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uJ“.Thm'1elt.‘ LINER Plx‘OCxlx‘ANIS IN i"L)POLk)CxI.'O‘A.TJ VPJ‘Cl"OR LAI‘TICL“S.

G.L.Thompson.- BIODE“I;L‘ING ANL3 (,‘ONII‘LII"INU‘ SOLUTIONS B’O LMiG'D OPE‘—

h‘AP‘IILNS 1x‘L“SL“Ah‘L‘H PIIOBIJL“MS BY USING NL"‘l"VlO}\"K’

b"\(vh‘M1.IIJA.l"1_'(\N"S;V‘.

J.T1nd.- CERTAIN R'INDS OI‘ POLAR SE‘D’S AND 1‘}1E‘IR R‘ELATION TO
MTm“N‘MTICAL PROGRM'ml"ING.

M.J.Todd.- OPTIhm DISSE‘L‘T’ION OB‘ SIMPLICE“S.
L.T01'nt - F.Bfl.Ca111'er.' ON THL‘* ACCL«‘LL“12AB'ING PROPL"RTY O'P AN

ALGORITW FOR I‘«WCTION MINIMIZATION WIT‘IiOUT
CALCfiATING DERIVATIVES.

J.A.Tomlin.- A SWVL*‘Y OF RL"CE‘N1‘ ADVANCL“S IN NMTHL“MT'ICAL
PROGRMWING SYST‘L“MS.

K.Tone.- ON OPTIW PATTL‘«RN FLOWS.
L.E.Trotter - D.B. Wel‘nberger.° SWMI"RIC BLOCKING AND ANTI—

BLOCKING RELATIONS B‘OR GE‘NE‘RALIZED CIRCWATIONS.
Hoang Tuy.- IMPROVED ALGORITWS B‘OR CONCAVE PROGRMMING WDER

LINEAR CONSTRAINTS. .
Hoang Tw.- 0N FIED POINT’ M‘THODS IN MD'HL‘NMTICAL PROGRMIING

AND RELATE‘D QUE“SP’IONS.
Aydin Ulkucu.- A PROBBILISTIC L“FF‘ICIL“‘NCY ST’UDIES O'P MTHE‘MATI-

CAL PROGRWL’ING mGORITIMS.
S.Va3‘da.- CONTROL OF MNPOWE'R SYS’PL*‘MS BY LINER PROGRWING.
I.Vasko"vi — M.Galbavy - Yu. K1‘chatov-. sow RESWTS ON T%

WTHEMTICAL TIiEORY OF BINARY MIXTM‘S SEPARA-
l‘ION.

Ela Vizva’r1'-. GE‘NE‘RmIZED LAGRANGE‘ hflmTIPLIERS IN INTE‘GE'R

PROGRWING.
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R.V.Valqu1' V1'dal.- DESIGN OF A PIPL“LINE‘ ROUTE. m OR APPROACH
TO AN L"NGINEERING DESIGN PROBLEM.

A.Volpentesta.- P‘INITE GROUPS AND INTEGER LINER PROGRMS. AN
WIFYING SWVE‘Y MD SOLE NEVl PROPERTIES.

S.Waluh‘ew1‘cz — I. Kall’szewsk1". TIGHTER EQUIVflENT FOMMATIONS
OF INTE‘GER PROGRAWITING PROBLEMS.

F.Weinberg'. A NECESSMY AND SUF4FICIENT CONDITION FOR Tm
I AGGRL*‘GATION O‘F LINEAR DIO'PMNTINE EQUATIONS.

D.de Werra.- ON OPI“INIIZAP‘ION IN EDGE‘—C‘mOMTIC SCfl“DmING.
R.J.B. Wets.- THE' OPTINML RECOURSE PROBLEM.
J.VV1‘J‘ngaard'. AN APPLICATION OF DleIC PROGRMMIIIVG TO A BUILDING

CAM WITH DOMIINOE‘S.
H.P.Willl’%$'. THE" E‘COII"OMIC INTERPRETATION O*P DUMITY FOR PMC—

TICAL IIIE‘D IIITEGL"‘R PROGMMJL’ING PROBLENIS.
A.B. Yadkl'n.° A PWTRIC APPROACH TO TE SOLUTION OF LINER

MD QUADRATIC PROGMML’ING PROBLEMS.
H.Yamas_h1‘ta.- A DIFFEREIITIAL EQUATION APPROACH TO NOIILTMM

PROGRANHAING AND ITS HPLICATION TO GLOBfl
I OPTIMIZATION.

H.P. Young.‘ POWER,PRICE'S AND INCOB‘ES IN VOTIIIG GMFES.
A.Zilinskas.' ON ONE-DIMNSIOIJAL MTINIODAL OPTIMIZATION.
S.Zionts.' CHOOSING MIONG ALTERNATIVE DECISIONS IWOLVING

flIWTIPLE‘ CRITERIA.

.



\
x—“fiT

N.N. Abdelmalek, National Research Council, Ottawa,

Ontario, Canada K1A 0R6. MINIMUM L—INFINITY SOLUTION

0F UNDERDETERMINED SYSTEMS 0F LINEAR EQUATIONS.

The problem of obtaining a min'imum L—infinity

solution of an underdetermined system of consistent

linear equations is reduced to a linear programming

problem. A modified simplex algorithm is then des-~

cribed. In this algorithm no conditions are imposed-

on the coefficient matrix and minimum storage is

required. The algorithm is an efficient and fast one.

A numerical example is detailed.

Chri'sti‘an C.AgM\vmba, Uni'ver51'ty College of Wales, Abewstmvth

and

Uni'ver81'ty of N'i'geri‘a, Nsmcka

NONLINEAR PROGMIMH.IIIJG .' COJISTMIllT REGUMRIZATIOII

This paper 1's concerned Vv1‘th the Km-Tuclcer Necessity Condition

i'n F.1athe'mati'cal ProngHi'ng and i'ts vari'ous constraint qualificti~tions.

The m1‘n questi‘on cons1dered 1's -. "Gi'ven that a set of constraints

do not sati'sfy a gi'ven constrai'nt quali'fication, 1‘s i't alvvws possible

to modi'fy the set by addi‘ng to i't redundant 001istra1'nt md thereby

force i't to sati'sfy the constrai'nt quali'fi'cation?"

D'he mS\ver to the above questi'on 1’s sehowvn to be "Yes" for soxne, but

"IIo" for other constrai'nt qualifi'Ceti'ons.

Also, necessam ma suff1‘01'ent confl‘tions for the addi'ti‘onal set of

constrai'nts to be fi‘m te are gi'ven.

Certal'n consequences of the vIOrk, i'ncludi'lig a new cons°traint

quali’fi'cati'on and a nexv' necess1'ty cri'teri'a whi'ch are exten51‘ons of

the— Yrum-Tuclt’er—Ilecesessi'ty Condi'ti'on are gi'ven.



A.S. Antipin», International Collective of Scientists,
Moscow, USSR
A MINT TYm WD’HOD FOR SEmw OF AUGW‘TE‘D LAGMIGIM
FWCE’ION stm-mlm

  

The conVex program
fan) ~— mm‘
Am-b,
one Q

is considered. Here fZR-‘nR is a continuously differentiable
function, A—mxn matrix, 006R" , bER'“ , Q is a given
closed convex set. _

A gadi'ent type mthod for SOlVl'% the problem (1),
based on augmented Lagrangian function

M(30.g)=f(00)+(g,b-Aoc)+z—kl‘o—AocI“ ,
k>0 , (OC,y)€ QX Rm is discussed.

It is proposed to use the following iterative pro-
cess for search of a saddle-point of M((n,g)(and hence for
solvmg‘ the problem (1)).-

:10M = Paw)" - (I VaM(m“,g")),
. 9"“ sy"+kVyM(oc“”) ‘

wher vxM(oc,g)=vf(oc)—A*(g+k(b—Aoc)), Vngé b—Aoc ,
and a - projection operator on .

It is proved that under noise conditions the process
(2) converges to a saddle-point of M(OC,9) . Disturbances
of grad_i'entstM(0c,g),VgM(oc,y) as well as of projection
operator at each steg supposed to be less than a specifi-
ed <5n such that 2'. n<°° . Furthermore it is supposed
that the step length 06 satisfies the follovun'g condit-____’k_2_____ . . tion o<o<< L +2HA,A" where L is a Lipscyhitz. constan

for VfCoc) .

(1)1

(2)



L”A1_“_‘n_x_~,m Uniwrsidud Simon Bolivar,

Nld
J. Edmonu. C.0.R.E, Belgium

MASTER :JWTMIG ROUP POLY1{EDRA

+ . . . . .Lot (8,") be a finite commuticative semigroup and b
an oldment of o“ . We define the Master Semigroup Poly—
hedron 1‘ (SN) as the convex hull of the integer
vezctors @353 N : tag 0, s G S) satisf‘aying

~ 5 thus—*1) /where 3- is the iteration ofw+ ands
2,1

ts.s =~ S). This definition includes covering poly—
LN

hedra: Convex hull of integer solutions t2 0 of
At: b where A is a matrix m1d b is a vector both
with non—negative integer entries, the columns A3. of
A are all the oil-“erents‘ vectors less than of equal to b.
The semigroup here is ({S : Of S__< bi} , S integer vectorjmt
with b‘fv‘p —- min (‘8 + p,b) (the minimum is taken compo-
nent by component). It also includes Gomory’s Master
Group k‘olyhedra.

Given a polyhedron P, we call de {Loolar of P de
set p‘5 = {v: yx Z l for all x 6 P} . We say that P_ is

{ID—closed when .P =

’n‘e obtain the following characterization of b—closed
o‘teuxi'brroup polylxedra:

Theorem: L‘Cb‘,b) is (5—closed if and only if there
exists an integer k > 1 sluch that b = k.b .

Definition: S is a b—complementor of s when

8; s- = b and s~+ r' = h (Ls = b implies P~+h=b. (S,~+)
1's b-complexuentary w11en evex'y elenlent i'n b‘ has a
b-co:.1pleu1exxtor /b."1‘oups'n-nd covei'i'ng semi'groups are b—

coxxxplexxxenta'ry and mor"cover the b—compleulentors a're urii"gue/.



\I‘e present (several theoremcs charact'erl'z1'n07, tn‘e facets of
L‘Co",b) as vertl ces of’ nl'bl“hlj‘ struct‘ured polj‘n‘edra' e.g.

The orem.' Lclt (0"N+) be a" b-complementarj~ sernl'bv 0up. .l'e M've.'

l. A‘ll trle facets of' 'E(o”,b) we of the form
x3 1 or XS: 0.

2. T’Ix Z 1 represent a facet of ECS,b) if and
only 1'ffi 1's a ve'rtc‘x‘ of

{T A1 +2.0 .-u"’b = 1; we “Claw P for all

8 ,PE S :Tis 1-"1’8' : l,

r‘for- all 8— 'a b—complementor of o}.

#P‘.Mentesz' E'UMTODI, Ispra, Intaly

DIMCT DIFFEMNTIAL IDMTIFICATIOII‘ OF COPEflTL‘ElT‘Tfl SYSTM

BY LINEM PROGWIIIG

A new approach 1's presented to the dl'rect dl'fferentl'al
method of 1'dent1‘f1'cat1on /method orl'gl’nally proposed by
R.Bellman/ that seems to overcome some of the m1‘n obJ'ectl'ons
formulated agal'nst thl‘s estl'mator.
The characterl'stl'cs of the approach we as follows-.
l./ The derl'vatl'ves are estl’mated by approx1‘mat1'ng the expe-
rl'mental data vvl'th cubl'c spll'ne fmctl'ons.
2./ The parameter estl'matl'on from the m set of n ll'new
al'multaneous equatl'ons 1's perfomed by ll'new progrml'g,

4 mder the norm Ll.
Th-c mal'n 1'mprovement, with respect to the orl'gl'nal approach,
seems to be the parmeter estl'matl'on v1‘a ll'near progrml'ng,
which ea81'ly perml'ts the 1'ntroduct1'on of constral'nts on the
parameters value, to av01'd a meanl‘ngless solutl'on, md the
derl'vatl've estl‘matl'on v1'a base fmct1’on,-that av01'd the error
ampll'fl'cat‘l'ons of the nmerl'cal derl‘vation.
A nmerl'cal experl'rnent and an analysl's .of data we gl‘ven to~
shov: the rell‘abl'll'ty and the practl'cal appll'catl’ons of the
proposed technl'que.
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I.‘Ai. .fis".,e ,Ilmsstitute for rSocial ?.I"‘~nageon.ent,o°of1'a,Bulgaria>.

COKTQUTA.TIONAI; F..'XP..FRIFJIICF;4 All‘D LD_DLIC’tTIOIo‘YQn' WITIX TI.’E

G.-"0".I'P-'PtIOlIlS [ALGORITII_11

T116 pa_ner dc-.s..cril)es an albeori'thm for the solution of

descrete problems \I'ith zero—one vuriubles.Tlle tilg,ori.thm is

ba.sed on the Geoff r1 on's impli'cit enumerxm.tion t echnique.Th_e

autllor introducesF se—ve.ral modi‘fications reducing the compu-

tation tinle and storage re-o.uirem ents.Imbedd ed dual linear

pPOOPPrlm ge.nerut1'ng surx'ogat.e_constrtminto" 1‘s incorporate d

xvithin the 1'terative "sclxe.mo.o"p~ucr.sity technl ques are employ-

ed using sophisticated comn.act1'ng sicheme for‘ the. non—7.ero

elem ents i‘n the integer timbletmu.Roinvor sion "subroutine xvith

static orderi‘ng of the inverted b°w51'°s of the, dual problem is

developed.A reorderi'ng scheme of the variables in t 1.'e partial

solution accordi‘ng to the value 5 of the co-oi‘f.icients of the

current surrogate constraint 1-8 (11 so consstructed.The alooorithm

is tested with di'fferent in size u."nd twe integer ‘nrob>lems and

the computational en'perience reported.The result"_a presented in

the paper are obtained on ICL 1906A and CDC-7(>OO comn.uters.The

prograom 1's written in F'ORTRM IV language.

#.A..AuslenderUniverSi'ty of Clermont, Aubi ere, Frwce

hlINIul‘IZ LTION OF COW‘ FUNCE‘IONo“ \u""ITd’ EMORS

Numerical methods are proposed for solving conltex optimization

problems where are known only approximatively the values of the

objective function and its sub-differential. Ap plioations of these

method 3 are also given.
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Mfl.Avri'el Te chni on, Israel Insti'tute of Technology,
Haifa, Israel,

wd
b‘.Scha1ble, Uni'ver51'ty of Ko"ln,

Ko"ln, Vi4ermwy

 

ECOND 0RDER CMMCTERIZA‘TIONb‘ OF B'o"bUDO4UMX FUNCTIONS

A Motion f(x) is called pseudo-convex in CéRn if for all x,y e C

(y - x)TVf(x),>o implies r(y)>,f(x).

For twice differentiable mnctions necessary as well as sdficient

criteria for pseudo-convexity are derived. In contrast to those

for convex fmctions these criteria involve not onw second order but

also first order derivatives. Special attention is given to

quauatic functions.

#P.S.Ales SCICON Computer Serv1'oes,Mi‘lton Keynes, D'ngland
WENIL SCICON Computer SerVi'ces, Ifli‘lton Keynes,Enooland
RMCBluesSCICOIV Computer Serv1'ces, Ifli‘lton Keynes, E'novland
‘S#.J.le'l'ld SCICON Computer Serv1'ces,lfli'lton Keynes, England

MTHMTICAL IflODL‘“LS FOR THE LOCMION O'P GOVE'M*“NT

Thi’s paper descri'bes some models to aSSi'st w1'th locati'ons of mverment

Mpuments developed for the Property SerVi'ces Agency,of the Bri‘tish

Government .

The models me concerned w1'th allocati'ng Depuments to locati'ons to mi‘ni‘mi‘ze

the comined costs of accomodati'on, dislocati‘on (i'.e. mov1'ng Mparments

from thei‘r present locati'on) md comunicati‘on.

m: fi'rst model groups parts of Depuments i'nto clusters, using w extenSL‘on

of Euclidian Cluster MalySi's, so that Deparmental groups comuni'cati‘ng

extensively Wi‘th each other are allocated to the sme cluster as fa as

mssible. We then use mathematical progrming to a110cate clusters to

locations. The methods fie an extensi‘on of those descri'bed by E.M.L.Beale

and J.A. Tomlin (1972) "M Integer Progrmi'ng approach to a class of

combinatorial problems". Mathematical Programi’ng _3pp 339—344.

on
N



A. kohem, Unl'ver81‘t,y of Bom, Bonn, W.—Germany
 

IMEGI."R LIWR PROGMMNG OER COM‘S Uo°ING GEM‘MLIZED
FUNMLE*MAL POINTS

We con31'der the usual 1'nteger ll'near programml'ng problem,

relax1’ng some of the nonnegat1’v1'ty constral'nts, that 1's

m1°n {c'x / AIX _< bl} ,

where A 1's an (m+n,n) 1'nteger matrl'x and AI 1's a submatrl'x
of A contal'nl'ng all rows whose 1'nd1'ces belong to the 1'ndex

set I.

We show that thl's problem can be rewrl'tten as

ml'n {d'f(A,u) / f(A,u) '— b, AeX(f), new}

where f‘eF and F contal'ns all functl'ons f whl'oh are ll'near

1'n u and affl'ne 1'n A , and X(f) 1's a set of spe01'al

fundamental p01'nts correspondl'ng to f. We show how feF can

be chosen so that th‘e resultl'ng problem attal'ns 1'ts ml'nl'mum

for u-‘O, and characterl'ze the correspondl'ng fundamental p01'nts.

An algorl'thm 1's presented along w1'th computatl'onal comparl'sons

w1'th usual ILPC-methods, and 1't 1's shown, that thl's algorl'thm

works best 1'f (and only 1'f) usual group methods are not

apppll'cable (because of the Sl'ze of the determl'nant).

An exten51'on 1's proposed for general ILPC—Problems u51'ng thl's

algorl'thm as a subroutl'ne.



Hg.Baier Techn. Hochschule Darmstadt, 061m Damstadt, w-Gemany

MULTICRITERIA DECISION MKING Ih‘ DESIGN OF EMSTIC STRUCTUES

Though the design procedure as a whole is mostly conceived as
an art, immrtant parts can be formalized and treated by mathe-
matical progrming techni_oues. Such an application is design
of elastic structures, whose main task is to carry loads with a
least amount of materials, minimum cost of construction or high
stiffness while satisfying certain constraints, such as strength
and fabrication limits. In this vector optimization problm

"minimize” (f(x)|g(x) _> O, h(x) -— O}

the obj'ective f.' R“ + Rm, and constraints g.- R" + RP, h.- Rn + Rq,
are assumed to be twice continuously differentiable but not
necessarily convex.

It is shown that multicriteria decision making not only reduces
the artisti'c parts of deSi‘gning and determines efficient solu-
tions but that also quite general rules applicable to a broad
class of problws can be deri'ved. In this context the performance
of the comonly used appoaches 1's discussed and suggestions for
most appropriate techniques, such as interactive preference
defining duri ng the computational process, are mad‘e. The impact
of multicriteria problems on optimization methods designed for
single criteria problws is studied.

\L
'



_,__,____3L______A, B BaxumH CHI/m" LIGHTpaJILHHfi axonomxo—maTeNLaTI/me cram
KHCTPITy-T AH CCCP +. Mocmaa , CCCP .
HPVIHILVIII MTEPATMBHOI/l PEUJDiPh'dArHl/M HPVI HOCTPOEHI/IVI METOJLOB
HPMBHMMPHOTO PEUIEHJ/IH NDHOTOHHbIX BAPI/IAUMOHHHX HEPABEHCTB
MHorue excrrpemanbmie IIpOOJIeMH / MMHMMMBaIIKH Bunymmx
41"YHKIIMOHMOB, HaxomeHne 1'0qu paBHOBecm decnoannuMOHHHx nrp
14 mm. / 0:30me K pemeHmo Tax Ha-zauBaemoro BapnauMOHHoro
HepaBeHc'rBa, T.e. Haxomenm marcoro memenfra a: EQQB ,
1pm < Pumas—x) so , Vzea (91-)
311905 a Banymoe saMKHy'roe nonMHoxcec'rBo OaHaXOBa npoc'rpch'r-Bag

F — onepa'rop H3 3 B ero COIlpHJKeHHOG 3* v'.
MJZLHMMQJIBHO HeOOXOJII/IMOB TpeGOBaHne Ha F m nocrrpoemm
conepacaTeJILHofi TGOpYH/1(*) - MOHO’I‘OHHOCTI: o'rodpo'oerm F :

<‘ F(x,)-F(xl)’x'.xz7 3 omxzeq 061.1qu npn paspaoo'rxe
npndnnmeHHux MTepaTI/LBHHX MeTO,II,OB pemeHm (as) TpeGOBaI-Ude mono—
TOHHOC‘I‘H ycmmaalo-r Ten mm KHHM cnocodom . 'Hpemarae'rca
yHmBepcanLHma“ npmeM noc'rpoeHm CPUIBHO cxomumxca mepammmmx
me'ronoxa pemeHm (a?) B TOM onyqae, Roma F npoc'ro MOHO'I‘OHeH
n Hmcarcoro ycmenm amoro CBoficrrBa npennonaravrb HGJILSH.
3TOT npneM / mepa-rnBHafi perympmaaum/ coc'ron'r B CJlelIYIOlueM.
PaccmanMBaeToH BCIIOMOI‘aTeJIBHoe HepaBeHCTBo ' _

1 F00 + 8 11(1); x’£> £0 2661, £>o (am)
Mm CPLJILHO MOHOTOHHIM“ onepa'rop n3 5 B 3* .

HepaBeHc'rBo (fix) 001:1qu oduauae'r cymec'rBeHHo erqmmmn CBofic'rBan/M
up cpaBHeHmo c (91-) . B qac'rHoc'rn ero ynce memo pema'rb
"C'I‘aHlLapTHHMM" HTGPaTIZIBHHNM MGTOIIaMM .
Hpemaraerrcx , HasHaqMB $.51 , CJLGJIaTB 0mm mar K.JI.
KTBPaTMBHOI‘O MGTOJIa pememm (g. y) . BaTeM , sameHnB’ 5 Ha
£1 (£1{&)ClLeJIaTL mar mepa'rnBHoro me'rona c HOBHM £11»; TJI.

lbw OOJILIHOI‘O tmea MTepa'I‘I/IBHHX MBTOJIOB peweHm (*agmomo TaK
anpmopHo Hasnaqmb {8"} 90, mo Homeriafl nocn'enosaTeJILHocTL
1‘0qu 143 Q CMJIBHO' CXOIIM'I‘OH K 0,11H0My ~1713'pememavx“ (at) .
3T8. 0611183 oxen/Ia nopoxuzae'r OOJIBLUOG mono HOBHX MGTOJIOB pememm
sanaq marremaq‘mecxoro nporpamvmpOBaHm, HaXOJKIIeHPIH cemoaux
Toqex, ToueK paBHOBeCI/IH m mull. 9 ocinanamumx cymec'rBeHHo OOJIBIIMMPI
Bosmoxmoc'mm, qu cymec'myloum'e '.
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onn@138, Carnegie-Mellon Universl'ty

SOLE« MCB1NT DEVELOPLENTS IN ZERO—OM PROGMMNG

In recent years a nmber of interesting results have been

obtained 1'n the direction of characterizing or approximating 0-1

lieprogram.i.n°0 pOIJ‘vtopes by a system of linear. inequal*.ties.

d iscuss some o.f these results and their practical significance.

Particular algorithms are discussed for several classes of 0-1

programs.

bunchmlas, Camegsl'e-l.lellon Un1'ver81'tv_

Nl‘cos Chri‘stofides, Imper1‘a1 Colleg.e of Sci ence and
Technolow, London

 

A MEV‘ PEMLN REMOD FOR TE TMWLING &ESMN PROBE‘RI

We discuss an algorithm for the traveling salesman proble.m

based on the approach of evolving a sequence of assigment problms

with the cost functtion succecssively modified so as to finally make

the optiml a381‘gment a tour.‘ Computetional experience will be

discussed.
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lxlv".L. Ball'nskl", Interna'tl'onal l'nstl'tut e for n“ppll'ed b‘ysterms
Analy s1 5, Lmenburg, Ausotrla,

wd

Gra'duate Center, Cl ty Urll’ver‘81'ty of‘ Iqew York,
U SA

uIl‘ULTIPLE O‘BflCD’Ifl"b‘ IN IWB‘ORTIOM"'L'NT.°> m‘ MIOI.‘"‘ULTIC ll‘PP'ROACH

The problem of' a'pportl onment 1's to £1nd non—nega'tlveI11
m, 21 ai = h Po) for all h "pro-

port1°onal to" the p 081'tl've /"popula't‘1'ons"'/ 1'ntegi‘ers
1'ntegers al,...,a

pl....,pm f‘or any sucll p’s.

Il\l-wy ObJ ectlves concernl‘ng what 1's meant by "pnopor—
tl'onallty" 1'n tr; 1's case cw' be set. D'1f fer;ng 1'deas of
"fa1'rness" are l‘mpll'ed. l"11'1‘s ta’lk v11 11 report on some
characterl’za‘tl'ons of approacrles t'o the problem.

_#J.L.Ball'ntfy, School of Bu31'nes s Adm.Un1'v.of Mao°%merst

A STOCMSTIC PR'OGWING MO_DEL OF THE SELECTIVE WNU

PROBLEM

Food preferences are represented by preference state
probabl'll'ty vectors and the 1'nc1'dence of ch0051'ng or
not c'h0081'ng an 1'tem are represented by two types of
correspond1'% tran81't1‘on matrl'ces. The fl'rst type 1's re-
dulc1'ng the'expect'ed preference 1'n one step whl’le the
second one 1's 1'ncreas1’ng 1't step by step on a dl'screte
tl‘me scale. The ch01.'ce probabl'll'tl'es can be computed
at each stage of thl's process by Luce’s ax1'om and 1't
1's proved that the expected preference of'a ch01'cegroup
1's alwa,vs greater than the convex ll‘near combl'natl'ons
of the 1't ems. The, optl'mal selectl've menu 1‘s plamed by
max1’m1'21'ng the expected pref erence of a set of ch01'ce-
groups whl'le mal'ntal'nl'ng structwal, cost and nutrl'tl'onal
fea31"b1'11'ty by a Inuslt'l‘stagv'e extens1 on of the Armstrong—
Ball'ntfy algorl‘tm of' multl'ple ch01'ce-progrm1'ng w1’th
J"01'nt probabl'll'stl'c constral'nt‘s. ‘
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Ri'chud H. Bartels, The Johns Hopkins Uni'v.ers1'ty,.
Department of 1.1"‘athematical Selences",
Baltimore, I»hrylwd

Chri'staK‘i‘sCha'ralambousw D’he Uni'verSL'ty of ‘J"‘atei“loo,
Depa'rtment OI“ Combi'natorcs m_d
Optimzat‘i'on, VJaterloo, Ontario,

and

Mdrew R. Conn, The .Uni'ver_51'ty of XV"a't_er.loo, Department of
Combinatorics wd Optimzation, \J‘-aterloo,
Onta'ri’o.

MILJ"I-.‘IZA“TIOIW TECH'IVIQUES B‘OlQ PE‘CE‘VI"'ISE“ DIh‘li‘E.‘m"lIl‘IABLE‘
FUNCTIONS.‘ Tfl’LM SOLUTION TO M'q M*‘@E"E*RJ1‘"‘IMD LHQEH
SYSfl'Ifl

m algori'tm 1's presented for computi'ng- a vector. x
which satisfies a given m by n km 7‘ n52) _linear
system i'n the sense that the 1, norm of the reeldual
vector 1's m1'111'nri'zed. That 1 s", letti'ng al,...,an1 be the
colms of a matru' A, each colurm beinrro of lexlgth n,
wd .letti'ng %,...,b be the c ompon en ts of a vector b,
we Wish to fi'n a vec or x Wthh milrim1-4es

$(x) 2” A'Tx — ML, = max \‘aitx -,6i| .
1

The proposed algori'thm mi'ni'ml’Z'es tn‘e fmcti on
di'rectly i'n a_f1'ni'te number of steps. It 1's” related to
C11ne’s algori'tm for the above problem as well a's the
algori thm due to C‘onn and Chara'lwbous for nonli'new
optimi'za"ti'on.

The algori'thm represents a‘n .i'mprovement over oth rs
.WhlCh pr oceed by di'rectly mini'm121n5'- the L“uncti'on S

. in that it employs recent‘ a'd'vwces in the use of fast
G1vens’ trwsforrua'ti‘ons t.o update orthogonal matri'x
factorisations. Thi's permits the york per cycle i'n the 2
algori'thm to be reduced f rom 0(n). 'op erati ons to 0(n)
mthout sacrif101ng numerical stability.

The algori'tm also 1ncorpora'tes the flex1bi'li'ty md
sni'mpli'c1'ty of the approach taken to a related prob_lem,°
that of findi'ng the E soluti on to.w overdetermined
llnear system by Barte s, Conn wd b'incla'ir.
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A.S.J. Batchelor md HE.ML.Bea1 SCION Computer
toServxces LTD, m n Keyness, Englwd,

A EVIED W‘THOD OF CONWGAM GMDm M1°ROXIMTION
HMMMING -

Thl's paper de scrl'bes a rev1'51'on of the methw descrl'bed by Beale (1974)

for solv1'ng lage-scale non11'neu progrming problems. The methm

was orl'gl'nally developed as a vuimt of the Methw of Approximation

Progrml'ng due to Grl‘ffl’th md Stewut (1961), but it is perhaps mre

l'llml'natl'ng to thl'm of 1't as a vuiwt of the Reduced Gradient

Methw, fl'rst l'nuwuced 1'n Wolfe (1963) ad generalized to nonll'neu

constral'nts by mwl'e md Cupentl‘er (1969).
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K*.BeerJ.Kh‘schel,TecMische Hochschule Karl-Marx-Stadt,

Karl—er—Stadt,GDR

SPALTMGWEMTION IN DER QUADMTISCHM OPTIMIERWG

1. m ZusameMang mit'.4Dekomposit’ionsmethoden vom Tn des

Verfahrena der zula"ssigen Richtungen zur Lo"smg von

groBen linearen Opt‘imiemgsaufgaben ent’steht bem Auf~

such.en der lokal best an Richtung die quadratiache Opti-

Memgsaufgabe

{l/a/fc : a e’DMx”) } (1)2-inf

wobei

// . // - die Euklidische Norm des Rn bezeichnet

Md

0 F(F)- eine konvexe polyedrale «IIenge des Rn ist,

von der im allgemeinen nur ein mtremal—

pmkt md eine implizite Beschreibmg der

Menge.? F(i) gegeben sind. QF(xW hat.

dabei 1m allgeme'inen eine nicht sehr groBe~

mZahl von Extremalelementen.

m Vortrag wird die nmerische Realisiermg eines Algo—

n-tmua vorgestellt,der es erlaubt‘,Aufgabe (1) owe die

‘ explizite Gewimmg von 0 F(x~) zu 1b'sen.Der MgoritMus

stellt eine Waitermg des bekamten Dekompositionsver-

fwrens von Dantzig/Wolfe _a'uf quadratische Optimierungs—

autgaben dar m‘d kam mit den~ meisten Verfmren vom Simplex-

typ zur Lo"smg quadratiacher Optimiemgea‘ufgaben effektiv

gekoppelt werden.
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EW.N.BelovV.A.Slcolxrov. Central D‘conom'cs lathemtl‘c‘a'l
ns‘lue,lcadem 0‘501'ences of the Ub“%, hIoscov1.

A COI,Pm‘ Ol-'OHIT4aH&'ATlOlVV BOWLNfi‘.

A complex* of routl’nes elaborated by the authors la‘
ues-crl'bed. The rout1'nes a‘re 1'ntended 1“or numerl'cal unc0u"'—
b-tral'ned m‘m‘m‘zatl"on or Mol'tr-am i‘unctl'ons and of I'unc-
tl'om oelme the sourm oI' squal-es and I'or Solutl'on OI
linear, quadratl'c Md DOMI'ne‘ar probsram’%e- proolem.

A zero-order and a I‘l‘rs L —order absorltm are sub)-',Jrres-
ted tor the unc'onst'raixze d m'n1°mzat1on. 1"ne zex’o-ur-der
al"osor1'tn’m uses the coordl'nate descent, th‘e cona'ugate-
-grard1'ent Inethod, the gra’dl'ent bel'g' c-alculated by means'
of true I‘ullctloxl values, wd the quaw‘atl'c method oI' 0al-J**-
centrl'c- coordl'nates. l“.1]e algrorl'thm twes uses OI the ad-
vantauc_~-cs of each met‘h.od, the S‘.-J'l'tChl'%9 01' the- methods
bel'm prov1'ded by t11e algorl'thm 1'tsell . The accuracy of
the solutl'on obtal'ned 1‘s rather hl'gh. fl‘he fl'rst-order
agorl‘tm 1's based on the cona‘uoeate-brradl'ent method that
cm be used i‘or th'e solLttl'on of the largce-scale fibroblem.
l"he estl‘matl‘ons 01' the ekml‘emal el'genvalues-or the oba'ect
I'unctl'on Hes51'an we calculated accordl’m to the current
1'fiormt1‘on. A Varl'able-m.etr1'c conjugate-b*--ra—d1'em ago-
rl’thm 1's sugoc.«vescted to accelerate the process. v-‘ ~

Thl's'dgorl'thm requl'l es large memory u“ut 1't"'s converg-en—
ce 1‘s faster thm that 01‘ the preced1°m algorl‘thm. It 1's
1‘ntended for solv1'm oI' smll Sl'ze. A mod1‘1'1'cat1‘on or
Gauss-me-xnmon’s method is suggested for m’m‘m‘zatl'on of
sum of squares. In the modl'rl'ed method a quadratl’c func—
tiond bel'm the ressul"t 01' the orl'gl'nal I'unctl'oneal ll'near1‘-
zatl'on 1's m‘nl'm'zed 1‘nstead of‘ solv1'm a system of norml
equatl‘om used l'n othe most schemes. l"he nevu' algorl'tlm 1's'
stable Vl‘l'th respect to computatl'onfl errors md prov1'des
convergence f‘or w1'der doml'n.

Itera't'l've agorl'thm suorrg"ested for the solutl‘on of 11'~
near, quaflatl'c wd nonl'near progrm'm problem we
based on the cona'ugate-g'radl'ent method appll'ed to a mod1'-
fl'ed Lgrme functl'on. Here L"he two-Sl'de condl'tl'om on
the variables" we not 1‘nvolved 1'n the penalty term and
they we twten 1’nto account by the cong‘ug»ate—grad1'ent me-
thod 1‘tself.

The c ompact representatl‘on of data enables us to solve
the lwge scale problem. The performce of each ago-
rl'tm 1's 1'llust‘rat‘ed by test solutl‘ons results together
'wll'th comparl'son betxJ'een the methods.



l6

E.Beltrm1’, State Uni'verSi‘ty of lflexv Yorlc at S‘tony Brook,
Stony Broolc, Iiexv York, USA

SOME RECENT APPLICATIONS OF NONLINEAR PROGRAMMING IN MUNICI-

PAL SERVICES

This talk reviews some of the mathematical models developed in the
last few years to improve the delivery of labor-intensive public services,
such as sanitation and fire protection. In each case one is faced with
nonlinear and integer valued programs whose solutions have yielded signif—
icant insights into the operation of these services. Most of this work
was performed for the city of New York, but the basic ideas are applicable
in a number of contexts. Since much of it was also implemented, result—
ing in substantial cost benefits to the municipality, we believe that an
acquaintance with these models is of interest to mathematical anaclysts
who wish to apply their work to societally relevant problems.

In the two main examples to be discussed the mathematical program is
developed from the basic fact that both men and equipment are limited
and costly resources to be allocated in such a way that some net benefit
be optimized. In actuality, the objective function is vector valued and
the solution constitutes a trade off between conflicting goals. However,
we formulate the problems in terms of equivalent scalar valued programs.
For example, the work crews necessary to pick up uncollected refuse on
certain days of the week, when demand is high, are such that other ser—
vices are degraded as a consequence. The optimal allocation, spatially
and temporarily, is therefore one which accommodates between inequities
in different sectors of the city and at the same time maximizes service
levels where they are most needed. The allocation also requires that a
number of restrictions be met, based on labor practices and legal regulations.

Solution techniques are discussed for the models we present, including
a way of converting into a linear for-mat problems of the form

{nminf f"j (nl,...,nk), where fj+l(nl,...,nk) = max (fJ(nl,...,nk),O).

1
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A#.Ben—Israel A.Ben—Tal md SE.Zlobec LflcGl'll Unl'ver51'ty,
hfilontrea_, Cmada

CWCTE'RIZ'ATIONS OF OPTE'|.'u\LITX m COW‘ HOGMaflxl‘ING
w''ITHOUT A' CONSTRAINT Q‘\'UALD‘ICATION

0
Popular tn'boorl'cs OA’Vconv.°x prov_v,ramm_"_ng (‘:°uch .as

the Kuhn-Tuck‘ur and r‘rl‘tz John th-.or1'x.‘.s) do not charactvnrl'Ze

optl'mall'tj\ unln,ss a ee,rt.q,1'n hy_pot11'--v51'°g, knovm as "con.<tr‘a1'nt

qucql'l'fl'c2.t1'on". 1's agvueumo.d. Lm.n‘1's talx‘ .orn.s=-vnts t‘ho. ba.a~1'c

1'deas of a recbant t.h_°ory 0"” conv-“x n_ro.vv.ra‘.mm.1'ng v1n.‘n..r°. the‘o.n+.1'-.n'~al

solut1’ons ar.- cha‘r‘actvnr.1‘z..->a‘ vzl'thout Lcfiy referpnma to a

constr4'1’nt g‘u-all‘L'“1'cat1'on. P‘n‘r.° O‘Do‘l'mal solutl ons ar_n. cn‘a‘r-acterl'z..~d

by a faml'ly of ll'nn,ar 1'nn.quall't1'°bs a.1‘d con”. r°~_ll.qt1_'oncv.

The 1'1mport-V1nc~u of thesn,‘cn‘aracterl'za-tl'ons 1'.H~ dn.monstrat°.d

by exampl--.s from. .multx'cr1't.~r1’a optl'Afl.1 Z‘..tl'on. .1150 a n.°\v 011.33

of feasl'o‘le dl'r'L“Ctl'0n ..fivntn'ods 1",c for.mula}t,ed. Unll'kc tn‘.a cl~1381'c.al

fea31'o‘le dl'rcctl'on n.o.t11'ods, tllcse, nvow mn.tnods c.an not tn..r..1'1‘n”=h*c

at _a nono.nt1'mal p01'nt .o."nd they solve. conv.\°x programs~ Vln'ctn‘.\°r

o‘r not o"lat-’vr's conu‘l'tl on (or any other constr,11'nt q\12~11'.1"1'cat1'o.x“3,

1‘s sat1'31‘1',9d.



18
, .

@OBenll' NIl'ddle E'a.st' Techn.Un1’v.mara,Turkey
‘ P.Nanda, Syracuse Un1'vers1'ty,Syracusa,NeV¢' York,USA

A SOLUTION PROCEDUM FOR LOCATION—ALLOCATION-PRODUCTION
\‘

A solut‘l'on procedure based on decompos1‘t1 on prl'n01ples 1's
presented for locat‘1'on—allocatl'on-productl'on prob’ *ms. The
problexn has;cally 1's to @erml'ne the locatl‘on of plants /on
a p01'nt-set/, and t‘hel'r productl'on levels, wvhl'ch recel've
several raxv materl'als at‘ gl'ven proportl'ons from a nmber of
poss1ble supply p01'nts and, subg’ect to ml'nl'mm and max1mm
productl'on capa01 t1 es, produce sevex‘al comodl'tl'es demanded
at /p1'ecev¢1‘se—ll'1mar/ pl‘oduct‘l'on and transportatl'on costs.
The problem 1's° formulated as a m1‘x~od—1‘ntebo'er' progrml'ng
problem. A solutl'on procedwe 1's developed basced on "pro-
J'ectl'on, outer llnearl'zatl'on/ro laxatl’on" /Bo nder’s Part1 t1'-
onl'ng /, Vlhose subproblems can tn‘en be solved el'ther by a
produce based.on "prog‘ectl'on/p1’ecew1‘se" /Rosen’c_,' Part'lt1'—
onl'ng/ or allother procedure~ based on "pro ‘ectl'on, outer
ll'nearl‘zatl'on/relalxatl'on". Some computat 1‘onal results on
steel pl-ant locat 1'on 1'n the Sov1'et Unl on ar'e gl've n.
In addl'tl'on to the appll'catl'ons of thl's model 1'n plant
locatl'on problems, thl's formulat,1'on 1's partl'cularly sul'ted
to resource allocatl on problems 1'Il’c~00110m3_'c plannl'ng, 1 nter-
pret‘l‘nbv plants as sectors of the economy, I'alxv materl‘als as
1'nputs t‘o sectors and comodl'tl'es as output's of' vectors,
\v1'th approprl'ate 1-‘nte1‘pretatl'on o,f' L"he co.sts.

John*1.1‘”"fl.Bennett Unl‘ver31'ty ol“ Sl‘dney,Sl'dney, Australla

‘."‘l QUA‘DMTIC PROGM.m'IING AND PIECEI'ISE LIIWM"‘R IJ‘ETWOMCS, VVITH STRUCTUML

.m“‘JGIIIEmIIIG ATPLIC.ATIONS

Some 11near net\I'ork problems such as the elasto~plast1‘c waly51's
01” sstructures Chen be casst 1‘n t11e form of a quadratl'c progrwm1‘ng
optl'llxl'z'atl'ons“ D_roblern. In such cases, the stz‘ucture of the
consst‘ral'nt .1ratr1x wd of the qua'dratl'c f orm to be optl'ml'zed
C“ull be exp101 ted a11..d 1e11d thernselves to a number of computatl‘onal
00011‘01A11'es. T11e process Cd°1 be loolced upon as one wvhl'ch 1'11vokes
re-s°t'1*1'ct1'ons° only vrhen they are relevant, md whl'ch does not
*10qu1‘re t‘he updat‘l'ng 10f tllécse restrl'ctl‘ons. A1_v' e1"f1‘01'ent method
£01" L1pda»"'1'ng tlle trl‘a11'mlar factors of a sw.1metr1‘c nxatrlx
\."11l"011‘ 1‘.very be regal~ded as t1le equl'valent of the ba51‘.s matrl‘x 1‘s
“‘L's‘cd.
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M______,_.Benichou J____________,.M.Gauthier G_,___ge_s_,Hent G. Ribiere, IBM,
Parls, France

 

THE EF_FICIENT SOLUTION OF LARGE SCALE LINEAR PROGRAMMING
REPRSOUBLTIESMS: SOME ALGORITHMIC TECHNIQUES AND COMPUTATIONAL

Fl'rst, th1's paper presents the results of experl'ments w1'th algorx’thm.1'c
technl'ques for eff1'c1'ently solv1'ng large scale 11'near and ml'xed 1'nteg_er
progrm1'ng problems. The technl'ques presented here are e1'ther orl'gl'nal
or recent. They are mal'nly.-

. L/U fomat of the 1'nverse,

. keepl'ng of the L/U format durl'ng the pr1'ma1 1'terat1'ons,

. 1'nsert1'ng startl'ng solutl'ons defl'ned’ by varr'able values rather than
by the1'r status (b331'c or non-baSL'c). A spec1’f1’c algorl'thm 1's able
to retrl'eve a b351'c solutl'on,

. qu1'ck1y bu 1'ld1'ng a start1'ng bas1's by a new c.rash1'ng algorl'thm,

. accuracy checkl'ng u51'ng new scall’ng algorl'thms and dynmL'c tolerances,

. ch0051'ng the 1'ncom1'ng or the outgor’ng var1'able by Deva cr1'ter1'ons,

. u51'ng pseudo-costs for eff1'c1'ently solv1'ng MIP problems w1'th a low
proportl'on of L'nteger varl'ables, . _‘

. groupl'ng the 1'nteger varl'ables 1'nto Spec1'al Ordered Sets.

The solutl'on of a great number of large scale problem.s have show that
eff1'c1'ent problem solv1'ng requ1'res automatl'c adaptatl'on of algor1'thm1'c
technl'ques upon problem characterl'stl'cs. For 1'nstance.'

. use of L/U Prl'mal for very dense problms and non-L/U Prl'mal for sparse
problems, ' .

. use of ld1'st1'nct strategl'es for searchl'ng. for 1'nteger so].ut1'ons.denend1'ng
on the percentage of 1'nteger var1'ables,compared w1'th contx'nuous varl'able

. decomp051't1'on technl'ques for block models. '

The second part of th1's paper descrl'bes an attempt to nrovr'de a powerful
Mathematl'cal Program1’ng Language, allow1'ng an easy progrmml'n?1_ of
specr'fl'c studl'es on med1'um-51'ze models. In partr'cular,‘ th1"s languag,e'
perm1'ts.‘

. recursr’ve use of L.P ., 1'.e. the. ab1'11'ty to analyze the results 1'n
progrm arrays and to accordl'ng1y_ modl'fy the model before reopt1'm1'21'np,
1't, '

. 1'nexpens1've bu1'1d-up of Mathemat1’ca1vProgrmml'ng aly,or1'thm.s based on
the Sl'mplex method. Exmples of u.se are gl'ven (Reduced gradx’ent,
Cutt1'ng plane ad d1't 1'onal cons-tral'nts, ....).

All these features have been 1'mplemented 1'n WSX/370, a Mathemat1'cal
Programr’ng code able to solve large scale LP and F1IP models. ExtenSL've
numerl'cal re‘sults and comparl'sons on real-11'fe' problems are prov1'ded
and commented upon.
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B.Bereanu, Center of Math.Stat.BuchMest, Romanl'a

STOCMSTIC - PWTRIC LINER PROGW

In thl's paper 1't 1's deve loped the theory of stochastl'c-pa-
rmetrl'c 11near progrms and some of 1'ts appll'catl'ons. Th1s
theory leads to the generall'zed dl'strl'butl'on problem of
stochastl'c ll'near progrm1’ng, 1'.e., the problem of fl'ndl'ng-
the dl‘strl'butl'on and/or some moment of the random varlables
of a multl'parmeter stochast‘l‘c process whl'ch represents the
optl'mal value as a stochasktl'c-parmetrl'c ll’near progrm. A
spe01'al type of optlmal control problem-for such stochastl'c
processes leads to varl'ous de01's1'on type problems of stoc‘has-
tl'c progrml'ng whl'le the usual dl'strl'butl'on problem becomes
an ess entl'al. post-optl'mal analys1’s.
FeaSI'bl'll'ty, ex1’stence and stabl'll'ty 1'n th1's general frwe-
work are 1'nvest1'gated together w1'th varl'ous types of control.
Computatlonal problems are also d1 scussed.

Computer wd Automatl'on‘Inst1°tute of the
ngarl'w Academy of Solences, Budapest,
H'mgary

BernauHel‘nzé

UPPER-BOU_M-.MCMIQWS FOR QUADMTIC PRWW'WG'

In quadratlc program1ng the developl'ng of th.e upper—
bomd—technl'ques 1's 1'mportmt mal'nly as compmatlonal
method. The souoe of dl'ffl'culty 1's the dl'men51'on of the
tableau to be trmsformed. In thl's s_ub3 ect only a very
few publl'catl'on has been wrl'tten. Two methods are know,-
a./ m appll'catl'on of the Dual—Method of \u’hl‘nston wd
b./ a Prlmal-Mal- Method-of Concalves.

In till's paper presentl'ng 5 methods we show that .the
upper—bomd—technlque. of llnew progrwmlng,c'w be m—
corporated d1 rectly 1nto the procedmes of Beale, Wolfe
m'd Jagmathw for solh'ng quadratl'c program;ng prob-
lems w1th upper bomds. .

Fmthermore, f'othhese modl'fl ed algorl'thms a compwl'son
1's presented according lto.some.pwameters, whl'ch we the .
.follom'ng,- The I'ank of_the pos;t1've sem1defl'nl'te matrl'x
1n the obJ'ectlve fmctlon,- the leh'gths Of-lntervas
f rom wh1ch we choose the components of the vector 1n the
obJ'ectl've fmctlon, of th_e r1ght hwd Sl'de vector Md of
the upper—bound vector unlformly dl'strl'buted..'

The test problems were solved on a' C DC-SBOO .computer.
I In all the 5 methods the product form of 1nverse 18 used.
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'I‘.D._Berozneva. Central Economics Mathematical Institute,
_——-‘" b1 (VAcademy of Sciences of the UoR, Moscow.

l“‘IF‘4 o°_D'P~\'UCl"m‘T'J‘ OF‘ l‘_:1-‘2((‘UILIBP\I[‘xI" L'J“Vl,'JfiLS‘ I\1I J‘OIV Nh'"-Uv1"m D’YP'E
I.I‘ODIb“Lo°.

The purposse of thl's re.o~ort l'sc‘ t"o l‘nvestl'gate arramrre-
ment of equl ll'br.l‘um levo-‘loc l‘ll L"he von Neumm t,ype rulodell.
l‘he von Ilp‘UIIILX'm L“ype. nlodel ( or Illodel «PI ) i's a llnea-r
closed dynam'c pro<1uct‘l'on model determ'nl'm” by Pleans of‘
tile pa—l‘r mat_l"l'0c3l,s ll, B ( of the sanle dl‘lno-llSl'on m n),
\J'-hl'c11 cein COJlt‘a'l'n nL‘<.J".cdutl've ele1.nents, l'.,e.

.L.
é- , /> 6, 9:41 , o o I ’1‘,

v —- r-l-lirlensional vectors.
Bet us denote 801.) ~.. { x20: .(Ax-s Bx} , S, =

= 2 :c>,O:A:cg 5} ,- Wat) = {p,>o: .LpAafi-J} , Wo —_
9—! y. 7?. :[1 000,11! .7770 :l1,ooo m}.
n(.L§_—£ie77.-'EIX€S(4$=>(Bx)a>0},mCeL5
=fl'c777.: :71Jé‘~'V(.L)=>(PA)L->O] . .

The. triplet (.L >0 , x, p ) will be called equili-
brium if '

x 6 S(a(,), ’p e W(aL), pBX>O.
A scalar at. is called an equilibrium level.

We shall consider the models satisfying the follow-
ing conditions -
1. If}: ‘- S(aL), .1 ,>0 , then Bx ,> 0,
or
2c If p e W<o€), a; '>,0 , then pl 2 0.

Let us note that if there exists such at: that J.=
maxnsL>O( fl. =min/,B> O )andn(‘,(.)--_77o

5(4)0S.¢¢ Mp) wo$¢
( m( ,3. ) =77). ) then there exists only one equilibrium
level. Otherwise diferent levels exist. However the nam-
ber of equilibrium levels does not exceed n, if conditi—
on ’1 holds, and m, if condition 2 holds.

Let us denote oL£= su. :
stamps: 3W. ’

77; _.—7?‘--, - n(e(,-., ), Si .— [x20 ; (Ax)k > O for some

k671i] ’ i_——1,cuo’r_<no

Theorem. If model M satisfies ’1, then X is the
equlTT'_lrlum level of M iff ,1 -_ 4; >0 for some i.

Analogic theorem is true if model M satisfies 2.
When M satisfies 1 and 2 we cannot require the existense

max ‘1 , but we can construct a sequence of appro-
H.003: #523

priate submode‘ls maximal equilibrium levels of which de—
i'ine the equilibrium levels of the given model.
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D@.P.Bertsekas Uni'ver81'ty of Illi'n01's, Urbwa,‘ Illi'n01's, USA

WLTIPLER ,miTHODS‘. A WHY

The pupose of thi's paper 1’s to prov1de a swvey of
convergence md rate of convergence aspects of multipli'er
methods fo.r constralned m'i'mi'zati on. Recent advmces w1'll
be empha81zed lncludi'ng global 'convergence wd rate of
convergence. maySi’s of second order multi'pli'er methods,.
treatment of two—Si'ded i'nequali’ty constrai'nts, approx1mtion
methods for nondfi'ferenti'able op_t1"m'zation, wd prox1ml
pOi'nt algori‘thm. Det ai'led expos itions may be fomd m.a
smvey paper appewi'ng 1'n Automatica, Mu.ch, 1976 wd m the
li'terdture quoted 1'n tm's pa per.

M#.J.Best' Deputm_eint of Combi'na_tor1'cs and Opt1'm'zat1'on,
Univer81ty of Waterloo, Waterloo, Ontui'o, Cmada

A EMTIONSHE BE‘TX'"E‘EN MTH'ODS OF CONWGAM DMDTIONS m
QUASI—IEVVTON MTHODS . I

In a recent paper McCormick and Ritter consider two classes
of algorithm, nmely mthods of conjugate directions and quasi-‘
Newton methods, for the problem of minimizing a function of n variables
F(x). They show that the former methods possess an n-step
superlinear rate of convergence while we latter are even step
superlinear and therefore inherently superia. In this paper a
simple and computationally inexpensive modifieation of a method
of conjugate directions is presented. It is shown that the
modified method is a quasi-Newton method and_ is thus every step
superlinearly convergent. It is also shown that mder certfln
assuwtions Von the second derivatives of' F the rate of convergence
of t'he mdified mthod is n-step quadratic.
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J. Bis%.s‘choand A. Meer'au_s, D.evelopn1txnt Resear c}1 Cente.r, Worl d Banlc,
  

Iqashington, D.C. EFP‘IC‘IENT UPDAE’IIJG O'T TIIE BIsSIS INVERSE IN LINF.AR

PROGWJ’ING VI’A PARTITIONING.

Matrix modif.1.'cat1‘ons, Sthh ago columm interchmges, row inter—
changes or colm and row additi on¢.,, are v1'e-7xed as matriy. augnxenta'tl"ons.
Primal s implex iteratic_ons are t1eated a‘s a .special ca.se, a11d an ext rexr.e.ly
compact“ updati'ng proac'adure ba'sed oA1- parti'tionizig metllods is de.velo'1)ed.
Re method is especially suit ed f‘or large spzqrse linear p1.'ogra1ns that are
solved entirely in core. The procedure is not related to my of the
methods bassed on the LII decomposit1011 or the product Iom' of the 1'nver_se.
The nelw meth od has thrc distr‘nct‘ advantage tliat the growth of additn.‘onalv
TLV"aL-/."eru‘ -elc—*‘.;“‘eents l‘s not‘ relat‘ed Lo L'he size of.‘ the problenx but only to the
umber of. iterations f'ollow1'ng reii1versi.on. It is show .tmlat L he. r.=cpres‘enta—
tion of the updated inxvcrse does not groxxY moxlo.t'onica.lly i.n siz’e, and that 1't '~
may actually contract durl'r.1g certai’n Si‘lnplex 1 terations. Implen.1e.ntati'on of
the 11ew procedure is straightfomard, and does not require my involved data
mm.1'pulat'ion act1‘v1’tie‘s. Conlputati'onal requi‘r‘emcnts di'fvfc‘r f rom i'ter.a"t1'on
to iterartion. filere is evew indl"cat1‘on, hoxaever, that‘ the metlnod requires
on the average mt\re computati'ons 1:er simplex iterati'on than other existing
methods. Stabili'ty properties of the new method are considered. Compari—
sons are made on t11e basis of‘ r‘eal—world 1)roblem°s t1.s1'11g a comeri-r.al code
desimed for large sparse. li‘near programml"ng problems.
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J.B1'llhe1'mer, SYSTM Incorporated, Los Altos,Ca11'forn1'a,USA

TRMSPORTATIOIV NET»1'ORK DE'>SIGIV

D1 fferent approaches to the d651'gn and analys1 s of trans-

portatl'on networks are d1'scussed. A route select1'on algor1'thm

1's presented that balances fl'xed 11'nk constructl'on costs anyd

varl'able user costs 1'n a network hav1ng a f1'xed set of nodes

Md a statl‘c serv1ce—dependent demand for 1nter—node serv1'ce.

The algorl'tm alternately appl 1'es l 1'nk e 11'm1nat1on and 11nk

1’nsert1‘on cr1 ter1 a whl'ch converge to a local opti'mm. Sl'mp11'-

f1'ed representat1‘ons of trmsportatl'on networks, more amenable

to rapl‘d de51'w and malys1‘s, are also d1 scussed.

#G.RB1'tran Uni'ver81'ty of Sao‘ Paulo, Bra31'l
Iflassachuset ts Insti'tute of Technology,1flass.USA

010 THE SOLUTION OF COWEX MAPSACK PROBLDiMS- VVITIi BOWEE‘D VMI—

flArnoldoCHaX

BLE'S

In thi's papcdr wle present a recxtr.sive method to s.olr\e <.eparable

diffL—rentiable conveX‘ kxxapsack problem=.. axi'L‘lm bounded va.tao‘ables. The

v1.1ethod differs from t“..e. r..laseoical o_ptin11'7.atn‘011 algoritn‘ms of‘ conve.‘x

prog'ratm.1'ngv md deetermi‘n*..‘s at e'dch 1“Leration the 0))timal vn‘lue of at‘

lea¢°.t one variable. ApplicatiOIID" o£’ such problems are frequent in

1‘eo"ou‘rce al locati'otl a'nd have recently e.hom to be useful in hierarchical

prod11P.L‘ion plallrll'rlg. Com_x3utationa l re.9uV1_.ts atre preot,ented.

1..
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.R#.G.BluandCORE Belgl'm and Stu°te Unl'v.of IIew York,B1‘nghmton, II-.Y.

COTrvBINATORIAL GU"4'\D‘MLIZATIOIJS‘ OF le’m“ PROGMR‘WIING DUALITY TIIEORY

hiatr01‘ds "ere a \rvell-knoxvm combl'noatorl‘al abstractl'on of real mtrl'ces.
Recently a notl'on of orl'entabl’ll‘ty of matr01’ds has been 1‘ntroduced.
\i'e \v'l'll sehow ttl1at mam va."m1'11'ar concepts,from ll'near progranm1'ng dua11'-
ty tlleory gencerall'ze 1'n the context of dual pal rs of orl'ented matr01ds.
In partl‘culu"-~1~ \v'e \1-1’11 dl'scuss an algorl'tml‘c proof of a' conlbl‘natorl'al
generou-ll‘zatl'on of tJ‘he ll'near p1~ogram.1‘ng duall't‘y,theorem,- 1'n the 0011-
text of dual p;a1’r°o of orl'ented Iw'tr01'ds ‘that are representable over the
reals, t111‘s algorl'tm spe01'a11‘zes to a nexlv f1'n1‘te variant of the
Sl'mplex method.

N.Bonde, Odense Unl'vers1‘ty, Odense, Demark
J.T1'nd, Unl’verS1't,y of Aarhus
 

BOWDS IN SET PARTITIOMNG

m thl‘s paper we shall dl‘souss different lower bounds for

the optl'mal value of a set part1’t1"on1'ng problem. fiese bounds

have been 1'mplemented 1‘n an 1’mp11'cl't enm‘eratl'on algorithm for

thl's kl'nd of problems. Some exper'l’ments have been performed,

and they show that the use of such bounds often reduces the

total computl'on t1‘me substantl'ally. Add1't1'onally a comparl‘son

of the relatl've computational 1'nfluence of these bounds 1's

gl'ven.
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V.J.Boman, Graduate School of Industrl'al Adml'ni'stratl on,
Carnegl‘e—Pflellon Unl'ver51'ty,P1‘ttsbwgh,Pa.

J.H.Starr, Bell Telephone Laborator1‘es,Mmry H1'll,N.J.

COWUTATIONAL E'SWTS ON MGE SCflE SD4T COVE'RING PROBLEMS

USING A SEQWNTIH GREEDY MGORITW

This paper discusses recrnt computational results on large scale

set coveri'ng problems u31’ng a sequential greedy algorithm developed

by the 'authors. The perfomance of the algori'thm is analyzed accord-

ing to differing cost structures, problem size for obtai’ning both

the optiml solution and "good" approximations to the opti‘ml solution.

V#.J.BOW .Graduate School of Indu_str1‘al_Adm1'n1'strati'on,
Cunegl'e—Mellon Univer81ty, Pittsbugh, U&

ad
WT.C.Gleason Whuton Busm'ess School, Univer81'ty of

Pemsylvanla, Philadelphia, US'A

MCESSHY m SUFFICEM CONDITIONS FOR PEUDO4OWITY
USILVG EIGE‘WHHS

A necessary and a sufficient conditi‘on for pseudo-convexity for

‘ a twice continuously differenti'able function are gi'ven in terms of

eigenvalues of the Resel'an of the function. The results are that the

Hessian can never have more than one negative eigenvalue and that

the negative eigenvalue is constrained in value by the gradient of

tlIe function.
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S#.P.Bradle — Naval Postgl‘aduate School,LI‘onterey,Ca11‘forn1'a
USA

AR.D.Sha1‘TO — Massachusettun Illstl'tut‘e of TecMology,Cambrl'dge,
h1“assachuset‘t'qt,USA

4J.PA.NIulve - Her-vwd U111'Ver81'ty,Boston,Tll'ascu achuse tts,USA

IIWNOVATIONS III‘ WTIIL“DM1‘ICfl PROGW.MING E4DUCATION

A1though mathemat1 ca] program1 ng (espec1 a11y 11'near program1’ng)

has been taught 1'n' coIIeges and un1'vers1't1'es for over 20 years, there has

been 11'tt1e progress 1'n des1‘gn1’ng and deve10p1'ng new pedagogy for teach1’ng

these subJ'ects. The maJ'or1 ty of courses st1’11 adhere to the age-01d lecture

system 1'n conJ'unct1'on w1'th homework, qu1'zzes and tests.‘ In contrast, a

-number of progress1 ve s chooIs are 1'n the process of 1‘ntroduc1‘ng new tech-

niques 1'nto the "classroom." These 1’nnovat1‘ons take a varI'ety of foms.-

(1) a 1earn1‘ng center where the students ut1‘11'ze profeSS1'ona1 aud1‘o—v1‘sua1

a1'ds,- (2) a h1 ghly 1'nteract1've 11'near program1 ng t1‘meshare system where

students can formulate, d1 splay and update 11‘near programm1‘ng modeIS w1'th-

out requ1‘r1‘ng prev1'ous computer programm1‘ng exper1'ence,- (3) a se1f-paced,

1nd1‘v1‘dua11y ta1'lored course 1'n mathema't1'ca1 program1 ng fundamenta]s,- and

(4) a h1'gh1y portable aud1'o/ cassette— based system wh1‘ch can be used anwhere.

Each of these systems caters. to the spec1‘f1’c, and w1‘de1y vary1'ng, needs of

the students and the pedagog1‘ca1 styles of the faculty. In th1's paper, we

survey these 1'nnovat 1'_ons as we11 as the effect1’ve use of cases 1'n the class-

room and other 1'mprovements to the more trad1‘t1‘ona1 1ecture system.
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GgordonH. Bradle, Gerald G. Brown, Naval Postgraduate School, Monterey,

CalI‘fornl‘a, Un1‘ted States and Glenn w. Graves, Un1'vers1'ty of CalI‘forn1‘a,
Los Angeles, CalI’fo’rn1‘a, Un1'ted States.

LARGE SCALE NETWORK OPTIMIZATION

I‘n’e succes‘sr"ul deVelopmerut of a large scale pr1‘mal network computer
program for the capac1‘tated transsh1‘pment problem 1.‘s descr1‘bed. The
capac1‘tated transsh1‘pment problem 1‘s the most general of the m1‘n1‘mum cost

flow models that 1‘nclude the capac1‘t-ated and uncapac1‘tated transportat1‘on
profilms and the personnel ass1‘gnment problem. The mathematI‘cal development
treats networks as a specx‘al case of large scale l1 near program1‘ng. Spec1‘al
emphaSI's 1‘s 91‘ven to the ch01‘ce of data structures that support eff1‘c1’ent
computatl’ons. Extens1’ve computatI'onal results us1‘ng the authors' w1‘dely
dl‘strl‘buted computer program. GNET, are descr1‘bed. Large scale (more than
25,000 varl‘ables) appl1‘cat1‘ons are discussed.

0

E.R.Brocklehurst and K.Dem‘s, h’atl'onal Phyeal‘cal Laboratow,
Tedh‘ngton,M1‘ddlesex, Mlmd.

COIrEUTATIONAL HPL"RIH'ICE lYITII m‘URISTIC ALGORITEJI“S FOR‘ THE PURE

MID IIIKED INTEGm PROGMIEIING PROBLMI'S

Recent experl'ments have shovv'n that heurl'stl'c algorl'tMS cann fl'nd
m optl'nxal solutl'on to “en 1'nteger progrml‘ng probleln extremely
rapl dly. The 1'mprovoments recently made to the algorl'tm proposed
by BROC_KLL'WPlo"*T \:*1'll be descrl‘bed. Conlputatl‘ona1 experl‘ence on a
veoriet‘y of' p\roblerus \v_~'ll be presellted in order to compare the
algoritmls of BRWKLB‘MTS, HI‘MIm, IBAMKl' md TOYODA.
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A.H.O.Broxvn, Rolls lx‘oyce Ltd.,Br1stol, L"ngr.land

THE DEVELOPMNT OP* A COIMUTE‘Il OPTIMIZATIOII FACILITY Am ITS

USE' IN PROJECT SUPD*RSOIIIC FJNGINL‘DESIGIJ

Many de51'gn processes are seen to be ones of constral'ned op—
tl'ml‘zatl'on us1'ng fmctl'ons developed empl'rl'cally by sub—groups
of an overall de81'gn t‘-em. The generall'zatl'o'n of these proces—
ses 1'n a form sul'table for the appll'cat'l'on of“ non-ll’near
constral'ned optl‘ml‘zatl'on technl‘qucs 1's exwl'nc-d. The» Recws1‘ve
Equall'ty Quadratl'c Progrm algor1 thm due to M.C.B1‘ggs of the
Natl'onal Optl'ml'zatl‘on Centre,Hatf"1‘e-ld,U.K. was selected and
adapted for pwposes of the 1'nvest1'bv'at1'on.
It 1's 1'llustrated by appll'catl'on to the prog’ect des1'gn of a by—
pass englne replacement for the Olympus 593 1'n the Concorde
supersonl‘c aeroplane. A dl'scuss1‘on follows, takl'ng the form of
a comentary on the development and rmnl'ng of thl‘s related
problems makl'ng more general p01'nts as they arl'se.
Topl'cs covered 1'nclude pern11'ss1‘ble s1'mpll'f1'cat1'on of the User
program, sav1‘ng computl'ng t1me 1'n the nmerl'cal assembly of the

1rt1‘al derl‘vatl'ves, the appll'catl'on of the routl'ne VJhen re—
gl'ons ex1’st 1'n the f.1_'eld where the penalty fmctl'on 1's 1'ncal-
culable, scall'ng,the effects of the 1nter-relatl'on between
step lenghts 1'n t‘he partl'al dl'fferen01'% routl'ne and toleran-
ces w1'th1'n the sub-progrms,and the data and logl'c 1'nterface
between controlll'ng routl'ne and fmctl'on sub-progrms.
Fl‘nally some dl'scuss-l‘on follows on the sspc-c1'f1'cat1'on of the
related sen51't1'v1'ty analys1's probleln as seen by the user. It
1's reall'sed that partl'cularly 1'n the f1eld of' constral'ned op-
tl‘ml'zatl'on thl's prov1'des a problem not necessarl'ly mc-t by the
usual el'genvalue approach. Some experl'nlents are detal'led ma-
kl'ng use so far as possl'ble of the orl'g.'1'nal optm'ly'zatl'on
routl‘nes.
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P'W.J. Br.*1'o}(er. Unl'vers.1't'.§' of Oldenburg , Oldb,' P'e,a‘eral Repuo‘ln.'c
of Gemwy

SEQ-Uhph’CING MVIL"'~1‘ILI"L" JOBS EJITH T%‘L“u"IHJ' PEC'L‘D_v.”'NCE‘ 011\ M IL-A.Ch'II\Eo"

TO I4II\TIII'IZE' ILX‘XII1"'IIPI lATEN"M“*SS

The problem t1‘eatedr 1's one of J'ob afieo_uenc1'ng on m 1'dent1'cal
mach1 nesc, Ivhere there 1's a pre cedence orderl'ng betxveen certaln

a‘obs, as gl'ven by a dl'rected g.raph wm'ch 1's a tree or more genoerally
a forest. Tn‘e proce_so"1‘ng tl'mes‘ of all J'obs we asooemed to be equal.
A53001‘ated w1 th each J'ob 1' there 1‘s a due date dl.. A Sl'mple al-
gorl'tm 1's gl'ven for fl'ndl'nbv, a s.chedule Ivm'cn‘ ml'nl'ml'zess mam‘mm
lateness. It generall'zes Hu"s "Cuttl’ng the Longest Queue" algo—
rl'tm wm'ch deals w1th the case 1'n xvm'ch d1. ~— 0 for all J'obs 1'.
However, the optl'ma°1l1'ty proof dexrelo_oed for the more general al—
gor_1'tm 1's much shorter.

A seco‘nd algorl'tm solvese the problem of m1‘m‘m1‘21'ng mfle—snpm

mder the restrl'ctl'on that’ no J'ob 1's late.

For the hvo macm'ne case 1't 1‘s" <shown filat the schedulor produced

by the £1rst algorl'tm also ml‘nl'ml'zes averag-e comp.]etl"on t'lme.
Thus°, to solve the problem of m1'n1'm1'21'ng completlon tl'me mder the
restr1'ct1'o_n that no J'ob 1‘s late a schedule w1 tn‘ man'mm lateness
not exc‘eedl'ng zero hara" to be constructed .

The algo_r.1'tm.s m.ay alcoo b->e appll‘ed to corr\espond1'ng _oreemt1've

schedull'ng pr.oblen.s w1'th J'obs hau'ng processingr t1mes v:m"ch are

not eq_ ual.
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R. E. Burkard, Uni'ver81'ty of Cologne, Colo_qne, W. Germany

AN ALGEBMIC APPROACH TO COMBINATORIAL OPTIMIZATION PROBLEMS

By an algebrai‘zati'on of the ob] ecti've functi'on is

achi'eved that combi'natori'al opti'mi‘zati'on problms with

different ki'nds of obj‘ecti've functi'ons (e.g. sums or

bottleneck obj'ecti've functl'ons) now occur as spec1‘al

cases of one general problm. The algebrai'zati'on respects

not only the structure of the underlyi'ng problems but

also the structure of algori‘thms for solv1'ng these problms.

Combi'natori‘al opti'mi'zati‘on problms, whi'ch can be formulated

Wi‘thout real vari'ables (e.g. a531'q_ment problems), can be

con51'dered now i'n totally order ed smi'groups, where (S,*,_<)

obeys additi'onally a strong combatib1‘li‘ty ax1‘om and a

di'visibi'li'ty ax1‘om. For problms w1‘th real vari'able‘s some

additional coMati‘bi'li‘ty ax1'oms between the domai'n n of the

vari‘ables and the semi'group S have to be fulfi‘lled.

After discu351'ng the structure of the systms (S,*,_<) and

(S,*,_<,-Q) general aSSi'gment problems and maXi'mal flow prob-

lms in networks w1‘th generali'zed costs Wi‘ll be con31'dered

and algoritMs w1‘ll be gi'ven for solv1‘ng these problms. To

derive algori'thms for the general problms "adm1’ssible trans-

formations" w1'll be i'ntroduced and w1'll. be characteri'zed for

the above.ment1‘oned problems.

The algebrai'c approach allows not only an in51’ght in the struc-

ture. of the problems but expl‘ai'ns also the di'fferent numeri'Cal'

behaviour of the di'fferent ki'nds of obj'ective functions. For

example can be shown, why bottleneck problems are faster to

solve than sum problems.
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PRODUCTIVL"‘ L“F4B‘ICI*}J“1WCY Im"ASUM4‘S

_ me efficiency of a firm is generally interpreted to be a measure
of its success in producing as large as possible an output from a given set
of inputs. If the production processes are ll'near, and all the inputs and
outputs o_f the fim are spec1‘fied in physical units, then the measure of
this Farrell type productive efficiency is easily achieved withi'n a linear
progrming framework.

In the pri'mal estimation technique the colums of matrix F are
the Leontief producti'on functions of firms, and the right hand side is the
factor use by f1‘rm t, and vector q details the outputs of each of the n
firm in. the set being 5 tudied.

’
= maqu

and x > 0
n

*
me functional Zt is clearly the maximum output with knm

technologies that can be produced from 1'nput F.t. In game theory language
the linear program detem’nes if a mixed or pure strategy of other fims in
x* can donnate fim t strategy while using the same resources as fim t.

he masure is-sensitive to the specification of inputs, outputs
and the population of technologies or fims. In the paper a sensitivity
analysis is applied to these three factors and the analysis has been developed
to include non-linear and the Boles approach to von Nemann technologies. me
measure is dimensionless, avoids i'ndex number problems, and does not assme
fim face comon input prices.

'Q
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ON THE FINITENESS OF THE leI/LAL INTEGER PROGRAMMING ALGORITHMS

Consider the iflolloxv'im 1.'nte°4rer pro.o”r'am'm problem.°
. Flax (aoo '-

subae‘ct to J-‘i

1'2: 3.1- l S 3.; 0 i
J 1 *bxiu >/. 3:

x5- integers, 3:1 , . . . ,n

11,...,:n

II
N

(1),...,n

where avoj , aiJ',aio are arbitrary real numbers and an: ’70, Mfr-7m
imhe pri'm algori'tm' scheme of solVi'm the problem (1) con-
taim the steps as i’olloyv"s.' '

1. Select a aoy<0,J'=1,.--,n
2. Select a deri'vat"i've reta' v ad construct t'he out

n. a . é {8V1 <2)
32:“ avs avs .

5. Fulfil pivoting with pivot column s and pivot row (2)
where the rules of selecting the pivot column and the derivative
row are fixed.
Theorem. A primal algorithm of solving- the problem (’1) is finite
if and orLLy if .it is nii’iu‘ite for the Toll(raving trier-.psarcx‘ problem:

max Z cjx.
_ _ .111 J J

subaect to

J=1 J J . .
1:3 /> G, integers, 3:1 , . . . ,n

7 O, , o n a ,n, 1&3 ’03-

 

éao



54

,A.Cmb1'nAW1'P.Carrwe51' F.G1'mess1' Unl'ver81‘ty of Pl'sa,
P188, Italy

QQWNTML IE‘THODS FOR hMTxE‘.l‘MTIC%’ PROGM.‘E1mG

_ The general convex quafla"t1'c pro ramm1ng problem /C.Q".P./
lS comeldered, for wn 1ch a' lot of a gorltMS have been pm— ‘
posed.

Inl't1°ally, such algorx’tMs appeared to be eff1'01ent to
solve real problem. Th; 5 notw1'thstmd1ng, dml'ng last yeus
the number cl"'_real s 1tuatuons formulated as C.Q.P. has
gone qul'ckly 1ncrea51ng.

The m1’n consequence of L hl's fact 1's the necess;’ty to be
able to computatl'onally hwd_le large—scale structured
C.Q.P.. Another consequenc e 18 that, generally, the nmber of
constral'nts 1's not a prlorl knom,°_ .more precrsely, 1'n every
real problem the constralnts we d1v1ded 1n classes of
dlfI‘erent 1'mportwce. '

Thus, to‘ be able to .treat .real problems 1't 1's “necessuy to
have methods of resolutlon VJhlch-be able to t ax‘e 1nto accomt
such aspects ad the structue of the problem.

0 Here the 1‘dea 1's con51 dered to obtal'n .an 0 pt;mal s olutl'on
x of a C.Q.P. by determlnlng' sequentlally an optlml
solutl on for a sequence of subproblems /hav1'ng less
constral'ns of the C.n”.P./, tm‘ laBest of Whl ch has only the
constram'ts, ml'ch we b1'nd1'n5~ 1n x .

Tihe putl'cular case of 11new programs .1's con81dered,
ad 1t 15 Show how to handle by a sequentlal method the
structwed cases.

ExtenS1'ons to other nonll'neu problem upe d1 scussed.
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P.hx".Cwer1‘n1' an_.dl"#.mfx\'af_f1'horli_l', Centro Telecorxqunl'ca21'on1‘ Spa21’a11' CIJR,
Poll‘tecrll'co d1' P411'la110,20133 I.Q'1'lano, I.

POLYIJOVA1"IAL BOUIJ‘DIN’G F‘OR NP—COPIIPLE'TL" EMTROID PROBLL“.TI“S

A large class of IJP-cor.1plete conlbl'natorl'al optl'ml‘zatl'on problenls
mw be reduced eff1'01'ently, 1'.e. by a polylloml'al algorl'tlm, to
k-parl'ty r.1nutr01‘d problexvtls alld these: to the proble111 of f1'11d1'ng an
optl'mmxl 1'ntersect1'on of three 1.1‘atr01'ds, tVI’O of \J-hl'ch are partl'tl'on
matr01 ds L'l] . Brmlcll-and—b*ou11d or heurl'stl'cally-gul'ded—ssear’ch
[2] m.ethod°s are currently used to solve NP-co.mplete problertus D]
Md are partl'cularly 1'nterest1'11g for thl‘s class of 1A1"atr01'd prob-
lexxls, Sl'nce 1‘t 1's poss°1'ble to use subgradl ent teclm1 ques 1'n order
to obtaln p0351'bly tl'boht bom1d_s to the optl'munl' \J'hl‘ch are qul te
sul'table to gul de t‘he sear011 L43 . Hox'lever subgradl'ellt‘z.1ethods
are Ilot polynoml'al bomlded. In t h1's vvorlt' a polyn01r11'al bounded
m.ethod 1's proposed £011 esstl'lnatl'ng the value of the optl'.t."‘utxxv*, t‘hat
1’s the ml‘nl‘mtl1111 \I'el‘gllt‘ of $1 1'11tersect1'011 of three rllat'r01‘ds, tvvo
of Whlch are part1’t1'011 amtr01'ds. At the l'—t‘h 1't‘ereutl"011‘ t‘he 1.fiethod
adds to the 10\I'er bound, 1n1 t‘lally set c—qual to A'ero, the va_lue of'
a ml'x.‘1'mm \vel'ghu‘ 1ntersect1 on I of‘ t11e utxvo partl'tl on mtr01'ds. The
cycles of I 1'n the other ruat1"01'd are then contracted, produ01‘ng
three nev; m.atr01'ds over a smaller set_of elements. Thl's procedure
generall’zes the method presented 1‘n L5] for coznputl'ng loxlrer
bomds to the lenght of a shortest hea“1111‘lton1'an cycle of a net'xrork.

References.'
[l] E‘.L.Lav1er, "Poly11om1'al-bomded and /apparently/xxon—polynoml'al-

bomded matr01'd computat1 ons", 1'n Combl‘natorl"al
[1 Algorl'tMS /R.Rust1 n ed./Algor1'5"mttnl'cs Press" /l9‘73/.

2 U.hiontamr1', "H‘eurl'stl'cally gul‘ded search and chromosonje
matchl‘ng",Art1‘f1'01'a1 Intelll'gence 1/1970/.

[3] R.I.I.Karp, v'm the computatl'onal con1plex1‘ty of conlbl‘natorl‘al
problen15", IIetworks,5/l975/.

[4] P.hi.Cwer1’n1‘ and F. .PIaffl'oll', "Bounds for 3-'Ar1atr01'd 1'ntersect1 on
problems",Infor1A1'atl'on Process1'ng Letters 3/1973r/.

5J1 II‘.Chr1'stof1‘des, "Bomds for t'lle t'rdrlvell'ng sealessman problenm",
Operations~ Reseeerch 20/1972/.
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R.E. Campello, h'_Ul‘uI‘-'A‘o*‘ — Ce ll'trd'l s L4l.etrl‘ca'5' b“.n.,
'h— M‘lo de Jw"e1ro, Bra'a'll ,

w'd

N.I&x‘aculw b‘., CUiOJR' wd I_1xlr"', Unl ver'qel"da'de li‘e.dera'l do.
li‘lo de Ja'nell'o, Rl'o de Jane*1ro, Brd'é‘ll,

 

BLMIJCli m‘V‘D BOUlf"D llP’PROA’Cli TO A‘ r‘IX'L'D—CIIAR'GE lJ“L‘TvJL"‘U“RK EA“l-’Vm\.'b"IOLJ‘

Plannlnbr tile expm'avl'on oi‘ a- tl-"a‘-11'e‘u11'a"—s ‘on power system
1nvolvee‘ de01‘81'ons on tile loca'tl on a'nd spoolfl'Ca'tl‘on ()f add; —
t1onal llnes to trl‘e’ netwv"011k, to satl'oof'y l"ort‘com1'now load 5 w1th
the reo‘ul'red de01xr'ee of re\ ll'a-bl ll t‘y.

Inves tment costs are_h1 b}h a-nd t11e nuuxber of poss1ble
alterna'tlves to be studled, oftCIl on a' Sll‘ort tillle, a.r e
con81derable.

The pmhJose of tzl‘l‘s pa"L3'er 1's t‘o "cub. Dr» eh»t a“ 51 mple lnodel
for solv1 nob" Cd'LDaCl‘t3’ expe- n51 on p‘roble>m‘ 1'n net“»:'om, V.,'lh'en
there 1's a fl’xed-charbl'e a'o°s~001'arted .J“\1't'h tn'e expanb‘l on of
each a're of' tn‘e relha-ted okr'ra-‘pll.

Some alterrla"'t1'V'es have been-te uL‘t—C'd- l'"or the Oil01 ce of‘
the nodes to be expwded 1n o‘ra’ncll--a11d-bound H16L“-.“Ods used.

It 1‘_s u"lSO HO'resented otoxn'e. computa"tl' o nal comparl'oeorls,
coxucer‘filng a' g 1ven example.

PE.erw‘e51' Unl'verSL’ty of Pl'sa,
‘ Plsa, Italy I

fiorm."1mm I‘.’E‘THODS E"O‘l{ I’h‘“Tffl1»"‘m'D'ICn"L PROGm"-.I"'u.l"'IIJG. Tfl'
GElmmlL CONWX a“'UA'DMTIC CAfl. MPLICA"P"IONo“ TO STR‘UCWMD
HOBEI.--'s. '

The al'm of thl'smer 1's f1'1‘5t of all to brl'efly rev1’ew
the sequentl'al method f"or strl'ctly convex quadreatlc progrms
wd to ex_tend 1't to the general convex quadra-tl0 case. 1.1v'ore
pre01'sely, 1't 1's snovm hOVJ‘ to ha-11dle trle sem1'—de1"1'n1'te_case
and debveneracy case. b"ome rel;aerkeo are made about the llnear
Case.

l.T.‘oreover the llnear m-d convex 3"uadra"lt1'c structu‘red
proDI-rarmoo are comel'der ed. It 1's shon'm IIOVV txl"e sequentl'a“l
metllod can be extended to such cases 1'n order to taKe ad-
vw't"ab*'e 01‘ the getructure. The decoar[3051't1'on a'loe-orl'tllms are
dev1'54cd.



_RM.Chwdraseka'rm Univer51'ty of Texas, Dallas, Ub‘ix

MINIMAL. RA'DION SPANNING TREES

The mi'nimal spa'nni'ng tree problem 1's well—‘knom
.wd eff1'01'ent algori'thms for solvmg 1't ex1'st. One o.f them
is called the "greedy" algori’tm by Edmonds. In this
paper we consx'der the follow1’ng problem-.

. For a g1ven mdi'rected connected graph. G.° (N,-E)
mth node set N md edge set‘ E‘ and given nmbers
Ce wd De, e6 E f1nd a spwni'ng tree T such that
the r'ati'o

1's mi'ni'mi'zed.

 

m exwple i'.s prov1 ded to,"show that an 1'.medi'ate
generali'zati'on of the "greedy"' algorithm Will .not mrk .
The problem 1's solved parentn‘eti'ca'lly v.1a a serie s of mi—
n1mal spannm'g tree problem. The algoritm described for
solvmg the above problem 1's polynomially bomded.

G.Castellan1‘, Uni'v. of Veni'ce, CA' FoscarirVENICEr ITALY- \\

F.Gi'annessi, Uni'v. of Pisa, Pi'azza d,ei Cavali‘eri',2 PISA, ITAL}

[I
DECOMPOSITION METHODS FOR MIXED INTEGER PROGWS.

APPLICATIONS TO STAFFING PROBLEMS.

qy means of Farkas' theorem the method of Benders for mixed

integer. programs 1's rev1'ewed and used to generate cuts haVi'ng

particular properti'es. More prec1'sely, a condi'ti'on 1's given for a

given hyperplane be a Bendera"'cu't. It 1‘s shwn how to use such a

conditi'on i’n a resoluti'on procedure.

An applicatl'on 1‘s made to a staffi ng pr~oblem by an airli'ne,'

such a problem is formulated as an all-1'nteger nonlinear program,

whi.ch can be decomposed into a set of linear all—integer programs,

so that Benders' procedure ma_v be a_ppli'ed.
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J.Chatelon, D.Heun, T.J. Lowe, .Department of Industri'al_
wd Systems Engineeringr, Unl‘verSL‘ty of b‘lorlda,
Florl‘dd , UM‘

M mmITW FOR LIMD NOW Iul’INM LOCATION ROBLEL.“E

We consider locating n new points in the plane relative

to m existing points 8 uch that the maximum weighted distance

between any pair of points is minimized. The distance measure

between pairs of points can be any lp norm, 1 _<p ‘_< N. We

state the problem in the form minx mxi fi(x) where x = (x1,

, X“) e E2“, and the f are convex, not necessarilyx2, ... i

differenti’able,functions involving 1p noms. We prove con—

vergence, to an e-optimal solution, of a subgradient algorithm

which relies on the spec1’al properti-es of the functions fi.

G@.Chrl’stov Insti'tut of I‘.btemat1'cs and P.1echan1'cs, EXS
Sofia, BULGAIRD.

MPE%OLIC OPTIBIIZPLTIODT P:YOBE‘I.I“

In the present paper some propertl'es of an h yperboli'c
optl'ml'zatl'on problem are dl'scussed'

- — W’c+lx 7
WP 3W“ «*9le 5Keel

"up = gxlA'x:£~’/ AHA—t”;
On the ba51's of these properti‘es an algorl'thm 1's de51'gned.

fie algorl thm 1's so arrang.ed that to allow a full mathematl'cal
investi'gatl'on of th.e pr-oblem and el‘ther an optl'mal solutl'on or.
suboptl'mal and asmptotl‘c solutl‘ons,.1'f‘ any at all, are found.

A dl'stl'nctl'on fr.om the knovan al.30r1'thms 1's that no pre11’-
ml'nem.knova'ledge of addl‘ti'onal 1'nformat1on concerni'ng the
function H(x) and 1'ts reg.1’on fi_ 1's meet‘ssary,.

whoever



MB.Cherkssski, Central v.1“conom1'cs mthematl‘cel Inst1'tute,
Academ_y of Sel'ences of the USSR, Iuloscow

EFFICIL“NT ALGORITm'.I‘S FOR TE I.MXII*.MI'. FLOXV PROBE'RT

This mport presents algoritMs for msmm flow
problem.Th1’s problem was fomulated 1'n [1] .Also there
we suggested algoritm for 1’ts solutl'on called P.0rd-
-Falkerson algorl'tm (MF§.But 1'n some cases HF cw
lead us to computatl‘nal d1”ff1'calt1'es.J.EMonds and
R.M.Karp suggested HF-modifl'cation needs 0(np2 )
prl'ml'tl've operatl‘ons for solving th1’s problem (n -
nmber of nodes, p - nmber of arcs 1‘n the network).
E.D1’n1'c suggested another algorl'tm for solv1'ng mmm
flow problem of 0(n’p) operations. D1'nic.'s algorl'tm
decomposes the solv1’ng of the problem for sequeno.e of
steps.Am'liary network called reference—network (m)
1’s fomd before each of these steps.Reference-network
helps more effl'c1’ent computatl'ons [2] . A.Karzmov
suggested algorl‘tm of 0(n3 ) operatl'ons u81‘ng a new
method of flow computatl'on 1'n one M.By us1‘ng D1'n1'c 's
and Karzanov's methods the auther succeeded in
suggestl'ng the new algorl‘tm of 0(n1Pp) operatl'ons.
Thl's bomdary 1's the best of those know to the author.
In the report are also the results of experl'mental
computatl'onal comparl’son of these algorl‘tMS.

