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ABSTRACT

3 The branch-and-bound technique has been the basis for algorithms to ?
solve both the mixed integer linear program (having linear objective
function, linear constraints, and integrality restrictions on some
variables) and the concave nonlinear program (having a separable con- 4
cave objective function and linear constraints). The subprograms 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 (ICON) 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 ianolume 1L

$ Documentation of the computer program is included in Volume 2,
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FOREWORD

Optimization problems involving integer-valued decision variables
occur frequently 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 warfare, 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 during the
author's program of studies in the Depértment 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.
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1. INTRODUCTION

The ICéN branch-and-bound algorithm has beeﬁ implemented in the
form of a computer program coded in FORTRAN for the CDC 6700 computer
system, Appendices A and B of Volume 1 deécribe 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 IC@N 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 effort should be required to con-
vert the program for use on other computers having a FORTRAN compiler,

The ICPN 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 device fulfills 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 the 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 programming




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 IC@N 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,




APPENDIX A

: FLOW SCHEMATICS




The general flow schematics for the ICPN 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 the
sequence when Method 2 is used. Methods 1 and 2 are discussed in
Volume 1,

The general flow schematics shown in Figures 1 and 2 agree exactly
for phase 2 of the branch-and-bound algorithm, The schematic of Figure
1 can be regarded as being embedded in the schematic of Figure 2 if the
test "Phase = 17" 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 7"

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

the computer program implementing the IC@N algorithm,




I

Read B & B input.

Read user input.

2.
L
Solve first subprogrom.

Set L =2

FIGURE 1

FLOW SCHEMATIC FOR THE IC@N BRANCH-AND-BOUND ALGORITHM

e e, i s e




—

No
6.

5.

Print the solution.
End.

Select? the branching
node.

4

Tighten limits using
best! upper bound.

8.
rsu L=
9.

Solve subprogram L.

FIGURE 1 (Continued)




Determine lower
bound.

Select the
branching variable.

bound less
than best
upper

1. bound less
than best

upper
bound?

FIGURE 1 (Continued)




15.
Update the best u
pd bound . s
Edit the list.

FIGURE 1 (Continued)




/.

Read B & B input.
Read user input.

Solve the tirst sub-
program

Set L= 2

FIGURE 2

FLOW SCHEMATIC FOR THE ICGN BRANCH-AND-BOUND ALGORITHM
USING THE VARIABLE BEST UPPER BOUND METHOD




Determine the best
lower bound .

lower bound
less than best
upper-bound ?

Increment the bast
upper bound.

10.

Select a node from the
list and put it in the sub-
list.

“Sublist empty

FIGURE 2 (Continued)

Print the solution.
End.




12.
12

Select the branching node
from the sublist ( phase!)
or the list (phase 2 ).

Tighten the limits on the
monotone variobles(phase!)
or tighten the limits on oll
variables using the best
wpper bound (phase 2).

Set L= |

15.

Solve
subprogram L.

FIGURE 2 (Continued)




bound less
than best

vpper
bound ?

FIGURE 2 (Continued)

13




23.
Update the best upper bound.
If in phase |, merge the sub-
list into the list and enter
phase 2.
Eait the list.

Upper
bound greater
than lower

Store node L in the sublist

(when in phase | and lower
bound less than best upper

bound) or in the list(otherwise).

FIGURE 2 (Continued)

14

A A4 A s s

PP







The parameters and arrays used in the IC@N branch-and-bound
algorithm are described in this appendix. Fixed storage consists of all
parameters and two arrays (arrays IMASS2 and IMASS3) which are located
in labeled common storage. All other arrays are given variable dimen-
sions, with the actual value of these dimensions being assigned during

program execution,

The use of variable dimensions results 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 further benefit from variable
dimensioning is the elimination of artificial limits on individual pro-
blem parameters (such as the number of variables, N, or the number of
constraints, M) which typically result when fixed dimensions are
assigned in a computer code. The use of variable dimensioning thus
results both in reduced running cost and in program flexibility, 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 commons used in the IC@N branch-and-
bound algorithm., C@MM@N/PO/ consists of a set of pointers used in con-
junction with the variable dimensioning of arrays (parameters NIl -
through N112 and parameters NF1l through NF24) and in conjunction with
the branch-and-bound list (parameters NIMS2 and NFMS3). C@MM@N/P1l/
consists of the control parameters discussed in Appendix A, Volume 1,
C@MM@N/P2/ consists of those parameters which are used repeatedly

in the algorithm. These are:

Variable Description

EPSI and EPSIM Tolerances (10'11 and -1011) used to test if a
number is zero within roundoff error

BIGN A large number (10100) used in place of + «

BEGTM The clock time at which the branch-and-bound
algorithm commenced the processing of a given
program

M1, M2 and M3 The number of less than or equal, equality, and

greater than or equal constraints in the program

M4 = M2 + M3, the number of artifical variables
associated with the program

N1 =N+ (M3 + M1) + (M2 + M3), the total number of
variables associated with the program including
slack, surplus and artifical variables

MP1 =M+ 1, the number of basic variables in a one
phase linear program, and the position of the
linear programming phase 2 objective function
among the basic variables

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

LABELED COMMON STORAGE

COMMON/PO/NTIL NT2oNT3gNTUeNTSoNTEINT7 NIBSNIF NTL10,NT11,NT12,

NIMS2,NFL NF2,NF3 NFUNFS ,NFE,NF7,NFB,NFO,NF10,NF11,

NFL12 NFL13 NFLU NFL1S«NFLOE NFL7,NFLB,NF193,NF204NF21,NF22,

NF23,NF2L,NFHUS3
COMMON/PLI/NyM, ITYPENSTPAT,MODRPLL NBVRL 1 ,NTITEL1 NNORL2ysNBVRL 2,

NTITE2 yMXLIST LISTOP,ITAPE, IFR,MXITER,MBINV,IOUTPT,

ITRACE,MSTART,TIMEL,TOLL1,T0L2,PCRUB,ALPHA(10) L
COMMON/P2 /EPST EPSIMyBIGN,BEGTM MY (M2, M3, MUy NL,MP1,MP2y NHI, NMLI M2,

NMIM3 N1P2 NP1 ,NSUMNTC, M10
COMMON/P3I/NODNOTUNOT, IRUBOP (LPHASF 4 NODRUL,NBVRUL NTIGHT NLIST,

NLISTS NFEAS LSTMX, ITRTOT,ITRMAX ,ALB,NBRNODoPBRNOD,

NBRVAR 4 NUPDWN , XBRNNC, TBRNND,NNDE,LNNDE, Z, BOUNDL 4 BOUNOU,

TSIG,IFEAS,IBPYRL ,TUPNNY ( XBRVRY1 ¢ IBRVR2, TUPDNZ2 ¢XBRVR2,

L10JNITFRyNBINVe M7, TPHASE ,NPHASE NM3INT7, TALGO, IEOY E
COMMON/PL/SAVE KBRAN, X1 :
COMMON/PS /IROUND
| COMMON/AD/IMASS211001) ,TMASS3(1001)

_ N W

S UN -




Variable Description

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

: NM3 = N + M3, a parameter used in subroutines GETC@L -
E and @BJ1
: NM1M2 =N - Ml - M2, a parameter used in subroutine
GETC@L
E NM1M3 = N + Ml + M3, the total number of variables
3 excluding the artificial variables
3 N1P2 ~ = N1 + 2, the total number of variables plus the
; ; . linear programming phase 1 and phase 2 objective
i . functions
NP1 =N + 1, a parameter used in subroutines B@X2,
E B@X15 and @BJ1
: NSUM The total number of nonzero entries in the con-
: straint matrix
NTC The number of constants in the table of constants
for the constraint matrixl
M10 The position of the objective function (either !
MP1l or MP2) in the current phase of the linear !
program !

COMM@ON/P3/ consists of those parameters which are required through-
out the branch-and-bound algorithm. These are:

Variable Description

N@DN@T The node number corresponding to the current best
upper bound

UN@T The current best upper bound

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

20




Variable

Description

IBUB@P

LPHASE

N@DRUL

NBVRUL

NIGHT

NLIST

NLISTS

NFEAS

LSTMX

ITRT@T

ITRMAX

BLB

NBRN@D

PBRN@D

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

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)

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

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

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

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

Number of nodes currently in the branch-and-bound
sublist

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

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

The current total number of linear programming
iterations performed

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

The best lower bound

The node number of the branching node

The processing order number associated with the
branching node

21 |




Variable

NBRVAR

NUPDWN

XBRN@D

TBRN@D

N@DE

LN@DE

B@UNDL
BAUNDU

TSIG

IFEAS

IBRVR1

IUPDN1

XBRVR1

IBRVR2

IUPDN2

Description

The branching variable associated with the branch-
ing node

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

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

The constant associated with the subprogram
for the branching node

The current node number
Indicator for the current node (1 = the lower
node emanating from the branching node; 2 = the

upper node emanating from the branching node)

The optimal objective function value in a sub-
program

The lower bound for the current node

The upper bound for the current node

The constant associated with the subprogram for
the current node

Indicator as to the feasibility with respect to
the master problem of the solution to the current
subprogram (0 = not feasible; 1 = feasible)

Branching variable selection under the first
branching variable selection strategy

The direction for continued branching correspond-
ing to branching variable IBRVR1

The value of the branching variable IBRVR1

Branching variable selection under the second
branching variable selection strategy

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

22
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Variable

Description

XBRVR2

L10

NITER

NBINV

M7

IPHASE

NPHASE

NM3M7

IALG@

1EQJ

The value of the branching variable IBRVR2

The number of nonbasic variables associated with
the current subprogram tableau

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

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

The number of basic variables associated with the
current subprogram tableau (either M + 1 or
M+ 2)

Indicator of the method being applied to solve
the current subprogram (1 = one phase method;
2 = two phase method)

The current phase of the method being applied to
solve the current subprogram (when IPHASE = 1,
NPHASE is not needed and is set to 0; when
IPHASE = 2, NPHASE is set to 1l or 2)

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

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)

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)

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

storage in subroutine B@X15. COMM@N/P5/ consists of a single parameter

23




which is set in subroutine INPUT3 and used in subroutine B@X17. It is

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

valued function for a mixed integer linear program, C@MM@N/AO/ con-

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




W G e e —————

VARIABLE STORAGE

Arrays IF 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 transfers control to subroutine IC@N, at
the same time passing the locations of arrays IF and F together with
the corresponding dimensions NI-and NF as shown at line 1 of subroutine
ICAN. These two arrays are dimensioned at line 18 of subroutine IC@N.
At lines 24-25, control is transferred to subroutine BPX1l which reads
the input for the branch-and-bound algorithm and allocates the storage
occupied by the arrays 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 ND1 through ND11 for these
arrays and by developing pointers NI1 through NI12 for the integer
arrays and pointers NF1l through NF24 for the floating point arrays.

The subsequent use of these variable dimensioned arrays is exemplified
by the call to subroutine B@X7 at line 43 of subroutine ICPN. The first
location of the eighth integer array is IF(NI8) and the first location
of the thirteenth floating point array is F(NF13). It happens that

both of these arrays have the same dimension, ND10, The nomenclature

25
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EXHIBIT 2

EXAMPLE OF VARIABLE DIMENSIONING

SUBROUTINE ICON (IF,F,NI,NF)
C BRANCH=-AND-BOUND ALGORITHM FOR THE INTEGER CONCAVE PROGRAM.

COMMON/PO/NTLoNTI2 NIZ NIGoNTISoNIE NI7 NIB,NTI NTLO,NT11,NI12,
1 NIMS2 JNFLoNF2 JNF I NFUoNFS NFENF7 NFB,NFO,NFL10,NFil,

2 NF12oNF13,NF1UyNF15 NF1 6o NF17,NF18,NF19,NF20o NF21,NF22,
3 NF23oNF24,NFNMS3

L3

.

L]
DIMENSTION IF (NI)F (NF)

L
100 CALL BOX1 (IF,F,NI,NF,ND1,ND2,ND3,ND4,NDSsND6,ND74ND8,ND9,ND10,
1 ND11 ¢ NOMS24 NOMS3)
L
L]

L J
CALL BOX7 (IF(NIB),F(NF13),ND10)

L

END

SUBROUTINE BOX7 (INUSE,CAPP,ND10)
C DEVERMINE THE BEST LOWER BOUND,

L

DIMENSION INUSE (ND10)
DIMENSTON CAPP(ND10)
L

L ]

o,
€ND

ICONOOOL
ICONOOO 2
ICONOOO3
ICONOOODG
ICONOO0OS
ICON0D006
°

L
ICONOO18

ICONDO264
ICON0O025

.
ICONOOL3
.
.

ICON0098

BOX70001
80X70002
L]
L]

L
BOX70013
BOX70014
L
L]

L]
80X70024




associated with these arrays is modified as shown at line 1 of sub-
routine B@X7. The labels INUSE and CAPP are mnemonics which reflect
the functions performed by these arrays within the branch-and-bound
algorithm. The arrays are dimensioned at lines 13-14 of subroutine
BPX7 and are manipulated within this subroutine in a manner no different
from that of an array having fixed dimensions.

The dimensions ND1 through ND11 are established in subroutine
BPX1l from the control parameters discussed in Appendix A, Volume 1,

The values of these dimensions are as follows:

NDL =N

ND2 = NSUM

ND3 = NTC

ND4& =M+ 2

ND5 =N + M3

ND6 =M+ 2 + N + M3

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
not needed, that is if NSTRAT =1,
NBVRL1 > 3 and NTITEl = 1, or if
NSTRAT = 2, NBVRL1 > 3, NBVRL2 > 3
and NTITE1l = 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)

ND10 = MXLIST

27




Array (Dimension)

ND11 = MXLIST

Array IF is subdivided into the following twelve integer arrays:

1.

11.

NZ(ND1)

NP (ND1)

IR(ND2)

IA(ND2)

INT(ND1)

ICC(ND1)

IS(ND&4)

INUSE (ND10)

NV(ND6)

IBV(ND&4)

NBV(ND5)

(=1 if the LIFO node selection rule
is not used, that is if NSTRAT = 1
and NODRLL = 1 or if NSTRAT = 2 and
NADRL1 = NADRL2 = 0),

Description

The number of nonzero entries in the con-
straint matrix by column

Pointers marking the beginning of each
column for arrays IR and IA

Row index for a nonzero entry in the con-
straint matrix

Pointer to the appropriate constant (in the
table of constants) for a nonzero entry in
the constraint matrix

Markers for integer variables (0 = not
integer; 1 = first integer variable; 2 =
second integer variable; etc.)

Markers for concave variables (0 = not con-
cave; 1 = first concave variable; 2 = second
concave variable; etc.)

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

Indicator for an entry in the branch-and-
bound list (0 = not in use; positive integer
= node number of active node in the list;
negative integer = node number of active
node in the sublist)

Temporary storage

Current list of basic variables in a
subprogram

Current list of nonbasic variables in a
subprogram

28
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Arra

12.

Dimension

IUPPER(NDS)

Array F is subdivided

Array (Dimension)

1.

10.

11.

|
|

TC(ND3)

BARIG(ND4&)

RHS (ND4)

C2(ND1)

C1(ND5)

BI (ND4)

BN (ND5)

U(ND6)

PJ(ND4&)

BINV(ND7,ND7)

XJ (ND4)

Description

Upper bound indicator for nonbasic variables
given in array NBV (0 = nonbasic variable is
at lower bound; 1 = nonbasic variable is at
upper bound)

into the following 24 floating point arrays:

Description

The table of constants for the constraint
matrix

The original right-hand-side vector speci-
fied in the program input

The initial right-hand-side vector for a
subprogram

The coefficients of the program objective
function for variables which enter linearly
(i.e., objective function values for con-
cave variables are provided through sub-
routine GET@BJ)

Objective function coefficients used in
phase 1 of the linear programming solution
of the first subprogram

The current values of basic variables in a
subprogram

The current values of nonbasic variables in
a subprogram

The upper limits on the variables in a
subprogram

Temporary storage used (together with array
IS) in the transfer of one column of the
constraint matrix

Temporary storage used to develop the basis
inverse when the basis reinversion feature
of the program is exercised

The updated column of the entering variable
in the subprogram
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Array (Dimension)

Description

12,

13.

14,

15,

16.

17.

18.

19,

20.

21,

22,

23,

24,

that

XN@T(ND1)

CAPP(ND10)

CAPL(ND11)

SIGMAL(ND6)

SIGMAU(ND6)

V(ND6)

XZ (ND6)

SO (ND8)

S1(ND8)

SL@LD (ND6)

SU@GLD (ND6)

C2@LD(ND9)

B(ND4,ND4)

The pointers NIl through NI12 are determined in subroutine B@X1l so

the elements IF(NI1l) through IF(NI12) of array IF correspond to the

The current best solution in the branch-and-
bound algorithm

The lower bounds assoc’ated with nodes saved
in the branch-and=-F u list

The processing order associated with nodes
saved in the branch-and-bound list for use
in the LIFO node selectici rule

The lower limits on the variables for a
subprogram

The upper limits on the variables for a
subprogram

Temporary storage (used in conjunction with
array NV)

The solution to a subprogram adjusted for
lower bound constraints

The "left'" sensitivity slopes associated
with the basic variables in a subprogram
solution

The "right'" sensitivity slopes associated
with the basic variables in a subprogram
solution

The lower limits on the variables for the
branching node

The upper limits on the variables for the
branching node

The coefficients of the program objective
function for the branching node

The current basis inverse in a subprogram
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first elements of arrays NZ through IUPPER. This is done, in a natural

fashion, by setting NI1 = 1, NI2 = NIl + NDl1 where ND1 is the dimension

of array NZ, NI3 = NI2 + ND1 where ND1 is the dimension of array NP, and
so forth, The pointers NFl through NF24 are similarly determined so

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

first elements of arrays TC through B,

i o

T ——
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APPENDIX C

BRANCH-AND-BOUND LIST




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 bound 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:

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

(ii) Branching variable selection data (parameters IBRVRI,
IUPDN1, XBRVR1l, IBRVR2, IUPDN2, XBRVR2);

(iii) Limit tightening information (parameter Z, arrays XZ,
S0, S1); and

(iv) The optimal tableau associated with the subprogram
(parameters TSIG, L10, NITER, NBINV, M7, IPHASE, NPHASE,
NM3M7, arrays IBV, 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. 1If only one solution strategy is to be

used in the solution of the program (NSTRAT = 1), the data associated
with the second solution strategy (parameters IBRVR2, IUPDN2, XBRVR2)
are omitted from the list. If limit tightening is not included in the
program solution strategy (NSTRAT = 1 and NTITEl = 1, or NSTRAT = 2
and NTITEl = NTITE2 = 1), then the data associated only with limit
tightening (arrays XZ, SO, S1) are omitted from the list. If the
program is a mixed integer linear program (ITYPE = 1), 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 list (LIST¢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 is selected for branching,

The balance of this appendix discusses the mechanics associated
with manipulating that portion of the branch-and-bound list which is | 3
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) \.
NBV(ND5) e TP

IUPPER(NDS) .
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The eleven integer parameters

IBRVR1
IUPDN1
IBRVR2
TUPDN2
L10
NITER
NEINV
M7
IPHASE
NPHASE
NM3M7
are transferred into the last 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 IMS, having variable dimension NDMS2, is

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

within the array IF is pesitioned eleven locations before the first

location of array IBV, Setting

NIMS2 = NI1O - 11,

IMS(1l) corresponds to IF(NIMS2).

Eight 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)

S1(ND8)

SL@LD(ND6)

SU@LD(ND6)
£ 2 C2¢LD(ND9)

B(ND4,ND4) .
The contents of arrays SIGMAL, SIGMAU and C2 are transferred into the
arrays SLULD, SU@LD and C2¢LD (respectively). The four floating point
parameters

Z

TSIG

XBRVR1

XBRVR2
are transferred into the last four locations of array V. The floating
point parameters and arrays to be saved in the list thus occupy

NDMS3 = (ND4)2 + 3 - ND6 + 2 - ND8 + ND9 + 4

consecutive locations in core storage, all within the basic floating
point array F. An auxiliary array FMS, 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(1) corresponds to F(NFMS3).

The definitions of the dimensions NDMS2, NDMS3 and the pointers
NIMS2, NFMS3 just given correspond to the maximum possible list 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 @PENMS), to transfer the data for the branching node from
mass storage into core storage (subroutine READMS), and to transfer the
data for an active node from core storage into mass storage (subroutine
WRITMS). Exhibit 3 illustrates the use of these subroutines in the
manipulation of the branch-and-bound list. At line 22 of subroutine
ICPN, a call to subroutine @PENMS 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 ()PENMS at line 23 of subroutine IC@N
establishes a similar structure for tape unit 3 using array IMASS3 to
store subindices, Subroutine B@X1l, called at lines 24-25 of subroutine
ICPN, sets the values for dimensions NDMS2, NDMS3 and pointers NIMS2,
NFMS3 for the particular program being solved. Subroutine B@X12,
called at lines 49-51 of subroutine IC@N, selects the branching node

from the branch-and-bound list (or sublist). The compartment in which
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EXHIBIT 3

MANIPULATION OF THE BRANCH-AND-BOUND LIST

SURROUTINE TCON (TF,F,NT,NF)
C BRANCH=ANO-80UND ALGORITHM FOR THE INTEGER CONCAVE PROGRAM.
COMMOM/PO/NILNT2,NI3 NTUyNIS,NI6NI7,NTB,NTI,NTL0,NI1L,NTIL2,

1 NIMS2 4 NF1  NF2,NF3 NFUGyNFS NFBoNF7 NFB NFO,NF10,NF11,
2 NF 12 NFL3NFL1U NF1SNFL164NF17sNF18,NF19,NF20,NF21,NF22,
3 NF23¢NF24L ¢ NFMS3

L]

COMMON/AD/IMASS2(1001), TMASS3(1001)
DIMENSION IF (NI),F(NF)

L]

.

L]
CALL OPENMS (2,IMASS2,1001,0)
CALL OPENMS (3,IMASS3,1001,90)
100 CALL BOX1 (IF,F NI NF,NDi,ND2,ND3,NDLyNDS,ND6+ND7,ND8,NDI,ND10,
1 ND11 ,NOMS2,NOMS3)
L ]
L ]

L]
160 CALL BOX12 (YF(NIS)oIF(NIMS2) 4FINFOL)FINF15),FINFL14)4FINF15),
1 FINF16) 4 FINF21) ,F (NF22) oF(NF23)oFINFMS3) yND1,ND6,
2 ND9sND10yND114NDMS2 yNDMS3)
.
.

.
240 CALL BOX2S (IFUINIB),IF(NIMS2),FINFL)FINF13),FINFLik),FINF15),
1 FINF16) ¢FINF21) 4F(NF22) «FINF23)oF(NFMS3)ND1,ND6,
2 ND9yND104sND11oNOMS2,NNMS3)
-
L]

L
END
SUBROUTINE B0X12 (INUSE+IMS.C2,CAPP,CAPL4SIGMAL,SIGMAU,SLOLD,
1 SUOLD+C20LD 4 FMS,NDL1yND6 4 NDIsND10+sND11,NOMS2,
2 NDMS3)
C SELECT THFE BPANCHING NODE FROM THE SUBLIST (PHASE 1) OR THE LIST
C (PHASE 2).

L

DIMENSION INUSE (ND10), IMS INDMS2)

DIMENSION C2(ND1),CAPP(ND10) 4 CAPL (ND11)+SIGMAL (ND6) 4 SIGMAU(NDSG),
1 SLOLD (ND6) s SUOLD(ND6) 4C20LDIND9 ) FMSINONS3I)

L]

L

L]
CALL READMS (24 IMS,NDMS2,10)
CALL READMS (3,FMS,NDMS3,10)
L]
L
*
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ICONOOOL
ICONGOO2
ICONGOO3
ICONOOO &
ICONOOOS
ICONDO06
L]

.

ICONOOL7
CCONOO18
.

L]
ICON0O22
ICONDOD23
ICONOD2&
ICONQO2S
L]
Ll

ICONOO&Y
ICON00SO
ICONDOS1
.
®

ICONOOB6
ICONOOA7
ICONOOS8S
L
e

L
ICONO0098

BOX10004
30x10002
BOx10003
BOX 10004
B80X10005
*

@

L ]
B0X10016
80X10017
30x10018
L]
L

<
30X40065
80X 10066
L
L]

L]
0X10106




EXHIBIT 3 (Continued)

SUBROUTINE BOX2S (INUSE,IMS,C2,CAPP,CAPL,SIGMAL 4SIGMAU,SLOLD, 30X20001
1 SUOLD, C20LDy FMS,ND1,ND6 s ND9,ND10,ND1L 1 ,NOMS2, 89x20002
2 NDMS3) B0OX20003
C STORE NODE LNODE IN THE SUBLIST (WHEN IN PHASE 1 AND LONWER BOUND LESS BOX2000%
C THAN BEST UPPER BOUND) OR IN THE LIST (OTHERWISE). 80X20005
L] L]
L] L]
L] .
OTMENSION INUSE(ND10),IMSINDMS2) BIX20016
DIMENSION C2(ND1),CAPP(ND10)4CAPL(ND11),SIGMALINOG6) STGMAUINDE), BOIX20C17
1 SLOLD(ND6) ¢ SUOLDINDH) yC20LOIND9) o FHS(NOMS 3) B0X20018
L @
L] L
L] L]
360 CALL WRITMS (2,IMS,NDMS2,10) BOX20145
CALL WRITMS (34FMS,NOMS3,10) BIX20146
L .
L] .
L] .
END BOX28195
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the data for the branching node is stored (parameter 10) is determined.
At line 65 of subroutine B@X12, subroutine READMS is called to transfer

the data contained in compartment IO on tape unit 2 into the array IMS

in core storage. At liae 66 of subroutine BPX12, a similar call of

subroutine READMS transfers the data contained in compartment IO on

tape unit 3 into the array FMS. Subroutine B@X25, called at lines 86-
88 of subroutine IC@N, stores the data for an active node in the branch-
and-bound list (or sublist). An available compartment is found (param-
3 eter I0) and, at lines 145-146 of subroutine B@X25, two calls to sub-
routine WRITMS transfer the data contained in arrays IMS and FMS in
core storage into compartment IO on tape unit 2 and compartment IO on

tape unit 3 (respectively).

i
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The representation and solution of the subprograms genera
the branch-and-bound algorithm are discussed in this appendix.
data associated with a subprogram (a linear program) are:

1 ; (1) 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
gramming) phase 1 objective function;

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

variables.

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

computer program.

ted by

The

.
’

pro-

pro-

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

the

f Specific labeling conventions are adopted for the rows and columns

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

h

f

|

: Less than or equal constraints (M1 rows)

i Equality constraints (M2 rows)
Greater than or equal constraints (M3 rows)

i Phase 2 objective function (1 row)

I

? Phase 1 objective function (1 row).

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

follows:
Program variables (N
Surplus variables (M3
Slack variables (€88
Artificial variables (equality constraints) (M2
45

columns)
columns)
columns)

columns)
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Artificial variables (greater than or equal

constraints) (M3 columns)
Phase 2 objective function (1 column)
Phase 1 objective function (1 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 1 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:

(1) 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(1) = O and
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J-1
NP(J) = Z N2zZ(I)
I=1

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 by 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 Nemhauser (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:

(1) IBV, the vector of indices of basic variables;
(ii) 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

BT = B(RHS - ?— Uj o PJ)

where the summation is taken over all nonbasic variables j which are at
upper bound and where Pj denotes the corresponding column in Figure 3.
Also, BN can be obtained directly from IUPPER and U. As a consequence,
BI 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 part of the branch-and-bound input. A phase 1 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. 1In 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. 1In 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 1 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 1l
is reached, the optimal basis is tested to see if it contains artificial

variables. 1If no artificials are in this basis, the row and column
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corresponding to the phase 1 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. The 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

AN 1 S Ve 4Bl S 4
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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).
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Subroutine

The subroutines used in the IC@N branch-and-bound algorithm are
discussed in this appendix, The algorithm consists of 29 subroutines.
Three of these (MAIN, READIN and GET@BJ are provided by the user for
each program to be solved. These are discussed in Appendices B and C
of Volume 1. 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 B@X1l through B@X25 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,

Description

1CON 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.

B@X1 The branch-and-bound input and the user input are
accepted by this subroutine by means of calls to
subroutines INPUT1, INPUT2, INPUT3 and READIN. The
dimensioning of arrays and the structuring of the
branch-and-bound list are done in B@X1.

B@X2 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 INPUT5. The first
subprogram is then solved.

55

e i TR e | M

el a2



CALLING SUBROUTINE

MAIN
ICON
Box!
BOX2
BOXS5
BOXI3
B2X15
BOXIT
BINVRT
INPUT4
INPUTS
SIMPLE
SLOPES

ICoN |

Boxi

BOX2

BOXS

BOX7

BOXI2

BOXI3

BOXIS

BoXI7

BO@X23

!
I
2
I

BOXIO I
|
[
I
I.
|
|

BOX25

ADJUST

BINRT [ IR
GETCOL ' 31

INUTI [T i
INPUT2 1 1

SUBROUTINE CALLED

2
INPUT3 PR
INPUT4 Ll il

INPUTS

i
INVERT | 7]
gBJI X

RSTART | 2

SIMPLE [ | |1
SLOPES | | | |1

~n

TIMEC [ [1[2]

READIN

GET@BY 2l [5[2[7

FIGURE 4

CALLS TO IC@N SUBROUTINES
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Subroutine

B@X5

B@X7

B@X10

B@X12

B@X13

B@X15

i B@X17

Description

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.

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

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.

The branching node is selected from the sublist (in
phase 1 of the variable best upper bound method) or
from the list (in phase 1 of any other solution
method 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.

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.

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.

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

B@X23

B@X25

ADJUST

BINVRT

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.

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.

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.

This subroutine is called by subroutine B@X1l3 to
adjust the lower and upper limits on a variable
using sensitivity analysis information together with
the best upper bound.

Basis inversion or reinversion is accomplished by
this subroutine. The basis matrix consists of those
columns P. from Figure 3 for the basic variables

h| (specified in array IBV). The corresponding right-
hand-side vector is

RHS-? Uj'Pj
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Subroutine

GETC@L

INPUT1

INPUT2

INPUT3

INPUTS

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.

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 NZER@S and
array IS.

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

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).

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 + ® (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 B@X1l7 to round lower bounds on the nodes.

Called by subroutine B@X2, 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 (IFB = 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-side. Otherwise, the
initial feasible basis consists of slack and arti-

59

e




Subroutine

INPUTS

INVERT

@BJ1

RSTART

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 @BJ1 is called to estab-
lish the phase 1 objective function,

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,

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.

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

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 IC@N calls
subroutine RSTART with IENTRY = O, 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 IC@N, 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 IC@N when the elapsed
execution time exceeds the input maximum execution
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Subroutine

SIMPLE

Description

time (parameter TIMEl on the third control card).
The current values of labeled commons (C@MM@N/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.

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 termination 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

SL@PES

TIMEC

Description

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

This subroutine computes the sensitivity 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.

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

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

junction with the IC@N algorithm. Only three of these (@PENMS, READMS

and WRITMS) 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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APPENDIX F

LISTING OF THE ICgN ALGORITHM
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This appendix presents a listing of the 26 basic subroutines which
comprise the ICPN branch-and-bound algorithm, Not shown in Exhibit 4
are the three user provided subroutines (MAIN, READIN and GET@BJ) dis-

cussed in Appendix B, Volume 1,
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EXHIBIT 4

LISTING OF THE IC@N ALGORITHM

SUBROUTINE ICON (IF4FyNI,N)

C BRANCH=-ANO-SOUNC ALGORITHM FOR THE INTEGER CONCAVE PRCGRANM.

