
UTS CRICOS 
00099F

Lecture notes by Dr. Julia Memar and Dr. Hanyu Gu and with an 
acknowledgement to Dr.FJ Hwang and Dr.Van Ha Do

Introduction to Optimisation:

Modifications of 
Simplex 
Method

Lecture 4



Example
➢ Solve:  min 𝑧 = 2𝑥1 + 3𝑥2

s.t. 1
2
𝑥1 +

1
4
𝑥2 ≤ 4

𝑥1 + 3𝑥2 ≥20
𝑥1 + 𝑥2 = 10
𝑥1, 𝑥2≥ 0

➢ Standard form:min 𝑧 =2𝑥1 + 3𝑥2 original problem (I)

s.t.          1
2
𝑥1 +

1
4
𝑥2 = 4

𝑥1 + 3𝑥2 = 20
𝑥1 + 𝑥2 = 10
𝑥1, 𝑥2, ≥ 0

➢ Issues:
• The initial solution 
• The constraints
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Example – addressing the issues

➢ Introduce artificial variables: 

min 𝑧 = 2𝑥1 + 3𝑥2 modified problem (II)

s.t. 1
2
𝑥1 +

1
4
𝑥2 = 4

𝑥1 + 3𝑥2 = 20

𝑥1 + 𝑥2 = 10

𝑥1, 𝑥2, ≥ 0

➢ Issues again: optimal solution for (II)  is 0,0,4,20,10 . Is it feasible for (I)?
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Example – addressing the issues

➢ Let’s introduce “Big 𝑴”:

➢ 𝑚𝑖𝑛 𝑧 = 2𝑥1 + 3𝑥2 + (II)

s.t. 1
2
𝑥1 +

1
4
𝑥2 = 4

𝑥1 + 3𝑥2 = 20

𝑥1 + 𝑥2 = 10

𝑥1, 𝑥2, ≥ 0

I

Maz Maz
S

22 92
93

5 C2 92 93



Big M method

1. Make all 𝑟ℎ𝑠 ≥ 0;

2. Add slack/substract excess variables to make equality constraints;

3. For each constraint 𝑖 without slack add an artificial variable 𝑎𝑖;

4. For each  𝑎𝑖 add 𝑀𝑎𝑖 for min problems and  subtract  𝑀𝑎𝑖 for max 

problems.

5. Solve the modified problem (II) with Simplex method.
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Big M method

➢ If in optimal solution for (II) all 𝑎𝑖 = ____ , then it is _____________for (I) 

➢ If in optimal solution for (II) at least one  𝑎𝑖 >___, then it is 

_____________for (I) 

➢ If (II) is unbounded and all 𝑎𝑖 = then   (I)  is ____________________

➢ If (II) is unbounded and one or more 𝑎𝑖 > then   (I)  is either infeasible or 

unbounded

optimal

Infeas and I Infeasible

Infeas unbounded

0

11 45



Example 2 – solve with Big M method

➢ 𝑚𝑖𝑛 𝑧 = 2𝑥1 + 3𝑥2 +
s.t. 1

2
𝑥1 +

1
4
𝑥2 = 4

𝑥1 + 3𝑥2 = 20
𝑥1 + 𝑥2 = 10
𝑥1, 𝑥2, ≥ 0
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Example 2 – solve with Big M method
Initial tableau is not in Canonica

MR MR Form
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147,31 21 1 41 1
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250
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min z 2X 3 2 Maz Maz

5 t x x2 5 4

MX 3012 C2 A 36

MX X2 93 10

31 12 92 9 3 92 5 20

Bo 5 92 93 got
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1 3 0 1 1 0 36 12

fiii ifn14
92 2 0 0 1 1 3 6

12 1 1 0 0 0 1 10
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46M 4M 3 10 6M 30

Opt value for 11 is 6M 30
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Two-phase Simplex method

Phase I . 

