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1. Introduction

The computer codes DSIC and DMIC, written to implement the
decomposition algorithms developed by Kochman (1976), are documented
and listed in this report. These programs are designed to solve the

block angular integer programming problem,

(3) )

M=

(P) maximize c

2

1

J

subject to L () x(J) <b

J=1

S U

X JrElsi2, eee, N

1) ¢ x@ <@, O integer, ;

by decomposition into subproblems. The routine DSIC exploits certain
special structures which arise when (P) has only a single linking
constraint (2), i.e., when the constraint matrices A(j) 1<j<N
have only a single row. The routine DMIC treats the multiple linking
constraints case. See Kochman (1976) for a detailed discussion of

these decomposition algorithms; a step-by-step statement of the'

algorithms is presented in Section 5.2 there. s T

1: 2: ces, N, (M)
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In addition to the programs DSIC and DMLC, the integer linear

programming routine BB is documented and listed here. The computer
code BB is designed to solve the general (unstructured) integer

program,

Q) maximize cx

subject to Ax < b

L<x < U, X integer,

by branch-and-bound search. Specifically, the branch-and-bound
algorithm BB follows the ideas of Dakin (19€5). Tomlin's (1970)
improved penalty calculations are used to guide the branching process,
and the last-in-first-out (LIFO) rule is used to retrieve stored nodes
in the search tree when backtracking occursl.

The code BB is embedded in both the routines DSIC and IMIC
for the purpose of solving the integer programming subproblems as
required by the decomposition procedures. It should be noted, however,
that the routine BB itself uses only standard methods. This code
does not represent a new contribution to the field of integer pro-

gramming; its documentation is included here for the sake of complete-

ness.

Yror further references, see Beale (1968), Beale and Small (1965),
and Little, Murty, Sweeney, and Karel (1963).
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The linear programming portions of all three programs are é
based extensively on the Fortran code LPM-1l, developed by Dr. John |
3 A. Tomlin of the Systems Optimization Laboratory, Department of
Operations Research, Stanford University. LPM~1 is designed to
implement the revised simplex method, using the product-form of the
inverse. In adopting this code for use in the routines BB, DSLC, and
DMIC, the present author has modified LPM-1 appropriately to incorporate
the bounded-variable technique as well. LPM-1 has been documented
by Tomlin (1975).
The three codes BB, DSIC, and DMIC are written in FORTRAN IV

for Stanford's IBM 370/168, with all instructions and data in-core.

Each code is WATFIV compatible as well. The codes may be machine-
dependent, however, insofar as each code makes calls to the system
subroutine PCLOCK. In each program, this subroutine is used to

compute the total time the IBM 370/168 Central Processing Unit was

? ‘ available to the core partition containing the job. In addition,
PCIOCK is used to determine the computation times required for various

; intermediate tasks performed by the algorithms.

E % The various subprograms (exclusive of the main programs) which

comprise each of the three codes are listed in Table I. These sub-

Prds

# routines are described in greater detail in the remaining sections
bl of this report. More specifically, the branch-and-bound code BB is
discussed in Section 2, while the decomposition codes DSIC and DMIC

are discussed in Sections 3 and 4, respectively. Listings of the

three programs, and the output results obtained in sample runs of

each are given in Appendices I-III.
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TABLE T

Subpfﬁgrams for Computer Codes BB, DSIC, DMIC

BB

BIOCK DATA

INPUT (IFPROB, INITRBD)
FTRAN (IPAR)

BTRAN

FORMC

PRICE

CHUZR

WRETA
SHIFTR(IOLD, INEW)
INVERT

UNPACK (IV)

SHFTE

UPBETA
NORMAL(ITSINV)
BANDB(INITBD, ITSINV)
DCHUZR

DCHUZC

TESTX

PENLTS

BRANCH

BKTRAK

WRAPUP

DS
BIOCK DATA
INPUT (TFPROB)
FTRAN (IPAR)
BTRAN

FORMC

PRICE

CHUZR

WRETA
SHIFTR(IOLD, INEW)
INVERT

UNPACK (IV)
SHFTE

UPBETA

NORMAL

BANDB (INITED)
DCHUZR

DCHUZC

TESTX

PENLTS

BRANCH

BKTRAK

ATOCTE(IPAR, IRHS)

DOMCHK (J, K)
IDDATA (J)
CETLBD(J)

SAVER(J)
DMBRAN (J, )
BBKTRK
OUTSOL(INC)
PHASEL(J)

DMIC

BIOCK DATA
INPUT (IFPROB)
FTRAN (IPAR)
BTRAN

FORMC

PRICE

CHUZR

WRETA
SHIFTR(IOLD, INEW)
INVERT

UNPACK (IV)
SHFTE

UPBETA
NORMAL

BANDB (INITED)
DCHUZR
DCHUZC

TESTX

PENLTS

BRANCH

BKTRAK

AIOCTE (IPAR)
LDMSTR

TESTZ
DOMCHK (J, K)
LDDATA(J)
GETLBD(J)
PISAVR(J)
SAVER(J)
DMBRAN(J, K)
BBKTRK
OUTSOL(INC)
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Branch-and-Bound Code BR

Main Program

and Input Reguirements

(2}

coordinate the application of the imput (INPUT), linear program
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The main program for the

\ 5 3 vy -
), branch-and-bound (BANDB), and

o
D
a

= problem identification number. (Must be nonzero; othe:
wise, no computations are carried out and BB terminst
imrediately.)

= row number for objective row. Automatically set tc

one by default if IOBJ is omitted.

Parameter determining frequency with which begic

n is carried out in the linear programming por
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of the code; if INVFRQ = k, basis reinversion will
carried out after every k (primsl and Jual) nplex
iterations. INVFRQ should not be set greater than th

of rows in the

number

total iterations; al

= upper limit on 1 computations ar

simplex iterations
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INITBD = initial lower bound estimate for maximum objective
function value. The value of INITBD is used in
fathoming tests until the first integer-feasible
incumbent solution is found with objective value

greater than INITED.

BB assumes all cost coefficients are integer-valued, and
takes advantage of this by rounding all upper bounds down to the
nearest integer. The formats used for input of row and column
names, objective function coefficients, constraint matrix coefficients,
and right-hand side coefficients are identical to those used by LPM-1.
(This format is consistent with standard MPS format.) Following
input of these data, initisl lower and upper bounds XLB(J), XUB(J)
for all decision variables must be input in 15F5.0 format.

The input for a sample run of BB is included in Appendix I,

following the listing of the program.

2.2. Restrictions Relevant to the Use of BB

As currently configured, the following restrictions apply to

the input data and problem size and complexity for BB:

1. The number of rows (including the objective function row) must
be .LE. 60; the number of columns (including slack and artificial

variables generated by BB) must be .LE. 122.

2. The number of nonzero objective and constraint coefficients must

be .LE. 2000.
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3. The list of stored nodes generated in the course of the branch- |

and-bound search must never exceed 500 nodes in length.
2.3. Description of Subprograms

1. BIOCK DATA--From LPM-1; gets initial values for & numbsr of
variables used throughout the program. (See Tomlin (1975).)

2. SUBROUTINE INPUT(IFPROB, INITBD)--From LPM-1; reads in all
problem data. (See Tomlin (1975).) Modified to alsc read in
lower and upper bounds on decision variables.

Parameters:
IFPROB (Output, INTECER*4) Problem identification number i
(=INPROB)
INITBD {Output, INTEGER*L) Ihitial lower bound estimate for
maximum objective value.

3. SUBROUTINE FTRAN(IPAR)--From LPM-1; performs forwsrd trensfor-
mation of matrix colums by basis inverse. (See Tomlin (1975).)
Parameters:

IPAR (Input, INTEGER*L) Determines eta-vectors by which
x matrix column is updated.
2 4. SUBROUTINE BTRAN--From IPM-1; performs backward transformation.
; (5ee Tomlin (1975).)
4
M 5. SUEROUTINE FORMC--From IPM-1; forms objective function vector
2 for Phase I of primal simplex method. Used in conjunction with
4
' SUBROUTINE PRICE. (See Tomlin (1975).) Modified for bounded-
§

=

variables.
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6. SUBROUTINE PRICE--From LPM-1; prices out columns for primal

simplex method and chooses pivot column. (See Tomlin (1975).)

o

Modified for bounded-variables.

7. SUBROUTINE CHUZR--From LPM-1; chooses pivot row for primal
simplex method. (See Tomlin (1975).) Modif'ied for
bounded-variables.

8. SUBROUTINE WRETA--From LPM-1; forms new eta-vectors for product-
form of basis inverse. (See Tomlin (1975).)

9. SUBROUTINE SHIFTR(IOLD, INEW)--From LPM-1; rearranges data
storage. (See Tomlin (1975).)

Parameters:
I0LD, INEW (Both input, both INTEGER*4) IOID indexes storage ]

locations of data to be transferred by SHIFTR to locations

indexed by INEW. )
10. SUBROUTINE INVERT--From LPM-1; Determines basis inverse by LU
decomposition. (See Tomlin (1975).) Modified to update RHS
with bounded-variables.
11. SUBROUTINE UNPACK (IV)--From LPM-1; expands compressed matrix
columns by inserting zeroes appropriately. (See Tomlin (1975).)
Parameters:
IV (Input, INTEGER*4) Indexes the matrix column to be
expanded.

12. SUBROUTINE SHFTE--From LPM-1; subroutine for INVERT. (See Tomlin

TR

(1975).)

BR - SRR o R S
@

)

e AL DA IR T AT SN 43 Ve A Ry o S




SR R

b A

13. SUBROUTINE UPBETA---From IPM-1; updates RHS following & primel

or dual simplex pivot. (See Tomlin (1975).) Modified for
bounded-variables.

14. SUBROUTINE NORMAL(ITSINV)--From LPM-1; directs execution of
primal simplex method. (See Tomlin (1975).) Modified for
bounded-variables.

Parameters:
ITSINV (Input/Output, INTEGER*4) Counts number of simplex
iterations since last basis inversion.

15. SUBROUTINE BANDB(INITBD, ITSINV)--directs execution of branch-
and-bound search for optimal integer solution, after optimal IP
solution has been computed in SUBROUTINE NORMAL. Also directs
reoptimization via dual simplex method following a branch in
the forward direction. Calls NORMAL for reoptimization after
backtracking.

Parameters:
INITBD (Input, INTEGER*L4) Initial lower bound estimate for
maximal objective value.
ITSINV (Input/Output, INTEGER*4) Counts number of simplex
iterations since last basis inversion.

16. CSUBROUTINE DCHUZR--Selects pivot row for dual simplex method
(analogous to CHUZR).

17. SUBROUTINE DCHUZC--Selects pivot column for dual simplex method

(Analogous to PRICE).

o a8 0 o MR i TR
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18. SUBROUTINE TESTX--Tests optimal LP solution at each node for
fathoming. Installs new incumbent each time an improved
integer-feasible soclution is found.

19. SUBROUTINE PENLTS--Computes Tomlin's Improved up- and down-penalties
and the Gomory penalty at each node. Checks for forced branches
on both basic and non-bagic decision variables. If computed
penalties are insufficient for fathoming, chooses branching
variable, calls SUBROUTINE BRANCH.

20. SUBROUTINE BRANCH--Performs necessary bockkeeping for branching
as indicated by SUBROUTINE PENLTS. Increments list of stored
nodes; revises bounds on branching variable appropriately for
branch in forward direction.

21. SUBROUTINE BKTRAK--Uses last-in-first-out (LIFO) strategy to
retrieve unfathomed nodes from list of stored nodes.

22. SUBROUTINE WRAPUP--Outputs final solution information. (See

output from sample run in Appendix I.)

2.4k, Description of Output

The output from BB takes the following form. Whenever a new
incumbent solution is found, the computation time required to reach
the solution, and the corresponding objective value of the solution
are printed out. When all computations are completed (i.e., when the
optimal solution has been cbtained, and its optimality verified),
the total solution time is output. The optimal integer solution is

then printed out in 2015 format. More specifically, the coptimel
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column values are output in the order (1) objective function value,

(2) slack variables, and (3) decision variables. The values of
the first twenty columns are printed on the first line, the second

twenty on the second line, etc., until all column values have bheen
printed. The output from a sample run of BB is given in Appendix I,

following the listing of the program.

2.5. Further Comments

As currently written, the Fortran code BB contains approximately

1,450 source statements. All significant array storage is done in
COMMON. In all, approximately 64K bytes of core storage are required
by the three COMMON blocks. When compiled on Stanford's IRM 370/168
under IBEM's FORTRAN-H-extended compiler, with level two optimization,
approximately 113K bytes of core are required for all instruction and
data storage.

[he computer program BB was written by the present author in

the course of completing his doctoral dissertation in the Department

Research, Stanford University. Computational results
(solution times) obtained on several test problems are presented in

Chapter 6 of Kochman (1976). BB was last revised in September 1976.
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3. The Decomposition Code DSIC

3,1. Main Program end Input Requirements

The main program for the code DSIC coordinates the application
of the two phases of the decomposition algorithm for block angular
integer programs with a gingle linking constraint. In Phase I, the
problem data is input, and the computations required to construct
the Master Problem are carried out. The branch-and-bound search for
an optimal allocation of the linking resources is executed in Phase 2.
DSIC has been written so that any of the four decision rules for
subproblem selection may be specified by the user. (See Section 5.2
in Kochman (1976).) This is done by assigning the appropriate value
to the input variable IPAERM, as described below.

The first card of input for DSIC contains values for the
variables NSUBS, IB, IPARM, and IZINC in LI10 format. These variables

have the following significance:

NSUBS = number of subproblems.
IB = linking constraint right-hand side.
IPARM = parameter determining which subproblem selection rule

is used in Phase 2.

Specifically,

IPARM = 1 = Selection rule based on average gaps between
LP bounds and corresponding exact integer

programming objective values in the subproblems.

SR
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Selection rule based on average slack in

N
"
e

IPARM =
the linking constraint in the optimsl sub-

problem solutions.

d

IPARM = 3 = Selection rule based on average subproblem
solution times.

IPARM = 4 = First unfixed subproblem will be selected,
where subproblems are numbered in the same
order in which they were input.

IZINC = lower bound estimate for maximum overall objective value.

Following the first card, the problem data for the individual
subproblems is read in sequentially. The format of this data is the
same for each subproblem, and is similar to the format used to input
problem data in the branch-and-bound code BB described in Section 2.1. ;
For each subproblem, the first card of input contains the value

for the variable INPROB in IkL format, where

INPROB = subproblem identification number. The subproblems must
be numbered and input sequentially in the order |

1, 2, 3y «=e; NSUBS.

DSIC assumes that all cost coefficiente in each of the subproblems
are integer-valued, and takes advantage of this by rounding all
upper bounds down to the nearest integer. For each subproblem, the

formats used for input of row and column names, objective function

coefficients, congtraint matrix coefficients, and right-hand side

coefficients are identical to those used by LPM-1l. Following input




of these data, initial lower and upper bounds XLB(J), XUB(J) must

be specified for the decision variables in 15F5.0 format. The
final input card for each subproblem contains values for the variables

IBLB(INPROB), IBUB(INPROB) in 2110 format, where

IBIB(INPROB) = lower bound on the allocation variable associated
with subproblem number INPROB.
IBUB(INPROB) = upper bound on the allocation variable associated with

subproblem number INPROB.

The input for a sample run of DSIC is given in Appendix II,

following the listing of the program.

%3.2. Restrictions Relevant to the Use of DSIC

As currently configured, the following restrictions apply

to the input data and problem size and complexity for DSIC:

1. NSUBS must be .IE. 10.

2. The first row in each subproblem must carrespond to the objective

row; the second row in each subproblem must correspond to the @
linking constraint.

3. No right-hand side value should be specified for the linking
constraint row in each subproblem. Prior to computing the para-
metric IP solution for a subproblem in Phase 1, DSIC automatically
initializes the linking constraint right-hand side to the specified
lower bound IBIB(INPROB) on the allocation variable associated

with the subproblem.
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4. The number of rows (including objective and linking constraint
rows) in each subproblem must be .LE. 22; the number of decision
variables must be .ILE. 50 in each subproblem.

5. The number of nonzero objective and constraint coefficients
must be .LE. 500 in each subproblem; the total number in all
subproblems must be .LE. 1000.

6. The modified concave and piecewise linear pzrametric objective
function generated in SUBROUTINE PHASE1(J) must have .LE. 50
linear segments in each subproblem.

T. The number of distinct subproblem solutions generated must be
.IE. 20C for each subproblem.

8. The list of stored nodes in the branch-and-bound search for an
optimal allocation of the linking resource must never exceed 200
nodes in length.

9. The list of stored nodes in the branch-and-bound search for
optimal subproblem sclutions must never exceed 500 nodes in

length for any subproblem.

3.3. Description of Subprograms
1. BIOCK DATA--From LPM-1; same as for BB. (See Section 2.5 and

Tomlin (1975).)

2. SUBROUTINE INPUT(IFPROB)--From LPM-1; reads in subproblem
data. (See Tomlin (1975).) Modified to read in lower and
upper bounds on the decision variables and on the allocation

variable associated with the given subproblem. Also stores

subproblem data.
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3-15.

15l

16-21.

22.

Parameters:

IFPROB (Output, INTEGER*.4) Subproblem identificsation

number (= INPROB).
SUBROUTINES FTRAN(IPAR), BTRAN, FORMC, PRICE, CHUZK, WRETA,
SHIFTR(IOLD, TNEW), INVERT, UNPACK(IV), SHFTE, UPBETA--From

LPM-1; same as for BB. (See Section 2.%, and Tomlin (1975).) i

SUBROUTINE NORMAL--From LPM-1; directs execution of primal I
simplex metnod. (See Tomlin (1975).) Modified for bounded-
variables.
SUBROUTINE BANDB(INITBD)--From BB; directs execution of branch-
and-bound search for an optimal integer solution to given sub-
problem. (See Section 2.3.)
Parameters:
INITBD (Input, INTEGER*L) Initial lower bound estimate for
maximum subproblem objective value. Value of INITBD is
specified by SUBROUTINE GETLBD(J).
SUBROUTINES DCHUZR, DCHUZC, TESTX, PENLTS, BRANCH, BKTRAK--
From BB (See Section 2.3).
SUBROUTINE ALOCTE(IPAR, IRHS)--Solves Master Problem (concave-
separable integer program; see Kocaman (197o0), Chapter L).
When current node in allocation-variables search tree was
obtained by forward branch, the Master Problem is reoptimized
by starting from the previously optimal solution and reallocat-

ing IRHS units of the linking resource.




i Parameters:

IPAR (Input, INTEGER*L) Indicates whether current node in

allocation-variables search tree was obtained by forward

o

branch (IPAR = 1), or by backtracking (IPAR = 0).
IRHS (Input, INTEGER*L) Amount of slack in linking constraint
in the optimal solution to last subproblem solved; used only
when IPAR = 1.
2%, SUBROUTINE DOMCHK (J, K)--Compares current allocation:(from
SUBROUTINE ALOCTE(IPAR, IRHS)) with previously examined alloca-

tions in each unfixed subproblem to determine if the optimal

solution corresponding to the current allocation is already
known for any subproblem.

B Parameters:

J (Output, INTEGER*4) Indexes first subproblem found for
which optimal solution corresponding to current allocation
is already known.

K (Output, INTEGER*L) lndexes the previously examined alloca-
tion in subproblem J which leads to same optimal solution
as would current allocation.

24, SUBROUTINE LDDATA(J)--Loads data for subproblem J into appro-

P

priate storage locations for solution by SUBROUTINES NORMAL

b and BANDB(INITRD).

1A Parameters:
L J (Input, INTEGER*L) Indexes the subproblem selected to

L

be solved next.
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25. SUBROUTINE GETLBD(J)--Compares current allocation in subproblem

J with previously examined allocations to determine an initisl

(2]

lower bound on the maximal cbjective value in subproblem J |
under the current allocation.
Parametlers:
J (Input, INTEGER¥L) Indexes the subproblem selected to
be solved next.
26. SURRQUTINE SAVER(J)--Stores allocation and solution informa-

tion for subproblem J.

Parameters:

J (Input, INTEGER*L) Indexes last subproblem solved.

K (Input, INTEGER*L) Indexes a previously examined alloca-
tion in subproblem J. The current allocation in subproblem

J is fixed at the level of the Kth allocation by the branch-

J

ing procedure.

27. SUBROUTINE DMBRAN(J, K)--Branches on allocation variables
in subproblem J. (See Kochmen (1976), Chapter 3 for a
$ discussion of the branching procedure.)
i Parameters:
J J (Input, INTEGER*l4) Indexes subproblem in which branching
: igs done.
; K (Input, INTEGER*4) Indexes a previously examined alloca-

tion in subproblem J. The current allocation in subproblem
J 1is fixed at the level of the K allocation by the

branching procedure.
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SUBROUTINE BBKTRK--Backtracks in allocation-variables search
tree to locate next unfathomed node to be exzmined. Last-
in-first-out (LIFO) selection rule used.
SUBROUTINE OQUTSOL(INC)--Outputs final solution information.
Parameters:
DIMENSION INC(10)
INC (Input, INTEGER*L) Array containing optimal solution
information. For J =1, 2, ..., NSUBS, INC(J) = k if the
solution in subproblem J corresponds to the Kth solution

obtained in subproblem J.

SUBROUTINE PHASEL1(J)--Solves subproblem J as a linear program
parametrically in the linking constraint right-hand side.
Simultaneously modifies the resulting concave and piecewise
linear parametric objective function to render 21l breakpoints
integral. (See Kochman (1976), Chapter L.)

Parameters:

J (Input, INTEGER*4) Indexes next subproblem to be solved.

Description of Qutput

The following output is generated by DSLC. After each subproblem

J has been solved parametrically in SUBROUTINE PHASE1(J), the

(all-integer) breakpoints IBP(K, J) (K =1, 2, ..., NIAMDA(J) + 1)

of the resulting parametric objective function are printed

out, where

19
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IBIB{(J), when K =1
IBP(X, J) =

IBUB{J), when K = NILAMDA(J) + 1,

and where

NLAMDA (J) = number of linear segments in the concave and piecewise

linear parametric objective function for subproblem J.

The second line of output for each subproblem displays RLAMADA(K, J)

(K=1, 2, ..., NLAMDA(J)), where

RLAMDA(K, ) = slope of the Kth linear segment of parametric objective

functions for subproblem J.
The third line of output for each subproblem gives ZNAUT(J), where

ZNAUT (J) = value of parametric objective function for subproblem

J at IBIB(J).

~

Next, the output‘generated in Phase 2 of the decomposition algorithm

is printed. Whenever a subproblem is (re)solved explicitly

oy
SUBROUTINES NORMAL and BANDB(INITBD), one line of output is generated;

this line takes the form,

SUB J, SOLK: X; Xoy «vey X




%
|
|
|
|

where
J = gsubproblem identif'ication number
b K = identification number associated with the given solutions
for subproblem J.
XE = optimal column values, & = 1, 2, ...y, D,

n = number of columns in subproblem J.

As in the branch-and-bound code BB, the optimal solution to the sub-
problem is printed out in the order (1) objective function value,
(2) slack variables, and (3) decision variables. It should be noted
that when the lower bound on the maximal objective value generated
in SUBROUTINE GETLBD(J) equals the optimal objective value for the

given subproblem, no incumbent solutions are found in SUBROUTINE

BANDB(INITBD). In this case, only the optimal objective function

value and linking constraint slack are printed out; zeroces are printed

for the remaining column values. The remaining optimal column

values may be recovered through the solution identification number

K, by referring to the output for subproblem J when the Kth solution

was first generated.

In addition to the subproblem solution information, whenever

& a new incumbent solution to the overall block angular problem (P) is
discovered, the computation time required to reach the solution and
the corresponding incumbent objective value IZINC in (P) are printed.
¢ When all computations have been completed, the overall optimal
solution to (P) is printed. The solution in each subproblem is

identified by the solution identification number. The optimal column

values may be recovered by referring to the output of subproblem

5
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solution information generated in Phase 2 of the elgorithm. Finally,

the meximal objective value to (P) is printed, followed by the output
of various parameters related to the performance of DSIC on the
problem. The output from a sample run of DSIC is given in Appendix

II, following the listing of the program.

3.5. Further Comments

As currently written the Fortran code DSIC contains approxi-
mately 1,950 source statements. All significant array storage is
done in COMMON. In all, approximately 65K bytes of core storage are
required by the five COMMON blocks. When compiled on Stanford's
IBM 370/168 under IBM's FORTRAN-H-Extended compiler, with level two
optimization, approximately 126K bytes of core are required for all
instructions and data.

The computer program DSIC was written by the present author
in the course of completing his doctoral dissertation in the Depart-
ment of Operations Research, Stanford University. Computational
results (solution times) obtained on several test problems are
presented in Chapter & of Kochman (1976). DSIC was last revised in

September 1976.

L. The Decomposition Code DMIC
L,1. Main Program and Input Requirements

The main program for the code DMIC coordinates the application
of the two phases of the decomposition algorithm for block angular
integer programs with multiple linking constraints. As in DSIC, the

problem data is input and the computations required to construct the

P L TR P SR WYY © P T Tl Al A st s 20 i 1N




Relaxed Master Problem are executed in Phase 1. In Phase 2, the
branch-and-bound search for an optimal allccation of the linking

resources is carried out. The major differences between the codes

< DSIC and DMIC are in the methods used to construct and solve the
Master Problem; see Chapter 4 and Chapter 5, Section 1 in Kochman
(1976) for a discussion of these methods.

: The first card of input for DMIC contains values for the
variables NSUBS, NLINK, IPARM, and IZINC in 4I10 format. These
variables have the following significance:

NSUBS = number of subproblems

NLINK = number of linking constraints

,

IPARM = parameter determining which subproblem selection
rule is used in Phase 2. Identical to IPARM in
the code DSIC; see Section 3.1.

IZINC = lower bound estimate for maximum overall objective
value in (P).

The second card of input for DMIC contains values for the array IB(I)

in 5110 format, where

: IB(I) = right-hand side for Ith linking constraint,

i L =iy 2y ey NLINES

"‘.

;l Following these two cards, the problem data for the individual

; subproblems is read in sequentially. For each subproblem, the first

é card of input contains the value for the variable INPROB in I4 format,

5 where
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INPROB = subproblem identification number. The subproblems
1

must be numbered and input sequentially in the

order 1; 2, 3, s.s; NSUBS.

The format for the individual subproblem data is identical to that
used in DSIC (see Section 3.1), with the exception of the input of
J the bounds on the allocation variables. The final two cards of
input for each subproblem contains values for the arrays IBLB(I, INPROR)
and IBUB(I, INPROB), respectively, in 5110 formai, where
. o P . th : ik .
IBLB(I, INPROB) = lower bound on the I allocation variable associated
with subproblem number INPROB, I =1, 2, ..., NLINK.
S ) th ; . .
IBUB(I, INPROB) = upper bound on the I allocation variable associ-
ated with subproblem number INPROB, I = 1, 2, ..., NLINK.
The input for a sample run of DMIL is displayed in Appendix
IIT, following the listing of the program.
L.2. Restrictions Relevant to the Use of DMIC
As currently configured, the following restrictions apply %o
the input data and problem size and complexity for DMIC:
1. NSUBS must be .ILE. 10; NLINK must be .LE. 5.
¥ .
o 2. The first row in each subproblem must correspond to the objective
L Tow; rows 2, 3, ..., NLINK + 1 must correspond to the linking
~ constraint rows.
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of objective

rows h subproblem must be .LE. 10; the of de
riables mu be .IE. 20 in ch subproblem.
The of nonzero objective and constraint coefficients
. ,IE. 500 in each subproblem; the total mumber in all subp
nust be .LE. 10CO.

in length.

200 nodes

g UL
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e ) I stored

lmal subpro blem

egeription of Subprograms

sets of optimal dual
be .IE. 20.

s explicitly examined
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UNPAC

HUZC, TESTX,

SUBROUT INES
HUZR,

i
), SHFTE, T

e Rean] NP T \ TN
WRETA, SHIFTR(IOLD, INEW), INVERT,

UPBETA, NORMAL, BANDR(INITED),

PENLTS, BRANCH, BKTRAK--Same as for DSIC;
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'NPUT (IFPROB), FTRAN(IPAR), RT
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Section 3.3. SUBROUTINE INPUT(IFPHOB) modified for multiple

linking constraints.
SUBROUTINE AIOCTE(IPAR)--Obtains linear programming solution

to Relaxed Master Problem; see Kochman (1976), Section 5.1.

Calls SUBROUTINE LDMSTR (if necessary) to set up problem

data for solution by SUBROUTINE NORMAL. Also calls SUBROUTINE
TESTZ to round-off optimel IP solution.

Parameters:

IPAR (Input, INTEGER*L) Parameter indicating whether

(IPAR = 0) or not (IPAR = 1) any subproblem has been explicitly

solved since last Master Problem solution. When IPAR = O,
the data for the Master Problem must be reloaded from
scrateh (SUBROUTINE LDMSTR) into the storage locations
required for SUBROUTINE NORMAL. When IPAR = 1, only the
revised allocation-~variables.bounds need be reloaded.
SUBROUTINE LDMSTR--Ioads data for Relaxed Master Problem
into appropriate storage locations for solution by SUBROUTINE
NORMAL.
SUBROUTINE TESTZ--Tests LP-cptimal solution to Relaxed Master
Problem for fathoming. If not fathomed, the solution is
rounded to obtain an integer-feasible solution to the Relaxed
Master Problem. See Kochman (1976), Section 5.1 for a discus-
sion of the rounding procedure.
SUBROUTINES DOMCHK (J, K), LDDATA(J), GETLBD(J),--Same as
for DSIC (see Section 3.3). Modified for multiple linking

constraints.
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associated wit he nstraint tin f'rom
previous S5 [ 1 multiplier f distinet
farame e
J (Input, INTECFR*4) I[ndexes subproblem solved under
current, all -
G-32. SUBROUTINES SAVER(J), DMBRAN(T, X), BBKTH
ag for D ee Seetion 3.3). ed f

4,4, Description of Output

The format for output from DMIC is identicel to that for

DSIC, with the obvious exception that no parametric linear programm-

ng sclution information for the subproblems is generated in DMIC.

ole run of DMIC is included in Appendix IIT,

T +1
Lcten, the

mately

source statements. All signif

done in COMMON. 1In all, approximately 50K bytes of core storesge

are required by the five COMMON blocks.

1Y

The computer program IMIC w

written by the present author
in the course of completing his doctoresl dissertation in the Departiment

of Operations Research, Stanford University. IMIC was last rev

in September 1976.
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le €
1 C BR ANLH-AND=bLLUNE RUJTINE, 8B
Se € PURCINTEGE: LINEAR PRUGKAMMING IN wcNERAL IMTEGER VARIAoLES
4 C GARY A. KUCHMAN (UPERATIONS RcSFARCH), SEPT. 197, MUD 1
G o €
6 e IMPLICYT KcAL*a (A CoE=HyOgPyR=nyl) s REAL¥B (ByDoeXyY)y
Te 1 INTEOLE s (=, W)
9. COMMON/Tideko/ TrIRSTZTOPT,LlFVAL, LTCOT
Yo C
19. C MATN PROUKAM
11. (> COURUINATES APPLICATION uk INPUT, P, BRANCH=AND=-BOUND,
12. C ANL OUTPUT SuBk CUTINES
) (3
}he C START TIMEK
15. 10 CALL PCLUCKLITLTY)
1o, € INFUT PRUSLEM DATA
17. CALL INPUT(IFPRUD, INITBO)
13. IfF (IFPRUB »EWe € GO TL LO0O
19. ITSINV = 99999 :
20 o C SCLvE LP KelLAXATIUN UF URIGINAL PROBLEM
2l . CALL NCRMAL(ITSINV)
224 C AP PLY OBRANCH=ANL=8LJNU SEARCH RUUTINE
2%, CALL EBANUB(INITBD, ITSINV)
24 C STCP TIMEK
25 « CALL PCLUCK(JTIME, ITOT)
26a TTOT = JUTIME/LUU.
27 < wRITE (o,i) TTCT
2%. 1 FORMAT (' TUTAL SCLUTION TIME ='4F7.24+' SECONDS')
29 C OUTPUT UPTIMAL SCLUTION
30. CALL w?2APUP
L § 3 GO TU lu
32 ¢ 10CC STQOP
34 FND
34 BLOCK LATA
35. C
% 36 . < INTTIALTIZES GLUBAL PRUGRAM CUNSTANTS
3T € SOBRUUT iNt AJAP Teu FROM LINEAR PRUGRAMMING CODE LPM=1, WRITTEN
39 o € Y JeAe TUMLIN (JPE<ATIUNS RESEARCH,y, STANFORD JINIVERSITY)
35 « C
4 49. IMPLICIT REALX4 (A 4Coc=HyUsPeR=wyl)y RZAL®G (ByUsXsY)y
: 41, 1 INTEGER*S  ([=Ny «)
42, COMMON/2LUCKYZ CTLL LEplTOLPVSLTCUST o ZTULRIGWLTOLSM g P Ly QMA, JBALQF I
r A 43. 1 LUy UL WA QPLy UM Ty WZ o d T 9 QF g GNy QU NFMAX yNEMAX e QBIR Ly
44 . 2 Wb oW H QU WLy dR y My QU NTMAR
45 o REAL Z2TULCE/LeE=97 y2ZTULPV/ LeE=4/ o LTCIST/LeE=3/4yLTOLRI/LlaE=4/,
46, 1 ITUL oM/ ieE- 10/
3 47. INTEGEF %4 ANRKMAX/ 60/ yNTHAR/LOUQ/ o NEMAR/4DD0/
. 493, INTE3ERNG QrU/ "Riw '/ dMA/'MATRY/ gu2A/'BASTY/4QF I/ 'FIRSY/,
3 ' 49, IQEG/PECF Y/ 4QBL7" Yy WA/ A YLy QPLSY * edMI/Y = Y/,
L e LTh o 2Q27% 1 *r.Qir%l ¢l dbidVF Y /WQN/'N e/ ! o 2"
A _‘ 51 3QB/TR /st "/ yE/E C/GQH/YH Y/ AU/ Y
% 52, 4QU/'0 '/ ywh/ 'R /At /0G50 v/
2 53 END
& S%. SUBKCLTINE INPUT UL FPRUB,y INITBO)
* 55 o C
2 55, (= INFUTS PRUBL.M LATA
e 57 C SUBRUUT INE AVAP TEU FRUM LINWEAR PRUGKAMMING CODE LPM=L, WRITTEN
y 5%. G BY JoA. TUMLIN (QPERATIUNS RESEARCLH, STANFCRD UNIVERSITY)
5% CrexsxxxsDE SCRIPTIUN UF PARAME TER I ®#® s %% 3
€)e C IFPRUE = INPRUB = NJUNZERU PRCBLEM LUENTIF ICAT [UN NUM3EK(OQUTPUT)
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6l. C INITou = INITIAL LOALK BUUND £STIMAl: FUR MAXIMAIL OBJECTIVE
62 (5 valJt (QuTPuT)

h3e CAABEAL RS F 0y BRI R R E LR FRE B X R XY BEGEE ¥

Ete €

65, IMPLICIT REAL*¥4 (A9pCyE=AyOePoR=neZ)y RZAL%8 (BoDeXsY),

65 « 1 INTEGER %4 ([ =11, Q)

61 . INTEGFR*2 JUhyn LvEASLAgl Lo IALIE

0)e DUURLE PrRECISTILN EL(4JU)) JATEMPL (JATEM?

6. REAL A(2u00)

T)e C

71, COMMON/BLUCK/ LTOUL LEZLTOLPV2ZTCCST,, ZTULRY,ZTOLSH oQRD y MA 2 QBA oGF I
7>, 1 WEC s QBL LA p)QPL QM Ty QL yWT ywF g ANy QUy NRMAX y NEMAXRy At 9 WLy
T 2 Wit g Myl s QU s WR ¢ QM gy QU NTMAX

TS5 COMMON USJUMaUPRUD . LY DE UP 31609 X(60),Y(00) ,YTEMP(60) oAy,

15 e 1 UMINE g LONAMCLLZ92) s NAME(2C) JNTEMP{20)yMSTAT,L10B0yIRDNWP,
il 2 TVANgIVUUT g TTUNT ) INVFRGQe ITRFRQeIFFEZyJCOL Pyinr Uy NCOL ¢ NELEM,
T8 o 3 NETAGNLEL M oNLETAZNUCLEM ¢yNUZ TA 4 JH(00) yKINBASEL122) yLACL24) o
79, 4 CELOU2 ) TA(2000) 312140000 o XLB(L22)4X33(L22)

3 2 C

Il DC 10 I=1,4060

f2e. 1C B(1) = U«

A3 . D0 20 J=1,122

3% a 2C KINBAS(J) = 0O

35 . NROw = J

15 ITENT = O

37, I€S1=C

83. 1€s2=¢

39, READ (5, 70CC,ENO=99G99) INPrRUS,ICBJ,y INVFRQy ITRFRJI,INITBD

3D e T7CCC FORMATY («l449110)

91 . 1FPRCB = INPRUB

12 o IF (IFPRUB «Ede 0) RETJIRN

N IF (I1CBY &G« €)10BJ = 1

94 o [F {INVFRU <EQ. O)INVFRI = 99996

95 IF {ITRERG Qe U) ITRFXG = 99999

G4 . ARITE (¢, 801C) [FPeUB

a7, 010 FORMAT(SHLIPRUBLEM yi4)

a3, Ps

: Lo S READLE ) 1ul) KL pRZa K3, Kay (NAMELT ) =1, a) ) ATEMPLyNAMELS ) ¢ NAME(O),
109, LATEMP ¢
101 « 101 FORMATIQAL 92A4 93¢ X9 cA432K3F12e933K9284,42KyF12 .4)
1D2 & [F(K]l «EWe WE) GU TG €90
163« [FIK! .cwe &BLY) GJ Ty 50
10% . IF(K] oEwe WN) GU TG 100
105 [FIK]l scwe Gk AND e K2 «ERe QJ) L=l
1764 IF(KL oEWe wk sAnNUs K2 EWe QU) GU TO 150
107. IF(K]l +Ew. QC) L=¢
103, IFIKE «Ewe GC) GO TG 150
109, [F(K]L oEue QB <ANDs K2 ostde WQA) L=3
1104 IF(Kl obWe wB <ANDe KZ oCue wA) GG TO 1950
11ts TF{Kl oEle WF <ANDs KZ oEQe WH) L=4
112« [IFIK]L +EWe Kk <ANDs K2 «EQs QH) GO TO 150
113, 50 GO TO(21043205410,500) L
114 1CC NTEMP (1) = NAME(3)
115 NTEMP (2) = NAMEL4)
116 15C CLNTINUE
I1L?7 s0 T 5
113 C
117. 21C NRUOwW=Nkgw+ L
1290. NCOL=NFUA
121 TCNAM(NKkLAgL) = INAME(L)
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AT LA

:
s

= lala

N
N
-

230

24C

33¢C

ICNAM (NKUW ¢ ) = waMELZ)

I-S7T Rduwn TYPE

IFIK2 aEQanl +OKs KILEQeQL] GO TO 220

IF(K2 etWeWE <Uke NOecWeE) GO TO 239 !
IF(K2eF0 el oflke KIoCWeW) od TL 240 ]
IF(KZ eFCewli «ORe R3oEwawN) G0 TO 25U i
GO TO 23y i
XLR(NRCn) = Q.

XUB(NRLn) = l.te

G0 TQ 250

XLB(NRCH) = U. 1
XJIBINKURY) = Ue J
60 TE 250 {

XLB(NRCW) = 0. !
XUZ(WROAD = lots 1
A(NROR) = =1,

GU TC Jouv

A(NRGW) = 1o 1
[TA(NZCW) = AROW

LA(NRLW) = wkia

JHINR W} = NrROW

KINRAS(ihuw) = Nkua
NELCM=N<On h

,\“,r TN 4

MATRIX ELEMENTS

g = 3

K = 4

1F (UAPS(ATEMP L) oLEe LTULLE) GO TC 32
GO TC s<i4

J=5

K=6

ATENMP I=AT cMP?

GG TO 230

CONTINJ:
IF (NAMZ(L) Qe 1CS1 <ANDe. NAME(2) .EG. ICS2) GO TO 330

TEST FOR SPLET VECTUR

Jid 32 1 = LeNLUL

[F (NAME(Ll) oNEte 1CLNAM(I,1)) 60 Tu 325
TF (NAMclZ2) oNbe [CNAMIT2)) GG TJ 345
AaRTITE(EyB8250) FAME (L) eNaME L)

FORMAT (L aHUSPLIT VELTUR 4.A4)
CONTINGE

MCOL = NCOL + 1

1CS1 = NAMELL)

[CS2 = NAMEWZ)

TCNAM(NCCL L) = ICSI
ICNAMINCGL 920 = ICS2
LACNCECL) = NELEM + 1

TEST PUR KUk HATLH

BC 34C | = LeNRCw
TFINAME(J) oNEo ICNAMUT,1) JURe NAME(KR) oIvE. TCNAMUI,2)000 TU 340
NELEM = NELEM + 1
JAC(RELEM) = |

32
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221

N
~ne
o

Son

525

P U g

AINFLEM) = ATEMPL

LA(NCCLRL)=NELCM ¢L

IFEK GT, 5) Gu TG 5

IFIDABS(ATEMPL) ol te (TOLZE)D 68 To 4
] = 3

K = ¢

ATEMP L ATeMP

GO T 330

> CONTINUE

ARTTE (5,530U0) NaMc (U] NAME(K) yNAME( L) s NAME(2)
FORMAT({1dHUNU MATLUH FOR ROw 22A44510HAT CULUMN L2 A4)
>sTOP

BASIS> CA~US

DO 42C I = 1.NLOL

[F(NAME(L) oNeco ICNAM(I,1) «ORe NAME(Z2) oNE. ICNAM([,42))

EBVEC = I

GO TO «¢5

CCNTINVE

WRITE(£,34C0) NAMc (1) ,MHAME(2)
FORMAT{.LHONU MATCH FUR VECTOR 4244)
G50 TO 5

D3 43C 1 = 1 ,NrUW

T (NAME(3) NESICHAMII ¢ 1) eURJNAME (4)aNE-ICNAMIL,2))
18RCOk=1T

GO TD Ly

CCNTINUE

WRITE(Gy3200) NAME (3),NAME(4)

66 Ta 5
JHIIRRTwW) = [BVEC
KINBAS(IBRUW) = O
KINBASUIBVEL) = 1BROW
GO T0 5

SHS
SRS
K = &4

IF (DAESCATEMPL) oLE. LTULLE)D e FC 521

60 TOQ SZ«%

J=5

K=6

ATEMPL=AT LML

68 Y 539

CONTINUe

IF (NAME(L) «cQe 1CS1 .ANU. NAME(2) .EG. ICS2) GO

TEST Fyrk SPLIT VECTUR

DO 525 1 = l,nCUL

ITF (NAMELL) oNEs ITCNAM(I,1)) GC TO 525
[F INAME(Z2) NE. TONAM(1,23) GG TO 525
ARPTITE Ly 8250) NAME (L) yNAME(2)

CONTIANLE i

[CS1T = MAME(L)

LG 82 NAME(Z)

TEST FUR KUw MATCH

U3 54C 1 = LyNRUwW

T3

G0 TU 4«30

554




[TFENAMELY) oNL o ICNAMULs 1) UK. NAME(K) oNE. ITCNAM(!,2))GU TGO 340
3{1) = ATEMPL
528 [F(K 6T 5) GG TC S
[F(OABS(ATEMP2) JLite ZTOLLEY GO YU 5
J = 5
K = &
ATEMPL = ATEMP<
GC TO 530
540 CONTIANUE
WRITE(64,330C) NAME (J) s NAME(R)
SToP

ENu UF INPUT

[aNaXal

6CC NSCCL = NCUL = NKkUMWw
K = NROwW + 1
C INPUT LUWER ANU UPPER BOUNUS ON DECISIUN VAKIABLES
READ (9,65C) (XcBUJ)y J=KyNCUL)
READ (5,050) (xuBlJ)y J=K,NCUL)D
65C FORMAT (15F5.0)
NELEM = NELcM = NRCW
RELEM = NELEM

RDENS RELEM/ (NRUWANSCOL)
RETURN
9959 1FPRCE = ¢
RETURN
END
SUBROLTINE FTRAN(IPAK)
€
C PERFURMS FUKWAKD TRANSFORMATION GON COLUMN STOKED IN veCTOK Y
C SURRUUTINE AUAPTEL FRUM LINEAR PRUGRAMMING CODE LPM=Ly WRITTEN
€ BY J.A. TUMLIN (OPEKATIUONS KESEARCH, STANFORD UNIVERSITY)
CrxpnnxxkDESCRIPTION GF PAKAMETERS % %% sk k¥ &
C IPAR = PARAMETER INDICATING WHICH ETA=-VECTORS MATRIX CQLUMN
> IS TU BE UPODATED BY (INPUT)
(% d o o o ok e A ool ok X Rl R K X M K X6 g R Xk ol e X o ok ok %
C
IMPLICIT REAL%¥4 (AgCyE=HyUgPok=nypl) sy RKEAL®8 (BoDoXyY)y
1 INTEGEK®4 (I=N,y Q)
INTEGFF=2 JUHyKINBAS,LA,LE,IA,IE
SOURLE PRECISICN E (4000)
REAL A{2000)
€
CCMMON/3LOCK/ LTOLLESZTOLPVoZTCCST, ZTOLRYyZTOLSM QRO QMA,UBA LQF T,
1 LEO s CBL-QA»QPL Yy QMT 4 WZ il 9yQF 9 QN9 QUy NRMAX s NEMAX 3 QBy wCy
QEsQhsdL Q0 Ry WM yQGy NTMAX
C
CCMMON DSUMLCPKLD s DY 30E4UP4B( 601 3 XL 60 ), Y(60) yYTEMP (60 )y AyEr
1 SUMINF o ICNAM(122+2) ¢ NAME(20) ¢yNTEMP(20)yMSTAT, 10BUs IRDOWP,
2 IVINgIVOGUT g ITUNT y INVERUe ITRFRQOWIFFEZy JCOLP o NFUWyNCGLy NELE M,
3 NETAGNLEL EM yNLETAYNUELEM yNUE TAZJH( 60D o KINBASI122) sLA(L22) o
4 LE(10UZ2 }y TA(2000) 3 IE(4000) 4XLB(122)XUB(122)
C
GO TO (1CUs110), 1PAR
1CC NFE = 1
NLE = NETA
GO TO 200
110 NFE = NLeTA + |
NLE = NcTA

2CC IF (NFE .GTa NLE) GO TO Suwd
D0 1000 1K = NFEkyNLE

34
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()

5CC
1CCC
SCCC

SR =L e )

5CC

6CC
1060

sQ0cCC

1

~N

w N e

<

LL = LE(IK)

KK = LELIK*)} = ]
FPIW = TELEL)
DY = YULIPEIV)

NY = CY/E(LL)

Y(IPIV) = DY

IF (KK «LEs £L) GD TC 1000
it = Lkt * 1

DD 500 U = iLLgKK

IR = LE(J)

YUIRY = YOUIR) ~ E(J) * DY
CONTINUE

CONTIANUE

CONTINLE

RETURN

FND

SUBRNLTINE BTRAN

PERFURMS BALKWARD TRANSFORMATION UN COLUMN STOREL IN VECTOK Y
SUBRUUT INE ADA? TED FROM LINEAK PRIGRAMMING CUDE (PM=1l, wRITTcN
BY J.A. TOMLIN (DPERATIONS KESEAKRCH, STANFGRD UNIVERSITY)

IMPLICIT REAL#*4 (/\1C,E'ff.0,?.ﬂ-nyl)' REAL*¥8 (B4DeX,Y)
INTEGEK %4 (I=N, Q)

INTEGERP*®. UHKINCGAS LALEZIA,IE

DOUBLE PRECISTIUN E (4000) '

REAL A(20001)

COMMON/BLUCK/ LTOLLE2ZTOLPV ZTCOSTy ZTOLRY,LTOLSM y QKO , GMA Q544 JF 1 ¢
QED, WBLyGA,WPLyQMI QL oWl g uF e QN QU NRMAX yNEMAX g JBy ULy
WL gwH WL g WO 9 WR y QM 9 QG y NTMAX

COMMCN USUMUPRLDy DY sDEyOP 98 (60) 3 X(6D),Y(60) YTEMP(LO) 0AsE
SUMINF ICNAMOLoZe 2 9yNAME(2G) ¢NTEMP( 2O} MSTAT 108U, IRUNP,
IVINgIVUUT ) ITCNT 9 INVFRQy ITRFRU 9 IFFCZe JCOL PyNZIWGNCUL o NELE M,
INETAGNLEL EM ¢ NLETA yNUELEM gNUE TAWJH(O60) yKINBAS(LZ22) 4L AL
LE(1002), TA(2C00),IE(4000),XLB(122)XUR(L122)

I[F (NETA .LE. Q) GO TU 90uV

DO 1000 I = LyNETA

1K NETA = [+ |

(' LE(IK)

Kk = LE(IR+L) = 1

IPIV = IE(LL)

DP = F(LL) ’
DY = Y(IPIV)
DSUM = 0.

IFf (KK .LE

o

LL) o0 TQ 600

DO 500 J = LigKK

IR = TE&J)

DE = E(J4)

DPRQOD = Dt * Y(IR}
OSUM = USUM + DPRUOC
CONTINUE

Y(IPTV) = (DY =~ DO5UM) / DP
CONTINUE

RETLRN

END

SUBRODLT Live  FURM(

L
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FORMS UBJ. FULC TION VECTURG USED IN SUBROUTINE PRICE
SubwiUT five AUAPTED FRUM LINEAR PRUGRA4AMING CNODe LPM-1, WrITIEN
BY Jode TUMLIN (OPERATIONS RESEAKCH, STANFURD UNIVERSITY)

IMPLICIT RoAL®4 (A4Crb=HsOePyR=Wwyl) ¢ REALZE (Bp0eXsY )y
1 INTEGER*4 (=N, W)

INTEGER¥e Jr, K INBAS)LAyLE, [A,IE

J0UBL e PreCISICH c (4000)

REAL A(zuovu)

COMMON/BLULLRY/ 2TULZEZLTOLPVyLTCLST g 2TULRIy ZTOLSM QRO QMA,QBA,QF I o

1 WEUr eBLy JAIQPLy M Ty QZ gl ydF g QNpdUs NRMAX gNEMAX y 4B+ QC
2 WE s QH WLy QU» QR QM Gy NTMAX

COMMON U5 UM, OPRUD, CY4UEsDP4B(6Q) 9 X(ED )y Y(0U) s YTEMP(EO0) s AvE,

1 SUMINE g ICNAM( 122, 2) yNAME{20) oNTEMP(20) yMSTAT, 108BJYy IRUWP,
Z IVINGIVUUT  ITONT g INVER Gy ITRFRUZIFFE Ly JCOLPyNFUWyNCOL g NELE My
3 NETASNLELEM gNLETAYNJELEM GyNUETAZJUH(60) oKINBAS(122)LA(122)
4 LECLOLZ2)y TAL2000) s IE(4Q0U0) o XL (L122) 4XUB(122)

MSTAT = Gl

FFFEL = O

SUMINF = 0.

YUIC3J) = Qe

DU 30 I=1sNRUW ’
IF (! .cQ. 108J) oC TO 30

[COL = JHUI)

IF (X(I) .LE. (XLB(ICOL) = ZTULZE)) GO TO 10

IF (X(1) «GEe (XUob(ICLOL) + LTOLZE)) GU TU 20

Y(I) = 0.

GO TG 20

Y(I) = l.

SUMINF = LUMINF + XLB(ICOL) = X(I)
GO YO 30

Yely = =Ls

SUMINF = SUMINF ¢ X(1) - XUB(ICCL)
CONTINUE

IF (SUMINF «0Te ZTOLSM) KETURN
YUIOBJ) = le

IFFEZ = 1

MSTAT = Qt

RETURN

END

SLBROLTINE PKICE

PRICES UUT NONBASIC COLUMNS; CHOCSES PIVOT COLUMN JCOLP FOR
CURFENT PRIMAL SIMPLEX ITERATICN

SUBRUUT INE ADAP TED FRUM LINEAR PKUGRAMMING CCDE 1 PM=1, WRITTEN
AY J.A. TUMLIN (OPERATIUNS RESEARCH, STANFORD UN(VERSITY)

IMPLICIT RCEAL*4 (AyLyt=Hy0yPyR=Wy ) 9y RKEAL*B (BeDyXeY) o
i INTEGER¥4 (I-N,Q)

INTEGER®Z JH,KINSASyLA,LEyLA,IE

INTEGER®Z IPART, INCUMB, [VBNDy IVID, 1 0BND

DCUBLE PRECISICGN E=(400u)

REAL A(2000)

COMMON/BLOCK/ ZTUL LE4ZTOLPVyZTLCSTy ZTOLRY+ ZTOLSM,QRUy QMA,QDALQF I 4
QEOyQBL 1A yQPLyUMIQZ QI +QF yQUN»QUy NRMAX yNEMAX 4 QB dCy
2 QE sWwHywh » QD9 WRy WM, QG NTMAX
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@27, (4
429, COMMON/bLULKS/ UFPART(60) oREVBNC,) INCVAL TCUL 4LISTL,,IVAL,IDIR,
229« L [TPART(L122) o INCUME(L22) 2I1VENUIS00) o IVIDISAU),
4304 < TUBNELSO0) ¢ NP LVOT o IPTYPE JRCOST, LFEAS
A3 C
2| 432, COMMON ULUMUPKUDyUY sDE UP 81 60) 9 XL6U) oY {H0) ,YTEMP(E0)ghyEy
433, 1 SIMINFy ICNAMULSZ v ) s NAME (20) JNTEMP(20) yMSTAT, i0BU» IRODWP,
34, 2 LVINg IVOJ L TTONT  INVFRUW ITRERG9IEFE 2, JCOL PN Gimg NLUL Y NELE M,
435 « 3 IETANLELEM yNLETAGNUELEM JNUE TA 3 JH (00U} o KINBAS{L22) 9 LA(LL2) o
435, - LECLUOZ I, TAL2000) 2 IE(4000) $XLEB(L22)XUBLL22)
437 . C
433, CMIN f«Elu
4327 o CMAX = -LeELlV
40 o DO 12C0 Jd=1,NCLL
a4l iF (KINBAS(J) LT. VI 60 TO 1000
a4, IF ((XUBLJI) =~ XLBtJ)) «LTe £LTOLZE) GO TO 1000
443, OSUM U
1hiy . Lt = Latd)
o, KK = LAGJ+1) = 1
Vab o 20 508 I = LLsKK
Ly T . IR = TA(I)
G445, DE = A(l)
449 . OPRQC DE VL TRY
459 . OSUM = USUM + DPRUD
451 . 5C0 CCNTINUE
452, 1F (KINBAS(J2 .2Q. -1} GO T30 o000
453 o IF (DSUM .GEe CMIN) GU TU 100V
454, CMIN = DoumM
455, JCOLY = 4
456« 60 T9 1000
457 o 6CC IF (DSUM .bLce LMAX) GO TU 1000
452, CMAX = USUM
459, JGCOLZ = J
460 . 10C@ CCNTINUE
461 o €
62 . IF (CNMIN oeice =L4TCCST) GO TJ 1500
463, IF (CMAX .Gte ZTCAST) GO TO 200C
Lbi o JEOLP U
465 ECOSY = V. :
456 . KETUPN E
467 4 C [F (CMAX oGE. ZTLLST) Gu TO 2500 {
467 a &CC JCOLP = JCuLel
aen, RCOST = CMIN
41, RETYRN
471 . 20CC JEOLP = JLOLZ
*12 « RCOSY = CMAX
4T3 RETURN
474, 25C0 If (ABS(LMIN) = CMAX) 2000ue2000+.1060C
p %% END
4 “T6 SUBROLTINE CHUZK
47T (7
i 478, C PERFUARMS MIN-RATIU TEST FOK PIVJAT CuLUJUMN JCOLP COLTERMINED IN :
b 479, C SIBRUUTINE PRICE. SELECTS PIVCY RUW IROWP FUR CURRENT PR IMAL 1
M 480 a C STVPLEX ITeRATIUN.
§ 481 . r SHIBPUUT IN: ADAPTED FRUM LINEAR PRIGRAMMING CLUE LPM=1, wkITTcN
t 482 o C BY J.A. TUMLIN (UPERATLUMNS RESEARCH, STANFUORD UNIVERSITY)
4 4R3, G
-‘_y GLEG o IMPLTICIT REAL®4 (A4CoE=HyUgPyR=nyl) 4y REALXH (3D eXe¥ )y 3
: 435, 1 INTEGER®4 ([=NyQ)
; 4db. INTEGER®Z2 JH,<KINoSAS,LAyLE,[A,[L
4R87, INTEGER®Z [PART, INCUMB, L vBNDy [VID,ICAND
37

R B4

D SRS .

k)




o

BT R S

w

o
o
-

.

