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FROGRAIvU€RS GUIDE TO LCPL

Documentation for LCPL--

A Program for Solving Linear Complementarity Problems by Lemke’s Method

by

J. A. Tomlin

Abstract

This report gives programmers information and

documentation for LCPL--an efficient robust program for solving

Linear Complementarity Problems by Lemk e t s Method .
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I . GENERA L

• Purpose

LCPL ~s a progra m t o ~: L v e  linear complementary problems ( LOUc

by Leuke’s method i~J. It is ieiigned to handle problems with a few

h indr ~ 1 ~~~~~~ and a crurse coefficient (M) matrix. Formal1~- an LOP is a

problem of the form:

Find w and c such that

w~~- q + M z

w , z~~ o , wT
~~ = o

Method

The code u5 1- H a product fcrrc implementation of Lemk e ’ s method , ;l fh

an eff icient  inversion rout ine  pr r duci n~ a sparse and accurate LU iecomr c~ t~ on

of t :~ b~~ ic~~~n nro cc ;~ t f i r m . Th~ basis c~~t~ tc~ ‘ ~ho ct  an iar ~ p~~~c ’ :c

icr~ L~ r • i wi th a c c ~rac~T c!~e 
• • The r Ia r w~ 1 al i n~ :cuLro ,~ m e  ~~~~~~~~

~~~~ • u r t i s  a~~l Nei i’ s sca 1in ?~ r ” ~~~ : I is j n :c r ; orafe i . A r~. c~~ ne for

r er ~c J C r ’~ n~ f rom loss sf fea sib~ ~.; or s i lL  n i a c ’i ty of the has i is rov i~ h :~ .

Th~ ~ethc  I i i u ~-y is Lly ~
- r i  u~ in re fe  re icc e ( •

~
+ . The pr oi LeI ~. is  •~tc

• 
in ~H 1 .c

• ~w - M : - e ~~~~ c

where e has •i +i on every ~o’~ ~~~ ~~~. ~~ . ; . ~ C’ ~~~~~~~ . 7 is inne ~iat ~~~~

j !~ . : . ~~ ’~~t into the basis to ~~~~ a basi c fe~~ ih1e almost complem€ ntary

n . The conp l. es , e r i r : f  the ~j e~~ variable is  then int I’oiuce~ m d

so or~. Th e- algori thm terminate :; when ~ -: ?TC~ (or ~ is n o c — t a s i  c r

• .. .~ r a r-
~
’> ic~ encounterc~i. 1 I ,

LL •
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• Linear Complementarity

Mathematical ?rograxr ixni ng

Quadratic Prograr~ning

7: .~ rse Matrices

ic~irce Language

The program is s.~-ritten entIrely iii FORTRAN IV for IBM series ~H -~C and

57C co” ’n ’iter s. It is WATF IV compatible .

Coecification

The main program should be executed as a Job step . The program

~r~.ut is de~cribed in the “Users Guide to LCPL” [3] . All input occurs in

: sh rou t ines  INPUT arid BASIN? .

~rr~ r ‘ndicators

Error indicators and other diag~~stics and messages are described in the

:ers Guid e t~ LCFL” 7]. They will also be indicated in the documentation

~~~~~ subroutine .

I
The routines making up LCFL are

BASIN?

BASOUT

CHSOL

CHUZE

CLEAR

-f

.1•

5

LA
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Lh -~hi’~

!4~ 1 -k j iarwoll  Subroutine 1

REC’

YALE

- 1 ’

Size

~~ ~~t~~I II -c ; c ~~ h of the program is 1 (7 source statements

( i t s ! Uc ~~~ ng - ~r’: í A :  Iri J common blocks , etc. -

Array S i ? ~

Th~ t ar~iar  - c  - i ’n of the code requires a blank common array

area of ~~~~~~~ b~ t - •. f core. ThIs is of course dependent on the setting

~f ‘ra~i c ’n ;, s c i o ns . Th ere is a labelled common requiring C

~~~~~~ T h i s  is not ‘. ar iab le .

,,1
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Ac-: uraoy arid Convergence

The code has been specially written to be as robust as possible

(see [n). If the matrix !vl is positive semi—definite or has positive

principal r-’ ~r :or s , a recovery procedure is provided (RECOVR) which virtually

assures that lass of feasibility or basis singularity can be overcome.

This facility also allows the user to start such problems from any comple-

mentary or almost complementary basis. Note that convergence is assumed

when the Yurcriy variable “ LA !‘~d: (‘ falls below ZTOLZE. It need not

necessarily leave the basis.

Timing

Using the FORTRAN H compiler with OPT~~2 the code has solved

problems of order 100 in about ~ seconds and of order 500 in  20 second ~

on an IU ~d
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Sin -c -  v~ ~~~~~~~~~~ a~l communication is ~iia  common blocks , and all

ir ra ,’r c-,’€ in caocm:n. the contexts of both labelled and blank common

ar e de; -s- :5 oed Ia t::e nei t ,~es t iof l . Furthermore since the so Ic uses

spar s~ tsrc~si x te:’~ s i - c : e . c fo r both matrix and tran sformatisris , and these

-sr e c r  in p air,’ c - h ’ o ~ Line5. shese techni ;ees aft a~ ,c. - c c  cr’ Sea i r  cj t a i  1.

5
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II . COMMON BLOCKS

Labelled Common

COMMON/BL-OCK/

This common block contains tolerances, parameters giving

maximum array dimensions and literal constants. All these values are

set in BLOCK DATA. Standard values are in parentheses.

Tolerances (FE~\L*~~)

ZTOLZE Feasibility tolerance (l.E-l~)

ZTOLPV Absolute pivot tolerance (l.E-6)

ZTE TA Absolute tolerance on eta elements (l.E-i~ ’

ZT OLRP Relative pivot tolerance used in CHtJZR (l.E-8)

F Dimensionsi rarameters (INTEGER*I~

NRMAX Maximum row dimension (35 O ~

Max imum number of eta transformations (2000)

NEMt-X Max imum number of eta elements (~Boo0)

NA MAI Maximum number of matrix nonzeros ( 1~OOO )r These values must be changed if the relevant array dimensions

r are chang e-i .

L iterals ( Lr’rrEGEU ’- - c ’

All literal constants begin with Q.

QA is ‘Abbb ’ , QC is ‘Cbbb ’ , QE is ‘Ebbb ’ , QH is ‘}fbbb’ ,

QL is ‘ Lbbb’ , QN is ‘ Nbbb ’ , 00 is ‘Obbb ’ , Q,R is ‘Rbbb ’ , QU is ‘Ubbb ’

and QBL is ‘ bbbb ’ (blank - , Q,DUM1 is ‘P13MM ’ , Q,DUM2 is ‘YbZb’.
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~3 tar~.k o.’ur s n

t all communication between subroutines is by means of

variables an-L arrays in blank common. (The major exception is the Harwell

sca ii rr  routine MCl .A.~ We indicate the dimension with each array.

- 
- R ’W - A~’ra v:c

p

B ~-~i~iAX ) The given right hand side

X (~‘n~iAx ) Holds the values of the basic variables

Y (~[PMAX~ Work region (used mainly to update columns )

YTLA-tP :~ - MAX Second work region

The Ic array s are contiguous and considered to be arrays 1 through 1~ by

subroutine •LH.TPTP which moves information between them.

E ~NEMAX - Contains the non-zero eta elements. (They are not

divided by the pivot. ) —

REAL artacLi ;c

~~~~~ h~~,00 , DY, DE and DP are used for temporary storage in

several routA nes.

E.~MAX contains the maximum relative error found in the right hand

si c T c rj r t g  CHSOL .

PJ’~AL -

A “ I,,MA~ Contains the non-zero element s of the matrix

(T , —M , —&

‘7

-

~

- - - -  -
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INTEGER*~4 Array s

ICNAM (2 *Nl~ 1Ax÷2 ,2 )  ~“ cs~~-~ins the row and column names.

I~ NA~~(J , l)  and ICN AM (J ,2 )  contain an h

cha racter row nam e for 3 < SP~ W and a

col umn r an’s for ~‘ NP. - W. The “ dummy

column ” n ame “ DUMM Y Z ” is in the

0-~~F0U4- l posi t ions.

NA~€ (20 ) T sed a reading input cards . The f i r s t

two words contain the problem name a f te r

INPU T.

NTEMP (20) Temporary storage .

I1~TEGER~d~ Var iables

IBFRQ It eration frequency for saving the basis

(if KOUT B specif ied)

IFNEG Sw i t s h  to reverse sign of matrix elements.

Standard is 1 ~yes~~. Set to 0 for no.
-

‘ 
IFSCAL Switch for scaling . Standard is 0 m o ) .

• INV FR Q I terat ion frequency for inversion

lOUT Output op ’-io n swit ch . Standard is 0.

