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A_Computer Pragram for_ihe Staircase Integer Proacamsing Prables

1. Intreduction

Dy dybon’
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The computer code SDA to be described in this report solves

P

the staircase integer linear programming problem (§P) géygn,ﬁy:
\ / <

o

/

T R iB

maximize ”Z‘. €y X 1.

(sP) subject to: A, X, < b, g'

3 Acxt + 3‘.,&_, < b" t=2,35000,1 !
: Lt S Xt S u‘l t=1,2,...,1‘
xt lnteqer, t=.1,2,...,‘r.

This foraulation arises in asultiplant production allocation

gy

problems, multisector economic planning models, and multitise period
production and inventory problems.

The solution method used by the progras SDA relies upon
decomposition of the problem (SP) into smaller subprobleas (sj), each

of which can then bLe efficiently solved by an LP-based
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branch-and=-bound routinezi\sfch subproolem (st) is specified by a
vector of costs ct, the "*diagonal"™ submatrix At’ the "offdiagonal"”™
submatrix B, ,, the right-hand side b,, and upper and lower bounds U,

and Lt on the vacriables Ky o The actual formulation is as follows:

aaxinize Ce X
(St) subjec . to: ‘t& £ b‘- B*.'xt_'
; l.t £ L 4 0‘
Xy integer.

S0ttt ettt i




The algorithm proceeds by finding a solution to a subproblem

(say s‘) and moving forward to the next subproblem (S,..) with a new

t
right-hand side determined by the solutfon 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

A O B A S AT SO NG Wi 0

solutions to a subset of the subproblems are utilized to speed

fathoming. See Pollenz C19801 for a detailed discussion of the

staircase decomposition algorithme.

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 Kochaan as

This computer code

part of his dissertation at Stanford University.

solves pure integer programming problems with general upper and lower

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

Tomlin®s £1971) improved penalties

that presented by Dakin £19651.

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 (LIFD) strategy, and reoptimization

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

Kochman [1976]) for further detafils 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

The most important features

upper and lower bounds on the variables.

of LPM=1 are: storage of the basis inverse in product form (see

Orchard-Hays €19681); LU decomposition of the basis inverse (see
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Benichou et al. [19771); 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 cosputer code
SDA was uritten in FORTRAN. Testing and evaluation of this programs

das carried out on the SCORE DEC System 20 computer at Stanford

A

Universitye Due to the restrictive nature of the FORTRAN-10 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

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

: of execution time devoted to various portions of the algorithme. Such

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

o R

appropriate sections of the program can be eliminated without

affecting the wholee.
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The main program a.d input requirements for SQA are discussed

e s T

in the next section. The current restrictions on problem size are
given in section 3. The various subroutines which comprise the bulvx ,t
of the program SDA are outlined in section 4. The output generated by
SDA is described in section 5, and sample input and output are given

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

2. ¥aip Program _and_lonput Reguirements

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

e e Bt T A S

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

coritrol passes to the next section ot the main program, which computes

T . T L

some timing information and calls the output subroutine.

The first input card must contain values for the parameters




IFPRUB, NP, 10BJ, INVFRQ, ITRFRQ, and INITBD, in (414, I5, I10)

format. These variables have the following significance:

IFPROR

problem identification number (must be nonzero).

NP

number of time periods (equivalently, number of subprobleams).

108J roW number of objective row. default is 1. (Currently, I0BJ
must be 1 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.
INVFRQ should not be set greater than the number of rous in

the ;mallest subproblem.

#

ITRFRQ upper limit on total number of simplex iterations.
Computations are terminated if the total nuaber 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 INITBD is found.

Following the initial input card, data for each subprobleam is

read in sequentially. The data aust be finput in the following order:

1. A leading card with °“SUB nnnn’ in coluans S-12, where nnnn
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is replaced by the appropriate subprobleas number. Subprobles nusbers
aust be sequential, beginning with 1.

2. Nonzero entries of the offdiagonal submatrix 6, , (except for
subproblen 1, for which no offdiagonal matrix is needed).

3. Row name and type for each constraint.

4. Nonzero entries of the diagonal matrix Aye

S. The right-hand side b,.

6. Lover bounds Lye followed by upper bounds Uy, in format 15F5.0.

The type of constraint is denoted by a single letter preceding
the row name. °‘E” stands for an equality, °L° and °G° identify less
than or equal to and greater than or equal to inequalities
respectively, and “N° marks the objective rou. The format for this
rou identification finput fs (1X, Al, 2X, A8).

For the reading of all coefficients, the following information
sust be specified: column name, row name, and entry value. The formsat
used for this is (4X, A8, 2X, A8, 2X, Fl12.4, 3X, A8, 2X, F12.4). The
pattern for rouw name and value is repeated so that two entries for the
same column may be input on one line. The row names must match a name
read in earlier (input step #3). Zero coefficients may be omitted
conpletely. This format is the same as used for LPM-1, and is
consistent with standard MPS foramat.

The only restriction on input data is that the cost
coefficients are assumed to be integral. Furthermore, these
coefficients aust be input with the opposite sign (i.e., if you wish
to maximize cx, you msust input -c for the objective row). This is an
unfortunate result of the fact that LPM-1 is a minimization routtine.

After all data has been read in, an END card signifies the end
of the data file.

The input for a sample run of SOA is included in the appendix,




following the program listinge.

3. Restrictions on_the Use of SDA

For current dimensioning, the following restrictions apply to

use of the SDA:

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

2. The total number of rows, excluding the objective row, must not
exceed 60.

3. The total number of columns (including slacks) wmust be £ 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 BOUNDR.)

5. The total numoer of nonzero elements in the first diagonal
submatrix, A;, must not exceed 1000.

6. No right-hand side by(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 0,11 problems, the number of nodes will

never exceed the total number of columns, so this restriction

will not be a factor.)

4. Subroutings_of_3DA

BLOCK DATA (from LPM-1): sets initial values for many global program

constants, including maximum problea dimensions and minimua




tolerances.

SUBROUTINE INPUT (IFPROB,INITBD) (from LPM-1): reads in all problem
data, checks that problem dimensions do not exceed current
specifications.
Parameters:
IFPRIB - nonzero problem identification number (output)
INITBD - initial louwer bound estimate of maximal objective

value (output parameter)

SUBROUTINE INPSTO: stores all data relevant to subproblea whose nuaber
is stored in variable NS. This subroutine is called after reading the
data initially (from INPUT) and before each forward step of the
algorithm.
gntry points:
STORE - entry point from subroutine TESTX. After an integral
soluytion is found to subproblem NS, the current state
of the corresponding search is saved by a call to

STORE .
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SUBROUTINF RESTOR (MNFLAG): restores all data from subproblea NS in
preparation for either a forward or a backtracking step. Ffor a
forward step, the LP relaxation of this subproblem, with new
tight-hand side determined by a call to FIXRHS, is solved.
Parameters:
MNFLAG - input parameter set at 0 if backtracking, 1 if taking

a forward stepe.

SUBRQUTINE FIXRHS: computes neu right-hand side for subproblem NS,

qiven the (neuwly established) setting of variables of the previous




subproblen.

SUBROUTINE BOUNDR: calculates two LP-based bounds on the maximua
objective values for some agqregations of the subproblems. These
bounds are used for fathoming in subroutines TESTX, BKTRAK, and
PENLTS. Klso, a vector of prices for use in guiding the

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

SUBROUTINKE UPDATX: updates right-hand side by taking into
consideration variables which are nonbasic at their upper or lower

(nonzero) bounds.

SUBROUTINE FTRAN (IPAR) (from LPM-1): performs forward transformation
of matrix column (stored in vector Y) by basis inverse.
Parameters:
IPAR - input parameter indicating which eta-vectors are used

to update the matrix column.

SUBROYTINE BTRAN (from LPM=-1): performs backward transformation on

column stored in vector Y.

SUBRCUTINE FORMC (from LPM-1): forms objective function vector for

Phase 1 of primal simplex amethod.
SUBROUTINE PRICE (from LPM-1): prices out nonbasic coluans for primal
simplex method and chooses pivot column (stored in variable JCOLP).

Also checks for dual feasibility.

SUBROUTINE CHUZR (from LPM-1): chooses pivot rou for primsal simplex

aethod using ain ratio test; stores pivot row in variable IROWP.

RAR WKL S I ML | D Y I R
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SUBROUTINE WRETA (from LPM-1): forms a new eta-vector for the product

form of the inverse.

SUSROUTINE SHIFTR (IOLD, INEW) (from LPM-1): rearranges data storage.
Parameters:
INLD, INEW - input parameters indexing storage locations. Move
from location designated by IOLD to that

designated by INEW.

SUBROUTINE INVERT (from LPM~1): Creates basis inverse by LU

decomposition.

SUBRQUTINE UNPACK (IV) (from LPM-1): expands compressed matrix columns
by inserting zeroes appropriately.
varameters:
IV - input parameter indexing the matrix column to be

expanded.

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

SUBRCUTINE "TPBETA (from LPM~-1): updates right-hand sides following a

primal or dual simplex pivot.

SUSRCUTINE NORMAL (ITSINV) (froe LPM-1): directs execution of primal
simplex method.
Parameters:

ITSINV - counts number of simplex iterations since last basis

inversion (for comparison with INVFRQ).

—F—-.-
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SUBROUTINE BANDB (INITBD) (from BB): master program for
branch-and-bound integer programsing routine. It also serves as
master program for reoptimization via the revised dual simplex wmethod
after a forward branche.
Parameters:
fNITBD - initial lower bound estimate on maximum objective
value.
Entry points:
BPENTR - reentry point from main ptogram to apply branch-and-

bound search to any subproblem after the first.

SUBROUTINE DCHUZR (from BB): Selects pivot rou for dual siamplex method

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

SUBROUTINE DCHUZC (from BB): selects pivot column for dual simplex
method and stores it in variable JCOLP. Also checks for dual
feasibility.

SUBRUUTINE TESTX (from BB3): tests LP-optimal gﬁlution at current node
for integrality and tor fathoming (fathoming tests and branching
strategy modified substantially from those of BB). Any ned complete
solution found is immediately printed out and saved in the array
INCUMR; any integral solution to a subproblem (other than the last)
causes a call to entry STORE in preparation for a forward step.
Variable MSTAT flags the result of testing and is checked in

subroutine BANDS.

SUBROUTINE PENLTS (from BB): computes Tomlin“’s {mproved up- and doun-
penalties and the Gomory penalty at each node. Checks for forced

branches on both basic and non-basic variables. If fathoming does not
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occur, a branch variable is chosen in accordance with the comabination
of Tomiin®s 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 BB.)

SUBROUTINE BRANCH (from BB): Performs necessary bookkeeping for
branching on variable indexed by ICOL. Increments list of stored
nodes, revises bounds oan branching variable, and saves opposite branch
direction and a bound on the maximum objective value on that opposite

branche.

SUBRNUTINE BXTRAK (from BB): backtracks to a promising (unfathomed)
node from the list of 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 RéSTOR.

STRROVTINE WRAPUP (from BR): Nutputs final solution information. (See

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

For further information on subroutines derived froms LPM-1 see

Tomlin C19751.

5. Description of Quiput

The output produced by this program falls onto 3 sections.
The initial output contains the prohblem identification number and
dimensions, followed by the prices and bounds computed by subroutine

BOUNDR. At this point the itecative poction of the algorithes 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 maxiaus
objective value (called INCVAL) are printed out by subroutine TESTX.
After ternination, some information reqgarding 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 obj)ective value. The solution is printed in 20I5 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 ana the total number of simplex iterations used are printed.
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1 4 1
sus 1
ROWS
0BJ
ROW 101
ROW 102
ROW 103
ROW 104
ROW 105
LUMNS

coL 101
coL 101
coL 101
coL 102
CoL 102
coL 102
coL 103
CoL 103
caL 103
coL 104
CoL 104
COL 104
coL 105
cnL 105
coL 105

(>N all ol ol ol af-

C

RHS
RHS1
RHS1
RHS1
BQUNDS
0. 0.
1. 1.
sus 2
ROWS
08J
ROW 201
ROW 202
ROW 203
ROW 204
ROW 205

2 ol nd nl alf ok

0
CoL 101
coL 101
coL 101
coL 102
coL 102
coL 102
coL 103
coL 103
coL 103
coL 104
coL 104
coL 104
coL 105
coL 10§
coL 10§

COLUMNS

sxst Sample Input =*s»

5 9999

08J
ROW
ROW
0BJ
ROW
ROW
oBJ
ROW
ROW
0BJ
ROW
RONW
08J
ROW
ROW

RO
ROW
ROW

0.
1.

ROW
ROW
ROW
ROW
ROW
ROW
RO
ROW
ROW
ROW
ROW
ROW
ROV
ROw
ROV

102
104

102
104

102
104

102
104

102
104

101
103
105

0.
~1-.o.

FDIAGONAL COLUMNS

201
203
205
201
203
205
201
203
205
201
203
205
201
203
209

1.

-10.00
‘6.00
7.00
-19000
“9.00
15.00
”1.00
9.00
“9.00
-12.00
15.00
4.00
~6.00
15.00
0.00

39.00
25.00
35.00

1.00
17.00
3.00
‘2000
16.00
13.00
°8.00
0.00
5.00
17.00
‘2.00
3.00
-4.00
0.00
-8.00

ROW
ROW

ROW
ROW

ROW
ROW

ROW
ROW

ROV
ROW

101
103
105
101
103
105
101
103
105
101
103
105
101
103
105

102
104

202
204

202
204

202
204

202
204

202
204

-10.00
18.00
9.00
-2000
15.00
0.00
4.00
0.00
‘8.00
9.00
-10.00
-8.00
5.00
12.00
0.00

36.00
20.00

12.00
0.00

0.00
17.00

12.00
-1.00

7.00
-1.00

7.00
0.00
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coL 201 08J -4.00 RCW 201 7.00

CoL 201 ROW 202 3.00 ROW 203 -1.00

COL 201 ROw 204 0.00 ROW 205 8.00

cot 202 o0BJ -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 08J -4.00 ROW 201 19.00

coL 203 ROW 202 -6.00 ROW 203 -10.00

COL 203 ROwW 204 14.00 ROW 205 20.00

coL 204 OBV =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 O0BJ =-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 :

RUS1 ROW 203 26.00 ROW 204 23.00 ’

RHS1 ROw 205 23.00 s
BOUNDS W

0. 0. 0. 0. 0.
1. 1. 1. 1. 1.

] suB 3
ROWS
N 08J
L RO¥W 301 ’
L ROW 302 ¢
L ROW 303 ‘
L ROW 304 :
L ROW 30S
‘ OFFDIAGONAL COLUMNS
‘ COL 201 ROW 301 9.00 ROW 302 17.00
CoL 201 ROW 303 -9.00 ROW 304 8.00
CoL 201 ROW 30S 6.00
CoL 202 ROw 301 0.00 ROW 302 15.00
coL 202 ROW 303 8.00 ROW 304 20.00
COL 202 ROwW 30S 11.00
CoL 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 ROM 301 -7.00 ROW 302 -1.00
COL 204 ROW 303 ~10.00 ROW 304 4.00
COL 204 ROW 305 -10.00
COL 205 ROW 301 14.00 ROW 302 0.00
cCoL 205 ROW 303 -2.00 ROW 304 -4.00
COL 205 ROW 305 0.00
COLUNNS
coL 301 08BJ -2.00 ROW 301 9.00
CoL 301 ROW 302 0.00 RO¥W 303 8.00
CoL 301 ROW 304 -6.00 ROW 30S 0.00
coL 302 08J -12.00 ROV 301 3.00
cot. 302 ROW 302 -6.00 ROW 303 8.00
CoL 302 ROW 304 -2.00 ROVW 305 6.00
COL 303 o08BJ ~18.00 ROW 301 5.00
o CoL 303 ROW 302 0.00 ROW 303 -6.00
: COL 303 ROW 304 -4,00 ROW 305 0.00
COL 304 08y -2.00 ROW 2301 10.00
CoL 304 RrOW 302 -6.00 ROW 303 11.00
CoL 304 ROW 304 10.00 ROV 305 16.00

COL 305 o08J ~12,00 ROV 301 -2.00




coL
coL
RHS
RHS1
RHS1
RHS1
BOUNDsS
0.
1.
SUB
ROWS
N 0BJ
L ROW
L ROW
L RoOw
L ROW
L ROW
1
COL
coL
CoL
coL
coL
coL
coL
coL
CcoL
CoL
coL
CcoL
coL
coL
coL
COLUMNS
coL
coL
coL
CoL
coL
coL
caL
coL
coL
caL
coL
coL
CcoL
COL
coL
RHS

RHS1
RHS1
RHS1
BOUNDS
0.
1.
EOF

308
308

0.
1.
4

401
402
403
404
405

301
301
301
302
302
302
303
303
303
304
304
304
305
305
305

4101
401
401
402
402
402
403
403
403
404

404
405
405
405

0.
1.

ROW
ROW

ROW
ROW
ROW

0.
1.

ROW
ROk
ROW
ROW
ROW
ROW
ROW
ROW
ROW
ROW
ROW
ROW
ROW
ROW
ROV

0BJ
ROW
ROW
0BJ
ROW
ROW
08J
ROW
ROW
08J
ROV
ROW
08y
ROW
ROW

ROW
RDW
ROM

0.
1.

302
304

301
303
3058

o. o.
1. 1.

FDIAGONAL COLUMKS

401
403
405
401
403
405
401
403
405
401
403
405
401
403
405

402
404

402
404

402
404

402
404

402
404

401
403
405

0. 0.
1. 1.

17

5.00
—40 00

22.00
21.00
21.00

1.00
-6.00
4.00
1.00
15.00
10.00
-4.00
18.00
17.00
5.00
9.00
14.00
4.00
10.00
16.00

-1.00
17.00
12,00
-16,00
14.00
12,00
"12. 00
6.00
-8.00
-14.00
10.00
-4.00
-100 00
17.00
‘6. 00

38.00
29.00
27.00

ROW
ROW

ROW
ROW

ROW
ROW

ROW
RCW

ROW
ROW

ROW
ROW

ROW
ROW

ROW
ROW
ROV
ROW
RCW
ROW
ROW
ROW
ROW
ROW
ROW
ROW
ROW
RCOW
ROMW

RCHW
RQOW

303
305

302
304

402
404

402
404

402
404

402
404

402
404

401
403
405
401
403
405
401
403
405
401
403
405
401
403
405

402
404

2.00
-10.00

38.00
23.00

‘2. 00
14.00

4. 00
19.00

11.00
-3.00

6.00
16.00

20.00
3.00

7.00
3.00
16.00
12.00
11.00
-10.00
17.00
4.00
12.00
5.00
11.00
18.00
16.00
6.00
3.00

29.00
36.00
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*xx® Samgple Output ***s

PROBLEM 1
20 RQOWS 20 COLUMNS 4 PERIODS

PRICE OF QFFDIAGONAL COLUMNS IN SUB. 4

-2.29 4.57 12.57 6.86 22.86

PRICE OF OFFDIAGONAL COLUMNS IN SUB. 3
0.900 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 «52 196 140 89
{ FOR LAMBDA 0: 90 49 42

INTERMEDIATE SOLUTIONS FQUND
0.90 SECONDS; BRANCHES
0.97 SECONDS; BRANCHES
0.99 SECONDS; BRANCHES
1.32 SECGONDS; BRANCHES
1.84 SECONDS; BRANCHES

TIME
TIME
TIME
TIME
TIME

o
(L LI I T 1}

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 SECON

NUMBER OF FORWARD STEPS TAKEN = 80
TOTAL NUMBER OF BRANCHES TAKEN = 174

OPTIMAL INTEGER SOLUTION
SUBPROBLEM
18 25
SUBPROBLEM
39 2

1

6 23 16 43

2

0
SUBPROBLEM 3

4

4

0

0
20 0 1 0 1

20 1 2
SURPRORLEM

28 12 2 21 4
MAX OBJECTIVE VALUE = 105

23 13 20

[~
L~ ]

DS

- - O ©

INCVAL
INCVAL
INCVAL
INCVAL
INCVAL

TIME FOR BOOKKEEPING OPERATIONS = 0.33 SECONDS

C O e

© © r M
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STATRCASE-STRUCTURED MATRIX RRANCH-AND-BOUND CODE
PURE-INTEGCER LINEAR PROGRAMMING IN GENERAL INTEGER VARIABLES
SDA: TWO BOUNDING PROCFDURES, EXTRA TIMERS IF NEEDED

WRITTEN BY LYNNE POLLENZ, LASY UPDATED MAY 1979

aanOaan

IMPLICIT REAL*4 (A,C,E-H,0,P,R-W,2), REAL*8 (B,D,X,Y),
1 INTEGER*4 (I-N,Q)

COMMON/GESTLT/PRICE(130),ICURX(130), ISUMC,ITSINV,LISTL, NBRANC,
1 45,NP,JFCDL(11),JFPRONW(11),JFELEM(11),MAXC(10),MAXC2(10)
COMMON/TIMERS/ 1TOT,TSTORE, TIMELP, TIMEDR, TIMEDC, TIMINY

“AIN PROGRAM

START TIMER
06 [TOT = THPTIM(1)
INPUT PROBLEM DATA
CALL INPUT(IFPROB,INITBD)
ITIMIN = [HPTIM(1)
IF (IFPROB .fQ. 0) GO TO 1000
CALL BOUNDR
ITIMLP [HPTIM(1)
TSTORE 0.
TIMELP = 0.
UNDER THE SCCORE COMPILER, “D” IN THE FIRSY COLUMN IS READ AS °C°
UNLRESS A SPECIAL OPTION IS USED, IN WHICH CTASE IT 1S TREATED AS A ° “.
TIMINY 0.
TIMEDC 0.
TIMEDR 0.
N3RANC 0
NFORWD 1

3 MO0N

a0

20 <

HnonuN

APPLY SRANCH-AND-BOUND SEARCH ROUTINE, STARTING IN PERIOD 1

anht

NS = 1
CALL RESTOR(1)
CALL 2ANDR(INITBD) ,
0 15 (LISTL.EQ.O0) GO TO S00

PARTIAL SOLUTION HAS BEFN FOUND. GO ON TO THE NFXT PERIOD.

