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Documenting Models in Word

This document is intended to illustrate some methods for communicating models in written form, using Microsoft Word. We use the example of Malcolm’s Glass Shop, which is found in the following files:

	File Name
	Description

	malcolm.doc
	Problem

	smalcolm.doc
	Solution

	solver.doc
	Introduction to Excel Solver, using Malcolm as an example

	malcolm.xls
	Basic spreadsheet template


In addition to providing some mechanical techniques for documenting a model in Word, this is intended to help identify and describe the basic elements of a write-up suitable for submission in this class, or as a final report on a consulting project.

Basic Outline of Your Report

· Conclusions and Recommendations

· Managerial Problem Definition

· Formulation

· Solution Methodology

Conclusions and Recommendations

This section comes first, even though it is written last. The objective here is to convey your key findings to a presumably busy executive, who is the customer of your analysis. If this busy person wants to read your entire report, then they have the option to do that. But try to write this section so that a reasonably intelligent person can get the essential gist of your report without looking any further.

Managerial Problem Definition

This is the first step in solving a problem. Define the business situation, focusing on what decisions need to be made, what the objective is, and what the constraints are, in general everyday language. No formulas or equations are necessary at this stage. For Malcolm, it might read like this:

Malcolm owns a glass-molding machine capable of producing two products: six-ounce juice glasses and ten-ounce cocktail glasses. He needs to decide how many of each product he ought to make each week in order to make the greatest profit. He is limited by the production rate of the machine, demand for one of the products, and storage space.
Formulation

In this section, we translate the business problem into mathematical notation. This might take several steps, gradually progressing from English into math.

In an optimization model, we start by defining decision variables, then define the objective, and finally describe the constraints. In other types of models, the elements of formulation might vary, but the basic thought process remains the same.

First Cut:

Decision variables: How many to produce of two products.

Objective: Maximize Profit.

Constraints:

The molding machine can only produce so many glasses in a week. 

There is a market limit for 6-oz glasses.

There is a limit on storage space.

Malcolm can’t make negative amounts of either product.

Second Cut:

	Maximize 
	Profit from 6-oz glasses + Profit from 10-oz glasses
	

	Subject to:
	Molding Machine capacity used for 6-oz 
+ Molding Machine capacity used for 10-oz
	≤ Total Molding capacity

	
	Storage Space used for 6-oz 
+ Storage Space used for 10-oz
	≤ Total Storage Space

	
	6-oz glasses produced
	≤ Total Demand for 6-oz glasses

	
	6-oz glasses produced
	≥ 0

	
	10-oz glasses produced
	≥ 0


Third Cut:
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	Subject to:
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Fourth Cut:

	Maximize:
	
	
	
	
	
	
	

	
	Z
	=
	500X1
	+
	450X2
	
	

	
	
	
	
	
	
	
	

	Subject to:
	
	
	
	
	
	
	

	
	
	
	6 X1
	+
	5 X2
	(
	60

	
	
	
	1 X1
	+
	0 X2
	(
	8

	
	
	
	10 X1
	+
	20 X2
	(
	150

	
	
	
	1 X1
	+
	0 X2
	(
	0

	
	
	
	0 X1
	+
	1 X2
	(
	0


As you get more and more “mathematical” in your formulation, you will find it useful to employ the built-in equation editor in Word. From the Insert menu, select Object, and choose Microsoft Equation.
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This takes a little getting used to, but the Equation Editor has a lot of capabilities and is quite handy. A word of caution: it is a good idea to save your work frequently. Word has a nasty habit of suddenly declaring that your disk is full and not allowing you to save your file. This nasty habit seems to be associated with Equation Editor.

Solution Methodology

We solve this particular problem using the Solver add-in to Excel. Depending on the sophistication and interest level of the customer, we may choose to show a great deal of information about our spreadsheet model, or none at all.

