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1. 1ntrgductiln

The computer code SDA to be described in this report solves

the staircase inteqer linear programming problem,(") UgYn y:

rK

maximize Z. x
*at

(SP) subject to: Ax 8 bo

Atx, + St.,xi., . be, t=2,3,..,T

Lt $ xt: l ot ,  t=Z, 2, -.e,T

~~~~x t integer, tl2..T

{This formulation arises In multiplant production allocation

problems, multisector economic planning modelso and multitiue period

production and inventory problems.

The solution method used by the proqram SDA relies upon

decomposition of the problem (SP) into smaller subproblems (0)# each

of wnich can then be efficiently solved by an LP-based

branch-and-bound routineoEach subproblem (Se) Is specified by a

vector of costs c.. the "diagonal" submatrix Atv the "offdiagonal"

submatrix B..,, the riqht-hand side bte and upper and lower bounds Ut

and L. on the variables xt e The actual formulation Is as follows:

maximize CA

(S t) subjec. to:. At ht 1- #1%1

Lt x. I 5u

xx integer.
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The algorithm proceeds by finding a solution to a subproblem

(say St) and moving forward to the next subproblem (S,,,) with a new

right-hand side determined by the solution to St. When a set of

solutions to all the subproblems is found, this solution will be

feasible for the original problem. Prices are calculated to help

guide the search for subproblem solutions toward an optimal value.

bounds on the maximum objective value obtainable given the current

solutions to a subset of the subproblems are utilized to speed

fathoming. See Pollenz £1980] for a detailed discussion of the

staircase decomposition algorithm.

The branch-and-bound search procedure, which is used to solve

the subproblems obtained via decomposition of (SP), is a slightly

modified version of the computer program BB written by Gary Kochman as

part of his dissertation at Stanford University. This computer code

solves pure integer programming problems with general upper and lower

bounds on the variables using a branch-and-bound technique similar to

that presented by Dakin £1965]. Tomlin's E1971] improved penalties

are employed to guide the choice of branching variable at unfathomed

nodes, with the branch being taken in the direction opposite to the

maximum penalty. Nodes are removed from the branch-and-bound list

according to a last-in-first-out (LIFO) strategy, and reoptimization

after a branch is accomplished by the dual simplex method. See

Kochman E1976] for further details about this program.

The linear programming portions of the code BB were developed

by John Tomlin of the Systems Optimization Laboratory at Stanford

University and adapted by Kochman to efficiently deal with simple

upper dnd lower bounds on the variables. The most important features

of LP-i are: storaqe of the basis inverse in product form (see

Orchard-Hays C19681); LU decomposition of the basis inverse (see
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Benichou et al. C19773); and storage of all data, including the

inverse, in compressed form (i.e., zeroes are not saved).

In order to maintain compatibility with BB, the computer code

SDA was written in FORTRAN. Testing and evaluation of this program

4as carried out on the SCORE DEC System 20 computer at Stanford

University. Due to the restrictive nature of the FORTRAN-IO compiler

at SCORE, few of the features of SDA would be unacceptable to another

system. The sole exception is the usage of the system clock routine

IHPTIN, which is employed to record total CPU time and the percentage

of execution time devoted to various portions of the algorithm. Such

information is valuable, but if no system clock is available, the

appropriate sections of the program can be eliminated without

affecting the whole.

The main program a:.d input requirements for SQA are discussed

in the next section. The current restrictions on problem size are

given in section 3. The various subroutines which comprise the bulk

of the program SDA are outlined In section 4. The output generated by

SOA is described in section 5, and sample input and output are given

at the end of the appendix, following the listing of the program.

The main program calls the input subroutine, a subroutine

which generates a few initial bounds, and then Iteratively calls the

branch-and-bound program to solve the appropriate subproblems. After

the optimal solution has been discovered (and optimality verified),

control passes to the next section of the main program, which computes

some timing information and calls the output subroutine.

The first input card must contain values for the parameters
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IPPROBO NP, !OBJ, IPVFPQ, ITRFRQ, and NIIBD, in (414, [5, [1O)

format. These variables have the following significance:

IFPROB = problem identification number (must be nonzero).

NP = number of time periods (equivalently, number of subproblems).

IOBJ = row number of objective row. Defailt is 1. (Currently, OBJ

must be I for subroutine BOUNDR to operate correctly; this

can be corrected.)

INVFRQ = frequency with which basis inversion is carried out in the

linear programming portions of the code. If INVFRQ = k, basis

reinversion will occur after every k simplex iterations.

IHVFRQ should not be set greater than the number of rows in

the smallest subproblem.

ITRPRQ = upper limit on total number of simplex iterations.

Computations are terminated if the total number of simplex

iterations exceeds ITRFRQ. If ITRFRQ = 0, the default value

of 999999 is used.

INITBD = initial lower bound estimate for maximum objective value. It

is used in fathoming tests until the first feasible solution

with objective value greater than INITRD is found.

Following the initial input card, data for each subproblem is

read in sequentially. The data must be input in the following order:

1. A leading card with "S1iR nnnn" in columns 5-12, where nnnn
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Is replaced by the appropriate subproblem number. Subproblem numbers

must be sequential, beginning with 1.

2. Nonzero entries of the offdiagonal submatrix S,.1 (except for

subproblem Is for which no offdlagonal matrix is needed).

3. Row name and type for each constraint.

4. Nonzero entries of the diagonal matrix Ate

. The right-hand side bt.

6. Lower bounds LY, followed by upper bounds U it In format 15F5.0.

The type of constraint is denoted by a single letter preceding

the row name. 'E0 stands for an equality, ULW and OG° identify less

than or equal to and greater than or equal to inequalities

respectively, and ON' marks the objective row. The format for this

row Identification input is (IX, Al. 2X, AS).

For the reading of all coefficientse the following information

must be specified: column name, row name, and entry value, The format

used for this is (41, Ag, 2X, ARP 2X 712.4, 3X# AS, 2X, F12.4). The

pattern for row name and value is repeated so that two entries for the

same columln may be Input on one line. The row names must match a name

read in earlier (input step (3). Zero coefficients may be omitted

completely. This format is the same as used for LPN-Ir and Is

consistent with standard MPS format.

The only restriction on input data is that the cost

coefficients are assumed to be integral. Furthermore, these

coefficients must be input with the opposite sign (l.e.# if you wish

to maximize cx, you must input -c for the objective row). This Is an

unfortunate result of the fact that LPN-l is a minimization routine.

After all data has been read in# an END card nignifies the end

of the data file.

The input for a sample run of SDA is included in the appendix,
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following the program listing.

3. Rasi1 r."L oan . g_"Z_&L_.UDA

For current dimensioning, the following restrictions apply to

use of the S&:

1. The number of subproblems (NP) must be 1 10.

2. The total number of rows, excluding the objective row, must not

exceed 60.

3. The total number of columns (including slacks) must be 1 120.

4. The total number of nonzero elements in the constraint matrix

(excluding the elements of A,) must not exceed 1000. (This

restriction is necessary only for subroutine SOUNDR.)

5. The total numoer of nonzero elements in the first diagonal

submatrix, AS, must not exceed 1000.

6. No right-hand side bt(i) may exceed 1000 (due to default upper

bounds on the slack variables).

7. The number of nodes in the branch-and-bound tree must never

exceed 500. (For E0,13 problems, the number of nodes will

never exceed the total number of columns, so this restriction

will not be a factor.)

4. ksA"M zL&_Jflh

BLOCK DATA (from LPN-I): sets initial values for many global program

constants, including maximum problem dimensions and minimum
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tolerances.

SUBROUTINE INPUT (IFPROBPIMITRD) (from LPM-1): reads in all problem

data, checks that problem dimensions do not exceed current

specifications.

Parameters:

IFPROB - nonzero problem identification number (output)

INITBD - initial lower bound estimate of maximal objective

value (output parameter)

SUBROUTINE INPSTO: stores all data relevant to subproblem whose number

is stored in variable NS. This subroutine is called after reading the

data initially (from INPUT) and before each forward step of the

alyorithm.

Entry points:

STORE - entry point from subroutine TESTX. After an integral

solution is found to subproblem NS, the current state

of the corresponding search Is saved by a call to

STORE.

SUBROUTINF RESTOR (RNFLAG): restores all data from subproblem MS In

preparation for either a forward or a backtracking step. for a

forward step, the LP relaxation of this subproblem, with new

right-hand side determined by a call to FIXRHS, is solved.

Parameters:

MMFLAG - input parameter set at 0 if backtracking, 1 if taking

a forward step.

SUBROUTINE FIXRHS: comiutes new right-hand side for subproblem NS,

qiven the (newly established) setting of variables of the previous
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subproblem.

SUBROUTINE BOUNDR: calculates two LP-based bounds on the maximum

objective values for some aggregations of the subproblems. These

bounds are used for fathoming in subroutines TESTXO BKTRAKO and

PENLTS. Also, a vector of prices for use in guiding the

branch-anid-bound search (see subroutine PENLTS) is computed.

SUBROUTINE UPDATX: updates right-hand side by taking into

consideration variables which are nonbasic at their upper or lower

(nonzero) bounds.

SUBROUTINE FTRAN (IPAR) (from LPN-1): performs forward transformation

of matrix column (stored in vector 1) by basis inverse.

Parameters:

IPAR - input parameter indicating which eta-vectors are used

to update the matrix column.

SUBROUTINE TRAN (from LPM-1): performs backward transformation on

column stored in vector Y.

SUBRCUTIhE FORC (from LPN-1): forms objective function vector for

Phase I of primal simplex method.

SUBROUTINE PRICE (from LPN-l): prices out nonbasic columns for primal

simplex method and chooses pivot column (stored in variable JCOLP).

Also checks for dual feasibility.

SUBROUTINE CHUZR (from LPN-I): chooses pivot row for primal simplex

method usinq min ratio test; stores pivot row in variable IROMP.
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SUBROUTINE WRETA (from LPM-1): forms a new eta-vector for the product

form of the inverse.

SU9ROUTINE SHIFTR (IOLD, INEW) (from LPM-l): rearranges data storage.

Parameters:

InLD, INEW - input parameters indexing storage locations. Move

from location designated by IOLD to that

designated by INEW.

SUBROUTINE 14VERT (from LPN-1): Creates basis inverse by LU

decomposition.

SUBHRO!TINE UNPACK (IV) (from LPM-1): expands compressed matrix columns

by inserting zeroes appropriately.

Parameters:

IV - input parameter indexing the matrix column to be

expanded.

SUbROUTINE SHFTE (from LPM-1): Subroutine for INVERT.

SU9ROUTINE 'JPBETA (from LPN-1): updates right-hand sides following a

primal or dual simplex pivot.

SJ19ROUTINE ORNAL (ITSINV) (frou LPM-1): directs execution of primal

simplex method.

Parameters:

ITSINV - counts number of simplex iterations since last basis

inversion (for comparison with INVFRQ).

. . . l.lI1 . . . . . . . . . . . .. ... . ..- '
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SUBROU)TINE BANDB (INITMD) (from BB): master program for

branch-and-bound integer programming routine. It also serves as

master program for reoptimization via the revised dual simplex method

after a forward branch.

Parameters:

INITBD - initial lower bound estimate on maximum objective

value.

Entry points:

BnENTR - reentry point from main program to apply branch-and-

bound search to any subproblem after the first.

SUBROUTINE OCHUZR (from BB): Selects pivot row for dual simplex method

and stores it in variable IROWP. Also checks for dual optimality.

SUBROUTINE DCHUZC (from BB): selects pivot column for dual simplex

method and stores it in variable JCOLP. Also checks for dual

feasibility.

SUBROUTINE TESTX (from BB): tests LP-optimal solution at current node

for integrality and tor fathoming (fathoming tests and branching

strategy modified substantially from those of 8B). Any new complete

solution found is immediately printed out and saved in the array

INCUNM; any integral solution to a subproblem (other than the last)

causes a call to entry STORZ in preparation for a forward step.

Variable MSTAT flags the result of testing and is checked in

subroutine BANDB.

SUBROUTINE PENLTS (from BB): computes Tomlines improved up- and down-

penalties and the Gomory penalty at each node. Checks for forced

branches on both basic and non-basic variables. If fathoming does not



occur, a branch variable is chosen in accordance with the combination

of TomLins penalties and the prices computed in BOUNDR, and

subroutine BRANCH is called. (Substantial modifications have been made

from the version of this subroutine given in B.)

SUBROUTINE BRANCH (from B): Performs necessary bookkeeping for

branching on variable indexed by ICOL. Increments list of stored

nodes, revises bounds on branching variable, and saves opposite branch

direction and a bound on the maximum objective value on that opposite

branch.

SUBROUTINE BKTRAK (from B): backtracks to a promising (unfathomed)

node fro& the list ot stored nodes. Employs last-in-first-out

selection rule. If backtracking brings us back to the previous

subproblem, the appropriate data and status of the search of that

subproblem are restored by a call to subroutine RESTOR.

S99ROPTINE WRAPUP (from BR): nutputs final solution information. (See

output from sample run at the end of the appendix.)

For further information on subroutines derived from LPM-I see

Tomlin (1975].

The output produced by this proqram falls onto 3 sections.

The initial output contains the problem identification number and

dimensions, followed by the prices and bounds computed by subroutine

BOUNDR. At this point the Iterative portion of the algorithm is
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begun. Each time an improved feasible solution is discovered, the

time of discovery, total number of branches taken, and new maximum

objective value (called INCVAL) are printed out by subroutine TESTI.

After termination, some information regarding the total time taken and

time spent at certain tasks is output. If termination occurs

normally, the final section of output contains the optimum solution

and its objective value. The solution is printed in 2015 format in

the following order: objective value, slack variables, and integer

variables for subproblem 1, then subproblem 2, ... , and finally for

subproblem NP. If computation is halted because the limit on

iterations (ITRFRQ) has been exceeded, then the best solution found so

far ano the total number of simplex iterations used are printed.
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r*** Sample Input *"'

1 4 1 5 9999 0
SUB 1

ROWS
N OBJ
L ROW 101
L ROW 102
L ROW 103
L ROW 104
L ROW 105
COLUMNS

COL 101 OBJ -10.00 ROW 101 -10.00
COL 101 RON 102 -6.00 ROW 103 18.00
COL 101 ROW 104 7.00 ROW 105 9.00
COL 102 OBJ -19.00 ROW 101 -2.00
CnL 102 ROW 102 -9.00 ROW 103 15.00
COL 102 ROW 104 15.00 ROW 105 0.00
COL 103 OBJ -7.00 ROW 101 4.00
COL 103 ROW 102 9.00 ROW 103 0.00
COL 103 ROW 104 -9.00 ROW 105 -8.00
COL 104 OBJ -12.00 ROW 101 9.00
COL 104 ROW 102 15.00 ROW 103 -10.00
COL 104 ROW 104 4.00 ROW 105 -8.00
COL 105 OBJ -6.00 ROW 101 5.00
ClL 105 ROW 102 15.00 ROW 103 12.00
COL 105 ROW 104 0.00 ROW 105 0.00

RHS
RHS1 ROW 101 39.00 ROW 102 36.00
RISI ROW 103 25.00 ROW 104 20.00
RHS1 ROW 105 35.00

BOUNDS
0. 0. 0. 0. 0.
1. 1. 1. 1 ." 1.
SUB 2

ROUS
N OSJ
L ROW 201
L ROW 202
L ROW 203
L ROW 204
L ROW 205

OFFDIAGONAL COLUMNS
COL 101 ROW 201 1.00 ROW 202 12.00
COL 101 ROW 203 17.00 ROW 204 0.00
COL 101 ROW 205 3.00
COL 102 ROW 201 -2.00 RON 202 0.00
COL 102 ROW 203 16.00 ROW 204 17.00
COL 102 ROW 205 13.00
COL 103 ROW 201 -8.00 ROW 202 12.00
COL 103 ROW 203 0.00 ROW 204 -1.00
COL 103 ROW 205 5.00
COL 104 ROW 201 17.00 ROW 202 7.00
COL 104 ROb 203 -2.00 ROW 204 -1.00
COL 104 ROW 205 3.00
COL 105 ROW 201 -4.00 ROW 202 7.00
COL 105 ROW 203 0.00 ROW 204 0.00
COL 105 ROW 205 -8.00

COLUMNS



16

COL 201 OBJ -4.00 RON 201 7.00
COL 201 ROW 202 3.00 ROW 203 -1.00
COL 201 ROW 204 0.00 ROW 205 8.00
COL 202 OBJ -12.00 ROW 201 6.00
COL 202 ROW 202 0.00 ROW 203 -9.00
COL 202 ROW 204 16.00 ROW 205 17.00
COL 203 OJ -4.00 ROW 201 19.00
COL 203 ROW 202 -6.00 ROW 203 -10.00
COL 203 ROW 204 14.00 ROW 205 20.00
COL 204 OBJ -15.00 ROW 201 12.00
COL 204 ROW 202 15.00 ROW 203 15.00
COL 204 ROW 204 0.00 ROW 205 0.00
COL 205 OBJ -12.00 ROW 201 -2.00
COL 205 ROW 202 0.00 ROW 203 2.00
COL 205 ROW 204 8.00 ROW 205 10.00

RHS
RHS1 ROW 201 31.00 ROW 202 29.00
RWSl ROw 203 26.00 ROW 204 23.00
RHSI ROW 205 23.00

BOUNDS
0. 0. 0. 0. 0.
1. 1. 1. 1. 1.
SUB 3

ROWS
N 08J
L ROW 301
L ROW 302
L ROW 303
L ROW 304
L ROW 305
OFFDIAGONAL COLUNNS

COL 201 ROW 301 9.00 ROW 302 17.00
COL 201 ROW 303 -9.00 ROW 304 8.00
COL 201 ROW 305 6.00
CUL 202 ROW 301 0.00 ROw 302 15.00
COL 202 ROW 303 8.00 ROW 304 20.00
COL 202 ROW 305 11.00
CaL 203 ROW 301 18.00 ROW 302 -5.00
COL 203 ROW 303 -3.00 ROW 304 14.00
COL 203 ROW 305 -6.00
COL 204 ROW 301 -7.00 ROW 302 -1.00
COL 204 RON 303 -10.00 ROW 304 4.00
COL 204 ROW 305 -10.00
COL 205 ROW 301 14.00 ROW 302 0.00
COL 205 ROW 303 -2.00 ROW 304 -4.00
COL 205 ROW 305 0.00

COLUNNS
COL 301 OJ -2.00 ROW 301 9.00
COL 301 ROW 302 0.00 ROW 303 8.00
COL 301 ROW 304 -6.00 ROW 305 0.00
COL 302 OSJ -12.00 ROW 301 3.00
COL 302 ROV 302 -6.00 ROW 303 8.00
COL 302 Row 304 -2.00 ROV 305 6.00
COL 303 03 -18.00 ROV 301 S.00
COL 303 ROW 302 0.00 ROW 303 -6.00
COL 303 ROw 304 -4.00 ROW 305 0.00
COL 304 OJ -2.00 ROV 301 10.00
COL 304 ROW 302 -6.00 ROW 303 11.00
COL 304 NOV 304 10.00 ROw 305 16.00
COL 305 OBJ -12.00 ROW 301 -2.00
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COL 305 ROW 302 5.00 ROw 303 2.00
COL 305 ROW 304 -4.00 ROW 305 -10.00

RHS
RHSI ROW 301 22.00 ROW 302 38.00
RUSI ROW 303 21.00 ROW 304 23.00
RHSI RON 305 21.00

BOUNDS
0. 0. 0. 0. 0.
