LP Graphic Solution & Excel@ Solver for LP

Max: 50X +40Y Profit
st. 1X+2Y<=6 (1) Production time in minutes
5X+3Y<=15 (2) Raw materials in units
X, Y>=0 (3)
Draw the objective function line on the graph:

¥ *Any (including the optimal) LP solution has to be part of the feasible region.
(2) 6 «Itis called no feasible solution if no LP solution is found in the feasible region.

Set the objective function value 50X + 40Y = 100 to get the points (0, 2.5) and (2, 0)
d(D, 5) for the line to be drawn through the feasible region. Or use the slope of OBJ = (5 —
0)/(0—4) = - 5/4 to draw the line.

*The objective function line is also called Equal Profit line or level curve because the
profit at any point on the line will be the same of 100.

*The objective function line will move in the direction of upward away from the origin
(0, 0) to maximize profit or downward toward to the origin (0, 0) to minimize costs.

2/7, 15/7) «In order to find the optimal OBJ value, the OBJ line always moves in the feasible
region toward the optimal solution or vertex (X, Y). The OBJ line will reachits most
upward position at the point b(12/7, 15/7) with the optimal OBJ function value as 50 *
12/7+40*15/7 =171 3/7=171.43

N 3 -4 5

0
e(0,0 1
©.0) Obj. 50% + 40y (R) )
Max OBJ with more Constraints
Max: 50X+ 40Y Profit . .. .
st. 1X+2Y<=6 (1) Production time in minutes Given quts e(O, 2) and f(l’ O)’ whatis
5X+3Y<=15 (2) Raw materials in units constraint for Customerv demand?

(3) Customer v demand >=0
(4) Customer w demand >= 0
X, Y>=0 (5) Non negative

Givenjoints g(0, 1) and h(2, 0), what is
constraint for Customer w demand?

Given constraints (3) and (4),
find the jointse, f, g, h and B?

3 -4 5 6 7

N 2
f(1,0) h(z,0)
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Max OBJ with more Constraints

Max: 50X +40Y Profit Given joints e(0, 2) and f(1, 0), what is

t 1X+2Y<=6 (1) Production time in minut !
s (1) Production time in minutes constraint for Customer v demand?
5X+3Y<=15 (2)Raw materials in units Y-y 2.0
1~ _ 27

(3) Customer v demand >=0 Slope = < _ﬁ=72
(4) Customer w demand >= 0 Y=aX+b =X 0=
X, Y>=0 (5) Non negative 2=-2x(0)+borb=2

So: Y=-2X+2o0r2X +Y>=2 (3)

Where: >=is used because Line (3) moves up
Givenjointsg(0, 1) and h(2, 0), what is
constraint for Customer w demand?
Y-Y, 1-0 1

Slope = = =
X -X, 0-2 2

Y=aX+b

1=-1/2x(0)+borb=1

So: Y=-1/2X+1lorX+2Y>=2 (4)

Where: >= is used because Line (4) moves up
Given constraints (3) and (4),

find the jointse, f, g, h and B?
Use Back — Substitution to solve B(X, Y):
From Equ (3):Y=2-2X, PutinEqu (4)
X+2%2-2X)=2,0r X+4-4X=2,> X=2/3
Put X=2/3 backintoY=2-2X=2-2*(2/3)=2/3
OBJ value at B(2/3, 2/3) = 50%(2/3) + 40*(2/3) = 60

b(6, 0)
: » X
A B T

N 2
f(1,0) h(z,0)

Feasible Region May Change with Added Constraints

Max: 50X +40Y Profit
st. 1X+2Y<=6 (1) Production time in minutes What is the new feasible region?
5X+3Y<=15 (2)Raw materials in units
Y+2X >=2  (3) Customer demand v
2Y+ X>= 2 (4)Customer demand w
X, Y>=0 (5) Non negative

Y What is the value of Joint B(X, Y)?

What are OBJ values at joints e, ,h and B?