AN W
-

NS = NS + 1

NFOPYD = NFORWU + 1
CALL RESTOR(1)

CAlL 29FNTH

G Ty 30

G030 TIMER, ALL DONR. RTPORT TIMING INFORMATION.

R W ol 4

86 JTIv2 = IHPTIN(1)
[IT = (Ir1r2=1(T07)/100000.
»TITH (21,1) TOT
FWFAT (4 PCTAL SIOLUTIUN TIE =°,Fd.2,° SECONDS®)
TISTVP = (ITIvIN = TTAT)/100000.
AILTE (20,2) TEMINF
: F1eMAT(T T PN INPUT =°,F7.2,° SSCONDS®)
TU4PKC = (1TIVLP = [TIMIN)/100000.
¢T1T0 (21,3) TIMELP
3 TYIVATC TIVF e LP SOLUTIANS =°,F7.2,° SECONDS®)
v 172 (21,4Y TI¥PKC
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4 FIRMAT(® TIME FOk BOUNDING K PRICING =°,F7.2,° SECONDS®)

e,

TSTAR® = TSTURE - TIMELP

a~ITH (21,%5) TSTORE

FIRMAT(® TIYE FNR BOOKKEEPING UPERATIONS =°,F7.2,° SECONDS”)
«R1TE (21,7) NEOKRWD

7 FI«MAT(® NUMBFR OF FUPWAKD STEPS TAKEN =°,1I7)

aRTITE (21,8) NURANC
FOKMAT(® TOTAL NUMLER OF HB&AGCHES TAKEN =°,110)

n WRITE (21,9) TIVINY
L9 SIRVAT(® TIME SPENT INVERTING BASIS =",F7.2,° SECONDS®)

H
"o FAYMAT(® TIME SPENT [N SUHRIJTINe DCHUZC =°,F7.2,° SECONDS®)
u AFITE(21,11) TIMLDR
M

aPITE(21,1C) TIMEDC

11 FPMAT(® TIME SPENT IN SUARAOUTINE DCHUZR

“sFT7.2,° SECUNDS®)

€ JUTPUT NPTIMAL SOLUTION

1

AQaNnc.o

(2]

2R ErNzEslzEsEnlaRe Aol aNale)

CALL wWxAPUP

67 TO 100
0un  sToP

END

BLOCK DATA

INITIALIZE GLOBAL PROGRAM CONSTANTS
SUBRNUTINE ADAPTED FROM LINEAR PROGRAMMING CODE LPM-1, WRITTEN
BY J.Ae. TOMLIN (OPERATIUNS RESEARCH, STANFORD UNIVERSITY)

IYPLICIT REAL*4 (A,.C,E-H,N,P,R-W,7), REAL*8 (B,D,X,¥Y),

1 INTEGKR*4 (I-N,Q)

COMMON/TOTSTZ/ MAXTRW,MAXTCL,MAXNP,MAXELE,MAXAEL
CIMMIN/CONSTS/ZTOLZE,ZTOLPV, ZTCOST,ZTOLSM,NEGINF ,NEMAX,NRMAX,QBL,
1 HLES,NTMAX,QA,QI,QF,QN,QSUB,qB,0C,QE,QH,QL,Q0,QR,QN,QG

DATA MAXTRW/70/,MAXTCL/130/,MAXNP/10/,MAXELE/2000/,MAXAEL/1000/
DATA ZTOLZE/1.E-5/,ZTOLPV/1.L~-4/,2TCOST/1.E~3/,ZT0LSM/1.E~10/
DATA NRYAX/60/,NTMAK/500/,NEGINF/-1G0000/

LATA QHL/* “1,Q0/°0%  “/,Q1/°1 “[4QF/°F  “/,QN/°N  °/,
1 ASUB/°sU8 °/,QB/°B *f,QC/°C “/,QE/°E °1,Q8/°H °ls
2 JL/°L “1,Q0/°0  “/,QR/R  "/,QM/°M  °/,QG/°G  °/

kMDD

SUBROUTINE INPUT(IFPROB,INITBD)

READ ALL PRUBLEM DATA
SUBROUTINE ADAPTED FROM LINEAR PROGRAMMING CODE LPM-1, WRITTEN
9Y Jo Ao TOMLIN (OPERATIONS RESEARCH, STANFORD UNIVERSITY)
***DESCRIPTION OF PARAMETERS***

TFPROb = NONZERQ PROBLEM ID NUMBER (OUTPUT)

INITBD = INITIAL LOWER BOUND ESTIMATE FOR MAXIMAL OBJECTIVE

VALUE (oUTPUT)

DATA MUST BE INPUT IN THE FOLLOWING ORDER: PROBLEM CONSTANTS,
FOP EACH PERIOD: ROWS,OFFDIAG. COLS,DIAGONAL COLS,RHS,BOUNDS
THE NBJECTIVFE ROW MUST BE THE FIRST ROW IN EACH SUBPROBLEM
VARIABLES LOCAL TO ONt PERIOD MUST APPEAR AFTER VARIABLES

OF THAT PERIOD WHICH ALSO APPEAR TN THE FOLLOVWING PERIOD.

IMPLICIT REAL*4 (A,C,F-H,0,P,R-¥W,Z), REAL*8 (B,D,X,Y),
1 INTEGEK*4 (I-N,Q)

INTEGFR JH,KINBAS,LA,LE,IA,IE

INTEGER NAME(6),NAMCOL(130,2)

DOUBLE PHECISION E(2000),ATEMP1,ATENP2

REAL A(1000)

B e A S S e N

2 et W 421

N T = e AT | 9 i e
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COMMON/TOTSIZ/ MAKTRW,MAXTCL,MAXNP,MAXELE, MAXAEL

COMMON/CONSTS/ ZTOLZE,2TOLPV,ZTCOST,ZTOLSM,NEGINF,NEMAX, NRMAX,QBL,
1 NLES,NTMAX,QA,QI,QF,QN,QSUB,QB,QC,QE,QH,QL,Q0,QR,QM,QC

CNMMON XLB(122),XUB(122),DE,DP,B(60),X(60),Y(60),YTEMP(60),A,
1 E,MSTAT,10BJ,IROWP,ITCNT,INVFRQ, ITRFRQ,JCOLP,

2 NROW,NCOL,NELEM,NETA,NLELEM,NLETA,NULLEM,NUETA,JH(60),

3 KINBAS(122),LA(122),LE(502),1A(1000),1E(2000)
COMMON/GESTLT/PRICE(130),TCURX(130),ISUMC,ITSINY,LISTL, NBRANC,

1 NS,NP,JPCOL(11),JFRON(11),JFELEM(11),MAXC(10),M0XC2(10)
COMMON/OFFDAG/OFFD(2000),LCOLOD(130),IRONOD(2000),C05T(130)

***DESCRIPTIONS OF LOCAL VARIABLES**»

JCPTR POINTS TO CURRENT OFFDIAGONAL INPUT COLUMN
NAMCOL(I,*) = NAME OF COLUMN I

ICS1,ICS2 = NAME OF CURRENT COLUMN

NTCOL = TOTAL NUMBER OF COLUMNS SO FAR

NCOL1 = FIRST COLUMN OF CURRENT SUBPROBLEM

NROAL = LAST SLACK COLUMN (AND LAST ROW) OF CURRENT SUBPROBLEM
MAXTR® = MAX TOTAL NUMBER OF ROWS (INCLUDING NS OBJECTIVE ROWS)
MAXTCL = MAX TOTAL NUMBER OF COLUMNS INCLUDING SLACK COLUMNS
MAXNP = MAXIMUM NUMBER OF SUBPROBLEMS

MAXAFL = MAX. NUMBER OF NONZERO ELEMENTS OF ANY DIAGONAL BLOCK
MAXELE = MAXIMUM SUM OF NONZERN FENTRIES IN ALL DIAGOWAL BLOCKS

***DESCRIPTIONS OF SOME IMPORTANT VARIABLES IN BLANK COMMON®=*#
B(I) = RIGHT HAND SIDE OF RO¥ I CIN CURRENT SUBPROBLEM]

X(1I) = LP VALUE FOR JH(I), WHITH IS THE VARIABLE BASIC IN RO¥W I
A CONTAINS THE NONZERO ELEMENTS OF THE CONSTRAINT MATRIX, INCL.
THS OEJECTIVE ROW I0BJ. LA(J) = LOCATION IN A OF THE FIRST

ELEMENT OF COL J. IA(I) = ROW IN WHICH ELEMENT I OF A BELONGS.
E CONTAINS THE NONZERO ELEMENTS OF THe CURRENT LP BASIS INVERSE

IN ETA VECTOR FORM. LE, IE ARE TO E AS LA, IA ARE T0 A.
MSTAT FLAGS FEASIBILITY OF CURRENT LP
ITCNT = NO. OF SIMPLEX ITERATIONS SO FAR; IF > ITRFRQ, STOP
INVFRQ = NUMBER OF SIMPLEX ITERATINNS REFORE E IS REINVERTED
NROW = NO. OF ROWS; NCOL = NO. OF COLUMNS IN CURRENT SUBPROBLEM
KINSBAS(J) = € I IF J IS BASIC IN ROW I, I.E. J = JH(I)

0 IF J IS NONBASIC AT ITS LOWER BOUND XLB(J)
=1 TF J IS NONBASIC AT ITS UPPER BOUND XUB(J) )

***DESCRYPTIONS OF SOME VARIABLES IN GESTALT COMMON®*=
JFCOL(I),JFROW(I),JFELEM(I) ARF FIRST COL, ROW, ELEMENT OF A,

RESPZCTIVELY, FOR PERIOD I

aaOaAaOoc oo aaGoOnNanmaOaaaNannan

y NP = TOTAL NUMBER OF PEXINDS (OR EQUIVALENTLY, SUBPROBLEMS)
g NS = CURRENT SUBPROELEM NUMBEK
E INITIALTZATIONS
[
; ITCNT = 0
f; NS = 0
NIELE” = 0
NTCOL = O
JecoL(1) = 1
JPROW(1) = 1

JFELEM(1) = 1
DY 1 I=1,MAXTCL

1 COST(T) = 0.
READ (20,7000,END=9999) IFPROR,NP,10BJ, INVFPRQ, ITRFRQ, INITBD

7000 FNRMAT (414,15,110) ,
IF (IFPROD .EQG. 0) RETURN j

|“
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i

IF (NP.GT.MAXNP) GO TO 9996 3
NEMAX = 4000/XP 2

NLES = 1000/RP P
IF (I0BJ .EQ. 0)I03Y =1

IF (I0BJ.NE.1) GO TO 9995
IF (INVFRQ <EQ. O)INVFRQ
IF (ITRFRQ .EQ. 0)ITRFRQ

WRITE(21,8010) IFPROB
8010 FORMAT(/19X, “PROBLEM “,I4)

!
99999 1
999999 i ]

(]

C INITIALIZE FOR READING EACH SUBPROBLEM Ly
C
5 IF (NS.EQ.NP) GD TO 25
NROW = 0
Its1 = 0
1CS2 = 0
DN 10 I=1,NRMAX
10 B(I) = O. 3
NS = NS ¢ 1 £
NCOL1 = JFCOL(NS) &
READ(20,99) (NAME(I),I=1,3) 4
99 FORMAT(2A4,14) :
IF (NAME(2).NE.QSUB .OR. NAME(3).NE.NS ) GO TO 9998 4

£

i

c

c READ IN DATA FOR SUBPROBLFM NS

c

25 RFAD(20,101) K1,K2,K3,K4,(NAME(I),I=1,4),ATENP1, NAME(S), NANE(6),

1 ATEMP2
101 FORMAT(4A1,2A4,2%X,2A4,2X,F12.4,3X,204,2X,F12.4)
IF(K1 .EGQG. QBL) GO TO 50
IF(K1 .EQ. QR .AND. K2 .EQ. QO0) L=1
IF(X1 .EQ. QR .AND. K2 .EQ. Q0) GO TO 25
IF(K1 .FQ. QC) GO TO 150
IF(K1 .EQ. Q0) GO TO 160
IF(Kl .FQe QR AND. K2 .EQ. QH) L=4
IF(K1l .EQ. QR <AND. K2 .EQ. QH) GO T0 25
1P(X1 .ER. QB) GO TD 600
IF(K1 .EQ. QE) GO TO 700
WRITF(21,8020) K1,K2,K3,K4,NS
R020 FORMAT(® IMPROPER INPUT °,4A1,° IN SUBPROBLEM®,I%)
GO T0 9999
50 G0 T0(210,320,400,500),L

150 L =2
NROWL = NCOL1 + NROW - 1
GG T0 25

160 L=3
IC51 = -9999
GO T0 25

READ ROW NAMES ( = SLACK COLUMN MNANMES)

ey

10 NROW=NROW+1
NCOL=NROW
NTCOL = NTCOL + 1
NAMCOL(NTCOL,1)
NAMCOL(NTCOL,2)

NAME(1)
NANE(2)

C TEST ROW TYPE: <=,s=p>=, OR 0BJ. ROM) SET SLACK BOUNDS

ex
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c
IF(K2.EQ.QL .OR. K3.EQ.QL) GO TO 220
IP(K2.EQ.QE .OR. K3.EQ.QE) GO 70 230
IF(K2.EQ.QGC .OR. K3.EQ.QG) GO TO 240 ,
IF(K2.EQ.QN <OR. K3.EQ.QN) GN TO 250 ;
GO TO 230 1
220 XLB(NROW) = 0. ;
XUB(NROW) = 1.E4 |
67 T0 250
236 XLB(NROW) = 0.
XUB(NROW) = 0. :
GO T0 250 ]
240  XLB(NRUW) = 0. b
XUB(NROW) = 1.E4 ¢
A(NROW) = =1. £
GN TO 260 3
250  A(NROW) = 1. ;
260  IA(NROW) = NROW f
LA(NPOW) = NROW §
NELE4=NROW .
67 TO 25 H
c E
C  MATRIX ELEMENTS %
¢ ;
320 J =3 y
¥ = 4 f
1?7 (DABS(ATEMP1) .GT. ZTOLZE) GO T0 324
J=5
X=6

IF(DABS(ATEMP2) .LE. ZTOLZE) GO TOC 25
ATEMPL=ATEMP2
c TEST FOR COLUMN MATCH
324 IF (NAME(1) +EQ. ICS1 .AND. NAME(2) .EQ. ICS2) GO TO 330
NCOL = NCOL + 1
NTCOL = NTCOL + 1
ICS1 = NAME(1)
ICS2 = NAME(2)

NAMCOL(NTCOL,1) = ICs1 ]
NAMCOL(NTCOL,2) = ICS2 : _ i
LA(NCOL) = NELEM + 1 :
o RECORD OBJECTIVE VALUE :
330 IF (NAME(J) .EQ. NAMCOL(NCOL1+IDEBJ~1,1)) COST(NTCOL) = ATENP1
c TEST FOR KDW MATCH

DN 340 I = NCOL1,NROWL .
IF (NAME(J) cNENAMCOL(I,1).OR.NAME(K).NE.NAMCOL(T,2))G0 TO 340 :
NELEM = NELEM + 1 :
TA(NFLEM) = T - NCOL1 + 1
A(NELEM) = ATEMP1
LA(NCOL#1)=NELEMe1
IF(K «GT« S) GO 10 25
IF(DABS(ATEMP2) .LE. ZTOLZE) GO TO 25
J =5
K=6
ATEMF] = ATENP2
GO T0 330
340 CUNTINUE
aRITE(21,8300) NAME(J),NAME(K),NAME(1),NAME(2)
B300 FIKMAT(174YND MATCH FOP ROW ,2A4,11H AT COLUMN ,2A4)
Gl T0 9999
¢
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c JTFNIAGONAL MATRIX ELEMENTS

=
e

+0dJ

c
420

J
K

3
4

I¥ (DABS(ATENMPL) .GT. ZTOLZE) ¢O TO 420

J
K

IF(DARS(ATEMP?) LE. ZTOLZE)

S
6
GO TO 25

ATEMP]1 = ATEMPZ

TEST FOR COLUMN MATCH

1751
1CS2
I13EG
I=ND

"

IF (NAMF(1).EQ.ICS1 .AND. NAME(2).EQ.ICS2) GO TQ 450

NAME(1)
NAME(2)

JCPTR + 1
JFCOL(NS) - 1

430
435
8250
440

450

i

[S e Bl e

00

o

IF (1RcG.GT«IEND) GO TO 435
DO 430 [=IB¥G,1END
LCOLNL (1) = NOELEM + |
IF (ICS1.EQ.NAMCOL(I,1) .AND. ICS2.EQ.NAMCOL(I,2)) GO TO 440
CONTINUE
«?ITE(21,825C) ICS1,1CS2,NS
FOAKMAT(® NO MATCH FOR COLUMN “,2A4,° IN SUBPROBLEM®,I4)
N TO 9999
JCPTR = ]
TEST FOR kOW MATCH
0N 460 I=NCOL1,NTCOL
IF(NAME(J) e NE.NAMCDL(I,1) . ORNAME(K).NE.NAMCOL(I,2)) GO TO 460
NOELEM = NOELEM + 1
IROWOL(NDOELEM) = 1 - NCOLL + 1
DFFD(NDELEM) = ATEMP]
LCOLAD(JCPTR + 1) = NOELFM + 1
IF (XK.GTe.5) GU TO 25
IF(CAES(ATEMP2) .LE. ZTOLZE) GO TO 25
J=5
K = €
ATEMP1 = ATEMP2
GO TO 450
CONTINUE
w2ITE(21,8300) NAME(J),NAME(K),NAME(1),NAME(2)
GO TO 9999

#IGHT AAND SIDE

J 3

K 4

IF (DARS(ATFMP1l) .GT. ZTOLZE)

J=5

K=6

LF(DABS(ATEMP2) JLE. ZTOLZE)