1. 1. 1. 1. 1.
SUB 4

ROWS
N OBJ
L ROW 401
L ROW 402
L ROW 403
L ROW 404
L ROW 405
OFFDIAGONAL COLUMNS

COL 301 ROW 401 1.00 ROW 402 -2.00
COL 301 ROW 403 -6.00 ROW 404 14.00
COL 301 ROW 405 4.00
COL 302 ROW 401 1.00 ROW 402 4.00
COL 302 ROW 403 15.00 RCW 404 19.00
COL 302 ROW 405 10.00
COL 303 ROW 401 -4.00 ROW 402 11.00
COL 303 RON 403 18.00 ROW 404 -3.00
COL 303 ROW 405 17.00
COL 304 ROW 401 5.00 ROW 402 6.00
COL 304 ROW 403 9.00 ROW 404 16.00
COL 304 ROW 405 14.00
COL 305 ROW 401 4.00 ROW 402 20.00
CDL 305 ROW 403 10.00 ROW 404 3.00
COL 305 ROW 405 16.00

COLUMNS
COL 401 OBJ -1.00 ROW 401 7.00
COL 401 ROW 402 17.00 ROW 403 3.00
COL 401 ROW 404 12.00 ROW 405 16.00
COL 402 OBJ -16.00 ROW 401 12.00
COL 402 RON 402 14.00 RCW 403 11.00
COL 402 ROW 404 12.00 ROW 405 -10.00
COL 403 OBJ -12.00 ROW 401 17.00
COL 403 ROW 402 6.00 ROW 403 4.00
COL 403 ROW 404 -8.00 ROW 405 12.00
COL 404 OBJ -14.00 ROW 401 5.00
COL 404 ROW 402 10.00 ROW 403 11.00
COL 404 ROW 404 -4,00 ROW 405 18.00
COL 405 OBJ -10.00 ROW 401 16.00
COL 405 ROw 402 17.00 RON 403 6.00
COL 405 RON 404 -6.00 ROW 405 3.00

RNS RHS1 ROW 401 38.00 RON 402 29.00
R4SI Rn 403 29.00 ROW 404 36.00
RHSI ROW 405 27.00

BOUNDS
0. 0. 0. 0. 0.

r1. 1. 1 1. 1-~OF
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**** Sample Output *

PROBLEM I
20 ROdS 20 COLUMNS 4 PERIODS

PRICE OF OFFDIAGONAL COLUMNS IN SUB. 4
-2.29 4.57 12.57 6.86 22.86
PRICE OF OFFDIAGONAL COLUMNS IN SUB. 3

0.00 0.00 0.00 0.00 0.00
PRICE OF OFFDIAGONAL COLUMNS IN SUB. 2

2.12 9.18 3.53 2.12 -5.65

MAXIMUM CUMULATIVE OBJECTIVE VALUES
FOR LAMBDA = .5: 196 140 89
FOR LAMBDA = 0: 90 49 42

INTERMEDIATE SOLUTIONS FOUND
TIME = 0.90 SECONDS; BRANCHES = 21; INCVAL = 80
TIME = 0.97 SECONDS; BRANCHES = 28; INCVAL = 84
TIME = 0.99 SECONDS; BRANCHES = 31; INCVAL = 90
TIME = 1.32 SECONDS; BRANCHES = 76; INCVAL = 92
TIME = 1.84 SEC NDS; BRANCHES = 145; INCVAL = 105

TOTAL SOLUTION TIME = 2.12 SECONDS
TIME FOR INPUT = 0.44 SECONDS
TIME FOR LP SOLUTIONS = 0.31 SECONDS
TIME FOR BOUNDING & PRICING = 0.32 SECONDS
TIME FOR BOOKKEEPING OPERATIONS = 0.33 SECONDS
NUMBER OF FORWARD STEPS TAKEN = 80
TOTAL NUMBER OF BRANCHES TAKEN = 174

OPTIMAL INTEGER SOLUTION
SUBPROBLEM 1

18 25 6 23 16 43 0 0 0 1 1
SUBPROBLEM 2

39 2 0 20 0 1 0 1 0 1 1
SUBPROBLEM 3

20 1 24 23 13 20 1 0 1 0 0
SUPPROPLEM 4

28 12 0 2 21 4 0 1 1 0 0
MAX OBJECTIVE VALUE = 105
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CSTrRCASE-STRUCTURED MATRIX BRANCH-AND-BOUUD CODE[
C PURE-INTEGER LINEAR PROGRAMMING IN GENERAL INTEGER VARIABLES
C SDA: TWO HOUNDING PROCEDURES# EXTRA TIMERS If NEEDED
C WRITTEN BY LYNNE POLLEIIZo LAST UPDATED MAY 1979
C

IMPLICIT REAL*4 (ACE-HoOrPR-WlZ), REAL*8 (BDXY)o
1 INTECER*4 CI-Nog)
CW4ION/GESTLT/PRICE(130),ICURK(130),ISUMCITSINVLISTLNBRANC*
1 .JSoNP,JFCOL(11),JFROW(11),.JFE.M(11), MAXC(1O), MAXC2(1O)
CflMMON/TIM4ERS/ iTOTTSTORETIM4ELP,TIMED, 4rIMEDCTIMINV

C
c '!AIR PROGRAM
C
c START TIMER
100 [TOT = IHPTIM(l)
C I"PlJT PROBLEM DATA

CALL INPUT( IFPR0B, INITBD)
I!1141N =IHPTTM(l)
IV (IFPROB .EQ. 0) GO TO 1000
CALL BfJUNDR
ITIMLP = IPTIM(l)
TSTORE =0.
TIAE~LP =0.

C UNDER THE SCORE COMPILER, *D IN THE FIRST COLUMN IS READ AS 'C'
r~ UNLESS A SPECIAL OPTION IS USED, IN WHICH CASE IT IS TREATED AS A
0 TTMINV =0.

V TTMDC =0.
r) TIi4EDR =0.

K9RANC =0
NFrRWD =1

C
c A0i '.Y 9PANCqf-AN)-qOJMD SEARCH ROUTINE.. STARTING IN PERIOD I
C

CALL RESTrIU(1)
CALL 4ARDP(INITHO)

30 !'c (LrS?L.EQ.0) GO.TO 500

r .1 PARTIAL SOLUTION HAS BEEN FOUND. GO ON TO THE NEXT PERIOD.

vJs =IS + 1
I'40f a 4FOPWU + 1

CILL 14TRl

L .;r~cJ TIMER, ALL 0010 . RFPOneT TIMING [NFORMATInh.

r =(rrl?'2-(rflT)/100000e
x'~'IT (21o1) TOT

*~ ~ ~ U "1!.f t('A SJLUTIJN TlikF =,lFd.2t, SECLNDS')
~I.T\P (J1'P'I' - TfT)/100000.

* . ?~1( ?". rflk PIPUT Z:,F7.2f- SC')NDS-)
TT~LpHC =(IlIlwp - JITN)IT100000.

3 71?VAT(' TUF' '")K LP SOLUTIONS =%,F7.2, SECINOS)
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4 '-14%A?(' TIME FOIk BOUNDING 4 PRICING pF7-2,r SECONDS')
73TO1RT = TSTORF. - TII4FLP

*~T:(21ob) TSTOR9
FItRATUv TIVk. FOR BOOKKEEPING LPERATIONS ='sF7.2, SECONDS')f
wQT (21,7) NkOR'WD-

7 FIaPMATU* 4UPBFH OF FOPOAkD[ STEPS TAKEN ='117)
A;IT (21,8) 'hiRANC
FlkMAT(U TOTAL NUP~isER OF fA&CilES TAXEN ="Pilo)

L19 FIRk"k(I TImhk SPL.NT INVERT14G BASIS =O,F7.2to SECONDSO)
a11ITE(21#iC) TIMEOC

rio FIPMATV TIME SPENT IN SUi4R9JTNm~ DCHUZC ='fF7.2,' SECONDS')

11,11 rF1P'IAT(' TIME SPENT IN SU9ROUTINE DCH1JZR =*,F7*2,0 SECtJWDSO)
r J'JTPUT r)PTIMAL SOLUTION

CALL W.AUP
i~ TO 100

1000 STOP
ENRD

C ------------------------------------ ----------------------
BLOCK DATA

C
k: INITIALIZE GLOBAL PROGRAM4 CONSTANTS
c SVRO!JTINF ADAPTED FROM LINEAR PROGRAMMI1NG CODE LPN-1, WRITTEN

c BY J.Ae TOMLIN (OPERATIONS RESEARCH, STANFORD UNIVERSITY)
C

)'8PLICIT REAL*4 (A,C,E-1,O3,P,R-W,7), REAL*8 (BoD,X,Y),
1 IN?!EGR*4 (I-NQ)
C024'4N/TOTSIZ/ MAXTRWM4AXTCL,'4AXNP,'4AXELE,MAXAEL
C'1NMM'N/CNSTS/ZTOLZE,ZTOLPV, ZTCO)STZTOLSN,NEGINF,NEMAX,NRMAX,QBL,
1 JLES,rMAX,A,Q,QF,QR,QSUBQB,CQE,QH,QL,QO,QR,QN,QG
DATA 'AXTRw/7O/, AXTCL/130/, MAXNP/10/,t4AXELE/2000/,MAXAEL/1000/
DATA ZTOLZE/1.E-5/,ZTOLPV/1.k.-4/,ZTCOSTII.E-3/,ZTOLS/I.E-10/
D)ATA NH'4AX/60/,NTMAI/500/,NEGINF/-100000/
UATA Q4LI I/pQAIWA 1/QI/01 1,pQF/F 1/,QN/vN 1,
I QSUB/0SUB 0/.QB/B0 V/,QC/C IfQEPE /,QI/O 1
2 ,L/*L 0/,Q010 /l,QR/wR &,rIM '/,QG/*G &I

F%10I
C-------------------------------------------------------------

SIUROUTINE INPUT(IFPROB,INITBO)

C. HfAJ ALL PRUBLEK DATA
C SUBROUTINE ADAPTED FROM LINEAR PROGRAMMING CODE LPN1-1e WRITTEN
c 9Y Jo A. TOMLIN (OPERATIONS RESEARCH, STANFORD UNIVERSITY)
r ***DESCRIPTION OF PARAMETERS***
C TFPROb NONZERO PROBLEM ID NUMBER (OUTPUT)
c Ii4ITBfl = INITIAL LOWER BOUND ESTIMATE FOR MAXIMAL OBJECTIVE
C VALU1E (OUTPUT)
c DATA MUST BE INPUT IN THE FOLLOWING ORDER: PROSLEM CONSTANTS,
c FOP EACH PERIODJ: ROWS,OFFDTAG. COLS,DIAGONAL COLS,RMS,BOOUDS
C THE nBJECIVE ROW MUST RE THE FIRST ROW IN EACH SUBPROBLEM
C VARIABLES LOCAL TO Oft~ PERIOD MUST APPEAR AFTER VARIABLES
C Of THAT PERIOD WHICH ALSO APPEAR TN THE FOLLOWING PERIOD.
c

IMPLICIT I1EAL*4 (AC,F-HrO,P,R-V ,Z), REAL'S1 CB,D,X,T),
I IMTEGEhR'4 (I-N,Q)

INTEGER JI,9INBASLA,LE#,IAIE
INTEGER MNME(6)ONANCOL(130,2)
DOUBLE PRECISION E(2000)#ATENP1vAT9NP2
REAL A(1000)
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C
COIMON/TOTSI2/ MAXTRWMAXTCLoMAXNPoNAXELEMAXAEL

COmmOnw/CONSTS/ ZTOLZEZTOLPToZTCJSToZTOLSMoNEGINFoNEMAXNRMAXoQBL
1 NLESoNTMAXoQAQIQFQNoQSUBQBQCQEQBQLQOQRQNQG
COMMON XLB(122),XUB(122),DgDPB(60),X(60)oY(60)oYTEMP(60),A,

I EMSTATIOBJoIROWPITCNTINVFRQ, ITRFRQoJCOLPo
2 NROWNCOL.NELENNETAoNLELEMNLETANUELEMNOUETArJH(60),
3 KINBAS(122),LA(122),LE(502),lA(1000),IE(2000)
COMMON/GESTLT/PRICE(130),ICURX(130),ISUMCITSINI,LISTL, NBRANC,
1 NS,NP,JFCOL(I1),JFROW(1l),JFELEM(11),MAXC(1O),MAXC2(lO)
COMMN/OFFDAG/OFF(2000)LCOLOD(130)IROOD(2000),COST(130)

C
C ***DESCRIPTIONS OF LOCAL VARIABLES***
C JCPTR POINTS TO CURRENT OFFDIAGONAL INPUT COLUMN
C NAMCOL(I,*) = NAME OF COLUMN I
C ICSIICS2 = NAME OF CURRENT COLUMN
C NTCOL = TOTAL NUMBER OF COLUMNS SO FAR
C NCOLl = FIRST COLUMN OF CURRENT SURPROBLEM
C NROWL = LAST SLACK COLUMN (AND LAST ROW) OF CURRENT SUBPROBLEM
C MAXTRV = MAX TOTAL NUMBER OF ROWS (INCLUDING NS OBJECTIVE ROWS)
C MAXTCL = MAX TOTAL NUMBER OF COLUMNS INCLUDING SLACK COLUMNS
C MAXNP = MAXIMUM NUMBER OF SUBPROBLEMS
C MAXAFL = MAX. NUMBER OF NONZERO ELEMENTS OF ANY DIAGONAL BLOCK
C MAXELE = MAXIMUM SUN OF NONZERO ENTRIES IN ALL DIAGONAL BLOCKS
C
C ***DESCRIPTIONS OF SOME IMPORTANT VARIABLES IN BLANK COMMON***
C B(I) = RIGHT HAND SIDE OF ROW I (IN CURRENT SUBPROBLEM]
C X(I) = LP VALUE FOR JH(I), WIfli IS THE VARIABLE BASIC IN ROW I
C A CONTAINS THE NONZERO ELEMENTS OF THE CONSTRAINT MATRIX, INCL.
C THE OEJECTIVE ROW IOBJ. LA(J) = LOCATION IN A OF THE FIRST
C ELEMENT OF COL J. IA(I) = ROW IN WHICH ELEMENT I OF A BELONGS.
C E CONTAINS THE NONZERO ELEMENTS OF THE CURRENT LP BASIS INVERSE
C IN ETA VECTOR FORM. LE, IE ARE TO E AS LA, IA ARE TO A.
C MSTAT FLAGS FEASIBILITY OF CURRENT LP

C ITCNT = NO. OF SIMPLEX ITERATIONS SO FAR; IF > ITRFRQ, STOP
C INVFRQ = NUMBER OF SIMPLEX ITERATIONS BEFORE E IS REINVERTED
C NROW = NO. OF ROWS; NCOL = NO. OF COLUMNS IN CURRENT SUBPROBLEM
C KINBAS(J) = ( I IF J IS BASIC IN ROW It I.E. J = JH(I)
C 0 IF J IS NONBASIC AT ITS LOWER BOUND XLB(J)
C -1 TF J IS NONBASIC AT ITS UPPER BOUND XUB(J) )
C ***DESCRIPTIONS OF SOME VARIABLES IN GESTALT COMMON***

JFC0L(I)tJFROW(I),JFELEA(I) ARE FIRST COL, ROW, ELEMENT OF A,
L RESPECTTVELVe FOR PERIOD I
C NP = TOTAL NUMBER OF PEkIODS (OR EQUIVALENTLY, SUBPROBLEMS)
C NS = CURRENT SUBPROBLEM NUMBER
C

C INITIALTZATIONS
C

ITCNT = 0
NS = 0
NOE(.c = 0

NTCOL = 0
J'COL(1) = 1
JFpOW(0) = I
JFFLEM(l) = 1
Dl 1 I=lMAXTCL

I COST(I) = 0.
READ (20,7000,ED=9999) IFPPOBNPIOBJtINVFRQTITRFRQINITBD

70P0 F IRfAT (414,1,110)I PPROlEQ 0) RETURN 1.
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IF (NP.GT.NAXNP) GO TO 9996
NMAX =4000/XP
NLES =1000/NP
IF (IOBJ 9EQ. 0)IOBJ = 1
IF CIOBJ.NE.1) GO TO 9995
IF (INVFRQ .EQ. 0)INVFRQ =99999
IF (ITRFRQ -EQ. 0)ITRFRQ =999999
WRITE(21f8010) IFPROB

8J010 FORI AT(/19X#,OPROBLEM 'P14)

c INITIALIZE FOR READING EACH SrJBPROBLEN

5 IF (NS.EQ.NP) GO TO 25
NROW 0
ICS1 =0

TCS2 0
0ri 10 I=lNRMAX

10 B(1) = 0.
NS = Ns + 1
NCOL1 = JFCOL(NS)
RFAD(20r99) (NAMECI)pI=1f3)

99 FORJ4AT2A4,I4)
IF (NAME(2).NE.QSJB .OR. IAI4E(3).NE.NS )GO TO 9998

c
C READ IN DATA FOR SUBPROBLFH MS
C
25 RP.AD(20,lO1) K1,K2,K3.K4,(NANE(I),I=l,4),ATEN4P1,MNE(5),NANE(6), I

1 ATEMP2
101 FORMAT( 4A1,2A4,2X,2A4,2X,F12.4,3X,2A4,2X,F12. 4)

IF(Kl *EQ. QBL) GO TO 50
IF(K1 .EQ. OR .AND. K2 .EQ. QO) L1l
IF(Xl .EQ. QR .AND. K2 *EQ. QO) GO TO 25
IF(K1 E~Q. QC) GO TO 150
IFCK1 .EQ. 00) GO TO 160
IF(Kl gEQo QR .AND. K2 E1Q* OH) L=4
IFCK1 .EQ. QR .AND. K2 *EQ. QH) GO TO 25
IF(K1 .EQ. 09) GO TO 600
IF(K1 .EQ. QE) Ga TO 700
WRITF(21,8020) K1,K2,K3,K4,NS

A020 FORMAT(v IMPROPER INPUT -,4A1,- IN SUBPROBLEN,' )
GO TO 9999

50 GO TO(2l0,320,400,500),L
C
150 L =2

NROWL =NCOLI N ROV I
GO TO 25

C
160 L =3

ICS1 -9999

GO TO 25

C READ ROW NAMES (=SLACK COLUMN MANES)
C
210 NRGM=NRGW,1

N4'0L= NROW
NCOL = NTCOL *I
*ANCOL(NTCOL,1) = NAME(l)
NANCOL(NTCOL#2) a NANE(2)

C
C TEST RON TYPE:S~s) OR 093. RDMI SET SLACK BOUNDS
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liCK29EQ.QL sOR. K3.KQeQL) GO TO 220
IF(K2oEQ.Qg .ORe K3.EQ.Qg) GO T0 230
IF(K2.EQ.QG .ORo K3.EQ.QG) GO TO 240
IF(K2*EQ.QN *OR. K3.IQ.QN) GO TO 250
GO TO 230

220 XLBCNROV) =0.
XIJS(HROW)=1.E
GI TO 250

230 XLB(NROW) =0.
XLJB(NROW) = 0.
