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(Taken from Introduction to Mathematical Programming by Winston and Venkataramanan.)

Farmer Jones must decide how many acres of corn and wheat to plant this year. An acre of wheat yields 25
bushels of wheat and requires 10 hours of labor per week. An acre of corn yields 10 bushels of corn and
requires 4 hours of labor per week. Wheat can be sold at $4 per bushel, and comn at $3 per bushel. Seven
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(Taken from Introduction to Mathematical Programming by Winston and Venkataramanan.)

Farmer Jones must decide how many acres of corn and wheat to plant this year. An acre of wheat yields 25
bushels of wheat and requires 10 hours of labor per week. An acre of corn yields 10 bushels of corn and
requires 4 hours of labor per week. Wheat can be sold at $4 per bushel, and corn at $3 per bushel. Seven
acres of land and 40 hours of labor per week are available. Government regulations require that at least 30
bushels of corn need to be produced in each week. Formulate and solve an LP which maximizes the total
revenue that Farmer Jones makes.
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Richy Rich trades currencies, and is working with the Crooner, the currency of Imag-
inationLand, and the US Dollar (USD). He can buy Crooners at the rate of $0.20
USD per Crooner, and can buy USD at the rate of 3 Crooner per USD. Let z; be the
number of USD bought by paying Crooners, and x5 the number of Crooner bought by
paying USD. Assume all transactions happen simultaneously, and the only restriction
is that Richy should have nonnegative numbers of Crooners and USD at the end of
all transactions. Formulate an LP that maximizes the total number of USD Richy has
after all transactions. Graphically solve the LP, and comment on the solution.

OQ_\),Q )cl—:# usD , X = # Crs (CTwr\aJrS) ak end)

Max Z= X - oXe (3 ueD vemaining)

I Xi=dxy 20 (nemngHuep)

Xzé 7 'msﬂnza H Croovens
77

X,/—X?, 20

s %"F” _o

Fe wb(ﬂ Teg/wfl wcderds .A(Douafc{ 2 _> ;,m
Lok UVM’ OA/\C\ (e ae%
shde e %W%W/’HZ’&* e =

Wwithout Wt (ase 4 —
tnbounded LY. 1 1\%

X,

The @Xo@\a%e Vet %/\Wm Dorve are wnreasomoble, ond will
oo ve! 1@»‘%.

4 L .
| usD 2> & G —"éééus[). ~ 9 Picky wald bexome vaw\erj ric|



MATH 364 : Lectwre & (09[05/2024)
TBAWA: (,P —Fwwu,do\:h‘vﬂs
Linear Pkocdmmmmq T mudodion. Probloms
We infrduce  Aewmeral OLP éorwwjﬂfﬁ'm P?vélems. 71\@ b Vel
S napusl 6vm W aff)&'caﬁ'm areil. The wuve Pmé(p/m& gfm e
epgpoted o, DL Mg Comafpuible oo il gd’ir\_-/mk&'ng-/’ﬂm.

g\'&»ﬁy\a Problemg Winehon- Vbnkedayemouan ;™ _Tnio 4o Math Progmww'rg
WV-MP Fwﬂﬂml Pﬂ o

2 During each 4-hour period, the Smalltown police force
requires the following number of on-duty police officers: 12
midnight to 4 A.mM.—8; 4 to 8 AM—7; 8 A.M. to 12 noon—
6: 12 noon to 4 pn—=6; 4 to 8 oii.—5: 8 pM. to 12
wddnight—4. Each polie¢ officer works wwo consecutive
4-hour shifs. Formulate an LP that can be used to minimize
the number of police officers needed to meet Smalltown’s
daily requirements.
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5 Chandler OQil Company has 5,000 barrels of oil 1 and
10,000 barrcls of oil 2. The company sells two products: 0‘? w\az?S} volwme 3

gasoline and heating oil. Both products are produced by .
eq., 10 La 01+

combining oil 1 and oil 2. The quality level of each oil is

as follows: oil l—Jm; oil 2—5. Gasoling must have an

average quality Ievel of at least 8, and heating oil at least 6.
pemand for each product must be creatcd by advertising. A5 JD@ 5“
Each dollar spent advertising ga saline creates 5 barrels of

demand and each spent on heating oil creates LU barrels of

demand. Gasoline is sold for $25 per barrel, heating oil for

<20. Formulate an LP to help Chandler maximize profit.

Assume that no il of either type can be purchascd.
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1 A customer requires during the next four months,
respectively, 50, 65, 100, and 70 units of a commodity (no
backlogging is allowed). Production costs are $5, $8, $4,
and $7 per unit during these months. The storage cost from
one month to the next is $2 per unit (assessed on ending
inventory). It is estimated that each unit on hand at the end
of month 4 could be sold for $6. Formulate an LP that will
minimize the net cost incurred in meeting the demands of

the next four months.
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MATH 364 Leclure 7 (09/10/2024)

We frsk frish TRe tivantory planiing LP.

A's
Ldr X, = + wnifs ?'md“cgcl n ")’wafnl'i/ (=1 -4
A; = # unifs Shved Jon moathd b it iz .4
A= S‘]‘WY‘H'\& [‘HWW (=0o).
700 proklam did mot wentm i Wm%mﬁ
amileble ab Skl of, Amorh 4 m%;%ﬁ
n & — and an wnie all ﬂw,faaﬂanc@ ‘m‘g‘
in @ wifled wanner wirg 5 Cand 0% o 12 17 4).

b1 \}u}me ’ﬁ/&ﬂ chon
Gt 4t 21 2t (il o)
?ro&/\ o g{zmgz ek voenné 0\\.’ MO(

min 2= §x

Corshmints

Ao X = D 4 £, GY‘W\% balance months 1>

£ T X = 6751'/59_ CI'V\V. bodance moﬂﬂr\ 2>
/Sz+ Xy =100 + 2 (v Mﬂé@ movith 3)

&34’ Xq_: “o +/§4 Cfnvi Balance ymonth 4—>
R, =0 ( o SJ(meng ?nv@%}
A0 70, 'Pz’au 1 (WFWQJ)



7@ we ek d. be the domand in menth 4 (s s datn @
givonTo 1), 1€ ould wrile o babnce consfmints o0

all menths m OWLO%.’

(2 4' 1 ’L /
N e—
t'w@ﬂou\f ‘9"‘;"’@"'\”

Moo vole Hfal we do wof Aave to wrik sddiRovoll. cosfoints
ol ersure all deand & Mmek. e vosuld wriie

Bt X — 8 7 d; (m@e) dewand month 4}>

\/\/—\—/
net in?f/ow

E“*’ Tl WWA* < M@M ) the bolante @awg’f’mmk
Ad we do mued Hhe balance Cgr@j‘?mnkjw e oould
/gkcf Yo dewand wrstainks ence T 4[55360 Boplonsre



Ve congdor & firal — ST

9 An insurance company believes that it will require the
ﬁ:ﬂlowing numbers of personal computers during the next
six months: January, 9; February, 5: March, 7; April, 9;
May, 10; June, 5. Computers can be rented for a period of
one, two, or three months at the following unit rates: one-
month rate, $200; two-month rate, $350; three-month rate,
$450. Formulate an LP that can be used to minimize the

cost of renting the required computers. You may assume that
if a machine is rented for a period of time extending beyond
Tune, the kost of the rental should be prorated. For example,
if a computer is rented for three months at the beginning of
May, then a rental fee of %{45{1} = $300, not $450, should
be assessed in the objective function.

4-\}%
el 3(13. = # W% wa‘ecl dw{h‘»g W manth 2 n o J—hwn’m W,
=) b g‘:),?-, 2,

\ X l
- Xy
\ X2 |
— X2z
. X3l '
’ I X33 |
P?o*(mlﬁcl wds L Yo
X . %(4—50 = 200 |
3 ) I | Xel | ' P«o'mkcj
&L’ A (3@) = 3¢ Ys;/
2 —/7r—----/
Ao —3L(45o):/5z> 7%-_/

@



Hink on Dyotlam 1 (Hw3): |
X,g; # W%‘cerg wwlmj SMQJS | and 2 g,'m%/

><lq- /XIS/X/L) X24_ )‘ - Vi X4_é

% agm\,aﬂ' Xi,'ih OLVL& X1;3 —%471}1—\
= # Oﬁg'ccrs wm/Pwa "Wﬁs 19 or 1and &

I-month leases Z\-me'\*et loases 3~$m‘h leases
¢ 5 4
win 2 = 2e0) + 3w (Sx) 4o SHe)
LD n, + L G, + 4 U)X (ol at)
st Xy 4 X, + X Z 4 (S demwnd)
X, X3 + Xy, 4%, * Xn Z 5 Cfo[a demand
o
X F%21 %5 +X, +%,+ X2 Z T (Mar deman )
Z q (A’FY Cﬁmﬂd>
Koot Xay t )(33’*)24 X2 T%2
=z 1D (Mﬂﬁ Ol%'WLOD
Kast Xypt Xeat Xy 152 1552
- b N dewvnd
A N T )
all % Z 0 CWng

Seo Hha AMPL handeak, AMPL Session, andl e ledure video ..



MATH 364 : Lectwre 9 (09/17/2029)
S % LD in ghardad fom
Toémj ¥ basic :anh‘mS ,%{%
We will whoduce e & xddmrdﬂ' m o sbe LR
muthiple. vaviables witng £RDs. To %MS medhod, we firet nad
4 cowed Mo 1Pidh a shwdaid Ax=b form — nole Haf e
(‘W LP could Pore Zz, =,0r = conshounts stk wodfh .

Dol fn LP e in Slandard -fmm—%
1 all eonshaine are (rf Ho =" frm (eqm%'ws)s and

o all vavibler @r€ mmnzém“ve (7@)7x

The dbjertive ibam%‘m wdd e min or max.
So MO =0 or
L converk ‘ . wareetdded in i
Leks comvnk e {etlewing LY Fo Shauchsel Jovm: P
mn 2= 2x, X2
sk X Zz 3
Lebe copader Mvic congauink Pt
28 —% = 3

X, % 20

(e cenvert X+ =4 b0 an equahon

Slﬂd‘ W’ﬂ\ﬁul- A Jo he %wg\ﬂ QCL‘Z/ A

= Nole ol Bz0 1S rea}u»'rf.:\/ AHare.
Xl +7<2 1 - f)fb A=, wa fV\SJﬂVlCQ/ x’+X2:5/
2 Z O wsluch viotakes Hhe mfgfw/ sonshaint

adling A ‘
m&% won-ngtve o &



pemll: Tamer Joreg LY
XX, = F (arnd Aneb(2)

4, $10%, =40 2% /QVS)
> 4 auves ww&eo) & > sk vourtable éof
X ¥ 4 ﬂ\/:?— Fho it constaint

4XAI0% B, = 40
S lboe e wused

A},/gz =0

"\]0\/0, 1@{ 7<‘7/8, we. @n o\m{f

X, —¢ =25 ond 0dd e ZO.

lepe 2 & Hho axass wavinble (o gxx‘g@g v b(2).

wmin 2= Bxt+Xa min 2 = 31 Xe
S-C X, 7/3 5 S‘l—;' >(\ - £ -3
Xl’l'XZ = 4+ X(+X7— %—554
2‘7(\’)(;’_—:'3 ZKI_'XZ_ = 5
X, % 20 X,, %y , A€ ZO
\/\/ —

LP in clandard {)wa

g(uk/ exons Vorad dp mot Show WF in The %jeeﬁve —?mncf'fm,
S Or, ﬁ‘«’vud Rave Co%w“emL gexo in lhe e@d‘a}v‘ve €anc/7‘on-



Pnothor mvﬂlﬂe

WX Z"—' 7—0X,+|5>(2_
.gl? Xl <

< 0O /S(

9F e dutk wr\vemw{‘ votodiore

‘Y e A 60( S(m,k W)Lmv@&

- = 0]9 M condbaunt, and éj #Y?LVD\@
50K, + 35K, = S0 4

—~ oD ¢ L)X ceds W)m\)@/e of Ot
Rp ¥ IR T QWWWWWW
X, X% Z0© Yo XM, X P te 4lack[encs?s
ornab(es
Max 2= Zox +18%
= x| + A, = loo
XZ + /.SZ = 200
gDX] ’)—%QXZ‘ + /55 = 5oop
QQX)—)"ISYZ —64_ — 2000
>CI/‘)QZ/ ’51//82_,55/ %‘ =20

A, iopd P et A (Z)P o o Sancrd Jgrm LP
will  be [AJ,JX _1 LK re

>mﬂaa
_/ - "almost WHZ” W GMCX [Ajf} Slg.blt/w(%

Vare.

L \szd'mw\kam 4/7[RWWQ_SQ,(EA1] &Yedk
i e mxm ]de-d Wi (WW/\&W are M conchrink).



We will ke abmt Yo Aeond  Condifion (56)—67(4,(\(1 Al varighly o be 20)
fdor on. Tov nows, amume all vaniables WZO{?D&H{(:WVW

One o 1R Aardind fom mobiee frak e omeboick all form &

selukion, Hore W«
9‘1”@”" AX g Eﬁm gﬂg%/f:\gu W@ Kwal gotmdon. P\x«

: LP i , 1'0(@% W enck
E&Zm}\ﬁ&f %%wibs %MM il e

s soluh
Oonchion o chove & bust zsmm{imm%%m‘ s Solion

g

: Iandard i max ¢C
Ap L in Sanderd form e 2

D {I %Y
Oy O

7

Recall : 63 for goling AX-b, MeR™  ank(A)= m=

|61 — [anlt] 22 [T fl[E]
With X at the m bagie veomd les and Xy as The (n-m) non -k
(o ) \/emmbl@@ R aw% with X Eﬂ

< N7 E
Xp? N %y

0[\0091‘1\% ?,\):5( (wa‘w o'€ Famvr\&[ﬂﬁ)/weg,g} 7(5-.-,be2.
oluhon X obfaired 633"'”"5 _%=p i clled a basic gdudion
k% =b.

¥g=0 => Xg =

The soluh
%

i

L_)]’c& Q Ew‘c gﬂ&/«}?‘ow

&b is[
/

<

e
osae.



oo Jo Bnd (R) brgic Letukionts) /

I Choose ™ b variableg (BV), wtuch cmrwlbmc} o

T /%Mcmuldée
LT cdame @ AU 7 T ae s

L. Q@\'*fﬁ\g. Wﬂfﬂ% (y;-m) W—W‘c VA TS (NBV) 4 0.
2. Solve —J@/ o bagne voiobles.

|
Example v, =5

A;[I \o],l;: _ﬂ Mm=2, N=3

O~ |

[ BV=3x%,%6% NB\I:%)%% . Sek Ay=0, Solwe #{ X, Xo
XitX =3

—-XL ——

— pA
gb; 6&&\‘C zoﬁb{v‘mﬂ_ w X= [é]

X. B\/: %xuxa% , M&V}%X;% _ . - Lo
ot 5
J/;—fé%@su@w}v‘mqeffgw

Bagie  gelubor. s X= I?
T Ry, o F O

3. BVU- Sk ), NBY= 4x7 X=0

— 0]
Base golubor. & X Igj



Def Tor an LP inchandbrd Jorm, 4 bosic 2clufion. in which
all vewnbles are WW& 5 o lage fenble soution (5.