SPOUNE B N N

130
1

N

110

MEUN=

120
130
140
150

160
1
2

1

COMMON/PC/NIL1yNI2 yNI3oNI& sNISoNIG JNI7¢NIB,NI9,NIIC)NI11,NI12,
NIMS2 )NFLyNF2yNFI yNF& NFS yNFOJNFT yNFB yNFOyNFL10,)NFL11,
NF12,NFL3,NFL1&4 ) NF 15, NF1 €, NF17 3 NF185NF 19)NF20,NF21,NF22,
NF23,NF24 NFHS3

COMMON/PL1/NyM,1TYPE,NSTRAT, NOCRL1 yNBVRLL1,NTITEL yNOORL2,N3VRL2)
NTITE2MXLISTLISTOP, ITAPEoIFB MXITERMBINV,IOUTPT,
ITRACE,HSTART, TIMEL,TOL1,TOL2,PCBUB,ALPHA(10)

COMMON/P2/EPSIEPSIMyBIGNBEGTMo M1, M2, M3 MG N1y MPL1, NP2 NM3 ,NM1N2,
NM1M3,N1P2,NP1,NSUM,NTC,4M10

COMMON/ P3/NCONOT 4LNOT ,IBUBOP L PHA SE yNODRUL yNBVRUL yNTIGHT , NL1IST,
NLISTS; NFEAS,LSTHX, ITRT (T, ITRMA>,8LB8y NBRNOD,PBRNOD,
NBRVAR NUPDHN ¢« XBRNOD, TBRNOD 9y NOOE, LNODE »Z, BOUNDL » BCUNDU,
TSIG,1IFEAS,; IBRVRL43IUPCN1,XBRVR1,IBRVR2,,IUPONZ 3XBRVR2,
L10yNITER,NBINV M7y IPHASEyNPHASE)NM3IM7 ,IALGO,IECY

COMMON/ AC/IMASS2(10C1) ,IMASS3(1001)

DIMENSION IF(NID,yF(NF)

EPSI=1.0E~-11

EPSIM=-EPSIL

BIGN=1.,0E+100

CALL OPENMS (2,IM£SS2,1001,0)

CALL OPENMS (3,IMAS33,10C1,0)

CALL 90X1i (IF,F,NI, M ,NO1,ND2,NO3,NDU,NDS,ND6,ND7,NDB,ND9,ND10,

ND11 JNEMS2 ,NDMSI)
IF (MSTART .EQ.0)GOTO110
CALL RSTART (IF,IF(NIB)sIF(NI10), F(NI11),IF(NIL12),IF(NIMS2),
FyFUNFO) »F (INF7) ,F (NF24) oF (NFHS3) yNIy M ,NDL,yNDS,
ND10 yNCMS23NDMS3,40)
G0T0170
CALL 80X2 (IF(NIL),IF(NI2)y IFUNI3),IF(NIL), IF(NIS )y IF(NIG),

IF(NI7?7) s IF(NIB)y IF(NLIS),IFINILC),IF(NIL11),IF(NI12),
FANFL) yFINF2),FINF3),F INFU)oF INF5)3F INFB)yF(NF7),
FUNF8) FINFQ) 4FINF10) s FINF11) 4F(NF12) F(NF15),F (NF16),
FANFA7)yF (NF18)y F(M19),F (NF20)y FINF24)yND1,ND2,ND3,
NO4 s ND5,ND6yND 7y NDB yND 10)

LNODE=2

6070190

IF(NLIST.NE.0)GOT0130

CALL BOXS (IF(NI8B),F(NF12)yF(NF13)yF(NF14),D1,ND10,ND11,0)

6070100

IF(IBUBOP.EQ.C)GOTO160

CALL 80OX7 (IF(NIS8),F(NF13),ND10)

IF(BLB.LTLUNQT)COTO140

UNOT=8LB + PCBUB

IF(IOUTPT.NEL)KRITE(6,1CC0)UNOT

CALL 80X10 (IF(NI8),F(NF13),F (NF14),ND10,ND11)

IF(MLISTS EQ.G)G0TOL20

CALL BOX12 (IFU(PIB)IFINIMS2) 4F INFL),FINF13),F(NF14),F(NF15),
FINF16) oF (NF21) oF (NF22) +F (NF23) oF (INFMS3) , ND14 NDO6,
ND9,ND1G,ND11,NDMS2,NOMS3)

CALL 80X13 (IFC(PIS) ZIF(NIG) »IF(NIL10),F (NFlL),FINF15),F (NFL1E),
FINF18),F(NF19) sFINF20) yF(NFZ1) oF (NF22) yND1,ND4,NODG,
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ICONJ001
ICONOOG2
ICONOCO3
ICONODDW
ICONDCDS
ICON3G06
ICONDOOD7
ICONCGO8
ICONDOODS
ICONJC1C
ICONDD11
ICONDD12
ICONOC13
ICONOC14
ICONOC15S
ICON9C16
ICONOCL7
ICONQC18
ICONDG19
ICONOD2C
ICONDO21
ICONOC22
ICONQOCR23
ICONDC24
ICONGG25
ICONQC26
ICONODR27
ICONDD28
ICONQ029
ICONOD30
ICONDC31
ICONOC32
ICOND033
ICONQC 34
ICONIG3S
ICONGC 36
ICONOC37
ICONOC 38
ICONDC 39
ICONQO4O
ICONOG4LL
ICONJC42
ICONOC&3
ICONOOULY
ICONOG4LS
ICONDCLE {
ICONDCLT7 :
ICONOC&S

ICONOC4S

ICONQGS0

ICONOOS1

ICONDCS2 .
ICONOGS3 :

i e 2 " ~4ﬂ‘




EXHIBIT 4 (Continued)

2 NO8)
LNODE=1
170 CALL SECOND (TINEZ2)
IF(TIME2,.LT.BEGTM+TIMNEL)GOTO180
CALL BOXS (IF(N1B),F(NF12),F (NF13),F(NF14),NO1,NU10,ND11,1)
CALL RSTART (IF,IF(NI8),IF(NIL10),IF(NILL),IF(NIL2),IF(NINS2),
1 FoF INF6) F INF7)4F (NF24),F(NFMS3) NIy N yNO&yNDS,
2 NO10 +NOM324NEMS3, 1)
6070100
180 CALL 30X1S (IF(NI1),IF(NI2)sIF(NI ) IF(NIL) ,IF(NIS),IF(NIG),
IFCNIT7) o IF(NIQ) sIFC(NI10) s IF(NIL1) 4IF(NI12) ,FINF1),
FUNF2)3F (NF3) oF (INFL4) FINFS) oF (NFE)oF (NF7),F (NF8)
FANFY) F(NF1C)y FINFL1)yFINF15),F(NF16),F(NF17),
FINF18) 9F (NF19) s FINF20) yFINF21) yF (NF23) oF (NF2U4),
NO1 yNB2 yNO3 9 NC4 ¢NOS {NC64ND7 yND8,ND9I)
190 IFI{IEOJ.NE.D0)GOT0250
CALL YB0OX17 (IFU(NIS)IF(N16)IF(M10),F(NF&),F (NF15),F (NFLE),
1 FONF18) oF (NF19) ,F (NF20) yND1,ND4,ND6,NC8)
IF (I8UBOP.EQ.1)G0OTC210
IF (BOUNDL «LT.(1.0-TOLL)*UNOT)GOTOR200
IF(IOUTPT.EQ.C)GOTO250
NRITE(6,1C001)
6070250
200 IF(IFEAS.EQ. C)GOTO240
IF (B0UNDUGE.UNOT )GOTO0230C
6070220
210 1F(IFEAS.EQ.0)GOT 240
220 CALL BOX23 (IF(PMIB),FINF12),F INF13),F (NF18),ND1,ND6,ND1C)
230 IF (BOUNDU-BOUNDL.GT«TOL1*ABS(BOUNIU)IGOTC240
IF(IOUTPT.€Q+0 +ORe ITYPE.EQ.1)GO 10250
WRITE(6,1002)
6070253
240 CALL 90X25 (IF(NI8) sIFU(NINSZ),F(NFL)FINFL13),F(NFL4),FI(NF15),
1 FINFLE) yF(NF21) s F (NF22) ,F (NF23) yF (NFMS3) yND1,ND6y
2 ND9,ND1D¢ND11,NCME2,NOMS3)
250 IF(IOUTPT.NE.C)ICALL TIMEC
1F (LNODENE.2)6CT0260
IF(IBUBOP.EQ.1)GOTG150
6070120
260 LNODE=2
6070170
1060C FORMAT(31HOTHE PHASE 1 BEST UPPER BOUND =,E15.6)
1001 FORMAT(L6HOTHE LOMER BOUND EXCEEDS THE BEST UPPER BOUND.)
1002 EORHAT(J!NOTHE LONER AND UPPER BOINDS ARE ECUAL.)
NOD

VE N

ICONOCS4
ICONQOS5S
ICONOGS6
ICONGCS57
ICONOCS 8
ICONOCS59
ICONOC60
ICONOf61
ICONOCE2
ICONOCE3
ICONQCOBY
ICONOCEE
ICONJC66
ICONOC67
ICONOCGE8
ICONJC69
ICONOC70
ICONOC71
ICONDG72
ICON3C73
ICONOC74
ICONOG75
ICONOC76
ICONDO77
ICONOG78
ICONOC79
ICONOCSBO
ICONOCS81
ICONDG82
ICONOCS3
ICONDC8 4
ICONQC8S
ICONGC86
ICONOGB7
ICONJCB88
ICONCO89
ICONOCS90
ICOND(91
ICONOC92
ICONO0O093
ICONQ094
ICONDC9S
ICONDOC96
ICONO097
ICONDOC 98




EXHIBIT 4 (Continued)

SUBROU‘INE BOX1 (IFoFoNIoNF oNOL1oNI(2,NO3,ND%ND5,NO6 ,ND7,NDB,ND9,
ND10,ND11, NONS2, PDMS3)

C RE‘D ERANCH-AND-BOUND INPUT., READ USER INPUT,

COMMON/PO/NILoNI2 JNI3oNIL NISoNI6 NI7,NIB,NI9,NI1Z,NI12,NI12,
NIMS2 )NF1yNF2yNFI)NFGyNFSyNFO,NF7 yNFB,NF9 ,NF10,NF11,
NF12)NFLIsNFL1L g NFLS NFLE,NFL7 NFLB,NFL19 NF20NF214NF22y
NF 23, NF 24, NFMS3

COMMON/PL1/Ny My ITYPESNSTRAT,NOCRL L NBVRL1,NTITEL1, NCORL2,NBVRL2,
NTITE2,FXLIST,LISTOP,ITAPE,IF3,FXITER yMBINV,IOQUTPT,
ITRACEyMSTART,TIMEL1,TOL1,TOL2,PCBUB,ALPHA(10)

COMMON/P2/EPSIEPSIMyOIGNyBEGTHy M1, M2, M3, ML 3 N1, MP1,MP2 ,NN3,NM1IN2,
NMIM3,N1P2,NP1yNSUMyNTC ,M10

COMMON/PI/NOCNOT,UNOT ,IBUSBOP,LPFASE yNODRUL yNBVRULyNTIGHT, NL1IST,
NLISTS)NFEAS,LSTMX, ITRTCT+ ITRMAX,BLB ¢ NBRNOO,PBRNOC,
NBRVAR, NUPDKN s XBRNOO y T BRNODy,NODE y LNODE 42y BOUNOL » BOUNDU
TSIGoIFEAS.:IBRVR1,IUPON1,XBRVRL s IBRVR2, IUFONR 4XBRVR2,
LL10yNITER,NSINV M7, IPHASE yNPHASE,NM3H 7, JAL.GOy IECY

OIMENSION IF (NI),F(NF)

CALL SECOND (BEGTHM)

C READ THE CONTROL PARAMETERS.

READ (5, 1000 )NyM, ITYPE JNSTRAT,NODRLL yNBVRL1 s NTITE1,NOORL2,
b § NOVRL2y)NTITEZ2 )MXLIST,LISTOP,ITAPE,IFB,MXITER,

L B N N

&S WUN-

2 MBINV
IF (EOF(5) «NE.OsC) CALL EXIT
IF(N.LE.O)CALL EXIT
READ (5, 1000) IOUTPT,ITRACE yMSTART
IF (MXLIST.€QeC)MXLIST=1000
IF (MXLIST«GT.1000)MXLIST=1000
IF(ITAPE.EQ.C)ITAFE=S
1IFUMXITER.EQ.C)MXITER=1000
INDEX=0
IF(FBINV.EQsO +AND, IFB.EQe0 +ANDe LISTOP.EQ. C)INDEX=1
READ(S,1001) TIMEL,TOLL,TOL2 UNOT , FCBUB
IF(TIME1.EQ.0.C)T IME1=180,
IF(TOL1.EC.0.() TOLL=EPSI
IF(TOL2.EQe0.C) TOL2=EPSI
IF(UNOT.EQe0+0 «OR¢ PCBUBNE.O.0)UNOT=BIGAN
I18UBOP=(
IF(PCBUB.NE.0.0) IBUBOP=1
READ (5, 1002)ALPHA
NRITE(6 91003 )Ny M, ITYPE)NSTRAT ;NOORL1yNBVRL1,NTITE1,NODRL2,
1 NBVRLZ yNTITE2y MXL IST,LISTOP, ITAPE, IFBy MXITER,
e MBINV,IOUTPT,ITRACE, FSTART
WRITE(651004)TIMEL, TOLL1,TCL2,LNOT ,PCBUB
WRITE(6,1005)ALPHA
IFCITRACE.GE1)NRITE(6,1009)
NO1=N
NIi=1
NI2=NI1 ¢+ ND1
NI3=NI2 ¢ N(1 ;
C READ THE NUMBER OF CONSTRAINTS, THE NUMBER OF NONZERO ENTRIES IN THE
C CONSTRAINT MATRIX (8Y CCLUMN) » ANO OEVELOP THE COLUMN POINTERS.
CALL INPUTL (IF(NIL1),IFCNI2),NDL)
ND2=NSUH
NI&=NI3 ¢ ND2
NIS=NI& ¢ NC2
C READ THE CONSTRAINT MATRIX COLUMN-8 Y-COLUMN.
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B0X10CC1
80x10002
80X10C03
B0X1000&
80X10005
B80X136d6
B0OX10C07
80Xx10008
B80X10009
BOX106C1y
B80X10011
BOX10C12
BOX10013
BOX10C1 4
BOX10C1E
80X10C16
80x10017
BOx10C18
80X19G19
30Xx1062¢%
80X19021
Boxi0cee
80Xx109C023
80X10024
B80X10025
80Xx1002¢
soxsocaz
80xio0c2s
80Xx10L29
B0OX10C390
80X100631
B80X10032
BOX10L33
BOX10C34
BOX10035
80Xx10C36
80x10037
BOX10038
80x13C39
B80X10040
B0X10C41
80X10042
80X100463
BOX10044
B0X10045
B80X1004€
B0X10047
BOX100«8
80X10049
B80X1005¢C
80Xx10051
80X10052
80X10053
80X10054
B80X10055
80Xx10056
80X10057

pove—




100
110

120
130

C READ THE TABLE OF CONSTANTS,

EXHIBIT 4 (Continued)

CALL INPUT2 (IF(NIL) IF(NI2)+IF(NI3)oIF(NI4),ND1,ND2)
ND3=NTC

NDL=N ¢ 2

NDS=N ¢ M3 .

ND6=N ¢+ M3 ¢+ M ¢+ 2

IF(NDB.LT.11)ND6E=11

ND7=ND&

IFCINDEX<EQ.1)ND7=1

NDB=ND&

IF(NBVRL1.LE.2 +OR, NTITE1.EQ.0)GOTO110
IF(NSTRAT.EQ.1)GOTO100

IFI(NBVRL2.LE.2 +OR, NTITE2.EQ.0)GOTO110

NDS=1

ND9=ND1

IF(ITYPE«EQ.1 «ORs ITY?E.EQ.3)ND9=1

NDO10=MXLIST

ND11=ND10

IF(MNOORL1.EQ.1)G0TO130

IF(NSTRAT.ZQ.1) GOTO120

IF(NODRL2.EQ.1)G0T0130

ND11=1

NI6=NIS5 + NOD1

NI7=NI6 + ND1

NIB=NI7 + NO&

NI9=NI8 + ND10

NI10=NI9 + ND6

NI11=NI10 + NO&

NI12=NI11 + NOS

NITOT=NI12 ¢ NOS

NF1=1
NF2=NF1
NF3=NF2
NF4L=NF3
NF5=NF&4
NF6=NF5S
NF7=NF6
NF8=NF7 NDS

NF9=NF8 NO&

NF10=NF9 + NO&

NF11=NF10 NO7*NOD7

NF12=NF11 NO&

NF13=NF12 ND1

NF14=NF13 ND10

NF15=NF14 NO11

NF16=NF15 ND6

NF17=NFLE ND6

NF18=NF17 ND6

NF19=NF18 ND6

NF20=NF19 ND8

NF21=NF20 ND8

NF22=NF21 ND6

NF23=NF22 NO6

NF24=NF23 NO9

NFTOT=NF2L + ND4*ND&

IFINI.LT.NITOT +ORe NF.LT.NFTOT)GOTO230

NO3
ND&
ND&
ND1
NOS
NO&

LK B 2R B IR R N J

L R B B IR N BE R B B R R R R
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THE RIGHT=-HAND-SIDE, THE LOWER AND
C UPPER BOUNDS, THE COST DATA, ANDO THE LISTS CF INTEGER AND CONCAVE

80Xx1005¢
80x180%9
80X10060
80X10061
B0X10062
80X10063
BOX10064
B80X1006°
BOX10066
BOX10067
80x10068
BOX1006¢S
80X10070
80X10071
80x10072
80X10073
B80X10074
80X1007°%
B80X10076
80X10077
B0X10078
80X1007¢
B0X10080
B0X10081
BOX10082
BOX10083
B0X10084
BOX1008¢
BOX1008¢€
B80X10087
8CXx10088
BOX1008°¢
80X10090
B0X10091
B80X10092
80x10093
BOX10094
80X1009°5
B80X1009€
B80X10097
B80X10098
80xi100¢¢
80Xx10100
80x10101
80Xx10102
80X10103
B80X10104
B80X10105
80X10106
80X10107
80X10108
80Xx10109
BOX10110
80X10111
80x10112
0X10113
0X10114
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EXHIBIT 4 (Continued)
a |
C VARIABLES. 80Xx10115
CALL INPUT3 (IFINIS)IFUINIG) IFINIO) FUINFL),FINF2),FINFL), 80X%X10116
1 FINF15),F(NF16)oF (NF17),ND1,NO3,NOL,ND6) B8OX10117 =
MRITE(6,1006)NITOT,NFTOT B80X10118
3 C ESTABLISH THE STRUCTURE OF THE BRANCH=-AND-BOUND LIST. 80X10119
1 IF(NSTRAT.EQ.2)GOTO0140 BOX1012¢
NIMS2=NI10 - 9 80X10121
NOMS2=ND& ¢ 2°*NDS ¢+ 9 80Xx1014122
6070150 80x10123
140 NIMS2=NI10 - 11 B80X10124
NDMS2=N0& ¢ 2°NDS ¢ 11 8oOXx12%12¢
150 NDMS3=2°®ND6 ¢ 3 B0X1012¢€
IF(NTITEL.EQ.0)GOTO160 80Xx10127
IF (NSTRAT.EQ.1)GOTO170 80x10128
IFINTITE2.EQ.1)G0T0170 80X10129
160 NFMS3=NF18 - 3 BOX10130
NDMS 3=NOMS3 ¢ NO6 + 2°NOS 80x10131
6G0TOo180 BOX13%132
470 NFMS3=NF21 - 3 80X10133 ;
180 IF(NSTRAT.EQ.1)€0T0190 80X10134 9
NFMS3=NFMS3 - 1 80X1013¢ !
NDMS3=NQMS3 ¢ 1 B8OX1013¢€
190 IF (LISTOP.EQ.1)GOTO200 80X10137
NOMS3=NOMS3 + ND9 + NDG®NC& 80X10138
60T021C 80X19139
200 IF(ITYPc.EQ.1)G0T0210 BOX10 140 i
NDOMS3=NDMS3 ¢ NO9 BOX19141
210 NMSTOT=NOMS2 + NDMS3 B80X10142
WRITE(6,1007)INMSTOToNOMS2,NOMS3 BOX10143
IF(ITYPE.EQ.1)60TC220 80X10144
C RcAD USER INPUT. BOX10145
CALL READIN 80X10146
220 CALL TIMEC BOX10147
RETURN B8OX10148
230 HRITE(6,,1066)INITOT,NFTOT B0OX10149
NRITE(6,1008)NI,NF B80X10154
CALL TIMEC BOX19151 4
CALL EXIT B80X10152
RE TURN 80X10153
1600 FORMAT(16I5) BOX10154 ]
1651 FORMAT(5E12,0) B80Xx410155
1602 FORMAT(1CA8) 80X1015€
1003 FORMAT (37HLINPUT FOR BRANCH-ANO-BOUND ALGORITHM/ 80X10157
1 21HOINTEGER FARAMETERS =,1€17/21X,317) 80X19158
10604 FORMAT(21HOREAL PARAMETERS =55£1546) 80X19159 3
4 1005 FORMAT(Z1HOPROGRAF IOENTIFIER =,4 Xy 10A8) 80X1016¢C
1006 FORMAT (4LHOADEQUATE ODIMENSIONS FOR ARRAYS IF AND F ARE,I10, 80X10161
1 4H AND,I10,16H C(RESPECTIVELY) ) B80x190162 .
10607 FORMAT (39HOTHE BRANCH-AND=-B80UND LIST CONSISTS OF ,I11G»21H LOCATION30X10163 |
1S PER NOOE (4I1Gy25H LOCATICNS ON UNIT 2 AND o,I10,22H LOCATIONS ONBOX10154
2 UNIT 3).) B80X10165
1608 FORMAT (1SHOTHE CIMENSIONS,I10,4H ANDoI10,18H ARE INSUFFICIENT.) 80Xx1%166¢€
1009 FORMAT(10H *ssssg(Cxi) poOXxi0167
END 80X10168
72 ;
3
!




EXHIBIT 4 (Continued)

SUBROUTINE BOX2 (NZ¢NP,IReIA,INT, 1CC,IS,INUSE,NV,IBV,NBYV, IUPPER,
1 TCyBORIGRHS»C2,C19BI,8NoU,PJyBINV,XJ,XNOT,
2 SIGHAL»SIGMAU,V  XZ5 S0, 51 ¢8 4NOL yND2 ¢ ND3 yNO& (NO5 o
3 ND6 ; ND7 s ND8,ND10 )
C SOLVE THE FIRST SUBPROGRAM.
COMMON/P1/N,H,ITYPE,NSTRAT, NODRL 1,NBVRL1,NTITEL, NOORL 2, NBVRL2)
1 NTITE2,MXLIST,LISTOP, ITAPE, IF8,MXITER 4MBINV,IOUTPT,
2 ITRACE,MSTART, TIMEL, TOL1,TOL2 ,PCBUB,ALPHA (10)
COMMON/P2/EPSL yEPSIMy EIGN sBEGTM M1y M2y M3, Ml oN1sMP1,HP 2NN 3 (NHINZ,
NM1M3,N1P2, NP1, NSUMsNTC ;H10
COMMON/P3/NOONOT, UNOT  IBUBOPL PHASE s NODRUL s NBVRUL 4 NTIGHT, NLIST,
NLISTS, NFEAS,LSTMX, ITRT (T, ITRNAX,BL8, NBRNOD ,PBRNOD,
NBRVAR y NUPOWN , XBRNOD, TBRNOD s NODE 4 LNOOE 9 Z » EOUNCL 4BCUNDU o
TSIG, IFEAS, ISRVR1,IUP [N1,XBRVR1,IBRVR2, IUPDN2 ,XBRVR2,
L10,NITERyNBINV M7, IPHA SE yNPHASE y NH3M7,IALGO, IECY
DIMENSION INT(NC1)oICCINC1) 4IS(ND4),INUSE (ND10)
DIMENSION BCRIG(NL4 ),RHS (ND4)¢C2(NDL )oU(NDG)oPJ(NCS)(XNOT (INDL),
1 SIGMAL (ND6) , SIGFAUIND6 ) 4XZ(ND6) SO (NDB) ,S1 (ND8)
IF CITRACE«GE1)NRITE(6,10C7)
C INITIALIZE THE EEST UPPER BOUND AND LIST.
LPHASE=1
NODNOT=3
00100J=1,N
100 XNOT (J)=C.0
NLIST=C
NLISTS=0
] NFEAS=0
1 LSTHX=0
ITRTOT=0
ITRMAX=0
00110I=1,MXLIST
110 INUSE(I)=0
NODRUL=NOCRL1
NBVRUL=NBVRL 1
NTIGHT=NTITE1
PBRNOD=1.0
L NUPOHN=1
] NODE=1
NBRNOD=(
1F LIOUTPT JNE.CIWRITE (6,1000 INOOE, NBRNGD
C ESTABLISH THE UPPER 30UNDS FOR THE FIRST SUBPROGRAM.
00120J=1,N1P2
120 U(J)=SIGHMAU(J)I-SIGHAL ()
C ESTABLISH THE COST DATA FOR THE FIRST SUBPR(GRAM.
1SIG=0.0
00150J=1,N
K=ICC(J)
IF (KeEQ40)GOTOL40
CALL GETOBJ (K,SIGMAL(J),F0)
TSIG=TSIG + FG
IF(ABS(U(J) ) LE.TOL2)GOTO130
CALL GETOBJ (KySIGMAUCJ)F1)
C2(J)=tF1-FO)/UL.)
“ 6070150
]

EWN e

130 C2(J)=0.0
6010150
140 TSIG=TSIG ¢ C2(J)°SIGNAL(Y

80Xx20001
80Xx20002
B80X20003
B80X2000 ¢
80Xx20005
80Xx20CJ6
80x20007
80X20408
80x206G39
80x20010
80x27011
80x20012
B0OX29013
B80X29C14
80xz0C1°S
80Xx20016
80x20017
80x20018
B0X20019
80Xx20c20
BOX20021
80x20022
B0X20023
BOX20C24
80x2002°%
80x20026
80x20027
BOX20028
80Xx20029
80x20030
B80X20031
B80X20032
B80X20033
BOX2003 4
80Xx20035
80X20036
BOX206G37
80x20038
80Xx20039
80X20040
B80X20041
B80Xx20G6&2
80X20043
B80X20044&
80X2004S
BOX2004&€
80X20047
80X20048
BOX20049
B0X20050
80X20051
80X20052,
80X%20053
80X20054
80X20055
90X20056
80X20857




EXHIBIT 4 (Continued)

150 CONTINUE 80X20058
LF (LOUTPT .LE.1)GOTO190 B80X20059
WRITE(6,1001)TSIC 80x20060 -
NRITE(6,1002) BOX20061
00170J=1.N 80Xx20C62
K=INT (J) BOX20063
L=ICC(J) B0OX20064
IF(IOUTPTGE.3)6G0TO160 80Xx20C65
IF(K.EQ.0 .AND. L.EQ.0)GOTO17) B80X20066
160 WRITE(6,1003)J3KsLySIGHAL (J),SIGHBULYI,C2(I) BOX20067
170 CONTINUE B80X20068
IF (IOUTPT.LEL2)G0TD190 B0OX20069
IF (NMIM3.EQ.N)GOT0190 80X2007¢0
00180J=NP1,NMLM3 BOX20071
180 KRITE(6,10040J, SIGMAL (J) », SIGHAULY) BOX20072
190 CONTINUE B0X20073
C ESTABLISH THE RIGHT-HAND-SIDE FOR THE FIRST SUBPROGRAF. B80X20074
00230I=1,MP1 80X2007¢
206 RHS(I)=30RIG(I) B0Xx20C76
IPHASE=1 80Xx20C77
00230J=1,4N 80Xx29078
IF (ABS(SIGMAL(J)) .LE.EPSI)GOTO230 B80X20079
00210I=14MP1 B80X20080
210 PJ(IN=0.0 80x29081
CALL GETCOL (NZoNPoIRyIA¢ISsTCosRHSyC29C19PJyND1,ND2,ND3,ND4,NDS, BOX20082
J9NZEROS) 80Xx293C83
00220I1=1.NZERO$ BOX20084
I=IS(I1) BOX20C85
220 RHS(I)=RHS(I) - PJCI)*SIGMAL(J) B0Xx20C86
230 CONT INLE 80OXx20C87
C ESTABLISH THE INITIAL BASIS, EASIS INVERSE, AND VALUES OF THE BASIC 80X20088
C VARIABLES FOR THE FIRST SUBPROGRAM. 80x20089
CALL INPUTL (NZyNP,IR,IA,IS,NV,IB\sNBV,IUFPER,TC,BORIG4RHSyC2,C1, BOX20090
BI,8N,U,PJ,BINV,3,ND1,ND2y)NO3,ND4yND5, ND6,ND7) 80Xx20091
c DEYERHINE THE APPLICAELE LP ALGORITHM. BOX20032
CALL INPUTS (NZyNP,IRsIA,IS,IBVNBV,IUPPER,TC4RHS,C2,C1+81+LsPJy8,B80X20093
1 ND1,ND2,ND3,ND4NOS, tD6) B0X23094
IF (IALGO.NE.0)GOTO240 80X20095
1E0J=1 80Xx20096
RETURN B80X29097
C SOLVE THE FIRST SUBPRCGRAM. 80X20098
240 CALL SIMPLE (NZyNPyIR.IA,IS,NV,IBV,NBV,IUPPER,TC,RHS,C2,C1,8I,BN, BOX20039
1 UsPJIyBINV, XJ9V 9yX2 9By ND1yND2,ND3yND4,ND5, ND6s ND7) BOX20138
IF (IEOJ.NE.O)RETURN 80X20101
NFEAS=NFEAS + 1 80X20102
C PRINT THE SOLUTION. 80X20103
2=2+TS16 BOX20104
00250J=1,N1P2 80X2010°¢
250 XZ(J)=X2(J) + SIGMAL(J) 80X20410¢€
IF(IOQUTPT.EQ.0)GO0TO260 80X20107 |
NUP=N 80Xx20108 |
IF (IOUTPT «GE «3) NUP=NM1M3 80Xx20109
NRITE(6,1005)2 80Xx20110 |
WRITE(6,51006)(XZ(J) 9J=14NUP) 80x20111 ;
260 IFIND8.EQ.1)RETURN 80x20112 |
IF (INGYRULLEe2 «ORe NTIGHT.EQ.D)G0T0200 80X20113 ”
C INITIALIZE THE SLOPES. 80X20114 |
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EXHIBIT 4 (Continued)

D0270I=1,M7
S0(I)=0.0
270 S1tIN=0.0
RETURN
C DETIRMINE THE SLOPES ASSOCIATED WITH THE OPTIMAL OBJECTIVE VALUE,
280 CALL SLOPES (NZ,NP)IR;!ApIS,IBV,NBV.IUPPER,TC,RHS.CZ.C1,PJ,XJ.S&.
1 S1,8,ND1,NO2,ND3 ,ND4, NDS,ND8)
RETURN
1000 FORMAT (1H1,50(1H*)/6HOINODE »IS572GHOBRANCHED FROM NODE ,I5)
1001 FORMAT(7HUTSIG =,E15.6)
1002 FORMAT (IHCVARTIABLE y4X 9 SHINT,8Xy2HCC 12Xy SHLOWER »12X y SHUPPER y13X
1 4HCOST/2X y 6HNUMBER y 3X  BHVARIABLE y 2X y8HVARIASLE » 9X ) SHLIMIT,
2 12Xy SHLIMIT,9X y1 AHCOZFFICIENT/Z12X )6 HNUMBERy4 Xy 6HNUMBERZ//)
1CJ03 FORMAT (3X9I5,2(5X,15) 93X93(E15,642X))
1004 FORMAT (3X,I5,23X»EL15:,692X%,E15,6)
1005 FORMAT (17HSSOLUTICN VALUE =,E15.6)
1006 FORMAT (17HGVARIABLES =9b6E15.6/7(17Xy6E15.6))
1007 FORMAT (L3H eseeegOX2)
END