GO TO '250

240 XLB(NRUW) = 0.
XIJB(MROW) = 1*E4
A(KROW) = -1.
GO TO 260

250 A(KRUiW) 1.
260 Ik(NROW) ; Row

Lk(NPOW) =NROW
N LE i= N ROW
GO1 TO 25

C
c 1'AT'41X ELEMENTS

320 J 3

IF (DABS(ATEIMP1) .GT. ZTOLZE) GO TO 324
J=5S
K=6
IF(DABS(ATEMP2) .LE. ZTOLZE) GO TO 25
ATEMP1=ATE4P2

C TFS? FOR COLU1kIN MATCH
324 IF (NAME~l) *EQ* ICS1 *AND. NAI4EC2) .EQ. ICS2) GO TO 330

MCDL = NCDL + 1
NTCOL =NTCOL + I
ICSI = NA'4E(l)
ICS2 = NAME(2)
NAMCOLVITCOLel) = ICS1
NAMCOL(NTCOL,2) =ICS2
LkG4cnL) = NELEM + I

C RECORD OBJECTIVE VALUE
330 IF (NAME(J) .EQ. MANCOL(NCOLI+IOEJ-1,1)) COST(NTCOL) =ATEMPI
c TEST FOR knfw MATCH

DO 340 1 =NCOL1,MROWL
TP (NAME(J).TE.NAmcnL(!,).OR.NAME(K).NE.NANCOLC1,2))GO TO 340
1JELE NkbLEN + 1
TA(WLEM) I - NCnJLl + 1
A(ELE,.I) =ATEMPI
LA(IJCOL, )=NELEM~l
IF(( .GT. 5) GO TO 25
IF(DABS(ATEMP2) .LE* ZTOLZE) GO TO 25
j=5

ATEmr4 = ATE'4P2
GO TO 330

340 CUNTINUE
&R1TE(21#8300) NAME(J)fNAME(K)#NA4E(l)pNAME(2)

81300 P'JHMAT(179N0 MATCM POP ROW ,2A4oIIH AT COLUMN o2A4)
GOi TO 9999
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C 17FfIAGONAL MATRIX ELEMENTS

IF (OkBSCATEPI) .GT. ZTOLZE) GO TO 420
j 5

IFIA5(TM2 -LE. ZTOLZI) GOl TO 25
ATEMPI = ATEI4P2

C TEST FOR COLUN4 MATCH
420 IF (NAMP(l).E.Q.ICSI .AND. NAME(2).EQ.ICS2) GO TO 450

ICS2 = AMF.(2)
IRiEG = JCPTR * 1

1'n= JFCOL('ES) - 1
IF (IP6G.GT.IEND) GO TO 435
DO 430 1=IbFG,lEND

LCULlL(I) =NOELE14 + I
IF (ICSI.EQ.NAMCOL(l,1) .AND. ICS2.EQ.NAMCOL(IP2)) GO TO 440

430 COITINUi.
435 k'~ITF(2lf825C) ICSI,1CS2eNS
9250) FIKAT(* SO HATCH FOR COLUMN 1,2A4,* IN SUBPROBLENO,14)

f(,n To 9999
440 JCVTH I
C TEST FOR RO0W HATCH
450 On 460 I='COLl,NTCOL

IF(NA14E(J).NE.NAHCOL(I,1 ).OR.NAK4E(K).NE.NAMCOL(I,2)) GO TO 460
t4OELFk = NnELEN + 1
TROWOLD(NOELEM) = I - NCOL1 + I
OFFD(NOLLM') =ATEM~PI
LCOLI1D(JCPTR + 1) = NOELFP * 1
IF (K.GT.5) GO To 25
IF(DAfLS(AENP2) .LE. £TOLZE) GO TO 25

A'JEAPI = ATE4P2
GO TO 450

ploc, CONTINUE

GO TO 9999

V $IlGilT sdAaD SlOF
c
SOO J 3

K 4
IF (DARS(ATFMP1) .GT. ZTOLZE) GO TO 530
J5

K=6
IF(DABS(ATFJ4P2) .LE. ZIOLZE) GO TO 2b
AT IMPI=ATEMP2

C TEST FOR ROW HATCH
b30 Dn 540 1 = 4COL1,4ROWL

IF(NAPF(J)NENAMCOL(I,l).OP.NANE(K).NE.NAMCOL(1,2))CO TO 540
R(I-NCOL1.1) = ATEMPi
TV(YK GT. 5) GO TO 25
IP(DABS(ATE4P2) .LE. ZTOLZE) GO TO 25
j 9
K= 6
ATEMPI = ATEMP2
GO TO 530
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'140 CONTINUE
bRITE(21,830D) NAME(J),NE(K)
G9 TO 9999

C
L ~itoUNs ON I#4TEGF.R VARIABLES

hoeC K = NRUW+ I
c rNPUT LOWER AND UPPER BOUXDS ON q9CISZON VARIABLES

READ (20,350) MHOB(), J=K,NCOL)
;k'A1) (20,850C) (XUR(J), J=K,NCUL)

P900C PIR4AT (15FF.0)
C CI!LCK PROBLEM' SIzF

JFCIJLC.IS4.l) = JFCOlL(NS) + t4COL
JFh~~(14(S.1) = JFROW(tiS) . N~cfl
JFLI?4(NIS.1 = .JFELE~M(NS) + NFLFM
IF (,1R(JW.02.NqMAX) GO TO 9996
1~ (ELF-'.GTs"AXAEL) Gu TO 9996

11 (JFCI3L(NS.I) GCT. (MAK!CL + M) q0 TO 9,496
IF (JFL.'l(V1S+i) .GT. (0'AXELF + 1) GO TO 9996
JC11TR JFCnL(NS) + NRcJIW-
C'tLL 1*11' TC
GO'T t')

C 13 (iF I'N'JT
C.
7002 'T~I JFpflis(%P4.) - 1 - .4

%SCOLI JFCOL(N1P+1) - JFR0A.(A~Pf1)
~IT(218dO) NTRfl4,SCOLS,41p

'iHO' rfrld(AAT(5X,Id,' 'OWS,2X,I4,- ClJLU4hSp2X,14,- PERIODS-,/)
t% 7'~tIRN

c
t~l 'fi,(1 A4FSSAGL5 FOR 1INPUT ERRORS

~t~ ~1.~iT( hJ~C'rV~ROW MUST f!EF THF FIRST ROW)
~;l TO 9999

tj9' 6 .sI'rE ( 21, 897 0)
P 97~ F '.'CAT(' PiEAMIS T,10 LARGE FO)R CURRE;T DIIFNSIONING')

4I~.(2l,d97,) M~AXNP,.4AXTRWm,.4AXTCL,mAXELE
"7' Fl'J;4 T('X SU-HS-=,13,'.4AX 9OWS=',14,'MAX CGLS=',14,'TAX ELE=',16)

(1TO OJVq9

1140 1)PAT(' SUf'PO9L'.',Y4,' NJT 114 PRPER' P9SITIONO)
,.,Q'J') I z 0

--------------------------------------------------------

SIT',POUTIF !NF'STO

C STC &LL DA~TA KF'LFVANT TO stiEIPa~flLE. NS

I ALCI RLL(CR08 BoX))

Ci1.1'tJNICONSTSI ZTOLZEZT(ILPV,ZTLJOST,ZTULSM4,NEGIt4VNEMAX,NRMAX,QBL#
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1 k,h -rATIOhJ,-TkOWPrITCNTIN4VFRQIRFRQ.JC)LP,.
2 NPOWNCOL, NlLEMNTANLELE4oNLFTAOINUELENNUETA,JH(60),
3 ;INPAS(12?)oLA(122),L'E(5c2),1A(100O),IE(2O00)r
C'ThMON/G' SILT/PRICE(130)oTCURX(130),lSUMCITS'dV,LISTLoqBRANC,
I NS,NiP,JFCflLC11),JI1Jlh(11 ),JFELEX(11),14AXC(10),NAXC2(1O)
C ]'MMt.N/TIMEb/ LTOTTSTORE',?TTMIELPTIIEDiR,TTMEDC,TIt41NV
C'mHMUN/S;JaBAV/ismui(70),OIG(70),XSTORL:(7O),XUBSTO(130),
1 X!iTO(130),XUBO0RG(130),XLBOPG(130),ASTORE(2000),.ESTOPE,
2 IPOWA(20OO),LCULA(140),IIESTOiR(4O3O),LESTOR(10O2),JHSTOR(7O),
3 INRSTO(130),IPARTC(I0), LNVSTO(1O),NELSTO(l0),NETSTO(1O)

c cfl4wfN tlLOCIe surs~v is 4 STORAGf ARE.A FOR THE SUBPROJBLEM VARIABLES
', XLqiI<G,XJPflRc.,,P~RIG STORE TiE iRLGIAL VALUES OF THE CORRESP. VARS.

C 4XJ)I HS3 FUR KOW I AFTER OFFDUAGflNAL VALUES HAVE BEEN ADDED
L

C API.'k P?:AO)ING INP'UT, STORF THIF DIAGONAL bkATRIX ELEMNTS AND RHS

IPTR JFELEM(NIS)
L.ENGTH =JFLEM'.(NS + 1) - IPTR
nnf 10 [=1,LFNGTH

ASTORE(IPTR) =AMI
1#ROWA(IPTR) =TAMI

11) Ii'TR =IPTR * 1
IPTR = JFCOL(NS) - 2 + NS
I;-'iD =NCOL + 1
Do 15 I,JEND

35 LCOLA(IPTP +' 1) = LAM
C STORE ORIGINAL RtiS 8; HOUNDS XIJPrXLB

IPTR = JFROW(NS)
iJc3 20 I=1,NROW

20 IPTR :=IPTR +1
IOTP JFCOL(NS)
DO 30 T=i,,SUL

XUBORG(IPTR) =XUB(I)
XLBORC(IPTR) =XLR(I)

30 IPTR =IPTR + 1
k'i'T U IN

C
C s'rcei THE CURRENT STATE OF SUB&PROBLPM WS

K.NTRY STORE
C STOR6 THE PARTIAL OBJ. VALUF ISUMC; RHS 6) SULUTION X

IT114E = IiiPTI?'(1)
IPARTC(N.3) =ISUNC
IOTR = JFROWCNS)

RmO)D(IPTR) = (1)
XSTORE(IPTR) =XCI)
J1ISTOR(IPTR) = JH(1)

306 IPTR = IPTR + 1
c STOJRE RASIC VAR INDICATOR KINHAS) BOUNDS XUR,1L3

JPTP = JFCOL(NS)
Li1 350 I=1,NCOL

INBSTO(IPTR) = ICINRAS(T
XUSSTO(IPTR) z XUL3(I
XLBSTO(IP'R) = XLB(1)

350 IaPTR = IPTR + I
C STORE BASIS INVERSE. rr TrO LARGE, REINVIRtT.
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v IF (NE~TA.LT.NLES) GJ TO 390
CALL INVERT
ITSTNV= 0

390 I4YSTO(4lS) =ITS.INV
NFLSTO(NS) = NELEN
3ETSTO(NS) = WETA
LZ7PTk. = (NS-1) * tILES
J'KPTR =(NS-1) * N4'4AX
D9 400 l1,'IELEM

JiEPTR = JEPTR*I
ESTURE(JEPT) E(=

.;00 IESrOd?(JFPTR) = IECI
IFD= NFTA + I

0-3, 450 1=1, TENU
LEPTR = LEMT +~ 1

450 LETOP(LEPTW) =LEMI
I'"IMF2 = ItHPTIM(l)
TSTGFE = TSTORt. + ([TI)IE2-1TI'4k)/I00000.

----------------------------------------------------------------------
S'JRO!JT[NE RLkSTOP(MIFLAG)

f IRESTOYEF ALL DATA KELEVANT TL) SUB3PROBLEM' NS
c ***i)FSCIdPTION LOv PARAMEkTER***
c MNFLA,; =0 IF BACKTRICK'IC, 1 TF TAKING A FORVRD STEP (INPUT)
C IFr TAKING A F~k4AR STrP, RESTflPE ORIGINAL LP-OPT. IF TAKING
c T41S STrP Flk T'k F~IRST TIMIE, CnMPUTE ORIGINEAL LP SOLUTION.

1'!rSGFH JH,KP-1k3?-,LALE,A,ELCOLAIROWAP#IESTOR,LESTOR
PDiUPLI PHF.CTS!L1N E(2000),ESTJPF(4001)
P -AL A01000)

C94MUOi/CCNS'TS/ ZTOLZE,ZTOLPV,?TCOSTZTLSMNEGINF,NEMAX,NRNAkX,QBL,

C1WAON XLR(122),XU9(I22),DE,DP,I;(60),X(60),Y(60),YTEMP(6O),A,
I ? ,MSTAT,If.,TOWdPTCNT,INVFRQJ,ITRF4Q,3COLP,#
2 NROW,NCIJL, NELEIINETA, NLI.LRt,NLETA,tIULLEM,NUETA,JH(60),
I KINI3AS( 122),LA(122),LE(502),IA(1000),IE(2000)
C 1Pl'T,STLTPR ICE(130), ICJKX( 130), TSUMC, ITS INVISTL, NBRANC,

C I IMlN/Tf'4FI SIITOT,TSTORP:,T1MU!LP,TluE0H,TINEDC,TIMINV
C1I!*.tfl/SUIBSAV/bhqUD(70), bORIG(70),XSTGRE(70),XUBSTO(130),
I XLEPSTO(I1 O),AUhPOG(130),LERC(130),ASTORE(2000),ESTJRE,
2 !NOWA(2000),LCOLA(40),ESTI.(4000),LESTOR(1002),JNSTOR(70)I

1 IST(lj0),PATC(I0),NVTO(10),NEL3TO(10),NETSTO(I0)

L S')PL. SiPFOi1LkLt DIMENSIONS; A MATRIX

,POJ' = JFPOW(NS.I) - JFROW(13)
NCnL = JCOL(US+1) - JFCOL(NS)
IPTR = JFELFD'CNS)
LENGTH = JFFLEM(NSel) - IPYR

c kSITONE FLF4EA1s flt 4 MATRIX Fvnm~ 0h1GO4AL RLOCK NS
00V 10 1=1,LF&GTll

AM1 z 4STORECKITh)
(AU) = TIQWAMITI')
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10 !PTR = VI'R + 1
IPR=JFCU(.(NS) + 4S-

IM= NCtlL + 1

IsLAMI = .COLA([I'TR + 1)
JPPTk =(NS-1) * N'E.AAY
L'PTk = (IS-1) * l-7
NISTAT = QRL
IF (MNFLA-'J*Q.1) GO T9l 200

C oACKTRAC4; STEP: REPSURE~ RHS H; LP SOLUTION XoJHPK1M8AS; t3OUNIJS

1'TQ =JFROw(NS)

'!I)= ND(MPR)
=M XSTURF(IPP)

J,4(1) =JHS~Tn(1PTR)

IPTR = IPTR + I
IPTR =JFCOI.(NS)
Jjr) 40 1=1,%NCOL

XI'B(I= XUdSr(wTR)
XRM(= XLISTO(ITH)
KIBAS(I) = TNBSTO(IPTR)

40 IP?!' IPTR + I
C eE.STOR~E P'?gTIAL OiBJe VALUF IF k3ACITRACKING (NOT FOR FORWARD STEPS)

ISUMC z PARTC(NS)
C
c RESTORE LP RASTS TNVEPSE

!TSIIIV 14VSTU(NS)
KFLE FLsTfl(N5)

N!ETA Me4TSTO(NS)
DO 110 11,NELEM

JEPTP JEPTP +1

FM) ESTOkE(JEPTR.)
110 lEM! = .STOR(JEPTR)

IFNn NE;TA + I
D9 120 T=1,1IND

La.PTR = LLPTR 4, 1
12C LEM(I = LESTODR(LEPTR)

Cl TU 50C
C
C IFijk4ARD STEP

C tOFSOkE ORIGINAL HOfUN0S FOR A FnRWARD STEP
200 IDYP = JFCOL(NS)

DO 210 I=1,ICOL
XUB(I = XUROPG(tP1'R)
XLSM = XLBOi&G(I&eR)

21C IPTR = IPTR + I
IPTR =JFROW(NS) - 1
Dil 220 IoNROW

270 (T!) z r~h G(IPTR + 1)

C SOL~t. LP R4~LAXATION OF SU1iPRORLE4 NS

IF* CNS*GT.1) CALL FIXPHS
C LP RA3IS STAR~TS *)FF AS ALL SLACK BASIS

ITIMLP = T1NP114(1)
Do 310 Izl,NP[OW
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310 JH(I = I
D 11 320 I=1,Nicai

320 KINHAS(I= I
NHOWP1 = NROh + 1
DI 330 lzNROWP1,NcflL

33C KIN3AS(I = 0

C SOLVE LP

ITSJV = 99999
CALL NIRMAL(ITSINV)
IF (MSTAT.EQ.Qh) Ga TO 2000
IrIM4L2 = 1HP'rI?(1)
T!~iELP =T1PM.LP + (ITIiA4L2-1TIMLP)/100000.

~'~ I!IME? = IHPTIk(1)
TSTORF = TSORE + (1TIMEF2-ITME)/l00000.

' L' IS INFFAS1'QLE

2000 IF (NS*F~o1) WR'IIE(21,2010)
2010 FflPMAT(' SU9L'kORLF:4 1 IS INFEASIBLE*)

G1 TO 500C

------------------------------------------------------------------------
S'16ROUtTItE $1XR!PS

c -,IVE4i SL~TTING OF VARIABLE~S FOR PERIOD (ES-i)o COMPUTE NEW
c RHiS FOR PFITOD NS IN PREPARATION FOR A FORWARD~ STEP*

1I!PLICIT R94L*4 (ICE-HOPoR-W,Z), RLAL*8 (PPD,K,Y),
1 1ITEG'Cb*4 (I-Rol)

U11UHLE PPFEC!SION E(2000)
PE~AL A(0000)

C 'mkMUN XLR(122),X~hl(122),DI,DP,P(60)fX(60),Y(60),YTENP(60),A,
I ,!STAT,IflBJ,,IkOAPITCNT,ITJVFHQ,ITRiQJCaLP,

' AUHW,NCOL, NELRP4, NETA,NLFLEM,NLETA,NlELEMNUETA,J(6)e
3 i'[NRAS(l2-2),LA(122),LIE(502),IA(1000),IEC2000)
ctmir/ t:TTPRC(3)TCIJRX(130),IUMCITSTJV,LISTL,NRANC,

C14m.J)IFFDGtJFD(2000),LCaLnD(13O),IIPOWOD(2000),CUST(130)

0: l'4T A? FIRST NIJRSLACK COLUmN OF LAST PhPIOD
J"G=JI'COL(NS-1) + (JFROit(AS) - JFROm~h~q-1))

J4-1D JFCUL(KS) - 1

111 100 J=JBPGJknP
c TI'PACK '!FFDTI',L'AL COLUMN J IF NONZFRn

1;G=LCOLrJD(J)

1*.D=LCOL91)(J.1)-1
IF (I14E~.GT.IL'4D) Gj Tfl 100

m.3r I:I[4W.,f.JD
1;4 bwaoD(I)
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o YT!'IP(IR) = flFFD(I)

YTEMp(IOpJ) =0.