M‘ﬁ Sv‘udﬂ L;]%é 7

pﬂdé 76 an LP in slandard
-,()t?fm Dot on O]D?)'ﬂmp gv&,m%n/
o A Covrer ]zoimL A

%«mmﬂkg,d to Be o{;ﬁ‘wd.

@. Does WQ/@ feakr{)& LP bave & covner F*o?yd’? No |

1 ‘)CZ
Cchbw wox Xo A
X,/u\rs T ,
Uun ré&}ﬂ‘cmted in 3:‘@4« 77<‘

csudd be zo v =0

Thave are o commor P oinfs Roe. The LP Is indzed ot ynbounded.
(‘ma (o) With x=2 15 an optml sdluion (Cue 2.

%2
}z, %54 AAOJ X, 29, we Foan LP L Covret FOM}S
i shandad ﬁwm, ond We gac[— 7 /’
feoo  corner Foifz{&.’ B )

—>
| .



Resul ooy LT in shnderd o fos comer poirdf
Result A ’Fol‘ml e feastle region of an LP in slandad fpr
e A correr jzomf‘ q',{éand 61\1(/(5 4’45,}% aorre&Fordz b a bE
Lo Cmm?oinl' = bPS
We depmmshale Bio correspondence foe Fha Fosmerdores LP:

e Jomes LY XV4£°
N 429
Max %= 307(,4—[(?07(;, X N F:(G/?')
e %
'gl; X(+Xz é# /S\ S'D \k GI(B,@
2 H 0%, =40 4,
0 z 30 N
(0%, 4 %3 :hum"";\l' i 7270
X{) )C;, ZO = ’,_\
£ X +0y.
5 — 4 : ;%C
23 4 5 67 Whx,
g—fﬁmdﬂ'(dw
vV
Wax 7= 20% 400X
<.
(' X,"' Xo 4 A = +F Wl:5/ n=5
10X, — 0y = 20 fang=m=3

X,J le’&l)»gzlzg 70



X' + Xz + /g\ - ?
4)<1 + (0% t4, = 40
IOXI — 03 = Zp

B\/= ?X,,X;_/Al% /NBV:‘ 62/92,83%

8@%‘% /st,eg—:_o) aVIA g'D\/V\(Vg W'Q %6(7 ><,:g, X}:Z'gl 512).2.

>H(32.2)

X = e o\LP;/ and WN%FMO/&#%W@ H(z2.8)



MATH 364 © Lecture 10 (09/19/2024)

* Covr&@ wdwce bdwaw %S & Covyref Pom'}s
/rOXWé > lelec ywathod

X Jonea Ly Yo p 112 4 (329
5,2
wax 2= 20%+100X5 Z((B/[z
£~b X, + X+ & = 7F ,)
45,1 0% t5, = 40
j0X, gy = 20 37 ¥, 70
UI%UVQQA of
XU X"/ /&I)»gz/ 23 70 # T £ % 1on,

. ) "%’@C
1o} T T v v

We aaur &V—%/,,x;,g,%lf\)gv;%, ealg ?\MA fhe b =HB2 %)
3

X
— %28
X= 4|2
0
45 17

tov BV= %XL//%,Z % NBY= %x\)%% %\V‘é’/& e lngic  oGikion

‘l/’cowukmd& b BOT), Dudh & ol [aagble.
A O
zj—};;, 7

X,=F, €= 30, A7
bx, + &, =40 =
-4, = 20

We codd by o W comespaclig o each Gt prid
vaed*% Bmm e ?‘Cvtw'e



L?«{‘/ consder F(52)
X =5, %= 2 are in BV.
Mo F e (and 0et) and (bl b
Cmvémmk are )ofndlvz)( (e
oh). Ponce

Sa)‘isbied a esrv@fifh

£, =0 m\d 2,=0. @u}"/ﬁﬁ Y z 727
wr\-w»’p conchonint 1 wsnklrd«ﬁ 7 3| %"%%c]\
ot F, bane 270 tene o T 23 ¢ 56 SEATT

&V-= %X,,Xz,eg%) N\ = %&IZ,:%)

AR L% s - T1g
= 21
j; 9 lo(g)-20

We o F o corret dence Lehseoi comey poinfs and
LR in mc OA gﬁ,amn])% . P

&)YM?W‘@C@ behoaun J;‘@’S CZV\C\ Cavret” fm‘n}s
1
C@YV\Q/\( 1‘901}’1:" B\/ NBV Ix, xz%réé;_ _e%]
A(-q-/0> X(/25/XL XQ—-/ /S] [?’0 (0] ’24‘2]
£ (%0) X, 8,8, X2, 82 | [204 28 o]
H(3,2%) | X X2, & | 22,85 | [328 120 0]
P(gl 2> X;/XZ_/€5 A, 22 [5 2 0 0 ZO]




Leks gummarige & Lk W feve gen the ﬂ/@wig vesulls.

* % f}’Q/\Q LP in s}qmdarr( %)WM %4.8 an OP}wa Ghuhion We vl
a apnes Fom S O{JhyNJ
X  Carex FOMJFS &= bk

Hener we g/a} He %Mwﬁ‘ﬂj resf .

Tﬁemem ‘?b an LP in dandard {)mwu Loz am O(F%Wf zdubion,

e dea ¢ h S\wv\’ At e
The Q\m‘)[% waethod prlmo& e correr por infs or %SM' WK‘MJ,\,‘;;? ﬁﬁna/ﬂm

b{'s and L h & '\Uﬁc‘b‘” awmrzm% e 2Aine

w(' i s}r%w%wmd# ( i 2D, we gwidh

%\\,@m lhove.

QMMWM

X dat aF o b= C@(r\a/rlooﬂr

X T@M“(o%w& ol o & thj@d\jmi’) @%/SO
MHM?MMWWM

> o sudh lefler” aé\jMF L% oxicts, e
WW%WMWWf s opfinal



Ac\;\ﬂ\m# bé

Do o o LP in shandatd fpr ol n varinblee and m
conchninls (2 v k()= , F0 s are sid 4o be
ad&aw\\- %”fﬁmj oo (m-i) Comma Kot varinkleg.

Comox 1|>0{nlr By NBY | 1w s <]
> (?IO) @(12/5,@ X, % | [#0 012 4]
£ (30 @,/s,l@ Y2, 8 | [% 0 4 28 O]
Sr(5,2) |Kkdg| A0 2 |[5 2 0 0 2] '

Tor incyance,
none fp Hhe a&jwk bee Fl&2),

Ot adjanenk bfs L A s
E, and dence we do mef YWVE + E.

e 22350 Nohee et fhe
E(2,0) D 2=%0 a

Repaking A Sare PW’“WI aUL F o e adjoront
19’% H;;?,Ioz.g), where 22370 From H, Bofi OLAJAW/C Covroy FvimLS
(Fand E) Ao emallor 22mduey and Jorie we tan eonclade Tt

Hoie mapﬁmﬁ &ludion.

We @u\dlal%mﬁw% gk ok E and  wmone f H dn'vec;!’@,



Howo many Us's are fhere 7

C@a% ahe P ﬁ’j @v?z[&/m%ng 2 ab bk (comer FDM/D
Lohak i e vox H bEL an L wn ve /

o e bl we need %Jwa&em iz vninbles sl o n vrinbles:

Henee fwre are |7 Chotaes, tohaich coudd be quik

YYJ Ml(nfm)
b oabf

Bub ot all o those Choices m?@r ead

Ou fho ove M Hort e Mﬁuaﬂ;lmwgwjjc( P
inglances bx QMU':; k@s (mu% / /

wedd Dot Fo ek au%

b {'ws\a\z zr%wme)
E Q mms MSW%(/

_ Han 'VWO} LPS Q1
o T i% ;%W sz}wcﬁwe Oﬁ{md

cob +ev\A cvvof(i
MMM&;\YZ( Q Mwma \/\thj -{)m’r n S’D[/Vay\a,

Y3y L.



Sim{l)lzw Meffwo?

glMPtUC }((gort}ﬁm ‘@V WXI‘W%#WL Z/Ps

Skp t  Gonrott LP o shandard frm
o2 Objuin o s fyo Fi chreed o
&éﬁ Hnd (% cuxrent b% = OPJ—;WQ,

W \es, STF
&ﬁg_ﬁc cavront BE 1e gt oP‘w‘waQ, .{}mcl WQ‘J\ Wan-basic
veriable Should become bagre, and whichh Kosic veomable

ghould  Duome von-bagic I 0@er Jo MOVE Yo an
Ao Bechne dunchion vadue.

wuant i
QA’Q@WA b% o &g%we n\!re golvﬁﬁ{je:k wax LP

gﬁg e ERD= o oblwin the a\éjﬂmi' bé<.
Rofaxn o Sleff%.

f;)f’— SPW&] e defads fr each step ar we ilhuthete e
w*ﬂﬁl:im m’ﬁm/( o &n @cample. We SJant with. an P
Ve /&w’)\ _;:(’Ye =. SFQPZ becemes in s e We will
0 | dool with =’ ond = S chainfs  loder om.

e il avare alo ot A veriokbs e ?wnm?mé}/a fv Nodl



Solwe he —@Howfr\é LP noing tra &‘mf)]zy yefhod

max == 2x 3%z

sk Xl—l'szé_é % 70
X, Xo 7©
8\{€|2 1 max 7 = 28+
N X, 2% + 4 A
&

2% + Xz 45, =
xl/ XL/ 51/ ’SZ ZO

%:?'Z We 1(2;“}, wrfjre o l/P n Q move maawf%c‘ manneA -

O
0. "'ZXI ”5Xz
I X, + 2x, + 6 CawmcaQ ()O"VL
2z 2% + Xz = &

An LP 8 boﬂﬂen n Canomcaﬂ
nluding Row-0 Hat & variable i (nc&/dmg Z} M%

CO@AB%WQM 1 infal ved and 2 in ey sfhey Tow.

leve, 424,87 is fhe s of Gunonial vannblos

wa V\CJ\BOQ " \ ‘CHQWIDL@MIHW
C%g “A%m,%”%fmﬂamw all 29,

o b fov The noricad .
Lle/"ﬁ wesel')(, X=0, Cmd 3/64 A= é/3~8 cmc} Z2=0.




MATH 364 Lecture 11 (09/24/2024)
TOA% - elmplex fv max LP

* Aololaac /&’WV\F’U/X
g‘lm?luc )((gon;ffm ‘F)?( wxfnu‘}ﬁ#m L
g_fe%_ﬂ Gonvolt LP fo  slandard ff"""
Up2 Oin a bl fooe the shebd g Recatt #Re
8\_«1@3 Fnd 4}6 cwrrent Ia% & th‘ymﬁ Slch af He

Slep R ol Jind k) nanh
‘LC k \ M \ / . - Al ]
qvﬁvnjl:mgh»;f ;ww E:*c,a,a B A mng for wax-LP
) Abusme menbage in oder Jo Tove To AN
wa:lmjr b orth & %ﬂw ojechie funchion varlue
.812?5 e R0 to obinin e a\s:ljm-m\ b be.
Raduxn o 9({73.

Ne will conbime with e @(WYQ, 6mm | ecdure 10°

mox z= 2x+3%; SICE /1_ maxX Z = Z)Yl-f-,ng_
A Z0 _
SL X"}’zxz_éé /g|/ S.[‘; XI+ZX;+AI = é
o
Xl) XQ_ 7/ x’j XL/ g'/ /SZ ZO

%ﬂz 0. [2\—2x ~X= = O | G read oA Lf?skmm
] X 26+ = 67 e lPin monical foem:
z Z'Xl + XZ + = 8 l-kjre/ /d>|':6//$2/;g fSH/Q

B\I-—:%’Z—' 5,/8;11 NBV'—‘ %K()Xz%- b%)%/(\/llﬂé =0



_Sﬁ\l?_%_ (heck \7(0 o] e 1S o.PHrmﬂ
1< © el A we cwmer ; -—]ﬁ\a e
[‘k’?ﬂ 7= 2X 43X =0 meu (\’tgg'l- hotd X, = )&-o)

()% X=\, Z bewmes & %go ww]—%:sm%eﬁmﬂ

wool, 2z beomer 2 b will sez in S whache
(}“B 'fﬁwziw vavfnweq?j\lﬁ‘mumg JE

Seod et o more 2 cmacgwu/rbé g Heal 2

2 - voduse inereaned.
|/\)e, me +o mdw m(re?/%ﬂ Wk W&éﬁ’m 0 h } N3N
e LT ot 1y Bi s

, a8 W wmﬂl 'h) Mo
Lot e Bare Voviah(e with e carreit 2
(e Coudd  (novense eror x, o Xy b imbove 2 BU d(%wd{:/
W FNP%& yoon-Bast veriable Hoal He (mg%k ke of
oreaze — Rare, HS G e % B2 en-l'enrg variable.

XL eV\kG

0. "ZXI "'5)(2 = 0
I X, 42X+ = 6



%we_ku/P I'Vlwwokl‘,\é X, QM/&WJ}MWWW/QN @3
5(; A MYWW loao lee n,Q(?aJQ‘V@/ ).Q., |‘y\€¢k»‘6’e.
Qoo\)i: 2%yt gl:e = A =é«2x02‘
Row2! x +A=8 = %= %8-%
n<3

70 @ $[7/0/ e W l‘/‘lMW X)_ b%ﬂ”({ 6/& = 8/ /fe'/

Similolyy, fkup 420 X =8
C/wegz}y Hhe  Smaller sﬁ fhe Fn &'mf/s) M?ef <8

A o Rt MM/

On Ho oftur dand, U The O/MM

g &= CH2x,, insfrmnce, Thare L1 B g Lk plaed on fhe
o f X o To oot Gmilely Y famng/szddw

JM onlee.a./ 4,=8, We L\mJJ Tt Oaxf An fbﬂw% «gwc/ on X, -
i éwwﬂt% %ﬁw theeryafions inds oo mawimum radio el

(i vt el o shonk) for pickizp ik, veable Mhoes T b

Minimum Rako Tosh (sin o fest)
fov eadh conehaint o0 b Dos a lew wc{ﬁa‘ml’ {)or fhe
Qm#@n‘ng voouable, c@vulMe 2 oo
}’u‘yﬁf’%&nJ Gde Df 7000
Coefeiont of «%Wn'r(j) Ve [ o

Tha crallesk qong all Huse b 1< e el ol the
Q,V\‘ren‘y\.& veounble om .




Jere B}
, Row L [3/2—_3 'm'nfm#o = 3,

. Yw’fﬂaf“!‘s’lf\l

m vorioble Yot s basic (Or mmm‘o%@ ‘
variable.

pmnar o Ho i Fet € the Kwing
hne, 2 Awaves fho bagis

Slep 5" Make ~ enter variaBle Geate (or cnonical) in
o voro That wan'ﬁ%ﬁ omin-vatio Jest u&wg ERCk.

