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1. Introduction

The computer codes DSLC and DMIC, written to implen~ nt the

dec omposition algoritlm~s developed by Kochznan (1976) , are documented

and listed in this report . These programs are designed to solve the

block angular integer programming problem,

N . .
(P) maximize c~ ’~ ~~~~ (1)

j=~l

N
subject to E ~~~ <~ (2)

j=l

B~~ ~~~ ~~ 
j  = 1, 2, •“ , N (3)

• 
~~~ � X C)) � U~~~, x~~~ integer, j  1, 2, “• , N, (1k )

by decomposition into subproblems. The routine DSLC exploits certa in

special structures which arise when (P) has only a single linking

constraint (2), i.e., when the constraint matrices (1 ~ j ~ N)

have only a single row. The routine DMI.C treats the multiple linking

• constraints case. See Kochman (1976) for a detailed discussion of

these decomposition algorithms; a step—by—step statement of the

algorithms is presented in Section 5.2 there.
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In addition to the programs IT)SLC and DMLC, the integer linear

programming routine :~i~ in  documented and li~’t~ u here . The c omputer

code BR Is designed to scl~’ a the general (unstructured) integer

program,

(Q) maxinize cx

subject to A x < b

L < x < U, x integer,

by branch-and-bound search. Spec ifically, the branch-and-bound

algorithm BR follows the ideas of’ Dakin (1965). Tomlin’s (1970)

improved penalty calculations are used to guide the branching process,

and the last—in-first-out (LIEU) rule is used to retrieve stored nodes

in the search tree when backtracking occurs1.

The code RB is embedded in both the rout ines DSLC and ~~~~

f or the purpose of solv ing the integer programming subproblems as

required by the decomposition procedures. It should he noted, however,

that the routine RB itself uses only standard methods. This code

does not represent a new contribution to the field of integer pro-

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

ness.

1
For further references, see Beale (1968), Beale and ~~al1 (1965),and Little, Murty, Sweeney, and Karel (1963).
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The linear programming portions of all three programs are

based extensively on the Fortran code LRA—1, developed by Dr. John

A. Toinlin of the Systems Optimization Laboratory, L~ partment of

Operations Research , Stanford University. LPM— 1 is designed to

implement the revised simplex method , using the produet-form of the

inverse. In adopting this code for use in the routines BB, DSIC, and

CeItLC, the present author has modified La(—1 appropriately to incorporate

the bounded—variable technique as well. LPM—1 has been documented

by Tomlin (1975).

The three codes BB, DSLC, and DMI.C are written in FORTRAN IV

for Stanford ’s I~~1 370/168, with all instructions and data in-core.

Each code is WATFIV compatible as well. The codes may be machine —

dependent, however, insofar as each code makes calls to the system

subroutine PCJJJCK. In each program, this subroutine is used to

compute the total time the I~ v1 370/168 Central Processing Unit was

available to the core partition containing the job. In addition,

PCIOCK is used to determine the computation times required for various

intermediate tasks performed by the algorithms.

The various subprograms (exclusive of the main programs) which

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

routines are described in greater detail in the remaining sections

of this report. More specifically, the branch—and—bound code BR is

discussed in Section 2, while the decomposition codes DSLC and L!V~LC

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

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

each are given in Appendices I—Ill .
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TABLE I

Subp1~ grams for Computer Codes BB, ~SLc , DMIf

OSLO DMIC

BLOCK DATA BLOCK DATA BIL C~ DATA
INPUT (IFPPOB, INITBD ) INPUT (IFPROB) INPUT (IFPROB)
FTRAN(IPAR) ?rFAN(IPAR) FTRAN( IPAR)

• BTRAN I3TRAN BTRAN
FORMC FURMC FO~~C
PRICE PRICE PRI CE
CH~JZR CHUZ R CHtJZ R
WRETA WRETA W RETA
SHIFTR(IOLD , INF~1) SHIFTR(IOLD, INEW ) SHIFTR(IOLD , INEW)
I NVERT INVERT INVERT
UNPACK(IV) IJNPAcK(Iv) LJNPACK(IV)
SHFTE SHF~ E SHFrE
U~’dETA UPBETA UPBETA
NO RMAL(IT SINV) NORMAL NO RM AL
BANDB (INITBD , ITSINV ) BANDB (INITBD ) HA N’DB (INIT BD )
:CHUZ R DCHUZ R UCH UZ R

DCH TJZC LCI FJZC DCI JL
TESTX TESTX TESTX
PENLT S PENLTS P~~LTS
BRANCH BRANCH BRANCH
BKTRAK BK TRAK BKTRAK

• WRAPUP
ALU CTE(IPAR , IRHS) AL OCT E( IPA PL)

• LDMSTR
• TESTZ

flOMCI~((J , K) ~~~~~~~~~ K)
LDDATA(J) LDDATA (J)

TLBD(J) JETLBD(J)
PISA’iR(J)

SAVER(J) SA~r1.P (J)
DMBRAN(J , K) :~F :A ~~(J, K)
BBKTRK BBKTRK
OUfSOL(INC)
PHASE1(J)
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I NITPD = i nit i a l  lower hound estimate for niiax icn inm object ive

function value. The value of INITB D is used in

fathoming tests until the first integer-feasible

incum bent solution is found with objective value

greater than INITBD.

BB assumes all cost coefficients are integer—valued , and

takes advantage of this by rounding all upper bounds down to the

nearest integer. The formats used for input of row arid column

names, object ive funct ion coeff icients , constraint matrix coefficients ,

and right—hand side coefficients are identical to those used by LBi~— l.

(This format is consistent with star~dard MPS format.) Following

input of thes e data , initial lower and upper bound s XLB(J) , XtJB(J)

for all decision variables must be input in 15F5.O format.

The input for a samp le run of RB is inc luded in Appendix I,

following the listing of the program.

2.2. Restrictions Relevant to the Use of BR

As currently configured, the following restrictions apply to

the input data and problem size and complexity for BR:

1. The number of rows (including the objective function row) must

be .LE. 60 ; the number of columns (includ ing slack and a r t i f i c ia l

varia bles generated by BB) must be .LE. 122.

2. The number of nonzero objec t ive and constraint coefficients must

‘p be .LE. 2000.
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~~~. Th~- ict  of ct • or~o.1 ~~~ &r,t— r rn t H ihe ~ t~~~:~ nt

nr• i — bo ~ nd oe~ ~nh I nuon ‘ “ i  ~~~~~~ no ~ on~’

C. 5. L)esc i’ inn ton corns

1. BLOCK t)At A——J r - on • tH ~~~~ , i~n t c  m i  :!ai ” -~1ocos -o r ~ n i ~1•~ of

r i a h l e nn  uOO.L th r ’ iu • ban ‘ co:: . ~hee I oH ~~‘ . fl9 s~r )

2. CTI0F0UT~~ E 1 NP J F ( i  FFi~ l3 , nN I T h~ ) --Yr’~n H: L L; ~~‘ i o  1: ~lI

n L ’oolem data .  (See Cnr U n  ( ]c ~75) .) tI di• H~~ . :o ois’. r ind in

lower and upp-~r bounds on den ’ is ~crn van

Parameters :

IFPROB (Output, INTi ’tIb B~ 4) I - ‘obinn U on
-.3 

(=INPROB)

INITBD (~~tput, T TEGEF *L) Initial luwer boon O ~- rn ~ Ha te ~or

maximum ob~eotive value.

~~~. SUBROUTINE FTRAN (IPAR)- -.Fcom LRM-l; perforrin f :-rw~~ o rnnsfo r—

mat ion  of rnn ~tcix ( c ~lu~no b:J inns H irc-oerce. ~~~ i : o1~ n 19Th) •

Paremeters :

IPAR (Input , INT~ GER ~ t” Dete~~iner n t - n - v e r o o r ’ n  by which

na trix coln,iran Is opnrn t e-i .

~~. Ct TRRD U TTi ~F o ~ RAN - .—-Fr n :n iF’-!-- ; norfoiornc hc-~kword :oncfor .: o t

(:ce Tomlin (]97t2 )

5. SUOROt LINE tUUJIC——F ’rom LPM—1; forms ob toct-~ve fwie :or. •-ector

for  Phase I of pr imal simplex rr~?th od. Used in cnr i j :n io~ -n with

SU°ROU TINE PR tCE. (See Tomlin ~1975 ) . )  t~~d i f Ie - J  Con ’  bounded-

‘orio~hles.

~
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6. SUt3~OUTINE PRICE— —From LRM— 1; prI ces  out column s Cur primal

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

Modified for bounded—variables.

7. SUBI~OUTINE CHUZR-—From LRM—l; chooses pivot row for primal

simplex method. (See Tomlin (1975).) Modified for

-• bounded-variables.

8. SUB~~1JLINE WRETA—-From LRM -l ; forms new eta-vectors for product-

form of basis inverse. (See TomJ,in (1975) . )

9. SUB~~UTINE SHIFTR(IOLD , INEW) --From LFM-1; rearranges data

storage. (See Tomlin (1975).)

Parameters:

IOLD, INEW (Both input, both INTEGER*li ) IOLD indexes storage

locat ions of data to be transf erred by SHIFTR to locations

indexed by INEW.

10. SUBROUTINE INVERT--From LRvI-1; Determines basis inverse by LU

decomposition. (See Tomlin (1975).) Modified to update RHS

with bounded-variables.

11. SUBF()UTINE UNPACK (IV)--From LRM-1; expands compressed matrix

columns by inserting zeroes appropriately. (See Tomlin (1975).)

Parameters :

IV (Input, INTEGE R*l.i ) Indexes the matrix column to be

expanded .

12. SUBROUTINE SHFTE--From LRM-l ; subroutine for INVERT. (See Toinlin

(1975).)

8
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15. SUBROUTINE UPBETA——Fr om LPM— 1; updates RHS f a l t c H r ~ a primal

or dua l simplex pivot. (See Tomlir~ (1975).) Modified for

t ounded—vari ables .

11k. SUBROUTINE NOJ~ L4L(ITSINV) -—From LRv~—l; direc ts execution of

primal 3implex method. (See Tomlin (1975).) M odi f ied  for

hounded—variables.

Parameters :

ITSINV (Input/Output , INTEGER*1~) Counts number of simplex

iterations since last basis inversion.

15. SUBROUTINE T~AhflB(INITBD, ITSINV)—--directs execution of branch-

and-bound search for optimal integer solution, afte r optimal LP

solution has been computed in SUBROUTINE NORMAL. Also directs

• reoptimization via dual simplex method following a branch in

the foi~ ard direction. Calls NO~~~ L for reoptimization after

backtracking .

Parame ters :

INITBD (Input , INTECER*L~) Ini t ial  lower bound estimate for

maximal objective value.

ITSINV (Input/Output , INTEGER*!~) Counts number of simplex

iterations since last basis inversion.

16. STJBROUTINE D~HUZR—-Selects pivot row for dual simplex method

(analogous to CH[JZR).

17. SUCiROUTINE DCHIYZC-—Selects pivot column for dual simplex method

(Ana logous to PRICE) .

‘
p
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18. CUI- ROUT JN h TF lX— .- de ct c  op t bc; so lu t ion  at oe~b ru f o r

t. ’ : ;h om in .n : . ~~~~~~~~~~~~~~~~~~~~~ ~~~- : . t : : r ; r .

H~oese r— feng ib ie  solution is found .

19. SUBROUTINE PENLTS--Computes Torrlin’s improved up— and 1oiirr-pvr~HnHs

nod the Gos nnry pC:5L Lt~~~ n t  each ionic- . Ha-n ~-:o f~~r f-cr- ’i-

an both basic and nann-- r neo ic dc° ision var iables . If c omputed

penalt iss ar ;  n:rn u ff ic  Loot for :‘n tLoc~~r o , chocs~-c urnr ;chini

j a r in b l e , calls SUBROUTINE dl~ -f-Mb .

H. SUBROUTINE BRAN CH--Per forms necessary bookkeep ing for  branching

os indica oa-i by UU13HUTINdt PENLTS . Inc rement s Lst  of st un- ed

nodes; revises Sounus on branching v ar i ab l e  app ropriately for

bran -r h  in forward direction.

21. SUBROUTINE i3KTRAK —— U ses last—in—first—out (LI RO ) strategy to

retrieve unfathomed nodes f rom list of nb ore d nodes .

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

ou t p u t f r o m  samp le run in Ann pe r nd x I .)

2. L~. Description of Output

The output from BR takes the followins form . Vhenever a new

incumbent solution ii- found , the computation tLrne requiro l to reach

the solution, and the c orresrond ing objective value cC the solution

a re pr inted out . Then all o omrut o Lions  are completed ( i . e . ,  when tine

op t ima l solution has been obtained , and it s optirnal ity  ve r i f i ed) ,

the ho rt a l  solution t ime is output . The optimal intek~nr solution is

then printed out ~n 2015 :‘unmat. More specifically, the optimal

I

H

~

-‘ 

~~~~~~~~~~~~~~~~~~~~~~~~~~ i::~~~~~~~ • 

- 

~~~~ ~~



r

33110510 ~i n i ies are uitc~~i H the c :der  (1) objective funo’t!on value,

(2) slack varia~ IC;5 , -arid ~~
) ~cc ision variables. The jnl;.:en of

the f i r s t twenty columns arc printed on the first line, the second

twenty on the second line , etc ., until all column values have been

printed . The output from a sample run of UB is given in Append ix I,

followirns the lLs t ~ rg: of the p rogram.

2 . 5 .  ibi rther Comrne ;tt s

As c n ’i-ent-ly written, the Fortran code RB contains approximately

l,L~5O source st-nt-ome m~ s. All significant array storage is done in

COMMON. In a l l , approximately 6)4K bytes of core storage are required

by the th:-oe - if- -~~CN ~-la .’ks. Nben compiled on Stanford ’s IRM 370/168

under lbb ~’~ ~T PTF ’Ah—b~—e xtended compiler, with level two optimization,

app r ux hca~unl :i 13 5K bytes of c ore are required for all instruction and

data s;• - ii - e.

!:~~~-~‘pu ~~ p ros ram H was written by the present author in

s o n -  of u ornr~~: ‘sr i:: doctoral dissertati on in the Department

of snor’ - i - :rn c Fe s - n r ’ t c , ft aaford Uni~versity. Computational results

(~o~~t:on tirc~ u) ob t a H e d  on several test problems are presented in

~~ F:oc hm~~ (H 7 ’ ) .  H was l aa t  revised in September 1976.

I
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3. The Deconipos ~~L~ n Sc i r

5. 1. Main P r o o -~ ‘n ~ ‘ - i .

The main FIooram ‘s-  H a -r u e  SL~ ‘l -s~ Hc-te :;  toe pHc~~t~ or.

of the two phauro of tho I’;:ou pnnrition aJ co-Hon for bloe~ n ngulnr

integer programs wit .h a ~i ;yi~ lir~ki n4~ cons~ rEa int .  I t i  Pi ;noe I , the

problem data is Lrpu t, sod He com putations r equ ire - i  to ru n tric t

the Master Problem are r arried -out. The r r rnob — ard—c - ; - u nd  senr’co fo r

an optimal al1oc a~-ion of the l inking- resourc-es H execute-I :~ Phase 2 .

DSIC has been writ ten so that any of the four de-aision rules for

subproblem selection may be specified by the us’- c’. (See Section 5.2

tn Koc hrnan (1976).) This is done by assisIling the appropriate value

to the input ~ariahle IPA RM, as described selow.

The first ca rd of inp ut for DSLC cont ains values for the

variables NSUBS, IB , IPARM, arid IZINC in iJid format .  lire -ce var iables

have the following sior~Lficance:

NStJBS = number of subproblems.

ID = link ing constraint r ip ht—han d

IP~ BM = parameter determining which rubpr oflorn selec tion nile

is used in Phase 2.

Spec ifical ly,

IPARM = 1 ~~Se1ection rule based on average s°;p: between

• 

- 

LP bow~is and currespondios exar~ ntoser

pro~ramning objective n a lu e s inn the ; ubp robi ers .

~~~~~~~ m~~~~ r~~~~~m. — 
~~~~~~~~~~~ -~~~~~~
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~F -

= 2 ~ •de)ec~ :orn r d-: ~ - ‘ - I  1:; nv slack in

t j ~~~ link - ;  - eu ’ ’-0 i-u H -s. nc - n. H’- s u b —

p - Dn1-~ -c-lutlons .

IF’ -d.~ — ~~ ~1-i”c t ~crr  r-j H ‘ -‘~c r n  ‘or -rn r - m - a ’~ rubproblem

- - -1 nn,~~ - ; .

-‘H’S - ~ =~ F~ r -- c t in C i sed  ouhn r -
~~~~ -no H~~l H: ~~~t&~ t&d ,

n1 ;er - ’e S -in ; - n5- l~~T I  are iorr - ’:ore I in ho-a c ame

or-’ en’ ~n wn icl; tHp ,~‘- r ~

I t I ’-JC lowe r-- b ourn . : s t i :n a bC f a n  m cx imum c / e r r -n i o~n dec tHe value.

1ollm:~i inn o the C inst rar - :i ; the problem o a t s  for  ohe ind!vi.i~ al

cc Hr 1-1 ncr -cc H read in sequontHily .  The format of mis  d a t a  is the

sa me Cur each subproblem , ar - id.  icr -  s imilar to the fo~ n n t  use-i to input

p roblem data in tne branch — en d-b o mni code BB described in Section 2.1.

F-ar each subproblem , the f i r s t  card of intut cont a in s  the value

Cur toe - - ar-~ able 10- S H i n Th form a t , where

= cnun p r - H ] e:r i  i -c en t  i f i r a t l-o n  numb-er. dna s ic-p r nbl-amo must

cc cr--sore r-ad cnn- Lnip u: r - o q -uent  H;: in the crier

1, 2 , n , . . . , r-iSUBS .

I-SLIT o-nn urnpr t h a t  n i l  cost caeffHients in nac’h )f oo’ ~ub prob lems

are r : tc~ er ~ v ’n l ” e i , - n d  take s advantage of ~ Li  s dv i’ourd t rio all

upper nn;in d~ down to Ha near est  Ln te — rn n . For each r - r - ’ r ’r- prnbiesr , the

Sr- i-inc :c ui-ed for input - n ’ row cmi column rr ar -re~: , r-ct-~ eo t  -re f inct ion

c ‘~f’ o ito- , a’-”- ~~~~- m t  in ~r r x  m C ~~c , rY r ~ — i n n ’ side

- ‘ ne fri c i :rl±r or’: i - i e r 4 t i - n l  H those used by LRV )—i. F - t i - ’w i o g  input

H
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of these dat a , 1111t r - cr1 1:,wer and upper hounds XLB(J), XJP (.T ’~ mus t

he spec if ied for the decLadon var-latHs in 15F5.O fn r r n n n t .  The

S final input card for  each subproblern e c -n t s i ’n . r - -r ’j a lues f r - c  ttn e variables

IBL B(INP ROB) , IB UB (INP flOr3 ) iii 2110 foxina t , woere

IBLB( INPR OB) = lower hound on the allocation variable associated

with  subp r-ohlem numbe r INPROB.

IBIJB (INPROB) = upper bound on the nlHcation i a r - i ab le  associated with

subprohlem number INPROB .

The input for a sample run of DSI~ is given in Append ix II,

following tee listing of’ the program.

~.2. Restrictions Relevant to the Use of 05112

As currently configured , the following restrictions apply

to the input data and problem size and c omplexity for DSLC :

1. N StJPS must be .LE . 10.

2. The first row in each subproblem must c~~’respcnJ to the objective

row; the second row in each subproblem rrrust correspond to the

linking c onstra int .

3. No rioht—hand side value should be specified for the lirikinc

constraint  row in each subproblem. Prior to computing the para-

metric 12 solution for -a subproblem in Phase 1, DS- LC automatically

initializes the link inp constraint right—hand side to the spec ified

lower bound IBLB(INPROB) on the allocation variable associated

wit-h the subprohlem.

lii
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4. The number of rows (includ ing obj ect ive  and link i n v T  constra int

rows) in each suuprob lem a r ist be .LE .  22 ; the nunn ’ea r of’ iccisi n

variables mus t be . LE . 50 in each subprob lem.

5. The number of nonzero objective and constraint coefficients

must be .LE . 500 in each subproblern; the total number in all

subproblems must be . LII . 1000 .

6. Tee modified concave and piecewise linear parametric objective

function generated in S’JI3ROUTINE PHASE1(J) must have .LE. 50

linear segments in each subproblem .

7. The number of distinc t subproblem solutions generated must be

.LE. 200 for each subproblem.

8. The list of stored nodes in the branch—and —bound scarc e for en

optimal allocation of the linking resource must never exceed 200

nodes in length.

9. The list of stored nodes in the branch—and —bound search for

optimal subproblem solutions must never exceed 500 nodes in

length for any subproblem .

3.3. Description of Subproerams

1. BLO CK DATA--From LPM-l; same as for R B. (See Se ctron1 2. .3 and

Tomlin (1975).)

2. SUBROUTINE INPUT(IFPR OB) --From LRvI-l ; reads in subproblem

data.  (See Tomlin (1975).)  Modified to read in lowe r and

- ‘ 
upper bounds on the decision variable s and on tee allocation

variable associated -with the given suaproblem. Also stores

subproblem data.

15
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i’nnx- ameternc

IFPRO L~ (Output , 1UTFI3ER*11) Subr pr o t lenn iden t i t ’i cr - t ion

number (= INPROR) .

3-13. SUBROUTINES FTRAN(IPA R) . CTRAN , FORMC , PRICE , ‘b -II J Z h , WREi’A ,

SHIFTR(IOLD, r NF W),  JNNERT , UNPA CK ~IV) , Si-IFTE, U Fi3HA——Fr ~,in

LI~~—l ; same- as for H’. (See H’ct ion 2. ;,  moici Tornlth (1975) .)

lb . SUBROUTINE N0~ v~AL—-I rom LPb1~l~ directs execut l of primal

s implex mmi-’noi. (See T-omlicn (l97~).) Modified for b~ undei-

variables.

15. SUBROUTINE BANDB(INITBD)--From BB; directs execution of branch-
‘,

and—bound scarc e for an op timal integer solution to g iven sub—

problem. (See Section 2.3.)

Parametero-:

INITBD (Input, INTEGER*4) Initial lower b und estimate for

maximum subproblern objective value. Value of INITI3D is

specified by SJBROUTINE GETLBD(J).

16-21. SIJBRO UT I~TES DCFT UZ R, DSHIJZC. TESTX , FEN ITS , BRANCH , BKTRAK —-

From BB (See Section 2.3).

22. SUBROUTINE ALOCTE(IPAR, IRI-IS)__Solves Master Problem (concave-

separable integer program; see Koenman (197e), Chapter 4).

When current node in allocation—variables search tree was

untam ed by forward branch, the Master l’ rc h lepn is reoptimized

cy start ino from the prev iously optim al solution and re a llocat —

iri,~ IRHS units of the l inking resource.

4
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Parameters:

IPAR ( Input , I NTEG ER *)
~) Indicates whether cur rent node in

allocation—variables search tree was obtained by forward

branc h (IPA R 1), or by backtracking (IPAR = 0).

IRHS (Input , INTEOER*14) Amount of slack iii linking constraint

in the optimal solution to last subproblem solved; used only

when IPAR = 1.

25. SUBROUTINE DOMCHK (J , K)--Conrpsres current allocation . (fr om

SUBROUTINE ALOCTE (IPAR, IRHS) ) with previously examined alloc a-

tions in each unf ixed suhproblem to determine if the optimal

solution corresponding to the current allocation is already

-
‘ known for any subproblem .

Parameters :

J (Output, I?~7TEGER*4) Indexes first subproblem found for

which optima l solution c orresponding to current allocation

is already known .

K (Output, INTEGEB*4) indexes the previously examined alloca—

l ion in subproblem J which leads to same opt imal solution

as would current allocation.

21~. SUBROUTINE LODATA(J)--L ocdo inta for subproblem J into appro-

priate storair e locations for solution by SUBROUTINES NO~~AL

and a 4 N D B (I t~J I ThD) .

Parameters :

J (Input , INTEGF,R*t) Indexes the subproblem selected to

be solved next.
.~

17
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25. SUH’O’~~ !2E ! - ~T I l f - ( J ~? — — C - o r p - c~~- - : ‘ur ’r eo ~ — n i n  suhjcr- 1 l~-n.

J with or- - i io unl~ ex mio e - l  d l -  a~ :~~n ;  t r -  -i~~ - ’  -s rn - i n t i r i

1~ Wt r t O~LO~ 00 t he n- :x irnal ~1~~ec t -‘c- :ntue i; - - I p~-~ - m -l

:°r the ~-~ cr- nt  ellac a to~cn .

H’ came ~ ~‘n

J (lop -i t , INTEGER*i+) ln - i ex ~~s ohe oibpr ob7~cm r--~ 1ectec1 to

~e sni ’el neX t

26. SUTR OUTINE ~A\ ER(~T ’~__ Stoces a l l o c a tio n  n roi suluoion  informa-

tion for subprobiem J.

Parameters :

J (Input , IN2~H’~’P*~~) Indexes last subproblem solved.

K (Input, INTEGER *t) Indexes a previously examined alloc a-

tion in subproblem J. The current allocation in subproUem

J is S ixef at the level of the Kth allocation by the br anch—

t~~ procedure .

?7. SUBROUTINE DMBRAN(J , K ) — — P r ’-e rnes on allocation variables

in subproblem J. (See Kochman (l97o), Sh opter  3 f-or a

-l in e-urn ion of the  branching procedure.)

Parame ters :

1 (Input , INTEGER*14 ) Indexes subprcblem H’ which 1caochii ~g

K (Input , INTEOER*L) i dexon a previously exe~nin-H’ alloca-

tion in subp r -ob lun 2 . The current al location ~~ subproblem

J in fixed at  the level of the K a l b e r t  i~- -~ ry the

branching procedure .

V. 
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28. SUHRO u TINI - ; ~~~~~~~~~~~~~~~~~ ~n n i b  ; ‘a t — J ’ r -  lee seareh

tre e to locate next unfat home d node to be e x a m I n e - I .  Last-

in—first—out (LIFO ) o deet ion rule ~iseo.

29. SUBRO UTINE OUT SOL( INC ) ——Outputs f iris 1 solution infonnat ion.

Parameters :

DD~~NSION INC(lO)

INC (Input, INTEGER*4) Array containing opt Lo-a l solution

information.  For J = 1, 2, . . .,  NSUBS, P15 (J) = k if the
- th

solution in subprohlem 3 corresponds to toe K solution

obtaine d in subproble m J.

30. SUBROu TINE PHASE 1(J)--Solves subproblem J as a l inear program

parametrically in the linking constraint right—hand side.

Simultaneously modi fies the resulting concave and piecewise

linear parametric objective function to render all breakpoints

integral. (See Kochman (1976), Chapter )~.)

Paramet ers:

3 (Input , INTEGER* 14) Indexes next subproblem to be solved.

3.4 . Description of Output

The following output in generated by DSU . After  each subproblem

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

(all—integer) breakpoints IBP(K , j ) (K = 1, 2, . . .,  NLA~~ A(J)  + 1)

of the resulting parametric objective funct ion are printed

-: out , where

‘I
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I!~1i~ (.1) ,  iii ~ n = 1

I5P (~i , •~~~~ =

I i ;U 5~~~T ) ,  when K = NIId.T - A ( , r ~ + 1,

cnJ wh o re

J~~ A( J )  numter oi i~~ter~r eegrne:its in the c unic av~- and piecc-cir:e

L~ ne; r para in ~~ rio - .~ertive fw~e1 Iou f - a r -  - -: iThor -ot -ber n J.

The recon-l  l ino  o ° ou t put for each suLpr ~thiem disp l ays RLAMADA(K , J)

(K = 1, 2 , ..., 7L~~H ’JJ)~~. whe re

~~A~~A(K , T) slope of ths- K th l inear  segment of parametric objective

f a te t. t ons for subproblcm J.

The t h i r d  line of output for each sub problem gives ZNAU T(J) , where

ZNA~I f ( J )  = value of  parametric objective function for suhproblem

,T at  IBI~~(J) .

~- a ; :~., ~he output generated in Phase 2 of the decomposi r lon algorithm

is prir1~ed. ~~eneve r a subprohlem is (re)solved exp lictt ly  by

: :~ R SuTrNr:  NORMA L and BA~~ B( lNI TBD) , -one h o c  of output is vone t -a t e l ;

this line takos the form ,

SUB J , SQL ~ : X X~ , . . . ,  X1 n

S

Illulir —-—— —- - -—w
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where

J = -~ubo roi loo nen i. if ic at iuo~ nj n5- €- r

K identifiont:rri a-einhe r- associated with the given solutions

fo r subprob leun J. - 
-

X~ - optimal column values, £ = 1, 2 , . .. ,  n,

n = nurnbei- of columno in subprob lem 1.

As in the branch—arid-bound code BB, the opt imal solution to the sub—

problem is printed out in the order (1) objective function value ,

(6) slack variables, and (3) dec ision variables. It should be noted

that when the lowe r bound on the maximal objective value generated

in SUBROUTINE GETI-BD (J) equals the optimal objective value for the

given subproblem , no inc umbent solutions are found in SUBROUTINE

BAND B(INITBD) . In this case , only the opt ima l objective function

value and. linking constraint slack are printed out; zeroes are printed

for  the remaining column values. The remaining optimal column

values may be recovered through -the solution identification number

K, by referring to the output for suhprohlem .1 when the K th solution

was f i rs t  generated .

In addition to the subproblem solution information , whenever

a new incumbent solution to the overall bloc k angular problem (P) is

discov ered , the computation t ime required to reach the solution and

the correspond ing inc umbent objective value IZINC in (P) are printed .

When all computations have been c ompleted , the overall optimal

solution to (P) is printed . The solution in each subproblem is

identified by the solution identification number. The optimal column

value s may be recov ered by referring to the output of subproblem

21 
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solut ion inforn i i t i u i  L~ene r i l e d  in Phase 2 nt t h e  L~o t h u .  F ina l l y,

the m : -x i n n l object ive vai .ue to (F) 15 pr int i~ t , f o l i n w - i i j  -he output

of van  ioue parameter -n related to the o i - fn r m :ici- Of 25-li’ on ~he

prohheIo .  The output from -a sample ran of I2’ik ’ is f iv o n  in Appenlix

II , foilo w H ’~ the listing of the program .

a . 5 .  Flu-ther Comments

An- -currently wr i t ten  the Fo rtran c ode 1)21.5 contains approx i-

ma tely 1,950 sourc e statements. All s ignif icant  array storage Iv

done in CO~ v~ N . In all , approximately 65K bytes of core storage are

requi r-c- l by the five CO?v~ UN blocks. When compiled on Stanfoi~i’s

IBM 37O/J~ 8 under I~ v1’s FORTRAN—H—Extended compiler , with level two

op t imizat ion , approximately 126K bytes of core are require d for all

inst ruc t ions  and da ta .

The computer program DS1C was written by the present author

in the course of c ompleting hIs doctoral dissertation in the Pepart-

ment of Operations Research, Stanford tJniversity. Computational

results (solution t i n ~~~) obta ined on several test problems are

presented in Chapter 6 nf Kochman (1976). D5-LS was last revised in

~c-ptemher 1976.

e . The L-ccomposition Code ~ v~LC

b .l. M a i n  l - b -ogram and Input Re~ u,.iremenits

The main program for the code DMIC coordinates the application

of the two phases of the decomposition algorithm f i r  block angular

toteger !‘o~ r arno’- with multiple l i nk in ~z constraints. As H’ . 215-, the

a problem - m t  is input and t h e  computat i ons n equ i  r’~d t o  const~1e-c t the

22
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e l  xe ~. :i -t t -  S P’  nh-u Or - :e(-Uted in ihaso . t o  P h - c - - 2 ,  the

I ~ a - - b i e r - s. opt imal a~ I v n t  ion of t .ne linkirr 

b at -n: i t  ~‘un-~eI n t .  The ea . on - e i f f - - - a n ~es be . i  lee:  coJ~-s 

‘te ’ - - on 2~j1 in- - in the a~ ~1tocT i. .;~~- t  t~ : u n s t r n-t  and ‘—oh- c the

?itnc ~~~-“ h’obl,’ -
~~~~~ 1~~~ 

-
~~~ ~~~

- and ~Thap t o  s 5, 5-eat inn I a Kochinan

1’-~7i. ) fcc - a .~ i s c u a n  n -on of the e methods.

PH’- f’ r - -  -a ci ~i a:: I ic. MIS con :a i n ;  value s for the

- i a r i a t  lea 25- 25 , N Tt2 , IPA a’.t , ann o IZ I N ~ in ~f 10 fc~~~~t. These

i n  n-~ - il ~ have the 551 IOWLt L~ s t e-n t  ica nce:

r n r n : - i n ~ of n i b pr ot ;Ie i rs

N~ L: -~ n- i-r1 e i~ of li . r�i a- - c~,O -:t -a i nt o

