO THE 0I*4tP4SIONS,Ii0,4H AND ,I10 ,18H ARE INSUFFICIENT.) 60*10166
1009 FORIIAT (10 H “ BCXl) ~0X10167

END 00*10168
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EXHIBIT 4 (Continued)

SUBROUTINE 80*2 (NZ.NP,IR ,IA ,INT , ICC,IS,IWUS (,NV,IBV ,NSV ,IUPPER , 80X20001
1 TC ,BORIG ,RHS.C2,Cj ,81,BN ,U ,PJ ,GINV ,XJ ,XN O I , 00*20002
2 !IGMAL ,SIG MAU ,V ,X2,SO,51,B .N01 ,N02,N03,N04 ,$W5 , 00*20(03
3 NDB ,ND7, N08,NO1O ) 80*2000’.

C SOLVE THE FIRST SUBPROGRAM. 00*20005
CO NHON/P1/N,M, ITYPE ,N STRA T , NOORL I,NBVRL 1 ,NTITEI , NOORLZ,NBVRL2, BO X 2O C JB
1 NTITE2 ,PIXL IST ,LISTOP , IT AP€ ,IF)J ,I1XITER ,MBINV,IOUT PT, BO X2000?
2 ITRACE, PISTA RT ,TIMEI,10L1,TOL2 ,PCBUB,ALP*4A(iO) 80X20t.08
CO PIMON IP2 /EPSI,EPSIN ,BIG N,B EGTM ,PI1, M2,M3 ,H4,Ni,NPI,MP2,N$3,NM1MZ, 60*20039
1 NHIM3 .NIP2 ,NP1.P45UN,N TC ,N10 80*20010
COMMON/P3/NOO NOT , UNOT ,IOUBOP ,LPHA !E,NOO RUL,NBVRUL ,NTIGHT , NLIST, 80*23011
I NL ISTS, t~FEAS ,LSTMX ,ITRT (T ,ITRMAX,0L8, N8RNO0,P$RN 0O, 00*20012
2 NBRVAR ,NUPOW N ,XSRNO O ,TBRNO O,N 0DE,LNOOE ,Z,EOUNO*. ,BCUNOU , 00*23013
3 TS IG,IFEAS ,IdRVR I ,IUP CN I,X B RVR1,IB RV RZ , IUPDN2, X B RVR2, 80*2001’ .
4 LI0,N ITER,NBINV ,M?,IPHA SE ,NPHASE ,NM3M? ,IALGO ,IECJ 60*20015
DIMENSION INT (NC1 ),ICC (NC1) ,IS(P401s) ,INUSE (N010) 60*20016
DIMEN SION BCR IG (N~ 4),RHS(ND1.),C2(t~Ot),U(N06),PJ (Nt’.),XNOT (NO1), 80*2001?
1 SIGNAL (P~D6),SIGPAU (ND6) ,XZ (N06).S0(N08),S1(N08) 80*20018
IF (LTRACE .GI. 1IWR ITE(6 ,1007) 60*20019

C INITIALIZE THE BEST UPPER BOUND AND LIST. 00*20020
LPpIASE= 1 B0X20021
N0DN0T~~0 80*20022
00100J 1,N B0X2 002 3

100 XNOT (J) 0.0 BOX2QCZ4
NLIST=C 80*20025
NLISTS= 0 80*20026
NFEA S O 80*20027
LSTMX O 00*20028
IT RTOT O 80*20329
ITR PIAX=O 80*20030
OOIIOIZ1,MXLIST BOX20 03I

110 INU ~E (I) 0 80*20032
NOQRUL NOCRL1 80*20033
NBVRUL~ NBVRL 1 80X2003 * .
NT IGHT~ NTITE 1 80*20035
P8RNOD=1.0 80X20 036
NU PDWN I B0X2003?
NOOE I 80*20038
$BRNOO= C 80*20039
IF (IOUTPT .NE .C)WR ITE(6,1000 )NOOE, *LBRNOO 80*20040

C ESTAB LISH THE UPPER BOUNDS FOR THE FIRST SUBPROGRAM . 80*20041
00120J 1,N1P2 80*20642

120 U (J)~~SIGMAU( J)— SIGMAL( J) 80*20043
C ESTABL ISH THE COST DATA FOR THE FIRST SU8PRCGRAM . 80X20041.

TSIG O .0 80*20045
00150J=1 ,N 8012004€
k=ICC (J) 00*2004?
IF (K.EQ .0)GOT OI4O 80*20048
CALL GEIOOJ (K,SIGHAL (J),F0) B0X20049
ISIG2TSI& + FG B0X20050
IF (AB S4U (J )  ) .LE .T0 12)GOT OI3O 80*20051
CALL GETOBJ IK,SIGMAU (J),F1) 00X20052.
Cl (J) 1F1—F0)/U 4 I 80*20053
60T0150 80*2005*.

130 C2 (J)zO.0 80*20055
6010150 8012105$

140 TSZG~ TSIG • C2IJ)’SIGMAL IJ) 5011815?
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EXHIBIT 4 (Continued)

ISO CONTINUE 80*20056
IF(IOUTPT .l.E.1)GOTOI9O 80*20059 —
WRITE(6,1001)TSIG 80120060
WRI T E( 6 , t00 2 )  BOXZOOBI
OO I7OJ=1,N 80*20062
KZ LNT (J )  B0X 20063
L~~1CC(J ) 80X2 0064
IF (IOUTPT .GE,3)GO T0IBO 80*20065
IF (K.EQ.0 .AND . L.EQ .0)GO TO1?3 60X20066

160 W R ITE (6 ,1003)J ,k ,L , S IGNAL (J ),Si6$lu (J ),C2 (J) 80*2066? —

170 CONTINUE B0X2 00 68
IF(IOUTPT .t.E.2)G0T 0190 BOX 2OCB9
IF(NN1HJ.EQ.N)G OTO19O 80*20070
00180J= NPI,NMIPI3 60*20071

180 WR ITEdB,1004 )J ,SIGNAL (J),SIG MAU (J ) 80*20072
190 CONTINUE B0X200?3

C ESTABLISH THE RIGHT-HAND—SIDE FOR THE FIRST SU8PROGRAP. 80*200?’.
OO200I~ 1,MPI 60*20075

ZOO RNS( I)=dO RIG(1) B 0X 20 C76
IP I4ASE=1 80X200?7
00230J21,N 80*20078
IF(ABS(SIGMALiJ) ).LE .EPSI)60T0230 80X20079
00210I~ 1,MP 1 80X2 0080 -‘

210 PJ(I)sO.0 80*20081
CALL GETCOL INZ ,NP ,IR.IA, I$ ,TC,RHS,C2,Cj, PJ, NO1,N02,N03,N04 ,N05, 80* 200 82
I J,NZER OS) 80*20083
0022011z1,NZEROS 80*2008’.
IZIS(j1) 80*20085

220 RHS(I)XRHS (i) — PJ(I)~~SIGflAL (J) 80X20C86
230 CONTINUE 80X20087

C LSTABLISH THE INITIAL BASIS , eAsz ! INVERSE, A N D VALUES OF THE BASIC 80*20088
C VARIABLES FOR THE FIRST SUBPROGRAM. BOX206~~9CALL INPU T1. (Nz,NP ,IR,IA ,IS ,NV,IB ~ ,Nsv,iucPER,Tc,BoRiG ,RHS ,ce,C1 . B0X20090

1 bI,BN ,U,PJ ,8INV, 0,NOi ,N02,N03,N04,ND5 ,N06,NO1) 80*20091
C DETER MINE THE APPLICA ELE LP ALGORITHM. 80*20092

CALL INPUT5 (NZ ,NP ,IR, IA ,IS,IBV,N8V,IUPPER,TC ,RHS,C2,C1,BI , L ,PJ ,8,80X20093
I N01, N02,ND.3,N04,N O5 , PU B) 80*20094
IF(IALGO.NE.O)60T021.0 80*20095
IEOJ 1 80*20096
RETURN B 0X2 0097

C SOLVE THE FIRST SU8PRCGRAN. 80X20098
240 CALL SI MPLE (NZ ,NP ,IR,IA ,IS,NV,I 8V .N8V ,IUPPER,TC,~ HS,C2,C1,BI,BN , 80*20099

I U,PJ,BIHV ,XJ, V , X Z,8 ,NDt,t40 2,N03 .P40&.,N05,p i06,N07) 80X2 0133
IF (IEOJ.NE.0)RETURN 80*20101
NFEAS=NFEAS + 1 80*20102

C PRINT THE SOL UTION. 80*20103
ZaZ,TSIG 80X20104
00250J21,NIPZ BOX2OIO S

250 XZ (J)ZXZ(J) + SIGPIA L(J ) 80120106
IFIIOuT PT .EQ.o )G010260 00*20107
NUP *N 80*20108
IF (IOUTPT.GE .3)NUP’NMIM3 80*20109
W RIT E I6 , 100 5 ) 2  BOX2 OII U
WRITE (6,1006) (XZ(J) ,Ja1,NUP ) BOXZOIII

240 IF(NOI .LQ.l)RETURN $0120112
(NBVRUL .t.E.2 •OR. NTIGHT.(~ .$)40tO2S0 50*20113

C INITIALIZE TH€ SLOPES. S0XZIU4
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EXHIBIT 4 (Continued)

DOZFOIS1,N? 00X20115
S0 (I)~~0.0 80X2.a116

270 S1 (I)~~0.0 80X20117
RETURN 80*20116

C DETERMINE THE SLOPES ASSOCIATED WITH THE OPTIMAL OBJECTIVE VALUE. 80X20119
280 CALL SLOPES (NZ,NP ,TR,IA ,IS,IBV ,NBV ,IUPPER ,TC,RHS,C2,Cj,PJ,XJ,S0, 8OX~ jt2~

1 SL,B,N01,N02,N03,N04,N05,NO 8) BOX~~0j21
RETURN 80*20 122

1000 FOR MAT (1H1,50(1H~ )/6H0N0DE ,I5/2OKOSRANCHE O FROM NO DE .15) 80X23123
1001 FO RIA T ( 7HJ TSI G ~,E t5.6)
1002 FORMAT (9HCVAR I ABI.E,4X ,3HINT ,bX ,2HCC ,12X ,5HLOWER ,12X ,5HUPPER ,13x , 80*20 125

1 4HCOST/2X ,6HNUMBER ,3* ,8HVARIAD LE ,2X ,SHVARIA 3LE, 9X, 5HL IMIT , BO X2i)126
2 t2X,SHL IMIT ,9X ,LLHCOEFFICIENT #1ZX ,BH NUMBER, 1.X,B HNUPIBER// ) 80*2012 7

1003 FORMAT (3X ,15,2(5X ,15),3X ,3(E15,b , 21)) 80*20128
100*. FOR MAT (3X ,15,23X,615.6,2X ,E15.4) 60X20129
3.005 FORMA T (17 N0 $OI.UTICN VALUE ~,E15.6) 80*23130
1006 FOR MAT ( 1?HQ VAR IA BLES z ,B E1S.6/ (17X ,6E15 .6 ) )  BOX 2~~1J1
III? FORMAT ( 1O H •~~~~‘8OX2) B0X20132

END 80*20 133
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EXHIBIT 4 (Continued)

SUBR QUTIN ( 53*5 (INLSE, XNOT,cAPP ,CAPL,NO1,$Ot$,NDII,IENTIY) 80*50.61
C PRINT THE SOLITICK. 10*51012

CO$$ONIPI,N ,N,ITYPE ,NSTRAT,NOCRL.I,NSVRLI,NTIT (1,NOORLZ,NSV*LZ , 0150113
I NTITE2,MXL IST,LISTOP , IT*PE ,IFe,MX ITER ,NBINV,IOUTPT . 50*50004
2 ITRACE,I ISTART ,TIMEI, TCLI, TOL2 .PC8UB ,A LPHA (l0) 80*50005
co.4MoN ,p3 ,NocNoT,uNoT ,IoueoP ,LpHA !E,sooRuL,NBvRuL,NTIGHT ,NLIsr , BOX5 000B
1 NLISTS,NFEAS ,LSTMX ,ITRT CT,ITR HAX ,BLB,NBRNOO ,PBRNOO, 80*50007
2 NBRV AR ,NUP O MN ,XBRNOO .TBRNOO ,NODE,LNODE ,Z,80UNOL,8CUNOU, 80*50008
3 TSIG,IFEAS ,IBRVR1,IUPON1,XBRVR I,IBRVR2,IUPON2 .XORVRZ , 80*50009
1. L10,NITtR,NBINV ,M 7 .IPHA SE,NPHASE ,NM3H7,IALGO ,IEOJ 80*50010
DIMENSION INU SE (NC1C) 80*50011
DiMENSION XNOI (NOt )- ,CAPPINOIO) ,CAFL (MDII) 80*50012
IF (ITRACE.GE .1) NRITE (6,101?) 80*50013

C PRINT OUT PROGRA P IDENTIFICATION. 80*50014
WRITE(6,10O0)N ,II,ITYPE .NSTR AT ,N0D~L1,NBVRL1 ,NTITE1,NOORL2, 80*50015
I NBVRL2,NTITEZ, PIXLIST ,LISTOP ,ITAPE,IFB,MXITER , 80*50016
2 PBINV ,IOUTPT ,ITRACE ,KSTART 50*50017
WRITE (6,1001)TIMEI, TOL1,TOL2 ,UNO T ,PC8UB BOX5 00I 8
WR ITE(6,1002 iAL. PHA 80*50019

C PRINT OUT THE SOLUTION OR THE C URRENT BEST SOLUTION. 80*50020
IF (IENTRY.E Q.t)G0tO100 80*50021
WR ITE (6,1003)NODNOT 80*50022
REW INO 9 80*50023
REWIND 10 80*5002’.
WRITE (9)NOQNCT 80*50025
WR ITE( 10) NOCNU T 80X50026
END FILE 9 80*50027
END FILE 10 80*50028
GO TOII 3 80X50029

100 WRITE (6,1004)NOONOT 80*50030
110 WRITE (6,1005)UNCT 90*50031

WR ITE (6 ,tOGB) IXNOT( I) ,I=1,N) 80X50032
WR ITE (6,IOG?)NOOE 80*50033
WRI TE (6,10081p~FEAS 80*50034
WRITE(6,1009)LSTMX 80*50035
W RIT E(6 , I010) ITRT CT B 0X500 36
WRITE (6,t01I)ITRMAX 80*50037
1F (XENTRY.NE .1)G0T 0180 80*50038

C PRINT OUT THE LIST. BOX SOO 3 9
NRITE (6,1012)NLIS 1 80*50 040
INDEX= 0 80*50041
IF (NSTRAT. EQ .2 )GOT OI2 O 80*50042
IF (NOORLI.EQ .i)60T0140 80*50043
GOTOI3O 80*50044

120 IF (NOORL2.EQ .1)G0 1011.0 BOXSOC4S
IF (~.PH ASE.EQ .i .AtD . NODRL1 .EQ .1)GOT0140 B0X50046

130 INOEX z1 80*5004?
W RIT E(6,1013 )  80*50048
60T0150 80*50049

11.0 W R ITE (6 ,1014)  80*50050
150 00170I11,HXL IST 80*50051

IF(IN USE (X ) .EQ.C)GCITO1?0 00*50052
1F(LNOE X.EQ.0)GOT C~ Q3 B0X50053
WRITE (6,1015)INUSE(I) ,CAPPII) B0X50054
GOTOITO 00*50555

160 WRITE (6,j0t()INUSE (I),CAPP (I),CAPI(I) 50*50056
170 CONTINUE 50*50037
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EXHIBIT 4 (Continued)

100 CALL TINEC SOMSISSI
RE TURN 10136039

1000 FORMAT(21P1INTEGER PARAMETERS •,i(17121X,317) 50*50040
1001 FORMAT IZI HOREAL PARAME1ERS z,5E15.6) B0X53061
1002 FOR MA T (2IHO P.ROGRAr IDENTiFIER ~,1.X,jOA 8) 80*50062
1503 FORMA T (66 HOTNE SOLUTION TO lifE INTEGER CONCAVE PROGRAM MIS PROVIOE8O*51i063

10 8Y NOIJ E ,I5) 90*50064
1G&4 FOR MAT (?9HOTHE CURRENT BEST SOLUTION TO THE INTEGER CONCAVE PROGRABOX5J CBS

3M WAS P.(OVIOED OY NODE ,15) 00*50066
1005 F ORMAT (I7HG SOLUTICN VALUE ,E15.6) 80*50067
10J6 FORH AT I1 7HOVA R IABL L S ~ ,6ti5.6/(17X,6E15.6)) 80*50068
100? F ORMAT (34HOTHL . NU M8ER OF NODES EXAMINED WAS .15) 80X50069
1,06 FORMA T (32H THE NUPdER OF NODES SOLVED WAS ,2X,I5) 00*50070
1009 FORNA T (27 HO T HE MAX IMUM LIST SIZE *AS ,I5) 80*50071
1010 FORMAT (S4ICTHE TOTAL NUMBER OF SIPPL EX ITERATIONS PERFORMED WAS , 80*50072

1 1?) 80*50073
1011 FORP~AT (5iH THE MAXiMUM NUMBER PERFORMED ALONG ANY BRANCH WAS , 80*500?’.

I 3X ,17) 00*53075
1012 FOR MAT (2BNOTHE CURRENT LIST SIZE IS .15) BOX500TB
1(13 FORMAT(1p 4093X ,4HNCUE,9X ,5HLOWER /17X ,5HBCUND//) 80*5307?
1014 FORMAT (1HC ,3X ,4HNcDE,9X ,5ItOWER,B X,IOHPROCESSING/I7X.5HBOUNO, B0X530?8

1 lix, SHORtER//) 80*50079
1015 FORMAT (3X ,15 ,2X ,E 15.6) 00*50080
1016 FOR I4AT (3X,13,ZX,E 1S.6,2X,FII.0) 80*50081
1017 FOR NAT ( LQH •~ ‘~~ 8CX5) .0*50012

(ND 80*50063
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EXHIBIT 4 (Continued)

SUSROUT INE BOX? (INUSE,CAPP,N0l0 ) 80*70001
C ON IERMINE THE BEST LONER BOUND. 80*70002

COMMON /P1/N ,N,ITYP(,NSTRAT, NQCKL I ,NBVRLI,PdTIT (1.NOORL2 ,NB VRL2 , 90*73003
I NIITE2 ,M XL1ST ,LISTOP ,IT AP (,1F€,PX ITER ,MEINV ,IOU 1PT , 80*7000’.
2 ITRAC€,HST AR T ,TIM EL,IO L I,TOLZ ,PC B UB,A L PHA IIOI 80X70 00S

CONMON/P2/EPSI,EPEIH, dIGN,B EGT M,M1, M2,N3, H4,Nl, NPI, MP 2,NM3 ,NNIH2, 80* 7 0006
1 NM 1H3,N1P2 ,NPI,NSUH ,NTC,N 10 80*70007
coHMo HIP3FNoDp4oT,uNoT ,IsueoP ,L eHa~ E ,NooRuL ,N9vRut ,NTI GHT,*4LIsT, 80*700 08

1 N L I~ TS,*4FEAS .LSTMX, ITRT(T ,ITRifAX ,8LU, NBRN OO, PBRNOO, 8OX7000~2 N B RVAR ,NUPONN ,XBRN OO ,T8RNOD,N 0OE,LNOOE,Z .BOUNOL ,BCUNDU , 80*70010
3 TSIG,IFE4S,j 8R VR1,ILP QN 1,XBs ~VR1,18 Ry R2 , IUFD N2 ,X8RY R2 ,  00*70011
4 L10,NITER,NBL*4V,M7,IP*~ASE,NPHASE,Nti3M7,iALG0,IECJ 80*70012

DIMENSIO N IN U~E (NOtO) 60*73013
DIMENSION CAPP (ND1L) 8OX7C~-1’.
IF (ITRACE.G(.1) WRITE (6,I000) 80x73015
BLB 81GN BOX 7 00Ib
OO100I=1,M*LIST 60*70017
IF(INUSEII) .EQ .C ) GO TOL OO 80*70018
ZF (CAPP (I).GE.BL 8 IGOTO IGO 80X 70019
BLO CAPP (I) 8OX7~~02&