1. Make sure all 𝑟ℎ𝑠 ≥ 0;

2. Add slack/subtract excess variables to make equality constraints;

3. For each constraint 𝑖 without a slack add artificial variable 𝑎𝑖;

4. Solve  min𝑤 = σ𝑎𝑖 with the modified constraints from step 3.



Two-phase Simplex method

Phase II

➢ If 𝑤𝑜𝑝𝑡 > 0, then (I) is ___________________________________

➢ If 𝑤𝑜𝑝𝑡 = 0 and there are no 𝑎𝑖 in  𝑥𝐵 then 

1. ______________________________

2. ______________________________

3. ______________________________

➢ If 𝑤𝑜𝑝𝑡 = 0 and there are 𝑎𝑖 in  𝑥𝐵 then 

1. ______________________________

2. ______________________________

3. ______________________________

min w Σ ai

Infeasible as at least one ai so

use final tableau from Ph 1

replace Ro with original OF

drop columns with a solve I

use final tableau from Ph 1

replace Ro with original OF

drop columns with NON basic dissolve I



Example 3 (Solve with two-phase Simplex)

➢ min 𝑧 = 2𝑥1 + 3𝑥2

s.t. 1
2
𝑥1 +

1
4
𝑥2 ≤ 4

𝑥1 + 3𝑥2 ≥ 20

𝑥1 + 𝑥2 = 10

𝑥1, 𝑥2≥ 0

Standard form
min z 27C 4 3752
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Example 3
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Example 4 (Solve with two-phase Simplex)

➢ m𝑎𝑥 𝑧 = 4𝑥1 + 5𝑥2

s.t. 2𝑥1 + 3𝑥2 ≤ 6

3𝑥1 + 𝑥2 ≥ 3

𝑥1, 𝑥2≥ 0
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Revised Simplex method: Introduction
➢ Large-scale LP problems contain large amounts of data, and

➢ Require even larger numbers of computations in each Simplex iteration

➢ Consider min 𝒐𝒓𝒎𝒂𝒙 𝑧 =𝒄𝑻𝒙

s.t. 𝑨𝒙 = 𝒃,
𝒙 ≥ 𝟎,

For the chosen 𝒙𝑩, 𝐴, 𝐵, 𝑐𝑇, 𝑐𝐵𝑇 can be obtained by 
After 𝐵−1 is calculated, we can calculate the tableau:

observation



Revised Simplex method: Introduction

➢ Decomposed tableau for 𝑥𝑇 = (𝑥𝑁|𝑥𝐵):

➢ For initial  𝑥𝐵0 𝐵0 = and  𝐴 = and   𝐵0−1 =

➢ The initial tableau :
basis 𝑥𝑁0 𝑥𝐵0 rhs

𝑧

𝑥𝐵0

I No I I

pusually

CBTBiNo Cnt o Bi's 0

No I B b 6



Revised Simplex method: Introduction

For the next 𝑥𝐵1

➢ 𝐵1−1 𝑁0 𝐼 =

➢ 𝑐𝐵1
𝑇 𝐵1−1𝐴 − 𝑐𝑇 =

basis 𝑥𝑁0 𝑥𝐵0 rhs

𝑧

𝑥𝐵1 𝐵1−1𝑏

if Xp is not optimal choose DB

B No B s bjpsigg.me

fEonnicalCpiBiNo I Cn CB

Few for B
CB B No not CBTB Bot

CBT B No Cnot CBTB CBT CBT B 6

B No B



Revised Simplex method: Introduction

➢ Observations:

1 B for current basis can be

observed in the columns
corresponding to 1130

2 CBI B CB useful

Kaly



Revised Simplex method: Introduction

If (𝑥𝑁1|𝑥𝐵1) is not optimal, select the next 𝑥𝐵2

➢ 𝐵2−1 𝑁0 𝐼 =

➢ 𝑐𝐵2
𝑇 𝐵2−1𝐴 − 𝑐𝑇 =

basis 𝑥𝑁0 𝑥𝐵0 rhs

𝑧

𝑥𝐵2 𝐵2−1𝑏

it Xp not optimal

B A
B No B

EÉ No I Cni CB

CBIB'sNo Cio CIB's Got CBI B1,6
B No B 2