OBJ value at joint h(2, 0) =
™)
3) OBJ value at joint e(0, 2) =
e(0, 2)2 OBJvalue at joint B(2/3, 2/3) =
g((()‘,”'sl\ Is OBJ value at origin C(0, 0) feasible? Why?
C(0.0) b6.0) , x

3 -4 5 6 7
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Feasible Region May Change with Added Constraints

Max: 50X +40Y Profit

st. 1X+2Y<=6 (1) Production time in minutes Whatis the new feasible region?
5X+3Y<=15 (2)Raw materials in units
Y+2X >=2  (3) Customer demand v e DB IhDdD>ADa

2Y+ X>= 2 (4)Customer demand w
X, Y>=0 (5) Non negative
What s the value of Joint B(X, Y)?

Y
A B(2/3,2/3)
2).°
What are OBJ values at joints e, ,h and B?
5120, 5) OBJ value at joint h(2, 0) = 2*50 = 100
- Obj. Max: 50x + 40y
41 OBJ value at joint e(0, 2) = 2*40 = 80
(1)
OBJ value at joint B(2/3, 2/3) =50*2/3 + 40*2/3 = 60
(3)
Is OBJ value at origin C(0, 0) feasible? No
e(0, 2?
) Why? Because C(0, 0) is outside of feasible region
g(0, 1)
c(0,0) _ b6.0)
1 2 I 4 5 6 7
f(1,0) h(2, 0)
Solutions and OBJ Values versus
Optimal Solution and Optimal OBJ Value
Max: 50X +40Y Profit . . .
st. 1X+2Y<=6 (1) Production time in minutes Whatis the new feasible rEgIO.n? X
5X +3Y<=15 (2)Raw materials in units a, e, B, h, d, Aand a form feasible region
Y+2X >=2  (3) Customer demand v
2Y+ X>= 2 (4)Customer demand w . .
X, Y520 (5) Non negative What is the value of Joint B(X, Y)? B(2/3,2/3)
Y What are OBJ values at joints e, ,h and B?
A OBJ value at joint B(2/3, 2/3) =
(2).8 =50(2/3) + 40(2/3) = 60
5\ ¢(0, 5) OBJ value at joint e(0, 2) = 40(2) = 80
- Obj Max: 50x + 40y OBJ value at joint h(2, 0) = 50(2) = 100
4 0BJ value at joint a(0, 3) = 40(3) = 120
(1) 0OBJ value at joint d(3, 0) = 50(3) = 150
(3) \ Optimal Max OBJ value at joint
f A A(1217, 15/7) Optimal solution A(12/7,15/7)=1713/7
e(0, 2 ;
( Is OBJ value at origin C(0, 0) feasible? No,
me{\ Why? Because C(0, 0) is outside of feasible region
g(0, 1)
C(0.0) b®.0) _

3 -4 5 6 7
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Max OBJ versus Min OBJ Optimal Solutions

Max: 50X +40Y Profit
st. 1X+2Y<=6 (1) Production time in minutes
5X+3Y<=15 (2)Raw materials in units
Y+2X >=2  (3) Customer demand v
2Y+ X>= 2 (4)Customer demand w
X, ¥>=0 (5) Non negative

What is Optimal Solution to Max OBJ?

Optimal Max OBJ value at Optimal solution
joint A(12/7, 15/7) = 171 3/7

Y . )
Min: 50X +40Y Production Cost
2 B A st. 1X+2Y <=6 (1) Production time in minutes
( ) 5X+3Y<=15 (2) Raw materials in units
Y+2X >=2  (3) Customer demand v
~.5Y.¢(0, 5) 2Y+ X>= 2  (4)Customer demand w

A X, Y>=0 (5) Non negative
Obj. Max: 50x + 40y

What is Optimal Solution to Min OBJ?

