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Abstract

MINDS is a Fortran system for solving large-scale linearly

constrained optimi zation problems. The System Manual gives an

overview of the system, the programing conventions used , data struc-

tures, tolerances, and error conditions. Details are given of a

practical impl ementation of the method of Bartel s and Golub for

maintaining a sparse LU factorization. The reduced-gradient approach

for handling a nonlinear objective function has been described

elsewhere by Murtagh and Saunders; further implementation details

are included here. The System Manual should facilitate interfacing

of MINOS with other optimization software.
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1. INTRODUCTION

MINOS is an in-core , Fortran-based optimization system for the

solution of large-scale linear and nonlinear programing problems involving
sparse linear constraints . Ful l user information is given in the MINOS
User’s Guide (Murtagh and Saunders , 1977). Theoretical aspects of the
al gorithm, and experience wi th an earlier version of the system , are des-
cribed in Murtagh and Saunders (1978).

This manual provides details of the implementation methods used. Much
of the complexity of the system is concerned with a reliable and efficient
implementation of the primal simp lex method , as descri bed in Saunders (1976).
The nonlinear programing features are an integral part of the design , and
this required that most of the standard simplex routines be moderately
generalized . However, the bulk of the code for nonlinear problems is con-
tained in 24 additional subroutines.

Occasional reference is made to MINOS/GRG , an extension of the present
system designed to handle problems with nonl inear constraints and a sparse
Jacobian matrix (Jam , Lasdon and Saunders , 1976). This system will be
documented elsewhere.

The primary goals throughout the coding of MINOS have been as follows
(in alphabetical order).

Efficiency - Use of efficient algorithms ; conservation of core require-
ments through dynamic storage allocation ; avoidance of
multi -dimensional arrays ; sequential access to data where
possible to avoid frequent page-swapping in a virtual
memory environment.

Fl exibility -. Free-format input for user--defined parameters; ability to
solve probl ems of arbitra ry size without recompilation of
the source program; various restart facilities ; provision
for interface with existing coninercial systems.

Modularity - Well-defined functions for each subroutine ; use of para-
meters to pass all array storage and dimension information.3
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Portability - Use of only those Fortran constructs that are comonly
availabl e on (large) machines; separation and internal
documentation of routines that are necessarily machine-
dependent; calcul ati on of precision tolerances from one
machine-dependent constant.

Readability — Indentation of loops as a bare minimum ; meaningful names
for variables ; a reasonable amount of in-line documenta-
tion .

Reliability - Use of numerically stable algori thms ; consistency checks
on input data, restarting files and gradient computation .

There is always room for improvement in putting such goals into
practice, but certainly some such aims are necessary if a system is to
develop while the algorithms being imp lemented are themselves continually
evolving.

4
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2. OVERV IEW

2.1 Storage Al location

To ensure storage economy, a singl e array Z(*) is used to provide all
array workspace. The type of Z must match the largest word size used (e.g.
REAL*8 for IBM , REAL for CDC). Arrays of other types are allocated compactly
within Z, using three constants to define the word sizes available on any
particular machine.

Array storage is made available to all subroutines through parameters
rather than through blank or labelled COMMON. (Use of COMMON diminishes the
effectiveness of optimizing compilers.) It should be noted that sensible
modularization eliminates potential inefficiency in this respect. If a sub-
routine performs any significant work at all , or of it is called infrequently,
the overhead in passing 20 or 30 parameters is negligibl y more than in passing
just one.

A particular advantage arising from the use of a single array Z is the
ability to acqui re core according to problem size without recompiling the
program. For the IBM version of MINOS , an assembly language main program has
been provided by Hedges (1975), allowing core requirements to be defined at
run-time through the JCL REGION parameter. An analogous Al gol procedure is
ivailable for the Burroughs B6700 version , which incidentally circumvents the
restriction in B6700 Fortran that arrays be no longer than 65535 words. This
Is documented in Saunders (1977).

5
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2.2 Subroutine Hierarchy

The di agram below i llustrates the broad groupi ng of subroutines . Once
a problem has been input, the dimensions 0f most arrays are determined.
Hence subroutine MINOS i s abl e to pass many segments of the array Z to
DRIVER, which thereafter knows them as separate arrays wi th meaningful names.
A few other arrays for the LU file remain to be allocated by INVERT within
the remaining part of Z.

MAIN

I
GO

MINOS

4 _
INITLZ I DRIVER

• _ _ _
SPECS , INSERT, PUNCH,
SPECS2 LOADB , SAVEB ,

LOADN SOLN

MPSIN (
I INVERT ,
I LPITN ,

RGIT N ,
I
MPS

! IMOVE 1 ~~~~c.

‘I
,

HASH~ 1
NMSRCH j

Input Solve and Output

A more complete classification of subroutines is given on the next page .

6
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Input  routin’s I for  processing the SPECS an~ MPS files)

HASH MOVE MPS M~SII’ SPECS SPECS2

Basis loading r ou t ines

C ?A S H INSER T LOADB LOA DN NMSPCH

Pasis and solut ien s a v i ng  r o u t i ne s

t~J N P PUNC H S A V E ! ’  SCLN SOLPE1T STATE

A l g o r i t hm i c  rout ines  r e q u i r ed  for  pure ly  linear programs

BT1~A N L  RT~ AND EfIMPS CHUZB DUVEP PACTOF

~OPMC F T P A N L  P f l A N U  GO I NITLZ INVEFT
ITE~ OP L P ITN P~INOS MKL IS’I NOI~LU PA CKL U
cR:cz P3 PU SETPI SETX T R N S V L
UN ~AC K

Addit ional a l g o r i t hmi c  r cu t ines  t a r  n o n l i n e a r  problems

ADOCC L ALIGN CALC ~ G CA1CG CC CHKD I~
CH~ GR D C H U Z Q  C C M D F P E)ELCOL DOT DOT~
F U N G R D  GE TGRD N E h P T C  RESE I B R G ITN H TFSO L
P I A D D  R1M O D B l c ) 0 D R 1 S U E  SR ~ RC H SQUEEZ
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3. PROGRAMMING CONVENTIONS

The originating source code is for the IBM Systems 360 and 370. The
notes here will facilitate conversion to other machines .

Types

In most subroutines the type of a variabl e is defined by the first
character c~ its name, as follows :

A-B REAL
C-G, 0-Z REAL*8
H INTEGER*2
I—N INTEGER

The only variables beginning with H are hal f-word arrays. These and other
arrays are always typed and dimensioned explicitly, e.g.

JNTEGER*2 HA (NE)
REAL ACNE)
REAL*8 x(MN)

A few variables are explicitly typed LOGICAL .

IMPLICIT
Non-standard implicit typing is used only for double precision simple

variables, and Is accomplished where necessary by the statement

IMPLICIT REAL*8(C-G,0-Z)

(which imediately follows a SUBROUTINE statement).

COMMO

Bl ank COMMON is not used. There are 24 labelled COMMON bl ocks, con-
taining only simple variables and a few very short arrays. None of the
COMMON variables is used for variabl e dimensions.

EQUIVALENCE

No EQU IVALENCE statements are used, except in a straightforward manner
in subroutine MPS:

8
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EQUIVALENCE (KEY , ID(1), 1D2(l), 103(1), 105(1))

DATA
Sore subroutines use data statements to initialize integer variables

to strings of at most four characters , e.g.

DATA LRHS /3HRHS/

Such items immediately precede the first executable statement in a sub-
routine. For CDC compatibility , apostrophes are never used.

Variabl e dimensions

Subroutine parameters are used to define the size of all variable-length
arrays. Arrays are strictly one-dimensional . Declarations such as REAL A(1)
are never used .

Subscripts

Subscript expressions of the form X(M+J) are often used , but more
complex forms such as X(HB(J)) are not.

Avoidance of trouble-spots

• The following Fortran syntactical items are not used :

ari thmetic IF
assigned GO TO
BACKSPACE
blank COMMON
BLOCK DATA
COMPLEX
ENOF I LE
ENTRY

EQU IVAL ENCE (exce pt as noted above )
EXTERNAL
FIND
FUNCTION
NAMELIST
nonstandard RETURN
PAUSE

9
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F

PRINT
PUNCH

TIME
• unformatted READ or WRITE

$ ii~ identifiers

/ around subroutine parameters

3.1 Conversion to Other Machines

(a) INTEGER~2 may be replaced by INTEGERbb throughout (where ~ means

“s7ace”), although most compilers do the right thing anyway.

(b) if double precision is not required , the following modifications
should be made :
change to in
REAL*8 REALbb all
DABS ABS all
DM4X 1 AMAX 1 subroutine INITLZ
DMIN1 AMIN1 subroutine SEARCH

DSQRT SQRT all
E- subroutine INITLZ

• OLOG ALOG subrout ine CALCFG

The IMPLICIT statements may then be deleted .

(c) On the Burroughs B6700, a simpler alternative is to use the compiler
control card $SET DBLTOSNGL .

(d ) To speed ed i t i n g  it may help to note that the specifications
IMPLICIT
INTEGER*2
REAL*8
all begin in column 7.

(e ) The quantit ies EPS , NWO RDR , NWORDI , NWORD H must be set correctly in

subroutine INITLZ.

(f) Floating-point constants are coded in single precision , e.g.
PL INFY = 1.OE+30, and therefore do not require conversion. (An
exception is the arguments to DMAX1 in subroutine TNITLZ , requiring
the change of 0- to E- as noted above.)

10
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(g) If doubl e precision is required but the IMPLICIT statement is not
allowed , all relevant simp le variables beginning with C-G, 0—2 must
be typed explicitly, e. g. DOUBLE PRECISION EPS,EPSO ,EPS1. This
includes l oca l variables , COMMON variables and subroutine parameters.
Such a conversion w i ll require many additional lines of otherwise
unnecessary code. It will also be highly prone to error, since
Fortran compiler s normally do not issue warn ings or error messages
for undeclared variables .

(h) For CDC-RUN, several READ statements of the form
• READ(u ,f,END=m) 1

must have the “,END=m” eliminated , and additional cards inserted of
the form

IF (EOF,u) m,n
n CONTINUE

( 1 ) In FORMAT statements, apostrophes are used to delimit strings. How-
ever, strings never contain the character *. Hence for CDC machi nes
it is acceptable to convert every apostrophe to * (except perhaps in
comment cards).

11
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4. VARIABLES

• 4.1 Var j a~~le-dj a ensj on i r f c r m a t i c n

The following IN’!EGEF variables are used to d e f in e  the current l .~n-jth
of various va riable— d irensic n arrays. They  usually occur at the front
of a su brou tine’s parar9 ter list.

L?N Length of hash table used to store row names during input.

N No. of rows in constrairt ~atrix A.

MAXL Maximum no. cf elements  cur ren t ly  a l l cw e d  for in L f i l e .

MAXS Maximum no. of su p e r t ~~sic vat iat’ le s a l low e d .

MAXU Maximum no. of €lements currently a l low ed  for in U fi le .

NAXZ Size of Z, the single array of ccre ir4 which all else resi~ies.

IC O L S No. of columns allowe d for in A during input (must be >= N~

NEL~ S No. of non zec~~s a l l c w € d  for  in A durir~g input (must be > N F ) .

MN ~ + NA XS . M a x i m u f t  d i mens ion  of basics • sup ’rta sics.

NNN max ( MN , NN ) .  used only for dimension of work vectors Y ~n4
Ti .

MPOWS No. of rows allcv~ d for in A during input (must b~ > ~i .

M • NS. Curren t dimension of basics + sup .-~r ha sics.

Ml ~ + 1.

M2 M + K I N V .  U p to th is  many traasfotnatior .s allowe d for in t. ~ nd
U.

N No. of variables fri constraint matrix (structurals • ri ~s •
slacks)

NE No . of elements in cons t ra in t  ma t r i x .

NEW No. of en t r i e s  in h ash tab le  d u r i n g  input.

N? Size of array F = N S P K * ( N S P K + 1 ) / 2  w h e r e  rS PK  = max no. of
sp ik es .

NW No. of nonlinear vnria~ les (these invclved ~~ no~ 1 i n ~ ar
ob jective).

NNO uax ( NN , 1

N P 1 N. h

NP Size of array S = N A X ! * ( M A X ~~. l )~~2.

• Cu r ren t no. of supcrtasjc variab l-~s.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~
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4.2 COMM ON d.~cla rat ion s

Th~ f o l l o w in g  la belled CON M C N blocks are  use d to segment  par a~ eters
into various logical s€ts. This is to avoid repetition of on~ large
CCMMON block in every subrcutine.

LOGICAL CCNv .~~!s’rsT
COMN~ N /RGCC N / TCLSWP ,N~ UNP ,N SP I K~~,N S P K

• COr.N’~)N /CGCC ’~ / CG1~ETA V IT NCG.NSGCG ,MODCG.RESTPT
COM MO N /C O N V C ~ / UAS II,ETAF c,,CCNV( I4) ,LVL rCL ,N X T P b S ,N F A I!
COMM3N /CO~ E / ~Z 1 ,K72 ,EZ 3
C O M M O N  / D J C O M  / T C L D J 1 ,’XOL DJ 2 ,T C L D J 3 ,TOLDJ
COMMON /EP SCCN/ FFS ,E~ SC ,ZPS 1 ,E I S 2 ,EP SI ,EPSL4 , EPS5 ,PLIN~~Y
CCNNC N /F I L E S  / ISC S , i N P U T , I O L C E ,I N E W L ~, INS PT , I P N C H , I L O A D , Y D U M P
C O M M O N  /?BE QS / l~CF1~~,K I N V ,K S A V ,KLOG ,I1FREC , I2F BE Q
CCNNON /FXCON / ~X ,SIN F ,~~TOEJ .MINTM Z ,NF X ,NINF ,IOBJ ,NP~ CB
COMMO N /IN~r:OM/ I’IN ,I L I !~,NF HS,K M C C L U ,K M O D P t
COMMON /INVCCM / I N V B C , I N V TN , I N V M 0 t , N B F I E M ,K~4 L ,K D L , K H U ,Kt , IJ ,KFF
COMMON /ITNLC’~/ D J Q, T H A ,PtE) T ,C O N D ,N C N O P T ,JP ,JO, K A P D , rS U ~
CCMtIION /ITNL(2/ 1f~E A L ,Jç1 ,J Q2 ,3~ 1,J F 2
COMMON /LPC0N / ~RHs ,n51 .M~ xp ,1F~~R ,:DEFu G
COMMON /LUFIL!/ IM3~ t ,N L T~ L ,N1~~~F. N E T A U ,KL ,K U ,LP G N ,JL5GN
CO~’MO N / NP ’3 CC M /  A I J 1 O L , ES U C ( 2 ) , N M A X ,!~1LST ,M E S ,

1 N A N E (~ ) ,M02J(2) ,M R B S ( 2 ) ,MBNr. (2) ~ fl3N D ( 2 )
COMMON /NLCCCM/ NNL~ CN ,LL~~hIV .LP RI~~T
COM MON /PABMCN, DF~t RN (9),TPABM (Q )
COMMON /PRCCCM/ NE AF ~~F ,N P RC,JP~ C.K P R C ,NFEJ ,N P E J ,J R E J (2 O)
C O M M O N  / P P C C M 2~ N N r J L P F , N~~h 5 B
COMMON /RGTCLS, X~ O L ( 3 ),?TCL(3) ,GTCL(3) ,P I N O F M ,PG N O PM ,TO~~~c
COMMON /SCLNCM/ IfCLN ,K E C L N ,MSCL N , NSTATF ,LCHKGR
COMM ON /TOLS / TCLX ,T C L P I V ,T F P I V 1 ,TRPrV 2 ,TOLROW ,X NO SM

• COMM ON /WOEDSZ/ N~ O S D S ,N WOrDI, N W C B D H

13
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4.3 Definition of CCMMC N variables

AIJTCL Tolerance for ignoring matrix coefficients during MPS input.

BSTBUC (2) Default lower and upper bound values tor structural
variables.

CGBETA Conjugate gradient scalar. (n ew D) = —gradi e n t  • C G e E T A * ( o l d
C) .

COND Square of condition number of diagonal of P. This provid~’sa lower bound on the ccndition of th~ Hessian approximation.

CCNY( 4) Logical variables showing result cf convergence tests ~nBGITN .

D3Q Best reduced cost found by ~~ICE.

DPAPM (9) Array of floating—point parameters.

EPS Machin e precision. 16** (—13) for IBM 370.

EPSO EPS**(4/5). Used , among ether things , for packir i LI~tranforaaticns .

EPS1 !PS**(2/3). Used for finite differencina in ADDCOL.

!P52 SQRT (EPS) .

EPS 3 EPS** (l/3).

E~S4 EPS**(1/4).

?PS~ ErS**(1/S).

‘TAPG M1!~imi zation—witbin—sutspac~ accuracy tolerance, used in
RCIITN.

~~ASN Iineeearch accuracy tclerar.ce, used in NEWPTC.

FTOL (3) Current , loose and tight tcls oi~ change in objective.

YX Current oblective value (lincer • nonlinear terms)

GTCL(3) Current , loose and tight tols on ncrm of reduced gradi ’- ’- .

IDE~ UO Debug level.

ICUM~ Unit no. for DUMP file.

TEBS Error indicator for num e rou s routines.

IB!At Determines if ancther heading is to be printed in itr. log.

ILOAD Unit no. for LOAD file.

INS!D Determines if part of L should te im bed ded it A .

14
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INE ~~P Uni t  no.  fo r  N E W  B I T — M A P  f i l e .

I N P U T  Uni t  no.  for  M P S  f i le .

Unit no. for INS !ST file .

INVITN No. of iteraticns ~~rforme J since last invert.

INVMOD No. of m odif icaticris m ade to LU factors since last invert.

INVSç Invert Leq~~st. Se~ positive for num erous reasons.

IOBJ Row no. of lir.ear cb ective . Zero if none.

IOL D E U n i t  no.  f o r  OLD B IT—MA P file.

I P A S M ( 9 )  Array  of in teger  r a r a m e t e r s .

EN CH Unit no. for PUNCH file.

• :scs Unit no. f c r  SCRATCH f i l e .

ISOLN Unit no. for SCIUT!Cb file.

ITN No.  of i t e ra t i c ns  s ince  s t a r t  of  r u n .

TNCG No. of consecu t ive  c c n j u g a t e— q r a d i e n t  i tt s since r e s t a r t .

ITNLIt’  M a ij mu m tc .  of i t e r a t i ons  a l l ow e d .

I 1F SP - O M a y  be set t y  I 1 P 9 E Q  card  in SPECS file. 1 causes the hu rt
an d  sp ike  p a t t e r n  to he d i s p lay e d  a f t er  each I N V E R T .

2?~EQ May be set by 12F5!O card in SPECS file.

JL B GN Beginn ing in H L ,CL Ct trans fcrm aticn peintad to by LBGN.

JP The J P — t h  c c l u m n  of th ~ b a r~is w i l l  be rep laced .

JPEC Column no.  m a r k i n g  en d  of last  p a r t i t i on  of A s c an n a d  by
P R I C E .

JC Column no. of varia tl e selected by P R I C E  or C H U Z O  to ‘int er
basis.

~1~ i Column no. of var ia~ le entarinq he basis (for pri nt in -fl .

3Q2 Column no. of  varia!’le entering the superbasic set.

JB !J(2D) Column nos. at variatle~ selected frcm basis by INVFRT .

JP 1 Column no. of variable leavinq the basis.

JR2 Column no. ot variable leaving the superbasic set.

~ADD ind icator for m odification of S.

~CHK Check frequency (testing row residuals).

15 
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• KDL Beginning of array Dl ir . mem ory array Z. (Part of LU f.....)

ND tJ Beginning Cf array CU ir m emory arr a ‘ 7. (Part of LU tile .)

K FF Beginning of array I in me mory a r r ay  7. (Part of LU file .)

K H L  Beginning of array HI in mem ory array 7. (Part of LU file. )

KHU Beginning of a r r a y  flU in m e m o r y  a r r a y  Z. (Par t  of LU f i l e .)

KINV Factonization (invert) frequency.

KL First f ree  r o s i t i on  in I f i lc . K L — 1 = no. of nonzer os  ii’. L .

FLOG Lcg f r e q u e n c y  ( i ter a t i cn  109) .

KNODLU Set to 1 if Lu factors are to be icdified .

K N O O T I  Set to 1 i t  P1 is to be recomp uted.

I~PB C Whic h p a r t i t i o n  of A was last scan n ed by PPIC!.

KP H S Column no. of t h e  5MB ( t re a tE d  as a v a r i a b l e  f i x e d  at — 1 . 0 ) .

K S & V  Save f r e q u e n c y  ( f or  N E W  BIT N A P ) .

!cSOLN Indicator for  f i n a l  call to CA L C F G  at optimal solution .

KSU B Indicator for m odification of B .

~t1 First tree p ositicr . in U file. ~U— 1 = no. of noazero s in U .
This includes nonzetos in cc lumn s of U that hay ’? he~ n
delete d duri ng up dati n g.

K?1 Points  to b e g in n i n g  ef ccra a va i l a b l e  fo r  I N V E R T .

K Z2 Not u sed .

KZ3 Points to end of core used by a r r a y s  o ther  tha n for L U .

LP GN The first L tran sfcraatio u to be used by FTBAN L and ~1FANt .

• LCHKGR Indicator f o r  v e r i t y i n c T  g r a d ien t  of objective.

LD!R IV D e r i v a t i ve  leve l .  Not u sed .

LPF I NT P r in t  l eve l .  Nc t  used.

LYLT OL 2 (3) me ans Ices. (tight) tels for normal (final)
iterations.

N A I B  M a x i m u m  d im e n s i o n  of B . Mai  ~c. of suparbasic~ fo r
quasi—Newton.

NBND (2) Name of SCUND set.

ME F M az imum no.  of er r cr  messages  (of each t y p e)  d u r i n g  MPS
inpu t.

NTNIM Z I for mm , —1 f o r  w ax .  - •



NINNAX Contains relevant string ‘MIN’ or ‘ M A X ’ .

MLST Maximu m lines cf MPS data to b-a list -~-1 during input .

NCBJ (2) Name of OBJECTIVE row.

MODCG Defines which ccr. -jugate—g radient alqorif.hm is to bo used.

M PEJ Maximum no. of rejected vars. to ho sav&d for ?ANDA ID in
PPICI.

NPFIS( 2 ) Name of RHS .

MF~’( (2) Name of R A N F set.

NSGCG Used for dotectinq first entry to ccnjuqate—gradient routir.~
(Ca).

MSCLN Indicator of request to prirt sciution .

MSPM Maximum nc. of ~~ikes curr ently allowed for.

NA N E (2) Name of problem (on first c~ird cf MPS file).

NBELEM No. of nonzetos ~~ ~asis cn entry to INV ~’RT .

N~3UME No. of h umps fcund by P~4 duti n q refactorization .

NETAL No. of transformations in L after invert.

NF’rAP No. of trar .sfcrzaations added to L during u p d a t i n g .

NETAU No. of transformations in U, includinq ones flagged as
deleted.

NEWSB No. of nonbasic variables selected to become supc~rhasic.

NEAl! No. of consecutive linesearch failures.

NF X No. of eva].uaticnz of oblective function and its Jra~ i~~nt.

NINE No. of inteasibilities.

N~~UtER M ultip le pric e indicator. )ve rrid€s NFA~~PP. H

NNLFCN No. of n o n l i ne a r  ~un ct icns (0 or 1 in  MIN (~S. Nore in ~PG)

NONOFT No. of nonopt imal cclumns during last P? CEing sweep.

NPA PP~ Partial price indicator = no. of partitions into vhicb ~he
ccns traint matrix A is divid€d for ‘he purpose s of oricini .

NPH S Current phase (1 . 2, 3 cr l~)

N 2RC Size of partitions of A fat partia l p ric ing .

N PFCP Probl em no .. for u~ e j r  CALCEG .

NBFJ No. of varia~ lEs re jected from basis by INVERT.

17

~ • - — - - — -~~
—.

~~
.
~~~~~~~ •~~~~~~~~~~ •- —~~~~~~~~~~~~~~~ • —. 

-
~~~~~~~~~~~



.~~

N S P I N E  No. of sp ikes  in F (ac t ive  spikes  in LI) • set by
P~4 ,F A C T C B ,N C D 1 U .

N S T A T E  Pa ramete r  of CA L C F G .  0,1,2 in d ic~ite normal , first, last
entries.

N S1 No. of non Ii~ ea t variables currently in the basis.

NUORCH No. of HALF IN’IEt~F? words per word of memory array Z.

N WOPDI No. of INTEGEF wcrds pet wcrd of m e m o r y  a r r a y  Z .

NWORDR No. of REAL words per word of memory arra y Z.

NXTPHS In PGITN , suggests NPHS for next itn. FORNC may override.

P I N O F N  Norm of P T .

PIVCT Pivot element fo r  c o l u m n  e n t e r i n g  basis .

PJ..INPY 1.OE+30. Used for “infini te ” bounds .

Requ ests restart cf conjugate gradient algorithm.

R C N O R M  Norm of r e du c e d g r a d i en t  (iargest amongst superhasics)

SINF Sum of infea si bilities.

T?ETA Step moved in c u r r e n t  sea rch  d i rec t ion .

• TOLDJ Curren t reduce d cost tol (scaled by PINOFM)

TCLDJ1 Reduced cost tol while infeasible.

TOLDJ2 Initial reduce d ccst tcl during t.~asible itns if partial
pricing.

• TCLDJ 3 Final reduce d cost tcl during feasible i tas .

T OL P IV M i n i m u m  size for PIVCT durin g ite~ atior.s.

TOLRG Level to which FGNCR~ m u s t  be r educed  before  a dd i n g
superbasics.

TCLBCW Tol used in measuring “FO W EPPOR” (size of BBS — A*X)

TOLSWP LU NOD TCL!FA!~CE. F~~lat ivs pivct t 1  for up datin g LU
factors.

TCLX Feasibility tclerance for strnctur~ ls an d loaicals.

T P P I V 1  LU ROW TC1~~~A N C E .  R e l a t i v e  p ivo t  t o l  used in  FACTO ? .

T B P I V 2  LU COt IOLEfUNC !. Pelative p i v o t  tol  t o t  spi te  swaps .

WTOBJ W e i g h t  or. the  t r u e  l i n e a r  c t ~~e c t iv e  ~hi1ii  i n fe a s i b le  (for
the compos i te  c b l e c t i v e  •e t h o t i ) .

XN OBN Norm of X tot  bas ic  v a r j a ~~les.

X TOL (3) Current , loose and tight tols on c h a ng e  in  X .

18
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4.4 Arrays

Al]. a r r a y s  ar- -a  s egments  c t  the  a r r a y  Z . Most are allocated after
input , once the dimensions of ~~~~ pro blem are krown . Thcse contair.ing
the ‘9  f a ct or i zat i c n  ct  t b c  l a~~t -~ ar e r~~~l l o cat e d  a t  each ca l l  t~INVE RT.

Array Length

A N E N on z or c  coe tt ~~c i e nt -~ in ~~e constraiflt matrix
k BUS I ) ,  jj

~ t~ d c o l u m n — w i s e .

BL N Lower bcunds .

N Upper tcunds .

C NNO Gradient Cf ncrlinear part of objective function .

!~AXL Nonzcros in I ~rans fora ~ations .

M A X U  N o n z er c s  in TJ t r a n s f o r m a t i on s .

P A f u l l  t r i an q i l ar  r a tr i x , p a r t  of LU factors of ba~-ds.

0 M A X S  R e d u c e d  g r a d - t E n t  vect or  f c r  s up e rt a s~~cs.

G N E W  M AXS New r educed  gr~ diont vector for superbasics.

GPD MN Gradient vect tr for bas~ cs and superl:asics.

N N O  leapctary grad ient 1r~ ctor for norline ar chjective .

HA NE Bow indices tar cach column cf A.

HR MN Column nos. of basics and superbasics. H
For basics ( 1  <~ <~ ~

) , H5 (.1) i.~ -he column t~ a’
p i v o t s  cr  rcv ~~~.

WE N P 1  H E ( J )  p c in t s  to t h e  .~nd of c o l u m n  ~T— 1 in  ar r ay s  A , !~A.

Ut MA XL Bow indices f c r  ~cn z e tc s  in ea c h  t r a r . s t o rm a t i o n  in  I..
The fi~~-~t index for ‘~ach t r a n s t c r m a t i or .  ~s n e a a t~~v~ i t
~he ~iv~ t e e ~~~~t is i~~1, o’herwise ~~~ pivot is ir  P’•.

TIPIVF ~2 HPIVF (3) is th~ r o w  on which the .J—th ~:pike pive’s.

HPTVL HPIYL (.2) is t~~~ p ivot roi fcr the J — t h  transfotsat~~ n
in I.

HPIV~J (J~ is the row on which the J—~~h coluan o~ U Divot s .
If n e g a t i ve , t h is  co~ u~ n of J h a s  he~~n ~~leted.

PS N HS(J) is the rtdt e of the .‘—th variable in A Bi1~
0 => vatiaL ~~ ~ is ncn~ asi - ~t it~ low er bound.
1 ~) variable J is i~ r besic at fr~ upper P’o’;~ d.
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2 ~) variable J is superbasic.
3 z> variable .] is Iasic.
Nonbasic PR!! variables may have state 0 or 1.

HSPIK! N During INVEFT defines the sp ike  s t ruc tu re  of the
basis. (This structure ray be displayed by setting
I1PREQ = 1). During iteraticns, USPIKE is used as a
work vector in calls to BTRANL.