~~~~~ p ar n m et r r  ~cto~~nir S.ng whic h sunprot-l em selection

i n  tced in Phase 2. IH’r~i Ical  to IPA~~ in

the code LSI.~~; see Section 3.1.

IPINS = lowe r bound estimate f o r  max -odun overall objective

vaxue :fl

The :-~eor i 1 car - - .i of i nput for  t~ tJr c on t a in s  ca l i co  Sen the array IB(I)

in 5 1L0 ~Thi~n- t ., ‘.unen -e

= rh th t -haoJ  sloe f~ I l irC~ inc a snot n - a int ,

1 = 1 , 2 , . . .,  NLINK .

Following these two cards , the problem intu for the individual

-: ::ubp r blems is read in sequentially. For each subprohlem , the fi:’nt-

°aoi of input contains the value for  the S i u r l a l e iNP 1~0P in ~~ format,

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —-i i
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no -i : i L e n ;  - n t . if -a ~ r n . ; _ : . a r ; n - : i .  ‘hr. - oo1 p~’ ; T in.

niuc t . t e  . i n i  -~ r ’~~i ~n~ l h~p r -  :a j.~- J 5 -  ‘ - t d ~

or der  1, s, 3, . . . ,

She n o r m - c t  f t ; r -  abe -i-i iv idu al  s i t t p r - oH ’.e:n Io ta  is ieler t I ~-a1 t o  th a t

5.iC i in ~~IC (see Sect ion t .  i), with the ~xc~~ t-ion of the i ap it  of

‘ b -  L ~n nT c on the R1l.oC ’i t  io ’n ’ - a r - i a b l . -n - . The :5-.;a l  tv-c c a rds  of

Lnput b. ” each s-ibp n -cbh-~r. cont a in s  -! aloes :‘ni he a- n - i  n r c  L - I 2  (I , T - P FOb )

(1 , 1NP IiO2) , respec ti icil y, in 5110 5co~~a , wh o re

i2L~(f .  it-IPBCs) - lo~~-r accsr -i on the 1th alloc at ion v a n i c ; ..io assoc ia ted

wIth subproblem number INPRO B, I = 1, 5 , . . . , 5 - l INK .

I~us(i , INEROB) = upper b ound on the 1th al locat ion v a n - l a t i n  assoc i-

ated with subproblem number Ii J POP , I = 1, 5 , . . .,

li-ic input for a sample run of DMLL is disolaye t in Appendix

I I I , follo wirca the listing of the pro gi-un .

.2. bestr ic t iono be t~nr an i to the lvi of HiJJk~

An c . r r ren tly  n -oH”ieured , abe folio-w i r- - :-sc-rict ions apply to

tii~ input  lo t -n e-r1-i problem size and c omplexity ~‘or 17v11C:

1. NS :P5 mus t be .LE . 10; NLI~fl( must be .LE . 5.

5 2. The f i s ct  row IS each subproblem most correspond to  the obiec t ive

raN ;  rows 5--, ~) , . . . ,  NLI~~( + 1 mu st cnrrespo i to the l in k i n g

con straint  rows .

2~
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- - ‘  t iwi ri ti - — 1 -  -Ic- co i n ’  : -- n e  i i  7- 1 f u r  I Lc-.i

c inns ’ : a ” in : -  C 5’ifl - - : ‘ - u.- .: :t -
~~ : 1 :O: ri — e n . ,  ~~~~~~~~~~~~

— 
- :011-; , ~~i,i1r-n , - : :  -p a:. - t, - ’; icon:  a I t i-u a : -nt ‘ I n i t~ oatl ; ;-a i  ii~

v ii L - n l  or. .

I. h’-c ‘. : n n J - ~~r o n ro~ a (excl - ’ iV€; ;f ~ ~~~~~~ ‘sf  1)7-cite : acn s r - -‘- -
~~~

:- - )  i n  - - h  - - ,~-pn-o :71n :nir.c l: bc .L”l. I - j Ibe t iTher of sec t Ion

se— ou~- in len . 20 ‘In each s :71”O ;~ cv:..

p - Ttc - no.1. -or at ’ :i :’S S c; l -O  o- ,~e v t  i c e  a~iJ - a - 
- - ~ rit aae ,: . I le t . na - -ac

a - -  .15- , 71)0 1;- 2 ::htnro~ lnn; the ic-steP :ao’l’c r Inn all  so’—

uccant be .15. 15-71.

6. -
~~~~~~ r- -;rihe’ 71 3 b-at  ‘ - - v  c o I n  of out lio ne l tool  anTi -S ~‘i~lers ce-c-a n’s ’ es

-J 
in ea rn  .cclTrob)e:. sic -n  be . LE. 50.

The n n ’ n b n - o ot 1) i n t  I ‘n - I a liocst i .ona  c;-:aiiclt ip -n- n or i o u  Sri e 

o :i -o: -obl-nn t :rscst ‘ta . LI.’. Lfl .

- - - . : . I - - t  ~~ s- ’-~ - t  t J j ~~ 5 in the b n - an cb — - o; n.—b -oun l search ion  ant

cp a) u .Li.cc a t, l u of ± 71 - Tr .Jcin g .- -e. - -o ’n ’:-ou - r sacc. sever n .-~ en - -

S c  t i - i - J ~~~ i. ].snc th .

~
‘- v  U -vt - 

-
‘ otur - un -J r n c h - n r  in the- bc ’nnunco _ :a ~— l -c onud acar-o b Ccc’

on I ‘ a :]  - e - - : c b 7 1 n c  zoiaut ic-nc ,n  mus t navor  E . c ~~eeo ~-X nodes Is.

. -cnc ~~n i - - a - ‘ n :  r - i - -~5 1-o ;a.

L .). ~~~~~~~~~~~~~~~~~~~~~~~~~~
1 a~ ~~~~~~ ~‘5 H ’ -~Ti 121 5 15-1:5 (I i P;71b~~. Fi( i-~~) P.Th) ,  P 7171-’ ,

“ ;1 , 5- F l-ftc , 5-1 5- , i,~:~~ _. . c :. l P 5 b ( I 5 l S , 5 2S-t- ’~ , :n . 1 P.T ,

1 ’- P ~~’rJLb ) , :a~i-T5 . 2’ , II: ~
-
~‘.tA! , ;- .15- - ( n ’ -1:r ::_ ),

B- -n i/C. - :‘ - . --c-
~~~, p- i s  :5’ . :ei ~

-
~’ - : ’ I t  r~i-:i’Ih\s:—- — - n ice as f o r 

- 5Sh~; ac - c

25
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.lect i in 5.3. JOPIJTiNP INPU T( I I  ~-a -~n) 1 5 1 1 5 1 - :  i ’ i-  mult ip le

L L k i f l ~’ const ra i n t s .

S-S. SUbROUTI NE AJ i ) C T f - ’ (IPAR) ——Obt”ei ns l inear pr-on r’ c; 11u I ;~ solution

~o Relaxed Master Problem; see Foelenn oi n (1976), :c- cti.a n 5.1.

Calls SUBROUTI NE UDII TR (if  necessary) to set -op i nc-ales

data for solution by SUBROUTINE NORMAL. Also or~llna SUBROUTINE

TFST Z to round—off optimal 2? :.nola i t ion .

Parameters :

IPAR (Input, INTLGEtc~Ic) Parameter Ind i c  :,t i  I L 5 -‘-‘hr-then’

( LEAR = 0) or not (IPAR = i) any sot- p rot - loin has been e-xplic i~ 1:,’

solved ci b c e  last Master Problem solution. Then SP A R = I’ ,

the data jar the Master Problem mos t be reloaded C noon

sc r a t c h  (SUBROUTI NE L~vISTR) into the stor-ea ~ 1-sect ions

required for  SUBROUTINE NORMAl. When IPAR = 1, only the

revised allocation—variables . bounds need be reloaded .

23. SU: ElTc’JT INP DMA TR——L o ads data for Peiaxe-J. Master Problem

.::-it : o ap n - ’- : -f r i a te  storage locations for  solution by SUB RCTJT I IIL’

NORMAL.

J1n~ S’JBF~OUTI!I.5 - T 5 C T Z — — S e s t s  12—optimal solution to Relaxed Master

Sn o nlern n71 - fath omhor . If not fathomed , the solution is

n-t int ’ ) to -: . t O I r n  an i : n t e s e r — f er n n n i’ -le solution to the Relaxed

bu s ter -  Pn’ -ot 1cm . 5~ie Koc h~ an (1976), Section 5.1 for  a o iscu s—

si-crc of t71 n ’ c -jiiding proced~~ e.

:1 5—5 - 7.  SUI3ROUTINF5-3 DOMC 1-fK(J , K ) ,  LDDATA(J) , GETLBD(J) ,—— Same as

for  DSIf (or-c- 5-er -tir ’,: 3.5) . Modif ied  fo r  mul’ ip le !inklr ~c

c nst ra i ’;t a .
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2 0 ) . L ’ I V U C
2 2 ’ . GO 0

423 C O O T !  O l E
. t n - . 4 Q 1 T i  ( o , - n ’sC ~~) 0-Cl -’ :  ( L I  , O A M E C 2 )
-

- .5 . 4 0 - O F I ) I l t A T i , ~ j sC ; nL-  i-IA TC F-  I-Uk V E C T O ~ ,2A 4 ,1
o.: IC

. 0 5 .  - .25 ~‘ . ‘ 3  4 3 C  I
I - -  i N i I ~~i ( 3 ) . R L . , C i , A M ( I , j ) . U 1 - , . r~A I ’ 12 I 4 ) . N 2 . I C N / ’ M, ( I , 2 ) i  iii] T u Siu
l ’ i~iI ~-~~!

2 - n ’ - • GO 12- ~~~~
:1 ~ . 4 30 C C N T U s ;
2 1 1 .  1n h i I T 0 L , . , 8 2 - ,.,~) R U M E ( 3 1 , N A M E ( 4 )

GO IL- 5
. , 1  n - .  ‘s-i l JH ( I’ ’-’ ’ -.1 - In 4 v L- C
;t . . K I O , i , r - S t I n - f : u I . i
2 1 0 . K I t l i ’ & S ( I i v E I , )  =
2 : 5 .  - 30 0 5
-I t ’ . C

C
O i l . C

5C C  J 3
2 2 1 .  en
22 ’. C F ( n IL ~~~T - .’-to j )  .15 . ~ T o L Z ~~) GO TC 521
2 2 - . 3fl IC ‘ ,

‘- L I  J~r5
d0-~.
-
. -‘‘). A “‘~ ‘I’ 1 -t I L M ’ ,
2~~’ . ~~0 I t . SJj

~.2 4  t ,L ’ rc T r i S i ’ -
I F ( N A - ’:(;) . n - c .  I c S i  .403. n~4M E ( 2 )  .E Q .  I C S 2 )  :;j ’ T , )  5~~,j

1 ’ -)~~ C
C T~ ST ‘- ut~ -‘Ll I V E CT U’-
r

, ‘~ • :11- 5 2 5  I 1 , , ‘~Co L
1’ ’.. I F (SACE ( 1) .ii1:. I CN TiM ( I , I)) oL TO ~-s5
c I 1 . IF (0Ah ~t_ ( ed ) .NE. I C O A M C I , 2 ) )  310 TO 52’~

,4P I 1 E ( o , d ~’ 5 U )  0 5, ’~n 1~ C 1 ,) , N A M E ( 2 )
, ‘ nT . 52 ’ (t:I ’J ’!~~Ln - -

. 1 3 1  • Ih [ i . c ~ 1 1)
• - ~0 . 1 0 3 2  = n ,;ME( I

2 4 ) .  C
c - - i  • C I’ 5 t  I—U- i  I-’ iTh MA ICh
- 4 .1 • C

-; - S T .  5 3 c .  :2 5 ’ s C  C - 1, 51 -sn
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244 . I F ( N A fr I C J )  .1,2. I C O A M i I , i )  .0k . N A M n - (K )  . N F .  I ’ C N A M ( I , 2 ) ) O i J  TO ~~~-sO
= A IEMI ’ I

2 ’ s 6 .  ~ 35 I F C V .  .01. 5 )  10L~ IL  ~
241. L F ( , J A e S I A T E M I - ’ O )  .Ln - . LIOL LE ) 1,0 13 ~2 4 4 .  J = 5
240 .
25’) . A T € M C 1  = ATLI 4P~
251. GO TO 53u
25-2 . 540 CCOIIMJ~
2 5 3 .  W R I T E ( 6 , d 3 0 0 J  O A M E ( J ) , NA M€ (~~)
254 . S T O P
2 5 5 .  C
2g b .  C ENu UF INPU T
2 - 7 . C
2 5 3 .  6CC NSCCL = O C U L  -

~~ NkU~
259 .  K = NRII w + 1
2t0 . C INP’J T t,L’nLR AOL. U PPER BDU~NJS ON D E C I S I O N  VA R IA B L E S
2B1 R E A D  (5,b C) t Xs. S I J ) ,  J K ,NCUL )
21,2 . R E A C  ( 5 , u ~~CI ( X 0 t 3 C . ,U,  J — 1 , . , N C U L )
2 6 3 .  e-5 C F O R C A T  I I t F ) . O )
26’. . 5 € L E M  = tiE Ln - M - NP CW
265 . I~ELEI ’l = 1- IC L EM
266. IkDE t-4S ~ L L E M / t5’iRu i~*N SCO L )
267 .  M E T U R S
2~~’3. 99S9 I F P Q C B  = ii
26’~. I~ET (JQ N
2 7 0 .  100
271 .  S U B F i i L T I N E  F T RA N I I P A X )
272. C
2 73 .  C P E - R F J I ’ M S  I-Uki~A hU T k.ANS FO~i MAT I O N ON COLUM N STORED IN V c c F U e ~ ~
al en. C S ’ J ” Ro - j T I N 1 :  A i , 4PT EC f- ROll  L I N E A R  PRtJGs ~A MM C O G  CODE L P M — L ,  ~1 R 11120
275 .  C BY .J .A.  T tJ M L1t  ( D P L i (A T I i J O~ R E S E A R C H ,  S T A N F O R D  U N I V E R S I T Y )
276. C**$*****DFSC~~li~T 1ON 0 5 P A K 4 M ET E K S* * * * * * * $
277 . C IPAR PAR 4ML TE k I N D I C A T I N G  W HIC h ETA ~~VEC TOR S M A T R I X  ~Q LU l l N
2713. C IS Tu BE UPDATED BY (INPUT)
27’~ . C**$**A*************~ ** ***~~ *************
24 -3 . C
~0)i. IM P L I C i T  EA ia-’4 ( A ,C , E— I - 1 , U , a’ , k— ~~, t ) ,  ,‘iEAL*8 (6,J,X, Y ),
24 2. 1 IN ILCER ’ en ( 1 — 0 , 0 )
2”. IOT E G c 1- ’~~ Jh,.4.INBA S,LA ,LE , jA ,IE
2’- -’.. JFJU~~L f PR~~C 1S1CN 1: 14000 )
2B ’> . R E A L  ,A~ 2U J i ~)

C
C C $ M O i S I i i L U C F/  LT OL , L T O L PV , L T C C S T , L T J L R J , L T ’ J L S M ,Q P J , Q M A ,DBA , Q F l ,

1 L 5 G . C B 1 A , Q P L ,~~M 1 , 0 L , _ I , Q F , 0 N , Q h J , f n P M A X , NEMAX , Q B , w C ,
2#39 .  2 Q E , Q h , D L , Q Q , , ~~M , D G , N T M T t X
2 4 3 .  C
291. C C M M O N  U M,r , ’R O , L ’ Y . O E , U P,8( o Q ) , X t ~0 ) , Y ( o0 ) ,YT (- M P ( & O ) , 4 , E ,
242. 1 SUMINf- , I C O A M (122 ,2),NAME (2 0 ) ,N TEMP (20), MS TAT ,I QBJ,IR] wP ,
243. 2 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
004. 3 Nn - TA ,r-,L1:,,EM , NL E TA , 0 0 E L € M ,00E IA ,J H ( i i O ) , K 1 N B A S ( 1 2 2 ) , L A ( L 22 ) ,
205. 4 L L ( I O U l i , ! 4 ( 2 0 O O ) , I~~( 4 O 0 O ) , X L ô ( 1 2 2 1 , X U B ( 1 22 )
206. C
297. 100 10
2 0 3 .  ICC OFE 1
29’?. OLE = N n - T 4

-

- 310). GO Tn 200
301. 110 N FE = NL n - lA  + I
30’. OLE • O n - T A
303.  2 C C  I F  (N~~E .GT . 0 (1:) GO It)
304. ‘10 1030 1K N f L , N L I
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L L  — L h - C t s , )
5 ’ ,. K I ~ 1 : 1 1 1  I j c + j  - -

( P I t ,  - 
~t~~ L I

t c r - I  V I
t ’Y - 0 ) / i .  ( L I  I

C l .  Y ( 1 P I ~~~ I LV
1) 1 .  I F  ( - ~~~ . - . I L j  L,. i 1’,, i-i Ou
‘ 1 . 2 .  LI I t  ~2 1 ;.  00 “.,~C j
i i . . - 

( R  1 1 ( J )
3 : 5 . Y t. I R ,  = ~~1 1 1 - I  — 0 ) J I  *
i ls .  5 5 1  CC NT r ’ ’ :
n 41 ‘. ( C C C  ‘ . 1 N T I S I , -
‘1,.  ‘~C C C

3 l - ~ . ~c t  T - n S S
FND

‘I ’ ’ . S L I n R O L T I I ,i n - - T R A~,
C

l I O N . P C I-t i ‘ ~t 45 13 , 0 ) C n A  riO t p~L5-.2~~LJ siM A T IGN JO CO,. UI-’ N - r  ‘nu b,, IN Vi, -, T ’ .,j i. I’
2 , ’ - . C S . I r i— ,, 1 I ( n ~~ .l ,u~’ T 110 F- ’ U M L I O 2 A .  P1-0 ;- :, - 

~MM IrJ G C u ’ — u P -N— I, ~~‘i UT : N
C ‘V j~~2,~ { O I L I - ’i I1)PL,.,S 1 1 U N ~ k E S E A I - ._ - . S F A N ’ l,2 0 ~~~~ ~~~~~~ I Y )

— - I n - . C
IM F’ L I C I T  ‘ I A L - ’ - ,  ( . \ , C , t — i ,U,P , r ( — w , Z ) ,  ,<i ,~L * 8  ( i T , U , X ,Y ) ,

I l O T  ~~~~~~~~~~ 
( ( — 0, 1.))

n N T i ;~~P* o J~~,~~ I 3 , L ~~, L E , 1 i ~ , I t
3 .1: ) . Odd -J IL l -  ‘ kL- ’ . 1 3 1 - ’ , 2 ( 4 0 0 0 )
11. r i t 4 1  t .LU-,CUI

13- ’ . C
C-JM I4 C : S ’ L L L C I /  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

3 1’,. 1
2~~ ’- .  3

C
3 3 7 • C -J f’M I -\ O S J M , J P 1 - -,.O,:)Y,U 1,OP ,t (b 0),X (b0 ) ,Y ( t ,0) ,Y TE M P L,3),A, E.
33-n . 1 M( N(- , C C N A I’~( L~~~,Z I , N A M € ( Z C J i’~ TE -’ ( 2 O ) , I’IS T 4 T ,1C’ I3J,.i.4 iwr ’ ,

2 I N , 1 1 U u T , I T C M T , I N V F R ~) , i T R F R e , I F F n - 1 , J C I 3 L P, ’ .J~~, 1, C I J L , ’ - l n - 4 t~~ ,
2- . ” . OL. TA ,NL E1 E M , N L E T A , N J E L E M , N L 1 T A , J H ( 5 - G ) , -d I ’ 7 S ( I 2 2 ) , L A C 1.n .~. ,
l i _ i .  - ,  Ct ( 1 0 02 ) ,  I A ( , ? 1 - U U C , I L 1 ’ . 3 0 0 )  , - L i ’ 1 r 1 2 )  ,~~-,-I ’ (  1 ‘ . 1

I
C r  ( ‘ . 5 - A  .Lt .  .2) sO Ti. ‘?Uti J
DO 1.0OL C L, tt tTA

-• I + 1
- ‘ - n . L L  = L ’ ( L K )
‘ 4  . ‘C.< = LI- I In, +1)  ‘~ 1
‘‘‘i . ! P t V  In- (L i , )
‘ ‘ - ‘n . OP = E ( L L . )

= ‘ Y ( I P I V I
• DS CJ M u.

1- C O .  I F  (KK .L~~~. L~~~i .30 10 600
L I , = IL  ~ I

‘ F ’ - . J O  ~00  J =
3 ’ - - . ‘ -‘ =

4 ’ ‘ S ’. .  SE  = 5 ( J )
= On - 4’ Y ( i R I

‘I S: J ’ -‘- ,,~~,n l’4 + DP” iJ
3 ’ - ’ . 5 C C  C 5 , T I N ~~

C ‘ - i t . I.
3 1 , • 6 C C  V I  ( P  ~ ) = C O Y  •. O ,c - ’ . )  / liP

1 - ’ . i n - iCC C c n N T I \ L r :
‘ 4 — ’ . 5 0 C C  ~- E T C ’ c l

~~4. EM~’
- -  ~~. SL ,b i ,- , l L r .~~t - - ,. M(
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C
3 L 7 .  C I ’ ; n -~~ , uUJ .  S i - . .  TIuN i L L .  Ij i c ; L~~F . ) ~~. ~ Jtl k J n (r ~~ 1’~ I C E
‘h-I . C c . r ,. J I I~~t .‘.oA r’ I E L )  I-~rC ,M n- I51:AI .  ‘ k ,  ,~-~~4M(N1 , Cfl O~ L PM —’I , ~~. ( I t t - N
. 1 , 1 . C 13( ,I ..l . IoMi !N (OPERA 7 1 1 ,1, 5 R E S E A p i ._ ,’i , S J A N F U r i S  J i I V E R 3 I T ’~ I

‘n~~~ ’ . C
i l l .  IM P I , C t t  1 - ln -A ._*’. I 6 , C , I -— i - i , U ,~ ’,l~— ,-.,L ) ,  n , - 4 i , * 8 ( 2 , & ),~~, Y ) ,

I IOTE ,,Is- ’ .’ . (1— 0, 1.-)
3 _ l i .  ( C I E G ’ - - i ~~ ftt ,’\ L t I 3 A~~, L A ,L E , L A , A t
‘ 7 - , . 30 J - - t  I ~

‘
~ ‘ n- C I ‘ nI  U: n- (4 0 0 0 )

