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LP Sensitivity Analysis: Solutions and OBJ Values versus
Optimal Solution and Optimal OBJ Value

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 a, e, B, h,d, Aand a form feasible region
2X+ Y >=2  (3) Customer demand v
X+2Y >= 2 (4)Customer demand w
X, Y>=0 (5) Non negative
N A What are OBJ values at joints e, ,h and B?
Y OBJvalue atjoint B(2/3, 2/3) =
=50(2/3) + 40(2/3) = 60

What is the value of Joint B(X, Y)? B(2/3,2/3)

OBJvalue atjoint e(0, 2) = 40(2) = 80

OBJ value at joint h(2, 0) = 50(2) = 100

OBJ value at joint a(0, 3) = 40(3) = 120

OBJ.value at joint d(3, 0) = 50(3) = 150
Optimal Max OBJ value at joint

Optimal solution A(12/7, 15/7) =171 3/7

Is OBJ value at origin C(0, 0) feasible? No,
Why? Because C(0, 0) is outside of feasible region
i 2 . b(6, 0)
0 N2 A\ 4 5 6 7
f(1,0) * h2, 0), OFV=100" ", <
Obj. Min: 50x + 40y

Excel@ Solver Reports: Answer, Sensitivity, and Limits to Max OBJ 50X + 40y | A © ¢ L I
1 Microsoft Excel 120 Sensitivity Report
Max: 50X +40Y Profit 2 Worksheet:[LPxlsx]ext
st. 1X+2Y<=6 (1)Production time in minutes 3 Report Ceated: 03/15/2008 53308
5X+3Y<=15 (2)Raw materials in units i
2X+ Y >=2  (3) Customer demand v
X+2Y >= 2 (4) Customer demand w 5 Target Cel M)
A B C D E F € X, Y>=0 (5) Non negative 6 Cel Name Final Value
1 Microsoft Excel 12.0 Ansuver Report s = T e : 70 UnitprofitsTotal Profit 1704285714
2 Worksheet [1Pistffxt [ L = ¢ 3
3 Report Created: 03/16/2008 163308 PM L i ke A epot 9 Asjustable Cells
o mdashion ol omtetisad il ol L OSETPASE !
4 Result:Solver pumaliy 3 Repol e 6/ 00 163080 It Findl  Reduced Objective Allowable Allowable
5 Engine:Standard LP Simplex q el Name Vil (ot Coeffcent Inrease  Decresse
6 Soluton Tie: 00Seconds : 1§93 iistombex 157 0 50 1666 3
7 lerations:5 - p— %8 Unistomsket 110 i N 1
8 Subproblems:0 7 ‘g n
9 Incumbent Solutions:0 LA T | Constrints
m & 3081 UnitProfits Total rofit 171 37
g - 16 Final - Shadow Constraint - Allowable - Allowable
i 0 7 el Name Velue  Price  RM.Side Inoease Decrexse
12 Target Cell (Vx| . q B p
- - LI § 12 6 4 3
B cell Name Origingl Value ~Final Value L Adjstable lover Tt Upper Taget & o i e 5 [T 5 5 3
& 0% UnterteToalpofit 0 T 2 el Name Value  Limit Result Limit  Result Y — ; . . T
5 1 38 Unitstomake X 1S 0 s 15 T BT L
G 18405 Unistomake v Ay i my 60 et ! -
17 Adjustatle Calls @ \e X
5 el Name Original Value  Final Value Let X=0, OFV=0+40*2 1/7=855/7 \' Neos
1 $B2 Uristonehex ] 157 LetY=1/7, OFV=50*1 5/7+40*1/7=913/7 Q) o e
A 4 Uristonere! ] 211 R R
u Slacks: ‘(‘i) K 2\;‘20\,\
2|Constins 1) Slackfora constraint = value of (LHS — RHS) AN
B cell Name CelValue ~ Formnula Status Slack 2)  Slackfor binding constraints = zero Sl e 2y 3
208 prod 6 S0$%=5S7 Bincing 0 3) Slack for not binding constraint > zero @ 7 SN
N o o o o ot
5068 RawMateral Units Uce: B QNER g I} 4) SIackforAnon negatl\{e decision variable = 90, 1) B(213, 53), OFV! U¥~
= amount it exceeded its lower bounds of ©(0.0) S , @), OFV=150 b(6,0) M
% %9 Customery Demand Used 6 SD6B=S¥%9 Notbinding 4 zero ) \n“ 7 5 6—7
s . . OFV=
27| 40410 Customerws Demens Usad 5 47 $0810:=4F510 NotBindirg 2571426571 L m:‘ffﬂ’ o Y