B80X20115
B80X2u116
80X20117
80X20118
B0X20119
80x2J120

B0X20121
B0X20122
80x20123
BOX2u124
80Xx20125
B0OX2y126
80x20127
B80Xx20128
B80Xx20129
B0X23130
BOX24131
BOX20132
B0X20133




EXHIBIT 4 (Continued)

SUBRQUTINE BOXS (INUSE, XNOT ,CAPP, CAPL ,NO1,MD10,ND11, IENTRY)
C PRINT THE SOLUTICN. :
COMMONZPL /N, M, ITYPE NSTRAT;NOCRL1 ¢NBVRL1 ,NTITEL, NOORL 2, NSVRLZ,
NTITE2yMXLIST,LISTOP, ITAPE ,IF@,MXITER JMBINV,IOUTPT,
ITRACE, NSTART, TIMEL, TCL1, TOL2 ,PCBUB A LPHA (10)
COMMONZP3/NOCNOT » UNOT » I BUBOP s LPHA SE  NODRUL  NBVRUL ¢NTIGHT NLIST,
NLISTS,NFEAS,LSTMX, ITRTCT,ITRMAX,B8L 3y NBRNOD PBRNOD,
NBRVAR » NUPOKN  XBRNOO » TBRNOD s NODE » LNODE 9 Z s BOUNDL » 8 CUNDU,
TSIG,IFEAS, IBRVRL, IUPON1,XBRVR1 » IBRVR2,IUPDN2 )X BRVR 2y
L10sNITERsNBINV M7 o IPHA SE ,NPHASE sNN3M 7, IALGO, IECJ
DIMENSION INUSE (NCiC)
DIMENSION XNOT {ND1)sCAPPND10) ;CAFL IND11)
IF CITRACE.GE 1) hRITE(6,91017)
C PRINT OUT PROGRAM IDENTIFICATION,
WRITE (61000 )N, My ITYPE NSTR AT,NODFL1,NBVRL1,NTITE 3, NOORL2
1 NBVRL2sNTITE2y MXLIST ,LISTOP,ITAPE, IF@, MXITER
2 #BINV,IOUTPT ,I1 TRACE, MSTART
WRITE(6,1001)TIME1,TOLL,TOL2,UNOT,PCBUB
WRITE(6,1002)ALPHA
C PRINT OUT THE SOLUTION OR THE CURRENT BEST SOLUTION
IF (IENTRY.EQ.116010100
NRITE(6,1003)NOONOT
REWIND 9
REWING 10
NRITE (9)NODNCT
MRITE(10)NOCNOT
END FILE S
END FILE 10
GOT0113
HRITE(6,1004)NOONOT
WRITE(6,1005) UNCT
WRITE(641066) (XNOT(I) 4I=1,N)
WRITE (6,100 7)NGDE
WNRITE(6,1008)NFEAS
WRITE(64,1009)LSTHX
NRITE(6,1010) ITRTCT
WRITE(6,1011) ITRMAX
iF LIENTRY«NE«1)GOT0180
C PRINT OUT THE LIST.
NRITE(651012)NLIS T
INDEX=0
IF (NSTRAT.EQ.2)60T0120
IF (NOORL1+EQe1) GOTO140
G0T0130
IF (NODRL2.EQ+1)GOT0O140
IF (LPHASE +EQel +ANDe NOORL1+EQ.1)GOTO140
INDEX=1
NRITE(6,1013)
6010150
WRITE(6,1014)
00170I=1,MXLIST
XF CINUSE(I) «EG.C) GOTO170
IF CINDEX.EQ+0)GOT (i
WRITE(6,1015) INUSE (I) ,CAPPII)
6070170
166 WRITE (6,101 €)INUSE(I) CAPPC(I),CAPL(I)
170 CONTINUE

76

80X50001
80Xx50082
80x50003
80X50004
80Xx50005
BOXS50606
B80X50007
B80X59C08
80X50009
80X50010
80X50011
80Xx50012
B80X52013
B0OXS5001 4
80X50015
80X50016
BOX50017
BOX50018
80X50019
80X59020
80Xx50021
80x50022
B80X50023
80Xx50024
80Xx590025
80X50026
B8OXS0027
80X50028
80Xx50029
80X50030
80Xx50031
BOX50032
80X50033
80X50034
B80X5003¢
B80X50036
B80X59037
80X50038
BOXS0039
80X50040
80X50041
B80X50042
B80X50043
BOXS5d04 4
B80X50045
BOX50046
B80XS50047
B0OX50048
BOX50049
80X50050
B80X50051
80X50052
B80X50053
B80XS065 4
80X50055
80X50056
80X50057




EXHIBIT 4 (Continued)

180 CALL TIMEC
RE TURN

1030 FORMAT(21 FAINTEGER PARAMETERS =,1¢€I7/21X,317)
1631 FORMAT (21HOREAL PARAME TERS =,5E15.6)
1€02 FORMAT(21HCRROGRAF IDENTIFIER =,4X,10A8)

1003 FORMAT(66HOTHE SOLUTION TO THE INTEGER CONCAVE PROGRAM WAS PROVIDEBOX50063

10 dY NOUE ,1I5)

1004 FORMAT(79HOTHE CURRENT BEST SOLUTION TO THE INTEGER CONCAVE PROGRABOXSJIC65S 4

1M WAS PROVIOED &Y NODE ,1%)

1005 FQRMAT(17HOSOLUTICN VALUE =,E35.6)
1832 FORNAT(17R0VARY ABLES 21683588 (arxo6E15.60)

1607 FORMAT(34LHOTHE NUMBER OF NODES EXAMINED WAS ,IS)
1008 FORMAT(32H THE NUFUER OF NODES SOLVED WAS ,2X,1I5)
1009 FORMAT(27HOTHE MAXIMUM LIST SIZE KAS ,L,IS)

1010 FORMAT(S54LFOTHE TOTAL NUMBER OF SIMPLEX ITERATIONS PERFORMED WAS , BOX50G72

1 7 80X50C73
1011 FORMAT(S1H THE MAXIMUM NUMBER PERFORMED ALONG ANY BRANCH WAS , 80X50074
1 3Ny 1I7) 80X53C7S
1012 FORMAT(26HOTHE CURRENT LIST SIZE IS ,IS) B0OX50C76
1613 FORMAT(1HO,3X,4HNCUE» IXySHLOWER/17X,5HBCUND//) BOXEIC77
1014 FORMAT(1HC 33Xy 4HNCDE 99Xy SH.ONER 8 Xy 1 OHPROCESSING/17 X5 SHBOUND, BOXS50078
1 11Xy SHORCERZ/) 80Xx50079
1615 FORMATI3X415+2X4E15.6) 80X50080
1616 FORMAT(3X315,2X9E 15¢692XsF11.0) 80X50081
1017 FORMAT(10H **vs¥8(CXS5) 80X500682
ENOD 80Xx50083
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80x50058
80X50059
80X50060
B80X50061
BOX50C62

BOX50064

B80X50066

80X50067
B80X50068

80X50069
80Xx53G70
80X50C71




EXHIBIT &

SUBROUTINE BOXT (INUSE,CAPP,ND10)
C OLTERMINE THE BEST LOWER BOUND.

COMMON/PL/N, My ITYPE NSTRAT, NOORL 1 yNBVRLL 9y NTITEL,) NODRL2, NBVRLZ, 80x72(03

(Continued)

80Xx700601
80x70092

o Ll s

1 NTITE2,MXLISTyLISTOP ) ITAPE,IFE)MXITER yMEINV ,IOUTPT, 80X70C04& i
ITRACE,) MSTART o TIMEL, TOL1,TOL2,,PCBUBALPHALLD) 80Xx7000¢ :
CONHONIPZIEPSI.EP‘IH.dIGN.BEGTH,NI.HZ.NS,HQ,NI.HPI.NPZ,NH3 NMiM2, BOX73006 :
1 NM1M3I,N1P2, NP1 ,NSUM,NTC,N10 BOX79C07 i
COMMON/P3/NODNOT, UNOT , TBUEOP y LPHA SE yNODRUL s NBVRUL yNTIGHT,NLIST, B0OX71G08
i NLISTSyNFEAS LSTMX,ITRT (T ,ITRMAX,BL 8y NBRNOD 4PBRNOD ¢ 80Xx7960¢
2 NBRVAR, NUPOKN y XERNOJ, TBRNOD ,NOGE s LNOOE yZ+BOUNDL » BCUNDU, BOX70C1C
3 TSIG, IFEAS:; IBRVRL s ILPON1,XBRVR1 4 18RVR2, JUFDN2 ,XBRVR2, BOX70011
L} L10yNITER)NDINV M7,y IPHEASE yNPHASE jNH3M7,1ALGO, IECY 80x70C12
OIMENSION INUSE(NO10) BOX71C13
DIMENSION CAPP(ND1L) BOX70C14
IF CITRACEGE+2) WNRITE(6,12000) 80X70C1S
BLB=BIGN BOX79C16
D01201I=1,MXLIST BOX75017
IF (INUSE(]I) .EQ.J)GOTOLOC 80X79018
1F (CAPP(I)«GE.BLB IGOTO10GO B80X79C1S
BLB=CAPPL]) 80X7302¢C
10¢ CONTINUC 80X73C21
RETURN 80x713¢€22
1000 FORMATI10H ®o%%s3(X7) BOX70023
END BOX73C24
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EXHIBIT 4 (Continued)

SUBROUTINE 80X4i (INUSE,CAPP,CAPL,ND1.,ND14) B80X10001

C SELECT A NODE FROM THE LIST AND PUT IT IN THE SUBLIST. B0X100C2
COMMON/PL/N,M, ITYPE,NSTRAT,NODRL1 yNBVRL1,NTITEL1,NODRL2,NBVRL2, BOX10CC3

1 NTITE2 yMXLIST LISTOP, ITAPE,IFByMXITER ¢MBINV,IOUTPT, BOX1l.L &

2 ITRACEyMSTART,TIMEL1,TOL1,TOL2,PCBUB, ALPHA(1]) BOX10LCS
COMMON/P3/NODNOT,UNOT , IBUBOPyLPHA SE )NODRUL yNBVRUL yNTIGHT,NLIST, BOX10cC6

1 NLISTS,NFEAS,LSTMXy ITRTOT,ITRMAX ,BLBy NBRNOD ,PBRNOD, BOX13307

2 NBRVAR ) NUPDWN yXBRIHOD, TBRNOD, NOD= yLNODE »Z, BOUNDL , BOUNDU, BOX:u.i 8

3 TSIG,IFEAS, IBRVR1,IUPON1,XBRVK1, IBRVR2,IUPDN2, X3BRVR2, BOX1G3C9

L) LL10yNITER,NBINV M7y IPHASE yNPHASE yNM3M7,IALGO,IEQY 80Xx100210
OIMENSION INUSE(ND10) B0Xx10011
DIMENSION CAPP(ND1J),CAPL(ND11) 80Xx19.12
IF(ITRACE.GE«1)WRITE(6,1000) 80X10013

C SELZCT THE NODE. BOX1dC14
PBRNOD=J.0 BOX10C15
D0103I=1,MXLIST BOXx1dcl16
IFCINUSE(I) +EQ.u)GOTO130 80X1J017
IF(CAPP(I).GE.UNOT)GOTOLJL BOX10918

IF (CAPLUI).LE.PBRNOD) GOTO102 B0X10019
PBRNOD=CAPL (I) BOX1dC23

13=1 80Xx10d21

100 CONTINUE 80Xiv.22

C PUT 1T IN THE SUBLIST. 60x10C23
INUSE (I0)=~-INUSE (I0) BOX1Gd24
NLISTS=NLISTS+1 B0X13025
RETURN BOX1c.26

1000 FORMAT (11H ***3280X10) BOX14i27
END B0OX10028




EXHIBIT 4 (Continued)

H SUBROUTINE B0X12 (INUSE,IFS,C2,CAFP,CAPL,SIGHAL 4 SIGHAU,SLOLD, 80X10001
1 SUOLO,C20L04FNS oND1 4ND6 JNDI,ND10,ND11,NONS2,  BOX10LJ2
2 NONS3) 80X10003 :
C SELECT THE SRANCHING NODE FROM THE SUBLIST (PHASE 1) OR VHE LISV 80X10004
C (PHASE 2). 80X10C05
COMMCN/PL/Ny My I TYPE,NSTRAT,NODRL1 JNBVRL1,NTITEL,NODRL2,NBVRL2,  BOX10006
i 1 NTITE2,MXLIST,LISTOP,ITAPE, IF8,MXITER ,HBINV, IOUTPT, 80X193G7
2 IVRACE yMSTART , TIMEL,TOL 1, TOL2 yPCBUB,ALPFA (10) 80X10036
(CONHON/PZ/EPSI 4 EPSIN, BIGNBEGTHH 12H2, N3, MU N 14 HP Lo HPZ,NH3  NHIHZ, BOX10039
NMiH3,N1P2, NP 1,NSUN,NTC,M10 80X10G1G
connou;v:zuoouot.LNot.xaueop.LPrA<s.NooRUL NBVRUL,NTIGHT,NLIST,  80X10011
1 NLISTS, MNFEAS,LSTHX, LTRT (T, ITRMAX, EL 8y NBRNOD ,P 6RNOG O, 80X10612
2 NERVAR s NUPDHN o X BRNO Dy TBRNODyNODE s LNOOE 4 Z s BOUNDL 48CUNDU, BOX13013
3 TSIG,IFEAS, IBRVRL, IUPCN1,XBRVR1,IBRVRZ s IUPUN2 JXBRVR2,  B0OX10C14
4 L1C,NITER,NGINV,M7, IPHASE ) NPHASE y NM3M 7, IALGO, IEQY BOX19C15
OINENSION INUSE (ND10),IMS (NOMS2) BOX10C16
DIMENSION C2(NG1) (CAPP(NO10),CAPL (ND11),SIGMAL(ND6) 4 SIGMAU(NDE), BOX10C17 |
1 SLOLD(NC6 ) SUOL CND6 ) ,C20LD (ND9 ), FHS( NDHS 3) BOX10G18 ,
IF (1TRACEGE.1)WRITE(6,1GC0) 80X10013 ;
IF (IBUBOP.EQ.C)GOTO11D BOX13C 2. ]
c..0"‘0C.l......0.0......0‘0‘0...00.0..'l..‘....‘..’.‘l...l...lU.'..‘..Boxxnc21 wf
C SELECT THE dRANCHING NOOE FROM THE SUBLIST, - BOX13C22 *
Crersssr e AL SIS IBIIIIVIIVEIIIVIVINIEIEY S35 5385538030 BERBIIBIIEISENIRISINIIQOX 1'](23 :
PBRNOD=G .0 BOX150 24
: 001301=1,MXLIST BOX13C25 ]
i 1F (LINUSE (1), Gi.C)GOTO100 BOX13C26 ,
IF (CAPL(I).LE.PBRNOD)GOT0100 BOX10(27
PBRNOD=CAPL(I) BOX133¢28
NSRNOD=~INUSE(I) 8OX13223
10=1 BOX1003¢
100 CONTINUE B80Xx13£31
C DECREMENT THE SUBLIST CCUNTER. BOX10332
NLISTS=NLISTS-1 80X10C 33
; 6010150 BOX13C 34
] c...‘.'.'U....'..!‘C.'C.CC........I..O...."....'.‘..'.'..I..l‘#.(...‘l.Box1:( 3¢
| C SELECT THE BRANCHING NODE FROM THE LIST. BOX15036
c‘........‘.."...00'...00.00000.....0‘..‘...‘..'...l'.O.'.l‘.‘. .'..OUOQBOXlQ;\},
110 IF (NOORUL.EQ+1)GOTG130 BOX12G 36
C FRICRITY NOOE SELECTION RULE. 80X10439
BLB=BIGN BOX13C43
001201=1,MXLIST BOX10041
1F (INUSE (1) . EQ. [) GOT0120 BOX10042
IF (CAPP (1) +GE.BLB)GOT0120 BOX1JC43
BLB=CAPP(I) 30X13Cu4
NBRNOD=INUSE (1) 80X13C45
10=] BOX10G4é
120 CONTINVE BOX12u47
60T0150 BOX13C48
C LIFO NOOE S:LECTION RULE. BOX10049
13C PBRNOD=3.0 BOX13053
00169L=1, MXLIST BOX11051
IF (INUSE(I) +EQ. 0)GOTO140 BOX10L52
IF (CAPL (1) +LE.PBRNOO) GOT0140 BOX10(53
PBRNOD=CAPL (1) BOX10C5 4
NBRNOO= INUSE (I) 80X10055
10=1 BOX10056
1640 CONT INUE BOX10057

80




EXHIBIT 4 (Continued)

C UDECREMENT THE LIST COUNTER.
150 INUSE(I{)=0
NLIST=NLIST~-4

80Xx13058
80X10059
80x10Cl6C

c".'......'l.0....‘...'..ll....'......'."’.'."."..............0.0000Boxljcbl

C READ IN THE DATA FOR THE oRANCHING NOLE.

80Xx10C62

c”’...l.l.'l.l..'....l'.'..C.....C..0..0...'..'......'l....'..l.!.’....Boxx0063

IF (NODE.EQ. NBRNCD)GOT0200

CALL READMS (2,IMS,NOMS2,10)

CALL READMS (3,FMS,NDHS3,10)

I8RVR1=IMS(1)

TUPONL=INS(2)

L10=IHS (3)

NITER=14S (4)

NBINV=IMS{5)

M7=IM5(6)

IPHASE=IMS(7)

» NPHASE=1MS(8)

r NM3M7=IMSL9)

: IF (NSTRAT.EQ.1)6070160

r I3RVR2=IMS(10)
1UPDON2=TIMS(11)

160 Z=FMS(1)

TSIG=FMS(2)
X8RVR1=FHS(3)

1F INSTRAT.£Q.1)60T0170
XBRVYR2=FMS(4)

170 00i80U=1,N1P2
SIGMAL(J)I=SLOLDJ)

180 SIGMAU(J)=SUOLD(J)
IFCITYPE.EQ.1160T0206
00190J=1,N

19¢ C2(J)=C20L0(J)

20 TBRNOO=TSIG

C ALJUST THE oRANCHING VARIABLE SELEZCTICN ACCORCING TO THE CURRENT
C PHASE CF THE ALGORITHP.

IF INSTRAT.EQe1)GUTV21D

IF (LPHASE Q116010219

NiBRVAR= IBRVR2

NUPOWN=IUFON2

XBRNOD=XBRVR 2

RETURN

210 NBRVAR=1BRVR1
NUPOWN=IUFON1
XBRNOD=X8RVR 1
RETURN

1640 FORMAT(11H s¥ssegoxi2)
END
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BOX13(64
BOX10C6 ¢
BOX10Cbo
80X10Ce7
BOX1GLlb6s
80x10aC69
BOX10C73
80Xx10071
BOX10C72
80X10273
BOX1JC74
B8OX13L7¢
80Xx13C76
BOX13C77
BOX10c¢73
BOX19(79
80X17(8J
BOX10031
BOX10(82
BOX12(83
80Xx13C84
BOX10C85
BOX10C8E
BOX13(87
80x13088
80X132893
80X1J%9¢
BOX12{91
BOX13C92
BOX13(33
BOX13L94
BOX13C3¢
80X13C96
B80X130697
8OX10C 38
BOX12299
80X1010¢
80X10101
80X101352¢2
80Xx10123
80X1310+4




EXHIBIT 4 (Continued)

SUBROUTINE B80X13 (INV,ICC,IEVyC2,SIGMAL,SIGMAUyXZsSCsS1,SLOLD, B80X100601 :

SUOLD4NC1,ND&yNL6,ND8) BOX10LJ2
C VIGHTEN THE LIMITS ON THE MONOTONE VARIABLES (PHASE 1) OR TIGHTEN 80X10003 .
C THE LIMITS ON ALL VARIABLES USING THE BEST UPPER EBOUNC (PHASE 2). BOX10C0 &
COMMON/PL/NyMsI TYPEyNSTRAT, NOORL1,NBVRL1,NTITEL, NOORL2yNBVRL2, BOX10C35
1 NTITE2; MXLIST,LISTOP, JTAPE; IF3,FXITER yMBINV,IQUTPT, 80X1006C6 :
2 ITRACE yMSTART yTIMEL yTOL 1, TOL2 ,PCBLB,ALPHA (10) 80X10C27 i
COMMON/P2/EPSI EPSIMyBIGN ¢BEGTMyM 2y M2y M3y MU yN1yMP 1, MP2 ,NM3 ,NMIM2, BOX10008 i
1 NM1M3,N1P2,NP1,NSUM,;NTC,M10 BOX10CJ9 3
COMMON/P3/NODNOT,UNOT IBUBOP,LPHA SEyNODRUL yNBVRUL yNTIGHT, NLIST, BOX10C1s :
1 NLISTSyNFEAS,LSTMX, ITRT (T3 ITRMAX, EL £, NBRNOD yP BRNOD, 80x19C11 i
2 NBRVARy NUPOWN y XBERNOCs TBRNODyNODE, LNODE 42, BOUNUL +8CUNDUs BOX10012 i
3 VSIGy IFEAS, IORVR1,IUPON1,XBRVR1,I8RVR2,IUPON2 ,X8RVR2, BOX10(13 i
3 LLCoNITER,NBINV,M7,IPHASE ,NPHASE yNM3:17yIALGO,IEOQY BOX10C 14 1
DIMENSION INT(NC1),ICC(ND1) »I3VINC&) BOX10(1¢ |
OIMENSION C2 (NU1) s SIGHAL (NOG) +SIGFAUINDS) 4XZ(NDS) 4SOINDB) ,SL1INDB) ,30X13016 i
1 SLOLD (ND6), SUOLLCINDG) BOX1.017 I
IF(ITRACE.GE.1)HRITE(6,10C5) BOX1JC18 ‘
IF (NTIGHT ¢EQ.1) RETURN 80X10C13 i
NCOUNT=0 80OX10222 ¥
IF (UNOT .EQ.BIGNIGOTO310 s0Xx1di21 i
IF(IBUBOP.EQ.1)G60T0310 BOX1.622 i
c...l... .!..5.‘..OQC..O."‘l......!..#...l!....0..!00.!.00.'000.0!.0‘0.050x10c23 I
C VIGHTEN THE LIMITS CN THE BASIC VARIABLES. 80X10C24 2
c.....!ll...!!.'5‘l‘.!l.l!0'..!'.!.‘!.'04,!.0..0'.liﬂtll!l"l!‘l.!.O".."Boxictzs f '
D0300I=1,4M7 30X10C2¢€ !
IF(I.EQ.MP1)GOTO3GG 80X10¢(27 {
2=Isv(I) BOXx12528 ;
IFLABS(SIGHMAU(J)-SIGMAL (J)) LLE.TOL2)GOTO300 BOX13C29 |
X2ZJJIJ=XZ (J) 80Xx10C3¢C : 8
1IF(XZJJJ.GT .SIGFAL(JI+TOL2)GOT0100 BOX1C0( 31 1
SG(IL)=-BIGN BOX10C32 13
XZJJJ=SIGHAL(J) 80X£0033 3
GOTO110 BOX13C34 :
100 IF(XZJJJ.LT SIGMAU(J)-TOL2)GOTO110 B8OX100 3¢ ;
S1(I)=BIGH BOX13L3¢e d
X2 JJJ=SIGMAU (J) B0OX1237 i
110 CONTINUE BOX13G38 !
C ALL VARIABLE TYPES. BOX10039 H
V1i=SIGMAL (J) BOX13C4GT F
IF(S0(I).EQ.-IGN)GOTO012C 80X10041 |
T1=Z ¢ SO(I)*(V1 = XZJJJ) 80X10062 '
G0T013¢C BOX12043 l
12¢ T1=BIGN BOX1( (44 £
136 IF(J.GT.NIGOT0230 BOX?1.(45 :
IFCINT(J) ¢EQ.u)GOTO230 BOALOOWE §
C INTEGER LINEAR OR INTZGER CONCAVE VARIABLE. 30X10C47 i
K=XZJJJ B0XiJ(68 :
ves=K BOX1JL49 :
V3=K+1 80X15C5¢C
K=ICC(J) BOX13(51
1F(K.EQ.C)GOTO150 80x10C52 .
CALL GETOBJY (KyViyF1) BOX16C53
CALL GETOBJ (KyV24F2) BOX13dG54
CALL GETOBJ (KyV3,F3) BOX10055
IF(S50(T).EQ.~BIGN +AND., ABS(XZJJJ-V2)GT.TOL2)GOTOL17C BOX10C5€ .
IFAS00I).EQ.-BIGNIGOTOL140 B80X10057
82
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EXHIBIT 4 (Continued)

T2=Z ¢ SQUII* (V2 = XZJJJ) ¢ F2 = (F1 + C2(J)*(V2-SIGHAL(J))) 80X10058
6070180 BOX13059

140 T2=Z ¢ F2 = (F1 ¢ CI(JI®(V2-SIGMAL(J))) BOX13060
6070180 BOX15(61

150 1F(S0(1)+EQ.=31GN «ANDs ABS(XZJJJ-V2).GT.TOL2)GOTO170 B0OX19062
IF(S0(I ).EQ.-BIGN)GOTO0160 BOX10063

1222 ¢ SOUII®(V2 = XZJII) BOX10C64
6070180 80X13C65

160 T2=2 80X10C66
6070183 80X10067

X 173 T2=BIGN BOX13(68
180 IF(S1(I).EQ.BIGN +AND. ABS(V3=XZJJJ).GT.TOL2)GOTO220 8GX19C69
IF (K.EQ+C)GOTO290 B0OX19C70
IF(S1(I1).EQ.BIGN)GOTO19C BOX19(71

T3=Z + SL(I)*(V3 = XZJJJ) + F3 = (F1 ¢ C2(J)*(V3I~SIGHAL (J))) BOX10(72
6070269 8OX13£73

190 T3=2 ¢ F3 = (F1 ¢ C2(J)*(V3-SIGHAL(J))) BOX13G7%
6070263 BOX1CC75

200 IF(51(1).EQ.BIGNIGOTO21G BOX13C7€
1322 + S1(I1)*(\3 = XZJJJ) 30x11077
60T0260 BOX150738

210 13=2 BOX13(73
6070260 BOX10083

220 13=3IGN 30X19C81
60T0266 BOX10082

C LLINEAR OR CONCAVE VARIABLE. 80X10083
230 V2=XZJ4JJ BOX1CC84
v3=v2 BOX10085

IF (JoGTWNIGOTUR4D BOX1CU8®
K=ICC(J) BOX10087

IF (K. EQ.G)GOTO240 BOX10088

CALL GETO8J (KyV1i,F1) BOX15C89

CALL GETORJ (KyV2,F2) BOX 13095

T2=Z + F2 = (F1 + C2(J)*(V2-SIGMAL(J))) BOX13091
60T025¢C BOX10C3¢

260 T12=2 80X10093
Z56 13212 BOX13194

C ALL VARIASLE TYPES. 80X 10C9¢E
260 V4=SIGHAU (J) BOX13096
IF(S1(I).EQ.BIGN) GOTO270 80X10(37

Te=Z ¢ SLII*(VG - XZJIJ) 80X103C 98
60T0280 80X10C939

270 T4=3IGN BOX10100

: 280 CALL ADJUST (V1,VZ5V3,ViyT1,T2,T3 ,TlySL,SU) 30Xx101u1
3 SIGMAL(J)=SL 80X10102
SIGHAU(J)=SU 80X101G3

: IF (J.GTNIGOTO290 BOX1010U %
IF(INT(J) .EQ.©) 6010290 BOX1010S

C FOR INTEGER VARIAoLES, CHECK THAT THE LOWER AND UPPER LIMITS ARE 30X1017¢€
C INTEGERS. BOX10107
K=SL 80X101i 8
SIGMAL (J) =K BOX13129
IF(ABS(SL = SIGMAL(J)).GT.TOL2) SICMAL (J)=Ke1 BOX10110

K=SU 80X10111
SIGMAU(J) =K+ 80x10112

IF (ABS(SU = SIGMAU(J)).GT.TOL2)SI (MAUCJ) =K 80X10113

C INCREMENT THE COUNTER IF THE LIMITS HAVE CHANGED. BOX10114
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EXHIBIT 4 (Continued)

290 IF (ABS(STIGMAL(JI=SLOLOCJ))eGT.TOLZ) NCOUNT=NCOUNT*1
IF (ABS(SIGHAU(J)=SUOLO(J))eGToTCLZ) NCOUNT=NCOUNT ¢1
300 CONTINUE
GOTO372

B80X10115
80X10116
80X13117
BOX10118

c...l...'l...........!.l.....'I'.......'..l..‘......'........l........‘.soxluilg

C AUJUST THE LIMITS ON .HE MONOTONE VARIABLES.