A{M, make X, barte n Rows { ) le, Trake coz%f‘a'ewtﬁl—p *3
[Q“")i = :l} leC/ ) l|)’) @ﬂ‘ﬁr youws (}na&d{,yaO /200(7*0)

n
J
0. [2\—2x —5X = 0 o s p 1) Hen
[ X, -]—@4' = 6 %7 l>‘(§)/ Tk
2 ox + Yo \ JHE)= 8 §=% Ro 43Ry, Re™ ™
1,
= ~L’;(” + %5 =
e X %) 9 BV= 92, le,gj&
all seps’ & Ly 1t X% +ths =32 i
He naxt | %’2—7 X enlers
- _= =10
i s Sata= 5 s R AR,
Z Tho s = s R-LR.
5t 7@»] —"/B’S;’_: 475
A ~lps 2= %

[
BV;%%IJXUXZ% i< OFHWMQ, ags Z= %’_ 47551—/3’57—) QACJ

inoveata edfer A oy /S& om0 will decrease =.

We Pe%om@(/ hoo iledione oF fRe Qv‘mf&/x wefhod above.



Coneader ho @[lw)iﬂﬁ LP:

Max 2 = Q% —X, X3
cb. ax 4k 4%, S0 A
X, ~X,,‘\o'b(5—<~m y 22
X 4% % S A
X, X2, X3 20

We  can all fhe ’th'bm mw A W -]wé[,@ 60”{% Cn”e‘c{.
fho Simplx ibleai (WM%%\;M[O")_ ML coluulalions m %u;ﬂfy
W%co/m s dwal Thic vouion 07 fla Surmplux % ol
The 4ab leau gin%uc method.. 0%

Cah Nabloan OW'*MFMJS fo a LIB’, mum/y W ic conghueted COWGL%‘-
M fauk, we esald dﬂ'mc’r% 40 h e SJW/’/'I;\g tbloau  frome A fiven P

shking b Lsat (i
yveX %= ZX,’Yz‘f’X@ (Z X, X, Xy A =2y /Sm

Sk, 8%+ trzsbo 2 . =2 | -] o o0 o o
X —y e =10 22 o 2 | 11 o o 6o
‘ 202)3<°2 P o (D~ =2 o 1 o 10
X 4% ~ Xz =0 73 0 Al | —l o o | 20
X, % K2 70 yalwe 1/ 0 TI 8 0 = 0 =20
2 . e | = 2 0 | o |0
R, —322. T)' ve D 0 -3 o —( )0
Romie [0 0o % o0 % L|%
\23&@/ HRan O o O l | - -2 10
R, +Rq , R—4Rs, 0 | 0 o0 kB kL I5
R, Ry o 0o | % 0 ~kh X% 5
o

Al it/s_J_‘,(\Zdw \m‘w()(a&) in Kuw-0 are 70 A
— (QRM, i ; ‘W/Q/ ]‘S’ :
> ( e bé) 1S af?)" a&c()ag

The oFﬁWQ afubion 1e X215 %=g, H=10) ond 2= 45



erenf [z{s is oﬁiwf [{’wawx L,D) Jf e numhers ]5" Rauh ©

verndle o o0 e simplir ” Jsblaau are nonngufie

Let ue veeall #ne idea of fw min rodin best ”‘I’W o o K ﬁw’glf

. Y, QV’ ?)g;ygz,/gg ?) NBV:iquz,/VsiA %W’? | o Xg [W 51”0)
will morezce The z-value . We }71‘(/,'\ X, 04 e m{{ofj UNCrerae IS Mg
77\“9/ X, re he enleru‘rg variable.

B 21y mane do an adpuent b af Wik 1S Z-value 18

beﬂw%z:éx;w R LP),%WM?LD an K{“&M’%ﬁ,wc ex one
) with, A ewrrent yem bas'e wariable , we Qe f'ﬂﬁjz i

ables

e Lagis, and Pumeve et Mo urnt barc van
7‘681' Mfs ul + Jkojan%j He [anvg erl‘wé/&

inchude X in
6’"'% fiz BV st The min-rafo

'T& 3 conshmint Qs]mw/v'tms an fhe ﬁrd’ Lablean read as q%/[ow,g.

2x, + A = bo A = 6o =3
X, A= 10 = A, =1M-X

We nud do kep 470, 570 K, 70 Ao #mf@'%, Uom ez
we gel 4o-3%20, 108 20, do—X 20, 9 efmv;,émf%,

X = % , X €10, X s ik adl Hold when X <10
wWhen X 20, A, bewrmer Mjmﬁ‘w@ e, ke Aare 1o W .ﬁwj.'(,i,e.
Ao X, ='T°= (0 i The wlhr\u-og T Min m'f'b "’%(7) &nol Aance
v, b0 eomes W Qoujo?/ " whuch 2o i Wf@‘*@ al M’
Ha Mlen;g, vaundle X, \feflﬂm A, 6«»7»1, g s} (ie, A leaves fo bagic).
Nobice, drab o we B0 A= DT %«;fu{«rg =), T iy “"“(j
’N’i’“ﬂbzd ’)«mmam’v'w eg/gz. fhas s fhe raum w&d we do wot Condrder

iy 155 haF Junt. vagahve o ) Cotfinns fo o erirg vl

s for fhe Min



MATH 364 : Lectwre 12 (09/27/2024)

% gimplex for min L
Toclmj: % of,(@mhifﬁ hrol Sotchons ™ g,’mf)lwc method
* unloeundecl =

% biy-M Simplex method
8l‘mlplw method -pw Yin LI
Te rifera do decide mkn‘rg vowenble and optimality of The
bl are effoxia%%e&a used i a wex LP
% Curvent s is ophimal f all members ie Roto-0
1%* vwunbles are =0 (W"thve)
% Nonbawc venble with the st posative number in
Rou-0 onters (delpudl sule fpi enferry voealie)
*  min—yaho ¥et: Samg ag n max LP

M 2=4x A2
ol ox 4v,e® A BVE X Mo B % P e
| —4 1 O O © 6]
X =& iz s 0 2 1 | o0 8
— =4 s D | | O 5
><7,< 7;2 o 40 0 Y oL 4
1)h2 &~ 1 =4 o 0 -1 o |-5
B0 2 o I - p 3
X 00 ( 0 1V 0 &
2, 0 D o \ I 9

Cuyrent 'Fmbluw( (<8 on'ymf/ as  all #¢ in Kew-0 under
voouibh (g Gre m,}w’/y‘w, @Pﬁy,@[ solufion 1%

X2:~5/ 2,33/ /&3: q/ aﬂd 2’7&:— _9-1



MNoother approath ]@f min-Lfx _
| U min @ X nax —CX
Inslead Of S’OLW’g % oL A;i_}g% ) 20lve % st A):_(é;;_)

(/(Sryg }(‘&Q Cn‘%erOL ‘@YWX/LP K@ll Z}fm al ’Z-))’)GMX/ M)‘Hﬁ,rf
2, . ¢ T Z B he vax-LP The okimol S hoobs SO

A Horrative Qpﬁm«ﬂ Slupms

s.E. 8x,+2x, < Ib
Sx, + Zx =12

><|I>(2 -0

Pyt /—\ and) B/ s well ox ony )291n7L on AB ane O/Dﬁ'mz/ goluhons

In 2D we wedd Dowe 3 or mee verhus which ane all

ol Mo Sme fwe, and Ha bide” dlefired by allof
%ﬂ il T (/‘m@nj,yle Numbes af) alfernabie o/yémﬂ
pdiions (Similon fo Segirent AE Ferg)



l/t)é w)ll ﬁwe moré “}ﬁwn me. OFHWQ %(ﬂ@u} Co*/i"%})bﬂdcyzf to wuh @
OPH 101@3 bieak fies w\bﬂvzm;:g
<

R e e
gt ><,+xz+x5ﬁ41, .0 1 o0 2z O | |
K, % ' o 0o | 10 \ —
Ki) XZ/XZ_ZD Xi 0 | @ \ | 0 1 —JL)W
2, 0 0 -l I O
1 O O ! ] O ’ UP}\MK,Q
) 0O 0 L 1 0

In tho last wbloau, £, bar ot 2000 W1 QM-O/ ond could

onlox Ha Bavie. Bub we'll get Hoo previous oPh'M Jableau.

Cmfmjan

9%%{2 w%‘aemt of o v base verioBle in ,Qe;i,po han
Yol Wleard g 20, Hhore axiet al{a‘waﬁvﬂ‘ Dph geluh'ong.

(g) e aan Pf\/ofq‘ﬁuh veouoble {yn[z Hy baws, thou there M€

al vy OP%M bjésé

There are 3 oph'mf Wes b, mr%(zoﬂd/ﬁyg to

=] ) XZ‘:{ am@ xX="1
x2="0 ’gz:’/ £,=0



Pt inlomef 0%t fhee 3 s cmre/s}awg Yy o

OHYM/ SO{M,J)'OYISW X[ _xJo
el it A=) @ ;H
Meo, any poirt on He Line sgrant A5 & optinal,

Q'MJ &:ﬂ(AHl—o(}B, p<Xx<l 1S oph‘maﬂ- )

%= X | 4((—909 ,7;;\0—(‘)( ,  0gx<). \
A T xlO R
Tl e o A 4
L} frwe xpresaom s ﬁmliﬁaﬂwﬂw( %”GPW;C 14% o
B Indlance ) o<:o.5'/ W %el- fha MJ Foin'} O‘F m )
Ideed, 2 =X 4= o= = 2 for any sudh o

WHh 2 dfferont Ohiral verbies MiBC, ol optim<l
Colutions @m be wrffen. Ak

X = KAA’rV{&B—)-O(CC , 0%,
O(AMB*’O%:l .

€3 =24 =1, X@;}O /_jf“"“
A poirf of AC. i \
dho  owd po )

X Aore 5 A comwex combinafion. oﬁ ABC.
B rson combirodion e X = AaAT oo Bt 4C, froden €R
_TCMAL A ComeX C,GTYJQI’Y\Q*‘\WL e &’ SFeoc‘aQ Drngarn combnation

i, X, < |

B



@
z
Yea in 2D (and %ﬂi d«wusrw) QMMHC Wf”””"ﬁ

”Le %Ph"& Liks W o\amg} an  enhre 1@& ﬁfzré - PW / Q
Shecre it «Gve Covher vak ?,;—:5 fj"/‘( indlance 5,
m‘

géuj?\ corney Dot ‘l) S ofﬂwﬂ OMA % i ﬁ‘vv ]
n (] 31\&; Av\:j m o fie IHMJ‘FZW (s
“ o Lokl M% m vs—a ermmw@@g,%&ue

Couckd 7 (et
T jur2)
Def ) convex cembinabm of B, @& s
7 _ fl,
:30(4-75/ Oéog-g)i JZ:I;OS‘—’

B inhince, Whan W=, =0 fo 4:/,%5, 5o . Shiloly, e |
ol o(s”l/z,, ol =%,=%, =0 e ?% x=L 'IM’IP) ufﬂ»o&@] %wlm\"lc\fﬂd
% fie ﬂwsezw,& Cmnmlvg B and % P an oG e ol g,

% e Condoid” (o Mrﬂ?@q M Ne  Correr F"'“k



Upbounded | Fe
de Mo Zline without,  Aimitfs

Recall ok in 2D, when could shiae
tobule T/WPWVMQ 2 and N@mr\ﬁ @.ﬂmo\a_/ fe LP i wnlbounded .

9o?)(
max ==t BN 2 X, X, 3 Az rhe
S.t x—X, =4 (
‘ v [ O — o ) 0
—%Pe=l A0 | -L 1 0 4
XHXZ ZO Aa O -l CD () | ]
1 = 0 0O 2 o
g o | O 0 | ) =
Ko 0 |- | O ] I

K _
We do yot-baue any andidades 1@1 WRe qun-rodio Jogt in the

oo bloay —> LP is unbmrded. x, could ender the Batis

and fmimwa Hho Zvodnz, ok Ahere 13 v Lot on Heow rruth

W inoree can e
The 67(w'7'on_<: (in Rouss /d2) are

5= ?aBXlMeM%) Both =,

XX, =1 = Xz =I+X

Crikvion: The bleay fas 2 an-basic vanable m&
anlow and Impme the Vel of 2 bt
e 7w candedades ngh- o,



g’o%\r,-{ﬁq_d’;w&%&wa"ay&aﬂc@%ﬁwm @
%hnm(/mfr\ z ‘Lg e B 20 X=0 1< Madc{.\ea&n‘[o(z Lore .
&
0

N

o 0|

Qor we do mef- 8’6}' “WFG?&‘UG L=
T CD’M’I({(‘M’ I}h{—’é@k)é(l Z/PS/ 0\)@/‘/'/()/7206«66 Q_M bl /%,'MF
fof conld Handle Z ond = conshaints
TL\Q b)‘@JW Mefhed o’E o Janu Q'mple,x
Cﬂt’\ /@m\&\e Zz or = WSWHE

TPeR * add Omtﬂi;jf vasoblez n eder o obiwn
ghﬂn’v% .

K modi edive ]@m}ﬂ‘zm 8o R’ o _fm,g o

Wﬁggﬁ O%A wbles P o0 in the oFb‘m/ 2olubion .

iy method

mn Z= 2X43Xo
9.t 2x,4X, 2 4 >

X, X 20

_Sl_e?_i Modiﬁg o conemints &0 ot all Re values are mnnejaﬁve.
Rocall Aot we can Yad off fe bfe [y Hhe bablas — aning all e
velugs are Z0. a)ga, %ﬂﬁi'ﬂ;w'g e viohded.

/I e velue o 4 covehaint 1= n%aﬁ'w) ecals it @8 ~|.

T Sowe of e mqumg e Sweorced Sore.

&0

& x -l = —I(Xr&z—-l) X 4K <]

Sor inslance, Consider —37 -5 Malhplgne his irauatil by~ indeed
ronenes Ahe conse of e dnopualihys —(-35-5) 5 355



One Mvm\ &:,51 ULS\/&g bd dack vwiinkles i Hok we an chowre
P

e OOViTWS cking fhe Slack \mnm,@]a/s e e BV
Buk 160( =z r\4'$ we b xeess vaniables, whidh are mot
Cow:o’Vll(-'ﬂ»Q g\rmbw(,y do ot Jaure obviowns Camomieal. vaniables \aw

2 oomehambs. Honee, we add ankliual veniables for Auch conéainks .