RU MAZU Row indices for ncnzetos in U.

ML NFL NL (J) is the number of nonzeros in the J—th
tra~sfor maticn ct L. If NFL < 0, the transformation
is actually column “—NEt” of A, with non—unit pivot
element pcinted to (indirectly) by an element of the
array RL.

MU M 2 NO (.3) is the no. of ncn zeros  in the  J—t h t r an s fcr i ra t i o n
of U.

Pt N The pricing vec tor (i.e. the Lagrange multipliers or the
s implex  m” lt i çl ie r s  or t h e  s h a d o w  prices for the  gene ra l
cons t r a i n t s ) .

B NP Upper  t r i a n g u l a r  m at r i x  use d to approx imate  the reduced
Hessian , thus: R ’B  = Z ’GZ app rox ima te ly ,  where Z
spans the  n u l l  space of the ac t ive  constraints .

X NM Values  of the  basic and superbasic variables.

IN WNO Values of the n on l i n e a r  var iab les .

Y NNN Work vector.

VI NNN Work vector.

Z MAXZ The singl. array of memory in which all else resides.

20
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5. TOLE RANCES
Most tolerances are defined in terms of the machine precision

EPS = e, which is the smallest positive number such that 1.0 + EPS is
greater than 1.0, when the arithmetic i~ performed in the apprc n ate -

•precision (e.g. singl e on CDC and Burroughs machines , doubl e on IBM and
Univac).

For convenience, the labelled common block EPSCOM contains the
following quantities , which are initialized in subroutine INITLZ and never
altered:

EPS c
EPSO =

EPS1 = ~2/3

EPS2 = ~~1/2

EPS3 = ~~
1/3

EPS4 = ~~1/4

EPS5 = 1/5

PLINFY = i0~°

A tolerance TOLZ is used for packing transformations (PACKLU , MODLU) and
for detecting negligible elements in  transformed vectors in order to speed

• transformation processing (BTRANL , BTRA NU, FTRANL , FTRANU). This tolerance
is set to EPSO at the beginning of the subroutines mentioned . A larger
value for TOLZ would reduce the accuracy wi th which the constraints Ax = b

could be satisfied , without ensuring any significant improvement in storage
or run time . (In fact, the effect could be negative.)

The following tolerances are set in subroutine INITLZ (see the listing
of that subroutine in section 10). The values used should be satisfactory

for most well-scaled probl ems.

Tolerance Value Description

TOLX max(c ½, 10~~) Prima l feasibility tolerance. Structural and

slack variabl es are allowed to lie outside thei r
bounds by as much as TOLX.

TOIDJ1 max( c½ , l0_6) Relative dual infeasibility tolerance while
infeasibl e. In PRICE , the actual tolerance

21
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used to screen reduced costs (reduced
gradients) on nonbas ic var iables is
TOLDJ1*PINORM.

TOLDJ2 1.0 Initial and final relative tolerances on reduced
TOLDJ3 max(c½, 10_6) gradients in PRICE when feasible. If partial

pricing is in effect, a relative tolerance TOLDJ
begins at TOLDJ2 and is reduced in stages to the
level TOLDJ3. Again , the actual tolerance used
in PR ICE Is TOLDJ*PINORM.
If partial pricing is not in effect, the value
used in PRICE is T0LDJ3~PINORL

TOLPIV The smallest pivot allowed in CHUZR during
simplex iterations (LPITN). For non-simplex
steps (RGITN ) the va l ue used i s TOLPIV*VNORM ,
where YNORM is the norm of the search direction .

TOIROW max( c1~ ,l0
_4
) The tolerance used in SEIX to determine if the

constrai nts Ax = b are sufficientl y well
satisfied. The error allowed on each row is
measured relative to the norm of the correspon-
ding row in the current basis. See the des-
cription of SETX in section 10.

Certain other tolerances are availabl e to the user to alter if desired ,
via the SPECS file. (This is accomplished in subroutine SPECS2.) Default
val ues are shown below. Fuller details are given in the MINOS User’s
Gu ide.

Tolerance Default Value Description

AIJTOL j~~ 1O The smallest matrix coefficient accepted as
input.

ETARG 0.2 Affects the accuracy of minimi zation wi th n
each subs pace . Refer to REDUCED GRADIENT
TOLERANCE.

ETASH 0.01 Affects the accuracy of the llnesearch .
Refer to LINESEARCH TOLERANCE.



_ _ _  ~~

TOLSWP 0.99 Relative pivot tolerance for Bartels-Golub
updating. Refer to LU MOD TOLERANCE in the
User ’s Guide.

TRPIV1 0.001 Relative pivot tolerance for accepting the
preass igned pi vot row in FACTOR. Refer to
LU ROW TOLERANCE.

TRPIV2 0.1 Relative pivot tolerance for accepting one of
several possibl e spikes as substitutes for a
column whose preassigned pivot row is
unsatisfactory. Refer to LU COL TOLERANCE.

WTOBJ 0.0 The weight to be placed on the true objective
function when infeasible. (The sum of

- infeasibilities always carries a wei ght of 1.0.)
Refer to WEIGHT ON OBJECTIVE.

Post-script:

TOLX and TOLDJ3 above may also be changed via the SPECS file.
See section 12.
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6. DATA STRUCTURES

Here we describe the arrays and variables used to store the constraints ,

the basis factors, and the reduced Hessian approximation .

- 6.1 Constraint Matrix [A b I]

REAL A(NE) Nonzero matrix and rhs coefficients.
INTEGER*2 HA(NE) Corres pondi ng row indices.

• INTEGER*2 HE(NP1) HE(J) points to the end of column J-1 in
- arrays A and HA.

REAL BL(N) Lowe r bounds on all var i abl es ( inc l uding rhs
and slac ks) .

REAL BU(N) Upper bounds .
Related INTEGERs :

M Number of rows in A (including objective rows).
N Total number of variables (structurals , rhs and slac ks) .
NE Total number of matrix elements (including rhs and slacks).
1’W1 N#1.
KRHS Column number for rhs.

The constraint matrix [A b I] is stored column-wise in packed form,
using the arrays A , HA and HE. The coefficients for column J are in elements
HE(J)+1 through HE(J+1) of arrays A and HA. The row indices in HA for a
particular column are not required to be in ascending order (say); they are
stored in the same order as they occur in the input data (which in general
is arbitrary).

The absolute value of a particular element HA(I) is taken as the
required row index. Hence , negative entries in HA may be introduced in
special applications. (For example , in MINOS/GRG they are used to
distinguish variable Jacobian elements from normal (constant) coefficients.)
Note that HA(I)=O is not allowed .

For a typical use of arrays A , HA and HE, see subroutine UNPACK in
sec tion 10.

Expli c it upper and lower bounds are stored in arrays BU and BL for all
var iables. The value

PLINFY = i~ °
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Is used to represent “infinite ” bounds. For instance, the bounds on slack

variables to implement the four types of inequality constraint are as

follows:

Constraint Type BL BU

L 0.0 PLINFY
E 0.0 0.0
G -PLINFY 0.0
N -PLINFY PLINFY

RANGES on rows are implemented by altering either BL or BU in a trivial way.

Note: It is more common for the constraint matrix to be stored in the form
[I A b]. This certainly simplifies the input procedures. We have
chosen the less conventional form [A b I] to ensure that the
column numbers of the first NN structural variables correspond to
the nonlinear variables in the array X of the user’s subroutine
CALCFG. This also al l ows the simple test IF (J.LE.NN) ... to
determine whether the J-th variable is nonlinear.

25
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6.2 LU Fattors of the Basis

Ignoring certain permutations , subroutine INVERT produces an LU
factor ization of the current bas i s B in the form

[‘ ul [I 1[i U

B = L = L I  H
F]

where L is lower triangular and F is upper triangular. The “bump and spike”

structure of B is vital to the success of this factorization . B is first

— 
permuted to block lower triangular form using the procedures of Duff and
Reid (1975, 1976). Each block (“bump”) is then processed by the algorithm
P3 of Hellerman and Rarick (1971), thereby dividing the columns of B into
two sets, called triangle columns and spike columns. Spikes are those
columns that have nonzeros above the diagonal of the permuted B.

The LU factorization amounts to Gaussian elimi nation with column inter—
changes. If a column in a particular bump has to ~e interchanged with some
alternative column , the only alternatives that need be considered are the
remaining spikes in the same bump . If a triangle column is interchanged

• with a spike , the number of spikes generally increases by one. If two spikes
are interchanged the number of spikes generally stays the same.

The dimension of F is the final number of spikes .

The reasons for computing the factorization in thi: way, and the
(numerically stable) method for updating L, U and F when a col umn of B i s
rep laced , are fully descri bed in Saunders (1976). The result is a practical
implementation of the method of Bartel s and Golub (1969, 1971). Our aim here
is to describe how the various matrices are stored.

For an initial factorization (immediately after INVERT), the col umns of
L and Ii are stored conventionally in packed form, working forwards through
the arrays HL, DL and HU, DV. The upper triangul -3r part of F is stored column-
wi se as a dense matri x in the array F.

When the factorization is updated, U and F are modified explicitly and
continue to be stored in the same way. Updates to L are accumulated in product
form. They are stored in arrays HL , DL, much like columns of the Initial L,
but Interpretatlon of the contents of these arrays is unusually Intricate.
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Disclaimer:

Since the density of F is typically about 10% (though in some cases as
• high as 50%), the storage required for F becomes excessive if the number of

spikes is 200 or more. (The efficiency of FTRANU and BTRANV is not
necessarily degraded, because many rows and col umns of F can be skipped
during the transformation processing.)

In a future version of MINOS it is intended to store F row-wise via a
linked —list data structure. —

6.2.1 Storage for I

REAL*8 DL(MAXL) Packed nonzeros.
INTEGER*2 HL(MAXL) Corresponding indices.
INTEGER NL(M2 ) Number of nonzeros in each transformation.
INTEGER*2 HPIVL(M2) Pivot rows.

Related iNTEGERs :

MAXL Max imum number of nonzeros currently allo wed for in the
L file. (Reset during each call to INVERT .)

M2 An upper bound on the number of transformations there
could be before the next call to INVERT. (Fixed;
M2=M+KINV , where KINV is the refactorization frequency.)

• NETAL The number of nontrivial columns in L after INVERT .
(Those corresponding to slacks are not stored.)

NETAR Current number of nontrivial updates to L.
KDL, KHL , XL See also.

The K-th transformation in the L file is represented by NL(K), HPIVL(K)
and a set of contiguous entries i ,d in the arrays HL,DL. Let JL be a pointer
such that JL+j marks the j-th pair (i,d) thus:

lndex HL DL

JL KEY PIVOT

JL+1 i 1 d 1
JL+2 I2 

______________

JL+NEL 1NEL 
- — 

dNEL
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Not all Items need be present. Where relevant, let the following quantities
be def ined :

NEL = NL(K)
IPIV = HPIVL(K) = pivot row
KEY = HL(JI)

PIVOT = DL (JL ) = pi vot element

Initial I

For K < NETA L , the K—th transformation represents the K-th column of L,
which may be one of three types as follows.

Type 1: NEL < 0. Triangl e column of B imbedded in the
constraint matrix.

This column of I is the J-th column of A , where J = -NEL. Only one
entry exists in HL and DL (KEY and PIVOT). KEY is not used.

Type 2: NEL > 0, KEY > 0. Triangl e column of B, not imbedded in the
constraint matrix.

Thi s column of I i s the column vector
(PIVOT , d,, d2, .. ., dNEL )

with coefficients in the rows
( I P I V , 1 1, 12, ... , 1NEL ) .

It has been copied explicitly from A into the L file.

Type 3: NEL > 0, KEY < 0. Bottom half of a transformed spike.
This column of L is the vector in Type 2 divided by the pivot

• element, i.e.,
(1.0, d1/PIVOT , ... , dNEL/PIVOT).

The divisions are not performed explicitly, as they are more economic-
al ly accounted for whenever the transformation is used in FTRANL and
BTRANL. Note that the pivot element for this spike transformation is
del iberately chosen to be 1.0, and the element PIVOT is installed as
the appropriate diagonal of F. (The two pivot elements could be PIVL
and PIVF for any numbers such that PIVL*PIVF = PIVOT . However, the
primary aim is to keep L well-conditioned , since no part of it is dis-
carded, and to let the condition of the basis be reflected in F. Thus
we choose L to be as near to the identity matrix as possible.)

28
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Type 2 transformations would not be required if triangle columns were
always imbedded in A. However, on a machine with virtual memory and/or a
cache memory, transformation processing will be faster with Type 2 than wi th
Type 1. Al so for applicati ons involving nonlinear constraints , the col umns
of A may contain variable elements of the Jacobian. Their present values
can be retained with Type 2, but not with Type 1.

~paates to I

For NETAI < K < NETAL + NETA R, the K-th transformation represents the
(K-NE TAL)th update to L. The items KEY and PIVOT do not exist.

Referring to section 4 0f Saunders (1976), recall that any one such
update comes from a product of elementary transformations E~ (j=1,2,. . . ,NEL
say), which reduce some Intermediate matrix F to upper triangular form L
using Gaussian elimination wi th row interchanges. Thus

Most of

• 

= 
~~~~~~~~~ous 

new co1~~~

L x x x  =
A

sparse row vector
to be eliminated

and
ENEL. . .E2E,F =

If I is the previous (possibly updated) factor, the modified form of L is

t = LM1M2. .

where Mj = Ef
1. but since Mj and are trivially related , it is imaterial

which 0f these matrices is stored. We choose to store E~.

In the method of Bartels and Golub, each transformation E~ is a matrix
of the form

29
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row IPIV~ dj I

.
1-i

column

which is possibly preceded by a permutation matrix that interchanges rows
IPIV j and i~j. The indices are the positions of nonzeros be ing eliminat ed
from the bottom row of ~~. These indices and the corresponding multip liers
are stored as the pair (i~,d~) in arrays HL ,DL as shown earlier.

Now , the intricate part of the implementation lies in keeping track

of the va lues IP IV~ without storing another set of indices. First of all ,
note that the initial row index IPIV 1 is the pivot row corresponding to the
column that was deleted from the basis. This value is stored as IPIV = HPIVL(K).

Secondly, note that if no interchanges were required to maintain
stability , then all IP I Vj would be the same val ue IPIV.  (T he update wou ld
then be analyti cally i dentical to the method of Forrest and Tomlin (1972).)
In practice we have found that

(a) The number of eliminations per update is extremely small. It Is bounded
by 0 < NEL < current no. of spi kes, but typically 0 < NEL c 20 because of
the sparsity of the bottom row of F.

(b) It is frequently the case that no interchanges are required , even if the
tolerance TOLSWP is 1.0. (This means that the diagonal elements of F
are usually larger than the elements being eliminated from F.) Perhaps

L 

this explains empirically the practical success of the method of Forrest
- - and Tomlin on problems that are not severely ill-conditioned .

Because of point (b) we distinguish between the two updating cases.

lype 1. NEL > 0. No Interchanges.
The row indices IPIVj are constant, namely IPIV. The indices i3
are stored in HL(JL+j). Transformation processing in FTRANI and
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BTRANL can be coded somewhat more efficiently. In particular , a
complete transformation can be skipped in BTRANL if the element

Y(IPIV) in the vector being transformed is sufficiently close to
zero.

Type 2. NEL < 0. Some interchanges occurred.
An interchange associated with E~ is recorded by storing HL(JL+j)

negatively. During a forward pass through the ~~ the indices
IP IV~ and i,~ are generated recursively as follows :

for j = 1 until abs(NEL) do
begin

I = HL(JL+j);

~~~~~ I > 0 then ( IP IV~ = IPIV j_ ,; i,j ~ )

~~~ ( IPIV j = abs ( i ) ; ~j = IPIV ~~1 );
end.

For FTRANL the indices I PIV ~j and i j are used as soon as they are
genera ted . However, for BTRANL the ind ices IP IV3 must be stored in a work
vector during the above forward pass, and then used in reverse order.

Given from point (a) above that NEL is typically quite small , the doubl e
handling of the indices HL(JL+j) does not add up to a significant overhead,
and in a pure-Fortran imp lementation the overall storage management is
simpl ified by retaining just the two parallel arrays HI,DI. (In a machine-
coded implementation the efficiency of FTRANL and BTRANL would be readily
improved if the IPIV~ for all updates were stored permanently, and the
increase in storage would not be substantial.)
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6.2.2 Storag~ for U

REAL*8 D(J(MAXU) Packed nc,n~er~s for e~cn column of U.

INTEGER*2 HU(MAXU) Correspondin~ ro-~ ‘ i -  -

INTEGER NLJ (M2) Number of ncnz~ros in &~cI column of U.

INTEGER*2 HPIVL(M2) Pivot rows .

• Related INTEGERs:

MAXU Maximum number of nonzero~ cu rr-3ntl y allowe d for in the
U file. (Reset during each ce l l  to INVERT.)

M2 Previously defined .
N!TAU Current number of columns in U , including those that

have been deleted.
KDU , KHU , KU See also.

The i~—th column of U is represented by NU(K), H~iVU(K) arid a set of
conti guous entries HL -~JU-’-j), DU(J1i+j) or j = ~~~~~ ~~~~~ Recall from the
definition of U and F that each column of U represents a conventional eta
transformation with pivot clement 1.0 (which is the For-~ not stored).

When U is updated , new col umns are added to the U f~le in the same
format. If a spike was deleted duri ng the basis change , the corresponding
column of U is flagged by changing the s-i gn of th~ entry in HPIVU. The
storage for this col umn is not recovered. If a tria~gj~ column was deleted
from the basis , any packed nonzeros in the rele~~n~ pivot row are physically
reset to 7ero.
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6.2.3 Storage for F

REA L~8 F(NF) The elements of the upper triangular matrix F,
stored column -wi se.

Rela ted INTEGERs :

MSPK Max imum number of columns currentl,y allowed for in F.
(Reset during each call to INVERT.)

NF Dimension of array F, namely MSPK*(MSPK+1)/2.
NSPIKE The number of spikes found by P4. Later, the current

number of columns in F (set in FACTOR and MODLU).
KFF See also.

If NSPIKE = 3 an d

[2 5 1
F =  8 0

I 9

L

then array F contains 3*(3+1)/2 = 6 elements , namely 2 , 5 , 8, 1, 0, 9
in that order.

If a spike is d&eted during a basis change , the corresponding row and
column of F are deleted and the storage is recovered .

33 
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6.3 Cholesky Factor of the Reduced Hessian

REAL*8 R(NR) The elements of the upper triangular matrix R,
stored column-wise.

Related INTEGERs :

MAXS The maximum number of superbasic variabl es allowed .
MAXR The dimension of the reduced Hessian factor, R.

1<MAXR <MAXS . If the number of superbasic variabl es
- exceeds MAXR , the information in R is no longer updated .
An exception is in DELCOL; if the JQ-th col umn is being
deleted and JQ<MAXR , then R is updated normally, although
R will not be used unless the number of superbasics decreases
to MAXR. (It would probably be preferable to enforce R = I
whenever the latter occurs , and skip any earlier updati ng in
DELCOL.)

NR The dimension of array R, namely MAXR*(MAXR+1)/2.

Since R is in general a dense triangular matrix , it is stored In
exactly the same manner as the matrix F on the previous page.

— - 1
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7. INVERT STATISTICS

The following items are printed in the Iteration Log whenever the basis

matrix B is re—factorized. The factors 1, U and F have been defined in
section 6.2. The constraint matrix array is denoted by A.

Labe l ~~~~~~ Ion

FACTORIZE Counts the number of factorizations since the start of

the run.

DEMAND Gives the reason for the present factorization , as
described in section 8. (Variabl e INVRQ).

ITERATION The current iteration number.

INFEAS The number of infeasibi lities at the start of the
previous iteration .

OBJECTV I f INFEAS 0, this is the sum of infeasibilities at the
start of the previous iteration .
If IN FE A S = 0, this is the value of the correct objective
function after the previous iteration.

SLACKS The number of slack variables in the basis.

LINEAR The number of basic structural variables that are not
involved in the nonl i near objective .

NONLINEAR The number of nonlinear variabl es currently in the basis.

EIEMS The number of nonzero matr i x coefficien ts in B.

DENSITY Percentage nonzero density , 100*ELEMS/(M*M).

P4 BUMPS The number of bumps or blocks found by P4 while permuting
B to block lower triangular form.

SPiKES The number of spikes tentatively assigned after applying
P3 to each bump (prior to LU factorization).

CORE REQD The number of words of core requ i red for P4 and P3 to
determine the bump/spike structure of B. This will
always be substantiall y less than the total core required
for the run (since the subsequent LU factorization
requires significantly more core).

35 
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L LIMIT The number of nonzeros allowed for in the LU factoriza-
tion and subsequent updates to L.

U LIMIT Similarly for U.

LU BUMPS The number of bumps after LU factorization. This will
invariably be the same as P4 BUMPS.

SPIKES The number of spikes after LU factorization . Col umn
interchanges may increase the number tentatively assigned
by P3 above.

• AIJ ELEMS The number of nonzeros in L that are represented by
pointers into A.
These belong to non—sp ike (i.e. triangle) column s of the
basis , and will often comprise the bulk of L, unless
there are very many spikes. This mode of storage can be
suppressed by a card reading

IMBED NO
- 

in the SPECS file. The L ELEMS count will then corres-
pondingly increase.

L ELEMS The number of nonzeros stored in the L file. This
includes one for each col umn that is imbedded in A as
above .

U ELEMS The number of nonzeros stored as packed column vectors
in the U file.

F ELEMS The number of nonzeros in the (dense) triangular matrix
F, followed by the percentage density of F. These
figures are for interest only; they indicate the
efficiency or otherwise of treating F aS a dense matrix.

The following statistics refer to the LU factorization of B. They are
printed only if one of the items TRISWAPS , SPKSWP or REJECTED Is nonzero.

TRISWAPS The number of times a triang le column was interchanged
with a spike in the same bump to preserve numerical
stability. The LU SPIKES count usually exceeds P4 SPIKES
by this amount.
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SPKSWP The number of times twe spikes in the same bump were
interchanged to preserve numeri cal stability .

REJECTED The number of variables rejected from the basis and

• replaced by suitable slacks . (Th is seldom occurs, unless

the basis supplied at the start of a run proves to be
singula r, or else the current B is very ill-conditioned.)
Any such rejected variabl es , up to a maximum of 20 , are
stored in a list and given priority for reintroduction to
the basis duri ng subsequent calls to PRICE.

MIN PIV RATIO The smallest preassi gned pivot ratio encountered and
accepted . (This will always exceed LU ROW TOL.)
For each bump column , the pivot ratio is measured as the
size of the preassigned pivot element in the correspon-
ding column of L, relative to the largest element -in the
same column of L and inside the relevant bump (including
the pivot element itself) .

TOLS The values just used for LU ROW TOL and LU COL 101
respectively. (If numeri cal error is apparent following
LU factorization , the factorization will be repeated
wi th larger values for these tolerances.)
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8. INVERT REQUESTS

The variable INVRQ is set in DRIVER and certain other subroutines to
request a call to INVERT . If two such requests occur without an iteration

¶ being performed , an error exit is taker’ from DRIVER. If INVRQ > 20 an
iteration was beginning but could not be completed.

INVRQ Set in Mean~~ 
• j

0 DRIVER Start of run.
1 DRIVER Invert frequency interrupt.
2 DRIVER LU file has grown significantly.
3
4 MODLIJ No room to update L.
5 MODLU No room to update U.
6 MODLU No room to update F.
7 MODLU New pivot element in F is too small.
8
9
10 DRIVER Row error after row-check interrupt.
11
12
13
14
15 3
21 DRIVER No workspace ir, LU file for use by CHUZR.
22 RGITN Linesearch failure .
23
24
25

38 1
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9. ERROR CONDITIONS

The variabl e IERR is set by many subroutines to indicate an error

condition . Some values cause the run to terminate . If JERR < 10 it is safe

to Output the final basis and/or print the final solution.

IERR Set in Meaning Suggested Remedy

-1 L°ITN With composite objective , the
incoming variab l2 will not
improve the true objective.

0 DRIVER Proceeding, or colution is
opt imal.

1 DRIVER Problem is infeas~ble. Check constraint data .
Raise FEASIBILITY TOL.

2 LPITN , Probl em is unbounded. Add realistic bounds to
RGITN - variables .

— 3 DRIVER Too many iterations. Continue run .
4 DRIVER INVERT called twice in a row. System error.
5 RGITN Too many superbasics. Increase SUPERBASICS.
6 SETX Row error. Scale data better.
7 RGITN Unable to improve objective Is the nonlinear objective

value after repeated attempts. and gradient well-defined?

8 DRIVER , User ’ s CALCFG ~‘equests that theFUNGRD run be terminated.
9 RGITN CHUZQ failed too often to find a Check scaling of the data.

superbasic to replace a variable
-
- 

that wants to leave the basis.
10 INVERT Not enough core for P4.
11. FACTOR Not enough core for L. Increase core by a
12 FACTOR Not enough core for U. substantial amount.

13 FACTOR Not enough core for F.
14 INVERT Wrong number of basic variables. System error.
15
16
17
18 DRIVER Not enough core for INSERT . Increase core.
19 DRIVER Not enough core for LOADN . Incre3ce core. 

~~~~- -~~~~
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IERR Set in Meaning Suggested Remed~

20 LOADB Incompatible basis map supplied . Check OLD BASIS FILE.
21 DRIVER Not enough core to output Increase core .

solution .
22
23
24
25

In general , error conditions and warnings are brought to the user ’s
attention by a printed message starting with XXX

Caution :
The message EXIT -- OPTIMA L SOLUTION FOUND must always be interpreted

in terms of the size of the reduced-gradient vector , particularly if messages
of the form

XXX NO FUNCTION DECREASE.
occur at the end of the run. The final computed sol ution may or may not be
acceptably close to optimal , depending on the “friendliness ” of the nonlinear
objective and the condition of the current basis. The latter message occurs
in RGITN if the linesearch procedure was unable to obtain an improved objec-
tive value , at a time when various tolerances suggest that it should have .
The following information is also pr~nted :

NORM RG = the largest reduced-gradient component amongst superbasics.
NORM P1 = a measure of the size of the current -ii vector.
LAST SB = the column no. of the last superbasic variable. This was

- previously nonbasic with reduced-gradient shown .

The recovery action taken by MINOS is to add the most favorabl e nonbasic
variable to the superbasic set and continue ootimization in a larger subspace .
If PRICE finds there are no favorable nonbasics , the solution is accepted as
the best attainable and is declared OPTIMAL.

Broadly speaking, if (NORM RG)/(NORM P1) = 10-d then the objective
function would probably change in the d-th significant figure if optimization

- - could be continued. The user must decide for himsel f whether d is
sufficiently large .

40
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10 SUBROUTINE SPECIFICATIONS

Each of the subroutines in MINOS is documented under the following
headings:

• Subroutines called and called by

• Purpose

• Parameters

• Method

The Parameters description does not include any variables with the
same name and function as those defined in section 4.

41
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SUBPOUTIN ! AD CCC I( ,N 2 ,M N N ,$J ,N P 1 , NF , N P ,N N , ~ ’s ,J!s ,rAXL, M A x u ,
1 HSPI ~~E ,HA ,~-!,~~P i V L , tip lv’! ,H P I v f , riE ,p !L , N J;~2 A.P,X ,G R D ,Y.Y 1 ,XN ,C,C1 C LNE W ,H L C I L ,1~U P C1 ,F,rJNIT ,JQ )

Subroutines ca]led : Call ed ~ y :

~TRAT ~U CALCG ?TRAN L FUN G I~D ~GI T~GET G~ D SETPI UNPACK

Purpose :

To cons t ruc t  a new c o l u mn  for p when th~ no, of suD9rbasjc~ is h~ ir. q
increased by 1, from Ns—1 to Ns.

Par~ weters:

NTEGEP JO (Inçut) Cclunn no. of variable being adI~~
.-
~~~ 

4-0

tF~ se t of su rb r ta ~ ics.
LOGICAL UNIT (Input ) ;pecifie~ if ~~~ col’~~n — ,f R j.i~ t o  he

a u n i t  ~~ c4-or  or act.

Method :

If U N I T  = T R U E , the u n i t  v e c t o r  c (N S)  w i l l  be u s ed ,  Thi s is t !~e case
if MUt’~IPLE PRICEing i~ invck ed.

I f  TJN I ’L  F A L S E , an att~~apt will be aad~ to estinate curvature in the
new su~ sçice by fin it€— dift er- -~rcing the gradient v~ ctoz ~tlonQ the n’~vcclufn of ~ (the null ~~ac € ea ’ r~~x) .  See ~urta’~h a~~d Sanr .IerF (1?78 ) ,
~ectjon 3.3.11.

!f the off—’iiagonal •l~~ ents cf tle n- ~w cclu rn s~ o~ sign s of b~~i~~g
extremel y big or sgall , fu r4-h~~r woj k is a vo id€d ~n d th— . unit v-’~~tor
e (NS) is usc d inste~ 4. l~ t h~ r ev 1i~ qcn~i ~ let~- -:~t rroves to h~si gn i f i ca n t l y  la r g. r cr srafler •han th € ncra of F- , aga i n a ur .t
vector is used and the wcrk required ~-o estima t~ the new coLumn ~s
wasted . The aiim here is t o  avoi-1 con~~~r u c t in g  ~ 

.
~~~~~~~ F ~h a is

s-~gnific4ntly uore ill—c onjitlon€d tran ~he Freviou s P.
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SU B~ OUTI N! ALI GN ( N ,~4S ,I E .BL,BU ,X ,Y ,IHF A3 ,NA L IGN ,~~SPECL

Subrou tines called: Calle~ by :

DOTi EGITN

Purpose :

To scale the search lirkction for supe rtasics so that if sev .-~L~~1 ara
abou t to teach a bou nd ‘hen all of then do so sirultancously .