{1] - L.R.Ford,D.R.Fu1kerson.Flows in networks,
[ Prl'nceton Universl‘ty Press,Pr1’nceton,New Jersey.
2] - G.M.Adelson-Velskiy,E.A.Dinic,A.V.Karzanov.

Flow algorl'tMs (mssl'an),M.,"Nauka",1975..
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Water resources problems have been of great interest to many researchers in various fields
such as mathematical programming. hydraulic engineering. power engineering and economies. In
each water resources project. there are three distinct phases: planning. allocation and operation.
In this paper. we have studied the Khuzestan water resources system in southwestern lran.
Assuming that the first two phases have been completed for this system, the primary concern is .
then the optimization of its operation phase.

Modeling of such systems depends strongly on the clmraeteristies of .such systems and' the data
available. On one hand, due to the fact that water is allocated at various locations of such systems
over fixed durations of time, a multi—period model is preferred over a continuous-time one. On the
other hand, the inputs to such systems, i.e. river inflowsx are stochastic by nature and would
eliminate the use of deterministic models. Aside from many determim’stic modeling attempts. few
efforts have been made on the stochastic approach. The common scheme for stochastic program-
ming models uses chance constraints and linear decision rules. However, we have proposed a
stochastic programming model with fixed recourse. which is more adaptive to the observed data
during the decision process compared with the ehanee-constr-aints model. In this apprtraeh. a
multi-period model is considered for the problem. For the end of each period and for any
reservoir, we consider two decision variables: target reservoir levels. and amount of water releases
(recourse actions). The former will be determined at the beginning of the period based on forecast
inflows. while the latter- will be determined at the end of the period based on actual observations.
For. the inflow statistics 0f_our particular system. we have found that it is appropriate to assume
linear decision rules in determining the target reservoir levels based on observed data of the two
previous periods. First, from the solutions of ‘a set of linear programming problems. the cost
function associated with the set of recourse actions is obtained along with corresponding distrib-
ution policies for the downstrezm'i areas of the system. Then. the resulting nonlinear. deterministic
problem can be solved by existing computer packages. ' i -

The Khuzestan water resources system consists of three major rivers. five reservoirs, five
power plants. seventeen irrigation areas. and fourteen municipal and/or industrial centers. A great
deal of data and information were gathered and received through the regional authorities. Among
other data. the monthly historical water flows as far back as seventy—two years are Used to estimate
the relevant probability distributions of the river inflows. The mathematical model includes many
constraints associated with power and irrigation demands, flood damage. recreation. navigation
and other physical operating constraints. The cost criterion is formulated as functions of penalties
and benefits corresponding to water shortages and surplusses, respectively.
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S.1.L"A1‘1l,‘nW, U1w.1'vrv"r‘4"1'tj‘ of 1"‘011U1r Yx011_,'F, II-o.nQ~ Kong"-

xz"LO‘1)“.'LLl" .le"D u"'1',IlJ'Ax"le““J~J"..,\""L3.’ CC"T '.'Vlv.‘4L-."1,“1.‘L"‘ l-AL\."C"..“'I|."‘1L"I.S 'TOR 14"L"1."LI_I\’L“:.-P\‘
IPxO'Cz~‘.1.“Ax1‘1.‘I;.“h'”

111 t‘w‘.1'"~ 1v,'.v»1\er \k' ,"r01).p of’ ‘)V"1ol)'11__d1v .‘.nd ‘2"1lr,vo.1'.1.1'ne‘vr"rly convergr,v*ent
‘\~lk,~or1‘th1..".)"‘ .x“re lvrefiuellted L’or tlle J"‘eller‘L.'1 110‘1~11'neq'r p.roJ-r‘rux'n1

.11'111'.x\'1"."« f(x‘) “Fubg'ect L‘o r(,‘.(\..') _—< 0‘, 3' _— 1, ... , n1 .,' nd
‘.,“ J.(x) —* O, 7"——1,1"‘+1, ... , lx’ J

\.'hel‘c f, p‘1,..., ‘vlc clonot 0 1‘0- 1 V'lll.0(1 fulxcL"..1'onu" on th'P. n—dl'nlenu°1'on‘1'l
L“uc11'dc\.k'n ovp“(ce. \a"c ‘\.J"U"\1.r1-e t11~\"t tlle ,)r‘r.\'(*d1'o.nt‘.)" of f, ,_"1,..., gal:
ex1'r,,t '(I nd 'rxro. L...W“V‘w~c111'tz COIIx‘J.1'n11011J“. on L 11e I‘;‘1‘_cll'(1—C"1n r..rI’Kicc.

L'1hc algorithm"u 1“.1'111'.r11'"..o t 11c ~o.‘.<.»\'ct II‘Cn-lty f 1111ct1'on ;\'11_‘1'c}1 1*.L1's
been "utu.d1'od 1)y' u”‘1'11.,vr-""..1'll, I-1'et‘1‘zy'}.’o-'.r.<U'A(‘1', r‘"nd xl'o-\/e

n. , 1_"
v1“(:~:) + Z 1‘1.."LX(H, fix)? + Z‘ I;‘.(X)I, v O

3'—-1 J 3'-—rA1.L~I’ J
tlllcn t I10 1'te1*.«‘.b"c=.gv '.re f"A-‘Ir V.v\,',.-r3r’f'ror1‘ t11e opt‘1‘r..1‘.'~*l solut‘l’on. Grk."(.‘~1'ent
n1et110.du° ‘for t'lle- uncon.,"-t‘r..‘1'n.oc1 1"1'11]_.I.\'1'Zc.'t-l.011 OL-h (ll'f'fex‘cxuf,1'.'.1gle
fu.r.ct1‘on.)" ‘.re ‘Jr‘vcnor'v..‘11'u"-ed uLo h"11L.1_le b“‘110. n011c11'ff’er-c.nt1"rrvble C.C"\,Ct
pern'rr.ltvt funlctl'on. T11e ._r1‘l‘1'3'o "ot'clw-"ul'ze procec1111**,(, or tllc r 1'1'n1‘n.um‘.
"utep"ul’ze lvroccde.re 1 "u' 11°»;ecx‘ L"o clet‘01"‘r.11’ne tll-c "otep"ul'zc. :a'nother
contrl'btlt'l'on 1’9“ ¢\.' llflv‘l. 1.1‘ct‘hod for u1/1c1‘gx‘t1'n_,rA.‘ tlle p.0n91'-lty pg.‘r~rg\"1.1‘eter
v 0L"' tlle G.k'u.'Ct n‘exl“lt"J f11nct1'011.

f’he» ~.'I _7)~‘or1'L"11rA1‘ AJ°\I'1.L'Clleu° L."11LJ‘Or11(L’tl.C\~V'llJ" to quc.'lo°1'—I.’e-\l~ton ‘.L"1rur‘ori‘thn..s
\1-111'c11 ."v4re clou"ely relkk"'t‘e»c1 to t1.“‘e b""1’c c_"1~.si—L'e I‘tOIl clufiorithmuc h‘.’..v1'ng
been uhtttdl ed by \’.‘1'lu"on, ‘P.ob1'n.2-on, G".‘..1~01".'., l‘.'4._11vlr'¢“o"\‘».r1"‘A,rn "Lnd II'c*.n ~x111en
the 1'ter.'.tte"u (‘.'re no..*r t1*-.e clutl‘r.1'~._l "uolutl'on.

Ffiuxhut nu‘morl'cvtv.'l c‘x11.e*11'ence 1'"g obu"'L.‘1‘ned for tile 1L~'1[J‘or1't'hm‘.s.

.xckxnox.'10*dr,"veilent.;°. T111‘ufl .11-‘x"te'l"].-.'1 1"01~m..,"' p.‘."'rt of m.J‘ Ph.D. trx‘e51's
under the- ufiun_.orv1'u"'1'on of Profoung"or (1’. L. I"-k."‘n.,)rrk."»u"%“'r1'~‘fin. I \.-'1'sh
to C.YprC‘uflv° r A~y 51'11cere L.'|L7-,1;*re01'«"t1'on to 111'.m for 111'u° L,r‘L.‘1'd'rt.‘nce,
encotlr'-..‘.,'*er.lent L n(L‘ '."c¢v1'co 1'n tlle J1Wrn,n_'.\'r'«‘x't1.'on of tlll'FQ n.1r‘A1't'er1'al.‘
I t-Jould 11'1.'e to tll'V‘-n1< I’rof'euh".gor C. I.". Crb'er, lrof'eruU~01~ R. .R. II-ej‘.er,
"nd I’r01"o.1"‘»u"or u”. I.‘. I~.’o131'n.J"on for t'hc-l'r vv.'-- u '1Jle DFLIWK,_,"‘0U°t‘1'o1ls.
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THE APPLICATION OF BIVALEM NOMMAR PRWRWING TO THE
LIMAR ELECTRONIC MTWORK SWTESIS PROBLEMS

The basic steps in computer-aided electronic network‘
desim are.' i) the modelli’ng of cmponents,‘ ii) the topo-
logical synthesi's in whi'ch an imtial netvrork iAs fomd,°
md iii) the nmerical synthesis in which the designable
parmeters are adjusted so as to achieve the desired
perfommce. If the design is macceptable the process is
repeat ed from either step. (i‘i) or (iii) Thi's D.aper deals
with the topological synthesis problem . The solution is
semhed by a sutable nonlinear bivalent proa‘ram1'ng
problem. . .

Am network fom.d‘ in_step_ (i‘i‘) has to satisfy the
followir.g conditions'. a) its grap_h 1’s two-c0'mected,' and
b) the actwl transfer f.mction of the network has non-
zero coeff101°ents 1’f, and only if the correspondi'm_
coeffi'cients'of the desired trmsfer fmcti'o‘n are non-zero.
The topolo;,pical synthesis problem may be stated as fo'llows.‘
it 1's-des1‘red to fi'nd a clws of the tVJo-comected \vvel'ghted
graphs. In addition, the mnowns wvhi'ch are r_ela+.ed to
the edg,es of the svran‘h have to satisfy several linear i‘n-
equality constra1»'nts (condi'ti.'m (a)) and nonli‘near constra-
ints (condition (b)). The values of mknowns are restricted
to 0.1 . If m optimi'zati-on.criterion is defined the
problem of top ologi'cal syn the51's 1's converted to the typical
nonlinear bi'valent progrmm problem, and we solved i't
with a slightly modified ver81’on of the 1ex1’cographic
enmerat 1'on agoritm of-Lawler and Bell.

T-he main di‘sadvmtage of the method' is the lwge storage
ne eded. It is necessary" to store ver'y l_ong expression.s
(condition (b)). If the des1‘gned network is allowed to have
two types of components only e.g. R and C, then the problem
of topologl'cal synthesis 1's greatly simplified. It is poss-
ible to substitute the checking of nonlinear constraints
by the process of sewching for trees wd 2-trees with the
muimm and mini'mm wei'ght in a specially const_mcted famly
of graphs. The modi'fied method mquires only minimm storage.

The final sec.tion of the paper will present results of
nmerical computations. '
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A mathem.t1’cal formulat1'on of a-echeduling algorl‘tm
for the heat treatment problem of a h1'gh alloy steel manufacturer
will be presented. The algoritm 1'8 based on the zero-one
programm1’ng model with the cr1‘ter1‘on of maxim1’zing product1’on

trdrhowhput of heat treatment furnaces.

The computer outputs of the developed algorl'tm w1’ll be

analyzed md an alternative approach to the pflblem solution

(simulation approach) w1’11 be shown.’
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Til _1's pape‘l dea'ls_x‘J1't11 L‘he est 1~uctu1"e Ol“‘ a mafitr01'd Md
contalns some ma’tr01d consstructlorl problems.

T'he me'1'n res<"ul‘.t o.f" L"he L"'1'1*st.pa"rt 1's a' nczce_se"ary arnd
sfl'f1c1ent condltlon £"or tilL‘ ex1stellce 01' a‘ CerUlt \J"1't11
cal‘dl'na'll‘ty r-r l 1'n a‘ nla't1'01d 0:“ l-armk r. D’he condl'tl’on
fowd 11as conxlectl on VJ 1'th m'- exckla'11U"e pl‘operty of bases.
In thl s conu‘l t‘l on sc‘ome’ c1'1‘cu1'ts constl'tute tlle fd’ltll.ly of
bases of‘ d’ md'tr01'd. D'he conrxectl on \v"1'th the basses 5rdpi“ ‘
of d' matr01d 1’s‘ put 1'n evx'der1ce.

In tile sc cond pw't \Jl'e 1'nve.)'--‘t1 Q~ u"t—C‘ thc‘ problem 1'f
certa-l'n 1"aru1'll'e*as 01‘ sets, bl‘l ven OL' 0011s°t1‘ucted, form‘ d"
matr01 d. o"ome qu4'41tl'td'tl've €‘o°tl md‘tlone" oi' t11‘e uxm-l'mum
number 01‘ )t’gx'a‘.‘c's 01' '14 md'tL"01‘d \J’l't‘fl L'et'nk L‘ "od’b‘1 ssfj 1nbr
cert"q'1‘n corxdl'u“l'on's‘ Q'l‘c'- obta'l’ned.
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AN INTEGRATED b‘Yb‘l‘E‘I.. FOR INTERACTIHL NON-LIN}. AR PROGRM.J‘.‘lING
C OI'iPUTAT IUNS

Existing optimi'zati'on algori'thms are hi'ghly formalized a‘nd do not allow
much hmn intervention or interaction. This prlper dealswt'ith the design
and development of software for nonli'near opti'mizati'on using a collecti‘on
of well-Mom nonlinear programing codes.‘ SWT (Sequential Unconstrained
Minimizati'on Techni'ques), GRG (Generalized Reduced Gradient), GPM (Gene-
ralized Projecti‘on Methods), and MCI. (Mthod of Centers Linearized).

The system has evolved from "stand-alone" programs to an integrated
package which allows the user to defi’ne objective function and constraints
in a simple FOR~MN subroutine and call me of the algorithms to initiate
the solution process. The user can also 1'nteract with the process by
changi‘ng strategi'es in mid—stream through the use of different algorithms.

Because of this algorithm 1nterrupt mechani'sm, one can study the structure
of the problem or observe the soluti'on process (for example,-monitoring
precision/convergence/number of function or gradi‘ent evaluations). As an
experimental tool, it may also be used to study the interaction of algoritMs
and the best mtching of an algoritm to a given class of problems.
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A GPJMM'LIE‘D CUIJLW'UGA‘D‘E' GMDIENT Ivfl‘ThOD E‘OR CERTJXIN WGE
STRUCTURED PROBm'xfi“"

We con31'der a gener'all'zed cong'wate gradl'ent method for f1’nd1'ng the

m‘nm‘m of'a non-quabatl‘c Motl'on 1'n fl'nl‘te dl'men51'ons that has a p051‘t1've

def1‘n1’te smetrl'c Hes51'm. me method 1‘s based on spll'ttl‘ng off from the

equl'Went system of nonll'near equatl'ons for t‘he mnl'shl'ng of the gradl'ent

an approx1‘mat1‘ng p051't1'W-def1'n1'te system that 1's eas1'ly solvable, md then

acceleratl'ng the assoc1‘ated 1’terat1‘on u81‘ng (nonll'near) cong'ugate gradl'ents.

fie method, whl'ch 1's m exten51‘on of our earll'er one for the qmwatl'c case,

fm‘ds appll'caltl‘on 1'n the solutl'on of problems ar1'S1'ng from the d1‘scret1‘zat1‘on

of nonll'near elll'ptl'c partl'al dl'.fferent1'al equatl'ons. Its behav1'or 1's

1'llustrated for the ml'nm'al surface equatl'on, w1'th spl1'tt1'ngs‘correspond1‘ng

to‘ smetrl'c extrapolated block Gaus s-Sel‘del-Nemon 1'terat1on ad to separable

elll'ptl'c operators menable to fast dl'rect methods.
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NASH’S D'QUILIBRIULl Ill II-PL“‘12SOII‘ GMI‘E‘S Alm Ili‘ ECOIV01»I'IC

Con51'der1'm the equl‘ll'brl'm ex1‘stence pl‘oblem of the
follow1ng systems.-
The system con81'sts of n agents. For 1'-th-agent, t11e stra-
tegl'e space x1. be a locally conve.x Hausdorf'f topologl'cal
vector space. The allowved Sl't‘uatl'on of the syustem
x——/X ,X ,...,x / w1'll be ll'ml'ted by the re ul"1‘c3111ent‘ that x
be selegted f'r8111 a convex,001npact set S-c‘ ',%XI. .The
obJ'ectl've functl‘on F'..-b‘$R2 be a real i"unot1‘on and t11e
allow law of movenlent V.’ .‘ S 48 be a se t-valuedmappl'ng.
A s1'tuat1 on x‘ 63 1's‘sa1'd to be q7—equ1-'11'br1'm 1'f

e A ,.I ~\A :1“ \X
and for all i-—4,... n Fm“) = max {+1- an: 2;) '(A'um‘e (pg-N)?
\vhere A *.."x"- A ,*_x_d.*,--.,x\‘4,xL-,X.-‘4,-- K,."'>.
Thl's fornlatl'on of‘ equl'll'brl"wn l‘efonlulated L"}1e concept of
Nash’s equl'll'brl'm 1'n a way VI“hl.Ch 1's euosornt‘l'ally related
to that of stabl'll'ty to lawss of mov-cment' S'ome equl'll‘br‘l'*ml
ex1'stence theorems al'e proved. f’he relat 1'on betwl'een the
equl'll'brl'm 1'n Arroxv-chreu econom1 0 model cnnd -equ1 11b-
rl’m 1‘s con51'dered. ( , f. ‘ , _
The results of Alll'ngham RI.G. _.14 , Be—r'.g, C. .2‘, 11"ash ‘4_
and of author L-‘3“ are 1'med1'at'e corollal‘l'ess‘of the present
ro—sult, “
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Tm MMITM W.OR TE FEM'T—W‘BER’S HOBMM'WHH
GEMMLIED COST FUNCTIOm

m solve the Femat—WeMr's problm wi'th generali'zed wst functions

of euclidian dismnce, wree convergent algoritMs are promsed. For

these algoritMs an 1'terative functi'on is defined for all _m1‘nts inmn,

demand ml'nts 1'ncluded. me fi‘rst one has no continuous iterative function,

its convergence 1's provw with an Huard's statement. For the tm others,

the iterative functiOn being continuous, the convergence is established

with the well-know unwill's thmrem.
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A COL»"‘£1‘£Io”‘ON OF b"L'TL'M AUG‘l.“l‘lV'lr‘L‘lD LA‘u"M"Ju”IA‘I B‘UR*ICTIOlq‘S

In recent yews there has been 1'ncrea81'nbr 1'nterest.m'
studyl'ng both theoretlcal and practlcal propertles of aug—
mented Lagrwg'l'ws for solvinbc nonllnearly constl‘al'ned op-
t1ml‘za'tl on problems /see, for example, L_l] ./

In L'2-7‘, B. hfiletoher present'ss a thol"oublv‘h study of tn‘e use
of tlle Ptoxll'ell-Rockw"eller—Hestenes L as“ranovlw 1'n wvn‘l ch
computatlonal tecMLques are presenL"ed f"or ded'll'r.g xv1'th thl s
Laon‘ra-nro.~11'an m'a a"rn uncons‘trie'l'ned nrl'nl'Ldl u"a't1 on algorl'tm. A'n
alternat'l’ve I‘am‘l'ly Ol“ Lagr‘aan'l'd-'ns° \1‘111'011 a_re t\J'-1'ce dl'l"‘r"eren—
t1able 1's g1ven o‘y O.L. .11‘& ;"'-d'sar1'w 1'n l 31. In tn1's" paper
vve develop a comput<1t1'onin techrll'lcue based on Ivl"anu.‘-‘d'sar1an’s
Laovranb'~r1'ws md present d' computa'tl'onal o"'tudJ‘ 1'n a 001mon
f'ramexl-ork, Ol" o‘oth 1“a'n11'll'e»ss- ol"" La'g-rd"nol"-1'm's.

Tn‘e nuxnerl'ca-l sotudy 1ncluoes a" so:~_-n"'pll’n5v" ol"" test problems
from, among 00 her sowces, a- collectlon bL-‘lven by D.»1l‘~‘.
Hl'rnmelblau [4p). The testl'ng at>'p"r’0a“oil‘ 1's 0"ased' on tn"e de—
velopm‘ent of n"odular1'zed‘ sclfi'tv»"we s<‘o trlat 1:.'&J or counon steps
/such as t‘he moonstral'neo" m‘l'nl’ml'zatl'on/ w—e done by exa-ctly
tnle same softx'Jwe. Thl'ss a'_‘)'L3roacll helps0 to assom-e the 1'ell‘oeb1'-
ll ty 0:“ thed result‘s Obtd'lned. b‘urtll‘er, tne modules“ d'evelope'd
vr.1'll eventually evolve 1nto modules l"‘or d'uo‘x"1.1‘ent‘c—d La;Q*/rm'g1ans
1'n tn‘e ‘1.“’Il."ljn,"'C&' ma’tl1emn-‘-tl'cal prob‘‘ra 'm'nb'l‘ Q°OlotVlare prOJ“ect
mder development“ at n‘rgonne ll'd'tlona—l L-d"o'oratory.
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OIJ SOLVING L IIJL‘“AR CO.I“@LL"~P‘E“NTARITY PROBLL“hlS AS LINEAR PROGM.TS

\

Recently, Mangasari'an has demonstrated the possibility of solving a

certain class of Linear Complementarity Problem by formulati'ng them as

equivalent linear program and solving them as such. me of the key 1'deas

in the above approach 1's an ingenious theorem giving both sufficient

conditions for the LCP to belong to this class and a description of the

equivalent LP.

The present paper begins with a sharpening of the aforementi‘oned _theorem

of Mugasarian whi'ch is then used to show how all the comlementarity problems

described by Mngasarian are related to the theon of polyhedral sets having

least elements.

mis paper also discus ses the .nL‘estio.1 of whet.her the LP approach can be

reco’mnded for solv1'ng complementarity problem of the type for which it‘ is

intended. The discussion is illustrated with some computational emerl'ence.
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MGWGW CONDITIONS NR QUASIDIFEWLVTIME OHIMMTION

hymgew necessary conh'tl'ons for optl'mall'ty (of both fil’tz

Jom md Km Tucker tms) are enmded to a cla$5 of constrair.ed

m’nl'm'zatl'on problem, 1'n fi'nl‘te or 1'nf1'n1'te M‘mnsl’ons, where (a) the

objectl‘ve md constral'nt Mctl'ons are not necessarl'ly linearly

h'fferentl'able at all p01'nts, but have fl'rectl'onfl der1'vat1'-ves whll'ch

are convex Mctl'ons of m'rectl‘on, md (b) the objectl've fmctl'on tfles

vuues 1‘n a pwtl'flly ordered space. The class of fmctl'o'ns 1'n (a) 1'5

uso chwacterl'zed 1'ndependenth of derl'vatl‘ves,' 1't‘1'ncludes the sm

of a convex fmctl'on md a 11'nearly Gahteam. m'fferentiable fmct‘l'on.

Both dmll'ty md converse dmll'ty theorem are obtal'ned.for the’ case o-f-

red valued objectl've, md all fmctx'ons conve x. le’om knom result's'

are spec1'al cases, 1'nclum'ng those for problem 1‘nvoln‘ng sqmre mots

of qmaatl'c form.
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Mi ALGOI€IVTIILIII P'OR A PIL‘fi>CL‘fi-Js.‘y"IVSLfi LII\IE‘AR P‘rI,ODT‘JL OT*.TML".~I"“IT}I

IQ’L1'GAL”IVL"* PAYTICE'S MD IIIDIVIDUAL IIuT‘ih'“ASIBILIi”Y

A model of trade i's considered wherein priCes my be positive , zero,

or negative._> Also 1't is not assumed that a trader has a feasib_le course

of action, if he is i'solated from the market. Existence of equili’bria is

Show under the assumption that each subset of traders does not' become

satiated by the goods producible or owed by the. remaining trader3. To

prove existence we consider the aggregate production cap_ab1’11‘ty with.

weighted obJ'ective. An algori'thm 1‘s given whi'ch el'ther computes an equili-

brim of the market or demonstrates that the nonsati'ation conditi'on fai'ls.
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61ven tllc‘ ll'near problem P "max ‘m1‘ze b(x) -— ‘Zbl-xl- sub] ect t'o .th'e

constrfint C(x) —— Eelxl- \< C4 w1'th xl- —- O,l" — th1 5 1'5 the we'll-mom O'/l

hapsack problem -, we look for propertles that re late m opt1mal ml'nt

x° of P to an optlm'al pom't of the Lagran'gean problem MA "maximize

b(x) — Ac(x)".

Me fact 1's that a solut1on to MA cm be fomd m' 51'mle way.‘ put—-

tm‘g 11' -"‘ - Acl-, we restate the problem as "mn Ell-xl-" wh1ch has the

solut1on xl- -— l 1'f 11' >.O md Xl- —— O othew1 se.

If we have m optm'al p01'nt ffor LIA w_h1ch 1's also feasx'ble for P,

let D. - A(C - C(x )), the £0llow1'ng propert1es hold

(1)
(2)

b(x°) s b(x") + D

ELI-yl-SD ,( xvhere /‘1- —- le" - xl°I m.d Ll- —— Ill-I.

The f1rst property cm be used as a bo'md for the optm'm of\ P md

a measure for the goofiess of the approx1’mate solutl'on f, the second

one for reduc1'ng the Sl'ze of P, m~' fact 1'f LJ->D.then xJ-° -— fJ-.

A Brmch md Mmd algorl'tm 1's presented that .ut1'11 zes property(2)

f,or reducmg the umber of brmches requ1'red by other algorl'tMS ,b‘y consi=

derlng the 5m of the L1- relatl've't‘o the comonents forced to a value d1'f-—

ferent from that m' x”.

The algorl'tm 1's also mdl'fl'ed to hwdle problem w1'th m‘re then one -

constral'nt, 1'n fact t'he sme propertl'es hold l'f we con51‘der .the Cl' m'd C

as colm vectors md A as a vebtor of m.ult1'p11'ers.
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ON LMGL(“ SCALE‘ mmISCOmVTED I\WKOV DECISION

PROC«ESS‘ES

fie proposed agoritm attempts to obtain a recwsive

method for the evuuation of the subwptmal policy ad the

correspondim relative values of the total expected cost

vector for a complete” ergodic undiscounted, discrete

mmeter, infmte horizon kaov decisi on processes. fiis

method avoids matrix inversion md hence the error control

pmblem due to romd off whi ch is very much pronomced in

Howud's algoritm for lags scale processes. Also the accwacy

of me vflues of the cost vector, as evfluated b_y this metho_d,

we independent of the gun of the process. The upper md the

lower Mmds of the cptmal gain we fomd out in each

iteration cycle from the policy improvement routine us1m

Odom's method. The difference of these bounds is used as

the stoppiw instruction.

me strikim feaMe of the‘ proposed algori‘tm is that

it acheves a considerable mount of savi-m in comput ationfl

t ime for' both small..wd lwge scale probl-ems compued.t'o.

Howmd's_md even Odoni's algoritm. The computationfl tm'e

saviw is more pronounced as the amber of states increases.
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A computer alg,or1'thm 1's presented for conputl'no'r th‘e
values of the m'ultl'dl'm“L-in81’ond'l normal dl'strlbutl'on fmctlon.
The algorl'tm 1's based on a Vvell knom Montefiarlo tecM1'que
wd makes use of the E111ps01 d m'l'ethod for 6"enera't1'on of nor—
mal rmdom vectors. A correspondingr r‘ORl”M‘I~ proo""'r‘a'm VJaS
made,~ computetl'onal results wd computer runninbr tl'mes we
also presented.

The prooe“1~a"m works fast I“or great_va‘lues oi‘ the d1strl-
butlon I‘wctlon /near to l/, w111'cn‘ we esp e01ally 1nteres—
tl'ng 1'n stocrl‘astl'c prog‘l‘am-m’ng‘ models. If the value to be
deter1.L-'l'ned 1's p tilen 1‘n almost 1L‘ 0 p fov’ of tn‘e cases
tn‘e genera-th‘on of one normally d1strlbuted rwdom vector
reduces to tn‘e Ovenera'tl'on or“ one unlform rwdom'» number
from [0,1) wd some log 1 cal comparl sons". Thus 100 p ,0”
of the xvork becames 1'nu~‘ep‘endent of the number of the
dl'men51'ons.
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ON T%- lm.-'E‘RICAL SOLUTION O'E LflGE—SCz'mE GEull-il“'RIC PRWMd/-
nl‘IlN'G P'ROBLEL“'£

For more txl‘an a decade noxv, researctlers 1'n the area of
nonll'new prob-‘ram'1'ng have attempted to dev1 se a‘lgorl'tms
for the solutlon of geometrlc probvraxnml'ng' /GP/ problems.

‘For the most pat, these algorltms llave been fa'r from
successful 1'n solv1'ng even modarate sl'zed problems. Recently,
however, a nmber of' a'la'rorl'thms appewed tilat ar"e capable
of so.lvn.nDcr problenxs of‘ t11‘e order of 40 pr1 ma'l varl'a'bles m'd
4O prlmal Slgnoml'al coxlstralnts m'd up to 150 degrees of
dl'ffl'culty. Stranboely enough, the most\successr'“ul of these
codes solve txl‘e prl ma-1 problem w'd uxake no use of the elegwt
W“ duall'ty theory. lnhe algorl‘thms upon VJ'h'l'ch these codes are
based.are not sulta'ble for tn‘e solutl'on of truly large-scale
Gr probl ems smce they are not able to exp101 t‘ Sy“d‘fSlty 1'n
w er"f101ent ma'nner. b‘l'llce large—s cale appll'c'atl'ons /t110usands
of debvrees of d1'f1‘1'culty/ of GP abomd 1n the area ol" 0p-
t1mal a1rcraft de51gn md other 1°ufportm-t areas such as
transportation, the quest;on of‘ hoxv' thesee problems cm be
solved‘u81'n5“ GP .tkleory'._1's w 1'mportw't one. To make use
of' spar51'ty,. algorlthms w1ll have to ooncentrate o'n the ‘
llne_arly _constra 1ned dual problem. T111 8 paper d1 scusses the
dl'r“'flcult1es assoc;ated VVl tn“ t11‘e solutlon of‘ the dual problem
wd outllnes p0851ble ways 1'n wn‘lch tzl'ese may be overcome.
Also d1scussed 1's some on0”01'ng research 1'n attenxptl'ng t.o
adapt a hl'ghly successful lwge-scale opt1'u11'4"at ‘on routlne
that solves general nonllnear programs vv;th 11new equallty
constralnts wd makes eff1’01'eht use of spa‘rb“1'ty, to the
solutlon of dual gj'eometrl'c programs.
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\ WC.II.~I"‘hJ.‘t‘L‘1‘11t'onOxfox‘d Syeo~temss Alssoc.L»*d.,Oxford,h“'ngland

II‘EMI OPlr‘IR”&L UOOLUF’IOITu‘ OP' VB*RY LMGE STRUCTURE‘D II\TTEGER PlIOG—
m'HflIIJG PIZOBL'TJILL'ShUSII‘IG COLBIIJATOIiIAL If’b‘MTIOIJ‘ Si"1MD'L“‘GIE'S

D’hl's pap er descrl'bes a general practl'cal approach to a class0
of 0-1 1'ntegrer programing~ p.voblev11ls 1'nvolv1'ngr t‘e11s of" th011—
sandks of‘ val‘l'abless and const'l‘al'nt‘s \vhl'ch h c av1'ly utl' ll Fé‘C‘xs‘
the,1'1‘ sotr’uot‘w'e.Thc problelns con31'd2cred are sch cdull‘no” prob—
lems,-1.'n order of 1'n011ea51’ng coxll‘ple.xl_"t'y of thel'r const'ral‘nt
ost'l‘uct'we they are.' school i‘ll'llle-tabll'ng',J"Db L,s}10p selle»dull'nr.g,_',
trade t'ral'nl'np‘ school schc>dull‘nrr and 111ed1'cal pel‘soomel sclle-
dull'ng. l‘he, phl'llosophy of‘
thl's approacll 1'0" 1‘0 p)envcrat‘e. ec181'l'y a heml"st'1'c solut‘l"on to

‘an ap propl“l“ately chosen skeu* of‘ pr1‘n1a11y.conKDOtr'al'nto" and t‘hc-n
to use a comb1'11at01‘1'al l'tle1“at'1'on k.°L"ratc=g‘y by \J‘hl"cn‘ b 110- CLlrrent
/pal*L"1'al/ solutl'on Inay be pe.r'111ut ed b'o 013L“1‘1nl"zc-\ a snul’table
obJ'ecL"1‘ve fmlctl‘OII and/or "sat .L"*'s 'y the rernal'nl'ng)‘ conootral'n‘ts.
Thl's approach eas11y allO\‘IS t11‘e Changes to p1“oblem spec1f1‘—
catl'ons \I‘hl ch occm* fro-quently 1'n real ll"f‘c- L"o be handled
1'nteractl"vely 1'n re-al tl"me. l'n practl'cc , a balance mus»“ be
struck 1'n tlle de51'gn of t'he l‘teratl'on St‘l“.ab"‘0'b"‘y betxl‘een
eclnpleX1'ty and emaust'l'Vc-1ness ancl cost considerationsn 'xlhl'ch
1nclude rm tl'me and prec1‘s1‘o11 of problerm spe01‘fl'“cau'“1'on.
These technl"ques llave been l”IA1plc-n1enuJ'ed succeso_)fully 1'n opo-
ratl'ng or develo,p1'rlg sayst ems fox‘ the p11oblen1s mentl"oned
above by OXfOI‘d Systems Assoc1‘atc—s Ltd. P.1‘act1‘cal exnfierl'ence
l‘egardl'ng coxnplemc-ntary 1‘nforn1at1 on anyofit'(,"IIIS and 1'nteract1‘ve
Ltsage 1's descrl'bed.
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#Law"sz'lo Be’lawKova"cs_L Computer_wd Automa'tl'on Inel'tute
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FINDING FM"'IT»’U&‘ Mb"TRICE"D CIMINS‘ Ob‘ DI%'CTE’D GMHS
E‘OR 1‘&" SOLUTIUN OF' A GE‘OLOGICfl' PROBLE‘RI‘.’ $°TE’ING UP
onTM'TIGMH'IC SUBDNIb‘IONS

.In mthemat1cal terms tile problem cm be shortly des—
crlbed as follows. ’

It 1's g1 ven a d1rected graph G-—LN,~ A] , where N
1's the set of nodes and A L's the set of arcs. B‘urther—
more m nxn matrlx C 1's know, the elements of
Whl ch cm be only 0 or 1 md n 1's the number of
nodes 1'n graph G. i"‘he d 1rected cn‘al'ns

/1/ - (11,1'2,...,ik)
of graph G, contal'nl'ng t n’e mul'mal _number o_f .elements
we to be fomd subJ'ect to,the foll'OVV'lng' COHdlthD.‘

/2/ for all

C. . =0,
lplq

ip,iqt{1'l,i2,...‘,ikg if p<q then

The problem has occmed 1"n a geolobr_1 cal research
subJ‘ect, otn‘e arms of tile recent 1nvest1gat10ns are.‘

— to defln e the not;on "strat ‘Uvrapl'c s_ubd1'v1's;Ion"
u81’nbr' the not; ons of formall zed str'atlgrraphy,

- fo fl"nd a’lg_or1'thms_f' or o‘eterml"n1'ng optl'mar'l‘
stratlgrap'hlc subd 1v1s1ons reb’Mdlnb"' ta" t.he
vl'nter'eest of the exp loratlon of raw.mat er1als,

— to set up .optl'mal stratl'graphl' c s ubdl v1‘51'ons of the
E'ocene s‘ed1_m"ents of tn'e vDorogr bas‘ln u81ng elementary
pol eontoloorslc da'-ta-.
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The~ above mathematl‘cal problem was solved by
a spec1’al l'nteger progrmlng method. Some 1'mportmt
featwes of thls method can be used 1'n solV1'ng some
other spe01'ally,structured luge 1nteger prog‘ram1'ng
problem. The proc edme has been coded for a CDC 3300
computer wd applled for the stratl'graphl'c subd1'v1'81'ons
of Dorog bas1n. Problems up to n—-aom were studl'ed.

_4Jav;'erI‘llarues_ D1 ezCm'edo# -Bank of xIl‘ex1'co, uI;"ex1'co

A MD‘\«"OM‘ o*OLU'l"‘I01q‘ P"O 11 a" v-l.“E%l'L‘L W-, 1ICE b"Cl"LDdLIi"'rG BIiOBLE‘Iu"

Dmtzl"br wd r‘dlkereeson /J7/, w‘d la-"ter B"—C.le0l*1e et. a'l.
/l/ have shovm tll'-d‘t certa'l'n vehl'cle" /t-a'nl{er’/ s°c11‘edul1'ng
problems Ca"n be f'orL1'ule'ated d-s" 31'1‘n1'.n-um cost I‘loxxr p1*oblems
on a' netxJ'orK. In trx‘l 5 paper, the l'€o"ultb‘ of Da'ent21'ox""l a-nd
b‘ulkeres“on we extended to the Cd'se VV'.JVere IuOl‘e then one
type 01" vell‘l'cle ca-n be usee‘d l'n tn‘e detc-1‘u11'nu‘-t1'on of‘ m
optl'md'l fleet. /In twkel- selled'ull'no)‘ te'1"m"1'nolou‘«‘y‘,- hox."'mwy
smd'll,/medl'm md large tank'ers' 4»~‘ould i‘orm l‘n w' opt‘1_’mal
fle et. .

. It 1's seen ho_w the problem ed‘-n o‘e f'o'11muld-ted as a'_mod1'—
fled trm'sportatlon problem vuhe’r'e flox‘; 1‘n soxxxe a'1~cs° ls
corxdltloneo‘ to there o‘elng" f 10w on certa-ln other arcs.

These "cond 'tlonal" tra’nspox'tatl on D_roblems \J'ere solx'ed
dl'rectly as llnee’r’ prob.'1'ra'ms and sn‘owed tn‘e pecull'gql'11'ty of
tel‘Lnl'natl"ng all 1'nt'eb'ler l‘n esp;te ol'° not ll.4"Vl-nUW a unl‘module'r
constrd-1'nt mLL-trl'x. 11"‘e-d1'scuss how t'he model \I‘d‘S 1'mplemented
md the empl'rl'ca-l PE‘QCUltofio
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_C.~D1.'ntr‘..11 Acbndet'.tJ‘ of 1‘.“0011'0A1.l"c ‘u‘L"ud1'e,°u, B'uch't.rost, R011.'~411'a

APJOJ'T lHIII.J“ PROfi'IJJJ““I.t" Ob" "CR ’l‘ICft L L‘OIIL“"g"“Cf’I01.“S" I.IT‘ Aiu” ORIHJTL“D AND

C 01-] \l EX GRAPH

Til',].'u° st‘udy 1'o" p1*eg°ellt"ue e,'~ Art‘ovt‘llod u+0 deter1.“_L"Ile, ‘1"ll t‘ho "cr1' ~1 cal
c011~210ct-"l'011'le" 1'11 tge‘x1‘ orl'exlte~d gro“pII, by ‘.1ree~ns of the t.~88001'c"-t‘ed
matrix. -
‘4‘“ crl‘tl_“‘ct.-l co ..“,.e‘Ic r"’.x.OV.1\°u l"-u" Llnd-01‘°gt'00d to be the only elewx.x'enthry
pc"~t11 \."1'th ...' letfi-ovht equeel to t'11e. pu'zt’ ‘11 botxl'ec-Il t‘I‘-o fl'xed vert1 cos of
t'llc grt*JpAH,' SL1c11 t" plnt+11 \1"1’ll 17)L‘* c.L”.lll,‘tc1‘ ".’. pd'th of tJ‘pG’X ",/ ', a’ 1’.
ir‘hc probler‘x of dot c r..A"1'11l"”11g all t‘lle pathfio /t, X / lla.°o “e gr-cat
pl‘et.ct‘.1‘ct_"l 1'.;‘*‘p01"t'~e1100 tr.'11e11 t rl‘o bond u‘et*\/'ce11 t\l‘0 vertl'ces of‘ LvF graph
lt‘as to o‘e ensu1*ed.

1"huu°, 1'f tlle gl‘e,"~p11 rop‘reo"e11t‘g“ t'Lle n.et\.'ror‘{‘ of e*' flO\l',l g."nd .l'f one of
t119= Gong“.cct*'1..'on"o t*,d / i“u destl'oyed, 1"t‘ be co.‘:'e°g cv1’de11.t tllt..'t‘ t*he
0*1‘:,"fflC o‘et\,"e—011 t 11e extl‘eltt“1‘t‘1‘es of L'111 s D; qeth 1's st oppcd, an fact
tllat' .‘1‘-1'511t‘ dl"g~t'L11~b tllc- flow." 1’11 5 orllo 0ther Decct‘l‘ons of t'xl‘e net“.
lr‘lll go oetuda*' gl"'veo" SOIu‘e '1t‘te“»11‘ods to determl'ne 'the comectl'oxls, f'or
tllree d1's»"‘rl“1lct' c",sec°g, "uucll L'°g-. '
1'/ t‘lle getudy ol“ c=xternngl l'llCl'dGntu”l 9.,rcs of t'he vertl ces of L." grapx1‘
1'1‘/’ t“11e s»*u‘d3r ol'° 1'nter11al 1'n01'derttgtfi-l efircs betxl'een tn‘e vertl'ces of

tile bvrn.eph
1'1 1 /tn‘e Sutudy OI" t'“11e use of' the COLq‘ple‘trlcxntary gnletph' al‘d the Ilucleus

of the b~r.(v'p11 1‘11 order t'o reduce the nuxlx"'ber‘of‘ 04H01'ceg°.
F1 rst, thb"- not1‘011 01" reQOL'Jrl'cted bdra,p11 1‘9“ l“rxtroduced for “611 the
external /111ternal/ 1'nc1"de11c"'et.'l a,rcs of 'L~. chrt‘reey., 001>‘A"pleted by nadding
a m ethod for the connotructl'on of t11e 1"1‘t'rodL1ced gr‘n».~p11‘, ~c'l""ter Ix'hl'cll
t11e .necess‘"w e~nd suf'I"1'c1'ent" colndl’t'l'ons for the ex'l'getezlcer of the
corJtecttl’ons /t,X/ are 51 ven.
Bgeltsed o‘.1 t'n‘e tekbove not*1'on‘s, {~11 'dlgorl‘t‘hlll' x/‘l'tll tllx'ee stepCQ 1‘s g1 ven,
co:1‘sider1'nbw tile eytterll'al 1‘n01‘dent'al L.~rcs, Ltthnd derllonstre.t1'ng at the
st"1‘1"e tl'IAIG, hovz' tto uoee 1't for tlle 1‘nterna1 1‘n01'denta1 arcs. A $1mpll-
fl'ed f'orxtq‘ l'uc La_lso g1‘ve11.

The st"'udy 1's corl'pl oted by exterldl'ng 1‘t to tv10 clc.‘-rsses of problern
sucml e."u°.-
l. the- deuten.1'na~t1'on of t11e elernentavry pgynth VI'1't11 a r.11"111‘r.A1u~l nu'r.)ber

of connections /t, (X/ ‘
2. the dct'cr.tl‘1'nctfit‘1’on of t‘he enrc \I'l't'h LL“ m1'111'n1a1 Iluxnber of COIL1'ect1'on90

/t‘,d/,frox'4.t on g°et of peeths he~V1'ng the. u°e.ltne.m1‘n1‘.1ral value.
l"he f 'Ac,Ct t'11‘nlt' t116 "ottudl'cd probl c1“..°g eittend tlle f1'eld of preectl'cal
1’I1t'creget of t'hc-I d].‘SCUo"u"Cd probler.1 1’s ev1 dent.
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C. D1nescu, Ace-aem'-' of L"con.on11’c b"tud1'es, Buck1a1°est, llomw'l'a'

FIDIDIIIG TIE OPl‘D."@‘ PllTH Ill f’rI’E. ClLo“L‘ O'l"‘ b"U"1."E -I.»l"'ODD‘IC£lD'IOl\TS
01‘ T&'- V1;‘LM“S Ol'fi‘ f’l*'fi ARCS‘. -

Thl's study refers to t‘lle L‘l'lldl'nU-' or" tlx'e og>t1‘ln'u'l ‘s*olut‘1'on
solved betVJ'een t\J-\o l“ ‘xed V'crt'l ces ol“ Lx' 0011'110».x bv~rrl--p11 xvhen,
compa11ed to a- pl‘ecedl‘no(“ Sl'L"_u'ut1'0n, t11‘e‘1e~ u- p L~)e'-ur IllOdl‘.f'l.—
catlons 01" tn‘e vu'lues a'ss‘toc1ated to tJIC- ar‘cs, _‘)'erl"01‘1‘1"lno')‘
the least nullbel‘ of' cor 1Oiut‘u"-L'1'ons.

The follOJ.“1'ng, cases‘ or"' modl'l‘ 1'cu't1 onus 11 LL-ve bee n conslw'del*ed.'

a. tile v-alue ol" tile a-rc l".s re duced by a' UD'lven number,-

b. the Va"rl,11e 0L"‘ the ar‘c 1’ss 1'ncrease0‘ by‘ a 5"1‘Ven nu‘mber.

In the case a. the met‘l’.'od demonsstra"tes honv to g»'et from
the matrlx of optl'mtx'l .va-lues -.l“' (as“s"051'atc‘d t,Jo the l'n_1't1'a'l
graph ,G. to tn‘e ma~“trldx ol“ ot)t‘1'ma'l values 1.1' asso'c1u'ted
to the modl'I‘l'ed grapll G, and ba'sed upon t11"e tile’oret'lca1
results /l lehma mo‘ 5 t_111eoren1s°/ lt‘ 1's 511'0\4"n .J'1l1‘1'cn‘ a're
the element's 1'n in’ wd 'l:.l" tn‘at reanal'n m,ckla'n5red, md the
mews to £1nd tile chm_UI'-'ved elem9nts a'l1e 5'!1ven. In order t_o _
demonstrate the ei‘f1'01ency of‘ u‘11"e' a'lbrorlt'm, -a theOL‘exu g‘lVlng
the m1 n1ma'l number of computcu‘tl'ons 1’s" presented.

In the casedb, the mem s .to 5.'et I‘_romthe ma rl'x l-‘.1“ .to.
the matr1 X Il“v are tvro ma‘trlces ull'kD md 1.1“k-,’ obtalned
as folloxz-s .° '

- l.1kl) 1's obtal'ned tllr'ouon'n‘ d’ la’belll'an op er"ur»t1 on
'of t'he elements of 1-41"', t11at rema1‘n m—

chanwo-ed‘ b’y’ COHSl'derl.nbV‘) the t1..cwor'et1‘ca'l
. results",-

— 1.1“(2J 1's“ the matrlX obL‘a"v1‘ned f‘rOIIl 1.1'1v‘()-l , by
KeeL.91'nb“ t'he la“bel‘led el'enlents l"'rom 1.1“ md
1'nclud1no‘rr1v‘ the o_ther elements, by follovv1'ng‘
ce rta_1n 5’1ven lrules.

The OJLera't‘l'ons 1 krj‘ngjoosed b_y Da‘ntz1'5'-v’s a'~lbror1 thm u're appll ed
to t11'e rnatrl'x I v.1' consxder,ed as the matr1 x of the
ca'pa'c1't1'ess of' d' nevv brr'-a-ph Ge}, only~ for tile unlabelled
ele-ment‘s.

h‘_1'n(1'r_llj' txl‘c- .srtudJ‘ c011sr‘1'der_s'tr1‘e modlf 1 ca'tl'ons appeared
\J’lL'.1’r'ln CC'I'td'lll‘ cont 1nuous lnt‘ervc«"ls.
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Yvo B.II.I. Dl'rl'ckx, Depwt.ruent of Appll ed Economl'cs _
Kathollelc‘e UnlverSL'tel't Leuven, Beloslum

M'B‘ROXI1»"m'D’IUIJb" m BAE‘SI"HJ DEV‘IM‘.1‘v'IC PRWHA.\"J.L'IDIG

Comb;nl'nb“ Ba3’e51 an m'a‘le<e‘1's and dynaml c programll'ng only
results 1'n rela"t1'vely e£"f1'01'ent solutl on algorl'tMS wh en the
process 1‘s I’olo.sed under sampll'ng’, l .e., wn‘en posterlor a'nd
prlor dl'strlbutlons‘ be~long to tn‘e same 1‘al.'1'ly of d1strlbutlons.
vJ"hen trl‘l 8 "closed I‘aml'ly"' p1"operty 1'ss not satlsfled,
11ttle cw' be done 1'n terxus o£" b‘J'ett'l.nD".‘ exact solutl'ons. In
t11‘1's paper 1't 1's“ shown tll at‘, \urhenever tn‘e poster;or dl's—
trlbutl on cm’ be expressed' a'ws a ll'nea'r coxnbl'na'-t1'on of dl's—
trlbutlons all belongl'ng t‘o the same cla'ss‘ as the pr1or,
efl“ '01 ent approx1matlor1s‘ can be developed trl‘at "sandw1'ch"
the exact solutlon to tn‘e underlyl'ngj' dynamlc program, 1' .e.,
that prov; de upoher and lowver bounds to the optl‘rnal solutl'on.‘
vao spe01al casess a're malysed 1'n deta1 1-. flrst, a class of
problems 1's COHSIdered l'n wrl‘l'ch llnear combl Ilatlons of beta-
den81't1 es" arlse, md second, VV'e develop as;mple wrox1’ma't1'ons
£0.11 processes W‘here l1near combl nat1 ons of' Oa.a'mma°—den51't1 es
arlse. '

The Nmer 1'cal Opt;ml's at1' on Centre, The Hatfl'eld
Polytechnlc, Great Brltaln

L#.C.W.Dl‘xon

.m ON—LIM vmmm M‘TRIC M'THOD

In two recent papers the author _11, 2] has 1‘n.d1'cated
theoret1cal reasons why VMlable metrl'c meth_ods whlch we
eff1'c1'ent 1'n determl‘nl'stl'c $1tuat1ons have undeszrable
propert1 es when the functl'on value fo . .cm not be eva—
luated con31'stently at x_ . In ref. LI_% 1t was_ shom
theoretl'cally that under these ‘01'rcmtmces 0PM should
converge to a regl'on where {1' Hx),||-"'(.-.’—l.' prov1'ded a.c>~.',‘
some crl'tl'cal ll'm't. In ref. $2 the propertl'es of alter—
natl've procedwes we d1'scussed.'

Thl's paper m'll compwe numerlcal ev1‘dence vxl'th these ~
theoretlcal results

1 DHON L.C.W. On the convergence of the vul'able
matrl'c method w1th Nmer;cal D-erl'vatl've s the
Effect of N01 se 1'n the chtl'on Evaluatlon — Paper #
1_'n Oettll’ an Rl'tter E_ds "Opt 'ml'satl'on & Operatl'ons
Reseuch - Oberwolfach 1975" - Sprl'nger Verlag.

2, DEON L.C.W. Optl'ml'satl'on‘of .Industrl'.al Pro ceases.
Presented at the .Roy_a1 Stat; stlcal o“oc1ety Coflerence
o_n P‘rocess M31381S'ln Industry — Leeds 1975.
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L.C.W. Dl'xon, The Numerl‘cal Optl'ml'satl'on Ce.ntre, The Hatfl‘eld Polytechnl'c,

Hatfl’eld, Hertfordshl're, mgland.

P. Mezzolenl', Un1"xer51'ty of Venl'ce, Ven1'ce, Italy.

MIXE INTMER COWEX P‘RMMWI_NG

In th1's paper the Thl'el-Van de Panne algorl‘thm for quadratic

programml'ng 1's generall'sed for tlle solutlon of ml'xed 1nteger co.nvex

progamml'ng problems.

Let us fl'rst con51'der the convex programml'ng problem

MX f(x)

i=1, ..., m.s.t. gl.(x) >, 0

If x4 1'5 the solutl'on to thl's problem, I(xA) t-he 1'ndex set of

actl've constral'nts at xA. and V any subset of I(xA) then we may_def1'ne

xv as the solutl'on of

fix f( x)

reve.t. gr(x) _— O

fie generall'satl'on 1's obtal'ned through the follow1ng theorem.'-

Theorem

V
x =

A
X

1'f and only 1'f
v. .

gj(x J)< Oforanij=V-{j}, jéV-

Thl's enables the branch and bound procedures of 11'near 1'nteger

programml'ng to be app11'ed to the 1‘nteger varl'ables of the convex

problem.

As the theorem 1'mp11'es that the addl’tl'onal constra1’nt must be actl've,

the varl'a ble reductl'on tech‘que can be used to reduce the computatl'on

rn.qu1'red to obte1‘n the solut1‘on of the next subproblem.

'«
Lyn
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1x. Da'anb) , P’lle Unl'ver51'tgl' 01'" Kd'IlSd'S, Lawrence, Kmsas, USA

&"GORITELV"IL‘ EQUIV1¢I.‘.V"'CL‘ Ill“ q"UzL’Dl°'u1"'P‘IC BROq”l4m'.4.l‘IlJG

It 1's denl'onstra'ted that \v-"olfe’s algorithmi for fl’ndl'ng‘l
the p01'11t of smallest L'ucll'dean norm 1n t‘lle convex hull of
a g1 ven f1n1te pox nt seet brenerd'tes the sa'tne s‘equence of" pox'nts
as does the vw' de Panne-‘v"‘n‘1'nston "s 'mmetrl'c" alg'orl'tm‘
appl;ed to the assoc; ated‘ quadr dtl'c prog‘l'amml'ng problem.
b“mtherrll‘ore, results‘ on algorl'thml c eqr'ul'VQ'lence l'n the .
context _of Do ene ral /1.e., not necessa'rlly convex/ quadrd'tlc
progra-mmlnb'r problems w'e presented.

I Phl l l p l."ofie,t"Algor1'thn1 for a' l_east-dl's°tmce prog—
ramme pr oblem. " ____7__a__._z:__y__llv’atn'euld"t1‘calL’roranun'in’StudI

/North—Holland, Amsterdam, 1974,pp. 190—305.
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S. Doleckl', Instl'tute 01‘ Ma'themtl'cs, PAS, Warsaw, Poland

GETTING RID OF TE DUALITY GM

Let U be an absstract set and {UPE

subssets.Con51‘a‘er -a class of problems

a faml'ly of its
p6?

minimize Q
uéUp peP /1/

where Q is a ro~tal fmetl‘on on U. Such the fomttlat"1‘on 1'n-

eludes all noxl'n h’nds of consstral'nts. ‘

vl"e perturbe a problem p0 of /1/ 1‘n order to obt(a1'n

a substl‘tute problem \Ilithout constra1‘nts.’

/2/m1'n1'rA11'ze aQLu’) + 1'nfy‘é - puEU ( uEUp) 9(0)}

whereg€@,a class" of real func'tl'onss on P..I"h'*n P 1's a topo-

logl'cal vector space the Labrl~1"onb"e 1“mct1'onals metn‘od.mray

be ap,1>11'ed.But the uose of Lagrangl'ans 1'n the setud,Jv of

ml'nm'l'uvatl'on proble1.1's leads to a so-ctalled o'“11a11'ty gap,

as soon as \I'e ._<1u1't conve-X 10"»Ier selnl'contl'nuous c'ases.
In other xvordsJVIe rl's~.x"' to obtal'n

. . . _ ?3%qu :2Uf{Q<u> M W1'M Q(u) > su
uGU

Po
ilL'aan effort.s MVe o‘o" en done to re‘n'ove the d1'scre-

pancy in /3/.Instead .of using linear continuous forms g

a variet y‘ of' (augaented Mg,r'dnp,1'ans vJae 1‘nt‘l“oduced.

.l"e study a— notl'on of convex1'ty VI1'th re speet to

an arbl'trary class“ @ana’ Vl'e sho",v tMt_ trl‘e e‘ouall‘ty holds

1'n /3/,1‘l‘ and only if t11e }>r1'mal f'L_mct1'OM'l gl'ven by

f(p§ -— 1'nf 1»(u)
uEU

P
t /4/

‘-



is Q-convex/ at po/ .

It turns out that every lower semicotinuous function

which is @-bounded is @-convex ,whenever @ is appropriate-

1y chosen. We give then a characterization of lower semi-

continuous problems .

Of special interest is the strong duality: not

only equality holds in /3/,but also the supremum is attained.

In connection we develop a theory ofé-subgraclients and

provide results on dense and everywhere é-subdifferentia-

bi'li‘ty.

For good classes @ the strong duality implies the

comlete equivalence of /1p / and /2/ for some 90‘: all mini-

mizers,if exist, are the saome for both the problems. This,

of course, is the most desirable situation— specially for

computational pro cedure s .

[-1] Dolecki S.,Kurcyusz S.,On §-convexity in extre-
\

mal problems, to appear.
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‘I.D"1a(.)“c111, Unl’v-c.1*.5l"t'y of‘ Ias1", Rornanl'a

l"«l"O DI.I"'u‘J‘1T"SIOIJ‘AL COI\I‘CL"PD’S‘ OF SOLUlmIOII FOR COOPEM’DIV’E 1J‘-Pu'fi'RSOlI_’-

GM.L"L"S
In thl's paper we introduce two—d1'mens1'onal concepts of

solutl'on for cooperatl've n-pcerson gacmes. The mal‘n 1'dea is that

e ach player can belong to severec.l coall't'l'on of the game, t}.1ere-

fore the pay-off of th_e g'ame 1‘s gl'ven by a n X m matrl'x, where

m is the umber of coall'tl'ons, subJ'ect to a set of condl'tl‘ons.

The txx-ro-dl’men81'onal concepts correspondl'ng to the customa-

ry concepts have been 1'ntroducecd, they he ve been called bl'mpu-

tatl'on, b1'core, Shapley bl'value, and thel'r propertl'es have been

studl'ed. Another Iconcept of solutl'on based on a network flow

mode’l ha"ve been 1'ntroduced, too, and the problem of‘ fl'ndl'ng

such a solutl‘on by means of an alg'orl'tm heave been solved 1'n

some cases 0

Two-d1'mens1'onal co ncepts of solutl’on for cooperatl've

r n—person gmes.
In a prev1‘ous pamr we 1'ntroduced the "so—called" two-dm'en-

al'onal concepts of sol.-ut1'on for coop eratl've n—person games. The

propertl‘es of customary concepts of solutl'on»ll'ke 1'mputat1'on, core,

estable set, sugg)ested the defl‘nl'tl'ons of the new concepts. A net-

work flow model for defl'nl‘ng another concept of solutl'on have

been 1'ntroduced, too, and thl's concept have been further studl‘ed

l'n a second paper.

The al'ln of the present paper 1's that of 1'ntroduc1'ng a tvxo—d1'—

nlen51'ona'l o°hap ley value, called the Sha'pley b1'value, the depaortu-

ral p01‘nt bel'nro' a set of, ax1‘oms el’ml‘lar to those used by L.o“hapley

1‘n h1‘s defl'nl'tl'on of the value.
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A.Drud, II\.wm, Technlcal Unl‘verSL‘ty of Denmark,
Lyngby, Denmwk,

MPLICATION OF SB’ARSE' IVMTRR TECm'\'T‘I\g'-’WS IN LHGE' SCALE.‘ '
IJONLIM'm PRmEL‘..""l~.."'ING

Computatl'onal experl'ence has shown, that the Generall'zed Redu-

ced Gradl’ent (GRG) Method for Nonll'near Constral'ned Optl’ml'za-

t1'01. 1's a very eff1'c1'ent method. However, for large problems,

e.g. problems w1'th more than 100 constral'nts and 150 varl'ables,

the core storage requl'rements of the GRG method are very large.

The core storage 1's mal'nly used for the Jacobl'an of the con-

stral'nts and for the 1nverse of the ba51's matrl'x, a square sub-

matrl‘x of the Jacobl‘an. The core storage requl'rements can be

reduced con51'derably 1'f the Jacobl'an 1's stored as a sparse

matrl'x, and 1'f the 1‘nverse of the ba81's matrl'x 1's computed

and stored, takl'ng 1'nto account the sparseness of the ba51's

matrl'x, both core storage and a large amount of computl'ng

tl‘me can be saved.

The paper descrl'bes how 1't 1's p0881'ble to solve very large

problems w1'thout any spe01'al structure w1'th the GRG method.

Storage schemes and 1'nver31'on procedures are descrl'bed 1'n

detal'l, and some computatl'onal results are gl'ven.
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I..~I.‘):1bs w..o""n':"*;1l .‘Lcono;-170: ...':it.‘n“t;_,lc:;a.l Ir-.'.';titlxlm,
leaw‘eg; of .o"ciencc-s ox' the Uo.J:;,I.Ioscon.

T7 3 1.7.307“.SSAZIY 3.: .’7__TLT.‘.II.T CO."z"').L_'.‘IOlT OF f-I-ob -ORD-_'L.‘ AND
DUIJ‘IiT'LT Ii." ITO‘TC‘O'.“I.JIC 3110‘7111377 ~IITx".‘

- ’l a. . A . . . ' ."C ’ is a symco of (lifvei-entiaole .f‘:,.1n0'o"ions haVllgl
a i’*Iol(l.o.,J.‘—Cr_\n.d.iti‘on gradients ‘.'/i'L‘h power oueCOfl] :_

lvf(x' - vf(x")l é ’L,:."—x”I°° vx/Uc’,’
A certain function 50; (z) detet-Izti'ned on a. unit sphere can
be associated ‘s/ith ever;r f e C'I°" and every 3:.Th'e functi-
on 303‘ (2-) being continious on all z ison unit sphere and
being involved in "(77-10 e~..“pansi'on

{3 (Xfei) = 1903) + e<v7€cx),z> {- 9"“ g (at o(§”°f//2/.-,/g;0 <1)
The e__V-1mns1'on (1) is an single; of the Taylor 02minnsion for
functions £17m“... C 9°" .For e,7."me10,izF; o(.:’| and fa CL ,then

tom (2): J- (z,73f‘(.<_*)z).
New: no ossni‘y and. sm"_'l.“i‘01'ent m’nimum conditions areopos-

sible to formulate using the 0-5.1»:anion (’1) for the following-
m-nthemitical progi‘camn'n: n_i‘.r.oble;11:

rin{ not)! fy-(x) g e for i:1,rz,...m} (2)

Let the constraint sunlificution be soodqisofni-ed in a fea—
sible point 325,~; 6 04°? for i:O,’l,...m _in some neighbour-
hood of and x—l-(z-‘z tpx.°[2) +253 .- Sax—"(2) __ 4f, ~
wh r_e {my are the Lagrange multip iers and ‘1; o‘(1)—‘,05.4'~W

772° 0’} + 2;.7/‘77éf'x7 =0 together with TIC—a: 1‘ z \[z{ =1 ,
(zif..(x"))=0 V ie[1,2,...m#1: f; (Si):0}

Then the, inegidality xy-(z) ,> 0 for all z from T;- is
the necessary co ' d the strict inequality is theition and
sufficient condition for x‘ to be argmin (2).The functoins

90°, ‘Fx’ 5”” are related to functions fun ,... fmby
the expansions (1) in the point 2 .

The also have the modified Lagrange function «
F¢(x,y,r) pafocgfzclr- MM0[g‘/.74"{VfZ/">{-IV//‘/'viga‘/»f-K
with the penalty-like terms of (1+ o<.) -degree and it is
enable us to consider a new dual problem for (2) °

' 2 70 {M a Z/
If the sufficient condition opt-4%.?) >0 t/zexT— are

mIsaisfied and if the perturbation function P Lu.) .-
1f» (vhf.- Wé a; } satisfied the growth condition of

(1+ o¢) -order then we can prove the duality theorem for
a finite value of the penalty coefficient Land the trip-
ple (x‘,y‘,r) is the global saddle-point of FoL(x,y,r) for

1‘ > ?I '
In the case of o<=1 the results are similar to those

suggested by R.T.Rockafellar.



69

___p___J.Duaéové, Charles University, Prague, Czechoslovakia
mm.cs IN MWTISTAGE STomSTIC PmGWG m-Dm

It is a well-blown fact that optima’l solutions of stochas-
tic programs depend substantially on the assumed distribution
of random coefficients. In practical cases, it. is' possible
to use previous mf-‘ormatiom and to estimate this distribution
111‘ advance. We shall deal with the situation when such- a possi-
bility does not exist, or is too cumbersome or expensive. On
the other hand, we shall suppose that the same stochastic pro-
gram repeates sequentially and that the (unblown) distribution
of random coefficients is known to be fix'ed m‘ the whole series
of problems. Roughly speaking', the problem is how to use expe-
rience based on past observations for to construct an: optima"1
(in certain sense) sequence of decisions. This problem will be
explored, the properties of the sequence of decisions optimal
with respect to empirical distributions in’ distinct stages will
be studied and some of possible generah’zations will be discussed.

l‘.n;‘.‘)e‘ Unl'vc»t.r_s1'ty, fxmsts,ter‘d\ia"'.., The rl“c.t11"C‘".1.“(.n’1“u°.

 

I'I'AP.\\."OV D-_"-VAT_QPIO.'." .\"“,-"CE\.."SEQP ‘1‘,1Ti1 C,ONT.T}JUOUt)° T1..‘.’«L"PAWPK_‘."‘~1.‘..PL"_JJ"‘F,.

1Hhe prob.l'c*1q. ur-.a"~.nc coo-.fis°,e"dernati‘on J~.u‘< hoxq to do f .1'11L‘a co.x'ti'nnlo'11.8‘
t1_'r.. so dec‘l'>”l.'OP. v.1inoc‘l.ns"s-‘, rule(.1 1>y a non—r.xe.r.1or.~/‘.le.>s.s" D__Oll_'CV¢.
F1'.rs‘t a d‘er’1'n.1'e‘_1'on oi‘ a non-memorylessn poli'cvd R 1'0" g,1'v*;”41..
l‘he—.n Jv'ee r..aP\e a Se.o_u'ence of dl.o"CPetl.u"J'rt_“.Ollb‘ o.f P\ and c011.,°trllct
a s_eque.nce of Q‘i'sscn'.ete. tl'me deg 1'31'on D_POL‘L‘“u"".§p°.H‘v ru-.1e~d bj‘
the°~.e d1'scret1'7.°,d .S'trategi'efltu. L‘-sc-h of the.s~c‘ procefis°«)e°_. ‘ca.n
be 'v'l-e'.":D~'u] as a lor'«‘w1.’ll’ty me,a‘s,"ure oxn‘ Df0,w) ar1d t1'.'e ‘9“..L1‘K‘
cor.‘.'errger.ce of tll“F.->"9. m‘°.d"sur‘e.>“ on DL‘O,®) .1's proved.
( DEO,m) —- {f.' f.'r_(),w) + flI,’ ri'ght. cothi‘n‘uous and Vll't‘b.
left‘ h—aena" li'm1‘*7.s 1'..“ everj\ p01'rxt}).
[10.4', bj‘ defl’ni't“1'on., t?)1'.$‘ lL'Ini'L‘ me'd't,"-ure. .1'.,° the pr'oces“.,"-
ruloed hy‘ AR. Vli'o*‘.n‘ t'*.‘.‘~1'-;“ cippPO;l"Cll an flurlc\fi]\),”g‘y of (1’ theoreem of
Der..."a.1 d’.fi‘1 St'.*'a'a'c.H [1] f‘or t'hx,e corxti'r\L1()1L5‘ t‘n'nle'\ c.1¢t.¢e- l"s‘
prc."ed, t.'-.1‘-1'ch s td’t.1‘sr' thllt to oevL».wy rxorx—.rnlot-wmt)’1‘yle-ss° D_J’1,‘1'Cy
and 1'n_"t_"al stitt'e. of. ethe. p1.‘oce-.u"-s* t'}le,i"e cx1't,“",° c1 x‘cinrl"on1."ze(l

'me.rr.oryi‘es,-‘s pol.*'cy s*~11.r‘11 that L‘rle. cox‘res‘p)ond1‘rxg. px‘oc‘cis‘sse S
hd've t'bie. .,Came» .lI‘..-=r,(vil"n1'rl"di's“1'.r'1'.‘)th1'ons".

[1].' C. L‘.-=z‘lnci I) Li-nir f<.x,". §tL"r'v‘111L'}1 (17’7166)°. A note— <)_11 m_':.-.m..o_nv»,le.sr,“
r11.1r>".‘ {01‘ ".,0'-..~.“po.‘.."."An,&‘f' 9.»L-'1(ue>r.l'1.'a~.l cos.ntno‘_ t“,r«1c'.~"._"s'=es-‘.
lx“..'.1. t‘1‘L1t11. 9t."_«.'1_*1".~,‘t1'g-‘.»" J’7, 1)r;. )p’l'b‘-9_78.
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R¢.G.Ds°on Unl'ver31'ty of M’arw1‘ck, Coventr5", U.K.

NlIIJIPIAk’ o°~J"LUTIONS TO STOCPIAUQ‘TIC PROGRAF1’-S —
AN AID TO FLANNIFIG U'NDFJ‘R UNCERTAIPJTY

In s‘ee-k'.1'ng to 0solve the 'wal't and see' stochasstl'c program
researchersc ha"ve 1ev1'sed methods of obtal'nl'ng the dl'strl'butl'orl
of the optl'nluml. l‘o obtal'n thisc d1's°tr1‘but1'on, or the expected
value of trle opt3_'n*.um, 1't 1's necesssary el'trler to ‘solve a
multl'ple 1°ntegrat1'on problenl by some cappr0X1'm.ate means, or
use Monte Carlo Sl'nlulatl'on nletllods dl'rectld‘7.0n the problem.
L“1'trler (approach reQL11'1°es° a con51'derable amount of computatl'on
so tha’t we are ll'nl'l'ted el'ther to verJ" rcugh approx’l’mate
u°-olut1'or.s, or to 1'nclud1'ng— only a handful of randonl‘ varl'ables.

One of the purposes of t'he 'wal't ano‘ s°ee' model 1's to
compare ar.d evaluate v1'a the obJ'ect.1've furlctl'on varl'ous
proposed 1'nvestmentss. For example 1'n a pI-oductl'or./market1'rlg/
supply Sl'tuatl'cn such proposals m1'g,ht 1'nclude the purcrlaou°1'ng
of new equl'pment, launchl'ng' of a newr produc‘t or contra’ctl'ng
for the supply of raw niatel’l'als. In order to analyse problems
for w'bll'ch the expecteo‘ val ue or dl'sstrl'butl'on of the o.ot1'w.um.
cannot be obta1'r.ed, tlle author suggests tha’t bounds on tn‘e
value of the obJ'ectl've functl'on are computed as nxeasu res of
thle uncertaol'nty' to al'd 1'n the evaluatl'on process“. The bounds
are tr.e m.1'rl1'max and max1'max solutl'ons to the 'wal‘t and see'
problem. Experl'm.entat1'on 1's currently' bel'r.'g carrl'ed out on a
model of a cannery, con51'st1'ng of 100 constral'ntso, 200 varl'ables
and 20 random para'n'leters.

I‘n thl's paper the formulatl'on of the ml'nl'mlax arld .nalvl'nxax
problems 1's outll'ned. Trle ml'nl‘mlax (max1’max) solutl'orl o,‘rcurs
u rler. the stocha°st1‘c parameters J'Ol'ntly take on thel'r Klost
pess1‘m1'sst1'c (optl'ml'stl'c) values. It 1's argued that thesse
vaolu'es carlnot be obtal'ned a prl'orl'. Consequer.tl3r 1't 1's necesssary
to defl‘rle a plauosl'ble reg’l'or. for the parameter values. P‘he
m1'r.1'max solutl'on occurs when tlle obg'ectl've funct,1'on. 1's Klax1’1n1'zed
v11'trl respect to the dec1's1'on varl'ables, S'Ll.>"J'e-ct to the "stochastl'c
pa'ran.'eter-s tak.1'ng on thel'r mos°t pes31'm1'st1'c valuess w1'th1'n thl's
regl'on. Thl's ml'nl‘n.\ax problem 1‘s non-convex. The paper
3'llustrates thl'vs n~.etrxod of ana'ly51's on a test problem,' ccn¢.paress
the method w1'trl ad hoc selectl‘on of optl'.rr.1‘°st1'c arxd pe581'n11'st1'c
values for the~randoml paranleters and dl‘scusses the benei‘l'ts
and d‘l’ffl'culvtl'cs of appl5'1'ng,the nlethod.



71

A.Jl'.l,“1s"11af’c~1‘, imhc~ T..110“t3_'t'ut'o- oi“ 1T“-at'i"orleql P.lalnrli"ng,Ca1‘ro,E-gyt‘.

 

Ml’ flGOtYITIfi.I" II‘OIL’ 1"HJJ‘4"' QUEItATIL“ Ab‘SIGl."'l.'v“m"‘ll"‘l" PltOBLE‘IvI

The Quadrat1 c A551 gnment Problem has been a ser1'ous challenge to the

workers 1'n the f1 eld of Mathemat1 cal Program1 ng. The d1 ff1 culty of ,

th1's problem 1's tlle fact that 1't 1's comb1'nator1'al 1'n nature. The

lower bounds nomally developed w1 th1 n the context of a tree search

algor1’thm tend to be rather weak and fathom1 ng does not occur before

a good part of any branch has been generated.

In th1's paper we descrl'be the features of a tree search algor1 thm des1 gned
for solv1 ng the Quadrat1 c Ass1 gnment Problem. The lower bounds developed
w1‘th1‘n the algor1'thm are eas1'ly calculated and are stronger than the ones
usually used. The algor1 thm takes advantage of the data structure 1'n order
to mduce the s1'ze of the tree to be 1'mpl1'c1'tly 1'nvest1'gated and hence
speeds up the search 51 gn1 f1 cantly.

The algor1 thm was coded and solved problems of s1'zes up to lelS opt1 mally
1'n a reasonable amount of t1'me. It also solved problems up to 30x30 and
solved the 34x36 w1 r1 ng problem due to Ste1'nberg. Although opt1 mal1'ty was
not ver1'f1'ed for the latter group of problems, the algor1'thm produced better
conclus1 ons than the ones publ1'shed 1'n the l1 terature.



72

K.-H. Elster,Techn1’sche Hochschule Ilmenau, GDR

HCENT mSULTS IN Trim MORY OF CONJUGATE WNCTIONS

me great importance of conjugate fmctions is reflec-
ted in numerous applications in several mathematical

fields as well as,for instuce, in the description of
physical facts . In particular, the theory of conjugate
mnctions play m importmt role in the duality theory
of nonlinear programng. Approaches to the duality
theory of nonlinear programng are obtained on the

one hand by Fenchel's dyality theory and on the other
hmd by bifuncti'ons ad the notion of the Lagrangim.
Both approaches are closely connected w1'th conjugate
functiws. The statements about duality 1'n nonlinear

prograMng published by Fenchel in 1953 are fomded

on conjugate fmctl‘ons. .
The latter were generali’ zed in the follow1‘ng years in

different mmner'.

a) Definiti‘on of cong‘ugate fmctions in more general

spaces (by Moreau, Brdnstedt, Dieter, R_ockafellu,
Altmm, Maury, ElsterMehse),

b) Use of coupling-functionals instead of scalu-pro -
duct'v‘l'ervbilinearform) in the definition of the
conjugate functions (by Moreau, Vogel, Weiss, Elster/
Nehse), i

c) Intrduction of conjugate operators (by Raffin,
BrecherMolumba, Zowe, Elster/NehSel,

d) Generalization by utilization of geometrical pro-
perties of the Fenchel-conjugates (DeuMich/Elster).

Re first part of the talk gi‘ves a review of the most
importmt results with respect to the mentioned genera-
lizations. In particular, we reveal that the generali-
zation d) starts from the fact, that the Fenchel-con-
jugate. is closely connected with the polari'ty w1°th
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respect to a special hypersurface of the order 2 (pa-
raboloid). Taking more general an arbitrary nondegene-
rate hypersuri’ace (D of the order 2 we obtain the

so-called Q-cona'ugate fmctions containing the Fen—

chel-conjugates as a special case.

In the second part of the talk it is shown, that the

generalizati‘ons of conjugate fmctions necessarily

deterMne generava'tions of duali'ty theorems of non—.

linear programi‘ng. fie most general results obtained

on this topics we gi‘ven here and well-known (partly

Vcla981'cal) results are abtai'ned by speciali'zation.

Beside duality statements in the theory of nonlinear

program’ng those statements play m important role
whi‘ch are known as Kum-mcker fleorem, separation the-
orems for convex sets, Farkas-.JT'1‘uowski fieorem, m-
bOV1‘cn‘i-hii'lg'utin fleorem, a subdifferential theorem.
Moreover, one use often the Hm-Bmach Theorem ad
the Krein fleorem. Hoang My investigated the equi‘va-
lence of this statements for functionals in local-
convex Hausdorff spaces.
In the third part of the talk are gi'ven some equivalen-
ces for operators by generalizati‘on of the problem
above using results of Elster/Nehse. _Statements of»
other authors are included as special cases. mereby
one obtaines relevarlt comections of nonlinear pro-
graMng to other mathematical fi'elds.
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.#BI. Hmd Elww A'lexwdrl a Unl'ver81'ty , Cal ro, Egypt.

1M'TLE'.I‘UL'PICfl' PRWM‘fllK"'AIL1'nVG AS MDlLHD TO PRODUCTIOIJ b‘CflDULING

In tlll's paper, a procedure f'or’ develop1ng an optl'mal
productl on sclledule \J’u‘l'ch spms seve l‘al t1me period»0 has
been su5"g‘ested. The productlon of d1;"1“e1-ent [)roducts cOm. _
rm 1‘n pal‘alle l w11‘1'le the Cd'pd'CL'ty of’ the ex; o"tl ng f’d’CllltleS
11 m1 ts the product1on level 1n each 11me . Txle subrbi-eOQted pro—
cedure offerb‘ a dynaml c optlmal schedule vv'lll'ch copes \I‘lth
Vd'rlhable market de.q1ands, esLDe01 ally x'Jllen tkl'e exact Vd'lues
of' th‘e demmds arc— not‘ u'val'lable. It can l"'ulI“1'll t11_C‘r‘ .llxd"rket
demm ds \Vltn1‘n tile technoloQ'I-,'.1'C'al, capxc'c1'ty 'and i'l’Cd'Slb.ll_lty
c0119°t'ra1'nts. D‘hl u“ ca'n be u cllleved toxo-aetller va'th optl'nllzlnb'r
an el‘"l"ect1'vnese° I"unct1 on.

Both the settl'ngr w'd re—settl'nop') costs of" the )Lroduct‘l'on
f'a'01 lltl'es a"nd t'he nold1no"' coouts ol‘ the 1n—process and-
f 1'n1shed products 1'nve11'tor1es 1nfluence the optl'mal schedule.
To optl'nll'ze thelr effect they are 1ntroduced 'as cost eleulents
l'n the eI"fect1veness ‘fmCULl on.

I Integer_proud.ram‘.l1'1'n¢e n‘as proved to be an eI"l"‘ect1've a_>p'roach
1_n developlnorr the optimal selled‘ule. l‘hca f‘orlrxula-tl"0p. llas
_1ntroduc ed tile efI"ect of 1n—process m1d'l“1'nl'sn‘ed products
1nvelutor1es on couLa‘ll'an t‘h,e ~production statl'ons and t‘ulI"1'lll’ng
the .mal~ket demmds. Introd‘uc1nQTA t11‘1's ex“l"'ect helps l'n onettl'ng
flex1ble and efl"‘ect1've schedule.

I.I.L“rem1’n, Instl'tute of Elathematl'cs md MecMnl'c,', Sverdlovszk, SU

 

IJOIJSTATI011‘AR PRWE'SSL‘S OF I‘MTHHMTICAL PROGMII‘E.I’III‘G

l"he theom of 1'temt1‘ve methods, step by step succe551‘ve comtl‘ng up
to clogher defl’nl’tl‘on fl'rst one the another componexlts of the n1ode1'
/deterrA11'1.11‘ng 1'nfroimt1'ons, goels, restr1‘ct1‘ons,.../ 1's developl‘ng 1'n
reference to r.nodels of mathematl‘cal programxl'ng. The methods cm be
gl’ven 1'nto fmfitl'on of the Sl'mulatl‘on model reflectl'ng an.n1‘cs of
the 0011al*.."'t\ur of' con‘pll'cate-d mstatl'omm tecmlologl'cal — economl'cal
"er~.d leaturnel "cyst'exns. ‘l“orlr1al ‘rxat11er.mt1'cal ma 1y31's of thl's lc1'nd of
.1.‘rethode" 1'u° gl‘vcn.
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A_,_Vaz_g__ue.ul-1.h’uni_ZL IBI»I SCl.PVIIL“l.‘l"'JIC, L‘o.:11,A.-..)-. ,x".,"l< :~1'l(, Spal’n

A Ile” 1.8 T.MTICAL k1"ODlJ“L l‘le‘ Al Li‘ POP‘IILI\I"V'l‘(),;"-" A 1.1A1"L"‘.1"”u,“1J-‘P',val"D'RICAL

llL"o°UIJl"o"“

Several mathematl'cal dl'ffu51'on models have been constructed whl'ch relate

the concentratl'ons of spec1'f1ed pollutants 'at any p01nt on the ground to

the eml'ssl'on rates of polluters. llenc=L 1't 1"s p0581'ble to regulate the

em1'ss1'on rates 1'n suc11 a man11er that the concentratl’oxls are below pres-

crl'bed levels at all receptor grl'd squa‘res 1'n a regl‘on. Th1's paper pre-

sents a matllematl'cal model that can be used to study control strateg1‘es

for al'r pollutl'on abatement.

The probabl'll'ty d1'str1’but1’on o‘f t11e pollutant concentratl’on 1's est1'mated

over the total range of d1'fferent meteorologl'cal condl‘tl’ons that Sl'gnl'f1'-

cantly affect the concentratl'on.

The alternatl've em1'551'ons control poll‘c1'es are determl'ned by reductl‘on of

the prescrl’bekd source em1'551'ons 1'n amounts proport1onal to the effect they

have on the pollutant concentratl'on 1'n the whole polluted area. Thl‘s 1's

done 1‘n order to achl'eve prescrl‘bed al’r quall’ty‘ goals, under the entl're

range of atmospherl'c cond1‘t1'ons. The ma'l’n constral’nt requl're the new pro—

babl'll'ty, w1'th whl'ch the prescrl'bed pollutant concentratl'on 1's exceeded

at each polluted grl'd square, be‘ no greater than the max1‘mum frequency

allowed for the gl'ven per1'od of t1'me.

Thl's model 1's supported by ml'xed 1'nteger program1’ng technl'ques, so that

the branch and bound phase uses the SOS rows, the quash'—1'nteger bl'nary
. . . . . . o.-" .varlables and the candldate nodes selectlon fac111t1es to achleve and

evaluate several alternatl've em1'551'ons reductl'on poll'c1'es.
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Cie.1“at)_1"rqn, Academ of L“o,onom1'c St‘ud_1'one,JEucl1a1‘es_t,Iioman1’a

Mi AIJGOIEITH'VII 1‘1011 IlJ‘lr1L'_1GL“Zl‘-1J‘~TOl‘I~LI.“I~b‘V‘m P1i"OG-ItM\fl‘A-.1‘Iiu"G

An alL,loritm fo'l solvinb'v integer—nonlined'r pro'bu'raming'

problem by a cutt'inb*‘ plane m ~o'thod is L,"1'ven.

lFeasible pointe., dete'lmined by l‘x’0rL‘b‘—h"r9’lle—Oberho‘.”pr'S

lexicogaphio alb'-'orit‘m, for b“enerat1nb" "external“ or/and

"1nterna1" cutting-r- pla nee are used.

Nwerica-l results illustrat‘es the effiol‘onoy of the

givt'n method.

J.o““.F elk, inlhe CreorgTe .f"“ash1‘ngton Unl'ver81't,‘\', ..'».3'sh1’ngton,Ut,“-.\

'OII‘ o“()LVIIIG I.M‘X—LI“IDT PROBTE."‘r"t"Lu"‘

me solutions of vari'ous types of max-min problem
are obtained b,V' means of a recently developed cutting plane
method together w1'th an algori’thm designed to find global
“aOlUtlons of non—convex programs. ‘If the constraint set
of .‘he "i"n51'de optimzer" depends on the move 0.? the "outside
optimizer," the solution m,v be obtained by directly addressing
the on te.ide proo'lem. Nmerical exmples of the di'fferent
types of ‘oroblems are discussed.
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M#.Faner I_Ilst'l'tut'o for Orb'ran‘3.'&'at‘1'orl WIanagement‘ and Cont_rol
Sel'ences, \J'ar'szaxv, Poland

Oli‘ THE POSofiIBILITY OP* OPTINTIZATIOBI OP44 ELASl’'10 T11US‘SD'S BY

PSE'UDOBOOLL"M‘ PROGIW’MIWLG

A problem of ml‘nl'mm volme~ opt‘l'mal d081'gn of elasstl'c trusses
1'n the case VV'hc~n t‘he de01'31'on varl'ables are the cros‘s sectl'onal
areas of' bars 1‘s by 1't s nat‘ure‘ a problem of 1‘nteg.er program-
ml'ng. Moreover l"f vve consl'der 1'ndet‘er‘m1'nate trusses f'or alter-
natl've loads w1 th the const“ra1'nts f'or allovrable stresses the
proo‘lem b-ecomes nonll‘necqr. DCSCT‘l' bod p.roblem 1's 1'mportant’ from
practl‘cal _p01'nt of' v1'ew at)" englneer.s pI'OJ'ect trusses Inal'nly
from dl'scretely cat‘alog‘zue,~d bars. In the- pcqper gee-nera.l nonll'near
dl'screte mathematl'cal program1‘ng nlodel f‘or the problenx 1'us
f'ormulated and exw11ples of pract 1 cal problemsn are gl'ven.
To solve the probleIns pso-udoboolean programmingr alg).-orl"tm V ~Jas
appll'ed. Computatl'onal results estl'mated as saL"1’sf'ac_t'ory are
partl'cularly dl'SC‘dSSGd.'

