NeticaTMApplication for Belief Networks andInfluence DiagramsUser�s GuideVersion 1.03

- 2 -Netica ApplicationUser’s GuideVersion 1.03June 29, 1996Copyright ' 1996 by Norsys Software Corp.This document may be copied and stored freely, provided it is duplicated in its entirety, withoutmodification, and including the copyright notice.Published by:Norsys Software Corp.2315 Dunbar St.Vancouver, BC, CanadaV6R 3N1http://www.norsys.comNetica and Norsys are trademarks of Norsys Software Corp.Microsoft and MS-DOS are registered trademarks, and Windows and Windows NT are trademarks ofMicrosoft, Inc.Macintosh is a trademark licensed to Apple Computer, Inc., Balloon Help is a trademark of, and Apple is aregistered trademark of Apple Computer, Inc.X Window System is a trademark of X Consortium, Inc.UNIX is a registered trademark of AT&T.IBM, OS/2, and Presentation Manager are registered trademarks, and PowerPC is a trademark ofInternational Business Machines.Sun is a registered trademark of Sun Microsystems, Inc.Unicode is a trademark of Unicode, Inc.PostScript is a registered trademark of Adobe Systems, Inc.Other brands and product names are trademarks of their respective holders.While every precaution has been taken in the preparation of this document, we assume no responsibility forerrors or omissions. Neither is any liability assumed for damages resulting from the use of the informationcontained herein.

- 3 -C o n t e n t s 1Getting Started61.1Netica Application............................................................................ 61.2Installation........................................................................................ 71.3Quick Tour....................................................................................... 81.3.1Probabilistic Inference......................................................... 81.3.2Network Construction and Transformation....................... 101.3.3Case Files.......................................................................... 131.3.4Decision Problems............................................................ 131.3.5Equations and Time Expansions....................................... 141.4Introductory References for Belief and Decision Networks........... 152Probabilistic Inference172.1Belief Networks and Probabilistic Inference................................... 172.2Netica’s Probabilistic Inference....................................................... 182.3Example Belief Network................................................................ 192.4Compiling a Belief Network........................................................... 202.5Entering and Retracting Findings................................................... 212.6Belief Updating and AutoUpdating................................................ 212.7Negative and Likelihood Findings.................................................. 222.8Consistency.................................................................................... 232.9Most Probable Explanation............................................................ 233Constructing Belief and Decision Networks253.1Opening a Window........................................................................ 253.2Adding Nodes................................................................................ 253.3Adding Links.................................................................................. 263.4Undoing and Redoing..................................................................... 263.5Selecting Nodes and Links............................................................. 273.6Moving Nodes and AutoGrid......................................................... 283.7Reshaping a Link............................................................................ 283.8Saving a Network to a File............................................................. 293.9Deleting Nodes............................................................................... 303.10Deleting Links................................................................................ 303.11Disconnecting and Reconnecting Links.......................................... 303.12Cut, Copy, Paste and Duplicate Nodes........................................... 313.13Drawing Size and Scrolling............................................................ 324Changing Node Characteristics334.1Obtaining the Node Dialog Box..................................................... 334.2Making Changes............................................................................. 334.3Multiple Dialogs for One Node...................................................... 344.4Node Name.................................................................................... 34

- 4 -4.5Node Title....................................................................................... 354.6Node is Discrete or Continuous...................................................... 354.7Node Kind...................................................................................... 364.8Node States and State Names......................................................... 364.9Node State Range........................................................................... 374.10Node State Value............................................................................ 374.11Multi-Purpose Box......................................................................... 384.11.1Node Description.............................................................. 384.11.2Node Equation.................................................................. 384.11.3Input Name....................................................................... 384.11.4Link Delay......................................................................... 394.11.5Node States....................................................................... 394.11.6Node Ranges..................................................................... 394.11.7When Changed.................................................................. 405Node Relationships415.1Obtaining a Relation Dialog Box.................................................... 415.2Meaning of the Tables.................................................................... 415.3Changing Table Entries.................................................................. 425.4Buttons in the Relation Dialog Box................................................ 435.5Deterministic / Chance Pop-Up...................................................... 445.6Scrolling and Resizing.................................................................... 445.7Unspecified and Impossible Cell Values........................................ 455.8Selecting, Cutting and Pasting........................................................ 455.9Relation Menu Commands............................................................. 465.10Multiple Dialogs for One Node...................................................... 486Decision Problems496.1Constructing a Decision Network................................................... 506.2No-Forgetting Links....................................................................... 506.3Solving a Decision Network........................................................... 516.4Model Iteration............................................................................... 526.5What-if Decision Analysis............................................................. 537Network Libraries547.1Disconnecting and Reconnecting Links.......................................... 557.2Making and Using Network Libraries............................................ 568Transforming a Network588.1Link Reversals................................................................................ 588.2Network Reduction......................................................................... 598.3Probabilistic Inference by Node Absorption................................... 619Cases and Case Files629.1Multi-Case Files............................................................................. 639.2Case File Format............................................................................ 649.3Generating Random Cases............................................................. 65