6CC

e OV M

1

)

N

L

=t
&

4

DOUSLE

PEAL

Alcuul)

CCMAON/3LUC K/

CCMMUN/BLUCK S, UFPARTIOU) yrEVOND ) INCVAL»ICOL oLISTLyIVAL,IDIK,
LPART (L) o INCUMBLL22) 2 1VBND(S500) ,IVID(S0U),
TUONDISUD ) yNPIVUT  IPTYPE«RLGST, IFEAS

COMMON UoUM,UPRUD,yUY yDE,UP8(00 ) X(00) 1Y (6U),YTEMP(6U)sAskEy

SUMINE o ICNAMUL22,2) g NAME(20) oNTEMP(20) 4MSTAT, [0BJy IRUWP,y
IVINGINVOIT g ITONT  INVF# Gy ITRERQo EFFEZ2 JCOL P9 NROW, NCUL » NELE M,y
NCTAGZNLECEM o NLETAZNUZLEM  NUETAZJHI6U0) yKINBAS(122),LA(122)
Lol 10Je ) g LALZ200U ) 2 TEC+Q00) o XLB(L22)4XUB(Lc2)

TF

ne
vo
[F

1COL

IF
[F

ol

IF
DE
[F

Pee CISEUN E(4000)

LTUL LE9LTOLPV.LTLL

STy ZTOLRYy LTOLSM UKLy QMA 4 QBA 4QF Ty
WEU )y wBLIQA s QPL 9y JMI g GZ ol oQF g INyQUy NKMAX ¢yNEMAX, Q39JCy

WE sd My dly QU R y WM o d Gy NTMAX

(KINSAS(JLOLP) <EQe =~1) o0 TOU 1000

t

INCEMING

10

eEde

(Y (1)
LY LL)

A
SO0C I=14sNRUW
(!

VARTABLE

1u8J) GG T8 5G0

JH(T)

«6Ta
«L T,

TQO 500

(xX(1)
{xt(
(DE

1PTYOE

GO
TF
NE

IF

op

TO 250

(x(1)
= (X

ZTuLPV) GO TO 100
=LTuiPV) GU Tu 200

POSITIVE COEFFICIENT
oLV

I

-6E

v

NEGATIVE

-

«GTa

)

(CE .GEe
IPTYRE: =

= LE

IROWP =
CONTINUE

I

L

(XL3 (ICGL)

=SZTEOCEE N

Xeo (ICCLYIV/ZYLI)
uP) Gu TO 500

(XuUd (ICOL)
Xub (1CGL) )/

COEFFICIENT

+ ZTOLZE))
Yo

OoP) GO TO 500

GJd TJd oD
aLe)

AT LOWER BUUND

GO TO 5008

GO TN 500

INCUMING VARIABLE AT JPPER BJUNO

LTOLPV) GO TU 1l0C
=L TALPV) GU TO 1200

CIENT

NDE = CP + XLB(JCOLP)
1F (DE «LTs XuBlJCULP))
DR = XUBLJCLLP )Y = XLB(JC
NPIVOY = 0
“E TUD!\
NPIVOT = |
RETURN
DP = =14EL0
D0 150C (=1 yNXOw
IF (1 «EQs IUBJE GE TO 1500
FCOE = Jrill
{F (Y{I) «.GT.
IF €YLE) JLTa
GC T9J 1500
FOSITIVE (CEFFI
IF (X(!) «GTe (Xub(ICOL)

+ ZTuLZe))

38
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e

O

5419, DE = (XtI) Xupirceul)drzyiend
550 « IfF (DE .tte. DP) GU TU 150C0
23) e IPTYPE ]
552, GO TDO 1250
558 C NEGATIVE COEFFICIENT
554 . L2€6 TE (X(I) LT (XLB(IEOLY = ZTOLZE)) GO TQ 1500
555 ¢ BE = (XtId ~ XiBl{ICOL)M/YLDD
556 IF (DE LE« WP) GO TU 1500
85T . [PYYPE ¢}
553 « 1250 BP = EE
59 IROWP = I
60 . 1500 CONTIANUE
561 « OE = CP % XuBlJCOLPJ
562 IfF (DE -6T. XLB{JCCLP)}) GO TO 1600
563 . op XLB(JCOLP) AUBCJCULP)
64 o NPIVOT U
265« RETURN
586 4 16GC NPIVAY = |
S6T « RETURN
563 e END
69 . SUBROLTINE wr£ETA
SIa €
! € FORMS WEw ETA-VECTORS FOR PROOUCT FORM CF B8ASIS INVEKSE
572 C SUPRUUTINE ADAP TED FROM LINEAR PKOGRAMMING COUE LPM=1, wRITTEN
3. C BY JeA. TUMLIN (OPERATIUNS RESEARCH, STANFORD UNIVERSITY)
T4 s C
75 IMPLICIT REAL®4 (A 4CsE=HyO0ePyR=We )y KEALXS (Ba0praYi,
576« 1 INTEGER*4 (1~N,Q)
5TT INTEGER%?2 JH,KINBAS,LA,LE, A, IE
S78 & DOUBLE PreCISION E (4000)
919, REAL AlLuu0)
0 €
581 COMMON/BLUCK/ LTUOLZESLTOLPVLTCCST, ZTOLR Y, ZTOLSM yWRU 2 QMALQBALQF T,
S82. 1 Uy WBLy QA s UPL o WM QZ yQI s QF QN QUy NRMAX y NEMAX, Q39Cy
583« 2 wE pQH.‘wL,QO,QR:\JM'QGyNTHAX
S84, €
I3 @ COMMON OSUMZUPRUDe DY s UPsB(00 3o X(60),Y(60) ,YTENMP(6O)eAyE,
6. 1 SUMINF g ICNAM(1.2242) ¢ NAME (20) :NTEMP(20),MSTAT, 108y, IRDWP,
VBT o 2 IVINSIVCUT s ITONT ) INVER Qe ITRFRUWIFFELZy JCOLPyNRO Wy NCOLy NELEM,
83 3 NETAZNLELEM ¢NLETAZNUELEM NUETA JH{60) 4KINBAS(L22),LA(122) »
$83%. 4 Led10U2) s TA(2000) v IEL4000) oXLB(122) . XUB(122)
S0 . G
LB NELEM NeLEM + |
592 < [E(NELEM) = IRun?
Sk E(NELEM) = Y(IROwWP)
£5% 4 €
595« DC 10CC I = LlyNRUW
596 [F (! .Euw. IkdwP) GO TG 1000
£97. IF (DABS(Y(1)) <LE. LTOLZE} oU TO 1000
e \ELEM NELEM + L
99, TECNELEM) = |
£0Na t (NELEM) = Y(I)
L« 10CO0 CONT{NUE
& C
€C3, NETA = NcTA + |
£G4, LE(NETA+L) = NELeM + |
s RETUARN
606 o =ND
607. SUBRULTINE SHIFTROIOLU, [NEW)
08 6
609, C REARFRANGLS CATA STORAGE
39
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.

624.
£29e
25ie
’lr-
a,
7.

L

.
€32 .
3 -
Il‘.
€35 a
t “-
&3 T
:(.
/ ).
£40)
&41
£42.
L4,
Cob4 o
€45,
AN
4T
t43 .,
t4n,
D) -
&5 1
E52
6536
E54 .,
55,
ubb .
£5t.
5%
5% ¢
660
tHl e
€62,
653,
6(C4 o
€65
&5
6oT .
€63,
€E .
T e

o O DY

O

O

Y O

SUBRUUT INE AU AP TEU FRUM INCAK PRUGKAMMING COGE (PM=jy neITTeN
BY J.A. TUMLIN (UPERATIUNS RESEAKCH, STANFOK) UNIVERSITY)
taexkxxdNCSIRIPTIUN Ur FARAMETERS ®%% SR dx s
1CLC ,INEW PARAMETERS LNODEAING STURAGE LUCATIONS IN aHICH
VAT A IS TO B8c TRANSFExRRED (INPUT)
WA BAE UL ALY R FERX L CXROCRE R AR X LY XL &
[IMPLICTT KEAL®4 (A Col=ryUsPsR=ngl) ¢ ~EAL%ZE (24D eXe¥Y),y
1 INTEGER %4 (1N, uw)
INTEGEREY JH KINEAS,LASLE, Ay dE
JOUBLE ¢#ReCIESICH £ (4000)
REAL Alc.u00)
COMMONZSLULKY/ (TUL 2EQLTULPV pLTCOST o 2TOLRI 9 ZTCOLSM QRO g QMA, QBA 3 UF I o
| WLy WBLyJA 9P L e WM [y QZ T g dF ¢ QN9 GUy NFMAX gNEMAX g wB 9 QCy
l WE gl sl s Op QR g JM GG o NTMAX
COMMON USUMaUPFU Ly LY UFEsDPyb(60) s X( 60 e Y(60) o YTEMP(EO)gAgE s
1 UM INE g ICNAMULL, o 2) o NAME(Z20) oNTE AP (20 )y MSTAT, I0BuUy IRUNP,
2 IVINGiVUUT, ITCNT g INVERUWy ITHFFG o IFFEZy JCOLPyNEOWgNCOL ¢ NELE M,y
3 NETAg st cM oNLETAZNUELcM o NUETA,JH{O0) o KINFAS(L22) 0LA(122)
4 LECLU02), TA(200U) » TE(4000) oXLB(122) 4X1UB(122)
CIMENSIUN BARRAY (240)
EQUIVALINLE (BARKAY(L1)eBULL))
IFC = ¢I0LD -~ 1} * NRMAX
TEN = (INEWwW - L} = NRMAA
OC 10CC I = 1yAROW
BARKAY(IEN + [) = SARRAY(IFG + 1)
10CC CCNTINUE
KETURN
.::-‘l)

SURROUTINe INVERT

COMPUTES INVEKRSE UF CURRENT BASIS 3Y LU DECOMPOSITION
SUBRUUTINE AUAPTED FRUM LINEAR PROGRAMMING CODE LPM=i, WRITT=ZN
BY J.A. TUMLIN (OQPERATIGONS RESEARCH, STANFGRD UNIVERSITY)

IMPLICIT kEAL*X4 (A ,CoyE=HoUrPyeR=my l) ¢ REAL*S8 (B¢DeXeY )
1 [NTE GER*4 (1=N,Q)

INTEGER®, JUHoKINBAS,LAYLE,IA,IE

DOUBLE PRECISIUN ¢ (4000)

REAL A(20u01}

COMMOIN/OLUCK/ £TUL CEyLTULPVLTCOST  /TOLKY ¢ ZTCOLSM v QRO QMA WDA ¢ GF Ly
1 LEUy UBLywA s QPLsdM sl sl yutF 9 GNsQUy NRMAX ¢ NEMAX, QB9 Cy
2 WE rud Hewl s WU g Ry My QG e NTMAX

COMMUN LoUMeUPKRIID, CYgoEs UP 1 BLO0) g ALEUY oY (60) o YTEMP(ED )9 Ayt y
SOMINF o IOCNAMU L2y 2 o NAMELZU) oNTEMP( 20 ) e MSTAT, 108BJy IRuwP,
IVINg IVUITy ITCNT o INVFRG ITRFRw o LFFEZy JCOLPyNKOWyNCULy NELC My
NETAGNLEL M oNLETAZNJELEMyNUETA JH(60) oKINBAS(122),LA(122),
Le t10U2)y LA(L2u0U) v IEL4UO0) o XL {Lh22) 4XUB(122)

PR e

INTEGEK®:L. MREUL JHRE CyVRES
JIMENST N MREG(OU) yHEL L CU) » VREGLED )
EQUTVALENCE (MKE Ol L)Y TEMP L))y (HREGUL) o YTEMP(2L)) o (VREGIL) e X(LD)

ScT PARAME Te RS

40
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cH4% . & PUT LLACKS> AnD ARTIFICIALS IN PART & AND REST IN PART 1
&85, C
¢85 0 1CC i = LlyNRUA
ERT . IF (JF{l)} CT. NRAOW)Y GO TO 50
683 . LR4 = (ke ~ 1
€y MREG(LKA) = JHI(L)
650 VREGILKA) = JH(IL)
EG1 . GC TQ SO
£92 £C KRl = K&I + d
&Y VREGIKRL) = JH{I)
£EGh . SC HREG(11) = =1
% JH(ly = 0
o a 1CC CCNTINUEC
&7 e C
£93 ., KR3 = Lkg =]
699 LR3I = Lta
100 « G
701 . U 2CC 1 = LK4.KK4
702« IR = MRuGLII
103, HREG(IF)= ¢
T0%. JHEIR) = IR
TC5 KINBAS(IR) = IR
1054 2C0 CONTINUE
O« €
1GRe C 'Lt uJT VECTURS obELUnw sUMP AND GET RCW CGUNTS
FO C
T1Ve NBNMCONZ = KR4 = LR4 ¢ ]
1Y« IF (KRl «<EWles 0} GU TL l1S0
Ti2« J = ERE
8 57 2IC IV = VPEG(J)
Ti4 . Ll = LACEW)
LS. KK = CAGIVHLY =i
116 TRCNT = 0
Ty ika DC 220 I = LigKK
7184 NBNCNZ = NENCNZ + ]
7174 e = TALI)
1278« I+ (HREGLIR) «<BEe OF G& TO 229
'1a [RCNT = IRONT + |
. HREGIIR) = HREG(IR ) -~ 1
X . 1ep = I&
220 CONTINUE
. [F (TRCHMT = 1) 23042504300
12he 22C ARITE(ELy8200I
; T2 BOGCO FURMATIIoAIMATHIX SINGJULAR )
4 729, KINBAS(IV) = 0
o 129, VREG(J) = VKEGIKKIL)
¥ 730. KRL = KRIL = 1
¥ I (J «6Ts RRL) GU TC 310
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o

146
tar’.
7143 .
M9,
a3 4
791
152 &
153 o
754
7195 &
195«
759

5%
159 o
160 «

Wl e

o D

(]

2tz

3(CC

4CC

21C

S18

vier G
Kk}l =
LR3 =
VREG(
MREGL
HREG(

JH( 1k

AINBA

L

T(

cn
18

IF L9

J = J

60 TO

VR EM

IF (KR
J =t
Iv =
Lt =
K =
TRCNT
N 20
IR =
IF(RR

NABCV
fPOWP
CALL
CALL
NLETA
JH( IR
KINRA
VREGH
KKl =

NVREM

HEEGH

GO TH

219

J) = Verculéki)

Kits = 1}

ERS == §
LR3) = 1V
LR3) = Ink

Itp) = ¢
L B "

Stiv) = InP

ula KKL) 60 TGO 310
clJ

sute ARL} GJ TU 310
+1

P

Pole LJT REMAIWING VELTURS ABOVE AND =L0Ow THE
OUMP ANU ESTABLISH MERIT COUNTS OF COLUMNS

= U

1 «EWde ) U TQ 1190
Rl
VEcLtd)
LACTIVa

A{IVe+l) - L
C I = LLeKK

Al

EG(IR) oNEe =2) Gu TO 40
PIVCT ABUVE BUMP (PAT OF L)

E = NAbCve + 1

= IR
LAPACKIV)
WFETA

- NEeTA

¥y = kv

SCiv) = I¥
J) = VREGUIKRK]L)
KL = 1}

= HVREM ¢ L
IR) = [V

Cau

IF (HREGIUIR) elte L) GU TO B8OV

TRCNT
[RP =

LRUNT + ]
TR

CONTINUE

[F (IRCUT = 1) 61U s9006, 1000

wWRiTE
K INHA
VREGH
NVREN
Kkl =
1F J
GC 1O

{ey8uLU)
SCIv) v}
J) = Veeolari)
= NVReM + ]
Kkl = |
«ole KrL) GU TU Lulu
320

PUT VEC TUR BELUW bBUMP
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o

oo r

7S Ye 9CQ

W
.
(o O i O

R4, EEC3
B40, 11CS5

#5172

Gte 0) GU TO 950

1

150

TU lusu

(AREG(IR ) +1)

[NTG MERIT CROEFR

TO 1108

NITIALIZATIGN

lu?

GU Tu L1lu4

VEEG(J) VREGInK L)
NVREM = wvkcM + |
Akl KRY =~ 1
LR3 = LR3 = |}
VREG(LRS) iv
MREG(LK3) = [KP
HREG( IRP) U
JH(IRF) iV
KINRAS(IV) = [KK
CHANGE KUk LUULNTS
20 IT = LL4KK
11= = fAaqll)
IF (HREGALIIRY) o
HREG(IIF) = HrEL(IIR) +
CCNTIANUL
TF (J OTe KKl) Gu TC 1010
GU 320
IF (J «bke Kkl) GU TO L1010
J = Jd+l
GO TO 320
IF(NVREM oGTe C) ou TO 310
ol MEKIT COUNTS
IF (KRl oEWQ. V) GU TU L
DO 1160 J = LR1s4KR 1L
IV = VFEG(J)
LL = LA(LIV)
KK = LA(IV+1) i
TMCNT = ©
D0 1950 [ = LLKK
IR = [A(L)
IF (HKEG(IR) «GEe U) Gu
IMCNT = IMCNT -
CCNTINUC
MREG(J) = IMUNT
CAONTINUE
SUKT CULUMNS
UstING SHELL SURT
SO = 1
IF (KRL obLTe ¢%*I50) GO
IS0 = 2%[5D
GC TO 1liue
IS = 15D = §
END JF I
IE (188 <hEe ok GE T 1
ISK = 1
I1SJ = Isn
ISE = ISk # 50
[SY = McEuilsu)
S = VikcoullIsL)
IF (TSY LT« MREGEISU))
ISk = ISJd # [5D
MREG(ISL) = [ISY
VREG(ISL) = [5¢
[SK = I5K + 1
IF (LISK + [5U) eLte KR

1) su TGO L1d¢
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ot

59 «
$#55 .
350 .
851.
853,
859,
G560
ROl e
8672 .
863.
B4 .
865«
266
86T «
g6 .
BE69 .
870.
871
8r2.
£73.
874.
879
€76
E77.
878«
879.
f80.
tole
832
803
854
285 .
886,
287,
88S e
3 e
890,
91 .
892
293,
B9%a
NS5,
326 «
297,
893
899,
C30e
901 «
6324
an3.,
9Qo4 .
9054
G506 «
=1 ) I 40
G043,
G009
G190
Slle
G512a
9] 3.
Sl6.

OO

LiC4

11C7

L1SC

1350
14CC

20CC
205C

ISD = ¢ISD = L) £ 2
GC 1O 1ivuil

ISL = Isd # 13D
MREGEISL) = MREO(ISJ)
VREGCISL) = VREOL(I SJ)
IS4 = 1SJ = IS0
[F (I1SJ «GTs V) GU TU 1103
GO YO 1105
CCNTIANUE
cNO JF SORT ROUTINE
PLT UUT BtLuw BUMP ETAS (PART GF Y)
NSLCK = 9
NEBELOW = Q0
NELAST = NEMAX

NTLAST = NTMAX
LE(NTLAST + 1) = NELAST + 1

LR = LFf3

IF (LR3 ,UEe LK4) LR = LR4
IF (LR .6Te KR4) 6C TO 2059
JK = KFse + 1

DU 20CC JJ= LK yRR4

JK JK = 1

Iv VREGIJIK)

I = MREG(JK)

NBELOW = NBELUW + 1

IF {Iv 0T« NROW) CO TO 1200
NSLCK = NSLCK + 1

LL = LA(IV)

KK = LA(CIV+L) =1

TF (KK J0Te LL) 00 TO 1300
IF (ARS(A(LL) = 1le) oLEe ZTOLZE) GO TQ 2000

nw n

NUETA = NUETA + 1

D0 14C0 J = LL¢KK

fR = TALY)

[F (IR .EQ. I)GU TO i390
[E(NELAST) = R
FANELAST) = AlJ)

NELAST = NELAST - 1
NJELEM = NUEBLEM + |

GG T2 1400

EP = Aly)

CONTINUE

TE(NELASY) = |

E(NELAST) = tP
LE(NTLAST) = NELAST
NELAST = NELAST ]
NTLAST = NTLAST - 1
NJELEM = NUELEM + |
CONTINUE

IF(KFL <Ewe U) GU TC 3500

OC L=U LECOMPISITION UF BUMP

09 30C0 J = LRIlyKK1
[v = VFEGL(J)

CALL UNPACKLIV)
CALL FTEAN(Z)
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IThRiiny J
Gla, [KCMIN = 659559
£ 7 DU 21C0 | = LiNEUw
Gl 4. IF (DABSIY(1)) oLEe ZTULPV) GU TD Z16V
s19, [F (HREG(I) OE.Q) GG TU 2100
< G20, IF (HRLLU1) -LE. IRCMIN) GU TU clug
. IRCMIN = HEEG(ID)
G2% . [RaP I
S2%e 21CC CUNTIAUL
G2% e IF (1rkual «0Te 0) Gu TU 2Ll5u
925 a WRITE (o y800U)
S26. KINBAS(IV) = U
Q27T G0 T 3000
.- 29« c
cra, 2150 INCF = nxeGUIRLaP) + 5
930, c
S31. C wWRITE L AMD U ETAS
637, c
533 IF {J .tue KKL) GU TU 2160
36, NELFM = NELEM + 1
955 [E(NeLeM) = IRGWP
R E(NELEM) = Y(IKUaP)
G37, 2160 D0 23CC 1 = 1,0RUn
<29, IfF (I .cQe IRCWPL GO TO 2300
G359, CIFGDAES(Y(I)) JLE. ZTGLZE) GU TG 2300
969, 5" IF (HREG(1) «5f. 0) GO Tu 220U
i S4l . C
| c4., € L eTA cLEMeNTS
| €43, 5
| Chy, NELEM = JELbd + 1
| ¥ g5, [E(NELEM) =
I Sa4n, E(NELEM) = Y(I)
| 4T, G0 TO 2300
549, C
| G493, C J ETA ELEMENTS
| S59. C
G 22C0 IF(NELAST) = |
j G52 E(NELAST) = Y(1)
| cs83, NELAST = NELAST = 1
| 556, NUELEM = NULLEM + 1L
‘ €55, 23CC CCONTINUE
€56 4 C
| a7, JHUIRCWP) = 1V
i 5¢3. KINEAS(IV) = IRLaAP
| €53, NUFTA = nNUETA + |}
G6Ye IEINELAST) = lKDwP
3 S6l . IF (J oNce Rkl) GU Tu 2339
G662, EANFLAST) = Y(IKUWP)
“ Sé3. 3 TD Zs490
% GE4 . 2330 EINFLASTY = i
S6HY o NETA = KhcTA # 1
t ChbH . LE(NZYA+1) = NELEM + 1
| R $67. 2340 NUELENM = NUELEM + 1
f G569, LE(NTLAST) = NELAST
| S69. NFLAST = NELAST = 1
E ! S70 NTLAST = NTLAST - |}
s €Tt C
5 GT2e € UPDATE kukh CUUNTS
<73, C
@ o 00 2350 I = LyNROW

E 2 GT5 IF (DABS(Y (L)) oLE. &TULle) LU TO £ .90
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o

A=

BR SRS SRR R

-

’l

G716, IF (HREG(IL) .uce U) GU TO 2559

STTa HRFC(T) = HrEo(I) = INCK

579, T (Hetodl) s0ks U) HREGUII) = =1

G749 o 235C CONTING

SR . HREG( [PUWP) = U

SR1. 3C€CC CONTINUE |
oo c

S8, € Mirkote L ANC U ETAS

GG, C

GRS, 35CC NLFTA = NETA

GHY . NETA = NLETA + NUETA

C8T & NLELENM = NELCM

S83 . NELEM = MNlLcoitM ¢ NUELEM

589 . 1 (NUELEM .t&e 0) G5 TO 355u

€G),. CALY SHFIE

991 o C |
582 . C [nSER T SLACKS FOR DELETEL COLUMNS {
S935. €

Q94 355C DY 3692C I = 1,NKOw

cas, IF (JF(1) .Nte 0U) GC TO 3000

$Gh o JHOE) = 1

G97, TROWP = 1

cG13 o CALL UNPACK(I)

G99 . CALL rTRANLLY

1C00. CALL wF=TA

1001 . 36CC CONTINUCE

10C2. (s

1803 o € JPLATE X

100%. C

CQ5. CALL SHIFTRUU1,40)

10056. DO 9CCL J=1NCLL

1807, IF (KIMBASLJ)) 36ULC8700,9000

1C09. AplC D = XUa(d)

1099. GO 1O 8750

1719 87CC DE = XLB(J)

101t. £T78C LL = LAtJ)

1012 KK = La(Jyg+l) - 1

1€1 3. N3 RABCC [=LLyKK

ICLl+e IR = FALED

IC15, BRECC Y(IR) = Y(IK) = A(I)*IE

1CE5. GOCC CUNTINUE

s CALL FTRANCL)

1C13. CALL SHIFTR(342)

ICl9. €

1023, C PRINT STATISYICS

1C21 ., C

1072, NOFD = MELEM = NETA

1C23. NSTR = NRJw = NSLCK

182% C

1/4“)-)" ,'-‘f'(h- ,\

1826+ END

1027, SUBRULTINE UNPACKL TV)

1023« (s

10294 C EXPANGS CuMP=ES SV MATRIX COLUMNS

10239 . € CUPHLOTIne ADAPTED rRUM LINEAR PRUGRAMMING CGDE (PM=L, wr [TicN
1031 . ¢ 3Y JoA. TUMLIN (OPERATIUNS KESEARCHy STANFORD UNIVERSITY)
1C32, Cenorrndsx e SCr [P TIUN OF FARAME TERS* %%k &k xk &

1033, C Iy = PAKAMZTE~ INUEXING COLUMN TO BE EXPANDED (INPUJT)
1C 34, C‘t¥‘°ﬁ#$tv‘*4tutt$¥‘ﬂ¢¥“*eltt“‘&t..‘t“

1035, c

10364 IMPLICIY ntAL#*4e (AyCob=Hy JeryK=wel)y REAL=8 (ByDsxsY),
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1037, i INToOLr®s L]l “NyQ)

1039, INTEOER=¢ JthaK DivAa Se AL E s [A LE
1E39 ., ICHSLE PriLisiUN E Lauwud)
1C4D. REAL A{luvu)
< 1C4l . C
1042« COMMON/BLULKZ LTUL 2EycTOLPV o LTCOST o 2TOLR Yy LTCLOM 3y CRL s QMAgWUBA gk Ly
1C43, I WLUg WBLs QA WPL s UM Lol g T gdt p JN LU NRMAX gNEMAX ) Uy dCy
1Ca4, ¢ Wbt b Wby QU IR s My QG NTMAK
N 1C45. C
1046, COMMON USUMyUPRLUDyUY3DzeDP oB(00) 9 XEEU )Y (00D s YTEMP (S0 ) 9 Ey
1C47 1 SIUMINE g ILNAMELLZ92) o NAME (20) ¢NTEMP(20) yMSTAT, [OBUy [RUnP,
1048, Z IVINg IVLUTy ITCNT o INVFRU ITRFPQoIFFE 29 JCOLPyNROW,y WCOL y NELE My
= 149, 1 L TALEL LM gNLETAZNIELEMGNUETAGJH(60) yKINBASIL 220 L AL L22)
1850 “ LLULCUZ e IAL2000) o LE(40U0) o XLB3(122) 4XUBLLZ2)
¢ 1051 . c
1052 . D0 I0C § = 1,NROW
15 e ¥OF)2 = e
1€5%. LCC CONTEINLE
&S5, g
1056« Lt = CLACEV)
10%TF. KK = LAtIveL) - |
1658, DO 20C [ = LLi KK
1CS¥s IR = FAGL)
1C€&)e Y(IR) = A(])
10¢]) « 2C0 CONTINLE
1C62., C
ECED s ke TURN
1064 . END
10654 SUBRILTINE SnHFTE
10€5., €
L1C&T ., 8 SUBRUUT INt rum INVEKT
1663, C SJRLLUTINE AUAPTED FROUM LINEAR PROGRAMMING CUODE LPM=1, nxITTEN
10€9 c BY dede TUMLIN (CPERATIUNS RESEARCH, STANFORD UnIVERSITY)
16T C
1¢7Tl. IMPLICIT wrenal®4 (AgCeb=HeOeP gR=lgd) y REAL*B (B840 9A4Y 1,
1072. 1 INTEGER*4 (I=NyG)
| {8 [NTEGERE. JH KINGASoLAgLEYIAyLE
PO 7% DASBLE PacCISIUN = (4000)
1075 REAL 8(.ud0)
1075, 7
1077, COMMUN/ELUCKY/ ZTULLLEZTULPVoLTCCSTy LTALRIZZTOLSM ywkdy QMAyUDA ,IF ],
| i 1 WEy COLyRQA g uPLy QMT g L2y T 9 QF 3 WN 9 QUy NRMAX g NeMAX,y UBy wC oy
1671%e 2 wE sy Ly QUILR g WM 900y AT MAX
1C8Y C
1CPL - CTMMURN USUMyUPRUL g LY s Uce DP9BIOLC )y X(6U ) Y (0O) o YTEMP (LU )9Asty
5 1EBZ « | SUMEINE y IUNAMOLL292) o NAMEL20) JNTEMP(20) yMSTAT,10RY, IxuUNP,
1073, P IVIN IVUOUT o ITONT y INVFR Uy ITRFRQ 9 IHEFE 24 JCOLPoNRU Wy NC Ly NELE My
P 1CR6G, 1} NETA s NLELEM o NLETA gNUJELEM GNUETA ¢ JH (60T s INSBAS(L22) 0L ALLLL)
5 1085« “ LECLUUZ )y TA (20000 5 JTEL4UOU) 9 XLB(L122) 5 XUB(L22)
L1CES .« (p
| | {od 4= C SHIrT 1k ANu € OF J ELEMENTS
) 1088 . (s
N 1929, NF = NEMAX = NUELeM + L
10€9, INCR = v
1 1C%1L . N0 100U 1 = NFyNEMAX
X 1Ca?, INCP = [NCKk + |
$ 104 3. Te(NLELEM + INCK) = TEC(I])
1094, E(NLELFREM ¢ INCR) = Etl)
2 1065. 1CCG CONTINUE
X 10956, c
FC%? 5 TOIF NeMAX = WLt LEM = NUbBLEM
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“

FUB o
i v"'
1100 .
1101 .
1122,
1103,
110%,
illn,
1106,
1107,
1183 .
1109,
) 5 S0
iYL e
FLER .
[ i
1114,
F1i5 5
!:1}.
1117,
Lit%,
It132 e
) 3 1Pl N
g
1127,
LiZ3 s
11d% .
L 2%
1125
)W SR
1143 5
I P
113).
L3 e
Li32.
113%.
{

o
~
.

o e s

N L S Ve § fieT ¢
NG F
PR ' Ied 9 T¥AX
fANY LU I |
LE(NL-Tu ¢ INCi) LECED) =~ 1ok
29C10 LONTINUE
LELNE TA#L ) = WELEM & i
KETURA
CMND
SURPIDILTINE LUPbeT A
c
C VP CATES haattl -ANL STued Tu KEFLECT NEw BASIS RESULTING FROM
() CURbE=NT 5IMPLeEN PIVAT
(3 S, GTING AJAVTED FRUM LLEAKR PRULSRAMMING CODE LPM=i, a=~[TTEN
c WodeAs TuMLIN (JPekATICHS RESEARCH, STANFORD JWIVERLITY)
&
IMOLTELT atwt®a (AyCot=ryODeP on=nsl)y KEALXE (8,0 4X4Y),
1 INTecuehk =4 (I-Ny2d
FRTEGER=2 JH, K INSA SeyeAsl Sy T'Ay TE
INTEG e, TPART o INCUMB, IVONU IV ICy 1T N0
LDAUBLFE PrECISTIUN £ (+00Q)
REAL 220001}
£
COMMUN/Cton/ (TuL ZEglTULPV o ZTCGOSTy ZTOLRY 9 ZTCOLSM gWRL 9 QMA , wBA 4QF 1 o
i WEL g WL awA Yy JPLyUM Tyl vl Dot o W g QU NRMAX g NEMAX ) 4B G Cy
4 Wepwd P Wl s DU p W g WM 3 Q6o NTMAK
=
COMMIN/ L iCKE/ uéVAK«(od)thVdNu'lN(VAL-ICUL1LXSTL'!VAL1351N,
! IPART(L22) s INCIMB(122) ,1VBNUI500) ,IVID(50UL),
2 TUBNCUO0U ) 9P LVU T, IPTYRE yRCUST, IFEAS
=
COMMEN UnuMeUPRUL, Y UEyUP B LOU) 9 XL GU s YLOQ) o YTEMP(EU ) 9Asty
I M INFy ILIVAMU L e ) o NAME(2U) oINTEMP(20) yMSTAT, [IQBU IR WPy
IVINGIVUC Ty ITINTy INVFR Wy ITRFRY G IFFFZy JLCOLPyNRFOWeNCUL gy NELEM,
W TAGNLEL LM pNLeTAYNUELEM pinLE TA S 00) yKTINBASIYI22) yLAL L) »
4 LE1uud )y TA(2000) v IE(4U0Q) o XLB(L22),XUB(122)
{i
DO CCU 1 =1yiNnln

1C6CC X(I) = ALld = Y(1)*DpP
[F (NPI/OT .LQe L) Su TU <0QU
RINBAS(JCULP) = ~(KINSAS(JCOLP) + L)
VALY = gudiy?
CFE T A

ZEEE X(TPhR)Y = DE
TVOUT = JHIRUW?)
RIMNRAS(JCULP) = [kLwP
KINBAS(IvOUT) = IPTYPE
JHE TS CW?) = JluLv
FETURN
CND
VBROILY ide NusMai( ITSINV)

LeRVLY AS MALTEK PRUGHAM FUR LINEAK PRUGRAMMING CUMPONENT
(FEVIotdy PRIMAL~SIMP LEXN HETHOL) O BRANCH-AND=-8UUND x0uTint BB
SHewgdTINE AUAP TED FrUM LINEAR PRLOGRAMMING CUDE LPM<]l, wrITTeN
Y Jede TUMLIN (UPLRATIUNS KRESEAKCH, STANFUKL UNIVERSITY)
ARz rkOF SO L PTIALN ur PAKAMETERS ¥ k& hk k& %
TY3ENV = WlMock UF SIMPLEX L TERATIUNS SINCE LASYT HBASIS
INVERSTUN (INPJUTZ0UJTPUT)
A ok AR Lo o e e o R X R Y T s ol e e o o e R O R K K o ok X

ROV OO

oS oo
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1Y 6550, IMPLICY KbEAL#Eq (A gCob=teDePoeReWy ), EALS (ByueXe¥iy
1 16%%, i INTEGEREG ([~NyQ)
LE6 L . INTEGER>L JNeKINOAS LA LEy Ay lE
1162« INTEGER®? [PaRT, INCUMOIVBNDsIVIU I LN
1163 . DOUBLE PRECISIUN £ (4000)
” 116%. REAL Alzuuul
1 1162, (
1166, COMMON/DLUCKYZ VUL Lol TULPVyLTCOST o ZTULRY 2 LTOLSM 90k g IMA 3 UBA o U1
1167 « L WeUpQBL A NPLy MT oW o d Ty QN QU NeMAX g NEMAR, Upw Ly
1168 . 7 Wt g UH Wl y WL ¢ IR 9y M g QG s NT MA X
1169, C
) B S CUMMON/BLULKRS/ UFP ART(EU ) yREVONU INCLVAL s TCUL fLISTL VAL, 1OIR,
11 The 1 IPART (L22) 3 INCUMB(12<) o 1VBND(SD0) s IVID(SLUI,
y } 1§ 47 2 [UBNCUED0U ) yNPIVOT, IPTYPERCOST, IFEAS
Y7 3 C
1174, COMMON DSUMGUPRUU» LY 0E UP 2 BL6U) 9 XEED) s Y(00) o YTEMP(ED I oAyt
1175 X SUMINE y [ICNAM (1229 c) g NAME(Z2U) JNTEMP(20 ) yMETAT, 10684, [EINP,
L1764 2 IVINSIVUUT y LTCHT ) INVErUy LTREPYSIFFELy JOOL PoNFOW e nCUL o NELEM,
YIEF 3 Pe TaAgNLel tM JNLETA ZyNJELEM yNUE TAsJH{6U) o RNINEAS(122)sLALL20
Ll78: -+ Le LU0 )y TALEUIU) o TE(4000) o XLa(122) 4XUB(122)
L9 €
1180, IF (TTSINV LT. INVFRQ) GO TOU 1500
t18% . 10CC CALL INVekRTd
1182 . ITSINV C
1183, C
1184. € SIMPL EX € YCLE
11854 C
1185 15CC CALL FCRML
11874 CALL FTrAN
1188 . CALL FRILE
'E8%s IfFE (JCOLP «GT. U) GO TG 3000
1190. IF EMSTAT abtwe Wi ) LU TU 4000
1191, MSTAT = wol
1192« GO TU eulu
1193, 20CC MSTAT = QN
119%¢ GO T éuuu
1195 30CC IVIN = uLulb
1166 CALL LNPACK (uCOLP)
1197 CALL FTRANCL)
1193« CALL CHUeR
1199, CALL LUPBETA
12C0% ITCNY = FTCNT + 1
1.0t ITSIMNV = [TS5INV + 1
2202 < IF (NFIVUT oEQ. U) €G TU 40lv
1203 IF (NFLEM 6T« 5600} GO TG 1900
12C4a CALL wRLTA
1205 4C1C TF (ITSINV olte INVFRQ) Gu Tu 1GOC
12054 IF (ITCNT .Gte LTRFRQ) GU TO 60C)
] 1207, GO T0 1louu
4 1203 . c
Y20 ECCC RETLEN
1210. SAD
o 1211 SUBKOLTINE BANLB (INITBU, [ITSINV)
N 12124 C
1213« C MASTEE PRLOFAM FOk BRANCH=AND=BRUUND [NTESES PROLFAMMING
’ 114 C FOLYINE « ALSU SERVES A5 MASTER FER RAM FOR KEQPTIMIZATIIN
4 1215, € VIA “EVIStU UDUAL=SIMPLEA METHUD aFTer« A FORWARD oK ANCH.
. 1215 CortasandF SCAIPTION UF PARKAMETERS*¥S 4 ung 2
% 1217 c INITHO = INITIAL LUWER 3GUND ON MAATMAL GRJIECTIV: VALUL (INPJT)
o £218 . C ITEINY = NUMBER OF SIMPLEX 1 TERATIONS SINCE LAST BASIS
> 1217, C INVERS TUN (INPYT/Z0UTPLT)
»
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(P B O T L S PP R CRFERAL S R EXREEXE CEFE L

C
IMPLICTT REAL®4 (AsUgb=HoOpPsR=ly )y <EALX8 (CeD g XeY)
1 INTEGER %4 (I=Ny Q)
INTECSER>, JiteKIMBASsLAyLEy [A, IE
INTEGER®. TPART, INLUMB, 1 VDNU»IVID,ICoND
DUBLE PRECISIUN E (4@UUU)
REAL Alcuul)
CUMMON/BLUCKYZ LT CLLEZZTULPVY, LTCOST g LTULRY yZTOLSM 4 kL o QMA,QBA4QF I
Wb Uy wDL e QA s QPLy WM T UZ Q1 dF o QN » QUy NRMAX g NEMAX,y QB w(Cy
2 CEpaHoaWLy QU QR y UMy UGy NTMAKX
CUMMUN/ELUCKe/ OFP ART(0U) o REVBINDy INCVAL o ICOL #LISTL,IVALIDIR,
1 PPART (L2 ) o INCUMBLLL2) » IVBND(SOUI) »IVID(50u),
2 TOoNOOUU )l s NP IVUT,, IPTYPERCGST, IF EAS
COMMON UouMaUPRE Dy LY ULy UP 98 (60 )9 X(6U) s Y(UD) ZYTEMP(60)yAsEy
1 SUMINE 9 ICNAM(Lely e ) g NAME (£C) oNTEMP(20) yMSTAT, I0BJ, IRUWP,
2 IVINg IVUUT s ITCNT g iINVFR W ITRFFJSIFFEZy JCOLPyN~OWyNCOLy NELZ M,
3 NETAPINLELEM gNLLTAZNJELEM Gy NUETAZUH(60) o KINBAS(L12214LA( 1240
4 LE(LOUZ2 )y TA(CUOU) s 1E(2U0C) o XL (122) ,XU3(122)
IF (TTCNT Lbce 1 TRFRUW) RETUKN
IFEAS =
LISTL = v
[NCVAL = INITBO
C YESY rUk FATHUMING
1€C CALL TESTX
IF (MSTAT .kbwe. WBL) WU TGO 200
C CUPLsLLT NLDE CATHUMED; BACKTRACK TU LAST PROMISING NODE ouN CIST
150 CALL RKTRAK
C I LIST 15 eMPTY, ReTUKN TU MAIN(CGMPUTATIONS COGMPLETED)
TF (LISTL +EGe O) RETURN
C ULsE PrIMAL SIMPLEX MUTHUU FUR RECPTIMIZATION AT MEW NuUDE
CALL NCSMAL (ITSINV)
IF (!TTCiT sbbe ITRERG) ReTURN
GO T tuu
£ CURReNT NuDe KNCT FaTHOMED: COMPUTE PENALTIES
C ARANCHING AT CUKRENT NODE IS DCNE FROM SUBROUTINE PENLTS
2CC CALL FENLTS
IfF (I0ir) Quuyinuy el
(
C REIMNVerT CURRENT BASIS
1CCC CALL IANVERT
1YSIMy V)
'
G suAL >IMPLEX CYCLE
C
C CHCL e FIVUT ruw [RUWP
5CC CALL CCHULK
IF (IFCWP .GTe ud CO Tu <00
MSTAT JeL
GE TO louu
(7 CHCUSe PIVUT COLUMN JCuLP
4CC CALL CCHULL
IF (JCCLP +EQe W) GO TU 150
IVIN = JCULP
€ PCATE KIGHT=HANC SIDES TU KEFLECT NEW BASIS RESJULTING FROM
C CURRENT SIMPLEX PLIVUT
CALL LPutTA
ITCNY = TTONT # 1L
[F (ITCuT 4Gte 1TRFRQ) RETUKN
JTSINY = ITSINV & 1
C CECINE whtThbw TC KEINVEKT CURRENT BASIS
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128 . 1€ CONELEM GT .+ Y0003 <0Res LITSIENM <Ge. NV | ) Luud
1282 4 { RE TRVERSTUR NOT NECESSARY YET; AkITE JY NEwWw ETA-VECTUR Fuk
:‘ - L .‘ ql~-‘.‘ ')"40'
1284 . CALL wkpTA
. { T( JU
T 1286 « N :
l BUT I CHUCK
%, (
1289 C SELFLTS PIVUT kUw IROWP FOR CURRENT UJAL-SIMPLEX | TERATION.
1290, { TS [rUAP=u Ir CUKRENT BASIS iS5 uPliIMAL. OTHEFa{ SE, IRAOWP (S
291! o C CHUSeh YU Bt THE KON wWITH GREATEST PRIMAL INFEASIBILITY.
1 . C 3
1293 . IMPLICIT nEAL®SL (ApCot~HyO9PeR=hed) sy REAL*B (BsDeXyY) 2 1
bk 1 INTEGER®4 (I=N, !}
1295 . INTEGER*Z JH:KINBAS,LA LEIA,IE
1296 . INTEGFR», [PART, INCUMB, IVBND, IVIU,100ND
1297, DOUBLE Pkt O+ (4000)
1298 . REAL QC20001)
1269, COMMON/BLULK/Z LTOL ZE»LTOLPVLTCCSTy 2TOLRIGZTOLSMyURG, QMA ¢ UBA 2 QF 1 o
1300 o i GEU ) UBL 9 QA o dPL ¢ WMT Q2 s I 9QF o QN , QUy NRMAX ¢ NEMAX ¢ QBy JdCy 1
1301 2 WE sl HgWh y WU WKy QM QG ) NTMAX
1302, COMMON/BLUCKZZ UFPART(60) yREVBND,, INCVAL y [LOL ¢ LISTLLIVAL,IDIR,
1303 . 1 IPARTUL2Z2) g INCUMB( 122) y IVBND(500) +IVIDUISCO) |
1104, 2 TUbNOLSOC) yNPIVATY,, IPTYPE yRCOST, IFEAS |
1305. COMMON DOUMUPRUOU, UY9DEyUP 98 (60 s A 60) Y (00) YTEMP(E0)sA,E,
1306, 1 SUMINF ¢ ICNAMI L1229 2) s NAMECZC) JNTEMP( Z0) 4MSTAT,10By, [ROWP, 1
1307 . g IVINGIVOUT ) ITCNT ) INVFRQ ITRFRIpIFFEZy JLOL Py NKOWoNLUL ¢ NELE My
1303 o 3 WNETA G NLELEM sNLETAYNJUELEMaNUETA,JH({60) KINBAS(122)yLA(122), :
1309, X LE(LOUZ2)y LA LZ2000) » IEL@QUO) o XLELL122)oXUBL122) |
R TROWP = ¢ g
L3R 5 OP = ~1.ELQ |
1212, DO 1000 I=1,NROw |
1313, IF (I .£Q. IUBJ) GL TG 1000 |
1314, [COL = yd(I) |
13154 IE (X€1) +iTe (XLo(ICOL) = ZTOLZEYE GO TO 100
F3l5. e UXEL) «6Ts (XUB(ICOLY + ZTOLZE)Y GO TGO 200 |
| o0 IR 2 56 TC 0w
1119, C
1319, G BASIC VARIABLE ON RUW [ FALLS BELUW ITS LOWER RUUND
1320 Yoo vE = XEBULIECBLY = X {1)
1321, [F (DF JLEe UP) GU TG L0V
P27 & IPTYPE J
1323 > T e
324 . C
1325 4 RASTC VARLIABLE UN ROA [ EXCEEUS ITS UPPER BOUND
1326, 2CC DE = X{I} = XJ8{IvEL) 3
X327 & [F (DE Lces DPY GO TO LOVO
l\‘})‘. "\YY;)[ -}
1329 C
§330 IRUWP I
1331. 1 COMTINUE
F332 4 RETURN
¥ 1233, END
1334, SUBROLTINE DCHULL
1335, o 4
1336 . < SELELTS PIVUT COLUMN JLULP FOR CurRENT DUAL-SIMPLEX TTerRaTIUN.
L1330 & C SETS JCUOLP=0 IF LP=PKUBLEM AT CUKKENT NODE IS5 INFEASIBLc.
- 1233, G OTHERWISE LHUUSES JCULP TU MAINTAIN PRIMAL=-OPTIMALITY.
E33s (%
¢ 1340 . IMPLICIT KeAL™4 (A ,CoE=HyOyP K=y l)y REAL®H (Pl gReY),y
s 1241 . 1 INTEGLR®G ([=, ()

51
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1342, INTEGFER®Z JUhoKINBAS LA LEs Ay IE
1343, INTEGER%Z [PART INCUMB, INVBNU, IV IO,y 1CBND
1344, DOUBLFE PRECISIUG & (4ulU)
1345, REAL A(ZUuU)
1346, COMMON/SLUCK/ ZTULZEZLTOLPVLTLUSTy LTULRY ¢ ZTULSM yQROIy QMA ) UBA o QF | &
% 1347, X QEUSQBL QA QPL, QMI UL o010 QF QN9 QUy NKMAX g NEMAK, QB,QC,
1348 . 2 WE sl s QU URy QM y UGy NTHMAX
1347, COMMON/SLULARC/ UFPART(GU) oREVBNU INCVAL 2 ICOL »LISTLIVALs VIR,
135%s 1 LPART(L22) 9 INCUMB(L22) ,1VBND(500) ,1VID(500),
1351« 2 LUBND(S5U0) yNPIVOT, IPTYPE,RCOST, IF EAS
1352, COMMON D3UMOPKUD, CY3DEsUP 9B (00) ¢ XL 6U) Y (60) ,YTEMP(60)4A 0Ly
1353, 1 SUMINF y iCNAM(Le292) ¢ NAME(20) yidTEMP(20) 4MSTAT, [0BJy IRUNWP,
1354, 2 IVINGIVOCU Ty ITONTy INVFRWUy ITRERUYIFFEZy JCOLPyNROWyNLOLyNELEM,
1355 < 3 NETAZNLELEM yNLETAZNUCL “MoNUETA,0H(60) yKINBAS(122)yLA(L22)
E355 « 4 LECLLUZ2 1 TALZ2000) 1 TE(40C) o XLB(L22) ¢XxJB(LZ2)
1357, C
1353 JCCLP = ¢
359 IF (IPTYPE <EQa =L)¥ GO TO 306U
1360 (%
1361. C LEAVING VARIABLE FALLS BELOw [TS LONTT 3CUND
1262. C
1363 DP = =1.E10
1264. D3 50C J=1,NCOL
1365. IF (KINSAS(J) «GTe 0) GO TY 500
1366 . 1F (IXUB(J) - XLB(J)) «LEe ZTULZE) GO TO 500
1367. CALL UNPACK(J)
1368 . CALL FTRANC( L)
1269. IF (KINBAS(J) <EQe =L1) GO TO 200
1370 IF (YU(IRUWP) + ZTOLPV) 225,225,500
1371. 2€C IF (YUIRUWP) = ZIGLPY) 50092254225
1372, C
1373 225 DE = Y(IGSJ)I/Y({IRUWP)
1374, IF (UDE = OP) 500:500,250
1375 25¢ Jeate = J
13750 p® = CE
1377, 5CC CONTINUE
1278 ¢
1379. IF (JCCLP oE<s 0O) RETURN ’
1280. CALL LNPACKIJLULP)
1381, CALL FTRANC(1)
1382, ICOL = JUHCIRUWP)
132283, OP = (X(UIKRGWP) = XLBULICOLI)/Y(TROWP)
i L GO T2 200V
1335, C
b 138A, 3 LEAVING VARIABLE EXCcEuS ITS UPPEK 3CUNC
: 1337, C
1338, 1€CO DP = l.:ci0
1389, U0 1500 J=1NCOL
1390, IF (KINBbAS(J) «6Te O) GO TO L9500
J 5 1391, T ((XUE(J) = XLb(J)i «LE. ZTULZE) GO T3 1500 |
1322, CALL LAPACK(J) '
‘ 1393, CALL FTRAN(L) '
¥ 1334, TF AKINDAS(J) <Ewe =1) GO TU 1200
. 1395, [F (Y(IKGnP) = LTOLPV) 1500912259 1275
1296, 12CC TF (Y(IRUWP) + ZTULPV) 12255122541500
1397, C
1398. 1225 DE = Y(IUBJI/Y(IROWP)
‘s 1399, [F (08 = DP) L1509 15001500
1407 . 125¢ JEOLP =9
v 1401 . P = Ct
1402 15CC CONTTNUE

3
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1403, (
140%. IF ¢JCCLP oo« O0) RETURN
1405, AtL UNPACK (JLCUL P
14056 . CALL FTRANCL)
- 1407. ICGL = JH(IKOwF)
i 1409 . DP = (XCIRUAPY = AUBCICOL))I/YLIROWP)
1407 C
1410, 20€C0 IF (KINBASL{JCULP Y LEQ. G) DE = OF + XLB{JECOLP)
141l IF (KINSAS(JLUOLP ) .kde =1) De = DP & XUB(JCOLP)
1412, NPTyl = |
1413« RETURN
1414 END
14i5. SUBROLTINE TeSTX
L4116, €
F4LT C TESTS LP=UPTIMAL SUGLJUTION AT CURKENY NUOE FOR FATHOMING.
1418, C FATHOMING UCLURS [F
1419. € {1) (P PRuoltM AT CURKENT NUDE IS INFEASIBLE (MSTAT = @N); OR
142). € (2) LP=uPTIMAL CHi. VALUE (IVAL) JLE. O8BJ. VALUE UF CURRENT
1421. C INCUMBENT SULJUTIONCINCVALY 5 CK
1422 o C (2) LP~CPTIMAL SULUTION SATISFIES INTEGER RESTRICTIONS.
1423. C
142%. IMPLICIT KEAL*4 (A 9Cob=H 09PyK=ns L)y REALFE (ByDoX,Y)
1425. 1 INTEGER®4 (I=N,Q)
14256 INTEGER#2 UHyKINBAS,LA,LE,[A,IE
1427 INTECERX, [PARTyINCUMB,IVBND, IVIDyILBND
142%. DOUBLE PrECISICH E (4000)
1429, REAL A(2uul)
1430. COMMON/BLOCK/ ZTUL CEZTULPV 4 LTCUST,y (TOLRY ¢ ZTOLSM ¢ URL ¢ QMA ¢ QO A ouF I ¢
F431 . 1 GEL y WBLY QA JQPL yQMI o QZ 4QI9QF s QN QU NRMAX (NEMAX , QB (s
1432 2 WE ywholdly QU QR UMy UGy NTHMAX
1433 4 COMMON/BLUCKS/ DFPART(O0) yREVOND s INCVAL [COL,LISTL,IVALYIOIR,
1434, 1 [PART(L22) 4y INCUMB( 122) ,IVBNDUSOOI 4EVID(5UC),
1435, Z 1CBAD(500) ¢ NPIVOT, IPTYPESRLOST, If EAS
1436, CCMMUN TOSUMyUPKLU DY sDEyDPB(60) s X(6C) s Y(60) yYTEMP (00 ) sAcE,
1437, 1 SUMINF g ICNAM( 12292} o NAME(20) ¢NTEMP(20) ;MSTAT, [QBU s IRUWP,
1439, 2 IVINgIVOUT g ITUNT s INVFRG ITRFRQ9IFFEZy JCOL PoNROWeNCOL o NELEM,
1439 . 2 NETAsI ELEM gNLETA NUELEM ¢y NUETAZJHI OO0 ¢KINBAS(122) 4LA(LL2)
1440, 4 LECLOUL)» 1A {2000) 3 IE(400C) o X1LB{L22) 4XUB(L22)
1441, COMMON/TIMERSZ TEIRSTyTUPTIFVAL, ITCT
1442 P = X(iuBJ) + LTULZE
1443. T VAL IVINT(CP)
14494, IF (DP eTe 0a) IVAL = TVAL = 1
laab. IF ((MSTAT .tde QiN) «CRe (IVAL <LE. INCVAL)) GO TO 2000
1445, €
ia4l . C CUMPUTE INTEGER AND FRACTIONAL PARTS OF EACH BASIC VAKe
1448 C
ja449, 00 10C I=1ynvkUwm
1450, IPART{I) = [OINT(X(I) + LTOLZE]}
1451, NTEMP(L) = IvAKT(])
1452 100 DFPART (1) = X(I) = FLOAT(NTEMP(L1))
1453, €
® 145% (2 CHECK FUR ALL~INTEGER SCLUT LON
1455, €
1456, DT 20C 1=14NRIW
1457 IF (JE(I) <LEe NROW) GO TU 200
X 1453, IF (UFPART (1) .GEte ZTGLZE) RETURN
L 1497« ZCC CONTINUE
1460 {3
. 1461 . r SULUTION ALL=~INTEGER: INSTALL AS NEW INCJUMBENT
14624 C
463 L COMPUTE ANU LUTPUT COMPUTATION TIME KEQUIRED TO FEACH NEw
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WO VY VAL A O DD

1

1
i
9

1

4

s U —

INCUMEENT SCLUT IONe ALSU JUTPLT UBdJ. VAL. FUR THIS SCLUT [ONe

CALL PCLUCKLIJT IME, ITOT)

TOPT = JTIMe/loue.

wWRITE (6, 1) TUPT, I VAL

FORMAT (' TIME =¢,FTecy® SECUNDS: INCVAL =',110)
IF (TFEAS otue 1) GU TU 500

TFIRSTY Turl
TEvaL = lvat
IFEAS = |

INCVAL = 1VAL

DO 10C0 J=1 ,NCULL

TF (KINBAS{J)D)O00, TOU, 100U
INCUMB(J) = IOINT(XUB(J))
G IO luuu

INCUME(S) = LULLTLEXLB(J))
CONTINUE

DO 1100 I=]1 4NKCw
ICOL = JH(I)
INCUMB(lect) = IPAKT(L)
CCNTINUE

CURRENT PREBLEM NO LUNGER OF INTZREST

MSTAT = I
FETURA

END :
SUBROLTINE PENLTS

COMPUTLS TOMLIN'S IMPRUVEUL JP=- AND DOwnN= PENALTIES AND THE

GOMORY PeNALTY FUR EACH NUNINTEGER BASIC VARIABLE. ALSO CHECKS

FIR FURCEU BRAIWLHES UN BuTH cASTC AND NONBASIC VARIABLES.