ATEMPI=ATEMP2

TEST FOk RKROW MATCH

0N 540 I = NCOL1,NROWL
IF(NAMF(J)e NE.NAMCOL(I,1)OR.NANE(K) . NE.NAMCOL(1,2))C0 70 S40
R(I-NCOL1+1) = ATEMP1
TPF(K .GT. S) GO TO 25

GO T0 530

GD TO 25

IF(DABS(ATEMP2) .LE. 2TOLZE) GO TO 25
J=5
K =6

ATEMP1 = ATEMP2
GO 70 530

s
do o b
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CONTINUE
WRITE(21,8300) NAME(J),NAME(K)
G TY 9999

BOUNDS ON INTEGER VARIABLES

K = NRUW ¢ 1
TNPUT LOWER AND UPPEK BOUNDS ON NECISION YARIABLES
READ (20,9500) (XLB(J), JI=K,NCOL)
RTAD (20,85C0) (XUR(J), J=K,NCUL)
FORMAT (15F%.0)

CHLCK PROBLEM SIZ®

JFCUL(A4S+1) = JFPCAOL(NS) + NCOL

JFRIw(NS+41) = JFROA(NS) + NRON

JFELEM(NS+1) = JFELEM(NS) + NFLFM

IF (URO¥.G1.NIMAX) GC TO 9996

17 (NFELFE2.GT¥AXAEL) GU TO 9996

I¥ (JFkDv(NS+1) GTe (MAXTRW + 1)) GO TN 9996
17 (JFCHLINS+1) «GT. (MAXTCL + 1)) 50 TO 9996
1F (JFELe™(NS+1) «GT. (MAXELE ¢ 1)) GO TO 9996
JCPTE = JFCOLINS) + NROW - 1

CLL [4P5TC

G ™) S

i) OF INDUT

ATHUY = JFPOW(NP+1) - 1 - NP

NSCNLS = JFCUL(NP+1) <« JFRNJA(aP+1)

wIT2(21,84300) NTROYI,NSCULS,NP

FOUMAT(SX,14,° ROWS®,2X,14,° CULUMNS?,2X,14,° PERIODS®,/)
nTTURN

RENR MESSAGES FOR INPUT ERRORS

A {TR(21,9960)

FORMAT(® 1oJECTIVE ROW MUST RE THE FIRST ROW®)

5T 9999

avITE(21,8970)

FOIHAT(? PROELEM IS TO0 LARGE FIR CURRENT DIMENSIONING?)
NITE(21,8975) MAXNP,MAXTRw,4AXTCL,MAXELE

FUOFMAT(*MAX SURS=",13,°4AX ROWS=7,1[4,°MAX COLS=“,14, °MAX ELE=",16)
LY T anqg

«17E(21,8390) NS

FIPMAT(® SUCERUBLEY®, T4, NOT IN PROPEKR POSITION®)
Peprnon = 0

EETURN

L

-y e - - - D - - - - G P R e D D G D S P DD D G e e - - - o

S'MPOUTINT INFSTO
STCK® ALL DATA RFLFVANT TO STUBPRNBLEM NS

¢ LICLT REAL*Y (A,C,E-H,N,2,%=w,2), ReALY8 (B,D,X,Y),
1 INTZGAKk*4 (I-M,0)

TITEGER JU ¥ INEAG, LASLE,IA,17,LCOLA, IRUWA,TESTOR,LESTOR
baysLLE PHECTSINN (2000),1STIPe(4000)

i AL ACL1CO0)

C'3»/UN/CONSTS/ ZTOLZE,ZTULPV,ZTCUST,ZTULSM,NEGINF,NEMAX,NRMAX,QBL,
1 HL¥S,NTYMAX, Qh, Wl ,QF,QN, QS UL, Wb, 4C,dF ,Qh,UL,Q0,QR,IN,4G
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CH4a0N XLR(122),XUn(122),DL,0P,B(h0),X(60),Y(60),YTEMP(50),4,
1 E,™STAT,108J, TKOWP, LTICNT, INVFRG, ITRFRQ,JCILP,

2 NPOW,NCOL,NFLEM/NETA,NLELEY,NLFTA,NUELEM,NUETA,JH(60),

3 KINPAS(122),LA(122),L8(502),1A(1000),1E(2000)

COMMON/G! STLT/PRICE(130), ICURX(130),1SUMC,ITSINY,LISTL,NBRANC,
1 NS,NP,JFCNL(11),JFROR(11),JFELEM(11),MAXC(10),MAXC2(10)
CIAMON/TIMERS/ITOT, TSTORE, TTMELP, TIMEDR, TIMEDC, TIMINY
CNMMUN/SIBSAV/BMUD(T0),B3031G(70),XSTORE(70),XUBSTO(130),

1 XIBSTO(130),XUBORG(130),XLBORG(130),ASTORE(2000),FSTOFPE,

2 TPOWA(2000),LCOLAC140),IESTOR(4000),LESTOR(1002),JHSTOR(T0),
3 INBSTO(130), IPARTC(10),INVSTI(10),MLSTO(10),NETSTO(10)

CNUMMNN RLOCK SUFSAV 1S A STNRAGE AREA FOR THE SUBPROBLEM VARIABLES
KLBIKG, XURIRG,BIRIG STORE THE (ORIGIMAL VALUES OF THE CURRESP. VARS.
SMIOD(I) = RHS FUR nOW I AFTER OFFDIAGTONAL VALUES HAVE BEEN ADDED

AFTSn READING INPUT, STORS THFE DIAGONAL MWATRIX ELEMENTS AND RHS

e Es Ll v B Al ]

IPTR = JFELEM(NS)
LENGTH = JFFLEM(NS ¢ 1) « IPTR
nA 10 I=1,LFNGTH
ASTORE(IPTR) = A(I)
IROWACIPTR) = TA(D)
11 IPTR = IPTR ¢+ 1
IPTK = JFCOL(NS) - 2 ¢ NS
[3ND = NCOL + 1
DO 15 I=1,IEND
1S LCOLACIPTK ¢ I) = LA(CI)
c STNRE ORIGINAL RHS B; BOUNDS XUR,XLB
IPTR = JFROW(NS)
L3 20 I=1,NROW
BORIG(IPTR) = B(I)
20 IPTR = IPTR + 1
IPTR = JFCOL(NS)
DO 30 T=1,NCCL

XUBORG(IPTR) = XUB(I)
XLBORC(IPTR) = XLB(I)
30 TPTR = IPTR + 1
k<TURN
C
c STCRF THt CURRENT STATE OF SUBPROBLEM NS
C

ENTRY STORE
c S5TORE THE PARTIAL OBJ. VALUF ISUMC; RHS B3 SULUTION X
ITIME = IHFTIM(1)
IPARTC(NG) = ISUMC
IPTR = JFROW(NS)
00 300 I=1,VROW
BMOD(IPTR) = B(I)

XSTORE(LIPTR) = X(I)
JHSTORCIPTIR) = JH(T)
300 IPTR = IPTR + 1

C STORE RASIC VAR INDICATOR KINBAS; BOUNDS XUR,XLB
1PTR = JFCOL(NS)
¥d 350 I=1,NCOL

INBSTO(IPTR) = KINBAS(T)

XURSTO(IPTR) = XUB(I)

XLBSTOCIPTR) = XLB(I)
350 IPTR = IPTIR ¢ 1

c STORE BASIS IVVERSE. IF TOO LARGE, REINVERT.
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IF (NETA.LT.NLES) GJ T0 390
CALL INVERT
ITSINY = 0
90 INVSTO(NS)
NELSTO(NS) NELEM
NETSTO(NS) NETA
LZPTKk = (NS-1) * NLES
JFPTR = (NS=-1) * NEMAX
DD 400 I=1,NELEM
JEPTR = JEPTR + 1
ESTURE(JEFTR) = E(I)

ITS INV

100 IESTOX(JIFPTR)Y = 1E(I)

ISND = NFTA + 1
N3 450 [=1,TEND
LEPTR = LEPTR + 1
50 LESTOR(LEPTR) = LE(I)
ITIME2 IHPTIM(1)
TSTDEE TSTORL + (ITIME2-ITIME)/100000.
kETURN
°ND

([}

SUYRROUTINE RESTOR(MNFLAG)

RESTOFF ALL DATA KELEVANT TU SUBPROBLEM NS

s HESCRIPTICN UF PARAMETERX**

MNFLAS = 0 IF RACKTRACKING, 1 TF TAKING A FORWARD STEP (INPUT)
I¥ TARING A FOkWARD STFP, RESTOVE ORIGINAL LP-0OPT. IF TAKING
TMIS STHP FNk THE FIRST TIME, COMPUTE ORIGINAL LP SOLOUTION.

l"PL[CIT QLIL'4 (ﬂ,c,E-H,O,P,P*",Z)’ QE‘L'B (B,D,X,Y),
1 INTEGFk*4 (I-N,Q)

INTEGOR JH, KINBAS,LA,LE,IA,YE,LCOLA, IROUWA,IESTOR,LESTOR
DJURLE PRECTSION F(2000),ESTORE(4009)

ROAL AC1000)

CNMMUN/CCNSTS/ ZTOLZE,ZTOLPV,7TCOST,2TOLSM,NEGINF,NEMAX, HRMAX, QBL,
1  HLES,“TMAX,0A,ul,QF,aN,QSUB, QE,QC,QE, QH,QL,Q0,QR, AN, QC
CAM“4ON XLR(122),XU8(122),DE,DP,R(60),X(60),Y(60),YTEMP(60),A,
1 E,MSTAT,ICBJ, THOAP,ITCNT, INVFRY, ITRFRQ, JCOLP,

2  NROW,NCOL,NELEM,NETA,NLELEM,NLETA,NULLEM,NUETA,JH(60),

7 XINBAS(122),LAC122),LE(502),1A(1000),1E(2000)
CYMpPIN/GHSTLT/PRICE(L130), ICYRX(130), TSUMC,ITSINY,LISTL, NBRANC,
1 HS,NPL,JFCOL(11),JFPROW(11),JFELEM(11),MAXC(10),MAXC2(10)
CIMMON/TIMFE S/ITOT, TSTORE, TIMRLP, TIMEDR, TIMEDC, TIMINV

C 1 AON/SUBSAV/BMUD(T70), SORLG(T0), XSTORE(T70),XUBSTO(130),

1 XLESTO(130),AYEHOPG(130),XLEDRG(130),ASTORE(2000),ESTIRE,

2 IwNwWa(2000),iCOLACL140),TESTOR(4000),LFESTOR(1002),JHSTCR(T0),
1 INESTA(130),IPARTC(10),TNVSTO(10),NFLSTO(10),NETSTO(10)

PESTAPE SURPIOBLEM DIMENSIONS; R MATRIX

LTIMF = THPTIM(1)
Pl JEPOW(NS+1) - JUFROK(NS)
nCOL JECOL(NS+1) - JFCOL(NS)
IPTR JFELFP(NS)

CLENGTH = JFELEM(NS+1) - IPTR
#OSTORE FLFMENTS e A MATRIX FRNM DIAGONAL RLOCK NS
D1 10 I=1,LFNGTH
A(T) = ASTORE(IPTR)
LACL) = TROWA(LETR)

PITTRT TRRMIDLON S PR




|
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f
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10 IPTR = IT”IR ¢ 1
IPTR = JFCOL(N3) ¢ NS - ¢
IFSD = NCOL ¢ 1
DY 1% [=1,IEND

15 LACI) = LCOLA(CIPTR + 1)

JFPTK = (NS=1) * NEMAX
LEPTk = (NS=1) * NLZS
MSTAT = ¢BL

IF (MNFLAG.®Q.1) GO TN 200

SACKTRACK STEP: RESTURE RHS B; LP SOLOTTYON X,JH,KINBAS; B30UNUS

N e

IPTR = JFROW(NS)
D1 20 I=1,NR0W
(1) = BMOD(UPTR)
x(I) = XSTORR(1IPTL)
JUI(CL) = JHSTORCIPTR)
<0 IPTR = [PIR + 1
IPTR = JFCOL(NS)
0N 40 I=1,%NC0L
XUB(T) = XU3SIN(IPTR)
XLA(1) XLISTO(1IPTR)
KINBAS(I) = TNBSTO(CIPTR)
0 IPT" = IPIR ¢+ 1
KRSTORE PRaTIAL OBJe VALUS IF BACKTRACKING (NOT FOR FORWARD STEPS)
ISUMC = [PARTC(NS)

[N

RESTORE LP BASTS TNVERSE

ne.n

ITSINV = INVSTU(NS)
PELEM = JRLSTIN(NS)
NETA = NcTSTO(NS)
DO 119 1=1,NELEM
JEPTR = JEPTF ¢ 1
F(I) = ESTORE(JEPTR)
110 TE(L) = IESTOR(JEPTR)
IFND = NETA ¢ 1
D1 120 T=1,TEND
LEPTR = LEPTR ¢ |
12¢ LE(I) = LESTOR(LEPTR)
¢ TU 500

FOKAARD STEP

HFSTORE ORIGINAL BOUNDS FOR A FNRWARD STEP
0c IPTR = JFCOL(NS)
00 210 1=1,NCOL
XUB(I) = XUHORG(IPTR)
XLB(T) = XLBORG(IVTR)
21¢ IPTR = IPTR ¢ 1
IPTR = JFROW(NS) - 1
D) 220 T=1,NROW
220 8(Y) = BNRKIGC(IPTR + I)
c
C 50LYc LP R:iLAXATION OF SUBPROBLEM NS
C

IF (NS.GT.1) CALL ¥IXfHS

c LP RASIS STARTS IFF AS ALL SLACK BASIS
ITIMLP = THPTIM(1)
DO 310 I=1,NFOW




e Ak ms L Wt e

31¢ JH(L) = 1
DA 320 I=1,NkOw
320 KINBAS(L) = I
NROWP1 = NROw ¢ 1
07 330 1=NRO¥P1,NCOL
33c KIN3AS(1l) = 0
("
C SOLVE LP
C

ITSINV = 39999

CALL NIRMALCITSINY)

I (MSTAT.EG.QN) GO TO 2000

ITIML? [HPTIM(1)

TINELP TIMELP + (ITIML2-ITIMLP)/100000.

00 ITIME?
TSTORE
RETURN

IHPTIM(1)
TSTORE + (ITIME2-ITIME)/100000.

L? ¥S INFFASIRLE

2000 IF (NS.FQel) WRITE(21,2010)

2010 FORMAT(” SUSPKRORLFM 1 IS INFEASIBLE®)
GY T0 300
ENG

STEROUTINE FIXRHS

.

G1VEN SETTING OF VARTABLES FOR PERYUD (NS-1), COMPUTE NEW
RHS F£OR PFKIOD NS IN PREPARATION FOR A FORWARD STEP.

onon

IVPLICIT REAL*Y (A,C,E-H,0,P,R-%,7), RLAL®*8 (R,D,X,Y),
1 1INTFEGER*4 (I-N,Q)

INMTEGFR J7I,XINRAS,LA,LE,IA,LE

DIURLE PRECISION £(2000)

REAL A(1000)

CYMMUN XLR(122),X03(122),0£,DP,R(60),X(60),Y(60),YTEMP(60),A,
1 E,%STAT,INBJ,IR0AP,XTCNT, INVFRQ, ITRFRQ,JCOLP,

T ONMANCOL,NELFE M, NETA,NLELEM NLETA,NIELEM,NUETA,JH(60),

3 FINRAS(122),LA(122),LE(502),IA(1090),1E(2000)
COMMON/GLUSTLT/PRICE(130), TCURX(130),I5UMC, ITSTNV,LISTL, NBRANC,
1SR, JFENL(L1), JFROK(LY), JF:LEM(2L), MAXC(10) ,MAXC2(10)

CHrum IN/NFFDAG/IFFD(2000),LCOLAD(130),IE0ONOD(2000),C0ST(130)

Q2 START AT FIRST NONSLACK COLUUN OF LAST PEPIOD
J'56 = JFCOL(NS-1) ¢ (JFROW(ANS) - JFROwW(NS-1))
Jeih = JFCUL(K3) -1

SHPUTE CANTRIBUTION TOU RMS FROM LAST PERIQD

M 100 J=JBFG,JEND
¢ JPACK NFFOTISCY AL COLUMN J IF NONZERD
IHEGC = LCOLAD(J)
I5ND = LCOLON(Jel) = )
I¥ (THEL.GT.IEND) GJ TN 100
WU 20 I=1,NROW
b/ YTEMP(IY) = 0.
Ni. 30 I=TBRG,IEND
< = In0WOD(1)




30

30 YTeMP(IR) = OFFD(I)
C AYLTIPLY CUOLUMK J BY ICURX(J), THE VALUE OF X(J) AS LAST SE?T
YTEMP(IOQORJ) = 0.
XVALUE = ICURX(J)
N1} 40 I=1,NXRONW
40 B(I) = R(I) = (YTEMP(I) * XVALVUE)
100 CCNTINUE
RATURY
END
(wroccacccneccscrcoccsanaa~ - o - - oo B L )

SULRAUTIKE BCUNDR

CALCULAT® 2 LP BASED BOINDS NN MAK OBJFCTIVE VALUES FCR PERIODS
NP NF=l,e0epK FIR K = NP, ,0.,2 INCLUCING QFFOIAGONAL COLUMNS.
AL5J PRYCE OUT THE UFFOIAGONAL COLUMNS.

THIS SUEFOUTINE ASSUMES OWJLCTIVF ROW = 1 IN EACH SURPROBLEM,
AND THAT VARIAsSLES LOCAL T PERTOD NS ARE NUMBERED AFTER
THUS: VAKS. WHICH nAVE ~JUNZERO ENTRIES TN PERIODS NS & NS+l.

ALSO TOTAL WUMBER OF NONZERD ELEMENTS IN THE CONSTRAINT
MATRIX TNCLUDING OFFDYAGONAL COLUMNS MUST NOT EXCEED 1000
(FOR CURPENTLY DIMENSIONINMG).

oNeNe RN R Nl Ko Nel

IVPLICIT REAL*4 (A,C,2~H,0,P,R=-W,Z), REAL*8 (B,D,X,Y),

1 INTEGER*4 (T1-N,N)

INTEGFR Jd,KINBAS,LA,LE,IA,IE,LCOLA,IROWA,IESTOR,LESTOR
DNURLE PRFECISIIN E(2000),FSTOPE(4000)

FEAL A(1000)

C

CIMMIN/CONSTS/ZTOLZE, 2TOLPV, ZTCOST, ZTOLSM,NEGINF,NEMAX, NRMAX, QBL,
1 NLES,NTUAX,0A,QY,QF,QN,0S5U3,38,QC,QE,QH,QL,Q0,3R,QM, 4G
CIMMON ALB(122),XUB(122),DE,DP,R(60),X(6C),Y(60),YTEMP(60),A,
L E,MSTAT,I106J, TkOWP, ITCNT, INVFRQ, ITRFRQ,JCOLP,
2 NROW,NCOL,NELFM,NETA,NLELEY,NLETA,NUELEM,NUETA,JH(60),

3 KIMBAS(122),LA(122),LF(502),1A(1000),1E(C2000)
CIMMIN/GESTLT/PRICE(L30), ICUKX(130), ISUMC,ITSINV,LISTL, NBRANC,
1 NS,NP,JFCOL(11),JFROW(11),JFELEM(11),MAXC(10),MAXC2(10)
CNMMON/ SI3SAV/BMOD(70),BORIG(T70),XSTCRE(70),X0UBSTN(130),
1 XLRSTN(130),XUBORG(130),XL8NRG(130),ASTORE(2000),ESTORE,
2 IROWA(2000),LCOLA(140),IESTOR(4000),LESTOR(1002),JHSTOR(T70),
3 INBSTN(130),IPARTC(10),14VST?0O(10),NFLSTO(10),NETSTO(10)
CIMMON/IFFDAG/OFFD(2000),LCOLOD(130),IR0ONND(2000),C0S8T(130)

“AXC(K) = #S1CHTED LP BOUND ON MAX OBJ VALUE FOR SUBS K¢l,eece NP
NPFDIACONAL VARIAGLES OF SU3IPRNBLEM X+1 HAVE A WEIGHT OF 1,

ALL OTr:=Zr VARIASLES HAVc A WEIGHT OF 2. THUS AN LP BOUND ON

FHZ ObJ. VALUE FOR DIAGONAL BLOCK K ¢ MAXC(K) IS A VALID

3IND NN DNUPLE THE O0BJ. VALUF FOR PERTODS K,K¢l,.c.,NP.