1..~. CONTINU e. 80*73 (21
RETURN 80X73t22

1(00 FOR’IATIIOH ••~~ ‘8CX7) 60*70623
END 8oX7302~

78



- ~~~~~ - - - ~~ - -  - - -- -

EXHIBI T 4 (Continued)

SUBROUTINE 80*10 (IN%JSE,CAPP,CAPL ,ND1~ ,NDtI) 80*10001
C SELECT A NODE FRO M THE LIST AND PUT IT IN THE SU8LIST. 80*10002

CO HMON /PI/N,M , ITYPE,NST RAT ,NODRLI ,N t3VRL 1,UTITE 1 ,NODRL2 ,NBVRLZ , BOX 1G~ G3
I NTITE2 .MXt IST ,LI$TOP ,ITAPE,1F 8,PIX ITER ,MBI NV, IOUTPT ,
2 ITRACE , M START, TItIE1, T0L1, TOL2 ,PCt3UB , A L P I$A(10 ) B O X1OLC 5
COMMO N /P3/NU D I4Q T ,UNOT ,IOUUUP,L PHASE ,NOOitUL ,NBV RUL ,NTIGII T,NLI ST, BOXIC ..C6

1 NL ISTS ,NFEAS ,(.STHX ,IT~ T0T ,IT~ I1AX ,DLB ,N8R NOD ,P8~~ OO, B0X 13i07
2 N6RVA R ,P.UPOWN ,XUR ~OD, TBR NOO ,N0O~.,Lt4UOE ,Z,BOUt4OL,~ 0UNDU , 60X~~~.~~8
3 TSIG,IFEA S ,IBRVR1, IUPON i, X 6~ VR1 ,I 8RVR2, IUPDN 2 ,X~ RV R2, 80X1G~ G9
4. L10,NI TER ,NB I NV ,M T,I P IA SE ,N PHASE ,NH 3H7,IA LGO ,IEOJ
DIMENSION INUSE(NC10) BOX IO6XI
DIMENSION CAPP (NO1.a ),CAPL (ND1I) UOX1.j..12
IF(ITRACE.GE.1)WRITE (6,1000) B0X13~ 13

C SEL CT THE NODE . B0 X 1 JC 1~
PBRNOO ZO.0 60*10015
DOIQOI I,MXLIST BOXiJ~ j6
IFUNUSECI ) .EU..~IGOTO100 80*13017
IF (CAPP (I) .GE.U NOT)GOTOL.h 80*10318
iF ICAPIII ) .LE.PBRNOD) 00T0103 BOXlOI jj 9
P8RNOD:CAPL (I) 80* 1302 3
I J I  80*10321

100 coNriNuE
C PUT IT IN THE SUBL IST. 60*10023

INUSE (I0) —INUSE (I0) BOX IGC 2’.
NL ISTS NLISTS .I 80*10025
RETURN B0X1i~.26

1000 FORIIAT (11p4 •~‘~~~8OX10 ) 80*10027
END 80*10028
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EXHIBIT 4 (Continued)

SUBROUTINE 80112 (INUSE,IrS .c2 ,CArP ,CAPL ,SIGNAL ,SIcP lAu ,S1 OLD , 80*10001
1 SUOLO ,C20LO ,FNS ,N0t,NO 6 ,N09,NDID, NO1i ,NUMS2, BO X I0 03 2
2 NOMSJ) B O X I 0 0 0 3

C SELECT T HE 8RANC HING NODE FROM THE !UBLIST (PHASE 1) OR THE LIST B O X I 0 0 0 I .
C (PHASE 2). 80*10005

COM HCN/P1/N ,M,ZTYPE ,NSTRAT ,NOORL 1,N 8VRL I ,NT ITEI,HODRL2,NBV RL Z, BOX 10 006
I NTXTE 2 ,MXL IST,LISTOP ,IT A PE ,IFB ,IIX ITER,HBI NV,I OU TPT , 80X 10~~C 7
2 JTRAC E, M START ,TIME1,TOL 1,TOL2,PC8UB ,ALP~ A (10) 80*10038
CONNON /P2/EPSI,EPSIM ,8IGN ,BEGTH ,M 1,M2,M 3,M4,N 1,MP1,MP 2 ,NM3 ,NMIM 2 . 60*10039

I NMIN 3,N1P2 ,NPI, I4SUM ,NTC ,M10 80*10010
COM MON/ P3/NODNOI ,LNO T ,I8UBOP ,IP PAS( ,NODRUL,NBNRLJ L ,NTIGHT,NL IST , 80*10011

3. NLISTS,I’F EAS,L. ST MX ,ITRT (T,ITRMA X,ELB, NB RNOO ,PURNOO, 80*10012
2 N eRvA ~~.Nup ow N.xeRNoo,1~1RNoO,Nooc,LHooE,z ,eouNoL ,scuNou , BO X IO&13
3 TSIG,IFEAS,IBRVRI,IUPCN1 ,XBRVR 1,IBRVRZ,IUPON2,X ORVRZ, 80*1001’.
1. LtC,N1T ER ,N.flNV,M7 ,IPHASE,NPHA$E,NIl3M 7,IALGO ,IEOJ 60X13C15
DIMENSION INU SE INOIO),IMS INQMS2 ) BOX100Io
DIMENSI ON C21N01) ,CAPP (NO10),CAPL (N011P,SI&MAL(N06),SIGMAU (N06) , 80*1001?

1 SLOLD (NCB ),SUOLC (N061,C2OLO (N09),FHS (NOMSJ) 80*33018
iF ILTRACE.G~~.1)WR1TE (6,10C0) BOX 13O 1~IF(IBUBOP.EQ.0160T0113 80X13C2~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘80*10021
C Se.LECT THE dRANC HIN G NODE FI~0II THE ~U 8LIST . - 90X13022
C,.

~~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ e..~~4.,..,.$ ~~~~~~~~~~~~~~~~~~~~~~~ 10023
BOXi~ C2’.

U01)0L:1,MX LZST 8 0X 1 3 0 2 5
1F(iNUSc~(i) .GE. C) GOT0IOO BOX 1~iC2 6IF (CAPL (1).LE.PBRKOO)GOT0100 80Xi0~~2T
PBRNOO=CAPL(I) 80*13 28
NdRNOD=—INUSE(I) B0x13~j2g
10zL 80X1003&

100 CONTINUE 80X1~~t31C DECREMENT THE SUBLIST CGUNTER. B0X10~~32
NLISTS~ NLISIS—1 80*10033
0010150 8OX10~~34.

C Sct ECT THE BRANC HING NOOE FROM THE LIST . BOXJ30 36

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
110 IF (NOORUL.EQ.1)GO TOI30 BOXIOO 3o

C FRICRIT Y NODE SELECTION RULE. B0X13~~39
8L8 816N BOX13~ ’.~
00120I=1,MXLIST 60*1001.1
IF (INUSE (I) .EQ. £16010120 80*1304.2
IF (C*PP(1) .GE.B LB)60T0120 80*1004.3
8LB~CA PP( I)  8 0 X 1 3C 4 ’ .
HBRNOO=IP4USE(I) 80* 13045
10*! 8OXL3 ~~4B

120 CONTINUE 80X10s4 7
60T0150 80*1304.8

C LIFO NODE S~ LECTI 0N RULE. 80* 1334 .9
130 PbR N0O=~ .0

0014.0L=i,MXLI ST 80*13051
IF (INU St (I) .EQ. C)GOTOI4.0 B 0K10L52
IF (CAPL (I) .LE .PBRNOO)6 0T0140 80*10053
PBRNOD=CAPL (I) 80*1005 I.
NBRNOO LNUSE (I) 60*10055
10*1 80*10056

11.0 CONTINUE 00*10057
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EXHIBIT 4 (Continued)

C DECRE MENT THE LIST C0~NTER . 80*10056
150 LNUSE (I~~) 0  80X 13059

NL1ST NLI ST~~1 80*10060

C READ IN THE OA IA FOR THE ~RANCHING N0 (E. 80*10062..
X F (N 0 0 E . E Q.  N8kNC036010200 BOX1Oi.6 ’.
CALL REAO HS (2,INS,NDNS2,101 8OX130ó~CA~.i. READifS (3,FMS,NDHS3,I0 i B0X100b~
IBRWRI IMSIX) 8O*t0tt~7IUPQNI=IMS (2) 80*10068
LIU IMS (31 8OX 13C 6’~
N1T ER L~1S(61 80 * 1 0 0 7 0
N8INV IMS (5) 80*00071
H7 IMS(6) 80*10(72
IPHA SF. I H S ( 7)  0OX1C 73
NPHASE IMS (81 U0X1~ C7”
NM3M7ZIHSt9) ~OX13~ 7 S
IF (NSTRAT .EQ.1)&010160 80*13076
IdRVR2=IMS(10) 60*10077
IUPON2 IHS (11) 8OXjQ~~78

160 Z=FMS (1) B0*130 7~
T~ IG=FM ~~(21 60*10083
XaRVRI =FNS (3) 80*10381 

—

1F (N STRAT.EQ .1)GOTOI7u 60*10082
X3IRVR2 FMS (4) BOX1~ 18,

173 00183J 1 ,N1P2
SIG$P.L (J)=SLOLOIJ) 00*10085

180 SIGMAU (J) SUOLD (J) 60X10C8€
IF (ITYPE.EQ .IIGOTQZOO 80*13087
00190J 1,N 80X13088

190 C2 (J)~ C2OLO(J1 BOX I3 89
2.0 IURNOU ISIG

C A EJUST TIlE c ,RANCHIP4G V A FIABL E SELECT I CH ACC ORCZN G TO TIlE CURRENT 80X 13’.Yl
C PHASE CF THE A LGO RIIHP. 6 0 * 1 0 0 32

1F It~51RAT.EQ.1)CU1U213 BOXIOIH3 3
IF (LPHASE .L00.1)6010210 BOX1,.1 94.
NbRVA R= IBRVRZ BOX 1OC 9S
NU PONN IUFON2 80* 13(96
XORNOD XORVR2 80*13097
RETURN 80*13(98

210 NBRVAR IBRV RI BO X I 3 2 9 9
NUPUWN=IUFONI 80*10100
XbRNOD XORVR1 80*10161
RETURN 60*10132

1010 FORHAT (11H •“~‘8OX12) 80*10103
END 80*13104
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EXHIBIT 4 (Continued)

SUBROU ’LNE BOXIJ (INT,ICC ,I EV ,C2 ,SIGMAL, SIGMAU ,XZ ,SC .Si ,SLOLO . 80X10G ~31
1 SUOLD,NtI ,NO1..N16.N08) 80*10032

C TIGHTEN THE LIMITS ON THE MONOTONE VA FIA8LES (PHASE 1) OR TIGHTEN 80X10003
C THE LIMITS ON ALL VARIABLES USING THE BEST UPPER 000NC (PHASE 2). BOX 10004.

COMMON/P1/N,H,ITYPE,NSTPAT, NOORL I,NBVRL1.NTITEI,NOORL2,NB VRL2, 8OX IOC35
1 NTITE2,MXLIST,LIST0P , ]TAPE~ IFt3, PXITER,M8INV ,IOUTPT, 30X10006
2 IIRACE, rSTART,TIMEI,I OLI,TOL2,PCBLO,ALPHA(I0) 80X10007
CoNHoN,P2,E psI,Ep~ 1N ,aIGN ,BEGT K,M 0,H2,M3,H4.,Ni,MPt,MP2.NM3,NM1M2, 80X10008
1 NN1N3,N 3P2,NPI,NSUM,NTC ,MI0 80*10009
CONHON/P3/N0DNO1,UN0T,j8U00P,LP I1A~ E,NOORUL,N8VRUL,NT1GHT ,NLIST, 80X10010
1 NL1STS,NFEAS,LSTMX, IIRf (T,ITRMAX, 8LC,N8RN0O ,P8’~NJO, 30*13011
2 N6RVAR ,NUPUWN,XERNOC .TBRNOO,NOOE ,LNOOE.Z,B0UNUL ,BCUNOU, 60*13002
3 TSI& ,IFEAS,I 6RVR1,IUPONI,XBRVRI,I8RVR2, IUPON2 ,XOR VR2, BOX IO j 1J
4. L1C,NI TLR ,NOIN V ,M7,IPHA5E, N1’HASE ,NM3~I7 ,IAL G 0,IE0J 80*10014
DIMENSION INT(NCII,ICC (NQi) ,13V (NC4) 80X1O (1~
DIME NSION CZ thOjI,SIGIIAL (N0oJ,SIGrAU (N061,XZ (NOo),SQ(N08I ,S1(NO 8I ,30X13016
1 SLOLD(NL)6),5U010fN06) 00*10017 - -

IFUTRACE.GE .1~ WRiIE(6,1LC5 ) 60*13018
IF (NTIGHT .EQ .1)REJU~oN fsOXlOCl3
NCOUNI= 0 80*13020
IF(UNOT .EQ.dIGN)60T0310 90Xj3~~21
IF (IBUBOP.EQ .1)G010310 80X1.022

C TIGhTEN THE LIMITS CN TIlL BAS IC VARIA B LES. BOX 10024.
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I. ~~

003001 1,N7 BOX 1002E
I F ( I . E Q .M P I ) G O T O 3 0 6 .10*10027
J IcSV (lI 80*10028
IF4 ABS (SIGMAU(J)—sI&MAL (J)1.LE.1002)&OTO300 80*13029
XZJJJ XL (J) 80*10030
IFtXlJJJ.GT .SIGP~AL(J)iT0L2)G010i00 B0X10031
SGU )=—BIGN BOX O DC3 2
XZJJJ~SIGMAL(J) U0X10033
G0TOI1O BOX 100 3L,

100 IF (XZJJJ.LT .SIGMAU (J)— TOL2 )GOTO11O 80X10~~-3~Si ( I ) B I G P  80X~~3 0 JE
XIJJJ=SI(M4U(J) 80X13 37

110 CONTINUE B0X13038
C ALL VARIA BLE TYPES. BOX 100 -39

VI SIGMAL (J) 80*10(’.0
if (S0(I).€ Q.—oIGN )GOTO12C BOX IOO I.i
T1=Z • S0(I)’(VI — XZJJJ) BOX IO0 ’.2
&OTOI3C fl0X13~~’.3

120 11=BIGN B0X1C0~.l.
jiG IF (J.GT.N)6010230 BOX ’ .t4.5

1F(I N ((J).EQ.u)G010230 8(~~33~~4.6
C INTEGER LINEAR 0~ INT oGER CONCAVE VAR JA BLE. ~0X 1CCh 7

K XZJJJ
t3CX13C~~9

V3 1(+1 BO Xi O t5 O
K ICC (J) 00*13 (51
IF (k.E3 .C)GOIO15O 60X10052
CALL . GLTOBJ (K,V1,F1) BOXIOCS3
CA LL GLT0BJ (I(,V2 ,f2) 80*13054
CALo 0LIJdj  (K,~ 3,F3) 60*13055
$ F I $ I U b . ( Q . -~ IGN .ANO. ABS(XZJJJ—v21.GT.T0(2)GOTOITO BOX IOC5€
(• fSI III.EQ .—OIGN )00T01’.0 90*10057
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EXHIBIT 4 (Continued)

T2=Z • SQ (I )~~(V2 — XZJJJ ) • F2 — (Fl • C2 (J)’ (V 2—SIGPsAL(J ))1 80*10058
60T0180 - 

80*13059
11.0 T2=Z I F2 — (Fl + C (J) ’ (V2 -SIGMAL (J)1) 80*10063

60T0180 BOX1O OI
150 iF(S0(I).EQ.—d IGN .ANO. Aes (xzJJJ—v2) .GT .ToLz)GOT0I7G 80X10062

IF(S0(I I. EQ .—BIGN )GOT 0160 B0x10063
T 2 Z  • S0(1)’(V2 - XZJJJ) 60*10064.
GOIOI8O 80*10(65

160 12*1 BOX IQC6 6
00T0180 B0X10067

— 173 T2 BIGN 80*10068
180 IF(S1(IJ .EQ.SIGN •AND . ABS(V 3—X ZJJJ).GT.TOL Z)G010220 BG X IOCB 9

IF (K.EQ.0)GOTO230 80*1)070
IF (51(1 ).EQ. BIGN) GOTOI9O BOXIOC7I
T3~Z • S1(I)’(V3 — XZJJJ) • F3 — (Fl • C2 (J)’ (V 3—SIGIIAL (J3)) BOX ~ 0 C T 2
0010260 80X13073

190 T3=2 • F3 — (Ft • C2 (J) (V3—STGMAL (J))1 90*13074.
0010260 80*10075

200 IF(sI(I).EQ .BIGN)GOTO21O 80*13(78
1 3=2 • ~j(j)’(~ 3 — XZJJ J ) BOX 103TT
00T0260 BOXi0078

210 T3=Z 30*13179
0010266 BOX oO C 8O

220 13=.1IGN 00*10081
0010260 80*10082

C LINEAR OR CONCAVE VARIA BLE. 60Xi3o83
230 V2=XZJJJ BOX130B’.

V3 V 2 80X 10385
LF (J.GT.N)GOTU2 4O BOXjOu8b
K ICC(J) 60*10087
1F(K.~ Q.C)00T0240 B0X13085
CALL GETOBJ (I(,V1,F1) 80X10C89
CALL GETOBJ (K,V2,F2) BOXIOC9O
T2=Z • U — (Ft + C2(J)1 (V2—SIGHAL(J))I 80*13091
GOTO2SC B0X1009~

24.0 T2~~ 80*10093
2~~ 13 T2 80X10 94.

C ALL VA I~IAdLE TYPES. BOX 10098
260 W4 SI&MAU (J) B0X13096

IF(S1(I ).EQ.BIGN) 6010270 80*10097
T 4 1  • sl(I) (Vl. - XZJJJ) BOXIO C 9O
0010280 80*10(99

270 T4~ 3IGN BOX I O I O O
280 CALL ADJU5T (V1,V2,V3,V4 ,TI ,T2,T34T4,SL,SU) 8OXi01~~0

SIGMAL (J)=SL 80*10102
SIGHAU(J )zSU 00*10103
IF (J.GT .N)G 0T0290 80*1010’.
IF (INT (J) .EQ.u)0010290 B O X J01 05

C FOR INTEGER VAR IAuLES , CHECK THAT THE LOWER AND UPPER LIMiTS ARE 3OXIOIO (
C iNTEGERS. 80*10107

K S L  80X1D1~~8
S1GMAL (J)=K 80X 13139 -3
IF (A OS(S L — SIGMAL (J)) .GT .TOL2ISI CNAL (J) K+l 80*10110
K*SU BOXIOI 1X
SIGMAU (J) K,1 80*10112
IF IAOS (SU — SIGMAU (J)).GT .TOL2)SI (MAU (J)=K 80*10113

C INCRE MENT THE COUNTER IF THE LI MI TS HAVE CHANGED. BOX1SIi~
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EXHIBIT 4 (Continued)

290 IF (AB S (SIGMAL (J)~~SL0LU (J)) .GT.TOL b NCO U NT NCOUNT .l 80*10115
IF (ABS (S1GN JU(J)-SUOLO (J)) .GT .TCL~ )NC 0UNT *NCOUNT .l 80*10116

300 CONTINUE 80*10117
GOTO3TO 80X10118

C A DJUST THE LINu S ON HE MONOTONE VAR iA BLES . 90*10123
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 312 1

310 003601 1,N7 80*10122
IF (I.E Q .HPIi GOTO36C 80*13123
J 18V (13 B0X131~~l.
IF (AOS (SIG I4AU (J)—SIGMAL (J)).LE.TOL2)G0T0360 BOX IO1ZO
XZJJJ=XZ(J) BOXI I26
IF(XZJJJ.LE .SIGPIAL(J ) .1012) 0010330 80*1012?
IF (50(I) .NE .—OIGN)00T0330 00X13128

C A DJUST TIlE LOWER LIPIT. 80*10129
IF (J.G1.N)G030320 80*0:13:
IF(iNI(J).EQ.010010320 80*10130
K=XZ JJJ B 0X 10132
SIGNAL (J ) K 80*10133
IF (ABS (XZJJJ —SI G MA L 1J )) .GT.TOL2 )SIGMAL (J )*K+l 80X 131 34.
GOTO3JO BOX LOI3E

320 SIGMAL(J ):XZJJJ BOXX..13t
331. 1F (XZJJJ.GE.SiGIlA )~(J)—T 0L2)GOTOZSC 8OX~ 0137

IF ( ~ 1(l ) .NE . BZGN)6010350 BOX IO 138
C ADJUST THE uPPE~( LiMi T. B0X 0013 9

IF (J .GT. N)G0TO3’ .C 90*1014.:
IF(1N 1 (J) •E Q. )GOTO 34O 80*131’.)
K= XZJJJ BOXI’t4?
SIGHA U (J1=K+1 BOXIO1’e 3
IF (A8S (XZ..JJ—S1GNAU (J)).GT.TOL2)SIGMAU(J ) K 80*101..’.
00T0350 80*1314.5

34.0 S1GIIAU (J)=XZJJJ 60X101’.6
C INCREMENT THE COUNTER if THE LI MITS HA VE CHANGED. 80X0 147
350 IF (A8s(~~IGHAL (J)—SLOLO (J)).GT .TOL2)NC0UNT=NCOUNT .t B0X101’.~

iF (A 8S(SIGIIAU (J)—SUOLD(J) ).GT.tCL2)NC0UNT~~NCOUNT.1 80*1314.9
3b0 CONTINUE 80*1315 .

C PRINT THE OLD ANC NEW LIMITS. dOXi; 152
~~~~~~~~~~~~~~~~~~~~~~~~~ ‘BOXiD 353

370 IF (IOUTPI.LE.2)RETURN 80*1015..
IF (UNOT.EC.BIGN)G (10380 80*1015 ~IF (IBUBOP .EQ.1)G010380 60*10158
WRITE (6,1000INBRNUD 60*13157
0010390 80*10158

380 WRITE(6,lOOi)NORNCD 80*10159
390 IF(NCOuNT.EQ.C)CO IO’.tO 80*10160

WRITE (6,t002)NCOU I 80X10161
DOkO0I=1,M7 80X1C162
IF(I.EQ.MPL)GOTO’.36 80*13163
J I dV (I) 60*10164.
1F (A 8S (SIGMAL (J)—SLOLU (J)).LE.TOL 2 .ANO. 80*13165

1 A8S (SIGHAIJ (J)—SUOLU (J)1.LE.TOL2)GOTOkOO 80X1016€
W RI TE( 6,l003)J ,SLCLG(J) ,SIGMAL (J ),XZ(J) ,SIGMAU (J),SUOLD(J) 60*13167

4C0 CONTINUE 80*10168
GOTO1.20 90*10169

410 WRITE (6,i004.) 80*10170
420 CALL TINEC 80*10171
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EXHIBIT 4 (Continued)

RETUR N 80*10172
1000 FOR NAT (1H0,50(1H~ )/52H0TIGH1EN THE LIMITS ON THE BASIC VARIABLES F80X10173

IOR NOOE ,15) 80*10174
1001 FOR MAT (lHO,S0 (1H1)I54HOAOJUST THE LIMITS ON THE MONOTONE VARIA 8LESB0Xi~ 1?5

I FOR NODE ,15) 80*10176
1002 FORMAT (I2HGTHERE WERE ,15,23H CHANGES TO THE LIMITS./ 80*10177

3 1HG,2X,5HBASIC,11X ,3NOLO,j4.X,3H N E W ,LL X ,8HVARIABLE,12X , 80X 10178
2 3HN E W ,14X ,3HOLO/ iX ,8.1V~ RIA8LE,2(9X ,5HLOWER,3X),9x , 00*13179
3 5HV A LUE ,2(12X,SHUPPER)16X,2(12X ,SHLI,lIT),j7X, 60*13180
4. 2 (IZX,5HLIMIT)//) BOXIC18I

1003 FORMAT (3X ,15,1X ,5(2X,Et5.6)) 80*10182
100’. FOR MAT (37HOTHERE WERE NO CHANGES TO THE LIMITS.) BOX1dL8I
1005 F OR M AT (11H ~‘8OX13) 90*10164.

END 80*1016 5
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EXHIBIT 4 (Continued)

~UBR0UTINE 80*15 (NZ,NP .IR,!A .INT ,ICC ,IS,IV ,IBV ,NSV,IUPPE R ,TC , 80X10001
I $ORIG,RNS,C2.C1,BI,UN ,U ,PJ ,BINV ,XJ ,SICMAL, 80*10002
2 SIGMAU ,V ,XZ ,S0,!l.SLOLD ,020L0,B ,N01 .N02 ,N03, 80*10003
3 ND’.,N05,N06,NO7 ,NO6,N09) 80*1000’.

C~SOLVE SUBPROGRAM LNOOE . 00*10005
CQN HON/P1/N ,N ,1LYFE,NSTRAT ,N0 CI~Lj,N8VRLt,NTITE1,NC0RL2,P4dVRL 2 , 80*10006
I NflTE2 ,M XL IST ,LISTOP ,ITA PE, IFO,NX ITER, H9INV ,ICUTPT , 80*10007
2 ITRAC E ,K START ,TINE1,TOLI,T0L2 ,PCBU.1,AL PHA I1O ) 80*10008
COHNON/P2/EPSL,EPS1N,UIGN,BEGTI4,H1,N2,H3.M4..N1,NPI,MP2,NH3,NN 1M2, 80*10039

1 tIHIM3,N1P2,NPI,NSUN,NTC,M10 60*30016
CONilOtl/p3/NOONOI,UNOT,IOUBOF,LPHASE,NODRUL,NBVRUL ,NTIGHT.NLI ST , BOXIOGII

1 NLISTS,NFEAS,LSTNX, ITRTCT ,ITRHA X ,8Lt~,N8RN 0O,PdRNOD, 30X10012
2 NBRVAR,NUPDwN ,XBRN0O,TBRNOO,NODE,LNOOE,Z,000NDL ,BCUNDU, 30*13013
3 TSIG,IFEAS~ I6RVR1,IUPON1,X6RVR1,I8RVR2,IUFDN2,X8RVR2, 50*10014
4. Lxo.NITER,NBINV.p .7,IPHASE,NPHASE.NM3M7 .rALGo .icoJ 30*10015
CONHON/P’./SAVE,KdRAN , Xl 80*100 16
DIMENSION INT (N01),ICC(NDI),IS(ND’.) ,IdV(N04),NBV (N05),IUPPER (N05 1 80*10017
DIMENSION 8CRi G (NC4),.~HS (NOk) ,C2(NO1),8I(I~04.) ,BN(N05),U(N06), 80*10018
I PJ(N04.) ,SIGMAL(NOa),~~LGKAU (NO6),XZ (N06),SLOLD(N06), 30*10019
2 C2OLQ (N09),8(NUI.,N04) 80*10023
IF (IIRACE .GE .1)WRITE(6 ,1315 ) BOX10021
NOOE=NODE I 3 80*10022
IF (ICUTPT .NE.’i.)WR1T€ (6,1000)NODE,NSRNOD 80X10023
IF (L NOOE .EQ .21GCT0290 80X10024

c.... •.. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C INITiALIZE THE DATA REUUI~ EO FOR SUBPROGRA M 1. B0X10026

IF (X6RN0O .L1.SIGMAL (N .~RVAR )JX 3RNO( SIGMAL (N6RVAR) 80X10C28
1F(X8RNC0.G1 .SIGMAU N~ RVA R )XBRNOC=SIGNAU (NBRVAR) 80*10029

C MODIFY THE UPPER -LIMI T FOR TIlE 8RAHC H ZNG VA RIAB LE. 80X 10033
SAVE SIGMtL ((NoRVAR ) 80*10031
IF(INT(NBRVAR) .h(.C )GOTOIIO B0X10032

C 8.(ANCHING ON A CONCAVE VARIABLE. BOX 10033
100 IF(IOUTPT.P4E.G) WRITE (6,100i)NoRVA~ ,ICC(N8RVAR) 80*1003’.