- 5 -10Learning from Cases6710.1Experience...................................................................................... 6810.2How To Do It................................................................................. 7010.4Fading............................................................................................. 7111Display Style and Printing7211.1Node Name and Title Display........................................................ 7211.2Font and Size.................................................................................. 7211.3Node Styles.................................................................................... 7311.3.1Belief-Bar.......................................................................... 7311.3.2Belief-Meter...................................................................... 7411.4Net Styles....................................................................................... 7411.5Printing........................................................................................... 7512Bibliography7613Index78

- 6 -1Getting StartedWelcome to the Netica Application from Norsys. Netica is a versatile, fast, user-friendly programthat you can use to find patterns in data, create diagrams encoding knowledge or representingdecision problems, use these to answer queries and find optimal decisions, create probabilisticexpert systems, and do time simulations. It is suitable for applications in the areas of diagnosis,prediction, decision analysis, sensor fusion, expert system building, reliability analysis,probabilistic modeling, and certain kinds of statistical analysis and data mining.This guide is for Netica Application; it is not a manual for the Netica Programmer’s Library, alsoknown as the "Netica API" (Application Program Interface). The API is a module with much ofthe same functionality as this, but designed for programmers to embed in their programs. Thisguide is for software version 1.03; you can check your Netica software for its version number bychoosing "About Netica..." from the Apple menu.This guide assumes that you are familiar with using a Macintosh. It also assumes familiarity withBayesian belief networks or influence diagrams, although it is very suitable for someone who is inthe process of learning about them. Questions and comments about material in this documentmay be sent to norsys_info@norsys.com.1 . 1 Netica ApplicationThe Netica Application is a comprehensive tool for working with Bayesian belief networks andinfluence diagrams. It can build, learn, modify, transform and store networks, as well as answerqueries or find optimal solutions using its powerful inference engine. Many new features arecurrently under development, and it will continue to be extended for years to come.Characteristics:¥ Compiles belief (Bayesian) networks into junction trees of cliques for fast probabilisticreasoning.

- 7 -¥ Can learn probabilistic relations from data.¥ Provides easy graphical editing of belief networks and influence diagrams, including:¥ cutting and pasting of nodes and networks without loosing their probabilistic relations¥ many ways of displaying nodes (bar graphs, meters, etc.)¥ links with bends to keep complex diagrams orderly¥ allows comments, keeps track of author, when changed, etc. for each node¥ unlimited levels of undo / redo¥ Can reverse individual links and "sum out" nodes of influence diagrams or belief nets, formodel exploration.¥ Supports disconnected links, which makes possible libraries of probabilistic relationships.¥ Has facilities to enter and update individual cases, store them in their own files, and applythem to belief networks.¥ Allows the entry of probabilistic relations by equation, with an extensive built-in library ofprobabilistic functions and other mathematical functions.¥ Has facilities for the easy discretization of continuous variables.¥ Has special facilities for doing time simulations.¥ It is possible to represent networks with nodes whose values change over time (a persistenceis defined for such nodes), and to have links with time delays (which allows cycles). Thesoftware can automatically convert these networks into expanded regular networkscovering a limited period of time.¥ Supports documentation and tracking of every node and network (with comments, titles,author, when last changed, locking, etc.)¥ Has no built in limits on the size or complexity of networks, so they are limited only byavailable memory.¥ Can work hand-in-hand with the Netica API Programmer’s Library (for example, sharing thesame files).1 . 2 InstallationThere are two Macintosh versions of Netica 1.03; one requires a 68030 processor or better, and theother requires a PowerPC. Both require at least 4 MB of RAM and System 7.1 or later. Beforeinstalling or using Netica be sure that you accept the License Agreement which is provided withthe software on a separate document.