XVkLU1, = CULX(J)

40 H4(l) = 1R(l - (YTEt4P(I) ' XVALUE)
10OC. Cc~rINUE

FND
C-------------- -----------------------------------------------------------

SU!HdJ9TIflE I3OUADR

c CALCULATE' 2 LP' BASED fJO'JNrS 1N lwAA OBJFCTIVE VALUES FOR PERIODS
f: NPNI,-1,..sK FOR K = k'i...,2 INCLUDING OFFOIAGONAL COLUMNS.

c ALSO PRI~CE OUT ThEI UFFOIRGONAL COLUMNS.
C, THIS SllbPOUTINE ASSUMES OIJfECTIr 9OW = I IN EACH SUPPROBLEMp

C AND Tf4AT VARIAjLES LOCAL T'J PFRIOD WS ARE NUMBERED AFTER
c THciSm~ V~kS. WHICHI LAVE iJRZERO ENTRIES IN PERIODS NS & NS+l.
C ALSO TOTAL NUMBER4 JF 'IONZER3 ELE4F.NTS IN THE CONSTRAINT
C MATRIX TNCLUDING OFFDTAGONAL COLUMNS MUST NOT EXC990 1000
c (FOR CUPPF.NTLY DIMENSING).

IMP'LICIT RLAL*4 (ArC,E-fH,O,P,f4-WfZ), REAL*8 (B,D,K,Y),
I 1NTFGF.R*4 (!-I,q)
INTEGvIR JdK INIASLALEIA, IELCOLA,IROVA,IESTORLESTOR
DQUnLe- PR9CISIJN 9C2000)#FSTOPE(4000)
PEAL A01000)

c
C'1N"'4JN/CONSTSZTOLZE,ZTOLPV,zTCOST,ZTOLSI4EGINF,NENAX,NRMAX,Q8L,
I NLES,4!MAX,QA,QTSl~,QN,OSU3,4BQCQE,QH,QLQOAR,QN,QC
ClMMON XLB(I 22),XUB(I122)oDEDP,4(60),X(60),Y(60),YTEMPC60),A,
I ,'MSTAT,IOHJ,ITcOWP,ITCNTPd VF4Q-ITRFRIQJCOLP,

2 NR~OW,ICUL, NELEm,NETA, NLE'i,'ILTA,NUELEM,NOETA,JH(6O),
I KINBAS(122 ),LA( 122),LF~Qi02), IA(1030),IE(2000)
CI'MIN/Gt3TLT/PRICE(130),IC'UkX(130),ISU4CITSINV,LISTL,NBRANC,
I NSNP,JFCOL(I1),JFRJW(11),JFELIEy(11),MAXC(l0),MAXC2CIO)

COD*0N/ SiliSA V/bMOD( 70 ), UR IGC 70 ),XSTCRE( 70 ) XJB STOC 130),
1 XIRSTO(130)XUJEOiG(130),XU1OeG(130),A5TORE(2000),ESTORE,
2 IRLIWA( 2000),LCOLA(140 ),IESTOR(4000),LgSTOR(1002),JHSTOR(70).
3 INPSTO(130),IPARTC(1o),IidVSTO(10),NFLSTO(10),NETSTO(I0)
C'M4ON/'FFDAG/DFF(2000),.LCOLnOC130),IRLJwnD(2000),COST(130)

C
c ,,XCrP) = &Ir.HTED LP BnfURi) U4 MAX OBJ VALUE FOR SUBS K.1,...,NP
C rFFDIACONAL VARIA~LF.S OiF S1J3PPr)RLFM lq~i 1AVE A WEIGHT OF 1,
C ALL (JTFr'lx VARIAdLES HAVc. A WEIGHT OF 2. THUS AN LP BOUND ON
c FfHl;. ObJ. VALUE FOR DIAGONAL BLOCK 9 + MAXC(K) IS A VALID
C 30IND nN DOUhPLn THlE OBJe VALUE VCR PERIODS K,K.1,...,KP.

C(IN4 Tk.Cti. REPORT BY POLLENZ 1191, TillS CORRESPONDS TO
C AC(1/2,0).
C AXC2CK= LP FOUND ON MAX ORJ VALUE FOR SUBS K.1,...,NP. PERIOD K
C 'IARIABLES 4AVE COST 0o THOSE FROM PERIODS > K HAVE ORIGINAL COSTS.
CC TIlS COkRESPONDS TO MAXC(0,K) IN THE TECH. REPORT.)
C

MAXC(Np) 0
mAXC2(NP) =0
LISTC z JFCOL(NP*1) - 1
i 20 J=1,LASC

20 PRICF(J) = 0.

C .o*i) IN SLACK COLUMNS; SKIP 08Sj. SLACKS FOR PgRIODS 2,ooo,mP
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On 40 NS=1,'W
TBEG = JFELE4(%S)
[fEND =[BEG + JFROW(#S+l) - JFROW(AlS) -1

If' (WSNStF.1) IBEG = !REG+1
DU 30 Z=IBEGPIEJD

NPOW = NROW + 1
A(NROW) =ASTOREO()
LA(NknW) ='R0V
IA(NROW) = PROW
JHl('ROW) =NROV

KINBAS(NRr))=N
E(NROW) = 0.

IF (N.S.EQ.1) JCOL = JCOL - I
XUB(NROW) =XUBnR%"(JCOL)

30 XLi(tNPLW) = XLEORG(JCOL)
'10 CONIMPJ

NAPTR AROW + I
c
C il-PAD RIGJT HAND SIDE FOR PERIOD NS
c
100 IFXTRA =NZ - I

",6 JFROW(4S) - 14S + 2
IFND =JF~RO1W(NS+l) - NS
D11 150 IgR~lo=IFLGIE'J0

150 3(TR4fl) = BORIG(IROW +IEXTRk)
c:
c' !')D ON FJE.L CflLUMN FOR NONSLACK PFRIC) NS VARIABLLS
C

JPG=JFCOL(NS) + (JFROW(NS+1) - JFROW(NS))
Jt JD = JFCOL(NS.1) - 1
in 300 J=JBFG,J'ND
FLRST ADD fnh CPFDIAGONAL ELEMENT'S OF COLUMN J IF ANY

4COL = ICOL + 1
LA(NCOL) = NAPTR
If (NS.EQ.'4P) GO Tn 220
T5RsG =LCOLOD(J)
TEND =LCOLOD(J.1) - I
Ie (TbFG.GT.!END) GO TO 220

IF (IROWOD(T).EQ.IOBJ) GO To1 210
A(NAt'Tk) OFFD([)
IA(NAPTR) =IRO ,OD(I + JPR~k(NS+1) -(NS41)

NAPR =NAPTR + I
slO CONT1'UF

c NExT Ait) ON nIAGONAL ELEMENrs riF COLUMN J
"E =LrOLA(J4.N^1-1) + JvS~LZM(NS) - I

T-* =LCULA(J.NS) + JFP-'LE elS) - 2
noi 2670 I=IREG*TFfl

A(NAPrkI) = ASTORE(l)
IF (IRO%4A(I).NE.1011J) GO TO 230
A(NAPTN) =A(NAPTP) *2.0
IA(NAPTR) =IIIBJ
Gn Tu 240

30; IA(MAPTP) =IROWACI) + JIR~4OPS) - Ns
240 ;)AI?*k z h*I'TR + 1

KrNA~qSWUL) = 0
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XURldNCflL) =XUBORG(J)
XLI(wCnL) = XLnUPG(J)

300FSL L P sT ):NAPTn HS VARUAHLFS ADD

L!SINV =99999

CALL RiPAL(ITSINV)

C ADD) OFifl1AGOINRL COLUMNS FVPt PER~IOD NS-1 TO LP

NAPTRO =NAPTR
4TE413C = 4C?1L

C STA14T AT FIRST NONtSLACK CCLIYMN IF PFRIOD NS-1
Jli*'C = JiFCOMLNS-1) +(JFhROV(NS) - JFiflh(NS-l))
JEWD = JFCOWeS) - 1
DOl 430 J=JBIFG,*JFLI

Tl'G=LCDLOD(J)
TEN.'D =LCOLOD(J41) - I
NCOL = NCOL * 1
LA(NCOL) =NAPTRO
X148BA!S(tCOL) = 0

c ADD IN COST OF 0 AND BOUNDS OF COLUMN J
IA(NAPTRO) =1
6(NAPTRO) 0.
'4APTRO = NAPTR) + 1
XLB( 4COL) =XLBORG(J)
XUR3(NCOL) =XUBORG(J)
IF* (IEEG.(;?.IE14D) G3 Tn 430
flU 420 I=IBEGlIEND

IF (IPOWOD(I),EQ.IOBJ) GO TO 420
1A(NAPTRO)=IHOWOD( I)4JFRCW(NS)-NS
A(NAPT(O) = JFFD(!)
NAI'TRO =NAPTRO +' 1

42C CINT4UF
430 CIJNTPkUf

Ll(NhCOL,1) = 14APTPU
C

Pqfgw OU1T F.ACI OFFOIAGONAL COLUM4N OF SUBl NS AND STO)RE IN PRICE.
C

CALL U'DATX
CkLL FORMC
CALL PTRA'1
DO 900 J=JB8'GrJENO

urpicE =0.
IIPEG =LCOLOfi(J)
IFNRD zl.COLOD(J.1) - I
IF (TBFG .GT. TEND) GO TO 473
DO 450 I=IBEG*IF.ND

IP = IROWOD(1)
IF (OR .EQ* IOBJ) GO TO 450
114 =I 4. JFkOW(NS) - NS
DF = OFFD1l)
DPRtCE =DPRIC. + (OE *(MR))

450 CJNTIUUF
c hrCIRL PEDUCED COSTS# RECALLING THAT OBJECTIVE VALUES WERE DOUBLED.
417u PRJCE(J) = DPk1CE / 2.0
boo C04TTNUE

mOZITE(2110. NS
WRITEC21oMCC) (PRIC9(J),j:.FGpJE%0)

1010 FnRMAT(* PRICK Of OFFOIAGONAL COLUMNS IN SUB.,#13)
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1020 Fr1WHAT(10F7.2)

C RESOLVE LP WITH OFFDIAGONAL COLUMN4S ADDED ON. CALCULATE MAXC2*
c

iTSI14Y = 99999

!ALL NiIRMAL(ISINV)

IF (DOBJ.G6.0.) GO Ti) 510

510 4AXC2(NS-1) = IDINT(DTJLJ/2.0)

C A91~ INi OFktLAGntAL COSTS FOR CALCULATION Of MAXC
c

NCIJL =NTEMPC
On 520 JJLEGJEND

ICOL =NCOL + 1
5)20 A(LA(NCOL)) = COST(J)
c
C -fiO.Vb LP WITH OFFLIIAGONAL COLUMNS ADD~ED ON AWO COSTS SET.
c

ISIVY 99999
CILL MZM??AL(TSlNV)
IF (msrAT.EQ.QN) G~J TO 2000
a= NS - 1

lftJUL = NT~#kPC
:,iJ=X(IOIJ) + ZTOLZE

!.AXCO~S) = !DINT('OflJ)
IF (oflj. LT. 0.) iAXC('iS) = 'MAXC(NS) - 1
I-.NS'K1 GO TO 100

:7 MAXC AND PRICF HAVE BEEN CALCULATED. RETURN.

K = "P1 - 1

!St,3 F'~'0'AT(I' PAAXI?4U1 CUMIULATIVE OBJECTIVE VALUESO)

1511) i)rkATU' FOP LAMBDA = .5:',916)

5? FIh'ATC FOP LAMbiDA = 0:',916i)

152S FLIP* k 'T(

c ;,JPPRu3L,6A 45 IS 14FEASIE!L~. QUT

2000 WITE(211?C1U) NS
2010 P-]kMAT(' SUPPF'WLEM',t3r IS TNFEASMLE-)

STUP
F 'II

-------------------------------------------------------------- ---------
3'UP4'UTIN%' iI-FATX

c UPOA'n i6PS LSIRG VAIRIARLE HOQUNDS ACCORDING TO TINBAS, THEN
C USK 0451S 1'IVERSE Til ?IANSk'ORM INTU CORPECT X VECTOR.

1'4PLICIT :4EAL*4 (,F-JOPRV) R&,AL'd (,,,)

P..AL A(1000)
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? NP04oNCOL, NPLFM,NET AtNLFLEM NLFTA,-N'ELENNU ETA, JH(6O),
I Kl'4RAS(122),LA(122),LF(502),LA(1O00),TEC200O)

D1 1.10 J~1,ACOL
IF X)(IBS(J2,4o

16) Tf' 60
1 XLH(J)

KK = LA(Jtl) - 1
O'J 80 I=LL,KKC

IR TAMT
YOR) MIR) - AI*--

lot C()NTINUE
CALL FTPA4(1)
CALL ';HrVTR(3,2)
R-TUR4I

r-----------------------------------------------------------------------------

31HROUTTNE F1I4AM(PAR)
L
c PEiRFOP? FOROARD TRANSFORHMTON CH COLUM4N STORED IN VECTOR Y
r SUJQW)'T1INE ADAPTED FRU4 LI'IEkR PRJIRAKING COnFl LPN-I, WRITTEN
C 11Y J1. A. TOM4LIN (PPERATIOJS RFSTARCH, STANFORD UNIVERSITY)
C ***iESCRIPTION O)F PARAMET RS"*

C I1P~k = PA AMPTFR INDICAT19G WHICfT FTA-VECTORS .4ATRIX (ALL E OR
C JUST If OF LU DECUM4P) IS USED TO UPIJATE COLUMN Y (INPUT)

PP'LICIT REAL*4 (A,C,F.-H,O,P,R-W,Z), REAL*8 (B,D,X,Y),

IVTE ;R JfI,KINrAS,LA,Lh,IA,IE
OI1113LF PRFCISION R(2000)
R7AL A(100O0)

C
CIM4 XLFR(22),XUIJ(t122),D,DP,B(60),X(6),Y(6O)#,YTEMP(60),A,
I. E,VSTATinbJ,ikflwp,ITCN,UAVFRQ,ITRFRQ,JCOLP,
1 NROW,t;C iLNELE$i,NETA, NL.LE14, NLETA#,NUELEM,NUETA, JH(60),
3 KIN8AJ(122),LA(122),LE(502),IA(1000),I(2O0)

C
IILE = NT

N6= 1
IF (IPAP.KQt.2) NFE = 4LL~rk + 1
IF (NFP .tT. NLP) RETURN
Doi 1000 1K = PFFF,NLE

1.1. = M1K)
KA= LF(IA'.1) - 1

IPIV a E(LL)
DY = Y(IPIV)
IV =DYIE(LL)
Y(IPIV) = ny
IT (K' .LE. LL) GO TO 1000
LL = L + 1
fl0 50(i J =LL,rK

III= 11.(J)
MPI) a VCIR) -EM) * DY

bOLI CONTINUE K
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1000 CflNTINUE
R FTU R'~N

SUBROUTINE BTRAN

c PERFORMhI nACKNARD TRANSFORMATION ON COLUMIN STORED IN VECTOR Y
c SLIRROUTI?4E ADAPTED FROM LINJEAR~ PROGRADMMING CODE LPN-It WRITTEN
C bY J. A. TOMLIN (OPERATIONS RESEARCH, STANFORD UNIVERSITY)
C

14PLICIT REAL*4 (.&CoF-HoOsPR-biZ), REAL*8 (BoDXoY),
1 1I1TEGEI*4 (1-14,0)

IVlTFGFH JHo(INBASoLA,L1f IA,IE
DnlIE9LF PRE.CISION E(2000)
k".AL A(1000)

ClA4Mt~l XLB(122),XUB(122),D4 -DP,P(60),X(60),Y(60),YT.NP(60)f,
I ,MqSTAT,IfIJ,IOWP,ITCNT,INVFROITR~FRQ,JCfLP,

3 'CI'JAS(1 22),LA(122)oLE(50'),1I(1000), IE(2000)

Ir~ (NETA .LF. 0) RETURN
V 1000' 1 = 1, NFTA

TK=N'TA - I
LL =LF(TK)
'(K = LE(TK.1) I
IPIV = IF(LL)
DP =(ML)
DY = Y(IPIV)
osum = 0.
IF (VX LE. LL) GO TO 600
LL = LL + 1
10O 50C J = LL,KK

IR I E(J
Dw F(J)

0VkflOD = DE * M(R)
o)SUH= DSIJM + OUiRJD

50C CnN~TINUE
1.0c Y(TPIV) =(1UY - 9SUM) f DP

1-----------------------------------------------------------------------------

1. FGRm4 OBJECTIVE FUNCTION V&CTOR; IF B3ASIS IS INFEASIBLE, SET
k: 0JIECTTVE FUjNCTION TO BE' TVFFAS15IT.ITY FORM FOR PHASE 1.

C CAtL"- FROJM SURI.OUTINES NflRAAL AND FOUNDR.
rSURRU1IE ADAPr7D FRJ?" LI'IEAR PROrkANP41NG C')DE LPM-10 WRITTENI
c ~ bY J. A. TOMLIN (CPPNATTlJ4S RFS'ARC~, STANFORD UNIVERSITY)

iIPLICIT RFAL*4 (AoCF-il.C,P,R-oi,Z), REAL*8 (BoD,X,Y),

JIN ?LEA JHwi ;bAS,LAL_",IApIr:
D1UhLv PtEC[STON E(200C)
iii;Af. M(IC4)

LlMiMl/ jNSThi/ ZTUI.ZE,Z.TOLPV,ZTCOST,ZTULSI4EGINF,NEMI,NRNAI,QSL,

ImNLr,NT VQA4iJ!QF,QN(2)o,QIl -n,'C)qEQKQ,Y(0,RQNQC ,A
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.,MSTAT, 10f3J,IdbvwP, IICNT, ~IVkFP(, Ti FRQoJCflLP,
2 NR0WNr1L,NELk.M,'IFTA, NLFLF,ALETA,NUELE!,NUETA,JH(60),

3 KINEnAS(122),LA(122),LR(5O2),IA(1000), IE(2000)

,'1TAT v
Y(IOIBJ) =0.
Ull 30 I=1,NROW

IF (I FEQ. LobJ) GO TO 30
[Cn1L =JH(I)
IFr (X(I) -. E. (XL8(ICLJL) - ZTrOLZE)) CO TO 10
I', (y(I) -GE~. (XUE(ICOL) +ZTOLZE)) Go TO 20
V(I) = 0.
, ' TO 3 0

Y(T) = 1.
m'STAT = 01
Gd TO 30

?0 Y(I) z -1.
MSTAT = QI

30 CONTINUE
E (-4STAT.EQ.QF) Y(IOBJ) :1.

R T"TTJRN

ceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee-----
Si113RQITINE PRICE

C PRICE OUT NORiBASIC COlLUMNS; CHOOSE PIVnT COLUMN JCOLP FOR
C CURRE'IT PRIMAL SIM'PLEX ITER~ATION. JCOLP=O ==> DUAL FEASIBLE.