§'5’F— Md an afifonl vornble @, 45 wochaidl < i 1S A
= or = cnshuint and add 4;zo

(1) = 2x+%.+a4, Z 4 (')

Ske> T 2P, add —a, e shiehie funhion (2
m\dE,/( Mmin-LP  add H/la bz wﬂu{z M a[avae Fogf"”e number:

/”9%@ fexm .b,,rws &, +o

min Z= 2x+3x.1 Ma, AT W%”Q

) Sduhm Qs d 'h/\?-
a.t. Q.X,-}—XL«,'— QA 4 — (’ / LP s vk Ir»(\m?lo\ﬂ_
— X, 4%, =] — (=) Wifn ke M coe,g?um{

X, %, Q z 0 as 4o, * 5

PATI < %’i e e
WM“G70'S'

M ade Bke o bt wo cm “Pande”
20 M —= AN + 123452

—AMFI0 < —NM— ASDOOOO



Slep4 Comnt all ingualiies shucred fym (g Sloek]encess vars),

WII\Y\ Z= le+5X2_+ Ma,
9.t LX FX, + Ry — e,
. X}+X2 +57_

@
%1 %y a'/ e‘)/g:z. E

4 — (7
l
o

We will d%WLJQ 1Re mwmmyzo élefba i e part lecture. -



MATH 364 : Lechure 13 (10/01/2024) e

Next '&esdaﬁ (ock 8) : Midderm (in-clases; prachce midm i
Topres : g\“’”j'mfvﬁ before big-M meffod P

Todow: * m{?e%si:g i pblout Simplox

*urs

wish desvubing 0 Slepe of b M %4 sethed .

meﬁleﬁug clers. 14 o S e i

_'S_'L?Jpg Comert LP 4o carenical Lym mmﬁy\j +he (,o%tu’em#
o b fusf il 0 in R o gero oy S8
The il b2 will Ren Have all Shuk (&) ond
wihflcial Ve dnblos (@<). Sbre e w«f/?'y LP Febloar

B\/ 2 7<, Xz €, 32. / )’@S
2 -z o o M o R+MR
0 2 | -1 © 1 9
o —I N I o ;
| zmz M3 M O o M
a4, 0 @ I o { g
&, 0 o | &) ; ned B,
| [0 -2 -+ 0 —d| 4 R, —(2M-D R
X0 | Vz_ —J/,_ O\'{; 5
2, 0 O - \
2 Y2 /2 W —[ziﬁ—%é_
. e * -—V{-\-[zp{-z)li
G et 0 28,7

96 a,mé q; 5 70 n e ophrald Jabloan (e, It /s Basic),
e 0)7?471&[ [P /e quqza“é/e.



@
’De}eohﬂﬁ infeasible (F2

\QW uiwsdvamkareé M{ﬁgmﬂy o) are 20

“77?0_;4 X=0 f@iﬁé& Buf- MWWS%@%/W@W
Aeled \ffﬁ%v(f@ Lf2 weing fhe ga
C nferion.

on amh?gumﬁ var 1S bﬂkc in e o f)hmap—]wé[gau((e s 70)
tha m«@maf LP (e infeasible

in 2= 25X +Ma,+Ma I ‘ o
min e K, Lt oo 15
g'(j' ZX]‘)'XZ‘I—Q‘ 7/ 6‘

2X, ¥2%, 49,= 4 . W}—&

X%, %470 N
\ 2 3
o B X K e 4 G ¥R

\ 3 0 0 -M M o RAMRANMR.

o =2 | -1 1 o 6

Q > 2 O O | =
% 0 (> 2 o o |\ 4

| O —'M/==,+?— M n - gﬂL\-\ 10@43(4_ Ro —[QYI-B)RQ_/?M Qz_
&l 0 o —V - ’ ’—%3 10/>,

X 0 1 # O © V 4 2M- V-2 Z

oM — (em-3)4,



(yeatoled in Sign (Urs) Veamablez
* LK k arpv, e x; 4 )(Z-x{_m all
Mihe  chjechve funckior, ond add X, x; 20
zoeh: %= K (e e KT il sl ol
UL x;=5, XT=5, =0 woks, qud’  eme f XX O

: be bagic A ThZ
% X=72, X{ﬁ"’: X =2 (oK - ophmal Jab lazae

el wnd

Y= worke foo,
1

@2

+ po—
max 2=2%+ XZ/? X te THAX 2=27(,+7<;—X,,_
ab.  Bxrxsb et 2 - =b A
X x, =4 X 4% = 72
X 70 % W= Xy, Kol Xo Z0
E\/ Koy X( 7(; 7(; 51 ’gs. rﬁs
1 =2 =\ \ o ©o o
A2 0 @ ' -1 1 o 6
4. 0 ' ] —1 O l =
10—k Vs S 0 4
Xi 0 | 1Z —1/3 ’/3 0 =
A 0 O é’i |z
1 0 0O 0 J ¥ &5
X O | 0 0 Vo =k 1
50 0 | =l - % 3

O’\THYY’O\Q S‘BPMIHB’W. 7<)::.]/ X, = X't_

>~ X2 =2-0=2, 2*-5
Note Hak the  chiumne og X;_r and X, are —| el higles m{?

each ofer. Henw beofh camot be bakec in a %&,ﬁﬂ)
and we gek X, modeled correztly.



X, Z0 ~11> st wiln, w:{pkace X; @
;V:E 0dd \ 70 %% @b x; = —%11 (in q%fm>
> ins{ead of o bwtf U=

Rt it all rgelhor
WIZL 2= ZX 2K
1.C. X, + 3%, £9 .
25, ot 7b Solue Hucs LP %S"ﬂg Fhe %-M mofhed
x 7|
Xurs, X, 70

We  puttine $Re skeps of h‘@-ﬂf) Simplox metrod.

Slep L Sule awy amshoin s <o 7

—(ox rob) S 5= 6

Sleps 28%
M arifeal v @, Fo conchoinl i Tt Bz or — ; ond
add EMa; bz (b 8D (Ha for min LP). add Q70

min = Z)(l___g;,xz_.]—)\/[a3

g,b. X( + gxzéq A[
—2K— bl = b 2
Xtog7z)| £

X ure, X, 7 0 ,Ag70



M pu\)la& U= Wn/(\ﬁb(z X ’68 XZ"X{—;' add X xz 7. €
QQ’th Xy g% -*')Q: WQQM X 20, U(Vlﬁl O\O‘OS )(;7/0.

min 2= 22 - 25, Moz

Qb XX 4 g9 A
—2 4~ B, = b B,
a7 | €3
+ —_—
x\ /X) | XZ7/0/C{370

SkepS  Convert LP 4o shndard fam vsim sk fexcss vl

min 2= 2xtox - 2K+ Mds
ab XX 4 28 =1
—2t4— LX 48,=6

Yo &5 5=
t o 0
Xi %y Xz7/0/a370/ /gl"gz/e??

Step b (o glack and arbiBeil) vore in o srnding b,

Poaed wth subsesuont steps of {ablba Sirplox nefecd



\\
X
Gy
o\
Q
o
R
o=y <
M ) :22/
S A,
8+37
RN
w
%wgkvm +x
__l\_\__ N
t_X\&\
Xt.T_‘T.W W
ZX\%
\l | W

min 2
a.t

O

-2 2 32 0

1

—2 2z M2 O

\

A 0

—3 Ry~

—3)

—9

—1b -9 o —M ~—i98

0

%2 0

%_

R3, & =~

-

|2&.

-—
p—

O—bZ-:: "65, XZ:24] '@5

X]:

+
)_

O?ﬁmﬁxﬂ 50(4)\:\'!‘54/\.2 Xl:X



MATH 364 Lecture 14 (10 [03/2024)
/];sz{t ¥ Ron'ew ~?@( iatem

4 Ophimad Setubions and-3 Qptimal BFEX

eall  bfe = cmwuzoim)'
e wole Mz fellowivg P
¥ an opm Soluhn i ble pont ek (< oﬂ,‘wgﬁ'}
%’ U o My W?& 78 cwwafaoiwf/
ey W e g ey F ke a b=
¥* Bk /TMLP%&%aa Gug o cnal) Soluhn, Then
Foa)- };ﬂwm&[ SMMM;%«/&P rlie a b= |
¥ 9 fhe Lp fas alferrative bl stlecins /c?@co?), i
WLL Jave in'bt'm'%e% r;zzcy; O’;h"':;e oluhions.
WW’#J&FSQ bl 14 /M e we @
e m—%l@w w Wﬁéf
o vanibles ful wol oK 0T .
bs . Henee e 3#9041‘:2?9%5 A “&@%M’@'
HW(), Pw_lo\un 5
You will geb 3 O’Ojﬂ\rvwe Les. Desmbe thom o - Letovs

— . _ ‘ _ A
in e g "L‘—‘QH U= fl[] and W= ;‘iH ) 9‘3
Ky| - y .

ol "l X
Tham detonbe all 0*1’%”‘“0 soluboes 08 Lome mwg}m%bnfof



Hwp, Problem 2

Ntlemwhie Dptimal solukions exteh i frore &5 yon-botn vouible

wiflh U’%P(}b%‘i— O n (oo~ D-
Heve, X, Ts nonbpt wih O In k. Reo-0.
=  allerrahne bfﬁwvﬁ aotubims exish

AV Ty Ty x3 x4 T1hs
I (D0 0 4 5
X2 0 -2 0 1 2 3

Pk thore are 1m0 Condidates —ﬂv i yaho JebF => X Gaume -

eopnler e Gags. SO,WW’”’

2*502/9\.&}/’8.

aMlernahise OFv‘v‘maﬂ LAsE.

\ WMaxX Xz

X 3 X 20

T[:\zve 1% one el )7%4} 3[0)7/>‘
and mgmljljwwg optimal &

[¢] 7

M| opkwﬂ erludome can ke gven az %= [0214— ‘xm) X0 1¢,

X
e[ <] <

2



WM MW ;\éd\:}; r1 T2 3 x4 ths

5 0 0 -1 5

(2> 0 1 0 4

3 1 0 -2 6

0 0 S [\ /5

) 0 L |oO )2— LP s unboaicleof
O | =% \OJ

Bk e G oo sk Condution Lo pivbng X 7 :

Z

1

' 0

We Come 7 e caneliation . g
: 1

0

0

Pobloms o Prchic Midterr.

X Ko, X Gunot e

Z X1 X9 X3 X4 Iy Tg rhs )
1 ¢ ¢ 0 ¢350¢cy cx0 2° &g‘c Uﬂ‘”ﬂ Wl L(
0 3 aq 1 0 s Qs3=° 1 [}14;1}- V‘Q’d'ﬂ( Q{LLW‘MD )
0 -1 2. 0 af -1 agn bZO
0 ag -4 0 0 -3 ay=1 3
go/ Y;/X/Xé VM,U.S‘} L@
\
— — — = - = = C.
and bz0 aduays hold > |

X Geffgdient i1 Roa2 is 0= ) I hant in Ko 2,
and Pane Xy is Bagic in Row 3.



S O O |

cr9 (32?0 0 350 79 cz0 2
3 awe 1 0 CL2‘70 asxzo 1
-1 2.0 af) -1 a0 bZ0
ag_ -4 0 0 -3 ar=r 3

(a) The current solution is optimal, and there are alternative optimal basic feasible

solutions.

OFHWM\M\&.’ C=0,C,=0, Q}_éo

T allerrabice b(ﬁwmg bPs, we should ¢ able 4 Fi\/of?-

3 .
oL moneklt ey with R0 ool

int e bags.

@’O) OR (C_ZSO,CL707 OR (Cﬁ}‘-D’OLZ7O>7
(=

0T any Corabinadons of obeve 56!4!»’8«3

(L) LP unbounded.

1 X9 T3 X4 Ty Tg rhs

o o O Ru

c; c70 0 390 cy70 cz0 ¥
3 a=01 0 ax<bago 1
1 -2 0 af -1 as= bZ0
a -4 0 0 -3 ag= 3

ch7o and a,s@ oR (¢=0 and &=

O>/ o both.



%, Garebd aboul gt vegfrcfimg )
Pt of st ona 2 Line.

z Ta X s S rhs . ‘
0 -3 0 -3 —1;2 20 win L?/ o al
0 1 -1 0 (1) -1 2 4 i Row-0
o0 2 1 0 1/2 2 ((AV\CLW vmi) ave <o.
I 2 6 0 0 - -
o 1 -1 0 1 -1 ==
0 0 2 | 0 (¥z) =
| 3 g F 06 0 ©
o '\ 3 2 ] 0 6
0o 04 2 o0 1 4
min 2 =3x, ~8=""1x3
c. l,/_ X{ *3)9—-)-27( < é
4XL+2X5 =4
X,) 7(?// X; 7/0

b IF
3 eaiible epien Dog mo commar poins:

Mavea&?'»"g
Z
Frue 1
YMAX XZ

s-t jgn=2
X, wrs Lot mo earnor Poiwjrs, Bulk
Z*_, (ro. ot unbmwnded LP)



MATH 364 : Lectwre 16 (10/10/2024)
/Bd“‘d‘ * mene ‘NV\‘PL
v éemér}w‘vrl-j ama%gfs

Dﬁ%yoﬂ YNCHCYM
* 9[5 oit 3€|' 242% In -ﬁnaf, Aol scor€
ml rt‘)(a,& M(J--levm Ceare .-
% 0 o \ 'I'S
ook =% (= A2%) tawe
‘?:() \é::p will be 20%, and wid-ierm = [0%.
\éé‘_fit ¥ YwF ol be due Tuesday, O 22.

& Fral exam will be talco - home
open ook (bub ND AT ools alloved).

More AMPL

Chukee Fro[owf We coudd contader o genorli Lot wlore
oF

m\ﬁﬁwﬁjﬁ K%i% wd milile

Toy ety P S He coue
VDHHS \ coo | &0 ] %-6’9?4?@,




Sﬁews(h'vt}a Mﬂsfs
b do chuges in prrameters affect Hhe - optinall <ofition /

, We wt s Jow  SensrPre Tie o‘o%mag audion ond
o we cid RAT dm(oryw?wgim(&m Aaefod T S ,

‘ o i ‘ wal) mefhod.
Lt Qh\&a ge;,\z}}{\n@ oxmﬂ/dgw; in XD v\lma Ha 5\'»\17'@‘/\

Recalls Faymer Jsnas LI

wax 7= 0K+ 0%, (o vovente)
sk x +5 <1 (lnd cuntlsblit)
4, pon, <40 (b A=)
lox, 730 (mincm)

For
He ownredt sdidton H(z28) optimal 7



E@@&l‘ OE C!Mrs@@ W an @é{a%ve —fzwe%m Coe{%tum(»

d
ric “‘%WW ;{fv‘v 34 (o $9), Shoed
g%)awz chll .%mm« 2 acres o Can a”/?o %iﬁcr@gmiff&a L7

MAX 2 c,x,+100XL

MMM (&) snenine awea?com_@}%mj

¢ s e cuvrent Selechivn

C){j Ug\jé(/[’l\\/e ‘F‘MCJ"B’IA i< wox Z = X + DDKZ_/W
s(o[xof 2 e 18 =41

100

WOlen C=49 3(0[76 O@ 2-Hna = &60?? @E(ﬁa’mﬁ«rﬁ) Weve.

/{—;{ C(Z40) /
unh| ¢ =100. kan  C, 7 199 A(#o) be comes
e OF%'WJ? selihion

H&ma H(%,Z.S’) e fhe w‘qw/ Oﬁfmﬂ Soluhion -{«Dar

< =40 I~_> a,zss«am,(‘wg, C, 7O

¢ gocg \A@WQZD ZCﬂWJ%& Buk Gince
%/szmmqffm C’70W}<@Z§€w&€




Changig vevenselove of ot
ﬁ«\’l lobs  agsume Price/WMG(f R G e 6@@2}{\/@
whon 15 Max 2= 0% F(00%. '\)ou)l Flg2) i oPIw‘WJ/

pdh 2= 450 The myﬁf‘g bocrmas ure Tnderesh Rare,
M Ww\ to e w‘@«‘ Tarman Jores LP "‘6

wox 7 = %,wa,_ CW orenie)
st. X +%5 <1 (lnd ountlabdl)
4x,+10%, €40 (labor 49

Z 35 (mincam)

Oph‘quZ solufion s af F152)

WHfL _Z*_-_- 4_%

@ ’i';\/ wQa} Voot o],p Tevemue/acve of Wﬂq@j— ((25=/oo unj)
o M cwrrent asbition FIS2) DFHM ?

el Jg{m'gﬁ» o fo‘ufc e waxck becfwe .