~~~At  ~~I 1 1 1 J )
C

‘17 . CJ M~” :Sy - , L n-, -, -,/ L T ,.L L E , [ 5 ’ J L P V ,L r L C S T,LTUL ~~J , L T O L S M ,Q4i C ,QMA ,QbA ,QFI,
3 ” I .  1

-
,

3 n - -) . C
3 3 L  • C0 ” ~i Ct ~. - , , , M,J ? r l G O ,  C ( , U C , O P , 8 ( h O ) , X ( ~ , D) , Y ( o u( , Y T E M P ( e ~Uj , A , E ,
3’I . I 53M ’ ,I..NA ?” (122 ,2i,N .FME (2J ) , ’ i I E - M P (2 0 ),M S T A T ,IO 6 J ,IRj ,~P ,
3 8 ’ . 3 I i 1 N , I V L - n - T . 1 T C N F , I N V r R - , 1 T k F F ~~, L 5 F E L , J C O I P , 1 1 - U W , 0 C Q L , h E L c M,

3 , u T \ , N L E L h M , N L C T 2 , , NJ E L E M ,NUE T i ~% , J H ( 6 U ) , K I N l : A S ( I 2 2 ) , L A ( 1~~2 ) ,
‘l L t ( 1 U n - 2 ) , 1 - , ( 2 0 - , ) U ) , I E ( 4 0 0 0 ) , X L i j ( 1 2 2 ) , X ’ J t l ( l / , , j

C
M S T A T  =

-)
S U M - ( N F  U.

3; -) .  Y (  I 0 ” J )  = C.
01 .  00 30 I - 1 , N R U w

- ‘ - ‘ . IF I !  . n - o .  I 3 5J )  n-, L 10 ii)
Y 3 .  1001 = 0 0 ( 1 )

IF ( A l l )  . L E .  (XL il - LI C D L ) — L T U L L E ) )  GO TO 10
2 0 5 . IF ( X I I I  .L=t . (XUci ( i’, iJ L ) + L T O L Z E ) )  Cl’ TO 20
;~‘ ‘- . V I I )  = U.

~ O TO 33
‘n - - - . C C  V I I )  - 1.

S U M I n .S = jUl10)’ + X L I S ( I C O L )  — X I I )
GO T O ~~

‘. 1 1 .  IC V I I )  = - - 1 .
5 , M j \ F  = S . 2 1 1. ’.I’ 4- X ( 1 )  — X U Ô I I C C L )

- - . • 30 C9~~T I S I . ’ ,,
- . 1 - - . I F  ( S L Ot .1,1. L T J L ~~Il) -~ t T J R N
43 - i . Y (  !1~~- .i) =

1 F f - E l  = 1
. 1 7 .  I~’STAT = 21-

Q E TU P N
4 u -~ • E N D

SL13R (1 L~~INI - P~t I C E
6 1 1 .
412 . C PP. ICES oUT 000EI4SIL COLUMNS; 000CSES P I V O T Cc-LIJ n-1 o JCOL P F0’ I
‘. 13 .  C C I J Q RE NT P1 - IM A & S I M P L E X  I T E R A T I O N
4 )  •.  C 314~~JJ T IN: 4I )A r’ 11:0 S R - . .M L I N L A R  PRUu~~AM -M LO G C CL ’S  I P M I, wR ITT C . N

PY J . A .  T n~L ’ N ( U~~~~ 4 1 1 U N S  ~ 1 : ’ n F L R C h ,  S T A N F O R D  ‘U0 . V E P ~~ i T Y )
C

A n - ? . ! M P L ( C ( T  R n -~~L*4 ( A , L , L — H , O , P ,R— b , , L ) , ‘ 1 . t A L * 8  ( B , D , X ,Y ) ,
4 1 1 . 1 I N r ~~,€R i-’.. II—N,C)
4 1~l. ~5T ~~ç c P ; - ~ Jn1 ,1 . 1 0 3 1 4 5 , L A , L E , LA ,I E

I N T 5 ’ ; i- ~~2 I P i , I r , C U M t 3 , ( ~~b r . Q , l V I D , L L B N u
‘ l .  DUSINi E ,‘ , ‘ LL Ij IUI i  ~14uJ ,,

• -
~ 1. r 4 EA L  ~ ( n - - U U )
4 2 3 .  1
6?- . . CCMMC P~/ b L O C K /  L T U L L E , L T Q L PV , L T i . C S T , Z T O L R J , L T O L S M , Q R U , Q M A ,,,JuA , Q F I ,
425 .  1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~4 0 ’ .. 7 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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4 ’ - .  C
C M I ~ — i . L l u
I =

I i  1~~ . II i- i , \ i I . L
I I —  i’10~ ,:n- ,,(,j I .,T. , ‘ 1 0  L J u - ’j

J- ( I  , ‘ , , t l j )  - X L o (  U ) )  . LT .  L I - I L  I,) ~~. 1,  Itj - -O
0 .

L I  -‘

-‘ F A t _ f l )  —- 
. JO - - I i  = L i , N r ~

4— . ’ . 1 - ’  = I t - I l )
Of - = A l l )

• “- ‘  “ - = U,, ~‘ I II i t )

‘.5’). O S _ l I ’ = ,~~ j ,  t L~ ’ rn - C 3
-‘ 5 1 .  “ C C  .13NT ,’, F
A U. I F  I ’  1 . ,A ~~( J )  

~~~~~~~ ‘-1) o n 7:, u~~C
.1c,~~ • I ) -  13 -J--I . , , i , .  u ” 1 - ~~I . 3 i  Ti, £ 0 U i

10 - IT. =
J C-O L I  =
,;j ~~- . iu. n-

f - C l  ~F ( i~N L.t4 .~~~n - .  I ,V’ 0 ) )  GO I - . LOU-i

JO IIL: .1
4 1 - i  • 10 C C  C o N  T t  N J , ,
‘ h i .  C

IF (C M I ,~ . L , .  — L T C C j T )  Oti TO £ 5 30
1- 0) 10 ( C M A ,  .5~~. LTC . -.1) 30 1) 2uuu
4- ,.. J~~ ) L ,’ 3

~~r c r  =
‘-Sn - i .

‘- I T .  1 ’ n -Cl. IF CJ’An - . -~~~~~. L ’’. -..ST) Go T3 2 0 0
- - n - l . i - S O C  uC li  ‘

‘ C. S S = C ‘-T I

2 0 C C  J -J)L~ =
10)1 = C M A A

4 1 3 .  h
4 - ’ - . . 2~ .CO I t -  ( A ’ iI’ ( i ,:- - I . I  - C ’ - A X )  2 0 0 u , 2 3 0 0 , 1 b 0 C
‘. 7 ’ - , .
I, - . ~~~~~~~~~~~~~~~~~~~~~
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2 l U U 3 J ) , r l du T ,1i ~ IY r E , -& 1,n- ,ST , 1 F E A S

I
0 1 . C , I M M [ n T .  , . M s n ’ — .-J,u Y ,Dt,OP, d t b L u ,X ( O U J ,Y ( b U ) , Y T~~MP (6J),A ,E,
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15. DOUBLE P C u - n - n -n- n- t ( I - i U U J
lb .  - ) t M n - 1’n-~~~l , n - ’, A ( 5 U t n - ) p 1~~C ( 1 L n - ) , L n - n - ( I U ) ,N1n- 1 0 t ( 1 0 )
L U ’ . CCMMO I’s/ULUCK/ L1 CLLI.,~~Tu L P V , n - r I / 0 c $ T , t TOL ~~J , L T C - L SM ,I~P . O , Q M A , , ~8 A , I~F I
n- Il. I Up U, n-n-1, , L , n -i M l p ç L , 3 t , t ~F , ( 5 N,QU , N R M 4 X , N E M A X , Q 6 , , . n - C p
10. 2 , i , n - n - L p -.n - u,QR ,n- .IM , QG, N IMAX
2 -3. CCMMCt- n - IISLUCKZ / U F P A R T ( I .~~2),~,EV )~N D , 1 N C V A L , I C Q L ,L l S T L , ! V A L , 1 D I R ,
2 1 ,  1 3 P I ’tu tjT , LPTYPE ,R C G S T ,IF E A S , j PA R T (L22 ~~,(NCtJMB( j2/) ,

n-n- IV B t ’U i ) ,L’d104 500) ,IUSND(1C 0)
CI . C0MMC i~/b LLiCK j,’ ‘L A W Un - n - ( ’,0,I,O),L N A U T I I U ) , ZJB A R 4 I O ) , N SJ B 5 , I UN C ,
2 - v . i [ L 8 ,~~L-UM , L L , N J F I A , J F I , n - ( S M , [ B , J F j X ( j O I , M S 0 L ( I 0 l , 1 3 L A M D A ( 1 - 3~~,

2K SEG (1 C ) , I b S T A n - < (-c3 C ,1U ~~,l c 3 U 1 3 ( l L i j , I B L B ( I 0 J , I B P (5 i , I O l .
n- n - b .  3 I B U S E L C n - s n-,)ipIO ) ,A I S I A R (2 ,)J,L0) ,L E I O ( 2 0 0 1 , 1 B B N D (2 0 0 ) ,I L B N U I n - n -n - )U J
27 . CCMn - ’C tn - / 3LUCK4 / )tLbS ~~I,U ,iU),~~n-J tN S (50, 10 ),AMAT R S (1000 ),R H S I2O .IU ),

IN i 1Ln -n- C ( L n -, n - I , N C O L S ( 1 0 ) , , , F L R S T ( [ L i , t A S ( [ 0 0 0 ) , L A S ( 5 0 , 1 C l
CCM ? n -CI~ E, X L B ( 1 , n - n - l i p  X U 8 L 1 0 2 ) , B ( 6 O l , X ( 6 0 1 , Y ( 6 0 )  , Y T E M P ( 6 O ) , U S U M . LIPR.JOp

‘T n-i . I U Y , C ~~, D P , A , l C N A M ( j 4 2 , 2 J , r n - A M ( 0 I 2 Q i , N T E M P ( 2 o J , S J M t ’~F,M$ T A T ,
3 1 .  n-i ~O h J .IROW P , L V I N , L V O U f , I T C N T , I N VF R Q , jTRFR it~ ,L T S I N V , (FFEl,
1.). 3 JU UL P ,NR O~~, 13CULp n- L E M p N E T A , N L t L E M , N L E TA ,~.U E L L M , 1 3 n - , L T A .
3 3 .  4 1 E ( i Q 0 0 J p I A ( 5 , L E ( 2 ) j 2 ~~,L A ( j 2 2 ) p K I N 1 3 4 5 ( i 2 2 ) , J H ( O U 1
3 - n - . C
35 .  C M A I N  PRCGRAM

I. COC PUI n -’IA T€ S I I P P L I C A T L U -’l if THE V A R I O U S S T E P S  OF T H E  D E C n - n - M P L J S I—
i f.  C T I C N A L ’o O K IT H M .
n - n - i. C
30 . 10 i N I T I 4 L I L n -,, P A O ~4ME TEn - n-n-
n - ’l . 11 10) 11 I n - C L O C K U T O T J
-‘1. P10 ,1,0 (~~,L,ENU=c 999 ) N C U 1 3 S , 1 n - i , I P A R M . ( n - Ol r4C
4 2 .  I I - c r M n T  ( 4 1 1 0 )
4 - 3. DC 2’,n- , i t ’ L ,A 2 /

!t 0 , N t n - M ( j , 1 )  0
“ 1 3.  n - - C  I C~~A M I J ,2) 0
46 .  IC B J = I
4 7 .  I i R F F ’~~
- ‘n- lI . t B L l  0
n-,n-
~. IPA” = In-

• n-I
“I. ~Fr x s~ = 0
10’ . n - f  I f ’ - 1 0 1 ( l )  = I
S I .  r A I n - C 0.

T S u n -n- ’ S U.
55 .  I F ( ~~S~ = u
‘ n-n -’,. n-’3 A L C 0
‘n- n- . (

n-n -’ ~)‘I . C P H A S E  1
50 . 00 ICC .J ” 1 ,S3 SU H) n -5, 00) . 4V (J ) • n-i .

I

I

-- -- . 
‘

~~
“

n - n -~~. ~ II1.
’ ’

. 
“ “ .~

‘i” .T” 
~

““—‘ ‘‘ 
~~~~‘ “ n - , n -nt’ ,n -n- - n- r n - rn - -n- n- ~~ ‘- . -n-n-’~. .- ’n-, n---’n - n - I  I~T’~irn -n~



I

I 

6L. NT SCL (J) U
62. N S O L ( J )  = C
63. JFI X(J ) = C
64. C INPL T DA TA FOR SUBPROBLEM n-S
65. CALL IN PU TIJI

• 66. C SOLVE SIJBPRO6LEM J AS LP , PARAME TRICALL Y IN THE R IGHT—HAND
6?. C SI~~E F OP THE SIN GLE LINK ING CONSTR AINT

F 68. iCC CALL PHA SEI( J )
69. wRITE (6,8)
70. 8 FORMAT (‘1 START NE w PROBLEM ’ )
71. C OUTPUT SLOP ES AND (ALL—INT EGER ) BREAKPO INTS DEFINING THE
72. C SEGM ENTS OF THE (MOD IFIED ) CONCAVE AND PIECEWISE LINEAR
73. C (PA RAM ETK IC J OB JECT IVE FUNCTIO N S FOR THE SUBPROSLEM S
74. DC 2CC J= 1,I n -sSUB S
75. LAST N LA MDALJI n- I
16. W R I T E  (o,~~I J , (IBPL K, J ) , K 1,LA ST I
77. 2 FORMA l (//‘ IBP (K, ’,13, 1 = ‘,2015/2515/515)
78. LAST = LAST — 1
79. WRITE (o,3) J,LRL AMO A IK ,J) , K= 1 ,LAST3
83. 3 FORMAT I’ RLA M OAIK, ’p I 3p ’I  ‘,1 9F6.2/20F6.2/IIFb.21
81. 2CC WR I T E  (6,4J J,LNAUT (J1
82. 4 FOR M A l ( ‘  LNAUT (’,13, ’) .‘,F1O.4J
83. WRITE (6,51
84. 5 FORM AT (/1/1
85. CALL FCL OCK(JT IME, ITOT )
86. TPHI = JTZME/100 .
87. GO TO 2100
88. C
89. C P HASE 2
90. C
91. C BACKTRACK TI LAST PROMISING NODE IN ALLOCAT ION— VARIABL ES SEARCH
92. C TREE
93. 20CC CALL BBK TRK
94. IPAR
95. C IF L I S T  CF STORED NODES IS EMPTY , COMPUTATION S ARE COMPLETED
96. IF LI e L L .EQ. 01 GC TO 9000
97. 21CC NAL O = NALO + I
98. CALL PCLOCK( JT IME , ITOT )
99. C SOLVE MASTER PROBLEM TO OBTAIN PROMISING NEW ALLOCATION OF
100. C LI N KIN G RESOURC E TO SUB PROBLEMS
101. CALL A LO CT E (IPAR,IRHS)
102. CALL PCL U CK10J T (ME I ,ITO T)
103. TALC = TAL C + (JT IMEI — JTIMEI/100.
1C4. tRA P = t

o 1O~~. C TEST FOR FAT HUM1 N LA OF CURREN T NODE
106. IF (INCV A L .LE . IL INC ) GD TO 2000
IC ?. IZBA R = INCVA I.
108. IF (IR S-t S .GT. 0) LZBAR • —10000
109. C CHECK IF ANY SU8PROBLEM HAS PREVIOUSLY BEEN SOLVED UNDER ITS
11 0. C CURRENT ALLOCAT ION
111. CALL CCMC S-IX (J,K1
112. IF (ICOM .E Q. 0) GO TO 3000
11 3. LAS T • N SOL (JJ + j

C.,’ 114. IRI -I S • IB STA R ( LAST ,J1 — I B J S E D L K , J )
r - 115. C e Pn -6NC H U t’p ALLOCATION VAR IABLE IN SUB PROB LEM J
n - - ‘

~
‘ 11 6. 22CC CALL C#’BRAN (J,K)

10, IF ((‘(STAT .EQ. 0) GO TO 2000
118. C F I X  ALL OCATION 10 SUB PROB LEM J AT LE VEL K

• 119. 23CC J F I X ( J )  = K
120. NJ FIX • NJFI A 4 1

• 121. J F IX S M  = J F L X S M  + US T A R ( K , J )

‘
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1?’ . !F  I , O r n - ’. ~~4n- 1~~ N . ,-j n - - ,~
) ,,,n- FU ,n-~ 1 J U

1. 3 .  ~‘ 
, 

in- ,‘n-_n-~ n -S ~ I Y t ‘- ‘ - - n - n - ’ 01- n-n-  C T  I UN - ( I ‘u n- n - Mn - I  ~ Ui

1 7 - n - . I)- 3 0 1  in- , n-n- M n - C e .  IL  n- n- n - L i  - , ,n - I n -  - n - n - C
I, ’’ . -31 3 3’,,n- ,, , - - Cn - ; , . 5
1 ,9 . O’n -.CC 11 ; - . I I )  JIn- 0 ~~ I)
12 — , I Ut n- n- I in- n-n-i
I ‘3 . 0. -- 

~ L I L’ C’ 301 t’I C, I Tn-i ~
TC n - T j r j ; n - n - n - i n - 1 , L n -.
t” , ’ 1 ~~ f )o , ’I 1 1 ’ T ,  1n -’ I - ’n - (-

1 31. ‘~ 3 I - !’’n- ,’n- ‘ T~~II~~~ n - n - ,~~~~ 7 , n - I ,1 n-n - ; ( - n - ;~~3~~~: n - t n -
13 , !. I n -” ( I  F lit n - T - 100. . n - I Cu 3 :3 ~ ‘n - n - n -
l i i . T F : n - ’  S n -  n-n- ~~

I F  1 2 5 1
‘ T n -. n - n -n - n - C  -- J i , I u n - n-

- n-, .U I X I , J 1 = In-
Ii’ . j i t ’ / C t n -  = ,JF ~~’ ’n- n-” .- 3 n - - ’ , 1 4  l A p i n -
1 3 _ I . NO E l )  n-— 1,

- I , 7’~
’ 1C C’n- n-n-

n - n - ,. C
141 . C ‘ l - 1~ 

- ‘ ‘:).T , , , n - : . , P — ~:J b Ln- : M T in-

~C C C  -‘n - V f r n - n - X  = - ‘ n - n - n -n-,,,;.
0 4 1 . 3

C t-’n - P Si I.>’I T I  S I
~ n - n -n-n- I  A N  U’ .3- I,~E U  SUG PROI3 LEM F31. w H I C H  THE ALLUC A~

14 ’) . C T I C I n -  ‘I t, ” n - ’ \ s L n -, I S tn-n - i n- n - S AN ,J n- n- n -- .n- n-n - i 4NCH
I~~u .  ri: 3 , 1 0 1 0  ~ = t . -n - n - n - S

i n - n -  ( 3 1 1 ) - I l l  .131. ( ‘ 1  GiJ T Q  i l u O
I ’- t. TI- I A n - n -i- n- n- n- .i,n- 1n- .. ,n-. V n -  I.’ )  tin-) TO 3 1 i ,i n-,,
I A -i. n-i — I
t i n - . t _ V i - ’~~X n- ’ I , (  T i
15 1. .1110 1 0  CNTIA ’ ;C
1 5,?. 11 (J .n - ,~~~ . Ci) Un-C TC 3200 0
151 . 10 i-~ n - ’ .n- .A l  I n - n - i - n - i - n - n - i l  A n - 3 L E  In-O R EA CH UNF 11(111 S U B2R O Sn - 3 L C M  C - J k R C N F L Y  ON AN

C UP—t0 ’n -I t ,l, I-i ; ‘;~~L1CT UN n -IxEU SUI3PROBLEM IN A C C U R L A N O n -C W I T H
I i,,. C C F C I S I n - ; F  PU in -E C P E C I - ’ - n - E 0  th Y PA Rn - ,I4 ITEFn - IPAR M AL ONE

(IC’ 3 11010 , L , ’\SUF’n - S
157. IF (J n -I X t Ii .uT. U ,.O Tn - ,  3 m — n -
‘~ . n- • I F  3 n -n-n- n- t~ r,,v .1 3 ~~ A V I  I;) GO Tn -U
I S-n - . J - I
1 0 ’ . 1 1 ( 1 )
I n - I .  315 10 C C 1 , I l c ’ n- ;
i n - n - ? .  ~2 C C  i-,-fSrl n-. ( n - n -  \i’5[;n-~~J ) -t I
t b l .  CIt  In- i i ’ L ,Ln- ( I n - T in - - O n-,, I l O l l

C L O E n -  n - I - n -n- n - n - t i  JI’ TA i n-Ill S U B P R U B L E M  J
C 5 n - ;. L D L n - A T ,1 ,, n - ,

1 - 1 0 ’  . I ’ IS I’ ; \’ n-,-,’.,n-’,

I n -n- i . I n - : n - 1 ,C n-I
110-3 . C n - n - n - ’  n - n - n -r !M n -’n - L In- ’— 3n - 0 L~~T IUN I n -  s U S P R C B L E ’ n -  0)
! b t . n-n- .IL (, 5~~
I’). C, T 1 0 2 ~ n - I ’  Stj 3: ’k ,n- n - I L O M  3 IS In- P F1104513n -,E

‘ 1 .  1 1  3 ” I ’ A ;  . n - n - .  .n--n- ) n- n- n - Tn-I 3 ) 00 )
1 ‘ 0 .  1, S ’ J E P I - O B L L ,’-i 0 L in - --n - - ’~~ s 1 n - 3 L E ;  n-in-l i I N I T IA L  LO w E R B’ ,UNu E S T J M A I E  n-iN
1 7 3 .  C n- n-n- n- n- ”Cc J.  V4L .

