QMP 7.1 D/F

Channabasaveshwara Institute of Technology A\
(Affiliated to VTU, Belgaum & Approved by AICTE, New Delhi) : G (il
(NAAC Accredited & 1SO 9001:2015 Certified Institution)
NH 206 (B.H. Road), Gubbi, Tumkur — 572 216. Karnataka

Department of Mechanical Engineering

SPREAD SHEET FOR ENGINEERS
BME358C

B.E - Il Semester

Lab Manual 2025-26

Section :




(Affiliated to VTU, Belgaum & Approved by AICTE, New Delhi)
(NAAC Accredited & 1SO 9001:2015 Certified Institution)
NH 206 (B.H. Road), Gubbi, Tumkur — 572 216. Karnataka

g Channabasaveshwara Institute of Technology
5

Department of Mechanical Engineering

Spread Sheets for Engineers- Manual

Academic Year 2025-26

Prepared by: Reviewed by:

Dr. Siddesh Kumar N G Dr. Sushma S

Associate Professor Assistant Professor

Approved by:
Dr. Giridhar S Kulkarni

Associate Professor& Head,

Dept. of Mechanical Engineering




Spread Sheet For Engineers

Channabasaveshwara Institute of Technology
(Affiliated to VTU, Belgaum & Approved by AICTE, New Delhi)
(NAAC Accredited & 1SO 9001:2015 Certified Institution)
NH 206 (B.H. Road), Gubbi, Tumkur — 572 216. Karnataka

DEPARTMENT OF MECHANICAL ENGG.

Spread Sheet for Engineers Lab Syllabus

111 SEM

i, o

Course Code Credits L-T-P Assessment Exam
SEE CIE Duration

Spread BME358C 02 0-0-2 50 50 3 Hrs

Sheet For

Engineers

Course objectives:
To create different plots and charts

e To compute different functions, conditional functions and make regression analysis.
e To carryout iterative solutions for roots, multiple roots, optimization and non-linear regression analysis
e To carryout matrix operations
e To Understand VBA and UDF
e To understand VBA subroutines and Macros
e To carryout numerical integration and solving differential equations using different methods
SINO

Experiments

Charting: Create an XY scatter graph, XY chart with two Y-Axes, add error bars to your plot, create a combination chart

2 Functions: Computing Sum, Average, Count, Max and Min, Computing Weighted Average, Trigonometric Functions,
Exponential Functions, Using The CONVERT Function to Convert Units
Conditional Functions: Logical Expressions, Boolean Functions, IF Function, Creating a Quadratic Equation Solver, Table
3 VLOOKUP Function, AND, OR and XOR functions.
Regression Analysis: Trendline, Slope and Intercept, Interpolation and Forecast, The LINEST Function,
4
Multilinear Regression, Polynomial Fit Functions, Residuals Plot, Slope and Tangent, Analysis ToolPack.
Iterative Solutions Using Excel: Using Goal Seek in Excel, Using The Solver To Find Roots, Finding Multiple Roots,
5 Optimization Using The Solver, Minimization Analysis, NonLinear Regression Analysis.
Matrix Operations Using Excel: Adding Two Matrices, Multiplying a Matrix by a Scalar, Multiplying Two Matrices,
6 Transposing a Matrix, Inverting a Matrix and Solving System of Linear Equations.
VBA User-Defined Functions (UDF): The Visual Basic Editor (VBE), The IF Structure, The Select Case Structure, The For
7 Next Structure, The Do Loop Structure, Declaring Variables and Data Types, An Array Function The Excel Object Model, For
Each Next Structure.
VBA Subroutines or Macros: Recording a Macro, Coding a Macro Finding Roots by Bisection, Using Arrays, Adding a Control
8 and Creating User Forms.
Demonstration Exercises
Numerical Integration Using Excel: The Rectangle Rule, The Trapezoid Rule, The Simpson's Rule, Creating a User-Defined
9 Function Using the Simpson's Rule.
0 Demonstration of reading, writing and organizing files.
Differential Equations: Euler's Method, Modified Euler's Method, The Runge Kutta Method, Solving a Second Order
11 | Differential Equation

Dept. of ME, CIT, Gubbi I
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Course outcomes (Course Skill Set):
At the end of the course the student will be able to:

To create different plots and charts

To compute different functions, conditional functions and make regression analysis.

To carryout iterative solutions for roots, multiple roots, optimization and non-linear regression analysis
To carryout matrix operations

To Understand VBA and UDF

To understand VBA subroutines and Macros

To carryout numerical integration and solving differential equations using different methods

Reading:
1. McFedries PaulMicrosoft Excel 2019 Formulas And Functions Microsoft Press, U.S, 2019 Edition

Dept. of ME, CIT, Gubbi I1
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Institutes’ Vision

To create centres of excellence in education and to serve the society by enhancing the quality of life
through value based professional leadership.

Institutes’ Mission

e To provide high quality technical and professionally relevant education in a diverse learning
environment.

o To provide the values that prepare students to lead their lives with personal integrity, professional
ethics and civic responsibility in a global society.

o To prepare the next generation of skilled professionals to successfully compete in the diverse global
market.

e To promote a campus environment that welcomes and honors women and men of all races, creeds
and cultures, values and intellectual curiosity, pursuit of knowledge and academic integrity and
freedom.

e To offer a wide variety of off-campus education and training programmes to individuals and
groups.

o To stimulate collaborative efforts with industry, universities, government and professional
societies.

« To facilitate public understanding of technical issues and achieve excellence in the operations of the
institute.

Department Vision
o To create state of the art learning environment to nurture the learning.

o Blending human values, academic professionalism and research process in the field of
mechanical engineering.
o Blending human values, academic professionalism and research process in the field of

mechanical engineering for the betterment of society.
Department Mission
The mission of the department is to
e Provide requisite foundation to our students in Mechanical Engineering.
e Provide cutting edge laboratory resources to bridge the gap between theoretical and practical
concepts.
e Provide exposure to various mechanical industries through periodic industrial visits.
e Enhance our students skill set and to make them industry ready by systematic skill
development program.

Dept. of ME, CIT, Gubbi I11
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List Of Experiments

Sl .
Experiment Name
No P

1 Charting: Create an XY scatter graph, XY chart with two Y-Axes, add error bars to your plot, create a
combination chart

2 Functions: Computing Sum, Average, Count, Max and Min, Computing Weighted Average,
Trigonometric Functions, Exponential Functions, Using the CONVERT Function to Convert Units

3 Conditional Functions: Logical Expressions, Boolean Functions, IF Function, Creating a
Quadratic Equation Solver, Table VLOOKUP Function, AND, OR and XOR functions.

4 Regression  Analysis: Trendline, Slope and Intercept, Interpolation and Forecast, The LINESTFunctio
Multilinear Regression, Polynomial Fit Functions, Residuals Plot, Slope and Tangent, Analysis
Tool Pack.

5 Iterative Solutions Using Excel: Using Goal Seek in Excel, Using the Solver to Find Roots,
Finding Multiple Roots, Optimization Using the Solver, Minimization Analysis, Nonlinear
Regression Analysis.

6 Matrix Operations Using Excel: Adding Two Matrices, multiplying a Matrix by a Scalar,
Multiplying Two Matrices, transposing a Matrix, inverting a Matrix and Solving System of Linear
Equations.

7 VBA User-Defined Functions (UDF): The Visual Basic Editor (VBE), The IF Structure, The Select
Case Structure, The for Next Structure, The Do Loop Structure, Declaring Variables and Data Types,
An Array Function the Excel Object Model, For Each Next Structure.

8 VBA Subroutines or Macros: Recording a Macro, coding a Macro Finding Roots by Bisection, Using
Arrays, adding a Control and Creating User Forms.

Only for Demo

9 Numerical Integration Using Excel: The Rectangle Rule, The Trapezoid Rule, The Simpson's Rule,
creating a User-Defined Function Using the Simpson's Rule.

10 | Differential Equations: Euler's Method, Modified Euler's Method, The Runge Kutta Method, Solving

a Second Order Differential Equation

Dept. of ME, CIT, Gubbi
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DEPARTMENT OF MECHANICAL ENGINEERING

LECTURE PLAN
Faculty Name: Dr. Sushma S

Sem. & Sec.: 111 °A° Sub: Spread sheet for engineers Sub. Code: BME358C
S| Lesson
Nc; Date Plan Name of the Experiment Remarks
' No.
Batch
1 Create an XY scatter graph, XY chart with two Y-
LP.1 Axes, add error bars to your plot
2 LP.2 | create a combination chart
3 LP3 Computing Sum, Average, Count, Max and Min,
' Computing Weighted Average
4 Lp4 Trigonometric Functions, Exponential Functions,
' Using the CONVERT Function to Convert Units
5 LP5 Logical Expressions, Boolean Functions, IF
' Function, Creating a Quadratic Equation Solver
6 LP6 AND, OR and XORfunctions
Trendline, Slope and Intercept, Interpolation and
7 LP.7 Forecast
Finding Multiple Roots, Nonlinear Regression
8 LP.8 | Analysis.

Dept. of ME, CIT, Gubbi VI
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Adding Two Matrices, multiplying a Matrix by a
Scalar, Multiplying Two Matrices
LP.9
9.
Transposing a Matrix, inverting a Matrix and Solving
10. LP.10 System of Linear Equations.
11. Lp.1y |evision
12. LP.12 | LabIA
EXTRA LABS
Month DATE
Signature of staff HOD
Dept. of ME, CIT, Gubbi VII
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DEPARTMENT OF MECHANICAL ENGG.

Safety Precautions to the Students.

1. Students are advised to come to the laboratory at least 5 minutes before (to the starting time), those
who come after 5 minutes will not be allowed into the lab.
2. Plan your task properly much before to the commencement, come prepared to the lab with the
synopsis / program / experiment details.
3. Student should enter the laboratory with:

a. Laboratory observation notes with all the details (Problem statement, Aim,
Algorithm, Procedure, Program, Expected Output, etc.,) filled in for the lab session.

b. Laboratory Record updated up to the last session experiments and other utensils.
(If any) needed in the lab. c. Proper Dress code and Identity card.

4. Sign in the laboratory login register, write the TIME-IN, and occupy the computer system allotted

to you by the faculty.

5. Execute your task in the laboratory, and record the results / output in the lab observation notebook

and get certified by the concerned faculty.

6. All the students should be polite and cooperative with the laboratory staff, must maintain discipline

and decency in the laboratory.

7. Computer labs are established with sophisticated and high-end branded systems, which should be

utilized properly.

8. Students should LOG OFF/ SHUT DOWN the computer system before he/she leaves the lab after

completing the task (experiment) in all aspects. He/she must ensure the system / seat is kept properly.

Dept. of ME, CIT, Gubbi VIII
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DEPARTMENT OF MECHANICAL ENGG.

Course Objectives & QOutcomes.

Course objectives:

To create different plots and charts

To compute different functions, conditional functions and make regression analysis.

To carryout iterative solutions for roots, multiple roots, optimization and non-linear regression
analysis

To carryout matrix operations

To Understand VBA and UDF

To understand VBA subroutines and Macros

To carryout numerical integration and solving differential equations using different methods

Course Outcomes:
At the end of the course students are able to

To create different plots and charts

To compute different functions, conditional functions and make regression analysis.

To carryout iterative solutions for roots, multiple roots, optimization and non-linear regression analysis
To carryout matrix operations

To Understand VBA and UDF

To understand VBA subroutines and Macros
To carryout numerical integration and solving differential equations using different methods

Dept. of ME, CIT, Gubbi IX
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mic Encellonce

CONTENTS

Sl. No Particulars Page
No

1 Charting 01
2 Functions 05
3 Conditional Functions 24
4 Regression Analysis 45
5 Iterative Solutions Using Excel 86
6 Matrix Operations Using Excel 139
7 VBA User-Defined Functions (UDF): 146
8 VBA Subroutines or Macros 157
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EXPERIMENT-1 Date:

Aim: Charting: Create an XY scatter graph, XY chart with two Y-Axes, add error bars to your plot, create
a combination chart

Use a scatter plot (XY chart) to show scientific XY data. Scatter plots are often used to find out if there's

a relationship between variable X and Y.

To find out if there is a relationship between X (a person's salary) and Y (his/her car price), execute the
following steps.

1. Select the range A1:B10.
A B C

1 |X(Salary} |Y(Car Price)
2 $42,763 $19,455
3 $195,387 $93,965
a $35,672 $20,858
5 $217,637  $107,164
6 $74,734 $34,036
iz $130,550 $87,806
3 $42,976 $17,927
9 $151,132 $91,518
10 $54,936 $29,479]
11

2 . On the Insert tab, in the Charts group, click the Scatter symbol.

U]? dil- - - .@ @

J{X}‘f v v =
Recommended [ﬂ]] o Maps PivotChart
D- Lk
Charts - I} v v
Charts [

3. Click Scatter.

1|Page
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Scatter
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@ Usethis chart type to:

» Compare at least two sets of
values or pairs of data.

= Show relationships between sets
of values

Use it when:
» The data represents separate
measurements.

Car Price

S0 $50,000 $100,000 $150,000 5200,000 $250,000
Salary

Note: we added a trendline to clearly see the relationship between these two variables.

2. On the Insert tab, in the Charts group, click the Scatter symbol.
Two Y Axis and Combination Chart
1. Select the data range and insert a chart first by clicking Insert and selecting a chart you need in

the Chart group.
] A T

[z e

1) o] 98] 40

cone.

b s8] 1AR] 34
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3. Then in Format Data Series dialog, check Secondary Axis in the Plot Series On section, and click

the Close button.

- - = (B

| [seresomtons ] [ series Options
::m“ Color parated 707 > Overlapped
Border Styles o% |
:I::::dseREdges Grf:ﬁ:m — — rge Gap
l
| Co=0)
4. Then rlght click the red column in the chart, select Change Series Chart Type.
FrilaY 5% E E E A '3’
45% | BIEE= % e '——
ao% |

6.

Delete
&4 Resetto Match Style

iﬁl Change Series Chart Type...|
Select Data...

Add Data Lapels Hsales

Add Trendline...

@ Format Data Series..

A

.

B C

J | 3-DRotation... Bshare % |

Change Chart Type

In Change Chart Type dlalog click Line in left pane and select the line chart type you like.

LB ||

Templates

Column

Column

Line

i (] 188 | 3] |

Pie
Bar

Area

XY (Scatter)
Stock
Surface
Doughnut
Bubble

ReeRERSMeRIED

Radar

ﬂTlejT

4.

9] Udsa| a5 | IAA b
@ =2 = = = =

s

‘rgléj @] AR [ac)] [ex]

[ Manage

.| [ setasDefault chart | [ ox ][ canca |

6000

40%
- 5000
35% \
30% 4000
25% —
| - zpo0 =—W=Share %
|| 20% 7 - s
15% r 2000
10% —
r 1000
5%
0% T T - 0
A B C

Click OK to close dialog, and you see the chart is inserted with two y axes.

3|Page
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Error Bars

1. On 2-D area, bar, column, line, xy (scatter), or bubble chart, do one of the following:
= To add error bars to all data series in the chart, click the chart area.

= To add error bars to a selected data point or data series, click the data point or data
series that you want, or do the following to select it from a list of chart elements:

i.  Click anywhere in the chart.

This  displays  the Chart  Tools, adding the Design, Layout,
and Format tabs.

ii. On the Format tab, in the Current Selection group, click the arrow next to
the Chart Elements box, and then click the chart element that you want.

Chart Area -
{3, Format Selection
9 Reset to Match Style

Current Selection

2. On the Layout tab, in the Analysis group, click Error Bars.

] Lines +
—! [l Up/Down Bars ~
Trendline

= [ Error Bars =

Analysis

3. Do one of the following:

a. Click a predefined error bar option, such as Error Bars with Standard Error, Error
Bars with Percentage, or Error Bars with Standard Deviation.

b. Click More Error Bar Options, and then under Vertical Error Bars or Horizontal
Error Bars, click the display and error amount options that you want to use.

4|Page
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EXPERIMENT-2 Date:

Aim: Functions: Computing Sum, Average, Count, Max and Min, Computing Weighted Average,
Trigonometric Functions, Exponential Functions, Using the CONVERT Function to Convert Units.

SUM function

The SUM function adds values. You can add individual values, cell references or ranges or a mix of all
three. For example: =SUM (A2:A10) Adds the values in cells A2:10. =SUM (A2:A10, C2:C10) Adds the
values in cells A2:10, as well as cells C2:C10

AVERAGE function in Microsoft Excel.
=AVERAGE (A1:A20)

COUNT function:

The COUNT function counts the number of cells that contain numbers and counts numbers within the list of
arguments. Use the COUNT function to get the number of entries in a number field that is in a range or array
of numbers. For example, you can enter the following formula to count the numbers in the range Al:A20:
=COUNT (A1:A20). In this example, if five of the cells in the range contain numbers, the result is 5.

Min, Max Functions:
Min (expr)
Max (expr)

Find a Weighted Average:

Use the SUMPRODUCT and the SUM functions to find a Weighted Average, which depends on the weight
applied to the values.

For example, a shipment of 10 cases of pencils is 20 cents per case. But a second shipment of 40 cases costs
30 cents per case, because pencils are in high demand. If you averaged the cost of each shipment this way
(0.20+0.30)/2 = 0.25, the result isn’t accurate.

The math doesn’t take into account that there are more cases being sold at 30 cents than at 20 cents. To get
the correct average, use this formula to get the result (28 cents per shipment):
=SUMPRODUCT(A2:A3,B2:B3)/SUM(B2:B3)

The formula works by dividing the total cost of the two orders by the total number of cases ordered.

5|Page
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Example:When the Weights Add Up to
BO 2 =SUMPRODUCT(B2:B8,C2:C8)
A B C D
1 Exam Marks Weightage
2 |Assignment 1 86 5%
3 |Assignment 2 66 5%
4 Quiz 1 95 5%
5 |Quiz 2 84 10%
& Project 85 25%
/ Viva /8 10%
8 Exam 67 40%
100% 9 |WE|ghted Average 76.6 _|
When Weights Don’t Add Up to 100%
Wrong:
B2 - S =SUMPRODUCT(B2:B8,C2:C8)
A B C D E
1 Exam Marks Weightage
2 Assignment 1 86 10%
3 | Assignment 2 66 10%
4 Quiz 1 a5 10%
5 |Quiz 2 B4 20%
6 | Project 85 50%
7 |Viva 78 20%
8 Exam 6/ 80%
9 |Weighted Average | 153.2 _|

Correct:

6|Page
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B9 - T =SUMPRODUCT({B2:B8,C2:C8)/SUM{C2:C8)
A B C D E F

1 Exam Marks Weightage

2 Assignment 1 86 10%

3 |Assignment 2 66 10%

4 Quiz 1 95 10%

5 Quiz 2 84 20%

6 | Project 85 50%

7 Viva 78 20%

8 |Exam 67 80%

9 |Weighted Average | 76.6 _|

B9 - £ || {=SUM(B2:B8*C2:C8)}
A B C D

1 Exam Marks Weightage

2 Assignment 1 86 5%

3 |Assignment 2 66 5%

4 Quiz 1 95 5%

5 Quiz 2 84 10%

6 | Project 85 25%

7 |Viva 78 10%

8 |Exam 67 40%

9 |Weighted Average | 76.6 _|

When the Weights Need to be Calculated

Cs \ Fe || {=SUM(B2:B4*C2:C4)/SUM(B2:B4)}
A B C D E

1 Product Quantity Price (%)

2 | Product A 2 100

3 Product B 1 150

4 Product C 1 180

5 |Weighted Average Price: 132.51

Calculating Weighted Average in Excel — SUM Function

7|Page
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B9 7 Je =SUM(B2*C2,B3*C3,B4*C4,B5*C5,B6%C6,B7*C7,B8*C8)
A L B C D E F G H

1 Exam Marks Weightage

2 |Assignment 1 86 5%

3 |Assignment 2 66 5%

4 |Quiz 1 a5 5%

5 |Quiz 2 g4 10%

& Project 85 25%

7 |Wiva 78 10%

g |Exam &7 40%

9 |Weighted Average | 76.6 _|

SIN(number)
The SIN function syntax has the following arguments:

= Number Required. The angle in radians for which you want the sine.

Remark

If your argument is in degrees, multiply it by PI ()/180 or use the RADIANS function to convert it to radians.
Example

Copy the example data in the following table and paste it in cell Al of a new Excel worksheet. For formulas

to show results, select them, press F2, and then press Enter. If you need to, you can adjust the column widths
to see all the data.

Formula Description Result
=SIN(PI1()) Sine of pi radians (0, approximately). 0.0
=SIN(PI1()/2) Sine of pi/2 radians. 1.0
=SIN(30*P1()/180) Sine of 30 degrees. 0.5
=SIN(RADIANS(30)) Sine of 30 degrees. 0.5

COS Function:

Description

Returns the cosine of the given angle.

8|Page
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Syntax
COS(number)
The COS function syntax has the following arguments:

= Number Required. The angle in radians for which you want the cosine.

Remark

If the angle is in degrees, either multiply the angle by P1()/180 or use the RADIANS function to convert the
angle to radians.

Example

Copy the example data in the following table, and paste it in cell Al of a new Excel worksheet. For formulas
to show results, select them, press F2, and then press Enter. If you need to, you can adjust the column widths
to see all the data.

Formula Description Result
=C0S(1.047) Cosine of 1.047 radians 0.5001711
=COS(60*P1()/180) Cosine of 60 degrees 0.5
=COS(RADIANS(60)) Cosine of 60 degrees 0.5

TAN function

Excel for Microsoft 365 Excel for Microsoft 365 for Mac Excel for the web More...

This article describes the formula syntax and usage of the TAN function in Microsoft Excel.
Description

Returns the tangent of the given angle.

Syntax

TAN(number)

The TAN function syntax has the following arguments:

= Number Required. The angle in radians for which you want the tangent.

9|Page
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Remark

If your argument is in degrees, multiply it by P1()/180 or use the RADIANS function to convert it to radians.
Example

Copy the example data in the following table, and paste it in cell Al of a new Excel worksheet. For formulas
to show results, select them, press F2, and then press Enter. If you need to, you can adjust the column widths
to see all the data.

Formula Description (Result) Result
=TAN(0.785) Tangent of 0.785 radians (0.99920) 0.99920
=TAN(45*P1()/180) Tangent of 45 degrees (1) 1
=TAN(RADIANS(45)) Tangent of 45 degrees (1) 1

EXP function

Excel for Microsoft 365 Excel for Microsoft 365 for Mac Excel for the web Excel 2021 Excel 2021 for
Mac Excel 2019 Excel 2019 for Mac Excel 2016 More...

This article describes the formula syntax and usage of the EXP function in Microsoft Excel.
Description

Returns e raised to the power of number. The constant e equals 2.71828182845904, the base of the natural
logarithm.

Syntax
EXP(number)
The EXP function syntax has the following arguments:

= Number Required. The exponent applied to the base e.

Remarks

= To calculate powers of other bases, use the exponentiation operator (*).
= EXP is the inverse of LN, the natural logarithm of number.

10|Page
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Example

Copy the example data in the following table and paste it in cell A1l of a new Excel worksheet. For formulas
to show results, select them, press F2, and then press Enter. If you need to, you can adjust the column widths
to see all the data.

Formula  Description Result
=EXP(1)  Approximate value of e 2.71828183
=EXP(2)  Base of the natural logarithm e raised to the power of 2 7.3890561

CONVERT function

Excel for Microsoft 365 Excel for Microsoft 365 for Mac Excel for the web More...

Converts a number from one measurement system to another. For example, CONVERT can translate a table
of distances in miles to a table of distances in kilometers.

Syntax

CONVERT (number,from_unit,to_unit)
Number s the value in from_units to convert.
From_unit s the units for number.

To_unit s the units for the result. CONVERT accepts the following text values (in quotation marks) for
from_unit and to_unit.

Measurement systems

Weight and Mass

Weight and mass From_unit or to_unit
Gram "g"
Slug "sg"
Pound mass (avoirdupois) "lom"

11|Page
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Weight and mass From_unit or to_unit

U (atomic mass unit) "u"

Ounce mass (avoirdupois) "ozm"

Grain "grain”

U.S. (short) hundredweight "cwt" or "shweight"

Imperial hundredweight "uk_cwt" or "lewt" ("hweight™)
Stone "stone"

Ton "ton"

Imperial ton "uk_ton" or "LTON" ("brton")
Distance

Distance From_unit or to_unit
Meter "m"

Statute mile "mi"

Nautical mile "Nmi"

Inch "in"

Foot "ft"

12|Page




Spread Sheet for Engineers

Distance From_unit or to_unit
Yard "yd"
Angstrom "ang"
Ell "ell"
Light-year "Iy
Parsec "parsec" or "pc"
Pica (1/72 inch) "Picapt” or "Pica"
Pica (1/6 inch) "pica”
U.S survey mile (statute mile) "survey_mi"
Time
Time From_unit or to_unit
Year "yrt
Day "day" or "d"
Hour “hr"
Minute "mn" or "min"
Second "sec” or 's"
Pressure
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Pressure

Pascal

Atmosphere

mm of Mercury

PSI

Torr

Force

Force

Newton

Dyne

Pound force

Pond

Energy

Energy

Joule

Erg

From_unit or to_unit

"Pa" (or "p")
"atm" (or "at")
"mmHg"

"osi”

"Torr"

From_unit or to_unit

llNll

"dyn" (or "dy")

"lbf"

"pond"

From_unit or to_unit

IIJII

14|Page




Spread Sheet for Engineers

Energy From_unit or to_unit
Thermodynamic calorie "c"
IT calorie "cal"
Electron volt "eV" (or "ev")
Horsepower-hour "HPh" (or "hh")
Watt-hour "Wh" (or "wh")
Foot-pound "flb"
BTU "BTU" (or "btu")
Power
Power From_unit or to_unit
Horsepower "HP" (or "h™)
Pferdestarke "pS"
Watt "W" (or "w")
Magnetism
Magnetism From_unit or to_unit
Tesla T
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Magnetism From_unit or to_unit
Gauss "ga"

Temperature

Temperature From_unit or to_unit
Degree Celsius "C" (or "cel™)
Degree Fahrenheit "F" (or "fah")

Kelvin "K" (or "kel")
Degrees Rankine "Rank"

Degrees Réaumur "Reau”

Volume

Volume (or liquid measure) From_unit or to_unit

Teaspoon "tsp"
Modern teaspoon "tspm"
Tablespoon "ths"
Fluid ounce "oz"
Cup "cup”
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Volume (or liquid measure)

U.S. pint

U.K. pint

Quart

Imperial quart (U.K.)