MATH 364 . Lecture I7 (10/15/2024)

% Subnut anmvﬂmmg %a,d&u«k @avuj fime |
* Yrive weleme 4 use Mathb/Rhin 4o Choto umrk
£ tubloas. Gimplex_in ameionk

/\?)chj L M n C,_'C W rf»‘ X2)
2 ,

3 |
Tt lots agsume \bn‘ce,/bl/t%wﬁ(f om & $6 G e c@g&,\,@
\QW’“\"’I‘ % max 2= 20X (00X, Nowo Flg2) i oPIw‘WJ/

pidh Z*= 4% The waf‘g becomas  ‘mart \‘nk/re&{ﬂ‘w@ /R‘Vr@/
A% cﬁw\fmcd o e wfafl‘ Tarmen Sores LP
Yo p 170
wax 2= /?o%(,a—loox,_ (1o m"“‘)‘ : H (3/2?4)
st X +% <1 (lond ouniibiiy) —  F(52)
P G(34)

Z 35 (mincm)

lox, . L
it 2O Cw’%ﬂw@ \ ST ¥, 70
. % | 234,
2 A

Q. +ov U«QO\}W of rewemue/acve of W%@} ((zjr—/oo unj)
'« He current Sotton fl<,2) O}J’?’M 7



L o be ha ceffidedt % in A ohjective furchon
8[0/}6 B_F ?"&"—Q S —$0 (2=~97<,+‘('2_XZ>

e,

Boll, e (fobo o) and o [mcowmclebl) Wm_'ﬁ;m
Biding ab the cwment OFHWQ solufion (oh F[S,ﬂz:)g l/&;
Shubion  1emaing @FHWQ A% Y QLoFe of gwi -
< in Eejzwe@{p’fﬁu. glo,b@z o'g oo E/ncluj con .

_TMS, covnil  sdufm  Femaind OFHW[ a3 Zm%j s

We l'nv\vpz M[%ﬁh
g ” - '@?mh , an saie
7= = = % fMﬁv;anrw‘% by ~|, and hene
= fha '\"Zﬁ"“‘uﬂ éwse.s S]uj 8 <

= =2 &=zl = 2=G=&

\ o Yo
Equieleatly, 3 M prie por budel of kot iL
TQY —84%5//29,11@7 Remw<s e cavrenf Solution

2L 2~ |
rumaine ophmal 4 Ashekfaore of whasf

- 5 -2 (s Shll ophmal ot rew
we £38 X=5,%2% g

Q‘ﬁ‘/ # /

%¥: SDK(’]' 38x28x 2 = $4—2§.



Cﬁwg;e in RH C@%%l‘@@ﬂ/' (gw(? with 2 = 207, +10X,).

mMaX # = %)‘" waz_ CW Wenue) / H (BI z'g)
S'l:- X, +% = 1 ((w\d awdm*j) 7

4x, +10x, €40 (labor 4o 6

lox, 730 (winem)

X, 2o (gt & Al
Ophival sdukon is of F52) = 7S

= 4. o 2'\54\4 RN E A
ERS

Q. (bt Aogpens 7 o Dz 45 Bre of (b 7
o tpe ophmal Bagas vemaine Lame [)(,‘70 and X,70)
as Z%Pe;”;“fﬁa C/Zr%rs) lina movet fvallel 7o el betoeor
Az6) and Gz -~
y sy o ko) e o 2

) &2 Mok, A camant b roress O opiire!

e oluhion
What is s _effoct of J«J%ﬁ 8 on 2 and yvﬁ%‘iﬁ&ﬁ@
(o} us ousume 4, %fuﬂ) dfwgd é«mm 40 o go+B-

ks F remains oy/w‘maf br ®2b <53 we yeﬁ

& ¢ 40+ £ 5 = —[R= A LR

/
range «r‘?wﬁmofa%w%z&/\ crvant  basis
Sremains Ophmal.



s did s g el of 38 and 27 e e A e “

ﬁmﬁl nohce FHral 2 ar fRo (Zanc/) ana/ M«fr%rs

conshrmints o marn Bir *\(7, Re  current bags jamﬂ
@V:?){,,x,_/e&} Wil remann OPA*WJ/ coren % = an Hy

valuos of %, % mfﬁ be o%p/e/henz[

Nolico Haf (in.com) comdhomant i nom gfmjﬂ'g ab F(52) aud

Honee 25 >0, Wi:é it boase,
> oxald wr for (win ) consain

I gowed, Lok i e vebia of tia (obo hrs) Conehmint
Le b, e en ask: "o Whrat l/a/&wso% b, ic
wrent Aoz (Bv,fx”yz,eg}) O/aﬁmjy"

Ae @m'tg o8 Fx 4Dy =b, rs (ot o) below G and (o o) sdbove A,
cwrronf HLoris vemains O/D/Q'moj,

M F\(?,o), Lzz exF £ 10x0=K and
it GfzE) b= b2+ loxy =52,

lonce, f RfbocSa T et ass s ophnal



Newo Z% x*7 L=
2 ) X1 New F,#@,Q/@q({ Xj)

(1)
(

X/ +X5, = +
GxF (0K = A0FA T

(=4 bXy = DA = X, = 2+ 4

6
/30,(\) > ><,=5_.46_. % E:[g‘%,ZTL%}/:Xj

*x - A A

= 42 + (P = 9 +.

5[’lﬁd9w n'we 0][3
( Mamlb%ﬁ) )

D_§€ The chadew Pn‘ce of conshaint ¢ is fhe amerent byufﬁwﬂ he
Vn,&,(@ of 2 /'m70nv% 7@\/ a Ww?L meraagl bt' [YPD‘S)
/}WV/M +ha 0/)74771@5 ba,&zs Pudnuns Same qé,l@f/ﬂg Increage..

fwnomz ¢ y'ﬂ)lc M‘m

Shadod prite Pexe is the prie fha} Tomes & willrg o pay h aef an
extha /Z\eccr O}Q (b, For iﬂﬁﬁnéé/ 1 A&ZX Wﬁage} Jo%imé
+ work & hre oxha 60»/ é’lbé/%, e "l Aake b A
Skl Furenng Wil increane % ¢2/5—=$8.3370W&2A
extm. laber ﬂxsm; Wﬁy n ﬂt;"t?/}' pﬂwﬁf.




Shoded  Prie 0]? nd mﬁmh'f?
(gfo Back Fo fhe mjmﬁ problom ol % = 49 fut
Mo

b W xbazh £ thal £ 9fl) remasn
mal . , = the ransl-
OF{\M we %l— Z% i éb‘ = 0& x,+7%.@ E(i,0)

X,-J-Xz@ H[%Z'3>

7&@ Q) of)ﬂ)y‘oﬂ@&b#mﬁyls

leb b d\awgz énm 7 b FHA

x +% = A —(D
4, Fiory = 40
- Z .

(2\——4{)):—5 éXL: 2-4A4A = XZ: E

Lo () = X, = Fra-(2-22) = 5+ fa
\ ? B N . ‘
(0. F /5+5AI¢2 -—B%A> e e rew OF}vmacpSo&cﬁawjal/J
Z = 50K +0X, = 52 9+§A)+zoo/oz-§-4>

= 450+ 304
E

= Shadbwo prite UF ares  Corghrinf 1e %p M ofrer wnddz,
TSoux  Leedd e M/&'VJ% ):q,d 7A{>7LD $§07@r(mex}%
aUre 5{ Zar\CI~

g\a\doo\) 2
20 — gf:a Y?yéor// Pof- d\avgﬁ e Of

QM@M Pw‘w 0]? 73 m@ac[uxj wf#wf’tf IS a/’wqﬁz g,e/m/

o, i tom) Consiinl 7S Zem0, 4
( ) Ball - lehion F52)



MATH 364 - Lecture |8 (10/17/2024)

7, . % “Tablaau &‘MPWX in Madlahy
wdwj ) * s(mP!M wethod in malbiix %w.

ou can dothe mwfw{a,#ms (ERVE) dor- A dmbloau giaplor
methed in Madab (WPJ‘IPM) oo ;bﬁv:weklm&e %wan'g;a;ﬂfée
Recall SW%‘W;é? amlﬁ@)‘s in &D. We bome Zeen:
* C’mvug& lin @@;J'ec#'/\e -ﬁnm%u Coe,{%«'u'ea& (Cd)
) for what vabueg - dhez H#a current
- ophmal g%mofm;mh Ofegﬁmf 7
2. (hat i d/\aﬂﬁfi /5%6270/ Fhus T Z:;bweLLeidi;%
Could fe ?éoﬁﬁm;@ quickly 7 ot Loptnghor
X% Cﬂwgz in e H%f—ﬂam) Lde (he) c@egﬁr‘o&enk [Lt)

. % Wga’]’ - l/ﬂZMJ éz O/aeS’ 7%&
Ql d(zy,«enf ﬁﬁi@i’;&n <9F7/7m2§7

L Changes Bogond this 1 %
i ﬁw/)ﬁ}bﬁ‘% ekly? v
Nowo, we want o dcmam&ge b y-demengions. e algo walFo Gomtachr
Y. cjmyga i comstain 00%4'0{%71: [/43)
* AﬂH«rg o wlumn ...

Sr\ mfdw 4+ cgns;o‘@,f Qe)l/\/»;}w-;fj a.v\z»%%b W /KW Ax Ao,
n «\Yirs’r cneider e Wlw rathod W maloux .{)uw.”xﬁwg wa



Simlplw Mcbhod 1 Mok Toomt
mx Z=TX (1P ip crdard Jorm affer adds
st A % é/mk/wwz/@%féw /v:ré. 7

A s mxn, b & Mm-Wcﬁv‘v, ¢ ad X are h-1reciorns.

2 conins i1 Jorms ot wibfid veariableg.

K\/\'lb
max z= [—c11](, _
. >|< C :%ymnSfoS‘eofC—
el ~—L
4 TR
% 7 O

g“{?f?% we /émw w&‘cﬂt yrables are Bgic 'n he O/D%ym/ solution.
L X, duwle all fhe basic niibles, and Xy e nonbawit vesiubles.

voowableg. @€ COUNsE |
ao  faum in Seardevt fhe Xis
Lince ovdex D‘Q O\C\A«(%m i< ‘lmw\oém

We QF@L ) and T o e oame frahion mfo Lagic

CZVzc/ non- bas' fwmk -



%X 7 O
S blanu T, T optimal fubloa
Xa R ofs .z
R

k——ntz _ )

’f;; (L% @’rZ)
(Recall’ how 1o merdk an mxm aliix A
[/_\ liﬂ ERD: [Im)A—q

We, want 4o /gnd o inmvwars€ O’F Hhae (MH)X(MH) "JDM‘C”WX

(5 3])6 3] - [i=
Y bagic malHA

The Ybagis mabix B el 1s imertble /% d@bﬁﬂhm le., B oxichs.



m
ldé check! i _»QM’
~T é‘\ 1 _é(;} [’X] + 62,36 I7<~CB < C@g] >
1 G ]{f — . o o
! o) +B0 O+ BB
[() g0 B %
N s 2hseld check He
= F } g‘w/ W[{”‘Pﬁimﬁm, le.
e pes| I
0 Ln OC&[’DCS"]’ImH'aZ%,
s T g M
Ay o T T T
| B e | —= 2
b & |° |p & |0 %[N]b

zZ X Xy

| | = | —ar@eh [GET " |
T o g =T (opfn

V] T A é@lw)

“ﬂ/‘&/ Zjé—_—_ E;—B—lE? ana Hae D’]?Hmaﬁ Qy&),h‘m re 64\/91/(,%

<X — B_’L "'e'l _ X X _ élL lm |
XB / X = 7’(3 b 1r\—m
N



2 Xg, =
9 YRe
i __
0 T AR o N T, e e o
- v o
BN | & undox: Yo 0T
ey r G B
g‘l

Rkor, i T -1
¢ ,%%:D/MQ@MMAW%W!

e M‘wﬁm W
. ( on tead o B wnder
of eluk and @h}ﬂgoca/Q Wm n mwg"{;& +o m

e e C)Flﬂw Job o |

1/0(), MO o
D?R Jraé”“ %W\- “[/P %fw@c!@» e e deouc M
%@m 8%0% %W;PLQ;WEMW
( - %]\m \ “
Wuvlobea@ +o %W{i@@ aml:l;d&

n @ W‘P@ﬁ/m



MATH 364 Lecture 19 (10/22/2024)

/(T:Aaua: *__-g ;n\:%}m%c?ﬁﬁgjgx n;‘g mbo);\‘c]@(m
— /\a% %3\ Ron >€1¢1 s bogic

Rocadl - szle Mefhod in madhin oo

0 ‘N\Rﬂ MW
stanhing fableaw ) [’h )
X % vhs z e X vhe
5 s : 1 —— T +GBN CaB'h
1 -G & O EROs . X
0 B N ¢ ) T. BN g%
WX Z= "X("XQ, [A)Q, ove. ‘V\Ql/l,%leﬁ\ {y\_ M Nﬁy{;ﬂ@
ak. IxtrSd A e oukimal, Fad OFJW,Q |
7<(+XZ$ Z /gz . szx ’_%
¥y Xz 7° BV- %a, k2,8§, NBV= 2 Xu&T
QM'% b o‘;hwmo Wabloan
z X2 % X, 2, Yaé 2 Xo A X 2, Yﬁg
L) w0 |19 ) @ 11 o o[ 2/) 2
0 ‘ | 2 0 4t 0 | 0 [ [ o
o | 120 1Y ‘ 2" O | o | L=l [ 2
T X B K = |
- [ o= o] "2 & E;\ | [o —‘[?——(
~T Xy A Bz l | _—:> = :—\— - \
—C = [\ 0] \ 0O
~T )(l .




o,bf')wu@ Jablean
- o 2 e % vhs
2 _7;2 T *fj Eroe L > Tden et
(’) B N b ~ O Im gN B—(E
Ny
Column c@ x| in e OFHWJ Iebbau: —3-+Eg95‘a']-
whare &d‘ s Ha Crlumn 0'@ Xy n A B"ad.
‘m\ {)o( bd@umwmc and

9 . '(S rI6C lhp&d"bm ‘u
%ﬂ%ww{'mw Mso —G+ CBBC;J- ‘Ca”"%' =0.

[ Owgig G o % i manbasie

U

We chanse Yorom e Lo Jo 425, Rotak X, i monbast
. %Z{wmﬂ geﬁuﬁ“vf(mc\ x, is irdeed s e we il

ok
wee W ot +@a€ of sewdww% omaﬁt]/g\
( roenst) S H (2,29
oL K
X 2= 30X +A5Ke < F (52
ol X+ % €7 (nd (M'Du(%/gl G\(B@
i o <t (bbb, '

/10'*[, 7 30 (man Cm)e
xll & 70 ('M‘Y! L)

Can scale LnAlO 4o %21' X73. mwcwu\?z.