Parameters :

IN T! GE P *2 ~8(N S)  ( I n p u t )  C c l uar  nos .  of sup e rhas i cs  ( o n l y ) .
INT E GFB NAL IGN (Cu tp ~ t ) Nc . of variaLios fir~~lly aligiad .
RFAL *~ TH E ’r A s ( N s )  ~orksrace to store stens •-o reach houi~-~s.B~AL ’R SPEC L (Cutput) Final steç s iz e , i f  N A L I i i N >O.

X ( N S )  (Input) Valu€~ of su~ er [asics (c i-ly) .
REAL*8 Y (NS) llnput ) Search direction for sup~~rbas±cs.

~ethcd:

— ~~~. Classify each supertasic varIable 1(j) as “nor~t’al” cr “c~ ecial”
as follcws. If t~.e search direction Y~~j) i~; lar (~er t.~ an scn’e
t c l e ra nc e  Z T CLY , and  if  t h e  distance ~o the reievant bound
(dependiv- ~ on the sign Cf V( 1I ) is less than scme tol~ ranco Z T CT ~ ’,
t h en  X (j ) is special , otherwise normal .

• 2. Ccmp ut e ~‘N ON~~t (or T~~!ECt) , i~he step t h a t  m ak es th~ firs t
• nornal (or speci~~l~ v a r i a b le h it its bound . F’~ore ~tep~- for all

— spec ial variable., it arr ay 1F~~~AS.

3.  If the first supe rtasic to reac h a bc un d is special (i.e., !‘
T SPFC L (= T N C P~ L), scale down the coip onents Y (j) for 3pec ial
variables so th3t a l l  spec ia l  var iables  w i l t  r c-~a ch t hn i r  hLI’ 1’~~~s i.f
a step T SP!CL ~s t a k e n  along the m cdif i€ ci se a rch  ~lirect~ on . (~ta~~ic variaUe ~-iy re ach a I-our.d earlier , i’ which ~~~~ +1-e
alignm en ’- will hav~ been t c  no avail.)

4_ 3
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SUBBOUTI RE BTRA N L ( M ,M 2 ,hE ,UP1 ,MA XL ,HA iL, ?~,h P IVL ,$L ,HL ,~’T ,HW ,Y I

Subrou tines called : Calle d ~~:

Ncne C i tj r . ç~ FAC? (~P PRICE

Pur pcse:

T0 sclve the system L (tran~~ose)~~x = y ,  whc - r~- ho~~’ t ‘nd y are
stored in the para meter Y. This is ~he ~n d rr i t of ~~. r~ nv~~ tioral
“~TRA N” operation.

Parameters:

:‘!T!GER*2 RW(fl) A work vector required to re—gen~ tate the
sequence  cf row in~ -e rchanqes that •~ccurr~~
durin g €ach update ~c the LU tactoI.~~. (~ot
~e qu ir e. d du r ing  I N V , E ? T )

t~ethod :

The reverse of FTBANL. Updates are treated first , fo l lowed ~
y ‘he

t ransformation s constructed by FACTOR.

T- eat.ent of the up date transfcri~atioas is rather complex because lust
oz.e integer is storE-i per ncnzerc , rather than tvc , an d a for~ -~rd pass

— ‘hrough the integers in. each tran~ fotmaticn is reo’iire i ~o r~ ~~nerate
the second set.

T)uring INVERT , only a p artial sweep thrnu qh the norma l col;:r~r.
t ra n sfor na ~t i cn s  is needed . The v a r iab l e  L F - G N  a l low s  the t a c k w a r d
sweep tc stop at the beginning of the cnrr~ nt hn~p. it is ~c~set 4-0

point to the beginning of I before exit from FACTC~~. 

~~~~~~~~~• •



SUBR OUTINE RTBP~Nt1 ( M ,~~2,$?,NAX U ,HFI V U ,H’tV~ ,W U ,HU ,DU ,F .Y )

Subroutines called: Call ed by:

flone A D t C ) T .  1211$ RGIT $ ~~ TX

Pmr pose :

To solve the sys tem U * x = y , where bo th x and y are stor~~1 in theparameter Y. This is the 2n d part of a conventiona l ~PT~ AN N
op era t ion .

Met hod:

tiorial column—vise back-sutstituticn , with each column of U and P
being treated as a column of the f u l l  matrix “U”. Coluens are
processed backwards. If a cc m p u -~ d compon ent of x is ~-~-~ tia11y
ier o , the corres ponding columns of U and F cart be skipped.

~ 
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SUB~ CUTI N~ BU M P~~( N ,N1 ,NZ ,IF,I~ N ,CUTP ,NUMR ,13,LOWL ,PR FV ,NBLK )

Subroutines called: Called by:

None

Purpose : - a

Given tha row number s of the ncnzeros in ‘~ach column of a •squar~
sparse matrix A , this routine finds a pernutation L’ such ~hat P’fl~is L~ock upp er trianqular.

P.~raieters:

Z N T E G E ?  N ( I n p u t )  D i a e n si o n  of the  m a t r i x .
INTEGEP N i  (Input) N’-1.
INT~~GE~ N Z ~Input ) No. of ncnzeros in the matrix.
~NT r ’a*2 IP (N1) ( i rr I j t )  Pcints t~~ ~h e f~ r-.t nonzerc jr~ each

coit:~ t~I~~T’~~EP *2  IR N (!4~~) ( I n p u t )  List of r ow n u n b ~~rs fo r  n onz~~:os .
~~ T E G E P * 2  OUTP (N) ~cr k vector.
:~-r Ec!~~ 2 NUMP(N ) ‘Cutput ) NUM RIK) will contain the pernuted

pcsition of column K.
~.$TEGEP*2 E ($) (Output) 5(1) will cor1tai~ the row no. in 4- he

permu ”~’~ matrix o the beQinning of 4he I—tb
blcck .

- :E-;EP.2 LO~L (N) Wor t. ve ctor .
~~~~~~~~~~~ FBEVL (PJ) ~crk vector.

• i~~~GEF NBL~ (Cutput ) No. of blocks found (itcludir.i ores of
dimE nsion ~ )

! ‘-had:

~~~~~ ~~~. Tarjan , SIAM J. C emp ut i n g (1972) , 1 , pp. 1:46—160.

f i~~r cu t i n ~ B~J $P S is &‘rived directly from ~arwe . i subroutine ~“13A by
~~~~~~~‘. Pej~ ( 197~~) .  ( M C 1 3 A  ‘- as sj nc~ beet ~~~p laced in t h ~ H a r w eL l
5~ior~~utine Library t-y PC~~3t~; see l.S. Duff and J.K. ~eid , “Ar
i-:- i.’sentation of Tarlan ’s algorithm for the block trianqu arization
( - a matrix , Rep ort No. CS~ 2~

) , Harweil , Arr il 1S16)

P~ te : It ~s ae~ u .ed t hat the ma tn i~ A ~as alrea ’y been permuted to
~ ~ve ncnzero s - r ~ its diaqcnel. Set. the trM~svdr~ al finder, s~ hroutine
TPN SV L.

. 3
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SUSF O ’J TINF C A L C F G ~ !~OD ! , N ,X , P , G , N S T A T E , N ER O E ’

Subroutines called: Called by:

None PUNG9T~

Pun pose :

To evalua te a user’ s particular nonlinear ob lective function f ix) and
tt~ gradien t vector g (x ) at a given point x .

Par a ~~ters:

The regutred form for this sub routine is documented in tne ~‘ 1INO S
User ’s Guide , section 111.3 .
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~t15BCUTIIE CKLCc~I M,NF ,NP1 ,NS,~ S,H&, ~~~~~~~~~~~~~~~~~~~~ )

~ubrcutjnes called: Called by: 
J

~one ADD C ~~~~I. ~BIVFF I~GITN

Purpose:

To calcula~e the reduced gradit~nt vEctor G for tt1~ current ~~~ t of
su p e r h a~ ic van jable~~.

t’arameters:

~:AL*8 GRD (!~S) (Input) Conta in s  th e cur r en t  gradient v .~c tor  for
sup Er~ asics in positions M+ 1, ..., N+N S.

~~AL *8 BGNORN (Output) Feturns th~ nor rn of the reduced
gradient vector. This is taken to he the
largest el~~c~en t  of ( in absolute size.

~e~ hod :

The J—th ccmponent Ct the reduced grauient is 
-.

G(J) (
~PD (M4J) 

— P1*A (J)

w iere A (J) is the correspcrding cclumn of A.

-~~0

- — - ~~~~~~~~~~~~ 
-
~~
—- — —- ~~

-
~~~~~~~~~

- 
~~~—



— -~~~~ .----
— 

-

5rI R~~OUTINE CH~~t I~~( N I BL , EU , X . C , N~~EAS

Subrcutines called: Called by:

None CHIG~ i

Pmrp cse :

CHKGRr is about to use direction B for forward differe r•~~1r cT ‘he 
—

nonl in~ ar objective functicn , starting from the first feasi~ - le point -

X. This routin~ checks th at D is a fe a s i b l e  d i r e c t i o n , a n d  c ~ities Dif necessary.

Par ame ters:

NT~ G?~ N (Input) Will be NN , the no. of nonlinear vars.
REA L BL(N) (Input) Lower b o u n d s  for the ncnlin~a- vats.R E A L  Bfl (N) (Input) U p pe r bounds for the norlinea :- vars.
R !AL*R ~~N) (Input) Will be ~N , the nonlinear var~~ Lles.REAL*8 0(W ) (ln ,out) The diroctjor . to te check4d.
!NTFG~ P NP!AS (Cutput) The no. of feasible c mr-one !~~ ; in the

(possibly modified ) vectcr 0.

lethod:

If variable X ( J )  is f i x e d  (~~I (J )  = ~ t J ( J ) ) , 0(J) is set to zero ani
~PEAS is nct increment ed. )therwise , 0(3) is left una~ rcred c r
perhaDs is reversed in 1,r , an n N~~~AS is incren~ tted.

~~~~~~~~~~~~~~~ A~~~~~-~~~ ~~•~~~~~- — --- ~~~~-~~~~~~~~~~-~~~~~-- -  — -—-~~-~~~~~~~--~~~~—  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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SUEB OtJTINE C}IKGRD ( N T,,Bi; ,” .r,,T’?rT ,&1~~,C,TPSNCH )

Subroutines called: (•a]ie~ by :

CALCPG CHKDIR DOT rPIVtF

Purpcse :

To verif y to some extent that the user har ‘-crrectly programmed the
gradient of the ob1ectiv~ function i~ subroutine C~ LCFc..

Parameters:

INTF GZ~ N (Input) Will be NN , ‘-i ~e no. of n o n i  a r  vars.
~!AL BL(N) (Input) Lc~ ez hoa~~ r for the r: r -rl in~ d r vats.
F-SAL BU(N) (~~~put) tJ~ per bc ua d~ for i-he nonlin~ c~: vats.
flE *8 X (N) ( I n p u t )  W i l l  be ~~ ~ he nonlinear variabi es.

0 (N) (Input) Will be C , tb~ qr ad i ent  a t  tJ~— f i rst
f.~asi.hle p r i n t .

IN T E G E R  IPAIL.  ( O u t p u t )  Wi l l  be zero if the gr~ 1ien t:; lock C~~,2 i f  t h e y  don ’t , or ~ if t h e  us~~r E et ~1Ot ~~ •o
a negative numbe r ir. suhroutice CAl ~~~ ~oterm inate the run .

FEAL*8 A (N) ~‘ork vector for 1-~t difference ~irectfcr .I~!AL$R 5(N) Work vec 4or for 2 n d  cl .fferenc e ~irec ti-~n.F!AL*R C(N) Work v ect cr  tc hcld yradi~~nts a t X+li ’-~~. X 4 - * 8 .
Ccntents not used .

I ~A L* R EPS MC H ( I n p u t )  M a c h i n e  p rec i s i on .

f j~ hcd :

~ -~~s routine was taken directly from subroutine C~’KGRD ~-v C.ill,
~‘nirray, Picken and DarL€r. . S*- c~ 1~ccua~ant no. ‘L$/O5/O/?/11/15, ~~~~~?~~ti•onal Ph y sical Lahor~~tory.

S’iuht changes were made , e.g. tc make sure A and B were fea~~ih1 .~
~~r’c ticns.
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SU9FOUTINE CG( ~S,G,CN~~W ,r •T~~ETA 1

Subroutines called: Ca1l~d by :

DOT DOT1 P G I T N

Pun pc se:

To compute a search direction for supe:~ as ic s, using c~~e of s~ v~ rr.i
conjuqatc~ gradient n et ~~ods  fc r  u n c c n s t r a i n ~~ m i n i m i z a t i o n .

Parameters:

REAL * 8 G (NS) (Input) Rtduced ~rarU .~nt at previous st-~p.P E A L *8  G N B U ( N S )  ( I n p u t )  B e d u c e d  g r a d i e n t  a t  cu r r .~nt  - ‘ - .

~EA L$ 9 r -(NS) C-n input , the previous search U r e c t i cn  for
— superbasics .

Cn outpu t , ti- a n w search direc’iion for
supertas ics.

REAL * 8 ‘IHETA ( I n p u t )  The step mov~~ during t~~
-
~ prt v~ ous itr

along the (old) search dir€ction 0.

Method : -

1. Use NSGCG to print a message if t h i s  is th.’ first entry 4-~ -

2. Use ITNCG to determin e if NS consecu lye iterations I-~~ve  h .- . 1 - ~~
performe d since the last restart. If so, requ est a r?sta:

1. Use ~ODCG to 4et~~rm ine which version of CG has be*~r~ roques-- ’~i.

4~ Nos-’ methods (Fletcher—R.~eves ,  Polak— ~~jbiere, Perry) C~~ ”~~i 1 t C th~ne w 0 accordinu to
t (J) — GNEW (J ) + CG~~E~~~tD(J)for some scalar CGEE TA. Meroryless OFF , CCMDFP , etc. add ~ termGA~ NA * (GNEW (J) — G (J))

for some scalar ~A M !A.

Mote : CG is cal led frcm RGI’tN at the end of an iteration , hu ~r~lv if
that iteration was unccnstrained . The required search 1ir~cti cn D is
then still available for us~ d i r in .j the next call to P(~~TN. . ç~~~p 4-hit
in RGI’IN, T) resides in Y IM +1) , •.., y (tc.NS). This is overwr :~~ten if
1’e ensuing step is ccnstra ired .

~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~~~~~~~ TT~T ~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~

SUBFOUTIN’~ CHU2~~( r , K ,~~E ,N P 1 ,M S ,
1 H~~,IIE ,HE ,A ,PL ,E O , ~~~,Y ,JO, PIVC T ,VA FM E ’I  1

~ubrcutines called : C311ed b y :

PTPANU BTPANL PGIT~:

Purpc se.

When the JP—th variable leaves the tasis, thin routine select~ One o~
the supertasic variables to re~lac~ it. The ~ri!nary aim ~s to k’~~pthe basis well—conditioned. where possihlr ~he choice ~ias~~
towards a superbasic that is away fros its hounds , in the hoes t iat ~~
w i l l  be IQSS  likely to leave the basis during ca~sequent iterations.

Parameters:

Y (NS) The f~.rst N components of I contain 4 h e  JP—th
tc w cf ~ inv.- rse. On output , V ( +11 ,
f l M + ?~3)  wi l l  cc r .t a i n  ~ vector v :eouired
later b y B1P~O~).INTEGER 3Q (Output) will pcint to the chosen superbasic.
r < JC <=  M + N S , -

REAL*8 PIVOT (Output) ~he value of T’~~P (K) for th.~ chosec
cc lumn 1 K FB (JQ)

~~ IC~~t VABMET (Input) Uscd to skip Computing V if i’ is n0
goir.g tc be used later. 

I

:~~ hod : I
As described in Mirtagh and Saunders (1978), s~ ction L3.2.

I
I L
~ :~

1
I

r j f
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SUPROUT INE CHUZ? ( ~,!~~~P,?L ,BU ,X ,Y,AT E1N fl ,flJ(~,IJLx ,TOLPTV , !’:..,Jo ,
1 ~~~~~~~~~~~~~~~~~~~~~~~~~ I

subroutines called : CilIt~ ~-y :

None IPIT~ ~~~~~~

nur~ cse:

To choose an index JP and a step siz.~ TPEIA >~~ O.~~, such t h a t  v~~r i a h l~H~ NP) reaches one of it- s L~~u r d s  w h e n  X c h a n q ~~ t o  Y. — TH E TA~~~. f  ~is feas ib le , HB (J P )  w i l l  be t h €  f irs’: v a r i a l - l e  t~. r e a c h  a bo’jr. -~. If X
is iflfeasible, JP Ls c h cs . e n tc  u i n i m i z ~. +h— ~ ~ u m  of i z i f e a s i r i I t i~~s
wi thcut regard to the number (which m a y i n c r c .~se ) .

Parame ters:

INTECEB N ( I n p u t )  Th is  w i l l  r e a l l y  ~~ 1+i w h e n  ~~i1~7~ i.~cal] e-d frcm LPI’ M . (The vdL - iab 1-~ ~ .t- : ~
basis will be in locution ~~~~ an d 1 (1- 41 1 w ill
be 1.O .~ It will be (~+~~S when c a l 1 - i  from
~~~~~I’I~~

’
, an d  th’-’ last ~~ v a lu- ~.i of Y wii. t -  t~~~se a rc i -  d i rec~~icn  f c~ ~u p e rh ~i.3ics.

R F A L *R 1 ~1) (‘~Fut ) “i-. sear ch dir-action.
LO~;I C A L  ATBNI )  (I i -~çu t )  ~J~; t cr LP I Th  if  variable .:- r~~~r~ r.i

basis ~s ctrrertly at i s  ipp~ r ~~~~~~ I r
~f f~~ct , A f l~~~ cau s e s  —Y to ~~~~ use d in ~~~~~~~~~~ — f

Y in t h e  u s u a l .  r a t i o  test . I n  qene r ~~i , ~~~‘rc h c u l d  th e r e f or e :  he TPUE if is beir .q ~-1 l r .-J - ’
t o  X + ! I E T A ~~Y.

DJQ (I n~~u t )  ¶ !‘is is u s e d  o n ly  i f  t h e  c~ir r ~- ; . -
in feas ible. It is th~ s1on~ of the pi . wise
linear grap h c f th .~ su e ’ of i n f e a J i ~~~~ir .~ - .4
v~~rsu~ ~~-E A .  Mo r .~ cn e r i ~l 1v , i t  ~~L~~~t~~~- 1 L~’
g ’p, t h e  u s u a l  i nn ~~r p r c ~- io t  of the -

~~~ 
‘- ct iv-

gradient with th~ s’~cir ch d~. r , ~ - :t ion , p~- y .

— For LF 1N , this i~ the reduced gradir ’ r~ of  th’~I n c o m i n g  variable .

F or PGI N , i t  is
q ’ (Z q I

-~

= (g’Z)*(—~~’g)
— 
H Z ’ o I t  (squared)

= — H C- H ( s qu a r e d )
w i’ero G ccntair.s tb~- r~ duc~~1 yradier~~, r’ g;

q is ‘he D a r t o f  p ~ - r s u p € r k - t - ~
nam ely th~ r~r - qativ r~d~iced :-~dier.~- ;

7 i s  th t ~ n u l I — s p a c c  r a l - r i x .

TCLX ( nput ) ~~asibi lity toler~uice.TCLP IV (Inpu ’) A c~ mp onen + of Y w i l l  he  t r .-~~~-~d ~s
Z~~t c  it  sm a l l e r  t h a n  t~~j s ~~-1erance .R E A L ~~4 T P E T A  ( C u t p t i t ) ~ h~ chcse r  st~~r si z~~.I N T E G E R  .JP ( C u t p ’~t )  ~~~~~

. c h ’- s en  t r ~~~x .  

—-—--~~~~~~~~~



INTEC!B*2 NPT (IEMAX) (hcrkspaCe) Hcld~ poin ers to maintain a linked
list it tI~ p arallel arra ys ~RT , FTHFTA and
l.u. The list ± - :  ~~-iere h according ‘o —

increasing v~ 1u~~ r ’f *tJ , star ting fr- i a ‘he
ne ga t ’.ve v ii i - , —a (E.I ~ ).

INTFc;!p.2 NPI (I P N A Y I  (WO I ~~~
-
~~U C C  l’~~i~~s r i . vr ~ rows correspon’iir.q 0

the stc~p .c J~t

~F.AL~ 8 BTHETA (IPrAfl
IW o rk ~~pac c) ~1~~1-l ~ ii:’ of s’ep—sizes, TP~ TA .

REAL*8 TAU (IPNAX) (Worki ~pace) Hcl -~ u s ’ of d o p es. ~~1 ’ ( I )  is
the slope afte r i ster RTfl~~~A( I) is ~~~~~~

INTEGER IEN~ X (Inp ut) The ma ximum len~jth allowed ‘or th’~
lir .ked list . Storage for the 4 abov’~ arrayscc v~ ticra unused space in ‘-he LU file and
thereto re varies 1.~ tween calls to cnuzp . i~
will il~ a ys be at least r~ (otherwis— INVE9’~
v l f l  t e  c a l l e d ) .

N e t h o d :

The following two methods , a~ implemen ted by John Tcalin , November
1975 ;

* If feasible , P aula  H arris ’s two—pass  metho d for  t a k i n g
a dvantaq e  of near t i e s .

* If infeasible , flenr.is Rarick’s one— pass method for minim izing
the sum of infe as ibil it ie s .

Harr is

The aim here is to take advantage of the like]ihood that se veral
vari able s may reac h a bo u rd almost simultaneously when the final step
T~’~~’~S is taken. (This is especiai3.y probable or. d~ ger~erat e ~~~~~~
i.e., when ~~ETA O.C) The method does nct exrect to find ox~ ct ti~ sb i t  instead look s fo r  near t i e s , w h i c h  are cons id - ~r a h ly  mor e t r ~~q uent
a i d  mean much t h e  same  in  p r a c t i c e , since the vertices of a -~im~~ ex
a:~ in  some sense “ f u 2 z y ” , at least  tc the  ex ten t  ot the ilr.ct-rt air”y
in the origina l data .

1. (First pass) Compute a quantity PSI such that at least one variable
wcul d overshoot its bound by an a m o u n t  FEPTRN if  a step r~: we re
- a k e n .  Since FORMC regards va~~iahles  as b.-~Ing feasibl~ only ~o
within a tolerance ICLX , we won ’t Sjt-’L jf certain new var iaLl e s 90
outside their bounds b y  a sirilar ainoun ’. PEF~rBN can th- i ~~forc-,
with safety, be as larga -is TCLX. Thinkiri~ f u r t h ~ r aloi.~ th.’se
l ines , obser v e  th a t  the ac t u a l  s - ep T~-1ETA t h at is fina 1lv taken
will be strictly less than P21. Hence it is OK to allow ~~~~~~ ~~~O

be s lig h t ly  l a rg er  t b a n  T C L x .  we take the value 1.1*T~ IY . Nore
thir.~ in-j re quire d to c i €c id e  what th~ m axim u m value shoul-~ r~ a1l v
be. (~ ctuall y, the real reason for taking PEFT~~N > TOLX i.~; simply
cm principle , to avoi d getting a zerc numer ator in th.~ rattos
definin g PSI.)

2. (S~ ccnd pass) Nov go thr ough com p uti ng the us ua l ratios , t I ’ i : ;  t in :e
witho ut perturbation. Skip any tha t  - i r e  larger than PSI. ‘f ‘-he
remainder, find the one for which ‘ho pivot eleser~ Y (3) fs
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___

.4

largest.

— 
* Parick

A full description vi]l nct be atte.pt d here. Rriefly, t h e  met hod
would lo conceptually simp le if all the Tt1!T~~’s were cowpu te i and
sorted into ascending order. Rarick showed tF-at with the aid of a
linke d list the sotti rq can he avci d ed and ~very thing ca~ be don~during a single pass thtc’iqh X and Y .

Po r fur ther  details , see John b alm .

I

- . 
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SuBROU’rI~ E COND E P ( R ,Y ,G ,NR ,N ,1H?TA ,!TP ,GTP ,K&DD ,~ SUB

Subroutines called: Called by:

R1PI OD bGITN

Purpos e :

To i.ple.ent the “Complementar y D?P” or “BFGS ” quasi—Newton up d at e to
a given Hessian app roximatic n , stored in factorized for, as I-~’P , thus:

(ne w R ’R ) = (cid R ’R ) + ci yy - ’ + c2 gg ’

where

g new reduced gradient

y ~~g —  (old g)

p = search directicu

ci = 1/(TH!TAty ’p)

c2 = i/g ’p .

Par ameters:
~0

REA I*R THETA (Input) The step just taken along direction p.
• RFA L *R TTP (Input ) y ’p.

R E A L ’ O  GT P ( Inpu t )  g ’p.
INTEGE R KADD (Output) !rror flag for adding the r a n k — I  r

ma t r i x , ci py ’.
IN TE CEP ~SUP (Cutput) E rror  f lag  ~cr sub trac t ing th e  rank— i

matr i x , c2 qg ’.

Method :

Call R 1NOD twice with appropriate parausters .

- ,

56

_ _  - — - - - - ~~~~~~~~~•--- --——-- - - ~~~~~- -
- - . - -

~~~~~~- -- - --~~~~~~~~~~~~



- . 
- - ~~~r~~~~~-.-

j-— :

SUBROUTINE CRA SH( ~~~~~~~~~~~~~~~~~~~~~~
1 BA ,RB ,H!,H$.~ P I V L ,A ,BI.,flU , X,XN

Sub r outines called: Cal l ed by ;

None DRIVEr

Purpose :

To select N vectors from A in a way that will produce a lower
triangular , nonsingular basis s. Three options are im~ le m en ted ,
according to the value ci IPARM(1 ).

IPAPN (1) !~eaning

0 Set up the all slack basis.
1 Sc am a l l  cclur n s  cf A.
2 SCan only those cc lum n s of A corr esponding to

linear variabl ec.

Parameters:

INT!GEB*2 HS(N) (Output) Will define chosen basis.
!WTEG!R.*2 HPIVL (N) Work vec’or to recor d s tate of rows.

Method :

1. Initialize state vectcr HS (1) so variables are nonbasic at their
saallest bound.

2. If NS)O, make relevant notlinear varia bles superbasic, as Epecified
by the INITIA L bcunds s et .

~. Look at the values given t~ nonlinear variables during ir.pu ’ of i-he
INITIAL bounds set. set nonbasic nonlinears at th~ bound nearest
to the values in XN , ir case the LO or UP state specified during
irput is opposite to the default in 1 above .

14• Procee d to construct a triangular basis. ~‘be array HPIVL will have
the follovinq in terp retat io r:

~PIVL(i) Label Neaning

Pivoted Bow I nan been arsigned as the pivot row
for cc luun ~~~.

—1 Marke d Pow j occurre d in som .~ previous columnbut has not yet been ass!qned as -ì pivot
row (i.e. has not been labelled vot~ d)

0 Virgin Row i has nct yet occurred in any ohosar.
column.

N atur a lly, all rows statt out labelle d V irqi n .

S. F irst , make any free logicals basic. 
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1

b. Noil du two pea~es of tb’, t o l l o w i n g , fir s’ on ?rPe StIUCt J I - i J s  Only,
t h e n i n  al l  i t i  u t  ~u ntz.. (‘Ihi~ get? ft ~~ r 1C.JC t~,r*ls into th ~basis f i rst , suh iect of cour~z. to the Pa:~1~ stiytn g tria n~~i1ar . “

is quit. po~ 8it 1i that ~Oso h a s  y s r i a t t l e s  w i l l  ~‘i11 ho n’mt.as~c
.~~~t*t CRA SH .)

7. (a) For any given ccl umn , find
AI M A X  th e h iyqs s t e l em en t in ‘he whole colum n;
AEI V( i ) the P-~~~gas t eleme n t  in Marke d rows :
A PIV (2) thc b ig g e st element in Vir gin rows ; 

- 
-

NP IV the no .  of Piv ot a d rc ws  in thi, column.
The rows corresponlinq to A P IV(i ) are the “best” ?ark ~sd ar. 1
V irqi n ross  rea~ ec t Iv el y.

(b) Select a potential pivot row. If possible , take the beet
V irgin row. If none , and if N P !V = O , choose the b~~ ’ Mark ’- -1 —

row. Oth erwi se , skip the column altogether.

(C) TOLPR is some relative p ivct toleranc e- , e.g. 0.01. To prevent
getting a badly conditione d ba sis , skip the col’irn if the -•
chosen pivot elem ent (AP!V( 1) or A P TV(2) ) is smal .~~r thar .
TC IPE*A IMA X .

(d) Otherwise , label the chosen row as Pivoted , set the state of
the column to be basic , and label any remaining Virgir . rows in -
the column as M arked.

8. Finally, fill up the- basis with the logicals or. a n y  rows ‘hat  did
not get labelled as Pivoted.

it

.t
~
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SUBBOUTI NE DELCC I ( M ,N F ,N S ,MS ,HB,F ,X ,JQ, DEL!T8

— Subroutines called: Called by:

4 None INVERT RGIT’l SQt1EE~

Pur pcse :

To perform housekeeping when tba JQ—th superbasic variable is deleted.
This may include thtleti~ g the JQ—th cclumn of P and restori~ q F to
uppe r triangular for..