Gallon

Imperial gallon (U.K.)

Liter

Cubic angstrom

U.S. oil barrel

U.S. bushel

Cubic feet

Cubic inch

Cubic light-year

Cubic meter

Cubic Mile

From_unit or to_unit

"pt" (or "us_pt")

"uk_pt"

"t

"uk_qt"

llgalll

"uk_gal”

"I" or "L" ("It")

"ang3" or "ang"3"

"barrel"

"bushel"

"ft3" or "ft"3"

"in3" or "in"3"

"ly3" or "ly”3"

llm3ll OI’ llm/\3ll

"mi3" or "mi"3"
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Volume (or liquid measure) From_unit or to_unit

Cubic yard "yd3" or "yd"3"

Cubic nautical mile "Nmi3" or "Nmi”3"

Cubic Pica "Picapt3", "Picapt"3", "Pica3" or "Pica*3"
Gross Registered Ton "GRT" ("regton")

Measurement ton (freight ton)  "MTON"

Area

Area From_unit or to_unit
International acre "uk_acre"
U.S. survey/statute acre "us_acre"
Square angstrom "ang2" or “ang™2"
Are "ar"
Square feet "ft2" or "ft"2"
Hectare "ha"
Square inches "in2" or "in"2"
Square light-year "ly2" or "ly"2"
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Area

Square meters

Morgen

Square miles

Square nautical miles

Square Pica

Square yards

Information

Information

Bit

Byte

Speed

Speed

Admiralty knot

Knot

Meters per hour

From_unit or to_unit

llm2ll Or Ilm/\2Il

"Morgen"

"mi2" or "min2"

"Nmi2" or "Nmi"2"

"Picapt2”, "Pica2", "Pica"2" or "Picapt"2"

"yd2" or "yd"2"

From_unit or to_unit

"bit"

llbytell

From_unit or to_unit

"admkn"

llknll

"m/h" or "m/hr"
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Speed From_unit or to_unit
Meters per second "m/s" or "m/sec"
Miles per hour "mph"

The following abbreviated unit prefixes can be prepended to any metric from_unit or to_unit.

Prefix Multiplier Abbreviation
yotta 1E+24 "y

zetta 1E+21 "zZ"

exa 1E+18 "E"

peta 1E+15 P

tera 1E+12 T

giga 1E+09 "G"

mega 1E+06 "M"

kilo 1E+03 k"

hecto 1E+02 "h"

dekao 1E+01 "da" or "e"
deci 1E-01 "d"
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Prefix Multiplier Abbreviation

centi 1E-02 "c"

milli 1E-03 "m"

micro 1E-06 "u"

nano 1E-09 "n"

pico 1E-12 "p"

femto 1E-15 "t

atto 1E-18 "a"

zepto 1E-21 "z"

yocto 1E-24 "y

Binary Prefix Value Abbreviation Derived

Prefix from

yobi 2"80 = 1 208 925 819 614 629 "Yi" yotta
174 706 176

zebi 2"70=1180591 620 717 411 "Zi" Zetta
303 424

exbi 2"60 =1 152 921 504 606 846 "Ei" exa
976

pebi 2"50 =1 125 899 906 842 624 "Pi" peta
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Binary Prefix Value

Prefix

tebi 270 =1099 511 627 776
gibi 2730 =1073 741 824
mebi 2720 =1 048576

kibi 210 =1024

Remarks

Abbreviation

IlTiIl

IlGill

IlMill

Ilkill

Derived
from

tera

giga

mega

kilo

= Ifthe input data types are incorrect, CONVERT returns the #VALUE! error value.

= |f the unit does not exist, CONVERT returns the #N/A error value.

= |Ifthe unit does not support a binary prefix, CONVERT returns the #N/A error value.

= If the units are in different groups, CONVERT returns the #N/A error value.

= Unit names and prefixes are case-sensitive.

Examples

This is an example of how a formula uses CONVERT.

Formula

=CONVERT(L, "lIbm", "kg")

=CONVERT(68, "F", "C")

=CONVERT(2.5, "ft", "sec")

Description Result

Converts 1

pound

mass to

Kilograms.

Converts

68 degrees

Fahrenheit
to Celsius.

Data types
are not the

0.4535924

20

#N/A
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Formula Description Result

same, SO an
error iS
returned.

=CONVERT(CONVERT(100,"ft","m"),"ft","m")  Converts 9.290304
100 square
feet into
square
meters.

You can see how CONVERT works in Excel. Copy the following table (starting with the "6") and paste it to
a blank Excel worksheet, placing the "6" in cell Al.

Formula Description (Result)

=CONVERT(AL,"C","F") Convert 6 degrees Celsius to
Fahrenheit (42.8)

=CONVERT(AL,"tsp","tbs")  Convert 6 teaspoons to tablespoons
)

=CONVERT(AL,"gal","I'") Convert 6 gallons to liters
(22.71741274)

=CONVERT(AL,"mi","km"™)  Convert 6 miles to Kkilometers
(9.656064)

=CONVERT(AL,"km","mi") Convert 6 kilometers to miles
(3.728227153)

=CONVERT(AL,"in","ft") Convert 6 inches to feet (0.5)
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=CONVERT(AL,"cm","in")  Convert 6 centimeters to inches
(2.362204724)

EXPERIMENT-3 Date:

Aim: Conditional Functions: Logical Expressions, Boolean Functions, IF Function, Creating a
Quadratic Equation Solver, Table VLOOKUP Function, AND, OR and XOR functions.

Using IF with AND, OR and NOT functions

Excel for Microsoft 365 Excel for Microsoft 365 for Mac More...
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The IF function allows you to make a logical comparison between a value and what you expect by testing for
a condition and returning a result if that condition is True or False.

= =|F(Something is True, then do something, otherwise do something else)

But what if you need to test multiple conditions, where let’s say all conditions need to be True or False
(AND), or only one condition needs to be True or False (OR), or if you want to check if a condition
does NOT meet your criteria? All 3 functions can be used on their own, but it’s much more common to see
them paired with IF functions.

Technical Details

Here are overviews of how to structure AND, OR and NOT functions individually. When you combine each
one of them with an IF statement, they read like this:

= AND — =IF(AND(Something is True, Something else is True), Value if True, Value if False)
=  OR - =IF(OR(Something is True, Something else is True), Value if True, Value if False)
=  NOT - =IF(NOT(Something is True), Value if True, Value if False)

Examples

Following are examples of some common nested IF(AND()), IF(OR()) and IF(NOT()) statements. The AND
and OR functions can support up to 255 individual conditions, but it’s not good practice to use more than a
few because complex, nested formulas can get very difficult to build, test and maintain. The NOT function
only takes one condition.

A B C D
U Value 1 Value 2 IF/AND/OR/MNOT Formula
2 25 75 TRUE =IF(AND(AZ2>0,B2 <100). TRUE, FALSE)
3 Blue Green FALSE =IF(AMND{AZ="Red" B3="Green"), TRUE FALSE]
4 25 75 TRUE =IF(OR(A4>0,B4 <50).TRUE, FALSE)
5 Blue Green TRUE =|F(OR(A5="Red" B5="Green"),TRUE FALSE]
& 25 TRUE =IFMOT(AG>30), TRUE.FALSE)
T Blue TRUE =IF(MOT(A7="Red").TRUE.FALSE)

Here are the formulas spelled out according to their logic:

Formula Description

=IF(AND(A2>0,B2<100),TRUE, FALSE) IF A2 (25) is greater than 0, AND
B2 (75) is less than 100, then return
TRUE, otherwise return FALSE. In
this case both conditions are true,
so TRUE is returned.

=IF(AND(A3="Red",B3="Green"), TRUE,FALSE) If A3 (“Blue”) = “Red”, AND B3
(“Green”) equals “Green” then
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Formula Description

return TRUE, otherwise return
FALSE. In this case only the first
condition is true, so FALSE is
returned.

=IF(OR(A4>0,B4<50),TRUE, FALSE) IF A4 (25) is greater than 0, OR B4
(75) is less than 50, then return
TRUE, otherwise return FALSE. In
this case, only the first condition is
TRUE, but since OR only requires
one argument to be true the formula
returns TRUE.

=IF(OR(A5="Red",B5="Green"),TRUE,FALSE)  IF A5 (“Blue”) equals “Red”, OR
B5 (“Green”) equals “Green” then
return TRUE, otherwise return
FALSE. In this case, the second
argument is True, so the formula
returns TRUE.

=IF(NOT(A6>50), TRUE,FALSE) IF A6 (25) is NOT greater than 50,
then return TRUE, otherwise return
FALSE. In this case 25 is not
greater than 50, so the formula
returns TRUE.

=IF(NOT(A7="Red"), TRUE,FALSE) IF A7 (“Blue”) is NOT equal to
“Red”, then return  TRUE,
otherwise return FALSE.

Note that all of the examples have a closing parenthesis after their respective conditions are entered. The
remaining True/False arguments are then left as part of the outer IF statement. You can also substitute Text
or Numeric values for the TRUE/FALSE values to be returned in the examples.

Here are some examples of using AND, OR and NOT to evaluate dates.

A B C D E
IF/AND/
[l Start Date  Date 1 Date 2 OR/MNOT Formula
2 | 03204 01014 12723104 TRUE =IF(A2>B2 TRUE.FALSE)
3 | 031214 TRUE | =IF(AND(A3>B2 A3<C2).TRUEFALSE)
4 | 03A204 TRUE  =IF(OR(A4>B2 A4 <B2+60),TRUE.FALSE)
5 | 031214 FALSE |=IF(NOT(AS=>B2).TRUE.FALSE)

Here are the formulas spelled out according to their logic:

Formula Description
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Formula Description

=IF(A2>B2,TRUE,FALSE) IF A2 is greater than B2, return TRUE,
otherwise return FALSE. 03/12/14 is
greater than 01/01/14, so the formula
returns TRUE.

=IF(AND(A3>B2,A3<C2),TRUE,FALSE) IF A3 is greater than B2 AND A3 is less
than C2, return TRUE, otherwise return
FALSE. In this case both arguments are
true, so the formula returns TRUE.

=IF(OR(A4>B2,A4<B2+60), TRUE,FALSE) IF A4 is greater than B2 OR A4 is less
than B2 + 60, return TRUE, otherwise
return FALSE. In this case the first
argument is true, but the second is false.
Since OR only needs one of the
arguments to be true, the formula returns
TRUE. If you use the Evaluate Formula
Wizard from the Formula tab you'll see
how Excel evaluates the formula.

=IF(NOT(A5>B2),TRUE,FALSE) IF A5 is not greater than B2, then return
TRUE, otherwise return FALSE. In this
case, A5 is greater than B2, so the
formula returns FALSE.

Evaluate Formula ? >
Reference: Evaluation:
Dates!3B54 = |IF[QRTRUE FALSE) TRUE, FALSE]

To show the result of the underlined expression, click Evaluate. The most recent result
appears italicized.

Close

IF function

The IF function is one of the most popular functions in Excel, and it allows you to make logical comparisons
between a value and what you expect.

So an IF statement can have two results. The first result is if your comparison is True, the second if your
comparison is False.
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For example, =IF(C2="Yes”,1,2) says IF(C2 = Yes, then return a 1, otherwise return a 2).

Syntax

Simple IF examples

B || =IFC2="Yes"1.2)
C D
Active? Activity Code
Yes 1 Il

= =IF(C2="Yes",1,2)

In the above example, cell D2 says: IF(C2 = Yes, then return a 1, otherwise return a 2)

‘f;‘: =|FI::2=1'"..'IEE"."\,:"j

C D
Active? Activity Code
1 Yes

= =[F(C2=1,"Yes”,”No”)

In this example, the formula in cell D2 says: IF(C2 = 1, then return Yes, otherwise return No)As you see, the
IF function can be used to evaluate both text and values. It can also be used to evaluate errors. You are not
limited to only checking if one thing is equal to another and returning a single result, you can also use
mathematical operators and perform additional calculations depending on your criteria. You can also nest
multiple IF functions together in order to perform multiple comparisons.

Je =|F({C2>B2,"Over Budget”, "Within Budget")
B C D E
Budgeted Actual Status Amount Over
$800.00 $921.58 |Over Budget $12158
$375.00 $32498 Within Budget 0.00
$150.00 $128.43 Within Budget $0.00
$150.00 $174.38 Over Budget $2438

=  =[F(C2>B2,”’Over Budget”,”Within Budget”)
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In the above example, the IF function in D2 is saying /F(C2 Is Greater Than B2, then return “Over Budget”,
otherwise return “Within Budget”)

& | =IF(C2>B2,C2-B2.0)
B C D E
Budgeted Actual Status Amount Over
$800.00 $921.58 QOwver Budget $121.58
$375.00 $324.98 Within Budget 0.00 !
$150.00 $128.43 Within Budget $0.00
$150.00 $174.38 Over Budget $24.38

- =IF(C2>B2,C2-B2,0)

In the above illustration, instead of returning a text result, we are going to return a mathematical calculation.
So the formula in E2 is saying IF(Actual is Greater than Budgeted, then Subtract the Budgeted amount from
the Actual amount, otherwise return nothing).

Fe =|F(E7="Yes"F5*0.0825.0)

C D E F
ltem Quantity Cost Total
Widget g $2.90 $5.80
Diochickey 3 $8.55 $25.66

S5ub-Total $11.45 13146
Sales Taw? Yes 12 60 |
Total 33405

= =IF(E7="Yes”,F5*0.0825,0)

In this example, the formula in F7 is saying IF(E7 = “Yes”, then calculate the Total Amount in F5 * 8.25%,
otherwise no Sales Tax is due so return 0)

Solver:

A solver is a mathematical tool present in MS-Excel that is used to perform calculations by working under
some constraints/conditions and then calculates the solution for the problem. It works on the objective cell
by changing the variable cells any by using sum constraints.

Solver is present in MS- Excel but for using it we need to activate it. For activating the solver tool we need
to do the following steps:
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Step 1: Go to File and select options. The following dialog box will appear.

Review  View Help Q Tell me what you want to do

Excel Options ? X
5 3 % 5 Q|
General \;:.o General options for working with Excel. -]
S as® 7‘\
Formulas
User Interface options
Proofing
When using multiple displays:‘i
E Save i
| @, Optimize for best appearance
Language Optimize for compatibility (application restart required)
Ease of Access v!| Show Mini Toolbar on selection @
Advanced v| Show Quick Analysis options on selection

] ! v ive Preview ¥
Customize Ribbon ERDESLVE PRvie

Collapse the ribbon automatically “I/
Quick Access Toolbar

ScreenTip style: l Show feature descriptions in ScreenTips "

Add-ins

When creating new workbooks
Trust Center

Use this as the default font: ’ Body Font "‘
Font size: ’ﬁ‘

Default view for new sheets: ‘ Normal View v

Include this many sheets: ‘ 1 =

Personalize your copy of Microsoft Office

User name: EESOMAL

Always use these values regardless of sign in to Office.

Office Background: \ No Background il

Office Theme: ‘ Use system setting '}

Privacy Settings

| %

[ tiamcnr Cmsas

l oK I \ Cancel

Step 2: Now select the Add-ins option and click on Go and finally click on OK.
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Excel Options ? X
Grneral [i.” View and manage Microsoft Office Add-ins.
Formulas
Proofing Add-ins
Save Name = |Location | Type
Language Active Application Add-ins

No Active Application Add-ins
Ease of Access

Inactive Application Add-ins

Advanced Analysis ToolPak C\..we\Office16\Library\Analysis\ANALYS32.XLL Excel Add-in
Customize Ribbon Analysis ToolPak - VBA C\..\Office16\Library\Analysis\ATPVBAEN.XLAM  Excel Add-in
i Date (XML) C\..X86\Microsoft Shared\Smart Tag\MOFL.DLL  Action
Quick:Access Taolbiar Euro Currency Tools C:\..d8bbwe\Office 16\Library\EUROTOOLXLAM  Excel Add-in
Add-ins Microsoft Actions Pane 3 XML Expansion Pack
Microsoft Power Map for Excel C\..r Map Excel Add-in\EXCELPLUGINSHELLDLL COM Add-in
Trust Center Solver Add-in C\..we\Office16\Library\SOLVER\SOLVERXLAM  Excel Add-in

Document Related Add-ins
No Document Related Add-ins

Disabled Application Add-ins

Alo N hlod A 1L 1, AdAd _ive
Add-in: Analysis ToolPak
Publisher: Microsoft Corporation
Compatibility: No compatibility information available
Location: C:\Program Files\WindowsApps\Microsoft.Office.Desktop.Excel_16051.13901.20336.0_x86__8wekyb3d8bb
Office16\Library\Analysis\ANALYS32.XLL
Description: Provides data analysis tools for statistical and engineering analysis
Manage: | Excel Add-ins '% Go...
[T ]

| OK || Cancel |

Step 3: After clicking OK, Select Solver Add-in and press OK. Now solver will be activated in Excel.
Add-ins 2 >

Add-ins available:
|:| Analysis ToolPak

| i | oK |
Analysis ToolPak - vBA

B 9 Euro Curreng Tools l T l

~ [ Browse... |

l Automation... I

] Solver Add-in

Tool for optimization and equation solving

Step 4: Now solver will appear in data section like this.
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Review View  Help Q Tell me what you want to do
|:| Show Queries Connections Al TTa|| 7 Solver
s :
m From Table
New z| Sort
Juery ~ D@ Recent Sources .
Get & Transform Connections Analyze

Now let’s understand how to use solver with the help of an example.

Example:

We went to a mall and we also have a gift voucher worth rs.10,000 and We want to purchase items in such

a manner that all the money of the gift voucher gets utilized.

So, suppose we purchased the following items.

| A | B | C | b |NUE
1 J Items Quantity Price Total
2 |lron 1 700 700
3 |Mobile 1 5000 5000
47 Headphones 1 400 400
5 Tkettle 1 900 900
6 |watch 1 2300 2300
7 | 5 9300
8 |
9 |
10 |
1 ﬂ Voucher= 10000
12 |
13

Suppose we purchased the above items in only one quantity and the total came out to be 9300 but the
voucher was for rs.10,000. So now we want to use Solver for this purpose. Now let’s see how it will be

done.

Step 1: Firstly go on data and find solver there and click it. The following dialog box will appear. Now in

this, we have to select the objective in which we want to change our value.
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Solver Parameters =

Set Objective: | x|
To: @ max O min O value Of: o
By Changing Variable Cells:

=

Subject to the Constraints:

Add
Change

Delete

Reset All

Load/Save

Make Unconstrained Variables Non-Negative

Select a Solving GRG Nonlinear = Options
Method: - e

Solving Method

Select the GRG Nonlinear engine for Solver Problems that are smooth nonlinear. Select the LP Simplex
engine for linear Solver Problems, and select the Evolutionary engine for Solver problems that are
non-smooth.

Help [ Solve I Close

Step 2: In the set objective we have to select the total of the D column because want the value to change
from 9300 to 10,000. After clicking on D7 following thing will be displayed on the set objective block.

Solver Parameters D
Set Objective: sDs7| [=]
To: @ pmax O Min O value Of: [o

By Changing Variable Cells:

1%

Subject to the Constraints:

Add
Change

Delete

Reset all

Load/Save

Make Unconstrained Variables Non-Negative

Select a Solving GRG Nonlinear ~ Options
Method: )

Solving Method

Select the GRG Nonlinear engine for Solver Problems that are smooth nonlinear. Select the LP Simplex
engine for linear Solver Problems, and select the Evolutionary engine for Solver problems that are
non-smooth.

Help I Solve I Close

Step 3: Now in the ‘By changing Variable cell” we will select the Quantity cell because we want to change
the quantity in such a way so that the total amount comes to 10,000.
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=4
:Quantity E Price Solver Parameters
a :
I r

i 1 Set Objective: $D$7
= 1 ,
i 1 To: ® Max O Min O value of: |0
| 1!
o it g' By Changing Variable Cells:

' $B$1:5B856]

Subject to the Constraints:

Voucher=

Make Unconstrained Variables Non-Negative

Select a Solving
Method:

GRG Nonlinear

Solving Method

non-smooth.

>

|

Add

Change

Delete

Reset All

Load/Save

(2] Options

Select the GRG Nonlinear engine for Solver Problems that are smooth nonlinear. Select the LP Simplex
engine for linear Solver Problems, and select the Evolutionary engine for Solver problems that are

Help | Solve

| Close

Step 4: Now we have to set some conditions under which we want our work to get done. So for setting

some conditions /constraints, we will click on Add.
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2
[Quantity EPrict Solver Parameters X
5 1]
1 ; :
i 1! Set Objective: $DS7 ol
: L
: 1 To: ® Max O min O value Of: 0
: 1
1! g .

et e ;’ By Changing Variable Cells:

' $B$1:5856] T

Subject to the Constraints: J’

Add
Voucher=
Change
Delete
Reset All
Load/Save

Make Unconstrained Variables Non-Negative

Select a Solving GRG Nonlinear Options

Method:

Solving Method

non-smooth.

Help

Solve

Select the GRG Nonlinear engine for Solver Problems that are smooth nonlinear. Select the LP Simplex
engine for linear Solver Problems, and select the Evolutionary engine for Solver problems that are

Close

Step 5- Now, a dialog box will appear and we will add 3 conditions. The first condition is that the total
amount should be equal to the voucher amount. So we will select cell D7 in a cell reference and then =
sign, and finally, we will select cell C11. Now the first condition is added. To add the next condition press

Add.
A | B = D E F G H | J K

1 Items Quantity Price Total

8 icon 1 700 700 Add Constraint X
3 |Mobile 1 5000 5000

4 |Headphones 1 400 400 Cell Reference: Constraint:

5 |kettle 1 900 900 $D$7 2] = | [=scsn |2
6 |watch 1 2300 2300

7 5 9300 oK Add Cancel

8

9

| Y | AT ———

11 Voucher=[ _______ 1 O_O_O_QS

Step 6: For the second condition we will select the Quantity cell because we want the quantity to be an
integer value, a whole value. So in cell reference, we will select from B2 to B6 then int, and then again

will press Add.
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L . B = € | D E F H J K
1 |Items Quantity Price Total
2 |iron 1 700 700 Add Constraint X
3 |Mobile 1 5000 5000
4 |Headphones 1 400 400 Cell Reference: Constraint:
5 | kettle 1 900 900 $B$2:5B$6 + | v: integer | *
6 |watch 1 2300 2300 '
7 ‘ 5 9300 oK Add Cancel
8
9
10
i Voucher= 10000

Step 7- Now for the third condition, we want that our item quantity should never be un negative which is
not possible in real life. So we will select cells from B2 to B6 and should be >=to zero. Then click Add

and cancel.
A | B C D E F G H | J K

1 Eltems Quantity Price Total

Nl iron 1 700 700 Add Constraint X
3 | Mobile 1 5000 5000

4 iHeadphones 1 400 400 Cell Reference: ) Constraint:
5 |kettle 1 900 900 | |$BS2:$BS6 2= [v][d t
6 |watch 1 2300 2300

7 ’ 5 9300 oK Add Cancel

8

9]

10 |

11 Voucher= 10000

Step 8: Now the following dialog box will show all the 3 conditions that we used and now click on Solve.
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Solver Parameters X

Set Objective: $D$7] 1 |

To: @ Max O Min O Value Of:

[

By Changing Variable Cells:

$BS1:5856 (2]
Subject to the Constraints:
$B$2:$B$6 = integer Add
$B$2:5B%6 >=0 —
$D$7 = $C$11
Change
i ‘ Delete
Reset All
Load/Save
Make Unconstrained Variables Non-Negative
Select a Solving GRG Nonlinear Options

Method:

Solving Method

Select the GRG Nonlinear engine for Solver Problems that are smooth nonlinear. Select the LP Simplex

engine for linear Solver Problems, and select the Evolutionary engine for Solver problems that are
non-smooth.