THF ABSENCE UF FORCEU BRANCHES ON BASIC VARIABLES, The
BFANCHLNG VAR LAcLE IS CHUSEN TO BE THE ONE WITH LARGEST

IN

ASSTLIATED UP= (& UJwN=PENALTY. THE FORWARD ©BRANCH [> TAKen IN

THE UI<ECTLUN UPPGSITE TU THE MAXIMUM PENALTY. THE WNUDE
CURKeSPLNUING TU THu OnRANCH IN THE SAME DIRECTION AS THe
MAXIMUM PcNALTY IS ADDED Tu THE LIST, Tu BE EXAMINED LATER.
THE crANCAHING PeCCLESS ITSELF IS CARRIED OJT IN SUBROUTINE

BRANCH, whHllLH [ S CALLED FRUM SUBROJTINE PENLTS,

IMPLICTIT weAL¥4a (A 3CoEvHyUpPyR=y l) s HREAL¥E (ByD o XyY)y

INTcGLER =4 (=i, W)
INTEZ5ER*¢ JHyKINDAS,LAyLEY A, IE
INTECEr®, [PART, INCUMDy I VOND IV IO, I CuNG

VOUBLE PrECISION E(4000)
RKEAL A(ZL00)
REAL PUleD) :POLED) 4 PLGIGO)

COMMEN/GLUUN/ cTUL LEy2TOLPV ZTCOSTy 2TOLRJZZTOLSMyWRUy QMA, wBAWQF ] »
WELUp GOL s JA 3 QPLa WM Ul o019 JdF g WNy QU NFMAX yNEMAR ) dOW QL

WE st el t QU IRy WMo oe NTMAX

COMMON/LLLLKe/ DEPART(60) yReVONDy INCVAL 1COL o LISTL,IVAL,IVIR,

IPART(LZ2) o INCUMBIL22) o IVANDI500) o IVID(50C)
TCeNCUESQ0) o NPIVU T, IPTYPE yRCOSTy LFEAS
COMMON L UMy UPRUDy LY yDEy UP 9B LOU ) 9 XU D s Y(O6U) s YTEMP (WU gAY

<

sumint g ICNAM(L2292) s NAMEL(ZC) JNTEMP(20) ¢MSTAT,10BUy IRUWP,
IVINGIVOUT o ITONT o INVER We ITHFRQGIEFFEZyJCOL P NFOWeNCOLy NELE M,y
NETAGNLELEM oNLETANUEL EM g NUE TAZJHI60) o KINBAS(122) 4L A(122)
LECLIUuZ )y TALZUGO) 9y iE(40OUC) o XLB(122) 4XUB(122)

10 1= ¢y NrUnw
(CEPARTILL) <LTe ZTULZE) GUL TG 5
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PGLY) Lelit

43 4 o R0 15
Lyt 9 i
i PDL1) = u.
PG(I) e
10 CONTINUE
c
0 10CC u=1,,NCUL
TE (KINBAD(J) LT. QI GO TG 100G
IF ¢(XUB(J) == XLE6LJI)) ~LE. ¢TOL2E) GD TO
CALL LNPAULKIEJ)
CALL ¢€TRAN{L)
IF (KINBAS{J) .EW. C) GO TG 30
DO 20 1=1,NRUN
20 ¥EI) = =Y E)
€
C LHECK Lk FORCED BRANCH ON xJ
3C IF J LE. NROW) GE TO 35y
OP = X(IGBJY) = Y(IUBJ) ¢ ZTULZE
IVAL = IDINT(OP)
IF (DP «LT. Qo IVAL = [VAL -~ 1
IF (IVAL .uT. INCVAL) U Tu 50
IDIR = 2xKINBAS(J) + 1
IF (ICIK oC€We =i) REVOBND = SNGL (XUB(J))
[F ([CIR .EQ. 1) REVBNJU = SNoL(XLB(J))
coL = J
CALL EFRANCH
G0 TO luud
4 €
5C DG 500 [=1sMNROw
IF¢ (JFEE) <uke. NROw) GU TO 500
tF (DFPART(I) LY. ZTULZE) GO TG 500
e
C LOMPUTE UP PENALTY FOR X(I), XJ
1CC IF {Y(1) .G6T. ~ZTOLPV) GU TU 200
DE = Y{IuBJI=(UFPART{I) = la)/Y (1)
3 IF (DE ..Ts Y1 10BJ})Y U = Y(I1dsJ)
P (F (OF ouT. PULL)) PULL) = De
1565, GO TN 3¢
5366 . ¥
1567 C COMPUTE UUwN PENALTY FUR X(I1}y XxXJ
156%. 26C Ie (Y§13 L¥s ZTULPWY GO TG 300
1563, NDF = YIUuBJI=DFPAKT(LI/Y (L)
1577« IF (DE «LTa YU I0BJ) OE = YIOB3JI)
1571, IE (DE «LYW» PRETYX} POLLE) = OE
E572s
k573 { CUMPUTE GJAOMCRY PENALTY FOR x(1),
LeThs 30C DP = DABSEYL(I))
L NTEMP(1) = 1UINT(DP)
15756 0P = DP < FLOATIRTEMP(L))
¥ 1577, IF ((CP sbte LTOLLZE) +JRe (DP o4GEs 1lo=I7
1578, IF (Y41} <8V« Qs GP = Le = DP
1579, [F (DP 45T+ DFPART (1)) GO Tg 310
1580« YE = Y(IUBJ)I*OFPART(I)/DP
3 1591 . G0 YO 32v
> 1582« 51 3 = Y(IUBJ)I®(le = UFPART(I))/(1ls = DP)
g 1533, 32C IF (DE «LTo PGLE)Y PGII) = DE
¥ 184« €
% 15354 C0 CONTINUE

el X
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SR

B

15806, 1eCE
1587. C
1983 . C
1589,

1599.

1591 «

1592 .

1593, 20cC
1594 .

1595«

15964

1597,

1593,

1597,

1600, £
1601. €
1602 30¢¢C
103,

1604.

1605,

1605,

1607,

1608«

1609,

1€10. (>
loile

leld.

lol3e.

lels,

1e15. C
1615 3¢CC
1617,

1€13.

1619.

162). C
1621 «

1622,

162%4

1624 j7rco
1&25s

1626 .

1627.

1623,

1629 « 3sCC
1639«

1651 . €
1632, C
1633.

1634 .

1635, (>
16356,

1637,

1833,

1639,

164

1641 &

1642,

lb4a3.

1G44 .

1€45 .,

1645, 46CC

CUNTIANUC

CUMPUTE LARKGEST GUMURY FeNALTY AND TeST FOr FATHUMING
PEN = Q.
DO 20C0 [=1sNROn
[F (JH(]) eolLbe NEUWI Gu TO 2000
IF (PGLI) oTe PEN) PEN = POl
CONTINLE
DP = XxXltiuvJd) = PEN ¢+ 2ZTOLZE
[VAL = [ulNT(OP)
IF (DP «LTe Vel IVAL = [IVAL = |
IF (IvAL .06T. INCVAL) GO TU 1000
IDI*
KETURN

J

PRUBLEM NOT FATHUMED: CHECK FOR FORCED BRANCHES ON X(I)

NTEMP(2) = v

DO 39CC I=ieNnimw

TF (JF(1) oite NRUW) GO TO 393900

IF (PL(I) «GTe PUDCE))Y GU TU 3600

DP = X(IusJd) = PUCTI) +« LTOLLE

NTEMP (1) = TUINT(UPI

[F (DOP oLTe Oe) NTEMP(L) = NTEMP(Ll) - 1

TF (NTEMY (L) oGTe INCVAL) o0 TO 3900
tuRCLD bRANCH JP ON X(1)

[IVAL = WleMellLl)

I10IR = --]

NTEMP (1) = [PART([) + 1

GC TN 37uvu

DP = X(iubd) - PUll) + ZTOLLE

NTEMP (1) = IDINT(UP)

[F (OP tTe Us) NTEMPLL) = NTEMP(L) - 1

TF (NTeEMP (L) 6T INCVAL) GO TOU 3900
FORLED BRANCH UDOWN UN X (1)

IVAL = NTtEMP(L)

[DIR = |

NTEMP (1) - [PAKRT(I)

[ROWP =

ICOL = JH(IFLAP)

REVBNE = FLUAT(INTEMP(1))

NTEME(2) = |

CALL @xANCH

CONTINLL

IF (NTEMP(Z) .GTe C) GU TO 5000

NU FURCEO RRANCHES: CHUOSE BRANCHING VAF. AND DIRECTION
PEN = 0.
IGwP = U
DFTerMine BASIC VARe X(IRUWP) wlTH MAXe UP= UR OUWN=PeNALTY
03 4500 [ =1yHRUW
[F (JE(I) .Lt. NKURK) GU TO 4900
IF (PL(1) .GTe POLI)) GO TO <600
IF (PCUI) oLEe PEN) GU TU 4900
PEN = f#uul)
[RCWP = I
SER x =)
NTEMP (1) = IPAKT(I) « 1
REVBNE = FLUAT(NTENMP(L))
60 TC 490U |
IF (PU(I) .LEs PEN) GU TU 900
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164,

1643,

1£49,

1659,

1651 .

1652, ©SCC
1653

16544 C
1655« (
1656,

1657 .

1658,

FE59, 4510
1660 4 4G 7
leola

1E62.

1663,

1E64, 49¢5C
1665,

LEGY o

1667

1668,

1669, C
1670,

L&Y o 5eG
1672,
E6T3 .
1674,
L&ETS e
1676 .
1677,
1678 o
i€ [Q‘
16890.
LEAL S
1682,
1¢83 ¢
1684 4
16854

1£56.,

O

o W W |

1687 .
lEE3 .
1639 ¢
§ {0520 3
1691 .
1692,
1693,
16946,
1695,
1£96.
) TR S
16734
1£99 .
1700,
1701
Frd2e
17C3 s
170%a
1795«
1706,

1707.

™). VLY

SO

1

1

1
2

SN -

PEN = PULL

IRCW?

1nre !

NYeMP (1) iPART (1 )

REVBND = FLUATINTE MPL L))

CONT I NUE

IF {IRCwP LT. W) )} T 4950
EACk Uk Aliv ULUWN=PENALTY st 0. (UUAL~-UEGENERACY) CHOUSE ANY
NONINT = ASIL VAR, A5 BrRAN miING VAR .

DC 491C 1RLn? stk Cw

IF (JFLIEOWR,) oL Neuanl o Ty &30

IF (OFPARTLIRUWP ) oGEe 2ZTOLLE) GO TC 4920

CONT I KL

PrN rullrluab )

1pfrr !

NTEMP(1}) [PAPT L knb)

KecVBNE FLUATINTENMPLL))

ICOL = Jrit [RUNP)

DP = X(luBJd) = PEN + LTULLE

NTEMP (L) = ICINT (uF)

IF (DP +LTe Ued NTEMPLL) NTEMPLL) - 1

IF (IVAL .GT. NTEMP(L)) IVAL = NTEMP(1)
BRANCr Ofv CHOSEN VARI AGLE

CALL PRANCH

IF (ICIR <EGs =1) IPTYPE = @

IF {ECIR <EC. IV FRTYPE = =i

KETUSCN

END

SUBRULTIne BkANCH

BRANCHLS Uil VARIABLE X(ICUL) AS CETERMINEC IN SUSROUTINE PENL TS

[MPLICIT KeAi®g (A Coli-HoyUePoR=Wy i)y REAL%3 (B4DsAsY)
INTEOERES (TN, Q)
INTEGERE? JIr,nINBAS,LALTylAy lE
INTEGER=, [PART, lwCuMb, [IVBNO»IVID,JC3ND
JOUBLE PreCISIUN £ (400V)
REAL A(2uv0)
COMMON/ LUK/ ZTCLZELTOLPYZTCESTy ZTOLR ¢ 2TUOLSM 4 QRT g QMA 4 oA 2 QF [ o
WEU ) GBLywA g QP Ly MI g U ol s QF ¢ QN oy Uy NEMAX ¢NEMAX y QB2 Cy
Wt rdPewl 9 JOy QR WMy Gy NTMAX
COMMORN/OLULKZ/Z DEPARTLGO) yREVBND o INCVAL , ICUL 4y LISTL,,IVAL,IDIR,
IPAKT (Lo )y INCUMB(122) o IVEND(S500) »IVID(500),
[Uohu(500) o NPIVGT, IPTYPE,RCOST, IF EAS
COMMON D5JMeDPKUDy DY yUE2UPyBIOU) 9 XKL 0T ) o YIGO) s Y Te MP(0D ) gk
SUMINFP ICNAM( L2922 s NAME(2C) yNTEMP (20 ) 4MS TAT, 1080, IRJNWP,
IVINGIVOUT s TTOUNT g INVERQ ITRFRYWIFFEZ,y JCOL PyNRUOWeNCUL y NELEM,
NETAgNLELEM gNLETAGNUELEM yNUETAGJUH(S60) o KINBASUL122) (LA(LZC) o
LECLuud )y IA(Z000) 9 IE(4000) oXLBULL22) . XUB(L122)

ieCL INDEA =S SBRANCHINGL VARIABLE CHUSEN
IOIR INUICATES BRANCHING OIRcCTION CHOSEN

AUUL UPPLSITE UIRECTION TO LIST
EISTE = CESTL * 1
IF {I1C0Ik oebiwe =L) JVBNDCLISTL) = [UINT(XLBCICOL) + £TOlLZe)
It (TUIK obwe 1) LVBNOCLISTL) = IDINT(XUB(ICCL) + 270LZE)
IVIDELISTLY) = [DIR*[CuL
TOBND (LISTL) = ITVAL

FeVISt BJJNU> UN SRANCHING VARIABLE FOR FUkeARD UIRcCTIUN
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2]

B SRR

1703.

1709«

1719.

/1.

L1712«

1713,

171%.

1719

1716,

| 70 S8

) 7.8

ET LY 1

1720,

2%

1722

1723,

1724

1725 1
125 Z

1727,

1723, 1

1729, 2

173

1731

1732

73 %.

1734,

1735.

1735, €

Yake £

1733«

1733.

[74).

1741,

17+2.

1743 C

174%.

1745,

1746

1247,

1743

1749,

Ei:5 ) s

1751«

1752« (4

e I 1

175%

§75%

1156«

1757,

2159

Y759

176).

1761 « C

1762, 10C¢C

1763.

1704,

1755, C

1766, €

1767

§763

Pl o g e

H W N -

Y

o
o

FF LICIR Ewe +1) XLbLICOL) = DekE(REVBND)
IF (IC!n oEwe Ll) XJOUILOL) = UBLE(xEVBND)
RETURM

=ND

SURBFOLT e BRTRAK

BACKTIACRS TU SCELECLT A PRUMISING (UNFATHUMED) NODE FRUM THE
LIST urF 5TAReD NJDES. LAST~IN~FIRST=0JT (LTFG) SELECTIUN KULE
IS EMPLUYLD.

IMPLICIT Keal®a (AgCy-HyUgPyR=inyp )y KEAL*B (ByDyXyY),
INTLOER®S  ([=iNyd)
INTZGER%R: JheKiINBAS LA LE,TAylE
INTLOER®, [PanTeTdCUMb, IVONL,y IVID I CoNY
DUURLE PrRECISIUN c (4000)
~gAL A(2000)
COMMON/DLUCKY. cTUCLE g cTOLPV e LTCUSTy ZTULRI 9 LTOLSM 4 QR y QMA yUBA LQF I
SE )y JBL A QPL UM Ty WL g d L o JF 9y QN QiJg NKMAX ¢ NEMAX ¢ WBy 2 Cy
e M rwl g JU g QR 9y UM 4Gy NTMAX
COMMONZSLUCKS, P AR T(00) ynEVONDy INCVALeICQULISTLIVAL,IDIR,
IPART (122 )9 INCUMBLL22) o IVBNCI500) o IVID(50U)
[3oND(500Q) ¢ NPIVOT, IPTYPE RLOST, IFEAS
COMMON D5UMpOPKU Dy LY OEyUP 9B (601 X(ED )1 Y(60Q) yYTEMP(00) sAsky
SIMINF g ICNAMLL292) ¢ NAME(20) yNTEMP(20),MSTAT, [0BJ,y IRIWP,
IVING LTy ITCINT g INVER 39 ITRFRGIFFEZy JCOLPyNOW o NCULY NELEM,
FoTAPNCEL M oNLETA )y NJELEM GoNUE TApJH(6U) oK INBAS(122)LA(L22) o
LidLea2)y Ta(2000) 3 IE(4COG) 4XL3(122)4yXUB(L22)
NTEMP (3) = ©
IF LIoT IS EMPTY,s KETURN (CuMPUTATIONS COMPLETEC)
[F (LISTL .EQe 0O) RETURN
[F (1CRNJILISTL) «iL€. INCVAL) oC TO 2000

GET NexXT WNule HRCM LIST
ICOL = IVID(LISTL)
IF €ICEL +tTe« O GJ TO LOO

NTEMP (1) = JUINT(XLBCICJL) + ZTCLZE)
NTEMP (2) = TvB&RDLISTL)

XLBCICCL)Y = XJustiICCLY # 1.

XJBLTTUL) = FCUATINTEMP(2))

I+ (KINSAS(ICUL) «GT. ) GO TU 1000
KINBAS(ICUL) = O

{A‘TC"D(_{) = 1

0 TO Lwvd

IC0L = ~[COL

NTEMP(L) = TOINT(XJB(ICUL) ¢ £TOLZE)
NTEMP(2) = IvaNO(LISTL)

XJBLICCL) = xLbtiCLLY - 1t

XLB(ICTL) = FLUATINTEMP(Z2))

1F (KINBAS(TLUL) «6Te U) wuU Tu 100V
KINBAS(ICUL) = =1

NTEMP(3) = 1

IVIDCLISTL) = ~IVIC(LISTL)
TVvBNDUILISTL) NTEMP(1)
10BNDCLISTL) = 1lUuouu

JPUCATE X
IF (NTEMP(3) otWle U) KRETURN
CALL SHIFTr(L43)




ol

LBZ e
1826,
1827«
1823,
1847,

4TC

ol Y

SO O
20CC

Y6 O

10 90CY J=1,~RCuUL
IF (KINSAS(J2)8600,8790,90uu

')i )"‘ (\I)

GO T 810

)i = XbLol Jd)d

LL = LA(Y)

KK = La{uy+il) - |

U3 B8CC [=LLIKN

IR = TA(IL)

Y{IR) = ¥iIR) - Af{1)*De
CONTINUE

CALL FTRAN(4)
CALL SHIFTR(3,2)
RETIIE A

NOCE rFAaTHiMeu: JPUATE VAR. BUJNIS AND BACKTRACK AGAIN
FCBL = FVIDELISTL)
IF (ICCL LFs €) Ld Td <100

NTEMP(LY = TVBND(LISTL)

[F (KINBASCLLAULI L 20L3+2U50,205¢C
NTEMPI(3) = 1

DR = XULLICOL) ~ XE@(ICuL)

DY = FLOAT(NTEMP (L)) = XUB(ICul)
iF (0P <LTs Y} KINBASCICALY = @
XJBUICOL) = PLUATINTEMPLLY))

G0 ¥ 3000

{CUL = «IcCUu

NTEMP (1) = [VBNO(LISTL)

TF (KINBASCILULY) 2150021 109215C
NTEMP (3) = |

Y = XLt ICCL) ~ FLCATINTEMP(LY))
DP = xUdllcuwL) - XLBLICOL)

IF (0P JLTe uYl KINBAS(LOUL) = =1
XLBR{ICCL) = FLOAT(NTEMP(L))

LISTL = LisfL = 1

GO TG 5Se
CND
SUSPOLTIive aRAPUP

OQUTPYT > OPTIMAL SULJTION AND COREESPONOING OBJECTIVE VALUE.

IMPLICIT xcAL*4 (AyCrE~ryCyPyR=nyp )y REALXB (Be0aXe¥ ),y
1 INTEOER %4 (1=Ny Q)
INTEGERR. gnyKINBAS,LA,LEyTA, IE
INTEG=R%2 [PARTy [WCUMoy TVBND 4 IV LU T CEND
JOUBLE PreCISIUN £ (49000
REAL Aloouu)
JIMMON/ZBLCORZ/ DFP ART(0U) yREVENDy INCVAL ¢ TCOL o LISTL 1 VAL 1UIK

| IPART{1Z2) s INCUMB(122) y LVBNDISOU) ¢ IVID(50U),
2 TOBNC(S00) oNPIVUTy IPTYPLyRCOST, IHEAS

COMMON DSUMaUPRUDy CY1UEs DPyBLOU) ¢ XLGO) s YL 00) o YTEMP (O sAyC
H SUMINE g ICNAMILZLZ) 2) g NAME(Z20) «NTEMP{ 201 ¢yMSTAT [0BU{XTaP,
P IVINgIVUIT g TTONT y INVER G ITRE Ry IFFE Ly JCOL Py NFIW e NCUL ¢ NELE My
% NETAYNLELEM yNLETA yNUELEM yNUE TAy JH(00) +KINBASILZ22) LAl LLe)
“ LECLOUZy TAC2OGU) 3 [ECAQ00) 9 XLBIL22),XURL 2]}

[F (ITCNT esoke [TRFRW) GO TC 20
TP CUFEAS oEQe @) GO 10 1V

-
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IR} ARTITE (g ld

1931, P FORMAT (270 UlTidAL INTEGER SULLTION %(J)y J-1geassNCOL'/Z)
832, wi i toedd LI IaB1Idy J=leNLUL)
1333. 2 FORMAT (c01>)
1934, WRIT= (Ly3) INLVAL
< Y835, CFORMAT (/70 Max wodteTive vaLde =ty 15
Y2360, PUREICEN
Y2 e L wRITE (wyald LANLVAC
FA3 . 4 FORMAT (¢ NU rFEaditBLe SULJTIUN Fuund o'Tr UGRJECTIVE VALJE «oTe',
1857, 1 110)
184), KETURN
1241, 2C ARITF f(oplaud LTCHT
1842 & 10U FORMAT (¢ SIMPeex ITERATIUNS ='41 3yt CIMPUTATICONS TERMINATEU.)
1943, IF (EFEAS oEue 91 EBE TJ 1O
1U & o WP ITE e eQLd
L 345« 1C) FORMAY (//0% 3e5T INTZGER SulJdTICw FCUND I5%°77)
1747 ALY (Ced) (INCUABLI)y J=1,NCOL)
1347, RETUKA
194%. (o 20
60
&
»
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R

R R ANP YT IAEHGT

1 1 LCSSSY

NAME SAMPLE

EfLas
38 3 J
b 10wl
l RChLL
L Twl2
l 'Cwl3
! Cnl4
L ROw21
i BCw22
(L w23
L ROw2é
L Cw3l
' Crwip
l Ch33
L 12h34
{ 2 w4l
L 2Cna?2
! SN0kW43
! 44

COCLUMNS

L21
CoLz22
COL22
SEL22
23 !
CL23 RCwW2 ]
5 “Cwnl3
DL24 £
CL24 Flwz
SL24a Cilne
COaL25 cddJd
pEag T w2
g REwnZG
el R Led
QL3231 Rl wd]
.OL 31 SCW33
CLGL3Y2 c8J

S I A 2ty oot M 9. s e - AT AP

*D0 e
lo.

LO o

ANL-=bBUUNL LUUE

“ual
RiwLd
KUwle
<Uwl
KOall
RUWNL%
Ruw!
xOnid
Riwlia
KUwl
S P4
RUwla
Kiuwl
Kl ld
KUwl 4
ROwl
RUWZe
“Unde
Ade i
ROw2d
rUnl4
nownl
RUN22
“dwds
Kawl
ROwZ2

“UWL

Uads

Nuwi
Rlws<
ESVE

Mowi

B % wxs

e
30,
21

L5




CaL32 Kiwil Ve KIwidd 1%
caL32 RTw33 Ba Ruwid4 te
LCL33 Cid S, rRUnl La
rLocL33 RCnil Ce KUW33 3e

= £0L33 ECwl4 1.

i fCL34 CEJ e KOWl ke
COL34 KCw3l tre kOw32 l.
CCL34 KCw 34 e
COL3S cay 4lbe Rdnl 10.
COLAS RCW32 e Ruwis 13,
CCL3S RCwik 1+,
coLal CRJ “4lba RUW1 280 .
reLal RPCasl Z0V e RUwal LQU.
rcLal RCn43 tUe KIW44 310.
coL4a2 £8J el e RUwl 1C.
L CoL42 RCwal 20« ROw4os 2l

| coL42 RCn&4t Be
CTL43 Ced ‘12 e RUWL de
L4l RCWél De <O w42 20.
CCL43 *Cna3 ‘e KOnwaé 4.
TCL4G (SN =8 RUnl le
CCL44 RQiin4i & . RUw4 2 3.
COL&4S RCwa4 Ea
CCL4S ced e’ o KOwl Is
LCL4S RCwal la KJw43 24
LRL4S RCna4 le

RS
2HS1 Rl 93
RHS1 SCwll 221 Ruwle 182«
AHS] °Cwl3 ¢J)3. ROwl« 232
PHS1 RCa21 30, RUW22 64,
PHS1 HCWe s QGG e RUnclé4 27
RHS1 KCn2l loa ROwse “8.
oHSL w23 4l RUW3< 2G.
RHSL QCw4l LU ROw42 8¢
aHS] RCw&3 vloe ROw44 230.
ENLATA
Ce O. Ce C. Ue Ua Qe Je Je Ce Je Jde Q. Ce Oe
Ce Ce Ce Je Ge

l. l. le 1. i Le l. Le le l. L. le l. le 1.
1. 1. l. l. 1.

b 62
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L

*¢e+2OUTPUT GENERATED BY BB ON SAMPLE PROBLEM*®&xs

PRODBLEM Al

TINE = Z.94 LECONDS: INCVAL = 414
TEBE = 3.07 SECCNDS: INCVAL = 43t
TINE = 3.53 SECONDS: INCVAL = 44s
TINE = 3.56 SECONDS: INCVAL = 462
TOTAL SOLUTION TIME = b.65 SECONDS

OPTIMAL INTEGER SOLUTION X (J), J=1,...,NCOL

462 21 56 89 70 3 13 10 8
1 1 ¢ 1 1 0 1 i 0 1
MAX OBJECTIVE VALUE = 462

e S ————————
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LISTING AND SAMPLE INPUT/OUTPUT FOR COMPUTER PROGHRAM DSIC
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o4

e

S

s

.

~ e —— R

13.
14.
15
16«
17.
18.
19«
20
21l e

22

23
24 o
25 .
26«
27«
28 «
29
30
2
2.
33w
34 .
35«
37.
38«
19,
60 .
41 .
42 .,
43.
4% .
45,
46
Te
48 .
49 -
50
Sle
S)a
9% o
55«
56«
57

58«
594
604

~e Mm-S

OO

A

CECCMPUSITICN RCUTINE, DSLC
CeCOMPOSITION AND SCOLUTION OF PURE=INTEGER LINEAK PRUGRAMS
(WITH GENERAL INTEGER VARIAGBLES) WITH BLOCK ANGULAR CONSTRAINT
MATRICES.

reharx ek SINCLE LUINKING CONSTRAINT CASE**#xx*xsx
GARY A. KULCHMAN (OPEKATIONS RESEARCHI, SEPT. 1976, MOD |

[IMPLICIT KEAL*¥& {(AC E~H,0,P)R=Wyel)y REAL*B (B0 XoV) e

1 INTEGER*4 (I=-N,Q)

INTEGER*Z JHeKINBAS,LALE,IA,IE

INTYEGER®2 LIPART, INCUMB,IVBND,IVID¢ICBND

INTEGER®Z I/S5STAR 1810, IB88NU, [ LBND

NTEGER®Z 1AS,LAS

DOUBLE PReCISICN E (1000}

DIMENSIUN A(S500) INCCLO} sAVILIO) JNTSCGLILO)

COMMON/BLUCK/ 2TOLZEsLTULPV ¢ LTCCUSTy ZTOLRI 2 ZTOLSM 9y GRG,» QMAQBA 4QF Iy

WEOQs QBLy WA, QPL QML QL 4QI»QF ; CNyQUy NRMAX s NEMAX , QB,JC e
QE QR s UL QU QR ¢y M yQG, NTMAX

COMMON/ELUCKZ/ DFPART(LLZ2) yREVBNDINCVAL, ICOL,LISTL,IVAL,IDIR,

i NPIVUT,IPTYPE,RCOST,IFEAS,IPART(122),INCUMB(L22),

2 TVBND(S500 ), IVIO(500) +IOBND(500)

COMMCN/BLOCK3/ RLANMDA(S0910)3INAUT(10) 4ZJBAR(LO) yNSUBS,I2ZINC,

LIZBAR y I0UM,y [BLLINJFIXyJFIXSM, I8 ,JF T X{ LO) o NSOL(LO) »NLAMDA(LOD},

2KSEG(10), IBSTAR(20C,10),18UB(10),IBLB(10), IBP(51,101,

SIBUSEL(2004+40) yT14STAR(200¢10)IBID(2004,1IBBND(200)5128ND(200)

COMMON/BLUCKS/ XLBS{50,10)¢4XUBS{50,10),AMATRS(1000)¢RHS(L0410)

INROWS (LU) «NCOLSULO ) s JFIRSTULL) » TAS{1000)sLAS{50,10C)

COMMUN EoXLBILlacd)y XUBLLLZ)B(O0)yX(EQ)Y(60) YTEMP(60)4,0SUM, OPRUD,
DY »CEsOPs Ay ICNAM(12292) 9 NAME(20) s NTEMP(20 )9 SUMINFsMSTAT,
[0bJ s IROWP,y IVINs IVOUT,ITCNT, INVFRQ, ITRFRQ,ITSINV, IFFEZ,
JLOLP¢NROWy NCOLyNELEM ¢ NETA ¢NLELEMNLETA(NUELEM ¢4NJUETA,
TIECLOOCYy IA(SU0) y LE(252) yLA(122) yKINBAS(12214JH(00Q]

N

DN -

MAIN PRCGRAM
COCRDINATES APPLICATION UF THE VARIQUS STEPS OF THE DECGMPOSI-
TICN ALGORITHM.

INITIALIZC PARAMETERS
1C CALL FCLOCK({ITOT)
READ (5,1,ENU=5999) NGUBS,I5,IPARM, [ZINC
1 FORMAT (4110)
DC 2C J=i,122
[CNAM (4,10 = O
<C ICNAM{UY,2) = O

168J = }
[TRFRC = 99999
I[BLL = O
IPAR = @
NJFIX = 0
JFIXSM = O
JEIRST(1) = ]
TALC = 0.
TSUBS = 0.
IFIRST = 0
NALC = 0

PHASE 1
DO 10C J=1,4NSUBS
AVI(J) = U.
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2

!

o0

o

6l.

63.
64.
65.
66
6T
68.
69.
70.
T1.
12.
73.
T4.
75.
76 .
17.
78.
79.
80.
8le.
82.
83.
84.
85.
86
87.
88.
89.
90.
9le.
92.
93.
S4.
95.
96.
97.

99.
100.
101.
102.
103.
1C4.
105.
106.
1C7.
108.
109.
110.
111.
112.
113.
114.
115.
116.
117.
118.
119.
120.
121.

OO0

AOOONO

20CC

21C0

22CC

23C¢C

NISCLY) = 0

NSOL(J) = @

JEIX(J) = 0
INPLT DATA FOR SUBPROBLEM J

CALL INPUT(J)
SOLVE SUOPROBLEM J AS LP, PARAMETRICALLY IN THE RIGHT-HAND
SICE FOR THE SINGLE LINKING CONSTRAINT

CALL PHASEL(J)

WRITE (6,+8)

FORMAT (*1 START NEw PROBLEM®)
CUTPUT SLOPES AND (ALL-INTEGER) BREAKPOINTS DEFINING THE
SEGMENTS OF THE (MODIFIED) CONCAVE AND PIECEWISE L INEAR
(PARAMETKIC) OB JECTIVE FUNCTIONS FOR THE SUBPROBLEMS

DO 20C J=1ysNSUBS

LAST = NLAMDA(J) + 1

WRITE (692) Jy(IBP(KyJ)y K=1,LAST)

FORMAT (//°* IBP{Ky*y13,%) =',2015/2515/515)

LAST = LAST - 1

WRITE (693) Jy (RLAMDA(KyJ)y K=1,LAST)

FORMATY (* RLAMDA(Ky'sI34') ='419F6.2/20F6.2/11F6.2)

WRITE (694) J,INAUTLI)

FORMAT (* ZNAUT('yI3,') ='yFl0.4)

WRITE (9,5)

FORMATY (/777)

CALL PCLOCKU(JTIME, ITOT)

TPH1 = JUTIME/100.

GO TO 2100
PHASE 2
BACKTRACK TC LAST PROMISING NODE IN ALLOCATION-VARIABLES SEARCH
CALL BBKTRK
[PAR = 0

IF LIST QF STORED NODES IS EMPYY, COMPUTATIONS ARE COMPLETED
IF (IELL .EQ. 0) GC TO 9000
NALO = NALC + 1
CALL PCLOCK(JTIME, ITGT)
SOLVE MASTER PROBLEM TO OBTAIN PROMISING NEW ALLOCATION OF
LINKING RESOURCE TO SUBPROBLEMS
CALL ALOCTE(IPARIRHS)
CALL PCLUCK(JTIMEL,ITOT)
TALC = TALGC + (JTIMEL - JTIME)/100.
[PAR = |
TEST FOR FATHOMING OF CURRENT NGDE
[F (INCVAL .LE. IZINC) GG TQ 2000
IZBAR = INCVAL
IF (IRHS .GT. 0) [ZBAR = =10000
CHECK IF ANY SUBPROBLEM HAS PREVIOUSLY BEEN SOLVED UNDER ITS
CURRENT ALLGCCAT ION
CALL CCMCHK(JyK)
IF (ICOM .EQ. 0) GG TO 3000
LAST = NSOL(J) + 1
IRHS = IBSTAR(LAST yJ) = IBUSED(K,yJ)
BRANCH UN ALLOCATION VARIABLE IN SUBPROBLEM J
CALL CMBRAN(JyK)
IF (MSTAT .tQ. 0) GO TO 2000
FIX ALLOCATION 1O SUBPROBLEM J AT LEVEL K
JFIX(J) = K
NJFIX = NJFIX + 1
JEIXSM = JFIXSM + [¢STAR(KyJ)
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IF INJFIA V. NSUBS) GU TO <100
aLL SUBS FIXeD: COMPARE SOLUTION WITH INCUMBENT
IF CJFIXOSM LLE. IZINC) GU TO 2500
DO 24CC 1=1,NSUBS
24CC INC(L) = JFIXCIL)
TZINC = JFIXSM
CALL PCLUCK(JT IME, LTAT )
TCPT = UTIME/L1CO.
WRITE (6,93) TOPT,. 1ZINC
S3 FORMAT (* TIME =%,F7.2+"' SECONDS: TZINC =%, 110}
IF (IFIRST .EQ. 1) GG TO 2500
TFIRSY = T@PT

FIRST = 1
TFVAL = T21NC
25CC JFIX(yJ) = ©
JEIXSH = JFiXSM « [ZSTAR(KsJ)
NJFIX NJFIX - 1

GC TC 200u

SELECT NEXT SUBPROBLEM TG SOLVE
3CCC AVRMAX = «106000.
Jd = 0
FLRET TRY TO SELECTY AN UNFIXED SUBPROBLEM FOR wWHICH THE ALLUC A=
TICN vARTIABLE IS NOT ON AN UP-~ERANCH
DO 3100 I=1.,NSUBS
LF (JFIX{I) «NEa 0J) GO TO 3100
IF (AVMAX .GE. AVEI}) GO TO 310C
J =1
AVMAX = AVLI)
31CC CCONTIAUE
IF (J «0Te O) GO TG 3200
ALLLLCATION VARI ABLE FOR EACH UNFIXED SUBPROBLEM CURRENTLY ON AN
UP=-BRANCH: SELECT UNFIXEQ SUBPROBLEM IN ACCORUANCE WIlTH
CECISION RULE SPECIFIED BY PARAMETER IPARM ALONE
DO 3150 (=1.NSUBS
IF (JFIX(I) «G¥« @) GO TO 3150
I1F tAwMAX .Gke. AV(1)) GO TO 3150
d = 1
AYMBX = AV
315C CONTIAUE
32CC NTSOL (J) = NTSOL(J) + 1
CALL PFCLOGCK(JTIME, ITOT)
LOAC PROBLEM DA TA FOR SUBPRQBLEM J
CALL LODATA{J)
[TSINY = §548S
IFEAS = O
GEYT UPTIMAL L#P=SOLJTION TU SUBPRCBLEM J
CALL NCerMAL
TESY [F SUBPROBLEM J IS LP-FEASIBLE
IF (MSTAT .EQe &N} GO YO 3300
SUBPHUBLEM J LP—=FEASIBLE; GET INITIAL LOWER BOUND ESTIMATE ON
MAXs IP=-CBJe VALe
CALL CETLBO(J?
INITBE = [INCUMELL)
USE BRANCH=ANO= BOUND ROUTINE TO COMPUTE OPT. 1IP=-SOLUTION TO
SUBPROBLEM J
CALL EANDRBUINITBO)
33CC CALL PCLULKLJTIMEL,ITOT)
TIME = {JTIMgl - JTIME)/100.
TSLBS = TSUBS ¢ TINE
LPCATE SUBPKUBLENM SELECTION RULE INFQORMATION FOR SUBPRQOBLEM J,
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FREN

183.
18%.
185«
i86.
187.
188
189.
190
191.
192.
193 .
194
165.
196 .
197.
195«
199,
200.
201 .
202.
2C3.
204,
205.
206.
207«
208.
209.
Zl0.
211l
212.
213.
21l4.
215.
216.
217«
218.
219.
i20.
221 .
222.
223.
224.
225.
26«
22T .
228
229 .
230.
Z31.
232.
233.
234.
235.
236.
237.
238.
239.
240.
241.
2642 .
243.

C IN ACLORLCANCE wWITH VALUE SPECIFIEU FOR [PARM
GO TC (3310+3370,3230,34001,1PAKM
3310 AVIJ) =((NTSOLEJ) =L ) *AV(H )+ LJBAR(JI=INCVAL)I/ZNTSOL(J)
GO TC 34C0
33.C AVIJ) = ((NTSOL(J)=L)*AV(J) + INCUMB(2)I1/NTSCLIJ)

GO TC 3400
333C AV(J) = (UINTSOLCJ)=L)*AV(J) -~ TIME)/NTSOL(J)
C SAVE ALLOCATIUN ANU SULJTION INFORMATION FOR SUBPROBLEM J

34CC CALL SAVER(J)
IRHS = INCUMBI(2)
K = NTEMP(<Z)
C QUTPUT SOLUTION INFURMATION FCR SUBPROBLEM J
WRITE (6,6) JoXy (INCUMBUIKK)y KK=1,NCOL)
6 FORMAT (' SUB*,I2,* SOL*,13,%: ¢,2CGI5%

C TEST 15 ALL SUBFROBLEMS HAVE BEEN SOLVED; IF SO, NO BRANCHING
C NECESSAKRY
IF (NJFIX = NSUBS + 1) 2200,230C,9999
C
C COMPUTATICNS COMPLETEDS OQUTPUT OPTIMAL SOLUTION INFORMATION

GCCC CALL CUTSOL(INC)
CALL FCLUCKI(JTIME, ITOT)
TICT = JTIME/L100.
C CUTPUT ALGORITHWIC PERFORMANCE INFORMATION
WRITE (6,7) TYCT
7 FCORMAT (/' TCTAL SCLUTION TIME =*,4F7.2,' SECCNDS')
WRITE (6,92) TPHL,NALU»TALG, (NTSOL{J)y J=1,NSUBS)

52 FORMAT (* TIME IN PHASEL =',Fb6.2y" SECONDS'/°® MASTER PRUBLEM SOLVE
10*,[iCy* TIMES: TOTAL TIME SOLVING MASTER PROBLEM =* 4F6.2,' SECON
20S*/* NUMBER OF VIMES EACH SUBPROBLEM SOLVED =',18X,1015)

WRITE (659) (NSUL(JIy J=1,NSUBS])

S FORMAT (' NUMBER OUF DISTINCT SOLUTICNS UBTAINED IN EACH SUBPROBLEM
1 =4,1CI5)
WRITE (6,91) TSUBS

G1 FORMAT (¢ TCTAL TIME SOLVING SUBPROBLEMS =',F6.2,
1* SECCNDS*)
GC T0 10

9969 5TQ0P

END
BLOCK DATA

INITIALIZES GLUBAL PROGRAM CUNSTANTS
SUBRUUTINE ADAPTED FRUM LINEAR PROGRAMMING CODE LPM-1, WRITTEN
B8Y J.A. TCMLIN (CPERATIONS RESEARCH, STANFORD UNIVERSITY)

a¥aXeNaNal

IMPLICIT KEAL*¥4 (A,CyE-H,04PsR=meZ)y REAL*8 (ByDyXsY)
1 INTEGER*4 (I=N,Q)

COMMON/BLOCK/ ZVOLZELZTOLPV4ZTCCST, ZTOLRJY, 2ZTCLSM,QRO,QMA,QBAQF I
1 CEDyCBL, QA UPLyQMILCZ+QI,QF 4 QNyQU, NRMAX ¢ NEMAX,QB,QC,

CEsQH QL QOsURy QM ,QGy NTMAX

REAL 2TULZE/1<4E=5/ yLTOLPV/1.E~4/42TCOST/1+E=3/42ZTOLRJ/1eE~4/
1 LTGLSM/L.E-10/

INTEGER™S NRMAX/60/;NTMAX/250/ yNEMA X/ 1000/

INTEGER*4 QKO/'KOw "/ ,QMA/*MATR'/ 4QBA/*BASI"/4QF I/*'FIRS'/,
1QEC/'ECF */,uBL/* P/eQA/TA V/WCPL/Y ¢ '/WQMI/Y = Y/,
2QL/' 2 */4.Ql/'1 Y/aNF/'F C/4QGN/'N */eQU/'U Y/
3Q8/¢8 "/ 9QC7"C */WQE/'E */yQH/'H */yQL/'L Y/
4Q0/'90 '/ yQR/ 'K V/eQM/'M */4QG/'G LY 4

END

SUBROLTINE INPUT(I FPROB)

€ INPUTS PRUBLEM CATA
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UK TINE ADAP TED FROM iNEAR PRUGRAMMING COUE LPM=-L, WRITTEN

TOIML Y

dads MUIN (UPLRATION, RESEARCHy, STANFORD UNIVERSLITY)

SCRIPITIUN UF PARAME TERS*ww vk s s

¥ FRUL INPRUB IUENTIFICATIUN NUMBER UF SUBPROBLEM BEING
INPUT JSER MUST I1APUT SUBPRUBLEPMFS IN SEQUENCE 14245...¢NSJBS)
GUNBL BB L YT L RN TR SR R ET TR EE Lk S
IMPLICIT REAL®™S {A3C4E~rHGyPoR=hydl 9 REAL*¥8 (B,ByXyY),
1 t R#=4 L[=N,Q)
INTEGER®Z JH KINBAS,LALE»IAg]E
INTECER%2 [/STAR,IBIL,[B3BNDs 1ZBND

1
i

GER2, JAL,LAS

E PRECISICN ECLQOO) ATEMPL JATEMPZ

A{HLU !}

ANBLUCR/S ZTOULLE, JTULPY 2L TCCST 4 LTOLRI, ZTOLSM QRO QMA,QBALQF I o
WEUs WL, A s WPLe CM T Q2 y Ul o WPy UN s QU NRMAY g NEMAX 9 QBeQCo
CF oQF ;WL QU dR UM QG ATMAX

TOMMOA/BLOCKS, RLAMUAISG10) o INAUTC LU} 2 ZJBARCLIO) oNSUBSyEZINC,

<

3

4
.)I' 10
B(li

D0 <0
KINBRA
MEQw

READ(
IATEM
FURMA
IF{KL
IF (K1
IF{K)
IF(K1
TE(KL
1F{KL
[F(Ki
iFlK1
[FiKl
IF(K1
IF{x}
GO YO
NTEMP

=&

2 I0U e IBLLe NI FIX,JF LXSMy 10 o dFT XU 1O o NSOLCLO) yNLAMDA(10]) o

D)2 PESTARCZOU, Ul o IBUBLLO I IBLBILG) IBPISL 410)y
Pl 5 YAR(Z0091 0, 1BI0(200),IB8BNDL200),12BND(200)

BOLUel 00 AJ85(50910)+AMATRS{1000)yRHSL 20,10},
{1Ul g JFiroT(LL) s TASULIC00)»LAS{50,10)
XLE ‘e )i AUBL L) 9800 ) 9 X(60)4Y(00) s YTEMP (6Q) +DSUM, DPROD
s UCyUPg Ay TONAMI 122,20 s NAME(20) y,NTEMP(20) 3 SUMINF MSTAT,
OB s [RCWPy Iviihg s VOUT o LTONT, INVFRQ, ITRFRQ,ITSINV,IFFELZ,

Lo MRy NCLL s HELEMy NETA yNLELEM NLETA,NUELEM yNUETA,

TELLUCO)» TALS00I o LELCD2) oL AL122)+KINEBAS(L22)4JH(60)

I=146
e
J=1ly 122

<Sryy = 0

Q) FRETURN

]
Ce001) KL eKZoK2oKa, (NAMECT ) o E=144) ATEMPLSNAME(S } 9y NAME(G6) |

|
TAGAL e AL 32 Fg A4 12K gF L2a9 g 3R o2 A& ¢ 2XoFlla)

«£ue CE) GU T0 600
«Ewas G8L) OGU 7§ 20
Eves GWNI GO TU LOO
eEle W <ANU. K oEQe QO) L=1
Ele QK AND, K2 <EJe 4G) GC TO 150
»Els GC) L=2

<EWes QC)} GO ¥C 150

Ele U8B AND. K2 .EQ. QA) L=3

+EUe (B «ANU. KZ -EQ« wA) GC TO 150
efElhe WR <AND, K2 .EWe WH) L=4

+Eve QR ANU. K2 .EQ. QH) GO TG 150
(2109272049410 500) 4L
(1) = NAME( 3)

B A e s R e e o e e il

i 4 AL <
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363.
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365.
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L W o0 Wi |
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~
(]

22C

24C

324

NTENMP (2) NAME(4)
CONTIAUE
GO 10 5

NROW=ARUW+ L

NCCL=NR0Lh
TCAAM(NRUW 1Y = NAME(L)
ICNAMINRUWeZ) = NAMEL(2)

TESYT ROh TYPE

TF(K2aFu.Wdl «URe K3.EWQedl) U TO 220
[F(KZ.Eu.ut «ORa K3.EUeNE) GO TQ 230
IF(KZ sFuetl «UR. K3.EQeWG) GJ TO 240
IF(K2 oFW-QN +OKe K3.cWlewN) GO T0 250
GO T 230

ALB{ANHCw) = (o

XULBINKOnI = lakE4

50 TC 250

XLB(NRCW) = Q.
XUB(NSCw) = U
GC 1C 250
XLB(MRUN} = (e
XUB(NFCA) = L.E4
A(NROW}) = =1,

GO TO 260
A(NRCR) = la
[A{ARCHh} = NKOW
LA(NRCW) = NRCw
JHINRCW) = NROW
KINEBASINROW) = NROW
NELEM=NRUW

GG TG S

MATRIA ELEMENTS

J =3

K = 4

1F (DABS(ATEMP L) .LE. ZTULZE) GO TC 321
GO TO 3¢o

J=5

K=6

ATEMPL=ATEMPZ

GG TO 330

CONTINUE

[F (NAME(L) .EQ. I[CSL +ANDe. NAME(Z2) .EQ.
TEST FUKk SPLIT VECTOKR

DO 325 I = 1l.NCOL

IF (NAME(Ll) .NE. ICNAM(I,L)) GC T0 325
IF (KAME(2) .NE. I[CNAMiII,2)) GC TO 325
WRITE(6,8250) NAME (1)yNAMELZ2)
FORMATII4HGSPLIT VECTUR ,2A4)

CONT INUE

NCOL = NCOL + 1

ICS1 = NAME(L)

[CS¢ = NAME(Z)

ICANAM(NCUL 9 L) = ICSL

ICNAM(NCGL y2) = 1CS2

LAINCOCLY = NELEM +

70
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GO TO 330
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A=

B3CC

41C

32¢C

a4CC

43C

44C

524

TEST FOR RUw MATCH

D0 34C I Ly NKUwW

[F(NAME(J) NEL [CNAM(f, L) .U
NELEF = NELEM + |

TA(NELEM) = |

A(NELEM) = ATEMPL
LAINCCL*L ) =NELEM#]

IFIK 0T 5) 0 T0 o
IF(CABS(ATEMP2) .LE« ZTOLLZE)
d = 5

K = 6

ATEMPL = ATEMP,

GO 70 33u

CONTINUE

WRITELE,3300) NAME (J) o NAME(K) ¢ NAME[ 1) NAME(2)
FURMAT(LEHOND MATLH FOR ROW 1ZA4, J0HAT COLUMN

stae
BASIS CAFDS

DO 42C 1 = LlaNCUL

[FONAMECL) oNE< ICNAMII, 1) .URe

IBVEC = 1

GC TC 425

CCNTINUE

WRITE{E6,8400) NAME (L) yNAMEL(Z)

FORMAT{<LHONU MATCH FOR VECTOR

G0 TC 5
DO 43C I = L.NROW

[F (NAME(3)aNCICNAM(LIs1)+0R.NAME(4).NE.ICNAM(T,2))

IBROW=1
GU TO 440
CCNTINUE
WRITE(&,8300) NANE(3) ,NANE(4)
GG T0 5
JHETBRCW) = IBvel
KINBASCIBROW) = (
KINBAS{IBVEC) = I[BROW
GG TO

RHS
Jd = 3
K = 4
iF {(DABS(ATEMP1l) .LE. ZTOLZE)
GO TO S¢e

4=5

K=6

ATEMP I=ATEMP2
GG 7O S3¢

CCNTIALE

IF {NAMELL1) JEQ. [CS1 <AND. NAME(Z)

TESY FOKR SPLIT VECTOR

00 525 I = 1,NCOL

IF (NAME(L) .NE< LCNAM(I,1))
IF (NAME(Z2) .NE. ICNAMEI,2))
WRITE(6,65250) NAME (L) ,NAME(Z)

71

Ra

GG TO S

12A4)

GO TG 521

GC TQO 525
GG Ta 525

NAME( K] ICNAM(142116U TG 340

NAME(2) ICNAM(T,2)) GO TO 420

- EQ.