• I ’? ’,. C U LL, T t T L n - n -,n - ( 3 I
I , ’ ’- . ‘ t , I n - ’’C n- 1n -LLM n - I 11
1, - n- ,. C S/ U I n-3t A1 -~~ n -n--- A1,I)~~3n-1 J5U it0U 111’4 1 TI) COM PUTE D P T . 3 P - ’Su I UT I o N  TO
1 -‘1. 1 - ° I,n - t n -’ L I M  n- n-
1 ” ” ~. C II I  E AI ’W e~~ J T I 1 T 3 n -’ U)

• i ‘9 .  3 T C C  LII L n-n- 0,Li n- ’,.ln- (j i  114(01 , I T O T I
- ‘ 

I In-C • l~ = I U r ( ‘ n - n- n- i “ U T n - n - in-  I / 10)0 .
U r n - I .  150.1 , 5 T S ) ,n-E S ~I ’32, C ‘.l’ lOf I Sn - - n - kLn- 5tn - 1~~ -FL ~~~1I JN RULE INF JW M A T I O N  FUR 5U8PRU8~~~$ .1,
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1 83. C I’ - A C L n - U n - n -n- In- ’it n-, w 1 1 ’ ’ n - A n - t i E  n - n - n- C L  F !  LU FUR IP~~R M
n - i . .  GC) ’T C ( i 1n - 3,3 3~~,n - , i 3 4 O p 3 ’s U U i , I P A k M

1,35 . 1310  A V ( J i = ( 1 i I S U L I J ) — 0 1  1 n - ’ I ( n - i ) +  n - J n - n -n-n- n- n - - i I J I — ( N C V A L H / N T S U L S J )
i 3’n- . GO IC - ‘n- n - n - n-n-

In - Il . ~3~~C AV( J ) ((N TS U n - t J i — 1 I * 4 9 ( J )  + I F C U M B ( 2 ) u / N T S G L ( J )
18-3 . GO T n - n - ‘.3,)
Un-t n-I . 3 3 3 C  A V ( J I  -‘ t(1 ,[~ O L ( Jj_ 1 ) * A V ( J )  — T I M E ) , ’ NT S O L ( J S
19n-) C S A V E  t n - n - L I — A i m -n-n -N AN n -) n-n-n-L O T I O N  INF O R M A T I O N  FOR SUB PROB LEM 0
191. 3’.CC CALL l A i n - R I - f l
192.  IRH S = I N n - 0 M 8 ( 2 1
19’). K N T F . iP(~~~)
194. C IJLn-IP,JI SOLUTI ON I’ -IF IJ MMATIn - ) N F CR SUOPROB L EM J
195. w R I T E  In -  , e n -) ,i, n-n-,, ( I r .n- , n - tiLIfl K K ) ,  In-K= l,NCU LI
196. ~ F O R M A T  1 • 508’  ,I 2, ’ n-n- n-j L~ ( n - , ,~~ p 2Ci  n- n- i
19 ? .  C T C I T  I’ -  A n -~n- n - n - n -U I’n-I J u L E M S H A V E  BEEN SU V ED; IF SO, NO BRANCHIN G
n - g B .  C ?t E C E S I , A I - Y
199. IF ( R - J F I A  — ~SUBS + .1 ,?200,23n-jC ,9999
200.  C
2C 1. C C O 3 ’ P U T A T 1 L N S  Ln - n - MPLF,TEIi ; OUTP UT OPTIMAL SOLUTION INFORMATION
202.  cccc  C A L L  C U T S O L ( I N L I
2C3 . CAL L T C L , , n - K ( J T I ME , i l n - n - t )
20 4 .  17101 JTI’n-E /iOO .
2C5 . C cuipn-n-j -  An- ,00R 1 L n - n - W I C  PERFORMANCE INFORMA l ION
206. -,~P I T E  Ii>, 7 ) TTCT
201. 1 F O R M A T  (I ’  TC T A L S C L U T I J N  T I M E  =1 p1 7 .2 , ’ S EC C N D S ’ )
208. W R I T E  ‘ 6 , 9 2 3 T P n - - n - I 1 N A L U p T A L Q , ( t g TS O L ( J ) , J = i p N S U B S )  ‘ 

-
2G- ~. 92 F O R M A T  3 ’  T 1 M E IN cHAS EI = ‘ ,F6.2, ’ SECONDS’ / ’ MASTER PROBL EM SOL VE
2 10. 10’ , ICC , ’ TIMES ; TCTA L T IME SOLVING MASTER PROBLEM =‘ ,F6.2.’ SECUN
211. 2D S ’ n- ” N U M B E R  OF T IM ES EAC H StJB PROBLE M SOLVED ‘,lB X p L O I b )
212. wR I T E  (b ,9) 4NSDL ( Ul, J= 1,NS JBS )
21 3. 9 F O R M A T  I’ N UMBER n-i F D I U T 1 N C T SOL U TI CN S OBTAINED IN EACH SUB PRO BL EM
214 . 1 = ‘ , I C I S )
215 .  w R I T E  ( u , 91 ,l T S U6 S
216. 91 FORMAT ( TC TAL TIME SOLVING SUBP R OB LEM S ~~,F6.2 ,
217. 1’ SECC NU S I
218. GO IC 10
2 t 9 .  9999 S T O P
£ 20. END
221.  B LOCK L I A T A
2 2 2 .  C
223. C I N T T I t n - L I L E C  GLU I3AL PROGRAM LUN STAN TS
224. C S UPn- RUUT INE .n-n - DAP T ED F R O M  L I N E A R  P R O G R A M M I N G  CODE L P * ip  W RITTEN
2 2 5 .  C BY J .A .  T C M L I N  ( O P E RA T I O N S  R E S E A R C H ,  STANFORD UNIVER ~~I T Y 1
~26. C
227. I M P L I C I T  I’,EA L * 4 (A ,C,E’H,O, p, R I, Z )p RE A L *8 ( B p D , X p Y ) p
I n - ” . 1 L N T E G E R * 4  ( I 1’ i,Q)
2 29.  CCMMC (’~/ bLO Ca./ LT QL L F’ , L T U L P V , L T CCS T ,Z T O L R J , ZT C 1 S M, Q RO , Q M A p Q B A ,~~FI ,
230. C 1 O , C B L p Q A , l.~P L ,Q M I, 1 Z , Q I p Q F , Q N , Q U p N R M A X , N E M A X , Q 8 , Q C p

~3 1 .  2 Ln-E ,QH p 9 L , ( J O , W R , n - m M , Q G , N T M A X
23? . R E A L  ZTOL I,E /1 .E—5 / ,~~T O L P V /~~.~~.’4/, Z T C O S T / 1 . E 3/ ,LTO LRJI1.E 4/ p
23 3. 1 ZiuL~~M /I . L — L O /
234.  h F’ TEGE R ” -s N RMA ~~/bU / ,NT M A X / 2 5U / pNEM AA / 1000 /

• 2 3 -i .  INTE GE P* 4 n-n - kU / ’kO~ /,QMA/ ’MAT R’ / ,Q8A /’BAS I’/ ,QF I/’F IR S’/ ,
-‘ 2 3 6 .  i n - 3 & C / ’ L C F  ‘/ , .Cin - uui ’ ‘ / , n - I A / ’ A  ‘ / , C P L / ’  4’ ‘/,Q N I/ — ‘I,

231. 2121 / ’ 2 / , Q t I’ I  ‘/,12F/ ’F ‘/,QN /’N /,QU/ ’U ‘I,
‘n-c 239 . 3 Q B / ’ B  ‘/ , ( . C/ ’ C  ‘ / , U I E / ’ E  ‘ / , Q H / ’ H  ‘ / , Q L / ’ L  ‘ i ,

239. 4120/’’] ‘ / , n - i R/ ’ l  ‘ / , i J M / ’ M  • / , Q G / ’ G  ‘I
• 240 .  END

- ‘ 
241. SU B ROL T INE IN P UT (IFPR OAI
242 .  C
24). 10 IN PI jT S PRL 14LEM CATA
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i_ n- ‘t n- n- ’. n- .’~~C ,n - — ’n - . , n-’ , k — ~~, ,n -) • ‘ n - n - t ’ L _n- I” ,Ln - ,i, ) ,

~ - , n - n - n - J r 1 n-’~~’- L n -  in - n-n- n-
‘5’ , . I N n - t ’.L n - ” n-n- n- I ’ ,i’ T , ’n - ’ l , n- ,n - n - , n - i  n- \ , b
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‘22 . IP I V  = C E (L L )
523. DV = Y ( C P L V )
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‘4). 1 IISI E GER*4 I i — N , n - 11J
n- n - n -,4 •  I N T E G E P ” A  Jh ,Y,IN BAS,LA , L n - , I A , L E
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n- n- 546. REAL A ( 5 0 0 )
S ‘ 4 ,’ . C
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549. 1 U,Q8 L .n-~A ,UPL,QM1,Q1 ,(JI ,QF ,WN ,QU ,SRMA X ,NLNAX ,Qb,WC ,
550. 2 QE ,Uh ,).)L,I.)O,Qi( ,WN ,QG ,Pn - IMAX
551. C
552. COMM CS E,xL 8(1221 , XUB 4122) ,8160) ,X(60J. Y (60) ,YTEMP (60I ,DSUM, DPRU Q ,
553. 1 OY,OE,DP .A ,LC NAM( 122,2),NANE(20),N TEMP (20),SUMIN F ,MSTA T ,
554. 2 IU 8J,LKt ~~P ,LV(N ,iV QUT,LT CN T ,LNV F RQ ,J TR FR Q ,I1 S IN V ,IF FEZ ,
555 . 3 J(.OLP ,NROW,NCUL ,NELEM ,NEIA, NL€I.EM ,N L E T A ,NUELEM,Nu€T A,
S56. 4 1EI)Q GU ), I4( 5OQ ) ,LE (2~~~) ,LA (l22I,KIN 8AS (L22),JH (60)
551. C

IF (NET A .16. Cl CC TO 9000
559. 00 10CC 1 1,5614
560. 1K KE TA — I + I
561 . IL = L E I I K )
562. MM = [ft IK+1 ) — A
‘163. I P IV 11(111
564. OP = E (LL)

‘565. DY = Y I I P I V I
566. OSUM = U.
567. IF (KK .LE. LU GD TO 600
568. IL = LI. + 1
569. 00 SOC J =

‘70. IR I6(oj
‘n- i l .  CE = € 4 0 )
572. OPR OC . = OF * Y (IR I
‘ 7 a .  CSUI’ US UM + OPROL
‘ 74 . SO C C C N T I SUE
51~~. C
5 7 0 .  6CC Y( IP (’s) toy — L.SUM) / OP
577 . 10CC CCN T IMJE
‘7~~. 90CC RE TUR S

END
580. SIBR OLTI N E FORMC
581 . C
582. C FORMS COST VECT OR FOR (.n-.IRREN T PRIM AL—SIMPLEX ITERATION ; USED IN
‘83. C CCKJI.n- N C T LUN W I T S  SUBROU 1’IN E P R I C E
‘584. C SUBR OU T INA ADAPTED FROM LI NE AR PROGRAMMING CODE n - PM— I, ~R (TT E N
585. C B Y J .A . 10)4115 IQP EKA T IQP n -i , NE SEA RCH , ST ANFORD UNI VE R ~~ITYl
586. C
587. IM P L I C I T  REAL *4 (A,C,E—H ,O,P ,R— P,Z ) , REA L*8 (8,O,X,Y),
583. 1 INTEGER *’. (L— S,Q)
589 . INTEGER*2 Jh ,KINbAS ,LA, LE, IA, IE
590. DOUBLE PRECIS iON E (l000l
591. .  REA l . A(5 n-)Q)
592. C
593. CCMMO Pn -n - /BL In -JCK / ZTQLn -ZE ,L TULPV ,L TCU ST ,ZTOLRJ .ZTOLSM ,QR O, QMA ,QBA ,QFL ,

• 594. 1 QEQ ,CBL ,(àA ,~ PL, QMI,~~L ,Ql,QF ,QN,QU ,NRMAX,NEMAX ,Qb,WC ,
59 5 .  2 W E , Q h , Q L , Q O , O R , Q M , Q G , STMAX
596. C
597. CCM M CN E ,xL81122), XUBUZ2), 6160j,X460) ,Y(60),YTENP (o0),OSUM ,OPR 3D,
598. 1 UY,DE ,D P ,A , ICNA I4( 122,2), K AME (20),NT EMP (2 01, Sn - JMI N F,M S TA I,
599. 2 LOBJ,iROW P ,LV1N,L V On - ,jT ,ITCNT,IN V FK~~,1TRFR Q,I T SL N V ,1 fF E L ,

. 0 600. 3 JCO LP,NR OW,NCOL,NELEM,NE TA,NL ELEM ,NLETA,NUELEM ,NUE TA ,
A OL. 4 IEl1000),IA (500) ,LE(252),LA ( 122) ,KIN BAS II22 I ,JH (b0 )
602. C

n - n - ) 603. M S T A I  • WI
604. L FFE i = 0

‘ 605. SUM INF = 0.
606. Y(L O B J )  = C.
607. DC 30 1=I,N)kuW
608. IF (I .EQ. ILi~ J J CC TO 30

n-n- 609. (CCI = O H I o
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~12. ‘n - i ) ,  n-

n-n - I  i. (un- (‘10 in-i
A In-. • 10 ‘. I . I
i- I S .  5’ j M ) N I  n- n- n- ’)I.~ + A n - n - it I T - - n - )  . 1( 1 1 )
t i n -,. in - C T n - i
611. n -OC Fl!)
n-n-r n- n- . sn -n - t n - n -n - si 0.n - U n - -~~ n-~ n - - 4 - 1 )  - -  n - n - J r J~ (In-I )
~~. 1.  ‘

~n-s
I- ,, - ) .  n - F  I ‘n - n -n- M n -  n - i - . n - - T  — LI Ut In-I n- n - n - ’,,. I (iRS

1121. Y n - F n - ’ n-j I
I I F S /  C

tn - 2 n - .  n- n - ’n- n - n - •  -

n- -. . “ n-Tn- in - i- , n-\
r n- ’ ,. FINn - ,
t n - n - n - .  ,n- n- n- ”n-~~ (”J n- I O n- ( Pin- .

n- -n- n - I S .  C n-I ’- “ n -  0, O c T  ton - NI - n -n-i n - I C  C O L U M N S ,  C h U C U E S  P I V O T  CIj LU MI, JC UL P FOR
C Cn- n - n -n -n - n - a_N I ~ n - - l M n -n - 1, ” On- IMPL~~A I t n - R A T I O N

IS -) ’ . C, n- n -  :n-n-n- ’ n - - t  A0 n - n-~” 1FU I’~ n-Oi n-M L INE AR PRn -JCn -~A M M I N G  CODE n - PM — k , w.~ lT TE N
C ,‘ .n- n-n- . ~~ ‘- LI n - i (UI- n-n- 1i n - . T I ’ N S  R E SEA Rn - h , S IANFOP .D U N I V E R S I T Y )

6 1? .  C
I’~” n - C i ’ P. E n -\ L~~~. (.‘n - , C ,E H ,o , n- n - R , f l , R’n- AL~~8 (6,D,X ,Y),

n-~ 
n - n -n- . 1 1 In - n- in- 1 ,5)’ - n--n- t :  .‘n- , n-n-, I

n-n - 3~~~. i s i s c r n - n - =  n- n-~~,S (Nn-’A in-,cA,L~~,14 ,ft
I1n - 1 F G E R *~ !2t iM T , j - n - C0,n -M n - l , I y d N Q , 1~~ IO , 1 C B N D
Dn - J n -n - 3 L n - I’ - - Li, 1 5(12-n- C ( : 300 ,

~ E n - A L  i ( ’ ,n - n - ’ t J l

(0
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2 Iurn - .J ,~~R Cn-L’.1-’, ( ’ / n - n - n - , I V U U T , L T C N , , I N V I n - K w , z T N F R Q , I S I NV ,i F F E L ,

n - 5 1 .  4 i 1 G 0 3 ) , 1 n - n - t~ n - n - n - ) i , L E I 2 5 2 ) , L A t 1 2 2 ) , K 1 N D A S ( I 2 2 ) , J H ( b 0 )
C

- - n- n-,,, 0 1 1 1 5  L. n-’A C
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n- , ’ ” . I i  n - K 1 5 n - 2 -’n - ( , n - ) •n -n- , T .  0) ‘-t n - IL) 1000
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6’r n-
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J C O L I
1. In - C IL I OU-n -
I • ‘‘. n-T If A n - n -  ~ ,jn-’(’ - n-n- n-- • n- -n - . I n- n - tn -  I n - n - ‘ n-n-I i,

t i - n - . I , ’4A , ’
I - n - n -, j ? ,,~~~7

i , 7 ”n- . Rn -CC Ln- .’, T t , ’,n - j
a n -t I .  40,
‘- 1 ” . !F R k n- ’n- n- n - F .  ‘n-n- A I _C10,J3 n- n-~~ 10 n - n - G O
‘- 1 ’ . 1 I ( n - ’~~ )n- - ‘ n - n - n -. n - n - n -n- n- 10 : n -.n - - ) n - n-

~‘ n - 3 n - J , J n - .1P U
‘0 1 1 .  n - i n - n - S T  U.
‘n - n - - ’

l s C C  n - F  ‘ i ’0,~~~n - n - ,, .1- n - .  .1100511 , ,n - n -  In - ’  , ‘ ‘ 0 n -, n- U
‘: 1 ,  • l A n - n - in- n- In- n-h i- -n- n- J n -  n - n - I
‘n- n-) , . n - n - n - n- S T

Mf In- ‘n- n-n-,
in -n - ’ . 2 10”- C ,A t . C n -.n- n - n - U I  2
a n -n - n - -,. - n- n- ’n-I n-’.A

O n -I ” . p C r n - j~~
n- n -n - O .  2 5 0 €  ( F  (A ESn -U4!N J - n- . ’i~~~~~~ ) n-n- UU~~,~~ n-J U O , 1 o O C
in- - I ” .  E n-n-C C)
( n - n- n- S U E P O L I I O E  O n - - n - t n - i N
A ’) ) .  C
tn- ’ .. C PE~~ n - O n - n - n -’.$S M t 5 ~-RA I O U  n- n - ST ‘ - n --n- P IV&J 1 COL IJM IN JCCJL P CET E Pn -n -1 1 r4E0 IN

(0 5 n - )Ek ,n - 3 I Itn-n- 5 PR A C E .  SELEC~~~ P L ’ ~CT R~~~ I n - I n - J R P  F Un -n- C J R C ’ 5 I ~~T (“ “ O M A n -—
C, S l t ’ PLtn - X I I I ’RAT I ON.
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R EA l . ~~
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732. C ? 0 n- ! t  n - Y I n -  iL’ n-n- i i t~ t n - n - I
73). IC-S IF ( X I I )  .01. n - A n - n - n -- ;  In - un - C — h i m - h E ) )  n - n -,n- TO 500
13~,. 0€ (~~((i — ,n-n- L b Ii ( - - L C n - -n - N I I )
lbS . O F (CE n-. u )n- . LIP > n-n-,n-,n- t n - n -  n - n - n - i ,
735. Ii ~ T~~P U  n-i
l i i .  GO “ 0 250
13-I . C N I- n - A l I V E  C O E F F I C I E N T

739 . 2CC IF (45 n - I )  .01. I X n - t n - n- t n - n- u c ) • l0,Iuin - L E ) n -  30 13 500
14-i . n-l E n-n- (X ( I J — X , J i n - n - I L U L ) ) / Y ( I )
7 41. If (01, n-I. LW, n- Un-n- T n - S  n- in - n - i

‘4n-n- . I P T Y P I -  — 1
7 43 .  2~~C 0° CE
14’.. ~ 4 Ol. ’P =

5CC CC l n-n- ’ I 1t0 n-
141. n - I S  -‘ n- n - i 3 (j C 0~n- P i

n - i ’  117m-n- • ‘1. ~~n- Vn - ) J n -  C’ O il 33 Ii t n - C O
741) . OP = ~L n-i(JCCLi~ 

— ~~tn- B t n - - S n-T A L P l
149. ~C,P~~~V n-n - i  3
15- 7. R E m — i n - n - I ,

151. 6 ( 0 ( 0  n - n - P T -n - U I  1
li - n- . R E T t n- ’ n- ’ IN
751 . C
“‘ 0,. IT t~~C(tMIIS,G In - A R 1 A t n - L E  41 UPPER I~OUMD
7 1 n -n- . C
‘56. I C C C  (i0

75 ’ . JO n - S O C  1 — n - , N k n -.n-.~
758. IF (I .I.n- . In -.n- lj .n- ,n- GO TO I ’n-OO
75N. (CCL i in -~ I
760. Ii (V U C  .31. L i O n - I n - V A  GO TO 1100
7 15 1 .  IF n - F ’ ) )  .1, 1. n-.’Tr n- ’n-, P~

’) n-in-n- rn-i in-~I0O
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-n-
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1491. C IS On -n-/SE t-n- TI 8€ Tu- E R n - n - w W I T H  G R E A T E S T  P R L M A I — I N F E A S I B L L I T Y
149.3. C
i4~~3 . I M P L I C I T  RE AL *4 (A ,i_ ,E—H, n -i, P ,R—~~,L) , REA L *8 (B, o ,X ,y ) ,
i494 . 1 L N T E n - / E R *4 A I — N , Q )
I495 . jl - n - Tii ;E R* _ A ,n- n--1 ,n-n -,IN8A S ,L n-An- ,L E , L A , L E
14S 6. INT E G E F n - * 2 I P A R T n - 1 N C U M B , I ’n - n - j ND ,L -n - I D , I C O N O
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1507. 2 ![n- n - 8J ,In - n -Cn-in- n-’, .I/ It n - i , i V U n - J , , I T C I n - n - T ,  A n -  W R Q ,j T R F R ~~, 1 T S I N ~~,(FfEl,
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1510. C
ISU. C i_ n - lO OSE ROW W i T H  n - n - N E A T E S T  I N F E A S I G I L I T Y
1512 . C
15 1$ . 1 K G - n - P 0

15 1 ’.. n- in -
1515 . DC i _ A C n - n -  1 = 1 - NR A - n-i
151 6. IF (I .E~~. £06 _ Al _ A 1  TO 1000
1517 . ICOL dM1 1
1 5 L ’ i . n - F  ( n - n - I t )  . L T .  ( X L B ( I C O L )  — LTULIE )) GO TO 100
1519. IF ( Y ( l i  .-n-.n - T. IX n - Jb (ICUL) P ~T U L L i ))  (n-U TO 200
1520. n-;C TO 101/U
i n -n - _ A l .  C
1 5 2 2 .  C B A S I C  V A R I A B L E i_ N ROW I FA L L S  BELO W ITS L OW E R BOUND
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152”.. IF IDE .Ln - n - . UP) 00 10 l U - _ A n - /
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I1.2n-:n-. On - C TO 25i1
I’ - ’ ? .  C
1528 . C EASIC VARIA B L E ON ROW 1 EX CE€O S ITS UPPER BOU ND
1529 . 2CC 0€ = X C I )  — ~UBI ICCL )
1 53-i . IF (01 .LE . U P) (pn-) 10 1000
I~~3L . I n -n - T Y P E n- 1

l~~3 > . C
1 53 3 .  2 5 0  I K O W P  = I
1134 . 10CC Ca NT Un-n-tiE

RETUR Pn -
( ‘ n - i - n - . E N D
i n -_ i l .  SL B R O L . T I N E  U(n-HUZ &
i n - A n - i . C
1539 . C SELE C T~ PIV C T C ILUMIn - JCOLP FO R CURR EN T DUAL—SIMPLEX ITERATION .
1540 . C SETS JLOLP 0 IF LP PROBL EM AT CURRENT NODE IS I N F E A S I B L E .
I n - A l .  C C n - r E R W I S E ,  Ctn -OOSES JCO n- P TO MAIN T A I N  P R I M A L — O P T I M A L I T Y
i S ’ s _ A .  C
15’.$.  IM P L I C I T  )S E A L * 4  (A, C ,E”Ol,O,P,R—W ,L) , KEA L *8 (B ,O , X ,Y ),
1 5 4-, . 1 INT E GE R *n -s ~ I — N n - Q )