80x13123

C"'""""""'"""""""""""""""'""""""""’"""'BOXI3122

310 D0360I=1,M7
IF (I.EQ.MP1)GOT036C
J=13v(I)
IF (ABS(SIGMAU(J) -SIGHAL(J)) .LE.TOL2)GOT0360
XZJJIJI=XZ (J)
IF (XZJJJeLESIGMAL(J) ¢TOL2) GOTO330
IF (SO (I)«NE «=3IGN)GOTO330
C ADJUST THE LOWER LIPIT.
IF (J.GT.N)GOT0320
IF CINT(J) «EQ.()GOTO320
K=XZ JJJ
SIGMAL (J) =K
IF (ABS(XZJJJ-SIGHALCJID) «GToTOL2) SIGMAL (J) =K1
60T0339
320 SIGMAL (J)=XZJJJ
330 IF(XZJJJeGESIGMAL(J) -TOL2)GOTOISE
IF(S1(I).NE.BIGN) GOTO35
C ADJUST THE UPPER L1FMLT.
IF (JoGT.NIGOTG34C
IFCINT(J) «EQ ) GOTO 340
K=XZ JJJ
SIGMAU(JI =K ¢1
1F (ABS(XZ «JJ-SIGMAUCJ) ) «GT4TOL2) SIGMAU(J) =K
60T0350
346 SIGMAU(J)I=XZJJJ
INCREMENT THE COUNTER IF THE LIMITS HAVE CHANGED.
350 IF(ABS(SIGMAL(J)=SLOLOCJ))eGToTOLZ) NCOUNT=NCOUNT ¢1
1F (A3S(SIGMAU(J)=SUOLD(J) 14 GToTCL2) NCOUNT=NCOUNT +1
360 CONTINUE

(o}

BOXx10122
80x10123
BOX13124
80x1012¢
B0X1312¢
BOXx12127
80x13128
80X15129
80XiJ13°
B80X1313:
BOX1013¢
BOX10133
B80X10134
B0X1213°¢
BOXic13c
BOX13137
80X10138
80x10139
80Xx150 1470
BOXi0141
80X12142
80X10143
BOX1C144
BOX10145
BOX1014p
BOX1C147
BOX13143
B80X131483
BOX1315¢

IR R R R R Ry ey Y R R R L S i P OB B

C PRINT THE OLD ANC NEW LIMITS,

80X13152

CPPTIIIISFIIIITIRIBIVIBINIIFBAVIRITIVIGVIU IV SIS BISFIIIN SV RIS INISIRRIRRININIQOX17153

37C IF(IOUTPT .LE.2)RETURN
IF (UNOT.EC.BIGNIG(TO380
IF(I8UBOP.EQ.1)GOTO38D
WRITE(6,1000)NBRNUD
60T0390

380 WRITE(641001)NORNCD

390 IF(NCOUNT.EQ.C)COTO4L10
WRITE(6,1002)NCOU. T
D040 O0I=1, M7
IF(I.EQ.MP1)GOTO4A0
J=18V(I)
IF(ABS(SIGHMAL(J)=SLOLUJ)II.LE.TOLZ .AND.
1 ABS(SIGMAULJI-SUOLDI(J) )« LE.TOL2)GOTOLOD

WRITE(641003)JsSLCLECY) ySIGMAL (J) 4XZ(J) +SIGMAULI)I4SUOLD(J)

4C0 CONTINUE
G0TOo420

410 WRITE(6,1004)

420 CALL TINMEC

BOX10154
BOX1015¢
30X1015¢€
BOX13157
BOX13158
BOX1C1i59
80X12160
80Xx10161
BOX1C162
80x13163
30X10164
BOX13165
80X1016¢€
BOX10167
80X10168
80X10169
80Xx10170
80x10171




EXHIBIT 4 (Continued)

RETURN 80x10172
1000 FORMAT (1H0,50 (1H®*)/52HOTIGHTEN THE LIMITS ON THE BASIC VARIABLES FBOX10173
10R NODE ,15) B0OX10176&
1001 FORMAT (1HO, S0 (1H*)/54HOAOJUST THE LIMITS ON THE MONOTONE VARIABLESBOX14175 ;
1 FOR NODE ,I5) B0X10176
1002 FORMAT (12HGTHERE WERE I5,23H CHANGES TO THE LIMITS./ B0X10177
1 1HU 92Xy SHBASIC»11Xy3H0L D1 4X,3HNEW, 11X, BHVARIABLE 12X, B0X10178
2 3HNEW, 14X 3 3HOLD/1X,8HVARIABLE 2 (9Xy SHLOWER,3X) 53X B80X1)179
3 SHVALUE 32(12Xy SHUPPER) /76Xy 2(12Xy5HL IMIT) 517X, B0OX101840
L) 2(12X, SHLIMITIZ/) B0OX1(0181
1003 FORMAT(3X,I5,1X,5(2X,E15.6)) 80Xx10182
1004 FORMAT(37HGTHZRE WERE NO CHANGES TO THE LIMITS,) B0OX1,183
1005 FORMAT (11H ®***%%B0X13) B0X10186

END BOX1018°5




EXHIBIT 4 (Continued)

SUBROUTINE BOX15 (NZyNPsIRyIA,INTICC,IS,AV,I8V sNBV,IUPPER,TC) 80Xx10001

1 BORIG,RhS yC2,C1,8I98NyU,PJ,BINV,XJySIGMAL, 80Xx10602

2 SIGHAU,VyX2Z,S0,S1+SLOLD 4C20L0,BsND1 4ND2 +ND3 o 80x10003

3 ND4 3 NDS ¢ND6 9y ND7 s NOB 9 NDS) 80X10G6G4

C-SOLVE SUBPROGRAM LNODE. BOX10305

COMMON/PL/ Ny My TT.YFEsNSTRAT,NOCRLYL yNBVRL L, NTITEL,NCORL2,N3VRL2, 80X10006

1 NTITE2,MXLIST LISTOP,ITAPE ,IFB4MXITERyMBINV,ICUTPT, 80Xx10007

ITRACE, MSTART, TIMEL,TOL1,TOL2,PCBUB,ALPHA (1D) 50X10008

COMMON/ P2/EPSIEPSIMoBIGN BEGTM M1 M2, M3 MU N1, MP1,MP2,NH3,NM1M2, BOX10009

1 NMIM3,N1P2,) NP1, NSUM, NTC,M10 80X10010

COMHON/P3/NODNO T, UNOT y IBUBOF,LPHASE y NODRUL yNBVRUL NTIGHT 4 NLIST, BOX13611

1 NLISTS,NFEAS,LSTMX,ITRTCT,ITRMAX,BL&,NSRNOD ,P8RNOD, 30X10012

2 NBRVAR, NUPOWN , XBRNOD y TBRNOD ) NOUE y LNODE 9 Z » BOUNDL 4 6 CUNDU, 30X13G13

3 TSIGyIFEASy I8RVRL, IUPON1,XBRVR1 ,IBRVR2 yIUFDN2 X BRVR2, 50X10C14

“ L10,NITERyNBINV M7 s IPHASE yNPHASE ¢NM3M7,TALGO,IEQJ 80X19015

COMMON/PL/SAVE ,KBRAN, X1 B0OX16C16

OIMENSION INT(ND1),ICCUND1) 4IS(ND&) 413V (NOU),NBV (NOS),IUPPER(NOS) BOX10017

DIMENSION BCRIG (NC&),RHS (ND4) 3C2 (ND1),BI (ND4) 4BN(NDS),U(NDB), 80X100618

PJINO4) {SIGMAL (ND6) 4 SIGMAUINDG) 4XZ(NO6) 4SLOLOINDSG), 80X10019

C20LD (ND9) 5 BINDLyNDY) 80X10623

IF (ITRACE.GE.1)WRITE(6,1315) B80X10021

: NOOE=NODE ¢ 1 80X10022

| IF(ICUTPT NE<L)NRITE 16, 1000) NODE y NBRNCD 80X10023

| IF (LNODE.EQ.2)GCT 02906 80X19024

iF c‘...... I ZE XX ST RR TR 2 X X ) .'.000......OOQ...!.O....C.OO...".."l..l......aoxloozs

| C INITIALIZE THE DATA REUUIRED FOR SUBPROGRAM 1. BOX10026
c.......!..O..OO.!l!l......ﬁ..‘.l..l".OCCOOUUGOCCOCC L2224 """""""‘BOXIO‘LZT |

IF (XBRNOD LT .SIGMAL (NSRVAR) ) X3RNOC=S IGMAL (NBRVAR) 80x10C28

i IF (XBRNCD+GT«SIGMAU (NSRVAR) ) XERNOC=SIGMAU (NBRVAR) 80X10029

C MODIFY THE UPPER -LIMIT FQR THE BRANCH ING VARIABLE. 80X10030

SAVE=SIGM U (NoRVAR) BOX19C31

IFCINT(NBRVAR) .NE.C )GOT0410 BOX10032

C BRANCHING ON A CONCAVE VARIABLE. 80X10033

100 IFCIOUTPTNELCIHRITECH,1001)N3RVAF, ICC(NBRVAR) BOX1003+4

SIGMAU(NBRVAR)=XBRNOD BOX10C35

K8RAN=0 80X10036

GoTOo12C 80X10037

C BRANCHING ON AN INTEGER VARIABLE. 80X10C38

» 110 K=XBRNOD 80X10C39

F XC=K BOX10C 40

X1=K+1 BOX10041

IF (ABS(X0~XBRNOD) +LE.TOL2 «AND. ICC(NBRVAR)«NE4C)GOT0100 80X10042

3 IF (ABS(X1-XBRNOC) «LE.TOL2 «ANO. ICCU(NBRVAR) +NE.C)GOTOLQC BOX10C43

IF(IOUTPTWNE«GIKRITE(651GC2) N3RVA Fy INT (NERVAR) 80X10C44

i SIGMAU(NBRVAR) =XG BOX1004S

i KBRAN=1 BOX1JCuE

. C ESTABLISH THE UPPER LIMITS FOR SU3PROCRAM 1. B80X10047

5 120 DO130J=1,N1P2 BOX1004e

130 ULJ)=SIGMAULJ) = SIGMAL(J) BOX10G49

C ESTABLISH THE COST OATA FOR SUBPRCGRAP 1. 80X106S5C

00140J=1,N BOX10054

140 TBRNOO=TBRNOD ¢ CZ(J)*(SIGMAL(J) = SLOLD(J)) 80X10052

: TSIG=TBRN(O 80X10053

3 C ESTABLISH THE RIGHMT-HANC-SIOE FOR SLSFROGRAM 1, B80OX19005¢

- 00150I=1,M7 80X10055

150 RHSCIN=80RIG(I) BOX10056

D0180J=1,N1P2 80X10057
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EXHIBIT 4 (Continued)

IF (ABS(SIGMAL(J)) .LE.EPSI)IGOTO180
00160I=1,N7
160 PJ(I)=0.0
CALL GETCOL (NZyNP,IRyIA,ISysTCyRHS,C29C1,PJY9NDLyNC2,NDINDL,ND5,
b § J9NZZRCS)
00170I1=1,NZERCS
I=Is(I1)
170 RHS(I)=RHS(I) = PJ(I) *SIGMAL(J)
IF (IPHASE eEwe2) RHS (MP2) =RHS (HP2) - PJI(MP2)*SIGMAL (J)
1480 CONTVINUE
ESTABLISH THE BASIS INVERSEs THE VALUES OF THE BASIC VARIABLES, AND
THE VALUES OF THE NONEASIC VAFIABLES FOR SUBPROGRAM 1.
00190K=1,L10
IF (JUPPER(K) .EQ.0)GOTO19C
J=NBV(K)
BN(K)=U(J)
1906 CONTINUE
IF(LISTOP.EQ.1)COT0270
00200I=1,M7
200 BI(CI)=RHS(I)
00230K=1,L1G
IF (IUPPER(K) «EQ.0)GOTO0230
J=NBV(K)
IF(ABS(U(J) T LEL.EPSI)GOTO0230
00210I=1,NM7
210 PJ(I)=0.0
CALL GETCOL (NZ NP,IR,IA,IS,TC,RNSyC25C1,PJyND1L,ND2,ND3IsND4,NDS,
1 J9NZEROS)
002201I1=1 ,NZEROS
I=1S(I1)
220 BI(I)=BI(I) - PJ(I)*U(J)
BI(MP1)=BI(MP1) - PJ(NMPL)I*U(J)
IF (IPHASE.EQ.2) 81 (NP2)=BI(MP2) - PJ(MP2)*ULJ)
230 CONTINUE
00250I=1,M7
Q1=0.0
D024 0J=1yM7
240 Q1=Q1 ¢ B(I,J)*BI W)
250 PJ(I)=Q1L
D0260I=1,M7
260 B8I(I)=PJ(])
6G0T0280
270 CALL BINVRT (NZyNF,IR,IA,IS,I8V,NBV,IUPPERyTCyRHSyC2,C198I,U,PJ,
1 BINV 98 3sNOL sNC24NO3 4N (& 3NOS sND64NO7)
280 REWIND &
NRITE(L) (IBV(I)oI=1,ND&), (NBV(I),I=1,NDS5), (IUPPER(I),I=1,ND5S),
1 (BICI) I=1,NDG)»(BNCI)I=1,N0DS) yLI1CyNITERyNBINV,
2 (B LI J)I=14NDL) 3J=1,NO4L)

C CHECK IF THE SUBPROGRAM IS INCLUODEO IM THE NE)T SUBPROGRAM.

IF (INT(NBRVAR) «NE.C)GOTO370

_IF (ABS(U(NBRVAR)) «6T+TOL2)G0TO370

IF(ABS(SAVE = SIGMALINBRVAR)) .LE.TOL2)G0TO370
IEOQU=1

IF(IOUTPT«NE.CIWNKITE(651004)

RETURN
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80Xx10058
80X10659
80X10060
BOX10061
80X10062
80X10063
B80X1006 4
B0X10065
80X10066
80X10067
BOX10068
80X10069
B0X10C70
80X10071
80Xx10072
BOX10073
B0OX10074
80X10075
B80X10076
80X10077
80x10078
80x10079
B80X10080
80X10081
80X10082
B0OX10083
BOX13C8¢
B0OX1008¢
BOX1008€
80X10087
80Xx10C88
80x10089
B0X130935
80X10091
8OX10C92
80X10093
B0OX10094
80X1009¢
B80X10C96
B0X10097
80X10098
80x10C99
80X10 120
BOX10441
80X10132
80X10103
80X10104
B80X41010S
BOX1010€
80X10107
80X10108
BOX10109
B80X10110
80X10111
80X10112

COSPIsSIRIITIIITIT I NI IIIIIISITINITEIIISIIFISIIIIINOIISBIISISSGROOOSIIROX10113
C INITIALIZE THE OATA REQUIRED FOR SUBPROGRANM 2.

80X10114
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EXHIBIT 4 (Continued)
c...'.......".“"’."..""."...'.".".'.'.....'."........‘..".“'90110115
290 SIGMAUINBRVAR)=SAVE 80x10116
SAVEsSIGHAL (NBRVAR) BOX10117 »>
IF (KBRAN.EQ «1)GOT0300 80X10118
IF (IOUTPT «NEOINRITE(E,2001)NBRVAF, ICC(NBRVAR) B0x10119
SIGMAL ( NBRV AR) =XBRNOD 80Xx10120
GOT0310 80Xx10121
300 IFC(IOUTPTNECUINRITE(E)1002)NBRVAR)INT (NGRVAR) B0OXx10122
SIGMAL (NBRVAR)=X1 BOx10123
310 OELTA=SIGMAL (NBRVAR) = SAVE BOX10124
C ADJUST THE UPPER LINMITS., 80X1012°% 3
U(NJRVAR)=SIGHAU(NBRVAR) = SIGHAL INBRVAR) 80X10126 ;
C AUJUST THE COST DATA. 80Xx10127 3
IF(ITYPZ.EQ.1)60T0330 80Xx10128 ;
: D0320J=1,N 80Xx10123
: 320 C2(J)=C20LD (Y 80x10130
E 330 TSIG=TBRNCD ¢ C2INBRVAR)®DELTA B80X10131
: C AOQJUST THE RIGHT -HAND-SIDc. B0Xx10132
003401=1,H7 BOX104133
360 PJLIN=0.C 80X10134
CALL GETCOL (NZ)NP,IR,IA, ISyTCyRHS9yC2,C1,PJyND1,NC2,ND3yND&yND5, 80X10135
1 NBRVARNZERQS) 80x10136
00350I1=1,NZEROS 80X10137
I=IS(I1) B0OX10138
350 RHS(I)=RHS(I) -~ PJ(I)®OELTA BOX10139
IF (IPHASE.EQ.2)RHS (MP2)=RHS (MP2) = PJ(MP2)®0DELTA BOX10140
C ADJUST THE VALUES OF THE JASIC VARIABLES. B8OX10141
RENRIND & 80X10142
READ (4)UIBV(I) I=1,ND4)s (NBV(I), 151sNOS) o(IUFPER(I) ¢I=14NDO5S), 80X15143
1 (BICI),I=1,ND%) y(BN(I),I=1,NDS) JLI0,NITERyNIINV,. 80X10164
2 (IBLIyJ)yI=1,N04&) yJ=1,N0O&) B0OX10145
D0360I=1,M7 B80X1014¢€
BICI)=B8I(I) ¢ BII,MP1)*PJINP1)*DELTA BOX10147
LF (NBRVARNE .18V (I))60T0360 BOX10148
BI(I)=8I(I) - OELTA BOX10149
360 CONTINUE 80X13 150U
C CHECK IF THE SUBPROGRAM IS INCLUOEO IN THE LAST SUBPR(GRAMN, BOX10151 .
IF(INT(NSRVAR) «NE.Q)GOTCQ370 80X10152 :
IF (ABS(UINBRVAK)) «GT.TOL2)GOTQ37C BOX10153
IEQ0J=1 BOX10154%
IF (IOUTPToNEG) PRITE(6,10(5) BOX10155
RETURN ; B80X1915¢
c.....‘.................................'....‘...‘.'.........‘."'..“..Boxlais7
C SOLVE SUBPROGRAYM LNGOE. 80X10158
c..’........‘...".....‘......‘.'.......'.’......‘.‘..'......'...‘....“80x10159
370 IEQJ=0 80X1016¢C
00330J4=1yN1P2 B80X10161
IF(UEJ) «LT.~-TOLZ2) COTO380 8OX10162
IF(U(J) «GE.TOL2%0.,1)GOT0330 80x10163
UtJ)=TOoL2%0.1 80X10164
GOT0390 80x10165
380 1E0J=1 BOX1016€ -
390 CONTINUE 80Xx10167
IF(IEOJ.EQ, 0)GOTOG1C B80X10168
C THE LUWER AND UPPER LIMITS ARE INCOVMPATIBLE. B0X10169
IF CIOUTPTNELC) PRITE(641006) 80OX10170
IF (IOUTPT .LE«1)RETURN 80X10171
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C THE

41C
C APPL

42¢e
430

44l
450

1
4oC

C APPL
C ESTA

&70

480
493

530
510

EXHIBIT 4 (Continued)

WRITE(6,1007)

DOLGOJ=1,N1P2

IF(U(J) GE.-TOL2)GOTOLOO
KRITE(6,1008)J,SIGMAL (J) ,SIGMAU(J)

CONT INUE

RE TURN

LOWER AND UPPER LIMITS ARE COMPAT IBLE.
IF(ITYPE.EQ.2)6G0TOLGEO

Y THE DUAL SIMPLEX ALGORITHM FIRST,
IF(IOUTPT.LE«1)GOTO4S50

NRITE(6,1GC3)1S16

WRITE(6,1009)

00430J=14N

K=INT(J)

L=ICC(J)

IF (IOUTPT «GE«3)GOTOL20

IF(KeEQeC +ANUe L<EQ.0)GOTOL3D
WNRITE(651013)J5KyL sSIGMAL (J)SIGMAV(J),C2(Y)
CONT INUc

IF (IOUTPT.LE.2)COTOL50
IF(NM1M3.EQe M) GOT LSO

0044 0J=NP 1 NMIM3
WRITE(6,1011) JeSIGMAL (J) 4 SIGMAU(J)
IALGO=2
CALL SIMPLE

IF(IE0J.NE.CIRETURN
IF(ITYPE.EQ.1)G0TO580

Y THE PRIFAL ALGGRITHH SECOND.
BLISH NEW COST CAlA.
TS16=0.C

DO430J=1,4N

K=ICC(J)

IF(KecW.C)GOTOULBL

CALL GETOBJ (KySIGMAL(J),FO)
TSIG=TSIG ¢ FC
IF(ABS(U(J) ) e LEeTOL2)GOTOLTT
CALL GETOBJ (K, SIGHMAU(J) ,F1)
C2(J)=(F1 = FLI/ZUJ)

G0T0490

C2(J)1=0.C

GOTO490

TSIG=TSIG ¢ C2(J)*SIGHAL (I
CONT INUE
IF(IOUTPT.LE.1)GOTOS3)
WRITE(64+1003)TSIG
WRITE(6,1009)

00510J=1,N

K=INT(J)

L=1ICC(J)

IF (IOUTPT «GE.3)cOTOS00
IF(K.EQe0 +AND. L EQ.0)GOTOS51D
WRITE(6,1C10)J,KyLySIGMAL (J),SIGHMAULJ),C2(J)
CONTINUVE
IF(IOUTPT.LE.2)60TOS30

IF (NM1M3.EQ.N)GCT C530
D0520J=NP1yNMINM3

89

P 4ZyNP3 IR, IA3 IS NV IBVINBV s IUFPERTCy FHS,C24C1,BI 48Ny
UsPJyBINVyXJyV yXZsByND1yND2,ND3,NOL ,NOS,NDE, NOT7)

80X10172
B0OX10173
80X10174
BOX1017°¢
BOX10176
80X10177
B80Xx10178
80X10179
BOX1018¢
80Xx10181
80x1318¢ 4
80X15183 ]
BOX10184
BOX12185
BOX10186
80x10187
80X13164
80Xx13183
30x1J13.
80X1J131
80x1019¢2
30X15193
BOX1319¢
50X13192
80X1013¢
BOX135197
30x1°198
8CX15199
BOX1G cyc
80X13el1 A
80X10zce :
80Xx102%3
BOX1CcJ«
80X13c.5
80X1Zcl€E
80Xx192357
BOXil%cCs
80Xx1J209
B80X1J¢c1l
BOX1dz11
B0X10212
BOX1%213
BOX1d21i4
80X13215
B80X10216
80X10217
B0OX15218
80X13219
BOX10 ¢20
BOXx1d221
BOX13l222
80X19223
B80X13224
80X10225
BOX1022¢€
8oXxi0227
80Xx10228




EXHIBIT 4 (Continued)

$20 MRITE(6,1011)J,SIGNALCJ) ,SIGHAULY)
: $30 INDEX=0
C BASIC VARIAGLES.
00550I=1,¢7
IF (I.EG.MP1) GOTOS550
J=I3V(I)
IF (J.GT.N)GOTOS50
1 T=C2(J) - C20L0(J)
3 IF (ABS(T) JLE.EPSI )GOTO550
b INDEX=1
BI(MP1)=BI(MP1) - T*BI(I)
DO540J=1,M7
S40 BIMP1,J)=BIMP1,J) = T*B(I,J)
$50 CONTINUE
C NONBASIC VARIABLES.
005601=1,L10
J=N3V(I)
IF (J.GT.NIGCTO560
f T=C2(J) - C20LD W)
IF (ABS(T) LELEPSI)GOTO560
INDEX=1
$60 CONTINUE
IF (INDEX.EQ. ) GOTO570
IALGO=1
CALL SIMPLE (NZ,NP,IR,IA,IS,NV, I8V,NBV, IUPPER,TCsRHS,C2,C1,B1,8BN,
1 UsPJ oBINVs XJeV X2 4B ¢ ND1y ND2oND3 s ND4 4NDS, ND6, ND7)
IF (IEOJ.NE. 0)RETURN
60T0530
$70 IF(IOUTPT.GE.2)NRITE(6,1012)
580 NFEAS=NFEAS + 1
C PRINT THE SOLUTION.
2=2 + TSIG
00590J=1,N1P2
$90 XZ(JI=XZ(J) + SIGMAL(J)
IF (IOUTPT.EQ.C)GOTO6GO
NUP=N
IF (IOUTPT «GE . 3) NUP=NM1N3
WRITE(6,1013)2
: NRITE(6,1014) (XZ(J) ,J=1,NUP)
600 IF (NSVRUL.GE+3 «ANDs NTIGHT.EQ.1) RETURN
; C DETERMINE THE SLOPES ASSOCIATED WITH THE OPTIMAL OBJECTIVE VALUE.
' cALL SLOPES (NZyNFyIRsIAoISIBV NBV, IUPPERTCoRHS+C2+C14PJyXJeS0s
S1,8,ND1,ND2,ND3,NO4 4ND5,NC8)

RETURN
1000 FORMAT(1H0,50 (1H®)/ €HONODE ,I5/20H0BRANCHED FROM NODE ,1I5)

soxi6229
80Xx10230
80X10231
80Xx10232
80Xx10233
BOX1023%
80X10235
BOX10236
80x10237
80Xx10238
80X10239
80X 10 240
80X 10261
80X102642
80X10243
BOX10266
B80X10245
80X1024€
BOX10247
B80X10248
80X10249
80x10250
B0OX10251
80X10252
BOX10253
BOX10254
80X10255
B80X10256
80X10257
B0X10258
BOX1G259
BOX1J ¢60C
80Xx10261
BOX10262
80X10263
80X10264
B0OX10265
80X10266
80X10267
B80X10268
B80X10269
BOX13270
Boxigeri
80x10272
80x10273

1001 FORMAT(23HOBRANCHING ON VARIABLE +15,27H WHICH IS CONCAVE VARIABLEBOX10274

.1 91I5)

80Xx10275

1602 FORMAT(23HOBRANCHING ON VERIABLE ,I5,27H WHICH IS INTEGER VARIABLEBOX10276

1 ,I5
003 FORMAT(7HOTSIG =,E15.6)
1G04 FORMAT(76HUTHE SUBPROGRAM NEED NO1 8E SOLVED AS IT IS INCLUOED IN
1THE NEXT SUEPROGRAM.)
‘ 1005 FORMAT(76HOTHE SUBPROGRAM NEED NOT BE SOLVED AS IT IS INCLUDED 1IN
; 1THE LAST SUBPROGRAM.)
| 1006 FORMAT(27HOTHE PROGRAM IS INEASIGLE.)
1007 FORMAT(38HGTHE FOLLCWING LIMITS ARE INCOMPATIBLE/
1 JHOVARIABLE, 9XsSHLCWER, 12X ySHUPPER/

90

B0X10277
BOX10278
80X10279
80X10280
80X10281
80X10282
80X10283
80X10284
80X1028%




EXHIBIT 4 (Continued)

| 2 2X 96HNUMBER » 10Xy SHLIMIT 125, SHLINIT//) BOX10z86
1608 FORMAT(3X,15,)3X,E15.692X,E15¢6) B0OX10287
| 1009 FORMAT(9HOVARIABL E9&XyIHINT 48X42H(C 412X +SHLOWER 12X ,SHUPPER 13X, BOX10288
| 1 4HCO ST/2Xy EHNUMIER 93 X9 BHVAFIABLE 92Xy BHVARTABLE »9Xy SEHLINIT, BOX10285
| 2 12Xs SHLIKIT,9X11HCOSFFICIENT/12Xe 6HNUMBER 4 Xy 6HNUMBER//) BOX1023C
| 1010 FORMAT(3X3I5,2(5X,I5)33X,3(215.6€,2X}) B80X10 291
| 10311 FORMATU3X,15923X%,E1506,2X,E1546) B0x10292
E 1612 FORMAT(29HOTHE LAST TABLEAU IS QPT1IMAL.) B80X10293
| 1013 FORMAT (17HOSOLUTICN VALUE =,£15.6) BOX1L234
i 1014 FORMAT(17HCVARIABLES =)6E15.,€/(17Xy6EL15.06)) 80X10295
| 1015 FORHAT(11H *®**%30x45) 80Xx1C29¢€
i END BOX10297
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EXHIBIT 4 (Continued)

SUBROUTINE BOX17 (INT,ICC,IBV,C2,SIGMAL,SIGMAU,XZ,S0,S1,ND1,ND4, BOX10001

1 ND6,ND8) 80x10002

C DETERMINE LOWER BOUND. SELECT THE BRAMHING VARIABLE. B80X10003
COMMON/P1/N oMy ITYPE ¢ NSTRAT, NOORL 1 ¢ NBVRLL1 ¢NTITE L+ NODRL2,NBVRL2, 80Xx10004

1 NTITE2 yMXLIST,LISTOP,ITAPE,IFE4MXITER,MBINV IOUTPT, B80X10005
ITRACE 4MSTART, TIMEL,TOL1,TOL2,PC3UB,ALPHA(10) B80X10006
CONHONIPZ/EPSI'EPSIHoBIGN BEGTMaML M2, M35 M s N1, MPL 4 MP2 4NM3,NHIM2, BOX10007

1 NM1M3 4 N1P2 yNP1 ¢NSUMsNTC, M10 8OXx10008
COMMON/P3/NOCNOT,UNOT ,IBUBOP 4 LPHASEyNOORULyNBVRULyNTIGHT, NLIST, 80x1000¢

1 NLISTSNFEAS,LSTMX, ITRTCT, ITR¥AX,BL8,NSRNOD,PBRNOD, B80OX10010

2 NBRVAR yNUPDWN y XBRNOD » TBRNID 4 NODE L NODE 4+ Z+ BOUNIL +30UNDYU, B80X10011

3 TSIGyIFEAS,I3RVRL yJUPIN1L yXBRVR1,I3RVR2,IUPDN2¢XBRVR2, 80x10012

L3 L10yNITER,NBINV M7 yIPHASE,NPHASE,NM3M7 yIALGO,IECQJ 80X10013
COMMON/PS/ IRCUND 80X10014
DIMENSION INT(ND1),ICC(ND1) ,IBV (NDL) 80Xx10015
DIMEINSION C2 IND1),SIGMAL {ND6) s SIGNAUINDE) 4XZ(NDE) 4SO(NDS) ,S1 (NDB) BOX1001E
IF(ITRACE.GE.1)WRITE(6+41009) 80X10017
IFINBVRUL.EQ.5) GOTO0420 80x10018
IFUINBVRUL.GE.3)GOTO250 80X1001S

CP P U r IR I N NI N S ST T S II N FIT S P IR IR SIS S NN IIIIF SIS SSRGS TSRS SII¥SROX10020
C MAXMIN AND MAXMAX BRANCHING VARIABLE SELECTICM RULES. 80Xx10021
Co P II IR IIIT I NN IS YIIIII IS NN RSB INBSIF SN NIIIIFIIVISISSISIISN SIS INBSINIR0X10022
BOUNOU=Z BOX10023
BOUNDL=2 80x1002¢
PENO0=Z 80x10025
PEN1=Z B0X10026
PEN2=Z 80X109027
IBRV=0 Boxio002¢8
JBRV=0 BOX10029
KBRV=0 BOX10030
IFEAS=1 80X10031

C BEGINNING OF LOOP. 80x10032
002401=1,M7 B0X10033
IFtI.EQ.MP1)GOTO240 80X10034
J=IBVI(I) 80X10035
IFtJ.GT.NIGOTO240 B0OX1003€
IFCICC(J) NELOVGOTOL20 80X10037
IFCINT(J).EQ.0)GOTO240 8ox1003e

C INTEGER LINEAR VARIABLE. 80x10039
K=XZ(J) BOX10040

X0=K 80X10041
Xi=Ke1 B0X10042
IFCABSIXZ(J) =X0) .LE.TOL2)GOTO240 B0X10043
IFLABS(X1-XZ (J)) «LE.TOL2)GOTQ240 80X10044
IFEAS=0 BOX10045
P0=BIGN BOX1004€
P1=PQ BOX10047
IF(SO0(I).EQ.-BIGNIGOTO100 8OX10048

P0=Z ¢ SO(I)®*(X0 - XZ(J)) BOX 10049

100 IF(S1(I).EQ.BIGNIGOTO110 80Xx10050
Pi=Z + S1(I)*(X1 - XZ(J)) 80X10051

110 IFCIBRV.EQ.0) IBRV=Y B0X10052
IFC(JUBRV.NE. 0)GOTO0190 B0X10053
JBRV=J BOX10054
JUPON=2 B0OX10055
IFtP1.LE.PO)GOTO190 BOX1005€
JUPON=1 B80X10057
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EXHIBIT 4 (Continued)

GOT0190
120 1F (INT(J) «NE.O)COTO160
C CONCAVE VARIABLE.

130 1F (ABS(XZ(J)=SIGMAL(JY) LE.TOL2)GCTO24C
IF (ABS(SIGHAU(J) =XZ (J) ) LE.TOL2 )GOTO24C
K=ICCJ)

CALL GETOBJ (K,SICMAL(J),FO0)

CALL GETOBJ (KyXZ(J)oF1)

DELTA=F1 = (F5 ¢ C2(J)®*(X2(J)=SIGKAL(J)))
BOUNDU=B0LNDU + DELTA

PL=Z + DELTA

P1=P0

IF(SO0(I).EQe=-BICN)GOTO140

TG=Z ¢ SC(I)*(SIGFALIJ) = XZ2(J))
IF(T0.LT.PO)PC=TO

140 1F(S1(I).EQ.BIGN)IGOTO15C
T1=Z + >1(I)*(SIGHMAULN) = XZ(J))
IF(T1.LT«PLIPL=TY

156 IF(OELTALEQ.0.0)GOT01930
IF(I3RV.EQ.J)IBRV=Y
1F (JBRV .NE, 0)GOTO 190
JBRV=J
JUPON=2
IF(P1.Lc«PT)GOTOL ¢
JUPUN=1
GOTU193

C INTEGER CONCAVE VARIABLE.