Optimal Min OBJ value at Optimal solution
joint B(2/3, 2/3) =60

(3) \
yA(12/7, 15/7)
e(0, 25? 1 Warning No. 1:
4 - Do not use Optimal solution to Min OBJ as
( )\1\ Optimal solution to Max OBJ
9(0, 1) :
C(0,0) d(3, 0) b(6,0) _

1™ 2 3 -4 5 6 7
f(1,0) h(2,0)
Obj.- Min: 50x + 40y

Excel@ LP Layout for Solver or PremSolver

Max: 50X +40Y Profit
Values of Decision variables st. 1X+2Y<=6 (1) Production time in minutes
OBJ coefficients 5X+3Y<=15 (2)Raw materials in units
Y+2X >=2  (3) Customer demand v

[ F R PR L N P N

=
o

11

A c D E F 2Y+ X>= 2 (4)Customer demand w

Maximize Profit X, Y>=0 (5) Non negative
XY /ZSUMPRODUCT(B4:C4,5B51:5C53)
Units to make /V D&’ ‘Tntal Profit
Unit Profits $40
LHS RHS OBJ value & Excel@ formula
Constraints X Y Used Available
Production Minutes 1 2 0 | == 6
RawMaterlal Units 5 3 0 < 15— RightHand Side (RHS) Values
Customer v Demand 1 2 0 = 2
Customer w Demand 2 1 0 > 2 >~ LeftHand Side (LHS) Values

=SUMPRODUCT(B7:C7,$B$3:5C83k —
{ & Excel@ formulas

More Warnings:

2) Values of Decision variables be numeric

3) OBJ coefficients be numeric, $ format with Excel@ Cell Format/Currency, not typed as “$”
4) OBJ value in Excel@ formula with $$ if needed

5) RHS values be numeric, No any character, i.e., variable names

6) LHS values in Excel@ formulas with $$ if needed

7) <=, = or >= signs match given constraints
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Use Excel@ Solver to LP Problem

Procedure to use Excel@ Solver
1) Put Cursor at OBJ formula

A B c D E F 2) Click Data/Solver
1 Maximize Profit 3) Set Target Cell = Cell with OBJ formula
z 4) Click Equal To: as Max for Max OBJ
3 Units to make . "
- 5) Set By Changing Cells = Cells of OBJ coefficents
4 |Unit Profits 6) Set Subject to Constraints as LHS formulas vs. RHS values
2 7) Click Solver Options
6 Constraints X Y Used Available . lick p . del
7 Production Minutes 1 2 0 <= 6 I) Clic -Assume Linear IV!O e .
3 Raw Material Units 5 3 0 = 15 i) OrClick Standard LP Simplex in PremSolver
S Customer v Demand 1 2 [ = 2 iii)  Click Assume Non - negative
10 Customer w Demand 2 1 0 »= 2
11 =SUMPRODUCT(B7:C7,$B53:5C53)

Solver Parameters )l change Constraint [%) | Sotver Options 3]

5et Target Cell 4 ink:

et Target Cel Cell Reference: Canstraint: _ M Time: seconds

Bale Oue OWn Otk 0 | DETAD$E =tF§7 gl

Smes — e
Load Model. .. ]

T R - e I
Subect o the Constraints: Tolerance: s % [ Save Model.., ]

Precision: 0.000001 |

— Add Constraint ®
ggzgzgzﬁg jzggiﬁgm P —— Corwergence: | 0,0001 | Help ]
$043:40410 . =Fgangrs 10| . Assume Linear Mode! [] Use Automatic Scaling
Assume Non-Nlegati [ show Tteration Results
[ OF ‘ [ Cancel ] [ Add ] [ Help ] Est‘\méE‘es Detivatives Search
(&) Tangent: (&) Forward (&) Mewton
() Quadratic O Central O Conjugate

Use Excel@ Solver to Max OBJ in LP Problem

A [ c D E F - - -
1 | Wasimizeprofi
2 . Y =SUMPRODUCT(B4:C4,5B$3:3C53)
3 |Units to make 2 1)7‘;Tma| Profit O Keep Solver Solution
4 |Unit Profits $50 $40 17 37
5 LHS RHS
& |Constraints X v Used Aottt [ o | [ caneel | [ SaveScenaio.. | [ Help
7 |Production Minutes 1 2 6 <= 13
8 |Raw Material Units 5 3 15 <= 15
9 |Customer v Demand 1 2 6 >= 2 .
o [ — ! — = 5 The Time to Install PremSolver
11 =SUMPRODUCT(B7:C7,$B53:5C53)