C SUBROUTINE. ADAPTED FROM1 LINEAR PROGRAMMING CODE LPM-1, WRITTEN
c BY J. A. TOMLIN (OPFRATfa)RS RESEARCHf, STANFORD UNIVERSITY)
C

IMPLICIT RIEAL*4 (A,C,E-H,O,P,-R-W,Z), REAL*8 (B,XY),
1 INTF7JER*4 (I-NQ)
14TEGER. Jlf,1(NBAS,LA,LI:.IA,IE
I'lqTEGCR fPARI, r'CU14B, VBND, LVii, IOBND
DOfUIJLF PRECISION E(2000)
REAL A01000)

C131AMON/CONSTS/ ZTOLZE,ZTULPV,ZTCOST,ZTOLS!4,NEGINF,NENAX,NRMAX,QBL,
I NLES,'TMA X, QA,GI,)F,Q4, QSUB,QB,QC,QE,QH,QL, 00, R,QN,QG
ClIM'40N XLR(122),XJR( 122),OE,DPpR(60),X(60),Y(60),YTEMP(60),A,
1 E,MSTAT, IOBJ, Ik~hiiP, TTCNT, INiVFRQ, ITRFRQ,JCOLP,
2 NRIW,NCOL,NELEMNETA,NLELeM,NLETA,N1IELEM,NUETA,JH(60),
3 KINBAS(122),LAC122),LE-(502),IAC1000),IE(2000)

r
CMIN = 1.910
C4AX =-1.00O
DI 1000 J=1,hCrJL

IF (K[WBAS(J) .GT. 0) GO TO 1000
IF ((XUD(J) -XLR(J)) .LT. ZTOLZE) GO TO 1000

c CLCULATh DPRICF =PRICE OF BRINGING COLUMN J INTO THE BASIS
DPRICE =0.
L z LAMJ
KK =LA(J+1) - I
0O 500 1 =LL,KK

IR = TAMY
U= AMI

500 DPkICE = DeRICE + (DE * Y(IR))
IF (KINIiAS(J) .EQ. -1) GO TO 600
IF (DPkICL .GF. CMTN) GO TO 1000

CMIN = UPR((.E
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JC!)LI = J
Ga TV 1000

600 IF (EWRICE .LL* CMAX) GO TO 1000
CL!AX DPRICE
JCOL2 J

1000 CO'ITI4UE

c CH90SE PIVOT COLUMN JCOLP BASED ON PRICES

IF~ (CMIJ .LF. -ZTCOST) GO TO 15i00
IF (CI4AX .GE. ZrCOST) GO To 2000
J CO L P =

cE TURN
1900 IF (C4AX .GF. MOC~ST) GO TO 2500
1600 JCOLP JCflL1

z000 JOL01.1P JCOL2

R-'T!IHN
'500 IF~ (A-3)(CM1IN) - CMAX) 2000,2000,1600

ST4ROIJTINZS CflUZR

c PE~iROR PIN-RATIO TEST FOR ?!VOT COLUMN JCOLP DETERMINED IN
c S92hROUTINE PRICF, THEN SELE.ICT PIVOT ROW IROWV FOR CURRENT
c PRIMAL SIMPLEX ITERiATION.
c SUROrn!TIE ADAPTED FROM LINEAR PROGRAMMING CODE LPM4-1, WRITTEN

c BY J. A. TOMLIN (OP~ERATIO1NS WESc:ARCH, STANFORD UNIVERSITY)

I" PLICIT R1JL*4 (ArC,IE-HrflP,R-W,*Z), REAL*8 (B,'DX,Y),
1 I'T-:ER*4 (I-4,Q)

I-ITE'GER j~,KIlB4StLArLE,IA,IF
':T[iGE:4 I*PAPT,-INCUM'~IVNDVID,IO8ND

V)1UbLF P,4FCTSTLJN F(2000)
KAL A(100)

Cn 'MJNICC'4STS/ ZTO)LZE,ZTOLPV,ZTCOST,ZTOLS?4,NEGINF,NEMAX,NRMAXQBL,
I. -iLi-S ,)U'MA X,QA,01,QF,QN,SUii,QB,QC,F,QH,QL,QO,R,QM,QG
CflvkflN/P'!LI,;I/ DFPART(60),RFVqRD,ICVAL, ICL,IVAL,IDIR, IPART(122),
1 T'CI.4ii(13),IVrsD(50o),TvD(50),OBND(50),NPIVOT,IPTVPE,IFEAS
Ciml J~~Xilql(122),XUB(122),DE,DP,B(60),K(60),,Y60),TE4P(60),A,
1 F,%'rAr,IqJ,IOP,ITCNT,NVFRQ,ITRFRo,JCaLP,

'ISJPC"",'ICfL, \FL7M*,NETA, NLEL.FM, "L ANUELEM,WUETA,IH(60),
.4 -TN 'As12?),LA(122),LE(502),1 9(1000),Ik(2000)

r ~c~PV CO)NTAINS FORWARD TRA'4SFORM 0'7 COLUMN JCOLP. *
UP 0" AIN. RAITU 50 FAR. IT IS PASSE.D Ta UPBFTA FOR THE PIVOT STEP.

c AL11i !AS,,F') TO 'JPBLA IS OF: I X(IPudP) AFTER PIVOT STEP 3.
( 'I'fT IFr JCOJLP 1S ltfONPASIC (AT OIPPOSITE BOUND) AFTER PIVOT.

rlw (r'eRAA(.;CJLl) .FQ. -1) 'if] TO 1000
c
(7~'i'7 VAR14P!Li At LOWER RJU0'4; COMPUTE MIN RATI) DP

91 500 1:l,Nifl,
IF (T .FQ. IIBJ) GI TO) 500
IC'JL =JI'(I
it CYC!) .T. ZTOLPV) GU TO 100
It (V(f) *LT. -ZTOLi'V) GO TC 200
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GC] TO 500
c PdSITIVr% C(OFFICT:NT A(IJCOLP)
lOG IF' (X(I) °LT. (XLB(ICOL) - ZTnLZ)) GO TO 500

OVE= (X=I) - XLfi(ICJL))/Y(T)
Ti" F .Cl.. UP) GO TO 500
IPTYPE = 0
C.oL TO 250

C KEGATIV& C FFTCIENT A(IJCJLP)
200 IF (X(I) .GT. (XUR(ICOL) + ZTOLZE)) GO TO 500

• 0 = M(I ) - Xib([IC90))/Y( 1)
IF (CE .GE. OP) GO TO 500

IPTYPE, = -1
25. OFr ,

TplwP = I
1,100 CUNTI NU.

DP + X, b(JCULP)
Ii (DE .LT. XUP(JCOLP)) ;J T) 600
DP = XUB(JCOLP) - XLB(JCULP)
NPIVOT = 0
RrTTIRi'N

600 NPIVOT = I
RETURN

C IJCilMING VARIABLE AT UPPER BOUtND; COMPUTE MAX RATIO DP
C

1000 uP = -1.K10
DO 1500 I=1,hROW

IF (I .Eo. IORJ) GO TJ 1500
ICUL = JH(I)
IF (M(T) .GT. ZTOLPV) ,] TO 1100
IF (,(I) .LT. -ZTOLPV) GO TO 1200
GO TO 1500

C ?OSITIVE COtFiFTCIENT A(I,JCULP)
10oc IF (X(I) .GT. (XUB(ICOL) + ZTOLZE)) GO TO 1500

OF - (X(T) - XUR(MCUL))/V(I)
IF (D .LL. DP) GO TO 1500
IFTYP =-1
qn TO 1250

C qEGATIV& COIFFICIENT A(I,JCOLP)
120C IF (X(M) .LT. (XLB(ICOL) - ZT(]LZP,)) GO TO 1500

DR. = (X() - XLb(ICOL))/Y(I)
It (DE .LE. OP) GO TO 1500
IFTYPE = 0

12b0 DP = GE
IROWP = I

1500 CONTIN'JE
OF = P + XllP(JCOLP)
IF 0E .G'. XLE(JCOLP)) GO TO 1600
DP = XLR(JCIJLP) - XUB(JCIILP)
NPIVqT = 0
RF'T URN

1600 mPIVIIT = I
RFTURh
F'ID

C --------------------------------------------- ---------------
SUBPOIIJTINK WI-ETA

C
c F')RM NE LrA-VECTORS FOR PQ)iUCT FOnM OV BASIS INVERSE
C SUBOOTINk ADAPTED FRON LIN6.AAR PROGRAMMING CODE LPN-Io WRITTEN
L BY J. A. TOMLIN (OPERATIUNS RESEARCHo STANFORD UNIVERSITY)
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C
IMPLICIT REAL*4 (A,CeE-HjO.P#,R-WZ), REAL*8 (8,DeXeY),

I INTEGER*4 (!-NQ)
INTEGFk JHeKINBASfLALEoIAIE
D'VJBLE PRECISION E(2000)

COMMtON/CONSTS/ ZTOLZEZTOLPVZTCOS?,ZTOLSNNEGINfNEAXNRHAX,QSL,
1 LESfNMAX,-QA,QIQFfQNQSUeQqQCQEQOHQLQO,QRQNQC

COMMON~a' XLB(122),XUIB(l22),DgDPB(60),X(60)oY(60),YTEMPC60),A,
1 FMS1AT,IOBJ,1ROWP,1TCNT,INVFPITRFRQoJCOLP,
2 4ROV,NCOLNFLEMNETANLFLE4,NLETA,NtiELEMNUETA, JH(60),
I KINBAS(122),LA(122),PLE(50)2), IA(1000), TE(2000)

C
NFLEM =NELFI4 + 1

E(liEfEM) = Y(IROWP)
DJ 1000 1 = 1,.NROW

IF (I -EQ. IROWP) GO TO 1000
IF OfARS(YI) .LE. ZTOLZE) GO TO 1000
NEt.EA = N6LEM' + I
IE(WiLEM) =I
~E(ELEM) =Y(I

loco CU'ITINUE
N~rA = NETA + I
Li?(NETA+1) =N!ELEM + 1
P"TUR4
E4J

C------------------------------------------------------------------------
5'!3R.OUTINE SHIFTR([OLDlItJgu)

C
C RiLARRAVGi DATA STORAGE; USED) BY SUBROUTINE INV9RT

ST73RPIJTINE ADAPTED FROM LINEAR PROGRAMMING CODE LP14-10 WRITTEN
C 15Y J. A. TOM~LIN (nPERATIONS RESFARCHt STANFORD UJNIVERSITY)

C ***DESCRIPTION OF PARAMETERPS"*
f IUJLD,14F9" = PARAMETERS INDEXING STIRAGE LOCATIONS IN WHICH
C DATA 15 TO BF TRANsFERRED (INPUT)

14LICIT REAL*4 (ACE-H,O,PR-W,Z), REAL*8 (9,D,XrY),
1 PlT9CR~*4 (I-N,Q)
I'T6GFPR J4,KINBiA3,LA,LEpIAIE

VD1LF P'FCTSION F(7000)
kl AL 400C00)

C
L;1.%4u'J/CJ!JSTS/ ZTOLZE,Z'!ULPV,7TCOST,ZTJLSM,NEGINF,NEHAX,NRNAXQBL,

I ',L',T~f),IQNQUqQEQLQRG4Q
CnooytlN XLR(I 22), XUE(122),*DE,DP,'R(60),'X(60),Y(60),YTENP(60),A,
1 ESA,1bRWTNTI~RT~QJOP
I J4;JW,*4cfLo 'E..Y4rTTA, .LFLPM,.'JLEA,hrELM,NUETA,JH(6Q),

C
01MFNSA1N IARRAY(240)

IFcJ = MIILE - 1) *NiRMAX
IFN= (%F%- 1) * MAX

Df] 1000 1 =1,NRUW
~IARRAY(1'1 N + 1) A ARRAY(IFO + 1)

100') CONTINUE
R'FTURN
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SUBROUTINE INVERT

c C34PUTr INVEPS17 OF CURRFIAT 3ASIS BY LU DECOMPOSIirIu
c SUHROUTIRF ADAPT7.D FROM LINEAR PRO~kAHMING C3UR LPN-to WRITTEN
c 6Y J. A. TUMLIN (OP'1RATIJNS RESEARCH, STANFORD UNI VERSITY)
C

IMPICIT RLrAL*4 (AoCF-flrU,~P-WfZ)f REAL*8 (90,XOY)o

INTEGFR~ JrIKINBASpLAoLFIAiE-
DIfURLE PovCISIUN F(2C00)
REAL A(100(,)

CF)HNON/COIISTS/ 7.TOL7.:,ZTO3L&V, ZTCOST,ZTOLSM,NEGINFIENALIRNAIQSL,

C'IMMON XLB( 1 2),XUB(122),D .,DP,P(6o),X(60),Y(60),YTEMP(6o),.F~
I Fk-TTipRNTCTIVRtTFQJOP
2 NfROW,'VC)L,%LFM,NETA,NLaELE,NLETA,NUELEN,NUEA,JH(6O),
3- KINBAS(122),LA(122),LE(502),IAI(1000),IE(2000)
CUMNLJN/TI N4kRS/ITOT,STOR,TIMFLP,TINEDR,TIH4EDC,T1h41V

C
rITEGER MREG,HicEG,VREG
DI4ENSION '4PLG(60)pHkEG(a0),VdREG(60)

u ITIME = HP"1M(l)

C SF'T PAPAiFTEi&S

NLETA =0
NTJETA =0
N'ELEM =0
NLELEM = 0

N~r.EM =0
mnADVE =0
LEM ) 1
KI1 =
LtR4 =NRCIW + 1

r
C PUT SLACKS AND) ARTIFICIALS IN PART 4 AND REST IN PART I.
C

Dfl 100 1 2 ,Nkno
IF OJHMI GT. WROW) GO TO 50
Lc4 = LF4 -1
MWEC(LR4 JII(I)
VRFC(LR4) =JH(l)
GO TO 90

Lo KRI = RI #
VkEG(KI) =JH(1

90 HRFEG(I) = -1
JH(I =Q

100 CONTINUE
KR~3 =LW4 -1
LR3 z LR4
DO 200 1 LF4,XR0W

IF .REGMI
HOMGIN)s 0
JIICIR) = R
KINSASCIR) w IR
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200 CONTIMUL

C PULL OUT VECT'JHS BELOW BUMP AND GET I~k% COUNTS
C

NSNONZ = WROW - LR4 + I
I?' (KR1 .EQ. 0) GO TO 1190
J= 1

210 IV VREG(J)
LL LAMI)

KK LA(LV.1) -1

DO 220 1 = LLpKK
KdNONZ = NBNONZ + 1
IIP = IACY
IF (I'RFk;(IR) .GE. 0) GO TO 220
TiRCNT = TRCNT 1
IREG(R) = HREG(IR) I
IiRP = IR

22b CONTINUE
IF (IRCNT - 1) 230,250,300

230 W-'11E(21,8000)
90(1() Wl4T1TMTI SI'4GULAR

KTh6~AS(!V) = 0
V'4ECM = VPEG(KRI)
K 41 = 9.1 - 1

. F (J .Gre Khl) GO) TO 310
Gi TO 210

C
250 VRE';(J) =VREG(KRI)

KR1 = KRI - 1
LR3 = LR3 - 1
V9E2G(L3) =IV
kIF(LR3) = PP
FIREGMI1P) = 0
JII(TRP) = IV
KTrJHAS(!V) = R
JF' (J .GT. I(R1) GO TO 310
r;3l TO 210

300 IF (J .GE. KRI) GO TO 310
j= J,1
G-1 TO 210

C
' t 'ILL OJUT RE~kINING VECTORS AHUVE AND BELOW THE

c IJA ANT)i ;STA[-LISH MEPRTT Cl1tNTS OF COLUMNS

310 K:V R ,4M = 0
[P(KRI tg.. 0) GO TO 1190
j 1

32i0 IV =VRFU(J)
LL LA(YY)
KK LA([V.I) - 1

IRCnT = 0
L'1 800 1 LL#KK

th(HPLuk(IH) oNge -2) G3 To 400

c PTVr1T A0 i BUMIP (PART I F L)
C

114(3,OVP 2 fi
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CALL UN1PACK(IV)
CALL Wdr;TA
tL'-TA =NETA
JII(R) =IV
KINBAS(IV) = IR
V:?9G(J) =VREG(KRI)
KRl = KR1 - 1
N4VREv = NVREM + I
HREG(IR) = IV
CL) TOl 940

C
400 IF (!IREG(1R) .G. 0) GO TO 800

TIRCNT =IitCNT + I
IRP = IR

bOO CONTINUE~
C

IF (IRCNT - 1) 810,900,1000
010 WRITE(21o8000)

KINk3AS(IV) =0
VREG(J) =VREG(KR1)
hIREM = NV(EI 1
KRI =KR1 - 1
Ile (J GTr. KkI) GO Ta 1010
G1i TO 320

C
c PlIT VECTOR BELO3W SUMP
11

900 VREG(J) = VREG(R1)
NVHEM =NVRFh + I
K'1 = KR1 - I
Lk3 = LRJ - I
VR .X(LR3) = IV
MQEG(Lk3) =IRP
HREG(IRP) = 0
J'1(IHP) =IV
KTqnPAS(IV) = IRP

C
C CHANG(E POW COUNTS
C
940 DI 950 11 LL,KK

hIR = A(II)
IF (IIPFG(IIR) .CF. 0) 00 TO 950
HREG(IIR) = HRFC(IIM) *1

950 CONT INUE
IF (J .GT. FRI) GO TO 1010
G1 TO 320

lUO(' 17 (J .GE. VYh1) GO TO 1010
J = J,1
CO TO 320

1010 IF(NV!EN .GT. 0) GO TO 310
C
c GET PERIT COUNTS
C
1020 If (KRI E~Q. 0) GO TO 1190

flf 1100 J = 1,KHI
IV = VVlEX()
LL = LA(TV)
Kf LA(IV.1)-1
IiMCN' = 0
DO 1050 1 = LL,KK



43

IR IAMI
IF (NREC(IR) eGE. 0) GO Tn 1050
IM'CWT z S N - (HREG(IR) +1)

