@L? s only o cial cose
o K ‘Q;Y‘ & cp

@) (Dhen will souhon Yo P

sdukion o CD7

Since K‘“:Xﬁ‘ue Sow Ahat  dva) 05 pis C

\..)hlc. Theve ey.ls]: mu\"c;’\)\z wd?fs o‘(
m\\,mj ¢ & CD, hevca§1e4 e /Fxc\éi

a()oh\e;f .s'\'anafawa\ ,ﬁqmo& C\'v MV \]ou 32\’
used v VaTious ‘Yc‘)*se sw\:aHoﬂS)

(p: vnat <b AR

cp: i <Ay
<t [Ax=b st C€ 4
sxer N /AR

Fr AioR7 R Ky




STRONG DURLITY AHM:  cp weosih
/(D ffww\;h & Wt

@ leb CP oy (D be Inkeasible L co—-R

\ ek othes be ffeas'tue 4 have a® ]
de

int e o¥ .'ﬂ"fﬂ the othevr s unboun
Bips wheswik o

[} cf and (P be bothy ‘mﬁ"b\afv""'
ana ,e’c onz bS; Anerm

/“‘\zn ’\’('\e.—re S O Aua\tg ?/\)
Lex CP and CD be both Seasible

©
and hent \n'te—uw.’\'%en b have ovr%maf
sduhons wth O el 7P



& Specrol Coses of s‘my come dually

@){\ Srante °§ e c= 6 (Mo ah—\j Fa'l\w\i:mm)

¥ [Ax<b, ve fo 27\\41»,7570/, Knel, NE \2“}
C?’f \/\/
. / )
One oF Jheva s ﬂanocmf\'j % Ahe
other & CM"%’.'Y("(WCM o atlevnatw®
or Fadkas \erma _ - _ -CV‘“"O‘"@

@‘(\SWC( 0% CD, b:.O . . .
Sy IM=0, KK, < R<0Y Oa\c-AAe e, Aek 1
- o

co” (o



PY"A‘- K\nﬁ‘n b\anks\ \N€RsoN T

(t)? “Qea ’H"z ’“\ZON('O (1/ Q\{CYHCA’WQS f"l) Y(WC

Sh@ (ome O\ua\:[j (A\so co&\c& Faslas Lam\m"‘

Tresvem °§’ dltenahves. Aov Comve Camtl

(onsides {"‘\AY‘L’ X;«K’% ,ﬁw a "M‘)e« one LCV
kAN —- R

S‘ﬁaé{ 3 N st "K‘)\élﬂk (K').’ﬂw.r\
@ ¢-—i'l‘A¥‘b W\EKB hos /j‘eo\s;\o\g son A \&
D) <A |-K MK, <bAy>0T has e Seogible duchor

Peool-:
(MhC= XS?A*G ﬁm,‘l\é K(} e & Qesed, Cnwver seX

G Leb b st -KREL aad Lok {alhver ke
hove oo AeamPle spluhen X
= “<7\b>‘:—(7\\A1>'”- s
. e -K 0% Tes T
. ={7\\")\€'K’<b»7s§\u’(\w

Qﬂ) Le} {x[ﬁxsb,ieﬁj \\ouebm«fq.as\\o]e so\uhoY)
ie C

- -— -



“

Swece C is @ c\osea oanvet x)c, rFtDTﬂ fhe

shyict Sc‘)awf\\_rD ‘;\\We{?\anz Anesvern , I }\Q@:ﬁ s

S O Y YEC
Swce 3%-@\4 s+t A*"j «gm a.ny 3C'.C
S dNAD = NI
of(‘“"&) <N>\l’ﬂ>’ s \JounAeA above *l'xe\’\

W Sace Och ™ 7O

o paltionally , it vt be ot <K A,*ié O

Ofhetwse »§ IxeK st <N‘>\4~A>7O Hoen

- &= x00 then - 0 Cm\iac\\c’nf_\j
Ao s bounded above Frv N

cSnce {ANAX7 SO N = .
5o §yx 0 ex

s, N\ 15 on (feasie) selon  fov (e

- .-C_om@c\"- doe 'Yﬂbf -



P\(Lu&, (wdh Banks fled uf) NeRswon T

Ve need the ’“\zcﬂcm (f& altevnatives to Y"W‘-
5‘“‘9 (ome dua\[b rMso CQNCA Favkas |opnmo

(o e
Thestem °§’ altevnahves - rS:w e Cm]

