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1. What is VISUAL MARKET?

VISUAL MARKET is a simple graphic tool for analysis of varieties of data given in simple relational databases (tables) and for selecting preferable variants from thousands and millions of them, that is for screening the database. 

VISUAL MARKET is used often as a decision support tool. Hereafter we treat the rows of the database as decision variants, and the columns (database fields), except the first one, are treated as attributes of the variants. Attributes that are used as selecting criteria are supposed to have numerical values with certain improvement direction (increment or decrement). In the case of qualitative attributes, you can order the attribute values and use score to make them numerical. 

VISUAL MARKET can be used as a new technology for DATA MINING, i.e. for discovering the information hidden in data of a database. Though it is supposed herein that the data are given in rows of a table, VISUAL MARKET can be adapted to any OLAP tool. 

Though VISUAL MARKET is based on sophisticated mathematical theory of approximating the convex bodies by polytopes, its application is fairly simple. After an hour of training one can use it without any difficulty. VISUAL MARKET technology was implemented in several particular software tools. One of them, the VISUAL MARKET / 2 for MS Windows, is described here.

2. Where VISUAL MARKET can be used?

Possible applications of VISUAL MARKET include exploration and screening of databases containing 

· financial projects described by such attributes as discounted investment, discounted income, term of complete investment return, reliability, etc.;

· variants of portfolio or of assets allocation described by such attributes as dividend, income, variability, as well as uncertainty factors;

· variants of real estate on the market, which attributes are price, lot-size, age, number of bedrooms and bathrooms, etc.;

· variants of business location given in a Geographical Information System;

· securities trading strategies;

· variants of a technical system, etc.

3. Philosophy of VISUAL MARKET

The concept of the VISUAL MARKET is based on successive filtering the current variety of variants, that is on excluding variants or selecting a part of them. The main tool of the VISUAL MARKET, named the REASONABLE GOALS METHOD, is augmented with auxiliary tools that are used for filtering the varieties of variants. Operations with pairs of varieties are provided, too. 

Every time one filters a variety of variants, a new set is derived. To help user to feel free doing filter operations, all varieties are saved. User is free to return to any variety derived earlier for the next filtering step. This means that any filtering is not final: one may start a filtering procedure once again.

In VISUAL MARKET / 2, information about the relations among the varieties of variants is saved in the PSEUDO-DECISION TREE: we loosely display the initial variety and the derived varieties of variants in a form of a tree. Actually, the tree is the recorded history of the study. A connection among two varieties means that one of the varieties was obtained from another. The root of the tree is the initial variety of variants.

Application of the PSEUDO-DECISION TREE is especially helpful in a group study of a database. Indeed, different people may develop different sequences of varieties, but afterwards they may compare or combine them. 

The main tool of the VISUAL MARKET, the REASONABLE GOALS METHOD, is a graphic tool that displays the totality of rows of a database at once instead of listing hundreds, thousands or even millions of rows one after another. To be precise, it displays proxy tradeoffs among pairs of attributes, which are used as selection criteria, for a given variety of variants. Moreover, the REASONABLE GOALS METHOD helps to select a small number of rows. Here we illustrate the idea of the method on the basis of a simple example.

REASONABLE GOALS METHOD

We start with two selection criteria, say, price and age of real estate alternatives given in a database of real estate on sale. In Figure 1, about two dozens of points are given in axes "price" and "age". These points display price and age of about two dozens of variants given in a real estate database.
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If the number of selection criteria is two, the information about the totality of variants is displayed by the above picture. However, it is impossible to display such a picture for three, four, five and more selection criteria. For this reason, different pictures are displayed by the Reasonable Goals Method (RGM). Though the RGM has not much sense in the case of two selection criteria, we use this case to illustrate the technique. In the RGM, the frontier of the convex envelope of points (convex hull, speaking mathematically, see Figure 2) is visualized.
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Normally, one is interested to diminish both price and age. Therefore, the “south-western” frontier of the convex hull is actually of interest for the person exploring the convex hull of variants. This frontier is usually denoted as efficiency (non-dominated, Edgeworth-Pareto) frontier. The form of the efficiency frontier shows how much the decrement of age is related to the increment of price for the envelope of points. In other words, the efficiency frontier displays the efficient tradeoffs among two selection criteria. The efficient tradeoff for the envelope of points roughly describes properties of the variety of the variants. 

In addition to the efficiency (non-dominated) frontier, Figure 2 displays other non-efficient (dominated) frontiers of the envelope. Surely, these frontiers are not of interest for user, and so they only spoil the picture. They are especially harmful in the case of, say, three selection criteria when user has to take into account the values of the third criterion as well (this topic will be discussed later). 
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To avoid dominated frontiers, we broaden the envelope. To be precise, the maximal envelope, which has the same efficiency frontier is used (see Figure 3). This set is named the Edgeworth-Pareto Hull (EPH) of the convex envelope or the Convex Edgeworth-Pareto Hull (CEPH) of the original system of criterion points. Since the efficiency frontiers of the convex envelope and of the CEPH are the same, one can use the CEPH instead of the original convex hull in the selecting process. 
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Since user identifies the goal on the picture, which displays a proxy efficient tradeoffs among selection criteria, he/she can identify it consciously. Therefore, the identified goal depends both upon the proxy criterion tradeoffs and his/her subjective preferences.