1050 CONIIRCN?
4iEG(J)x MK

1100 CONTINUE

c SnRT COLUMNS YhTO INERIT ORDER~ USING SHELL SORT

ISOD I
1106 IF (KRI *LT. 2'ISO) GO TO 1108

ISD 2*ISD
Go) TO 1106

1106i ISO ISO - 1
C FND OF INITIALIZATION
1101 IF' (ISO .LE. 0) GO TO 1107

15K =1
1102 ISJ = SV

ISL =ISK + ISD
1,7Y = 4REG(ISL)
I5Z zVREG(ISL)

1103 IF (ISY .LT. 'kEG(ISJ)) GO TO 1104
11'S 1SL =ISJ 4IS5

M9I;C(ISL) ISY
VOEG(SL) ISZ

115=ISK 1
IF ((T';K + ISO) .LE. F:RI) GO TO 1102

1-G (ISO -1) / 2
Gil '1111

11CA 7ThL ISJ *ISO

VP6G(TSL) V~tC.(ISJ)
I'J = YSJ -ISD

I F (ISJ .rT. 0) GO TO 1103
WI TO 11' )5

C L.V OF SiJT h!JUTP!E
C PUT "UT 8EL114 BUMP ETAS (PART OF U)
c
119C N!SLCK =0

Y'ILOIJ 0
4FLAS? NIVAX
6TLAST NTOAX
l.; (NTLAiT + 1) = '4ELAST + 1

LR=LR3
IF' U93 .G~o L64) LR = LR4
IF (Lk .;T . NRIOd) GO TO 2050
JK R n!f~, + I
[in 20')0 JJ= LRR3

JK = JKr - 1
V RFG(JK)

T = vj'G(JK)
013FL'hz NRIFLiW +1
IF. (TV GT. NRW%) GO Tn 1200
';LCY = NSLCK + 1

L200 LL =LAC TV)
K& = LA(YV,1) -1
It' (KK .GT. LL) GI) T-1 1300

1250 IF (IiS(RLL) -1.) 9L~s Z?)LZE) CO] ?0 2000
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13C0 N!YPTA NUFTA 1
DO 1400 J = LLfKK

[P = IA(J)
IF (IR .EQ. I)GO TO 13913
II,(KthLkST) =If
E(NELAST) = A(J)
M~AST = 01ELAST -1

NJEzLEv NUELFM + 1
GO) TO) 1400

139') hP = (j)
14CO CflNTINUF

1:(NFLAST) =I
MNLAST) =E

L J(NTLAST) =NKL4ST
NJwLA! T = KELAST - I
ITLAST =NTLAST - I
1UELFS NUkLEI + 1

20CO CONTINUE
2050 IF(KkI .Fg. 0) GO TO 3500
c

cDfl L-U 0z.COIPOSITIU4 OF DUMIP
C

011 3000 J = 1,01I
TV = VREC(J)
C4LL UNPACK(TV)
CALL FTRAN(2)

=RW 0
TeCYTN -999999
D~r) 2100 1 = I,N4ROW

IF (DABS(Y(1)) .LE. ZTOLPV) GO TO) 2100
IF (HREG(I .GE.0) GJ TO 2100
IF (HREG(I) .LE. IRCM41N) GO TO 2100

IRGWP 1
2100 CONTINUE

IF (TROWP .GT. 0) GO TO 2150
WRITF( 21, 8000 )
KINBiAS(IV) =0
G.J TO 3000

21~ 1 0 ICR = HRtLC(IROWP) + 3

C WRITE L AND) U ETAS
C

IF (J .EQ. KR'1) GO TO 2160
NFLEM4 = NELEM + 1
ITEWLER) = ROWP
F(NELFN) YCIROWP)

2160 0O 2300 I = 1,NROb
IF (I *EQ* rUWP) GO TO 2300
IF(DkBS(Y(I)) .LE. ZTOLZK) GO TO 2300
If (HPEG(I) .GEo 0) GO TO 2200

C
c r. E.TA ELEMIKNTS

NSLE4 z NELF4 + 1
IE(NL~LEM) I
L(.NFLER) =T(T)
Gn TO 2300

C
C U ETA ELEP'ENTS
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C
2200 IE(PELAST) I

E(kLELAST) VCI)
NELAST = NELAST - 1
tdIELEN NUELEN + 1

2300 CONTINUE
C

JH(lRONP) = IV
KINBAS(IV) = IRDWP
NIJET A = NUETA + I
TE(NELAS ') = IROkdP
IF (J Nti. KRI) GO TO 2330
E(MELAST) = Y(IROWP)
GO TO 2340

2330 E(PIELAST) 1.
NIXA =NETA + I
LE(NE'TA+1) = !4ELEM + 1

2340 NUELEM =NUELLM' + 1
LE(NTLAST) = NELAST
4EL&ST zNELAST - I
NTLAST =NTLAST - 1

C
C UPUATE ROW COUNJTS
C

D~O 2350 I = 1'4IIOW
IF (DkBS(Y(I)) .LE. ZTOLZF) GO TO 2350
IF (HREkG(I) .GE. 0) GO TO 2350
klREG(I) = IPEG(I - INCR
IV (HREG(I) .GE. 0) HREG(T) -1

2350 COj4TlNUE
HREG(IPaMP) =0

3000 CONTINUE

C 4EIRG L &NOD U ETAS
C
3'i00 NLETA = NFTA

NETA = NLETA + NUETA
NLELEM = NL!.EM

N '-'LE = LELEM + NIJELFM
ir' (NUELEM .Ego 0) GO TO 3550
CALL SIIFTE

c
C 14srRcT SLACKS tn DELFTED COLUMNS
c
3S50 U>) 16~00 1 = INROW

If (JIE(l) .ME. 0) GOl TO 3600
J4fCI) =I

CALL UNPACKC!IROWP)
CALL FTPAN(1)
CALL ~iP!TA

i600 CLNT I NU E

C IJ0DkT? X
C

CALL lfPDATX

iT TIM = TIPTNV + (ITTi4F2-ITIVEt)/100000.
lIc*TIRN
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C -- - - - - - - - - - - - - - -- - - - - - - - - - - - - - -
SUBROIJTINE UhPACKCIV)

c
C EXPkND) COMPRESSE.D MATkIX COLUMN AND STORE IN VECTOR Y
C SUBROUTINE ADAPTED FROM LINE.AR PROGRAMMING CODE LPN-la WRITTEN
C PY J. A. TOMLIN (OPER~ATIONS RESEARCHo STANFORD UNIVERSITY)
C ***[)E6CRIPTION Of PARAMETERS"*
C TV =PAPAPETER INDEX[ING CIJLUIMN TO BE EXPANDED (INPUT)
C

I!*LIrLT ,AEAL*4 (Aj,J-3,0,P,R-WoZ), REIL*8 (D,D,X,Y)*
I INTtEtEY4 (I-N,Q)
14dTEGFR JII,KIhBAS,LA,LE~,IAfIE
DO1UBLE PkF.CISION E(2000)
RZAL A(1000)

COMMOfN XL3( 1'~2).X~h( 122),t)c,DPR(60),X(60),pY(60),VTEt4P(60),A,
I :.,IOSTAT, IOFJTROP,TTCIITINVFRQ,ITRFRQ,JCOLPo
2 MROWOICOL,NELEM,NETX,NLELE4LETA,N1ELE4, NUETAoJH(60),
3 KINBAS(12?),LA(122),LE(502),IA(1000)116(2000)

C
D1) 100 1 = ,NROW

Y(! = 0.
100 CO'ITJI'JE

LL = .A(IV)
KK =LA([V*1) - I
DO) 200 1 =LL,KF

Ti.' T AMI
Y(IR) =AMI

200 CnmlqutF
RE TURN
END

C--------------------------------------------------------------------------
SUBROUTINE SAFTE

C
C SU!RUOUTINE FOR INVFRT
r SUPROUTINE ADAPTED FROM L1NEAR PROGRAMMING CODE LPN-It WRITTEN
C BY J. A. TOMLIN (OPERATIONS RESEARCH, STANFORD UNIVERSITY)
C

14PLICIT REAL*4 (A,C,E-H,fl,P,FR-WoZ), REAL*8 (B,Dol,Y),
1 INTFUER*4 ([-NoQ)
TNTEGER Jfi,,rN.A,LA,LE,IAoI9
DOUBLE PREFCISION E(2000)
RFAL A(1000)

C
COMMI~uI/CcJNSTS/ ZTOLZE,ZTOLPVZTCOST,ZTULSN,NEGI NF,NENAX, NRNAXQBL,
1 NLW:S,NTNAX,QA,QI,QJF,WN,QSUfl,Q9,QC,QE,QH,QL,QO,QJR,QN,QG
COMMON XLIR(122),XUB( 122),DEDP,9(60),XC60),Y(60),YENP(60),A,
1 K,MSTAT,IOBJ,TRODWP,ITCNT,NvFrpQ,ITRFRQ,JCOLP,
2 NROW,NCOLoN'LFNoiIETAoNLELF?4,NLETA,NtJELEM,NUETA,JH(60),
3 KINPAS(122),LA(122),LE(502),IA(1000),IE(2000)

C
C SlUlF? KE AND F OF U ELEME.NTS
C

NV 2 MLMAX - NUELE4 1
INCR c0
DO 1000 1 z NF,Nc.MAX

INCR =[NCR + I
Ir.(tLELLM + INCR) = ECK
E(NELE4 + INCR) 6(ld)

1000 CONTKNUN
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1')IF =Ni--'4AX -NLEI.EM NUF.LE?4

N= NTKAX - NUFTL + 1
I'4CR c0
DI 2000 1 = WFONTI4AX

INCIR = 111CR + 1

~~.O00LET +OTtU INCR) =LEM7 IDIF

LP.(NETA.1) = NELE!4 + 1
R!-TUR~f
ENtU

C -- - - - -- - - - - - - - - - - - - nn-- - - -- - -- - -

SUBlRtUTIkE UeBETA

C UJPDATE RTGHT-HAND SIDES TO REFLECT NEW BASIS RESULTING FROM
.C CUHRE4T S!IhPLEX PIVOT
c SnRHOU'rINE AD'APTE.D FROM LINEAR PROGR~AMMING CODF LPN-to WRITTEN

r 6Y .1. A, TOPOLIN (OPERATIORS RESEhRCHo STANFORD UNIVERSITY)

I INTTGEJ*4 CI-NoQ)

INTEGERI EPART,1ICUM8,IVBNDIV1DoIO'4D
DIURLF PkECISIQK E(2000)
REAL. A(1000)

cflmMON/BBLIST/ DFPART(60),REVBND,!hCVAL,1C0LIVALIDIRIPART(122),
I INC14(130),1VBND(500), IvID(500),oPtID(500),tiPlVaTIPTVPEIFERS
COI414fN XL8(12'2),AXUB(122),.Dk;,DPB(60)oX(60),rY(60),VTEMP(60),A,
1 P.,4STATIn)BJIPOWPITCST,INVfrPQITRFRQJCOLP,
2 IRO~4,CLNELMI.4FTAMiLELE.4,MLETANqUELEMNRUETAJH(6O),p
3 KIN3AS(122)LA(122),LE(502),Ut(l000),IE(2000)

C
01) 1000 11,lNROV

1000 X(1) = YI) - Y(I)'DP
I!, (NPIVUT .EQ. 1) GO TO 2000
KIIA(J'n)LP) =-(KINRAS(JCOLP) + 1)
NiTUH I

200,0 A(1PRO'4O) = D
IVO!IT =JH(IWOWP)
KINRA5(JCOLP) = ROWP
KT-613R(TVOUT) =IPTYPE
J~I(IIIWP) =JCOLP

~. 4 D
C --------------------------------------------- ----------------- --

SUPR09IJ?49 NOPmALC1?SINV)

C THYS IS THE P'ASTER PROGRAM FOR LINFAR PROGRAMMING COMPONENT
C (RE i.DfPN!NAL-S[NPLKX METHIOD) OF BRANCH-ANO-BOUND ROUTINE.
C S11IRnUTINE AnAPTFD FROM LINEFAR PROCRAMING COOT LPN-If WRITTEN
r F!Y J. A. ?OVLP4 (nPEhRATIJNS aRESTARC'I, STANFORD UNIVERSITY)
c ***DNSCkYPTl0& OF PARAMIETERS"
c IT14'V m NI.JmiER O)F S.IIPLr.X ITEPAIOUS SINCE LAST BASIS
C INV'1&SIIN (INPU?/OUI'PWT)

lliPLICIT IREAL*4 (RCpE-HpOPp4 #Z REALWd (B#D*X*Y)o
1 INTFERI*4 (T-'lQ)
L4TGFk Ji~,PINfASLhoLEvIApIE
(NTPGEM IPART#IllCUMlIVR4D#IVTDrIOP4D
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DOUBLE PRECISIU4 E(2000)
R'FAL A(1000)

CflMMON/C':NSTS/ ZT(1LZE,ZTOLPVoZTCOSTZT)LS~I,'IIINF,NEMAKNRMAX,QBL,
I NL ES , q A X, QA# 0I1, Q, Q , Q RQ loQQr4R 4
C9AMON/RPILIST/ nILRr(60),REjRND,14CVAL,ICOL,[VAL,IDIR,IPART(122),
1 INCUHs(130),1YBND(500),IVrO(500),IRQND(5o0),NPIvOT,IPTVPE,IFEAS
C'JM4'4t J(LB(1'22),XUf3(122),DIE,U 0

1 (6O),X(60),Y(60),YTEk4PC60),A,
1 %,'STAT, IOBJ,IRnWP, TTCNT, [NVFRQ,lTkWRQ,JCOLP,

3 KINBAS(122),LA(122),LP.(502),IA(1000),IE(2000)
c

I' (1IINV .LT. INVFRQ) GO T!) 1500
2000 C LL TINVERT

ITSpI:V = 0

C

1500 CALL FOPNC
CALL BTRAN
CALL PdICE
IF (JCOLP .GT. 0) GO TO 3000
IF (MSTAT .EQ. 01) GO TO 2000
MSTAT = -BL

2000 MST? =QON
IL!TUkN

C PIVOT ON COLUMN JCOLP.
C
30C0 CALL UNFhCK(JCLP)

CALL VT4kN(1)
CILL ClWJZR
CALL 'J?1.TA
ITChTr ITCNT + 1
ITSI'jV =tr+*i~i + 1
IF (NPIVfl' -EQ. 0) GO rO 41010
IF ('J"LEm~ .T. (NEOAX-NRUIW GO TO 1000
CILL WR7'pA

4010 IF (ITSIN'V GE. 11VFHQ) GO) TO 1000
IF (ITCNT .GE. TTRFPQ) RETtJPN
Cfl Tn 1500
F'l b

C-----------------------------------------------------------------------
:'bRJUrINE JRANDB(INIT60)

C
c MASEA PPo(;RAM FOR lRANCH-AND-BOtIND INTEGER PROGRAMMING
r R(1UTEN~. ALSO SERVES AS MASTER PROGRAM FOR IEOPTINIZATION
C VIA REVTSED DUAL-SIMPLEX METHOD AFTER A FORWARD BRANCH.
C SUnwnUTINE ADAPTED FR~OM INTEGER PROGRAMMING CODE BD, WRITTEN
C 3~Y GARY A. KOCNMAI (OPE.RATIOlNS RESEARCH, STANFORD UNIVERSITY)
C **DUSCRTPT1ON OF PARA4ETERS***
C INITBD = INITIAL LOWEP BOU'ID ON MtAX. OBJECTIVE VALUE (INPUT)
C

IMPLICIT REL*4 (ArrvE-HoPR-WZ)* REAL*8 CH,~oO,,),
I INTIEE4*4 (1IHIQ)
IqTFGER J~IKIw3ASLAoL~,IAsI
INTEGFR IPAR,1?JCTMEjIv3NDIVIDIODND
DnRL PRE.CISION 9(2000)
kEAL A00001~



C
CfONMONICONSTS/ ZTOLZSZTOLPVZTCOSTZOLSMNEG INFNEMAXURNAXQDL,
1 kLEhSTAX,QAQQFQNQSUh,-QP,0GC,-QEQHQLQO,*QRQHQG
COM'ION/BBLZST/ fFPAT(60)fRFY8NDINCVAL,ICOLIVALIDIRIPART(122), F
I IqCUfl4R(30)IVM4(5)IVD(OO)IORND(OO)NPIVOTIPTvpgIFEAS
COMMON XLB(122),XUB(122),DEJP.,R(60),X(60),Y(60),TYTENPC6O),A,
1 ENSTATIOLJIRnWPITC)ITINVFRQITRFRQ,JCOLP,
2 ?ROWNC0Lf NELF1NNETAo MLELEMp 41. TA# N!JLENNO9ETA, JH(6O)t
3 KINIAS122),LAC122),LECSO2),IA(1000),1E(2000)
CfJHKON/GtSTLT/PPICE130),CURX(130)ISUMCITSINVLISTLNBRANCI
1 NSNPJfCOL(11 ),J!OW(l)fJELM(11)MAXC(0)f4AXC2(10)

C
IFE~AS =0
LISTL z0
ISUM4C = 0
1!KCVAL = It4ITHO

C
C TEST FOR FATHCN.IhG
c

L.N?RY BBENTR
100 CA&LL TESTX

IF (i4SAT FrA. Q8L) GO To 200
IF (hIST&T .FQ, OL) RETURN

C CURRE.NT NODE FATHOHMED;BACKTRACK TO LAST PROMISING NODE ON LIST
190 CALL RKTRAK
C IF LISt IS FRMPIYO RFTURN TO MAIN (COMPUTATIONS COMPLETED)

IF (LISTL .EQ. 0) RSTURN
C USEi PRIMAL SIMPLEX METHOD FOR REOPTINIZATIOR AT NEW NODE

CILL NI3PMAL(ITSINV)
IF. (ITCNT GCE. ITRFRQ) GO TO 2000
Gn TU 100

C CUJRRENT NODE NOT FATHOM4ED; COMPUTE PENALTIES
C HI ANCIIING AT CURRENT NODE is nONE FROM SUBROUTINE PEELTS
200 CALL PENLTS

IF (IDIR) 400,150,400

C k'I:VFRT CURNFhT BASIS
lIOC1 CPILL I14VZRT

1!STNV = 0

C DUAL SIMPLEX CYCLE
r
C CIIUOSF PIYi]? ROW IKOWP
310O CILL DCHtJZR

IF (IROWP .CI. 0) Gn TO 400
MTTz IPL

GOi TO 100
c~fisF PIVJT COLUMlN JCOLP

40(. C %LL DCttUZC
IF' (JC(JLP .PE~ 0) G~9 TO 150

L UPDA4TE RI.HT-MAEL SIDES TO REFLI C? NEW BASIS RESULTING FROM
*c CUP')R4T S!'4PL.X PIVOT

CALL !IPPETA
IIICIT = ITCN'T + I
IF (ITCNT .Gh. ITRFRQ) GO TO 2000

* ITSITdV z IT91NV * 1
IV (JLEMeGTo(NFrMAX-NROV) *0R* (ITSYNY.GEoINVFRQ)) GO TO 1000

c wVIIE 9iUT 4hW kTA-bKCTOP FOP CUPPFN? 3114PLEX PIVOT
CILL WHRA
Gl Tn 300
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C
2000 LTSTL =0

14 TUJRN
F4D

SUBROUTINE DCIIUZR

CSELECT PIVOT k3W flflL FIR CURREI DUL .1M~n..w RTI~

C 3FT IRaWPzO IF CUR14%NT RASIS IS OPTIMAL. OTHERWISE, CHOOSE
c IROWP TO RE~ THE ROW-WITH GRO.ATEST PRIMAL INFEASIBILITY.
C SUnW)OTINF ADAPTFD FROI INTEGER PROGRAMMING CODE 88o WRITTEN
C BY GARY A. KOCH?4AN (rIPFRATIONS RESEARCH, STANFORD UNIVERSITY)
C

IPL1C1T qkL'4 (AC,E-IiOvP,P-W,Z), REAL*8 (BDoKY),
1 INTEGF*4 (I-N,*Q)

I 'TF.G~l IPARI. INCUI4BTYRNO, IV 10,IDO3ND
DO1UBLE PkECISIOV E(2000)
RP'AL A(1000)

CItMUN/CCNSTS/ ZTOLZEZTOLPV,ZTCOSTZTOLSM,NEGINFNEMAX,NRNAX,QBL,
I NLES,'JTMAX,Qk,QI,(JF-QH, QSU8,Q8,QC,QE,Qi,QL,QO,QR,QN,(.C

Cn!IMMOV1BLIST/ DFPARTC6O),l4EVHND,INCVAL,ICOLIVAL,IDIRIPARTC122),
1 INCUMPC130),IVbNID(500),1VID(50O),ItJCND(S00),NPIVOTITPTYPEIFEAS

CJMGON XLB122),XUB(122),D,DP,B(60),X(60),Y(60),YTEMP(60),A,
I E,ISTAToBnJ,IROWP,ICNT,INVFRQ,ITRPRQoJCOLP,
2 NR(]W, NCOL, rELEN, hETA, NLELEM, NLETA, NUELEM, NUETA,JHC60),
3 KIttdBS(122),LA(122),LE(502),IA(100),IE(2000)V
CCJ?41ON/T!MEP S/ITOT,TSTURETINELPTIMEDR,TIMEDC,TIMINV

C
D ITIME = IHPTIM(1)

IROWP =0
BP = -1.910
D3 1000 Izl,NROW

IF CT .EQ. TOMJ GO TO 1000
ICOL = JHCI)
IF (X(I) .LTo (XLB(ICOL) - ZTCLZE)) GO TO 100
IF MlC) .GT. (XUB(ICtJL) + ZTOLZE)) GO TO 200
GO TO 1000

C
C IASIC VARIABLE ON ROW I FALLS 8FLOW ITS LOWER BOUND
100 DE =XLB(1COL) - X(I)

IF (DE .LE. OP) GO TO 1000
IPTYPL = 0

~ISCGO To 250
c IASICVARIA6LE ON ROW I EXCEEDS ITS UPPER BOUND

200 0E X(I) - XUBCICOL)
IF MO Age. OP) GO TO 1000
IPTYPE = -1

C
250 IpOWP = I

op z OF
1000 COqTINUE
0 1TIME2 z INPTIM(1)
0 TINCDP a tI!'EDR + (fTtME2-ITIRE41100000o

RFTURN

C -----------------------------------

SUBSROUTINE DCIIU7C
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c
C SE.LECT PIVOT COL1JMI JCOLP FOR CURRE'NT DUAL-SIMPLEX ITERATION.