Help Solve Close

Step 9: By clicking Solve the solver will provide the desired output and to keep the answer we will click
on keep solver solution.
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1 A | B | C
1 :Items Quantity Price
2 |lron 0 700
3 ‘iMobile 2 5000
4 |Headphones 0 400
5 |kettle 0 900
6 |watch 0 2300
7 | 2
8 4
9 4
10 |
11 | Voucher= 10000
12 |
13|
14 |
15
16 |
(e

18|

Solver Results

Solver found an integer solution within tolerance. All
Constraints are satisfied. Reports
Answer
(® Keep Solver Solution

() Restore Original Values

[[] Return to Solver Parameters Dialog ["] Outline Reports

Cancel

Solver found an integer solution within tolerance. All Constraints are satis

It is possible that better integer solutions exist. To make sure Solver finds the very
integer tolerance in the options dialog to 0%.

So, this is what a solver is, How it is activated by not by default present in Excel and this is how it is used.

How to get started

There are four pieces of information that you will need in order to build the VLOOKUP syntax:

1. The value you want to look up, also called the lookup value.

2. The range where the lookup value is located. Remember that the lookup value should always be
in the first column in the range for VLOOKUP to work correctly. For example, if your lookup
value is in cell C2 then your range should start with C.

3. The column number in the range that contains the return value. For example, if you specify
B2:D11 as the range, you should count B as the first column, C as the second, and so on.

4. Optionally, you can specify TRUE if you want an approximate match or FALSE if you want an
exact match of the return value. If you don't specify anything, the default value will always be
TRUE or approximate match.

Now put all of the above together as follows:

=VLOOKUP(lookup value, range containing the lookup value, the column number in the range containing
the return value, Approximate match (TRUE) or Exact match (FALSE)).

Examples

Here are a few examples of VLOOKUP:
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Example 1

| 8 D E
(i D Ba Last name B First name [ Title B2 Birth date K3
2 | 101 Davis Sales Rep 12/08/68
3 | 102 Fontana VP (Sales) 02/19/52
4 | 103 Leal Sales Rep 08/30/63
5 | 04 Patten Sales Rep 09/19/58
6 | 105 Burke Sales Manager  03/04/55
7 108 Sousa Sales Rep 07/02/63
8 .‘ VLOOKUP looks for Fontana in the
g ‘ first column (column B) in

¥ o¢ ETAEALCE table_array B2:E7, and returns Olivier
10 | Formula =VLOOKUI kBB'B 7.2 FALSE) from the second column (column C)
11 |Result Olivier of the table_array. FALSE returns an
12 | exact match.

Example 2
8 ' D . E

1 B Last name [ First name [B Title B Birth date B4
2 | 101 Davis Sales Rep 12/08/68
3 102 Fontana VP (Sales) 02/19/52
4 | 103 Leal Sales Rep 08/30/63
5 | 104 Patten Sales Rep 09/19/58
6 | 105 Burke Sales Manager 03/04/55
7 | 106 Scusa Sales Rep 07/02/63 2
3 | VLOOKUP looks for an exact match
9 (FALSE) of the last name for 102

11 |Result

10 |Formula =VLOOKUP{102,A2:C7,2FALSE)

Fontana

(lookup_value) in the second
column (column B) in the A2:C7
range, and returns Fontang.

Example 3
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o 8
ID B4 Last name
| 101 Davis
102 Fontana
103 Leal
104 Patten
105 Burke
106 Sousa

SOy v s W

Bl First name B4 Title

m

B4 Birth date

Sara Sales Rep 12/08/68
Olivier VP (Sales) 02/18/52
Karina Sales Rep 08/30/63
Michael Sales Rep 09/19/58
Brian Sales Manager 03/04/55
Luis Sales Rep 07/02/63

10

11 |Result Not found

IF checks to see if VLOOKUP returns Sousa as the last name of
employee corresponding to 103 (lookup_value) in A1:E7

8 (table_array). Because the last name corresponding to 103 is
Leal, the IF condition is false, and Not found is displayed.

IFormula =IF(VLOOKUP(103,A1:E7,2,FALSE)="Sousa","Located"”,"Not found")

Example 4
A 8 C D E

1 1D Bl Last name | First name [B Title B Birth date |4
2 101 Davis Sara Sales Rep 12/08/68
3 102 Fontana Olivier VP (Sales) 02/19/5
4 | 103 Leal Karina Sales Rep 08/30/63
5 104 Patten Michae! Sales Rep 09/19/58
6 105 Burke Brian Sales Manager 03/04/55
7 106 Scusa Luis Sales Rep 07/02/63 |
8
9
10 {Formula =INT(YEARFRAC(DATE(2014,6,30), VLOOKUP(105,A2:E7.5, FALSE), 1)
1 "
1 Result 391 VLOOKUP looks for the birth date of the
12 | employee corresponding to 105
13 (lookup_value) in the A2:E7 range

1 (table_array), and returns 03/04/1955.
1< Then, YEARFRAC subtracts this birth date
15 from 2014/6/30 and returns a value, which

is then converted by INT to the integer 59.
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Example 5
1 B Last name [§ First name B Title B2 Birth date B4
2 | 101 Davis Sara Sales Rep 12/08/68
: 102 Fontana Olivier VP (Sales) 02/19/52
4 | 103 Leal Karina Sales Rep 08/30/63
3 104 Patten Michael Sales Rep 09/19/58
6 | 105 Burke Brian Sales Manager 03/04/55
7 106 Sousa Luis Sales Rep 07/02/63
6 |
9 4
| =IFISNA(VLOOKUP(105,A2:£7.2 FALSE)) = TRUE, *Employee not
Formula ~ ~ " — ,‘VD.H%_“? H_S.!} Py
10 found”, VLOOKUP(105,A2:£7.2 FALSE))
11 |Result Burke
IF checks to see if VLOOKUP returns a value for last
12 | name from column B for 105 (lookup_value). If
13 VLOOKUP finds a last name, then IF will display the
14 | last name, otherwise IF returns Employee not found.
| ISNA makes sure that f VLOOKUP returns #N/A,
then the error is replaced by Employee not found,
instead of #FN/A.
In this example, the return value is Burke, which is
the last name corresponding to 105.
XOR function

Excel for Microsoft 365 Excel for Microsoft 365 for Mac More...

The XOR function returns a logical Exclusive Or of all arguments.

Syntax

XOR(logicall, [logical2],...)

The XOR function syntax has the following arguments.
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= Logicall, logical2,... Logical 1 is required, subsequent logical values are optional. 1 to 254
conditions you want to test that can be either TRUE or FALSE, and can be logical values,
arrays, or references.

Remarks

= The arguments must evaluate to logical values such as TRUE or FALSE, or in arrays or
references that contain logical values.

= [fanarray or reference argument contains text or empty cells, those values are ignored.

= |If the specified range contains no logical values, XOR returns the #VALUE! error value.

= You can use an XOR array formula to see if a value occurs in an array.

Note: If you have a current version of Microsoft 365, then you can simply enter the formula in
the top-left-cell of the output range, then press ENTER to confirm the formula as a dynamic
array formula. Otherwise, the formula must be entered as a legacy array formula by first
selecting the output range, entering the formula in the top-left-cell of the output range, and then
pressing CTRL+SHIFT+ENTER to confirm it. Excel inserts curly brackets at the beginning
and end of the formula for you. For more information on array formulas, see Guidelines and
examples of array formulas.

= The result of XOR is TRUE when the number of TRUE inputs is odd and FALSE when the
number of TRUE inputs is even.

Example

Copy the example data in the following table, and paste it in cell Al of a new Excel worksheet. For formulas
to show results, select them, press F2, and then press Enter.

Formula Description Result
=XO0R(3>0,2<9) Because both of the two tests evaluates to TRUE, FALSE FALSE
is returned.

=XOR(3>12,4>6) Because all test results evaluate to FALSE, FALSE is FALSE
returned. At least one of the test results must evaluate to
TRUE to return TRUE.

AND function

Excel for Microsoft 365 Excel for Microsoft 365 for Mac More...

Use the AND function, one of the logical functions, to determine if all conditions in a test are TRUE.
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Example

A B
Formula Description

1

2 |=ANDI(TRUE, TRUE) All arguments are TRUE TRUE
3 -=ﬁ\JD{'RUE.Fﬁ~LSE] One argument is FALSE = FALSE
4 -:AND[‘I:LE:E,E:E] All arguments are TRUE TRUE
5 -:A\JD{‘I:E.E:B.B:LH One argument is FALSE FALSE

C
Result

Technical Details

Examples

Here are some general examples of using AND by itself, and in conjunction with the IF function.

=AND{A2>1,A2<100)

=|F(AND{AZ2<A3.AZ2<100).A2. The value is out of range”) 50
=IF{AND{A3>1A3<100).A3,"The value is out of range”)  The value is out of range

1

2

E

4

:
B

T

8

TRUE

Formula
=AND(A2>1,A2<100)

=IF(AND(A2<A3,A2<100),A2,"The
value is out of range™)

=IF(AND(A3>1,A3<100),A3,"The value
is out of range")

Bonus Calculation

Description

Displays TRUE if A2 is greater than
1 AND less than 100, otherwise it displays
FALSE.

Displays the value in cell A2 if it’s less than
A3 AND less than 100, otherwise it displays
the message "The value is out of range".

Displays the value in cell A3 if it is greater
than 1 AND less than 100, otherwise it
displays a message. You can substitute any
message of your choice.

Here is a fairly common scenario where we need to calculate if sales people qualify for a bonus

using IF and AND.
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14 > £ || =IF[AND(B14>=§B%7.C14>=8B8%5),814*1B18.0
A B | C _ D E

1 Goals

El Criteria Amount

4 .SEI|ES Goal: $8.500 * Sales people need to exceed either Sales

5 |Account Goal: 5 OR Account Goals to earn Commission

& .Commission Rate: 20% * Sales people need to exceed both Sales

7 |Bonus Goal: $12.500 AND Account Goals to earn Bonus

8 |Bonus %: 15%

8

10 Commisson Calculations with Conditions

IZl Salesperson Total Sales Accounts Commission Bonus

13 |Millicent Shelton $10.260 9 $205

14 |'~:‘.igue Ferrari $15,700 7 §314 $236 _|

15 |Claire Fox $13.275 5 §266 3199

16 |Rosemarie Cobb $,100 3 $182

17 |Lorie Chen $7.480 4

18

= =IF(AND(B14>=%$B$7,C14>=$B%$5),B14*$B%$8,0) — IF Total Sales are greater than or equal
(>=) to the Sales Goal, AND Accounts are greater than or equal to (>=) the Account Goal, then
multiply Total Sales by the Bonus %, otherwise return 0.
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EXPERIMENT-4 Date:
Aim: Regression Analysis:
Trendline, Slope and Intercept, Interpolation and Forecast,TheLINEST  Function,

Multilinear Regression, Polynomial Fit Functions, Residuals Plot, Slope and Tangent, Analysis Tool
Pack.

How to make a trendline in Excel 2010
To add a trendline in Excel 2010, you follow a different route:

1. Onachart, click the data series for which you want to draw a trendline.
2. Under Chart Tools, go to the Layout tab > Analysis group, click Trendline and either:

o Pick one of the predefined options, or
Click More Trendline Options..., and then choose the trendline type for your chart.

’ Gharty [ 001S ’ Bookl - Microsoft Exce
Design | Layout | Format
| L ' Chart Name:
| ) art Name:
Ji@J J | A I | | | b Iy
i B o 4 [ — i : Chart 3
Axes Gridlines Plot Chart Chart 3-D |Trendline| Lines Up/Down Error
¥ * Area~ Wa Floor = Rotation | | T . &= Bars~v Bars~
Axes Background - None

Removes the selected Trendline or all

! Trendlines if none are selected

] K L M 1 Linear Trendline R
4 | Adds/sets a Linear Trendline for the

selected chart series

Exponential Trendline

Adds/sets an Exponential Trendline for
the selected chart series

I

Linear Forecast Trendline

Adds/sets a Linear Trendline with 2 period
forecast for the selected chart series

Two Period Moving Average

- Adds/sets a 2 Period Moving Average
+ Trendline for the selected chart series

More Trendline Options..,

How to insert multiple trendlines in the same chart

Microsoft Excel allows adding more than one trendline to a chart. There are two scenarios that should be
handled differently.
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Add a trendline for each data series

To put a trendline on a chart that has two or more data series, here's what you do:

1. Right-click the data points of interest (blue ones in this example) and choose Add

Trendline... from the context menu:
O O ?
Multiple trepdlinas
50 E Series "Apples” -

Fill  Qutline
. ¥L LW
Delete
O ﬂ Reset to Match Style
20 |:|] Change Series Chart Type...
B Select Data...
0 ﬁ] 3-0 Rotation
lan Feb Mar Apr May Jun Add Data Labels b
W Apples WO Add Trendline...
D O

rﬂ} Eormat Data Series...

2. This will open the Trendline Options tab of the pane, where you can choose the desired line type:

T U W W X Y .
Format Trendline v %
Trendline Options 7
T ° RO |
Multiple trendlines 1
[=1]
..... 4 Trendline Options
an _/} (") Exponential
Q o / ® Linear
20 T
/)’_ () Logarithmic
G ™ i. -
Jan Feb Mar Apr May Jun Jul fug Sep Oct Mov Dec M, - Polynomial  Order 2
B Apples BN Oranges --:---:-- Linear (Apples) _/] ) Power
o 0 O =
\// .:IMmrlng Period 2
L Average

3. Repeat the above steps for the other data series.
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As the result, each data series will have its own trendline of the matching color:

Multiple trendlines

a0

i

Jan Feb Mar Apr May Jun Jul Aug 5Sep Oct MNov Dec

=]

 Apples . Oranges

eeeeeeeee Linear (Cranges) «------- Linear {Apples)

Alternatively, you can click the Chart Elements button, then click the arrow next to Trendline and choose
the type you want. Excel will show a list of the data series plotted in your chart. You pick the needed one

and click OK.
o O O
Multiple trendlines . Chart Elements
Axes
& [ ] Axis Titles
Chart Title
? |:| Data Labels
Q3 Q |:| Data Table
|:| Errar Bars
: >cswat 3y Gridlines
_'“— E_‘_' C:EE Legend
N Apples W Oranges |:| Trendline E fmz=r
O O O /Euponential
Linear Forecast
“ Twao Period Moving Average
- Add Trendline ? X | Maore Options...

Add a Trendline based on Series:

Oranges

ok || cance |
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Forecast in Excel

Forecasting is a special technique of making predictions for the future by using historical data as inputs and
analyzing trends.

This method is commonly used to make educated guesses on cash flows, plan budgets, anticipate future
expenses or sales, and so on. However, forecasting doesn't tell the future definitively, it only shows
probabilities. So, you should always double check the results before making a decision.

Microsoft Excel offers a few different forecasting tools including built-in features, functions, and graphs.
Depending in your needs, you can choose one of the following methods:

e Exponential smoothing forecast - time series forecasting based on historical data with seasonal or
other cycles.
o Linear forecast - predicting future values using linear regression.

How to forecast in Excel using exponential smoothing

Exponential smoothing forecasting in Excel is based on the AAA version (additive error, additive trend and
additive seasonality) of the Exponential Triple Smoothing (ETS) algorithm, which smoothes out minor
deviations in past data trends by detecting seasonality patterns and confidence intervals.

This forecasting method is best suited for non-linear data models with seasonal or other recurring
patterns. It is available in Excel 2016, Excel 2019 and Excel for Office 365.

You can do such a forecast with your own formulas or have Excel create a forecast sheet for you
automatically.

Create an exponential forecast sheet automatically.

The Forecast Sheet feature introduced in Excel 2016 makes time series forecasting super-easy. Basically,
you only need to appropriately organize the source data, and Excel will do the rest.

Arranging data
In your Excel worksheet, enter two data series into adjacent columns:
o Time series - date or time entries that are observed sequentially at a regular interval like hourly, daily,
monthly, yearly, etc.
o Data values series - corresponding numeric values that will be predicted for future dates.
It is important that your time series have equal intervals between the data points. For example, you can

supply weekly intervals with values on every Monday, monthly intervals with values on the 1st day of every
month, etc.
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In theory, your time series can miss up to 30% of data points or have several entries with the same date or
time, and Excel will still do the forecast correctly. However, it is recommended to summarize your data to
get more accurate predictions.

In this example, we will try to forecast sales for the next few years based on the following historical data.
Please pay attention that column A contains dates (the 1st of every month) in a custom format that displays
only the month and year. However, these are fully-functional dates, not text values.

A2~ 1/1/2017
R
1 Month Sales
2 | lan, 2[#1?. 53,200
3 Feb, 2017 52,700
4 Mar, 2017 52,900
3 Apr, 2017 53,400
6 May, 2017 53,700
7 Jun, 2017 53,900
8 Jul, 2017 54,100
9 Aug, 2017 54,150
10 Sep, 2017 53,800
11| Oct, 2017 3,750
12| Now, 2017 53,700
SR, Pe 01T, 4 53500

Creating a forecast sheet

With the two data series in place, carry out the following steps to build a forecasting model:

1.

Select both data series. In most cases, it is sufficient to select just one cell in any of your series,
and Excel picks up the rest of the data automatically.

Go to theDatatab >Forecastgroup and click the Forecast  Sheet button.

Draw Page Layout Formulas Data Review View Developer Help
= | = =]
=B 49 ¢ Bs i
f;} E 1 @ S E = =] @
Text to Remove Data Consolidate Relationships Manage What-If |Forecast
Columns Duplicates Validation ~ Data Maodel | Analysis =| Sheet
Data Tools Forecast

The Create Forecast Worksheet window shows a forecast preview and asks you to choose:

o Graph type: line (default) or column chart
End date for forecasting
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4. When done, click the Create button.
Create Forecast Worksheet ? >

Use historical data to create a visual forecast waorksheet J/‘@ |:|:|:|

56,000

55,000

54,000

53,000

52,000

51,000

50
lan, Mar, May, Jul, 5ep, Nov, Jan, Mar, May, Jul, Sep, Nov, lan, Mar, May, Jul, Sep, Mov, lan, Mar,
2017 2017 2017 2017 2017 2017 2018 2018 2018 2018 20128 2018 2019 2019 2019 2019 2019 2019 2020 2020

m——Sales s Forecast(Sales) Lower Confidence Bound{Sales}] —— Upper Confidence Bound (Sales)

ForecastEnd | [3/1/2020

[+ Options

Excel immediately creates a new sheet containing a table with your original and predicted values as well as a
chart that visually represents this data.

The slope of the regression line is a measure of the steepness of the line.

It’s a numeric value that tells us how two variables are correlated. It tells us how much the dependent
variable will change in case there is a change in the independent variable.

There are three ways to find the slope of the regression line for a given set of variables in Excel:

e Using the SLOPE Function

e Using an Excel Scatter chart

In this tutorial, I show you how to calculate slope using each of the above three methods.
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This Tutorial Covers:
-

e What is Slope? An Overview
e Method 1: Using the Excel SLOPE Function
o SLOPE Function Syntax in Excel
o Points to Remember when Using the SLOPE Function in Excel
e Method 2 — Using a Scatter Chart to get the Slope Value
What is Slope? An Overview

A Slope is a value that tells us how two values (usually called the x and y values) are related to each other.

To give you a simple example, if you have the data about the height and yearly income of some people and
you calculate the slope for this data, it will tell you whether there is a positive or negative correlation
between these data points.

A B

1 Height(cm) Income (USD)
2 160 107287

3 186 93996

4 185 96532

5 184 68453

6 187 103477

7 160 101128

3 172 75670

9 184 108729
10 166 64536

11 168 80978

12

13 [Slope 138.56
14

The slope value can be positive or negative.
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In our example, if the slope value is 138, which means that there is a positive correlation between height and
the income of people. So if the height increases by 1 centimeter, the income is likely to increase by USD
138.

Apart from the slope, another thing you need to know about is the Intercept.
Let me explain it with the equation:
Y = Slope*X + Intercept

In this equation, we have already calculated the slope, but to truly know what would be the Y value for a
given X value, you also need to know the intercept.

Thankfully, Excel has a formula for that as well, and I will cover how to calculate intercept in all the
methods.

Method 1: Using the Excel SLOPE Function
The easiest way to calculate slope in Excel is to use the in-built SLOPE function.
It finds the slope value of a given set of x-y coordinates in one step.

While calculating slope manually could be hard, with the SLOPE function, you just need to give it the x and
y values and it does all the heavy lifting in the backend.

SLOPE Function Syntax in Excel
The syntax for the slope function is:
=SLOPE(y_vals, x_vals)

Here, y_vals and x_vals each consist of an array or range of cells containing numeric dependent data values.
Remember that you need to give the Y values as the first argument and X values as the second
argument. If you do it the other way round, you will still get the result but it would be incorrect.

Suppose you have the below dataset as shown below where | have the height (in cm) as X values and
average annual income (in USD) as the Y values.
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A B

1 Height(cm) Income (USD)
2 160 107287
3 186 93996
4 185 96532
5 184 68453
6 187 103477
7 160 101128
3 172 75670
9 184 108729
10 166 64536
11 168 80978
12

13 Slope

14 Intercept

Below is the formula to calculate slope using this dataset:

=SLOPE(B2:B11,A2:Al1)
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B13 - fv | =SLOPE(B2:B11,A2:A11)

A B JrC

1  Height(cm) Income (USD)
2 160 107287

3 186 93996

4 185 96532

5 184 68453

6 187 103477

7 160 101128

3 172 75670

9 184 108729
10 166 64536

11 168 80978

12

13 |Slope 138.56_“

14 Intercept

The above result tells me that from this dataset, | can assume that in case the height increases by 1 cm, the
income would increase by USD 138.58.

Another common statistical value that people often calculate when working with slope is to calculate
the Intercept value.

Just to refresh, the slope equation is something as shown below:
Y = Slope*X + Intercept

While we know the slope, we would also need to know the intercept value to make sure we can calculate Y
values for any X value.

This can easily be done using the below formula:
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=INTERCEPT(B2:B11,A2:A11)

B14 y ' =INTERCEPT(B2:B11,A2:A11)
A B ﬁ C [

1  Height(cm) Income (USD)

2 160 107287

3 186 93996

4 185 96532

5 184 68453

6 187 103477

7 160 101128

3 172 75670

9 184 108729

10 166 64536

11 168 80978

12

13 Slope 138.56

14 |Intercept 65303.16_

With this, our equation for this dataset becomes:
Y =138.56*X + 65803.2

So now, if I ask you what would be the income of anyone whose height is 165 cm, you can calculate the
value easily.

Y =138.56*165 + 65803.2
Both slope and intercept values can be positive or negative

Points to Remember when Using the SLOPE Function in Excel
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Here are a few points to remember when finding the slope of a regression line using the SLOPE function:

o Arguments of the SLOPE function have to be numerical (DATE values are also accepted). In
case any of the cells are blank or contains a text string, these would be ignored

o Incase there is ‘0’ in any cell/cells, it would be used in the calculation

e There should be an equal number of x and y values, when used as input for the SLOPE
function. In case you give it unequal sized ranges, you will get a #N/A error
e There should be more than one set of points, otherwise the SLOPE function returns a #DIV!
error
Method 2 — Using a Scatter Chart to get the Slope Value
If you prefer to visualize your data and the regression line, you can plot the data in a scatter chart and use it
to find the slope and the intercept for the trend line (also called the line of best fit).

Suppose you have the dataset as shown below and you want to find out the slope and intercept for this data:

A B
1 Height(cm) Income (USD)
2 160 107287
3 186 93996
4 185 96532
5 184 68453
6 187 103477
7 160 101128
8 172 75670
9 184 108729
10 166 64536
11 168 80978

Below are the steps to do this:

1. Select both X and Y data points (in our example, it would be the height and income column)

2. Click on the ‘Insert’ tab in the ribbon
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3. Click on the ‘Insert scatter’ dropdown (under the Charts group)

4. From the dropdown that appears, select the ‘Scatter chart’ option

aview View Developer Help
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Recommended W d]]] s Maps PivotChart
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oe More Scatter Charts...

5. This will insert a scatter chart into your worksheet, displaying your Xx-y values as scatter
points (as shown below)
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6. Right-click on one of the scatter points, and select ‘Add Trendline’ from the context menu
that appears. This will insert the trendline and also open the ‘Format Trendline’ pane in the

right
Income (USD)
&2
120000 = ~ Series “Income v
Fill  Cutline
|
|
100000
Delete ng
] Reset to Match Styl
80000 ] Resetto Match Site __
dll change Series Chart Type.. * H
(
60000 Bl select Data...
40000 Add Data Lapels ?
Add Trendline...
20000
4,.‘( Format Data Series...
0
155 160 165 170 175 180 185 190
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7. Inthe Format Trendline pane, within the ‘Trendline Options’, select the ‘Display Equation on

chart’ checkbox

Format Trendline v X

Trendline Options

e
SO il
_/ Exponential
/ ®) Linear

/ - Logarithmic

2y Polynomial Order 2

L2 / Power
S

£ Moving Average Period 2

Trendline Mame

e Automatic Linear (Income (USD))
Custom
Forecast
Forward 0.0 periods
Backward 0.0 periods
Set Intercept 0.0

| Display Equation on chart

Display R-squared value on chart

8. Close the Format Trendline pane

The above steps would insert a scatter chart that has a trendline, and the trendline also has the slope and
intercept equation.
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Income (USD)

120000

100000 y = 138.56x + 65803

®
80000 °

60000
40000

20000
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In our example, we get the below equation:
y = 138.56x + 65803
Here:

e 138.56 is the slope of the regression line.

e 65803 is the intercept of the regression line.

You can compare this with the values we got from the SLOPE and INTERCEPT functions (it’s the same
value).