I T T -

YO

R il e e oo ol o oAb it s hi

Pl gl

>

A

@

™M

525

54€

¢CC

651

101C

16<C

103C

CONTINUE
ICS1 = NAMEL(L)
[CS2 = NAME(Z)

TESY FUR KOWw MATCH

DU 54C I = 14NRUW

[F(NAME(J) oNE< ICNAM(I,1) <URe NAME(K) .NE. ICNAM(I1,2))GO0 TO 540
BlI) = ATEMP]

[F(K .GTe 91 GU TO S

[F(CACS(ATEMPL) oL E. ZTULZE) GC TG 5
d = 5

K = 6

ATEMPL = ATEMPZ

GO TO 530

CCNTINLE

WRITE(€E,8300) NAME (J),NAMEI(K)

STCP

END UF INPUT

NSCCL = NCOL = NROw
K = NROw + |
INPUT LOWER AND UPPER BOUNDS ON CECISION VARIABLES FUR SUBPROB-
LEM INPRGH
REALD (5,65C) (XLB(J)y J=K,NCOL)
READ (5,650) {(xUB(uJ),y J=K,NCOL)
FCRMAT (L15F5.0)
XLE(ICRY) = =-10000.
XUB(ICBJ) = 10000.
INPUT LCwER AND UPPER BOUNDS ON ALLOCATION VARIABLE FOR suB-
PRCELEM INPRCDB
READ (5,651) IbLo( INPROB)Y,.IBJBLINPRCB)
FORMAT (811U)
TEMP = FLCAT(IBLB(INPROB))
8(2) = DBLE(TEMP)
INVFRC = NRUW
STOKE A, 1A,LA,XUB,XLB 8 ,NCOL,NRQW FOR SUBPROBLEM INPROB
LL = JFIKST(INPROBI - 1
DO 101C I=1,NECEM
LLPY = LL + I
AMATRS(LLPI) = ALI)
[AS(LLPI) = LA(I)
DO 102C K=1,NCOL
LAS(K4INPRCB) = LA(K)
XLBS(K, INPROB) XLB(K)
XUBS(Ky INPRUB) XUB(K)
LL = NROW = 2
DC 103C I=1,LL
RHS (I, INPROB) = SNGL(B(I+2))
NCCLSUINPKCE) = NCCL
NROWS (INPRCOB) = NRCW
JFIRSTCINPRCB#L) = JFIRST(INPROB) + NELEM

NELEM = NELEM = NRCw

RELEM = NELEM

RDENS = KELEM/(NROWENSCJL)
RETURN

END

SUBROUTINE FTRAN(IPAR)

72
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$33.
539 .
540 .
S4l.
542.
€43,
44,
945 .
546.
S4ia
€48,

( PERFURMS FURWARD TRANSFURMATION UN COLUMN STUKED IN VECTOR Y
Coxttesas JFSCRIPTIUN UF PAKAMETLRKS* &% 2utks
C [PAR = PARAMETEFR INDICATING BY WHICH ETA-VECTOKS THE MATR[X
C CCLUMN I5> TC Bt UPLATED
(RESFAERR A H AR KK ERRC AL EF O RB SRR L AR T A B S 4L SR ¥
C SUEKDUTINE ADAP TEU FROUM LINEAKR PROGRAMMING COCE LPM=l, WKITTEN
(5 BY JeA. TUMLIN (UPE~ATIUNS> KESEAKRCH, STANFORUD UNIVERSITY)
C
IMPLICIT REAL*¥4 (A U~y UpP Rty l) ¢y REAL®*8 (ByDyXyY,
1 INTEGER®4 L1-N,Q)
INTEGER#®Z JHKINCAS LA LE LA LE
DOUBLE PRECISLION €E(10060) r
REAL A(2ul)

COMMON/BLUCK/ ITULZLtlTULLV:LTCOST'ZTOLRJ'ZTOLSM'QRUQQMA'QBA'QFKv
1 Uy COLYUAZQPL g WML o QUZ oI s QF s UNsQUy NRMAX ¢ NEMAX o QB4QC,
2 Wb aUh sUL s QU R QM UGy NTMAX

COMMON E, XLBILZZ)y XUBILLL) y0(00) 4 X{60),Y(60) YTEMP(60)sUSUM, CPRUD,
DY »CE4DFPy Ay TOUNAMU 122402 ) o NAME (20} s NTEMP( 20! g SUMINF 4MSTAT,
1O0BJ o IRCWPy TVING IVOUT, ITCNT, INVFRQ, ITRFRQ,ITSINV, [FFEZ,
JCULP y vRPUWy NCOL, NELEMyNETA NLELEM, NLETA,NUELEM NUETA,
[eCluGUI,y TAT50U) ¢ LE(L2S52) s LAL122),KINBAS(122)4+JHI60)

& e

GO TO (lU0sal0)y [PAR

1CC NFE = ]
NLE = NETA
GG YO 200

11C NFE = NLETA ¢+ |
NLE = NETA

2CC IF (NFE -LT. NLE) GO TO 9000
DO 10CC IK = NFE,NLE
LL = LELIK)
KK = LEC(IK+1) = [
IPIV = IE(LL)
OY = Y(iPiV}
BY = EY/ELLL)
Y(iriv) = 0¥
IF (KK <LEs LLY GO TO 1000
EL = LL ¢ L
D0 S0C J = LLgkK
IR = lE{(J)
Y(IR) = Y(IR) = E(J) * DY

5CC CCNTINUE

10CC CONTINUE

90CC CONTIAUE

RETURN
END
SUBROLTINE BTRAN

PERFORMS BACKWAKD TRANSFURMATION ON COLUMN STORED IN VECTOR Y
SUBRQUTINE AUAPTED FROM LINEAR PROGRAMMING CODE LPM-1, WRITTEN
BY J.A. TOMLIN (UPERATIONS KESEARCH, STANFORD UNIVERSITY)

SOOON

IMPLICIT REAL*4G (ACyE=Hy0,Py R~y )y REALZ8 (ByDeXeYi,
1 INTEGER*4 ([=N,Q)

INTEGER*Z2 JH KINBAS,LA,LEIA,IE

COUBLE PRECISIUN E (10002

REAL A(500)

CCMMON/BLUCK/ LTOL LE«2TOLPVZTCGSTy ZTOLRY, 2TCLSM 4 QRO QMASQBAQF I
73
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S10.
STLe
572
S13e.
£14.
S75.
576
STTe
578
S19.
£80.
S58l.
€82,
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584.
585«
586 .
587.
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S89.
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£92.
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594 .
595 .
566 .
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€01
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S0cCC
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1
é
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GEOU,QBLyQAQPL s QM1,QL QI +QF  UN,QUy NRMAX ¢ NEMAX, QBo ULy
QE +QH QLIQOIQRyQM4QG, NTMAX

COMMCN E,XLBIL22)yXUB(L122)+8(60)9X(60),Y(60)4YTEMP(601),D05UM,DPROD,
UYsOELOP, A, ICNAM( 122+2 ) 9 NAME (20) o NTEMP(20 3y SUMINF ,MST AT,
[UBJo IROWP, IVIN, IVOUT, LTCNT, INVFRQ ITRFRQsITSINV, IFFEL,
JCOLPyNROW, NCOL 9 NELEM ) NETA yNLELEM¢NLETA,NUELEM yNUETA,
IEL10CU) IAL500)yLELLD2) oLA(122) ¢KINBAS(L22),JH(6C)

IF (NETA .LE. C} GC YO 9000
00 10C0 [ = 1yNETA

IK = NETA = [ ¢ 1
LL = LELIA)

KK = LE(IK+1) - 1
IPIV = lelil)d

DP = E(LL)

oY = viipPiv)

OSUM = 0.

[F (KK .LE. tL) GO TO 600
LL = LL + 1

DC 50C J = LLsKK

IR = [e(J)

0E = E(J)

CPROL = DE * Y(IR)

CSU¥ = DSUM + DPROC
CCONTINUE

Y(IPIV) = (DY = LSUM) / 0P
CONTINUE

RETURN

END

SUBROUTINE FORMC

FORMS COST VECTCR FOR CURRENT PRIMAL-SIMPLEX ITERATION; USED IN
CCANJUNCTION WITH SUBROUTINE PRICE

SUBROUTINE ADAPTED FROM LINEAR PRUGRAMMING CODE LPM=1, WRITTEN
BY JeA. TOMLIN (QOPERATIONS KESEARCH, STANFORD UNIVERSITY)

lHFLlClT REAL“O (A'CvE"HpO,PgR‘h’Z" REAL"8 (B'D'X1Y)'
INTEGER*4 (I-N,Q)

INTEGER*®2 JH,KINBAS,LA,LE,IAsIE

OOUBLE PKECISION E(1000)

REAL A(500)

COMMON/BLOCK/ ZTOL ZEo2TOLPVeZTCOST,ZTOLRJ,2ITOLSM,QROs QMA,QBA 4QFI o
QEQ,CBL,QA,QPLyQMI,CZ2QT o QF » QN QU NRMAX ¢ NEMAX, QB QC o
UE ,Qhs QL QO QR QM QG NTMAX

CCOMMCN E,XLB(L122),XUB(122),B(60)¢X(60),Y(60)YTEMP(60),0SUM, DPROD,
OY yDEoOPyAy ICNAM( 12292) ¢ NAME(20) yNTEMP(20 )y SUMINF MSTAT,
1O0BJ o iROWP,y IVIN,IVOUT, LTCNT, INVFRQy ITRFRQITSINV, IFFEZ,
JCOLPyNROW, NCOLy NELEMyNE TA NLELEM¢NLETA,NUELEM ,NUETA,
IE(LO00), IA(500) s LE(252) sLA(122) +KINBAS(222)4JH(60)

MSTAYT = QI

IFFEZ = 0

SUMINF = 0.

y(i08J) = C.

DO 30 1=1,NRUW

IF (1 <EQ. lUBJ) GC TO 30
ICOL = JH(I)
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IF (XCi) «LEe CXLBEICAULE = LTOLZE)) GU TQ 10

IF (XLI) -GEs (XUBLICOL) + ZTULZE)) GO TO 20
Yil} = U.
GG 10 30
Yi{l) = le
SUMINE SUMINF + xLBCICGL)Y = X(I)
0 TO 30
Yil1) -1.
SUM INF SUMINE + X (1) AUs (ICCL)
CONTINUE
1F (SUMINF GT. ZTGLSM) RETURN
Y{ICBJ) = l.
IFFEL
MSTAY JF
RETURN
ENJ
SUBROUTYINE PRICE
PRICES LUT NONBASIC COLUMNS, CHOCSES PIVOY COLUMN JCOLP FOR
CURRENT PRIMAL-SIMPLEX ITERATION
SUBRULTINE ADAPTED FROM LINEAR PRUOGKAMMING CODE LPM=1iy WRITTEN
BY J.A. TUMULIN (CPERATIONS RESEARCH, STANFORD UNIVERSITY)
IMPLICIT REALSSG (A CaE=H UyPoeR=Wyd) vy REALEB (ByDo XY,
NTEGEK ¥4 (I=N,Q)
INTEGER®,. H,KINBAS,LAeLE, LA, {E
INTEGER®Z L[PART, INCUMB, I vBND,, IVID«1GBND
DOUBLE PRECISIGN E(1000)
REAL A(500)
COMMON/BLUCKS ITGL ZEo ZTOLPVLTCGST2TOLRJ 4 ZTGLSM QRO , QMA,UBA 4 QF [ ¢
GEOs QBLe QA PLyWMI,GQZ QI QFyQNyQUy NRMAX ¢4 NEMAX,QB,QC
QO sl Fs QL QU AR s QM QG s NTMAX

COCMMON/BLGOKZ2/ DFPART(122) yREVBND 9o INCVAL, ICOL,LISTLyIVAL,IDIR,
NPIVOTIPTYPE JRCOST, {FEAS  IPARTEL2) INCUMBIL22),
LYBNDE500),IvI0DL500) iGBND(500)

COMMOUN E, KEBE Ll 1y XUBLL22) 9B 6UD 1 XU 60)9Y(6C)  YTEMP(6D) yUSUM, DPRQD,
DY UEsUPy A, LONAM{ 122,20 » NAME(20) 4 NTEMP(20) 4 SUMINF MSTAT,
[UBJ g iROWP s (VING I VUUT o ITCNTy INVER Gy ETRFRUITSINVIFFEZ,
SLOLP g NROmg NCOL g NELEM, NETA JNLELEM/NLETA ,NUELEM,NUETA,
TECI000 e 1at50D),LE(Z252),LALL22)+KINBAS(L22),4HIOV)

CMIN = 1.E]LC

CHAX = ~1l.ELCQ

00 10C0 J=1sNCOL

IF (KINBAS(J) 6T« 0) GO TO 1000

IF ((XUBLJ) ~ XBLJ)) «LTe ZTOLZE) GO TOQ 1000
DSUM = 0.

L = LACJYY

KK = LA{J+]l) - 1

00 50C I = LL.KK

IR = 1IALI)

DE = 2(1)

DPRCC = DE # Y({IR)
DSUM = DSUM + DPROD
COCNTIANUE

IF (KINBAS(.J) <EQe ~-1) GO TQ 60C
IF (OSUM «Gte CMIN} GO TO 1000
CMIN = OSUM
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DO
Ao

1

1
2

1
2

1
7
3

4

JCOLY1 = J

GC YC 1uui

[F (DSUM .LE. LHAXK) GO TQ iQu
CMAY = DSUM

JCOL2 = J

CONTINUE

IF (CHIN .LE. ~2TCCST) GO TO 1500
[F (CkAX .GE. 2TCGST) Gu TO 200C

JCOLP = 0

RCCST = Q.

RETURA

iF {(CMAX .GE. 2TCUST) GuU TOD 250¢C

JCOLP = JCut!

RCUST = CMIN

RETUAN

JCOLP = yCOLZ2

RCOSY CMAK

RETURM

IF (ABS{CMIN) = CMAX) 2000,2000,160C 1
ENO

SUBROLUTINE CHUZR

PERFURMS MIN-RATIO TEST FUR PIVUT COLUMN JCOLP DETERMINED IN
SUBRUUTINE PRICE. SELECTS PIVCT ROUwW [ROWP FUR CURRENT PRIMAL-
SIMPLEX ITERATICN.

SUBRUUTINE AUAPTEU FROM L INEAR PRUGRAMMING CODE (PM—=1, ARITTEN
BY J.A., TUMULIN (UPERATICN> KESEARCH, STANFORD UNIVERSITY)

IMPLIC!IT kEAL®4 (A0 )E=H, 0P R~y )y REAL*8 (ByDyXeY )y
INTEGER®=4 ([~N,Q)

INTEGER®? JhKINBAS LALLE,TA,IE

INTEGER®, [PART, INCUMB, [VBND,IVID,I1CoNO

DOUBLE PKRECISION E(L000)

REAL A(500) g

COMMON/BLOCK/ ZTOL 2E2LTOLPV ZTCOSTy ZTOLRI 9 ZTCLSM 9 QRO QMAQBA +GF T o
GEU s GBL, QA OPL s QM T GZ QT e QF s ONo QU NRMAX ¢ NEMAX , QE4QL
QE JUH o ULy JO9 QR e UM o GGy NTMAX

CCMMON/BLUCKZ/ DFPART( L) REVEBNDyINCVAL ICOLLISTL,IVAL,IDIR,
NPIVOT,IPTYPE,RCUST, IFEAS, IPART(122), INCUMB(LL2),
IVENU(S500)IVID(50C) ,1UBNDC50U}

COMMON £, KLBLAZZ) 9 XL (122) sB(60)4X(60)+Y(60) ,YTEMP (60 ) 0SUM, DPRUU,
OYyDEyDPy Ay ICNAM( 12292} » NAME {20) ¢yNTEMP(20) o SUMINF ¢ MST AT,
TOBJERCWPe IVIN, IVOUT, I CNT 3 INVFRG ITRFRQLITSINV, [FFE Ly
JLULP sNRDO W NCUL g NELEMMETA JNLELEMyNLETA,NUELEM,NUETA,
TECLU00 I TALS00) +LE(292) oL A(122)KINBAS(L22)yJH{6U)

[F {KINBAS(JCOLP ) .EW. =-1) GU TO l0GO
INCOMING VARTABLE AY LCWER BOUND

CP = l.E1OC

OC 50C I=1,NROW

IF (I .EQe. I0BJ} GC TQ 500

iCOL = JUH(TI}

IF {Y({l) J6T. ZTOLPV) GO TO 100
IF (Y{I) LY. =2TOLPY) GO TO 200
60 TC 500
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7132.
133.
134 .
135.
136
137.
733,
139«
740
741
142«
T43.
144
145«
146
T4l
148 .
74G .
150«
151«
752«
753.
754«
7155,
756
757«
7158,
159
760
761«
162
163 .
766,
765
1606«
16T«
163
769«
770«
171«
112«
773,
IR
7175
176
117
178«
7719.
780«
781 .
7182«
783.
786 .
785
786 .
787.
788.
789 .
790«
791 .
192

(e}

(ip W i 5 )

NS e

LCe

2CC

6CC

10CC

16CC

POSITIVE COEFFICLENT

IF tX1t1) LT IXLB(ICOL) - LZTOLZE)) GO TO 500
0€ = (X(1) - xuBLICOLYI/YLID

{F (DE .GE. DP) GU TU 500

IPTYPE = C

GO YO 250

NEGATIVE COEFFICIENT
IF {X{I}) «GT., (XUB{ICLuL) + ZTOLZE)) GO TO 500
DE = (X(I) - XuBifcCoLi)dzy(l)
IF (DE .GE. DP) GU TO 500
IPTYPE = =]
0P = CE
IROQWP = |

> CONTINUE

DE = CP + XL3{JCOLPI

IF (CE L.T. XUB{JCCLP)) GO Tu 6CO
DP = xUplJCCLP) — XLB(JLOLP)
NPIVOY = ¢

RETURN
NPIVOT = L
RETURN
INCOMING VARIAGLE AT UPPER BOUND
DP = =1.E10

DO 1500 1=1,NKRLW
IF (1 ~EW. ICBJ) GC TO 1500
[COL = yH(l}
IF (Y{1) «GT. ZT0OLPYV) GO TO LlOQ
IF (YI{l) WLTe =2TOLPV) GG TO 1200
GQ T4 1209
POSITIVE COEFFICIENT
IF (X001} «G6T. (XUBLICOL) « ZTQLZE)) GO TO 1500
DE = (xtl - XUs(ICQLIY/YL(I!
IF (DE .LE. DP) GO YO 1500
[PTYPE = ~1]
GO TO 1250
NEGATIVE COEFFICIENT
IF (X{I) LY. (ALB(ICUL) = ITOLZE)) GO TQ 1500
DE = (X{1) - XLe(iCaLyi/svil)
iF (DE .LE. DP) GO TQ 1500
IPTYPE = O
CP = (&
IROWP = I
CONTIANUE
DE = CP + XUBLJCOLP)
If (DE .GT. XLB{JCLLP)) GO TO 160C
DP = XLBOJCOLP) ~ XUB(JCGLP)
NPIVOT = 0
RETURN
NPIVOTY = |
RETURN
END
SUBROLTINE WRETA

FORMS NEW ETA-VECTOR CORRESPONDING TO CURRENT SIMPLEX PlvaT
SUBRCUT INE ADAP TEQ FROM LINEAR PROGRAMMING CODE LPM=1, WRITTEN
BY J.A. TUMLIN (UPERATIONS RESEARCH, STANFORD UNIVERSITY)

IMPLICIT REAL®4 (AL, b~HoGeP o R=Wel) ¢« REAL*¥8 (BeDeXeY) e
1 INTEGER#4 ([-N.Q)
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} 193 INTEGERS JHeKINBAS LAJLE; LA, L€
'l G o OCUBLE ¢ CISTON Lown:
| 195%a QEAL A{500) {
1G6 o 'S ]
197 . COMMONRN/BLUCK, LTUL LEJZTOLPVSLTCOST  lTULR I ZLTOLOIM QRO QMA,UBAGFI {
193, L QEUs CBL WA pQPLy UM L, Qe sl s GF g GN s QU NRMAX ¢ NEMAX,QB,QC, |
L 199, 2 RE 9 QH ¢ JL ¢ Q0 UR ¢ QM , QG4 ATMAX
800, c
801 COMMON EoXiBIL22)Y - XUB11Z6hynlo0) X060, Y160) YTEMPIGO),0USUMeDPROD
802, 1 i l.)l,‘rJ"“""tIC‘\‘\"'{)\!’.I«'}"N\"'{(le;-?;:F"r"t'},'\l»l"{'wl"“SIAT'
) 2 OB IROWY g AVINSIVOUT g ITCONT, INVFRUS ITRFRQITSINV,IFFE L,
2046, 3 ICOLE e NROWe NCUL s NELFM o NETA JNLELEM NLETANUELEM KUETA,
Q5. 4 TELAUDC ) TAL500C) v LE(LS52) LA L122) KENBLASLLZ22),JHI00)
8ChH , C
eG?T. NELEM = NELEM ¢ |
108 . PIEI(NELEM) = [ROWP
809 EINELEM) = Y(IRGWR)
8 c
. [ 1§ 00 1G6CO 1 = L.NMN
8l2. IF (I .EUu. IROWP) GO TO Lluod
3% iF DABS(LY (] +LEos IFOLLE «0 10 1000
814 NELEM = NELcM i
>4 G 7P [IEINELEM 1
81 EINELEM) ¥{l1)
10CC CCNYINUE
£
NETA = NETA + I {
LEINETA+L) NELEM + ] '
821 . RETUSN
a22. END
823 . SUBROLTING SHIFTRUICLD e INEN)
824 . €
a25. € REARKANGES LATA STORAGE
8264 CrxsddaeknDESCRIPTION OF PAKAMETERS*¥%k&% k%%
827. < IOLC, INEm = PARAMETERS INOJOICATING STORAGE LOCATIGNS HROM AND
a22a. C TO WHICH OATA 1S YO vk TRANSFERRED, RESPECTIVELY
(PPN GL A BEE R G TG T AEAD RO E T UERERERSERT
e € SURROUTINE AUAFTEL FROM LINEAR PROGRAMMING CODE LPM=1,y WRITTCN
la C AY JeA. TUMLIN (UPERATIONS RESEARCH, STANFORD UNIVERSITY)
2 o C
IMPLICIT REAL®4G (A,CqE=H,0,P;R=mgZ) gy REAL*8 (Be¢DeXsY ),
834. 1 INTEGER®4 §1=N,QJ
INVEGER®, JH,KINBAS,LA, E:1A, [E
836. OCUBLE PRECISIUN £ (1000]
3137 o REAL A(500)
{
239, COMMON/BLOCK/ 2ZTUL ZEZZTULPY W LTCOST o 2TULRJHWZTCLSM QRO QMAQBA WJF i
840, 1 GEU, WBL-QA yQPL, QMI o CZ s UL o UF s QN QU NRMAX s NEMAX o QB 4QCo
41 2 GE s b pWhs QU QR oM -GGy NTMAX

COMMON E,XLBELZ2Z ) s AUBIL22) +BILOU s XL G0 3+Y(60Q) $YTE MP(60 1 ,05UMs OPRUU

G464 . 1 DY s DE+DPe Ay ICNAME 12292 ) e NAME(20) yNTEMP( 20 )9 SUMINF ¢MSTAT,
! 14 2 [UBI . IROWPy IVING IVAUT o ETCNT, INVFRQs ITRFRQ,ITSINV, IFFELZ,
¥ 3 JLULP ¢ NROwy NCOL s NELEMyNE TA JNLELEM, NLETA,NUELEM ,NUETA,
“ TECLOOO Yy [A(S00I,LE(252) JLALL122) ¢ KINBAS(L122) 4 JHE6D])
=
’ . B49, DIMENSIGN BARRAY (240)
& 850 . EQUIVALENCE (DARKAY(L1,8(¢(1)2
» £51. [FO = (LULD = L) & NRMAX
i 852 . TEN = (INEw = 12 ® NRMAX
# 853. C
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FIPG P A I W, | TN W

DG 10CO L = iyNelUm
BARRAY(IFN + 1) = BARRAY(IFO + 1)
10CC COUNT[AUE
RETURNMN
- END
) SUBROLTINE INVERT
€
[ COMPUTES INVERSE OF CURRENT BASIS BY LU DECOMPOSITION
€ SURRDUTINE AUAPTEL FRUM LINEAR PKOGRAMMING CUDE LPM=1l, WRITTEN
C BY JeA. TOMLIN (UPEHATIONS RESEARCH, STANFORD UNIVERSITY)
C
IMELICET REAL®4 (A Cob=HyUpP ,R=WyZ) o REAL#®8 (ByD 1 XeY)
1 INTCGER®FS (i=N, Q)
INTECER®%Z JH,KINDAS LA LE.TA,IlE
DOUBLE PRECISICN £ (1000}
REAL A(500)
C
COMMON/RLUCK/ 2TOLZ2EyZTOLPVoZTCUST ZTOLRJYyZTOLSM,QRU, QMA,QBA 4QFI
1 WES, GBLYUAQPL,UMIZQZ QI QF y ONo QU NRMAX s NEMAXyQByQ Lo
2 QE QWL , 00, QR QUM QG NTMAX
C
COMMON £, XLB({122), XUB(L22),BL60),X(60),Y(60) YTEMP(60),0USUM; DPRUD,
i DY DE,OPy Ay TCNAME 122+2) « NAME (20D ¢ NTEMP(20) o SUMINF ¢MSTAT,
2 TUGJ g TRCW P, IVIN, IVOUT,, ITCNTy INVFRQ, ITRFRQ ITSINV, IFFEL,
3 JOULP s NRUWy NCOLyNELEMy NETA ¢yNLELEM o NLE TAZNUELEM ¢NUETA,
4 TECLOVO D [ALS00) LELLH2) o LALL122),KINBASI122)9JH(60)
C
INTEGER®2 MREGIHKE G+ VREG
DIMENSICN MREG(60; +HREG(60) 4 VREGLOD)
3 EQUIVALENCE (MREGE L) YTEMP(L) ) (HREG(L) , YTEMP(31)),(VREG(L),X(1J}
3 (
C SET PARAMETERS
C
Q
= U
L\
£ (¢}
NUELEN = Q
JVE = 0
= 1
1
. NREOW + |
- ARUW
£ PLT SLACKS ANO ARTIFICIALS IN PART 4 AND REST IN PART |}
s C
i DO 10C I = LyNROW
IF (Jr(I1) .GT. NRUW) GO YO 50
LR4 = LR4 - ]
A MREG{LRG} = JH(1)
VREG({LRG) = JH(I)
50T . GO TO 90
$UB. £C KR1 = KR1 + 1
2 G09. VREGIKRL) = JHIL)
L Sife GC HREGI(I) = =]
Sil- JH(I) = 0
Si12. 10C CONTINUE
513, C
s Sl4. KR3 LR4 =]
1
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9 &)

S15.
Gibe
Sl7.
S518.
S19.
$520.
921
622
9234
924,
$25.
926 .
c27.
528.

29.
S30.
93].
932.
G33.
S34.
S35
$36e
937.
938.
S39.
S540.
G4l .
G42a
G943 .
G44 .,
G945,
G46 .
47
S43.
G494
950«
G51.
$52 «
953,
554.
G55«
556.
G517
558
$59.
S60.
S561.
S62.
G63.
G6% .
G65.
Gb6.
S67a
‘568 -
S69.
S70.
911
S12.
973.
Gl4.
575.

~AASE

(alallale

2CC

23C
8cCC

25¢C

3Co

LR3 = (R4

DO 20C I = LR4,KR&4
IR = FMREGLI)
HREG(IR)= C

JH{IR) = [K
KINEAS(IR) = IR
CONTYAUE

PULL OUT VECTORS BELOW BUMP AND GET ROW CCUNTS

NBNCNZ = KR4 = LRe ¢ |
[F (KRP1 .EQ. O) GU TO 1190

J = LRI

IV = WREG(J)

LL = LALIV)

KK = LA(IV~+l) -1
IRCNT = 0

DO 22C 1 = LLsKK

N3NCNZ = NBNONZ + 1

IR = 14(1i

[F (HREG(UIRI) «GE« C) GO TO 220
[RCANT = (RONT + 1

HREGC(IR) = HREG(IIR) = ]

IRP = [R

CCNTINUE

[F ({RCNT = 1) 230,250,300
WRITE 16,8000}
FORMAT(L6HOMATRIX SINGULAR )
KINBAS(IV) = 0

VREG(J) = VREGUIKRL)

KRl = KR1 = 1

IF {(J GT«. KR1) GU TG 310
GO TO 210

VREG(J) = VREGI(KRL}
KRl = KR1 = 1

ER3 = LR3 = }
YREG(LR3) = IV
MREG(LR3) = [RP
HREG( IRP) = 0O
JHOUIRP) = 1V

KINBAS{IV) = IRP
[F (J 6T KR1) GO 7O 310

GG TO <210

(F (U «GE. KR1) GO 7O 310

J = J+l

GO T0 210
PULL CUT REMAINING VECTORS ABOVE AND BELOwW THE
BUMP AND ESTABLISH MEKIT COUNTS OF COLUMNS

NVREM = (

IF{KR]L .EWa 0) GO TC 1190

J = LRl

Tv = WREG(J)

Li = LACIV)

KK = LA(IVel) = 1
TRCNT = v

DO 8CC I = LLyKK
IR = 1A(])

gy >

e
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W AT TR T T I v T TR
Gl s NPT = Y Y .

e
976« [FIHREGLIR ) «NEs =2} GO TO <00
977. €
S78. C PIVOY ABOVE BUMP (PART OF LIJ
$79. C
780« NABOVE = NABOVE + |
GBle {ROWP = IR
582« CALL UNPACKI{LIV)
G683 e CALL WRETA
984 . NLETA = NETA

85. JHUER) = TV
566 KENBAS{IV) = IR
$87 VREGIJ) = VREG(KRL}

588 KRL KR1 =~ 1
83, = NVYREM + |
(R} = IV
9449
4CC 17 (HREGLIR} .GE. C) GO TO 8§00
T = [IRCNT ¢ ]
- 'P
hUE
C
iF (IFCNT - L} 810,900,1000
BI1C MRITL (5,8000¢
KINBAS(IV) = O
REGIJ} = YREG(KRL)
M o= NVREM + |
1 = KRL -~ 1}
{J «GTe KR1) GO TO 1010
TO 320
C
C PUT VECTOR BELUW BUMP
Z
G{J} = VREG(KRLl)
M = NVREM + 1
KRl = KRl =~ 1

§ LR3I = LR3 =~ 1

13 VYREGULR3) = iV
1014, MREG(LR3) = IRP
1C15. HRECLIRP) = O
iCl6a JH{IRP)Y = [V
1017, KINBAS(IV) = IRP

- C
% CHANGE ROW COUNTS
's
G40 DO 95C [1 = LLWKK
1IR = 1A(IL)

2 1F (HREGUIIR) oGE. Q) GO TC 950
il2 HREGILIR) HREG(I IR} + )
1025. 95C CCNTINUE
1026 . IF (J «6T. KR1) GO Y0 1010
1627. GO T0 320
1628. 1oCC IF (J KK1J GC T0 1010
1629« J = J4
1C30a« G0 YC )

1031 1010 IFENVREM .GTe 0) GO TO 310
1032. C
1033, C GET MERIT COUNTS
1034, o
1035. 102C 1+ (KRi .EC< O) GO YO 1190
1036 00 18CC 4 = LRI, K]
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1037.
1038.
i039.
1040,
1041«
1042,
1043.
1044
1045,
10454
1C47.
1048 .
1049,
1C50.
iCS5l.
1052.
1053.
1054
1055.
1056.
1057«
1058,
1€59.
1060
1061.
10862 .
1063.
1C64.
LC&ES5.
1066
1C67 .
1068 .
1C69.
1070
i071.
1072
1073.
10T4.
1675
1076
1077.
1078,
1C719.
1080.
1081 .
1082
1083,
1084 .
1085«
1C86.
1087 .
1(088.
1C89.
1090
1091«
1092 .
1063,
169%.
1665«
1096 .
1697.

el alalal

laNalelal

108C

11iC0

11€3
11€5

11C4

11¢7

1150

{v = VREG(J)

LL = LALIV)

KK = LA{(IV¥i) ~ |

IMCNT = 0

00 10SC [ = LL«KK

iR = 1AL

I[F (HREG(IR) .Gk« C) GU TO 1050
IMCNY = (MCNT = (HREG(IR) #1)

CONTEMUE

MREG{J, = I1MCNT

CONTINLE
SURT COLUMNS INTO MERIT CROER
USING SHEL:L SORT

IS0 = 1

IF (KRL .LT. 2*[ISD) GO 7O 1108
ISD = 2%150
GG YC 1106
ISD = ISD = 1
END OF INITIALIZATION
IF (ISC .LE. Q4 GO TO LlO7

ISK = 1
1S4 = ISK
ISL = EISK + ISD

ISY = MREGUISL)

£SZ = VREGLISL)

IF (ISY .LT. MREGUISJ)) GO TO 1104
[SL = IS4 + [SO

MREG(ISL) = ISY

VREG(ISL) = IS4
15K = 1Sk % 1
IF ((ISK + ISD) -LEe KRL) GO TO 1102
IS0 = (ISD = 1) /7 2

GC TO 1101

ISL = IS4 + 1SD

MREGIISL) = MREG(ISJY)
VREG(ISL) = VREG(ISJI

IS4 = 1S4 - [SD

IF {ISJ «GT. O0) GO TO 1103
GO0 TO Ll105

CONTINUE

END OF SORT ROUTINE

PUT OLT BELOW BUMP ETAS (PARY OF U)

NSLCK = 0
NBELCW = 0
NELAST = NEMAX
NTLAST = NTMAX

LE(NTLAST ¢ 1) = NELAST + |}

LR = LR3

IF (LR3 .GEs LR4) LR = LR%
IF (L# .GT. KR4) GL TO 2050
JE = KRPe + ]

0O 20CC JJd= LRyKR4

JK = JK = ]

[V = VREGULJIK]

1 = MREG(JK]

NBELOW = NBELUW ¢ |
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IF tIv GT. NRUW) GO TO 1200

NSLECK = NSLCK + 1

LL = LALEVY

KK = LA(iv+i) =1

IF (KK 6T. LL)} GO TO 1300

1P (APSEALLL) = le) «LE. ({TULZLE) GO TO 2000

NUETA = NUETA + 1

D0 14CC J = Li+KK

IR = [A(J}

IF §IR .EGe i2G0 TG 1390
TE{NELASTE = IR
EENELAST) = AlJi

MELASY = NFLASY - |
NUELEM = NUELEM + 1

GC Y0 1400

EP = AlJJ

CONTINUE

FESCNELASYY = |

E{NELAST) = EP
LEINTLASTY = NELAST
NELAST NELAST = 1
NTLAST = NTLAST - |
NUELEM = NUELEM + 1
CONTINUE

IF(KRL -EQe« 03 GO TO 3500

BC L=U DECOMPOSITION OF BUMP

D0 30060 J = LR1,KR1
[v = VREG(J!
CALL UNPACKIIV)

CA FIRANE2)

IRQHP = O

IRCHIN = =-999999

OO 2.00 1 = L4NROMW

iF (DABS(Y{i:i) .LE. ZTOLPV) GO TO 2100
IF (MREG(I) .GE.0O) GU TO 2100

IF (HREG{I) .LE. IRCMIN} GO TO 2100
IRCMIE = HREG(I)

IROWP = I

COMTINUE

I ([POwP 4GT. 0} GO TO 2150
WRITEL(6,8000)

KINBAS(IYY = 0

G4 10 3000

INCR = HREG(IROWP) ¢ 3
WRITE L AND L ETAS
17 {J +.EQ. KR1) GO TO 2160

NELEM = NELEM + 1
[EINELEM) = [RCOuWP

EANGLEM] = Y{IROWP)
BO 2300 I = 1,NROW

(i .EQ. [ROWP! CO TO 2300
IFIDABSIY(L)) «LE. JTOLZE) GO TO 2300
IF (HAEGIT) .GE. 0) GO TQ 2200

L ETA ELEMENTS
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Tisa X

SR e

S

<R OH

1159.
1160«
1161.
1162.
1163.
1164
1165.
1166.
1167.
1168,
1163.
1170,
1171,
& & 3
1173,
1174.
1175,
1176.
1) & 4 P
1178.
1179.
1180.
1181.
1182.
1183.
1184.
1185
1186.
1187.
1138.
1189.
1190.
1151,
1192.
1193.
1194.
1195.
1166,
1197.
1198,
1199.
12004
1201.
1202 .
1203.
1204.
1205«
1206
1207.
1208
1209.
1210,
1211,
12124
1213.
1214.
1215.
1216.
YeL7e
1218.
1219«

W R I TN T T T T ey

bk P

NELEM = NELEM + 1
TIE(NELEM) = |
E(NELEM) = Y(I)
GG TG 2300

€ U ETA ELEMENTS

22CC LEUINELAST) = 1
E(NELAST) = Y1)
NELAST = NELAST - 1
NUELEM = NUELEM + |

23CC CCNTIANUE

JHITRCwWP) = IV
KINBAS(IV) = IROWP
NUETA = NUETA + |
LE(NELAST) = [ROWP
IF (J <Nt KRL) GO TO 2330
EANELAST) = Y(IRUAP)
GG TO 2340
2320 E(NELAST) = i.
NETA = NETA + 1
LECNETA+L) = NELEM + ]
234C NUELEF = NUELEM + |
LE(NTLAST) = NELAST
NELAST = NELAST - |
NTLAST = NTLAST - 1

LPDATE RGOW COUNTS

alala)

D0 2350 I = LleNROW
IF (DABS(Y(I)} <LE. ZTOLZE) GO TO 2350
IF (FRELIIL) 4GEe 0) GO TO 2350
HREG(I) = HREG(1) = INCR
IF (HREG(I) -GE. 0 HREG(I) = =1
235C CCNTINUE
HREG(IROWP) = §
30CC CCNTINUE

C
€ MERGE L ANC U ETAS
C

35CC NLETA = NETA
NETA = NLETA + NUETA
NLELEFM = NELEM
NELEM = NLELEM + NUELEN
I[F (NUELEM .EQ. 0) GO TO 3550
CALL SKFTE

INSERT SLACKS FOR DELETEC COLUMNS

e lala)

3550 DO 36CC L = LoNROW
IF (JH{I) .NEe. 0J) GO TO 3600
JRUTY = |
[ROWP = [
CALL UNPACKLIL)
CALL FTKANC(L)
CALL WRETA
26CC CONTINUE

o

C UPUATE X
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NN T

T N

BTN

%
) 2
-),
122
11
ri
) 2
£
17
tl
1244
r
249 .
c
i 9.
)
i
i r
L4 -
4] -
’
1269 .
270«
Ti
574
‘e
276,
> 718
"0
] «

)L ICQ J=1MCLL

1 (KINBASEJ)) BHOC87T00U,90Q0
¢ XUE S J)
(¢ 8750
1CC D& LB J
7SC Li LA }
\ {J+
Ot L
IH All)
88CC Y{IR] ‘LIR) -~ AL TI*DE
SC CONTIAUE
{ T {
A & ,.{:)
SUBRGEL TINE UNPACK( IV
NU { IPRES SEL MATRIX COLUM
ChxehvedeDESCRIPTION UF FARAMETERS® & kkeks

JARAMETER INDEXING COLUMN TC BE EXPANDED

Cakphxhhhe & A B R R FRBRFREAGEREERERE R

CUTEOUT e ADAPTED FROM LINEAR PRUGRAMMING CODE LPM=L, WRITTEN
BY J.A UM I (UPERATEONS RESEARCHy STANFOKD UNIVERSITY)

TMPLILET REAL®4 (A CoE=tisOgPeR=hel) y REAL*8 (ByDoX4Y)y
i INTEGER®4 ([=N, Q]
%2 UM KINBAS LASLEs 1A, LE

SIUN E{100C)

COMMONIBLUGKS ITG ZEeZTOLPY g ZTCCSTo ZTULRY 9 ZTCLSM, QRO QMA4QBA +QF Iy
CEO, GO0 WA P s QM I, CZ QL QF 5 ON 5 QUy NRMAX ¢ NEMAX, QB+ QCH

4 GE »QH QLU0 QR QM GG o NTMAX
EeXLBLE 221, KUBLL22)43160),:Xi00),Y160) YTEMP160)s0SUM, OPR3D,
uY s Uk Ay IGNAME 12242 ) o NAME (20) ¢NTEMP{20 )y SUMINF yMST AT,
[OBJs LRUMP, IVIN: IVOUT ¢ ITCNT, INVFRG LTRFRQITSINV, IFFEL,

3 JOULE y RO Wy NCUL y NELEM  NE TA g NLELEMaNLETASNUELEM ¢ NUETA,

4 {10000 1A {5001 s LE(252) ¢LA(122),KINBASI122),JH{6D)

DL 10C I = L+NROW

Vil .

Lt LALLV
p¥ LAifv+L) - 1
C = | WK
& TAf1L)

PEEIRY = ALD)

20C CONT INUE

RETLRN
ENC

SUBROUTINE SHFTE

SUERUUT INE FOKE [INVERT

SUBRGUTTIWE ADAP TEU FROM LINEAR PROGRAMMING CODE LPM=1, WRITTEN
8Y Juh. TOMUIN (OPERATIONS RESEARCH, STANFORD UNIVERSITY)
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1231 [MPLICIT REAL P« { A =ity UpP b=y l) ¢ REAL*8 (ByDeXeY1),
v L l 4 Gl
ledle INTEC Eo v AE
8% URj { ICH E{1000])
. €A Qi
- L (
3 COMMON/BLOCK/ POLLE s dTOLPV LTCOST Y ZTOLRYZZTOLSM s QRO QMA,QBA 4 QF I »
i EL Ll e WA UPL UM s QZ QT QF s QN QU NRMAX ¢y NEMAX ¢ QB J L
2 OE s QL QU UR ¢ QM QG o NTMAX
OMPBEN s ALBILAL s 2UBLL2218(60) ¢ X (60 ¢Y(60) ,YTEMP(60),DSUM, OPRTID,
292 i s Licg DPy £ CNAME L2232 ) o NAKE(ZU) 9y NTEMP({20) ¢ SUMINF ,MSTAT,
1 2 (OB (R CHP, IVEN, TVOUT ETONT,, iNVFRQ ITRFRQWITSINY, IFFE L,
l . 3 JCULP s MRU Wy NCUL ¢ NELEM, NETAJNLELEM NLETA,NUELEM JNUETA,
) ' TE{l0R0I; FACS00) oL ELZ2502) LA 122)KINBASEL22)4JHI60)
C SHIFT Jc AND E OF U ELEMENTS

1300 INCR =0

,.ﬂm“=4_‘..v“<
-
pok
P
[

;
i "E
|‘ 98 o
r e
1 EECL) = 1DFF
1 3 20CC

”
1219. C UPLATES RIGAT=HANDG SIDES TO REFLECT NEW BASIS RESULTING FROM
1320 C SIMPLEX PIvOT
1321 . C PG ADAPTZ0 FROM LINEAR PROGRAMMING CODE LPM~1, WRITTEN
1 C TUNMLIN (CPCRATIONS RESEARCHe. STANFORD UNIVERSITY)
L o 4. -
324« IMPLICIT REAL#¥% (A,CyE=HyOyPyR=mg2) ¢ REAL*¥8 (ByDsXoY) e
. 1325. INTEGER®4 (1=NyQ)
: 326 : LASLE,TA, IE
E . 1327 . UMB s I VBND IVID, ICBND
1 1328. 10009
F i 12
2 C
COMMORMN/BLOCK/ ZTOL ZE+2TOLPV2ZTCOST ZYOLRJ 9 ZTOLSM» QRO QMA ,QBA +QF I
[ 2 1 CEG, COL,0AOPL, GMT, QL Qi QFyQN,QUy NRMAX s NEMAX ¢ (189QC,
E ¢ 1333. 7 NE O el , QUL UK, QM QG hTMAX
= 3l o <
E COMMOAN/BLOCA2/ DFPARTILZ22) s“EVBND ¢ INCYAL,ICOL,LTISTL,IVAL,IDIR,
} 1336 . ] NPIVOT,IPTYPE ,RCOST, IFEAS,IPART(122), INCUMB(L22),
) 33l 2 VBANUL500),IVIUL500) « IOBND(500)
% 3139, COMMON £+ ALBCL223 1 XUBI122),B(60)sX(60):Y{60)YTEMP(60),0SUM, OPROD,
2 " 12404 ) DY e E,UF g ls TUNAME 122,20 ¢ NAME(20) ¢NTEMP(20 )y SUMINF 4 MSTAT,
» 1541 2 LOBJ  IROWP, IVINy IVOUT 3 ITCNT o INVFRQe ITRFRQoITSINV, IFFEL,
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2]

b3

SRR e

1342
1342,
1344

> -
1353
1156

2 -

l -
1366«
o7
136% .
139,
1370
1371«
1372,
1374,
1275
b
' r7
7.
'(l‘
179
1281
133

3 Ji FeNROas NCO NELEMy NCTAGNLELEM NLETANUELEMsNUETA,
4 iEd Lo IATSUU) s LELG252) oL AL L22) »KINBAS(1222yJH(560)
{
i LOCC I=1,NRUW
1€CC X(I) = X{(1) Y{ 1) *D
FOINFT W Qe 1 6 TO 2000
K BA JICGLP) ~(KINBAS(JLOLP) ¢ 1}
v T JOCULP

RE .'\."P‘
2CCC X(IiROWP]
Tvaut

KINBAS(J IR CwP
INGA 12 1YPE
JH {1 JUOL ¢

3 ik i

END

IROUTINE NURMAL

C SERVES AS MASTER PROGEKAM FGR L INEAR PHRUOGRAMMING CUMPUNENT

C {REVISED PKIMAL-SIMPLEX McTHCDI.

C SUBRUUT INE AQAPTED FRUM LINEAR PROGRAMMING CODE LPM~-1, WRITTEN
3 2Y J.A. TOMULIN [OUPERATIONS RESEARCH, STANFORD UNIVERSIETY)

¢

TMPLICIT REAL*¥4 (A CoE~HyUyPyR~0y2) ¢ REAL®*S (ByDsXyY),
i INTEGER tI=Ny @)
INTECER®, JUH,KINBAS,LA,LE,IA,IE
INTEGER®Z 14ART, INCUMB, IVBND: IVID, ICBND
DOUBLE PRECISION EL(10GO)

REAL 2(500)

x4

-
COMMON/BLUCKY JTOLZEGZTOLPVLZTCOST,,ZTOLRYWZTCLSM,QRO, UMA,QBA,QF I
GEU» 0BLUA s JPLywMIaGZ QT QF s QN oQUy NRMAX s NEMAX e QB4RQCy
é QE ;QHedb s JOUWR; QM 4 QG4 ATHAX
(
CCMMCN/RLUCKZ/ LFPA.QT{L(d)’REVbNU'[NCVALr!COL'L!S'LyxVALl‘DIRg
1 MPTYOT, IPTYPELRCOST,IFEAS, IPART(122),INCUMBI(L122]),
p: IVBNDU(5003,1Iviu(500),138NO(5G0)
{
CCMMUN EoXLBlL22)y XUBLL122):B({60)+X{60),Y(6C) YTEMP{60) oUSUM, OPRGD
1 DY s0E, 0P, A, [CNAM{ L2222 s NAME(20) yNTEMP( 20 ) SUMINF 4MSTAT,
2 TUBJ e RONP, IVING IVOUT g ITUNT; INVFRI ¢ ITRFRQ ITSINV, IFFELZ,
3 JOULP g NKDwy NCULy NELEMs NETA (NLELEMoNLETA,NUELEM4NUETA,
4 LECLOOUIs TA(S00 4L ELLO2) sLAL122)sKINBAS(L22),JH{0Q)
SINV LT. INVFRQ} GO TU LSCO
16CC NVERT
C
( [MPLEX CYCLLE
=

LS5CC CALL FCRMI
CALL ETRAN
CALL FRICEC
IF {JCCLP 4GTe. G} CC TU 3000
I[F (MSTAT LEQ. QI } GO TO £0¢C0
MSTAT = QBL
GC C €0Cwu
20C0 MSTAT = QN
GO TO €000
CCG IVIN = JCOLP
CALL UAPACK(JCCOLP
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GRS e R

L

.