160 K=XZ(J)

Xo=K
X1=Kel
IFC(ABS(XZ(J)=XC) LELTOL2)GOTOL3C
1FCABS(X1-XZ(J)) o LE.TOL2)GOTOL3C
IFE #5=0
K=1CC tI)
C4LL GETOBY (KySICMAL(J) ,FQ)
CALL GETOBJ (KyX2yF1)
CALL GET08J (KyXiyF2)
FU=3IGN
P1=P0
IF(S0(I).EQ.-8IGNIGOTO170
PC=Z + SI(I)*(X0=XZ(J)) ¢ F1 - (FC ¢ C2(J1*(X0-SIGNAL(JI))
IF(ABS(X0=-SIGMAL(J))4LE.TCL2)GOTO170
T0=Z ¢ SC(II*(SIGMAL(J)~X2(J))
IF(TO.LT.POIPC=TC

170 IF(S1(I).EQ.BIGN)GOTO18¢C
P1=Z + S1(I)*(X1=-XZ(J)) ¢ F2 = (F{ ¢+ C2(J)* (X1=-SIGMAL (J)))
IF (ABS(SIGMAULJ)=X1).LE.TOL 2)60T0180
T1=Z ¢ S1(I)*(SIGMAU(J) =XZ(J))

18C IF(IBRV.EQ.0)IBRV=Y
IF (UBRV.NE.0)GOT0190
JBRV=J
JUPDN=2
IF(P1.LE«PO)GOTOLSE
JUPDN=1

C ALL VARIABLE TYPES.
C DETERMINE THE LOWER BCUND.

93

ey dia

80Xx10058
80X40C59
80Xx10060C
80X10061
80Xx10C62
BOX10(63
BOxi0G6E L
B0X10C6E
80X13066
80Xx10067
BOX10C68
B0X13C69
80Xx19C7C
80X13C71
80x10{7¢
BOX10C73
80X13€C74
80X16C75
80X10L76
BOX13(77
B0X13C78
B0OX13&79
80X19C5¢
80x10C81
80Xx10C8¢
80x10C83
30x10( 84
80Xx10(8<
80Xx10086
80x10C87
8ox1i0C48
80x13C83
80Xx10C93¢C
80x10C91
80x1009¢2
B0Xx10693
30X10C9¢
80X10C95
80x14096
BOX10097
80X10098
80X10099
BOX1010C
BOXx101C1
80x10102
BOX101C3
80X1015 4
BOX1C10¢
80X1010¢€
80X101C7
80X10108
80X131¢C3
80Xx10110
80X10111
80x10112
BOX10113
80X1011 46




EXHIBIT 4 (Continued)

190 PENA=PQ 80X10115

IF(P1.LT.PENA)PEN A=P1 80X10116
IF(FENAJLE.BOUNDL)GOT0200 80X10117

BOUNOL=PENA BOX10118

200 IF((SOCI)EQe=BIGN +OR+ S1(I)¢EQeEIGN) +ANDs NTIGHT.EQ.C)GOTO240 B80X19119

C DETERMINE THE MAXMIN SELECTION. 80X10120
IF(PENAJLE.PEND)GCTO210 80X10121

PENI=PENA 80X10122

18RV=y 80X10123

C DETERMINE THE MAXMAX SELECTION, 80X10124

210 PENB=P) 80X10125

1 Jup=2 BOX1012€
] IF(P1.LE.PENE)GOTO220 ; 80X10127
ﬁ PENB=P1 80X10128
: Juo=1 BOX10129
220 IF(PENB.LE.PEN1)GOT0230 80X10130

E PEN1=PENB BOX10131
JUPDN=JUO 80X10132

JBRV=J 80X10133

C DETERMINE THE MAXMAX SELECTION TAKEN OVER THOSE VARIABLES FOR WHICH  BOX10134

C THE MIN IS GREATER THAN Z. 80X10135

230 IF(ABS(PENA = Z)<LE.EPSI)GOTO240 80X10136
IF(PENBJLE.PEN2)GOTO240 80X10137

PEN2=PENS 80X10138

: KUPON=4UD 80X10139
KBRV=J BOX10 140

240 CONTINUE BOX19141

C END OF LOOP. BOX10142

6070290 S0X10143

c.......l. """'"""'”""'”“'""“""""""""'"“"""”'Boxﬁl1‘0&

C MIXED INTEGER LINEAR FRCGRAM WITH THE MOST NCNINTEGER BOX10145

C OR WEIGHTED NCNINTEGER ERANCHING VARIABLE SELECTION RULE. 80X10146
C""""""“"""”""'""""""‘"“"“"""“"""""""'BOXIUIB?

250 BOUNOU=2Z BOX10148

BOUNDL=2 BOX10149

PEN1=0.0 80X10150

] PEN2=0.0 80X10151
3 JBRV=( BOX10152
K8RV=0 BOX10153

IFE£S=1 80X10154

C BEGINNING OF LOOP, BOX10155

00280I=1,M7 BOX1015¢€

IF(1.EQ.MP1)GOT0280 80X10157

J=18V(I) 80X10158

IF (J.GT .N)GOTO280 BOX10159

IFCINT(J) <EQ.C)GOTO280 BOX10 160

K=XZ (J) 80X19161

X0=K B0X10162

PO=XZ(J) - X0 80X10163

P1=1,0 - PO BOX10164

IF(POLE.TOL2)GOTC280 80X10165

IF(P1.LE. TOL2)60T0280 BOX10166

IFEAS=0 BOX10167

C DETERMINE THE MOST NONINTEGER SELECTICN. 80X12168

, PENB=2PO 80X10169
4 JUD=1 80X15 .70
IF (P1.GE.PENBIGOI <260 BOX10171
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EXHIBIT 4 (Continued)

PENE=P1 80x10172
JUuo=2 BOX10473

260 IF(PENB.LE.PEN1)GOTO270 BOX10174
PEN1=PENB 80X10175

JUP CN=JUD BOX1017¢€
JEBRV=Y BOX10177

C DETERMINE THE WEIGHTED NONINTEGER SELECTION. B0X10178
270 PENB=PENB*ABS(C2(J)) 80x10179
IF(PENS.LE.PEN2)GOTO280 80X10180
PEN2=PENB 80x10181
KUPDON=JUOD BOX10182
KBRV=J 80Xx10183

280 CONTINUE B0OX10184%

C ENO OF LOOP. BOX1018¢
(AT TR Y Ty Ry R T e A R R 2L : T ) SN PE] 3
C COMMON LOGIC FOR MAXMIN, MAXMAX, MOST NONINTEGER AND WEIGHTED 80Xx10187
C NONINTEGER BRANCHING VARIASLE SELECTION RULES. 80X10188
LI T TR R R R Y Ry R R R R R R R R R Y R RS R L SN BY-L
290 IFC(ITYPE.NE.1)GOTO320 B80X10190
IFUIROUND.EQ.0)G0OTO0320 80X10191

C ROUND THE LOWER BOUND UP I- THE 0BJECTIVE FUNCTION IS INTEGER VALUED. BOX10192
IF(BOUNDL.LE.0.0)GOTO300 BOX101933
INTRO=BOUNDL + 1.0 ¢+ EPSIM 80X10194
G0T0310 BOX1019°5

300 INTED=BOUNDL ¢+ EPSIM BOX1019€
310 BOUNDL=INTSD 80X10197
320 IF(KBRV.NE.D}GOTO330 BOx101¢¢e
KBRV=JBRYV 80x10199
KUPDN=JUPDN 80x10200

C SELECT THZ BRANCHING VARIABLE FOR A ONE PHASE METHOD OR PHASE 1 OF 80x10201
C A TRO PHASZ METHCD. 80Xx10202
330 GOTO(340+35043604350,350)yNBVRLL ¢ 1 80x10203
340 IBRVRL=IBRV 80X10204
IUPONL=2 80x1020°5
GOT0370 B0X1020€

350 IBRVR1=JBRV BOX10207
IUPON1=JUPON 80Xx10208
GO0T0370 80x10209

360 IBRVRI=KERV 80X10210
IUPDNL=KUPON BOX10211

370 XBRVR1=0.0 BOXx10212
IFC(IBRVR1.NE0)XBRVR1=XZ (IBRVR1) B0OX10213
IFINSTRAT.EQ.1)GOTOL4LD BOX10214

C SELECT THZ BRANCHING VARIA3SLE FOR PHASE 2 OF A TWO PHASE METHOO. 80X1021°¢
GOTO(3804+330+400,4330,400) 4NBVRLZ + 1 BOX1021€

380 IBRVR2=1IBRV 80x10217
IUPCN2=2 80Xx10218
GOTOouL10 80Xx10219

390 IBRVR2=JBRV BOX10220
IUPDN2=JUPDN BOXx10221
6GO0TO0410 BOX10222

400 IBRVR2=KBRV 80X10223
IUPONZ=KUPON BOX10224

410 XBRVR2=0.0 80x10225
IFUIBRVR2.NE0)XBRVR2=XZ (IBRVR2) BOX1022¢€
60TOL40 80x10227
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EXHIBIT 4 (Continued)

C CONCAVE NONLINEAR PROCRAM MITM ¢HE COIVENTIONAL $0X10229
C BRANCHING VARIABLE SELECTION RULE. 80X18 230
c... sowe ...O.....‘....'.............“....‘....‘...."........‘....”....oxia z,‘
420 BOUNDU=Z 80Xx10232
PEN=0.0 80X10233
IBRVR1=0 80X10234
D0430I=1,M7 80X10235

IF (I .EQ.MP1) GOTO430 80X1023€
J=IaV(I) BOX10237
IF(J.GT.NIGOTO4 20 80X10238
K=ICC(J) BOX10239

IF (K.EQ.0)GOTO0430 80X10 240

CALL GETOBJ (KySIGMAL (J),FO) 80X10 261

CALL GETO0BJ (K¢XZ (J)yF1) 80X10242
DELTA=F1 = (FO ¢ C2(J)®(XZ(J)=-SIGFAL(JI))) 80X10243
BOUNDU=GOUNCU + DELTA 80X10244

IF (DELTALLEFENIGOTOL30 BOX10245
PEN=DELTA B0OX1024€
18RVR1=J BOX10247

430 CONTINUE 80X10248
XB8RVR1=2.0 80X10249

IF (IBRVR1NE«0) XBRVR1=XZ ( IBRVR1) 80X10 250
BOUNDL=2 B0OX19251
IFEAS=1 80X10252
c....." SR SSFIBIBINIIINGY .....0....‘.......'...............l.......'...'.aox 10 2;3
C PRINT OUT THE RESULTS. 80X10254
c‘...'.l [ XTSI RIS SIS RS R 2 X ..'.‘..‘..l..........‘...'.....”...Boxiuzss
440 IFCIOUTPT.EQ.U)GOTOSHD BOX1025€
IFINSTRAT.EQe2 +AND. LPHASE.EQ.2)GOTO500 80X10257

IF CIBRVR1.EQ.L)GOTO530 80X10258
IF(1.LE.NEVRLL <AND. NBVRL1.LE.4)GOTO450 B80X10259
WRITE(6,1000) IBRVRL 80X10 263
GOTO479 80X10261

450 IF(IUFON1.EQ.2)GOTOL60 B0X10262
NRITE(6,1001) IBRVRL BOX10263
GOTO4L70 80X10264

460 WRITE(6,1002) I8RVRL 80X10265
470 IF (NSTRAT.EQ.1)G0T0530 80X10266
IF (1ERVR2.EQ.5)GOTOS3D BOX10267

IF (1 LE.NEVRLZ ,AMDe NBVRL2.LE.4)COTO480 80X10268
WRITZ(6,1003) I6RVR2 80X10269
60T053¢ 80X10270

40) IF(IUPDN2.EQ.2)6010490 80X10271
NRITE(6,1004) IBRVR2 80X10272
G0T0530 80Xx10273

490 WRITE(6,1005) IBRVR2 80X10274
G0T0530 80X10275

SC0 IF(IBRVR2.EQ.C)GOTOS3C BOX10276€
IF(1.LE.NBVRLZ .AND., NBVRL2.LE.4)GOT0510 80X10277
WRITE(6,1000)IBRVR2 80X10278
G0T0530 80X10279

610 IF(IUPON2.EQ.2)60T0%20 80X10280
WRITE(6,1001) IBRVR2 80X10281
G0T0530 80X10282

520 WRITE(6,1002) IBRVR2 80X10283
530 NRITE(6,1006) BOUNCL 80X10284
IF (IFEAS.EQe 1) WRI 1E(6,1C07) BOUNOU 80X10285
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EXHIBIT 4 (Continued)

S40 IF(NODE.NE.1 .OR., IBUROP.EQ.0)RETURN B80X1028¢€
C ESTABLISH THE INITIAL BEST UPPER BOUND. B0X10287
UNOT=30UNOL ¢ PCBUB BOX10288
IFCIOUTPT.NE.O)WRITZ (65,1008 )UNOT 80X10289
RETURN 80Xx10290

1000 FORMAT(10HOVARIABLE +I5+27H IS THE 3RANCHING VARIABLE.) B0X10291
1001 FORPMAT(10HOVARIABLE +I5,69H IS THE BRANCKING VARIABLE. CONTINUE BRBOX10292
LANCHING FROM THE LOWER BRANCH.) 80Xx10293
1002 FORMAT(10HOVARIABLE 415,694 IS THE BRANCHING VARIABLE. CONTINUE BRBOX10294
1ANCHING FROM THZ UPPER BRANCH,) B0X10295
1003 FORMAT(10HOVARIABLE »I5,39H IS THE BRANCHING VARIABLE FOR PHASE 2.B80X1029€
1) B80X10297
1004 FORMAT (LO0HOVARIABLE +I5+81H IS THE BRANCHING VARIABLE FOR PHASE 2.B0X102¢8
1 COMNTINUE BRANCHIMNG FROM THE LOWER ERANCH.) 80X1929¢
1005 FORMAT(10HOVARIABLE ,I5,81H IS THE BRANCHING VARIABLE FOR PHASE 2.80X10300
1 CONTINUE BRANCHING FROM THE UPPER 3RANCH.) B0X10301
1006 FORPAT(LLHOLONER BOUND =,4E15.6) 80X10302
1007 FORMAT(1LHOUPPER BOUND =+E15,6) B80X10303
1008 FORMAT(31HOTHE PHASE 1 BEST UPPZR BOUND =,E15.6) 80X10304
1089 FORMAT(11H ®®%%%80X17) 80Xx1030¢
END ? BOX1030€
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EXHIBIT 4 (Continued)

SUBROUTINE BOX23 (INUSE ,XNOT,CAPP,X2Z,ND1,ND6,ND1C) BOX2000C1
C UPDATE THE B8EST UPPER BOUND. IF IN PHASZ 1, MZRGE THE SUBLIST INTO Box2J.c2

C THE LIST AND ENTER PHASE 2. EUIT THE LIST. B0X20:.63 s
COMMON/PL/NyMy ITYPE yNSTRAT,NOORLL yN3IVRLL,NTITZ 1 ,NODRL2yNBVRL2 BOX20CQ&

1 NTITE2 yMXLIST,LISTOP, ITAPZ,IFBy1XITER,MBINV,IOUTPT, 80X20205 7

2 ITRACE g MSTART,TIMZZ,TIL1,TOL2,PCBUB, ALPHA (L ) BOX2uv.L6
COMMON/P3/NODNOT, UNOT ,IBUBOP y LPHASE yNODRUL yNBVRUL yNTIGHT oHLIST, BOX2354GC7
1 NLISTSyNFEAS)LSTHXy ITRTOT,ITEMAX ,BLB yN3RNOD yPIRNOD, BOX202G38

2 NBRV AR » NUPD WN 4 XBRNOD, TBRNOD, NUGDZ yLNODE yZ BOUNODL »BOUNDU, BOX20G09 |
3 TSIG,IFEAS, IBRVR1,IUPDN1,X8RVR1, IBRVR2,IUPDN2,XBRVR2) BOX2ui1e
L L1GyNITER)NSINV, M7y IPHASE ,NPHASE yNM3M7,IALGO,IEQY BOX20011
DIMENSION INUSE(ND1C) B80X23012
DIMENSION XNOT (ND1),CAPF(ND1C) yXZ (ND6) B0X293513
IF(ITRACE«GCe1)ARITE(H, 13C4) BOX2J.14
C UPDATE THE BEST UPPcR BOUND. 80X20015
NODNOT=NODE BOX20i16
UNOT=BOUNDU 80X20017
00138J=14N 80Xx22°138
1.0 XNOT(J)=XZ(J) B0X20019
C EDIT THE LIST. BOX20420
NDELET=Q 80Xx20021
D0113I=1,HXLIST B0X2v.22
IFCINUSE(I) +EG.D)GOTO113] 80Xx20523
IF(CAPP(INaLTe (1.-TOLL)*UNOTIGOTOLLS 80X23324
INUSI (D) =g BOX20025
NDELET=NDZLcT+1 BOX2J.26
110 CONTINUZ BOX2032~
IF(IOUTPT.NEJ)WRITE(6,10C3)NOONO T, UNOT BOX20028
IF(NOELET.EQ..)GOTO123 80x200C29
NLIST=NLIST-NOELET 80X23.3¢
IF(IOUTPT.EQ.C)GOTO12E B80X20L31
WRITE(6,1GJL)NGCELET 80X209032
WRITE(651JU2)NLIST BOX20333
120 IF(ITYPE.EQ.2) RETURN BOX2C 34
IF(LPHASE.EQ.2)RETURN B80X20C35
C ENTZR PHASE 2. 80Xx206C36
3 LPHASE=2 80x208037
4 IF(NSTRAT.EQ.1)6G0T0130 BOX2u. 38
4 NODRUL =NODRL2 80X20039
NBVRUL =NBVRL2 BOX20354G
NTIGHT=NTITZ2 B80X206041
130 IF(IOUTPT.NE.U)WRITE(6y 1003) BOX2u:42
IF(IBUBOP.EQs.)RETURN B0X20043
IB8UBOP={ BOX20G544
C MERGE THE SUBLIST INTO THE LIST. 80OX233%45
DO143I=1,MXLIST B0X20.46
3 IF (INUSE(I) «GE+u)GOTO 1G. BOX20C47
i INUSE(I)=-INUSE(I) 4 80X20048
i 140 CONTINUE BOX20GC49
RETURN B80X20050
1.0J FORMAT(6H.NODE ,I5,35H FROVIDCS THE NEW BZST UPPZR BOUND ,E15.6) BOX2J051
1001 FORMAT (46HC THE NUMoeR OF MODES ODELETED FROM THE LIST IS ,I5) BOX20G052
1002 FORMAT (26HOTHE CURRENT LIST SIZE IS ,I5) BOX203053
1003 FORMAT (L4HOENTER PHASE 2) B80X20. 54
luulk FORMAT (L11H ***e»B(0X23) 80X200355
END 80X%20356
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EXHIBIT 4 (Continued)

SUBROUTINE 80X25 (INUSE yIMS,C2,CAPP,CAPL,SIGMAL ySIGHAU,SLOLD, 80x20001
1 SUOLD,C20LDyFMSyNDLyND6y NO9yND1- s ND 12, NOMS2, 8oxz2o0cc2
2 NDMS3) B0X20003
C STORE NOOE LNGOE IN THE SUBLIST (WHEN IN PHASI 1 AND LOWER BOUND LESS BOX2J.C4
C THAN BEST UPPER BOUND) OR IN THZI LIST (OTHERWISE). BOX200CS
COMMON/PL/N My ITYPZ yNSTRATHyNOORLL yNIVRLLyWTITZ1yNOORL2)NBVRL 2y BOX235i6
1 NTITE29MXLIST,LISTOP,ITAPZ)IFByMXITER)M3INV,IOUIPT, BOX20iC7
2 ITRACE yMSTART,,TINZ1,TOL1,TOL2,PC3UByALPHA(LC) BOX2:5.08
COMMON/P2/EPSI yEPSIMyGIGN yBZGTMyM1,M2,M3 MUy N1 yhPL,MP2,NM3,NM1M2, BOX20CC9
1 NMLIM3,NLIP2yHPLyNSUMINTC, ML, B80Xx204510
COMMON/P3/NCONOTUNOT y I3UBOP ) LPHASEyNODRUL yNBVRUL yNTIGHT ,NLIST, 80x23c11
1 NLISTS ,NFEAS,LSTHMX,IV<TOT,ITRMAX ,ELS y N6RNOU ,PBRNOD, 80x23¢512
2 NBRVAR 9 NUPD WN yXBRNOD , TBRNOD,NODZ yLNODE yZ 9 BOUNDL , 30UNDU, BOX20213
3 TSIG,IFEAS, IBRVRL,IUPONL yXBRVRL, IBRVR2, IUPDN2, XBRVR2, BOX20016
4 L10y NITERZ)HNBINV 417, IPHASE yNPHASE yNM3INT7,IALGO,Ic0J B0X234015
DIMENSION INJUSE(NDLC) IMS(NIMS2) B80X20C16
DIMENSION C2(H01),CAPP(NDLI.),CAPL (NDO12),SIGMAL (ND6) ,SIGMAU(NDE), BOX200G17
SLOLOD(ND6), SUOLO(NDE) ,C20LD(ND9) 5 FMS (NDMS 3) BOX20318
IF(ITRACE.GE«1)WRITE(6,40C9) BOX23019
C CHECK IF THE MAXIMUM LIST SIZE WILL BE EXCEEDED. 80X2..27
IF(NLIST+1.,LE.MXLIST)GOTOL32 BO0Xx20021
IFCIOQUTPT NZ.CcIWRITC(6y 13C0)NODE 80x2dc22
C DETERMINE THAT NOOE IN THE LIST WITF THS GREATEST LOWZR BOUND. 80Xx20323
GLB=-BIGN B0Xx2i3i24
D012.I=1,MXLIST BOX20C25
IFCINUSC(I) «£Qeu)GOTOLG3 80X20C26
IF(CAPP(I).LE.6LBIGOTOLS3 BOX2u.27
GLB=CAPP(I) B0X20C28
10=1 80x2€029
240 CONTINUE B80%X23133¢C
IF(30UNDL .LT.GLB)IGOTO 110 BOX2, .31
IF(IOUTPT.EQ.CIRETURN BOX29:.32
WRITE(6,1001) B80X20C33
RETURN B80X20C34
110 IF(IOUTPT.NZ.Q)WRITE(6,1002) INUSE (ID) BOX2J.35
IF(INUSE(IL).GE.D)GOTO120 BOX2003¢
NLISTS=NLISIS - 1 BOX2G537
120 NLIST=NLIST - 1 BOX24¢.38
INUSE (I2)=0 BOX2¢. 39
6070150 BOX2004U
C FINC AVAILABLE SPACE IN THE LIST. BOX2Jg4J61
130 D014LJIIG=1,MXLIST BOX20( 42
IF(INUSE(ID).EQ0.0)G0T0159 BOX2J.43
14¢ CONTINUE BOX23044
150 IFC(IBUBOP.EQsc +OR. BOUNDLGE.UNOT)IGOTO164 BOX2J3045
c...'....... B25203803830033308058380383383333%08 """""“""“"“"BOXZJ MY
C STORE THE NODE IN THE SUBLIST. 80X24 .47
c. SR BBV 823503333333 533%83383300388008303383303008333333388880808080%s BonOOI’e
INUSE (IJ)==NODE B0OX20549
NLISTS=NLISTS + 1 BOX20(l5¢
GO0TO0170 BOX2.,.51
cl X R Y Y R R R R R R R R I Y R R A A R R A S R L R Rl S R R R R R A L L2 aoxza CSZ
C STORE THZ NODE IN THE LIST. B0X21G53
c..‘..‘..‘.....‘....‘.'.‘..‘.“'.....ll“..‘l‘.l. 880 '.‘l..l..".‘."“.‘aoxZJ:5[.
160 INUSE (IJ)=NOOE BOX2v.55
17C NLIST=NLIST ¢ 1 80x20056
IFC(NLIST.GT.LSTMX)LSTMX=NLIST 80x239057
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EXHIBIT 4 (Continued)

IFCIOUTPT (EQ.0)GOTO180 83x200%8
WRITE (6,1C03)NODE 80X20059
WRITE (6,1004)NLIST 80X20060 . J
c...‘....'.........“. S5 5058553500800 ‘..“l...Q........O._.....“.......'o‘z.o.‘ 4
C SET CAPP AND CA2L. 80X20C62 |
c“........".. PP PSP 9935053503300 04800 ..‘.......0.‘...'...'.............aoxzo esz
C SET CAPP FOR THZ NOOE BSING SAVED. 80X20064
180 CAPP(I0)=BOUNDL 83X20065
IFINSTRAT.22.2)GOTI19¢C 80X20C66
IF(NOORL1 .22.1)G0TJ200 80X20C67
GOT0280 80X20068
190 IF(NOORL2.E2.1)6G0T3209 80X20069
IFILPHASZ.EQ+1 .AND. NOORL1.EQ.1)GOYI200 80X20079
GOTC280 80X20071
C OETERMINE CAPL FOR THE NODE BEING SiVZO0, 8IX20072
200 IF(1.LE.NBVRUL .AN)e NBVRUL.LE.s)GOT)226 80X20C73
3 IF(LNODE.E2.2) 5070210 80X20074
PNEWND=P3RNI D 80X20075
GOV0270 80X20076
210 PNEWND=PBRNOD ¢ 1.0 80X20077
GOTO0240 80X20078
220 IF(LNODE.EQ. NUPDWN)30TO023C 80X20079
PNENND=PBRNID 80X20080
GOT0270 80X20081
230 PNEWND=PBRNOD + 1.0 80X20082
260 IFCIBUBO02.5Q.0)G0T0270 83X20083
PMIN=BIGN 80X20084
00250 I=1, MXLIST 80X20085
IFCI.EQ.ICI50TI25¢ BOX20086
IFCINUSE(T1.EQ.7)GOT0250 80X20087
IFC(CAPL(I).LE.P3RNDI) GOTO253 82X20C88
: IF(CAPL(I)3E.2MINIGOTO250 80X20083
P PMIN=CAP. (I) 80X20090
250 CONTINUE 83X20091
IF(PMIN.3T.PNZANDISOT 0270 - 80X20592
C INCREVMENT CAPL FOR NOCSS SUBSEQUENT TO T4E NODE BEING SAVED. 80X20193 E
00260 I=1,MXLIST 80X20094
IFCINUSE(T) . EQ.2)6ITI26C 80X20095
IFC(CAPL(I).LE.P3RNOI) GOTO250 8IX20596
CAPL(I)=CAPL(I) ¢1.) 80X20C97
260 CONTINUE ; 80X20098
C SET CEPL FOR THZ NIOE 3ZING SAVED. 80X20599
270 CAPL(IO)=PNZWND 80X20100
c...‘l.. (I RIS R RIS R RSN R IR R RIS R R YR SRR Y AT R R AR YR A R R T 4 X ) ..‘.Baxzo 101
C WRITE OUT THE JATL FOR THIS NODE. 8IX20102
c........l‘ SP SIS S LP SIS PIIBIIBIENLIES ..."‘...‘.‘.....C...."......‘.Box20103
260 IMS(1)=I3RVR1 80X20104 !
IMS(2)=TUPIN1 80X29105
IMS(3)=L1i 80X20106
IMS(4)=NITER 80X20107
IMS(5)=NBINV 80X20108
INS(6)=N7 80X20109 .
IMS(7)=IPHASE 80X20110 ,
IMS (8)=NPHASE 80X20111
IMS(9)=NM3N7 80X28112
IFINSTRAT.EC.1)G0T0290 80X20113 .
IMS (10) =1 BRVR2 80X20114
100
i
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EXHIBIT 4 (Continued)

INS(11)=IUPON2
290 FHS(1) =2
FMS(2)=TSIG
FMS(3) =XBRVR1
IF(NSTRAT.EQe1)G0TO354
FMS (4) 3XBRVR2
333 IF(LNODE.EQ.2)GOTO033G
INTERCHANGE SIGMAL pSLGCLD AND SIGMAU,SUOLC.
0031:9=1,N1P2
T1=SLOLOD(DN)
T2=SUOLD(Y)
SLOLOD(J)=SIGMAL(JY)
SUOLD(J)=SIGMAU(J)
SIGMAL (J)=T1
310 SIGMAUL(U =T2
IF(ITYPE.EQ.1)GOTO360
INTERCHANGE C2 AND C20L0.
0032.4=1,N
TENP=C20LO(J)
c20LD(J)=C2 )
326 C2(J) =TEMP
60T03e60
PUT SIGMAL INTO SLOLD, SIGMAU INTO SUOLD.
330 DO34cJu=1,N1P2
SLOLO(J)=SIGMAL(J)
343 SUOLD(J)I=SIGMAU(J)
IF(ITYPE.ZQ.1)GOTO36D
PUT C2 INTO C20LO.
D035SuJ=1,N
350 C20LD(J)=C2(J
360 CALL WRITMS (2,IMS,NDMS2,10)
CALL WRITMS (3 ,FMS,NOMS3,IC)
IF(LNODZ.Z2Q.2)GOTO39C
INTERCHANGE SIGPFAL,SLCLD ANO SIGMAU,SUOLD.
0037Jy=1,4N1P2
Ti=SLOLO(Y)
T2=SU0LD(J)
SLOLO(J)I=SIGMAL(J)
SUOLO(J)=SIGMAU(Y)
SIGMAL (U)=T1
370 SIGMAU(J)I=T2
IF(ITYPE.ZQ.1)GOTO39)
INTERCHANGE C2 AND C20LD.
OOJOSJSI.N
TEMP=C20LD(J)
c20L0 (N =C2(J)
380 C2(J)=TcMP

390 IFCIOUTPT.LE«2)RETURN
INDEX=0
IF(NSTRAT.EQ.2)G0TO4OJ
IF(NODRL1+.EQe1)GOTOW2S
GOTOuL10

430 IF(NODRL2.EQ.1)GOTOW2S

IF(LPHASE«EQe1 +ANDs NOORL1.EQ. 1)GOTO420
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80X20115
80x20116
B80X23117
80X20118
B80Xx20119
80X20123
80x2v122
BOXx2G122
B0X20123
B80X20124
B80Xx2y12¢
BOX2G126
BOX29127
60x20128
B80X24129
80X2313¢
B0OX29131
BOX2C132
80X20133
B80X2313¢
80X26135
B0X2,136
B0X23137
B0X20138
80X20139
BOX2u 14
BOX20 141
BOX2J142
B80X20143
BOX2. 144
B80X203145
BOX20146
BOX2J147
BOX2J 148
BOX20149
80X2315C
80X20151
B0X25152
B0X20153
BOX2315¢4
B0OX20155
B0X23156
80X20157
BOX20158
B80X20159
BOX2u 16t
B80X20161

Coo383808000808004000 S FVVBIIBIBVIVIVIBBINIBNINEBINIONIBIIBVIIINIINLS ‘.Qeoxza 162

C PRINT OUT THE LIST.
P P sa st s er s s s s s sl s N NI NN I NI N TN E NS AN TNNIT BINISIOIINSSIIN GRS SRS R0X2)164

BOX20163

B0X20165
B0X20166
80X2.167
B0X20168
B0OX20169
80x2017¢
BOX2v171
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EXHIBIT 4 (Continued)

410 INDEX=g
WRITE(6,10095)
GOTO0430
420 NRITE(6,1006)
430 D045.I=1,MXLIST
IF(INUSE(I) .EQ.0)GOT04&S50
IF(INDEX.EQ+0) GOTO44LO
WRITE(6,1007) INUSE(I) ,CAPP(I)
GOTO450
440 WRITE (6,1008) INUSE(I) ,CAPP(I) ,CAPL(I)
450 CONTINUE
RETURN
1000 FORMAT (48HOLIST SIZE EXCEEOED WITH ATTEMPT TO RECORD NOOE ,IS5)
1001 FORMAT (29H THE NODE IS NOT BEING SAVED.)
1002 FORMAT (6H NODE ,I5,31H IS BZING PURGED FROM THE LIST.)
1003 FORMAT (6H.NODE ,I5,19H SAVED IN THE LIST,.)
1004 FORMAT (26HOTHE CURRENT LIST SIZE IS ,I5)
1005 FORMAT (1HQ 3Xy 4HNODE » 9X 9 SHLOWER /17X, SHBOUN 0O/ /)
10G6 FORMAT (1HG 9 3X ) 4HNODEy 9X  SHLOWER 98X » 1JHPROCESSING/17 X, SHBOUND
1 11X, 5HORDER//)
1007 FORMAT (3X51552X,E15.6)
10068 FORMAT(3X,I552XyE15.652XyF11.0)
1639 FORMAT (11K ®®sseg(x25)
END
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80X20172
80X20173
80X20174
BOX2v175
B0X20176
BOX20177
BOX20178
BOX23179
B0X24180
BOX25181
80X2)182
BOX20183
B0OX20184
B80X2J185
BOX20186
BOX20187
BOX22168
B80Xx2J189
B0X20194
B0X20191
BOX20192
B0X20193
80X20194
80X20195