If the slope value is positive, you’ll see the trend line going up, and if the slope value is negative, then you
will see the trend line going down. The steepness of the slope would be dependent on its slope value

While the formula method to calculate slope and intercept is easy, the benefit of using the scatter chart
method is that you can visually see the distribution of the data points as well as the slope of the regression
line.

And in case you are anyway creating a scatter chart for your data, getting the slope value by adding a
trendline would actually be faster than using the formulas.
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So these are two really simple ways that you can use to calculate the slope and the intercept value of a data
set in Excel.

Lincet

LINEST function

Excel for Microsoft 365 Excel for Microsoft 365 for Mac More...

This article describes the formula syntax and usage of the LINEST function in Microsoft Excel. Find links
to more information about charting and performing a regression analysis in the See Also section.

Description

The LINEST function calculates the statistics for a line by using the "least squares” method to calculate a
straight line that best fits your data, and then returns an array that describes the line. You can also
combine LINEST with other functions to calculate the statistics for other types of models that are linear in
the unknown parameters, including polynomial, logarithmic, exponential, and power series. Because this
function returns an array of values, it must be entered as an array formula. Instructions follow the examples
in this article.

The equation for the line is:

y=mx+Db

_or—

y=mlxl+m2x2+..+b

if there are multiple ranges of x-values, where the dependent y-values are a function of the independent x-
values. The m-values are coefficients corresponding to each x-value, and b is a constant value. Note that y, X,

and m can be vectors. The array that the LINEST function returns is {mn,mn-1,...,m1,b}. LINEST can also
return additional regression statistics.

Syntax

LINEST(known_y's, [known_x's], [const], [stats])
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The LINEST function syntax has the following arguments:

Syntax

= known_y's Required. The set of y-values that you already know in the relationship y = mx +

b.

If the range of known_y's is in a single column, each column of known_x's is interpreted
as a separate variable.

If the range of known_y’s is contained in a single row, each row of known_x's is
interpreted as a separate variable.

= known_x's Optional. A set of x-values that you may already know in the relationship y = mx +

b.

= const

= stats

The range of known_x's can include one or more sets of variables. If only one variable is
used, known_y's and known_x's can be ranges of any shape, as long as they have equal
dimensions. If more than one variable is used, known_y's must be a vector (that is, a
range with a height of one row or a width of one column).

If known_x's is omitted, it is assumed to be the array {1,2,3,...} that is the same size
as known_y's.

Optional. A logical value specifying whether to force the constant b to equal O.

If const is TRUE or omitted, b is calculated normally.

If const is FALSE, b is set equal to 0 and the m-values are adjusted to fit y = mx.
Optional. A logical value specifying whether to return additional regression statistics.

If stats is TRUE, LINEST returns the additional regression statistics; as a result, the
returned array is {mn,mn-1,...m1,b;sen,sen-1,...,sel,seb;r? sey;F,df;ssreg,ssresid}.

If stats is FALSE or omitted, LINEST returns only the m-coefficients and the constant b.

The additional regression statistics are as follows.

Statistic Description

sel,se2,...,sen

seb

r2

sey

df

The standard error values for the coefficients m1,mz2,...,mn.
The standard error value for the constant b (seb = #N/A when const is FALSE).

The coefficient of determination. Compares estimated and actual y-values, and ranges
in value from O to 1. If it is 1, there is a perfect correlation in the sample — there is no
difference between the estimated y-value and the actual y-value. At the other extreme,
if the coefficient of determination is 0, the regression equation is not helpful in
predicting a y-value. For information about how r? is calculated, see "Remarks," later in
this topic.

The standard error for the y estimate.

The F statistic, or the F-observed value. Use the F statistic to determine whether the
observed relationship between the dependent and independent variables occurs by
chance.

The degrees of freedom. Use the degrees of freedom to help you find F-critical values
in a statistical table. Compare the values you find in the table to the F statistic returned
by LINEST to determine a confidence level for the model. For information about how
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Statistic

ssreg
ssresid

Description
df is calculated, see "Remarks," later in this topic. Example 4 shows use of F and df.
The regression sum of squares.

The residual sum of squares. For information about how ssreg and ssresid are
calculated, see "Remarks," later in this topic.

The following illustration shows the order in which the additional regression statistics are returned.

n

F

= L) kg —

Remarks

Mp
sen
ra

FEreqg

B C Do E F
M- S ma m4 4]
EE 01 - E82 EEq =T
SEy

d

FEresid

You can describe any straight line with the slope and the y-intercept:

Slope (m):
To find the slope of a line, often written as m, take two points on the line, (x1,y1) and (x2,y2);
the slope is equal to (y2 - y1)/(x2 - x1).

Y-intercept (b):
The y-intercept of a line, often written as b, is the value of y at the point where the line crosses
the y-axis.

The equation of a straight line is y = mx + b. Once you know the values of m and b, you can
calculate any point on the line by plugging the y- or x-value into that equation. You can also use
the TREND function.

When you have only one independent x-variable, you can obtain the slope and y-intercept values
directly by using the following formulas:

Slope:
=INDEX(LINEST(known_y's,known_x's),1)

Y-intercept:
=INDEX(LINEST(known_y's,known_x's),2)

The accuracy of the line calculated by the LINEST function depends on the degree of scatter in
your data. The more linear the data, the more accurate the LINEST model. LINEST uses the
method of least squares for determining the best fit for the data. When you have only one
independent x-variable, the calculations for m and b are based on the following formulas:
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. Z(x—xj{f:,v)
> (x—x)
o= ;—m;

where x and y are sample means; that is, x =AVERAGE(known x's)andy =
AVERAGE(known_y’s).

= The line- and curve-fitting functions LINEST and LOGEST can calculate the best straight line
or exponential curve that fits your data. However, you have to decide which of the two results
best fits your data. You can calculate TREND(known_y's,known_x's) for a straight line,
or GROWTH(known_y's, known_x's) for an exponential curve. These functions, without
the new_x's argument, return an array of y-values predicted along that line or curve at your
actual data points. You can then compare the predicted values with the actual values. You may
want to chart them both for a visual comparison.

= Inregression analysis, Excel calculates for each point the squared difference between the y-value
estimated for that point and its actual y-value. The sum of these squared differences is called the
residual sum of squares, ssresid. Excel then calculates the total sum of squares, sstotal. When
the const argument = TRUE or is omitted, the total sum of squares is the sum of the squared
differences between the actual y-values and the average of the y-values. When
the const argument = FALSE, the total sum of squares is the sum of the squares of the actual y-
values (without subtracting the average y-value from each individual y-value). Then regression
sum of squares, ssreg, can be found from: ssreg = sstotal - ssresid. The smaller the residual sum
of squares is, compared with the total sum of squares, the larger the value of the coefficient of
determination, r?, which is an indicator of how well the equation resulting from the regression
analysis explains the relationship among the variables. The value of r? equals ssreg/sstotal.

= In some cases, one or more of the X columns (assume that Y’s and X’s are in columns) may
have no additional predictive value in the presence of the other X columns. In other words,
eliminating one or more X columns might lead to predicted Y values that are equally accurate. In
that case these redundant X columns should be omitted from the regression model. This
phenomenon is called “collinearity”” because any redundant X column can be expressed as a sum
of multiples of the non-redundant X columns. The LINEST function checks for collinearity and
removes any redundant X columns from the regression model when it identifies them. Removed
X columns can be recognized in LINEST output as having 0 coefficients in addition to O se
values. If one or more columns are removed as redundant, df is affected because df depends on
the number of X columns actually used for predictive purposes. For details on the computation
of df, see Example 4. If df is changed because redundant X columns are removed, values of sey
and F are also affected. Collinearity should be relatively rare in practice. However, one case
where it is more likely to arise is when some X columns contain only 0 and 1 values as
indicators of whether a subject in an experiment is or is not a member of a particular group.
If const = TRUE or is omitted, the LINEST function effectively inserts an additional X column
of all 1 values to model the intercept. If you have a column with a 1 for each subject if male, or 0
if not, and you also have a column with a 1 for each subject if female, or 0 if not, this latter
column is redundant because entries in it can be obtained from subtracting the entry in the “male
indicator” column from the entry in the additional column of all 1 values added by
the LINEST function.
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The value of df is calculated as follows, when no X columns are removed from the model due to

collinearity: if there are k columns of known_x’s and const = TRUE or is omitted, df =n—k — 1.

If const = FALSE, df = n - k. In both cases, each X column that was removed due to collinearity

increases the value of df by 1.

When entering an array constant (such as known_x's) as an argument, use commas to separate

values that are contained in the same row and semicolons to separate rows. Separator characters

may be different depending on your regional settings.

Note that the y-values predicted by the regression equation may not be valid if they are outside

the range of the y-values you used to determine the equation.

The underlying algorithm used in the LINEST function is different than the underlying

algorithm used in the SLOPE and INTERCEPT functions. The difference between these

algorithms can lead to different results when data is undetermined and collinear. For example, if

the data points of the known_y's argument are 0 and the data points of the known_x's argument

are 1:

= LINEST returns a value of 0. The algorithm of the LINEST function is designed to
return reasonable results for collinear data and, in this case, at least one answer can be
found.
= SLOPE and INTERCEPT return a  #DIV/O!  error.  The  algorithm  of

the SLOPE and INTERCEPT functions is designed to look for only one answer, and in
this case there can be more than one answer.

In addition to using LOGEST to calculate statistics for other regression types, you can

use LINEST to calculate a range of other regression types by entering functions of the x and y

variables as the x and y series for LINEST. For example, the following formula:

=LINEST (yvalues, xvalues®"COLUMN($A:$C))

works when you have a single column of y-values and a single column of x-values to calculate
the cubic (polynomial of order 3) approximation of the form:

y = ml*x + m2*x"2 + m3*x"3 + b

You can adjust this formula to calculate other types of regression, but in some cases it requires
the adjustment of the output values and other statistics.

The F-test value that is returned by the LINEST function differs from the F-test value that is
returned by the FTEST function. LINEST returns the F statistic, whereas FTEST returns the
probability.

Example 1 - Slope and Y-Intercept

Copy the example data in the following table, and paste it in cell A1 of a new Excel worksheet. For formulas
to show results, select them, press F2, and then press Enter. If you need to, you can adjust the column widths
to see all the data.
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Knowny Known X

1 0

9 4

5 2

7 3

Result (slope) Result (y-intercept)
2 1

Formula (array formula in cells A7:B7)
=LINEST(A2:A5,B2:B5,,FALSE)

Example 2 - Simple Linear Regression

Copy the example data in the following table, and paste it in cell A1 of a new Excel worksheet. For formulas
to show results, select them, press F2, and then press Enter. If you need to, you can adjust the column widths
to see all the data.

Month Sales
1 $3,100
2 $4,500
3 $4,400
4 $5,400
5 $7,500
6 $8,100
Formula Result

=SUM(LINEST(B1:BS6, $11,000
AL:A6)*{9,1})

Calculates the estimate of the sales in the ninth month,
based on sales in months 1 through 6.

Example 3 - Multiple Linear Regression
Copy the example data in the following table, and paste it in cell Al of a new Excel worksheet. For formulas

to show results, select them, press F2, and then press Enter. If you need to, you can adjust the column widths
to see all the data.

Floor space (x1) Offices Entrances Age Assessed
(x2) (x3) (x4) value (y)
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Floor space (x1) Offices Entrances Age Assessed
(x2) (x3) (x4) value (y)

2310 2 2 20  $142,000
2333 2 2 12 $144,000
2356 3 1.5 33 $151,000
2379 3 2 43  $150,000
2402 2 3 53  $139,000
2425 4 2 23 $169,000
2448 2 1.5 99 $126,000
2471 2 2 34 $142,900
2494 3 3 23 $163,000
2517 4 4 55 $169,000
2540 2 3 22 $149,000
-234.2371645

13.26801148

0.996747993

459.7536742

1732393319

Formula (dynamic array formula
entered in A19)

=LINEST(E2:E12,A2:D12, TRUE, TRUE)

How to Fit a Polynomial Curve in Excel (Step-by-Step)

You can use the LINEST() function in Excel to fit a polynomial curve with a certain degree.

For example, you can use the following basic syntax to fit a polynomial curve with a degree of 3:
=LINEST(known_ys, known_xs™{1, 2, 3})

The function returns an array of coefficients that describes the polynomial fit.

The following step-by-step example shows how to use this function to fit a polynomial curve in Excel.

Step 1: Create the Data
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First, let’s create some data to work with:

O 0 ~N o U1 W N =
x

[ 1 TN O TR A NS N6 NI N0 T J (VS Vi [P R S W . W . W . S O I T =Y
U WN =2 0V ~NOYU A WM = O

Step 2: Fit a Polynomial Curve

Next, let’s use the LINEST() function to fit a polynomial curve with a degree of 3 to the dataset:

O 0 NP OO U B WM

[ e
U b W NP O

30
34
30
22
18
24
19
20
22
25
28
31
32
37
43
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A B | C D E | F G | H
1 |x Y
2 | 2 30 [=LINEST(B2:B16, A2:A167(1,2,3})
3 3 34 T
4 4 30
5 5 22
6 6 18
7 i 24
8 7 19
9 8 20
10 9 22
11 10 25
12 11 28
13 12 31
14 13 32
15 14 37
16 15 43
17
18
19
20
21
22
23
24
25

Step 3: Interpret the Polynomial Curve

Once we press ENTER, an array of coefficients will appear:
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| A B C D E F G H
1 |x y
2 2 30 0.021828 -0.22395 -0.60841 30.09158
3 | 3 34
4 4 30
5 5 22
6 6 18
7| 1 24
8 7 19
9 8 20
10 9 22
il 10 25
2 11 28
13 12 31
14 13 32
115 14 37
16 15 43
17
18
lis
20
21
22
23
24
25 |
26

Using these coefficients, we can construct the following equation to describe the relationship between x and
y:

y =.0218x3 — .2239x? — .6084x + 30.0915
We can also use this equation to calculate the expected value of y, based on the value of x.
For example, suppose x = 4. The expected value of y would be:

y = .0218(4)3 — .2239(4)? — .6084(4) + 30.0915 = 25.47

How to Create a Residual Plot in Excel
A residual plot is a type of plot that displays the fitted values against the residual values for a regression
model.

This type of plot is often used to assess whether or not a linear regression model is appropriate for a given
dataset and to check for heteroscedasticity of residuals.
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This tutorial explains how to create a residual plot for a simple linear regression model in Excel.
How to Create a Residual Plot in Excel
Use the following steps to create a residual plot in Excel:

Step 1: Enter the data values in the first two columns. For example, enter the values for the predictor
variable in A2:A13 and the values for the response variable in B2:B13.

A B C D E

Predictor Response
2 8 41
3 12 42
4 12 39
5 13 37
6 14 35
7 16 39
8 17 45
9 22 46
10 24 39
11 26 49
12 29 55
13 30 57

B

Step 2: Create a scatterplot. Highlight the values in cells A2:B13. Then, navigate to the INSERT tab along
the top ribbon. Click on the first option for Scatter within the Charts area.
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HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVE
ig oD @ D s i W-E
PivotTable Recpmmended Table  Pictures inine Jv 3 vy apps - B Recommended {f: t:
PivotTables Pictures &+ Charts va J
Tables Illustrations Add-ins Charts
Chart 1 - Je
A B C D E F G H |
1 |Predictor Response
2 8 41
3 12 42
4 12 39
5 13 37
6 14 35
7 16 39
8 17 45
g 22 46
10 24 39
1 26 49
12 29 55
13 30 57
14
The following chart will appear:
A B C D E F G H I J
1 |Predictor Response
) - Chart Title
4 12 39 |60 s
5 13 37 *
6 14 35 * E 4
7 16 39| | o - . .
8 17 45 S
9 22 46 30
10 24 39
11 26 a9| |20
12 29 55
10
13 30 57
14 0
15 0 5 10 15 20 25 30 35
16
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Step 3: Display trend line equation on the scatterplot. Click “Add Chart Elements” from the DESIGN tab,
then “Trendline”, and then “More Trendline Option. Leave “Linear” selected and check “Display Equation
on Chart.” Close the “Format Trendline” panel.

The trend line equation will now be displayed on the scatterplot:

A B C D E F G H | J

Predictor Response
2 8 a1
2 4 -
= 12 2 Chart Title
4 12 39
5 13 37| |*° 38
6 14 35 | y=0.7553K + 20,631

50 i

7 16 39 B ol B
8 17 45 | 49 .2 " "
9 22 46 o
10 24 39 | 30
11 26 49
12 29 55| |#
13 30 57| |4
15 0
6 0 5 10 15 20 25 30 35

Step 4: Calculate the predicted values. Enter the trendline equation in cell C2, replacing “x” with “A1”
like so:
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10

11

12|
13|

14

1
2
3
4‘
5.
6
7
8
9

A

8
12
12
13
14
16
17
22
24
26
29
30

15|

16

17 |

18

B

f Predictor 'Reébonse'

41
42
39
37
35
39
45
46
39
49
55
57

=0.7553*A2+29.631

60

50

40

30

20

10

10

Q ,H, J
Chart Title
P
L)
y=0.7553x + 29.631..-
@
@ e
B e 2
®
»
15 20 25 30 35

Then, click cell C2 and double-click the small “Fill Handle” at the bottom right of the cell. This will copy
the formula in cell C2 to the rest of the cells in the column:

A B C

§Predictor Response Predicted
8 41 35.6734

12 42 38.6946

12 39 38.6946

13 37 359.4499

14 35 40.2052

16 39 41.7158

17 45 424711

22 46  46.2476

24 39 47.7582

26 49  49.2688

29 S5 51.5347

30 57 52.29

60

50

40

30

20

10

10

G H [ J
Chart Title
® &
y=0.7553x + 29.631...
o
i T )
£
)
15 20 25 30 35
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Step 5: Calculate the residuals. Enter B2-C2 in cell D2. Then, click cell D2 and double-click the small “Fill
Handle” at the bottom right of the cell. This will copy the formula in cell D2 to the rest of the cells in the

column:
A B c D

1 |Predictor Response Predicted Residual
2 | 8 41 35.6734 5.3266
3 | 12 42  38.6946 3.3054
4 | 12 39 38.6946 0.3054
5 | 13 37 359.4499 -2.4499
& | 14 35 40.2052 -5.2052
7 | 16 39 41.7158 -2.7158
8 | 17 45 424711 2.5289
9 | 22 46 46.2476 -0.2476
10 | 24 39 47.7582 -8.7582
1 | 26 49 49.2688 -0.2688
12 29 55 51.5347 3.4653
13 | 30 57 52.29 4.71
14

15 |

16

a=r

60
50
40
30

20

=)

G H | J K
Chart Title
.0
y=0.7553x + 29.63]1..-
&
B DA > &
&
®
10 15 20 25 30

Step 6: Create the residual plot. Highlight cells A2:A13. Hold the “Ctrl” key and highlight cells D2:D13.
Then, navigate to the INSERT tab along the top ribbon. Click on the first option for Scatter within
the Charts area. The following chart will appear:

A B C D

;Predictorl_Response Predicted.Residual L

8 41 35.6734 5.3266

12 42  38.6946 3.3054

12 39 38.6946 0.3054

13 37 35.4499| -2.4499

14 35 40.2052| -5.2052

16 39 41.7158]| -2.7158

17 45 424711 2.5289

22 46 46.2476| -0.2476

24 39 47.7582| -8.7582

26 49 49.2688| -0.2688

29 55 51.5347 3.4653
| 30|. 57 52.29_ 4.71_

G H J K
Chart Title
w
£ K
2
£
@ @
10 15 20 25 30
L @
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This is the residual plot. The x-axis displays the fitted values and the y-axis displays the residuals.

Feel free to modify the title, axes, and gridlines to make the plot look more visually appealing:

Residual Plot

Residual

-10
0 5 10 15 20 25 30 35

Fitted Value

Suitable Ways to Find Slope of Tangent Line in Excel

In this article, you will see two easy methods to find the slope of a tangent line in Excel. The first method
will discuss the use of the SLOPE function of Excel. In the second method, I will insert the available data
into an Excel chart and then find the slope from the equation.

To illustrate my article further, 1 will use the following sample data set.
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A B C
1
2 Sample Data Set
3
4 Equation Y = Xn2+1
3
G X Value Y Value
7 1
a 2
g 3
10 4
11 >

1. Apply SLOPE Function to Find Slope of Tangent Line

In the first method, | will apply the SLOPE function of Excel for determining the slope of a tangent line.
By using the function, you can calculate the slope in Excel. The function will take the y-axis and x-
axis values of an equation as the inputs and then show the slope as a numerical value. Go through the
following steps for a better understanding.

« First of all, I will assume some values for the X variable of the equation in cell C4.

« Then, to calculate the values of the Y variable, insert the following formula in cell C7.
=B7/M2+1

77|Page



https://www.exceldemy.com/excel-slope-function/

Spread Sheet for Engineers

« Thirdly, to find the slope, make an extra field in cell C13 and type the following formula.
=SLOPE(C7:C11,B7:B11)

SORT ~ X v K

A B C
1
2 Application of SLOPE Function
3
4 [ Equation Y = Xn2+1
5
G - X Value Y Value
7 | 1 =B7A2+1

= 2

g 2
a [ 3
10 4
11 2

« Secondly, press Enter and use AutoFill to get the desired result for the lower cells as well.
c - %

A B C
1
2 Application of SLOPE Function
3
4 Equation Y = Xn2+1
5
G X Value Y Value
7 1 2
g 2 5
a 3 10
10 4 17
11 5 26

=
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SORT - . ' Je I:SLGPEI{C?:Cll,E?:Ell} |
A B C
1
2 Application of SLOPE Function
3
4 Equation Y = Xn2+l
]
G X Value Y Value
= ) .
7 1 2
a 2 5
g 3 10
10 4 17
11 5 26
= = .
12
13 Slope =SLOPE(C7:C11,B7:B11)

« Finally, press Enter to get the slope that is 6.

C13 v £ ||| =SLOPE(C7:C11,B7:B11)|
A B C

1 1

2 | Application of SLOPE Function

3

4 - Equation Y = X2+l

5

& - X Value Y Value

7 - 1 2

8 - 2 5

g - 3 10

19- 4 17

11 - 5 26

12

132 Slope 6 ]
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Read More: How to Find the Slope of a Line in Excel (5 Easy Ways)

2. Insert Data into Excel Chart to Find Slope of Tangent Line

In the second method, instead of using any function, | will insert the available data set for making
an Excel chart. After making the chart, I will find the slope from the trendline. Let’s follow the instruction
below to find the slope of the tangent line!

Steps:
« Firstly, calculate the values of the y-axis for the equation of cell C4 just like the previous method.
« Then, select the data range B6:C11 and go to the Insert tab of the ribbon.

» Afterward, from the Charts group, select Insert Scatter (X,Y) or Bubble Chart.

File Home Developer Review Formulas Page Lay
o= o= B ? di~ [H~ M~ gﬁ o
E 9F I @ [i7

PivotTable Recommended TEI|EII|E Recommended W l [I]]] - D-‘.]; l Maps PivotCh
- PivotTables Charts D |l ~ e ~ -
Tables Charts
B6 > Jfe || XValue
A B C
1
2 Insertion of Data into Excel Chart
3
4 Equation Y = Xn2+1
s O
6 X Value Y Value
7 1 2
o 2 5
g 3 10
10 4 17
1 5 26
o

« Secondly, from the dropdown, choose Scatter with Smooth Lines.
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File Home Insert Developer Review Formulas Page Layout
o= o] T |:|:|? ED] [B ﬂﬂuﬂ gg
iq ({7 H | Q g
PivaotTable Recornmended Table Recummended Maps PivotChart
~ PivotTables Charts D~ u ~ ~
Tables Scatter i
o 1
B6 - £ || Xvalue . o §d
o L]
e Tw
A E 1
2 Insertion of Data into Exc
c Bubble
4 Equation
.l ,Q'Iil'
2 @¢ (99
A X Value
7 1 se More Scatter Charts...
a 2 5
g 3 10
10 4 17
1 5 26
u

« Thirdly, you will see the chart with the required data in your Excel sheet.

o After that, select your Excel chart and choose the Chart Elements icon which is on the top right
corner of the chart.
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A B

Insertion of Data into Excel Chart

Equation Y = Xn2+l
| | | |
X Value Y Value
[ | | | | |
1 2
2 5
3 10
4 17
5 26
[ | | | | |
O O O
XvsY
30
25
20
O 15 O
10
5
]
0 1 2 3 4 5
O O O

<] NI

« Fourthly, from the Chart Elements command select the Trendline dropdown and from there

choose More Options.