0Tu. l‘fi‘azelr‘*as, l’“ec'.u‘1‘1'ca-l Universaltj1 ol”‘ 1.)“ude“l)'es"t, '_l"’u1.1‘J'-“-my*

'-~ ‘."‘1I.'LI\..L’“.:'2LX’ ALI'_GORITEIIC.'_LV: lJll’OCr‘fx’.‘:UJL'ITIII'G AT LII{.il-H‘u-“L‘, HOE—LI1mm»

M."'D‘ u“l”C‘~v”TAL“.‘,b‘lmIC l";2“ BJJ'47“ ..,""‘.q“- (tn‘eory, Illetlrl‘od's, too—u”C.--."‘l" J,n'

11'.:" m'troo"u.ct1'011, .1- s-."w‘ort‘ survey1 \J'l’ll‘o‘e D-.1'ven on L"1.1‘e auu“11‘o'r’s_
. . _- r. q. ( .

panflers 1n tlle Ze-l'tsocll. f. l"m”."e-V’. J.L"'1gt11. u. I‘L'GC11.¢ j7, m tble

Eternat. S‘erl‘es l”‘. l."'m. I..1‘.'ath. fl],,' 1‘11 t‘ble Ll‘o"'oer1‘lu°t. ;x*"oll.’
J" -7 t1 [r], t '1’" IV ' " “T' 'L‘ v) r 'r 3, "J',’l. 1..an. 2, 80., men on 11100 boolr‘ _n,..a_h~.k$do_..rv. b_.enflv..t ,

Q'uess-t leectwe’ss 13ullo-u"'l'ns0 [Jdfi wc.l .3"CVC real 1‘)_o.)“»1,"LJr,“rL1Lt"L.1a»’h.110t"'es°,
-1'11 \I'v.1‘1'cll t‘l1e o".c. Latr'xr I.\.l,”'01*1'L“-.."‘“1'cal I.‘et“.“"o._c1,‘_o"[4.1“_L*."] .J"c‘xre-“'
consctructed, tile-11 a13*1.311'ec1‘l""or vwlOU..;"* ~1‘' at‘11‘0-.m.at"'1'cefl o‘rog“r.m-

Inn'W.Qr" mllc‘ al‘_,"“o-o‘ral'cal, sot'ocn‘lags.t‘1'cal I_)roblo-;11.“N"»., f“Lmu'“n.‘c_r u‘"se d b'y
'.
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v

te/acllm‘ur“l.

l’“-1?eo.7“cu"-'1'Ca.l ,3'0.1'-@e-it' gr. 0;.“ tll‘c 1.1‘e.'11‘n ~Vu'r1'm-t.ss» 01"“ t‘he .ax""'.Al'..““--, e.gv.-,‘u...h....-w... --
 

c_‘,1‘,L"“f’eL"‘.r).11t 0'”g1's~<1'c,u"'rm1.,°f"orxns°, s"L"e‘.o, alo‘“ sslu"rm'¢r~'l,_"Dl-IJL ’. AIL ’

l’oe-.‘..~."V1‘l.1..l", c01“'.J-ot..1‘11c4+‘1'011 m(1c.‘ 1“'u“ct‘or1'za-L"1'on otl ep.(1‘ cll'f“l'“e»1‘oollce,‘

001.1'_o.u"r1's"o**‘. ‘.,"'1'u"n’ ot"v.1‘cr uv'lkJ‘OW."1'tlm‘s-". I.1‘et‘-1‘0(._”1'cal re1.1arl‘."-o°, e.D("‘.'l

on t‘lmc.<.«-‘1'.."‘l" e.l*~<V'xv.1t‘ 011‘01'.)°e ol"" _x)*1’V'0uJ‘ e.1e11’e.1*ts". o‘o.1."put‘1';1‘b"lr.
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IA'Cllt'l.On on tile _r.1a1‘n ll’n%egwal"‘eo‘ral'calwtaw.gskss to solve by ow
J)-.".& /J<>"‘¢”n"], e.g. on the rw4\7'm'g-' orall'nwy fil‘late-rfl] md pa-r-
tial {milaterajl m'vertl'nU<F'-, ssolv1'.ng- of rg-eneral ll'ne<w me—
qufll’t‘cy‘ (spec. ekauatl'on] SJ‘s'tem, solv1’ng" of‘ sm.met‘r1'cal s"J‘o-

 

t‘cm by om decreass‘m‘g s“-._"I‘A, complesw m‘ve~st'1‘g*«at1'on of‘ .auawa-
tl'c form.s by CM Qv.-‘‘A, ortog‘_011all‘sat‘l'on byw ow” Ol."'-ux et 0.

WJTm'earro,r‘r&'mm'” fl“) by [prl'rs'wal] .DTA at normal mm'—t ash’
wd o‘y dual D,TA at' mm"—011e. Lnlle DE A—s at mocu'fl'ed md non-
norL‘L"*al tasslcs. E’hel‘r *Derturbatl"on';"“orms. - Spe01‘al WLA' L"orms
¢por WChebseff~a>l‘.fioxrodx'l‘matl'ons. Jmt',eer L"? by m1‘..*’ed DT..&~ss .

 

Md const‘ructl'on of WL'A,' varl'mt‘ md_pwa11*vetr1'c t as;.”. hmss—

port M'3 o‘y spe01'al DT"A, ,g"-TA. Advm-ce of 1..."'LJ‘.I- to Booll‘m' L”.

P!‘orm.at‘1‘on of MA to uthc» astochasst‘l‘cUrmo$,trr"r-mt1r.1m'Ar".
 

 

.W.“Wua—h~at1'cros4x.ra.mx*._m'.hri by M‘k combm'ed Vi‘l’t‘h .J‘olfe’s meu"‘n‘od.
Irratl'onfl [conve]4*' pro-0”»rmm'g'L‘or v1'al center,~ advenced
vwl'mt taskxs._Generall‘zed MA to solve non-lm‘ew meyoua-
ll‘ty (wee. equdl'ty] system, m-malom, cowwl'son v11'th
11“‘M.I‘v,° utl’ll‘zatl'on of WA at nonlm’ew [conve]x~ progl-rmm°ow,
thw at stochast1’c one.

’LI‘-<ent1'on on banll‘catl'ons of the I.."'Mi"s var1°m s"m‘ the sta—
tl’stl'cs, informatl‘on theory, at' the stocll'astl'c sysotems‘
md processes etc.
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A SUl3-(DI’,I."_TJ."ML ALCr'OAE'JA’L"'11'.}IV'1.‘O S‘OL'VL«‘ A LAlx’Gb“ SCALE: 0—1 P1x’OG1W‘L1"—

n1"11J\'tr‘ i)‘J{OI%LJJ““le"v'

In th1's paper we develop a sub-optl'mal algorl'thm to solve a 0-1

progrm1’ng problem that appears ae. a sub—problem durl'ng the appll'catl'on

of Benders' decompos1’t1‘on. T}1e algorl‘thm yields‘ a good feasx‘ble

solutl’on together w1‘th an upper bomd on the d1'stance from the optl'mal

solutl'on. The algor.1'thm 1's very s1'mp1e becatlse 1‘t 1'nvolves only a

scannl'ng proce<_s that 1's to be repeated ‘41‘th dl'fferent 1'n1‘t1'al solutl'ons

that are generated u51'ng t11e 1‘nformat1’on about the relatl've costs of the

varl'ables.

$8.3.Qecre. HeHTpanLHm aKOHomxo-Ma‘remarnqe'cmfi mcwnTyr
mnemmu Myx CCW. Mocma, COW.

WWE WPMM MOM OTCW WOWCHMOTO M-
WOTO MOHAWOMM.

B nomane nmaramca rpm axropnTm 0Tceqem, noaso-
Home dea ymema ma nomwTchrw Konemocwn 0merb-
ca B Hexoropm wywm 0T nexcmxorpafluec’xofi ynopm0qea—
HOCTM mm Bmope crpoxn cmmexcnom Ta6nmuu, renepnpymmefi
0Tceqeane. Kponae T0r0,’ 3TH aMOpIMTMH odnanamT HBKOTOPM
nemwn cnou”cwmm, OTMequHm.nn HMS.

WCTL B nmuocrbm umowwemofi 3amqe m c ummn
KOBWMeHTar.m OTOpomeno cnepBa ywonne uwomwemocwn m
mfineao onTnnwnLHoe Heumomcnenuoe GasmcHoe pemeHne X0 .
M COOTBeTCTByeT cm.rmexcnafi TaOW n ueTepmmaHT do .
Toma n —raepHoro eannom HpOCTpaHCTBa x0 mewcn
ymo..1'r HeKOTOpofl pemeTm c oupenexnwwern l.d|'" . Mnea am
ropMTMOB COCTOHT B Tona, quu uocnenoaaTwLHo yawnmars
anmay omeuwnTwa pemeTKu, nmyqafl pan npomemTomm
pememfi, momxca ymamu COOTBemCTBymmx pemeTox. ROM?
30, no emu yuacmca cuemrb omenquML paBHm I, TO
nomennoe npomemTomoe uonycwmoe pemenne dyneT onwn—
WLHW pea'enmem moxomon‘ wmm. ,

B nepBom anropnTMe wmemTca ymenbmamme nerepmn—
HaHT d omeKCHofl Taoamm 0Tceqema manqecxoro anw
pnrma Pomopn, ecnn cmexcnaa TaOJnm nonycrnm, n orce-
qem HMHOCTBD uwomwemoro, anropnTm, can one Henm
mcrma.
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B0 BTOpOM amopnTme upu mmom cmmexonom mewpa-
aowmn Ta6nnm BBOEHTCfi M60 orceqeune mmnuecxoro an-
ropnTm, crporo wenbmammee accoanHym Dummy neTepMH-
nama $ , nudo 0Tceqenne nonnocrbm uwomweworo uro-
pnrma CTporo ymeHLmammee Bwnmw @ynmn‘uwn.

fieodasarwbno TpGGOBaTL, qToou mmoe BBomMoe 0Tce—
Heme H~c 0Tcemno m omy HOWCTNAW nwomwermym Tom.
m mmom mare TpeTLero mropnan CRTOMTCH undo orceqeme
nomocrbm uwommeunoro anropnTma omopn, CTpOPO mien»
mmmee Bwnmny @ynxmn um, undo anLTepHaTmnaa mpa
nonomnrwbam orpannqenm, mmoe n3 KOTOPHXiTDOPO
ymeumaer m nmoe mwo naownb neTepr.1maHTa . BMop
BeTBn ocymeCTmeTcn B coownercrnnn c mn-on°mnoo msaecw
Hofi oneHKofi. Konemocrb aHrOpHTh1OB ooecnemaewca, emu
ncxomax sanaqa paspemmxa.

YmeHbmamme anropur.rm mono paccn1anMBaTL mm BeCk
m pamomsnue cnocwu nmqema ncxomou” umounwemofi
Tadnmn v.5 nm00TLm umommexnoro anropMT.r'a Toraopu,
@nqem pememe waam moxer OHTL Hafineuo yxe Ha mempn-
TmLHofi cwanm.

Ymenbmwme amopMTMH memo flpnr.1eHflT'B npn pwnnwmn
mm03m meTonon nmcxpeTHOIX onrmnaamm. Tax mm Baum-
m nerepmaara onTm-'nbfiofi cm-.mexonon” radium momeT GHTL
mousnwbno Baum, wTDYMnTwLHo @m.r1ermrb awn meTonH x
Tam wmwm Henocpencwsemo. Monmnaonmue ymemmmmx
mropnwmoa noanmew yMBHLWTL nerepmmnr no Emm,mn—
emem m rpymosux LaeTonoa.
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M#.L.Fl'sher MJ‘xlmton School, Unl'ver51'ty of Pennsylva'nla,
_G.L. NeMauser-wd MLA..."olse CU%, Unl'ver51ty of Louvaln,

ANALYSIS of deem-XL;more for x..n<1...:z 4G SUBLL'ODULAR'
FUNCTIONS ‘

Let_ N be a l‘lnlte set‘ a‘xo 2 be a l‘e“ul-_valued fmctl on
deflned on the povver set of N that sna'tl'sfles

z\’.b‘/“ + z X’T},,> z \_b‘UTJ‘ + z Lb‘flT,‘ for a'll b“, T 1'n N.

Such _a functl on 1's 0 al led ‘submodulw'. Vue consslder problems
tmt 1nvolve‘the mwlmlzatlon of a submodular functlon.

The warehouse locat1 on problem, the marl'mum cut probl-em and
several other hard comblna'torl'al opt1 m1 za‘tl on problems cw
be posed 1'n .thl's f1~ame_viork. _One more Duenerul problem of tzz'l8
type 1's to flnd‘ a m&'1mum welb".11t l'ndepelndent s°et 1'n a matr01d,
when the elements of the matr01d we colored ad the elements
of the 1ndependent set cw 11‘ave no more thm h’ colors.
/The warehouse locatl on problem 1‘s a spec1al case or“ tn'l's
model/. W‘e malyze newlstl cs w'd relfl'atl'ons I‘or these
problems.

W results we W’orst ca'se bounds on the qudllty of th_e
hem1st;cs md relaatl'ons. r‘or example, f'or the ma’t1‘01d
opt1 Inl'zatl'on problem mentloned above, we show that a "greedy"
heurl'stl c alxw'ays produces a' solutl on V-«Ilose va'lue 1's at least
1 —L.\'K — lYKJK t1mes the opt1mal Vd lue. Thl's bound can be
a01k1 eved f_or e a'ch A" a'nd has a ll'xnl'tl'nbr value 01" \"e - l)é,
where e 15 tzl‘e base of t116 naturdl lobra‘rltm. s"evera-l
other I'esults of thls ty>ie a1-e pr'es ented.
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I.i'i'chaelFlori'anfl Universit_y of M'ontreal, hIontreal, @nada

A l.mLTI-CO‘..‘HxIODIN COWL‘X COST FLOVV RKODEL FOR THE PMMIIIG
OF. “..‘WLTI~T.IODAL URMN_T.MNSPOMTION MTEJ‘OMer

\J‘e consider the problem of predi'cti'ng ori'gin desti'nati‘on demands
and route flows i‘n a network ass001'ated with an urban Vvhere
several modes of travel are available. %e ori'gin—desti'nation
are modeled by, means of an entropy_ ty.pe di'stribution model for
each mode andv route choice is assumed to be given b,y \I‘ardrop’s
first prinCi'ple of traffic equilibrium. The resulting‘ model 1's
a mi'ni'mm convex cost multi'-commod1‘ty f10\'J prob lexn Wi'th variable
demands. fie model properti‘es are analysed and soluti‘on algorithm
is gi'ven whi'ch results i‘n a decompOSi'ti'on of the problem into a
sequence of calculation of shortest routes, multi-comodit,y
linear cos t transportation problems and one di'mensional opti‘m.1'—
zati'ons of a convex functi‘on. Applications i'n the context of
transportati'on plam1'ng are outli'ned.

R.Fletcher , Iw'themati‘cs Dept., The Universit,y, Dmdee,
Scotland, U.K.

TE QWST FOR A MTWL bETRIC

%e 1'nterpretati'on of Nexvton’s method as a steepest descent

method in a natural metric Wi'll be reviwed. However i't can

often be di‘ffi'cult /for instance when the Hess1‘an matri‘x 1's

not positive defi'nite/ to define a natural metric. Vari'ous

solutions to this dilema whi'ch have been proposed, not

enti'rely satisfactom, will be described. Some new algorithms

or possibili'ties VJi‘ll be presented. '
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#I.Foltn Reseucn' Inst;tute of xXgrl'cultwal Econom’cs
and n‘ood, Prague, CSSR

TE EWL OF o"OLVfl¢G LMGE LIIEM WWW.'L.'111G SYSRL'S
m CSSR

Thl's paper dea-‘ls W1th tlle ssolv1'ng of the large prob—
lems of 11new prob‘ramnl‘ng Villl ch arlse es¢ peelally m
app11 cat1 ons 1'_n econornlcs. b‘ome codes, bused on WI
and m4*I algor1tMs,. develog>ped 1'n CSfl, WL 11 be dl's-
cussed.

The ma;n put of thl 3 paper W1'll be devoted to the
code will ‘ch 1’s develohoped .by the autllor. Th; 5 code uses
the EFI algorl'tlzm \J'lth mlnl'm'21'ng the total number of
nonzero elements, the spe01'al llnked-ll st for storagre
of nonzero elements, the effectlve usage of 1‘t wd fl'nally
ma1tal'nl'ng the spar51'ty durl'ng the overcome from one has; 5
to mother.

At the end of ti] 1's Mr S ome est1ma'tes° of a umber of
operatl'ons and some computu'-t10na'l res'ults° of‘ tile code
w1ll be presented.



84
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vV'EAKLY COfll‘u'JJ“‘CP’L“D IN‘l"b‘GL“‘1{' PROGTiMHvilIJ‘G PROBLETVKS

Conventional Brwch md Bound codes have had considerwle success with a

wi'de rmge of integer problems but there exist c lasses of problems where

their perfommce i's di sappointing compaed to alternati've methws. One

such class ui'ses when a small integer problem is expanded into a multiple

nea mwel or a multiple time period model. 'In this case solution times

grow exponenti'ally lee i'f a multiple tme period mwel is menwle to

dwmi'c progrmi‘ng tecMi'ques the solution time will only grow lineuly.

Thi's paper wi'll lwk at some poss;‘ble ways of modi'fyi'ng brmch md mund

cwes to tae advmtage of the structure of mwels cons1‘sting of wealy

li‘med 1nteger smproblems.

R. L. Francis,‘T. J. Lowe, E. w. Reinhardt, University of Florida,
"w“" Gainesville, Florida

A ONE PASS ALGORITHM FOR A "w'IAREHOUSE SIZING PROBLEM

The problem we consider is one of detemining warehouse size
during each of T time periods, when warehouse demnd for each time
period is a discrete and finite valued random variable whose density
function may change from one time period to the nexgso as to minimize
expected total cost. Expected total cost includes costs linearly
proportional to warehouse size, costs incurred due either to excess
capacity or inadequate capacity, and due to size changes from one
time period to the next. It is know that the problem has an
equivalent linear programing formulation for which the dual is a
network flow problem. We present a one-pass algorithm for solving
the network problem, as well as economic interpre tations based on
the network problem.



AoA_-P‘gfign.la_HLmA._A._B_OT__H_K_OB. Ilexxr aanHfi GKOIIOIJDIKO-LlaTeldaTM-
q’e‘c‘xfi “MHCTMTyT IKaneL»1ufi anYK CCP. hiocxaa, CCCP.

PEOIJEWMQECME HOflXOflH B flMCxQ‘EflIO}.I HPOWW.POBAWLI.

fioxnan COCTOMT H8 Tpex qacrefi n COJIGBKMT peaynbraru,
HaBeHHHHe PeOMeTg‘quCICMMM coodpmenmmm. nepBom" qacrm
cpem sanau nmxae HOPO nporpmmnposannn Bunennerca xnacc
sanau, cnonammxca K 3anaqw c uenoqncnennm }.{HOPOP annu—
KOM nnaHOB, m mniemmMM BMAGKTMBHHE meronu pemeHua. A OBO-
nmmocrbm sanaqn P K sanaqe Q (xopomo pemaemofi no-
unmaercs cnocoo norpwenus LIHOXGCTBa nnaHOB Mp sanau'm

P B MHoxeCTB'o HHaIIOB MQ 3a,uaqm Q , up»: KOTOp r4 Mp
oxaausaerca npoexuxxefi MQ M no nnaHy (OHTMIAcEHLHOIJyE 3a-
naum Q ynaerca npocro BOCCTaHOBMTB nnaH (pemeHV.e 3a—
naqn P . MBYQMOCB caenenme K noro‘c'onofi sanaue (o ump-
KYRHHMM). Ycraxlonnenu Kppxrepmni caonnmocrn B Tep.MMHaX
CBOHCTB crpm’Typu anwpnuu OPQaI{14Ue!{Mfi 3anaqn P , KOTO-
pan nonxna OHTB M -ManMHeM. Mayqamrcn CBOKCTBa. M —MaT-
pun, Koropue adconmrno yHMMomnapHu M conepxar B cede m3-
BeCTHHe M3 nxqwepaTyRH nonxcnaccu aficonwmno YHMMOMHHPHM
ManMII. Buncrinerca FeOhIeTpMH" M ~Man.I'ru, csnaanuaa c
303M.om'nocrbm ynopsnoqenrqn ee crpom B ane ApeBOBMnHoFI
crpyKIwH. Bo BTOpOF. uacrm paccnianMBaeTCH nMHefiHaH onru-
LinsaHIIOKHHaH sanaqa Ha perynspuonx Mx'CerTHOM LIHOKBCTBG

-"' Q L ,

I‘lle

78751;: {méM/ (O..',3C.)<%L HAM (ab-mpg}
End:L , a M -MHOI‘OI‘paHHI/IK B K"- .

HpMBHeKafl Mnem nocrpoeumg Bunyxnofi odonouxu flOHYCTMMW
nnanoa nyTeM IOOaBHEIIMH MMHMLIaHBHOFO uncna nononxxLITeanm
orpaHLIquIIM”, yzanocs Ham”Tm EOBOHLHO oOJ'yw cxer.4y nonyqenna
orcequMH M onaaarb, WTO OHM odpasymr Bunyxnfl )JHOPO—
PpaHHMK. fdccnenymTCH csoficraa orceqenmm” sroro JIHOFOPpaH-
Huxa, KpaflHMY. owceqeumm“, mx Bswmoorrlomenme c mssecrd*mn
Tmnwn 0Tceqenmfi. Hoxaauaamrcn OCI{OBHHe Teo‘neMH‘Teopmn
orceqennfi Ann perynmum sagaq, a Taxxe Kpnrepmfi BKBMBa-
HeI{THOCTM HenpnBomimm cmcreM }{epaBeHCTBo B TpeTLefi qacru
nsnaraercn axonomnun nepexon OT sanaqu uenoqmcnenHoro nu-
HefiHoro‘ l'IpOI'paMMMpOBaHI/IH c ,ycnoammm Alt-‘0. , DCZO ,

’3; - uenoe K SKBMBaJIeHTHOI/i sanaqe c YCJIOBMHMM Nix/90; ,
rne qmcno nepeMezium meHbme M OHM uenoumcneHHH. 310 Acorn-
raeTca nyTeM HaxomneHMH daanca uenoqucneHHofi pemerxu M
npencraanenma oOmero uenoumcneHHoro pemeHMH cmcremu B BM-
ne x.- A’m’—m’ aanonmxlordmanbnoe OTHOCMTGHBHO napwer~
p03 MCXOAHOH 3anaqm qucno onepaxxmfx, rne.creneHL nonunoma

\< 5.
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m IHMTMPROCESS 0F me FWCTION 0PTMZATION
0N HTEGR FONTS OF A COM.

'Integer proming problems on a cone
(1) mx ox c,x,b - n-mntional inte'ger vectors

_ Ax>xb A - nonsingular nxn integer matrix

fem the most smple bu’t nontr1'v1'al class. The mtri'x (5)
my be tmnsfomed to some special fom if the solution
of the problem (1) 1'5 mi‘que and bomded. m the tms—
famed mtri'x all fiagonal elements are positind non-
flagonal elements are nonposi’ti've.Such matri‘x is called
rewlar. Remar fom of the matrix (6) is defined mig-
uely if m order of rows i'n the mtrix A 1's fixed md
some minimlity domnds are satisfi'ed. Using the pol.mo-
m’al algori‘tMs for systems of lm’ear MopMntme equati-
ons we can tmnsfom roblem (1) to the replar fom with
ti‘me complexety 0(n5§. Abiolute values of i‘ntemeM‘ate
nmbers are bomded by Mn ow ( M —— max ([al.3|,]cl-l)).

For. the problem on a cone i'n reylar fem
(2) max -—xn , (D-CQx/7b; x -. integer
where D 1's M'agonal mtri'x w1'th positi've elements on the'
h'agonal, C is nomegative mtri'x flth zeros on the m‘agw
nal
itemti've process

3(0) = (D._-C)"1b , 3‘1“) = rD'1C“§(i) + D'1b‘I, 111
my be constmcted. M's process converfies to t% soluti'on
of the problem (2). If the equalifigi + ) =3 ) is
sati'sfi'ed the recess stops md; is the Optm'm of
the problem (2?.

The process my be so modified tmt it fill become
monotone regarh‘ng the objective fmcti'on . Other repre-
sentation of mtrix A as the fifferenoe A a mo of two
nomegati've mtri‘zes genemte other itemti've process of
the problem solvmg.
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ON. A LIE‘C.’ HYT‘LRGRAPH THEORETICAL CLUb‘l’ER l"L'CIIL‘IQUE

1. New cluster definition

C'lu~sters "are grenerallv\ defi'n-ed as r.‘.tei’i'mal complete
subs/r«aophs of a gqu-pll. l"'11e mefilII di'sadvlarzitages oi‘ tlii's
defi'r.i‘ti'on are the follov'.i'nQv-.

— clusters clan p arti'q(lly overlap,
- no polynomi‘al bothlo‘ed alg,or1‘tm 1's known for

i'dr—,‘x1ti'fyi.'xigr’ al.‘ L Ire clusters of a graph.

l‘he new cluster defi‘ni‘ti’oxi, proposced i'n tll’i's paper,
is the generalization of the concept of component,
without the above mentioned disadvantages.

Let H =(XV,E) be a hypergraph. X={x,,.. xn};E={e,lem}

Let W(€J')>O(J'=’.~m)be a weighting of edges of H—‘(X,E)

If FEE then W07) ——‘Z_W’(GJ)

If SSX then €(S):J{cejr‘]3x,_(-S . XLEGJ}

If 5 2x, T§X then £(51T):{ejl axies- xteel-lng'T}

If TEX then w—(T):w[£(T)/‘.£(X*T_])=w[e(T)]-w[€(T/Tfi

Cluster definitioanEX is a quasi component /cluster/
of H=(X,’L-') iff for allT proper
subsets of Q (Ki/#710) ___2__{__w"(T> xiv—'0)

2, Some important properties of clusters

2.1. st is a cluster of H:(X,E). iff for all T
proper subsets of Q:
w—[o—Tj — WCQJ = w[2:(rIQ)J — wL‘£{TI(Y~<o-T)))J > O

2.2. All of the components of H=(X,’E) are also clusters
/quasi components/ of it. '

2.3. If Tsx for whichw-(T) is minimal, then the 05.x
cluster is contained either_in T or in X-T!

2.4. If Qs-X and Q'gx are clusters of H=('X,E)
then either Gag/:12? or QSQ’ or Cz'gcz.

2.5. Hy‘pergraph H.=(X,-E) has at most4LIX/‘4 clusters.



3. Idexiti‘fication of clusters

l“he polynomial hounded algorithm for 1'dentifyiu all
the clusters of a hypergraph is based on the 2.3.
propert 1'e of clusters. . '

1"11e banai‘c routi'ne of the algoritm is the‘ optiml
bisecti'on of a Mpergraph. l’he i‘undamental idea of the
routi'ne 1‘s the transforn.‘ation of the problem into the
maxr‘rl.al pai'ri‘ng problem of the supply-demand task. In
this -x:ay the routine i’e at least .as efficient as the
Ford—l‘ulkerson algoritlm.

4. Applications

4.1.
4-20
4.30

Infocrr.ati'on storage and retrieval.
h‘escarch mnagement. .
l ackaging of elect‘ronic circuits.

5. l.‘eferences

5.1.

5.2.

5.3.

5.4.

Agust'on, J.G. - :‘ixlk’er, J..- An analysis of some
graph theoretical cluster techniques,
J of AC.I.', /l7/ 1970. .r.k~. 571-588. ‘
L'dmonds, d. - r\"arp, <I.°. Tneoretr’cal improvements in
algori'thmi'c ef1"eciency for netW'ork flow problem,
J of ACJ.", /l9/ 1972. p.p. 248-264.
Lam'ler, L“.L..- L‘utsets and partitions of hypergrapm,
le"et‘worx‘s, /3/ 1973. p.;). 275-285.
Sparck o‘ones, .x.'. Automati'c Index1'ng 1974.
C‘omputer Laboratory, Uni‘ve181’ty of Cambri'dge,
n‘mla'nd, 1974.



UW1.I".Gar01'a-.D'd'-lorr1a'1*es I_nst1 tt‘to Venezolm'o d.e‘ IanJrs(‘t1'ga01'—
ones Clen_t1flcas°, Centro de Ian'enrerld' y
Com‘put"e't010n, Cd'racas, Venezuela'

T%‘ GLOBIE o"'OLUTIOVI 01" IIO‘I\1'LIl»U-J.L‘£ OPTI41.‘IA"A“1‘“IOII' PdOB‘EL.'‘»‘"
vJ"-ITH lT\OlflI1fl>'m" Eq"‘d'&"‘ITX' C01y‘TS'TM'IlJ"TS

A new algorl'tm 1's proposed r“or solv1‘nowr optl'ml'za't1'011
problems Vll'th equall'ty‘ COIlStr31nts. Tn‘e nexv' a lg'orl thm has
the de81'rable property of' Obtd'ln1nor" mlder sul'td'ble condltr'onss
a globel sol_ut10nz 1‘n the sense tzl‘at 1't 1's" m‘ 1'tera't‘1've’
procedme thlCh yields 'd»n sta'tl'onary por'ntu to tile nonllnew"
problem reg'd'rdles_s tile 1 n1 t1al estl'mld-te on t‘lle s‘olut3.'on. It
18 therefore appllcd'b‘le to the solutlon of d' system of' a‘
nonllnear system of equatl'ons.

The e"lgor1‘tm b“ener*‘netes d” sequence or"‘ locally convergent
est1'_mates o_f la stastvr'onary‘ p01'nt _OL"‘ L"he nonllnear problen' byx
solvrnvo op_t11mza-t1 on prob lems \J'rl'lcll Ild've a” quadrd'-t1 c obJ'ec—
t1ve fmctlon 'and llne‘»a1~ e‘ouna-ll'ty const‘ru"1'nts. Globe-’1 con-
vergence 1's d"0111'eved by 1'ncorporn“t1'nuv' w' steps1 ze on tm
augmentatl on r*‘unb“t1'on of' the aSoC‘OClated Laovra'nb.“I-1'm' L“or the
nonllnear problem.

m asmptot'l c <l*uadrat1'c rate o.f’ converbeenoe 1's obta-l'ned
whenever exact second derlvat‘lve 01‘ the functions0 are evalu—
ated, wd a superll’nea'r rate of‘ corlverb"ence 1's obta 1ned
W.nenever the second derlvat‘l ves 'a1"e 'aL3L3r0y_1'1u“-dted by some
varlable metrlc type OI" d'esossl'an a'pprOXLm-atl'ons.
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#Dav1'd1.1'. Ga Na'tl onal Bureau of Economlc lie~s‘earc11, I'nc.
Cambrldo're, vlz'asssacrl'usetts, USA‘

ON hI'ODHYflu'G SINGmlm VALWJD" TO S'OLE' POb‘o"IBh'Y oC‘Il.’.""GU'L1£'
SYSHIA»"Q' OF lJ’OhrLIlNE‘AR EL~V""UA'P'IUVID"

' .VJ'e show'_t11”at 1l’“‘ a certa'l‘lfi nondeev‘ecneracy as‘ssu‘xnptl'on llolds,
1t 15 p0831ble to gua'rant‘ee tlke ex1s°tenco~ of a' solutl'on to
a sy _stem of non_llnear equatl'ons _f(x *— O vixl‘csse Jacob;an
.matrlx J gx‘) ex1sts .but may be b‘lno’“u a'r. l"11e H181n 1'dea
1s to modlfy small aslngulur va'luess of J$) 1'n sucn‘ a \lay
that tile modlfl'edapJacoblan ma'tr1 x J(X)‘ has a' co‘ntl nuous
pseud01nverse Jg’) .and tild'b‘ a' scolutl'on x1 of fgx)—_ 0
may be fomd by dE’terLLlnlIIb'»' ‘w aSy1n1)u"ote ol'“ theAsolutl"on to
the 1'n1't1'a'l Value problem x(0)—- x , x’(t)—- — J*(x)_fg)x .
JJ‘e brl'efly dl’scuss [Dractl cal /albr8r1'th1111'c/ 1 Inpll'catl ons
of thl 5 result. Althcubdh tlle nondeD‘I"enera'cy a ss~ umpt '().1 1‘1'ay
fal'l for ma'-nyxsystems ol"‘.1‘11to»1‘ea/1'ndee% 1_f' tn’e—_as"s*uu1'pt1'on
holds w JQX )A+ 1‘s nons1nor1‘ula'r', t11"en x _1°s unique/, algi'o—
rl‘thms u51'ng J (X) may eng‘oy a la_rger_reo"r10n of_ onverb"«ence
tha'n those that requlre /a'x1 a'L'oprox1lnxa-tlon to/ ‘J (x).

_QD8V1'dM.Ga, Natl onal Bmeau of Economl c Resewch,
Cmbrldove, flIassachusetts

w COL‘EINDTG T% ECWIQUE'S OF m'ID m SAumm
FOR FACTORmG SPmfi LII‘Efl PRWMHr.I"MG BAfl‘S

VVhen solv1ng 11near programm’ng problems, 1't 1's frequent ly
necessuy to compute md update a I‘actored representatl on
of a luge, spwse bas;s matrlx. At the recent SympOS1'm
on Spwse M‘atru' Computatlons /held at m’gonne Nd’tl onal
Laboratory 1n September, 1975/ both Jom Rel d and
M1 chael Samders descrlbed strategl'es for takl'ng advmtage
of spar81ty VJhen updatl'ng such x"a.ctored ba31 s represen—
tatl'ons. Botn‘ schemes 1nvolve stable numerl'cal teem; ques
whl'ch allow greater accuracy and less gromh of nonzeroes
thm prev1ous schemes. \~"'hereas Sawders’s scheme 13
de51'yed to allow out-of core computat1ons, Rel'd’s scheme
mns only 1'n-001‘e but often produces less gromh of no_n—
zeroes. Follow1mg a sub‘10:m"est1’on made at the Sparse Nlatru
Symp081m, \J‘e shov; that the t.wo schenles may be comb1ned
to produce a hybrld scheme Wthh al lows out-of-core 0 al—
culatlons v11th reduced grown of nonzeroes. _We also d1.s—
cuss experl ence Vlvl'th w 1'mplementat1 on of til15 scheme 1n
n.m, a modular 11near probrram1'ng paclc"a-ge belnbw' developed
at the lfiatl'ond Bureau of Economlc Resewch.
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LYHUNOV FWCD’ION MPROACII m TIE‘ DESIGN. OF $GORITHE
FOR STRUCTU%‘D NOIEIM‘H OPTEI’IZATION PROBLELB

We present a method which enables us to exploit
the structure of certain nonlinear optimization problems.
Fc.r the sake of Si'mpli'c1'ty the ldea m'll be Show for
the case of a constrained opti‘m1"z_a_ti'on problem

/1/ mi'n fo)

hLX): O o

Thi's problem my be solved b the method of _mult1'p—
li'ers. Introduce the augmented agrwgiw fmction

~/2/ QQx,w,k) = f(x)+ w’th) + kh’Lx)h(x),

md conSi'der tn‘e algorithms described by tm follom'ng
correcti on formulae.-

/5/ J3: = " Q'XLXHWK)

/4/ fw= 2 k hum).

For fm'ed W the sequence of x values defmed
by /3/ m'll converge to the m1ni'mum of Q, say xt‘w).
On th’e other #hnd /4/ determi'nes the optimal multi'plier
vector, say .

It vvas an open questi'on how accurately wa) must be
comput‘ed. MV‘e g 1ve a modif1ca'tion i'n whi oh no error bomd
mus"t be g_1 ven 1'n .adece, reduction of errors 1's auto-
matic. This arodificati on 1's.-

Jx -— —‘% (x,w,k)’ >+ thx)
ofkw)= 2 k hcx) .

/5/
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B'he matru’ K 1’s w approprl‘ately chosen co_nstwt
matru. We pr«oved that the dl'fferentl'al equatlon

/6/ x = 08: W =CWr

1's stable 1'n (x*,m . Therefore m algorl'tm of
the form

+ £ Jxn+1 xn n x11/7/
W J

n+1 Wn +'Cn wn

converges, 1'f the step51'zes we appropr1ately chosen.

. One o.f .the .maa'or adetagsof the, new algorl'tm 1's
1ts stablllty 1n the presence of rwdom errors.

-The above r"'deas we elaboraded for the reduced
gradl'ent method, for multl'stage determ'nl'st_1'c dec 1'51'on
models ad for nonlmem two stage stochastlo dec131’on
models, too.
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T_,_P_‘____,I‘me3 Bonrapcxan warren/m3 HayK, Coqfim, Bom'apm

JMHEHHAE YIIPABHHEMAH CMCTEMA C MHPMEBHIM KBMEPATWIHHM
KPI/ITEPMEM 3©<I>EKTPIBHOCTM

Hyc'rb IIOBeIIeHHe' ynpaBJmeMOfi CECTeMH Ha o'rpesxe [fol]
ouncuBae'rca JIMHefiHHM ypaBHeHneM bfiflffili-Wfir’u , me.

I A n“ B - HeupepHBHHe COOTBeTCTBeHI-IO 'nxn 121 11x1
manmlH— @yHKum nepemenm (2,420,7ng (Q __ 0T.

Kpu'roe nomoxecwno Rm) .Wltf‘hx — KBaJIpaTHHe cm-
Me'rpmme OOOTBeTCTBeHHO ‘n n' 'l -MepHHe Henpepusuue Ha
z , manKHH—qyynmmn; nepBaH n3 ROTOpHX HeOTp‘HIIaTeJILI-IO on-V
penene‘Ha, a B'ropax - HOJIOJ‘XMTGJIBHO onpeneneHa ,‘3flffd - Hen—
pepHBHafi‘ cmampnaa W m , KOTOpafL mm
max 176 R” c HopMOM" (Somme HeKOTOpOI‘O Imcna Q70 yIIOB- ’

JIeTBOpHeT HepaBechB’y stunt); -5IV'/ d npm HeKOTOpHX 530

n 1’70 . B‘Imaoce' yrrpaBmmnx (pymrmfi :43 [tab];

paccmanmsaeTcg saltaqa MHHmvmsauIm mamparmaoro (IIyHKHPIOHaJIa
g(x (17, )4) + 17x70 W(+,;A)x(t)+ u’l’cWItI/LMHWI

me I“) - TpaeR‘tT'OpKFI c HaHaJILHmi ycxomem 1(5)=x , co-
o'rBe'rc'rBymaH COI'JIaCHO sartoriy mmmeHm ynpaBJIeHm) “I” upn
a‘HaqumI napameTpa fit Q , a 111pr osHaqae'r Tpchnormpo-
Banne. Hyc'rb one-TeMa BUOJIHe ynpaBJIHema. Tcrna mm Kamoro HaanI-
HOI’O COCTOHHKH 16? PI reg cymec'rBye'r OHTEM3JII>H08 ynpaBJIe-

me 121 new MBC‘I‘O caenymaa Teopema.
Teopema. .IIJIH macro 1.6 Rn n r069 n modoro

WNCJIa £70 cymeCTByeT Taxoe rmcno J70 , wro ecm 16R"
fléfl , Ix‘xolflf'fld‘cy n 11/” - onmeaJILHoe yupaBJIeHHe
mm (1"“) , TO Hame'rcsi OHTIINIaJILHOe praBJIem/xe 219/!) mm

aKoe, qTo max MPH-"u! (£-(wao) T 1 “t!1/ in)!
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JUNCTION CONTROL STRATEGIES FOR AN AUTOMATED TRANSIT
SYSTEM '

The problem of merging two strings of high speed vehicles 1's

approached in two ways ~ as a swuencing problem and a network

flow problem. In the former approach vehicles occupy fixed

lenflh reference cells whi‘ch mve along a track at a given

velocity. The vehicles on the approaching lanes are assigned

to new reference msitions such that non—conflict merging is

achieved and w overall assiment cost, defined by the designer,

is miniMsed. In this case the problem is fomulated as a

mwemati'cal programng problem. In the second approach

vehicles follow the variwle space— time headway control law

ad the jmction acts as a vehicle flow controller which

comutes the appropriate velocities of the approaching vehicles

wmle m1’nmi'ning the m’nimm headway between them. Both

these memods ue i'mplemented in a computer program and it is

shown that the second method not only solves the merging problem

but also provides a mre satisfactory solution to the overall

vehicle flow problem in the network from an operational wint of

view.
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NON—DIr‘FEflIvTIMLE OPTII‘JL'IZ'A'TION

T110 13roblem of n11 n1 1n1'21 ng a non—d1 fferentl able

conVc=x functl'ovn can be s‘olved by a technl'que known 1'n

the U..S. as .subgratdl'ent opt1 m1'zat1 on qtnd 1'n the Sov1'et

Un1 on L15 t}1e generall zed gradl ont metllod.

If 1‘t 1's assumed thqtt there 1'ts so'lne a pr1’or1'

1 nformat1 on (bou11ds) 011 tlle locatl'on of the m1'n1 ma, and

on some c“0n1u1't1'011 num,)v‘er of the fu11ct1'on, then 1't can

be pr0\'ed t11‘a t t}xe pl‘OCCdUTO can gx've convergence at a

"geometr 'c rate", 1’f for t(q), xve cIuoose a "su ‘table"

geon‘etrl‘c ser1‘e.s.

Several ‘1‘“Pod1'u1msca1e opt1m1 zatl‘on p,rob1ems

have been solved u51 ng the metllod, a11d, even t11‘ough con-

Ver‘qenCp’ \435 not alxw'ays fa_st enough, the theoretlcal

results obtal'ned 14ere confl'rmed by the numerl'cal expe—

r1'mentat1'on. The results are 51 m1 lar to those of stan—

dard gradl'ent nlethods for d1 fferentl'able functl’ons, whe-

re convergence 1‘s sloxv 1'f the funct1'o.n 1‘s badly conc11'—

t1'oned.

The next step 1's to def1 ne a'nd 1'.n1)1ement "se—

cond-order" methods, wh1 ch attempt to extend the 1 deas

of con] ugate gradl ents, orvar1'(1ble m.etr1 c albworl‘thr.1|s

def1 ned for dl'fferentl'able f‘unctl'ons. Varl‘ous DLr-oposq¢1s

have been nlade by P. Wolfe, AN.Z. ochor, C. Lemare’chal

and others.

Converp,ence rqttes. }1ave been obt1c1'ned for some

of tllc met]1od.s.' ‘1t th1 s 1)01‘nt, 1'1 seems tlxat second order

metllods 1'm31rove t}1e rate of COIlVCTi‘)’O]1CG 1'n _s0111e ctqses., and
.."ors‘cxn 1't 1‘n 0t11c*r cascse'.'
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A STEEPEST-EDGE SIMPLEX METHOD FOR NEWORK FLOW PROBLEMS

We conSI'der here the steepest edge sn'mplex method appll'ed to
mlnl'mum cost network flow problems. As I'n the standard sn'mplex mthod,
an arc I's chosen to enter tmbasls from amng those nonbasn’c arcs whose
assocu'ated flow augmntl’ng paths (FAP), result in a decrease I'n the
obJ'ectI've function. In the steepest edge case, however, the enterl'ng
arc o's determl'ned as the one for whl’ch the cost per unl‘t flow along I'ts
FAP dI'vlded by the square root of the number of arcs I'n I'ts FAP 1's mI'nI'-
mal. lncreasu‘ng the flow along that arc corresponds to mvn‘ng along an
edge of the polytope of feasc‘ble solutl'on on which the obJ'ectv've functl‘on
decreases mst rapl'dly.

In Goldfarb and Rel’d (l975) a practl'cable steepest edge algo-
rl'thm was gl'ven for the general lt’near programml'ng problem that was
based upon sun'table recurrences developed by the author. In thl's paper,
these are speCI'alI‘zed to netmrks to yl'eld sn‘mple recurrence relatl'ons
for the number of arcs I'n each FAP. These recurrences, together WI‘th
a strategy for selectl'ng the arc to leave the basl's recently proposed
by Cunnl'ngham (l97h), whl‘ch keeps all bases "strongly feaSI'ble", yI'eld
a powerful network su'mplex algorl'thm. A computer I‘mplementatl'on of thI's
algorl'thm I's dI'scussed and I't ('5 shown that Rel‘d's (I975) sparsn’ty
explon‘tl'ng mthod for updatl‘ng factorl‘zed ll'near programml'ng bases 1's
partl'cularly well su1'ted to netmrk flow problems.
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HTSLL__I_?'_£_,fi_y;2‘_E.G.'GolshteinN.‘V.Tret akov. Central Economics Mathema-
c n51 ute, Acaemy o Sciences of the USSR, Moscow.

MODIFm LAGMGE MCTIONS IN COW ROGRWNG m.
Tm GWflIZATIONS.

A function F(x,y) concave in x, convex in y is said
to be a Br__ag_i_ng____modifiedLre functino for a convex program-
ming proem

f(x)—osup, g(x)=(g‘ (x),. . . ,gm(x))>, 0, XS GcE", (1)
if Argzsemaxgimnf FCx,y))_X-*, where X" denotes the solution
set of (’1). The sufficient conditions are given for the
function of the form

35.09.37): Fe(X,y)- 7n- (g.-(x). ya), I
where Fo(x,y)= f(x)+ g(x)y to be a modified Lagrange
function for any problem (’1) and to have in Gx El“ the
saddle-point set X”x Y“ coinciding with that of the ordi-
nary Lagrange function Fo(x,y). Somewhat more strict con-
ditions ensure that the'set X‘X Y“ is stable in x with
respect to Fx(x,y), i.e. one has ArgmeGmaxmix,y*—” for
y‘e Y“. The connection between the stability and the con-
vergence of the gradient method of saddle point determi-
nation is examined. If a convex function oé(u)e C‘(E"‘ )
satisfies the following conditions: oL (O):O, Vol (O)=O
and IvoL (u’)- V°( (u”)[ >, y-[ u’- u"| , X7 0, then the
function .

rem): f<x)+ Mamas)- t>y «(goo - m
is a modified Lagrange function whose saddle-point set
X'x Y' is stable in X. The only inequality xs‘uépFo(x,y)<
<+°o implies that v“ (y): 7“seup F“(x,y)e C‘(E"‘) and
{V‘t‘ (y' )- 7‘?“ (:sr")l~< (1/3’) ly’- y”|. The properties of

F“(x,y) provide the convergence of the modified dual me-
thod which consists in minimization of ‘P°‘(y) by means of
the perturbed finite—step gradient method.

For a monotone oint-to-set mapping T(z) : 2—.25" ,
where Z s E" and T(z g! e3 for 26 Z, the problem consists
in determini a root, i.e. z'e Z such that 0e T(z“). In
the case of [1‘szz) defined everywhere in E" and satisfying
the condition

(’I.‘(z’ )-’I‘(z”), z’-z" />Xl ‘I'(z' )-'l‘(z”)l", p0, V 2’, z”e E"(2)
the following analogue of the perturbed gradient method
serves the purpose:

z“H —.z*—« 1", llk-T(z")ls ex , Ex? O.’
Let R(z) be any mapping satisfying both (2) and the strong
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monotoflc1‘ty condl'tl‘on. Denotiw by z(w) the root of
Tg(z,w)—_ T(z)- R(w-z), z e Z, one-m defl'ne the modl'fl'ed
MMl' by formla Ta(w)—_ R(w-z(w)), WeEP. The mppl‘m
Tg(w), we EP satl'sfl'es (2) m 1'ts roots cel‘nc1'de V71‘th
these of T(z), 26 Z. For practl'cdly m monotone mp—
pl'm m algorlthm convergl'g to some of 1'ts roots cm be
obtal'ned by apply;‘@ the above gradl'ent-ll'ke process to
the correspoM1’w modl'fl'ed mppl'm. This method of mod1‘-
fl'catl'on yl'elds a m‘fl‘ed approach to convex progrmum
pTroem Md to determ’natl'on of sadfle m equl'll'brlm
p01nts as well as emmds the class of the modl'fl'ed Lg-
rme fmctl'om. Mch 1'terat1'on of thl's method requl'res
ofly a fl'mte number of elementm steps. Moreover, in
cemal'n cases of contl‘nuous mppl'm-s the momt of com-
putatl'on requl'red for each 1'terat1'on on be substmtl'flly
reduced.
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M.Gondran, E'lectr1'01‘te’ de France, Clamart, France
Pflfimli'nom Electr1‘c1‘te’ de France, Clmwt, France

VME'U-R-S PROPRES ET VL«‘CTL"URS PROPRL‘S Dms LES S«DMI-MODms ET

LL‘«UR INTD'MMTATIOIV D‘N THEORIES DES GMPflS

0n montre dans cette note 1'ex1'stence’ de valeurs propres et

de vecteurs propres pour des matr1'ces a‘ coeffx’c1'ents dans un sem1'-anneau.

Cles re‘sultats correspondent a‘ une extc-n51'on du the’ore‘m de Perron-

. Frobeni'us aux sem1'-anneaux . m donne alors un grand noMret d'exemples 11'e’s

aux proble‘mes de che-mi'llement dans 1e.s graphes. L'1'nterpre.’tat1'on de ces

valeurs propres ‘1ux proble‘mes de graphe sera souvent tre‘s 1'nte‘ressantc.

D.Granot-F.Granot, Vancouver, Canada

 

A PAMBETRIC PRINML ALGORITW FOR DISCETE MBYSE‘V LIMAR

APPROXIIuMTION

In this paper a parametric primal algoritm for solving the discrete

linar Chehyshev approximation problm is constructed. The algori'tm

mposes no restrictions on the choice of the linear approxmating function,

and is applied directly on the equivalent LP formulation of the Chehyshw

problm. The algoritm is an adjacent extreme point twe algoritm which

was designed to exploit the special structure of the equivalent LP

formulation, and which generates a best approxmation for the Chehyshev

problm in finitely mny iterations.
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VM.P.Gr1'schuc111‘rxCclxtral 1.‘-0011011x1'cs ..1'at"herA1-at1'cal l'nstl‘tute,AcadeW of
5‘01‘erlccvg of tlle u'u“u"'l{,1..'otocow,1JSo"l{

L"‘1‘b‘ICIL"IJCY Ol“ P'Iil‘.‘ J,IMJJ"L‘II A1."'D DOUIJD ALGORII’IHAQ“ III A BOOLW"I‘ PROGMI.H.L'III G

Mrpoucce oi thl‘e‘ report is to L-e-eearch the .erL'l'cl'ency OI the branch
and Dounu methoa. THO. b c-hem 01' the chtnoa t‘hat 1’nc1ue‘u‘ececonb‘l'qe,rabie
pd-rt of the all l{n0\l’[1 d'L.,7r."orithme 1's dococrl'be(l. The Io;10win,'" three
Characterl'stl'cs 'are ucced I 01' 01‘1"031‘I‘1‘cation.°l')the mie of ba51 c 1‘n1-'oo—
lem b; anchl'm to thc> e‘uoproolem,2)the rule OI choice of a Candl'da»te
p;~‘ob1em out of the Ll'st of the suon‘robloxm~,j)t'llc tests allo»J-in3"» to
reauce t‘he enumeratlon of the solutlonb .

1"he branc‘.111'm” tree 1's ac-Q°01‘L“bed ma the u"»earch or t.he solutl’ons
1's dcefined. The f‘unctl'onov YA (p) ma WA (p) are do—fl'ned.‘ ./'~Lho-rc VAkp)
is the numbe,r ox tth.e ste>~s OI an ala'.”or1'thm A that ar.e needed to the.°coL
ve the proa'4eu~ p, we ¢A(D*) lib‘ the, num.oe,r 01 nfir.-obi.nm _n evolutl'ons
"ocarcltlcd by alg"“er1'thm. A. ¢A(1)) 1'"u “al‘bO e.quc11 to the numbe\.r or the

' no es 01‘ the o'ranchl'm" trcee. r‘or the dl'chotom'c brmch1'n\)v YA(p).—
2 Ann-1 . .

L"he author selects cxa°cses OI” alg'orlthm». ma b w..oLean noble.m
\J‘hith the efI‘l'c1‘9.ncy estl'm.gqt1‘ons 01 the Lo;¢oxl1.;'m tyn*e A(p).‘(m1)
Vlhere n 1’s t‘he num.ber oI‘ val-4"d-0Lcr‘s d'lld .<l_—i.*(n‘) 1‘s the i‘unctlon 1' )
dependl'n)r' on pweahneters o’I‘ the inr bLem p.

1"ne .1"or11 desc1~1’bes some D‘robiem that 'or t‘he larvoe Classes of
a;gox-1‘tnm~ b-atlst the i‘01101'm) equaLl'tJ‘ A¢(n*)_— (“"4,") ,.."'ner,e K 1‘s a
parameter 0: a b'l'ab'b' -conta1'n1‘m the probie.m p. ror Large vmue 01 n a'
and mf—g- @Atp)-2"/t"-'Tm __

l‘ne d-veL-g-e number 01' sea-rchved SOLutl'ons ¢ (n) on “the CLasses or
DOOLew- Pru'ULeM° x'r.1th nonne.3'tt"at1've- constral’nt m‘trl'ces 1's Iouna Ion.
the CLd‘b‘SeS or' the fluc‘or‘..it.1‘7“.,.s .4"'1’t‘h Sl'm.ple rules oi‘ branchl'm. varl'aDLe
cn01‘ce. For then ‘.1'»nan_sack p.‘~vobin,m_e4«."act I‘orm.uLa~_c» are Iound. itb‘ d-e‘d*r.m.-—
ptotic behaviour is as follows: @(NxZM/Jnil ¢L(H)-2h+/4ml

r'he fLI’rst formla gl‘v.,ns the hfivera\,,fle numocar OI the ceearcned SOl-
utlom LOT aovorl'thn'.s tmal'm‘ 1nto account t.ne on_dacr;’n_)"' u; t.ne comt-
rctfil'nt coeII'l'c1'ents. The b-econu IOI‘IHULd‘ .k,"-1veb' tlle a~ver&‘D"-e value Ior
ai‘,'»»'01‘1thrs .."1’1th a ruxe u; txl'e u‘ranc'h1'%m varl'aol e Chc\ice 1'P)nor1'nJP the
1m0L'Iru-t10n nabout t‘ne _com°tr»mntv.).'rlote that even ;'1; u‘ne Lll‘St case
the a-vercege value behaves d’S ex’ponexl't‘ we omy as mch as n tl'm..es
L0,u"S t‘lua-n nuxnoer oi‘ b'vd'L'CfleQ c<‘olut1'ons 01' D‘rODLelm \J-1th the d-roltL~ary
nu.1rjoo.r of constral'nts.
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WHl'lésGr6sz
, u apest, Hungary

FIWING OPTIMM NWBER, PMCE Am DISTRICT OF TRMSFORMERS IN
LW VOLTAGE ELECTRIC NEWORKS BY A SET COVERING PROBLEM

In .“'h1°s paper we cons1°der as gr’ven the three-phase low voltage
electrr'c network of a terrr‘tory together wl'th 1'ts topology, tech-
nr'cal and economr‘c parameters and the possr‘ble settlr'ng places of
the transformers.
We search for the optr'mal number and place of transformers, w1'th1°n
thr's the placr’ng of transformers provr'dr'ng mr'nl'mum loss of energy
and those most favourable d1's;'unct electrr‘c c1'rcu1't wl'thout loops
for whr‘c.fi 1't 1's true that at the endpor‘nts the voltage 1's greater
than the gr'ven value.
One of the four lr'nes of the three-phase low voltage electrl'c
network 1's exom1'ned and repr esented by a connected graph C.

To every possr’ble transformer-place a maxr‘mal tree Cr- must be
corresponded such that for the voltages at every vertex of the
tree the boundr’ng constral'nt concernl'ng the ena'por'nts should be
satz'sfr'ed. The poss;’b1'11’ty of constructl'ng of thz‘s kl'nd of a tree
1's proved and two procedures by whr‘ch one of the maxr'mal trees
can be unl’quely set up are presented.
We 1'nvest1'gate subsets Kq consl'str'ng of the 1'ndexes of CK /KD.EK/
whr'ch satr‘sfy.'

Z T-K. SK a mt’m

c=u ck.
(t "L

’L‘LK x _>, 9L

amen} m
where TK,

I.
cost of 1°nvestment of_ k1.-th transformer
v.oltage 1'n x vertex of tree
grven constant
set of vertexes belongr'ng to tree C" .
number of possx'ble transformers_5.;

ha, ‘

Thr's problem can be reduced to a set cover1°ng problem r'n the
followr'ng way.' an A 1'nc1'dence matrr’x wr'th "o-l" elements 1's set
up, 1'n whr’ch to every column a tree and to every row a vertex 1':
unr'quely corresponded.-

go (i xdfi SK; KLeK L—“4,2*,...,m
a“ = .r .

d“ 4 LI .l'd't: S“ d: '(IQ'H. (LI

where n 1's the number of vertexes of graph C.
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After thx’s the correspondl‘ng set coverz'ng problem can be wrx'tten as
the followz'ng'.

h»

The set of solutr'ons gx‘ves the opt;mal number and place of trans-
formers 1'n the network, but the trees GK. st1'll cover each other.
For the constructr'on of trees wl‘thout cov‘erl'ng a rule 1's gl‘ven and
1'ts correctness 1's proved. 0n the bas1's of thl's rule from the
f1'n1'te set of solutx'ons the one 1's selected wh1'ch provz'des the
nz'nz'mal network loss.

Th1’s method 1's opplz'ed 1'n practr'ce too. Accordx'ng to our expe-
rz'ences 1'n practz’cal problems approx1'mutely 1% of the costs of
1‘nvestment can be sevea .
A FORTRM program’has been developped f,or the SIEMENS 4W4/150
computer of SZMGEP at the request of EVITERV. '

Gyo'zé 3%..bor . . .Instltu e of Economlcs, Hungarlan Academy of Solences,
Emudaest Hun w' 0~N
T ‘W QU$ ~n“*SUI£IBRIU.IvI E'C'OPJV"IC ..I"-'ODEB

M 1't_1's well known some questl'ons of .macroeconomy _can be
descrlbed as a stanawd llnew progmlng problem 11k_e

/x/ m{0x/x-_.>O,M~_Ab}
whe_re A, b, c we const_ant mrays. The problem /x/ 1'3
equlvaloent to the f0110W1ng one.‘

If we fl'nd the vectors of x,v,p,w satl'sfyl'ng.'

/l/ M + v = b
/2/ M - W - 0
fl/ pv + wx— O

x,v,p’w—->0,

then we have a solutl'on for /x/. The vector x shoxvs the
act1v1 ty levels the elements of vector fie we the shadow
prl'ces, th.e vectors v and w contaln t slack varl'able s
of the prlmal and dual problem.



Several 1 nve st1'gat1'ons a1'm at cons_truct1'n models ha_v1'ng
not only satlsf'actory pr1mal. solutlons bu shadovi'.pr1ces
useful and eas1l .m_derstandable f.or econom1 c pollcymakers
as well. Today t 13 18 only a routlne task.

The case. 1's 3 more co_mpl1'cated \then "the econom1 st" has
some _ob ectlons. "It 18 very good .- he says - but the wages
we_h1§ , the 1nterest“ of cap1t a'l 18 low, the rl'ces of
agrlcu twal products are somesvhat hlgh, ... e c."

Satl'sfyl'ng hl's extra 013 1ms, we add to the orl'opl‘nal prob-
lem /l/ - /4/ the follow1npo constrd'lnt.'

/5/ DD .2 f,
where D and f we constant mrays.
V.*e _su p ose tha‘t there ex1 sts a nonnegatlve vector p
satls ylng /2/ and /5/.

@nerally there 1's no solut1 on of /l/ - /5/ syste/m.

av"'e can have a solutl'on 1'f we weaken one of the equall'tl'es
/l/ - /3/.
Satl'sfyl'ng the pra'ctl'cal demands VJ'e can solve. one of the
follow1ng three alt'erna'tlve problems.‘

‘

I. min ipv + wx / /l/, /2/, /4/, 5/}
11. min ips / Ax + v-s = b, 3.20, /2/, /5/, /4/, /5/}

III. m1'n {yx / pA - w + y a c, y—.> 0, /l/, fi/, /4/, /5/}
%e econom1 0 contents of s and 'y vect ors $9.. th e, quan-
t1t1 es of .shortages and the. relatlve prof1t re.spect1ve.‘ly.

fie lecture. 1's closed w1 th the experl'me nts on nmerl'cal
exmples.
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M. Gro"tsc.hel, Un1‘ver81't y of Bom, Bom, W.-Gemany
 

FURTHER RESULTS CONCERNING THE FAClAL STRUCTURE OF THE

SUEE*TRIC TMVMV‘LLING SALD‘SRMN PROBLL“'A.A“*-r'S

Let Kn—- [vn, En] be the complete undl’rected graph of order n,

let Tn be the set of all Hml'ltonl'an cycles of Kn and let

Tn be the set of all subsets of the Haml'ltonl'an cycles of Kn.

Let xFefiEnl be the 1'nc1'dence vector of FcEn.

We 1'nvest1'gate propertl'es of the symetrl'c travelll'ng salesman

polytopes

TI
I . T T

conv {x . an}
n

QT :

TI T "conv {x . eTn}“n
QT

Extend 1'ng results of Padberg and Gro"tschel we prove that

generall'zatl'ons of Chva’tal's comb—1'nequa11't1'es, hav1"ng

coeff1'c1'ents 0,1 and 2, prov1'de a very large class of facets

of QTn and Q~Tn. Thl's result can be obtal'ned by a couple of new

and very general ll'ftl'ng theorems whl'ch are of the kl'nd'. 1'f

ax _< ao 1's a facet of QTn(QTn) then a'x' _< ao' 1's a facet of
I l -

QTn (QTn ), n'>n, prov1'ded that (a', ao') 1's defl'ned 1'n a_n

approprl'ate way.

Those 1'nequall't1'es whl'ch are facets of both the travelll'ng

salesman polytopes and the related Z—Matchl'ng polytopes are

characterl'zed.

Furthermore we gl've a result whl'ch 1'nd1'cates the degree of

dl'ffl'culty of the travelll'ng salesman problem. We present a

class of graphs G.- [V,E] contal'nl'ng varl'ous known 1'nf1'n1'te

classes of hypohaml'ltonl'an graphs whl'ch has the property that
. . neEZE Xe _< a(V) 15 (a) valld for QT, n _>IVI,

(b) a facet of QTIV,| and (c) not even max1'mal for QTn, n>|V].

for each graph G
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J____,________.Guddat D. Klatte, Humboldt—University, Berlin, GDR

‘ STA"BIL'ITI‘ LTI l\TOk‘—LII.‘E‘1B PML’lI.“El'1RIC OPTI.1."'IZA'TIUIJ

Considering the parametric optimization problem

P Oval): sup {if (xfl'xemzlu'y),

we have global and local properties of the maps

t! : ()w)_>‘/’(),u)d¥= sup {1‘ (x,)}~[ x 6 141,403

’1: :(Awpomwdlp— {Xe mg“) fgx,i_—‘/(1,M3

and we give some applications /e.g. vector-maximum—
problems, discret_i4-'_ation/. Tue main point of this paper
is the local stability.
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I."Ml'1."'£‘L"'IIAIICL" SCIIL‘'DULI 110‘

Palve.n a se.t of Y\ r1ar.hine.s, of r.apw..citlos 1.(P\), \vhir.h se.rvn'c.Pl
re.q11ire.me,nts r(t), t=l,..,T, tho proh.lp.m I's to SP‘thllle, doxx'ntl’mo s
of dLIr(1tions d(k) so as to malntwcin s.atlsfac.tor/\ se.rvir,o. (In som.ev
sense.). Othe.r re.50l1rce. allov.r1tion nrohio.m.s ovo.r time. admit of
slmilar statemo.nts.

In pr(1ctlr.al prohlie_1ns thern. (1r.n c9_rtaiin v.011fllc.t and
precede.nce c.0nstr(1lnts amonw“ r1.1chlnes, (1nd othe.r c.0nstr.1I'nts c.1<n
be P..xpe.cted to arise In not aI\.-I.1/\s pro.d.l'cta.l\le Fa si ~I'on. Iiesnce. I't
Is de.sirahle. to \Av.ori< Vllth. formtllation.s v1hl'r.h lend tiwem,selves to.
solution by commo.rr.lal r,ovio.s. Th.nse‘ wtro. lr1r.V.P. inter.or ‘oro,vrrfi.ms
xvith multiple. c.hoice. strurstliro. and K.T zoro-o.ne_. v(.fir|'r1bios.
Computational expe.rlonr.e_ kso_o.n1s .sc.(1nt, hilt modPr(3toly sizn.d.
probl.91rs can n0\-J I>0V tac.Ple.H. sm:c.c.n..ssfully.

146 have hesa.n considorl'nF,, In W,elr.o.r(1i, the. inho.ridln‘v, of
entJmeratlve. (or he.11rlstir.) to.chnl'quo.s In 11(r,"o sr.a.le. h ran.ch and
bound codes.. For a spe.c.l'al form of th. e mal'nte.na‘nr_o.r schodulln,‘a
proble_m \‘JP d9,slv_,ne.(1 (1n o.n(|me.r1:tl'vo,. alr,orl'th.m v~li\lch o,xpiolf.s the.
sp.ecIal strllcturo and appears to s.oivo \spe‘c.:‘flr. proi~lnms. o.‘
re.spe.ctal>le. sl7_e. (sa\/ 30 to 50 imachlne.s and 52 tlr1‘o period.s)
quiteu re.adily. At the. same tl.r1e It 19.n(Is Ir.solf >tvlo,ll to Inso.rti()n
as heuristic should. unfore.so.en r‘o.ns‘tr1<lnts enforr.o the
utlil7.atlon of a more; ,yo.no.rai mlxo.d- Into.F,e.r pro,w.r~(snmin,r cod..o.

lie. have‘ also for.mlliato.d, I'n. se.v9.ral \Iays, rn.laxatl'0ns of the.
multiple choice. se.ts (Into 32 so ts), and hfi(,ve‘ conI(L1r.tod‘ sor.e.
nume.rir,al expe.rlm,ents \Jhlch Indic‘at.o thr1t .stxbst¢1ntl(al
Inprove.m-P.nts are. attal'n(1hle. (In te.rm.s of maximal rwlinimum covo.r.fiw._,e.
of the. roq11lreme.nts), e spe.c.l1<liy \v'h.en "wr1‘p-ar0LInri"' I.s p9.'rmltt9.d.

The e xc¢.ilent hphrwvlor* o.f the. o.nl:r1e.r1ztl'vo aly,orn'thm .>PUY,F,eStS
to us thxlt enumprdrtlon (such as our n1e.th0(I of state onur-Ieratl‘on
with usev 0‘. lo vlc(1l Impllc.atlons) Is tinduly no.0l9ctel'- and m(1y be.
a natlxrai tool for a \I'Ide. class. of s.r.h.9.dull'nr, prolilo,ms.



1W

Vh.HalAmos, In"-.\RUS, mxdapest, IILIHQPBT,Y
#T.Racsa’k, LIT'-e\ b‘7JTA‘\1\"I, Budape st, Ilu%fiary

OPTI“_.'AL SIVVJING O'P UME‘FIM“D ROD STURCTUIQL“\_L‘

Statl'c characterl'uvatl’on of rod strtlctllres 1's enable.d by

matrl'x equatl'ons which form‘ corlnections amonb.e rod end
d1'splacement.s loads Land 011+.81'de loadl‘ng.

The most obvious fom to start in ordcr to defl‘ne the 1‘mer
forces of the st1~\1‘cture 1‘s tlle, basic etxatl'on s.ynthesi.."i@
ethatl'ons of eqxll'll'brith and compat1‘b1‘lit,y. ‘

&'

ll'FU

:9
ll

0

l
q .2II

The contents of the matrl’x ethat1'o.n are 1‘nterpreted_as

follows.-

X coef_?1‘01’ent matrl'x related to 1'mer loads

[11>

I

A — coeffl'cient matru’ relatl'ng‘ to defomatl'on

elastl‘city .m‘atrl‘x of the elements of the structure

lltU

I

X - vector of def01mat1'ons
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Y - vector of the muom rod stresses

3 — vector of the external loads

It 1's appwant from the equatl on system /l/,

to, that for the 51'21'ng of mdefl'ned structues

one ha"S to ca‘ose among‘ several dl’fferent structmes

whl‘ch meet the same requl'rements. It 1's therefore

adv1’sable to make the ch01'ce on the ba51's of w

economl'c crl'terl‘on. \V‘e are g01'ng to deal w1'th structwess

Were the we1'5*ht of the stmctme w1'll be the economl'c

crl'terl'on.

The task 1's therefore the follom‘ng.-

The structue of ml'nlmm wel'ght meet;ng the

fmctl'onal requl'r'ements, 1'y.e. satl'sfyl'ng the equatl'on,

system /1/ has to be selected from structures of

a. g1ven oveometry. Mter hav1'ng Ml'tten up the task

and elaml'ned the functl‘ons fl'gurl'ng 1'n the sme we

dl'scover that thl's 1's a non-ll'neu progrm'ng task

the LJerm1'851'ble set of wn‘l'ch 1's not convex.



109

In case of structures 1'n abl'trwy plmes we

substl‘tute for thl"S task a convex pmgramml'ng task

the optl'mum va'lue of Whl ch conc1' des w1'th the optl'mm

value of the or1'5~1'na-l task. The solutl'on of the task

requl'res m eff1'c1'ent algorl‘tm ellml'natl'ng the

dl'ff 1 cultl'es connected w1'th the wrl'tl'n0”4 up of equatl on;

System /l/. Instead of equatlon system /l/ we

perform a convex quadratl‘c progrwnxl’ng task: of good

quall'ty. The algorl'tm MW 1'n accordwce

m'th the structme of the tasko Thl's alb'rorl'tm was

tested 1'n case of Sl'mpler structures.

' Thereflter~we cwry out the opt1ml Sl‘z1‘ng' of

a s1mple mdeflned rod structure.

The test;ng of the metn‘od 1's 1'n process, for we

rely on the same 1'n 51'21'ng the quarter panels of

autobusses by order of tile Ikarusz factory.
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M‘#.Hamala Unlver51'ty of" Bratislavat
B'ratlslava, Czeclloslovakla'l

A %”UA‘SIBME‘R L-E‘T'V'A'OD FOR‘ COMX PRmmm-“.L'mG

It 1's Mom that a convex programm'ng problem

Mm‘ {£991 gigxyz-o, (i = l,2,...,m)_l]— /1/
cw be reduced to a sequence of wconstral‘ned ml'nl'ml'zatl'on
problems /e.g. m1.l“‘flT of F1 acco wd Ifl\cCorm1‘ck/. In the case
of' parametrl'c 1'nte1‘1'or p01nt IflGthOd"; till 5 1’8 ach1 eved by
addlng to the oba'ectlve fmctl'on. f"'_x_) a barr1'er term
rg‘t")x that favors p01'nts 1nterrlor to the fea51ble reg 1'on
over those near tn‘e bomdwy. A’s puameter r “x O
approaches zero, tile unconstra-lned m1'n1'mum x(r)’ of barrl'er
fmctl’on

ng,r) = fo) + rxi‘x) /2/
t ends to the optl'ma'l solutl'on x of the orl'glnal problem /l/.

Fl'acco m.d IflcCorml ck gave tlle conve_rg'ence proof for a_
gene-ral burler method Vl‘lth the follow1ng propertles of3_"'kx).'

fl K{:("XJ‘ 1's convex on the set ‘
K0 = O, = 1,2,... 9111)),

b/ fi' {'y3jIr"'.‘K° converge to the bomduy p01 nt of K0,

then lim = «>9 ..9 .N,

The Mom exwples of such burl'er fmctl'ons we

m
199,1.) = fec} + r gi—lkx)

. l
 /3/

/4/
-m

ka,r)= fix) - r log gi (g!)

The paper treats the case of another burl'er fmctl'on
m

/5/Qinyr‘r— fx‘.x)- r V 551‘ x
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whl'ch does not have property b/. In th1 a“ case the burl'er
on tile bomdary 1s made only by the descent of QLX,)r.
Tn‘1 s 1‘s the rextrson vve refer to the Qg'x,r) as to a quas;'-
barrler fmotlon. l“he. convergellce proof lS g~1ven mder
condlt1ons d'na-‘logous to tkioe-ce of F laccoflcCorml'ck wd 1't 1's
shoxIn that t‘11"e convergence rate 18 better.

n“or o‘arrl'er fmotl'ons /5/ wd /4/ Fl'acco- McCorm'ck
wd L00t0"m&' ShOVI‘ that

W m) - fax“)
f'k’xk’r_>‘,\ — it"x")’

<c.\‘r“ +O§)r
A"'r +OQrJ2P-

/5w
/4a/

In the case of the 1(uaVs1'bw'11'el‘ i‘unctl on /b‘/

f (.X 1r.))— f(XA)= r wir)
where /5fl'

limu; (r) = O
I".‘>O

Il‘oreover, 1'f there e.x1'sts a contl'nuously dl'f'ferentl'able
tra'J'ectory A"L’r), txv-.en

"

fL"xg‘r)_)“ — fL"X"’\.‘ _-\".“A:r2 + OL’rB) /5b/
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CLUSTD‘R MMYSIS BY GMPH COLOWING

Given a set X of n objects and a distance matrix

D =[d1JJ expressing the dissimilarity between pairs of these

objects we want to partitionX into R <n clusters in order to

minimi ze the ma ximum distance between objects in the same clus-

ter. This problem is reduced to the problem of finding colorings

with a minimum number of colors for a sequence of graphs with n

vertices. associated with the objects, and an increasing number

of edges. Bichromatic interchange as well as a new exact colo-

ring algorithm are used to this effect.

The method has been programmed and tested on an IBM 370/

125; it allows to solve exactly real problems with more than 200

objects. Moreover. for the example 3 solved. it takes less compu-

ting time than the well-known-hierarchical complete link clustsr'm%

method, which often provides only suboptimal solutions.
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P.G.Harhm.er, IBM, W1 en, Austri'a

D‘CONOMIC DISPATCH III ELECTRIC POWER SYSTEMS

Mixed Integer Progrming, based on Linear Progrming, is
the only one non-linear optimization method availfile as stmdard
progrm for computers.

This paper aims for a general solution of the economic dispatch
problem using Mixed Integer Progrming.

The physical reali'ty of my kind of power system operation in-
cluding pmp_ed storaqe plmts be modeled for MIP—application.
The model consists of m obj'ective function (e.g. minimum fuel
costs, minimum emi'ssion dispatcli) and different constraints
taking into account operati'onal md security aspects. M approach
to include mwer system losses 1's mentioned.

Based on 14 spec1‘f1’cations defined in literature for practically
usable economi‘c dispatch models it 1's proved that MIP is mst
suited for the soluti'on of the give’n problem. Furthermre, MIP
allows a clearly structured mathematical model. Compared versus
other similar powerful opti'mi'zati'on methods the results obtained
are more accurate w1'th less computer running ti'me. As a further
advmtage the results of the problem under discussion are avail$le
in a shorter ti'me compared to 1'ndiv1'dually progrmed algorithms.
There are also sav1'ngs in the rang\e of S 25.mo,- for'progrmers.
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Ja’nos Iia’rs / "C‘sep-el Iron- and -[1“'etalxvor1<*g, Instl'tute of
lflanti,ge.n.cn and Computl'ng l‘ecMique / Iimgary, Budafjeafit

A “1T.ONLI-TIH“O‘MQ PROGRAW‘.-1IKTG 14‘0Du*‘"L Ier T_IE‘ PRODUCTION OF lq‘hl.“T&LIC
ALLOYS ‘

RM
The ‘model hars been made f.or prep‘a..r1’ng the optl',n'al pla'ng of
productl'on 1'n «a co.moA‘3n_y where met‘wl‘c alloys are mcdde. The a1'm
of the colmpany 1's to r‘1axim1'ze 1't‘s .orofl't. 0n~e VJ.3J‘ to aclhl'eve
th1‘s al'.m 1's t‘o reduco t‘he- prime cost o.f tluex’r products” by u51'ng
spent bcqssmv'c matterl'al be.)°1‘dea° of.. malloy.ed metal a-nd (alloyl'm
element 3. The s‘oe-nt b»‘151'c mat-erl‘al co'1.t‘-L11‘n°.) alloyl'ng and
contarnl'natl'ng .materl'alo". The make. of‘ s‘oent ba.)"1'c anaterl'al 1's
bouned by the qlxall'tative, preoscr1e'13t1'ons of stiqndarci anit the
technolo,g1’cal posssl'bl'litl’ess of the coxnpany. The other x-Jay to
1‘nc‘reaose prof‘l‘t 1's the rl'ght clloossl'nov of the combl'nat,1'on of the
different product'.)°.

Con.s1'der1’nb~ the tVJO p0551'b1‘11‘t’1'ess a nonll'necar prOFQramml'no~« rnodel
could bee "aet4‘ up. ."-x‘1‘t‘h the tassk be.in.p,-, rsolved tile result"a -xnean
ho-xl to choose the _cmnt1’t1'es of every ssl'nuvl.e product and the
qw‘ntl‘tl'es of the d1'l’°ltcnrently m1‘x0,-d sp‘e-nt b(3.>°1‘c matorl‘ealge use-(1
1'n wl't quantl'ty of every ssl'nowle product to ach l'eve tthe .n.-ax1'xmum
prof1't. Denote n the nmborr o.f the 13‘r0(iucts" and .n. the— numbe.r of
the dl'fferentl\ir .ml‘xed sspe-nt baSl'c .mate.r1'als. 1‘he nulqrber.r of the
varl‘ables depe.A_-‘ds old n and m. by the relatrtl"on (n+l)~v.n. In our
spe~c1‘al ca..se there are 3.9 p~roductss and 12 ssp'ent bae51'c m,ater1'als,
so \ve have 240 varl'gablees. There- are l1‘near constral’v.‘."o, ano‘ m
number non.11'near one a“, arnd rul_-s°o the, obg’ecttl've functl'on l’n non-
ll'near. T116 nonll'nearl'ty is cause-d by t'he ex'pres°s°1'ons contal'ning
the sum‘ of cross products of ‘rarl'a-bles.

The aloeorl‘thn that has been ‘n'ade t‘o solve t‘he ‘oroble.n. 1's bunsed
on t,+\*l0 ll’near probcrav,n.m1'n‘gwr tasks VJhl'ch are successsl'vely solved,
\vhl'le the value of thee obg‘ectl've f unct"1'on can be 1'ncreased. The
optl'mal <solution of the fl'rst task 1'0s the estartl'ng p01‘nt of the
second one and Vl'ca versa. '

A ll'near prOV,cr‘amA.m1'non packapge deve—loped for the- computer ICL
System A I“.aS us..ed for. t‘he practl'cral carry1‘ng out. There are
‘_nos"~51'b1'11‘t1'es to sstore the bat.as1‘c data- on mca.b"netic disc to Vlrl‘te
the resfltsv onto .nanqnet1"c tape and. to read the data for rev151'ng
the b‘351‘c d l1_.ta froxn m.r.ak,vnet1'c tape. An .1'nserted P‘ORTMN IJ‘ program
orv,<an1'7.es° othe coxnput'er run and tra’n.sforxns" the input data 1'nto
out_out data accoM1‘n(,w to t'he progra.m.m1‘ng package.

l"‘hnc cot..npany vxhl’ch prodtxce.e aluml'nl'lxm alloys e.mploys the model
1‘n every qua-te.r of t‘her year. It is“ cleared by the results what
t‘he profl't(leble‘ and uno_rof'1'table, prOdILCtS ec‘re and the ba51‘s of
thl'".> 1'.s the m.arP.otL'nuv Retrat-e~,¥,"-‘§r Aorepared. In thl's \vay the profit
ol’ t‘he co.n‘pany hlaos been sl'gwnl’fl'cantly 1'ncrease.d.
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ON THE THEORY 01" SEARCH, A CASE WHERE THE MOTION OF THE TARGET IS

RANDOM.

It will be assumed that the location of the target in Rn is given in
terms of density function UCXJDWhich satisfies, if no search has been
going on an equation of parabolic type with constant coefficients
/eq. (1 below with O": O /. The system ‘of search will be represen—
ted by the so called search density function 9S (at) /see ref. /.
Search density function is assumed to have the following pro erties:
l/QCXUL) 7/ O and 2/ I; “(KNOW ’ Lo * wrist. Furthermore (Mt)
will be different from zero in a region AC7!) with a moving boundary

5 (e) . One now wants to max'ximize the probability of detection of the
target, given that the time available to the search, ’1‘ is given.
There is now the following optimal control problem for the detemi—,
nation of the optimal search density ’/\ (,<,t)to solve:
/l/ C3€3t3<10<i3= OLLI'faL/dxc any, (x,t)-— 1(K.L)j(x.tl

3 Mt --~ ’14, (x
3 (ad \3 L7 as /x/\> 00

RS" 3 (MTMK- Ml."

In ref, 1:213. condition of optimality was obtained with the consequence
that function not. t) must satisfy,for x €F) (t),equation

L A

m (32:2 was (c3 Ema/u) My (able—1L“)
‘.vheefre_/L(L’c)3 is an unknown function, to be determined later, and, for
X A ( £3 eéquation

/3/ it 5‘. a»; Cat/amen ) g-(K. 10> (,ai/ac H (m)
The solutions of the above equations must meet on the boundary 5Cf)
in such a way that ‘j CX.“ and WV y(,.(;)‘ nthe outward normal of

$69 are continuous across SQ) .
In the present paper the Fourier integral approach will be used to
produce a differential-integral equation for the Fourier transform of

‘5 C ht) . There is no straightforward way to solve the equation.
!

__References:
L11 O.Hellman°, "On the optimal search for a randomly moving target."
_ SIAM J.Appl.h”ath.22,545-552.
L2] O.Hellman, "On the optimal search for a randomly moving target,

a control theory approach,Report Nzo 60,Inst.for appl.
math. Univ. of Turku, 1975.
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A $‘LM’TION It‘ETli'OD h!"ITH APPLICATIOLT m DIAGIIOS‘TIC MDI*OL%Y

Methods to obt‘aln the 1'nternal structure of w oba ect
from l'ts prog‘ectl'onoe have been fomd useful 1'n a large nm-
ber of‘ s°01ences and have, 1'n partl'cula'r, revolutlon1 zed
d1.'a0"lnost1'ca’ radl'olove.y over th.e last three years. In th‘at
.f'leld, the problem 18 to estlm-ate the den51ty dl'strl'butl'on
1n a .cros_s sectl o_n of w o_bJ'ect f rom x—ray data, wh1ch 1'n
practlce lS mav01dably n01syw. The data glves rlse to a
large Spgse system ox” 1'nconsi'st‘ent equa"t1'ons, not wtyp1’~
cally lO equa-'tlons wv'l'th lO mknox'ms, V'u'th only about
.1 /a° of the coeff‘l'c1ents non—zero. Us‘l'ng the phys;cal
1nterpretat1 on of the equations2 each equall'ty cw l’n prl'n-
c 1ple be replaced by ‘a' pal r of inequall'tles, g1'v1'ng us the
11m1'ts w1’t111n VJ’hl Ch we bell eve the sm must lle. Prev1 oussly'
/1VI*‘at11ema't1'cal BrOgramming _8 /l975/ l—l9/, we propos ed
a £1n1tely converb‘lent relwatl'on method for solv1ng thls
set of mequallt1es. That alueorl'tm has produced a vector
sat‘l'sfyl'nb-r the consstral'nts but not one \I’hl ch vvas optlmm
by w'y reasonable crlterlon. In thl s {)aper we propose an
alterna‘tl've relwat'l'on method de51 gned to converge to _the
m1n1 mum norm solutl on sat1 sfyl'ng the constra1nts. Vie d 1s—
cuss t'he user“ulness of m1 nl'mlzl'ng the norm 1'n the appll—
cat; on area of 1nterest. The algorl'tm has been 1'mpl emented
wd 1's denloxlstra'ted by reconstructl ons of crosse sectlons of
the thorw from aet‘ual x-ray data.

Research 1‘s supported by W1b“F grmt TvICS 75—2’2547,
NIH grwt E 46% wd 14"CI contract NOl4B—55860.

J.H1 on. Centrfl Instl'mte of the Mathematical EconoMcs of
the Academ of b‘CI'ences of Ub'SR, L"ston1'm depwtment. Tu-
m, Uw‘LbVR.

OMIil‘“M DISPANHING PROBm‘Iui.
Ml\‘e con51'der a factory produc1'ng homogene reduction

md usupplying'l'ts consumers dul’ng a perl'od of 5 dws (a
month, for 1'nstwce). In the begl’m1‘ng of the period the
factory has a0 Ml'ts of productl'on whl'ch can be m'spatched -
m the fl'rst dw (or later). In the fl'rst dw q wl'ts of
productl'on are produced wd they on be dl'spatched m the
second-dw or later md’ so on. '
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1"he factory hare tMee arroups of consumers. There we
n1consmers (hav1‘ng numbers from 1 to n,) m' the fl‘rst

group, the cons‘umers of the second group have numbers from
n1+ftor'1L+‘nz md the ones of the thl'rd group have numbers
from VL‘a-I’L +/' to [Lift/11+”; . The factory mug supply the con-
sumers o t e thl'rd group thre e tl'mes dul'ng the perl'od.
It has to send to the CI-th consumer of th'l's groupc6’-' m1‘ts
of productl'on to the end of the per1‘od,c‘¢‘ m1ts to the
20—th day md cb- ml'ts to the 10-th day. The consumers of
the second group must be "suppll'ed 1'n malogl'cal condl'tl'ons
tw1'ce durl'ng the perl'od md the ones of the fl'rst grcup on-
ce durl‘ng the perl'od.

b"'very consumer cm be suppll'ed only m’ f1’;\e_d.dws 31'-
ven_ by alx,“,r*,—mtr1‘ce\"gl.1‘.’.(("-\), at,.(\."xi,+t-.3) —matr1'ce M—‘él'dbl‘), ad
a an3-matr1'cedbf34(3). Her (--.-n,r‘ni+nj and 5L,”- —--1 iff it is pos-
Sl'ble to send inb"%‘h d” tile m-th cons‘l'went to the a"-th
consumer, othervxls‘e d.L"".~-O . 1"or each c‘onsumer the“t1‘me of
c1'rculat1on of the dochments (m 1'ntegrer t'>O)1‘s gl'ven).
The factory gets money i‘rom t‘.1‘e d"’—th cons'tmer to the end
of t'he perl‘od 1‘i' the productl'on 18 sent not later thw 1'n
the gt'—t'3‘) -t'h day. l"he prl'ce of the product 1's proportl’o—
nal o lsqumtl'ty.

X."e con51der the folloval'ng problem. M
_ 1. By \vhl'ch condl'tl‘ons on the Vnumbers Q'L‘(the 04' we
fixed) the factory' 1‘s able to fulfl‘l all orders of_the con-
sumers?

2. By \i'hl‘ch conditl'ons on t‘he numbers q. the factom
1’s able to fuli‘l l all orders md cm gret money” I'rom all
consumers before t‘he end of the perl'od.°

3. If for gl‘ve‘n &‘ 1't 1's 1'mp0581'ble to get money
from all consmers to the end of the perl'od, how met the
factory M'spatch the proo‘uctlon to get mm‘m money to
thl‘s time?

Vl‘e gl've mathematl'cal formulatl'ons of these problem.
The problems we reduced to the case when the factory has
fl‘ctl've consumers" gettl'ng productl‘on onl_y once dwl‘ng the
month. B'he i‘ormulae are gl‘ven \vhl'ch ew",-.s*s the nexv va—
rl'ables through old ones. \l",e bret problems \v1’th more con-
venl'ent formulatl’ons‘.

Solut'l‘on of the problems 1 wd 2 reduces to obtu‘-
ning the condl‘tl’ons of the solu>k1'11‘ty for a system of 11'—
near 1'nequall’t1‘eus. l"hes°e cona'tl'ons we formulated.