The reasonable goal can be treated as the aspiration levels of user, i.e. it can be supposed that user prefers to achieve the identified levels of selection criteria than to exceed them.
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If there are no points better than the goal (see Figure 5a), then several points which are close to the goal (depicted by +) can be selected. If several points are better than the goal, they are selected (see Figure 5b where one point of this kind is given by +). The selected points (and variants -row of the database) may be of interest to user since they reflect both his preference and objective situation.
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The selected variants may be studied directly by the user or on the basis of photos, films, geographical maps and other tools usually used in current multimedia software. 

Now let us include the third selection criterion into the consideration, for example, the distance of real estate from the elementary school. We suppose that user is interested to decrease the distance. To include it into the study, let us note the following evidence: for any restriction imposed on the distance, one can display a related envelope. Then, the frontier of any colored envelope will display proxy efficient tradeoffs among age and price if the distance is not greater than a given value. Moreover, it is possible to superimpose differently colored envelopes one over another and obtain a picture given in Figure 6 where one can see five envelopes, which are slices of the CEPH for five different values of the distance.
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Note that the frontiers of the envelopes do not intersect, and so the picture is quite simple. From this point of view, they are better than the slices of the convex hull (Figure 2), which frontiers may and usually do intersect. The picture given in Figure 6 roughly informs about the influence of the value of distance on tradeoff among age and price for the variety of variants. It is important that the technique provides an opportunity to receive pictures of proxy tradeoffs for different pairs of attributes quite fast. For example, one can loosely obtain a picture that displays tradeoffs among price and distance for several values of age. Picture of age-distance tradeoffs for several values of price may be easily received, too. By this, one is informed about relation among of three attributes. The pictures of this type are named decision maps.
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The information provided by decision maps helps user to identify a goal. To be precise, user has first to choose one of the efficiency frontiers (i.e. to identify a value of the third selection criterion). Then, user has to identify a preferable point on the chosen frontier (see Figure 7). This point is treated as the reasonable goal. In the framework of the above goal identification procedure user identifies a balance among selection criteria consciously (like it was in the case of two selection criteria). Note, that in contrast to the case of two selection criteria, now it is impossible to display pictures of the type given in Figures 5a and 5b. Nevertheless, we have provided an opportunity to identify a balance among selection criteria on the picture! 

In the case of four, five (or more) selection criteria, decision maps depend on values of the fourth and the fifth criteria. VISUAL MARKET / 2 software provides an opportunity to change these values manually and to receive by this different decision maps one after another. Moreover, VISUAL MARKET / 2 software provides an opportunity to use the animation of the decision maps. However, it seems to be quite reasonable to apply a different approach: why not to place different decision Maps one near another and to compare them? This can be done in the framework of the RGM technique as follows. 

Let us suppose first that we have four selection criteria. Then, different decision maps related to different values of the fourth criterion (say, number of bedrooms) can be placed one near another in a row. User receives an opportunity to evaluate influence of the number of bedrooms on relation among age, price and distance. 

In the case of five selection criteria, it is possible to locate the rows of decision maps related to different values of the fifth criterion one under another. User receives a matrix of decision maps. The number of pictures in the matrix depends on the desire of user and on quality of display. To set values of the fourth and the fifth criteria, it is convenient to split the ranges of criterion values into equal segments and to display decision maps related to the nodes of such grid. The RGM technique provides various decision maps on request fairly fast since the CEPH is constructed in advance, before the interactive exploration of two-criterion envelopes is started. Two-criterion envelopes are in the RGM technique usual two-dimensional slices of the multiple-criterion CEPH. The technique of visualization of efficient criterion tradeoffs is denoted for this reason as the Interactive Decision Maps. Information on criterion tradeoffs displayed in this form helps to identify a reasonable balance among criterion values. Then, several variants which correspond to the identified goal are computed automatically. Note that a reasonable goal may be expressed in non-feasible values of attributes, like non-integer number of bedrooms in a house. This will not hinder to select preferable feasible variants from the original list. 

4. How to prepare data files for VISUAL MARKET / 2 ?

VM/2 uses data files in ASCII format  *.vmt. The description of the format is given in the Appendix 2.  A *.vmt  file should be prepared in advance. You may use a text processor (Notepad, Write, MS WORD, etc.) or export  *.vmt  files as a simple text in tab delimited format from modern spreadsheets, databases, GIS, etc. (for example, MS Excel, MS Access, ArcView 2). 

Note that the maximal values in the columns must be balanced and other important requirements must be met (see “Comment. Limitations of the version 2.1” for instruction)!!!

For example, how a simple relational database prepared as an Excel table can be prepared in *.vmt format?: 

Conversion of an Excel table into *.vmt format

There are two ways how to convert a specially prepared Excel table into *.vmt format. The first one is based on the application of the specially prepared Excel 97 add-in named VM.xla. The second way is a manual application of the Excel tools. 

In both cases, an Excel table must be prepared, which satisfies several requirements. 

1. All cells of the table should not be empty!!!

2. The first row must contain the attribute names. Its first column (cell A1) must contain a word, say, <<Variants>> !!!

3. The second row may contain units used to measure attributes. The units should be surrounded by square parenthesis. The first field of the string may be used for any qualitative information. This row is optional.

4. Next rows contain data. To be precise, they contain a list of variants given by their attributes. The first column is reserved for verbal information on a variant (say, its number). All necessary non-digital information on variants should be collected in the first column, which is not supposed to be analyzed with the VM tools. The word in the first column must start with a letter like <<HOUSE1>>, but not with a number. Other columns contain the attribute values (numbers). IMPORTANT that the fractional part of the number must be separated by a point, but not by a comma!!!