(IN TkCHe. REPORT BY POLLENZ (19801, THIS CORRESPONDS TO
MALC(1/2,K).)
PAXC2(K) = LP BOUND ON MAX NRJ VALUE FOR SUBS Ké#l,...,NP. PERIOD K
TARIABLES HAVE COST 0, THOSE FROM PERIODS > K HAVE ORIGINAL COSTS.
( THIS COKRESPONDS TO MAXC(0,K) IN THE TECH. REPORT.)

Oaacaaaanmamna

MAXC(NP) = O

MAXC2(NP) = €

LASTC = JFCOL(NP+l) ~ 1

DY 20 J=1,LASTC
20 PRIC®(J) = 0.

NIOW = 0 ‘
o n%AD TN SLACK COLUMNS3 SKIP BJ. SLACKS FOR PERIODS 2,...,NP g




l

DO 40 NS=1,4P

IBEG = JFELEM(NS)

IEND = [BEG + JFROW(NS+1) - JFROW(NS) ~ 1

DU 30 I=IBEG,IEND k
NPOW = NROW + 1 i3
A(NROW) = ASTORE(I]) ‘
LA(NROW) = NROW
TA(NROW) = MNROW
JH(NROW) = NROW
KINBAS(NRMN) = NROA

™ N " oy

; B(NROW) = 0. g
: JCCL = JFCOL(NS) + 1 + I - IBEG ;
: IF (NS.EWQ.1) JCOL = JCOL - 1 ¢
¢ XUB(NROW) = XUBNRG(JCOL) -
30 KLG(NPCW) = XLBORG(JCOL) :
20 CONTINUE v
NS = NP ¥
NCOL = NROW R
HAPTR = NROW + 1 i
¢ 5
C  AFAD RIGAT HAND STIDE FOR PERIOD NS {
c :
100 IFXTRA = N3 = 1 :
156G = JFROW(NS) - NS + 2 f
IFAD = JFROW(NS+1) - NS 1
DN 150 IROW=IREG,IEND
159 3(TROW) = RORIG(TROW + IEXTRA)
¢
€ 1D ON FULL CNLUMN FOR NONSLACK PFRICD NS VARIABLES ;
C :
JNEG = JFCOL(NS) + (JFROW(NS+1) - JFROW(NS))

JEND = JFCOL(NS+1) = 1
5N 300 J=JBFG,JEND
e FIRST AOD NN CFFDIAGONAL ELEMENTS OF COLUMN J IF ANY
NCOL = NCOL ¢ 1
LACNCOL) = NAPTR
If (NS.EQ.NP) GO TO 220 _
IBRG = LCOLOD(J) i
YEND = LCOLOD(J+1) - 1 :
If (TBFG.GT.TEND) GO T0 22
DJ 21¢ I=I8EG,IEND
IF (IROWOD(T).EQ.IOBJ) GO TO 210
A(NAPTR) = OFFD(I)
IA(NAPTR) = IROWOD(I) + JFROM(NS#1) = (NSel)
NEPTR = NAPTR ¢ 1

g . S STER A S I

<19 COANTINMUE
t C NEXT AT0 ON DIAGONAL ELEMENTS 9F COLUMN J
: <z I7€¢ = LCOLA(J+NS3=1) & JFLLEM(NS) - 1

TEND = LCULACJeNS) ¢ JFSLE%(NS) - 2
D1 2CG 1=1BEG,TEND
A(NAPTR) = ASTORE(I)
IF (1IROWA(I).NE.TOBJ) GC TO 230
A(NAPTR) = A(NAPTR) * 2.0
IA(NAPTR) = I0OBRJ

R P R TR

GN Tu 240
236 TA(NAPTR) = IROWA(I) ¢ JFROW(NS) - NS
<40 HAETK = MAP'TR ¢ 1
250 CITIVUE

FINBAS(NCUL) = O
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Xus{rcoL) = XUBORG(J)
XLA(NCOL) = XLARORG(J)
300 CONTINYE

LA(NCOL+1) = NAPIR

C YESOLVE LP wITH PShIUD NS VARIABLES ADDED
ITSINV = 99999
CALL NORMALCITSINY)

SOy,

ADD OFFDIAGONAL COLUMNS FROM PHRIOD NS-1 TO LP

NAPTRO = NAPTR
NTEMPC = NCOL
c STAKT AT FIRST NONSLACK COLUMN NF PERIOD NS=-1
JAE6 = JFCIL(NS=1) + (JFROW(NS) - JFROa(NS-1))
JEND = JFCOL(NS) = 1
PN 430 J=JBFG,JEND
10RG LCOLOD(J)
IEND LCOLOD(J+1) ~ 1
NCOL = NCOL + 1
LA(NCOL) = NAPTRO
KINBAS(NCOL) = 0
C ADD IN COST GF O AND BOUNDS QOF COLUME J
TIA(NAPTRD) = 1
A(NAPTRDO) = C.
NAPTRO = NAPTRN ¢ 1
XLY(NCOL) = XLBORG(J)
XUB(NCOL) = XUBDRG(J)
IF (IEEG.GT.IEND) GJ TN 430
0uU 420 I=1BEG,IEND
1F (IROWOD(I).EQ.IDBJ) GO TO 420
IA(NAPTRO)=IRONOD(I)+JIJFRCHW(NS)-NS
A(NAPTRO) = OFFD(Y)
RAPTRO = NAPTRD « 1
42¢ CANTINUFE
430 CONTINUE
LA(NCOLe1) = NAPTRD

[{]

c
C PRICE NUT FACH OFFDIAGONAL COLUMN OF SUB. NS AND STORE IN PRICE.
C

CALL UPDATX
CALL FORNMC
CALL RTRAY
DD S00 J=JBFG,JEND
DFRICE = 0.
IREG = LCOLON(J)
IFND = LCOLOD(J¢1) - 1
IF (TBFG «GTe TEND) GO TO 479
DO 450 I=IBEG,IEND
IP = IROWOD(I)
IF (IR .EQ. I0BJ) GO TO 450
IR = IR + JFROW(NS) - NS

DF = OFFD(I)
DPRICE = DPRICE ¢ (DE * Y(IR))
450 CUNTINUF
C w«TCARL PEDUCED COSTS, KFECALLING THAT OBJECTIVE VALUES WERE DOUBLED.
170 FRICE(J) = DPRICE / 2.0
500 COVTINUE

#RITE(21,101() NS
WRITE(21,102C) (PRICE(J),J=JifFG,JEND)
1010 FORMAT(® PRICE OF OPFDIAGONAL COLUMNS IN SUB.°,I3)
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1020 FNRMAT(10F7.2)
C RESOLVE LP WITH DFFDIAGONAL COLUMNS ADDED ON. CALCULATE MAXC2. §
I :
ITSINVY = 95999 ]
CALL NIRMAL(CITSINY)
LiYisd = XCIORJ) ¢ ZTNLZE ¥
DOBJ = X(IORJ) - ZTOLZE 3
10  4AXC2(NS-1) = IDINT(DULJI/2.0) :

AD) IH QFFDIAGNLAL COSTS FOR CALCULATION OF MAXC f

c.OC0nV

NCOL = NTEMPC
na 520 J=JLEG,JEND
NCOL = NCOL + 1
%20 A(LA(NCOL)) = CNST(J)

T

r
s A

HY30LVE LP WITH OFFDIAGUNAL COLUMNS ADDED ON AND COSTS SET.

[Ny

ITSINV = 99999

C!LL NCRMAL(CITSINV) *

IF (MSTAT.EQ.ON) GJ TO 2000

S = NS - 1

MroL = NTESMPC

9333 = X(I0BJ) + ZTOLZE

MAXCENS) = IDINT(NORJ)

IF (DN2J. LTe U.) AAKC(NS) = MAXC(NS) = 1
I (%S.V-+1) GJ TN 100

o MAXC AND PRIC¥ HAVE BEEN CALCULATED. RETUKRN.
[N

o eI S GO, W FPTI<S ¢ 1% PRy, 2 AR e, B

K = NP -1
WOITE(21,15%L)
1505 FOYRMAT(/® MAXIMUM CUMULATIVE OBJECTIVE VALUES®)
WIITE(21,151C) (MAXO(I),I=1,X)
1510 i OKvAT(® FPOR LAMHBDA = ,5:°,916)
aITS(21,1520) (MAXC2(I),1=1,K)

e S ST

1527 FIRMAT(® 0P LAMBDA = 0:°,916) , :
wRITE(21,152%) . .
1525 FURMAT(® ) :
W TUDY

-

< SURPROS3LEA NS IS TNFEASIELE. QUIT

2000 wWeITe(21,2C10) NS
2010 P IRMAT(® SURFRURLEM?,13,° IS INFEASTHLE®)
STU¥
FND
(ererencccnncncncsaesccanccnacccnnccnsccvcacase -

SURKOUTING "HEDATX

UPDATe. FF3 LSING VARIARLE HQUNDS ACCORDING TUO YINBAS, THEN
USe, RAGIS LYVERSE Ti) TRANSFORM INTU CORRECT X VECTOR.

Ce €.

IMPLICIT 7EAL*4 (A,C,F=M,0,P,R~4,7), REAL*3 (R,D,%,Y),
1 I9TEGE-*4 (1-%,q)

INTEGS. 4, INCAS,LA,LF,IA, I

DAUALE PISCISION 2(2000) :
KTAL AC1000) Y
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c
CyM¥IN XLR(122),X"8(122),0F,N",R(60),%X(60),Y(60),VTEMP(60),A,
1 E,“STAT, T0LJ, TROWP, ITCNT, 1UVERQ, ITR¥FRA,JCNLP,
7 NRUA,NCOL,NFLEMsNSTA,NLFLEM/NLETA,NTELEM,NUETA,JH(60),
3 KINRAS(122),LA(122),LF(S02),LA(12000),TE(2000)
¢
CALL SHIFTR(1,3)
DI 190 J=1,NCOL
¢ (FINBAS(J))20,40,100
20 nE = XULD(J)
50 TP 60
19 Ds = XLE(J)
60 LL = LA(J)
KK = LA(J#l) =~ 1
nNg 80 I=LL,KX
IR = Ia(Y)
49 ¥(IR) = Y(IR) - A(I)*D:Z
100 CONTINUE
CRLL FTRAN(1)
CALL SHIFTK(3,2)
R=TURN
END
[ b P - - > - - - - - - -
SUBROUTTINE FTIRAN(IPAR)
C
¢ PIRFOPM FORAARD TRANSFORMATION CN COLUMN STORED IN VECTCR Y
e SURRIYTINE ADAPTED FRUY LIMEAR FRJISRAMMING CONS LPM-1, WNRITTEN
C BY J. A. TOMLIN (OPERATIONS RESTARCH, STANFORD UNIVERSITY)
C *xxRSCRIFTION NF PARAMETSRSH**
¢ I2\K = PARAMFTER INDICATING WHICH STA-VECTORS MATRIX (ALL E OR
c JUST U0 OF LU DECuUmP) IS USED TO UPODATE COLUMN Y (INPUT)
[N
I"'PL‘.CIT RE.‘L*4 (A,C,F-H,O,P,R-H,Z), R:lL'B (B,D,X,Y)l
1 TINTEGER*4 (T-N,Q)
IVTEGER JH,XINDAS,LA,LLE,IA,IL
DOUBLE PRECISION R(2000)
RSAL A(19900)
c
CIMMON XLB(122),X00(122),D¢,0P,B(60),X(60),Y(60),YTENP(60),A,
1 E,¥STAT,INLJ,IRNWP, ITCNT,INVFRQ, [TR¥PRQ,JCOLP,
2 NROW,NCIL,NELEMy NETA,NLELEM, NLETA,NUELEM,NUETA, JH(60),
i KINBA5(122),LA(122),LE(502),IA(1000),1I£(2000)
C
HLE = HETA
WFeg = 1

IP (IPAR.XG.2) NFE = NLLTA ¢ 1
IF (NFE «GTe NLF) RETURN
D3 1000 1K = NFE,NLE
LI = LF(IK)
KK = LF(IRel) - 1
IPIV = 1E(LL)
DY = Y(IPIV)
DY = DY/E(LL)
Y(IPIV) = DY
IP (XK .LE. LL) GO TO 1000
Lzl +1
DO SO0 J = LL,¥K
1" = TL(JI)
Y(I2) = Y(IR) - E£(J) * DY
90¢ CONTINUE

T—— L amle i A s




1000

CNNTINUE
RETURN
END

C----—------ -

SUBROUTINE BTIRAN

bY J.

[aE 2 Ke Xz KX

PERFOKM RACKWARD TRANSFORMATION ON COLUMN STORED IN VECTOR Y
SURRCGUTINE ADAPTED FRUM LINEAR PROGRAMMING CODE LPM-1, WRITTEN
A. TCMLIN (OPERATIONS RESFARCH,

STANFORD UNIVERSITY)

IMPLICIT REAL*4 (®,C,€~-H,0,P,R-N,2), REAL*8 (B,D,X,Y),

1 IMTEGER*4 (I-N,Q)

INTREGER JH,KINBAS,LA,LE,IR,IE
DMIHLE PRECTISION E(2000)

k=AL AC1000)

CA4MOM XLB(122),XxUB(122),02,DP,R(60),X(60),Y(60),YTEMP(60),A,
1 F,maSTAT,INBJ, IRONP,ITCNT,INVFRQ,ITRFRQ,JCOLP,

2 NROW,NCOL,NELEt, NETA,NLELEM,NLETA,NUSLEM, NUETA,JH(60),

3 XINBAS(122),LA(122),LE(502),IA(1000),1E(2000)

17 (NETA L%, U) RFETURN
0n 1000 1 1,NFTA
TK NFETA = T + 1
LL LF(IK)
XK LE(TK+1) - 1
PV = IF(LL)
pP = E(LL)
DY = Y(IPIV)
DSUM = 0.
IF (XX JLE.
LL = LL + 1
" 500 J = LL,KK
IR = TE(D)
S5 o= R(J)
OPKEDD = DE * Y(IR)
DSUM = DSUM + DPROD
COMNTINUE
Y(retv) = (uy - DSUK) /7 DP
CONTINUE
RTTURN
EYD

"nounh

LL) GO TO 600

500
69C
10C0

(mcecomccccn= ~recaa- B L e e T P -

SHEFONUTINE FORMC

Tt

-—

NHJECTIVE FUNCTION TO Bh
CALL=:

A nac,

bY J. A.

(o)

FCRM OBJECTIVE FUNCTIUN VECTOR;

IF BASIS IS INFEASIBLE, SET

TVFFASIGILITY FORM FOR PHASE I.
FrOM SUBROUTINES NNRMAL
SUIRIYTINE ADAPIFD FRUM LIMEAR PROGKAMMING CODE LPM-1, WRITTEN
TUMLIN (CPFRRATTUNS RESYARCH, STANFORD UNIVERSITY)

ANC BNUNDR.

tMPLICIT REAL*4 (A,C,F-d,C,P,R-d,Z), REAL*8 (B,D,X,Y),

1 IYTEokFu*4 (I-%,Q)

FNTEGER JH,XINLAS,LA,LE, IA, e
DIUKLE P<ECISINN E(200C)

wLAL ACICOU)

CIMMON/ S NSTS/ ZTULZE,LTOLPV,ZTCOST,ZTULSM, NEGINF ,NEMAX,NRMAX,QBL,
1 NLFS,NTVLEY,QA,WT,QF ,QN,NSIINR, 1B, QC'QE,QH'QL'QO'QR'QN'QG
CIMMNON XLH(122),XU8€122),De,0P, i (AC),X(H0),Y(60),YTENP(60),A,
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1 FE MSTAT,INBJ, TROWP, I1CNT, I8VFRQ, ITRFRQ,JICOLP,
2 NROW,NCIL,NELEM,ETA,NLFL%H,dLETA,NUELEM,NUETA, JH(60),
3 KINBAS(122),LR(122),LF(502),IA(1000),IEC2000)
¢
MATAT = JF
Y(INBJ) = 0.
DO 30 I=1,NROW
1F (I «FQe IOBJ) GO TD 30
[COL = JH(Y)
If (X(I) .LE. (XLSBCICUL) - ZTOLZE)) GO 10 10
I+ (Y(I) «GEe (XUB(ICOL) ¢ ZTOLZE)) GO T0 20
Y(I) = 0.
S TD 230
v Y(1) = 1.
MSTAT = QI
GJ TU 30
20 V(I) = ‘10
MSTAT = QI
30 CONTINUE
[F (MSTAT.ER.OF) Y(IOBJ) =
RETORN
%D
L --------------- - e -— - -y
SUBRUOUTINE PRICE
c
C PRICE OUT NONBASIC COLUMNS; CHOOSE PIVNT COLUMN JCOLP FOR
c CURRENT PRIMAL SIMPLEX ITERATION. JCOLP=0 ==> DUAL FEASIBLE.
C SUBROUTINF ADAPTED FROM LINEAR PROGRAMMING CODE LPM~1, WRITTEN
c BY J. Ae. TOMLIN (OPFRATIONS RESEARCH, STANFORD UNIVERSITY)
c
IMPLICIT REAL*4 (A,C,E~-H,0,P,R-W,Z), REAL*8 (B,D,X,¥),
1 INTFSCER*4 (I-N,Q)
INTEGER JH,XINBAS,LA,LL,IA,IE
INTEGER IPAR1, INCUMB, IVBND, IVTU, IOBND
: DOUBLF PRECISION E(2000)
e REAL AC1000)
: C
E CNMMUN/CUNSTS/ ZTOLZE,ZTOLPV,ZTCOST,ZTOLSM,NEGINF, NEMAX, NRMAK,QBL,
; 1 NLES,NTMAX,0A,QI,QF,QN,QSUB,Q8,QC,QE,QH,QL,Q0, 4R, AM,QC
: COMMON XLM(122),XUR(122),DE,DP,R(60),X(60),Y(60),YTEMP(60),A,
; 1 E,MSTAT,I0BJ, IKO&KP, ITCNT, INVFRGQ, ITRFRQ,JCOLP,
5 2 NROW,NCOL,NELEM,NETA,NLELZM,NLETA,NUELEM,NUETA,JE(60),
i 3 KINBAS(122),LA(122),LE(502),1IA(1000),1IE(2000)
t ¢
t CMIN = 1.£10
| CMAX = -1.E10
D7 100¢ J=1,NCOL
! If (XINBAS(J) .GT. 0) GO TO 1000
; IF ((XUB(J) ~ XLR(J)) .LT. ZTOLZE) GO TO 1000
‘ C  CALCULAT:E DPRICF = PRICF OF BRINGING COLUMN J INTO THE BASIS
ro DPRICE = 0,
@ LL = LACJ)
! KK = LA(J+1) - 1
| DO 500 [ = LL,KK
‘, IR = TaA(T)
= Uk = A(D)
500 DPKICE = DPRICE + (DE * Y(IR))

IF (KINUAS(J) EQ. -1) O TO 600
- IF (DPRICL .GE. CMIN) GO TO 1000
CMIN = DPRICE




600

1000
C
C
<

(e

el N oNe Ne T

S Ex

JCALl = J
G0 TC 1000
IF (DPRICE .LE. CMAX) GO TO 1000
CMAX = DPRICE
JcoL? = 9
CONTINUE

CHIQSE PIVOT COLUMN JCOLP BASED ON PRICES

I¥ (CMIN .LE. -ZTC0ST) GO TO 1500
IF (CMAX .GF. 4TCOST) GD TO 2000
JCOLP = §

KETURN

[7 (CMAX «GF. ZTCOST) GO TO 2500

e v e ey e = -
» - L e S s b e s
q oy N p "~ o ’

JCOLe = JeaLl

KTTURN

JCoLp = Jcal2

R=T'RN

IF (A73(CMIN) - CMAX) 2000,2000,1600
END

STTBROUTINE CHUZR

PEREIRY MIN-RATIO TEST FOR PYVOT COLUMN JCOLP DETERMINED IN
SU2ROUTINE PRICF, THEN SLLECT PIVOT ROW IROWP FOR CURRENT
PRIMAL SIMPLEX ITERATION.