IR ~WP Pi vot row

iR~)WZ Row on wh i ch t DC~~~Y I ” p ivot s

ITCH ~~er- tion frequency for calling CU SOL

ITCH A Counter of i~ er a t ions  s ince  last cc,ll

to CI T SOL

Ite ration counter

L~ . 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - ~~~~~~~~~~~~~ -.-- -~~ -- ‘ ---  - -,~~~~~~~~~ - -
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i’LLIM I t em ’. Ic ’~ I s. 1

ITO T~~J Count of’ era ’ - scis s l a t s  i ts  0 c-O h :- 0

T V TN Vet ar i .  , c - L s r  en t e r ing  as .~ S

• IVOUT Vect or  tcam b er  le’ vLr ~- h -n” i : :

0 2010 Vector ( -columr ‘

~ t o  he up da t ed .  ca, -.i

en te r  b a s i s

KINB ~Jn~ t z ,umb er  fu r  ba s i s  np ’s ’

K I NO brA t can: er for problem nput i t .  ‘X’S

f or m a t  L At a n t a r d  5 )

K~ LJTB Unit rcurmer fo r s av2 r ~g h~n:es

KCTJTP Unit number far pr int  no f i n  cl icol 0 - i

m o t - i t ciara ()

MOTAT Problem s t a t us  ~A , C  00 or L)

NAE L Numb er of A matrix elements

TOOL Number of column s ~should be 2~~~ 1- - I)

~; umber of et ‘s e icrn src~ S

OSTA iJueTh er ( - f  eta t r -cns - c ’armat ic ’a

N c E  LEN LAtcis -er cf L c a  ‘s iasrccsr :t s is, IOVIA 0

0 X E’A Number of I e’ -tAXn I IPTSLT

SONS Number of ~he v’t r Yct- le  n on - ba s i ”  - - ‘a mp le -

men~ ‘try p-i r ,~ ? cc ~ reTr y’s : fro m c c  h-ar

A, bib Number of - t u a d r a t  ‘~ .‘a r .J 0 L’s c , s : ’tc : t -d

to  c - m e  - s ’s-s to the ( ‘irs I , h - , , ’

- ‘n l u mns  aS (-A

5- t

L 1- ” ’~h1J 4
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NROW Number o ’~ rows n the problem

ITOI NG Number of si r :L’u lari t ies  foun d by ( TROt

tb TO LEO ((umber  of S eta elerrsr .t s iii INVI L I’

~ c r i - -L\ Number of ‘I etas in LiVEPI’

INT O iTb -~- 2 0 rr Ts ,-s

T A  ~r~A( OX )  IA (I ) t’c i r,r ace row I adex fci’ the

- 

- 

element s’ored in 1( 1) .
-

~ IE ~I t co r t a in s  the  row index for th e  eta

element stored in E c t )

; , ;r-o~~:~-~ . o )  100( 1 , 1) cor , t a i n ~ an ~nte Ce r , say ~c

w h i c h  d e f I n e s  the row scal ing factor l ’~

far  row Of :-o

[ 0 0 ( 1,2 )  ~Or~t c I r , s an (n t e - : er .  say 0.

w} rh d” f ’ t i ,  es ~-h~ cc-lcrr ,r r co l i nc  f-c c t c r

i’ for c’olumr: I of (‘i •

os - o o i ~i~~) •~~~lI c o n ta i n s  the nu m b e r  of t h e  vector

- - sc’lumc: ) p1 ‘?o ’ . A-s on row I.

KT~,bAh (2 . - - ( 0 : 7 ) KIOBA , : : . i ) is st-r e i f  “ol’Lm,n J is nonbasic

and er iual to t h e  row on wh t -sh i t  p i v o t s

i f  the column is basic

IA (c ~, ,i0 - iA/ ’ IMI ) p o i n t s  t o  the f i r s t  nonzero element

of column I in ar r ays  ~~( )  and A A  ~ .

The las t  1 - - r i z e ro of column I is pointed

to by LA ( T 4 - l~ -l.

1~

~~~~ -1~ — — -~- — — ~~ ‘m” ’ T’ncc m - - - -~~~~-~~~~-
‘ -~~~~~~~~~ 

- 
—~~~

- —-
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LE WTMAX ) L E ( i )  p - J  r t Z  a ‘-he I t  r - a  n o n ze r o  element

O f ’  t- 5’~r t  f’ u rnvt ’ ion I in -o’r r i , rs l EA  ) and

E (  ) .  J t c  always ‘ 05 p X’o~ row and

elemer:~ f  -r t l i~ t r an s f o rm at i on . ~~C

sn oT va t e le’ e:~ as fo l l ow . The last  no n—

zero  of’ - r’mns format i c r  i is pointed to

by LE (I ÷ l ’ -l.

Thang ing Array Dimens tons

L The user may change one cr all of e fol to~:Ing :

‘--Ia , -: [sac: row si ze

‘tax tac - sa n u v a c y ’ of n onzero  m a t r i x  element ~

er of e’ a elemen -s

‘ - (- c x . man scuir } er of can an-s r isformaa ions .

‘ 
~~sw .T i ze

(‘b e “c lu e  IO - ’-thT t ic  - - ‘[l e d  common mus t. c e  changed to  ‘oie

mac-A nus rc- .~ s ize i n i305- CK 0 0 0 .  The - rr -ay s B ’~~~. x , - ) . Y~~ 
) . XEId? c ) and

of- t ( -  ) mu st  be dimensioned to the new value of LE- ’-VI’ . I h ’( ( ’r i c .  ~JLBA S~~.

m u s t  be dimensioned to 2~ b h ( -~f~~-2. as should 1A(~ 
‘
~ c r ib t o e  f i r s t  d I m e n s io n

of [r L A ( , t c . , 2 ) .  The f i r s t  dimension of ( f l ’ T ( .  .2 )  should i -c  ,o (- -Lt -I~ l.

Ln addition . the eouivalence s ta tement  in  subroutine INVERT must

be modified so that  H RE O ( l )  i s  e ::uivalenced o ALl -i l  ~ (;pi- tqx~-l
’ . LI -OTA X should

therefore always he even . Finally AB }LAV [o ) ~n t h u - T B  ~eaui valenced to  B (~~~

should he dimensioned to L~ [TO ( t ’~X , tn should (-OI PACEH in STALE lequ ivalenced

to ~( ) ) .
11

~ - ‘: 1
_ _  -‘-‘ - -~~~-- - - - -—- ‘- - — -  - -_ -- ‘

~~~~
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M atr i : :  Elen :ec :-’

,lco value 0. t I -hI in labelled common must be changed in BLOCK DATA .

The arrays io( ) ,  A A )  must be redirnensioned to the new value of NAMAX .

Eta Elements

The vu l u r  c O  ‘(AJO -I in labelled common must be changed in BLOCK DATA.

The arrays cEA A PA - :-j st  be redirnensioned to the new value of NEMAX .

Eta ‘Or -ansf orma ’ - a-

The value eb -
~L--UO~. in labelled common must be changed in BLOCK DATA.

The dimension of A . A should he - ‘ c ’ t nged  to NTMAOA-O .

Overall Arr ’cs Siz-a -

Any of hi s’ a-ave changes will change the length of blank common.

The array size 15 :0: r o ut in e  CAIA O should be changed to reflect this.

1,2

r
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M a t r c x -~~~ c’a~ e

The probie’: m a t r i x  m l ,  — i- . — e ) i stored a :1; -‘ Art .  of’  a c t c rr- ’-~ded

l ist  u s in g  the  ci’ r ays  ~~ ~~, T A A  ) 
, A A ‘ - -0 - t on t a i t  rt  : p s-c c ‘-e l y:  the

poin ter t o  the f i rs t ent ry  of c- tsr col -smi c l i i  I/A-) and o ( T,th row

indexes of  the ranters eT c-ries , and the va lues of toe - cor izero .  All  elements

of a column are cont i nuous-

Example .

The small ma t r ix

1. -~ . -2 -1.

1. ~~ -l -1.

1. 2. 1.

would be stored as follows

IA TA A

1 1 1.

2 2 0 .

IL -~ 3 ~.
i_c 1 _L .

2.

2 -~ .
( lu ‘1 ‘L.

12 1 - . .

2 —1.
1 -1.

7 -1.

No t e  t h a t  there is one more erl t r’c ’ I n  I0~ A ‘ han  t i t e r s  are ‘ol’ miis .