,IA ,JE
154a . I NT E G E R * 2  IPA In -T ,L N C U M B , I V B N D , I V I D , I C B N O
154 1. OCUB LE  PR EC i S ION E (L000 J
15 45 .  R E A L  A ( . U 0 l
1549 . CO M n- n - n - l - n - / U L U C s n - /  L I U L Z E n - L T U L P V L TCO S I ,ZTOLR J ,ZTOL SM ,QRO ,QMA,Q BA ,Q FI,
1550. 1 n-.n-Eu,~~âL ,in - iA ,QPL ,(n- )ML, LZ, QI ,QF,QN ,n-~U ,NRM A X ,NEMAX An - d,U (,,

1551. 2 (
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( 5 5 ? .  COMMCtn - / O LOC KZ /  UFP M n - T ( 1 2 2 1 , R E I / O N O, INC v A L . t C O ( n - , L I S T L ,  I VAL_ , I O I R ,
155 3. 1 M P I V O T ,IPTYPE , RC C S T ,IFEAS ,IP A R T (122 ),IN CUM B(1221,
1554. 2 1V ~~NO (500) n - IV IiJ (5OO ) ,IOBNO (5OO)
1555 . CGM MG B E,X L 8 ( 1 2 _ A a ,  X U U I A _ A 2 n - , 8 (6 O l , X ( O O)n -Y (bO ),YTE M P (6O )n -U SUM,DPRUO ,
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1559. 4 IE(j000) IA (503),L€(2521,LA ( 122), K I N BA S ( 12 2 ) , J H ( n -O )
156 0. C
1551. JCOLP = 0
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1563. C
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15 n-A”n- . C
1566 . OP = — 1 . E 1 O
156 1 . DC SOC J~~i ,NCOL
1 5 6 1 .  IF ( K I N 8 A S I J )  .GT .  0) G-J TO 51/0
1569. IF ( ( X l d B tn - i) — XL B (,J)) .LE. ZTiJL LE ) GIl 10 500
15

_
f _ _ A . CAL l . L F n - I P A L K ( J J

15 11. CALL F I R A N I A )
1572 .  IF ( K I N L I A S ( J )  .E~/ .  1) GO TO 20 C
1573 . IF (Y( IRtJW P ) + LIULPV ) 225,22-.’,500
1 1 1 4. 2CC IF ( Y ( I R U W P )  — ZTU LPn-~ 1>oU ,~~2n- ,225
15 7 n - . C

22 5 0€ ~ L I U 8 J )/ t I k O W P J
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15” . IF (JCOLP .EQ. U) RETU Rn-N
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1584 . CALL F T R A N I I )
15 n - 3 , - . l i_ UI • Un-I C lkUw P )
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n- In-) . ( I-  I (L P  n - I t .  L I O n -n- L I )  .Un-~ n- n - O s  .GE n-. i. — L T O L L E ) )  (n-C TO SOn -n-

177 1 . IF ( ( L I ) .n-.1. in-. ) OP 1. — n-P
1172. If (UP .n-,,T. on-- n- n -ART t I f l  -n -n - n -n-n -10 3 1 - 0

(ilL DI = ~~( / u b n - ) * O F P A/n-n - T ( t / u P
1 1 7 4 .  GO ‘n-I 3., ’,)
!lTh. 3 1C DE 3((- n-n - n - 3 n-n-- (*((. O E PA / ( T ( I n/ ( 1 .  — 01’)
( ‘/ 7 6.  32 C  t in - IDE . n - I. P u l l ) )  P 0( I )  = 0€
117’!. A’

17 713 . “n - C C i _ i_ I n - T I M /S
c i io . n - i _ c c  i_ n - NT n- r n - n - , t ,

— 17d0. C

11 81 . n- n - M A n - i T S  n - A R O t S T  GOMORY PEIn-,A LTY A N D  T E S T FOR FA T n - -n -n- cM IE n -n - n-)
PEN

n-n- - 1 7 8 1 .  00 Zn-- CC t = L , t’.RC .
1784 . IF  I n - i ’ l l )  n - I t .  Na’-u~~) GO 1(3 2000
i785. i ( P u l l ,? n - c l. P G-N ) PEN = P O L L )
I _ A n - l b .  20CC 5,1-n-I n -T I l LS

- n- ( 7 1’ ? .  On -’ n-i ( I n - j B J A  — In-n - i _ N  4 110115
n - T h i n - . I n - n - A L  =

17 1-9 .  n - u s  . L i .  o n - i  (vA t . = I V A L  — L
(7n -.’n- n- I F  S i n - A L  n - n - n- ’. IN n -n - V A I l  01) TO 3000

17~~1. I l / S R  n-n-
1 / n -n-

n- ! .
-n- n--n - l l Y i .  I

17n -- I4. n-n- PRCtsLS ~~ I-n- n -.n -I rA I H O M E D :  CHECK FOR FORCED B R A N C H E S  i_ iN X I I )
1795.  3 0 C C  N T E ~~P ( 2)  = C
i ict>. DC 39CC L - n - L ,h~~C*
i1~~7. IF (n- rIo .11. NRO ~~) GO II] 3900
1798 . n-n - I -  (P1 .11) .01. PU t 1)) (.0 TO ~~30
179 n -n - n- On-’ = 1 1 1 ( 3 1 3 . / I  — P01 ii 4 h ullS
LE O n - ’. n-n- 1O [NT(DP)
( 801 .  IF n - E n - P .1-n- T n -  0 .)  N T€ M P ( I l  NTEM ~’ ( 1) — I

~~~~~~ 16 n - - n - S n -  IF ( N T E I ’ t C i L l  . in-i’ . I N C V A L )  00 TO 3900
18(13. C FOR t-ED B RA N C H  I/P ON X I I )
1n-5C 4. I V A L  NT:MPI I)

-n - -n- l E G s.  (DIR —
— 

‘ In - n - n -n- I ’. N I E M P I L )  L P A R T S (  I ‘n- In-

1107 . OC IC  h u n - n -i

180 13 . C
— ,

- 1809. 16CC OP = X ( ! [ J 1 3 J )  — P U S  I) • LTO L LE
I ’m -i. N T E M P ) 1 n -  = O U I N T I O P )
1 8 > 1 .  IF (OP n- L i .  I,.) NT EM ~~(i) = N TEM P (1) — 1
( S i n - .  i n - -  ( N T E M P ( t )  .G T .  IN & n -V A L )  -iLl 10 3~~OU
1813. C F - n - F L E D  u R A h C H  Uu~~n- n - uI-I x i i )
i 6 i~~. ( V A L  = i n - i i M I n - ( j )

1 8 1 5 n -  l i _ L I  = I
4’ 18 16 .  “n- ’n-’ E M ) n - ( l )  I P A R T A I  I

1 8 1 ? .  3 7 C C  I P C W P  = I
1 8 1 3 .  ((DL = n -H I I P ( n - n - n - P I
151 9. ‘n -E V B NC f L n - n - ,A T ( i n - T € M P ( L ) )

1820. N T E M F ( 2 1  1

• 811 . C A L L  In -PA N Ch

1122. 7S C C Co n -n - T I n -n -C E
- ‘ ‘ 1 8 2 n - . IF ( 1n- TEMA- ’~~ 2 )  .uI. CI n - U  TO SOUO

‘n- ’ 1826. A’
A - - n- t n - n-~~~~~. A’ NO I- i _ R i _I-n - U  [‘41ANCn-lEs: n-n-.HJOSE 8RANC H!N G VA R • AND O n - n - I - n -n- ( n -n-I.

‘
. 1P2(n- . PEN 0.

1 527 . I P C W P  0
1829. C D F I E R M 1 n-’c i b A SI C ‘in - n -M n - x i I R 0 ~~P ) (.11(1 M A X .  UP— Ok 0(n-i. ’n - — P I . - - n-

1 5 2 1 .  DC n-.’n-C0 I ’ I , N M O W
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1e7 s. c:~’~ b~~~~~ hJVc / ~ LE,Z rU L Pv ,Z’ L0~YI,ZT01Ri,ZT0LSH.Q~0,QMA ,QBA ,QFI,
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!~3 I - ) .  Qt ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~

C ‘L~~~ bc . i~i
; • .‘ I-P , lM’( ~~,~2 ) , fV v ’ ~N D , I N CV A L , 1 C O L , L I 5 T L , I V A L , l O i R ,

1 i~~~Iv . l L V Y P E , F .Ci~.t , t F E A S , IP A R T ( l 2 2 ) , I N C l J M 8 ( I 2 2 ~~,
188 3. 2

CL’~f ’V  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1~~~.5. 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

2 L U  1F..~~.= P .  h L t , . I V U U T , I T C N I, I N I F R Q , I T R F R Q , IT $ I NV , L f F E Z ,
3 JL t C . N h~I ,,~~UJt . ,NELEM, t1E TA ,N1EL EM,NLETA ,NUELEN ,NUETA,

1. 1 ~~~~~~ • IA ou l  ,i E (2~~2 )  ,L A (  1 2 2 )  , K I N B A S ( 1 2 2  I , J H ( b O )
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C ICCI.. IND / E S  ! h ~,. \(~~~ING ~~ RI~~b LE CHOSEN
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L89L . C 1 0 1k  INOICAII S IIKA’.CfILN(, DIRECTION CHOSE N

1392. C
L89~~. C gu ll OPPOSITE OLkECIILI N TO LIST
1894. L(STL = LISTI. + I
189 ’i . I F  ( I C I R  .E( ~. — L I  IV8NO(LIST . ) IOINT(XLB(ICOL I + ZT O LZ EI
1896. IF (ICIK .t ~.. 11 I vbN0(LI.~TLI • IuIkT (XUBIICOLI • ZTOLLE )
1897. IVIC (L ISTL ) = IOIN*ICDL
1e98. IOBNO~~LISTL1 • LVA L
1899. C
1900. C. REV ISE 6UU P~OS or~ 3RANC HING VAR IABLE FOR FORWARD DIRECTION
1901. IF (IC IR •E~ . —I ) XL BL 1COLI = DBL€(KEVBNOI
1902. IF (ICIR .EU. 11 X08 (ICULI = OBLE(RFVBNDI
l~;C3. RET URP~
1904. END

~~
‘ 19C~~. SLtB ROLTLN€ BKTR4K

1906. C
190g. C BACKTRA (.(5 TO Et.tT A PI4OMLSING (UNFATHOMED) NODE FROM THE
19C8. C L T 5 T  OF SIORELi ~UOES. LASI— LN—F IRST—OUT (LIFO ) SELECTION RUL E
1909. C I S EMPLOYED.
1910. C
1911. IMP LIC IT REAL*4 (A ,C,E—rl ,C,P,R--W,ZI , REAL*8 (B,D,X,Y),
1912. 1 LNTEGER*4 (I—N,~~I
1913. INTEGER*2 .IH ,K!N8AS,LA,LE,LA , ZE
1914. INTEGER *2 IPA RT ,ANCOMB,LVBND,IVIO,L CBND
1915. DO UBL E PRECIsION €11000)
1916. REAl. A(5u0J
191 7. CQMMG~~/BLOCK/ LTOLZE,LTQLPV ,LTCCST,ZTOLRJ,ZTOLSM ,QRO,QMA ,QBA ,QFI,
1919. 1 cEO,~~BL,QA,.iPL,QMt, (U,QI,QF ,QN,QU,NRMAX,N~MAX ,QB,0C,
1919. 2 CE,UI- ,QL,QO,Qk ,~~M,QG,I~TMA X
1920. CCMMON/BLOCK2/ OFP ARTLI22),REVBND,INCVAL ,ICOL,LISTL,ZVAL ,IDIR,
1921. 1 NPLVCT, IPTYPE ,RCGST,IFEAS,I PART( 1221,INCUMB(L221,

• 1922. 2 1VBND (~~OOJ,IV1O( 50O I~~IOBND l 50O)
1923. CCMM0~ E,XL 8(1221,~~u8(122),8(6O),X(6Oi.Y (bOI ,YTEMP (601,DSUM,OPROD,
1924. I uY,OE,DP ,A , ICNAM( I~ 2,23,NAME(201,NTEMP (20),SUMINF,MSTAT,
1925 . 2 1o8J,iRU~P,1vIN ,IV 0UT,ITCN T,INVFRQ,ITRFR Q,ITS INV ,LFFEZ,
1926. 3 JCULP,NROW ,t’~COL,NELEM,NETA ,NLELEM,NLE TA ,NUELEM,NJETA,
1927. 4 (10001,IA (5001,LEU,2),LA (122),KINBAS(122),JHtbOI
1928. NTE~1P (3j = U
1929. C IF LIST IS EMPTY , I&LTURN (COMPUTAT IONS COMPLETED)

~93O . 50 IF (LISTL .E~. 01 RETURN
1931. I F (ICBNU (L1STLI .LE. LNC VA LI GO TO 2000
1532. C
1933. C GET NE.~T NODE F ROM L IST
1934. ICOL IV IDILIS TL I
1935. IF (ICCL .LT. 01 (,C TO 100
1936. C
1537. NTE MP (1i • IDINT(XLb (ICOL ) + LTCLLE )
1938 . NTEMP (L1 = IVBNDILLSTL )
1539. XLB (ICCL ) • XUB( ICGLJ + 1.
1940. xU9 (TCOL ) = FLOATU~T1MP (~~))
1941. IF (KIMiASIICOL ) .GT. 01 GO TO 1000
1942. KINBA S (ICOLI = 0
1943. NTEMP (3) =
1944. GO TO 1000
1945. C
1946 . LCO ICOL =

— 1547. NTEN PIII = IDLN TLX LJB(ICU L I • LTCLZE )
1948. NTEMP (21 = IVBND(LLSTL )
1949. xU8 ( I COL) XLB( ICCL) — 1.
1950. XLB (ICCL I = FLCATU~TEMPL 21)
1951. IF (KINbAS (ICUL) .GT. 0) ~.O TO 1000
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U

‘952. KIN BAS (ICOL) —1
1953. NT E M P ( 3 1  I
195-4. C
195-5. 10CC LV ID (L ISTL ) = —IVICI L ISTLJ
1956. IVBND (LIS1L ) • NTEM PI1J
1957. ICBNO (LISTL3 —10000
155 9. C
1559 . C DP CA T E X
1960. IF (NIEMP(3I .80. CI RETURN

CA L l SI~IFTR (1,3)
1962 . DC 9010 J=I,NCCL
1963. (F (KIP.8AS(J))86 00,8700,9000
1964. 86C0 DE = XUBI J I

GO 10 8750
1966. 87CC 0€ • ~LB4J)
1967. 87 5 C LI LA ( J )
1968. KK. • LA (J+1) — 1
1969. 00 88CC 1=LL,KK
1570. (P
1971. 88CC Y IIR ) = Y(IR) — AL I)*DE
1972. 90CC CONT INUE
19’3. CALL FTRAN (1)
1974. CALL SHIFTK (J,21
1975. PETUP I~
1cTh. C
1977. C NOCE FATHOMED : UPDATE VAR . BOUNCS AND BACKTRACK AGAIN
1978. 20CC ICOL = IV 1OiLI ~ TL)
1579. IF ( ICCL .LT. 0) CC TO 2100
1980. C
1981. NTEMP( 11 = IVBND (LISTL)
L 982. IF (KINBAS (ICOL) 1 2010,20 0,2050
1983. 2010 NTEMP (3) • I
1984. OP = )UB (ICCL) — X18(ICOL)

DY = FLCIATINTEMPIL )J — X UBIICOL I
1986. IF (DR .LT. DY) KINBAS (ICOLI = 0
1981. 2CSC XUBIIC CL ) = FLOATU~TEMP11))
1588. DC TO 3000
1589. C
1590. 21CC (CCI = —I COL
1991. NTE MP (1) = IVBND(LISTL)
1992. IF (KINBAS(LCOLI) 2150,2110,2150

• 1993. 2110 NTEM P (33 I
1994. DV XLB( ICOL) — F LOATLNTEMPU ) I

— - 1595. OP = XUOII COL ) — X18(ICOLI
1996. (F (CR .LT. LaY ) KINBAS(ICOL) • —L
1997. 2150 XLB (ICCL ) = FLCAT (NTEMPU)I

- 1598. C
1c’~9. 30CC L~~ST L LISTL — A
2000. CC 10 50
2001. C
2CCZ. END

‘ 
2003. SUBRCL TINE ALOCTE ( IPAR,IRHS)
2004. C
2005. C SOLVES MASTER PROBLEM (CONCAVE—SEPARABLE INTE GER PROGRAM);
2006. C REA LLOCATES LINKING RESOORCE AMO NG UNFIXED SUBPROBLEMS
2C07. C********OESCRIPT ION OF PARAMET€RS***$****

— 22 0 8 .  C IPAR = PARAME TE R INDICATING W HEThE R LAST BRANCH WAS IN FORWAR D
2009 . C ( I PAR • 1) OR BACKTRACKING DIRECTION ( (PAR a 0).
2C10. C TRIiS • AMOUNT OF LiNKING RESOURCE LEFT (USED WHEN IPAR = 1)
20 11.
2012. C
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20t~~. C w i- t r ,  i t~ -~
- , fr~. i~~-~ -- ~~~- ) i ~~~~~~ ~~C P I I M t  180 8Y ~FA LLOCAT ING (RHS,

C SI~~~~i .G e - ~~i ’i ~~~ I I j ~~~~ :1 I M A ~ T.uLuT( -~~ 10 MA STER PROBLEM.
C • h t ’ . t 4~~~~ ~~ ~~~~T i~ • / ,~-J~~L~~M x, SlJt_ V E O  IKCM sC’~ATCH (1.8., ALL

~6 16. C r ( J )  5 t 1  1 L L , U ~ ~~~~~- J N - =  lb~~b( . 3 )  IN IT IALLY . )
2C1~~. C
2C 1$ .  I’~PL I’ 11 ~~~~~~ t / ,L~~-. —~-. , l, I~ , b— ~~,L I , k8AL*8  (a , i ,x ,Y ) ,
2C 1  1 . 1 I N T ~1t ’ -. ~~~~~~~
2220. IN TE GE~~*~ ~~I~~ , N ,,LI - ,~~~~t- , I A , 1 L

2021 . I N T E G F ’ ” 1  , I . l . L M b ,(v B N O , I~~ .- , ICbNL)
2C22. I N T t 2 E h v . ~~~~~~~~~~~~~~~~~~~~~~~~~

•lCf l .  UDUtILI r L~~T . I i U  L( ij j j l
cC24. ~t [i~.L .I(5-jO.
2025 . C TT M~’fJ~~/ t L ’.. ’/  j l C L L t , j T J1,~, , j T Cs 1 ,j rQ L R J , L T O LSM ,QRO,QMA ,QBA , Q F L ,
202o . 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
2C27 . 2
2C2 ’3 . CCMM(~5’ t . 2 V 2 / DFPL~~T ( . ,.~tV ~~Nr ,IKCVAL,IC0L,L!ST L ,IVAL ,ID1R,

I
2 2 3 3 .  2 I V b N D t - ) L , I . ( & J ( ~~J~~1 , ( O 6 N Q h 5 O O )
2 23 ! .  CC~~~CI’/ bLOi~~ i/ ~ L’~v0i. ;,~~J I , L N 4 i t( L ~~) . Z J 8 A R , 1 O) ,NSU8S , L Z Z NC,
2032. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
2033. 2KSEG ( 101, 1 b5 TAh ~I 2 )C ,  lul . 1rJ~ ( ~ 3 I ,  l t ~ L~~i 101, IBP(5- I  ,IO)
2034. 3I8LSFCI2u I3 ) ,IL 5 1ARL2 ~~~ ,LCI,j6tD(20Oj,(BBNDI20O),(ZBNUL2OO )
2035. C0~~

M C- t ’. T , A L L i, .[~~~ 22(,b(60); X (6UI,Y (6Qi,YTEMP(60IpOSUM, OPROD~
2036. 1 )Y,DE,LP , A (NAM ( 112,2, ,P.AME (20),NTEMP(20),SUMINF,MSTAT,
2037 .  2 I b .~,11 ;= i , I N , I d C J ,L~~C NT ,L NV F KQ , IT I~FRt1 , ITSINV , IFFEL,
2038. 3 JLOLP,Ml p.,NCL~L,  ~~~t~4, Ni TA,NLELEM,NL ETA ,NUELFM,NU8TA ,
2C 3~~. 4 11( t U LJ i ,  LA (‘~ JDl ,LL (. 21 ,LA ( 122) ,I(~ NBASI122),JH (60)
2C’~0. C If SI 1~~T H i ~ L- ’. ST ~~ L~~LU w A . ~ I N FORIARL) OR BACKTRACKING OIREC—
2 C 4 1.  C T I C N
2C 4 ’ . ~F ( I PA k  .EL. C) CC T ~ O

C LA ~~
T V~4NCH ,~~ = IN t- JI. .~~L k C )  U ( R (C T ! 3 ’~ INIT !A LUE 6 ( J )  TO

2c 34 ~~. C- PP EI~iU~~~ L ’y UP IL l’AL s u L u r L o~I
2 2 -Y, . O T T IC  .- =j , t•~~U U S
2C46 . L A S T  N S U L L J )  + I

IF (J F I A ( J 1  .,T .  UI L A C T  J F I x ( J 1
2 C 4 3 .  IC NT E M P ( J )  = It~~T A - (  LAST ,J )
22 ’U . 012 T(~ 200
2C5’) . C
205 1. C L A S T  hRA~~CH ~~~ (N b A C V S T R A C K I N O -  £ 1 R E L T I C N
2 C 5 ~~. ~~~1 ~..L 1 0 )  I B LB(j i  ANt) It- I) = A MI OF RESOURCE LEFT

‘30 INC~~A L =  — 4 U - j i~
~C54. IRH~ = lb

- • 2 C . .’ . 00 ‘1C J=I, N -~ •U~-
2 C - - T .  SC ( P HS • 1,~ iS — LbL ~~LJ I
2 C 5 7 .  IF ( I t - f 4~~ . L T , (1) ~ E Jk;~2C 9. C-

— • 
059 . 00 13C J-1,NSUb~

226,. IF (JFIX (J .uT. 3 )  ~.U 10 13-1
L J B A P ( J )  L~~A U T ( j )

C62. LAS I • N LA M UA ( J ,  ~
2C6$. 00 110 ~c= ~~,LA~~T
2C#’4. ((Ml = K — 1
2065. (~ ( 1 P P ( i ~. .- ~ 1 .C,1 . ~L 1CJIJ )) - ,u T O 120
C66. 110 LJ t IA~~(Jl = LJbAi c(J ) + ( LA M U A ( K M A , J ) * ( I B P ( K ,J) — (BP (KML,J))

2 C 6 7 .  K SE C -. ( J 1  LA S T
- • .~C63.  GO IC 1,u

2069. ta ((SEG IJI KM L
2070. IJ 8AQ J = LJU~~ - & J I  • P L A M DA L K M 1 . J )~~MBL8 (J) — IBP( KN 1,J) 1
ait. 130 NTEMP (JI = IFL~~(J 1
2C~ 2. C
2 3 7 3 .  C A L L O C A T E  CIT A~~-~ t ST uP—SLOPE

1-
S
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2074. 2CC RL NAX —1 .
2075. 00 220 J=I,NS UBS
2076. IF (JF(X(JI .GT. 0) GO TO 220
2C77. IF (NTFMP(JI .60. IBUB(J)I GO TO 220
2078. K = KSEGLJ )
2C79. IF (RLMAX .GE. RLAMUA (K,JI) GO TO 220
2080. RLMAX = RLAMOA LK ,JI
2081. JSTCR E = J
2C82. 220 CONT (NL€
2083. (F (RLM A X .111. —0.5) (.0 TO 1100
2084. C INCREMEN T CORRESPONDING 8 (J )
2C85. K K~~€ G( J S TOR E)
2086. KPL K + I
2C87 .  IDE LT A • 18P (KPL,JSTORE ) — NT EMP (JSTORE )
2088. IF ( 18P(KPL,JST O RE ) .GT. I8U8(JSTOREI )
2C 89. I IDELTA = IBUB(JSTORE ) — NTEM P (JSTORE)
2C90. IRM S • IRMS — (DELTA
2091. NTEMP (JSTURE) = NTEMP (JSTORE I • (DELTA
2C92. ZJBARI-JSI URt ) • 1J~~AR( JSTOR 6) + RLAMDA LK,J STOREI*ID ELTA
2C93. IF(NT EP’~’(JSTOR81.E ~~. Ib PtK Pt , JSTC RE) ) KSEG(J ST O RE) =KS EG (J ST O RE) +1
2094 . IF ( ( R .~ .L8. 0) (.0 TO 1000
2095. CC IC 200
2C96. C
2091. C END OF ALL OCATION
2098. 10CC NT€$P (J STU RE) = NT EMPIJST O RE ) • IRHS
2C99 . IJ EARIJ ST LRE)  = LJ 8AR (JST O RE) + RLAMDA( K,JSTOR E)* IRH S
2100. K = KS EG~ JSTC RE)
2101. IF( NTEM P(JS T ORE ) .LT . IBP( K,JSTORE)JKSEG (JSTO RE)z K—1
2102. C INSTALL OPTIMAL ALLOCATION
2103. 11CC Z BAR = ITOLZE
2104. 00 1110 J=1,NSUB S
2105. IF ( J P ( X ( J 3  .GT . 03 GO TO 1105
2106. LAST • NSOL (J) • I
2101. IBST AP (LA ST ,JJ a N TEN P (J)
2108. ZBAR • Z BAR + LJBAR( J I
2 109 . GO TO 1110
211 0. 1ICS K • JFIX (J)
2111. IDELTA = IZSTAR(x,J1
2112 . LBAR • IBAR • IDEL TA

= 2113. (tiC CCNTINLE
2114. IN CVA L INTILBAR )
2115. IF (LeAR •LT. 0.1 INCVA& . = INCVAL — I
2116. RETUR N
2111 . END

~ 1L8. SUBRCI. T INE COMCH a((4 ,K )
2119. C
2120. C CCPPAR E S CURRENT ALLOCATION (FROM SUBROUTINE ALOCTE) WITH
2121. C PREVIOUSLY EXAM INED ALL OLAT I ONS IN EACH UNF IXED SU BPRO8LEN

‘3 2122. C TO O TERMIN E IF OPT. SQL. CORRESPONDING TO CURRENT ALLOCATIO N
2123. C IS A LR EA CY KNOWN FOR ANY SU8 PROBLEN
2124. C**4*****DESCRLPTIGN OF pARANETERS*•ss *s* e
2125. C J • PARAMt TER I NDEXING FIRST SLBPROBLEM FOUPK1 FOR WH ICH OPTIMAL
2126. C SOLUTION CORR tSPOND ING TC CURRENT ALLOCAT ION IS ALREADY
2121. C KNUmPt (OU TPLTI
212 8. C K • PARAM E TE R IN DEXING THE PREVIOUSLY EXAMINE D ALLOCATION (N
2129. C SUBPRUbLE M .~ WHICH LEADS TO SAME OPT. SQL . AS WOULD

•

. 
2130. C CURRENT ALL.OoA T ION (OUTPUT)
2131.
2132. C
2133. I MPLIC I T REAL *4 (A ,C ,E—H ,O,P,R—W,Z), REAL *8 (B,Q,X,Y) ,
2134. 1 IN TEGEN *4 L I—N ,Q)

I
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2135. (NTEGFR*2 (~~STAP,Ib !D,L8BNO,I i8ND
2136. CCMRCN/BLO(.K3/ RLA)UA (,u,1O1,LNAUT (10),ZJBARIIO ),NSUBS .IZINC ,
2137 .  1IZBA R ,I&) uM, lBLL,NJ FIX,J F IXS M,L8,J FIX( L0J,$SO L( 1OJ,N LAMDALIOI ,
2138. 2 K S E G L IO ) , l BS T A R L 2 0 0 , I 0 ) , l 8 0 8 ( L Q ) , I B L B L IOI,I8P(51,1O) ,
2139. 3IBUSEC (200,L0),IZSIAP(200,11j),18I0(200),IBBNO (200),IZBND (200)
2140 . 00 1000 J=l,NSUB &
2141. (F ( J F IX I J J  .GT. oj  GO tu 1000
2142. IF (NSCLLJ ) .E(j. U) Go TO 1000
2143. L = NSCL (~~)
21 44. LP 1 • I • I
2145. 00 5CC K 1,L
2146. C T E S T  ALLOCATION AGAINST UPPER BOUNDS O~
2147. C bI j IN KIM SOL. OF $06 J
2148. IF (LESTAR( LPI,J1 .01. 1 TAR(K,J)) GO TO 500
2 149. C TEST AGA INST LOW ER BOUNOS
2150. IF (IBSTAKILPI,J1.L1.I80560 (K,J)) GO TO 500
2151. C
2152. C ALL OCATION DOMINAT ED
2153. 10DM • 1
2154. RETURN
2155. C
2156. SCO CONTINUE
2157. ICCC CCN1~~NL~
2153. C
2159. C ALLOCATI O N NOT DOMINATED
2160. lOOM • U
2161. RETUR N
2162. END
2163. SUBROLTINE LDOATA IJ )
2164. C
2165. C ICADS DATA FOR SUBPRUBLEM 0 INTO APPROPRIATE STORAGE LOCATION S
2166. C FCR SOLUTION ~Y SUBROUTINES NORMAL (LPJ AND BANDB ( ILP)
2167. C
2168. IMPLICIT REAL*4 (A,C,E—h,Q,P,R— ~~,Z), REAL*8 (S,D,X,Y3 ,
2169. 1 INTEGER* 4 (I—N.Q I
2170. (NTEGER*2 JH ,cINBA S,L A,LE ,IA ,lE

• 21 71. INTEGER*2 1LSTAk ,I bZD ,I~~bNU ,1LbND
2172. INTEGER*2 IAS,LA S
21 73. DOUBLE PI~ECISI0N € (1000)
2174. REA L A (5001

• 21 75. CGM (~CN/6LOCK3/ RLAMCA (5-0,10),ZNAUT (101,LJBAR(10),NSUBS,ILINC.
2176. IIZ8AR ,IDOM ,I 8IL,NJFIX ,JFIASM,I8 ,JFLAUOI-NSOL (10),NLAMOA (101,
2171. 2KSEG (1O ),IESTAR (200,10),LBUB(iOI,IBLB (1O),IBP(5I,1O),
2178.  3 ( BU SEC (200 .1O IdLSTA R(200 ,L0) , IBLC(2 00 ) , IBBND(2 00 ) , IZBN D(20 0 1
2179. CCMMON/BLUCK4/ XLBS (50,LQ),XIJBS(50,10),AMA TRS (L000),RHS (20,I0I,
2 180. INROWS ( 10) ,NCUL S( 1 0) ,J F I R ST t I L J , I A S I I000) ,LASL5O, LO)
2181. COMMON E,XLdI1I2.(,~~Ub (12~~),Bt bOI,X(6O),Y(60),YTE MP (b01,DSUM,QPR0D,
21 82. 1 DY ,D6,DP ,A , ICNAM( 122,~~) ,NAM E t2O ),NTEM P (2 0) ,SUM (NI ,MSTAT ,
2183. 2 IO8J , 1RCW P, IV IN , I~~OUT , ITCNT , I NVFRQ , ITRFR Q, ITS INV,L F FEZ ,
2184. 3 JU.LP ,NROW,P.CCaL,NELEM,NETA ,NLELEM,NLETA,NUELEM ,NUETA .
21 85. 4 IE (1U00),(A(~ 0Oi ,.t(2521,LA( L22),kINBAS(12 2),JM( 6O1
2186. MCCI • NCIJL$ (J)
2187. N ROW •

r~ 2188. NELEM • ~iIRSTjJ +j) — JF-IRST (JI
- - C 2189 . LI = J FI RST IJ )  — 1

2190. C LOAC A ,IA, LA ,M.8,XUB, B,JH, KIN BAS
2191. 00 10 !=L,NELEN
2192. A U ) = AMA TR SLLL.L)
21 93. 10 (A l l )  = LASI L IGI )
2194 . 00 20 K~ 1,NCUL
21 95. 1*1K) = LA S ( K , J )
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•ico. xLe (va .¼i  13S(-N.JI
2 1 9 P . 2C XU8 (c) -

~ 193. IA(NCLL. .~ • ~t~~E$ I
2199. (1)
2200 . IL NSUL (J ) • 1
2201. 3(2) FL0A1(Lt ~~TAR4 1L,JII
2202. IL. —

2203. 00 40 ( I.I~
2204. 4C 6I!.~~1 UBLE(4 ( t i ’ 3 t L , J ) )
2205. 00 50 ( = t , r ~MtJ ~
2206. JH(( • I
2207 . ~C K I N B A S ( I I  - I
2209. IL NR0~ • 1
2209. 00 60 I~ LL, NCOL
2210. ~C ~.lN 8aStl) = (I
221~~. I TCN
2212. 1NV FP( = MR LjW
2213.  I~ETORN
2214. END
2215. SUBROITINE 667180(J)
2216. C
2217. C COMPA RES CURR EN T ALLOCATION IN SUBPROBLEM 0 WITH PREVIOUSLY
2218. C EX AM ( N613  ALLOCATIONS IN ORDER TO DETERMINE AN INITIAL LOWER
2~~l9. C BOUNIJ ON THE MAXIMAL OBJECTIVE VALUE IN SUBPR0BLEM 0,
2220. C CCRRESPGNDING TO CURRENT ALLCCA T ION
2221. C
2222. IMPLICIT REAL*4 (A,C,E— M,G,P,R—W,Z3 , REAL*8 (8,D,X,Y),
2223. 1 INTEGER*4 (I—N,Q)
2224. INTEGER*2 JH,I((NOAS,LA,LE,IA,IE
2225. INTEGER*2 IPART,LNCIJMB,IVBNO,IV [O,IOBNO
2226. !NTEGER*2 ILSTAR,IB(0,IBbNO,ILBNO
2227. DOUBlE PPECISLCN E(I000)
2228. REAL A (S0O1
2229. COMMON/IaUCK?j OFP ART U22),REVBND,INCVAL,1COL,LISTL,1VAL,1DIR,
2230. 1 NPIVCT,IPTYPE ,RCOST,IFEAS ,IPART (122),INCUMB (122),
2231. 2 IVBNDL500 ),IVIOI SOO),IDBNDISOO)
2232. COMMCN/th •LCKj/ RLA~ DA (5O,1O),LNAUT (10),ZJBAR (10),NSU8S,IZINC ,
2233. 1ILBA R,10 0M-,It~LL,MJFIx,JF1XSM,IB,JF1Xl1O ),NSOLI1O ),NLAMDAL1 0),
2234. 2KSEG (101,IBSTAR(200,IOI,IBUB(101,I8LB(IO),IBP (51,10),
2235. 3190S60(200,101,ILSTAR(24.)0,10),IBIDI200),IBBND(2001,UBND (200)

= 2236. COMMON t ,XL8(1~ 2),XU8(L22),B460J,X (60),Y(60J ,YTE MP (6O),USUM,DPR0D,
2237. 1 uY,DE,OP,A , ICNAMLLZ2,21, MA ME(201,NYEMP (20),SUMINF ,MSTA T ,
2238. 2 I0t~J,IROWP,IvIN ,IVOUT, (TCN T,INVFR Q ,ITRFRQ ,ITSINV ,IFFEl,
2239. 3 000LP,NRUW,NCUL,NEL€M,NE TA,NLELEM ,NLETA ,NUELE M ,NUETA ,
2240. 4 I L L A 0 0 0 I , I A(5 0 0 1 , L E (2 5 2 3 , LA ( 1 2 2) , K I N BA S ( 1 22 1 , J H (6 0 )
2241. (NCLiM8(i ) = —10000
2242. KSTCR E = U
2243. LI = NSIJL(J)
2244. IF (IL .60. 0) RETURN
2245. NEW = (.1 + j
2246. C SEARCH PREvIOUS ALLOCATIONS FOR BEST LOWER BOUND ON 10
2247. DO 100 ((~ L,LL
2248. IF ( ‘NC UMBUJ •(.E. ILSTA R( K ,J1) GO TO 100
2249. IF IIOUSEC4K,J) .GT. ItiSTAR(NEW,J) ) GO TO -too
2250. C 810* = KT PI BIJ~ UPOATE INCUMB (11
2251. INCUMe (1) = ILST ARIK ,J )
2252. KSTCRE • K

• 2253. 160 CONTINUE
2254. C
2255. C KSTOR€ INIJEXES THE PREV IOUSLY EXAMINED ALLOCATION GIVING THE
2256. C GREATEST LOWER BOUND ON £0
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•1
2~’~~7. IF (XST LI ’ l .~~~~~~. u) RETUk t~i
225’I . I~~~LM~~(~~) !3STA l~~t .d,J) — ~BjSE[.lKSTU RE ,J )

~259. 00 21C ~~
21C IM:~~~~(~u = o

IFE AS = I