Parame ters:

INT~ GEF JQ (Input) ¶he position of the sui erbasic being
deleted.

LOOICAL DELETP ~Inpu t) TRUE if quasi—Newton or con~ uga te~
gradient ietbod~ are in effect. FALSE if
in feasible or pr cb lem is linear.

Method :

Perfcr. a partial forward sweep of plane rotation s, aftecting the l&St
rows and columns of P. Also , move ccluu tns 30÷1 , ..., NS of R one
place to the left . Adjust arrays HS arid X simila:].y. Decr~ a~~ N~ by
1.
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SU81~0UTINE DOT ( M,V ,W ,S )

Subroutines called: Called by:

None CC CHKGRD ‘~~ARC H 
1 

--

Purpose :

To compu te the inner p roduct 5 = V ’*W for the two N— v ’~ctors
V and w.

Parameters:

REA I*8 Y (N) (Input)
PPAL *8 W (N) (Input)
REAL *8 S (Output )

I
I

SUBB CUT INE DOTI ( N ,V ,S )

Subroutines called: Called by:

None ALI GN CG SG ITN

Pur pose :

To colpute the sum of square s S = V ’*V for the N—vec tor V.

Paras*tets:

P!AL ’R V (N) (Input )
B!AL~ 9 S lou tpu t)

I

I
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SUBROUTINE CRIVEP ( Z.MA XZ ,IPSCLI ,

1 ~,N2,NN ,~ N?~,~~,NE , 1.NP ,N N ,NN0,MAXS ,N5 ,
2 HSPI~ E-~ E,HA ,A ,ET ,F~J,I~~,X N ,
3 RS,HPI V L ,H P IVU ,~~~IV1 ,
4 ~~~~~~~~~~~~~~~5 GBD,Y ,Y1 ,G 1,G,(!~!W

Subroutines called: Called by:

CALCC • CIi~ GRD CRASH CU ME N M IN O S
FCBMC ?UWGRD GETGPC INSERT
INVEST ITEROP LOAEB ICACN
LPI’N ~C~ LU P R I C E  ~CNC -!
RFSE’IR RGITt4 SAV EB S!’ItI
SE’~X SOUl STATE UN PAC P

Put pcse :

To invoke all necessary al g or i thm ic routin es for solving a pr3 b l em ,
onc e i~ has been ix~put . this includes s~ tting up 4 staL -t-Hnq hasis ,
calling INVERT when requi Le d , switching b~~ween ~im~~ex and
non—simplex iterations , checking that tolerance s- are tight ~nouqh +0
decl~ r€ opti.a li~ y , s av i n q  P - a s i s  f i l e s, an d cutputtin-j the ~olution .
Much ct the ccap lex l ty cf the code has to do with settin g ‘- he Phase
parameter N PH S , which can take tb~ fol l owing values:

NE NS Nea r ing

1 Ordinary Phase 1 sim p lex method (solution iufeasib1~’).
Any super b aci cs will be ignor ed by PRICE.

2 Ordinary £~hase 2 simp lex method (solution feasible )
A gain , any sup er has ics will be i gnored ~.y PRICE.

3 Non—simplex iteratio n , (feasible or infeasibi ’’), i:.cludir.i
a P~TcE operaticr . t~ selac t ad d itional superLasics.

4 Non—simp lex iteration , (teasible or infeasibit), operating
on t he  current basics and superbasics , w i t h o u t  a c a l l  to
PRI C!.

Using NXTPHS , subroutine BCJIT N suggests a value for NP~ S for t he aex~
iteration, but !0R~C may override , e.g. after tNV FRT.

All arrays required have aircady been allocated ar id are paras ’~ters lo
PRYVEP , except: for those alicca-ted by INV~ PT fot the Lt’ file , namel y
HI, CL , H~~, DU and ~~~.

It ic conceivable that tRIV!F could be us€d as a stibt outi .-~ within
some different erv ironm er t , bu t enor nou s care would be r.- uired t o
ensur~ that the varjcus arrays and labelled COMMON areas were s~ t u~
correctly . in the way hat is presently acconilislied by INITLZ , SP!CS,
sr~cs~ and NPSIN.

Parameters :

_ _  _ _ _  ~~~~~~
- -
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REAL *R Z(MAXZ ) ~tr ~,c ut )  rhe array of core. IN~~EPT mu st  be
fte~ to use core from Z(KZI) t p (temporari ly ,
w h i l e  f a c t o r i z i n g  t h c  bas i s ) , a n d  f r o m  Z (K Z 3)

thereafter (for the L~ file) , vher~ ~Z1 , rz3are p!~~ et variaHe .c in CC~NON /COPF /. Of
cou~ s - 1 al~ the arr ay p arameter~ of DR IVE? ~Iso
res:?--~ in Z in the current iEp lem en ta tion ~f
M1 P~O5 , bu t. that is not necessary as far as
t~~IV?F ~ is concer ned , and need not be ‘ tue in - -

a c m e ct 1~~ r environment. For example , PZ 1 and
N 2 ?  coild both be 1.

On ou %v u t , the solution vector begins at
2. !~ Z1 ) . This is a vector of dimension N, and
con t~~in~ values tot structurals , E- ~~~~~~ and
lO 1L:~~ S, in that order.

TPT?GN R IPSOL N (Input) S h o u l d  t e  p o s i t i v e  if ~he sol ut ion is
tc be output ~sing tI~~ standard output rou -’inø,
~~~~~~ $~ ou1d be zero otherwise (e.g. if the
use r ~- .I shes to 1o t~ir ther computation on the
sclt~t~.cr .~

INTEC ,ERs n ,N2 ,MN ,M N N ,N ,N!,~ r1 ,NR ,NN ,NPO ,MA XS ,N s are all input.

Arrays HE,R A ,A ,BI ,EU ,~~E ,\i are all input .

Arrays HSPIK!,HS,PFIV L ,1rI~R~,PPIYP,NL,NU ,R ,C,
1,PI,’ D ,!,?1 ,G1~~;,~~zEW provids workspace.

Parameters M,M2 ,~N,N M N ,N,!T E , Nr1 ,NR .NN ,NNO ,MA XS ,
will be unc hanged.

Most other para.eters any ic used as output , depending on th~applicatio n .

Methcd :

1. Initialize numerous 3c~~lar  q u a n t i t i e s .  This  includes se t tin g  the
tolerances CT01(1), P T C L ( 1 ),  G T C L ( 1 )  to  t h e i r  “loose ” va l u e s , as
indicat*d by LVLTCIS2,

2. select a starting L-~sis , w i t h  the followi ng order of prdf erence :
OLD BIT MAP , INSERT ~~~~~ LCAC PILE , CRAS~’.

3. Call INVE RT to factc~ tze ~oitial basis.

Is. (Main loop)
(a) Call FOPMC to test t’.- - t~~ b i1i ty and set NPHS.

U ) Call. CH~ G PO it fir st ~~asibl e point has lust been tou n~~.

(C) Call RES!TR it the lessian is about to be ussd for th ’~ first
• t im..

(d) If NPHS~ 2 and fe a sibl e , ca ll GE TGRC to get an appropriat e rhs
tot computing P~.

(I) Call SETPI. un l’-s-~ ~1 has al te -~dy been co.p*te~ . ‘
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(f) If NPNS>2 and N~ )O, call CALCG to ccmpu te the redu c~d gradi ent .

~q) ~f NPRS<4 , call PR iCE ~o selec t one or more ~iditio nal
superbasic s .

(h) Skip to 5 if PRICE found nothing. Ot~ eruise , reset XTOL(1),
etc. to theit “loose ” values , In case they have been tightened
ur by a pr evious skip tc 5. (Since P~ ICF fou-~ a va~~ia blc to
release frcm its ~ou!d , we wer e wrcli q in thinking e~~~~ier t h a t
the final set cf active constraints h-id b€.en ~-~termir~ d.)

(i) If UP 115<~~~ call LPI’T N . 
-

(-j ) If N PHS>= 3, call R GITN. On exit , if NXTPHS=O , PGITN will not
have perform~-d an iteration after all, but want s to ~- ry  aga in
wi th NP HS=3 t~ cll cv in c a P?IC!)

(k) Similarly, a iteration could not be performed if IER R =— 1 (WTORJ
rust be re duced) cr if NVBQ>= 20 (must ca l l  I N V E R T ) .

(1) Cthervise, an iteration has been successfully coaplet~d. Call
IIEROP to output a line of Iteration Log.

(a) Test for various frequency conditions and/or excessive growth
of the LU file. Save basis and/cr call INVERT jf neceF~ arv.Call MO~LU jf re- 4uester5, to u p d a ~-e basis factors. ~:heck
residuals eve. y KCII ( i.+era ticns.

5. (Apparently optimaL )

PRICE found no favorable candidate . If infeasible , make sure that
WTO BJ is zero; If feasiLla , c~-ack that tol3rancc-s XTOL(1) , etc. are

• at “sir “tight” valn cs (LYLTCL=3) . I~ so , we ’re probaLly done- ;
chec~c res idu al~ ore las t. tire before t.erm ..rating. Otherwi~ t~, rese t
all re1eva~ t p a rdn ~€t~ r~ ar ~ - repeat froir 4 •

6. (!~c i t )

(a) Save basis n a p .

(b) Call PUNGED orte last time , if wanted.

(C) Set up solution vector in Z (RZ1), ..., using entry 1 of SCL,N .

(d) Save PUNCH and/cr DUMP files.

(5) Ou t put solution tc p rinter using entry 2 of SOLN (unless not
wanted)

(f) Outnit SOLUTICH PILE if requited.
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SUBROUTINE DUNEN( M ,N,~ R~1S,HS,EL ,BU ,Y,I~~1,ID2 )

Subroutines called: Called by:

None t R I V E P

P ur pc se :

To output a basis description to file IDUMP. One card image
containing KR!, NA~~ and v~iu~ is output for each variable, except
for nonhasjc variabl es that are fixed cr at a z€ro bound. L ogicals
are treated the same as structurals. It is intended that a DiJ~~P file
be ea sy to modify when necessary (tha’ is, scn ewhat easi€r than a
PUNCF. file) . - .

warning: Wonbasic variables that are fixe d or at a zero bound will not
be output. If +he file is used as a LOAD file for a modified problem ,
it m ay be necessary to app end LL , tIL or SB cards specifying th ’ state
of such variables exvlicitly,, if their hounds are relaxed. Otherwise ,
the initial solution obtained may be s l i g h t l y  d i f fer e n t  (and in some
cases may be s~ ricusly infeasitle). Similar problems arise with PUNCH
files, hut they can he overccme in both cases wit h a little c a e .

Parameters :

REAL *8 Y (N) (Input) Contains sciution values for all
variables (structurals and logicals ).

INTEGER ID1 (N) Work qect~ r to hcld left part of row names.
INTEGER 1D2 (M) Wcrk vector to hold right part of row r.’imes.

Nethcd :

1. Read row name s f rcr th e sc ra tch file into ID1 , 1D2 .

2. P r ocass each variable in turn. SCJS monk eying around is necessary
because structnra1~ are output before logicals. ?or each variable

if J<= KR BS then the re levant column nam e is t be read from the
scratc h file, otherwise t h~ logical  name is already in ID1 , 1D2.

3. Skip nonbasjcs that are at zero bounds or are fixed. Otherw _ se , use
the stat e vector fiS tc in dex the local array KEY to get th~ cotrect
indicator ,  the n ou tpu t  it w i t h  tb~ N ime and Value.

4~ Print message to ir d i ca te  successful DUMP.

t
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SUBROUTINE ~AC TOB ( M,N2,N,NE,NP1,N F ,MAXL ,N A Z U ,
1 HSPIK!,HA ,Hp ,I~E,Rs,aPIV I,hPIYU ,II~ IVF ,NL ,NU ,
2 A ,BI,Bfl,HPIVR , HPIVI ,X ,Y ,!1,
3 HL ,DL,HU ,DU ,P,
4 TPIVR ,TP I V C , IN,NSwA~~1,NSVA P2,Nl~ELEM,KDONE

Subroutines called: Called by:

~TRANL FTRANL PAC !~LtJ UbPAC P I W V f l I

Purpose:

To compute an LU factorization of the basis matrix B, as specified by
the list of colu m n suaters in HFIVU . Arrays HSPIKE, ‘

~PIV~ an d  fIPI V I
are assumed to he set ep as described below .

Parame ters:

IWT!GFP*2 HSPIKE (N) (Input) Codes temp and spike structure as
described in subroutine P~4.INTEGEP*2 HPIVU (N2) (Input) First 11 co m ponents are cclu mn no s. in
the preassigne d order fran P4.

INTEGEP*2 HPIVB (~) (Input) The corr€spondinq preassigned pivot
rcws.

INT!GEP*2 HPIVI (M) (Input) The inverse of HP1V~~, used to test if a
given rcw lies within a gIven bum p .

1(N) W o r k  vec to r  f o r  h o l d i n g  a row of L inv°r~e.R!Al*8 Y (N) Work vector fcr Folding transformed columns.
Y1(N) Work vector for ri ldinq  pivot  e le m en t s  of

alt€rrati’,e s~~ikes.REAL~ 8 ‘tPIVR (Input) Row tclerance. Before column
• interchanges are invoked , a nreassiqned pivot

elew~ nt is tested to m a fr e suje it i~. within
TPI V~ of the bigoest remaining rr~~ivoted
element in the current bump.

REAL *R TPIVC (Input) Column tolerance. If several
spikes are available for column swapping ,
the one finall y chosen must have a pivot
elem ent within r~ivc of the largest.!!AL*8 TflIN (Output) The smallest row pivot ratio t~ at was
encountered during ~ he f ac t o r iza t io r . If the
factorizatio n has to be done again for
numerical reasons, TPIV~ must be mad~ bigger
tFan ThIN ci no i !n pvovaae n t wi l l  occur.

INTEGER N$IAP1 (Output) The no. - i f  tim es a triangle ccluan was
swapue d with a spike.

INT E G ER N S W A P 2  f c u t p u t )  The no. of times a spike was cwapp ed
with scme other spike.

INTEG!’ NBELEN (Cutput) The no. of elements of L t”~~t have
been imbedded directly in A (those in non—
spike coluins it INBEP = TRUE, otherwise 0)

INTEG?P KDONE (Output) I counter to save vcr k  if the  L~J
factorization has to be redone tot storage
f ra t h~~r than numerical) reasons. The ~xisting
row and ‘-olumn ordering will ~ retairi~ d up to
the pcint KDCNE , which wac w !’t•r- the ~revions

~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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f a t ~~:.~ z~~ icn got interrupted.

9ethod :

Ganssi.~:~ eiimination~, ‘~it~ ~- .- 1 is’~ interchanges where necessary ~opreserve numerical ~~~~~~~~~~ ~~tEr chang es can safel y be restri -ted
to each hum p separately. : c.:- .~- Iz.j, sc me cclumr .s may be r~~~ec~~sd
from B and replaced by ~~~~~~~~~~~~~~~~~~~~~ ~r i t vectors .

For ~ = 1, ...v N. t:~c ~ -z~ •:~ i~~rn is treated according to the
folicring stsps~

1 . De~ er~iine if K li~~ ~it±~t~ th~ current bump bou ndaries , thus:
IBG h <= K <= lENt . ~o-- , u~ e the b u mp and spik e i n f o r m a t i o n  in
HSPIKE tc reset IRCN ~~d .: :;-~~ .

2. The ~—th ~.‘asi~ ~~ Lu~ n C~~~ ! ~: ~~~~~~~~~~~~~~ to v~ tjahle J HPIVU (K) , and is
sup~o~ed to p~ v - :~. ~~ ~~ ~~IV = HPIVR(K) . Skip the column
i~ mediately if -~ is sL~-: ’~ ~- i -~c -tlng on its cwn tow . Otherwise ,
HSPi~ L (K) is uegati~~- F c~~~~:t1~inn is a spike.

3. (~on~-spike) ~he col~~:n ~Yi - cne part of L directly, unless its
pivot elem~nt is tcc ~~~~~~~ cirtain “row test” must now be
applied. Use PPIV~ to ~~~ ~~~~ the largest of those elements in
the column that ~~e i~~F~’ ~~~~~~~~ ~u-treut bump, in rows that hav~ not
yet been pivc t~~i ~~~~~~~ -

~~~ ~.c lu~~i f a i l s  the  r cw test  if its pivot
eleme-~t is ~ualler •

~~~
-
~~~~‘; ~~~~ ~aa absolute test~ , Cr TPIVR *TMAX (a

rela tive test); in ~~~~ - -  
~~~~~~ ~Eip to 5. Otherw ise, copy column

J into the L— file ~if ~~~~~~ ~AL~ E), c: set up a pointe r to the
colu~ a ~~thin t~~ i~ c c r s  ;t~~:i~ ~a~ ri~ A. Then repeat p rom 1.

~~te: ~be relative r~~’ ~~~~~~~~ riot applied if w~ previously had
trouble w i t h  the  ~~- t~ t~~u 

~~~~~~~~ present column has already been
d~ tereined to ~~ ~~~~~

“ ~~~~ -
~i~~-~te available , and GIVEUP has been

set ~-o T~~JE to si~ n; ~: -j  ~~~

4. (Spike) unnack cc~~~~ 
- t ; .~ ’s~ ora it by that part of the L file

helong1n~i to the ~~~~~~~~ 
-
~~. ~~~~

;-
~~ ~~tth ~he help of variables LBGN and

JiBG~ ~ -at are ~~~~~ ~~~ ~o ‘~~~N~ ), thus obtaining a vector Y. - .

Cbec~c t he  p ivot  e l e m c n ~ ~~~~ ~~~c - r~~ , this time looking at elements in
I that are irisi~~e ‘b ~ ~~i :-e.t ~~~p . If the piv ot fails trt e row
tes t. skip to ~ . ct~~~-uv - -

~~~‘ , call PACKLU to put the bottom half of
I into L and 4:he ‘c~ h~~~ ~ -~~o ‘T i, Repeat from 1.

S. (Bo~, -est failed. ~~‘“~~ ‘~~~~~~ ~~h~ titu te spike)

(a) If GIVEtIP T~4’~~. s~. ~~
-‘ ‘, ~e have already triad to find a

subs~-itu~--e for ~~is .~~ icn.

(b) Scan the ~ena:njn~ ~~~~~~ in t~ e current bump. If none , skip
to 7. If •:‘nl y c x~ - , ~~~ i’mediatelv and skip tc 6. t.

(c) Cthnrwin~~, f~~:t~~ t~~- ~rI~~ ~ iow of (L trans pose)—inwerse , and
use ~t to cc ’i-t a ~~~~. ~i - -~t elements for all eligibl~i spikes.

~his reginre~ si-~ l~- ~~~~ L< ’ ’iucts of the dense vector X with
the ~p~ tse s~~

!
~~ 

. el u ’~. ~~~. At the same time , find r ”AX , th~larqa~ t potentiil riv~~ •~ic”;nt Ca tOW IPIV. t
(d) Now go through the ~~~~ fic, l e f t  to right . skippin g those 
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who8e pivot e1e~ an t is not within TPIVC Of P~ AX. This is a
“column test” tha t makes the process eq~ ivalent to Gaussian
elimina tion with column interchanges. If the current column is
not a spike , take the first spike tha~ satisfies the column
test, because it i~ likely to be the shortest, and skiç to ~~~.

Cthervise, for each remaining spike tha t satisfies t k~e column
test , extr~ ct~ its p re ass ig ned p ivot row (1~ IV , say), 4r.d fird
the one that maximizes ~ (Lt’lV ) . (This ~~uristic for selecti!~
an alternativ~ spike is due to Charles Krahek of CDC. it is an
attempt to ~reven t swapping the ~ad spike into a position that
will again re-jujre a swap.)

6. Intercbanqe apnro~ riate element s of HRIVU and HSPIKE , and set
G IVE-J ~- TRUE. R~~psat frcm 2.

7. (R-~~ect column) ~eplace cclurn 3 by the ccrrespondinq slacic (column
no. KRIiS+IpIV) . Accumu late rel3cte d columns in array J~iEJ , for
preferential treatm ent ty PFICI. later cn (BANr AID). Bepea~ from 2.
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S U B R O U T I N E  F O R N C (  ~~~, N ,NN ,bNO .NS ,MS,HB ,HS,BL .BU,X,GID,XN ,C,?OLX

Subroutines called: Called by:

PUNG B D D R I VER

Put pcse:

To dete~.aine if the cutrci’: X is feasible , and to set up a gradient
vector GRD to be us€d tot ccf2puting P1.

Also, to reset the phase :rcicator NPH~ when needed (for the first
iteration , and fcJ.lcwir.g ~~~~~~~~

Para mete r s:

REAI *8 GRD(NS) (Cutput) The qradi€rt vector for the current
iir~~~r ob lec t ive  ( w h e t h e r  feasible or no t ) .
t : ~~D i j ) 0.0 i f  X C I )  is f eas ib le ;

1.0 ~f x(1) is above its upner bnd;— 1.0 if X(-j) is holow its lower bnd .
~- (I~ BJ) is treated specially as not~~ below.

RE AL m S XN (N N O) ( l c ~~~) If X is feasible hut tb.~ previous
it .cn was not ~or it TNV~~RT has 1t~st been
cal~~ ~ • any ncntasic ncrii ::ear varianics will
L-~ .ji~~~i. the appropriate bound vain. s in XN.

~~~~~~~ wI l l  be r e t a i n e d  d u r i n g  ~ u~~se q uent
i t c t - r~s r L C n s .

REAL~~ C(NNO) t~~tt p ’~~ Aqajn , or. the fir~~ feasible iteration
cr et ter ~~VE RT , the gradi~ r.t vector for the
r c~ 3l ’.~ —~?r vertat ~l€s will he ccmput .~d i n  C, by
c~ r-~~ f a I l  to PUNGE ~D.

R!AL*8 TOL’~ ric ~~ 
-~Je feasibility tolerance for all

~~~~~~~~~ ~~ les.

Method :

1. Run through the 1(j) l~~ s , ccmputing the number and sum of
infeasjbjljtjes ~NIN? n.~i s:NF) and setting GPD (j) as above.

2. (Infeasible)
(a) It this is the t q ~.r.nn~~~’i of the run (ITN=0) , set NPU S=1 as
first praferen ce~ t’ ge L~’1ular Phase 1 simplex method. Even if
there are scn e supe rtns~ c., ~ ‘i~S remain s 1 unless ~UL TIEL~ tRI CE is
in effect, ~ a basis ¶1’~ w~ s used to start the run . The aim
h-i re is to leave  su r1~~~i~-~ fixed at the values specif:~ d by an
~~~~~I A L bounds set a n i  ~~ i rJctn rcrmal Phase 1 — Phase 2 s im p lex
iterations ~n the rema in- .tnq variables as long as possible.)

(b) At this stage , G~ C ( T O ~~ i ) wifl be zero unless TP1RG !Tino is in
effect (in which ca:.e ~(ICE~i) say be inf’~asible). resetting
CFD (IOBJ) to GRD (IOBJ) — N1~rT~~ *~ TOFJ has the reiuired effect for
targeting and/or th€ ~~~~~ ~bj~ctiv~ methcJ , and also gives
zero as required if neit ~ e~ ~~ tn effect.



3. (!easi ble)
(a) If this is th~ t~egi nning of the run , set NPHS 2 for cold Ftars s
where possible , for the reacons given in 2a) above .

(t) In all cases , reset C~~~(IOEJ) = —~~tNIMZ. This will ~e the onl y
nonzero component of GPD , and give~i th~ correct gradient vector for
the linear objective. G~ ’rGRD ovetwrit&s an~ nonlinear ~onponentslater on.

(ci It this is the first feasible iteration , or t’~e first iterationafter IIVERT, set up ncrtasic nonlinear valuer; i~ ZN a~~1 comp~ t’~the nonlinear ob~4gctive and gradient by ~ cal’ to FUNG~ 1L
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SUBROUTINE FTPANI( Pi,M2,NE ,NP1 ,NAXL ,HA ,HE ,A, HPIYL,NL,HL,DL.T )

Subroutines called: Calle d by:

None ADECOL FACTOR LPITN ~GITNS!’rX

Purpcs e :

To solve the system Lex = y, where both x and y are stored in the
parameter 1. This is the 1st part of a conventional “FTRAN’
operation.

Parame ter s:

All previously d ef ined .

M ethod :

The column transformaticns constructed by FACTOR (du ring IWVE~ T) are
processed first , beginning at the one marked by L~ GN a r~ JLBO,N.
During IMVE’~T, these parameters pc!nt kc 

4~he start of the current
bump , since any earlier transforsations would have no effect on the
vector being transformed. During subsequent iterations, L~U~N and
JLBGN point to the ~-eyinn ing of the L file.

If NETAR > 0, some additional transformaticns of a difterent t ype have
been added to tI’e L ffle during iterations. These are processel next.
Each transformation Is r ally a sequence of ucre ~l~~entary
transfcrmations of the type

“Add DL (J) times rcw I to the pivot row IPIV”

wh er e I is ejth*~r HI(J) (it that quantity is positive) or the previous
value Cf IPIV. Thus , a nega tive value cf HL(J) signals that the
tranafcrsation is tc be prec.~ded ky an interchange, as regu~.red for
stabili’y by the m ethcd of cartels and (‘~olub .
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STJBROUTINT’ FTRAN U( N ,~~2,NF ,P~A YU ,HP Id U ,1~PIY?,r4U,MD ,DU,F,Y 1

Subrcutines called: Called b y :

None C H U 7 ~ t’PIC!

Purpcse :

To S CI V 3  the  s~ stem U (transpose) mx = y, where beth x anl y are
stored in th~ p ar a ir et€ r  Y. Ib is is the 1st pirt of a c o nv e n t ion a l .
“?TFAN ” operation.

Neth od :

Forward—substitution. Ir this case U and ~
‘ are treated separately.

Co1u~ns of U (rows cf UItr3nsposo )) are prcc~ szc I from fror.4 to hack .
No transformatior~ can be skipped. How~v€r , sinc~— F is a de:.~ e matrix
it is possIble tc ttaverse either by robs or ~y columns as converient.Her e the forvard—sul:stitution runs across thE- rc,w~ of F a~ d th~ rehy
allows a row t~; be skipped if the corresponding component of the
ccnputed solution is neg ligible .
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SUBrOUTINE !(JNG!t ( ~N.~ S,HE ,XN .C ,X,rN )

Subroutines called: called by :

CALCPG A’)CCCL DPI V~.9 r)p”.C P~’;:TN
SEA~~~I.

Purposu:

To call the user—writt~~n subroutine CALC!G with a p p r op r i a t e
~araaeters, and return the current value cf t~~— bjective ~u .~c t io n
(bot h l inea r  and no~~l~~c~ ar  ~~rrr s). will 1~ callc~d ‘~1ly if t~~ curi~~nt
poin t is feasibl’~.

Parame te r s :

REAL$8 XN(NN) (Input) Current val~ie of nonlinear vazi~ bles.R!AL*8 X (MS) 1rput) Current valuc of r asics anc~ ~upe r— .1
as I Cs.

~!AL~ 8 C(~~ ) (Cutput) Ccmputad gradien t c c ncnlinea: o11 .
REAL~ R (Cutput) Returns the oblect v3 valu -?.

~ethod:

1. Ixtract basic and supertasic valu~s frcs X and store in ~~ in
natural order. :t is assumed that noabasic non1~~near varia~~l~~s arealready stored in ~N; this is arranged b y FO~~ C aft& r each c~ 1l ~oX N’JEBT.

2. Test ~FX for first entry to FUNGFD; set parameter ~4STATEaccordingly and e~~.l CALCP~ to obtain nonlinear objectivø va]~1e FN
and gradien t vector C.

~. ‘test mode to see If user ’s subroutine CALCFG request s te -ri nati on
of the run.

t~~. If a linear oblective row exists , change FN to FR - Z(IO1~J) to 
*

include the lir~~ar F .r t of tt~e objective.

‘2
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SUBPCUTINE GE ’tGPL( N~~,NNO,~ 5,!B,C,GFD I

Subroutines called: Called by:

None ADDCOL DRIVER RGITI SEAR CH

- 
Purpose:

To set up the gradient vecto r for basic and superbasic variables in
— 

the cr der define d by HE.

Parame ters:

All previously defined.

Method:

GRD (i) is zero for lineat variables , +C(k) or —C (k) for nonlinears,
where k=HR (j). GBD (IC !4)  = ~M IbI~Z.

I
’
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SUBROUTINE GO( Z,t4WCCRP )

Subroutines called: Called by:

MIN3 ~~~ M A I N  FR OG I A M

Purpcse :

To call NINOS repeatedly until parameter I E R R O R  is negativ~ , which
s~qnals that no furth€i . SPECS exist on file IS~’-C S an~ hence all
problems hav e been proce~~~€d.

This rcutine is the one that ray be altr~red if ~INOS is to h~ u s d  as
a subroutine for a-k y special purpose . For exanrie it r~~v include
calls to a matrix ienerator and a report writer refore and aft er th’~
call to ~TNOS.

Parameters:

P !AL*R Z (NWCORE) (Input) The ava ilab le array of core .
INT!G!P ?~WCC~~E (In put) The no. of words of core i~ .