~

‘ ~~ -- “.‘- ‘ - - - - -‘ - ‘~~~~~~~~~~~~~~ 



- 

~~~~~~~
-— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ ——-~~~~~~~~~~

—---“- - - ~~~ -~~~- -.-—---

This points to the position after the last entry in IA (~ “no 1 i ( ) et, -a, l -  f o b

this last entry to be located. To unpack cay column 0 into tito a’ur-c

region ~( )  (previously set to zero) the code would be as fol low ac

LL = LA (J ) (Find f i r s t arid

KK = LA (J÷i ) - 1 lass entry of column )

DØ 100 I = LL , KK I ln i t ia te  loop )

IR = IA ( I )  (Extract row index )

Y ( I R )  = A ( I )  (Store value in ~
( ) )

100 CONTINUE

Transformation Processing

The inverse of the basis is maintained as a product of d ome : tary

tr ansformat ions :

= Et Et 1 E2E1

where

- ~lk

1
1k

: l

‘mk

i” ach is constructed from a vector crk as follow s:

11~
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~p , [c

ii - - —
I C  - -  -

1. = — - -- --—- — 
~~, ~ h i

tic c c
‘zc

~ ~ric-t , whc ’~r i mult ip l ’ .:: ng a vector • (k) h’s E to obi ’ai 1 , 1 ~~~ L 
we have

(k )

- 
‘_ 0, s - -c

(k ~ 1) (k )  -
= — ‘ I , - — --_~~~~ l,~ ~~ ~~- :~ c a- - n - s— I’:

Ii: (
~~-~~)=~~o - C Y .1 ~i-~ P 1ç

- - c k )  - , (k~1~ ( s )  - -ho se th a t  if y is w atca n ,o i -a r ’ i r- : - of’ cc-usa , ~
‘ = y . i’,ot c  ‘ T o o

th at  t s oni’,r necessary  -c s tore ice -a . - r n  ho -
~ , ) ‘ . : h. h -ItO inc~,cx5 15

ci 0 -r each eta.

The t,ortri val soluncac fo r  e a c h  e~ a - r e  s~ o:r ’-l re - i ,  guou:l A. abe

F d 1 ~~~~~~~~v’ (, as  cite columns of a ‘aa ri -s u~~Lc t ,~s c h i c o  - rr t ’’s  LL l,~ , IE - - 
-

and F _ A . h er e  t , F ( - )  p r - l O s  to t h e ’  f ’ i t - ~’ t s - : Z e r ’c: ‘- f e’~H -  r,ra~-~~- - ‘

F ~o(~ 
) cont a in the ru:; i n d ~ ces of the :~:-us ro e l em en t s .  ad 0 A c o t :  a i o n

the : a - ’i ,n r - ,  values of a .  - i’oa” - , t o t- ~~,

The pivot of’ cash ‘ r’- .r :c f ” - I’L - t h o n i s  dent i i  H hA [t ~~ J-eftg he

T i i - - ’ t r - t e o c e n t  in ~E A )  and L A  f t c  1 s t  cc  a .

Sn ot ’ : , e °pn ’ [ :~’ 
s v ’- c I ! : :  2-ir a ’ n i t  K t o  th e  wc- r tr vec’ c- o’ I~A ) —he

:ade - ‘‘o ld be as fo1’~ iv:~ :

1’

- 
_ _
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1,1. IYc F(

LE-a’ l )-l

021_v T ’  I

Di I’~~l i - I V )

I~~(DAL (0:) ~L2. 2 - ,  - 2  b o o

Di - L’ :, E,~ L L )

Y ( I I  iv) — DY

IF m I-f - 1. KFI ) ‘; :ç i~

LL = I T ~ L

D~ 500 iT = LI , ilK

IF = A - l i T )

Y ( I R ) = Y ( I R 1 - E c !  )~ DY

500 CON TIN UE

1000 CONTI ( lIFr ,

1- ”

- ..  -_ _ _ _ _ _ _ _
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‘ns c -u i

‘-A b c: h s a a ’ - .a~ -‘ u’ rn’.c ’ :n~~E u i  0,- - . r~ ’ a 5 t — — _ c 0,~~~, I,: - lIE V h s

a ori hm ) and

:5  a- ch i co  of the  ma in  pa’sgr:.m is c:et-or ’air, - --t A: :~

L O S ,’ retort-s ri 1- i’ Th ° ’ tl’ as fa l l -ca’s

~ ~~ 0’1’ < 0 - s r a i n s t , e

I f ’  lASh 0 ball

If 11, 1 0 > C .
‘ tli OUTPUT

I TT IT JT is alway s called a ft e r  execut in g  ‘

A c e r  C)UfOU’t the pru sr :-r :,  -sails JSL .~U IT a I a i t :  to  i c - c r, for a now 1 rA-~

hA Ii:?

h~- : I ~ a coit’ile~ e r-  ‘c ry .  or aLm ost  complenlenoar ls l : c s  i s  f’ ro--

F - - r i - I_D e c i t r a t i o n

,i ,~~~l(h ’~ [,~-0J T P ‘ l O b

0/ h e w i t t :  - t c i ~ K l l i b  i f  h A  H > -

I, Cs t,c Iy  ‘cr -i a~~AA0 A to coo I f  c_ cA t, b asi s  - n i  con -

1’ olcr :en tar ’ ,’ s do -
- 
‘ - ,n . Also N o -‘ 0

2/ - - ‘ ‘ d c ~~~~~~ is :,n: - i-  A f  n ’ )  -‘oo i :‘he cr ’, i agriiric ’ c a,’ - & i  :,ar ,, s .

~ , l c : abc : ‘ ‘ 1 : : - : :  c - - ce - :’ w h i r - I ,  w I l l  r ”p l-oc e ‘ h ej i ’  - : - r i e m e : ’ :±iy

-o il vs - - n - i c ,  : b ’ n l t  c w i k i  ‘b, s - c i o ~ ,‘or s i l l  ‘c-1u: -~c

n ’sna . ’ 1 -

I - ’
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1~J If column t1 DU~ 4Y Z” is supplied as a column i ts  accompanying

row name is checked for validity and the column replaced

the unit vector corresponding to the row name in the basis.

Input Format

NA~~ Card

Has “NfiJ€” in columns 1 - ~ and the basis name in column s 15 - 22.

If this name does not- agree with the prob lem name , or the name card

is missing, a warning is given.

Basis Cards c

For basic columns of M the column name s are given (one per

card ) in column s 5 - 12. If ~ is basic there must be a card with

‘1D U~~4Y Z” in columns 5 - 12 and, a row name in columns 15- 22. This

row name is the name of the w variable ~ replaces in the basis.

EN DATA Card

Has “ENDATA ” in column s 1 - 6.

Note that if the basis supplied is singular or infeasible

the progr am will enter the recovery procedure (“~ECO VB ” ) .  If naming

errors are encountered in read ing the basis the progr am will start with

the partial basis f oun d (which will almost certainly trigger a call o

RECOVR) . -4

18
r ‘-~
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MeS5~~~eS

, I’j’AJ~TIIl ; iiAbIh WILl bE } iF,AL- ~~~~ I LE ‘ nunhc er ’ .

!-lecsage tha i  KOUTB wa _ c n p -aol fAct .

W/cbNFi  f -— OASIS l- iA”~I -hA RD PTS:: I

WARNIN g—BASIS HAS LAP!E ‘name’ -D I FFsIeENT Fib - ‘I i-b SF01- lb

Warning messages on read ing a O a s i s .  l-!a ,v n ot  he the correct

basis for the prolrlem. Run c o nt i n u e s .

NO MATCH FOR VECTOR

The basis file has a vect,or name not foun d in the problem.

Vector ignored and run continues. Will almost rertairily yield singular

or infeasible basis and a call to the recovery .rou ’ t r io .

NO MATCH FOP, ROW ‘ rownam ’ TO SWAP WITH DIJ!~D1Y Z

The row name ‘ rownam ’ cannot he foun d, when reading 4-h e basis

and the “ DUI~S4Y Z” variable is not pAt in the basis.

The run will continue .

S PURIOUS CARD IN BASIS FILE- ’text’ -ABORT I -
‘

An unrecognizable card in th e basis f i le - fatal error.

ERROR TI : TRYING TO READ BASIS FR OM FILE ‘ number ’ -CHECK JCL AND PARAME TERS -

PU. J ABORTED

A FORTRAN read error has occurred trying to read file KINB.

Fatal error.

I
‘ .  - - -  

_ 
_ _
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ilk SOlJ ’l

l~nite s ~he names of the basic ct ru sc~,ra 1 cb-i~ cOithnns, as well

as “ DtT l~S4Y IS’ and the row on which it pivots to file ROii ’ :o

r Formal Declarat ion

:iy3~hO:j TINE BAS OUT

Method

If hOSTS not specified ex~t .  If !COUTB >

1/ Write NAME , card ( see BASINS fo r format

2/ Write names of basic structural columns

~/ If “ DUlL~Y 5” basic  check ‘-hat 05115 def ined.  ~~ so f inS  unit

vector “ D-Jivr~f~l 5” replaces and write their at t ics.

- “es sages

0r005 -Lh t€NTAR Y PAIR 000 I . J I - 1 O } f i t , BUT DUbS-fS Z IN BAST O- . MEE SOLVAO01

EP ROP -OC BASIS SAVE D .

0cc solution is supposedly ‘ooDlenent is r~’ but DUl-t-~01 S is basic.

H i gh ly unlOhely unless  p r ng r -uc  --or rupt ed.

IIA. :-lo ‘,0t? T ’ T’~’O~’T .~ TIN ~ JJy - ‘number ’ t t - i iEb,A i’I-Si. ’ number ’

The ic tisi:: h-is been wrA en on f i le KOU TS .

O c t

- - -  - .
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- Checks the relative err or in the current b a s i c  solution.

Formal Declaration

FI J F F OJTTSE 05555

Met~hod

l~ The original right hand side B 1 )  is shifted to oH, upd-i~ o-i

and then skc -I fo e~ -to x (~ ).

2/ ~~(~~) i _ c  set equal to B ( )

3/ me solution vector x (~~
) is multiplied on ci t e  left by the

- 
- basis  and subtracted from ~~( - ) , i. e . ,  BH .

Ii~/ The residual flow in o(~ ) is updated.

5/ The maximum absolute values of ~~( )  and x ( )  ‘ire c omputet

and. their  r at io , 0 FII-IA ~-I , give s the estim a~e~ relative error

in x ( •  ) .

ERMAX is tested in INVERT to see if re- inversion sh oul i  re porfornc-d w it h

t ighter tolerances.

Mess-on e

RE lATIVE ERROR IN X = ‘ ra ini er ”

— , ‘ c~~rout ines Called

SFJIF TR

- -

Reference:  J .A .  Tomlin , “ P~ vo~ ing for Ir - r r s i t~y and ~. i z e  in L i ’ , ’aar ra .- r - t ~~0nc
Inversion i-ontir ,es,” J. [ n s ’ , ’’ t} , s . A  l As .  1 -lJ l s~~. S

21 
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‘

Selec ts the variable to leave the b a s i s  -~rid th e  p l voa row for

t h e  i n c c m T n c ~ variab le .

Formal_ De-:’Itaration
— 

5 J q 5 (- c f I E F  C~~ ZR (‘[ “tv )

Parameter: 1, - i - V (°utpu ’~ set to -l if Afeosibiliay observed

se t to 0 if unucc:ca i c ’-~ Ic p iv o t  found

set  to 1 if accce p ta n le  p ivo- - f ound .

Me

°erforms a r a t i o  t e s -  on the elements of the -ap t at ed  i n c r e as i ng

vector  ~~( 
) ari d the solution x ( ~co det ermine  the p i vot row , by

?.M. -~ . 1~arris ’ two pass t e ch n i qu e . ~ The solution ~~~~~~ i s  also ex~~~irc ed

for in feas ih i l i ty . The technique is as follows :

- 

1/ Find DPS I = mm ~~~~~~~~~~~~~~ tar Y ( I )  > ZTOL~~

- - If X( I )K— ImLI:E set Ti- ’S V=- l and c,<it

2/ Find a i x  i(i  where DOSE li =

DTOIFTA < DPSI - 
-

- ‘TO L~-V

- in ’I choo se row IR OW I ’ vS oh g i ves ‘ix int ern .

3/ If  Y( Tc ’l0A -~ > S-rn d c c -  :-c l Y H~ so ’., IYPV = 1. cA nn~~se s~ t

‘t E ’ P V = O .
~
/ If X ( T l r t W I  ) < 0  set  to zero.

Deference: SM..J . - a r r i s , ‘ Pi vot Sole or. ITethods of he l)cvex LP ‘
~ de . ”

Ma tcoerna 0 ical r o o r - ~cit1 I ng St udies 1i , ( 1 
~~~ - ~c C _ b 7  -

22
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I-los na i ’~’

F EdS LOST ON ROW ‘ row :ac. ’ VA-. ‘ -, -~r i a b le  c are ’

A loss c-f Se a_ c it  .i . l it y  is -de co ’ ed when a t ’ -~rnp t r i o  La soc_ ce a.

pivot row. t all to n- I 5 -~T 1~ Or - ‘  ‘cia - i i t ,  ; i n ’’~ I -

S OFIAD

Sets  all of r.-ianI-; aonn oc’c to corn .