:.’/ Solver: an unexpected internal errar occurred, or available memory was exhausted,

Ml Solver Parameters V7.0 &3] -
Set Cell: [4044
EqualTo: & Max ¢ Min ¢ Value OF: e

By Chanaing Yariable Cells:
= Model Cptions
[ $e52:9043 B 4
Subject ta the Constraints: Ja -
$047:40%8 <= $F$7:5FEE
$D§9:405 10 5= §F49:4F$10 Add Watiahles " Keep Solver Solution
change Reset Al + Restore Original Yalues
Delete Help I Return to Solver Parameters Dialog ™ outline Reports

Solver Found a solution, Al constraints and optimality
conditions are satisfied,

Reports

QK Cancel Save Scenario... Help
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Excel@ Solver Reports: Answer, Sensitivity, and Limits
to Max OBJ 50X + 40Y

A B C
1 Microsoft Excel 12.0 Ansuver Report
2 Worksheet: [LP.xls¥]fxt
3 Report Created: 3/16/2008:

4 Result: Salver
5 Engine: Standard LP Simplex
6 |Solution Time: 00 Seconds
7 Iterations:5

§ Subproblems: 0

9 Incumbent Solutions:0

10

1

12 Target Cell (Vx|

13 Cell Name

D E F ] | AB £ D EF 6 i | ] A B ¢ )] E F 4 H
1 |Microsoft Excel 120Limits Report 1 | Microsoft Excel 12.0 Sensitvity Report
2 Worksheet: [LPxlsy]Fxd 2 Worksheet: [LP.xiskJExl
3 Report Created: 03/15/208 153308 PM 3 ReportCreated: 03/16/2008 16:33:08PM
d optinality condionsare aisfed 4 4

5 5 Target Cell (M)
] Taget 6 Cel Name Final Value
7l Value 7 Unit rofits Total Profit 170428574
3| $084 UnitProfit Tt Profit 171 37 3
9 9 Acjustable Cells
1 10 Finel  Reduced Objective  Allowable Allowable
1 Adjustable lower Taget Upper Taget 11 (el Name Value  Cost Coefficent Increase  Derease
el Name Value  Limit Resut  Limit Resut 12 $B%3 UnitstomekeX 151 0 0 1656365367 El

OrginelValue _Fina Value 1B 58 UnistometeX 157 0 551 1573 B S nisonekey 10 [ R

14 D% Urit Profite Total Profit

0 1714285714 1 48 Unitstomeke 117

1
16
17 Adjustacle Calls

"

13 Cell Name

Original Value Final Value

19 %% UnitstomekeX

0 157

045 UnitstomekeY

0 247

2
22 Constraints

5 Gl Name Cellvalue  Formul Status  Slack

2% 087 Prod 6 S0$%=5S7 Bincing 0
35 DS RawMaterial Units Usez 1SS Bincing [}
% D39 Cuctomery Demand Used 6 $08p=5%%)  NotBinding 4

77 $D$10 Customerw Cemens Usad

5 417 $06100=4F310 NotBinding 271408571

S 1w u
15 Constraints
1 Finel  Shadow Constraint Allowable - Allowable
7 el Name Valle  Pice  RH.Side Increase  Decrease
18| §0S7 Prozuction Mi i ] 111 ] 4 3
19 S0S8 Raw Waterial Units Used 15 847 5 5 6
PRI IR d ] 0 1 L)