1403, CALL FTRANC(L)
1404 . CALL ChUiK
14054 CALL LPBETA
1406. ITCNY = [TCNY ¢ |
1407. IYSINV = DITSINV + 1
1409 IF (NFIVUT .tde U GO TU «0lC
1409 . IF (NELEM GTae 500C) Lu TU 1000
1410. CALL WRETA
1411, 401C IF (ITSINV <oE. INVFKQ) GU TU LCGC
1412, IF (LTCNT .GE. TTRFRQ) o0 Tu 6000
1413, GC YO 150u
lala. C
lals. ECCC RETURN
1416, END
1417. SUBROLTINNE 3ANCBI{LNITBD)
1418. C
1419, (% MASTER PRUGRAM FLR BRAMNCH—-AND=BOUND INTEGER PRUGRAMMING ROUTINE
1420 C ALSC ScRVES A5 MASTER PROGRAM FOR REOJDPTIMIZATION VIA DQUAL-
1421« C SIMPLEX METHUU AFTER A tURWARD BRANCH.
1422. C*21exxeaDESCRIPTIUN UF PAKAME TERSH® &%k ¥k ¥
1423. C [NTTou = INITIAL LOwckK oGQJUND GN MAXIMAL OBJECTIVE VALUE (INPUT)
1424 . CRBERRE T R E G B0 A S KL F WA K4 kKA R K R R R
1425.
1426. IMPLICIT KREAL*4 (A CyE=HyCyPyR=mel) s REAL®8 (8B40 4X,4Y)
1427. 1 INTEGER ™4 [[=N,Q)
1428. INTEGER®Z2 UH KINBAS,LA,LE,IA,IE
1429. INTEGER*2 IPART, INCLMB,y IVBND,1VIDsICBND
1430. COUBLE PRECISION elluuQ)
1431. REAL A(500)
1432, COMMON/BLUCK/ ZTUL ZE,2TOLPVoZTCGST, ZTOLRJ,ZTOLSM,QRU, QMA,QBA LQF [ 4
1433, 1 QEUPCBLy WAy QPLyWUMI QL yQIoQF ¢ QN s QU NRMAX s NEMAX ;1 QB4 Cy
1434 . 2 QE R QLI QU s JK oM QGo NTMAX
1435, COMMCN/BLUOCKZ2/ DFP BRT(122) yREVBND o INCVAL o ICOLGLISTL,IVAL,IDIR,
14364 /. NPIVCT,IPTYPERCOST,IFEAS, [PART(122), INCUMBI(L122),
1437. 2 LVBND(500),1vIDIS50C) (10BNDLS50O)
1438. COMMON CoXLBULZ221 s XUB(122),8(50)sX(€01,Y(60),YTEMP(60),0SUM;OPRUD,
1433, 1 UYsUEsDP oAy ICNAM( L2242 ) s NAME (2G) yNTEMP(2C iy SUMINF 4MST AT,
1440. 2 [UBJy IKUNPy IVIN, IVUUT, ETCNT,y INVERQyITRFRUZITSINV,, IFFc iy
1441 . 3 JOCOLP yNRUAPNCUL y NELEMo NETA NLELEMyNLETAZNUELEM ¢NUETA,
1442. 4 ITECLUU0) s LA LS00 s LE(R252) oL A(122) +KINBAS(122),4JHI(60)
1443, LESTL = ©
1444 . INCVAL = INITBO
1445, C TEST FUR FATHOM ING
1446. 1CC CALL TESTX
1447. IF (MSTAT .tQ. QBL!) GO TO <00
1445 . C CURKENT NUDE FATHOMED: BACKTRACK TO LAST PROMISING NUDE ON LIST
1449. 15C CALL BKTRAK
1450. C IF LIST IS EMPTY, RETURN TU MAIN (COMPUTATIONS COMPLETED)
1451. IF (LISTL <EQe. O) RETURN
1452. 8 USE PRIMAM=SIMPLEX MeTHCD FUR RECPTIMIZATION AT NEW NODE
1453, CALL NCRMAL
1454 . G0 TC 100
1455. G CURRENT NUDE NUT FATHOMED: CCMPUTE PENALYIES
1454, € ARANCHING AT CURRKENT NOOE IS DONE FRUM SUBROUTINE PENLTS.
1457. 2CC CALL PENLTS
1459. IF (ICIR) 400, 15C, 4CO i
1459, €
14€9. € REINVER T CURKENT BASIS
1461« 10CC CALL INVERT
1462 . [TSINV = ¢
1463 . C
88
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L2 e N

SRR

B

l4éb .
16465,
1466 o
1467 .
1468 .
1469,
1470.
1471 .
1472,
1473,
1474,
1475,
1476.
1477
147S.
1479.
1480 .
1481 .
1482.
1483,
1484,
1485.
1486,
1487
1488,
1489,
14S0.
1491.
1492.
1453,
L4G4 .
1495,
14S6.
1497
1498,
149G .
1500.
1501,
1502 .
1503.
iS04,
1505«
1506.
1507«
1508.
15C9.
15104
1511,
1512 .
1513
1514,
1515.
1516.
) 30 Wi
1518.
1519.
1520.
1521«
) L g
1523.
1524,

(o)

i e T 7 s W s

(&)

VUAL SIMPLEX CYCLE

CHCCSE PIVCTY RUm [ROwWP

3CC CALL CCHU(R

«CC

1

1
2

1
2

&N e

If (IRCWP 4GTs. 0) Gu TO 4U0

MSTAT = {8BL

GC 10 1uu
CHCCSE PIVOT COLUMN JCOLP

CALL CCHUZC

IF (JCOLP .EQe 0O) GG TU 150

IVIN = JCOLP
UPDATE RIGHT=-HANLC SEDES TU REFLECT NEW BASIS RESULTING FROW
CURRENT SIMPLEX PIVOT

CALL LPBETA

[TCNT = ITONT + |

[TSINV = ITSINV + i
CECILE wheVTHER TC REINVERT CURRENT BASIS

IF ((NELEM .GT. 56C0) 0Re (ETSINV <GE. INVFRQ)) GO TO L1000
KEINVER STUN NOT NECESSARY YET; WRITE OQUT NEW ETA-VECTOR FOR
CURRENT SIMPLEX PIVOT

CALL wRETA

GC T0 300

END

SUBROLTINE CCHUZR

SELECTS PIVCT ROW IROWP FUR CURRENT DUAL-SIMPLEX I TExATION.
SETS IRUWP = 0 IF CURRENT BASIS IS OPTIMAL. OTHERWISE, IROWP
IS CHUSEN TG BE THE RUw wWiTH GREATEST PRIMAL-INFEASIBILITY

IMPLICIT REAL*4 (AL yE-HyJsPyR~myl) s REAL®S (ByDyXyY),
INTEGER*4 (I-N,Q)
INTEGER*2 JHyKINBAS,LA,LE,IA,IE
INTEGER*2 [PART, INCUMB,; IVOND» IV ID«1CBNO
DOUBLE PRECISIUN E (1000}
REAL A1%00)
COMMON/BLUOCK/ ZTOL 2E,2TOLPV.LTCOST, 2TOLRJZTCLSM,QRU+ QMA+QBA 4QF 1,
CECyGBL VA QPLyGUMIo QZyQI,QF QN2 QU NRMAX s NEMAX,QB,UC,
WE  wh e QLy Q0 QR y wM ¢ QG NTMAR
COMMON/BLOCKZ/ DFP ORT (Lec) sREVBND s INCVALyICCL,LTSTL I VALWIDIR,
NPIVOT,IPTYPE,RCCST, IFEASy IPART(L22)s INCUMB( 122},
IVBNDI(S5QU),IVIOD(5001 ,1GBND(50Q)
COMMEN EZ XLEBCLZC ) 9 XUB{L22)9B(60)s X(60)sYIOC) s YTEMPLEO) ,0USUM¢ OPRUD,
DY UEsOPy Ay TUNAM( L2292 3 NAME (20) ¢y NTEMP{20 ) SUMINF 4MST AT,
ICBJy IRUWPy IVINy IVOUT o ITCONTy INVFRQeITRFRQITSINV, IFFEZ,
JCULP ¢ NROWy NCOL g NELEMy NETA NLELEM,NLETA,NUELEM ,NUETA,
{E(L000), TA (500 s LE(L252) yLA(122) +KINBAS(122iyJH(60)

CHOOSE ROW wlTH GREATEST INFEASIBILITY

[ROWP = O

0P = =l ELQ

0G 10CO I=14NROW

IF (I .EQ. IGBJ} GC TQ LGOO

ICOL = JH(I)

IF (X(I) «LT. (XLB(ICOL) - ZTQLLZE)) GO TO 100
[F (X(I) «GTe (XUB{ICUL) ¢ LTULZE)) 6O TAQ 200
6C TQ 1000

BASIC VARIABLE CN ROW I FALLS BELOW ITS LOWER BOUND

1CC DE = XxLB(CICOL) = X(1)

IF (CE .LE. UP) GO TO L1000
89
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1525,
1526,
1527.
1528.
1529,
1530«
Y531,
1532.
1533.
1534.
1%3% .,
1536,
1531.
1538,
1939 .
1540.
1541 .
1542.
1543 .
1S44.
1545.
1546,
1547.
1549.
1549.
15950«
1551 <
1552,
1553 <
1554.
1555,
1556.
155TF &
1553.
1559.
160,
1561.
1562.
1563.
1564«
1565.
1566.
1567.
1568.
1569.
15704
1571,
1572.
1573,
1£74,
15754
1576.
1577«
1578,
1579,
1560.
1581.
1582,
1583,
1584.
1585,

CRBLU

IPTYPE = Q
GO YO 25v
C
€ BASIC VARIABLE CN RUW I EXCEEDS [TS UPPER BOUND

2CC DE = x(1) = Xua(ICCL)
IF (DE .LE. DP) GU TG 1000
IPTYPE = =]

€

25C [ROWP = |

10CC CONTYINUE
RETURN
END
SUBROLTINE OCHUZC

SELECTS PIVCT CCLUMN JCOLP FOR CURRENT DUAL=-STMPLEX ITERATION.
SETS JCOLP = O IF LP-PRUBLEM AT CURRENT NOUODE IS INFEASISLE.
CTrERWISE, CHOOSES JCOLP TOUO MAINTAIN PRIMAL-OPTIMALITY

2l ulnlalel

IMPLICIT REAL*4 (A 4CyE=H9OsPyR=wy2) y REAL®*8 (B,DX4eY),

1 INTEGER*4 (1-N,Q)

INTEGER®2 JHeKINBAS,LA,LE,IA,IE

INTEGER®2 jPART, {(NCUMB, IVBND,IVID,1CBND

DCUBLE PKRECISION E (1Q00)

REAL A(50Q)

COMMON/BLOCK/ ZTUL ZEZLTOLPVZTCOST,y ZTOLRJY 9 2TOLSM QRO QMA,QBA 4QF I
1 CEUrCBLI QA QPL yUML,QZ QI 9 QF 9 QN9 QU NRMAX  NEMAX , QB¢ QC,
2 QE »QH QL QU QK 9y QUM +QGy NTMAX
COMMON/BLOCK2/ DFPABRT(122) 4REVOND ¢ INCVAL o ICOLLISTL, IVAL,IDIR,

NPIVOT,IPTYPEKCGOST, IFEAS, 1 PART(122)s INCUMB(122),
IVBND(500),IVIU(S500) ,10BND(500)

COMMCON EsXLB(L22)y XUB(1221¢B(60)x(60)+Y(60),YTEMP(60),0SUN; DPRGD,
DY yDEsDP; Ay ICNAM( 12292) o NAME (20) ¢y NTEMP(20) y SUMINF ¢ MSTAT,
TOBJyIRCOWPy IVINg EVUUT o ITCNT, INVFRQy ITRFRQITSINV, [FFEZ,
JCULP¢NRUWy NCOL ¢ NELEM NETA NLELEMyNLETA,NUELEM NUETA,
IECLO0U ) TACS00) yLE(R252) +LA(122) :KINBAS(122)4JH(60Q)

LS

S WN -

JCoLe = 0
IF (IFTYPE .EQ. -1) GO TO 1000

LEAVING VARIABLE FALLS BELOW ITS LOWER BOUND

i B

0P = =1.EL0Q
0C 50C J=1,NCOL
IF (KINBAS{J) .GT. 0J GU TO 500
IF ((XUB(J) = XLB(J)) .LE. ZTULZE) GO TO 500
CALL ULANPACKI(J)
CALL FTRAN(1!
I[F (KINBAS(J) «EQ. =-1) GO TO 20C
IF (Y(IRUWP) + LTULPV) 22542254500
2CC IF (Y(IROWP) = ZTULPV) 50U 229,225

225 DE = Y(LOBU)I/¢v(IKOWP)

I[F (CE - OP) 500,500,250
25C JCOLP = J

oP = CE
5C0 CCNTIANUE

IF (JCOLP .EW. Q) RETURN
CALL ULANPACK(JCOLP)

CALL FTRANI(L)

[COL = JH(IROWP)
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1586 .
1587.
1588.
1589,
1590.
1£S51.
1592.
¥593 &
1554,
1595,
1596 .
1597,
i598.
1299
1600.
1602.
1403,
16C4.
16C5.
1606 .
16C7.
1€C8.
1609 .
1€10.
1611,
16124
1€13.
1€la.
1615.
1616.
F6LT
1€18.
1¢€139.
1620,
1621.
1622,
1623.
1624.
1625.
1€26a
1627.
1628,
162G .
1630.
1631.
1632,
1633,
1634,
1635,
1636,
1637,
16313,
1639.
1640«
16414
1642 &
1643,
1644.
1665 o
le4abHa

T er_a—nq W

A

10CC

20CC

e lalsisialala

i

1

N

S W=

OP = (XiIRGWP) = XLBLICULII/YULIROWP )
GO Tu 20uu
LEAVING VAKIALE EACEEUDS ITS UPPER BOUND
OP = l.ELO
DO L5CC J=1eNCUL
IF (K INBASEJ) GT. 03 50 TO 1500
IF ((xLblu) = XLBULJI) “LE. ZTOLZE) J TO 1500

CALL
CALL
{F IKINBASLY) oEUe =1) GU TO 1200

[F (Y(IROwP) - ZTULPV) 99UV 14591225
IF (YUIRUAP) « ZTALPV) 1425,1225,15C0

UNPACK (J)
FTIRANCL)

DE = Y(LUBJI/ZY(IRURP)

IF (DE - LP) 12509 1200,!
JCaLp = J

0P = CE

CNTINUE

SJ0

F (JCCLP <EC. O) RETURN
L ULNPACK(JCOLPI
L FTRANI L)
CL = JH(IRUWP)
= (ACIRUWP) =~ XUBCICOL))/Y(IROWP)
DP + XLB(JCOLP)

IF (KINBAS{JCOLP} «EQ. U) OE =
E OP + XUBLJCOLP)

Lo«
IF (KINBASCJCOLP) <EWe.e =-1) DE =
NPIVET = L
RETURN
eND
SUBRQLTINE TESTX

TESTS LP-GPTIMAL SOLUTION AT CURRENT NOOE FOR FATHOMING.

FATROMING OCCURS IF

(1) LP PRUBLEM AT CUKRENT NOODE

{(2) LP-0PTIMAL CUJECTIVE VALUE (IVAL) .LE. OBJECTIVE VALUE OF
CURRENT INCUMBLINT SULUTIGN (INCVAL); OR

(3) LP-OUPTIMAL SULUTION SATISFIES INTEGER RESTRICTIONS.

[S INFEASIBLE (MSTAT = QNJ): OR

IMPLICIT REAL®G (A Ceb=H,UyPsR=nyl) y KEAL*¥8 (B4DyXeYi,
INTEGER*4 (I=Ny ()

INTEGER%®, UH,KINBAS LA LE,IA,[E

INTEGER®, TPART, INCUMB, IVEND, IVID,1CBND

DCUBLE PRecCISION E(1000)

REAL A(500)

COMMON/BLOCK/ LTOULZ2E,LTOLPV,2TCCST, 2TOLRY»ZTOLSM ,WRO, QMA,QBA 4QF I ¢
QEO s WBL WA s QPLUMILQL+QI»QF y QN3 QU, NRMAX ¢ NCMAX, QByuCy
‘;L"b”'vﬂ(-vJ\'JVUR,QHvGGvf\THAX

CCMMON/GLOCKZ2/, DFPART L) yREVEBND y INCVAL ¢ ICOL,LISTLsIVAL,IDIR,
NPIVOTiPTYPEGRCOSTy IFEAS IPARYT(L22) ¢ INCUMB(LZ2)

IVBNO(200), IVIOIS0Q) 1GBNI 1500)

COMMON By XLB{L22 0 XUBLL22)+8(60) ¢ X{060)4Y(60) YTEMP(60) DSUM, OPROD,
DYy OboUPy Ay [CNAME 1229 2) ¢ NAME (20) yNTEMP(20) s SUMINF ,MSTAT,
JUBJyIROWP IVING IVAUT o ITCNT INVFRQy ITRFRQ,ITSINV, IFFELZ,
JCULPyNRUWs NCOL s NELEM o NE TA yNLELEMoNLE TA,NUELEM 4 NUETA,
TECL000) ¢ LA L5004, LE(L52) sLATL22)yKINBAS{122)4JH(60)

DP = x(10BJ) + LTOLZE

IVAL = LDINT(DP)

IF (OP «LTe 0s)

IVAL = [vAL = |

al
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Le4r., If ((MSTAT .EW. QNJ) .UR. (lvaL J.LE. INCVALY)} GO TO 2000
1648 .
1649 . e LUMPUTE INTEGER ANU FRACTIONAL PARTS OF EACH BASIC VAR,
650 « (
1651, 00 10C 1=1 ¢NKUW
E652 s (PART(I) = IOINTU(X(I) » LTOQLLE)
1653. NTEMPLL) = IPART ()
1654 . 1C0 UFPART(Y) = X(I1) - FLUATINTEMP{1))
L1655 5
1656. ¢ CHELK FOR ALe-~-INTEGEK SCLUTION
1651
658. D0 20C I=1,0KOW
1659, IE (Jrtl} LE. NROWK) GO TO 200
1660. IF (DFPAKT (1! JGEs LTOLZED RETURN
1661. 2CC COCNTINLE
1662 o I
lob s, (¢ SOLUTION ALL-INTEGER: INSTALL AS NEwW INCUMBENT
1664, C
1669« IFEAS = |
1666, INCVAL = [VAL
1667 . D0 10CC J=1,NCOL
1663. If (KINBAS{(J) 600, 70041000
1669 . 6CC INCUMB{u) = IDINTIXUB(JI}
1670 . GO 7 oo
1671 1CC INCUME(J) = TOINT(XLBLJ))
1E€T2. 16CC CONTIAUE
1€73« 6
1€74. DC 1L1CC [=LsNRCwW
1675 ICOL = JH(I)
1676. INCUMEBCUICOL) = [PART(])
1677. 11CC CONTINUE
1678, (+
1679 (3 CURKENT PRILBLEM NU LOMGER OF INTEREST
1680 C
1681 20CC MSTAT = QI
1€82. RETURAN
1¢83. ENO
16844 SUBROLTINE PENLTS
1685, €
1686« G COMPUTES TUMLIN'S IMPROVED UP-~ AND DCWN-PENALTIES AND THE
1667 . G GOMCRY PENALTY FOR EACH NUNINTEGER BASIC VARIABLE. ALSO CHECKS
1688, G FOR FURCED BRANCHES IJN BOTr EASIC AND NONBASIC VARTABLES. IN ]
1689. C THE ABSENCE OUF FURCEU BRANCHES ON BASIC VARIABLES, THe !
16904 C BRANCHING VAR IABLe [5 CHOSEN TC BE THE ONE WITH LARGEST !
1691 . C ASSCCIATED uUP= (K DUWNN=PENALTY. THE FCRWARD BRANCH IS MADE IN
1692 C THE UIKECTIUN OPPOSITE TO THE MAXIMUM PENALTY. THE NODE
16593 . C CORRESPONUING TU THE ORANCH IN Tht SAME DIRECTION AS THE
1694, C MAXIMUM PENALTY (S ADDED YU THE LIST, TU BE EXAMINED LATER.
1665 . C THE BRANCHIN, PROCESS ITSELF (S CARRIED OUT IN SUBROUTINE j
1696, € BRANCH, wHICH IS CALLED FROM SUBROUTINE PENLTS. |
1697, (=
Y 1698, IMPLICIT REAL#%4 (A gCoE=tHygUpPyR~myZ) 9y REAL®¥B (BolaXsY),
1669 . 1 INTEGER*4 ([=~N,Q)
1700. INTEGER®Z JHyKINBAS LAgLE[AyIE ]
L701. INTEGER®Z2 [PART, INCUMB,IVBND,1VID,ILBND |
: 17102, DCUBLE PRECISION ELLIO0U)
5 17C3, PEAL A(500)
17C4, REAL PUlGU) POLOUI yPGLGO I
1705, COMMOCN/BLUCK/ 2TOL 2E,4TOLPVyLTCCSTy ZTOLRJ ¢ ZTOLSM +QRO, QMA 2 QBA 4QF 1 »
’ 1706, i QEUsQBL WA s JPLeQUMIZQZ QI +QF, UN,QUy NRMAX ¢ NEMAX ¢ QBedCy
1 1701 s Ve o WUF QL dUsdRy QM QG ANTMAX
: 92
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1708. COMMCN/BLUCKS/ DEPART(122)sREVBND s INCVALy ICOLoLISTL,IVAL,IDIRY
1709. . NPLVUT (IPTYPE«RCCSTL IFEAS LPART(L22)s INCUMB(LZ22]),
170 2 IVENOLSUC s IVIDL500) «10BND(500)
1711 COMMON E s ALBLL2Z )y AUB(L22)s8(60),X(60),¥Y(60) ,YTEMP(60),D5UM, DPRID,
IT12 . 1 UY s UEsUPy Ay JONARE LLZ 221 o NAME (20) yNTEMP(20) 4 SUMINF ¢MSTAT,
b 1713 2 TUB g IKCWPy IVING, IVOUY s ETONT, INVFRUs ITRFRG, ITSINV, IFFEZ,
X 1714, 3 JCULP yNROWy NCUL s NELEM, NETA yNLELEMyNLETA,NUELEM ¢ NUETA,
1715. 4 TECLUCU D, TAa (5001 LE(L252) 9L A(122)yKINBAS(122),JH(60)
1716. DO 10 1=1,NRrRUN
171 IF {(DFPART{I) LT, 2TOLLZE) GO TC 5
1718. PUCI) = Ll.EO
1719. PDEY) = 1S
720. PGLI) = laké
1721, GC TO 10
1122, 5 PUCL]I = Q.
] 1123, PO(L) = C.
3 1724. PG(1) = Qe
1725« 10 CCNTIANUE
1726 c
1727, D3 10CC J=1,NCOL
1728 . IF (KINBAS(J) .,GT. 0) GU TO 100G
1729. IF ({XUblu) = XLbB(J)) LE. 2TOLZ2E) CO TO 1000
1730. CALL UNPACK(J)
1731. CALL FTRAN(L)
1732, 1F (KINBAStJ) <EQ. 0) GO TO 30
1733. 00 20 1=14NKOW
1734 z2C v(1) = =¥Y(I1)
L7135, C
1736. € CHECK FOR FURCED BRANCH ON XJ
1737 3C IF (J .LtEe« NRUW) GC 7O 50
1738. 0P = X(IUBJI! - Y(IQBJ) + ZTOLLE
1739. IVAL = IDINT(DF}
1740. [F (DP oLT. Ua) IVAL = IVAL - |
1741 . IF (IvAL .GT. INCVAL) GO TO 50
1742, [DIR = Z2*KINBAS(J) ¢ 1 .
1743 . I¥ (ILIR «€EQ. =L) REVBND = SNGL(XUB(J))
1744. IF (ICIR .EQ. 1) REVBND = SNGL{XLB(J)}
1745, IcoL = J
1746. CALL ERANCH
i747. GO TC 1000
1749, C
1749, EC DC S0T I=1LsNROW
1790 [Ff {JF(1) «LE. NKOW) GU TO 500
751 IF (DFPART(I} .LT. LTOLZE) GO TO 500
1752. (3
1753. C COMPUTE uUP PENALTY FOR X(I)s XJ
1754 1CC IF (Y(l) 6T, =ZTOLPV) 6O TU 200
¥TaSe DE = Y(IUBJY®(DFPART(I) = 1l3/Y(1)
p 1756. IF {DE .LT. Y(I0BJ3) DE = Y(IOBI)
e : 1757. IF (DE «LTe PULLI)) PULL) = DE
: 1758. GO TG 300
- 1759 C
e X 1760. C COMPUTE DUWh PENALTY FUR XUI)y XJ
1761« 2CC IF (YUl1) +iT. 2TuLPv) GO TO 300
1762 DE = YUIUBJ)®DFPARTU(I}/ Y ()
1763. IF (DE «iTe YLIOBJIY OUE = Y(IQBJY)
A 1764 IF (Ct LY. PDULY) PDILI) = DE
L 1165 C
1766« G COMPUYE GUMCRY PENALTY FOR X(I), XJ
o 1767, 3CC 0P = CAgstYLil))
1769. NTEMP (1) = IDINT(LP)
» e
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1769.
1770
1771 .
1772.
1773
1774,
1T15.
1776,
117 «
1778.
17179.
1780.
1781.
1782«
1783
1784.
1785.
1786«
1787.
1783
1789.
1790.
1761.
17192«
1793,
1796 .
1795.
17S6.
1797.
1798.
1799«
1800.
1801«
1802.
1803.
1804«
18C5.
1806
18C7.
1808.
1809.
1810.
1811,
1812.
1813.
1814.
1815
1€16.
1817
18173
1819.
1820.
1821.
16§22.
1823.
1824.
L825a
1826.
1827.
1829 .
1829.

20CC

30CC

36CC

37CC

LP = CP =~ FLUAT(NTEMP(1))

IF ((CP .LE. LTOLLE) OK. (DP «GE~ L1.-2TOLZE)) GO TO 500
IF (Y{I) «iTe Cod DP = 1. - DP
[F (OP .6T. DFPART (1)) GU TO 310
= YUIUBJI*DFPARTLLI)/UP
GC YO 320
= YUIOBUI*(le ~ OFPART(I))/(1l. - DPI
(DE .0 T. PGII)) PG(I) = DE

CCONTINUE
CONTIAUE

COMPUTE LARGESY GOMORY PENALTY AND TEST FOR FATHUOMING
PEN = 0.
00 20CC [=1,NRCw
IF (JFL1) <LE. NRUW) GO TO 2000
IF (PG(I) .GT. PEN) PEN = PGULIL)
CCNTINUE
0P = X(I0BJ) — PEN + LTOLZE
IVAL = [DINTLOP)
IF (DF .iTVe Oed 1IVAL = IvaL - 1
IF (IVAL .GTa INCVAL) GO TO 3000
IDIR = ¢
RETURN

PROBLE™ NOT FATHUMED: CHECK FOR FORCED BRANCHES ON X(I)

NTEMP(2) = C

OC 39C0 I=1,NRCw

IF (Jrl{il) «LE« NROW) GO TGO 3900

[F (PL(L) .GT. PO(I1)) GO TO 3600

0P = Xx(10BJ) = PO(I) & ZTULLZE

NTEMP (i) = IDINT(OP)

IF (CP «LTe Qo) NTEMP(12 = NTEMA(1l) - 1

IF (NTEMP(1l) .GT. INCVAL) GO TO 3900
FORCED BRANCH UP ON X(I)

IVAL = NTcMP(1)

[DIR = =}

NTEMP(L) = IPART(L) *+ 1

GC 10 27090

DP = X(10BJ) - PULTI) + ZTOLLZE

NTEMP{1) = TOINT(DP)

IF (DP LT« D) NTENPLL) = NVEMP(1) = 1

[F (NTEMP(L) GT. INCVAL) 50U TO 3900
FURLCEC BRANCH OOWN UN X {I)

[VAL = NTEMP(L1)
10IR = |

NTEMP (1) = IPART(I)
[ROWP = |

ICCL = JH(IRQOWP)

REVBNL = FLUOATINTEMP(L))
NTEMP(2) = 1

CALL ERANCH

CCNTINLE

1€ (NTEMPL2) .GT. C) GU TO 5000

NU FURCED BRANCHES: CHOOSE EBRANCHING VAR. AND DiRE_T 1
PEN = Q.
IRCWP = 0O
DETERMINE BASIC VAR X(IROWP) WITH MAX. UP= OR DUMN-FLNL
DO 49C0 [=1¢NROW
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1830. I (Jrtli JLE. NROWS GO TO 4900

1831. IF (PL{I) 6T« POLLIJ: GO TO 460C
1832. IF (PLE1) oJLE. PEN)} GO TO 490U
1833, PEN = POLI?
1834. IROWP = |
1835, IDIR = ~]
< 1836 NTEMP L) = [PARITII ) & 1
1837, RPEVANE = FLOATINTEMP(L))
1238. GO 10 «50¢
1839. 46CC IF (PULL) +LE. PEN) GO TO 4900 %
1840. PEN PULLY |
1841 . [ROWP = I i
1842. IDi L }
1843, NTEMPLLY IPART (1) 1
e 1846, HKEVBNC = FLUATINTENPIL1) |
1845. 4900 CONTIMNUE
1846 . IF (IROWP .GT. 0) GC TO 4950
‘ 1847, c EACH UP= AND ODO0wN=PENALTY <EQe 0. (DUAL-DEGENERACY)e. CHOOSE ‘
1848, C ANY NUNINTEGER BASIC VAR. AS BRANCHING VAR.
1£49, DC 4910 [ROwWP=1;NRCw
1850. IF (JMIIROWPS <L E. NROW) GG TC 4910 |
13851, [F (DFPART (IRUWP) JGE. ZTOLLE) GO TC 4920
1852. 4510 CONTIAU
1853, 492C PEN = PULIRCWP)
1856, IDIR = 1 |
1855. NTEMP (1) = [PART (IRQWP)
1856, PEVBNEC = FLCATINTEMP(L)) .
1857. 4G5C TCOL = JHEIRUWP) ;
1853. DP = X(ICBJ) - PEN + 2TOLLZE ]
1859. NTEMP(1) = IDINTLDP) i
1860. IF (0P JLTe Ca? NTEMP(L) = NTEMP(L) - 1
1861 . IF CIVAL .GT. NTEMP{L))} IVAL = NTEMP(L)
1862. C BRANCH UN LHOSEN VAR.
1863. CALL ERANCH
1864 50CC IF (ICIR +€EQ. =12 IPTYPE = 0
1865. IfF €ICIR .EQ. 1) IPTYPE = =}
1866 . RETURN
1867 END
1868. SUBROLTINE BRANCH
1809. C
187C. C BRANLHE S UM VAR JABLE X(ICOL) AS DETERMINED IN SUBROUTINE PENLTS
1871« C
1872 . IMPLTCIT REAL®G A C8~HyCePysR=hol) 9 REAL®E8 (ByDoXeY),
1373, 1 INTEGER ™G ([-N,Q}
1874. INTEGER®2 JH KINBAS,LAsLEsIA,IE
1875 INTEGER®Z {PART, INCUMB, IVBNO,[VID+iC8NOD
1876. DOUBLE PRELISICON E(1C00) :
1877 REAL A(500)
1878. COMMOR/BLUCK/ LTOL ZEZZTOLPV . 2ZTCOST, ZTOLRJ ¢2TOLSM¢QRO, QMA,QBAQF I
% 1879. 1 QE L, CBL A, QPLe QM I QZ+QI s GFsQN QU NRMAX yNEMAX, QB2QC,
3. 1850, P Qb s M Wl s JOQR e QM oQUG o NTMAX
1881. COMMUR/BLUCKS/ QP ART(122)4REVANDsINCVAL ICOLLISTL,IVAL,LIDIR,
| 1882. 1 NOTVOT, 1P TYPELZRCGST IFEAS, IPART(122), INCUMB(122),
0 1663 2 LVBNDES500) « IVIDLI5002 4I0BND(S00)
o 1886 . CUMMCN B XLBILZL )y XUBLL22+B(EU) s X(EGIYI60) s YTEMP{60),DSUM, DPROD,
1885. 1 DY s UEsFyfig TONAMI 122420 o NAME (20) yNTEMP(20 )y SUMINF 4MST AT,
L 1886 . 2 TOBJ IROWP, TVEN - IVOUT o ITCNT, INVFRQeITRFRQ.ITSINV, IFFEZ,
4 1887 3 JCOLP g NRUWy NCOL s NELEMy NETA ;NLELEM,NLETAoNUELEM yNUETA,
s 18883, 4 TELLUQO A TS00) 9 LE(252) sLALL22) +KINBAS(L22),JH(60)
¥ 1889. C
¥ 1890. c ICOL INDEXES PRANCHING VARIABLE CHGSEN
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1891.
1892.
1893,
1894.
1895.
1896.
1897.
1898.
1899.
1500.
1901.
1902 .
16C3.
1904.
15C5.
1906.
1907.
19C8.
1509.
1610.
1911 .
1912.
1S13.
1514.
1915.
1S16.
1G617.
1618.
1S19.
1620.
1s21.
1622.
1623.
1524.
1925.
1626.
1927.
1628.
1629.
1630.
1631.
1632.
1633.
1634.
1635.
1636.
1637.
1638.
1639.
1940.
1941 .
1642
1645.
19444
1645.
1946.
1647.
1648.
1549.
1950.
1951 .

alaNa]

lalal

AOCOON

{2 Wi

1CC

1

1
2

1

SN -

IDIR INDICATES BRANCHING GIRECTION CHOSEN

AQU UPPUSITE DIKECTION TO LIST
LISYL = LISTL + 1
IF (ICIR .EG. =12 IVBNO(LISTL) = IDINT(XLB(ICOL) + ZTOLZE)
IF (ICIK <EQe 1) IVONO(LISTL) = IDINT(XUB(ICOL) ¢ ZTOLZE)
IvIC(LISTL) = IDIR*ICOL
IOBNO(LISTL) = [VAL

REVISE BOUNDS ON BRANCHING VARIABLE FOR FORWARD DIRECTION
IF (ICIR .EWe —-1) XLB{ICOL) = DBLE(KEVBND)
IF (ICIR <EQe 1) XUB(ICOL) = DBLE(REVBND)
RETURN
END
SUBROLTINE BKTKAK

BACKTRACKS TO SELECT A PROMISING (UNFATHOMED) NODE FROM THE
LIST OF STOREU NODES. LAST=IN=FIRST=0UT (LIFO) SELECTION RULE
IS EMPLOYED.

IMPLICIT REAL¥4 (A 3CyE=rsCoPoeR=Wyl) 9y REAL*8 (ByDeXyeY),
INTEGER*4 (1-N,Q!}
INTEGER®Z JH KINBAS,LA,LE,[A,IE
INTEGER*Z2 IPART, INCUMB,1VBND,IVID,ICBND
OOUBLE PRECISICN E(1000)
REAL a(5u0)
COMMGN/BLOCK/ ZTOL ZE,2ZTOLPV.ZTCGST 2TOLRJZTOLSM QRO QMA,QBA 4QF [ o
GEU9 CBL QA QPL QM I+ QZ+QIoQF ¢ QN+ QU, NRMAX s NEMAX 4 QB¢ QC
CE ,QFeQLyQO»QR I UM QGy NTMAX

CCMMON/BLOCKZ/ DFP ART(L22) yREVBND ¢ INCVAL o ICOL,LISTL,IVAL,IDIRy
NPIVCT,IPTYPE,RCGST, IFEAS, IPART(122), INCUMB(122),
IVBND(500),IVID(500) ,IOBND(500)

CCMMON E XLB(122)2 XUB(122)+B(60) e X{60)sY(60)YTEMP(60)+.0SUMyDPROD,
DY DEDPy Ay [ICNAM{ 12242) ¢y NAME (20) yNTEMP(20)ySUMINF s MST AT,
10BJ s IRUWP, IVIN, IVOUT, ITCNT, INVFRQy ITRFRQ,ITSINV, IFFEZ,
JCULP 4NROWy NCOLyNELEMy NETA NLELEM,NLETA,NUELEMNUETA,
TE(1000)s IA{500)4LE(222) 4LA(122) yKINBAS(122)+JH(60]}

NTEMP(3) = 0

IF LIST IS EMPTY, RETURN (COMPUTATIONS COMPLETED)

IF (LISTL «EGe O) RETURN

IF (ICBND(LISTL) <LE. INCVAL) GG TO 2000

GET NcAT NODE FRUM LIST
[COL = IVIO(LLISTL)
IF (ICCL «LT. 23 GC TO 100

NTEMP (L) = IDINT(XLB(ICOL) + ZTGLZE)
NTEMP (2} = IVBNDUL ISTL)

XLBCICCL) = XUB(ICGL) + 1.

XUB(ICOL) = FLOAT(NTEMP(Z))

IF (KINBAS(ICOL) .GT. 0) GOU TGO 1000
KINBAS(ICOL) = 0

NTEMP(3) = 1

GC TC 1000

ICoL = =iCGL

NYEMP(Ll) = [DINT(XUB(LICOL) + ZTOLZE)
NTEMP (2) = IVBND(LISTL)

XUB(ICCL) = XLB(ICCL) - 1.

XLBUICCL) = FLCATIANTEMPL2))

IF (KINBAS(ICUL) «.CT. O) 6O TO 1000
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1652.
1953.
1954.
16%5.
19%6.
1957,
1988,
1699.
1S60.
1661.
1862,
1963.
1664.
1965.
16664
1967,
1968.
1969.
1570.
1971.
1s72.
1673,
1974.
1575.
1676.
1577.
15178.
1679.
1580.
1681.
1982.
1983.
1684
1985.
1686,
1987«
1588.
1589.
1990.
1991.
1992.
1693,
1994.
1695.
1696.
1997.
1668,
1599.
2000.
ZCCl.
2002.
2003.
2004 .
2C05.
2006,
2C07.
2C08.
2009.
2C190.
2011.
2C12.

KINBAS(ICOL) = =1
NTEMP(3) = |

10CC IVIG(LISTL) = ~IVIC(LISTL)
IVBNDULISTL) = NTEMP(L)
ICBND(LISTL) = -10000

C UPCATE X
IF (NTEMP(3) .EGe C) RETURN
CALL SHIFTR(1,3)
0C 90C0 J=1,NCCL
IF (KINBAS(J))8600+87060,9000
86C0 OE = XUB(J)
GG TG 8750

87C0 DE = XLB{J)

875C LL = LALJ)
KK = LA(J+1) = 1
DO 88CC I=LLsKK
IR = [A(1)

€eCC Y(IR) = Y(IR) = ALI)*DE
S0CC CONTINUE

CALL FTRAN(1)

CALL SHIFTR(3,2)

RETURN

C NOCE FATHUMED: UPDATE VAR. BOUNCS AND BACKTRACK AGAIN
20CC ICOL = IVIDLLISTL)
IF (ICCL .LTe. O) GC TO 2100

NTEMP (1) = IVBND(LISTL)

I[F (KINBAS(ICOL)) 201052050,2050
2010 NTEMP(3) = 1

DF = XUB(ICCL) - XLBCICOL)

DY = FLOAT{NTEMP(1)) - XUBIICOL)

IF (0P .LT. DY) KINBAS(ICOL) = ©
20SC XUB(ICOL) = FLOAT(NTEMP(1))

GG TCO 3000

21CC ICCL = =ICOL

NTEMP (L) = IVBND(LISTL)

[F (KINBAS{ICAL)) 2150+2110,215C
211C NTEMP(3) = |

DY = XLB(ICGL) - FLOAT(NTEMP(L1))

DP = XUBCICGOL) = XxiLB(ICOL)

I[F (CP LT. LY) KINBASCICOL) = <~}
2150 XLB(ICCOL) = FLOAT{NTEMP(1))

C
3CCC LISTL = LISTL - 1
GC TO 50
C
END
SUBRCUTINE ALOCTE( IPARy IRHS)
C
C SOLVES MASTER PROBLEM (CONCAVE=SEPARABLE INTEGER PROGRAM)
C REALLOCATES LINKING RESOURCE AMONG UNFIXED SUBPROBLEMS
CHre2esx2%DESCRIPTION OF PARAMETERS* &% tksks
C IPAR = PARAMETER INDICATING WHETHER LAST BRANCH WAS IN FORWARD
C (IPAR = 1) OR BACKTRACKING OIRECTION (IPAR = Q).
C IRKS = AMOUNT OF LINKING RESOURCE LEFT (USED WHEN IPAR = 1)
CHRIRRRREBE N ARL RSP R SRR RS XA AS B R AR EEE SR R %
¢
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2013 . C WhHEN [PAY = 1, MALSTER “UROVBLEM RECPTIMIZED BY REALLOCATING IRHS,
2Cla. (2 STARTING #ROM PROVIUJUSLY OPTIMAL SOLUTIUN TO MASTER PROBLEM.
2015 . C WHEN IPAK = Uy FMASTER PROSLEM KESCGLVED FROM SCRATCH (l.Ees ALL
2C01l6. C BlJ) SET TuU LUNER BUUNDS IBeB(S) INITIALLY.)

E - 2C17. C
2C18. IMPLICIT KEAL®S (/A ,Lyb=ry dyPrk~nyll g REAL*8 (BoLoXoY),y
2C19. 1 INTEGEKR®SG (I~N,Q)

26204 INTEGER#®, UH,KINGAS,LL,LEe[AyLE

2021, INTEGER=2 JPAKT, INCLMBy IVBND,IViD,ICBND L
2C22 . INTECER®, 1250 AL B8ID,iBENDy [LBND 3
.2¢C23. VOUBLE PRECISICN E(L000)

2C264 . REAL A(5001:

.5 2025 COMMON/piLins/ 2VULLELTOLPY LTCOCSY, ZTOLRY ,2TOLSM,QR0O,QMA, QBA,QF I
2C26. 1 CEUSQEL UA WUPL wMd] QL Qs adF g UNyQUy NRMAX yNEMAX y QB4 QC,
202TF . 2 utld"t-QL.’~.|~v'UK'\JM'oGYNTM“‘

i 2C23. COMMON/BLOCRZ/ DFPAKT 1! sREVEBND s INCVALICOL,LISTLoIVAL,IDIR,
| 2C29. 1 NPLVLT, IPTYPEZRLUSTy IFEASy iPART(122) 9 INCUMB(122),

2C30. 2 IVEND(S500 ., IVIUL50C) o 1OBNDI500)
2C31. COCMMON/BLUCK3/ RULAPDALS D g idl 9 ZNMAUTL LU +2JBAR(10) ¢NSUBS,IZINC,
2032. LIZBAR yIDCM IBLLyNIFIXguF i ASMy 18 4 F I X( 10D oNSOL(LO ) yNLAMDAC(LO)
2C33. ZKSEGULC) y IBSTARILZOC, L0+ lBUB (L0 ) IBLBCLO) ¢ IBP(51,410),
2C3%. 3IBUSECI2U0 .10} »125TAR{2004,1L0),1810(200),1IBBND{200),12BND(200)
2C035. COMMON ©,ALE(LZ: !, XUB(L221+8L60): X{60)4Y(604,YTEMP(60),0SUM, OPROD
2036. 1 DY sDEsCPs AL TUNAME L2242 y NAME (20) yNTEMP(20) ) SUMINF 4MST AT,
2037. 2 TOBJy IRUWEy TWINe IVOUT g ITCNTy INVFRQyITRFRQ,ITSINV, IFFELZ,
2C38. 3 JCOULP yNRUWg NCUL ¢ NELEMe NETA JNLELEMoNLETA,NUELEM,NUETA,
2C33. 4 TEC10UU s LA LS00 LE(Z92) sLALL122) s KINBAS(L22)9JH(6U)
2040 € TEST WHETHER LAST HBRANCH wAS IN FORWARD GR BACKTRACKING OIREC~-
2Ca4l. C TICN
2C42. IF (IPAR <EQ. C) GC TO S0
2C43. C LASY BRANCH wAS IN FUKWARD UIRECTION: INITIALYIZE B(J) TO
2044 . C PREVIOUSLY UPTLMAL SULUTIUN
2C45. DT 1C JU=1,HM3SUBS
2C46. LAST = NSOL(J) + 1
2C47. IF {JFIR(I) «GTs @) LAST = JFPIXLJ)

| i 2C48., 1C NTEMP(J) = IBSTARLLASTJ)

| 2C49. GO TC 200

| 2€50 . C
2051, € LAST BERANCH wAS [N BACKTRACK ING CIRECTION
2C52. C SET ALl 5iJd) = iBLBLJI AND [RH> = AMT OF RESOURCE LEFT

| 2053« €C INCVAL = =-]10u0u

: 2C05%. [RHS = Iu

4 2C55. N0 9C J=1,N5UBS

2C56. SC IRHS = IKRHS = ibLsi{Jd)
E 2C57. IF (IRHS LTs Q) RETURN
) 2059. r
4 <«C99. Dg 13C J=1,NSUBS
- 2C60 IF (JFIX(J) «GTe Q) GO TU 130
N 2061, LJBAR(J) = INAUT(J)
ke eC62. LAST = NLAMUALY) + ]
{ 2C65. DO 110 K=2yLAST
¥ 2Ct4 . KMl = K = ]
F 4 2C065. IF (IBP(K,J) .GT. [BLBI{J)) GO TC 120
9. éC66 110 ZJBAFR(J) = (JBAK(J) + RLAMUA(KML,J)*(IBP(KyJ) = IBP(KML,J))
! g 2C67. KSEG(J) = LAST
| s =~ 2063. GO 10 130
E & < 2669, 12C KSEG(J) = KML
| by 4 2070. LJBARL ) = (JUAR(J) + RLAMDA(KML,J)*( IBLB(J) - [BP(KM]1,J))

¢ ZCT71. 130 NTEMP(J) = IBLELJ)

2 2C72. L=
2073, C ALLOCATE: GET LAKGEST uP=-SLOPE

\))«(
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<074,
2C075.
2076.
2C117.
2078.
2C79.
2080.
2081 .
2C82.
2083.
2084.
2C85.
2086.
2C8’.
208%.
2C89.
2CS0.
2091 .
2092.
2093.
2094.
2095.
2CS6.
2097.
2C98.
2C99.
2100.
2101.
<102.
2103,
2104.
2105.
2106.
2107.
2108.
2109.
2110.
2111.
2112.
<l13.
2l14.
2115.
2116.
2117.
<l18.
2119.
2120.
2121.
2122.
2123.
2124,
2125.
2126.
2127.
2128.
2129.
2130.
2131L.
2132.
2133,
2134.

aEaNaNalaNaNe e NaleNaNaNallal

2CC

22C

1CCC

11CC

11CS

111C

LA L2

ERSRESRE VA IRRL SRS E SRS V4SS REERESRES IS SE S

1

RLMAX = =]l
DO 22C J=1NSUBS
IF (JFIX(J) «6T. 0) GO TO 220
IF (NTEMP(J) <EQ. IBUB(J)) GO TO 220
K = KSEG(J)
IF (RLMAX .GE. RLAMDA(K,J)) GO YO 220
RLMAX = RLAMDA(K 4]
JSTCRE =
CONTINLE
IF (RLMAX oLEe ~0.%) GO TO 1100

INCREMENT CORRESPONDING B(J)
K = KSEG(JSTORE)
KPL = K + |
IDELYA = IBP(KPL,JSTORE) = NTEMP(JSTORE)
IF (IEP(KPLyJSTORE ) «GT. I[BUB(JSTORE))

IDELTA = [BUB(JSTORE) = NTEMP(JSTQRE)

[RHS = [RHS = [DELTA
NTEMP (JSTURE) = NTEMP(JSTORE) ¢ IDELTA
ZJBAR(JSTURE) = LJUAR(JSTORE) + RLAMDA(K,JSTORE)*IDELTA
IFINTEMPUJISTURE) ECIBP(KPLyJSTCRE) IKSEG(JSTORE) =KSEG (JSTORE ) #1
IF (IRms LLEe. C) GG TU 1000
GC TC 200

END OF ALLCCATION
NTEMP(JSTURE) = NTEMP(JSTORE) ¢ IRHS
ZJEAR (USTURE) = ZJBAR(JSTORE) + RLAMDA(K,JSTORE) *IRHS
K = KSEG(JSTCRE)
IF(NTEMP(JSTORE) L ToIBP(KyJSTORE) IKSEG(JSTORE)=K=-1

INSTALL OP TIMAL ALLOCATION
IBAR = /TOLIE
DO 1110 J=1,NSUBS
IF (JFIX(J) .GT. 0) GO TO 1105
LAST = NSOL(J) ¢ |
(BSTARILAST Ji = NTEMP(J)

IBAR = ZBAR + (lJBAK(J)
GO YO 1110

K = JFIX(J)

IDELTA = [ZSTAR(K,J)
ZBAR = ZBAR ¢ IDELTA
CCNTINLE

INCVAL = INT(ZBAR)

IF (ZEAR «LT. 0.) INCVAL = INCVAL - 1
RETURN

END

SUBRCLTINE COMCHK( JyK)

CGMPARES CURRENT ALLOCATION (FROM SUBROUTINE ALOCTE) WITH
PREVIOUSLY EXAMINED ALLOCATICNS IN EACH UNFIXED SUBPROBLEM
70 CETERMINE [F OPT. SOL. CORRESPONDING TC CURRENT ALLOCATION
IS ALREACY KNOWN FOR ANY SUBPRCBLEM

***DESCRIPTICN OF PARAMETERS**¢sssxs

J = PARAMETER INDEXING FIRST SUBPROBLEM FOUND FOR WHICH OPTIMAL

SOLUTION CORRESPONDING TC CURRENT ALLOCATION IS ALREADY
KNURN (OUTPLT)
K = PARAMETER [NDEXING THE PREVIOUSLY EXAMINEO ALLOCATION IN
SUBPROBLEM J wHICH LEADS TG SAME OPT. SOL. AS WOULD
CURRENT ALLOCATICN (OUTPYUT)

IMPLICIT REAL®4 (A¢CoE=HyOyPoR=Wol) ¢ REAL®S (ByD¢XyY)
INTEGEK®4 (I=N,Q)
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2135. INTEGER®2 [/STAR,I61D, IBBND, [ 2BND
2136 CCMMON/BLOGKS/ RLAMDA(SU 100 ZNAUT(10),ZJBAR (10D 4yNSUB S, IZINC »
2137, L1IZBAR , TOUM ¢ IBLL yNJFIXsJFIXSM, I8 2 JFIX( 100 sNSOL(10),NLAMDALLO) 5
213e. 2KSEGI(10) 4 IBSTAR(20C,10) s IBUB(L1G ), IBLBULO), IBP(51410),
< 2139. 3IBUSEC(200,1C) y1ZSTAR(200,1G) ,I1BID(200),IBBNC(200),1ZBND(200)
2140. DO 1000 J=1,NSUBS
214l. IF (JFIX(J) -GT. 03 GO TU 1000
2142. IF (NSCL(J) +.EQ. 0} GG TO 1000
2143. L = NSCL(J)
2144. LP1 = L + 1
2145. DO 5GC K=1,L
2146. C TEST ALLOCATION AGAINST UPPER BOUNCS OF
\- 2147. C 6lJ IN KTH SOL. OF Su8 J
2148. IF (IBSTAR(LPLlsJ) -GT. IBSTAR(K,J)) GO TO 500
| 2149. C TEST AGAINST LUWER BOUNLS
; 2150. IF(IBSTAK(LPLyJ) L T.IBUSED(K,J)) GO TO 500
i 2151 C
2152. C ALLCCATION DOMINATED
2153, IDOM = 1
2154. RETURN
2155. C
2156. SCO CONTINUE
2157. 1CCC CONTIALE
2158. €
2159. C ALLOCATION NOT DOMINATED
2160. IDOM = 0
2161. RETURN
2162. END
2163. SUBROLTINE LDDATA(J)
2164. C
2165. € LCADS DATA FCK SUBPROBLEM J INTO APPROPRIATE STORAGE LOCATIONS
2166. C FCR SULUTION 8Y SUBROUTINES NORMAL (LP) AND BANDB (ILP)
2167. c
2168. IMPLICIT REAL*4 (A C,E=H10sPsR=hy2) ¢ REAL*¥8 (BsDoXsY)
2169. 1 INTEGER*4 (I=N+Q)
2170. INTEGER®2 JH(KINBAS,LA,LE,IA,IE
2171. INTEGER*2 [2ZSTAR,181ID,I8BN0 I ZBND
Fir2. INTEGER®2 [AS,LAS
2173. DOUBLE PRECISICN E (1000)
2174. REAL A(500)
2175. CGMMCN/BLOCK3/ RLAMCA(50+10),ZNAUT(10)¢ZJBAR(10) {NSUBS,IZINC
2176. LIZBAR, [DOM, [BLLy NJFIXyJFIXSMy 1B 4 JFIX{10) 4NSOL(10),NLAMDA(10)»
2177, 2KSEG(10)y [ESTAR(20Gy10)9 [BUBLL10)4IBLB(10),IBP(51410),
2178, 3IBUSEC(200,410) ¢14STARI200,10),IBIG(200),1BBND(200),1ZBND(200)
2179. CCMMON/BLOCKS/ XLBS(50910)9XUBS(50,10),AMATRS(1000)sRHS(20+10),
x 2180. INROWS (10) s NCULS( 10 ) yJFIRST(11) IAS(1000) ,LAS(50, 10)
2181. COMMGN E,XLBIL22) 9 XUB(122) +18(60)¢X(6G),Y(60) ,YTEMP (60 ),DSUM, DPROD,
& 2182. 1 DYy DEoDPyAy ICNAM( 122 2) ¢ NAME (20) yNTEMP(20 ), SUMINF ¢MSTAT,
Y 2183. 2 10BJ ¢ IRCWPy IVIN, I VOUT, ITCNT, INVFRQ, ITRFRQs ITSINV, IFFEZ,
i 21864. 3 JCULP ¢NROWy NCGL yNELEM o NE TA JNLELEM o NLE TA,NUELEM 4NUETA,
{ 2185. 4 IE€1000)y [A(500) s LE(252) yLALL22) +KINBAS(122)4JH(60)
¥ 2186. NCOL = NCOLS(J)
Al 2187. NROW = NRCWS(J)
(3o 2188. NELEM = JFIRST(J#1) -~ JFIRST(J)
! S 2r 2189. LL = JFIRST(J) = 1
3 = 2190. C LOAC AglAy LA,XLB yXUByBy JH KINBAS
% c 2191. 00 10 I=1,NELEM
" 2192. ACT) = AMATKS(aL+1)
2193, 1C [A(L) = [AS(LL+I)
2194. 00 20 K=1,NCUL
2195. LA(K) = LAS(K,J)
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2156. XLBIK) = XUBS(K,J}
2197. 2C XUBI(K) = XUBS(KyJ)
2193. LA(NCCL#L) = NELEM ¢ 1
2199. B(1) = O.
2200. LL = ASOLLJ) + 1 1
2 2201. BU2) = FLUAT(IBSTAR(LL,J))
% 2202. LL = NROW =~ 2
2203. 09 40 I=ksli
2204. 40 B(T+2d = UBLE(RRSLL,4))
2205. 00 SO [=1,NRUM
2206. JHEEY = 1
2207. SC KINBAS(I) = |
2208. LL = NRUW + 1
2209. D0 60 I=LL,NCOL
2210. €0 KINBAS(I) = O
2211, ITCNT = O
2212. INVFRC = NRUW
2213. RETURN
2214. END
2215. SUBROUTINE GETLBD( J)
2216. G
2217. c COMPARES CURRENT ALLOCATION IN SUBPROBLEM J WITH PREVIOUSLY
2218. C EXAMINEC ALLUCATIONS IN ORDER TO DETERMINE AN INITIAL LOWER
2219. c BOUNU ON THE MAXIMAL OBJECTIVE VALUE IN SUBPROBLEM J,
2220. C CCRRESPGNDING TC CURRENT ALLCCATION
2221 . c
2222, IMPLICIT REAL*4 (AsCoE=HyGyPoR=WoZ)y REAL*8 (ByDyXeY),
2223. 1 INTEGER*4 (I-NyQ)
2224. INTEGER®2 JH,KINBAS,LA,LEy[AyIE
2225. INTEGER%2 [PART, INCUMB, [VBND,IVI10,ICBND
2226. INTEGER*, IZSTAR,IBIDyIBBND,[ZBND
2221 DOUBLE PRECISICN E(1000)
2228. REAL A(500)
2229. COMMON/BLUCKZ/ OFP ART(122),REVBND, INCVAL, ICOL,LISTL,1VAL,IDIR,
2230. 1 NPIVGT,IPTYPE,RCOSTy IFEAS, IPART(122), INCUMB(122),
2231. 2 IVBND(500),iVID{ S00) o I0OBND(500)
2232, COMMCA/BLUCK3/ RLAMDA(S0¢10)y INAUT(10),2ZJBAR(10) 4NSUBSyIZINC,
2233, 1T1ZBAR, IDUM: IBLLyNJFIXyJF IXSMe1B 9 JFIX(10) ,NSOLU10),NLAMDA(L10) ,
2234. 2KSEG(10), IBSTAR(200,10),18UB(10),IBLB(10),IBP(51410),
2235. 31BUSEC(20U+40) ,125TAR{200+10),181D1200),1BBND(200J,12ZBNG(200)
2236. COMMON E,XLBLLZ2 ) XUB(122)9BL60) s X(60)¢Y(60) o YTEMP (60) 40SUM, DPROD,
2237. 1 DY 9 DEsDPs Ay ICNAMI 12242 o NAME (20) yNTEMP(20) 4 SUMINF 4MSTAT,
2238. 2 IUBJ o IRONP, IVINs IVOUT, EITCNT, INVFRQy ITRFRQ,ITSINV, IFFEZ,
2239. 3 JCOLP s NROWy NCUL9 NELEMy NE TA (NLELEM,NLE TA,NUELEM,NUETA,
2240. 4 TE(LOUO)»IA (5000 ¢ LE(252) +LA(122) sKINBAS(122)¢JH(60)
2241. INCUMB(L) = =10000
2242, KSTCRE = O
2243, LL = NSOL(J)
- 2244, IF (LL -EQ. O) RETURN
3 2245. NEW = LL + 1
2246. c SEARCH PREVIOUS ALLUCATIONS FOR BEST LOWER BOQUNO ON ZJ
2247. DO 10C K=1l,LL
o 2248. IF (TNCUMB{L) .GE. IZSTAR(Kyd)) GC TO 100
X 2249. [F (IBUSEC(K,J) .GT. IBSTAR(NEM,J)) GO TO 100
2250. C BlJ* >= KTH BlJ: UPDATE INCUMB(1)
} 2251. INCUMB(L) = IZSTAR(K,J)
o 22524 KSTCRE = K
\ 2253. 100 CGNTINUE
2254, C
o 22554 C KSTORE INDEXES THE PREVIOUSLY EXAMINED ALLOCATION GIVING THE
. 22564 C GREATEST LOWER BOUND ON ZJ
; 101
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2257 .
2258.
2259.
2260,
2261
2260 o
¢263.
2264,
2265.
2260
267
2268.
2263.
22170
227} .
22172.
2213,
2274
22154
2276,
2277 .
2278
22719.
2280 .
2281
2282.
2283.
2284 .
2285.
2286,
2287
2288 .
2289,
2250.
2291«
22G2.
2293.
22% .
2295.
2296,
2297.
2298 .
2299.
2300.
230l.
23C2.
2203«
2304,
2305.
2306.
23C7.
2308.
2309.
2210.
2311,
2312
2313.
2314.
2215.
2316.
2317.

