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5] Groebner Bases is a technique that provides algorithmic solutions to a variety of problems in Commutative Algebra and
< Algebraic Geometry. Bruno Buchberger algorthim for computing Groebner bases is a powerful tool for solving many
= important problem in Commutative Algebra and Algebraic Geometry. The theory of Groebner bases is centered around the
a concept of ideals generated by finite sets of multivariate polynomials. In the present paper Groenber Basis is used to solve
<

the system of multivariate polynomial and integer programming problems.
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1. Indroduciion
Az alprbra becomes mume widely mted m 2 T} Tf = = = e o=Xpy B defined 23 the produrt
vanety of icati anl compuiers: ae P St B -
developed to allvw efficent calculations m the A musvemdal i x;, x5, ... Xy B 3 product
field so thexe becomes a need for newr fechmgues of the form 7427 . xe* whexe all of
to fimther thel area of research problems:. The the

e P cxponentt 2y, @y, - iy e
theory H mEmegative nteper: The tral degree of Honx
concept of uieal: geoented by fmte sets of monoeial 13 the tom 2, HEg+ = . e
mulirvanate polynomial. Thevefore, we start g A  mmltivariate polynomial f n
disanim by definng some batic al Xy Tz — m om T With cOeFficien: in 2 feld k
stroctures, anl move on b the notion of wdeals. ia a finite Tinear
A commuitatve mog (R, +..) & 2 tet 2 with the combination, f(x,, %5, X)) =

ter bmary operabons addiwen (+) and
mmitiplication () defined on # toch that

1) (R.+..) & 2 cammuiativr fyoup,

2) . 18 conmmuiative and assocaive

3) disinbative lsw a. (b + €] = o. b + . c holds
VebceR

A commutative ring with 2 omitplicative
wdentity (R, +..] & called 2 field of every noszen
element of R hat 2 multwphicatrve mverse m R.

Mosmwial
Let & denwrie the nom-nepairer mieper: Lot = —
(g = s = = = .. Epy ) bE & prPves vechin

N and ket 1.3 e Xy be amy
varablez Then a2 monommal = m

E.n,:‘ufmmh:‘mdmnfﬁumﬂn,E
K The 22t of all polynomal: in

I Tp = — ==X, Wilh coeffioenty K B
denoted  K[x,, x5, mig] Let f=
Nl 2™ be a

polynomal

k[T, Ty - mimm=Xy] Then a; be the

coefTicients of the mononmal x* if az = 0 then
we call agx® a texm of §.

L1Affime Space k* =

{(nl. [ P PO Sy LY. . TA . P —— ]

ay Ek

14 an affioe space whee k 1% 2 beld nd = £ Z.

Let K[Xy. X2, .ox e cer ves ooe Xy] chemntee the get of all

1k in 7 variables with coefficents In

the feld & mod k[, 25 .- m - -.-x, ] B &
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addition amd nmltplicaton of polynemals.
Let f £ k[x;, %2, .. cee vee vee oo Xg] Defime V() 10
be the et of 2odntums of the equation £ — 0.1e
V() ={(gr.808 ———— ._ag) E

" floy.az0; - e llg) = 0} C E®

The V() 15 called the affine vanety Som larly if
hefrha fo € K[Z3, Tg0 e s o X ] the
set of all snintum: of the ty<iem

ﬁ A.fa=04=

LE.
(iR =l
(230 B — — — — — ay) €

K™ fi(2y, 05,05 — . - — 1) =0 f
Mi<i<s

1. Polymomiial reduciien and 5-Pelynemial of
twe Flymimmial
Suppose, g h € k[2), 27— —— .- .-2x], with
[#0 we say that gredocet o k module f
wrilien az

Fg—h

if andl oaly if Ip(g ) drvides 2 emzeao term X that
appears in f and

F:g—ah
if and wly if the LT(g ) =m be deleied by the
subiracthon of an apprgmaie polyoomal f o F
1 monomal uwhmu:ﬂ']—m ., and a tcalar

. _ﬂ .
hmk,whﬂmh_mn .adascabr bmk,

— 20 eldi
w]nlzl:_m{ﬂ,]lddmgh.