2 SOSI0 CustomerwDemand Used 5 47 0 235740897 1R

Optimal Solution

Optimal Max OBJ value

A B C D F A B 5 D E| F G H | J
1 |Maximize Profit 1 Microsoft Excel 12.0 Limits Report
2 Y =SUMPRODUCT(24.C4,5B%3:5C33) 2 Worksheet: [LP.xls]Limits Report 1
3 |Units to make 2 1,'7‘;Tola| Profit 3 Report Created: 3/1/2008 1:33:29 PM
4 |Unit Profits $40 171 37| 4
5 LHS RHS )
6 |Constraints X Y Used Available 6 Target
7 Production Minutes 1 2 6 7 cell Name Value
8 |Raw Material Units | 5 3 [ ] 15 8 $D$4 Unit Profits Total Profit 171 3/7
9 =SUMPRODUCT(B7:C7.5B53:5C53) 9
Al B D E G
1 |Microsoft Excel 12.0 Answer Report e
2 Worksheet: [LP.xIs]Ex u Adjustable Lower Target  Upper Target
3 Report Created: 3/1/2008 1:33:29 PM 12 cell Name Value Limit  Result Limit  Result
4 13 $BS3 Number to make X 157 0 85 5/7 15/7 171 37
5 14 5C53 Number to make Y 217 0 85 5/7 217 171 37
6 Target Cell (Max)
7 Cell Name Original Value Final Value Al B c D E F G H
8 | $D$4 Unit Profits Total Profit 0 171 3/7 1 |Microsoft Excel 12.0 Sensitivity Report
9 2 |Worksheet: [LP.xls]Ex
10 3 |Report Created: 3/1/2008 1:33:29 PM
11 Adjustable Cells &
12 cell Name Original Value Final Value =
13 $B$3 Numberto make X 0 1 5/7 6 |Adjustable Cells
14 8083 NumbertomakeY 0 2 17 7 Final Reduced Objective Allowable Allowable
5 8 Cell Name Value  Cost Coefficient Increase  Decrease
i 9 $B53 NumbertomakeX 1 5/7 0 50 16.667 30
’ 10 5C$3 NumbertomakeY 2 1/7 0 40 60 10
17 Constraints o
18 Cell Name Cell Value Formula Status Slack 12lc
19 $DS7 Equ (1) Used 6 $D$7<=5E$7 Binding 0 13 Final Shadow Constraint Allowable Allowable
20| $D$8 Equ (2) Used 15 $D$8<=4ES8 Binding 0 14| cell Name Value Price RH.Side Increase Decrease
21 $B$3 Numbertomake X 1 5/7 $BS3»=D NotBinding 1 5/7 15| $DS7 Equ (1) Used 5 7 17 3 2 3
22 $C$3 Number to make Y 2 1/7 $c$3>=0  NotBinding 2 1/7 16 $DS8 Equ (2) Used P 8 a/7 I I 5
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Use Excel@ Solver to Min OBJ in LP Problem

Min: 50X +40Y Profit
st. 1X+2Y<=6 (1) Production time in minutes
5X+3Y<=15 (2)Raw materials in units

Y+2X >=2  (3) Customer demand v
2Y+ X>= 2 (4)Customer demand w
X, Y>=0 (5) Non negative

Solver Parameters

Sek Target Cell: S0
Equal To! OMax &
By Changing Cells:

[$Bg3:4c4a

L]

O Yalue of:

Guess

1 Maximize Profit
2 X Y =SUMPRODUCT(B4:C4,5B53:5C53)
3 | Units to make
4 | Unit Profits |
5 RHS
6 |Constraints X Y Used Available
7 | Production Minutes 1 2 2 = 6
8 |Raw Material Units 5 3 5 13 ] <= 15
9 |Customer v Demand 1 2 2 >= 2
10 | Customer w Demand 2 1 2 »= 2
11 =SUMPRODUCT(B7:C7,$8$3:5C53)
A
.5
o 5Ye(o, 5
Max: 50x + 40y
4
&) Min OBJ value at joint B(2/3,2/3) =
(3;» =50(2/3) + 40(2/3) = 60
217, 15/7)
o0, 28 N ~~
(D~ o TN T
g(0, 1) B(2/37 2/3) ) \\
C(0.0) L 46, 0 b(6,0) _ .
1 2 3 4 5 6 T
f(1,0) h(2,0)