EXHIBIT 4 (Continued)

SU'BQOUTINE ‘DJUST (V1,V2,V3,VeyT1,T2,T3,T4,5L,SV) ADJUOOCYL

C ADJUST THE LOWER AND. UPPER LIMITS ON A VARIABLE USING THE BEST ADJUOGO2
C UPPER BOUND. ADJUOIL3 1
COMMON/PL1/N,M, ITYPE,NSTRAT ,NOORL1 ,NBVRL1 ,NTITEL ,NODRL2,NBVRL2, ADJUOOGS :
1 NTITE2 MXLIST,LISTOP,ITAPE,IFB,MXITER,MEINV, IOUTPT, ADJU0DB0S
2 ITRACZ 9yMSTART,TINZ1,TOL1,TOL2,PCBUB,ALPHA (] ) ADJUG2CE
COMMON/P3/NJDNQT,UNOT » 18UB0? y LPHASE yNOURUL yNBYRUL,NTIGHT4NLIST,  ADJU.L7
1 NLISTS,NFEAS,LSTMX, ITRTOT,ITRMAX ,3LE, NBRNOD ,PtRNOD, ADJUGCCS
2 N8RV AR y N\UPDWN ,XBRNOD, TBRNOD, NODE y L NODE »Z » BOUNDL , B0UNDU, ADJUIDCY
3  TSIG,IFEAS, IBRVR1,IUPDON1 ,XBFVR1y IBRVR2,IUPDN2 ,XBRVR2, ADJUO1C :
4 . L1C o NITERWNBINV M7 o IPHASE yNPHASE yNMIM7,IALGO,IE0J 40JUL 011 |
IF(ITRACE.GE«2)WRITE(6,y 10C4) ADJU0D12
C ASSUME THAT THE CURVE CONSISTS OF TWO LIN-AR SEGMENTS, ONE CONNECTING ADJUJC13
| C THE POINTS (V1,T1) ANO (V2,T2), THE OTHER CONNECTING THE POINTS ADJUAG14
| C (V3,T3) AND (Vé&,T4). ‘ ADJUDJ15
i SL=vi ADJUD016
I IF(TL.LELUNOT) GOTO130 ADJUDILT7
i IF(T2.GE.UNOT) GOTO0160 ADJUJ .18
; SL=V2 ¢ (UNOT = T2)*(Vi = V2)/(T1 = T2) ADJUGO19
i 6070130 : ADJUA G20
; 133 IF(T3.GT.UNOT)GOTO0110 ADJUDO21
‘ SL=V3 ADJUJ .22
| 60TD130 ADJUDG23
| 110 IF(T4.GE.UNOT)GOTO0120 ADJUD 24
| SL=V4 ¢ (UNOT = T4)*(V3 = V4) /(T3 = Tu) ADJUIG25
F GOT0130 ADJUS-26 ]
i 123 SL=Vé ADJUG027
i 133 SU=Va ADJUDD28
i IF (T4 LEUNIT) RETURN ADJUOC29
i IF(T3.6E.UNOT) GOTO14d ADJUS. 3.
I SU=V3 ¢ (UNOT = T3)*(V3 - V&) /(T3 = T4) ADJUD031
RETURN ADJUIG32
140 IF(T2.GT.UNOT)GOTO150 ADJUDO33
Su=v2 ADJUG .34
RETURN ADJU003S :
150 IF(T1.GE.UNOT)GOTO160 : ADJUIC36 ]
© SU=V1 ¢ (UNOT = T1)%(V1 - v2)/(T1 - T2) ADJUOI37 :
RETURN ADJU..38
163 SU=Vi ADJUG 339
RETURN ADJUG TG
1000 FORMAT (12H *****AQJUST) ADJUJ 61
END ADJUL 42
r
I
|
3
i 103
1




EXHIBIT 4 (Continued)

SUBROUTINE BINVRT (NZyNPyIRyIA,IS,IBV,NBV,IUPPER,TC,RNS,CZ2,C1,8I,
1 UsPJoBINV,8,ND1,ND2,ND3,ND&, ND5, NDE,ND7)

C COMPUTE THE BASIS INVERSE CORRESPONDING TO THE BASIS SPECIFIED
C IN ARFAY 18V,

COMMON/P1/Ny My ITYFE yNSTRAT, NODRL 1 yNEVRL1,)NTITEL, NODRL2,N3VRL2,
NTITE2oMXLISToLISTOPLITAPE IFB MXITER MBINV,I0UTPT,
ITRACE,MSTART,TIMEL1,TOL1,TOL2,yPCBUB,ALPFA(LLC)

COMMON/P2/EPSI yEPSIMyBIGN yBEGT Mo M1, M2 M3 oMl oN1o MPL MP2 o NM3,NM1IMN2,
NMiIM3I,N1P2,NP1yNSUMNTC ¢4M10

COMMON/P3/NGDNOT 4 UNOT o IBUBOP LPHASE ¢ NODRUL ,NBVRUL yNTIGHT, NLIST,
NLISTS,NFEAS,LSTMX, ITRT (T ITRMAX, BLE, NBRNOD yPERNOD,
NBRVARy NUFOWN ¢ XERNOC, TBRNODyNOOE yLNODE 42 BOUNDL 4BCUNDU,
TSIG,IFEAS,IBRVRL ,IUPDNL,XBRVR]L,IBRVR2,IUFDN2 , XBRVR2,
L1GoNITER JNBINV M7, IPHASE yNPHASE sNMIN7, JAL GO, IEOJ

DIMENSION IS {ND&), 18V (NO&)yN3VINDS)IUPPERINOS)

OIMENSION BI (ND4) yUINO6) yPJUIND4) 4 BINDG,NDG)

IFC(ITRACE.GE.1)WRITE(E,10C0)

N -

S WN e

C INITIALIZE THE BASIS MATRIX.

00100I=1,M7
D0100J=14M7
10C B(I,J)=0.0
00139J=1,M7
KIND=IBV(J)
00110I=1,¥7
110 PU(IN=0.0
CALL GETCOL (NZyNF,IRyIA,IS,TCyRHS,C2:C14PJ¢NDLNC2,NO3,ND4,NDS,
1 KINDyNZEROS)
0U120I1=1,NZEROS
I=1IS(I1)
120 B(IyJ)=PJ(I)
BIMPL1,J1=PJ(MP1)
IF(IPHASE.EQ.2)8(FP2,J)=PJ(MP2)
133 CUNTINUE
INITIALIZE THE RIGHT=-FAND-SIDEy; ADJUSTING FOR VARIAELES AT UPPER
BOUNU IF NEZCESSARY.
NRH=N¢M3I+M7 ¢1
CALL GETCOL (wZyNPyIRyIAyIS,TC,RHSyC2+C1+PJ9NDL yNC24NO3 yNDG4 4NI5
1 NRHyNZEROS)
00140J=1, M7
140 BIJ)=PILY)
DO179K=1,L10
IF (IUPPER(K) +EQ.0)G0T0170
INDEX=NBV (K)
D0150I=1,¥7
150 Py(l)=3.C
CALL GETCOL (NZ(NP¢IRyIA,IS,TCyRHS,C25C14PJsNDL¢NC2yND3sNDUyNOS,
1 INCE X4NZEROS)
00160I1=1,NZEROS
I=1S(I1)
160 BI(I)=BI(I) - PJ(I)*U(INDEX)
BI(MP1)=BI(MP1) = PJ(MP1)*ULINDEX)
IFC(IPHASE «EQ.2) BI IMP2)=0I(MP2) = PJ(MP2)*L(INDEX)
170 CONTINUE

C OBTAIN THE 3ASIS INVERSE AND THE CORRESFONDING RIGHT=HAND-SIDE.

CALL INVERT (IS+BI«PJ+BINV,84ND4,ND7)
RE TURN

1600 FORMAT(12H ®*®®SBINVRT)
END

104

BINVOCOUL
BINVICLC2
BINVOCO3
BINVIO0D Y
BINVIC(TS
8INVICLCE
BINVI0GT7
BINVSLUG
BINVIC39
BINVOCLE
BINvIC1L
BINVOU12
SINVO{13
BINVICL Y
3INVDI4S
BINVIC1io
BINVIZL17
BINVIT18
8INVIC1S
BINVICZ2Y
BINVIL 21
BINVIC22
BINVI(23
BINVIULZ &
BINVIC2E
BINVS 20
BINVC 227
BINVOILCZS
BINNGCI23
BINVIT3C
BINVIC 31
8INVOCL 3¢
BINVIL 33
BINVIL 3¢
3INVSI 35
BINVD L 46
BINVIL37
BINVIL{ 38
BINVIC39
BINVJ(4C
BINVG(L&41L
BINVI(4<
BINVIC&3
BINVY (44
BINVIC«S
BINVIC4LE

BINVITL7T

BINVIT&8
BINV3(4S
BINVILS
BINVILSL
BINVILSE
BINVOCS3
BINVIOS 4
BINVICSS
BINVOCS56 -
BINVOOQ57
BINVOCSS

— ita
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110

12¢

13C
140

40613¢C
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EXHIBIT 4 (Continued)

SUBROUTINE GETCCL (NZyNPoIR,IA,IS,TCyRHS,C2,C14PJyND1,ND2,ND3,

ND4,NDS, J,NZER(S)
THE J-TH COLUN FROM THE CONSTRAINT MATRIX.

COMMON/PL/Ny My ITYFEyNSTRAT, NOORL1,NBVRLL,yNTITEL,NODRLZ,NBVRLZ,
NTITE2,MXLISToLISTOP, ITAPE,IFB,MXITER«MBINV,IOUTPT,
ITRACE, PSTART,TIME1, TCL1, TOL2,PCBUB,ALPFA(10)

COMMON/P2/EPSIEPSIMoBIGN +BEGTM M1, M29 M3 s MUyNL yMPL,MP2 NM3 ,NM1IM2,

NMiM3,N1P2,NP 1y NSUMyNTC ,M10

COMMON/P3/NOCNOT, UNOT ,1BUBOP, LPFASENODRUL y NBVRUL,NTIGHT, NLIST,
NLISTS, MFEAS)LSTMX, ITRY (T,ITRMAX, BL 8y NBRNOD ,PERNOD,
NBRVAR, NUPOWN s XBRNOD » TBRNOD4+NODE s LNODE 42, BOUNOL +8CUNDU
VSIG,IFEAS, IBRVRL ILPDN1,XBRVRY,IBRVRZ,IUFON2,XBRVR2,
LIGoNITERyNBINV,M7 ,IPHASE,NPHASE,NM3M7,IALGO,JIECJ

DIMENSION NZ (NG1) yNP(NDL1),IR(ND2) yIAIND2) yIS(NDG)

OIMENSION TC (ND3) yRHS (NO4),C2(ND1),C1(ND5),PJINOY)

IF(ITRACE.GE.2)WRITE(6,10(0)
IF(J.GT.N)GOTO110
NZEROS=NZ (J)

NPOINT=NP(J)

00153IK=1,NZEROS
NPOINT=NPOINT+1

I=IR(MPOINT)

ISIK)=I

INDZX=IA(NPOINT)
PJ(I)=TCCINDEX)
PJ(P1)=C2(J)

IF(IPHASE .EQ.2)PJ (MP2)=C1(J)
RETURN

IF (J.GT.NF3)GOTCL20
J1=J=NM1M2

NZEROQS=1

IS(i)=J1

PJ(JL)==1.0

LF (IPHASE«EQe2)PJ IMP2)=C1WJ)
RE TURN

IF(JeGT «NM3M7)G0TOL3C
J1=J=NM3

NZEROS=1

IS(1)=u1

PJLJL)=1.0

RETURN

00140I=1,¥

PJI(I)=RHS(I)
PJ(HP1) =RHS (MP1)
IF(IPHASE .EQe2) PJ (MP2)=RHS(MP2)
RE TURN

FORMAT(12H ®#*33GETCOL)

END
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GETCI001
GETCOO0C2
GETCOCu3
GETCO024
GETCSCCS
GETCOLZC

GETCOCi7
GETCOCUS
GETCOCCS
GETCOC13
GETCOCL1
GETCOC12
GETC33713
GETCOC14
GETCIC15
GETC2(15
GETCOCL7
GETCOC18
GETCIL19
GETC2C28
GzTCJiC21
Gercocze
GETCIL23
GZ1CaC24
GETCoC25
GETCAaC20
GETCCC27
GETCCCL238
GETCoC23
GETCGC3:
GETCIC31
GETCOC32
GETCIL33
GETCJL 34
GETCOC 35
G=TC3C 30
GETCIC37
GETCOC38
GETC2(39
GETCOC4C
GETCOCaL
GETCOC&2
GETCO(w2
GETCOlu«
GETCOCuS
GETCCL{ 46
GETCOCW7
GETCOCw8




EXHIBIT 4 (Continued)
SUBROUTINE INPUT1 (NZ,NF,ND1) INPUOOGL ]
C READ THE NUMBER OF LESS THAN, EQUALITY, GREATER THAN CONSTRAINTS. INPUO 02
C READ THZ NUMBER OF NONZERO ENTKIES 3Y COLUMN. DEVELOP THE COLUMN INPUGIO3
C POINTERS AND TOTAL STORAGE REGUIRED. INPUOIGS
COMMON/P1/N,M, ITYPE,NSTRAT,NODRLL yNSVRL3 yNTITEL ,NODRL2,NBVRL2, INPUOCOS
1 NTITZ2,MXLIST,LISTOP,ITAPZ,IFE,MXITER,M3INV, IOUTPT, INPUOGCH
2 ITRACE yMSTART,TINZ1,TOL1,TOL2,PCBUByALPHA (1) INPUIGOT
COMMON/P2/EPST 3EPSIM, BIGN G TM M1 yM2, M3 Mty NL yMPL, MP2,NH3,NH1H2, INPUO.CS
1 NA1M3,N1P2, NP1 yNSUM,NTC yH1d INPUCSCY
DIMENSION NZ(ND1) ,NP(ND1) INPUOO1D
IFCITRACE«GZe1) WRITE(6y1034) INPUDGLL
READ(ITAPE, 162 3) M1,H2,43 INPUOG12
WRITE(6,130 ) M1, M2,M3 INPUOC13
ML=M2+ M3 INPUC.1G
Ni=N+ (M3+M1) ¢ (M2+M3) INPUOJ1S
MP1=Me1 INPUOG16
MP2zM+2 INPUOD17
NM3=N+M3 INPUJ 18
NM1M2=N-M1-M2 INPUOC19
NMIM3=NeM1+M3 INPUDO20
N1P2=N1+2 INPUOG21
NP1i=N+1 INPUL .22
READ(ITAPE g1u. «) (NZ(J)yJ=1,N) INPUOC23
WRITE(651502) (NZ(J) yJ=1,N) INPUOG24
NP(1)=0 INPUCG2S
D013J3J=2,N INPUZ.26 :
129 NPUJ)=NP({J=1) +NZ (J=-1) INPUO0C27
NSUM=NP (N) ¢NZ (N) INPUDC28 .
PERCT =NSUM INPUDJ29 :
DENOM=M*N INPUS. 3.
PERCT=17.4*PERCT/OENOM INPUOO31
WRITZ (651035 3) HSUM,PERCT INPUDO32
RETURN INPUDGC33
1000 FORMAT (161I5) INPULL 3G
1001 FORMAT (3BHONUMBER OF CONSTRAINTS BY TYPE =,315) INPUDJ3S
1062 FORMAT (38HINUMBER OF NONZERO EMTRIES BY COLUMN =,1615/(38X,16I5)) INPUCE36
1003 FORMAT(38HGTOTAL NUMBER OF NONZERQ ENTRIES =,I13, INPUDG37
1 15H (A BENSITY OF 4FSelpilH PERCENT )4} INPUGC38
1004 FORMAT (12H **** INPUT1) INPUDG3S

END INPUD GG




EXHIBIT 4 (Continued)

SUBROUTINE INPUT2 (NZ,NP,IR,IA,ND1,ND2)

C READ THE CONSTRAINT MATRIX COLUMN-BY-COLUMN., IT IS ASSUMED THAT
C THE CONSTRAINTS -ARE OROERED (LESS THAN, EQUALITY, GREATZR THAN
C CONSTRAINTS).

100

1000
1001
1542
1003

i
2

1

COMMON/PL1/NyMy ITYPEy;NSTRATyNOORLL yN3VRL1,NTITEL yNODRL2yNBVRL 2,
NTITE2 yMXLIST,LISTOP,ITAPZ,IFB,MXITER,MBINV,I0UTPT,
ITRACE yMSTART,TIMZ1,TOL1,TOL2,PCBUB,ALPHA(1])

COMMON/P2/EPSIEPSIM, BIGN,BEGTMyM1 M2y M3yM4, N1, MPLyMP2 ,NM3 ,NM1M2,
NMIM3yNLP2y NP1 NSUM ZNTC yMaL

DIMENSION NZ(NO1) yNPINDO1),I(ND2),IA(ND2)

IF(ITRACE«GE«1)WRITE(G,10L3)

D012JJ=1,yN

K1=NP(J) +1

K2=NP (J) +NZ (J)

READ(ITAPE,103G) (IR(K) ,IA(K) gK=K1,K2)

WRITE(651001)J, (IR(K) yIA(K) K=K1,K2)

READ(ITAPE,1000)NTC

WRITE (6,1002)NTC

RETURN

FORMAT (1615)

FORMAT (BHGCOLUMN ,I5,16Hy ROW/CONSTANT =,16I57(29X,16I5))

FORMAT (22HONUMBER OF CONSTANTS =,15)

FORMAT (12H ®®®*se INPUT2)

ENG

INPUJ L1
INPUQCC2
INPUQJO03
INPUOCCG
INPUC . LS
INPUC.CE
INPUOCCT7
INPUQLCS
INPUS.L9
INPUDCAC
INPUDS11
INPUOC12
INPUS .13
INPUOOLG
INPUOCLS
INPUDD1G
INPUC .17
INPUGC18
INPUJO1L9
INPUJL20
INPU, .21
INPUOG22
INPUOCZ3
INPUOG24

i




EXHIBIT 4 (Continued)

SUBROUTINE INPUT3 (INToICCoNV,TCoBORIG,C2,SIGMAL,SIGHAU,V,NO1,ND3,INPUOO0L
1 ND&» ND6)

C READ THE TABLE OF CONSTANTS,
C UPPER BOUNDS, THE COST DATA,
C VARIABLES.

COMMON/ P1/N yMy ITYPEsNSTRAT ¢ NOORL 1 ,NBVRL1 s NTITE1 s NODRL 2 ¢NBVRL 29

THE RIGHT-HAND-SIDE, THE LOWER AND
AND THE LISTS OF INTEGER AND CONCAVE

1 NTITE2 yMXLIST+LISTOP,ITAPE,IFB+MXITER.MBINV, IOUTPT,
2 ITRACE yMSTART, TIMEL, TOLL,TOL2,PCBUB,ALPHA(10)

COMMON/P2/EPSI ¢« EPSIM¢BIGN,BEGTMy M1 s M2+ M3 My N1 HPL 4P 2 JNH3 S NHLN2,y

1 NMiM3 s N1P2y NP1 s NSUM4NTC,M10

COMMON/PS/IROUND

DIMENSION INTI(ND1),ICCI(ND1) NV (NDG)
DIMENSION TC(ND3),BORIS (ND4),C2(ND1)+SIGMAL I{ND6),SIGHAUINDG) »

1 V(ND6)
DATA BIGINT/1.0E+14/

IFCITRACE.GE1)WRITE(6,1014)

C READ THE TABLE OF CONSTANTS AND THE RIGHT-HAND-SIDES.

C THAT THE RIGHT~-HAND-SIDES ARE NONNEGATIVE.

READ(ITAPE,1001) (TC(K)¢K=

14 NTC)

READ(ITAPE,1G01) (BORIG(I) ,I=1,M)
IFCITAPE.NE.SIREWIND ITAPE

BORIGIMP1)=0.0

WRITE(6,+1032)(TC(K)K=1,NTC)

NRITE(5+1003) (BORIG(I)4I=

1sM4)

C READ LOWER AND UPPER BOUNDS ON THE VARIABLES.

D0100J=1,N1P2
SIGHMAL(JI=0.0

100 SIGMAU(J)I=BIGN
READ(5,1000) NDN
WRITE(5,1004)NON
IFINDN. EQ.0) GOTO120

READ(5, 1000) (NV(K) 4K=14 NON)
READ(591001) (V(K) sK=1,NDN)
NRITE(5,1C05) (NV(K) 4K=1,NON)
WRITE(5,1006) (V(K) 9K=1,NDN)

D0110<=14,NON
J=NV (K)

110 SIGMAL(J)I=V(K)

120 READ(5, 1G00) NUP
WRITE(5,1007INUP
IF(NUP.EQ.0) GOTO14LD

READ(5,10G0) (NV(K) 4K=1,NUP)
READ(3, 1001) (V(K) 4K=1,NUP)
WRITE(5,1005) (NV(K)4K=1,NUP)
NRITE(5,1008) (V(K) 4K=1,NUP)

00130K=1,NUP
J=NV (K}
130 SIGMAU(J)=V(K)
C READ COST )ATA,

140 READ(5, 1021) (C2(J) 4J=14N)

WRITE(5451009)(C2(J)yJI=14N)

00150J=1,N
150 INT(J) =0

IFCITYPE.EQ.2 OR. ITY?E.EQ.3)G0T0170
C READ THE LIST OF INTEGER VARIABLES.

READ(59 1000) NINT

READ(5,1003) (NVIK) yK=14,NINT)

IT IS ASSUMED

INPUB002
INPUBOO 3
INPUSOO S
INPUOOOS
INPUOOOG
INPUOCGO?
INPUOOOS
INPUGCOS
INPUOO10
INPUDO11L
INPUOO12
INPUOO13
INPUOO1 4
INPUOO1S
INPUOO16
INPUOOL7
INPUOOLS
INPUOO19
INPUOOD20D
INPUOO21
INPUDO22
INPUOO23
INPUOO24
INPUOO25
INPUOO26
INPUOO27
INPUOO28
INPUDO029
INPUOO30
INPUDO31
INPUOO032
INPUOO33
INPUOC3G
INPUDO3S
INPUOO36
INPUOO37
INPUDD38
INPUOC39
INPUOO4LO
INPUDOL1L
INPUDO4L2
INPUOCL3
INPUOOLA
INPUDOLS
INPUDOLE
INPUOOGL?
INPUOOGLS
INPUOOLY
INPUOOSO
INPUOOS1
INPUBOS2
INPUOOS3
INPUDDSH
INPUOOSS
INPUOOSE
INPUOOS?




160
170
180

EXHIBIT 4 (Continued)

NRITE(6 1010 )NINT
MRITE(341011) (NVIK) oK=1 oNINT)
001 60<=1 yNINT

J=NV (K)

INT (J) =K

IF (SIGMAU(J) .LE.BIGINT)GOTD160
SIGMAUCJ)=BIGINT

CONTINJE

00480J=1,N

ICC(N=0

IF(ITYPE.EQ.1 OR. ITY?E,EQ.3)6G0T0200

C READ THE LIST OF CONCAVE VARIABLES.

19
200
C FOR

READ(5, 10G0)NCC

READ(5,1000) (NV(K) ¢K=14NCC)

WRITE(6,1012)NCC

WRITE(541C013) (NVIK) ¢K=1¢NCC)

00190<=14NCC

J=NV (K)

ICC(JII=K

IFCITY2ELNE«1)RETURN

THE MIXED INTEGER LINEAR PROGRAM, DETERMINE IF THE OBJECTIVE

C FUNCTION IS INTEGER VALUED.

210

220

1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1040
1012
1012
1013
1016

IROUND=0

00220J=14N

IFCINTCLJ) .NE.O)GOTO210
IF(C2(J) cNE.O.0)RETURN

6070220

IC2=C2(J)

FC2=1C2

IF(C2(J) «NEFC2)RETURN

CONTINJE

IROUND=1

RETURN

FORMAT(16I5)

FORMAT(6E12.0)

FORMAT(22HOTABLE OF CONSTANTS =,6E15.6/(22X,6E15.6))
FORMAT( 22HORIGHT -HANO=-SIOE =46E15.6/7(22X+6EL15.6))
FORMAT (4L2HONUMBER OF VARIABLES HAVING LOWER BOUNDS =,I5)
FORMAT(22HOVARIABLES =91615/7(22%Xy1615))
FORMAT(22HOLOWER EOUNDS =9 6E15.6/ (22X, 6E15.6))
FORMAT(42HONUMBER OF VARIABLES HAVING UPPER BOUNDS =,1I5)
FORMAT(22HOUPPER BOUNDS =96E15.6/(22X46E15.6))
FORMAT(22H0COST COEFFISIENTS =96E15.67(22X96E15.6))

FORMAT(30HONUMBER OF INTEGER V/RIABLES =,I5)
FORMAT(22HOINTEGER VARIABLES =916I57(22Xy1615))
FORMAT(30HONUMBER OF CINCAVE VARIABLES =,15)
FORMAT(22HJCONCAVE VARIABLES =91675/(22Xy1615))
FORMAT(12H ®**ssINPUT3)

END
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INPUDOSS
INPU00SI
INPUB 060D
INPUOO61
INPUD062
INPUDO63
INPUDO6 L
INPU0O6S
INPUOC66
INPUOO67
INPUO06S
INPUOD69
INPUOO70
INPUDOT71
INPU0072
INPUOO73
INPUOCT7 &
INPUOO7S
INPUOCT6
INPUDOT7
INPUOO78
INPUO079
INPUO08O
INPU0OS1
INPUO D82
INPUDOS3
INPU0OBY
INPUOCSS
INPUOOBE
INPUOOS7
INPUO LSS
INPUOGSI
INPU0 00
INPU0OI1
INPU0092
INPU0093
INPUGOIL
INPUOOSS
INPUO096
INPU0 097
INPU009S
INPU0G99
INPU0100
INPUO101
INPU0102
INPUD103
INPUO104
INPUD10S
INPUO106
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EXHIBIT 4 (Continued)

SUBROUTINE INPUTH (NZ NP IR,IA,ISNV,IBV,NBYV,IUPPER ;TCyBORIG,RHS,
b § C29C19BI,8N,LyPJyBINV,89ND1yND2,ND3IyND&,yND5,
2 ND6,NO7)
C ESTABLISH THE INITIAL BASIS, BASIS INVERSE, AND RIGHT-HAND=-SIOE FOR
C THE LP.

COMMON/PL /Ny My TTYFE,NSTRAT, NOCR L1 ,NBVRL 1, NTITEL, NODRL 2, NBVRL2,
NTITE2oMXLIST,LISTOP, ITAPE, FB,MXITER MBINV,IOUTPT,
ITRACE jFSTART , TIMEL,TCL1,TOL2,PCBUB, ALPHA(10)
CONMON/P2/EPSIEPSIMyBIGN,BEGTH, M1, M2 H3 s MUy N1, HP1 4 HP2,NH 3, NHIN2Z,
NM1M3,N1P2,NP1,NSUM,NTC,M10
COMMON/P3 /NOONGT s UNOT 5T EUBOP 3 LP FA SE s NODRUL yNBVRUL JNTIGHT,NLIST,
NLISTS,NFEAS,LSTMX, ITRT €T, ITRMAX, 8L8 s NBRNOD s PEBRNOD,
NBRVAR s NUPO KN s XBRNOO » TBRNOD s NODEy LNODE 4 Z» BOUNDL o BCUNDU,
TS1G,IFEAS, IBRVR1, IUPDN 1, XBRV 1, I8RVR2, IUFON2 ,XBRVR2,
L10,NITERyNBINV o7 IPHASE yNPHASE y NH3M 7, IALGO, IE 0J
DIMENSION NV (ND6) o L6V (NO4 )5 NBV ( #05) 5 IUPPER (NDS)
OIMENSION BI (ND4) sBN(NDS) JU(ND6 )y FJ(NDG ) 4B (NDky NDL)
IF(ITRACE.GE+1) KRITE(6,1003)
€ READ INITIAL FEASIBLE BASIS. INITIALIZE PARAMETERS USED IN LP.
L10=N1-M
001001I=1,L10
IUPPER(I)=0
100 BN(I)=0.0
IF(1F8.EQ.0)GOT0210
C INITIAL FEASIBLE BASIS PROVIDED AS INFUT,
READ (5, 1000) (IBV(I) oI=1,H)
IF (H4.EQ. 0)GOTO13C
00110I=1,¥
IFCIBVCI) 6T .NMIM3)GOT0120
110 CONTINUE
6070130
C THERE ARE ARTIFICIAL VARIABLES IN THE INITIAL BASIS.
120 IBV(MP1)=N1+1
IBVINP2)=N1P2
H7=MP2
IPHASE=2
NPHASE=1
CALL 08J1 (NZyNPyIR,IAsISIBVsTCyBORIGsRHS,C1oNO1,ND2,NO3,NOGsNOS
60TO 140 i
C THERE ARE NO ARTIFICIAL VARIABLES IN THE INITIAL BASIS.
130 IBVINP1)=N1+1 :
N7=MP1
IPHASE=1
NPHASE= 0
160 WRITE(6,1C01) (18V(I)yI=1,K7)
C FORM THE LIST OF NON=-EASIC VARIABLES.
1NDEX=0
D016 0K= 1,NM1H3
00150I=14M
IF (K+EQ.IBV(I))GOTO0460
150 CONTINUE
INDEX=INDEX+1
NBVIINDEX)=K
160 CONTINUE
L10=INDEX
C REAC NON-BASIC VARIABLES INITIALLY AT UPPER BOUNO.
READ (5, 3000 )NUP

» N

FUN-

110

INPUOOOY
INPUDDO2
INPU0OO3
INPUDOO&
INPUOGOS
INPUSODE
INPUSCO7
INPUJ0OS
INPUOOOY
INPUDO10
INPUOSLL
INPUOG12
INPUOCL3
INPUOC14
INPUOD1S
INPUOO16
INPUOCL7
INPUOC18
INPUOC19
INPUOC20
INPUOD21
INPUDC22
INPUDD23
INPUQO24
INPUOO2E
INPUD026
INPUDD27
INPUCO 28
INPUOG29
INPUJO3C
INPUQO3L
INPUOD32
INPU0O33
INPUOD 34
INPUDO3E
INPUQO 36
INPUDO37

)INPUIGC 38
INPUD039
INPUDO4O
INPUOGG1
INPUDOL2
INPUOO&3
INPUDG LY
INPUOO4S
INPUDOLE
INPUOGW7
INPUDD LS
IHPUOOGI
INPUDOS50
INPUQO5L
INPUDOS52
INPUDOS3
INPUDGSSG
INPUOOSS
INPUDCSE
INPUOEST




EXHIBIT 4 (Continued)

IF (INUP.EQ.0)GOTO206C INPUOGSS
READ(5,1000) (NV(K) yK=1,NUP) INPUBOSY
MRITE(6,13C2) (NVIK) yK=1,NUP) INPUOCHD

D01 S0K=1,NUP INPUDCEL
INDE X=NV (K) INPUS(62
001701I=1,L10 INPUOGE3

IF (NBVLI) .EQ.INDEX)GOTO180 INPUOCO 4

176 CONTINUE INPUOCES
180 IUPPER(I)=1 INPUOCOEG
BN{I)=UCINDEX) INPUOCE7

190G CONTINUE INPUDDGS
200 CONTINUC INPUD(69
3 C FORM THE BASIS INVERSE AND INITIALIZE THE RIGHT-HANO~-SIDE. INPUOQCT7S
NMIM7=N¢MI+MT7 INPUSCT71L
CALL SINVRT (NZ,NF,IR,IA,IS,I3V,NBV,IUPPER,TC,RHS,C2,C1,8I,U,PJ, INPUOBC72