82|Page




Spread Sheet for Engineers

b _|_ Chart Elements
M Axes
/ [ Axis Titles
¥ Chart Title
? [l Data Labels
[l Error Bars
b “ Gridlines o
|| Legend
[l Trendline b Linear
Exponential
Linear Forecast
Two Period Moving Average
More Options.., e
[

« Consequently, you will see the Format Trendline window pane after the previous step and then
mark the option Display Equation on chart.
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Format Trendline v X

Trendline Options
IR [ ]

~ Trendline Options

) Exponential
O] Linear

Lagarithmic
) Palynamial

) Power

—~ Moving
~ Average

R i [ % P

Trendline Mame

C] Automatic Linear (Y Value)
Custom

Forecast
Forward 0.0 period:
Backward 0.0 period:

[ ] Set Intercept

B Display Equation on chart o
[| Display R-squared value on chart

« Finally, you will see the consequent equation for this tangent line is y = 6x — 6, and by comparing the
equation with y = mx + ¢, you can see the slope of this line is 6.
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A B C
1 -
2 Insertion of Data into Excel Chart
3 -
4 Equation Y = Xn2+l
5 -
6 X Value Y Value
7 1 2
o 2 5
g 3 10
10 4 17
1 5 26
XvsY
30
y=0bx-6

25

20

15

10

5

0

0 1 2 3 4 5 g
NOTES

« While inserting the data range in the SLOPE function formula, remember to insert the values of
the y-axis in the first place.
« Insert the proper data range while making the Excel chart.

o The SLOPE function returns #D1V/0! error when any cell of X-coordinates or Y-coordinates is
empty.
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EXPERIMENT-5 Date:

Aim: Iterative Solutions Using Excel: Using Goal Seek in Excel, Using the Solver to Find Roots,
Finding Multiple Roots, Optimization Using the Solver, Minimization Analysis, Nonlinear Regression
Analysis.

Quadratic Equation

A quadratic equation is of the form ax? + bx + ¢ = 0 where a # 0. A quadratic equation can be solved by
using the quadratic formula. You can also use Excel's Goal Seek feature to solve a quadratic equation.

1. For example, we have the formula y = 3x? - 12x + 9.5. It's easy to calculate y for any given x. Forx =1,y
=05

B2 - Jx =3*A2A2-12*A2+9.5
A B E D E F G H 1

1 |x
2 | | 0.5]

3
2.Forx=2,y=-25

B2 - = =3*A272-12*A2+9.5

A B C D E F G H 1

1 |«
2 | o 2s]

3

3. But what if we want to know x for any given y? For example, y = 24.5. We need to solve 3x? - 12x + 9.5 =
24.5. We can solve the quadratic equation 3x? - 12x + 9.5 - 24.5 = 0 by using the quadratic formula.
3x? -12x-15=0

a=3,b=-12,c=-15

D = b? 4ac = (-12)2 -4*3*.15=144 +180 =324
-b+ D -b-D

X=———o0r X=—"———
2a 2a

12 ++324 _12-\324

X = or X=T—""""
6 6
12 + 18 12 -18

X= =
5 or X 6

Xx=5 or Xx=-1

4. You can use Excel's Goal Seek feature to obtain the exact same result. On the Data tab, in the Forecast
group, click What-If Analysis.
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GHE B = B = B @Q%

Textto Flash Remove Data Consolidate Manage What-If Forecast
Columns  Fill  Duplicates Validation = Data Model | Analysis= Sheet
Data Tools Forecast

5. Click Goal Seek.

Scenaric Manager...

Goal 5eek...
s

Data Table...

The Goal Seek dialog box appears.

6. Select cell B2.

7. Click in the 'To value' box and type 24.5

8. Click in the 'By changing cell’ box and select cell A2.

9. Click OK.
Goal Seek ? x
set cell: SES2 5.5
To value: 24.5
By changing cell: | 5452 Bz
Result.
B2 = I =3FA2A2-12¥A249.5
_ A B C D E F G H |
1 |x
2 4.9955?5' 24.4595?1
3

Note: Excel returns the solution x = 5. Excel finds the other solution if you start with an x-value closer to x =
-1. For example, enter the value 0 into cell A2 and repeat steps 5 to 9. To find the roots, set y = 0 and solve
the quadratic equation 3x? - 12x + 9.5 = 0. In this case, set 'To value' to 0.

Creating a quadratic equation in Excel

A quadratic equation should at least have one squared variable. To do this, you can simply multiply the
variable by itself, calculate he 2" power of the variable using the power operator ~ or use
the POWER function as in our example.
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The other important part is to refer a cell as variable, x. Our formula uses named range x and y for the
unknown variables and the formula result respectively (x is C7 and y is D7).
5x2 + 6x + 1 = 0 => =5*POWER(X,2) + 6*x + 1 -y

E7 - X ﬁ- || =5*POWER(x,2) +6*x+1-y |

4~ B ] € | D | E | F4e| 6 | H |
1]

2 | Quadratic Equations (ax® + bx + ¢ = 0)

<

4 Goal Seek

F ]

[} X Y |

7 0.00 o | 1|=5*POWER(x,2) + 6% +1-
8 0.00 0 | 1|=POWER(C8,2) - 3*C8+1- D8
g

Note: Although adding y into the calculation isn't necessary if you always set it 0, we included it in our
example for versatility.

Using Goal Seek to solve quadratic equations in Excel

Once the formula is ready in your spreadsheet, it is time to use Goal Seek to solve the quadratic function.
Follow the steps below to find one of the variables of the equation:

1. Select the cell that contains the formula.

2. Open the Goal Seek dialog in Data > Data Tools > What-If Analysis > Goal Seek

3. Set cell is the formula cell (It should be automatically selected)

4. To value should be 0, which is the right end of the equation.

5. Select the cell of the x value to the By changing cell

6. Click OKto start Goal Seek
|E? v‘ ; ‘ X  fr H ~S*POWER(x,2) +6*x +1-y
dlA B [ C [ D [ E | F | G | H | | | J | K |
1
2 | Quadratic Equations (ax® + bx + c = 0) S o
s Soate R
3 [ v | o hanging
7| 000 _| O 1|=5*"POWER(x,2) +6%x+1-y
8 000 | 0 ——_  1]-PowEr(cs2) -3*_Cf:_;_;p_&—”"|/m | [ coneat |
8

7. After Excel finished the Goal Seek execution, the Goal Seek Status dialog will display the calculated

value

88|Page




20245peead Sheet for Engineers

8. Click OK to close the dialog
E7 - i 2 o/ fr  =S*POWER(x2)+6%x+1-y
VI B | ¢ | o | E | F | G | H | |
1_
2 | Quadratic Equations (ax? + bx + ¢ = 0) Goal Seek Status ?
x| Goal Seeking with Cell E7 Step
4 Goal Seek found a solution.
tn Fai:
5 o Target value: 0 use
Y
Current value: 0.000121893
E -0.20 0 0.00012189|=5"POWERY:
8 0.00 0 1|-PoweRr(cs S | | Cancel
9

Results of Goal Seek

Although the process is pretty straightforward, there are some downsides to using Goal Seek. As you may
have noticed in our screenshots, Goal Seek may fail to find the exact value you want. For example, in our
example we wanted Goal Seek to find a value that makes our formula 0. However, the value makes the
formula return a number close to 0, 0.000121893.

If you check the x value, you will see a value very close to -0.2, -0.199969528007691. You need to manually
enter -0.2 to see the formula return 0.

This difference comes from calculation logic of Goal Seek. Goal Seek continues searching a certain number
of times until it finds a value closer to the target value within the precision limits specified. The default
limits for the iteration number and precision value are 100 and 0.001. You can adjust these from File >
Options > Formulas.
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Excel Options ? x
General T : :
— f;'r Change options related to formula calculation, performance, and errar handling.
Prggﬂng Calculation Op’tiCIII'IS
Save Workbook Calculation [ Enable iterative calculation
Language ® Automatic Magimum lterations: | 100 E
() Automatic except for data tables )
Advanced Maximurn Change:
) Manual

Custamize Ribbon Recalculate workbook before saving

Quick Access Toolbar
Waorking with formulas

Add-Ins
] R1C1 reference style'i

Formula AutoComplete &
Uze table names in formulas

Use GetPrvotData funchions for PivotTable references

Trust Center

Error Checking

Enable background error checking

. . ) | Reset Ignared Errors ‘
Indicate errors using this color

Error checking rules

Cells containing farmulas that result in an error(o
Incensistent calculated celumn formula in tables &

Cells containing years represented as 2 digits

Mumbers formatted as text or preceded by an apostrophe

Formulas inconsistent with other formulas in the region &

Forrmulas which arit cells in a region (&
Unlocked cells centaining formulas
[] Formulas referring te empty cells (0
Data entered in & table is invalid

[ ok || cance |

Note: Decrease the Maximum Change value to increase the precision.

Another important point while using Goal Seek is that you need to choose (guess) a starting point for Goal

Seek. Goal Seek finds a single variable, but a quadratic function can have 2 variable options. We found -
value when we set 0 to x. If you're satisfied with the results, you can change the x and run
GoalsSeek again. For example, setting 10 to X, and running Goal Seek finds another x value, -1.
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c7 vl ﬁ' -10

AI B | c 1 D | E | F 1 G | H 1 I 1 J | K' 1 L |
1
- . . 2 Goal Seek Status ? >
2 | Quadratic Equations (ax* + bx + ¢ = 0)
T Goal Seeking with Cell E7 Step
4 Goal Seek found a solution,
=] Target value: O P
& | X Y Current value: 0.000110559
= _ —g¥ AE] * _
?_ 5 +6X+1=0 1.00 0 0.00011056|=5*POWER(x,2) + 6" x +1-y Cancel
g X*=3x-1 0.00 0 1|=POWER(CE,2}- 3*C8+1- D&
g_
Step 1

Click "File" from Excel's menu bar.

Step 2

Click "Options.” The "Excel Options" window will open.

Step 3

Click "Add-Ins™ in the left pane. Click "Solver Add-in" from the right pane.
Step 4

Click the "Go" button. The "Add-Ins" dialog box will open.

Step 5

Check the box next to "Solver Add-in." Click "OK."

Step 6

Type your equation into a cell, using a second cell as a reference. For instance, if your equation is "4x"3 +
2x"2 - 87 =-1," type into cell Al, "=4 * A2"3 + 2 * A2/"2 - 87."

Step 7
Click on the "Data" ribbon.
Step 8

Click "Solver" from the "Analysis" tab. The "Solver Parameters"” window will open.
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Step 9

Enter the reference of the cell into which you typed the formula in the "Set Objective:" box. In this example,
type "Al."

Step 10

Click the "Value of:" button.

Step 11

Enter your target value in the "Value Of:" box. In this example, type "-1."

Step 12

Type the formula's reference cell in the "By Changing Variable Cells:" box. In this example, type "A2."

Step 13

Click "Solve." Excel will change both cells accordingly. In this example, cell Al will change to *-1.00007,"
which is very close to "-1." Cell A2 will change to "2.623573," which is a root of the equation.

Optimization with Excel Solver

Previous Page
Next Page

Solver is a Microsoft Excel add-in program you can use for optimization in what-if analysis.

According to O'Brien and Marakas, optimization analysis is a more complex extension of goal-seeking
analysis. Instead of setting a specific target value for a variable, the goal is to find the optimum value for one
or more target variables, under certain constraints. Then, one or more other variables are changed repeatedly,
subject to the specified constraints, until you discover the best values for the target variables.

In Excel, you can use Solver to find an optimal value (maximum or minimum, or a certain value) for a
formula in one cell called the objective cell, subject to certain constraints or limits, on the values of other
formula cells on the worksheet.

This means that the Solver works with a group of cells called decision variables that are used in computing
the formulas in the objective and constraint cells. Solver adjusts the values in the decision variable cells to
satisfy the limits on constraint cells and produce the result you want for the objective cell.

You can use Solver to find optimal solutions for diverse problems such as —

o Determining the monthly product mix for a drug manufacturing unit that maximizes the
profitability.

o Scheduling workforce in an organization.

e Solving transportation problems.

o Financial planning and budgeting.
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Activating Solver Add-in

Before you proceed with finding solution for a problem with Solver, ensure that the Solver Add-in is

activated in Excel as follows —

e Click the DATA tab on the Ribbon. The Solver command should appear in the Analysis group

as shown below.

o € DATA v
Qe e 3 e ™Y 53

L& 2 )
£ lo

; % €— Solver

Analysis

In case you do not find the Solver command, activate it as follows —
Click the FILE tab.

e Click Options in the left pane. Excel Options dialog box appears.
o Click Add-Ins in the left pane.
o Select Excel Add-Ins in the Manage box and click Go.

tcaopier: €— EXcel Options Dialog Box S S

view and manage Mirosoft Office Add-n
Name Lecatson Type
Active Application Add-ins
Analysis ToolPak G\ ffice’5\Libeary\Analysis\ ANALYSI2XLL  Exced Add-in
Anstyss ToolPak - VBA Cl.celf\Libeany\Anahysis\ ATPVBAENXLAM  Excel Add-in
Ewro Currency Tools Ci\ e\ C NLibran\ EUROTOOLXLAM  Excel Add-in
Inquare Ci\..soft Office’\Cffice S\DCP\NativeShimn.dll  COM Add-in
Microscft Office PowerPivot for Excel 2013 G\l Add-in\PowesPivotExcelChentAddindl  COM Add-in
Power View Ci\.l Add-n\AdHocReportingEaceiClient.dll COM Add-mn
Add-ins Sohver Add-in G\, O et S\Lbran\SOLVER\SOLVERXLAM  Excel Add-in
nactive Application Add-ins
Add-Ins 0w C:\..Microsoft Shared\Smart Tsg\MOFLDLL  Action

Microsedt Actions Pane 3 XML Expansion Pack

Jocument Related Add-ins

n Add - ins

Addan
Publisher:
Compatibility:

Location

Descriptiorn

Manage —> vunge el 2ddm

Analysis ToolPak
Microsoft Corporation

No compatibility information available

Ci\Program Files LES) \Whcrosoft Office’ Office) 5\ Librany\ Analy s\ ANALYS 32 XLL

Provides data analyss tocls for statatical and engmeering analyss

v Go... € Go
T Excel Add-ins

The Add-Ins dialog box appears. Check Solver Add-in and click Ok. Now, you should be able to find the
Solver command on the Ribbon under the DATA tab.
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Add-Ins €— Add-Ins Dialog Box X

Add-Ins available:
;M Analysis ToolPak
] Analysis ToolPak - VBA

. Z} Euro Currency Tools —
Solver Add-in —>V I

Browse...

Automation...

Solver Add-in
Tool for optimization and equation solving

Solving Methods used by Solver

You can choose one of the following three solving methods that Excel Solver supports, based on the type of
problem —

LP Simplex
Used for linear problems. A Solver model is linear under the following conditions —

e The target cell is computed by adding together the terms of the (changing cell)*(constant)
form.

o Each constraint satisfies the linear model requirement. This means that each constraint is
evaluated by adding together the terms of the (changing cell)*(constant) form and comparing
the sums to a constant.

Generalized Reduced Gradient (GRG) Nonlinear

Used for smooth nonlinear problems. If your target cell, any of your constraints, or both contain references
to changing cells that are not of the (changing cell)*(constant) form, you have a nonlinear model.

Evolutionary

Used for smooth nonlinear problems. If your target cell, any of your constraints, or both contain references
to changing cells that are not of the (changing cell)*(constant) form, you have a nonlinear model.

Understanding Solver Evaluation
The Solver requires the following parameters —

o Decision Variable Cells
¢ Constraint Cells
e Objective Cells
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o Solving Method
Solver evaluation is based on the following —

« The values in the decision variable cells are restricted by the values in the constraint cells.
e The calculation of the value in the objective cell includes the values in the decision variable

cells.

o Solver uses the chosen Solving Method to result in the optimal value in the objective cell.

Defining a Problem

Suppose you are analyzing the profits made by a company that manufactures and sells a certain product. You
are asked to find the amount that can be spent on advertising in the next two quarters subject to a maximum
of 20,000. The level of advertising in each quarter affects the following —

e The number of units sold, indirectly determining the amount of sales revenue.

e The associated expenses, and
o The profit.

You can proceed to define the problem as —

e Find Unit Cost.
o Find the advertising cost per Unit.
e Find Unit Price.

A B C I
2 Unit Cost 50
3 Unit Price 100
4 Adv. Cost per Unit 20

Next, set the cells for the required calculations as given below.

A B C D
2 Unit Cost 50 Total Profit |
3 Unit Price 100 =C12+D12
4 Adv. Cost per Unit 20
6 Quarterl Quarter2
7 No. of Units Available 400 600
8 Adv. Budget 10000 10000
9 No. of Units Sold =MIN(C8/C4,C7) |=MIN(D8/C4,D7)
10 Revenue =C3*C9 =C3*D9
1 Expenses =C2*C7+C8 =C2*D7+D8
12 Profit =C10-C11 =D10-D11
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As you can observe, the calculations are done for Quarterl and Quarter2 that are in consideration are —

No. of units available for sale in Quarterl is 400 and in Quarter2 is 600 (cells — C7 and D7).
The initial values for advertising budget are set as 10000 per Quarter (Cells — C8 and D8).

No. of units sold is dependent on the advertising cost per unit and hence is budget for the
quarter / Adv. Cost per unit. Note that we have used the Min function to take care to see that
the no. of units sold in <= no. of units available. (Cells — C9 and D9).

Revenue is calculated as Unit Price * No. of Units sold (Cells — C10 and D10).

Expenses is calculated as Unit Cost * No. of Units Available + Adv. Cost for that quarter
(Cells — C11 and D12).

Profit is Revenue — Expenses (Cells C12 and D12).

Total Profit is Profit in Quarterl + Profit in Quarter2 (Cell — D3).

Next, you can set the parameters for Solver as given below —

w N

P

~J o (§7]

o o

2

w o

$ N

s
e

A £ C D
Unit Cost 50 Total Profit
Unit Price 100 =C12+D12
Adv. Cost per Unit 20

Quarterl Quarter2

No. of Units Available 400 600
Adv. Budget 10000 10000
No. of Units Sold =MIN(C8/C4,C7) |=MIN(D8/C4,D7)
Revenue =C3*C9 =C3*D9
Expenses =C2*C7+C8 =C2*D7+D8
Profit =C10-C11 =D10-D11
Total Adv. Budget =C8+D8 20000
No. of Units sold in Quarterl |=C9 =C7
No. of Units sold in Quarter2 |=D9 =D7

As you can observe, the parameters for Solver are —

o Objective cell is D3 that contains Total Profit, which you want to maximize.
o Decision Variable cells are C8 and D8 that contain the budgets for the two quarters — Quarterl

and Quarter2.

o There are three Constraint cells - C14, C15 and C16.

o Cell C14 that contains total budget is to set the constraint of 20000 (cell D14).

o Cell C15 that contains the no. of units sold in Quarterl is to set the constraint of
<= no. of units available in Quarterl (cell D15).

o Cell C16 that contains the no. of units sold in Quarter2 is to set the constraint of
<=no. of units available in Quarter2 (cell D16).
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Solving the Problem
The next step is to use Solver to find the solution as follows —

Step 1 — Go to DATA > Analysis > Solver on the Ribbon. The Solver Parameters dialog box appears.

Seiver Parameter: €— Solver Parameters Dialog Box

Set Objective: =

i#

To- @) Max O min O Value OF:

By Changing Variable Celis:

f#!

Subject to the Constraints:

Ada
Change

Delete

Reset All
Load/Save
| ~% ] Make Unconstrained Variables Non-Negative
Select a Solving Methoa: [GRG Nonlinear B Options

Solving Method

Select the GRG Noniinear engine for Soiver Problems that are smooth nonlinear. Select the LP
Simpiex engine for linear Solver Problems, and sefect the Evolutionary engine for Solver
problems that are non-smooth.

3

Step 2 — In the Set Objective box, select the cell D3.
Step 3 — Select Max.

Step 4 — Select range C8:D8 in the By Changing Variable Cells box.
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Solbver Parameters X §
[
Set Objective: $DS3 -
To (®) Max O Mig ) Yolue OF

By Changing Variable Cells.
$C58:30%8

Sybject to the Constraints:

Add
Change

Delete

Reset Al

Load/Save

] Make Unconstrained Variables Non-Negative

Sghect 3 Soving Method: GRG Nonlinear ~ Ogtions
Solving Method
Select the GRG Nonlinear engine for Solver Problems that are smooth nonlinear, Select the LP

Simplex engine for linear Solver Problems, and select the Evolutionary engine for Solver
probiems that are non.smooth,

Step 5 — Next, click the Add button to add the three constraints that you have identified.

Step 6 — The Add Constraint dialog box appears. Set the constraint for total budget as given below and click
Add.

Add Constraint hrd
Cell Reference: Constraint:
$CS14 Rl <= v | =SDS14 %
OK Add Cancel

Step 7 — Set the constraint for total no. of units sold in Quarterl as given below and click Add.
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Add Constraint

Cell Reference:

$C515 ER;

OK

Constraint:

<= v | =5Ds19

Add

Cancel

Step 8 — Set the constraint for total no. of units sold in Quarter2 as given below and click OK.

Add Constraint

Cell Reference:

SCS16

Constraint:

<= v | | =SDS16

Cancel

The Solver Parameters dialog box appears with the three constraints added in box —Subject to the

Constraints.

Step 9 — In the Select a Solving Method box, select Simplex LP.

99|Page




Spread Sheet for Engineers

Solver Parameters X P
‘ ]
Set Objective: SDS3 & |
To: (®) Max O Min (O Value Of; 0

By Changing Variable Cells:
$C58:5058 :&f

Subject to the Constraints:

|

$CS14 <= SDS14

fscs:s <= $D$15 Add
[$CS16 <~ D516

Change
Detete
Reset Al
Load/Save
l::/] Make Unconstrained Variables Non-Negative
Sglect a Solving Method: Simplex LP v Ogtions

Solving Method

Select the GRG Nonlinear engine for Solver Problems that are smooth nonlinear, Select the LP
Simplex engine for linear Solver Problems, and select the Evolutionary engine for Solver
problems that are non-smooth,

Step 10 — Click the Solve button. The Solver Results dialog box appears. Select Keep Solver Solution and
click OK.

Solver Results X |

Solver found a solution. All Constraints and optimality

conditions are satisfied. Reports
Answer
(® Keep Solver Solution Sensitivity
Limits

(O Restore Original Values

[[] return to Solver Parameters Dialog [[] outline Reports

Iml Cancel Save Scenario...

Solver found a solution. All Constraints and optimality conditions are
satisfied.

When the GRG engine is used, Solver has found at least a local optimal
solution. When Simplex LP is used, this means Sclver has found 3 global
optimal solution.
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The results will appear in your worksheet.

A B C D
2] Unit Cost SO| Total Profit
3 Unit Price 100 30000
4 Adv. Cost per Unit 20
5
6 Quarterl Quarter2
7 No. of Units Available 400 600
8 Adv. Budget 8000 12000
= No. of Units Sold 400 600
10 Revenue 40000 60000
1 Expenses 28000 42000
12 Profit 12000 18000
a4 Total Adv. Budget 20000 20000
No. of Units sold in
5 Quarterl 400 400
No. of Units sold in
16 Quarter2 600 600

constraints, is found to be the following —

o Total Profit — 30000.

e Adv. Budget for Quarterl — 8000.

e Adv. Budget for Quarter2 — 12000.
Stepping through Solver Trial Solutions

You can step through the Solver trial solutions, looking at the iteration results.
Step 1 — Click the Options button in the Solver Parameters dialog box.

The Options dialog box appears.

Step 2 — Select the Show lIteration Results box and click OK.

f Options 2 >< (5]
q All Methods I GRG Nonlinear ] Evolutionary |
Constraint Precision Oo.c00cCcCc1

[ Use Automatic Scaling

BFlishcws iteration Results}

Solving with Integer Constraints

[J 1gnore integer Constraints

Integer Optimality (35) 1
Solving Limits

Max Time {(Seconds)

Iterations:

Evcoliutionary and Integer Constraints:
Max Subproblems:

Max Feasible Scolutions:

l oK I Cancel

As you can observe, the optimal solution that produces maximum total profit, subject to the given
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Step 3 — The Solver Parameters dialog box appears. Click Solve.

Step 4 — The Show Trial Solution dialog box appears, displaying the message - Solver paused, current
solution values displayed on worksheet.

A 8 C > £ F G H L4 |

2 Unit Cost 50| Total Profit
3 Unit Price 100 -18000]

Adv. Cost per Unit 20

Show Tnal Solution X
Quarterl Quarter2

No. of Units Available 200 5001 Sclver paused, current solution values displayed on worksheet,

Adv. Budget 8000 0

No. of Units Sold 400 0 )

Revenue 40000 0 it v aceniia- |

Expenses 28000 30000

Profit 12000 -30000

Total Adv. Budget 8000 20000

No. of Units sold in

Quarterl 400 400

No. of Units sold in

Quarter2 0 600

As you can observe, the current iteration values are displayed in your working cells. You can either stop the
Solver accepting the current results or continue with the Solver from finding solution in further steps.

Step 5 — Click Continue.

The Show Trial Solution dialog box appears at every step and finally after the optimal solution is found,
Solver Results dialog box appears. Your worksheet is updated at every step, finally showing the result
values.