Method:

The standard version of GC 4s shown on the following page.
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SUBFOUTIIE r,O( 2,N~ CCR~ )
IMPLICIT REAL*8~C—G ,O—Z)RFAL*8
CCM [ICN /FIL!S / ISCR,INPUT,IOLDL3 ,INEVR ,ZWSPT,IPI CH,ILOAD ,IDUMP
COMMO N /SCLNC~/ I5OLN ,KSCL~ ,lSCLN ,NSTATE,LC9KGRC 

___ Se _ 
a

C STANDAR D CALLING ECUTINE PC~ M I N 0 S
C Ca

C SOLVES PPO1~LEMS Ct~! A~L A TiME , READING SPECS FROM CARD E~ I&UER.
C STANtARO OUTP UT ~CUTINE ~EQUES2~ t. NROWS,NCOLS, ETC. IGNORED.
C
C
C

100 ISPZCS = 5
ISCPCH 8
IFSCLN 1

C

C
C
C CALL MATGEN ( Z,NWCOP!,ISPECS ,INPUT,IERROP
C IF (IEPBOR.WE.C) ~E1UPNC
C
C

CALL MIIIOS ( Z,N WCCEE ,ISPECS ,I SCRCH ,IP SCLN ,
1 I!RSCP ,NBCWS ,NCOLS ,LIS,LXL ,LPI,LHS,LFREE ,NFRFF )

C

C
C IF (IERROR.NE.O) GC TO 900
C CALL R E PVR T ( I SCP C B ,I SCLN ,NEO~ S,N CCL S,
C 1 Z(LXf),Z(L?1),Z(LLR!E),N FBEE I
C
C
C
900 I? (IEPROE GE.0) CC TO 100

R E T U R N
C END OF GO

E ND
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SUBROUTINE HASH ( L 1N ,NEN ,NCCIL ,
1 K!Y1,RET2,MOC!.KETTA i~,NAME1 ,NAM E2 ,NA ,FOUND )

Subroutines called: Called by :

N one

Purpose:

To ico k up  and~or insert entrie s in a table.

Parame tots:

INTEGER LEN (Inrut) The largth of the has-’~ tabl~ .INT!GEF lIEN (Input) M~ xi ai~m number of entries allowed.
(LEN )= NEN . Usually, LEN is about 2~ NE N.)

INTEGER NCOLL A ccu~ ulate-~ tctal no. of collisions.INTEGER ~EY1 (Inrut) Left part of cu r rent  en t ry .
INTErE? K~ Y2 ~~r~~ut) E~~ght rar t of currCn t entry.
INTE C~!P NOT1~E ~Input) 1 for Icok—up orly; for look—up and

en try into table ~.f s Y 1  and J~
’
~Y 2  am rc~ta l r e a dy  in tab le .

INTEGER YTAB(LEN I A •- ~blc of keys pcintiri into the list cf

distinct ~ntries.
I’JT’~GER $AM F1 (lIEN) Left part of list ot distinct entries.
NTR GER NAM!2 (NEN) Fiqht part of list cf distinct entries.

(Cut~~it) IL MODE= 1 (lock—up) , Kk point s to tt~po si t ion in ~~e NA Mi1—NAME 2 list ~~~~~g E y 1— ~ Ey 2 was found: will be z.~ro  if r~~found . I’ MODE=2 , KA pcints to position where
new entry ~as made (except ~A~ O if ta ble is
tull) cr to positior . wh&-re existitci ~ntr, w~ s
f-~urd.

LOGICAL FOUND (Cutput ) ~RtJ E if entry KEY1—R EY? already
exi sted.

Method :

See ~.P. Brent , “Reducing the retrieva l time of scatt~ r storaq~techniques,” Coil. ~CM 1f~ (-1973) , rp. “)~—109. This versior has been
s i m p l if i~~-2 for t (e case wtc re no entries will ever b~ deletc .

Bren t ’s method is well suite d to this particular applicatioi. because
each entry (~ CW NA M ES i~ the ZIPS constraint r~ata) is quite ~ikely tobe locked up several time~~.

WarnIng : thi hash function to be used in two places in this routine is
machin~ -!~ pendem .-. The r°quired properties for ~t ar~ docu~~ nted in
the :~t~os User ’s Gu~ 4e , sectioC rx .2.
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SUBROUTINE INITL? 
- 

-

Subroutines called: Calle d ty :

None MINOS

Purpcse :

To initialize the machine precision EPS and the word—length indicators
NUORCR , NWORDI, NWOFDH , and to compute numerou s tclerances , in tetms
of EPS where applicable.

Method:

The IB M 370 vers ion of IN ITLZ is shown on the following page.

H 77 
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SUBFOUTIIE INItIZ
IMPLICIT ZEAL *F (C—G,O—7)
CCMMON /CJCC~ / TCLDJ 1,TOLCi2,TOLDJ 3,TOLDJ
CCNNON /EPSCC Pc/ EPS ,EF~O,EPS 1,FPS2,EPS3,FPS4,EPS5,PLINFY
CO’~MON /RGTCLS/ x’ro:(J),rIcl(3),GTOL(3) ,p :NJ RM ,BGN0BM ,ToLpG
COMMO N /TOLS / TCLX ,TCLPIV ,TFPIV1 ,TBPIV~ ,TOL?OW .XNORZI
CC~ MON /WORDSZ/ NWOPDP .NW OR D I ,NWCFDh

C
C ThE FOLLOWING ~1 N U M B E R S ~R E  ‘II~ ONL Y MACHINE—DErENDENT PARAMETERS
C
C EPS * T H E  MAC h INE’S FIOA~ IN~ —POIt~T ~F ECISION
C N~0RDR NC. C~ “BEAL S~’ PER WO?D (VABS STARTING WITH A— ?)
C NWORD I 2 NO. CF “INTEG~ BE’, ~ER WO ED (VAPS S ARTING WITH I—N)
C NWORDH N~~. CF “HALF INIEGEPS” ~!R WOP!) (V~ RS SIARTING W IT H H )
C WHERE “WOEC” N~ A N S SPACE US E D BY VA B S STA’~TiNG WITH C—G ,O—Z.
C
c
C IBM 360 A N D  370
C

2 16.0** ( 13)
N~IORDR 2
N WORDI 2
NWORDH 4

C
C USE BPS TO SF! CTHEP MAC HINE PR!CISICN CONSTANTS

-
~~~~~~ C

EPSO = EPS~ *(4.C~ 5)
LFS = 3p5**(2.0/3)
EPS2 EPS** (1.C/2)
EPS3 EPS**(1.~ ,’3)ER~ 4 = EPS~*(1.O/4)EPS5 = !PS**(1.O/5)
~LINFY = 1.OEi30

C
C SET TOLERANCES
C

TCLX 2 DMAX1(EP5 2, 1.OC—5)
TOLPIY HS2
~~PIV1 ‘ 0.001
TBPIV2 2 0.1
TOLNOW DM&X1(EIS3 , 1.0t—14)
TOLDJ 1 = DrAX I(EE5 2 , 1 .Ot—6)
‘ IOLDJ2 1 .0
TCLDJ3 = D M A X 1 (!P52, 1.OC — 6 )
XTOL (2)= 0.1
XTOL (3)= TOIX
FTOL(2) 2 ITOL (2) *0.1
FTOL(3)= X’TGL (3)’~ 2
G - ~L(2)2 t)~~’~X 1 (EI~~4, 1.Ot—3)
CTOL(3) DMA X 1 (~ PS2 , 1.~~r—7)

C

R E TU R N
C FND OP !NITLZ

END

~1
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SUBROUTINE INSFR! ( M ,N~ NN ,WNO ,MH ,rAi S ,NS ,HS,HB,BL,BU,X ,XN ,ID1,ID2)

Subroutines called: Called by:

NM SR C !1 E R I V E R

Purpose:

To set up a starting basis using data on file INSET. This routine is
irter.ded to provide compatit ility with cc~cme rcial systems by iccepting
data in the format ptcd’iced by the ccnvcntional PUNCH conn’a:d. (It
also reads a file produ ’— ed b y rubr utine LU NCH in ~iINOS.) This data
is of the form

KEY NP.FE 1 NA MF2 VALU E
where ~EY may be one of the standard set LL, UI, XL , XU or else SR
to indicate superbasic. VALUEs are used only if KEY = SB.

Parameters:

INTEGER (Cutput ) Tb~’ final no. of superk~asics.
INTEGEP*2 ?B (Mt4) (Output) will contain a list of basic and

suçer~ asic column ros.
RFAL*~ X(NN) (Cutput) XII) will contain values for j M+1,

..., ?1+NS.
INTEGER IDI (N) WorksDace to bold left part of variable names.
INTEGER 1D2 (N) Wcrk stace tc bold right part of variaV~’ names.

Method:

1. Read row and column names frcm scratch file into ID1 , 1D2.

2. Set structura ls to be ncnbaeic ci t their smallest bound.

3. Set state of logicals to be basic.

*. Process data cards one at a time . !xchange cards are ignored if
the incoming variable (NArE1) is alteady basic or superbasic , or if
the outgoing varia~ le (NAMS2) is net basic. This guarartees that
there will always be N basic variables cn exit.
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SUBPOUTINE INVEST I
1 HsrIl E,hA ,FF ,E.E ,Hs,hp IvL ,Hr Ivu ,Hrr v ?~ N [,NtJ,
2 A ,BL,PU ,B,X ,HLIVR ,HLIVI ,Y ,Y 1 ,Z

Subtcutines called: Cdlled by:

DEL CC L FACTOR P4 R E S E T B  t 1 I V E P
srrx

Pur pose:

To compute an LU factcrizaticn of the current basis, B.

Parameters:

INTEGEr *2 HPIV~ ~~~~ W crks~ ace tc’ hcld row periluitation .
INTEGF~ *2 HPIVI(M) Work~~ ace tc bold i’verse of HPrVR.

— RPAL*R X (NN~ 1h~ first ~ lcca ticrs in X are ava~ lat~1~ for
w c r k s~~ ce during ~ACTOP , but X(M+ 1),
X (M4Y) cent u n  v~~1i’es ~or superha~~ics and
mu: . t not t-e ove~~~

- .i ~-te rL. On c-xit , v a l u~~s for
b as ic  varia~ igs will. t:e in X (1), ...,

BEA L *13 T(M) Wcrksrace fot FA ~~’C-~~, SETX.R E AL S~~ T1(N) Work sp~ ce fc~ FACT Ch . SETX .
R!P.L~~ Z (NA ~~Z) Av - u -~i-3bl~ coz~ b€qins at Z (KZ1) for P4, and at

ZtKZ3 ) for FAC’T ’T-F. (K?’ < YZ3, but as it
~8ppens , r ’ L~ ‘~eeds ~r uch le~~ cor~ t ha n  FA~ P.)

Net hc~~:

1. tse the state veci-cr 95 to select column numbers cf basic
VuriatJ.es . Store th~i~~ ~a c k w ~ r~ s irto U 5 , so that slacks wil
ap pear first an-I jet d€-~i l -  with dircctly ~y the transversal
finder, TRN3VL . connt rcrzeto~ , slack;, etc. in P and pri2;t on”
line Cf basis st Y ~~tic~~.

2. Call ~4 to det~ rwine the tump and spike struct ure Cf B. Mos t
narameters ~Us

t picv~ d e w c r k~~ aca. Us - fu l outTri t is
H& I V R  ~ow per .’utatloa
HpIYt~ Permut€ r4 co limn number s
HSPI~Uf Coded butu p a~~d ~~~~~ structure.

3. f there is a linear o~- ” ective , make sur~ it pivots on its own row
1he c-ause we want X l i OY ~J ) to he tl’e ‘~hi~~-t ive value).

:~ rlP P!Q=1 , use PSPIKE to di~~ lay th~ t’ump -~nd sp ike .~~ructure
~~!; ~~~~~~~~ pr in ter .

S. ~~
..• ~~IVI inver~ e ot -~PIV R , ready for FACTOP. Ir.itia1i7~ pivot
oleran ca s TFIVB , ILIYC .

‘. ~*l 1 ca’- q core) Allocat e strraqe for ~
‘
, L m d  U, using t h e

‘ is:. val -~ of \ 5 T  I K E  ~ ‘d the va ~ues ‘f KL aDd KU fer the
•‘l’ is L~J ‘ I c  ‘-~~ich ~s-~~i 1v w i l l  ~cuv€ bsen updated o~’out 5”

- ‘a ~ •il ()IJl i u -
~ f a it :ndi i t i rr , 1 th.~ :c~l~~ ive s~.z~ s of I.
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and 11 durin g the next ~C updates) . The five arrays fit ~nd DL , HUand DU, an d ~~~, w i l l  cc c u p y  the bhole of available core, Z(KZ3),
Z(NAXZ ) , in that order .

(a) Storage for F is aliccated first, from the top down . The
dimension of F is t a k e n  t c he ~‘A!SPK + ‘~t~ SPK , where NAXS IK is the
iaximun no. of spike s so far (in ‘-:ase of ~ultiple a4 t~ mpt s to
factorize the same ~asi.sl, and N!~ S1K i~ e3~~~aat~-d tc include
about 10 perc~~ t tni ariqlc swaus in ~A CTCB (each ot which adds — r c~~
sp ike), and/or ‘~

p to sos€~~bat les~; than FTNV irlates. (N-~ every
update results in an :ncr*Qse in spikes, since a s p i k c ~ may i.e
deleted during the up~ ate.)

(b) The remaining core is allocated tc 1 and U in the sa~~: ratio
as the previous LU file , lust prior to the current !N%~E~~~, namel

y
the ratio B = KU/KI . tc~. safety, this ra tio is mcved ir~~ide thi.~
~imnge ( 0 . 2 , 5 ) .  At  the ~tart of a r u n ,  K L  a n d  KU -~re in i~~ialized
in D R I V E R  to p rc~~ide a r c n q h  c ’ess f or  I~ as f o l l o w s .  ~or a w a r m
s ta r t  ( any t ’-J n q o t h er  -h a n  C F A S H ) , we guess th~.t L w i l l  h~
somewhat bigger than U and tberafcr~ take K L=6 , Kti 4 to get B
C . 6 6 .  For CRAS~~, althcu gh L will be thi: wh~~le of the i n i t i a l
(triangular h-:sis) and U will be I, we gucss that t~~’ rate of
growth of u will be su bstantial, and therefore sei- VU = 2~~L to
qet B = 2.0,

7. (Factorize hasis) Call FACTOR with the current list of basic
columns in HPIVD . (This list will be perm uted by FACTOR if column
interchanges occu- , a r d w 1 1  he a lt er e d  i f  

~~
y columns are

rejected from the basis ~r d ze~ laced by .lacks.) Test fc’~ error
condition, which can ~n l y cccur kf insuffici crt st~~rage was
allccated for L , U or F. if nece~~ ary, repeat from 6 to try a
djfferer.t allccatjcn of ~tcrag~~.

IN.B . The l~~~ic for  r e -al i c c at in g  stora’j e for  I, U an d  F s h o u ld  b”
improved for the case wh€r e ti-re are m a n y  s p i k e s  and not  much
core. At present , i f  ~~he tot’l core avai~ abl e is onl y marciinallv
greater than ahsclute~ y ~~csss~ ry ,  tFe estimates may fail again .
It is far better to ~estart t}~e run with mere core for Z.~

8. (Compute basic X) Call SETX to compute t~ e basic variables 1(1),
— ... , X ( M ) , using on e step o~ itera tive refir~~ment (without

accumulation of residuals in extended prec’~~ior4. The erior flari
w ill t e  -

~~~~~~ if t h e  ro w ch .~ck fails (i.e., if Ax ~ is not
sufficiently v~~ l sati~ fi- ~d). If necessary , tighte r. up th~toler~m rcm s TPIiF , TPI~ -C and try aaain from b. TLIVt must be
mad e smaller -than T~~IH (output ~rcm FA ’TOR) or the pivot order
will ~ct~ change .

9. InitIalize a’rav RPIVU tc be HPI~~ ~~hay start to ‘Iiff-’r during
updates)

10. If any variables were rejec t ed by FACTO? , check for sii~erbasic —

slacks that are now in the basis. Call DEL~~L i~~ nece~i3ery to
Elilirate them frcm the superbasic set.
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— SUBROUTINE ITFBCF( NI~,NS )

Subroutines called: Called by :

None P R I V E R

Purpose:

To output one line of tb~ It~ ration Log , according to he reqti i rc d Log
Frequency, KLOG.

Parameters:

INTE GEB N N ( I np u t )  The no. of n c nl in ea r  va r i ab l er .  -

IWT EGER NS (Input) The no. of siiper~asics.

Method :

1. If this is the first iteration since INVERT , initializ. C O N M J N
variable IR~ kD ‘-c zero. (IF~ AD ~s in CCMNO !’ s~ that it wifl retain
its value between entries.)

2. Exit if NOD( ITN , SLOG is nonzero. Cutput not wanted.

3. Increment II1EA~.

4• Branch if problem is nonlinear , or if NPRS>2. (~or~ ir .tonma’ ~~n is
printed per lime fcr nor— simplex iteratiorr..)

5. It 1f~EA D= 1, this Is the tirst iteration to be printEd sinc— ‘VERT.
Prin t relevant Log headirg.

6. Print one line of the Lcg.
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SUBROUTINE LOA CB ( N ,N,NN ,NNO ,MN ,~ A X S ,N S ,HS ,Hb ,R L ,D O,I,X~;

Subrcutines called: Called by:

None tP IV E P

Pur pose :

To input a bit map from file IOLCB describing the state of each
var iab le, along wlti~ tl’e c c l u m n  n u m b e r s  and va l ue s  for s’~~orbas ic
variables. (I,e.,, the format o’itput by subroutine SAVER .)

Parameters:

IN1~EGER NB (Cntput) The no. of stiperhasics loaded.
I N T E G E R *2  115(N) ( O u t p u t )  The s t a t e  vector .
INTEGEE*2 H~~(MN) Fupe :basic cols HB ( M + 1 ) , ..., klE(M+NS) will be

out put.
B!AL*8 X (MN) Superbasic values X (Mi1), ..., X (M+NS) will  be

output.
REAL*8 ZN(NN0) Any values correspcnd~ ng to nonlinear variables

will be output is XN .

Nethc d:

Essentially the revers e of SA V EE , except that several consistency
checks must he performed.

1. Print message tIAS IS TO BE LOADED IRON FILE (ICLDB>’.

2. Bead and print first tvc card images. Exttact N , N and NS values
from the second car~~; check N and ~ for  consistency with the
current problea . Etror exit if check fail3.

3. Read the state vector RS. ~xit if End of File.

£4, Set 135=0. Load com m nuabers J and values XJ for superbasics. one
— pair per card .

(a) ~ove XJ values inside bcnnds if necessary.

(b) Skip if i fS (J )  =~~ (basic).

(C) Overwrite HS(J) with the value 2 (superbasic) . This allows the
user to chanqe norbasics to superbasics at specified values by
simply addirq cards  at t~ e end of a saved hit map, without
having to change the PS vectoz .

(d) If the va lue hi is essentially on a bound , or if the lim it on
su psrbasics has alread y bean reached , m ake variable .1 nor.~ asic
at the appro~riat€ b ound .

(a) Otherwise , incr ement NB and store 3, hi in H~~(M+ NS) , X (N+NS)
res pectively .
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(f) Store 1.1 into IN (3) . (Not necessary for ~INOS , but required
for NIWOS/C~RG.)

5. Check consistency of the state vector US.

(a) Check that nontasic variables are not specified t~ be at
infinite bounds . Switch their state if necessary.

(b) Count the number of variables of each state 2 and 1. Error
exit it these do not agree with 135 and N.

84
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SUBROUTINE LOADN ( M,N,NN ,N13C,N~~,N A X S .NS ,BS,HB ,BL ,8U,X,XN ,Ir1 ,:L

Subroutines called : Called by:

NNSRCH t R I V E B

Purpose:

To input a basis description from file ILOAD , in the format outnut hy
subreutine DUNP. Vatiatles are specified by state, name and value .
This type of basis f~~le is irtended to be easier to modify than a
P U N C U / I N S E R T  deck .

I

Parameters:

I E T I C E R  NS (Cutpnt) The no. of superbasics loaded.
INT!G!R*2 115(13) (Output) The stat’~ vector.
INTEGE?*2 HB(NN1 Supertasic cols hB (M#1) , ..., TiB (N+NS) will he

out put.
REAL*8 X (NN) Superbasic values 7(M41), ..., X (N4NS) will he

cu t p u t .  The f irst N locat ions of X contain the
RRS, cn entry and on exit.

R!AL*R XN(NNO) Any values correspc nding to nonlinear variables
will be output in IN.

INTEGER ID1(N) Vcrks paca to hold the left— and right—hand
INTEGER 1D2 (N) halves of the row and column names.

Nethod:

Straightforward, except that many consistenc y checks must be arplied
• to ensure that exactl y !‘! variables end up basic , that no infinite

bounds are speci f ied, etc.

1. Print message ‘LOAE PASIS B’! NAN ES —— PILE <I LOAD > ’ .

2. Read and print t!~e first card image from file ILOAT~. This should
contain the problem name and the characters ‘L UMP/LOAD ’. Ih~ user
can check visually that the corr*ct tile was b aled; otherwise it
is not really possible to determine that the file does not belong

• to scee other ~roblew .

-
: 3. Bead row and column names fxcm scratch file into ID1 and 1D2. Note

that r~ v name s are first on tl~ scratch file, bu t belong at the end
of ZC1 and 1D2.

4 • Set the state vector 115 tc make all variables nonbasic at their
smallest bound (in absolute value) .

S• Initialize counters and proceed to read and process cards on.~ at a
t ime , until an ERrA TA card is found , cr End of File. Each card
Contains a KEY , N A M E  and VALUE.

(a) Call NNSRCH to deter.ine a coLuan no. 3 corLespondiaq to NINE.
Skip if not f o u n d  ( NNSF’ H will have printe d an error r~ ssage
and incremen te ’ ~he error counter ) .  H
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(b) If a is a slac k , conver t row value LI to logical valu e , using
the RES value stored in X. If necessary, move X~1 values
insi de bounds. -

(C) If KEY ~ ‘ES’. make the variab le basic . Skip if it already has
state 3, or if N basics have already been specitied.

(d) If KEY = ‘LL ’ or ‘ilL’ , make th~a variable nonbas~c at the
appropriate bound. Switch state i-f necessary to avoid i n f i n i t e

— bounds.
- I (e) If KEY ‘SB ’ , lake the variable supert’asic as long as it is

not already a+ state 2 or 3. Skip if ti c ’ no. of superbasics
- - has already re ache d MAXS (th e variable will resais nonta~ ic).

6. Print no. of basics and superbasics specified , the no. of cards
read and the no. ignored,

7. (partial basis) If fewer than N basics were specified . procced to
make bogicals tas~ c, startirq trcm the l e f t  and skipping ~ny that
are already basic or s u pe r ta s i c . ‘!his will not necessarily give a
good f In a l  basis.  A c t u a l l y  it  will  f a i l  if toe many logic31s were
already superbasic -— there will not be a f u l l  set of ~ var iab le s
at state 3 on exit . The cu l y sate w a y  wou ld  be to add a loop to
r u n  through the sup er b a s i c  l ist b a ck v a r~s, ch a nging as man y states
tc 3 as necessary.

— 8. Check t ha t  the  logical cn t he  ob jec t ive  row is basic. If not , swa p
it with the last bas ic variable.

L 
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• SUBROUTINE LPITN( N ,M 1 ,r2,N,I~E,N V 1 ,N P ,rAXL, Pi A Z U ,N N ,
1 NA ,HE,HE,HS,HPIVL ,HPIVU ,HPIV?,hL ,NU,A .BL ,~3U ,PI,I,T,Y1 ,2 HL.DL,RU ,DU ,P )

Subroutines called: Called by:

BIPANU CHUZR FTBANL UNPACK LFIVER

Purpcse:

To perform a normal simplex iteration after PRICE has selected
va r iab l e  JQ to enter tbe  basis .

- 

, 

Parameters:

INT E GE R N i (Input) N-si .
BE AL * 8 P1(N) Eot used.
BEAL*8 X (N1) (In ,out)  The f i rst  N locat ions contain values

for the basic variables. X (M1) will be us+~dfor the inccring variable.
INT!GEB*2 HB (N1) (Ifl ,out) The list of basic variables. HB (N1)

will sjaiiarlv be used for the inccaing var .
R!AL*8 !(fli) ~crkspace to hold the  search  di rect ion (which

v i i i  be t h e  up ~~ated co lu mn A (JQ)) •
RE A L~ 8 Y 1 ( ~ ) ( C u t p u t )  Wil l  conta in  t h e  par t ia l ly  update d

cclumn ~(JQ) .

Met hod:

‘I . Set logical ATBND tc indicate wh~ tb er varia ble JO is coiing i n f r o m
• i ts uppe r boun ’~ or not. Th~ sign of DJQ tells the story.

2. Set XJQ to th~ appropria te bound value. Nust be zero if JQ is a
free  var iable .

3. U n p a c k  column 1(30) intc !. Solve 8*! = A (JQ) by solving L *Y 1 =
1, U~ Y = Ti. The intermediate vector Yl is required on exit by
NODLU to update the LU factcts of B.

~ • If infeasible and a composite objective is being used , •odity DJQ
to be the reduced gradien’- associated with the sum of
infeasibiljties ~‘ ncc n ta~ jr.ated by a multiple wTOBJ of the real
oblective). ~iit with error flag set if the modified DJQ indicates
that the sum of infaasibiljties would uct decrease. (DRIV~ F will
red~ ce WT~ BJ and t r y  a g a ir . )

5. ~xit with an INVERT BEQUE ST if the  LU file has essentially -~o space
left for C~UZ~ . (Actually , CBU ZR does not need space if the
sciution is feasible , L~t INVERT would be ne~ded pret y soon
anyway. ) Otherwise , save the current value s of UE (rl) and X(M 1) ,
which may belong to scre genuine superbas ir , and install the
correspo nding valu ’~s for variable JQ.

6. Call CRUZ~ to se lect Jp -— th . variable leaving the basis will , be

— 
the JP—th var i -~b le jy, the list HB. Ex it If i~-~~ or TRITA i~ ve ry
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• large (problem is unbounded) . rreat JF— ’~I speciall y — — this means
the incoming variable has reac~.ed its o~ posite bound. Sowetiaes,

• ChUZB will retur n JP<O. This means that the (—JP)-—th vatiable is
curr~ntly infeasi b le , and w i l l  become feas ib l e this iteratio~ when
it  leaves the basis. Record this fact and rever~;e t h e  sign c~f JP.

7. Perform housekeeping to u~~ ate ti~e list of basic variables and to
reset the  st ate vec tcr  H E .  R e c c ep u t e  THET A ex~ c tl y~ in cas~ CHTJZR
used a perturbation.

8. If TI ETA > Er’SO. update ~ to bEcome 1 
4 (or — )  THrTA*Y. The val ue - .

fcr the inccm-ing variable is then in X(Mi) .

9. Restore the original values of h .i- (Ni) , X(N 1) and exit. 
- 

-
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StJBROOTIWE NINOS ( Z,NWCO~~’,ISPECS ,ISCBC8 ,TPSOLN ,I IP~ POB , N~ 0 W S , NCCL E , LXS , I X L , L P t ,L!1S,LF E ~E ’ ,N F I v E

Subrout ines  called : Ca]l~ d b y:
— 

- 
DRIVER INI’ELZ MPSIN SPECS GO
SPE C S2

- - Purpcse :

To request input of the 5PECS file and N~S file , and to call the
so].vi rou~ ine DRIY~ P. lbs argument lists in the calls t~ cther
routines here look pretty tagiy, but the acl-ual routineF being called
(in p4rticu~ ar, NPSTN and P~~I V F,~~) are r eascn~ bly normal . F- wever,
g reat care is requi:~~d if ever  an y t h i n g  is modified .

Parameter s :

PEALse Z (NVCCRE) (Output) The array -~f core, used for all
wcrks ptce and to retu~ r certain array
information.

NWCORE lIT put) Dimension of 7.
INT E GER i sP~c~ ( I n p u t )  U n i t  rio. trom which the SPECS f ile is

to be read.
INTEGER IPSOLN (Input) Shculd be sosi4ive if the solution is

tc be Output using the ~tan4ard output rcutine ,
SCLN . Ehould he zero o’-herwise (e.g. it the
user wishes to do further c o m p u t a t i o n  or the
sc lu t i cn)

INTEGER IEBPO~ (Cut~~ut)
-1 it !OP occurred while trYing to rdad from

• file !SPECS (signals end of problems) .
0 if -rt jra l solution was tour-’ .
1 if troblea was ‘~nteasible .
~ it proble m was unbounded.
3 it iteration limit was excee d.
Li if iterations were term~ nated by scme other

e z r c r  con d i t i on .
30 if there was nct enough core to inpu* the

MP ~~~ file (NWC~)RE too small) .
~iO if scre other fatal error occurred d~iringinput of the NPs file.

INTEGER NRONS (Output) No. of toss in the const raint ma~ rix .
INTEGER NCOL S (Cutput ) No. of c3ls in the cons’raiat matrix.
INTEGEr LE S ( C u t o u t )  Addr ess  in 7 of the solution vector .

Th e s t ru c tu r a l s  f o r m  a vector of length NCOLS ,
startinq at Z ILlS) .

