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Objectives

» Find solutions, or “roots”, of equations using
a graph.

» Find roots of equations using several iterative
solution methods:

“Guess and check” iteration.

Direct substitution.

Excel’s Goal Seek, to solve for roots of equations.

Excel’s Solver, to solve for roots of equations.
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» Solve optimization problems using Excel’s
__ Solver




Introduction

Some equations are easy to rearrange to solve for a
variable, as an example, solve for the volume (V) of
an ideal gas:

nRT
P

Try to solve for the porosity (&) in the following Eq:

PV =nRT =V =
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Iterative techniques can be used to solve a variety

. Of complex equations.




lterative Solutions

» Nearly all iterative solution techniques require
an initial guess to be provided by the user.

» Then the equation is solved using the guess
value and a result is calculated.

» A test is performed to see if the solution is
close enough to the correct answer.

» If it is not, a new guess value is used; the

_ repeating process is called iteration.




Standard Forms

» The equation to be solved should be written into
a standard form. Consider the equation

X3+12=17X

(1) Set Equation W3-17x+12=0 *Plot Method
equal to Zero - Excel’s Solver

*Direct-substitution
Xx=(x3+12)/(17) Method
In cell Iteration

(2) Get an “x” by
itself on the left side




Using a Plot to Search for Roots

Procedure:

» Set equation equal to zero.

» To search for roots, we will try various values of x
and solve for f(x) (when a change of sign is found
then is known a root is in between).

» Graph f(x) vs. x.

Number of roots must be equal to degree of
_ equation.




Using a Plot to Search for Roots
(Cont.)
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Guess and Check Iteration

One of the easiest ways to find the root is
simply to create a worksheet with a place to
enter guess values (x) and a formula that
evaluates f(x).

» F(x) can be inserted in form 1 or form 2.

» A tolerance value is used to judge whether
the value is close enough to zero (form1) or
to the guessed value (form 2).




Guess and Check Iteration (Cont.)

» Only one root can be found at a time.
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22 Simple Guess and Check Iteration

23

24 | Guess f(x)

25 0.8 -1.088

26 0.7 0.443

27 0.75 -0.32813

28 0.72 0.133248

29 0.73 -0.02098

30 0.725 0.056078

31 0.727 0.025241

32 D.?28| 0.009828!
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Direct Substitution Technique

» This method uses the previous computed
value as the next guess value.

» The equation is entered using standard form
2.

» Simple method but some roots cannot be
found using it.

__» First guess has to be entered by hand.




Direct Substitution Technique
(Cont.)
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35 | Direct Substitution Method
36

37 Xguess Xcomputed
38 U.8| 0.736!
39 0.736 0.7293346
40 | 0.729335 0.7287032
41 | 0.728703 0.728644
42 | 0.728644 0.7286384
43 | 0.728638 0.7286379
44 | 0.728638 0.7286379
45 | 0.7286038 0.7280378
46 | 0.728638 0.7280378
0.728638 0.7280378




Using Goal Seek in Excel

This feature allows you to solve problems
backwards: to find the input values needed to
generate the answers you want.

Procedure:
- Express equation using form 1
> Set a cell to hold the guess value
- Set a cell containing the formula (form 1)
- Open the Goal Seek dialog, use ribbon options:
Data/Data Tools/What-if Analysis/Goal Seek




Using Goal Seek in Excel (Cont.)

» Set cell that contains
the formula (B53) to
Zero.

» The cell that will be
changed is the one set
for the guess value.

» Click OK.




Using Goal Seek in Excel (Cont.)

» Clicking OK causes
] Excel to change the
E—— - cell values until a
solution is met.

I BS3 - (. £ | =B5203-17*B52+12
A B c D E F G H

» Goal Seek leaves the
root in the guess cell.

49

50 Using Goal Seek In Excel
51

52 |Guess: 0.7286356
53 [f(x): | 3-396E‘D5! Target valug: O

54 Current walue:  3.3956E-05

55 — OKI I

. — » In other to find the

58

= | other roots, the initial
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Introduction to Excel’s Solver

» The Goal Seek command is handy for problems that
involve an exact target value that depends on a single
unknown value.

» For problems that are more complex, you should use
the Solver add-in.

» The Solver can handle problems that involve many
variable cells and can help you find combinations of
variables that maximize or minimize a target cell.

» It also specifies one or more constraints conditions that

e Must be met for the solution to be valid.




Activating Solver

To use solver in Office 2007, Click the Office button,
then click the Excel Options button at the bottom -
You’ll see a screen like this:

Excel Options : i . #

Popular ]

Ty
_@ Change the most popular options in Excel.
Formulas

Proofing Top options for working with Excel

save [¥] show Mini Toolbar on selection
Enable Live Preview (i

Avanced [] show Developer tab in the Ribbon

Customize Color scheme: | Blue E|

Add-Ins ScreenTip style: | Show feature descriptions in ScreenTips IZ|
Trust Center Create lists for use in sorts and fill sequences: | Edit Custom Lis
Resources

When creating new workbooks

Use this font: Body Font El

Font size: 11 El

Default view for new sheets: | Mormal View Izl

Include this many sheets: .3 =

Personalize your copy of Microsoft Office

User name: |Kristian Friel

Choose the languages you want to use with Microsoft Office: Language Settings...




Activating Solver (Cont.)

» Click Add-Ins, In the Manage box, choose Excel

Add-ins, select Solver Add-in, Click Go...

Excel Options

Popular

Formulas

Proofing

Save

Advanced

Customize
Add-Ins

Trust Center

Resources

,_g% View and manage Microsoft Office

Add-ins

add-ins.