E“or scolv1'ng tile problem 3 we mfle a second reduction
usinoCr so c'alled spec1‘al solutl'ons. The problem 3 1'5 redu—
ced to solv1’ng of a multl‘dl’men81‘onal Mapsack problem. TMee
algorl'thm are worked out. l"11ese me an alg.or1'thm wrl'tm'g
out the correspondl'ng mult1'—d1'men51'o.1vun.l hapsacknproblem, m
algorl'thm solv1’ng th1‘s problem wd m algorl'thm dl'stributl'ng
the con51'wments more wiformly durl'ng the period.
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Hl'roshl' Komo, Japan
 

ON SOP.E RECHVIIT DEW‘LOPI-EMS IN BILIMAR PROGMhMING

Bl'll'near Program 1's a class of nonconvex quadratl'c

program w1'th the follow1'ng structure.'

t t t > __>
max {clx1+c2x2+x1Cx2 I “A1x1<bl, x1>0, A2x2<b2, x _>0}

The spec1'al structure of th1's program enables us to

develop algorl'tMS to obtal'n a global solutl'on. Also,

1't has a b1'g potent1‘al for practl'cal appll'catl'ons. We
w1'11 d1'scuss such aspects of bl'll‘near program1ng as'.

(1') relatl'onshl'p to other classes of mathematl'cal

programs,

(1'1') recent algorl‘tM1'c developments and the results
of experl'ments,

(1‘1 1') some appll'catl'ons of theoret1cal and practl'cal

1'nterests.
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MT\1‘-OM IREROW'RENTS VIIK IMTHYJ“EMTICAL PROGMNMNG

A class of net\vork m'provc‘me.nt problems 1's fonnulated 1'n

general telms as an 1‘nteger non11.'near progr‘i'mml'ng model. The model can

be used as a dec1'51’on'—1na'l<m"g al‘d to m'prove/de31’gn transport netwo rks,

packet—SW1t chmg computer comnunl‘e'at1'011 11‘ct‘w'o~1ks, etc, ‘subg’ect to a

budget constram’t. BI‘d’nCll a11d bound schemes have been suo'zges‘ted to

solve tlie problem, (iss‘tmn‘lg 111(u't L110 total user's costs (benl"f1’ts)

ar‘e monotonl'cally deere.aSL'ng (1'11cre‘1s‘l"ng) \vlle‘n prOJ'ects are beJ'JIg m'—

plmented. Bomdm'g and evaluatl‘ng processes are cicrrl'ed out by solvm’g

mm'n‘nm convex cost multJ'eommodl'ty fl ow problem‘s, k110m as staetnc‘onary

traffl"c'as.Sl'gment/message rout'l"11g problems. Mlother app_roaeh to se—

lectm’g an optm’al network con51'sts 1'n usm‘g >Gc,‘nera11'zed Benders‘ Par—

t1't1'on1'ng Mgorl'tm to separate the eontm‘uous part of the model from
\d/“ .

the dl‘serete one. Then, one s‘olves mmm’m convex cost nxultl'comodlty

flow problems m' order to obtal'n cuttl‘lxg planes for selectm‘g pI‘OJ'ects

usm'g optm‘al dual varl'ables.

The obJ'ectl've of thl's study 1's to evaluate the conlputatl‘onal

perfomances of the two approaches to selectm‘g an optm‘al 11ertwork :n’en—

t1'oned above. Effl'Cl'ent bomdmg processes are suggested, and spec1'al

con51'derat1'ons for solv1'ng s‘uccess‘l've mm’m’m convex cost multl’coxxullodl'ty

flow problems emphas1zed.‘ file questl'on of obtal'nm'g an acceptable a'p—

proxm’ate solutl'on 1's also 1'nvest1'gated.
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Sei’ences, GDR
A progrmming system for clmosing algoritMs chh solve

minmizing problems with mnstraints

We presenting a umfied 1'mplementati6n of iterative optimizw
tion methods w.flch have th‘e following stmcture-. In each step

t.be direction of descent is detemined by a direction finding

problem (linear or quadratic). T.he systm contains for exmple
the :91- and the P2—algorithms- of ZOUTENDIJK with various anti-

‘ zickzagging mles, tllie methods of feasrible directions of
SUCHOWTSKII, POLJM, PRIDI’M, the mehtod of PSCE'NITSCIMI,
the method of POLJM, TMTJMOV and mam riew algoritMs which

mnverge subli'neuly or lineuly. Together Wi't.h some step—
lengh algor1’t.Ms (@ldstein—steplenfih, m1‘nimizat1'on step-
lenfioh, quadrati'c approximation and otrhers) t.he systm contai'ns
more t.han 250 nmericfi agori't.ms. If 1't is gi'ven a class
of practi'cal opti'mization pmblems m‘ then we can say with our
system, what is w effecti‘ve algoritlm (between the i'mplementated)

of 501V1'ng problems of t.he aven class relati've to one of t.he

follov4'ing properties-. computi'n'g ti'me, nmber of iterati’ons,

be.ba.V1'our near the optimm or stati'onuy p01'nts, acwracy of the

mlution. We 1’fiom about some emeriments with our. system.
 

Séren Holm,Inst1'tut of Hi'story md 5001'al 501‘ence,0dense Univer51'ty,
Odense, Demnark.

_D1'eter Klei'n,School of Mei'ness and Org.o°01'e‘nces,P«lori’da Int.Un1 verSi ty
‘—— Miami ,Florida, USA J

PAMDIL"TRIC AIVALYSIS FOR IDITL‘Gm. PROGMT.-HAI‘ING PROBLE'HIS.

f’he theory for Wesenfisi'ti'v1't male—1‘s and Waranletri'crorami‘n 1’n
li'nea-r program1‘ng MS 10% been developed and i'ts value recogni'zed.
Li'ttle success has been reported 1'n tlli's area for the Mi'nteerro—
¢rdm1'nroblem. A LaraAmetri'c1nteer roramiknrocedure has been
developed here for the rwi'hthand 8 1'de coeff1'01'ents. The method
requlres the use of algori’tMS employi'ng $Gomocuts for the soluti on
of t11e 1'nteger prOJ‘llem. Othemvi'se 1't 1's patterend along li’nes Si'mi'lar
to those of the nox1i'nteger problem.
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E.Holub, Computl'ng Laboratory of’ l'he Slovalc Planningr b‘ormn1'(.,.‘-,s'ol. .
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__Q_J.So‘ka, School of Economics, Bratislava, CSSR

mmYSIS OF ECONORTICS STRUCTUM‘ DEVELOPW‘NT BY MMS OF N'MTHE—

MTICfl PROGWING

By economl'cs structure we mean groupl'ng of economl'c

or non-economl'c organt‘zatl'ons I'nto branches of natl'onal

economy. The structure I's measured by the portl'on of pro-

'ductl'o n or natI'onal I'ncome on total volume of productl'on

or of the natl'onal I'ncome.

Analysu's of economl'cs structures by means of mathema-

tl'cal- programmz’ngll'l's done I'n two ways .'

1. It becomens a part of the complex models of natl'onal eco-

nomy. ln thl's case the analySI's of economl'cs structure

I"S an I'ndependent problem or an I'ndependent model.

2. Under su'mpll'fl'catl'on condl'tl'ons |'t I's formulated as a

problem of mathematl'cal programml'ng I'n the development

of economl'cs as a whole. By sn'mpll'fl'catl'on condl'tl'ons

we mean a sn'mpll'fl'ed expressu'on of some parts of econo-

ml‘cs and also the trans fldrmatl'on of some parts of an open

model I'nto a close one. It I's fl'rstly a questl'on of ex-

pressu'ng the I'ncrease of personal and SOCI'al consum ptl'on,

export and I'mport, as the functl'ons of productl’on growth.

Methodl'cal approach and the practl'cal experl'ences ob-

tal'ned wn'th the solutl'on of the fl rst problem as that of the

goal programml'ng of the form

min d/Xt,X-t/

gJ./xt,xt/,> 0 J' l,...,n

H IIxt,xt7/ 0 1,...,T
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are analyzed I'n the report, where

xt,x-t - vectors of the solutl'on of the gl'ven problem

and the goal vector,

d/xt,x-t/ - the quadratl'o crI'terI'al functl‘on khe du'scance
functl'on/,

gJ./xt,x-t/ - the boundary condl'tl'ons the form of whl'ch de-

pends on the type of productl'on fun ctl'ons bel'ng

used I'n the problem and,

- the dl'stance from the gl'ven goal stated befo-S’Xt
rehand.

Expressn‘on of the tl'me lag between I'nvestn'ng and I'n-

troducu'ng the I'nvestments I'nto operatl'on aproxn'mates lI'near-

ly under Leontn‘ef’s productl'on functl'ons. The correspondn‘ng

problem I's also used for purposes of Sl'mulatl'on. The para-

meters of the sn’mulatl'on are those of the correspondl‘ng

productl'on functl'on as well as the resources of the system.

The report wa'll present the results of Slovakl'a’s eco-

nomI'cs up to the year 1980. The paradox of the structure

WI'll be mal'nly analyzed,whl'ch, wn'th the reductl'on of the

speed of productl'on growth appears I'n the form of mu’d-term

I'ncrease of personal and socu'al consumptl'on.

T_he problem 2/ has the form of Kantorovn'tchs problem

wn'th the prevn'ously gl'ven end structure. It dl'ffers I'n the

functl'onal expreSSI‘on of per sonal and SOCI'al consumptl‘on,

export and I'mport, as the functl'ons of productl'on growth.

In thl's way a certal'n su’mpln‘fl'catu'on of the gl'ven problem

solutl'on I's obtal'ned w:'th the Sl'multaneous removal of nega-

tI've results of the orl'gl'nal task 5 olutn'on. The results of

the solutl'on and the problems connected wn'th the solutl'on,

or the comparl'son wu'th ot her approaches, wn‘ll be presented

I'n the report.
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QSaxawHon , Clty Unl ve1'81'ty of Nexv I‘ork, 'and
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ON TE SOLUTION 01" TMWLLING 8%Eb‘'LM" PROBMK'S

We con51'der the travelll'ng sa'lesmm problem formulated
as a .ll'near proga'ram1.11'ng problem 1'n 1'ntebrers. E'xtendl'ng
algorltml'c 1deas f1rst proposed by Dwt21'g, Fulkerson md
JoMson l'n 1954, we fmst derlve tVJO new cla'sses of vall'd
1 nequall'tl'es for the travell1ng salesman problem that are
necessary to 1'mplement thelr ap proach to prov1'ng optl Au" .ll'ty
of a gl‘ven tour of the travelllnbr salesmm. In cong’mctlon
wv1'th the know classes oi" Vd’ll d 1nequa'll't1'es for thl's prob —
lem, 1'.e. subtour ell'ml'natl'on md Cllvatal’s comb 1nequall—
tl'es, an 1‘mproved, thogh st'l ll put 1al, llnew chwac—
terl'Z‘atl'on of' the /symmetr1 c/ tra'velll’ng salesm polytope
1's obtalned. The algor1'tM1'c app'Ioach to provmg optl‘ma'llty
of a tour /\rvll‘1'ch may _e.g. have been obtalned by u51'ng wy
of the hem1’st1 c approaches to the problem/ resembles much
that one of a prl'mal approach to 1nteger progra'mxu'ng md
has been 1'mplemented on the computer. Computatlonal ex-

, per1'en_ce m'th rwdomlj‘ generated problem as well as some
problems taken from the ll terature 1's reported.



124

M. Hosszu,Z. Szarka, Unl‘versita"t fu“ Agramissenschaften,Go"do"llo”,Ungarn

VE‘RALMEW'IMRUNGEN DES ZENTRUMPROBLEMS

Zu den 1'n der Eo‘ene ge5Yebe11en Mkten

Pl , P2 , ,’Pn

kwn mm ein Zlentrum P so bestimmen, dass seine-geVJichtete

m<tfemungssunlme /Poten-zsurr.me/vondethken iP
n

1.1“

minimal ausfa"llt.

Das Zentrm P kwn durch sukzessive Approximatl'on

bestimmt “:e‘rden, wo m"r die einzelnen Schritte das gevzichtete

Mttel der Mkte Pl. genommen wird, vvobei das Geti'icht'der

einzelnen Mkte mit 51 proportl'ond md mit der Entfernmg

der vorhergexl‘enden Approxil‘ration von P1. mgekehrt propor-

tiond ist.

El'n a"Mliohes Verfaa‘ren K’ann im Falle von gas- wd oel—
transpertl'erenden Rohrleitm5*ssystemen fir dl'e Bestl'mmmg von
Zentren angev.'endet “verden, d1"e auch miteirlmder verbmden

Sind.

Mr ko"m1en zu-eine,r andersartigen Verallger..einermgen

g elwgen, vl'enn statt der Mkte Pi Kreisscheiben von

gegebenem Wrchmessern betrachtet W'erden, zu welchen Verteilmgs—

bzw. Sa‘wy.m.elstationen gesucht u'erden. Im Falle von gleiche11

h’rel‘sdurchmessern ist dl'e Aufgabe equivalent mit der Best;“mmmg

des Kreises, des~~.°en /5rev11chtete/ mntfemungs:.mrr.e rah von

den 1'n der uv“bene 565“ ebenen Mkten minl‘mal ausfa."'llt. Diese

letztere Auf;.,*21be ist aucn‘ von lnteresse in Zusamm.enr1an5‘ mt

den g'eodet1'~_,»e-hen Ausb\~leic,hun5'sverfahren.
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QC.C.IIuanP, 1"aculty of Comer-0e and Bugl'ness Adml'nl'st'ratl'on,
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\I”'.T.Z1'emba,Facult‘y of Comerce'and Bu51'ness Adml'nl'stratl‘on,
The Unl'vers1'ty 01"’ Brl‘tl'sh Colmb1’a,Vmcouver,CDN

A#.Ben—Tal Tech113.'on, Har"fa, Israel

BOW ON Tm"‘ EDL“CTATION OF A COI]‘"VF.‘X PIWJCTIOII\ OP‘ A MDOM

VARIABLL".' W'ITEI HPLICAE’IONS TO Sl"OL‘IIASTIC PliOGRMMIII‘G

Thl‘s paper 1‘s concerned \Vl'th the deteml‘natl‘on of tl'ght lovxer a.nd upper
bomds on the expectatl'on of a convex flznctl'on of randOlIl varl'able. The
cla551c bounds are tllose of Jensen md L“m11u11dson—r,x'adansky.l‘hey Vlere
recently generall'"aed by Ben-f‘al and IIochxfian. "ihl's paper 1‘nd1'cates" hoxv
stl'll shamer bounds may be generated based on the Sl'mple 1'dea of sequen-
tl‘ally applyl‘M the cla531'c bounds to Slnaller and smaller subl'ntervals
of the range of t11e random varl'able. 1‘he bounds are appll'cable 1'n t’he
multl‘varl'ate case 1'f the random varl'ables are 1'ndependent. In the de—
pendent case, bomds based on the L"mmdson—I.x‘ladansky 1'nequa11'ty are not
aval'lable, houvever, bomds based on Jensen’s 1'nequa11'ty mw be developed
u51'm the conu'tl'onal form of Jensen’s 1nequall'ty. So.me exaedtples are
gl'ven t_o 1 llustrate the georxletrl‘cal 1'nterpretat1 on a11d the calculatl'ons
1'nvolved 1‘n the nmerl'cal determl'natl‘on of t‘he nexl- bomds. Spe01'al
attentl’on 1's gl‘ven to the probleru of max1‘m1'21'ng a nonllnear progmm tmt
has a stochastl'c obg‘ectl‘ve functl'on.



 
126
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OPTIM NImIIVG IIV A DECENTMLIZL“D FMvE‘ll’OmC

The purpose of this paper is to mvestigate the rate of

optmal atraction of a mineral deposit containing various grades of

ore. The mine manager r'aces the dmand of these ore and Ms the possi—

bility of transfoml'ng, at some cost, one grade of ore to the hi'gher

grade. The objective of the manager is to mamize the present value of

a strm of profit (social production mrplus) over a given planning ho—

ri'zon. Ei‘ther in the market settm or in a planned econmy, the problm,

so far described, can be nmtly fomulated as a multi—state variables op-

tmal control probla-un.

The section 1 of the paper is devoted to a full descrl'ption

of our model. A novel aspect of this model 1's the consideration of upgra—

dmg activities which take mto account the effect of the stocks of ore

upon the efficiency of mm'ing.

In section 2, we deal wth the necessary conditions which

allow for the detemmation of the optmal rate of wploitation and upgrading

effort associated to each grade of ore. The main rewlt is tMt under

quite general conditi‘ons, the decision makmg of the mine manager can be

decentralized cmpletely m the sense tMt each grade of ore can be mploi-

ta separately as an mMustible resource. If the cost of mtraction is

a lmear function of the mount wtracted, the mini@ rate is arbitrary.

Under more general condition however, this Irate is detemined according to

a lmar fewback law. These fmdings make a sMrp contrast Mth smes esta—

blished thwritical remlts m the literature of resource econmics.

Usmg the dmmic progrmm approach, the sufficiency

of the optmality conditions m our model is proved in section 3.

Fmally, m section 4, m show tMt our main rewlts hold

when stocMStic perturbations are mtroduced into the model under the

fom of Ito differentml equations with regard to the state variables

chnges.
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THEOMTICAL CONSIDL"RATION ON THE COREUTAQ‘IOIVM PEMOMVWQCE

OF BMCH - AND - BOmJD MGORITHvI‘S

General propertl'es of branch-and—bound algorl‘thms are 1'nvest1'gated

fiom the v1'ew pel'nt of thel'r computatl'onal effl’c1_'ency, based on a formal

model whl'ch 1'ncorporates lower bound test, doml'nance test and upper

boundl'ng of the 1'ncument to prune partl'al problems not yl'eldl'ng an

optl'mal solutl'on, and a mwgl'n e to fa01'll‘tate the co.mputat1'on by bel'ng

satl'sfl'ed w1'th a suboptl’mal solutl'on w1"th1'n e from the optl'mal. The

parameter used to measure the effl'c1’ency 1's the nmber of partl'al problems 
decomposed beforetem1'nat1'on. Although 1't 1's commonly conj'ectured from

1’ntu1't1've understandl'ng that the eff1'c1'ency of a branch—and—bound algorl'thm

always becomes hl'gher 1'f each constl'tuent 1's 1'mproved (e.g., a tl'ghter

lower bound 1's obtal'ned, a 1'5 set larger and so on), many of them turn

out to be false dependl'ng on search strategl'es (such as best—bound

search, depth—fl‘rst search, breadth-fl‘rst search and heml'stl'c search).

In addl'tl'on to g1'v1‘ng counterexamples to the false conj'ectmes, varl'ous

cases 1'n whl'ch such conj'ectures hold true are also clarl'fl‘ed. Fl‘nally

these theoretl'cal results are compared w1'th some Sl’mulatl'on results.
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TWOF FLONS IN CONTINUA AS APPROXIMTION T0 FLOWS IN NEWORKS

A formall‘sm 1's proposed to treat var1'ous problems
concernl‘ng flows 1'n compound systms con51'st1'ng partly
of ordl’nary dl'screte networks and partly of (two- and
three-dl'men51'ona1r) contl'nua. Ba51'c theorems 1'n network—
flow theory are extended to the’ compound systems. Flows
and ten51'ons are adequately dealt w1‘th as d1'str1'but1'on
(1'n Schwartz'sense) or currents (1'n de Rham's sense),

where 1't 1's empha51'zed by whl’ch k1'nds of "tensors" thee
fundamental concepts such as flows, ten51'ons, capac1't1'es,
d1'stances, costs, etc. should most approprl'ately be
represented. In add1‘t1’on to "smoothness" of the f1'e1ds,
t‘he "an1'sotropy" of each p01'nt of the f1'eld 1's 1'mportant.
In place of "1'ntervals" for flows 1'n and ten51'ons across
branches of a networks, a "convex set (of the vector
space of flows or ten51'ons)" or a "convex funct1'on" 1's
assoc1'ated w1'th each p01‘nt of the contl'nuum.

Conceptually, a cont1‘nuum 1's an approx1'mat1'on to
a vast, locally homogeneous and very fl’ne network. On
the other hand, from the standp01'nt of nmerl'cal solutl'on,
a d1'crete approx1’mat1’on of contl'num 1's needed. These
two sorts of approx1'mat1'ons between dl'screta and contl'nua
w1'll be d1'scussed.

Hfl.Isermm Un1'vers1'ty of Saarbm"cken,
Saubru"cken, W4ermwy

M qu1m 1EOR SOLVING TE TMSPORTATION PROBEM wm
WLTEE LIWH OBE‘CTIW FUNCTIOND"

Con51'der the ll'nem multlple oba'ectlve trmsportatl'on
problem

/1/
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suba'ect to

314
5

vm1' x . J. a.
1‘—_1 1 J

l,...,n)H ‘1 r. u. H

N 0

/—~
H. II l,...,m,'3' ~_ 1,900’n)0Xl‘j

Problem /1/ cm be reexpressed 1'n vector-ml'nl'mum form /2/

m

V_T._._:~xl-J.\ .,_l xl-J. — 51-, l/_~_l xla.—da.,xla. 0, /2/

(1- -_ 1,000, m ,' J —— l,...,n)\\,

m n
"m 'n" Z /_7 c--

>1'—_1 a _—1 13

where cl-J. 1's a k—dl'mens1'onal colum vector md "m 'n"

81gnfi'les that the purpose of thl s problem 1's to f 1'nd all
efflc1 ent solutl'ons. Recall that a feaSLble solutlon

Xl-OJ- Kl. —. l,ooo,m ,' a. - lgooo’nj\ 1.5 m efflCl ell't solutlon

for ‘/2/ 1'f w_d onlg 1’.f there does not ex1 st wother
feaSLble solutlon xl-.k1 —- l,...,m,~ J'—-l,...,n) such that

in n 10““ 3-H 0 7‘“ —“ 1 s—m 3-” o' c-j x- --__l, c~j X. -,'__ b c- .X- r“ r_1 c- .x. .
1—.1 aJ'—. 1 13 1_— a*_—1 l 13 1——1 a.1— 13 13 1_—1 3.— 13 13

Eff l'c.1’ent solutl'ons_1"or /2/ _we _of 1'nt erest because the
dec181onmaker’s Optlml solutlon 1s efflclent.

Up to now no trmsportatlon method 1's know by whl'oh /2/
cm be solved. In thl5 paper a multl'ple oba‘ectl've Sl'mplex
trwsportatl'on method 18 presented. Th1 s algorlthm
comprlses three phases.

Pnase I °. Fl‘nd m‘ 1'n1t1al efflCl ent ba51 c solutl on for /a'/

Phase II -. E1 nd all rema'ln1ng efi‘lc1ent bas;c solutlons
for /2/

k hase III .' F1nd the set of all efflc1ent solutl‘ons for /2/.

The paper cont al'ns a' comp lete descrl'ptl'on of the algorl'thm,
of the m_derly1nbr_theory 1nclud1nb)‘ all proofs as well as
seVera"l ll'lustrl'.t1ve examoLles.
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MTI-CObMODITY ROW MPROAm m ASSIMNT OF CIRCUITS IN CASE OF
FAILUM IN A COBWICATION NEflJOM

In modem co.m‘mmication networks, switching facilities md redmdmt
trmsmission chmnels are prov1’ded to keep comunication circuits in
service even in case of failure on some links in the network. Then, there
arises‘ a problem of detemi'ning the most efficient utilization of the
redmdwt channels. This problem cm be formulated as a ki'nd of multi-
comodit)’ flow problem on a graph which represents the network cmsisting
of the redmdmt chmnels.

In this paper, heuristic mtethods which consist of phase I md II are
con51'dered. In phase I, a starting s.olution is fomd by assiging each
demmd one by one to the m’n1'1u"m cost path, where th’e edge cost is a mono-
tonically decreasing function of the number or” mused redundwt channels
m the edge. The minimum cost path is detemined by the .Follovri.ng factors.‘
umber of li'nks, number oi mused chmnels 1'n the path md demmd assiymnt
order. his step temi'nates ei'ther tvhen all the demands are satisfied or
wen no more flow cm be a351‘med because of capacity constraints. It is
experimentally proved that a careful choice of'cost Emotion leads to a good
starting solution wlmi'ch remarkably saves computation time in phase II.

Wen d1 the demmds are not satisfied in phase I, we proceed to
phase II improvement step. Two types of improvement methods are tried. In
Mthod I, we take a flow demmd which has not been assiged, md tw to
satisfy it by chmging the path of a flow already assiped. The improve-
mnt step of mthod II is a modification of the incremntal assimment
mthod to discrete flow.

Experiments show that both methods give solution very close to the
optimum in satisfactow computation time, while brmch md bomd method
which is implemtented for comparison requires mformidable computation
time for networks of practical size. mthod I is found to be more effec-
tive when the network contains edges Mth only one or two redmdmt
chmnels.
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TIIE NFJXT GD‘M‘MTIOIV OF BRMVCH MJ‘D BOMI‘D CODE‘S

The present generatl on of branch and bomd codes for

solv1‘ng general 1'nteger 11 near program1 ng problems, have

concentrated on elaborate tree development heurl'stl'cs

based on dl‘chotoml'es repre.sented by changes to the bomds

of the 1 nteger varl'ables. Thl‘s paper cons1 ders a varl ety

of addl'tl'onal poss1 b1 11 t1 es and examl'nes thel'r 11'kely effect

on the next generat1'011 of brwch and bomd codes.

Features cons1'dered 1 nclude, other 11'near d1’chotom1’es,

the general1 zat1 on of spec1 a1 ordered sets, cuttl'ng plane

algorl'thm as a spec1 a1 case of generall‘zed branch and bomd,

user selectl on of d1'chotom1'es and other tree development

heur1‘st1 cs dur1‘ng executl'on, together w1 th post—optl'mal analy51's

and the use of 1'nformat1'on determl'ned durl‘ng the solut1 on of

one problem, to speed the solut1 on of a closely related

problem.
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A FINITELY-COWERGENT CUTTING-PLME flGORITm FOR GENEMLI—

ZATIONS OF THE LIIJEH COWLEMNTHITY PROBLEM

We use recent results of cutting-plane theory to develop inter-
connecvtl'on_s betxaeen integer programing and li'near complementari'ty, as
exemplifl'ed by the follow1‘ng result. Theorem'. If

{0930 I Ax+By_>d, x_>0,y_>0}
is bounde.d and non-empty, then any valid cutti‘ng-plane for the
complementarity c.0nstra1‘nts

(CMC) Ax+By_>d,x_>o,y>_o,x.y=o,
is obtai'ned by starti'ng from the linear defini’ng inequaliti'e.s

M +By>_ d, x > O,y _> 0

and applyi'ng, f1'r.1‘tely often, the followi'ng two rules (the second for
j —— 1,...,n).‘

(1) Take non-negati've combi'mti'ons of gi'ven 1'nequalities,
and p0551'bly weaken the ri'ght-hand-sri'de.

(ii) Hav1‘ng already obtained ttvo inequali'ti'es
j

alxl + ... + sx on. ‘ .II- > '+ + anxn +£31y1 + + tyj '*-...+Bnyn _010J
‘ ' ...+alxl + ... +s xj +...+ anxn + Blyl +...+t yj + Bnyn >_ do

one my deduce

+...+ anxn + Blyl‘ I
alxl + .0. +5 X +...+ tyJ +...+Bnynv>_oro

.1

Conversely, any i‘nequality thus obtai'ned is vali'd for the
complemelltarity constrai'nts.

The proof of thi's result is constructive, and .it suppli'es a i‘ initely-
convergent cur.ting-_nlane algorithm for this 89-ner8112at10n (CF10) 0f the
linear complementarity problem.

Not e that the con.straints (CMC) properly include the linear
cmplementarity problem. Indeed, the constraints of a bivalent integer
program can be cast in the fom (CMC), by rewriting'these constraints

Dx _> d

(BIP) X = 0 or 1, j —- l,...,nJ
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in the fom

Dx

(BI-P)' ll l,...,nx1 + yj ——

ll 0 1,...,n
xjyj

xj’Yj .—V .0 u. I- l,...,n

and obtaining all vali'd cutting-planes via rules (i), (11') j.

The Theo'rem announced above is one corollary of a considerably
more general result concerni'ng what Balas has call ed "fac1'al constraints."
The general result w1‘ll be gi'ven at the meeting, but is too techni'cal to
state here. Those interested my wri'te the author for prepri‘nts.

W. G.R. Jams &lou, MCHEE MNING WIWEIW, mm, 1m.

BRWEL UNImSITY/WICOM CONSWTMTS, M.Drfi.G. m‘tre

ME le COWLMNWITY PROBLm m A WEE SWCH MWRIHM
NR ITS SOLUTION.

ConSL'du tm lm‘eer complwm_tari'ty pronem

w —- q + m , w 2 O , z >_ 0 de zw —- 0 .

me authors have developed a tree sewch algorl'thm for the

solutl'on of thl's problem. Unll'ke w other knm flgorl'thm

thl's agorl'thm mfles no assmptl'on conceml'ng the nature of

the mtri'x M md f1.n® all the solutl'ons of the problem 1'f

these ex1'st. If no solutl'on ex1'sts to the problem then thi's

cm also be establi'shed by th1's method.



 
154

Efi.L. Johnson IBM Research Center
Yorktom Heights, New York

DEWLOPMNT OF A SUBMDITIVE MPROACH T0
INTEGER PROGWING

fie subadditive approach to integer progrming began with Gomory's
work relating subadditive functions on group elments to facets of
wmry's comer polyhedra. we way of viewing his mrk is to fom the
dual programS'.

mx u (go) subject tomin c t subject to.-
n
z gj t —_- go, and

3.1 J J
tj 2 0, integer, j-l,...,n, n subadditive ,on G

Were G is a finite Abelim group, gJ md go belong to G, md —_‘ mms
eqmlity in the group. Subadditivity of w on G means.‘

n(y + h) S n (g) + n (h)

for all g, h in G (regardless of uvhether g and h are mong gj, go).

«(31) S c , and

Equality of these two objectives follows from Gomory's work on
facets of mster group polyhedra. As usual in mthematical progrming
duality theorems, one direction is easy and the other difficult.
Gomory.'s results sharpen the difficult half of the theorem by requiring
that V be non—negative and satisfy

n(g) + w (go—g) = n(g°)

m addition to subadditivity.

his paper will relate the further development of this theory md
attempts to use it to provide a new algoritmic base for solving integer
progrms.
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A.‘.V.Jones, .I“'ayne St‘ate Unl'ver81'ty, DetrOl"t, IvIl'c,h1'gan, USA

OPTIMIZING RE‘MOTE S\VITCHING DE‘SIGIJ Am flP.TIIWISTMTION

Flor subsmer loop multl'plexors and other dl’gl‘tal carrl'er and
saw1‘t'ch1'ng systems used to concentrate rural traf"f‘1'c, the
des1gn and adml‘nl'strt.et1'on of‘ t‘he syste.m can be optl'ml zed by
means of a dynaml'c progrml’ng algorl'tm. The algorl'tm 1‘s
presented VVl'th 1'llustrat1’ons as to 1‘t‘s use, and suggestl'ons
for exten81'ons to computer tl‘mesharl'ng.

_‘V_._TL_\1Jn."nqcr, U~..'_iV'cr_»".1'ty of St‘tthtg(1rL-, .9.tuttqars*,Jx-e.act- Gc.Arr.13ctnyMM...“-

LJ’CD.1.‘T.Nb" S"J.E-PPI1VJF—c.)'l"0VV.T'. P-Al‘ll-g ATJD T;S.SIC1NILVG DUAI. I’IIJ."C.F'.‘k‘.‘ 11V
PIUL1”I~INI)E‘X TI?MJ.§P()12T:\T.IOtV-P.ROPJIJL".1‘S

The mu].L~1'-1‘nclex' tran.sr.ortat'1‘on prola'le‘m (L"‘Pn) 1'.s- :11) -\cxtc11.sn_'on
of L‘hov L'rkansn‘ort<1t'1‘orx r.wr‘oble111 (TPZ) of.‘ 1.1'no.¢11.‘ {)1‘C¥(jr.(.“ml.ml'I.‘(,_'
to a prohl.‘3.(n1 \-:.1‘t}1 1.n“ult.‘iAfi11e subscrl'pte.<i var.:'a})le.s. y.
It.s co_ns‘t1‘al"nL-.s.‘ Ixue"§r be 5.1‘1115‘ of t11c‘,°ex var.J'd’ble.,<‘
or d’ou}71r~~. ‘o‘11.r‘°s, trl'rle CullfilQ. “etC‘. or co.'..’1)ixua’t1‘011.~,o ol" L11a\..11‘.

1.1...J.n

Sever_a]. proble.ms can be for‘mul(1'ted a.s a F'Pn. .90 L‘}1e vJeJ.‘_,‘:-
P_now'n proallenl of s:1‘1‘p1_31’r1g a ho.mogeneous product 1."r.on1 sfir_-
veral l"1¢.r.tor1_‘es to .9ever.al n1ar.k'e-ts at‘ n11'n1'1n(31 t.lvc‘~ns.p01.‘-
tation costs w1..'] l Fjecome 'Lx three.~1‘n.6'\\.\.' ‘YVrObl'vD.In j_f i-.he,re
a';' L“ d .L'f'f C‘L'L.‘>'llL.‘ k1’n.o's<' 01" t1‘an..0v101‘.t. It‘n c,«xarv.ple for a four-
1'ndeX' prO])]_G.K| 1'"s a tJ,'met-1<.b1oe 1w1‘c)})]e‘.11 whel‘e mu*c,t'e1“s., c],d'<.;'<..'e~‘_,,
rooms, c‘nd pn_r1‘odl)° 1(re to gle co.x.n1)1'ned.

It 1'.9 p.\ossiblc- to s~0,J_v~'e, a TP‘n bj‘ (in c—>y.t‘c~xz.s1'011 of‘ L-h»c.~ mod1’~
method for the solution of the TPZ. IIALEY rcsp. CORBAN
h(x've 6.,ho'xz‘n t.h1‘.8‘ f'or n—<*3, (11r(J1 1't C,a)1 brc -ey.t'e1|‘cl"er.i‘ t.o <111y
n. But tl1.ex,' do not .‘u ay ninyt'lll'llg abOllt L‘.1‘('. c<>r.1p_l‘..L1<t1‘011al
a'sp.ect. a“o tlmo- (lost-er1‘\.izma't.‘1'on 0“ a- stepr)j.n.g~s.‘tone, wrath or
tile caICL11<1t1'on 0‘1‘ (1u(11 prices prov-»cs to be (1 vc-r.)' hard
work 1'n a n—lrl'men._sl‘ona1 transeportatl'on tab]e.1—u or H.as to
be done A)‘}' SOl\’i)1g a Jarqe ".,par"\.e syq.telr1 of. ll'no ar equat1‘o.ns.
Anotlmcr. L‘rto1Jbl‘e 1...s L-11.e f act' thac‘ a baa"1's“ of. t}1e\ P'P11 ca’n
bt.a non-L'L‘J.'&11\j'~uld'r.

It. \J-l’ll })c°‘ .thVJn 1.‘n tth t.a]_k‘11()v1 ‘Lhe.°.>e. cil‘f'f,‘1'c.u1_l'.\'t.-'("s. C.an
be ovo.rc,om~e. It 1's». po.sr...1'13.le. to def.1‘nc L1 d:'rc.¢t'ec1 <[.rar‘xh
f‘or anx‘r L-rl'an,.oular ,‘vasi.s by a5.d of whic'11 all tYI.e~ cozx\.put‘1(t3.‘on_s
conccrnl‘ng the. n-dl'mensnl'oni“l L‘rfl‘n.9170rtat1‘on L"1h.lc.~c1'1x cc1.n
be ca.rr.l".ed ou'L . A]._so, a non-trianq_ula-1 ba°sl'.s C(31) br,‘. lxan'ellod
in a °41'1ni].(1r way. l‘llu.s, (1‘11 thee l‘crnan.'11ing computc1't 1 onal
asvpcct'.s of' avolV'jng a TP11" c‘an be 11xv(1nc1.go.<1.
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R.Juseret, C.P.T.b‘.Rhode St.Genese, Belg.1‘m

LONG TEm OPTIMIZATION OF ELECTRICfi SYSTD'M GEND‘MTION BY

COWEX PROGWING

The report descrl'bes a mathematl'cal model for system generatl’on
long term plaming. E'ach year new capa01't1'es of varl'ous types
must be com1‘ss1‘onned to keep the rl‘sk at the requl'red level,-
at the ewe tl'me, the total present—day value of 1‘nvestments
and operatl'on costs for the whole study perl’od must be m1’n1’m1’-
zed.
By ass1’gn1'ng a guaranteed capacity to each type of ml't, the
r1'sk level requl rements can be expressed w1‘th a set of yearly
ll'near constral’nts ll‘Ml‘ng the total capac1’t1 es of each type
of ml't.
Fwthermore, each year new capacl'tl'es and total capa01’t1'es of
each type of m1‘ts can be ll'ml'ted to ml‘nl'mm or maximm values.
The resultl‘ng convex progrme 1's solved w1'th a fea81’ble
dl'rectl'on method.-each 1'terat1‘on,the locally best dl'rectl'on 1's
computed by a process s1'm1'1ar to the gradl'ent proa‘ectl'on method.
The ch01'ce of such a process on the spe01'al characterl'stl'cs
of the problem, 1'.e..'
- the economl'c fmctl'on computl'on 1's t1'me—consm1'@ because

there 1's no analytl‘cal express1‘on for tlle operatl'on costs,
these must be an algoritM1'c process.

- the locally best dl'rectl'on 1's easy to fl'nd thaws to the
spe01'al form of the constra1'nts,-th1’s dl‘rectl'on 1‘s computed
by an 1‘terat1ve process 1'nvolv1'ng a small ll‘new system.

The mathematl'cal model descrl'bed 1‘s cwrently used at‘ CPTE
for the Belgl'an power system plam1'ng.
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A . .. r ‘.
Dodo “1: L83

Tox,-'n Couxucl‘l of 3v‘udap_est mdr K_~rl ...‘-"ary. lel'ver31'ty,
Budapest, ngary

ALI“ APPLICAi‘".TOlI“— OF .''E‘-Oxt"h“’ iflRIC p.‘l'*07‘.'3$.‘o""‘T_-_.'-T‘1‘ TO THE~'
u"'MVIWL 1.A“"ODL""L O.J"" E‘;?'_TP DT_.SL"AL’1Fh‘V"‘T~O‘TT\ /;a"F»‘SE'raCt/

The solL.1t'1'on ot‘"‘ t‘he, Q‘OLIblV.l constral'ned cravitdv F.1'Od91.‘

/l/ X
010- ‘

= I‘. 3-3 .1e SJ
1:]

31.,33. > O
n
2 X L-'3' ‘— al'

1'-l,...,r.x,- 3‘_-_7_,...,n.

l=l,.~.,m

j=l,o.0,nV
.

P. (—1.

ll 0
‘

LJ.

II C

n
/3/ . .Z— Z c ..V

1's an 1‘m_no*.~t°unt teuslc 1'n mmy preect‘l'c-eol ‘D"L‘o.blenx~.3 of‘ t‘r1'_n
dl‘strl'butl'on L.°nd spuetl'on—l m‘terat."Co*1.'on n.etode111‘n97. It 1's -.‘rno.."m
tileo~t fo~1 “c. ‘4"el‘ven vale.e Oifi' th.e, )t.*v‘e.v1'ty _Dareg.v.t1e o‘er” the so-
lutl‘on of /l/-/2/ 1‘s Ml'o‘ue. Lmo f‘ll‘_;' x el'tW..‘oer the qoddl‘t1.~‘ona1

constral'nu* /3/ 01* “en other c;'“1'te"wl'ur.xv' should b"e u°dded. imhe
pge‘ner .oroves the e_0.u1'valenoe 01“‘ °,c. nuetur-al crl't'ertl'm. - tn’e
t..m1'n~1'...m_1'zat~1'on of the 1'nf'or.t.’*‘e.t1'0;1 d_7'verJ” ence n‘etxlxeen the
observed(tl.y. o°»11d the forecast(/.‘l.J).' tao’le.e LI.‘1'th t.he ap.D-
roach 0;” entropy1 Arta~1»*'1'm..1'21’n Q" on the one hand, and tl.we x‘._m>odel
/l/—/3/ 0.1 t.‘1e other. E’he p_~1o‘of of‘ t‘lle eAcul'v/alenoe of these
three a"n_proaches .pthelx'es use 0;” the duality,‘ theot”e.n 0:“ ,Q-/eom.et—
rl'c _nro‘J" ramhn.1'ng". TJ th.e ooocond ‘neotot 01"' the Lt.Lqper an alzfi_~or1‘th.-lm
1's vv\1’ve,.q f'or the calcu.1aet'1'o.n ofM. It 1's Sll'O\/'n tb.qu'L tLI'C so-
lutl'ond OP. /l/—/3/ 1'0" a strl'ctly m‘cmteofi-.81'n)* dl‘ff'el‘entl'aru"le
functl‘on of C, and x."‘l't#b~,tll‘ calculattl'on 0-.” the derl'vk"t 1've of
l‘tgo 1'nve.“se .f'mctl'on, a"“‘ a QO.‘ood eo~t'1'w.a-te for d, and

also “an “.1‘,"‘or1'th.m I“or 1't"»o accurec.te c-e\,1culeut1'on can ‘u‘e ‘oresen-
ted. Som.e nw..-er1'cal ey._oe-r1‘..‘"1ents a~¢“e “Laloeo toe.n01*ted.
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A. Kalliauer, Oesterreichische Elektri'zita"tsw1_rt'schafts-AG, Vienna, Austria
and University of Technology, Vienna

CINPACI‘ZII‘ICATIW AND DECOVIPOSITION METHODS FOR NLP PKDBLE'MS WITH NESTED

SI'KJCI'URES IN HYDK) PONER SYSTEM PLANNING.

In hydro system extension plannin'g it is necessary to study the operation of

alternative power systems. To this end, we must determm‘e the optimal operation

under conditions of average water yield."Optima'l" means in this context that, for

meetin'g a certain' demand for power,storage and pondage stations (short-term and

long-term reserVOir's) are operated such that the fuel cost of thermal generatin'g

plant is at its minimum'. As the Austrian system contains' annual storage develop—

ments, their optimal‘ operation must be determined over the time' in'terval of a

year. This results in" a lin'early constrain'ed large—scale NLP problem. The system

can be thought of as a network of in'teroonnected storage reservoirs. The

variables are the flows in' the network at different discrete pom'ts of time' in'

the considered time‘ in‘terval.

The system can be deoamposed in'to local storage subsystems. We can also sub-

divide the time' in'terval in'to "subsystems of time“' (e.g. weeks, days). By sub—

dividin'g the variables in‘to subsets corresponding to the subsystems we obtain

a nested—structure constrain‘t matrix' with couplin'g variables and couplin'g

oonstraln'ts. '

The Report presents developments of optnmi"sation algorithms which take advantage

of the nested structures and reduce the amount of camputational effort. These

campactification and decomposition methods are based on a special gradient pro-

jection method using an orthogonal basis for the space of active constraints.

The resultin'g program elements permit Simp'le design of flexrb'le software

suitable to handle problems with variable nested structures (variable nmmher's

of levels of nested structures).

Besides discussm'g these algorithms the Report deals with associated software

problems, that is to say, questions of suitable imp‘lementation of algorithms

for nested structures with a variable number of levels.
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__L_A.A.Kalan, Institute of Mathematics, Novosibirsk, USSR

A NEW CLASS OF PENALTY FUNCTIONS AND BOUNDS OF CONVERGEN'CE RATE

‘ |
Let be given the following nonlinear programming problem 43-05)” "“"'
subject to x e 0 '[IERn_\ 3%) e O, 3' «3]
with convex function be”,

With help of axiomatix conditions a class of sequences of penalty
functions being well behaved with respect to differentiability and
to the growth outside the feasible set is described. As an exemple
of a sequence 191°} of penalty functions considered here we select

‘1’“.(30 - An “2? (q‘ (x) + Y—T—q’ran'l‘”,
with e>0. Ax -* '0. a
In the sequel we give some theorems for the functions (PK which
in fact hold for the whole class. Let denote
x“. at! m.‘n_ EH1) + £00 1 33.0“! min Hm) ,'.J. zen"
N:c — a given feasible point with Ti,“ la‘ (3?) |=€ >0 ,

. l _
Theorem I. Let .Q. be compact +eC'CR"), «335C CR") (2661)

There exist integer K with CKZK)
x.“ 4; m1 fl. 34m » gamma) m“ “211+ 9 (I)
and b651deS A‘E(' +Mfl-‘M)fl,tik 70‘

3:3 Ug1‘(x“)+ PM " ‘5
Theorem 2. Let the conditions of theorem I hold and additionally

gec‘uz‘)i ({"com'f‘, §)/>x“n7n‘ ((70)
for any pair 16,1 . There exists an integer K with CK?\<)

u x“- x‘ (/14 5% EB; (s ox")- mm) + Zn A? "’j
/'re(0,4) , fixed/ .

Using the approach for proving theorem 2 we also get bounds of the
convergence rate for some well knovmvpenalty functions, mg.
s./ if CP.‘ (Sch—A1“; 97%) , then

7- a -7
ll DC“_:£" nlc %[%‘(:c«2)— m >)+ m AK ])

 

 

b./ if 41(1‘l—‘Z'Gm ‘E An 8311)}
{T

, then

use“ _ £1112 7% Ger—A5" Cch'”)~{cec*>) r m-UP 5 Nil



 
140

px.C. Kaur and K. Ml'rkhanl', Department of Industr1‘a1 Engl'neerl'ng
an Operatl'ons Research, ldam_e State Unl'ver31'ty, Detr01't
Michigan, 48202

m ALGORITM FOR THE PAMETRIC SOLUTION FOR NEWOM
HOW PROBLEMS WITH QUMMTIC MD CONVEX COST

The obJ‘ectl've of th1's paper 1's to de_velop a method for
determl'nr‘ng the parametrl'c m1'n1'mal solutl'on for a network flow
problem when the cost 1's a convex functl'on of flows along_ each
.arc. Thl's problem could be consr'dered as a convex prog_ram1'ng
problem and solved bv_ one of the 1'terat1've methods aval'lable
in convex pro\gram1'ng. However, th1's approach does not ut1‘lize
the spec1'al network structure of the flow _nroblem w1'th convex
cost whl‘ch enables the developm.ent of a more effl‘c1’ent al.gor-
ithm. T.n M...ost of tthe approaches 1'n wn‘l'ch th.e strru‘ctu're‘ of tth.e
flow ‘oroblem has been exploited, the _prob1em has been 1'n1't1'allv
solved for ll'near cost, then, by use of the 11'near approx1’mat1’on,
the procedures have been extended to encompass convex cost.

The approach em.ployed 1'n thl’s pao_er 1's the use of the
spec1'al structure of the problem to deteml'ne the exact solu—
t1'on for a quadratl'c and convex cost w1'th exten51'on to an
arbl’trary convex cost by p1'ecew1'se quadratl'c approx1’mat1’on.
The algorl'thm 1‘s a combl‘natl'on of the Prl‘mal - Dual ap‘prroach,
in that the Ku.hn - Tucker condl‘tl'ons are used to derl've the
optl'mall‘ty condl'tl'ons for each arc, and the Shortest-Path
approach, 1"n that the flow‘along thre path whl'ch 1's least
incremental l‘n tems of cost (shortest p ath) 1’s increased.
we cost of the branches are app roprl'ately defl'ned relatl've
to the flow and optl'mall't/* condl'tl'ons throughout' the ca lcu—
latl'ons. It 1's shom 1'n thl’s pap_er how to change the solu-
t1'on at each 1‘terat1’on such that all arcs satl'sfy the opt1'-
mall'tv_ condl'tl'ons, thus prov1‘d1‘ng for the optl'mall'ty_ of the
solutl'on at each 1'terat1'on. Theorems are used to show that
the max1‘murn flow w1'll be obtal'ned, assurl'ng the terml'natl’on
of the algorl'thm.

Probl‘ems‘ 1‘n sv_stem‘s‘ ano’ l‘ndus't.rL'al engl‘neerl'ng, trans-
portatl'on and dl'strl'butl'on svstems, and electrl'cal networks
are fomulated as network flow problems to show some poten—
tial areas to wh1'ch the alg‘.or1'thm can be appll'ed. Some
exten31'ons of the algorl'thm as well as appll'catl'ons to more
general problems are gl‘ven.
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#Rl'chardPl'. Kw, Unl'ver81ty of Calfl‘ornl'a, Berkeley, USA

MOBEEE‘TIC MALYSIS OF TMW‘LING—Sfl‘E‘pS-IJ“MJ moomrms

Con81der Euc11dean travell'ng—salesman problem5 1'n'wh1°ch
the locat1ons of the n c1't1 e_s we m1'f_or.mly_d1str1bu_ted
over a reg;on 1'n the plane. A 51mpl_e pa'rt1t1_on1ng algorlthm
ml'ch rms 1.‘n t1me O (n) 1's exhlblted. It 1s show that,
for'every ...r >0, the algorl'tm almos_t swely produces
a tour cost1ng not more thw l + L‘ tlmes the cost of an
optlmum tow.

Peter Kas, Computer we Automatlo_n Instl‘tute of the
Embrwlw Academy of o"c1'ences, Budapest,
ngwy

O‘N A %‘0Ifl TYE‘ JOB EQWVICING PROBLE-‘Ifl

Let us consider a computer with K E: 2 processors
of equal lellty. Th1 s paper deals m'th a sequen01’ng
problem l'n Whl eh m J'obs W1th orderl'ng restr1ctlons have
to be executed by the prooessors. Assme that every
processor can do my of the n a obs md we are g1'ven.°

— the orderl'ng restrl’ctl'ons represented by a prece—
dence netVJork

- .&‘20' 1'nteger _numbers representl'ng tn‘e execu—
_tlon tlme /1n mlnutes/ of a‘ob 1 1f one processor
18 used ‘

- kv'->° 1'ntebw'er numbers rep‘l'esentl'ng the_mu1'mm
number of process ors that cw work on the 1-th
J'ob at the same mlnute

\J’e have wother assumpt1 on accordl'ng to the_fea51'ble
sequenc1norrr.- The ex ecutlon of each J'ob cm. be interrupted
at the end of any mlnute. Now, the follomng' problem may
arlse.,,"

Determlne the ml'nl'mum number of processors that cm
perform all J'obs a't the ewll'est t1 me. In tn‘e present
paper trl'l's guest;on 1's cons‘1d_ered as a network flow prob—
lem of spec1a'l ty)£e.
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G. Kérl’, MTA SZTMI, Budapest, nguy

Nms ON SUBSTINW MEES m TEE EMTION TO EACH WEE

Let A be a spuse nonal'ngulu equue mtrl‘x of order n.
A 1's sal'd to be reduclble 1'f there ex;st two permutatl'on
mtrl'ces P wd Q such that PAQ 1's pwtl'tl oned 1'n
block trl'wgular form. If A 1's reduc;ble, then the prob—
lem of mvertmg A may be reduced by knom methods to

' m'vertl'ng the trl'angulu blocks. In thl's case PAQ wd 1'ts
1'nverse have the same block trl'mgulu structue. H A 1's
1 rreduc1'ble, then all 1‘ts m1nors of order n-l have a,+
least one nonzero term. Consequently the 1nverse of m
1rreduc1'ble sparse mtrlx 1'3 generally totally full /md
so are the m'verses of the 1'rreduc1'b.le trl'angular blocks
of a reduc1ble spuse matr1x/.

My problem cw be hwdled by u31’ng substl'tute 1'nverses
1'nstead of the expll'c1'te one. Substl'tute 1'nverses my be
sparse eVen 1'f the expll'c1'te 1'nverse 1's totally full.

A kl‘nd of substl tute 1nverse 1's the pal'r of a lower.
trl'wgle matr1x B wd an upper tr1mgle matrl'x C such
that BC —- A /tr1'wgulm decomposl'tl'on/. Others we the
factored forms of the 1nverse, my of them cw be reguded
as the set of the factor matr1'ces.- el_ementwy colm
mtn"ces for the product for m of the m‘veree /PFU, ele-
mentuy ham—row mtrlces /left-hwd factor matrl'ces/ Md
half—colm matrl'ces /r1'ght-hmd factor matrl'ces/ for
the ell'ml'natl'on form of the 1'nverse mFI/, alternately
sequenced elementuy half-row mtrl'ce s md half—'colm
mtrl'ces for the m1xed factored form of the 1'nverse /WI/
etc.
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The WI E'FI ad W‘.I cw be descrlbed as the
pal'rs of mtrlces /B,C_l/, /B,C/ wd /AL,C-l/, respec-
t1'vely. Here B and C tare the trl'ang'ular factors of
A, whl'le % denotes the below-dl'agt a l—put of A.
From thls 1't follOEJ’a° that the PFI 1's generally not
as sparse as el'ther the EFI or the B'FI. Thl's assertl on
cm be even more J'ustl'fled by some con81'dera't1'ons on b1'-
nary mtrl'ces.

P. Korhonen, Comnutinq Centre, University of Helsinki, Finland

M MCDRITImi FOR TW‘SFOM1IN1C A \9PMNINC) Tlx‘F'F._ Im‘O A fiF.IW.R TRE‘E

me Ste1'ner prohlm.‘ C.onstruct the m1'nm'p1—1ena_‘ht tree conta1‘n1'nv‘,
a Ql'ven set of po1'nts A——{a ,...,aB} 1'n E‘ w1'th1'n 1'ts set of vertl‘ces.
(The tree may contal'n othet p01'nt S‘—{s.1,...,.sk} , 0__<_k=<'n-_7, too.)

We solutl'on 1's called a gttel'ner m 1'nm'a1 tree and the no1‘nts 1'n the
set S respectl'vely Stel'ner n01'nts after J. Stel'ner (170.6-1863), who
f1'rst 1'ntroduced the problem For the case n—‘S.

It 1's easy to shoxv, that 1'? a Stel'ner p01'nt ex1'sts, the tree conta1'ns
three edges leadl'nq to 1't, and the ed“pes meet nal'ml'se at 120°.

Def1'n1't1'on.' A tree I} w1'th vertl'ces a ,..'.,an,s ,...,sk 1's 3 tStel'ncr
tree on a1,...,an 1'f and on]_,v 1'f 1't has the F0 low1'no\ _nro.nert1'es.'

U 1's not self-1'ntersect1'no,» ,
w(s.) -— 3 , 1_<_1'_<_k , (w(x) 1's the valency of 1‘ vertex x)
w(a.1) _<_ 3 , ]»<__1'<__n4
each 51. 1'5 the tStel'ner n01'n‘t of the trl'ano_1e Fomed by the
n01'nts 1'n [J w1'th whl'ch 5. 1'5 dl'rect.1y connected
0=<k__<n-2 ‘1

M algorl'tm For so] ut1'on of the ‘Stel'ner problem Iva.¢ v,1-‘xren by Z. A.
Melzak (1961) and Further developed by F,‘. .7. Cockame (1 070). Although
a varl'ety of .qeometrl'c cr1'ter1'1( hqtve been dev1’sed \vhl'ch are 119.efu1
1'n reduc1‘ng the nmher of p0551'h1e altematl'ves, the aleor1‘thm 1‘s,st1‘11
1'mnract1'c1cl For nroblms w1'th n o,reater th¢1n 30. In practl'ce even 8
n01'nts seem to take too mtxch computl'nn. t l'me.

Th1'.s naper descrl'hes a fast rec11r51've a1,wor1't}m for transfom1'n,z a
g 1'ven spann1'n.‘o tree 1nto a ‘Stel‘ner tree that 1's shorter than the al'ven
tree. The alepor1‘tm conver,ves. 1'n a f1'n1‘te nmher of steps and, 1'f the
1'n1't1'(11 snannl'nwv tree 1's. m1'n1'm,(11, _¢.1'ves 1< 511Ff1'c1'e.nt1,v close 1(nnrox1'mat1'on
for the ml'nl'mal .Stel'ner tree. F.-xner1'me,ntal re.s.u1ts anti a Few new propertl'es
of- .9te1'ner trees 1(re pre.sented.



 
11m.

R.Klo"t‘zler, Karl-I.."u'x—Um‘veroel‘ty of Lel'p21‘g,Le1'p21‘Qv,GDR

f.l"mTIOBJuL"CTIVh‘ DYPJ‘A..“‘-”IC PROCID‘.'.L..,_"‘."Ilq'G

In thl's report a generall'zatl'on of Bellmm's

prl‘n01‘ple of dm*m1‘c progrrml.l'm 1's treated for the

follow1‘m olcuce‘CU of vector optl'ml'zatl‘on problems w1’th the

crl'terl'on of the Pareto—optl'mall'ty (denoted by *' ).-

I‘*(x,u) -—-> EHaXAy.

mo%w all state varl'ablol-s x _- (x ..,x,A\,) and control0"
varl'ables u _- (u1,...,uql) under Sl'de-condl'tl'ons of the

twe %_1 _- gan'n,un),un€Un(‘xn) (n _- 1,...,N), xN _— a.

Here FC‘Y,U) Q~(4"~2“‘l“+19 LIL) 1's 8 le'ven contl'nuoa‘cu vector—

va'lued lmnctl'oA1.LM‘rt’herruore x.»'e ae‘oeume (1'n go nerall’z-atl'on

of walobvous co..nd1't1'ons of L.G.1..‘\‘‘1 tten) that F(x,u) mlfl'ls

the propertl‘es of separabl'll'ty (S) md monoto.w (1.1"').

Tm's mews

(S) F«(xo,..,XLT,-u1,..,uN)_—QNYCXN,uN,-qN_1(X0,..,XN_1,-u1,..,uN_1))

qn(xo,..,xn,-u1,..,un)~_cg'“n(xn,un,‘qnd1(X0,..,xn_1,°u1,..,un_1))

( n —_ 1,...,N—1) , qo —_ qo(.Yo) w1‘th contl'nuous

Qn e (EL+2—> 3L) and qn e (Ean-erEL) ,-

(I.1') %(%,un,~1'x) > %(xn,un,'v1') for all pal'rs W,w' of E
. , . , f r . _w1tLh Vl>vx L(1.e. wl. __ v11. 0 1 _ 1,...,L md

Z, VVl. >,Z wl.' ) , n —_ 2,...,N .
L-‘f L—"1

Then for the set—valued Bellmm mnctl'on

.% ~ ‘fn(%). _— lln(xn) (as the optlmal e.et of \In(%)c & )
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with Wn(xn): = {.zéELI z -- qn(xo,..,1&l;u1,..,un),

xj_1=gj(xj ’uj)’uj€Uj-(xj)lj=11'"n3

a multistage system of recurrence equations holds:

‘X’f ( ) = Max
n In unE Un(xn)

Qn(xnoun; fn_1(8n(xnoun)))

(n = 2, . . . ,N)

é
!

1'1 (x, ) Q4(x19u13 qo(81(x1 9111u1€ U,l (x1)
if we understand the right hand side of these formulas by

%{gummy-W) I w e rn_1(sn(xn.un)). un e Un<xn>}
9(-respoiQ.1(x1.u1;w) I w = qo(sq(x1.u1)), u1 e U1(x1)} .

Finally fN(a) represents the set of optimal values for

the original introduced optimization problem.

M. KOEHLER, Insti'tut fu"r Operati'ons Research und mathemati'sche

Methoden der Wi'rtschaftswissenschaften der Univer51'ta"t

Zu"r1'ch

A GAME THEORETIC EXTENSION OF A DYNAMIC MARKETING MODEL

Consideri'ng the situation i'n whi'ch two fi"rms share 1'n a market

and intend to increase their respecti‘ve share by means of

adve&iSi'ng expenditures, a differential gme model 1's developped.

Applying the min-max-principle, necessary conditions for a

saddle-point are deri'ved.
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_L__J_—,____,_Y.KobaashiM.OhkitaMJnoueTottori Universa.‘ty,Japan

ECONOMIZATION OF A CHEBISHEV EXPANSION BY WAY OF TURNING IN
THE TRUNCATION ERROR

An algorithm is presented to achieve the minimu(near minimax, in a stri'ct

sense) polynomial approximations by economizing p terms of the Chebyshev expansion

series 2n Cka(x).. To reduce the error, the economized tems are systematx‘cally
k=0

turned in the remaining series as increments(or decrements) of its coefficients.

The resulting approximations are given as a form:

n-p
m" ~ kfot Ck * °2(n-p+1)-k " °n-p+1-k ] 134‘"

Note that o k can be explicitly determined in terms of the trigonometricI n—p+1_

identity as a quadratic fraction of the high-order coefficients of the Chebyshev

series. Then, ul absolute extremal deviations of tM error are leveled to satisfy

the sme mmitude lCn_p+1 + COI .

mtails of these fractions ue given by:

‘C C
-—2-“'*2 ) + (—LM* )2],Cn-p+l Cn—p+2

C-_E___n-+2 2 2

0 ~ °n-p+1‘Cn-p+1 ’ [ 1 * n_I-p+(

a_L"“*2)3[ 2(__.Ll“"+c+ ) -Cn-p+l n-p+'2
Em”) ] .

n-p+1

1 C
_In-p+(

‘ c
°1 " Cn-p+1(

C%-2 2c . -c ( n+)
2 n-p+1 n—p+l t—Llb_P_.“'*’3) + 2(cn“)(c_Lcn"*+)],

n-p+1 n—p+2 n-p+3
u c

E 1 ' n——I-p_+(

C C
FL"'+2)2E “run”; ' n—T-p+1(E'_Ln-p+l n-p+

“‘*2) 1 '
n-p+l

C
c3 ~ -Cn_p+1(

eleeeelI-leseeuse...Ileleoelooeoeoelloel

K. O.Kortanek , Carnegie-Mellon University. Pittsburgh, Pa. USA

Pb‘Mb‘CT DUALITY 11W GH'JD‘MLIZED LIIJM'R PROGWMING

The following two programs are studied.

Q,'and _a collection _of subsets {Ci} __be#Proram GLP. Let P_. o)

L__sec1'fied ___1n' IR“. Find sup w ___g_frm ____q_amon those w 6 IR and

(z,zn+1) e JRn x IR which s______Zatisf: for Jeve e > 0, 36, 0 < 6 g e

and' xo 6 IR, xi 6 JR such that
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P x + 1.2 Pixl. -— Q + 62,

- w 2 62 xi 2 o for i # o,n+l’

and x1 > 0 for at most a f1'n1'te Let i 1', where each Pl. mJa

_be Afreel chosen _1'n Cl.. ll

#Proram Gm. Fl'nd MGLD —- 1'nf yaQ from Aamon those y 6 mn

s¢at1’sf1‘n

a nd

and #ever 1'. l\

It 1's show that Progrms GLP and Gm are 1'n berfect #duall't

FeaSL'ble perturbation vectors (z,zn+1) are temed ascent vectors

am rules are spec1‘f1‘ed for their constmctl'on.

Perfect duall'ty 1's stronger than the concept of d#ualit

Meall't appearl'ng 1'n convex analySL's, whl'ch spec1'f1'eS°. _1'fone

_———_——————————————— —-——————

————————————————.——————.——.—.
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B.Korte — D. Hausmann, Unl'ver51‘ty of Bom, W.-Gemaw

 

COLOURING CRITERIA FOR ADJACENW ON O-l POLYEDM

Let P be an arbl'trary O-l-polyhedron 1'n RE andhj be the system

of subsets of E correspondl'ng to the vertl'ces of P. Let

F1, F26 ?. Then 1't 1's easy to see that F1, F are adj'acent2
w1'th. respect to (E,7) (that means.“ the 1'nc1'dence vectors

N
xF1 xF2 are adjacent on P) iff F = F\F and = F\F’ 1 1 2 2 ~2 1

are adj'acent w1'th respect to a reduced system (F16F2,?).

A general~suff1'c1‘ent crl’terl'on for the adj'acency w1'th respect

to (FIAF2,T) and thus for the adj‘acency w1'th respect to (E,T)

1's gl'ven 1'n terms of the prl'me 1'mp11'cants of7~. A "colour1’ng"

of F1 F2, 1'.e. a partl'tl'on 1'nto d1'sg‘01'nt "colour classes",

1's called fea51'ble 1'f l't can be obtal’ned by a constructl've

colourl"ng algor1'thm,- thl's algorl‘thm starts w1'th the "tr1'v1'al"

colourl'ng (every colour class 1's a Sl'ngleton) and combl'nes

colour classes accor~d1‘ng to certal'n rules that 1'nvolve the

prl'me 1'mp11'cants of?. The crl'terl'on 1's fulfl’lled 1'ff the

colourl'ng hav1’ng only one colour class 1's fea51’ble.

One class of polyhedra for whl‘ch th~ecr1'ter1’on 1's necessary, too,

1‘s the class of polyhedra for whl'chT has only pr1 me 1'mp11'cants

of length 2, e.g. the polyhedra o‘ft he set packl'ng problem and

of the matchl'ng problem. In thl's case the c'rl‘terl'on 1's fulfl‘lled

1'ff a certal’n graph 1's connected,' the nodes of the graph are

the elements of FIAFZ,

Others polyhedra P for whl'ch the crl'terl'on 1’s also necessary

. l . . . ~1ts arcs are the prlme 1mpllcants of? .

are those whl'ch are symetrl'cal 1'n such a way that 1'f a subset
~

F~ _C F1AF2 w1'th a certal'n colourl’ng property belongs to? then
—.. ~

also 1‘ts complement F14F2\F belongs toT. In thl 5 case, we have
at

stl’ll another crl'ter1'on.‘ F1, F2 are adj'acent 1'ffT—-{F1, F2}.

Examples of polyhedra wh1 ch are symetrl'cal 1'n thl‘s SEIASS are

the polyhedron of 11'near orderl'ngs and other orderl'ng polyhedra.
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PA.I".1(ou11, \I’ashi‘mton Unl‘ver51'ty, V.'asm'ngton, USA

GLOBAL R1MMIZATION OE‘ CONVH FUNCTIOIWS SUBJMT TO LIlim'R CONSTMINTS

In this paper we examl'ne exi‘stl’ng methods of convex

maximizati‘o_n~_and_ pronose a new hybrid method.
Most convex maximization methods depend o'dn Tui cuts.

Eiowever, Tu1' cut algori'thems do not possess f1‘n1‘te converg_ence

and have been shown to be computatl'onally ineffl'c1'ent. The

other common technl’ques are assorted alp,or1‘thems based on

extreme p01‘nt enumeratl‘on. Arbl'trury extreme point enumeratior.

is obv1’ously computatl'onally 1'neff1‘c1’ent,' however, it 1's

formallv_ fl'nite.
Extreme point enumerati‘on techniques can be effi'cl'ent 1'n

the presence of few extreme _Doi'nts or few constrai’nts. For

example, an extreme p01'nt enumeratl'on of a Sl'mplex 1's an

adjacent extreme p01'nt search. Consequently we propose a

relaxatl'on algori‘them. That 1's, we relax all constrai’nts but

those whi'ch consti‘tute a Si'mplex. We enumerate the extreme

points of the sl'mplex and determi‘ne the optl'mum p01'nt. We

then test the opti’mum p01'nt agai nst the best feasl'ble pel'nt .

If the opti‘mum value 1‘s greater than the best fea51'ble value,

we in dex the most v1'olated constrai‘nt and enumerate th=. extreme

points generated by this constral"nt, etc. Thi’s procedure 1's

formally fi‘ni'te and 1‘f a "good" set. of "startl‘ng" constral‘nts 1's

used may even be computatl'onally eff1’c1‘ent.
However, we note that Tul’ cuts are constral'nt reductl'on

techni'ques. In the absence of degeneracy, every constrai'nt

acti've at the extreme p01'nt at whi'ch the Tui cut 1‘s taken 1's

made redundant. Further, after a "few" Tul' cuts are generated,

further cuts generally do not 1'mprove the optl'mal value.

Consequently, a hybri'd algori’them 1's proposed, whl‘ch generates

Tui cuts (and reduces constraints) untl'] an 1'nd1'cat1'on of poor

progress is received and then the relaxatl'on procedure 1's

applied. ,7
Heuristi’cs are also employed to obtal n accelerated

algorithem s. Introductory computatl'onal results are

presented.
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G.H.Krauss, Krannert Graduate School of Management, Indl'ana
Bfi.A.h’Icar, Agrl'cult.‘Dcon.Dept.Pwdue Un1‘v.West Lafayette,

Indl‘ma, USA
4G.P.llr1'ht, Pwdue Unl'ver81‘ty,West Lafayette,Ind1ana, USA

WLTILEVEL BENDE‘RS DE‘CORTOSITION HPLIED TO IIVTEGMTED PRO—

DUCTION / DISTRIBUTION SYSTEMS

. Our the were a gmat mny cmputer used techniqms hex'e been devie.c_r]

for, facility lmation, distribution and nrMuction plannim. This' mner

dewlops a fumevork for couplim these three decision turmes~.es Logetrler.

The motintion for this pamr is based on the origiml work by moffrion am

ans (mmgement So.ience, Volm 20, lmh) in their mmr "Multicmdity

Distribution System Design by Benders Mcomposition". The authors have exten—

ded the work to allw simultaneous deteminetion of supplies levels for each

prwuct cuss at the wri'ous plants when raw mterial lewls are detemined.

Thi's will provide a prwuction schedule for each prMuct class, by prwuction

prmess at mrticuar plants. These concepts hem been integrated with the

Mstribution plaming system outlined be moffrion and crews to allw gloMl

integmted plamm for prwuction and distribution operations.

within the paper is the dewlonment on an efficient procedue to solw

the large scale mathemtical progaming mMel via two lewls of Benders

mcmsition. A series of test problems provide insight to the solution of

integmted prMuction/distribution mMels with this mthfioloy.
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J.L. Kreuser, The World Bank, Washington, USA

SUPERLINEARLY GLOBALLY CONVERGENT ALGORITHM FOR NONLINEAR
PROGRAMMING VIA SEQUENTIAL LINEAR PROGRAMS

me nonlinear programing problem is first cast as

an unconstrained minimization of a function which is not

necessarily differentiable. My appropriate function must

be able to be approximted sufficiently well at each point

by a convex function. His convex function is then used

to develop an optimlity function, to define the algorithm,

and as a basis for the convergence and rate of convergence

theorems. It is sho‘m that the rate of convergence theorem

is a generalization of the iterated contraction theorem.

me minimization of the convex approximation function provides

descent directions for the moonstrained function. It is

then shm how this minimization problem can be cast as a

linear programing problem. An Armijo type step is used on

the descent direction maintaining superlinear convergence.

A comparison and application of the algorithms are given.

—_____EJ.Kraru, IInstitute of Datalogy, University of Copenhagen, Denmark, and

P.M. Pruzan, OAC, Operati‘ons Analysis Corporation md IMSOR, fie Technical
Univer51'ty of Denmark /

MYOUT PLANNING, EVALUATION AND OPTIMIZATION

Mchitects, engineers et cetera are frequently faci'ng problms involv-
ing the optmal design of a structure's layout subj‘ect to certai'n condi‘ti'ons.
To detemi'ne the nmer of buildi‘ngs, the shape of each, their location md
orientation on the ground(s) ad the mutual placement of the iMividual func-
tions within the bui‘ldi’ngs 1's a typical, everyday ex’mple. However, the prob—
lw is also met i‘n other contexts such as the arrmgwent of electri‘cal com—
wnents in printed oi'rcuits or — to mention an entirely different fi'eld — how
to move govermental institutions from the capital of a country to other ci—
ties.

fie paper will outline the general structure of me problm including
some special versions like "me Quadratic Assigment Problem", "%e Line Ord-
ering Problem" et cetera. mrthemore, a recently developw mwel by the auth—
ors is described, prmarily aiming at an appraisal of a given layout accord—
ing to certain criteri'a. me teminal—ori‘ented mwel has proved to serve as a
powerful tool for architects during the process of experimentation with alter-
native layouts. Besides of calculati'ng me "i'nternal transport", the mwel cm
take other measures which are usually considered to be of a "walitative, aes—
thetic" nature into account such as noise, availflility of daylight etcetera.
A nmer of macro's facilitates the transition from one layout to another.
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V.E.mflhivonomko, A.I. Propoi. International Collective
oceniss , oscow, USSR
A WTHOD NR le DYNMC PROGW WEH Tm USE OF
BfiIS W’EMCL"S FACTORIZATION

The following linear dynamic program is considered.
Hoblem 1. Defi'ne we control u-‘{u(o),...,u(T-1)}

and the trajectoryx ={x(o),...,oc(7‘)} satisfying the diffe—
rence equations

x(t+1) .~ A(t)x(£) + swam - s(+.)
:c (o)—_a, (t-0,1,...,T-1)

subject to the constraints
can“) +D({:)u(t) = {(t)

u(t)>,o , (t=o,4,...,7"-1)
and maximizing the performance index

J(u)= (C(T),x(T)).
Here x(t)éE ", u(t)eE,z/'(t)eEwmhile the matrices A“) .
B(£),G(t),D({:) and the vectors a ,c(’r),f(t),s(i)have proper
dime‘nsions and taken to be known.

In this paper a "sm‘plex—type" algorithm for Problem
1 is proposed. The algorithm is based on the expression
of the (n+m)7‘x(n+m)'f' basis of Problem ’1 in terms of the
set of the local mxm basises at each ‘6 =0, 1 ,,'P-1.
In the solution process one has to work with the local
basises only, and at each step some fraction of the basi—
ses only has to be updated, the rest being the same. The
updating' process consists in multiplication of the local
basis submatrices inverses by elementary submatrices.
This allows to store the inverse in a factorized form.

The updating procedure for the change of the basis
is described. The method proposed m’ this paper makes use
of the special structure of LDP problems and provides
considerable sav1ng"s of processor time as well as of the
core memory.

From the formal point of view the results described
above may be obtained naing' the factorization applied to
the "global"( n +m)’r‘x(n+m)7‘basis. However, in fact the
algorithm proposed is an extension of the simplex method
for dynamic linear programs.
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SAtm1'sslawL.Kno°k1‘, Inst.for Org.I.1'd'~nag.a'11d Control "gol‘. Poll‘sh Akad.
of Scm’nces,Poland.

ulIINHJIZATIOIi OF A COIICAVE P‘mI~CTIOIJ UIJDm LI‘IJM<R COIJSTMIIJTS./T.A'ODIFI—

OATION OF- TUTS F.1E4T110Do/

The problem u11der conssl’deratl'on 1's to fl'nd a global m1‘n1’r.1'm of a con-
cave fmctl'on f--.D QR. '\111ere D CRn 1's a given convex /bomded/
polyhedron.ntl‘e asuoume w1'thout logos of generall‘ty that f 1's def1‘11ed 1'n
all space R and 1'nt D £ D.
The fl‘rst Md ba31'c for rtlooet other methods \I'hl'ch “solve t111 3 problem
was the algorl‘t'm propossed .1'11 1964 by Iioa1~.gTuy L’lj .
The, algorl’tlm descrl‘bed 1'n tlle pa’per 1's e.o‘ co11t‘1‘11uat1‘on of Tuy’s 1'dea
too. Unll‘ke the Tuy’s xtz'et11od /see'. ZV~I‘oLrt‘ C23 / 1’t fl'nds th»e global
m1‘m‘mw34 1‘n a fl'nl‘te nm1‘ber of 1'terat1‘oxise — for every f g~"nd D. II.ore-
over there 1‘s no troubless vxil‘th degellcracy of 1'n1‘t1‘al vertex of D.
These adeta"gres here he conssequenCL‘ of t\l'0 m.od1‘l”‘1'cat1'ons of the algo—
rl‘tmfi . The medl'n dl'fl’erezlce bet\1'oen both met hods ll'cs 1‘n ugse of' mothc r
aml‘ll‘am' problem /but‘ mfortunately 1't 1's a ll’ttle 1nore conxpll‘cated/.
It has the folloxi'l'ng fonn.- CT 2 am‘

[A ._ (3......1n)20‘

a e V(D,)
CT ’1 >l

\I'her\eV.\r'D4) 1's a "set‘ of vertl'oes of somte polyhedron D‘. C P\" closely
related to D. Such a problem c_an be solved u51'ng tile method descrl‘bed
by Pollatschek and Avi—Itzhak L3] .
The second moh‘fl'catl'on 1‘s comected \le'th startl’ng' 1'terat1'on and, 1'n
partl'cular, vxl'th defl’lll‘ng tlle fl’rsut serl'es of soul'll‘arj‘ proble.1rs. In
addl'tl'on there 1's proposed 1‘n the algorl‘tm a procedure of bomdl'ng
the values of solutl‘ons of awl'll‘ary probleAHS. It malces the 1'dea of
the method more Sl‘ml‘lar to at greneral brwch - and - bow.d tecmll'que
Mom from 1'nteger progrartml'ng.
It should be noted fl‘nally, tllat the 1d‘a1'n thrpose of the paper 1's not
to fomulate m algorl'tMa Vl'hl‘ch 1's nwterl'cally cotnplete md reaw to
code for computer. The stre—sa" 1‘s lg.(1‘d on a geoxnetrl'al idea. of the
method and 1'ts fomal Sl'mp11'01'ty.
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Ll] Tw,H. "Concdove progratm1'ng under ll'near conostral‘nts" /1'n Ru551'm/
Dokl.Ac."901'.°uS°uR l)r9 1\Io l /1964/
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1970.



154-

H. h’ulokari, t‘om.puting Centre, University of llelsinki, b‘inland

U’PTIIIIA'Ili'b‘ Th‘b‘ LOIQU‘-Tb‘flll’ ACTIVITI‘ RATh‘ Or" A CLOb‘L‘D POPULATIOIQ

Altn‘ougll population 1's a rather independent factor 01‘ the
future, it 1's not without interest to speculate on the
desi‘rability of various alternative developl.1ent paths. This
kind oI‘ "poli'cy studi‘es" may serve tile purpose or“ clarifying
the objecti'ves 01‘ population policy wllich ot‘t en are arnbiguous,
espeCi'ally i'n tlie Inore developed countries where the mere Si'ze
ot‘ the population is less probletxlatic than the structure. The»
translation or‘ tlle al.1b1‘g uous strateb~ica1 {,roals into concrete
tactical goals, thing‘s to be achi‘eved, should be most useful
ever) it‘ tn‘e h1eans or” achi‘even ent must be left unspecit‘ied.' The
knowledge of f,oals is prerequisite to x‘inding the means.

A subscri'ber to the nor1.1ative approach exe.mplified by
operations researcll is not satisfi ed wi'th the n.ethodolo\,vy of
most populati on policy studies.' Only acnne concei'ved
alternati ves are coxu.pared, and the rneasurinp, sticks have no
fixed ,length. In.the present paper, an attenlpt is x.nade to a
more ri‘gorous treatment of a specific problem. of populati on
poli'cy.

The task is to deter1.nine the annual numo‘ers of births required
to keep the future actiVi'ty rates (proportion 01' people in the
worki’ng ages) as hip,h as possible, either in averaj.ve or
conti'nually. The population is assu.ned to be closed for
n.1gration, the apJ.e-spe01‘fic fertility rates are allowed to
vary only w1'thin specified lir.1i'ts, the year-to-year changes in
fertility shall not be too g,reat, and the size of the total
population must also stay within predetermi'ned lin. its. A
solution rncthod based on dynamic prograrnn.ing is outlined.
Iduxuerical results for the pop ulation of b‘i’nland are presented
and discussed.



 
Global Stability of'Optjml'zmtion Problem

Consider the mappings

(L~,‘,\) «Mr-Wax) sup {f(v_.,1) / xers}
(rt-,1) M1403“): (x gr: / r(y.,1) —.. $0.31)}
where x lies in ametric space X, T.’ is a subset of A", 1.110". in

a set A "with converrenco" end 1“ 5°. (any reol—vnhmd function

defined or. X “A .

In relation to the set-cmverronce, I't I'I.‘ (t-D‘) iI‘J"

m .— _J1m' wt and V¢>o 3 at) V t>t(£): tit c U‘I,’ ,

mecca-wry and sufficient CU..“di'L]'OI1E‘ will be (jivm for the continuity

of f0 and the unrer-svicortinuity of . Further, connections '

between the upper-so“‘i¢ontinuity of f0 and ? are studied, and for

some rAnrohlems in Farrah s.n.."ces ((11,185‘i-COIWQY opt._"'"i.."aHon prob] or".

and certain ,n‘rohl-gms with non-rsymtoticul 01 ,1'L‘ctivo functions)

sufficient stn‘oi]ity-conditiohr are I‘or'w'|.'1,_tc.d.

Istvm’ Kw, Computer and Automatl'on_lnst1'tum of the
Hungarlan Academy of Solences, Budapest,
nguy

A GEOWTRICM MHOACH TO TLIE' TIE"ORY OF LM‘fl MQUflI-
TBS

The topl'c of the mper 1's the theory of systems of 11'-
near 1'nequall't1 e s. We perform proofs by geometrlcal
wyments where 1t 1's pOSSIble. Ow a’m is to denxonstrate
the effectl'veness wd beauty of a prov1'ng method rather
thw to generate new theorem by mews of th1 8 method.

Fl'rst we 51ve w almost completely elementary g e_ometr1 cal
proof of the separatl on theorem. Then we deal w1th the
problem of consequences, relyl'ng on the sepmatlon theorem.
We prove the Farkas theorem wd m 1'nterest1ng result of
Chern1 kov Whlch 1's properly the correct1on of w_ .erroneous
statement of Alfred Haar.- a necessmy md .sufflclent
condl t1on that all conseguences of a /p0851bly 1'nf1n1te/
System of 11near 1nequalltles be consequences of fl'nl'te
subsystems as well.
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lem HOBEMS 0F com mnYSIS

hogrmim of extrema problems with convex solutions

such as geometricu problems of isoperimetricu type needs

mified tools of description of me whole cone of convex ob—

Jects of this or that type. The generfl appromh on be expo-

Wed on the bmis of the Min_kowsk1 duflity scheme, That is

in we simplest cases by m identification of convex compacts

with their support fmctions.

Became of the duflity a cone in a vector spwe is ob-

taned am, thus, the stmdut lineuization techniqm cm

be appl ied - the teeihnique of the Choqmt emering. Descrip—

tion of the orderim is given in a "computable" form brimim

flow a buk of concrete resflts, for exwple, genera solu-

tions of convex progrws with constraints on mixed volmes m

mixed uea fuctions. The pecuiw preperty of the problems

is that there exist at lent We different vector swuctues

in which they we cmvex m each of them detemines comple-

mentuy sets of silvable prommms Md respectiveu different

Euer - Lwrme equations.
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SCE“D%ING O_F PWLLEL MCIlIIlE*S VJIl‘Ii PREL"W1"ION

The general problem con31dered 1°u that‘ of optl'mally sche—
dull’ng n 1'ndepo—ndo—nt J'obs on m parallc-l‘ nlachl"nes, wher e
there 1's negll'gl‘ble cost asso'01'1ct‘ed vv'l'th )Ireexnptl'on or
"J'ob spll'ttl'ng".Let Pix-- b-o the proceos-u.1'n{,r‘ tl'mxe of" J'ob 3' on
machl'ne 1', 1'f J'ob 3' 1'sp1‘ocessed by Incqo,lll'ne l"’exclu81'vely.
If p..—_q.p., vvhere q. and p. are pcal‘ax1eL"eAroc' ad<8001‘aL"ed
w1‘thlamaohine 1' and 30b J", respectl‘vcly, tllen L"he maclll'nes
are 831 d to be "m1‘f011m". I,f p_.. l’.S (11*b1'trar'y, t'hen the
machl’nes are "m1‘elated". The piroblen1 of" m1‘113.‘m1‘z1'n¢r makespan
/the completl'on tl‘lne of’ t lle lacu‘t‘ J ob/ on unre,loc.t ed r.1achl"nes
1's fox‘mulated and‘ solved by /non1‘nteg“e1‘/ ll"11ear probrr‘anm1‘ng
technl‘ques. These technl'quess 3(re t‘h011 extexlded to ml"n1‘m1"4e
max1‘mm latenese‘ /\v1‘th resepect‘ to g)rl"ve)11 due‘ da't‘os/ on unl‘e—
lated machl'nes and to ml‘nl‘ml'ze mean conlpletl‘on on ml'f."orxn
mchl'nes. In each case, a prl'orl' boundo-u, polyxloml'al' 1'n m
and n, are obtal'ned 011 the max1'mm nmber' of' preemptl'ons
requl‘red for an optl‘mal sche-duJTC.

¢B.J.Laewe, J.K. Lenstra, blathemat1'sch Centrm, Amsterdam, me Netherlands
AA.H.G.R1nnoo Kan, Graduate School of Mmagement, Delft, me Netherlands

m5 COWLEXIW STRUCTURE OF A CMSS OF SCHEDULING PROBLENB

A detal'led c13551’f1‘cat1‘on of mach1‘ne schedull‘ng problems c311 be used to
generate a class M conta1‘n1 ng some 3000 spec1‘f1’c problem twes. Each
of those problems allows b1'nary and mary encodl'ngs of problem data, 1'.e.
proportl'onal to the 5m of the logarl'thms of the data or of the data them-
selves. l\'1'th respect to el'ther tme of encodl'ng a spec1 f1‘c problem may be
solvable w1 th1'n polmoml'al t1me or 1't Reductl'ons

other schedu11ng problems as well, the
per cent of them are polmoml'ally
and the rest ren.a1'ns open. M'e examl'ne
1'mportmt open problems correspondl ng

w1'th1'n M extend these propertl es to
current s1'tuat1'on bel'ng that about 10
solvable, 70 per cent are NP-complete
these part1't1'ons of M and 11 st some
to var1'ous borderll'ne cases.

may be proved NP-complete.
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COMBINING KELLEY’S AND COIIJUGAT-L‘ GRADIENT I‘.‘L}:."THODS

Let f/x/ be a convex function defined on some Hilbert space H.If we
have on hand mefl ..,,x~ and gem/3,," (gt-€3{J('x..))we know that for any X in 11

/1/ t“);*"aK'H‘l’Wi'QmX‘X;)/ {-‘OMIWIWJ'
For minimizing f,l{elley’s cutting plane method [1—) consists in choo-
sing XIHSO as to minimize the lower bound given by ‘/l/: Xo‘M solves

/2/ -‘anX max {£(XL)1‘(£J; lX—Xg) /C‘-0.’1,.._,4v}

However this problem has in general no solution /the "solution" would
be infinite/ and a bound 1's needed. We choose a bound induced by t__he_
norm of H by imposing I xva (3M 8. positive constant. We then set

Observing that ,((xl)+( ;,X"X.',\"i6‘m'{‘ti,MW“):-{0})‘(Q‘I’U‘i/Xfixé)xgxh+M$w'
and setting.
/3/ ai-‘K'KVJ‘HXJ ngxfxv‘) /Note that (2(|'>C'/ a, -D /
we transform /2/ in an equivalent problem in s /the Constant is
dropped/ )

/4/ mm” max £M(g;,6)— o(;/.'--o,1,...,ns
BY linearity max; EM(g.'.5)’dié ’ mam gM{za.-g;,4)-an<-;/A,-20,Zfl;=«{§
and via. this common trick, /4/ ecomes a biconvex saddle point prob-
lem in which min and max can be inverted:

: ‘ - fin " 7 3Whl‘fi.l_‘4%M(Za‘614) --{o L? ’

where the solution of the "min" problem is obviously 3H.)‘Zfllfi.’/Izh5?.‘l r
In summary Kelley’s method with Euclidean bound consists in finding
the solutiown of 14

~ 7 . . T ./5/ W1w—oahtzc'H/“Vtwfimh
A; >10 1W

where A” = 224; is a direction along which a line-search could be
performed /instead of being content with a simple step if lenght I.I./.
Now l/M in /5/ can be interpreted as the Lagrange multiplier associ—
ated to some constraint of the form 221%; 4-— 2, ,- this means that for
everyMeLC‘mOJ there exists €é[0, 0°] such that the solution of /5/
solvesmihA A; l 9: (leaf, Ago, 2 Bio“- éé

which in turn 1's equivalent to . IA
/6/ Wm Id); AWN]: 2‘; =4] Ago, Poi-3'74, nizo, t""—.T_UAL'9(L"—'é

I,

For exampleI.1=O in /5/ corresponds to (‘20 in /6/ and the method re-
duces then to the steepesr descent /re call that o<,.=0 /. On the
opposite hand M: 1'00 gives (i=a9 and we get the conjugate gra-
dient method as stated in L2] , L3] . A ‘-
Towards a nevrwalflmorithm. Let ,xc e H, 96 C UNA) . We can imagine the
following algorithm: Choose i2 >0 set two.
Step 1. Compute mph, — v X“ defined by /}3/ /a simple recurrent. allows
to compute them without storing the x; 5 /
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Choose 6 >0
Step 2. Solve /6/ f'or A wd .r,n-_-Z,\t— t’ . If |4n|42 tllere holds

W w>—>Lm-gzx-m-a 8
therefore, 1'n thl‘s case, stop or dl'nll‘nl‘sh Q or“.