An example of the Excel table is given in the following Figure: 

	Variant
	BDRMS
	BATHS
	LOT-SIZE
	AGE
	PRICE
	SHOP
	SCHOOL

	[NAMES]
	[rooms]
	[rooms]
	[acres]
	[years]
	[$th.]
	[miles]
	[miles]

	HOUS1
	5
	4
	0.25
	48
	290
	1.5
	2.5

	HOUS2
	5
	2
	0.4
	22
	90
	2.8
	0.9

	HOUS3
	3
	2
	0.6
	25
	92
	3.5
	1.1

	HOUS4
	2
	1
	0.3
	45
	42
	0.2
	5

	HOUS5
	2
	1
	0.25
	16
	48
	1.4
	3.2

	HOUS6
	2
	1
	0.2
	34
	88
	2.1
	2.4

	HOUS7
	4
	2
	0.6
	12
	95
	0.3
	1.5

	HOUS8
	7
	5
	1.33
	40
	180
	3.2
	4.5

	HOUS9
	3
	2
	0.3
	45
	55
	6.3
	4.5

	HOUS10
	3
	1
	0.4
	30
	80
	1.7
	1.1

	HOUS11
	5
	2
	0.6
	20
	160
	1.3
	2

	HOUS12
	4
	2
	0.35
	22
	113
	3.5
	1.2

	HOUS13
	3
	2
	1.25
	14
	180
	3.2
	1.9

	HOUS14
	6
	2
	0.6
	17
	120
	1.4
	5.4

	HOUS15
	6
	3
	1
	9
	140
	0.4
	3.5

	HOUS16
	4
	2
	0.3
	26
	110
	3.4
	1.2

	HOUS17
	8
	5
	2
	60
	245
	4.6
	3.6

	HOUS18
	7
	4
	1.2
	7
	215
	2.7
	3.2

	HOUS19
	4
	3
	0.4
	11
	175
	6.3
	2.3

	HOUS20
	3
	2
	0.75
	15
	120
	1.3
	1.2


Figure. Example of an Excel table 

Manual export

To export the Excel table in the VM2 format *.vmt, select the table, copy it to an empty sheet, open FILE/SAVE AS and select TEXT FORMAT (tab delimited). Do not forget to rename the exported file *.txt into *.vmt !!!

Application of the  VM.xla  for Excel 97

The VM.xla file must be located in advance in the directory that contains the files of VM/2. Open the VM.xla file from Excel 97. The item “VM” will be added to the Excel main menu. Open it and select one of two items: “Export and Run VM” or “Export to VM”. In the first case, the Excel table will be exported in the *.vmt format and VM2 will be started, so you’d have to import the file from VM2 in the usual way. In the second case, the file in the *.vmt format will be exported to the directory where VM2 software was located. Sometimes the VM.xla software will display warnings – it means that the Excel table prepared by you does not satisfy the above requirements.

5. How to start ?

Note that the VM/2 has a context sensitive HELP (except the VISAN sub-system, which is described in this Manual in details)

To start the VM/2, start  vm2.exe  file under WINDOWS (In the case of demo version, you have to start vm2e.exe  file).

How to open a data file?

A data file may be opened by choosing OPEN item of FILE menu.

There are four main operations groups in the framework of the VM/2 software:

I.    Dealing with the list mode

II.   Dealing with the pseudo-decision tree

III.  Preliminary (auxiliary) filters the variants

IV.  Selecting the variants with the REASONABLE GOALS method

Though the selecting with the REASONABLE GOALS is the hub of the software, we start the description with the variants display modes and preliminary filters. There exist two display modes, the list mode and the pseudo-decision tree. We start with the list mode, then we turn to the preliminary filters and only then the pseudo-decision tree is described.

6. List mode

The LIST mode is the main mode for display of the variety of rows (variants). User finds him/herself in the LIST mode immediately after a file is opened. The main menu is provided in this mode. Once again, the example of real estate on sale is used. 
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Figure 8. LIST mode of display
One can see the main menu and two windows Figure 8. The left window (attribute window) contains the list of attributes. To display the related column in the variant list, user has to check in the related box of the attribute window. Here seven attributes of a house are given in the attribute list:

· number of bedrooms (BDRMS);

· number of bathrooms (BATHS);

· size of the yard (LOT-SIZE);

· age (AGE);

· distance from a shop (SHOP);

· distance from a school (SCHOOL).

All of them are chosen to be displayed in the variant list in Figure 8.

In the right window (variant window), the variety of variants is listed in the form of a simple flat relational database. Once again, a column is displayed in the variant window if and only if the related attribute is checked in the attribute window. In Figure 8 all original 31 houses on sale are displayed.

The menu of LIST mode contains several items. If user enters FILE, a new problem will be started (current problem will be deleted). If user enters TREE, the PSEUDO-DECISION TREE will be displayed. At the very beginning of the study, the only one variety (set), namely the initial variety of variants, is given in the tree. At this stage, the only useful information provided by the tree is the number of variants in the initial variety. Therefore, one has to close the TREE by entering LIST item of its menu (one may want not to enter TREE item at this moment at all) and to start exploration of the initial variety using the filters. Since you are supposed to turn to the tree later, after deriving several new variety (sets), the instruction how to deal with the tree is provided later as well.

Enter the FILTER item. One may choose one of several filters listed in the item. There exist four filters in the VISUAL MARKET / 2:  MANUAL filter, RANGES squeezing and DENSITY2 filter, which are preliminary (auxiliary) filters, and the REASONABLE GOALS method, which is the main tool for selecting preferred variants.