2.1 5-Polymmmial

Grven WD potynomaks JE
| {1 % U—— 2 1 Jj=
Lem{IM{[),IM[g)) We defne the §
potynomual of { and g a8 the Imear combemion

f 1
E_Fﬂlﬁ'g]:j_]‘m'f_ﬂmrs
Sm:eﬁ.f ﬁﬁ.smmnmﬁlﬂ,ﬂm
the 5 — poly{f. ) & a Imen combmabion with
potynomial coefficients of £ and g , and belonge

fo the same ulea] penerated by £ ad g

1. Grochner Basis and "5 applications

A i of nonzav polyneEmaals &=
{1 fp — = = G} conamed m ao idesl I,
lled a Groeboes btz fiw 1, of and ooy if forall
fE.I’smhﬂll:fin,ﬂmzuiﬂniE
asl ha = fmim oot of

WV g;g; €6:5—poly(g g;) =0
redoces 1 zem midolo &

{£) Every rednchion of am g of [ to a reduced
putynomial with respect to & always
Bives zem. 'I'I:I:ﬁllhwmgilgui:hmil
piven by Buchberper o compute
proeboes bagis

Ingat: A pobymonral et F = {fy f— — — fu}
that peoesaies an wieal 1.
Duipmt: A Groelner batit & =
{81 §z — — — go} that penevatrs the same uleal
IwithFc&
Siep
&r=F
M = (e f o €
Gand f; ¥ f3
Repeat
{p.q} = apairin M
M=N—(n.g
5 = Spoly(p. )
h = rormal form(5.6)
if h # 0then
M=MNMUfghliy gE&]
& =G ufhl
Urtil M =8,
2.2 Almmwithen Geseralized Divisson
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pui: A polynomial set F = (ﬁ-ﬁ----f,}
d 2my nIEmrEn I'Il'l'lm'l
| /75 CT—— A |

otput- The remamdes r, of drvidins f by F. The
uibenls gy, gz, .- .- .- Ggi0ch ﬂm f_z qfi +
da+ = e Qufa +7  with edther r=
ar 7 i 2 compleiely rdhoed patyoomial with
tpect o F.

, m

=0fori=1—__-...5
r=1

=T

i=1
ﬂmdmg' udinp =1tme
While (i < £) and (dividing) do
K L7 (f5) divides LT () then
LT(p)
I.T[fi]
fi=gitu
p=p-ufi

alpomithen ends m 2 finite momber of teps.

Proof : Fix 1 monomal ordesmg. Usang the
alpomibm abwree to divide 2 polynengl f £
R Iry an ordeved sed & = {1y, g2 e vee oo [
mitially set the pevminder r and the quirtents
1+ 2 — — — Gy (0 220, I the leading tenm
o f B mot dvisble by any of
{LT(g) mm - LT (gy)] then IT(F) is
added (o the revmder and f it replaced Ty
F—LT(f) - Note that the leadimg texm of
F—IT(f) 18 siocly lest tham (f) .
Otherate, at some tiep m the: alporihm ()
-1t divisable by LT(g;) , for 2ome i Then the
leatine mimweng] of the polynommal f—
E%%misﬂhhimnﬁmﬂmhuﬁg
monoual of f Under any monomal
ey, thee 1 2 fuke mmber of
monomuk: sinclly lex than a gven

monomial. That &, there it oo mfmite snctly
Aerrmatine Srrmwmre of mopomal: m B
A=

monomul of § & tincily decestmy at each
itevatum of the alporthm, & most end m a
fmrie mamber of ieps.

A Groeboer basis & = [, gz .- .- - e} B
lled reduced of fwr all @, ie{gy) = 1, and
all i of j. ip{g:) does not divide ic{g;).
Sumpoze & =[{gy. g2 .=t} bE 2
Groetmer batt for the ideal I K

!p[gﬂdmdﬂ[g,_]ﬂm{g;. ......... ] 1
1kko a Groetmer hastis fw I

Computation of reduced groebney bags from
procbnes bass

Let & = {g,. g .- - -} be 2 Groehmer
basis for the seal I To cbtmn 2 rednced
Groetmer basis from 6, elemmate all g; f=
whmhﬂutm;ufmmhﬂm!phﬂ
ihvades ip(;) amd drvide each remammy g;
by le ).
Huwmnﬂmhm]imheﬂ;plrd"

