Excel for Algebra*

Lesson 5: The Solver

OK, what's “The Solver”?

Speaking very informally, the Solver is like “Goal Seek on steroids”. It’s a lot more
powerful, but it’s also more challenging to control. (The phrase “’Roid Rage” comes to

mind occasionally...)

More formally, the Excel Solver is a general purpose equation solver and optimization
package. It can handle linear and nonlinear problems, with multiple unknowns and

constraints.

Here are the major differences between Goal Seek and Solver:

Feature

Goal Seek

Solver

number of unknowns

1

1 to hundreds

number of constraints

1, very limited (set cell to
exact value only)

0 to hundreds, very flexible
(constrain cell values to be
equal, not less than, or not
greater than, or restricted to
integers or binary choices,
with the constraint specified
as either a specific value or
another cell)

remembers the problem

No — you have to tell it what
to do every time.

Yes — the whole problem
definition is saved as part of
the spreadsheet.

solves optimization
problems

No — its only ability is to set
a cell to a specified value

Yes — can minimize or
maximize one specified
“objective function”

safety

safe: will overwrite only
numbers

dangerous: will overwrite
anything!

adjustable accuracy

Yes, using Options >
Calculation > “Maximum
Change”

Yes, using options embedded
in the Solver dialog.

usability

simple and predictable

more complicated, frequently
does something unexpected
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Whoa - that’s way too much for me! Can we start simple?

Sure! But first...

We need to install the Solver (sigh...)

The Solver has shipped with every copy of Microsoft Excel since 1991. But for some
reason, Microsoft chooses not to install it by default. That’s annoying, but no big
problem — you just have to jump through a couple of extra hoops to make it available.

In Excel 2003, pull down the Tools menu and see if “Solver...” is in it. If it’s not, then
select Tools > Add-ins, put a check-mark next to Solver, and click OK.

Here’s what it looks like:

¥ speling... F7

Add-Ins available:
\@ Error Checking. ..

[ analysis ToolPak ;I QK I
Speech » [ Analysis ToolPak - YBA
Share Workbook... I Conditional Sum wizard e |

™ Eurc Currency Tools
Track Changes » [ Inkernet Assistank VBA |
- Browse. .,

[ Lookup Wizard =
rotecton . W Fkomation. |
Online Collaboratian 3
Goal Seek. ..
SCenarios. ..
Formula Auditing »
Tools on the web. ..

]
Macro 4 .
alver Add-in
| Add-Ins. .. I
Tool For optimization and equation solving
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Cuskomize. ..
Options. ..

Now your Tools menu should show that Solver is available.

Tools | Data  Window Help  Acrobat
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In Excel 2007, the sequence is to Microsoft Office Button > Excel Options > Add-Ins >
Manage Excel Add-ins, click Go, put a check-mark next to Solver, and click OK. The
first part looks like this, and the check-marking looks the same as for Excel 2003.

Popular . 3 : 5 :
¥ L{% View and manage Microsoft Office add-ins.
Formulas
Froofing Add-ins
Save MName Location
Ksvead .ﬂ._tn'ue Appllicat?cun..ﬂ.du:ll-ins.
Mo Active Application Add-ins
Customize
Inactive Application Add-ins
Fp-&j.ﬂd_lm —4] Analysis ToolPak analys=2.xll
Analysis ToolPak - VBA atpvbaen.xlam
Trust Center Conditional Sum Wizard sumif.xlam
Custom XML Data D:... e \OFFICEL2\OFFRHD, DLL
Resources Date (Smart tag lists) O:...red\Smart Tag'MOFLDLL
Euro Currency Tools eurotoolxlam
Financial Symbol (Smart tag lists) O:.oredismart TagtMOFL DLL
Headers and Footers D, e\OFFICEL2\OFFRHD, DLL
Hidden Rows and Columns D:...e\NOFFICEL 2OFFRHD, DLL
iddae 1Alnel-clsnad M. AACCTICY T mCCnUm mid
Add-in: Analysis ToolPak
Publisher:
Location: analys32.xll

Description:  Provides data analysis tools for statistical and engineerir

Manage: | Excel Add-ins IZI Go.. é

After Solver is installed in Excel 2007, it can be accessed as a button in the Data Ribbon:

@- o x|

=

_;TI 545 Lié] Diata Validation - E}EEEI nh‘%lrf ':,d: : ?¢ T
=2k = [Fh Consolidate = = HE ez

Textto  Remove Ea ; Group Ungroup Subtotal %
Columns Duplicates = What-If Analysis ~ = 3

DataToo I.s

Il

Outline || Analysis
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OK, now let’s get started.

