LP as « ?mﬁ! S\E}(w\

Smmx, u@m()\u!g PY=s\ Sjskwn

foc Livigan ,Mc\moﬂitl—\-u OUA lﬁz

LE ¢ max ¢ x
sk. AY = L} \MMW\'\‘)
tk\

Decusion VIASIIN
1s there o veldwe 6\) %
sov(-lsl)\l?r\j () ©

— : cund Uy Larv\o\vfmw
\’a(l(qs L rrwmna_ % DeciSiony Variion-

A se ?_ I\X-Elq C\_, \mb_aU\ ((\C'\\LO\.[\‘H{S
‘(s ONseabt oA (R [F€
3\120 sk . j’fﬁno \/"'L,_. )




Dualily (Trplicahmal cgw\mw)

Considon amx’ MY\NQ.S \1/'_' sk \ITA =c\
Then for any {feasbl Solution <
b 2Ar=Lf v haw

Jx = {Ax = YTL
50 \zo wikALsses fha upper bownd
gr\j :
flow hert "is such an upper bowrd



D wa ( \’SH‘

(?\ PﬁW\UL( @\ Dlltc‘/tl :
O d X M\ iy LT\!
T
sk, Pxsb st A\I?c
NEAp) \/ =0

Dualit,_ Theo@m (Smplicd by favices’ Lemme)
EXACJC\*( one of the fb\\ovt-')u/\3 V\O\&S
() Neltney @) vor (0) has a €easibe
solvtion
(i) () has solws vadh o\/IoAvuﬁL, lange,
values « ©) Tts unsak

GiD) F) uNsak  « @) hoy arb. lange
solvfigns

(V) Botn (P) = (®) has ophmal Sois

7 A a* . Then C’fx* :JDT\I-)&

So thera s oo Sol\kgr 1o A\M.Q-:H/\sd"
witrnesses tight bound’)



o an LP ‘refutation’ of
éAXﬁlo] y‘ioz S e NW\WJ
Linton vy ingbunm of Ehase
mulum(lhu ad Zﬁwalj s

An LP “dermahp~"  of
TAxsh ¥208 => fx=c_
06 o M‘a{\fv‘Lﬂ \(* s.t,

(\/* 'L =c,
(snce fx = &(“\{f\»« S(V*]Tb =€

(o}

Soands [ Lomfled LD



?Dl JW\LMJ\
yn Anbomat ol ( LP

Sa
el‘>‘€lablllf“l ok
hndan :
) lMﬁl\LOLll{‘LfL-S .
- AN MP ‘
. 33 Fanlcas' Lo, in (0N
o NP oo NP

Ell.
\vpfouk Alﬁo'v{’n'\W\ Qe
LP et Jusjm ‘?ﬂ




P as reddaxahiin of  Irdeq@r Progam

5a: A Pm’g S]sf-bw\ for m-l-eﬂer
?\,ocy,amawx'wxﬁ o bt a\vCLdﬂ Ia\al
SUCLLSS WAL LY f\'ﬁl({em\j <

C? - Awncther P& SqSenA ForLp



Sherall Adams CSA)

St (equutlent) views
« 1P thhining
o Pseuwdo dububins
o N & prod]) syskune

SA as LP hc,k&&ﬂhlmj (4(3.{& o()

e Al wew vonables s reprsent all
ddl'yu.k d foums

* The “6“ PYtope fem . dimentiony o yf('ﬂ

AIMeNSL NS,

¢ ?yo ecbin bact o K - ¥n prsens all o/
olkims (s emols sime fachad onts)



SA A9net 4 h‘qMo.v{m%

Oﬂ‘gw'ul L [egneve MY cx]
Avx=b | 02vg|
I=0

edd NV yariables Yo Vssin) (s <d

Typ0se  conshraings T( ¥. - T (- \(Q (d \L-b\ 2D
Les LeT
Vrow's

Snf’t‘> \suT|< 4 we A

YYunta

New) consdvaunds

Ne =1

\(ie‘s = YL’
0<& V¢ =
n.l‘ n
,% (-0 (2‘ % N sor vty --L*‘(sm) 20
1T Vows
aeA

abor _ms‘m'm\s transloked
Yo Lindanr wacuald (25 UsS\e  NAW \{ vavs
Plus  mul kg tohim