C SFT JCOLP z 0 IF LP-PRORLE14 AT CURRENT qODE IS IUFE.ASISLE,
C OTHERWISE CHOOSE JCOLP TO AINTAIN PRINAL-OPTIMALITY.
c SURIROUT1'4E ADAPTED FROM INTEGER PROlGRAMM4ING CODE BD, WRITTEN
c bY GARY A* KOCHMAN (OPERATIONS RESEAkCHp STANFORD UNIVERSITY)

(. IMPLICIT REA*4 (AC,,>-HttIP#R-W#Z)# REAL*8 C9,ofZy)o

I ItTEGER*4 (I-NoQ)
14TEGER JIIWINSASALALEPIAeIE
I'lTEGER IPARTpINCUI4BIVBNDIVI,IOB4D
DOUBLE PRECISION F(2000)
R'"AL A(1000)

CnJJ01N/CONSTS/ ZTDLZE,ZTOLPV,ZTCOST,ZTOLSMNEGI NFMENAX,NRJIAZQBL,
1 NLE~,NTMA XQA, QIQF,QNQSUB,QBgC,QEQH,QLQO,QRQNQG
C1?4MON/BRLIST/ DFPART(60),REJBY4DINCVALICOL,IVAL,IDIR,IPART(122),
I IrClif4B(l3),IVB4D(50),[Vli(500),IORND(5O0),NPIVOT,IPTYPE,IFEAS
C114MO1N XLB(122), )'TJB(122),DE, DP,B(60),XC60),Y(60),YTENP(60),A,
I L;,."STAT,IflEqj,rtRowp, ITCMT,ItfVFRQ, ITRFRQ,JCOLP,
2 NROW,MCOL,NELEM,NE.TArqLFLEN,NLETANILEM,UETAJH(60),
3 KINBAS(122),LA(122),LFr(502),IA(1OO0),IE(2000)
C~tit'N/TMERS/1TOT,TSTORE,Tli4ELP,T1t4EDRTIMEDC,TIMINV

c
V lZME = IHPTltf(l)

J'OLP =0
1; (IPTYPE .EQ. -1) GO TO 1000

C VTAVIN( VAk.TAWvL! FALLS B~ELOW ITS LOWER qOUND; COMPUTE MAX RATIO OP

D?= -1.hL10
91 500 J=1,%COL

IF (KINBAS(J) .GT. 0) GO TO 500
IF ((XU8(J) - XLB(J)) *Lt. ZTCLZE) GO TO 500
F= j
CALL UNPACK(K)
CALL FTRAN(l)
IF (KINBAS(J .EQ. -1) GO TO 200
IF (Y(IRCWP) + ZYOLPY) 225,225,500

216 IF (Y(IROWP) - ZTOLPV) 500,225,225

IF Ml' eLE. OP) GO TO 500
JCOLP = J

nP= DF
50c, CON'TI! U

c STOIR eTWlI COL JCOLP IN Y; STORE CHANGE IN INCOMING WAR. ICOL IN OP
10 (]C'ILP *F. 0) RETURN
CALL. UiPACMJCOL')
CALL FTIRAN(l)
IL z J4CIPOWP)
UP = C(IRUWP) - XLP(ICOL))/V(IROWP)

GI ETU 2000
C LcA'IING VARIARLE EX'IEEDS ITS UPPER POUND) COMPUTE MIN RATIO UP

C
1001 DP = 1.EIO

:inl 1500 jhl#%nCO
II (FI'V4ASCJ) .GT. 0) Of) TO 1500
IF ((XUlH(J) - XLB(J)) *LE* ZOLZE) GO TO 1500
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K J
CALL UNPACK(K)
CALL FTKAN(1)
IF (KINBAS(J .EQ. -1) GOl TO 1200
IF CY(JROWP) - ZTLJLPV) 1500l122511225

1200 IF (YrhflhP) + ZTOLPV) 1225e1225,1500
1225 DE =Y(10&LJ)/Y(IRLJWP)

IV' OTE .GE. [9P) co TO 1500
~JCOLP = J L

C
r- STORE PIVOT CtrL JCOLP IS Y; STURE CHARGE IN INCOMING VAR. ICOL IN DP

IF' (JCJI.P EQ(. 0) RETURN
CAtLL I!NPACK(JCOLJ-)
C&LL TFTRAN(l)
ICUL = JH(IROWP)
UP = (JcIROWP) - XUI3(ICLJL))/IROWP)

2000 IF (KIflAS(JCOLP) .EQ. 0) DF =OP +XLB(JCOLP)
IF (KVIBAS(JCOLP) .EQ. -1) DE DP + XUB(JCOLP)
NPIVJT =1

D ITIME2 = I'IP'rIt(1)
v TUI4FVC = TIMEDC +(1T114E2-ITINE)/100000.

PETUPV
EN')

C------------------------------------------------------------------------
SU3EROUTINE TESTX

C TFST LP-nPTIMAL SOLUTION AT CURRENT NODE FOR FATHOMING.
C FATdO.0iINC OCCURS IF:
C (1) LP PROB~LEM AT CURRE--NT NODE IS INFEASIBLE (MSTAT = QN);
c (2) LP-OiIT OBJ. VALUE + OBJ. VALUE FOR PREVIOUS PERIODS +
r I3RJ. ROUND ON SUCCE!EDI4G PERIOD0S <= OBJ. OF INCUMBENT
C (3) LP-CPT SUL. SATISFIES INTEGER RESTRICTIONS AND NS =NP

c IF rHE LP-CPT. SOL. IS INTEGER BUT FATHOMING DOES NOT OCCUR.
c '4RA C4 O (FIX) ALL NJ1NSLAC( VARS AND STORE SUBPROBLEM NS IN

c PREPARATION FOR A FORWARD STEP. SET MSTAT = QE TO FLAG THIS.
C' SURRUUJTINE AI)APTED FROM INTEGER PROGRAMMING CODE BBv WRITTEN
c2 aY GARY A. KOCI94AN (OPERATIONS RESEARCH, STANFORD UNIVERSITY)
c

I4PLICIf RFRL*4 (A,C,E-fHO,P,R-W,Z), REAL*8 (BD),X,Y),
I1 I4TEGERf*4 (1-N,Q)
14TECER JH,gINBAS,LALE,IA,TE
INTFGFR IPARTI!4CUMBIVBKD,IVID,I0BND
D1UPLE PRECISION E(2000)
H'FAL A(1000)

C
CnMMkuN/CGNSTS/' ZTOLZE,ZTOLPV, ZTCOSTZ'TOLSM,NEGINF,NEMAX ,NRNAI,QBL,

1 t!FTAAQQIQUBQCQHQOQNQ
CO'MIJVRMLIST/ DFPAPT(60); PEVBNDTNCVALICOL,IVALIDIR,IPARt(122),
1 INCUNF3( 30),IVBNI(500),IV[O(500),TIIND(500),NPIVOTIPTtPE,IFEAS
COMMON XLB(122),XUB(1 22 )P,DP, BC60),X(60),V(60),YTENP(60),A,
I EM'STATIObJ,IROWiP,ITCN?,INVFRQ,ITRFRQJCOLP,
2 NROWNCOL,NELENNFTA,NLELEhI,NLETA,NULLEN,NUETA,JH(60),
3 KIIUAS(12),LA(122)LE(50O2),IA(1000),IE(2000)
CUMNON/GESTLT/t'RICE(130),ICURXC130),ISUMC,ITSINVLISTL,UIRANC*

I NSNp,JFCnL(11 ),JFfr(11),JPELEM(l1),MAXC(1O),NAXC2(1O)
Cr)t4ONI/TIM RS/ ITOT,TSTORE,TTNELPTINEDR,TIMEDC,TINIEV

C
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C LNCUIB =BEST SOLUTION FOUND SO FAR) INCVAL IS ITS OBJECTIVE VALUEl
C ICURX CONTAINS CURRENT VALUES FOR VAkIABLES IN SUBS. 1,.o.,S-1
C 'FPAR?(I) LIPARYCI)] IS THE FRACTIONAL CIRTFGRAL3 PART oF Xi)
C IVAL = LP-UPT. OBJLCTIVE VALUE FUR SURPRORLEM NS ON CURRENT BRANCH
C J'300ND BOUNdD ON M4AX. OBJ6CTIE VALUE (USING MAXC)
C 1SUM4C =OBJECTIVE VAL!JE FOR SUBPROBLEMS lo,..,NS-1 ON THIS BRANCH
(r [IFA3 =1 1FF AN INTSGRAL SOL. WITH INCVAL > IVITBD HAS BEEN FOUND
c
L. r~sT FOR FATHOMI4NG Iid WAYS (1) ANJD (2)
C

IF (NSTAT .CQ. ON) GO TO 2000
VP =X(IUBJ) + ZTOLZE
IVAL = DINT(DP)
IF MPW LT. 0.) I. a IVAL - 1
IF (G4AXC2(NS)eIVAL.ISUNC) .LE. INCYAL) GO TO 2000
IF (NSeE0*NP) GO TO) 50
JROUND = IVAL + HAXC(NS)
IF' (JBIUtJ'DLT.0) JHIOU'D =J8O~fl-
J i0UND = JbOUNL, / 2
IF ((JUiOUND + ISUMC) .LE. INCYAL) GO TO 2000

c
c COMO~UTE INTEGERi AND FRACTIONAL PARTS OF eACH BASIC VAR.
C

50 Dq 100I=,Rk
IPART(I = IDINT(X(I) + ZTI)LZE)
1IF (X(I) *LTo -ZTIJLZE) IPART(I) r PART(IM
4TEMPI =IPART(I

1(10 DIFPART(l) X (I) - FLOAT(NTE'FMP1)
c
c UIE'7K F~31- ALL-lNT7XGER SILUTION

D,! 200 I1=11ROW
rF (JH(I) .LE. NROW) GO TO 200
It' (OFPART(I) .GE. ZTnr.ZE) RFrTtIRN

CONTINUE

c S-1LUI'JN ALL-TNTEGr.R: CHECK FOR COMPLETE SOLUTION
c

19 (NS.Li.NP) GO TO 400
C
C 'IKW IM'PP'iVID TNTh~GER SOLUTIOIN TO ALL ?ERIODS REACHED.
C IVITPUT lPrJ. VAL. ANDl COMPUJTATION TTtR REQUIRED TO REACH 1T.

IACVAL I VAL + ISURIC

TIPT (.JTINMLITOT)/100000.
19 (IFEAS.F0.0) ARITW(I)

~ JR"A? (INTF.R4EDIATE SI)LUIONS FOUND)
W~tIT'7 (21,2) TOP'TfNBhRAhCINCVAL
!71UMA? TlIPE =,*F?.2,. SECI4DS; 13RANCHFS =,pI10,' INCYAL 2

l110)
IFEA1

7 'STORF EA 14C'IPPENT SOLUTION
K --JFCOL(IM) I
00 300Jl,

400 INCUM(J) ICUR(J)
1) 350 Jal,."CLL

IF CPINHAS(J) 320#330,353)
.. 70 lNCtJ0(K+J) 2 TDINT(XUB(1))

G) T1 350
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330 rNCUML.(K+J) IDINT(XLH(.Y))
350 cnNTINUJE

01) 360 r=I,NkROW
ICOL = JH(I

360 ICUPJ(K.ICOL) = IPAPT(t)
Crn TO 2000

c A P3AxTIAL INTEGRHI SCLUTTON IIAS BEEN ['FACH D. BRAN~CH ON ALL
TJfl'SLACK, (l.,FIXr.f1 VARIA81.k.S ANO. SAVE~ SOLUTIIJN IN ICURX.

r 6RA!Ch ON ALL r.ONRASIC NOTSLACK VAktA[BLES FIRST
00] 500 J=l,11COL

Ii (KINBAS(J)) 420,,440,500
r V'APIAJ;LE NiN'nASIC AT UPPE:R dflU'D; BRANCH UP
420 TCU4X(K.J) = ID1Irr(U()

Ik (J.LE~.NR1W .OR. (XUR(J)-XLB(J))L..ZTiLZE) GO IC 500
MOIR = -1
R--VtND = SNGL(XtJR(J))

C VAIRIABLP' I'JNBASIC AT LOkFR BnUND; 3RANCH DOON
44C TCURX(K+J) = IDINT(XLB(J))

IF (J.LF.hROW FiR. (XUB(J)-XLB(J)).L.E.ZTOLZE) GO TO S00
IVIR -=I
REVBND = St4GL(XLB(J))

460 IC')L = J
CALL kiRANCII

500 CONTINUJF
C
C STURE ANJD 3]RANCH ON ALL NONSLACK BASIC VARIABLE~S

iJO 600 11,14POW
ICOL = JII(I
ICURX(K(+ICflL) = PART(I)
IF (TCOL.LF..NRow) GO To 600
IF ((XUB(ICOL)-XLB(ICOL)).LE.ZV"OLZE) GO TO 600
IF ((X(I)-XL9(IC0L)).LF.ZTDLZE) GO TO 520
IF ((XUB(ICOL)-X(I)).GT.ZTOLZE) GO TO 550

c VARIA3L BASIC AT UPPER BOUJND; BPA44CH UP
IDIR = -1
REVE3ND =SNGL(xuB(icnL))
GU TO 590

L VARIABLE BASIC AT LOJWER BOUN4D) BRANICH DOWN
52C IDIR = I

RKVB!!D = S!4(L(XLR(IC'1L))
GO TO 590

C VARIABLE BASIC BETWEEN BOUNDS; BRANCH To FIX IT
550 IDIR =-1

RFV834D = FLnAT(IPART(I))
CALL FRA14CH
IDIR = I

59C CALL RRANCII
6 00 CnJ'TTNIJE
C STOR~E CUHkXdNT subJBOLEM AND THE CURHF.NT oaJ. VALUE

CALL STORE
ISUMC = ISUPC + IVAL
MSTAT = OE
krTURN

C
C C!WRRFNT PROOL~k r~fl LUNGP.R OF IINrEkES?
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200t) ?4STAT Q1

E "1)

SUBROUTINE PENLTS
C I

C COMPUTE TOMLIN'S IMPROVED UP- AND DOWN- PENALTIES AND THE
C GnMORY PENALTY FOR EACH NONINTEGER BASIC VARIABLE. THEN CHECK

1 FOR FORCED BRANCHES ON BOTH BIASIC ANU MONBASIC VARIABLES. IN
C THE~ ABSFNCE OF FORCED BRANCHES ON BASIC VARIABLESs ADD TO

rEACHI PE1hALTY THlE PR~ICE [IF THE C')RRESPONDING UFFDIAGONAL COLUMN
C OF THE NEXTI SUBPROBLEM (NS 1 ). THEN CHOOSE AS BRANCHING

C VARIABLF THE ONE WITH LARGEST ASSOCIATED UP- OR DOWN-PENALTY.
TAKE THF FORWARD BRANCH IN THF ?)IRECTION OPPOSITE TO THIS
MAX[MUN PFNALTY WHILE ADDING THAT VARIABLE TO THE LIST WITH

C THlE APPROPRIATE BRANCH DIRECTION CIVID) AND BOUND (IOBND).
c T4IE TRANCHING PROCESS ITSELF IS DOME IN SUBROUTINE BRANCH.
c SUIROUTIVE AnAPTFD FROM' INTEGER PROGRAMMING CIDE BO, WRITTEN
C BY GARY A. !KOCIIMAN (OPERATIONS REqEARCH, STANFORD UNIVERSITY)
L

IMPLICIT REAL*4 (AoCE-HOpPP-WZ), REAL*8 (BPDXY)o

INTECEEL JH,'(1Nd3JSLA#LEpIAjIE
INJTECEU IPAPI,INCfl4f,IV8NDrIYIVIOBED
O'1UBLE PR4ECISION F(2000)
RFAL A(1000) .
REAL VU(60),PD(50),PG(60)
I.Ot;cICL FORCED

C9MMON/C9N~S'rS/ ZTrLZEZTOLPVoZTCOST,ZTOLS!4,NEGINFNENAXNRNAXQBL,

C 1 iLS,NT'AXQAQFQNQSUB, OB, QC,-Q~eQIIQLQOQRQM,QC
J:A;ON/PHLIST/ O)FPART(60),RFVBNDINCVALICOLITVAL,IDIRIPART(122),

1 VI4CUMI~;(13),VBNDCOD),IVID(500),IO13ND(500),NPIVOT,IPTYPE,IFEAS
COI'P(JN XLB(122),-XUR(122),-DE,DP, H(60),X(60),Y(60),YTEMP(60),A,

1 I..SA',IcJ,TEROPITCNT,IN4VFPQ,ITRPFcQ,JCOLP*
:~ i~wC~i,NF.LFM,NFTA,NLELF',ILE'!A,NOTECLt,NUETA,JH(60),

ICMUN/Cc.ST2LT/RC(13),ICURX),I( 100),SMTSINLSTBR0C

j 1 :4,NNP,JFCOL(11),JPk3W(11),JFELEM( 11),'4ARC(IO),?4AXC2(IO)

c 5'J(t),PD(I),Pr(I) ARE THE UPoDUWN, AND CUJ!4RV PENALTIES FOR VAR JH(I)
c.VlJ R.VIqED 0O'JND tIN THE B3RANCH YAP ICOL) IT IS PASSED To r1RAMCH

I.: TOIR -1 "RANCit UPD, +1 RRkNCH UOWN, 0 FATHOMING HAS UCCURRED
C IiAL =LP-')PT. ud~k.Cr[vE VALUE FUR SUBPPLJILEM NS u#N CURRENT BRANCH
C JW41'TNn= 01IN!n nN MAX. fIDJECTIVF VALUJE FOR SUBPRORLFMS NS,.*..,NP
r 1!1!C = TJJCTIVE. VALUE FOR 3t131'I'VLENIS lp...,NS-1 ON THIS BRANCH
C JrFc?3a V CC'JTAYNS APPRUPRIATE COLI1NN %) CURRENT SIM4PLEX TABLEAU

U1 10 L1,0ROW
IF (DPART(I) *LT. ZT1)LZ%) GO 'U; 5
PUMi a 1*96

I () = .E6
i~ in lo

o.(t = 00
Pt;( I) =0.