Let’s begin with a problem that’s just a little bit too complicated for Goal Seek to handle.
Find values for x and y that solve the following system of two equations:

0.7x+0.9y =2.58
2.0x+1.5y =5.55

This sort of problem can be solved by hand, but it’s not easy. You have to use a process
that’s usually called “elimination” or “the addition method”. We looked at it briefly in
class.

In contrast, it’s quite simple to solve with Excel’s Solver.

We’ll start by setting up one of our usual spreadsheets (shown as formulas, then values):

A, B C
1 “ariables X y
2 alues 2 3
3
4 |Equations Left Side Right Side
5
B |0 T*%+0.9%=2.58 =0.7*B2+0.9*%C2 2.58
7 |2.0%x+1.5%y =5.55 =2*¥B2+1.5%C2 5.55

£, B C

1 |“ariables H Y
2 |walues pi 3
3
4 |Equations Left Side Right Side
3
B |0 7*%+0,9% =258 41 2,58
7 |2.0%k+1.5%y =555 8.3 3.95

Notice that we have “pulled out of the air” numbers for x and y. And what a surprise(!),
they don’t work — the left and right sides of the equations are not equal.
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To fix this, we launch Solver by clicking on it in the menu system. That pops up a new
dialog called Solver Parameters. By clicking on a few buttons and cells, we make the
dialog look like this:

Solver Parameters
Set Target Cell: || "E Solve

Equal To:  Max Mo Yalueof: I':'
~By Changing Cells:

|$B$2:5CH2
—Subject to the Constraints:
$B46: 5047 = $C40: 5047

i

Close

&

ik |
b

FUess

Opkions

1l

Change

;I Delete

Reset Al

Help

At first glance, this looks complicated. But make your eyes step slowly through the
dialog, looking at each field separately, and it gets simpler.

Notice that there’s no “Target Cell” — we have to make sure that field is empty.

Then we say to change cells B2 through C2, so that B6 through B7 become equal to C6
through C7, respectively.

In other words, what we’ve said here is just Excel-speak for “by changing x and y, make
the left side of each equation equal to that same equation’s right side”.

When we click the Solve button, the spreadsheet updates to look like this:

[ 4] A T O -y |
1 Varables oy x
i- Values L — Solver Found a solution, Al constraints and optimalicy
= conditions are satisfiad, Reports
4 |Equations Left Side Right Side Answer A
5 i Sensitivity
Ll ! Lirnits
6 0.7+ 0,9%y = 2,58 2,58 2.58 | € Restore Original Values =
7 |2.0%x+1,5"¢ =553 5,55 5,55
_8- [e]'4 I Cancel | Save Scenaria, ., | Help I

Notice that now |x=1.5, y=1.7|, and the left and right sides of both equations are now
equal.

We have solved the problem — no algebra required!
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How about another example?

Sure. Let’s go back to a mixture problem that we used as an example for Goal Seek. To
refresh your memory, the problem was this:
Joe Grocer wants to mix 50 pounds of nuts that cost $2 per pound with some
other nuts that cost $6 per pound, to make a mixture that costs $5 per pound.
How many pounds of $6 nuts should he use?

Let’s change the problem a little bit so that it’s natural to think about it in terms of two
variables:
Joe Grocer wants to mix some nuts that cost $2 per pound with some other nuts
that cost $6 per pound, to make 200 pounds of mixture that costs $5 per pound.
How many pounds of each kind of nuts must he use?

The spreadsheet that we’ll use for this can actually be quite a bit simpler than what we
did with Goal Seek.