SOJBFc-ITUT TTT’E CIOcI-hlR

MedicoS

- - - T o n i  aosac rc  I i :  cf ’ I iced as a aio,nle arT - i , - — 01 -I -A l - ) — viA c-li is

s et  to  sero i t  a ic- p The herc - ’ i  of’ ARRA Y~~ i should be the ancrnber of

s m oT e a’or ds  1r 5 b c l ’~fl,’, -ic -mr -con in  all - cA-ic r rcA i n c _ c .

01 ’  ‘-c - ‘  v-a ’- -t r’ “ c,~ -v t h e  cur a ’ t -c t  i c v e r t c e  r-~pr ecceo ’ ’i - A t .

a :51’,

c rrnral Dec lcrrat  Tori

;f j r fl - ,c -r~:-:F, I- -J-5~.: 10d b -

5- - . ‘ ,  ‘ - - 
- T PM-: ~T ac p’ c t ::: sc”. ‘icc 0 c f  c _ c  to - e  ‘cp c ’ i e :i

n~ c he  c r c - i r e  P’ rt “ l i e  (e as  1 Acr otu- c 110111 . Oc A D ,  i t :  -~~

-~ ‘ cc I to ovoid ‘ip da rc~ ‘f ( ’  by ar-ow e c - - 5 - ccp - - ‘ a r  ~~

( V  (
~ 

) i s  - c p d c i t n d  A~ ct -a , : i-N J A 5~~l I ~h 1  .1

_ _ _ _  - - ,~~~~~~~~~~~~~~~~~~~~~~~~



- 
— Ac standard OP c-”:5A5 oy ’ c “- 1 l i c r ’ -  i s  f r I  lowed. .‘ti~ d’~’ a s’ so ‘ c -_ c r c

of t h e  eta f i le is described t i c  ‘ - tie s-:’ c c r  “ l rarc s l’- c r c ’ t i o r i  rca -or’ :; I n - . ”

c - 
- . III i-TA

heads t h e  n o n — s t a n d a r d  p a r - a n  - i ’ ~et ~~ir5 , ’s f cr  ~i;e f l : .  ci f  ar ,o.

and the problem nc -it_ cA : ‘-I ‘inS r I g ht - -b -u-. - in r~ i r i  a s l i g o t ly  _ cu d f l e d
5.

i-IF’S fo r_ c oa t .

~~ecif i .:a ’ion_ amd_ [‘ar— ur eter_ c

nU 1’II~ . IN P U T ( IACT )

c n r a r ’ c e ’ rr :  lAST , ( IuL p uc ~ Feb to -l I f  t h e  subr out ine d e t e c t _ c  the

end of ‘Ice ircpu c _ c i  ream . ‘-r if a fatal inpu t  error is d l :~

covered .  Set to  ic if the  problen is  pr- -perT ~,’ posed and

-i-sos not have a O r l - r i ~ul solut i on . ilO ’, to- 1 if problem read

has  -a ‘-i- .ivi --~2 solrction ( i .e .  u n i t  or given basis is feasible

and. -‘-crrolerner ; ’ ar-1,’ ) .

L- r2gr~~~~~’u r J -2te  L-_~~~
_

Parameters ‘- re changed from t’nei . r  d e f a ul t  value for each

prnL~ cr by means c’ ci FORTRAN “ NAMELISS I ccpu t  f rom ‘ t ie card reader.

The ft r s , ‘card mus ’ s~,art with &OAPAII in c-olumn 2 or later~ each

-card mu st  begin w A .  a b lanli . and  the i i  st mu st  be terminated by &END.

-
~ 

j
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Examples.

cols
‘~ ‘~ 2
L a ,)

& FpJcAIf SQUAD ‘~ 4 , IFS t ’ I , Ebb

&PARAM &END

The f i rs t  example spec i f ies  that th e  problem is a quadratic program

in the f i rs t  64 variab les and calls for scaling of ~‘-I. The second

example leaves all parameters at their default values .

Cr- normal completion of input we r e t u rn  to the main prc’~ ran w it h

the pa cked problem ma t rix I T , -M , -e] stored in  lA( ) .  T A ( ~ 
‘ . A y )  atd

the r ig Ic t -h -a :~d side in B(~ ) .  All the row and column n~~es are  he ld  in

I C T T A M ( . , . ) .  The i n i t i a l  basis is defined. by j H ( ) and ‘KllS-J~S~~~l . 7Ic’~

row on which “ DUI-IMS’ I ’ has pivoted. is stored in IROWZ and the v ’ur iab  To

thus e l i mi n a t e d  from the basis  is stored. in 5 -101 .

i- -c classify the par- Lao’ er_ c into t h e  fo l lowing  groups :

1-1

2~ ,

______________________________________ - --— — — - ‘ _ _ .1 , _ _ _ ___ ,_ ~~~~~~~~~~ - - — - ‘ - -
~~~

“-
~~~~~~~~~~~~ .— — ~~~~~~~~ —
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!~un Control :

ITRL IM ( default = 99999)

Maximum number of iterations for thi s run of A d s  problem.

INITF’RQ (default = 301 )

Inversion frequency

ITCH (default = INVFRQ)

Iteration frequency for checking the relative error in the

current basic solution . Defaulted to do so just before normal

inversion. (IN ~~RT automatically carries out t h is check

after inversion.)

• IBFR~ (default = 99999 )

Iteration frequency for w r i t i n g  the current basis to  the

file specified by KOUTB (not done unless KC)UTt is speci f ied

to be non-zero ). If KOUT B is properly specified the

final basis will be saved regardless of the value of IBFRQ.

KIN P (default = 5~

- FORTRAN logical unit number for reading the problem.

2(

__________________________________________________________________________________ —— ~~~~~~~~~~ “- -- ‘~~‘~~ -~



IFNEG (default = i)

Determines whether to change the si gn of the input matrix M.

With the default setting the user supplies the m-atrix M and

-M is stored to collect all variables on the left-han d side

as in ( 6 ) .  If the user ~~pplies -M then set I FNE-G = 0.

IFSCAL (default = 0)

This parameter is set to 1 if the matrix M is to be scaled.

: 1 I f scaling is performed the solution (and quadratic cbjective

function value) are descaled to give their true values. Usually

scaling will not be required .

IFALLE (default = o)

If the parameter is set to 1 the dummy column e wi ll be

constructed with a 1 in every position. Not recommended for

normal use since this increases the density of the t r an s fo r :-at i c oc .

KTNB (default = o )

FORTRAN Ica-- Il ca l un it number for reading a basis. With the

default value of 0 no basis reading will be attempted. If

KINB is greater than 7 the unit  is rewoun d before r e a d i n E .

NQUA D (default = o)

If NQUAD is non-zero the problem is assumed to be a quadratic pro oso-

set up as in the “ Use rs - I-uide ’ . In this case only the NQUAD

column s of M corresponding to the quadratic primal varia l— le s

27
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need be supplied; the _A L column ~ Ii c -: -n Lr -~ ~~ed f r om

the last- l I I . U W _ N 0 ~ I ,’d rows of ~Or~ column supplied. If  M is nor~-

square a c t  NQIJAD is re t  -orr-s -’c ’ ly s p e ci f i e d  ci f atal error

is generatnd .

0utput~

IØ~~ c d € f - s i c l t  = o )

‘.-~ith the —cef-ault s e L L i n g  all 1 e w and z sar iab les , names

and values ,are prin 4 ed. If TØI” i ’ is set to a non-zero  value

only the basic variables are printed (irc sorted. order) together

with the row names and. the original right - hand side q.

N0,UAD (default = o)

If N QUAD has some non-zero value n the f i rs t  n rows

and column s of M are assumed to  be the hessian of a quadratic

form . The value of the cuadratic form will be

prin ted out af ter  the w anti z var ia t le  values at so l u ti on

t ime . (See also Inpu ahcve.)

KOUTB (default = o )

FORTRAN logical unit number for wr it ing  the basis ever-,- LBF P c-

i terat ions and. on 4 crmiria t ion . N o - , j Sj S  is :c~’ puL if K1 IJT R

is zero. S t i l t  Ku JTP is rewoun d before and a f te r  wr i t ing

if KOUT B i s  greater ‘ ban 1.

- H
21
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Tolerances:

ZTOL~~ (default = io u )

Zero tolerance for testing feasibility. Basic variables are

non-negative if they are > -ZTOi2E. Comp lemen tarity is

declared. if ~ (“ DIJi~~Y Z”) ZTOLZE .

I-I I O L P V (defarüt = 10-6 )

Absolute pivot tolerance.

ZTOLR P (default = 1O
_8 )

Relative pivot tolerance while iterating. A pivot is aocepted

if its absolut e  value is greater than the la rFest  absolute

value n t h e  up d a t e d  column mult iplied by ZTOLRP. if t h i s

t e s t  f a i ’ _ c  J IIVEl -I T is called and. Ace sam e variable is conslaere d

as-~t in .  I f A ce chosen pivot element s t i l l  fails the test it

is accepted. Note that if ZTOLEP is large this could lead, -

to inver t ing at every iteration . If ZTOL~ P is too small t h e

test b ecomes i n e f f e c t i v e.

- - - - - -1?
ioTA tdef~ult = 10 )

l o le r an c e  on the absolute value of t r -n sfo rm a t i c - n elements.

I r5e r values may g ive stcar s r t r -~r csfcsr ’ ra tion s but at great

cost to a -y - c i i  st ab i l i ty .

- - -WA (default- = 10 I )

:-
~~~ e n t i c e  ‘-n ta o a~-so~ute value of eat  t’~ es in the ma t r ix  M .

Any v t i i l e  smal le r  than  t h i s  is  d i s regarded .
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Fr au- leo  : I ~,pu

The I-~~~a - - i -~~~ 1~ ini: 1 : -  u:’o- .l e - -~~t r e  ;-~~-S 5 - o n- au - c l ’ , ~T h I F

~~n sic *~~IV 5O~L i f . C-i “~-t~ ;t f a - ~~~~~ - ‘ ihe - - i ’d i - a .-: CO • - r e  i f’ - ;

N!S-ti- t ’ a r-d

I h i s  ha_ c “ N--ti t~
’ in _ c o Iui - -ccs 1 to I , ‘ r d  ~ a Op •

~~~~ 
U

p f c -  -~~ c-rn ‘ ur ,~- c - o 1j ’ —j  S i5— -2 . is card  is us- -. i~c- J i-ic  ~-L bly
- -, - - ~ - - , - - . - --c our- c - - 

- - -~~l-, - - c  - — t j l . 
- 

~- s ~ -as -cs  r - - -crc - .

