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Introduction
"Abacus" was developed as proposal to deliver to project management professionals a way to test and validate their understanding of the Earned Value Management (EVM) technique for cost management and its modern complement Earned Schedule (ES) for management of time in projects. It also intends to enable the development of a critical view of the indicators and graphs generated to analyze the project and a way to exercise the practice of decision-making by Project Managers.
The tool was created by Floriano Salvaterra and Paulo A. Andrade and made available on the Internet under a Creative Commons license.
The development of Abacus aimed, initially, the Portuguese public but was soon adapted to the English language. By having the goal of teaching/learning it is intentionally limited to projects with a maximum of 20 activities and lasting up to 50 days.
Finally, the authors encourage users of Abacus to submit comments on its usage, suggestions for improvements or corrections. The contact information for the authors can be found at the end of this manual.
Abacus application composition 
Abacus is a spreadsheet consists of 6 tabs: "Input", "Output", "Graphics", "Dashboard" and "Language". The sixth tab, "Processing", is hidden. The contents of each of the tabs is described below.
The tab "Input" is intended to collect the data from project control tools (MS Project, Primavera or similar). In this tab Status Date - the date the measurements were made - and estimated values or percent complete for the ongoing activities should be also entered.
The "Output" tab presents the numerical results of calculations made by Abacus (EVM and EVM-ES) from the input data set in "Input" tab. To verify that the process was carried out, one must check if numerical values exist ​​in cells "D12" to cell "AZ38".
The function of the "Graphics" tab is to provide a way of making comparisons over the time evolution of the elements calculated by Abacus. Up to four line graphs can be selected and displayed in this tab. The selection is done by entering the numbers 1 to 4 in the red portion of column "A" of the tab. The colors of the graphics correspond to the sequence of entering numbers.
The tab "Dashboard" graphically displays the calculated values. It is important to note that the graphics displayed in this tab are just a sample of what someone can generate, as there quite a few formulas and calculated and indicators available for the analysis of project performance in terms of cost and time in the "Output" tab. There is no restriction to include, revise or remove graphs on this tab.
The tab "Language" has the translation of terms used in Abacus for EVM and PA techniques, in two languages: Portuguese and English. If you select the English language in "N3" cell of the "Input" tab, all the text, titles and messages of Abacus will be converted to their respective names in English. The user-entered data will be kept in the same format, for they would change only if the Windows settings are changed.
And finally, the "Processing" tab, which is hidden, is where all calculations are effectively performed the results of which are made available in the "Output" tab. The reason behind this tab being hidden is to reduce the possibility of inadvertent changes occurring in the formulas used, which result in erroneous results in the processing of the input data.


Using Abacus
Below there is a detailed description of use of each Abacus tab for the generation of numerical and graphical results.
"Input" tab 
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Figure 1
Description
Figure 1 is a screenshot of the data input "Input" tab. In this tab, there are four sets of columns.
The set of columns under "Columns imported from MS Project (or similar)" contain the imported data (Copy/Paste Values) from Microsoft Project or similar tool. It is essential that, on importing, the columns remain exactly in the order shown so that Abacus performs its calculations correctly. Empty cells have a gray background. 
Should any cell in the columns B, C, D, E, F, G, H and I contain non-numeric character the cell background is changed to red. For the correct operation of the Abacus is essential that the cells in data columns contain only numeric values.
After the removal of non-numeric characters, it is important to pay attention to the consistency of values ​​in the columns of "Duration Baseline" and "Actual Duration" with their respective columns "Start" and "Finish" of the corresponding activities. Should there be any inconsistency, the cells will be highlighted in red. 
The cells of column "Actual Finish" containing dates after the Status Date (SD) will be colored in yellow indicating that the cells have no relevance for the calculation in the Processing tab. 
To the right, there is a set of columns titled "Estimates at Status Date" with three columns. The column "% Complete" is used to indicate the status of both parameters - Cost and Time - simultaneously, of the activity and its value may not accurately reflect the status of both parameters as they will often be different. Preferably, the PM should seek the estimated data for completion of the last two columns under the heading "Estimates on the Status Data" - "Estimate To Complete (Cost - $)" and "Estimate To Complete (Time - Days)".
The cell "M3" in the column entitled "Status Date" will contain the date on which a "snapshot" of the project was taken and will be used for the calculation of EVM and EVM-ES indicators. This is the date on which the project analysis was made. If this cell is empty no calculation will be carried out in the "Processing" tab. Note that for any activities that is not completed at the status date it is necessary to inform its situation in the set of columns "Estimates on the status date", this is indicated by the green background in the corresponding cells.
Finally, the column entitled "Language" allows for the selection of the language to be used in the tool (Portuguese or English).
The bottom portion of the "Input" tab contains information about the size limitation of the project and tool development credits, the type of license under which it is released and information on their creators. It is worth noting that this tool was developed without the use of macros. Another tool, developed with VBA macros by Paul André, for use in consulting projects, has no limitations on project size.