To set up for Solver, what we’ll do is to simply compute total pounds and total dollars of
the mixture by adding the pounds and dollars of the ingredients. From those, we’ll
“work backward” to compute the dollars-per-pound of the mixture by dividing, instead
of multiplying. Then to solve the problem, we’ll have Solver adjust the pounds of
ingredients as needed to make everything else what it needs to be.

Plucking two numbers from the air for pounds of nuts, our new spreadsheet looks like
this:

A | B | c | D |
1 |ltem Mumber of pounds | Dallars per pound | Dollars
2 |Type A nuts 20 2 =Bz
d |Type B nuts 3 il =B3"C3
4 |mixture [=B3+E2 I=D4/B1 [=02+03 1
A | B [ ¢ | D |
Mumber of Dollars
1 |ltem pounds  per pound Dallars
2 |Type A nuts 20— 2 40
3 |Type B nuts +—= 2 18
4 |mixture 23|| 2.521?39! 55
A | B [ € ] D |
Mumber of Dallars
1 |ltem pounds  per pound |Dollars
2 |Type A nuts 20 2 40
3 |Type B nuts 3 3 15
4 |mixture 23' 2.521?39_' A3

Notice that there are no spare calculations in this spreadsheet, and no concept of
computing the same number two different ways. We’re just computing each of the cells
in a direct manner, starting with the number of pounds and dollars per pound of each
ingredient.
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As usual, it’s apparent that the two numbers we plucked from the air do not solve the
problem — we have the wrong total weight of mixture (23 pounds versus 200 desired)
and also the wrong dollars per pound of mixture ($2.52 per pound versus $5 per pound
desired).

So, what we’ll do now is have Solver fix up the numbers so that everything becomes the
way we want. What we want is to adjust cells B2 and B3 (pounds of each kind of nuts)
so that B4 = 200 (total weight 200 pounds) and C4 =5 (mixture worth $5 per pound).

There are a couple of different ways that we can do this. One method that is particularly
safe and effective is to put the target values for the mixture pounds and dollars-per-pound
into the spreadsheet itself.

I A | B | c | D |
1 |ltemn Mumber of pounds  Dallars per pound  Dallars

2 |Type A nuts 20 2 =B2*C2

3 |Type B nuts a a] =B3*C3

4 |mixture =B3+B2 =D4/B4 =02+03

5]

B |target values far mixture 200 5

Now all we have to do is tell Solver to make the computed values equal to the target
values:

Solver Parameters

Set Target Cell; || ’E Solve

Equal To:  Max Mo O Yalueof: I':'
By Changing Cells:

|$B42:4843
—Subject to the Constraints:
$E54 $044 = $B4EFCEE

iy

Close

[&

ik b
w

Guess

Qpkions

dd

Change

;I Delete

Reset all

Help
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Click “Solve”, and the screen updates to say this:

A B C ET— ) E E _
x
Murnber  Dollars =l
1 |ltem of pounds per pound Dallars Solver Found & solution. Al constraints and optimality
7 'T},rpe A nuts 50 2 100 conditions are satisfiad, Reports
3 :Type B nuts 1a0 & 500 Answer =
4 |mixture 200 5 1000 LG Ei?nl‘ilts;twlty
L 5 | {” Restore Original ¥alues ;]
[target values
B |for mixture 200 = 0K l Cancel | Save Scenaria... | Help I

7

There are other approaches to specifying constraints. You can, for example, put target
values in the Solver dialog instead of putting them in the spreadsheet.” However, that
turns out to be a bad idea.

The method shown here — using no Target Cell and putting all target values in cells of
the spreadsheet — has the advantage that it keeps all the numbers visible on the
spreadsheet. Also it is much easier to package so that somebody else can use your
spreadsheet to solve similar problems with different numbers. You don’t have to explain
to them any details about how to set up the Solver, you just tell them where to put target
values in the spreadsheet and how to run the Solver. That last part (running the Solver)
can even be hidden behind a button if you’re clever about programming Excel macros.

Exercises:
1. Reproduce the examples shown above.