<Y 1\\



Sind. WL ‘/\W\L | %o asS @n w\{J(\tA.Q
con naank PAv %\.\LS VS,T \Sv‘l'|§d) SﬂTK‘)

T % T (“‘f‘c\ =0

Les Jjet

hoenslates 4o

b (“)”J‘ ( Nsor B =5
Tet
Cxemplet 3212 T234¥ X, “z("“s\("ﬂ\ (l‘YS)
ol ot
Y, - RS SRR T (R + QRN +¥x, %%
IR AR A S SR

Yir ™ Yia g Mg + Yiazw * Yiag s Vs \,mq‘-%



Dejrtl -4 Pseudbﬁ&/ledﬂfrm for SA

(e€6 H - iAx—b’so‘ 120,1303
gd (ﬁt‘> ¥ oA Sed 6\ Wnan funcharods
L:R[y-% ) =K st

Vee 8, (F):
(r) EC) =)
@) E(Q\%D Yo gunte Q wd-

degue(Q) € d
) E/Q 2D €sr PeB  and
—N\-Jam.& A -
J_,O.T_OJL( pQ\ = Cl

/\n-JuN‘-e_'_ AT X, \’ﬂ' (‘[,.KJ.B
/\ (es V€T
SuT =&

IWV\-NLj

0
Cadh £ ¢ ?_&(ﬁJ-\ v called oo dgus -4
Spseudo-dudil o s



Feasible Soldhms +o chLijQ-i SA FOHWL
(1 VE § -ancl-L‘ &ﬂﬁk~& “ff&wﬁ)-&ufﬁb \A{\d’ffu b
[

Recall © e EQ("H\ -6 a linen  Sunchionall
st. —

e £ LiIY= )
(*\ «-E(QyZ0o fw AN Janbe @ (\&.bxd!-sd
s E(PQYZD for PES and juntx Q
JVE 428 4—"-3(?&') =d

A
A feasible (ol gits o vedut (4, fo ey

vanablt N (eury  dasped <d junfe )
sudh Mol a(l mdan consdminfs sl Secofesfuee

The corves \on\dTn.S esmwo&ls&r\lawho’y\

Ee,_ it obtawrad v 4he obviowns wq~1

Cor any 49 00 -dl ?@1V\M, R
male < ol bt \Wan . anl then use_
LN volwss,

L LS VHER SRRl PV
E L€) = - <Coh Y (Y, ) 3 Yq



The d"'X‘M"" SA (nden (arudvaynts
G Ne vaurs) contnt ko ?.o‘oeykuu )
whon vt rsplatt g by contynding
manauols

For 2adrh Leassbll pon: of oF  degar -4
sa L0, 4 Lunctenad E_( deins

o psaunde Ahbudar" . sl tenw +hat
o Q\ﬂ/u.a £ S é <d ons,m&
\mnzwu) = LN ?m\’mlm[u\] Al
ko all (0,1 agsgamnents & S

O’V\_l \J/ 5‘)$ s.t . S’QS’ and. fS($0(/
e wmarpred duknb, on S (upk
Auskrlbusio- 4N S) u ec\uw& to e
ikl o 1o aass € S'