Step 3. Perform a ll'near earch aloxlg J!“ as explal‘ned 1'n [3],,
yielding xm and We Hm)

b"et n=h4A an go to 1.
Convergence- can be proved prov1'ded a safeguard 1‘11 Step 1 prevents 5
to tend to 0. Some nmller,.'l'cal 1'nveo"t1'gat1‘ons llave sh_ovm that thl's
algorl'tMn could be substw.t1'ally better than L2,] [3] and varl'able
metrl'c nlethods prov1‘ded
- a good metllod 1'5 011 halld £"or solv1’11b° /6/
- a 1'n o“tep 1 1‘5 properly cl1oenell.
These tv;0 quest1 one are e°t1'll open.
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C. Lemuechal, mm,—Labor1'a, Le Chesnay, Frmce

NME ON m HE‘NSION OF "DAVID VN" h‘E-’THODS TO NONDIFFE‘EIWTI-
mm FUNCTIONS '

Some propert1"es of "Dav ‘don", or varl'able metrl'c, .
methods we studled from the v1‘ewp01'nt of convex malysxs,~
they depend on the conVex1ty of the fmctlon to be ml'nlml'zed
rather thw on 1'ts bel'nbr apprOXL'M'tely quadratlc. m algo—
r1tm 1's presented VJhl'ch generall zes the vul'able metr; c
method, wd 1'ts convergence 1's show for a lwge cl—ass of
convex fmctl'ons.
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SIMLICIfl APPROXIMTION m SOLVING SYSTEMS OF EQUATIONS

THEM EVE BEEN WY MSULTS IN MCENT YEARS by varl'ous

authors whl'ch relate to the use of Sl'mpll'c1‘al approx1'mat1'on

technl'ques for approx1'mat1'ng fl'xed-p01'nts, zeroes of a vector-

valued functl'on, and solutl'ons to nonll’near complementarl'ty

problems. Thl's talk 1's expected to 1'nclude an evaluatl'on of

these results and thl's use of Sl'mpll'c1'a1 approxm‘matl'on from the

standp01'nts of theory and of computatl'onal v1'ab1'11'ty.

#F.kmv1'-Fo, Danl'sh E'gl'neerl'ng' Academy, Lvngby, Demark

A M'EV CONSTRUCTION P.MMG‘EBE‘NT GARTJ'

The ne\v geeme (CI‘I1G) 1's 8‘ compute-r as.°,1'rsted mnnn"tn~,ement g “Lme. for the con-

struetl'on 1'ndustrv..IL" 1'_.° q‘rol'n.q__ to be pllfiyed [cor L'hPl- fl'r.Jst tl'n.e thl's \J-l'nter

and -et'rly sprl'nqh lo°75/76 by a nmmbc, r of tet-F-m.s consl'stl'ng of‘ ‘,‘-r4r"nd1'nav1'an

constructl'on people.Thc~. 'gL"me 1‘"; f DllO\'/Cd \.*nd reported 1'n the lee~sd1'ng

Danl'ssh conertructl'on r.1~eg—or.zl'ne "Byq_~.oel'ndusc"trl'e-n" x'v.h1 ch 1'n 1'ts 1._'ssue for

Oct‘ober 14'4‘75 LWl're)Lx'dy h(.n'e\° brougfu't thr,A 1'n1't'1"al 1'nt'ro'dut‘L1‘on to the,' q‘gnme.

Cf.."G 1‘s bell‘clvedA L'o be 1k.blc.’ to cont‘rl'lJ‘ute to a bettt‘e-r commur-l'cxretl’on

betv'.ec n theory innd pr:'~‘ct1'ce bBC(1USB the p«"rt1‘01'p-Lt*'nts througqh thel‘r work

m'l'th the g—-eme 1’n u~ convenl'ent and entertaininq~ mc.‘*nner 'are trec.1'ned 1'n over—

lool\‘l'n_g the no tv101*l\' Lt"nd utl'll'zl'ng iL‘ e..'5 1: tool f"or mr.fin“‘n,_emernt.

Bessl'deqr tf1o ord1'n...~ry c“-.=nect'o= of construct‘l'on mt"n..‘"-C¥.L"mn'nt CI..“G» has“ the

.more- rep't'cif‘l'c qu:.‘ll‘ty L'fm..."t t‘he duret.t1'onver of‘ the— Lx"ct1'v1‘t1'ers -e'-re esssrun1-ed

to be ortoc!1"osrt1'c Vttfirioc.bles° Folloxx-1'nq_. cert'“n»1'n G‘l'VL’n p.r_obc1b1‘11'ty d1.'_r‘tr1'—

but'.r_1’onsr.Aor 1'-s \.“e>1l |<nov;n L‘hc ‘JPt,or.lhu.“oart1'c. .tvnalyssl‘s" 1‘s" 1_.'n frwct more~ correct

r.~nd _n_.1'ver.J L'hc. p‘r'opor 0"oblcurrot'1'on contr(fi_.ry to L‘he ch.tL'rm1'n1'r.3t1‘c {,1nr“‘,lyrg1'°o

.".}I'.1'Ch t"L‘ndt," to F'l'Ve" too s~r|.t‘ll 1"obdurL.fit1'ons.The porrt1'01'p’cntqv 1'n Cf..'G ..'( re
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ve.r‘y dl'l‘L‘e‘t".1y feelinq~ L‘l. o .ur1,taell'..'.,"L'L"c at f Al.‘CL‘ on 1“ob‘rlurx."t‘1'on,un~1(,nel<e<'lou—

l.1t1‘onru etc. In thl'q_ wtny the pfitrtl'el'pettnts are firequ1'r1.'ng so|nee A..“r.l<ground

t‘or _________gr:n.1:1'mttin~ t‘he stoeherUtie effr‘.ot 1'n ‘eueh other n.rt"et‘l'e‘."1 ol"”"~_~e°., -\.‘h-ere

 

n co:.nplete «-.-nd p.ropc.r eutoehx“."ut1'e aneL.lyCel's ire unneeele,‘°_gLnry,too exp~en.~r.1've

or perhepuc impour_r~x1'hle to et";rry out.

CNIG L‘one.ernu° (1 ernn.1"t"ruet1'on cont‘rr‘ct‘ »."1'tl1 1L pch”-nn(,‘d Jrurc".t1'on of 120

days,v:h1‘ch the. te.wxms h.’ave L'o mt”A=n1gq~_e u51‘no_ a precejrenqre no t.V'ork 679" a” tool.

Thel“r-, it-“ n." f‘l‘neA 1'01“ lx'L’L‘ co..1*-plet‘1'on tend LhL‘ norm("1 covet c-'nd ex‘pedl‘tl’nq_

eosta e—te. ntr~e _o.1'vr~.n for t.he vtdrl'ountu l.-“Ctl.VllL-l.86’_)uThCrC‘ fiLre Fl've round"—u

of the V.Ck"me.In t'he b’L"I'l'nnl.nQ~_ of e Lx'e‘h round L'he t‘L~L"-m"u mt.”|<o- L'hel'r (1L’01'".31 or1°q

as to L'-.'Ii1'ch 'eCL‘l‘Vl't'l Ca" slwould be expL‘dl'L'c‘d ete.F.ll t‘hc dL‘Cl."-u1.0fig" (are)

f‘ed 1'nLo t'he~ comp.uL“cIr \.-'h1'e‘h L‘o L‘he orl'»1c1'nt."l pourl‘tl'on L1r’1dur t'1L'3wrC' "m r.4‘n—

mtdrle" daLL‘“- oluuc ecrt‘ttol'n "nu"ture.-—mlt'clc~" dL."t‘.1'» nt.‘lnL“ly.L‘}1e out‘eomeue From the

rk“ndom "drz1"v.'1'ngs" thtn"t‘ thL-’ eo'mputt,9r mtl'kusJur From tl1e‘ Pf,‘1c1v:«"nt protar.'rb.w‘11't‘y

dl'q"trl.but1'fln‘q.ThL‘ "nk_eture—mttnde-" d(_1tk1 ,nhl'vee the geetuntl durwktl'onue of (10t1'—

v1't1'es thL“t stgdrt 1'n the round "t‘nd (11‘80 m'hl'eh of 1'1Itv~ 9.,7_)” (ILjch 1'n L'he roun L'

t‘hrjt h“(.ve ceueh b-n<d \V'encther thcat outdoor .nvet'l'v1'1,*1'e°.-V CCK"‘¢.1E on theeoe d(‘."y".:.

The rt‘um of the or1'_o1'nr11 p051't1_'on b°\,fore the round p].us thou "n1(1'n—me‘1(e"

and the "n1nture—mte.de" d“(‘t‘n«, f‘or L‘he round ‘-1re e'1.,1eu.]"-V-.t.,c‘,d by ttle. comp uter

(e.nd eo.nmun1'eated t‘o catch t‘e"Lm.The teet<tmu° mc".l<e- the-1'r d.ee,1'-,P1'ons for. t’he

next round L"-nd etc on tl'll the contrcnot 1'uo CDmplC—tc"d.

I’Ftc-’r e.A"eh round the- comp ut€.r e.."leul('*.teAu= f‘or L‘.tfich tL-‘(x'm eon unrn.oant 1'n

Krone r repreurenting totceel no».-' e/x‘pec,vte.lr f'1'nK‘el court p.1us Fl'ne f‘or LhL’~ \."h01(‘
  

eonL'r:.~et.The po_,¢1‘t'1'on For \..eelercte..rl 1'nd1'v1'dutwl i.‘c‘(‘"m‘.° ‘nnd L'fne ..“wVL"r‘1'vge poe‘<-}‘—

t'l'on for 7(11 team.)r cr)"n then be re.ported round for round 1'n the tn.ag(121'ne.

Thi.‘ prtfiper f'or the Jeympour-1__'un1 ("'rJOUt- Cfx.‘q" x4-I1'11 prey“ent‘ at more dP._tt1'1'led

d..."~-.-‘*eri_pt1'on of the cut'rueture I,'“hit rulevu of the gttelxne. I."'nJr re_poz‘t by q~r{"~pf1,_"

r"nd other\J-_1'r.,e_ t.he re.r~‘,lu1.t’.e 01“ L‘h e CI‘qunp. th-L‘et‘ 1's t‘o be plc1*yed L'hl'cu u."1'nt’c‘1'.

Cor~‘r,.:1rLintcu,C’xper1'ence°u (J’nd porox.."1‘ble u~en~ef‘1‘t5 For t‘h-e. pL'”rL’1'oipxtnts ‘\"1'11 be

de..;"er1'bed (ind the re"«..ult5 c“4nd e-,V,\pe.r1'ences 1'n eonne-etl'on \“41'L*'|1 L Iwe etat‘o‘el1nL—

xetl‘e cond1't.1'on.ur oF the g.,"m.r‘ \1'1'11 be de-Ln.lt‘ ‘xvl't'h.
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Methods of Conjugate Directions for Li'nearly Constrained Nonlinear Proqpraminq_

Several numerical methods for unconstrained nonlinear optimization depend
on maintaining a set of conjugate search directions,‘ for example,
Powell's non-derivative method and the accelerated conjugate direction
methods of Best and Ritter. When such methods are adapted to solve linearly
constrained problems, it becomes necessary to confine the search directions
to a li'near subspace defined by the set of contraints which are active or
bindi‘ng at a given p01'nt. A technique 1's described for maintaininq conJ'uqacy
relati‘onshi‘ps among the search di’recti'ons when a .new constraint is added to
the acti've set. The technique uses~ Householder transformations to maintain a
Q-R decomp051'tion of the matrix whose columns are the nomals to the active
set, a_ndto rotate the set of search directions when a new constraint is
encountered. P0551'ble applications to quasi-Newton methods are also discussed.

h“.V. Lemacel. C e-an"ra-l u""'conom'cs I'abt"n‘c.meat1'ca'l I'llu"L"l-'L"LLL"-C,
Acau‘em oi‘ o"~01'ences of" tho U,s'rt)~"...l7, I.I"oso‘o.1"i.
01“" l%lfiu"OmCi4h‘j‘S v.“&LOCATIOLJ"Pit..’LI‘BL'”’ul"i."'~“" _it"'JlJ'v~)‘UCIBL"'-‘.J*‘ l“O
l"L‘fi lm.t“A’l‘-T'b"r."“’ORT-ll"l“‘IL“III‘ l"3’lt""'b‘J.“'L'h"‘l..ll".

lmhe '.J'orh" deals VJl'L“a‘ (o o_.1“-ee problelil'eo of t"11‘r,,-“ o‘rat1'1.1"eal a’llo—
cat‘l on 0:" l‘escourco-oc-rl‘n .._“"‘L"VJ'orltlrs. l"11"e problem 1'nVOIVe'\d
d1’l”‘l'"'e1* from t‘h‘e resour*ces° allocat1 011 pL"oblem usua.l'ly con—
51'dcered 1'n the folloxl’l'mo aspects.- (1) l“'he ncetil'or}.'s° il'ave
dl'sa'un0u*"1've a1"cs a's \J‘ell e.es arcs ll1'L"h nega-tl'vo- lo%'P‘L“hs and
negatl‘ve cost‘s. (2) The opeL-atl'on dul‘atl'ons, dLIe a‘atooc a'-nd
resourcecs costs aI-e varl'ables ll‘nea'rly' dependl'm on _a' pa'l‘ame-
t’c"r. Til‘e f'OllO'.7‘l'%'” tl’-]O tJ‘pesc of‘ t‘he px‘oblerns a-rlc,‘> 1'nvest1'-
gee--ted, (1’) tn'e pl"-oblc“4moc- .1“-1't11‘ cosy"'s ll'Ixea'»l“ly d'e endl'k"' on ope—
ratl'om duratl'ons md operationsn dat ,‘-\s, and (2 L"11e problem
\1'1'th costs bel'm p1‘ece.1'1 se—ll'near i‘unCL"1'ons°.

Such proo‘lem usually appow 1‘n p'roject plam'm, schedu-
ll’%»-* wd L'rmpoor'tat'l'on plm1’ngri'.

It 1's sho.1"n th-at the~ problem con51'd-ered have a oope01'd
str'ucture that enables0 us";%'m ll'near proof“ram'rg tc=cll‘m‘qL1e,
1'n pwtl'cular, nce't'xl'01"kt I"10\J8 methods. l‘lle l“1'm'te meL"hod f 01*
solv1'm the problem 1's developed, each 1'terat1'oll of" the me_~
t'hod cowl‘se t1M‘Of the solut‘l'on of“ a L"rmo"portart1'on pr'oblo-m
of the sme Sl'ze as the orl'beinal resou“lce allocatl'on p1‘0blem.

lmn‘e specifl cause of the problem 1's the \u'ell-lmoyl'n Kelley
probleIJ of proa'ect cost scn‘edfl1’%-. Hel'm t'he meL"hod mentl'oned
arbove f01* st;‘lv1'm”.« the I."elley* iproblem 1'n a 11c'*t\v1'orlc’ \J'ith n
noo‘e o" a'-'nd p d”‘Cg° \J'e can oo‘t"'al"n t‘hc— equl'valont transc-portatl'on
p1~oblem 1'n a net.1~'01~Y_ .1"it'h n+p nodes mtl 5p arcs. I.Toto~
til‘at t‘he Ix’ce-lley alor"'«ior1'thm el'ther requl'res a, modl’fl'ca't'ion ol‘
a labelll'mo- process or 1-educoe-s tile 01“ig1'nal netVJorlc problem
to the equl'valent' tra'nspOL-'tat'1'on problem 1'n a net»1"or1t' ..v'ith
n+e°p nol’os md 4Jl"“ a'-I‘osc‘.
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STABILITY REGIONS FOR OPTIMAL SOLUTIONS OF THE INTEGER PROGRAMMING

o“ome specl'al problems of the senSi'ti'v1'ty analys1's for
1'nteger program1'ng problemcs are cons1’dered.

Gi'ven this 1'nterjer ll'near prog]rammi'ng proble.m /ILP/
max cx , Aug b , 5/70 integer. Let do be a set of all
possible parameters F= (9.5;) ; e.g.§)=Zm‘xMZ.M"ixR"f‘
Denote by Q(P)° tlie uset of opti'n1a1 solu‘ti'ons. oi" ILP cor —
responding to parameter We? In general the problem
is stated as follows : for ,x°e_0_kp°) find a setJ0b<°)C 9

such that Fagin“) iff X’s ELF) . In the paper special
cases of the problem are considered, namely it is assu -
med that some of the parameters are fixed.

One of interesting: problems of such a type occurs, when

A and b are constant and the setgcxc’,‘ Rb) of all pos—
sible vectors ce'Rl'”"‘ , for which the ILP has an opti—

mal solution .X° , is to be found. It can be shown, that
€(«°;Hlb) is a polyhedral convex cone and that the pro-—
blem of finding all the extreme rays of this cone is
equivalent to the determining faces containing at° of the

convex hull of feasible solutions to the ILP. Such faces
are known only for some special problems / edge packing
problem, some knapsack problems, integer programming over
cones /. It is shown, how known results can be adapted
to obtain @(d°"fl_b) for these cases. A possibility of ap-
proximate computing; of €(on°,-D.b) as well as the problem
of checking whether for a given set 1? , fc<3(,x°’- 9'5) ,

are discussed.
The second class of problems occurs, when c is con-

stant and the set 'Sa(x°;c) of all possible parameters

(9.5) , for which .x°is optimal, is to be found, It is
shown, that if the ILP is a knapsack problem, than‘flofic)
is a polyhedral convex cone /not closed/. In the 0-1
case this cone can be completly described by the minimal

covers of the inequality CX$CJ° . If only one parameter
of the knapsack problem constraint is varied, then the

stability region of the optimal solution can be calcula—

ted by solving a new knapsack problem. This new problem
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lo’lL

1': much mum easier to solve then the original one, he-

causse 1'nfor.rl'at1‘on obtnl'nn,‘<l 1'rx t"‘e‘ ,')I'oc--r°‘,.“' of POlfl'pllLl-[l‘[' x°

can be used.

Results obtai".1ed sire \cxt.endo,<‘l to a ,trerlcr'x.o l ILl’ i'n

wh1'c11 elerne.rt°c~ of 0110. I‘ON‘ ol‘ c‘on-.,"trrai‘nt .n.a,LI-1'x rAr-o V'tarl'e(l.

Solnc> otller (J'erleI‘cdll‘d'zl“t1'oxxt"» 1)1{.".edl on t} 'e trrln“..for'l..1(a—

ti'onl“ oi‘ tb.e Ol‘l.{1’l.{18] pI‘OblOIr. zlre 'w‘rl‘<.o dL'sccu<o“..-cd.

P#.O_Lindber, mpt of bmthc=.natics“, Royal Inoctitute‘ o’f Te'chnoloy,
Stocflom, Sweden.

A GWHQHATION OF r“‘_,"'l\.'L‘Ira"AI‘JCOPI.IIK:AH'ON U‘A‘DIIv'C: m GUWHZED
MGWGIMS AND NON’COLWEA“\' L)U!\HW.

flis paper connect‘s guinerali'i‘eld reg,rr‘nFJian"s to R")ckafellar's duality
theory by l.1"eans on.“ a t‘L‘neI‘Bliu"~qrtiOll ocf FclnChel conjugation. It gives
duals without duality' 5",a.o'r,‘ even for nonC'onvex problems.

In Rockafellar's du‘nlity' tlleory one studiesu perturbed convex opt‘imi-
zation problem.s oI‘ the form minximize F(x,u), where u is a p.erturba-
tion parameter. The dual of this“ problem is" conostructed uo'ing Fenchel
conjugatiotl. n‘s a )ly'product one get‘o‘ the usual Mgrangian L(x,u) -—
~— f(A’) + <u,g(x)> (<.,./\ derlotes inner product) to the .T.athematical
programrinbV problem (P).‘ mi’nvi‘u“i'ze f(x) "subject to g’(x)_< O.

The generalized Mgrrang11ans to proble.m (P) typically have the F.orm
L(x,u) -— f(x) + G(u,g(x)) for some function G. Using a "suitable _L
TP) can often be solved by minimi‘zixlg L i‘or an appropriate choice
of u, even in the nonconvex case. —

me Fench.el conjugate f'* of a mnction f is defined by f*(x*) ——
-— sxup(q ,D - f(x) ). It can be viewed as a represecntation of the
affine mi'norants of f. One of the main properties oi“ conjugation is”
that a lower semicontinuous convex function generally can be recovered
by double conjugation.

By allowing more general minorants than affine ones, we get a general-
ization of conjugation. fien,mre general functions than conve x can
be recovered by double conjugation. For instance, for some choices of
families of minorants, lower .semicontinuity lis amost sufficient to
make a fu.nction recoverable.

Using this generalized conjugation instead of the usual, one can paral-
lel the development of Rockafellar's duality theory. In this way we
get a duality theory that gives duals without duality gaps even for
sosmegenl.erialno..o“c.\"nx'c-xa_ro~blems."

fie kgrangians oi‘ this theory tun out to be generalized Mgrangians.
By' suitable choices of minorants, most generalized Mgrangians in the
uteratme can be obtained, e.g. thoose of Hestenes-Powell-Rockafellar
and Mrow—Gould-HoWe. fie usual type of result connecting'saddle.points
of the Mgrangian to solutions of the primal and the dual we also
obtained.
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0°1‘D'INL“IZ’S PROBLL““I.I‘ CFGlE'APfIS .' APPLIC‘ATIOII‘QG, TII’L"ORY, ALGORITPH.IS

Gl'ven a graph wl'th p051't1'vely wel'ghted edges, one dl'stl'ngul’shed vertex 5

and a vertex subsret T, fl'nd a Sl‘hlgrap.h of ml'nm'al w.'*1'ght that contal'ns

a path from vertex 5 to every vertex 1‘Afl T.

fie 1'mportance of thl's problem resn'des mal‘nly on tb.e fact that 1't can

stral'ghtfomardly be 1'nterpreted 1'n an engl'neerl‘ng conten (synthesl's

of networks to transport water, power, 1'nformat1'ons, etc, when the eco-

noml’es‘ of sca_le pre.dom1'nate).

It 1‘s fwthermore of consl'derable theoretl’cal 1'nterest, as‘l't 1's poly-

noml‘ally-reducl'ble to tb.e class contal’nl'ng t_he travell'ng salesman problem

wd only 1'f T 1's el'ther composed ‘o‘f a sJ.'ngle vertex or all vertl’ces of the

graph, are there polynon.1’al algorwl'tMs k.nown to solve the problem. m.h1's

1's trxxe for mdl‘rected as for dl'rected graphs.

W.e fomulatl'on as a 'loco' problem 1's d1'°,,cussed.

Fl'nally varl’ous attempts to solve the problem are suveyed‘. (1') usl'ng

opt1‘mall'ty condl'tl'ons for 1'mpll'c1‘t enmeratl'on (Dreyfus/liagner), (1'1‘)

specl'all'21'ng to acycll’c graphs (N_astansk1'), (1‘1'1') usl'ng Ewends' branc'hl’ng

algorl'tm to obtal‘n lower and upper bomds.(Bossel),(1'v) Heml'stl‘cs (Keller/

Wl'lflaber).



166

AD.G.L1’esem, Un1'ver81'ty of Colowe, Ko"ln, Gemm

Tm "TUE—'PwSING PROMM" m TE TMWING 8mm
WOMM

Given some tubes, each with two openings, one can formulate
the problem of fl'ndl'ng the shortest c1'.rcu1't pa551'ng once
though each mbe. In graph theoretl‘c lmwage one on state
the problem as follows.-

Gl‘ven m mdl‘rected graph G——(V,E) w1’th the vertex set
v—_ {1,..,n} ,the set of edges E: [{(i,j),(j,i)l/ic,v,jcv}
ad the wel'ght cl.. for each edge {(1‘,J‘),(J‘,1‘)}EE Md a
subgraph G'-—(V,E' w1'th Ec'E md w1’th degree d(1')‘—2 for
each vertex 1'eV, fl'nd a Hml‘ltonl'm cl'rcul’t on G u51‘ng all
the edges of G' w1‘th m1'n1'mfl totfl wel'ght.

m flgebral'c fomu.l_%at1'on of the problem c_m be the follow1'ng.-

Gl'ven a trl'mmlu matrl'x (c1.k)15_k<.l.é_n ad a pemutatl'on

(p(i))i___,|,“,n of (1,...,n) Vw1'th p(p(1‘))-1' for each 1',

we seuch a trl'mylu mettrl'x x =(xik),lék<:l‘.én w1'th x1.k®,1}

m1'n1'm1'z1'ng the fmctl‘on

<1) mm Z1L_k<1-én c1.k xik mder the restrlctlone

(2) Z x.k = 1: p834 , j=1,...,n ,
(1.1:)er 1 if p #3
(with 625 —— {(a'.1')/. ’l‘-i<a' }u{<i.a')/ 15m} ) ,

(5) x corresponds to a comected subgraph.
A brmch md bound ugorl'tm was derl'ved deall‘ng w1'th a

tube-pa551'ng problem on each stage 1'n malog to the £50—
r1'tm of LITTE et a.. The ba31'c reductl’on 1's vem strong.
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For % stochastl'cally generated Eucll'dem problems from 10
to 60 c1't1'e‘s the reductl'on was 1'n the average 15 per cent
better thm the reductl'on of the related a351'ment problem.
The brmch wd bound computer promm needs only approx1‘-

mately (1/&2+ 10n +2m) places for data storage. The.
m-cl'ty—problem by CROES (1958) could be ea51'ly cflculated

by hmd. '
(B1'b11'ograpm.- D.G.L1’esegw3, Mo"gll'cMe1‘ten zu w1'ngs—
vollen GestflMg von Brmch md Bomd-Verfmen, Dl'ssertatl‘on,
Ko"1n,197l+) '

F.A. Lootsma, Unl'ver51'ty of TeCMOlogy, Delft, Netherlands

SOFTWM DE‘b‘IGN FOR NON—Lmm OHIM‘IZATION

T'he paper 1's concerned w1'th the d1‘screpanc1’es between the
theoretl'cfl development Md the computatl‘onal 1'mplementat1'ons
01‘ non-ll‘near optl'ml'zatl'on algorl'tMs. Computatl'onal experl’ence
wl‘th refil‘ly aval'lable softwme and users requl'rements W1 11 be
dl'scussed. F1'na].ly, sonle gul'dell'nes for tl1e compul'son and
evfluatl’on of optl'ml'zatl"on software w1'll be'presented.
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ECONOIflIC INTE‘HRETATIOIJ OF DUALITY IN GEOMTRIC PROGWJING

The purpose of thl‘s contrl'butl'on 1‘s the economl'c 1'nterpretat1'on

of duall'ty 1'n breometrl'c programml’ng 1'llusotrated on the 1‘nput-

output model w1'th substl'tutl'on betm'een prl‘mary factors.

The standard 1'nput-output mod els are charakterl'zed by constant

1'nput coeff1‘c1’ents a'nd constant labour and ccapl'tal coeff1‘c1‘ents.

Suppose furthermore the constant 1'nput coeffl“01'ents, but the

substl'tutl'on poss1‘b1'11‘ty betw een lat;our and capl’ta’l. For thl's

reason, we 1'ntroduce the productl'or. functl'ons Cor)b-Doug, las or

CE~S 1'n the open 1’nput-output model. Under the condl'tl'on of

.nl‘nl'ml'zatl‘on of labour costs we can nov: analyse the dl'strl'butl'on

of labour and capl'tal between the‘ partl'cular sectors of the

economy for exogenuosly gl'ven fl'nal de.r1and. The constral'nts

of thl's .model are polynoml‘als and after Sl'mple transform.at1'on

Vie can Vlrl'te thl's w‘odel as a problem of Weom.etr1'c rorram‘ml'n.

In the second part VJe analyse the dual model fro.m the economl'c

1'nterpretat1'on p01’nt of Vl'ew. VJe show that the dual varl'ables

1'n geometrl'c program1’ng are pelastl‘c1'tcoeffl'c-l'ents 1'n

comparl'son to the 1'nterpretat1'on of dual varl'ables 1'n the

ll'near programml’ng as margl‘nal coeff1’c1’ents.
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NJ ALGORID'1'\1" h“OR o‘’OLVH'u” f“11"E IJL"I‘~"LI;"Efl‘ CO;.£H‘u’£1\"'Tfl"ITY
P'ROBLEle'

The\- ‘compleluentre'rl‘tfi“ {Jrfiblem 1's tile‘ Noroblem of fl'ndl'ng
for d’ .Q»‘-1ven nla-)g i‘.‘ RTaR a' nc>nneg'd'tlve vector X suc.1*‘

tilat t11‘e tx"jo vectc\rs x 'dlld fo) u"e ort11‘obl-onal. It 1's
tile ml'fy1'113‘-' [Ine~"v4‘LA‘L“U1LL' 1 Cgi’l f orm of n1e'ny proo‘16*mg" Ml 81 n5"
1‘n d1'L“I‘e4r»&A.1~A*u I‘l’>elui<_. suc'Al 'L1<o' M'Lgt‘lxg'xk“vu‘t'l'c-(.~l [3r00'1"dmn11'nor»»e',
gd'mcr the"o‘l‘vV‘, fl'x'ed p01'nt t11(,>orj , ect.

‘R'eceb.tlng, t~."'o d‘lLF\Ol‘lltl'flo" [l], [L"] \J'e re publl'u"11‘_ed for
solv1'n9* t “.1s y"1‘c‘o‘le‘.'m. "*"11'e 110\V 'alU"'ror1tn‘nI preroc-nt‘ed 1n t11~1's
paper 15‘ V“‘ coxuo 1 x1e t1 on of txxe nle-tllodo° 1‘n [l] @‘d [d’].
It d‘lo°O uo<‘eo“ u“:‘e pl'l'rA01'ple of Sl'tnpll'01'a'l apprO‘xl'm'dtl'on.
The alotrorl'thm b“el.'€ra"t€u“ a'r u" eguC‘nce of‘ "adJ'a'cent a’luroo"t—
como_lexu“entary" 51 mg‘ll ces terhx‘ln‘A'ztl'ng 1'n d’ "complementarjv"
Sl'm_olex. Ever3' pel‘nt 1'n t11‘1‘»“¢» f m'al Sl'mDLleX 1's d'n apLJrox1'—
mate SOld‘tl on to t11'c> coxJ"plementd'-r1'ty problem. The posg°1'—
b1ll »*3' oL“ USl'DQk.‘ suCLI‘ ’e"n a9 grox1mat; on as a DEV-1' ofitartl'ng .
po'l'nt of the alovorl'tm-, \Vlth a i‘mer mesh Sl'ze of the trl—
wb"ul°ut1'or‘, 1's descrl'bed. It 1's tkll s feature combl'ned y1"1'th
VkAer‘a"ble dl'm"en81'ons of tn‘e obl'mpll'oes on txl‘e D_a-th \I’hlch
re-"ua‘lt.e 1'n con51'der-able computd’tlonal sa'v1‘nor‘s compavl‘ed u.'1th
otller JWetl.‘*‘ods. Bes;‘de~° tll‘l's numerl'Cd-l adVM'tage tile al—
gorl'tv.;“m prov1'des constructl‘ve proofs of f. ex. 1.."‘ore”s
ex1'stence t11eorer'lio" l'n (E.

[l] .IA".L. r“; sher and J.vl"‘. Tolle, "A’ g-ene'fi'al algorl'“um for
solv1'n5“' tn‘e nonll'near comp'lementm 1ty problem”,
Gra’dJVate S‘chool of Bus;ness, Unl'ver81'tj‘ of Cr;1'cab*»o
/l975/.

[2] H.J. Lu‘*"tn‘1', "o"‘1mpll' 1‘d’l ap‘g'r0X1'n1gxt1on of a' solutlon
for tthe nonllnear comg'lementarl'ty problem", L1"d'tn‘.Proo"-1-.
9 /l975/. 99- 278-293-

{31 J.J. .1""ore’, "Cld'ssles oi‘ i‘uncc'l'ons w‘d fea51‘b1'll'ty
condl‘t‘l'ons l'n nonlined‘r conx'ple.1.entd'r1ty Loroblerms",
Llath. Progr. 6 /l974/. pp. 517-338.
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ON OPTIML CUTTING PROBLE‘MS

Follow1‘ng a descrl'ptl'on of some exmples of the appll'catl‘or.
of cuttl'ng problems a d1‘scuss1’on of the extent to whl'ch the
ex1'st1'm solutl‘on method can handle these problems 1's carrl -
ed out. v
A case from the glass 1'ndustry 1‘s then presented. l"he cause
results 1'n a two-dl'men81 onal cuttl'ngv problem where large
rectangl es have to be out 1’nto smaller re—ctangles. At the
same tl'me a group of addl't‘l'onal constral'nts’has to be satl's—
fl'ed. The solutl'on method 1‘s a near optl'mal method u81'ng
knapsack fmctl‘ons. It 1‘s shown that‘ the waste can be redu-
ced by approx1mately 50/“0 1‘n comparl'son to the solutl'on
normally used by the compam.
Fl'nally, _the cuttl'ng proble-m 1's v1'evved as part of a larger
problem-complex and 1't 1‘s p01‘nted out‘, that 1't l"s not
always optl'mal only to ml'nl'ml‘z e the '-\Ia°ste.
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CHWCTERIZATION OF LINEm COAV'PL‘EBENTHITY PROBELIS SOLVflLE

BY LIIqu PROGM."H¢III§G

The 11'r.e.ar coxnplementarl'ty proble.m 1's that of fl‘nd."ng

an n-b37-1 vector x such that

Mx + q _> o, x => 0, xT(M.s<+q) = o

where M 1‘s a gl'ven n—by—n n.atr1‘x and q 1's a gl'ven

.n—by-l vector. A necessary and suf‘fl'c‘_'ent cond1‘t1'()n

for the'solvabl'll‘ty of' trle ll'near complementarl‘ty
problenx 1's gl‘ven 1‘n terms of' the sol\rab1'11‘ty of a
ll'near programml’ng pro})lem. Thl's charac.fer1‘zat1‘on

leads to partl'cularly Sl'nlple ll‘ne“ar program1‘ng m.ethods

for the solutl‘on of the ll‘ned'r cornxplementarl'ty problem
for such cases as when M or 1'ts 1‘nverse 1's a matrl'x

w1'th nonpos 1't1've offalagonal elements, or a matrl‘x m11'th

a S'trl'ctly domfi'nmt dl‘a‘gonal cot‘umn—wise or rw-wl'se.
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IoWLIarOS — LksoJ.1vI"‘écs1', tiese-arch Instl'tute i‘or Appll'ed

b‘omputer Sel'ences, Buds pest,

Hungr‘_a*rJ‘
/

EXPE‘R’IENCES {V"ITH T.{*'E' DUAL TXPE GUB AL®1(ITt1'D'.I OF G_K‘IGOLR'IMIS

For a class of decomposable ll'near pro,~ran.m1’nuv probl‘e,.ms

we fomd that the subproblems can very VJell be treated by

the Generall'zed Upper Boundl'now /GW/ technl’que. For certal'n

reasons we have chosen the dual type Gm a1_,-ror1'thm of

Grl'gorl'adl's /Manat,3.ement Sel'ence, Vol.17., No.5., Ja’nuary,

1971/. Gr1'0(,or1'ad1's 30,1‘ves a de‘tal'led descrl'ptl'on of the

al(,"or1'thm, howevel‘ dl'rect codingT of hl's i‘orrrrulas doesn’t

leead to a succesfully work1‘n,.,0 computer pro.wj~am. ¢v"'1‘th a

computer-ml‘nded con31'derat1'on of the alo-Worl'thm, payl'nfl,

spe01'al att,‘ent1'on to error prop—.aJn-atl'on, Vie I1avo, succesfully

1'mplemented 1't and made a serl'es of 1'nstruct1've test runs.

The program appeared very fast despl'te of the addl'tl'onal

heavy lOP‘W1'C and arl’thmetl'c requl'red to control error

propad."at1‘on. Hobl.em al'zes varl'ed from 8 J'Ol'nt constral’ns,

200 ,,_nroup constral'nts, 600 varl'ables to 25 J'Ol'nt constam‘ts,

200 _,DI‘oup constral'nts 500 var1‘(qbles.

In the paper we try to ovl've some detal’ls of the 1'mplemen—
tatl‘on of the al,~.or1'thm and sf.'dt1'st1'cal evalu,‘at1'on of the
t’cst rms.

Our fl'nal conclu91'on 1's that the Grl',,oor1'ad1's a1,cnor1'thm
- 1'n our case - works eff1'01'ent1y.
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L.I..’<1ro’t1' {and J.Stah1, Ltesewch Irlstl'tute for Appll’ed

Computer Sé‘l‘ences, Bur3(a'pest,iqun,v,zzry
 

OHOLVmUN A LA‘i‘GL‘-Sb"‘Am‘ LP PROBE“n1" APPLYING DE ufio‘tl""’POo°ITIOIJ

Evaluatl'nbv a productl'on plan for a screw fd"Ct0rJ‘ having»7

more workbqhops c<qn be descrl'bed by the LP-problem

i = 1,2,00000Li 5 .zxij ‘ Ui
J

1,2,0... 2,°°¢W nZ_t1‘J'kI Xijkl 5' “x:
in]

where

1's the quantl'ty of the 1-th product produced
by the J‘—th technolop_,y,' "

Xij

xl-J.kl 1‘s that put of the above qumtx’ty Vlhl'ch 1's
produced by the bttx ma-chl'ne /00roup/ of the
k-th work.an‘op,"

tl.J.ke‘ ls the correspondlng tlme requ1red,‘

‘1A‘Akt 1'.° the crgxpac1'ty of the l-th machl'ne )<‘?roup of

the 1<—th x'.‘ork_shop,-
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L1. and U1. are lom'er '-and upper bomds for the
productl on of the 1'-th product,‘

are the prolpl't f<1-ctors.id

The number of the products 1'.s about 6000, there are more
then 10 000 p0581'ble technoloon.r1'es and about 50 workshops.
The m‘.x'x1'mal nmber of Llwachl'ne g,roups at a vvorkshop 1‘8 40.

'The problem was solved by a Benders type decomposition°
The subproblems are tI'ansportatl‘on problems and onenerall'zed
trs'nsportatl'on problems and 1'n each 1'terat1'on the extremal
pl‘oblem 1'tself vvas solved by a Dantz1‘a‘~—-.J"'olfe decomp081't1°on.

The paper Drrl'ves the detal'ls of the computzatl‘onal procedures
and presents some results and experl’ences.
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#R0El Marsten, Massachusetts Instl'tute of Teohnology,Alfred
Pl Sloan School of Management,Cmbr1‘dge,Mass.

Thomas L.hlor1'n, School of Industrl'al Engl'neerl'ng,Pwdue Unl—
ver51'ty,ll'est Lafayette,lnd1‘ana

PAWTRIC INTEGER PROGWING.’ THE RIGHT-Hm-SIDE CASE

A fm1'ly of integer programs 1‘s cons1’dered whose right-hand-s1’des l1'e

on a g1'ven l1'ne segment L. Th1 s fam1'ly 1's call ed a parametr1 c 1'nteger

pmgram (PIP). Solv1'ng a (PIP) means f1 nd1‘ng an opt1'mal solut1'on for every

program 1‘n the fam1'ly. It 1's shown how a $1'mple general1‘zat1’on of the

convent1‘onal branch—and-bound approach to 1 nteger programI‘ng makes 1't

p0551 ble to solve such a (PIP). The usual bound1'ng test 1‘s extended from

a compar1‘son of We point values to a compar1 son of two funct1’ons def1'ned

on the line segment L. The method 1's 1'llustrated on a small example and

cmputational results for some larger problems are reported.
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K.Mart1', Unl'verel'ty o? Zu"r1'ch, Zu"r1'ch, Sw1'tzerland

APPROXIMATIDNS TU STUCHASTIC PROGRAMS

Several problems 1‘n st ochastl'c optl' m1'zat1 on can be formulated by

F1‘nd 1'n? EwF(w,x) subJ'ect to the constral’nts
g1.(w,x)<\0, 1'—-l,...,m almost surely
xCU .

where f(m,x) and g.[m,x), 1'-—1,...,m are real—valued Functl'ons o?
a stochastl'c paramelterul‘n a probab1'11'ty space (Q,Pl,u) and a
vector x 1'n a subset U of a normed space X and Em denotes the ex-
pectat1'on operator w1'th respect to m. Problem (SP) becomes e.%.
a stochastl'c program w1'th recourse 1'? we put x-—(x ,x 1, x 6R ,m - . . . o .0.x1.- 9 + R , where x0 1s 1nterpreted as a Flrst stage de0151on and
x1(w3 1's the dec1'51'on o? the second stage whl'ch can be chosen, 1'n
order to satl'sfy the orl'gl'nal constra 1'nts, when the value of the
stochastl'c varl'able w has been revealed to the dec1's1'on maker.
Several theoretl'cal propertl'es of (SP), espec1 ally For stochastl'c
programs w1'th recourse, have been establl'shed by Rockafel-lar and
Nets. To pr0v1'de a constructl've approach to optl'ml'zatl'on problems
of th1's type 1's the purpose ct thl's cont Pl but1 on.
Approx1'mat1'ons to (SP), yl'eldl'n g m1'n1'm1'21'ng sequences, are ob-
tal'ned b‘y (combl'natl'ons of)

a) L1'near1'zat1'on of t and g.,1'——l,...,m w1‘th respect to x,
b) Approx1’mat1'on of the probabl‘ll'ty measure u by sequences of

Sl'mpler measures u ,
c) [Penalty Funcntl'on method) Embedd1'ng of [SP] 1'nto the faml'ly

of problems 1 m
{ Flnd x12L]? ( Ewt[m,x) + e 1.__Z1Ew¢(gl.(w,x)] ) }6>0.

where w 1's a Functl'on su ch that W(t)‘—U tor tc<0 and w(t)>0 for t>0.
Method (c) y1'elds a 51'mple d1'rect method tor the Lagrangl'an and a
constructl've der1'vat1'on of the (stochast1‘c) Lagrange multl'pll'ers
(consl'dere d by Rockefeller and Nets 1'n a more theoret1'ca1 Frame-
work). Sp801'a1 attentl'on 1's pal'd to the questl'on of stabl'll'ty of
a m1'n1'm1'21'ng sequence 0F (SP) under changes of the probabl'll'ty
d1'str1'but1'on u.

[SP]
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J.r".Mawras, Inge’nl’ew a’ la Dl‘rectl'on des Etudes et Recherches
a’ Electr1’01'te’ de Frmce, France

J.NIachado, De’tache’ de l’Unl'ver81'te' Fe’de’rale de Sal‘nte Catherl'ne
BflSIL,Stag1‘a1‘re a’ Electr1'c1'te’ de Frwce, France

“VF

SHORT TEM VVATER mSOURCE‘S ALLOCATION

In thl's paper, after hav1'ng recalled brl'efly the water resow—
ces allocatl'on determl'nl'stl'c problem and the algorl‘tm used to
solve 1’t, we dl'scuss the obtal'ned pract1cal results.
In a second part we descrl'be a practl'cally rea11'81'ble algrorl'tm
to solve the ewe problem w1 th lwge electrl‘cal netuw‘ork. IL" 1‘s
certal'nly qul'ck comparl‘ng w1'th the prev1‘ous one. Th1 s algrorl'tm
ml'xee pwtl‘tl'onl'ng method and relaxatl'on.
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B.Mazb1'c-Kulma, Inst.for Org.Manag .and Cont.301'.Warszav1,P-<

DIFFEMNTIfl EQUATIONS WITH TMSFOM'D meNT m ECONOMIC\\~

‘1HPLICATIONS

In 1969 D.Przeworska—Rolew1'cz gave 1'n Ll]. a defl'nl'tion of
algebral'c derl‘vatl'on. Thl's defl'nl’tl'on 1's based on +,wo cla881'-
cal factS°.
1° that the Voltera ll‘new equatl'on /of the second kl'nd/ al-

ways has a m1‘que solutl’on 1‘n the space of contl'nuous fmo—
t1‘ons.

2° that the derl'vatl've of an 1'ntegral w1‘th respect to 1’ts
upper ll'ml t 1's the 1'ntegrated fmctl‘on 1’n the same space.

Nmely.~
Let X be a ll'new spaces over the complex scawfl‘eld. Vf'e
say that a linear operator D transforml‘ng X 1'nto 1'tself 1'n
an algebral’c derl'vatl‘ve 1'f there 1‘s a ll'near operator R
transform'ng X 1'nto 1‘tself and such that-.
1° DR—‘X and ‘?\)\"CJDD
2° DR=I a.

30 the operator I-‘.R 1‘s 1‘nvert1'ble for every scalar ,% . The
operator R 1's called the alge‘bral'c 1'ntegral.

In thl'S'paper we w1'll cons1‘der dl'fferentl'al equatl'ons contal'nl'ng
an algebralc derl'vatl've. '\Ve w1‘ll gl've algebral'c and nmerl‘cal
solutl‘on of such. Then equatl’ons w1'th trwsformed argment
w1'll be taken 1'nto cons1'derat1‘on,mong others equatl’on W1 th
reflectl‘on.
Fl'nally we w1’ll gl've an exwple of an economl‘c model w1'th
1'nvestment delays taken 1'nto cons1'derat1’on.
As a result of takl‘ng these delays 1‘nto cons1‘derat1 on one of
the constral'nts 1's a dl‘fferentl'al equatl'on w1'th transformed
argment.

References.- -
l. D.Prze\vorska-Rolew1'cz, A characterl'zation of algebral‘c

derl'vatl've,Bull.Acad.Polon.801'.9./l969/,ll—13.
2. - Algebral c derl'vatl've and abstract dl'fferentl'al equatl‘ons,

An.Acad.Bras1‘l.Cl'.42/1970/,403-409.
3. - Equatl'ons v11'th transformed argment an algebral‘c approac11

Elsev1’er Sol'entl'fl'c Publl'shl'ng Company,Msterdm.
4. B.Mazb1'c—Kflma, On an equatl‘on w1'th reflection of order n,

Studie Math.35 /1970, 69-76.
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M', Graduate School of Bus;ness, Unl ver Sl‘ty* of
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SOLVING NONLIIE‘R PRmM"uL'S \J'ITHOUT USIIJG 1d"J&YTIC DER’IVATI-
W.‘S. leT III’. A §"‘UASI—IEVv'lmOII wI‘E‘E'H'OD FOR LDVT‘M CONSTM1x'TTS.

Tn‘e fl'rst two papers 1'n thl's serl es descrl'bed the theory
wd lmplementatl on of a new modlf1 ed NeMon algorl'tm for the
_opt1'm'zat1'on of a no n11near functl'on subJ'ect to ll'neu
1nequall'ty md _equa_11ty constra'nts. Th'at algorl'thm 1's m
exten81 on of Ill-1ff11n’s local varld‘tl ons — approx1'M'te
Nemon method for woonstra'l'ned m1'n1"h.1'za-t'1'on.

Bul‘ldl'ng on the structure developed 1'n Part I, thl's
paper presents a nevv‘ type of quas1'-NeuWon algorl'tm, wnl'ch,
at each 1teratlon, exp’llcl'tly computes a user—determl'ned
number 01“ rows/colms of m approx1‘mated h‘ess;’w matrl'x.
U51'ng a factorl'zatl'on 01“ the cul‘rently actl've constral'nt
matrlx, a cooro‘l’nate system 1's determlned, wd all derl'va-
tl’ve 1'nformat1 on 1's obtalned relatlve to 1't by d1'fferenc1‘ng
fwet;on values 'at fe a51'ble p01 nts. a large class of mat‘rm‘
factorl'zatl'ons may be used, so that spec; a'l structure wd
spar51ty may be exp101'ted.

Accmulatl'on p01'nts of‘ the algorl'tm sat1'sx“y the k’arush—
Km—Tucx'er fl'rst order necessary optl'luall'ty condl'tl'ons 1'f
the obJ'ectlve fmctlon 1's contlnuously d1'L"ferent1'able wd
approprl'artely bomlded. Under sotronorer assuuptlons, every
accmulatlon p01nt of tn‘e algorl'tm also satlsf 1'es a second
order necessary optl'mall ty condl'tl'on.

The rate of convergence of the algorl‘thm 1's superll'new
1'f the fmctl"on 1’s tvv1ce cont1nuously d1fferentl'able wd
there 1's a_u_n1que accuruu_lat1'on p01'nt sat;s:“y1'n5' second
order sfif1c1ency condltlonss.
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AJa’nosMaer, VComput_er md Automatl'on_hst1‘tumof the
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A IEW WTHOD FOR Tfl, SOLUTION OF A STOCMTIC mmmrams
PROBEM OF A. Pfl"KOPA

The topl‘c of thls pfir 1's the numerl'cal solutl'on
of a stochast1 c programm'ng problem of A.Prékopa. lVe
con51'der the nonll'neu programng aspects of the problem.
From the nonll'nem programng p01nt of v1'ew we have a
nonll'neu program1'ng problem w1th only one nonll'new
constramt, a set of llnear constral'nts md a nonll'neu
oba‘ectlve fwctl'on. For thl's type of problems we deve-
med m algorl'tm, whl'ch 1's a conxbl'natlon of the Pl
fea51'ble dlrectlon method of Zoutendl'a‘k, wd the reduced
gradl'ent tecM1'que. The convergence of the metho_d on
be proved, wd we also report our nmerlcal experlences.
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P.I4azzolen1', Un1‘vers1‘ty of Venl'ce, Venl ce, Italy

OONSTRAINED OPD"IMISA1‘ION PROBLEIW8 FOR SE‘T-VALUED FUNCTIOIJS

F1rst of.a‘ll. we present a rev1'ew of‘ known prOpertl es for

unconstral'ned ml’nl'ma of convex set-valued functl‘ons, then we

pass to exa.m1ne the constral'ned problem.

T‘he class1cal results know for convex constralned programs

are extended for set—valued functlone.

rIn order to do tr'hl's, convex1 ty propertl'ess are studl'ed for faml‘ll'es

of sets and a representat1'011 theorem 1's proved for convex set

functl'ons 1‘n terms of "affl'ne,. functlons.

It allows to 1ntroduce a subgradlent relatlon for convex

nondl'fferentl'able set-valued functl ons, that can be 11nked to

the ml'nl'mum condl'tl'ons.

A Lagrange multlpller theorem 1's tn’en proved for an 1'nequa11'ty—

-constra1ned convex problem and a duall'ty tlleory 1‘s developed .

Fl'nally, such a result 1's appll'ed to a general equl'll'brl'um

model 1'nclud1'noo rent or cost from the use of space.
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Zh‘RO-ONE MIXED INTEGE‘R

PROGRAMll‘ING USING

l Nf'ERACTIVL‘ GRAPHICS

Thi's papa-r presents experi‘mental IBb‘UltS of solving 0—1 mi'xed

integ—cr prop,*.amming (MIP) problc*.ns u si'ng interactive graphi'cs.

In thi's applx‘cati’on, graphi'cs' 1.“.c eS'se.ntial to the decx‘sion

rnlaki'ng_ pr0('-e,ss'.

There a_re two plots 1‘n t.he grap.h1‘4-9. data ou‘t,put, (1) the

historj' of the value of erqcl: iIICL’gL7 r varl'able as a lin.e k‘hich

has an angle proporti‘onal to Lhe .\'ariab1e's value for each

value i'n the h1'sL*ory, and (2) a tree di‘agram of obJ'ecti've

funct.i‘on vallle de.gradati0'rx ‘J.§. b‘um of 1'nfc-asibi'11’ties. The

plots are pri'marily used to aid 1'n fi‘xing of vari'ables to one

of their bounds, and to observe. the effect of fii’x’ing operati'cnns.

The plots can alveolbe used to deternline the effect of‘ changes

in solution strategy.

Grarv-nl‘ics output slxowing the u.‘--e of thi's techlxi‘que to decrease

the iterations requx’lre‘d to s olve 0—1 M.lP models will be presented.

The ability to dI.-crea.se. the number of iterations is critically

depL'ndent upon bei’ng able to dc*term1'ne t_he con-trolli‘ng variables

in the model and their values.
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I'hx's ab ility, usil1g the graphics OL".p'h‘-E an: d for w111'ch the

graphics ou'tjyut 1's essentl'al, w1'11 be demonstra'ted.. The

fixixmg of key var1 ables to a bound not only decreases the Size

of the model, but also forces other varl'ables to tac.‘e SpeCl'fl'c

\values.
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$00M CHER CONERGEIJCE USING A IdODEED m‘1"IJO SflP—SIZE
RULE FOR FUNCTION 1.1“'INIIJ“'ZATION

Arm'a‘o’s step—Sl'ze procedme for functl on m1'n1'm1 zatl on
1's mod1f1ed to 1'nclude second derl'vatl've 1'Mormat1'on.
Accumulatl’on 901nts us;ng t_h1's prooe dure we show to be
statl'onuy p01nts V'Jl‘th pos1t1ve seml-defl'nl te He551'w
mtrl'ces.

L. nicLl'nden,Depwtment .of I. lathema'tlcs Unlvers;ty of' Illlno; s
Urbma, Illln01's, USA

DU%ITY IN GAUGE‘ HWMF‘H.“.'JLQ"G

Dual; ty 1'n quadrat1 c, llomogeneous, wd LP programmm'g
models has recel'ved con51 derable attentl on over the years,
reflectll'ng the_ l'mportw'ce wd VVl'desprea'd appll'ca'bl'llty of
models 1nvolv1ng such fundamental structural character1 stlcs.
A swvey of the ll'terature g1ves one the 1mpress1on that
these models are fal'rly mrelated, and l'n addl'tl'on, the
ex1st1 ng Vlorks we almost exclu51'vely restrlcted to the
treatment of J'ust one of the models 1'n a settl'ng of fl'nl'te
dl'menSL'ons wd polyhedral cones. U51'ng the adVa"-nces of the
past decade 1'n the understa'ndl'ng' of duall'ty 1'n extremely
general convex models, we show 1n thl's paper that each of
the models abOVe 1‘s actually 'a Spec1'all get; on of a Sl'ngle
more g_eneral, yet 81mple, model itself' havinbT qm'te
spec;f.1c structme. The model 1nvolves comp051ng Young’s
fmctl'ons w1'th gauge fmctl'ons of co nvex sets, md 1't 1's
completely symetrlc 1'n the sense that the assoc1ated dual
problem 1‘s of the ewe form. Workl'ng 1'n the general non—
polyhedral ad 1nf1 nl'te d1men51onal settl'ng, xve derl've a
unl'fl ed theory wlxl'ch g;ves shup extens1 one of the varl ous
class1- cal duall'ty results to ow broader, morea i‘lex1ble
mdel.
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TOWN .A F~.E‘Nh‘ML mGh‘BMIC bx',0D‘h‘LLIrVG SZ‘STL<‘M

Quax.'tir_eritive ma] yq.i_'ro is used i"ncreasingly-in the social sciexlces,
as a gtlide L‘o det~i"*s.ion--ma“}.'ixlg. Wire 1°o pai'ticular13' true in development
plmning whe.re mathe.matica1 progrmix1g r.e,present<. .1 potentially effective
tool of allalysib‘. In spiL'e of major advanc.e.s in 51go: i.thmic developn1t=nt,
the 01>erational acc.eptance of this tool is seriousljv lxar.1peried by 1n1(d<‘.quate.
softwd're. flle maj01' sour.ee or“ inacleqtlacy 1'4. tne absence of a comnon].y
inte.rpre‘t‘able representation (>f tlle rzl‘ob].cn\, m.ode1 and d.aLa (bv. bor..¥ tllo
socib'al‘ se1‘erxL ist md' tll'e computer) rut .rlx'e o'iffe'."ent .,"~'t88L‘S of analv_s'i..€.

".‘hO. pape*l provides a progrelo',s i‘epor.t on w01‘.k inl"tiate_d and Ull“d€'r~
way at the KJorld Bank' 1‘n recognition or" tlnl's problem W‘lxi"ch obe.truc.t«..‘ the
routine ue‘e of Imighly desirable mathmaL'i‘cal tools 011 a productio11 ba'sl5'.
fie nexv approach under deve.lopment enables a dlrect calmnunication betk'e.en
tlxe matlmemat1‘ca].1y ‘ekilled social .ecientist‘ and the computer, given the
fom.er'ct abilit‘v to correctl3v spec.i.fy a problem in algebraic fom. At L'he
same time, bec.au.9e the alove‘braic repreq.entation of the pi oblem is comptvter“-
treeada'ble tlle're J.'s no loss of infalmewtion 1‘egarding, dat.a or problem .qt'm.ct'41e.
l"lxe. design criteria of‘ the Ilel'l softxvare, a'nd acllievetnents to date- will be
pre.°oent.ed bV. me ans of e.xam1)l.e.9 ra._kcn f.rom '1.r,tual ap11.lication.q at f.110. lJor].d
B'anx‘. It“ in. speculate.d, 111 concluaeion, that the approach incorporates
io‘eas that may lead to a new gelle.ration of modelling softxvare.’
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ON T'HE EXISTENCE. MD WIQUENE*SS OF SOLUTIONS IN NOMIMR

COWLEWNTMITY TM'ORY

A com1emntar1 ty problem 1's sa1 d to g1oba11y un1'que1y $01vab1e
1’f 1't has a un1'que SOIUt1 on, and th1 5 property does not change under
trans1at1‘ons. ‘

A character1‘zat1'on of th1's property, wh1‘ch genera11'zes a bas1 c

theomm 1'n 11'near complemntarl'ty theory, 1's gl'ven. Also, the cond1't1'ons
of CottIe, Karamardl‘an, and More' 1'n the non11'near theory, are a1]
shown t.o be generall'zed by the new msu1ts. In partl'cular, Cottle‘s
cond1't1'on 1‘s proved d1'rect1y and severa] open quest1‘ons concernl ng thl s
cond1 t1 on am settled.
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bIflhI'ercatanl', Inst.d1‘ elabora21'one dell’Inform.C.N.R.P1'sa,I.
B.R1‘nd1‘, Dl're21'one general Ferrov1'e dello Stato,Roma,I.
#A.Volentesta, Un1'v.of Pl'sa, Pl’sa, I.

PROBLEMS MLATED TO CMW PLWING m SCHE‘DULING IN A MIL—

ROM COMM. ASSIGWNT APPROACHES MJD flGORITHMS.

The al‘m of the paper 1's fl'rst of all to descrl'be and
formulate some mathematl'cal progrml'ng problems, VJhl'ch
arl se 1‘n a ral'lroad company, and vvhl'oh we at presen‘t m-
solved, at least as 1’t regards large—scale real Sl'tua'tl'on.
Problems of such a kl'nd we crew and manpower plm1‘ng,
optl'mal tl'me-table determl'natl‘on.
For the crew schedull'ng problem a new algorl'thm 1's proposed
whl'ch 1's based on the upper bound ll'near ass1‘gment algo-
r1'tm. The optl'mal tl'me-table problem 1's formulated as m
optl'mal vertex-packl'ng on a mdl'reated graph, VVl’th add1’-
tl'nal ll’near 1nteger constralnts,- thls 1'nteger ll'new prog-
rm 1's struotwed, 1'.e., l‘t has a block-awular matrl'x of
the constral'nl‘ng system.
Computatl'onal experl'ence has been made on a sample of real
problems coml'ng from the 1'ta11 an ral'lroad company.
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Rg.R. Meer and J. M. Fle1 sher

Un1'ver51'ty of Nl'scon51'n, Mad1‘son, NI'scons1'n

DOUBLE-RELAXATION OPTIMALITY CONDITIONS FOR INTEGER PROGRAMMING

A new class of opt1‘mal1‘ty cond1't1'ons for 1'nteger and m1 xed-1'nteger pro-
gram1‘ng 1's developed, based on the use of two d1'fferent relaxat1'ons of the
feaSI'ble set. Th1's approach 1's shown to 1‘nclude as a spec1 al case the ord1‘nary
(s1'ngle) relaxatI'on opt1'mal1'ty cond1‘t1’ons that fom the bas1‘s for most 1'nteger
programm1'ng algor1 thms. A part1'cular ch01 ce of the relaxat1 ons 1's also shown
to be a general1 zat1 on of the Kuhn-Tucker cond1‘t1 ons 1'n wh1'ch complementar1‘ty
1's replaced by "quas1‘-complementar1’ty", 1'.e., 1't 1's shown that "near" comple-
mentarI'ty of certa1 n "pr1'mal—dual pa1'rs" 1's suff1'c1'ent to guarantee opt1'mal1'ty.
As an applI'cat1‘on of the suff1'c1'ent opt1 mal1'ty cr1’ter1‘a, a procedure 1's g1'ven
for the computer generat1‘on of certa1‘n classes of 1'nteger and m1'xed-1'nteger
problems w1'th gknownot1‘mal solut1'ons. (Spec1 f1 cally, the problems constructed
so far have been of the cap1‘tal budget1‘ng or fac1'l1't1'es locat1 on types.) Exten-
51've computat1‘onal exper1 ence (wh1‘ch w1'll be summar1‘zed) has shown that the test
problems generated are relat1 vely d1'ff1'cult 1'nteger and m1'xed-1'nteger problems,
and are therefore qu1'te su1'table for the test1'ng of solutI'on techn1‘ques. The
s1'gn1'f1'cant d1'fference between these groups of test problems and test problems
prev1’ously descr1'bed 1'n the l1'terature l1'es 1'n the fact that knowledge of the
opt1 mal solut1'on allows the evaluat1 on of heur1‘st1‘c algor1 thms(and other algo—
r1'thms that generate "good" rather than opt1'mal solut1 ons)w1 thout the 1'n1't1'al
expense of actually hav1 ng to compute opt1'mal solut1‘ons for a number of d1‘ff1'-
cult problms.

In add1‘t1’on, these new opt1 mal1’ty cond1't1'ons suggest a number of new al-
gorl'thms for 1‘nteger proram1‘ng as well as a number of new opt1‘mal1'ty tests
that may be added to ex1’st1 ng techn1’ques. F1‘nally, certa1’n verSI‘ons of the
opt1'mal1’ty cond1’t1’ons pem1't post-opt1‘mal sens1 t1'v1 ty analyses to be carr1‘ed
out 1'n a stra1‘ghtforward manner. SI‘mple examples as well as computat1 onal ex~
per1‘ence on larger problems w1’ll be descrI'bed so as to 1'llustrate these con—
cepts.
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R. mfflin, Yale University, New Haven, Ct., USA

M HWMTM NR NONSMOOTH OPTIMZATION

m implementable algorithm for solving constrained optiMzation

problems with functions that are not everwhere differentiable is

presented. We method is based on combining and extending the work

of Wolfe, Feuer, Poljak and Merrill. A certain specialization is the

method of conjugate gradients.

The nonsmooth functions that can be ‘dealt nth are called semi—

smoth, because they are defined to have directional derivatives and

generalized gradient sets which are interrelated in a semicontinuow

mmner. fie class of semismooth functions includes convex and con-

cave functions w w_ell as many pieceMse continuously differentiable

functions and extremal—value fmctions that have generalized gradient

sets as defined by Clarke.

Accmulation points of the algorithm iterate sequence satisfy a

very general necessary optimality condition depending on generalized

gradients of the problm functions. his condition is also sufficient

for optimality if the problem fmctions are semiconvex and a constraint

qualification is satisfied. Under stronger convexity assmptions,

bomds on the deviation from optimality of the algorithm iterates are

given.
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gllé‘87416hi‘ih4(l.r\ff , Iiesec(.rch Institute f‘or Applied Computer
Sc1‘ences, Budapest, Hungary

A h:’I.“l‘I{OD OF SIICCE‘SSIVE OPl‘IL.‘A NR SOLVING fllE Ab‘SIGNhiLi‘Nl‘
PROI3L}.‘P,1'

The optl'ma.l solution of the assiment problem

n n n
(H).' .m1‘nimi94e i__L_1 j—_Z1 cijxij sub.1ect to 3821 x13 —_

n

1, i=1, 2, too, n, X. xij=1y 331, 2, ...,n’

i‘—1

xiJ a O or 1, i, 1‘ —— 1, 2, ..., n

is approached throug,h the optima of a sequence

(AP1), (APz), ..., (APk)
of assi@.nent proble,m5. iflhe fi'rst of these probkms
is defined in such a manner that (one of) its opti’ma
sol_ution(s) may be knoxm, and any problem. occurring in
this sequence, as well as (one of) its on,timal scolu-
tion(s), is obtained from the previous problein by means
of some rather simple mod ificatl'on. The cost matri'ces
C1, CZ, ..., Ck belong,1’ng to the problems (AP1),

(APZ), ..., (Mk), respe.ctively, consist of certain

rows of the cost Am.atrix C of (AP), vzhich is, of
course, possible onlv‘ if. certain rOVIS of C occur 1'n
these m.atrices with multiplicity. }IOV.'.ever, for any in—
te‘g‘er 1 such that 2 ~_‘ 1 _< k Cl contal'ns at least

one more different rov.'s from C than Cl_1, and hen-
ce (Mk) coincides with (AP) a.nd k _’« n. (Ck cm

dif.fer f.rom C only in the order of rows wd columns.)

The cost matrix C1 of +,he initial problem is chosen
in the following manner. If 11, 12, ..., in are row

indi‘ces such that cikk <_ c1k, c2k, ..., cnk for k -—

1, ?., ..., n, let C1 be the matrix the kth row of

which is equal to row 1k. of C. IIence the optima

solution of (AP1) is _p,iven by the for.nu1ae x1'1 .— x2'2

= ... - xn'n = 1, xi'J = 0 for 1 fl 3.
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The +,r.ansj.f.ion from (AP1_1) to (M1) is reall'zed
by solving, a modified 2.5k,oi.mme,nt problem Vlith (n+m)x
(n+m) variables where 1 <. m-é n-1. 1"he f.eaA31'ble
~solutions of this modified problem are regarded as
(n+m)x’(n+m) permutati on matrices partl'tioned in the
follow1'ng way '

_.Y_1 .1. ..Y_1_.2
Y = ..Y_2..1...=’...Y._2,2

Y31 .‘-'Y32
v.'here Y11 and Y21 are (n-m)xn and mx‘n subma-
trices, respectivel.v. The modl‘fl'e,d proble.m is formul-
ated as fo_110\.x's.'

n+m n+m
(APh.").' m.in1'm.1‘ze X Z d y subject to

1——1 3——1 13 13
n+m n+m
Z = 1, i = 1, 2, 9-0, n+m, '2'.

j——1 j‘ 1=1

= 1, j —— 1, 2, ..., n+m, (iii) yij —- 0 or 1,

i, j' __ 1, 2’ ._., n+m, (l'v)r Y12 = 0, ‘(v) the value

of the ob jectl‘ve function belonging to my solution
satisfyl‘ng (1') - (iv) does not eyxceed d11 + d22 +

(vi) Y3154 o.n+m , n+m ’

u°olving (APBI-) requires at most mn‘fl‘ arl'thmetic O‘Der-
ations. The total mount of. fierl‘f’hmetic ope,rations
ne eded to solve (AP) b,y means of thg .mef.hod of succes-
sive onf,ima does not EXCP,9.d (n+1)n /2.

M. Ifll'nom, Centre Natlonal d’E"tudes des Te’le’commm1 cat;ons,
b‘rance,

CIRCUITLE‘SS‘ GWHS, GL‘M*"MLIZE‘D DWMTIC PRmim‘"'u,1"‘mG MD
UPLICATIONS

Path’f'lndlno“‘ PrOblems 1'n /f1'n1'te/ ol'rC'm‘tless graphs are
studl'ed, wd 1't 1's sho_vm how the dynamlc probrrd'mxul'ng prlne'lple
cm be extended to a vv'lde class of problems. A nmber of
eXa'mples are gl'ven.
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4M.T.M1'szczfiskl', K.R.strzelec, Unl'verel'w of maz, mdz, Poland

AN OPTIMAL CUTTING ALGORITHM FOR RECTANGLE EIEMEN'I‘S

An optm"zat1'on of cuttm’g stock problem comel'ets m'

solvm' m'tveger lm'ear program° problem (In). m such

a problem each varl'able 1‘s comected “'1'th ell’ttm' pattem ,

some constrax‘nte refer to demnd of ordered elements, other to

eupph of stock mterl‘als. The purpose of optm"zat1‘on‘ 1‘s,

most of all, to mm'm"ze the cost of eatl'sfym‘g the d~epmnd

or to m'm'l‘ze 'the pe.rcentage waste. The greater nmber of

ell'ttm’g patteme 1's used the better effect1'v1'w of object

fmctl'on 1's attam’ed. mm‘s of d1'ffere.nt fea31'ble patteme

1's e c ombm'atorl'al problem. m practl'ce fm’dm’g all the

fe331'ble patteme 1's 1'mp0551'ble.

For one—dl'men61'onal problems there en‘sts the abl'll'w of

fm'dm'g an optl'ml solutl'on. For solvm’g these problems, 1't

1's necessam, 1’n each step of sm’plex method, to rm'a,» the

solutl‘on of the "hapsack problem".

In the case of mo wd more dm'ensl’onal cuttm' stock.

problems 1't 1's posel'ble to fm‘d-an optm'l solutl'on by the

use of the gul'llotm‘e,cuttm' method.

In thee-dl'mentl'onal praotr'cal problems the use of gm’llo—

tm’e cuttm' method 1's ju*st1'f1"ed (for teoM1'cel and pMel'cal

reasons) whl'le m' mm Wodm‘ensx‘onel’ cuttm' problems tm'e

method 1's less effect1’ve (1'.e. m’ the sense of object Mo-

t1'on).
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Imorm' the gul'llotm'e outtm‘g method one can get better

solutl'on but then one must solve the IPL proMm w1'th the

sfifl’ox’ent umber of varl'ablee. Wt umber 1's eflfl'cl'ent 1't

depends on real problems m' m‘d. ‘In em case 1't 1's a are.,a"t

one. Be31°des thl'a makm' of new patteme, accordm' to other

methods, 1's mdl'mcted (contram to gul’llotm'e method).

The Authors present an algorl‘tm that enables makm'g the

all'ttm'g pattem for demnd defm’ed as -s\mll rectangle ele-

ments and supply as one large rectamle (1't my be el'ther a

sheet or a bale m’ practl'ce). The algorl'tm allows to obta _m"_.

mam pattems whl'ch are necessam to fm'd m'gh effeotl've sol_u-

tl‘ons of 1% problems. It also has the v1'rtue of obtam’m’g the.

patteme m' short computer. tl'me. MMtl'ple appll'catl'on of lithe
. . Arh.e . .

algorltm 13 the heart ofgmethod of solvmg outtm stock pro-

blem.
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V..'.“ G#Ml'tra, Brmel Unl'ver51'ty/Un1 com Consultmts, Englmd

\\\UIW.' USER IMEMACL" FOR I%‘T1E.I‘M’TICM PRWWlING

A newly developed modelll'ng system .' UIW 1's descrl'bed 1'n

thl's paper. USL'ng thl's system mathemtl’cal program'ng

models can be generated and tllel'r solutl'ons analysed and

reported. The structure fac1’11‘t1'es emedded 1'n the system

allows the underlyx‘ng structure of a user model to be at

once captured and the model can be germanely def1'ned.

The use of the system 1'n more than one context 1’s also _

1'11ustrate'd.

W3yrlond and B.D. Craven, La Trob e Unl'lver31'ty_wd Melene
Unl'ver81ty, nustralla

SWFICE"NT OWIM‘ITY CONDITIONS b‘OR COMM PRWRMflr.A"‘mG
fJ‘ITH q“UASI4ONCAW" CC‘NSTMMb‘

Co n81'der the_pr8blem, to ml'nl’m'ze f|’x)‘ subJ'ect t.o
gfix -20, wherelzR ‘—> R and _g : Rn me are .dlffe—
ren 1'able fmctlons. filmgaswlm has glven sd‘flclent
Lagranoyew CODdl'tLIOn‘S for x0 to be w ‘optl'm'el p01'nt,
when f 1's pse ado—convex and g- 13 qua51—concave
whenever g-[x$- O. Var;ous authors have recently ex-
tended theée' _d_51'm1'lw results to the problem, to
ml'nl'ml'ze R_>f-z,z\ suba'ect to g Kz, z')—VS, where\
f.- can» C md g.- Can—,\ Cm are walytl'c functl'ons,
md b‘ 1's a convex cone. Suff1'c1'ency theorems vvere
obtal'ned', assuml'ng that t has pseudoconvex real put,
wd g‘ 1's concave .w1'th respect to o‘. .The latter was not
makened to qua51-concav1ty for tn‘e tlght constralnts
only, Sl'nce gk’a,a‘\ on the b_oundary of the cone S
does not col'respond to certaln components of ska,*a)
vwlshlng. uv'e sho-xa n'ere hovv‘tm assmptl'on on g cm
be weakened to guaSL'—concav1ty m'th _respect to a co_n—
vex cone contalnl'ng S. V'men' S _18 polyhedra l, thls
co~1responds to qua31concav1'ty over tlght constralnts, as
1'n the real case.
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______h__,______________LJ.IIonir’l — Hr.\‘TJ-’.a'(1"rih\..ol_' 1', Iil‘ghVJa y Transportatl'on Llesearch
Insti‘tute, Budapest, Iimg.am.

wit.mko’- L.1{1'ra’1, Computer and 1Xutomati'on Instl'tute of the

liunbcari‘an Academ.y of .J°c1‘ences, mdapest,

Ilrunosar_y

   

STUDIES ON ANALHICAL TMFFIC FOHCASTING AM ASSIGMNT.

Because of the large-scale development of the motori-
zation, the development of the nati'onal road network has an
important place the long-range obg’ecti'ves of the transport
development. The future demands in roads can be determined
on the ba51's of the growth of traffi'c demands and of the ob-
J‘ecti'ves of land use development.

Among the aspects of the land use development the fol-
low1'ng ones seem to be most i'mportant,' sat1‘sfactor.y connec-
ting and exploring of the settlement network, promoti‘ng of
the industri‘al development, approachabi'li'ty_ of the holi‘da.v
resorts and excus1‘on places and assuring the 1'nternational
connecti'ons.

In addi’ti'on to the unti'l now for the d etermi‘nation of
the traffi‘c demands used "proa'ecti've method" also 1'n Hunga—
r.y emerged the necessi't.y of the "anal.yt1’cal method". The
latter method determi nes the traffi‘c demands as a fmction
of the alterations of the soci'al and economi'cal structure
and can form the bas1 s of a new method of the road network
plann1‘r.g.

Concerni'ng the traffi'c demands, the models of the week-
da.y, weekend and internati‘onal traffi‘c semratel.y have been
studi'ed.

In respect of the weekday. traffi'c, more detai'led stu-
dies have been accompli‘shed and a chai‘n of computer progam—
mes has been constructed. The follow1'ng tasks have been sol—
ved-.

— selecti'on of network models and zones,
- ana1.ysis of the structural data of the zones,
- establi'shment of a trip generati‘on model, cons1‘de—

ri'ng the acce831'bi'lity. of the zones,
- establishment and calibration of the trip distri'bu-

ti'on model,
- elaborati on of the mi‘nimum impedance path fi'ndi'ng

algorithm and of the traffic assi‘gnment s.ystem m-
der capacit.y restraint.

The paper discusses the models and the chai'n of com-
puter programmes whi'ch have been tested on practical prob-
lems during the traffi‘c studi'es of the variants of the mo—
torway.s M 3 and M 6.
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‘1‘.\V'.lioli'ne, Uni‘ver51'ty of Cali'fornia, Los Angeles, USA

A THE‘OIiY Owl iYESOWYCE ALLOCATION AND A DECOMPOSITIONT R'E‘THOD
FOR RMTHEMTICM PROGWING '

Resource allocation theories have probably uisted since the tme

_-"resource allocation problems were first recognized. Decomposition

-.methods to solve these problms, hwever, have cme into existence 0nly

within the 18st several years. One characteristic distinguishing this

‘study from others in the field is the smultaneous presentation of a

mthmatically rigorous allocation theory of broad practical mplications

‘I'together with a ample an'd rcady—to—m‘plement decmposition method.

We dissertat‘ion starts with a revi_ew of the decomposition methods

‘relwmt to the study, and then proceeflls from the general concepts of

theoret ical mportwce to lthe particularizations of practical relevance.

'mese are represented by a method and an algoritm for solving mathma-

itical progrmiing problws by decmpos.ition.

me generality of the theory ensures wide applicability of the

_.‘v"prmciples developed. In fact, any sysctms in which the subsystm

v efficiencies can be quantified are candi.dates to be optmized by the

'auggested ap'proach. Such systms may even not be represmted by a mwel,

{in which case the theory becomes a practical decision making tool. In

s'ystws represented by a model (analytical, sMulation, etc.) the

iterative' reallocation process can be easily set up mulating the steps

presented in the mathwatical'progrming decomposition method.
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The coordination schme used in the method, is based on the Lagrange

multipliers of the subproblems, interpreted here as the "efficiencies".

with which the different subsystws utilize the shared resources. In

the search for an optimal partition, resources are taken frm the less

efficient subsystws md gi.ven to the more efficient ones, in an itera—

tive process that ends when the efficiencies of all subsystems are

equalized and no further reellocations are necessary.

We specific mplwentatio.n of the method results in an algoritm

for separable geometric progrms, by means of which an exmple is com-

pletely solved. mis ample is useful both for showing the steps in—

volved in the algorit.m, and also for illustrating the mai.n advaxxtage

of the dec_mposition approach, nmely, the simplicity with which the

wbprob.lms can be solved when they are isolated from the total problem.
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S.M.hIovsp_h_o_v~1'tch. Central Economi'cs Mathematical Institute,
Academy of Sciences of the USSR, Moscow.
T%‘ STRUCTUM OF H‘VEL SETS OF TH DUAL FUNCTION ALYD TM
CONWRGENCE OF SOIfl‘ hl-L"THODS OF CONW*X PROGRAWING.

Let us consl'der a convex programme
f(x)- sup under conditions g(x)>,0, xeRCET’ (I)

It is supposed that 1’nt R #Q, f(x), g,-(x), 1' —- I,...m,
are differenti'able functions 1'n R. Vie shall denote F(x,y)_-
—-f(x)+yg(x), yeE,“, xeR and w(y)_—xs"euRpF(x,y). Together with

(I) we consider the dual problem

My)» inf, MEL“. (2)
Lema I. Let problems (I) and (2) be solvable, X9, Y.-

sets offtei‘r solutions, x,n i'nt R #Q. Then Y, is a poly—
hedral set.

Let vf(x) be a gradient of a functi'on f at a point x,
vg(x) be a Jacobi‘an of a vector-functi'on g.

Assumption A. Argmax F(x,y)=X(y), X(y)r\ int R #Q for
all yeEZ‘. “R ’

Assumpti'on B. There exists such a constant h that
|x’-x‘l\<h for all x‘, x1€X(y)_ and an arbitrary y.

Assmpti‘on C.‘ Mnction f(x) 1's strictly concave on R.
Assumpti'on D. There eXi’st s°uch XL that gL-(x‘)>0,

i—‘I,.."mo '
Lema 2. Let g(x)—_b-Ax, assumptions Aand B hold and

the coTniions of lema I take place. Then the function
Y(y) and the mappi'ng X(y) are constant on the set Y(c)-.
{ye E+“.' yg(x*)—-O, ng(x*)-c} for all vectors c and .‘
x‘e X.n1’nt R.r

It follows from these properti'es of the sets Y(c) that
the subgradi'ent method and the alternati'ng coordinate direc—
ti'on method of mi‘ni'mi’zati'on converge Vi'thout the requi’rement
of boundness of the set Yo . Vie desc ri'be the latter method.

Let an arbl'trary y°e E+n be given. On the t-th step we
defi'ne .(

yt - yt'1+ Qte‘t), t_—I,..., (3)
where the k-th component of e“e Emi°s equal to on.e and the
others are zeroes. T‘he value of Gt 1's detemi'ned by the con-
dition .

YW") = m 1 nwyH + Bed“) (4)
9-33-3020

The sequence 1'(t) can be cycli‘c, for example. It is
shown that thi's process cOi'nC1'des with the relaxation
method [I].

TheoremflI. Let g(x)-_b-u, assumptions A, C and D hold,
the proemsI) and (2) be solvable. Then the sequence yt
defined by (3), (4) converges to Yo. The corresponding sequ-
ence xt converges to the solution of (I).



199

The subgradient method is gi'ven as a process of the
follow1’ng 1'terat1‘ons

yt __(yt'i _ dt_11(ytd))+ , t .— I,..., (5)
where a* —_ a 1'f a,>0 and a+ —— 0 if a<O, dt is a pael'ti’ve
nmber, 1(y) is a sub radient of W at a p01'nt y.

Theorem 2. Let g x) _- b - M, assumpti'ons A, B hold,
the prfloblemsl) and (2) be solvable. Then there ex1’sts
sum a a>o that the sequence yt defi'ned by (5) converges
to Yo when 05 dté d, at» o as t*°°,id£=oo.1f the function

Q1

F(x,y) is stable 1'n relati'on to x then the sequence xteX(yt)
converges to X0.

Bi‘bll‘ography
I. L.M.Bregmm. The Relaxation Niethod for Fi'nding a

Comon P01'nt of Convex Sets and Its Appll'cati‘on for Solving
Convex Programes. Journal v1'ch1'sll't. mathem. 1' mathem.
physx’ki', 7, Iv'°3,I967.

#J.st'.m"ulve , vawd Uni'verSiby, Boston, I»;"assachusetts, USA

DESIGINT MID fiSTING On“ A MT.J"URK-BA$‘D O—l INfiGER PRWW
MING CODE

Th1 5 paper descr1'bes the des1‘gn and 1'mp1ementat1'on of a modu1ar,

0—1 1 nteger program1 ng package. The des1 gn 1's constructed accord1 ng to

the author‘s ne‘t‘vrork' re1axat1’011 concept 1'11 wll1‘ch trl'e pure 0—1 1'nteger

program 1's transformed 1 nto an expanded network model. An eff1'c1 ent branch

and bound procedure 1's used to re501ve non—1'ntegra11't1'es of the or1 g1'na]

1'nteger form. The advantage of th1's approach 1's the ut1 11 zat1'on of a net-

work for fathom1'ng subproblems. A compar1’son w1'th the trad1‘t1’ona1 11'near

progranm1 ng relaxatI'on 1's 1'nc1uded.
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_____‘___1,KattaG Murt Dept. I.O.E. University of Michigan,Ann Arbor,
USA

ON SIIIIPLE CONVEX POLYTOPES AND ABSTRACT POLY’I‘OPES

Let A be an m x n mtrix and let K be the set of feasible solutions of

M = b

x __> 0

We assm that bERm is not in the linear hull of any set of m—l colum

vectOrs of A, md also that K is bounded. Under these assumptions K is

a simple convex polytope.

It is well how how to construct an abstract polytope P, corre sponding

to K. fie sMol j is associated with the variable xJ.. The subset of

sMols associated mth variables which are equal to zero at an extreme

point of K, define a vertex in the abstract polytope P. Conversely,‘

every vertex of P is associated with an extreme point of K in this manner.

Miomtically, abstract polytopes can be defined as a class of subsets

of a set {l,...,n} all of the same cardinality, and satisfying certain

connectivity axiom. These subsets are called the vertices of the abstract

polytope. Even simple convex polytope is an abstract polytope, but the

class of abstract polytopes tums out to be larger than the class of

simple convex polytopes.

We discuss some recent results on the necessary and sufficient conditions

for m abstract polytope to be a simple convex polytope. We also discuss

som recent results on edge paths in simple convex and abstract polytopes.
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H.1vlu"ller-Merbach, Technl'cal Unl'ver51'ty of Darmstadt,Darmstadt,
lVest Germ'wy

DEVELOP-IT—YOURSELF PROGWS IN MTHEMTICfl PROGWAING

Wthemat1'cal Program1’ng techn1‘ques seem. to have a strong appeal to mathemat1‘cs-

or1’ented students, but l1'ttle appeal to problem-or1’ented students. The latter do
1'n general not enJ'oy algor1‘thm1‘c deta1 ls even 1'f they need them for solv1'ng a
pmblem. For th1's group, several develop-1't-yourself programs were drafted.

In these programs the students develop the algor1 thms themselves step by step.

For th1's purpose, some 10 to 20 d1‘fferent problems (examples) of the same mathe-

mat1'cal structure and-w1'th 1 ncrea51 ng degree of complex1'ty are used to mot1 vate

the student. The students start to solve the $1'mplest examples by means of comon

sense. Th1’s commor: sense 1's then systemat1 zed by the follow1 ng text 1'n the sense

of "What you actually d1'd wa.s subtractI'ng the row m1'n1'ma from the s1'ngle rows and

ass1'gn1'ng elements at the y1‘elded zeros...". Such a step 1's a part of the algor1 thm

and w1'll nvow have to be ref1’ned when solv1’ng the next example, followed by the

text.‘ "What‘ you actually d1’d was..."‘.

Such programs may requ1're a l1'ttle more student's t1'me than the trad1't1'onal
teach1'ng approach . But 1't has the follow1'ng advantages.-

(1') The student becomes fam1'l1'ar W1'th many d1'fferent problems of the same ma-
themat1 cal structure wh1 ch may mot1’vate h1's learn1 ng and may 1 ncrease h1's
problem senSI't1'v1'ty.

(1'1') The student usually gets a better 1'ns1'ght 1'nto the algor1'thm, e.g. the
algor1‘thm and 1'ts s1’ngle steps become plaus1 ble to h1'm,- h1's understand1’ng 1‘s
not only mathemat1'cal and fomal. H1's understand1‘ng 1's less abstract.‘ 1‘t 1's
more "systemat1‘c comon sense".

‘(1’1'1') Many students do enJ'oy these programs, due to the examples and due to the1'r
sat1'sfact1'on and success wh1'le solv1'ng the examples.

(I'v) As a consequence of (1'1'), the students develop a good ab1'l1'ty to expla1 n

the problems and algor1'thms to others.

(v) Due to the exper1‘ence w1'th d1'fferent examples and due to (1'1') the students

seem to develop an 1'ncrease ab1’l1'ty to program the algor1 thms for computers.
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At the moment, the follow1 ng develop-1't-yourself programs are completed or under
development.' Ford-Fulkerson algor1'thm for the 11 near a.ss1‘gnment problem,' pr1’mal
as well as pr1'mal-dual algor1'thms for the l1'r.ear transportat1 on problem,-
s1‘mplex-algor1’thm for 11 near programm1'ng,' sens1 t1 v1‘ty anal‘ys1‘s and parametr1 c
programm1‘ng 1'n LP,‘ cuttI'ng plane techn1 ques 1'n 1 nteger program1’ng,' branch and

bound. Others w1‘ll follow.