IKT!GEP IlL (C~itput) Ad dresa in ~ of the slack var~ ables .
These f o r m  i vec tor of length JROIS , starting
at Z(LXL ) . s&lt er native ly . thc strur ’~~’~als,
EHS and slacks form a vector of iength
SCCIS+1’NROUS . starting at Z (LXS) . )

INTEGER IPX (Output) A ddr~ss in Z of the lual solution
vector , P1.

INTEGER L9S (Cutput) Address in Z t th~ sta
4’~ vector HS.

_ _ _ _ _
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This is an I N T E G E F ~~2 s t r a y  of l .nqts  ~CdLS+1+

IN T E G E R  L~ R !E (Ou t p u t )  ~ 1dtess in 7 ~f th • ~~~~~~~~ ‘t f te~lo cat i o n  in Z.
INTEGER HFPEE (Output) Va . of free 4ord~. in ~~~. Word s

..., Z (NW C O F ~~) ~~~~~~~~ flOt uoed to
return any of t~~~~€ at-ova ‘~~lu Son v~~-t~~rs , and
hence may b~c used as ~ork~~~~re by th .~ cm i ling
to u t i ne .

If necessary, various o ther  address po in ters  coui.i bc added ~~~~. output.
p arameters .  Those p c in t in g  to the constraint ~~t~ i ~~~ 1~ - :r ~ds arethe most lik~1y, n a m e l y  E,~~H fl , K A X ,5Bt ,K~~u.

~ethod:

1. Call INITLZ to initialize a few CCHMON rii~hl.~t..

2. Call SPECS to look for a SPECS file and output ~t tn moerf~~l format
tc the scratch file. If no SPECS file, exit with IE~ POR 1.

3. Call SPFCS.~ to input the r.PECS parameters t~ro&’ ‘-
~~~~~~~ .i :r~ t c h  f i le .

This returns various dimension parameters.

~~. Call !IPSI! to input the MR S file and to allocate ~~l arra y storage.
~cst of the parameters r€tu .~n starting addres .co~ w t t h i n  ~~. for th.~arrays used by DRIVER .

~~. Cal]. DPIV}~P to sol ve the Frcblem.

6. Exi t. 
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SDBROUTIN! ~EtI S1 ( ?L ,N1 ,N E ,I~P 1,N Z,H~~,hE,HB ,fl’,IPN )

Subroutines called: Called by :

None

Purpose:

To set up a colum~t list , containing the positions of nonzero~ in the
set cf colusns detined b y ar r a y UB.

Param eters:

INTEGER (Input ) Ff1 .
INTEGER (Input) Total no. of nonzeros in the list.
IN T EC~ R*2 IP(~~1) (Output) 12(j) will point to the start of

thE j—th column , in IRN.
INTEGEE*2 IRN (NZ) (Output) The cclumn list.

method :

Obvious.
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SU9POLiTINE MODLU M ,N2,N!,MAX I,MAIt!,MPIVL,HPIVU ,HPIU,NL ,NU ,
1 RL ,CL ,H U ,t!J,P,9E,X ,Y,Y 1, JP )

Subrout ines  callad: Ca l led by:

None CRIV E?

Purpose :

To modify the LU factcrizaticn of the basis ‘~r~ en the JP~ tb cclumn is
replace d by some vect or ~(JC) , using G au ssian ~lisinatton w i l - h row
interchanges to maintain ~umerical stability, a la Bart~ ls an d i’lub .

Parameters:

IN TE GFB*2 RB (M) (In ,out) List of basic variables . ‘lust be
p e rmut €d to match any row interchanges .

R!AL*8 1(M) (In ,out) Va1LJS of basic variables . Same
cc a as nt -.

REAL*8 !(M) bcrk vectcr to hold the JP—th row of U.
REAL*~ 11(M) (Input) Contains the solution of the system

L*Y1 ft (JQ) . Gets overwri~ tort.

Method:

That of Bartels and Golu~, as implemented by Saunders (197E) . The

tolerance TOLSWP (0.0 <= T0L~ WP <= 1.0) is used in the test for row
interchanges . 1.~ cives tbe original L~artels ar .4  Goiiib : “ .0
simulates Forrest and Tcaljn. In practice , 0.99 or 0.9 is pl~ r~ty big
enough to pres erve stability, an d re d uces work very slightly by
avoiding a few interc h anges.

1. 1~ creass NSP I~E and make JR a new spike row.

2. Use HP IV? to pick ou~ all spike—row elements from 11 and form a
new column of F. Reset such element s of V i  t o  Z~ tO~ so t~~~y will.
not be packed up into U . Eave pivot elenent , wh ich wil l ~econepart at the Jr—tb row of [ i Y l  ].

3. Pack remaining nonzeros in Ti to form a new column of U.

Li. Test if the JP— th column of B is a ~pikt.. I” so , the J P— t h row
of “U” comes ftca F , otherwise from U. The bea t involves
jumping out of a loop on JO , if hP VF (JO ) JR . This test will
always be satisfied at least the last l~~me rouni , for Jç=N SPIIE ,because of 1 above . Hence , program will not fall thr (’u- ,h the

-

~~~~ I 

loop.

5. Sot Y equal to the JP—tb tow of “U” . If a spik e ~.s no’- being
dal et e d , this me a ns ru n n in g i- br ou qh RU , DU looki ng for ~ -nz eros
in row JP, which are phvsicali.y reset to zero. 0therwi~~’, JQ
points to ~he correct row of F,. Install this row into ~ while
do l etj n ,  th~ JO—t b row and column from F. Al~ o, .~tJ p c : i~~S ‘O

t~~ sp i k e  ~‘etn g  le ’s~~; r a k e  H O I V U ( J U )  ne ..i~i t i v e  ii ~ :ate to
~~~~~~~~~~~~~~~ ~~~~~~ 

r~-~5j f l~ that this cclumi h-ts h~-~ n ds1,t~

~~ 92 
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6. At this stage , F is almost upper triangular, except for j t 5
bo t tom row , w h i c h  is stcred in 1. Now el imi n a to  a n y  ncrze r os i n
Y. This will be stra~ ghtfarward Gaussian elimination wit h row
interchanges. The pi vc ~t rcw for Y (in IPV~ Y) is initially JR .
All pivot rows (IPIVY , flr’IVF , H Pt VU 1 will remair ‘jnalterc’d
unless a row interchanqe is required .

7. Scan I fo r w a r d s  l o c k i ng  for  a nonzero .  Suppose  1 (j) is found
to be significant. Ccmp are with the correspondir.g diagonal of ?
as follows:

if abs ( diagonal of F ) < TOLSWP*abs( 1 ( j )  )
then in terchange .

8. If no interchange , add appropriate multiple of row of P to I.

9. Ctberwise, interchange ~ with the row of F ~nd perform the
~ljmjnatjon simultaneously. In this case , the pivot row for F
(and U) is svap~ e~ wit h IP~ VY. Also, the relevant cclaponents
cf HF and X are ~nterchang~ d.

10. Pack the m u l t i p l i e r  a n d  p ivo t  LOW (neg ative if an i n t e r change
cccurred) in to  t h e  I f i l e , and rep eat  f r o m  7 for  t h e  nex t  n on z e r o
in 1.

11. If any elements of I were eliminate d (often there will be none),
incre ment NE TAR and fill in N I , HP IVL for the new
t r an s for m a t i cn .

12. ‘lest the final diagonal of F. Request INYER T if smaller than
FP S1 (!PS**(2~ 3)). This test should really he relative to th~
norm of A(JC). but we assum e that all columns hive approximately
unit norm.

93
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SUBROUTINE NOV!( B1,R2 ,Ic,N1 ,N2 )

Subroutines called: Called by:

None NPSIN

To copy array P2 int o a specified part cf array Ri . This is reguire4
by !PSIN during input , once t~ e diuensicns of the probl~ n are known.
In particular, the hounds for the slacks have to be ,ove d into thøi!
final position. To In this, a su~toutine c.~ll is r~iquired in ovder $o•aintain alignient of E~ AL bounds within the F~ &L*8 array Z that NPSINhas to deal with.

Paraveters:

R!&L R1 (N1) (Outçut) R1(R+1), ..., R (K+N2) vii] contain the
content s of P~ .PEAL P2(N2) ( I n p u t )

INT!CE~ (In p it) The requirEd offset in RI.

Method:

Tri vial , as follows :

DO 10 J 1 ,N2
10 P1(K+J) 92(J)

I
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~IJB~ OOTINE NPS~ P~C~ L1,
1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
2 N C ABD , TY~~~~ I A 1T~, t 1 A M P~~~,~~!Y NAP ,
3 HE,HA ,A~~ ;~,13U ,hfF , x14,NA? ’t~ 1C ,N&IU2C

Subroutines called: Called by:

HAS H NMSRCH ?~PSIN

Purpose:

To input constraint data in standard IPS format. This is the forma *
used for specIfying large-scale linear programming pr~~~ i~~us (the
“CCNV~ B~1” data forna~ cf I~~’’s NP~/36O a n d  MFSX/37c~) .

Nonzero element s it t h e  co r st rd il i t n a t r ix  A are specifie~icolurn—wise . ~ll elemcr~t s  in a cc~~ti x i  r u s t  ~e sçecified on cciis€ctivecards (there Is no •~rtcr check to detect sp lit cclumns)

Three entries are :-~~ uired tc inpu t various sections of th. data , as
specified by the parameter NCAU , thus:

NCAL1 I n p u t  NA ~~ and BCWS
2 Inp~ l~ CCI.i)MNS , PHS and RANGES
3 Input EGU~~2S ani lh~ ’rIAL ROUNDS

The RANGES and 50UNt5 sectiors necd not be present. Data sh ’~u i d  he
term inated ~y an ENCA TA card.

Parame ters:

INTE GER NCALL (Input) refined a~ ovt~.INTE(:ER LEN (~~r p u t )  Length cf hash table for tow r~~~es.
NEN (lhru~~) No. ot d1stir~ t entries in hast~ ta~~ e.I N T E ( E R  NCOLL ~In~ u~ ) NC. of cr~llisions d~u-inq sear~-L~ng of

ha sh ta)1~~.
I~~’E (EP ilfiput ) ~~xieum r io.  of rows allov•d for.
INTEGC~ rCCL S ( i~~ p t )  ~axivum no. cf cols allowed fcr.

( I n p u t )  Maximum no. ct matrix elements ~llov•d
t Cr.

I~~~~CFB v ’ut ,in ) T)~e actual no. of rows found.NCA’D (V) (~~u t p u t )  No. ot cards in  each section c~ da ta.
tNT?~ ER*2 ~iP~~y p~ (N ~~O W S )

(Cut .in) Cod€ a constraint types as follows:
—1 C

0 E
1 1.
2 N Non— t~inding

• IWTEG!P*2 fl~ E1 R (~ FOWS) ,NA~~ 2~ (MROWS)
• ( C u t , i n)  Lett and r i g h t  halves of row names.

IP~TEGEF4*2 ~kN!1C (MCCIE) ,hA~ T2C (~CCLS)(~.ut ,ln) L~~ft and right halves of col na mes.
I N T E ( ~~ R ~1YUM(LE~’) ( :~ i~~~, i i )  T~-~e baeh tat~le pointers.

(out p~ ij  ~ftet entry 3, rt”~urns initial valuestc ;: nc~~lin ~~~r va t i a t ~l~~3.

95
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Method :

The required OBJ, RHS , ~ANG E and ROUND names a re in the /~~PSCON/
arrays MOFJ (2), N RH S 12 ) ,  MP~G(2), MPNt(2). If these names are blank ,
the first names encourtere~ in th~ MF ~ data will L’e used .

Several other parameters reside in labelled COMMON areas. In
particular, the variaUes in /NPSLCI/ are n~ t used by any other
subroutine, bu t are in a C~~~ION area to ensure that th€y retain their
values between entries to ~~~~~~~

NCAIL 1 Input NA ME and PCWS.

1. Initialize various counters. Zero the hash table pointers.

2. (NAN!)
(a) Read first card from file INPUT. Error message if  it is not

the NAME card. Extract namt from it anyway and proceed.

(b) Skip if first carl was tb~ ROW S card. Otherwise, read second
carc~. Error messaqe if not the ROWS caLd . Proceed as if it
were anyway.

3. (BOWS)
Read row types and names until the CCLUMNS card is found (Cr 10?).

(a) Allow types 1, C , E, N tc cccur in column 2 or column 3.

(b) Make tCBJ point to the appropriate N row.

(c) Enter each new row name into the hash table and check for
duplicates.

(d) Write row names Cut to the scratch tile.

NCALL = 2 Input CCLUMNS , RH~ and RANGES.

1. (COLUMNS)
Read data until RRS . BOUNDS or ERtATA cards are found. Por each
card:

(a) If the column name is different from that on thE previcus card,
increment the column count~r N , sav~ the new name in core and
also writa i’~ cut to the scratch file. !rro t •essa~je if the
cld column had no elettents , ucless it belongs to a ronlinear
variable; for ncnlinears , enter a dummy zero in row 1 . so that
Fortran loops can g roun d  omc~ without daniage .

(b) Extract 0, 1 or 2 rcv names end matrix coefficienti. Lock 
~~any non— blank row name in the hash table. Error aessaqe if not

found.

(e) Count up total elements N!, ignored elements HO, etc.
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2. (PFfl )
Very simt la r ~o CCLUP~~S :nput , except for some luggling tc relect
cns et poas b l y  t ’1lti rie ~as’~~. If no R!IS elements are fcurd , or
if ~ll ~~~ zero , i~~ cr’ t J~n r t n v F H S  w i t h  zero ir. row ~~. (This
serv~ r a~ a place hcId~ r for r c i u zn  no. ~PHS.)

3. (PkN;’c~
(a) S t  default ~ou~ d~ c~ the slacks, accordino to the row types

~to ,ed i t ,  ~~~~T ! i u r i n q  € r . t r y  1).

( t )  Ki~ if there c ri~. ~~~~~ t .

Ic) R.ml ciri~ nn ti~ re quired FAN GE nam e is found . Extract cow

~~~ ~~ i~~t ~a ’ues iz~ si~~~~ c f a sh i c~ to C~JLUN M~ a r 1 RRS

~~~ ‘.

1 Tte ~.P ran e Va 1 ues ~ccording to the row types.

NCA LL rnput P C L J ” C ~ and INIT IAL BCIIPIDS .

1. ‘ i d  ‘ full J. 1 ant~~~y ma trix to the and of the constraint matrix (one
ncrzerc rer •~‘a’-k) .

2. Set bounds 01: structurais tc their default values !STRUC(1) and
R3’irP’ f2). These are usd3lly C.C and 1.O!+30.

3. Sktp if the FNCA :A card !‘as already been read . Ctherwis.?, read
lata until ~~~ ‘ 4 ~q n i r - d  b o u n d s  set is f ou n d , n~ t h e  reserved name
•1NI’!AL is Qacoir~t€r€ d.

Ii. !cr corma~. bounds , read one bound type , cclumn name and value per
card. Do a linear search to f i n d  which column it is , star in q  from
~he point v.fr~.ere t~ e ~•revicus searc h ~ in i sh e d .  (I~ is liv~ lv that
bcund~ will be rou~~1y i~. n~ turii order , so tL~ i in~~ar search w~ llusu~ l1y terainat’ very quicklv.~

5. Pefore readin j any INITIAL bounds , set X~J to the smallest bound (in
atsc~•ite value) Cr. the ccrrEsE .cnhing ponlinear variables. Then
rc ’ri through all ceaaininç dat~ cards , u~~~il EV~~TA is foun~ . Even
~f the bounds are to ~c j c i r cr s d , th~ cards ~ust be read in case
fnrtbe~ prob lems cccur ~a

ter in the input file.

6. Couni- the no. of ross and ccluaas o~ various t y pe  (NORMAL. FREE ,
IF’tD , BOUNDEr) and outpu$ as MA IR IX ~IAIISTTCS. In this tjcrtext ,
NC~~~ L means variatles with t~unds 

f) •c 1NFINI~ Y or —I N PI~~ T? to0.

• . . •—
•~~•• • • ••

~~
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SU8IOUTXNE MPSIN ( Z.MA~XZ,MEC~ S,MCCLS ,NELMS ,1 M,N2.!~N,MNN .N SN!,NP1 ,NP ,NN ,NNO ,MAXS ,NS,
2 KRR ,KHE ,KUA, KAX ,Ic .BL .I~EU ,KBB ,KXN ,3 RHS ,K~ L,KPU ,KIF ,
14 KNL ,KNU ,I (RX,I~CX ,$XX ,KPI ,
5 ~GB,KYX ,K~~1,~ C1 ,KGA ,KGB )

Subroutines called: Called by:

MOVP~ NPS N I N O S

Purpose:

To input constrain4~ data , and to allocate all storaqe exc€pt that
required by th~ LU tile .

Parameters:

REAL’8 E(NAXZ ) (Cu4put) The constraint matrix and bounds uiL.
be in varic~ s pari s of 2, pointed to by the
para~ eters K B E ,~ HA ,KAY.,KB L ,KBU. Certair other
arr~ y-~ will also contair . useful int :~~wa~~ion,ra m e v , those pointed to by KH~~,K X N ,K~~3.INTEGER ~PL .KPU ,KPF , . . . ,  K G A ,~~G8
(Cutrut) These are startin v a’~4tesses in Z for
various other arrays that will ta required by
t~ IVE~ for the solving procedures .

~et hod :

Three calls are requited tc rubroutine MPS . For the first, w~ don ’t
krov ~ or N . !Ot the second we don ’t know H. For the third , the
dimensions of the prc~ 1ev are known.

1. ~11ocate storage ir z for rev types and row names, using the value
~POh S which must te an over—e~ti.ate of the actual no. of rows int t ~~ data about tc ~e r€ad.

2. Find the nearest prime numbe r la rger than NBOWS. This will be LE?~,•he lengt !t of the hash table fcr boldinq row na.es. Allocate that
am ount ot storage in 2.

4• Allocat ’ more storage in 2 for arrays ,IIA ,A (fr,. the bottc. up
starting ~~ ~~~~ of hash table ~E!’IAP1 , a n i  for RL ,BO ,NA MF1 C ,NAME7 C
(frcm top d~ v~ ’. At this stage- , B!. and RU are boundr for the
s acks onl y, tc te de fire d duri rg RAN (~ES input. Also , ~~CLS mustbe ar over—estimate of  tb~ no. of strut -tura ls.

5. Call MRS with entry 2, to inpu t COLUMNS , RilS and RANG ES.

6. Now that N and N are known , vs can ccn~act storage. ?irst , sat uo
new (~nd final) ztartjrq addresses for existino arrays and b r  soa~new ones HB ,XN ,R~ that are requited du rix q BCtT~ DS input. nen Copy
existing arrays in’o tLeir rev positions jr Z, startir t from th~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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bottom. In part icular , the existing bounds on slacks must go into
the end of t~ e new N—d jmA ~ sjona1 arrays FL and 31J. Word a1!inment
can be maintained only with the help of subroutine MOVE.

7. Call MRS with entry 3, to input B3UNES (on structurals) and INITIAL
POUNCS (on nonlinear vatiabl~ s).

8. Allocate starting addresses in Z for all other arrays require d by
EFIVER .



____ ____ ~~~TI 7~

SUBMOUTINE NEWPTC(BPS, T, ETA , XLAMrA , U, FU, ~U,
* INtl. FMIN , (MIb , X h , FW , Gh , A , E~, OLD?,
* RI , SCXBE , !, t , R B , ~~S , G T E S T 1 , G T E S T 2 ,  TOL ,
* ILOC, IT!S’I)

Subrcntines called: Called by:

None SEA PCH

PurEc se:

To find a step length during a linesearch. For full documentation se~
Gill, Murray, Picken , Earter and Wright , NPL Algorithm s Library, Ref.
No. E14/16/I, DNAC , National Physical. laboratory, Teddingtor . (Crown
Copyright Reserved.)

:~
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SU OU TINE NM~~ t~~( N, i ,lJ~2,NA 1 ~ 1,WANE2 ,
1 NC~~RD ,NO’ F N D , M A SG ,J1 ,J2 ,J!.~~ M ,J ! CUN D )

Subrout ines called: Ca lled b y :

None INS~ BT LOADN IPS

Pur pose:

To search ai:rays ID! an d 1D2 ‘or ~he name def ine d by NAN F 1 and :,AME2.
4ames in these var~ able~ are ~~ ~4 for mat.

Parameters:

IN T E GER N ( I n p u t )  No. of names to be sea rched .
INT EG ER I D 1 ( N )  ~l n p u t )  L e t t  ha l f  of nam e s  t b-~ sea rche l .
INT E G EF 1 02 ( K )  ( T n p u t )  R i g h t  h a l f  of na mes  to be searchc~~.
INTEGER \‘A~1E1 ,NU’~~ (I n p u t s  Le t t  an d r i g h t  h a l v e s  of name h~ inq

ccked up .
INT !GEF N C A R D  ( ln ~.u t )  Card no . f r o m  which N~ N E 1 ,NANF 2 came .
IN TE GE P MO TF N D (In ,ou t )  A c c u m u l a t e s  the no. of t imes  the i r p u ~r a m s  wa~ nc t  fo n d .
:NTEGEI ~1A X NSG ( In p u t )  L in t on no. of error ae~ sages

allcwed .
INTEG E R J i  ( I n p u t )  M a r k s  s tar t  of names r o  be searc~ ed .

3? (Input) Marks en~ of names  t o  he sear ch-~d.
(In ,out) On inp~ t, marks wh .~~e the pr~~v ious
se~~~ch en~ €l. On - u t p i t , marks end of c~ r:°ntsearch ,

INT!GE~ J?OUND (r~u tput) Will k~e 0 if the name was not found .
Ctherwi~ e , pclnts to position of name in ~~ 1 ,2.

Method :

Nothing fancy —— j u s t  a li~ear se arch, split into 2 halves (JNA Ti ~ to
~2, tb~n 11 to JMAR K) , on the assumption  t h a t  the  n ame s being looked
up are l ike~~v to be in r o u g h l y  t h .~ sa~~ or d e r  as the ~ 1st of names in
XD 1 an d  I r 2 .
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SUBROUTINE PACKID ( N ,M2 , WF ,MAXL , MA XU ,IPIV ,
1 HPIYL ,HPIV~ ,M~ IVR ,NI ,NU ..ML S HU ,DL . C!J ,F,Y,IBGN ,!~ )

Subroutines called: Called by:

None FACTDP

Purpose:

To pack up significant nonzeros in L, U and F during INVERT. The ~—th
col~imn of the basis has just been processed by FACTOR and it is a
spike.

Parame ters:

INTEGER IPIY (Input) Rivot tow for the spike.
INT E GEB *2 R P I V L ( W 2) List of p ivot tows for the columns of L. IPIY

w i l l  be adde d to the list.
INT~ GER*2 HPIV? (N2) List  of p ivct  r ows  for F (prev±ous spike rows).

1tIv will be added.
INT?l 5P*2 HPIVR(M2) (input) The full row permutation bving used by

F AC ‘13 ~~.
RFAL*9 !(M) ( I n p u t )  ‘he transformed spike , containing the

nonzetos tc be packed.
INT E GEP IEGN (Input) Marks ‘be beginning of the curren t

bur p.
INTEG E R Fcsit i on  of th i s  sp ike in the basis .

Method:

1. Increase W SPI ~ E b y 1; add I~ tV to a r ray  H R I V F .  Use HPIV ? to pack
u n  nonzsros in all sp ik~: rows.  Reset such eleuen ~ s Y ( i )  t o zero ,
~O t hey  w i l l  not be p a c k e d  up  again for  (I. Save pivot  elemen ’ ,
n V , for  s t o r i n g  in t h e  L f i le .

2. T!se !IP IVR to  pac k up e l emen t s  in 0. these are in rows H P I V R ( i ) ,
i IRC ~~, . . . ,

3. There cannot be any  elements  to add to L if t h i s  is the  last
c o l u m n  in t~ a basis  (~ = M )  . Otherwise, pack remaining elements info
I. Th e se are i n  row s HPIV R ( i ) ,  i— ~ .1, . .. ,  N.  No te : Th e
r~tns’ormation is go ing  to be used as if the  nonzeros , st ar t i~ q

f r o m  t h,  p ivot  r c w , were
1.0 , Y ( i l ) / P I V , Y ( i 2 ) / P I Y ,

because the pivot  ele me n t  goe s in to  F r a the r  than  L. However ,
tc avoid the div is i ct s  we s tore t h e  ~l..onts directly as

P~ V , Y (ii) , Y ( i2)  , . .
and communicate the fact tc FIBANI , B T P A N L  by se t t ing  t h e  pivot
m d c x  H L ( ~ L) to te neg ative , viz. — I P I V .



~~~~~T~~’ T~I~ i’!•~~

~~~B O~TI~ E ~PIC!~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I ‘1A~~H E ,r ; .PF , A , F L , 8u~.C , x , rI ,~T R t , G

Sub t o ut m e s  caLled:  Cal led  b y :

None ERIVEP

Purpose:

To sel~ ct one or more nonrasic variables with tavo i~~ble reduced
i r a d i e i ’~~, for ~ 1 v~~c r .  t~. th~ ~;u rbasic set. Tf~e cl~~-~ ef
candic~~~~~ d€~pen~~ or~ ce~~t ~~~ U a2a !~et ~rs as fellows:

1. ( A ~~C~ I~’~ :f ~BCj>& , ~~~~ prefererce tc ~ list of v a r i a b l es
i~. a r :~~y J~~’3 tha t  wer ~ re ct ~~i f r ~~ the basis
r v  t h e  1~~~ I~~~E R r .

2. (1 4 1 ’L T I L  :~3 P R I c~~) ‘ N J L P ~~~. , ~c~~n a ’’ ~onr : asic columns and select
t~ ~ ‘~‘iLF candidates.

3. 4 F A P ~ I A L  P~ IC’~1 C~~~~~:~~ t . e ~ ~can j i st  th e  nex t  p ar t i t i o n  of A , as
c~s ~ll slacks .

Pare

R~ AL *8 P~ ~ ) ( I n o u t )  Th~ ~nicir .g v e ct or .
Not’ ~~~~~~~~~~

iNT!~;FF~ 2 ~~~:~~‘)  Un , c u k )  I~ ~~~~T P R > 0 , sc~.ected ce lt i an  ~umber s
wj l ~. ~ ad~~~ t~ th;s ~~~a y ,  star 4 i1’1 at
F~ (15+1).r A I ~~8 G~~~AX ~~ ~Ir .o~~ .: :f 1 Lt P ) ~~, ~ h ’~ ~‘~~r r e spond inq  r ’ 1uc.~d
g r < i i k I ’ .~ ~i ~. ‘t e  ~d d€d  to ~‘~ s a :r :ay,  s r  ~~t ing
at ~ f ~4 ’~+ )

Me t h o d :

This ‘n€ •
~~~~ t~ ~~~ in t r i~~ ~~1 y ~~~~ , o~-scurel y) coded rou’~~fles,bec~~u-~ ~ c

~ va; :~~u.~ c~~~j .cns  ~~re ~3dd.e 1 in ver~~ sta’~rs. HO’w -‘ye :,
th e  .i~~p o r t ~n p o i r t  ~s t h a t  ir al l  c • ~~e~s, t h ~’ ‘;ariab les 31 , 3 _’ , ‘3
det ~~r s x i i e ~i 2ich O C i  ~~ pri cc .i (w e e  ~ lo~~p nin g
DO 7Y~ 1- ~~~ ,.J3 ~~. ~~~~~~- ~o.- s ir l . z ~ v~t l i e s  a re :

j s  32 33

E~A~’ILA YD 1 NREJ NKEJ
1 NS’I~~)C

~~~~~~_ tL PrTCE 31 J~~’~ PRC

where

Is he no. of rejected variables r¼m ajni~ a:NS~~~ !C~~K R ~~5 1  u a r~~s hM ei~i of struct.lrals ;

fr ~~~~~ C/~ r~~~pp is ~~~~~~~ in . i~~~f columns in each partition er A.
for ??i ~~AI P~~ CF is 1~~(a multiple of ~ M C)
cr , ~q~~iv il~ nt L y ,  (p re v oui~ .1~~~+1 (mod ~S~~&IJC~ .
f~’r he i as t  ‘vc ca~;-~s in or~~~r t c  in c l n~~ th~
V
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1. If PARTIAL PRICE , move pointers 31 ,32 to brack~-’t t~~~~~ next partition
of A.

2. Set TOLD, the tolerance to be ~s€’~ In ~~rn t-u r i;tq ~hetb€’r a reduced
gradient DJ is significant. If tho  ~roi~1-~s is ~nfeasible , TCLP is
always TOLDJ1*PINO~~. (Sc;~ling by P N ’ ~~~1 :t~ nct ii+ al here , except
perhaps if a very larçe w~ i’jht i~ use~1 ‘)t ‘~“a ccnposit’-
objective.) If the whole at  A is qr~ .ng t~ 5~- scazm n~~-~ du~~~r.g this
£BICE (i.e. if W P A P P B ~~1 or M U L T I P L E  c R I C n  is ~~ ‘~ff ~ic’:~ , w~ iight
as well allow t~ircug~ anythii~q that is gc.i~~; to b~ regard ~d as
sign..ficant bet~ :’~ opt inEtl ity is d~ ciared . Onl y i~ NPA~’Pii )1 Is
TOLD qoing to t’~ decn~ a~ ed iiynan’ic~~l).v , by setkmg j t  

~c ~~ LD~1
which is r€ iucet~ svstein c.*ically as cYcr~~l~~ ~~ ,

3. The first three lines in loop 7C0 ~~~~~~ ~~ ~~~ ne~~ colum’ to be
priced. Skip basics and sup~ rb~~ i~~s immc ’~

4 ately. Skip fixe’l
rion basjcs next . Th e fl treat a col~~i - s~ aci~~l~~v It it ~~ ~ s ark

Di — appr o~~r i a~~.~ LI va l u e  . Oth~~T wi’~~, ~ ~~~~ reduct i gr,iient is
DJ gra’l (J’ PI*A (,J)

w h e r e  g r a d( J )  is 1 or C (J) for !in€a: an t i  ~~~~~~ l~ ~ ~ariahles if
the sniution is teasi!- l€ , cthe i:e ~ f o r  ~~l ~-.tia~~ies.

1. Th~ requited sign ~or a DJ ñepe r~1s on t~ .e ~~~~~~~~~ ~ ~ t he  v~~r i a b l e.
T~~ ‘~uantity D is defined to be ~i r  ~J or —~ J an abs(DJ), such
ti-at positive value tar ~oans a \‘ ,t~~d • L ~ ‘ .‘ .

5. If MULTIPLE PBICE , com~~ar~ Ci vtt h the l:sl’ c~ i cu— s ~n G . ~f
n€ces ry, ~dd J ari d rJ to ~~ ar~ C , z: -~c!’ ‘~~~ t ~~~ vali ’.~s in ~
r~ main in d escenijnc~ order cf e- .~ ~rii~~u~ e. ~‘h~~ se:~ j r ~~ was
coded by Richard As~ uth.)

6. U p d a t a  ~ .JMA1 , DJC, JQ tc reccr~ ~
‘
~e kn c ’ Di fi~~~~ so ear.

7. On exit from loon ?OO , deter ialne ~f ~n~’ s-u l-1~-~ cO1i~mn w as found
( N O N O P T > O )  . If  so , e x i t .  Cth ~~r w i se c i’f~ f~~~~o w i n C  ~~~ es a :j se :

~A N t A 1 D  B € v q ~~t t o  ~ JL TX P’~ or ~~~J . t  ~ A L P~~ICF.
M J L ’ I P LB P R I C E  ~‘t  N!:W ’~R = r~u~~.nt C! c~~lu~~’~ ~~~~~ ~ ) HP , C;

i f  n ec e s~~ar y ,  ‘ -? letc ’  ~n v  ~m a l 1  c i ~ t r i e s  f t c m  the
e~~d of ~ h a = e  l ist s .

i A R T I A L  PRICE I! not a]l ~ f b~’ei~ scar -ted , r e p eat  f r o m  1.
C~~~~r w I s e , t~~s~ if  t~i~ larges t 

~~ .- ncoun~~t red in
~ li partitions (‘ _

~
t l ,

~ i~ ~ma~ i’~r ~~ an ‘h e  level
TCLi)J3~~~~~CB1. Ø ~h± ch is i-ak~in to be insici~~i f icant .
If ~~~~~~, e,i .  t~t~ e~ w ise. ~~~~~~ ~~~~~ to a ten th
at ~3SU~ ~nd r~.?ad t frc’~r 1. ~At li~~st ore c o l um n
mu~-t get picNed up rext ~me . It ~ nild ~e bet~ ar
to  ex i t  ~i~~h t~.C cc~ ~~~ c i r e  r~d~ n~ 0 DJ SU P
dir ~~~t l v . ~‘c v e v er ,  t h e  r~- d u c t : o n  of ~~~~~ occi rs
o n l y orce  cr t w i c d u r i n g  a

- ~~~~~~~ - - - -~~~.— ~~~~~~~~~~~~~ —— — - — . —~.rn -~~~~~~~—-—~~~~~~~~~~~~
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SUB R OU T I NE P UN C H ( M ,N,IcRH S,HS,RL ,BU,Y ,TD1 ,1C2 )

Subroutines called: Cal led by:

None E R I V E L

Purpose:

To out put a basis description to file IfNCH , in a foriat compa ti ble
with some of the ccuaercial LP systems. Each car1 image ir of the
tcrn

KE Y N A M E 1  N A M E ~ V A L U E

whe re ~FY m v  h~ tL , Ut , XL , Xli or SE. (Typ e  SB is a genera l iza t ion
of th~u s tandard  t c r w a t , necessary  fo r desc:iptio~ ot nonbasi c
SOlu*ions.)