1 & GINV 98 4NDL yND2 ;ND3 yN Lk yNDS ; NCE,ND7) INPUCL73
Paio="7 INPUOLT7 L
I1EQU=0 INPUOLT7S
N1TER=] INPUOL 76
NBINV=3 INPUDCT7

RE TURN INPUOC74

C INITIAL FEASIBLE oASIS NOT PROVIDEC AS INFUT. INPUGLT73
210 IF(M4.EQ.0)GOTO23C INPUOCSC
M7=MP2 INPUDDSL
LIMIT=N#M3¢y INPUOCBZ
JCOUNT=N1P2 INPULLSE3

K=0 INPUOCBG
002201=LIMIT UCCUNT INPUOCSBS
K=K+1 INPUOJBO
€20 IBV(K)=I INPUCCAB7
IPHASE=2 INPUILBS
NPHASE=1 INPUGCS83
CALL 08U1 (NZ,NPyIRyIA)IS,IBV,TC,B0RIG,RHS,C1sNDL yND2 ¢4ND3 ¢NOL 4NO5IINPUICYIL
G0T0250 INPUTL 32

230 M7=MP1 INPUOLY2
LIMIT=N#M3¢1 INPUOCY3
JCOUNT=nN1 41 INPUDCO Y

K=0 INPUOG9S
00240I=LIVIT ,JCOUNT INPUJC96
K=K¢+1 INPUICI7

240 1BV(K)=I INPUOC9IB
IPHASE=1 INPUOG99
NPHASE=u INPUS 100

250 IF(IOUTPT.GE3)WRITE(6,1001)(IBV(I) 1I=1,H7) INPUO1G1L
00260I=1,4L10 INPUD1G2

260 NBVI(I)=I INPUS1G3
NM3M7=N+M3I¢M7 INPUDLIC K

i D02701=1,M7 INPUO1G S
00273J=1yM7 INPUOLGE

270 8(I,J)=0.0 INPUO107
00280K=1,4M7 INPUD108

280 B(Ky,K)I=1.0 INPUD109
NRH=N+M3+M7¢1 INPUO 110
CALL GETCOL (NZyNP,IRyIA,IS,TCyRHSyC2,C1,PJy)NDL,ND2,ND3 D4, NDS, INPUO111

1 NRH¢ NZEROS) INPUD112
0029GJ=1,NM7 INPUOL13

| 290 81 WJ)=PJWJ) INPUOLL G

? 111
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EXHIBIT 4 (Continued)
: M102=M7 INPUO11S
é 1E0J=0 : INPUD116
3 NITER=0 INPUD 117 sl
‘ NBINV=0 INPUO118 j
] RETURN INPUD119
: 1000 FORMAT (16I5) INPUO120
E 1004 FORMAT (25HOINITIAL FEASIBLE BASIS =,16I5/(25X,16I5)) INPUJ 121
: 1002 FORMAT (37HONON-BASIC VARIABLES AT UPPER BOUND =,16I5/(37X,16I5)) INPU0122
1003 FORMAT (12H ***%8INPUT4) INPUO123
‘ END INPU, 126




EXHIBIT 4 (Continued)

SUBROUTINE INPUTS (NZ,NP,Ik,IA,IS,IBV,NBV,IUPPER,TC,RHS,C2,C1,BI, INPUDJCL

1 UyPJyByNILyNU2,ND3,ND4y NDS,NDB) INPUOGC2

C DETERMINS THE APPLICABLE LP ALGORITHM. INPUOLC3 i
COMMON/PL/NgMy ITYPZ JNSTRATyNODRLL yNSVRLLyNTITE1yNOORL2,NBVRL 2, INPUQIC&
1 NfITEZ,HXLISTpLISTOP.ITAPE.IFB’HXITERpHﬁINV'IOUTPTp INPUSICS
ITRACE yMSTARTH,TIMI1,TOLL1,TOL2,PCBLByALPHA(L) INPUSCCE
COMMON/P2/EPST ,-PSIMy BIGN,EZGTMyM1,M2)M3yMbyNL ,MP1, NP2 ,NM3,NM1M2, INPUU.C7
1 NMLIM 3I)NLP 2y NP LyNSUMZNTC yML . INPUGCOB
COMMON/P3/NODNOT g UNOT I SUCOP o LPHASE ) NODRUL yNBVRUL yNTIGHT NLIST, INPUGCGY
1 NLISTSyNFEAS)LSTMX,y ITRTOT,ITRNAX yBLB yNBRNOD ,P3RNOD, INPUDC1C
2 N3RV AR g NUPDriti y X RNOD , TEXNJD ) NODZ L NODE 9Zy BOUNUL y80UNDU, INPUCU11
3 TSIG9IFZAS) IURVRLI)IUPDONYL g XBRVr 1y IBRVRZyIUPDN2,X3RVR2, INPU). 12
& L1GyNITERNDBINV,yM7 y IPHASE yNPHASZ yNMIMT7,IALGO,IEOY INPUOC13
DIMENSION IS(ND&),IBV(NJ4),NBVINDS) ,IUPPER (ND5) INPUOC14
DIMZNSION BI(ND4) gJ(NUB) yPIINUG) 5 B (D4 yNDG) INPUJ.15
IF(ITRACE«G6GCe1)WRITE(G,1220) INPUJC16
C SHECK PRIMAL FEASISILITY, INPUQGL7
IPRIM=3 INPUDC18
D013CI=1,M INPUS. 19
4 IF(BI(I).LT.cPSIMIGOTOL20 INPUDD2G
1.0 CONTINUZ INPUGO21
00110I=1,M INPUQT22
I1=1I8V(I) INPUJ223
IF(UCIL)=BI(I) +LT.EPSIMIGOTI120 INPU,.24
113 CONTINUE INPUGO25
IPRIM=1 INPUOG26
129 CONTINUZ INPUQC27
C CHECK DUAL FZASIBILITY, INPUJG28
I0DUAL=) INPUQC29
D015.IPOS=1,L10 INPUQG3C
KIND=NBV(IPOS) INPU, .31
DO135I=1,M7 INPUOC 32
130 PJ(I)=0.3 INPUGO033
CALL GETCOL (NZ’NF’IR,IA,IS,TC,RHS.CZnCl|PJ.N01.NDZ.N03.N05.NDS' INPUJC3G
1 K INDyNZEROS) # INPUL.L35
Q1=3.3 INPUGC 36
D014.J1=1,NZEROS INPUJGC37
J=IS(J41) INPUGC38
1490 Q1=Q1 + B(MP1,J)*PJWJ) INPU. .39
Q1=Q1 + B(MP1,MP1)*PJ(MPL) INPUJGLO
IF(IPHASZ.EQ.2)U1=Q1 ¢ B(MPL,MP2) *PJ(NP2) INPUQGLL
IF(IUPPZR(IPOS)+£Q.1)Q1==Q1 " INPUO0&2
IF(Q1«LT.EPSIM)GOTO160 : INPUS. &3
153 CONTINUE INPUOGLG
IDUAL=1 INPUQOWLS
160 CONTINUZ INPUDOGE
C SELECT THE ALGORITHM TO B USED. INPUG LY
IF(IOUTPT.LZ.2)60TO017. INPUO OGS
IF(IPHASE.EQ.2)HRITE(S, 13C0) INPUGOLY
IF(IPHASE.EQ.1)NWRITE(D,1031) INPUOCSO
170 IF(IPRIM«EQ.J)GOTO133 ¢ INPUOJS1
IF(IOUTPT.LE.2)GOTO4B. INPUOCS2
WRITE(651002) INPUOCS3
IF(IPHASE<EQe2)WRITE(E, 1J06) INPUJOSE
IF(IPHASEEQ1)WRITE(6,10u7) INPUOGSS
180 IALGO=1 INPUL .56
RETURN INPUOJST

113
|




EXHIBIT 4 (Continued)

190 IFCICUTPT.LE.2)GOTO200 INPUDOSS
WRITE (6,1003) INPUQOSY

; 208 IFCIOUAL.EQ.0)GOT0220 INPUG J6Y .
| IF(IOUTPT.LE.2)60T0210 INPUOG6L
: NRITE(6,1004) INPUG062
e WRITE(6,1008) INPUIGE3
; 210 IALGO=2 : INPUL.64
{ IF (IPHASE.EQ.1)RETURN INPUDCES
g NPHASE =2. INPUOGE6
; M10=MP L INPUICET
; RETURN INPUL. 68
; 220 IF(IOUTPT.LE.2)GOT0230 INPUGC69
; WRITE(6,1005) INPUJO70
g WRITE(6,1009) INPU071
F 230 IALGO=0 INPUS. 72
RETURN INPUDO73
] 1000 FORMAT (4WGWHOTHERE ARE ARTIFICIALS IN THE INITIAL BASIS.) INPUOGT4
‘ 1001 FORMAT (47HOTHERE ARE NO ARTIFICIALS IN THE INITIAL BASIS.) INPUQJ7S
1002 FORMAT (38H THE INITIAL EASIS IS PRIMAL FEASIBLE.) INPU2.76
1003 FORMAT (42H THE INITIAL BASIS IS NOT PRIMAL FEASIBLE.) INPUQQ7T
1004 FORMAT(36H THE INITIAL BASIS IS DUAL FEASIBLE.) INPUOJTS
1005 FORMAT (4LOH THE INITIAL 8ASIS IS NOT DUAL FEASIBLE.) INPUDOO79

1006 FORMAT (54H THE PRIMAL ALGORITHM (TWO PHASE METHOD) WILL BE USED.) INPUJO8O
1907 FORMAT (S54H THE PRIMAL ALGORITHM (ONE PHASE METHOD) WILL BE USED.) INPUQOS1

1008 FORMAT (4iH THE DUAL SIMPLEX ALGORITHM WILL BE USED.) INPUQOB2
1009 FORMAT (64N NEITHER THE PRIMAL NOR THE DUAL SIMPLEX ALGORITHMS CAN INPUQGS3
18E USED.) INPUGCSR S
1910 FORMAT (12H ®®®SSINPUTS) INPUQOSS
END INPUDOBS

Lomnle ot ma sl doy
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C BINV CONTAINS THE INVERSE OF B8y

EXHIBIT 4 (Continued)

SUBROUT INE INVERT (IS,8I,FJ,BINV,E,NDL,NOT)
C GAUSS-JOROAN METHOD OF MATRIX INVERSICN.

COMMON/PL1/N, My ITYPE)NSTRAT, NOCRL 1 yN3VRL 1 NTITEL,NOORL2NBVRL2,
NTITE2,MXLIST,LISTOP ,ITAPE, IF3,¥XITER yMBINV, IOUTPT,

ITRACE)MSTART »TIMEL1,TOL1,TOL2 ,PCBUB,ALPHA(10)

COMMON/P2/EPSIoEP SIMyBIGN ¢BEGTMoMIoM2 M3 s Mu o N1y HPLy MP2 \NM3 (NM1M2,

NMIM3,N1P2,NP1,)NSUM,NTC,M10

COMMON/P3/NOONOTyUNOT 4 IBUBOF,LPHA SEy) NODRUL yNBVRUL ) NTIGHT, NLIST,
NLISTS) MFEAS)LSTMXy ITRTCT,ITRMAX, BLEy) NBRNOD ,PBRNOL,
NBRVARy NUPDWN s X BRNOD » TBFNOD yNODE ¢ LNODE 9 Z » BOUNOL #BCUNOU,
TSIGy IFEAS, IBRVRL y IUPON1, XBRVRL, IBRVR2, IUPON2 4XBRVR2y

L10sNITER,NBINV M7y IPHASE yNPHASE ¢ NM3INT7, IALGO,IECY

DIMENSION IS (ND&4)

DIMENSION BI (NO&) 4PJIND4) yBINVIND7,ND7) 4B (ND% oND&)

IF(ITRACE.GE.1) WRITE(H,1001)

E (B)(PJ) = BI, OEVELOPING THE INVERSE OF B IN THE PROCESS.

D0150I=1, K7
00100J=14M7
BINV(I+J)=G.0
LO110K=1,HK7
BINV(KyK)=1.C

PJIK) =31 (K)

IS (K)=J

D0170L=14M7
00120K=1,M7

IFIIS(K) «NEeG)GOTCL20

IF(ABI(O(KyL))oGT.EPSINGOTOL32

CONTINUE

OROP QUT OF THIS LOOP ONLY IF A IS ILL-COMNDITIONEC OR SINGULAR.

WRITE(6,1000)

CALL EXIT

RE TURN

IS¢K)=L

T=1./79(KyL)

PI(KI=PI(K)*T

DU140J=1yM7
BIKyJI=8B(KyJ)*T
BINV(KyJI=BINV(K,yJ)*T
00160I=1,M7
IF(1.EQ.K)GOTO150
T=8(I,sL)

IF(ABS(T) «LE.EPSIIGOTO160
T1=PJ(I) = T*PJ(K)
IF(ABS(TL1)eLECEPSIIT1=0.C
PU(IN=T}

00150U=1,M7

T1=8(1,J) = T*B(K,J)
IF(ABSITL1)eLELEPSI)ITL=040
B(I,J1=T1

T1=0INV(I,J) = T*EINVIK,J)

IF(ABS(T1).LE.EPSI)T1=0.C
BINV(I,J)=T1
CONTINVE

CONTINUE

00180L=1yM7
I=IS (L)

UP TO A PERMUTATION OF TKE RONS.
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INVEOGO 1
INVEDCS2
INVEOCO3
INVEOCO L
INVEDOOS
INVEOOUG
INVEOGO7
INVESDLUS
INVEQCO9
INVEOO10
INVEJC11
INVEOC12
INVECG13
INVEQC14
INVEDOO1S
INVEDC1o
INVEDQIL7
INVEOJCL8
INVEDC19
INvVEOC2C
INVEQC2L
INVEDL22
INVEDL23
INVEQC2¢
INVEDC2E
INVEC <26
INvVEOC27
INVEQC28
INVECGC29
INVECL3C
INVECC31
INVESC(32
INVEQC32
INVEOZ3 4
INVEDC3E
INVEGC 36
INVESI37
INVEQC38
INVEDOC39
INVEOGGLD
INVEOC®1
INVEDO42
INVEQOOL3
INVEOCLY
INVEOULE
INVEOC4E
INVEOCH?7
INVEOCG&S
INVEDC4S
INVECQCSC
INVEDCS1 .
INVEDCS2
INVEOCS53
INVEOOS4
INVEOOSS
INVEDQSE
INVEDOS?




EXHIBIT 4 (Continued)

8I41)=PJ(L) : INVEDOSS
00180J=1,N7 ! : ‘ INVEQSS9

180 S(I,J)=EINV (LyJ) : INVEO 060
C B NOM CONTAINS THE IN'EQSE INO BI CONTAINS THE SOLUY!CN. INVEOG61
RETURN INVEDO62

1000 FORHA'(&OHOHA!RII T0 8E INVERIED IS ILL-CONDITIONED, PERHAPS SINGUINVEOC63

1LAR.) INVEQ 066G
1001 FCRMAT(12H “"'INVER?) ? INVEOC6S

END .. INVEO D66
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EXHIBIT 4 (Continued)

SUBROUTINE 08J1 (NZyNP, IR,IA, IS,I8V,TC,80RIG,RHS,C1,NDL1,ND2,ND3, OHJ10001

1 ND&, NOS) 08J10002
C COMPUTE AND STORE THE PHASE 1 OBJECTIVE FUNCT JON, 08J19003
COMMON/ZP1/N, M, ITYPE,NSTRAT,NOORLL NBVRL1, NTITEL, NCORL2sNBVRLZ, 0BJ10604
1 NTITE2,MXLIST,LISTOP, ITAPE, IFB, XITER yMBINV, IOUTPT, 08J1000S
2 ITRACE yMSTART,TIMEL ,TOL1,TOL2,PCBU3,ALPFA(10) 0341000€
COMHON/P2/EPST yEPSIM,BIGN BEGTHo M1 M2, M3, Ml oN1,HP1, MP2,NH3 ,NM1H2, 08J10C07
1 NMiM3,N1P2,NP 1, NSUM,NTC,M1D 08J10008
DIHENSION NZ (ND1) yNPIND1) 4 IR(ND22 ,TA(ND2) , ISC(NOG) , 1BV (ND4) 08J196CCY
DIMENSION TG (ND3) ,BORIG (NDGL),RHS (ND&),C1 (ND5) 08410C12
IF(ITRACE.GE«3)KRITE(6,1000) 08J19011
BOL00K=1,M 08J10C12
106 IS(K)=0 08J10013
00110K=14M 08J16C14
IF I8V (K) JLE «NM1M3)GOTO11C 0BJ100L15
KK=IBV(K) -NM3 0BJ1CC1E
ISeKK)=1 08J19017
110 CUNTINUE 08J19018
00130J=1,N 08J10019
NPOINT=NP(J) 08J10C2°
NZEROS=NZ (J) 08410021
Q1=0.0 08J10G22
D0120K=1,N2Z EROS 08J10023
NPOINT=NPOINT+1 0BJ10524
KK=IR(NPOINT) 0BJ10325
IF (IS(KK) +EQ+()GOTO120 08J10C26
INDEX=TANPCINT) 08J13C27
Q1=Q1¢TCCINDEX) 08J10C28
120 CONTINUE 08J12629
130 C1(J)=-01 08J10635
1F (N3.EQ.0)GOT0150 08J13C31
KK=M1#M2 08J10C32
0014 0J=NP1,NM3 08J10C33
KK=KK+1 0B8J10G34
C1(4)=0.0 05J10C35
IF (IS(KK) +EQ+C) GOTO140 08J13C3€
C1(J)=1.0 03J10037
140 CONTINUE 0BJ10G 38
150 Bu=0.0 08410039
CC=0.0 0BJ1JC40
LINIT=M1+1 08J10C41
001601="1FIT,N 08J10042
IFCIS(I).EQ.C)COTO16D 08J19043
8B=BB-RHS (1) ‘0BJ19CU &
CC=CC-B0RIG(I) 08J10C4S
160 CONTINUE 0BJ10C46
RHS(MP2: =88 08J19C47
BORIG(MP2)=CC 0BJ10C48
RE TURN 08J10C49
1000 FORMAT(10H *%%%%0Ey1) 08J10050
ENO 08J10051
117




EXHIBIT 4 (Continued)

SUBROUTINE RSTART (IF,INUSE,IBV,NBV,IUPPER,)IMS,F 481 ¢BNyB,FMS,
1 NI »NF 9 ND4, KD5, ND10, NOMS2 ;NOMS 3, IENTRY)
C PREPARE A RESTART TAP: CR BEGIN A JOB FROM A PREVIOUSLY PREPARED

C KESTART TAPE.

COMMON/PL1/Ny M, ITYPE,NSTRAT,NOORL 1 yNBVRL1,NTITEL1,NOORL24NBVRL2,

1 NTITE2,MXLLIST,LISTOP, ITAPE, IF8, X ITER yMBINV,IOUTPT,

2 ITRACE ) FSTART ) TIMEL,TOL1, TOL2,PCBL3,ALPFA(10)

COMMON/P2/EPSLEPSIM,BIGN 4BEGTHyM14M2 4 M3, MU 4 N1 MPLy MP2 4 NM3 ,NM1M2,
NMIM3,N1P2,NP1,NSUM,NTC,M10

COMMON/P3/NOCNOT, UNOT y I8UBOP,LPFA SE y NODRUL y NBVRULyNTIGHT,NLIST,
NLISTSyNFEAS,LSTMX,ITRT(T ,ITRMAX 4 BLBy NBRNODsPBRNOD,
NBRVARy NUPDWN » XBRNOD , TBRNODy NODE » LNODE 52y BOUNDL 4 BCUNDU »
TS1G,IFEAS, IBRVR1,IUPON1,XBRVR1,IBRVR2,IUPON2,XBRVRZy
L1CyNITERyNSINV yM7, IPHASE yNPHASE y MM3M7,IALGCy IECY

FWUN= -

COMMON/PL /SAVE ) KBRAN, X1

OIMENSION IF (NI),INUSE(ND10), IoV(1D4) 3NBV(ND5), IUFPER(NDS),

1 IMS(NOMS2)

DIMENSION F (NF) 28 I(ND&) 3BN(ND5),6 (NC4yNC4 )y FMSCNDNS 3)

IFUITRACECGEC1)WRITELB,1LC2)
IF(IENTRY.EQ.1)GOT 0130
C BEGIN A JOB FROM A RESTART TAPE.
WRITE(6,10C0)
REWIND &
REWIND 7
REWINO 8
READ(7) MiC,

oM SWwn -

SAVE s KBRAN, X1

IF (NLIST.EQ.0)GCTO110
00100J=1,NLIST

READ (8) 10, (IFS (1), I=1,yNDMS2) 4(FMSII),I=1,NOMS3)

CALL WRITMS (2,IM35,NDMS2,10)
CALL WRITHS (3,FMS,;NOMS3,I10)
100 CONTINUE
110 IF (2* (NODE/Z).NE.NODE)GOTO0120

READ (8) (IBVIIN 4I=14NOG)y (NBVIIV4I=14NO5) 4 (IUPPERII)I=1,NOS),
(BI(X)yI=1,NDW),(3N(I), =1,ND5)yLLL,LL2,LL,

1
2 ((B(IyJ)sI=1,NDL),JI=1,NOG)
1
2 ((B(I+J)sI=14N04) 3J=1,N{&)
120 REAO(?7) (IF(I),I=14NI)y (F(I)yI=1,NF)
REWIND &
REWIND 7
REWIND &
RETURN

C PREPARE A RESTART TAPE.
130 WRITE(6+1001)
REWIND &
REWIND 9
REWIND 10
WRITE(9) M1C,

1 NODONOT, UNOT , IBUBOP, LPHASE ) NODRUL » NBVRUL yNTIGHT, NLIST,

NODNO T, UNOT ,IBUBOP, L PHA SE yNODRUL s NBVRUL yNTIGHT, NLIST,
NLISTS)NFEAS,LSTMX, ITRTCT ITRHAX BLBy NBRNOD 4PBRNID,
NBRVAR,; NUPDWN ; XBRNOZ, TBRNOO,NOOE ,LNOUE +Z4BOUNOL 4 BCUNDU,
TSIG, IFEAS, IBRVR1,IUPUN1,XBRV k1, IBRVR2, IUPONZ,X8RVR2,
L10yNITEHyNGINV yM7y IPEASE yNPHASE ) NMIM7,IALGOyIECY,

WRITE(&) (IBVC(I) yi=1,ND4)y (NEV(I),I=1,ND5S),(IUFPPER(I),I=14NDS),
(BICI) I=1,ND4L),(BNI(I),I=1,NDS),sLLL1,LL2,LL3,

118

RSTAO0C1
RSTAQOC2
RSTADGO3
RSTAQCO4
RSTAYGCS
RSTAOCCe
RSTAQCO7
RSTAQCGS
RSTACOQCS
RSTAOC10
RSTAOC11
RSTAOL1Z
RSTAOC13
RSTAOC14
RSTAJCG1S
RSTAJL16
RSTAOCL7
RSTAJC18
RSTADG19
RSTAQC20
RSTAOC21
RSTAQDC22
RSTACC23
RSTAJC24
RSTADG2S
RSTAQC 26
RSTAOCZ27
RSTAS(28
RSTAGI 29
RSTAQ3 3G
RSTAJC31
RSTAGC 32
RSTAJ(33
RSTADC 34
RSTAOG3S
RSTAJC 36
RSTAJC 37
RSTAGC 38
RSTACC 39
RSTAGC4LD
RSTAOC&1
RSTADC42
RSTAOC4G3
RSTADC k&
RSTAQC4S
RSTAOC 4
RSTAOLL7
RSTAOC4S8
RSTAO( 49
RSTANC50
RSTADDS1
RSTAQDGCS?2
RSTAOCS3
RSTADOS &
RSTAGGSS
RSTA0CS6
RSTAQGS7




EXHIBIT 4 (Continued)

oMswn

SAVE . KBRAN, X1

WRITE(I) (IF(I)yI=1,NI),(F(I),I=1,NF)

IF (NLIST,. €EQ.CIGOT (25C
GO140I5=1 yMXLIST
IFCINUSECI0) «EQ.0)GO0TOL 4D
CALL READMS (2,IM$,NDMS2,]10)
CALL READMS (3,FMS,NDMS3,10)

WRITE(13) 104 (IMS(I)sI=14NOMS2),(FMS(I) 4I=1,NOMS3)

146 CONTVINUE
156 IF(2*(NODE/2) .NE.NODE)GCTC160

READ(4) (I18V(I) yI=1,ND4), (NBV(IDyI=1,NDS), (IUPPER(I)I=1,NDS),
(BI(I), 1=1,NDL) 4(BNII),I=1,NDS),LLL,LL2,LL3,

NL ISTS, M EAS,LSTMX, ITRT (T, ITRMAX,BLB,NBRNOD,PBRNOC,
NBRVAR, NUPDWN , XBRMNOD, TBRNOD, NODE , LNODE 4 Z , BOUNDL 5 3 CUNOU
TSIG,IFEAS, IBRVRL , IUPON1+XBRVRL y IBRVR2 , IUPON2 4X BRVR2,
LICHNITER )NGINV M7 3 IPHASE,NPHASE)NM3M7,1ALGO,1EQOY

i
4 (CBCI3J),1=1,NOL) +J=1¢NC&)

HRITE(L1U) (IBV(I),I=1,ND4), (NBV(I),I=1,NDS),(IUPPER(I),I=1,ND5),
(31€1),I=4,ND4) ,UENLI),1=1,ND5),LLL,LL2,LL3,
((BU(I+J)¢I=14N0G) «J=1 NC&)

N -

160 END FILE 9
END FILE 1iC
CALL eXIT
RE TURN

1CCC FORMAT(38FGIEGINNING THE JOB FROM RESTART TAPES.)

LUl FORMAT(24HJRESTART TAPES PREPARED.)

1602 FORMAT(12H *®*¥¥RSTART)
END
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RSTAOCSS
RSTAQCSY
RSTAOCGO0
RSTACC61
RSTAOCE2
RSTA2(63
RSTADC6 U4
RSTAS{0S
RSTAO( 66
RSTAD(67
RSTACCGS
RSTAOC69
RSTACC7¢
RSTAQG71
RSTAQC72
RSTAZL73
RSTACLT74
RSTACC75
RSTADC 76
RSTAGLT77
RSTAGC78
RSTAJC79
RSTAQCBS
RSTACCS81
RSTADCB2
RSTAJC83
RSTAJC84
RSTAOC8S




EXHIBIT 4 (Continued)

SUBROUTINE SIMPLE (NZ,NP,IR,IA,ISyNV,1I8V,NBV,IUPPER,TC,yRHS,C2,C1, SINPOO0OL

1 BL BNy UsPJyBINV, XJoV oXZB,NDL,ND2, ND3, NDbyNDS, SINPOCO2
2 ND&,ND7) SINP0003
C PRIMAL AND DUAL SIMPLEX ALGCRITHMS FOR SOLVING THE LP. SIHPO004
COMMON/ P1/N, M, ITY FE,NSTRAT, NODRL 1 ,NBVRL1,NTITE1, NODRL 2,NBVRL2, SIHPICOS
1 NTITE2,MXLIST,LISTOP, ITAPE,IF8,MXITER JMBINV,10UTPT, SIMPOLO6
2 ITRACE , PSTART, TIMZ1,TOL1,TOL2 ,PCBUB ;A LPHA(1C) SIMPOOO7
COMMON/P2 /EPSL,EPSIMy BIGN »BEGTM M1, M2, M3, Mk, N1, MPL, MP2 ,NH3 NHIH2, SIMPQCU8
1 NMLM3,N1P25 NP1y NSUM,NTC ,H10 SIMPO0UY
COMMON/P3/NOONOT y UNOT » IBUBOP L PHASE ¢ NODRUL , NBVRULNTIGHT,NLIST,  SIMPOC10
1 NLISTS,NFEAS,LSTMX, ITRT (T, ITRMAX ,BL 3, NBRNOD , PBRNOD, SIMPOD11
2 NBRVAR y NUFOWN s X8R NOO y THRNOD sNODE » LNODE 3Z» BOUNOL ,8CUNOU, SIMPOO12
3 TS1G, 1FEAS, IBRVR1, [UPCN1, XBRVR1, IBRVR2, IUPON2 ,X3RVR2,  SIMPOL13
4 L10,NITER JNBINV N7, IPHASE s NPHASE ;NH3M74 IALGO, IE CJ SIMPOC 14
DIMENSION IS (ND),NVIND&),IaV (ND4 ), N3VINDS),ILPPER(NDS) SIMPOO1S
DIMENSION B (ND4) y BN (NOS) 3U (ND6 ) »PJ (NDG ) o XI(ND4 ) oV NDUG) ,XZ (NDE)y, SIMPOC16
1 8 (ND4 ,NC4) SINPOCL7
IF (ITRACE.GE+1) WRITE(6,1022) SINFO018
1F (IOUTPT.LE .1)GOT011( SIMP0019
IF(IALGO.EQ.2)GCT 100 SIMPO0C20
WRITE(6,1060) SINPOO21
IF (NODE .NE+1)GOTO0110 SINPO022
IF (IPHASE «EQ.3)WRITE(6,1001) SIMP0023
IF LIPHASE.EQ.2) NRITEU61C02)NPHASE SIMPOC24
60T0110 SIMPOC25
100 WRITE(6,1003) SINPOG26
115 ITER=0 SINPQG27
c..‘.‘.. .'.....l"...l.’..'.."0...........‘.‘...‘............“........slnpa[Ze
C INCREMENT THE ITERATICN COUNTER. REINVERT THE BASIS MATRIX IF SIMPOG29
C NECESSARY. SINPOG3L
c... !00'0‘UQ.O'...Q0.00.00‘00.....0"..'.'...l..‘l..........'..‘.......OSXHPQOS;_
120 ITER=IT:R#1 SINPOC32
NITER=NITER+1 SIMPOC33
NBINV=NBINV 41 SIMPCC34
IF (ITER.GT. MXITER IGOT Q630 SIMPO035
IF (MBINV.NE.MEINVIGOTO160 SINPOC 36
C REINVERT THE BASIS MATRIX EVERY MBINV ITERATICNS. SIMPO037
NBINV=0 SIHPOC38
1F (IOUTPT (GE.2) WR ITE(6,10C4INITER SINP0G39
IF (IOUTPT,LE.4)GOTO140 SIMPOC4D
NRITE (6,1005) SINPOGLL
00130I=1,M7 SIMPO042
130 WRITE(6,1306) IBVII) (311,J),J=1,N7) ,BICI) SINPO043
140 CALL BINVRT (NZ,NF,IR,IA,IS,I8V,NEV,IUPPER, TC,RHS,C2,C1+BI,U,PJy SIMPOOGY
1 BINV 48,ND1,NC2 yND3,N 4 yNOS yNOE s NO7 } SINPOCLS
IF (IOUTPT JLE.4)GOTO160 SIMPOC46
WRITE(6,1C05) SIHPOCWT
D01501=1,¥7 SIMPOC46
150 WRITE(6,1006) IBV(I) 4¢BLI,4) 4J=1,M7) ,B8ICI) SINPUG49Y
166 GOTO(173,3C0),IALGO SINPGCSC
c.....‘..0..0‘00.‘l.‘..ll.“‘...ll..‘0“0.‘.‘..'.......“.."...........SIHPOCSi
€ PRIMAL ALGORITHM. SINPO0S2
C PRICE-OUT THE NON-BASIC VARIABLES. THE ENTERING VARIABLE IS THE FIRST SIMPUCS3
C ONE ENCOUNTERED HAVING NEGATIVE RZOUC (D COST. SIMPOCS G
c.‘.‘..‘ BEBSVSF I3 2232330333083 35 3030338338838 .....'..'.'.'........SI“POO55
170 00200IP0S=1,L10 SINPOCS56
KINO=NBV(IPOS) SINPO0S7