SIGMAU (NBRVAR I=XBRHOD B0X10035
kBRAN=0 80*10036
G0 1012C 80* 10037

C BRANC HING ON AN INTEGER VARIA B LE. 80X10038
110 K=XBR NOO 80X10039

XC=I( 80*10040
X I K +1 80*1004.1
IF (AB S (X 0—XBRNOO ) .LE.TOLZ .ANO . ICC (NBRVAR) .NE .G)6 0T0100 80*1004.2
IF(AOS(X1—X8RNOC .LE.TOLZ .ANO. ICC (NBRVAR).NE.0$GOTO100 BOXIOC’.3
IF (IOUTPT.NE.6)WRITE(6,jGCZ)N3RVAF,INT(I.ERVAR) 80X1004.’.
SIGPtAU(N6RVAR)=XC BOXIOO4.5
K8RAN :1 80X13046

C ESTABLISH THE UPPER LIMITS FOR SU8PROGRAM 1. 80*1004.7
120 00130J=1,NIP2 80*10048
130 U (J) SIGMAU (J) — S1GMAL(J) B0X10049

C ESTABLIS H THE COST DATA FOR SUBPRCGRAP 1. BOX100SC
00140J=i,N 80*10051

l’.G TBRNOO=TORNOD • C2(J) (SIGNAL(J) — SLOLD(J)) 80*10052
TS IG=TSRNC 0 BOX 10053

C ESTABLISH THE R IGHT— HANC-SIDE FOR SESPROGRAM 1. 60*10054
00150121.M7 00*10055

150 RHS (I)~~8OFIG (I) 90*10056
DOI6OJ*l,NIPZ 90*10051
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EXHIBIT 4 (Con tinued)

IF UeS (SIGNAL (J)) .((.EPSI)GOTOI$I soxtii;s
00160Is1,N7 80*1S03~

160 PJ (I)z0.0 80*10060
CALL GEICOL (NZ,NP ,IR,iA,IS,TC,RHS,C2,C1,PJ,N01,NtZ,NO3,N04,NO5 , 80*10061

1 J,NZERcS) 80*10062
001701t 1,NZEROS 80*10063
I=IS (I1) BOXIOOB4,

170 RHS ( I )= RHS( I)  — PJ(I)•SIGMAL(J ) B0X10065
IF (IPHASE .E .2)RHS(NPZ)ZRHS(MP2) - PJ (MP2)•SIGMAL (J ) 80*10066

160 CONTINUE 80*10067
C ESTABLISH THE BASIS INVERSE , THE VA LUES OF THE BASIC VARIABLES, AND 80*10068
C T HE VALUES OF THE NONEASIC VAFIA B LES FOR SUBPROGRAM 1. 60*10069

00190K 1,Li0 BOX IOC7O
IF (I UPPER (K) .80.0)6010190 80X10071
J NBV ( K) 80*10072
BN (K)=U (J) 80*10073

190 CONTINUE 80X 130?4
IF (LISTOP.E Q.1)00 10270 80*10075
D02001 1,M7 60X 10076

200 8I (I)=R HS (I) B0X10077
00230K=1,L1G 80*10078
IF (lOPPER (K) .EQ.0)6O10230 80*10079
J NOV(K ) 80*10080
IF(AO S ( U(J )  F .LE .EPSI)G0T0230 80*10081
002101 1,M7 B0X10082

210 PJ (J ) Ø .Q 90*10083
CALL GEICOL (NZ .NP ,IR ,IA ,IS,TC,RHS,C2 ,CI,PJ,N 01,ND2,ND3,N0’.,N05, 60*13086

I J,NZEROS) 60*10088
0022311*1 ,MZEROS 60*10086
I=IS(11) B0X10087

220 81(I) B1(I) — PJ (I)~~U(J) 60*10068
BI(HPI)=BI(MP1) — PJ (HP1 )1U(j~ 80*10069
iF (IPHASE.EQ.2)8i (HP2) BI(HP2) — PJ (MP2)~~LJ(J) 80*10093

230 CONTI NUE 80*10091
002501 1,N7 80*10092
Q1=0.0 80*10093
OOZ4OJ I,M7 B0X10094

24.0 Q1=U1 I B(I,J)181 (J) 80*10098
250 PJ(I)ZQL 80*10096

DO26OI=1,M7 80*10097
260 8i(u) PJ(lJ B0X10096

G0T0260 60*10099
270 CALL BINVRT (NZ,NF ,IR,IA ,IS,IBV,NBV,IUPPER,TC,RHS,C2,Ct,BI,U,PJ, 80*10100

1 8IKV,U,NDt,N02,N03,N (4,N05 ,N06,KO7 ) 80*1010 1
280 RE WINO 1 90*10132

WR ITE (4) (IBV (I),I 1,N04 ).(NBV (I),1 1,N05),CIUPPER II),I l,ND5), BO X 1O1Q3
I (8I (I),I=1,NQ4.),(BN(I),I j,ND5),L10 ,NITER,NBINV , 80*10104
2 ((B (I..J I ,I=1.N0k) ,J=1,ND4) 80*10105

C CHECK IF THE SUBPROGRAM IS INCLUOEO IN THE NE )T SUBPROGRAM. BOX IOIOE
IF (INT (NBRVAR ) .P4E.C)GOTO3?0 60*1010?
IF (ABS(U(NBRVARI ) .GT.TOL2)G0T0370 BOXIOIOB
IFIAB. (sAVE — SI&MAL (HBRVAR)).L1.TOL2)60T0370 B0X10109
IEO JZ1 80X10 110
IF (IOUTPT.NE.C)H,cLTE (6, 1004) 80*10111
RETURN 80*10112

C INITIALIZE THE DATA REQUIRED FOR SU8P~OGRAM 2. 80*10114
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EXHIBIT 4 (Continued)

230 S IGMAUI NBRVA R )C SAVE 80*10116
SAVE aSIGHAL (NBRV AR ) BOXIOI1 7
IF (KBRA N.EQ.I)60T0300 80*10116 

—

IF (IOUTPT .NE .U )WRI TEI 6 ,1001)NORVA F ,ICC (NBRVAR ) 80*10119
SIGMA L(NB RVAR )ZXBRHOO 80*10120
GOTOI1O 80*10121

300 IF (Z OUT PT.N E. U)WRI T E(4 ,100ZJ N8 RV A R, IN T I NB RVA R ) 80*10122
S IGMA L(N B RVAR). zX1 80*10123

310 DELTA *SIG MA LDi8 RV A R) — SAVE BOX IOI24
C ADJUST THE UPPER LI MITS. 80*10125

U(N6RVAR) SIGMAU (NdRVAR) - SIGsIAL (NORVAR) 80*10126
C AEJJUST THE COST DATA. B0X10127

IF (ITYPE.EQ.1160T0330 80*30126
00320J*I,P4 60*10129

320 C2 (J) CZOLD(JI 80X10 130
330 TSIG= TBRN CD I C2 (N8RVAR)~~CELTA 80*10131

C ADJUST THE RIGHT -HAND-SIDE. 80*10132
003401z1,H? 80*10133

34,0 PJ(I)*0.C 80*13134
CALL GETCO L. (NZ ,NP,IR,IA ,IS,TC,RH S,C2,Ci,PJ,NDl ,NC2 ,N03,ND4 ,N D5, 80*1013 5
I N8RVAR,NZEROSI 60*10136
0035011 1,NZEROS 80*10137
I IS(I1) 90*10136

350 RHS(I)=RHS (I) — PJII)•OELTA 00*10139
IF (IPHASE.EQ.2)RHS (HP2)=RHS (MP2) — PJ (NP2 )

~ 0ELtA 80*10140
C ADJUST THE VALUES OF THE 6ASIC VARIABLES. BOX1OI4.1

REWIND 4. 80*10142
READ (4)(18V(I),I 1,ND4),(N8V(I),]*1.N05).(IUFPER (I),I=I.N05), 60*11.14.3

1 (8I(I),1 1,NOk),(BN(I),1 1,N05),Lj0,NITER,NdINV ,. 80*1014.4
2 ((8II,J),I 1,NO4),J~ 1,ND4 i 80*10145
00360I=i,M7 80*1014.6
BI(I)*BIII) • 6II,MP1)’PJ(MPl)’OELTA 80*10147
IF (NORVAR.Pl8.I8V(I) )&010360 80X10148
8I(L)=BI(I) — DEL TA 80*10149

360 CONT INUE BOXIO 150
C CHECK IF THE SU8PROGRAM IS INCLUQED IN THE LAST SUBPR OGRAM . B0X10151

lF~ INT (NBRVAR).NE.O )GO1O3?0 80*10152
IF (ABS (U(NBRVA Ik)) .GT.IOL2)60T03?C B0X10153
IEOJ 1 80*10154.
IF(IOUTPT.NE.C) ~RITE (6,10C5) 80*10155
RET URN 

- 
80*10156

C SOLVE SUBPROGRAM LNGOE. 80*10158
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 159
370 IEOJ=0 80*10 160

D0390J=1,N1P2 B0X1016 1
IF(U (J) .LT. — TOLZ) 00T0380 60*10 162
IF (U(fl .GE.TOL2’U .1)60T0390 80*10 163
U(J )=T OL 2 ’ 0 . I  80*10164
G0T0393 90*10165

360 IEOJz1 BOX IOI6E
390 CONTINUE 80*1016?

IF (IEOJ.EQ. 0)GOTOI.jQ 80*10168
C THE LOWE R AND UPPER LIMITS ARE INCOMPATIBLE . B0X10169

IF(IOUTPT.NE.G) )RITE(6,1006) 80*10170
IF(IOUTPT .LE.1)RETURN 80*10171
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EXHIBIT 4 (Continued)

WRI TE(6,10071 80*10172
D0460J I,NIP2 80*10173
IF(U(J) .GE.—TOL2)GOTO400 80*10174
WRIIE(6,1008)J,SIGHAL (J),SIGHAU (J) 80*10175

4.00 CONTINUE 80*13176
RETURN BOXIOITT

C THE LOWER AND UPPER LIMITS ARE COMPAT IBLE. 80X10178
41C 1F(ITYPE .E~ .2)GOTO4.60 80*10179

C APPLY THE DUAL SIMPLEX ALGORITHM FIRSI. 80*1018)
IF (IOUTPT.LE.1)GO IO4SO 80X13181
NRITE (6,10u3)ISIG 8OX1316~
WRITE (6,1009) 80*10183
0O430J 1,N 80*10184
K*INT(J) BOXIO185
L:ICC (J) 80*10186
IF(IOUTPT .GE.3)G010420 90*10187
IF(K.EQ.C .ANU . L.EU.0)GOTO43O BOX lOi8d

420 HIIITE(6,1013 )J,K,L,SIGMAL (J),SIGNAU (J), C2(J) 8OXi318-~
43k. CONTINUE 3OXU 11.

IF (IO UTPT.LE.Z) 1.0104.50 BOX 1J1~~1
IF (NM1M3.EQ.P)GOTc4.50 80X10192
OO’.4.JJ NPI,NMIM3 ~0X13193

44.0 NRITE (6,1011)j,SIGHAL(J ),SIGMAU (J) 80*10134.
450 IALGO=2 60* 13)

CAL L SIMPLE ‘,Z,NP,IR,IA,IS ,NV .I8V.NOV,IUFPER,TC,RHS,C2,C1 .BI.BN, 80*101 3c
1 U ,PJ ,BI NV ,XJ,V ,XZ,6,NO1,N 02,N 03,NU’..N05,N06,N07) 8OX1~ 197
IF (IEOJ.NE .0)RETURN 30*10198

460 If(ITYPE .EQ . 1)G0T0580 6 CX J 0 1 9 9
C APPLY THE PRIFAL ALGORITHM SECOND. B0X102~~.
C LSTA BLISH NEW COST CA1A. 90X13201

TS1& 3.C 8OX10Z c~
DO’.90J=1,N 80*10203
K ICC(J) BOX1C20’.
IF (K.t~.L.C)G0T 04.8C
CAL L 1.51083 (K .SIGMAL (J),F0)
ISIG=ISIG • FO 80X13207
iF (A 3S (U (J)).LE.TOL2PGOTO47 O 80X102Od
CAL L GETOBJ (K,SIGHAU (J), Fi) 80*13209
C2 (J) (Fl — F1.)/U(J) 80X13~~13
0010490 60X13211

47(i C2 (J)=3.0 B0X10~~12
GOTO4.90 80*10233

480 TS IG=ISLG I C2(J) SIGHAL (J) B0X13214
4.90 CONT INUE 80X 13215

iF(IOUTPT.LE.1)GO T0533 80*13216
WRITE (6,1003)TSIG 80X13217
WRITE(6,1009) 80*13218
00510J 3,N 80*13219
K LNT (J) B0X1O~~2v
L ICCIJ) 80X13221
IF(IOUTPT.GE.3)GO TO500 BOXI)222
IF (K.EQ.0 •ANU . L .EQ.0)G0T0510 80X13223

530 WRIT€ (6,1C10)J,K,L,SIGMAL (J),SIGNAU (J),C2(J) 80X13224
510 CONTINUE 80X10225

IF(IOUTPT.LE .2)GOTOSJ O 80*10226
IF (NNIM3.EQ .N)GCT C5JO 80*10227
DOS2OJ=NPl,NH1M3 80*10226
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EXHIBIT 4 (Continued)

520 WRIT EI6,1011~ J ,SIGNA L(J ) ,SIGMAU(J ) 80*11223
530 INU€XaO 80*10230

C BASIC VARIA d LES . 10*1.231
005501 1,P7 80*10232
IF( I .EG.NPI)CQTO550 80*10233
J IBV( I)  80*10234
IF(J .GT.N)00T0550 80X I0235
TZC2 (J ) — C2OLD (J ) 90*10236
IF(A B S( T )  .LE.EPSI )GOTO5SO 00*1023?
lNDEX~1 80*13236
BI(NP1)28I(MP1) — T~ 8I(I) 80X10239
00540J 1,M7 80*10 240

51.0 B(NP I,J )=O(MPI,J) — T ’B(I,J) 80*10241
550 CONTINUE 80*1024.2

C NONBASIC VA RIAB LES. 80*10243
00560I 1,L10 80*1024.4.
J=N 8VII) 80*10245
IF (J.GT.N)GCTO56O 80*1024.6
I*C2(J )  — C2CLD (J ) 80X 1024 1
IF (A 8S ( T )  .LE.EPSI)6010560 80*10248
INOEX= 1 B0X10249

560 CONTINUE 80*10250
lF(INO(X.EQ. 0)G0T0570 80*10251
IALGO* 1 90X10252
CALL SIMPLE (NZ,N P ,IR ,IA,IS,NV,1aV ,NBV,IUPPER,TC,RHS,C2,C1,8I,BN. B0X10253

1 U. PJ,B INV,XJ,V.ZZ ,8,HDI,N02. N03,ND4,N05.N06 ,N07) B0X 10254
IF (IEOJ.NE .0)RLTUR N 80X10255
G0T0580 80*10256

570 IFIIOUTPT.GE.2) W RITE (6 ,1012) 80X 10257
580 NFEAS NFEAS • ~ 90*10256

C PRINT THE SOLUTION. 80X10259
Z*Z I TSIG 8OX10~~60
00590J 1,NIP2 90*10 261

590 XZ(J) XZ(J) 4 SIGMAL (J) B0X10262
IF(IOUTPT .EQ.C)GO TO6 00 60*10263
NUP N 90*10264
IF (IOUTPT ,GE .3) NUP=NMLH3 80*10265
WR ITE (6,10I3)Z B0X10266
WRIIE (6,1014) (XZ(J),J 1,NUP ) 80X1026 1

600 IF(NBVRUL .GE.3 .ANO. NTIGHT.EQ.l)RETURN B0X10268
C DETERMINE THE SLOPES ASSOCIATED WITH THE OPTIMAL OBJECTIVE VALUE. 60*10269

CALF. SL OPES (NZ,NF .IR.IA .IS,IBV,N8v ,ZUPPER ,TC,RHS,C2,C1,PJ,XJ,SC, 80*13270
I Sl,8,NOI,ND2,N 03,NO4,ND5,NC8) 80*10271
RE TURN 60*10272

10.~0 F0RMA TI1H0,5O (1 H~ )/fH 0N0DE ,I5/2OHCBRANCHED FROM NODE ,I5) B0X10273
1001 FORNAT (23HO 8RANCHING ON VARIABLE ,I5,27H WHICH IS CONCAVE VARIA BLEBOXIO 274

1 ,15) 80*10275
1002 FOR MAT (23HOBRANCHING UN V~RIA8LE ,IS,27H WHICH IS INTEGER VARIA 8LEBOX1O2T6I ,I5) 80*10277
1003 FO RMAT (7H OT S IG *,El5.6) B0X 10278
1004 FORMAT (76HCTIjE SU8PROGRAM NEED NO~ BE SOLVED AS IT IS INCLUDED IN BoX 1Q2 lq

ITHE NEXT SU EPROGRAM .) B0X10260
1005 FORMAT (T 6HOTHE SUBPROGRAM NEED NO1 BE SOLVED AS IT IS INCLUDED iN 60X10281

1TNE LAST SUBPROGRAM.) BOXi0 282
1006 FORMAI (Z7HOTHE PROGRAM IS INFEASI~LE.I 80*10283
1007 FO RIIAT (JOI4OTH E FOLL CW ING LIMITS A O E INCONPAT IBLE~ 00*10214

I 3HOVA RIA BLE, 9X,S HLCW ER,12X ,SHUPPERI 80*10265
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EXHIBIT 4 (Continued)

2 2* ,6HNUNBER,IGX, 5HLIMIT,12,,5F4LINIT/,) B0XtC~~66
1(06 FORMAi(3x,I5,3X ,E15.6,2X,E35.6 80*10267
1009 FOR HA T(9 H OV A R IA BL (,4X,IHINT ,8X,214 (C,j2X,5ILOWER,12X ,5HUPPER,13X . B0X10288

1 4H COS T/ 2x , 6HNUNJ E R , 3 x , 8 H V A f l A B L E , 2x , 8 H V A R I A B L L , 9 X ,SHLINI T,  B 0 X 1 0 2 8 ,
2 12X,5HLIEIT,9X,I1HCOEFFICIENT/IZX,6HHUIIBER,4X,(HMUMBER//) 80*1029:

1611. FORMAI(-3X,I5,a(SX,I5) ,3X , 3(E15.E,ZX)) 6OXtC 29~.1611 FOR MAT I 3X,15,23X,E15.6,2X ,E15.6) 80*10292
1012 FORMAT (29HOTH ( LAST TABLEAU IS OP1IMAL .) 8Ox1O2~~s
1013 FORNAT( I7 HO SOLUT ICN VALUE = .E15.6) BO X iC29- ~1014 FORMAT( 1THOVARIABLES ,OEIS.€/It?X ,6E15.b)) 80*10295
1615 FGR MATU1H ‘~~~~dOXI5) 00*10296

END 80*10297
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EXHIBIT 4 (Continued)

SUSROUTINE 60*1? (INT,ICC,IBV,C2 ,SIGMAL .SIGHAU,XZ,S0,S1,ND1,ND1., 80*10001
I N05,V08) 80*10002

C DETERMINE LOWE R BOUND. SELECT THE 9RA~ CM1NG VARIABLE. 80*10003
COMHONIPI/P1, p’. IT y P E , N S T R A T , N 0 O R L I , N S V R L I , N T T T F I , N 0 O R L 2 , NBv RL 2, 90* 10004
I NT IT E2, NXL I S T , L I S T O P, I T A P E, I F e , MXI T E R , MO INV .IOUTPT , 60* 10008
2 IT RA CE ,NS T A RT ,T I M EI ,T DL I , T O L 2 , PC300 ,A L P P- 1A ( 10 )  80X 10006
COHHOM/P2/EPSI ,EPSIN,RIGN ,8EGT’1,Mt,H2, M3,P1.,Nj,MPI,MP2,NM3,NMIM2. 80*10007
I NMIM3,P4IPZ,NP1,NSUM,NTC,MI0 60*10008
COMMON/P3/NOCNOT,UNOT .IBUOOP,LPHASr ,N0ORUL,NBVRUL ,NTIGHT,NLIST, 80*10009
1 NLISTS,NFEAS,L.STM* ,ITRTCT,ITRI’A X,0L9,~48RN0O ,P8RN~O, 80*10010
2 N8RVAR,NUPDW~1,XDRNOD ,TBR NO0,NO0E,LNflOE,Z,B0UN0L,3OUN0U, 80*10011
3 TSIG,IFEAS,I3RVRL,IUPDNI,XBRVRI,PIPVR2,IUPDN2,XBRVR2 . 90*10012
1. L1 0,NITER,NBINV,M7 ,IPHASE,NPHA SE,NH3P17,IALGO ,IEOJ 80*10013
CON MON/P5/IRCUND 60*10011.
DIMENSIO N Ir-41 (NO1),ICC (ND1),IBV (NO4.) 80*10015
DIME NSION C2 (NDI),SIGMAL(NO6),SIGHAU (N06),XZ(N06),S0(N08 ) ,St(N00) 80*10016
IF (ITRACE.GE.1)WRITC (6,1009I 80*10017
IF(N8VRUL.EO.5)G010420 80*10018
IFI NOVRUL .GE.3)G0T0250 80*10019

C.........~•...e. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C NAX H IN AND MAXMA X BRANCHING VARIABL E SELECTICP . RULES. 80X10021

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
BOUNQU= Z B0X10023
BOUNDL=Z 60*10024
PENO *Z 80*10025
PEN1=Z 60*10026
PEN2=Z 50*10927
IBRV zO 80*10028
JBRV O 60*10029
K6RV*0 BOXIOO3 O
IFEAS I 90*10031

C BEGIN NING OF LOOP. 80*10032
D0240t*1.M7 80*10033
IFII.EQ.MP1)G0T0240 90X10034
JZIBV (I) 90*10035
IF (J.GT.N)GOTO2Z.0 80*10036
IF(ICC (J).ME.0)G0T0120 80X10037
IF(INT (J).EO.O)G01O240 80*10038

C INTEGER LINEAR VARIABLE. 80*10039
K XZ (J) 80*10040
X O K  80*1004.1
XlzK+t 80*10042
IF (ABS (XZ (J)—XO) .LE.T0L2 G0T0240 80*10043
IF(ABS (Xi—XZ (J)).LE.Tat.2)G0T0240 80*10944
IFEAS:0 80*10045
POZOIG N 80*10046
P1190 60*1004.7
IF (S0 (I).EQ.—BI GN) GO T O IO0 80*1001.8
90*2 . SO (I)’(X0 — Xf lJ H  80* 1 0 01 . 9

100 IF(S1(I ).EO.BIGPIIGOTO1IO B0X10050
P1=2 • S1(I)’(XI XZ(J)) 80*10051

110 IF (IO~ V.EO .0)IB~ V=J 80*10092
IF (JBRV.NE .0)GOTOt9O 80*10053
JBRVZJ 80X10054
JUPDN Z  80*10055
IF(P1.LE.P0)GOTO19O 80*10056
JUPON I 80*1005?
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EXHIBIT 4 (Continued)

60T0190 80*10058
120 iF (INT (J) .NE.0)GO 10160 80*10659

C CONCAVE VARIABLE . 80*10060
130 I F ( A 8 5 ( X Z ( J ) S IGNA L (J ) ) . LE .T OL2 )GCT O241.  80*10061

IF (ABS(SIGNAU (J)— XZ(J)).LE.TOL2)GOTO24C 80*10062
K ICC (J) B0X10663
CALL GET0OJ (~~.SI(HAL (J),F0) 80X1006L
CALL GETOBJ (K,XZ IJ),F1) 30*10065
OELTA F1 — ff3 I C2(J) (XZ(J)—S IGMAL (J))) 80*13066
BOUNOU= BOLNDU 4 DELTA BOXIOO6?
P~ —~ I DELTA 80*10068
P1=P0 80*10069
IF(sO(I).EQ.—8ION )GOTO14.0 80*106-70
TC=Z • S0(I)’(SIGPAL (J) — *2(J)) 80*13071
IF (T 0.LT.POhPC=T0 8OX10~ 72

140 1F(S1 (I).EQ.BIGN)GOTOL5C 8OXL0 (?3
T1=Z + ~1(L) (SIG MAU (J) — *2(J)) 80*10674.
LF (T1.LT.P1)P1 T1 80*10675

150 IF (O€ LTA.E~1.0.3)GOTO190 30*13676
1F(IBRV.E Q.JUBRV=J 80*13677
1F (JURV.NE.0)0010190 .30*13678
JBRV=J 80*13419
JUPON 2 60*10(86
I F ( P 1 . L ~. . P 0 ) G 0 T O 1 € ~ 80*10681
JUPUN=i 80*10082
G0Tu1t3~ 60*10683

C INIEGER CONCAVE VARIAbLE. ~0x1QC8’
160 KX Z (J ) 80*10(85

80*10086
X1~~(.t 80*10087
IF (ABSLXZ (J)—Xc ).LE .T OL2)GOTOX3C BOXiOtd8
IF (A3S (X1—XZ (J)).LE .T0L2)&0TO13~ 80X13C83
IFEIS O BOX1069t
K I C CIJ) 60*10091
CALt. GEIOBJ (K,SICMAL (J) ,F3) 80*10692
CALL GETO8J (K,XC,F1) 80*13093
CALL GETQB J (K,X1,F2) .30X10094
F-O BIGN 80X10695
PjZPQ 90*13096
IF(SJ (I) .EQ.—8IGN)GOTO17Q 80*10097
P&Z 4 £-J (I)(X0— XZ(J)I • Ft — (FC I C2(J)’(X0—SIGNAL(J)~~) 80X13098
IF (ABS(X 0—SIGMAL(J )).LE.10L2)GOTO1?0 80*10099
10 =2  + S 0 ( I ) ’ ( S I G M A L ( J )— X Z (J ) )  BOX1O 100
IF (T0.LT.P0)PC=1 0 BOX 1OLCI

170 1F(St(i).EQ.dI&N)00T0180 80X10102
91=2 • Sill ) (X 1— X Z ( J ) )  I F2 — (F l  + C2(J )~~(X I—S IGMAL( J))) 80*1010-3
IFIABSISIGMAU (J)—X 1).LE.TOL2)GOTOI6O 80*10101.
11*2 + S1(IP~~(SIGMAU (J)—XZ(J)) 80*10105
IFIII.LT.P1)P1 11 BOX 1O1OE

166 1F(IBRV.EQ .0)IBRV J 80*10107
IF(JBRV.NE.0)60T0190 80*10108
JBRV J 60*13109
JUPDN 2 80*10 110
IF (P t.LE.P0 ) GOTOI C.O 80*10111
JUPON I 80*10112

C AL l. VAR LA8 L E TYPES. 80*10 113
C DUERNII4c THE LOWE R 8CUNO . 80*11114
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EXHIBIT 4 (Continued)