The file produced by ~UWCH nay be used as input ~.o INSERT.

Parameters:

1(1) (input) Contains solution va lues for all
variables (sttuctutais , RHS and logicaisi .

INTEGSR I D 1 ( M )  Work vector to hold left part Ct row nanes.
INTE”ER ID2 (~ ) ~ork vector to bcld right part of row nases.

~ethod :

1. R ea d row nam es f r o m  the scratch file l nto 101 , 102.

2. Process each s t ru c tu r a !  in t u r n .

(a) Lead column n ame f r o m  scratch f i l e , to be used as N A M E 1 .

(b )  (Nonb asics or sup erb asics)  Sk ip  nonb asics t h a t  are at a zero
b ound or are f i x e d .  r t h er w i s . , use the  s tate vector HS to
ir ~ e x t he  local a r r a y  1~PY to get the  corrPct  in dicator  ( L L , riL
or SB). Cutput w i t h  N A M E 2  b l a n k .

(c) (Basics) Scan tbe state vectcr tc find the next logical that is
not basic (it may be nonbasic or superbasic) . The co r re .p on lin g
row name viii be NANE ~. Select tI~e correct indicator (XL or XU)
an output.

Note:  IL r~’ans the logical  (not the row) is at its lover bound.

3. Output any sup erb as ic  i cq i cal s , us ing  ind ica to r  SB and N A M ~~2 blank .
It ~s impor tan t  t h a t  t h e s e  be ou tpu t  last .

C. Pr i nt message t j  i n di c at e  successtu l  PtJM C H .
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SU B R O U T I N E  P 3 (  ~~~ 1,NB~~L~~~,b B U M r ,H sE IKt ,Hc , HR ,H i , }lJ ,
1 HSC,HSR ,ftCLIET,PRiIST ,NSFI!~

Subroutines called: Called by:

None P4

Purpcse :

To permut e the rows 3r-i cclumn s of a sq u a r e  m a t r i x  B so tha t it is
close to being lower triariqular , atart tram a few columns (“srikes ”)
which  h a v e  nonz~ ros ab ove the diagonal .

Param e te r s :

IN T E C~~R P ( I n p u t )  D i m ~~r s ion  cf ~~. Vii i .  be the ~;ize of
lu s t  on e of t h e  b i m p s  in th e  w hole basis.

INT2 GE ~ M l ( I n p u t )  M 4 1 .
I N T E G E ~ N~~~LE M ( I n p u t )  b o .  of n on z er o s  in  B .
INT E N3~JR P 4lnput) 1he~ n u m b e r  of  t hi s  b u m p ,  use d o n l y  for

s t o rin g  in!o a : z a y  HSPIVE .
INT _~C E P * 2  ~1SP IK~~( M )  (O u t p u t )  ? SP ~~~~ ( 1) wi l l  5e — N R I I M P  if c o l u m n  I

is a s p i k e ,  + ‘~~~3 M P  cth e~~wise .
I$TEGEF*2 HC(N) (Output’ ~~e ~ssigne d c~~]~u m n  o rd e r .
!~ T~~GE~~~2 !1B(R) ( C u t p u t )  i h e  assigne l row order.
I N T E G E B * 2  H I ( N )  ( I n p u t )  Cclu~~r. coun ~- s .
I R T E G E P *2  ~J ( M )  ~o rk  v e c t or  t .~ hcld row c o u n t s .
IN T E C E R * ?  H $ C ( M 1 )  ( I r p u t )  l-~S C ( i )  r o in t s  to t h e  s t a r t  of c~, l u m n  j

in !3CLi~~t ,
I N T !( E P *2  H S R ( N 1 )  ~or k  v~~~tor  to point to start of r~,ws in

P F L  1 s.
tNT! G~~P~~2 9CLIS’t ( N B E L ~~M )

(Input) Column list.
:~‘rEGEF*2 HRLIST (NFFLE”)

W c r k  vec to r  ~ ) hcld row list.
:N~~EGE ~ t~SP I K~ I C u t p u t )  No .  of sp ikes  f o u n d .

Rethod :

The b u l k  of P3 was coded d i r e c t l y  f r c m  t h e  descr ipt ion of the
Preass igned  P i v et  ~rcc€ )ur€ b y  ~e i l e rm a n  and Rar ick , ~ath .
rograiming 1, 2 , ~o v € m ~ er 1q 7 1 . X~ has t~~er m o d i f i ø d  as f o l l o ws :

1. The backw ard  and ~c r w a r d  t r i a n g l e  s e ct i cn s  h a v e  been deleted , since
t h e y  aro now “andied b y  P~~. H a n : - i , t h i s  v er s i on  ot p3 is i u t~~ndc d
f o r  use on an i r r e d u c i b l e  s q uar e  m a t r i x .

2. The me thod  used f o r  co.pu~~in g  th ~ T a l l y  !unc t ion  is more  etficient
a n . 4 fcllows that l ’jø  tc  R .  P e a c o c k  cf CDC .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



SUBROUTINE ~1s ( ~,~~1,N,NF, NP1 ,)iZ2,HSPIk!.TfA ,HF ,HS,HI,HC,HR ,HI, J,
1 N U N B , HP , B , b1 . ,BR ~~,N E U ~~~,N S P I K !

Subrou tines called: Cal led by:

BU BPS M K L I S T  P3 T P N S V L  I N V E R T

Purpose :

To permute th. rows and columns of the basis matrix B into the bump
and spike crdering of H e l l e t m a n  and Rarick. The permuted B will be
block lower triangular .

Parameters:

INTE GER NZ2 (Input) Twice the no. of nonzeros in F.
INTEGEB*2 HSPIK’~(N) (Cutput ) Codes t h e  bump and spike structure in

the foi lcwiLg way . Suppose B turns out to
have 2 buips ct dimension 4 , each with 2
spikes. HSPIKE might then be

C 0 0 1 1 — 1 — 1  0 0 2 2 — 2 —2 0 0 (~

wh i c h  w o u l d  15cr . tha t  t h e  last  two c o l umn s  in
e a c h  b u m p  a re  s p i k e s , the  f o r w a r d  and b a c k w a rd
t r i a n Q i ~~s ar~ b o t h  of size ~~, and the t w o  hu m o s
are s e par a t e d  b y  2 t r I a n g le  co l umn s .

IN T E G EP *2  HB (M ) cn i i pu t , C o nt a i n s  c o l u m n  ‘ins. of basic vars .
1NV ~~R ’I  set s t h i s  l ist  up b a c k w ar d s , so slacks
appeat first.

IN T !GEP *2 R C ( ~~ ( C u t p u ~~) Wi~~1 conta in  t h e  c o l u m n  nos . in
r e r m u t e d  or ’~~r , r e a d y  tor  F A C T O R .

IN T ! G ? R $2  H R ( S )  ( C u t p u ) W i l l  s pe c i f y  t he  prea ssigned pivot
- t o w s  t r ~ . t h e  r e cr d e r e d  co lumns .

I N T E G F R *2  HI (P ) ,H J ( I 1 ) , N U P!B (~~) , H P  (N) ,2 (p!) ,W 1  (M) ,~~2(N)A l l  w c !k  v ct o r s .
II TE GE~~*2 H F N ( N Z 2 )  N o r k  vector , wi l l  ~e used for  column and  row

lists b ’1 P3 .
IN TE GER N B U N P  ( O u t p u t )  Final  nc. of b u m p s .
INTEGER NSPI~~E ( c u t p u t )  F i n a l  no. of sp ikes  in a l l  b u m p s .

rnethod:

1 • Set up column list in order specified by HR. This order is
a r b i t r a r y  excent  for  s a f e t y  the  slack.3 ace  l is ted f i r s t .

2. Call  T R N S V L  to f i n d  a maximal  transversal . HP wi l l  c on t a in  the
resulting column pe rmut ation.

3. It P is structurally singula r (NEFJ.NF.O) , an indire ct method is
u sed  to f in d v h i : h  columns in U were selected and which of those
m u st ~e r e p laced  b y  s u it a b l e  f l a c k s .

I~. Reorder  HR and make a new column list.
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5. Call BUNPS to find a symmetric p rmutation HP that mak es B block
u pper triangular.

6. Since vs want B to be block lower triangu lar, we now process the
o u t p u t  f r o m  P U M P S  !n r ev er ce  o r d e r ,  in  p a r ti c u l a r  t h e  a r ray
B ( N B L K )  which pc in t s  to t h e  b e g in n ir q  of each b u m p  w i t h i n  a r r a y
HE.

7. For each bump, pointers I1 ,P2 m a r k  the  beg inn ing  and end going
b a c k w a r d s , and  QO ,~~1 m a r k  t h e  b e g i n n i n g  and end going f o r w a r d s  when
r e su l t s  are store d f i n a l l y in tIC and H R .

8. Bumps of diaension 1 or 2 are treated directly. Otherwise, ‘he
c c l um n  list fo r  a b u m p  is set u p  by t a k i n g  the  r ow nos . ~ n each

- 
- c o l u m n  in th~ b u m p  and ~s ing  them to index the arra y N U M B  which  is

ou tr u t  by BUMPS. If t h e  r e l e v a n t  v a l u e  of N U M B  lies between  Pt  and
P2 then the element lies inside the burp .

9. Cal l  P3 and accumuia te  r e su l t s  t o r wa r d s  in HSPIU . 1W, H R .

~1

1~

•11
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~ I ~
SUPHOUTINE P!S!TP~ NN ,NR ,NS,B,COND )

Sub routines caUed: Calle d by:

None ~RIVEF INVERT RC~ITV

Pur pose:

Resets P to the identity matrix (I upper triangula r, stored by
columns). Called when the first feasible point is found , or as on.~ ofthe recovery actions If the linesedrch fails.

Parameters:

COIt~ (Output) Reset to 1.0.
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SUR ~~0U T INE PGI’IN( N,M 2 , N~~,NN N ,N,N !,N P1 ,WF,NR ,NN.PII0.NAI S,NS.
1 ~AX L,MA X~~,2 HsiIKE ,PA ,HB ,F!,Hs ,HF IVL ,Hp IVu ,HPIVF ,NL ,NU ,A ,1L ,BU ,R ,Pl ,X ,
3 t.!,Y1 ,~~N ,C,G1 ,G ,CNF W ,
‘4 HL,rL ,u1l ,T)n,~ )

Subroutines called: Called by:

ADDC OL k L I G N  B ? F A N U  C A L C G  t R I V E P
CG CR TI ZQ CF(UZR CC MDFP
‘)ELCCL I C T 1  FTFANI PUIGBD
G!’r~~F~ RE SE T R R 1 R S O L  R 1 ~~~OD
SE A R C H  SE TF I  S Q U E E Z  U N P A C K

Durp cse :

To p~~r f or .  an i t e r a t i on  of the reduced—gradient method.

Pararneters:

All dafina i previously.

Methcd :

NPHS is ei ther  3 or 4 or e n try  to B G I T N .  The onl y d i f f e r ence  is  that
when  N P R S — 3 , a lis t  of n on~~as ic  v a r i a b l e s  (set up by P R I C E )  m u s t  f i r s t
be added to the su p € r b a s i c  set .

Thereafter (for both  phases )  t F e  r o u t i n e  p er fo rms  one o p t im i zat i o n
• step on the curr~~it basics and superbasics. In general i’ iay be

ent .?rc d with $PH5~ ’4 tor sev€r ~~l con secut i v e  i t e r a t ion s , du r i n u  w h i c h
the nu mb er o ’ su r -~rLasic s  wi l l  ei the r  te~~a in  consta~~t or iectea~~~.

1. (1 nitializ~) Set uc var icus lcgica ’ variables to -e ter mi! ~ the
curren t state of the ;~roblew (IPASRI , INFSRL , LI N EAR , ~•JHL’ N ,
VARM ET ). For exa~~~le , L I N ~~A R is true if the current solu~-ion is
irfensitle , or 1 Uere arc no nonlinear varia tim s ; the linesearch
~nd quasi—Newton or con~ uy~ te—gradient steps cai. then be ski !pe~ .

2. ( A d d  superbasics) If N P H S = 3 , t h e  nonba s i c  v ar i a ble s  lis~ ’1 in
..., M+NS .~~E~ SP ha’e been set up by P1~ICE ~0

beccme superbasic. T h e  first varia b le in the list has the largest
reduced gradient , 1~JC. It  DJQ is not sufficiently larot~r than
B~~M O F ~ (the norm Cf th° reduced—c radient vector for the existing
supor ~ asics) , i g n o re  th e  l i s t  and proceed as if HPHS U.
Otherwise , add the new supertasics one by one and m c i  a en t  MS
ar ~cor iir.q] .y. If necessary , add new c o l u m n s  t o  H .  lake f a i l u r e
e x t  if NS has a l r e a d y  r ea c hed  M A X S .  Set v~~RN ~ T - F11S if NS
exceeds MAZ E ( ssi ar  4 i a .r ~~ion )

3. (Compute search d ir 4 c t i cn )
(a) Generate a seirob djr~ ctjnn s f o r  ~t e  s i p ~~rbasics, st o r i ng  a

in Y ( M 4 1 )  , ~~~l , ... MS.
If LIN!AR , s is the negative reduce d gradient vector , —G.
I t  VAl1~ T, ~‘Fs -~



I

If CONJGR , s will already have been set up by the prev~ is
entry to cGIt M , except if RISTPT = I F U F .

(b) Solve By —S s  t c  ge t  ccr re~~p c n d i n q  eearch d i r e c t io n  y for
basics . st or e  y in  T (~~) • j~~1, .. • ,  N .

4. (CHtJZR) Find w h i c h  variable t eaches  one cf i ts bounds f i r s t  when  X
is changed to x TF~ TA*T (TI~~TA >= 0 ) .  ~et JP a c c o r d i ngl y .
Fro~ lem is u Oun de~ it I ~M EP ~- and JP=0.

5. (Linesear ch)  S k i p  ~t L N E A P  or if T H E T A  is e sse n t i a l l y  zero .
C th er wis e , ca l l  Sc~BCH to det~ r n i n e  a new st ep len i~- h  T H E T A .
Ca cl a r e  pro~~i~~m - to~ nd~~d i f  necessary. It  SE A R C f !  fa i ls  on one or
m o r €  consecut iv€  1t ~~ra~~icns , ~r y  the  fo l l o w i n g  in t u r n :

(a) Reset t h e  Hessian (R I) dnd  t ry  aga in .
(b)  Call  INVE~ T and try aqain.
Ic) switch to ‘~P~~E= 3 4c ask for PRICE (more superbasics) and t r y

again.
(d) Repeat (C) u~: to U titees.
( e) Give up tor  i -h e  d a y .  Tr y  a g a i n  t c m c r r o w .

6. (Find new re~~!’;e-~ gr a d i e n t )  Sk ip  if  L I M E A R  or T H ET A =O .  Otherwise ,
c o mp u t e  new ~ 1 vectc r and new reduced— gradient vector GNEV . If
V~~~MET , :o~~rr ~~e \~ = ~ ‘~EW C , etc.  r E ~~!y for quas i— N e v t c n  u p d a t e
to Hessian .

7. (Basis  cba ’~~~ i ~~ i <= j p  <= ~, a basic variable reached its
~ oun d.(~ ) If VAB ?’~~ , r~~) ~uasi—Nevtc r update to P.
(b)  Solve ‘~~v
(C) C~~il cuu ~~. tc f~~r -~ ‘the KQ— ’h su p e rb a s i c  to rep lace basic .

This  v~~il € ~~~~~~ ro. 3 4 1 .
(d) If  v a R ~;y ’ , ~~~ - 1r~cr~ to ~odify F ~o account for basi~ change.
(q) ~iod i fy  P t  ~s.i.r q v ~cc~ (h )  ab o ve.
(t )  Solve 1*1 1 -- t ( . ’ l) to preparE for update of LU factors

of bas±:;.
(g) Go to 8( b ) .

8. (Del ete one su~~ r L a si c} I~ nIP > ~, a superba sic  va r iab le  r eached
its bci ind. Se~ t~C —

(a) If VARM ~~T, ‘Ic qu ~~~i — N e w t o n  u p d a t e  to R .
(b )  cal l  D~~L C :  s-~ -~ ~‘~le te  th e  K Q — t h  sup erb as tc  f r o m I , H~ and

p e r h a p s  R .
(c) ~ecompu~

.
~ r.- ~~ce~ - -jr adient G an d  n o r m  R G t i C ’ P M .

~~ ~‘o to 
1 - ) ~~

9. ( t Jf lconstra i ;~~~ ~~~~~~~~~~~~ :e JP=C , a m i n i m u m  was f o u nd  a long I +
Y~?TA ~~T b f o ~~ . -

~~~ ‘ ‘~ var~ a~ le h-4.t a b o u r d .
(a) If CONjc~~, c -ill ( r ~ tc- co~~~ite seaLc h (~irec tion for su~ erbasicst or  ne x~ Y~~’ -~~ion .(b )  I f  VAR ~~!~~, d~ ~j u a -~ i - h e w t c r  upda t e  to P .
(C) at G

10. (Est imate  cond-!t~~~n no .  c t  reduced Hessian) Compute DNA! and D R I N ,
th. largest and sralLest diagc~ al elea,~rts cf P. Set COND
fDrIX/DNIN) .*:.

Ii . (Convergen ce t~~~-;~ ~~r urr ent sm t z ~~ace) c e t e r m i n e  whether to stay
in Fhase &4 ( m r ~o •er !~~~ra tjo~ with the same stioerb~sic$) ~— r to sri

H i

_ _ _ _ _ _ _ _ _ _ _ _ _  
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for phase 3 (!RIC!) . See Nu r t a g h  and  Saunders  ~l978 ), section
- - 3 . 4.
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SU R P O U T I N I  ~TR S C L ( P ,Y ,N P ,N

Subroutines called: Called by:

None PG IT N

Purpose:

To solve the system B’By ~ z.

Para m e ters:

INTTGER N (Inçut) Current dimension of P.
REAL*8 7(N) initielly hclds z. Overwritten by y.

Net ho d :
• 

Fcrvard substi~ u~~ on fol3owed by back—substitution. Both are arranged
to run throu’t tt the cciumn s of B , in crder to access nemorv
sequentially. This im~ rcves execution speed cn some machines, e.g.
those with a cache memory .

L
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SUBPOUTINE P1aDC ( F ,!,NR,N ,TOL? )

Sub rou tines ca lle d: Calle d by:

None RINOD R1PPOD

• Pur pose:

To modify B such that (new B’B) = (cld P ’ R )  • y y ’.

Parameters:

INTEGER N (Input) Current dine nsion of F~.
R!AL’B 7(N) Cn input, contains vector p. ‘ets overwritten.
RF A L~ 8 ‘ICLZ (Input) Tolerance for skiLpinq transformations.

Method :

A single forward sweep of riane rotations. For example , Y ( 1) is
elimin ated f i r s t, c h a n g in g  t he  r e m a i n der  of 7 a n d  t h~ first row of p .
Naintains nonsingulari ty ct R. Und-!rflcw may occur occassionallv 3
vithcut fatal consequence . 
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I
SUDROUTINE B1MOD ( ~ ,Y ,NR,N ,TOt2,SIGN1~,K )

Subroutines called: Calle~d by:

BikED P1SUP CONCFP

Pur pose:

To modify B such that (new R ’B )  (old R R )  + SIGMA *yy ’.

• P~ra e eters :

iNT!G~~F N (In~ u ’) Current dimension of P.
R ?AL *8 7 ( N )  C n i npu t , contair .s v~ ctGr y. Get s o v e r w r i t t e n .
BF AL ~ 8 TO LZ ( I n p u t )  Tolerance fo r  sk ipp ing  t r an s f o r m a t i o n s .
P R A L $ N  SIG M A ( I n r u t )  A scalar , may be positive or negat ive .
IN T ECEF (Cutput) Error flag, set to — K  if m od i fic at ion

f a i le d .

Method:

1. Change p to abs (SIGNAii ’y. Exit if n o r m (v )  <= TOLZ.

2. Call R1AD D or P1SU! acccrding to the sign of SIGMA.
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SUFB OUTIIE R 1 P R C t (  P ,V ,Y ,N B , N ,I OIZ ,TOLD , JQ, K A D D  )

Subrcutines called: Called by:

P1A D C F G I T N

Purpose:

To modify B such that (new B’F) (I • vw ’)*(old P’R)*(I • Wv ’), for
the special case wbere v is qeneral l u t  w is the JC— th unit
vectcr , e (JQ).

Parameters:

INTEG ER N (Input) Current dimension of P.
REA L~ f~ 7(N) Cr input , con ’ains vector y. Gets overwritten.
P!AL*R TOLZ (~~nput ) Tcierance for skipping transfcrma ions.
REA L *~ TOLD ( I f l p~~t) Mi niaum a l l o wab l e  size of the JO—tb

diaycnal of I.
IN TE GER P A D D  ( C u t p u t )  E r ro r  f l a g ,  s~ t to —KADD if th~ JQ—th

diagonal of F had to he raised to TOLD.

Method:

1. ~ç~~i is a special case. S i m p l y  add R ( 1 , 1) *v ’ to the first row of
B and exit.

2. Otherwise, compute y = Rw  = P e ( J Q ) . i.e. pull  out the JQ— th
cclumn of P.

3. Perfor m a partial backward sweep of çlane rotations (as in P1508)
re ’uc in q  the vector ( v 0 ) to ( ~ S ) by rotations in
the clutes (i,N+1) , ~=iç,JQ— i, ..., 1. This creates a row r
belOw P .

U. Compute p r + Sv.

5. Give p to B1A PC to complete the modification.

~~. Test the JQ—t h diagcnal of F, wh ich coul d t~e zero or very srall.

Postscript: This routine has since been modified to perform a partial back~~rdsweep and then just a partial forward sweep (instead of the caI~
to R1ADD). See Murtagh and Saunders (1978).
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SIJ B~OUTIN’~ R15UP ( !,NP ,B,TOlZ,F.~IL

Subroutines called: Called by:

None S1MOI )

Pur pose:

To modify B such that (new R’B ) (o1~ R’P) — yy ’.

Para sa ters:

IN TE~ EE N (Input) Current dim~ nsjon of B.R~ AI *8 7 ( N )  Cm i n p u t , con ta ins  vec to r  y .  Get s o v e r w r i t t e n .
PE A L $ 8  TOLZ ( I n p u t )  Tcierance fcr skipping transfo~~nations.LOGICA L PAIL (Cutput ) Will be TRUE if y is such that (n~ w

F ’ S )  w ould not  be p o s i t i v e  def in i t€ ~; in t h i s
c ase , P w i l l  be u n a l t e r c -’ .

M eth od :

1. Solve  R ’ p = y . Compute D 1 — p ’p.

2. E~ j t  wi th  PAIL  = IP~~ i f  D <= TC I Z .  Ct h er v i s~ set S = SORT (D).

3. P e r f o r m  backward  sweep  of p lane ro ta t ions , re duc ing  the vector
p S ) to f 0 1 ) - by rotations in the planes (i,N+1)

j N ,N—1 , .•., 1.
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SUPR!)UTINE ~AV!2( ~,N,NN0 ,NS,MS,R5,He,x.XN ,ISTATV

Subroutines called: Called by:

None ~P I VER

Purpose:

To output the current state of each variable in the form of a b1~ map
(one character per variaUe ) , along with columt~ n u m b ers and val ’ias for
rupetbasic variatles. Cutput is to file INEWP.

Parameters:

INTEGEP ISTATF (3) ~~nput) A 12—character string describing the
current state of the solution fsee sub t cu t i n e
SIA T ~ ).

Method:

1. Output one card image containing problem name , Iteration number ,
ISTATE . Phase, ‘Dh~ective value (Cr Sum of iuf easib i l i t ies , if
Pb ase 1). .

2. Output one card I m a ae containino 08.1 naie, PU S name , RA NG~’ r ame,
POTJND name , No. of ccnstrairts (M), No. cf variabi as (N) , ho. of -•

superbasics (NS)

3. O ut c u t  the state vector HS using P)PMAI (80I 1).

• 14, O u t p u t  t h e  c o l u m n  n u m b e r  HR (J) and va lue  X (J ) for  each supE-r b as ic ,
cnm pa i r  per ca r ~ i~~aqe , u sir - g FC~~M~~T ( IR , 1PE214.1a). Terminat-~ the
1i5-t with cctumz~ nu uiter 0.

5. Rewind file INEWe .

6. Print messaq~ ‘SASIS ~~~ SAVED ON FILE < I N E W B > ’ .

--~~~~~~~~~ •-~~~~~~~~~~ - - -  -~~~~~~~~~~~~~~—---- ~~~~~~----—~~~~--- - ~~ -~~~~~~~~ • .-
~~~~~~~~~~~—



_ _ _ _  
~~~~~
‘ 

~~~~~~~~~~~~~~~~ TI~~ Th~--

SUPFCUTINE SEAPCR( NS,M S,t~N ,X,P,GR D ,HB ,Xb ,C,x 1 ,G1,
1 ETA ,PN O B~~,STIE~’1X,A Lp RA , F,UN~~Dt ,iFAIL

Subroutines called: Called by:

DOT F’3NGFD GE ’FC,pt  NEWPTC FGI’rN

Pur pose :

~o find an approximatio n tc the mini m um (with r.~spect to ALPHA) of thefunction t(X + A L P P . A *P )  defined by FUNG~ D. Driver for ~hWPTc,derive d directly ttc~ s u b r o u tin e  L N S R C H  by  G i l l , M u r r a y ,  ~i~~ker ,
• R ar t ~~r ~nd Wright , NPI ~1gcr± thss Library, Ref. No. E4/16/F, ONAC ,

Nat iona]  Phy sica l L a b o r ~~t o ry ,  i e d d ± n c t o n .