~~~~~ i~ET 0 ~~N
~ND
SU ~ ki~~T INf r  ~~~ c~~~J )

2265. C
226~~. C S T C ~~i~~ A L L ~~~ 4 T I C N  4~ t) SULUTICN INFORMATION FUR SUbPRQSLEM 0
22’7. C
2~ 68. (M~’1tC IT k 1A1*4  tA ,C ,~ —H,G,P,R—h,Z), REAL*8 (B,D,X ,Y),
2269. 1 INTt~~Ek*’t 1I— N,’_ i
227 )- I t~TEGE~~~ Ub,K1r- .~~AS ,LA,L~~,I A,IE
2C71. INT E~~EP*2 lPA ~ 1,iNCuM~ ,(V~ N0,lVIO,IC8ND

• 2272. IN~ F~~~~~ ILS TAk,IElO,I ~~6NJ,tL8N0
2273. OGU8LE PRECISI CN EL1000 )
2274.  ~ EA I  A ( 5 0 0 )
2275 .  COMMCN / 8LO Ctc ~~/ UFP A R T ( 1 22 ) , R E 1 6 M J , I NC VA L , I C O L , L I S T L , I VA L , I O L R ,
2276. 1 N P Iv CT ,i~~TVPE ,RCCST ,IFEAS ,l PART (I22),I?~CUMbtL22),
2277. 2 1~~U NO (5J01,LVIU(5OO ),IOBND (5OO1
2278. ~~~~~~~~~~~~~~~~~~ kLAMCA(~~U,LOJ,LNA 0Tt1O ),1JBAR (1O ),NSUBS,ILINC ,
2279. 1t ZBAP ,!DU~~,IB LL,NJ F IA, J FIX SM ,L~~,JFl X(10j,NSOL (1OJ,NLAM0At1O) ,
2~~ 0. 2KSEo(1C ,,IB~ TAk&20C .LO ),It~0B(LO ),IBL8(L01,IBP(5L ,LO),
2281. 318USEC (2O0,1O ), T4i~(20U,IQ),I81C (2O0),I6BNDl20O),lZBNU(2OO)
2282. CL~ frCR E,A L 122I, X0~~(L 22),b(6O),At6U),Y (óO) ,YTE MP (6O),DSUM,DPR~~D,
2283. 1 UY,Dt,OP ,A, ICNAM L I22~ 21.NAME (2O),NTEMP (2C),SUMINF ,NSTAT ,
228~+. 2 ltJBJ ,IRC~ P, I~~tN,IVJU T ,ITCNT,lNVFRQ,ITRFRQ ,ITSINV ,IFFtL,
228~~. 3 000LP ,NF(IJ W,NCUL,NELEH ,NETA,NLELEM,NLETA ,NUELEH,NUETA,
228~.. 4 Ie(Lu0O),IA(~~0o),LE(252),LA(i22),kINeAS(122),JH(oO)
2287. C TEST ~HETHE~ SUtPRG8LEM J WAS FEASIBLE ((FEAS = 1)
2288. IF (IFEAS ~~~~~~~~ 1) 00 10 90
2 2 8 9 .  !NCV A i  = —i000u
22~ O. INCUM~~(1) = —10000
2291. IMCUMB~~~) 10000
2292. C
2293. SC LI = N S O L ( J J
2294. F~EW = LI + I

1 BUSED (NE~~,.j) = (8SIA 1(NE~~,J) — INCIjMS(2)
296. IF (IL .t(w . 0) (.0 TO 1000
2297. C COMPARE •\E~ SOLJTL IJN IN SUB J wITH PREVIOUS SOLUTION S
2298. 00 500 lc~ 1,LL
2299 . IF ( I 8 U S t U ( N E . q , J 1  .NE. IB US EO(K, Jf l  GO TO 500
2200 . C ~‘E~ SULUTIUFI SAME AS KTH: REWRITE OVER KTH REGION
230 1.  ( B S T A R ( K , J )  = IBST AM (NEw,J )

~3C2. N T E M P ( 2 )
23C~~. RETL RN
2304. 5CC CCNTINUE

• ~ 305 .  C
?366. C NE~ SOLU TICN DIFfERS FROM ALL PREVIOUS SOLUTIONS
•‘3C7. ICCC NSOL(~~) = NEw
2308 . IL~~TAR (NE~~,J) = I N L U M B ( L)

• 2309.  NT E M P ( 2 )  = NEw
2310. RE TLRN

•-
~~ 2311 . END
• 23~ 2. SUBPU LTIN t IJMBRAN ( J,K)

~~13. C
2 3 14 .  C PPANCP-th S UN A LLCCA T IJN VA R IABLES SIJ IN SUBPROBLEM 0
fl15. C***s****OE SCPIPTIUN OF PARAMETERS********
2314. C J = PARAM ETER I NDEXING S08PRC6LE~ IN wHICH BR ANCH ING IS UONE
2317 . C K • PARAMET ER £NU~ XI~~0 A PREVIOUSLY EXAMINED ALLOCA TION IN
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231L C ~ot~PkoBLEM 0. fliL LURRENT ALLOCATI ON IN SUBPROBLEM IS r .
231 . C BE f1Xt ~ ; AT (t~E c~~ -~ L1. VEL fOLLL~~IN- , THE BRANCHING P P t 0 E L j ~~RL
2320. ( $ * * * * * *# * *S * ~~~~**.4.  *•* *  * * * **~~*~~** ** *****
2 3 2 1 .  C

I M P L I C I T  kEAL* ~, ( s ~ , L . E — H , C, P ,R—w , 2) , REAI*B (B,D,X ,’r),
I INTEGIk *4 (I— N ,QJ

2 3 2 4 .  I N T F L E R ” 2  J~~,X Il I 3 4 S , L A ,L t , j A , I E
2 2 5 .  I~~T t C F I ~... IL.~T AR, IBlO,lSBNO,U8N02326.  DO UBLE P~~1(.LSICN E( L U O U ~
2 J 2 7 .  REAL A ( - u )
2 Li3 . CC!’~MCr ~/ BLUCø~~/ ~ L A ? ~0A ( 5 O . I O I , L NA UT (j Oj , LJ 6 A R ( I O ) , N $ U 8 S , I Z ( N C ,
2329. IIZBAR ,I OUM ,LBLL,NJFIX, Jf(XSM,iB,JfIX( LO),N$OL(tO),NLAMDAUO),
2330. 2KSE0t 1O) ,IBsTA Rt2OC,1U),IBUd(~~O ),I8L8(10),I8P (51,1O),
2 3 3 1 .  3LeUsEe ( u ,Lo ),ILS tARt2 ~~o,1De,IB1D(2oo),I8B No(2uoj .lLaNo(2OO)
2332 . COI~~C~ . E,XL 8(12),XU8(122),8 (oUI, X(601,Y(6Oi,YTEMP(4O),j)SUM ,DPKUD,
2333. 1 UY ,DE,VP,A ,lCN AH(1~ 2,4i,NANE(2Oj,NTEMPf2O),5UM(NF ,MS T AT ,

• 2334. 2 t~~~J,IRLw P,IV IN,~~VUUT,LTCNT,IN V FRQ ,LTRFRQPITSINV,(F FEZ,
2235 . 3 JCULP,NRuw ,NCDL .NELEM ,NETA,NLELEM ,NLETA ,NUELEM,NUETA ,
2336. 4 LEtL000I,LA ISOO),LE(25 2 ),1AL122),KINBASL122),JHloO )
2331. N TE M P I1J = IBUSEDLN, J )
2338. IF (IBSTARLa( ,J) .Gc.  1806(J) )  (.0 TO 200
2339. C i~0L uP BRA NCH U~ 810 TO L IST
234). IBI L lULL + I
2341. I B I O H ELL )  0
2342. I 33N0(18Lo1 18(38(J)
2343. IZBNC( IBLL) = LLBA R
234 ’-. C
2345. 2CC IF (NIEMP (1) .LE . 1818(J)) (.0 TO 500
2346. C AOL) DOWN BRANCH ON 310 TO LIST
2347. 1811 • 1611 + I
2349. ( 3 1 0 1  IFLI) -

~ — J
2349. !BBNO (TBLL) 1619(0)
2350. IZBNC (IBLL) IZBA R
2351.  C
2352. C REvI SE BOUNOS ON 610 FOR FORwARD BRANCH
2353.  5CC IF UESTAH K ,J ) .LT . IBUO(J )  t 8 U 8 (J ) = I BS TA R ( K ,J )
2354. IF ( N T E M P ( . . )  .GT . 1E~~~(J)i 18061J ) = NTEMP (I)
2355. C

• 2356. iF (N1EMP(1) .17. 1618(0)) GO TC 2000
235!. MSTAT = I
235 8. RETu g r ~
2359. C
236). C FGRWARLI BJ~ANCH OOMIN4TcO
2361. 20CC MS TA T U

RETU R N
2363. END
2364. SLBPOIT INE BBKTRK
2365.  C
2366. C BACKT RAC K S ZN ALLOCATION— VAR IA 8LES SEARCH TRE E TO LOCATE NEXT
236 ? .  C ~PC M ISING NCGE TO BE EXAM INEC. LAST—IN—FIRST—OUT (ILFO)
2368 . C SELECT ION RUL E USED.
2369 . (
2370. IMPLICIT REAL*4 (A ,C,E— H,0,P,R—w,Z) , REAI*8 (B,O,X,Y),

• 2371. 1 INTEGER *4 (1—N1Q )
2372. INTECE PS2 ILSTAR ,1 6I0,IBBND ,ILBND

- • 2373.  CCMMC N/bLuU~j / RLAMQA ( 5j , 13) ,LNAUTI1 Q ) ,LJ BA RI1O) ,NSUB$,ILINC ,
2374. 1IZBAP ,IDUM,IBLL.NJFIX ,JFLXSM ,L9,JFIX( LO),NS3L(1Ol,NLAMDA (LO) ,
2375. 2KSEGI1O),IBSTAR (200,LO),(8U8(lO),IBLB(lQ),IBP (51,IO),
2376. 3 (BUSEC (200,jQ),IZ$TAR (200,j0j,(BID(2001,IBBND (ZOQ),IZBNO(200 )
2 3 77 .  C RE1Ui~N TO MA IN IF LIsT OF STORED NODES IS EMP TY (COMPUTATION S
2 3 7 8 .  C CCMPLETED)
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2 3~ 1. C IF 9~ L • • C I
2 3 9 ) .  C I ) E ~~1il- v ~ ~ ~~~~ It. - . ~~~~~ I~~ti~ E 6I~ COl T rSPON3IN& TO L A S T  NUD E ON
‘381.  C L I S T

= IBI OI t8~~~
)

238i. J = ( A L 5 ~~ j~
* 

T ST ~~-~ t —~~~~~ SD BPRUBLFM 0 IS CORRENTLV FIXED
‘ “3 •-~. F ~J F IX~~J )  .L~~. 01  Uu 1(3 100
2386 . C “ L.NF I.~. ’1 A LLL .~~T ! G ~ SJ8 PRQ BLEM 0 NO~2 3 8 ~~. N~~~ IA — I
238~~. 1< = J~ IX ( J )
2 3 9 9 .  J E 1 X S d  J ~~~~~ 

— I LS IA R ic ,J1
c )90. C
2 3 9 k .  i C C  J F I~~~~ i U
2 3 ’ 2 .  IF ( IZENI , ( Id L L )  .L~~.. ILJNC j uL) TO 2000

L .
2 3 - ~~.. C ~~~ - ‘  ~1 YT NODE ~-~~3M L I S T
23 95.  IF ( I B I O (  :~~i1.) .LT .  0) ~~ T O 200
.396. C NC!~E ~~~) ~~~EA T E D  BY -JR—BRANC H ON BIJ
2797 . M E frP ‘ B L U J )

IBL8U~ = iE~~~t~~) + I.
2~~~;. IBj ’~~J) = I~~~~[~( 1811)

= I Z B N C (  (BL)..  )
J F I~~(i  —

~~

- “02. GC ~~~. tC~JO

2-4 ;’~. C NICE ~~~~ - k E A T E U 8Y (3~~nN 8RA NC h ON 3 10
~~~~~~~~~~ 2 CC l T E ~’:- 1016(J )
. 4C~~. (BU~3 I J ) = iBL~~(J~ 1

:8 1 6 1 0 1  = IBUNOI 18L.)
24 C 5 .  = I JlN~~t 18113
~~~~~ C

C “hCCIucE~~PINC’ T O ALLO W OR IGINAL BOUNDS ON BIJ TO BE RETR IEVED
2~~ii. C L A T E R

10CC 16 10 1  if~~L ) — 11UDIi~31L)
2413. (BBNC UBIL)  = h EMP
241-.. ~L h P . 0 ( l 6 L L )  — 1 0 0 0 0