Visualizing Optimal Solution as OBJ Coefficients of X Changed
Max: 50X +40Y Profit Optimal Max OBJ value at joint
st. 1X+2Y<=6 (1) Production time in minutes Optimal solution A(12/7, 15/7) = 171 3/7
5X+3Y<=15 (2)Raw materials in units
2X+ Y >=2  (3) Customer demand v OBJ Max: 50X+ 40Y =171 3/7
X+2Y >= 2 (4) Customer demand w
X, Y>=0 5)N ti . . .
(5) Non negative Find Optimal Solutions & OBJ Values,
ik
2§ 6 Y If OBJ coef of X = 35,
(
\
If OBJ coef of X = 20,
-\5 c(0,:5)
"‘\ If OBJ coef of X =5,
4
Remarks:
(1)
\3\ I1f OBJ coef of X = 60,
(3)
! 5 If OBJ coef of X = 66 2/3,
e(0,:2), 9
(4) If OBJ coef of X = 75,
4(0, 1) Remarks:
c(a, 0) i d(g, 0). OFV=150 b(B, 0) %
0 N 2> A N4 5 6 ~T7
11,00 hez, 0), OFV=100% '\ Ny
Obj. Min: 50x + 40y Y
Visualizing Optimal Solution as OBJ Coefficients of X Decreased
Max: 50X +40Y Profit Optimal solution A(12/7, 15/7)
st. 1X+2Y<=6 (1) Production time in minutes . i
5X+3Y<=15 (2)Raw materials in units Optimal OFV (Max): 50X+ 40y =171 3/7
2X+ ¥ >=2 (3] Customer demand v Find Optimal Solutions & OBJ Values,
X+2Y >= 2 (4) Customer demand w
. X, Y>=0 (5) Non negative Draw OBIJ Line by setting: 50X+40Y = 100
\‘ LetX=0,Y=2.5;and Let Y=0,thenX = 2,2 6/7,5, and 20, respectively
X “ Slope of OBJ Line = (2:5=Y2)/(0-X2) = - 1.25, - 7/8,-0.5, and — 1/8, respectively
@y 6 Y If OBJ coef of X =35: OBIJ Line counter clockwise & flatter,
0OS no change at A(12/7, 15/7)
N\ OFV = 35*12/7 + 40*15/7 =145 5/7
i 60,5}
\ Obj, - Max: 50X +40Y If OBJ coef of X =20:.. .. OBJ Line overlap Line (1),
4 Alternative OSs b/t points a and A on Line (1)
OFV =20*12/7+40*15/7=20*0+40*3 = 120
),
\3\ : If OBJ coef of X =.5: Point A is not OS any more,
(3) <L N T — L, OS at Point a
. 4 A(12/7, 15/7), OFV < TTT 317 —~ . . _ OFV =5%0 +40*3 =120
2 I S
(0, 2), QF T ee—
()]
0,1
a0, ¢ R Remarks: 0BJ coef of X can vary
C(0, 0) . ’T‘\ &'&.’0)‘ OQE"SG\ b(8, 0) o within a range, i.e., OBJ Line can turn
0 N 2 v \ \ 4 5'< 6 7 X at OS point A, and swing b/t points d
1(1,0)  he2, 0), OFV=100% — *» - and b to keep point A optimal

Obj. Min: 50x + 40y

<

11/15/2008



Visualizing Optimal Solution as OBJ Coefficients of X Increased

Max: 50X +40Y Profit Optimal solution A(12/7, 15/7)
st. 1X+2Y<=6 (1) Production time in minutes .
5X+3Y<=15 (2)Raw materials in units Optimal OFV (Max): 50X+ 40y =171 3/7

2X+ Y >=2  (3) Customer demand v
X+2Y >= 2 (4) Customer demand w

Find Optimal Solutions & OBJ Values,

X, Y>=0 (5) Non negative Draw OBIJ Line by setting: 50X+40Y = 100
\ LetX=0,Y=2.5;andLetY=0, then X =2,12/3,1.5,and 1 1/3, respectively
N “ Slope of OBJ Line = (2.5 -Y2)/0 - X1) =-1.25, -1.5, - 1.667, and — 1 7/8, respectively
(2‘)\ 61Y If OBJ coef of X =60 OBIJ Line turns clockwise & steeper,
0OS no change at A(12/7, 15/7)
N\ Neos OFV = 60*12/7 + 40*15/7 =188 4/7
{0,
\ If OBJ coef of X = 66 2/3:

OBJ Line overlap Line (2),
Alternative OSs b/t points A and d on Line (2)
OFV =66 2/3*12/7+40*15/7=66 2/3*3+40*0 = 200

If OBJ coef of X = 75: Point A is not OS any more,
OS at Point d(3, 0)
OFV =75*3 + 40*0 = 225

2
e(0,:2), 9
4
0,1 260
gla. 1y \ . Remarks: 0BI coef of X can vary
c(0, 0) N T~ &'&. 0), OFV=150 b(8, 0) within a range, i.e., OBJ Line can turn
- N >
0 1 N ) N\ 4 5 6 7 X at OS point A, and swing b/t points d
1i1,0)  hi2, 0), OFV=100N  * . and b to keep point A optimal
Obj. Min: 50x + 40y )
LP Sensitivity Analysis of OBJ Coefficents (OFC)

. - = = & : " Max: 50X +40Y Profit
1 Wicrosaft Excel 12.0Sensitivity Report st. 1X+2Y<=6 (1) Production time in minutes
2 Worksheet: [LP.xlsx]LPSolver 5X+3Y<=15 (2) Raw materials in units
3 Report Created: 03/22/2008 11:52:08 AM 2X+ Y >=2  (3) Customer demand v
4 X+2Y >= 2 (4) Customer demand w
5 Target Cell (Max) X, Y>=0 (5) Non negative
6 Cell Name Final Value . . ) L
7| SD8159 UnitProfts TotalProfit__ 1704285714 Sensitivity Analysis of Adjustable Cells for Objective
3 function:
9 Adjustable Cells
10 Final  Reduced Objective Allowable Allowable The X coefficient of 50 varies from (50 — 30) to (50 + 16.667), the
1 cell Name Value Cost Coeffient Increase Decrease OB line turns at the optimal solution, thus the original optimal
1 583158 UnitstomekeX 157 0 50 1660650607 I solution of (12/7,15/7) will not change, the feasible region will
15 SCS158 UnitstomekeY 1107 0 0 : & 0 not change, but the optimal objective function value will change

due to the change in X coefficient.

When OBJ function line is overlap with Line (1) at the vertex (12/7,15/7), it leads to unlimited number of alternative optimal solutions
from the line segment between vertexes (0, 3) and (12/7,15/7), where the X coefficient of 50 decreases to its lower limit of 20 = 50 - 30, or
the Y coefficient of 40 increases to its upper limit of 100 = 40 + 60.

When the objective function line is overlap with Line (2) at the vertex (12/7,15/7), it leads to unlimited number of alternative optimal
solutions from the line segment between vertexes (3, 0) and (12/7, 15/7), where X coefficient of 50 increases to its upper limit of 66 2/3 =
50+ 16 2/3, or Y coefficient of 40 decreases to its lower limit of 30 = 40 - 10.