- 8 -To install Netica on your hard disk, put the enclosed disk in the drive, and drag the folder named"Netica" from the disk window to wherever you want it on your hard drive.You can double-click on the Netica icon to start the program, and then try the operations describedin "Quick Tour" below to verify that everything is installed and working properly.To completely remove Netica from your hard disk, simply drag the folder containing Netica intothe trash can. Netica does not add any files to the System folder.1 . 3 Quick TourAll you need to know to complete this tour is how to use a Macintosh computer. You do not needknowledge of belief networks, decision networks or Netica, although you may not fullyunderstand what is happening until you have that knowledge, and have read other chapters in thisguide.First make sure you have completed the above described installation. You should duplicate the"Examples" folder in case you accidentally change some of the supplied files. Then run Netica bydouble-clicking on its icon. The first time you run Netica it will ask you for a password. Enter thelicense password from your invoice, or click on the "Reduced Mode" button if you don’t have one.The "Netica Messages" window which appears is just to display status messages and you maymove it out of the way if you wish. Usually when you try to do an operation that Netica can’tperform, it will display a dialog box telling you. But, for some minor operations, like clicking inthe wrong place, Netica will just beep. In that case you can look in the Netica Messages windowand there will be an explanation. If you wish to copy information from the Messages window tothe clipboard, select it and then press the C key while holding down the <command> key (�),which works even though the Edit fi Copy menu item is dimmed.When you are finished with your Netica session, you can end it by doing a File fi Quit menucommand (in this document, menu items are indicated in bold, with arrows indicating choices orsubmenus, so the previous means choose "Quit" from the "File" menu). If you have created orchanged some work without saving it, Netica will ask if you want to save it before terminating.1 . 3 . 1 Probabilistic InferenceFirst we will read a belief network stored on disk. Do a File fi Open menu command, and whenthe standard file-opening dialog box appears, use it to open the file called "Asia" in the folder"Examples". A window will appear containing a belief network consisting of several connected

- 9 -"nodes". This network is a classic very simplified example network for diagnosing patientsarriving at a clinic.You can prepare the network for inference with a Network fi Compile menu command. Whenthe compilation is complete, the default display style changes so that nodes are displayed with bargraphs showing the beliefs for each of their states. You can enter a finding (also known as anobservation, or evidence) for a node by holding down the <command> key (�) and clicking downon the node. A pop-up menu will appear from which you choose the finding. When the finding isentered, the displays of all the nodes will be adjusted to account for it. For instance, putting an’abnormal’ finding for ’XRay Result’ node increases the belief that the patient has lung cancer from5.5% to 48.9%, but then indicating that the patient has made a visit to Asia decreases that belief to37.1%, because the abnormal XRay is partially explained away by a greater chance of Tuberculosis(which the patient could catch in Asia). If you choose "Unknown" from the findings pop-upmenu, then any finding for that node will be retracted, and if you choose "Likelihood" you will bequeried for the probabilities of an uncertain finding ("virtual evidence") for the node.Each time you enter a finding, or retract one, the beliefs at all the nodes will immediately byupdated to account for the new information. If you wish updating to only occur when you do aNetwork fi Update command, you can turn off the auto-update feature of the network bychoosing Network fi Automatic˚Updating from the menu (the menu item will be checked onlywhen auto-updating is on).If you want to observe the conditional probabilities of a node (which express its relation with itsparent nodes), select the node by clicking once on it, and then do a Relation fi View / Editcommand, or just click on the node while holding down the <option> key. A special windowcalled the relation dialog box will open which displays the probabilities in a table. The left-handside of the table contains a vertical list of parent configurations, and for each configuration theright-hand side has a few probabilities, expressed as percentages. Each column of the right-handside corresponds to a different state of the node. So each number represents the conditionalprobability that the node takes on the state indicated by the column the number is in, given that theparents have the configuration indicated by the row the number is in. If the node is deterministic(e.g. the "TbOrCa" node), then the relation dialog box will display a function table. This is thesame as the conditional probability table, except that the right-hand side simply has the state of thenode which is the function value for that parent configuration. If you want to see the relation tableof a different node, you can option-click on it to open a second relation dialog box, or you cansimply use the first relation dialog box’s pop-up menu labeled "Node:" to switch to the new node.To work with an example of a more complex belief network (also in the medical domain), openthe file called "Alarm". You can compile it and do inference in the same way as you did withAsia. If you have entered a number of findings for a particular case and wish to save them in their