2. Use the Solver to work two other problems from recent homework.

2 Actually, it’s hard to find documentation that says you don’t need a target cell. Most descriptions of the
solver show a target cell being specified, with the target value specified in the Solver parameters. But if
you look hard enough, you can find “Design and Use of the Microsoft Excel Solver” written by the
software authors themselves (for example at http://www.utexas.edu/courses/lasdon/design3.htm ). It
explains that if you specify Set Target Cell To Value, all that really happens is that the solver adds an
equality constraint. In other words, there’s no difference to the guts of the Solver where you specify the
equality — that difference is only in the user interface.
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A Challenging Example of How to Use Solver:
Building a nutritionally balanced avocado-burger

Now let’s consider a really challenging problem.

One specific diet calls for 50% calories from carbohydrates, 30% calories from
fat, and 20% calories from protein. Suppose you want to make an avocado-burger
that exactly meets the recommendations. An avocado-burger consists of exactly
one full bun, smeared with some amount of avocado and a (possibly very small)
hamburger patty. How much hamburger and avocado do you put with each
bun?

Use the following nutritional analysis of buns, avocado, and hamburger. You can
assume that all of the remaining calories come from carbohydrate.

Buns (package label for Franz “9 Whole Grain”)
Serving size 85 grams

Total calories 220

Calories from fat 30

Calories from protein 45

Avocado (nutritiondata.com for “California avocado”)
Serving size 230 gm

Total calories 384

Calories from fat 297

Calories from protein 25

Hamburger (nutritiondata.com for 90% lean broiled)
Serving size 28gm

Total calories 61

Calories from fat 30

Calories from protein 31

One good way to solve this problem is to set up a spreadsheet that

1.

computes the calorie contributions of each ingredient, by scaling in proportion to

. 297 calories
the amount used (example: avocado fat calories = GramsUsed x —— ),

230 gm

adds up the calorie contributions of all three ingredients to get the total calories in
the sandwich,

divides each of calorie sums (carbohydrate, fat, protein) by the total calories, to
get percent calories of each type, and

uses Solver to find the amounts used, that make the percent calories be the
requested values.
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Here is the spreadsheet (with solved values shown):

A | B | ¢ | o | e | F | @ H J K
1 |Planning a nutrient-balanced avocado-burger
2 |
=
4 Nutritional analysis of ingredients (from tables) Analysis, scaled to amount used
Calories |Amount Calories
Total Calories Calories from used Calories Calories from
Calories from from fat protein |(gm) -- |Total from from fat  protein
in carbs in in in Adjust |calories carbsin |in in
Specified specified specified specifie specified|These |in amount amount amount amount
5 |Ingredients size (gm) size size dsize size To Fit used used used used
5
7 |bun 85 220 145 30 45 85 220 145 30 45
8 |avocado 230 384 62 297 25] 39.3537| 6570357 1060839 508176 4.277576
9 |90% lean hamburger 28 61 0 30 31 11.711) 2551321 0 1254748 12.96573
10
11
12 Total in sandwich (computed) 311.2168 1556084 93.36503 62.2433
13 % in sandwich (computed) 50.0% 30.0% 20.0%
14 % in sandwich (TARGET) 50% 30% 20%
A B c o | E F | & | H J K
| 1 Planning a nutrient-ba
2
|3
L4 | Nutritional analysis of ingredients (from tables) Analysis, scaled to amount used
Calories |[Amount
Total Calories Calories from used
Calories from carbs from fat protein |(gm) --
in in in in Adjust Total calories Calories from Calories from Calories from
Specified specified specified specified specified [These To |in amount carbs in fat in amount protein in
| 5 |Ingredients size (gm) size size size size Fit used amount used used amount used
5}
Ibun 85 220 =C7-E7-F7 |30 45 85 =$GT/$BTCT =$GT/$B7'D7 =3GW/$BT'ET =3G7/§BTFT
| 8 lavocado 230 354 =C8-E8-F8 287 25 39.353700{=$G6/$B8"C8 =3G&/$B8"D8 =$G8/$BS"EE =$G8/{BE"F&
| 9 90% lean hamburger |23 51 =Cg-E9-Fa 30 31 11.7109804=$C0/$B9*CO =§GAEB9'DE =$GO/EBY'ES =$GO/EBY*Fa
10
1]
|12 Total in san =SUM(H7:H3} =SUM(I7:19)  =SUM{J7:J9) =SUM({K7:K9)
[ 13 % in sandw =112/$H$12 =J12/8H$12  =K12A4H$12
| 14 | % in sandw 0.5 0.3 0.2
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The solver specification in this case consists of:

Solver Parameters
Set Target Cell: I =|~]

i,
|

Solve

EqualTo: & Max (Mo ( Walueof: |0 dose |
~Bw Changing Cells:

|$G$8:$G$'§J :“J GUEss
—Subject to the Constraints: Options

$1E13:4KE13 = S1414: 8K 414 A

Change

Delete

ik |
|

[

Reset Al

Help

As with our simpler mixture of nuts, we have specified the entire problem as cells to
change (G8:G9, the amounts of avocado and hamburger that we were asked to determine)
and Constraints (113:K13 = 114:K14, meaning computed percentages = target

percentages).

Exercises:

e Change the target percentages to 30%, 50%, 20% and repeat the solution:

| 4 | Nutritional analysis of ingredients (from tables) Analysis, scaled to amount used
Calories |Amount Calories
Total Calories Calories from used Calories Calories from
Calories from from fat protein |J(gm)-- |Total from from fat  protein
in carbs in in in Adjust |calories carbsin |in in
Specified specified specified specifie specified|These |in amount amount amount amount
| & |Ingredients size (gm) size size d size | size To Fit used used used used
53

| 7 |bun 85 220 145 30 45 85 220 145 30 45

| & |avocado 230 354 52 247 250 177.509| 296.3635 47 85035 2292186 19.2945

| 9 |90% lean hamburger 25 51 0 an 21] 58.0626| 1264713 0 §2.19925 64 27256

10

1]

|12 Total in sandwich (computed) 642.8353 192.8504 3214179 1235671

| 13 ] % in sandwich (computed) 30.0% 50.0% 20.0%

| 14| % in sandwich (TARGET) 30% S0% 20%

Notice that by allowing yourself to have a higher percentage of fat, you get to have a

lot more avocado and hamburger to go with your bun.
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e Change the target percentages to 70%, 15%, 15% and repeat the solution. Solver will
not complain, but you’ll get some strange numbers:

| 4 | Nutritional analysis of ingredients (from tables) Analysis, scaled to amount used
Calories |Amount Calories
Total Calories Calories from used Calories Calories from
Calories from from fat protein |{gm)-- |Total from from fat protein
in carbs in in in Adjust |calories |carbsin |in in
Specified specified specified specifie specified |[These in amount amount amount amount
| & |Ingredients size (gm) size size d size size To Fit used used used used
53
| 7 |bun 85 220 145 30 45 85 220 145 30 45
| & |avocado 230 354 52 247 25] 12.2868| 2051355 3312084 1586595 1.335518
| 9 |90% lean hamburger 25 51 0 a0 371 -13.146] -25.63925 0 -14.0849 -14.5544
10
[11]
112 | Total in sandwich (computed) 211.8743 1453121 3178107 31.7811%
1 13| % in sandwich (computed) 70.0% 15.0% 15.0%
| 14 | % in sandwich (TARGET) 0% 15% 15%

What’s happening here is that you’ve asked for a higher percentage of carbohydrates in
the whole sandwich than there is in any of the ingredients! Mathematically, Solver can

meet this requirement by using a negative amount of hamburger. Of course you can’t
actually have a negative amount of hamburger, so this is a non-physical solution. (We
could have kept Solver from generating such a “solution” by adding constraints for
“>=0" on the amounts. In that case it would have said that it couldn’t find a feasible
solution.)

e Change the target percentages to 70%, 30%, 30% (yep, two 30’s), and repeat the
solution. This time, you should get a response that “Solver could not find a feasible

solution”. Well, yeah. We set up the spreadsheet so that the % calories have to sum to

100%. Telling Solver to find a solution where the sum is 130% isn’t going to work!
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