Mame

Active Application Add-ins

Acrobat PDFMaker Office COM Addin
DYMO LabelWriter Addin

Solver Add-in

Inactive Application Add-ins
Analysis ToolPak

Analysis ToolPak - VBA
Conditional Sum Wizard
Custom XML Data

Date (Smart tag lists)

Euro Currency Tools
Financial Symbaol [Smart tag lists)
Headers and Footers

Hidden Rows and Columns

Hidden Worksheets

Internet Assistant VBA

Invisible Content

Lookup Wizard

Person Name [Qutlook e-mail recipients)

Document Related Add-ins

PaperWise SendTo Addin for Microsoft Excel 2000

Location

FOFMaker\Office\ PDFMOfficeAddin.dll
es\DYMO Label\DymoOfficeAddIn.dll

e'\PaperWise Suite V&'\PwOfficeBar.dil
fficel 2\Librany\SOLVERNSOLVER. XLAM

Officel 2'Libran/Analysis\ANALYS32 XLL
cel 2\Libran\Analysis\ATPVBAEN. XLAM
ft Office’\Officel 2\Libran®\SUMIF XLAM
‘Microsoft Office’\Officel Z\OFFRHD.DLL

‘Microsoft Office’\Officel 2\OFFRHD.DLL
oft Office’\Officel 2\Libran\HTML.XLAM
‘\Microsoft Office’\Officel 2Z\OFFRHD.DLL
Office’\Officel 2\ Libran\LOOKUP.XLAM
C\..microsoft shared\Smart Tag\FMAME.DLL

Type

COM Add-in
COM Add-in
COM Add-in
Excel Add-in

Excel Add-in

Excel Add-in

Excel Add-in
Document Inspector
Smart Tag

Excel Add-in

Smart Tag
Document Inspector
Document Inspectar
Document Inspector
Excel Add-in
Document Inspectar
Excel Add-in

Smart Tag

m

Add-in:
Fublisher:
Location:

Adobe Systems, Incorporated

Description:

Manage:

Excel Add-ins E

Acrobat PDFMaker Office COM Addin

Acrobat PDFMaker Office COM Addin

C\Program Files\Adobe\Acrobat 8.0'\PDFMaker\Office'\PDFMOfficeAddin.dll




Activating Solver (Cont.)

» Check the Solver Add-in box, and click OK.

Add-Ins

Add-Ins available:

"] Analysis ToolPak oK
| Analysis ToolPak - VBA
| conditional Sum Wizard Canicel
| Eure Currency Tools
| Internet Assistant VBA
I | Lookup Wizard

Ei Solver Add-n |

Browse...

Automation...

Solver Add-n

Tool for optimization and equation solving




Solver Components

» Solver has three core components:

v'Target cell (objective function).
v'Changing cell (design variables).
v Constraints.

The target cell represents the objective or goal that
we want to achieve.




Solver Components (Cont.)

» The changing cell represent the range of
variables from which the solver selects the

specific number(s) that satisfies the
optimization.

» The constraints are restrictions that we

impose when constructing the function to be
solved.




What options can we choose?

» Solver has several options you can play with to
optimize your results:

Solver Options

[ ok

[ Cancel

0.000001 | Load Model...

3 % [ Save Model. .,

0.0001 | beb

Model [7] use Automatic Scaling

[ Assume Non-Negative [ Show Iteration Results
Estimates ivat Search

@ Tangent @ Forwar @ Newton
(7 Quadratic




Finding Roots With Solver

» Solver requires that the equation be written in
a variation of standard form 1.

Procedure:
- Express equation using form 1.
- Set a cell to hold the guess value.
- Set a cell containing the formula (form 1).
- Start the Solver using menu options:
Data/Analysis/[Solver]
> The solver parameter dialog will be displayed.




Finding Roots with Solver (Cont.)

» The target cell is the cell containing the
formula.

» Set target cell equal to Zero. By doing this
Excel will continue guessing until the formula
is equal to zero.

» Set the value of the field “By Changing Cell”
equal to the cell that holds the guess value.




Finding Roots with Solver (Cont.)
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Finding Roots with Solver (Cont.)
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Optimization Using Solver (Cont.)

» The Solver can also be used for optimization
problems. As a simple example, consider:

y=10+8x—x"
This equation has a maximum value of 26 at x=4

30




Optimization Using Solver (Cont.)
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Optimization Using Solver (Cont.)
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Optimization Using Solver (Cont.)

Adding Constrains:

» If you want to find the maximum value of y
for x<3, a constrain must be added.

» To include a constrain:

> Click the Add Button at the right of the constrains
box.

o Add constrain.




Optimization Using Solver (Cont.)

Adding Constrains:

Add Constraint

Cell Reference: Constraint:

A B C D : : G pgas <= v |3

83 Optimization Using the Solver
84 I Ok ’ Cancel ]

85 |Guess: 2
86 |Result: E 22_13

87

Solver Parameters

Set Target Cell: B4E6 @

Equal To: OMax Omin O value of:
By Changing Cells:

|$egas
Subject to the Constraints:

A B C
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84
85 Guess:
86 |Result:

Solver Results

Solver found a solution. Al constraints and optimality
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keep Solver Solution: Sensitiity
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[ Ok ] ’ Cancel ] ’ Save Scenario... ] ’
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Optimization Using Solver (Cont.)

Solving for Multiple Values:

The function: f(x,y) =sin(x).cos(y)
Has a maximum at x=1.5708 and y=0 in the
region (-1<x <2, -1 <y <2).




Optimization Using Solver (Cont.)

Solving for Multiple Values:

» The solver will change multiple cells to try to
find the requested result.

» Procedure:
- Enter guesses for x and y, and the equation to be
solved.

o Enter constrains.
> Click Solve.




Optimization Using Solver (Cont.)

Solving for Multiple Values:

A B (8 D E £ G
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