The Reduced Cost for each variable equals to the per-unit amount that the variable contributes to the objective function value, minus the
per-unitvalue of the resources it consumes at their shadow prices. For example:

Reduced costfor X: 50— 71/7x1-84/7x5=0 1X+2Y<=6 (1)

Reduced costfor :40-71/7x2-84/7x3=0 5X+3Y<=15 (2)

Read the pages 148 and 149 for more discussions on the shadow prices and reduced cost.
Read the pages 150 and 151 for discussions on degeneracy and changes in more than on objective coefficients.
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Visualizing Optimal Solution as OBJ Coefficient of Y Changed

Max: 50X +40Y Profit Optimal Max OBJ value at joint

st. 1X+2Y<=6 (1) Production time in minutes Optimal solution A(12/7, 15/7) = 171 3/7
5X+3Y<=15 (2)Raw materials in units

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

OBJ Max: 50x+40Y =171 3/7
Find Optimal Solutions & OBJ Values,
(3‘)\ 6ty When OFC of Y Decreased:
If OBJ coef of Y = 35,
If OBJ coef of Y = 30,

If OBJ coef of Y = 20,

When OFC of Y Increased:
If OBJ coef of Y = 70,
If OBJ coef of Y = 100,
If OBJ coef of Y = 140,

b(6, 0)

0 N2 A\ 4 5 6 7
ft1,0) n(z, 0), OFV=100% ",

Obj. Min: 50x + 40y

Visualizing Optimal Solution as OBJ Coefficients of Y Decreased

Max: 50X +40Y Profit Optimal solution A(12/7, 15/7)
st. 1X+2Y<=6 (1) Production time in minutes

5X+3Y<=15 (2)Raw materials in units Optlmal OFV (Max): 50X +40Y =171 3/7

2))((: 21 : 22 Ei; gzz;g::; SZ:::S ‘\;I Find Optimal Solutions & OBJ Values,
X, Y>=0 (5) Non negative Draw OBIJ Line by setting: 50X+40Y = 100
N LetY=0,X=2;and Let X=0, then Y =26/7,3 1/3 and 5, respectively
N “ Slope of OBJ Line = (0-Y2)/(2 -0) =- 1 3/7,- 12/3, and - 2, respectively
(2)\ 6 Y If OBJ coef of Y =35: OBIJ Line counter clockwise & flatter,
\’ 0OS no change at A(12/7, 15/7)
"\ 5\ 0.5 OFV =50%12/7 + 35*15/7 =160 5/7
A c(Uy
)
"\ Bbir Max: 50X +40Y If OBJ.coef of Y =30:.. .. OBJ Line overlap Line (1),
4 g . Alternative OSs b/t points a and A on Line (1)
OFV =50*12/7+30*15/7=50*3+30*0 = 150
Ty
\3\ £ If OBJ.coef of Y.= 20:.. . Point A is not OS any more,
(3) \ OS at Point d
i OFV =50*3 + 20*0 = 150
2
2(0,:2), QF
s
0,1
a0, Remarks: 0BJ coef of Y can vary
c(0, 0) . d’(%O)‘ OFV=150 b6, 0) o within a range, i.e., OBJ Line can turn
0 1N 2 < 3\ 4 5 6 7 X at OS point A, and swing b/t points ¢
1(1,0) *h(2, 0), OFV=100}_ \ - and a to keep point A optimal
Obj. Min: 50x + 40y N
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Visualizing Optimal Solution as OBJ Coefficients of Y Increased

Max: 50X +40Y Profit Optimal solution A(12/7, 15/7)

st. 1X+2Y<=6 (1) Production time in minutes Optimal OFV (Max): 50X + 40Y = 171 3/7
5X+3Y<=15 (2)Raw materials in units
2X+ Y >=2  (3) Customer demand v Find Optimal Solutions & OBJ Values,

X+2Y >= 2 (4)Customer demand w X X
X, Y>=0 (5) Non negative Draw OBIJ Line by setting: 50X+40Y = 100

N LetY=0,X=2;and Let X=0, then Y =13/7,1 and 5/7, respectively

A “ Slope of OBJ Line = (0-Y2)/(2 - 0) = - 5/7, - %, and — 1/3, respectively
(2)‘\ 6 Y If OBJ coef of Y'=70: OBIJ Line counter clockwise & flatter,
\’ 0OS no change at A(12/7, 15/7)
\ 5 OFV =50*12/7 + 70*15/7 =235 5/7
h (0, 5)
\ Obj, - Max: 50X +40Y If OBJ.coef of Y = 100: .. OBJ Line overlap Line (1),
4 Alternative OSs b/t points a and A on Line (1)
OFV =50*%12/7+100*15/7=50*0+100*3 = 300
1),
\3\ If OBJ coef of Y.= 140: .. Point A is not OS any more,
(3) OS at Point a
H OFV =50*0 + 140*3 =420
2
e(0,:2), 9
~
(A~
0,1
a0, Remarks: 0BJ coef of Y can vary
C(0, 0) e d.iﬂﬂ)‘ OFV=150 b(8, 0) X within a range, i.e., OBJ Line can turn
0 1N 2 A 4 5 6 7 il at OS point A, an-d swing k?/t points ¢
1i1,0) - he2, ), OFV=100%, \ - and a to keep point A optimal