Saving Solver Selections
You have the following saving options for the problems that you solve with Solver —

e You can save the last selections in the Solver Parameters dialog box with a worksheet by
saving the workbook.

o Each worksheet in a workbook can have its own Solver selections, and all of them will be
saved when you save the workbook.

e You can also define more than one problem in a worksheet, each with its own Solver
selections. In such a case, you can load and save problems individually with the Load/Save in
the Solver Parameters dialog box.

o Click the Load/Save button. The Load/Save dialog box appears.
o To save a problem model, enter the reference for the first cell of a vertical range
of empty cells in which you want to place the problem model. Click Save.
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A 8 C D € F G b | ) K L M
2| [unit Cost so]_Total Profit ¥ { | Load/Save Model X
3 Unit Price 100 20000
4 Adv. Cost per Unit 20 10 Load, select a range holding & saved model.
5 To Save, select an emply range with the following number of cells: 7
6 Quarterl | Quarter2 sFsd =)
7 No. of Units Available 400 600
3 Adv. Budget 10000 10000
o No. of Units Sold 400 500 e Sancel
10 Revenue 40000 50000
n Expenses 30000 40000
Profit 10000 10000
a Total Adv. Budget 20000 20000
No. of Units sold in
15 Quarterl 400 400
No. of Units sold in
Quarter2 S00 600
o The problem model (the Solver Parameters set) appears starting at the cell that you have given as the
reference.
A B C D £ F
2| [unit cost 50| Total Profit [_20000]
3 Unit Price 100| 20000 2
4 Adv. Cost per Unit 20] TRUE
5 TRUE
6 Quarterl Quarter2 TRUE
7 No. of Units Available 400 600 32767
g Adv. Budget 10000 10000 0
4 No. of Units Sold 400 500
10 Revenue 40000 50000
11 Expenses 30000 40000
12 Profit 10000 10000
13
14 Total Adv. Budget 20000 20000
No. of Units sold in
15 Quarterl 400 400
No. of Units sold in
16 Quarter2 500 600

o To load a problem model, enter the reference for the entire range of cells that contains the problem
model. Then, click on the Load button.
What Is Non-linear Regression In Excel?

Non-linear regression in Excel is a statistical method used to find the nonlinear relationship between one
dependent variable and independent continuous variables. Users can use the non-linear regression in a
worksheet to fit the data to a model and represent it as a mathematical equation.

For example, the table below shows the ad counts and the sales they generated.
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A B

2 25 $2,000
3 50 $2,500
4 75 $8,000
< 100 $7,000
6 125 $12,000
7 150 $10,000
8 175 $25,000
g 200 $33,000
i0 225 $30,000
11 250 $40,000
12

Suf)pose the requirement is to calculate nonlinear regression in Excel for the above data. Then, we can use
the Scatter plot from the Insert tab to achieve the required outcome.

File Home _Pagel Formu Data Reviev View Autom Develc Help = £

= i = i c[l]v[El:tQ:Q ig | b

Tables | lllustrations Add- Recommended, Maps PivotChart 3D
~ v ins > Charts ~ v Map ~
Charts ~ Tours
K20 > : I
- | A | B | c | D | E | F | G | H |
il Ad Count Salesin$
2 25 $2,000 Ad Count vs Sales
3 50 $2,500 2528 3
4 75 $8,000 L
5 100 $7,000 — B
6 125 $12,000 il
7| 1s0 $10,000 s
8| 175 $25,000 e }f
9 200 $33,000 % e .2
10| 225 $30,000 : = il >
11
il Scatter Plot: Ad Count vs Sales
13 $60,000
2 2= 0.0134x
14; 550,000 Y= 1798.3e .
15 RZ=0.9219
= . 540,000 R
1,6_ £ &
17 j:‘ $30,000 » &
~ "
18 “ 520,000
19 $10,000 i ey
..... L
20 SO o e
21 0 50 100 150 200 250 300
22_ Ad Count
23
24

The ad count is the independent variable, and sales are the dependent variable in the above example.
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And plotting a Scatter chart for the two variables and inserting a linear trendline, as shown in the first plot,
shows a nonlinear relationship between the two parameters. In other words, the sales do not vary linearly
with the ad count.

Thus, we must choose the appropriate trendline to achieve the required nonlinear regression curve in
Excel. In this case, we pick the Exponential trendline, as shown in the second plot. And hence, we obtain
the exponent-based nonlinear regression equation relating the two specified variables.

Table of contents

e What Is Non-linear Regression In Excel?
o Explanations & Uses
o How To Do Non-linear Regression In Excel?
o Examples
= Example #1
= Example #2
= Example #3

Important Things To Note
Fr ntly Ask ion

Downl Templ
Recommen Articl

o O O O

e The non-linear regression in Excel is a regression technique. It exhibits the nonlinear relationship
between the response (dependent variable) and predictors (independent variables).

o Users can use the nonlinear regression method to evaluate if the regression line fits the data. It helps
review the relationship between the dependent variable and one or more independent variables and
reckon how well the model fits the data.

e We can use the Trendline Options from the Trendline Format window to determine the trendline
curve that best fits the model to the data. And we can use the above mentioned option, LINEST(),
or Regression from the Data Analysis ToolPak to obtain the nonlinear regression equation.

Explanations & Uses

Nonlinear regression in Excel statistically generates a curve depicting the nonlinear relationship between the
specified variables or parameters. And Excel uses the nonlinear least square regression method to calculate
nonlinear regression equations.

The technique is more accurate and offers flexibility, allowing one to estimate diverse curves with complex
equations that best fit the given data.

Furthermore, this regression method helps evaluate if the predicted model fits the given data well and
satisfies the analysis assumptions.

The uses of non-linear regression in Excel are as follows:
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o Financial modeling and price fluctuations over time.

« Logistic price variation model for estimating untouched market prices.

« Predicting and forecasting in agriculture, finance, Al, and machine learning domains.
o Dose-response research in biological sciences.

How To Do Non-linear Regression In Excel?
We can use non-linear regression in Excel by following the below steps:

1. Plot a Scatter plot for the given data from the Insert tab.

2. Insert a linear trendline to confirm the nonlinear relationship between the given variables.

3. Once confirmed, pick the best-fitting trendline to obtain the required Excel nonlinear regression
formula or equation.

4. Thus, now we can perform the required nonlinear regression analysis.

Click on a cell in the table of dependent and independent variables’ data or select the entire table range. And
then, select the Insert tab — Pick the Scatter (X, Y) or Bubble Chart option — Choose the Scatter chart.

File  Home {, f Page | Formu Data Reviev View Autorr Develt Help !

5[] 5] | &5 @ [
Tables | lllustrations | Add- Recommended Maps PivotChart
e éJ* S

Scatter

zalid o

>
w
4
b
I

x
™
(@
)
m

+ T |

2. a 22 % W
3 2 11

4 3 33 Bubble

5 a4 55

6 5 a4 I.. “00
7 6 66 ¢ (99
8 7 99

9 8 88 |22 More Scatter Charts...
10 9 110

1 10 77

12

[Aliernatively, we can click on a cell in the table of dependent and independent variables’ data or select the
entire table range. And then, select the Insert tab — Pick Recommended Charts option.

106 |Page




Spread Sheet for Engineers

File  Home -Pagel Formu Data Reviev View Autorr

2| [B] ||© [h? [~ B
Tables | lllustrations | Recommended 90: N dlh - ['E.: N
> ~ ins ¥ Charts D [~
Charts
A5 - < || 4
A | B . C D E F
+ I
2 1 22
3 2 11
4 3 33
5 4 55
6 5 44
7 6 66
8 7 99
9 8 88
10 9 110
11 10 77
12

The Insert Chart window opens.

Go to All Charts tab — Pick X Y (Scatter) chart — Choose Scatter chart — Pick the appropriate Scatter chart

from the provided options.

Insert Chart

Recommended Charts | All Charts

Recent
Templates §d % M @)

Column

Pie Chart Title

Bar

19
J
lin
P& Line Scatter
®
E
YR

@ Map e S e

ﬁ Surface

And clicking OK will give us the Scatter chart to calculate nonlinear regression in Excel and perform the

required analysis.]
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And then, click the Chart Elements option — Enable the Trendline option to confirm the nonlinear relation
between the two variables.

. A B | C E F G H J
l x [ v s o Omm/

2 1 22 Y Zls Chart Eements

3 2 11 120 O O = o) / M Axes

4 3 33 100 ° 0 Axis Titles

5 4 55 80 £ I ? & Chart Title

6 5 4 D s - 'O() [0 Data Labels

7 6 66 40 [l Error Bars

8 7 99 20 | e Gridlines

9 8 88 00 o o ] Legenf:i

10| 9 110 0 A0 = |EA Trendine | >
11 10 77 _O O O

12

Next, click the Chart Elements option — Click Trendline right arrow — Pick More Options.

o

120
100

20

Y

10

15

0

0

: g Chart Elements

KROROORKOR

Axes

Axis Titles
Chart Title
Data Labels
Error Bars

Gridlines

Legend L
Trendline > g

Linear
Exponential

Linear Forecast

Two Period Moving Average

More Options...

The Format Trendline pane will open, where we can set the appropriate settings to achieve the nonlinear
regression curve in Excel with the formula required for analysis.
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o, O -
y Format Trendline ~ X
120 Trendline Options
®
100
. e OOl
i [T B
Q &0 il v Trendline Options )
40 J - :
/ ' Exponential
20 e
O
b / Linear
6 8 10 s
|/(" '® | ogarithmic
= o =
/\} @) Polynomial
o O
Y Format Trendli.. v X
14 - Trendline Options
100 ®
y=39.291In(x}+ 1.1529..0 0O M
80 et t
? '® Forward 0.0 []
@
0 Backward 0.0
20
0 ¢ E % Display Equation on chart |
S o [_| Display R-squared value on CPH

Let us see the above steps in detail with an example.

#Basic Example

Kl | [

The table below shows the observations of two parameters, X and Y.
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| A B |
-
2 1 22
3 2 11
4 3 33
5 4 55
6 5 24
7 6 66
8 7 99
B 8 88
10| 9 110
11 10 77
12 |

Suppose the requirement is to confirm the non-linear relationship between the two variables. Then, the steps

are as follows:

Step 1: To start with, click on a cell in the given table, and then, follow the path Insert — Scatter (X, Y) or
Bubble Chart — Scatter chart to visualize the given data in a chart format.

File  Home M

B o S

Tables | lllustrations Add-

_-" Page | FormiL Data Reviev View Autormr Develt Help

D]? cﬂ][Ellr"”n@’:lm

Recommended Maps PivotChart
s O[]
i

Scatter

* i) [\

v v ins~
A5 >
A B ,
I
2 1 22
3 2 11
4 3 33
5 4 | 55
6 5 44
7 6 66
8 7 99
g 8 88
10 9 110
11 10 77
12

X [ A

Bubble

@ 9
|05 ‘03

|22 More Scatter Charts...

Stgp 2: Next, click the chart area to enable the Chart Elements option, and then, check the Trendline box.
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4 A | B | € D E F | 6 | H | o+ |
N ox L oy e o ==
2 1 22 Y == Chart Elements
3 2 11 120 O O = o) / B Axes
4 3 33 100 *—— (] Axis Titles
[ B8

5 4 55 80 ! | ? B Chart Title
6 5 4 D s ..-._.-0 fo1®) g EData ;abels
7 6 66 40 e rror Bars
8 7 99 . Gridlines
9 8 88 ’ [] Legend

ro 9 Q | Trendline | >
10 9 110 0 5 10 15 rendline
11 10 7D O '®)
12

We see the trendline is linear. But the data points do not align with the linear trendline. It implies that the
relationship between X and Y is nonlinear.

Next, we shall find the trendline that best fits our model.

Step 3: Then, click the Chart Elementsoption and uncheck the Trendline box. And click
the Trendline right arrow to choose More Options from the list.

o O O mm
Y i g Chart Hlements
120 M Axes
L] / .
100 & O Axis Titles
80 ’ ® ? £  Chart Title
0O &0 o 0O [0 Data Labels
R
o T ] Error Bars
- » . Gridlines
o e 0 Legend :
0 5 10 15 Trendline > g Einear
O o O Exponential

Linear Forecast

Two Period Moving Average

More Options...

Step 4: The Format Trendline window opens, where we must try every option to determine the appropriate
trendline. In this case, the Logarithmic curve best fits our model to the data.
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o

120

100

<0

O
A

Format Trendline Vv

Trendline Options
OISR |

v Trendline Options

" Exponential

) Linear

® | ogarithmic

B3 [ S

") Polynomial

X

[»]

Next, scroll down the Format Trendline pane and check the option to display the Excel nonlinear
regression formula or equation in the chart area.

o

120
100

80

40

20 e

O

Y
B

°
y= 39.291|n(x¥+ 1.1528..©¢

Format Trendli.. v

Tre

ndline Options v

CION | |

Forward 0.0

Backward 0.0

Display Equation on chart

[ Display R-squared value on ct

Kl

Step 5: Now, click the Chart Elements option and check the Axis Titles option.

[v]

X

,
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O O O mm
Y = = Chart Elements
Axes
120 O o 0o
[ T R 1Ll | @ mdstiies ™ >
100 Y Chart Title
y39.00inlg v LIg83 ? [J Data Labels
1 S
= i ? ] Error Bars
(o) ; 60 O . 00 B4  Gridlines
< 40 B [0 Legend
O Trendline
20 *
S0
00— o 0
0 2 4 6 8 10 12
Axis Title

Step 6: Next, double-click the chart title and axis titles’ elements in the chart area, one at a time. And update
them, as shown below.

[ & | B | € D E F G H
I
2 1 22 Scatter Plot Xvs Y
3 2 11 130
4 3 33 °
100 ®
2 4 23 y=39.291In{x) & 1.1529..-
6 5 a4 S
........ 0
7 6 66 3
= &0 o
8 7 99 = p-
g 8 88 < a0 3
10 9 110 e
11| 10 77 20 | @<
, 7d
12, 5
13 0 2 4 6 8 10 12
14 Axis Title
15

Thijs, the final Scatter plot gives the non-linear regression in Excel for the given data will be depicted below.
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d A B C D E F G H |
S x v
2 1 22 Scatter Plot Xvs Y
3 2 11 120
4 3 33 y =39.291in{x) + 1.1529 Y
5 4 55 U0 *

® ..

6 5 a4 50 I
7 6 66 e
8 7 99 > 60 re
9 8 88 i ®
10 9 110 e
11 10 77 20 -

: 24
12 i ;
13 0 2 4 6 8 10 12
14 X
15

Examples

Check out the following non-linear regression in Excel examples to use it effectively.

Example #1

The table below contains the trial results of an experiment involving one independent and one dependent
parameter.

| A B C i
| T ——
Z B 11 10.7
R 12 9.6
4| 13 13 9
5| T4 14 8.2
6| 15 15 7.5
7l T6 16 7
8| 17 17 6.5
9| T8 18 6.1
10| T9 19 5.7
11| T.10 20 5.4
12

Subpose the requirement is to determine the non-linear regression in Excel for the above data. Then, the
steps are as follows:

Step 1: First, select the cell range B1:C11 and then, follow the path Insert — Scatter (X, Y) or Bubble
Chart — Scatter chart.
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File Home-Pagel Formv Data Reviev View Autorr Develt Help

2 B [ 7 °-E-& @
- . T A
ables | |llustrations Add- Recommended

> 7 ins > Charts oL v

Scatter

J9

i

Maps PivotChart

v

B Independent Dependent % M
ria
Parameter Parameter

Fzlici b

1
2l T2 11 10.7 Bubble

=l T2 12 9.6

4] 13 13 9 |. *

5/ T4 14 8.2 O (99

6| T5 15 7.5

7| 16 16 7 |22 More Scatter Charts...
8| 17 17 6.5

9| 1.8 18 6.1

10| 19 19 5.7

11| T.10 20 5.4

12

Step 2: Next, click Chart Elements — Trendline right arrow —More Optionsto open the Format

Trendline window.

12

10 ..

e o o mm/
Dependent Parameter . Chart Elements

Axes

Axis Titles
Chart Title
Data Labels
Error Bars
Gridlines
Legend

N

o

|

°
QOO0 ROR

Trendline

o
O

O

Linear
Exponential
Linear Forecast

Two Period Moving Average

Mare Options...

Step 3: Then, pick the Power curve under the Trendline Options, as it helps to fit the model to the given

data in the best way possible.
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O O
Dependent Parameter Format Trendline v X
12 Trendline Options v
10 0"3.
: O |
.,
0 oo
i) | ) Polynomial i -
3 /'\j Polynomia ]
2 _/ ® Power D
¢ \/ ~ Moving
. ? i 5 Al A Average i
O O
Trendline Name [:]
Kl ][]

Step 4: Now, check the options to display the nonlinear regression equation and the R-squared value in the
chart area.

O O
Dependent Parameter Format Trendline v X
12 Trendline Options
10 e,
.,
. .. S O M
0 %o
6 y=160.25%0ig 3
G R® = 0.0986 Forward 0.0 pi4]
2 Backward 0.0 pi
0 ‘
0 5 10 15 20 Display Equation on chart
O O :
Display R-squared value on chart =
Kl R}

Step 5: Next, click Chart Elements — Axis Titles.
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T ¢ T
Dependent Parameter Chart Elements

Axes
12 = /

Axis Titles >
®.

.‘.,.. ? Chart Title
y= 169.!5?i§. Data Labels
R? =0.8986

Error Bars

3
=
-
.

x
<

Gridlines

Legend

ror oozl

0 5 10 15 20 25
Axis Title

O O O

Finally, double-click the chart and axis titles elements, one at a time, to update them in the chart area.

Trendline

d A | B L E F | G H | J
il Independent Dependent
1 Y | irameter | | Pavaietar Scatter Plot: Independent Parameter vs
S ER 11 10.7 5 Dependent Parameter
- - 1
o T2 12 9.6 3 =
]
4| 13 13 9 £ 10 .,
5,714 14 8.2 g 8 .
6| TS5 15 7.5 s ..y
— 6 L M
7 16 16 7 z T ..q
| 17 6.5 z 4 R*=0.9986
9| 18 18 6.1 2
i &
10| T S 19 5.7 =
1| T.10 20 5.4 0
12 0 5 10 15 20 25
13 Independent Parameter
14

The R-squared value of 0.999 indicates that the model best fits the given data. And we can use the power
equation for nonlinear regression analysis, with X in the expression representing the independent parameter
and y, the dependent parameter.

Example #2

The table below contains a list of X and Y values.
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| A B |
x|
2 5 10
3 10 20
4 15 30
5 20 25
6 25 20
7 30 15
8 35 35
9 40 40
10 45 45
11 50 50
12

Suf)pose we must evaluate the non-linear regression in Excel for the above data. Then, the steps are as
follows:

Step 1: First, click on a cell in the given table, and then, follow the path Insert — Scatter (X, Y) or Bubble
Chart — Scatter chart to visualize the given data in a chart format.

File ~ Home JINSERY Page L Formu Data Review View Autom Develc Help
% [.‘!O () ? ﬂ]v mv "nunv @ o3 ‘
= -, 0
; M~ il ~ e~ :
Tables | lllustrations | Add- | Recommended Maps PivotChart

v v ins Charts @ 2 I_ N v v

Scatter i

— 2ile

| A | B | ¢ D |
ll x v |
2 5 10 W
3 10 20
4 15 30 Bubble
5 20 25
6| 25 20 ‘ ®, 9,
7 30 15 Oo d*)
8 35 35
g9 40 40 2s More Scatter Charts...
10| 45 a5
11| 50 50
12

And clicking Chart Elements — Trendline shows a linear line, which indicates that the relationship between
the two parameters is nonlinear.

118 |Page




Spread Sheet for Engineers

24

Linear

Q O O m
Y B g Chart Elements
M Axes
60
- || O aistites
..... ? ? 4 Chart Title
040 N Sl o [0 DataLabels
- he | [J  ErrorBars
2 P 3 4 Gridlines
2 [] Legend
. 4  Trendline
0 10 20 30 40 50 60
O O O
Step 2: Next, uncheck the Trendline option and then, click the Trendline right arrow to pick More
Options.
o O o)
Y 3 g Chart Hements
M Axes
60
S )| O aistives
? ? [ Chart Title
()40 © 7 0 [] Data Labels
= @ [0 ErrorBars
0 ? o E4  Gridlines
e O Legend
e [0 Trendline
0 10 20 30 40 50 60

Exponential
Linear Forecast

Two Period Moving Average

More Options...

The Format Trendline window will open, where we must check every trendline option to identify the best

curve fitting the given data into a model.

In this example, we find the best fit with the Polynomial curve with the Order set as 6. We can click the
drop-down buttons to increase and decrease the order, as per our requirement.
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o, O -
& Y Format Trendline voooX
50 o Trendline Options
“° s O O ol
030 - v
% . .. /(" O Logarithmic
10 o ——
0 f\j ‘®) Polynomial  Order
S 0 10 20 030 40 50 '/ ® Besis

And check the option to display the nonlinear regression equation.

0 o =
2 Y Format Trendline v X

Y5 1E-06%" - 0.0002¢" + 0.0115x* - 0.3472x" + 5.0811¢
31.681x + 78.167 .

40 AR O N

Trendline Options

O30 .
® PR s T
& _.-'. e ° Backward 0.0 I
0 i L] Set Intercept
¢ Display Equation on chart
0 10 20 30 40 50 l
O O (| Display R-squared value on chai

gl
Ad
| ST

[« | [
Step 3: Next, update the chart and axis titles as explained in the previous section to obtain the below Scatter
plot for non-linear regression in Excel for the given X and Y values.
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; A B e || B | E ‘ F | G \ =
L x Ly |
2| s 10 o Scatter Plot: X vs Y
3 10 20 y = 1E-06x" - 0.0002x° + 0.0115x" - 0.3472x* + 5.0811 - 31.681x + 78.167
4 15 30 50 °
5 20 »= | | s .. .
6| 25 20 “ o |
7 30 15 > 30 e
8 35 35 .. "
9| 40 40 - > R
10 45 45 i o ?
11 50 50
12 0 ~ '
3 0 10 20 30 40 50 60
14 %

We shall now see how to use the excel function LINEST for nonlinear regression in Excel. The function
will help us determine the variable coefficients in the nonlinear regression equation.

Sometimes, displaying the nonlinear regression equation from the Format Trendline window shows the
coefficients up to one or two significant digits. It limits the analysis accuracy to the same number of
significant digits.

Also, we may require to show the equation in the worksheet. And in such a case, when we update the source
data, the equation does not get updated.

But when using the function LINEST for nonlinear regression in Excel, the coefficient accuracy will be
for more significant digits. And when we update the source data, the coefficients also get updated
automatically, as the function works with the given datasets.

Step 4: Now, we shall introduce a table to determine the nonlinear regression equation coefficients using
the LINEST().

J xk [ @ | s N | o [ B ]

LINEST()- For Determining Polynomial Equation Coefficients

2 2 X X  c(Constant)

Step 5: Next, select the cell range K3:Q3.
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Term

Coefficient

1
2
3
4
3
And enter the LINESTY().

=LINEST((B2:B11),(A2:A11)"{1,2,3,4,5,6}, TRUE, FALSE)

LINEST v - X

A J K [ E | M | N | (0] | P Q R

d| J \ K ] L

The LINEST() determines a line’s statistics using the least squares technique to obtain a line that fits the
given data in the best way possible. And it returns an array of values describing the line.

The function accepts the known Y value range and the known X value range to the power of
array {1,2,3,4,5,6} as we require six coefficients. And it takes two logical values to calculate the constant ¢
normally and return the coefficients and constant c, respectively.

Further, we select seven cells to display the resulting array containing six coefficients and a constant.

So, thus we obtain the required coefficients for our nonlinear regression equation, matching those obtained
using the option in the Format Trendline window.

Example #3

The non-linear regression in Excel works when the number of dependent variables is one. However, the
source data can have more than one independent variable.

For example, in the table below, Z is the dependent variable. And 1/X and Y are the independent variables.
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S U (< (O (=0
1 IE z 1/X Y

= R 200 8

3| a 330 16

4| 6 450 24

5| 8 500 32

6| 10 640 40

ol 12 710 48

8| 1a 830 56

9 |

Usihg the column A values, we must determine 1/X values in column D. And determine the non-linear
regression in Excel for the given variables Z, 1/X, and Y.

Then, the steps are as follows:
Step 1: To begin with, select cell D2, enter the formula, and then, press Enter.

=1/A2

xl

And using the fill handle in excel, enter the formula in cell range D3:D8.

123|Page



https://www.excelmojo.com/excel-fill-handle/

Spread Sheet for Engineers

D2 v S

dd A | B| C D E |
O EERETEEE
2 2 200 0.5 8
3 4 330 0.25 16
4 6 450 | 0.166667 24
5 8 500 0.125 32
6 10 640 0.1 40
7 12 710 |0.083333 43
8 14 830 |0.071429 56
9 (=5

Next, we will use the Regression analysis tool from the Data Analysis ToolPak feature in the Data tab to
obtain the nonlinear regression equation required for the analysis.

Suppose the Data tab does not show the Data Analysis option, as depicted below:

File Hom Inser Page FormnRevie View Autol Deve Help -

ﬁ[%[% r@; (_)O/ Y EX =57 af

Refresh Data Sort & Data Forecast | Outline
Data - % [El All ~ Fﬂ Types v Filter~ | Tools v v v

Get & Transform D... | Queries & C... | Data Types
Then, here are the steps to enable the option in the Data tab.

Step 2: Next, click File — Options to open the Excel Options tab.
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Account

Feedback

Options

Then, choose Add-ins in the menu and then, click Go in the Excel Options window.
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Excel Options

General

Formulas

Data

Proofing

Save

Language
Accessibility
Advanced
Customize Ribbon

Quick Access Toolbar

Add-ins

Trust Center

? X
= (]
IE—“‘@ View and manage Microsoft Office Add-ins. B
Add-ins
Name « lLocation IType IE
Active Ll
Application
Add-ins (v
Add-in: Analysis ToolPak
Publisher: Microsoft Office
Compatibility: No compatibility information available
Location: C:\Program Files\Microsoft Office\root\Office16\
Library\Analysis\ANALYS32.XLL
Description:  Provides data analysis tools for statistical and
engineering analysis
Manage: | Excel Add-ins v l Go... E]
W X
OK | Cancel ‘

Add-ins

Add-ins available:

? X

llllll olPak

[ Analysis ToolPak -
[Jeuro currency Tools
[] solver Add-in

[ Agfomaigon...

