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Lecture 7: meer Pfggremmivg (?rLlivw'chQ

Linear Prcggra mmi ng (LP): ,
- A fondements| oP’timiaa‘t\'oh 'tec\rmi(bue, in T
-“Given o set o‘f n linear (,omtraints (ﬂel‘fqaaces)

H= U\,,... ,e\,,l , uhere 0\;: Qi) Kot B Xat T %, < L’i

3 Feasible (¢gion

| (polato)ac)

- 6\30(§|'\;cn a Iiy\czwf olo\)c(.ti\/c func'tion
J
c(x) = [ I IR A AW Jx ¢, % 6R
(xoa\" Find the Po'mt of the ftéjiLlc rtomov\ tLaT

wmXimizes {:\r\c oL\')u;h\/c f'\mcﬁov\

(%UN, maximizes t\f\(, Q/\g """" .optimum
Wt\'\SQ“a\ @mjf&t\'ow

o ;
on the o\oJch\Vc \lcd‘or) dh %



Matrix Form: , ,
Qiven an v\xd malrix A) Lél?xhem; c€ R, :ﬁml )(.GTK to:

maximize : C'X N it} th o of A

sulo\,‘u,t to: Ax<b zrgr\e»?onds

Thwvee polec outomes:

@ Feasible: A (finite) optnme\ point w\st,s

@ vafcanla\e No Jolu‘t\on \)eceuse, :FeanLlc, ﬁ/\ﬁ s o vertex
of ‘Feasilolc.
(ggion  emply pgtere

@ Unbounded = No optumum finite Jblu‘tnov\
eists becouse feasible fegion is
Unbounc\cé 1% c)ircction o]e olo\')ec'twe, functivn

queesiuc Unbounded




Exomple:
= Given two Point sets, BO’R in | ?\z ;f{ml two Pem“cl lin es
U+ 0 thst ove maximelly thncallvc) separated, with ]
£ a\oo\Ic« JL st. E ||u on o é\oovc,e R I\eJ own oY Lc\ou ﬁ

Formulstad as e,n LP: ?omté lo (lo‘, l’%) B G (r\)x,(m)cﬁ
Livnes: ﬂ, Y = exﬂc L Y= exyt
Constraints: For 171, IR \)“6 > € by +f (; sbove )
Jor §-1,..,\R Gy € et £ & below £ )
'f+3 £ (L*a\oo\m )
OL\ju,tivu maximize :ftf_

Mztcix form:
LP Formuletion: €. ©
- 3 X= f =)
Find (C,'f,f )eR £° -\
t - _ - _ -~
W\e')‘imiz\'vg: 'f"‘: L,\* \ O |:§f} < F’\,v
svlyect to: bpg 1 O | by
biy2 € by+ f N O-l ik
Gy: e‘.ﬁx*{ ~Vx O =\ ~fay
f2f BRI Lo |




LY i spaces o‘f constant  dimension:
= Asome n s leme (asymptitic %vent'l‘t'o)
v d s ontent Cucl) jgnore euen exponentiol depedence)
- el P(e;en“,‘ s (rendonmzed ) e‘gw{tlmm tith
(qépectu;) ruvw\igg tivve O(ol' Y\) = O(V\)

Tncremental Approecl/\:
Twitielization: Fmé é-ka\ﬁpeux t‘/\a't Aa[im
; a laounded solution vy Cor report that
‘ lc. LP s onbounded) — O(dn) time

Tworementel :

J(of C*é*' to n
-éAé &aFJpacc 6\

set vieve,  (no Jaage?
o= else
: Vi, new optime\ \IUW
(Hou? Later )

Lemma: I‘F Vi-l&' e\L ,t‘l\ﬁ new Optimum Vi \\'u on &\-L/s
| \oounéwc\g L\m)e,{‘p\ev\&-




Proof: Let ; dencte i ‘oounéfg Lnaporp‘em,
= Assume (For illustration) ¢ is divected dovmperds.
- VL_.Q 6\;_ =2 Vg, v LJClow Q;
- Suppase to Contrary vi & £;
S v; lies above £
= Sgrmemt Vi Vi intevsects £
e L R ——
- B‘a (,om/qc]ta, P 1S :fces'\\o\\c
- Ty linwritg,o\o\')ectwc Fn. decresses From Vi, ™V,
> p is 2 betber solution then v;
>¢ contradiction! 0

How to upJa'tc opt'\ma\ \lbrt&')(?
= Given Fr’\ow l\e\&peux ({, 4\;.\ , oL\)aZt\'vc, vector ¢,
and wrrent Arapw‘p\em £ l‘

O Tntewseck 4, ..., b, ith Q.

@ c“—P\ro'\)ut ¢ onto &;




. é-\
® Prooect al thie to R N

(Geuss elimination)

@ Rwunsivdvc} wolve this (@-1)-dim
LP on 1= constreints e .

® Prod'cct this back onto Qi

Runv\ind Time,:
O 5
- Wownst wse -~ Be&l OCV\&)
- Expected wse (Rendom

imsortion ovder) .
- élooé '. O(V\) ﬁ’

(Dorst-Case Anel\ésis :

- let Wd(n\ = worst-ase time for

. Q
n constreints in IR

= \/iew B\ng\rittwh Y‘(.LUNNC'Q , ret]/\cr tlf\av\ iv»crcmentel



- Recurrence:

Solve LP on
First n-\

constraints

W, (n) =ywd (h-1)+ 4t [dv\ + W
: k4 A d

_gmgyl

Pro;) et
onto (.

Solve .
Y eLuYs ivdg

B% mduction (exercise) an shou ;) ¢en

Té,st fwilo}[\ta_

Of Vi

> Tl = OG)

(To be continued )
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