- 10 -own file, do a File fi Save˚Case˚As command and enter the file name in the dialog box whichappears. If you want to work on a new case do Network fi Remove˚Findings, and then enter thenew findings. To recover the original case, do File fi Get˚Case and choose its name from thedialog box which appears.When you are done with a network window, you can get rid of it by clicking in its go-away box,or by making it the frontmost window and then doing File fi Close.1 . 3 . 2 Network Construction and TransformationDo File fi New to create a new belief or decision network window. To add a nature node (whichcomes in the varieties "chance node" and "deterministic node"), go to the tool bar (it runs verticallydown the left side of the new window), and click on the button having a gray oval. The cursor willchange to an oval, and when you click in the network window a node will be added at the cursor.The node will be selected when first added (i.e. colored with the hilite color), so by pressing the<return> key a dialog box will be opened for changing node attributes. You can use this to enterthe node’s name, title, etc.Utility nodes (also known as "value nodes") or decision nodes may be added in the same way asnature nodes, by using the rose hexagon or blue rectangle tool buttons respectively. Links may beadded by clicking on the downward pointing arrow (not the upward arrow) tool button, thenclicking on the node you want the link to come from (i.e. the "parent" node), and finally clickingon the node you want it to go to (i.e. the "child" node). Alternately, you can click down in theparent node, and while holding the mouse button down, drag the cursor to the child node, and thenrelease it. If you double-click on a tool bar button then it will create a cursor that you can use toadd several nodes or links (without it switching back to the pointer each time).To select a node or link, click once on it with the regular pointer cursor, and it will become hilited.A group of nodes may be selected by clicking down on the background within the window, andthen moving the mouse with the button depressed (i.e. "dragging"), so that the selection rectangleis over them. You can add to or remove from a group of selected nodes by holding down the shiftkey while you select the new nodes. To delete nodes or links, select them and then press the<delete> key.After doing any operation, you can "undo" with Edit fi Undo (or pressing �-Z), and by repeatingthis you can undo operations previous to that one (at least 4 operations, and sometimes more ifthey don’t take much memory). After undoing one or more operations you can redo them one-by-one with Edit fi Redo (or pressing �-<shift>-Z). When exploring with Netica, it is very usefulto be able to try a few operations, and then easily undo them.

- 11 -A node can be moved by clicking down on it, dragging it to its new position, and then releasing themouse button. To move a group of nodes, first select them, and then click down on one of theselected nodes and drag it to its new position. To change the shape of a link, first select it byclicking on it, then click down on it again and drag the cursor to the point where you want the linkbend to be.A link can be disconnected by clicking on it to select it, then clicking the scissors tool button. Toreconnect the link to a new node, first click on it to select it. Then click down in the hilited squarethat forms at the non-arrow end of the link, and drag it over the new parent node before releasingthe mouse button. Disconnection / reconnection is useful to change the links of a network withoutloosing the conditional probability relations of the nodes. Remember that to just delete a link yousimply select it and then press the <delete> key.You can cut and paste nodes and subnetworks within a window, or between windows. Tryopening a network such as Car_Diagnosis_0, select part of it, press �-C (to copy it to theclipboard), �-N (to create a new network), click in the middle of the new window (to indicatewhere to put it), and then �-V (to paste it into the new network). You can cut and paste otherparts of the network, or other networks, add nodes, etc. and then connect up the disconnected linksas described in the previous paragraph. In this way you can take knowledge from previousapplications, perhaps save it in a "network library", and re-use it to construct a new network for anew application.Of course, at any point you can do a File fi Save command to save the current version of thenetwork to file, overwriting the previous one, or a File fi Save˚As command to save it to a newfile.You can change the characteristics of a node by using a "node dialog box", which is obtained bydouble-clicking on the node. When you make changes in the dialog box, they won’t actually beapplied to the node until you click the "Apply" or "Okay" buttons. It is possible to open dialogboxes for a number of nodes at the same time, and even to open more than one box for the samenode. There is a whole chapter devoted to using these dialog boxes, so here we will just mention afew things. You can change a node’s name or title in the obvious way by typing in the appropriatetext field of the dialog box. To change the name of one of the node’s states, choose the state usingthe pop-up menu beside the "State:" label, and then type in the neighboring text field. You can addor delete states with the "New" and "Delete" buttons. As a shortcut, when entering a state name,pressing the up or down arrow key will take you to the previous or next state, and holding downthe <option> key while pressing an up or down arrow key adds a state before or after the currentone. The text entry area at the bottom of the dialog can be used to enter or change several differentthings; you choose the thing to work on with the pop-up menu above it. For instance, to enter