S.C. I.lueller, Ell’ L1'lly&Company, Lafayette, Indl'ana
 

G.V. Reklal'tl's, School of Cheml‘cal Mg.1‘neering.,
Purdue Un1°ver51‘ty,, ll‘. Lafayette, Ind1’ana

 

OPTIsI'ML Du"fiSIGN OF PROCE‘SSES l.I“ODE*LLED IN POSYNOI.IVIAL FUNCLmIONS
USI_NG o"E‘PAMBE‘ PROGMLP.'mTvING

As 1 llustrat.ed by a large scale model of an amwn1'a syntheSI's loop,

masonably pmc1 se models of chem1’cal processes can frequently be fomulated

1'n tems of posyumomI'al functI'ons. T.1'e msult1 ng posynom1 al .equal1'ty and 1‘n-

equal1'ty constra1’ned opt1 m1’zat1 on problems are only ame.nable to geomtrI'c

program11'ng solut1'on techn1'ques 1'f the equal1'ty constra1'nts can be memu-

lated as 1'nequal1't1‘es. In large process rnodels th1‘s 1‘s generally d1 ff1'cult

to accompl1 sh. In th1 5 paper \ve use a well-known transfomatI'on to convert

suc_ h problems to a non-convex and sparse but separable pmodram \vh1‘ch can be

solved us1'uwg separable programmI'ng and sparse matrI‘x technI'ques. Tn'e m=.thod

1's appl1’ed to the opt1'm1'zat1'on of the des1'gn of the synthes1 s lwp of an

aw.wn1'a process — a l11'gh d1’m°.ns1'onall'ty pmblem v1h1'ch 1‘nvolves a large numo'er

of equal1 ty constraI'nts. Como ar1 sons are q.1‘ven w1'th convent1 onal solut1‘on

a4Jproaches.
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L.Natall', Unl'v.of Pl'sa, Pl'sa, Italy
B#.N1'colett1' All'tall'a Spa, EUR-RORM, Italy

MPOWE‘R STMFING AT M AIMORT.‘ A GENEMIZED SET COVERING

PROBLEM

The problem 1's con31'dered of manpower staffl'ng at w al'r-
port. Some mathematl’cal formulatl'ons are 1'ven. The fl‘rst
cons1sts 1‘n a nonll'near 1'nteger progrms NIP/, whl’ch 1‘s
decomposed, bymeans of Bender’s procedwe, 1‘nto a sequence
of ll'nefl 1‘nteger prob"rams /ILP/,- an optl'mal solutl'on gl'ves
us the ml'nl'mm requl’rement of manpower at an al'rport. TVIO
algorl‘tMS are dl'scussed°. the former decomposes the NIP
1'nto ILP,- the latter looks at on optl'mal solutl'on of every
ILP 1'n a sequentl‘al way.
Anot.her problem 1‘s d1 scussed, 1'.e., the problem of determ1'-
nl'ng the optl'mal levels of personel at an al‘rport, 1'f the
average lengfi.s of several ques are gl'ven. Such a problecm
leads us to a stochastl‘c ver81'on of the precedl'ng NIP.
Bender’s procedme 1's shown to enable us to gl've upper and
lovver bomds for the dl'strl'butl'on fmctl'on of the m1'n1’mm
of NIP.
Computatl'onal and software aspects are dl'scussed 1'n comec—
t1on Wl th experl ences made on sample real problems.
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dKTausNeuma, Un1'vers1'ty of Kar]sruhe, KarTsruhe, Nest Gemany

OPTIML CONTROLLING 0F GERT NETWORKS

Dec1's1'0n act1'v1'ty neWorks (GERT networks) w1'th s1'x d1'fferent types
of nodes (correspond1 ng to the prOJ’ect events) are 1nvst1'gated, where to
9am arc are ass1 gned the duratI'on (a random var1'ab1e w1'th g1 ven d1'str1'-
but1'on) and the cond1’t1’ona] performance probab1'11'ty of the correspond-

1'ng act1'v1'ty." Nodes w1‘t.h and entra.nce and .w1'th 1'nc1us1've-or entrance
S1'de as weTT as nodes w1 th determ1'n1'st1'c ex1't $1'de are supposed to
occur onTy w1‘th1'nso-ca11ed bas1 c elements that can be reduced to
structures conta1‘n1 ng only "steor nodes" (nodes w1'th stochast1 c ex1't
and exc1u51've-or entrance s1'de).

The t1‘me schedu11 ng of those GERT hemorks con51‘sts 1'n calcuTat1'ng
the probab1‘11’t1‘es that the d1 st1'nct tem1‘na1 events occur and the
d1’str1'but1 on of proa’ect durat1 on g1'ven that a certa1'n term1 naT event
has occurred. In do1 ng th1‘s so-caTTed act1’vat1 on numbers and act1'va-
t1 on funct1'ons of nodes are 1'ntroduced.

As c0ncerns cost schedu11'ng, 1't 1's exped1 ent to 1'dent1’fy the poss1'b1e

p011'c1'es (1'.e. mapp1'ngs of the t1'me ax1's 1‘nto act1 on sets) w1'th per-

fomance probab1'11't1'es of act1'v1't1'es depend1‘ng on t1'me. The m1'n1'm1 —

zat1'on of the expected prOJ'ect costs, 1'nc1ud1 ng costs ‘depend1 ng on

the total prOJ‘ect, the events, and the act1‘v1’t1‘e5' of the prog’ect,

Teads to an opt1 ma] controT probTem. The cost funct1 onaT conta1’ns

s1'mp1e and doubTe 1'ntegraTs subJ'ect to 1'ntegra1 equat1_'ons as restr1’c-

t1'ons. That probTem may be soTved by means of grad1'ent methods 1‘n

H1'1bert spaces.
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J.L. DT.1'colas, Un1'versit_y of IJITF.OCIL“9°, /Frarnce/

 

NON'IJIM‘AIZ OPTINHZATION IN INTL"GP,“RS PROBmlfl‘S Am HIGHLY
COl.Il“Oo°ITUL‘ MH.IBJV"ARS

Scl't d(n) 1e nombre de d1'v1'seurs de n. 0n d1't que n est

hautement comose’ 51' m < n ”— d(m) < d(n). Cette de’fl’nl‘tl'on est re11'e‘e

a‘ la recherche de '. max d(n). Sl' l'on de’compose n en facteurs preml'ers,
x. n<‘a

n —- H pl. 1 , on a .' d(n) *— H (x1. + I) et ce proble‘me dev1'ent un proble‘me

de programat1'on mathe’matx’que .'

xl log 2 + x2 log 3 + ... + xk log pk + ... \< A —- log a

max(log(x1 + I) + log(x2 + I) + ... + log(xk + l) + ... /\

Les me’thodes ut1'11'se’es en the’or1’e des nombres par S. Mmanuj'an

P. Erdo"s et mo.1'-me“me, peuvent s'adapter pour re’soudre des proble‘mes

d'optl'ml'lsatl’on en nombres entl'ers et fournl'ssent des algorl’thmes de

calcul tre‘s rapl'des.

LEeres -

I) Etant donne‘ un entl'er C trouver n, et des entx'er‘b
n

x , ..., x tels que x + ... + x -— C et max1'm1'sant H x.
n l n 1._l 1

Optl'ml'zatl'on

1'

Ce proble‘me e'tal't pose’ par T.L. Saaty dans son 11'vre .'

1'n 1'ntegers and related extremal problems

2) C e’tant donne’ et a et 8 e’tant re‘els, trouver K et y

entl'ers ve’rl'fl'ant a x + B y <‘ C et max1'm1'sant x y.

3) Dans le 11'vre de G. Hadley '. " Non ll'near and dynaml'c

program1’ng ", p. 362, un proble‘me de stockage des p1'e‘ces de rechange

d'un sous-mar1'n, en supposant que la probabl'll'te’ de rupture des pl'e‘ces

su1't une 101' de P01'sson. G. Hadley tral'te ce proble‘me par la programatx'on

d namx' ue, ma1.'s notre me’thode s' ada te.y q 3’ P
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J.\J'.111'eu\:'emu1'g°, L“conon‘etr1'c Inst1'tute,Un1'v.of Gronl'ngen, 17.~L

SL"‘PARV\’TI1."G SL“1"S \A"ITI{ RL“MTIV‘L" l‘IIT‘L‘RIOR Ili' 'PRN‘IH'DT SPACL"‘S

A separatl'zlg tlleorern, vall'd 1'11 fl‘nl'te dl'rllen51'011al spaceg", md 1'11—
volv1‘ng the relatl've 1’11ter1'or of the setvu to he s cparated, 'xll‘ll be
c—xtexxded to P're'chet‘ qugceg°.

i’“h1's theore‘nn \Vl‘ll be elu01‘dhnted by I‘Alems of a f‘e'Vl exmllple".. The
ngecond qfiopara-tl‘on theorem~ 1‘s" a gexlcr,all'zat1‘on of’ an ex1'st1'nrg
sepgnrat1'011 theorem, Vgl'll'd 1'n b‘re’chet spaces. Thl's pa-per con51'sts of
tV’JO pnurts, paurt I 0011u*c11'n"u the fl'rst' t'IlooreI.X', the second part contal'ns
the second 5 enerall'zat‘l'on.
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J.A.E.E. van Nunen, E1'ndhoven Un1'vers1'ty of Technology, El'ndhoven

The Netherlands.

COMMCTL'NG WOV DECISION PROCESSES

 

Based on the concept of stoppl'ng t1'me a set of succe551've approx1’mt1’ons

procedures for Mrkov‘deCL'SL'on processes w1’th respect to the total ex-

pected reward cr1’ter1’on, can be generated. Every. (nonzero) stoppl'ng tl'me

yl'elds namely a monotone contractl'on mappl'ng on a complete metr1'c space

(V) of real valued functl'ons on the state space. Thl's state space 1's

supposed to be countably 1'nf1'n1'te or f1'n1'te. The f1'xed p01'nt of the

mppl’ngs equals the total expected reward (V*) over an 1'nf1'n1'te t1'me

hor1'zon 1'f an optl'mal poll'cy 1's used.

Thl's fl'xed p01'nt 1's thus 1'ndependent of the chosen stoppl'ng t1'me.

me set of optl'ml'zatl'on procedures can be extended by defl'nl'ng for each

mppl’ng of the mentl’oned set .a set of value or1’ented" mappl'ngs. Though,

a mappl'ng A from th1's extended set needs not to be_contract1’ve nor

monotone 1't rem1'ns that the sequenCe

e V, n emv .'= A v , vn n- l 0

* . . . . .
converges to V . stng the concept of stopplng tlmes leads to a unlfylng

approach,‘ the constructed set of methods l'ncludes the ex1'st1'ng methods

for solv1'ng Markov dec1'51'on processes as 1'ntroduced by R. Howard,

N. Hastl'ngs, D. Reetz and J. MacQueen and enables us to construct upper-

lowerbounds and suboptr‘mll'ty cr1'ter1'a.

me results are acn‘l'eved under less restrl'ctl've condx'tl'ons than usual 1'n

11'terature,' an unbounded reward structure 1's allowed and the tran51't1'on

probabl'll'tl'es are not requl'red to be str1'ctly defectl've.

If the p0531'b1'11'ty of mkl‘ng dec1'31'ons 1's 1°gnored, the problem results 1'n

solv1'ng a system of 11'near equatl'ons of the fom

(I-P)x - b

w1'th I the 1'dent1'ty matrl'x and P a sub-Markov matrl'x. The constmcted set

of solutl'on technl'ques then contal’ns e.g. the Jacob1'—, Gauss-Se1'del-, and

overrelaxatl'on 1'terat1've methods for solv1'ng systems of ll'near equatl'ons.

In the lecture some aspects of the above theory w1'll be treated.
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8%80ren, UPsaAlo Alto Research Center, Palo Alto, Callfornl'a

COMBINED VARIABLE METRIC — PARTIAL CONJUGATE GRADIENT
ALGORITHMS FOR A CLASS OF MINIII-JIZATION PROBLEMS

It is generally known that variable metric methods are superior to conjugate. gradient
algorithms when solving unconstrained minimization problems of moderate dimenswn.
This advantage is normally attributed to the fact that the Variable Metric methods
automatically rescales the problem at every step using updated approximations to the
inverse Hessian. Unfortunately. the high computational and storage requirements involved
in updating and storing that approximation becomes prohibitive for large scale roblems. In
this paper we focus on a class of large scale unconstrained minimization pro lems whose
special structure can be employed to exploit the advantages of variable metric al orithms at
a relatively low cost. In particular we consider functions whose Hessian is o the form

T T
H=(M+AGA ) where M is a block diagonal matrix and AGA is a matrix whose rank 9 is
considerably lower than that of H. Recent work by Bertsekas indicates that the conju ate
gradient method with respect to the metric M converges in at most p+l steps when app ied
to quadratic functions 0 the aformentioned structure. Reinitializing this algorithm every
p+l steps where M is set to its value at the beginning of each cycle, results In superlinear
convergence on more general functions. The method proposed in this paper is based on the

‘ 1
above idea however we use variable metric techniques to approximate _M and u date it
utIlIZIng gradient Information obtained In the conjugate gradient steps. Since the bloocks of

-l
M can be individually approximated the number of steps required for a full updatin
cycle equals the dimen5ion of the largest block In M.’ The paper explores the properties 0
the proposed method and discusses Its application In solvmg some problems havmg the
above structure.
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wP.IaMredVI‘.Pa'dber, II exl' York Unl‘verssl‘ty, Iiew York, U.b‘.A.

OII TIIE‘ v"OvI1PLmITY 0F SE'T PACYxING POLYHEDM

\I‘e rev1’exv some of the more recent results conceml'ng the fu~ocial
stmcture of set packl'ng polyhedra. Utl'll'Zl’ng the concept @ a
feecetproduc1‘ng grapll \I-e gl've a method that can be ugsed repeatedly
to co1lostruct /arb1'tro.'wr1'ly/ comple‘Y facet—produ01'ng graphs. A
second .nethod, edge—d1'v1'eel'on, 1'00 ueeed to further enlarge the k.noxm
clfiesses of f‘eecet—defl‘nl'ng graphs. B'y Vvay of the theory of ant1'-
blockl'm polyhedra, t11ese reesulta" 11ave some 1'mp11'cat1'ons f‘or the
stmcture of‘ non-1‘nteger extrexne p01’nts of ll'near progrml‘ng
re1w9.t1'ons of set-packl'ng polyhedra as \vell.

C. van de Panne, Cueda

CHOICES FOR A FIRST COWSE IN MTHEMITICAL
PROGRAWING

The paper discusses, compares and comments upon the various
approaches used 1'n teach1’ng 1‘ntroductory causes in mathematical
program1‘ng. Spec1'f1'ca11y, the following topl'cs are treated.

Backgromd ud interests of students, a1'ms of the course,
linear algebra requl‘rements,' geometrl'c repres‘entation, sensitl'vity
ud near-Optl'malirty analysis, computer usage, applications,
notations in transportation and network methods.



210

AU.Pae, Technl'sche Unl’ver51‘ta"t, Berll n, Germany

CRITEREA FOR THE DESIGN OF M INTEMCTIVE GMPH WIPU-

LATION SYSTEM (GWS)

GWS 1's an 1'nteract1've system for the a551'stance 1'n

solv1ng graph theoretl'c problems. It has been evolved wl'th

dl'fferent goals. One 1‘s to prov1'de to the research program-

mer an easy way of workl'ng w1'th dl'fferent data structures

of graphs and sets durl‘ng the des1’gn and 1'mplementat1'on of

graph algorl’thms. The system l'n’cludes a language for 1'nter-

‘actl've messages, partl'cularly for transforml'ng graphs 1'n

connectl'on w1'th varl‘ous appll'catl'ons.

The f1rst vers; on of the system as well as ba51'c algo-

rl‘tMS are 1'mplmented 1'n mGOL-W on an IBM/370—158. The

f1‘rst experl'ences w1'th the system allow to p01'nt out some

general crl'terea for. the de51gn of 1'nteract1ve graph man1'—

pulatl'on systems, 1'n partl'cular w1'th regard to 1mplemen—

tatl'on language, 1nteractl've language, data structures for

sets and large scale network test problems.
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J.T. Pastor Cl'urana, th’ 1.“<JICIA, .:”PAITI-

 

m? ALT~“"IYIUx'TIVu“‘ TIE‘ORVJ‘I.I‘S I‘M ITS AREMTIODT .V“Im TE GA1J"'E‘
fiIEOlYY JL‘Tm TIFI.‘J ALCzu"‘BMLIC-TOI’OLOGIC‘kL PROPI'Q'“ TI“*uS OF Rn .

lee 1'r.14.nor_t“».xr.ce of‘ t1".‘e AX-lt‘elmc."lu4‘1‘ve Tileoro—.“**s~ 1‘n the 1»"oL1*11'near

1“r0@oa..mn.1'nvv ( I.-x'-a"..nvr~c1~s°-.A.~r1'"e.n—196,0.) a»nd tllcr u‘l'ffl‘culty of 1'u*s ‘oewuxons-

trflctl'ons k,e.osec1 .stz‘*1'otly 1'n 1.*atr1',x metll‘ods(Tuo-r1’ers' 6X1 stence theorer‘.s)

need new soyfio—to-.W so of' o‘eALx“on°o~tru»“t1’on w113.'c11 "c llow a mlore natwal and

d 1'ro-ct‘ 1'h.ter,‘.,'retat1‘on.

Ir. the fl’rst 11w t we, kr-l've an. 1'nterotretat1’on bessed 1'n e‘lgeo’ral'c-

tOU.OlOQ”.l-chl prewlvl'ertl'es OL" the con.vcx sets 01“ Rn. We QTe.1.r~onstrate

three Lemas w111‘ch 001ust1'tute equl'vefilent forr.~1s 0;” th_e Gorrlan,Gae

ma Stl'e‘mx'e theorem res‘oectl'vly,

In the second pg.."rt us1’n.U~ the von D.’-em's .1“,1*'n1"m.ur1.‘v Theorem w.d

some well Mom ‘nro*nl'ert1'es about a b1'_o‘er‘sonal msma game , We

gl've a demonstratl'on and m 1‘nter‘oretat1'on f'r om~ tile most usua

Altematl've ThA‘eoreln.s, as Gordon ,Stl‘eMCe, r“arkas,Gale w.d Iv'~mbeasa —

rl'an theore.r«.s we.
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E%LPo.t‘crsoxl, 1.‘YOI‘u“11VJ"OStel‘11 Uni-'Ve,ro‘cl't‘y,b“‘vanuoton,Illl'n01's,USA

INLNRODUCB’OliY COU1{SL“‘S OWJ' ITOlflLIIJIJ"AR P1?OGM\H“.II’IJG THL“OR{‘

firee general topics ought to be discussed and related to one another.'

(I) gmerali‘zed gemetric programi'ng (i.e. the mterial descri'bed in the

author's recent SW Review paper), (II) ordi‘naw programing (i.e. Kmn-

Tucker multi’pli’ers, etc.), and (III) generali'zed parametric programi’ng

(i.e. the materi’al developed pr1'.mrily by Rockefeller). In fact, the order

of presentation should be.‘ (1) unconstrai'ned gemetric programing (2)

ordinaw programi'ng, (3) constrai'ned geometri"c prograMng, and (4) para-

metric programi'ng. me mai'n reasons are '. (l) and (3) can _be most asi'ly

related to li'near programi'ng (mi'ch actually need not be a prerequ1'sx'te),‘

(l) and (3) are the most natural settings in mich to motivate most studmta'

(by i‘ntroduci'ng thm to quadrati'c programi'ng, regre331'on analysis, both

posynmi'al and general algebrai'c programi'ng, fac1'lity locati‘on, discrete

opti'ml control, both 51’ng1e—comod1'ty and multicomodi'ty network flows,

and vari'ous types of equilibria that occur 1'n economi'cs and the phySL'cal

sci'ences),' (2) should come before (3) because Mhn-Tucker multi’pli'ers play

an i'mportant role i‘n (3),' and (4) 1'5 the most convenimt framework in ml'm

to subsequently develop the deeper theorms of nonli'near programing (e.g.

the en'stence theorms).

Me deeper theorms and thei’r prerequis1’te convex1‘ty theow (e.g. the

separati'on theorms) should be reserved for a more advanced course. Al-

though cmlmentaw pivot theow should be mtivated relatively early i'n the



213

context of (1), it too. should receive a complete development only in a

later course. If the introductory course is taught properly, the terminal

student will be capable of model building and conversing with experts,

while the ongoing student should be strongly motivated in his further '

studies of programing theory and algorithms.
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ElmorL____1.Peterson Northwestern University,L‘-vanston,IllinoiS

THE CONICAL DUMJITY MI‘D COB’TLFJ‘W'NTMITY 0*? PRICE MI‘D QUMJTITY

FOR IWLTICOIvflxlODITY SPATIAL MD TE'NWOM lmx'TMVOM ALLOCATIOlI“

PROBLL“I\.T.)°

Abstract. mnsider a graph G flth each node i representi'ng the set of "pro-

ducers“ and/or "consmers" at a specific spatial as well as tmporal location.

kch link R 1'5 directed so that it represents a specifi‘c storage and/or

transportation facility for transfering certai‘n "cmodities frm a given

node i to another given node j. um cmodi'ty r is produced and/or consmed

by certain nodes.

Suppose that the excess quanti‘ty of comodity r produced by node i is a

vari‘able qir (mi'ch is p051'tive men node 1' produces more than 1't consmnxes),'

and suppose that the qmnti'ty of comodi’w r transfered Vi'a li'nk k (in the

direction of li'nk k) 1‘s 8 variable qkrzo. Conservati'on of each comodi'ty

r at web node i then requires that the quanti'ty vector q (Wose components

are the qir and the qkr) be i'n the cone

Q" {q [$50 and qir-i- Z qkr= Z qkr},
[1] (1)

mere [1] denotes the set of all links k directed into node i‘ and (i) denotes

the set of all links k di’rected out frm node 1.

Suppose that the unit pri‘ce of comedi'ty r >for node i 1’s 8 variable pl.r,‘

and suppose that. the unit pri’ce of transfering comedi‘ty r via link k is a

variable pkr. Price stability for each commodity r then requires that

k
the pri'ce vector p (mose components are the pit and the p r) be in the

cone
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krP'fp |p1r+p Zer for each k6 (i) n [1]].

me min result given here is that P and Q are a pai'r of dual convex poly-

hedral cones,mose corresponding (conical)'c’mplmentarity conditionsu

qEQ,and96?

0 ' <P)Q>

can be used to maracterize the solution sets for vario_us i'mportant network

allocation problems. he min implications of this result are that

generalized gemetric p“.ograming and generalized complmmtarity theow,alon

m‘th convex analySL‘s, monotone mappi'ng theow, and generalized fixed point

thmw,can now be ewloited in a much deeper study of sufi problms than

has prevx‘ously been poss1’b1e.



_GBl'el'ra, I.U.T.—lef01'r 4t1 que, lel'veroel'te' Lyon/Unl'vel"e‘1'tj'-
of Grenoble, b‘rarice

A MW A'LGWIlmr"uyl” h‘Ol*L' b.U'x-1‘DluxT~IG-Bd“0G4~L"1ux'n.lll‘.'G

Tn 1's pa’per deS‘crl‘beb‘ 'a new prOJ"ect ‘on albrorl'trlm for
m1n1 n11 21ng' a‘ qua'd'ra"t1‘c f_01'111, \vn'ouee xxx'a‘t‘rl'x 1's Sylxl"uxe-tr1'c a'nd
pos1 tl've defl'nlte, over a- Cunve X "getb‘ l'xlt-e rsectlon. l‘“h1 3
problem 1‘s equl'vu lent to tnel problc>n1 Ol‘ f1"11dl"110': tile
prog ectl on of txl'e \1'ua'dl"a'~t1‘c forlu abb‘olute ml'nl’nlunl on to the
coneotr'alned set‘,. txl‘l “o Luroa ect‘l on be;nb,r calcul‘(,xted 1‘n sense
of tile 1nner proo‘uct a-geo“oc1'a"t‘ed Vll'th tllc‘ 1vuu'dl‘d'tl C l"o ‘m.

A’ f‘01*1uall'5'a't1'on 01‘ t11‘1’".J )Lll‘oble111 l'n u’ n—I“old ca'rte-oel'a'n
product SLDd‘Ce lead 5 to a' l‘eooolutl'on albvorl'tllm ba'>sed 011
parallel p1103‘ect1'one‘ on to e-(icl1 conve.x set til~at dei‘l'nes t‘he
adml'sgelble reD\71 on ,- tlx'v’ese prog’ectl‘on.5‘ are co.LvIp'uL‘ed 1'n sense!
ot‘ the 1'n1 t1al 1 nner product a'xld v'a'l"e, t'ile-Il, ea'ro‘l'lJ\ oo‘t‘fi..1nod,
pa'rtl'culg.rlg'v 1'f constra'l‘ntu° a"1"e llnea'l'". l“m‘t11*er1‘q01'e, t11e
con51'derat1 on ol“‘ t‘xl‘cr product sL)a'ce a'llovx'q'-‘ u‘o‘ to 1.'ntr_odu‘ce~,
l‘n a 11‘—atu1*a'l \"'.ay, m~1’ extra-Ll)ola'-‘t1 on ..“r-1:‘1‘clx' a‘ccelera't‘e"u L‘llt
alovorl'tn‘m' converD'~--crlloce.

. Eac h s tep of tile '\1-lo‘*‘/orl't11rn tan‘_es l‘nto account at'll‘ u"11‘e
1 nsatl 51" led concotrd'lnte‘ a'nd rei‘x..~u1res u*‘11e resolutlon of’ a'
ll‘near system.

n‘s a' ru le, "and o x«"1'nop' L"o extrex'Lool'-ation,’ tn‘e« problem
solutl on D‘lddl'no-l cellstra‘-1'nts al’e 1'o"ola-tea‘ fi'o‘cr r vc‘-IrJ\ f'exz'
stelos oi‘ tne a lgorlthm and the solutl on can o‘e obt alned
1'n a l"' 'nl te nu1.LD er of’ StCJL'S o‘y un'OlVlnu“’ a' LIL-Q"-.-lae'rlld,or'e D_1’oo‘lc.'.a of
ml'nl".L1‘A'a"u'tl‘on \I'l'trl‘ e o‘ua~'ll'tl'es cone,rtr“vl'nt.s /1 .e. l1no*a'r 54"st'e*m'/.
B‘or ex_-amL)le, 1'n trle [>110‘blem grl'l'vel‘n bJ‘ L-A‘Q‘UE’»,1;1~;X-'i-R /4 V'dl‘l—
ables, 7 conor‘tra'l‘ntoc/ t11‘e txlx‘ee bidding~ co noetx'LIl‘nts a're
1’solarted fifter txl‘l'ee ste_l>'s Ol"‘ t’he a‘lbv'orltllm.

De‘S'crl'bed l’n lin, om flietllod o‘a‘—r1 a lso be a'ppll Gated for
solv1'nb' SO'VA.1€ Varrl'a“tl'on»a-'l 1'nequ'al'1‘t1'e~% 1’n 1-11‘lo'ert' Sp ac c.
l‘*4‘urt1;erplorc-, til'e use o~1‘" crog“o°v1'11b‘v ol‘ a'loorl'tlm'-o° /cr.oo"o“l"no" O'f
"d ‘a"l Lue«t11'ods"/, l ea’d 9“ to a‘ ll'rlea‘l"l'4ed' Vel‘.;<‘1'orl of‘ L"he mefi't11"'od
V111 lcrl‘ ca'rl oe uoee’d 1‘n c ase 01" non ll‘116 'rLL‘ constra'lnts. ‘1n1 s
0"encr‘-rex"ll'zu"t1'on v11 ll be .J"t‘uul'ed el se. Ll'e‘L‘e.

1&141o11,J‘-‘ app l 1cat; ons, Q‘Lonle‘- 911'10blemo“ of u°t¢.'t "0“tl CuP a're
anE'q"tlU»r'u't€dc
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M.J.D. Powell. Un1'vers1'ty of Cambr1‘dge, Cambr1‘dge, England.

THE AUGMENTED LAGRANGIAN METHOD FOR NONLINEAR CONSTRAINTS

Because of the d1‘ff1'cult1'es of follow1‘ng curved constra1’nts,
a comon techn1'que for allow1'ng constra1’nts on the var1‘ables of an
unconstra1’ned m1‘n1‘m1‘zat1’on calculat1‘on 1's to 1'ntroduce a penalty for
v1'olat1'ng the constraI‘nts 1 nto the funct1‘on that 1's m1'n1'm1'zed. Then
one appl1'es an algor1‘thm for unconstra1‘ned m1‘n1‘m1‘zat1’on to the
mod1'f1'ed obJ‘ect1‘ve funct1'on. The penalty tems should cause the
constra1‘nts to be sat1‘sf1’ed or nearly sat1’sf1’ed w1'thout mak1'ng the un-
constra1’ned calculat1‘on too d1'ff1'cult. The augmented Lagrang1‘an
method 1's of th1's type. Its penalty tem depends on parameters that

' are adJ‘usted 1‘n an outer 1'terat1'on to the class1‘cal Lagrange parameters
of the Kuhn-Tucker conditions° For each cho1‘ce of the parameters an
unconstra1‘ned m1'n1'm1'zat1'on calculat1‘on 1's done° The results of each
m1'n1'm1°zat1'on calculat1’on prov1’de su1'table new est1’mates of the
parameters° Th1's method has been stud1 ed extens1'vely by several
researchers 1'n the last e1'ght years° So much progress has been made
that we now have an excellent algor1'thm for general nonl1‘.near program1‘ng
problms of up to about one hundred var1'ables. Th1's work 1's surveyed.
The algor1’tm 1‘s descr1'bed and 1'llustrated by s1‘mple numer1'cal examples.
It 1’s shown how the parameters are adJ'usted and how 1'nequal1'ty constra1‘nts
are managed. Sme elegant theory 1's g1‘ven that does not depend on
any convex1‘ty conditions° F1'nally the augmented Lagrang1‘an method 1's
cmpared w1'th other algor1'thms for nonl1‘near constra1’ntso

#JopOllStCln, m‘'onometrl‘c l‘nst1’tute,Un‘n.’v.of b‘1~o:1‘1'ng,en, Gronl'ng en, IlL.

P‘B‘JICHIJ“‘L DUALITY III BAIIACiI SPACL"'S

In th1 u” pctcper. P‘en01lel’sorduall'ty tl1ororer.1, \l111 ch 1's vall‘d for “Woll‘deme

"spaCc=s, 1'"g gonernell‘g"nsd to b"a11oech ospaces. 011e of the tools 1‘s a

sepefirufitl'on tn‘eorcr.1' 1‘nvolv1‘non 111ter1'ors of shets 1*elat1‘ve to clossc-d

ll’tnear usu11sope°ceo° gt“lld 0‘91'11g vc."11'd f’or Btanach o"~pw.Aces° Ll] .

L1] u'.l/'.;.1'1'eux/'01fl1u1'"s, o°epa"1°au‘i"11.g. Set 9" \I'l t 11 Relaet'l've Interlor 1‘n
Ll"re’cllet‘ .J“paces", I'nternal Rc>port OR—7o'/Ob ,
-..""001101A1vc‘tr1"c Illsotl'tt1te, U111‘ve1~e"1'ty‘ OI“ Cronl'ngrell.
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A.Pre’kopa,TecMical Unl‘vers1'ty of Budapest and Computer and Automtion
Instl'tute of the IMS,Budapest

APPLICATION OF STWMSTIC PROGMI\’HflIIJG TO ‘Elq‘GIIW'L‘m"‘IlIG‘ DE'SIG1~I

m‘gl'neerl'ng des1‘gn frequently has to be carrl'ed out under a re11abl'll-
ty constralnt or 1'n such 3 WW t11at the rellab;ll'ty of the system has
to be ‘rmx1'm1'zed. The correosp011d1'ng nrathematl cal problems are stochas-
tl‘c prograU'm11'ng problems \vhere spe01'al attentl'on hass to be pal d to
tlle probabl'll‘ty dl'strl'butl'on 1'nvolved. b‘arll'er results of the author
and others show tnlat nxam sophl'stl'cated stochastl'c program1'ng prob-
lems 1'nvolv1'ng J'Ol‘nt proMbl‘ll‘tl'es of randortx constralnts e‘re convex
lx‘onll'near progmnmAl'nQn problems. Know1’ng thl's, several eng1’neer1’n5‘2
d951@ proble1.1s \vere fomulated a11d solved by a research group lead by
t11e speaker 1‘n the last feVJ years.
"l‘l1e paper presents a" short survey of the underlyl'nbr mathemt1’ca.l
resoults md descrl'bes some nmerlcally solxred problems together W1 th
computat1’o.nal experl'ence. These pr0x3"lems beloxlg to the follozx'l'ng
categorl'es.' reserv01r system des;’gn,- reserv01’r systern operatl‘on,-
d981'm of 1‘ntemomected povver sysstem.s,- l‘nventom control. Plurther
p0351'ble appll'catl'ons \I"l'll also be ‘mentl‘oned.
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MA.I.Procl‘ Internatl'onal Collectl‘ve of Scl'entl'sts,
U R

Tm PROBWS OF DYNMIC LIMAR PROGWING

At present the fl'eld of appll'catl'ons of 11near
progrml'ng (LPg 1‘s yvell m'o»vn. however, 0 oth the m

heory ad the a51'c rwge of LP appll'catl‘ons are of
one-stage, statl‘c nature; 1'.e. 1'n thl's case the problem
of the best allocatl'on of ll‘ml‘ted resources 1's conSL'de—
red at some fl‘xed stage of a system development.

HO\YeWP, when the “system to be cptl'm'zed 1's develo—
p1‘ng (ma not only l'n tl‘me, but poss1’bly 1‘n space as
well) md thl s develoPment 1's to b’e plmed, a de01's1'on
should be made for several stages 1'n advmce, ad the
problem of optl'ml'zatl'on becomes a dynwl'c, multl'stage
one.

One cm mentl'on the general problem of wnml'c 11'—
near program1'm (DLP), the class of dynaml'c trwsporta—
tl'on and dl'strl'butl'on problemvs, 1'nteger DLP, etc.

Dl‘rect appll'catl'on of the LP methods to problems of
th1's kl'nd does not usually produce the requl'red resu‘lt,-
the LP problems thus arrived at are so larbre that they
cmot be solved even by nel'ng the most up—to—date dl‘gi-
tal computers. Speol'al methods therefore are requl'red to
solve these problems wm'ch take 1nto accomt the spe01'—
fl'c dynaml‘c features of the problem wd employ the methods
of optl'mal control as vvell as of statl'c LP.

In thl's aper the ba51'c pr1'n01 ples of the theom
md methods 0 DLP are presented. The pal‘r of dual prob-
lems 1's fomulated wd the relatl'ons between them are
obtal'ned.

Two a proaches to the development of DLP com utat1'-
onal metho s are dl'scussed.° one based on modem 1' erati-
ve methods of statl‘o LP, the other 1's comected w1'th t‘he
fl'nl'te methods of large—scale LP md uses heav1'ly the
1'deas of factorized representatl’on of the inverse.
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TE GEIE‘MIZED WWRSE m LME'm PROGM'»‘H.L"mG -
A GE‘M‘MIM'7TION OF D’fl' o“‘Il.“"'£mX meommm

The results presented 1'n thl 3 paper cont;nue prev1ous
research u51has the generall zed 1’nverse or" a matrm' m'
walyZL'ng the mathema' t1cal structure of the 11near prog-
ramml'ng problem. Gl'ven 1mpetus by a hem;st; 0 analy51s of
the paths selected by tLlW'e Sl'xllplex algorl'thmt- motlvated
by sta'tlStl cs collected, f1rst 'by G.T. .Il‘cxv"'1lll'ams, more
recently by J.k‘. Poon, l'n num.e1*1cal experl'xnents whlch
1'nvolved solv1‘ng over 900 medlm to small s*1'zed, randomly
generated, 11near progratu'ml'ng problem,~ .l'n tn1's paper the
mecha‘nl cs of tile generu"‘l1'u"a"tlon of the elmplex algorl'tm we
descrlbed l'n deta'll wd prell'xnl'nwy results from nmerlcal
experlments applyl'ng 1’t are suxnmarlzed.

Appll'ca'tl on of the generall zed algorlthm 1nvolves con-
structl on 01‘ paths on k-dlmens1ona"l L"acets or“ the polytope
of fea81'ble solutl'ons. B'a“'tn’s are obtal ned us1'ng the
"cmon1’cal form" of the $1mplex alg‘orl'thm to determ'l'ne the
orthogonal pro'ectl on of the gradl'ent, c, of the cost
fmhctlon, (X,c€ , on ha k-dlmen51'ona'l facet. A. K-
vw'lable llnew prooT~lra'm‘lng problem must be solved 1n order
to determlne a vertex of tn‘e k—dlmen51 o‘nal facet yl'eldl'ng
the grea-test decrease 1'n [x,c) on t11at facet. uJ“hen k—‘l,
the ovenerall'zed algorl'thm reduces to tn‘e /rev1'sed/ Sl‘mplex
algorl'thm, wid then thl's secondary 11near prob)'ram1'no-
problem 1's tr1v1al, bel’ng of the follow1’ng form.'

Maximize ox , where v +o(E ,> e, v20 is the
cwr‘ent ver_tex, ad the vector En 1‘s the ortn ogonal
prog‘ectl'on of the vector c on a l-dlmens; onal facet
/1 .e., w edbve/ of the polyto pe.

.li"hen k >‘ 1, t.he generall'zed algorl'tm may be /recw51'vely/
employed 1n solv1noo' the seCo'nduy problem.

Apa'rt from solv1'notr tile seconduy llnear proovramml'ng
problem, tn‘e amomt of comlnutatl'on requl'red to anstruct
a pa"th on a k—dl'menSL'ona'l facet 1's essentl'a"lly the same
as 1's requl red by k complete "pr 'c1'ng out" operatl'ons.
Folloxv1'n¢-)" a patn on a k-dl mens; onal facet results 1'n
"block p1vot1nbv".- the excl'lw-g'e of k non—ba51c_colms
for k ba's1'c colums m' the current ba31 5. Thus app11 —
Cd’tl on of the generall zed agorl'thm may result 1'n the
constmctl on of a pa'th from a' vertex to a non-ada'acent
vertex. Tlxl's 1's not alVJa'ys the case, however,- 1'n part1culfl,
l't does not occur 'xvhe n the cur'rent vertex ls adJ acent to m
optl'ma'l vel‘tex.
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The $1mplex meth 0d, a compute-tl'onal scheme 1nvolv1ng
repeated appll'catlons of the 51mplex algorl'tm, may be
descrlbed as a procedure for obtaln1mg a solutlon to a
given /m equatlons 1'n n unknowns/ llnew progra’m‘xrxl'ng
problem by solv1now a sequence of s1mple 11near program1ng
problems, each of vvhl'ch 1nvolves m 1neguall'tl'es 1n one
mknom. W‘en applyl'nb~<r the generall zed 51mplex algorl'thm
to obtal n the solutlon to m. m by n llnear proor‘rw-
m1ng problem, each problem m the walogous sequence
1nvolves, essentl'ally, (m + k—l) 1'nequall't1‘es 1‘n k
mknowns, where k may vwxr from p1*oblem to problem 1'n
the sequence. The generall'zed 51 mplex u’lgorl'tm may be
v1'euved as providingr a ratl'ond heels f'or a' procedure willch
1's Sl'ml'lu' 1'n clxa-racter to "mult 'ple pr;01no"~/".
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P%.Rmd1'l-I.R. Scales, Computer Center Un1°v. of Bologna,
Casalecchl'o—Bologna, Italy

M INEMCTM CODE h“OR hImp WMGER an‘m PROGMvB.
\ HPLICATIONS TO CEIV' M'JD W"O»v"‘ER sea-Dame PROBLEM.

'\

The al'm of thl's paper 1's to descrlbe a recent exper1 ence,
Vlhl'ch has been made 1'n applyl'ng some mathematl'cal progrwnll'ng
methods to manpower problems. b‘uch appll'catl'ons have requl'red
the de81gn of m 1'nteract1've softvvare f_or mm'ed 1'nteger 11'—
near prog‘rams. It let us develop both mteractl've wd batch
procedwes,-- 1'ts use 1's compatl'ble both \I‘rl.th b‘OLRTR’m codes
md commer01’al ones.

Some appll'catl'ons.1'n the wee of mwpov: r plwnl'ng both
1'n w al'rllne wd rallroad compwy ar_e descrlbed to dlscuss
some software demmds 1'n the appllcatlons of mathematlcal
program1’ng to real problems.

A.r(ece\k1', Res. Inst. for Telecommunl‘c‘1t1‘0.n, Budan est, h’ungary

Ll'ATd'CILS l‘xx"D n—PO.\"TS

The exl’stl'ng hybrl’d descrl‘ptions of an n-port are 1'dent1‘fied
w1‘th sub.eets of a set of _n elements. In certal‘n cases this system
of sub.eets 1‘s a matr01‘d /or, at Aleast, has a character, s1‘m‘1‘ld'r to
tMt of the matr01‘ds/.

In thl’e case varl’ou‘s o‘robleurs of ne.tvzork theory can be formu-
lated tend partly answered in terms of‘ w..atroids /app1ying tk1.e 1‘nter—
sect1’on theoremr of r.“dmonds and the algorl'tm of Lawl er and others/.

Hence, suffl'cient condl‘tion to the unique solvabill‘ty a.nd a
low'er bound for the maxl’mal number of 1'ndeo endent state varl‘ables
/degree of freedom/ can be obtal'ned.

I..'o.."t of th(.)se resFults are weaker thrqn those of Ir1‘ r1.nd Toml'za'-‘
v'.a /Tran°s. IE'L‘L"J, J apan, 1974/ and do not refer to the "nongeneral"
case like the previous results of the author /Coll. Nlath. Soc. Joe'-
nos Bolyai, 10., 1973 and Proc. Second <F‘urooean Conference on
Circuit Theory and Desel'r,_n, 1976/. On the other hand, th1‘s approach
ro"i°‘.es som.e rat.ker unuosunil .ouestl'ons 1'n nethoril theory, chh core
onlc n /to the beset knoxvlcdpje of the author/ and m1‘,)vht gl‘ve dee‘oer
inecinuht 1‘nto 0.,om.e phy81'ca1_ nron.ert1'es of the ne\t\."orka°.
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M+.J.Ri'ckaert,X.M.Martens,K.U.Leu-ven,Leuven,Belg1’um.

SOLVING GENERALIZED GEOMETRIC PROGRAMS BY PRIMAL VCONDENSATION.

A computationally e-ff_ic1'ent algori‘thm has been develop-

ped for solving generali'zed geometr 1'c progrms. No dual for-

mulation is used. The algoritm 1's based on the known con—

densation principle,which permi‘ts the 1'telrati've solut1‘o~ni of

the Kuhn—Tucker condi‘tions of the pri'mal progrm by solv1ng

systems of linear equations. Inequali'ty constra1’nts,var1‘able

bounds and vanishing variables are ea51'ly treated through

the use of slack variables.

The code has been exten51'vely tested on a set of 24

testproblems,1‘ncluding posynomi'al and Si'gnomi'al progrms.

The performance of the proposed condensat i'on method was

subsequently compared to thi's obtained by 16 other codes.

(A collection of pri‘mal and dual based algori thms.)

The mai'n trends of this comparison w1'll also be 1'ndi cated.
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R.T. Rockdellu, Unl'versl'ty of Waslll‘ngton, Seattle,
USA

GMDY PRICES.- A SMDLE POIM CONDI’TION CWACMMZMG
OHE’ALHY m GEMM NONLIMH moom"mo

Cons1‘der a non11'near (poss1'b1y nonconvex, nond1’fferent1’ab1e) opt1’-

m1'zat1'on prob1em (Pu) of the form.- m1n1’m1'ze f (x) subJ'ect to x e Xo

and f1.(x) s u]. for 1' —- 1,...,m, where each f1. 1's a rea1-va1ued funct1 on

on X (50% abstract space), and u —' (u1,...,um) is a parameter vector

1'n Rm. The usual theory of Lagrange mu1t1‘p11‘ers seeks to character1 ze a

1oca11y opt1’ma1 so1ut1‘on x' to (Pu) 1'n tems of a 1oca1 sadd1e po1'nt

(x',y-) of the Lagrang1‘an funct1’on

my1.[f1.(x) - uj.]. x e X,y e R+
m

Lu(x.y) = fo(x) +21}
1

Th1‘s 1‘s generally not pOSSI'b1e w1'thout certa1 n potent1‘a11y troub1e50me

"regu1ar1ty" assumpt1’ons. But 1'f 1't 1's, the components y'1. of y’ can be

1'nterpreted as "equ1'11'br1'um pr1‘ces" assoc1’ated w1'mthe "resource ava1‘1ab1’11‘t1 es"

ui.' tre dec1’s1'on x— rema1 ns opt1‘ma1 "1oca11y" 1'f the poss1‘b1’11‘ty 1's 1‘ntro-

duced cf a1ter1’ng the g1'ven u by buy1’ng or se111'ng the resources at these

prices.

I broade r concept of equ1‘1ibr1‘um, rea11y more reasonab1e from an

econom1 c point of v1'ew, wou1d cons1'der d1‘st1 nct buy1 ng and se111 ng pr1 ces

y1. ard y}. , bracketI'ng y'1. but d1'ffering by an arb1'trary amount. It

w111 bzw shown that, 1n th1's way, one can obta1’n a new character1’zat1‘on of

opt1'ma1 solutions x' wh1 ch 1‘s a1ways suff1'c1'ent and gener1'ca11y necessary.

'\
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_,___,__g______G\‘JlRotcrson, Monash University“Melbourne, Australia

A CASE STUDY APPROACH l‘l‘O TEACHING Ilei’“HL‘Ile’TICAL PROGRMI—

MING

A hierarchical set of five Case Studies is described, ranging
a

fromAvery smll introductory LP example to much larger mixed integer

models. me emphasis in the paper is on experi'ence using the Case

Studies to teach var ious concepts of mathematical programing to

graduate business students.

he introductory example concerns manufacture of one product

under a capacity constraint to satisfy limited local demand and

unlmited export potential. We problem is introduced, and the

economics of various changes in conditions discussed, before any

LP concepts are presented. Formulation as an LP model follows, and

the computer soluti'on presents a know answer and marginal economic

infomation which has already been calculated from fi'rst principles.

“18 generates confidence in the technique and in the computer

printouts.

Mter models deal with.‘

- optiml use of facilities in a National Park,

— changes in mrginal economics associated w1'th background

changes for a multi—product system,

- facilities timing for the development of a series of shopping

centres,

— production scheduling for several products with seasonal

d emand5

All are presented as physical problems, fomulated as LP or MIP models,
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__._,__JBRosen, University of Minnesota, Minneapolis, USA

A T\VO—PM$ WTHOD FOR NOLEIMH CONSTM..TNT PROBm'MS

A method for solving nonlinear constraint programing problems based

on a Nemon type linearization scheme has been preposed [l] and Show to

converge quadratically [2] provided the starting point is close enough to

the optimm. For a general starting point this method may diverge or con—

verge very slowly until a point close to the optimum is reached.

An excellent starting point for the above method (Phase II) is one

which lies just outside the set of nonlinear constraints active at the

optmm. Such a point can be obtained by a single unconstrained, minmiza—

tion (Phase I) with an external squared penalty function. Both the proper

choice of the penalty tem coefficient and a suitable temination criterion

for Phase I are mportant to achieve computational efficiency. These are

investigated in tems of both a simple test problem (which nevertheless

contains the essence of more realistic larger problems) and several larger

problems.

References

1. J. B. Rosen and J. Kreuser, "A gradi'ent projection algoritm for non-
linear constraints", ANumericalMethods for Nonlinear Otimization,
(F. A. Lootsma, Ed.), Acadmic Press (1972), pp. 297—300.

2. S. M. Robinson, "A quadratically convergent algoritm for general non—
linear programing problems", Math. Programing _3(1972), pp. 145—156.



solved using a standard computer pacMge and the computer printout

used as the s‘tarting point for analysis of decision alternatives.

me objective is to present mathematical programing as a moblem

solving technique. Its broad applicability_ is illustrated by the

range of Case Study areas covered, and further work is aimed at

developing Case Studies in different fields. Eliminating computational

difficulties by the use of a computer package means that models of

realistic size can be considered, and that emphasis can be placed

on data problems, fomulation and the use of marginal economic

ifiomation to evaluate relevant decision situations.
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M. Rossler, ETH Zii'rich, Zurich, Switzerland

LINEAR PROGRAMMING WITH NONLINEAR PARAMETRIZATION

In linear parametric programming the coefficients in the con-
straints and in the objective function depend linearly on the parame-
ters. Here the analogous problem where the coefficients are nonlinear
functions of the parameters is studied, especially for the case with
only the right hand side or the objective function coefficients being
nonconstant. Theorems on the properties of the set of optimal solu-
tions and of the optimal values of the objective function are proved;
these properties (continuity, function space, convexity and concavi-
ty) are related with corresponding properties of the coefficient func-
tions. The problemof how to compute the solutions algorithmically
is discussed, and the possibilities for application and a numerical
example are given for illustration.
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VOOD PROCUREMENT A3 A COOPERATIVE GMTE

The rapl'dly expmd.1'ng fl'cald of gme theom so eems to be
h1’nde-redr more by the lack of appll'oatl'orls thm by the
1'nherent mathematl'cal dl'ffl'cultl'es of the subJ'cct. The.
fl'eld bass suffered becausse of the small amelxnt of‘ solosc-
contact betxl-eexl gme theoristsc wd appll‘cat"1'old~or1‘ented
OR-people.

\I'e have. studl'ed a spe01'al problem, VJhl'ch leadvs to n—per-
son gwe theory w1'th coall'tl'on StI'.UCtUL"eS. Our a3.'m \'-.as to
develop a xnenthod for a f"ul T d1'v1‘ssl‘or1 of the“ profl t from

«the coop‘eratl'on and optl'ml'zatl‘on ol’ the actl'xrl'tl'es of se-
veI'a.l 1'ndependent companl'ess. \I“e develOped the pr.oblem 1'nto
w n-c-oetll'tl'on game 1'n the characterl'stl'c fu.nct1'011 fox‘m,
the gamc— heov1'ng a coall'tl'oxl stmcture of t‘xvo level.s.

In the pap-er Vie rev4."ex-¥. t‘he bo—st h10\fl1 ruethods al‘d solut1'o.n°s
of w n—per5011 cooperatl've gme such as the Cor_.e', .<'em.lel
and Shag.)ley— valuc‘. XVe p01'nt' out the nec0351'ty of a‘ovelop-
1‘ng a tax lored model 1'n our cause.

\Ve ral'se the. questl‘on of the s<‘trenb’~t.h of a cocx'll‘t"a.‘on, .z'~h1'ch

1'n our case seems t'o play a mag‘or roJ.e v.'h¢c n defl'nl'rlov the
.fal'r d1'v1'51'o‘n of profl't. lJ'e l‘ll'll slho".1 t.hr‘l't tl‘.e set of
fea51'b].e- d1'v1'81'ons N'l'll be heav1’lJ* reel't‘.ced whe.1 a coall'tlon

1's trw'sfor'med from a very strong to a very 100s'e one.
L‘l’ffl'cultl'e“~s 1‘n Aneao"lll‘l.no”- the streno-v't‘h WW.‘ll be a‘l'SCL15s_ed.

Vie w1'J.l also deal. w1'th the unal'n re'sultss of t'he nu.mer1'cal

part of the study, where Vie 115ed dcl"ta from real wood pro—

curen““ont prop"ess ov or a pel~1'od of Seoveral years. o“oth the

fl'wt.fi.'ng and cooperatl'nov °~\.trategl'e°. of tn‘e co-m_ow1‘es W111
be dl'sous°.°»ed.

The d1'v1'ssl'on befi~sed on tlle- s°-olut).'onl of thee ga.n-e w1'.11 be
compcfire,d t'o‘ t'ho c.4'1'11'0.r r16»ur.1'"st’1'c d1'v;'°.,1'oh._ ba.sse\i o.fi severr1.l
compl.1'0u't ‘(d‘ J'."ule,'s.  
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dI"#.Sakarov1'tch 1RIA, b‘renoble, Fere

CONNEXITE DANS LES MATRICES E—1,o,+1}

1. On e’t_ud1e 1'01’ les mat111'ces a\ e’le"1nents dm {-1,o,+1§
en utlll'smt le lwgage de la the’orle des hypergraphes
A part1r d’me notl on de comex;te’ dont on montre qu’l'l
s’agl'u" d’me "bonne" ge’ne’rall'ss-atl'on de la notl‘on de
connex1te’ dws le ca's des graphes.

2. Une matrl'ce A a‘ e’le’ments dms 2—1,0,+lé est cons;'de’—
re’e comm la matrl'ce d’l'n01‘dence am arcs d’un hyper-
graghe "ge’ne’ral" H —-(X,&) dent l’ensemble
X —-Zx ,x ,...,xn des sonlmets /resp. l’ensemble
des a%cs est e b1 J'ectlon avec l’ensemble des ll'gnes
/re sp. des colonnes/ de A‘. Un we de H est dl't
"palr" 51' cet we est 1n01dent a‘ m nombre pal‘r de
sommets /1'.e. le nombre d’e’le’ments non nuls de la
colonne corresponda'nte de la matrl'ce xL' est pal'r/.

3. Lgs not; ons de chalne, cycle, COCyCle,’CUu‘LIE“A"'l.L‘L’I, @_--_o‘re
deflnls dw's le cas des giraphes ssont b‘l"enerd'llsee°s lCl.‘

- Un ensemble d’wcs pal'rs de H filcfiest appele’
"pseudo chal'ne J'Ol'gnmt les somm'ets x- et x." Sl-

chaque ll'gne de la matrl'ce d’l'nc1'dencé de l’h9pero<)'ra'phe
pwtl'el constrm't sur &’ /1‘.e. de la sousn md'utrl‘ce
de A‘ obtenue en conserth less colonnes cox‘r'esslyond‘mte
a &’ et toutes les ll'@“es/ a un nombre pd'l'L' d’éle’raents
non nuls‘ sa'fi les ll'gne.s corre“s[)ondd'ntes a‘ x- et a. x.
qul' ont m nombre 1'mpd'1'r d’element‘s non nulsfL J

- Un ensemble d’mcs palrsfl/Cflest appele’ "pseudo
cycle" 51' cheque ll'gne de la matrlce d"1n01'e‘ence de
l’hypergraphe partl'el construl't em fl a w nombre
pal r d’e’le’ments non nuls.
— La relatlon ’de iconzlex1'te’ sur les soxnmets @l’hyper—
graphe ;{r se dedult de celle de pseudo clxa'l'ne.'

xl- C x3. © 1‘l_ex1'ste me pseudo cha'l'ne
J'Olg.nw't x- et x- ou b1en

. 1 Jxl — xJ- .
4. On montrquu’e pour un hypergrd'phe }I —-{X,A) sur n "-sofi-Imets

les" proprlet‘e)s usulvant‘es s°ont equlvalentes et caracte’rl'sent
ce qu’on appelle m1 "h~arbre"'. _ . .

/1'/ ti est CODIIGXG /1'.e. la relatlon .x-_C x. e.st satlsfalte
pom tout“ couple de SOIJMAGtS/ et HllfilIAL"d'lJp0ur cette
proprl'e'te’. _

/1'1'/ ‘H est p «1'1r /L'ou"s le‘s wcs 30;)t pe-lrs/ et posse’de n—l mos.
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G.Sall’ne,tt1', Instl‘tuto d1‘ Calcolo delle Probabl'll'ta r“acolta
dl" Stau"1‘st1'ca,01'tta Unl've1‘81'tar1'a, Rorna,Italy

COlWE’RGL“14"CL“' QUE‘STIOAJT'S Ili’ u"TOCMSTIC OPL"II.I‘IZATIOII~

A prom1‘351'ng approach to solvx‘ng stochast1’c opt1'm1 -

zatx'on problems 1's to replace the orl'gl'nel problem by an

"approx1'mate" problem. Thl‘s usually 1'nvolve d1'.=crete21'ng

the random elements or replac1’ng the orl'gl'nal dl'scrl'butx'on

by one yz'eldz'ng e al'mpler problem. Th1's requl‘res the devel-

opment of e theory of convergence wx‘th, whenever p0351'ble,

the celeuletl‘on of error bounds. we approach tb.es'ek problems

by means of the theory of convergence of stochastl'c mult1’-

functl'ona.
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Cfl.L.Swdblom Faculty of Commer ce and Adml‘nl'stratl'on,
Concordla Unlver31ty, Montreal, Cwada,

A NONLIMH DECOM’OSITION MORITw

Nonll’near programl’ng problems qul‘ck'ly become unmanageable as
the nmber of varl'ables grows, and decompOb‘l'tl'On offers a s-olutl'on L'o this
dl‘lema. The problem 1‘s then bro‘aen 301m into a master problem and one or
several subproblems, whx‘ch are solved 1'terat1’vely El‘eldl’ng solutl’ons nea'rer
and nearer to the optl‘mm. KronSJ‘Hl and Geoffrion use a Lagrangean approach
to solve tlxe master problem., xvhereas the present algorithm users a direct
method, ut1’11'21‘ng subgradx’ent ml‘nl'mizatl'on, wh1’ch is presently being dev-
eloped by \rarious authors. Thl’s paper reviews tlxe Lagrangean master problem
approach before the new algorl‘tlxm 1's preSented. A stubdifferentiab.le m1‘nimi—
zation algorl‘thm by Poljak3 1'5‘ then rev1‘ewed and modl‘fied. With the mod1'-
fl'ed Poljak method the decomp051't1'on algorithnx is show to be convergent.
Some suggestl'ons for 1‘mprov1‘ng the nmerl'cal effic1’ency of the method con-
elude the paper.

1. T.0.M. k’rons‘J'U.‘ De.co.up03l"t1’on of a large nonlinear convex separable
et“onom1'c s ystem 1'n the. dual dl'rection. Economics
QofPlannl’n, Vol 9, 1969, pp. 71—94.

2. A.M. Geoffrl'on.‘ Ge_nerall'zed Benders decomp051‘tion. Journal of
WOtx’ml‘zatl'onTht>or andAll’catl'ons, Vol. 10, 1972 \
pp. 237-260.

A general method of solv1'ng extremum problems.
S@ov1‘etMathem.at1’cal Doklaa, Vo_1. 8, 1967, h‘o. 3,
pp. 593—5917 (translated from Ru551'an).

3. B.T. PolJ'ak.°
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AR.W.H.Sarent', Imperl'al College, London, England

m EFFICIENT IWLEWNTATION OF THE LEM flGORITm m ITS

EXTENSION TO DE'AL WITH WPER MD LOWER BOWDS

ThetLemke algor1'thm 1's probably the most elegant mthad of

solv1’ng the l1'near complemntar1'ty problem, but the claSSI'cal tableau

fom of solut1’on 1's computat1‘onally rather 1’neff1‘c1‘ent.

The general form of the algor1‘thm adds an add1’t1‘onal var1’able

and colum to the or1‘glnal problem, to g1've the form.‘

w=q+ezo+Mz
Tw,>0, z,>0, w_z=o,zo-o

The complementary p1'vot1 ng procedure operates on columBS’ of the

matr1‘x [e,M]and 1'n general transforms the whole matr1'x. Any symetry

1'n M 1's lost 1'n the process, 1’n contrast to the "pr1'nc1'pal p1‘vot1‘ng"

mthod o,f Cottle and Dantz1'g.

In fact the Lemke algor1 thm can be reorgan1 zed to use only
‘pr1'nc1‘pal p1 vots, thus preserv1‘ng any symetry 1'n M. EconomI‘es can
also be made 1'n the amount of computat1’on for each p1'vot, rather 1'n the
manner of the "rev1‘sed s1'mplex" method for l1'near program1‘ng, 1lnd 1't _
1’s only necessary to update. a submatr1 x correspond1 ng 1'n s1 ze to the number

of act1’ve constra1 nts (non-zero z-var1‘ables). Rather than generat1 ng an

1'nverse matr1'x, a stable form of tr1'a ngular decompos1't1'on can be used,

w1'th all the usual advantages of numr1‘cal stab1 l1 ty and conservat1 on

of sparseness.

The test for a "block1'ng var1'able" can also be eas1'ly generall'zed

to deal w1'th upper and lower bounds, so that the algor1‘thm d1’rectly»

solves the more general problem.°

I w I q + Mz

all 1'81' 4 “1" bi
zl.(al. - wl.)> 0,rzl.(b1.-wl.)> 0

Th1’s makes a further sav1 ng 1'n computat1‘on and storage for such

pmblems. and prov1‘des a conven1’ent, un1‘f1‘ed fom for dealing w1'th all

types of inequality and equality (aj - b1) constraints.
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K. Schittk’owsx‘i, Insti'tut fu"r Angevzandte Ihthematik und
Statistik, Univers1 ta"t M'u"rzburco, D—87 W‘i"rzburg, m Hubland

DISCETIZATION Am NUIElRICAL SOLUTION OF A TIPiE—
OPTIML PAMBOLIC BOUmARf'-VALUE CONTROL PROBLEM

We try to solve numeri'cally a time-opti'mal control problem
resulti'ng from a spe01'al one-di'mensi'onal heat—di'fqui'on process.

A thin rod shall be heated at one end-pOi'nt such that a given
temperature di'stri'buti'on koé C(O,1) will be approx1‘mated i‘n the

La—norm wi’th a g1ven accuracy e as soon as pos31 ble. The heati'ng

process leads for every control u e Lm[O,T] and every control

ti'me T to a paraboli'c o‘omdary—value problem, whose solution,
we call it y(s,T,u), 1's well—Mom from Yegorov. So we get the

problem

(SP) mi'n T
r«,u.- 1|V'y(.,I',u) - ko(-)“on <\ 6

Hull“ <1
T > 0, u e Lm[O,T]

This problem 1's solvable and Lempi'o has show that the op-
t1mal control 1's bang-banov and that the jumps accumulate at
most 1'n To, the ml'ni'mal control ti'me. Now we consider only such_
feasible soluti'ons of (SP) whl'ch possess the above bang—bang
character. Thl's leads to w equi'valent problem, call 1't (9.),
whose varl'ables are the 3‘um,ns of bang-banov functions.

In order to solve (P) numerically we discretize i't 1'n the
followinorr way.'

1) ConSi'der only controls x41'th at most k_ J'umps, k e N.
2) Displace the lnfi'ni'te series determi'ni'ng y(s,T,u) by m

fi'ni’te seri‘es of length 1n, ln » m for n a w.

3) Approx1mate the Lw—norm by computl‘ng the mw.imum of n func-

ti'on values of equi‘di stant p01'nts 1‘n [0,1], n e N.
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The minimal control time Tokn of this discrete problem (Pkn)

converges against the minimal control time T0 of (P), more pre—

cisely we can show that

01‘“ -_ lim T—im T
k-w n-w

n
o ' Tol'im li'm T

kdo n-un

Mrther we develop an aloooritm to solve (Pkn) nmeri'cally.

This is a bisection method in the followiu sense.‘ We decide

by solving a special optimization problem in Rk, if for a give n

T a feasible control exists with respect to (Pkn). If yes, let

T decrease, if no, let T increase.

Finally we discuss s‘ome nwerical results.
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AJ.F.Shai’ro,.PESSachusetts Insti'tute of Technolow, Cambri‘dge,
Liassacliusetts, USA

STEEPEST A SCENT DECOLWOSITION m‘mODS FOR MMMTICAL PROGMRI-

IHNG / ECONOhlIC 14"QUILIBRIM.I‘| PJIODELS

A number of models have been proposed for combining econometric
submodels which forecast the supply and demand for economi'c comodities
with a linear programmi'ng submodel WlliCh Opti‘mizes the processing and
transportation of these commodi‘ties. Included are models for energy
planning, analyzing the world wheat market, and river basin development.
We show how convex analySi's can be used to decompose th»bse planning
models i’nto thei'r econometri'c and linear programing components. Steepest
ascent methods are gi'ven for opti‘mizing the decompOSition, or equivalently,
for computi'ng economi'c equi‘li‘bria for the p_lann1'ng models. Extensions to
the dynamic core are also discussed.

£¢J.r‘.x>°hai'ro, Llassachusetts Insti'tute of Tecnolog, Cambri'dge,
I‘Iassachusetts, U$

mm"fii'.""ATICAL PROGRKLHM"I\IT.G I.IODELS AS IIITH*"GLMTORS.° II\mufi“.DDISCIPLIMRY
‘OLEUTuF‘R SYSTEIMIS DL“SIGN A.W USE

Mthemtical programi'ng models often serve as integrators in inter-

discipli'nary operations research studi'es. Student participation in the

computer i’mplementation of models of thi‘s type gives them a perspective

from which to learn how models are created from li've data in an institutional

setting, how mthematical programing analyses should be perfomed on real

problems, and how interesting and relevant mathematical research can be

derived from applied problems. Illustrations from water resources planning,

energy planning, mchine replacement and environmental analysis will be

given.  
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I}. b‘l’eb)cl‘, 110011°ucllLLle f m"‘ UT’a"11\I"qu‘p*'11, L"e>;"y"u‘¢L,", u1‘uit

OPl‘I.I‘Eu“'RmJ-‘GQ°AU«FGh'm"1J 11.1" li‘ELF‘u”PM1A‘1.1”'OD’L"‘LL'

1. D‘em;"nproblem

Zuna.chst \Vl'rd el‘n gegenupber der I-‘.E‘r’RA-Potent'l'alm‘ethode emve1‘—
te1“tes .1A'TOdell der I‘T.etzplantechn1'k angegebelu. Dur011 dl'e E‘l‘n—
fw“rung varl'abler Vorgangsdauern W1 rd dl‘e Aufgabe gerl'ng'fu"g1'g'

ko.mp11'u"1'erte11. Es werden aber Fa'lle lo"sbar, dl'e Inl't der ‘Ilm‘m—

Potentl'ahlet11ode nl'cht erfasst Sl‘nd. Aucll bl’ldet das I'~.lodell

gu"nst1'g‘e Bedl'ngmen fu"r dl’e spa"ter zu behandelnde Ressowcen—

bl'lan21'ermg.

Das Teml‘nproblem w1'1‘d als ll’neare Optl‘ml'ermgsauf‘gabe femu-

ll’ert, 1'n VJ'elche u‘l'e Vorgamlsdauern D1. (I.;*III‘ D1. —‘- D1. 5— .I'erY D1.)

.ml’t el'nbeuvobaen \J'erden. P«ur dl'ese erwel'terte Afioo'abe hat lu‘a"g‘ler

el‘nen L0"sum,salg01~1'tMus entvvl'ccle-lt. ALE Fql“m“_u‘ der 1.x“’odell%.truk'—

tur bl'etet s¢"c‘h dabel' e1 ne Tv‘c”l"’dllgexxlv81.118ru1100' d'es lx’elleyschen

VerfaMells arl. Dl‘e Duall‘81‘ermg der OpL“1‘1‘1*1‘erm15'tu°a'uf‘gvabe fw"1rt

1'n 1'Me1- grapllentheoretl'scllen Rea11'81‘e1‘mg“ zu el‘nen1 A.ITax1’mal—

stromproblen1,fu"r dessen Lo'sullow el'n Algorl‘tlnv‘lus aufgestellt*

wi'wa‘e. L“s 1‘st ferner Ino"br'.‘11‘011, f u"r J eden Vorg'ang" el'ne k'onvexe

(stu'ckvvel'se ll'neare) Dauer—Iiosten—lfi'urve vorZLtheben. Das zug~e—

llo'rl'boe Proglrwxun ll'efert el'n optimaleuc i“en111‘n—DunLLer—u“y3u*em, Vl‘el—

Cll'GSVEl'ne \Ilesentll'clle Grundlage fw" dl'e Opt1'1r11‘eru115-‘ des I-L“eSSOL1r—

cene1‘1lsatzes'bel' k'om'pll'vul'ertel" 1v.'et"usb*ru1x’t'u‘r bl‘lclet.

2. iessourcwnbj.‘lanzierLunL,’v

.l‘;“1‘ D‘e‘z';"<*.;1‘c>11 P.u1'1‘ el'Afi.‘c- 1‘..)LIIU"‘Q‘ v.1.‘cx1‘u""~ l3’L-->‘;"c113c1";"“‘c-."1“1'bn‘er Re°usou1‘cell"1‘11‘

u"1"v' 14"'L-v"rLL"clg‘o"'u;1‘U"—cr_‘.‘ L‘l'Il. Da's AAL’d'L"1l€‘.Ild'L"L'.D"C11L‘ 1.u.'ou‘u‘ll 0"‘0411‘u"‘ V011 IxOuc‘u"'b’lk-

u m,~x.- b’l-l v"J’l"L)"L‘.A“ L"‘LA_"'1‘ u‘_1"»'»> -.“;1‘g*a'11"J.' dL=r a'm‘lv i;‘l"1‘“.J"L.‘Iu"'z 1.x'or.‘4‘1p>1."d'01.w it"céu”u“-o'u1‘CLr‘11—

L»-;"1‘1“-L‘4L"t'C~1."-, ;"‘u"r u‘c>1‘v'>1."| JIC’LI(L"LVL1‘11U\""u‘11 (L‘,.1 ‘1’V‘u'c;1~‘l ' ’Luor'71-"Cl‘IJx‘ng‘t‘L— u11.u‘

p"...‘-9"L>L'A'¢'p>1‘u*"cx11) °uov1'i"e i‘LL"1‘ ‘;"c>1'1.11’11‘L1"‘3‘01"°u011;"c'1'u"‘u11'br"»'11 ’dle‘.  
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n“u" ergl"bt Sl'cll e1'11e 1.11'011L"1cor.v'vex‘e bl‘ll'nea"re Opt 1'.m1‘erung"saufg-abe.
l“‘u"1‘ dl‘e Lo"u°ung/ vvu'_d el‘.n Ve_rfah;en. ‘vorge,achla~ gen,_.wtona‘c._11 e 1'ne
'a'u'l'va"‘s<u‘1'g'e n‘usg»ang"slo"°sunbr aurs”delm l’“‘em.1'nalgl.01"1't1‘m1us gewonnen
und danach schrl'tutxv"'e1‘se ve1~besse1*t \v'el'den karlnl.

In v1'er p1*ak't1‘sch bedeutsmen Speufll'alfa"llen der Bl'lanz— bzvv.

Rel'hefl‘olgeoptl'ml'ermpo‘ VJ'u1~den auf‘ der Grundlag'-e von unab—

b.a‘ng1'gen Lo‘sumr.salgor1‘tMen Rechenprograme afigestellt, u'ber

deren All'xvendmgen bel' der Ablafiplanu1.15‘r berl'chtet‘ Jy‘l'rd.

BMJSlnh, wase Manhattan Bank, 42 Trl'nl'ty Place, New York,
U.S.A. 10006

OPTIMIZING Tfi UTILITY OF WLTI-COWODITY NEWORK mes

The pamr deals w1't11 optl‘ml'zatl'on of the utl‘ll’ty of Mult1'—
Commodl'ty Network Flows. Utl‘ll'ty of a comodl’ty 1's a non-
ll‘near (p1'ece—w1 se 11near) functl‘on of 1'ts’ flow. In ger.eral,
a commodl ty uses a £1 xed path startl'ng from a source terml'nal
to reach 1'ts destl’natw_'on. The flow of t‘he comodl'tles 1's
restrl'cted by the aval lable capac1 ty of the edges. A unl't
flow of any comodl ty requl‘res 1 nteger unl‘ts 91) of the edge
capac1 t1 es on 1'ts path. The flows of dl'fferent commodl'tl'es
1’n an edge are addl'tl've though the dl'rectlon may be opp051 te.
Further, the capac1'ty of an edge may be 1'ncreased wl'thl n total
cost constralnt by expendl'ng a know cost. The cost functl ons
are non—..11'near (as.sumed p1'ece—w1'se 11ne ar).

Tt‘e problem descrlbed 1's very general 1'n nature. Many
network problems dl'scussed 1‘n the recent ll'terature form 1'ts
spec1'al cases. The complex1’ty of thl's general problem stems
from two factors.- fl'rstly, tvhe obj'ectlve 1's to optl‘ml'ze the
sum of non-ll near utl'll'ty functl'ons of 1ndl'Vl'dual flows and
secondly, the cost functl'ons are non—11near.

An algorl thm de51 gned to solve a large real ll'fe probl em
1's developed and under one assumptl'on, gl'ves the global max1 mum
of t/he‘non—ll'near obj'ectlve functl'on. The problem 1's fl'rst
transformed 1'nto a restrl'cted ba51's problem havxng the structure
of a 11' near programml'ng problem. For suC11 problems, the
optl'mum 1‘s readl’ly obtal ned. Fl'nally, the appll’catl'on of the
algorl'thm to spec1’al cases 1's d1 scussed.  
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and Contml Sciences

fi'n" GMIE O-F WRWIT IN N MAW ’SPACE

The pape'r is devoted to the amw of differentifl gmee

in mmch emce. me Mnml'cs of' the gme is described

by an equation of the fem

(1) x = A(t)x + u — v x(‘-tp) = X0

' where xek’ 1‘s a separable Bwach space A(t) is the linear

gellemtor of a semigroup S(t,T ), u..’t) denotes a Ineaswable

selector of a dosed, bomded,convex subset U‘of a reflexive

Banach space Z)v(t)ev is defined in a similar way.

If we replace u—v 1'n t’1) by an atbitrary fm0u*1on

k(u,v) then wig mi'xed controls one can get the sme resmt.

Firs t we ‘consider gmes rwith fi'xed tyne dwation. m‘e pw-off

‘10 has the farm of a continluous functional 0n C[(tp,tk),XJ

where [tp,tk] is a fixed 1‘nterml andd&p,tk),x] 1's

a kmch space of all conti'nuous fmctions on [tp,tk]

vflued 1'n X.

In t11e litemtwe on di‘I‘ferenti‘d gmes there is a lot

‘of definiti‘ons of "strateg" that in turn Mply a qumtity __

of the correspondiw notions of "value" ‘A concept of atmteg

discwsed here is those of m‘liot M’-ton [1] .

.we also indicate its relationship to that of Friedman [9.]

\I'e are able then to prove.

Theorm

For the‘ gme described by eqwtion (1) with the pay-off?

. Lipschi‘t'z. continuoue on. C [(tp,tk],x] there exists a vane

V’Xo,t ,tk) of the gme which is Lipechitm'n with respect to
P

m the armente. i
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o‘ince V(X°,tp,tk) 1'09 L‘l'pngckll‘L--r¢1‘r-ln_- L'.L" ¢-*01J.*<)»;-s frm [3] that

V(X°,tp,tk_)‘ 1's dl'fferentl'L1'-ble ahIOSt “CV‘PIyYIE'II'f‘.. JVI-mc 1.}x_1'."1‘

»'Je get a d1‘f‘f"erent‘i“ad c‘(:“1u1't1'on of' lssacs‘-Belh‘“an type.

In 1.'Ile S‘e.c,o*_"-3( ‘.har't 0;°' vlJ'1|€-‘ 1r'a..1*.~e.._*v~ \r-e.> (».‘er'a;‘.-—~I_.‘ w’b'l‘1 r_‘.-ursu1't —

eva81‘on gwas ma we get.

Theorem

»."he gme descrl'bed by the 6‘1tlatl.0D_ (1;“ inva.‘a '<l brerxelwc'fl.n."zA‘ed valve.

F3.‘n&1.va V19. a..1)p1.y 0121' 1‘6“..“‘:17J1:F. l'o 5—-:1")ne-..t-, (:‘e‘l."~‘(‘.1-'.I"(r‘e-.x(‘ (:‘y JI."ne’.c.-'._'r'

differentifl—dl'f‘i“eJ.-e.nCc’. L‘-.(‘111L.'»1b"3.'0P. of- r“eul,'1‘ul £37;~;e.

For a gw"e of i”..:‘A~"e.u“ ak“1.21-L"=u"J"\*.z.‘ «:‘e c.'v1-e a.'blc= to }‘/1"OV‘E,‘ L'he ex1'stence

01" orJtm'fl strate,g1'es for botlx plw'ers.‘r“1..'1‘.efl.y xI-e. (.-»<.-_hb*.u."tz‘e,.1'~

a game of purs‘uit described by l"?1|_':.b‘ J’functjfmc'xl equation with

a target" Bet 1‘n tile space CL—h,0] where h 1's tlie ma.xu'ru>fi

d9,J_12y t'm' e occurl‘ng.

The cofludl'ng resflts co.“_st1't'ute a genDVM1‘z'dt'1'oxu oi." L’lue ‘n'01"k

[4] 01-“ V'araw'a con.cemed w1‘th tile fl'nl'te - du‘.w~ens‘i"on_a_'3. (-.zab‘e.

I.“'efe,I-en‘c.e.kk‘

1. n“.J.m11'ott and VI..J.mton, "V'flues 1'n d1‘ffe1‘en.t1‘fl gmes",

Bfll.Mer.I4ath.S-oc.78 (197a’)‘, 427-431.

‘2. A.Fr1'ewan, "D|if'ferent1'fl Gwes", We a-nd Ap1)ln_‘ed .x-»"athemar1‘cs,

J‘ol.25, ..“"fl‘ey—Iflter"esc‘L"ence.>, ul~ew £‘ork, 1971.

)"’. h.Aronsza.3‘n, "u"1'f‘f‘erent1.'ab1'ln'l.*y ><J_"’ 1-3‘1>sc~1:n.‘1."."3‘¢:.'n. Iv."-appings

betwee‘p_ $9rw.ach b“paces", Unl'ver51’ty of Ensas, Oct olve,I-, 1J<‘7_A.

4. P.Vara1‘yhr« J.L1‘n, "nkl'stence of schfle p01'nts in differentl'al

gmres, o"IxU~1" J. Cont}.‘01 7 \’1969),’141—157.  
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MTTm«"t.m-m AS"IG‘.Io'W'A T Wt.OBm'J”. A‘Y. E‘T'i'quWm'T AMORIM

An algorithm for the bottleneo.kt assiglrnoent problem is pre-‘
sented,the theoretics-l efiio.ienooy of vmio.h is supedor in com
p~.orison ’xdth. the b.0n‘m -algorith1ms. Re problem und°.r oonsidw
r.atiot1 is s".s follo~.1"s°. m a' ,~,iv\.n~n equsre m."trix C —- .niJ.)nm of
inte.9'rA.°rs x:-.o S.hould s.ole.~t av 3a.."o‘le of n o.lem.ents / ."talled a

feasi.blo° solution /,one in e1.~..oh rovv and on.0 in ee‘.vh calm,
in such a u.~v<1 xv that n.3ximum. valued element in the saraple be the

sma-llest among all feasible so-*mples. filus, our pur‘oose is to

find ".0 —' minpén {ma-xié<1’n>cip(i,}, il'here p is a permtstion

of inte,3~ers 1,...,n, n is thee set of all permuts(tions. The pro-

blem xv.‘tss posed bv, Gmss Bottleneck assim)mt.ent problm. x"A|u‘ ,

P-1630,1958/ (lend prim.‘tol aloworit.hlm for its solution \J*as proposeod.

Ou.” a-lu~,orit.h-m is of the threshn.old t,vpe°. As" a thresholld va—

lue B for crit.erion serve ele'43‘oen.ts of matrix C. T1.1e lO'tJev and

uppeor bou.ods for tlle threso‘old ,na,y be 1'ntrou'u~.ed'.
BminsB = cij gBmax . These bounds‘are obtained in the follo-

wing way: Braise- mai.v{pa1,...,en,o ,...,an} and Bmax -

mnib1,...,bn,b ,...,b‘}, \I'here 31 e.nd bi are respeootivelv. m -

niymim mired Inax1‘mu‘m valued elerieseti'ts oi” 1th roxv, \.'v11‘ereas ad and

b3 soroe rVOS),‘eesot1'veel,v minl.3)-uu“. 5‘1»rJ -.m‘nt-x."m.11vn elvenslots of jth co-
lumn . .."'ith the threesthold bel"no# chosne-n,thns brssio. steg' of the

algorithm is perform°.d. xme matrix @ in mi"..h.' c13"J. -— 1 for
c1333 .md 6183- = 0 for on.) B is used. Now, we search for a

a fer.esible soluti‘on in this ma-trix. Tn‘e feasx'ble solution exi-

sts 1‘41“ the mq,tr1‘x 9 IJ'tsV,‘r be bFOJXght to the fom in x'~.hich

therc‘ are no zeros ole le.otding diagon.‘.nl. iWe modifi'ed }Im,s_varim

method is .applied. ‘.;electing a colum 'xdth zero in le..a.din°o

di 1;3~ot1ol pla~.e,v1e tr,y to perm.‘te colum.s in suosh s ‘x: 3-,y' that

fiwre, one (..~ppe.."rs in this o_lsooe .s.nd at the s.1me time no

other ".oluu"‘1 {."’ith this pro'p.3rty loses it. Va‘hen such penmuta-
tion is0 fomd,the pro.oedure is repeated ..“'ith tlle next colum

..nn]/ oer) o.q. It sheen be s.ho..\n that .oo‘mp-utstio.1's of complexit.v

0(n‘9) .."—re n.0e4r‘ed to onet J’latrix 03' in desired form or to  
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C"ot”~bll.u°‘] 1 *1 at no *’*c,_q."‘31'blee sollxtL'oL1 ex1’ofiu‘s. I‘d t‘."o. 1.1tt°_r h..A°)ee
tlxe UGKI‘ thr.°g°hol<l 1's i.qtror111.n.~d an<l trl'e p’ermvlt.at1’on pro.fle.511re
starts 85"ain.

a”ome other formulatl'ons of tluev neceeCVs‘1r_y 'and suffl'evl'ent .eon-
dl'tion of fe.r331'b1'11‘t y ra_s \~.'ell as 131';’f‘ere.nt methods of evhevhvv.ing
these .eondl'.t1‘0hs a‘re discus.sed too. One of th.e menthod 1's br1.—
eed on 1‘ntrod1101'.an 1'n eaeuh st.ep someD .~(11x1‘111'n.rv,, probleem,n2..me1_y
the max1'm11m mate,hin,n pr J'blem. ."'°. Sh0111d f1'nd a maxim.11m. matnehl'ng

in a bl'partite grew __,h.h GQV,UV‘ . r'whe ve.rtex 5.nt J‘ conSI'ofits of roxvs

(V1) and “holIJmnqe (V2) of‘ m.-« trx’x V"3' . The HodpJe (v1,v2)€u1P iff’

tilere 1's onen o.q +.he4 1'r.x‘e.vsee.t1'on of ru*-xz v1 “..1u” nv01111n v2 in y‘a‘.
The. m.‘ratr1'x 1's fefic51'b1e x-‘finen a.n op 1 .D'efil 060111tion to the math.hing
proble,m iqe n. For the mate“hl'nosv problevn tlle effl'vnl'eent alo~or1'thm

)“/2of Ai’opvhroft and Karp’ 1'0" Vm‘0\vn / ‘x‘n n u"1gOF1.thJF for rnaximMI

mate.h1'ng 1'n bipertl‘tO. “)v.r.ag-hee. )"IA‘.." J.v"omp.,FIo.4,1/°73 /.

Other exalnples of tile -qe11x1'111':q.r,1,/ 0,rob1ev.ns e"ree.' th.e .m(aV..1'.mvn

flov¢ dxroblem l‘n Afirj‘GQIJQLth‘ d eL’m'r.ed- nvntv10r1{ (finelr trle .012‘851'vea‘1

1,..°~81'mb,meknt proble.m / \".n0\'lh‘ qu_)~.or1'th.ms .-’or both okrob1.em.s ar.° 0"

the n.0mp11ex1'ty_ O{n3)/.

We num.ber of tli'e basx'en st.ep s to bee peer.?or1ned 1'n 011? algv,o—

rithm dep'.endeq on th.0 m.,eth.od of chanva"h.Qv the thr.eshold veqlue.

One wa_v to do 1't 1‘s the. prob*rev331've 1‘ncreasev of B,ster.rt1'ng

. .P-l‘rst fee-(acol'ble solxltl'on is otnt.-"1‘ka1.Mth loxve.r bellnd Em.r11
We alcoor1'thm 1'n thl'a" eve,g~—e W'ill by0 0;” ."ompleex1't,y 0(n.4) .

LTSI'ng anoth.er method L‘or vehangl'ng‘ of the thresh old / altema—

ting ave-thod / mkl'nvh ma.v prove usefill for le‘ro-I~e g'roblerns, there
v.111 be no more thnen /.“lo.m' bao°1'c st’eeps 1'n algorl'thm...

%,e co.mp1.ex1't y 0;” the algorithm 1'n thl‘s .fiaeqe 1'3 0(.°rn21@).
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WRb‘lowin’skiJ.Wlarz, TecMical University of Poznfi,

Poznfi, Polmd, m flGORITW FOR SOLVING A CERTAU

NONLIMM SCHDULING PROBW

' In this paper, the following problem is considered.
A set of n heterogeneous machines process in puallel m

momt of raw material. Levt ci(vi) be the Mom cost of
processing v1. m1ts of raw material on machine i-—1,2,...,n.
The momt of raw material processed at my moment on ma-
chine 1 lies within bounds: vie (a1,bl.), where Osais b1.

The oba'ecti've is to find the nwber of periods of work for
every machine wd momts of raw material processed in these

periods which mi’nimize the cost of processing the total a-

momt of raw materi‘al, that is.not less than certain re-

quired wont.
The above problem forms m atypical Single hoduct ho-

duction Hoblem. The p01'nt of the matter of this atypicalli-

ty is t-hat the re quirement for the product only refers to

production as a whole,‘ the inventory holding cost is not

considered and fwthermore we consider n facilities with

different cost fmctions, producing the sme product in pu-

allel. Finally, the umber of periods for particular facili-

ty is here a variable of the optimizati on problem.
or comes, the considered problem also has m economic

aspect to it, but we would rather stress its applications in

tecMological processes li'ke yindi‘ng or mixing which occu
in the building materials, metallwgical or glass industries.

m thi‘s paper, we develop md discuss w algoritm for
solving optmally the above problem, for ci(vi) nondecreasing
convex or concave, i=1,2,...,n. In the algoritm some special

properties of optimal solutions are used, wd due to this,
it may be useful in practice.
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C.Sm-adici.Un1verb~itJr\ of la.L“, 1’»9°1', Roman1'3-,'

V‘O.‘.”P.11«“\‘T0RIAL PRUPD.‘I(‘\TIL‘Q(IV C'l" b‘Ix-."A;'RIX Gm-"L‘b‘

In thia“ p:~l‘per \J‘e revew-'-1 aoa..—' .-‘0L.-bir;—\Atox'ial krOpertz'es

of the‘ b1Inatl ix gu'~mes,-tk1-~‘~‘L prope1*t1‘es a“-re obv‘d'l'zxed by

studyinbr a' .‘e;‘.*a-1r; “‘b'so.‘1‘a't'ed brd’ph.

»I."ore g;reo'1'selg-,.f 0‘ b;"mu'4tr1'x 54-m‘e 1'5‘ Ul’vp-n b,- the k~avoff

m.atrice‘k‘ A,b,c’J-u'h of‘ th- m vaith m ro.«\u~ d-nd n .-01m 9',one

attau‘hes 1.0 this _gu--me 4‘ graph xv1‘th zu*; Vcttiv‘ea (;.J),-

(i=1....,..1‘,‘J'.-L‘,...,zl)‘-t\“-O VL«rt1'.-es (1',“‘1),(n",l)bu'1'ng Jal'nca

—e1thc—r by .‘J a‘1'reu~ted L—dge ((1‘,g‘),(l\",l)) wher. ink gnu

bij>bh1,or 3:1 and aij>akl,

—or by an muire."teu‘ eubt‘e[(ij),(k,1])‘.. n'er. 1=k d'nd b11=bkl'

or j—_l "and a-1.j=‘.‘kl.