Obj. Min: 50x + 40y Y

LP Sensitivity Analysis of OBJ Coefficents of Y

. A B C G H
Max: 50X +40Y Profit 1 |Microsoft Excel 12.0 Sensitivity Report
st. 1X+2Y<=6 (1)Production time in minutes 2 worksheet: [LP.xisx]LPSolver
5X+3Y<=15 (2)Raw materials in units d Report Created: 03/22/2008 11:52:08 AM
2X+ Y >=2  (3) Customer demand v 5 [Target Cell (Max)
X+2Y >= 2 (4) Customer demand w 6| _Cell Name Final Value
_ . 7 | $D$159 Unit Profits Total Profit 1714285714
X, Y>=0 (5) Non negative .
3 |Adjustable Cells
10 Final Reduced Objective Allowable Allowable
“ 11 cell Name Value Cost Coefficient Increase  Decrease
v 6 Y 12| $8$158 Units to make X 157 0 50 16.66666667 30
( ) 13| $C$158 Units to make Y 217 0 0 60 10
\ k
N\
4 Sensitivity Analysis of Adjustable Cells
) for Objective function:
(3) The Y coefficient of 40 varies from (40 — 10) to (40
+60), the optimal solution at Point A(12/7, 15/7)
i will not change, but the optimal objective
2
e(0, 2), QR function value (OFV) will change due to the
(4) : change in Y coefficient.
g(0; 1}
c(o.9) - 5(6.0)
0 N 2> 3 \4 5 6~_7
fi1,0)  he2, 0), OFV=100 ER
Obj. Min: 50x + 40y \
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LP Sensitivity Analysis —
Change of RHS Values of Constraint (1)
Max: 50X +40Y Profit Al B c D £ F G H
st. 1X+2Y<=6 (1) Production time in minutes 1 Microsoft Excel 12.0 Sensitivity Report
5X+3Y<=15 (2) Raw materials in units 2 Worksheet: [LP.xlsx]LPSolver
2X+ Y >=2  (3) Customer demand v 3 [Report Created: 03/22/2008 11:52:08 AM
X+2Y >= 2 (4) Customer demand w 15 |Constraints . .
X, Y>=0 (5) Non negative 16 Final  Shadow Constraint Allowable Allowable
! 17 Cell Name Value Price  RH.Side Increase  Decrease
A 18 $D3164 CustomervDemand Used 6 0 2 4 1E430
@) 6 Y 19 $D$165 Customer w Demand Used 547 0 2 3571428571 1E+30
\ 20 $D$162 Production Minutes Used 6 717 6 4 3
21 $D$163 Raw Material Units Used 15 84/7 15 15 6
OBj. Max: 50X + 40Y Draw ConstraintLine (1),
IFRHS (1) = 7 IFRHS (1) =5
IFRHS (1) = 10 IfFRHS (1) =3
R(12/7,15/7), OFV. =171 3/7
If RHS (1) = 12 IfRHS (1) = 2
Remarks: Remarks:
b(6, 0}
0 P I RN N E S S e e
11,00 n(z2, 0), OFV=100 \ T
Obj. Min: 50x + 40y \\
LP Sensitivity Analysis —
RHS Values of Constraint (1) Increased
Max: 50X +40Y Profit 15 Constraints
st. 1X+2Y<=6 (1) Production time in minutes 16 Final  Shadow Constraint Allowable Allowable
5X+3Y<=15 (2)Raw materials in units 17 Cell Name Value Price  RH.Side Increase  Decrease
2X+ Y >=2 (3) Customer demand v 18 $D3164 CustomervDemand Used 6 0 2 4 1E430
X+2Y >= 2 (4) Customer demand w 19 $D$165 Customer w Demand Used 5407 0 2 3571428571 1E+30
X, Y>=0 (5) Non negative 20 $D$162 Production Minutes Used 6 Y7 6 4 3
! 8 21 $D$163 Raw Material Units Used 15 84/7 15 15 6
A Lo
@) GY Draw Constraint Line (1):
\n \\\\ ~
\5 ke(0: 5) et If RHS'(1) = 7, Line(1) moves up,
3 6&\”?* 50% -+ 40\,\\\ OS moves up
4' Fap Se OFV value moves up =178 4/7 =1713/7+7 1/7*1
\(~1 NN \‘\\ \\\ If RHS (1) = 10, Line (1) & Line (2) joint at Point ¢
k\,)\ B el 0S is at Point (0, 5)
3) "~ OFVvalue = 200 = 171 3/7 + 4*7 1/7=40*5
‘-_2 If RHS\(\I)\—JZ, forms new feasible region
(0, 2), gk "~~.0S changed, new Line (1) becomes redundant
. OFVissstill at Point ¢(0,5) = 200
()]
g(0; 1}
6 Remarks:
C(0, 0) o T e X RHS=7: LetX=0,¥=3.5 or (0, 3.5) & let Y=0,X=7 or (7,0)
R S R N e L e e o
Obj. Min: 50x + 40y
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LP Sensitivity Analysis —
RHS Values of Constraint (1) Decreased

Max: 50X +40Y Profit
st. 1X+2Y<=6 (1) Production time in minutes

15 Constraints

16 Final Shadow Constraint Allowable Allowable
5X+3Y<=15 (2)Raw materials in units 17 Cell Name Value Price  RH.Side Increase  Decrease
2X+ Y >=2  (3) Customer demand v 18| $D$164 Customery Demand Used 6 0 2 4 1830
X+2Y >= 2 (4) Customer demand w 19 $D$165 Customer w Demand Used 547 0 2 3571428571  1E430
X, Y>=0 (5) Non negative 20 $D$162 Production Minutes Used 6 747 6 4 3
A 21 SD$163 Raw Material Units Used 15 847 15 15 6
2 81 Draw ConstraintLine (1):

If RHS (1) =5, Line(1) moves down,
0OS moves down
OFV value moves down =164 2/7 =1713/7-71/7*1

If RHS (1) = 3, Line (1) & Line (2) joint at Point d
OS is at Point d(3, 0)
OFV value = 150 = 171 3/7- 3*7 1/7=50*3

If RHS (1) = 2, forms new feasible region on Line (4)
OS changed, Line (2) becomes redundant
OFV is still at Point h(2,0) = 100

Remarks:
LA b(6, 0)
— - S » X RHS=5: LetX=0,Y=2.5 or (0, 2.5) & let Y=0, X
- ~ ‘\\ \\\ RHS=3: Let r(0,1.5) & let , X=30r (3,0)
0 1 2 -3 \ 4 5 S~ 6 7 RHS=2, Let X=0, Y=1 or (0,1) & let Y=0, X=2 or (2,0)

f(1,0)  n(2, 0), OFV=100" "= N
Obj. Min: 50x + 40y

LP Sensitivity Analysis: Change of RHS Values of Constraint (1)