190 PENAsPO 80*10115
IFIPI.LT.PENA)PENI=Pt 80*10116
IFIPENA.LE. 8OUNDL)60T0200 80*10117
IOUWO LzPEMA 80*10118

230 IFI(S016).EQ.— 8LGN .OR. S1U).EQ.BIGN) .AND. NTIGHT.EQ.C)G0T0240 90*10119
C DETER MINE THE HAXHIK SELECTION. 80*10120

XF (PENA.LE .PENO )GCTO2 1O 80*10121
PENO*PENA 80*10122
IBRVIJ 60*10123

C DETERMINE THE MAX MAX SELECTION. 80*10124
210 PENBsP3 80*10125

JU~~ 2 80*10126
IFlPj.t.~ .PEN8)GOTOZ20 80*10127
P(NB=P1 80*10128
JUO I 80*10129

220 IF(PENB .LE .PEN1 )G0T 0230 80*10130
PENL=PENB 60*10131
JUPON=JuO 80*10132
J8RV zJ 60*10133

C DETERMI NE THE HA XM AX SELECTION TAKEN OVER THOSE VARIABLES FOR WHICH 80*10134
C THE HiM IS GREATE I THAN Z. 60*13135

23.0 IF(ABS (PENA — Z).LE.EPSI)GOTO24O 00*10136
IF (P6 MB .LE .PEN2)00T0240 80*1013?
PEN2zPENB 80*10138
ICUPON=JUD 80*10139
KBRV=J BOXIO 14.0

21.0 CONTINUE 80*10141
C ENO OF L OOP . 80*10142

G0T0 290 90* 10143c~........ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~C MIXED INTEGER LINEAR FRCGRA M WITH THE MOST NCNINTEGER 80*1014.5
C OR WEIG H TED NCNIN1EGER bRANCHING VA~ IA 8LE SELECT ION RULE. 60*10146

250 BOUNOU=Z 80X10148
BOUNOL Z 80*10149
PLN1= 0.Q 80*10150
PEN2=0.0 80*10151
JBRV O 60*10152
KBRV:0 80*10153
IFESS=1 80X10154

C BEGINNING OF LOOP. B0X10155
0O2801=l,H7 B OX I0IS€
IF( I .EQ.MPI)G0T0260 80*10157
J*I8V (I) 80*10158
IFIJ .GT.N GOTO260 B0X10159
IF(INT(J).EQ.0)00T0260 60*10 160
K XZ (JI 80*10161
*0116 80X10162
P O X X Z I J )  — *0 80*10163
P1*1.0 — 90 BOX1O16’.
IF(P0.LE.10L2)00T0280 90*10165
IF(Pi.LE .TOL2)GO !O280 80*10166
IFEAS zO 60*1016 7

C DETERM INE THE MOST NONINTEGER SELECTICN . 80*1-3 168
PLN8SPO 80*10169
JUOzI 60*1. ‘0
IF lP1.(E.PEN8)GO~ - 260 BOX IOI?1
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EXHIBIT 4 (Continued)

PENez PI 60*10172
J UOZ 2 80*10113

260 IF(PENB. L E .PENI ) 60T0270 60* 10174
P ENIZ PEN8 90X 10175
JUPC N JUD 80*10176
J BRV=J 80*10177

C DETERMI NE THE WEIG HTED NONINTEGER SELECTION. 80*10118
270 PENB PENB.ABS (C2(J)) 80X10179

IF(PE~19. LE.PEN2) 00T3280 80*10 180
PEN2 PENB 80*10181
KUPO N JUD 80*10182
KBRV=J 60*10183

260 CONIIMUE BOX IOIO4.
C END OF LOOP. 80*10185

•••~~• ••• ••• •••••• ••••••U•• •~ +**e~ **BOX10186
C COMMON LOGIC FOR HAXMIN , IIIXHAX , M OST NO N I N TEGER A~1O WEIGHTED 80*10187
C NONINTEGE~ BRANCHING VAR IA 3LE SELECTION RULES. 80*10188
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

290 I F( IT Y P E . NE . 1 ) G 0T 03 2 0  B O X I O I9 O
IF (IROUNO.EQ.0)G0T0320 60*10191

C ROUND THE LOWER BOUND UP I~ THE OBJE CT IVE FUNCTION IS INTEGER VALUE D . 60*10192
IF (BOUNDL.LE • 0.0 )GOTO300 80*10193
INTRO=BOUNOL + 1.0 + EPSIH 80*10194.
GO TO JI O B O X I O I 9 S

300 INTEO=BOUNOL + EPSIM 80*10196
310 BOUNDL=INT’30 80X10197
320 IF (KBRV .NE .O)G0T0330 8OX10l~~8

K B RV = J B RV  80*10199
KUPO N=JUPON 60*10200

C SELECT THE B~ AMCHING VARIA BLE FOR A ONE PHASE METHOD OR PHASE I OF 80X1020 1
C A TWO PHASE METHCD . 80X10202
330 GOTO (3k0,350,360,350,3S0),NBVRLI + 1 80*10203
31.0 IBRVR I= IBRV 80*10204

IUPO NI=2 60*10205
G0T0370 80X10206

350 IBRVRI JBRV 80*10207
IUPDNI=JUPDN 60*10208
0OT 037 0 80* 1 0 2 0 9

360 IORVRI=K8RV 80*10210
IUPO NI=KU .’ON BOXIO2II

370 XBRVR1=O.0 80*10212
IF( I8~VR i.NE .0)XBRVRI XZ (IBRVRI) 80*10213
I F ( N S T R A T . E Q .1 ) G 0 T 0 440  8 0* 1 0 21 4 .

C SELECT T H~ BRANCHING VARIA3 LE FOR PHASE 2 OF A TWO PHASE METHOD . 80X10215
G0TO (380,3~ 0,4.0O,390,400).NBvRL2 + 1 90*10216

360 109V92=IBOV 80XflJ21?
IUP CN2 2 80*10218
GOTOIoIO 80*10219

390 IBRVR2=JBRV 80*10220
IUPDN2=JUPDN B0x10221
GOTO4.10 80*10222

1.00 I8RVR2 KBRV 8OX10223
IUPONZ KUPON 8 0* 10 2 24

1.10 X B R V R 2x O . 0  90* 1 0 2 2 5
IFIIBRVR2 .ME .0)XBRVR2 :XZ (IBRVR2) 80*10226
(0101.4.0 80*10227
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EXHIBIT 4 (Continued)

C CONCAVE NONLINEAR PROGRA N W IT H IHE COIVENTIONAL 80Z1S2Z~
C SRANCHING VARIABLE SELECT ION RULE. SOXIU3O
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 231
‘.20 OOUNOU=Z 80*10232

PEN=0.0 B0X10233
IBRVRI O 80*1023’.
004301’1,N7 60*10235
IF (I  .E Q .NP U  G0T0430 80*10236
J = IÔV( 1 ) 80* 10237
IF(J.GT.N)G0T0430 80*10238
KZICC (J) 80*10239
IF(K.EQ.0)G0T0430 80*1021.0
CALL ~ETO8J IK,SIGPIAL (J),F0) 80*1021.1
CALL GETOSJ (~C,XZ IJ),F1) 80*10242
0ELTA~F1 — (FO • C2(J ) (XZ (J )—SI6 PAL (J ) ) )  80*10243
8OUNUU~ csOUN CU • DELIA 80*1021.1.
1F(OELTA .LE.F~N)G0T0430 80*1021.5
PEN=OELTA 60*10246
IBRVRDJ 60*10247

1.30 CONTINUE 80X102¼8
XdRVR 1=).0 60*10249
IFU6RVR1.NE.G)XB~ V~1 XZ(I8RVR i) 60*10 250
BOUNDL=Z 80*10 251
IFE A S 1  80*10252

C PRINT OUI THE RESULTS. 80*10254
C................ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
4’O 1F(IOUIPT.E Q.u)G0T0543 80*10256

IF (NSTR AI.EC.2 .At’O. &.PHASE.(Q.2)GOTO500 80*10257
IF(IBRv.~j.EQ.L)GO IO530 80*10258
u(i.LE .NeVRLI .AlU. N8VRL1.LE.4)GOTO1.50 80*10259
WRI1E(6,1~3CO )IBRVR1 80*10263
G0104?O 80*10261

450 IF(IUFDNI.E Q.2)GOTOI.60 80*10262
WRITE(6,100i)IbRV~ 1 80*10263
G010470 60*10264

1.60 WRITE (6,1002)I~~ VR i 60*10265
1.70 IF(NSTRAT.EQ.1)G0T0530 80*10266

zF(IeRvR2.EQ.~~)G0Tos3u 90*10261
IF(1.LE.NEVRL2 .A tU. N&VRL2.LE.4)60T0480 80*10268
WRITE(6,1003)IÔRVR2 80*10269
G0T053C 60*10 270

~~~~ IF(IUPON2.E(I.Z)G010490 80*10271
NR1TE (6,1004)I8RV~ 2 80*10272
G0T0530 80*10273

‘.90 WRITE (6,1005)I8RVR2 80*10274
60T0530 80*10275

5g0 IF (IBRVR2.EQ.C)GOTO53C 80*10276
IF(1.LE.NBVRL2 .A 1~D. NBVRL2.LE.k)GOTO5IO 80*10277
WRITE(6,100O)I8RV~ 2 80*10278
G0T0530 80*10279

510 IF(IUPON2.EQ.2)GOT0~20 80*10280
WRITE (6,10C1)I~ RVR2 80*10281
G0T0530 60*10282

520 WRITE (6,1002)IBRVR2 60*10263
530 WRITE (6,1006)UOUNCL 80X102S4.

IF (IFEAS.(Q.1)WRI 1E(6,1007)8OUNOU OXIOZ$5
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EXHIBIT 4 (Continued)

5~o IF(NOOE.NE.1 .OR. IBUROP.EQ.0)RETURN 00X10286
C ESTABLISH THE INITIAL BEST UPPER BOUND. 80X10287

UNO T’~ OUNOI. + PCBUB 60110288
IFCIOUTPT.NE.0)WRITE (6, 1008)UNOT 60110269
RETURN 801102 90

1000 FORHAT IIOKOVAR IABLE ,15,27H IS THE ~RAN C H IP4G VARIABLE.) 60110291
1001 FOR PA T (IOHOVARXABLE ,15,69H Is TH E BRANCH ING VARIABLE . COP~TINU E 8R80X10292

LA NCHING FROM THE LOWER DRANCH.) 80110293
1002 FORPAT (IO HOVARIAB LE ,I~~,69H IS THE BRANCHING VARIABLE . CONTINUE 8RB0X1029~

IANCHIPIG FROM TH~ UPPER BRANCH .) 80110295
1003 FORMAT (IO HOV ARIAB LE ,I5,39H IS THE BRANCHING VARIABLE FOR PHASE 2.B0Xt029E

BOX 10 297
I00~. FORMAT ILO HOVARIA BLE ,15,81i4 IS THE BRANCHING VARIABLE FOR PHASE 2.80110298

1 COt~TINUE 8RA P’ICHDG FROM THE LOWER eRANCH.) 8011029°
1005 FORNA TCIO HOVARIA BLE .15,8tH IS THE BRANCHING VARIABLE FOR PHASE 2.80110300

I CONTINUE I3RANCHIP~G FROM THE UPPER BRANCH.) BOXIO3OI
1006 FORPAT (j~ H0I.OWER BOUND .E15.6) 80110302
1057 FORMATCIi.HOUPPER BOUND ~,Ei5.6) 60110303
lose FOR MAT (3IHOTHE PHASE I BEST UPPER BOUND z,E15.6) BOXt030~1009 FORMAT II1H •~~~~~BOX17I 60110305

(NO 80110306
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EXHIBIT 4 (Continued)

SUBROUTINE 80123 (INUSE,XNOT,CAPP ,XZ,N01,ND6,N010) 90120301
C UPDATE THE dEST UPPE R BOUND. IF IN PHASE 1, ME RGE THE SUBLIST INTO BOX2J.L2
C THE LIST A ND ~NTER PHASE 2. EDIT THE LIST. BOX20~.G3

COHMON/Pt/N ,M , ITYPE ,N ST RA T ,MOORL1 ,N3VRL1,P1TITE1,N0ORL2,N~ VRL2, 90120004
1 NTITE2,MXLIST ,LISTOP ,IT*P~ ,IF6,lXXTER ,M0INV ,IOUTPT , 80120005
2 ITRA CE ,MSTART,T1Mi ,T’JL1,TOL2,PC tIUB,ALP HA(1 ) BOX2~~ i.6
COMMONFP3/NODNOT ,UNOT,IOUdOP ,LPHAS E ,NODRUL,NOVRUL ,NTIGHT ,tILIST, BOXZCuG7
1 NLISTS,NFEAS,LSTNX ,ITRTOT ,IT~~’AX ,BLd ,N~ RNOD ,PdRN3D, 80120308
2 NBRV AR,HUPO WN,XBRNOD,TBRNOD,NODE,LNOOE,Z,BOUNJL,BOUNDU, BOX2O~ 09
3 TSIG,IFEAS,IDRVR1,IUPDN 1,X~RVR1,IBRVR2,IUPON2,XaRVR2, BOX2..s1~
4 L10,NITER,N3INV,PiT,IPHMSE,NPHASE .Np$JM7,IALGO,IEOJ B0X20011
DIMENSION IM.JSE (NCIC) 80123012
DIMENSION X~IOT (ND1),CAP c (P1O1C), XZ (NO6) BOX2~~~13
IF (ITRACE.G~ .1)~~RITE (6,t3~ 4) 60123.14

C UPDATE THE BEST UPPER BOUND . B0X20015
NODNOT:NODE B0X20~ i6
UNOT*BOUNOU 80120017
00 130J 1,N BOX2YIA

1~ J XNOT (J)=XZ (J) B0X20019
C EDIT THE LIST. BOX2G u2O

NDELETZO 80120321
0011 1=i,HXLIST BOX2u 22
IF(INUSE (I) .EG .3)GOTO1I3 B0X20~ 23
IF(CAPP(I).LT. (i.—T0LLl~~UUOTJGOTO113 80120324
INUS~~(I)~~ B0X2 0025
NDELET= ND~L~ T.1 BOX2J~ 26

113 CONTINUE 80X2032’
IF(IOUTPT.NE.0 )WRITE(6, 10~ 3)NO0N0T,UN0T B0X20028
IF(P4OELET.EQ .~~)GOT 012J 80120029
I~LIST=NLIST—NOELET BOX2ih.3..
IF(IUUTPT.EQ.~~~GOTOi2i 80X20 31
WRITE (6,i~~jL)NCELET B0X20032
WRITE (6,1~ u2)NLIST 80X20~ 33

120 IF(ITYPE.E Q.2) RETURN 8OX2~~ 34
IFCLPHASE .EQ.2 )RETURN 80X20C35

C ENTER PHASE 2. 80120036
LPHA S E 2 60X2 0 037
IF(NSTRAT .EQ.1)GOTOI3O BOX2u.38
NODRUL=NODRL2 80X20039
NBVRUL =NBVRL2 BOX203IIG
NTIGHT=NTITE2 B0X20~41.

130 IFCIOUTPT .NE..)WRITE (6,1033) BOX2J.42
IF(IBUBOP.E Q._ )RETURN BOX200I.3
IBUBOP= 80X20G44

C MERGE THE SUBLIST INTO THE LIST. 80X23 45
D014~I=1,MX LIST B0X2~~.4b
IF(INUSE(I) .G~..~~)GOT0 14.. 80120047
INUSE(I)=—IMJSE(I) 80X~ 0~ 48

140 CONTINUE 80X20C49
RETURN BOX2 Q 050

1~~~J FORMAT (6H.NOO~ ,15,35H PROVIDES THE NEW BE ST UPPER BOUND ,Ei5.6) B0X2J~ 51
1001 FORMAT (46~~.1 HE NUMd~.R OF NODES DELETED FROM THE LIST IS ,15) B0X20052
1002 FORM .T (26HOTHE CURRENT LIST SIZE IS ,15) B0X20053
1003 FORM uT (11.MOENTER PHASE 2) B0X20 51.
i~~~4 FORMAT(11H 80X23) 80120055

END 80120356
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EXHIBIT 4 (Continued)

• SUBROUTINE 80125 (INU SE,IMS,C2,CAPP ,C4PL,SIGMAL,SXG~ AU,SLOLD, 80120001
I SUOLO,C2OLD, F~lS,NO1, ND6. NO9 ,NOi., ND1i.,t4UMSZ, 80X 2 0 C 0 2
2 NDMS3) 80120003

C STORE NODE LNOOE IN THE SUOLIST (WHEN IN PHASE 1 AND LOWER 8DUNO LESS 80X23.. C4
C THAN BEST UPPER BOUND) OR IN THE LI5T (OTHE~ hISE). 80120005

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 8O X20~~~6
1 NTITE2 ,MXLIST,LISTOP ,IIAPE,IFB, IXITER,MiIIN V ,IOUIPT , 80X20 C7
2 ITRACE ,MSTAi~T,TIhEL,T UL1,TOL2,P~~3Ua,A LPHA(L3 ) 80X2~~...~8
COMN0NFP2/EPSI,EPSIM,0IGN ,bEGTM ,Ml, YI2,MJ,~I4,N1,hP1,MP2,NM3,NM1H2, 8OX2 0~ C9
1 NM1M3,N~.P2,NP1,r.SUM ,NTC ,.1L. 90X20.10
COMMo NFP3/NOONoT.UN0T,I3uBOP ,LP~i~~SE,NOORUL ,N8VRuL,NTIGHT,NLZST, 8OX20~ 11
1 NLISTS,NFEA S ,LSTMX ,I’-~T O T ,ITRM4X ,EL~~,N~RNOU ,P8RNOD , 80X 2 0 12
2 N8RvAR,t~upOHN ,X6R’4oO,TbRN 30,NoDE,LNoOE,Z,8OuNuL,aoUNOu, BOX20~ 133 TSIG,IFEAS,16R 1,IUPONj,X8~ VP1,I8DVR2,1UPDN2 ,X9RVR2, BOX2J.14
4 Lt0,NITE~~,eI NV,M? ,IP SE,NPHASE ,NM3M7,I4LG0,I~.OJ BOXZOjIS
DIMENSION IP.USE(NDt~) ,I~ S(N)NS2) 80X20 16
DIMENSION C2(~aOi),CAPP(NO..J ,C4FL (NDiJ,SIGMAL (ND61 ,SIGMA1S(ND6), 80120317
1 SLOLD (N061 ,SUOLO (N06),C2OLO (NO9),FMS INDMS3) 80x2001e
IF(ITRACE.GE.1 )WRITE (6, LJC~ ) BOX2O uI9

C CHECK IF THE MAXIM UM LIST SIZE HILL BE EXCEEDED. BOX2~~~2.- 
IF(NLIST.t .LE.MXLIST)GOTO .33 B0X20021
IF(IOUTPT.NE. )WRLTE(ô ,1J.u)NOOE 8OX20~ 22

C DETERMI NE THAT NODE IN THE LIST HIT~ THE GREATEST LOWER BOUND. 80120323
0L8:-BIGN 8OX2~~ 24
0013.I=1,MXLIST BOX20~ 25
IF(INUSE(I).EQ...)GOTO 1~~ 80X2302b
IF(CAPP (I) .LE.G L8JGOTO1~ J BOX2u 27
GLBICAPP(I) 60X20 28
los! 60120029

130 CONTINUE 80123 330
IF (3OUNOL.LT .GLB)GOTOII 3 8OX2~. ~31
IF(IOUTPT .EQ.L)RETURN BOXZJ..32
WRITE(6,1~ J1) 80X20033
RETURN 80X20C34

110 1F(IOU TPT.NE.D)WRITE(6,1032)INUSE (10) 80X23.35
IF(INUSE(I~. ).GE.0)GOTOI2O B0X20036
NLIsTS~ NLIsrs — 1 BOX2O~ 37

120 NLIST~~NLIST — I BOX2u..38
INUSE(I~~) =0 BDX 2~~~39
GOTO I5G B0X 20 4~

C FINC AVAIL ABLE SPACE IN THE LIST. B0X2~~ 41
133 DOi43I3~ 1,M XLIST BOX20~ ’.2IF( INUS E( 13) .EQ. 3) G OTO I5O BOX2.j .43
140 CONTINUE B0X23044
150 IF(IBUDOP.EQ.~ .OR. 0OU I~OL.3E.UNOT)GOTO163 BOX23045
c........... ~~~~~~~~~~~ .................. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~46
C STORE THE NODE IN THE SUBLIST. 8OX2~ 47

........ •..4............•

INUSE( IJ )=—NO O E 60X2 0.a ’.9
NLISTS:NLISTS • I B0X2Q~ 5~
G010173 BOX2...51

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C STORE THE NODE IN THE LIST. 80123053
C ‘ ‘ ‘ ‘ ‘ ‘~~~~~~~~~~~~~~~~~~~~~
160 INUSE (I3) NOOE 8OX2~i .~55
170 NLISTZNLIST + I B0X20 056

IF(NLIST.GT.LSTMX)LSTMX NLIST B0X2I3057
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EXHIBIT 4 (Continued)

IFIIOUTPT.E3.0)GOTDIS3 0312003$
WRITE (6,1003)NOOE 10120039
WRETE (6,100l.P4LIST 80120060

C SET C*PP AND CA’L. SOXZOC62

C SET CA PP FOR THE NODE BEING SAVED . 83120064
180 CA PP(!0)~~6OUNDL 83120065

IF~ NSTRAT .E~~.2)GOT319C 00X20066
IF~NOORL1.E~~.t)G0T3200 00120367
G0T0280 001200 68

130 IF (NOORLZ.~.~~.t) G0T3203 03120369
IF~LPHASE.E~~.1 .AND . NOORLI.(Q.i)60T3200 80120070
GOT~28O 80X20071

C OETER MINE CARL FOR THE NODE BEING S)VEO. 83X2 0072
200 IF11.LE.NB~IRUL .AN). NBVRUL.LE..)GOT)220 83120073

IF~ LNODE.E3.2)~~3T0210 00120074
PNEW NO~ PSRN3D 00120075
60T0270 80120076

210 PNEWNDzPBPMOD • j.0 80120077
GOTO2’.0 80120078

220 IFILNOOE .EQ.NUPDWN) 0T0230 B0X20079
PNEWNQsPBRNDD 80*20080
60TO270 80*20381

230 PNEW NOsP BRNOD + 1.3 80*20082
240 IF(16U80’.EQ.0)GOTO27O 83X20083

PMIN B!GN 80*20064
OOZ5OIsI,M*LIST 80120085
IF(I.EQ.1C 130T325C B0X 20086
IF(INUSE(I~ .EO.0)G 3T0250 80120087
IF(CA PL(I).LE.D3RNO3) G0T0253 B3X20C88
IFCCAPL (I) .E . ’M IN) 30T025’3 83120089
PHIN CAP:. II) 00120090

250 CONTINUE 83120091
IF(PNIN. T.PNEHMD )~~3T0?70 80120092

C INCREPE NT CARL FOR NOCE S SUBSEQUENT TO TIE NODE BEING SAVED. 00120393
002601 1,MXL IST 80120094
!F(INUSE(I) • EQ. ~ )53T326C 00*20095
IF(CA PL (I).LE.P3RNO)) GOTO2~ 0 83*20396
CAPL (I)~~CAPL (I)+1.3 00X20C97

260 CONTI NUE - 80120098
C SET CARL FOR TIE ~33E 3EING S*V EO. 83120099

270 CA PL ( IQ )Z P NEW ND 80120100
~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 101
C WRITE OUT THE )AT I.  FOR THIS NODE. 83120102
~~~~~~~~~~~
280 IMS (1)sIBRVRI 00120104

I S(2)=IUP3NI BOXU1OS F
IP~S(3)~ L1C 80120106
IMS(h)~ NITER 00120107
IMS (5)~~NBINV 00120108
IP(S(6)~~M7 00X20109
IMS (7)~~I~ HA SE SOXZOI1O
INS (8 ).N~HA5E S0X2011I
IHS(9)~~NN3M7 00*20112
IFI)6TRAT.EC.1)G0T0290 00120113 

S

IMS (10)~~I8R V R2 00120114
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EXHIBIT 4 (Continued)

INS (11)aIUPON2 80*20115
290 FNS(1)zZ 80*20316

FMS(2)sTSIG 80*23117
FMS (3) z191cVRt 8012011$
IF( NSTRAT .EQ . 1)G OT O3 ~~ 80*20119
FMS(4 ) sXBRVR2 80*20123

333 IF(L~IOOE.~~Q. 2) 3010333 8012. 12~C INTERCHANGE SIG MA L ,SL GLD AND SIGHAU,SUOLD. 80*20122
DO31~ Jz1,N1P2 80*20123
T 1ZSLOLO(J) 00*2012..
T2’SUOLO(J) 8OXZv i25
SLOLO (J)sSIGP4AL (J) BOXZGI26
SUOLO (J):SIGHAU (J) 80*2012?
SIGMAL (J)zTl 00*20128

310 SIGMaU (J) T2 8OX2j129
IF(ITYPE.EQ.1)GDTO36O 8OX2013~C INTERCHANGE C2 AND CZOLD. 80*23131
OO32dJ5 1~ N 8OX2C 132
TEMPsC2OLO(J) 80*20133
C2OLD(J) C2(J )  80*23134

320 C2(J) s TEMP 80*20135
GOTO J6O BOX2~ 136

C PUT SIGMAL INTO SLOL D, SIGMAU INTO SUOLD. B0X23137
330 DO3~. J=1,N1P2 80*20138

SLOLD(J):S IG MML(J ) 80*2 0 139
343 SUOLU (J )=S ICHs U(J )  BDX2~~14 .

