




















































































MA 421 Review for Midterm Fall 2025

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

X
y

1 x 73,7430

x axis

D f
Feta 8 D gives the maximumvalue 9

M max 6 8 2 513 9 4
XitX2 13 741st
Xuxa 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 Xz o 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 cs unbounded

M Consider dual problem

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

max by
yo
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























































































Tv

Phase I using auxiliary variable
Max to

X 72 13 Xo 2

2 1 12 73 70 1
Xi 0 1 0.112,3

Wi xotxitx.tt leastfeasible

W2 1 70 2 1 72 13

xo 2 12 73 W

Wa W 3 3 1 2 3

is Wa 3 3 1 2 3 W

Initial dictionary Max 2 71 72 73 W

Sit To 2 X X2 X3TW

opt diet
Wa 3 3 1 2 3 w

using simplex 5 to 0

St X2 1 1 W2 Xo 3 3 3W
Endofphase I

1
1 Wa 3 3 3W























































































Back to original problem

5 2 1 6 2

2 1 Wa 3 3 5W

6 1 3wa A 3 3 3W

5 4 w2 213

X2 1 W2 3 3 3W
X 1 Wa 3 3 3W

feasible dictionary for Phase I

One step simplex

Xs enters x leaves

5 3 3Wz X w

was wit Opt

3 3 Wak 324 w

If we would haveknownto solve for X X
to start with























































































M
change to x x2 x

dual basedPhase I

min 2y Yz max 3 24 Yz
sit Y 124,7 1

Y y
sit Y 24,4

Yity
Yity 1 Y 4241
442.4270 4.2.430

ÉÉ jZin Xi Z2 X2 23 3

YouWin Your

XF Jw w 3 3
2 Z 22

Y 1 33 322
2 1 3Wit w2 3 3

Y 322

23 235 23

a Af























































































Back to original problem

511 2 1 6 6
2 1 w we 3 3
6 1 W we 5 3

317 4 105 Wat 3 3
X w We 3
2 1 W v2 3 3

same as ML























































































Tv
neg coeff

I
Use dual

max 54 442
min 3 54 442 sit 2g 242 1
Sit 24 24,7 1

5g Y 3 541 4243

Yitzy 1 Y 2yd 1

Yu Ya 4370 York 4330
feasible dict.to startwith

donestepopt
3 3 22 12 2 0 0

ZF 3Zatfy 4,70 Wio
2X 5 2 13 5

Y 22 42 Z 0

Y0_23 22 42
2 1

5 x 3 2 13 30
same as























































































change to eg X X

ID

Consider dual
min 34 42 243 Max 3y Y 243

sit Y yty3 1 sit Ytysy
Y Y 2y 1 Y 42 2431
Y Y 20 A Yuk 4330

initialproblem
opt dict

not feasible
3 3 321 242 931 2

3 Y 1 Z Yays
Xk 3 ZE 0 2,42 53

1 I
titties

2
Sx unbounded

2 2 2























































































v 3.4 max 54 cjXj
sit Eaijxjo

it m

Xj o jet in

Mustbe feasible take X X Xn 0

Note 510 0

Either 5101 0 is optimal

ie x so for all feasible

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

W 5 2x 3 3 74
We 3 X1 X2 2 3 3 4

I Use simplex optimal dictionary

8 W Wz

K I X 2W 3Wat 7 4
3 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 14 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