Changing RHS values within the given ranges lead to the changes in the optimal

Max: 50X +40V Profit solution point (X, Y) and thus the value of the optimal OBJ value.

st. 1X+2Y<=6 (1) Production time in minutes

5X+3Y<=15 (2)Raw materials in units RHS of constraint (1) varies from the value of (6 — 3) to the value of (6 +4), Optimal
2X+ Y >=2  (3) Customer demand v solution is still the vertex of the lines (1) and (2), but the values of Optimal solution or
X+2Y >= 2 (4) Customer demand w vertex (X, Y) are changed, thus the change in the value of the optimal OBJ value.
X, Y>=0 (5) Non negative
These two situations are best depicted by the graph below with two dot lines each
referring to the Constraint (1) at its lower or upper limits. We may view the situation
asif Line (1) slides parallel from its lower position passing through point c(3, 0) with

A the OB line sliding to its maximum possible position along the way and its value of
6 Y 50x + 40y = 50 x 3 = 150 at the point c(3, 0), to its upper limit position passing
(2) through the point f(0, 5) with the objective function value of 50X + 40Y = 200.
\ The Shadow Price of a constraint is the amount of the objective function value to
5N co,5) increase or decrease due to one unit of change in the RHS value of that constraint.

Obj; - Max: 50X +40Y The shadow price for any nonbinding constraint is always zero, because RHS value is
more than needed.

The shadow price of Const (1) of 7 1/7 means if the RHS value of Const (1) increases or
decreases by 1 unit within the allowable range (3, 10), the objective function value will
increase or decrease by 7 1/7, respectively, i.e., if the RHS value of Const (1) increases by
3 units, still within the allowable range of (3, 10), the optimal objective function value will
increase by 3 * 7 1/7 = 21 3/7. However, the optimal vertex (X, Y) has changed and
needs to be calculated through Solver

2 Al B c D E F [ H
1 Microsoft Excel 12.0 Sensitivity Report
e(0:2), ¢ 2 Worksheet: LP.xisclLPSolver
3 | Report Created: 03/22/2008 11:52:08 AM
4
(4) 5 Target Cell (Vax)
6 _cel Name Final Value
90, 1) 7 SDSIS5 Unitprofits Total rofit__ 1714285714
5(3‘ 0 15 Constraints
C(a. 0) 3 N e ey Final  Shadow Constraint Allowable  Allowable|
0 1 B 2 - \ 4 5 6 ? Ny el Name Valie  Price RM.Side Increase Decrease
X, 18 SDSI64 Customer v Demand Usec 5 o 2 4 14
(1,0) - h2, 0), OFV=100 W 19 $DS165 Customerw Demard Usad 547 0 2 35TAES7L 1E430)
R ~ Sl 20 $p$162 Production Vinutes Used 5 77 6 4 3
Obj. Min: 50x + 40y 21 5D3163 Faw Material Units Usec 15 547 15 15 6|




LP Sensitivity Analysis: change of RHS Values of Constraint (2)

15 Constraints

Max: 50X +40Y Profit 16 Final ~ Shadow Constraint Allowable Allowable
st. 1X+2Y<=6 (1) Production time in minutes 17 cell Name Value  Price  RH.Side Increase  Decrease
5X+3Y<=15 (2)Raw materials in units 18 $D8164 Customerv Demand Used 5 0 ) 4 E
2X+ Y >=2  (3) Customer demand v 19 $DS165 Customerw Demand Used 547 0 2 3STUNSTL 1IR30
X+2Y >= 2 (4) Customer demand w 20 $DS162 Production Minutes Used i 6 '
X\ Y>=0  (5) Non negative 21| $DS163 Raw Material Units Used 5 847 15 15 §
S A R
N Y kY
@8
N\ X
* 5N (0,5 %
\ Obj; - Max: sox\\ﬂé 40Y
i L N Draw Constraint Line (2),
% . If RHS (2) = 25 IfRHS (2) = 10
3 If RHS (2) = 30 If RHS (2) =9
(3)
] \A(12/7, 15[7), OF = 171 377 If RHS (2) = 35 If RHS (2) =5
2 6
&(0.2). o .
Remarks: Remarks:
(4)
gl0; 1}
c(, 0) - ; b(6, 0) L
0 1 2 NN\ 4 5 6 7

1(1,0)

h(2. 0), OFV=100"

\

X

Obj. Min: 50x + 40y :

LP Sensitivity Analysis —

RHS Values of Constraint (2) Increased

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

2X+ Y >=2  (3) Customer demand v
X +2Y >= 2 (4) Customer demand w 18| $DS164 Customerv Demand Used 6 0 2 4 1830
X, Y>=0 (5) Non negative 19| §D5165 Customer w Demand Used 541 0 2 35751 130
X N N 20| $D8162 Production Minutes Used 6 717 6 4 3
@ 6 A Y \\\\ Dra\\/‘v\Con\s\traint Line (2): 21| $D8163 Raw Material Units Used 15 84/7 15 15 §
N 5 e(0.8) 3 k! > If RHS'(2) = 25, Line(1) moves up,
i 8

N

4.1
\(:LKS\
(3‘)

2
<(0, 2), QF

@)y

g(0; 1}

: }
(0, 0) df3 0) OFV=150",

(1) Production time in minutes 5

15 Constraints

7 Cell Name Value  Price  RH.Side Increase  Decrease

Final ~ Shadow Constraint Allowable Allowable

OS moves up to Point (4 4/7, 5/7)
OFV value moves up =257 1/7 =171 3/7 + 8 4/7*10

If RHS (2) = 30, Line (1) & Line (2) joint at Point b
OS is at Point b(6, 0)
\ OFV value =300 = 171 3/7 + 8 4/7*15 = 50*6

< If RHS (2) = 35, forms new feasible region

\ 0S changed, new Line (2) becomes redundant
N OFV is still at Point b(6,0) = 300

: Remarks:

