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The ABC’s of Optimization
with What’sBest!
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A Word from Our Sponsor  [gwi-

LINDO Systems

supplies 3+ products:

What’sBest! LINGO Customized
Spreadsheet Modeling systems,
modeler language SCM, Routing, Cutting
\ “ / stock, finance, etc.
LINDO API
Callable
solver library
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A Word from Our Sponsor, cont. | qwi.3

Notable Features:
LINDO API: Comprehensive and large scale solver engine. Solve

Linear programs with millions of variables and constraints,
using primal, dual, and/or barrier algorithms.

Quadratic objective and quadratic constraints, all forms, e.g. V@R,

Semi-Definite Programs/ Conic programs,

Nonlinear models + Global solver, solve to guaranteed global optimality
even 1f functions not convex, not continuous

SP (Stochastic Programming) optimization under uncertainty,

Integer variables allowed anywhere.

LINGO: Easy to use, powerful, comprehensive modeling language with
programming capability to automatically solve a series of related models.

What’sBest!: Easy to use, large scale spreadsheet add-in optimizer giving
all the power of LINDO API, including Global, to the spreadsheet user.
New features for optimization under uncertainty
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The A B C's of Optimization LSWI-4

A) ldentify the Adjustable cells,
l.e., the decision variables

B) How do we measure Best?
l.e., specify an objective function,
or criterion function

C) What are the Constraints?

l.e., the relationships that limit
what we can do.

Sometimes we are interested in:

D) Dual prices,
What is the value/unit of relaxing some constraint?
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o LSWI-5

Typical variables:
How much do we buy, produce, ship, carry
in inventory; - from a specific vendor
of a specific product in a specific period.

Typical objectives:
Maximize wealth at end of period T.

Typical constraint:
sources of a commodity = uses of a commodity,
where commodity could be cash, labor, capacity,

product, etc.
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o Example LSWI1-6

Enginola Company makes 2 types of TV's:
Astro: Profit contribution(PC) = $20/unit, uses 1 hour of labor.
Cosmo: PC = $30/unit, uses 2 hours of labor.

Each product is produced on its own line
with capacities: 60/day on Astro line, 50/day on Cosmo line.

Labor availability is 120 hours/day.

Some questions:
How much should we produce of each?

How much are extra resources worth?
of Astro capacity,
Cosmo capacity,
Labor capacity?
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o Model in words: LSW1-7

A) Decision variables:
A = no. of Astros produced/day
C = no. of Cosmo produced/day.

B) Objective:
Maximize profit contribution.

C) Constraints:
Astro production not to exceed 60,
Cosmo production not to exceed 50,
Labor usage not to exceed 120 hours.
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Q

What would you recommend?

Cosmo is more profitable/unit....
Astro makes more $/hour of labor..

What is the value of an additional hour of labor?
$20, $15, %07
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Full Linear Program (LP) [SWI-9

Max z= 20A+30C (Objective function)

s.t.
A <=60(Astro production constraint)
~ C <=50 (Cosmo production constraint)
| A +2C <=120(Labor Usage)
feasible A >=0 (Nonnegativity constraint on A)
region < C >=0 (Nonnegativity constraint on B)
-

Optimal Solution 1s??

. Production problem using Graph
. Production problem using What’sBest
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Graphical Version of Astro/Cosmo LSWI1-10

If we have two or less decision variables, then the
problem can be represented graphically.

Astro Capacity

50%30=1500 //
60 20*%20=400 Cosmo Capacity
50*30=1500 50 |
. 40 + =y Isoprofit = 1800 line
% 30 /VLabor Capacity
20 |-  Feasible iy
Production 60*20&12\90
10 - Combinations = 2100
0 | 1 | 1 1 | 1\\\3 1 L

0 10 20 30 40 50 60 70 80 9 100 110 120

Aslros

*7 ()=
Feasﬁa ezrggi%%OfQ)r Enginola.

M-E@CUs LINDO SHSTEMS INC. | I




An LP Model in What'sBest!