~-CW ~-ard

Wis  ‘
c 1- i~ col’ccu ;: 1— -.

-ow -imes

~-a c:h row I ~ lu-med a ~-w~ i que )  nam e of -
- p ‘-o ~ c - a r a c i ey - s  , o r - -

p~ r r~ r-~ , in c its n 5—12 . i:~bedded n 1-~n~.s ar ~- a l l  ~u - i -d  (unl ike ~-1PN- ) .

I u ’ e  ‘-ha ’. ‘ ac-re a:’- r~o ~c-w t :pcs -us in 1’T~’ ass ‘h at ‘ ‘c:-- s cpp lt ed v ’i ~
be i ’ i u r” d .  Cn l u i - r -  1 must So c ] ’ j c . i - c .

-
- 

‘f’S - rc

Sti t “ tfl~~~t’~~~1t ’ is co1-~ c n _ c  1-7.

l I r e  f l O f l — Z ’- r n  e - dent s  of I~ ‘ir e sup plied -
~,‘ columi c . A l l  - he

1 --~ en t :  of a e o i r r . :i t r u s t  be ‘-o~y’ I- er  . Fa - :i col sc r, is assi ~u eci a

- j, Ic- ;e) nam e of cc p ‘-o eigh t ‘ i - r e m - .  the ~ena a ’ is:

7 -
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cols 1 - I~ 5 - 12 15 - 22 25 - 36 1~0 - 1~7 50 - 61

blank column row element Second sec -n-:1
name name value row el ’ a-: , ’.

nam e v a iu e
r - ; i a l )  (opt. I

Again embedded b l a - r k r :  are ~1 lowed in col- :cn names.

IRMS Card

Has “RES” in c01umns 1 - 
2

Right f~and Side Elcecients

The ri ght- han d side vector (q may be given a name , wh ich

should be different from any row or ccolr-jsr, ncacce . The elements re g:-,c*c-~c

in  the same fc~~ at as the mat r ix  ei mer : t s .  Tote  t h a t  cu l ’; cr.~ rj,:ht

hand side may be suDp 1~ ed.. If an a t tempt  is made to nput  ac-re A c cu ;

one , the non- zero -j  f rom later ri~ ht band sides will u~ e r -v r i te  t h e

earlier values.

:‘I l{DAm Card

Has “ EU bA Tt~” in column s 1 —

S t ~ p le Inpu t is shown in ;ou -ticn li. ’.

It is i.mport a ’ct to note A a n  ‘ I -c e “w ” v a n i a t les are assigned

the row names ot’ ~- , cocci th.~ “ z” ‘~a r c a t le s ‘h e column rca ,,mes . Tie cia:-~sc~,-

cOlcLmn e is  ass i , -~-r ’r I th€ ’ r a : ~ -~ “ I Y ’ -lt-?{ Z” , ~iS ~~ he d-;r::t ,- v ’ t r j  ab le I .

21
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Messages

SPLLT ‘I i - Iu - - ’u: ‘ n arne ’

~i colcosa w i t h  the s-u-a t- • macar c ‘ c-si c - , -couiiteres e i r l i ie i ’ . The lnpuc

deck ic prob ab ly c - ,m~ r c rpr od .  1npcit :nn~~- noes however

~~~~ ) ISA SSI! FOR l-~~ ‘ r~~m aitc c ’ AS CoJkWf ’ ‘

Solu’rc. ~c thame’ c -j n ta lnc  a non zero Or : an “n ide r i t i f i ah i e  row

‘rowriame ’. this  is a T u r a l  error.

I
N - TMhFI-~ OF !-IA t’i- LX c::’f~I’I~ S ‘number ’ E -iCEED~ S-t V’ —At ~ I-C

The pr t-rarc dimens ons fr~ A ~ ) and Ti’. ~~
‘ ) must be increased.

to solve the proi ~‘o. Fatal  er ro r . 1~tandard SA -Ik~I ~~‘ b t ,’t~

i-~~~h r; ~ rj rn SQUARE ASD N-tUAt- i t S ( l - I - F  ‘c - t t  ~‘i i ~ i’l C . : - - i - I i l - ~ APANh -’ ~~ h.

t1~e nu~ i,~ r -~ a - c a r :  sal - ul a~ ’i: upo l s rca egumi ao

ei ther N - C A - ’ or c : c  spe~’ - f r d  va1rr ~- - f lr ,~~-0t . I-I - -  in t ro ’  - ae - n ilcre be

properly cons’c r- t-- ed to i - c  s’iuare . I a at error .

TATJA D COLtC1I-:fl ONLY SUPPLIED__~~lT I. At ~~1-~IT TC :- C-~’l- ’ ‘r ,ciml,ex-’ E~~L’i~~i A Ii

OF CClTi i RATT T TA I S ~I- TRANSPOSE

The problem i s  as sumed to he a quadratic program
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i, TU\f I WITh ‘number ’ E ~~CITC CAI\ Cl-call S -I D

There are negative- o lemon Ar in L i e - c -r e - or and a accocmy ce1um~

has been sc-nc: u-t ed for ‘ U-t ill-iA I- ” . 
-

PFSdLIllL- ~ HAS TRIV IA L C SL’ l’fI (llI

hither a ~s n or  —nce c -:-aArve or tir e ~ iver~ cc ’ - - r r  I r :  b a s i c  yields

a fe-~ iSle 000pie’ccer ’ ari Soi~ tIOfl. ho d ’ s - ;- solcors is cc-as’-racted

cm l. the solution is p u - A r c - c - i c  oat .

BASIS UI~TEC NO T ThASThLII W I L L EI~TSiA RF C -SVP -

-

The u-iven basis (::crcD i 500nt.’r r- r or -almost -:3mpietiefltar~/ )  is

irif-susible . The rr - c ove r ,~ c- a - a : ‘ c e  is called to construct a new basis 
-

and dcr rs , ,- coluras . I

-
T ub r -cu’ ines_ ‘taIled

C15i tF - -

~~~ hIP

Perf-a rc-rc m ‘in I’S S ‘ - ; c c i t i o r  of A .e L - n : :I tr , - j 5 t ~~~~ a

t~ethoiI ” to pr~-r ~ - - -- e per  - i :~~ c c l  w r i  es the  p r o d u c t  fcr ~r f

Th 4 } r e  e ta  f i l e .
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Formal Declaration

SUBR OUTINE INVES T

Method

The basis is - n o a ior a l lv ) permuted to the fa rm

- ‘

A 3 and then  C U
1

C E L
2 A P

where L1 is lower ‘criancul.ar (the above the  hump cc-lwm:-cs I and U
1

upper triangular, permuted from lower triangular L~ (tire below

bump columns) . B is the hump .

I ’ The re sulArr ig  factorizat iori  is of the form

L
1 

I

LU = 
c I

where B has triangular factors L
2
j2.

The routine proceeds by pulling out all the above and below

bump etas and writing th em out , then writing the hump columns in

• ‘mer i t ” order. The bump is then decomposed. The resulting L and

U etas are me rged by llhii’ TL .

S. A. Tomlin , “Pivoting for Size and Sparsity in L .P.  Inversion Routines , ”
Inst . Ma ths. Appli es . 10, pp. n ( }A oc Jl~ -2 ’ .

I - , .

- ~~ -~~~~~~- - -~~~~~~~~~~~‘
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- ~tn cornple ’-ion the r iF n-hamd side is placed in 5 ) ,  cp-d-c -Ar
- 

and put in \:~~ ) .  l A r C h  is -n-l leo -? check relative error in X (~ .

- if this is t oo large rein-ret’s L~ c. Ic perfcncred wj ’ I: a lor ocr relat ive

pivot olerar -ce .

I I ince ThSTRT is the a~cac. iriS ricate rout In e  we d esm cr iL e  i t  more

fully as follows:

F 

-

_____
Local_ -brrav s

~ 1 5-red ion -Cont ains sequence numbers of vea ’ orc - l u - r u d y  p ivot ed on .
~~7~~E-S ) Icr : - ciS : .s — l  — l a w  J ount for -u arcs ian e-i  rows

Con tains 0 for rows below ‘-he hoop and riot l-re’~ pivoted in.

7 -r e r lo r~ Contains se~:uCr c- ’c’ numbers of solaisri c not. yet pivol e:i into rows.
— 

— it is oivided in t o  l~ p unts (so-me of eAT cl-i may be vacaous)
irs follows :

Part 1 contains - en s e r ce riunScers of’ columns in the c-np.

- Tart  2 is spare.

lart  3 cocr t a m L n c ,~-o : ctc se c-car: ‘arc of s t r - -ry -cc r cl  coturocs

- p ivoArn g below ‘he bump

— 
bar ~ c-Ofl~~-i rc 5 i C  :-cCi , - c e nru Thac rs of s- ia- - h - c  and - r - c i f i o i a l s

pi votin ;~ below the bump

_____ ion Contain s in form s — ion ct-our , c i r o : c e  rc r : i- c-n oT c-a r I j r-c ‘ he  t _ r e u - c Cc-c .
I It icc divided inoc  ~ - - - r  cxc- , t]:~ l A r e  the ‘:-rec~~c-r as follows :

- °sr t 1 c o nt a i ns  ire ,-s-crj t trio -u- cu- -- a-aC - - :-i u_- - r a Is -c t i r e  c-urnp

- cr c 2 is spare.

~~L .~~~~~~~~~~~~~~
‘-- 

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ ~~~~~~~~ —_-
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Part 3 corc - - i i  ccc  the p~ n o t  s- c,’ - Ar vec- - -cr-c c - ’~~~-io ned in

Part  of V - r ’ - T i o n .