IF( ITYP t .EQ. i ) G O TO3 6O B0X20141
C PUT C2 INTO C2O LD. 80*23142

DO35uJz l , N 80* 20143
353 C2OLD(J) C2 (J) 80X2.144
360 CALL W RI THS (Z , IMS, NOMS 2,IG) 60*20145

CALL ~RIT HS (3 , F~~S, NOMS3, I.) 80*20146
IF( LNODE.EQ.2) G010393 80*20147

C INTERCHANGE SIGPAL ,S LCL O AND SIGHAU,SUOLD. 80X2J148
003?JJsl,NLP2 B0X20149
TIzSLOLO (J) BOX2O15C
T2zSUOLO(J) 8OX2O15i
SLOLO (J)=SIGMAL (J ) BOX2..152
SUOLO (J )z S IGMA U(J )  BOX2 u1S3
SIGHAL (J)=Tt B0X23154

370 SIGMMU(J):T2 B0X20155
IF( ITYP E.EQ. 1)G0T0390 BOX 2~i156

C INTERCHA NGE C2 ~NO C2OL D. 80*20157
D038~ J=I,N 80* 20158
TEMP~C~~OLO (J )  80* 20159
C2 O LO(J )s CZ (J )  B0X2w16 ~380 C2 (J )z T EMP BOX2OIB1

C PRINT OUT THE LIST. 80*20163

390 IF (OOUTPT.LE.2)RETURN 80*20165
INOEX zO 8OX2016 6
IF (1ISTRAI.E3.2)30T040 3 00*2.16 7
IF(NOORLI.EQ.1)GOTO42.. 80*20168
GOTO4IO 80X20169