LSWI-11

MAX = 20 * A + 30 * C;
A <= 60;
C <= 50;
A + 2 * C <= 120;

s w N K

A = no. of Astro produced/day
C = no. of Cosmo produced/day.
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. B
° An LP Model in What'sBest! us.

A) Identify the Adjustable cells,
i.e., the decision variables

Decision variables:
* no. of Astro produce/ day
* no. of Cosmo produce/ day

Astro/ Cosmo Problem

Product : Astro Cosmo
] Qty to produce :| 0 D!

A I'E‘..‘Make Adjustable I

+— Remove Adjustable
Adjustable

M-E@CUs LINDO SHSTEMS INC. | I




An LP Model in What'sBest!

LSWI-13

A

Adjustable

K% Make Adjustable

¥ * Remove Adjustable Adjustable

Sheet1! $B54: $C54]

A | B | ¢ | b E F
1 Astro/ Cosmo Problem
? Adjustable
3 Product : Astro Cosmo

| Make Adjustable|

4 | Qty to produce :| 0 D!
g Refers to:
G
2 | sBsa:sCsq =
a8
2 Help | Cancel | Ok
10
11

Note : By default, What’sBest assumes the adjustable
cells can be set to any non-negative value.
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An LP Model in What'sBest!

Adjustable e Adjustable X
|| Make Adjustable| j Make Adjustable|
" Vioke At
Refers to: Remove Adjustable
SIS Make Adjustable & Free or Remove Free
| $BS4:5CS4 - $B$4: 6054 -
Help | Cancel | oK Help | Cancel | QK

E Make Adjustable : to specify the range indicated in the Refers To:

@ Remove Adjustable : to return an adjustable cell to its fixed (non-adjustable) state.

Make Adjustable & Free or Remove Free : to set them as adjustable and free
(capable of assuming negative as well as positive values) or remove their free
status.
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. B
° An LP Model in What'sBest! i

B) How do we measure Best?
i.e., specify an objective function,
or criterion function

Objective : To Maximize Profit

Total Profit = (Qty of Astro produced * profit per unit of Astro)
+ (Qty of Cosmo produced * profit per unit of Cosmo)

¥ Minimize
B 4

WBMAX - fe | =SUMPRODUCT(B4:C4,B6:C6) _— | |2 maximize I
i B C D E
1 Astro/ Cosmo Problem
2
3 Product : Astro Cosmo
4 | Qtyto produce: 0 30
5 \ . é
6 |Profit/ unit . Fas e j zimll
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An LP Model in What'sBest!

¥ Minimize Astrof Cosmo Problem
oot /" Maximize oroduct Aetro —
Qty to produce : 0 0

LSWI-16

Total Profit
Profit/ unit 20 30 I D.I
Best ot
| Minimze] «| || sEss =
| Mirirmize:
¢ Maximize ]
Cancel oK

To define the objective (best cell), move the cursor to that cell

and choose | Minimize |  OF | |2 Maximize

LB
Or choose | &t | to define in dialog.
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An LP Model in What'sBest!

LSWI1-17
C) What are the Constraints?
i.e., the relationships that limit
what we can do.
Constraints :
* Astro production not to exceed 60
* Cosmo production not to exceed 50
* Labor usage not to exceed 120 hours.
D3 - S :SUMI;‘RGDUCT{Ed-:Cd,EB:CB}
| 4 A B C D E F
1 Astro/ Cosmo Problem
2
3 Product : Astro Cosmo
4 | Qty to produce : ] ]
5 Total Profit
& Profit/ unit 30 0
7
8 L Total Usage Availability
9 |Astro-line . T - 0 60
10 |Cosmos-line . iy \y\g" 0 50
11 |Labor . t \‘ D. 120
12
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. B
° An LP Model in What'sBest! us.

To specify the constraints, highlight the range E9:E11, then choose Constraints...

u <= Less Than

»= Greater Than
Constraints

= Equal To

Astro-line 1
Cosmos-line
Labor 1

Total Usage Availability
Astro-line 1 ] i 60
Cosmos-line ] 1 4 50
Labor 1 2 i 120

©
Or choose |e=w=ns|  to define 1n dialog.
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An LP Model in What'sBest!