Parame tots:

P ” A L ’R  X ( M S )  (~n i npu t , contains initial values of tb e basic
~-n1 superl-asic variabl es. C t  out~-ut , co’~tair4s
X + A L P H A~ P.-

• R!AL*8 P(MS) (Input) Contains the search direction for
basics and su~ arbasics.

~~AL~ R X I I M S )  W o r k  v € c t r u sed t o  ho ld  t emr o r a r y  X + ?L~ iA*P .
~FAL*8 Gi (NP) Work vector t~ hcld g r a d i e n t  f o r  n on l i n~~i:s at

xl .
REAL*8 ETA (Input) ike l inesearch  accuracy  t c ler an ce .

P N O B M  ( I n p u t )  Norm of P.
R E AL * 8  S T E P M Z  ( I n p u t )  U ppe r  l im i t  on A L P H A ,  defined by the

k o u n d ~ cn  X.
A LP HA ( C u t p u t )  R e t u r n s  st u p  1°ngth.

1*8 F ( C u t p u t )  P e t ur n s  b c2t. o tl e c t i ve  value.
LOGICAL UNBDD (Outpu#) W i l l  be TP~E j f  A L P H A  t u rn s  ou t  to  he

vety large ( 1.OF+8 curr~rtl y us•d ~.INTEGER IFAIL (Cutput) will te 0 if search was succecsful.

~csitive otherwise.

• 11 9
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S U R R O U T I N E  SETPI ( ~ ,M� , N E , )} 1 , N P ,l~A X L ,MA X U ,N OBM ,’IOLZ ,
1 HSPIX!,H A ,HF, FPIVT ,HPIVU ,HPIVP ,Nt ,NU , A ,PI,Y,
2 ~iL,DL,H),DU,F )

Subroutines called: Called by:

• I RT’B A N L F’rBANu ADDCOI DRIVER RGI?N

Purpcse :

To scive the system E(trans~ cse)*PI 7, given the vector Y.

Parame ters:

• 1N4rE ;EP N O RN ( I n p u t )  0 i f  n c r w ( P I )  is not required .
• R~ A~~

q TOLZ (Input) If rorm (PI) is compute l , a n y  21(1)
sm a l l t r  t han  l U t Z  w i l l  ba reset to  zero.

R!AL’R ~I ( M) (C u t put~ I)~e require d soluticn . ( The  actual
pa r am ~ t~~r m a y  not  al i .ays h ’~ tt ’~ pr ic ing vector
for  t~~ sim~ lex method.)

• RE AL *8  Y (fl) ( i n p u t )  Th:~ given rh~. vector. ?~o’- o v e r w r i t t e n .

- Methcd:

1. Set P1 = ! and ca l l  P ’ I R A ) U , B T F A P L .

- • 
2. It  N O R M  is nonzero , ccmp utE~ SUM = sum of P I ( i ) * *2 ,  resetting small

c omp cne n $ - s to zet o  and countinq siqnlfic~ r* ccmponents. Set r~~NOR~• = 3 quare root cf the aver-ce value of ncnzero PI(i)** . This is an
attegu.t ~o dampen the effect of .~~ few very lar;e components.

L
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SURPOUTI~ E iETX( N ,N2,N,1F,PL1,U,NS,MS,M A X L ,PAIU ,
1 HA ,HB,HE ,H5,HPIVL ,HPI~ U,H P I V P ,NL.RU ,A ,PL ,BO ,X,Y,Y1 ,
2 )-~L, DL ,’1U ,DU , F ,!~~E S E T  )

Subroutines called: Called by:

MT!~A LIU FIRAKL ERIVEF INVEPT

Pur pcse:

(Optionally) to compute values for the basic variables, usiiig the
cur ren t  basis fac~ o r i z at i c n  and values fo r  superbasics.  Also , to

• p e r f c r m  ~ row cki~ ck or  X , to e n s ur e  th at t he  genera l c o n s t r a i n t s  Ax
• = b ~ire satisti~~i to a c.~r t a i n  p E ec i s io n .

• Par ame ter s:

R!AL*8 X (MS) Supertasic values are input in 1(1) , 1=M+ 1,
..., M~~ • Values for basic variables are either
input in X(1), 1=1 , ..., ti , or are to he
ccmpu ted , depending on the value of I F E S E T .

!~EAL*8 Y (M) Work vector.
• REA ICA !1(~) Work vector.

!N T E G Z R  I R E S P r  ( I n p u t )  0 if basic 1(j) are input , >0 if they
• ar e  tc be recomputed.

Method:

1. Set Y 0.

2. For each nont-asic column A(!’), accumulate —A(K) *B into Y,
whe re  B is the  a rp r q r iat e upper  or lOWEr bound , dep end ing  ~n the
sti’-~• • -~i the amsoc-(ated variable. Can he skipped if B is zero (as
~..t usually will be~

3. For ‘ ich superb~ sic cc luwn A (K) , accumulate —& (K)  *X (.1) i n t o  7 ,
where X tJ) is thc aporopriate value of the superbasic variable.

• 4• (~ ecom p u t e  X ) If 1 1 ! S r I> O , solve 8*7 = Y for the basic vars.

5. (iterative refine.~ it) :f I~ E~ ET>0 , set Yl V — 8*X and solve
t~ e svs ’~em ~‘r ~ = 71 for a correction to X.  Store P X in T I .

• Ccm p I1~~e DXNOS~ t 4 -t largest c o a p on t r ~t o f DX , exc luding
corrections •o lcglcals.

6. (~~)w che ck) Set V V - ~~*) •  At the same time , compute I N O R N
t~ e ldrqest component of ~, erciudiug logicals: also coapu~ e Y1(i)

~ c ri  of the i— t I~ row ~f

L 7. If  iterative reflri~ ient was done , an estimate of the condition
n~ ,ber of B is r~~PC’’/(x NCbM*Ees) .

8. Ccm pute the largest normalized row residual, RHAX max
y (~~) ,‘V 1(j )  • Set t h e  e rr o r  f l a g  ~E~~P *6 if F M A I / X M O ~ M is la rger
t~~ n the rov—c tack tcleranc a, 10110W.

_ _ _ _ _ _ _  
-- ~~~~~~~~ -
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1 SU~ R0UTINE SCLN ( NCAII ,M,N,NE ,1U1,Nk ,NNO ,Ns,PiS,1 HA ,I’B,RE ,FTS, A ,El ,BU ,XN ,C,X,Pi ,Y ,RST ,ISTATE ,O$D!SK 1

Subroutines called: Called by:

SCLPNT UNPACK LRIVER

Purçcse :

To load solution and state values for all variables into arrays V ar.d
• HST , and to output the soluticn in apprcxiiately MRS fotmat.

Parameters:

INTEG~ P NCALL (Input) NCA LI=1 if V and Fi ST are to be set uø;
MCA LL z2 it solution is to be o u t r u t .

R !AL*~ Y (N) Rclds sclution values as f o l l o w s :
• TM), ..., Y (K9HS— 1~ St cucturals

Y I K R H S )  RHS , always —1.0
.. ,, y (~ ) Logicals (not rows)

INTEGEB*2 RST (N) ~;clds st ~~te values fQr s~ ructurals, R~ S ar~Icq icals , as follo~ s:

J ~S’I State Meaning

C IL Variable is at i ts lover l i m i t
1 UL Va r i ab l e  is at its upper  li~~it

SOS Superbasic
3 E S  ~~sicEQ Fixe d

Free (but nonb~ sic)
6 —— ~elow lower bou nd

a b o v e  u p p e r  bound

INTEGER ISTATE(3) (Input) Contains a s tr i n g  describing t h e  state
Cf the sclutio~ .[ LOGICAL CNDISK (Input) TRU! if sclution is to be output ~O
f i l e  I S C L N .

Method:

~ 
(JCALL=1)
~a) Ccpy  the  s tat e  vector  R S  into a r r a y  HST .

( t )  R u n  t h r ou qh  the vcntasic s , setting V to the appropriate bound
values anc chanqing LL cr Ut states tc EQ or FR.

(C) ~un thrcugh the basics and ~upertasics , setting T to the
appropriate I values and chanytnq BS or S~ S states to —— or •+
~~ r a n y  i n teas i~~1€ va lues .

(d) r i t  it p toh i~~a is l i n e a r  or in f c a st f l e , or i f  user has not
requested or ~e ~~r t  c-al l  ~o C *Z. CF G.  O t h e r w i s e , ove t l t it t .  any
r-nljnear sclutic~ v a l ie s  w i t h  the  v~~~ues in  IN , in case t h e
‘~ser .~ltered IN.

122

-~~~~ 
_ _ _



- •..~—S— ~~ 
~~~~~~~~~~~~~~~~~~ 

5---

~~~~~~~~~~~~~~~ - 
~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-p

2. (NCALL )1)
• (a) Set LPE to tb” th .  o u t p u t  u n i t  ( f i le  € or file XSCLN).

-‘ (b ) Expand  the  R H S vecto r  intO X.

(c) Outpu t  so lu t ion  h e a d i n g  ( N A M E , O!J v a l u e ,  STA ’~E , P H A S E , etc.).

(d) Output ROWS heading .

(e) For each row , convert state and solution values for logica ls
• into those for re ws (Bows valu~ F FFS valu e — Logical value)

read the Row Name f rom f i le  15CR; call SOLPPT ~~~~, cu t p c c c-ne
line of the solution.

(t) Outpu t COLUMNS heading.

(g) For each column J, cospute the red uced gradient DJ by the same
method as used in ~?ICE; include the gradient value C(3) if
sc iution is f~~asib l~ an d v a r ia ble J i s  i~cn l i n e ar ;  c h an g e  ar .v
negligible values to zero; read the Column Name frcm fi le
ISCE; cal! SOLE~ T to cutpi t cna line of the solution.

r,r
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SUBB CU? IN! sCLP c’!. ( 3.~~t , IA ,~~,C ,B1 ,B 2 ,t ,K ,R r L U S ,C N D !SK 1

Subr out ines  ca l led :  Called by :

None SO IN

Put pcse :

To output one 14 ne of the ~c lu t io n .  Used tot both the BOWS m d  the
COLUMNS sections.

Paraneter s :  ( A l l  are ± n ~ ut  F a ramete r s )

J !he variable number.
.3= 1 for  t h e  t ir s t  s t r u c t u r a l ;
J=N for th~ last row.

INTZGEB ID(2) Nai~c cf t b~- t o w  or c cl u s n.
IN T E ~~~ IA A n i n c e x  l e f i r i n q  th~- state of the variable.
REALs8 I The v3lue of the variable.
REAL*8 C 5lae~ activity (for rows) or objective qradiet~t(for colu~~ s)
REAL RI Lcwet ~ou’~ on row or column.
~PAL U~~p c :  tou~.d or. rc- v cr column .
R F A L ~~c~ ri value Ucr roes) or rc~~uc~~1 gra~~i-~nt ( f o r

col’~mi.s)
I N T~~~E B  The cc lum n no. used by NPS/360.

• <=1 f c r  the  f i r s t  r o w ;
K = N t c r  t h e  last s tr u c tur a l  ( t he  B R S ) .

R E A L  SPLUS “Elus in f in i ~~y ” f~ z ~-c unds .
LO’ ICA L CN~ LSK ‘~~UE it the sclutic n is b e i n g  o u t p u t  to file

ISCU~, rather than th~ - p r i n t e r .

Me4- hod:

The cn ly  logic here is in ieteriining which format statement ~o us~ ,
depe~ -Iing on the size of thc two bound values, ~1 and B2. If CNOISK
is T~i(;?, output occurs directly to file ISCLN , qsiag 1PE16.6 for all
BEA T. quaniitias. C-therwis~~, cne of fotr possibl .~ forna-t sta~~ .anta ~.s
used. the w~,rd “NCN!” is used for all irfinite t- mmnds; otherwise ,
BEA L~ are output with formi t P16 .5.
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SURBOUTINE SPECS( L,ISPECS,ISCR ,IVEBSN ,NSPEC I

Subroutines called: Called by:

None ~I N O~

Pur pose :

To make a first pass at processing the SPECS fil& . Each card of the
file is assumed to contain or .e of the tcllowing:

KE~ WOBD IDEN’IIF!Ef
UY WOP D I N TE C .F~
K E Y W ~ R D R F A L

it relatively free format . ~ he aiw here is to extract such it~ rs as
certain character s rinqs anl to output them to the scratch tile ir a
fixc~1 fcrma t tha ’ is suitable fcr re—rea~ inq usi-g standard I/O
routines. Tbii~ is cne way of processing dat a in free format , in a way
tha t is uachine— inlependent.

It is assumed a-hat the first and last cards in the SPECS file contain
the KEYWO RDS “bEGI1~” an-f “EN ” respect~ v~ Iy.

Parameters:

INTEGEP L(80) Norkspace to hold a card image.
INTEGER ISPEC S (Input) Unit no. for SPE CS f i l e .
IN T~ GER ISCF (lrr~ut) tJrit no. for: scratch file.
:NTEGEF IVE~ SN (Input ) : i€ -i vers icr  and date cf MI !-3S .
INTEGER NSPEC (Cutput) bill ~e neqativ~ if a~ EOF occurred

on file ISPECS b e for e  a “ B E G I N ”  card  was  found .
O t F c r w i - ~e , r e tu r n s  t h e  no. of c~~rd  i m a ~jos that
cor~ta!nc~ usetu l  i n f o t m a t i o n .

Kethod :

Since the scratch file is also used for row and column names , we are
stu—: k with the sam~’ ‘cgic~~

1 Rccord Length , h c h ar a c t e r s,  fou r loqical
rf-c -2zds will ~-e output to th€ scratch file for each meanir .aful SPECS
car ’ , Ih -~s~ v i l .  he ~he fcllcwjn~ :

K E Y W O R D  (3 characters • ~ bl anks)
t D~ N ?IF tEP  (8A 1, tc  ~e r € — r € a d as 2A4 )
I N - r EGER ~~A 1 , ‘-c te re—read ‘s IS)

( R ) ~~, to be re—r ead ~is

~enendincj on the K~ TWOPfl, any of the IDFN’tIIl~ R , IWTEC,!P or 1~~AL may
be ~ blanks.

1.- Read  ca rd e f r o m f i le  I S F E C S  u n t i l  ose is f o u n i that co5tains “PEC .”
a~ t : -~e first non~~blar k characters. Exi t witt IPWS a — 1  if  End of
?lla cccuts tlrst.

2. (BEGT$ found) ~~~~~~~ I V ~~~ SN and output h~
.a1inq .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -
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3. Process each card as follows.

(a) Read and list th~ card  ima ge .

(b) Scan to the first no~ —blam k character. Skip card if complet ely
blank , or if first character is “*“ . which indicates a ccr~teri t.

(C) !!lt if the UYWC~~ is “E~ t”.

(d) Take as KEYWORD the 3 characters starting from, and including,
t he  f i r s t  n o n - k i a n k  c h a r a c ter .

(e) Scan to the ~i ert tlack or ~a’~

( f )  Scan pa st all  blank ~ cr “=“ s.

(g) Tete nex t charactcr det eri in es w h e the r  the second ite. on the
card is an identifier or a nu~ har. If it is Ca. of a lis t of
characters c.~n t a i r ~~i in th~ local ax :ay LDIGIT, then extract ‘~p
to ~ such ch arac’er~ tnd treat ~ither as an IN T~~~EP , ~r (it i~
contii-~ a ‘.“ or: “P.” or ‘C ” ) as -

~ REA L. • therwisn , extract
€X3Ct1v R charactcr~ ~o be outpu4 as ID~ N IP’I~~’.

(h)  If an IN T EGER or FLA T. has not yet been found , return to (e)

Ii) Cutput the U items KEYUCRD , IEENTI?I1~R, INTEGER an~ PEA L to the
scratch f i l e .

~~. If a SPECS file was tc nd , close and r ewind  f i l e  I SCR .

- 
_ _ _ _ _ _ _ _ _ _  _ _ _ _  
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SUBROUTINE SPECS2 ( NSP~ C,NPC WS ,MCOL S,~~FL~S,
1 ~,N2 , ,~ st~,h ,NE ,Np 1 ,bE, ?N ,N N 0 ,~~Ax 3 , s

Subroutines called: Called I~y:

None NINOS

Purpcse:

To m ake  a second pass at decoding information from the SPE CS f i le .
The scratch f4.Ie nr , v ccntains a sequence j f  K F Y 4 O R D Z  and V~ LU E S  in
f ixed  f c r m a t .  :t r e n a i n s  tc d~~t e r m in e  b h i c h  ~E !W OR DS t h ey ar e .

Par teeters:

IN TE G EP NSP?C ( I n p u t )  the no. of K E Y W O R D S  to be read f r o m
the scratch file.

The re ta i n in g p ar ame r ~~rs a r e output . They are the various I N T E GE r
variables defining !he diiens icn~ of the poblem about ‘o be solved.

9et hod:

1, Set lost parameter3 tc their default values. For the others, it is
im p ot -~~nt to k n o w  w h e t h e r  t~ e us ’r a t t e m p t e d  to d e f i n e  values , or
not . th is  is d et e r m i n e ~i by s et t inq  ‘he p~ r aLet ~~rs to ~llegal
v a l ues , e.g. 0 o~ — 1 , and  then t~~stinq tot such values at te r all
~ P Y W O R C 5  hav e been pzccesse~~.

2. ?cr each KR Y W ( ” R D , r ead  the  va r iab les  N~~~, ID , N ’J M , DNu~ usin g
forma t I A3/, 2A U/, 18,’, E8.1 ).

3. r e t e r m i n e  which k~~yw or d is con ta ined  in KEY by searching a l ist of
legal keyvoris . ‘t h e use of ID , ~U N  ~n d D IHJ! deperds on KEY. tn
mcst ca se~~, o n l y  one of I t , N U N , or tN ilM ~.s used.

~. When all keyvord~ have been processed, asFign default values to
those that v~ te nct ~~ecifi€ d .

~~. Print a summary of the parasotets about to be used , and ex it.

______ _________-rn_____ ___________
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ST1BPDtJ T IPE SQ~J EP7 ( N,N ,N~~,NN ,~~N O ,N S ,~~S,
1 F~. ,NS,RI ,T3U ,F, X,XN ,G ,GPE ,T C t X ,P!~~O R N ,  P (N 3~~~,D E L E T N

Subroutines called: Cal led by :

rELCOL. RG 1TN

Pur~ cse:

To r~~mo,e any super~ -~sics that are very close to a hound and ~o not
have i sigr.i~ ican teluced gradient ‘rivi r3 t~ €w a w a y  from t h a t  ~oun ’l.
!‘~ill be cal led cnly -~ t 1e r  c cn s ’-r e i n e d  ~+~-ps L P(ITN.)

Paramøters :

IOL~ ( I n p u t )  The measure of closeness to a bound .
~IN O~~ ( I n p u t )  W or m a t  P 1, to scal~- tht  tole~~~nce on

re~ uced—~ r~die:.t c~ upcn~ r~ts.
— LOGICkL C!L!TP ( I n o u t )  To be passed tc  CEL OL.

L’~ethod:

SuDerba s~cs are split up depending cn whether ‘-heir reduced gradient
~~ smaL or no’-. Ccdir q co~ ld t ’ sim&,lifie— 1 if ~he purpo s~ ;t a t . d
ihov~ is tollowe d d i r ~ ctly .

~f a variable is to be sgticezed , its state, PE (K) • is made n ont -t sic at
+-~‘e ~~~ r n p r i a t e b ’u n d .  A r ~~~ys G an ’~ ! F D  a rc. ccnpa ct d , aTt~ ~) ELC OL
J’~~s t~ - €  sate for M~~, Y- anJ P.

Throug ~- ‘u t , superbasics i re  processed in reverse order to rcduc .~ wo r k
s l i gh t l y  i f  more than cne ]ets ~qu~ ezed .

——-
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Subroutines called: Called by:

N ono tS IV F1 ~

P u rpcs e :

To load appropriate character sti ngs into the array TSTATE , f or
output with a saved hit ma p or the final sciution.

Paraicters:

IN T E G E R  K (Inp~it) SFee if ies  the  cu r r en t  state of the
pr o

IN TE GE R ISTA ’r!(3) (O u t p u i )  W i l l  contain one of the following
st r In g s , Q ch aracte’-s r ’er word :

K - D O PRO CF ’~t IN G
1 OP’lIP!AL SCLN
2 I N F~~~S IE LE
3 !YN I ~C U ’ ~DED
:~ EX CESS I’INS
5 E b R O R  CCNDN

Method :

Tr iv ia l.

1 9

_ _ _ _ _ _



____ 
-- 

•

~~~~~~~~~

SUBR OUTINI~ TPNSvL (~~,N 1 ,N2 ,Ir ,I~~s,IPIVFw ,rC,Rv ,pREoBr ,Ac~~,JtrT ,NR~ J)

Subrcutines called: Called by:

None

Purpcse: - ,

Given t h e  row n u m b e r s  of t h e  ncr . zero s  in eaoh column of a squ ar~spar se matrix ~~~, 
tL i s ~outi ’~€ finds a cclusn permutation P ;ch that

A~ has nonzero ~~aqona.1. I~ thi s is rot pc~r sibl A , a 1~arm ’Itition iS
f o u n d  suc h ~hat ‘- h.’ rio. of consecutive r -rzer dia~ onai~ in A!~ Is as
lar ç~ as possible.

Parame ~ers:

IWTEG - F N (‘nput) Diw-nsic n of ‘-he matrix.
IN T EG ~~F N i (:~~p u t )  N41 .
IW T!G Ei -  ( I r ~p u t )  No. Cf noozeros ir .  the r a t t i x .
I ’T ?G~~F *2 P ( N 1 )  ( I n F u t ~ Points to  t he  f i rs ’  nc: zero i~ each

col~i~ u.
IWT !~~~~*2 I R N ( N Z )  ( I n p u t )  Lis-’- of r o w  numb ers for uonzeros.
IN TE~ FF~~2 IPIV-~W (N) (OutDut) Will contain the requir~ d pcr r~ . Iti on.

Ccn~~ith’ning the ~a. t c i ~~ as an N*N i~~~ay  of
e lem er - ’~ A ( , J ) ,  t h t  e lement s A ( I ~~~i V ~~~(I) )
w i l l  be nonzero (exce r~ it IP I VP W (I) = C ; se~ 

F

NREJ below) .
IWTEr ,?9*2 P C ( N )  ~ork  vec tor .
IN T G ~~~~2 R V ( N )  Wo r k  ve~~to t.!NT!G~~~*2 ~P .EO }~D ( N )  Wo r k  vec to r .
I~~~~~ F~~*2 A C P ( N )  W o r k  v e c t or .  FINT~~~F~~’~ C’JT (~J~ hor k vector.

NREJ (CUtçu 4) Will be nonzero if t he matrix is
structuraU’.’ sinqular (i... singular for all
rcs~ i~~~e w i l u a s  of t h e  nonzero s) . Cer ta in
e!e m~~r.’~ of : ? I V P W  w i ’  ther ,  be zero a n d  it is
~c s ’ib l €  ~‘ct e t or e  tc de t raine - vbic ;i columns I ’ —

rf t~~-~: ratr2x most bc r~~j 1aced to ~;I-t ain a
rcr si ’~~’~1ar m atrix.

Metho d :

This routine is der iv ” 1 direct!y tr ’u Herwell sut’routine ~C 16i3 by I.S.
Duff (dated Dec 191’s), w h i c h  r j y  E 1~~ CC h - ’.-e ~ “ n  t~~plac~ d by “c.~1A.
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STJ8POUTINE UNPAC K ( M ,1U,NP1 ,HA ,IfE,A ,Y,JQ

- - Subroutines called: Called by:

Non e ~DtCCL DRIVER FP~CT0P LPITNF (1T SOIN

Pur pose :

Tc e x p a n d  the packe d column A (JQ) inkc the v€c ’ or I.

rnethod :

The p a ram ete rs  and m e t h o d  are cbv ious  f r o m  t h e  code. Ncte that
nega t ive  tow idices HA (J) u a y  cccur in ~ i.~ci al  app l i cat i o f l s  ( e .g . ,
M I N C S / G W ;) ,  but o n l y  their absolute value i~ relovant here.

S!JB~ODTINE (JNPACK( 1’,N!,NPl ,HA ,HE ,&,Y,JQ
IN’PGER*2 P~~(NE) ,iF(!4~~1)
P~ AI A (NE )
~EAL~8C

C UNPACK TF ~E JQ—IN CCLUNN 0! A
C

ro 10 Iz1,N
10 Y(I) = 0.0

C
31
32 ~F!(JQ+1)

C
DC 20 IzJl,32

HA (I)
1A13S(IR )

T IlE ) = A (I~20 CCK TIN UE
C

UP N
C END 3? UNPACK

END
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11. PERFORMANCE
The proving ground for MINOS has been the U.S. energy-economic moaels

of Alan Manne. These are the models ETA (Manne , 1976) and ETA-MACRO
(Manne , 1977), of which several hundred cases have been run during 1975-77.

In ETA-MACRO, the constraint matrix is approximately 430 x 750 wi th
2800 nonzero coefficients. The objective function involves 80 variables
nonlinearly. It is of the form

16
f (K ,E,N,I,EC) = 

~~ 
log C~

where
C~ = + (ac + bd

~
)’
~~ 

— - EC~

— (K k ~~~~~ 1ct
__ 

~ ~~
i ‘ t t I

d
~ 

= (E
~ 

- e
~
) ~° (N -

and the unknowns are the five sets of variabl es K
~
, E

~
, N1 , 11~ 

EC
~
.

Cl earl y log C~ is a non-separable function of these variables.

On an IBM System 370 the problem can be run i” a 384K region . This
core requirement is made up approximately as follows :

Program code 184K
REAL*8 Z(20000) 160K
I/O buffers 40K

384 K bytes.

From a cold start, using CRASH OPTION 1 wi th no special initialization
of the nonlinear variables , the run time on an IBM 370/168 is typically
about 100 seconds for 1100 iterations . (The first 500 iterations are primal
simplex iterations obtaining an initial feasible solution.) Restarts with

• different bound sets require a few hundred further iterations.

Several factors contribute to the efficiency of these runs. The con-
straints are very sparse, and the LU factorization of each basis typically
has 4 bumps and only 8 spikes . The number of superbasic variables , and
hence the dimension of the reduced Hessian approximation , rema ins at around
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30, which is well below the theoretical upper bound of 80. Finally,
although a relatively accurate search is used (ETASCH = O 01), the line-
search procedure of Gill et al (1976) in this case averages only 2 function
and gradient evaluations per i teration .
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12, ADDENDA TO MINOS USER’S GUIDE
The User ’s Guide accurately descri bes MINOS Version 3.1. Some of the —

changes incorporated in MINOS Version 3.3 will be apparent to the user , as

follows :

1. Two additional parameters may be specified in the SPECS file , by cards
of the form

DJ 1OLERANCE 1.OE-5

FEASIBILITY TC~ 1.OE—4
These reset the variables TOLDJ3 and TOLX respectively (see section 5).

2. The default value for the feasibility tolerance TOLX is now
max (2~~L 10~~).

3. Subroutines AL IGN and SQUEEZ have been deleted. The keyword
ALIGNMENT TOLEPANCE no longer has the effect described on p. 40 of the
User ’s Guide .

4. Variables that are specified to be superbasic in
an INITIAL bounds set in the MPS file
an OL D BASIS FILE

will be initialized at the specified values regardless of feasibility .
(Exceptions: “infinite ” values are replaced by zero; if the SUPERBASICS

- LIMIT has beer~ reached , variables will be made nonbasic at the nearest

bound.) This facilitates initialization at intentionally infeasible
points , and exact reconstruction of solutions from previous runs. The
following parts of the User ’s Guide should be altered accordingly:

p. 29, 8(a).
p. 62, 8.

5. MPS FILE is a synonym for INPUT FILE.
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‘S. 3u~~PL EMEN1A Rv NOTES

IL KEY WORDS (Cc,,tlru. 0,, tiv sv ~ * .id. I? -..c..I~~y .id ~dIflISty A, kI•c* ,u ’b.’)

Linear Programming Mathematical Software
Nonlinear Programming Large—Scale Optimization

\ MINOS Linearly Constrained Optimization

~~~ 2O. ASS~~RA CT (Con U,M~. .v~~.. a~~. IS ~~~~~~~ ,d s~~~ tstp kp kI..k a~~~SiI)

~MINOS is a Fortran system for solving large—scale linearly constraineo optimiza
tion problems . The System Manual g ives an overview of the system , the program—
ming conventions used , data structures , tolerances, and error conditions. Dc—
ta~is ~~~ given of a practica1 irnpiementa t1 ono4i —met~~~’~~~ Barxe~~~~~t.Uo1u 

C
‘-~~ for ~r’aintaining a sparse LU factorization . The reduced—grad ient approach for

handling a nQplinsar ob~e.ctive 1unction . .has . been ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —t
~~~
. and S?rT1~~~~r~~; further implementation details are included here. ~T~rSystem
!Manual should facilitatu interfacing of MINOS with other oytimization software.
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