




















































































MA 421 Review for Midterm

V 2.10 max 6 8 2 513 9 4
Sit XitX2t 13 74 1

X
y

7 2,73 7430

1 14 axis

x ̅D f
Feta

8 D gives the maximumvalue 9

M max 6 8 2 513 9 4
XitX2 13 741st
x x Xs 7430

Single out V4 Xx 1 X 72 13
Objective fet becomes

4,4 3 6 1 8 2 15 3 9 1 x x x
9 3 1 X2 4 3

S.t Xi X X3 0 opt dictionary























































































Considerthe dual problem
Note the primalproblem has only 1

constraint

Max 6 1 8 2 5 3 9 4

min Ly
st d y 6

y s

yes y g

y 9
Hence

49
is the min

By complementary slackness 1 0 since 9 6
12 0 Since 9 8
3 0 since 9 5

4 1 since itXztX 4 1























































































c 1.2 min 8 1 9 2 2 3 6 4 5 5

Sit 6 6 2 10 3 2 4 8 5 3
X X B 44 45 0

MD from the caffof X 4
Xi X2 canbe as big as possible
min co unbounded

M Consider dual problem

yo by byx by 108 3 24 4 fyxs
8 9 2 2 3 6 4 5 5

39 Y
s t.by 8 infeasible with yo

by sq
loy 2

2y 6 infeasiblewith y 0

Sys 5

Hence primal problem is unbounded since
primal problem is feasible to startwith























































































v 3.4 max 54 cjXj
sit Eaijxjo

it m

Xj o j i in

Mustbe feasible take X X Xn 0

Note 510 0

Either 5101 0 is optimal

or there is X st 517 0

If is feasible so is tX 4 0

then ex t x is astotis

M Consider dual problem

min N OY.to OYm 0

s.t.Iaijyiscg j l

niYizoia m























































































Note that the dual objective function is always 0

Hence

if the dual problem is feasible then 39 0
59 0

ifthe dual problem is notfeasible then Y is
unbounded

since the primalproblem is always feasible























































































C

Is

Use simplex optimal dictionary

8 W Wz

K I X 2W 3Wat 7 4
Xz 1 X W 2W2 5 4

Solution 8 8 W O W 0

I 7 4
3 1 5 4

All solutions X X X 4 30
It it 7 4
1 X 5 4























































































v 5.1 max X 2 2

sit 2 2 73 Xy 0

4 3 43 2 453
4 1 2 3 74 1

92,7330

Y.xi 2y.xty.xs Y.xu.to 4,30
44,4 342 2 44 Xs 2424534 4230

Ysx Yaxa 243 3 43 4 Ys

Yitty _Ys x 29,1342 43 2 f 442
2 3

em
yX 2 2

Have Y 4y ys X Y y y I

2 4 24,134 43 2 É 24 1342 937 2

0 Yi 4y 2y X3 É yitky.tk
o0ffy2yztys xy Yi 2ya Y o























































































Dual Problem min 342 43
sit
Y hysYs I

24 342 437 2

Yitky 24330

Y zy.tl 0

Yi 4230























































































negative
coeffs

Origin not feasible

Consider dual problem

min by Y by Y 64s 346

sit 24 34 943 14 7y 546
1

74 Ya 443 44 345 246 2

Yi 46 so

Now the origin is feasible for dual problem























































































v 5.14

P max CX D min y'b zu
Y Z

st AX b sit
ya z c

o x u
I y z o

I

Optson Opt soln y yrb z

P2
may ex ptb D min Ztu

Yiz
st AX beo

AÉÉp

y OEX U

Opt Sola b Opt Soln yo 29

Prove
y b p

b from D























































































Solve D min Zu make Zt as small as
possible

From ytA Zt ct smallest Z

Z et ya cIptA
can be

Take yt as big as possible

Y E
Assume C pA 0

Set Z Ct pA of
Solution of
D

y p so

By Complementary Slackness

ZI 0 X U
Solutionof

y so AX b o Ps

ie.ba AU























































































Now Solve D with b b Au from D

min y'b ÉT
sit YA E CT

obft YTAu Éu

Y'A E U

CTU

Let y p E c pA
Then y b I'M

p Au C pA u

CTre

Hence Ctu is achievedby
y p and z C PA Optimal

Solution

y y b p























































































