































































Sensitivity Analysis of SimplexMethod

P max x CX
sit AX b

so 3 5 Éx ̅

W b AX w̅ 5 Ax ̅
AX W b simplex Ax ̅ w̅ 5
AI b

AIFF 5
w̅ basic x ̅ non basic


































































A I B b
W Xp

To

choose corresponding columns

IB N J Yy
b

w̅ D A x ̅
BXB NXN b

XB B b NXN Bb BNXN


































































CX Ex o W Éx ̅
CB Xp CTXp
CS B b B'NXN CAN

CBB b Cp B N Cnt Xp
B G b B NJCB CNPXN

T
B b B N Xr


































































Simplex Iterations in Matrix Form

may 5 x CTX XER

st W b AX WERM

X W 0 simplex iterations

may 5 x CIB b B NYCB CN XN

st Xp B'b B'NXN

XB XN 30

B N are basic and non basic var cols of IA I


































































Simplex Iterations in Matrix Form

p
CBB'b B'NJCB Cn

negative
B b B N

CIB'b pig
transpose

D

BNTCB CN B'NJ


































































Simplex Iterations in Matrix Form

5 2nFP

13ᵗʰ B N negative

5ᵗʰ g
T

transpose

D

ZÑ BN


































































Simplex Iterations in Matrix Form

max x 5 2 XN

P sit Xp Yrs B N XN

Xn B 0

max 2 3 XpZB
sit Zn ZF B N ZB

ZB 2N 30

5 CBB b 2,1 B NFCR CN Xs B b


































































Simplex Iterations in Matrix Form

max x 5 E XN Optimal

P sit Xp B N XN Dictionary

Xn B 0

29 0

max z 5 552B
feasibilityD

sit Zn ZF N ZB I
ZB 2N 0 X5 0

5 CBB b 2,1 B NFCR CN X5 B'b


































































Complementary Variables
W Wm

Xia Xn Xn Xntm

I cyn I Ym
Z Z Zn Zn Zn m

Xj Zj Win YiXjZj 0 wifi d

Xj leaves enters Zj enters leaves
Wi leaves enters Y enters leaves

XN NZN XB ZB



max zeta40x170x2C p67

Sit
p

begincasesx1x2leq10010x150x2leq4090x1x2geq0endcases

Opt solution X125 I x275

3circ40left25770left75right6250right
Q 1 Check

optimality
2 what if 4000 is changed to 4000 t

How would x1 X2 zeta be changed

How laye cant be



A find yi y and check validity of strong duality
D min looy 4000g

sit Y tloyz 40 Yi Yz o

yitsoy 70

Use complementary 0 27 0 4,4104 40
slackness so ZI o yitsoyi.to

4432.5 YE 0.75
Ycheck

f 40 257 70 75 100 32.5 4000 0.75 6250 35



No Use B N method

xiCBTB1bleftleftB1NrightTCBCNrightTXN
XBB1bleftB1NrightXN

leftbeginmatrixAIendmatrixrightleftbeginmatrix1110105001x1x2x3x4endmatrixrightleftw1right

bleftbeginmatrix1004000endmatrixrightleftW2right

Cleftbeginmatrix407000endmatrixright11x2x3x4



Start
12s 2

X X2 Y Ya

0 40 70 0 100 4000

3 01 100 1 1 21 40 1 10

64 Wa 4000 10 50 22 70 1 50

End Opt
ve

7 22

6250 32.5 0.75 6250 25 75
25 Y 32.5

75
BN B NT

12 0.75



Bleft12rightNleft34right
EndleftoptrightBleftbeginmatrix111050endmatrixright

Nleftbeginmatrix1001endmatrixrightI

B1leftbeginmatrix50110140endmatrixrightleftbeginmatrixnicefrac54nicefrac140nicefrac14nicefrac140endmatrixright

B1NB1IB1
XBB1bleftbeginmatrixnicefrac54nicefrac140nicefrac14nicefrac140endmatrixrightleftbeginmatrix1004000endmatrixrightleftbeginmatrix2575endmatrixright



cBleftbeginmatrixc1c2endmatrixrightleftbeginmatrix4070endmatrixrightCNleftbeginmatrixc3c4endmatrixrightleftbeginmatrix00endmatrixrightZNleftB1NrightTCBCNleftbeginmatrixnicefrac5414frac140frac140endmatrixrightleftbeginmatrix4070endmatrixrightleftbeginmatrix00endmatrixrightleftbeginmatrix325075endmatrixrightJCBTB1bleft4070rightleftbeginmatrixfrac54frac110frac14frac140endmatrixrightleftbeginmatrix1004000endmatrixright625

End Opt

z125nicefrac54nicefrac140

z2

x4075nicefrac140nicefrac140

DX3325
75nicefrac14nicefrac140

6250
62502575 y1325x1

nicefrac54nicefrac14

075y2x2



xiCBTB1bleftleftB1NrightTCBCNrightTXN
XBB1bleftB1NrightXN

changed to B1leftbleftbeginmatrix0tendmatrixrightright

3000leqtleq1000

leftbeginmatrixnicefrac54frac140nicefrac14frac140endmatrixrightleftbeginmatrix1004000tendmatrixrightleftbeginmatrix25fract4075fract40endmatrixrightgeq0