4.~J IF(NOORLZ.tQ .t)GDTO42 O 80X201?C
1F(LPHASE.E Q.I .ANO. NOORLI.(Q. 1)G0T042. BOXZuI7I

101 

_ _  _ _



- —~--r~~~~r - ’ ~~~~~~~~ 
5 —--- •_S_ 

~•5~5? _• S• SS _ ~• ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ --- - ---— —. -- - - - 
~~~~~~~~~~ rU1UIPPUUIPu1!J UUU11IU~~~~

EXHIBIT 4 (Continued)

410 It4OEX~ 1 80*20172
WRITE(6,1005) 80*20173
60T0430 80*20174

420 WRITEI6,1006) B0X2~ 1?S43,~ D045.Ia1,HXLIST 80*20176
IF(INUSEU) .EQ.0)G0T0450 80*20177
IF( INO EX.EQ .0)G0T044 0 80*20 178
WRITE (6 ,1007) INUSE(I) ,CAPP(I) B0X231?9
G0T0450 80*20 180

440 WRI TE C6 ,1u08 ) INUSE(I) ,CAPP(I) ,CAPL( I) 8OX~~3181
450 CONTINUE 90X2 .)182

RETURN 80*20 163
1000 FOR’IAT(4SHQUST SIZE EXCEEDED WITH ATTEMPT TO RECORD NODE ,15) 80*20184
1001 FOR HAT (2 9H THE NODE IS NOT BEING SAVED. ) 80X2 3185
1302 FO RHAT (6 H NODE ,15,31H IS BEING PURGED FROM THE LIST.) 80*20186
13~~3 FORMAT (6H..NODE ,I5,19H SAVED IN THE LIST.) 80*20187
1004 FOR MAT (2 6HO T HE CURRENT LIST SIZE IS ,15) B0X23188
1005 FO R MAT (X HO , 3X ,4HNO DE,9X ,5HLOWER / ITX ,5,IBOUN D.’/) 80X24169
1006 FORMAT (1H0 ,3X ,4HNODE,9X ,5HLOWE R, 6X ,IOHPROCESSING/ 17X ,5HOQUND, 60X2 0 19o

1 IIX ,5HORDER//) 80X20191
1007 FORMAT (3X ,15,2X,E15.6) 80*23192
1008 FORMAT(3X ,I5,ZX ,Et5.6,2X,F11.0) BOX20193
1009 FORMAT (IIH •‘‘BCXZ5) 80*20194

END 80*20195
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EXHIBIT 4 (Continued)

SUBROUTINE ADJUST (V 1,V2 , V 3 , V 4 ,T1,T2 ,T3 . T4,.iL,SU) ADJU0001
C ADJUST THE LOWER AND UPPE R LIMITS ON A VARIABL E USING THE BEST AOJ U0002
C UPPER BOUND. ADJUOJ13

COMMONIPI/N,M .ITYPE,NSTRAT ,NODRLI,N3VRLI,NTITEL,NODRL2,NBVRLZ, £DJU3004
1 NTITE� ,MXLIST,LISIOP,ITAPE ,IFB,HXITER,MEINV,IOUTPT , ADJU0005
2 ITRACj ,M5TART,TI~,Ej,TOL 1,TOL2,PC6UD,ALPHA(t ) AOJU Q~ G6
CoMt1ON/p3~ Nj0tEOT,UNOr,IeUt,p? ,LP~IASE ,t4oURUL ,N8ilRuL ,NTIGMt ,NLIST , AOJU .~~.7
1 NLISTS,NFEAS ,LSfl’X,IT’~TOT,ITRMAX ,3L8,NBRNOD ,PbR NO0, AOJU0~ C8
2 - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ADJU 3009
3 - TSIG,IFEAS, I8RVRI,IL.PDNI,XBRVR1,IBRVRZ,IUPDNZ ,XBRVR2, AOJU0O1G

- Lt~ ,I~1TER,N8INV,Pt7,IPHASEpNPP4ASE ,NM3i7,IALGO,IEOJ AOJU~ 011. I
IF(ITRACE.GE .2)WRITE (6, 10C~~) ADJUO31Z

C ASSUME THAT T~ E CU RVE CONSISTS OF TWO LIN~ AR SEGMENTS , ONE CONNECTING ADJUOC13
C THE POINTS IVL, T1) AND (V2 ,T2), THE OTHER CONNECTING THE POINTS ADJUJG14
C (V3, 13) AND (V 4 , T 4 ) .  A0JU0315

SL V 1  A DJUOOI6
IFtTt.LE.UNQT)GOTO13O AOJU0.~17
IF1T2.GE.UNOT)GOTOIGO AOJUJS.18
SLzV2 + (UNOT — T2) (V1 — V2)l(T1 — T2) ADJUOG19
GOTD IJO ADJUJG2G

i~.3 IF (TJ.GT.UNOT)G0T0110 ADJUOO2I.
SL=V3 ADJU.~.22
30T0130 ADJUOGZ3

113 IF(T’..GE.UNOT )GOTO12O ADJUOO24
SLzV4 + (t~NDT — T4)~~(V3 — V4)/(T3 — TI.) AOJUJG25
GOT OI3t3 ADJU~~ 26

123 SL V4 A DJU OO2T
133 SU V4 ADJUOO28

IF (TI..LE.uNOT) RETURN ADJUOC29
IF(T3.GE.UNDT )GOTO1I.0 ADJU~ .3.
SU:V3 • (UNOT — T3) (V3 — V’.)/(T3 — TI.) A0JU0031
RETURN ADJU .3032

140 IF (T2.GT.UNOT)GOTO1SO ADJUD333
SU~ V2 A0JUu~ 34
RETUR N ADJUOO3S

150 IF(T 1.GE.UNOT) GOTO I6O AOJUOG36
SU=V 1 + (UNOT — T1)~~(V1 — V2)/(T1 — 12) ADJUOO37
RE TURN ADJU. 36

163 SU VI A OJ UOO39
RETURN AOJUOC4O

1000 FORMAT (12)1 ••~‘~ AOJUST) ADJUOJ 4I
END AOJ UO.42
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EXHIBIT 4 (Continued)

SUBROUTINE BINVRT (NZ,NP,IR,IA ,IS,18V,NBV.IUPPER,TC,RNS,C2,C1,81, BINVOGu1
1 U,PJ,BINV,B,N01,ND2,N03,NOI.,NO9,ND6,ND?) B INV 3002

C COMPUTE THE BASIS INVERSE CORRESPONDING TO THE BASI S SPECIFIED BINV0003
C IN AI~ AY ISV. 81NV3034

COMHON/P1/N,M, IIyFE,NSTRAT , N0ORLI,N)3VRL1, NTITEI, NOORLZ, NaV RL2, B I N V O C 3 5
I NTZIE2, MXLIST ,LISTOP,II APE ,IFB, IIX IT ER,MaINV,louTpT, dINV3 ( .C6
2 IERACE ,MSTART,TIME1,TOLT,TOL2,PCBUB ,ALPPA (i0)
COHHON/P2/EPSI,EPS1M,BIGN,UEGTM.M1,M2,M3,N4,N1,MP1,NP2.NN3,NN1M2, BI N VOtOd
1 NM1M3,N1P2,NPI,NSUM,NTC ,Ml0 BINV3~~~9
COHMON/P3/NODNOI, DP4OT ,IBU8OP, LPHASE, NOO RUL, NBVRUL ,NTIGHT, NLIST, dINVO 0
I NLISTS,NFEAS,LSTMX ,1TRI CT,ITRMAX ,BLE,NBRNOD ,PSR ).OD, BIN~I3C 11
2 NBRVAR ,NUPDWN,XERNOO,TBRNOO,NOOE,LNODE,Z,BOUNOL,BCUNOU, BINVOOIZ
3 TSIG,IFEAS,It3RVRI ,LUPUN1,XBRVRI,IBRVRZ ,IUPONZ,XSRVRZ, 9INV0~ 13
4 L10,NITER ,NBINV,M?,IPHA5E,NPHASE,NM3M ?, IAL GO,IE OJ BINVOC 1’.
DIMENSION IS(ND4),IdV(NO4),NaV (NOE),IUPPER (NO5) ÔINVO I5
OINEHSION BI(NO4) ,U(N06) ,PJINO4) ,B(N04,N04) B INV3 G Io
IF ( ITRACE .GE . 1)WRI T E(6 ,1000) BII~VL17

C 1NITIALIZ~ THE BASIS MATRIX. BINV~~~~b
DOl00I~~1,M7 BINV3C19
DQIOOJ I,M7 BI NV33 ~~103 E(I ,J) 3 .0  MINV3i.21
DO130J~ 1,M7 OINtl3 22
KINO= IBV (J) BINV~~L2 3
OUttOI= 1,P7 BI NV~ IJ2 ’I

110 PJ( I) =Q.O bI NV3C 2O
CALL GETCOL (NZ,NF,IR.IA,IS,TC,RIlS,-C2,C1,PJ,ND1.NC2,N03,N04,N05, 9LNu!~~ 2b
1 KINO,NZEROSI B1NV:c~~7
0012011=1,NZEROS b 1NV3C2 8
I=IS (I1) BI Nb3 29

120 B(I,J) PJ(I) 0 I N V 3 C 3 ~
8tMP 1,J)~~RJIMP1) B I NV 3 C S 1
IF ( IPHASE.EQ.2 )6( PP2,J)= PJ(MP2 ) 61 t .V 0 t3~133 CONTINUE BINV3~~~3

C iNITIALIZE THE RIGHT—PAND— SIO€, ADJUSTING FOR VAR IAELES AT UPPER B1NV -3~~J&C BOUN D IF NEC ES SA RY .  ~~~~~~ 35 - S

NRH=N.MJ +M7+j  BINV3~~Jb
CAI.L GEICOL (.~~,N~~,IR, IA ,IS, TC , RMS,C 2,Ct.PJ,NO1.NC2.NO3,ND4,N05 , 61Nv L 3 7

1 NRH, NZEROSI BINv..~.38
0O 140J~ 1,M? BINV -3~~39

140 BIIJ)=PJ(J) 9IN V ~~CI .C
0Oi?0iC 1,L10 BINVO CI.l
IF(!UPPER Ic) .EQ.0)GOTO 17O BlNV ) L~.~INOEXsNBV (KI 6jNV ~i C ’ .3
00150I 1,P? B1t~V~~~4 4.

150 PJ(L)~~G.0 BINtl 0~~’.5CALL GETCOL (NZ,NP,IR,IA , IS,TC,RHS,C2,C1.PJ,NO1,N02,N03,N04,NU5, B1Nv3C ~~€1 INCEX ,NZEROS) B1NV ~~t~.7 -

0O16011=1,NZE ROS BIr’~il3’ ..8I=IS(Ii)
160 BI(I) 81(I) — PJ( I)’U(INOEX )

8I*MP1)=8I(MPI) — PJIMP1)’ULINDEX) 01 NV31 5 1
IF(IPHA~ E.EQ.2i8I 4M P2)=ôI( HP2 ) — PJ (MP2) L(INOEX) BINV3LS2

170 CGHTIHUE 81NV0053
C OBTAIN THE dASIS INVERSE AND THE CORR ESPONDING RIGHT—HAND—SIDE. BINVOO5’ .

CALL INVERT (IS,81,PJ,BINV,B,N04,ND7) 8INV0055
RETURN 81NV0056 -

1600 FORMAT ( IZH “~~~ 8LNVRT ) BINVOOS? - 
S

(ND BINVOGB6
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EXHIBIT 4 (Continued)

SUBROUTINE GETCCL (NZ,NP,IR,XA,IS,TC,RHS,C2,Ci, PJ.ND1,N02 ,N03 , GETC 3001
1 NDI.,ND 5,J, NZER(S ) G ET C 0 0 0 2

C GET THE J—T H COi UiIN FROM THE CONSTRAINT MAT R IX ,  G ETC0~~J 3
COHMON/P1/N,K,ITYFE ,NSTRAT,NOCRL1,N8VRL1,NTITE1,NOORL2,N~3VRL2, CETC3 0~~4
1 NTITEZ,r XLIST,LISTOP,ITAPE,IFB,MXITER,IIBINV .IOUTPT, GETC~.tC5
2 ITRACE ,PSIART, TIMEI, TCLI,TOL2,PCBU 8,ALPFA (10) GETCOC C 6

COMM0N/P2/EPSI ,EP~~IM,dIGN,8EGTN ,N1,M2,M3,H4,N1 ,HPI, 11P2,NM 3,NMIM2, G ET COC 7
1 NM1M3,NIP2,NPI,NSUM,NTC ,M10 GETC0C~ 8
COMMON/P3/NOCNOT ,UNOT,IBUBOP.LP PA !E,NOORUL,NBVRUL,NTIGHT,NLIST, GETCOCC 9

1 NLISTS ,tFEAS,LSTMX,ITRT (T,ITRMAX ,8L~~,N8RNOD,Pt~RNO0, GETC0C 1~
2 PIBRV A R ,NUPOWN .XBR NOO,TBRNOD,NODE,LNOOE,Z,BOUNOL ,BCUNOU, GETCOOII
3 TSIG,IFEAS ,IaRVRI,ILPON I,XBRVRI,IBRVR2,IUFON2 ,XORVR2, GE TC OCI2
I. Li0,NITER,NBIMV,M?.IPHASE,NP HASE ,NM3M 7 ,IALGO .IECJ GETC3~~13
DlM~.NSION NZ(NGi),NP(N01),IR(N02),IAINO2),IS(t,D4) GETCOC I’.
UIP4ENSION TC (N03),RHS (NO4),C2(N01),C11N05),PJ (N04) GETC)(J15
IF (ITRACE .GE .2)NRLTE(6,1.C(0) GETC~ L1~.
IF (J.GT.N)30T0110 GETCOC I7
NZLROS~ NZ (J I  G E T C O C L 8
NPOIN T NP(J) G ET C 3 . 1 9
OO1j3K 1,N2E R 0S GETC ~ C 2~
NPOINT NPOLNT+1 GETC~~C21
1~~IR (I’PUIt.T) G~~(C 0(22
I S ( 0 1 GE T C~~~2 J
INDEX IA (NPOI NT) G~ IC9C2’.

lou PJ (I)=TC(INOEX ) 3E1C3025
PJ(lPj)=C2 (J) GETC3C2ô
JF (IPHASE.EQ.2)PJ (MP2) C1(J) GETCCC 27
RET UR N GETC~~~28

110 1F (J.GT.N P3)GOTC12O GETCOC29
JX J— NMIM2 GETCOC3
N Z E R O~~ 1 GETC3C3 1
ISIi)~~J1 G E T C O 3 2
PJ (J1)=— 1.C GETC~ C33
1F(IPHASE.EQ.2)PJ IMP2)=C1(J) GETC)~~3’.
RET URN GF TCO C J5

126 IF(J.&T.NM3M?)G0T0130 G~ TC~ C36
JI J— NM3 G ET C O C 3 ?
NZEROS I GETCOC3B
ISLI) J1 GETCO C 39
PJtJI) 1.0 GETCOC’.C
RETURN GETCOC ’.1 .1

13C 00140I 1,P GETCOG ’.2
140 PJ(I)”RHS (I) GETCO~~w3

PJ(MPI) RHS (HP1) GEIC3~~..’.
IF (IPHA~ E.EQ.2)PJ (MP2)=RH~ (MP2 ) GETC 3C ’.5
RETURN GETCCC I.6

-1030 FORHAT (1~’H ‘ ‘GETCOL) G(TCOC’.7
(NO G’TCOC’.6
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EXHIBIT 4 (Continued)

SUBROUTINE INPUT 1 (NZ ,NF ,NO1) INPU0001
C RE AD THE NUMBER OF LESS THAN , EQUALITY , GREATER THAN CONSTRAINTS. INPUOwOZ
C READ THE NUMBER OF NONZER O ENTKIES ~Y COLUMN . DEVELOP THE COLUMN INPU000S
C POINTERS AND TOTAL STORAGE REQUIRED. INPU0304

COMMONIPI/N ,M ,ITYPE.N STRA T ,MOORLI,$SVRLI,NTITEI,NODRLZ,t4BVRL2, INPU000S
I NIITEZ,MXLIST,LISTO?,ITAPE ,IFO,HXITE R ,H8IUV,IOUTPT, INPU0306
2 ITRACE ,PISTART,TIrIEI,TOL1,TOL2,PC BUB,ALPHA(1 3) INPU3307
COHMON/PZIEPSI,EPSLH,BIGN ,uEGTM ,Mt,M2,H3,MI.,N1,MPI,MP2,NM3,HM1ft2, It4PU0~ CÔ

1 N.IIMJ, NIP2,NPL, NSUM ,NTC, ML3 INPU300 9
DIMENSION NZ(NO1) ,NP(NO1) INPUOO1O
IF (ITRACE.GE.1 ) .IRITE(6, 1 3’.) INPUOOLI.
READ (ITAPE, iG~ 0)91,M2,t13 INPUOG12
WRITE (6,1,~.~.)M1,M2,N3 INPUOC13
H4zM2.MJ INPUO:14
NIZN+(M3+M1)+(M2+M3) XNPUOOIS
MP1sM+i INPUOJ16
IIP2sH+2 INPU031T
NM3 N+M3 INPU3~~18
NMjM2~~N—M 1—M2 INPUOCI9
NMIPI3 N+M1+M3 INPUOO2Q
N1P2zNI+2 INPUOG2I
NPI=N+j INPUu..22
READ (ITAPE,1.j ..)(NZ (J),Jzi,N) INPUOO2 3
W RIT ((6 ,j 032)  (N Z(J )  ,J~ 1,N) INPUOO24
NP(i)~~0 INPUOO25
OO 100J=2, N INPUO.26

1~ 0 NP (J) NP (J— 1)+NZ (J—1 ) INPUOG27
NSUM NP (N)+NZ (N) INPLJOC28
PERCT NsUH 1NPU0329
DENOM=M~N INPU.~.3~
PERCT~~1’~~.~~PERCT/0ENO M INPUOO3I
WRITE (6,1033)tISUM ,PERCT INPUOO32
RETURN INPUOC33

100 0 FORHAT ( 16 15) INPU~ C 3 4
1001 FOR MA T ( 3 BHC NU HBE R OF CONSTRAINTS BY TYPE s,3I5) INPUOO35
1002 FO RNAT (38M3N U~~BER OF NONZERO ENTRIES BY CO LUMN s,1615/(38X ,16I5)) INPUCO3B
10u 3 FO R I IA T ( 38HO T OT AL NUMBER OF NONZERO ENTRIES ,I13, INPUQG37

1. ISH (A GcNSI TY OF ,F5.1,L~.H P(RCt.NT ) .~ INPUOCJ8
1001, FORMAT(12H •~~~~~INPUT1I INPUOO39

END INPUO34G
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EXHIBIT 4 (Continued)

SUBROUTINE INPUT2 (NZ ,NP ,IR,IA ,NO1,N02) INPUj~ Lt
C READ THE CONSTRAINT MATRIX COLUIN—BY—COLUMN. IT IS ASSUMED THAT INPtJ3C~ 2
C THE CONSTRAINTS -ARE ORDERED (LESS THAN, EQUALITY , GREATER THAN INPUOJO 3
C COHSTRAINTS). INPJ0.C4

COMM ON/P1/N,M,ITYPE,NSTRAT,NOORLI,N’3VRL1,NTLTE1,NODRLZ,NBVRL2 , INPU~~.i. 5
I NT ITE2 ,MXLIST,LIST OP,!TAPE,IFB,MX ITER,MBINV,IOUTPT , INPU0~ C6
2 ITRACE ,HSTART,TIH~ 1,TOL1,TOL2,PC OUB,ALPHA (1a) I N P 0 0 0 0 T
COM MON/P2/EPSI,EPSIM, BIGN ,BE GTH ,M1, M2,,13,II4,N1,MPI,MP2,NM3,NMIM2 , INPUO..C8
1 NMtH3,NiP2,NP1,NSUM ,NTC ,M~~. INPU.j~~ 9
DIMENSION NZ (NO1),NP(NO1),IR(NO2),IA (N02) INPUO IC
IF (ITRACE.GE.t )WRITE (6, 10.~3) INPU0~ ,t
0013.jJ 1,N INPUOC1Z
XI NP(J)+ 1 INPU~~.13
K2sNP(J).NZ(J) INP000I4
REAO (ITAPE,1330)(IR (K),IAIK),K K 1,K2) INPUOC15

100 WRITE (6,1~ G1)J,(IR(K),IA (K),K Kt,K2) INP003IS S

READ (ITMPE~~1000)NTC II4PU .~ 1TWR IT E( 6 , 1002 ) NTC INPU0~~18
RETURN INPU3OI9

1000 FORIIAT (1615) INPUJ~ 20
toot FORM AT(ÔHOCOLUMN ,I5,16H, ROW/CONSTANT ~~t6I5/(29X,l6I5)) INPU.~~2t
t0.I2 FORMAT (22HONUMBER OF CONSTANTS ~,I5) INP00622
1003 FORMAT (12)1 • ‘INPUT2) INP00023

END INPU3G24

107 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ S~~~ - - - •—- - - - - - - - -  - .



F
_ S  -

EXHIBIT 4 (Continued)

SUBROUTINE INPUT3 (T NT, ICC,NV,TC,00RIG,C2,SIGN*L.SIGNAU,V,NOi,N03,INPU000I
1 1(04,1(06) IWPU,002

C READ TIlE TA BLE OF CONSTANTS, THE RIGHT-HAND—SIDE, THE LOWER AND INPU0003
C UPPER BOUNDS. THE COST DATA, AND THE LISTS OF INTEGER *1(0 CONCAVE INPU1004
C VARIABLES. INPU0005

COM MOPA/P1/N ,M,ITYPE,NSTRAT ,NOOPL1,NBVRL1,NTITEI,NOORL2,NBVRL2, INPU0006
1 NTITEZ,HKLIST,LISTOP,ITAPE,IFB,NXITER,HBINV,IOUTPT, INPU0007
2 ITRACE,HSTART,TIMEI,TOLI,TOL2,PcBUS,ALPHA (tD) INPU0008
CONHON/P2/EPSI, EPSIN,BIGN,B(GTPI,$t,M2,M3,M4,Nt,MPI,MP2 ,NN3,NM1142, INPU0009
1 NHIM 3,NIP2,N’l ,NSUM,NTC,HtO INPUOOIO
CONMOM,P5/IROUND INPUOOI1
DIMENSI ON INTINOI),ICC (NO1),NV(M06) INPUOOI2
DIMENSION TCIND 3),BORISIND4),C2(ND1),SIGMM.(ND6),SIGHAU(N06), INPUOOI3
I V (ND6) INPUOOIA
DATA BIGINT/1.OE+14/ INPUOO1S
IFCITRACE.GE.1)WRITE (6,1014) INPUOOI6

C READ THE TA BLE OF CONSTANTS AND THE RIGHT-HAND—SIDES. IT IS ASSUMED XNPUOOI7
C THAT THE RIGHT—HAND—SIDES ARE NONNEGATIVE. INPUOOI8

READ (ITAPE.1001) (TC (K),K=I,NTC) INPUOO19
READ (ITAPE , 1001) (BORIGCI) ,I 1,M) INPUOO2O
IF(ITAPE.NE.5)REWIND h ARE INPUOO2I
BORIG(MP1) 0.O INPUOO22
WRITE(6,1032) (TC (K),K~1,NTC ) 1NPU0023
WRITE(5,1003) (BORIG(I).I=1,M) INPUOO24

C READ LOWER AND UPPER BOUNDS ON THE VARIABLES. INPUOO25
DO100J=t,NIP2 INPUOO26
SIGMAL (J) 0.0 INPUOO2T

100 SIGMAU (J) BIGN !NPUOO28
READ (5,t000)NDN INPUOO29
WRITE (6,1004)NDN INPUOO3O
IFINON. (0.0) 3010120 INPUO 031
READ (5, 1000) (NV (K),K:1,NDN) INPUOO32
READ (5, 1001) (V(K),K=l,~~DN) INPUOO33
W RITE(5,1035) (NV (K) ,K:1,NON) INPUOO34
NRITE (5,1006) (V (K),K 1,NDN) INPUOO35
DOI1O<=t,NON INPUOO36
J NV (K) INPUOO37

110 SIGMAL(J)~~V (K) INPUO Q38
120 READ (5,1000)NUP INPUOO39

bIRIl((S,1007)NUP INPUOO4O
IF(NUP.EQ .0)GOTO14O INPUOO4I
READ(5,1000) (NV(K) ,1 j,NUP) INPUOO42
READ (5, ±001) (v (K),K=t,N:JP) INPUOO43
WRITE(5,1005) (NV(K),K=j,NUP) INPUOO44
WRITE(5,1008) (V(K),K 1,NUP) IHPUOO’.S
00130’C=j,NUP IHPUOO46
J NV (K) INPUOO4T

130 SIGMAU (J)~ V(K) INPUOO48
C READ COST )ATA. INPUOO49
140 READ (5,1031)(C2(J),J 1,N) INPUOOSO

WRITE(S,1009)(C2(J),J 1,Il) INPUOOS1
DOi5OJ~ t,N INPUOO52

150 INT (J)~~0 INPUOO53
IF (ITYPE.EQ.Z •OR. ITY~ E.EQ.3)GOTOl?0 INPUODSI.

C READ THE LIST OF INTEGER VARIABLES. INPUOOS5
RE*015, l000)NINT INPUOOS6
READ(5,tOO3) (NV (IO,K’t,NINT ) INPU005?
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EXHIBIT 4 (Continued)

WRITE(6,I0IOININT INPUOOS8
WRZTE (S .1011) (NV (KI ,~.t,NINT) 1NPU0059
00i60(a1,NINT INPUSO 6O
J~ NV *iCI INPUOO6I
INT (JI.K INPUOO62
IF(SIGN*U (J) .LE.BIGINT) 6070160 INPUOO63
S-IGM*S(J):BIGINT INPUOO64

160 CONTINJE INPUOOB5
170 OOj8OJzl,N INPUOO66
100 ICC (J)zO 1NPU0067

IF(ITYPE.E0.j .OR. ITY’E.EQ.3)GOTOZSO INPUOO66
C READ THE LIST OF CONCAVE VARIABLES. INPUOO 69

READ (5,I000INC C INPUO-070
RE*D(5, 1000) (NV(I(),Kzj,NCC) INPUOO71
WRITE (S,1012)NCC INPUOO?2
WRITE(S,1C13F1NV (K) ,K~t,NCC) INPUOO73
D0190(~ t,NCC INPUOC74
JXWV (lC) 1NPU0075

190 ICC(J) 1 INPUOO76
200 IFIITY’E.NE.IIRETURN INPUOO77

C FOR THE MIXED INTEGER LINEAR PROGRAM, DETERMIPE IF THE OBJECT IVE INPUOO78
C FUNCT ION IS INTEGER VALUED. INPUOO79

IROUNO’0 INPUOO 6O
00220J’t,N INPUO O8I
IF(INTtJ).NE.0)GOTO2tO INPUOJ 82
IF(C2IJ).NE.0.0)RETURN INPUOOB 3
G0T0220 INPUOO 8’.

210 IC2:Ca(J) INPUOO85
FC2=IC! INPUOO 86
IF(C2(JI .P4E.FC2)RETURN IP4PUOOB7

220 CONTINJE INP0008S
IROUND:1 INPUOcIB9
RETURN INPUOO9O

1000 FORMAT (1615) INPUOO 9I
1001 FORM*T (6E12.0) INPUOO92
1002 FORMAT (22HO TABLE OF CONSTANTS ~,6(15.6/(22X,6E1S.6)) INPUOOS3
1003 FORMAT(22MORIGHT—HAN0—SIOE ~,6E15.6!I22X,6Et5.6)1 INP000SI.
1004 FOR M*T(42HONUM8ER OF VARIABLES HAVING LOWER BOUNOS ~,I5) INPUOO 95
1005 FOR MAT (22HOVARIABLES ,16I5/(22X,16I5)) INPUOO96
1006 FORMAT (22HOLOWER EOUNDS ~,6E15.6/(22X,6E15.6)) INPUOO9?
100? FORNAT (42HONUIIBER OF VARIABLES HAVING UPPER. BOUNDS ~,I5) INPUOO9 O
1008 FORMAT (22HOUPPER BOUNDS = ,6E15.6/(22X,6E15.6)) INPUOO99
1009 FORHAT (22HOCOST COEFFI~~IENT S = ,6E15.6/(22X,6E15.6)) INPUOIOO
1010 F ORMAT (3OHO NUIIBtR OF INTEGER V s ’IABLES ,15) INPUO1O1
1011 FORMAT (22HOINTEGER VARIABLES ~.~~6X5/(22X,16I5)) INPUOIO2
1012 FORMAT (3OHONUMSER OF C3NCAVE VARIABLES ,15) INPUO103
1013 FOR MAT (22HOCONCAVE VARIABLES ~,16T5/(22X,16I5)) INPUOIO’.
1014 FOR MAI (12N •~“~ INPUT3) INPUO1O5

END INPUOIO6
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EXHIBIT 4 (Continued)

SUBROUTINE INPIJIl. (NZ,NP,IR,Ik ,IS,NV,IBV,NBV,IUPP(R,TC,BORIG,RHS, INPU0001
I c2,c1,BI ,BN ,L, PJ,8INV. $,NDL,N02,N03,ND4 ,N05, INPU000Z
2 NO6,NO?) INPU000J

C ESTABLISH THE INITIAL BASIS , BASIS INVERSE, AND RIGHT—H AND—SlOE FOR INPU0004
C THE LP. INPU000S

COMMON/Pt/N,M,ITYFE,NS TRA T ,NO LRI1,NSVRLI,KTITE1,NOORLZ,NBVRL2, INPU300€
1 NTITE2,MXLIST,LISTOP ,ITAPE,IF8,MXITER ,NBINV,IOUTPT, INPU000?
2 ITRACE,PSTART,TIMEI,TCL.1,TOL2,PCBU8.ALPHA (10) INPU0008
COHMON/P2/EPSj,(PSIH,BIGN,B~.GTM .N1,M2,M3,M4,N1,HP1,HP2,NN3,NM1N2, INPU0009
1 NH1PI3,NIP2,NPI,NSUH ,NTC,Il10 INPUOO1O
COMMON/P3/NOONOT.UNOT,I £U.~OP,LP~ A~ E,NOORUL,NaVRUL ,NTIGHT,NLIST, LNPUOGI1

1 NLISTS , NFEAS,LST MX ,ITRT (T ,ITRNAX ,BLB ,NBRNOO,PURNOO, INPUOU12
2 NBRVAR, P~UPO WN,X8RNOO,T8RNOO,NOOE,LNO0E,Z,B0UNDL,8CUNOU, INPUOCI3
3 TSI&,IFEAS,IBRVR1,IUPDNI,XSRVRI,IBRVR2,IUFON2,XBRVRZ, INPUOCI’.
4 uo,NITER,NaINv,N7, IPHASE ,NPHASE ,NN3N7,IALGO,IEOJ INPUOO15

DIMENSION NV( NO6) ,IbV (NOI.),NBV ( PO 5) ,IUPPER(N05) INPUOOI6
DIMENSION OI (NU4),BN(N05),U(N061,FJ (NU4),B(N04,N04) INPUOOI?
IF(ITRAGE.GE .I)WRITE (6,1003) INPUOGI8

C READ INITIAL FEASIBLE BASIS. INITIALIZE PARAMET ERS USED IN LP. INPUOOI9
LIO NI-N INPUO02O
OO130I=1,L10 INPUO0ZI
IUPPER (I) 0 INPUOC22

100 8N(I)=0.0 INP00023
IF( 1F8.EQ.0)GOTO2LO INPUOO24

C INITIAL FEASIBLE BASIS PROVIDED AS INFUT. INPUOO2E
READ(5, 1000) (IBV(I) ,1 1,M) INPUOO26
IF(M4.EQ.C)GOTO13C INPUOO2?
OOiioI=1,PI INPUCO28
IF(IBV (I) .GT.NH1P3)G0T0120 1NPU0029

110 CONTINUE INPU 3O3c
GOTOI3O IP~PU 00 31

C THERE ARE ARTIFICIAL VARIABLES IN THE INITIAL BASIS. INPUOO32
120 IBV (HPI) 11+1 INPUOO33

IBVIMPZ) N1P2 INPUOO34
M7=MP2 INPUOO3S
IPHASE 2 INPUOO36
NPHASE 1 INPUOO3?
CALL OBJI (HZ,NP ,IR,IA,IS,IBV,TC,BORIG,RHS,C1,NO1,N02,N03,N04,N05 ) INPU 3G38
GOTO14C - INPU~039

C THERE ARE NO ARTIFICIAL VARIABLES IN THE INITIAL BASIS. INPUOO 4O
130 IBV (NPII=N i+1 INP00041