7. Preliminary filters

The preliminary filters are used mainly to receive a compact variety of points to be studied with the REASONABLE GOALS method. To receive a compact variety of points, several particular variants that are not interesting are excluded. Moreover those variants that are distant from the main group of variants and may distort the proxy tradeoffs picture due to this are excluded from the main group and included into another variety that will be studied separately. If several “main groups” do exist (let us loosely name them clusters), one can separate them using these tools and the operations of the PSEUDO-DECISION TREE. After this, the clusters may be studied independently.

MANUAL filter

To apply the MANUAL filter, one has to click first those variants in the list that should be excluded. A clicked variant is marked. Then, user enters MANUAL item in the FILTER menu. User is asked about the name of the derived variety (set) of variants, which remained in the list, and about possible comment. Then, the new set will be listed. Simultaneously, it will be included into the PSEUDO-DECISION TREE. 

RANGES squeezing

To apply the RANGES squeezing, one has to choose the desired attributes in the attribute window and enter RANGES item of FILTER menu. In Figure 9 one can see bars (given in red on display). 
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Figure 9. Squeezing of ranges
Any bar is related to a particular attribute indicated to the left from the bar. The mimimal and the maximal values of the attribute for the variety of variants are provided near the bar. Above the bar, distribution of values for the related attribute (column) is given. Actually, the range of the attribute values is divided into several intervals, the number of which can be set in RESOLUTION item of the menu. The more values in the column belong to a certain interval, the darker is the shading. So, one can easily realize how variants are distributed along the range of an attribute.

To squeeze a range of an attribute, one has to click the desired bar and to drug the end of it. The number of the variants, which values belong to the current range, is given in the headline. This operation helps to know how many points belong to the squeezed range. One can choose one of two possible modes of density distribution display:
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Figure 10. Inserting Set2 into the pseudo-decision tree.
   i) the initial distribution is displayed during squeezing;

     ii) the distribution is recalculated in accordance to squeezing.
To complete filtering, user has to click OK. User is asked about the name of the derived set and about your possible comment (see the Figure 10). After user had agreed with the proposed name (Set2 here) and the comment, the new set is inserted into the pseudo-decision tree.

DENSITY2 direct filtering on the basis of two-attribute display

To apply the DENSITY2 filter, one has to choose DENSITY2 item of FILTER menu. The field of combinations of values of two upper attributes chosen in the attribute window will be provided. 
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Figure 11. DENSITY2 filter
In Figure 11 one can see two-attribute distribution of variants for the chosen attributes “age” and “price”. To display distribution for another pair of attributes, one has to choose or unchoose attributes in the left attribute window. Distribution of variants is given by shadings of small squares. The more the number of variants that belong to a certain square, the darker is its shading. The size and the number of the squares can be set in RESOLUTION item of the menu. Remind that the ranges of the attribute fields are established in RANGES filter. So, you can change them if necessary. 

To delete variants, which belong to a certain square, one loosely has to click the square. Then, the deleted square will be marked with the red cross. Note that this operation helps to know how many points belong to the square: the number of the variants belonging to the unmarked (selected) squares is given in the headline. One may like to mark all the squares (UNSELECT ALL item) or remove all crosses (SELECT ALL item).

After the completing the marking, one has to click OK. The variants, which attribute values belong to the non-marked squares, will be included into the new set. User is asked about the name of the derived set and possible comment. Then, the new set is included into the PSEUDO-DECISION TREE listed and displayed in LIST mode.

9. Pseudo-decision tree

To enter the pseudo-decision tree, one has to select the TREE item of the main menu. If one or several new sets were chosen during the preliminary filtering, the tree will contain them. For example, Figure 12 contains the initial set of variants (with 31 items), the set 2 with 20 variants received after squeezing the range, and the set 3, which contains 18 variants and was received after excluding two variants using DENSITY2 filter.
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Figure 12. Pseudo-decision tree
The current set is marked in the tree. One can move the mark to any other set by mouse click. This helps to navigate through the tree and choose any set for filtering or loosely to display its variants. 

The feasible operations with the current (marked) set are:

-- one can inquire information related to the current set (INFO item);

-- one can delete it (DELETE item); note that all sets derived from the deleted set will be deleted, too;

-- one can save the set on the disk in several formats (FILE item).

-- finally, one can return to the list mode and list the marked set (LIST item).

FILE menu contains an important opportunity to save the current pseudo-decision tree. This helps to quit VM/2 without loosing the results and to re-start it later. One loosely has to open the same problem and to read the pseudo-decision tree.
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Figure 13. A set operation
Being in the pseudo-decision tree mode, one may want to complete set operations with two arbitrary sets of the tree. One has to choose the OPER item, to choose the set A (set2 in Figure 13) and then the set B (set3 in Figure 13). Then, one of the operations must be chosen (A\B was chosen in Figure). Before the new set will be inserted into the tree, user will be suggested to change the proposed name and to write a comment. Then, the new set (Set4 in Figure 14) will be inserted into the tree and marked as the current set.
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Figure 14. New set inserted into the tree
In the Figure 14, the new Set4, which is a result of the operation A\B, contains two variants that were excluded earlier from Set2 using DENSITY2 filter.