€c Lek S=210%3 . Pe P\ () > oty
Pel %r9) = %K) =¥ %% -

Se pr(*(\":l \5{0\ = L (%.3 - ‘L(\dn—x

s tu Povh sl R ha N
R =6 D ¥th=o S L01) ~dHepd

SIM\\ML—‘ Pr(y =0 v 1) @ (%)) = Yo XY
5o Prlro Xty sdlg) - A(Y,,) 20

and G 00) § L)) = % Koy, 2D
so Pc ((\:o ﬁ_;q = (1) UK, -,L()Q-&(téllz =0

CW\S-ISW\.&". P{‘ (\‘l s ]3 = P'( (“‘gl A\,z; n + PY(}(‘ :l A\L‘:" 0>

k_/v‘\_, —_—
N - ) (%% R
\

:\(‘

S Gvor- oy assW ] N, Vs
so.(—(sb\-l‘mj the defeq -L  SA emsheunts

VR con ALt & ps&uoboduh—b UPN
all  sdwths S & "“‘f‘“"as) Is( =4

sk . tHaq o comnsupnt



SA as & K&Maﬁq.\ if_g).ur\.-

ek F be e stk [wnom il e5ualtie
L\‘PGV, ((r\dudjl \‘;L—xLzo )

Lek I« se § pey waguolibs  (Ax-b =0
(wncludes 1200

A Leat-d SA denvation of -| Fom (9, B)
[wx'crd?-ss\i«j Mo Eeasille scl\:\wd'h]

1S Cg,;h,.} 5 Pis Py \0,3 suclhh that

%31’(‘: + 1%- Pehe = -l
=

L:l,R\ : R s

Qf\o\\v?l\j Jwas e, T x. T (FX

\”\‘35 LeS | JeT Q
SaT=¢

DQ{‘K;Q d -

may. ALyl of 23¢FL : ?,Q["xi is 4

x Notke 2 includes {Z‘-—*{L-‘o



SA as o Derwahon SyslL

Lek F be o stk [wnom il e5ualtie
L\Pﬁu’ (tr\c{udicls \‘L'L—xLzo )

Lek I« se § pey waguolibs  (Ax-b =0

(neludes 120
A ,U-c/hu"l/\ SA derwvabion of ¥ fom (’31, ’H‘B
[w&msfny ?3-_0)4# 2ol ]

1S Cg,,}.,,.}‘ 5 Pis Py \Q‘J suclhh that

%31'(‘: + 1%- I’J.l".o. )
7

L-“/R\ - & h, e 4

be\'\'f:ll‘j Jwas e, T x. T (FX

\”“3‘ LeS | JeT Q
SaT=¢

DQﬂr(.:Q d -

ma &(Lc‘vﬁ.ﬁ of Zﬂcﬂ ) ?JLL‘LE is d



Lo Lt {Ax-Lao, 1Z0o, \A>,02 =4
Thew Hu digeq -d SA LP has No
feasike solhiin, 16

Hrere s o deguee -4 SA ref ut afion

of ¥

2
) degur-d SALP hos o feas. sdv =
thott s NO  doprel - A SA vf wdehom

?(V\S W Feas. solN o cn”leo( SA ef.
T LHs il ewduoek fo santthig =

(1) daxee -4 SA (P has wo feos W <>
3 o doyul -4 SA REudehsm

E»a_ Farka s LQW\-MD(‘ 'HN::NMU: lmmcmb
of lV'\Lcl\LO-[lew Qk) -‘—M‘k 1€ -\

They covert to e degam~d S
cefuistin — M0d ¢ -x, o multilnane



Erampt - (WDegrndant SeX c&s(\f\EB

Moo Z X, wi=n\
st K+ \cjs( V(L’lj)c:g
O <=\

Denree. -3 SA P :

Eodh or\ﬂxko& Lo-r\sd-mfn{' =) Zn. new

Lonstyaints
L y. £ 1 = ’ <
?(lc[o KL ~1 = O \[;',K S \(K
(-7 (“Oixﬁ‘.ﬁ = o= % Yo S =¥

e [)(C\.stﬂ = \(»;K\'\{S\cs‘ﬁl(

) [y exei] = Ko Yoe % N T
v L 4 8

Lo, Veg e )



Y

Odd C\:\,c(k G\Ao\wfi F, 2

Ongmal conshvamts : G °< \

‘a3
X HY, =) S'\/
7(3\-&14\(

¥ gl O )