Justification of C pA 0

pianj Cjp
profitof5ᵗʰproduct

price cost aigofithmaterial lunit

of unit tomake 1 unit
ofithraw
material of5ᵗʰproduct

in

cost to make profit of unit
lunitof 5ᵗʰproduct of 5ᵗʰ product

cost profit










































a Basic vars Xs Xp Nonbasic vars 4 45

b a 20
d B'N 3
e Yes as Xp 0

f No as 2nF 0

1g Yes as 2ⁿᵈ entry of XP 0





































































p Ax b pso

q AX a q o

F X.su rso

51 1 so

ctX pA q'A rt_5 sptb qtatru.se

min ptb qtatrtu
stls.t.ptAqA r st

ctpiq.rso

Same as Vp152 92























































































C G G F Cs E G 1211000

B 2 3,7 N 1,5 6,4

CB 2 1 05 CN 1,0 0,05
Xl Bb

ZI B N Cp Cn 1.2 0.2 0 9 2.8

B'N 1 0 0.5 2

0.2 0.2 0.1 0.2
16 0.4 0.3 1.6























































































C changes from 1 to 3

ΔC1 2 ΔG 2 0,0 05

CB no change 06 0

ΔZÑ Δ Cn 2 0 0,0

ZÑ new Zhold ΔZÑ
1,2 0.2 0 9 2 8

T

t 2 0 0 0 T

6 0.8 0 2 0 9 2 8 0

Hence
dictionary is not opt for the new C

But we can still start from here

I enters and Xs leaves use Simplextooltocontinue























































































Cs changes from 1 to 0.5

ΔCz 0.5 ΔCg 0 0.5 of
ZT BN Cp Cn 112 0.2 0.9 2.85

CFCs G no change

ΔZÑ B'NJΔCB

0 0.5

l
if

0.1 0.1 0 05 0.1

Hence Zi new 25Cold ΔZÑ

1.2 0.2 0.9 28 0.1 0.1 0.05 0.15
1.1 0 1 0.95 2 9 T 0

still opt

















































































G'Bb

new fold ΔCRBb

12.4 10 0.5 0

9 4
12.4 0 2

22 2

Still
x x x x 0 6 0.4 0

by changes from 12 to 26

The only thing needs to be checked is Xp

2nF B'NJCB CN is not changed

Xp Bb ΔXI Bob

B ob 1B 17,372ft























































































Xp new XBCold ΔX

t ff.tt

not opt

Start from

r

at
dictionary not feasible anymore

but dual feasible

So start from its dual version

12.4 13 1 7
112 1 0.2 1.6
012 0 0.2 0.4
0.9 0.5 001 0,3

2.8 2 0.2 1.6

use simplex to continue























































































The
only thing

needs to be checked is tomake
sure Zf new 2nifold Δ2Ñ 0

Zploid BTN CB CN 1.2 0.2.0.9 2.85

ΔZÑ NJΔG ΔCN

B 2 3,7 N 21,5 6,4
DC 1.2 0.2 0.92.85 0C 0 0 0

1 2 04 0.2 0.9 2 8 0

ΔC 8 1.2

ΔC2 1.2 0.2 0.92.85 BN

0 0.5

l if

1.2 0.20.9 0.85 1 0 0.5 25022























































































124 0.2 010.5092120
0

02 1.2

06 1.8

09 1.4

03 1.2 0.2 0.92.85 BN 85
0

0 0.5 2

1 ll if

1.2 0.2 0.9 2.85 0.2 0.2 0.1 0.2 5

1,2T 0.20C 0.2 0.203 0.9 0.105 2.8 0.205

057 6 20

05 1 1485 9
65 9
46 14

ΔC4 1.2 0.2 0.92.8 0 0 0 04J
4 2.8 0



























real number
changed to ytb

a max min ox y 1 AX b
you

Ex min y'fAx b
you

0 if Ax b o

allentries 30

Iif Axtbro

ox if Axebso

o if Axtbro

max Ctx
to be exact just1710 AX b need

any
one entry

to be negative



b
myth met y 1 Ax b

my Max
Yb C y'A

my.to yb mgx
ct 5A

y fyb
to if I 5A so

Afro

justneedanyone all entries so

entry 0

mi Yb

St YA at



C 9.2

i max Ctx
sit AX b yo
yt
ÉX yX ytb

Dual Problem min ytb
sit ytA at

yo
i max ox

st Ax b

g
X 0

FAX ytb
Dual Problem min ytb

st y'A cT



Extra Thought
D min yth

p max ox
st Aab sit gA ct

430 No yo

ÉX IAX y'b
V

p max ax
st AX b

yo SO
230

a'X YA E y'b

D minyth
s.t
YA Z Cry
y Z o ytA d Z a

D min y'b
st y'A C D

yo



6 1 12 X 44 13,1470

y t3y2 x 2y Yatys Y Yatys
Y 43

5y.tt Ys Y 30,4230

D min 54 tfy.tl
3S.t.Yit3Y26 x.hasnosign

2YitY Yz has no sign
A

y yay 7 1 Vso

Y Yz 1 1430

Yi 4230



9 3 7 5 0 9 270
To findyo we need tightnessof

6 1 12 Xz 44 3,1470

y t3y2 x 2y Yatys Xtly Yatys
Y 43

5y fy Ys y 30,4230

Y 34 6
e

ftp.t y y E y y 2

y 43 1
Y 2

4 0

Ys y

check y yay 0 2 1 3 1

Hence is not optimal