9. Selecting a small number of variants with the Reasonable Goals Method

Selecting preferable variants using the RGM is the principle operation in the framework of the VISUAL MARKET technique. Selecting is based on the goal identified by user. To identify a goal, user explores the information about possible values of attributes used as selection criteria and about proxy criterion tradeoffs using the Interactive Decision Maps. User has first to select the REASONABLE GOALS item of the FILTER menu. The he/she has to choose several (not less than two) attributes to be selection criteria in the specially prepared attribute window of the RGM mode. In addition to usual list of possible criteria, the direction of improvement (minimizing or maximizing) should be identified for the attributes chosen to be selection criteria. 
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Figure 15. Choice of selection criteria.
Approximation of the CEPH starts immediately after the choice of selection criteria is completed and the directions of improvement of the chosen attributes are identified. If the approximation process is not interrupted by user, the CEPH is constructed after a dozen of seconds and the Visual Analysis (VisAn) subsystem is entered. In the case of a large number of variants and multiple selection criteria user has to wait several minutes.

Visual analysis of tradeoff curves

Visual Analysis is actually a free procedure of exploration of the envelope of feasible criterion values and of the proxy tradeoffs among criteria. The VisAn software has many tools and options, which can be combined in an arbitrary sequence. Here we give a simple introduction to them. We assume herein that five attributes were chosen to be selection criteria.
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Figure 16. Automatically chosen slice
After entering the VisAn software, one can see a menu, tablet in the left upper corner, an automatically chosen picture with a single green colored slice, and scroll bars under the picture. The slice of the CEPH is displayed for two upper criteria of the tablet (numbers of bedrooms and of bathrooms in Figure 16), and the scroll bars provide an opportunity to change the values of other criteria (here, lot-size, age, and price). 

Step 1. Exploring a slice

The slice given in Figure 16 describes possible values and proxy tradeoffs among two criteria. Values of three other criteria are controlled by thumbs of the scroll bars. It is possible to know the precise coordinates of any point of a picture by clicking the mouse at that point.

One may start the simplest form of exploration of the CEPH by studying the influence of values of the ''bar criteria'' on the criterion tradeoffs given in the picture. User can do it by loose movements of the thumb (drop and drug). One may like to move the thumb a little bit (one percent of the range) by clicking at the end of the bar. Another opportunity is to make a large step (ten percent of the range) by clicking between the thumb and the end of the bar. 

One may want to use animation of the picture. Actually, animation is a change of pictures in accordance to the automatic movements of the thumb. To start the animation, click one of the small arrows to the left or to the right of the desired bar: the left one moves the thumb to the left, the right one moves the thumb to the right. The small button P opens the animation control window. One can choose the number of pictures in the animation run or can slow down or speed up the speed of the movement. To stop animation, click STOP button.
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Figure 17. Arrangement table
One may want to explore proxy tradeoffs among two other selection criteria or a decision map. In this case, the ARRANGE item of the menu must be entered. The criteria  arrangement table will be displayed immediately. The left part of the table contains names of the selection criteria, the central part is used for arrangement of pictures, and the right part column (entitled Nodes) provides additional features of the arrangement (if needed).

The columns of the central part of the table display optional positions of criteria in the picture. Two left columns are related to axes (horizontal and vertical), the third column is related to color presentation of an criterion in the decision map, the fourth and the fifth column are related to arrangement of a matrix of decision maps, and the sixth column is related to scroll bars. The information about how criteria must be displayed is given by black points. In Figure 17, the LOT-SIZE criterion will be placed on horizontal axis, the AGE criterion will be placed on vertical axis, the PRICE criterion will be given in color, and the numbers of bedrooms and of bathrooms will be placed on scroll-bars.

A criterion may be positioned by mouse click. Any criterion must be located in one column only. All the columns, except the sixth (scroll-bars) column, should contain not more than one criterion. The first two columns must contain criteria in any case. This is checked automatically. The desired decision map is displayed after OK.

Step 2. Exploring a Decision Map
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Figure 18. Decision map
Comparing the decision map displayed in Figure 18 with the single slice (Figure 16), one can find that the color scale is provided under the picture now. The scale informs about how color in the decision map is related to the value of the criterion, which user has put into the third (color) column of the criteria arrangement table (the PRICE criterion this time). The number of gradations of the color scale is established automatically, but there exist a way how to establish it manually. It is described in the section devoted to additional opportunities of VISAN subsystem. 

To receive another decision map, one has to enter the criteria arrangement table once again and to re-locate the criteria. The number of colors (and, therefore, of slices), which are provided in the decision map, is chosen automatically. To explore the influence of the fourth, the fifth and other criteria on the decision map, user can move the thumb that changes the value of the desired criterion. Animation may be used as well. It is started and controlled in the same way as for a single slice.

Step 3. Exploration of a matrix of decision maps 

The exploration of the influence of the fourth and of the fifth criteria may be based on display of a matrix of Decision Maps. One has to locate the fourth and the fifth criteria into the fourth and the fifth columns of the criteria arrangement table and to click OK. Then, a matrix of decision maps is displayed immediately (see Figure 19).
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Figure 19. Matrix of decision maps
The number of columns and the number of rows are usually chosen automatically, but one can chose them manually in the way described in the next section. In the decision map matrix, the values of the fourth and the fifth criteria are given near respective columns and rows. If a picture does not contain slices at all, its place remains empty.

It is important to know that one can try various arrangements of criteria. In the case of six criteria, for example, one may want to explore the influence of the scroll bar criterion on the matrix of decision maps using animation. Animation is started and controlled in the same way as for a single slice. Note that it may be too slow in the case of old computers. 

Additional opportunities of visual analysis

The above description is an introduction into opportunities of the VisAn subsystem. A short description of additional opportunities of the VisAn is provided in this section.