- 12 -some text documenting the node, you choose "Description" from the menu, and then type it in thetext entry box.In order to change the probabilities of a node conditioned on the values of its parents, first open thenode’s "relation dialog box", as described in the previous section. You can click on a number (orstate name if it’s a deterministic node) to change it. If no probabilities have yet been entered forthis node, you can click on an empty cell to enter a number. You must click directly on a numberor on the right side of an empty cell, or no action will take place. The numbers must be entered aspercentages. You can select some cells by clicking down in a cell that is not currently being edited,and dragging to enclose them before releasing the mouse button (if it is a deterministic node youwill have to hold the shift key down too). There are several commands in the Relation menu thatyou can use to set the values of selected cells (such as fi Uniform Probabilities and fiRandomize). Any changes you make in the dialog box will not actually be transferred to the nodeuntil you press the Apply or Okay button. These two buttons do the same thing, but the Okaybutton also removes the dialog box.Node absorption removes a node without effecting the overall global relationship of the rest of thenodes (i.e. the joint probability distribution). Here is a small demonstration of node absorption,and how it doesn’t effect the beliefs of the rest of the network. Open "Car_Diagnosis_2".Compile it with Network fi Compile, and notice that the belief is 25.4% that "Spark Quality" is"good". If you enter a finding of "dim" for node "Headlights", the belief changes to 1.47%. Nowselect nodes "Main Fuse", "Battery Age", "Voltage at Plug" and "Spark Plugs", and then click onthe star tool bar button. The selected nodes will be absorbed, links will be added and removed, andprobability tables adjusted to maintain the global relationship. Now do Network fi Compile, andobserve the belief is 1.47% that "Spark Quality" is "good" as it was before the absorption. If youthen do Network fi Remove˚Findings, the belief changes to 25.4%, which is what it was in theold network before any findings were entered.Link reversal changes the direction of a link without effecting the overall global relationship of therest of the nodes (i.e. the joint probability distribution). Select a link and then click on the double-arrow tool bar button. Netica may have to add extra links in order to maintain the joint probabilitydistribution (or it may be able to remove some links).To change the display style of some nodes, first select them and then choose an item from theStyle fi Node submenu. For the Asia network the most useful displays are belief-bar or belief-meter, although if you were creating a network for an end-user you may want to hide a node likeTbOrCa, because it is not of interest, so you would give it a style of Hidden. If you want to hideall the links, you can use Style fi Net fi Hide˚Links. The Style fi Font and Style fi Sizesubmenus may be used to change the font and size of all the nodes at once.

- 13 -1 . 3 . 3 Case FilesOpen the belief network called "Car_Diagnosis_0". It is a simplified example network containingnodes for a few variables of interest when diagnosing a car that is not running. The nodes arelinked up in a causal manner, but the network does not contain any information other than the nodenames, their states, and how they are linked. You can option-click on some nodes to verify thatthey have no probability tables.To learn a probabilistic relation for each of the nodes we will use a file of fictitious cases of carspreviously arriving at a garage, called "Car Cases". You may want to examine this file with a texteditor. The row of headings across the top are the names of the nodes in the network, and eachpossible value they can take are the state names of those nodes. "BatAge" is a continuous node, soits values are real numbers. The asterisks (*) indicate data values which are not known (i.e."missing data").Make sure that the network window is the active window and that no nodes of the belief networkare selected (otherwise the learning will only apply to the selected nodes), and then do Relation fiIncorp˚Case˚File. When you are queried for a file, choose Car Cases, and enter 1 for the degree.Netica will use the cases to learn probabilistic relations for each node of the network, with theMessage window displaying the fraction completed.When the cursor changes from a watch back to an arrow, it is done. Now if you option-click on anode you will see the learned probability distribution in the dialog box which appears. You cancompile the network and do inference, paste parts of it into a decision network, absorb nodes, etc.Netica can also be used to generate files of cases which follow the probability distribution of abelief network (i.e. sample from the belief network). These cases can be used as realistic examplesof possible scenarios, or as synthetic data for learning experiments. Simply select those nodes ofthe network for which you want columns in the case file, and then do N e t w o r k fiGenerate˚Cases. You will be queried for the number of cases to generate, the name of the file tocreate, and how much missing data you want (enter 0 for none, 1 for all missing).1 . 3 . 4 Decision ProblemsUse File fi Open to read the decision network (also known as an influence diagram) called"Umbrella". By option-clicking on the nature nodes (gray ovals, also known as chance nodes) youcan observe their conditional probability relations as described in the first section of this QuickTour. By option-clicking on the utility node (rose hexagon, also known as a value node), you cansee its utility function. If you option-click on the decision node (blue rectangle), you will see thatthe node does not yet have any functional relation, which indicates that there is no decision function