The penwral gimiepy: Gren 2 3t F of
polynommaki m k[x,, 17, .- .- .- .- .- x,] {that
descxibes tome problem, ep. 2 syitem of

lWemmfnlanlnmdhﬂutEd
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Memberdhip Problen The remamder of a
plynomial m kfx, 55 =2y @
ddrexsaom try a Groelmes basis 18 mmaque. If & =
$0e B2 —— =g} 1 2 Groclmer bans
Jand f € k[, 15— — - .- .-T, ] them f £
111 andl omly if the remamdes of £ o division
[ 1T P R— Hlg m=o O &=
g —— =gt} 1 a Grocmer baus fw
fand f € k[z),17.— — .- .- .-1y] then f
am be written umquedy m the form =g+
rwhere g € I andl no team of r 18 diwuble

bry amy £T(g:).
J.1 EEmincatims ideal :
Grven I=<hfuwmuaff>c
E[ELT3 o= ———Ipn] the h.-‘.,a‘ﬁu-"m-u'rnﬁ
1deal A T the 1deml of
K[y, Ty e — - 1] defined by

Il_ in k[II-I-l' - Il]

Snth&ﬂmnﬂnnfi’;ma]lthuqmmmihi
fillow fiom f; = = f; —— 0 andl elimaie

the varmhle 1,14, .m m e oo X)- We can
calyssy

that ; & indeed an uleal of

[Ty 1. 20— — = — - ol
Theorem: The ith, elommabion sdeal |
Defined sbove, 12 = idesl of
[ | 7T A— 1 |

Proof: let fbe m idesl amad It J;, =7 n
k[T) g T — = = —— ]l Tha Q&
becanie 0 € Fand ae
L TP 2R zp] §j 1% closed under
addstion Ance I and
[ {| T - Ia]  coted under
addwhion, arl the: 2 of amy two polynsEmeals
with vamsblet 17 4, X3, — — — — — Tn mmit

be a polynomal with these varnables B only
rermmns G shoer that 11 ahgorbs elements of
the g K[%},3 g o mom om Ty ] Undex
multiphication Pk fefmd geE
KT T ————— Ip] - Then f € fand
30 fg £ 1. alto € kxi,s.13. ... -
md to fg €. 'I'luafnleﬁﬂmlh].

Theerem: If I=<f;,f5. .. e
k[, 7 . - - — — 2] 'H.anidmlaml[;—

£31 = — — g} 8 8 Grocne baiis for £

BElex pdeywth x, > 2, 1y
e foreach & < 1 < n, the set

R PO T A—— L |
Groelner batit for the elnmmationidesl & =
Ini[:;.,l.:q...:..-.- N A |

Proof : Smce G !, we know G c & Let
fFEL We need to show that LT(f) is
diviable by IT{g) #m some € ;. By
demition of 5, we lmow that fe Fand
e LT(f) it dnauble by LT(g) for some
g E &, ance 7 1 2 Groelmes bass of /. Smee
[ e, its leaiding teym LT{f) imwolves only
the vanablet xj, .30 - ———— I, 5o
the ame mnit be true b (g . Hl:teihim

pam wrwms wwfwssr L el - e w

- i L
" mimim Ty, EOy momEnG] Iovolving

2 Tp == — e T B preater tham all
monommials m [z, 242 = o= om - =Ty I
il b that e
K[xe 1 Xia2s e « v X T that g £
E[xp 1, Xi43: .- .x,] Thus EEI"I
(L T AT ~Xxl=0 . we
have tmm I:]ni any EII_.I’n
kx4 X o wXg] 1t divesble by
LT(g) fnr m JEG =GN
E[Zp 0 T yge v ove ven oo onn 2 |- Therefore, &) 12

2 Groebney bage of §; by definbion of
Groelmer et

Goelmey  batiz  alporthm  hat  been
miensreely dindied sl more apphcations
have been exploded Ome of the moat

yaiems. )

We azsume that the systemds of equatums we
are demlme with ae m the vanables
I3 I = = — .=, I With the lexcopraphe

i Ml A S 2

Given I=< .G f e

1} 7% SN —— Ip] Hlmdh]r:

i =Tnk[Ep. 300, o Xx]

Tz §anutlt of Iﬂ mmaqm of
.o . F_n il

.‘1 —1: — — — [T TT u--ﬂ — r WELR AL

ehmanate the vanables 1y, X3, — — — — — I
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f Crochner bate: fm tolvoe syslems of
equation fiom the fact that, fiw Groelmer
batez, 1t B wmple o constroct all of the
m‘ I ) M -

Consiler the fllowing 2yttem of eqnations:

ZZ+pt+rt=1

Py +r=2x

2x+3y+x=0
Let 7 be the ideal 7F=(x%+9%+2° -
Lx®+y*+ 25— 2x2x—3y—1)
then a Groelmer basit for 1 with respect to the
lex order 1t & = (. g7 §;) Whese

gH=2x—1
g,:ijr+:—1
= 40z, — Bz — 21

There ml'.:tl]r e peocaior mo the
varables x, , —y ad x, = 1 . Smre we
hawe all pozuble ot of z, we can determane
the iz of y. [t & postible that we have a
proemiy m z, , dlone. Generator g, 18 m x
alone. All wots of x can be compuied The
procest of back snbtiviubion contimmes until
all vz of prenevaion: are detemined
A tyirm F bas femiely many solohom if
md onty if fir all {{1 <i<n) a prver
produst of the form £ ocourt amooy the
leading pover product of the polynmméalt n
Gmoelmer batis of F, where n 5 the mmber
of polynommals m F. A tyiem F 18
mnsolvable if and only if 1 € & where & it the
Goelmer bau: pmeaied by the ot o
ptynomak: m the syiiem
Let f be =y polynemml it fe
kx5 = = = =] we defme V() o
be the et of sotmiums of the equabon £ = 0.
Vi) =1(ay8, __ay)E ky:
fley0;___ag)}=0cC k, it called the
vaniety defined by £ More penerally, mrven
| T —— I EkTnTz e e g
the vanety V(f3, f2. ... — — . fi) 13 defined o
be the Etnf:llmlnhmtuftheajrﬂmn

A=f="w..fi=0

Pl | A — R
V(f)=[(m.az___8,)E ky:
flea0;___an) =0forall f £ 5}

Now we want to dhxiiraie how one can apply
the techamame of Groeboer bates to detrrmine
whether a prven graph can be 3-olored. We
are prven 2 graph & with e vestices with at
most one edpe between any two vertice: We
want to color the verboet m snch way that
amly 3 color are nsed, and oo bwo veshces
comnected by an edpe are colored the tame
way. i & cm be cobmed m fhis fadon, then
7 1 called 3-colorable. Fimt, we ket § =

n#’EEhe:mhemntufmt[{’:l}We
mepresent the 3colom by L7, the 3
ihsimet cube fools of mity. Now, we let
I} m imom o= =Ty bE varable repesentmp
the distmct vertices of the graph . Each
vesiex i in be one of the 3 color:

LE F%Ths om be repetented by the
iﬂ.hwmgneqmtmﬂ
f-1=01<i<n

also if the vestices x; and x; are comected
Iry an edpe, they need o bave a diffesent
color. Since = zf, we luve (x;-—
Ef+a(x}4z;) =0, Theseitne
and z; will bave diffevent colors of and

mly if

Fnn+i=0
The mraph & 1 3-colorable if and only if
VD *$ _ _
Themrem: A praph it 3-colorable if and only
if the tet of polynommalt astociated with our
paph have a common soluion m the
conmqlex mmbers.
Prook: Suppose the prven paph 1 3-
colomable. Recall that x¥ — 1 = 0 fiw each i.
Then fir adjacent vetices x;x; we have
A = zf= (x - pifn)(zfig)=a
m:dpﬂtmtmmmhtd&ﬂhuﬂj
%0 (x;— ;) 0. Then (z4x;) (z7+3;) =
0 i seme x; and x; - This 2 troe for sy par
of adjacent weticet Then the 3=t of
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at least one conmmim soluilon N tuppose

ﬂltﬂmpﬂjmhumirdwﬂh:dp:ﬂt
verhcrs have 3 commmon sy This mesns
that there emsts xx; soch  that

i) =0 for all pins of
admcrnt veriices. Notice that (x; # x;) fw
thit o be tme. Then x¥ — =f = 0 and we
kv ﬁum:hweﬂli::imd:jwﬂl be
3 colomahble.