A I N AP o W 19 g O B

IF (KSTUKRE <Eude 0) RETUKN
INCUMB(Z) = 13STARINEwWy ) = LBUSECL(KSTORE,J)
DU 216 K=2 ,NCOL
21C INCUMEIK) = O
IFEAS = |
RETURN
END
SUBROUTINE SAVER(J)

STCRES ALLCCATICN AND SOLUTICN INFCRMATION FOR SUBPROBLEM J

sl ale)

[IMPLICIT REAL*4 (A3Cob=HyGePoR=my )y REAL*8 (ByDyXyY),

1 INTeGER*6 {1=N, Q)

INTEGER*, UHyaKINSASyLA,LEZIA, [E

INTEGER%. [PART, INCuMB,IVSND, IVID,ICBND

INTEGERRZ L LSTAK T EID,I3BNO, 1ZBND

COUBLE PRECISICN E (1000}

REAL Al500)

COMMCN/BLOCKZ/ DFP ART(LL2)yREVBNDyINCVAL ICOL,LISTLyIVAL,IDIR,
1 NPIVCT,IPTYPELZRCCST, IFEAS, IPART(122),INCUMB(L22),
Z IVBND(S00),IVID(500),I0BND(500)

CCMMCN/BLUCKS/ KLAMCA(D0,10)+ZNAUTL10)42ZJBAR(10) yNSUBS,IZINC,
LIZBAR IBUMy IBLLyNJFIXgJF IXSM, I8 JFIX{10),NSOL(LO):NLAMDA(10) ,
2KSEGU1CI s IBSTARL20C,10),IBUBLLO),IBLB(LO),IBP(514+10),
JIBUSEC(200¢10) 915 TAR(LOU10),IBIC(200),I8BND(200),12BND(200)
COMMON EgALB(L122) e XUB(122)98(60),;x(60),Y(60) ,YTEMP(60)+DSUM, DPROD,

DY s 0EsDPy Ay ICNAM( L22¢2) 9 NAME(20) yNTEMP(2C ) o SUMINF ¢MSTAT,
IOBJ o IRCWPy IVINy IVOUT ¢ ITCNT o INVFRQ, ITRFRQITSINV, IFFEZ,
JCULP yNRUWy NCOL yNELEMy NETA yNLELEMyNLETA,NUELEM NUETA,
IECLOQ0 )y IA(500) s LE(RZ52) yLA(122) KINBAS(122),JH(60)
[# YEST WHETHER SUEPRUBLEM J WAS FEASIBLE (IFEAS = 1)

IF (IFEAS .EG. 1) GO TO 90

INCVAL = =-10000

INCUME(L) -10000

INCUMB (L) 10000

W -

on

SC LL = ANSOL{J)

NEW = LL + 1
IBUSED(NEW yu) = IBSTAR(NEW,J4) = INCUMB(2)
IF (LL .EQe ©C) GO TG 1000

c CUMPARE NEw SOLUTIUN IN SUB J WITH PREVIOUS SOLUTIONS
DO 50C K=1l.LL
[F (IPUSED(NEWsJ) «NE. IBUSED(K,J)) GO TO 500

C NEW SCLUTION SAME AS KTH: REWRITE OVER KTH REGION
[BSTAR(KyJ) = IBSTAR(NEW,J)
NTEMP(2) = K
RETLRAN

SCO CCNTIANUE

C NEw SOLUTICN DIFFERS FRCM ALL PREVIOQUS SOLUTIONS
1CCC NSOL(J) = NEw
[ZSTAR(NEWyd) = INCUMB(L)
NTEMP (2) = NEW

RETLRAN

END

SUBRULTINE UMBRAN( Jy¢K)
€
C BRANCHES ON ALLGCCATION VARIABLES BIJ IN SUBPROBLEM J
CrrdexxxxDESCRIPTIUN OF PARAMETEROS**%%%3x%
C J = PARAMETER INDEXING SUBPRCBLEM IN wHICH BRANCHING IS UONE
C K = PAKAMETER INUEXING A PREVIOUSLY EXAMINED ALLOCATION IN
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i
2313. C SUBPRUBLEM J. THE CURKENT ALLGCATION IN SUBPROBLEM J [S Ty
2319. C BE FIXED AT THE KTH LEVEL FOLLOUWING THE BRANCHING PRUCEUUKE
2320, (R R E s R Y Ry
2321. C
2322. IMPLICIT REAL¥4 (A ¢CrE=HyTeP R=Wy2) s REAL®E (B,D,X,Y),
2323, 1 INTEGER*4 (I=N, Q)
2324, INTECER®*2 JHoKINBA Sy LAJLE [ALIE
3 2225. INTECER®. 1ZSTAR,IBID,I88ND, 14BND
2326, DCUBLE PRECISION E£(1000)
2327. REAL A(5003
2328, CCHMON/BLUCK3/ KLANMDA(50910), éNAUT(10)4ZJBAR(LQ) ¢NSUBS IZINC
2329. JUZEAR TOUMy IBLL yNIFIX9JE TXSM,iB 3 JFIX(10) ¢NSOL(10)sNLAMDALLO) o
2330. 2KSEG(10), IBSTAR(200,100, 1BUB(i0 )y IBLB(L10)yIBP(51410),
2331. 3[EUSEQL20U,10) 2 1ZSTARC20U 4104, 1BID(200) IBBND(200),1ZBND(20T)
2332. COMMON By XLBULL2) e XUBCL221:B(6U)3XE60),Y(60) ,YTEMP{60) 4OSUM, DPROD,
23313, 1 DY DEsDPy Ay ICNAM( 122920 y NAME {200 ¢ NTEMP(20 )¢ SUMINF MSTAT,
2334, 2 {UBJ  IROWP, LVIN, I VOUT, ETCNT, INVFRQy ITRFRQ, ITSINV, IFFEZ,
‘ 2135, 3 JCOLP oNRUWy NCOL \NELEMy NE TAyNLELEM,NLETA,NUELEM NUETA,
i 2336. 4 LECLOOO), LAL500) yLE(252) sL AL 122) yKINBAS(122),JH(00)
! 2337. NTEMP (1) = IBUSED(KsJ)
2338. IF (IBSTARIKyJ) «GE- IBUB(JI) GG TO 200
2339. (i AOL uP BRANCH UN BIJ TU LIST
2340, I18LL = IBLL + 1
2341. IBIDCIRLLY = J
2342. 128ND (IBLL) = [BUB(J)
2343, [2BNC(IBLL) = [LBAR
2344 . C
2345. 2C0 IF (NTEMP{1) <LE. IBLB(J)) GU TO 500
2246. c ADD DUWN BRANCH ON B1J TQ LIST
i 2347. [BLL = [6LL + 1}
2348, IBIC(IBLL) = =y
2349. IBBND(IBLL) = IBLB(J)
2350. IZBNC(IBLL) = IZBAR
21351, C
2352, C REVISE BOUNDS ON BiJ FOR FORWARD BRANCH
2353. S5CO IF (TEBSTAR(K,J)eLT . IBUBLJ)) [BUBL{J)=[1BSTAR(K,J)
2354, [F (NTEMP( L} .GT. IBLB{J}) IBLBLJ) = NTEMP(L)
2355, C
2256. IF (NTEMPi1l) .4T. IBLB(J)) GO TC 2000
2357. MSTAT = 1
2358. RETURN
2159, c
236). C FORWARD BRANCH DOMINATED
2361. 20CC MSTAT = 0 !
2362, RETURN i
2363. END
2364. SUBROLTINE BBKTRK
. 2365. C
2366. C BACKTRACKS IN ALLOCATION-VARIABLES SEARCH TREE TO LOCATE NEXT i
2367. ¢ PRCMISING NODE TO BE EXAMINED. LAST=IN=FIRST=QUT (LifFO) !
T 2368. (% SELECTION RULE CUSED.
3 2369. ¢
[ 2370. IMPLICIT REAL*4 (A ,CoE~Hy0pPoR=WyZ) y REAL*8 (ByDo¢XoY) ¢
i 2371, 1 INTEGER®4 (1-N,Q)
by 2372. INTEGER®, [ZSTAK,iBID,IBBND,1ZBND
8y 2373, CCMMCA/BLUCKS/ RLAMDA(S0 9100, ZNAUT(10) »ZJIBAR (10) yNSUBS,12INC,
: 2374, LIZBAR y IDUM, IBLLoNJFIXyJF EXSMe (8 9JEIX(10)sNSOL(LO) yNLAMDA(LO) ¢
' 2315, 2KSEG(10)y [BSTAR(20Cs10), 1BUB(10),IBLB(10), IBP(51¢10), 3
& 2376, 3IBUSEL(200410) 4125 TAR(2004L10) 4 IBID(200), IBBND(200),128ND(200) {
2317, C RETURN TO MAIN IF LIST OF STGRED NODES IS EMPTY (CGMFUTATIONS !
2278, C CCMPLETED)
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2379,
2380,
2381 .
2382,
2383,
2384 .
2385,
2386.
2387.
2388.
2389.
2390.
2391.
2392.
2393
2254 .
23%5.
2366 .
2397.
2293,
2399.
2400 .
2401 «
2402,
2403,
26404,
2405,
Co.
2407 .
24C9%.
2409,
2410
2411.
4412 .
2413.
2414 .
2415.
2416
2417
2418.
2419.
2420.
2421.
2422
2423 .
2424.
2425
26426,
2427,
2428,
2429
2430,
243k
2432.
2433,
434
2435.
436 .
2427 .
2438 .
2439,

(@]

)

~

AR OV

50

2CC

10CC

20¢C0

22C¢C

25CC

*A#RREORDE SCRIPTION OF PARAME TERSH#%sxun s

LR AR AR R R AR R R AR RS S SRS 2 R R 2 2]

1

IF ¢(1eLL
IOENTIF
LIS

J = 1el0(1

J = 1ABS(J
TEST wH

IF (JUFIXtJ
WUNFIX®

NJFIX = NJ

K = JFIX{J

JEIXSH =

JEIX(J) =
IF (T 2BNU(

GE

IF (ielD(!

NOOE ~A

{TENMP = [B
IBLR(J) =
IByefly) =

128AR = (2
JFIXtJ) =

GC TC 100¢

NCCE wA
ITEMP = 18
iBusly) =
IBLB(JY) =
Y2BAR = [({

“BLCKKE
LATER
I8iDt18Le)
IBBNC (IBLL
TZBND (IBLL

RETURN

NU
ifF (1BlDt1
T8UB(J) =
GO TG 2500

[sLety) =
IBLL = IBL
GO 70 S0
END
SURRCLTINE
CUTPUTS
INC(J)
COMPKIS
IMPLICIT R
I

INTEGER®Z
INTEGER®Y

EQ. C) RETURN
Y URANCAING VARIABLE BIJ CORPESPONDING TO LAST NUDE ON

BLL)

)

EiHER SUBPROBLEM J IS CURRENTLY FIXED
) «LE. 0) GG TO 100

ALLOCAY 1ON Tu SUBPROBLEM J NOW

EEX = 1}

)

Fixok = [ISTAR(K.J)

Q
IBLL)Y JLE. IZINCH GO TO 20C0

T MNEXT NCDE FROM LIST

BLL) LT« 0) GG TQ 200

S5 GREATED BY JP=BRANCH ON BIJ
LB(d) i
I18uB(y) + 1}
1BBNO(IBLL)
BANDCIBLL )
=L

S LREATED BY OUwN-BRANCH CN BIJ !
uBidJl

IBLB(J) =~ 1

{8BNOE IBLL)

BNCE IBLLD

EPINCY TO ALLOW OGRIGINAL BOUNDS ON BIJ TO BE RETRIEVED
= =18l1D0C{ELL)

ITEMP
~10000

)
)

Won

DE FATHOMED: UPDATE BCUNDS AND BACKTRACK AGAIN

BLL) LT. G) GU TQ 2200

IesNU! IBLL)

IeBNCOIBLL) 3

L=

OUTSOLEINC)
SCLUT ION INFOURMATION
= PARAMETER INDEXING THE SOLUTION IN SUBPROBLEM J

(J = Ls2seeesNSUBS) FROM WHICH THE OVERALL OPTIMUM IS
EU LINPUT)

EAL*4 (A2CsE=HyO0sPsR=WeZ)y REAL®*8 (ByDoXyY)
NTEGER®4 ([=N,Q)

TLSTAR,IBID, IBBND,128ND

[AS, LAS

————
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2440.
2441 .
2442.
2443 .
2444 .
2445,
2445,
2447.
2448.
2449 .
2450.
2451 .
2452.
2453.
2454.
2455.
2456.
2457.
2458.
2459,
2460
2461 .
2462 .
24€3.
2464 .
2465.
2466,
2467.
2468,
2469.
2470,
2471
2472,
2473.
2474,
241754
24764
2477,
2478
2479.
2480
2481.
2482 .
2483,
2684.
2485.
2486 .
2487.
2488,
2489.
2450.
2491.
2492.
2493 .
24G4.,
2495.
2496.
2497.
2498.
2499.
2500,

i W0 1 0 S 5 N 5 )

1C

1ce

12

0 A s sk Vs g o Do A o i e

CIMENSIUN INCU1Q)

COMMCAN/BLOCKS/ KLANMDA(S0,10),INAUT(10)4ZJBAR(10) 4NSUBS,IZINC,
LI ZBAR o [UUM o IBLLy NJFIXyJFIXSMy IBoJFIX(20)sNSOLCLOI;NLAMDA(LO)
2KSEG(1C) s IBSTAKL 200,10}, I8UBCLO) . IBLBIL10),IBP(SL +10),
31BUSEC(200¢10)4125TAR(200,204,1BL10L200),+IBBND(200),1ZBND(200)

COMMCAN/BLOCKS/ XLBS(50410) ¢XUBS(50410)yAMATRS(1000)4RHS(20410),
INROWS (10) ¢y NCOLSC 10 ) 9 JFIRSTU(LL) ¢« IAS(1000) ¢ LAS(50,10)

WRITE (6,10)

FORMAT (*]1 OPTIMAL SCLJUTION®'//*¢ SUBPROBLEM',T20,'SOL. NUMBER')

DC 10C J=1,NSUBS

K = INC(J)

WRITE (6411) JsK

FORMAT (I7,720,15)

WRITE (6,12) TZINC

FORMAT (//*' MAXIMUM CBJECTIVE VALUE =',110)

RETURN

END

SUBROLTINE PHASEL( J)

SOLVES SUBPRUBLEM J AS A LINEAR PROGRAM PARAMETRICALLY IN THE
LINKING CONSTRA INT RIGHT-HANC SICE. SIMULTANECQUSLY MODIFIES
THE RESULTING CUNCAVE AND PIECEWISE-LINEAR PARAMETRIC OBJECTIVE
FUNCTIOUN TO RENCER ALL BREAKPOINTS IBP(KyJ) (K = 1929ceer
NLAMDA(J2) INTEGRAL.

IMPLICIT REAL*4 (A CyE-HyQOsPyR=hy )y REAL*8 (ByDeXyY),

1 INTEGER*4 (I=N,Q)

INTEGER*2 Jh,KINBAS,LA,LE,IA,IE

INTEGER®Z [ZSTAR,IBID,IBBND,IZBND

DOUBLE PRECISION E(1000)

DIMENSION A(500) ,INC(10)

COMMON/BLOCKZ 2TOL LE9ZTOLPV,ZTCOST,y ZTOLRJY9ZTOLSM, QRO¢ QMA,QBA 4QF I ¢
1 QEU» (BLyQA,QPL s dMIQZ QI +QF QN ,QUy NRMAX s NEMAX,Qb,QC,
2 QEyQH» Ly Q0 QR QM9 Gy NTMAX
COMMON/BLUCK3/ RLAFMDBA(S0410)»{NAUT(10),ZJBAR(10) ¢yNSUBSyIZINC,
LIZBAR ¢ TUUMy IBLLyNJFIXyJFIXSMy I8 +JFIX(10)oNSOLCL10),NLAMDA(1O)
2KSEGU1C) o IBSTAR(20C,10),1iB8UB(1012,18LB(10),18P(51,10),
3IBUSEC(200,10)y1ZSTAR(200,10),1BID(200),IBBND(200),+1ZBND(200)
COMMCN EoXLBI122), XUB(122)+B(60)¢X{(60),Y(60)YTEMP(60),0SUM,DPRUD

UY 3DEOPo Ay ICNAM( 12292) s NAME (20) yNTEMP(20) o SUMINF 4MSTAT,
IUBJs IROWP, IVINy IVOUT,ITCNT, INVFRQ ITRFRQITSINV, IFFEZ,
JLULP ¢NRCwy NCOLyNELEMyNETANLELEM,NLETA,NUELEM,NUETA,
IECL1000)y 1A (500),LE(252) yLA(122)+KINBAS(122),4JH(60)

LET CPTIMAL LP SOLUTION wilk RHS = IBLB(J)

ITSINV = 99999
CALL NCRMAL
INALT (J) = SNGL(X(I0BJ))

IRBAR = 1BLELJ)

K =0

SWN -

K=K +1
IBP(KyJ) = [BBAR

COMPUTE NEXT BREAKPOINT VALLE BBAR
CALL UNPACKI(Z)
CALL FTRANI(L)
IF (Y(IOBJ) «LE. £TCOST) GO TO 1000
DP = 1l.ELU
DO 10C i=1,NROW
IF (1 .EQ. [0BJ) GC TO 100
JCOLP = JHL(I)
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2501. IF (Y(!) .GE. ZTOLPV) GO TQ 60
2502. IF (Y(I) .LE. =ZTOLPV) GO TO 50
2503. GO TO 100
2504. 5C OY = XLB(JCGLP)
2505. GO TQ 70
2506. €C DY = XUB(JCOLP)
2 2507. 7C DE = (€Y = x{1))/Y(D)
b 2508. IF (DP .LE. DE) GO TG 100
2509. DP = CE
2510. IROWP = I
2511, 10 CCNTINUE
2512. DTEMP = FLCAT(IBBAR) + 0P
2513. DE = CTEMP + ZTOLZE
2514. [BBAR = LUINT(DE)
A 2815. [Ff (DE .LTe 0u) IBBAR = [BBAR = 1
2516. If (IBRAR .GE. IBUB(J)) GO TO 1000
Z517. TEMP = FLUAT{(IBBAR)
2513. DE = DTEMP = TEMP
, 2519 . IF (1BBAK <EQ. IBP(KsJ)) GO TO 500
2529. IF (DE -LT. ZTOLZE) GO TG 400
2521. G0 TU 600
7522, C
. 2523. C NEW BREAKP CINT BBAR NATURALLY INTEGER
] 2524. 4C0O RLAMDAIX,d) = SNGL (Y(I0BJ))
2525. c UPDATE X TO REFLECT VALUES AT NEW BBAR, THEN PIVOT
2526, DO 41C I=1,NROW
2527. 41C X(I) = X{I) + Y(I)*pP
2528. B(2) = FLOAT(IBBAR)
2529. CALL NORMAL
2530. GC TC 25
2531. C
2532. C NEw BREAKPCINT BBAR < PREVICUS BBAR + 1
2333, 5C0 DYEMP = X{I1GBJ)
2534. IBBAR = IBBAR + 1
2535. (e UPDATE X: NEW BBAR = OLD BBAR + 1
2536. D0 51C I=14NRON
2537, S16 X(I) = X(I) + Y(I)
2538. B(2) = FLGAT(IBBAR)
E 2539. CALL NCRMAL
2540. RLAMDA(KsJ) = SNGL (X(IOBJ) = DTEMP)
b 2541. GO TO 25
2542. C
2543. C NEw BREAKPCINT BBAR > OLD BBAR + 1, BUT NON-INTEGER
2544 . 6CC RLAMDA(KyJ) = SNGL (Y(I0BJ))
% = 2545. K=K % 3
2546. IBP(K,J) = IBBAR
; 2547. DTEMP = X(I0BJ) + Y(I0BJ)*(DP = DE)
< 2548. [BBAR = IBBAR + 1
] 2549. DP = 0P + (l. = DE)
- 2550. D0 61C I=1,NROW
£ 2551. 61C X{I) = X(I) ¢ Y(I)*DP
2552, B(2) = FLUAT(IBBAR )
] 2553, CALL ANCRMAL
o o 2554. KLAMDA(K,J) = SNGL(X(IOBJ) = DTEMP)
| o 2555. GO 10 25
~ 2556. C
y . 2557. C END UF PLP
A 2558. 10CC RLAMDA(K,J) = SNGL(Y(I0BJi)
2 2559. NLAMDA(J) = K
4 2560. 1BP(K+1,J) = [BUB(LJ)
u 25¢1. RETURN
B ¥ 106
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2562. END
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*+swx SAMPLE INPLYT DATA FOR DECOMPUSITION COOE DSLC#ssss

4 263 L 0
L
NAME SLB1
RCWS
N 08J
L RCWw1
L RCkll
L RCOWL2
L ROWl3
L RChl4
CCLUMNS
ccLll CBJ ~56 RORl 4C.
ccLll RCW11 lo. ROWlL2 38.
¢iGELl fCw13 Be ROwWl4 38.
cecLi2 c8J -113. ROWl 9l.
ccL12 RCAl1 92. ROWL2 39.
cory2 RCh13 iile ROWl4 52.
3 ccels ced -30. ROWL 10.
3 ccell RCwll 4l. ROWLZ 32.
coul3 RCW13 30. ROWl% 3C.
CCL14 ced -62a ROWL 30.
CCL14 RCwll lo. ROWLZ Tl.
CQOLl4 RCW13 60. ROwl4 42,
CCcL1S ceJ -c10. ROWl 160.
coL1s RCW1l 120. ROW12 8C.
ccL1s RCW!3 20Ca ROWl4 170.
RES
RHS1 RCW11 221. ROW12 182.
RHS1 RCW13 258. ROWl4 232.
ENCATA
0. Os O, | 0% Ca
b5 Ia Yoo Ie s
: 2C0
; 2
NANME sSLB2
RChwS
N ORJ
E L 2Cwl
1 L RCh21
. Lt RCwW22
L RCw22
L RCW24
CCLUMNS
: cce2l C8J ~43. ROW1 20.
g ccL2l RCw21 23. ROW22 264
, coLzl KCw23 18 ROW24 ¢
E i coL22 CBJ ~7. ROWL 3.
E cCL22 RCw21 4. ROW22 5
Rl ccL22 RCw23 6. ROW24 Ts
coL23 c8y ~33, ROwl 12.
! ccL23 RCW21 18. ROW22 40.
. ccL23 FCW23 30. ROW24 20.
CCL24 cey ~5. RUWL 3.
CCL24 RCh21 6. ROW22 8e
o CcoL24 RCw23 4
X ccL2s Cey ~12a ROWL L8.
>
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T

oh

cecL2S

CEL2S
RS

RHS]

RHS1
ENCATA

(919 C

s 1

3

NANME

RCRS

N O8dJd

L RCkl

L RCw3l

L RCw32

L RCwi33

L RChi34s

CLUMNS
CCLAL
coL3li
CCLAl
cciL32
coL32
ceL32
CCL33
c€CL33
cGL33
COoL34
CCL34
CCoL3¢
CCLAN
ceLas
CEeL3S

RS
RHS1
-)‘—C_l

ENCAT A

(% C
) 7 1

C

m »

NANM

RCwS

N NBY

L RCw1

L RCh&!L

L RCw42

L HKiLw4?3

L RCw&s

CLUMNS
CCL4lL
CCL4l
CCLal
CoL42
CCLA2
CCL42
CCL43
coL42
CCLA43
COL4A

¢

RCw22
RChl4

RCw21
RCw23

- O. O.
- Lae le

i 44

sUB3a

€ed
RCw31
RCw33
€84
RCw31l
RTW33
ced
RCw31l
RCw34
ceJd
RCwW31
RCh34
ced
RCw32
RChie

fCw31l
RCh33

SLB4

CEJ
ARCh4l
RCW43
ceJd
PChél
RCwa 4
CEJ
RlwWal
RCwa3
cey

L.
0 AT

ROwZ3

Ao

36 ROWZ2
46 . ROwe4
Ce

l.

=32 ROwWl

| P ROW3<
3la RUW34
~20a ROWL
8. RUW32
6e ROW34
-4, ROW1
2e ROW33
l.

"3. ROHL
le ROW32
e

~-43., ROWL
23a ROw33
i4a

16« ROM32
4l. ROW34
Ce

1.

~426a ROW]
20U« ROW42
60a RUWSS
~42. ROWL
2Ue RUW43
8.

~1l2le. ROwl
O ROwW42
ba ROW44
-8 ROWL
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64.
27.

10.
18.

48.
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CCL44 RCh4l 2.
CCL44 RCha4 6e
CcaL4s cey =2
CCL4S RCh41l le
CCL4S RCh44 l.
KNS
RHSL RCh41l 160.
RHS1 RCw43 6l.
ENCATA

R WK TR T

e
-

Q. Q0. O Oe 0.
le l. 1le le 1.

B T Y N S

ROw42 3.

ROWl l.

ROW43 2.

ROW42 86.

ROW44 230.
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START NE#W

18P{Ky 1)
RLAMDA(K,
INAUTC 1)

1BP(K, 2}
RLAMDA (K,
| INAUTCL 2}

TEPIK, 3)
RLAMDA (K,
INAUT (. 3)

18P(K, )
RLAMIA (K,
INAUT L &)

Sue 1
sug 2
SUB 3
SUB 4
TIME = 1
SuB &
SUB 3
Sue 3
SUE 4
2 SLR 3
) TINE = 1
sye 2

sus 3

e sue 3
SUE 4

SLe 2

% TIME = 2
TINE =

sua

PRCBLEM

.
AN N WS DWW N e e e

20 ae 0 20 O P ss o0 6 w0 20 N te 50 an se s O e 4y se we

CPTIMAL SCLUTICN

(4] 10
= 3.00
-0.0000

0 12
= 2075
-~C.0000

o} 10
= 4.30
-C.0000

c 1
= 8.00
-0.0000

266

62

50

64
SECONDS:

62

50

50

52

10
SECONDS:

55

SECONDS:
SECCNDS:

50

&7

62

261
SECONDS:

240
SECONDS:

40
2.07

1i
2.07

13
2433

15
2.33

11
4.00

12
3.56

2 11
4.20

) 55
1 9
20 i3
g 131
IZINC =
0 132
25 Q
22 0
5 137
0 b
ILINC =
2 13
V] 8
0 6
g 134
11 3
IZINC =
IZINC =
2 9
0 3
Z 0
28 56
1ZINC =
(0] 30
IZINC =

64

4l 80 8l
le40 1.40
16 217 28
2011 2.11
16 17 18
3.56 3.45
12 13 20
2400 1.52
50 24
14 8
20 12
34 211
442
36 212
G Q
0 0
38 215
14 8
450
20 15
17 1l
14 10
36 218
18 11
452
455
22 11
10 8
0 9
8% 70
457
28 32
462

RSIEE R Swe T

*2excQUTPUT GENERATED BY DSLC ON SAMPLE PROBLEM® ***#&

1.31

0.67

l.52

163
1.31

0.60

162
1.60 0.64
1 0
1 1
0 0
o 1
Q0 1
0 0
0 0
[ 1
0 1
1 0
0 1
0 1
0 1
1 1
1 1
1 1
0 0
1 1
0 0

185
1.22

39
0.63

34
0.59

o =00 ~ 0O OO~ -0 0

~ 000

-

i

~OCCO 00 - =00

- O ™0

(=}

86 193 194 200
1.22 1.i8 1.03 1.03 1.0l
40 42 43 44 44
0.62 0.62 0.61 0.59 0.37 Q.2
35 37
0.57 0.32 0.20

1

1

1

1

0

0

0

1

1

1

1

1

0

9

0

1

0

0

1




SUEPROBLEM SCL. NUMBER

S
-

MAXIMU¥ CBJECTIVE VALUE = 462

TCTAL SOLUTICN TIME = 3«12 SECONDS

TIME IN PHASEL = 0.60 SECONDS

MASTER PRUBLEM SOLVED 91 TIMES: TOTAL TIME SOLVING MASTER PROBLEM =
AUMAER CF TIMES EACH SUBPROBLEM SOLVED = 3 6 6
NUMBER OF DISTINCT SCLUTIUNS OBTAINED IN EACH SUBPROBLEM = 3 5 4
TCTAL TIME SCLVING SUBPRUBLEMS = 2.20 SECUNDS

0.22 SECONDS
4
4




APPENDIX III

LISTING AND SAMPLE INPUT/OUTPUT FOR COMPUTER PROGHAM DMIC
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Fur

S

»

-~

Bl - S SR R

$

cIgp

x3425CLTPUT CENERATEC EY UMLL UN SAPMFLE PRuBLEM®#% 3%

SLE 1 SEL )3 2¢€¢ v UL 64 50 24 1 0 0 0 1 4
SLE 2 S€t P ¥ &< 1 9 <l le b 1 1l 0 0 1 1
SLR 3 SEL 1 S0 2V 1> <4 Pav] 12 ¢ Q 1 1 1
SUE 4 SEL 1= 3 g 13l &3 34 211 J 1 1 1 1
TINE = let4 SECONCS:  ICINC = 44¢
$LE 3 SCL 2: 417 V) 14 25 20 l4 (¢} u 1 (V] 1
SLE 3 SE 3: 50 U ¢ 0 0 V] C 0 0 0 0
SLE 3 SCt 4 50 V] C v v v C (4] C V] 0
SLE 3 sSCE S €3 [ -] 10 17 1l c 1 0 0 1
SLE 4 SEL 2: 52 9 1317 a3 38 215 C 1 C 1 1
IvME = ce44 SECUNDS: IZINC = 443

$0e 3 SEL £ 7C J ) 9 14 3 C 1 1 1 1
sLe 4 SEL 33 50 v 138 83 40 216 c 1 c 1 0
TIME = 2.€S SECCNCS: IZINC = 448
sLe 3 SEL 7 &7 (V] 6 v l4 10 G L 1 ] 1
sLe 2 SeL gt 55 < 13 <o 20 15 1 c C [ 1
sLe 2 scr 33 85 11 3 25 i3 11 1 1 C 1 0
SLE & SCL 4 €2 U lac 03 36 214 c 1 1 1 0
TIME = 4.1 SECCANCS: [IcdINC = 450
sLe 4 sCr & 4 VI 2 6o 36 Z2id [¢] L 1 0 0
TIME = 4445 SECCNLCS: QILINC = “55
SLEe 2 SEL 43 50 < S 33 22 11 1 1 C 0 0
ste 2 s€t  §¢ 67 v 3 13 10 8 1 I c 1 1
S¢E 2 SEL 68 €2 v ¢ J 9] v} C 0 C v 0
SGE ) SCL  @¢ 2¢1 28 56 2 89 Ty 1 i 1 1 0
TINVE = 7.C5 SECCNLCS: LeING = “57
SLE L Ser 3¢ 24C " £l v Z8 32 (0] 0 1 v 1
SCE 1| SCL &8 é31 b s 34 Ll 1w 1 1 c 1 0
TIME = 1025 SECCNCS: LLINC = 462
CPTIMAL SCLLTICA i
SLEFPRCERLEN SCL. NUMBER

1 Z

Z ¢

2 €

4 1
MAXIMLNM CRAJECTIVE VALLE = “bd
TCTAaL SCLUTICN TIME = lue9eESECUNUS
TIFME IN FPHRASEL = Co85 SeCLLNALDS
MASTER FRCELEM SCLVEC 229 TIMES: TUTAL TIME SCLVING MASTER PRUBLEM = T7.62 SECONDS
MUMEZR CF TIMES EACH SCLEPmRuUCLEM SOLVEU = 4 6 7 5
NLIPHER CF CISTINCY SCLUTILNS CITAINEL IN EALH SUEPKCELEM = 4 o 17 5
TCTAL TIME SCLVINC SUBFRLOLEM> = 2e35 SECONOS
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CrL4e cey -4l Kdwl LCw
Cllace flnal Zue Kuws3 Zle
CTLaz FChada Oe
4?2 CEJ “ide Rdwl 8.
LCL4AD ECnal Cao RUwad 2Ce
4 CrL4l FCw43 4. RU W44 4.
& LCLa4 CEJ -Jde ROwi Le
CCLA4S KCwnal Ce RUh4< 3.
CCL44 Flnas G
CCL4s €eJ “ce RUWL le
CCL4s RCh4al 1. ROw4s 2e
CCLas fChaa e
RES
R+-€1 FCwi LUe
4 €1 FCwal 1oy, Riw4l 8¢t.
RESL fCw43 Gle Rumwéa 230
| ceNCTAT 2
| €Ce “e Ceo Ue €e
l. 1. l. l. L.
€
2€
. 3
2
Y
sl
1
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oh

s &

ClLza Elhel Ue Rumnd< 6.

CLLis k(Cred ‘“re
CLeS g8 gl e RUwl lE.
CCLZS kChnee ida RUwZls 8.
CuL2S klnl4 de
RES
RiFE L FCwl e
RrS] RCwel DYSIN Kumdid b4e
LR | KCwi3 40, KUW24 27.
ENCATA

Ce Ca Ce C. C.
1. 1. l. l. l.

C
44
3
NAME sLES
RCwS
A and
Lt RCwl
K IC¥ 21
L RCwiz
L RCwW33
L RCw34
CCLUMNS
£CL3) ged 32« ROnwl Se
EELAL Fln2l L. rRUW3Z 3C.
ceL3l k(w33 2L RUw34 Zle
CCL32 (B4 =liLe ROwl 25
cCLi2 ECwi3l De RCOw32 Ce
cCLa2 FCw33 Qe KJW34 4.
€122 Ced e Ruml l.
CEE33 fCwll Ce KUn33 3.
(ol % K (w34 ie
CrL24 CEJ -3 ROl le
ceLa fCn3l ie Ruwie Lo
Cliza KCnl4 da
GELIS CEJ -4l RUWL 1C.
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CONTINCE

ACteCATILN LLMIivATEU
eev =
KETLAN

CONTIRLE
CUNTINLE

ALLLLATION NLT UlMINATEL
IEEM = u
KETLRN
tEANC
SLERGLT [N LouDATALY)

LLALS UAIA FUR cudPhiubleM J INTU APPRUPKRIATE STUKAGE LUCATIONS
FOR SULUTIUN £Y SUBRUJTINES NGRMAL (LP) ANU BANDB (IcP)

IMPLICIT wEpAL*g (A Co=HyLoPyR=ny ) 9y KEAL*E (BeDyXyY),
1 INTEcen®e (I-Ny Q)

INTECE k=, whyRInveA SyLAagLEgIAyiE

INTEGER e J¢oTAn el EiLyibbNUridBND

INTECER®. LAL,LAS

CCLELE PreClSIUN B tluow)

REAL £(o0u)

CCMMOUN/bLULRS/ ?-LA"CA('J,‘U'LU"l'\‘UI(‘erO)leBAF‘lU,'NLINK'kaJDS'
PTIZINC o [Lb AR ¢ LUUM ¢ IBLLUSNJE LXKy JELXSMy EB(2) y JFIX(LU)oNSOLLLO),
ENLAMU L0 ) g [USTARE 29409 iV) s IBUSEL LIS 94U lu) s [BUBIS9Ll0) o IBLB(D91U)
JULSTAN(auy Lu) I IU WL, 20U ,1BBNU (200D, 128NDI20O)

COMMUN/GLulra/ ALESLcU L0 g XUBS (LUy LO) 9y AMATRS(1000) 4RHS(LU9LC)y
INRCWS {1u) oNCLLSUEU )y UFIROTILL)» IASCL0CL) 9 LAS(20410)

COMMUN CoAltlacc)e XLblice ) 9BLloU) 3y X( €012 Y(OC) yYTEMP(OUD) guUSUM, LPRUD,

i UY sLbpLFomy JCNAME 0220 c ) o NANELCU) yNTEMP( L0 )y SUMINF yM3TAT,
2 TUOJ pa=LuPy IVIing IVUUTy ITONT ) INVFRQy ITREKGITSINVy iFFcEZ,
3 JLULPynrUny NLCULyNELEMyNE TAJNLELEMyNLETA,NUELEM eNUETA,
4 Lellee )y TA(Z00) W LELLDZ) oL A(Lee) o KINBAS(122)dH6U)

NCUL = Nuutstyld

NELh = NKundLd)

NELENM = JriroTly+l) = JFIRST(J)
Lt = JEIRST(G) = 1
LUAL AplAy LAZXL3 9 XUB B yuh  KINBAS
Cli 1C I=talNbLitM
ACT) = AMATROGCL*+i

1ath TAStLL+i)

LU 20 K=49NCuc

LA(K) = LAS(KyJ)
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ALBIK) = ALudilnyg J)
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K = 1ESTax(leLtyd)d
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el€2. CC eCC i=aeNLINK
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2t S1C OSLY = Uoouk ¢ LFPART(JI i
PR o 1 [SCV = JulNT(UsSuVMi §
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c2€3, C0 €9€ lLi=1ylSun j
220 1ECL = | £ } :
<cclla LP o= LEPAKTIGICLL) i
i CC 92C J=LLoNCCL gk K B
A& S 1F (DFFART(J) oLce LP) Gu Tu oeC i1
cela. LP = Crfani(ul i1
aelda ICCL = u i
2216, £2C CONTIRLE i
2217 IPAKT(lLul) = IPARTOICUL) +
célYe DFPART(ILLL) = U
<219 ECC CENTIRLL
£2 8. SeC LE =t © 1
E2E N €CC CERTINUE
ce¥B2e (3
cctie C EnSTALL NEm INCUMDENT
ccl4%e UL S3C J=1,NCdL
fehoa S<C INCUME(G) = TPART( )
eithe CETULRN
Z2€ T, END i
cliB e SULBRCLTING LLMCAR( wyKk) E
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Ci%Ja € CCMPUnE S CURKENT ALLUCATEUN (FEUNM SUBRCUTINE ALGLTE) wiTH )
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ceY9le € SUskFReoleM o WwHICH LEAuS TC SAME UPT. SOL. AS wGULY
2200, C CLURRenT ALLLLATICN (LuTPul)
2301 . (A At g aht i bt bl v AT FA AT R R HAKR BRI AR IS
22C2 [
2203 IMPLICIT REALX4G (msC E=HoLgPyR=hyt) 9 REAL®YE (S54,09X9Y)y
2204, 3! INTeCik*a (1=ivy Q)
€205 INTECER*,. [ ¢5TAkylEluylouND L LoD
é3C6. CUMMUN/BLULKS, S LAMLALDpcUsddd o INAUTICO21C) y ZIBARCLUD oNLINKeNOUB Sy
Z22C LIZING g TCoAR yiBLMy JELL o NJFIXyJFIXSMy IBIS)  JETX(LO o NSUL(LU) .
€38 o INLAMGACLu) 2 1B5TaRK( 5,909 10) 9 IBUSEDLS5 940410) yTEUB(S5910) 9 IbLB(DOv1U)
€363 A[2STAK(4UyhU) 9 JL iUl yeUU )y [BONU (2C0 )y ILBNO(200)
. 2210« OC 1CCC v=1NdLLS

! o 2311 IF (JFIRGJI) oGla 0) wu TU luvu

A oy cild. IF (NSCLUJ) «EWe U) GU TL LUV

5 € 2283« L = NSCtd)
c31%. &Pg = L * )

) o B CC S0C k=1t

. Z21y. C TeST ALLLLATIUN AGAINST UKPER BOUNDS UF

PO Y C Bly fiv NIt SCLe CF 3ud J4
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LTEME = (Tc¥r * N
CONTINL:

CAENCCLE L2 = NeweMm ¢ )
TTISINN = 999%9

INVFEC - inlw

KETULRN

ENC

SLARRCLYiNe Tedle

TESTL (PF=UP TIMal SULJTICON T MASTER PRUBLEM FOK FATHUMING AT
CURKo ol Nelie It ALLUCATIUN=VARIABLES SEARCH TREE. IF T
FATIFLML U, sl & eP=uPTIMAL ALLUCATIUNG Tu COTAIN AN INTEGER=-
FELSIUVLE ALLJUCATIUNS

IMPLICIT Rene¥a (L ycgt=melUgPpr~hgd) g RuAL®D (B s Xe¥)y
1 InTeota®xs (I=N, &)

[NTECEF¥ . Ub,KincAS)LuglEslA,ic

ihrtkﬁf*” IPART, INCUMGy IVONU . LVIUICBND

INTECER®. 1{STAR I elug [BuNOy i LBNC

uuLFlE PreClafun e Livl)

REAL L(duv)

COMMUAN/SLUCKRZ LY el ey cTULPV o LTCCS STy eTOLRY 9 ZTCLSM sURU QMA, WBA 4QF I

WEU s WEL A s dPLs M Lo QL ad D g 4F oGN3 QU NRMAX ¢ NEMAX s UBowCy
< wbswbaaloQUsGRyIM LGy NTMAX

COMMUN/LCLURe/ UDFP ART (Led) 9nEvEAU 9 INCVAL yICGLaLLISTL,IVALsIDIK,

1 WPl v Tyl PTYPC g RULST o IFEAS, IPART(122) ) INCUMBILLZ2)

ivohLt500 ) IVIUL500) o ICBNU(500)
C IMMEN/SLUCKS/ FLANMLALG 29 2Upiu) 9 UNAUTL209)U) 9 ZJBAR(LG) oNLINKgNSUBS
LIZING g lznar y Juu g TELLYNJIF IR JFIXSMy I8 () g JFIXCLUIsNSOL(LU)
SNLAME ALl ui o lUOTARC S 349Ue10) o IBUSEU(5 9409 i0) s IBUB(5410) yIbLB(291U) o
SLLSTAR(aus bud o loludsduo )y IBoNULCO) 128NLL20C0)
COMMON b yALotddc )y 2ubl(122) +8LoudyX{EQ)2Y(0G) +YTEMP(GU )y USUM,y UPRU DY

i UYsiLcsUPyAy ICNAM( L2292) s NAME (<0) ¢NTEMF(20) 9 SUMINF 4 MST AT,
é iUDJyIRLWPy IVING IVUUT g ITCINTy INVFRy ITRFRQITSINV, IFFEZ,
3 JULLF g NRUn s NLCLANELEMy NETA JNLELEMyNLETA,NUELEM,NUETA,

4 1etlClU)y LALS0U) g LE(LZDC) yLA(A24) yKINBAS(122)¢JH(0O)

CP = »xllucsd + LTUlLLE

INCVAL = LLiINT(DP)

IF (DF JLTe wol INCVAL = INCVAL = |

IF (MSTAT oscwe wivd INLVAL = =luCul
TEST FUR tATHUM ENG

It (INCVAL oiLte LZINC) KETUKRN

cuMPLTE INTECCR ANO FRACTIGNAL PARTS OF EACH Z2Jy 8iJ

CC 10C u=LlsNCUL

IF (KINDAStUD) 4UuyuCy60
UFPART(u) = L.

(PARI(JI = [LANT(XLB(U)]

GE TE€ 10

DFPART(U) = e

[PART(J) = LTLINT (ALE(J))

uwC 1C luu

[ = KIdvAadty)

LP = Xxtl) + ¢TCLCE

TPART{J) = IUINT(OF)

Te (DF oiTe Vo) iPAKTLY) = [PAKT(Y) = L
K = TEMRT ()

DFPART(U) = A(1) = rLUAT(K)
CCNTIMLE
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SIZSTAR(4e i)y ioldlercvud g looNu (¢CU )y [LbNCCLCU)
CUMMUN Cyattllec ) g Aol ) 10 (0u) o X(EU) o Y(OU) 9 YTEMP(GU ) gUUMy CPRUD

i Yyt e Py Ay TCNAME Lo c ) s NAME(LU) yNTEMF(20) o SUMINE g MOTAT,
P PuBdplRin iy IVINg IVGUT o LT CinT ) INVERQy ITRFROGITSINV, [FFcd,
3 JCoulFahnmumg NeucywnELeMeNe TAgNLcLeMyNLETAZNUELEM gyNJUETA,
4 Lo CLCUU )y 1A (5U0) gl o) gL AL Le2) o KINBAS(L122)5JH(0OU)
ARCwh = LNk ¢ |
3(1) = J.
INSTACL who Fok LIGKING COnNOTRAINTS
VU 1o I=¢4Nrunw
ITEME = Ldti~L)
1C 8(1) = ruLcAl(LiTeMp)
CUMPUTE NRLAGNCUL
CC 10C u=4a9NoUeH
ARLW = wnun + NLAMLA(U)
1€C CONTINMNLE
NCCL = NRUGn + NOUSSH(NLINKEL)
INSTALL SLACK>

DC 2u0C [=1eN\Kun
a(l) = 1.
LACT)

Jhtl)
XLa(l) = Jo
cCC XUB(I) =

LadTALL Zuyeld CLidMnNo FOR ULNFIXEU SUBPRCBLEMS
NecLENM = NKUn
ICCL = nkuw
ITENE = Wi Ik ¢ )
NG SCC J=19N5JBS
NELEM = wZeceM + 1
ICCL = iCuL + |
A(NELENM) = =1,
TA(NELEM) = |
LACICCL) = Ncoted
N = NLAMDASY)
OC 21C K=i,b
NELEM = wilcM + 1
A(NELENM) = 1.
Il = JltcHP ¢ K
[ACNELEM) = (I
31C 3L = uUosLeddNUT (r,u))
[l = 1T=mMP ¢+ |
KINEAS(iCLoL) = 1T
ARINBASLIT) = o
JH(IT) = JCue
CL 39¢C d=1gNuiivn
NELEM = heler + |
ICeL = Icuwi + 1
LACICCL) = NcLtM
A(NELEM) = |,
TAUCNELEM) = | + 4
GC 23C K=l yN
NELEM = NELEM + |
AGNELEN) = =KLAMUALLyKyJ)
220 TACNFLEM) = ITEMP + K
A5C mINEAS(ICLL) = v
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BE = Xtotdd
tL = tALY)
KK = LALu+L) ~ I
BC &8CC [=LL oKR
IR = la(i)
Y(IR) = vuelwrd) - A(L)%0L
COnTINCE
CALL Flnandi)
CALL SPirincdtincd
SCtve mo3Ten PrleLcM AS LP
CALL NLR#AL
ToST bur FATHOCMING RUJING B13*S TU GeT INTEGck=FLASloLt oSCL.
CALL T1EST .

1F (TMCvatl otCe LeINL) RETURN

TCCL = Neuw ¢ ]
COMEL - LF=UUuNL Uiv UbJe VALe IN JINFLIACC SUSBPROBLEMS FUR (SE
IN SULPrebLEM StleclTlun RJLE wheN [PARM = ]

8 18 J=isNhoun S

[F (JFIxtul) eule W) GG TU Lo
I = KIN3ASELCLL)
2IEAR (U1 = SNGLEALE))
ICCL = 1k # BDLINK #+ |
INSTACL new ALLCCATIUN In IBSTAR
ICIR = kuwn + |

D0 21CC u=1lNoLBS
If (JFIALJE «GTs U) GU TU 2100

LESTE = NSCekuld * |

DC 2C%C [=1enLlInk
[ESTARILyvisTi o) = LocuMsllulrel)
[UIR = Julerk « NLlivk ¢ |

CC <2CC i=zLloNCINA

fPL = I + i

IF (INCUMeliPLl) ebwe u) GU TU <c2lC
OC 215C u=1Lah3U3>

IF (JFlatd) wule ©) GG To 2idu
LISTL = nattddd & |

IB8STARE  gLdoliuedd = [35TARCIelSTLyY) ¢ INCUMB(IPL)
ID = JeSTartlotlSTLyd) = l8uB(l4J)
IF (L] stee U} wu FC 2290
[3STAR(Ly [sTLsu) = [8Usllyd)
INCLME(TPLY = [

CCANTINL:

CLNTYINL:

RETL=A

ENL

SLBRULTINE LUMSTR

LufCs LATa Fuw MASTER PRUSLENM INTC APPRCPRIATE STURAuE
LLCATIuNS rix SLLUTION 3Y S>UEBRLUTINE NURMAL

IMPLICIT ~nchAl®*4 (AgCyc=NeCoPyR=nel) ¢ KEALEB (B4DeAsY )y

1 INTecen®4 ([=wrw)

INTECER®_ “H'O\IA\JQS.L»'\'L.':.lA'lE

INTECcR* . [eoTAr g LEBLIuyIBBNUy [ LBNU

cCuBlE PrecIsioun e (do0u)

REAL &{5uv)

CUMMLN/SCUCKS/ RLANMCA(2920000) o INAUT(20410)y 2JBAKILY) oNLINKyNSUDB S
LIZINC yleoacoluumy IBLLy NJFIXe JELXSM IB(5) o0 FIX(L10) e NSUL(LQ)
Z'\lﬂplf(lu]r‘x,.)'-lr((ty'uyt\))vldd)tuljy‘ﬁu"ld,1lEUB‘5'l\J)UIULB()'lJ"
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tietes UlAT CALL LUMSTK)
LRXFUBEL AL AR e CRENBRL IR ABIERE R B ER R E L RN

IMPLICTT REAL¥a (aplt=HoylyPsk=npe) y KEAL*¥8 (ByUsAyeY )y
1 INITboer®>4 (=N, W)

INTECER*_ JhyKINBASeLAaWLElAyiL

INTECER®. APAR T, INCLME, IVBNUivID1CBND

INTECER*. TeoThR L EIUs LUDBNDy LcoND

UCLELE PrecCIslin E(Luvu)

KEALL F(ouui

COMMUNMN/bLUCK/ «TLL by eTULPVY 9 cTCUSTy 2TCOLKJI ¢ LTCLSM o QKU UMA, (BA 3GF 1y
l CEC QL rWA s P Ly WM I W (2 gl s WF g UN QU NKMAX ¢ NEMAX , UByw Ly

Wb byl g QU WK s WM ydG s NTMAX
cC"NLﬁ’uLuLﬂg/ UFP LR T{Llc) s KEVONU 9 INCVALy JCCLyLISTLeIVAL, IUIK,

WPIVLT IPTYPE yKCLST, IFEAS, IPART(122) s INCUMB(LLL)

TVBNLIDUI) o IVILIECL) y1LENDIS0OC)

LCPFth/uluLha/ RLANMLUALD 20910 )9 INAUTILO 910D 9 ZJBAKIL10) o NLINKyNSUB S,

LIZINC o LeoAR s 100y LELLaNJFIXyJFIXSMy IB () g uFIX(LU) yNSOLCLU)

PANLANMUALLU) o IUSTART S y4Us10) 9 J0USEDLS 4401002 1EUBIS,10) 9y 1oLol5410)

ZULSTAK(GU, L) o ID 10U (29 20V) » IBBIND (2C0) 4 [LBND(2GO)

COMMUN cortetlec s XUnlace) sBlOU) 9 X(€Q)Y(HL) s YTEMP(60) yuSUMy CPRUID,

{ UYL touby Ay ICNAM( 122 9¢ ) yNAME (O o NTEMF(20 )y SUMINF MSTAT,
2 PUuJ s akUaPy LvINg IVUUT g LTUNT o INVFRQy ITRFRW ITSINV, IFFEC,
2 JudlFalrums NCOLyNELEMyNc TAWNLELEMyNLETA,NUELEM ¢yNUETA,

4 PctlCuuly TA (20U LELLD ) 2L A(LL22) 4 KINBAS(LLL )y IH(BU)

IF NLLEDSARY, LLAL UATA t+Uk SOLUTICN UF MASTER PrOBLeM
IF (IFAn etwe L) CLALL LUMSTR
ICCL = Naumn
CC 50 J=LNoub>
IF (JFIX(u) «0Te U) GU TU 40
L€CL = jcul + i
INSTaLe BLUNDS CN LU COLUMNS
XLE(ICCL) = =1CuuwUe
ALB(ICCL) = QUCuU.
INSTALL ecdNUS CN ©lJd CULJMNS
LC 2C I-14NLINK
TCEL 2 el +
Il = 1BLe(l,.d)
XLECICCL)Y = FLUAT(LL)
IT = ftJollsu)
AKUB{ICLL) = ¢LUATLID)
6L ¢ S
INSTALL cLUNUS CN CULUMNS ASSUCIATED wlTk FIAED SUBPRUBLLEMS
K = JFixig)
JGEL & Ik #* A
IT = 1Z5TAR(K,yJ)
XLECICCL) = bLealills
XUB(CICCL) = xpLellIcll)
CC 45 I-1iyNLINK
FCCL = 0L ¢ 1
I1 = JeLs(lev)

XLE(ICCL) = FLCATLILL)
XUE(LCCL) = aLkcicCl)
CCANTIME

[TCNY = o

IF ([FAr sbwe L) WL TU 90
CALL SHFIFTRULy3)

CC SCCC J=1y9NClL

IF (KINBAS(J))EOUUETOUy JUUV
UE - XLB(u)

129

sowr e A AP e




" , B e

1652, XLE(ECLL) = FeuaTihTemPic))
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1SLaa KINBASCLLLL) -1
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= 1EE T, JuCC EVICULISTLd = =ivILeeidTL)
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LS 75 e CALL FTrANCL)
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1Si7 . RETLKA
1€13 C
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1SEda e ICCL = IVIEGLISTL)
1S€1. IF (ICCL «LTe C) GL Tu 21luu
(Lb. (
S E8Ja NTEME (L) = IvbAutLISTLI
V% IF (KINLALLILUL) ) «Ciuscudlycusnl
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1665 0P = Xxtollele) = atvtleud!
IS8T« CY = FLUATANTEMP (L)) = AJolaCoL)
) L2 IF (CF o0Ta LY) KihBASLICGL) = C
1€ 895 2C%C xUBALTCCLY = FLULATINTEMPL LD
155G )e GE 1€ 3Jvu
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1992 « ¢1€C 1CCL = ~{LUL
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15649, IF (R INsASEILLL) ) ¢i1D392110,215¢0C
1€G9 2. 2Lt 1C KNYEMP (3] = &
5S0 e DY = xlolicet) = FLOATINTEMP (L))
1667, £P = xLutleowld = atELICOL)
% 14685, IF (CF ecTe LY) RINGAS(ICLL) = =1
16¢4, Z15C XLE(ICCL) = FLCATINTCMPLL))
- 2GBYe C
N ZCEL & 3CCC LISTL = e it = &
eC02. GG T 20
{ cUC3e C
‘}’ i, NG
{ i SUBRLLTLive AcLLT el LPAR)
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A ¢eCC3, ¢ URNETALU SLuPRUBLEMS
L <CCYe Crrdtyntd 0 SCRIPTION UF FAKAMETEKS* %% 3% %% 3
iy ¢Clue. { 1Ptk = PAKAMLTEKR INUICATING WHETHER UR NOT ANY SUBPRUBLEM HAS
o €€ile C veeiv tAPLILETLY Sbevel SINE LALST MASTER PROBLEM
> Ze s C sULUTleive  IF NGT (IPAR=1)y MASTER PRUEBLEM CAN Et
o
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1665,
1S40
1927 «
€285
152% «
1€30 <
1631
1532
€33
1S$34.
1933
1535,
1537
1€53«
¥S5H9
[€40.
1€41
1642,
1S43
1444,
1645 .
1940,
1547,
1643,
1549,
950
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JCUL IhULAES brANLHING VAKIAdLE CHCSEN
[ulrn [ACTCATLS ORANCAHING LIKECTIUN CHUSEN

atl LPPUSITE LIReCTIun TC LIST
LESTL = LISTL += 2
IF (IChn oEw. =1 IVoNULLISTL) = IDINT(ALBUICUL) + «TOL¢c)
IF (ICIn etuwe L) IVONOLLISTL) = IUINT(XUB(ICGL) + 4TOLLc)
IVIC(LISTL) = IUIR*iCOL
[CENC(LISTLY = [vAl

rEViot SCJNLS N BRANCHING VARIABLE FOKk FORWARD DIK=CTIuN
IF (T0Ir obtwe =1) XLBOICGL) = VELE(KEVBNU)
IfF (ICIr olwe 1) ALECICUL) = Dolt(REVEND)
ReTLEN
ENC
SUBFLLTLive tKTRAK

EACKTRALARS Tu StbLelT A PROMISING (UNFATFOMEU) NOUE FkuM THE
LIST UF STUKED NCODESe LAST=(IN=FIRST=QUT (LIFC) SELECTIUN RULE
IS EMPLUYLED