- 14 -associated with the node. The goal is to find a decision function which will maximize the expectedvalue of the utility node.This is accomplished by doing Network fi Optimize˚Decisions. After doing this command,when you option-click on the decision node, it will display the discovered decision function.Absorbing all the nodes and then option-clicking on the utility node will show the expected utility.If you want to try another influence diagram, open "Car_Buyer_Neapolitan", which is described inNeapolitan90, and is based on the classic "Car Buyer" influence diagram. It involves twosequential decisions about whether to do some tests and then whether to buy a certain used car.The optimal decisions turn out to be not to do any tests (D = none), but to buy the car (B = Buywhen D = none).1 . 3 . 5 Equations and Time ExpansionsOpen the belief network called "Bouncing". It is designed to model a ball which bounces back andforth in a straight line between two parallel barriers without loosing any energy at each bounce.Initially we have no knowledge of the position or velocity of the ball.The Position and Velocity nodes stand for the position and velocity at each instance of time, andare connected together with brown time delay links as well as a regular black link. If you double-click on the Position node you can see the equation which defines the new position in terms of theold position, and the velocity. It involves the constant dt, whose value may be changed (bycommand-clicking on the dt node) to provide a different amount of time between time slices. Byclicking down on the pop-up menu that originally says "Equation", you can choose "Ranges" tosee how the node has been discretized. Later, you can edit this list to change the discretization, bychanging the numbers, or adding new numbers.The first step is to generate probability tables for the current discretization. Select the Position andVelocity nodes and do a Relation fi Equation˚to˚Table menu command. Then do a Relation fiHarden menu command, and press <return> three times to accept the default values forhardening.Now you generate a time expanded version of the network by doing a Network fi Expand˚Timemenu command (you can enter 7 when it asks you for the total time). This will make a newwindow with a new network in it. You will probably want to make this window wider, in theusual way, with the sizing box in the lower right corner. The new network is a regular beliefnetwork with each Position and Velocity node representing the position and velocity at a new pointin time, with nodes to the right corresponding to later times.

- 15 -There are 3 disconnected links on the two first nodes. We have no initial knowledge of theposition or velocity, so we delete them by clicking on each link to select it and pressing the<delete> key (one of them is hard to see; it is a little stub at the top of the Position node). Thenselect the first two nodes and do a Relation fi Uniform˚Probabilities menu command. This willgive the first two nodes uniform probability distributions, indicating we don’t know anything aboutthe initial position or velocity.Finally we can compile the belief network for probabilistic inference with a Network fi Compilemenu command. Turn on automatic updating, if it isn’t already, by choosing Network fiAutomatic˚Updating if the menu item isn’t already check marked. Experiment with setting theposition or velocity (command-click on the appropriate node) to indicate observations at certaintimes, and see how the beliefs for position and velocity at the rest of the times change. Aninteresting situation is when the ball is near the boundary, but you don’t know which way it isgoing, since after a little while it will surely be moving away from the boundary (perhaps due to abounce). Or if the positions at 2 times are known, can it infer the velocity? Or if just the velocitiesat two adjacent times are known, and one is the negative of the other, can it infer the position(because it must have bounced). Remember that the numerical results will not be exact, due to thediscretization and sampling error in converting the equations to probability tables. You may alsowant to try a finer discretization by changing the Ranges.That ends our quick tour of Netica. Now you will probably want to explore some aspect of Neticain more detail by reading the appropriate chapter. If you wish to learn more about belief networksor influence diagrams, the next section should get you started.1 . 4 Introductory References for Belief and Decision NetworksFor an overview of belief and decision networks, there are two special journal issues that aresuitable. The first is the winter 1991 edition of AI Magazine, which contains "Bayesian networkswithout tears" (Charniak91) and "Decision Analysis and Expert Systems" (HenrionBH91). Theother is volume 38 of the Communications of the ACM, which is devoted to belief and decisionnetworks (HeckermanMW95), and has introductory material and descriptions of real applications.Complete references for all the books and papers discussed here can be found in the bibliography.For a very good, concise, but in-depth, examination of belief networks, the theory behind them,and the algorithms Netica uses for inference, read SpiegelhalterDLC93. It concentrates on medicaldiagnosis, but the ideas are widely applicable. It examines some advanced aspects of the theoryand algorithms, but is very suitable for a beginner, who can just skip a few of the sections.