M? HPI . INPUOO42
IPHASE~ I INPUOO 43
NPHASE= 0 INP00044

140 WRITE (6,1301)(ZBV (I),I=1,Il?) INPUOO45
C FORM THE LIST OF NON— EASIC VARIABLES. INPUO04S

1N 0EX~ 0 INPUOG 4?
DO160K=1,NM1M3 INPU QO4A
001501=L,M IIIPUQO49
IF(K.Eq.I8V (I))G0T0160 INPUOOSO

150 CONTINUE INPU00~ 1
INDEX=INDEX+1 1NPU0052
NBV (INOt~X)zK INPU~053160 CONTINUE INP0005I.
L10aIN0(X INPUO05S

C REAL NON—$AS IC VARIABLES INITIALLY AT UPPER BOUND. INPUO056
RLA D(5,1010)NUP 1NPU0057
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EXHIBIT 4 (Continued)

IF DIUP.EQ.0)30T0200 INPUIOSO
READ (S,1000) lNV (K),K~ 1,NUP) 1NPU0059
WRZTE (6,13C21(NV (KJ ,Kzl,NUP I IHPUOC 6O
OUlcOK l,NUP 1NPU0C61
INDEX=NV (K) INPUOG62
DO17ODI,L13 INPIJOG63
IF(NBV (I) .EU .INDEX)GOTOLBO INPUOC 6’.

170 CONTI NUE INPUOCb5
180 lUPPER(I)~~i INPUOCo 6

BNU) U(INOEX ) INPUOC 6T
190 CONTII~UE INP00068
200 CONFINUc. INPU0~~b9

C FORM THE BASIS INVERS E AND INITIALIZE THE RIGHT—HAND—SIDE. INPU0C7~NM 3M7~ N~ M3+H? INPU3CI1
CALL 8INVRT (N2,NF ,IR,IA , IS,IdV,NBV,IUPPER ,TC,RHS,C2,CI,BI,U,PJ, INPUOC7 2
I .  6ZNV ,8,ND1,N02,t403,NEI.,ND5,NCG,N07) INP.JCt?3
N~ 0:H7 INPUOL 7’
IEOJ= 0 INPUOL7S
N1TER= 3 INPUOCTÔ
N b INV ~~ INPU3C77
RE TURN INPU3CT d

C INiTIAL FEASIB LE ~AS IS NOT PROVIDED A ! INPUT. INPu5L~79
210 IF(HI..EQ.0)3010230 INPUOC8~

M7=MPZ INPUOD81
L1HLT N+M3+1 INPUOC82
J C OUNT ~ N1P2 INPUJ.83

INPUOC8 ’.
UO~~ OI=LI)1II ,JCCUNI INPUOC85

INP 003S 6
220 ISV (K)~~I INPU~ C8T

IPHASEZZ INPU3C~~B
HP HA SE~ 1 INPUQCS 3
CAL.. OBJ1 (NZ,NP,IR,IA ,IS,I~ V,TC ,~ ORIG,RHS,C1,NOi ,ND2 ,ND3,NOl,,NU5)INPU3CY~
30 T0250 IPiPU3C~~230 M7 MPI 1t4 PU0192
LIMIT=N .t431 1 II~PU3093
JCOUNT~ Nt4 l  INPUOO9’.
K 0  INPU0095
00240I=LII’IT,JCOUNT INPU3C96

INPU3C9T
240 18V (K)~~I INP0009B

IPHASE I INPU0I~99
N PMA SE~ U INPU~.i0~

2~ u IF (IOUTPT.GE.3)WRI1E(6,i00i)(lBV (I),I~ 1,M?) INPUO1O1
OO260I~ 1,Lt0 INPUOXG2

260 NBV ( I ) 1  INPU01~~3
NM 3HT N+M3+M7 INPUO1CIs
t1O2701=t,M? INPU~~t 0~
OU~~70J 1,M? INPUO 1O 6

270 8( 1,31=0.0 1NPUOIO?
00280K 1,M? INPUO1OB

260 8(K,K)=1.0 INPUQ1O9
NRH- N+M3+Il7+1 INPIJO 110
CALL GEICOL (NZ.NP,IR,IA ,IS,TC,RHS,C2,CI,PJ,NOI.NO2,N03.N04,NO5, INPUOI11
1 NRH,NZEROS) INPUO112

00290Jz1,M7 1NPU0113
290 B1 (J )ZPJ (J )  INPUOII4
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EXHIBIT 4 (Continued)

MlOaM7 INPUOII5
IEOJaO INPUOI16
NITERaO INPUOI1? 4
NBINV.0 INPUO116
RETURN INPUD 119 -

1000 FORMAT (16I5) INPUOI2O
1001 FORHAT (Z5HOINITIAL FEASIBLE BASIS =,16I5/(25X,16I5)) INPUj1ZI
1002 FORHAT(37HQNON—BASIC VARIABLES AT UPPER BOUND s,16151(3?X,1615)) INPUOIZ2
1003 FORMAT (12H •• ‘•INPUT4) INPUOI23

END 
- 

INPUdIZI.
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EXHIBIT 4 (Continued)

SUBROUTINE INPUT 5 (NZ,NP ,I.c,IA ,IS,IBV ,NBV,IUPPER.TC,R HS.C2,C1,BI, INPUO..01
t U,PJ,a,NJI,N-J2 ,N03, PIO4, ND5, NO6) INPUOAC2

C OET ERMIP€ THE APPL ICABLE LP 4LGO~ ITHM. INPUO.03
COHMON/P1IN,M,ITYPE,NSTRAT,~lOORL1,NBVR L~~,NTITEt,NOORLZ,N8VRL 2, INPUQ~ C4
1 NTITEZ,HXL IST,LISTOP ,IT~ PE,IFB ,MXITER,MRIP4V,I~JUT~ T, INpuo:os
2 ITR ACE , 1ART ,TI ME1 ,TO L1,T O. .2 , PC8 LB,ALP MA( 1~~

)
COMMON/P2/EPSI,~ PSIM ,t~IuN ,~~~GTM ,ML, M2,M3 ,M4,Ni .MP1,9P2,NM3 ,NM1M2, INPU0~ C 7
1 N 3 , N 1 , ’.P .,NSUM ,NTC ,M~~ INPUC~ O8
COMMON/P3/NODNOT,LNOT ,IjU~3OP ,LPHASE,NODRUL .NBVRUL ,NTIGHT,NA..IST, INPUGCG9

1 NLISTS ,NFEAS,LSTMX ,ITRTOT,IT PJ..~X ,BL9,NBRNOD ,P~3RNOO, INPU0G1~
2 N0 RVAR ,NUPO ,X~ RNO D,T b( NOO ,N.)O E,LNOOE,Z,bG UMUL,BOU~.OU, INPUO.iil
3 TSIG,IF S,1t3 i<VR1,IUF’ON1,Xbkvk.J.,IoRVRZ,IUPON2,XaRVR2, INPUJ 12
1~ L10,NITER,NdINV,M7 ,IP$ASE,NPHASE ,NM3M?,I*LGO ,IEOJ INPU0~ 13
DIMENSION IS(ND4),IBV(NJ4),N6V(~ O5),IUPPER (ND5) INPUOC14
DIMENSION B1(r4 ),J(N~ a),PJ(NU4),t)(NO’.,NO4) INPU3 XS
IF (ITRACE.G~ .1)NRITE (6, I0 G1 INPUOC1b

C ~HECK PRIMAL FE.~SI3ILITY. INP000I7
IPRIM~~ INPUOC1 8
OOIJ.Izi,M INPU~ .19
IF(BI (I) .LT.EPSIM)G OTOI2O INPUO 020

1..u CONTINUE INPUOO2Z
0011.I:1,H INPUOO22
I1zIBV (I) INPU QJ23
IF(U(Ii)—BI(I) ,LT.EPSIM)6OT3120 INPU ...24

110 CONTINUE INP00025
IPRIM 1  INPUOO2B

120 CONTINUE INPU 3~ 2?
C CHECK DUAL FEASIBILITY. INPU3C28

IDUA L U  INPUJC2B
DO15~ IPOS~ i,L~~0 INPUOG3C
KINO MBV (IPOS) INPU.. .31
DO i3.,I~~1,H7 INPU0i~32

130 PJ(I) 0.0 INPUOO33
CALL GETCOL (NZ,NP ,IR,IA , IS,TC,RHS,C2,C1,PJ,N01,N02,N03,NDI.,N05, INPUOO34

1 KIND,NZEROS) INPU~ ..35
01=3.3 INPU0i~36
OO1~...J 1 1,NLEROS INPUOC3T
J IS(Ji) 1NPU0338

143 Qi=Q1 + 8(MP1,J)’PJ(J) INPU ...39
Qj=Qj + B (MP1 ,MPI) PJ(MP1) INPUOO4O
IF(IPHASE.EQ.2)UI QI • t3(MPI,MP2) PJ(t1P2) INPU 0~ 41
IF(IUPPER (IPOS).E0.1)Q1 —Q1 INPU0O (.2
IF(QI.LT.EPSIM)GOTOI6 O INPU.,’.3

153 CONTI NUE 
- 

INPUOG 44
IOUAL 1 INPUOO 45

160 CONTINUE INPUOO’.6
C SELECT THE ALGORIT HM TO BE USED. INPUOO4?

IF(IOUTPT.L....2)00TO17. INPUOQ46
IF(IPHASE .EQ.2)HRITE (6, 1360) INPUQ~ 49
IF(IPHASE.EU. 1)NRITE(6,i001) INPUOO5O

170 IF(IPRIM .EQ .3)GOTO1~ 0 1NPU0351
S IF(IOUTPT .LE.2)GOTOL6 . INPUOC52

WRITE (6,1002) INPUOO53
IF(IPHASE.EQ.2).’IRITE(E, 1036) 1NPU0054
IF(IPMASE .EQ.t)WRITE (6, 10~ 7) INPUO..55

180 IALGO* 1 INPUI~.56
RETUR N
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EXHIBIT 4 (Continued)

190 IF(ICUTPT.Lt.ZIGOTOZSO INPUOO5$
WRZTL(6, 1003) INPUOOS9

ZOO IFtIOU&t..(Q.ObGOTOZZO INPU0i6~IF(IOUTPT.LE.2)GOTOZIO INPUOoOI
WRITE (6,t034) INPUOO6Z
NRITEI6,1008) - 

INPU3GG3
210 IALGO z2 INPU~~ 64

IF(IPHASE.EQ.i)RETURN INP000B5
NPHASEZ2. INP00066
MtO IlPl INPUJC6?
RETURN INPU ..~ 66

220 IF(XOUTPT.LE.2)GOTOZ3O INPUOG 69
WRITE (6,1005) INPUOOTO
WRITE(6,1009) INP00071

230 IALGO=0 INPU~~ 72
RETURN IUPUOO?3

1000 FORMAT (44HGTHERE ARE ARTIFICIALS IN THE INITIAL BASIS.) INPUOO74
1001 FORMAT (47HOTHERE ARE NO ARTIFICIALS IN THE INITIAL BASIS.) INPUOO?5
1002 FORMAT (38$ THE INITIAL CASIS IS PRIrAL FEASIBLE.) INPU3.76
tJw3 FOR;IAT(42H THE INITIAL BASIS IS NOT PRIMAL FEASIBLE.) INPUOOTT
1004 FORMMT (36H THE INITIAL OASIS IS DUAL FEASI BLE.) INPUOOT 8
1005 FORMAT (’.OH THE INITIAL OASIS IS NOT DUAL FEASIBLE.) INPUOOT9
1006 FOR IIAT (51.H THE PRIMAL ALGORITHM (TWO PHASE METHOD) WILL BE USED.) INPUJO8O
1067 FORPiAT (54H THE PRIMAL ALGORITHM (ONE PHASE METHOD) WILL BE USED.) INPU008I
1008 FORMAT (4IH THE DUAL SIMPLEX ALGORITHM WILL BE USED.) INPUJO82
1009 FORMA T (64)1 NEITHER THE PRIMAL NOR THE DUAL SIMPLEX ALGORITHMS CAN INPU008S

tOE USED.) INPUOO*4
1.110 FORMA T (12H •~‘~~•INPUT5) INPUOO8S

END INPV0066
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EXHIBIT 4 (Continued)

SUBROUTINE INVERT (j5,BI,FJ,SINV,Z,N04,N07) INVE000I
C GAUSS—JORDAN METHOD OF MATRIX INV ERSICP4. INWE1012

COMMON/Pt/H, $,ITYPE 1NSTRAT, NOCRLI,NBVRL1,NTITEI,NOORL2,NSWRLZ, INVEOCOS
1 NTITU,MXLIST,LISTOP ,ITAPE,IF8,PXITER ,PIBINV ,IOU TPT, INVE000A
2 ITRACE ,MSTART,TIME1,TOLI,TOL2,PCBUB,ALPHA(10P INVE0005 

S

COMHON/P2/EPSI,EP!IN, BIGN,BEGTH,Mi,M2,M3,N4,N1,HP1,MPZ,NM3.NH1H2, INVE00 06
1 NM1M3,N1P2,NPI,NSUPI,NTC,Nt0 INVE000?
COMMOH/P3/NODNOT,UNOT,IOU8OP,LPHAEE,NODRUL,NBVRUL,NTIGHT,NLIST, It4VEOLO8
1 NLISTS,PFEAS,LSTHX,ITRTCT ,ITRHAX,BLO,t.BRNOO,PBRNOC, INVE0009
2 p4aRVAp ,p~upowH,xegNoo,TaFNoo,NooE,.LNooe,z,soUNoL ,ecuNou, INVE OCLO
3 TSIG,IFEAS,IBRVRI,IUPONI,XORVR1,IORVRZ,IUPDNZ,XBRVRZ, INVEOCII
4 L10,NITER,NBINV,N7,IPHASE,NPHASI,$H3M7,IAL,G0,IECJ INVEOC12
DIMENSION IS(NO4) It4VEOO13
DIMENSION BI(NO4),PJ(N04) ,BINV (NO7,NDT),B(N04,N04) INVEOC14
IF(ITRACE.GE .11 bRITETb,10011 INV~ 0 0 t 5

C SOLVE (8)(PJ) = 81, DEVELOPING THE INVERSE OF B IN THE PROCESS. INVEOC1Ô
0O1301 1,N7 INVE3~~17
00100J 1,H7 INVE3C 18

1u~ BINV (I,J) 0.0 INVE QC~19
UOIIOi ( 1,M7 INVEOC2O
BI NV (K,K)- 1.C INVEOC2L
PJ(F~):.3L(Kl  INVtO~.22

i i.. IS(K) v INVE~3 C 2 3
00170L 1,M7 INVEOCZ’
(iO120~~ 1,H7 INVEOC2 !
IFLIS (K ).Nt .GJGOTCL2O INVE C~~26
IF(A d~ (~~(K ,LlI.GT.EPSI)GO IO13~ LN V EO C2 T

120 CONTINU E INVE0~.28C CA N DROP OUT OF THIS LOOP ONLY IF A IS ILL—COP.OITIONEO OR SINGULAR. INVEGC29
WRITE(6,I000) INV~ CI~JG
CALL EX IT INV EOG 3I
RETUR N It1VE~ C32

1.50 IscK)=L INVEOC3~
T 1./d(K,L) INVEO 3~
PJ (K) PJ(iO~~T INVE~ C3~
DO 1’.0J 1,P17 INV EO C36
8(K,J) i5 (K,J )‘T INVE~~Z 3?

1’.0 BINV (K,J)zBINV (K,J)~~T INVEOCJ 8
U01601 1,M7 INVEOC39
IF(I.EQ.K)GOTOtBO INVEOO4O

INVEOCI.1
1FIAOS (T).LE.EPSI)G0T0160 INVEOO’.2
1l=PJ (I) — T ’PJ(K) INV EOO4 3
IF (ABS(11).LE.EPSI)T1 0.C INVEOG4I.
Pj(I)=T1 INVE0 0~.~
0O150J I,M7 INVEOC 4B
11 d(j,J) — T’tI(K,J) INVEOC4T
IF (A8S(I1) .LE.EPSI)Tt ~~0.O I NV EO O4O
BU,J)=T1 INVE)C49
T 1 c ~INV (I,J) — T’tINV (K,J) INVEOC5G
IF(ABS (Tt).LE.EPSI)T1 0.C INVEOC 5I

150 8INV (I,J)=T1 INVEQO52
160 CONTINUE INVEOC53
170 CONTINUE INVEOO54

C BINV CONTAINS THE INV ERSE OF I, UP TO A PERMUTATION OF THE ROWS , INVEO0 5S
DO1B QLaj ,M7 INVE0USO
IZISEL) INVEOS57
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EXHIBIT 4 (Continu.d)

SI4 IISPJ(L) INVISOSI
OO105J 1,N7 INVEOISO

18$ SlI,J)’LINV (L,J) - INVEI I60
C a NOW CONTAINS THE INVERS E AND SI CONTAINS THE SOLUTI ON. INVEO G6I

RETURN INVED 062
1000 FORI AII60HOIIA IRIX TO 8€ INVERTE D IS ILL-CON DITIONED, PERHAPS SINGU INVEOO63

1LAR. ) - hPlVEO 064
1001 FCRMAT(12H •~‘ INVERT) 1NVE0065

END .. 
- INVEO 066

I
j

t
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EXHIBIT A (Continued)

SUBROUTINE 08.31 INZ,NP,IR ,IA ,IS,IOV,TC,BORIG,RHS,C1,NDI,N02,H03, 06.310001
1 NO4~NO5) 06.110002

C COMPUTE AND STORE TIE PHASE 1 OBJECTIVE FUNC T ION. 08.1±0003
CO$MONIPI/N,P%,ITYPE ,NsTRAT ,NOORLI ,NBVRL1,NTITE1,NCORL2.N8 VRL2, 08.11000’.
1 NTITE2,MXLIST ,LI5TOP,ITAPE,LF8,PXII R,NBINV ,IOUTPT , 06.310005
2 IT RAC t , M~ T A R T , T I M E 1 , T O L 1 ,T O L 2 , P C U Ua , A L P I A ( 1 0 )  O~ 4j000€COMNON/P2/EPSI ,EPSIM ,BIG N,O EGT P4 ,M1.H 2,M3 , M4,N 1,HP1,HP2, NMJ, NNIM2, O BJ IOC ,07
1 NM1143,NIP2,NPI,Ns tJM ,NTC ,H10 08.113008
DIMENSION N2 (NUI) ,NP (NO1),1R(NO2 ),IA (N02),IS(N04),IBV(N04) O8J13Ct9
DIMENSION TC (N03),80RIG(NO4),RHS(H04),C1(N051 O8J10CL~IF IITRACE.GE.1)WRITEIG,1000) 08.113011
OO ±00K=1,$ OBJ10~~12

100 ISIgIZO 09.110013 —

0O110I( 1,M O€I J IUOI’.
lF(IBV (I( ) .LE.NM1H3)GOTOIIC OBJ lO.iS
KK 1BVIt ~~-N$3 08.110616

08.110617
110 CONTINUE OHJIOOI8

O O I J O J Z I , N  OB J 1 O C I 9
NPOINT NPIJ)
N~ EROS NZ(J) 09J10021
01=3.0 oeJioo~~DDi~ 0K 1,NZEROS O B J I O U 2 S 3
NPOINT=NPOINT.t 08.31062’.
KKZIR (NPOINI) OBJICZ’25
IF(IS(K~~).EQ .LJGOIO12G 08.110626
1NOLX=IA INPCINT ) 08.11312?
QI Q14TC (INOEXI OBJIuC28

±20 CONTINUE 08.313029
130 CIIJ) —U1 09.1 10036

1F 1H3.EQ.0)GO10150 09J 13C31
KK MI’M Z 00J 10C32
OOL4UJ NPI,NN3 08J10C33
KK KK~ 1 O8Jj0G3~C1IJI U.0 0oJ10635
1F(IS(KKI .EQ.C)GOIOt4O OUJIOC3E
CL(J) 1.0 O~TJ10Q3?

140 CONTINUE 06.110638
150 813 0 .O 08.110039

cc=u.o 08J13C40
LIHIT MI+1 O BJt0C~.1DO160l .IYIT,P~ 08.11004.2
IFIIS(l).EQ.C)GOTO16O 08.11304.3
BBTBB—RHS (It OBJ 1OC4’.
CC=CC— 8ORIGU 08.1106~.5

160 CONTINUE 08.110646
RHS(11P2- ~8B O BJ IOC4?
8ORlG(HP~ 1zCC 08.310(48
RETURN 09.11064.9

1000 FORMAT (iOH “OEJI) 06.110050
END OBJ iOG5I
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EXHIBIT 4 (Continued)

SUBROUTINE RSTART (IF,INUSE ,IBV,NBV,IUPPLR,IMS.F,BI,BN,B,FMS, RSTAOOCI
I NI,NF,NC4,kU5,N010,NDMS2,NDHS3,IENTRY) RSTA00 0Z

C PREPARE A Rc.START TAPE OR BEGIN A JOB FROM A PREVIOUSLY PREPARED RSIA0003
C IESTART TAPE. RSTAOO u’. —

COMHON/Pt/N ,M,ITYPE,NSTRAT,NOORLI,NBVRLI, NTITE1,NOORL2,NBVRL2, RSTA3605
1 NJITE2,HXLIST,LISTOP ,ITAPE,1F8,PXIT ER,MBINV,IOUTPT , RSTA0606
2 IIRAC€ ,~~START,T1ME1,T OL1, TOL2,PCBLB,ALPIA (10) RSTAOCOT
COMNON/P2/EPSL,EP~ IM,BtGN,8LGTK,Mt,N2,M3,$4,N1,MP1,HP2,NM3 ,NMIM2, RST A0U~~8
1 NHIM3,NIP2,NPI,NSUM ,NT C ,PI10 RSTA000 9
CO HHON/P3/NOCNOT ,UNOT ,IbUdOP,LPI~A~ E,NODRUL,N8VRUL,NTIGHT,NLIST , RSTA 3C 1O
1 NLISTS,NFEAS,LST MX,ITRT (T,ITRMAX,BLS ,NBRNOD,PORNOO, RS 1AOG1I
2 N8RVAR , hUPtJWN,X~ RNOO,TBRNOO,NOOE,LNOOE ,Z, BOUNOL ,BCU NDU, RSTA0L1~
3 TS1G,IFEAS,IBRVR1,IUPDNI,XBRVR1,IBRVR2,IUPDN2,XBRVRZ, RSTAOC I3
4. LiC,NITER,NdINV,H7,IPHAS (,NPHASE, I~H3M? ,jALGC,IECJ RST A3 C 1~.
CO MMON/P4./SAVE ,KBRAN,Xt - RSTA 3GI 5
DIMENSION IF (NI),INUSE (N010),IdV (ID’.),NBV (NO9),IUFPER (WO5I, RSTA3U16

1 IHS(N0M52) RSTAOCI1
0IME N~ ION F (NF),dI(N04),8N (NO5),6(NC4,NC4 )~~FMS (NONS31 RSTA3C18
1F (ITRACE.GE .1)WRITE (6,10C2) 

- 
RSIAOOI9

IF (IE NTRY.EQ.1)6010130 RSTA OC 2U
C bEGIN A .108 FROM A RESTART TAPE . RSTA0~~21

NRIT ((6,1000) RSTAOC22
REWIND 4. RSTAOC23
REWI ND 7 RSTA~ c2’.
RE WIND 8 RSTA0~~25
REA OU) MIt , RSIAO(26
1 NooNo I,uNOT ,Iau 8OP ,LPHA~ E.,NooRuL,NBVRuL ,HTIGHT,NLIST , RST A 0C~~7
2 NL1~~TS,NFEAS,LSTMX,ITRTCT,jTRMAX,8Lb,NBRNOO ,PBRN30, RSTA ~ CZ8
3 N8RVA R ,KUPDWN ,XBR NOQ ,TURNOO ,NODE,LNOOE,Z,BOUNOL,BCUNDU, RSTA0~~29
4 TSIG ,IFEAS,Idi(VRt,IUPUNi,X8RVI~1,IdRVR2,IUPON2,X.5RVR2, RSTAOJ 3 6
S L1.o,N1T~J~,NaINV ,M7, IPI-A5E,NPHASE,NM3M7,IALGO,IECJ, RSTA6 C JI
6 SAVE,KBRAN ,X1 RSTAG C3 2
IF (HLIST.E Q.0)GCTO1IO RSTAOC33
00100J:i,NLIST RSTAD V 3’.
REAU (8) 1Q,tIP~SI1),Ij,NOMS2) ,(FMS(I),I=1,NDMS3) RSIAOO 3S
CALL WRLTM S (2,IMs, t.DMS2,I0) RSTA 3 (3b
CAL L WRITMS (3,FMS,NOMSJ,I0) RST A 3C3 T

100 CONTINUE RSTAGC3 8
110 IF(2’(NOOE/2).NE .NOOEIGOTO12O RSTA CC39

REAO (8) (IBV (II ,I=1,N0’,),(NOV (I),1 1,N05),(IUPPER (I),I=i,NOS), RST A6G4.O
1 caI (I),x=1,No4.),c3N (I),:~ 1,No5),LL1,LL2~LL3 , RST AOC-4.3.
2 ((t3(I,J),1 1,N04),J 1,NO4.) RSTAOC4.2
WRITE (’.1 (I8V(I),... 1,N04),(NEV(I),1 1,NDS), (IUPP€RUi ,I I,N05), RS T A O [ 4 3
1 (9I(I),I=1,N04.),IBNU),1 1,N05),LLL,LL2,LL3, RSTAD~~.4
2 ((B(j,J),I=1,ND4),J 1,N(4) RSLA0 C~I5

120 REAU (?) (IF(I),I= 1,NI),(F (L),I=1,NF) RSTAQ C4.6
REWIND 4 RS~ A 0L4.7
REWIND 7 RSIA DC ’.8
REWIN 0 A RSTA6(~.9
RETUR N RSTA’)C50

C Pp(EPARE A RESTART TAPE . RSTAOO51
130 WRITE (6,1001) RSTAOG52

RE WIND 4. RSTAO (53
REWIND 9 RSTAOD54.
REWI ND 10 RSTAOO 55
WRITE (9) M1C, RSTAOO56
I NOON O1, UNOT , IBU8OP,LPNA !E,NODRUL, NBVRUL,NTIGHT, NLIST, RSTAOG5T
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EXHIBIT 4 (Continued)

2 NLISTS,IF EAS,LST$X,ITRT CT,ITRMAX ,8LB,NBRNOO ,PBR NQC, RSTAOCB8
3 N VA R ,t.UPDWN ,X OR NOD ,IÔRNOO,NODC ,LNOOE ,Z,tSOUNOL ,dCUNOU, RSTAOC59
4 TSIG,IFEAS ,I.IRVRI,IUPONI,XBRVRI,IBR VR2,IUPON2 ,X SRvR2, RSTAOC 6O
5 L1t,N1TEk,NaINV ,M7,1PHA~E,NPHASE,NM3M 7,IALGO,IEoJ, RSTAC C61
6 SAVE,KORAN , XI RSTAO C62
WRITE(9) (IFU),I=1, NI),(F (I),i=j,NF) RSTA~ C~~3
1F( NLI ST .EQ.C)GOT(156 RST A0 CÔ I.
DO14.OI3 1,MXLI~~T RST A~~.b5
LFUNUSr.~(I0I.E Q .0)GO1O1l.0 RSTAOC&6
CAL L REAOIi~ (2.IM~ ,NDMS2,jO) RSTA~~ 4.IT
CA LL RkADMS (3,FI11, t’iOMS3,IQ) RSTA(~C6e
WRITE (IJ) I0,(IMS(I),I i,NOMS2),IFHS(I) ,1 1,NOMS3) RSTAOC6 9

14.0 CONTINUE RSTAC C 76
15i~ IF(~ ’(NUO(/2).NE.NODE)GCTC16O RSTA9UI

Rt.A014 ) (IaV(I),1 1,ND4), (NéIV(1),I=l,N05),(IUPPER (I1,I=1,N05), RSTA OC ?2
I (B1(I),3=j,NO4.),(8N11),I=t,ND5),LLI,LL2,LL3, RS1A~~.7J
2 I(8(I ,Jl ,1 1 , N Q4) ,J 1.NC’.) RSTA ~~~74.
WRITC(iU) (I8V (I),I~~1,ND4), (N8V (I),I=1,ND5),(IUPPER(I),I=j,N05), RST A C ?5

1 ta1 (1),I=1,ND4),I~ N (I),1=1,ND5,,LLL,LL2,LL3 , RSTA0~~T6
2 ((B(I,J),1 1,NU4) .JI,NC4.) RSTA~ 177

161 END F1..E 9 RSTA OC ?8
END FILE IC RST A3~~79CALL tXIT RSTA3C8 C
RE TURN RS IA CC 81

1(06 FORMAT( 38P6dEGjt~N1NG TIlE JOB FROM RESTART TAPES.) RSTAO (82
ii. ui FOR~IA T ( .~.HJ I~ES1ARI IAPES PREPARED.) RSTAO(83
1002 FORMAT U2~- ‘ R ~~IA R 1I RSTA 3C84.

END RSTA O C - 85
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EXHIBIT 4 (Continued)

SUBROUTINE SIMPLE (NZ,NP ,IR,IA,IS,NV,IBV ,NBV ,IUPPER ,TC,RHS,C2,Cj. SIMP000I
1 81,8N,U.PJ,BINV. XJ , V , X Z , B , N01 ,NU2, N03,N04,NO5, SINP0002
2 N06,ND7) SIHP0003

C PRIMAL AND DUAL SIMPLEX ALGCRITHMS FOR SOLVING THE LP. SIMP0004
GONMON/P1/N,M,ITY FE,NSTRAT,NODRLI,NBVRL1,NTITEI,NODRL2,NBVRL2, SIMP060S
1 NTITE2,MXLIST,LISTOP.IT APE,IFB,PiXITER .MBINV,IOUTPT, SIMPOCO6
2 ITRACE, PSTART, TIME 1,TOLI, T0L2 ,PC8UU ,A LPHA (IC) SIPiP0007
COMMON/P2 /EPSI,EPSIM, 8IGN ,t3EG1M,M1, M2,M3,M4,N1,11P1,MP2,NNJ,NH1N2, SIMP0608
1 NNIH3,N IP2,NP1,NSUM,NTC ,M10 SIIIP0009
COMMON/P3/P400NDT,LNOT,IBUBOP,LPHA3E,NODRUL,NBVRUL,NTIGHT,NLIST. SIM POCIC
1 NL ISTs,NFEAs,LsTMx,LTRT cT,ITRPIAx ,BLi~.MegNOD ,PBR NOD, 51MP0011
2 N8KVAR, NU1-OWN,X8Rt.OO,T~ RNOO,NOOE,LNOOE,Z,8OUNOL ,BCUNOU, SIMPOOI2
3 TSIG,1FEASIIBRVR1.I UPCNI,XBRVR1,I.3RVRZ,IUPON2,XaRVR2, SIHPO’.13
I. LI0,NITER,NBINV,M7,IPHASE,NPHASE,NH3N?,IALGO ,IECJ SIHPOC 14
DIME NSION IS(ND4.I ,NV(ND6),IdVIND4.),N3V (NO5),ILPPER(ND5) SIMPOQIS
DIMENSION 81 (t~O’.),~ NtNo5),u(Ma6I,PJ (NDk),XJ(NO4),VtNO6I ,XZ(ND6), SIMPDC1B

1 B (NO4. ,NC4) S IMPOC1T
IE(ITRACE.GE.1) WRITE (6,1022) SIMFOO18
lF (IO0TPT .LE.i)G010116 SIMPOO19
IF(IALC.O.EQ.2)GCTLI3O SIMPOO2O
NRITE (6,10U0) 51MP0021
IF (NOOE.NE.1)&OTOIIO SIMPOO22
IF(IPHASE .EQ.1 WRITE (6,1001) SIMPOCZ3
IF (IPHASE.EQ.2)WRITE (t.,t002)NPHASE SIMPOO2’.
GOTOIIO SIMPOC25

100 WRITE(6,1003) SIMPOOZB
110 ITER O SIHPOGZ?

c..’... • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ U
C INCREMENT THE ITERA IICN COUNTER . REINVERT THE BASIS MATRIX IF SIMP0629
C NECESSARY. SIMPOG 3L
c” ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
120 ITEP. LT~ R+1 SINPQC.32

NIILR~NITER’1 SIMPO (33
NBLNV NBIMV ’l SIMPCC .3’.
if (IT ER.GT. MXITER 10010630 51MP0035
IF(I~BINV.NE .M~1NV )GOTOI6O SIMPOC36

C REINVLRT THE 8ASIS MATRIX EVERY MBINV ITERATICNS. S1HP003?
NBINV~ t) SIMPOC38
1f(IOUTPT .GE.2)WRITE (6,10C4)NITER SIMPOG.39
IF (IOUTPT.LE.’.)GOTC)140 SIMPOG4.3
WRITE (6,1005) SIMPOG’..
OO1J0I=i, N? S1MP00 42