Par’, ~ con t ain : the  p ’ acc rows of vectors ment i o n e d  in
- 

- 

i n n ’ C of V — c  -
~~‘~~ on

Note tiia~ SRI: ’ ~~ ) i s  c - c uTva l e rce d  to VI:C-I}-~~ ) - ‘ 0 :-: -
~~ ) and.

~~~l -- T - • ) to VEih-R’ ~ h S - :A r ÷ i ) .  Thus - c  last ecuivalerc e must be

- 
changed if NFJ1AI-. is ilcan --ad. Tirt - -cicree arrco-s - -r e  - - S - :- l -~~h and

of dimension N SI-ti ll.

OUTLINE FLOW -CU 1FfT FOR 115/5CC

1. Scan H-resior,

If a rc-w Con t a i : . a  a s l im - c l- c or arn i flsi-ii ,

put s o-u e r ~ae riu~ er i n t o  Part C of l - l - r ec l icn  ond V-region

Jt cherwise put seauence n umber i t . : o i -- c r c  c-f V-reg ion .

In either case replace i - r e - - ion b y -1.

2. Take vec t or s in Part LI- of ‘f-r r - ’i u c.

Zero out those e n t ri e s  i n  he  H - -r c -  V u t  cnac i ’t i ccc d in Par ’ C

of M~rec V -cn, and p ivo t  t I -ese (u n i t ~ ve s t -crc c c .  t h e i r  own rows .

3. Scan Part 1 of V-rio- i oc

Es ’- -ri ’l rib row counts; llear-cic Icr entr ies  in rows A or e the -value

is negat ive and. scib r a : . 1 fro r .,  th is  -value . lf there are no

such rows , the vector  cannot i-c 1 ‘ - r - c - -b ; - c€ d .  -~r - i e n e c - s a g e  to

declare M A cS IX C l i A t i l A l  c a r d a s s i e,n -: ;-c:plo-rrci- : ‘tn T-.’ ‘cit woo ’ or to

basis. - a r p i a c e  w e ’  ‘ - or j -~r t h e  bot l ocr er r-; in Air ’ 1 of V - re c i o n .
-

-
-
~

7
’
-

[1
~~IrI IJLI ~~~~-_ - ~~~~, —- 

“i—-: --- - trr--urcr’ c r ~~r— rs ~~~~ - — -C---- ~
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11 t he r e  is - .1c 1~ -j r c c-crc -h  c- -:7,’ , thu v-u-’ - a- c-Al Ic-i ’ . ’. belur be

bump in th Ai row , if the c - i - u-Ac icc I tt’ - - - - r ‘h a :  iS~Li t’.

replace -rector hy tb -c- bc - t~~o n  ci: Ac i - er t  1 of c — c - - c l ot-

p u . c o - - c c o r - c - c a  numb-ar c t-o P fc c ,T Ar V— a ’- - - T i c,

nun pivot I ito  I —  of - ‘- re l i an

a put 0 into H-rc-~i orc

4 S hcr.-r I : - - - go on to c- ox:

C . Repeat Collcc- --iac g St - C D  un 1.1 a:’. ‘core v~ ctcrs- - -ar b -ca r~scov-~d, fr c  - - c-un .

Scar  Part 1 of V -r ec -i -c n

If  a v-- c - cr h-as an elemen ’ In a r ay  c- c -he r o t.rc ~ -c — c-c lue is —b then

th is  I.  the onli ccl -nor c c - i t t  - a c  element in tns ’. u-cc-: as-icr the

v-ac-tar c-c-ill :- .i vot alcove ‘ bc - i- - i m p .

V r T ’ .e PITA to pivot 11 ibi s  row .

Add 1 to negat ive  a- rc ’ r - i e s  in row s whore th i s  vector tr a ct

a coe Cf ic ien t .

Ait ce - .rc -one - a ru - Ar. or j r -Pco - — i’ c-c..

Popl ice vect or  c 5 hotter :  - -c - aT: i t  Pats -b 1 :~f C— c- ,-oio .

c t l ,e~~j j - ~ - - -- .t tt~ count of -s - “I-c- n in n :~y ruws vP-are the 1 . —value

ic.c r c~,c T ct1co .

If  t l ’~’rr’a- i r e  r io sec - la c’ - ‘u- ti c- ye - o r  cc-s nnot  be in t r cd .uced. I r -r i t

message to decl: .r - -  ‘- tcI’PIX 3511 1 TiP - . -oa t  ct ,c:i  pr -a rc-cc l’~r cccntar y  t S i  t

v ’cc ,a-r to ~~~ basis .  R u p 1 s - - ’~~~’j~- - - c ’ r by -
- ‘ ro~~~- -r’ -c’nt rv  in

- - r  1 c- C V — r e p l y .

-7 -

.

~
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If cb~~r~- I: only ose r ;c .:c. -h re-c : - tn -’ - ac - or clii pi-,-o’c ‘: -eic -w ‘ho  hum p

in t r i i r c  r -:w , ~f ~.c:o v- wi is  I re’ 1 r air

i- ep ic-ce ve. - t ’~r ’ r -y  ‘ P -  1:cc ,tnrn en-cs-p r1~ P a r ’ . . 1 Of V_ r c~, Tior .

Put Su . r t : , a cc .- - r , cc- :-’ -er Jj ’,o c ’ - -a ’ V— ~-

ccc. p iv eat ir-~’,o ~ a - f ’  l’~—re ci c - c .

-• i’st 0 ini , c ~— a - c- , -c-n .

r~~’ there icr  acur - .. a t - a r t  one c~~~i r ’~a , - -  1, - c l ’- c t e  th~ ‘ - ,or it  no be put

into the  h - n c - l i o n  as that suns ci an -ow count — 1 )  over d C  r a w -c with

li’PEt, 

- Sort a- c-vs T n  Part 1 cl  V—repicr . i n to  acc :ecAi  r .  ncer l c order.

5. Wri te  out below hunsn e t c - cc  f~-r a c- arc -ci t  vec’ . - ccr’s.

~~. Take vectors in  5-cr ’ 1 c-f 7--~’~ c- 1on in turn .

flc c p c :k ~r d t r i . e s  It - c vector ir A  cc- V A

Lu -
- “c-pp on ‘a c- ’ c r .

Ce 1. r c yç ’ c-I c r-cr: : CTOLY 1 9 . 1 5 C c - V

Selce t, p i v ’ P — ’ TL row as the - - -tie with s-u--- fI l ’ icien’c a1c-ove ZTOLY in

cm ’prc~~tu-3 e ‘c ’ ha:: - c-ce - ‘~: - T  ‘i i  :‘_ row cauc -c I . If selected p ivot. 025

ab solute ‘c-al -ce l e s t .: t ic -u :  - ‘ pa : - . 
- s - -c rc -, e l 1, -i ’  -lc- : II) 

- 
r ’-se ’

1V155 to t i c i c -  value - c 0  :‘- -pe- : t c- - - ,o c .c e l e c t L o r c .  

- - - - - -
~~~
—- -_ _



‘— Tt’i . t c-  S arc -cl J -c ’ s, pivo’ I r cc - or f .T s c ci.

Lr ~atr c ’ - 15- c - -v c - cu r b s -  In  ~1 1 s-nw:-’ vu -cr-a Fl’iV~ n01c72 Y o vt clu~ ar i d

: i— r~ ct c n  In c r c c t c t l — c -e by p I votal row ca -- ac - A. -~~ 
) 

— i . e .  in c - c ’ . - e

- -rF-pro n :r/ lp i-’e .c’l ll-vulc .:e ~~- 3 ) .

If r,o rows h ive a cc— efficient; aho’rk: . IIOLI’V ir: r”.agr:itude then s -bAr

vector cannot be l~~’ r - d c - c - - c - d .  ~ c ’ i i o  message to  declare MATS I.X

p r a r p p r ~~p and ‘-sSign  005-fl ea, -t r , t ac -~ - u n i t  yea- I air c-o h -c - s ix

7. Merge L and U etas (c -aUto , - CIA - TX )

8. If singularities were detected , ran t-a t. nu ’s sac -T e ‘and exit

5. Update solution , i.e. compute

10. Print  s t a t i s t i c s

11. Theox relative error in solution (using - TA-C I . - and i.f the  value is

encessive repeat INVERT with I7TPEL i m cr e - c : ed  to 0-~: .

MAT - Fl-I 311-I TJUR -’a’i - l - T)R ‘ colu~ rc nane ’ P51-V i i i ’

INVEPT hat s dc-~f ,e-c-ted a s i r c c : l r t r i  -;. - ‘ ca’ .

115/1*’:- c - S l I P .  W I L E  “,TI ’FTM T- - TO P,E ICTV3

Ar e or more s i n n & l a r i  t ie s  were . , ( ‘ Os- t - j Lv I l I c , -’T c - 1 . 5 - - c i i ~o

PE OOV T- c is triggered.

[ b P . d l i I I I I P N i ’  1- 115 P i t I E  TO IAfl .:P - :— - pI-I Ak ic It T C PC

71,

_ _  _ _ _ _ _ _  
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INCREASE ETA 5pcc - - t-’ ‘‘ f) l’[E’l’-1~’~X

The arrays I E ( ’  ) atri d E (~ in Aice program must be Increased  from

their current dimension (standard value is [‘PAl °~O O P ) .

— Subroutines Called

WRE TA

P’Ti-IAJ l

SPIT - V P-

SHIFTE

CI-[SOL

I lEROP

Prints the i t e rat ion  iog (see ‘ C r e r s  Guide to L T P L ” ) .

Formal Declaration

SW3RP-UI J I/1. ITEROP IIPAP ’l

A c r -am e b u r :  T T A I ’;(Ircput) . -‘1~cc-n 1153=0 c — r i r c t  headings for i teration log.

When [IA:- ~ 0 pr in t  a line of the i tei”c-t iurc  log.

1: . ‘ ;- rra s Sian Pri . rc t ec ’.i

L iCt- i P’F = I terac t . i c n

A c - m ost  complementary

S T AI IT C  — C complementar~v

I!  unbounded almost com plementary ray

C ~
- value of tb :  “ Jumrrs,r variable”

VECIN = name c-C - -a-lumr c enterircp hrt c - is

name of column leaving b ’tc’ c- nc

NETS ~
- number a - f ’  ct -c s  in  t h e  et  a fi le

NI’h ,i ‘1 = n - cat er - of e l i -m s -c -n ’ . - in t .h€ ct, a f i le .
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I - F
Main al go rith mi c  routine c-nn ’,r o l i in c -  the  nc t ce p s  c .f the alg o r i t h m ,

inversion and er ror  recovery -At  n ’- ’cess-crU ) .