- 16 -Although much of the literature on belief networks is published within the artificial intelligence(AI) community, it is really the combined work of the statistics / probability, decision analysis,operations research, and AI communities. Many of the researchers who developed the theory ofbelief and decision networks attended the annual "Uncertainty in Artificial Intelligence" conferencefrom 1985 to present, and so advanced material can be found in the conference proceedings(published by North-Holland and Morgan Kaufmann).In 1988 Judea Pearl wrote Probabilistic Reasoning in Intelligent Systems, which was the mostinfluential and widely cited book in the development of belief networks. It is an excellentfoundational book, but it is somewhat dated (even the 2nd edition), theoretical, and requiressophistication and patience to read.Then, in 1990 Richard Neapolitan wrote Probabilistic Reasoning in Expert Systems: Theory andAlgorithms, which is a little more modern and easier to read, but is limited in scope and is mostuseful to someone building a probabilistic reasoner from the ground up, or better yet, teaching acourse on how to do that. It is suitable if you want to spend some serious time studying tounderstand many of the algorithms used internally in Netica; for a quick study readSpiegelhalterDLC93.RusselN95 is a rather complete (and excellent) introductory textbook for artificial intelligence thatdoes a good job of describing Bayes networks, decision networks, dynamic decision networks,policy iteration, etc. within the overall context of intelligent agents and AI software.

- 17 -2Probabilistic Inference2 . 1 Belief Networks and Probabilistic InferenceA belief network (also known as a Bayesian network or probabilistic causal network) capturesbelieved relations (which may be uncertain, or imprecise) between a set of variables which arerelevant to some problem. They might be relevant because we will be able to observe them,because we need to know their value to take some action or report some result, or because they areintermediate or internal variables that help us express the relationships between the rest of thevariables.A classic example of the use of belief networks is in the medical domain. Here each new patienttypically corresponds to a new "case", and the problem is to diagnose the patient (i.e. find beliefsfor the unmeasurable disease variables), predict what is going to happen to the patient, or find anoptimal prescription, given the values of observable variables (symptoms). A doctor may be theexpert used to define the structure of the network, and provide initial conditional probabilities,based on his medical training and experience with previous cases. Then the network probabilitiesmay be fine-tuned by using statistics from previous cases, and from new cases as they arrive.When the belief network is constructed, one node is used for each scalar variable, which may bediscrete, continuous, or proposititional (true/false). Because of this, the words "node" and"variable" are used interchangeably throughout this document, but "variable" usually refers to thereal world or the original problem, while "node" usually refers to its representation within thebelief network.The nodes are then connected up with directed links. If there is a link from node A to node B, thennode A is sometimes called the parent , and node B the child (of course, B could be the parent ofanother node). Usually a link from node A to node B indicates that A causes B, that A partiallycauses or predisposes B, that B is an imperfect observation of A, that A and B are functionallyrelated, or that A and B are statistically correlated. The precise definition of a link is based on

- 18 -conditional independence, and is explained in detail in an introductory work like Neapolitan90 orPearl88. Finally, probabilistic relations are provided for each node, which express the probabilitiesof that node having each of its values, conditioned on the values of its parent nodes. Some nodesmay have a deterministic relation, which means that the value of the node is given as a function ofthe parent node values.After the belief network is constructed, it may be applied to a particular case. For each variable weknow the value of, we enter that value into its node as a finding (also known as "evidence"). ThenNetica does probabilistic inference to find beliefs for all the other variables. Suppose one of thenodes corresponds to the variable "temperature", and it can take on the values cold, medium andhot. Then an example belief for temperature could be: [cold - 0.1, medium - 0.5, hot - 0.4],indicating the subjective probabilities that the temperature is cold, medium or hot. The final beliefsare sometimes called posterior probabilities (with prior probabilities being the probabilities beforeany findings were entered). Probabilistic inference done using a belief network is called beliefupdating.If we want to apply the network to a different case, then all the findings can be retracted, newfindings entered, and belief updating repeated to find new beliefs for all the nodes.Probabilistic inference only results in a set of beliefs at each node; it does not change the network(knowledge base) at all. If the findings that have been entered are a true example that might givesome indication of cases which will be seen in the future, you may think that they should changethe knowledge base a little bit as well, so that next time it is used its conditional probabilities moreaccurately reflect the real world. To achieve this you would also do probability revision, which isdescribed in the "Learning From Cases" chapter.2 . 2 Netica’s Probabilistic InferenceNetica uses the fastest known algorithm for exact general probabilistic inference in a compiledbelief network, which is message passing in a join tree (or "junction tree") of cliques. Thealgorithms used are described in SpiegelhalterDLC93 and Neapolitan90.In this process Netica first "compiles" the belief network into a join tree. The join tree isimplemented as a large set of data structures connected up with the original belief network, butinvisible to you as a user of Netica. You enter findings for one or more nodes of the original beliefnetwork, and then when you want to know the resultant beliefs for some of the other nodes, beliefupdating is done by a message-passing algorithm operating on the underlying join tree. Itdetermines the resultant beliefs for each of the nodes of the original belief network, which itattaches to the nodes, and displays as bar graphs or with a needle meter. You may then enter some