130 W RI IE(6 ,1606) IBV ( I) ,t 8 I I , J),J 1,M7),BI(I) S IMPOO4 3
140 CALL BINVRT (NZ,NF ,IR,IA,LS,IBV,I(EV,IUPPER,TC,R HS,C2,C1,BI,LJ,pJ, 51MP004’.

I ~5INV ,B,N01,NC2,NO3,Nt4~ ND5,NO6,NO7) SIMPOC 4.5
IF(IOUTPT.LE.’.)00T0163 SIHPOQ4.6
WR IT EI 6,1005) SIHPOC~.7
001501 1,M7 SIMPOC4.6

150 WRITE (6,1006)I8V(t),(B(I,,J ,J=t,M7),BI(I) SJHPU G k9
160 GOTO (17~~,3C0),IALGO SIMPOC5O

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C P. IMAL ALGORITHM . SIMPOO52
C PRICE—OUT THE UON-i~~SIG V ARIABLES . THE ENTER1IG VARIA BLE IS THE FIRST SIMPd~~5J
C ONE ENCOUNTERED HAVING NEGATIVE REOUC (O COST. SIMPOCS’.
c....... ~~~~~~~~~~~~~~

170 002001P0S 1,L10 SIMPOC56
I(INU=NBVIIPOS) SIM0005?

~~0
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EXHIBIT 4 (Con tinued)

OOI$II.1.117 szI...5s
180 PJ ( I)a0 .0 SINPSOSC

CALL GETCOL (HZ.NP ,1R,IA ,IS,TC,*N3.CZ ,C1,PJ,N$1,~~ Z,NS3.JIS4 .N~~ . SINP0160
1 KINO ,NZEROS ) SIMPSO6L

0120 . SIMPOC6Z
00190J1=t,NZEROS SIHP3O63
J- IS(J t )  SIMP3Ob I.

190 01201 + B(N10,J)’PJ(J) SINPOO6S
QIsQ1 • BCN1C,NP1 )~ PJ(NP1) SIHP0O 66
IF(IPHASE.EU.2)GIZQI • B(M10,NP2)~ PJdNP2) SINPOO67

C 01 IS THE REDUCED COST FOR VAR IA B LE JSKINO. SIMPOO6I
LF( IUPPER(IPOS).EG. I)01z .Q1 SIHPOO69
IF (Q1.LT.EPSIM~ 100C.)GOT0240 SIHPOOTO

200 CONTINUE SIMPOO?i
C FOR ALL NON-BASIC VAR iABLES, THE REDUCED COST IS NON—NEGATIVE . SIMPOO72

IF(IPIIASE.NE.2)6010640 SIHPOOT3
IF(NPHAS(.EQ.2)0010640 SIHPOO74

C CHECK IF ANY ARTIF ICIALS REMAIN IN THE BASIS. SIMPOG15
IKOE XZO SIMPOO?6
OOZ1OI:1,MT SINPOO7T
J2I~ V (I) SINPOG7B
IF(J.GT .NM1M3 .ANO. J .LE.N1) INDEX’l SIMPOG79

210 CONTINUE SIMPOOBO
IF(8IdMP2).GE.EPSIN~ 10O0. )GOTOZ2O SIMPOU8L
IF( INOEX .EQ.1)00T058C SINPOO82

C PHASE 1 TERMINATES. ENTER PHASE 2. SIMPOO83
220 IFLLOUTPT.GE .23 WRITE (6,1001)NITER SIMPOO8’.

MLO M1O— t SII4P0085
IF(IP4OEX .EQ.t)GOTC23C SIMPOOB6

C THERE ARE NO ARTIFICIALS IN THE BASIS. DELETE THE PHASE 1 OBJECTIVE SIMP008?
C FUNCT 1Ot~ FROM THE PRO ERAM . SIMPOO8O

N7=MP1 SIHP3089
IPHASE 1 SIMPOG 9O
NPHASE O SIMPOO9I
NM3M7zN+M3+H7 SIHPOG92
G0T0120 SIMPOO93

C THERE ARE ARTIF ICIALS IN THE 8ASIS. MAINTAIN THE PHASE 1 OBJECTiVE S1HFOO9’i
C FUNCTION AS A CONST RA INT. SIMPOO95
230 NPHASE 2 SIMPOO96

GOTOI2O SIMPOU 97

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C PRIMAL ALGORITHM. SIMPOG99
C SELECT THE LEAVING EASIC VARI ABLE. SIMPO100

C COMPUT E THE UPO’.EO COLUMN, XJ 2 B—IN VERSE PJ. SIMPOIO2
240 8O260I=1,M7 SIMPOIO3

0120.3 SIHPOIO4
D0250J 1=t,NZEROS SIMP010~
J=IS (J11 SIHPOIO 6

250 01=01 • 8 ( I , J) ’F J (J)  SIHP0IOT
QIZUI + BII,MP1)’PJ (HPI) SIHPOIO8
IF(IPNASE .EQ.ZIQIZQI • 8(I,$P21’PJ(MPZ) SIMPO1O9

260 XJ(IIXQ1 SIMP0I1O
C COMPUTE THE MINIMUM OVER XJ (I).GT.0 OF THE BASIC VARIABLE VALUES SIMPOI1I
C 0IVIDED BY XJ II) .  SINPO 1IZ

XPIV~8IGN SINPIII3
DO2$0I~ 1,N7 SIMPUIlO

L2 1
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EXHIBIT 4 (Continued)

IF(I.EU.HP1)GOTO2$0 SIMPOUS
Q1~XJ (I) SINP.1116
IF(IUPPER(IPQS).EQ.1) 012—01 SIMPDII7

C 01 IS XJ ( I ) .  SIMPJIL8
IF(Q1 .LT. E PS I) GO TO2 ?0 SIMPOLI9
02231(I) SIHP0123

C Q2 IS THE BASIC VA RIA B LE VALUE. SIMPOI2I
IF(02/Q1.&.E.XP LV)00TO28 ~ SIMPO 122
KPIV I  SIPIPO123

C KPIV INDICATES THE LEAV ING VARIABLE. SIMPEI24.
XPIV= Q2/Qx SIMPQ125
IIHIA=t SIMPOI26

C ENTERING VARIABL E DOES NOT FORCE ANY V ARIABLE TO ITS UPPER BOUND SIMPGI27
C (ITHIA = 1). SIHPGI28

60T0283 SIMPOI29
270 01=—UI SINP0130

IF(Q1.LT.EPSI)GOTOZBO SIPIPD13I
I1ZI8V(I) SIMP.~132
022U (It)—81(I) S1MP0133
IF(02/Q1. GE.XPIV)GOTD28~ SIMPOI34.
KPIV:I SIMPOLJ5
XPIV=Q2IQI SIMP~.136ITMIA 2 S111P013?

C ENTERING VA ~ X ABLE FORCES LEAVING VAR IABLE TO ITS UPPER BOUND SIMPO138
C (ITHIA = 2). SIHPDI39 ~- -

280 CONTINUE SIMP~ I4.
IP(U(KIND) .GE.XPIV)GOTO29O SIMP O I4.1
ITHIA 3 SIMP G I’.2

C ENTERING VARI AB LE ENTERS AT ITS UPPER BOUND (ITHIA 2 3) .  S1MP0143
XPIVzU(KIND) SIMPG 14.’.

290 IF(XPIV.GE.9IGb)00T06 3... SIHPO145
IBVK= X BV (KPIV) SIMPOI46
GOTO44.ci SIHP6II.7

C......................4....+....... ~~..4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 14.8
C DUAL SIMPLEX ALGORITHM . SIMPO1’.9
C SELECT THE LEAVING BASIC VARIABLE. SIMPQI5O
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

300 1F (IBUBOP.EQ.1)GOTO31 J SIMP~ 152
C TEST THE OBJECTIV~. VALUE AGAINST THE BEST UPPER BOUND. SIMPO153

IF(— 8I(r1P1).TSIG.GE. (1.—TOL1)’U’~OT GOTO62) SIMPOXS 4
C COMPUTE THE MINIMUM OF THE RIGHT—HAND-SIDES. SIMPO15 S

310 BMIN=BIGN SINPOIS 6
KPIV~~ SIPIPOL5 ?
003201=1,117 SIMPQ158
If(I.EQ.MP1)GOTO32.~ SIMPOIS9
IF(9III).&E.BMIN)G0T0320 SIMP0i6~
BMII@BI(L) SIMPOI61
KPIV=I SIMP.t62

320 CONTINUE S111P0163
JPIV=C SIMPO 164.
003361=1,117 SIMPGI 65
IF(I.EQ.MPI)60T0330 SIMP~ 16S

S I1Z IBV(I) SIMPOI6?
IF (U(II)—8I (I) .GE.BMIN) 6010330 S111P0166
BMIN=U (I1)—BI (I) SIHPGIS9
JPIV I SIMP..t7~.

33o CONTINUE SIPIPOITI

122
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EXHI BIT 4 (Continued)

C IF THIS MINIMUM IS NONNEGATIVE . WE ARE AT THE OPTIMUM. SINPO 172
IF (BMIN.GE.EPS1N’10C0 .1 G010640 SINPOI73
ITHIA=1 SINPOI74
IF(JPIV. EC.0)GOIOJ’.O SIPIPO175
LTHIA=2 SIHPO1T6
KPIV2JPIV SIMPOIFF

340 IBVK IBV (KPIV) SIHPOL7B

C DUAL SIMPLEX ALGORITHP. SIMPO 186
C SELEC T THE ENTERING VAR IA BLE. SIMPOIB1
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C COMPUTE THE MINIMUM OVER XJ(I) .LT.G OF THE DUAl. VARIABLE VALUES SIMPO1BJ
C DIVIDED BY —XJ U) .  SIMPO 184

XPIVXBIGN SIMPOIB5 S

K1N0 0 SIMPOIBE
OO400JPOS I.L10 SIMPOIB?
JINO NBV (JPOSI 5111P0188
00350I 1,N7 SIHPOI89

350 PJ(I)=0.0 SINPOI9O
CALL GEICOL (NZ,NP ,IR,IA,IS,TC,RHS,C2,C1,PJ ,N01,NCZ,NO3,N0¼,N05, SXHPO191
I JINO ,NZEROS) SIMPOI9Z
01=0.0 51flP0193
DO360JI~ 1,NZEROS S111P0194
J=IS (J1) SIHPOI9S

360 Q1=Q1 + B(KPIV,J)’PJ(J) S1MP0196
Qi=Q1 • 8(I(PIV,11P1)’PJ(MPI) SIHPOI97
IF(IPHASE.E((.2)Q1 01 • I3(KPIV,HP2)~ PJ(MP2) SIPIPOI98
lr (IT$IA.E14.2160T0310 SIHPOI99
IF (IUPF ER~ JP0~ % .EQ,0)015—Qt SIPIPO 200
00T0380 SIMPO2O1

370 IF (IUPPER (JPOS).EQ. 1)012—01 SIMPO2O2
386 IF (Q1.LE.EPSI)GOTO400 SIMPO2OJ

C 01 IS —XJ (I). SIMPO2O 4
02=0.0 SINPO2O5
00390J1=i,NZEROS SIMPO2O6
J2IS(JLI S1NP0207

390 ~2=Q2 • B(MP1,J)’PJ(J) SIMPO2O8
02=02 • B(MPI,MPI)’PJ (MPI) SIPIPOZO9
1F(IPHASE.EQ .2)O2:02 • 8(IIPL,MP2) ’PJ(MP2) SIMPO 2IG
IF(IUPPER (JPOS) .EQ.110Z~—C2 SIMPO 211

C 02 15 THE DUAL VAR iA B LE VALUE. SIHPO2I2
IF (Q2/Q 1.GE.XPIV)0010400 SIMPO 213
XPIV Q2/Q1 SIMP0214
KINO JINO S1MP3215
IPOS JPDS SINPO 21€

4.00 CONTINUE S1MP0217
C IF THER E IS NO PIVOT ELEMENT. THE PRIMAL PROGRAM 1$ IPFEASIBLE SIMPO2L8
C (THE DUAL PROGRAM IS UNBOUNUEC). SIMPO219

IF(KINO.EO.0)GOTO58G SIMPO 220
C COM UTE THE UPDATED CCLUMN, XJ = B—INVERSE • P.3. SINPO 2ZI

00410( 1,P? S1MP0222
410 PJIIP=0.0 S1MP0223

CALL GETCOL (NZ ,NP,IR,I*,IS,T~~,RHS,C2,C1,PJ,NOi,NO2,ND3,Il0¼ ,NO5, 51HP0221.
1 KINO ,NZEROSI SIMPO22S
004301 1.M7 SIMPO 2Z6
01 0.0 S1MP0227
OOl.20J121,NZEROS SIHPOZZ8
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EXHIBIT 4 (Continued)

J2I5(Jj) S1P4P0229
4~ 0 01201 • B(I,J)’PJ(J) SIHPO23O

Q1=Q1 • B(I, 14P1) PJ UIP1) 
- SIMPO23I

IFIIPHASE.E0.2)Q1=Q1 • 8lI,I1P2)~ PJ(PiP2) S1MP0232
430 XJ (I)=Q1 SIMPO233

C PRIMAL AND DUAL SIMPLEX ALGORIT HMS. SINPO2J5
C PIVOT THE ENTERING AND LEAVING VARIABLES. SIMPOZ36

4.40 IF( IOUT PT.CQ.5)W RIT E(6 ,1008)NITER,KIND,IBV K,ITH IA S1HP0238
INOEX O S1MP0239
IF(IUPPER(I FOS) .EC. 1)GOTO4BO SIMP 0~ 40
GOTO(510,4.70,4501 ,ITHIA SIHPO24.1

4.50 IUPPER (IPCS)= l SIMPO2I.2
dN(IPOS) L (KIND) SIMPO243
D0460I 1,117 SINPO2’ .4

4.bO BI (I)=8IlI) — UIKINC)’XJ (I) SIMPO2’.5
GOTO 12Q SINP32’.€

4.70 BI (KPIV) BI(KPIV) — U (IBVK) SIMPO2’.7
1UPPER (IPCS )1 

- - 
SIMP324.8

BN (1POS)=U (IBVK) SLMP3Z4.9
00T0516 SIMPO 2SC

4.80 IUPPER (LPCS) 3 SIMPO2SL
BN(IPOS) 0.C SIHPO252

C CHANG E T HE RIGHT—HAND-SIDE AFTE R THE PIVOT. S111P0253
INOEX=1 S1MP325’.
GOTO(510,L70,4.9C) ,ITHIA 

- 
SIMPOZS5

490 005001=1,147 S111P025€
500 61(11=8141) • U(KINO)’XJ(I) SIMPO25?

&OTOI2A SI11P0258
516 I=1./XJ (KPIV) SIMPØZ59

8I(KPIV)=EI (K&IV)’T SIMPOI6O
OO5 2OK=1,H7 SINP326I

520 B(KPIV ,K)=8(KPIV ,  P)~~T 51MP3 262
005’.0J 1,M7 S1MP0263
IF (J.E Q.KPIV)60TO540 SIHP026~T =XJ (J )  SIMPO2€5
IF(ABS (T) .LE.LPSI)GOTO54O SIMPO 26€
Tj=8I(J) — T~ JI(K I~IV) SIMPO2b 7
IF (ABSIII) .LE.LPSI)T1 0.0 SIHPO2b8
8I(J)=T1 SIPIPQ269
00530,C 1,N? SIMPO27O
T1=BIJ,KI — T’BIKPIV,K) S1MP3271
IF (ABS(T1).LE.EPSIIT1=0.0 SIHPO2?2

530 O (J,K)=I1 S1MP0273
54.0 CONTINUE SIMPO2i’4

IF(INOEX.E~ .C)GOTO55G SIPIPO27S
BI (KPIV):61(KPIV) • UCKINO) SIMPC2?6

C UPDATE THE NBV AMJ IQV ARRAYS. SIMPO2T7
550 1 1 0V (KPIV) SINP0~~78

IUV (KPIV ) NOV(IPOS) SIMPO2T9
IF(I.Gl’.NM1M3 .AND . I.LE.N1160T0560 SIMFO 2SC

S IF (IALGO .(Q.2 sAND. I.EQ.141P2)60T0560 SIMPO2BI
NHV (IPOS)* I S1MP0282
60T0120 S~Ip1Pa283

560 NBV(IPOS) zNBb(Lj 0 ) SINP02B4.
IUPPER (IPCS)zIUPPER ILLS) SIMPS2S5
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EXHIBIT 4 (Continued)

•NIIPOS)ZONIU0 ) SINPO28b
L10 L10—1 SINPO2I7
iF INPNASE.EQ.I) G010120 SINPO 281
OOSTOIzL,K? SIMPO289
J IdV (I) SIMPO 2’3G
IFIJ.GT.NMLN3 .ANO. J.LE.141)GOTOL2O S114F0291

510 CONTINUE S1MP3292
C lItRE ARE NO ART IFICIALS IN THE BASIS . DELETE THE PHASE I OBJECTIVE SIMPU9 5
C FUNCT ION FROM THE PROGRAM. SIHPOZ94

M7*PIPI 51P1P3295
IPHASE I S1MP0296
NPHASE= 0 SIMPO29?
N143H7 N+M3+H7 SINPO29B
G0T0120 51MP0299

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ MPO 30 0
C FINAL OUTPUT. SIMPO30I
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 302
580 IE(IOUTPT.EQ.0)GOTO€00 SIMP Q3O 3

WRITEI6.1009) SIMP03~’.
IF IIOUTPT.LE.2)G01O600 S111P0305
If (JALGO. EQ. 1IGCTO59O SIMPCJO 6
NRITE (6,1010118VK,dMIN SIMP03O T

590 NRITEIb,I011 I (IdV (lP,1 1,M7) SIMPO30 8
WRITE*6,1012)(BI(j) .1 1,M7) SIMPO3B9

600 IEOJZI SIMPO3IC
60T0640 SIMPO3II

610 WRITEI6,10i3) SIHPO 3I2
WRITE (6,1014)KINO SIHPC3LJ
WRITE (6,1011)(IBVII),1 1.P7) SIMPO314
WRITEIS ,1015) (XJ (I),I 1,PI7) SIMPO3IS
WRITE (6,1012) (81(I) ,Is1,PI7) SIMPO31B
1E0J2 SIMPO3L7
G0T0640 SIP(P03I8

620 IF (IOUTPT .NE.C)WRTTE (6,1016) - 
SIMPO3I9

IE0J 3 SINPO 320
60T06’.0 SIMPO 32i

630 WRITE (6,I017) 51MP0322
IEOJ~~. S111P0323

64.0 006501 1,NIP2 SIMPJ32I.
650 XZ ( I) 0.0 SINPO325

006601 1,NM3M7 SIMPO326
P4V ( I) =0  SIMPO32T

*60 V ( I ) 2 0 .O  SIMPO328
00680K 1,147 SIPIPO3Z9
IIBV (K)  SINPO~~33
NV (I)2I SIMPØ 3.31
IF(K.(Q.HPI)GOTO6?C SIMPOJ32

S VII) 8I (K ) SIMPO333
XZII) 61414) SIMPO334
60TO680 SIMPO33S

670 V ( I) 2—8I ( K)  SIMPO33E
X Z ( I) =—dI IK) SIMPO337

680 CONTINUE SIMPO3J8
Z —BI(MP1) SINPO3.39
IFIIOUTPT.LE.3IGOTO?10 SIMPO 34O
00700K 1.M? SI$P0341
0069012K,NMJM7 SI11P0 342
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EXHIBIT 4 (Continued)

IF (NVIII.EQ.0)GOTOÔ9O SIPPS343
IFIi.EQ.K)GOTO700 SINPS3’.4 

S

NV (K)ZNVII) S1NP0345
V (K)2V (1) SIMPO346
NV (I)z0 SIMPO3I.7
GOTO700 SIMP034B

690 CONTINUE SINPO34.9
700 CONTINUE 51MP0350 —

WRITE (6,1018) SIMPO3SI
NRITEIB,1019) INW (P) ,‘J(K) ,K=j,M7) 51Np0352

710 CONTINUE SIMPO353
DO7ZOI=1,NM3M7 SINPOJ54.
NV (1)20 SIMP0355

720 V (IIzG.0 SIPIPO35B
K K 0  SINPO357
00730K 1,L10 SINPO3S8

S IF(IUPPER (K) .EQ.O)601 0730 SINP0359
KK K1c+1 SIMP0~ 60
I NBV (K) 5114P036L
NV (I)2I SIMPO 3B2
V (I)ZBN(K) SIMPO363
XZII)*BN(K) SIMPO 364.

730 CONTINUE S1HP0365
IF(IOUTPT.LE.3)GOTO780 SIHPO3BG
IF(KK.EQ.C)G01076( SIMPO3B7
D0750K 1,KK S1NP0368
DOT4OI=x,NPI3M? SINPO3b9
IF(NV (I).EQ.0)GOTO7k0 SIMPO I7O
IF ( I .E Q .K) &0 T0750  $IMPO3?1
NV (K) NV (I) 51P1P0372
VtK ) V (I) S1MP0373
NV (I) 0 SIPIPO374
60T0753 SIMPO3?5

740 CONTINUE SINPO37G
750 CONTINUE SINPO377

WRITEIB,1020) SIMPO3TI
WRITE 16,1019) lNVI~~),V (K),Kz1,KK) SIMPO379

760 IF(IOUTPT.LE.4)GOTO7BO SIMPO 38O
WRITEIB,1065) SIMPO28I
0O7?0I 1,PI? S1MP0 382

770 WRjTE(6,j0O6)IBV(L),(B(I,J),J*t,M~),BL(I) S111P0363
780 IF(IOUTPT.GE.2)wRIIE (6,1021)ITER,NITER SIMPO3B4

ITRTOT LTRTOT + ITER S1MP0385
IF(NIT ER.GT.ITRMAX ) ITRMAX=NITER SIMPO386
RETURN SI$P0357

1000 FORMAT (I7HOPRIMAL ALGORITHM ) SIMPO3IB
ItOl FOR HAT (1714 ONE PHASE METHOD ) S1MP0389
1002 FORMAT (47H TWO PHt~ E METHOD — BEGIN COMPUTATIONS IN PHASE.12) SIMPO 39O
10u3 FORHAT (Z3HOOUAL SIMPLEX ALGORITHM) S1NP0391
1t04. FORMATI 32HOaASIS REINVERTED OA ITERATION x ,15) S1MP0392
1005 FORMATI 4BHOdASIC VARIABLES/BASIS INVERSE/RIGHT—HAP4O—SIDE 2) S1NP0393
1006 FORtlATIiH0,I5,8EI~~.6/(6X,8E15.6)) S1MP0394
1L07 FORHAT (27H INTER PHASE 2 ON ITERAIION,15) 51NP0395
1008 FOR MAT (IX,I5,21t1. ENTERiNG VARIA BLE 2,15,2014, LEAVING VARIABLE 2, SIMPO396

1 I5,IBH, TH ET A = THETA (,I1,~ H)) SINPO397
1,0~ FORMAT (34IOTHE FRIMAL PROGRAM IS INFEASIBLE.) SINPO39I
1010 FORI4AIIZOHOLEAVING VARIABLE 2,15/ S1NP0399

126

_ _ _ _ __ _ _ _  ~~~~~ --- ----S—— - - - - - -- - - ~~- - - -



--5—~--— --—---5-—---- - —--;~~S— 

EXHIBIT 4 (Continued)

1 ZO HORIGHT—HAN O—SIOE 2,tj ’,6) SINPS 4S$
1811 FORNAT (20H08*SIC VARIABLES ‘,1615/IZOX,i6I5)) SINPO ISBI
1812 FORMAT (201O R IG HT—isA NO—SI OE s .6E15.6/(20X,€E15.6)) SINPO AO Z
1813 FORMATI43HOTHE P~ IHAL PROGRAM HAS UNBOUNDED SOLUTION.) 51MP0403
1014 FOR’lAT(2CH0Et.TERIt~G VA RIALL E = ,I5) SIMPO4O4
1015 FOR MAT(2OHO UPDATEU COLUMN =,IE$.6/(20X,6E25.6)) SIHPO4O 5
1016 FORMA TI 4SHOTHE OUAL VALUE EXCEEDS THE BEST UPPER BOUND.) SZMPO4O6 S

1017 FORMAT 155140THE MAXIMUM NUMBER OF LP ITERATIONS HAS BEEN E XCEEOEO.)SIIIP04.07
1018 FORMAT (16HO8AsIC VARIABLES ) SINPO4OB
1019 FORMAT (ITHO VARIABL&VAI.UE 2,5(j5,E15.6)/(17X,5(I5,E15.6))) SINPO4.09
1(20 FORMAT (JSHONON—BA 5IC VARIABLES AT UPPER BOUND) SINPO 4IO
1021 FOR HAT (43HGNUMBER OF ).P ITERATION! THIS COMPUTAT ICH ,15, SIMP0 A1I

1 34H, CUMULATIVE 2,15) S1PIPO4L2
1022 FORMAT (12N ••“SINPLEJ SINPO4IJ

END S1IIPI4I4
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EXHIBIT 4 (Continued)

SUBROUTINE SLOPES (IlZ,NP,IR,IA ,IS ,IBV,NBV,IUPPER ,TC,RHS,CZ,C1,PJ, SLOPOCOL
1 XJ.S0,S1,B,NOj,NDZ,ND3,NO4.,NOS ,N06) SLOP000Z

C DETERMINE THE LEFT ANE RIGHT SLOPES AESOC1A lED WITH THE OPTIMAL SLOPOGC3
C SOLUTION VA LUE AS A FUNCT ION ~~ A PARA METER. SLOPOCD4

COMMON/Pi/N,H,IIYFE,NSTRAT ,NO CRLI,N8VRL1,NTITE1 ,NODRL2,NBVRL2, SLOP0005 —

I NTITE2,I4XLIST,LISTOP ,ITAPE,IFB,PIXITER ,MBINV,IOUTPT , SLOP0006
2 ITRACE,MSTART ,TIMEI .TCLI,T012,PCBUB,ALPHA(3.6) SLOPO6O7
CONNON/P2/CPSI,EP!IM,UIGN,BEGIN, M1,M2,N3,H4.,Nt, PIP1,MPZ,NN3,NM1H2, SLOP0008
1 NM1M3,N1P2,NP1,NSUN ,NTC,M10 SLO4’100’~
COMPION/P3/NODNUT, LNQT ,IdU8OP,LPFA~ E.NOORUL,NUVRUL,NTIGHT, NLIST, SLOPOO1O
1 NL1STS,NFEAS,LSTMX,ITRTCT,ITRMAX ,8L8,NBRNOD,PBRNOO, SLOPOCII
2 NBRVAR,NUPDWtI,XBR NQD,TBFNOQ,NODE,LNODE,Z,BOUNOL,BCUNOU, SLOPOCI?
3 1S1G,IFEAS,TW~VR1,IUPON1,XBRVRx,IBKVR2,IUPON2 ,X 8 RV R2, SLOPOCISI
4 L10,NITER,NdINV,M7,IPHASE,NPHASE,NM3H7,IALGO,IEOJ SLOPOOI4i
DIMENSION 15(ND’.),I~ V lN 04.),N3V (NQ5),1UPPER (ND5) SLOP031~
DIMENSION PJH4o’.,XJ(NO4),SO (N~ 8 ,s1 Noe),B No4,ND4. SLOPOCIb
IFIITRACE .GE.1)wR iTE (6,1602 SLOPOCL?
OOJ ’01 1,P7 SLOPOCL8
IFII.E Q.HPI)GOTO100 SLOPU6I9
SG (I)~~~11GN SLOP)C26
S1 (II=SIGI SLOP0C2~

166 C’JNTLNUE SLOP0C2~f
UOI5OIPOS L,L10 SLOPOGZJ
KINJ Nt~V (IPOS) SLOPO62’.
OOii0I=i,nT SLOPOCZ5

116 PJU)=0.o SLOPOC2B S

CALL GEICOL INZ,Np,IR,IA,IS,TC ,RHS,C2,Cj,PJ,NDI,N02,1403,NU 4.,N05, SLDPOJ- 27
1 KIND,NZEROS) SLOPC.(28
U01J01 1,M7 S LOPOCVI
0120.0 SLOPQOJ6
00120J1=i,NZEROS 5L0F3C31
J=I5 (J1) SLOP’~C32

120 Q1~~~1 + 8(I,J)~ PJ (J) 510P0C 33
(41Q 1  + &311,M)’l)’fJ (MPI) SLO POL3’ .
If1IPriASE .LQ.~~)Q1=G1 • 8(I,MP2)’PJ(MP2) SLOP~Hi3’
iFIIUPPERIIPOS) .EC .UQI=—Oi SLOP~ C -3b

130 XJ(I) 01 5LCF0~~37
iF (XJ(MPI).LE.EfSL)XJ (PiPI )3.0 SLOPOC38
DQ15OI=j,M7 SL OPOO3 9
IFII.EQ.MP1)GOTOI5Q SLOP~ G4.0
IF(A8S(XJ(I) ).LE.EPSI)GOT CI5O SLOPOO’.t
XG=XJ (MP1)I (—XJ(Z)) SLOP0C4Z
IF (XJ(I).LT.EP51 Il)4~OTO 1t.0 SLOPO 64.3

C SoIl) IS THE MA XIMUM CVER X (I,.fl.GT.0 OF THE REDUCED COST DIVIDED SLOP)C4.~
~ BY —X(I,J). SLOPOC 4.5

IFIXO .LE.SO (I)ICOTOI5O SLOPOO 4B
S0 (1):X0 SLOPQC’.7
G0T0150 SLOPOC4.8

C Sill) IS THE MINIMUM CVER X (I,J).LT.0 OF THE REDUCED COST DIVIDED SLOPOC4.9
C bY —X (I,J). SLOPO65O

14.0 IFIXO .GE .S1(I))COTO15O SLOPOC51
S1II) X 6 S10F0652

150 CONTINUE SLOPOO5J
IF(IOUTPT .LE.2)RETURN SLOPO Q54
WRITE (6,1000) SLOPOO55
00160121.147 SLOPOOSG
IFI1.EQ.MP1 )GOTOI6O SLOPOC57
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EXHIBIT 4 (Continued)

WRITEI6,1001)IBv(I),S6(I),sj II) SL0P005*
160 CONTINUE SLOPOOS9

RETURN SLOPO 660
1000 FORMAT (1140,ZX,5HBASIC,11X ,4HLEFT,12X ,5HRIGHT/ SLDPOOG1

1 lX ,A HVARIABLE, 9X ,5HSLOPE,12X ,5,l$LOPE,,) SLOPOC6Z
1001 FOR MAT(3X,15,3X ,E15.6,ZX ,E15.I) SLOP0~ 63
1002 FORMAT (12 14 •~~~• SL0PES) SLOPOGB4

END SLOP OOG 5
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EXHIBIT 4 (Continued)

.

SUBROUTINE TIMEC TIME 000I
C PRINT THE ELAPSED TINE SINCE THE BEGINNING OF THIS JOB. TIME000Z

COMMON/P1/N,H,ITYPE,NSTRAT,MOORL1,HBVRL1,NTITE1,NOORL2,NBVRL2, T IMEOC GS
I NTITE2,MXLIST,LISTOP,ITAPE,IFB,NXITER,HBINV,IOUTPT, TIHE~~.~ 4
2 ITRACE ,MSTAIIT,TIMEI,TOLI,TOL2,PCBUB,ALPHA (1G) TIMEO C5
COMMON/P2/EPSI,EPSIM,BIGN ,dEGTM,Mt,M2,M3,M4,N1,HP1,MP2,NM3,NMIN2, TIME000B
1 NM1 113,NIP2,NP1,NSUM,NTC,PItt) TIHE0~ C7
IF(ITRACE.GE.1)WRITEIB,13.1) TIM~ 0 GC 8
CALL SECO ND (X) TIME36O9
X*X—BE GTH TIMEOGIO
WRITE (6,1000) X TIME~ .11
RETURN T111E0 12

1000 FORMAT~ 7HuTIME = ,F9.3,8H SECONDS) TIHEOO13
1001 FORNAT (11H ~~~~‘TINEC ) TIIi~ 0C14

END TIM~.~~ 15
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