Alternative options may be obtained using OPTIONS item of menu. In particular, one can experiment with color scales that are controllable (use ADJUST). For example, user can choose a monochromatic scale. One may mark (by adding red) one of the levels of the monochromatic criterion to stress importance of this value. Moreover, the grid on a picture may be superimposed over a decision map or deleted at all, etc. 

One may enter RANGES item and explore the criterion ranges of the variety of variants provided by red bars. User can squeeze the criterion ranges. The control of evident (drop and drag). We advise not to do it before the envelope is explored, since the picture may be very sensitive to squeezing.

One may be interested to split manually the values of the criteria placed in the third, the fourth and the fifth columns of the criteria arrangement table. To do it, one has to click the SPLIT button of the table and to locate the desired criteria into the left column. After OK, one can use the rightmost column of the criteria arrangement table to identify the number of colors, columns or rows. After the number of, say, colors is established, the fixed values of the color criterion are chosen in following way. The whole range of the criterion is split in a given number of equal segments. Values of the color criterion are related to the rounded values of the nods. The fixed values of the fourth and the fifth criteria are chosen in the same way. Note that rounding of the node values may result that the number of columns and row will be less than chosen by you. 

Selecting a small number of variants: standard mode

Selecting the variants is based on the reasonable goal identified by user. The procedure is started with clicking two times in one of the decision maps in the matrix (or in the only decision map or in the single slice). The zoomed copy of it will be depicted immediately. The values for the fourth and the fifth criteria will be set fixed by this and provided in the goal position tablet located in the left upper corner of the display. Then, one has to click CROSS item of the menu. The cross will be displayed (see Figure 20). 

The cross can be moved along the efficiency frontier of the slice of the color marked by the black contour in the palette under the picture. To change for another color, user needs to click the desired color in the palette. The cross will change for another frontier. The movement of the cross is controlled by the movement of the marker (left button should be pressed). By moving the cross, user changes the current goal values of two criteria given on axes while the value of the color criterion is related to the chosen color. The goal values are given in the tablet in the left upper corner of the display.

By moving the cross, user changes the number of alternatives that might be chosen in the case the current cross would be fixed as a reasonable goal. The announcement <<Near 4>> means that four variants would be selected in the case the current position of the cross is identified as the goal.
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Figure 20. Decision map with the cross
To identify the goal (and to select alternatives given in the window), user has to click the FIXATION item of the menu. As usually, he/she will be asked about the name of the new set and about comments. Then, the set of selected variants will be inserted into the pseudo-decision tree and displayed in the LIST mode.

Selecting the variants: modified version

User may prefer another mode of selecting the variants. In contrast to the procedure described above, it is based free movement of the cross. To change for the modified mode of selecting, one has to enter OPTIONS item before starting selection of variants, to click FREE for the marker movement instead of FRONTIER and to confirm this with OK. Then, user may enter selecting mode by double click on desired decision map.
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Figure 21. Modified selection mode
One can see that the picture (Figure 21) has changed: the only slice is colored, others are given by their frontiers. By this the current value of the color criterion is indicated. If another color would be chosen, the related slice will be colored automatically. 
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Figure 22. Modified selection mode: another color

As one can see, the cross is moved (by marker movement) into a position inside of the slice. In this mode, the cross may be brought into any place of the picture. For this reason, the announcement related to the number of variants, which are selected in the case the current position of the cross would be is identified as the goal, is different: if there exist variants which are better than the current goal, the number of such variants is depicted. Say, the announcement <<Exact fit 1>> in Figure 22 means that a variant does exist that is not worse than the cross position. If such variants do not exist, the number of variants that are near to the cross is displayed.

As usually, one has to click the FIXATION item of the menu to identify the goal (and to select variants by this). Note that user can delete the new set in the case he/she does not like it. There exist two ways to do it. First, one can use the UNSELECT item of the FILTER menu. Secondly, one can delete the new set in the tree. In both cases, the previous set will turn to be the current set. In the case user would choose the REASONABLE GOAL item of the FILTER menu once again, the decision map will be displayed where the goal point has been identified.

10. Report writing

To write a report about the results concerning application of the VM2 for selecting a small number of variants from a database one may loosely use Word and Excel from MS Office 97. Note that the most interesting decision maps and other pictures, which are displayed by VM2 in the process of the exploration of a database, can be saved in a Word file. To do it, one has to use Alt and PrintScreen keys simultaneously and to copy the contents of the clipboard into an opened Word file. 

Let us consider an example. Suppose that user is studying the real estate example given in Figure related to data input from Excel. Suppose that by applying the VM2 tools, he/she has developed the decision tree displayed in Figure 23 described above.

Figure 23[image: image1.png]age .

price

Figure 1




Now user can start writing the report in Word. In the framework of the report any of the above pictures can be used. Moreover, the varieties of the decision tree can be displayed with the help of the Excel tool. Suppose user has decided to include into the report the variety denoted as Set6. First one has to write it into the file. To do it, user simply has to use FILE/SAVE AS menu of the VM2. Then, user has to import it into Excel using standard Excel import tools started with FILE/OPEN menu. User has to open the SET6 file from the directory that contains VM2. Several tables will be displayed. User has to specify the ”delimited” format of data in the first table. In the second table, he/she has to specify “comma separated” and to hit READY. Then the file will be imported. User can use any Excel tools to display the file in a graphic form. In Figure 24, application of column diagram is illustrated. Surely all Excel drawing can be included into the report by using clipboard (Alt-PrintScreen keys) or other tools of MS Office. 
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11. Example application

Selecting a location for rural health practice in the state of Idaho

The VM/2 software was applied for the problem of selecting a location for rural health practice (see P.Jankowski, A.Lotov, and D.Gusev, Application of Multiple Criteria Tradeoff Approach to Spatial Decision Making. In: J.-C.Thill (ed.), Spatial Multicriteria Decision Making and Analysis: A Geographical Information Sciences Approach, Ashgate, Brookfield, VT, 1999). 