415 .  RFTU ’~r’
• ~~~~~~

~ ,L7. C :~uDE FAT~-u~~[D : UPDATE BCUNCS AND BACKTRACK AGAIN
~~~~~~~ 2060  IF (1BIU(16LI~ .iT. ) L1 TO 2200

— ?411 . T 8 U P . ( J )  L t t ~ -iL’ 16111
24 2~~. CC T [~ ~S~~CC
2 ’7 ~~. 2 2 C C  I b Le l o )  IBBNC( I t3L L)
2 42 3 .  C
?424. 25CC (611 ~f3LI — 1

CC ~( 5•i
24~~~. END
2 4 2 7. S L P~~( T ~ i~E UUTS OI (  Ir~C)

C
24~~3. C C IYP -JTS S1L~ T Iu C  INFURMAT I0~4
2430. 1******$* 0E~~c~~;~’T’ L-f~ 0) PARAM ETE~(S******* *
2 C J N C ( J )  P A RA M ET E R  INDEXIN( .  THE SOLUTION IN SUBPRO 8LEM J

C (0 1,2,...,NSUBS) PRO P’ WHICH T h E  OVERALL OPTIMUM IS
2’..

~
3. C CC P~PRISEU ( I N P U T )

,j,34•
2435. C

IF~PLIC1 T REAL*4 (A ,C.E—H,O,P,R—W,Z), REAL*8 LB,D,X,Y) ,
24’I. I INTEGER*4 (I—N,~.I)
2438. INT FG~ P*2 ILSTAR ,LBID,I BBND,IL&NO
24”~. I~.TFL, EP~~1 IAS ,LAS
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2440. DIMEN SION (NC ) 10)
2441. CCMHCN/BLUL$3 , kLAP ~OA)5’J,IO),~~NAUT(1 0),LJ8Ak(10) ,NSUBS,ILlNC ,
24.2. 1ILBA F,IUUM ,IBLL ,NJF IX,JFIX SM,16,JFZX (jO),NSOL (IQ )NLAMOA (101,
2443. 2KSE0(LC ),IBSTAR (201,1Dl ,LBUB tLUI ,IBLB ILO),1 8P(51 ,1O),
2444. 3IBUSEC (200,IO),LLSTAR(200 ,LO1,IBtC(200},IBBND (200),IZBNO(200)
2445. COMMCN/BLOCK4/ A1dS (~ O,1Q),XUbSI50,1Ui,AMA TRS(1OOO),R HS(2O,1U1,
2445. 1NROWS (IO1,NCOLS ( 1U),JFIRST(LL), IAS( 1000),LAS(50,10)
2447. W RI TE (6.10)
2448. IC FORMAT (‘1 OPT IMAL SCLJTLUN ’//’ SUBPROBLEM’ ,TZO, ’SOL NUMBER’ )
2449. 00 b C  J=I,NS’JBS
2450. K = !NC(J1
2451. ICC w R I T E  io,I1) O.K
2452. 11 FORMAT (I7,T20,I5)
2453. wRITE (o,12) IL INL
2454. 12 FO RMA l (1/’ MAXI MUM OBJECTIVE VALUE ‘,ILO )
2455. RET URN
24 58. END
2457. SUBROLTINE PHA SLA IJ I
2459. C
2459. C SOLVES SUBPRU8LEM J AS A LINEAR PROGRAM PARAMETRICALLY IN THE
2460. C L (NKIN~. CONST RA INT RIGHT—HAN D SICE . SIMULTANEOUSL Y MODIFIES
2461. C THE RESULTING C ONCAVE AN)) PiECEWISE—L INEA R PARAMETRIC OBJECTIVE
2462. C FUNCTION TO RENDER ALL BREAKPOINTS IBP (K,J) (K = 1,2,...,
2463. C NLAMDA (JJ) INTEGRAL.
2464. C
2465. IMPLICIT REAL*4 (A,C,E—H,O,P,R— ~ ,Z), REAL*8 (B,O,X,Y),
2468. 1 INTEGER*4 (I—N,L)1
2467. IP4TEGER*2 Jh,KINBAS,LA ,LE,IA ,IE
2468. INTEGER*2 IL3TAR ,I8IO,LB8~1D,ILBNO
2469. DOUBLE PRECISION E(I000)
2473. DIMENSION A(500),INC(lu)
2471. CC MMC N/ BLOCK/ ZTOLLE ,ZT U LPV , LTCCST ,ZT O LRJ,LTOLSM ,QRO ,QMA ,QBA ,UFI ,
2472.  1 QEU,LBL,QA ,QPL,h)MI,QZ, QI,Q F,QN,00,NRMAX, NEMAX ,Qb,UC,
2473. 2 QE , ,QL ,QO,QR,QM,00,NTMAX
2474. COMMON/BLUCK3/ RLAPOAISO,1OI,LNAUT (10),ZJBAR(10) ,NSUBS,ILINC ,
2475. IILBAR ,IUuM ,IBLL,NJFIX ,JFIXSM,Zô,JFIX( l0),NSOL(IO),NLAMOA (1O),
2476. 2KSEG ( LC3,IBSTAM 200,1O),IBU8(IOI,IBLB(10),IBP (51,1O),
2477. 3(BUSEC(200 ,1O),ILSTAR (200,1O1,1810(200),IBBND (200),IZBNO(200 )

• 2478. COMMCN E,XLB (122),XUB(122),B(bO),X(b01,Y (60),YTEMP (bO),OSUM,DPR(3D,
2479. 1 UY,OE,OP.A, ICNAM (122,2),NAME (201,NT€MPI2O),SUMINF ,MSTAT .
2481. 2 IUBJ,IROW P ,I V IN ,IVOUT ,ITCNT ,INVFRQ,ITRF RQ,ITSINV, IFFEZ,
2481. 3 JLULP,NROw,NOOL,NELIM,NETA,NLELEM ,NLE TA ,NUELEM ,NUETA,

• 2482. 4 IEI100O),IA(500I,LEL2~ 2),LA(L22),K(NBASt12fl,JM160)
2483. C ~LT OPTIMAL LP SOLUTION wiTi’ RHS • 1818(0)
2484. ITS INv = 99999
2485. CALL NCPMAL

-
• 2488. LNALT (J) = SNGL (X ( ICBJIJ

2487. IBBA R = IBLB( J)
• 

- 2489. K = 0
2489. C
2490. 25 K = K + I
2491. IBP (K ,J) = IBBAR
2492. C
2493. C COMPUTE NEXT BREAKPOINT VALUE BBAR
2494. CALL LiNPACK(2)
2495. CALL FTKANU )
2496. IF (Y(IOB.i 1 .LE. LTCOST ) GO TO 1000
2497. OP = 1.ELu
2498. 00 ICC L=1,NROW
2499. IF (1 •EQ. lOBol GO TO 100

~

‘ 2500. JCOIP = JH (I)
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• __________________________________________

2501. IF (Y(() .(.E. LTOL PV) GO TO 60
2502. IF I Y (II .LE. —L TOLPV) GO TO 50
2 5 0 5 .  GO TO 100
2504. SC DY ~LBIJC C LPJ
2 ’GS.  GO TO 10
2506. 6C DY = XUb(JCL1LP )

* 250 . 76 DE = ICY — X(I )i /Y (I3
• 2509. IF (OP .Lt. 08) ~L TO 100

2509. OP = CE
2510. IROW P I
2111. ICC CONTINUE
2512. OIEMP FLCA TL IBUAR ) + DP

— 2 5 13 .  DE = CIEMP + LTULZ E
2 ’I~.. LI3BA P = Iu tNT(LJL- )
2~~I5. IF IDE .17. 0.) IBBAR IB8AR — 1
2518. I F (IBBAR .G€. 160810)) GO TO 1000

517. TEMP = FL OA T I I B BA R J
25 19 .  DE = OT EMP — T EMP
2519 . IF ( IBBA R •E~~. IBP (K,J)I GO TO 500
252). (F (0€  . LT=  LTOL LE I GO TO 400
2521. GO TO 600

— 2 5 2 2 .  C
~523. C hEw BREAKPCINT 684k NATURALLY INTEGE R
2124. 4CC RL AMD IIN ,JI StI(.L(Y(LOBJ))
2525. C UPDATE X TC REFLECT VALUES AT NEW BBAR , THEN PIVOT
2 5 ? A .  DO 41C 1=I,NROW
2527. 41C X I I )  = X ( L )  • V ( I ) * C P
2128. 6(2) = FLOAT( IBBAR )
2529. CALL NORMAL
25~

-f l . CC TC 25
2531. C
2532. C NEW BREAacPCINT 38AR < PREVIOUS BSAR • 1
2133. 5CC OTEMP ~ t 1OBJ)
2134. IB8AR IBBAM + I
2535. C UPDATE X : NEW B6AR = OLD BBAR + I
2536. DO 51C I=L,NRUW
253 7 .  510 X (  I)  = x (  I) + Y( I)
2538. 8(2) = FLUAT IIBBAR )
2539. CALL NCRMAL
2540. RLAMD ~~(K,J) = St’ 1( .L(X( IOBJ )  — OTEMP )
2541. GO TO 25
~542. C

• 2543. C NEW BREA KPCINT BBAR > OLD BBAR + I, BUT NON-INTEGER
2144. 6CC RLA P’DL (K ,J ) = SNGL (Y(IOBJ)I
2545. K = K + 1
2546. IBP (K , J)  = I B BAR
2547. OTEMP = X (108JJ + Y (IOBJ)*(DP — 0€)
2548. IBBA P * IbBAR + j
2149. OP OP + (I. C E )
~~,50. 00 6 1C I= I ,NROW
2151. A LC X I I )  = X I I I  • ‘vL I)+OP
2552. 8 (2) = F L( JAT ( IBBA K I

• - 2553. CAL L NCRMAL
2514. RLAP3 ~~(K ,J I  = SNGL (X (IOBJ) — OTEMP)
2 155 . GO 10 25

-
~~ 2556. C

• 2 5 5 ’ . C tNO OF PIP
255 8. 10CC RLAP’DX)K,J J = SNGL (Y (lOBJ))

• 2559. NLAMOA (JI =

2 160. IBP( K+ l ,J )  = 1 81)810)
•. 2501. RETUR N
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2562. END
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r

• * i s * SA M P L E  INPIT DAT A FIR UECOP)’USLTION CODE USLC+S***

4 293 1 0

N A M E  5 181
RCWS
P. (390
I RC .1

I RCIi L2
I ~T C W 1 3
I ‘~CW1 4

COLUMN S
c c i i i  CBJ —So . ROwI 40.
00111 R C W I 1  La. R0W1 2 38.
CC ~~11 P C W L 3  8. R0w14 38.
0CL12 CBJ — 113. 91.
CCLL 2 RCWI1 92. RO~ I2 39.
CC 112 RCWI 3 71. ROWL 4 52.
CCLL3 CEJ —30. ROwI 10.
CC11 3 - PCh LI 4J~. RO~~L2 3 2.
CC113 RCWI 3 30. ROWL4 3C.
CCLI’. CE O —02. ROWI 30.
00114 RCW1L it. ROWL2 71.

•, 00114 ~ LW 1 3  60. R0w14 42.
CCIL5 CEO —L 1O. ROwl 160.
C U L L S  RCWI I  1~~O. R0 w12 80.
C C L 1 S  PCWI 3  201. R0w 14 170.

RI- S
R I-’SI P C W L I  221. R0w12 182 .
P I - S i  PCWL 3 258. R0w14 232.

E NCA A
0. C. 0. 0. C.
1. 1. 1. 1. 1.

C 200
2

S182

N 083
I R C W L
I RCW 2J.
I TCW2 2
I R C W 2 3
I 4CW24

CC LUMP. S
~C12 1 ( 0  —43. ROWI 20.

• 00121 PCW 2I 23. R0w22 26.
CCL2I R0W23 £8. R0w24 9.
C0L22 CB J —7. ROwI 3.
00122 PCW2L 4. RQW22 5.
CC122 RC123 6. R0W24 7.
C0L23 CEO —33. R0~~I 12.
CCL23 RCW2 I 18. R0W22 40.
0C123 ~Ch23 36. R0W24 20.
OCt24 CEO —5. RUwI 3.
CC L 24 RCW 2 I o. ROW Z2 8.
00124 RCW23 4.
0C 125 CEO —12. R0w1 18.
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CCL2~ PCW22 L. • RLJm!3 3.

.1:125 PCW24
Rr I

RHII PC W 2 I Jo. 1UJ W22 64.

~~ S I PC W 2 3  4 i .  R0w24 27.
= F P . C A T A

U.. C. 0. 0. C.
1. 1. 1. 1. 1.

C 44

N 180
& ~CI1
I RC= 31
I RC~- 32
I RC~.J3
I ~‘ W34

C LLuM~~S
CCI3I CEO —32. ROw l 9.
00131 RCW 3I 1~~. R0132 3C.
00131 ~ C W 3 3  J j  • RLJW 34 2 1.
0 C L 3 2  CS J — 2 0 .  ROW! ~5.
~C L32  R 0 w 3 1  3. RUW32 15.
C 0 L 3 2  R C W 3 3  6. RUW 34 4.
00133 C~2J 4. RO~~1 1.
C C L . 3 3  RCW 3I 2. R0wi3
CCL 33 ~~~~~ I.
CC~~34 C E J —3 .  ROIL I.
0C 134 P C W 3 I  1. ROWJ 2 1.
0C174 P0134 1.
10135  ~8J — 4 3 .  ROll 10.
CC L3S P0132 23. R0w33 18.
CE35 PC134 ~ 4 .

R I- S
~C W 3 1  16. R0W32 48.

41. R0 w 3 4 29.

0. C. C .  0. C.
~~. 1. 1. 1. 1.

() 37
4

-• 5 184
ROW S
I’ rp3 .•~
I ~C - ø l
I PC~~’•LI
I k* ~ h 4 3
I P 0 14 4

(CLUMP. 5
00141 C EO —426. Ro Il 280 .
CCI’.1 P0141 200. R0W42 100.
001.1 P0143 oQ. R0W44 310.
C O & 4 2  c e o  — 42 .  R3w 1 10.

:~ CCL ’.2 P014 1 20. RU143 21.
CC142 PC144 8.

-
. CCL 43 CEO —12 . ROll 8.

00143 P0141 0. R0w42 20.
CCLA3 RCW4 3 4. R0144 4.
00144 CE J — 8 . ROlL I.
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• ______

CCI-.4 RCI4I 2. R0142 3.
CC IA4  RC144 6.
C0I45 (80 — 2. ROll I.
CCL.45 RCI4I I. R0143 2.
COLA S PC144 I.

RP1 S L P0141 160. RO142 86.
RHS I RC143 61. R0144 230.

F NC AT A
0. 0. 0. 0. 0.
1. 1. -1. 1. 1.

0 20
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*S** *OLIPUT GE N ERAT ED E~ OSL’~ ON SAMPLI PROBLEM*****

STAR T NE0. PROBLEM

IBPLK. 1) 0 10 11 40 41 80 01 162 163 185 186 193 194 200
R [ A M - ~ A I s ,  1) • 3.00 2.07 2.07 1.40 1.40 1.31 1.31 1.22 1.22 1.18 1.03 1.03 1.01
Z NA U T (  1) = — 0 .0000

B P( K ,  2 )  = 0 12 I~ 15 16 27 28 36 37 39 40 42 43 44 44
PLAM’ )A4I (, 2) 2.75 2.33 2.33 2.11 2.11 1.60 0.64 0.63 0.62 0.62 0.01 0.59 0.37 0.24
?~,A U1( 2~ = — C. 0000

IE PIK , 3) = 0 10 11 12 16 17 18 30 31 34 35 37
RLA M r)A IK , 3) • 4.30 4.00 i.50 3.56 3.45 0.67 0.60 0.59 0.57 0.32 0.20
LN.A UT (  3 )  —0 .0000

IEP (K, ~,) • C 1 2 11 l~ 13 20
k t $ p n A ( K , 4 )  = 8.~~C- 4.20 4.20 2.00 1.52 1.52
Z~.A L T I  ~.) = —0.0000

5118 1 SQL I: 266 0 55 64 50 24 1 0 0 0 1
518 2 501 1: 62 1 9 21 14 8 1 1 0 0 1
SUB 3 SCL 1: 50 20 3.3 24 20 12 0 0 1 1 1
SIl l 4 SOL 1: 64 0 13) 63 34 211 0 1 1 1 1
T I M E  = 1.10 SECONDS: ILINC 442
SUE ~ SQl 2: 02 0 132 63 36 212 0 I 1 1 0
C U P 3 S C L  1: 50 21 0 0 0 0 0 0 0 0 0
SkJB 3 ICI 1: 50 22 0 0 0 0 0 0 0 0 0
S U E  4 SOl 3: 52 5 137 83 38 215 0 1 0 1 1
SUP 3 ECI 2: 10 0 5 9 14 8 0 1 1 1 1

~r ME = 1.62 SECONDS:  11161 = 450
Su° 2 SCL 2: 55 2 13 26 2) 15 1 0 0 0 1
518 3 SCI 3: 63 8 10 17 11 0 1 0 0 1
SUB ~ SCI 4 :  67 0 6 10 14 10 0 1 1 0 1
Sli P 4 SCL 4 : 54 .3 134 66 36 218 0 1 1 0 0
SUP 2 SCI 3: 55 11 3 25 18 11 1 1 0 1 0
TIM E = 2.26 SECONDS: 11160 • 452
TI M E = 2.29 SECONDS: ILINC 455
SUP ~ 501 4 : 50 2 9 33 22 11 1 1 0 0 0
519 2 501. 5~ 67 0 i 13 10 8 1 1 0 1 1
SY~~2 SCt 1~ 62 2 0 0 0 0 0 0 0 0 0
SIP I SOt. 2: 261 28 56 2 89 70 I 1 1 1 0
T!P’E • 2.92 SECONDS: ILINC • 457
SL’~ I 501 3: 240 0 30 70 28 32 0 0 1 0 1

• 3.10 SECUNOS : 11160 402

C

CPT IMA I SCLU TICN
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p

SCI. NUMBER
1 2
7 5
3 2
4 1

MP.X IMUl~ O B J E C T I V E  VALUE 462

‘0161 SOLUTION TIME = ~.12 SECONDS
TIME IN PHAS EL • 0.60 SECONDS
u c ~~ PROBIfM SOLVED 91 T i w € S :  TOTAL TI ME SOLVING MASTER PROBLEM • 0.22 SECONDS

• ~~CR CF TIMES EACH SUP-PROBLtM SOLVED • 3 6 6 4
N4JMl3&? OF l IST INCT SOlUTIONS DETAINED IN EACH SU8PRO8LEM • 3 5 4 4
~C i A L  T I M E S C L V I N G  SUBP RO BLEMS = 2.20 ~ECON0S
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-

**~~**CI.TpLj T CU ’IPATEC EY ~ MLL O P. ~M Ih-LE PMuöLtM****s

518 1 5C 1 I: 2 66 ~ ~..5 64 50 24 1 0 0 0 1
E lF  2 SOt 1: 6~ 9 ~1 14 ~ 1 1 0 0 1

~IF 3 SC L 1: 50 2U 1.~ ~4 ~ ..i 12 1. (1 1 1 1
5L~ ~. SCL 1: 64 ~i 131 o3 34 211 4) 1 1 1 1
1i? E • 1.t4 SFCLP.C 5 : ILIN C 441
518 3 5(1 2~ 47 u 14 25 24) 14 0 u 1 ~ I
515 3 501 3: 5C U U 0 0 0 C 4) 0 0 0
518 3 5(1. 4: 50 o U U u U C 0 C ~ U
511 3 SCI ‘: 63 0 o 1o 17 11 C i 0 a
518 4 5(1 2:  52 ~ 1~~1 d3 3o 215 C I C 1 1

2.44 SE C ONDS: I~~1P.&. • 443 —

~~~~~~~~~~~ 6 :  7C . s 9 14 o 0 1 1 1 1
519 -‘ SCI 3: 50 ~- 13~ 83 40 216 C I C 1 0
l I M E  2 . 6 4  SEC L P. C S: 11160 = 448
S I P  ~ S C L 7 :  67 6 10 14 14) C 1 1 o 1
III 2 501. ~~: ~ 3.3 th 24) 15 1 C C 0 1
519 2 501 3: 55 11 3 25 18 11 1 1 C 1 0
s t.e 4 501 4: 12 o 03 i6 212 C 1 1 1 0
T I PS = 4.14 IECCNCS ; I~.LNC = 450
S U E ~. 5(1 ~: 5’. t~ 4 00 36 ~ td  0 1 1 Ci 0
T I M E  4 .4 5  E E C C N C S :  12 160
SU~ 2 501 4: SC ~ 9 3 22 11 1 1 C 0 0
515 2 501 5: 67 .3 3 13 10 8 1 1 C I I

.5 ¶U~~~2 5CL 6: 62 o 0 4) 0 o 0 0 C u 0
E.~ I 5 0 1  2~ 261 28 So 2 89 To 1 1 1 1 0
T I ~~E 7 . C 5  S EC C N C S :  ILINI. 457
SU E 1 5(1 ~: 24C C .i.. 70 2d 32 0 U 1 o 1
S .F I 50 1 4 :  i31 b 4 7  34 119 14)4) 1 1 C 1 0

= 11.25 S€CC P.CS : LLIN C = 402
C~- T t M i ~& S C LLT J CP.

S L E F P C I L E ~ S CL .  N..j M8 EP
1 2
2 1

6
1~ I

l~a t M L~ C E J E C T I V E VA L U E  =

11:161 5.1L~~IC N T IM E  =

T I PE IF. P~~65E1 • C.E5 Stt.LN.~~
P 2 5 T 5 R  ~RCE1EP SOLVEC 22, TLNE ~~: TOTA L TIME SCivlNi MASTER PROBLEM = 7.62 sECONDS
F.L~~~~P CF TI P E S  EA CH SLEP .ad~~ M . 0t.V6s) 4 6 7 5
NLI9e ~ CF C I S T I N C I  SC1tTILP.~ &.3T4INE C IN AIM SOEPPC€LEM = 4 a 7 5
11111 IIP E ! C L S I r s C BFki.. oiLt.M~ • 2..~~ s€CUN 4)~

CD
.-.

• C.
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—-.~~~~. KJ* I IC.
21.

00143 CII - L 2 .  RJ~’u 1 3.
u C L A 3  ~ C IA ’.1 c.. RtJ~~.2 2i..
0 143 PC~.43 4. gu~ ’.4

C E O  —I. ROIL 1.
00144 iC ~ 41 ~~. I~UI~.2 3.
0 0 1 44  ~C~~4’, t~.
CCL 4S CE J •.

~-. . ~~~~~ 1.
C C I 4 S  RC~~4 1 1. ~~~~~~ 2.
10145 ~~~~~

i C .
F C .-s l i~~~. kJ142

• RP- 51 RC~.43 i. R•i.~4’. 230.
c l~C A T ~

C. — . C. U. C.
1. 1. 1. 1. 1.

C
2C
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001. 4 c .

1 1 . 4
ci 115 C C ~J - -

~~~~ • kU.i 1 it..
8.

Id- S
£ L .

.o. 04.
-
~~~ 5 1  FC~~~ 3 ‘.o. ~U.i24 27.

CA F A
t. 2. C. C. C.
I. i. 1. 1. 1.

C

1It~~

~
4. - (~~I

I ~~~~~~~~
t.
I. SC~~~4

0 0 1 3 1  (9.2 —:~~.. ROt. i 9.
I.. . ,cUwS2 3C.

LI.
C 1 J  —z.~~ . P.0M1 25.

RQ,i32 IS.
0 . 1 3 2  ~C~ 33 o. R0M34 4.

C e O  - ‘t .  ~u~~1 1.

~CA 3 1  ~~. 3.
I.

C I I  —~~~. KJi~I 1.
~C~ 31 i. R.Jw32 1.

Oct 34 ..0p34

• C O L I S  EEl  -“=1. .(UAL IC.
iL~~32  .~~ . ivi~~33 18.
‘~C~A 3 4  I’,.

41- 51 ~C .1  Id.
~- 5 1  ~C~~i1 Act . kcJ~~31 ‘.6.

24.

C. C. C. C. C.
1. 1. 1. 1. 1.

C
31

(I

9 A M :
P 14. ’

I ~ C 4 1
& .~C~~4L
I. ~ C s 4 2

• ,- 1 ‘- C t ’4 2
-
‘ I

CC 1. U S
( 80 •“s ’.c. r~U~~I 260.

0:141 C~~~i 2U0.  RU~~42 100.
310.
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4 * * $ * S A P P I . E INI IT C A T A  FLI- C~~CGPPLSI1 IUN CO4)~ O M IC*** * *

4 1 1 0

1161
P01.5
9 09..
I ~C 4 . i
I. ~1C4.11
I ~ C 4 . i 2
1 4 (4 . 13
I. ~C4.14

C C1L- ~I NS
CCI I I  (El — ‘ .a . ~J~ii 4C .
C liii Pl~~1L lo. RU~~12
C C I I A  PC4 . 1 3  .~. kuo.14 38.
CLI I2  C E o  ~- i i 3 .  k)4.1 91.
CCLI 2 P04.11 9~~. R0~~12 34.
CCI 12 PC4.13 ii. i~.JMi4 52.
C C L T 3  CE .c —3 43 . RU.. 1 IC.
C C I I 3  P04.11 iL. ~Q.i12 3~~.
C IL 13  P01.13 ic. ~(Jwj4 30.
c rt i ’ .  1€J —~.2. RQt~1 30.
COI l’ .  FC4. I 1 4.6. Ru.i12 71.
00114 P04.13 oc. MUwl’. 42.
01115 C E O  — ic. kU4.1 ICO.
T 0 1 1 5  FC4. I 1 i~~tJ. RO4.12 80.
C C L 1 S  PC4.1 3 200.  M.Jw14 110.