X1rightarrow25nicefrac40 l x2rightarrow75nicefracA40



50 40 XP 70 7
40 25 E 70 75 10
6250 0,754

5 CTB

40 70
440

Toot
32.5 0.75 100

91,4 4000 1
no accident 6250 0.754



Note fCBTB1bbTBTCB
DeltaxileftDeltabrightTleftBTCBrightyBTCB

In fact xinew zetaold leftDeltabrightTy old

if non degenerate
t

leftDeltabrightll1CJp 66 Thm5.5

leftDeltabrightTy old leftDeltabright1y1leftDeltabright2y2ldotsleftDeltabrightmym
nearrow

shadow prices



P max ycTx
sit Axleqb

Xgeq0
at opt P xiZNXN

XBXBleftB1NrightXNZNleftB1NrightTCBCNgeq0

XBB1bgeq0xiCBTB1bCBTXBbTBTCB



D min xibTy
S.t ATygeqc

ygeq0

xixileftXBrightTZBZNZNleftB1NrightTZBxibTBTCBxi

at opt

Compare

CTX bTy



Guess Prove yBTCB

1 bTleftBTCBright does gives opt objective value

c check for feasibility of BTCB

ATleftoverlineRTCBrightgeqCBTCgeq0



We need ATygeqoverrightharpooncLeftrightarrowyTAgeqcT
ygeqoverrightharpoon0LeftrightarrowyTgeqoverrightharpoon0

yTleftbeginmatrixAIendmatrixrightgeqleftbeginmatrixCTOTendmatrixright

yTleftbeginmatrixBNendmatrixrightgeqleftbeginmatrixCBTCNTendmatrixright
yTBgeqCBT yTNgeqCNT



yoverlineBTGB

7

yTBCBTB1BCBTgeqCBT
yTNCBTB1NgeqCN
Optimality condition

ZNleftB1NrightTCBCNgeq0



Sensitivity and Parametric Analysis
V p 111



Sensitivity and Parametric Analysis

opt
Dict



x4x1 x6

Ileftbeginmatrix100010001endmatrixright

CTleftbeginmatrix543000endmatrixright I
bleftbeginmatrix5118endmatrixright

Atopt Bleft315rightmathbbNleft246right

x3Aleftbeginmatrix231412342endmatrixright

x2 x5Initial

step

Bleftbeginmatrix120241230endmatrixrightNleftbeginmatrix310100401endmatrixright

7

B1leftbeginmatrix302201210endmatrixright

CNleftbeginmatrix400endmatrixrightcBleftbeginmatrix350endmatrixright



Sensitivity and Parametric Analysis

zNleftbeginmatrix311endmatrixrightleftB1NrightTCBCNXNleftbeginmatrixx2x4x6endmatrixright

0

opt
Dict

CBTB1bXRleftright

XBleftbeginmatrix121endmatrixrightR1b B1Nleftbeginmatrix132221520endmatrixright



Sensitivity and Parametric Analysis
what if

ob

obs

Dbs



Sensitivity and Parametric Analysis

Still optimal



Sensitivity and Parametric Analysis

Still optimal



Sensitivity and Parametric Analysis

ZNleftB1NrightTCBCNgeq0 not changed

XBB1bDeltaXBB1 Δb overrightharpoonDeltableftbeginmatrixDeltab1Deltab2Deltab3endmatrixright

We need XBDeltaXBgeq0

leftbeginmatrix302201210endmatrixrightleftbeginmatrixb1newb2nwb3newendmatrixrightgeqleftbeginmatrix000endmatrixright



Sensitivity and Parametric Analysis
what if

f5

A



Sensitivity and Parametric Analysis

Still optimal



Sensitivity and Parametric Analysis

Still optimal



Sensitivity and Parametric Analysis

Xp B b 0 not changed

ZÑ B N CB CN

ΔZÑ B'NJΔCB DCN

We need Zip oZÑ 0



Sensitivity and Parametric Analysis
T

leftbeginmatrix132221520endmatrixrightleftbeginmatrixCBnewTendmatrixrightleftCNnewrightgeqleftbeginmatrix000endmatrixrightleftbeginmatrixc3c1c5endmatrixrightnwarrowleftbeginmatrixc2c4c6endmatrixright

leftbeginmatrix125322210endmatrixrightleftbeginmatrix35t0endmatrixrightleftbeginmatrix400endmatrixrightgeqleftbeginmatrix000endmatrixright

leftbeginmatrix32t12l1tendmatrixrightgeqleftbeginmatrix000endmatrixright
il frac12leqtleq1



What if ArightarrowADeltaA

BrightarrowBDeltaBC new B

NrightarrowNDeltaNleftarrow new
mathbbN

Need XBleftBDeltaBright1bgeq0
ZNleftleftBDeltaBright1leftNDeltaNrightrightTCBCNgeq0

New zetaCBTleftBDeltaBright1b



In general Mom M

M Δ M

if ΔM is small 2

M M I

Δ MM Δ I 0

GM M M Δ M1 o

Δ M M GM M

Hence MOM m m GM m



Xp B ΔBJb

B B B B b
Bb B4B B b 120

2nF BtoB N to Ca Cn

B B B B N on TCB Car

Cpt BtoB b CB B B B B b