LSWI-19

A B C D E F G
1 Astro/ Cosmo Problem
2
» 3 Product : Astro Cosmo
_ 4 | Qtyto produce : ] ]
Constraints
3 Total Profit
& |Profit/ unit 20 30 O
7
8 Total Usage Availability
9 |Astro-line 1 o} Di: <= 60
10 |Cosmos-line ] 11 Dj' <= 50
]
11 |Labor 1 N EII! <= 1 120
12
13 Constraints it
14 ' | Left Hand Side (LHS): Right Hand Side (RHS):
15
1 | ||Lsoso:sostdl = | 2= x| || Femeren =
17 Stored in:
19
20 POSD-5DP
21 Spedfy any square range for POSD, by using the function WBPOSD, Define ane symmetric range per
WBPOSD function,
22 Range matrix: Flace function in cell;
23 |
Insert
24 | ﬂ | ﬂ =
25
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. B
° An LP Model in What'sBest! u

Summarize what we have done so far:

) I'E‘EMake Adjustable I

1 . Remove Adjustable
Adjustable: .

o v Minimize ()
BeSt: U Z Maximize e
Best
Solve
U 4= Less Than
Constraints:  comvams _ ™" Then....Solve !!!
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. B
° An LP Model in What'sBest! um

() Astro/ Cosmo Problem
Solve Product : Astro Cosmao
Qty to produce : 60 30

| Total Profit
|Profit/ unit 20 30 21001

Total Usage Availability
Astro-line 1 0 60 =<= 60
Cosmos-line 0 1 30 <= 30
Labor 1 2 120 =<= 120

Solution :
e Total Profit=2100

* Qty to produce Astro = 60
* Qty to produce Cosmo = 30
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An LP Model in What'sBest!

LSWI1-22

A B

& | MODEL INFORMATION:
7
a8 CLASSIFICATION DATA Current Capacity Limits
=
10 Total Cells 20
11 Humerics 17
12 Adjustables 2 300
13 Continuous 2
14 Free 1]
15 Integer=-Binarie=s 0.0 30
16 Constants 11
17 Formulas 4
18 Strings 1]
15 Con=traints= 3 150
20 Honlinears 1] a0
21 Cosfficients= 16
22
23 Minimum cosfficient wvalue: 1 on Shestl!E6B
24 Minimum coefficient in formula: ShestlE6
25 Mazimum cosfficient wvalue: 120 on <RHS:
26 Maximum coefficient in formula: Shestl1l!1E11
27
28 HMODEL TYPE: Linear {(Linear Program)
25
30 SOLUTION STATUS: GLOBALLY OPTIMAL

WE! Status
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o Economic Information in the Report

LSWI1-23

Dual Price = value of an additional unit of the
resource associated with the constraint.

Reduced Cost = amount by which the cost per unit
of the associated variable must be
reduced to make it “"competitive”.
Alternatively: amount by which profit
contribution must be increased, or
reduction in profit if you force one
unit of this variable into the solution.
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Dual Prices and Reduced Costs LSW1-24

fil B C D E F G |
1 Astro/ Cosmo Problem
2
3 Product : Astro Cosmo
Dual PI’iCG 4 | Qty to produce : &0 30
5 Total Profit
& |Profit/ unit 20 30 2100
s Integers = =2 7
| Options @ 8 Total Usage pe—— ﬂﬁ.vailabiliw Dual Price
[ Advanced -1 Solve 3 |Astro-line 1 0 & =<= 60 0
10 |Cosmos-line 0 1 3 <= 50 0
i E:L = 11 |Labor 1 2 120f  =<= 120 ol
= = 12
Function Support | 13 Dual %
Statistical Functions 14
String Support - For Cell Range: | Sheet1!sE$a:sES11)| =
Convert Maodel Format 16 Report on Type: | Dual Vel j
scenario Viewer 17
Parameters 18 Report Information in: | §G59:5G511 A
20 Help | Cancel | oK
21
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Dual Prices and Reduced Costs