SURROUTIYVE ADAPTED FfROM LINEAR PROGRAMMING CODE LPM-1, WRITTEN | 3
BY Jeo Ao TOMLIN (OPERATIONS RESTARCH, STANFORD UNIVERSITY)

I“PLICIT RePL*4 (A,C,E-H,0,P,R-W,Z), REAL*8 (B,D,X,Y),
1 I¥TAGRE*4 (I-N,Q)

INTEGER J!1,KINBAS,LA,LE,IA,IE

INTEGER IPART,INCUMB,IVBND,IVID,IOBND

DWBLF PRECISTUN E(2000)

®SAL AC1G00)

CO *MON/CONSTS/ ZTOLZE,ZTOLPVY,ZTCOST,ZTOLSM,NEGINF,NEMAX, NRMAX, QBL,
1 NLiS,NTMAX,QA,0I,QF,QN,QSUB,QB,QC,uF,QH,QL,Q0,wR,QN,QGC
COvvaN/RILIS1/ DFPART(60),REVAND, TICVAL, ICOL,IVAL,IDIR, IPART(122),
1 T¥CYai(130),IVEND(S00),IVID(500), I10BND(500),NPIVOT, IPTYPE, IFEAS
Comw]N XL49(122),xU8(122),0E,0P,B(60),X(60),Y(60),YTEMP(60),A,

1 F,vSTAT,I"LJ, IFOWP, ITCNT, INVFRQ, ITRFRQ ,JCILP,
D NP, NCOL, WELT My NETA, NLELEM, NLETA, NUELEM,NUETA, JH(060),
A XIN2A5(122),LA(122),LE(S502),1%(1000),1IL(2000)

VICTIR ¥V CONTALNS FORWARD TRANSFOKkM OF COLUMN JCOLP.
oP = MIN, RATTIC SO FAR. IT IS PASSED TO UPBETA FOR THE PIVOT STEP.
aL35 PASSEN T MPBLTA £S DF C = K(UPUAWP) AFTER PIVOT STEP 1.

LOTVAT = 0 IFF JCILP IS NONRASIC (AT NPPUSLITE BOUND) AFTER PIVOT.

[ (FTNRAS(.CIOLY) .FQ. =1) 513 TO 100¢C
1T L85 VARIARLE AT LOWER BOUND; COMPUTE MIN RATIO 0P

090 = 1.+10
73 S00 1=1,NEDw
IFr (1 +FQ. 178J) GO TQ 500
ICiL = JH(I1)
(¢ (Y(I) .5T. ZTOLPV) GU TG 100
1fF (Y(I) LTe =2TOLPV) CN TC 200
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G3 TH S00

¢ PUSITIVe COEFFYCY:SNT A(I,JCOULP)

106 IF (X(I) +LT. (XLBCICOL) - ZTOLZF)) GO TO 500
Dé = (X(I) = XLECICUL))/ZY(T) [
T# (DE .Ck. DP) GO TO 500 i
IPTYPE = 0 8

3 TO 250 I

C NEGATIVE CPEFFTICIENT A(I,JCJLP)

200 IF (X(I) «GT. (XUR(ICOL) + ZTOLZE)) GO TO SO0
SNy o= (X(I) - XUBCICAL))/ZVY(I)
IF (DE .GZ. DP) GU TO S50¢C

IPTYPE = -1
25¢ D = nE :
TEQWP = T i
500 CUNTTINUE %
D5 = DP + XLb{(JCULF) 3
I (DE oLTe XUR(JCOLP)) o0 TO 600 3
DP = XUB(JCOLP) ~ XLB(JCULP) _
NPIVOT = 0 ¥
RTTHURN 4
600 NPIVOT = 1 ]
RETURN

INCOMING VARIABLE AT UPPER 80UND; COMPUTE MAX RATIO DP

e e K]

000 DP = -1,.E10
¥ (1 .EQ. IDRJ) GO Tu 1500
TCOL = JH(I) :
IF (Y(T) .GT. ZTOLPV) GJ TO 1100
IF (V(1) JLT. =-ZTOLPV) GO TO 1200

GU TC 1500 ‘ /
c POSITIVE COEFE TCIENT ACI,JCULP)
| 110¢ IF (X(I) .GT. (XUB(ICOL) + ZTOLZE)) GO TO 1500
‘ DE = (X(T) = XUBCICUL))I/Y(I)
: ¢ (DE .LE. DP) GO TO 1500
; [PTYPE = =1
60 TO 1250
¢ NEGATIVE COEFFICIENT A(I,JCOLP)
1200 IF (X(I) .LT. (XLBCICOL) - 2TOLZR)) GG TO 1500
DE = (X(I) - XLECICOL))/Y¥(T)
If (DE .LE. DP) GO T0 1506 i
IPTYPE = 0 s
1250 DP = CE E
IROWP = T ‘
1500 CONTIN'E ;
NE = NP + XUP(JCOLD)
IF (UE +GT. XLE(JCOLP)) GO TU 1600 ;
DP = KLB(JCOLP) - XUB(JCOLP) |
NPIVOT = 0 3
RETURN ;
1600 NPIVOT = 1 |
RETURN ;
FND
c------------‘------------------_---------— - o
i SUBPOUTINE WHETA
c
f ¢ FORM NEW LTA-VECTORS FOi PRINUCT FORM OF BASIS INVERSE
' c SUBROUTINE ADAPTEL FROM LINSAR PROGRAMMING CODE LPM-1, WRITYEN
C BY J. A. TOMLIN (OPERATIUNS RESEARCH, STANFORD UNIVERSITY)




INPLICIT REAL*4 (A,C,E-H,0,P,R=W,s2), REAL*3 (B,D,X,Y),
1 INTEGER*4 (1-N,Q)

INTRGEK JH,KINBAS,LA,LE,IA,IE

DNUIBLE PRECISION E(2000)

REAL A(1000)

COMMON/CONSTS/ ZTOLZE,ZTOLPV,2TCOST,ZTOLSM,NEGINF ,NEMAX ,NRMNAX ,QBL ,
1 NLES,NTMAX,QA,QI,QF,0N,Q5U8,Q%,QC,QE,QH,QL,Q0,QR,QM,Q6

COMMOY XLB(122),XUB(122),0E,DP,B(60),X(60),Y(60),YTEMP(60),A,

1 F,MSIAT,I08J,1ROWP,ITCNT, INVFRY,1TRFRQ,JCOLP,

2 NROW,NCOL,NFLEA,NETA,NLFLEM,NLETA,NUELEM,NUETA,JH(60),

3 KINBAS(122),LA(122),LE(S502),TA(1000),TE(2000)

(o]

NELEM = NELFM ¢+ 1

IF(NELEM) = IRQWP

E(NELEM) = Y(IROWP)

DI 1000 I = 1,NROW
IF (I .EQe. IROWP) GO TO 1000
1# (PABS(Y(I)) .LE. 2ZTOLZE) GO TO 1000
NELE4 = NELE™ + 1
IE(NFLENM) = 1
S(NELEM) = Y(I)

10C0 CUNTINUE

NETA = NETA + 1

LE(NETA+1) = NELEM + 1

FITURN i

Ey
C---.. ................... [ ———

SUIKOUTINE SHIFTRCIOLG, INE®) s
C
c REARKANGE DATA STORAGE; USEFU BY SUBROUTINE INVERT
N SI"IKDUTINE ADAPTED FROM LINEAR PROGRAMMING CODE LPM-1, WRITTEN
¢ BY Je Ae TOMLIN (NPERATTONS RESTARCH, STANFORD UNIVERSITY)
Iy =22 DESCKIFTION OF PARAMETERS®**
¢ IULD,INEY = PARAMETERS INDEXING STNRAGE LOCATIONS IN WHICH
C DATA IS TO BS TRANSFERRED (INPUT)

; IMPLICIT REAL*4 (R,C,FE-H,0,P,R~-¥,Z), REAL*8 (B,D,X,Y),

1 INTRGER*4 (I-N,Q)

IMTECRR JH,XINHAS,LA,LE,IA,IE

pAURLE PRECTISION =(2000)

#2AL A(1C00)
c

UMMM/ CUNSTS/ ZTOLZE,ZTULPY, 7TCOST, ZTULSM,NEGINF, NEMAX,NRMAX,QBL,

1 NLES,NTMAY,?A,Q1,QF,QN,QSU8,Q%,QC,a%,Q3H,QL,Q0,R,QM,Q6

CnwMON ALR(122),XUBC122),D0Z,0P,R(60),%X(62),Y(60),YTEMP(60),A,

1 £,4S7AT,T0bLJ,TROWNP,ITCNT, INVFRQ, ITRFRQ,JCOLP,

P ONROW NCOL,YELFMANFTA, NLELEM, JLET A NUELEM,NUETA,JH(60),

1 KTNBASC122),LA(122),LFE(502),14(1000),1L(2000)
¢

D1MENSION UARRAY(240)

TQUIVALZYCE (RARKAY(1),P(1))

IFg = (TULT = 1) * NRMAY

IPN = (INEWN = 1) * NRMAX

DY 1000 I = 1,NROUW

TARRAY(ICN « 1) = BARRAY(IFD + 1)

1009 CONTINUE

R¥TUKN
FND




[ L pp— cemceccena= - —— - - -

SUBROUTINE IMVERT

COMPUTS YNVERSE )F CURRFENT 3ASIS BY LU DECOMPISITION
SUBROQUTINF ADAPTID FROM LIYEAR PROGKAMMING C3ODF LPM=-1, WRITTEN
BY Jo Ae TUMLIN (OPHRATIUNS RESEARCH, STANFORD UNIVERSITY)

s Ky Ee N e Ke]

IMPLICIT REAL*4 (4,C,F-H,0,P,R=-W,Z), REAL®*8 (H,D,X,Y),
1 TINTFGER™4 (I-N,1)

INTEGER Jd,KINBAS,LA,LF,IA,1F

DYWSBLE Px=CISIUN F(2000)

KREAL AC1000)

COMNON/CONSTS/ ZTOLZE,4TNLPV,2TCOST,ZTOLSM, NEGINF ,NEMAX ,NRMAX,QBL,
1 MLES,VTVAY,QA,01,QF,0N,QS5U8,Q8B,QC,QF,QH,dL,Q0,AR, AN, 46

CIMMON XiB(122),XUB(122),0:,0P,B(60),X(60),Y(60),YTEMP(60),A,

1 F,MSTAT,1NPJ, IROWP,ITCNT, INVFRU, ITRFRQ,JCOLP,

2 NROW,NCOL,NELFM NETA,NLELEM,NLETA,NUELEM,NUETA,JH(60),

3 - KINBAS(122),LA(122),LE(502),1A(1000),1E(2000)
CUMMON/TIMERS/ITOT, TSTORS, TIMFLP,TIMEDR, TIMEDC, TININY

TITEGER MREG,HKEG, VREG

DIMENSION YREG(60),HREG(00),VREG(60)

SQUIVALENCE (MRFG(1),YTEMP(1)),(HREG(1),¥YTENP(31)),(VREG(1),X(1))
ITIME = [HPTIM(1)

SET PARAMETERS

aaOcC o

NITA = 0
NLETA

NUETA

NELEM

NLELEM
NULLEM
NABOVE
LE(1) =
K1 = C
LR4 N

0
0
0

0
0
0

[T

1

ROW + 1
c PUT SLACKS AND ARTIFICIALS IN PART 4 AND REST IN PART 1
DN 100 I = 1,NRNa

IF (JH(I) .GT. NROW) GO TO 50
Lr4 = LF4 - 1
MNEG(LR4) = JH(I)
VRFG(LR4) = JH(I)
GO T0 90
%0 KR1 = FRY ¢+ 1
VREG(KR1) = JH(1)
90 HREG(I) = -1
JH(I) = O
100 CONTINUE
K23 = LR4 -~}
LR3I = LR4

PO 200 T = LE4,NROW
IfF = MREG(ER)
HrEC(IR)= 0
JHCIR) = IR
KINBAS(IR) = IR

L USRS a——_— : - }‘i‘




200
c
C
c

210

220

230
2000

300

[ NN el el
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CONTINUE

PULL OUT VECTOKS BELOW BUMP AND GET ROk COUNTS

NBNDNZ = NRON = LR4 ¢+ 1
17 (KR1 .EQ. 0) GO TO 1190
J=1
Iv VREG(J)
LL LACIV)
KK LACIV+1) -1
IRCNT = 0
bD 220 I = LL,KK
NBNONZ = NBNONZ + 1
IR = IA(T)
IF (YKEG(IR) .GE. 0) GO TO 220
TRCNT = TIRCNT + 1
HREG(IR) = HREG(IR) - 1
IRP = IR
CONTINUE
IF (IRCNT - 1) 230,250,300
W'ITE(21,8000)
FARMAT(L16HMATRIX SINGULAR )
KTnNsASCIV) = 0
VREG(J) = VPEG(KK1)
K1 = KR1 ~ 1
TIF (J «Gi. Kk1) 60 TD 310
¢ T 210

[}

VREG(J) = VREG(KK1)
KRl = KR1 - 1

LR3 = LR3 - 1
VREG(LR3) = IV
MEG(LRI) = IRP
HREGCIRP) = 0
JU(IRP) = IV

KTNRAS(IV) = IRP

I¥ (J 6T« KR1) GO TO 310
57 ™ 210

I¥ (J .GE. ¥k1) GO TO 310
J = J+l

G1 TO0 210

PHLL OUT REMATNING VECTORS ABUVE AND BELOW THE
BUMP AND FSTAELISH MERTT COUNTS OF COLUMNS

NMVREM = 0
[F(XR1 .£Q. Q) GO T0O 1190
J =1
VREG(J)
LACLY)
LA(IVel) - 1
IRCNT = 0
Y 800 I = LL,KK
I = IA(T)
IF(HPLG(IR) oNE. =2) GO TUO 400

[
[
([T ]

PIVNT AP)Vi. BUMP (PART NF L)

YAHNOVE = NULIOYE + )
INQab = Tk
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CALL UNPACK(IV)
CALL WRzZTA

NL™TA = NETA

JUCIR) = IV
KINBAS(IV) = IR
VIEG(J) = VREG(KR1)
KR1 = KR1 - 1

NVRE™ = NVREM + 1
HREG(IK) = IV

G) TV 940

400 IF (4REG(IK) «GE. 0) GO TO 800
TRCNT = IRCNT + 1
IRP = IR

50C CONTINUE

I[F (IRCNT - 1) 810,900,100C
¥10 WRITE(21,8000)
KINBAS(IV) = 0
VREG(J) = VREG(KR1)
MVREM = NVKEM + 1
KRl = KRl =1
If (J .GT. Kk1l) GN TO 1010
67 T9 320
c
C  PUT VECTOR BELOW BUMP
~
900  VREG(J) = VREG(XR1)
NVREM = NVRFM ¢ 1
K21 = KR1 - 1

LR3 = LR3 - 1
VREG(LRI) = 1V
MREG(LK3) = IRP
HREG(IRP) = 0
JHCIRP) = IV

KINRAS(IV) = IRP
C
c CHANGE RUW COUNTS
C
9

40 DD 950 11 = LL,KK
TIR = IACII)
IF (HREG(IIR) .GF. 0) GO TO 950
HREG(1IR) = HRFG(IIR) + 1
950 CONTINUE
IF (J 6T ¥R1) GO TO 1010
GY T0 320
1000 IF (J .GE. ¥kl) GO TO 1010
J = Jel
G TO 320
101C JIF(NVREM .GT« 0) GO TO 310
C

C GET #ERIT COUNTS

c

1020 IF (KRl .%Q. 0) ¢0 T0 1190
nn 1100 J = 1,KR1

IV = VIEG(J)

LL = LA(TY)

KE = LA(IVel) - 1
IMCNT = 0

DU 1050 T = LL,KK

s AT - B G I

]
3
"
*
¥

ey BT T fes
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IR = IA(!)
IF (HREG(IR) «GE. 0) GO TN 1050
IMCNT = IMCNT = (HREG(IR) +1)

1050 CONTINUE 8

MREG(J) = IMCNT 1Y
1100 CONTINOE 4
y

C SORT COLUMNS INTO MERIT ORDER USING SHELL SORT
ISD = 1

1106 IF (X1 .LT. 2*ISD) GO TO 1108
ISD = 2*ISD

¢ TO 1106 ¥
1106 1SD = ISD = 1 i
C FND OF INITIALIZATION :
1101 1F (ISD .LE. 0) GO TO 1107 :

Ik =1 ¢
1102 15J = ISK 3

ISL = ISK + 1ISD H

[SY = 4REG(ISL)

1SZ = VREG(ISL)

1103 IF (ISY .LT. MKEG(ISJ)) GO TO 1104
11L% ISL = ISJ + ISG

SRR

C N OF SOKT KOUTINE
C YT TUT BELNDA BUMP ETAS (PART OF U)
¢
119¢ NSLCK = 0
MRFLOW
NELAST NEVAX
NTLAST NTVAX
LACNTLAST ¢ 1) = NELAST + 1
Lr = LR3
I (L?3 .Ghe Lid4) LR = LR4
1If (Lk .5>T. NROY) GN TO 2050
JE = MAA0a ¢ 1
00 2000 JJ= LR,NROx
JE = JK - 1
Iv = VYREG(JIK)
T = MeG(JIK)
HARLD® = NBELUW ¢ 1
IF IV «.GT. NRUW) GO TN 1200
SLCY = NSLCX + 1}
1200 LL = LA(CTY)
Ka = LA(TVel) -1
IF (XX .GT. LL) GO T 1300
1250 IF (BuSCA(LL)Y = 1) JLS. ZTOLZE) G0 ?0 2000 £

MREGCISL) = 1ISY :
vWEG(ISL) = IS .

ISK = [SK + 1 i

IF ((T3K & ISD) .LE. KR1) GO TO 1102 :

I = (ISD - 1) 7 2 §

G T 1191 :

11¢4  I4L = (SJ + ISD !

4P G(I3L) = MREG(ISJ) !