0 N2 3 w4
1,00 hz 0), 0FV=100"
Obj. Min: 50x + 40y

> RHS=25: Let X=0, Y=81/3 or (0,8 1/3) & let Y=0, X=5 or (5, 0)
G» 7 RHS=30: Let X=0, =10 or (0, 10) & let Y=0, X=6 or (6,0)
Y RHS=35, Let X=0, Y=112/3 or (0,112/3) & let Y=0, X=7 or (7,0)
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LP Sensitivity Analysis —
RHS Values of Constraint (2) Decreased

Max: 50X+ 40Y Profit 15 |Constraints
st. 1X+2Y<=6 (1) Production-tim-e in r-ninutes 16 Final  Shadow Constraint Allowable Allowable
§§ : 3: <>_= 125 ((23)) Eiz:rs:frééz;gnzn\;ts 7 Cel Name Valuee  Price  RH.Side Increase Decrease
X+2Y >= 2 (4) Customer demand w 18| $DS164 Customerv Demand Used 6 0 2 4 1830
X, Y>=0 (5) Non negative 19| $DS165 Customer w Demand Used 547 0 1 3571428571 1640
20| $D8162 Production Minutes Used 6 717 6 4 3
@ 6 A Y Draw Constraint Line (2): 21| $D8163 Raw Material Units Used 15 84/7 15 15 §
\\‘\\\‘ 53ct0.5) If RHS'(2) = 10; Line(1) moves down,
NS 0S moves up to Point (2/7, 2 6/7)
\\:\4\ : OFV value moves up = 128 4/7 =171 3/7 - 8 4/7*5
R BN If RHS (2) = 9, Line (1) & Line (2) joint at Point a
N " OS is at Point a(0, 3)
‘(3) OFV value =120=1713/7 -8 4/7*6 = 50*0+40*3
o, If RHS (2) = 5, forms new feasible region
(0, 2).G 0S changed to Point(1,0), new Line (2) becomes redundant
OFV value at Point(1,0) = 50
4
g(0; 1}
Remarks:
c(0, ) & ofg 0). OFV=150 b6, 0) 4 o o
T Y N - RHS=10: Let X=0, Y=31/3or (0, 3 1/3) & let Y=0, X=2 or (2, 0)
0 hir "GP g o R i e
Obj. Min: 50x + 40y
LP Sensitivity Analysis: Change of RHS Values of Constraint (2)
RHS of Const (2) varies from the value of (15 — 6) to the value of (15 + 15), the optimal solution is still the
intersect of Lines (1) and (2), but the values of the optimal solution or vertex (x, y) are changed, thus the
change in the value of the optimal objective function value from 120 at the point a(0, 3) to 300 at the point
e(6, 0). These two situations are best depicted by the graph below with two dot lines each referring to
Const (2) at its lower or upper limits.
N The shadow price of Const (2) of 8 4/7 means if the RHS value of
N & Const (2) increases or decreases by 1 unit within the allowable
\\ G\A Y range of (9, 30) , the objective function value will increase or
@ \\ decrease by 8 4/7, respectively. If RHS value of Const (2) deceases
. \‘ by 3 unites, still within (9, 30), the objective function value will
5 C(o“s\) decrease by 3 * 8 4/7 = 25 5/7. However, the optimal vertex (X, Y) is
N\ . changed as well and needs to be computed again with Solver.
+; Obj - Max: 50X +40Y
4 \ \‘\ 15 Constraints
" \‘\ 16 Final Shadow Constraint Allowable Allowable
(1) \‘\ 17 cell Name Value Price  RH.Side Increase Decrease
\3\ 12?\ 13 $D$184 CustomervDemand Used 6 0 2 4 1E830
(3) ‘\\ 19 5D$165 Customerw Demand Used 547 0 2 357428571 1E#30
o A7, 1817), QFV =171 37 20 $DS162 Production Minutes Used 6 71/7 § 4 3
(0, 2), g 21 $D$163 Raw Material Units Used 15 84f7 15 15 6

@)y

g(0; 1}

c(0, 0)

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

0

N 2= AN4

11,00 hez, 0), OFV=100%
Obj. Min: 50x + 40y

w

5

6 7 X+2Y >= 2 (4) Customer demand w
X, Y>=0 (5) Non negative
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LP Sensitivity Analysis: change of RHS Values of Constraint (3)

Max: 50X +40Y Profit

st. 1X+2Y<=6

(1) Production time in minutes

15 Constraints

Final ~ Shadow Constraint Allowable Allowable

17 Cell N Vall Pri R.H. Sid | De
5X+3Y<=15 (2)Raw materials in units < one e e e e Tifease ‘Cereae
2X+ Y >=2  (3) Customer demand v 18| $D8164 Customery Demand Use 6 0 2 4 IEH0

X+2Y >= 2 (4) Customer demand w 19 308165 Custom.erw[).emand Used 547 0 2 3571428571 1E+30
X, Y>=0 (5) Non negative 20 9DS162 Production Minutes Used 6 11 6 4 3
21 $DS163 Raw Material Units Used 15 84/7 15 15 6
" \
(73] 6 f Y ¢ ;
Draw Constraint Line (3):
i 546105}
N\

RHS (3) Increased:

(1) If RHS (3) =2
\
3 IFRHS (3) = 6
(3)
. \A(12/7, 157), OFV = 171 3/7 If RHS (3) = 8
2
e(0,:2), ¢
@) RHS (3) Decreased:
g{0; 1)
(0, 0) - T A b(6. 0) o
0 N 2> 3 \4 5 67
1(1, 0} hez, 0), OFV=100% "x\
Obj. Min: 50x + 40y ~
LP Sensitivity Analysis: Change of RHS Values of Constraint (3)
Al B c D £ £ G
Max: 50X + 40Y Profit 1 Microsoft Excel 12.0 Answer Report
st. 1X+2Y<=6 (1) Production time in minutes 22 | Constraints
5X + 3Y <= 15 (2) RaW materlals |n UnItS 23 cell Name Cell value Formula Status Slack
24 $D$164 CustomervDemand Used 6 $D$164>=5F5164 Not Binding 4
2X+ Y >=2  (3) Customer demand v 25 3D3165 Customer w Demand Used 547 $D3165>=3F$165 Not Binding 3571428571
X+2Y >= 2 (4) Customer demand w 25| $D$162 Production Minutes Used 5 sDSisac=$rSien Binding 0
Xy 0 (5) N " 27 $D$163 Raw Material Units Used 15 $D$163<=5F5163 Binding 0|
’ >= on negative 15 Constraints
N . . 16 Final ~ Shadow Constraint Allowable Allowable
\\\ A Draw ConstraintLine (3) 17 Cell Name Value Price  RH.Side Increase  Decrease
(2‘)\ 6 Y RHS=4: Lot X=0, V=4 or (0, 4) & let V=0, X=20r (2,0) 18 $D5164 Customerv Demand Used 6 0 2 4 1E+30
§:§;§ tg;‘;g:;gz::g;‘ ;I';QCOV Xj;r‘ml 19 $D8IES Custom.erWD.emand Used 547 0 2 3571428571 1E430)
20 $D$162 Production Minutes Used 6 717 6 4 3
'-‘, 5 c(0,5) 21 $DS163 Raw Material Units Used 15 84/7 15 15 6
\'~. Obj. Max: 50X +40Y
4 N RHS (3) Increased: RHS (3) Decreased:

\ If RHS (3) =4, OS and OFV no change = 171 3/7

If RHS (3) =6, 0S and OFV no change =171 3/7
(3)

If RHS (3) =8, no feasible region

. 157, x v
155 Units (o ke 0 E S et Prom
2(0,:2), QF 158 Unit Profits $50 sdo
. 100 5] Ris

4 162[Constraints x Y Used Availabis
(@) LR
90, 1) 10| Cumtomer w Deman] 2 : : = 3
(o, 0) ) 7 , b6, 0) -
-
0 N2 NN\ 4 5 6 7
1(1,0) h2, 0), OFV=100" ",
AN AN 172 | I Roturn to Solver Parameters Dislog I~ outine Roports
Obj. Min; 50x + 40y > el Save cenario, reip

11/15/2008
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Y

LP Sensitivity Analysis: change of RHS Values of Constraint (4)

G
Max: 50X + 40Y Profit 1 Microsoft Excel 12.0 Answer Report
st. 1X+2Y<=6 (1) Production time in minutes 22 | Constraints
5X + 3Y <= 15 (2) RaW materlals |n UnItS 23 cell Name Cell value Formula Status Slack
24 $D$164 CustomervDemand Used 6 $D$164>=5F5164 Not Binding 4
2X+ Y >=2  (3) Customer demand v 25 3D3165 Customer w Demand Used 547 $D3165>=3F$165 Not Binding 3571428571
X+2Y >= 2 (4) Customer demand w 26 $D$162 Production Minutes Used 3 0
27 $D$163 Raw Material Units Used 15 $D$163<=5F5163 Binding 0|
X, Y>=0 (5) Non negative

or(0,4) & let Y=0, X=8 or (8,0)

. . 16 Final ~ Shadow Constraint Allowable Allowable

Draw ConstraintLine (4) 17 Cell Name Value Price  RH.Side Increase  Decrease
o1 (0,2) & 16t V=0, X=4 or (4,0) 18| $D$164 CustomervDemand Used 6 0 2 4 1EH30)
Y=27/90r(0,27/9) &letY=0,X=54/70r (54/7,0) " 19  $D$165 Customerw Demand Used 54/7 0 2 3571428571 1E430

20 $D$162 Production Minutes Used 6 717 6 4 3

21 $D5163 Raw Material Units Used 15 84/7 15 15 6

15 Constraints

RHS (4) Increased: RHS (4) Decreased:
If RHS (4) =4, 0S and OFV no change =171 3/7

If RHS (4) =54/7, 0S and OFV no change =171 3/7,
Why? The graph seems NOT support the result.
If RHS (4) =8, no feasible region

157 x
158 Uniits 0 make 0.

159| Unit Profits 550

160, RHS
161 Constraints x Y Usad Availabid
162| Production Minutes 1 2 G [
16| Raw Matarial Unirs 5 3 o 15
164 Customer v Demand 1 2 6 =
165 Customer w Deman: 2 1 3 2

Solver Results

168 | Sahver could not find & Fessible zalution.

0 N -LR
f(1, 0)\‘ h(2, 0), OFV=100"
Obj. Min: 50% + 40y

\

N4 5 67 =

& Koop Selver Selution

.  Restore Original Valuss
s, 172,

I Roturn to Sakver Parametors Dislog I~ outine Reparks

174 — —
- or cancel

savosconarin. | wow |

A B C D E
1 [Microsoft Excel 12.0 Sensitivity Report
2 Worksheet: [LP.xIsx]LPSolver
3 Report Created: 03/22/2008 21:31:33 PM

Max: 50X +40Y Profit
st. 1X+2Y<=6 (1) Production time in minutes

4

5 Target Cell (Max) 5X+3Y<=15 (2)Raw materials in units

6 _ca Name Final Value 2X+ Y >=2  (3) Customer demand v

7 | $D$159 Unit Profits Total Profit 171.4285714

s X+2Y >= 2 (4) Customer demand w

3 Adjustable Cells . __ X, Y>=0 (5) Non negative

10 Final  Reduced Objective Allowable Allowable =

11 cell Name Value Cost  Coefficient  Increase  Decrease

12| $B$158 Units to make X 157 0 50 16.66666667 30 158 Units to make

13| $C$158 Units to make Y 217 0 40 60 10 159 Unit Profits

14

15 Constraints 160 RHS
16 Final  Shadow Constraint Allowable Allowable 161 Constraints X Y Used Available
17 cell Name Value  Price  RH.Side Increase Decrease 162 Production Minutes 1 2 5 = 6
18 $D$164 Customer v Demand Used 6 ] 2 4 1E430 B .