A B & D E F

Subject to the Constraints:

Selve

Close

Options

$D§7:4085 <= $F$7 $FE0 add
$049:4D$10 == $FENEFEI0 Q

Reset All

e

Help

Warning:
Do not Use Max OBJ for Min OBJ

Solver Parameters ]

Set Target Call:

EqualTe:  @max  OMn
By Changing Cells:

[$e43:4c$3

Subject to the Constraints:

) Value of:

$047:4D48 <= §F§T:4FRE
$050:4D410 5= §F404F410

Excel@ Solver Reports: Answer, Sensitivity, and Limits
to Min OBJ 50X + 40Y

18
bl

¥

$067 Froguctian Minutes Used 2

0875757 NotBinding ]

$068 Raw Materal Units lsed 513 858 NotBinging 5663663667

$089 Customery Damand sed 1 Dy 0

$0510 Customerw Damand Used 2

0

4 b ¢ > E [ s AB C D EF[6h 1] A e L O S T

IMCMH@H‘“HS‘M’REW“ 1 Mirosft xcel 20 it Report 1 Microsoft Excel 12.0 Sensitivity Report
2 Wntes o 2 Workshet: 1Pl imits Repatd 2 Worksheet:[LPatsiExt
3 RepotCrested 32054593 3 Report Ceated: 3/ 08 438300 3 Report Crested: [ 16/208 43243 M
¢ 4 4
5 5 3 )
6 |Target Cell i) 3 Taget G AdjusteEla Cells : -
7l Name OrgihalVelue  FinalValue 7l Name Value 1 final Reduced “bleft.“’? Allowable Allowable
8 S8 UnitProfisTote Pt 0 0 3 m 3 Cell Name Value Cost Coefficient Increase  Dacrezse
s 9 - 9 B8 UnitstomakeX B 30 E 3
10 0 10 58 UnitstomakeY B0 0 @
11 AcjustztleCalls il Adjustable Lower Target  Upper Target I R
2 Cel Name OriginalValue ~ FinalValue oo el Name Value  Limit Resuft  Limit  Result S Constints - -
13§88 UnistomabeX 0 7 1B 488 UnitstomekeX B oBw 235 5 B Final shafww Conslrélnl Alowsble Allowable
U &8 Wnistomdey 0 % 1| 48 Urtsomatey BB 1 W U Cell Name Vilue Price  RH.Side Increase  Decrease
B 15 $087 Productior Minutes Used 2 i [ 4
E 16 $0%8 RawMaterial UnitsUzed 513 © 15 1E+0 9.66666555
17 Coneraints 17 039 CustomervDemandUsed 2 10 2 1

18 40410 Customerw Demand Usec 2 i 2 3
5 Cel Name Cellalue ~ Fonmula~~ Status Sk
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Minimize Production Cost and Optimal Solution

Min: 10x+20Y
st. 2X+ Y>=4 (1) Customer a demand
3X+7Y>=21 (2)Customer b demand
2X+9Y >=18 (3) Customer c demand
X, Y>=0 (4)
Draw OBJ.: Set 10X + 20Y = 80

Obj. Min: 10X + 20Y
I LetX=0,Y=4, (0,4)

- LetY=0,X=8,-> (8,0)

Points (0, 4) and (8, 0) forms the OBJ line

Find Optimal Solution A(X, Y)
Optimal Solution A(7/11, 30/11) with value of
0BJ(7/11, 30/11) = 10x(7/11) + 20x(30/11) = 60.91

What is value of OBJ at C(X, Y)?

Class Exercise:
1)  Use Excel@ Solver to obtain Optimal solution and
Optimal Min OBJ value

2)  Modify constraints to make ABCA as feasible region

3)  Obtain Optimal solution and Optimal Min OBJ value with
i) On Graph
ii)  Solver

4)  If Max OBJ 10X + 20Y, find Optimal solution on Graph

19,0) x
9 1

0
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