[MPLICIT wREAL®4 (ACok=HyUePyR=hy2) sy REAL®*8 (ByDyXyY)y
INTcock®*4 (I=Ny &)
INTECGER+ L UPeKINBASLAasLE LA, iE
INTECER®Z IPART, [NCLMByIVBNU, IVIC,ICBND
CCLELE PrECisIUl £ liuvu)
KEAL ALiuu)
COCMMUN/CLUCKY LTUL cby LTULPV eTCCSTy dTOLRI 9 ZTOLSM 4 QRGO QMA 4y LBA 4GF 1
htu-kvL;uu.gPL,uMl,LL.ulqu'CN.QU.NRMAX.N&MAA'UBvQ61
L swh sui y WO QR s WM UGy NTMAX
COMMCN/oLuling/ UFPART (ice) o REVBAND 9 INCVAL, ICOL,LISTLy IVAL,IUIK,
WPLVUT iPTYPE sRCUSTHIFEAS, IPART(122) 4 INCUMB(LZL)
IVBNE(200),IvIiV(500) ,L0BNU(50C)
COMMON by ALElLec) y XLB(L22)9B(60)3X(€0) s Y(00),YTEMP (00 ) yUSUM, UPRUU
UYLy dPy Ay ICNAML (22920 s NAME(LC) ¢y NTEMP(20) 9 SUMINF ¢ MST AT,
Lo siRunky IVIN, IVUUT g ITONTy INVFRQy ITRFRUZITSINV, [FFELZy
JULLP gNHU s NCLU NELEMyNE TAGNLELEMyNLETA,NUELEM ¢yNUETA,
TedLuud iy LACR0UD s LE(ZSL2) 2 LACL22) yKINBAS(L )y JIHOUI
NTEME(3) = (
(F LioT io £MPTYy KRETURN (CUMPLTATIONS COMPLETEUL)
[t (LISTL otGe U) FETURN
IF (TCeENUCLISTL) oLles INCVAC) GL TG 20G0u

CGET NeAT NLCE FRCM LIST
[COL = IvIiL(LISTL)
IF (1CCL oLT. C) o€ Tu LOU

NTEMP (1) = ILINT(ALBLLICUL) + ZTCLE)
NTEMFlc) = IVBAL(LISTL)

xLE(ICCL) = AdeéltlLlL) + 1l

XUB(ICCL) = FLUAT(NTciMP (L))

IF (KINDASLILGL) «CTe v) GU Tu 1GCO
KRINEBAS(ICUL) = U

NTENMF(3) = 4

GC TC 1luue

ICCL = —~ICLL

NTEMF(L) = ILINT(XCECILOL) + ZTCLLE)
NTEMP(g) = TvbBaDILISTL)

XUBLICCL) = XLE(ICCL) = 1.
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LE30. ( CETERMINE BALIC VARS ALIRUWP ) wlTh MAX. JP= UK DUWN=-PENALTY
821, DL 45 i LyNelln
i ik IF (JPUL) eice NRun) LU TU <904
a [F (PLEI) «CTs PECIY)Y Gu TO 460€
185% ., IF (PLIli <bLCe PEN) GU TG 4%0u
1825 PEN POLL)
2 1836, IKCaP = |
1t . [CLR = =}
1t - NTENMELL) = LPART L) + L
1834, REVENL - FLCATUNTEMPCL)
ledd. GC TL 4900
le4la 4e¢CC tF (PUL(E) obre Pznd) GU TO 4900
1842, PEN = FULL)
18413, [RCWP =
4 144 . ICIR = 1
lean. NTEME(L) = 1PART L)
1846 . REVENL = FLLAT(WTENMP L))
| JE4T 46CC CONTIMLE
1848, IF (IFUnP oLie L) CL lu 9950
4. C EALE UP= uNL LUWN-PCiALTY ote Ue (DUAL-DEGENEKACY)e CHOGSE
FESD S € ANY DeiviinToCek £2S10C vaR. AS BRANCKHFING VAR
FESLe CC 4910 IrtnP=LyhRUL
1852 . IF (Jblirunk) elte ARCGwl GL TO 4910 1
1853, IF (CHPAT (in0aF) oCce LTULLE) GO TC 4920
18« 45 1C CONTINMLE
% o 2 4 PEN = FUlikOnP)
}ESHLe EIR = ]
TEETS NTEMFLL) = IPAKILLIKRCwP)
| 1958, REVUNC = FLLATHANTENMEL(L))
| o2 e 4SEC ICCL = UHUIRUWP)
1tev. CP = X{fUbu) = PEN + LTOLZE
18& Y5 NTEMP (L) - ILINT(UP)
18€2'. IF (CF oLTe Lad NTEMPLLY) = NTEMF(L) - L
1263 TF (IvAL J0Tae NTEMPLL)) IVAL = NTEME(L)
lEE4 . C ERENCH LN CrUSEN VAR
1L€de CALL EFRANLE
18c6 . SECC IF (ICIn se&s =10 I[PTYPE = ©
1 e FE WEUIR sECs 1) 1PUYPE = =F
18€9« KETLRA
1 EED . ENC
e T SLEFCOLTINE EnAaNCEH
LEELs €
1 - { ErAhUiLs UN VAR LaBLe A(ICUL) AS CETERMINEC IN SUBRUOUTINE PENLTS
ety C
161w, IMPLICIT REALXEG (A glye=tyLyPeR=ny ) y REALFB (B4309X9Y )y
YT 1 INTLOoEk %4 ([=N, &)
: 1876, INTECer®EL JbaKInEA S, LagLEyIA,yIE
LETTa INTEGER*L IPARTy InCUMOy EVBND I VIC 1CBND
1t 734 LUUBLE PReCISICN E (4uv0)
Pl 1£79. RESL £(5uu)
3 lebu e COMNMUN/DLCUR/ dTLL e by cTULPV LTCULST o 2TOLRY 9 ZTCLSMyCROy WMA 9B A 4GF Ly
1881 « 1 CEUy GBLIWA s aPL s GMT o G2 ol s dF o GNy QU NRMAX ¢yNEMAX ywby Wy
i 1662, - L awh gul s U WR s UM P LGy NTMAX
by 16E3. COMMUN/BLGCKE/ UFPAKRT {Lce) yREVBNG 9 INCVAL  ICOLyLISTLyIVAL,IUIR,
A 1€84. i \erLl'LPTYPE,KLCST.lFtAb.IPART(lZZ).lNCuMﬁ(L(()v
3 1085, ¢ FVBALLES0U) 9 IVIU(SLC) o1CBND(50C)
d léto . CLMMOM cortellde )y XibBUleg)yB8L6U) 9 XU Y(OLC) s YTEMP(60)905uMDPRUD
o 18ar. 1 UYLt yUPy Ay ICNAMI L2292 ) s NAME (CU) yNTEMFP(Z0) g SUMINF ¢MSTAT,
» 1689, 2 LUOU g iRCwPy IVINg IVUUT y ITCNTy INVFRQy ITRFRUSITSINV, IFFEL,
; Lty . 3 JLULP g NKUWy NCULy NELEMy NE TA JNLELEMy NLETAZNUELEMyNUETA,
o 1890 . 4 LECLUlU ) AA (50U s LELZD2) oL ALL22) «KINBAS(LZ2) 4 JdH(0U)
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| -
j 17169 100 LF = lAbsuy(la)
| | % i) P NTEMP (1) TUINT (0 F
117} D = £F « pLI ATINTENPLL) )
iy IF (CCP obla ZTULLE) ouke (VP GEe lo=4TuilZE)) GO TU 509
= Y203 IF Y UFE otfe Lad EP = Ld = )P
" ) 7 IFf (LF oule oFPARTLI)) ol TO 351€C
S RDE = Y(IoBJ)I*DFPART(L)ZDP
1776 e T@ b
| N 230 e = Yliuod)®*(le = LtPaRT(LI))/tda = ULP)
1113, 320 TF (DE <Ll Fu€ll) Potl) = De
1179, (
17&0. €E€C CGRTINLE
1281, LCCE CONTINLE
1782, €
i { LuMPull LarubEST GuMury FENALTY AND TEST FOK FATHUMING
1 PEN = U
¥7855% JC 20CC i=1 givkRlm
1786 . IF (JE(L) oLte NRUND CGu TO <ulu
Y2187 IfF (PC(I) ouls PEN) PEN = 20il) ! 3
17163, Z2CCC CCNTINLE '
11E€9 « CP = X(luud) = PeN + cTuLcee ]
1753, [VAL = LUINT(UF) i
1751 « IF (CF «eTe Us) ivAL = JyAL = 4 :
11S2e IF (IVAL oCle INCVAL) oC TU suuC §
1753, DIk = o $
1754, RETLHA 2
Y7€55. € :
17188 € PrLott AUl ralnlMeo: CRECK FGR FOKCED BRANCHES UN X (1) i
17157, 3CCC NTEMP(Z) = €
1763. DC 39CC 1=1,NRLnm i 3
17159, IF (JH(L) alte whUR) 0 TU 590u i 3
1€CO. IF (PL(]) «GTe Putldi wu Tad 3oul
FECL ¢ DP = x(lusdl) - PULT) ¢ ZTULeE
éC2. NTEMF(L) = QuINT(LPS
LECHs IF (UF oLTe Cod NTEMFLL) = WTEMF(1) = 1
18C4. IF INTEMP (1) «uTe INCVAL) GG TO 390C
) o C FURLEL bRANCH JP LN ALTD)
. IVAL = wnTsMpll)
ICIR = =,
18C3. NTEMF L) = LPARTUL) + 1
16L9. GU TC Zluv 3
PETD e ( ;
LELL < Z€CE DB = Jlluved) = PULLY & 4TGLic
1812 NTEMP (L) = IUINT(LF
lelsae [F (LF «eTa God NTEMF(L) = NTEMF(Ll) - 1
x 1€1¢e IF (NTEMP UL oCTe INUVAL) GU TU 3S0C
LEiS. € FURCeU BRANCH UOWN UN X(1)
; 1816, IVAL = NTENMFLLD
i TELT. ICIR = |
3 bels e NTEMF (L) = [PAKT (L)
‘ 15 S 370¢C [RCWP =
\ lbeDa ICCL = JhlirGaP)
N lezl. REVENE = FLUATINTEMF (L))
) - LEZ22 s NTEMPLZ) = 1
) fors 1a23. CALL ERANLF
. & 1€2% 2G6(C CONTIMLE
1€4% IF (NTEMP (<) 6T« () Gu TO Suou
. 4 1£26. ¢
3 1827« C e FuRCEL CRANCHE 38 LHULSE ERANCHING VAR. AND DikECTIUN
s 1623 PEN = C.
: 1€23. TRCwF = o
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1703
1763 .
1710
171l .
1712,
1715
1714,
171v.

oo

o~ O

b . i B oyt ATy i)

1 Wil btleswhAydPLowMl sl sl gwF g &N oGUy NRMAX yNEMAA g GB 9wl

& WL oawd b awby dLowrtywM oGy NTMAX
CUMMCN/ZuLunGgs UFPART (122 oREVONU 9 LNCVAL o ICOLyLISTL oI VALIUIR,
1 NP LNDT y lP TYPE 3 nCUSTy Lk tAsy EPAKT(LZ22) s INCUMBULLL) o
é LVBNLLLIU) o IVIULEGC) o ICBND(50C)
CUMPUN Eyalilacc s AUblicciyo(oul g XCCUl o Y{(0C) yYTEMPLOO) yusUMy DPROU
L LY sLcobFy Ay TCNAM( lé(fﬁ)'f\ﬂf’{:(LU‘QNTI:MF(ZU,IS\JMINP"MSTAIO
i L piRinPy IVINg LVUIT o ITONT ) INVFRG iTRFRQWITSINV, LFFELZ,
J JuulPydruas NLULyIveELcM e NE TA yNLELEMyNLETA NUELEM gy NJLT A,
4 LetivuU) s 1al500) s LEleDe) LB 122) ¢KINBAS(Lc21,4JHIGU)

CC 10 1:1,inUn
IF (DEFART ) «2Ts 2TULLER U TC &

Putld = L.ie
PEGIE = |6
PGLLI) = l.ce
a8 18 19

E PULLY = O,
ERECE) = O.
PGCLE = 0s

FE CENTINLE

DC 1CCC J=1leNLlL
IF (KINZAS(J) ouTe U) GU Tu LOUC
IF ((xL3iu) - XLblJ)) orte LTULLE) CU Tu 100C
CALL LNPACKL(Y)
CALL FTrant(l)
IF (KINBAS(JY EQe €} GO TG 3W
CC 20 I=1,Nnin
Z2C Y(I) = ==XULJ

ChECR Fur FLKkLoU B8rRANLH GN XJ

20 IF 4 sitke NeUw) GC Tu 20

CP = x(lddd) = YLICBY) + LTGLlc

IVAL = [ulNTwUH)

[F (CF oLTe Ved IVEAL = (VAL - 1

IF (IvAL .6T. INCVAL) Gu TO 5Su

ICIR = cx#ninhocAStdd + 1

IF (10ir etwe =L) KEVENJU = SnNulL (ALBWI))

IFf CICIx otke 1) KEVBNG = SNGLIXLE(J))

ICCL = J

CALL ErAner

UC TL, l.auv

€C CC £CC I=] AkGa
[F (Jr(l) elie inrLin) vu TO 200
[F (DEFART (L) oL1le &TLLLED GU TC 50C

CUMPLTE UP PENALTY FUR Xx(i)y XJ
1CC IF (Y(l) oCTe =cTulPy) GU TO 2uC
Ce = Y(Iunul®(CFPAFRT(]) = 1ad/Y (D)
IF (VE «ole YEIUBJ)) Dec = Y(IUbW)
IF (DE «tTe Putld) PUll) = vk
GG TC 3uu
CUMPOTE wOAN PewALTY Fuk (1) XJ
20C IF (Y(1) enle cTULPV) wu TOU 300
CE = Y(lupodl*CFrAR T(L)/Y (L)

IF (DE ocTe YUILBJI) DE = Y(IUBJ)
IF (LFE «uTae POCL)) PULl) = Ok

CUMPUTE GUMLRY PENALTY FOR x(I)s XxJ
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lea e
F&4:30,
Le43 .
leSds
I€5 ) «
LEE2
YEEA,
ke S
RESH
§ AT
LES Ty
LES8
YEST .
et )
BPEEL
lec?ia
lEE3e
1€E€4 .
lEC s
LEe .
YE&T o
rE€Ed,
1E€Y o
16T ) e
LeTle
1€7 2.
LET3 .
fEThe.
1€15.
16156,
16T
| X
1¢79
1€89 5
1€5le
PEEZ
JEES e
1€ 54,
L EEDS
1¢EG
1EET .
EC 8%
LC &
LESY..
LESL .
1850
16593 .
1G9,
1¢95,
1695,
1€67,
FESY. 5
1£5%%
17155,
b
PIG2
LiC3is
11C4.
B (8 I
17C6 o
17C7.

()

LCC

2€C

UEE

1€ €C

LEEC

2 ke

P

alalalalataiaialialn nialn

IvAL = loinltur)
EE HEE LT o Jed INAL = VAL = §
[F ((MSTAT .biwe i) ouUke (IVvAL JLE. INCVAL)) GU Tu 2000
CuMPLlE Il locoed AND FRACTIUNAL PARTS Or EACH EASIC VAR,
DE ICC L=1ennkun
[PART L) = IuilnTeatl) + £T0LLE)
NTEME(L) = [FAKT(I)
CFPARY (L) = A(i) = FLUAT(NTEMP(1))
cHelk rur ALL=-anTeSer SCLLT ION
DC 2CC [=Lynxin
IF (Jril) ebt. hsund) U Tu <U0
[F (OFFART (L) «ote ZTuLiE) ReTURN
CONTINUE
subo el ALe=InTeobR: INSTALL AS NEW INCUMBENT
[FEAS = |
INCVAL = [vaAc
00 1CCC w=1lsNeiL
[F (CINCAS(U))EeUUy TULLUVUU
INCLME(J) = iulnTiauBtiv))
CC TC 1luud
INCULMB(U) = 10liT(ALb(JI)
CCMNTINLE
C L1CC 1=L 90KUlw
Fegt = vdet il
INCLMEB(ILUL) = 1PAKT(L)
COCNTINLE
CUkreNT PRUELEM NU LUNGER CF INTEREST
MSTAT = 4l
RETURN
ENC
SLBRCL TImEe FENLTS
COMeoTes TUMLIN'S [MPRUVES JP= ANU OCWN=PENALTIES> AND Tre
CCMCRY rehmllY FCR cACH NUNINTEGER ©ASiC VARIABLE. alSJ CHELKS
FoF Furlbo ot aliChe> UN BuTrh BASIC ANU NCNBASIC VARIAoLcS. IN
Tht audtNLe UF FLRCLU okANCHES ON BASIC VARIAeLESs The
CRANCHIING VAR [AcLE IS5 CHUSEN TC tE THE ONEe WITH LARGEST
ASSCCATEL LP= LK UUWN=PLWALTY. THE £LRaARD bBRANCH [S MAUE [N
THE JintCTION UFPCSITE Tu THE MAXIMUM PENALTY. THE NLDE
CURKe skoiuinoe Tu THE srRANCH IN THE SAME DIRECTICGN AS THe
MAXIMur FewALTY Qo wJULEUL TU THE LIST, TC 485 EXAMINEU LATeR.
THE orAisLhHinNo Pkieeds ITSELF IS CARKIeu GUT IN SUBRGUTIline
ERANCHy witlCh & LacleD FRKOM SULBARGUTINe PENLTS.
IMPLTOET RehL* 4 (A Cgc=rrlysPor=nyg2) ¢ REAL¥E (64D X9Y) e
1 lwleovter *e ([=Ny W)

INTECEF*®.
INTECER¥,
LCUBLE Pretloluiv
KEAL £(vuul

KEAL PULoulpPUlEl) yPL{OU)
CCMMCPM/BLULKY

u"'.’\llil'.l-\f.'Lu,Ll:']A-'It

Liluoul
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ORA hoEEas

w

1¢80.

15617.

1584 .

1589«

1850«

S8 1 €

592 C

}SS Y. C
1894, 1¢CC
1895,

1866,

1557

1£93.

1863

16€0 <

1€Cl .

1€C2. LZ2€C
16C 3« C
€C4 . léz
1€E5.

1€Ch . | Py
1€07.

1€C3. 15€C¢C
16CY. £
1610

1€l

lel2.

1£13s

l1cl4a.

1615, C
1&1bs <CCC
1€17.
1613.
1€19.
1€20.
1€z1.
YE22+
1€23.
l€cdse
1&L5
le26.
1€,
lEcs.
1€29 .
) (- B 1
1631,

1622,

1€33,

18243

16254

1€2h, 1
1€37. l
1€33.

1639, 1
1€4J. 4
ical.
1e42.
1€45.
1€44,
lead,

1£45,

DOV OOV M

SRS

S W

CALL LAPALK(JCLLP)

CALL FTxAn(1)

[CLL = untlroinr)

DE = (xtiktar) = ALZCICUL)I/YLLIKUNP)
GC TC 2Guy

LLAVING VAKIABLE EACcEuLS QTS UPPER BCUND

CP = letiw

CC 15CC J=1lNCLL

IF (KINcA>tu) oule G) GU Tu L150C -
[F ((XCitJd) = XeBlEJ)) etbe ¢TGLCE) CO TO 1900
CALL LMNPALK(Y)

CALL FIxANCL)

IF (KIANEAStu) ebwe =4d OL TU 4200

IF (Y Ulnunk) = LTULPV) 150012254125

IF (Y Ulrunk) + (TULPV) L1225431cc9915Cu

CE = Y(ILBJ)/YLiFunP)

[F {CE = UF) L&Yy ioulyldud
JCOLF = o

B¢ = CE

CONTINLC

[r (UCCLP obWwe T) KRETURN

CALL UNPaCK(ulLcob)

CALL FlaAwl L)

ICCL = UH(IRCWE)

UP = (X(Ilrinwr) = XYUB(ivdL)I/YUIRURP)

IF (KINGAS(JLULP) eEwe v)d ut = LP + XLoiJCCLP)

[F (KINBAS(JUCULF ) oEwe —=i&) Vc = DP + XuB(JCOLP)

NPIVCTY = )

RETULRA

END

SLERCLTINE TzSTA
TESTS LP-UPTIMAL SCLUTICN AT CURRENT NOCE FUR FATHUMING.
FATFUMING ULLURS IF
(1) LP FRUBLeM AT CuURReNT nUCE IS INFEASIcLe (MSTAT = UN); UK
(2) LP=LPlImMar (8ueCTIVE VALLE (IVAL) .LE. UBJECTIVE vALJUE OF

CorreNT INCULMoeNT SCLJTICN (INCVALY 5 CR

(3) LP=cPlIMAL SULJTIUN SATISFIES INTEGER RESTRICTIGNS.

IMPLICIT kell#%4 (AgCoE=HyCrPyR=nsl)y KEAL®E (ByUsXyY)y
INTEGER ¥4 (1=ivy @)
INTECER®. ursrnINBASyLA LEy LA, IE
INTEGER®, [PanTy INCULMoy VSN, IV IC L CoND
COUBLE PReCioIUN clluud)
ReAL 2(5uui
COMMON/OLULKY LT LbyeTULPY L TCLSTy LTCLKU» ZTCLSM s QRUy QMAyWBA 9 JF [ g
WelypwbilrwAgswPloGMiv ol s QF 9 GN9QUy NRMAX ¢y NEMAKy ByudC e
wErwbrulr WOsQRywM GGy NTMAX
CCMMON/SLLLRe/ DFPART(L2¢) 9REVONUZINCVAL, [ICCLyLISTL I VAL IUIR,
NPIVCT s [PTYPEZRLCSTy IFEAS, IPART(L122)yINCUMB(L2Z)
IVBNLC(ouJdeivIU(ELL) yICBNO(500)
COMMON cyXebBlucz) g XuBULLlZe) 9o (0U)e XL 60D Y(60) s YTEMP(6U) sUSUMy UPRUOU
uv.p:'uP.A,luhAHtAZZ.‘).AdPE(ZU),NY&MF(ZJ).SUH[NF.H)TAI.
TuBI s IRuwPy IVINI IVUUT o ITCNT INVFRU ITRFRG o ITSINVy iFrE Ly
JLULP gy NRUWNy NLULsNELEMoNETA JNLELEMyNLETAZNUELEM yNUETA,
Tetluuu )y [IALSUUI P LE(LS2) JLALLR22) yKINBAS(LLZ2)dH LU)
GP = x(lubw) + (TULLE
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C EASIL VARIAEPLE CN wUw [ FALLS EELOw ITS LCwWER ©BUUND

) {65 ) e
! ) o 1CC DE = XLBOLCCLY = XCE
3521 s 1F {CE +LE« LP) Gu FL 1000
1528 . [PIYPE = U
2525 GC TC &30
| EL (o C
LEIE « C EASIC vArIABLE CN wkUn I EXCEEDS ITS UPPEKR BOUND
P22 o 26C BE = X{Id = XJdELICELd
A 1 IF (DE <LEs CP) GuU TC 10UO
i34, IPTYPE = =1
1525« C
Y34, 25C IRCHWP = 1
1237 . LECEC CENTINLE
1533, RETLRA
}E39 ENC
140, SUBRCLTINE LCHLZC
1 E4) C
1542, C StLECT S PIVUT ColuMn JCULP FOR CURRENT LUAL=SIMPLEX iTexATION.
15473 . € ScTS JLLLP = U IF LP=PRCOSLEM AT CURRENT NCOE IS INFEASIbLE.
1544, C CTHERALISL, CHLUSES JCULP TU MAINTAIN PRIMAL-UPTIMALITY
1545, C
1546 IMPLICIT REAL¥4 (A CabE=HypCyPyR=hyl) » REAL*E (BsD1X9Y)
1647, 1 INTECER*6 (I=N,w)
i€43. INTECER%. JhyKINEAS LA LEyIA,IE
1545« INTECELE*®Z ITHAKT, INCLMb, [IVSNU,IVIO,1CBND
1550 . pcCtutle PreClIsIUN E{LlUu0)
EESE < KEAL £(>uCi
PRS2 e COMMOUN/DLULKY LTCL LE dTULPVZTULSTy dTULRI 9 TCLSM 4 URU QMA, QUA yuF ] o
1583 & 1 WEUs WPl A g JPLy GMI g 0Ly QIgQF s QN9 QU NRMAX s NEMAX, UByWCy
FES%a < CE gt sy WO s QR WM GG NTNMAX
15524 COMMUN/OBLULRE/ Ui ERT (L2 ) 9yREVOND 9 INCVAL 2 ICOL LISTL I VALyIVIK,
it NPIVLT, IPTYPEZRCCSTy IFEASy IPART (Lc2) s INCUMB(LZ2),
i LvBAJESUJ) s IVIDISOC) »I1CBRDES0C)
1 3 o LurNLk EaALBlLce )9 AUB(124)1BL00) s X(EQ)sY(OL) s YTEMP(0Q)DUSUM, UPRUD
} . 1 UY yUEsOPy Ay ICNAM( 122,20 o NANME(Z2U) ¢ NTEMF(20 )9 SUMINF ¢MSTAT,
1560 « P 1UBJ g IREnPy IVING IVUUT o ETOUNTy INVFRQ ITRFRQITSINVyIFFELS
1261 3 JUULF oKD we NCULyINELEMyNETAZNLELEMyNLETASNUELEM ¢NUETA,
1262 « - bellovwudpiA (50U seden2) sL AL L) yKINBAS(142)eJdHLOOD)
 lho 5 C
1S€44 JEELP = u
1265« JF (IFTYPE <EQs =L ¥ GG FO 10GO
1..,‘. C
1567 . C LeavINe vAKIAbLE FALLS BELOW ITS LUWER BUUND
1563 « C
12€9. CF = «f.c1L
1910e CO S0C J=1,NCUL
137 8 O IF (KINBAS(J) euTe U) GU TU 20U
y&12s IF ((xLolJd) = Xleludd) «LEe ZTGLZE) €U TO 500
18734 CALL ULAPACK(J)
174 CALL Flkanil)
1575, IF (KINCAS(J) oEwe =1) GC Tu 2UC
is76. IF AY{IRUnP) + LTOLPV) 2254254500
LETT e cCC IF (YUIRURP) = LTuLPV) 50042250228
g C
o 2¢5 DE = Ylluou M/ Y lkuab)
158) IF (Ct « UP) 5LusduiyenV
1581 « 25C JEGLP =
125824 LP = LE
1583 SCC CCONTINLE
1504 . (4
i Je IF (JCCLP othe V) KRETUKIN
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1464 .
14€H.
14¢6.
l4€7.
% 1463

14¢9 .
1473,
1471,
1472
1473.
147%
1475
1476«
1417 «

"

1415
1480.
14€1.
1482,
1483,
1484,
1485«
1486,
1487,
1485,
: 14€7.
1 1450,
1461 .
1452,
1495,
1464«
1455,
1495 .
1467 .
14G3.
1455.

1560 «

15¢2.
3 1£03.
104«
1£05.
1506.
15€T s
15C3.
1909
1510,
151k
1512«
g 15135
i 3.3 T
1515,
1 15106
1317

e
\n
.

—
\ \n AR AR
AN RN e

s 0 e e

N O W

-
—— e b e
AR N AR
+ -

D)

A~

-~

(o N a W ol =W

o g im |

1CCC

4CC

CALL
ITSINV = o

INVERT

UGAL SIMPLEX CYCLE

CHCCSz FIVCT RUR IRUAWP

CAaLl (Chudr

IF (1FCnk oCle V)

MSTAT = (8L

6C 1C luu
CHCCue PIVCT CULUMN

CALL €ChHuUdC

IFE (JCELP scws Ul

IvIN = gLULy
LPLATE miuHT=HANCG SIuwES TJd KEFLECT
CURReivE SIMPLEXR Plvul

CALL LPueTA

TTCAT = 1YCANT + )

LTSING = JTSINV ¢ ]
CeCluc wreTheERr TU REINVERT CULKRENT BASIS

IF (INELEM «GTe S00LL) odke (ITSINV oGEe INVFKQ)) GO TQ LU0V
REIANVERSIUN NUT NECESSAKY YeT; aRITE GUT NEw ETA-VECTOR #GR
CURRENT SIMPLEX EIvdT

CALL wRL A

GC TC 300

END

SUBRLULTINE CUHULLKR

(L Tu 4uu

JCOLP
CL TG 150

NEW BASIS RESULTING FRuUM

SeteuTs> FIVIT XU IRUWP FUR CURRENT DUAL-SIMPLEX ITEKATIUN.
SETS ikGWP = U 1F CURKENT BASIS IS OPTIMAL. CTHERWISE, I[ROWP
IS CHUSEN TL & The RUw wITH GKREATEST PRIMAL=INFEASISILITY

IMPLICIT wmeAL®4 (AyCorc=rAyLsPyR=nyZ)y REAL%*S
1 INTEGER®4 ([=N,Q)

INTEGER*,L uhenINBASeLAyLEy A, [E

INTECER*, [IPART, INCUMB,IVBNUsIVICICBND
CCUELE PreCISTON £(1000)

REAL £(5uu)

COMMON/BLUCK/ ZTUL o cTULPV LTLCST ) LTOLRJ9ZTCLSMy CRUy QMA (B A 9QF I 4

WEU P LBL QA YQPLIWUMI GL sQI s 4F 9y ANy QU NRMAX s NEMAX, WByWCy

(BoU9pXyY)y

< WwepdFpab g WU QR WM, GGy NTMAX
CIMMCN/ oL LK/ DFP LT (122) 9RcVBAC o INCVAL s ICUL LISTL,IVALYIDIR,
1 NPIVUT,IPTYPC oRCCST, IFEAS,IPART(122)sINCUMB(Lcl)y

¢ TVBNL(500) s IVIO(E0C) 4 ICBND(50C)

CUMMCEN Eo Xl L)y XxiBUL2c)sBLOC) ¢ XL €E0) oY (6C) ¢ YTEMPLOO) ¢ uSUM, UPRUU
UYsucoUPs Ay ICNAMI L2y ) g NAME (200 o NTEMF(ZU )y SUMINF ¢ MSTAT,
TUEJ 9 iRUAPy IVINg IVUUT o ITChTy INVFRQyITRFRQ,ITSINV, IFFEL,
JOULP 3 NRUWy NCOLyNECEMyNE TA oNLELEM, NLETA,NUELEM ,NUETA,
Tetletu) s LA (oUU) g LEGeD2) yLALL2) 9 KINDAS(122)4JH(60)

PRSI S

LrUCSE Riw wiTH ORKEATEST INFEASIBILITY
IRCWP = U

CP = =]l.¢tlC

DC 1CCC I=1qgivkln

IF (1 ebtwe ICBJ) GL
ICCL = JH(1)
IF (X(1) otLi.
[F (X(f) .CT.
GC TC luuu

Tu 1000

(XLB (ICOL) = ZTULZE)) GC TO i0C
(AU (ICuL) + LTQLiE)) GO Tu 20C
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pig

CORE S

0Q [ I

141L.
l4l2.
1413,
l4l4.
1415,
1416.
1417.
1413,
1414,
1420.
lacle.
1422.
1423.
1424
1425.
1420.
1427.
1423 .
i4z9.
1430.
1431.
1432.
1433,
1424.
1435,
1430
1437,
1433,
1429,
144 ).
144l .
1442 .
1443,
1444,
l4vna
1145,
1447
1448.
1449 .
14504
1451 .
1452.
1453.
1454,
1455.
14%6.
1457,
143,
1459.
1460,
l4c€l .
1462
14€3.

(aNaNalel

k(o o &

4CIC

€ccC

GC TC e6uuLU

IVIN = JLul?

CALL ULANPACKLJCLLP)

CALL FTIxAN(L)

CALL Cruln

CALL LFPocle

ITCAY = [TONT ¢ )

ITSINV = L1TsInv + |

IF (NFIVUT .cle ul) Gl Tu 401V
IF (NELEM o06T. 5000C) GU TU 100W0
CALL WRETA

IF (IT7SInv .GE. INVFRG) GU TO 1COC
IF (ITCNT .Cte ITRFRW) G0 TO 60CO
GC TC 1louy

RETLRA

ENC

SLBRULTINE EBANCBUINITBU)

MASTor PRUGRAM FCR SRANCH=ANC=ECUNG INTEGER PROGRAMMING ROJUTINE
ALSC S>EKveES AS MASTER PRUGRAM FUOR REOPTIMIZATION VIA OUAL-
SIMPLEX METHUC AFTER A FURWAKD BRANCH,

Ca233%#4DE SCRIPTILN OF FARAMETERS**%dx%k#

(%

INIToo = INITIAL LOwEK BOUNJ ON MAXIMAL OBJECTIVE VALUE (INPUT)

RS R RS RS SRR RS R 2RSS 2 R 222 S R R RS 2 2

~ o

(el

1¢C

15C

eccC

IMPLICIT ReAL*4 (AsCeE=HsLyPyR=ny2)y REAL*8 (ByD9XyY),

1 INTEGER*S (I-N, Q)

INTECER*,. UboKINBASsLAJLE, LA, IE

INTEGER®. [PART, INCLMB, IVBND,IVIC,ICBNO

COLBLE PReCISICN € (10U0)

REAL A(duu)

COMMCMN/DLOLKS (TULZE eTOLPV . LTCCST, ZTOLRY 9 ZTCLSM 4 QRUy CMA,QBA JQF L o

1 GEC) CBLa QA WPL ) QM I 9 QZ oQ1 yQF s AN o QU9 NRMAX s NEMAX, UB,QC,
¢ CEoaGF oLy QUIUR UM UGy ATMAX

CCMMCN/BLLCK2/ UFPART(12¢) yREVBND yINCVAL o ICOLYLISTLoIVAL,IDIK,
1 NPIvCTyIPTYPESZRCCST,y IFEAS, IPART(1L22),INCUMB(12<)

< IVoNS(503) 2 IVIULS50C) o LGBNDLS0Q)
COMMON EgxiBllec)y 2LB04el)s0(00) o X(€U) Y (6C) o YTEMP(60) 0SUM,y UPKULDy
UY s UcsLPyAy ICNAM( 12292) s NAME (20) ¢y NTEMP(2U) ) SUMINE 4 MSTAT,
IUeJ o IRCAPy IVINy IVUUT o ITCNT, INVFRU ITRFRQ9ITSINV, IFFELZ,
JULLP yNRUNy NCULs NELEMy NETAGNLELEMyNLETA,NUELEM ,NUETA,
Te CLLLU) y LALSUU) yLE(ZYH2) oL A(122) yKINBAS(122),JH(00)
LISTL = ©
INCVAL = INITBL
Te ST ruk FATHUMING
CALL TESTA
IF (MSTAT JEwe &BL) GU TG 200
CURRENT ANuDt FATHUMEOD; BACKTKACK TO LAST PROMISING NUUE ON LIST
CALL EXKTKAK
IF LIST 15> EMPTY, RETURN Tu MAIN (CUMPUTATIONS COMPLETED)
IF (LISTL <EGe U) KeTURN
USE PRIMAL=SIMPLEA METHOD FUR RECPTIMIZATICN AT NEwWw NOODE
CALL NCRMAL
GC T2 1luu
CURRENT ANUUE NOT FATHOMEL:; CCMPUTE PENALTIES
BRANCHING AT CJUKRENT NGOUE IS DCNE FKOM SUBROUTINE PENLTS.
CALL FENLTS
IF (ICIR) 4Cuol50Cy4L0

AN -

REINVERT CURKENT BASIS
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[EN I VR RN R SV R OV I SR C VI OV 0N
(VTP SISV o)

~ o~~~

(9]

137117,

N O O

alaXal

eCCC

1CCC

15CC

PR

)

<

Do N e

COMMUN Lo AL E(Lde) s 2ABLLLL) 30 (0U) s XL EUi o Y(60)YTENMP(6EU)OSUM, UPRUD
UY oLt oUFs Ay JUNAME Lo <l o hAME (2C) s NTEMF(20 )9 SUMINE ¢MOTAT,
TUGJ s dRCn P IVINg IVAUT o ITONTy INVFRUG» ITRFRQITSINV, IFFE L,y
JLULP yvRU Mg NCULyNELEM  Ne TA JNLELEMyNLETA,NUELEM yNUETA,
TECLOuu )y TA(BCO) s LECLDC) yLA(L22) yKINSAS(122),JH(00)

CC 10CC [=1NKCa

X(1) = X¢l1) = Y(l)#0P

[F (NFIVOUT ecwe L) CO TO Zudl
KINBASIJCULP) = =(KINBAS(JCULP) + |
IVCLT = yLUuLP

RETLKAN

X(IRCWP) = Lt

IVCUT = Jh(ikdJak)
KINBAS(UCLLF) = [KIwP
KINEAS(IvoL ) = [P TvPE
JHUIRCWP) = uJiLli P

KETLRA

ENC

SUBRCALTLive NUKMAL

SERVES AS MASTER PRUGLRAM FCR LINEAR PROGRAMMI NG CUMPONENT
(REVISEL PRIMAL=SIMPLcAx METHCO).

SUBRUUT INE ADAP TEUu FrRUM LINEAR PROGRAMMING CODE LPM=Ly wkITTEN
BY JeA. TOMLIN (LPcRATIONS RESEARCH, STANFORL UNIVERSITY)

IMPLICIT KeAL*4 ‘AyC|E‘H’U,P9R‘hlZ,Q REAL*3 (BvO’X)Y)'
INTEGeR*4 (1=, Q)

INTECER®Z JneXINCASyLA LE [A,lE

INTEGEF+Z [PART, INCLMB, IVBNU,IVIU,ICBND

OCUBLE PreCISICN E(LULO)

REAL £(>00L)

COMMOUN/BLULUKY LTOL LE9£LTOLPV2TCCST,) 2TOLKJ 9 LTCLSMyQRUy QMAQBA4UF 1,
WEU9 CBLywA ¢ dPLeCMI sl oul g uF o &Ny QU NRMAX g NEMAX y GB9QC»
Wb swHodlgdUswRy» QM LGy NTMAX

COMMON/BLULKZS DFP ART(L22) 9sREVBND yIANCVAL o ICOL LISTL,yIVALyIVIK,
NPIVLT,IPTYPE RCCST, IFEAS, IPART(122), INCUMBLLZ2),
LVBNO(5U),IVIDLS0C) ,1CGBNDL500)

COMMON B g XLEULL2) y ALE(L22)90(00) 9 X(60)9Y(00) yYTEMP (60 )¢DSUM, CPRUU
UY oy LEyOPy Ay ICNAML 1229 2) s NAME(2Q) ¢ NTEMP(20) ySUMINF o MST AT,
TuBU g IRLAP,y IVING IVOUT o ITONT o INVFRGe ITRFRUGWITSINV,IFFEL,
JLULP s NKU Wy NCULyNELEMyNETAGJNLELEMyNLETANUELEM ¢NUETA,
Ictivou)y LA(500) Lt 252)9LA0122),KINBAS(L122),JH(60)

IF (ITSINV JiTe INVFRG) GO TO 160C
CALL INVEWRT
[TSINV = U

SIMPLEX CYCLe

CALL FCRMC

CALL ETRAK

CALL FRJLE

[F (JCCLP «6Te C) CC Tu 300V

IF (MSTAT .Ew. wl } 6L Tu 2000

MSTAT = 4Bl
GC TC euvlC

ZLCC MSTAT = yn
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o

181 .
1282«
1283,
1484.
12d85.
1286,
1287.
1283,
1289
1290.
12951 «
129¢.
1263.
1254 .
1265.
1296.
12617.
1453 «
1469.
13CV.
12¢1 .
13C2.
13C3.,
13C4.
1365,
1305«
13€ 7«
13C3.
12€9.
1214
131t .
121
12034
1314
1315,
1316.
1217
12183«
1219,
1320,
1321.
1322
1323
1224
1225
1326
1227«

1328.

—

el
[

[ CC PC R A PV OV I DN SV WU B U PO o)

F O W

(SO P TV WOV VI SO VI VR SO O

)

<

L=

o UENC VSN
.. .

"
O
.

-~

AN

1CCC

zCCC

(e K Y X L

SUERUUTINE AUAP Tel FRLM LINEAR PRUGRAMMING CULE LPM=1, aKITTEN
BY JeA. TUMLIN (UPErRATIUND RESEARCH, oTANFORD JNIVERSITY)

IMPLICIT ReAL®4 (A CgbE~ngUsPyR=ng )y RCAL*G (B,DeXeY)y
1 INTeuvEr*e (I=N, QI

INTEGERS, JisKINBAS,LA,LE [A,lLE

DOULBLE PrEGCISILN e (10G0U0)

REAL A(vuv)

COMMUN/BLULK/ LTULL [Ey["ULPV,L'(«LbY. LTULRY ¢ LTOLSM s dRUy GMA G UBA 4F [
GEU  CBL QA WPL y UM Ty Ll oW T dF 9 AN 9 GU s NRMAX ¢ NEMAX Qoo U0y
GEahhewhk p JU9WR QM QG NTMAX

CCMMCN toatclibce by Xt i) sB{0u) 9 XLEUD 2 TY(O6C) ¢ YTEMP (6O ) yUSUM, LPRUD
DY yCEpUP Ay TCNAME Ly 2) s NAME(2U) oNTEMF(2013 9 SUMINF,MST AT,
JUBJyIRLAP, IVINy IVUUT J ITONTy INVFRU ITRFRQ,ITSINV, IFFE L,
JLULP s inkUWyp NCLU g NELEM s NE TAGNLELEMyNLETA,NUELEM yNUETA,
TECLUCU )y JALOCU) s LE(ZDL) 2LALLCZ) +KINBAS(1Z22) 9 JHI0O)

P O

SEIFT IE ANU & UF J ELEMENTS

NF = NEMAA = NLELEWF + 1
INCR = U

CC 10CC [ = NF,NEMAX

INCE = [NCLK + 1]

TECNLELEM + INCR) = le(l)
E(NLELEM + INCK) = cil)
CCNTINLE

IDIF = NEMAX = NLELEM = NUELEM
NF = ANTMAX = NLETA + L

INCR = U

DO 2CCC I = NFinTMAX

INCR = iNCK + 1

LE(NLETA + INCK) = LE(I) -~ LOIF
COCNTINLE

LE(NETR+1) = NELEM +

RETLRA

ENC

SUBRCLTINE UPBETA

LPCATES KIGHT=HANL >iUES TU REFLECT NeEw BASIS RESULTING #£ROM
CURRENT OSIMPLEX PIVAT

SUBRCUUTING AUAP TEL FKCM LINEAR PRUGRAMMING CUDE LPM=i, wrITTEN
BY JeA. TLMLIN (LFERATICNS RESEARCH, STANFOKD UNIVERLITY)

IMPLICIT rEAL®4 (AgLol=HyL PRy l)y KEAL¥E (BeDoKoYi
1 INTcGER®SG (I=Nyw)

INTECER®:e JryRINBAS LA LEIA,IE

INTECER*, LIPART, INCLMoslveNUs IVIU,1CBNU

UCLELE PRECISICN B (ludu)

REAL 2(buul

COMMON/GLUCKYZ ZTCL ZE94TOLPV LTLUST e dTULRI ¢ ZTCLSM (KU QMA,QBA k]
WEC s WBLy A s WPL UM T QL oQT s wF QN QUy NRMAX yNEMAKX, «Bsuly

‘ GEouFpGLy wOour wM GGy AT MAX
COMMCN/GLUCKL/ UFPART(L22) yREVBND 9 INCVAL, ICOL,LISTL, I VAL IVIR,
1 NPIVLT, IPTYPE yRCCST,IFEAS, IPART(122), INCUMBLLZ2)
Z IVBNC(500) y Iviui 50C) yIuBNU(SQC)
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.

..

12¢
1288
12459
12¢0
261
o

e e

s [
-~
4
.

o B
LN

CALL &

¢
{

Gull

e TriLes)
J4=1eNCLL

IF (KINUADLJ))Y BELILYBTIVFUCY)

BA&CC DE unidl
GC TC E&7»u
£1CC Q€ = xLBeJl
ETEC LL = Laty)
KK = LALu+1) = 1
OC 838CL [=LL K&
IR = laui
t8CC YUIR) Yilm) ~ Al l)#ue 2
3CCC LONTINLE
CALL FTRANLL)
CALL ShIFTRIL3sz)
C
NCFC = NecuteM = ielTa
NSTR = NHUm = NSLUEK
€
KETLRA
ENC
SUBRCLTIn: UNPACKLLV)
{
C EXFANCOS LUMFRES SEC MATRIX CUlLUMN
C SLEBR_UT N ADAPTEeL FRUM LINEAR PROGRAMMING CODE LPM=L, WXRITVEN
C BY JuAe TUMUIN (CPERATIONS RESEARCh, STANFORD UNIVERSITY)
Co23233x%%0E SCRIFTILN UF FARAMETERLG*¥%& 2% 3%y
C v = varaveTes INUEXING CUOLUMN TC BE EXPANDED

CHrebsesnsnsss
c
IMFLICI
1
INTECER
OCUBLE
REAL A
CCMMO N/
1

>

COMMC A

DN -

€C 1c¢

FHEBBRARRERE ICREREREEEE LT IEER D

I KeAl®4q (A4CeE~HyLyPsR=nyd)l 9y REAL%8 (ByUsXsYiy
INTCcGER¥s (I=Ny Q)

. wheKINcASyLAasLEy[A, i

PreClIslCn ELLUCU)

2uul

DLULKYS LTULZELTULPV, LTCCSTy ZTULRJY 2 LTCLSM 9 GRUy GMAy UBA 4 QF T
LeUraBeylA PLy Myl el s dF s GNsQUy NRMAX gy NEMAX g w8l
Wb adPrwblr dUswRe WM GGe NTMAX

o ALBlleg b XuB(Llee) sB8LOU) e X(00),Y(60) y,YTEMPIOO) yUSUM, UPRUU,y
DY sLEglbyAy ILNAMU 12202 ) g NAME (2C) o NTEMP(20 )9 SUMINF,MSTAT,
[UBY g ARLWPy LVINgIVUUT , ITCONT o INVFRQ» ITRFRQ e ITSINV, [FFly
JLULF g NRUny NLL Ly NELEMyNETAGJNLELEMyNLETAZWUELEM o NUETA
ledlLuuuly IALS0U) s LE(R222) L AL L22) yKINBAS(L122)4JH(0Q)

I = 1lynkun

YiE) = V.
1CC CCNTINLE

LL = LA
KK = LA
DE 20¢€

IR = I
Y{IR) =

iV
CEvely = 1
[ = LLsKK
(i)

ALL)

2CC CONTIMLE

RETURA
ENC

SLERCLTINE SHFTc

alal

SLERUUT INE FOK INVERT
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b

¥
al

938

S aE

B~ SRS SR

w

<.

1189,
11€d.
1161«
1162,
l1le3.
1164,
1165,
1166.
1167,
1163,
1169.
1170.
1i7l.
1112,
b 5 i & T
1174.
1175.
11756,
1177,
1178,
1119,
11&0.
1161.
1142,
1183,
118«.
1180,
1196,
1id7.
1183,
1189.
1150,
1151 .
1162,
1163.
1iG4.
1165«
1156.
1157,
1158 .
1169,
1209 .
1201 «
124€2
12C03.
1<C4.
124C5.
12C6.
12€ T«
12C3.
1205 .
1210.
1ells
leale
1213
lela.
1zl
1¢lo.
1217,
icl8.
12194

N e

26CC

alla¥al

|
|

NELEFM = NibeM ¢ |
IECNELEM) = 1}
E(NELEM) = Yii)
L 1C 23uu

P —————————

J tli tLeMENTS

[TE(NELAST) = ]
E(NELAST) YEL)
NELAST = NelLAST = |
NUELE® = NULLENM ¢ )
CCATINE

JHULRCwP?) = LV
KINCAS(Iv) ILrUaP
NLETA = NUETA + )
LE(NELALT) = IrUwP

IF (J NEe KR} Gu UL 2330
E(NELAST) = YUIRUWP)
GC TC Z.4u

EXNELAST) = L.

NETA = NcTA ¢ |
LE(NETA+]L) = NELEM + 1
NUELEM = NLELEM + |
LE(NTLAST) = NELAST
NELAST = NELAST = ]
NTLASTY = NILAST = |

LPUATE KUn CULNTS

DC 235C I = lsNRLw

[F (CABS(Y(I)) <LE. (TulLlE) GU T0 2350
[F (FREGII) Gte LD GU TO 232V

BREC(I) = bkeG(I) = INCR

[F (FREG(L) <obke Q) BREG(L) = =1
CENTINLE

FREGL [runwP) = (

CONTINLE

MeEkouec L ANL U eTAS

NLETA = NETA

NETA = NeeTA ¢ Nuela

NLELcM = NellM

NELEM = webleM ¢ NLELEM

[F (NLELEM ocde uwl L TO 3590
CALL SHFETE

InoeK T SLACLKS FOR uveleTel COLUMNS

LC 30€CC I = LsNROwW

IF (JFUT) <NEe ©) €€ T 3600
JELL) = |

IRCWP = |

CALL ULNPACK(])

CALL FTRAN(L)

CALL »PETA

CCNTINLE ]

UPLATE X
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o

SuT -

=

>

.

¥
>
¥
A
g
.
%

aXals

J2SE
14CC

ZCCC
i

21CC

2 31€C

KSLER = NalLs # |

bt = EpilINd

KK = AL fvel) =1

IF (KK ouTa tL) GU TU La0u

IF (AES(A(LL) = lo) oLEe LTULLLE) GU TL 200UV

NLETA = nocelA + ]

OC 15CC J = CL KRR

IR = 18€u)

IF LtIF <€4e lJCu TC 1390
IEANELAST) = IR
EANELAST) = A(y)

NELAST = NELAST = |
NUELEM - nNLELEM + |
GC T lauve

EP = 2tly)

CCNTINLE

IE(NELAST) = |

E(NcCAST) = P

LE(NTLAST) = NeLAST
NELAST = NgeAST = |
NTLAST = NTeAasT - |}
NUELEM = NUEBLEM + i
CONTINLE

IF(KR]l otwe ) LU TL 39900

UL L=u LeulMPUSITIUN OF BuMP

00 2CCC u = LRIynR1

IV = VReol(u)

CALL UANPALK(LIV)

CALL FTRANILC)

IRCwWE = v

IRCMIN = =$59%95%9

EC 21€C I = 14NFCn

[F (DAESUYULI)) olte LTULPV) Gu TG 2100
[F (FEFUlli «ute) GL TU 21ivg

[r (rrcoti) eLte IRCMIN) GU TU ¢iCO
IRCMIN = HReoutl)

IRCaP = |

CCNTINLE

IF (IFCwP «CTe w) CC Tg 2150
wRITE(epbull)

«INeAS(Iv) = U

GC 1C 2uvu

INCR = nreclinCaP) + 3
wlTE L ANC L ETAS

[F (J ostwe KRL) oU TG 2160

NELEM = NLlEM + |

TEANELEM) = [RuwP

EANELEY) = vUIRUAP)

UL 2200 1 = LygNhun

IF (! ecwe Iouwl) (L TUu c3V0
IF(CAEBSUIV L)) atbe ZTULLE) Gu TL ¢5CO

IF (FRELLET) oGEe U) GO TU 22UV

¢ tTA LLEMENTS
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1C37T, LL LAativ
€24 o KK = L&clvrl) = 1
1639 . IMCAT
1C49 o BE 10%C 1 = Lighi
o 1cal. IR = 12841)
1642 IF (HREGIIR) otte C) LU TG LO2U
1Ca3. IMCAT = IMCONT = (HKEOL(IR) +1)
1L4% . JEEC ECENTENUE
142 . MREC(J) = [MLNT
1C46, 11CC CONTINLE
1(417. C
1Ca, C SURT CUulUMNS INTC MEKLT (RUER
1049, € LOING SEELL SCRT
i galy s C
ICE1l . ISC 1
€S2 s I'1€6 TF (KR1I «iTe %150 64U TG LEOB
M2 1SE = %15k
1€54 < GC TC 1l.iuo
[ LT ELCE LSO = 150 = L
1€526 < € eNG Uk INITIALIZATION
1C57, FEel EF @ISE <ilbs ) 600 FC LLUT
}€E8« ISK = 1
€55 EpCz 1SJ = ISR
YCED S ISL = Ion + |SC
1C&€L . ISY = MREGCISL)
1CE2 4 [SL = wreGUIned
1€63. 1162 TFE (ISY LT« MREG(ISJIY GO TO £104
iCea. ¥1€s ISE = ISy + ISE
1C6>. MREG{ISL) = oY
1C€6 . VRECG(ISL) = [S2
1667 (SK = [on + 1
1Cén. IF CE1SK v+ ISu) «Lte KRL) Gu TG 1102
1C69. ISP = (15D = L} / <
1C70% GC 1€ 101l
1C71 . 11¢4 ISL = ISy + 15C
1C72. MEREGLISL) = MKELLTISY)
V73 & VREC(ISL) = vrEud S4)
1€ 1% 1S = 154 = 150
€154 IF (1S8d «GTs G) GO TC 1103
1C76. GC TC llus
1C2T . 11C7 CUNTINLE
1C713« C EAL CF SURT RULTINE
1¢79. C
1LED C FLT CLT Btllw BUMP ETAS (PART CF U)
ICEL C
1Cs2 . 116C NSLCK = o
1C83. ABELCY = C
- 1C84., NELAST = NEMAKX
% 16835, NTLAST = NTMAX
1CES5 . LECNTLAST + L) = INELAST + )
187 €
& 1Ce3. LR = LRy
N 1C&¢9. iF (LR2 sUE. LR4) e = Lk4
ICSV . [F (LE «GT. an4t GC Tu <un0
! i 1S 1. JK = KR4 + |
- o 1C52. LC 2CCL Ju= LK aNKS
» i 1€53, JK = JK = |
1eh% . IV = VEtuluK)
¢ 1CS5. [ = MREOGIJNK)
X 1056, NEBELCP = NEELOLW + U
1€S7T. IF (IV «LTe NKCw) CC TU L2200
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o

st

S16.
S17.
S73.
S19.
€30
S8l.
$82.
G83.
S84,
SU5 .
€BH.
CETe.
Sdi o
S89
$S0 .
5958«
€2

$GJa
£S4«
SSe
€Sh,
€S7.
SCR.
559 .
1CCD)
IeCie
1CC2
1CC3.
1CC4.
1€CH e
1C06 .
iCC7.
1€C3,
1€C9.
1CiC.
1C1l.
1C12.
1€1 3.
1L+,
€15
1Cl6.
J61.ls
1€ 1%
1C19.
icg)d.
1€21 %
1€22 .
10c3.
|
1C25
1C20.
1C27.
1Cz28.
1€29.
1C390.
1¢31.
ic32.
i€33,
1C34.
1C25.
1Czo.

e 80 e R i s A A b,

C " rIVOT ACuVE EUMP (PART UF L)

o

NAEBCVE = nAELVE + |

[RCWP = Ik

CALL LNPACKI(IV)

CALL WwR:TA

NLETA = NelA

JEUIE)Y = gV
KINEAS(IV)

Ik

VREG(.) = VEKEG(KEKL)

KRl = =+ =

1

NVREN VheM o+ 4

HRECUIR)
CC Te Savu

4CC IF (HKEG(IK)

v

.tte C) GO TO BUO

IRCAT = [ninT + |1

IrP = 1K
g6 CENTINLE

If (IRCNT =

L) 840950091000

10 WRITELE,00LL)

KINEAS(LV)

L

VREG(J) = vheolKKl)
NVRENM = [JyrREM + |

KRl = Kki =
IF (J «GTe
GC TC 3cu

~NAND

1

KR1) Gu TC LOUlY

JT vECTCK BELla BUMP

SCC VREC(J) = VRzGIKKL)
NVREM = KWVREM + |

KRl = KKai =
LR3 = Lkhs =
VREC(L&L) =
MEREC(LR3) =
FREC(IRP) =
JRH(IRF) = 1
KINEAS(IV)

L

1
iv
IRF
¥

1RP

C CHANGE RLn LULANTS

64C CC 95C Ii =

LIR = [A(LI)

LL AN

[F (FReulilK) «6Ee C) GO TO 220

FREG(IIR) =
SEC CCNTINLE

IF (J «GT.