15| $D$165 Customer w Demand Used 54/7 0 2 3.571428571 16430 163 Raw Material Units 5 3 15 == 15
20 $D5162 Production Minutes Used 6 717 6 4 3 164/C v Demand 1 2 5 = 2
21| $D$163 Raw Material Units Used 15 84/7 15 15 6 165 Customer w Deman: 5 1 55/7 . 557
157 157 X Y

152 Units to make 158 Units to make H

159 Unit Profits 159 Unit Profits

160 RHS 160 RHS

161 Constraints Available 161 Constraints X Y Used Available

162 Production Minutes 6 162 Production Minutes 1 2 3 <= 6

163 Raw Material Units 15 163 Raw Material Units 5 3 15 <= 15

164 Customer v Demand 2 164 Customer v Demand 1 2 3 3= 2

165 Customer w Deman: 6 165 Customer w Deman: 2 1 6 >= 61/7

166 166

Solver Results
167

168 | Solver Found a solution. All constraints and optimality 168 | solver could nat find a Feasible solution,

Condtions are satisfied. a—
169 Reports 169 Eepotts

Answer 170 . Feasibility
) ¥ Keep Solver Solution Sensitivity + Keep Solver Solution Feasibility-Eounds
171 Lirnits 7L p
" Restore Original Values " Restore Original Yalues

172 172
173 173 - I ’ I~ out

[™ Return to Sabver Parameters Dislog [~ Qutline Reports Return ko Solver Parameters Dialog Outline Reparts
174 174
175 ok | Cancel Save Scendrio... Help | 175 0K Cancel Save Scenario... Help

Solver Results

167

11/15/2008
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Excel@ Solver Reports: Answer, Sensitivity, and Limits to Max OBJ 50X + 40Y

Max: 50X+ 40Y Profit

A B 1 D
1 Microsoft Excel 120 Sensitivity Report
2 Worksheet: [LPxlsx|ext

zero

N o~ 5.4
o
O bini50¢+ 0

AB ¢ D E st.F1X+2¥<=6 (1)Productiontime in minutes 3 Rapor Created: 3/15/208 16:33:08 P
1 MictosoftExcel 120 Ansuser Report 5X+3Y<=15 (2)Raw materials in units i
2X+ Y >=2  (3) Customer demand v
1 Worksheek: [LP.xiselEx
[Ed‘ ; - X+2Y >= 2 (4) Customer demand w 5 Target Cel M)
3 Repotreted: 3/ G0B 63308 PN X, Y>=0 (5) Non negative 6 Cel Name Final Value
tion. All constreints and oot b _- . e
A fesit:Sotes ey - 7| oSt UnitProftsTotaprofit 17L42EETIA
5 |Engine: Standard LP Simplex. A8 ¢ L L L A T s
§ Soluton Time: 0 Seconds 1 Mirooft xcel12.0Lmits Report
9 Acjustable Celle
7 Iterations: 2 Worksheet: [LPlsEx " —
s ciptiens 3 ReporCested: 06108 338 10 Findl  Reduced Objective Allowable Allowable
o cel Name Value  Cost  Coefficient Increase  Decrease
9 Incumbent Solutions:0 4 = - -
0 5 1 8% Unistomste 157 0 50 16.66665667 £l
5 " . p
m . P 13 %% Unitstomake? 2410 ) 3] 10
. ; 15
12 Target Cell (V] 7ol Vilie -
P - onstrints
Bl Name OriginelValue Fnalvalue & | 3084 Unt rofts Tota Prfit 31 317 - -
- 16 Final - Shadow Constraint - Allowable - Allowable
1 D% UnitProfits Total Pofit 0 a9 . .
: 0 7 el Name Velue  Price  RM.Side Inoease Decrexse
1 il Adjustable Lower Target  Upper Target lf iy » P 2 ”/‘7 6 ! ;
17 Adjustatle Cells ool Name Value  Lmit Result  Limit  Result e 3“55 ; 5 847 5 5 6
— - " — 2 $0§9 Customery Demand Usez § 0 1 L 3]
B cell Name OrginelValue Finalvalue 13 3853 Unitstomake X 150 s 15 P = BT L
B %% Urislonekel . 17 4 Uiisiondet v e vy S S ! -
0K Unitstomeket 0 217 (zj,\e Y
1 Let X=0, OFV=0+40*2 1/7 = 855/7 + Nos
2 Constaints Let Y=1/7, OFV=50*1 5/7+40*1/7=913/7 > oo v gok
5 Gl Name Cellvalue  Formul  Status  Slack
%98 prod 6 SR Bming @ pm mp e Rt
35 D88 RawMaterial Units Used 15 §§ Bining DIatRp- (3):
dUed e e Stack for a constraint = value of (LHS — RHS)
% 2&39 Customer y Demand Use 6 - :D:»i : MHBNG%) g4k for binding constraints = zero e
71 §0S10 Cuctomerw Cemanz Used 5 47 §0S10=8F310 Not Binding) 3.5714; indi i ™
/ i) 35TURiHck for not binding constraint > zero (@ >
4) Slack for non negative decision variable = 80.1) £
amount it exceeded its lower bounds of (0.0 N N\, 0), 0Fv=150 b(6,0) 5

Special Cases in LP Modeling

+Alternative optimal solutions — more than one optimal vertex exist.
*Redundant constraints (R)

(3)
I
(0, 2), ¢

@)y

g(0; 1}

c(0, 0)

di3, 0), OFV=150

S

0 N2
1(1,0) h2, 0), OFV=100% ~
Obj. Min: 50x + 40y :

N
%g\‘i 5 6 7

11/15/2008
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Special Cases in LP Modeling

Unbounded Solutions

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

i

2
(0, 2), qtF

(O

9(0.1}

c(0, 0y

1 2 3N\ 4 5 6 7
1(1,0) h(2, 0), OFv=100 -

Obj.. Min: 50x + 40y

Infeasible solutions

N2 4
1(1,0) h(2, 0), OFV=100 \
.

Obj. Min: .50 +.40y.
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