/I\E Waf.ga/fw“lm“ 5 ,L.;:
2 4 5 6
ok A7), with 2= an \\M



Tableau S’valQ)&
tdem\ﬂ waDwX wnder
2 x, % A A % ay s wﬂwm ot 4,5, 45
1 -3 —26 o o0 o0 M 0 R, ~ MR,
& 0 l I l 0 0 o) 7
s 0 4 10 |[O | o o| 40
@ 0 1 o |o| o] - e
1 -M30 =26 © o M o —3M R —f—(szy Ry
20 l | | o 0 o 7
2, 0 1o O | o o 40
5 0 6 o o o -\ \ 2
£ o 2 o 0O —30 Mk Q0
%o O l o @O - 4
s, 0 0 10 o I 4 =4 2%
X, 0 1 O © o -l \ 2
1 0 & 3 o0 O M 20 %&WM wﬁ
¢& 0 0 | \ 0 l - 4
2 0 0 ¢ 4 l 0 ol 2 1, in e SMV%
X0 | ( o] © o| 7 %M

O“D“TYMQ bogis 1< ge 2,1 in Hak ovder (= Al#D)).

o, x, is mon-bagc .

We can wow twosike down e ka U@MO‘)}\M
tobloac o5 gl desouboed, ¢ Co, Sy, B BT EN, de

/sﬂm)olx}iwe
- e B, X L T' s ,, -@V\A B~‘7\

S O



We dawe L, (2x2 {Ammy weatiin) wider e dymns ot

4.8 Gy i A Skodng dablaw hd hone B I
§;)q'31\3 widor fuege Humng Y in e oph‘mpb@ Jabloawc.

Rocall: We Dane g(f\‘ n e OFHWOJQ MWTL\M 146 |

x oubmaliit of N & L Ciolmi%W) ot sulwaliic

ol foave B o Re ogy\v‘w‘aﬁ oz . WM,‘{
A %WU\? A (sIl“MW%WWx (2
covwded fo B in The ophimed Ieblasu

s chack o make gve B s indd cowedk. Tl rabe

Cy Ao X

B - [3 ? 4'// Yo cdunns o €, X, frm A in Aot oider,

/

s, %, 43 Gy AL X
~| ( O —~l|]0 O | | 0 0O |
Jenee BB == 1 o0 o 1 4| =|o 9, G
L0 oll-1 O I o O |
e3 Ay X8, B2 A,y | 0 0
. - o 0 (1[I ©O -l
/%\W\AQW%/ [ 0 1 4 [,4’ T ;—_[() g ?I
-0 1LY 0 o O

Yo welome fo quth a2 Glave (Matnh) o
42;\ ﬁmi ww&ﬁiumms 2t Lol M)D)Lbc

RJM“WU?MWW&.



gwf]aose Cac%tu\u/r‘ of %, fhe  objecive ﬁuﬁ‘m d\a%@g

Jo  AStA.
@w,sh‘ms 1. for wllak mM%Q ogvaﬂuzgaéA Aoee Ho current
basid  remain o?\q\,mgyb
2 Y oy awe & Ha twont S mvf'a‘F’ﬁWﬁ,(/ﬁ@w
céa we_ cb‘w\d Yo om0 O(P}w‘ma@ faps ond Mﬂ@ﬂ“ﬂ‘@?
withwud™ ‘,\a Jﬁmvl ,gom%/ and molwyg
o LP oV over aaﬂﬁm.

Win ¢ = a&+a , The entree M e x- e OT¢

o X

~(@sta) + [20 0 03[(% & _ A

3
<+,

l
Bz I O - — l
° -4 | O [|W® ,

| 0 0 9)

Covvent bagis  femaie SFHM ! (ma M 5-A70, e, Aé@
/ s
“veduced coet of Sadk

e carront clubim nmadne ophmal 4t el [ 225

De_@ The veduced coet cﬁ o henbase Vssunble (in o wox-LP)
e he Maximum amount Wi it @Q]@H\M %umo{'x‘m
C,O%oiw\’ con be moreared Wi e cuyrent bos

ﬁzwufv\‘w% OJPBW\@Q .

0

—




86 ne \ Wbﬂgw V&’uaﬂﬂ
% - JMJWQQA %Mn iwm{ ;Fl* 0’\%& verioble om 2nlex

[hoveases e '%V\
W&WM Gnct \MM%&W@ZN Y\\’%UL
cwtrent  bpale
Yem-base vesmable M Loakis émvv
©gohww& Jolaw (and ot efonk font ag“”"@

(orinder A=7 M Qw nelance. We esedd Pum’r X, mh fe
@mg aud ohlain e hew OPJDma,Q Jbleau W\W\.Q.'Y\QAJJ)FWU]’

5>5-A
2 X % A S, o Qg rhe
1 0 -2 % o0 0 M 20
.2 0O 0 | \ 0 l - 4
Az 0 0 @ 4| | 0 ol 12
0 1 L [ t] [0] O o| 7
| o O &3 Ja O 214
.0 0 O s/z - 1 -l 2
x, 0 0 | 25 b 0 o) 2
x 0 | 0 % - 0 O 5

Nohe Had once e e o sl & $22 whed
& L %w%m m d@ﬁm (shll of $20), it
waker Somse o Hm Boftn aofeak aud cow



. C@\m/o\iv\a Cj{ (fen X e Rag'c
ka\d ¢, ( fent 20 +o 2088 Gnce
e d%wv\g»v% ow%b« n *6@ D) bmﬂ B,

an ok MWW@&

nder %67\/60%90 g CwM %A%CW o

Coxvent Boass  tumaing o%‘m@@ 233 (M% ag %'/ZO‘&V all
((‘.e‘, e qumbere N Row -0 $emadn 2 0)

%/:o %XZ\ IS fwﬂc amc\ Mumwwﬁbm%mtaﬂwc

Dndies.
T fha  mon-fase vamables,

-1 —T =~ X2 /S 6{; Xo 5‘ 613,
~C, + PN = [ 0o M]+ [2ota 0 O][1 | ©
o o0 O

0O o |

= |5 0 M) 4 [&04—4 2ta O]

= 1:54'4 20+ A M]



= Cuvrent bosis fumains Optmal  as gy a2
[sta 20ra M] 20

— = — -5
= 5+A Z0 > A7 s [az—=
ta 70 = X730 /\

As (mxﬂ as Terenne pex At £ o s ar losk $a5 | whedn is fhe
daime az’rfm{' ‘FD'Y' wﬁmb/ we M'Fm& +H ‘paww oV In all 7 awes.

nov.ophimel
l 2=--8 Lor inclance, We cam {f‘m’ Yo C@MPMW
e fat i £ A, and  Confinue gzw}m method

oo e




MATH 364 - Lec+ur€ 20 (10/24/2024)

O&UO * §Mdow ce,

* g ol of %
2 Ry Xy vhe 2 R, %y 7Y s
1 & & O ER0s_ L > (QitGEn) GBS
b & N ¢ > ) I. BN @D

The  cuvrents bass remains q{>:hWQ a4 fm‘fag
. —CA)-)-C‘BBN 0 aud (or%‘wﬁﬂcbefmmbﬂ

9. Bb=z0 ( ferriilefiy)

3. Clmms};mﬂ*fﬁa H;,ﬁ)’ Dand #de (vhe) 5F- o concrmint (b))
b——>E1+A, kg3 zmba sche wlumn i< o&gy\ggj

TI/\Q orrent s sekaing 61#»%@ as g2 BE=z0 (\l’méﬁu@)
Node Hhat Row-0 rwmbers @ nof %& d.

S (529
( rovennt) H(%*

mE 2= 30X +A5Ke
ot >9)9+ X, <% (fnndml%& -  F(e?)
por g, <t (b e G(34)

m 7 N (man Cmn)e
X, % 20 (nom

Can scale faalO +o %zi X773 ,Mw,\?z_

The o\SFTmf SMM *

Py C

0 I ( Vl‘ T i T ?_

27 Quo. ' 9—\1\‘#2 X
:?s’ 'Z:Zlg .

(nsder cﬂwxafms& 4 awed ‘BW 1 b F4aA.




-]

<>z Hhe fick wek vectoy

Move - gensrall whan we change bi—> bt Hhe nuo s
vechy (2 b/: old b+ Aé}/ e o g, ic g At V‘e:For.
e, ‘}M
Now #Re v optinal bloau s given 4
g! Zs )
r 0~ F ! = l
B (IOJFAQJ = [—4 | OM%OPA[?’D: Bb —]—A[@]
v~ ) o0 0 % h J/” |
e e| 0(7“2”/\9“@7 L
F)-) ® ¥ dumn

= Olcl [5‘.t
i eduwn @# E;’
=2 —
e e o et ‘['ildzo P fesbliy, and
‘/e\@v\(,@ o\o)’iw‘aﬂ?

= 44470 12-4AZ0, and F+a70



> A74, azz ad 2777

As lng as Ahere are ab leagt 2 aues (A—«Q and ek sk 10 aures
(A= 3) we will vbave fo .‘éwm ow‘j Corn i a\l a»(; 4 land. O 9o l«aﬂ;a\g
Aok s cace, enen whon b =1, e, A=4, We uwould HI frm
m\X:/ o . Bub Hhe @md a:\m\a!o(sL) cone Kot " il wo longer be lar\d«yg

e  Koine ywwzﬁv (bow Rours tv farm con in b most 10 awres.

\ULD Xg
2z X
_ Ef? 0 30]“: }4_4[_;{')
X 12 t
= [% o 30 #
B =
— R0 +BoA
™~ gcludeco

m QI"”‘({M F”C@ @‘F (9m0€ coafﬁm'n}” $3o

mewlcb‘%a ufh #30%07& O, aot vfﬂoma?
Nuhce%akmpﬂwﬁeﬂw‘l‘o%\tmfmﬂmm#(m

C}% A S efA'SlclL’m‘sm , e X&‘“%@éle%%

wil m&onﬁe/r be Zo, va}D(Jw( P’nfol’

o Jxm% &lwcm mjﬁks Ya AJD}@(WQ nhvoduce
/@va GDToﬁYaMWV\a



Moo e change (3 b Gre) 40 o g0t Thug, we are
Q)\mgu% lazl%—: bta , and WQ

e duui fer
o b = old B Amﬂez i)

|
= News Xg = 0ld KE)%A(ZN) Cﬁ&mm@? &)
4 0
= [12}+A[|1
= 0

:[ZL] 70 o il

7

= (24870 => | D 7=

Zhodowo ]DW\CQ‘
New 2* = Ce (Ywﬁe) = [0 020] ([%I.yA[?OR) = 210 +[0)~.

= SMO(,) Fh‘& s P20 ﬁue/ A we are wot uﬁz‘(}ﬂl\ﬁ? e 40 Lous
l

U@ (v owailable (we've M/ﬁ (M(Aa Q€ hvz v‘?

?% 8=z hox, Ke oomeit sdlubm bemes el Ty geb fhe new
oppmad Supion, We med b o a olual wa\f/% prvat”
(mave on Awio meted affor we infockee [P a(bal@)



@3
“ C"W%N\%L e cfumn 0(3 A nenbas'c viuable %

Conader na e W/aﬂvf af WK!ZA’(X,) {T’M 25 o2&
omd o e s hme ng the #b@wﬁs]a&w whoat

fom. 10 2 € Recoll X, ts mInbaml in fhe ophimal ‘
Uere i dwwr The column of % in fw chﬁvB nbloan d?/m«g&f

3 X2
2 -5
Ilo — 5(3
2 o
We an <bw\<4 Ha column tr€ X, i e W@QC‘/W oﬁfmav@
Aobloant CLWK«J (ving T, B o e cpfined tableas)
QQM/ a—;g’( = [30 0 OJ SJ’)”
le,cl cofuomn G€Xz
%ﬁd:()#wg Mwﬂ X2 X
X; ~35 4+ [30 0 03[%]4//7\/&(4) a, ;—5—‘
_%Jr?gflé‘ﬁd / \
~ _ O _— 4_
B4 [# o é] _
— 0 ollo

Since Coa%t‘oéul— UF X, Is Row-0 is ot 70, T MW
5 et ophimal. Bub we eon ?w‘{)h'm‘é,z ﬁ/‘“"ﬁg



Z 2 / %z e‘g d‘% rﬁs

{1 0 -5 3 o0 O M 210
&% 0 0 | \ 0 l = 4
£ 0 0 (&) 4| 1| 0 o| (z
0 ] l o ) 0 7

\ 0 0 25 gér 9) M 225
a0 0 0 2 i/ o1 | l
e o ' -1 B o © 3
x 0 1 0 =2 -% 0 o 4

. X
NU)O OFFY/W—Q Qﬁ&k’!’l‘m ®w X :4—/ X2=?> Z =dA5.

vwm/a@
%?mce/,m‘?% cold congider @rov }W%W
e of- $35|atre ond wes & %‘
Jrowo Sourkg 1 Ak 15 W/A
o LS L e ol Ao
i Y
Ao,




MATH 364 : Lectwe 2| (10/29/2024)
Todu: XUP dueron B dal IP

Homewerk 8 Pableme
ech on - Dinamr-
I The v@ﬂbundnon 19')“‘0‘ .
{-’CX):I;((Y\M: o ,};iwi« Lirsore Lyuhim.

xX7Z©°, 5

E&K)z\f\-:%‘ _>; \%Xé,O

| velaled) oppectne &mtl‘ms
e o LTZ Wit wo ( J,
O, cduing f
Q' COVLQ\‘A.W ol whins ““@ Xf/ % M &— X;\-—— 7(1_—
5%
"% jt oo vbak )«O«f:)p% under

Az —4z @Caﬂmg aund Wlaaamm{' ERO<

Shewo Rk Iz ot & Fa}j i< miyrlﬂ.imag
\U\Ae/r ,Q@@L MOQEJDEE& T& }”"’

. a_M_

S

> X Xo L X Joave and X nfer m
. _ 2 " |
Y ploc 5
ol WA Iy x ol=0, zo Thal” Xo GV
6{%% YNOI(? v ’ : QDI‘I/UEA WL% [Roto-T.

X ¢c<=0 +o &W" (AS{JLI



LP Dulity

Pesrointed  wifl LP (lineos. oam,.) 5 awﬂm u> Called s

M LP ‘W\Q 15 cn“e
Iwwmﬂa Fslaehuewm an‘afamo?MLEs/%ﬁiﬁ
Lom e mafhomralial 2 well ag  erononic aom{s of view:

A 2 conthaint is fonce wwmaQ{;{ome LPJ@w‘:sé( Jv mmaQ

\QY&LWXLPSIW A= amg/*m/tn+l£no‘(
and réaﬂzﬁoﬁe %%{QWVZLP

Non e vwuables (70) are aﬂm;((& ol (T ot

mox ¥ and mun-LF%).

iy PTG T
yin cogt o b %ﬂd& (' min. Y%wmmﬁ)

LPs
e, Z NS

N(M‘Mﬁw{"v@ voniobls ane W% W

Lok oot fhe MU)U{&LWWWX«ZJD%&M
(P wll be &



T \ @3
gXamEle . Find A dual £ ]@[@w,,\ﬁ LP.