VPEG(TSL) = VPeG(ISJ) E

ISJ = ISJ - ISD g

a IF (1SJ .GT. 0) 6O TU 1103 {
; GOOTO 1108 b
: 11067 CIONTINUE E

0




13¢0 NYSTA = NUFTA ¢« 1
DU 1400 J = LL,KK
IR = IA(QY)

IF (IR .EQ. I)GO TO 1399 k
IE(NELAST) = J©

E(NELAST) = A(J)

NSLAST = MELAST - 1

WUELEM = NUELFM + 1

G TO 1400
] 1390 EP = A(J)
{ 14060 CNNTINUF

) UT(NFLAST) = [
T(NLLAST) = EP
i L2(NTLAST) = NELAST
NILAST = NELAST - 1
TTLAST = NTLAST = 1
NUELEM = NUELE4 + 1
20CG CONTINUE
2050 IF(Kikl .FQ. Q) GO TN 3500

hnh
P e My

Lo - 0

AP

DN L-U DeCOMPUOSTTIUN OF BUNP

aAanc

RIa VL o

DN 3000 J = 1,KR1
IV = VREG(J)
CALL UNPACK(TY)
CALL FTRANC(2)
I<NWP = 0
TRCMIN = =99999y
DN 2100 I = 1,NROW
IF (DABS(Y(I)) .LE. ZTOLPV) GO TO 2100
IF (HREG(I) .GE.O0) GO TO 2100
IF (HREG(Y) «Lb. IRCMIN) GO TO 2100
IRCMIN = HREG(I)
IRCGWNP = I
2100 CONTINUE
If (TRNWP .GT. 0) GO TO 2150
wRITF(21,8000)
KINBAS(IV) = O
GJ) TO 3000
150 INCR = HRELC(IROWP) ¢ 3

T PRI W O, R e

por T e s

WRITE L AND U ETAS

aaar

IF (J .EQ. Kk1) GO TO 2160 .
NFLEMY = NELEM ¢+ 1
TE(NFLENM) = JROWP
F(NELEM) = Y(IROWP)
2160 DO 23C0 I = 1,NROM
IF (I .EQ. TROUWP) GO TO 2300
IF(OABS(Y(I)) .LE. ZTOLZE) GO TO 2300
IF (HREG(I) .GE. 0) GO TO 2200

c

C . ETA ELEMENTS

c
NELEM = NELFM + 1
TE(NLLEM) = I
t(NELEN) = Y(T)
GN TO 2300

C

C U ETA ELEMENTS
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C

2200 IE(NELAST) = I
E(KELAST) = Y(1)
NELAST = NELAST - 1
NUELEM = NUELEM ¢ 1

2300 CONTINUE

JH(IROWP) = IV

KINBAS(IV) = IROWP

NUETA = NUETA + 1
IE(NELAST) = IROWP

I[F (J .NE. KR1) GO TO0 2330

* 1 DR At A b

E(NELAST) = Y(TROWP) £
G0 TD 2340 N
%330 E(MELAST) = 1. 3

NETA = NETA ¢ 1
LE(NETA+1) = NELFEM + 1
2340 NUELEM = NUELEM + 1
LE(NTLAST) = NELAST
NELAST = NELAST -1
NTLAST = NTLAST - 1

C
C UPDATE ROW COUNTS
C
D0 2350 I = 1,NROW
IF (DABS(Y(I)) .LE. ZTOLZE) GO TO 2350
IF (HREG(I) «GE. 0) G0 TO 2350
HREG(I) = HREG(T) - INCR
IF (HREG(I) .GE. 0) HREG(T) = -1
2350 CONTINUE
HREG(IPOWP) = 0
3000 CONTINUE

¢
C MENGE L AND U ETAS
c
3500 NLETA = NETA
NETA = NLETRA + NUETA
NLELEM = NLLEM™
NSLEM = NLELEM + NUYELEM
IF (NUFLEM .EQ. 0) GO TO 3550
CALL SHFTE

¢
c INSFRT SLACKS kN DELFTED COLUMNS
¢
3

90 [ 3800 I = 1,NROW
IF (JE(1) «NEe 0) GU TO 3600
JH(1)Y) =1
IxNa? = Y
CALL UNPACKX(TIRONWP)
CALL FTLAN(L)

CALL aPITA
K00 CUNTINUE
C
C UPDATE X
C
CALL MPDATK
b ITIME?2 = TEPTINM(])
¥ TIMINV = TIMINY ¢ (ITIMF2-1TIVE)/100000.
FETIRN
[ ])]




SUBROUTINE UNPACK(IV)

FEXPAND COMPRESSED MATRIX COLUMN AND STORE IN VECTOR Y

SUBROUTINE ADAPTED FROM LINLAR PRUGRAMMING CODE LPM-1, WRITTEN
RY J. A. TOMLIN (OPERATIONS RESEARCH, STANFORD UNIVERSITY)
**XDESCRIPTINN OF PARAMETERS***

IV = PARAMETER INDEXING CULUMN TO BE EXPANDED (INPUT)

aOonacaaas (]

IMELICIT REAL*4 (A,C,F-4,0,P,R-W,2), REAL*8 (B,D,X,Y),
1 INTEGEN*4 (I-N,Q)

INTEGFR JH,KINBAS,LA,LE,IALIE

DNUBLE PxFECISIUON E(2000)

RIAL A(1000)

«

COMMON YXLd(122),X95%(122),0%,DP,R(60),X(60),Y(60),YTEMP(60),A,
1 £,MSTAT,I0BJ, IRONP, ITCHT, INVFRQ, ITRFRQ,JCOLP,

2 NROW,NCOL,NELEM,NETA,NLELEM,NLETA,NUELEM, NUETA,JH(60),

3 KINBAS(122),LA(122),LF(502),IA(1000),14(2000)

C
D3} 100 I = 1,NROW
Y(I) = ¢.
100 CONTIVUE
LL = LA(1V)
KK = LA(IV+]l) - 1
D 200 I = LL,KK
Tk = IA(T)
Y(IR) = A(I)
200 CONTINUF
RETURN
ENXD
c-- ..... R A Sy M D R TR DD D SR R G D D P R S Y D TR R ..

SUBROUTINE SHFTE

r
c SUSKHOUTINE FOR INVERT

c SURROUTINE ADAPTED FROM LINEAR PROGRAMMING CODE LPM-1, WRITIEN
c BY J. A« TUMLIN (OPERATIONS RESEARCH, STANFORD UNIVERSITY)

C

I9PLICIT REAL*4 (A,C,E-H,0,P,R-W,Z), REALY8 (B,D,X,Y),
1 INTEGER*4 (I-N,Q)

INTEGER JH,FINOAS,LA,LE,IA,IFE

DOUBLFE PRECISION £(2000)

REAL A(1000)

c
COMMUN/CUNSTS/ ZTOLZE,ZTOLPYV,ZTCOST,ZTULSM,NEGINF,NEMAX,NRMAX,QBL,
1 NLFS,NTMAX,QdA,QI,QF,uN,QSUB,Q8,2C,QE,QH,QL,Q0,QR,QN,Q6
CIMMON XLR(122),XUB(122),DE,DP,B(60),X(60),Y(60),YIEMP(60),A,
1 bE,MSTAT,INBJ,TROWP,ITCNT,INVFRQ, ITRFRQ,JCOLP,
2  NROW,NCOL,NFLEM,HETA,NLELFM,NLETA,NUELEM,NUETA,JH(60),
3 KINPAS(122),LA(122),LF(502),IA(1000),IE(2000)
C
C SHIFT IE AND F OF U ELEMENTS
c

NP = MEMAK <« NUELEM < 1
INCR = 0
DD 1000 1 = NF,NaMAX
INCR = [NCR ¢ 1}
Ie.{NLELE™ + INCR) = TE(L)
E(NLELEM ¢ INCR) = &£(])
1000 CONTINOE
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IDIF = NZMAX = NLELEM = NUELEM
NF = NTMAX - NUFTA + 1
INCR = 0
DO 2000 I = NF,NTMAX
INCk = INCR ¢ 1
LE(NLETA + INCR) = LE(I) - IDIF
<000 CONTINUE
LE(NETA+1) = NELEM + 1
RETURN
END
C-- -------‘-- - e 5 e e

SNBROUTIME UrBETA

UPDATE KRTGHT-HAND SIDES TO REFLECT NEW BASIS RESULTING FROM
CUKRENT STRPLEX PIVOT

SUTROUTINE ADAPTED FROM LINEAR PROGRAMMING CODE LPM-1, WRITTEN
Y Jo Ae TOMLIN (OPERATIONS RESEARCH, STANFORD UNIVERSITY)

IMPLICIT REAL*4 (A,C,E~H,0,P,R~W,2Z), REAL*8B (B,D,X,Y),
1 INTEGER*4 (1-N,Q)

INTEGER JH,XINBAS,LA,LE,IA,LE

INTEGEQt [PART, INCUMB,IVBND,IVID,IOBND

DOURLFE PRECISINN ®(2000)

REAL A(1000)

«a

COMMON/BRLIST/ DFPART(60) ,REVBND, INCVAL,1COL,IVAL,IDIR, IPART(122),
1 INCUMB(130),IVBND(500),IVID(500),I0RND(500),NPIVOT,IPTYPE, IFEAS
COMMGN XLB(122),XUB€122),DE,DP,B(60),X(60),Y(60),YTEMP(60),A,

1 F,4STAT,INBJ, IROWP,ITCNT,INVFRQ, ITRFRQ,JCOLP,

2 NROW,NCOL,NELFEM NFTA NLELEM,NLETA,NUELEN,NUETA,JH(60),

3 KINBAS(122),LA(122),LE(502),11(1000),1IE(2000)

09 1000 I=1,NROW

1000 X(I) = X(1I) - Y(1)*DP
1 (NPIVUT +EQ. 1) GO TO 2000
KII9AS(JrILP) = =(KINBAS(JCOLP) + 1)
RETURY

2000 A(IRNWY) = D&
IVOUT = JHCIROXP)
KINBAS(JICOLP) = 1ROWP
KTNBASCIVOUT) = IPTYPE
JUCINIWP) = JCOLP
RETURN
»ND

c---— --------- - -—an - e e oo

SUPROITINE NORMAL(TITSINY)

THYS IS THE MASTER PROGRAM FOR LINFAR PROGRAMMING COMPONENT
(REVISED,PRIMAL-SIMPLEX METHUD) OF BRANCH-AND-BOUND ROUTINE.
SUARAUTINE ADAPTFD FROM LINEAR PROGRAMMING COD® LPM-1, WRITTEN
Y Je Ae TOVLIN (QPERATIJINS RESTARCH, STANFORD UNIVERSITY)

***#DESCKIPTION UOF PARAMETERS***
1TSINV = NUMBER OF STMPLEX ITERATIONS SINCF LAST BASIS
INVFERSION (INPUT/QUTPUT)

gacsSaaana

IHPLKCIT REAL*A (!’C'E‘HIU’P' R'\"Z)' REIL'U (Blolxlv,l
1 INTFIER*4 (1-%,0)

INTEGFK JH,Y INBAS,LA,LE,IA,IE

INTFGEix IPART, INCUMR,IVRAND,IVID,IOPND




DOURLF PRECYSIUN E(2000)
REAL ACLCOU)

“a

COMMUMN/CUNSTS/ 2TOLZE,ZTULPY,ZTCOST,ZTULSUM,NEGINF,NEMAX, NRMAX, QBL,
1 NLES,NTMAX,QA,QI,QF,QN,QSU2,GR,QC,QE,QH,QL, 30, 4R, WM, LG
CIAMON/RAPRLIST/ NFPART(6Q),REVRAND, INCVAL,ICOL, IVAL,IDIR, IPART(122),
1 INCUMS(130),IVBND(S500),IVID(500),10BND(500),NPIVOT, IPTYPE, IFEAS
COMMUM XLB(122),XUB(122),DE,3°,B(60),X(60),Y(60),YTENP{50),A,
1 E,MSTAT,I0BJ,IRNAP, TTCNT, INVFRQ, ITRFRQ,JCOLP,
2 NROW,NCOL,NELEMs NETA, NLiLE1,NLETA,NUELEM, NUETA,JH(60),
3 KINBAS(122),LA(122),LFE(502),IA(1000),1E(2000)
c
I7 (I™3I8V ,LT. INVFRQ) GO T 15060
1000 CALL TNVERT
ITSINY = 0

c
c STMPLAX CYCLE

—

500 CALL FORMC
CALL BTRAN
CALL PRICF
IF (JCOLP .GT. 0) 6O TU 3000
IF (MSTAT .EQ. QI) GO TO 2000

MSTAT = IBL
#ITURN

2000 MSTAT = QN
RETUKN

c
C PIVOT ON COLUMM JCOLP.
C
30C0 CALL UNFACK(JCOLP)
CALL FTRAN(1)
CALL CHUZR
CALL UP13:TA
ITCNT = ITCKT + 1
[TSINV = ITSINV ¢ 1
IF (NPIVAOT JEQ. 0) GO TU 4010
I7 (NFLEH «GTe (NEHAX-NROW)) GO TD 1000
CALL wr~TA
4010 IF (ITSINV .GEe. INVFRQ) GN TO 1000
IF (ITCNT .GE. ITRFPQ) RETUPN
61 TO 1500
D
Crmrcmmccrnccaccnccnancccanan= ——- - - - ——-

SYBRIUTINE BANDB(INITBD)

MASTF« PROGRAM FOR BRANCH=-AND~BOUND INTEGER PROGRAMMING
ROUTINE. ALSO SERVES AS MASTER PROGRAM FOR REQPTIMIZATIGN
VIA REVISED DUAL-SIMPLEX METHOD AFPTER A FORWARD BRANCH.

SURRNUTINE ADAPTED FROM INTEGER PROGRAMMING CODE BB, WRITTEN
3Y GARY A. KOCHMAN (OPFRATIONS RESEARCR, STANFORD UNIVERSITY)

*E&OESCRTIPTION OF PARAMETERS***

INITBD = INITIAL LOWER BOQUND ON MAX. OBJECTIVE VALUE (INPUT)

Ao can

IMPLICIT REAL*4 (A,",E~H,0,P,R=W,2), REAL*8 (R,D,X,Y),
1 INTEGER*4 (1-M,Q)

INTEGER JA,KINIAS,LA,LE, LA, IE

INTEGER IPART, INCUMB,IV3ND,1VID, [OBND

DNURLE PRECISTON E(2000)

KEAL AC1000)
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: CNOMMON/CUNSTS/ ZTOLZB,ZTOLPV,2TCOST,ZTOLSM,NEGINF,NEMNAX ,MRNAX ,QBL, ga

i 1 NLES,NTMAX,QA,QI,QF,QN,QSUL,QP,QC,QE,NH,QL,Q0,QR,QNM, QG
COMMON/BBL1IST/ DFPART(60),RFVBND,INCYAL,ICOL,IVAL,IDIR,IPART(122),

1 INCUMR(130),1VBND(S500),IVID(500),I0RND(S00), NPIVOY,IPTYPE,IFEAS
COMMON XLB(122),XUB(122),DE,DP,R(60),X(60),Y(60),YTENP(60),A,

1 E,MSTAT,IOEJ,IROWP,ITCHT,INVFRQ, ITRFRQ,JCOLP,

2 NROW,NCOL,NELEM/NETA,NLELEM,NLETA,NOELEM,NUOETA,JH(60),

7 KINBAS(122),LA(122),LE(S502),11¢1000),1E(2000)
COMMON/GLSTLT/PPICE(130),ICURX(130),ISUMC,ITSINY,LISTIL, NBRANC,

1 NS,NP,JPCOL(11),JYRON(11),JFPELEM(11),MAXC(10),MAXC2(10)

0

T

e p—

- —————

[}

IFtAS
LISTL 0
ISUMC 0
I¥CVAL = INITBD

TEST FOR FATHOMING

xRz Xgl

ENTRY BBENTR
| 100  CALL TESTX
IF (MSTAT .FGe. GQBL) GO 10 200
IF (MSTAT .FQe. OL) RETURN
C CURRENT NODE FATHOMED;BACKTRACK YO LAST PROMISING NODE ON LIST
150  CALU BKTRAK
C IF LIST IS FMPIY, RETURN TO MAIN (COMPUTATIONS COMPLETED)
IF (LISTL +FQ. 0) RESTURN &
C  USE PRIMAL SIMPLEX METHOD FOR RECPTIMIZATION AT NEW NODE ,
CALL NOPMAL(ITSINV) ;
] I (ITCNT .GE. ITRFRQ) GO TO 2000
i GN T0 100
, CURRENT NODE NOT FATAOMED; COMPUTE PENALTIES
HKANCHING AT CURRENT NODE IS NDONF FROM SUBROUTINE PENLTS
CALL PENLTS
IF (IDIR) 400,150,400

%, WA Y

[N X e Rl
[ =]
[~

HFINVFRT CURKFNT BASIS
L0¢  CALL TJVERT
ITSINY = 0

e = e M o

DUAL SIMPLEX CYCLE E

CHUOSF PIVOT KOW IKOWP
| CALL DCHUZR
| IF (IRONP «CT. 0) GN TO 400
& MSTAT = QPL
4 ¢n TC 100
¢ CINISE PIVUT COLUMN JCOLP
40C  CALL DLHYZC
I¥ (JCOL® .Fa. 0) 59 TO 150

C  UPUATE KRIGHT-HAND STDES TO REFLSCT NEW BASIS RESULTING PROM
¢ CUPRFNT SIMPLEX PIVOT

CALL MPOETA

ITCLT = ITCNT ¢ 1

IF (1TCNT .GE. ITRFR@) GO TO 2000

ITSINY = ITSINV ¢ 1

[® (NELEM.GT.(NFMAX-NROW) .Ok. (ITSTNY.GE.INVFRQ)) GO TO 1000
wRITE JUT ¥eW ETA-YECTO® FOP CUPRFNT SIVMPLEX PIVOT

weanan -
>
o

T, A%

e e

«

CiLL WKFPTA
G3 ™ 300
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C
2000 LISTL =0
RETURN
END
Ceeccvcccannca= crecacecoeesnseeee
SUBROUTINE ODCHUZR
C
C SELECT PIVDT &JIW IRO4P FNR CURRENT DUAL-SIMPLEX ITERATION.
C ST IROWP=0 IFf CURRENT 3ASIS IS OPTIMAL. OTHERWISE, CHOGSE
c IROWP TO BL THE FEOW WITH GREATEST PRIMAL INFEASIBILITY.
C SURRDUTINE ADAPTSD FROM INTEGER PROGRAMMING CODE BB, WRITTEN
Cc BY GARY A. KOCHMAN (NPERATINNS RESEARCH, STANFORD UNIVERSITY)
C
I¥PLICIT REAL*4 (A,C,E-H,0,P,P-4W,Z), REAL*8 (8,D,X,Y),
1 INTEGFE*4 (I-N,Q)
I4TEGFR JY,KINRAS,LA,LE,L1A,IE
JUTESGER IPAR1, INCUMB, TVRND,IVID, IDBND
DiUKLE PRECISTION E(2000)
R™AL A(1000)
C
CNMMUN/CCNSTS/ 2T0LZE,ZTOLPV,ZTCOST,ZTOLSM,NEGINF,NEMAX,NRMAX,QBL,
1 NLES,UTMAX,QA,QY,QF,QN,QSUB,QB8,Q2C,QE,QH,QL,Q0,QR,AM, QG
CNAMON/8BLIST/ DFPART(60),REVAND,INCVAL, ICOL,IVAL,IDIR, IPART(122),
1 INCUMP(130),IVbND(S500),1VID(500),I08ND(500),NPIVOT, IPTYPE, IFEAS
CIMMON XLB(122),XUB(122),Dc,DP,R(60),X(60),Y(60),YTEMP(60),A,
1 E,MSTIT,IOBJ,IRUW?,ITCNT,lNVFRQ,ITR?RQ,JCOLP,
2 NRUV:NCDL,KELE“INET&,NLELEH,NLET‘INUELEHINUETl:JH(ﬁO),
3 KINBAS(122),LA(122),LE(502),1A(1000),IE(2000)
COMMON/TIMERS/ 1TOT, TSTURE, TINMELP,TIMEDR, TIMEDC,TIMINY
C
D ITIME = THPTIM(1)
I20WP = 0
pp = ‘1.\‘:10
D) 1000 [=1,NRQOYW
IF (1 .EQ. INBJ) GO TO 1000
ICOL = JH(I) '
IF (X(I) .LT. (XLBCICOL) - ZTCLZE)) GO TO 100
IF (X(I) «CT. (XUB(ICUL) + ZTOLZE)) GO TO 200
G0 TO 1000
c
C JASIC VARIABLE ON ROW I FALLS BFLOW ITS LOWER BOUND
100 DE = XLACICOL) - X(I)
IF (DE .LE. DP) GO TD 1000
IPTYPE = O
GO TO 250
c
c JASIC VARIAGLE ON RO4 I EXCEFDS ITS UPPER BOUND
200 DE = x(I) - XUB(ICOL)
IF (NE .LE. DP) GO TO 1000
IPTYPE = =1
C
250 IRDWP = 1
pP = DF
1000 CONTINUE
0 ITIME2 = IHPTIM(]1)
D TIMEDR = TIVEDR + (ITIME2-ITIME)/100000.
RETURN
EvD