Usage
The first step in the "Input" tab is to select the language to be used in the tool.
Then, data that may exist in columns "A" to "I" between lines 4 and 23 should be cleared. After this cleaning the values ​​copied from a project management application capable of generating bar chart from data such as those described in the columns of "A" to "I" of this tab should be pasted with the tool ​Paste Values ​starting in cell "A4". It is reinforced that the imported data must necessarily contain the data of the project baseline and actual data on the status date, copied from project management applications like MS Project or similar, in the exact sequence of the column headers "A" to "I”. 
The pasting of the data must be made in the cell "A4" using necessarily the paste values ​​tool to avoid replacement of existing conditional formats in the Input tab with the copied source data format application, as shown in Figure 2. In this figure, it can be noted that the cells in the data area of the Input tab are empty. Also, cell "A4" is selected and was clicked with the right mouse button for the pasting of data. The arrow indicates the "Paste Values" tool that should be used to prevent corruption of the conditional formatting of the data entry area. 
[image: ] 
Figure 2 - Paste Values
After the data is pasted it is necessary to identify the cells that contain alphanumeric information and convert them to numeric values. Abacus identifies such cells by coloring them gray like it does to the empty cells. Typically, the numeric value conversion requires only the removal of text, for example, "days" in columns "B" and "C" and the currency symbol in columns "H" and "I". The simple removal of these texts or characters transforms this data into numerical values. 
Caution: Abacus works only with periods of days hence any amount of time in hours, month, week, etc. must be converted to days before importation (the date format in Portuguese is DD/MM/YYYY, and in English MM/DD/YYYY). After pasting, if there is inconsistency between the duration and the start and end dates of an activity, their cells become red until the inconsistency is remedied. You should only enter data in the Input tab by using Paste Values.
The cells "A1" to "N3" are title cells and are protected against inadvertent change.
The sample data in Figure 1 serve as a visual reference for the way the data looks like on the "Input" tab of Abacus.
After the pasting of values, numeric conversion and verification of inconsistencies, the next step is to provide the Status Date in the "M3" cell and then the estimates for each activity initiated before the status date and not completed by that date. If estimates are not provided the corresponding line will be disregarded in the calculation of the Processing tab.
That is all! Now the tool has already placed the calculated values ​​in the Output tab, built pre-programmed graphics in the Dashboard tab and is ready to display line graphs in the "Graphics" tab.

"Output" tab
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Figure 3
The yellow highlighted cell in the Output tab contains the project start date.
One can exercise the tool capabilities by changing the status Date (cell "M3") in the "Input" tab and then watching what happens in the tabs Output, Graphics and Dashboard. Besides, one may want to clear the Actual Finish Date and enter "% complete" or cost and schedule estimates for some activities and examine the changes that occur.
All weekends in the project implementation period are discounted from the number of duration days of the project calendar. However, Abacus offers no means to disregard any holidays in that period.
[bookmark: _GoBack]Should there be a need for confirming whether the values ​​were actually calculated, this can be done by selecting the Output tab and checking for the existence of numeric values ​​in cells of the range "D13" to "EV26". It should be noted that numeric values will only happen on cells in this range up to the status date (line 4 of the Output tab).  After Status Date cells, up to the column "EV" are fulfilled, except those that represent the Planned Value, with the text #N/A (in special cases the sequence #DIV/0! may occur).