%%2 7 - \I’(—[—;ﬁ,z_ min g, r3y, 144,
st RO Sb—yty ty,22
tre =2 (D) +u, —29 7 |
CP> ") (_2;(2 =4 33 (,«M %( (('} 70(738 .
o Fﬂ X, Xy 70 %\ZO’ 4277 43
Rimal (PP <—  Dudl (D) i
vy 5 BY
condhaint 1(5) 5 veourblo '%70
: rorums] nor

WAX Z= CX+G%t T GX min W = b,\glfb;g,’rwrhﬂlgm

& (3 A5t (S t0inXn, = L)‘ y‘ S’{;- aﬁt}fl Mz,ﬂﬁm*%%? G
LP> &y %, + a1t F lonn = %L "4‘7_ a’lzg: 7"%}7»*" t qm”(o/)mzcz_ (D)
: <b :
a'rmxl ot F 4 }%\ &1 g Y S + ymzcn
ndl
o
W, )9—/"" XP\ E y‘/ (72/_“/ ,,(7""7/0

-\

Dl € o duad 15 Primd ke o duad of Hho
M%@ R Oftven LP,%@&Q&WW%»WW@M~



min  LP mox LP
\‘31 70"’” = > = nmma[
o R
=T
§ = X R — = naf:u? E
wrs < s — §
\\g Zwmﬂi - Zommaf .
. o o ‘
£ = o < > sm%fdh%
v .
> — < = ure §

T M'

ol vainbles tn (D) e nownl onelintz i D)
Chprie o sl tonintlt n (P) > ppse vowall ot in (D)

are bl (P) <— = conchmine in )

MO oo fable
‘Y(N\QQ'M ﬁdﬂ on : ) &6



D)
While te dual LP for Fhe g";v% L

[ mn Z=X"X max W= 4’3: 4 rgy_’:,
sb 2xt¥x, 24 Y7° s.b. 2(% + Y, TY, =]
x, 4%, 7| 47 =~
(P) xi}—z); =3 Y0 <D) 3‘ 4. 7203
X, X, 20 4,701 357 15"
/ 2
s =

— —

(,ouiA M%X,,XZ} ov g“u“}%
XL Mmin W= 4&/—/—%;,& \( max W = égl "‘%2}1

g-L’. 3,4'232/ s b i=° st 9( *g}ii_
O A A
Y, Y79 BT 2ds. "

(3( _<o/ g; wrs

3. max z= X ANt 2% min W= 5Y -3yt 2.+ Y,
st. 2% fosxy + g 28 0= st 2$(+5324’233 2~
— 5 X < 3 4.7°

<P> e bx, = 2 Ygwrs D =3
2X + X3 - > _ (D) 05‘3, _'_é‘&s = 2

X4- 7 1<'1‘l—’" 3 20
X 70, X, 0, X U5, X4 2P + 2o

2 = = 7 4,20, 4,70, 44, 45

YA

Nohee the vesuobles i v be  oadenod (ﬁrmmrgaf) %%

Bod b haung fo dovon. e Colunmn 0@ oy



Mokvahon  befdind fhe duad  (ferd and 4,@@”)

Tarmer Jonve LP
yax 2= 2ox+e0x, (Pl Auewe)

$.b. Xt % F  (Land) R
4x4 0%, =40 (@bor firs) !
S e [

=50 Crtn—cors)
z

O [mm-rwa) 1\
2

0)0})‘”%/ aolubion: X= 2 Xpo28, Z - 370
Lol ZM”’ uﬂ%ﬂ ,69una} o Z*/ %z = Lowser g&m«q’ on Z*-

This s & shndard ap o ma ‘m(zja%‘m blemg — aadd wrff Aowex aﬂ\c\
Uper brands ,ﬁy o E]m“::f:fj 4 “":ﬁ O?:\TM%% Mﬁm’fﬁ?ﬁkn Hpuge  bwurds

@Q&"QQ Fo?rd' (K,,Kz) a/w\ag A Douser bgmd)/ Qﬂx;%)&;oj
%‘x\mﬁ 7= < we add contrder

}M 1@4 inte \'Fw—?fﬂﬁm

70 or (435,15 7
low do we 86(’ (o) “fFU" bound / (52) OY...
Comgider. 10D [@u\d>‘. 100 X, 100X, = Foo. Buf
Z = BOX/ +(0°X2_ = IOOKI‘HOOXL = 4‘00
A fmﬁ ar % .70 (whdh & e bere)
Nohce cio Hood- e ODQ%AOMJQ 2 X, X In 2 M
wm m A /u?%{* ma wifh The we%t‘m‘mk w /00[/““0/)-
/{[\L Zm.o X b ?& cmaller  and QM//er Zu vodues . Mﬁd be A
(Lo\ﬂo(ﬁv;) consfamint counld ﬁa‘m nws A ewallor 2, Velue



[0x (La/QW 1«'6) D pox + 00X, < 400
frgain 2 = 2o oo, < GO, 110K,

bl mallidy Hhe  (tand) and (ko i) - contFmins Gy Y,and Y,
(e need Y209 Y.79, on The sense of Reo ccaled /nL?M/Cq'@
Should g{% w =. lWe wmt P S

z = FYrdy.

< 4o — e Z,

Dol e owd be able o eompuee L cee%mméwf
x and % 1O Jae in 2 /mW;

g’ (X(+ KXo é?) (I,Omd) —+
3}(4’X1+ 0%, <= 40) (fﬂ@wﬁvs)

(31‘\'4%9 Xl-l' (8(}"032) X, = ?811-4(7%77-:”
\V \V
Z = 30 x, + 0 X

So v f)\ﬂu{ %1'4}727/30 anc{ 311—100!/2;/00‘ A/&O/ wewﬂvn%’/v

74"‘{ Ha Srallest Upper boun - 79, 1408, Cm/éim%ﬁ bl Treae

reeuirements gives 4ha dual LP]
min (@ Ty, ey,

st + 4y, 730

Y, Y2 Z0



MATH 364 : Lecture 22 (10/31/2024)
4 5 S o g e

E onomic %W')?dwﬂv o the dul 1P Ly a wax [P
Congader e (O“*?‘g{mﬁ) Tomer Soves LP:

pun W=y + 40, 204,

yax g = 2o%+00x, (Pl Aeee)
s.b. x4 % <7 W hud) St. Y, + AYotioy, 7 30
4x,4 0K, =40 %?Z(aéw firs) Y, +1og, 7 oo
L for o ! ~ o 20,4,70,U <0
Juns\' \@f mkrprefﬂ\bm X, % 70 (mrn—n.@) ‘d( 20,4270, 4=

We wrl deal withthe buin.conn) ConchaninT, windh i oﬁmﬂk Jo homoll
afer we explain tha vest of He proclo.
‘se{vat oned .

%ﬁaﬂ c« ﬁrm wante fo %W favmua 61\%@
—ﬂf\o_ de ‘f'b n 1 3 Mn:t?‘ 'CZ/ oeve
fon e b o Tog e [m{() jgﬁﬁvlaagﬁﬁug

Mwwj(cxkd Doy Toms hog. Tha fm oo | .
Tcmu/ onteyerie A inimumn cost. Thus / Ho iwo

\ A :‘Qﬂ o aore OTPIQMJ ancl ,Q»GHV lQLm/f
PTM K {2 ‘ /\wcp_
W{)@a%‘w@& e Aokl eesh v W fim. 12

W= :f‘éﬁ— 40y, and b fries fo  minimige W0

Homee e Oéd'wh‘vQ fanchon e
M W=7y 40y,
M He 2ame he, o Her ehstild be athmehive o Jones.

(cott)



0 S Gos L v of ld and 4 o of b, hecan

e (o I Wf awre ond voke EFSO JrVeNnue. .
loie Hha prices the i offors fwald e gudh Hal Huy
makdh  Ahis Al -2,
U +4y, 7 30 Cw%wbwm emn)
Similaolly, Jor vobaak, e cheutd Hove
%‘+ oy, z (00 CWUAWJGTW e

%11‘42 are vt qan‘cu quwlﬁd 'ba e birm,éb&%mla

be  nem m%]a/ln‘we.
Ring i olk tgellar, w2 gok 460 dual. LF ik caphirs

win W0 = 1Y 404, (fobl et
o Y+ 4\427/20 (makch verenune corm)
g 104, 7100 (ke verensst fyome 193

by, 70 OO



iShak oo Cin-cord) conclmink 7
We Bt wadikgy te doall 1P Fo indude 4

pin W ="y + 404, 200,
St. Y+ Aoy, 7 (D) wotthh 'p included

U. +‘°¥7z [

Y, 20 Y, 70, \a;so

Denze WAk fwm)a 20 )QULSI/@QQ O/F CO*(VL/weQJC HW,(;Q o

%’mv& ol cel off 20 (or more) bushels ot comn al
o pra of “fp, O mae revenue. ek ofeeis

e Fofall B \>"‘33 becanse. b e o The huwove Senge
O? %‘ancl %2_

H{MCQ, 1} ponl| cell wdh %uS]»!oPOf Coml a,?' ——a% clo[lavs,
Sai Hralk U =0.



Eugmomit Orterprebtion of fhe dual f a (rormed ) ywiy) -LP
Cweows Camicds P (o Hw2)

3. (25) Gaseous Chemicals makes three chemicals A, B, and C, via two processes.
Running Process 1 for an hour costs $4, and yields 3, 1, and 1 units of A, B, and C,
respectively. Running Process 2 for an hour costs $1, and yields 1 unit of A and 1 unit
of B. At least 10, 5, and 3 units of A, B, and C, respectively, must be produced in
order to meet demand. Determine the daily production plan that minimizes the total
daily cost for meeting the demands of Gaseous Chemicals using the graphical method
to solve LPs.

min z= 4z, + 29 (total cost) maX W= ’0%‘ T §(6?:\‘ 3%3
St 31+ 2 > 10 (demand A)Y 70 st 33‘ + Yt = a8
r1+ 2 > 5 (demand B) Yo 7o = 1
(P) T > 3 (demand ©) Y, zo CD) \Al + %2 -
1, 3 > 0 (non-negativity o
=z = (61) %:«/ %&7

a Lom wanls o 2l chomials A BC o Gasesus
"]f\ag‘-?f@oi quotes wnt} price 4o 4 v A, C- The %‘trm
e o MAX e e reverwe W = oy, + 5Y+ 2Y., .
Cuponss woold viok lowy yare fhan [0 unide o A, wvdn s e
demand %{ A, and g”‘iQﬁ’Jﬂ {)UY 2 and C.

T&l mc{ea /ze,n‘: e Ahat O\aée,eas Wfd jﬁg ‘fé\ﬂ Qﬂ{id@c‘
chamicols £ B 173 rm
E\jj“ﬁ&( CWY‘@&PfWDL“ | >WLQAOJ-S, yothor thom WWW

ameeles ﬁj} /wmw? Procoses 1 and &



o oFfer Jead e ofbeebve o Grasesg- 9% Cogests B
fag &4, Theq odd Tun Procge 1 for 4 Rouc and make
2 ks o, it oF By and ard & G . Homo e
Yol ameut (oot has + P4 e 2),) waits o ABC
MMW&% oyt Le amare tan 4 Hence

Y+, TY, =4 ("malch Procese 1 kD

=]

SWM/ {)0( ?mcu& 22/. L %QJ’ %t+%z
padch P2 to50)

0,42 92 X y prices, S0 should be o

| Hare is an oppesefponomal) emshint, 1, & S o]
n o prival win L7, o ould inorek 3 7,
3/“”“'(“ g D we i g‘j;:;o/ e @Mmc@:g wa?é’w'nf
m Mo Foumer Omes LP The Asnd ]QYM wsuld Pawe Fo
P2y cécn M aw omadesiad Hore, ﬁv etance, and wdd
q/u}h[c & unif VM'Q #m Sama. whech asould be <0

s W’FW‘H{ 7o }j(,%/ 1(7/2> Hare.



M“% m Mahvix R’uﬂ.%% “Pﬁ;@ {L;gmmzj?‘mgl be;{'lz);;l/b
Y an < N /
f&i gla?% 1o yrowY nofahore how.

5 , solwe )
T, m~ve(hf mn W= Q% ¢ uss\;;jzé;bwﬁf
maxX z= C X ({ . ~ LW I
L, 470 gz C (@
) 9-&- A?é)o ’%7/0 %/—
% 70 U7
WOYWQ wox-LP Wﬂ'ma.Q min- L
L e}_ v (/.“" Zﬂ T 31%
weak QWJDIQ n§u %Lﬁ Yes solve (P)

(7 s o Ny von e
Lo L (kb)) 5 5 Bl B ()
and 7 e Rasble foe () WX fave z-2% =by=u.

Pt % is fosble () = A%<
g feagbe fr > = Ag 7 C

| 7
gr(AS(é_\D> — %—rAiégE:E’\‘gjw

C’b‘m[oiwiv\a/ ek %d _2% < ({A? = 51_8: S - /Fl
ieif’la"ez%ﬁ?w

The result (of'weak d«mf&@ Jolde #Y Gons 0 PrlmaQM
LP paire, ot guet Ir nomal LR



gxP(nH—ivg eIN \aw‘rmf’M Ye(w{'u‘anzz%i s A S-IWOIW'CJ

men‘u 7y Colmi mect m ‘e fanb(gmg, Hemee,
we could Qoe 7{’) Jo Ofﬁmovu@) OYIGH(’,YM%‘V\.J% We
o e (D) o opfimaliy. e e rexd Lewme
Q{a\eS) 2owing e @€ T O op%Mﬁ XS gmmw%al
+o wlwxmhvx*% ol AL ot Pw(ﬂm a2 well

L dea ie o combine fae  srluhon

Rk anofier versadil
meess for Lot (B) ind (D). Thus, ¢ could switeh

bode and {)o{'ﬁ\’ bebwean (P) and @), and %‘8@4-64/\ bofh boundls

Simu Honeourly. Qodh mefhwds are called pﬁw@—olwf w%wwﬂxms

| emma 2 (St dudlid 9| 2 TxoBg=w for
Zagble Jor B and @, respechively , Fron’ X, § o
*}7‘( (® and (D) m?%ﬁveﬂﬂ'

@3



MATH 364 . Lecture 23 (1) [05/2029)
Today: 5 vedue ot oot ol bliat
K * shmbﬁiiwia {Tm Fﬂ

We Lt b Ao o resulds fak comnack sbrutdedness
of mjﬁ&w W (3 wﬁw&uj af e dual LP.
Recall: Lumma | (wezk M’% > % 2Lu =W %e(p) Yyl

emma & @Wj Auslity ) szffzﬁa:w ﬁ(mxz‘ﬂ/iye

oﬁwﬂ B () and ), resperhily

l,QW‘MQS 3&\’\6‘4’ SE CP) 1S UU’\Q)OMOQQJ/'TB\QM C_‘D) 12 W\W&
%\m&w&t})ﬂk@) S amboandad, “Han GD) = m{)@mue.
[y
o P s unbowded, we aan sz.@h
Z without Limits. Hence there are Lz