Analysis ToolPak

engineering analysis

Provides data analysis tools for statistical and

We can now see the Data Analysis option from the Data tab.

Now, the Add-ins window will open, where we must check the Analysis ToolPak box and click OK.
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File Home Insert Page Le Formulz-Review View Automa Develop Help = R

@E |rb« Y =) B 65 = Data Analysis
K

[5 I}B Refresh Data Sort & Data Forecast | Outline

Data . EH [% All ~ [b‘ Types~ | Filter~ | Tools ~ v v

Get & Transform D... | Queries & C... | Data Types Analysis

Step 3: Next, click on a cell in the table range C1:E8 and then, follow the path Data — Data Analysis to
open the Data Analysis window.

File  Home Insert Page Le Formule-Review View Automz Develoj Help §© ¢

Y B | 1 |~ Data Analysis
0% | Do e

Refr h Data Sort & Data Forecast | Outline
Data BB All~ [2 | Types~ | Filter~ | Tools~ v v
Get & Transform D... | Queries & C... | Data Types! Analysis
D4 > F | =1/A4
d A | B C D ‘ E F| G H
1&.“ Z 1/X Y Nonlinear Regression Equation
2 2 200 0.5 8
3 4 330 0.25 16
4 6 450 0.166667 | 24
5 8 500 0.125 32
6 10 640 0.1 40
7 12 710 0.083333 48
8 14 830 0.071429 56
9

Next, pick Regression from the Analysis Tools list in the Data Analysis window, and click OK.
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D4 v Je =1/A4

| =A B G D E | F G '
x| m Nonlinear Regression Equation
2| 2 200 ns 2
3 4 330 Data Analysis ? X
4 6 450 Analysis Tools
5 8 500 Histogram A

Moving Average Cancel
6 ; 10 640 Random Number Generation
7 12 710 Rank and Percentile
Help

8| 14 830 Sampling
g t-Test: Paired Two Sample for Means

o t-Test: Two-Sample Assuming Equal Variances
10 t-Test: Two-Sample Assuming Unequal Variances
11 z-Test: Two Sample for Means il
12

Step 4: The Regression window opens. Update the Z variable dataset as the input Y range and
the 1/X and Y variables’ data ranges as the input X range.

Include the column headings in the input ranges and check the Labels box to view the variable names in the
output. Also, we shall assume the constant is 0 and let the confidence level be 95%, implying the
significance threshold is 0.05.

Regression ? X
pen [ox ]
Input Y Range: | $C52:9CS8 ol
I o Cancel
Input X Range: | SDS2:SESS + | o
Hel
Labels Constant is Zero =E0

[] confidence Level: a5 %

OQutput options

(® Output Range: 15Gs2| 2]
(O New Worksheet Ply:
() New Workbook

Residuals

[[] Residuals [] residual Plots
[[] standardized Residuals [] Line Fit Plots

Normal Probability
[C] Normal Probability Plots

And let us pick the first option under Output options and set the range as cell G2 to view the summary in
cell G2 of the current worksheet.

Finally, click OK to obtain the below summary output.
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| H | J K L M N (o}
M oninear Regression Equaton
2 |SUMMARY OUTPUT
3
4 Regression Statistics
S |MuitipleR 0.99846808
6 |R Square 0.996938507
7 |Adjusted R Square 0.796326209
8 |Standard Error 36.73562315
9 |Observations Z
10
11 |ANOVA
12 df 55 MS F Significance F
13 |Regression 2 219725247 1098626.235 814.0851046  6.0059E-06
14 |Residual 5 6747.530042 1349.506008
15 |Total 7 2204000
16 | |
17 | Coefficients  Standard Error t Stat P-value Lower 95%  Upper 95% Lower 95.0% Upper 9!
18 |Intercept 0 #N/A #N/A #N/A #N/A #N/A #N/A #N//
19 |1/X 225.3487589 68.16356116 3.306000377 0.021334097 50.12874673 400.5687711 50.12874673 400.568
20 |Y 1490252799 0.442705603 33.66325202 4.34934E-07 13764917 16.04093897  13.764917 16.0408
21

The R Square value is 0.996938507. It indicates that the model fits the data well.

Also, the P-value of the two independent variables, 1/X and Y, is below 0.05, the significance threshold,
indicating the model is significant.
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G , H | J K L M N 0
Nonlinear Regression
1 Equation
2 [SUMMARY OUTPUT
3
4 7 Regression Statistics
5 |Multiple R 0.598468
6 IR Square 0.996939
7 i Adjusted R Square 0.796326
8 |standard Error 36.73562
9 |Observations 7
10
11 |ANOVA
12 df 55 MS F Significance F
13 |Regression 2 2197252.47 10S8626.23 81405851046 6.0059E-06
14; Residual 5 6747.530042 134550601
15 |Total 7 2204000
16 |
17 Coefficients Standard Error t Stat P-value lower95%  Upper95% Lower95.0% Upper95
18_ Intercept 0 #N/A #N/A #N/A #N/A #N/A #N/A #N/A
19M 1/X 225.3488 68.16356116 3.30600038 |0.021334097 | 50.1287467 400568771 50.1287467 400.568
20 |Y 14950293 0.442705603 33.663252 | 4.34934E-07 13.764917 16.0409389 13.7645917 16.04Q
21

Thus, we can use the coefficients of the two independent variables, 1/X and Y, to form the required
nonlinear regression equation in cell H1.

G H | ‘ J K L ‘ M ‘ N ‘ o} ‘
o, 2 = 225.3487589/x + 14.90292799y
LWl Regression Equation
2 |SUMMARY QUTPUT
3
4 Regression Statistics
5 |MultipieR 0.99847
6 |RSquare 0.99694
7 |Adjusted R Square 0.79633
8 |Standard Error 36.7356
9 |Observations 7
10
11 |ANOVA
12 df 55 MS F Significance F
13 |Regression 2 219725247 1098626.23 B814.095105 6.0059E-06
14 |Residual 5 6747.530042 1349.50601
15 |Total 7 2204000
16
17 Coefficient \Standard Error t Stat P-value lower 95% Upper 95% Lower 95.0% Upper 95.0%
18 | Intercept 0 #N/A #N/A #N/A #N/A #N/A #N/A #N/A
19)1/X 225349 | 68.16356116 3.30600038 0.0213341 50.12874673 400.568771 50.1287467 400.568771
20QY 149028 )| 0442705603 33.663292 4.3493E-07 13.764917 16.040939 13.764917 16.040939
21

Imbortant Things To Note
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o The trendline will not be linear when calculating the non-linear regression in Excel. Thus, ensure to
pick the trendline curve from the Format Trendline window that best fits the model to the data.

e The R-squared value does not count in nonlinear regression. But we can use it to pick the suitable
trendline curve from the options in the Format Trendline window, with a higher value indicating the
model fits the data better.

o When using the Regression Analysis ToolPak to calculate nonlinear regression, ensure the
independent variables’ P-value is below the significance threshold. It indicates the model is
significant, and we can use the independent variables’ coefficients to create the nonlinear regression
equation.

Frequently Asked Questions

1. Can Excel do non-linear regression?
Excel can do non-linear regression. It calculates the nonlinear least square regression to determine the
nonlinear relationship between response and predictors.

2. What is linear vs non-linear in Excel?
Linear vs. non-linear in Excel is one of the two ways of performing regression analysis.

Linear regression creates a straight line that graphically represents the linear relation between the dependent
and independent parameters.

On the other hand, non-linear regression creates a curve, graphically representing the nonlinear relationship
between the dependent and independent variables.

3. How do you find the non linear line of best fit in Excel?
We can find the non linear line of best fit in Excel using the Trendline Options in the Format
Trendline window. Let us see the steps with an example.

The following table contains the average annual rainfall data from  2011-20.

A B

1
2 | 2011 32.22

3| 2012 33.19

4| 2013 33.48

5 | 2014 33.26

6| 2015 33.57

7 | 2016 34.11

8 | 2017 34.17

9 | 2018 34.65

10| 2019 32.93

11| 2020 31.42

12|

Here is how to find the non-linear Iline of best fit in Excel for the above data.
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Step 1: First, click on a cell in the table and then, follow the path Insert — Scatter (X, Y) or Bubble
Chart — Scatter chart.

File Home-Pagel Formu Data Reviev View Autorr Develc Help

8| o] |0 7 °EA @

Tables | lllustrations | Add- | Recommended e ‘ﬂh ol Maps PivotChart
X = ins ~ Charts @" v v
Scatter i
e ] G)
o
A | g | e “oe
N veur  Average Arnual ainal inches) [ ‘
2 2011 32.22 % M
3 2012 33.19
4 | 2013 33.48 Bubible
5 2014 33.26
6 | 2015 33.57 | o, 9,
7 | 2016 34.11 @¢ |99
8 2017 34.17
9 2018 34.65 E More Scatter Charts...
10 2019 32.93
11 2020 31.42
12

Step 2: Next, click Chart Elements — Trendline right arrow — More Options to open the Format
Trendline window.

° : @
. . i Chart H ts
Average Annual Rainfall (inches) fim —
o M Axes
sas & / ] Axis Titles
& o © Y2 4 ChartTitle
335 - ° [0 Data Labels
C % ° . < @) [0 ErrorBars
335 4 Gridlines
32 — [J Legend
315 ® L1 Trendline Linear
S Exponential
2010 2012 2014 2016 2018 2020 2022
O O O Linear Forecast

Two Period Moving Average

More Options...
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The linear trendline will appear by default as the best -fit line.
Next, scroll down the Format Trendline window to select the options to display the line equation and R-
squared value.
o O -
Average Annual Rainfall (inches) Format Trendline ~ X
= Trendline Options
345 -
% = OISR |
335 = ® > ® v -0.0006x+32.078
S . S SRS k1 S i
33 RE=4ED6 5
325 Forward 0.0 pe
£l
32 Backward 0.0 pe
315 ®
31 [] Set Intercept
2010 2012 2014 2016 2018 2020 2022 D|sp|ay Equation on chart =
G e
- Display R-squared value on chart J

[«] | [l

We now must check the trendline curve that best fits the model to the data. And for that, we can select one
Trendline curve at a time and check the R-squared value. The one with the highest R-squared value will be

the best-fitting curve.
Step 3: Next, pick each curve one by one under Trendline Options and then, check the respective R-
squared value.
o O -
Average Annual Rainfall (inches) Format Trend.. v X
i3 Trendline Options
345 ®
4 i SO ol
RS P R, [ ST (.. I
48 B i REZE08, =
v Trendline Options H
325
& 5 -
2 _/ '®! Exponential
315 - :
31 Sl
2010 2012 2014 2016 2018 2020 2022 4 kinear
O o i aie e R
(] [¥]
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o O -
Average Annual Rainfall (inches) Format Trend.. v
i Trendline Options
345 ®
4 - GO
il B ° oo . 9:0008x - 32:078
33 n---. ----------- . ------ R2=4E_06 .
e v Trendline Options
L J
32 =
. /4 ) Exponential
315 ® __-/ ZECEETE
e / ® |inear
2010 2012 2014 2016 2018 2020 2022 -
C O lu.("’: Yy e
<] |
O O N
Average Annual Rainfall (inches) Format Trend.. v
35 Trendline Options
345 ® _
. e & Ol
I g Sengone 2 1:5494In0q + 21511
33 L4 R? = BE-06
. /’ ”
325 27 Linear
32 . )
315 it /(" ® Logarithmic
31 /\} -~ :
2010 2012 2014 2016 2018 2020 2022 7\J. ' Polynomial
O O Ly
[«] |
(0] O =
Average Annual Rainfall (inches) Format Trend... ™
& Trendline Options v
345 ®
s . & O ll
335 @ o y=100.02x %24 ‘
% o (" CLLLLCLLE & . ””—’""R’;:‘ég:o’i"” 7{. = Logarithmic
325 RS
L ] e —~
32 /\) ' Polynomial
315 e T
31 — j ® power
2010 2012 2014 2016 2018 2020 2022 %
o o o Movng

I
< |

[*]

[»]

{

X

i

=]

X

[«]

el ]

EIE]

[»]
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For all the above-chosen options, the R-squared values are low.

Hence, we shall now check the Polynomial curve and change the Order one step at a time using the drop-
down  buttons to look for the curve with the highest R-squared  value.

) Power

O O
Average Annual Rainfall (inches) Format Trendline vooX
35 Trendline Options
345 o
. H Ol
335 e
325 / () Linear
' y=-0.1025x" + 413.18x - 416347 ", P
a2 R*=0.6771 o
315 ® //" - Logarithmic
31 S ¥ o~ < ~
2010 2012 2014 2016 2018 2020 20 ’\} ® Polynomial Order 2
O O y
'/ ' Power
s R E]
O O =
Average Annual Rainfall (inches) Format Trendline v X
= Trendline Options v
345 »
_.,..-"""‘.,“
R 4
34 S O M
335 @ . L ] ’.'.
...... .........:_‘.'.................................:'....-..
33 o v E]
325 @ " / ' Linear
32 < ', —.
y=-0.0205x + 123.93x7 - 249571x + 2E+08 * S O losanthinic \‘
L3 R®=0.8358 “ ﬁ 29 |
31 R o _ =
2010 2012 2014 2016 2018 2020 2@ ’\.} ‘® Polynomial ~ Order
O O _/
s

=]

L PR

135|Page




Spread Sheet for Engineers

~ Oy
4 7
Average Annual Rainfall (inches) Format Trendline vooX
okt Trendline Options v
345 ®
» A Ol
| 335 ’“._..___,...‘-- ~,‘.‘
§ g | '..:,,.n ...... @ ety \': .....
.'.' [ ] '.' 20 - E]
325 ¢ / ) Linear
32 g . '
31 5y = -0.0068x" + 54.948x’ - 166058x + 2E+08x - 1E+11 * /(V " Logarithmic ]
. R®=0.9293 g —
2010 2012 2014 2016 2018 2020 20 ’\} ® Polynomial Order 4
-~ N
o, Ao 75
_/ ' Power
| Kt B
o) O N
Average Annual Rainfall (inches) Format Trendline M X
o Trendline Options
345 =
- . ° & Q lll
85— P ",
..-0:."' ----- LRI .\ .............................. X : ------
33 L 3 7 = [<]
325 £ 3 / () Linear
L ] % QL
32 E -
VﬁgoomS-17.139x‘+69113x3-1£+08x1+15+11x-66+1'§ / '’ Logarithmic ]
R*=0.9568 —
31 N = _ =
2010 2012 2014 2016 2018 2020 20 ’\} ‘® Polynomial Order 5
O O y
_/ L' Power
| s RNt exes B
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O O -
Average Annual Rainfall (inches) Format Trendline v X
A3 Trendline Options
345 teen®
. A & 0 il
] — . T~
33 .. ‘ _.Z' - EXpunenudl I:l
325 X " [—_ B
o ) oA~ TN
32 y=0.0006%" - 6.7502%" + 34004x* - 9E+07x" + 1E+1Tx? - / kineas
315 1E+14x +4E+16 : o |
31 2 = 0.0687 v /(V— ‘. Logarithmic
2010 2012 2014 2016 2018 2020 20 Nl = =
o O /\} ® Polynomial Order 6
/ ' Power v

The Order of 6 is the maximum value that Excel offers. And in this example, the Polynomial curve
with Order 6 shows the highest R-squared value, 0.9687 or 96.87%.

Thus, the non-linear line of best fit for the given data is the Polynomial curve of order 6.
Step 4: Then, click Chart Elements — Axis Titles.

Next, double-click the chart and axis titles elements one at a time to update them as depicted below:

o O O mm g
. . - Chart El ts
Average Annual Rainfall (inches) o
Axes
il | |[Elmeme=] >
£ pas pten® Axis Titles
£ |34 e 1 ? Chart Title
I CE T a—— ‘\°’. ....... [0 Datalabels
=z : :
() = 23: .-._ 0O [ Error Bars
T [y30.000685 - 6.7502x° + 34004 - 9E+07x + 1E+18x - M Gridlines
g 15 1E+14x + 4E+16 I [ Eegend
o 31 R*=0.9687 %
& B Trendline
£ | 2010 2012 2014 2016 2018 2020 2022
e
:

o O O

Step 5: Finally, resizing the chart to view the nonlinear regression equation properly will result in the plot
below showing the nonlinear line of best fit.
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| A | B | ¢ D E - G Hoo
e Average Annual

| Rainfall (inches) Average Annual Rainfall (inches)

2 | 2011 32.22 &
v

3 | 2012 33.19 e o
4| 2013 33.48 2 L-e
5 | 2014 33.26 = ¥
6 | 2015 33.57 £ 35 T 3
7 | 2016 34.11 E E:: A
8 | 2017 34.17 2 325 1
2 2 i s 32 ‘00006 % - 6.7502x° + 34004x* - 9E+07x* + 1E 11 2. 1E+14
10 2019 32.93 - I i i+ o ]
11| 2020 31.42 : R?=0.9687 i
12 31
] 3’ 2010 2012 2014 2016 2018 2020 2022
14 Year
15

Download Template

This article must be helpful to understand the Non-linear Regression In Excel, with its formula and
examples. You can download the template here to use it instantly.

Non-Linear-Rearession-ln-Ex
Recommended Articles

This has been a guide to Non-linear Regression In Excel. Here we explain how to do Non-linear
Regression in excel with examples and downloadable excel template. You may learn more from the
following articles —
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EXPERIMENT-6 Date:

Aim: Matrix Operations Using Excel: Adding Two Matrices, multiplying a Matrix by a Scalar,
Multiplying Two Matrices, transposing a Matrix, inverting a Matrix and Solving System of Linear
Equations.

Using MS Excel in Matrix Addition
Example 1: |

If 4=(-4
k]

Tirmes New Roman 10 - B I U EEERE| S %, WA EE

1 -1 1 |: Solution: a) Enter the matrices A and B anywhere into the Excel

: 2 o -2] Find A+ B and name the resulting matrix as
and 8=
4 -3 5 sheet as:

=
- L lad

P23 ~| =
A | B ¢ | D E || R | © H I
1 Matrix 4 Matrix &
2 -2 1 3 2 0 -5
3 -4 0 5 3 -1 1
4 3 5 2 4 -3 5
5

Notice that Matrix A is in cells B2:D4, and Matrix B in cells G2:14 b) The 2 matrices are 3 by 3, so the
resulting matrix will also have 3 rows by 3 columns. Highlight the cells where you want to place the
resulting matrix C:

— -
B

C T [ ] I 2 H 1

Matrix 4 Matrix B
-2 1 3 2 0 2
-4 0 5 3 -1 1
3 5 2 4 4

Matrix C=4+ 5

:I;lﬂlﬂuo.uc.uu-—

c) Once you have highlighted the resulting matrix, and while it is still highlighted, enter the following
formula: =B2:D4 + G2:14

d) When the formula is entered, press the Ctrl key and the Shift key simultaneously, then press the Enter key.
This will change the formula you just wrote to: {=B2:D4 + G2:14}

If you don't press these keys simultaneously (holding down Shift and Ctrl then press Return), the result will
appear only in one cell or, you will get some error message).

e) The resulting matrix will be:

Example 2: Repeat the previous example, but this time find 3A - 2B and name the resulting matrix as D
Solution: The original formula will be changed to =3*(B2:D4) -2*(G2:14), the other steps stay the same

139|Page




Spread Sheet for Engineers

Many of the Microsoft Excel functions that you will be using to complete these matrix operations are array
functions — returning more than one value at a time. To enter an array function into a Microsoft Excel
worksheet, you must hold down the CTRL and SHIFT keys while pressing the ENTER key:
CTRL+SHIFT+ENTER Once this is done, braces will surround the array formula.

06 ~| = (=3*(B2 D&).240219))
A B c p | £E | F | ¢ H I
1 Matrix A Matrix 5
2 2 1 3 2 0 2
3 5 3 -1 1
4 3 q -3
5
(3
7 Matrix D = 34- 18
] |10 [ 13
9 B 13
10 ¢
"

Using Microsoft Excel 2007 to Perform Matrix Operations

PURPOSE: This handout was created to provide you with step-by-step instructions on how to perform
various matrix operations when using Microsoft Excel 2007.

ize (enter) data in matrices:

A computer spreadsheet is a series of small blocks (cells) where the
. : A B C D
columns are labeled with capital letters and the rows are labeled by 1 ——
numbers. To enter a matrix into Microsoft Excel, simply type each 21 1 5 [ B
matrix element into its own small block (cell). 3| 4 5 6
4 7 8 9
Pressing ENTER after each entry will usually make the cursor go down 5

to the next cell. (See the note below.) Pressing the RIGHT ARROW

NOTE: The default direction is down,_but you can change the direction in which the cursor moves in
through the EXCEL OPTIONS dialod béx:

MICROSOFT OFFICE BUTTON— EXCEL OPTIONS — ADVANCED — UNDER
EDITING OPTIONS

How to add matrices:
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1. Enter the data of each matrix.

12 - fe | {=(A2:C4)+{E2:G4)}

2. Highlight another section of the worksheet = A LBl ¢ | D T
(near the given matrices) that has the 3 — 5 5 —
same dimensions as the answer matrix. 3 14 [ 15 17 19 2

4 17 18 23 25 27
Let's say that we wish to find: [A] + [B] 2
Since we are adding two 3 x 3 matrices,
the sum matrix will also be 3 x 3.

3. Type: = (A2:C4)+(E2:G4) (This will appear in the formula bar.)

4. Since this answer will result in an array (matrix), you will need to:
CTRL+SHIFT+ENTER (NOTE: Braces will surround the formula.)

How ract matrices:
1. Enter the data of each matrix. 12 - fe |{=(A2:ca)-(E2:Ga)} B
i i i A B C D E F G H | ] K L
2. Highlight another section of the ; matrix A matrix B sum;
- - 1 2 3 9 8 7 -2 -4
worksheet (near the given matrices) that |z . = & & | 5 | 4 o I
has the same dimensions as the answer | 2~ 4 L % L1 i
matrix.
Let's say that we wish to find: [A] — [B]
Since we are subtracting two 3 x 3 matrices, the difference matrix will also be 3 x 3.

3. Type: = (A2:C4)—(E2:G4) (This will appear in the formula bar.)

4. Since this answer will result in an array (matrix),

you will need to: CTRL+SHIFT+ENTER How

find t : -
1. Enter the elements of the given matrix. E2 ~@ Fe |{=TRANSPOSE(A2:C3)]
. . . A B C D E F G

2. Highlight another section of the worksheet (near | 1 matrix A: transpose =
the given matrix) that has the same dimensionsas |3 ! 2 s
the answer matrix. g 3 | &

Since we are finding the transpose of a 2 x 3
matrix, the answer will be a 3 x 2 matrix.

3. Type: = TRANSPOSE (A2:C3) (This will appear in the formula bar.)

4. Since this answer will result in an array (matrix), you will need to: CTRL+SHIFT+ENTER How to
ltin] ix | lar (real ben:

1. Enter the elements of the given matrix. E2 - £ [{=3*(a2:C5)}
2. Highlight another section of the worksheet (near the given |, # .2 ¢ B 8 F 6 H
matrix) that has the same dimensions as the answer |2 ' 2 = =
matrix. a 7 | 8 | 9 21 24 2
5 10 1 12 30 33 36

(5]
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Excel 2007 & Matrix Operations page 3 of 4

LCets say that we wish to multiply the given matrix of a scalar of three (3). SINCE We are multiplying a

4 x 3 matrix by the scalar, our result will also be a 4 x 3 matrix.

3. Type: = 3*(A3:C6) (This will appear in the formula bar.)

4. Since this answer will result in an array matrix), you will need to: TRL+SHIFT+ENTER How to
multiply two matrices:

1. Enter the data of each matrix to be

multiplied. 12 - £ | (=MMULT(E2:G5,A2:C4)}
o . LAl e lclol e el el n R | |
2. Highlight another section of the |1 matrix A: matrix B
worksheet (near the given matrices) that - R 2 2 2=
has the same dimensions as the answer |2 7 & ¢ r | 8 | o 102 126 150
. 5 10 " 12 138 171 204
matrix. 6

Let's say that we wish to find the

product of matrix A (3 x 3) and matrix B (4 x 3).
Recall that the number of columns of the first | = o £ | (-MDETERM{AZICA)]
matrix must be equal to the number of rows of
the second matrix to produce a product matrix.
Therefore, we must find the product of [B] x [A]
—which will be a 4 x 3 matrix.

|

A B C D E F G H I
matrix A

2 5 4 deter‘*fnanhl -1 -l

oS wWiN -
"

3. Type: = MMULT (E2:G5, A2:C4) (This will
appear in the formula bar.)

4. Since this answer will result in an array (matrix), you will need to: CTRL+SHIFT+ENTER.

How to find the inverse of a square matrix:

1. Enter the square matrix that is to be inverted.

2. Highlight another section of the worksheet (near the given matrix) that has the same dimensions as the
given square matrix.

Since we were given a 3 X 3 matrix, its inverse will also be a 3 x 3 matrix.