(onsides {"‘\AY‘L’ X;«K’% ,ﬁw a "M‘)e« one LCV
kAN —- R

S‘ﬁaé{ 3 N st "K‘)\élﬂk (K').’ﬂw.r\
@ é-—i'l‘A)(‘b W\EKB hos ’j‘m;b‘g son A \&
D) <A |-K MK, <bAy>0T has e Seogible duchor

Peoof - \
(ﬂ C= iﬁ&‘;A*e ﬁ*mﬂ‘é K{} e & Qesed, Coowex 3¢

G Let b st -KAEE and Lok Salh o, KEK]
\N:wf (6.8 /?&%\b\( sD\who‘ﬁ x _
S S = S ONAD LA 7\,7<>7/OOj

< E "A;\C’K,<b/7\7>
d\nce - A‘)\ c \Q" R 1 ii\\\ - So\\,\s{\aﬁ/

i) Leb A |Ansb, ¥eE¥ hove 1o Jeaable soluheY)
@) bet Calho, ree e s



F

Swece C is @ c\osea oanvet x)c, rFtDTﬂ fhe

shyict Sc‘)awf\\_rD ‘;\\We{?\anz Anesvern , I }\Q@:ﬁ s

Oy ) Y IEC

S\wnce AxEC¥ s A$-—.'j «gm aﬂy
R, I A RN K N reW

s Tws, NN 7 s bounded above ¥ xE 'K

e Ol k7> 0

o paltionally , it vt be ot <K A,*ié O

Ofhetwse »§ IxeK st <N‘>\4~A>7O Hoen

- &= x00 fhea <Af>\,0(1>~—?ao Cm\iac\\c’nf_\j
Ao <f<‘ )\l‘/\> s bounded above Ay oML

cSnce {ANAX7 SO N~ .
CHAX7 0 DA

o%\hs, ‘)\ s O~ (:‘:CQS‘D@) Sb\u’\’\o\(\ -goi
2RI

3@.(‘,

Q- Sé24‘-.




P (W Blanks) YeRsion T

Co«o\\q—c_\j d& e Theovem o attevnakives
rMSO Cqﬂca Favkas Legnmo

fs:”" QNWC")L Cmnr.j
Consi AN
S\(g@[:_/p\z\:_se R fsv a /‘M‘:, one X CV
ceV £ AR (AR V)

.S\Aﬁas_f 3 * Sk A)&-'-'D Y€ ink C\@\-‘ﬂnen
& [10AEAA=5ERY o a saukion (A9 [}

@ 4___{7(.\ Aﬁ"olle\z,<‘:7‘5<o} has no feasible |
Salun oM

Peoof .

(ﬂC;{t:S 4-?\*)\, )\@(2? seKK 3

o Aesed, Conver seX

Q'\\ Lk Xelbe st Avco an ot ‘i()«.,SﬂC'N)\:S G—K}
have o SeanVde goluhon (A,3)
35 (=A% 2 -
e {x[M=0,xe k, <Py <0 has no feasible solukion
(i) Let for)\c-Aa=s€K] hove no Feasible solubion, L2



’S\me Cl 15 O c\osc& Coywex S¢t & C?.'Cl
"‘f vic Sﬁq{a\:l:j hﬁ;/e-{‘)lanc ‘H\&Yeﬂ)l dhexe exists

KN e < <0 ¥ rec
Swnce axéﬂﬂv\: '\:‘-‘-511’\“7\ 'l -tec"wc S have
< (%,S-(—A*}\?—; <7\,5>*’<7‘/P\*)\ =
o Thus <;(/$+Aa)‘> S bounded oboye .;d)\e{zn
oeSince 0es+A™\ fjfo. s=0¢€ K & ?\eoé@? i
Aol kb dab <6 th5'50
Otherwise 1§ 3 AR sb {ps4+WD L O Mhen

|% OK—)'\'W, ’“\Cﬂ | 5 —00 CD‘n\’Yad‘ Ci:{zj
that is bounded bdow ')\Q.IQ”)

oSnce <rg = <xS>E LAY 20 A reR
L—’@ . since O

<xls>"\'<A)(,P7\>"‘7-— oo «f-u‘/ P‘-’ao ov ,P-a_.oo

¥ ae R




Row: (oo Bonks Slled ur) \gRrs\oN T

Theovemn o attermedives

A\so o.Cmb\\Ct"_\j C% dhe
[Mso called Fawkas Lernwe

. fs:”" QNWC")L Cmnr.]
Caf\s|AQ'v
{(ﬂél\c-//\:\ =se Ry Jsv a /‘M‘,j, one X CV
ce\ &A \I—-on (A R _a\/)

5\4(?06{ 3 K S.k AK—D v e int CK\ ‘ﬂ'\cﬂ
G 4 109 CEA=5EK has & saukion (nd) )