Nt 2 c&swm
XY < Selvkion

%,,\-\Als\

We Wil emads, W& d=2 SA (P
THs o i\ Ve 3 (2 lQed

e od 3.5 Y £
" % (Q\S?\j\:\roxg L\j\



L C-_\/.ame\.( —E(\J&f'LnM Ses

gk
(‘\ O é\kké ¥\< Vv k
@ O£y M 2! e Vi
LS\ Ve t e = )L\c \/QJ.%,QA (t}j}) Yk
) Y Mt Ny 2 (0, Vedus (C)J))V[C
a\so Naw
DQY l\L ! g_\a, 3
() %0 @) 1 §§) =00
1) %o Yat¥o~ Yy & 1-F,  U) with k=) (©)(73)
) 1&,3* My % @) wih K3 (L',i) "(3;‘0
(d) 7(1.('\'“( v “S'\l\gs l-Xl ("f') with k‘=l) (l.,.]\:(l-}’g)
© Yis ¥V =X, () it kel C)C6)
(5) X7y Yo Ya < () ah ke ) 67)
(9) Y f0 & kG

Sum up D K PR R AL, S 3



Cramp\a - Cndapendent Seb
Now Lek's add 2%, 3.5 4o LP

Forlke's lenuma, 2 wd\f\NQ_j W~ ¢ oy
—f’;lo\s-\ ea\U\M/S | 2

@ Y %0 (% %, 2 1)
(b\ YL Vet N 2 X (-, 6% = 1)
€) Yo'y =T Y (kK€1)

@) ¥y ¥ s <1 ) Cet¥e <)
(Q) \[\‘S "\lw S ’7&’ Y‘ ( {S'(-Y(o = f)
K‘C) ¥b —Ylﬁ ‘|’¥1. . Y\q.é "f, ((‘\‘l\ (*{."Y-{. 5 ‘ )
(4) a0 % (&, Hey €1)
h) X a5 X F X4 \g_ng'\.)(q_a 3.5

€ (k50 + (ORI + K (G Y1) +
4 (rgt ) &% (%) © %0 )
* ﬁ,l*ge}(}-\) * (‘Kz‘*l\

(MRS '\"S"Xc.'\/qB SA .
refudation

= | 2= o Qg\:i)



Notes

thus  dopet. 472 SA P
Ler s a(( OOQA C\IG(Q
C/JY\GA'Y&\—V\“&_S.

Uv\éﬂkmnak{Lz, YL ane w7
QXarvYLU N A set Wi
8>2 SP perkams \/M\a Lad%j

Ei R\l LWLQ«K Srcfi\

\'l(LLL °, V(L:‘)) X\,\. KJ < l

Cannst derde 1w low&zd«m

=\ et



SA kgt d h‘qMo.v{m% A\*W\OA\\L “\1']

ﬂ‘vaRV\-b W
Onagnal Lf: mayx  x
s.k . Ax=b , 03¥ g
I=0
0d N0 varables T VST skl SaT=¢
1sl L7l = d
ﬁ;ﬁ repisents the el a £ T a-%))
== LES )€t
New consdvamis
G-l
o
T = 9 = -X -

\/5'1- (20; K{) = \(SIT . L
e nverted fo o o
cosha it us'm_j
\ISU:.)T ) XL‘ \(S,’T

\(STvi s“"‘i\'\/s;r

)



Audomabrabn [l 4 S
= od)

degree 4 SA LP  has 0
L oA CMMTM{)J' S0 sfhable Un

het  ply )

Eclumlzm] degua-d SR re Luderh s

d
com be famd un bt 0 )

yast wake o s-lskmo\ n? linan
.aﬁv\os&\ NS ¢ sl

what  algot SRL cxu*dmca&ﬂc\(o)m‘ 7

UR: sze s = D\‘"\aﬂs

bgv' 5':[35[1(7\) thy 1S QX?l {'\Y;\L!

g . Prow o o(u(ml.L; SA

s \ou\(; o womabrialde
(wet 'Sf'éQ)