5. Imiezer Fropramenimp
Now we mhoduce a new appoach fiw
tolving mteger programmmng poblems {7R,)
with the help of Groebner batit. Given an
mxm_mh_ixﬂ.,mdmm-\?:tnrh,ﬂnﬂ-_l
fexunlily mirger popEmmng problem 18
the problem of deadmy whether there 2 an r
- vectiE x with 0-1 comrhories such that
Az = 8.1 € 11}

The: problem = be: rewmniten equivalently as
the following sy=tem of equatim:,

Ax =1,

I =3 f = L3 e
From Hilbert Batt Theeem fm every
putynommal 1desl snd every teon order, there
1t 2 Croebner basis that has a fisie momber
of plemente Giwen an ideal F penemated by

o T d

polynoemiak £y, fovonoerify W 3 tom
imiler, we can conguie: the Groeboes bass of
F1xme Bockberpert alponthm. We e 1V
o denole the ideal that contams all
ptynommak that vamsth n a Freen vamety ¥
md V{i) to deoolr the variely
V(r.Tp — — .. 5y Jwhee &=
(T T o= o= o ) 1t @ Gimetmer batat of the
1deml 1.

Given I=<fufpmmmm fy>C
| Y A TN ]
dezl i 1t defmed 23
h=ink[,5——e——- b |

Let I C k[x3. T2, . .= «er e o Xg] D am Mdeal
and let & be a Groeboes basiz of 7 Then
ey O0<i<n the 2 &H=0Gn

KT, 00 Efpge vee von sen e e ] 18 @ Groebmes
batit of the ith climination ideal 7.
Proof: An ideal 7 & radical if f™ € J for auy
mieger m > 1 mples that fE7 Let I c
k[T), Tz .= == =.=Ty] be m uleal The
radical of § denoted 7, i the set

§f: f™ £ I for spme integerm = 1}
Let k be an alpetwaically dosed fiedd If 7 it
am ideal m k[z), X7, o= om e e = Ty ], ThEm
i) =V
Iei £ be m aiphracally csed
ikl I i, fou— —— fie
KB g0 e e — — ] A fuch fhat £ E
I(F{ﬁ,f:.__.-.-.f,}),ﬂlmthatmﬂun
Inieger m>1 axh that [™E<
J 95 —— Ju = and coovemely.

E.I—IJ' :H
mdlet
W=Vifo ___ _foB18:___f1a) be
the vanety and J be the idea] defmed by
j=lthifo  _fwirfr e
V(6.
Iy +x+2xy + 1% + 41, + Sxg + b1,
_15:,E{D.1]fnrnﬂj
'Ihanhlmmpmdugmlhmr.[[‘n
J=<m+I+2r+ I +4r,+515
+ 615 — 15,2} — 10,23
—EpX] — XX} — Xy %R
—EaTh — X
The Groetmes batis of T 5
6=[r —mrs+5— Ly +1- L1
+:,.—1.:=+:5—1.11
1}
Nﬂwmﬂs {xi — x5} indicating
gg=lore,=0  Somlaly compue
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(g, [y Gy, 75, and wth the help of thes fmd
21, a3, 83, 84 0.
We find two featble pmot of miepe
proprammng- {1.1.1.1.1.0) and @ 0000.1)
Gmnhﬂnnphmz:hmpuhhn
TIMIITMGY: £X
sulject to Az = b
5 =1 forallf
Now we wink m k[x. X3, = — — — — In ¥l
and bet
k=¥—Xr1G% W=
¥ fa F1: 2 e S\
mdtlr.lhljndnﬁmdn_
J ==
fj..f;‘ E].E;.......——————.II}
Now 0 opimme the 0] mieps
proprammng we apply the @me alpmithm
whnch we desrn above.
The followms exanmle lhdtmte: [P with
unequal constramis .
Consuler the IF
Iyt I+ I3 52
I+t =4
nef{Dl1Li=12..4
We mirodoce slack vamables 5y and 57 fim the
Clearly, 5, < 2 md 53 < 4. Furthermore, we
reante these vaniables at 5, — x5 + 2x; and
Er— Iy + 21+ Axg with
f R 1 = {1 ]
30 we can rewrnie the 1P ag:

Ot atnts =2
Btntntm+ingting =4
o =i=12 o

alponthm becare now the problemn change
mio equakiy and {0,1} IP problem.