GC TC 32u
16CC IF (J <GEs

J o= J+l

Gd 1€ 320

Fkeo (1 IR) + 1
Kkl) su TC Lulo

Kei) GU TO L0IO

1C1C IF(NVFEM oCTe o) oC TO 310

A

10eC IF (KRl otbe

LC 1iCC v =

Iv = VREGLY)

GET

MEF LT CLUNTS

¢) Wb TIC 1190

LKklyKK L
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ot

” M

a¥a¥alal

ZCC

ny

N

266

31C

W
~n

OC <¢LC [ = LK4KKr4
IR = MREGLIL)
rREG(IR)= o

JhiIR) = (R
KINBAS(IKk) = IR
CCNTINCL

PouLl LJT VECLTOKS BELUm BLMF ANL GeT RCWw COUNT S

NBNCNZ = A4 = LRkae + |

IfF (KRl .cwe U GU TC L1990
J = LK}

IV = VREG(J)

LL = LACIV)

KK = LA(Iv+1) =4

IRCANT = ¢

OC «2C 1 = LLyKK

NBNCANZ = NBACNZ + 1

IR = lAa(l)

IF (HREOVUIR) olks C) GU TGO 2¢0
IRCAT = LRCANT + 4

HREG(IP) = PREGLIR) = L
IRP = K

CCNTINLC

IF (IRCNT = 1) £3JUecd9,30C0
WnRITE (€,8uUlC)
FCRMAT(LOHULMATRIX SINGULAR )
KINEAS(iv) = ©Q

VREG(J) = VREGIKKL)

KRl = Kkl = 1

IF (U «6Te KRL) GU TC 510
GE 1O 2t0

VREG(J) = VRKEG(KRL)
KRl = Kkl = 1

LR3 = LK3 - 1
VREG(LR3) = Iv
MREC(LRZ) = [KkP
FREG(IRP) = ¢
JRUIRF) = v

KINEAS(IV) = IKRP

IF (J «6T. KRa) GU TL 310
GC TC ciwv

IF (U elte KRRi) GU TC 340
Jd = Jd+l

GC TC 21V

Pull €uT REMAINING VECTURS ACUVE AND BELUw THE
BUMP ANu ESTABLISKE MERIT CUUNTS OF CULUMNS

NVKEM = y

IF(KR]l ebEwe v) GU TG 119V

J = LK1

Iv = VReotJ)

LL = LA(IV)

KK LA(IV+l) = |

IRCAT = ¢

CC 80C I = LLyKn

IR = 1A(!)

[F(FPECIIK) oNEe =2) GO TO %30
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SR i S A e 5354

CaRRAY(Irn ¢+ 1) = BARRAY(IFu + 1)
CONTINCE

«ETURN

END

SLERULTINE UINVEKT

COMPLUTLS iNvendE GUF CURKENT EASIS BY LJU DECUMPOSITION
SLervuol INE AUAP TED FrUM LINEAR PRUGKAMMING CUDE LPM=L, wKITTEN
8Y Jeao TUMUIN (UFERATIUND KESEARCH, STANFURD UNIVERSITY)

IMPLICIT REAL®4 (AsCre=HyGoPyR=ny )y KEALEG (BoU g XyY),
ANTeCER*e (1N, Q)

INTECER*Z vhenInNDASyLAyLEyIAyiC

CCLBLE PreCl>iin £ §i000)

KAl Alouul

COMMUN/BLULKS LT UL cbplTULPVYLTUCST g LTULRI 9 LTCLSMy QRO QMA,GBA 4QF 1
Wh Uty A s P L WMI o0 3QLsdF gy Qil g LUy NRMAX yNEMAX,UByCy
WE P awbl s JUsWR y wM pQL e NTMAXK

COMMOUN Lo KL (ide) s 2elile)sBlOU) o X(€J) 9 Y(OC) 9y YTEMP (60 )y UMy CPRULD,
UY s sCFe Ay TUNAM( L2492 ) o NAME (LO) ¢y WTEMP(20) s SUMINF 4MSTAT,
TCod s IRLAFy IVINy IVIUT  ITONT 5 INVFRG,y ITRFRUsITSINV, IFFEL,
it Py NKU Wy NCULyNELEMy NETA o NLELEAZNLETAZNUELEM yNUETA,
el lucU )y TALOUU) p LENLDZ) yLAL Lt o KINBASLLC2) s JH(6G)

(NTEGER®R . MRtoshiRt CyVRED
OIMENSIUN MKEU(oC) yFREG(OUD) 9 VREC(6D)
EQUIVALENCL (MKEGI L) o YTEMPOL) ) g (HREG(L) y YTEMF(31)) 9 (VREG(L) yX(L1J))

SeT PARANMETERS

NETA = o
NLETA
NLETA
NELEM
NLELEW
NUELEM = U
NARCVE = ©
LECEY = &

LRI = ]

Kkl = ¢

L4 = NRUn + |
r\"“. = I‘\-“Uﬂ

L]

o
G O ¢
<

FLT SLACKS AN ARTIFLCIALS IN PART 4 AND REST IN PART |

CC 1CC I = LyNRUW
IF (JHED) «u¥e NRUW) WU TU Su
LR4 = Lhka = |
MPEG(LF4) = JH(I)
VREG(LR4) = Jndad
ol TC 90

KRL = Khit + 1}
VRECUKKL) = uriy)
FREGIL) = =§
JHUT) = ¢
CONTINLE

KR3

k-
2

Lka =}
Che

how




193 CCLBLE PreoldiLN ©iuvu) |
154 . REAL A(>uu)
155 o (s
1S6 o CCMMO N /L UulK/d LT UL Lbg dTULPV o LTCLITy ZTULRY 9 LTCLSM 4 QRU ) QMA s QuA 3WF T
157 1 WEUPLCLIUAy PLaWMI O pul yQF QN s WUy ARMAK s NEMAKy B9 W Cy
4 193 o Z WE swt pwt g QU QR s WM 9 d Gy ATMAX i1
15 o C i
200 « CCMMCN toxbtildcc )y 2eildc)esblou) o X(EU) 4 Y(OU) o YTLEMPLEU ) yUSUM, CPRUD, :
20l < 1 DY s UbgUPy Ay TUNAM( 1229 2) s NAME(20) ¢y NTEMF( 20U ) o SUMINF 4MSTAT,
€C2.4 P4 tuodsdkinPy TvIng IVOUTyITONT, INVFRG, ITRFRUZIVTSINV, [FFCdy
8C3. 3 JUULP e NRUny NCCL,NELEM ¢ NETA yNLELEMyNLETA,NUELEM ,NUETA,
cCa. 4 Teta0uudy TA(S0u) e o) yLALLLE) KINBAS(L122) 4 JHIOU)
&CH s €
CcUO o NELENM = NELEM + L
ECT . IECNELEM) = Ikuiwb
ECH., E(NELENM) = Y(lRuaP)
EE0I C
EE e UC LCCC I = LoNkLw
Ell . [fF (I .tw. LlnUaP) CC Ty 1000
Bl IF (UABS(Y (L)) .tE. LTULLE) Gu TG LCuu
£l13. NeLEM = NELENM .+ |
Bl4. [E(NELEM) = I
BE 5. E(NELEM) = YU(I)
€l6. 1CCC CCNTINLE
(3 C
E1%% NETA = NeETA + .1
819 LE(NETA+L) = NELEM ¢ |
£29. RETLRA
8214 ENC
t22 o SLBRCULTINE SRIFTR(ICLU,y INEW)
P C
tch. (@ REARKANGES LATA STURAGE
825 C SLRRUJT ING AuaP Tcel FRUM LINEAR PRUGRAMMING CODE LPM=Li, WKITTEN
£0. C BY J.A. TCMOIN (CPERATIONS RESEARCH, STANFGRD UNIVERSITY) £
ELT « C»3 4325 ¥%CESCRIPTILN UF PAKAMETERS* ¥k #k%x %
828 . C 10T, INEa = PARAMETERS INUICATIANG STORAGE LGCATIONS FRUM ANu
829« C TC whCik UATA IS Tu Be TRANSFERRGDy RESPECTIVELY
230 . (A AR BL BRI RINLAERL R S e P AR AR AR KRR AR A
€3], [
A IMPLICIT ReAL*4 (AyCoE~HoCoePyR=nypld) y REALFE (B4D9X9Y )y
€23, 1 INTecGek*e (1=Ny Q)
R34 o INTECER*%. uheKINEAS ) LAyLE9IA,IE
2Ae DCLBLE PRcCISICN E(10uu)
L2004 REAL £(>ouuld
£33l C
ERR COMMON/BLUULKS 2TUC LEZZTOLPVLTCCST ¢ 2TULRYZZTCLSMy QRO QMA,UBA S QFL o
239, 1 GEU Qe WAy «PLyGMIp QL@ ly Fy ANy QU NRMAX s NEMAK QB UC,
4. ) GE sy Wl g QG o dR 1 UM 9 QG NTMAX
€4l . C
Ry, COMMON cyatt(lic) s XUa(1e2) 9o(eU) s X(E€V0) Y (00) 9 YTEMP (LU )5 USUM, CPRUD,
843 1 UT s CEsCPy Ay TUNAM( 122920 ¢y NAME(2U) +NTEMP(20) 9 SUMINE ¢ MOTAT,
ik, 2 TUBJy IRCmby LVIN) IVOUT  ITONTy INVFRQy ITRERQITSINV, IFFE Ly
s B45. %) JUULP s inRUWy NCUL s NELEMaNETASNLELEMNLETA,NUELEM s NUETA,
o 344 4 TECLCUU) s IAL500) yLE(222) sLAL122) yKINBAS(122)yJHI0Q)
N gal. C
s 843, CIMENSIUN cAKKAY (£4C)
. - E4 ). EQUIVALLNCE (BARKAY(EL),3(1))
s £50 [FC = (Iull = 1) * NRMAX
851 & IFN = (iNew = 1) ¥ NRMAX
ES2 4 €
i €53 0C 1CCC | = 4iyNkUw
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b ) e =
. =
v

[alalal

1CCC

(e Mo F ala e

IF X1} obLle LALBCICUL) — £LTULZ2E}) LE TG Sudl
JE = (XUL) = AL3(ICCLYM/ZY(LE)
IF (CE aGes LY GO RE 590
I#TYPE = U
GC TC ¢ou
int GATIVE CucFFICIENT
IF (X(1) «CTo (AU (ICUL) + ¢(TULLE)) GU TO 50C
BDE = {X(l) = Xeo(iCCLIIZYL])
IFf (CE ute OP) GU TC 200
IPTYFE -1

DP = (¢
IRCAP = |
CENTEME
CE = CFP + XtLoblJuluL?P)
[F (DE +tTa adelJCCLP)) GO TO 6CC
DP = XLB(JLCLP) = XALb(yLlGLP)
NPIVCY =
RETLRA
NPIVCTY = |
RETLRNA
PNCLMING vAK{ABLE AT JFPER BCUNC
OP = =l.kid

CC L1oCC [=1yNRew
IF (I <cue EGBoY GC TG LS00
1CCL = untl)
IF (Y(]) .CT. ZTULFV) GO TO 110G
IF (Y(I) «LT. =cTULPVY) GU TU 14C0
GG TC 1930
PCsITive (LeFFICIENT
IF (X{I) ocTe (XuotILOL) + ZTuLlE)) GG TU 1500
DE = (Xx(1) - xublICCGL))/ZYL(I)
IF (CE -LEs LP) GU TG 1500
[PTYPE = =]
GC TC 1250
NEGATIve CCeFFICIENT
[F (X(1) oeTe (ALBCICUL) = LTULLZED) GO TO 1509
CE = (xtl) = XtwvelCel)i/zZy(l)
IFfF (DE «Lce LP) GU TU 1500
IPTYPE = ¢
Lé = CE
[RCwP = |
CCNTINLE
DE = CP + XUbluJuLuLFi
IF (CE «uTao XLBUJLLLP)) GO TO le€GC
CP = XLo(JllLP) = XLB(JCULP)

NPIVCTY =
KETLRN
NPIVCT = )
RETLEN

ENC

SUBRCLTIne whkiTA
FLrMS ew elAa=VECTUGR CURRESPCNCING TO CURRENT SIMPLEX PIVCT
SLerUUTINE AUAPTED FROM LINEAK PROGRAMMING CUuDE LPM=L1,y, wRITTEN
BY Jene TUMLIN (UPERATIONS RESEAKCH, STANFURU UNIVERSITY)
IMPLICIT REAL*4 (AL gb=HyCyPoR=nye2) 4 REALEE (3409 XyY) o
1 INTecOeR*s (I={y Q)
INTECER*e Jb KINBAS LAayLE LAy lE
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G\

7L e

[l ¢ oo W &
Frr
-~
.

»'(I
ES S
CHe &

ESH.

&S F s
S5
(i
T e
[{E
1C2¢
1€ 3
1G4,
TG
105
707«
TG e
6% e
S
7L1I
112
115.
71".
11v.
Tloe.
B
(8%
11
12J.
121
122s
Tese
124«
1é3
125
127
fcse
129
73

121

=3 NN OIS ™

']

ezl

T s A AT s A g I M 2. D0

1

N~

S s

ivuu
S i etbes LMAAY o te 1Uvv
MAX x4
JuCL2
NTENG
P keeln «dre =LIGEST) wu Ju 19Ca
EF (ERAX JuEe LTCUDT) i T 29Ul
JCELS
RCCST = U
RETLKA
EF (LFBX sues «TeUsST) Gu Tu 259¢C
JECLR = Juistl
RCC3T Lt A
cETUEN
JECLP JulLes
#CCST CMAX
ReTLRN
LF (AES{uMIN] = LMAX) 2udnygdligicll
ENO

SUBRUEL Fie Lhdén

Test FUR FIVUT CULUMN JCOLP UcTERMINEWD I
ocblteCT> PIvel wiw IRUWP FOk CURRENT PRIMAL-

FPEMFURMSE MIN-nally
SUERLUT INz PRICE.
SIMPLzA [TERATECNe
SULEBRUJT ENE
BY Jode GUMCLN

F«UM CINEAR PRUGRAMMING
(CronAliUns KESEARCH,

LUUL LPM=y,y ariITTcN
STANFURD JNIVERSITY)

ADAPT U

IMPLICIT KeohL®4 (AsLyc=royLoPox=ngs) y FEALFE (LByUsAsY),y
INTeobh*4 (1"”1&.)

INTEGER®, ubekIwOAS,LA LLslAyiE

INTECER*c sPARTyINCUMDIVBNOelvICyIConu

DCUBLE PreLiSICN c(iuvvl

REAL 2(suU)

COMMUN/DLULKRYZ LTUL LE g 4Tul PV ZTLLST g 2Ty o ZTCLSM yQRUp CMAg A guF]
Wy wtllopwArwPlyowMIswl sl sub g W QU NRMAX g NEMAR g wB gL s
whb g F pul g wipwngdM oG AT HAA

CCMMON/Seulrel wUtPheTllce)srevolhu IRCYAL g TLULyLISTL, T VAL IUIR,

WPIVLTy IPTYPEWROLSTyIFEAS IPART (1 c2) o iINCUMBL L),y

LVBANLLOUU ) g ivIULESUC) o lUBNDLEUC]

COMMEN Lypatilaca s ALBlacedroloU) o XLEud o YLOU) 9 YTENMP(OU )2 USUMy LPRUUY

UYL sCPs Ay IUNAMC L2y ) o NAME(2u) o NTEMP LU}y SUMINE s MSTAT,

:J‘JJllﬂLﬂP)tlJ‘l\ylVOUr'IILNTylNVf‘k;vl"KFf"uvITSlf‘VvlirE‘l
JuULr parUng NCUL e NELZMaNE TA GpNLELEM o NLETAyivUELCMyNUETA,
Totlocwdde Ialouul s Lele22) s LACLI22148INSAS(Lcc)vdtH(0U)
LF (KINDASLILULY ) efwe =1) vJ TC 1lULY
INCLMIvo VvARIAoLe AT LOmbk BUUND
CfF = laelv
CC SCC I=1Llgivkdn
I Ul sede TLved) ol TYU 00
FEEL = JHE L]
fF &Y(1}) +CT« LATULPY) SO TO 100
IF (Y(I) sLbie =£TULPV) L Tu <cul
GG TU Swu

PLSITive C(eerFICIENT

LSl

v

T s gy T SR N
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€35,
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WL
Lo~
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639 .
t4).
c4la
42,
CHhie
Ca'v e
€424
40,
&417 .
€ay,
€47
€5V
TN
€53
E>%e
oy
€55,
&E5Ta
t53,.
€9
€€Jlas
€Ele
€€
(o & 1
€t
€€re
€E€bo
€cT.
£€3,
€CCe

€79,

S A

lala

o

\n
«
o

1

£ N

IF (XU1) otbe (Austatue) + LTUOLLED) oL T 20

Y(I) = Je.

GE TE 32y

YEE) > xa

SLMINF = oSuMiNeE ¢ Acocleul) = x(1i
GE TC 3u

Y(I) = =l.

SUMINF = sSeMine « x(0) = Xus(ICCL)
COANTINLE

[F (SLMINF 20T . (TCLOM) RETURN
Y(ICBJ) = 1.

TEFEZ = |
MSETAT = F
KETLRA

eNC

SLBRLUL T e Palie

PRICLS LUT NUNBASIC CLLUMINSy CFOCSES PIVCT CULUMN JCULP FOR
CUKKENT PrRINMAL=CIMPLcA TTERATICN

SLERUGTINE AUAPTEL cKCM LINEAR PKUGKAMMING CUDE LPM=1, wRITTEN
BY JoA. TUMLIN (LPERATIUNS RESEARCH, STANFGCRD UNIVERSITY)

IMPLICIT REaL*4 (A LpE=HyClyPyR=hye) y KEAL®E (ByDoXyY)y
INTEGER%*4 (I=N,4)

INTECER*Z uH,KINDASLAWLE,IAyIE

INTECER*2 IPARTy INCLMoyIVoND,IVID,ICBAY

CCUBLE PKRECLSIUN & (1uuv)

REAL £(50u)

CCMMUN/BLUUR/ ZTUL 2eeTOULPVLTCCSTy ZTCLRU 9 LTCLSM QRO QMA, QBA yWF I o
WEU» ULy dA 3 UPL yuMI g QL] g QF + UGNy WUy NRMAX  NEMAX » QB2 ULy
WE Wk sl QU g QK g M GGy ATMAX

COMMON/oLUlKe/ DFPBRTILLZ) ¢REYBAD JINCVAL,, ILGL,LISTL,IVAL,IDIR,
NPIVLT  IPTYPERCGSTy IFEAS, IPART(L22) s INCUMB(Lc2),
IVBANC(DUU) , IVIVLECO) »ICBND(50C)

COMMCN EpALEfLcc) s Xubl124) +8(00) s X(EU) Y (6C) 9 YTEMP(6U)yUSUMy UPRUD
quUt'LP'A'ILAAM(lcdyl)ghAkE(LJ)1NTEMP(20).SUMINP1MSTAT'
{UBJ 2 IRCnPy IVING IVOUT JLTCNT ) INVFRWy ITRFRQs ITSINV, IFFEL,
JQULP,NRU“:ﬁLLLvNtLEM,Nt1A1NLELEM1NLEIA!NUEL£MONUETAi
IcCLOUU) o LA (DUV) s LE(L22) o LA LLL) yKINBAS(L22)+JH(60)

CMIN Lebtly

CMAaX -ietly

cC 1CCC u=1,NCCL

[F (KINBAS(J) 6Te U) LU TG LUUC

IF ((xLpld) = Xxto(J)) «LTe. LTULEE) ¢U TO 1000

CSuUM = wu.
LL = LAWY)
KK = LA(J+i) = 41
UC SCC 1 = LLokK
Ik = 1A(]L)
CE = A(1)

LFRCL = ue * Y(iwr)

CSUM = uSuM + LPRUL

CCATINLE

IF (KRINBAS(J) oEwe =1) WL TO o6uUC
[F (OSLM oube CMIN) GO TC 10UV
LMIN = oUWV

JCeCLl = u
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coo0e
Wi OV ~NO U s
.

A AN AR AR AN AN AR AR AN AP AR D AR AT |
L
.

£l4.

[NeINoRN o}

OO N NC U4 e

AR AR AN AR LA AP AT AN
OOT ONn VW
L O )

O ran
. e e

IS Tt ey U e S b R AN P 43 5 BT o TRy ) 2

'siaNalaYala)

PO

1

1
2

S W N e

GEauF sl g wl Ry wM LG, NTMAX

COMMCN boaAlbBllec)y2le(Lde) 90 loU )y XLEU) Y (6L W YTENP (60 ) yuUSUM, DPRUD
DY sLEgDF g Ay ILNAMI 122¢2) s NAMELZO) o NTEMP(2U )y SUMINF, MST AT,
IUBJ g IRCn P IvIing IVOUT o i TONT g INVFRGy ITKFRQWITSINVyIFFEL,y
JuoLF yNKUWy NCULyNELEMyNc TAZNLELEM NLETAZNUELEM ¢ NJETA,
TolLLlUI s LATSUUD JLELLDL) LEL L) W KINBAS L)y JH(OLU)

IF (NETA
1cCC 1 =
= NETA =

= Lel(LK)

= LE(IK#}) ~ 1
[PIv = 1el(ued)

= BElLL)
CYy = Y(iriv)
Ce
sLte LL) GO TL 000
EL )
€CC J =
TE(J)
DE E(y)
CPRCLC = vt #= Y l(ix)
CSUM = USuM + CPRuULl
CCNTINLE

elie L) oL TU 900U
LrhtTA
PR .

LLs R

Y(IFIV) =
CCNTINCE
RETLRA
ENC
SUBRCLTINE FURNMC

(LY = LSLM) / P

FCRMS CCST velCTOR FUR CURRENT FRIMAL=-SINMPLEX ITERATIUNS
CCNJUNCTICN WITF SUBRGUTINE FRICE

SUERUUTINE AUAP TEU FROM LINEAR PROGRAMMING CUOCE LPM=1, WRITTEN
BY JeA. TUMLIN (OPERATIONS RESEARCH, STANFORD UNIVERSITY)

JSED IN

IMPLICIT KEAL*4 (A Cob=HyCoPsR=hy &)y KEAL%RY
INTEGER ¥4 (I=N,Q)

INTEGER*. Jh,KINCAS LA, LE,IA,IE

OCUBLE PRcCISICN E(LCUU)

REAL A(>uv)

(ByDyXsY)y

COMMUN/BLUCK/ (TUL LEZZTOLPVLTLCST ) ZTOLRYZZTCLSM ,QRUy GMA, UBA S QF L o ;
GEU» CBLowA s uPLyuMI gl ol s WFy CNy QU NRMAX yNEMAX QB :
GE s WLy O R 1AMy QG NTMAX

CCMMON EgxLc(had) s XUB(i22)98(00) o X(€0)sY(60Q) 9 YTEMPLOU )+ USUM, OPROD,y

UYsLesDPy Ay ICINAM( 12292 ) 9 NAME(2U) ¢yNTEMP(20 )9 SUMINF 4 MSTAT,
TUBUy IRLWPy AVINy IVOUT g ITCNT, INVFRGy ITRFRQWITSINV,y IFFCly
JCULP'Nﬂun'ACDL'NELEH'NCTA’NLtLEM'NLeiﬁyNUELCM'NUETAU
IE(LUCu )y IA (5000 LE(Z252) yLA(122) yKINBAS(122),JH(0Q)

MSTAT = i

IFFEZ = U

SULMINF = C.

Y(ICBJ) = C.

CC 30 I=1sNRCw

IF (I «Ede ILBY) GL TU 30

[CCL = Jd()

IF (X(I) «LE. (ALoCILUL) = ZTOLZ2E)) GC TO 10
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493,
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469,
467.
*tg“lo
4S3.
€C0.
501 .
5C2.
S8«
ZC4e
€0l
5Che
ECTe
£(8.
€03,
10
Sil.
cl2«
£l13.
Sla.
El5 e
516
L) & o
£l3a
519+

€N
~eVe

521
£22.
523«
£24.
$25
£26.
$27e

\
~N
@0
.

£29.

n
)
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.
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AMAN AR N AT AN N AN AT AR e |
DD te W W W
. L 3 . . . . . . . e

C
C

C
C

SLCEBRUUTINE AUAP Tcl FniM LINEAR PRUGRAMMING CUDE LPM=iy WRITTEN
AY JeA. TUMLINN (CPcRATIONS RES>EAKCHy STANFURD UNIVERSITY)
(32304288t SCRIPTLIUN Ur FAKAMETERS**#9%%x4

IPLK = FARAMETEFR INOICATING BY WHICH ETA-VECTURS THE MATRIX
CCLLMN IS TCL BE CPULATED

CHEEA LB IR VP EXTREINC AR P BB EXR NSRS IS

C

alakaEalal

11C

2CC

cCC
1¢CC
sCCC

1

1
.

o N~

1

1

IMPLICIT weArL#*4 (AgCobE=HyOyPrk=0yl) ¢y REAL*E (B3DsXeY)
INTEGER*4 (1=Ny &2

INTEGER*2 JryKINBAS,LAyLE, LAyl

CCUBLE pPrtCISICN E(1UVI)

REAL A(>uu)

CCMNCMN/BLUCK/ LTOLZEZLTOUPVyITCLST g ¢TGLRY9ZTOLSMoQROy QMA, UBA (QF 1 4
CECsCBLIQA WPLaGMI QLo CTouF o CNs QU NRMAX yNCMAX,WByW L,
QE sl Howl s VO QR yNIM 3 dGy NTHAX

COMMUN £9XLE(Lel ) o 2UBUL22)s8U00) o X(EUD2Y(60) oYTENMP(60)4DSUM,y LPRUD,

JYeLbaUPy Ay ICNAML 12242) ¢ NAMEL20) ¢ NTEMPL20) o SUMINF ¢ MSTAT,
1ubJ s IRCwPy IVINg IVOJT o ITCNT,y INVFRQy ITRFRQITSINVyIFFEL,
JLULP s NRUN s ACULYNELEMyNE TA yNLELEMyNLETA,NUELEM ¢yNUETA,
IECLCUU D, TA(500) 2 LE(LDL) sLA(122)9yKINBASI122)yJH(6U)

GC 70 tivulsllQ), IFAK

NEE = 1

NLE = NeTA

GC TC 24uuv

KNFE = ALcTA + 1

ANLE = NETA

IF (NFE .GTa NLE) CL TO 9900
CU 1CCC IR = NFEyiNLE

LL = LE(IK)

KK = LECIR+1) - |

IPIV = lE(LL?

Cy = YtllPlv)

oY = CYy/e(LL)

Y(IPIV) = LY

IF (KK .LEe LL) GU TC LuLO
tL = LL + ]

BC 50C u = LiskK

IR = I1E(J)

YUIR) = Y(IK) = E(J) * DY
CCNTINLE

CONTINLE

CCNTINLE

RETLRA

ENC

SUBRCLTINE ETRAN

PEKFURMS EACKWARL TRANSFORMATIGN ON COLUMN STCGRED IN veCTGR Y
SUBRUUTINE ADAP TcL FRCM LINEAR PROVRAMMING CODE LPM=L,y, WwRITTEN
BY JoA. TUMLIN (UPERATIUNS RESEARCH, STANFORD UNIVERSITY)

[MPLICIT KEAL*4 (A 4CsE=HyCyPyR=nyd) ¢ REAL*B (ByDsXeY)»
INTEGER*4 (1=N, )

INTEGER®. JH,KINBAS LA LE,[A,IE

DCLEBLE PReCISIGN E(10L0Q)

REAL £(500)

COMMCN/BLUCK/ LTUL LEyLTULPVLTCCSTy 2TOLRJ ¢ ZTCLSMy CRU9 QMA4 QUA 4QF 1 ¢
CEQrCBLINA W QPLoCMICZ QLo GFoCNsQUy NRMAX 9 NEMAXyGBoWCy
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4217 . ICS1 = wAMc (a)
429 1CS2 = NAME (L)
429 . €
430. C TESY kL Kih MATCH !
431 . € £

5 432 320 LC 54C I = LyNKuN

b 413, [IFINANMECLU) oNco ICNAMITZL) oeURe NAME(K) oNEo ICNAMUIL,2))G0 TO 540 5
434, B(I) = ATeMPl :
429 28 1FPEK +CTs B} bii 1€ 5 )
430 [F(CAEStATeMPL) oLEs TuLZE) GC TG 5 i
427, J = S i
428, K = 0 :
435 ATEMP] = ATeMPg
440 o GC IC &30 t
441 « S4C CENTINLE i
4424 ARITE(E 0300L) MAMELJ) s NAME(N) !
443, STCP :
444 . C 1
444 € EAND Jbt LubuT {
4406 C f
Lol €CC NSCCL = ivelL = NRUW :
“43. K = NRCw + 1 i
449 C INFLT LintR AND UPPEK BGUNDS UN CECISIUN VARIABLES FUR SUBPRUB- §
450. C LEM LNPKLB :
LAY REAC (Sy030L) tXeB(J)y J=KyNCIL) i
452 REAC (S,050) (XUB(wdy J=K4NCOL) {
¢t3, €5C FURMAT (L5F5.0) !
454, XLB(ICBJ) = =10U00. :
4554 XLE(ICEU) = 1lULOu. §
436, C INPUT LCwWER AND LPPEK BJJUNUS CN ALLOCATIUN VARIABLE FOR Suc=- {
45T, C FRCBLEM INPRUB ;
453 REAC (2,¢51) (loub (I, INPRGB),y I=1,HLINK)
459 . REAL (S5051) (I8UB(1,INPKUB),y L=ioNLINK)
4€). cf1l FCRMAT (3l1L)
4¢€l o INVFRC = NRCw
462 . C STUKE Ay LA 3L A)XJUB0LB B NCOLyNKOW FOR SUBPRUBLEM INPROB !
4c3. LL = JFIRST{INPKLB) = 1 {
“en, CC LO1C I=LyNELcM i
hEH LEPTE = L & ‘
45 AMATRS(LLPI) = ALL)
4¢T. 1C1C IAS(LLFLy = [A(])
4¢3, CC 10&C K=lgyNLCL i
4¢9 < LAS(K y INPKCB) = LA (K]
(1) XLBSUK INPRUB) = XLE(K) b
471 1020 XLBSUKyInNFRLE) = Aoc(R) !
&12 K = NLINK + |
473 . tL = NMNRCw = &
474, CO 103C I=1,LtL

: 415« LC2C RES(IyINPKLB) = SNCLIBIK+I))

A 416, NCCLS(InPRLE) = NCLL

3 471. NRCWS (INPRUE) = NRER

I 473 JFIPSTUINPRCE«L) = JFIRSTUINPRUEB) + NELEM

o 479 C

; it ED NELEM = NELEM = NRCa

: MR 46l RELEM = NELEM

$ =) 482 ROENS = relcM/ (Nkuw*ASCUL)

: i 4¢3 RETLRA g

5 4844 ENC

= 4ED o SUBRCLTINE FIRAN(IiPAK)

o 485, C

> 487 C PEhkFukMS FC(RwARL TRANSFORMATICN GN CULUMN STCORED IN VECTOR Y
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oh

n
o

\n

~

\n
LS

n
o

TEST FUR kua

DC 24C I =
TF(NAME(S)
NELEM =
[A(NELEM) = |
AINELEN) =

MATCH

LyNKun
oivE o
weleM

ICNAMGig 10
+

eUke NAME(K) <NE.

AlcMP o

LAANCCLrL)=NcbLecMel

[F(K «CT.

5)

IF(CAES(ATeMP2)

J =5

K= 6
ATEMPL =
GG T8 330
CONTINUE
wWRITE(E BSLLI

FURMAT(on(NU HATCH FUR RUw

STCF

EASE> CARUS

OC 42C 1 = l,hCUL
[F(NAME(CL) oNEe ICNAM(I91l) <URe NAME(Z2) J.NE»
ITEveEC = |
GC TC 4>
CCNTINLE
aRITE(C,8900) NaMe (L) g NAME(2)
FCEMAT(Llmuinu MATCHE FUur VECTOK 42A4)
GE TC %
OC 430 1 = 1,NRun
[F (NAME (D) alve ol LINAMU Ly £ ) «ORoNAME (4 ) e NELTCNAM(T, 2))
[oFCh=1!
GC TU 44y
CONTINLE
WRITE(E48500) NAME (2),NAME(4)
GC 1€ &£
JECIBRCA) = Ibvel
KINEAS(losin) = U
KINEAS(iBVEL) = IBKLAW
GE TS
RS
J =
K = 4
IF (CABS(ATEMPL) oLEe LTOLLZE) CC TC S21
GC TC bSiu
J=5
K=€
ATENPL=ATtMFL
Gl TE £330
COCNTINLE
IF (NAMEC(L) ozQe TCS1 <ANDe WAME(Z) oEQ. 1CS2)
TEST ruk SPLLT veCTuR
DC 82 1 = 1yNCUL
IF (NAPE(L) oNEo LCNAM(IL1)) GC TO 225
IF (NAMELZ) <NEe LCNAMGIL2)) oL TU 525

L TC 5

sLkte LTULLE) GC TU 5

AleMpPe

NoaMe (J) s NAME (R ) ¢yNAMEL L) yNAME(Z)
o ZA4y LOFAT COLUMA

wRITE(€y0250) NAME L) NAME(2)

CCNTIMNE
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n
o

<
W A
n

CUNTINLY

GE- TG =
NRUW=NFLUat L
NCCL=NKRL A
TUABN {ARLwel) = NANMELL)
[CMAN (NRuUweed waNE(Z)

FEE€T num f¥PC
FF(RZ sEwawl URs KieBwadbt)  wu TQ 2206
[FlKZ cEuwant ouite K3EQawEY Lo 10 230
IFlK2 cEBuswt R KIsEWaWGE - GU TO 240
IR (RZ «Eda iy wORe A2eotiawN) GO 16 250
et 1€ 234
ALE(NFCw) = Co

XLEBINECA) = Lleta
GE JE 25U

XL A(NECiW) = (e
KUBINFCAY = G
GE 16 25
ALB(NKCKW) = U
AL2ANKCA) = leta

A(NRCW) = =~
GL T <¢ov
A(MNRCH) = 4.
[A(NRCW) = hhrdn
LEANKRCH] = NkUw

JE(IARCW) ANrin
KINBAS (hNeLw) = NKkUW
NELEM=AkUnN

el 1C £

MATRIA tLEMENTS

g = 2

K = 4

IF (CEESUATEMP L) oLEs LTGLZE) €EG TC 321

ol TC e«

J=3

K=¢

ATEMEFL=4AlcMFe

gt TC 33v

CENT IMLE 1
IF (NAMc(i) ostue ILSL oANDe NAME(Z) EWQe ICSc) GO TU 350 ki

TeEST Fun SPLIT veCTuw

DG 32% 1 = l1oNCUG

[F (NAMECL) onvte LANAMUL,L0) oC TO 3¢5
IF (NAMcic) oidke LUNAM(I42)) o€ TO 325
wWKITE(E 0 sC) NAME (L) ynAME(Z)

FCEMAT (hsriLsrLIT vELTUR 4cA4)

CONTIRLE

NCCL = WNuul + )

ICS1 = ~AME(L)

[052 = NAME (<)

ICMNAM(NCUL 91 ) = ICS1

ICNAMANLUL 9e) = (L S2

LACANCLLY = wnebtem + ]
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o

LGk
) o
J
s
L
.
.
6
1CC
.

INTECESF
UCL EL
YEAL {
CCf N/ B
CCMMCN/oL
LIZINC,
‘.r:\“ o
T1ZSTAF (4
NN "
A."\ ‘I
MA t
i uY
“ lll
3 Ju
4 ic
&l o ,
- A\ :
3¢k Ja
[
L% .
KINBAS (v
NRCW = U
L ACRT )
ICS1=¢
ICS2=¢(
REAL «
FCRMAT (>
LFPRCE =
IF CLEfRY

[FixL .t
FFIR]T +bw
IFIKL Jtw
[FIK]L otw
GE TC(21e
NTEMP (1)

NTENF(2)

s b TUSTAREE990pd ) IBUSEL (5440100 1BUB(5910) oIlolB(2910)

DU SCLU) pSFIRST(LLY 9 IAS(10CU) 9 LAS(2C,10)
pabBllec s XUBllce) sBUBI) e ALEV)  YLOC) yYTEMP(60) 9DSUM, DPRUD

S TOULY INPRLE

L eAG i Ky cBE 2Ry Fideay 3K ol BaylAyFllan)
we RE)} 66 TC 600

Ewe Wikl G& TG 59

we N} GO TC 100

we uih «sANDe Kz +EWwe WO) L=1

“e WK JANU . 12 oEwe WG) GC 10 150

Guérlel FRUM Linc AR PRIURAMMING COUE LPM=L, aRITTEN
4 (LPeka TIUND RESEAKCHy STANFCRu UNIVERSITY:
PTIGN UF FARAMETER S ®#% 53k %

Inektb = [0chTIe ICATION NUMBER UF SUEPRCBLEM BEING
testr duol INPUT SUBRPRCBLEMS IN SEQUENCE Ly2eessnliouss)
R e E S RS EE R Y

RhtALsxq (A Cou=HiLyPyh=~ny iy REAL*G (ByDeXsY ),
Neoek*s (I-Nay)

s KINCASyLAyLE o LA, LE

TeSTaR gL ELC, 130NV, [28BMD

IasgLAS

e iSlely E(LuUul JATEMPL JATEM 2

LR liuLl‘:’Lr';Jl!)\’LZ':{)T' lxi;'.rJ:LICLSM'CR\]iQMA,J«’A,Q("'
cherbli Ayl s wMIs el wl g uFr N yQUY NRMAX yNEMAX» WBoUC,
whoawh by wl g WR sy uM GGy AT MAA

KA/ FLANMCALD9 U bd )y INBUT(20010) 3 4JBARILIO) oNLINRoNSUB Sy
elOUM g TBLLyWNIFTA,UF L XSMy I8(9) 2 JFIXCLO)eNSCL (LU,
viulyplelu(d 20u)slboiNullll ), 1ZBNUC200)
ena/ ALDOlZUsLU) 9 XuBS (<0910} yAMATRKS(1000)sRHS(10,10),

robyLP e Ay ICNAMLLZZ 32 ) o NAME L2U) yNTEMF{20 )9 SUMINF 4MSTAT,
SUsIRCAFy IVIN, IVOUT 3 TTCNT s INVFRGy ITRFRQ 4 ITSINV, iFFEZ,
ULE  Nrbay NCULyNELEM, Ne TA JNLELEM o NLE TA NUELEM g NUETA,
LiCCuls A tOLLLl L) gL 8(122)kKINBASI122)yJdH{60)

l4)
INFROE
efwe wd RETUYRN

L) KLgRhe oy K3yKay INAME(L ) o l=194) y ATEMFPLNAMEL(S ) ¢yNAME(6)

« GCJ) =2
w QL) wE IC 15

o ab AN e NS JEWe wA) L=3
o kb ANV e K2 osEwe wA) GC TU 150
o el JAND. K¢ Jbhee WH) L=4
o Wk JANUe KZ +EWs JH) GC T0 LY50
s AclLyalCyaCl)ytL

NAME( 3)

NAMiE (&)
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o

(0

SCCC

1

AVIJ) = 0UNTSLLt ) =L ) *AVIJ I+ (LJBAR(JI=INCVALIII/NTSUL LY)
GL TC 34UU

[SLACK

NP1l =

L 33225
TSLACK =
AVIJ)=CINTSLL LUl =L ) *AV(J ) € LSCACK) /NTSCL(J)
GC TC 3400
AV(J)=((NTSCLlJ)=1 )$AV(J)=TIME) /NTSCL (J) !
SAVE ALLUCATION AND SOULUTIUGN INFCRMATION FOR SUBPROBLEM U
SAVER(J)
K = NTEMP(Z)
CLIFUT SCLJTIUN INFUKMATION FCR SUBPRUBLEM U
{oel) JeKy (INCUMBIXKK), KK=1,NCGL)
FORMAT (' SUB'.1c¢y? SOL' 13, 1,2C15)
TEST Ir ALL SUBFRUBLEMS HAVE BEEN SOLVED: IF SO« NQ SRANCHING
NMECESSARY
IF (NJFIXA = NSUGBS + 1) 2400423009999

CALL

WRITE

CCMPUTATIULNS CUMPLETED; OUTPLT OPTIMAL SULUTICN INFORMATIGQN
CALL CLISCLUING)
CALL FCLULKLUTIME, 1TCT)
JULIME/ZLLU.
CUTPUT ALGURITHNMIC PERFORMANCE INFORMATION
WRITE (647) TTLT
FCRMAT (/% TUTAL SCLUTICON TIME =',F7.<,*SECONDS* )
(oy9c) TPHLyNALGyTALU, INTSCLC L)y J=1,NSUBS)

T1cy

WRITE

Ge FCRMAT

IC* s 11Cy*
NUMBER uF TIMES EACH SUBPRCEBLEM SULVED =',18X,1015)
ARITE (6590 (NSULGJ),y J=1.NSUBS)

zusese

S FCRNMAT

5556

{3 i O s T o O )

WRITE

S1Ce
ENC

8LLCCK CATA
INITIALILES GLOEAL PRGGRAM CONSTANTS
SLERUUTINE ADAPTEC FROM LINEAR PROGRAMMING CODE LPM=1, WRITFVEN
BY J.A. TOMLIN (UPERATION> RESEARCH, STANFORD UNIVERSITY)

IMPLICIT REAL¥4 (AygCyoE=HyLgPyR=ny ) sy REAL%®E (ByLyXyY)y

1

CCMMCN/BELOCK/ LTCLLEyLTULPY ZTCCST, ZTOLRY 9 ZTOLSM,CRO,QMA,QBA 4 QF 1 »

1

REAL ZTULLE/LaE=5/ yLTULPV/1aE=4/ 4 2TCOST/1oE=3/¢LTOLKJI/1eE=4/

1

1CGEC/'ECF

cul/!
gg/' e
4eC/'C
END

NeINA ¢ ]

(* TIME [N PRASEL =',F0.c9* SECONDS'/*' MASTER PRUBL M 50LVE

(* NUMBER UF UCISTINCT SULUTICNS GoTAINED IN EACH SUBPRUBLEM
1 =4,1CI15)

(6,91) TSuB>

FCRMAT (* TCTAL TIME SOLVING SUBPRGELEMS =*,F6.2+" SECONDS®)

GC TC 10

)

I=c4NP1
ISLACK + INLUMB LT

TIMEs>: TCTAL TIMc SULVING MASTER PRCBLEM =¢ ,Fb6.2,' SECLCON

INTEGER*4 {I=N,Q)

CeUs CBL s WA sy WPL o UM I QL 9QI 1 QF y UN s QU NRMAX ¢ NEMAK ¢ wB4QC,
WE v Wh QL QU QK9 QM QG NTMA X

2TULSM/LlaE-10/
[NTECER*4 NRMAX/ 060/ NTMAX/250/ ¢« NEMAX/ 1000/ |
INTECER*4 (RO/'ROW "/ GMA/"MATR'/ QEA/'"BASI'/4QF I/'FIRS'/,

l

/B! "/9QA/ A Y/RQPL/Y « Y/ 4QML/ - 0/,
AR VAR /R F $/oWN/EN */9QU/%U Y/
Y70/ Y/ /'E */WQH/'H Y/aQL/ L '/
AVETLVA Y/ UM/ 'M Y9G /06 e

SUBROLTINE INPLT (i FPROB)

INFLUTS PRCuLEM LATA
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o

¢4cC

N

n

o n
o\

CrECR IF ANY SuLPrUBLEM HAS PREVIUUSLY BEEN SOLVeD UNDER TS
CURKeinT ALLCLATICN
CaLL LCMUHR(J9K)
IF (1L€R +Exe O) GEC FU 3000
cRANLH LN ALLCCATIUN VARIAGLE IN SUGPRCBLEM 4
CALL C(MBKAN(J9K)
IFf (MSTAT +EGCe Q) CG TU <2000
FIXx ALLLCATIUN TC SUBPRCBLEM J AT LEVEL K
JEIX(J) = K
NJFIX = NJEIX + |
JEIXSNM = UFIASM + [2STAR(KeJ)
IF (INJFIX <tT. NSUES) Gu TQ civuC
ALl SUes> FIXxtu: COMPARE SCLLTIUN wiITh INCUMBENT
IF (JFIASM <LE. IZINL) GU TU 25C0
CC 24CC I=1,NoLBS
INC(T) = JrIX(D)
TZINC = JFIXSM
CALL FOLUCLK(JTIME, ITCT)
TCPT = JUTIME/LUUQ.
WRITE (LyS3) TCPT, 1LINC
FORMAT (' TIME =',ET7.29" SECUNDUS: IZINC =¢,110)
JEIX(J) = C
JFEIXSKM = JrixSM = [43TAR(K,J)
NJFIX = NJFIX = |}
GC TC Zuud

SELECT NEXT SLBPRUBLEM TU Sulvt
AVMAX = «](CCCU.
J=C
CC 31CC I=1,4N5LBS
[F (JFIX(I) G6Ta V) GU TG 3100
[F (AWMAX oGte AVII)) Gu TU 310C
Jo= ]
AVMAX = Avil) 3
CCATINLE
NISCL (J) = NTSCL(J) + 1
CALL FCLUCK(UTIME,LITLT)
LUAC PrCELEM LATA FUK SUBPRUBLEM J
CALL LDUATAY)
IPAR = U
ITSIAN = 4959959
IFEAS = O
CET CPTIMAL LP=SCLUTICLN TU S(BPRCBLEM U
CALL MNCRMAL
TEST [F SuBPRUBLEM J [S LP=-FEASIELE
IF (MSTAT ecwe &0} CGC Tu 330V
STCRe oPTIMAL LULAL MULTIPLIERS [F CISTINCT FRCM PREVIUUS MULTS.
CALL FloAVR(Y)
SUFPRLGLEM J LP=FEASIBLE; CGeT INITIAL LUWER BCUND ESTIMATE UN
MAX. [v=LbJe VAL
CALL CETeBC(Y)
INITBC = LNLUME(L)
USE BRANCH=ANO=EBCUND ®OUTINE TC COMPUTE OPT. IP=SOLUTICN TO
SLEFKLDLEM J
CALL EANUBCINITBD)
CALL FCLUULA(JTIMcL, LTOT)
TIME = (JTIMEL = JTLIME)/ LIV
TSLES = TSLES ¢ TiME
LPLATE ScuPhuBLEM SELECTIUN RULE INFORMATICN FOK SUBPROBLEM u,
IN ALLUKLANCE w Tk VAwUc SPeCIFIEL FUR [PARM
GC TE (354093300 9333093400)[PAKM
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e

&1 . C e
62« C PHASe | :f
Cle € {
€4, OC 1CL J=1NSUBS i
a5. NLAMCE(y) = U &
O NISEL LY = € K
2 &l s AV(J) = U
E9. NSCL(J) = |
€S JEIXLI) = &
T0ie CALL INPUT (U}
3 1 £C 5C I=LaNLINK
12 0 IBSTAR(Iy14d) = IDINTUBUI+L))
T3 ITSIAN = 45599
T CALL MCKMAL
T50s 1CC CALL FISAVKUJ)
16 C
i 2CC CALL 2LulTetlIPAR)
73 . NNEWPTL = U
19 EC 2CC J=1«NSUBS
20. LL = NSuniJd)
€l .o EESTFE S= il Ak
e2. DC 25C k=lLL
83 CC 24C [=4ioNLINK
4 IF (ITESTAK(I)RyJ) <NEo IBSTARCILLISTL,JI)) Gu TO 250
5., 24C CONTIAUE
Eb6 . GC TC 3uv
T S0 CONT INGE
€8s CALL LLUATALY)
€5, [TSINY = 59699
0. CALL NCRMAL
Gl NEWPT = NLAMUCACJY)
G2, CALL FISAVR(J)
§3 & NEWP! = NLANMLA(J) = NEwPI
Sh e NNEWPT = NNcwPl + NEnPl
<5 NSCLEJ)Y = LISTL
So. 20C CCNTINLE 1
ST IF (NNEwPi) 4CCy40C,200 :
33 o 4¢C UC 50C J=1sNSUBS
99 - SCC NSEL(w) = C
IGO0 CALL FCLUCKUJTIME, 1TLT)
 Heq N TPH1 = JTIME/1GU.
162« GC ¥C 2100
23 &
iC4a C PHaSE ¢
165, ¢
1Coe C EACKTHALK TC LAST PROMISING NUDE IN ALLCCATION=VARIABLES SEARCH
107« C TREE
| Jok: = 2CCC CALL EERTRK
1€3s C IF LIsT OF STUKEC WuDES [S EMPTIY, CUMPJTATICNS ARE CuUMPLETED
119+ IF (I€LL .Ewe C) GC TO 9000
&) 15 8 ¢10C NALC = NALC + 1
i CALL FPCLULK(JTIME, ITUT)
! 113 G SULVE MASTEK PRCBLEM TQ USTAIN PROMISING NEw ALLOCATION uF
& i 114, G LINKInG RESCURCE TU SUBPRUBLEMS
s\ e 115 CALL AlulT (jPAR)
: 115. CALL FCLOULKULJTIMEL 4 1TUT)
L - 5 % A% TALC = TALUL + (JTIMEL -~ JTIME)/10C.
& 113« IFAR = |
> 119. C TEST FUR FATHUMING UF CURRENT NGLE
4 120 IF (INCVAL olee [ZINC) oU Tu ¢OCC
B 21 1ZBAR = [NCvAL
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CECCMPUSIYILN RKCUTINE, OMLC

CeClmPuullaitlhh ANC SULUTIUN UF FURE=INTEGER LINEAR PRUGRAMS
(wlTr GeNerAL INTeuek vARTAbLES) WITH BLOCK ANGULAR CUONSTRAINT
MATRICES .

Creas a2 MLLTIPLe LINRING CUNSTRAINTS CASE#**x&kXx

GARY Ae aULFMAN (LPEKATLUNS FESCARCH) s SEPT. 1976, MULD 1L

IMELICTT REAL®4G (AyL E=HyCePyR=nys ) y REAL*E (ByDsXyY) s
1 InTtoon®4 (i1=N, W)

INTECER*L Uh,KINBAS,LAsLEs LA, lE

INTEGER*, [rAKT, INCLMo,IVONU,IVICiCBNU

INTECER®. [4S5TAR,1ElUI0BNOy i LoND

INTECER®¢ 1AZ,LAS

COLBLE PRECISILKN ELLGUU]

LIMENSTLy AL500) oINCHL0) s AVILU) oNTSCL(LQ)

COMNMON/OLULKRY (TCL2E9eTULPVoLTLLST, LTCLRY» LTCLSM yQRU9 QMA ,WBA 4QF 1 o
1 WoUp el e A s dPL MLy W sl 9 QF s AN QU NKMAX s NcMAX y JB 1 Cy
: WCrabFsublywlrwrRyuM LGy NTMAK

COMMON/BLULCKeS OFPLKRT(L22) +REVBND o INCVAL » [ICOL LISTL I VAL, IDIK,

1 NPIVCToIPTYPERCCSTy IFEAS) IPART(Lc2) s INCUMBlLCL)

Z TVBNLIDOUU 2 IVIL(ZS00) ,ICBNDL500)

COMMUN/BLULKRS/ RLAMDALD92091U) 9 INAUT(204910) 9 ZJBARTLO) oNLINKyNSUB S,
LIZING JVZBARIOUM eI BLLsNJELXg JFTIASM, IBES) y JFIXT103,NSOL(L1U),
CNLAMD2L1U) 9 iO3TARE 299Ul 0) 2 IBUSED(S 3940910) 1 EBUBLS,10) +IBLEBLS,10)
2LLSTAR(4U LUl 18IV 00 ) s I18OND (200U ) [£BIND (2CO)

LOMMON /oLolsa/ ALoS(2Uyb0) 9 XJbS (20,100, AMATRSILI000) yRHSUL1U+1C 0,
INRORS (LU ALULSE L) g JFIRSTUOLL) » IASCLOUO) 2+ LAS(20410)

CCMMON coAbblice g xuBlLl220 980U X(ED)YLO6C) s YTEMPIO60yUSUMy DPKUD,

1 UY yUEeDPyAy IUNAMI 12242) o NAMC(2U) yNTEMF(2U) g SUMINFMSTAT,
Z LU o iRCwPy IViNgdVOUT 3 ITCinT,y INVFRQy ITRFRUPITSINV: IFFEL,
2 JUULF yNKUws DCLLyNELEMyNETAJNLELEMyNLETASNUELEM ¢yNUETA,

4 1E 01000y JA(DUU) s LELLD ) yLALL1L22) yKINBAS(122)4JH(0U)

MFAIN PRUCCLRANM
CUCRUinATes APPLICATION UF ThE VARIGUS STEPS OF THE oECUMPCSI-
TICAN ALCCRITHNM.

INITIALLZE PARANMETERS
CALL FCLUCLKLITCT)
KEAC(EyLyehNL=9599) NSUBSyNLINKy IPARNM, IZINC
FCRMAT (o1i0)
REAC (Zyl) (L8(1)y I=LsNLINK)
CC 2C J=uisléc
ICNAM (Uyl)
ICNAVM (Jgc)
IC38J = 1
ITRFRQ = 99999

INITHL

3
v

J

LU ]

H]

)

Ll v

[ZBAR = 1oLl
JEIX(NELUBS) = O
TPAR =

NJFIX = v

JEIXSNM = o
JEIRST(L) = 1

NALC =V
TALC = u.
TSUBS = Vs

NEL = NLINK ¢ ]
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