Many rural areas in the USA, unserved by primary health care providers, compete for physicians, thus creating choice opportunities for those interested in practicing rural medicine. Yet, these efforts coupled with various US federal programs have had mixed results in attracting and retaining primary health care providers in rural localities. One possible cause for this is the lack of effective information tools that would aid the prospective physicians in screening practice locations options and learning about tradeoffs involved. The approach based on the VM/2 software allows the prospective physician to select preferable locations based on their closeness to the goal (a reasonable practice location for a given region, state) without the difficulty of specifying criterion weights. Along with the VM/2 software, the DSS applies the geographic data query and visualization module implemented in ArcViewTM 3.0. 

The modules supplement each other in providing decision support functions. The prospective physician can learn quickly about the location of places offering practice opportunities, their physical and socio-demographic characteristics, amenities offered by them, and relate this information to the surrounding physical environment by viewing and querying reference maps in ArcView. The information gained from spatial data query and visualization becomes useful in selecting a reasonable goal for the health practice location. The goal selection, which is performed by the user in VM/2, results in returning a list of few locations that are <<close>> to the selected goal in the sense described above. These locations can be in turn displayed and analyzed in ArcView. The process is interactive and iterative. Its intended outcome is a better-informed decision on the part of prospective health care professional about rural practice location selection.

In order to demonstrate the functionality of DSS we provide first a brief description of the database. Data representing health-care, social, economic, and environmental information were aggregated by 47 Primary Care Service Area (PCSA) encompassing the entire state of Idaho. The attribute database describing the PCSA provided information for evaluation criteria. The criteria were grouped into professional and personal. Professional criteria included: 

· need for physicians denoted by DOCS, this is a derived index measure, the higher 

· the DOCS value the higher the need. DOCS can also assume negative values representing low demand for physicians or lack of thereof, 

· population in 1990 (POP90), 

· percent of population receiving Medicare and Medicaid (MEDICARE),

· fertility rate (FERTILITY), 

· loan repayment program (LOAN_REPA), 

· number of hours per week on call (ON_CALL), etc. 

Personal criteria included:

· percentage of unemployed population (UNEMPLOYED), 

· percentage of population below poverty level (POVERTY), 

· percentage of population with college degree (POP_DEGREE), etc. 

A part of the PCSA database is given in Figure 25. The PCSA are represented by primary cities for each area. 
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Figure 25. Part of the PCSA database

In order to illustrate the role of VM/2 module, we use five attributes for the location selection criteria:

· need for physicians (DOCS) –to be maximized;

· population in 1990 (POP90) – to be maximized;

· weekly number of  hours on call (ON_CALL) – to be minimized;

· fertility rate (FERTILITY) – to be maximized

· percentage below poverty level (POVERTY) – to be minimized.

Matrix of decision maps for the problem of selecting location for rural health practice is given in Figure 26.
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Figure 26. Matrix of decision maps for the problem of selecting a location

for rural health practice

Each of nine decision maps depicted in Figure 26 displays the efficient tradeoff between DOCS, POP90, and ON_CALL. Values of the first two criteria are given on horizontal and vertical axes, and color represents values of ON_CALL. Each column of the matrix is related to a certain requirement imposed on FERTILITY (<<not less, than...>>), and each row is related to a certain restriction imposed on POVERTY (<<not greater, than...>>). It is easy to see that class intervals constraining FERTILITY and POVERTY influence the feasible values of DOCS, POP90 and ON_CALL. User can change class intervals creating a different set of decision maps corresponding to different ranges of requirements and constraints for fertility and poverty. User can equally easily change the view of the decision maps by choosing different criteria to be displayed along the axes of the matrix and represented by color. 

In the decision maps for which fertility rate is no less than 60 and percentage of population below poverty level is no greater than 20 (first row, first column in Figure 26), a reasonable goal was identified (DOCS = -11.5, POP90 = 119, ON_CALL = 1). It means that the user who identified it, was not afraid of high competition (DOCS = -11.58), preferred to live in an urban area, but did not like to spend too much time on call. The identified goal is described by following criterion values:  DOCS = -11.5, POP90 = 119, ON_CALL = 1, FERTILITY = 60, POVERTY = 20. 

After the goal was set, several related locations were selected applying the procedure described in the previous section. It turned that the location, which coincides with the identified goal, or dominates it in the Pareto sense, does not exist in the database for Idaho. Therefore, the second variant of the selection procedure was used. It resulted in the selection of four locations: St.Maries, Weiser, Nampa and Boise. They are displayed in Figure 12. 
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Figure 27. Locations in Idaho proximate to the identified goal

Actually, Nampa is the only location, which is close to the identified goal in the common sense of this word (note that the need for physicians is much higher in Nampa than it was set in the goal). Since the software does not know the preference trade-off of the user, it displays three different locations, which are not very near the goal, but may happen to be better locations from the user perspective than Nampa. Note that in Nampa the prospective physician has to spend 1.29 hours on call instead of one hour in the identified goal. In St.Maries one has to spend only 0.92 hours on-call per week. Perhaps, the user would agree to sacrifice the population level for this advantage? Only the user can decide it. Weiser was selected since it is a little bit larger than St.Maries. Finally, Boise, the capital of Idaho, was chosen since Nampa does not meet the population level of the goal. Perhaps this is important for the user? The user has to decide whether any of the selected places is attractive enough for the location of health care practice. It is important to note that all other places in the database were further away from the identified goal, and so they were not selected. 