In the event that we want to show part of an Excel model, it is not a good idea to simply print out the Excel worksheet (nobody wants to see them anyway). If it is necessary to show something from Excel, I suggest the following:

1. Lay out your spreadsheet using these principles of spreadsheet design:

· •Clear, logical layout

· •Separation across multiple sections and/or worksheets

· •Clear headings for inputs, decision variables, and outputs

· •Formatting for user clarity

· •Text boxes and cell comments

2. Copy the relevant part of your spreadsheet and paste it into Word using these steps:

Before you copy, go to File – Page Set-up (in Excel), and select the Sheet tab.

· Check “Gridlines”.

· Check “Row and column headings”.

· Select the “As displayed on sheet” option for comments.

· Click on “OK”.
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· Select the section of the worksheet you want to copy, and press Ctrl+C.

· Switch to Word, and select Paste Special from the Edit menu.

· Select “Picture” from the choices.

At this point, your picture may be “floating” over the text. Some people like this, but others prefer to have the picture “in line with text”. You can make these formatting changes by right-clicking on the picture and changing the formatting options.

If you copy and paste from Excel without doing these steps, your model will look like this:

	Decision Variables
	6-oz
	10-oz
	
	
	
	

	
	1
	1
	
	
	
	

	
	
	
	
	
	
	

	Objective Function
	500
	450
	
	950
	= profit
	

	
	
	
	
	
	
	

	Constraints
	
	
	
	
	
	

	Molding Capacity
	6
	5
	11
	<=
	60
	

	Demand for 6-oz
	1
	0
	1
	<=
	8
	

	Storage Space
	10
	20
	30
	<=
	150
	

	Nonnegativity (6-oz)
	1
	0
	1
	>=
	0
	

	Nonnegativity (10-oz)
	0
	1
	1
	>=
	0
	


With the procedure above, your model will look like this:
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=SUMPRODUCT($B$2:$C$2,B11:C11)

=SUMPRODUCT(B2:C2,B4:C4)


Notice how cells E4 and D11 have comments that show the formula. There are several ways to do this.

· Select your cell and click Insert — Comment, and type the formula.

· Select your cell, highlight the stuff in the formula bar, press Esc, and then Insert -- Comment, and paste the formula from the clipboard.

· Use the macro developed by Ola Holmstrom (MBA ’02), which appears as an appendix to this document.

Another tip for copying and pasting: If you want to show just the active window (for example the solver dialog box), you can copy using Alt + Print Screen, and then paste into Word as a “Device Independent Bitmap”. Print Screen by itself captures the entire image on your monitor; the “Alt” key restricts the capture to only the active window.

After pasting as a “Device Independent Bitmap”, you can re-copy and paste as a gif, jpeg, or other graphic format image. (This may have advantages for web publishing and/or conserving the amount of memory consumed by your report.)

Graphs and Charts

In general, your message is much easier to understand if you can find a way to express it with some kind of picture (as opposed to a verbal or mathematical explanation). Excel is a very good tool for most types of graphs, but there are some tricks you need to know.

You can always copy and paste a graph from Excel into Word, but the way the graph looks in Word depends on which steps you take and in what order. It seems to work best if you get the proportions of the graph set the way you want them in Excel before trying to copy and paste. 

When you create a graph, you have a choice of making it a new sheet or an object in an existing sheet. For purposes of copying and pasting, it is best to have the graph as its own worksheet. 
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· Select View – Sized with Window, click on the Restore button, and adjust the frame until the proportions are right.

· Perform all of your chart formatting while still in Excel.

· Select the chart so that eight black rectangles appear around the edges, and Ctrl + C to copy. 

· Switch to Word, and select Paste Special - Picture from the Edit menu
.

Here is a chart of the Malcolm problem:
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You can also add text boxes, arrows, etc. to an Excel chart:
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Sometimes you might want to add elements to your chart that Excel can’t do. Here, we have used Paint Shop Pro to shade in the feasible region of the Malcolm problem:
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Note: This document is a work in process. You are encouraged to make suggested additions and improvements.

Appendix: Comment Macro by Ola Holmstrom

Instructions:
http://www.columbia.edu/~dj114/autoformulabox.htm

� In some cases you might want to paste the chart as a linked object, as in the case where the report will be updated and re-published on a regular basis with new data reflected in the chart.
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