In CONTI4U,,

1 ~" LIOP: CLC'h.ATF PEALTIES FOP ACO ELICIRLE INCOMING VAR. JAi
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C
1-1 100U J=1,NCUL

It (KINHAS(J) .GT. 0) (:O TO 1000
IF ((XUB(J) - XL"!(J)) .LE. ZTOLZE) Go TO 1000

CALL UNPACK(K)
CALL FTR~AN(l)
IF (KINBAS(J) E~Q. 0) GO TO 30

Y(I) =-Y(1)

C C-lFCK FO FUPCEL kIRANCII UN 'ONBASIC VARIABLE J

30IF WJ .L. NRO'V) GO TO 60
DP = X(1OBJ) - Y(I08J) +ZTOLZE
IVAL =IDIIT(LP)
1IF (DP' LT. 0.) IYAL = HVAL - 1
IF~ ((N-AXC2(N3)1VAL~ISqMC) .LE. INCVAL) GO TO S0
IF (NS.EQ.NP) GO TO 60
JBOUND IVAL e NAXC(NS)
IF (JIOUND.LT.0) JROUND = JBOUND - 1
J80UN[J = JBUJUND / 2
IF ((JBOUND + ISUt4C) .CT. INCVAL) GO TO 60

5u DIiR = 2*t1INRAS(J) + 1
IF (TIJIR .EQ* -1) RILVBND =SNGL(XUB(J))
IF (TOIR E1Q. 1) R.EVBND SNGL(XLB(J))
ICOL =J
CALL PRANC4
CC TO 1000

C COMPUTE PENALTIES ON BIASIC VARIABILFS JH(I), FOR ICOL =J
(7

50 DOo 50 x=i,ujpow
IF W(Jl) .Lh. NROW) GO TO 500
IF (DFPAKT(I) .LTo %TOL7E) GO TO 500

c C(P4PUTE UP PENALTY FOR JH(T)
100 IF (Y(I) .GT. -ZTOL?V) GO TO 200

D= Y(IflBJ)*(DFPART(I) -1.)IY(I)

IF (DE LT. *f(IOFIJ)) BE Y(I~bJ)
IF (D .T. PUCI)) P11(I) BE
GO TO 300

COMP'UTE DOWN PENALTY FOR JH(I)
200 [F (Y(I) .LT. ZTULPV) GO TO 300

DE = !(IOBJ)*DVPAPT(I)/Y(T)
IF (OF .LT. Y(IOBJ)) DE V(iOBJ)
IF (DE .LT, PD(I)) PD(I) BE

c cfnPIJTE GOPIJNV PENALTY FUR JHCI)
300 OP IPABS(Y(I))

IF (DP .LF. ZTOLZE) GO TC 500
NTEMP1 IDINT(DP)
UiP = P -FL(]AT(NI'EMP1)

IF ((DP oCT. ZIOLZE) *AND. UDP .LTo 1.-ZOLZE)) GO TO 330
IF CJ.NE.I) GO TO S00
IF (Y(I) *LT. 0.) GO TO 320

DE= (IIIBJ)'LIfpkprcI) / y(1)
cn if)r 3SU

320 OF Y(1UFRJ)*(1. - rFPART(I)) / -I)
(fn TU. 350

330 IF (VCI) *LT?. 0.) BP =1. - DP
VF (DP .G?. DFPAR?(K)) Go Tn 340
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DiE z Y(TOBJ)*DFPARTCI)/DP
GO TO 350

340 D% = YCIURJ)*(l. - OFPART(l))/(1. D P)
350 IF (DE .LT. PG(I) PG(! = D
500 CONT14UE
10CC. CONTINUE

C COMPUTE L~kGEST GOMORY PENALTY AND YES? FOR FATHOMING

PEN = 0.
nn0 2000 I=1,NROW

IF (JiHM .LE. NROW) GO TO 2000
IF (PG(I) .CT. PEN) PEN = PG(1)

~i00o CONTINIJF
O)P = M(OBJ) - PEN + ZTOLZE
IVAL =IIINT(DP)
IF (OP f.IT. 0.) IVAL z IVAL - I
IF ((MAXC2(NS).IVAL+1SU4C) .LF. INCVAL) GO] TO 2050
IF (N3.F4..NP) GOi TO 3000
J!,!UND = VAL + 14A)C(NS)
V' (JFOt1ND..T.0) J8OLI'U= J90UND - 1
J101UND = 3flU?'L / 2
IF ((Jk3UUllL 4 1SUP'C) .GT. INCYAL) Gn TO 3000

Z050 InlR = 0
IR T"'i U N

c PRORLEI NnT FATHOMFD: CHIECK FqR) FC1RCFD BR~ANCHIES ON BASIC X(1)

3000 F'ORC,,.' =.FALSL.

IF (JI(I).LF.NPOW DRP. DFPART(1).LF.ZTOLZE) GO TO 3900
IF (PU(I r,?, PD(I)) GO TO 1600

Ou=X(10J.1) - PD(1) + ZTOLZE
4?TIRP1 = IDINT(DP)
IF (nr~ .LT. 0.) NT?'NP1 = NT~mPJ - 1
TF ((!AXC2(NS)+NTEMP1+!SUMC) .LE. INCYAL) GO TO 3050
IF (%5*EQ.NP) G~O TO 3900
JPOIJ?'D = STEI~? + 4ATC('S)
IF (JiiOUNI.L!.0) JBOUND = JBOUIL I
J8UUNU = JFUUND / 2
IF ((J8O'JND + ISI7MC) .GT. rNCVAL) GO TO 3900

%?1kFU. ?IRA401 UP ON Y(1)

11)1.: = -1
NIF?4P1 = IPART(I) + I
'1 'Tn 3700

,6A P W(OWJ - PU(T) * ZTOLZF
4T1P InINTCOP)

I- f .LT. 0.) NTEMP1 = NTEMPI - I
IF ((PAXC2(NS)+hTEMI'Pl.SW C) .LE. II4CVAL) GO TO 3650
Tr (%:'5ekQ.NW) GOJ TO 3900
JphflU"Ia 11T001P + Y4XC(NS)
If (JE.IU'DLT.O) JSlJUND = JbOUND 1
-1: 004'I# = JB()UND / 2
TI. ((J~'rUNI + ISUJW) .GT. INCVAL) GO Tn 3900

C ;rIIPCFVU oRW tC'.)GN C% X(T)

=TMP IPAQT(I)
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3700 rpolwr =

R;VBlD FLOAT(NTEMPl)

FORM!I = .TRUE.

39ClC cn~r~uE:RV~
IF (FnRC'-D) GO TO 5000

c
C NO FORM~i BRANCH6S: CHLOOSE BRANCHIING VAR. AND DIRECTION
C

PqN
1 =uw 0

C UtiTF7MINKr IASTC VARIABLE JH(iROWP) WITH MAX. UP- OR DOWN-PENALTY,
CAnDING TH A PENALTY FROM T IE NFXT SURIPLEM (ST9IRED I PRICE)

DV) 4900 110ROW
IF~ (Jh(I).LE.1iROW .OR. DFPART(I).LF.ZTOLZE) GO TO 4900
!JPPEN = PU(1 + PRICE,(JCOL(NS) + JUC) 1)
IF (UPPEW .CT* PD(I)) Ga TO 4600
IF 000C) .LEe PFN) GO TO 4900
PEN = PD(I)
Iw.OwP I
TOIR = -1
NTFE P1 =IPART(I + 1
REVINIJ FLOAT(NTE!4Pl)
GOI TO 4900

46CO If~ (UPPEN .LF. PFN) GO TO 4900
PEN = UPPEN
TkOWP =I

IUR= 1
NTEMP1 = IPAPT(I)
RLVB?"D = FLOATNTEMPl)

'i~cn CON~TINUE
IF (IRGWL' GT. 0) GO TO 4950

'7 t~kC' UP- %'40 f)UW4-PENALTY = 0. (DUAL-DEGENERACY) C!I00SE ANY
C N4ONINTEGEN BASIC VARIARLE AS BRANCHIqG VARIABLE ICOL

DO 4110 LROWP=1,NRUN
IF (JR(IROWP) .L9. #4RtV) GO TO 4910
IF (DFPART(IROWP) .GE. ZTOLZS) GO TO 4920

4910 Ci0iTINUJE
4920 InIR =1

NTEM1= TPAhd'(TROWP)
SER% FLUAT(NEI)

4950 IF (IDIR ELQ* 1) PEN = PU(IROWP)
lI!UL = JI!(IROWP)
DP =X(IOBJ) - PEN +ZTCLZE

IF (DP eLTo 0.) NIEMPI = NTE14P1 - 1
IF MIAL .GT* NTEMP1) IVAL = TENPI

C BRA4CI ON CHOSEN VARIABLE
CALL RRANCH

!,000 IF (101k .EQ. -1) IPTYPE 0
IF (IDJR .EQ* 1) TPTYPE =-1

RETURN4
END

C --------------------------------------------------------------------
SfIBROUTI&K BRINCh

L
C BIRANCH ON VARIA3L' ICOL AS DrFMIE IN SUDROOTIIS PERLTS

C SUPRnUTINE ADAPTED FRO4 INTiKGER PROGRAMMING CODE 9So bRITTEN
c BY CART As FOCHMAN (OPERATIONS RESEARCH, STANFORD UNIVERSITY)
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C
IMPLICIT RfAL*4 (AoCE-HoPpR-.%,Z), IEAL*8 (B,DEY),

1 IPITEGER*4 (1-4,0)
I'iTEGEP JHoXINBASoLALEpIA,!lE
INTEGER IPAPToINCUNBIVBND,IVID,IOBND
DOURLE PRECISION E(2000)

REAL A01000)

cnmoNMO4cONSTS/ ZTnLE, ZTOLPVZTCOSTZTOLSMNEGINF,NENAX,NRNAX,QBL,V
CO)M4ON/BhLIST/ OFPART(60),hEVBNDITdCVAL, ICUL,IVAL,IDIR,IPART(122),
1 INCUMB(130 ),IVBND(500),IVIO('00)IBD(500),NPIVOT,WPTVPE,IPEAS
Cr13tA4I XLB(122),X~i(122),DtDPPtB(60),X(60)Y(6O)-YTENP(60),A,
1 t;,MSTAT,1OiJ,Tk<OWP,1TC&T,TIJVFRQ,1TRPR0,JCOLP,
? NROWNCOLhFLEN,NP'TA, NLFLEM,iLETANUELEMNUETA,JH(6O),
3 KII~fAS(12)LA(122),LE(5O2),IA(1O00),IE(20O0)
CO%(4U/( ,3T.T/PPCE(130),CUX(130),ISUC,ITSINVLISTLN8RAWC,
1 NSNi),JFCOL( 11 ),JFik(11),JFFLFu( 11 ),'AXC(10),K4AXC2C 10)

c ICOL fNDL XES RRANC"[NG VARIAULE CHOSEN
c tflIQ = -1 14FANS HRANCH UP', = +1 t4FANS BRANCH DOWN
C IV'I' STORES bPANCH VARIABLE, OPPOSITE iIRECTION, AND SUBPROBLEM

lihj'D STOPS IN OHJEC!IVE FUNCTION BOUJND ON THE OPPOSITE BRANCH
c IV8AND STOKES VARIABLE BOUND XUBi OJR XLB FUR OTHER BRANCH DIRECTION
c

.UO OP?05IE DIRE~CTIONI TO LIST
%IRANC NBPANC + 1
L13TL L.ISTL + 1
FF (IDIR .ig. -1) IVBNII(LTSTL) =IDIN'(XLB(ICOL) + ZTDLZE)
IF (ID9 hlg 1) !VIND(LISTL) = IDIRT(XUB(ICOL) + ZTOLZE)
lI11)(LISIL) lr)Ik * (ICUE. + (45 * 1000))

1064D~(LISTL) =IVALNAEjotAEiL~k IETO

C BOUNDSC ON PANI1OMING VARIALE' FORD O DIREC THIST O
10 'J ('JOR E . XII(LUY LASRLE-FRTUU LINSLCTO RL

r 4A'!?TA'CA, Td kPROISNG TU,Q WME) OD FCRH1 JON THE IST O
Cd~~'44b)63o MRLT/ i'A3(b),1vRNYCALIULIFO)SELECIOROLE2

1 l!,', ;F (iN ,Q

) ,4q,ICNSTS/~M ')LFTWLLV',TLOSA,ZTOLLM,NECU EJH XO,NAXQ,
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C; IMMIii/GSTL?IRC(130 )ICU RX (3 ) ISUMC,ITS INVALI STLOWSR AMC,
I N4S,NP,,JFCflL(I1),JFROuW(1l),JFELEM4C11),t4AXCC1O),NA4XC2(10)

NTrq1P3 = 0
C IF LIST IS EM4PIV, kETURN (CO'4PUTATII1NS COMPLETED)

90 I (f.13TL FQ* t1) RETUIPN
c iC T NFXT NODE F~ROM LIST. CrIECK ITS SURPROBLF'E NUM3SR.

!0 = IVTD(LJSTL)
1;UR40 = IA0qS(LCUL)/1000
IF (ISUR O.Fr~.NS) GO TO 71)

C , F. R ACN TRACKING TO A PhREVIIJUS SUBPROBLEM
11 " Sfjeqo
CRALL RESTOR(0)

70 IF (eJAXC2(NS)+IO31D(LISTL)+ISUMC) -LE. INCVAL) GO TO 2000
IF (,;s.Fi.N'P) Gfl TO 810

X OUD =IOnbD(LISTL) + MAXC(IS)
Ii (JUND.I.7.0) Ja3OU40 z JaLJLND-
JrAOUN9~ = J93OUND / 2
17 ((JVIU401 + ISU'4C .LE. LNCYAL) 30 TO 2000

80 IF (CCIL .LT. 0) GO TO 100
ICOL =ICOL - (NS * 1000)

c
c oPAN'H DIRE.CTION WAS DOIWN. RESTORE UP DTRFCTION BOUNDS.

NTEIP1 = IDINT(XL90CJL) + ZTOLZE)
NTEM?2 = lVSttD(LISTL)
XLP(ICaL) = X'J2(1CoL) + 1.
XTI8(ICOL) = FL0AT(NTEMP2)
IF (KINBASCICOL) .GT. 0) Gil TO 1000
KINEIAS(ICOL) =0
PTEMP3 = I
01 TO] 1000

C
f- IA41CI! O)IRECTIOV WAa UP. RESV1RE LOJWER DIRECTION 11JINOS.
1Oc ICOL = - (ICOL + N * 1000))

SIPI = IDINT(XUB(ICOL) + ZTOLZE)
NTEr4P2 =IVBNO(LISTL)
X'JI(ICJL) = XL8(IC3L) - 1.
XL3(ICOL) =FL~jAT(NTkEMP2)
I'r (KTf1?AS(TCOL) .GT. 0) GO TO 1000
K[YPASMICL) = -1

C
C M4ARK OLn BRA14CH AS FATHOMED

1000 IVID(LISTL) -TVTD(L!STL)
IVBND(LISTL) NTEMP1
JlBwn(LISTL) NEGINF

C 11PDATIE X If NECESSARY
c

IF (NTE'P3 WNE. 0) CALL IJPDATX
E TURN

c 41,DF rATHOIDo 11I)ATE VAR. ROuNDS AND BACKTRACK AGAIN

2000 IF (TCIL .LT* 0) GO Tr] 2100
ICuL = ICIIL - (14S * 1000)
';TFMill I VA16,'(LISTL)
If (KIMBAS(TCOL)) 2010,2050,2050
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2010 N?r.PP3 I
UP = XMJIICOL) -XMRICOL)

LDY = FLO&T(NTEIIPl) - XUB(ICOL) V
IF (DP .LT. DY) KTWBASCICOL)=00

2G50 X'18(ICOL) = LOAT(NTEMPl)
GO) To1 3000

2100 ICOL = -(ICOL + (NS * 1000))
%tF.NP1 =IVRND(LISTL)
I? (KINBAS(ICOL)) 2150o2110,2150

2110 NTEMP3 = 1
D'f XL1R(IC()L) - FLOAT(NTEMPl)
UP = XUB(ICOL) - XLB(ICOL)
IF (UP .LT* DY) K149AS(ICOL) = -1

2150 XLBtcL) =FLOAI(NTEMPl)
A: CIN1NIE BACKTRACF14C
3000 LTSYL = LISTL - I

cri TO 50
E4D

SUiR0UTIlJL W4PAPUP

"UPT OJPTIVL SOLUTION AND CORRESPONDING OBJECTIVE VALUE.
C SURROUTINF. ADAPTED Fk04 INTEGCER PROGRAMMING CODE BB, WRITTEN

C -Y GARV A~. KOCIINA4 (OPERATI0ONS RLSEARCHo STANFORD UNIVERSITY)

TIPLICIT REAL*4 (AoC,E-HOPrP-iZ), REAL*8 (3OgXT)o

1IEGKIA .ki,IbA5,LALE,IAr,!E
I-ITEGFk IPAPTrINCUMB,IV6tID,IVID,IOBND
D)IUBLE PR~ECISION F(2000)
kFAL 1(1000)

CIMMON/BPLIST/ DFPAHT(60),IREVBND, INCYAL, ICOL,IVAL,IDI, PAPT(122),
I INCUV4Q(l10),IVB1D(500),IVID(500),TOflNP(5OO),NPIVOT,IPTYPE,IFEAS
Cflomox XL-(122),XUB(12i),DL,0P,B(60), X(60),.Y(60),YTEMP(60),A,
I 1,MSTA2,IOJ,kOWP,ITCNT,INVFPQ,ITRFRQ,JCOLP,
2 Nki,hICOlLPELFK, NETA,NLELE4,NLETAIRiELEM,t4UETA, JH(60),
I KTN2AS(122),LA(122),LE(502),lA( 1000),IE(2000)
CJI414fl/GESTLT/RCE(130),ICJR(130),ISUMC,ITSINV,LISTL,NBRANC,r

LATC = J'COL(NP+1) - I
IF (ITCNT lu'L. ITRFRQ) GO TO 20
19 (TFSA , .. 0) G9 TO 10
,d'1T. (21,1)

I frk",,,T (V OPTIMAL INTEGER SCLU!ION *)

WRITF (21,2) 1*
rF(JPlAt (v SURPPOBLF:M-,14)

J',FG = JFCOLCI)
JFV=JFC0L(I + 1) - 1

c COhTlIU:*

FOR"AT V oOX 04JECTIV. V4LUF z, TO)
7-'?TUJP%

IC. aeITF C2A,0i INCVAL
5 FIRP*&' W/ 40( FASIPLE SJLUMN Fl PUND MIRM OBJECTIVE VALUE )
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0 0 li. 2C) C TN

Ioc FIRH'.AT(/o STtMPL.'X ITERATIONS:,8 COI4PUTATIONS TERM4INATED.')
IF (IP'FAS F(;. 0) il Ti) 10

101 F1~'AT (p bEST INTEGER SJLUTIOE FflUNU IS:*)
00 600 I=1M~P

',0ITTF (G1 v) I
JYGzJFCO1.L)

JF'JL- JFCOL(J + 1) - I
WPI-iE (d,3) (IS4CiJO), J=JRLGoJEND)

L C. CflNTIN'
id'F~.i,o) V4CVAL

(. ~'TA?( "AX ThwEcTTmVALUI DISCOVEi90 =',16)

ND
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