f. Ressltx amd Discwssion

Frst we show resnt fim fimdimy Groebmes

batiz

Input: Let F be set of nmbirvanate

rolynomual £, . f whee
h=xy-2yz—z
E=F -1z+xz

= —§r+x
Ouiput: the Goelmer batiz fw  the
multivariate polynemial set F i 6= 2*+
z8 _17r% + 327 4+ z* + G027 — 2929 +
124z — 48210 4 B4z 4
64z1%,— 22001z + 14361yz + 1668122 +
2638022 + 2266572 + 110852% —
DO345z% — 472018=7—520424=8 —
11929z — 150784519 +
490368z11, 43083y? — 11821z +
26702522 — SE30BS=2" + 66346024 —
228B350z% 4+ 2466820=5 — 300825727 +
A51194Bz® — 250230427 +
2672704rW9 — 16B6R4871L 430837 —
118717z 1+ 694841% + 40233413 +
409939=z* + 120203375 — 2475608=5 +
35474627 — GMOIEDLE + 226947227 —
3106688219 + 3442816211 12 + 12 +
}Fz +z2=4d
20 —xp—2z2 =10
E+y -2 =1
and 1 be the idesl penemated by these
polynomial
OUTPUT Groebnes ke for I with respect i
lex oxder 13
G = [ Bas
g =2+ +1? +];r5 2fz“+z‘

+ 6y2 + 4yfird — Gyz8
+ 28997 — 3y -y
+ 3xz? + 128
go=t+y -z
gs = 13y%r* + 92* + 6y — 12177
+ 627 + 52092 + azy5
—4z%p + F12 4 5y
—10p% — 4y717 + 12
The polyniengl comespondmy to ( are:
d _ 1fori
=12 e Bard 17 + xix;
+x for the pairs (i, /)
€ (L2) (1.5).(1.6).(23). (24). (28). (34},
(3.8). {45)/(5.6), (57).(67).(7.8)
Now Groelmer bat G for the sdeal 1

comespondmy the ahove polynomal

103 | PARIPEX - INDIAN JOURNAL OF RESEARCH



Volume : 4 | Issue : 11 | November 2015

ISSN - 2250-1991

E={n %X+ Xy + XIpX3 — X1,
— In I5+37 + In I
—H-IH:?I.H%-IE

tince ] does it belong o & 20 W) + @ and
hence: praph 13 3- colorable

The poltynommal corretponding to G are:

2 —1fori

=12 _—_9and x¥ + xx;

+ xf for tha pairs (i.})

€ (1.2}, (14). (L.5). (L6). (23} (25)(2.7).
(3.4)(3.6). (3,9). (5.6).{6.4), (7.8). (BY)
Now Groclmey bauiz G fw the deal 1

= fx] — LI} + XaZp + T4. X5 + XXz
+ 23, (Ty — Tg)(X7 + Tp + Ta). Ty + 17
+ 2. (%5 + %3){Ta — Is) {15
— X)Xyt T T+ Ty
+ Ty T+ EpTg) (T, — I5)(Ey + X
+ Xyl ByTy + TaZy—TyTy + TaZgHEG. TaT,
+ XI5 —Xg %y + X5Ty — IXp + Ts¥y
— X3Tg—%3, Xz+T7+ X X1 +I5—T7 — Tl
tince ] does it belong o & 20 W) + @ and
hence: graph iz 3- colorable
Ot 0.1 3 e Comsiad
the IF
Mmumze: =z, + 2z, + 3z,
tulqect to: x, + 21, + 3%, =13

£ = x;forall j
New ] *-f:r % — 233 — %215 +
ATz + 6Xy — G Xf — X3, Xf — I3 I I3
and Groebnes batit 13 -
&_ 12— 7p+y5 3+, —yy+x— 4
- 1-x5 ]
Now the rmuit of the polynommal 12 — 7y +
¥y are 3 and 4
Minimum valoe of ¥ 22 3, 20 vahe B
3-ﬂﬂl:meq:nlﬂmgmlnhnnnﬂl,ﬂ}_
Seinten of 01 miepy popETENg
Contidey the Inteper programmng :
x, + I+ 21, + 3x; + 41, + 51+ Bxg
The 1deml comespondmy to sbove [P 2:
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F=<xm +2x7+ 333 + 43, + 515+ x5
—15,xf — %, X —InI§
— X3,35 — Tp T3 — X5 Xp

The Groelmer baas of f s

6= [If —TpIg+ Iy — LI, + 3 — L1,
+r; Lt —Lx
15— 1} o

Now compute E5=[:§—:5} mdicaimy

g =1lora; =0 _ ompute

Ga. (73, &z, £y . and with the help of tog find

Gy, Bz, Gy, Gy Os.

We find two featible pomt of mieper

programmne: {1.1.1.1.1 {0 and (0,0,0,0.0.1).
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