To help the user analyze further the selected locations, a reference map is provided. In the map, the selected places are denoted by larger size square symbols. The user can click on a symbol and display the characteristics of the place. The additional information about the selected locations, including reference maps, photographs, quick-time movies, 3-D images, may be provided to support further analysis.

Appendix 1. Example databases

Two example databases are provided with the software.

1. Real Estate on sale (file house.vmt).

     Thirty one houses are given by their attributes:  number of bedrooms, number of bathrooms, lot-size, age, price, distance from the shop and distance from the school.

2. Physicians practice locations in Idaho (USA)

47 possible locations for physicians in Idaho (USA) are given by their attributes in two variants: in the first (simplified) variant, locations are described by 8 attributes, and the in the second (full) variant, locations are described by 21 attribute.

In the framework of the simplified variant (file docloc.vmt), the following attributes are used:

the need in doctors (as evaluated by experts, may be negative), the population of the location in 1990, the percentage of Medicare, the fertility, the poverty, how many hours a week the physicians has to spend on call, the degree of education of the population, and the loan repayment indicator (1 means that the loan is repaid, 0 means the opposite situation).

In the framework of the full variant, (file docloc2.vmt), the following attributes are added:

the area of the county, the density of the population, the unemployment, the percentage of minorities, the indicator of health of the population, the indicators of presence of the railway station, of the airport, of the college, of the opportunities of alpineski, of the clinic, of the hospital, the indicator whether the location is urban, and finally the rank and the tourrank. We specially give the whole lot of attributes most of which are not needed or are vague, just to show that the software provides an opportunity to choose important attributes from a large list.

Appendix 2. Description of the  *.vmt  format

We describe the *.vmt  format on the basis of the first example. 

EXAMPLE of an *.vmt file

"Name","BDRMS","BATHS","LOT-SIZE","AGE","PRICE","SHOP","SCHOOL"

#,+,+,+,-,-,-,-

[NAMES],[rooms],[rooms],[acres],[years],[$th.],[miles],[miles]

HOUSE1,5,4,0.25,48,290,1.5,2.5

HOUSE2,5,2,0.40,22,90.00,2.8,0.9

HOUSE3,3,2,0.60,25,92.00,3.5,1.1

HOUSE4,2,1,0.30,45,42.00,0.2,5.0

HOUSE5,2,1,0.25,16,48.50,1.4,3.2

HOUSE6,2,1,0.20,34,87.50,2.1,2.4

HOUSE7,4,2,0.60,12,95.00,0.3,1.5

Comments

1. Data file must be prepared as an ASCII-file by means of any suitable text processor in a table form. The strings are terminated by "end of string" symbol. All strings should have the same number of fields. Fields in the strings are separated by "tabulation" symbols or commas.

The *.vmt file consists of two parts: HEADER and MAIN.

2. MAIN contains the list of variants given by their attributes. The first field (column) provides verbal information on a variant, the other fields contain the attribute values (numbers). All necessary non-digital information on variants should be collected in the first column which isn’t supposed to be analyzed with VM tools. This field should not be empty; moreover, it should start with a letter. 

3. HEADER is comprised of one till three strings which are placed beyond the list of variants. 

3.1. The first string contains the names of attributes separated by "tabulation" symbols or commas. The names may (or may not) be surrounded by quotation marks. Any name should start with letter.

3.2. The second string contains symbols  "+"  , "-", "#", separated by "tabulation" symbols or commas. Number of these symbols is equal to the number of columns in the table. Symbols indicate the direction of improvement for attribute values. If it is desirable to increase (to decrease) the attribute value, symbol "+" ("-") is placed. The "#" symbol notes that the direction of improvement for this attribute isn't given in advance. In the first column, "#" symbol should be provided. 

     This string may be omitted. In this case, the symbols "#" will be taken by default for all attributes.

3.3.. The third string contains the units in which attributes are measured. The units should be surrounded by square parenthesis. The first field of the string may be used for any qualitative information. 

This string with units may be omitted, too.

4. File of data may be terminated by symbol "end of file" or by sequence of symbols "\032" (see examples submitted with the software).

Comment. Limitations of the version 2.1

In the framework of the version 2.1, the number of variants is restricted by 16 000 and the number of attributes is restricted by 30. The number of attributes while applying the REASONABLE GOALS filter is restricted to 7.

You have to pay attention to the following important requirements:

i) the maximal number in a column should be not greater 999.999 or less than 0.1, and so you have to choose appropriate units. For example, if the population of the city equals to 234,512 persons, you have to use a new unit, namely, "thousand of persons"; therefore the number 234.5 thousands of persons must be used instead of the original number 234,512;

ii) range of the values of an attribute should be not less than 0.01 of the maximal value of the attribute.

iii) data file should be located in the VM2 directory;

iv) the information located on the first column of the data file should start with a letter;

v) numbers in the data file should not start with the point (say, <<0.005>> must be used instead of <<.005>>).

Additional information about the VISUAL MARKET can be received from

    Dr. Alexander V. LOTOV

    Computing Center of Russian Academy of Sciences

    Vavilova street, 40, Moscow, 119991 Russia

    Phone   (7-495)-135-1209       Fax   (7-495)-135-6159

    E-mail:   (see at  URL:  http://www.ccas.ru/mmes/mmeda)/
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