0r.e studies tb.e prOy‘erties of thaw ass09‘ik1~ted brraph for a

bim‘:fitr1'x g°,me and on.P. exa mines thp, cha-racteristic .~v,_ropert1es

in the ~‘-as&» \vhc‘.n 1't v'orreU-\por.ds +00 ‘1' r.1».1'trix “tra‘me.

Or.e uo"es some of thes‘e. rekqults 1‘n oru‘unr t1 P.9t4'AbL‘1‘sh a method

for fir.d;‘ng a‘n eo‘uilibrl'm point in a bimwfi-trix‘ game vJ'im one

plaJ‘er .hkavin‘g t:'-.o L,*ure st‘*<ategies.o“ome other reonu“tb‘ for my

bin~»atrix b~"—¢me -.1re u"~.1ven.
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Y@.Sori'mach1‘
HE.I‘L'-ukawa

T#.Tamar Soft ware Development Dept. liltsubishi Research
Institute, Ontemacni, Chlyoda'—ku Tokyo, Japm,

IMPLEMENTATION OF THE HIEURISTIC MIXED INTEGER PROGRAI‘vl TO THE
MATH} thTICAL PROGh‘AIwfiaI‘NG b‘YSTLL‘l

We have recently developed a general purpose mathematical programing
system for a domestic large scale computer. This system has four functions
as its sub—systems, whi'ch are the linear programing system, the data mnage—
ment system, the mi'xed 1'nteger programi’ng rsystem and the special structured
large scale linear programi’ng system. imat we are to report here is about
the mi‘xed integer program1’ng system, especially the heuristic method that is
implemented in 1't.

Our b351'c princ1‘ples 1'n de51'gning the mi'xed integer programing system
were as follows.

(i) conSi'derati'on of elementary usage,‘
Users w1’th relati’vely poor experi‘ence in MIP can use this
system ea51'ly and can get reasonable computatl'onal effi'ciency.

I

(11') con51'derat1'on of sophi'sti'cated usage,‘
Users can select proper strategi'es taking advantage of the
structure of thei'r problems.

(iii) stabili'ty of computati‘on time,-
to Users can obtain reasonable solutions that correspond to the

computati’onal cost, even if thei’r avai'lable computation time
1's li’mited.

Considering these points we adopted two methods 1'n our system, one is
t_he branch-and—bound method, the other the R—optimal method.

me branch-and-bound method ([l],[2],[5],[7],[9]) is adopted in not
a few mathemtical programi'ng systems such as MPSX,OPHELIE,WIRE etc.
One of the most 1'mportant characteristics of this method is that one can
obtain a globally opti'mal soluti'on. But 1't seems to have some disadvantages
such that in many cases computation time varies considerably accordi'ng to
the computational strategy one adopted and that computation time increases
exponentially dependi‘ng on the number of integer variables.

In the R-optiml method, given a feasible integer solution, one tries
to improve the solution by means of varying R integer variables at a time
and repeat such tri'als so long as the solution is improving. mis kind of
method was applied to the pure integer programing problem by Hillier [A],
to the travelling salesman problem by Li'n [6] and the plant location problem
by Sa' [8]. One defect of this method is that solutions obtained by this
method are generally locally optiml. But its advantage is that computation  
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time is proportional to lR (where 1 is the number of integer variables)
and is stable irrelevant to the structure of problems. Compared with
the branch-and bound method, it seems to work with remrkably high
efficiency for problems which do not have strong structural relations
among integer variables. In our program we set R-—l and 2, but even by
such a simple algorithm, numerical experiments showed fairly good results.

In our mixed integer programing system, we adopted these two methods
to make up for each other's defects and by combining t*'hem, high compu-
tational efficiency can be expected.

Finally, computational results comparing our R-optimal method and the
branch-and‘bound metlxod of bIPSX are given in Table l and 2. The program
of Table 1 is coded in FORTMN and it is processed totally in core. The
program 0." Table 2 is coded in the assembler language and it uses external
memory devices. Tllese two programs were made for the test of tile R—optiml
method.

After these experiments, we were convinced that the R—optiml method
is effective for mixed integer programing problems of practical scales,
so we proceeded to implement this method in our general purpose mthemtical
programing system. Table 3 show.5‘ the result of tlme tests of our system.
BBMIX is the procedure that applies tl1e branch—and—bound method and HEWIX
is the procedure that applies the R—optimal method.

- 10—1 Computational time(CPU minutes) functional value

Cont. LP Search Total

SX m 8504303
111607 7 m 0.32 85000.1
165X426 12 100mm

- m -

   
 

  

’°%

  
—

1001286-8
. 0.120-16 -126x179 00 0024 o 12 o 16 885 150       
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MPSX 131nm.
R-Ot.

18*”
R_MP5x 67x11“ 0 02 o 07 221. 126

Ont.

 

  

 

Table 1

machine'. IBM 360/75J
problem.‘ minimize
m - no. of constraints

‘n - no. of variables
10.1 = no. of 0-1 integer variables
Cont. LP.‘ time to solve continuous LP
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Com-. time (CPU seconds) Is Optimality Functional
Cibt.LP Best int. tota -roved.7 value

291- 3244.0
R- -t. 3.977.

. v

63

no(time cut) 2682.0
I_ 2666-0

458947.0mew-s(1.43/.)'

time (CPU secondS‘) Is optimality Functiona
‘ . valu

BBMIX
mamx .72w2

%12
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bu"o\.11’z"'».1k1, l.‘nst1tut‘t. f'or Orgaxrl'zation, BianagMent and Cor.t’1'03.

u“016n088, \J‘arntxw, J-‘oJ.ztnd
/

NL'W NOLQ"‘ I‘OR W1 MIA‘Q“AL‘K PJiL)1L m‘ — OCn) IiL“DUCTION MMMML’

MD mMINMCL‘ CONQ“TImII.‘To”.

fie paper dokfls w1't11 0—1 knapsack problenl .(I@,“

nlax' k’c1.x1+...+cllA"n)

subject to a1x1+...+anxn\<b,

xl._—O or 1, 1‘_—1,...,n.

The 1~educt1'011 01" IU‘ costt'w..'st_‘1y’s 1'n a531'gning wues to‘ as

mam as poss‘l'ble V‘aI'l'H,1)l€b‘ l~e.1'"01'e a.1~1’ly1'n¢r ‘.J11e main agorl'tkm.

mis appmach was 1‘nt‘roduced by Imargiola wd Korsh [3] us;‘%

standard c0nt‘ixwues relaxatl'on of E xvith one addl'tl'oncfl

constral'nt of the fom xJ.’-—O (xJ.-1) 1'n attmpt to fathom

correslw)cnd1'm subproblem. The best p0531'ble est J'r.uat 1‘on of r1w11bel‘

0i"' nap9.1'd't' 3"one' 8.6‘ a fur:ct1'0p_ of' r1 3's- 0(n2) for thel'r Inetbod.

Recently J‘mbo and Hmer have proposed O(n;‘ reductl‘On scllw e

applyl‘ng wefler fat11m1'n g test. In the I1'I"sb' p9.rb' 01'" L."'}rz'e‘

1‘8.}‘:€1‘ 0(n.;‘ reo‘uci.J'on.. alg*or1'tm 1's descrl‘)le.u‘ w1'L"11 4”"a.11‘om.1'ng

crl'terl'on eqm'vflent to tl1e orl'gl‘m one of [3] . o“m'ple

modl'L‘l‘catl'on of txl‘l‘s agorl'tm can be used for redu.o.t1'on of

genem (non-binam) D. Re pOSSl'1)fl'l.1.‘37>Oi"‘ 11.H..“o~ an"‘ l-I'llfi‘ agorl‘tMI

w1'th1‘1r enwneratl'on method 1's use discussed 1'n_tI-ocz‘110.1'r1g‘ subset

of so—cfi'le,d t.est‘ Va rl'ables w1‘th 1.he property that some test

varl'able mL~st' be reduca.'ble, J.‘f a.'ny 1‘re.e. va.'r1'e,wble is reducl'o‘le.

In tile second part of tlle I)a1)er a 1Wa1‘f.1.‘al order- (so—ca'lled

u‘rnvl'ru'an_(-,e 7~e.]zztl’1'or1.,‘ J"t:' J"n1,'r0(n"1:(-.e.(x“ .I“rx ‘1,1|e\sk‘e,iv‘ ()J"' V"a.1‘1‘a.1)1es.

Assuming c1/a1,>...>,cn/an, we say that x1. dominates x3. iii"

iSj, ai\<aj and ci/> c.. Examining in enumeration process
J

«.‘1,_‘b1’1-()1:J.-cnu vrl'tkL corstx'al‘nt' <“1.—~1 (x1.——O) we can use mzt
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xJ.-—1 (xJ.-_O)‘ for $1 K‘J. doml'na'tl'm 1"dm1‘nateu‘ byj‘ X'l-.

Thl's teem.1'que usuflly 1~eu’u_cet‘a t1: e b‘J.'74t’.' .01" .«’1A9. b'f‘.<&'1"-(‘}'L' tl'e‘b

Ic'Dd g1'ves bomds tl‘wter than obtal'ned by pwe ll’near IxroD-'ra-

miw. P0551‘ble geneml‘yJatl'on of tInn.'s a.1.>1|1"0d'c}1 J.'s wtao

dn.‘scmsed, u51'nv,g Mr.w1'c progrml'ng. Fl‘nmy, two-_nhase

reductl’on agorl'tm 1's proposea‘ ad'a1>t1'% dml'nance constraints

1'n the seco.ud phase.
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#I~L'amemento“‘c1'en_ce (."'C’, 4 .‘197)7)-

 



252

I.I.1.Stancu-Minasian, Department of Economic Cybernetics,

Academy of Economic Studies, Bucharest - Romania

0N TE MUMIPE LiINIMW RISK HOBW

This paper presents a method to solve the multiple

minimum risk problem of stochastic programing:

Ax s b

x >, 0

max Pia“ o'l(0®x>,ul} = Z1,

max P{OO\ c‘2(w)x7,u22 = 22,

max P{w‘ o'r(w)x>,ur} = Zr

where Ais a m x :1 matrix, x is a n- dimensional vector, b is

a m - dimensional vector, ck(co) = (ckl(a)), l‘<k\<r, 1s lsn

are vectors whose elements are real — valued random variables

defined on a probability spaceiJ'l’K', P} , u1,--c-ur are scalar

numbers.

We assume that ok(k=1,..-,r) has a nonsingular

multinormal joint distributions

The concept of the multiple minimum risk solution is introduced.

The results are part of a doctoral thesis.
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R.M.Stark,Un1'ver51'ty of Delaware,Nevvark,Delaware,USA

ON STOCHASTIC ZERO DEGME GE'OMTRIC PROGRM.‘MIIJG

A methodology has been dev1’sed for zero degree of d1‘ff1’—
culty geometrl'c progrws 1'n -»Jh1‘ch constral'nt and obg’ect1’—
ve coeff1‘01'ents are random varl'ableue. A ll'Inl‘t‘l‘ng d1‘st1‘1‘—
butl'on, mder rather general condl'tl"ons, 1'00 der 1'ved for
thl‘s case.

WhiStefmescu Unl'ver81’ty "1Xl.I. Cuza", Iasx', Rommla

MEEMIC PROH‘RTE"S 0E TIE I»"MTROIDS-M’ T&'IR M'PLIC1L"P'IONS
TO SCEDULIIWG

ConSL'derm'g the connect; on between the matr01'd theory
ad the theory of‘ hihwy relatl'ons, vve g1ve d' new defm1t1on
of a matr01'd on m 1'nf1'n1'te set, md we prove the equlvalence
m'th the other defl'nl'tl'ons /R.Rado, L.L-\.L"1rsky, etc/ l-Imy
prope_rt1 es of _the £1n1te matr01’dS can be .tr_wslate d for the
1M1n1te matr01ds, the proof 5 belng' 51mpllf led. Thls
lwguage allows us to formuld'te the schedull'ng problem wd
sug'gests us a mmer for solv1n5» 1't 1'n some part1cular
cases.
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48.R.Stonebride, Lecturer 1'n Computer Science, University of Bristol,
Bristol, Great Br1'ta1'n

LEAST4QUIQRES .l"ITHOUT NORIML EOEUATIONS

The problem of f1'tt1‘ng a noon-ll'near function to data 1's often
approached u51'ng a "least-squares" crl'terl'on. Hoxvever, the method
whereby normd'l equatl'ons are formed has often been shovln to be
mstable.

It will be shown that it' 1's unnecessarily 1'll—cond1't1'oned, and that
the requl'red solutl‘on may be obta'l‘nod more accurately by u51‘ng dl'rect
transformatl’on of the linearl‘zed observartl‘onal equatl‘onvs.

J-J.c°»trod.1'0o* - ll.V.lll'en, Unl'vorcsl'ty of Ilamux‘, Ilamur, Belgl’um

AN EX'IV‘OI‘TI.‘II'I‘I-.RL PL‘"I\T1\‘L’1‘Y METHOD FOR I'-.’IIl'II~‘I':‘-.'X PRUBLEI‘J‘ 'II’i‘H CONSTRuII-TTS

In th1’s paper an exponentI'al penalty method 1's appl1 ed to a .nond1'f-
ferent‘1 able m1‘n1'max problem w1 th constra1'nts 91 ven by 1 nequal1't1'es. The
strategy 1‘s to transform the constra1 ned problem 1'nto a sequence of uncons-
tra1 ned problems v4h1'ch are eaSI'er to solve. The penalty func t1 ons have two
pan~am.eters and are constructed so that all convergence subsequences of so-
lut1 ons to the eaSI'er problems converge to a solut1 on of the constraI'ned
problem. It 1's a general] sat] on to our problem of Murphy's penallty method
for nonl1 near program1 ng. As 1'n nonl1 near program111 ng the exponent1 al
penalty method has the advantages of the exter1 or penalty nlethod 1'.e. the
start1 ng po1'nt may be 1'nfeas1'ble.

The nla1'n result of th1's paper 1's that our nlethod has also the advan-
tages of the 1 nter1 or penalty method .‘ the tr1'al solut1 ons beconle feas1'ble
after a f1'n1'te number of 1'terat1'ons. The proof reduce.s the unconstra1 r.ed
problen1 1 nto a convex program1 ng problem and uses extens1 vely the concepts
of convex analys1‘s 1 .e. subgrad1 ents of convex funct1‘0ns and d1'rect1 onal
der1'vat1‘ves.

S1 nce the tr1 al solutI'ons belong to the feas1 ble doma1 n after a
f1 n1 te number of 1'terat1'ons we need only establl'sh the rate of convergence
for feas1’ble tr1‘11l solut1 ons. We show that 1‘f the problem has an un1 que
constra1 ned saddle p01 nt and 1'f unl'formly convex1 ty and concav1'ty aSSUlept1'ons
are sat1'sf1 ed, then the rate of convergence depends of the ch01'ce of the
parameter 1‘n the penalty funct1 on. Th1 s prop051't1 on allovls us to deduce a
good ch01 ce of these parameters. All the proofs 1‘n thl's paper are 91 ven w1'th—
out d1'fferent1'atl1’l1'ty assumptl'ons.
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4D.Stm e, i‘H Otto von Gucl‘icke ldubrdc*bwg, Mab"d‘cbwg
Boleslav-B ie rut—Platz

EINIE M'E"RWGEN M LOSWG VON KONMV-KONW‘M‘ SPEW
MIT HILH Dm' OMIW"RUIJGSTIE"‘ORIE

Betrachtet man die entwickelten Lo"sungsmethoden in der
Spieltheorie, so stellt man fest, daB sie mehr Oder

weniger mit der Optimierungstheorie verbunden sind.

Die in [23 durchgeful"1rten Untorsuchungen fuhr"en zu der

Vermutung, daB der aussichtsreichste Wes, fur‘ weitere
Spielkomplexe Lo"sungsveri‘uhren zu finden, ebenfalls

fiber die Optimierungstheorie fuhren wird."

Wir betrachten ein antagonistisches Spiel

G —'< x: Y H>
mit den Strategiebereichen

x ={‘xeRn= £10020 , 1 = ’l...k , x203
Y ={yeRm : gj(y)_,40 , 3—. 1...1 , y>,o 3v

und der stetigen Gewinnfunktion

H = H(X,y)-

Entwickelt man eine verallgemeinerte Lagrangefunktion der

Art
k l

F(x,y; u,v) = H(x,y) + v1. fi(x) + 1—1—2 111. 31 (3) ,
1: :

so wurde 111‘ der folgende Satz bewiesen:

Satz: Setien F und G wie oben definiert, so folgt aus der

Gleichung
sup inf F(x,y;\!;1,v) = inf sup
(359“)20 (3"ka (Y.V)ZO (MW/>0

die Gleichung
sup .‘ inf H(x,y) _— inf sup H(x,y)
X£X y£Y er xeX

 

F(x,y,' 5.1;)

1517 dabei (xv, y*, v", u”) ein Sattelpunk’c von F fur'

(x,y,u,v),>0, so 151: (x', y”) ein Sattelpunkt von H und

es gl'lt
F(x"’ 3*! u”. ‘7‘”) "— H(X*, y*)

Sei H(x,y) in x eine konkave and m‘ y eine konvexe thktion,
seien weiter f1(x) (L="l...k) konkave und gi(y) (1:1...1)
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konvexe Wl'onen, erffl"lt das Spl'el G dl'e Slaterbedl'wm

(1'n XXY ex1‘st1'ert el'n 1'merer Pmt) md sel'en X md Y kom—

pflt, so gl'lt auch dl'e UMemm des Satzes.‘
Afl Grmd dl'eser Tatsache kam mm mter gew1‘ssen Voraus-
setzmen ml't H1'lfe der Km—Tuckewheorl'e folgendes a"qu1‘-
valente Optm'l'erWSProblem fl‘nden‘.
Z(x,y,u,v) = xfl'(-FX)+ v_' Fv + y." I"Y + (-Fu)...’ min

NB.'

Fv (X9Y9u9v)z 0

Fy (x,y,u,'v)zo

—Fu (x,y,u,v)20

x20, yzo , uzo , v2.0 ,-'
wobel‘ d1'e hienge der @tl'mallo"smen 1'dent1‘sch 1'st ml't der
Meme der Sattelpmte von G.‘
Interessat Sl‘nd d1'e nmerl'schen Lo"smsverfMen.‘A Es mden
(bzw.1 werden noch) Untersuchmen dwchgefm"t, 1'nvvl'efern
spe21'e11e Sch‘ttebenen- bzw. Gradl'entenverfMen, m‘e Sl'e
1'n [1] mde] mgegeben mden, aw dl'ese Problematm' @-
wendbar Sl'nd.

Literatur: [1] Krelle/Kun"zi, Niohtlm'eare Programmiemng,
Berll‘n - Go"ttm'en ~ Hel'delberg 19a

[2) Vogel, mer e1‘n1‘ge Be21'ehmen zw1'schen Spiel-
theorl‘e ma @tm‘l’erm, Dl'ssertatl'on TH Magde-
bug 1974

[3] Zontendl'gk, Ll‘ethods of feas1'b1e Du‘.ect1'om,
Meterdm 1960
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#M.M.Sso Instl’tute of Infomat1'cs, Unl'ver51'ty of Wroclaw, Wroclaw, Poland.

GENEMLIMTIONS OF ME STMDARD TMWLING SAESW PROBEM.

fie stwdard travell'ng salesman problem ( STSP ) 1's to fl'nd a m1'n1'mfl

Hm1ton1'm cl'rcul't of a wel'ghted grap.h.

A nmber of procedwes have been developed for solv1’ng the SE? but .

l‘t 1's ndknom that whl'ch yous less thw emonentl‘ally w1‘th the nmber

of vertl'ces of a yap.h.

he SN? has mny practl‘cal appll'catl'ons 1'n schedfll'ng theow, vehl'cle

routl'ng, the 1'mplementat1'on of algorl'thms 1'n complex computl'ng mchl'nes, the

cor.struction of 1'nfomat1‘on systems, etc , and to meet addl'tl'olnal requl'rements of

some of these appll'catl'ons the STSP has been generdl'zed 1'n many ways.

Most of problem whl'ch cw be con51'dered as generall'zatl'ons of the STSP

are to f1'nd the optl‘mfl routes for a group of salesmen prov1'ded the routes

satl'sfi a set of requl'rements. Wen a gl'ven generall'zatl'on is obtal'ned by

specifil'ng meanl‘ngs of tems "opt1'ml", "group of sflesmen" wd " set of

reqm'rements 1'mosed on routes".

me of the al'm of thl's talk 1's to present a set of generall'zatl'ons

of the SEP whl'ch correspond to all 1‘ntroduced so far md know. to the

author meml‘ngs of the above mentl'oned tems. Some problems are reduc1'ble

to others, 1'n partl'cflar to the SE? but there arpe only a few Sl‘mple ge —

nerall'zatl'ons whl'ch are not M — completeflpremsK.

fie SEP 1‘s closely related to the/a551'mment problem ( M ) whl‘ch

has been also generall'zed 1'n many ways, for 1'nstmce as the mmtl‘dl'mentl‘onal

a551'ment problem or as the 1'ndependentassl'ment problem. flue the

following questl'on arl'ses .' how the generall'zatl'ons of the SE? are related

to those of the M.
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1x'.Su"c11w,Inst.for P0\J‘Gl‘ Statl'on ar.d l.‘etv10rlc Dessl‘gn,B11dapest
A.l’re’1{opa,l"'ec11n1‘cal U111'verss1‘ty of 'thdapest and limgarl‘an Academy of

S‘cl'ences Celnput‘er a11d Automatl‘on Instl‘tute, b“udapest
L".o"za'nu*a1‘,Tecl1n1‘cal b"111‘ver51‘ty of JJ7’udapest

\

PLANNING OF OPTILLAL EXTENSION OF INTL‘R‘COI'J'IILCI‘TED POWER SYSTEI’JS USING

Si‘OCIMSTIC PROGMIy‘HJI‘IIJG

The 1‘nte‘rcomect1’on of povver systems cw be descrl'bed by a system of
1'n110.rmog~oneous 11 near 1‘11equall‘t'1‘ess. In order to (satisfy the 1'ncrea31'ng
load dermand, nexv ge-nerat1'11on and trans"fcr capacl'tl'es ha.ve to be 1’nstal—
led. ’L‘he mosst econoxxil‘c prog‘ect evnulLIatl'on lmds to the 1’ntroduct1‘011 of
all oba‘ect‘l‘ve fmctl‘on and thLlS V‘I‘O- arc- gl'ven a /1'n general nonll‘near/
rlxathe.mat1'cal probvrmlnlnl'ng probler‘xl. Sl'llce "ouCll sysstcmls contal‘n randorn
elements e.g. generat1'011 0L1tages, pealc load dev1’at1‘on and tranosfer
capa01'ty dev1‘at1 on, 1't 1's reasonable to prescrl'be a /h1'g11/ rell'abl'll'ty
level wd thus Vie obtaln a stochastl'c prograrlml'ng proble1.q of probab1'-
ll‘stl'c coxlstral’lled twe. Th1‘ss problern 1‘ss solved by a 3'01'nt appll‘catl'on
of s1’va1ulat1'on and nonllnear prog»ram-...1’ng procedures.
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Jacek Szyman0\vs.<‘1. %Andrze'Ruszczyr'b‘ki', Institute of Automati'c

 

Control TecMical 11"niversity of Warsaw

COWERGENCL‘ ANALYS.I“s~‘ FOR TV/O-EWL ALGORITmS 0F MTEMTICAL

PROGMWIING

For large scale problems of mathematical programim

decomposition and hierarchical methods are often» us ed. The upper

level algoritm (coordinator) invokesl several subalgori'tMs whi'ch

perform lower—level mi'nimizations. In various theoretical works

in the fl'eld it is assmed that the lower~level soluti'ons are

uniq ue and are computed pre61'sely. Tn‘e last assmpti‘on can hardly

be satisfi‘ed in .Dr.act1‘ce. Usually computati'on of IOW'er-level

soluti'ons requi'res ifii’ni’te nmb-er of function evaluati’ons and

therefore truncati'on has to be used. r'he ba31'c problem whi'ch has

to be dealt Wi tn‘ now 1‘s the questi'on of the effect of 1‘naccuacj‘

m’ lower~level mi'nm'i’zati‘ons on the prop_ert1'es of the upper—level

algori‘tm. If we let local mi'ni'mi'zati‘ons run for too 10% we would

conswne more computer tm‘e than needed; on the other hand too

earn truncati'on would di‘sarrawe the upper level algori‘tm. In

the work the vuay of trmcat’i'ng lovver—level mi'ni'mi'zatl'ons m‘

'two—level algori‘tMS hang been suggested. It has been4 show that

there 1's no need to compute local soluti'ons always \Mi'th utmost

accuracy. As a base for the conSi'derations the approach of Polak

to mi'nm'i'zati’on algori'tms w1‘th approx1‘mate linear search has been

taken. The convergence theorem for the suggested two—level algo—

r1tm Vll‘th trmcation has been proved. The general defi'ni'tl'on of

two-level methods Vlhi'ch has been used covers pri'mal methods and

balance methods as well. Fi'nally some detailed questl'ons concernl'm,*

applicati'on of vari'ous algori‘tMS 1'n the general frame\".ork have

been dl'scussed.  
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Ari"e P'ml’r , Te,l-AVL“V Uni"ver31't'y, Tel-AVL"V, Israel

11"I1GODICI1‘Y Am Sflvfiv"E'TRIC vI"MT}{FJF.”mTICfl PROGMIS

The pape,‘1 prov1'des new condl'tl'ons ensw1‘ng the optl'mall'ty of
a symetrl‘c feas1’ble p01nt of certal'n mathematl‘cal progrms.
It 1's shown that‘ these condl'tl'ons generall'ze and m1’fy most
of the Icnown result"u deall'ng V'Jl'th optl'mall'ty of symetrl'c poll'—
01'03. The generall'zatl'on L's based on certa1'11 ergodl'c propertl'es
of nonnegatl've matri"ceu".
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-‘.'.'.’Belle . chtrales Oukonomisch-I.Iathemat1’schos Institut dor
iL‘u'leOl.‘1iG dor Wissenschaf ten der UdSSR , Mos-ham , UdSSR .

DIE Milinfg-lVTDJNTG VON iii/"DI FIZIERTEI‘? LAGRMIGE—FU1~Ih”DIOLEI\I IN
DER BLOCKOPTIIJIERITNG

- - l .

Im Vortrag WlI‘d elne Losun;smethode der folgenden
.‘-<onve::c~n Blocmuf jabe vorgeschlaJ‘nn:

max ’_> 6 ,ILeXL)L.-’ l...)n-} . (’1)
Zu diesem Zweck werden die I.-'.='en.3e der Vertc—ilun‘g'en

“3' {0(= (u,,...,un)[uL-6Rm,‘,21 up". cingof‘;ululrt und
modifizicrte Lag-“ramor‘le-hmk’tionen allfgcmoinor Art

ML(1.I,U*£,(5) 3 ‘S’b.(xt)+k,£1 Mxh‘i‘xfl- u‘ig’olgli"$)'L‘I‘uiGift? (s.[‘1]),'
wobei nit g=(tj, Hm) (101‘ niClltnehgative VOkL‘QI‘ rlor
dualen Valuable-1’1 (fer TriestriIctionen (3.01" Aufu‘l‘abe 7‘51) be—

zeichnet wird. Es sei wduifl): 15‘£_“I°XLML'(ILI “i, g);
Y — die Men *9 d optima—-§(u,g)-j_.,£tcw‘(u¢, *1) J We;

. I” . . . ~
len Dualvarlablen and u, — (1.16 L‘Lcn‘lgo.don": o‘ .--.1:Llon
VerteileQ-z‘en. Zuerst wird x‘Detziesen, lass a“! Y“ nit M
c‘er I..'enql‘e“der Sattelpun.‘:'¥;e deli 71.v'uul-‘fiion éUAIQ) auf “‘21.
zusanuzxcni'al1t, wenn die u.“un.'<tion<2n f4“ (9;, id“) Mistinunte
E1”"‘enschaften besitzen. Bci fast den ._;leichen :‘3edindl‘unqi'en
'st §(u'g) oinenstcbl'g differenzierbare and kon.—‘«:—uve
.‘-“un»‘~:tion tier Veranderlicr‘len u, . {fiscnn

__&b___‘_’ax9(2KHK) .- [91" KQK]+, K > 0 , so kann man fu'r
Gas ..;u_"‘“i’illden von Sattel'gun-victen (181' Fulll'xtion

n m -\ - 1 v w -
§ ((4 , (d) aux M ‘( R 4- file 1.1015110in der uradlenten—
projektion mmenden. Dabei crltlal'ben wir folicmden .c‘rozess:

t 1 -¢ 4 v 1 V‘ t ¢ ¢ .
u} ' “i 4" (“'M‘.(x‘.eiuflné)-n':Z‘1K5”).(11.1“).l‘jvlu‘177nlI. ' L

¢+1 t '5 . * *y 1 °
H :g‘j' c-1—i‘vfl M»(I¢,u°-;‘J¢)]+; a

:I-‘xobu'i E Ara MQX 'C)/C:1)...,n ’ “9e c
I-Exb‘ — -- . 5

‘.'.’01m 0” Gen Bedirvlgungen 0 A'- __64 £- act 5 oc<mm 71—) K—
;C-n'z'gt, s tonvergiert (ilk-3301' 1’1“ozess zu ninez'x} .‘-",‘10h_»-.a\nt
“er :..'u,"»;1J-r:: (1‘ x Y“ um? stgcll'b ([0321:le cine LosulL;smetho~

do 3301* AuL‘J'ube (’1) dar. Bei der p”~paltenzerlejun einor
Q20-2'10111'111'Chan 11110:;an AL1.T"U“JL1b0 :‘cann man mit ililfe diesos
iterativen .:-‘.1‘ozesses einc interessanbe .T'.‘_"-c-thotle filer lino—
;“0n "dzwcl'nlferun; car-"'11.:il'ton.

1:1 1‘12)?‘."-."‘Ui{
’1. I,".3‘.L'—ol:;bcin, HUI.£3331,"juYaw. I.Iod-i£“'_L"4.'~_‘I'01‘.‘;0 La _;11'-1n:;0—
Il‘u17.11oz'u'xr‘L. Jilrono 1111a i :m’L'en.;n:'. moton‘y, ’19'/‘1l.,‘3d.4\’, IL)".
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AA.8. Telemm, ml'ver51'ty of L1'vemool, L1'vemool, Englmd

OPTIMLITY CRITERIA M MTHWTIML DUALS

me paper treats the problem of des1'@1'ng for m1‘n1'mm wel'ght stmctures
wh1'ch may be 1'dea1.1'sed as assemlages of plane-stra1‘n f1’n1'te elements.
Twl‘cal constra1'nts con51'sts of 11’m1‘tat1'ons upon th‘e nodal d1’sp1acemnts of
the structure, 11‘m1't1’ng stress levels 1'n each element and m1'n1'mm Sl'ze
requ1‘remnts for each e'lemnt. me stral'ghtforward approach of us1'ng
standard mathematl'cal program1ng technl‘ques to solve these problem has
fallen 1'nto d1'sfavour 1'n the aerospace 1'ndustw, the largest pract1‘cal mer,
because of the large numers of varl'ables and nonll'n'ear constral'nts, twl'cally
of the order of 10 varl'ables md 103 constral'nts. Instead elements are
1'terat1'vely re51'zed u51'ng 1'mprec1‘se heur1'st1'c fomulae whose convergence
propertl'es are somet1’ms very good but sometl'mes vew bad. Mese re51'21'ng
formulae md the methods developed aromd them are know as optl'mall'ty
cr1'ter1'a mthods.

It 1‘s demonstrated that mder certa1‘n cond1't1'ons the m1‘n1'mum we1'ght de51'p
problem has a nonll'near dual problem of a conc1'se form wh1'ch cm be estab—
11'shed v1'a the Lagrmgl'm saddle-p01‘nt cond1‘t1’ons. Upon examl'natl'm there
are very close 51'm1'la'r1't1‘es between the form of the dual and the opt1‘ma11'ty
cr1‘ter1'a_re51'21‘ng formulae C.omar1‘sons demonstrate why such varl'able
convergence pomert1'es have been obtal'ned from 50m opt1’ma11ty cr1'ter1'a
mthods. me rl'gorous dual problem adds a h1‘therto absent degree of log1'c
to the heur1'st1'c opt1’mal1’ty cr1'ter1‘a fomulae. It 1's show how better
opt1mall'ty cr1'ter1‘a methods can be developed ul'ng the 1’n51'ght ga1'ned from
exam1'n1'ng the dual problem. It also ra1'ses the questl‘on whether all
optl'mll'ty cr1'ter1'a mthods are nothl‘ng but poor, 1'naccurate repmsentat1’ons
of the general mathematl'cal dual problem.

Fl'mlly 1't 1's.demonstrated that the form of the dual problem 1's Vsuch as to
effect cons1‘derab1e reductl'ons 1’n overall problem $1'ze ad that spec1‘al-
purpose algorl'thm can be dev1‘sed to pem1‘t 1‘ts rap1'd solut1’m. m1's
suggests that mathematl‘cal programl‘ng may yet retum to favour for th1‘s
class of problem by v1'rtue of duall’ty md strengthens the 1'mportmce wh1‘ch
duall'ty has for the solut1‘on of large, stmctured, opt1‘m1‘zat1‘on problem.
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J.'l‘erno, Technical-University of Dresden, Dresden, GDR

BRANCH AND BOUND AND SHORTEST PATHS

In the discrete optimization, a new problem

3* = min g(z) (Q) is considered instead of the problem

to bexesEonlsved 33* _- min f(x) (P) through a socalled d

embedment of the essexnetsial demand

Ee'rnsAsec“) = 3* => fix”) = 1:“ .

Based on the description by Mitten (0p.Res.18,24-34,1970)

a branch and bound algorithm for the solution of the prob-

lem (Q) is characterized as an iteration in the second

order power set PZCE) where a new collection of subsets

from E is generated by a branching and a rejection operator

from a given collection of‘ subsets. The branching operator

is also substantially characterized by a strategy (choice

function) that decides which subsets are subdivided for

every step when the Optimality criterion is not fulfilled.

A strategy Where a node having the smallest lower bound

is subdivided is termed a minimal strategy. A strategr

where all the active nodes to be branched are subdivided

is called parallel strategy.

In the tree T generated by a branch and bound algorithm

a non—negativ edge length is assigned to an edge that sym-

bolizes the generation of a new problem in the branching

of a node by the dif'ference of lower bounds of the genera—

ted node and the subdivided node. me to the requirement

that the function value g(x’\) is assigned as the lower

bound to a terminal node of one element the problem

is equivalent to the determination of a shortest path tron

the root of the tree T to a node from set of the one-

element terminal nodes of T.
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Thus, a branch and bound algorithm simultaneously

determines a graph, particularly a tree, stating also a.

shortest path in this tree. The tree construction pro-

ceeds until the optimality criterion is fulfilled. Then

a strategy means a method of determination of a shortest

path wanted. A minimal strategy corresponds to the well-

known algorithm by Dijkstra while the parallel strategy

corresponds to the Moore algorithm. The latter strategy

is of particular significance for the interpretation of

discrete dynamic optimization algorithmsras branch and

bound method.  
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W_______,.Tn‘a”melt Technical University, Leuna—Merseburg,
Merseburg, GDR

LINEAR PROGRAMS IN TOPOLOGICAL VECTOR LATTICES

u"'smlly 1'fi1’n1‘te 11nea.r programmintyT pvroblem we studl’ed 1'n

ordered topOlO&-"'l.0al vector spaces.~ In thl‘s spaces closure of

the cone of a‘onneu"'u°t1've eleh"'ents 1's tn‘e omy relatl'on between

order and tOp'Olohu’~Tl.Cal p_ropert1'es. 11""0\:‘ever, 1'n may practl'cal

lcases there ar‘e ad"‘d1't1'onal relatl'OA‘s between order and tOpology,

e._g. the spaces we oro‘er comp lete tOpOlOb'r“‘-1'Cd vector lattl'ces

\v1‘th td'10 order toppolobvy (TE).>

Based upon structural pr0p el~t1'es of TE the fo.Wlow1'%rl duall'ty

theol~em‘1‘s obta1‘n~ed.‘

T11'901~em 1.‘ Let be b-ol'vec the dud cons1'sstent ll’nea proor‘rm

cx -_ sup.‘

b,o.<—x=<k, (1)
ad

y'b+x'k .— inf!

"V 0, (2)
\4"here A 1's a contl'nuous ll'near op Aerator frem TE X 1'nto the

A'y. + __>C’ y. :0, Ix'

ord,e.red t0p~oloD>-»"1'cal vector space I, X‘ (I') 1's tn‘e ac‘3‘0m°t

spolace to .Y (rv‘), .r'1" 1's t*he adj‘Ol'nt to A “and ceX'.,

s4“ach of th‘e £0110171'%‘r condl'tl'ons 1‘s suffl'cient for the equall'ty

of the optl'm°u1 values of td"e obJ'ectl'ves fl‘om (l) and (2).‘

(10) {x l O --_< x -..< k} is 6(X,X')-—co‘nmact.

(20) There 1's a rod such that o‘-r""xo €~L(A",¢"") l'r."‘t r-‘l. ( k‘&«.. 1'on L"-L~‘._~lr

V','_.u’ Q'r"" .v'o_*r‘efivr‘r-u"r"ve -'-..WL-r-..cjs'_‘ts 1'3" I).
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(3'0) Ihere 1's a tota1 set 1‘0 0;” oru't*-r-t‘o *’t1'L-‘uous ll'aw'oar r'""t*‘l‘et"—

u*'.-'e‘.e.‘rl”s" e'\.- ..",V-c-..‘.”, a--..~e“ 4“ 1'5 5(.r’-',‘o)_ 6(4",r”')—cont1’0'u'ous.l

Taeorem 2 b'l"1‘ves seine 1'nf01~mat1'on about the structure of the

oeltl'mal solutl'on of (1).
Tuserum 2.‘ Let X be a 1‘m vxl'thout atOms. Ii' mder condl'tl'on

(1°) for each band 303., B A {03 , we have

«"1 (om Bn {m -_k.‘— x:— k} ,é {03 , than (1)
u‘a-s €#“ op tl'xd'al 801UUL1 OH \u'hl'on‘ 1‘s a L‘rOJ'ectl'on of

Lr 1'a‘ a bwad from» X.

A sye'ec1'al caress of tall's theor‘em 1's the LJ'aepunov-t.r“eaorem on tn‘e

ran.“‘_."‘e of a vector‘ mea“SLll’G. It b~“1’vesfi m‘ u4"-11‘1 0rd m'*d ea°sy

aeJ1~o“r0ach to some o‘r"e4"‘era'-11'za-u*1'ons of tLfie LJ'ao‘~a'l‘-ov—ta‘ceor~emv,

pr-oveu‘ 0‘37 several aLItu“01~s 1'n' the. la-st tl.'JlMe u“d‘ related to

baraQ--."—vo‘eaa*v»r~-‘73r1's*01'ple and the er’r1'ste4‘l’ce of nonl‘m-doml'u”ed‘stat1'st1'-

cal tests. ‘4 furt'.1‘er a;IJ‘ll'catl'on of TE 1‘s tile follo‘v..1'ng

re‘fornr‘1Llat1'on annd SL'tG“L°ul on to 1'fi1'n‘1'te spaces of the l"uch'er

comp lG'UCJ“utaIJ‘ sla-C'fi‘nesss ta"601‘e-m. w-""e ha-ve

1md'eorem“ 3.‘ Let I be a l‘"m of ml'srl'mal type, and ‘AX cand d""1*(..-")nPI+

\u"efilJ'7 closed sets. P‘rr"‘es’1 the ba‘u"d 1'n X, o”~enera£ed

by' ««‘XflPz 1's tn’e polar of tn‘e o‘a‘rad 1'n Y',

o»"Gne~.'a <ad by ¢¢“'“l (O)fl PX+ au‘d v1'ce versa.  
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AG.L.P’honlson Graduate o"cllool of Indusfitri'al Adml"n1‘s°tratl')on
Carneg1‘c-Ix*i"ellon Unl'verSi"ty,P1’tts°burbrh, ‘a.

RTOD'ELLING M‘I‘D CORIEUTIJIG i)°OLUTIOlJS TO LMiGb‘ OPEMLHIOIJ‘S

RESE‘Mx‘Cil PROBLEII'Ls BY USI\1IG \IJ'E‘T-I."OM’\ ‘|101fl“‘mLA’i‘IOIJS

The talk will give a survey of recent work by T. H. C. Smith,

V. Srini'vasan, V. Balachandran and the author on t‘he formulation and

computation as network problems of a nmber of Operati‘ons research

problems such as, ordi'nary and bottleneck travelli'ng salesman problems,

the dec1'51'on critical path problem, work load smoothing, sources to uses,

machin_e scheduli’ng and sequenCi‘ng, etc.. In several cases (such as for

travelli'ng salesman problems) computati'onal e'weri'ence w1'11 b'e presented.

~The usefulness of operator parametric programi’ng techni’ques for the

ordinary and generali'zed transportati'on problem w1'11 be di’scussed.

J#.T1nd Instltut for Operati’onsmalyse, Aarhus Univer51'tet,
Auhus, Denmwk

CERTAIN KINDS OF POLAR sms AND THEIR RELATION TO 14A"-THZEMA'TICAL
PROGRAM’H'ING

In thi‘s paper 1's dl‘scus‘sed so1.nc sulc-CL‘LI'l UAOch'F cor—

reso‘011dences, \\v.111‘011 are reloeted to tlio I.v1"1'n‘i'_'o»'\'sc".\1‘ _polari‘t‘4\r,

7"._nown fron.1 convery' c»‘‘11”glySl S.

T‘IAOVJN rc‘toriesscInt a natu‘lreoll g1.'e11“ei“u'li'ero"-ti"o"ri of L‘Fie con-

ce'1r3t'"‘«.'r OJr b‘*locl<l‘n,)"' (A"nd ufint'1‘—bloc.<‘i'r.v.' )T013'11CLL‘ric“, o‘ev»=looAs‘d

o‘\4' D..1’. 1“L11.."93Pu°0n r."11d usrc-o‘ J.'11 i11e .s‘t'udy 01" ce'rttr"~l'n 3"-roo“lems

1'n .‘1'(.’4vi’hc’..1‘LfiL“1'cal Q‘FO..V"T8Am..Q’l'nct"'dld 001.1‘b1'118to.”.1‘co°.

‘.ierc emphasiso \Vi‘ll bc- placed on t1‘.‘L "study of‘ nece—stsfigrry

u“11d "~'U’..'l‘rL.L‘l‘L‘llt‘ L‘Ol‘i’dl'L"l.OI)'o' Lo 9- Il’g'UI' c‘ t‘klc vrx'll"d1't'y oi" tlie

>DOlo"? corro.)"l)i'ondcrncc’s" l'n g'ue-s"o*l'on.

I‘L" t‘llc s‘<a1.r'\c L"1'm.c‘ L1'-11 ccono.A1“l'c 1‘11L"o‘rrp‘rct"iet'1'oin \-'1 ll be

(.l'l'VL‘ll .."'1‘L'k1l“n the fru'II10\J‘OP1( oi" a”L‘C"l.Vl.L'}'r L‘‘11x'|l}’uc‘i o“.
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ABSTMCT

M.J.Todd, Cornell Unl'ver81'ty, Ithaca, New York

OPTIMAL J’ISSECTION 0F SIMPLICES

The bl'sectl'on algorl'thm 1's a ml'nl‘max prooedure for locatl'ng a fl'xed
pol‘nt of a contl'nuous functl'on takl'ng an 1'nterval 1'nto 1'tself. We
algorl’thm can also be v1'ewed as dl‘ssectl'ng a 1-51'mplex (1'nterval) 1'nto
smaller l—s1'mpll'ces by the 1'nsert1'on of a p01'nt. We generall'ze the
latter problem to n dl'men51'ons and ask for a sequentl'al dl'ssecL"'1'on
scheme to ml'nl'ml'ze the max1'mum dl'ameter of a s®s1‘mplex after k dl's-
sectl'ons. We obtal'n bounds on the asmptotl'c rate at whl'ch the ml'nl'max
dl'ameter can be reduced and dl'ssectl'on schemes that approach these
bounds. Based on these schemes we gl've near—optl'mal trl'angulatl'ons for
computl'ng fl'xed pel'nts.

LE.T01'ntwd F.M. Calll'er Department _of Mathematl'cs,
Faculte’s Unlversl'tal‘res de Namu,
Belglm

0N TE ACCEM’MTMG PROR‘RTY OF M MORITM FOR FUNCTION
M-INDA"‘IZATION W ITHOUT 0&CWATING DERNATIWS

Th1's paper reports some recent results on the speed of convergence of a

general algor1 thm for funct1‘on m1 n1 m1 zat1'on w1 thout calculat1'ng der1'vat1'ves.

Th1's aTgo r1 thm conta1'ns Powell's 1964—algor1'thm as well as Zangw1‘11's second

mod1'f1'cat1'on of th1's procedure. The ma1 n results are Theorem 3.1 and 4.1

wh1 ch show that 1'f the algor1‘thm behaves well then asymptot1'ca11y almost

COHJ ugate d1’rect1 ons are'bu1 Td and therefore the algor1'thm has an every-

1'terat1'on superT1'near speed of convergence. The results h1 nge on I'deas of

b1cCorm1‘ck and R1 tter (1972) and PoxveT] (1964).
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J______,_.A.Tomlin Stanford University, Stanford, California, USA

A SWWY OF fiCEM ADVMCL"S IN RMTfi"lMTICfl PROGM‘-“'fl1’vING
SYSMHE

In the last few years the power of sophi'sti'eati'on of mathemati'cal

progrmi‘m system, both comemi'al and experimental, has conti'nued

to expand. $me of thi's progress 1's due to the full scale 1'mplementat1'on

and explOi'tatl'on of 1'deas whi‘ch have already been current for some ti‘me

and some i'f i't 1's due to new 1'deas still not w1'de1y rec%n1‘zed. In the

fomer categow we have the ffll floweri'g of the large—scale 1'nwore

concept based on "supersparsr'ty", due to J. E. Kalan. In the latter

categow there 1's the powerful approach of D. C. Rari'ck for obtami‘m

feaSi'ble soluti’ons to li‘near progrms, of NI. A. Samders for problem

Wi'th non—li'near obJ'ecti‘ve fmcti‘om and new or 1'mproved techni'ques for

updati'm the bes1‘s 1'nverse and for pi'vot selectl'on i‘n the si’mlex memw.

In addi'ti'on there has Men much promi‘51'm new work for problems w1‘th

spec1‘al stmctm and 1'n general non-li‘near pr%ram1'ng, based on

techni'ques i'n cmmnt use.

t’#.TO.VE- k’eio b'niver51'ty, 832 Hi'yoshi, Yokohama 22'3, Japan
ON OPTIML PATTEM FLWS

In this paper, we shall present some algorithms for finding the
optimum solution of the flow problems, in which several constraints
of non—network flow type are imposed on special arc flows. These
constraints may be li‘near, nonlinear, or combinatorial. lJe call them
pattem constrai'nts, because in many cases they are associated with
certain patterns of flows on special arcs. Also, we call such flows
pattem flws. To f1'nd out maximal pattern flow and minimal cost
pattern flow, and to show an extension of the Critical Path Method are
the main objectives of this paper. In general, we can't solve them
by usual network flow algorithms. They are concerned both with network
flow problems and w1’th more general mathematical programming problems.
In thi's connectl'on, we shall use Benders decomposition to find the
optimal pa ttern flows and Ashall exhi’bit a parametrizati on of Benders
decomposition to solve the extended Critical Path llethod.  
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L.E’. Trort.tegr , Cornell Unl'ver51'ty, Upson Hall, Ithaca, U&,
ad

D.B. SVel'nberger, Yale Unl'ver31'ty, New Haven, Comectl'cut,
USA

SYIfl‘l-E‘TRIC BLOCK me mm ALW‘I—BLWKMG ELA‘TIONb‘ FOR
GE'LEM‘LIZ-ED CIRCW‘ATIONS

Furkerson wd VJ‘el'nberger have determned_ blockl'ng w.d
mt1'—blockl‘ng rela"t1'ons I‘or 1'ntegral, fea51ble flows 1n
a capac1'tated' supply—demand netVJork. In thl's mwuscrl pt
we derlve Sl'ml'la'r rela'-t1'ons 1'n the context of cu'culatl'on
netv‘orks. Thl'o" a_oproacrl‘ prov1'des 1'ru'med1'ate generrallzat; on
to arbl‘trary llnem" subspaces u51'ng the notlon of genera-
ll'zed el'rculatl'ons. In thls bTeneral I‘rclm.e&vork a strlKlng
symetry 1's dl'splayed between the blockmg and mtl’-block1'ng
relatl'ons. Implicatl'ons of thlS m'dte‘l‘l'al we discussed,
1'nclud1‘ng s1'mple prooi‘s of the emll'er results of Fulkers on
ad W‘el‘nbererer md certal'n new 1'ntegral packl'ng wd coverlng
results.

MJHoan Jmlu, Instl’tute of II'athemtl'cs, Ilan01', Vl’et-l‘iam

4'?R0Vm @‘GORIL"EE‘ 'l”01? COWICAVE PROGMfl'l'ING umm LII1‘LMAR COIVSTMINTS

Thl's peeper 1's concerned w1'th some 1'mprovements to a cuttl'ng method the

author has n‘ron_osed 1‘n an earll'er paper (1964) for solving a concave

p-rongaunml'ng proble.m w1'th ll'near constral'nts. ll nexr- £.*1.~1-‘teh‘.4trl"b"or1'tm 1‘s.

gl‘ven, whl'ch 1's essentl‘ally a modl‘fl‘ed ver51'on of the fl‘rst algorithm

proposed 1'n the mentl'oned paper. :llso a proof 1’s prov1'ded for. the

convergence of the roecond alp)or1'thm proposed 1'n the same pa‘oer, the

convergence bel’ng understood 1'n the follow1'ng sense‘. gl'ven €>O. the

‘1'lg.or1'thlm reaches an g-optl'mal solutl'on after a fl'nl'te nu.wlber of steps.

( dt"n 5—07.),t1-L'1""L u<‘olut1'on 1‘0" a solutl‘on xvhose value dl'ffers from the

O‘L,‘til.131 VLI-lue by lose" tl1c~n 6 ). Solme problems, clouvedly related to

conclqve pro,.,rr1(.mcln1‘nr, , are po1'nted out.
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i4103‘n J"lu. IHFstl‘tute of Ibathen.at1'cs, Ilan01', V‘l‘ct-I‘Ia‘n

OI .' FIR-"D POIND' I'ETHODS IN A"MTM"-MTICM PROGMfiL‘IIlG m HEATED QUESTIONS

l‘he developen.'ent of [I'vathematl'cal Program.."1'ng 1‘n the last decade has

demonstrated the 1'ncre851'ng 1'mportance, both from a theoretl'cal and a

computatl'onal pract1‘ca1 pel'nt of v1'ew, of fl'xed pel‘nt methods 1'n a w1'de

area of suba'ects from. nonll'near proyaxmml‘n‘,n, control tlleory, varl'atl'onfl

calculus, gamle theory, general economl‘c e_etx1'll’br1'um theory. Thl‘s paper

deals w1'th some general proble.ms concernl‘ng the theory and appll‘cations

of these methods and contal‘ns tlle follow1’ng 1'texns".'

I. Descrl'ptl'on of an abstract fl'xpol'nt scheme, xl>h1'ch 1‘s 1'n a sense

an axl'omatl'zatl‘on of Scarf's theory and hopefull,y can prov1'de an unl'fied

bassl‘s for treatl'ng a large varl'ety of theoretl'cal and con.putat1'onal

problems 1‘n dl'fferent fl‘elds.

II. Appll‘catl‘ons to combl‘natorl’al pro.oerties of convex sets, variatl'on-

—al 1'nequalit1‘es, m1'm'.nax theorems, and related ques"t1'ons°. In D,artl‘cula‘r,

a new prop051't1'on 1's obtal‘ned whl'ch 1's s_.'1m1'lu“r to Kuratoxl-ss.."-1'-‘.."naster-

‘1‘vag~wlr'1e l.CZ'5 theorem. 1'n the claussl'cuel an_proac‘.“ and has 1'nterest_1'nur

l‘mpll'catl'ons.

III. A_pp11'cat1'ons to stabl‘ll'ty pro<nert1'es of sy"stexns ol’ 1'nequa11't1'es

and extremal problems. It turned out that a convex conesl'stent system of

the for.m.- x E‘ D, Gx’x)e .x‘J 1's stable (1'n a natural sense) l'f and any 1'f

1‘t 1's not crl'tl'cal , 1‘.e. " 0 e 1'nt (G(b‘) — :I- ) (here D 1‘s a convex subset

of a lOC'dlly convex topolor,1'cal "space, 141‘ a convex clor>ed cone in-Rn and

0' an .l‘-cor.vn.‘.'. n1eu«,np1'nr,~, from D‘ 1'nto xx"n). “a L'ncc extremall'ty itmpll‘ess crl’tical-

-neso°. thee"c ressult'sr px~ov1‘de necesssarb' e.wtrcmal.1‘t)' condl'tl'onsr for a w1‘de

clas"s" 01“ conve,<‘ e'nd "convex1‘f1’ablc" v.‘roblcmur.  
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gAdl‘IlUlkucu,Call‘forni"a Polytecllni'c Si‘ate Univer31'ty, San
Loul's Opl'spo, Call‘r"'or'n'1'a, USA

A PROBMILISTIC L"FFICIE*NCY STUDIES OI‘i IVME'H'L‘I.~MTICAL PROGM.H.7AIIIG

ALGORITIiI.I‘S

Mthough the most mportant characteristic of a mathematical

progrming algoritm is its efficiency, the concept of efficiency

has not been established. However, it has already been demonstrated

that the deteministic methods are inadequate and the literature con-

tains scattered results of some attempts in probabl‘listic studies.

In this paper a unified approach to algoritMic efficiency

concept is introduced and previous related work is briefly reviewed.

Several classes of probability measures for generating random pro-

blems and their properties are presented. A simulation procedure

for expermental studi‘es to estmate the average behavior of mthe-

mtical programmg algoritMs is proposed and the results of some

recent work on probabilistic efficiency evaluations are reported.
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('w.1~¥.J.1'r..“"(1‘de T11,o L)”21*_~._"*r,c;.-’('.,_x"‘u"-y of o“1l".)“t,e.y., B"I‘7..',;"lq‘t“oxx, L"'nb"],and

(J‘OJ."E"?7‘OL Ol" 1.1'vAI«"L)'0.1"l,"‘H' o"1‘.)\»"l"JJ'“.1x"’.J“ 5"f' Lli«"1J'T‘A{I" PROGJi’MHl‘yx"‘I1]'G‘

We con31'der a graded populatl'on m'mflows between the grades, md we \

we m‘terested 1'n a Sl'tuatl'on when we structure of t.he populatl'on 1's

controlled by some "mmgement".

In prl'n01ple, the control can be performed by adJ'ustl‘m the trwsfer

rates, the numbers of new entrwts, p0851'b1y'the nmbers of those

lean'ng, or by a co.mb1'nat1'on of such 1'Mluences.

The rates and nmnmrs mentl'oned are non—negatl've, and 1't 1's therefore

natwal m use tecM1'ques of ll‘neu progrm’ng to solve constmctl'vely

some of t_he follom'ng problems.'

fien me trmsfer rates we gl'ven, then m can determl'ne whl‘ch stmctures

can be attal'ned stutl'ng from Pl gl'ven structure, and from whl‘ch stwt1'%7

structmes a d=c51'red sstmctxlre cw be at+ua_1'lne.d 1'n one, two, ... stecps.

It 1's aJlo of 1'_nte..rest tw.- K'now vr.1‘etn‘e.r a su*ruct11re att~(a_.*'.q‘.q-4ble 1‘n n \stueps

can then be mal‘ntal'ned. wch questl'ons can be mswered by the Sl‘mplex

Method.

If the powlatl'on 1's expandl'ng (or contractl'ng), parmetrl'c progm'm
cm be used.

fien the transfer rates we not gl'ven, but cw be chosen, then problems

mlogous to those stated cw be solved by a method Sl'm‘lar to that

used tomlve the hansportatl‘on Hoblem.
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#I.Vasko"v1'Lfi.Galbav%Yu.h’1'chat’o_v
Internatl'ond'l Collectl've of Sol'entl'sts, h"-oscow, Su.
 

80m MSWP’S ON TE Ll‘ATM“A"IA1‘ICAL TEORY OF BINARY
h;"IXI'Ufl"S Sh“PMTION

1. The characterl‘stl'c of separatl'ng element.
A two-component flow (1,3) 1‘s separated 1‘nto two flows
(pams) (n,£y) wd((1— x,(l—&3y). It 1's supposed that
a convex monotom'c fmctl'on {(k 1'ndep_endent of x ad 3
ad such that 1(o)—_o, £(1)—_1 1's mown. If k—_£ then there
1's no separatl'on. If x‘_—1 md €_—O then the sepuatl'on 1's
referred to as 1 deal. m element \71'th the chard-eterl'stl'k
41(k) 1's comel'dered to be better thm m element w1'th

the cMaaterl'stl'c £2(k) for ken 1‘: £1(k)<22(k), kw.
2. The bl'chromatl'c dl'g.raph suc.h that 1'ts nodes cor-

respond to the separatl'ng elements 1's d'sssoc1'ated “1 th a
separatl‘m scheme,- there are also t".10 absorbl'ng nodes.
Each non—absorbl'nD*-‘ node orl‘gl'natesc t\l‘0 ares of both
colours. The colour attrl'buted to an are 1's defl'ned by
the mem’ng of l‘nequall'ty relatl‘ng Z md k.

5. The ratl'o of the mul’mum 1'nput flexz- of one element
to the flow on the scheme output 1's referred to as the
ol‘rculatl'on coeffl'cent.

4. A scheme \ Ihere the substl’tutl'on of my element
by m element w1‘th the characterl'stl'c €_-k does not
1'mpmve l'ts characterl‘stl'c 1's called feas;ble.

5. T-he synthe51's of a separatl'ng scheme reduces to
the enumeratl on of fea31ble schemes, the calculatl'on of
thel'r characterl'stl'cs wd the orderl'ng graphs accorm'mly
to the mle 1'n 1. suba‘ect to the c1'rculat1‘on constru'nts.

Tm's paper gl'ves the scheme feasx‘bl'll'w pr1'nc1'p1e.
The synthes1's problem 1's reduced to a convex progrm
Wm ch a set of specr"a11'zed computer codes 1's proposede

 



275' we
Be’la Vl'sz"1‘, Comput‘er w'ld lx'utoma-tl'on Instl tute of the
ngarl'm n'cadetny of 801 ences, Budd-pesvt, Hungary

GL"WMIED MGMNGE‘ flImTELIL’mlll mmnGER lDROGMVL'UG

. In tills paper we use the follo~"n'ng form of the 11new
1ntebrer proorJ-ram1ng problem.‘

ma N

IO
‘

IN2,

£-
xii? H O or 1 3‘ —- l,...,n

where c xeRn, _b€Rm and A isamatrix, sized
ma Tfie Gfili method, as 1't \vas sub"‘AOk—l'l‘ested by H Everett,
1's mwy tl‘mes referred 1‘n opera'tl on resewch papers. The
al'm of the present paper 1's to show houv the GLLL“ method,
cw be used 1'n a complex 'algorl'tm. F1rst of all we gl've
a new opt1 mallty test° Tlloug'h the test 1's a' general one,
1'ts use 1'n 1‘nteger prog‘rrx'-mnvllng 1's deta'1 led. at 1'5 a ml_l-
knoxm-property of the enmeratlon algorlthms that 1't ls
much ea51 er to f 1'nd the optl'ma'l solutl on than to p rove
1'ts optlmall ty‘. The new test ca'n sn orten the proof. There—
fore a new questl on ar1 ses here.- to f‘lnd Lagrw'ge multl’p—
ll’ers produc1'ng a g1ven fea81ble /opt1 mal/ solutlon. Vie
show not only the ex1stence of such mult1 p11 er S but we
onoose the best one 1'n a' certa1n sense. The proof of the
ex1 stence shows how tn‘e gaps can be aV01ded. Th1s 1's 1'm—
portmt because the gaps are tn‘e Doreates"t dl'ffl'culty of the
GLLI" method. In wy case, 1f_we n‘ave a nevx fea51ble solutlon,
we cm get w upper estlmatlon of tn‘e optl'mal value of‘ the
obJ‘ectlve functlon.

O_ther ut1 llzatl_ons of Lagrange multl'pll ers are _also
studled. The rela‘tlon .bet»J‘reen_t11‘e Lagrmge multl‘pllers wd
sur110gate constralnts lS examlned a't t1-e end of the paper.
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____g_—_chéVictor Valui Vidal, Instituttet for Matematisk Statistik 0g
Operationsanalyse, Denmark

DL"SIGIJ OF A PIPE‘LIIJA“ ROUTE‘. AN OR APPROACII E'O AII' E'IJGIlih‘ERING DESIGN

PROBLqu

A pi’peli'ne 1‘s to be bui'lt such that total yearly costs are mi'1.‘1‘mi'zed.
The de51'gn vari'ables are the route, the di'all.eter and thi'okness of the
pi‘pe, and the nMIber Md o°l.a"e of’ the punlps. An heuri'sti’c procedure 1's
proposed. Thi's 1's 001.nposed of-. a onevari‘able opti‘mi'zati'on problern, m
algori‘tm to fi'nd the shortest route of a graph and a ani‘c prograrn—
ming soluti'on to the opti‘n‘al de81'gn of a pinup-pi'pe systeM' 1'n seri'es.

A.Volpentesta, Univ.of Pisa, Pisa, Italy

FIIxTITE GROUPS AND IL’TEGm LIIJMR PROGMI.‘L'S¢ ANUIIIP‘l’IIJG SURVH‘ AIID SO-.P1E

RTE‘I‘K' PROPm'TIE'S

The ai'm of thi‘s paper 1's fi‘rst of all to rev1‘e\r' the group approach
for an 1‘nteger li‘near program~ /IIJP/. IA’.’ore pre01'sely, for w ILP the
related boroup mi'ni‘mi‘zati‘on problem 1's conssi'dered over a fi‘ni’te groqu.
Overv1‘ex1' 1's made of recent results about G md 1‘ts use to solve ID.
SucceSi'veh the paper 1‘s devoted to the stuw of all homomorpm'sms of
G. Thi's enables one to state that i'f

/1/ 362's 4493'?! ’ 3"
th)_> 0 integers Va 6 E C

is the group equation related to the ILP, then a family 6973 of
valid cuts may be found by considering a new group equation:

/2/ Z t(h)h == ho

£01) 3‘) integers Vh 6 QC H

where h= ’X' (9) for some (36 E and 3‘ is a homomorphism of G on to
l1. ~
The problem is studied of existence of extremal minimal cuts in
Let 1Y3, E, c.) denote the convex hull of solutions of /l/ and
let P\:-1‘,_Q,r~_) denote the convex hull of solutions of /2/. At
last, the correspondence is investigated between the irriducible
points or the verticos of P(H’ a, h) and those ones of?((;-‘, ET.) .
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We“tenl'sl'cw-\.«'e~luk1’eW'1'cz ".cnd Ind'c Kh‘ll"u‘Z€VJ‘Jki

Institute for OI-ol*»an1'4'ut1'on, h-EA-naorkexrxent urnd Control M‘>I

W'of the Poll'sh AchFdemy of $01'ences

TIG‘kl~'TER EQUIVILLHWIIT FO&*'ULATIOlI“S OF IWlTE"G‘ER

lllii'OGP<J.I.‘A'IKl’-G PPxOBEMS

Computatl'onal expe‘zi»cnces /e.OU.H.P. .1"'l'111'afl1$,

BW.E.'th.Provrenxglvl‘nr Stud , g_°, pp. 180—197/ 5ug.5*est that

an ll'nteb‘er prob*rartm‘1'110‘t’ problem /'IP/ 1's nluch e851'er to

solve 1'f the feas1 ble reoavl'on to the correuepondl'no"n ll'near

p_r~ograxm.1"1’ng problem _/LP/, 1'o° etnz‘aller , 1'.e., 1'f the

contl’nous forr].ulatl’on of e. orr'l'ven IP 1'u° tl'ghtera In thl's

paper we shov: hOVI' to obtal‘n such a" for.mula"t1'on ucel'noo

the dynal.ni‘c prob‘rammtl‘noo procedure for the rotatl'on 0;”

a ocl’ven constral'nt 1‘n any dl'rectll'on w1‘thout e'u‘dl now or

elm'.1'na£t1'ng any 1'nteger fe851'ble solutl’on, descrl'bed

by F.K1‘arlfe*r /O%ere*t1"onReeo°eerch, _19 PP.1373—139L°/.

.l'e 1 ntroduce e'o called the best dl'r-ectl'on.of such

a rotatm‘on lend defl‘ne a stI-on0"~est cut .85 a con.etr81'nt

tklet cannot be rotated. A- IP, 1'n whl'ch every contctral'nt

19° a stronovest cut,1’s called an almost ll‘neal~ /inte.v.u‘»er~

ntrob'rcter.‘4r.1'n5'/ probler4.. .u"e pI'U ved t.ke't every 1P Co'n be tran-

sforrted to an equ1've'lent elnloqlt ll'near problem Vll'th tn‘e sam e

.nux..~be.r of vo"r1'c"’o'le.s and t.he nu'mber of conCVtral'nts

l'ncree‘“-.‘ed a"t J‘«o*t bJ‘ one. [1 ll’near optl'.T1um. to the corres—

Ixondl'r.°r' Ll“ 1's, often 1'11tevl."er for cl-ucll 1‘.roblex.s. If eeuch

6-. cae.e\ doefi.“ not 1A“'¢‘.,'.p.,en vxe coneet.ru,ot 0' out t11rat ctzts off
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11'near optl'mu'tu bu‘t doess not cu~t off any feaksl'ble solutlon

and rotate tkrl S cut 1'n 1‘ts best dl'rectl'on. ..e repeat

9.xc‘d1'r4-.‘x neVJ cu‘tse- untl'l a ll'nezr o‘r-'t1.'11‘ulr' 1’s 1'ntec'tar.

&.'e show that all Connory cuts and n1d'ny other ones

can be rotated. In corL‘vln.utat1'onal experl'erroae we estu'dy

tb.e method of 1'nteger fom., el'nce the rotaet'l'on decrewaoesaes

tb.e effect of roundoff eerz'or-se. \v'e studJ' en‘n 1'nf1uance of

the rotatl'on on thte‘ rta*.mbe.r of c'uts needelt' and on ttxe total

seo'lutl'on tl'me. Different dl'I'ect1'ons of rote"t.1‘on e.re 1‘nve=s"—

tibv.ated. ‘

There are m.any spec1'a.l IPse xxvhl'ch aI-e alrvt.ost ll'near

probler~uvs /e.5* . set coverm‘ng, n.fi>art1't1'on1'ntu* e'no‘ gr.c”ckinc-

problenta/, while e.ov. LT.-1"ller’s et a]. for.m.uloction at. the

traveling salesman problem is not an alrnoet ll‘nea"r problem.

.I"e solve some problems,teken from the ll‘ter~atuI-e,1'n the

\vay similar to descrl’bed 1'n above mentl'oned .a“'1‘111'*n.ms’e

paper using ttle IBl«."‘ ut'IP/37O o°ystem.

So far dynamic progra-T.m1ngs a'nd ll'near proovraen»J..fi1'ng

have been used as the separate method for solv1‘n IPsL.

In this paper i‘t is show how both dynaml'c prorura.m_..x"-1'n°-7

/rotet1‘on/ and linee\r preg'rnamxl.'*1‘ng /o.uttin°«‘ pIFane I‘.l‘ethod,

tn‘e branch - a-nd — bound ‘m‘ethod/ “ray be useed s.1’r:.ultatnous.‘1J‘

1'n «solvi.nb~ Ir“ p.1'oblellx~s-‘.
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WF.We1'nber , Federal Instl‘tute of TecMology, Zu"r1'ch,
wl‘zeran

A WCESSARY Am SWFICIENT COWITION FOR TE AGGWGATION OF
LIMAR DIOPMNTIW EQUATIONS

Several authors have gl'ven suff1'01'ent condl'tl ons for
t'he wel'grltsr w1'th wh1'ch two Dl'ophantl'ne equatl'ons are to be
multl'pll'ed before bel'r‘g aggregated to a new Sl'ngle equ'atl on
wl‘th exactly the same set of 1 nteger solutl'ons. Here some
both suff1‘c1'ent and necessary condl t1 ons w1’ll be estab—
ll'shed 1‘n the fl‘nl‘te case for an even more general fom of

N

ll'near constral'nts standardl'zed' to Zal..x. _— O, 1'—-1,2.J J
3:1

The prl‘nCL'pal l"dea 1‘s based on the fact that the set of
values a ll'near fom can take — called 1’ts spectm - 1’s
often very poor as compared to the Carte51'an set of the

-generat1 mg 1ntegers xJ., J'_—1,...N. A method for eas1'ly cal—

culatl'ng the spectm of a ll'near fom 1's gl'ven. Aggrega-
tl'ng two equatl ons means establl‘shl'ng a 11near combl'natl'on
of the two correspond;ng spectra the coeff1‘c1’ents of whl'ch
are the aggregatl'on wel ghts. If and only l'f thl s ll‘near
combl'natl’on does not contal'n any spectral correlatl'on po1‘nt
other than the orl‘gl'n, the equat1 on fomd by aggregatl‘on 1‘s
equl'valent to the two gl'ven ones.

Deteml'nl'ng the above 11near combl'natl on requl‘res the
knowledge of the spectral correlatl'on set. A method to fl'nd
this set 1's gl’ven.

Aggregatl‘ng m > 2 equatl'ons accordl'ng to the foreg01ng
prl‘n01ple 1's theoretl'cally p0551'ble en bloc and g1ves the
best aggregatl'on wel'ghts. But the computatl onal requl'remenm
for the deteml'natl'on of the correlatl'on set S12 m grow

rapl'dly, the cardl'nall ty of thl s set tendl'ng towards that
of the Carte51'an set of the generatl'ng 1'ntegers xJ., J'-—1,...N.

Sequentl'al aggregatl'on combl'ned w1 th some new "shake out"
algorl'tMS W1 11 here perhaps be a practl‘cable way. These
algorl'tMS have certalnly not yet fowd thel r fl'nal shape,
but the mal'n 1'deas are developed by what m1 ght be called
"spectral program1'ng".
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D. de Werra, Dept. of' Maths, Ecole Polytechnique Fédérale de

Lausanne, Switzerland

0N OPTIMIZATION IN EDGE-CHROMTIC SCHEDULING

Some types of multi-period assigment problems may be reduced

to finding an edge coloring H —- (H1,..., Hk) of a multigraph

G ,' usually several criteria are to be considered for character-

izing a good assigment. First the nmer f1(H) —- k of periods

should be kept reasonably small an.d next one may wish to optimize

h + ... + c h where h is the'cardi-c11 kk 1
It is known that whenever G is not bipartite

a fu’nction f2(H) ——

nality of Hi .

these obj‘ectives may be contradi'ctory.

In this paper we try to characterize the so called efficient

points of this multiobj'ective optimization problem. It is Show

that if G is a simple graph with maximm degree d , then all

edge colorings H which maximize f2(H) satisfy

fl(H) s d + l . By using an extension of the coloring techni'que

previously used one may derive a similar result for multigraphs.

Finally we describe a class of multigraphs G for which q(G) = d

and all colorings H maximizing f2(H) satisfy fl(H) s d + l

(where d is the maximm degree).
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21#.J.B..l"'et's (;‘013n"h, li'OVL\.1‘lee, Belo"1.‘L I.

THL‘ OPTIRML IM“COU1?S‘E P1{'OBLL"IYL"

An optl'msl recourse problem 1's 3 sequent1’a1 stochastl'c

dec1'31'on process where at each 1'nstant of tl'me a dec1'51'on

must be selected on the basl’s of prl'or observatl'ons (p0551'bly

the dec1'31'on maker ml'ght only have access to partl'al or d1's~

torted 1'nformat1'on about the past of the process). The obJ'ec’

tl've 1's to m1'n1'm1'ze the total expected cost. We seek neces-

'usable"sery end suff1'c1'ent condl'tl'ons. The ex1'stence of

characterl'zstl'ons of the optl'mal solutl'on rest on certal'n

regular1‘ty condl'tl'ons that are standard for class1'cal (deter-

ml'nl'stl'c) optl’mz‘zat1‘on problems but also on a spec1'f1'c pro—

perty. of stochastl'c problems. The results are appll'ed to

some problems ar1'31'ng as mult1'stage stochastl'c programs,

stochastl'c control problems and to economl'c growth problems.
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JA.WL'J'naard Technolobvl'cal Unl'ver51'ty E1'ndhoven, the Netherlands.

M APPLICATION OF DWMIC PROGWING TO A BUILDING Gm WITH WMINOES

me followl‘ng game wl'th doml‘noes 1's probably well known'. One bul'lds a row

of uprl'ght doml‘noes w1'th 1'nterd1'stances whl'ch are J'ust smller than the

hel'ght of the dom1'noes. Then one gr'ves a push to the f1'rst dom1'no. The fun

of the game 1's to see how subsequently all doml'noes fall down. But before

one can enJ'oy th1's spectacle one has to bux’ld the row. If one bul'lds the

row from left to rl'ght there 1's 8 great r1'sk that the whole row w1'll fall

before 1't 1's completed, the hand 1's not so fl'rm as 1't should be. One can

mke thl's r1'sk somewhat smller by leav1'ng f1'rst some posx‘tx’ons free. The

problem 1's how to bu1’1d the row 1'n order to m1’n1'm1'ze the (expected) bu1'1d1'ng

tl'me.

We asswe that the only rl'sk 1's that a j'ust placed dom1'no falls (to the left

wl'th probabl'll'ty p1 and to the r1'ght w1'th probabx'lx'ty pr). The tl'me to place

a dom1'no 1's assumed to be one unl't of t1'me.

It 1's clear that the problem can be formulated as a total cost s dynaml'c

program1’ng problem. If there are N dom1'noes to be placed on prescrl'bed

p051't1'ons, then there are 2N possl’ble states. Each state can be represented

by a subset of V'.= {l, 2, ..., N}, 1'nd1'cat1'ng the occupx’ed p051't1'ons. In

state A C V one can place a doml’no on each of the free p051't1'ons. me

tran91’t1'on probabl’lr‘t1‘es are gl'ven by 1p and pr and the structure of A.

It 1's well known that 1'n such problems the optl'ml strategy 1's 3 statl'onary

one. But 1't 1's not necessary to con51'der all statl'onaw strategl'es. It 1's

possl'ble to prove that the optl’mal strategy 1's a Lseuence. Assume that the

N posl'tl'ons are numbered 1'n some way, the strategy wh1'ch choses 1'n each state

A the free pos1't1’on wr'th the smallest number 1's called a sequence.

l‘he opt1'mal sequence can be found by l'nductl'on. If p1 - pt an opt1'mal sequence

can be constructed l'n the follow1'ng way'. Gx've the numer N to the ml'ddle

pos1't1'on (or one of the m1'dd1e pos1't1'ons), the number N-l to the ml'ddle

p<)s1'tx'on of the left or rx'ght part, and so on.

For N —' 8, for 1'nstance, one can get

But (if 'tour.se there are a lot of other optx'mal sequences.
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H#.P.VV1'111"ws Unl'vers‘l'tj' ol" b‘us‘sex, B'1‘1'0"'11‘ton, Lno.'lm"d %

TLE' ECUIJO'I.A"\IC IIWLMfiTll'E'I ON U‘r‘ DU} L IE’Y b‘QR l3"&x‘C‘D‘IClx"L .l“JXh>D
ML‘GL‘R PROGlul\ll'u..IIJG PROBLL"1.“£

The dual or“ a Ll'nea'r Prob»ram;nb»‘ illodel prov; des a' mew-s of
attacn 1ng valua'tl on_s to the consstra‘l'nts‘. uv‘xx'erl the LlLOdel rep—
resents a practha-l Sl'tuatlon these va'~lu'-at1onrs" l1 ave an econo—
ml'c Sl'gnl'i"1’cwce. .11“"oreover 1'f tile or 1'bv1'na'l problem poss"esses
a unl que optl'ma'l solutl on tilese valuationsc on the constralnts
prov; de a mews of Obtd‘ln1ng 1't. b‘ucll a' procedur e IlaS the
attractl‘on that, for n1*wy practl'oa"l problems, 1't Lbr‘ov1'des
a mews of dedu61'ng m' optlmal opel'at1ng pa'tt ern tklrough a'
systenx‘ of brl'ces on the scarce re'sources.

 

M‘my attempts have been made to dei'l ne the dual of' m 1'ntebrer
program1'ng model. I.x“0st of these attempts sur'“l"'er l‘"rom serlous
shortcoml'nv‘s l‘n that mwy o.f tile attra'ctl've matilematl'ca'l
propertles of duall'ty 1'n linear probr'ranrlm'ngl' are lost. It 1's
well know, for exam_o le, that a system of prl ces alone v11 ll
not generally sufl" 'ce to determl'ne the optlma 1 so‘lutlon.

In tn‘l 5 paper xJ'e exam'1'ne some of‘ tile \Jrays of a—tta"ch1'nb"' valu-
atl'ons to the constra 1 nts of w l'nteol"'»lel‘" proox‘).r‘a'xnn11'ng' model to
see 1'f these val uatl'.ons have a usei‘ul econornlc lnterpreta'tl'on.
Constralnts arl'SLng‘ 1n the follow;no”-' contexts 1'n pra'ctlcal
mmed 1'nteger program;ng models a-re con81'dered.'

/l/ Depot Locatlon Problems
/a’/ D‘he Fl'xed Cllarge fi‘roblem
/5/ Problems vvlth Log‘l‘Cd’l C‘ondl‘tl'ons
/4/ An Electr1'c1'ty Genera't ‘on Problem.

In some of tilese problems a mem;ngf'ul economl c valua"t1'on
on the constra'lnts 1's a' pra'ctl ca 1 neces“81't'y. b‘or exa‘mple 1't
1's sometlmes s tl'pula‘ted tklat the prlce ol" electrlCl ty should
be determlned accordl'novl' to the margmal cost of‘ 1'ts productlon.
In a' ll'nea'r prog'l'a'mml'nb)" nlodel thisa could‘ be= obta'l‘ned from
the shadovx prl‘e‘es /dual Vd’luce'u“/ on t‘he demand consstra"1'nts.
vJ-"here Uo,enera’tors C’an onlJ‘ “\JOl‘l{ 'a~t ZGL‘O, or a'bove ar' lul‘nl'munl
threshhold 164 vel trl'e- 1.1-ooel contri'l"ns l'nteger va'r1 0‘bles. In
order to deter-ml'nel a' s"u1'ta'ble pr;ce I'or electrlClty 1't l"s
s°t1'll necessary to )[lace a V alua'tl on on the demmd constralnts.

l‘1inallj1 tkle re £"Ol‘h'ula“tl'on Ol‘ a' m1Xe d lnt‘egj'er proonr"¢"xxln1'n?“
x.."odel /)La'rt‘1'cd‘la"rlJ‘ l'l" t‘1.I1‘sr-' lc‘a'ds to 'a ml‘.(10dul'dr r.1odel
ccqn osoul'ct1.'mes" 1; <1d t‘o L‘.€.u'll'l'llo”'fLLl V<.J'lULL'L L L“nu“ on tL1"e‘—- or'l'b'vl'na'l
0011‘.J“7t1‘a'I'I1L.J“.



284

A.\‘.B.lvd'dk'i'nolntl't)l'nd'.J‘l.OILd'l (,‘ol'l<.‘ct.'l"vo~ oi‘ ~)"L‘l.CIltl'.J"tl.;"r,

1&1'OSCOuJ“,Uur"»)."21

A PARK“‘.-..“"‘I,‘TPxIC [KPP'n.“Ol\CH 1"O TIL’ L'l" UOOL‘UTIO.‘."-v ()F LIVI'I«.‘AR'

lel'D LL‘UADHA’J‘TC -l"’ROGx{'lll.."‘r.."'-I‘»'.."(1‘ .-"P\)CPJIJL"-.P‘."k9.

The rollowlnkg :7l'n,_;ular piiTametl‘l-C quadratic program:

(I) LP.(LU—’21"(53,033)+(a/O+Ifd,,1‘).._+7m‘n
x C-A={xla’éx<la’}

l ".7 colnCUl"(loll-ee(1.l"‘>'o"r-l'eo' t l‘.l" (1r A.A'o-rll'lel'l‘, Q — -\l- ,vvo~o.vll~l't'l've 9“ «ml —
definite nxn matrix, do , a" l, 1- eg" ,and the compo-
nents 01‘ 0‘ , a“ lmay ta"1<e va-Ilevo _+ w .D-enot'e

Md) = flzg min «P0130
ItA

lr‘he md-l'n l'de,a 01“ L‘tle plcrga' met rl'c xlletllod" conSl'stb‘<-'n
corl°utl‘uct‘l'nLj“ of t'he J'.‘l'0‘,CL“’.v'vl.‘.)'_e ll‘near tr_l.1"3‘ectory 01"‘-r.ql'nl'-
mizers :r>(t)(__M(f) , t >,t .It may be shown that
'.a.-uc.h a u‘,C'..,~\J‘eo‘t'orv\/ l"“or tll‘e t’:.’L"Obl“oAII1(I) bl'enerally 11"45' J uxnps.
Definitionfifhe point 1: eMuf‘) is said to be locally
extenda'o‘le l'f tll“'ere eA“l'g‘<L‘s a' voActor % o"uch Lil‘d’t

32+o<7reM<f+o<)
l“or all sui"fl'c ‘en‘ly small a>, 0 .
U.‘\J'o crl'terl'a of the lOCd’l ext‘e.ndabl'll'ty a're }7rOD*OSQd.
The, f'l'rst one contal’ns 4‘ c‘ono“~tructl‘orl for' evaluatl on of
the dl'rectl'on vector of' tile x-<t) t. rag‘ect‘ory 1"»Ill'le
t'he second a llO\J'o° u.). to l'l nd J‘uuxpVS or dl'.l"contl‘nul‘t'1'es
of l( t).

11 claovs 01" p a rd'metl'"l'4'd'tl'on.)° l"'Ol" \lrllll'ch l, zl“e‘re eX'l'.,jr-t'sl“
a continuous poligonal path lube/Vt!) , at”
f'or t‘lle' ._,'rob1eln'(I) l.u“ dl'.l(‘cusse<1.ll‘“‘a.'mely,t'lle do a’nd d1
h'dve to t._','a.tl'°_al"'y‘ L'h.e I"OllO'\l’v‘l'-IIU“—' rn\.lat'l'on

(2) PC", +gd, e R(Q)={I‘I3‘3¢:x-Qg,}, Whig/>0
i"he ~11 I-e-ct l on vo)ctor %’ l' u“ dc-i‘l'ned d-QL~ a' l,"olutl'on ol‘
the i'ollo‘x',"l"n(3rl‘ ral'nl"“u.1'4'd-'t'l'on ;_)1*oblem'.

<3) 11(v,0v)+(c/,,zv) —» Mn

13:0 ,Le Twat“)



285

where the indcz. Set IUxi K))is obtained from I(l‘(t'k_,))
b'y r..41c'=w"s 01" accrue rb’p"u1'1‘p'1lp"L3 I‘e'ld'tl'on.L.""0L'e tlx'at" L'Ll‘cd L'-‘.'~'o
seets" d1'1‘1'c3r l"n 011G c>lc‘ment only‘.

l“1le d‘dV'd’IltabTe‘u‘ ol"" t,1l e pl‘opors~e-u‘ prl'rd-me't‘l’l'c [Il‘Ctll’Od Ila-ve
to be cXVd-luated‘ 1'n tel'rns ot“ L‘OII‘ApuL'd'L"l'OIlal el“'f‘01’ts" 1“'or
thc= proo‘lem(j") soolutl'on.l"’11‘cbre' d're> aVd'l'labl'c3 a xlumber 01"
numel‘lcal uret‘110<1¢s‘ VJ L11 ch hid'y‘ bee u<~,-\cu‘ to L11"1‘<o‘ end,the ML?
1“a-rc"t01*1'u"'at1'011' l.'ecm'1'(lue,pe1‘11a'ps°,be1‘nb"r 111‘o_)st er 1"‘1'01'ent.
It l's 1'mportwt to emD*11as°1’ze tll'dt t‘kll'ss L ec'xl‘nl'quwe 1's'
appll ed hel‘e to L"11o= sP-l'r.1u"'ula~r uxa't‘l‘l‘x* q".
f'kle )Lal‘a-Iueb"rl"c d'pOLI‘Od‘C‘_.L"| 1Lce.lecrl"b'ed ac'ov.e\ ..""l-rJ" p"e‘ ssuc'c-ceo'-'s<'—
i‘ullu" d'tA‘pl .p’d Lo all'l'f"ol'vc-11t Cla'os,~.)"e-.»J‘ oi‘ "struo‘L"u‘rl'4'=.au”
ll'neal- ana‘ qud'dl‘a‘tl'c pl‘ob"rarns.

.. —.~‘~.-1'ta, O.no sy stems Ltd., V.’ok/*o, -Jan‘-aln
flDFEJ-‘RjRAL ,‘QUATION APPROACH TO .".*O_‘ILI_‘13AR PR’OGRA‘.T‘..I'IL‘¥G_ Arm.
IDS A.PD.LI”VATION TO J”L03AL OPTI.“.."Is7ATIQ'»V.

.A .method 1‘s presented' for f1‘.n<11'.nv-T, (a local okotl‘.m.un‘. o.” the
eaAuall'ty constral’ned non11'1.ear o.roe)ri'v.m..n1'r.p3 o_roo‘1em. .A .non.l1'n.ear
autonomous system 1's 1’ntroducevd ells thee base of the theow_ 1'.pste.aLl
of tn'e, usual approaches. The relatx‘on betxl'een cr1't1 cal D_Oll1.ta"
and local oo.t1"ma of the orl'fivsl'.n_sl nonll‘.nlear n.rko.rmn.1'nJv. o<roblo=.m
1‘s pro‘reod. A_SW.ptot1'c Stabl'll'tj‘ of the cr1 t1 cal p01 nts 1‘s ‘also
provced. .A n.mer1‘cal a1,_vo'r1'tlm 11"‘h1'ch 1's capable of fl'ndl‘nor local
on t1'.ma systematl'cally at the n.uadrat1 c convevrovence rate 1's
develo_ned by usinn'o m 1'dea 81'.m1'lar to Brml‘n's .method for solvinbT
Sl'm‘ultm.eous nonll'near equatl’ons. 3"ome nm.er1‘cal results are
,vl'ven l‘or _°vlobal opt1‘.m1'7lat1’om.