jet pX 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 notfeasible

Consider dual problem
min by Y by 4 645 346
sit 24 34 93 44 74 546

1

741 42 443 44 345 2467 2
Yi if so

Now the origin is feasible for dual problem

for
max by y bys Yxbyst3ybs.t.LY3Ys 9Ys Y4 7ys 5Yf41
Fy 42 443 44 345 246 2

Y y6 o





































































Init Dict

Opt Dict after one step

Yo 5 1 2 2 3 5

Zz X2 0

5ᵗʰ 3 2101

Note that x o satisfies all the constraints

Yio
yo

Y 0

44

95 0

46 0































































c 8.69 5.3

It

X2 13,44 0 22 23 24 0

Yi 3 4 5 3 215 4

Yi 24 213 E 3

Ys 414 43 2 E 5 yo
Yo 4 23 53 1

Dual Yet442 243 34477 Z

341 242 443 44 6 22 0

59 242 443 244 5 23 0

ay 2 243 4 2 24 0

24 42 543 244 3 Zs























































































y

by t2y 44 6

yo59 242 244 5

24 Yz Yy 2

Yil yet Y4 1 so

Yit442 293 34477 Off
Zy Y 593 2433

Note 5 7 6 245 3 2 4 3 5

7101 6 4 5 3 25 3 0

8

44 342 593 84
411 311 510 D

8

I































































c p.GG 5.3

y
Yu
13
94
Ys
96

31 4,4670 23 24,26 0

Yi 4 E 3 E 1

Y E 31 4

43 3E 3 2 3 3 4 4 0

44 2 7 5E 9 5 44 0

Ys E E 2 1 7
46 25 51 4 5 46 0

73 0 441 42 34 45 246 1

240 3y 343 244 45 46 3

26 0 Y 1342 13 514 24 516 8

I























































































44 42 tys I

43 44 46 0 3y tys 3

Y 134 24s 8

Y 42 3 45 320
2 4,45 443 24 246 4

5B 2B 574

Z 342 593 44 4 346 35

313 6 5

25 Y 542 443 44 24 446 5

1 5 3 2 4 5

Opt

Note 5 4 145 8343 4 5 5 8 6
5 3 E 81 17

g 441 443 544 74 546
E 4 3 7 3 17










































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
















































1 2 3 74 75 76 77

E
L

B 3,5 N 1 2,416,7
a B 38























































































N if
c b 8

d f it 2 2 473 8 4 16 5 0 6 to Xp

Cp 4 16

e G I 2 8 0 0

Bin f

g Bib 8 1
A 5ᵗʰ CJB b

4 167 8 94 32























































































i Zi B NTCB CN

if P 1

ftp.t 1 fil

3ᵗ 28

g if_It
0 5

3 0 125
s 8

5
7
5 15

INB b opt























































































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
ZÑ B N Cp Cn 112 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

1 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 B N Cp Cn 1.2 0.2 0 9 2.8

CFCs G no change
T

oz Nocs
Y

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 still opt

GB b
new fold ΔCpB'b

12.4 0 0.5 01 0 4

12.4 0.2 12.2

Still Xi X X Xe 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 BΔb

B f Rob1 liftB tell
Xp new Xp old ΔXp

fd f
not opt























































































Start from

r

it
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





































































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























































































Hw3

M choose x2 X3 as basic variable
72 3 3 8 X1 474
2 73 4 11 74
I
1
2 2 01 214
3 2 3 4

36 1 471 2 2 1 74 2 3 4 2 4

34 2 2 1 174 feasible diet

12 2 x 14 solve
using simplex

3 2 3 4

MG X 12 3 3 4 4 8
X1 X2 3 3 4 4 8

72 X4 4
x x2 x 74 4 Xo

X 12 3 3 4 4 No 8
auxiliaryX X2 3 3 4 4 xo 8 var

X 72 14 Xo 4
X X2 X2 74 708 4























































































W 8 X1 X2 3 3 4 4 Xo

Wz 8 X 12 3 3 4 4 No
Ws 4 X X2 13 74 1 0Most
W4 4th 72 14 toinfeasible

max 5 Xo 8 X 72 3 3 4Xx Wz

Xo 8 72 3 3 4 4 WePhaseI
w 16 2x 2 2 6 3 8 4 V2
W3 12 2x 2 2 4 3 5 4 Wz

W4 4 2 3 3 4 42

feasible dictionary
M Using auxiliary van

XT 3 3 4 4 Y 8
Phase I xxxx xx Xo 4 4

max Yi Ya
sit Y 8 12 3 3 474

WfEEE
34 y Ya

12 2x 2 2 4 3 5 4























































































Hw5

A

Add W 3 34 72 3

3 3 2 252 24 Ws X2
1 34 72 2W

2 9W 6 2 503
alfneg.cof

13 2 1 1 3

1 2 2 3 9
dual 3 2 5 1 6

W4 3 9W 6 2 5W
x ̅ 1 0 2 5

not feasible














































































Hw6 1 CJ p 116 7.5

O
O O

O

Y I 2 3 EE ESES E

l I it Ii 81
IE

EIteeEd

EIEEI'ET

1 I Ii tt t.li
EE 1111























































































HwG 2

4 12 3 1 4 2

Wi 2 x 2 2

42 6 4 2TWI
2x X2 M 12 3 1 44

M 6 4 2 02

9 18M 4M 2 8M 1 X2 MW2

Set M 1000











































































0

Opt yo yo

5 5

f 218 17



Hub

3

a
1 1 x L x 2

b 12 12,2

l 12,1
1

1 2 2

24 42



C
112 1212

Xit

1 x 21111
1211

x2 1

itX2

d 1 2 12,2 X2

well
l 12,1

Kitta