SUBROUTINE DCHUZC
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C
C SELECT PIVOT COLUMN JCOLP FOR CURRENT DUAL-SINPLEX ITERATION.
C SET JCOLP = 0 IPF LP-PROBLEM AT CURRENT NODE IS INFEASIBLE,
C OTHERWISE CHOOSE JCOLP TO MAINTAIN PRIMAL-OPTIMALITY.
c SURROUTINE ADAPTED FROM INTEGER PROGRAMMING CODE BB, WRITTEN
C BY GARY A, XOCHMAN (OPERATIONS RESEAKCH, STANFORD UNIVERSITY)
C
IMPLICIT REAL*4 (A,C,F-H,0,P,R-W,Z), REAL*8 (B,D,X,Y),
1 INTFGER*4 (I-N,Q)
INTEGER JH,KINBAS,LA,LE,IA,1E
IYTEGER IPART,INCUMB,IVBND,IVID,IDBND
DOURLE PRECISION F(2000)
RTAL A(1000)
C
CNMMON/CONSTS/ 2TOLZ2E,ZTOLPV,ZTCOST,ZTOLSM/NEGINF ,NEMAX,NRMAX,QBL,
1 NLES,NTMAX,QA,QI,QF,QN,GQSUB,QB,7C,QE,QH,QAL,Q0,QR,QM,QG
COMMON/BRBLIST/ DFPART(60),REVBND,INCVAL,ICOL,IVAL,IDIR, IPART(122),
1 INCUH4B(130),1VBND(500),IVID(500),I0BND(SO00),NPIVOT,IPTYPE,IFEAS
CIMMON XLB(122),X9B(122),DF,DP,B(60),X(60),Y(60),YTENP(60),A,
1 £,%STAT,IN8J, IROWP, ITCNT, INVFRQ, ITRFRQ, JCOLP,
2 NROW,NCOL,NELEM/NETA,NLELEM/NLETA,NUELEM,NUETA,JH(60),
3 KINBAS(122),LA(122),LF(S02),1A(1000),1E(2000)
CINMIN/TIMERS/1TOT, TSTORE, TTUFLP, TIMEDR, TIMEDC, TIMINY
C
A ITIME = IHPTIM(1)
J2oLe = ¢
I (IPTYPE .EQ. =1) GO TO 10900
C
c LZAVING VARTATLY PALLS BELOW ITS LOWER RQUND3 COMPUTE MAX RATIO DP
C
DP = «1,L10
N9 500 J=1,NCOL
IF (XINBAS(J) GT. 90) GO TO 500
IF ((X08(J) - XLB(J)) .L®. ZTCLZE) GO TO 500
¥ =J
CALL UNPACK(X)
CALL FTRAN(1)
I (KINBAS(J) .EQ. =-1) GO TO 200
IF (Y(TROWP) ¢ ZTOLPYV) 225,225,500
200 IF (Y(IROWP) - ZTOLPV) 500,225,225
2< Do = Y(INBJI)ZY(IROWP)
IF (PL «LE. DP) GO TO 500
JCOLP = J
NP = DF
S0¢ CUNTI ' UE
C

¢ STOTE ¢TVNT COL JCOLP IN Y3 STORE CHANGE IN INCOMING VAR. ICOL IN DP
I (JCILP oFde 0) RETURN
CALL U4PACK(JCOLY)
CALL FTRAN(1)
1730 = JH(IRO%P)
DP = (K(TRLWP) = XLRCICOL))/Y(IROWP)
Gy TU 2900

c
C  LSAVING VARIAPLE EXZEFDS ITS UPPER ROUNND; COMPUTE MIN RATIO DP
c
1

000 DP = 1.E10
N 1500 J=1,MCOL
Ir (KINRAS(J) .CT, 0) GO TO 1500
I¢ ((XUB(J) = XLB(J)) .LE. ZTOLZE) GO TO 1500




1
1

1

c

COoamMaanmaAasScaaad

K =J

CALL UNPACK(X)

CALL FTRAN(1)

Ir (KINBAS(J) .EQ. -1) GO TC 1200

1¥ (Y(IxDWP) -~ ZTULPV) 1500,1225,1225

200 IF (Y(IKDWP) ¢+ ZTOLPV) 1225,1225,1500
22¢ DE = Y(I0uJ)/Y(IROWP)
IF¥ (NE CE. DP) CO TO 1900
JCoLP = J
- Dp = DE
5CC CONTINUE
STORE PIVDT ChL JCOLP IN Y; STURE CHANGE IN INCOMING VAR. ICOL IN DP
I¥ (JCILP .#WGe 0) RETURN
CALL UNPACK(JCOLF)
CALL FTRAN(1)
1COL = JH(IROWP)
VP = (X(IROWP) - XUB(ICUL))/Y(IROWP)

000 1IF (KINZAS(JCOLP) .EQ. 0) DR = DP + XLB(JCOLP)
IF (KINBAS(JCOLP) .EQ. ~1) DE = DP + XUR(JCOLP)
NPIVOT = 1
ITIME2 = IHUPTIM(1)

TIMFDC = TIVMEDC + (ITIME2-ITIME)/100000.
RPETUPN
END

SUBROUTINE TESTX

TEST LP-NPTIMAL SOLUTION AT CURRENT NODE FOR FATHOMING.
FATIOAINC OCCURS IF:
(1) LP PROBLEM AT CURRZINT NODF IS INFEASIBLE (MSTAT = QN);
(2) LP=-0FT NBJ. VALUE + 0BJ. VALUFE FOR PREVIOUS PERICDS +
1RJ. ROUND ON SUCCESDING PERINDS <= 0BJ. OF INCUMBENT
(3) LP-CPT SUL. SATISFIES INTEGFER RESTRICTIONS AND NS = NP
If THY LP-CPT. SOL. IS INTEGER BUT FATHOMING DOES NOT OCCUR,
YRANCH ON (FIX) ALL NINSLACK VARS AND STORE SUBPROBLEM NS IN
PREPARATION FOR A FORWARD STEP. SET MSTAT = QE TO FLAG THIS.
SURROUTINE ANAPTED FRIM INTEGER PROGRAMMING CODE BB, WRITTEN
8Y GARY A. KOCHMAN (OPERATIONS RESEARCH, STANFORD UNIVERSITY)

IWPLICI[ RE‘L'4 (IIC’E'H'U’PIR‘H’Z)' REAL'B (B,D,X,Y),
1 INTEGEK%4 (I-Y,Q)

INTEGER JH,KINBAS,LA,LLE,IA,TIE

INTFGER 1PART, INCUMB, [VBND,IVID,IOBND

DNUELE PRECISION E(2000)

RTAL A(1000)

CNMMUN/CGNSTS/ ZTOLZE,ZTOLPV,ZTCOST,ZTOLSM,REGINF ,NEMAX ,NRMAX,Q8BL,
1 MLES,NTMAX,QA,QI,QF,uN,QSUB,QR,QC,QF,QH,QL,Q0,QR,QM,Q6
COMMON/BHLIST/ DFPART(60) REVBND,INCVAL,ICOL,IVAL,IDIR,IPART(122),
1 INCUMB(L130),1IVBND(500),IVID(500),I0RND(500),NPIVOT,IPTYPE,IFEAS
CNMMUN XLB(122),XUB(122),D&,0P,B(60),X(60),Y(60),YTENP(60),A,

1 EMSTAT,I0b8J,IROWP, I'TCNT,INVFRQ, ITRFRQ,JCOLP,

2 NROW, NCOL,NELFM,NETA,NLELEM,NLETA,NOELEN,NUETA,JH(60),

3 KINBAS(122),LA(122),LE(502),IA(1000),1E(2000)
COMMON/GESTLT/¥YRICE(130),ICURX(130),ISUMC,ITSINV,LISTL,NBRANC,

1 NS NPLIFCNL(11),JFPNW(11),JPELEM(11),MAXC(10),MAXC2(10)
COMMON/TIKERS/1TOT, TSTORE, TTMELP, TINEDR, TIMEDC, TININY

gs
‘ ,
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C INCUMB = BEST SOLUTIUN FOUND SO FAR; INCVAL IS ITS OBJECTIVE VALUE
c ICURX CONTAINS CURRENT VALUES ¥OR VAKIABLES IN SUBSe 1,e04,05~1
c OFPART(I) LIPART(I)] IS THE FRACTIONAL CINTEGRALJ PART OF X(I)
c IVAL = LP-UPT. OBJLCTIVE VALUE FOR SUBPROALEM NS ON CURRENT BRANCH
C JIVUND = BOUND ON MAX. OBJECTIVE VALUE (USING MAXC)
c 1SUMC = OBJECTIVE VALUE FCOR SUBPROBLEMS 1,eee,NS-1 ON THIS BRANCH
¢ IFFAS = 1 IFF AN INTEGRAL SOL. WITH INCVAL > INITBD HAS BEEN FOUND
C
< TEST FOR FATHCMING IN WAYS (1) AND (2)
C
IF (MSTAT .CQ. QN) GO TO 2000
DD = X(IUBJ) + ZTOLZE
IVAL = IDINT(DP)
IF (bP .LT. 0eo) AVAL = IVAL - 1
IF ((MAXC2(NS)+IVAL+ISUMC) .LE. INCVAL) GO TO 2000
TF (NS.SJ.NP) GO TO 50
JEOUND = TVAL + MAXC(NS)
I (JBNUNDLLT.G) JBOUND = JBQUND - 1
J4NUND = JBOUND / 2
IF ((JUOUND + ISUNMC) .LE. INCVAL) GO TO 2000
c
c COMPUTE IATEGER AND FRACTIONAL PARTS OF E£ACH BASIC VAR.
C
50 n" 100 I=1,NROK

IFART(I) = IDINT(X(I) + ZTOLZE)
IF (X(I) oLTe =ZTOLZE) IPART(I) = IPART(I) -~ 1
VMTEMP1 = 1PART(I)

100 DFPART(1Y = X(1) -~ FLOAT(NTEMP1)

K o

CHECX FOF ALL-INTHGER SOLUTION

A “

DY 200 1=1,%R0OW
IF (JH(I) .LE. NROW) GO TO 200
It (DFPART(I) .GE. ZTOLZE) RETVRN
CONTINDE

[
<

SICUTTIN ALL-TNTEGeR: CHECK FOR COMPLETE SOLUTION
IF (NS.Li.NP) GO TO 400

YW IMPRIVED TNTLGER SOLUTION TO ALL PERIDDS REACHED.
QTPUT IPJe VAL. AND  COMPUTATION TIME REQUIRED TO REACH IT.

R EzEzEx] O tan

IACVAL = [VAL ¢ ISUMC
JTIME = 1MP™IY(1)
TNPT = (JTINL=-ITOT)/100000.
[F (IFEAS.FN.0) WRITE(21,1)
FORMAT (° INTERMEDIATE SOLUTIONS FOUND®)
wiITZ (21,2) TOPT,NBRANC,INCVAL .
F?RM3§ (° TIME =°,F7.2,° SECINDS; BRANCHFS =°,110,°3 INCVAL =%,
1 11
IF5As = 1
T STORF NEW INCUFAENT SOLUTION
K = JFCOL(NS) - 1
00 300 J=1,X
300 INCUM(J) = ICURX(J)
D1 350 J=1,%CoL
IF (TINBAS(J)) 320,330,359
220 INCUMH(K+J) = TDINT(XUR(.I))
G) TV 350

re
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360

W X leNele!
(o=
(g ]

42¢

44

460
509

¢
52C

C
550

59¢C
600
C

C
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INCUML(Ke+d) = IDINT(XLB(J))
CONTINUE
DM 360 T=1,NKOW
ICOL = JH(I) ¥
TNCUM3(K+ICOL) = IPAPT(I) F
G TU 20990

A PARTIAL INTEGRKR SCLUTYOMN HAS BEEN KTACHED. BRANCH ON ALL
HNNSLACK, UNFIXeD VARIABLES AND SAVE SULUTION IN ICURX.

Koz JPINL(NS) - 1
URANCH ON 1Li KMONBRASIC NONSLACK VARTABLES FIRST
pa 500 J=1,%COL
I¢ (KINBAS(J)) 420,440,500
VAFIAGLE NINTASIC AT UPPER 3DUND; BRANCH UP
TCUIX(K+J) = IDINT(XUB(J))
It (JeLEJNROW «0Re (XUB(J)=XLB(J)).LF.ZTNLZE) GO 10 S00

IDIR = -1
RZVBND = SNGL(XUB(J))
) T 460 ’

VARJABLF NDNBASIC AT LO&FR BNUND; 3RANCH DOm
TCURX(K+J) = IDINT(XLB(J))
IDIR = 1
REVEND = SNGL(XLB(J)) B
ICOL = 4 ;
CALL BRANCH L
CONTINUF

STURE AND 3RANCH NN ALL NONSLACK BASIC VARIABLES
VO 600 I=1,NROW

ICOL = JH(Y)
ICURX(X¢ICOL) = IPART(I)
IF (TCOL.LE.NROW) GO TO 600
I® ((XUBCICOL)-XLB(ICOL)).LE.2TOLZE) GO TG 600
IF ((X(1)=-XL3(ICOL)).LE.ZTOLZE) GO T0O 520
IF ((XUBC(ICOL)=-X(I)).GT.ZTOLZE) GO TO 550

===

o et

VARIABLc BASIC AT UPPER BOUND; BRANCH UP ‘
IDIR = -1 ﬁ
REVBND = SNGL(XUB(ICOL))

GU TN 590
VARIABLE BASTC AT LOWER BOUND; BRANCH DOWN
IDIR = 1
REVBND = SNGL(XLR(ICOL))
GO 10 590
VARIABLE BASIC BETWEEN BOUNDS; BRANCH TO FIX IT
IDIR = -1

REVBND = FLOAT(IPART(I))
CALL BRANCH
IDIR =1
CALL RRANCH
COMNTINUE
STORE CURRENT SUBPRNBLEM AND THE CURRENT 08J. VALUE
CALL STORE
ISUMC = ISUMC + IVAL
MSTAT = QE |
kN TURN i

CORRFNT PROBLFAE NN LUNGFR OF INTEREST
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2000 MSTAT = QX
KRETURN
EMD
c------- - -

SUBROUTINE PENLTS

CUMPUTE TOMLIN®S IMPROVED UP~ AND DOWN- PENALTIES AND THE
GOMORY PENALTY FOR FACH NONINTEGER BASIC VARIABLE. THEN CHECK
FOR FORCED BRANCHES ON BOTH BASIC ANU NONBASIC VARIABLES. IN
THE ABSFNCE OF FORCED BRANCHES ON BASIC VARIABLES, ADD TO
EACY PENALTY THE PRICE OF THE CORRESPONDING (QFFDIAGONAL COLUMN
OF THE NEXT SUBPROBLEM (NS + 1). THEN CHOOSE AS BRANCHING
YARTABLFE THE ONE WITH LARGEST ASSOCIATED UP- OR DOWN-PEWNALTY.
TAKE THF FORWARD BRANCH IN THF NIRECTION OPPOSITE TO THIS
MAXIMUM PEKALTY WHILE ADDING THAT VARIABLE TO THE LIST WITH
THE APPROPRIATE BRANCH DIRECTION (IVID) AND BOUND (IOBND).
THE DRANCHING PROCESS ITSELF IS DONE IN SUBROUTINE BRANCH.

SURROUTINE ADAPTFED FROM INTEGER PRNOGRAMMING CIDE BB, WRITTEN
BY GARY A. KOUCHMAN (OPERATINNS RESEARCH, STANFORD UNIVERSITY)

CANOCTICCA IGO0

IMPLICIT REAL*4 (&,C,E-H,0,P,R-N,Z), REAL*8 (B,D,X,Y),
1 INTZGER*4 (I-N,Q)

INTECER JH,XINBAS,LA,LE,IA,IE

INTEGER IPAPRT, INCUMB,IVBND,IVIU, IOBND

DIBLE PRECISIGN F(2000)

REAL A(1000)

REAL PU(b60),PD(50),PG(60)

LOGICAL FORCED

COMMON/CANSTS/ ZTOLZE,2T0LPV,ZTCOST,ZTULSM,NEGINF ,NEMAX,NRMAX,QBL,
1 LS, NTMAX,QA,QI,QF,QN,QSUB,QB,QC,QF,QH,QL,Q0,QR,QNM, QC

C - MON/RELIST/ DFPART(60),RFVBND,INCVAL,ICOL,IVAL,IDIR,IPART(122),
1 INCUML(130),1VBND(S500),1IVID(500),108BND(500),8PIVOT,IPTYPE,IFEAS
CNMMON XLB(122),XUR(122),DE,DP,R(60),%(60),Y(60),YTEMP(60),A,

1 E,HSTAT,I0LJ, TROWP, ITCNT,INVERQ, ITRFKRQ,JCOLP,

2 RN SNCOL,NELEM/NRTA,NLELFM,/NLETA/NTELEM,NUETA,JH(60),

3 KIUBAS(122),LAC122),LE(502),1A(1000),TE£(2000)
CALUMUN/CESTLT/ERICE(C130),ICURX(130),ISUMC,ITSINV,LISTL, NBRANC,

I d8,NPLJIFCILC11),JFRINC1I1),JPELEM(11),MARC(10),MAXC2(10)

2J(0),PD(I),PC(Y) ARE THE UP,DUWN, AND GUMORY PENALTIES FOR VAR JH(I)
SOVEND = ROVICED OO0WND ON THE HRANCYM VAP ICOL; IT IS PASSED TO RSRANCH
[T INIR = -1 "RANCu UP, +1 BRANCH DOWN, 0 FATHOMING HAS UCCURRED

(740 = LP=-IPT. UBJRCPIVE VALUZ FUR SUBPRUBLEM NS UN CURRENT BRANCH
JEOMND = pDIND DN MAKe OBJECTIVE VALUE FOR SUBPRUBLFEMS NS,eeeolP
(SU4C = ISJRCTIVE VALVE FOR SUJPRNALEMS l,eee,NS~1 ON THIS BRANCH
JrCTIk ¥ CCNTAINS APPRUPRIATE COL'MN Nt CURRENT SIMPLEX TABLEAU

el e N XN Rr ey

DY 10 [=1,NROW
IF (DFPART(I) oLTe ZTOLZT) GO " S
PU(L) 1.6
PUCT) 1.F6
PG(1) 1.F6
GG 10 10

FU(I) = 0,

POCD)
P (1)

1n CONTINUE

- it nn

]

0.
0.