No ;ﬁy\mle W Vet Lo, Thare Qre
ne 1@’&;!7& 13( '@{ CD) +zf

Mol (B) infasible doez ot ieply Aol (D) i unbaoded.
102 cn oxele. nélanes 1RO Loth (P) and (D) are I‘@]Pea@UP_ —3e0 Ladw-
Heve, both (P) and (D) ave  dbviouely infeas ¥le.

max Z= X+ 2% min W =g+ 3y,
g_t. x|__)_ X = | 9, urs S-b‘- g) +289_ =/ QD)
(p)  2x 2% =3 54 4 T2y, =2

X urs
07 0,5 Y, W

- —



@
The Dual Theowome 1) & be Hhe aphwal Gust solichon o (P)

B be e b maliix | G The AaSE ot vedor. Then

qgl oB s OFH‘M fr (D), and Z*=10" @Q;:b"g,
Lifmlﬂ e (A)@Y'e_ WP’AQ (,O(fﬂ/\ (P) AS G VL(N”WLQ WX~EPQV1J“£ZHC€{D) b
@ A nomal wun-LP 1e8)lF boldz unom WK@K(P)S&C% max- P

z %a T e 2 %o, X, R )
L % -g © 1 — —CptaBN GEL
N B N b N I &nN Bb

~ T

TOER Yot wilh § = CpB
ke b 5 e for (), and for kil w- b= 2

OV“"‘“‘% of Ao Jablan e(P): -@+GBA 2D
’g'\"
(all yumbors wnder X in Ruo-0 ar z-Rao, awe 70 for optireldl)

~ =T T - — T -
Seffing H-eB = < JAzo = Ng=ze

Congdor 2 OﬁM@ ovidonio. b €lack woniables :

—

5+ GB(T)720 = 13775@%25

£
C
. >
\|
s
4
(<l
1
]
A
(Vpdl



B
9mq>(t‘m%‘oﬂ We tov wead P A op%w@ i) afution ?5”””
The optmal prinal faboas

The Row-0 (or 2PRwo) in flu @FHW‘Q Jbloaw e
-—ZT+ E;lg ‘A (in ammuQ)
—Zl+ G BB=0  f e,
T AGBN e X ad i poriudsy
O +€;/%—‘I fev 2lask veoviables
9
Hemee (o€ 9ead W e o el T undex Slade cdumms #ra
(M:;cm—L,P/ ond mare Fﬁ %M follows.

Ewam‘mg m Roto-0
by BT for sluk vmuables
54 OBED)  for exes vasubles,

M+ GE@ Lo aehfioial vvuiables-

lewce, o opfiral velue of Y (dal woninble 4 inchaint 7) in amoxcLP
Condwmint 45 = . codffcient £ S i few-0
conchoigh 4 ez — (eodffgad £ & M Qw@)
covchuint 4 e = - (c,o&%aumh@ q; n Pro-0)—M



() “MS'IYZL’HOY\

yax 20X £25X,

min W= 7’(3‘ rzpmgzﬂfgo‘a 2

s b Ko+ X & F Y20 2t Yt 44,1045 230
4% + 0%, £40 Y, 70 D Y, oy, — 25
20 Y, =<0
(0% 7 33 %u %27/0/ %560
X, X% 20
Z 7

@ﬁwmz labloa (WQYWY\ ERS mi

B2 %, X A A Gz 4y e
1 0 &5 20 0 0 M 210

&2 0 0 | \ o | -1 4

#z 0 0 6 ~4 [ 0 0 (2=

A0 l ) 0 0 7

Cﬁ‘m’ﬂ BUAY o‘oﬁmﬂﬁ %(Km/ Ul:zo, %)2=0,83>o i< of%'mﬂ 709( (D)
Noke ok (0= Fxd0= A0 = 25 and Aorce moweh incked be ophimal
Nohe Lo we wuld Aead U@V e Ys vodue Wumde/r
@*‘H\L( e 65 Vg Q-% (‘/GCU.MVL /a.we
\d&: —f(&)%‘u‘w n Roco 0 wndev %) =0
%5 - (Cw%foienjr m Rotd-0 under 015)—1\/\ - M-M=o



P
Nishabton en Twmer Dones LP

MAX Z = 20% 400X, Mmin c\yﬂ—g‘q»zpotd}%' 3035
S Kt =y SO Yoty gz 2 (o)
ot =40 W+ toy — 00
’DXI Zz 20 83 | y =0
R X 70 ‘6170’8}20/ %3\

X =4 %=48,8~1 2 with Z'=270.

Maah cotom on fhe towne b Prge. We wse BV=5%%,5¢
Sjj ;i\:;ec%&a( lee fhe OFJT'rMQ {abloau.

Heve i 4he o‘onf tablaan, :

00
0%
M-
2 N % A A& as /s
1 0 0 0 | 10 1 9999 370 |
0 1 0 0 0 -1/10 1/10 3
0 0 1 0 1/10 - 1/25 -1/25 14/5= 28
0 0 0 1 -1/10 3/50 -3/50 6/5 =12

Y= = (mb{).umt g e, in Rus-d)= 0 [M
Néo, ’gg = (Coe%l ot G-—P @g m Qow—())——}‘/[ = 4999~ 10,000 = -1.



Shaduo Price of onehaint = u; (cpheal/ volet A clual) Variab 0)

Charge b, < bt A ﬁr\cl nou OP{’)IYW\,O 2oluhion (” >ammu8

’W\Q J/ ey Yemoms Same. /mu\ Qnd fr\w)o‘:‘nmﬁ :j
z and e Z -z + pa Ton Pi 1S1‘(Awlwclooo[me

By chmg delly 27215, @d 2= 0l
hm()dwlla%
%@mmﬁw: b%é

Db A= bt b by Y 000 W = by e ¢ b
= W, = W+3A W+ YA

o (D1 = 2367
( Se e owusewefo\»aae b e AmPL Corgiom, ).



- MATH 364 Lecture 24 (11{07/7024)
‘Oaa’j: % W‘j%w}aq lpsknass condihlens (c£C)

Complamotany Shekrous Cordihone (C<Cs)

WX -C:S—( mn W= b%
» st Axb g70 <.k ATg 2 (D)

Loh % and 7 be feasitle fr (P and (D), respeehively.
o e GEA7 0 ( RuoD indablaan im0

OF"’WJ’LH 5 C)Ij zra’rg:’g%;w,-{’ﬁw 3<—O(Y\AL % ave
Condutions O(?";er o P) and (D), YMFecJ(Cw%d

> C8Cs

f\ro&muﬁ, Al Hhvee OFHWJL% condefome are e%u,imﬁﬂn’r.

L
f Ty To comwet ) and LD) by clandard
is[] ‘3:[5]. foom, we we slede Aouiables 4, 5m
\ U n @), and  oxcs Venisbli e, -, n

wme (D). gﬁ{wvﬂfm%al ot




CSC; % and ome e?\wwf? @r (P) and (i ) v\@\m{w@%
aV\A

1‘.‘44,:_.10 ’EW {:)y-.,m
avxc\l 23)(3 =0 W&?’ j:)’"’)n

félouk)%cu& VZ{'H‘aJ@lQ, amd fhe

" wwﬂé e ?YOM VE O?ﬁ‘wna[dy. Hente,

MWM@@Q s 200 AF

7 C@%ﬁmﬂ s %ﬂ@n&u?_ln‘-ﬁa Covres :

%Qvo af ?dewra

Recall- Yarmer Jmer LY

L W = 7"('] r 4049, t 3143

MmMax 7 =30% 100Xz 2 o
1
cb xameF oy SE Wradt iz ?
. "\-IO Z)bo €,
X H0%X =40 Y, gl \42
X, 7 2 42 ), 709, ‘C’)Z"/O’%séo
Xl )Xz -7/0

%l:O, i(:]z:m/ ?)3: (V) , (10%: 270
CIZO / €,=0

*

Z(: \Z, ,gz-:_O/ -2.37;0

= — = X, =0
g(%( =0, /g?'% =0, 233%3,_0\/ 6“\%\ Ny 2[77 2 v
1\ \|
o) ) o) o o

CLs fold for any pair of (P)p) Lfy, vof jud for wowal g,



Ueing Complumentany Ladenoss

NI -
Tovfhe gpven P, solvette ool LP Gnd Yhon use (L= to eolue
e szQ L
WX Z=5X,+%0G1 Xy mn{: W= 6‘3(‘\’7'211
§€ 2X1+)9,4-3%£é Y, 70 2, S.C. 2\6\4' ‘42_’7/5’@'
® A e o TR
Xy X2, X320 g +9, 7 3
> 7 2z !

9, 4.7°

20 _
lejrk*)éﬁé ?E:> ZYI+Y2;61& Xz.—_g’/_%/)(\,

X 125+ %7
go = %/ X5 = 8/; s oq;%fmoj.

CMé@a&/ 2= g(%> *;(&5) = —4—2— =



Could 10e J'uﬁf Sound Hha Cohnusus < ‘
I ow | ” ) )
/VIQ;M ot e be W(e . &M@

o 0 (’,mm@(/{&)fn"' i:t\:fwj
/ %MO?FK feapbl
P e’ o



MATH 364 ecture 25 (1h2f2024)
’To&a.dt * abod- e Project

* 1P fpmudabions
Pl%'g/ﬁ ! N\Ujﬁvukr&l Qz\ S‘Aﬂmﬂ’ verfer  madiines (QUN)

(muwr)

A%Z@*M ﬂakbax}
W?’H/W‘Bd’

o leuﬂ W ) sw ‘
minimiges e gum of g&l“"L |
s Thie s a monbiar % | <

U%ju}fv( ‘b‘”‘dh‘
lere, we want ,@NJ a Q"f”’”}"j LDine" whech W

/J’ﬁg + and —I Fomf; as wzol@lj QUZA /:bggé[e
ot
ﬁ Js, T° e dabn Aore

:—VS_
AL

D}\v\ﬁaﬁ qéie,ﬂﬂ,—r%/ A0, ;deaﬂ%, we  wonk
— +\ %v /‘ﬂ'i =1 MS“W\CQS.

e ol
WX AW,
> - : -0 . boggble -
O bk Wl ok RX TG ITE G h P

WBle an LF fo ic{m‘]{gn (@,%) Then  wse s Pre&‘dw
+o Pmlu)( o the Heal oo



There owe two LY modele mgﬂe&l&oj in e ng,at dwnf%m@
w ey Shl S o W)M%w merJz to gt

/\éeg\/ il /%wmwaUj M
it R pamtdes, €4 wﬁnwv WW o

e vt mf?uﬂ 7Lo 62[

Geﬁ%r\q e dale nead infe AMPL

% *T?\a lx L giovren “}@)6 a (Traiiglel b Axt
and TeslSer 4)4,) coutld md (n MEM’% 64 o2
CQAM(/C% D AMPL ng He resd Command.

S%MWWQ/EP&%@ ﬁw Wﬂwf&



l\/\kﬁeﬂ (Lineav | Pmﬂ:mmiwfa (—P)

b 1P i oLk coth vaneible s neshthed b ke onl
}h 94 V\JMﬁ‘! !‘Q 60\/[60( F(L}'Q (\m(‘;g(/r /)r‘ajmm/ o lﬂ)l%?e/rpmgmm
(1P) @:, Aawf.

¢4, max Z=2x+2%

st xtm=+ ()
(LP) Qx 1+ K= b

X, X 20, X,,% /‘ml%zr

To Logble cob fove consishs of Hhe
%ﬁwﬁﬂ infeger ceodirafes withun /

¢

p }’;ﬁ\fa Lp- Lentable Fuzgion

The L7 oFb‘mﬂ atuhm & aF (£,%), wile e TP qphre/
Colubon 15 &b (30) (Z-9 aF Go) o

pouncic‘/\a fao LP o(o/)‘wo& colufron worlee /
; F work  aloaye. m’f‘ ( f”“”f‘e
fore, kb might mof work - ahongs :Ep.m&f%e!

Pn LP in whid. @ aubcof u—f VssrBles resficded > ke
?n#ﬁm valudds i called mixed /'7%@54/ /brv(jmm 64’1//)
% o indeger allos an ke volues owéim $01¢  then
%) P ¢ alled a By TP (@P).
95 Wl a@'w/b he r‘n%ﬂ et fthon from an TP or Mip we
2(‘4 i LP- velaxafion.




TP Tomedatis

1  Coach Night is trying to choose the starting lineup for TABLE ©

the basketball team. The team consists of seven players who =

have been rated (on a scale of 1 = poor to 3 = excellent) Player  Posifion  Handling  Shooting  Rebounding  Defense
according to their ball-handling, shooting, rebounding, and G 3 3

defensive abilities. The positions that each player is allowed
to play and the player’s abilities are listed in Table 9.
The five-player starting lineup must satisfy the following
restrictions:
1 At least 4 members must be able to play guard, at
least 2 members must be able to play forward, and at
least 1 member must be able to play center.

2 The average ball-handling, shooting, and rebound-
ing level of the starting lineup must be at least 2.

3 If player 3 starts, then player 6 cannot start. — both 3 & b cannot -JDMLY-

4 If player 1 starts, then players 4 and 5 must both
start.

PR T R
é‘ /
Wl W o= b
R L L R W e
— L L — P R ke

1
3
3
3
1
2

5 Either player 2 or player 3 must start.

Given these constraints, Coach Night wants to maximize
the total defensive ability of the starting team. Formulate an
[P that will help him choose his starting team.

Decisions = Tor eah ploggor, co Hay skt o et 2 YesNo.
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3 A manufacturer can sell product 1 at a profit of $2/unit
and p_roduct 2 at a profit of $5/unit. Three units of raw
material are needed to manufacture 1 unit of product 1, and

6 units of raw material are needed to manufacture 1 unit of
product 2. A total of 120 units of raw material are available.
If any of product 1 is produced, a setup cost of $10 is
incurred, and if any of product 2 is produced, a setup cost
of $20 is incurred. Formulate an [P to maximize profits.
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12 A company is considering opening warchouses in four
cities: New York. Los Angeles, Chicago, and Atlanta.w‘&

warehouse can ship 100 units per week. The weekly fixed cost TABLE 11

of keeping each warehouse open is $400 for New York, $500
for Los Angeles, $300 for Chicago, and $150 for Atlanta.
Region 1 of the country requires 80 units per week, region 2 From

requires 70 units per week, and regivg 3 requires 40 units per
week. The costs (including production™aqd shippingeosts) of
sending one unit from a plant to a region shown Y Table Los Angeles
11. We want to meet weekly demands at minimui»gost, s bject Chicago

to the preceding information and the following restrietions: Atlanta

1 If the New York warchouse is opened, then the Los& :
Angeles warechouse must be opened. &
2 At most two warchouses can be opened. >CAQWVA&.
3 Either the Atlanta or the Los Angeles warehouse

must be opened.

Formulate an IP that can be used to minimize the weekly
costs of meeting demand.

Docietons

To (§)
Region 1 Region 2 Region 3
New York 20 40 50
48 15 26
26 35 18
24 [X )Ta/ 35
V

C
4

sugion 4, c=NLGA, felE3 (70).
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AmPL madel of (D)
vary1>=0;
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