Dual Price

Astro/ Cosmo Probklem
Product: Astro
Qty to produce : 61
Profit/ unit 20
Astro-line 1
Cosmos-line 0
Labor 1

M-F@®@CUS
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LSWI-25

Total Usage Availability  Dual Price
Astro-line 1 0 60 == 60 5
Cosmos-line 1 30 €= 50 i
Labor 1 2 120 =<= 120 15_
Astro/ Cosmo Problem
Product : Astro Cosmo
Qty to produce : 60 30
Total Profit
Erofit/ unit 20 30 2100
Total Usage Availability  Dual Price
Astro-line 1 0 a0 =<= a0 5_
| Cosmos-line 1 30 <= 50 0
|Labor 1 120 === 120" 15
Cosmo :
29.5
Total Profit
30 2105
Total Usage Availability . Dual Price Dual Price = Va]ue Of an additiona]
o ol =<= ol ] . . .
. o R = == | unit of the resource associated with
2 120 =<= 1207 15 | the constraint.
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Dual Prices and Reduced Costs LSWI1-26

A | B | ¢ D E F G
Reduced COSt 1 Astro/ Cosmo Problem
2
3 Product : Astro Cosmo
s Integers - = 4 | Qty to produce : &0 30
. ) . 3 Total Profit
[ Options *
(oo Solve & Profit/ unit 20 30 2100
= Advanced T
Fi
| Omit... | 5 Total Usage Availability  Dual Price
Function Support | 10 | Astro-line 1 0 60  =<= 60" 5
Statistical Functions 11 Cosmos-line 0 1 a0 <= so’ 0
String Support 12 |Labor 1 2 120 =<= 120" 15
Convert Model Format 13
Dual oo
Scenario Viewer 1
Parameters 15 | | For CellRange: | Sheet1l $B84:$C94 I -
————————————— 16
17 Report on Type: | Dual Value j
18 Report Information in: '| Sheet1! $B$3: 5053 A
15
20 Help Cancel | oK
21
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Dual Prices and Reduced Costs

LSWI1-27
Astro/ Cosmo Probklem
Reduced COSt Product : Astro Cosmo
Qty to produce : 60 30
Total Profit
Profit/ unit 20 30 2100.
|Reduce Cost i o 0
otal Usage Availability  Dual Price
Astro-line 1 0 60  =<= 60" 5
Cosmos-line 0 1 30 <= 50" 0
Labor 1 2 120 =<= 120" 15

Reduced Cost = amount by which the cost per unit
of the associated variable mustbe
reduced to make it “competitive”.
Alternatively: amount by which profit
contribution must be increased, or
reduction in profit if you force one
unit of this variable into the solution.
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o Dual Prices and Reduced Costs LSW1-28

Enginola is considering the manufacture of a digital tape recorder.
Producing one would require

1 unit of capacity on the Astro line,

1 unit of capacity on the Cosmo line,

3 hours of labor, Its profit contribution would be $47/unit

Is it worthwhile to produce the digital recorder(DR)?
Recall, before DR came upon the scene:
MAX = 20 * A + 30 * C;
A <= 60;

C <= 50;
A + 2 * C <= 120;
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o LSWI-29

Variable Value Reduced Cost
A 60.00000 0.0000000
C 30.00000 0.0000000
Row Slack or Surplus Dual Price
1 2100.00000 1.000000
2 0.00000 5.000000
3 20.00000 0.000000
4 0.00000 15.000000
Observations:

DR is most profitable product/unit.
Its profit contribution per labor hour is better than Cosmo.

But it does use more resources.
Without re-solving, what do you recommend?
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Dual Prices and Reduced Costs LSW1-30

Recall the Astro-Cosmo example, add one more product,
DR = number of digital recorders to produce,

One DR
gives $47 of profit contribution,
uses 1 unit of capacity on Astro production line,
uses 1 unit of capacity on Cosmo production line,
uses 3 units of labor.