"

- ALY LJNP: CALCILATE PENALTIES FOR EACH ELIGIRLE INCOMING VAR. J
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Jv) 1000 J=1,NCUL
Id (RINBAS(J) .GT. 0) GO TO 1000
JF ((XUB(J) - XL"(J)) .LE. ZTOLZE) GO TO 1000
¥ =y
CALL UNPACK(X)
CALL FTAN(L1)
IF (KINBAS(J) EQ. 0) GO TO 30
D 20 1=1,NROW
“Y(L) = -¥Y(1)

CAFCX FNR FUPCED HRANCH UN NONBASIC VARIABLE J

IF (J L%« NROVW) GO TO 60

DP = X(1l0bJ) - Y(IOBJ) + ZTOLZE

IVAL = IDINT(DLP)

IF (DF 4LT. O0o) IVAL = IVAL - 1

IF ((MAXC2(NS)+1VAL+ISUMC) .LE. INCVAL) GO 7O S0

IF (NS.ER.NP) GOU TO 60

JBOUND = IVAL + MAXC(NS)

IF (JEOUND.LT.0) JROUND = JBOUND -~ 1

JBOUND = JBOUND / 2

I¥ ((JBOUND & ISUMC) .GT. INCVAL) GO TO 60
IDIR = 2*KINBAS(J) + 1

IF (TDIR .EQe =1) REVBND = SNGL(XUB(J))

Tt (TDIR EQ. 1) REVBND = SNGL(XLB(J))

ICOL = J
CALL PBRANCH
GC TO 1000

COMPUTE PENALTIES ON UASIC VARIABLFES JH(I), FOR ICOL = J

DO 500 I=1,NROW
IF (UH(I) .Lk. NKROW) GO TO 500
IF (DFPAKT(I) .LT. ZTOLZE) GO TO 500
COMPUTE UP PENALTY FOR JH(Y)
IF (Y(1) .GT. -ZTOLPV) GO TO 200
DE = Y(IOBJ)*(DFPART(I) - 1.)/Y(I)
IF (DE .LT. Y(IORJ)) DE = Y(IDBJ)
IF (DF .LT. PU(I)) PU(I) = DE
GO TO 300
CUMPUTE DOWN PENALTY FOR JH(I)
[F (Y(1) .LT. ZTULPY) GO TO 300
DE = Y(IOBJ)*DFPART(I)/Y(Y)
1F (DF .LT. Y(IOBJ)) DE = Y(IOBJ)
If (DE JLT. PD(I)) PD(I) = DE
COMPUTE GOMURY PENALTY FUR JH(I)
DP = DABS(Y(I1))
IF (DP .LF. ZTOLZE) GO TC 500
NTEMP1 = IDINT(DP)
UDP = DP -~ FLOAT(NTEMP1)
IF ((DP «GT. ZTOLZE) <AND. (DP .LT. 1.-ZTOLZE)) GO TO 330
IF (J.NE.1) GO TO S00
IF (Y(I) .LT. 0.) GO TO 320
DE = Y(IUBJ)Y*OUFPART(I) /7 Y(I)
Gn T 350
DE = Y(IURJ)*(l. - DFPART(I)) /7 (=-¥(I))
¢n TY 350
iIF ('(l) eLTe 04) DP = 1 - DP
IF (DP .GT. DFPART(I)) GO TN 340

S e i L R s

g s o4
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DE = Y(TOBJ)*DFPART(I)/DP

GO TO 350
KL 1Y DX = Y(IURJ)*(l. ~ DFPART(I))/(1. - DP)
350 IF (UDE +LT. PG(Y)) PG(I) = DE
500 CONTINUE
16C¢C CONTINUE

r
Cc COMPUTE LAKGEST GUMORY PENALTY AND TEST FOR FATHOMING
C
PEN = 0.
N 2000 I=1,NROW
IF (JH(1) .LE. NROW) GO TO 2000
1¥ (PG(I) «GTe PE") PEN = Pc(l)
<000 CONTINUE
P = X(10RJ) - PEN ¢+ ZTOLZE
IVAL = IDINT(DP)
IF (DP JLT. 0Oo) IVAL = IVAL - 1
IF ((MAXC2(XS)+IVAL+ISUMC) .LF. INCVAL) GO TG 2050
IF (K3.Fu«NP) GO T3 3000
JR2OUND = IVAL + MAAC(NS)
I¥ (JRDUNDLLT.0) JEQUND = JSOUND - 1
JIQUND = JEQUNL / 2
IF ((JBUUMLC + TSUMC) .GT. INCVAL) 6N TO 3000
2050 INIR = 0
RETURN

PROSLEF NNT FATHOMED: CHRCK FNR FOKCFD BRANCHES ON BASIC X(I)

000 FORCUDL = oFALSL.
03 3900 I=1,NRUW

1F (JH(I)«LF.NROW .OR. DFPAFT(I).LF.ZTOLZE) GO TO 3900
IF (PU(I) «GT. PD(I)) GO TO 3600
no = XCIN3J) - PD(1) « ZTOLZE
NTENMP]1 = IDINT(DP)
If (DF LTe 0.) NTTMPL = NTEMPL - 1
IF ((*AXC2(NS)+NTEMP1+ISUNC) .LE. INCVAL) GO TO 3050
IF (NS.50Q.%P) GO TO 390¢
JRAUND = NTEMP1 + Y“AXC(NS)
IF (JB0UND<LT<0) JBOUND = JBOUND - 1
JBOLNL = JBUUND / 2
[F ((JBOUND ¢ ISNUMC) .GT. INCVAL) GO 70 3900

> CINCEL PRANCH UP ON Y(I)

3099 TVAL = NTeMP]
IDI: = =1
NTFMP1 = IPART(1) + 1
Gy TN 23700
c
2600 pP = x(IUBJI) = PU(T) « ZTOLZE

NTEMPY1 = IDINT(DP)

T (01 «LT. 0.) NTEMPL = NTEVPL - 1

IF (CVFARC2(NS)*NTEMP1¢1ISUMC) +LEe. INCVAL) GO TO 3650
Te (~S41.GeNP) GO TO 3900C

JnNUYD = NTEMPL ¢ MAXC(NS)

IF (JENUNDLT.0) JROUND = JBOUNL = 1

J:OUNML = JBOUND / 2

1+ C(JOOUND & ISUMFT) .GT. INGVAL) GO TO 3900

C FHECFD oRINCYH YUWN CN X(1)
KLY TYAL = NTpwpQ
TIR = 1

NTEMPL = IPART(I)




58

3700 TFOWr = Y
1CIL = JH(IROWP)
R-VBEYD = FLOAT(NTEMP1)
FCRCFD = .TRUE.
CALL ERANCH
3900 CONTINUE
If (FORCZD) GO TC 5000

(2N X o

NO FORCEDL BRANCHES: CUHOOSE BRANCHING VAR. AND DIRECTION

PSN = 0.
TRUNP = 9
YETERMINE 3ASTC VARTABLE JH(LRO®P) WITH MAX. UP—= OR DOWN-PENALTY,
ADDING IN A PENALTY FROM THE NFXT SURSPROPLEM (STIRED IN PRICE)
LN 4900 I=1,NROW
If (JH(I) LESHNROW .0OR. DFPART(I).LF.ZTOLZE) GO TO 4900
UPPEN = PU(LI) ¢+ PRICE(JFCOL(NS) + JH(I) - 1)
IF (UPPEN .GT. PD(I)) GO TO 4600
IF (PD(I) .LE. PEN) GO TN 4900
PEN = PD(I)
IROWP =
IDIR = =1
NTEMPY = IPART(I) + 1
REVBND = FLOAT(NTEMP1)
GU TD 4900
46C0 IF (UPPEN .LF. PEN) GO TO 4900
PEN = UPPEN
IROWP = 1
[UIK = 1
NIEMP1l = IPART(I)
REV3Y™D = FLOAT(NTEMP1)
49600 CONTINUE
IFf (IRCWF GTe C) GO TO 4950
N LACH UP= AND NUWN=-PENALTY = 0. (DUAL-DEGENERACY) CHOOSE ANY
C NONINTEGER BASTC VARIARLE AS BRANCHING VARIABLE ICaOL
DO 4910 LROwP=1,NRUNW
1F (JHOIROWP) .LE. NROW) GO TO 4910
IF (DFPART(IROYP) .GE. ZTOLZE) GO TO 4920
4919 CUNTINUE
49z0 INIR = 1
NTEMP1 = TPART(TROWP)
KEVBND = FPLUAT(NTEMPL)
4950 IF (IDIR .EQe 1) PEN = PUCIROWP)
I70L = JH(IROWP)
DP = X(IOBJ) - PEN ¢ ZTOLZE
NTEMP1 = TDINT(DP)
IF (DP .LTe. Oe) NTEMP1l = NTEMP]l - 1
IF (IVAL .GTe. NTEMP1l) IVAL = NTEMPIL
C BRANCH ON CHOSEN VARIABLE
CALL BRANCH
000 IF (IDIR .EQ. =1) IPTVPE = 0
IF (IDIR .5Qe 1) TIPTYPE = -1
RETURN
END

c--‘ P T T Y P LY Y Y Y P Y v DY Y Yy Y Yy L L L D Ll L3 2 13

o G

SUBROUTINE BRANCH

BRANCH ON VARIA3LF 1COL AS DFTFRMINED IN SUBRQUTINE PENLTS
SUPROUTINE ADAPTED FROM INTEGER PROGRAMMING CODE BB, WRITTEN
BY GARY A. FOCHMAN (OPERATIONS RESEARCH, STANFORD UNIVERSI?TY)
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IYPLICIT REAL*4 (A,C,E-H,0,P,R-%,7), REAL*8 (B,D,X,Y),
1 INTEGER*4 (I-%,Q)

INTEGER JH,XINBAS,LA,LE,IA,TE

INTEGER IPART,INCUMB, IVBND,IVID,IOBND

DOUBLE PRECTSIUN E£(2000)

REAL A(1000)

s Rl

CNMMON/CONSTS/ ZTOLZE,ZTCLPV,ZTCOST,ZTOLSM,NEGINF,NEMAX,NRMAX,QBL,
1 NLES,NTMAX,QA,QI,QF,QN,QSU8,Q8,QC,uE,QH, aL,Q0,QR,QM, QC
COMMON/BELIST/ DFPART(60),REVBND, INCVAL,ICOL,IVAL,IDIR, IPART(122),
1 LNCUMB(130),I1VBND(500),IVID(500),I0BND(500),NPIVOT, IPTYPE, IFEAS
COMMON XLB(122),AU(122),Dt,DP,B8(60),X(60),Y(60), YTEMP(60),A,
1 £,%STAT,108J, TKOWP, ITCNT, I.UVFRQ, ITRFRQ,JCOLP,
7 NROW,NCOL,NFLEM,NETA, NLFLEM,NLETA,NUELEM,NUETA,JH(60),
3 KINRAS(122),LA(122),LE(502),1A(1000),IE(2000)
CaMMUYM/GESTLT/PPICE(130), ICURX(130), ISUMC, ITSINV,LISTL, NBRANC,
1 NS,NP,JFCNL(11),JFRNW(11),JFELEM(11),MAXC(10),NAXC2(10)

ICOL INDiXES RRANCuING VARIABLE CTHUSEN

(PI2 = =1 MFANS HRANCH UP, = ¢1 MFARS BRANCH DOWN

IVID STORES BKANCH VARIABLE, OPPOSITE DIRECTION, AND SUBPROBLEM §#
137D STURES AN ORJECTIVE FUNCTIUN BOUND ON THE OPPOSITE BRANCH
IVBND STOwES VARIABLE BOUND XUd OR XLB FOR OTHER BRANCH DIRECTION

(.S ECGO

AJD OPPOSITE DIReCTION TO LIST
NIRANC = NBFANC + 1
LISTL = LISTL + 1
I'* (IDIR «cQe =~1) IVBND(LISTL) = IDINT(XLB(ICOL) + ZTOLZE)
IF (IDIR .k7« 1) TVIND(LISTL) = IDINT(XUB(ICOL) + ZTYOLZE)
LTID(LISTL) = INIR * (ICUL + (NS * 1000))
LosND(LISTL) = IVAL

<O

“YVISE BOUNDS ON PRANCHING VARIABLE FCR FORWAKD DIRECTION
I¥ (IDIR LERe =1) XLB(ICOL) = DRLE(REVEBND)
IF (IVIK «2R. 1) XUBCICAL) = DBLE(REVBND)
RETUVY
END

C----- ......... - - - - - mSacocscaee e - - -

SURRO"TINE RKTRAK

C

c HACKTRACK TJO A PROMISING (UVFATENMED) NODE FROM THE LIST OF

" STURLD vYONE3. =MPLOYS LAST-IN-FIRST=-UUT (LIFQ) SELECTION RULE
¢ SURRTUTIYE ADAPTED FROM ILTECSR PRNGRAMMING CODE BB, WRITTEN

< BY SANY Ao KUCHMAN (OPERATIUNS RESLARCH, STANFORD UNIVERSITY)

IMPLIC1T ReAL*4 (A,f,S-H,0,P,R=-W,2), ReAL*8 (9,D,X,Y),
1 IMTFGRR%4 (1-N,7)

197560 JH,INOAS, LA, LE, LA, TE

LATSCT? IPA®T, INCUMB, IVEND,1VID,I0RND

DVYILT PRECISIUN £(2000)

n"AL AC1000)

CIMVN/CCNSTS/ ZTOLZE,ZTOLPV,ZTCOST,ZTOLSM,NEGINF ,NEMAX ,NRNAX,QBL,
1 NLPS,NTMAY,QA,QT,0F,QN,93U3,2%,0C,Q%,aH,4l,Q7,QR,dM, 4G
C)AMGN/BSLISTS NEPARNTLO0) ,PSVRND, INCYAL, ICUL, IVAL,IDIR, IPART(122),
1 INCUMI(130C),EVBNDCSUC)Y, TVINGH00), TORND(S00),NPIVOT,IPTYPE,LFEAS
CA2M I YLB(122),xH3(122),D,0P,0(R0),K(60),Y(60),CTEMP(50),4,

1 E YSTAT, LI, TP, TTCNT, 1.aVERu, ITKFKQ, JCOLP,

? 5?ﬂw,NCOL,hFL°H,MFTl,NL?LEN,hLETA,N"ELEN,NUETl,JH(GO)o
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000

600

60

I KINBAS(122),L0(122),LE(502),14(1000),1E(2000)

CIMMUON/GESTLT/PRICE(L30), TCURX(1302),ISUMC, ITSINV,LISTL,NBRANC,

1 NS,NP,JFCOL(11),JFROW(11),JFELEM(11),MAXC(10),MAXC2(10)
NTZUP3 = 0

1¥ LIST IS FMPIY, KETURN (COMPUTATINNS COMPLETED)

I (LISTL .FQe O) RETUERN

GIT NFXT NCDE FROM™ LIST. CAECX ITS SURPROBLFEM NUMIER.

T3OL = INYD(LISTL)
I5UnND = [ARS(ICOL)/1000
IF (1SUR'DFGeNS) GO TU 79

+ % ARE BACATRRCKING TN A PREVIOUS SURPROMLEM

43 o= ISUEND

CALL RESTOR(O)

IF ((VAXC2(NS)+IO3ND(LISTL)+ISUMC) .LE. INCVAL) GO TO 2000
IF (:S«Fl%P) GO TO RO

JugUid = TOBND(LISTL) + MAXC(NS)

I¢ (JRUUND.LT.0) JB0UND = JBUOUND = 1

JRQUnD = JBOUND / 2

IF ((J4NUND + ISUMC) JLFE. INCVAL) G0 TO 2000

{® (ICOL .LT. 0) GO TO 100

ICOL = ICOL - (NS * 1000)

GPANCH DIRLCTION WAS DUWN. RESTORE UP DIRFCTION BOUNDS.

NTEMPL = IGINT(XLR(ICOL) + ZTOLZE)
NTEMP2 = 1VAND(LISTL)

XLRCICAL) = XUzCICOL) + 1.
XNBCICOL) = FLOAT(NTEMP2)

I¥ (KINBAS(TICOL) .GT. 0) GO TO 1000
KINRASCICOL) = O

NTEMPY = 1

G T3 1000

TRANCY NIRECTION WAS UP. RESTORE LOWER DIRECTION BIUNDS.

ICAL = - (ICOL + (NS * 1000))
ATeMPl = IDINT(XUB(ICOL) ¢ ZTOLZE)
NTEMP?2 = IVBEND(LISTL)

XIe(ICUL) = XLB(ICIL) - 1.
(LB(ICUL) = FLOAT(NTEMP2)

I (KINDPAS(TCOL) «GT. 0) GO TO 1000
KINRAS(TICIL) = -1

HTEMP3 = 1

MARK OLD BRANCH AS FATHOMED

TVID(LISTL) = =-IVID(LISTL)
IVBND(LISTL) NTEMP1
JNBND(LISTL) NEGINF

UPDATE X IF NECESSARY

IF (NTEMP3 .NE. 0) CALL UPDATX
RETURN

NODF FATHOMED: UPDATE VAR. RNUNDS AND BACKTRACK AGAIN

IF (ICOL .LTe 0) GO TN 2100

ICuUL = TCOL - (Ns * 1000)

UTEMPL = IVALD(LISTL)

IF (KINBAS(YCOL)) 2010,2050,2050
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2010 NTENMP3 = 1
DP = XUR(ICOL) -~ XLB(ICOL)
LY = FLOAT(NTEMP1l) - XUB(ICOL)
1F (bP .LT. DY) KINBAS(ICOL) = 0
2050 X"B(ICOL) = FLOAT(NTEMP1)
G1 TO 3000

L
2160 ICOL = -(ICOL + (NS * 1000))
NTEMPL = IVBND(LISTL)
TP (KINBAS(YICOL)) 2150,2110,2150
2110 NTEMP3 = 1
D7 = XLBRCICNL) = FLOAT(NTEMP1)
DP = XUB(ICOL) ~ XL3(ICOL)
IF (DP .LT. DY) KINBAS(ICOL) = -1
215C XLB(ICOL) = FLOAT(NTEMPL)
< COINTINUE BACKTKACKING
3000 LISTL = LISTL - 1
tn TO 50
END

(o o 0 o o w0 e o o e e e o ———— ———

SUBROUTINE VEAPUP

C

. 20TPUT OPTIMAL SOLUTION AND CORRESPONDING OBJECTIVE VALUE.

C SURROUTINE ADAPTED FROM INTECER PROGRAMMING COUDE BB, WRITTEN

v Y GARY A. XOCHMAN (OPERATIONS RESEARCH, STANFORD UNIVERSITY)
C

TMPLICI® REAL*4 (A,C,E~H,0,P,P-W,7), REAL*8 (3,0,X,Y),
1 INTEGYR*4 (I-N,Q)

THTEGER JH,XINGCAS,LA,LE,IA,1IE

INTEGFR IPART, INCUMB,IVBND,IVID, I0BND

DWBLE °RECISION F(2000)

K=AL 3(1000)

(9]

CIMMON/BRL1ST/ DFPART(60),HEVEND, INCVAL,ICOL,IVAL,IDIR, IPART(122),
1 INCU4®(13C),T1VBND(500),IVID(500), IORNP(500),NPIVOT, IPTYPE, IFEAS
CNMMON XLR(122), XU(122),0L,0P,8(60),X(60),Y(60),YTEMP(60),A,

1 E,MSTAT,10EJ, IKONP, ITCNT, INVFRQ, ITRFRQ,JCOLP,

2 NKI¥,MNCOL,NELFM,NETA,NLELEM,NLETA,NUELEN,NUETA, JH(60),

1 KINZASC122),0LA(122),LE(502),T1A(1000),TE(2000)
COMMOM/GESTLT/FRICE(130),ICURX(130), ISUMC, ITSINV,LISTL,NBRANC,

1 KS,%P,JFCOL(11),JFRON(11),JFELEM(11),MAXC(10),MAXC2(10)

LASTC = JFCOL(NPel) - 1
IF (ITCNT .Gt. TTRFRQ) GO TO 20
1 (IFSA3 «F<¢e 0) G2 TU 10
A71ITE (21,1) '
1 FORMAT (/° OPTIMAL INTEGER SCLUTION °)
DN 00 T=1,NF
WRITS (21,2) I
< FORIAT (° SURPROBLEM®,T4)
JuFG = JFCOL(I)

JEND JFCOL(I ¢ 1) - 1
WhiITF (21,3) (INCUMB(J), J=JREG,JEND)
3 FORP4AT (151Y)
©aC CONTINUT
AVETE (J1,4) INTYAL
4 FORMAT (° »*X OBJECTIVE VALUE =7, 186)
PETUPN

1c ar LTE (2.4,%) INCVAL
b FINMAT (/° NCO FEASIBLY SULUTINN PNOUND wITH OBJECTIVE VALUE >°,




1 I10)
h CEPURN
! R n2LlTiL (21,4iC0) ITCNT
i 10¢ FORMAT(/® SIMPLSX UTERATIUNS =°,18,°: COMPUTATIONS TERMINATED. ")
IF (IFLAS oFGLe 0) 6 TU 10
4RITE (21,101)
101 FIRMAT (° bEST INTEGER SULUTION FNUND IS:®)
UJ 600 I=1,NP
WRITF (21,2) 1
JEFG = JFCOL(IL)

JEML JFCOL(T + 1) - 1
WEITE (21,3) (INCUMSCJ), J=JBEG,JEND)
0L CONTINIE
dLTE (2i,0) INCVAL
. FARMAT(® MAX IRJECTIVE VALUS DISCOVERED =°,16)
LETYRN

+ND
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