Rt- 5 I  fC~~1
~ - 51 PC .11 2~~L. ROlr,12 162.

P01.13 — .  ~vJ~~I4 2i2.
F N CA T I-

• 0. C. C. C. C.
1. 1. 1. 1. 1.

C
2 C C

NAP: 51e2
PC~~s

F.
I 9 0 1 . 1
I ~C ’.21
4. R C 1 . 2 2
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C (II L4-— ’ L a-’ t I r”,~ L ,d,t t C I IV E  i /AL O E ( I V A L )  .Lt .  U B J E C T I V E  V A L J t  01-

C c , : ;. 12 - ., .j tc- r’t ~.i It’.CL (V:v-N T .~t12t,UtICt ’~ ( I N C/ A L ) ;  CR
C (3 ) Li”~u 1 - E i ? ” .-.L, f C c - J I L t _ f ’. S A T L S f L E ~ i NT E G E R  R E 5 T R I C T L , ,Sit iS.

1 C C -i. C
t C .,t . !~~P1 i C I t  .- t” t ’ ’. I A , C , 1 H , L , ? , K ’ A , L ) , R E A L * b  It3,V,X ,YI,
1131.  1 INiE..cv - c4’’, IV- a,wl

-
‘ 

1 5.3!. I’,TE CE i * ... ,tc- l.-.rlA c - , L A , 0 0 , I A , L E
iL1~2 .  INTECCF* IPA.~T,1NLLMU, [Vt5 c-iU,1V1C ,1Cb4 ’4U
1I’3. C l o t /L I  1- A t L i c - I L t 9  c ( 1 .,.JJ)
I’.:-.. ,-I E A L  / ( c - . . .... a
I,:). - :c - T”~ c~~/uc-..,.,tc/ L I L..,LLua,I--r L PV,1 - TCLS T,/TCLK J,LICL$M , U,~~M4iWOA,.)f a •
I L l c- ..  I ..LL, L,..aU ,WPL , v-..ML,t.L,h.L, ,t.N ,QU,NRMAX, NtNtIA ,b,B,,,JC,
U- 3 7 .

• [ 4 - 3 4 .  CC~~~Cl /-jL LC~~~/ U i- sa’LR J (L.~~ ),-~E / dT ’.J,lNCVA L ,ICCL,OISTL,1 vA o,ioI.~,
i t _ C ) .  1 1 I i t C l , I ? T Y P E , v - 4L CS I ,1F~~A S,[PAR T (122),iNCU4 ’lbI,~~~1,

I V 3 N C I ) U . . ) , IV I 1 ) I 5 . u 1 - ), L L B” a J ( S O C I
i c ’,I. LJ4 ”~~CI\  : ,A ~~c ( t ) , Ac - b ( i c ~~ ) , o I t e v I, A I ô U 1 , Y I 4 C I , Y T t M P ( b J ) , U ~~UM,0PkJO,
1 1 . 2.  1 ...Y,c-L,t. ,P,A , I ~~’.AM(L~ 2,.,), E( ),NTEMFI 2U ),SCJMINI’ ,M)TAT ,
iE A i .  , Aut3 j, Ikc -nI ”, i V L , r .,1V u U 1 p L T C S . T,[N’/&j~r.),LTkFk,..,ITS1NV,11-,-EL,
1144.  3 JL. L-L.’, U A , r-a ..’JL,NEL E M , N E T A , N L E L C ’I, N L ET A ,NUELEM ,N U E T A ,

“ [1’ . 4 1.11 c- I,I4~~~uc- .1,LE4~~52 ),LA(L2t) ,Icil r, t3A SI1~I2hJ4’4 (uUI
U - A C .  OP ~ (tuuj) + L I J t L E
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C e - c - .  5. r A t  I’., ‘, r’ I ri_ 0 Li’ .‘ tJ. £ 4- A L L  S c- i  I- In I F.. L L~~ C 1- Du .tN C
ic - . ’ . U-C CE = ~L . I ILLi.) —

C C 1 ~~ [1 (01 . c L .  L I I  c .  Ii, t I - C U
-i . I 1- I y ,- t  =

-: I . -
‘ . cC TI ~ -,c-

C
C ( A S i c - .  pA , ’  l A u d  LI ,

~~..,. I 0 X . i E U f  i T S  J1- ,’L,-i b .j ) c -a -)
[ ‘:3... . . ( c -  CL c- ~~( j )  —- A r t  i i .1-t./
I c - i t .  IF I’- t .ii. c- ,P) uu IC iluc-

IPT Y t- L - — 1
.5. 3 . ..  C

2 4 - C  IPC ,P = I
i ’ l l .  S C C C  (t II II ’ ,-,

. 4 .
1 5 . 3 ’ .
1 5 . ’i .~. IL4- L C T i N t  LLI’ a. L t.

C
C c , 1 E _ T . .  .‘IVuT CC1..~~ JCCJLP i- C t’ CO NREII F L U A C— S IM PL E X  iTtltAT[U-v - .

I’ ” ) . C S c - I l  J t _ L L t  = IF cI” PttCjt_EM AT C , , tRKENC NCOE I~ IN FE A ..Is,LE .
C CT f - ’ - . -=iS.. , CHLU i , I c - J C L . L ?  Ta) f r A L N I A 1 N  PAIMA L— CJP T IMAL ITY
C

5 . 4 o .  1F~P t ! C ~~T I - . E AL*4  ( C ,C,0-.H ,C,p,R— ).,L), RLAL *~ (B,Q,X ,Y1,
1 t i c - I t C c i ’ *4 ti— . 14 ,tv- I

T 1 - T E t. F f ’’.-. ..4- ,rs1 - st ~A S,Lc -,LE,I4,IE
I T T E C - I .t’’I,L l— Ak1, i l’. C L M e , i V r i N u , L V I U , L C U N U
C ILIL E ,‘r-i.L l c - l &. a  O t i c - ac - U l

A [ ‘ ‘ 1 .  P E A t .  t I c - - . . C 4
C 0- ” IC - Ll / DLut_,cJ C i / t , , T U L P i , , LT L LS T , / T O L P tJ , LT C L S M , I I ) R U , Q MA , p u A , 1 4 1 - 1 ,

Ii.’ ) .  1, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
U- f , .  ~t , U I - L, Cv -L,t ,QM ,l C - ,/tTl”AX

CCP”4.’1,l/ut_-c-L sc-~ / ,..r.’~~kT(j,, ),p( :VbNU,1NC VAL ,ICQL, LlS IL ,j V A L ,lUl k ,
1 C~ PI ~ ‘.l, I P T Y P E , R ~~Cs I ,  I FeA S ,  IPAPT( i . . i .,?), 1N C UM C ( 1 2 2 ) ,
2

C .  CO~~?.’t.I ,,ALtIII I, A C,.b(1 ),B(o01,,X(4-J1,Y (bL),YTEMPIOO),JSUM,UPRUO,
I c-~~,c - E , O 1 - , A , L C N A M ( 1 2 L , L ) , N 4 ? a E t A U ) , :a 1 O M P ( 2 0 ) , S U M t N F ,4 . 4 S T A T ,

— I~~,.J. 2 1U11J,I ,’Ln P,LVIN,IV UJT ,IILN T ,LNV 1- k .l ,ITRFRI.3,I TSINV,IF Fc-L,
I J~~, o C ) , ,~~CJ n, 1-C,i. L , 1 - t _ L~~.’1,t’.t IA ,NLE LLM , \ L E TA ,NUE LEM ,PpULI4 ,
-,

/5 . . .  C . .  C
C c - - , . JCC LL-

II Ill’ i C  • t, . ‘ A I ..u I).’ I. Jut)
j’;~~o . C
A c - c ( . I, L c c - V i \,, v t - k i . t tj ., t 1- A lt _ c - 6~~L0~ [ T ~ LL4.d N Piu...Nil

C
C F

I ” ?) .  C C CU t ,  , 1 ,c.LJI .
IF (‘<[Nb/Sc - ic - ) .uT. C)) hi) Ia,, )Ut,,

h - ’J. 1 1- ((XLcI~~ 1 A Lt ) .,)) .Lt. LTttt _ LL) C-Ct Ic-i sc-U
C H .  Cf - L I  IC- - ’ ’ C C r - ( J J

I’- ? . . C A L L  Ii-~~ t I l)
( c i- ,. IF ( P t I N , La..I ,.1 .t-.,. 1I c - c -  I,.. ~~.i,.

c- /-c - . ~f (~~‘ ( J k .. n P ) + t T U a . 1-~~ ) S,2~~~,4-G0‘I L ’, 7 1 . ~ C L IF ( Y ( C ” .~~ i— I A T c - t L - s a~ ) ,,U , L 4 5 , 2 2 4 -
V i i .  C

C L... U- / ; .  - C 5 . OE =

i f S ). IF (U- . Cl- ) c - L u ,c - , , u , C c - - )
• C. . 4 - - i l .  . 4 - C  j C C L F

Cl ;0? . LP =

4 - C C  CC~~T I~~t,t
C

IF (JCCLa ~ .t~~. U) . - E T c - t .-~
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I A L - ,. l iC e  C A L L  I lt v ta ’ I
II S IS.~ =

l44 - f~. F
j A i l - i .  C c-t.Ai, SIMPLEX LY Lt _ E

C
1 4/... C C h C C S :  F [a l a,] 4~IJ~~ IPtUPa P
141) .  : 5 .0  C A t _ (_ I( t tça~~~
i~i l l .  IF I I~~C,.i .L [. .3 Ca. It, 401,
1’.7 3 .  M S T A T  A

1’t 1 3 .  GC IC C c - c -
[‘- ‘ T i .  I, C - f t c -c C -l il T L.uL,.MS. JC&a”
1’. ‘. CC CALL tT t ...c-&.
i /o. IF IJC (.. t’ .c~~. a . . )  CI, TO Isi)
1477 . [tI lt • .JL,.,Lt

C L1 - L ATt 1c- ,i i hAIt a. S Ic - li , It) REFLECT NE~ 8451$ RESULTING FRuM
I Ci~~Pt :.i IIM)- a. EA P I v c - I

C A~~~~.C3. CA LL t,Pt,t Tc-
IT C h = 11C1-.I -sa 1

1 4 5 3 .  I T S I t .~ 4 T S L f ’ .~ P

C C t C  lu- c s. I’- LIi-t r’ IL, REI~\itic T Ct_ RI tF~T 8A SIS
IF (t l t E L ,-M .c- T .  c-oLC) .- Jk .  I A T 3 i N ~V .t,,E. [1-VFRQ I ) GO Ti) ic-/UI)

14 - .-,. C k L 1 l ,V r R S I L - N I.tJ T S.tut:)SARY Yci; aRITE OUT l’aE Si E T A — V E C T O R  fOR
C CL-PPt- ’.T IIMP LX Pjvc -jT

j 4 7 • C A L L  p P a , i . ,
tIC Ti . t c- J

1 A E ~~. 0.1-c-C
1- - .) .  SLeI.L- L,T i , l  LLi-ILLM
i ’c i .
L U - .  C S E L 0 t _ T~~ P1~~LT t<Ln IP.UNP f u R  CURR ENT OtJAL—S 1MPL.EX iTE sa~AT 1c-N.
l C ’ ~~lt C$ C SEIS A} ~CJ~~F’ &.. If Cjs.-Ei’~T 8AS IS IS Oi?T [MA1. CTI1ERI~LSE, L ROwP
[A 4. C 15 CHuSEN IL bE IHE RLiv ~a I T h  C , R E A T E S T  P L L I M A L — J N f ’ E A S I d I L I T Y
l ’- .c5 . .  C
1 4 - c - .  I M P L I C I T  . A i *1, (4,C,t—rl ,L,P,R—M ,L), REAL*8 (B,U,X ,Y),

1 lNTt t,El-*’sa (t—N,Ii )
i c - ;  ... Ir-.T E G E P * . uh,Pt I(’.o~~S,L A , o E , ( A ,  £ 0
1’, - ; . . II~TEC-EF t *,4, IPAR I ,INCOMa ,Ivt/No,IVIC,IC8S.O
1 4 - C - . CC (J ELE Pa ’ ,a . iS L L t~ t Ij 0 0 0 l
15 . 0 : .  REAL ,  / ( c-a. , ..)
112 -C l . LC/~~ L l %/ o Lc - C I c/ LTLLLt,t,IULPV,Z TOCST,LTULRJ,ZT CLSM ,~~RCt,QMA ,L.~~A,t,)fI,
15.05 . 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
15 . O i .
15.05 . CJ~~P’C l t / c - L L L h S 2 /  OFP tPI(1 ),’(cV~ NC,I ltCVA t ,,ICUL ,LISTL ,1VA L ,,IO1R,
1101 . 1 N.~1vuT ,iPTYPt,RCC5T ,If-LA S,1PART(I22 },INCi)MBtj~~2I,
14 - i .’. ‘ 1v 0 N 1 V 0 J 1, I i / i i) I S QG ) , I C bN I ) ( 4 - 0 1 )
1513 . CJM~ Ctt L , A L c I j ~~~) ,  d( i  I , I 3( b U) , A( ~~O ) , Y ( o C J  ,‘yT e M P t o 0 ) ,~~5UM,uPRUU,

1 u’l’ ,uc ,UP ,A ,Jt, t.AM(1 ,~~I, N4~iE(4UI,NTEMf(~~t)),SIjM[Nfr,M5TAT,
~1 IUtJ,AR1 ,n1- ,jalI, ’ .,IVL.. ,JT ,LTC1 -1,IN VFRI. ,LTIIFRQ,1 TSINV, IFFEI,

l c - - L L .  3 JLLLF ,NRU saa,NCOL,NcLEM,S.EI4,NL~~L,tM ,NIET4,1-UELEM ,NUETA,
14 - 12 . ‘ iL L&.u ),i. Ic -c -u),L€Lc -~~),L AI12iI ,1-IS.bA S (i223, JH (oOJ
1 1 1 3 .  C
ill ’s. C Lu- LLi,t l~ Ln ~~I 1 C L  ,,r ,4 -A T E S I  1 1- F E A S I B I L I T Y
ill” . C
151 - .. IMC ~~P =

‘ 1 4 - 1 5 .  LF
1 5 1 3 .  DC i t _ C C  I~~ i,t.NLn
C l i i .  IF (I .L~~. [IOU) CL lu Ic-IOU
1 .1. ICCI = J r- I l l)

-
- 

U-eu . IF ( X I I )  .15. (X L.t/ ( IC,Qc - I LT LtLZE.I I GO TO iUC
V.12.  IF ( X I I )  .11. (ALIb I ICc- LI  ~ LTOt_ /i)) OCt It.) 20C
1 4 - 2 .3 .  GO TC ic-c-c-
1C ~~-.. I
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jACS . GO IC ~c-uU
1” c - .4 .  3C5.I ,  C V I I ’  = JL,..L Ii
1 4 C c - .  CA L L  LNPAa.~c i J C1jLP)
l 4Co .  C A L L  f i s a t A N l i l
l A o ? .  C A L L  CI’-oLPt
i4CiI . CALL  t F t c i T A
i’,C- .. ITC NI = 1111-1 • I
1,,l0. ITSINI. = (Ic - I~~’u~ + 1
141 1. IF ( N F l ~~- ’ I  . c G .  a.) C-., T ,a 401.)
i i? .  IF ( 1- E L E~. .c- 1. ~oUoJ 01) TO iJull
1413. CALL ~PtIA
1414. ‘aC 1C IF ( I 1 S I . v  .uE. tt”4’~FK u.~I Go TO 1C C/ C
1415. IF ( I IC N r  . c- c .  ITRF Ru. I CC IL) bUCO
l s l 3 .  GO IC Ltc-j~,
1417 . C
1 4 1 3 .  4 - C C C  R E T L R I ’
1 41- ,.
14 2 0 .  S t . B R U L T I ’ a E EANC~~( I l .1T I iQ)
I ’lL. C
1422. C ?‘AST c-~ l-l.LGl~A fr Ft _ P cIRI.Nc-saj ANC’.EIILNG INTEGER PROGRAMMING ROU TINE
1 4 2 3 .  C A L E C  c - el a iulS A c -  ~ A S t E K  PKOI)RA M FUI~ REO PTIM1IAT ION VIA OUAL—
142’.. C 51’P L SA ~tT Nc-C ~FTEs~ A F0R M A~ O B~ ANCM ,
1425. C****** **DEECRIPIIt _ i’,a OF FARAMETERs********
l’.2o. C INITDI) = i NI T IA L  LOisa~~R 8001-.) OP.~ ?~A X 1MA L OB JECTIVE VA LU E ( iNPuT)
14 2 7 .  (*4  * * * * * * * * * * *~~4 * *.* * * ** * *4 ** *** ** *** * * * * * *
1 4.1-i . C
142 3 . IMPLICIT ,~~At,*’, (A,C,E—s1 ,L,P,R—~~,fl, REA L* 8  ( B ,J ,X , Y ) ,

‘1 1430. 1 II’ItoER*4 LI— N, )
1431 . I1-TE CER *~, ,jl’,iCI1-bAS,LA ,L~~, IA ,IE
1432. i~~TEc-EP *~ lPA R 1 ,INCLM Iv~ NO,I V IL,ICbNO
j433. COIBLE Pl-tCLSICN ~ t I UuOI
14 3 4 .  R E A L  t I u~~)
143~~. CO~~~C I ’ / c - L O c K /  . 1 1 o L L E , L T O L PV , L T C C S T , Z T U L RJ , Z T C L S M,QkU,~~MA ,Q~~A ,~~Fl,
1A3~~. I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
j437 . CL , ,~~L , ,~~k,~~M ,QG,PaTI4AX
[4 3 3 .  C(MMC I’/ o t _ c - C K 2 /  LIFPA~~T ( 1~~~) ,REV B N U , I I ’C VA L ,L CO L , L( S T L , I VA L , L J 1 K ,
14 19.  1 NPI v C T , L P T ’ YP~~, R C C S T , L F E A S , L P A R T ( i 2 2 I , I N C 0 M 8 t 1 2 ~~J ,
144). I VoltI)(c -U)I,IVLU(5t)C) ,ICib N O (500)
14 ’~L. CO(’ML I’ E , A L i ~I U-,LI,) Li3I .1I,o(oG),AI6u ),1(bC) ,’f TE~’P (6O1,CtSUM ,LiPKt,0,
iA’ ,2 . 1 ., CE,LP,u ,1CNAM( j.a~~,fl,NAM€ (2O1,NTEMP(2UI,SUM1N )’ ,MSTAT ,
1443 . 2 1t ,cJ,1PtL ’~P, iVi N, IVt,UT ,1TCNI , iNVF R~~,LI RFRtJ ,ITSlNV,1f FEL,
144~~. 3 Jt_LLP,N~ Un,NCLL, 1-tL~ M ,NETA ,NL~ LlM,NLETA,NUELEM,NUET4 ,
1~~~ c- .  4 1tU-ot_ O) ,It .t500 ),LEIth2 ),LA II22I ,KI1 -bASIL 22 I,JH (oO)

L IS IL - I)

1441. INC ’~A L L1 - 1I bL .
14’.’i. C T~~5 T I’ L,aR ~A T hc- M1RG
144’). ICC c -ALL 1ESTA
1453. IF (MET /SF .Et... ‘.BL) GO TO 200
[li s t.  C C U R R E N T  1-o DE FAIHu MEO ;  ~ Ac- ..~T KA C K  TO L A S T  PROMISING 1-Out UN L I S T
I A c - 2 .  j 4 - C  CALL EI( T u.a. K
14 13. I~ t I c - I Ii, LMPT~~, iIt I’0R1’a Tu 1c -I N (LOM)~UTATIO NS COMPLtTEUI
145’.. IF (L IST . .Ei.,. U) )-a~~TtM N
145’ . C USE PS~LMA L— ~ IMP LEA M ETh OD FUll R E C P T I M I L A T  ION AT iii NUDE
1451. CALL 1- O RMAL

C ‘
~~~ 141 7 .  CC Ic-i ic-t a.

144 - 1. 0 C i.,llRtNF Nc-..i,,~ NO T FaIThOMED ; COMPUTE PENALTIES
c [459. C EN~ NLhIN., AT CJkt~ENT 1-OaTh IS DON E [~NOM SUBROUTINE PENLIS.

146J. 2CC CALL FEN IT S
14 4- i. IF C I C I R I  4Cc-,L5C,4CC
[44-2. C
1413. C PE II ’vERI LJRl-cENT 8A~~I S
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L I’,!. CCI~frIIN .,,.~L:(L.1.j , A t , 8 1 1 . 1 2 h b I c . U ) , A ( t vi ,Y (oOI ,YTE PP (IUI,USUM ,OP)UU.
Ii’s .l. I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
13 ’ -.. 1 Uoc - ,CkLu - ,l- , I ~~IN,IV I )a.I , 1 F C N T , L Nalfk .,,1TR r kQ,I1 ~~INV ,L fFlL,
1~~’s’- . c-L JLP,. 1iø,NCUL, I Lb M ,NcIA ,1-LELEM,NL~~IA ,NI,JELEM,N.)ETA,
1 3.6. 4 it.(Lt. t.a.I,I/SI5OU) ,LEt~~J~~),LA(A22),KIliaHA S (122 ),JHIOO1
1 3 4 7 .  C
1!4t~. CC I t _ C C  E 1,Nu< L~
1349 . i .e.. X C I )  = XIII ~‘ ‘vC L)*I)P
I 3 C J .  IF INd iCT  .c.. ~) t_O 10 ~c- 1J
1351. ~ 1N8A5~~JCULP) — ($lN bA~~(JCuLPJ + 1 )
13’2. I~ CL1 =

1 3 5 3 .  *~E T L k t .
. 1 4 - 4 .  2 C C C  X ( I R C s a . C - )  =

• 1 3 1 5.  IVC L: T
13 4 - 6 .  u c ( 1- B t i E ( J C L L I ’) — Il - C~~P
5.34 -7. K L N C A E (Iia.,t_ t ) LPIYPt
lI~~t). C ) b I I R CI.P/ — joLt_ P
135’;. ‘E TLP I’
.3*4- 3. INC
l~~ei .  E L 8 RC L I 1 a , t  l t t) Kt~A L

C
1U-3.  C S 5 l - - - s E S  A S  M A S T t R  PRtj e,RA M FOR LINEA R PMOGRAMMI 1-G CUMPCiNENT
1~~L ’.. C (RE%i [StL PRIMAL S[MPLcA METI4CI)).
l i t~ 3 . C 5 L B R u c - t L t ’.t A OAP1EuJ rRu!’ L I N E A R  P R O G R A M M I N G  CODE LPM—i, ~ s acIT TE N
Lj ’~ u, • C BY .i.u. (UMLIN (I,PtK’.T ION S RESEARCI-I , sTA NFORd UN1VERSIT ~~
1,3c1. C

‘MP L I C I T  ~t. tAt _ *4 (A ,C,E—h,U ,P,R— s..~~), kEAL*Ø (8,0,X ,YJ ,
I I1-IEGtht *4 (1— -.,~~)1310. IN T E C E R * t .Jn ,scLN ~ AE,..e~,t_ E ,IA , ZE

1311. 1 bT E G E ~~4~ I P A s a cT , L N C L M 8 , I V B N J , IV I U , I C B N D
1 3 13 .  000B LE P~~t~IiS ILN LI IUOQI
1 3 7 3 .  N EA L  t I c - u t _ I
1 3 7 4 .  C
[ 3 1 3 .  CC U’Ibt_ Lc -Ys/ L TO LLE,LTJLPV,Z TCO ST ,LTOLkJ ,LTCL SM ,QRU , QMA,~~bA ,~~F I ,
1 3 ? o .  I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
137 1 . .1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1 37 4 .  C
C i ? , .  CJMMCN/ bL LLK2 /  ‘UFP tRI( 122),REVbttD,1\ CVAL ,ICOL ,LISTL, IVAL ,LI)lk,

A IIIPIVL T ,IPTYP E,RCCST ,LFEA S, 1 PART(122 ),INCuMb(1221,
l’ -U-. 

2 L/it3 hUI 50JI,IV LO(5UC) ,IOBND (500)
1 3 d 2 . C
13~~3.  c- C~’MCN t ,X Lt1I&I~~),)tt_b(1 2 .2),dtOOI,A(t1)), Y (QO) ,YTEMPI6U),DSUM,CPRU0,
1 3-c - ’. I JY,. ,t,CP,A ,iCINA MLj2~~,2I,NAME (~~UI,NTEM P(2 U),SI)MINf,MStAT,
1 3 i ’c - .  2 1013c - ,It’Ln P ,IiIN,I VUI JT ,ITCNI,INVF Rs.,I TRFRW ,IT$INV, IFFL I,
13.U. 3 c-çuiP,t’ifcc - .~, NCtc -,,, -IE LEM,NE TA ,NLELEM ,NLETA ,i’iUELEM ,NU~ TA,
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1 05 .  11-OR = 1I’t L t u  + i
[ l O s .  I E C l t L E L~~ - -. 11401’ ) I t_ I  I)
i _ 1. P . E ( I t L E L E M  + INCt~) - c a l l
1 3 0 3 .  [ C C C  CC- NI I I tLE
I 3 C G .  C
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