4.‘ Yama-  
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4H.P.Yom,lnternational Instl'tute for Applied Systems Ma-
ly51's, Luenbwg, Austrl'a

POWER,PRICES m mcoms IN VOTING GWS

LArt'orz' measures of the power of dl'fferent voters

1'n a dec1'31'on-mak1'ng body have been proposed by Shapley

and Shubl‘k and by Banzhfi. These measures are based on

the nmer of tl'mes a voter could change the outcome by

changing h1’s vote. However, 1'f we postulate that voters

requl're an t'ncentt've to change thel'r votes (for exmple,

1'n the fom of payments by spec1'a1 l'nterest groups), then

it may be shown that there ex1'st equl'll'brl'm "prl‘ces" for

the varl'ous voters, and an opt1'mal payment strategy for

the 1'ntearest groups. The prl'ces and opt1'ma1 strategl'es

are computed as pr1'mal and dual opt1'ma1 solutl'ons to a

special new class of 11'near programs. The above results

lead to a new way of measurl’ng relatl've power of voters

in a votl'ng body.  
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A__,_________,_Zilinskas Institute of Physics and Mathematics, AS of
USSR.Vilnius, USSR

ON ONE-DIMENSIONAL MULTIMODAL OPTIMIZATION

Algorithm for multimodal optimization combines two strate—

gies: the first is global for search of intervals of mein local

optima. and the second is local for precise evaluating of this

local optima. Global description of objective function is

statistical, i.e. global model is Wiener process. For global se—

arch is used the method (the 013M) that is optimal in Bayes sense

in accordance with this statistical model. After each evaluation

of it is tested whether the. interval of the local optimum

is found. In the case it is not found the OBM continues the op—

timization. Other/wise the model offfl'lin this interval is uni-

modal function and local method with parabolic interpolation of

[(1) is. used for evaluation the local optimum with the given

accuracy. After evaluation of the local optimum the OBM continues

the optimization. The optimization ends if the probability of

finding of the absolute optimum with the given accuracy exceeds

level 0.99; this probability is evaluated in accordance with the

statistical model of The results of optimization of some

multimodal functions show high efficiency of this algorithm.
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S.Zi'onts, School of' .Ii"cqr1at)rrc-ment Stat e Uni"vei“s1"t'y of llewl' Yo¢‘*k th"
Buf'f'alo, USA

CIIOOSING MflOlJ‘G ALLTL‘RIGATIV'L‘ D‘L‘CISIOIJS IIWOLVING NLULTIPLE CRITb‘-

RIA

In thi's paper an 1'nteract1‘ve method 1's presented for

helpi'ng a dec1‘51'on maker to choose tlxe best dec1'51 on from a

f1'n1'te set of dec1'51'ons. The method 1's 1'n the sp1‘r1’t of my

work w1'th Walleni'us, but d1'ffers from the earli'er method 1'n

that a convex set 1's not assumed, and an alternatl've that may

be dom1’nated by a convex combi'nati'on of dec1'51'ons may be

opt1'ma1 and may be 1‘dent1 f1'ed by the procedure. The same k1 nd

of questi'ons used 1'n the ear11'er work 1's used and 1't 1's bell eved

that th,e method w1'11 be e351'1y used by managers.

U. ZIWWNN, Uni'versity of Cologne, Cologne, W. Germany

MTROID INTERSECTION PROBLEMS WITH GENEMIZED OBJECTIVES

For B °. -— {0,1} and ordered sets (H,_<) the obj'ective
n a H shall be maXi'mized under the restri'cti'onf .' B

x 6 S c_ Bn. Tkxe GREEDY algoritm as well as Matr01'd

Intersecti'on algori‘thms can be formulated for» thi's

problem. The questio n is for whi'ch obj'ecti'Ves f and

which restri‘cti'ons 5 do the algoritMs work and solve

the above defi‘ned Boolean optimization problem [BOP].

SuffiCient conditions for the applicability of the

most Si'mple algorithm, the GREEDY one, characterize

the structure of S i‘n close relation to matroids.
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For the obj'ective f a certain mono ton101'ty conditi'on

is assumed. An important special case is the resstri'c-

tion of the form of the objective to

[RBOP]f(x) = * f(ei)

where ei denotes the i-th unit vector and * is the bi-

nary operation in a smigroup (H,*,_<). In this case the

monotonicity is equivalent to the algebraic assumption

that (H,*,_<) is an ordered swigroup.

Two different Matroid Intersection al,qori'thms are

di'scussed. The first One 1‘s a generali'zati‘on of the

Hungari‘an method,' by succeSSJ've transformati‘ons the

ori'ginal problw i's changed to a Si'mple problm w1'th

the same set of solut1011s. The second one 1‘s» a q en-

eralization of the max—flow—mi'n-cost algori‘thm of

FORD and FULKERSON due to LAMER,- at each step an

elment x 6 S with 1'ncreaSi'ng lxl .‘ —- {xi is fo und

whi‘ch has m,xima1 val ue f(x) among all y e S w1‘th

lxl —- Zyi. For convenience only the problw RBOP

will be con51'dered. The combinatori'al structure of

the restriction S is closely related to the inter-

sectio:1' of two matroids. The algebraic structure of

the system (H,*,_<) is more special than in} the pre-

vious c‘ase of an ordered smiq_roup,- “.01‘ both a‘l-

goritMs different additional axi‘oms (e. q_. strong

divisibili'ty) are assumed whi'ch guarantee the va-

lidity of the algoritMs.
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J.Iy.x".Bennett, Unl'ver81'ty of b"1'dney, AuSL‘ra'll'a

Tfl' fiACLi'ING or“ MTfl'.I“hl‘TICM PROU”M.A"I.1'11."'G TO 00.1'MER
D"CHIJTID"‘Tb”

The prl'mw'y mot1vatl'ozl for teackll'ng mlut‘hem'atl'cal prob»"1'am1'ng
to computer solence students has t‘he saxne orl'b‘rrln as a number
of other appllcatl o‘n-orl'ent_ed topl'css, 1c'lthoubvh tllere 18 some
J'ust11“1'catlon for 1ntroduc1n9rr tllo tew n1 ques so that they cm
be used to solve problems a'rlscl'nb~‘ x." 'th 'n tklc- conrputer solence
fl'eld. /The use 01" m' lntcbv’,€l' l.[) . 'albrorl'thm for certal‘n
threshold problems l'n loglcal dessl'brn lo" a' ca'se 1'n p01nt./

Uflortunately, preset. ures" to 1 nclude competl'ng nla'terlal 1's
hl'gh. In ow 0\V'-n case /at Sydney Unl'vers"1’ty/, the result
has been that, 1'n a' two year course for passs students /rep-
resentl'ng about 40 p.c. of a student’s t1me over thl's” perloW,
lectmes on ma thema'tl'ca'l programml'norv are a'bout l p.c. of the
total comse materl'al. H'owev_er, °students come to the lectures
\Vl'th a reasonable gromd1‘ng* 1n the computatl‘onal aspects of
11near algebra.

The al'm of th'e lectmes 1's to brl'ng the student to a p01nt
that he could usefully beCOIDe a member of a' group constructl'ng
or malntaln1mg a nlathematl'ca'l prog.ramml'ng pacr_'age. m'y
"black'—box" 'approacl1 to packages l"o 'av01ded, wd model—
bul'ldl‘ng 1's de—empha51sed as be1‘ng.pr1'ma'r1'ly th'e concern of
the opel‘at_1'ons.1‘esearcher, not the computer selentlsvt. So me
attentlon 18 glven to tile spe01f1ca—tlon and use of come_rc1al
package s.- however, thls aspect _of mthematl cal programmlng
ls con31dered secondwy to ensurlng that students have a grasp
of the computat1onal techn1ques employed.

Reseuch top1 cs fomd to be nsul t able for a computer s01 ence
department ra1se problems. E'he d1fl“ '0 ‘ty of u51'ng commer01'al
packa'ges for experlment1ng W1 th ne.v' tecMIques 1's con51derable
wd 1's allenated to a con51 derable extent by usmg modular
sul‘tes such as that constructed by Lwd wd Powell.



A.Berczi, Concordia University, Montreal, muebec, Canada
 

A Bl: HAVIOURAL APPROACH TO INFOIU-LsTIUN DEPRIVED lb“’lRKEJ.“‘S
THROUGH COlerU'TL‘R Aoo'Ib‘TL‘D COLLBINHTORICS

Con31'der1'ng the problem of atoml’stl’c markets, where potentl'al

buyers and sellers pal’r up randomly and negotl‘ate deals ba.sed on

the1'_r respectl've reserve prl‘ces, one fl'nds that there 1's more than

one prl'ce 1'n we market for we same serv1'ce or comodr‘ty. Examples

of such markets are the real—estate markets, the used—car markets, or

the emploment market for executl'ves.

Th1‘s paper attempts to analyse, 1'n these atoml'stl'c markets, the

formtl‘on of transactl‘on prl‘ces and transactl‘on volmes through

computer Sl'mulatl'on. Seven dl‘fferent models are used.- the markets

are dl'fferentl‘ated accordl'ng to we munt of prl‘ce l1'nformt1'on and

bargal‘nl‘ng skl'll mde aval'lable to buyer5 and sellers.

'The maj‘or conclu51‘ons draw from the computer sl'mulatl'on are the

follow1‘ng.~

1. Average transactl'on prl‘ces'w1‘ll tend towards equl'll'brl'm prl'ces

of perfect markets. M 1'ncrement of equally shared 1'nfor‘mat1'on

and/or bargal‘nl‘ng sk1'11 w1'11 accelerate thl‘s process. If thl's

1'ncrement 1's unequally shared, however, the process w1'11 be

retarded.

2. Transactl'on volmes w1'll be h1'gher than 1'n perfect markets.

ml's tendency’ w1‘11 be ll'ttle affected by a- change 1'n bargal‘nl‘ng

skl'lls, but w1‘11 be Sl'gn1’f1'cantly and inversely affected by

L'ncremental prl’ce 1'nformt1'on.

Collectl‘vely, these two conclus1'ons have tremendous welfare

1'mp11'cat1‘ons.- 1'n atoml'stl'c markets, 1'gnorance 1'ncreases transactl'on

volmes, whl'le average transactl'on prl'ces remal'n unaffected.

 



P. 13L)rtot, [1111‘VL=1'.;“L't‘a‘ d(.*gll' Studl', Ca' Foscar1 , Ven921 a

SOME‘ I?P;‘SIII.TS IN L'ONVE‘X ANALYSIS WITH HPLICATIONS TO A

GE‘NII“1%AI.IZ'ED ],"RAVL‘IJIJING SALESW PROBLEM.

A ;,_'en‘ALqu11 -¢.*L= d t.r'\1ve111'ng salesman problem. 1's cons1 dered

)t‘y w}'11'o,h tIx‘e “atqlee‘man 1's not obl1‘ged to v1'51't all the p01'nts

01‘ £1 re’g)1'0n, )lut only the subset of them, where the "ut1'l1‘ty"

1's not’ lower than the cost.

i‘he problem consu 'StS 1'n fl'ndl'ng an optl'mal vertex 1'n a

SllquQt of vertl'ces of 1(n (Reel'ment polytl‘pe.

A steppl'ng °_»t one p1‘ocedure 1‘s proposed to f1'nd an optlmal

solutl‘on’.

P.Brucl{el', U111'ver51'ty of Olde,nburg,
Oldenbuov, .1'est Gcrxnwy

b‘CE’BDJ‘LIxJ’G UlJIT—lr‘le"fl. T;xo"1\'.\" v4"IT1i l‘iE‘ELM“ PM‘CLDBL‘CE ON LIV
lJ'ROCE.o"UORo“ TO .IT'D.‘I.11""IZE I.’-'UM'II.A'UIL' le"TL“lw‘ESS

The problem treated 1's one of sequenc1 ng tasks on, m 1'dent1‘ca1 processors,

where there 1’s a precedence order1 ng between certax‘n‘ tasks, as g1'ven by

a d1 rected graph wh1'ch 1's a tree. The process1‘ng t1’mes of all tasks are

assumed to be equal. Assoc1 ated w1 th each task there 1's a due date. An

eff1‘c1 ent algor1'thm 1'5 91 ven for f1'nd1'ng a schedule wh1'ch m1'n1‘m1'zes max1'-

mum lateness. The algor1'thm may also be used to solve the problem of fl‘nd-
1‘ng the shortest schedule W1'thout late tasks.



PW.\1.Camerl‘nl' F. Maffl'oll', Centro Telecomun1’caz1’on1‘ Sp321'all'
CNR, P011 tecnl'co d1' Ml'lano, 20133 Ml‘lano (Italy).

POLYIQOP4IAL BOU.{‘DING FOR NAP-COP5«PLETE PROBLEM.§

A large class of NP-complete comb1'nator1'a1_optl'mx'zatl'on
problems may be reduced effl'c1'ently, 1‘.e. by a polynoml'al algo_r
1'thm , to k—parl'ty matr01'd problems. Branch-and—bound or heur1'_s
t1'cally—p,u1'ded-search g1] methodrs are currently used to solve
NP-complete p roblems [2 and are partl'cularly 1'nterest1'ng for
thl's class of matr01'd problems, s1'nce 1't 1's p0551'b1e to use
subgradl'ent technl'ques 1'n order to obtal'n p0531'b1y tl'ght bounds
to the optl'mum whl'ch are qu1'tc sul'tnble to gul'de the search[3].
However subp,rad1'ent methodss are not polynom1'al bounded. In thl's
work a polynoml'al bounded method 1's proposed for estl’matl'ng the
value of the optl‘mum of a broader class of problems.- k—parl'ty
wel'ghted clutter problems". At the 1'—th 1'terat1'on the method
adds to the lower bound, 1’n1't1‘ally set equal to zero, the value
of a ml‘nl'mum wel'ght assx'p,nment I of a dl'graph representl'ng the
parl’ty constral‘nts. The c1'rcu1'ts of the clutter cont81'ned 1'n I
are then contracted, produc1'ng a new clutter over a smaller set
of elements. Thl's procedure generall‘zes the method presented 1'n
[]h for computl'ng lower bounds to the length of a shortest
haml'ltonl'an cycle of a network.

I_l—1 U. .Montanarl', "Heur1'st1'cally gul'ded search and chromosome
matchl‘ng" AArtl’fl.C1-alIntelll’ence 1(1970) 227-2h5

[2] R.M. Karp, "On the computatl’onal complex1'ty of combl'nato-
rl‘al problems" Networks S(l975)‘ h5—68

[3] P.M. Camer1'n1' & F. Maffl'oll', "Bounds for 3-matr01'd
1'ntersect1'on problems" wlnformatl'onProcessl‘n Letters
3(1975) 81~83

[h] N. Chrl'stofl'des, "Bounds for the travell'ng salesman
problem", %Oerat1'onsResearch 20(19'72) thh-1056.
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LECL"‘.J‘0‘"HY COIv'DITIOlJu" vJ"IT11"Ou”P’ D‘H‘l‘»‘1,“1E'l“'TIIaBI'LITI" OAR COI»*W'XITY

We cons1'der a mathemat1‘cal programm1 ng problem in wh1’ch the functions

1'nvolved sat1'sfy a L1'psch1'tz condit ion, but need be ne1‘ther d1‘fferent1able

nor convex. -Us1'ng the concept of "general1‘zed grad1‘ents", 1't 1’s shown how

one may prove an analogue of the usual f1‘rst—0rder necessary cond1't1'ons.

The well—known results for smooth or convex data are seen to be spec1'al

cases of the theorem. F1'nally, we d1'scuss a new constra1’nt qualI'f1'cation

called "calmness", w1'th the help of wh1'ch we prove that for "most" problems,

the necessary cond1't1'ons hold 1'n the stronger Kuhn-Tucker fom.

Cw.00henand J .Stein Il‘or.t11\v.estern Uni'ver51’tuv, vaston,
111111015, USA

DISSEMINATION AND MINTENANCE OF MATHEMATI CAL PROGRAMMING
SOFWAE.’ EXPERIENCE WITH M.P.O.S.

In the past two years, Northwestern University's
Computing Center has di‘stributed to a large number of
miver51't1'es and research insti'tuti'ons a mathematical
program1'ng package de31‘gned for CDC 6000/CYBER computers.
MPOS (Mult1'—Purpose Opti mization System) is a Si'mple—to-use
integrated Fortran system for solving small to medium size
problems in ll'near, quadrati‘c, and 1'nteger programing, by
choos1‘ng among eleven algorithms. We purpose of this
paper’ 1's to describe our procedures for di‘stributi'ng and
mai'ntaini'ng MPOS. Our distri'buti’on policy i's ai'med mainly, .‘
but not exclu51'vely, to Uni'versity Computer Centers. Because
of this ori'entation, a great deal of effort 1's spent on
produ01'ng good user's documentation. The maintenance activi-
ties of MPOS i'nvolve several individuals who spent a frac-
tion of their time on that prOJ'ect. fie modular design of
MPOS allows each programer to be responsible for his/her
algorithm. An extensive a'rchive of test problems (supplied
by users or machine generated) 1's used to certify improved
or new algori'thms. Surveys of the user community at North—
western have been useful in evaluating MPOS, determining
user needs, and planning the development of future versions.



CW.L‘ost/abl'le'L.Grand1'nett1" F.Pezze11a System Department,

Unl'ver51'ty of Calabrl'a, Arcavacata dl' Rende, (Cosenza), Italy

NECESSARY CONDITIONS FOR THE SOLUTION OF CERTAIN PROBLEM OF

STOCHASTIC LINEAR PROGRAMMING.

T‘
The "otochastl'c ll‘near progrm1'ng problem (1’n tile form.‘ ml'n c X,

subJ'ect to A x _> b, x >¥>_0) 1's exml‘ne.d 1'n w111‘011 the parmeters‘ c, A and b

depend on the set 01‘random".‘1r1'able“ol*. t1....tr', w1'th t 8 Br.

fie al‘m of the. preq.ent pape.r 1‘s to 9‘0] Vt‘ the m1'n1'm1“."at1‘on problem

utl'll‘zl‘ng the Kuhn - T‘lL‘kor .saddle. — p01'nt method 1'n the part1‘c111ar case

of ll'near constral‘n,t"‘.. More prec1‘°.,e]y the condlt 1 ons on the m m1‘n1‘m1'zat_1'

on problcm are def erml'ned 11nder whl'clx the soll1t.1'ona" fo11nd w1'th the ovaddle -

p01'nt method be all and only the solutl‘ons of the startl’ng LP problem.

To do so the followl‘ng "feas1‘b1e" sets are 1'ntroduced.'

X -' { x e X l T(x) not empty set

T = { t e T l X(t) not empty set

Were sets X md T are-.

x= X(t)
tear

T= T(x)
nx e R

md wl‘th'.

X(t) - A x > b

t C R for l‘J'xe.'d x, A wd bT(x) =
are 0)‘La1'ned ‘g‘uo.l1 tlxnt t}1e.

1‘nequa11'ty A x _> b 1‘4" R‘atl'sfl'ed



fien, the convex1'ty of these fea81'ble sets 1's studl'ed, because

1't' plws a fundmental ro‘le 1'n establi'shl'ng necessaw condl'tl'ons for the

solutl'on of the stochasti'c LP v1'a KMn Tucker saddle - mi'nt method.

In parti'cular a necessam condi'ti'on 1's gl'ven for the exl'stence

of solutl'ons - Vi'a Kuhn - mcher method - 1'n the case 1°n whi'ch A be

deteml'nl'sti'c and b stochasti'c.

Mrther, a necessary cond1’t1'on 1's gi'ven for the ex1'stence of

soluti'ons when A stochasti'c, b determl'ni'stl'c wd mder the Wthesi's

that Tf be convex.

Lastly, the general case 1'n whi'ch bo‘th A md b are stochasti'c 1's
exm1'ned.

G.B.Dantzig, Stanford University, Standford, California, USA
 

FUIKERSON'S CONTRIBUTION TO IARGE SCALE PROGRAMMING

“is paper will review 301‘nt reseamh w1‘th Ray muerson on the

travelliw salesman pmblem an-d network fIOWS. Also hi's contri“bu‘tion

to multi‘cmwi'ty network pmblem and 1'ts 1'Mluence on the colm generation

appmach and the decompositi'on principle.



%~.II‘A.HDemster and REJ.B.\l’ets Balll'ol College, Unl've.r51'ty
of Mford and Unlver51'ty of KentuckJ‘—Lex1ngton
Englwd

ON M*GULfl"ITY COIT\DITI01VS IN CONSTM‘IMD OWD.“I.ZAX’TION II .‘
VM‘IATIOVLM TEORY, FRITZ JOIN MID KmUSH—k'UMI—TUCQR
COIJDITIOIT\D"

In the f1‘rst paper of th1’s series the authors 1'ntroduced a min1'ma1
mgular1'ty cond1‘t1‘on for a non11'near program1’ng prob1em w1'thout regard to
1'ts dual var1‘ab1es or mu1t1'p11 ers. The new cond1‘tion 1'nvo1ves both the
constra1 nt funct1‘on ad the obg'ectt've fmctt'm of the problem. In th1's
paper, the 1'mp11'cat1'ons of thl’s regu1ar1'ty cond1 t1’on are traced for var1‘a-
t1'ona1 theory, Fr1‘tz John, and Karush—Kuhn-Tucker type results. The sett1'ng
of the prob1em studied 1's 1'n 1oca11y convex Hausdorff topolog1‘ca1 vector
spaces. Best poss1‘b1e Kuhn-Tucker theorems are obta1'ned for both the convex
and the (11'near1y) Gateaux d1'ff'erent1ab1e case. On the way to the latter
me best poss1’b1e Fr1'tz John theorem 1's obta1'ned. The re1at1'ons to other
mcent work 1'n f1'rst order opt1'ma11'ty are traced and app11'cat1'ons 1°n contm],
stochast1 c program1‘ng, etc., 1'nd1'cated.

\’..‘_.‘J—J_-‘s."l'+uru, ;""n‘e Ac;idextu'u‘r of u'-"con0111'c u"tud1‘es, Dept.of Cyberlletl'cs,
..‘110 he re-o“t, ROIAA“an1'a '

 

ouOAvY'L‘ P.RO,'LJ-."1.."°.) AI.."D R‘J;“°ulr"111”o" i"1'." Uix'“COII"K>“;mIMI1‘.‘II‘D CO.’TUL”-1W‘. OPTI‘I.A"I‘41FAL”IOLx"

"LF.CII:'.I“CS'

Lfi'hP. suo‘g’ects reloeted to o,ff'oot1've solv1‘nLv, of 11011‘11'11ear prograr‘.nll‘nL~‘
p1*0131e1ns on t1)e co.nputer COIlStl'tutO' w actual dl‘rectl‘on of reseasrclu.
’,Jhe po(.‘oer presellt‘s txi‘e aut.hor’s researcljeog r~epdc1rd1'llg tl1e eff1'01'ency,
stop tests, et'c. of‘ sor.x e uncoll'.stra1'110d al.‘0"or1'thurxs 1‘11 test prolalexw..*s
solx'1'1.19_,. A spool'uel 1'ntereg°t 1'n .shOVn'1 m1’x.ed type algorl‘tllms.



','."~'w").‘"c,_1,1, llcadewx of' IJ‘corxoml'c o"tud1'es, Bucha'rest, Romwl'a

ON T.J"'O PROBLIA‘1.'b"‘ CU1\"'L‘r.'l?lw‘II"’G PrfiTIio“ II'.’ x\.’ GMPH

The first problem conceming me optiml solution between tm
fixed Vertices of a comex gaph w~hen, compared to a precedent

al'tuatl'on, there appear modl'fl'catl'ons of me values assoc1’ated
to the ems, perfom‘w, the least number of computatl'ons.

The follow1'np, cases of mdl'f1‘cat1‘ons have been comel'dered.'

'1. The value of me are 1's reduced by a

gl'ven number,-

2. The value of the arc is 1'ncreased by a g'ven
number.

In the two cases, based upon me teorethl‘cal results, 1't 1's

shom w1'm are me elemnts, 1‘n me mtrl'x of optl'mfl values M,
mat remx‘n mchmged md whl'ch mst be calculated, usl'ng
Dmt21'g-‘s° algorl'thms.

The second problem concernl'ng a method to det'em’ne fll
me "crl'tl'cal bonds" 1'n m graph. _

A cr1't1’c:al bond 1's mderstood to be the only elemntm path

w1'th a leng;th equal one to me pam between two fl‘xed vertl'ces

of the maph a path of type¥ (t'w.-

Are 1'ntroduced the new not1on of restrl'cted gaph for all the
extemal (1'ntemal) 1'nC1'dental arcs of a‘ vertex wd mmod for
the constructl’on of me 1'ntroduced graph, after whl'ch , me
necessam md suf1'c1'ent condl'tl‘ons for ex1'stence of the bonds

are p‘ven.
Based on the above notl'ons, m algorl'mm w1’m mree steps is

gl'ven, consx‘derl’ng me extemal 1'nc1'dental mes.
The stum 1's completed by appll'ng tm practl'ce problems

classes.°
1, me determx‘nl'ng of t_he elementam pam w1'm a m'nl'mfl

number of mnds
2. the detem‘nl‘ng of the pew or w1'm a m'n1'mal number

of mnds (ffi), from a ae't of paths hav1’ng the same m'nl'mfl
value.
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d'r L"-IrOQ‘L"«x-J““q(‘ **‘eu"‘u'c‘1'1).Lo L'o o'lxe V‘I'.L‘OD‘_.]k‘.“.," .“',"‘.‘*,.'“‘ ‘*"v“ 1‘Ldb'e({,‘ng" I)OlX-Aledi'a of‘
L‘cas;"blnv 5‘olut1‘0110". i"‘.1“0,v"v‘- y‘_"L'“OblO;A"b" lld'Vt‘ vv*¢.-¢»LV-J.~u" v.'D”"01‘1‘L‘11m"7. L“11V"
proo‘lnvx‘.1 lJ 1'”g CH'Jl‘IJ‘ to l)“'v ‘LV-“duc1"ble u"o L'll'e jJL‘Obl‘OI’Al 4"(solvAa‘ole 01"1'1‘01'9‘11L"—
ly)‘ l-L‘ L ‘1‘~.4A;*V“ vn,.‘~'1'o°L‘g° a' I‘L“¥.‘L'A“‘od 1"01‘ .n1a‘)1pl'%‘rr tile sau“ ‘1'1) of' 9‘11"o- L"unaq'(1‘bi,r>
so;‘uu“1'oA1‘g~ o.L“ u"11‘e ¢ocoblem 1" 1'n M19 ofieb I.I' of L'll-o i"c>g1*g‘ri"blc u'rol'ub'1'011.s‘
of“ L‘1143 p‘~"‘oo‘lcxl1 3‘.' <u‘uch u"n‘at‘ I‘.“ 1‘09 “h proa‘g-cti“on of' -.IL' M'<L‘ 1'L‘ J."‘u po.'88i'bL,<-
t‘o oo‘oLal'n e."Ti‘1‘CL"LAILL‘l5V a V‘(olu ;"011 (an 00Lt1'1119"ll soluL" on)‘ OL“" tllc pl'oo‘l-0m
P f1‘01.1 4" "uolut‘l'on (dun 0})L"1"11‘..L'l' 0110 ) o£" b‘11o pl‘oblom Q-. L"he I'nvdu01'b1‘l'l'ty
01" u" ..1Yv“ 1*‘11‘co‘iv'\.".m‘rr L'o t‘lle i‘loxz' Jfik,nt‘.l"0;‘-"<‘ p;“oble1n (L‘n‘c c‘l'l'cul atl on AI)"L"«)".)'inun1.)
1'0" .,“L"uc‘1'p~d.

1"‘n‘e Cl'l'tel‘l'a of 1'C(1‘u01 b111 LJ‘ 'dl‘O ‘V'U‘L"¢u‘ll‘<u“1'*vvr.L‘ L'Il L er111(9' of‘ pl‘0p*“'vl‘-
L"1‘e-u¢ OL“ cono°L'1‘a'1‘11t' 1.m-L“_u.".~" L'llat V"‘11'ould be a I‘mt‘l‘i‘ J." 0L" a u'rl.‘),001'al L'pr‘e
callakl' V"L1 1...‘"—v.~..‘~aL’1'1".". l“‘n‘¢, a11L‘1101‘s 1‘nveo"t1'-o’"a-t'c‘ t‘he P;“O)lert'l.t,‘b‘ of ..1"'-4‘1'at-—
I'l‘c’cs u“;'1'au“‘ “gl‘e t‘ot‘ rally un1"11.'oo.'u‘l'a,1“ anrl conu"’g'1‘11 .‘llU'u‘L' of‘ L‘11'\L lcno'.1'11 cla-"g‘—
seq" oL" tile u"’otg"i'la’ u11"1'A.."ou’ulaL‘ .‘1"q’u¢'-i"o*cs. ;"‘11‘e b*v"OlI1v>)L‘L“J‘ of .1.’—1 lab1'i‘ b“ '>u°
1'(g‘ ‘*"'ou11'd ouu“ L'o be com*‘*v'cted \.1‘th a 12‘069‘4“1’b¢'l¢“b"y' 0;"’ )14-u"L"1'1L3‘ Lneil~ l‘ouj'o<‘
1'n a tree Oht'r'utul"e.

i‘ll‘c u",\"'001xd. r;aL‘-‘L‘ d‘cgfila'( \Jl‘t‘ll a' 11‘11‘Vfia'r O\L)'L'i'.1.‘u Zd‘C‘i on 1)¢“Oblu‘m 011 a
1"‘r,U‘-‘ul'a'r dl'u"01‘fivo"'c- "gfipo"' m—"nmh.
whore mt: >5LDc-eM/ (o.;,)m<b; wa {QM-90> Cfg
b. 0.7 alvd .." L'U" g." 1)oly'$1"o-‘l"i‘on i“n L1)n. .
Ulgl lb iokLl‘ 1’u‘figg“ o;’“ 0011 u"t1-'uc "i'x'Vb"‘ L'11‘0 conv*gxx ll'ul.l of’ ¢"\*,'vu'u"¢'u‘le g"0L‘L1u"l"oA1‘v»"
D‘J‘ ..L“'emu" 0;” a“"‘(1‘1'q*J'“» t"11“0 14“‘n1‘1..-d'l 11a‘1.11'.*‘u‘r 0L"‘ a<;‘d1'b“;"onai conQOu“1*al'Ilu<‘ auL'11'01'_c.
.2“0L".." ouu"' a genergln “fichc.n*e OL“' LJ"1,“1A‘0L“4'VJ'i"1‘b" L‘110,~ cuu"‘g", t'11.'“"t bel'n_3" 1)1"ovolf
to be tll‘Qp corvan.-'.* IJOlJ"11“Vd‘lOH. L"‘11°p propotie“u of‘ t‘he ivolJ11107d1*on w'la‘ of
L‘b‘e c>J.’t1"cr‘u‘"-cr CUUvfi' are» u<‘t'uu‘l"o-(1‘ wlr L"11'p“1'1' L"’u“ld"L‘l'OIIS .J"1'u"'11 oL"11‘el‘ J."110\J'n
cuL"q" al‘nv ;"oa*n'l. i"‘her JIl‘l'nCl-L)’u"l L“L‘L‘Oi"u‘1.b“ 01“ L‘he» cut‘ theor;r L"'0r rp-b'rula'*
pI'Oblng,m" are pl‘ove'J aS‘ ‘.".oll a<~u d’ c1*1‘L‘01‘1‘on of equl'vgt'lencc ¢‘*o(.‘ l'I'Bdeu—
c1‘o‘le 1‘nvl"}(uq'll'ty “*‘ryu‘*tvfivmr 1.,c ‘.'\U"La'o‘i’1'u¢11'v“d. '

l"110, L'z\.‘1'I-d pa'rt‘ of' tho ‘.J"01*J." dc-.J"Cl‘1'D‘C-u“ tll‘l'e un;"';"‘1‘01"ent‘ Ll‘v’1t‘11‘0d 01"‘ 1*x,“4‘vu—
ol'nJ"» tllo ll‘ncar 1'nL‘c*‘)‘7'e~l pl‘oblr*cL1 ‘x‘ll't‘fl contu‘b"r‘a1'n“o hr' —_ a, x’ 1‘8 1‘nL"eJ"er
nomc>.)-"la'u"'1've V(,‘CL"01“ u‘o m1 ..,-qu~;"VJ' e llu". pL‘OblC’ln \/'1‘L“11 00119°L"1‘a1‘11L‘g<‘ Jm"’_> d’,’
x 1'0" 1’nL"eQI'“c>L', \I'n'el‘e tll‘L nu;A' o'nvL'- OL”' Va-*L"'1'a'blcs ,{" 1'cu‘ loAuvg" L"11‘/m'1 L11‘0 nu‘r.1—
D‘o r of' qu-L"1‘ao‘les ‘x. 'Pne nAet'il‘o'l 1‘"o bacuqu on L"'ound‘1‘%" 'd ba-°01's 01“ L"nL"L—
U"'c-r lat‘t‘l'ce too"eu"L1‘r’ 1r .I"l’t'h a‘ rol)1*cu*ricnt'a"t‘1'on of a 5’0n01‘al 1 IIL‘L‘D”‘L‘¢“ solu—
tl'on oi‘ a vQJ"-u"u*ez.1 1'n a f01"Ll of ‘/." —_ A’.“"- a.’ i"hc> 1.Q~VL‘hod 1‘cqu1‘rcls til“; l>o—
lJ*no.ru'fl nuuq'o‘CL‘ o¢"” opel‘atl'om \J'l‘th 1-e5'pcct‘ to t11‘o pal‘d'*v.‘1et"p>‘1"o‘of' 01-"1'—
u'>'1'M' pl'oblc‘m, t;L“o- poxver 01"‘ txle {)01y1xom by>L"%'" 110 1A.'~orc U’llm 5.
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_G.Gallo, Io"tl"tllt"0 [)e.r .l’elabor .'-z1 one dell’IMormaz1 one,
Cons 1b“llO lla"zlonale delle Rlcerche, Plu°d', Italy,

P.L.Hatnmer, Dept .oi‘ CoxnbL"nu"tor1'cs wd Optl ml 24t1on, Unl'ver51'ty
01‘ vu""’gx'tc'1‘loo, vi’a't *rloo, Ont'd'rl'o, Cd'nad‘a,

B.b‘1 meone, Ist‘1't11to L\(. r 1e Akvpll'ca21’on1' del Calcolo
' .IL.“a11ro k’J'cone>", Con51‘br11'o Na-21onale delle
1{1cerche, R<>me, Italy

 

Q‘UADMTIC KIQA'l‘o"[;C‘h' LJ‘R'OBH‘rhb‘

B1'nary (0.1) opt]’m1‘z.1'L1’ou1 prol)1cms.' havx’ng a qui<'dratic ob )ICC‘L1.V6 fu.)ction, (and

one 11"1ear constraint .1re considered. A Variety of problem.€ leadin,p to this. model

are preeqented. An algnrl‘tllm for their ~Solution 1‘s de=.cr1'bed,‘ thi‘q algorl'thm .‘s

based on producx‘ng a 9‘eqxlence of ]1'no(1r knapsack problem which prov1’de upper an’u

lower bounds to the optl'm‘xm of' tllL’ orl’grinal problem. Numerous experx’ments with

varia'nt‘9 of thl's .11e0r1't‘hm have been c.1rric-d out 1'n order to select tile mo.€t

effl'CI'L>nt one. The mot.10R1’c QIIQQ‘I'LOH "If qul'ck then d1’rty.7" has been examl'ned.
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.A__________,.L‘I.Geoffrion Graduate'School of Management, University of
California at Los Angeles, California, USA

WHAT EVERY MODELER SHOULD KNOW T JE‘cm VE canAPPROXIWTIONS , ABOU OBI FUNION

Most smlications of mathmatical mogreming require the

mMeler to exercise eme discretion in estimating or awroxi-

mating the obJectiw Motion to be optimized. We give a simple

a‘ priori bound relating the amomt of objective Motion enor

to the amomt of error thereby induced in the solution of the

corresponding ommizetion problm. his Mnishes a natural

criterion to wide the choice of an estimatw or amroximate ob-

Jective Motion. me criterion can often be amlied via simple

gaphicel constructions in the case of linear semrability, and

we shw that it is generam equivalent to the familiar @ebyshw

criterion -- mich thereby movides direct. access to a merm

away of established results and techniques for the genera1 case.

Mditionel results in a simihr vein will be presentw.
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~C.,.'.>..."hoo'o‘a"u'-, Cent'ra'l Reooed'rch Instl‘tute for Physics,

Budapest, Hungary

014 THE I1~ETHOD 0F SUCCF,SIVE PROJECTIONS

Let K be a polyhedral cone

x_—{x| ATx.40, xeR“, AER
ad for a gl‘vexl vo,ctor c€ Rn let the functl'on V(x)

nxm }
I

be dei‘l‘ned 1<\,"

ch/flxfl, if x¢0, uxl_~(x
YCX) '-

TX) 1/2

O,ifx=0.

Here we 1'nvest1'g(1t.c the, method of succe51've prOJ‘ections

for solving the problem

li-u { W(x)! x e K}, (1)

whl'ch 1's closely conrlcctod to the problem of findl'ng

optl‘mal fea51‘ble dl'rectl'ons 1'n convex progrmxnl'ng.

It is known that there. ex1"€ts a submatrix con51'string

of the column vectors of A

A -_ a. , a. ,...,a. , p 4. n
0 L 11 12 1p]

such that A0 is a matrix of mwl'mal rwk ad the solutl'on

of (1) ca be expreocsed age

-1 AT
0

+ + Txo - (I-AOAO c, A0 _ (AOAO)

whl’ch 1's unl‘que up to a mult1‘p11‘cat1'on wl‘th a p051't1‘ve
scaly /see e.g. [1],[‘2]/. Here Ao+ denotes the pseudo—
—1‘nverse of A0.

Let X denote the set of column vectors of a matrl'x

X Md let them corregvpoMto each other by conventl'on.

Accordl’ng to the method of succe51'v'e prog’ections,

oolmn vectors of A we selected for or dropped from
.
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-the set {A1} in the (1+1) st step by some reasonable

criteria in such a manner that the sequence

§Alkfi {A2} ""

converges to an optimal set {A015, Let

{A—l'é ” {A2 \ {Al‘i
and let ek,ej be unit vectors of suitable order.

We propose to modify Rosen’s selection rules [2] as follows:

a.) if Ai+c)O, select the vector A_iek€{Ii§ for which

T _ _+ +c ( I-A1.Al.)A1.ek/II(I—A1.A1)Aiekll>0

is the largest and adjoin it to {A1},

b) 1': Al.+c> 0 does not hold, then drop the vactor

Aie'j 62111.} for which

eT,A,+c/ll all?” .4 O
J 1 J 1

1'5 the smallest, 1'.e. oml't 1't from {Al.}.
It has been mentioned by Zoutendijk [1] that rule a)

seems to be promising. In fact, it is optimal in the

sense that if {A1}U{ak}={Ao} , then rule a.) selects

the vector ak. Similarly, if {Ai}\{aj}—_{Aof then rule b)

drops the superfluous vector 51,. Moreover there exists
3

at least one sequence

{Al}, {A2}9--01{Ap} "{Ao}

with the property

Ai+c >0, rank (A1.) = i, i s l,2,...,p.

This assures that such type of algorithm may converge.

However convergence is not proved yet.
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Addl'tionally, we have developed a computer code for

solv1'w (1) by using Householder's QR—factor1‘7.at1'on [3].

The values n a 12, m = 10,15,20,2S,30 were chosen and matrix

A and vector c were generated lOO-tl‘mes by a random number

generator uniform in (—l,1). For the ratio

N- no. of all dropped vectors

N no. of all selected vectors

and for N/lOO, the average umber of selectl‘ons the follow1‘M

va.‘ues have been observed-.

10 15 20 25 30
N_/N 0.004 0.035 0.088 0.109 0.081

N/lOO 5.060 7.680 10.730 12.870 12.750

[ll

Accordl'm to experiences, slower convergence occurs if there

is an actl've subset of calm vectors of A tmt is close to

be1'@ linearly dependent.

The results may be of use 1'n select1‘% ectl've constraints

1‘n solvim 11'nearly constral‘ned problems.

[1] Zoutendl’g’k,G.-. On ll'nearly constra1'ned nonlinear

progrml‘ng and some exten91'ons. (In mthematical,

Hogrm‘l'ng 1‘n Theory and Practl‘ce /eds. Hammer,P.L.,

Zoutendl‘jk,G./ Msterdam —New York, North Holland/

werl‘cm Elsevier, 1974.) ‘

[2'] Rosen,J.B..' The gradl‘ent proa'eotion met'hod_ for non-

linear progrwming, Part I. ~ m‘near constraints.

SIAM J.App1.Mth. _8 1960 181-217.

[3] Stewart,G.W..- Introduction to Mtrix Computations.

Academl’c Press, 1973.
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(1) Take non-negatl've co.tnb1'mt1'ons of gl’ven inequall'CL'es,
and p0551'b1y xxveaaken the r1’g.fit-n‘and-=.1'de.

(11) Having already' obtal'ned txeo 1'nequall't1'es

+...+ ty01x1 + ... + st, +...+ anxn + Slyl j

'x x =1 'v '...+ >alxl + ... +s J, + + an“ + Flyl + +t )J, + S y _ no

>+.. .+ Snyn _ 00

one my deduce

' - x > .011x1 + +9 xj +...+ ann+51y1 + + tyj + +6nyn_ao

Conversely, any 1'nequa11'ty thu 5 obtained 1's valx‘d for the
complementarl’ty constral'nts.

The proof of thl's result 1's constr’uctiVo., and 1't suppll'es a finitely—
,é C,,,C

convergent cuttl'ng—nIane algorl’thm f'or this generaliation ( AA) 0f the

linear complementarl'ty px‘oblem.

Note that the con.<tra1'nts (Cbic) properly include the linear
cmplementarlty problem. Indeed, the constraints of a bivalent integer
program can be cast 1‘n the fom (CMC), b‘y rewriting these constraints

Dx_>d
(BIP) x = 0 or 1, j - 1,...,nJ

inthe fom

Dx

(BIP)' 1,...,nx1 + yj -—

I! O 1,...,n
*ij
xj!Yj _> 03.1: 1)'--,n

and obtainl'ng all vall'd cutting-planes v1'a rules (i), (11)J..

The Theorenn amounced abOJ‘e is one corollary of a conSL'derably
more general result concernx‘ng what Balas has cal‘.ed "fac1'a1 constraints."
The general result w1'11 be gx'ven at the meeting, but is too technl'cal to
state here . Those 1'ntetested my wrl'te the author for preprl‘nts.



L.Ka'11f111w', VRIE‘ Uni verSi tei t Brussel, Belgim

THE' 1’\o“‘o"IGN1.'E'N'T PROBLIV‘I.I‘ Vl"Il"H COleJL“TIBM' JOBS

Ill tlxl‘x_‘ [)I"[)(.‘l' ‘1- Luc‘lmc‘r.1'll‘z.1'11‘o|1 1‘s.‘ [)x‘c‘s'c‘lltc‘d of the L‘ld'ss_‘1'cu'l J'ob-

HILI'L‘lII-Ilc‘ .1's.‘s.‘1'gv1mlcnt })r0b1L‘lIl. lt 1‘5‘ ‘l'b‘SlmlCd that s‘ome h,ut not all

J U)l\i' Illd'y l)c‘ .I'H_'.S‘l'&‘llc‘(l to LIIL‘ 3“.U'IIL‘ Illtl'L'III-llc‘. 1'l1c prol)lcm dcflnod

1’n th1 s wa'y generall scs mth the a551‘mnent problem ad the pro-

l)lcn\ of dctcm1n1ng the c‘hromtl c nmber of a graph. A brwr.h

m(1d mmd 1tlgvor1‘tm 1's promsed u51ng a combl'natl'on of the hm-

garlm mthod md Lagranglm reluatlon.

mnlputatl'onA'l emaer1encc on a WC 6500 1's d1scussed.

D.Kli'nDomw, Univers1 ty of Texas, Austln, Texas, USA

J#.I.~L'ulve_, Havard UniverSi'ty, Boston, Massachusetts, USA

\APPLICABILITY OF NETWOM TECHNOLOGY TO ‘INTERACTIW
DECISION MKING

Lack of satisfactory treatment of the human
engineering and multi—criteria aspects of problem—solving
consti'tute two of the maJ'or obstacles to more w1'despread
use of mathematical programmi'ng today. The purpose of
thi's paper is to di‘scuss how the dramatic recent 1'mprove-
ments in the computer implementation technology of network
flow algorithms and the major advances in mini—computer
design can be used to partially overcome these obstacles.
Specifically, the paper focuses on how network flow
technology can be combined with interactive mini—computer
capabiliti'es in order to pro.duce substantial advances in
the design of interactive man/machine mathematical
'programing systems, information systems, and current
procedures for coping with multi—criteria decision making.
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Ii. W. Kum, Prl'nceton Un1'vers1'ty, Minceton, N.J., U.S.A.’

NONLWR PRWMWG DUALITY m ECONWICS

Hl‘storl'cal.w, the economic 1'nterpretat1'on of dual linear progrms has

played a c.entral role 1'n appll‘catl’ons and algoritMS. The erpose of th1'u°

paper 1's the development of a theory of duality in nonlinear progrm‘ng

startl’ng from a new ad natur'dl economl‘c motivation. This 1'nterpretat1'on

emends in a stral'ghtfomrd manner the duality of linear prograMng. It

produces a pal‘r of dual prwrms that 1'nclude, as spec1'al cases, a wide

var1‘etyofprw1‘ous results.
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.“.J. Laurent, University of Grenoble, France, and

C. Carasso, University of Saint Etienne, France.

M MmRIW 0F SWCESSIW MINWIZATION IN mm PMWIM.

Con51'der the problem of m1'n1'm1'zing .'

f(x) '- Sup (< x,b(t) > - c(t))
te’r

(P) w1'th the constral'nts

< x,b(u) > - C(u) <_ O , for all u e U

x e w: R“

where T and U are arbl'trary sets, b and c we bounded mppl'ngs fiom T U U into
IR“ and R respectl'vely and W 1's an affl’ne varl'ety of K“.

At each 1'terat1'on we 1'ntrwuce, as 1°n the Cheney-Goldstel'n algorl'thm,

a polyhedral approxl‘matl'on of the problem '.

Ml'nl'ml'ze .'

f(x) ‘- Max (< x,b(t) > - C(t))
teT”

V) wl'th the constral‘nts ‘

< x,b(u) > - C(u) < O , for all u e Uv

(P

x e H

where Tv and Uv are sul'table f1‘n1'te subsets of T and U. Let av be the (f1'n1'te)

amount of (Pv) and Wv the set of solutl’ons (whl'ch 1's an affl'ne var1'ety).

A general exchange theorem (a generall'zatl'on of the St1'efel theorem)

1's gl'ven 1'n order to exchange a set of new elements A.vC T U U w1'th a subset A—v

of Av ‘- Tv U Uv .'

A""1 = (AV \ 3") U 2"
TV'l'l __ Av+1n T

Uv+1 __ Av+1 n U

The set Avl's deteml’ned by con31'der1'ng the sub-problem .'

M1‘n1’m1’ze .-
\) _ \)h (x) — Max (f(x) - a ,' g(x))

(SPv) w1'th the constral'nt

x e H“

where g(x) —' Sup (< x,b(u) > - c(u)).
fiU

An approxl’mated solutl'on of (SPV) 1's obtal'nw by con51'der1'ng a strl'ng

of nested m1'n1'm1'zat1'on problems .'

Settl'ng Nov '— WV ,



’1

Mi'ni'mi‘ze

\)h.V(.x) —- b1ax (f.V(x) — a
l l ,' gl.v(x))

(SP.) w1'th the consstrai’nt'

1-1,...,m ,
V

x E w1'-1

Max (< x,b(t) > - C(t))
t e Al,v n T

where fl.v(x)

Max (< x,b(u) > - c(u))
Vu 6 A1, [1 U

g-(x)

1's a fl'ni'te subset of T U U ,

. v
1‘—1,...,m .W

H-C
t-"C

1's the se't of soluti‘ons of (SPl.v) ,

' All operatl'onsi (spec1'ally the computatl'on of the functi’ons f and g)

can be done approx1'mat1'vely.

The convergence 1's proved under very general condl'ti'ons (but wi'thout

any assumpti'on of' the Haar type).

A noti'on of E-soluti'on 1's 1'ntroduced and 1't 1's proved that such an

E -solut1'on isu obtai‘ned after a fi'nl'te numer of 1'terat1'ons.

The algor1’thm~71'11cludes all the algori’thms of the Re’me‘s or To"pfer type

for solv1'ng best approx1‘mat1’on problems w1'thout Haar condi'ti‘ons.~

K. Lommatzsch, IIumboldt—Univcrsita‘t Berlin, GDR

A GM‘v.L’T‘ PLAHD BY LmEAR OP~”lIP.1IZ,"r-“Ro"

C ons i der ing the pr oblem

1x + qqyi(’1) max Equy + p
X6

ad
2
x + qeyg s(2) max ixA2y + p

yelflx) '

VJhere (1) and (2) are the pay—off fm0u‘1'ons of player I
and player II respectively a_nd the sets of polyhedrons

M(y) and l.\*(x) arc the sets of strategies. Equilibrium
points of such games are characterized and computed by
linear pardm'etric programing results.
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OMS.L1'geti‘,J.To’th Uni'ver51'ty of Agri'cult'ual Soi'ences,
Go"do"llo”, Hunguy

SO»!1E PROBLE‘RIS OF THE APPLICATION OF AMTHWTICAL PROG—
WAING IN AGRICULTUML PLANTS

The Statistical Department of our university has prepared
medim—tem development plus for several agricultural plmte
in the last years. For this purpose we have elaborated line-
ar programing models which are practicall.y applicable in
my larger Hungari'an agricultural plant. For instance for
the simultaneous optimizing of the stmoture of production
wd the resources we have used the following model.'

-—‘_.bA + A l125211x—1
A at Io22x—2 ' A2353

+ A32x-2A31"---1
"A

uA
lo

Io
+ A+ A

“ A34—4"
A41-)‘1 42—X2 43—x3 ' A44—"4
A51—)‘1 + A'32—"2 + Asa—x3 + A54354- + ASS-x5
*

31 —x1
where.°

vector of comodl'ty plmt production,
vector of foodder production for home consmption,
vector of li'vstock producti‘on,

_4 vector of resources of production /mwpower, machinery/,
x vector of other vari'ables,
Tat li'ne condi'ti'ons of area and area-ratio,
2nd.line balance of production wd demmd of fodder,
3rd li'ne resources needed for plant production,
4th li’ne need for other resources,
5th line other condi’ti'ons,
__cl wd _c = di'fference of monetary income and chmgi’ng costs,

cha g"ing costs of fodder production,
fi‘xed costs,

_cS specific eami'ngs belonging to the other vari'ables.

II 1’5

 

* f.
7—232 —3—"3'-4°—4x + 25* _x5 = maimm,

lo .e "II"

The improved versi'on of the above_‘-- model aIIOWS the sm‘ul-
tmeous detemi'nation of the optmal etmcture and tecMo-
logy of production.
Our lecture explal'ns these models and our experi‘mences gained
in the course of their applic.ation.
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J. L015, Computing Centre of the Polish Academy of Sciences, fl‘arszsn, Poland

HATHBJATICAL THEORY OF VON IMMUNE EQUILIBRIA
 

An extended von Neumann model consists of four matrices (A1,A2; 131 ,82) con—

sidered as linear transformations of ordered spaces (Rafi —) \(Rnfl) or /duali_

ty/ (Rmfl‘a‘) '9 (1328*) . The ordering cones are supposed to be closed, solid

and pointed. The equilibrium of such model is a pair of vectors x /> 0 ,
S

p 2,5 such that there exist }\ >0 and J4, >0 satisfying
'1‘

>\xA1 é x131 ;
'I'

B A22P SIK</~P§

/\xA1p = xB,p>0 $ xBZp = I‘mxAzp > 0 .

If A1 - A2 = A and 131 = 32 = B , then the model is called simple. For a

simple model at equilibrium we have /\ = J“: and the conditions of equilibrium

may be written in a simplified form as follows

AM .2416 . Bp :é/Vp . pr>0o
T 8*

If the model is simple, the ordering is coordinate-wise and the matrices

are non-negative, then the model is the usual von Neumenn model as considered

in the classical paper of von Neumann. The economic applications to consumtion,

savings and wages problems, international tra'de, economic regulation, open eco-

nomies, capital and investment forced many authors to generalize the classical

model. For those reasons, the non—negativity of matrices has been postpornd,

the coordinate—wise ordering has been replaced by arbitrary orderings and each

of the matrices was split into twowAl'élikfferent economic meaning.

The lecture gives a survey of the results about the existence of equilibria

and the structure of possible equilibria levels, i.e. the A 's and W's

at which for a given model an equilibrium exists. It is based mainly on recent-

ly published papers and some unpublished results.
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< .v_1_.__M.a_c_h_o.v_éA-9223;-.P_r_a_h.a;-§_s_s.R

\THE STATE OF DEVn“mF\1xn“NT Arm APPLICATION OF NETV.""OK ANALYSIS

IN t‘svsn

Con31'der1'ng the problem of applicatl'on of N e twork Analy31's
1'n varl'ous areas of nat1'onal econom 1"n Czechoslovak1’a.

In Czechoslovakl'a there 1's a group for Network Analysl's
1'n the Central EA’.xpe1*t Section for Operatl‘on Research. Our
group 19‘01'ns together experts from_ all branche s of the nat1'onal
’r.'c,onom,- 1't secures the1'r educat1‘on by " t‘ the a1'd of lectu—
res.., courseqt, sem1'nars, etc.,‘ 1't secures also the neccessaw
1'nformat1'on for them by the means the Bulletl'n. Every year
1'n Octobmn 1't organl'zes an apart meetl'ng at Gottu'aldov 1'n
v:h1'ch even the pert1'c1'pants from a broad takte part.

lmhe ."J»et“'ork Analys1'.e 1'n Czechoslovakl'e makes 1’tself
stead1‘ly more and more useful 1'n the management of our r.at1'onal
enconomvv at varl'ous levelso The appll"cat1'onel are carrl'ed out
not onh 1‘n 1'nvestment arragements, bul'ldl'ng 1'ndustm, mach1‘~
nery, mal'ntenance, transport, but also 1‘n untradl'tl'onal bran-
ches such as med1‘c1'ne, persuel'ng of transpassers, the state
management and the management of the development of sc1'ence and
tech'noloy.

The greatest progress hat,° been dor:“e 1'n the 1'nvestment

arragement. In th1's year a new rewlat1'on has been worked

out for to secure th.e fulf.1'111'ng of the tasks of the estate

plan under the obligationo

Th1's regulat1’on sets a due usage of neth'orks for the
preperl'ng of 1'nvestment arrangements organ1‘se.t1'on, for the
ev1'dence of these constructl'ons, f.or the contract1‘ng w1'th
hl'gher suppll'ers and for the d1’rect1’ng of the reall'zatl'on
process 1'tself.
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Another 1'mportant fl'eld of the network appll'cat1'on
1's the ma.negement of the development of sol'ence and techno-
logy. In the year 1975 a hand-book of methodology was worked

out for the complex reall'm.-at1’on management of w1°de and
1‘mportent research taskqe. Th1'QL mentl'oned handbo.ok of methodo-
loy \"es acknOW'ledged by the COht'EC-ON.

But newertheleoos there 1’qk CL t1'11 qul’te a great gap
between the theore.t1'cal part on one al'de and the appll'ed

oneontheother.
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G.D'.in‘a'1‘strovsk1'1' and Ju.G.Ol’hovslc1'1‘, Phy51'co—Techn1'cal
Ins_t1t‘ut'e of Loxi' P'empe.ra'tmes A‘cademy of
o“c.1ences of’ the Ukralnlan So"R Kharkov,USSR

 

MTE’ On“ COM"1{G‘L‘Iv"‘Cl*J OF! 1k CLAS‘Q“ OB‘ I‘.E”lHODS Or“ FE‘M“IBLE
Dm.CTIUNo" m IJONCOIIVE'X‘ PROGRIx.‘H‘\IING .

Rate of convergence of the zoutendijk procedure 1 [1,

p. 75] and the zukhovitskii-mlyak~wim'ak procedure L.2] for

solving problems of the form

mtn{ {—000} {um/=0) 821,1)”.4}

was inVGstl'gated by Pl'romeau md m1“ L 3]_ mder the eswr

flons that mnctions fa, (1.....f$' are convex and the solu—

uo.n vol‘ t‘he. me*leI‘1‘ is a vertex of the constrel'nt set. yy'e

are considemng mess methods w1‘thout the assumptions mentioned

above. It is supposed that me set 01“ 'Lluster points of the

process contu‘ns at least one such p01'nt vvhl'oh satl‘sfies the

stmdam second order suff1'01911cy condl'tl‘ons ma strong regu-

larity conal'tl'on (1't 1's obv1'ous that under such cond1‘t1~ons

the process vxould’ converge to this p01'nt).

An exmple is 5'1‘ven u'hl'ch shovls mist me methods con51'-

dered do not convergre ll‘neerly if control_11'ng sequence con—

struction follows the rule proposed in L'1J. [2].-

‘rK 'tf ZK
nu 115‘" 5+ it“s—Ky]

K

where

2‘ : max mn‘n{(-€"lx‘],%)‘ MIA , if{L.-I.2,...,‘H-5}s {40(1)}
Ilglxsi
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The 'u1ain result 1‘s that the I‘ollowing moaiz‘ication or

the controlling sequence construction rule

\\ ‘ Z__ (K I \f it > K
qu L “2-

leads to linew COHVQI’£<91LCO of the process.

The pl‘oof of ttxis result is given in [#1.

Rex'erences

1 c. zoutexxdl'jk, r,.'ethods of Feasible mreotions, msevier,

Amsterdm. 1960.

2 5.x. Zukhov1'tork1‘1, R.A. Polyw, m.b“. Wl'mfl, Algorirm dla

resheniya zadaml' vypwlogo progrm‘rovmiya, DAN ssm.

153 (1963). No. 5. 991— 994.
3 o. L"1’ronnea'k‘ ma u“. I‘olak, Rate or convergence of a class

of hl'etbods 01‘ p“ea‘bl'ble m‘recfion s, SIAL! J .Nmer.4nal.,

10 (1973'). .v0. 1. pp. 161 — 174.

y G.D. ,11.a1'strovskil', Ju.o'. ol'hovskl'i, o m‘orosti skhodi—

mosti metoda naiskoreysbego spuska v zadache uslovnoy

miniml’zat51'1, y'xur‘n.vyohis1.matem. 1' matem.fiz.. 15 (1975).

N0. 4. 844 - 859.
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_H.-I.‘aurer, "\I“'°c-theol.‘at1‘ce-cheeu i'llg"tl'tut der Unl‘ver91'ta"t Wd'.vvzburg,

A‘m. ‘I‘ubla.nd, 87 N’x1"r&'but“g, VIest-Ge.“many

CO‘V.TRIBL'1”IONS TO PER.TITARBAT'IOPI THEOARY OF IWINITE NONLINEAR
PROGrVAI-.'N11NG PROBLEMS

Let Y.,V.,Z,A‘ be Banach—6.,p°aces and let' f.‘ X x A 4 R ,

g.‘ X x A. a Y , h.' X x A a 7; be Free,chet—d1’ffe.rent1‘able fmc-

t1'ons. Let M be a "Dubset‘ of X and let K be a convex cone

1'n Z w1'th 1'ts vertex at the origl'n and nonempty interl'or.

N‘e co.A“SI.'der tlle 4f".¢tm1'.1 oflf nonll'near %roramm1'np groblem.s

L"ndexed by a e A .'

(Pa) Inf 1 lf(x,.a) l x’ 6 M.‘ , g(x,"q) ~— 0 , h(x,a) e K } .
x

1"b.e o‘of.1'm.ral r#93"0nse flltno.v“1_'on P.‘ A » R'U {-ul,wl is defined by

P(a) —— Inf lf(x,a)|x61.v1' , VJ(<.',a)—-O , h(x,a)6Y»f for a E A . The

ptvob.1.e..‘w (Po) whor.respor.d*".nb- to a——Ol 1‘s coneridered as the
unoen“L*.‘~l‘fiohed p.“oblem. «"e gl‘ve estl'mates of the dl'rectl‘onal deri—

vatl'ves (resp. ‘.“'1'e'chet-de.“1've°t1've) of P .at a-—O 1'n terms of

the :(‘11hn—l"ucr.‘er—fmctl'on—als appearl'ng 1'n the I-'.'ax1'mm-Pr1‘n01‘ple
for the wperturbed prob].em (Po) . u"et, x0 be a solutl'on

p01'nt of (Po) . Lmhen, 1‘f 11 6 I" and 12' 6 Z' are the

Kuhn-7."uckert-f‘unctl'onaloo cor.respond1‘ng to equall'ty constral'nts

and 1'neq11a11'ty cong°.+ra1‘nts, the 'shadow—pr1 ce-formula'

DP(O) = Daf_(xo,0) + 11Dag(xo,0) + 12Dah(xo,0)

1's shovrn to hold mder coul‘table assmptl'ons.

Some app ll'catl'ons to optl'mal control problems w1‘th pertur—

bat1.'ons 1'n the dynaml'cs and co'ntrol or state constral'nts are

gl'ven.
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R. P. O'Neill, Computeor So.ie.rce Department, Louisiana
State University, Baton Rouge, Louisiana(USA)
EXPERIENCES IN SOLVING MIXED LINEAR — NONLINEAR PROGRAMS

Solving mixed linear—nonlinear programs can be
approached in various ways. This paper presents some
computational experience in solving an actual application
program and prop,rams g,enerated by a test problem genera—
tor. The method used to solve the app-lication program
is similar to the method of approximate programing
(MAP). The method used to solve the generated programs
is the Dantzig—Wolfe p)eneralized programing alg,orithm.

W'.Oettli , Uni'ver51'ta"t Llwnhei'm, I‘llmnhei'm, vl".Germwy

TE PRIIlCIPLE Or"‘ FEIXSIBLE‘ DmECTIONS F‘OR CONTMOUS MWIW-
PROBLE’lIE

Thl's talk dl'scusses varI'ous aspects of the appll'-
catl'on of the pru'ncn'ple of feasv'ble dl'rectl'ons for the solu-
tl'on of contl'nuous ml'nl'max-problems

ml'n (max f(x,t))
x t

I'n the case, when the functl'ons f(-,t) I'nvolved can be locally

approxl'mated by convex functl'ons. Partl'cular attentl'on I's given

to the posst'bl'll'ty of a fI'xed (pre-assn‘gned) step.-length. A mdl'-

fl'catl'on I's descrl'bed I'n whl'ch only bl'ndl'ng constral'nts (but not

e-b1'ndl'ng constral'nts) are taken I'nto account.



#UoPass, TecM1'on,Hai'f'a, Issrael

-PSL'UDO DUALITI' IN ‘1.MTH‘J'Iv’m“lICAL PROGM.1‘h.I"ETG

Duality plays an important role in both the theory and

applic\ut.ionQ. of .I‘(1thcmatical prog,ren1min?,. H oat of the results

orgin‘fited f.rom Fe nchel's conjugate. correspondence. Ilowever, the

conjugate corro.spondcxlce is intimately c.0nnccte.(l with convex

(concave) functions. In the present paper a rc‘lution be.tween

atnt.5onary pointie of' non convex program and of its Legendre.

transl‘orm is investiv.a‘ted.

C. E. Pfefferkorn, Inst’l'ttxte for Advanced Computation,
Sunnyvale, Cali‘forni'a, (USA) and J.~_)______15..Tomli’n, Stanford
UniverSi'ty, Stanford, Californi'a (USA ‘
DESIGN OF A LINEAR PROGRAMMIIVG SYSTEM FOR THE ILLIAC IV

Thi's paper Olltll'nes a design for implementi'ng a
linear programl'ng sy‘stem on the ILIJIAC IV computer.
We central concern 1‘s to take advantage of the speci'al
fe atures of the ILLIAC IV (6“ parallel processing elements.,
large fast di'sk memory and relati'vely sm'all fast core
memory) and at the same ti‘me to take adv_antage of th_e
sparsity of real large—scale li’near programs and the
(mostly seri'al) methodology whl'ch has been developed to
explOi't this sparSi'ty. Th1 s requi‘res both the adapti‘on
of eXi‘sti‘ng techniques to a parallel environment and the
development of new parallel techni'ques for efficient
sparse matrix proce551'ng. It appears that thi‘s can he
done successfully and that ILLIAC IV should be able to
solve problems con51'derably larger than those which can
be attempted on serial computers.
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.#B.ToPol'ak Ins‘t‘l"t1‘11t"e of L‘ontrol 801ences, 1.1'osc0VJ'-, USSR

INVOIJLIKFUAR PROGRILLLLING Idl‘h‘l"i10.DS IN THE PRESENCE OF NOISE

_The problexn' u 11de1* 1nve-s t 1'sa"t 'on 1‘s IloVJ one‘ must modl'fy
ordlnaFL’y nonllnear p.1'ob'rr'a»1‘,'-I..L'r1110rr metllods fi" the values of
all funct‘l one" a'nd tL1‘ol'r gra'dl'entss are n01'se—CU“L"l-upted. The
modlf1ed methods a.I‘e o£" gnome 1'nte-rest for det"ern11"n1‘st‘1'c
problems also. -

Three metklods l“’0l‘ J"‘O.lv1'nbv n011convex problems VJ'l'th
equa'll‘t‘J* constra'l'nts‘ al‘e "studl'ed‘.- Laos.range multlpllers,
penaltuxr' fwct‘l one" e1'11'C1 a'uox<'111*c"’r1ted‘Lagra'nbvvl'w methods. In the
detern11'111'sout1'c case L'll‘e metllods include unconstralned rul'n1'—
ml'a"at'1'on Get eaclh 1'te.t'a't1 on. In the [Jroposed V€Po"l ons of
t11e n1ett110ds t‘xl‘C»s“e a'ulxrl'lea'ry problems“ are not solved eX‘ac.tly
but‘ only one orrra'dl"e.11t‘ not,ep. of' m1nl'rnl'za'tl on 1s made. It 18
prov\ed‘tk1a*t thev a"low-or1't‘hns coverge \Vl'th probabl'll’ty l O-J,-

c) dependl'ng on tile 1nl'utl'al approx1 lfla'tlon, on the n01se
level and on tile process paa”meters.

Q‘ne of the belst' k'noxz'n 1.1et‘hods’for solv1'nb(r c onvex un—
snlootn‘ m1 n1 11‘I' 'za'tlon pl"*oblenls over convex sets 15 the sub-
grae'dl'ent proa ectlon met n0d. It converoves 1'f _the ml'nlmum
p01'nt 1's ml'lcue. v.""e ruodlf y‘ the met hod by a'ddlnov a reg-ula—
r1Zlng term for problems \‘J'lDth nonun1 que ml'nl'munl p01'nts .
f’he regula"1‘1za<t1'on pw‘a“m~cter 1'.s chanbred eat each 1terartlon.
T_he mean souare conve rpvence of the‘algorl'tm to the solutl'on
w1th the mlnlmal norm is proved. ' '

l“*or genera'l sot“ocn'a'st1'c unsmooth convex programml'ng prob—
lems the verl son of' Uzavva’s 1 tera'tlve procedure 1's proposed.
It converg/es Vi‘l'thout‘ the usual assumptlons about strlct
convex1'ty 01" the functl on to be ml'nl'ml'zed. In pa'rtl'cular
Vie presentsassl mple and stable algorl'tm for solv1'ng ll‘near
pr_oor‘)ram1'ng probleM‘ and matrlX games 1'n the presence of
HOISe o
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A.l'“ l'p~‘ K opd', Computer md ~Automation Instltute of the ngarl'm
Academ of Solences, Buda)._'est

H.I»'WS CONCEMJING TEACH'ING OF lelm WOGRM”.“'flv1mG

G1‘v1’ng 1'ntroductory comses and Ml'tl'ng a book on ll'new
prog~rd'n1m1ng for mathemu't'1'01m students, the author met may
problems the clluacter of VVhl ch were how to make th1ngs
matl1emat1 cally clear, elegmt, exact wd elementmy. The
author w1‘ll_o“hor.tly descrlbe hl‘s oval way to present the
lex1cographlc prlmal, dual methods, thelr connectlon, _
Gomory’s algorltm for the all 1nteger problem, the c_rlss-
crosss‘ method etc. All these are based on already publlshed
1 deas of prlmarl 1y Dwtz;g, Orden, J'J'Olfe, Gale, Tucker,
Gomory etc. The aut'hor thlnks, however, that he may present
some neVJ' observat1 ons.

Stenhen I‘-.. Robl'ns‘on, Unl.Ver§\l.tIV of W’1'slcons1‘n-qued1's‘on, U.S.A.

RP.‘Gfl"A.RITY AIJD b‘TABILITY IIJ OPTIPIIZAZ‘ICJN AND ,FQIIlTLIBRIW PRCABLFJMS.

.«'-'e oons1o‘er the problem of nonll'near n‘roy_,ramm1'npr , and
certehl'n n.0re p‘enerr,11 equn‘ll'brl'um proble,ms whl'oh can be expressed
a.s K’al'Tl.(Qtl.On-.11 1'neqm.ln.’t1‘e°.,. B‘or the.se probl. em.s , we examl'ne the
bell rov1'or of the lsolutl‘on .setls when the fmctl'ons enter-1'ng, 1'nto
the. problem_s are ,nethurbed in chrl'ouss xvays. Thl's aporoach y1'elds
1'nfom.(dt1'on about the stabl'll'tv‘ of the solutl'ons x1~h1‘ch extends
the an “ll'Cabl'll'tV‘ of the current methods (prl‘marl'ly v1'a the
1'ml‘oll'oo1‘t—funct1'on theorem) to ca.—~"es 1‘n whl'ch the solutl‘on sets
may not be s.1'np,le-valued d( nd the cla.‘s31'cal 1’mpll'c1‘t—fmct1'on
theorem mrsgv not be 'rq‘n‘Dll'Cerle.

To e._st(1b11'sh a ba,okprowd for the."r)e resmts, we rev1‘ew some
work on re,wvula'r1't‘v of .ae‘v.stem.s of ll’neqrr and nonll'near 1'ne‘oua11‘t1'es
whlch h,q_s" been carrl'ed out 1‘n the 1(1ost three yelqrs. Some 81mple
character1‘7Jer.t1'on.s o.f rep,ulor.r s.,v stems are now‘ (av(11'lable, and these
turn out to hemve 1'mnll'cat1'on.;°, not onlv for theoretl’cal anlaly81's,
but al.so for comput(1t1'on, partl'cularly vrl'th resn_ect to the ways
1'n whl‘ch consk~trc11.'ntsr d're repre.sented 1'n routl'nes for solv1‘ng
ooAtl'm1‘7.at1'on n‘roblems. d‘e show, for exeqm. n le, that mathematically!
equl'valent vrayss of vrrl't1’np_‘. con°.,tr(v31'nt sets ma.y have very dl'ffer—
ent stat)1‘ll't v propertl‘e.Ls, .so th(l°t they are not at all equl'valent
for comn‘utatl'onal purvoseo".

Fl'nally, we rev1’ew som.e pr_act1‘cal appll‘catl‘ons of thesl.e
results to the problem of romdoff error 1‘n computatl'on and
to the estab11'_shment of convergence rates for al,por1'tMs.
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1'.1'.V"""1.”-L1»".~c]1a3_‘,1.", I 11(11.‘(,'111‘ T1.‘1J"L‘.J"t‘11t'r,> o.f' 11"‘¢111ar,e11."n.11t, 41}11110d(11.‘ad, J 1161'a

A 1‘11110‘ 03‘ \"Aif' I)" 1R \'.'!\|I‘\‘1),f’.’,‘ (,‘U1,11(I'i‘i‘h‘h‘ Oi lMI'LJ'fL’ SU‘OUIIAS’J‘T.C IJAFL‘RI‘CLS

31017 I“,
. 3‘

n 1.8.

l‘-o,, t‘110,- .,~1,1L" 01‘ .r..11.1 rlolzv‘v1.1j “fit 00,11c~.u"+.u“c .v,q111¢r.n‘,°., I‘.‘p,,tr1'Gen. of order
t}1e u”0.’b‘J of' (,"1.1 11 x 11 r‘c.~t."_1'3‘c,rn.q- \J-J.'t h 1101.111011‘7"°1.tnv've o.ntr1'P,s v11‘t11

r0'1'.(fig.rld 0.011111111 ".,,1111.1)" o,q11','1,‘7 t‘o 111111_'1,‘J1. '- 110 p_,nr1.1...°11_,nnt of' an 11 x. n .nrrq,tr1'x
1\-—~Lg,»_-'J-.) J""., r1«v~,,1“1.'\1lo,(1 IVJ‘

m) = z”, u 01' 7

where {in 1's 1.1%: s:y:.n1m‘,1'ic nromp of order n. V011 der \'ip,,ordon
00.1‘r,3'01(,‘,i*‘\.111*o.11 t11a1," 1.‘(\f),> 11 .' /1111 f 01‘ L~.11 P1 6 & \J'.1.“t'11 eqtlcq 1 t‘J
00011r1,‘11\‘n of" 1‘".1*<.1 011,._l“~r 01“‘ 1.“-—.-1-v“ 11'11101~n, I...‘_ 1'ur' t'hc 111ab‘r.1'y.. q¢1ll of v11109°c_ J 11’ 11c1lt'r.J.e".\V fiL-l‘o e.q11.n11 t'o .1,/11.

\I"'111'le t".1‘*o. t 1_~11t‘11 01'”' t 11’J"ufi c011J"ect11.ro, 11a“u )l'cn,11 "1‘11‘011'11 I‘011 a .f‘exl' values of
11, t11e pro1.‘- 1.01 1 J‘.," unt‘.1'll 1111u"o].VP,(1. .|.'11-t11‘.1'u" pcfipe.r 1110 C,1've 1c proof' of the
V1”11'd_1'td"t of t111e 00.1‘1,]'ect1.11.10, .f'or. {‘Pc.11'lo,1"a11 11. 1"110,r proof" f0]lO\l’S ?__rom. a
r_/011e,ra«7 1‘1.1.r'.An.1ILn1.1'L‘J'~ prox',n<1 1"11 L"].‘C p(,~p,..-01‘. 1"“]19 111:1.1‘11 t 001 to p1~‘ove tr1‘1’s
1'11eq111fi..1*..'u*3r J."u i 111*01.1..r.“.1 L"110, 1.."(lea°.) o.f' "._)‘1",_,rr‘1101' 1 J'Llhl Cxe0111tr._1'c 1‘.1‘01)".rar1w111.‘n,_)r’.
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EINE MIN¢MAX—-FIXKOSTENAUFGABE

Glegeben sm’d die konvexe polyedrische Menge

M.—{xeRn! u_— ,a x_2 o},-

wobei die Matrix A vom Format (m,n) mit m< n 151:, and end-
lich viele reelle Zahlen djv, v = 1(1)qj, j = 1(1)n, fur die

0: djo< dj1< 00- < (13
q:

gilt. Fu"r jedes J‘EN =11, 2, .., n; ist durch

1:30 fu"r xj -— O

jv_1< xj dJ.v, vfur"dt.(x cjvx.j + tjv

fu"r’ d
+ ta'q 4X3°a'qJ.+1XJ j+1 jqj

der mit der Variablen xj verbundene Aufwand gegeben. Dabei

se’zen wir

203v 0, V"- 361“!

und

IAd dJ'v + ta'v ‘ °3‘v+1
' (.tjo = t jv 1+ ta.v+1, v =1(1)qj,' jeN,3'1’ °J'v

voraus, so daB die Funktionen tJ.(xj) momot‘on nicht fallend sind.
Falls M i Q5 ist, geho“ren zu jedem xe M die folgenden em’deutig

' defln'ierten Indexmengen

Jv(x) =i.jt.=.1\IIdjV_1<x:j =‘ djv} , v =1(1)q=max qj
jeN

J . = J 6 < . ,
q+1(x) ( N ‘djqa- xJ }

-Damit ist fur" jedes XEM eindeutig die reelle Zahl

f(x) = max max 1;:j , max '(c:j 1x.+t. .1), max max ((33 x +t )]
‘ [M ° 313%“) (151+ J “13+ v=1(1)qjer(x)vj 3"
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defl’nl'ert. .V"1‘r beh'ra-chten dl'e folgende D'xtremalaufgabe'

(P)f(X‘(O)) -_ ml‘n (f(x) I X6 hi ),

durch dl‘e der ml‘t J‘exx"e1'1s einer Varl'ablen verbundene Mul‘mal—
ausJ'and minl'ml'ert (1"1'rd.

Auf)gvaben 0‘1'euoen Type treten bel’spl'eISVJ-el'se 1'n’ der Netzplm-
technl'lc auf, Vl~vem der .max1‘male Ressourcenbedarf minl'ml'ert
vverden “(Joll [3]_. Das allooemel'n‘ bekmnte Zel'trwsportproblem
erx‘ve1"°ot Sl°ch -“~"1s Sivera'1'-1clfall von (P) ml't spez1’ell struktuierter
LIatrlJY A und .ml't qJ. -— 1, 36 N, and 031 -— 0, tjo ~— O, 35 N.
In[1] und [4] \v-erden Spez;‘alfa"lle von (P) mtersucht, wa'hrend
m‘ [2] au_ofifu"11r‘ll'c.1|e Bet'rachtun.ooen md ein Alp)or1'tMus fu" (P)
enthalten 0°1'nd.

Es \I‘ c—ru“en a,‘»nd11'ch v1‘ele ofipezl'elle Elemente Von Iui , d1‘e sogenmnten
Sprmbfipunku*e von f (x‘) auf I«‘1' defl'niert. BI'l’t diesen gilt dm die
LPol¥)‘.-ende- Aussaoge.

Satz.' Ist 5L1‘-' ¢ ¢, dann be81‘t'zt (F) stets el'ne Opt1‘mallo"smg, md
der Optl'maIVJert f(x(o)) w1'rd 1'n weniguotens em‘em Sprmg-

 

punkt von f(x) auf (r1. mgenomnen.

Mit

S = ( x6 M {x ‘Sprungpunkt von f(x) auf M3

kann-soml‘t dl'e Aux"bnabe (P) dur ch dl'e kombinatorl‘sche Optl'ml'ermgs-
aufgabe '

f(x(°)) _- min (f(x) [ xe s) (P)

ersetzt \J'erden.

Fu“r (P) 1a"Bt “ol'ch d'uf der Bas1's des ErVJeitermgsprl‘nz1'ps [2]
e1‘n Algorl'thmus entv111'ckeln, der 1‘n endll'ch Vl‘elen Schnl’tten ent-

weder el'ne Opt1‘mallo"sun.g ll'efert oder S - ¢ mzel'gt. Dazu wirdehte

Ml'norwtenfmktion



g(x) = max[max 1:30, max ‘1:J , max max figv]
1(X) J v=1(1)q:]6Jv(x)'

*
tjv = cjvdjv_1 + tjv, v —- 1(1)qj+1, JGN.

gebildet md die Meatzaufgabe

g(x) - min (g(x) l x S) (PE)
betrachtet. Zur Lo“smg von (PE) ist eine endliche Folge
linemer Optl'miermgsaufgaben zu betrachten. Das 1m Fall

S ¥ ¢ dabel' zuerst erhaltene xeS ist zugleich Optimallfismg
von (PE).. '

Durch Ausnutzen der Aussagen von vier weiteren Sé’tzen km
dmn dl'e Fortsetzmg der Bembeitmg von (P) ebenfalls u‘ber
eine Folge linemer Optl'ml'ermgsauf'gaben erfolgen.
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SII."TLTJ' m"o“ULTo" Ol~" C01\" ‘ACT 1\"CTb‘ I1,v'£LYIIu’G o“ULVILB'IL'ITY OF
COI.‘W1§CQ‘ Dfl'qld'leC Ul)D’Illlt.,"’ll"TIOlI" PROBLElv‘E

In multistage— opti‘mi'/.'ati'on, t‘he feaSi'ble regi'on Ak applying

at a gi've n peri'od L’ may chtinge enactje nously, as a j'Oi'nt function

of tlie f easiblc ss-e-t for that peri'od and the feasible pOi'nt

xkcAk chosen w1'th1'n 1't, thus determi'ni'ng thc- ney.t feasible region

A lx‘hen all fea.,ri'bler regi'ons Ak belong to the collection Ak+1i ‘
of all nonen1.pty closed st-uhsce~ts of a compact topological semi-

group (l\’,o) and the no.-xt-f'e-as=1'bi'li'ty map 1‘s gi'ven by a con-

tinouo" 6 .- XxA+A w1‘th 6(x',é(x,A)) - 5(x'ox, A), i._e., 6 is a

lel‘L-—(ict, we shoxv that the— set of feaSi'ble se-quences (i.e.,

the set 0.“ sequences {xk}k°°=1 with'xkeAk for k -— 1, 2, ...) is

como‘act. Thi's i'mpli'es the ex1'stence of soluti'ons to a Wi'de class

of dynmi’c Opti'mi'zati'on problems i'ndi'cated i'n the text, and ex-

tc-nds earlier results of the author [Jol'“A, 1976]

________,E.Spedicato OISE, Segrate, Italy

:J("CVV1X/VVLL"D~ W*._R'._)"“Ub‘ UIJ;J‘*'C2l'L1*,D VIlLQIljBLE IIK'E'TRIC.A-L'GORITEII4"£ .° A
CU'.1L“L"Ul"zl'-D’ICI‘iJTKL"L I'v.‘x"l{"Jlx’IE'l‘v\"CE '
Classces of paramemr dependent vari'able meuic flgori'tm for
mconstra'm'ed noflme,m m'ni'mi'zati'on have men 1'ntmduced by mm
authors. I'eere We are particfluly concemed Wi'th Broyden one
para*n.oemr class, m which the M'eu kmm DaVi'don-Fletcher-Powen
or Dr“? and Broydsnnok‘letckxeréhamo-Golfiab algorl‘tm mlong,
md m‘th tm «md three para.meter classes i'ntmduced by Wen md
by Spedlcato. u" mst of the ewerm.ents reported m the li'terature
concem 1'uncti one m‘ few vari'ables, usua'lh less thm ten, a set
of n-dependent functi'ons has men i'ntroduced m’ order to test the
perflomance of the Broyden-;“'l‘etcher-Sham-Golfiarb methods am
of the Orena"ped1'cao method for problem of up w 80 vari'wles.
A com'ectwe of Duon rele.tm'bfl w so’me of the mst fmctions m
abo explored and condi'ti'om are gi'ven for i’ts vfli'm'ty. The
nmeri'cal resflts shoxv that the fu'st meth is preferable for
smfll n wnile for large n or n grew.ter than 20 the second method
1's usmh betmr. They cowl'm moreover that prescalmg me m-
ti‘fl mtru 1's mua*lu vem useffl.
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0N OPTllli“Ib‘[lD‘IOIq Ol'“ jijlHIV WAI"'E'I{ICA"L 1XLGORITIi1u"S

Let X be a sepwable Bwach space, K a convex, compact
set l'n X,¢ a centralsymetrl'cfl, weakly compact mbset of
the unl't sphere of the dual spaca X, of X. Le‘t f be a ll'nem
contl'nuous operator from X to mother Bmach space,Y. ll’e we
interested l‘n gettl'ng- w optMal estimate of f(x), constructed
from the values "0f‘ adml'SSl'ble measurements".°

Wonk), “‘42m1 N’ L819"? , XeK
where IJ 1's a fm'ed natural number ad the ll'near functl‘onals,
PM are chosen by m ac‘aptl'v algorl'tw

¥mr_1—flplm+i(?&.lfkf‘x) ) 4<3é ’hl N 51 I 04" hs Nqi

C§>‘FN-‘{l01)n-)\0 zK(l0‘”c“)=§><l xeN K, flea-ac} ) 3’14”, N§= Km)
- SwP \ ,_ ‘19, o __ 6 N£01m) -%.€M¥X26K(N)\£(z_) tally. (P: ,x)

Our optlmlsatlon problem conSlst 1n flndlng (by dynamic prog-
rml'n )W a? 495%).— 2(N\.\<,£),

HN X6V\ fit *. *N
mid the correspondm'g optl‘mal algor1’tqun(')§~‘fl J (if 1"t
’ex1'sts},\l'e 1'nvestl‘gate the dfi"ferences betlveen optm‘l pa831°v,‘
(wheni«P,,\'l “24,... A0) are chosen in one step), and optimal
adaptl'v algorl'th.,Condl'tl'onsl gl'ven l'.n tems of'the geometric
structure of K (e.g.l'ts decomp05abl'll'ty 1"nt'o a _sm of two
subsets "31'm1‘1ar" to K), lvhen them eXl‘sts m (asmptotic)
adaptl'v algorl‘tm yl’eldm'g the slme accu acy, over K, as" cm
optimal N step algorithms, for all M=2 -11) k=4,2,.,.‘,,

Concrete examples include cases, when L43 I # are given as

K... 3x00.- vaw ,nwg x(t)\!f lap—.2, 003 (m .4 x’m M)
I fig/£192 1" A 400

or urfuen Speciwiam e [M‘M11 Gem M E

EM“ ‘0‘“) ’XW, Hm e s cwt mm

1 (XY‘LSgXfiMJ‘ 2{ iaaamkwcg)‘ 3g“):anppmflimauo")
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ALGEBRAIC CHARACTERIZATIONS OF UNIMODULAR AND TOTALLY UNIMODULAR MATRICES

A uni’fyl‘ng frmework for algebrai’c characterizati'ons of 4totall

mmwular mtrl‘ces (1'.e., matrl'ces where each square s®mtr1‘x has_

determi'nant O or _+1) 1's proposed. Three fmdamental properti'es of certain

all—1'nteger matrices are Show to gi‘ve rl‘se to all know characterizations,

whi'ch are c1a531'f1'ed 1'nto two types accordi’ng to the tme of smtrix

spec1‘f1‘ed i‘n each characterizatl’on. This approach lead." to a' sharpening

of several Mom results and yi‘elds new characteri'zati'ons.

Based on the above menti'oned results for totally mi'modular mtrices,

several useful algebrai'c characteri'zati'ons of unm’dular mtrl'ces (i.e.,

mtri'ces where each baSL‘s has detemi’nant _+l) are developed. Essenti'al

for these characteri'zati'ons 1's a c1a551‘f1'cat1'on of integer matri‘ces as

mm'odular, non—tri'v1'ally non—mimdular, tri'v1‘ally non-mm‘odular based

on a sm‘ple algebrai'c condi'tl'on. Fallure of prev1'ous attempts to

characterl'ze unm’odular matrl'ces 1's show to be caused by tr1'v1'ally

non-mm'odular mtri'ces.

Ph. \v‘v‘olfe, IBP.I" Research Center, Yorktown Hel'gllts, N6V] Y/or,
* US‘Jx‘

ON NONDEFL“%IWMBLE‘ OPD'I.I;"I"IZIX‘TION

T11.nre a-re m.(an/* .Lvrroh].e.ms of .r1.1t.lIc.m1rt1‘c‘ul D.r_00r..1mn.1'nq ro.-qu1'r1'nq

F..l1nP4t1'On’.) xvlil‘cll' are. not evn_»r.vw.hn.rnthe' m1'n.1'm1'.."at1 on orF

<11'ff.o.rent‘1'ab.lo., .1v1r.‘ m<31vy More. Jx-lnl'ech may be., b11f. do not h1—.vp, to ho,'

T.h1'.sv _D.1,v)ro_r v11’l‘. (1') d~o..,"c..r.1’b.o so..fio, of t.hcscposed t-x'K1t wrix'.

pr.01)lee.ms,° (1'1') Cl't.o- tl1n._ m(1t.1‘e‘mtat_1'c(1.l b<1c1<nr0und no.c.e.a"s1.r.y 1'n t11e

Pstur‘iv of alqor.1'twlnpc.z F.0r °_,ol"1'nn .tIIP..“1'. (1'1'1 ) re..v1'o.\v the. 1'dn._'1 8, lanl.

v1h«1t .ha.;" .so F.r1r. 119.0,n ilew.rne.r1 aw.‘0\1t tile. 0e rf_o.rmrancc_ , of the.

[)ri‘n,c1'_)ral "s 0111t1'()n ..mn.thod'.)‘ t‘.1«1't havp. l)ecn so f.1.r r)r.o~po.sn..rl.

76/‘»-A"OlO flITE‘SZ HNy.-Bp.