A B C O E F G H
1 Astro/ Cosmo Problem
2
3 |Product: Astro Cosmo DR
4 |Volume: | ——0 0 D|
6 ‘\"\\___:_-""“-—____ Total Available
7 Profit | e N —E— 0
g A-line 1 0 o <= 60
9 C-line 0 1 1 o <= 50
10 Labor | + 2 2 | of <= 120
—
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Dual Prices and Reduced Costs LSWI1-31

[ 4 A B C D E F G H
1 Astro/ Cosmo Problem
2
3 |Product: Astro Cosmo DR
4 Volume : 30 0]
6 Total Available
T T e ——E— P 1Y)
8 |A-line 1 0 60  =<= 60
9 |C-line 0 1 1 307 = 50
~ _ o e
10 [Labor | ® - > > | 120] === 120
—
Using WB! Tool bar : .
A) Mark B4:D4 as “Adjustable” (K->x)cells, e

B) Add DR in Total Profit,
C) Constraints are added in cells F8:F10
D) Optimize by clicking on the red bullseye.

Solve

Then....Solve !!!
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Dual Prices and Reduced Costs LSW1-32

Dual Price
/ Reduced Cost

s« [ntegers - ¥
O,

| Options -
(e Solve
o Advanced T

|} Dual... ol
Omit... A B C D E F ] H |
"| Function Support 1 1 Astrof Cosmo Problem
Statistical Functions 2
String Support 3 |Product: Astro Cosmo DR
Convert Model Format 4 Volume: ¥ GDr EDr
N 5 |Reduce Cost 0 0 3
Scenario Viewer
5] Total Available
Parameters
8 A-line 1 0 1 a0 == a0
9 C-line 0 1 1 30’ <= 50
10 |Labor 1 2 3 1207 =e= 120
11
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o The expanded formulation is:

with solution:
Variable

M-I

MAX

DR

Row

e
ICT Sohuficns in ‘and Loglifics

> W N

+

60.
30.
.000000

Slack
2100.
.000000
20.
.000000

20 * A + 30 * C + 47

C
2 *C + 3

Value

000000
000000

or Surplus
000000

000000

* + + %

LSW1-33
DR;
DR <= 60;
DR <= 50;
DR <= 120;

Reduced Cost
0.0000000
0.0000000
3.0000000

Dual Price
1.000000
5.000000
0.000000

15.000000
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o The Costing Out Operation/Reduced Costs

LSWI1-34
For activity DR:
Row Coefficient Dual Price Coef*Price
1 -47.0 1.0 -47.0
2 1.0 5.0 5.0
3 1.0 0.0 0.0
4 3.0 15.0 45.0

Net opportunity cost= 3.0
Note, we do everything in terms of cost, so we put a -47.0 in the
objective row because the 47 is a profit contribution, which is
equivalent to a cost of -47. The whole operation is stated terms of
net opportunity cost.
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For activity A: LSWI-35

Row Coefficient Dual Price Coef*Price
1 -20.0 1.0 -20.0
2 1.0 5.0 5.0
3 0.0 0.0 0.0
4 1.0 15.0 15.0

Net opportunity cost= 0.0

So the Reduced Cost is the
net opportunity cost of an activity,
relative to the "incumbent” or “basic” activities.
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Solution Methods

LSWI1-36

We will say little about solution methods.
We simply assume they work.

For LP’s:

a) Simplex method: Proceeds from one corner on the exterior
to a better neighbor, until there 1s no better neighbor.

b) Barrier method. Starts in the interior. Treats the
constraint boundary as a barrier not to be crossed. Moves
through the interior to the optimum.
Good for typical large models.

Details of implementation are trade secrets.
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Thank you for your attention.

For more information,
please visit www.m-focus.co.th

or
Call 02-513-9892

M-E@CUs LINDO SHSTEMS INC. | I




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	  
	Slide Number 35
	Slide Number 36
	Slide Number 37