3. Type: = MINVERSE (A2:C4) (This will
appear in the formula bar.)

4. Since this answer will result in an array (matrix),
you will need to: CTRL+SHIFT+ENTER How to find

B2 ~ (| {=MINVERSE(A2:C4)} |

1. Enter the given square matrix. T e L c ] o B

matrix A inverse:
2 5 < -1 2
1 - 3 -5 8
1 -3 -2 i -11

2. Highlight a cell of the worksheet (near the given
matrix) where you wish the answer to appear.

U8 N =
o R =

In the diagram at the right, the answer will appear
in cell G2.
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3. Type: = MDETERM (A2:C4) (This will appear in the formula bar.)

4. Since this answer will NOT result in an array (matrix) of more than one answer, you may just press
ENTER to get the result. (However, if you forget — and do CTRL+SHIFT+ENTER, you will get
the same result.)

How to use inverse matrices to solve systems of linear equations:

How to use inverse matrices to solve systems of linear equations:

Let's say we wish to solve this system of equations: The matrix equation for this system is:
2v+3w- x+3y+ z2=322 2 3 13 1] [v] [22
W+ w=dx+3Iy- z= 0 :
v-2w+dx-dy+2z= 0 31 -4 3 1w ¢
VE2W=3x+2y=22=-6 1 -2 3 4 2|x|x|=0
2v + 4y -5z =-T 1 2 -3 2 -2| |y 6
2 0 0 4 -5] |z 7

1. Enter the data for the coefficient matrix and the 2. Find the inverse of the coefficient
constant matrix (as shown). matrix:

- - « Highlight: cells A9 to E13

T T e G H

coefficients: constants: * Type =M I NVERSE (A2 E6)
3 1 22 |
: 1 A9 - Jx [{=MINVERSE(A2:E6)}

1
1
> Addenloe l o e F G H I
I

n
LS R SRt

Lbh oo

O LN BN e
Mo s A

3. Multiply the "inverse matrix" by the constant Gs - £ | (=MMULT(A9:£13,G2:G6)}
matrix: A B C D - F G - I J
« Highlight: cells G9 to G13 2 T T A5 =
o Type: = MMULT(A9:E13,G2:G6)  ESEEIEEEEE -
« Remember to CTRL+SHIFT+ENTER. 2 o0 45 E
The answers to the given system will appear in the |5 coss o ooe o e [ v

=
o

0207 | 031 | 0121 0466 -0.034

resulting matrix. In the given example, the
solutionsare:v=1,w=2,x=3,y=4,z=5

s
=

0.155 -0.183 0.066 -0.076 0.124
0.086 0.121 -0241 -0.431 0.069
n

0.103  0.145 -0.09 -0.317 -0.117

bt
wN
e W

L.
v

Recall: A matrix will have no inverse if its determinant is zero. So, before attempting to find the
inverse of a coefficient matrix, you may want to check the value of its determinant. If the
coefficient matrix of a system of linear equations has a determinant equal to zero, the system
will not have a unique solution. And, you will have to find the general solution by hand — using
the Gauss-Jordan Elimination Method.
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System of Linear Equations

This example shows you how to solve a system of linear equations in Excel. For example, we have
the following system of linear equations:

S5X +1y+8z = 46

4x -2y =12

6x +7y+4z =50

In matrix notation, this can be written as AX =B

If A -1 (the inverse of A) exists, we can multiply both sides by A to obtain X = A™B. To solve this
system of linear equations in Excel, execute the following steps.

1. Use the MINVERSE function to return the inverse matrix of A. First, select the range B6:D8.
Next, insert the MINVERSE function shown below. Finish by pressing CTRL + SHIFT + ENTER.

B2 = £ AAINVERSE(RT DAL
B6 Fx VIINVERSE(B2:D4);

A 4 -2 B | 12

7

O

-0.0303 | 0.197 @ 0.0606
A* |-0.0606 -0.1061 0.1212
0.1515 -0.1098 -0.053

WikD s b W o -

Note: the formula bar indicates that the cells contain an array formula. Therefore, you cannot
delete a single result. To delete the results, select the range B6:D8 and press Delete.

2. Use the MMULT function to return the product of matrix A and B. First, select the range
G6:G8. Next, insert the MMULT function shown below. Finish by pressing CTRL + SHIFT +
ENTER.

- v —aANA IBE-PR GIaall
G6 fx VIMULT(B6:D8,G2:G4} |

A B C D E F G H I J

1

2 5 1 8 a6

3 A 4 -2 0 B 12

4 6 7 i 50

5

& -0.0303 ' 0.197 0.0606 4

7 A* |-0.0606 -0.1061 0.1212 X

8 0.1515 -0.1098 -0.053 3

9

3. Put it all together. First, select the range G6:G8. Next, insert the formula shown below. Finish by
pressing CTRL + SHIFT + ENTER.
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GG = % =MMULT|MINVERSE|B2:Du4),
& B C D E F G
1
2 5 i E 46
3 A 4 B 12
4 B Fi 30
5
G 4
7 X 2
3 3
9

G2:G4)

H

4. If you have Excel 365 or Excel 2021, simply select cell G6, enter the same formula as above and

press Enter. Bye bye curly braces.

G6 - fe | =MMULT{MINVERSE{B2:D4),G2:G4)
A B c D 3 F G H

1

2 5 1 8 a6

1| A 4 2 0 B 12

4 6 7 50

5

6 | | s |

7 X 2

3 3

P

Note: this dynamic array formula, entered into cell G6, fills multiple cells. Wow! This behavior in

Excel 365/2021 is called spilling.
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EXPERIMENT-7 Date:

Aim: VBA User-Defined Functions (UDF): The Visual Basic Editor (VBE), The IF Structure,
The Select Case Structure, The for Next Structure, The Do Loop Structure, Declaring Variables and
Data Types, An Array Function the Excel Object Model, For Each Next Structure.

Syntax of the Select Case Statement of Excel
VBA

The Select Case statement in VBA is similar to the Switch Case statement used in programming languages
like Java, C#, PHP, etc. The syntax of the Select Case statement of Excel VBA is given as follows:

Select[Case] Expression for testing

[Case] List of Expression Statements (Case 1, Case 2, Case 3and so
on...)

Case Else (Else Statements)

End

Select
End Sub

The Select Case statement of Excel VBA accepts the following arguments:

e Expression for testing: This is a single expression that is to be compared with the different
Cases. It can either be a numeric or textual expression. So, it can evaluate to a character, integer,
Boolean, object, string, etc.

e List of expressions: This is the list of expressions (called Case statements) against which the
"expression for testing'* is compared. Excel VBA looks for an exact match within these Case statements.
These Case statements consist of one or more possible outcomes (values or conditions) that may or
may not match the "expression for testing.” If there are multiple expressions (or values) within
a single Case, they must be separated by commas. The following keywords can be used in Case
statements:

0 The To keyword should be used when a range of values needs to be specified in a Case
statement. The value preceding the To keyword should be less than or equal to the value
succeeding this keyword.
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0 The Is keyword should be used when a logical operator (=, <>, <, >, <=o0r > =) needs to be entered
in a Case statement. This keyword should be inserted before the logical operator.

e Statements: This is one or more codes succeeding the *'list of expressions." Only that code is executed
for which the ""expression for testing’* matches the *'list of expressions."*

e Case Else statement: This consists of one or more codes (or statements), which are executed when
all the Case statements (or list of expressions) are false.

e End Select: It closes the Select Case structure. Every Select Case statement must necessarily have an
End Select statement.

The "'expression for testing,” *'list of expressions,' and End Select clauses are required in a Select Case
construction. However, the "'statements'* and Case Else statements are optional in the given syntax.

Note 1: In a Select Case statement in VBA, each Case statement is compared with the ""expression for
testing.” Once a condition is met (or the Case statement is matched), no further Case statements are
tested. However, if a condition is false (or the Case statement does not match), the next Case statement
is tested.

The testing of Case statements (or conditions) continues till one of the specified conditions is met or till the
Case Else or the End Select statement. If none of the tested conditions is true and there is no Case Else
statement, control passes to the End Select statement.

Note 2: If the ""expression for testing'* matches more than one Case statement, only the code of the first
such match is executed.

How to use the Select Case Statement of
Excel VBA?

The Select Case statement is a feature of Excel VBA. One can access VBA fromthe *visual basic™ option of the
Developer tab of Excel. In this tab, the user-defined functions (UDF) and their codes can be created.

The Select Case statement of VBA should be used in place of the

nested |- statement of Excel. This is because the former is easier to understand and execute than the
latter.

The steps to use the Select Case statement of VBA are listed as follows:

a. Create a command button and place it in the Excel worksheet. When the command button is
clicked, a macro runs. The running of the macro performs an action.

b. Right-click the command button and choose the option **view code."" The Visual Basic Editor
opens.

C. Enter the code between the CommandButton function and End Sub.
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d. Debug and compile the code to identify the syntax errors.

€. Change the input values to observe the different outputs.

Note 1: The user-defined functions (UDF) are customized functions that cater to the specific needs of the
user.

Note 2: Every time the input is changed (in point €), the ""expression for testing'* changes. As a result, the
conditions that match this expression change. Hence, different codes are executed each time the input
values change.

VBA Select Case Examples

You can download this VBA Select Case Excel Template here —\VVBA Select Case
Excel Template

Example #1 "Expression for Testing™ is Entered Directly

In the following code, the "expression for testing™ is A=20 and the Case statements are 10, 20, 30, and 40.
Thereisalso a Case Else statement in this code.

PrivateSubSelcaseexmample()Dim A As Integer
A=20

Select Case A

Case 10
MsgBox "FirstCaseismatched!"*

Case 20
MsgBox "TheSecondCaseismatched!™

Case 30
MsgBox' ThirdCaseismatchedinSelectCase!™*

Case 40
MsgBox' ‘FourthCaseismatchedinSelectCase!™*

On running the preceding code, the following output is obtained.
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Case Else
MsgBox' 'NoneoftheCasesmatch!™*

End Select
End Sub

| Microsoft Excel X

| The Second Case is matched

Explanation: The expression A=20 is compared with the four Case statements 10, 20, 30, and 40. A match
is found in the second Case statement (Case 20). Consequently, the message of the second Case
statement is displayed, which is *'the second Case is matched.""

Had the expression not matched with any of the Case statements, the message of the Case Else statement
would have been displayed.

Note: The MsgBox function of VBA displays a dialog box containing a customized message.

Example #2-""Expression for Testing"* is Compared
with a Range of Values Using the ""To" Keyword

In the following code, the "expression for testing™ is collected from the user with the help of the
InputBox function of VBA. There are four Case statements, namely Case 1 To 36, Case 37 To 55, Case 56
To 80, and Case 81 To 100. There is also a Case Else statement in the code.

Private Sub Selcasetoexample
Dim studentmarks As Integer

studentmarks = InputBox(" Enter marks between 1 to 100.")

Select Case studentmarks

Case 1 To 36

Msg Box
"Fail!™
Case 37 To 55
MsgBox "C
Grade"
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Case 56 To
MsgBox
Grade"

Case 81 To
MsgBox
Grade"

Case Else

MsgBox "Out of range™

End
Select
End Sub

On running the preceding code, the user is asked for input. Assume that the user enters 90. So, the following

output is obtained.

Microsoft Excel X

A Grade

Explanation: The Case statements of the preceding code contain a range of values. Notice that in the
code, each number preceding the To keyword is smaller than the number succeeding this keyword.

The "expression for testing' is entered as 90 by the user. This expression matches the fourth Case statement
(Case 81 to 100). So, the code in this Case statement is executed. Hence, the message A grade™ is returned
by VBA. This output is displayed in a dialog box due to the usage of the Msg Box function in the code.
Both numbers (preceding and succeeding the To keyword) of the range are inclusive. So, had the user
entered 81, it would have again matched with the fourth Case statement. However, had a number
greater than 100 been entered, the output would have been "*out of range."” This message is defined in the

Case Else statement of the code.

Note: The InputBox function collects the input from the user through a dialog box. The message shown

in this dialog box is the same as that entered in the InputBox function of the code.

Example #3-""Expression for Testing" is Compared
with Numbers Using the ""Is" Keyword
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In the following code, the "expression for testing™ is collected from the user. There are two Case
statements, namely Case Is <200 and Case Is > = 200. There is no Case Else statement in the code.

Sub CheckNumber()
Dim Numlnput As Integer
NumlInput = InputBox(""Please enter a number.")

Select Case NumlInput

Case Is <200
MsgBox "You entered a number less than 200"

Case Is >=200
MsgBox "You entered a number greater than or equal to 200"

End
Select
End Sub

On running the preceding code, a dialog box containing the message ""please enter a number™ is
displayed. Assume that the user enters 200. So, the following output is displayed.

Microsoft Excel X “

You entered a number greater than or equal to 200

Explanation: Observe that the two logical operators (< and >=) in the code are preceded by the Is"
keyword. Had this keyword not been supplied, VBA would have automatically inserted it before the
logical operators.

The "expression for testing™ is entered by the user as 200. This expression is compared with the two Case
statements of the preceding code. A match is found in the second Case statement. This is because 200 is
not greater than but is equal to 200.

Notice that there is no Case Else statement in the preceding code. This is because whatever number the user
enters, it falls within either of the two Case statements. So, one of the two Case statements will always be
true. Hence, the Case Else statement is not required as it runs only when all Case statements evaluate
to false.

Example #4-""Expression for Testing"" is Entered in a
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Cell and Evaluated by the Command Button

In the following code, the "'expression for testing'* is taken from cell Al of the Excel worksheet. There
are three Case statements and one Case Else statement.

Subcolor()
Dimcolor AsString
color=Range(**Al'").VValue

Select Casecolor

Caee"'Red","Green™,""Yelow 'Range( ‘BI').Value
=1

Case"White","Blaok”,"Broan™*Range("'BI).Value
=2

Case "Blue™, ""Sky Blue™
Range(*'BI'").Value=3

Case Else
Range(*'BI'").Value=4

End Select
End Sub

Further, a command button has been created in the worksheet with the help of ActiveX controls. The
input entered in cell Al, the command button, and the output obtained in cell B1 are shown in the
following image.
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.pink 4

-CommandButtoan

A U A W N -

Explanation: The preceding code is executed by clicking the command button of the Excel worksheet.

Notice that multiple expressions of each Case statement are separated by commas (like ""Red"’, "*Green™,
"Yellow").

The "expression for testing' is entered as ""pink™* in cell Al. This expression matches none of the three
Case statements specified in the code. Consequently, the code of the Case Else statement is executed.
So, the output in cell Bl is 4.

Had the user entered a color (in cell Al) specified in any of the three Case statements, the

corresponding code would have run. For instance, had the user entered **White™ in cell Al (without the
double quotes and with **W** capital), the output in cell B1 would have been 2.

Hence, a change in the input of cell Al causes the output of cell B1 to change.

Example #5-""Expression for Testing™ is Divided by 2
with the MOD Operator of VBA

In the following code, the "'expression for testing™ is collected from the user. There are two Case
statements, namely Case True and Case False. The Case Else statement is not there in the code.

SubCheckOddEven()
CheckValue=InputBox(* ‘Enteranumber.”)

SelectCase(CheckValueMod2)=0

Case True
MsgBox' "Thenumberiseven'*

Case False
MsgBox' " Thenumberisodd™*

EndSelect
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End Sub

VBA If Else statements

Building a VBA If Elsel! statement is quite similar to building a nested if formula inside Excel. The
benefit of using VBA instead is that it’s much easier to follow, since nested IFs tend to complicate with
multiple parenthesis enclosures. In a VBA if statement, each IF clause is separate from the other, and is
instead laid out in order of priority from top to bottom.

If Statement Structure in VBA
If Range(“AS5”) = “YES” Then
Range(“AS5”).Value = “NO”
End If
o If statements begin with an If [CRITERIA] Then statement
o If the user does not wish to add additional statements, the if statement is closed by an End If
e Inthe above example, no false statement is present. Thus, if Cell A5 is not YES, VBA will simply
skip this statement and move on to whatever code follows it. If Cell A5 is YES, the process
contained in the If statement will be run.
If Range(“AS5”) <= 100 Then
Range(“A6”).Value = “Decent Performance”
Else If Range(“A5”) > 100 Then
Range(“A6”).Value = “Great Performance”
End If
e If the user does want to add additional statements assuming the first If ... Then is false, then the
first if...then the process should be immediately followed by the Else If...Then statement.
e There can be multiple Else If...Then clauses in a VBA if statement, as long as each Else If ...
criteria is mutually exclusive from other Else If or If criteria.

e End If should close the last Else If...Then statement.
e Inthe above example, if Cell A5 is 91, then Cell A6 will be set to Decent Performance.

If Range(“A5”) <= 50 Then
Range (“A6”).Value = “Failing Grade”

Else If Range (“A5”) <= 80 Then

154|Page



https://corporatefinanceinstitute.com/resources/excel/vba-if-else/#citation-using-ifthenelse-statements
https://corporatefinanceinstitute.com/if-statement-between-two-numbers
https://corporatefinanceinstitute.com/excel-vba

Spread Sheet for Engineers

Range(“A6”).Value = “Passing Grade”
Else

Range(“A6”).Value = “Outstanding Grade”
End If

e The user can also elect to include one Else statement, which will activate if all other If and Else If
statements are false.

o Else statements are not followed by Then, unlike If...Then and Else If...Then statements.

e End If should close an Else statement and only the Else statement, if it is used.

e Inthe above example, if Cell A5 is 91, then Cell A6 will be set to Outstanding Grade.

o Else statements act as a “catch-all” and will ensure that one process is run even if all the other If
statements are false.

o Excluding an Else statement may result in the entire if to end if statement being skipped over if all
criteria are false.

An If formula in Excel worksheets needs a clause to perform if the statement is true and one to perform if
the statement is false. In contrast, a VBA if statement only needs code to perform if the statement is true.
The section defining what to perform if that statement is false is optional. If the VBA statement turns out
to be false and no process is defined for a false statement, then VBA will simply skip the if statement and
move on to the next

_‘Function xA3+x-17=0

jsub bisection()
Dim i As Integer, a As Double, b As Double, Mid As Double, fa As Double, fb As Double, fmid As Double

a = InputBox(“"enter the low bound™)
b = InputBox("enter the high bound™)
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For i = 1 To 20
Mid = (a +Db) / 2
fa = given|(a)
fmid = given (Mid)
If fa * fmid < O Then
b = Mid
Else
a = Mid
End If I
Next 1
MsgBox ("Solution is:"™ & (a + b) / 2)

End Sub

Function given(x)

Microsoft Excel X

Solution i5:2.44175910949707

5
[ oc ]

Next 1
MsgBox ("Solution is:" & formatnumber((a + b) / 2,2))

Microsoft Excel X

Solution is:2.44

|
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EXPERIMENT-8 Date:

Aim: VBA Subroutines or Macros: Recording a Macro, coding a Macro Finding Roots by Bisection,
Using Arrays, adding a Control and Creating User Forms.

Excel Macro is simply a record button that records a set of actions performed on Excel that can be run
multiple times. For example, if you have to format some raw data on weekly basis you can use a macro
to record yourself formatting the data once and let excel automate the task in the future. it’s used to help
users save time and avoid performing redundant tasks.

In order to record a macro the Developer tab on the ribbon needs to be activated as it isn’t on by default
within Microsoft Excel. The developer tab contains all the macro tools among various other features.

To activate it click on the file tab> goto options>Customize Ribbon Under Customize the
Ribbon and under Main Tabs, select the Developer check box. (The developer tab stays on the ribbon
unless checked off ).

Excel Options ? X
’ General = .
irq!H Customize the Ribbon.
Formulas A
Choose commands from:'t Customize the Ribbon:‘d
[_J-.x[u .
Popular Commands 4 Main Tabs *
Proofing
Save Y Add or Remove Filters - Main Tabs -
B All Chart Types... # ;]B-dr.‘x'qround Removal
Lanquage ' : "
S _i” Borders k 8 v]Home
Ease of Access B Calculate Now B Clipboard
= C(enter o ¢
Advanced ¥ Conditional | ormatting 4 ok
E[—‘ nditional Formn \q ® Alignment
. - g Copy =
Customize Ribbon S Number
. Azl Custom Sort.. = }):yl“
Quick Access Toolbar & Cut & Calls
2 Prranca EARE Ly
Add-ins ﬁ; Uecrease Fonl Size & Editina
o =X Delete C [ -
e elete (_"'-'“-“‘ =, & [ Insert ‘
Trust Center x Delete Sheet Columns @[ Joraw -
&% Delete Sheet Rows ‘ ‘ "
23 Email o EF,:QH Layout | v |
™ Fill Color [» & MFormulas
Font B M Data
A Font Color » 8 [ Review
Font Size I= i
- ‘Lv ; . B@‘\”l':"-‘l
iz Format Cells &[]
* v/ "
¥ Format Painter
21 Freeze Panes 4 i Add-ins
A Increase Font Size = 1_7_]Hn:-lp v
£ Insert Cells... 1
o ST B New Tab New Group \ Rename...
X Insert Function... | |
Eli - i |
A Insert Picture Customizations: Reset v |/
w‘ " Insert Sheet Columns
€& |nsert Sheet Rows - Import/Export ¥ |
=

| Cance
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To record a macro follow these steps :

Step 1: click on the view tab, select Macros(extreme right), and hit Record Macro.

File Home Insert Page Layout Formulas Data Help Q Tell me what you want to do

’i_-_| v| Formula Bar Q { Q — . - Hide o
Normal| Page Break Page Custom o o oqu o0 2] Hoadings Zoom 100% Zoom to New Amange Freeze ' Si
! Preview Layout Views z ; Selection Window All  Panes - e Vindow Pos Win
Workbook Views Show Zoom Window
F2 ‘ Ji

A A 8 _ C D E F G H [ J K
Step 2: A Record Macro dialog box pops up.

Record Macro ? X

Macro name:

Header

Shortcut key:

Ctrl+ |

Store macro in:

This Workbook v

Personal Macro Workbook
New Woaorkbook

Des

QK Cancel

The record macro dialog box has 4 sections to be filled

e Macro name: give a name to your macro (avoid spaces and keep it short)

o Shortcut Key: you can select any letter to create a shortcut key, be careful not to override an
existing shortcut key. (you can pressshiftand any letter in the box to create
a ctrl+shift+letter key)

o Store macro in: select This workbook to run it only in the current workbook, personal
macro workbook so the macro can be used within any workbook on the computer that
contains that personal macro workbook and new workbook to run it in a new workbook it
creates at the time of recording.
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o Description: Here you can provide additional information about the macro(what it does) for

the users or ourselves.
Step 3: Click ok and Excel will start recording all of your actions henceforth.

Record Macro ? X

Macro name:

Header

Shortcut key:
Ctrl+ |

Store macro in:
This Workbook b

Description:

This macro adds headers to the worksheet.

QK Cancel

Step 4: Once done, remember to hit the stop recording button in the lower-left corner of the worksheet

or head over to view>Macros>stop recording.

154 East Clerical Support 25000

47

| EAST RECORDS | RUN MACRO

Enter ScrollLock

a® £ Type here to search

Stop recording button bottom left corner.
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Macros
m View Macros N
B Stop Recording v

Use Relative References

O Fs
| |
The above steps should help you get started recording a macro.

The Visual Basic Editor

Excel has a tool called the Visual Basic Editor or VBA that makes note of all the actions you perform
while recording a macro in the backend. When you record a macro inside excel through the macro
recorder all the code gets stored in a module. To see the code that excel has written head to the
Developer tab>code section>Visual Basic this opens up a separate window called the Visual Basic
Application window along the left side of this window you will find the module under the project
Explorer(if you don’t see it click on View>Project Explorer) double click it and all the text is the code
that excel generated while recording the macro.

Absolute and Relative recording:

A macro can be recorded in 2 ways namely Absolute and Relative recording. When you record a macro
in Excel it is by default in the Absolute recording mode. In the absolute recording, the steps are
performed exactly in the cells the steps were recorded in despite the active cell. In simple words,
absolute recording restricts the location of steps. Relative recording executes the steps recorded in any
part of the worksheet selected by the user as its relative to the starting location of the macros. To turn on
Relative recording head to Developer tab>Code>Use Relative References(gets highlighted in grey
when selected) and then start recording the macro.

Limitations of an Excel Macro:
Macros have certain limitations pertaining to them and can be combated by writing the VBA code
manually. Some of them are as follows

e A macro doesn’t record what options you select within a dialog box.
o If you need to make any decisions in your process (code), the macro recorder can’t help you
make them. you can use the IF statement or other conditional statements.
o The macro recorder can’t throw message boxes to prompt the user.
Macro-Enabled File Extensions:
There are some file extensions that do not store a macro hence you need to be careful about using a
macro-enabled format to save your workbook or the macro won’t be saved.
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The default Excel format of the Excel workbook is .xIsx which does not support macros. To store
macros you save and open workbooks in a new macro-enabled workbook format .xIsm. this format is
the same as .xIsx, but with the capability to support Excel macros.

The Excel Binary Workbook(.xIsb) and Excel macro-enabled template(.xltm) are some more file
extensions that support macros within them.

Steps to save a macro-enabled workbook :
e Click on the File tab and then choose Save As. The Save As dialog box appears.
« Enter a name for the and select a location for your workbook.
e Click the Save as Type drop-down arrow. A list of file types appears.
o Select Excel Macro-Enabled Workbook. Click on Save.

Some more real-time applications of macros can be used to record the creation of charts based on some
data, filtering and sorting data, formatting data, or importing it
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