Formal Declaration

su~~~our iNE r c -~~~~~-y

Method

— -l o/ it is assumed that .I’I-P -I is -:-u i lea  v A - I c  a a -visible , almost

complementary basis found ir~ U ;P cJT .

1/ II, clRT is called. if the n u t - i s  is s incau la r  a cc~ll to PICIJVF.

is triggered. 55cr. ~or if) a new n c -n c - c -i nput - ar almost c-complementary

basis has been foc-i,d In  REIcccfa the INVIIPA’ rout ine is called

again.

2/ After INVERT headings are printed out for the iteration log

(by a call to T C P V P ( 0 ) ) .

3/ The row 13555 on wh i ch “ T1;~ P4a’ 1” pivot  is  found .

1~/ Test the vari’P ln 1-c- cS-I wh i c h  b - as  .i’cs t. left the basis to see

if it is a w variable A -ThiEf < [IT- SW ) , in wh i ch ca se

‘ 
JCf)T , P = J5}c- OW + NONC is to enter the basis .  or a z v a r i n i l o

(NONC > [[SPIT) i t  cc-h i cTc case - ,  -5- . cPp = 1 -CF-IC - A- ‘- ,- , is t’~ on ’ er

b ats -c I s .

a 5/ Column -ICOLP is U SPACK--d :- -;J - 
- ‘P-5 ed.

24 1
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6/ : i ~~: . . :  

~~~ FV) j s  called. If I~c- f’~ = l pr - i - c - -- i - c E ‘ n rac er  7~~.

If IF~~T < 0 go to step 1/and [5555 1 unle-rs r;version has

just been performed, if iTi’ LNV~ Q - ~nd l A c Y  -1 the solu t ion

is infeasible--go to .hECP -icc a rid step ) / .  If f f P I T F c J = 0  - c a d

IFPV=O the pivr-t row PX’WP chosen E r c CHU ZR acusa be accepted.

7/ Bring column c -SOS? into the basis, pivoting on row IROWP

and e E c - s t i n g  The - -d un n - ‘9 ( IR OWP ) .  1-edef irc e :-ss-c.

8/ Update x ( )  and pr ior  at l i n e  of the i te r a t i o n  log.

5/ If “DUf1-~Y 5’ (column 5001) has leOb the bas i s  or its value

is less than ‘AC-STE-I go to 13,- and declare a complementary

roluc- iota

10/ Write a new eta

11~- If it is t ime to do ,  w i - I r e  out lc i , e 1,- ac t s .  cal l  SITS OL or

call [SVElT E’ cA .e .  go to 1/ ~.

12/ If IT ’TTc’T is > ‘TI-ISA-I terminate  and go to 13/

13/ W r i t e  the f i n a l  line of the  iI e r -v  ion log p i o i r u ~ terminal

status , lA-ce f in a l  b a s i s , and return c,o the main program .

Mes sage

ITERATION SI~?T F EX I ’TTD ED

Subrou t ines  Called

tIN PA- - K I i-I’d 1-, 1155 OlE?

INVERT .i ’ ~PAN i-,”FT- IA

ITEPOP c 15{U ;1p P 1)50 1,

242
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MC]2A

Ha~~~e11 subroutine for s ca l in g  s-c cc - c.cua re aa’ . r i x  u sIng  the cTetl cod

of Cur t is and Reid.

Formal Declaration

PU FSa ””FPIE N-1l2’A ~A , 551.’- , T i ,  Sc- , IT S- . JSIA , Ri• C , 15)

~~ f~r e  p -ac - .me ens and the  c-ic ’. hods are fac-ily ‘c :-:pI-Aaed ‘at-c d des-crihed in

A . F .  Purt i s  and J . K .  he ld .  ‘ s- cr ’  rat-c Cu~-rauc- inc-s for th e  Sal :’, I cc - n
of Sparse Pet- s of ., ire ’ccr Ecuations ,” 1-eport I-AcT i_ —R OJ4~,
Theoretical ?ra~r n c i c s  Divis ion , SEll , Harwell , PIrc~~Land (1971).

Note

Very minor changes have been made so t h a t  net-ted DO-loops

do not end on the sam e cta tcm e cc a , thus ‘c - -ch . I eviop WAFI ”T V corn -

pat ibil it v.

CItT PUT

Wr i t e  the soDc-t ior , .f’oaslA by 1 -C-Dh’ to - °5?lAl T oo l cal uni t  I’5-I.ETP.

I ormal Declarat ion

SUUP -I [1 111TE Oi~~i. -’UT

Method

o/ Wri te  the problem name -at t he  top of a new p ’c~~e.

1/ If I~~~~=0 go to 0/ (-I~, c u r I - a r d )

2/ Wr i t e  a heading

3i Sort the basic variable values \ [ (.  ‘E i r c ’. o  m a t ri x  order us ir,cc -

the sequence numbers in  ~i T I ( ’  
-

‘

-.

~~ u~~v.~ta ’c. .s . - c - : - ’  s-r-~’------- - :‘ ~~~~~~~~ “—~~~~~ -~~~- 
.- ———---“- — ~~~~~~~~~~--- __,,_._ _~,,c,~c_ ’.~

_ u A 1~~
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24/ For ] = 1, 111 - LW w r i t e  t h e  rc:~ tc~ and  ~r - r 1ue of a c a s l e  variable

(in sorted order), Lb -  row nam e and the value of the original —

right-hand side elemeact B(I).

5/ Go to 9/.

(‘7 Writ e a heading

7/ For J - ~1, 1150W write the name and value of the w. and z .

variables

s/ 5f ‘~~ I c ~,~~~V “ is basic w r I t e  I t s  n ame and value under the

Z varaa ,s les .

9/ C ompute and write the value of the cuadr a~C - . objective value

if 5f J5fl has been specified.

Note Il’ IFScAL=1, all the solution values must be descaled before

pivoting and before corvnucin!c- the c-aadras~c ob,iective function

(see SOALE for deta c-is of s ,a l~ne f-actors~ .

Construct -a new nonsireula ’r almost complementary feasible

basis (if this  i c-c possible ) from the old basis u si r c ls  as tfl t-i5 of it s

structur- ’P colctmr .c-- as pos~ ib1e .

- ‘c r. ,, ’al P~ c lar s-t t I

N c r  n-p TNT 55’c’S’T/
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~4ethod

1/ Pemove “ Da i I-C’I i 5” from the b-atsi3 .cnd rep lace  it by NOliC to

give a complementary basis

2/ Check for cr-i-re -at . s-~a1,cEx s-’ of b’ rA,rc arec’ crs arid reset J 1-i(’

to include Tea . Coun t number of s’ r a c ct ’ iral column s

(column s of M.t Fr. L A s  , icrc- - ’ Ec - d 1/STIr .

~/ Aft -er -cp a to icc - cc-n t - r  is . If si ’c - ,ru lccr - -: ty was (‘cund repeat

c-uP, 1.1 for a “r-’cx imur r of 115113 cr i er  u n tI l  a nons i racac l ar  ba s i s

is found (IN’VII T au t omatically e jects  dependeot. st r -  -‘ - a i-al

column s and replaces ‘-hen: icy n e i r aor’-p .aerrerctary unit column )

li-/ Examine t h e  ‘nas i-s  solution in ar ray < ~p 1. 55€ -n ever  a negative

x ( i )  is foun d s-uh tcrac t tine vector TV=:E1 ( I )  ‘A-c-rn region

y ( •  ) ( ini tial ized to ze ro) .  i’.eeor -d row 111(15 1 coritainir’:p

the most negative entry

5/ If se1. n~, t n n  is-  ~ -oune~ ’at!ve (i.e. fJ~c ‘;,,v~~~~) d-rc lar e  c e ~~~inat i on

since - ,e solut’ir -p has been ~c-ns~ rac- ted to he c-c ’r ’ip ie’c,es-. -

6/ If 1305 / 1 s flO flz ar - , prcc t~ the nol cr r r r , I~ic ~~‘ ( ‘  ) ‘cr -I ;a ( .  ) ,

W r i t e  a messacc -e that a L A s has been ct-a ’ - .

7/ Define -1(5-lC’ as -511 11Th- S C ) and - acca ra r t e  111! (~ 
) ‘c :uj, inA ,FiA~. -

~ 

‘E so

that the new ba tn i t -  h-a rc- “ NflF~I’{ , -” ( i . e .  col’.,tcr, ic ‘CL )

• basis i n pl’c - -c - e  of SSN~I. 1- a ’ ar - , .  : - ~- ,r c-~- ’~ wi l l  be cal led

fo am on ret,urn f~ i- c- Ice new abr ,o st . -c ia p i e me: . t -cr ,’ feasible

b a s i s .)
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Messages

FATAL EFaIOR- ’number ’ c-3Ã~~JT \TECTOLP

The problem does not have I- ,11C-W basic vectors . I roha~Iv due

to corrupted program or sp lit ve-P: - ’r r .

CO~ PI,E~€NTARY BASIS FOUN’i) - ]

RECOVR has four-id a new cc~piementary basis.

PEAS CO~P BASIS ~J1RIVE D AT IN RECOVE

RECO1~~ has (fortuitously ) f ound the complementary basis it

has constructed to be feasible . Problem solved.

NEW DU MMY COL’ JI~Ci CONSTRUCTED

BE COVR has constructed a new dummy column and determined a

pivot row which will give a feasible almost complementary solution .

¶ Returns to normal algori thm.

Subrout In e s  Cal.lod

TIOTEP’F

Se- .s up ‘crt” cvt- n-I p’arwne’ers for s-till PA the iai~tell n c a l i n~a

sut-ror: ’ ‘ rae 50125 an-i then appl i es ‘he scalincr t’a - , ~-rs -  n c r  u i -n ed by

1,’r I l - PA to the ma ’ ri x (‘-~) -c- ta d the r ic -h’ — ” ,and side st ored i n  B( ) .

_ _ _ _  -- --



Formal DeclaratIon

Sp~ cial Techniq,ues

Scaling factors ‘ire applied by a-idA rc-r~ i r :t e T er s  to the float-

ing point exponents of A ( )  (single precision) and B(’) (double pre-

cision). Thi.s is accomplished by means of enuivalences. Single and

a double precision variables AVAL and BVAL tare defined which are

equivalenced to LOJICAL*1 van i at-les 1)1 and IV. IU and IV are thus

the exponents of AVAL and 5-V/t b c~’ith the stardard bias of ‘SI-c (decimal )

added. Any mat-rU : element A ( I ) , or right-hand elcrne: cI- B ( I ) ,  is thus

stored in AVA L- or BVAL and the exponent is extracted or modified by

examining or changing TU or IV. The modified AVAL or BVAL then

overwrites A(I) or B/I) if a nh-code has been made .

In order to perform arithmetic with the

TI’ arid IV a ‘LOGICAL*l array ~w ( )  of dimension 14- is defined and

equivalenced with an TNTECEie ~1+ variable IVAL. 11,1 and IV are thus

placed in, or extracted f re t ,  the r ightcnost b . c  of IVAL by passing

them through IW(14).

Parameters Passed

5(1125 requIres as par:~~e’ ers the ‘c.rrc -cyr A (~ 
) . ~ y ) ‘cad

. 1 - )  which are in blank common for all c - t - c e r  s-rib r -. - ’ , iries. Arc-

array IP~~. , : T )  w i t r i  cA rt ’. dimen:c-ion 1. -~’-~-~.’l-T is c l i r o  p assed .  This

array is eauivalenced to IE(’ ). 11(1 .i) cont ains  I A : 5 i T ,’i/ - T )  for

1=1, Ni-L W -i , the poir -~t . ’c-r: c to the c - t i - u  ‘tcura i. column s ( I .e :-~ m~~1 rix ).

~h I ic iP (i ,s)  contains on by lie Tn t eoor: 1 t}irntie ll i ~~. - ‘ 
-‘i ~-1 . A

nrr’tv ~SPACE ( ) of al rrenrion h ‘ ST N I Y , e-iui caler ’ ‘ed ‘O

I cc- also passed. I1( . ,2) and WPi’A-A-’(’ ) m i s t  be r~ )l’ c - t-s - s - i -cc ed If

: ‘~~ (/ is chant -ed.

_ _ _  ~~~~~~~~~~~~~
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1-Ic abod

1/ i ir st  the sum of s p a - a r c  a s--f ‘~x p - - r a e r c t s  of a r ce  1 ma tr i x  is

c ompun~~d and p n i n ’  ad.

2/ The array IP~ . ,~~) Is sc- , ‘
~~~ 