@ 4""{7('\ Ax =0, leK <¢ x»(O} has o ‘9¢AS|H'— Y
Salunom

Peoof:
.3[ -f g =5+ KA Nk, hseKl s

o Aesed, Conver seX

Q\\ Lk xelbe st AvcO an et ‘i()\s)\c'A)‘-SéK}
have oo feasne spluhen (A, 3)

(=AM, x> =4C, x>~ <K, 3 >=<¢, x> - <Y/f€\$ {F)> >0
'-{)\“\X =0 %e K <C r><o} has no feasible solution

&“)Ld— i("ls) C'AA"SE'K} have no Leasible solubon, g
c ¢C’

.7



“

qS\me C' s o dosed corwex Set & cq’-c
"f Seic S‘?&-(a\'lj hﬁ;ef?lane %esrw thene eists
XeN &t Ly ¢ <) Y rec

Swince axeﬂﬂsk -\;--5-|-A7\ 'l ‘ECC we Wl have
(> < Kby s+ KAy = {18y <% Px")\>=<1,s>+<A¥,'>\>

e Thus 6(,$+A )\> 5 boumha obove 'V)\E{Zn va}\ek

oSince 0es+A"\ fjfo. s=0€ K ¢ ?\-oé@"7 (G c‘7<0
o Mﬁﬂaﬂa\y, it wust be dhat (x,s-h‘\*>\>> 0 \()\E\Q
Otherwise 1§ 3 AeR" sb {ps+AD L O Mhen
1§ o> +o, Ahen <X, K(54AN)> = o0 walvadicting
that <X STA )\> is bounded bdow ')\é-lﬁr)

oSnce rg = <xS>E LAY 20 A reR
La(D) {Ax ,\> =0 Y} K\ snce o[ |
x5y (ARBNS> = — 00 for B @ P
D<Ay =0 ¥ % >@K=6 '

@5 (rx, W =0%k <x,s>+<Ax,>>>o ¥ nef
'H"” <x,s> =20 '57( SGK)
o Thue X s o 6 i) 334 on 4o




Now we &?‘7\\! Aheove 05 a\tematives (chkas'

lemmo r?a-: Camhe '\ncqua\u\::es) g ’?’{W’C Hre c{-,al,j
CaMC duo\\g Aheoyev)

OX; E\ Is e.m\ﬂ:’; and\ j’F 1 feasiPle &
has an ntenor feas ble Soluation dhen we hane

(ie"“lick) & de Soan an nteno

);QQS)L]C soluben o .
Ak—bT=0  (x,0)ewt (KO RH)

We aan Mow «ﬁrrvn on  altemahvt 6\{3\5/"\ P&w
based on Faskas lemma. T "

® i(ﬁ'm) \A* -b1=0, <(Cr2-7,(7.‘1')> 0
,®i (“IT)GK@Q.&

B2,6) [c-Ae K ey +0=-2, bR
— \

IP S= C—Ab) Ahen (S,G)é\kx@«.\.
@ Is V‘?ec«%luc =—’)@ Aust hoave A gcam\l—.»\.e_ sdn
(%) f ot («.’1‘23 T>0 Mee fAx-=b
o

_Xf)?t/fcc((& 2,2ty £z 'F"“’“"Z .




A
Othornse, T=O = & nw so X¥o( X IS

:-QOL‘)edwt o‘? L s \Anlpoundca Jﬂmﬂ Lelow

@Ltk 5’-':‘.; ke f}\QOS\\;\’— L lhave an e ey /(‘CASIL-]L

®So\{\ £ 7. be i nhimem,
oWt Wl moke Use 08 alternake Systom 'gaﬁ@&om‘m—d@

(sace g s @ .

o Now "¢ InYeanbled =)
IF{OW'\ u)el\( ACAD.LJ:) ’H'WO‘(em
> )

Le we have Soln (’7“5) &t
'S

A Xxs=cC <1,,')\>-.-Z_ se

®S\MILN1L"I one Can 4wt Hoak \5 1 < Supyomur U\—sf
o\ua\ (Smu ({4 cp ave beth assumed b be fcasﬂo] c)
and 4§ FD has 7oV emply newod then Jxe »P

<C."L7::Z_
®\{—\ fo & f, ot both feasble & Loth ‘e mtexior,

We can fv‘;\y b%}?mﬁ @ and @ Qf aosye Claam

fo ack XeGod D T ok Redh) = 3 pdesu ch
7¢ X ﬂo* De F:p s S kD have ahamab& oY\;l:g\n’