190

el

PRI T TV - NINR WIReOPe Ty |
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EXHIBIT 4 (Continued)

001801I=1, N7 SINPOOSS
180 PJ(I)=0.0 SINPCSY
CALL GETCOL (NZyNP,IR,IA,IS;TCoRNS,C2,C1,PJoN0B1 ND2 N3 NBL,N05, SINPIO6O :
1 KIND {NZEROS) SInroC6L
Q1=0., SINPO062 |
00190J1=1,NZEROS SINMPI063
J=IStJ1) SIMPIOG N J
190 Q1=Q1 + B(N10,J)*PJLI) SINPOOGE A
Q1=Q1 ¢+ B(MLIC,MPL)®PJINPY) SIMPOOGE
IF (IPHASE.EWQ.Z)Q1=Q1 ¢+ B(ML0,MP2)*PJI(NP2) SINPOOGT7
C Q1 IS THE REZDUCED COST FOR VARIABLE J=KIND. SIMPOOGS
IF(IUPPER(IPOS) cEC.10Q1=-Q1 SINPOCES
IF(QL1.LT.EPSIMN®100C.)GOTO260 SIMPOO70
200 CONTINUE SIMPOO71
C FOR ALL NON-BASIC VARIABLES, THE REDUCED COST IS NON-NEGATIVE. SINPDO72
IF(IPHASE.NE.2)G0TOE40 SIMPOO73
IF (NPHASE .EQ.2)GOTO64D SINPOOT7 4 E
C CHECK IF ANY ARTIFICIALS REMAIN IN THE BASIS. SINPOG7S J
INDEX=0 SINMPOO76 F
002101=1.M7 SINPOO77
J=1IgV(I) SIMPOGT78
IF(JeGTNMIM3 .AND. JoLE.N1)INDEX=1 SINPOC79
210 CONTINUE SINPOOBO
IF(BI(MP2) . GE.EPSIN®1000. )G0T0220 SINPOCGSL
IF (INCEX.EQ.1)GCTO580C SINPOCS2
C PHASE 31 TERMINATES. ENTER PHASE 2. SINPO083
] 220 IF (1OUTPT.GE+2) NRITE(6,1007 INITER SIMP00S 4
' M10=M10~-1 SIMPOCBS
IF(INCEX.EQ.1)GOT C230 SIMPOOBE
C THERE ARE NO ARTIFICIALS IN THE BASIS. DELETE THE PHASE 1 OBJECTIVE SIMPOCS7
C FUNCTION FROM THE PROERAM. SIMPOOSBS
M7=MPL SINPOCB9 3
IPHASE=1 SINPOC90
NPHASE=0 SINPOOS1
B NM3M7=N¢M3IeMT7 SIMPOCS2
6070120 SIMPICS3
C THERE ARE ARTIF ICIALS IN THE BASIS. MAINTAIN THE PHASE 1 OBJECTJVE SINFOO94
C FUNCT ION AS A CONSTRAINT, SIMPOC9S
230 NPHASE=2 SIMPOCY6
6070120 SIMPO097
L T Ty T Ty Py P P T Ty T YT Yy PP I PP R Y PR PR P R R S 2 L)
C PRIMAL ALGORITHM. SIMPOG99
C SELECT THE LEAVING EASIC VARIABLE. SIMPG 100 3
T D T e T T T R T Y T Ty Y Ty Ty Y Yy Ty S 1L BURY !
C COMPUTE THE UPD2~:£D COLUMN, XJ = B-INVERSE * PJ. SIMP0102
240 D02601I=1,M7 SIMNPO103
Qi1=0.2 SINPO10 &
D0250J1=1,NZEROS SIMPO10E
J=1S (J1) SINMPO10E 3
250 Q1=Q1 ¢+ B(I,J)*FJ W) SIMNPDL107
Q1=Q1 ¢+ B(I,MP1)*PJ(MPL) SIMPO108 %
IF(IPHASE .EQ+2)Q1=Q1 ¢+ B(I,NP2) "PI(NP2) SINMPO109
260 XJ(I)=Q1i SINPO110
C COMPUTE THE MINIMUM OVER XJ(I)eGT .0 OF THE BASIC VARIABLE VALUES SIMPO111
C DIVIDED 8Y XJtl)e. SINPO112
XPIV=8IGN SINP113
002801I=1,N7 SINPeLL4

121




EXHIBIT 4 (Continued)

IF(I.EQ.MP1)GOTO283 SIMPQ115
Qi=XxJ(I) SIMPU116
IF(IUPPER(IPOS).EQ.1)Q1=-Q1 SINPI117

C Q1 IS XJu(l). SIMPO118
IF(Q1.LT.EPSI)GOTO270 SIMPO119
Q2=81(I) SIMP0123

C Q2 IS THE BASIC VARIABLE VALUE. SINPQ121
IF(Q2/Q1.GE.XPIVIGUTOR28] SIMPQ 122
KPIV=I1 SIMPQ123

C KPIV INDICATES THE LEAVING VARIABLE. SINPC126
XPIv=Q2sQ1 SIMPQ125
ITHIA=1 SIMPQ126

C ENTERING VARIASBLE ODOES NOT FORCE ANY VARIABLE TO ITS UPPER BOUND SIMP(127
C (ITHIA = 1). SIMPG128
60T0283 SIMPQ129

270 Qi=-Q1 SINPO130
IF(Q1.LT.EPSI) GOTO280 SIMP(131
I1=18V(D) SIMP.132
Q2=U(I1)-BI(I) SIMP0133
IF(Q2/Q1.GE.XPIV)IGOTO283 SIMPO134
KPIv=1 SIMPQ135
XPIV=Q27Q1 SIMP{136
ITHIA=2 SIMP0137

€ ENTERING VARIABLE FORCES LEAVING VARIABLE TO ITS UPPER BOUND SIMP0138
C (ITHIA = 2). SIMP0139
280 CONTINUE SIMP 14
IF(U(KIND) « GE« XPIV)GOTO0230 SINPO1&1
ITHIA=3 SIMPG 142

C ENTERING VARIABLZ ENTERS AT ITS UPPER BOUND (ITHIA = 3). SIMP{(143
XPIV=U (KIND) SIMPG 144

290 IF(XPIV.Gc.BIGN)GOTOB1LL SIMPG145
I8VK=IBV(KPIV) SIMPC146
GO0TO044D SINP( 147

(XTI TR TR Yy Y R R R R T R Y YT R R T T Y T e Y Y Y Y Y R Y S L R ]
C OUAL SIMPLZX ALGORITHM,. SIMPO149
C SELECT THE LEAVING BASIC VARIABLE. SIMPO154
(XTI TR RN T R L R T Y R Y R P Y R Y R T YR Yy S G B
300 IF(IBUBOP.EQ.1)60TO3113 SIMP,152

p C TEST THE OBJECTIVZ VALUZ AGAINST THZ BEST UPPER BOUNO. SIMPG153
E IF(-BI(MP1)4TSIG.GES(1,=-TOL1)*UNOT)GOTO62] SIMPJ154
C COMPUTE THZ MINIMUM OF THE RIGHT-HANO-SID:ZS. SIMPJ155
310 BMIN=BIGN SIMNP(156
KPIv=. : SIMPO157
003201I=1,M7 SINPD158
IF(I.EQ.MP1)GOTO32. SIMPQ159
IF(BI(I).GE.BMIN)GOTO32D SIMPJ164
BMIN=BI(I) SIMPO161
KPIv=1 SIMPL 162

320 CONTINUE SIMPO163
JPIv=¢ SIMPO16L
00333I=1,M7 SIMP(C165
IF(I.EQ.MP1)1GOTO33Q SIMP.166
I1=1I8V(I) SIMPJ167
IF(U(I1)-BI(I).GE.BMIN)GOTO330 SInPO0166
BMIN=U(I1)=-BI(I) SIMPG169

JPIV=1 SIMPL17.
i 336 CONTINUE SIMNPO171




EXHIBIT 4 (Continued)

C IF THIS MINIMUM IS NONNEGATIVE, WE ARE AT THE OPTIMUM,.
IF (BMIN.GE.EPSIN®10C0.)GOTO64D
1THIA=L
IF(JPIV.EC. 0)GOTO 340
ITHLA=2
KPIV=JPIV
340 IBVK=IBVI(KPIV)

SINPO172
SINPO173
SINPOL7 &
SINPO175
SIMPO176
SIMPOL77
SIMPOL78

c.C......I.'......'..C..C..l'.......O...‘.........................C....OSI"Po179

€ ODUAL SIMPLEX ALGORITHP,
C SELECT THE ENTERING VARIABLE.

SIMPQ 183
SINPO181

c'............‘.'..‘..‘......‘.'......’.........‘......‘............'..‘SI"PO102

C COMPUTE THE MINIMUM OVER XJ(I) . LT.0 OF THE OUAL VARIAGBLE VALUES

C DIVIOED 8Y =-XJ(I).
XPIV=8IGN
KIND=0
00400JP0S=1,L1C
JIND=N3V (JPOS)
D0350I=1,M7

350 PJ(I)=0.0

CALL GETCOL (NZyNPyIRyIA,IS,TCyRHS,C2yC15PJsNDLsNC2)NDIy)ND&,NDS)

1 JIND (NZEROS)
Q1=0.0

00360J1=1,NZEROS

J=ISWJ1)

360 Q1=Q1 ¢ B(KPIV,J)*PJLJ)
Q1=Q1 ¢ B(KPIV,NMP1) *PU(NPY)
1F(IPHASE «EW.2)Q1=Q1 ¢ B(KPIV,MP2)*PJ(MP2)
IF(ITHIA.EQ.2)G0OT0370
IF (LUPFER(JPOS) 2EQ,8) QL ==-QL
60710380
370 IF(IUPPER(JPOS).EQ. 1) Q1=-Q1
38C IF(QL.LE.EPSIIGOTOLOO
€ Q1 IS -XJ(I).
Q2=C.0
00390J1=1yNZEROS
J=1Is (J1)
390 W2=QZ ¢+ B(MP1,J)*PU(I)
Q2=0Q2 + B(MP1,MP1)*PJUIMPL)
1IF (IPHASE.EQ.2)02=Q2 ¢ B(MP1,MP2) *PJ(NP2)
IF (JUPPER(JPOS) .EQ. 1) Q2=-C2
C Q2 IS THE DUAL VARIABLE VALUE.
IF (Q2/Q1.GE« XPIV)IGOTOLOO0
XPIV=Q2/Q1
KIND=JIND
1P0S=JPOS
400 CONTINUE
C IF THERZ IS NO PIVOT ELEMENT, THE PRIKAL PRCGRAN IS IMNEASIBLE
C (THE OUAL PROGRAM IS UNSBGUNODEC).
IF(KINO.EQ.0)GOTOS8C
C COMPUTE THE UPDATED CCLUMNy, XJ = 3-INVERSE * PJ,
D04101=14P7
416 PJ(I1=0,0 :
CALL GETCOL (NZyNPyIRoIA9ISoTCoRHS,C29Ci+PJyNDLyND2¢NDIJNDY ¢NDS,

i KINDyNZEROS)
D04L30I=1,M7

Q1=0.0

00420J1=1,NZEROS

123

SINP0183
SINMPO184
SIMPO18S
SIMPO18E
SIMP0187
SIMP0138
SIMP0O189
SIMP0 190
SIMP0191
SINPO192
SIMPO193
SIMP0194
SINPO19S
SINMP0196
SINPO197
SINMP0198
SIMP0199
SINPL 200
SIMPO201
SIMPO202
SIMF0O203
SINPJ204
SINPO205
SINPG206
SINP0207
SIMPQ208
SINMP0209
SIMPO 210
SIMPO211
SIMPO212
SINPD213
SIMPO214
SINPJ215
SIMPO21E
SIMPS217
SINMPO2i8
SIMPO219
SIMPQ 220
SINPO 221
SIMP0222
SIMP0223
SINPD224
SINPO22S
SIMPO226
SINPO227
SINPO228

|
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EXHIBIT 4 (Continued)

J=IS(J4)
420 Q1=Q1 ¢ B(I,JI*PJ(J)

Q1=Q1 ¢ B(I,MP1)*PJ(NP1)

IF LIPHASEEQ.2)Q1=Q1 * BULI,NP2)*PU(INP2)
430 xJ(I)=Q1

SINPO229
SINPO 230
SINPOZ31
SIMPO232
SIMP0233

c....'................'.......0........'..‘.'...."l.........l.l‘.l...l.sx"?azs“

C PRIMAL AND OUAL SIMFLEX ALGORITHMS.
C PIVOT THE ENTERING ANO LEAVING VARIABLES.

SINPO235
SINPO236

c..’.....‘.l..'.l".......0....l..‘...........l....‘.."'......‘.....'..sl"90237

440 IF(IOUTPT.EQeSIWRITE(H¢10C8)INITER,KIND,IBVK ITHIA
INDEX=0
IF (IUPPER(I FOS) .EG. 1) GOTO4L8D
GOTO(5104470,450) s ITHIA

450 IUPPER(IPCS)=1
dN(IPOS)=L(KIND)
DO&60I=1,M7

460 BI(I)=BILI) - UIKING) *XJ{D)
G0T0120

470 BI(KPIV)=BI(KPIV) = ULIBVK)
1UPPER(IPCS )=1
BN(1POS) =U(LBVK)
GOTO051C

480 IUPPER(IPCS)=1
BN(IPOS)=0.C

C CHANGE THE RIGHT-HAND-SIDE AFTER THE FIVOT.

INDZX=1
GOTO(510,5470,49C) ,ITHIA

439G DOSOO0I=1,M7

550 BICIN=BI(I) + U(KIND) *XJ(I)
60T012%

510 T=1./XJ (KPIV)
BI(KPIV)=EL (KFIV) *T
00520K=1,M7

5206 B(KPIV,K)=3(KPIV, k) *T
D0540J=1,M7
IF (J.EQ.KPIV)GOTO540
T=XJ(J) ;
IF(ABS(T) .LE.EPSI)GOTO540
T1=8I(J) - T*3i(KFIV)
IF(ABS(T1) s LEL.EPSIIT1=0.0
BI(J)=T1
00530K=1,M7
T1=8(JyK) = T*BIKPIV,yK)
IFC(ABS(T1) LE.EPSIIT1=0.0

530 B8(J,K)=T1

540 CONTINUE
IF (INDEXJE/'s C)GOTQ556
BI(KPIV) =Bl (KPIV) + ULKIND)

C UPDATE THE NBV ANU IBV ARRAYS.

550 I=I8V(KPIV)
IBVIKPIV)=N3V(IPOS)
IF(IGT «NMIM3 <ANDe I+LE«NL)GOTOS6C
IF(IALGO.EQe2 «AND. I.EQ.N1P2)GOT0560
NBV(IPOS) =1
6070120

560 NBVIIPOSI=NBVIL1OD)
IUPPER(IPCS) =IUPPER (L10)
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SIMPO238
SIMP0239
SINPO 24D
SIMPO 241
SIMP0 242
SIMPOZ43
SIMNPQ24Y
SIMP024S
SIMPO24E
SIMPO247
SIMPI248
SINMPIZ249
SIMPJ 25C
SIMPO 251
SIMPO252
SIMP0253
SIMPJ254
SIMP3255
SIMPO25¢€
SIMP0257
SINP0258
SIMPJZ59
SIMPO 260
SIMPOZBL
SINP2262
SIMP0263
SIMPO2OU
SINPO26S
SIMP026E
SIMP0267
SINP0268
SINP0269
SIMPOZ70
SINP)Z71
SIMPG27¢2
SIMPR273
SIMPI274
SINPL27S
SINP2276
SINMPO277
SIMPOZT7S
SINP0O279
SIMF0 28C
SINPOD281
SINP0282
SIMPO 283
SINPO20 &
SINPO28S




3 EXHIBIT 4 (Continued)
BN(IPOS)=BNEL10) SINPO286
L10=L40-1 SINPO287
1F INPHASE +EQ+1) G0 T0120 SINP0288
005701=1,n7 SINP0289
J=Iav(I) SIMPO 236
IF (J.GT.NNIM3 +ANO. J.LE.N1)GOT0120 SIMF)291
570 CONTINUE SINP0292
C THERE ARE NO ARTIFICIALS IN THE BASIS. DELETE THE PHASE 1 OBJECTIVE  SIMP293
C FUNCT JON FROM THE PROGRAM. SINP0294
. N7=MP1 SINP0295
] IPHASE=1 SINPD29€
NPHASE= 0 SINP0297 1
NH3H7=N+M3eNT SIMP0298 ]
6070120 SINP0299
c..‘.....'0..'.3‘..0...0‘0.0"l.‘...".0...!0.0..0.00000.ll.l...l'.l.'..sl"po 200
C FINAL OUTPUT. SINFO301
c.........'l}..'.....l.‘..........l..l’..'.U...O.’..l..'..l.OOCOCUOOCOOOSIHPQ 302
580 IF (IOUTPT.EQ.0)GOTOEND SINP0O303
WRITE(641009) SIMPO324
1F (10UTPT.LE,2) 6010600 SINPO305
IF (IALGO.EQ. 1)GCT0590 SIMP1306
WRITE(6,10101 I6VK,8MIN SINPO307
$90 WRITE(6,1011)(18V(1),1=1,¢7) SIMPO308
NRITE(641012)(BICI) oI=14M7) SINPO399
600 1E0J=1 SIMPO 310
GOTOG640 SIMPO311
610 WRITE(6,1013) SINF0312
WRITE(6,1014)KIND SIMPC313
WRITE(6,1011) (I8V (I),1=1,¥7) SINPO316
WRITE(6,1015) (XJ(I)oI=14M7) SINPO315
WRITE(6,1012)(BI(I),yI=1,M7) SINPO316
1£04=2 SIMPO317
GOT0640 , SINP0318
620 IF (IOUTPT .NE.CINRITE(6,1016) SINPO319
1E0J=3 SINPO 320
60T0640 SINPO 321
630 WRITE(6,1017) SINPC 322
IE0J=4 SIKP0323
640 006501=1,N1P2 SINPY 324
650 XZ(I)=0.0 SINP0325
006601=1,NN3N7 SINP0326
] NV(I)=0 SINPO327
660 VI(I)=0.0 SINP0328
006 80K=1,H7 SINP0329
1 1=18V (K) SINPO 330
NV(I)=I SINPO231 4
- IF (K.EQ.MP1) GOT067C SINPQ332 j
VII)=3I(K) SINPO333 i
XZ (I)=BI(K) SIMPO334 ;
6070680 SIMPO33S |
670 V(I)==BI(K) SINPO336 |
XZ(I)==3I (K) SINPO337 1
680 CONT INUE SIMPO338 f
Z=-BI(MP1) SIMNP0339 |
IF (IOUTPT.LE.3)GOTO740 SIMPO 340 i
00700K=1,MH7 SINPO341 J
006901=Ks NHIN7 SINPO 342 '
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]
|
IF (NV(I).EQ.0)GOT0690 SINPO3463 |
IF(1.EQ.K)GOTO700 SINPO 34k ;
NV (K) =NV (1) SINPO345 .
VIK) =V () SINPD346 |
NVIID=0 SIMPO347 |
60T0700 SIMPO348 |
690 CONTINUE SIMP0349 |
700 CONTINUE SIMPO 350 |
MRITE(6,1018) SINPO3S1 |
HRITE(641019) (INVEK) 3V (KD 5 KSL oM7) SINPO352 |
710 CONTINUE SIMP0353 |
00720I=1,NM3N7 SIMPO354 |
NV(1)=0 SIMP0355 1
720 VLI1=0.0 SINPO356 :
_ KK=0 SIMP03S7 |
] 00730K=1,L10 SINPO358 i
. IF (CIUPPER (K) .EQ. 016010730 SINP0359 :
KK=KK*+1 SINPD 260 1
I=N3V(K) SINPO361 ;
NV(I)=I SIMP0 362 |
VLI =8N (K) SINP0363 1
AZ(II=BN(K) SIMPO364 |
730 CONTINUVE SINP0365
IF(IOUTPT .LEL3)60TO780 SINP0366 |
IF (KK.EQ.0) GOTO76 ( SIMP0367 |
DO750K=1,KK SIMP0368 |
D074 0I=K,NH3M7 SIMNP0369 |
IFINV(I).EQ.0)GOTO740 SINPO 370 |
1F (I .EQ .K)GOTO750 SIMPO371 |
NVIK)=NV(D) SINPO0 372 ;
VIK)=V(I) SIMP0373 |
NV (I)=0 SIMPO374 |
60T075) SINPO375 |
740G CONT INUE SINPO376 |
750 CONTINUE SINPO377 |
NRITE(6,1020) SIMPO378
WRITE(6,1019) (NVEK) oV (K)o K=14KK) SINP0379
760 IF (IOUTPT.LE.4)GOTO780 SINPO 380 ;
NRITE(6,10065) SIMPO 281 |
D07701I=1,M7 SINPO 382 |
770 MRITE(6,1006)IBVII)(3(L4J) 3J=1,M7),8ICI) SINP0383 |
7680 IF(IOUTPT.GE.2)WRITE(6,1024)ITER,NITER SINPD 384 |
ITRTOT=ITRTOT + ITER SIMNPO38S |
IF(NITER.GT. ITRMAX) ITRMAX=NITER SINP0386
1 RETURN SINPO387
1000 FORMAT (17HGPRIMAL ALGORITHM) SINP0388
1001 FORMAT(17H ONE PHASE NETHOD) SINP0389
1002 FORMAT(47H TWO PHESE METHOD - BEGIN COMPUTATIONS IN PHASE,I2) SINPO 2390
10603 FORMAT (23HOOUAL SIMPLEX ALGORITHM) SINPO 391
1CG4 FORMAT (32HOBASIS REINVERTED ON ITERATION =,IS) SINPO 392 ,
1005 FORMAT(4BHOBASIC VARIABLES/BASIS INVERSE/RIGHT-HANO-SIDE =) SINPO393 %
1606 FORMAT (1HO,I5,8E1 5.6/ (6Xy BEL5.6)) SINPO 394
1C07 FORMAT(27H ENTER FHASE 2 ON ITERATION,IS) SINPO39S
1008 FORMAT(1X,I15,21Hs ENTERING VARIABLE =y15,20H, LEAVING VARIABLE =, SIMP0396
1 I5916Hy THETA = THETA(oIl, 1H)) SINPO397
1009 FORMAT(34FOTHE FRIMAL PROGRAM IS INFEASIBLE.) SINPO398
1010 FORMAT (20HOLEAVING VARIABLE =,15/ SINP0399
126




vore - T Ty ey o

EXHIBIT 4 (Continued)

1 20HORIGHT-HAND~-SIODE =,E1%.6)
1011 FORMAT(20HOBASIC VARIABLES =,1615/(20X,1615))
1612 FORMAT (20FORIGHT=HANO-SIOE =46E15.6/(2CX, €EE15.6))
1013 FORMAT(43IHOTHE PRIMAL PROGRAM HAS UNBOUNDED SOLUTION.)
1014 FCORMAT(2CHOENTERING VARIAELE =,15)
1015 FORMAT (20HOLUPDATEU COLUMN =9EE 15 .6/ (20X, 6E15.6))
1016 FORMAT(4SKOTHE OUAL VALUE EXCEEDS THE BEST UPPER BOUND.)

SINPG A4
SINPO 404
SINPO 402
SINPO4O3
SIMPO4OG
SINPO4OS
SINP0406

1017 FORMAT(S5SHOTHE MAXIMUM NUMBER OF LP ITERATIONS HAS BEEN EXCEEDED.)SIMPO4O7

1018 FORMAT (16HOBASIC VARIABLES)
1019 FORMAT(17H0 VARIASLE/VALUE =,5(I5,E15.6)07(17X,5(15,E15.6)))
1020 FORMAT(3SHONON=-BASIC VARIABLES AT UPPER BOUND)
1021 FORMAT (L3IHGNUMBER OF LP ITERATICNS THIS COMPUTATICN =,15,
1 14Hy CUMULATIVE =,15)
1022 FORMAT(12H ®9es*SINPLE)
ENOD
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SINPOLOS
SINPOLOY9
SINPO 410
SIMPOGLL
S1MPO412
SINPO&L3
SINPOGLA




EXHIBIT 4 (Continued)

SUGROU'INE SLOPES (NZ,NP,IR,IA,IS,1BV,NBY,IUPPER, T1C,RHS,C2,C14PJ,
XJeSD+S1,84ND1 ND2 yND3 ¢ND4 4NDS yND8)
c OEYER“xNE THE LEFY ANC RIGHT SLOPES ASSOCIAIED WITH THE OPTINMAL
C SOLUTION VALUE AS A FUNCTION CF A PARAMETER.,
COHMON/PL/N, M, ITYFE,NSTRAT,NOCRLL ,NBVRL1,NTITEL NODRL2yNBVRL2,
1 NTITE2MXLIST,LISTOP, ITAPE ,IFB,MXITER sMBINV,IOVUTPT,
2 ITRACE,MSTARTTIMEL,TCL1,TOL2,PCBUB, ALPHA(L1()
COMMON/P2/EPSIEPSIMeBIGN BEGTMy M1, M2 M3 g Ml N1 HPL  MP2,NM3 NM1IN2,
1 NMi1M3I,N1P2, NP1y, NSUM,NTC,M10
COMMON/P3 /NODNUTy LNOT y I 8UBOP,LPFASE ¢ NODRUL yNBVRUL 4NTIGHT s NLIST,
NLISTS,NFEAS,LSTMX, ITRTCT, ITRHAX,BLBy NBRNOD ,PBRNOD,
NBRVARy NUPDWN y XBRNOD, TB FNOD9yNODE o LNODE 4 2 BOUNDL 4 BCUNDU,
TSIG,IFEAS,) I6RVR1, IUPON1, XBRVR]  IBRVR2, IUPDNZ yXBRVR2,
L10yNITER)NGSINV yM7, IPHASE yNPHASE ,NM3M7,IALGO,IECY
DIMENSION IS (ND4),IBVINO4),N3V(NDS) s TUPPER(NDS)
OIMENSION PJUINUG) ¢ XJINOD4G) »SCINDB) ¢+S1 (NDE) +B(NDG s ND&)
IF (ITRACE.GE.1) KR ITE(6,1L02)
D0190I=1,¥F7
IFU1.EQ.MP1)GOTO0100
SO(I)=-3IGN
S1(I)=BIGH
1GC CUNTINUE
0V0150IP0S=1,L10
KINO=NBV(IPOS)
00110I=1,M7
11C PJ(LI)=0.0
CALL GETCOL (NZsNPyIRsIA,IS,TC4RHS,C2,C1,PJUyND1,ND2,ND3)NU4yNDS,
1 KIND, NZEROS)
U01301=1,HM7
Q1=0.0
00120J1=1,NZEROS
J=I5(J1)
120 Q1=Q21 ¢+ B(I,J)*PJU(J)
Q1=Q1 + 3(I,MF1)*FJ(MPL)
IF LIPHASE £Qe2)Q1=G1 ¢+ B(I,MP2) 'PJI(MP2)
IF (JUPPER(IPOS) +EC.1)Qi=~01
130 xJy(I1=Q1
T LR (XJ(MPL) G LELEFSIIXIINPL)=040
001501I=1,M7
IF(I.EQ.MP1)GOTO150
IF(ABS(XJ(I) ) LE.EPSI)GOTCL50
X0=XJ(MP1)/ (=XJ(I))
IFIXJLI) LT EPSIMIGOTO140
C SJ(€I) IS THE PMAXIMUP CVER X(I,J).GT.0 OF THE REDUCED COST DIVIDED
G BY =X(I,J).
IF(X0.LE.SC(I)ICOTO150
SotI)=x0
60T0150
C S1(I) IS THE MINIMUM CVER X(I,J).LT.0 OF THE REOUCED COST OIVIOED
C by =X(I,J)e
140 IF(X0.6c.51(I))COTO150
S1(I)=XJ
150 CONTINUE
IF(IOQUTPT ,LE.2)RE TURN
NRITE(6,1000)
DO160I=1,M7
IF (I .EQ.MP1)GOTO0160

£ WM
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SLOPOCOL
SLOPOOO2
SLOPOGC3
SLOPOCOY
SLOPOGAS
SLOPODO G
SLOPOCO7
SLoPOGOS8
SLOPICO3
SLOPO01Jd
SLOPOC11
SLoPOC12
SLOPOC13
SLOPOO01 &
SLOPOOUL S
SLOPO(1e
SLoPCCL7
SLOPOC18
SLOPGC19
SLOPJC2C
SLOPJCel
SLoPoc22
SLOPOG23
SLOPIL 24
sLoPgC25
SLOPIC26
SLOPCL27
SLOPS( 28
SLOPIC2S
SLOPOC3C
SLOFO{31
sLoPnC3e
SLOPICL33
SLOPGL 34
SLOPIG3:E
SLOPJIC 36
SLCFGC37
SLOPGC 38
SLOPO039
SLOPIGLE
SLOPOOGLY
SLOPOCL2
SLOPOG43
SLOPICL A
SLOPACLS
SLOPOCKE
SLOPQC&7
SLOPOC 4B
SLOPO(49
SLOPALSO
SLOPOCS1
SLOF0iS52
SLOPOOS53
SLOPOOS 4
SLOPOOSS
SLOPO0SH
SLOPOOST

SO




EXHIBIT 4 (Continued)

WRITE(6,1004) IBV(E),SC(I),S1(I)
160 CONTINUE :
RETURN
1000 FORMAT(1HO ,2X ) SHBASIC 14X, HLEF T, 12X, SHRIGHT/
1 1Xy 8HVARIABLE 9X ySHSLOPE y1 2XySHSLOPE/ /)
1001 FORMAT(3XyI5,3XyE15:692X)EL546)
1002 FORMAT (12H ®esssS QPES)
END

SLOPOGS8
SLOP0059
SLOPGCEO
SLOPOO6)
SLOPGC62
SLOPUCE3
SLOPJCG &
SLOPQ06S
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EXHIBIT 4 (Continued)

SUBROUTINE TIMEC
C PRINT THE ELAPSED TIME SINCE THE BEGINNING OF THIS JO8.
COMMON/PL1/NyMy ITYPE,NSTRAT,NOORL1 yNBVRL1,NTITEL ,NOORL2,)NBVRL 2
i NTITE2 yMXLIST,LISTOP,ITAPE,IFByMXITER,MBINV,IOUTPT,
2 ITRACE yMSTART,TIMZ1,TOL1,TOL2,PCBUB,ALPHA(1()
COMMON/P2/EPSI JEPSIMyBIGN,BZGTM M1 yM2,M3yMU4yN1,MPL,y MP2,NM3,NM1M2,
1 NMIM34N1P2s NP1, NSUM,NTC M1
IF(ITRACE«GZ+1)WRITE(By13.1)
CALL SECOND (X)
X=X-BEGTM
WRITE(6,1000)X
RETURN
1600 FORMAT(7HJTIME =,F9.3,8H SECONDS)
1001 FORMAT(11H **%38TIMEC)
END

TIMEOOO1
TIMEGOG2
TIMECCC3
TIMEu . &
TIMEOICS
TIMEOCGGH
TIMEQOCG?
TiMcoGC8
TIMZJ309
TIMZO0C10
TIMZL .18
TIMZO0C12
TIMZ0013
TIMZO0C14
TIMZU. 15
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