-and I/CibA is called.

~ / If M-p ItA d e t e c t s  an empty row or column scali ng is ab andoned.

~ / Af te r  MC12A has r er -j r cc~ad the row rin d column scales for 1-I

in t he  ac - a -  ISP (. ,2 )  Ccc - run :  air I column in A (~ 
) and  the

rirh c —h as -i side c3c, ’ ) - i’e sas-cled hj :ncdif~rin their exc-r rc-ents.

5/ The new sum of cares of the  expc-ne s-ts  ct - th e  one matrix is

computed and, printed .

her s’~~ec

M A T R I X  IICA LIIT S CALLED FOP

IFOCAI. was set ecua l  to a ncs- :cero va lue  and 11 will be scaled.

Ac- ITTA L su’i c--a t :tAic11 ’-~ OF FX°OICPL’i’S- ‘cc-umber ’

I n i tia l  ~ t - .t ris -  s - - C ma -  r i x  bef ~ no s r - Liar  Ct -a --: a-ecc~ c - 4

rIi-TiJ SPIT OF C t/I/tic-Pt ’- (IF E - P 5 - 1 P1/ - P = ‘ nurh er ’ .

S t a t u s  of craat ,’( a :i f t ey  i cc- I i s - c .  All Sc - ‘~ i ! l i g  is- - l o i r e  on s- : - c I - - c c - e r a t s

only , ar-ri h en c e  scalir ,~ . fa~- ’c - - c rs - - a r - - powers of l(. If t l c e  ma t r i x  was well

s--cs-led to b c I t n  wi -h . tie n-~’w s- uc-c-c- of a mares  “ -  - be l ’~rc~- -r than tir e eld .



- 

—-

SiNSt T~~lR K M~ E RTX -NC S P A r C  N

The sca l ing  routine de tect ed  a s - -n o  row or cd -n c- . The rri - will

continue but normal terminati-8a is wailkely.

SUBR OUTINE CALLED

SI-IIFTE

- 

-~ Shift s tee eta: ccrrecror j:irco to he upr-c~’ triangular i’s’ s- s-c ’ t u )
- 

4 
produced by IICiTPA when it  carries ous- an LU decccap :ei’ i cr,, so that

- they are -s-nt ’ riu s-us w i t h  ar e  et-is for the L fac t -s--n .  Toe u r i t T e d  e ta

file is tb-c ’s-i reaci~- for s - t s - ct I m d  pr acluot fort-cr a er- I is-a lei c and up-date .

Formal Declaration

SUBROUTINE St-I f IF

Method

The U (bac I -~~ar-i ) etc~s- Wor c c - r a i l ’ . up  in rse a i r  lr--’ the

bce tom n-f the LF( ’  ) .  IE (  ) as-c-i ~~~ r e r - i c n -.s :t a rt ir g  - ,t  SIT-l AX -- i.

j , PM j iX and NFMAX , ~‘os~ n i  — U’- The cs-c-i -a r of f t  et a :  (i0 ’I- IPc ) ‘cad

eta e lements  rN I’T LJ-~”I ,) is ua :-c . .  l iv er :  SLUTA at -i S I X A ’ - ’ the 15 -‘tas

are shifted to follow on directly f r - c - rn  the L eta:’ .

Sta FFTP

iL i f 1  s t h e cc-r~~~en t s-  of one i- ’- ’ ’  I s-ar to an o f  ( C r  -: - t i - - el’,- over—

wri~ Tn~’ the first NI-cOW e1ements~ .

L

~~LJ1 ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ 
-~ , - ,~ -CII - ~~~~~~ 

- -u,-
~ - - - - - -- ~~~~~ “— — - - . -
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Pormal Declaration

SUBROUTINE SHIE’TRcI’iI ,; , L Ii E - ,- l )

Parameters: I~ LD ( I n p u t) :  Reg ion  number to be copied (shifted)

{NEW ( I n p u t) :  I’ a-d c-n number i n to  wI-u -s- h reg ion I~ LD is

to be shifted (c o p i e d) .

No Ce s

1/ The re~ iorcs BI, . ) , Y(.). 1~
’(J, i i’FMP~, . )  are numbered 1, 2 , ~

a rr-d ~ for the purposes of tI,is routine and the p a ra me t e r s

IOLD , LI -~T~ mu st  s-the values 1. 2, ~~~, or

2/ The a r ray  FAt i-A ’: 4 . ) .  e c u ~~vaie rc --c-:d to B(’ ) s-rus t  be given the

dimension ‘ i -c- t t P if itS UAX i s  charged.

UN PACK

Unpacks a packed vector in the coeff ic ient  matrix (A )  into

the  work reg ior Y ( ’  ) .

Formal Declaration

SUBROUTINE UN PACK (Iv )

Parameters : I V ( ’ r~pu t -) - -t he  s-- cri er-c e number I-cclumla t a c r i h e r )  of

the -c-ol :mrc- to be ms nc~s- m ’od

Met .r:oo

The vector is unpacked ex a c t ly  as de scri bed in the

“Matrix Storage” section .

50
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1) ~ -~ ~~ ~

r am - c teclara:. ton

S n - a l i a s-r i  p u v o t i n -  c r - a-ac-ar. ,

4 1/ Cnn: p ’cs -n ~~~~~~ rip = -‘ ( s -~~~’ - ’ - p ) , a ( ip  

h/ ‘T: -d - - ’c-- c1 ( T ) ~~ xj )  - Y I ~~~s~ for i~~ 1 , 1-Ta ,-?

3/ PenAnce (I ,  —~ ‘~c- =

Tr ite  ci n e - - ’ -ar -c t-o t - i ~ cc - c-f t i c  ~
‘ I ’ -  ,c- ‘ F e Vt  —

Ira Y ( .  and {i-s--f-TF .

‘-nan :nl , c t A t -

h -i ,~~T :-n

Irc ore s- lISLE - ty I n t - i  ‘.ic- t e

[1 ~N I i~ - i)  = lFCI-~ P

- - V~~T F1 ( WP 1

, s~~e sea 4 icr - c- - c s - f  i- - ”1t ion I rca- -c r a i n , - ’

5J

- ‘-- - -~~~ 
,
~~
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2/ Zero out Y ( T k - I r U i )

~ j P ick  up all o l -  2 -r atS in Y (  ) w i t h  absolute value creater  s-nan

ZIP LA and, pats-s ra e cu er c- Lially I- :a IE ( rind S , uc-cre u si r ce

ISPLEK -at ea,r L s ea

14.! Trc cro’IS e NE LE by l and d e f i n e  LF H-SC’-l)  =

- I o r n , ’u a -  i’ c - a t t I c :  c - - t u r a L to m- -~ke op a s’s-rare nc’u, - n i x  when NQ- -iD

has been specified and only NQ-)AD (< I F-l i-I ) col’ins s were supplied.

-- The matr ix  K is as-:’maa~d to correspond to a quadratic program and

be of the ferns-

D~~~ A

A 0

Xs-OLS p icks  up the last IS- - d-NO-]1iD rows of the matrix supplied and

‘-onc - r u - t : :  [ ~ ] 
, which crl ’am~ s are added on to the assumed

F ~ 1 to giv~ the C c cl  t’~ 1-b n a p ’  y row s -cf A are as-Ic-we d .

L A J

Formal IUcl-a r- l e n

P IJIIP(- c - - I I S  <

Met hod

-Sea r -h i-c-wS r/t~SA D- 1 th r - s-u rh  Shm ’-W in ~enuence for  nonzeros .

Store h e i r  :1c c - s - t i  ‘-yes a:’ n - w  coin -cans -

52
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