"Graphics" Tab 
As noted above, the generation of line graphs using this tab is very simple. Just enter a number from 1 to 4 in the red portion of the "A" column. The resulting graph is displayed with the color of the line corresponding to the selected order.

"Dashboard" Tab 
The graphs on this tab provide a behavioral view for some elements of interest in a graphic chosen by the user.
Below are some examples of graphs that can be created in Abacus (These graphics are merely illustrative and do not necessarily match the data sample in the Input tab).
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Figure 4
Obviously, there is no restriction to include, revise or remove graphs on this tab to display the project variables that best suit the user's interest.

"Language" Tab 
The purpose of this tab is to provide a simple way to convert the language of Abacus to the language desired by the PM. Currently, Abacus provides support for Portuguese and English only. 
"Processing" Tab 
This tab is hidden. It contains the formulas used to calculate the various elements of EVM and EVM-ES. Hide it was the way found to reduce the possibility of inadvertent changes occurring in these formulas that would produce erroneous results. Some of the formulas used are very complex and inadvertent changes would be difficult to find. One can understand the reason to hide it by closely observing the formula shown in Figure 5.
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Figure 5
Note that any attempt to change the tab "Processing" of Abacus, to meet some new desire of the user is possible, but not advisable.
Appendix 1 - Acronyms List 
Table 1 below displays the terms of the EVM and EVM-ES. 
	EVM acronyms
	Description

	PMB
	Performance Measurement Baseline

	BAC
	Budget at Completion

	AC
	Actual cost

	EV
	Earned value

	PV
	Planned value

	AT
	Actual time

	SPI
	Schedule Performance Index

	CV
	Cost variation

	ETC
	Estimate to complete (cost)

	EAC
	Estimate at completion (cost)

	SV
	Schedule variation (ES)

	IEAC
	Independent estimate at completion (cost)

	TCPI
	To complete performance index (cost)


Table 1

Table 2 shows the terms for Earned Schedule.
	ES acronyms
	Description

	ES
	Earned schedule

	SPI(t)
	Schedule performance index (ES)

	SV(t)
	Schedule variation (ES)

	ETC(t)
	Estimate to complete (tempo)

	IEAC(t)
	Independent estimate at completion

	TSPI
	To complete schedule performance index


Table 2


Appendix 2 - EVM and EVM-ES formulas 
	Description
	Formula
	Technique

	Budget at completion
	  
(Ci is the cost of the activity "i")
	EVM

	Cost variation
	 
	EVM

	Schedule variation
	 
	EVM

	Earned schedule
	Find t such that EV ≥PVt and EV <PVt+1 (unit of calendar)


	EVM-ES

	Cost performance index
	 
	EVM

	Schedule Performance Index
	 
	EVM

	Schedule performance index (Earned Schedule)
	
	EVM-ES

	Estimate to complete (cost)
	ETC is estimated by the PM based on his experience and project status
	EVM

	Estimate at completion (cost)
	 
	EVM

	Independent estimate at completion (CPI)
	 
	EVM

	Independent estimate at completion (PF)
	  
(PF = Performance Factor [Choose from: CPI or SPI or p1 x CPI + p2 x SPI or CPI x SPI or CPIx] where p1 and p2 are weighting factors (p1 + p2 = 1) and CPIx is the moving average during X periods of time)
	EVM

	To complete performance index (Plan)
	 
	EVM

	To complete performance index (Estimated)
	
	EVM

	To complete schedule performance index (Plan)
	 
	EVM-ES

	To complete schedule performance index (Estimated)
	 
	EVM-ES
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