- 19 -more findings (to be added to the first), or remove some findings, and when you request theresultant beliefs, belief updating will be performed again to take the new findings into account.Netica can also do probabilistic inference by link reversals and node absorption. For mostapplications you will want to use the compiled join trees, because usually they are much faster, anddon’t destroy the existing network, but you may want to use node absorptions when you havesome findings that are going to be repeated in many inferences (e.g. if you discover that somethingis always true in the context of interest). This section deals with join trees; see the "NetworkTransforms" chapter for information on node absorption.2 . 3 Example Belief NetworkNow let’s look at an example of using Netica to do probabilistic inference. In this example we willread in a simple network from a file, compile it into a form suitable for fast inference, enter somefindings, and see how the beliefs of various nodes change with each finding.The network we will use is shown below. Although reasonable, it is a toy medical diagnosisexample from LauritzenSpiegelhalter88 that has often been used in the past for demonstrationpurposes. To a certain degree, the links of the network correspond to causation. The two topnodes are "predispositions" which influence the likelihood of the diseases in the row below them.At the bottom are symptoms for the disease.

Visit To Asia

Smoking

Tuberculosis

XRay Result

Tuberculosis or Cancer

Lung Cancer

Bronchitis

Dyspnea

You can read it in to Netica by doing a File fi Open menu command (in this document, menuselections are indicated in bold, with arrows indicating choices or submenus, so the previousmeans choose "Open..." from the "File" menu). When the standard file opening dialog boxappears, use it to open the file called "Asia". This file is included as an example network with theNetica distribution.

- 20 -2 . 4 Compiling a Belief NetworkTo compile a belief network, first make sure it is the active window (i.e. the one in front with thedarkened title bar). If it isn’t, you can make it active by clicking on an exposed part of it, orchoosing its title from the Windows menu. Then do a Network fi Compile menu command.The appropriate data structures for fast inference will be built internally. The default display stylefor the nodes will be changed to belief-bar, so if the nodes haven’t had their display styles set (seethe "Display Styles and Printing" chapter), then they will be displayed in belief-bar style. If youcompile "Asia", you will see something like the following:

- 21 -2 . 5 Entering and Retracting FindingsA compiled belief network is ready to apply to a new case. As details of the case arrive, you canenter them as findings (also known as "evidence"). Of course you would not mix findings fromone case with those of another.When you know the value for some node you can enter it as a finding by command-clicking on it(i.e. holding down the <command> key (has the � on it) while you click down on the node). Apop-up menu will appear, known as the "findings pop-up menu", with each possible state of thenode as a menu entry. Using it you can enter the finding.After the finding has been entered the node will be darkened. If the node is displayed in belief-barstyle then a solid outlined bar is drawn for the state matching the finding. It does not matter inwhat order you enter a set of findings.If you wish to retract a finding that you have entered for some node, choose "Unknown" from itsfindings pop-up menu. Entering a finding and retracting it is equivalent to never having entered it,even if there were other findings entered in between. Another way of retracting the findings forsome nodes is to select them and then do a Network fi Remove˚Findings menu command(selection is explained in the "Selecting Nodes and Links" section). If you wish to retract all thefindings entered for all the nodes in the network, make sure all or none of them are selected, andthen do a Network fi Remove˚Findings menu command. This is useful if you are finished withone case and wish to move on to another.2 . 6 Belief Updating and AutoUpdatingIf you have been experimenting with entering findings into the "Asia" belief network, you willhave noticed that belief updating is performed immediately after entering each finding, resulting ina new setting of belief-bars for each node in the network. That is fine for a small network likeAsia, since the belief updating occurs very quickly. For a large network the belief updating willtake longer, so you may want the ability to enter findings for many of the nodes, and then have itdo the belief updating.Belief updating is done immediately after entering a finding only if auto-updating is turned on forthat network. It is on if the Network fi Automatic˚Updating menu entry is checked (when thenetwork is the active window). You can turn it on or off by choosing N e t w o r k fiAutomatic˚Updating from the menu. When auto-updating is off, and you wish to do beliefupdating, use the Network fi Update command (it will be dimmed if belief updating is notcurrently required for the network in the active window).

- 22 -If auto-updating is turned off, and you enter a new finding, or if no findings are entered but beliefupdating was never done, then the belief-bars or belief-meters will not display valid results, and sothey are drawn fuzzy-dotted rather than in solid black. The reason they are not removedcompletely is that you may want to see what the beliefs were at the point of the last belief updating.2 . 7 Negative and Likelihood FindingsIn the sections above we saw how to enter positive findings into a belief network to doprobabilistic inference. A positive finding is the observation or knowledge that some discrete nodedefinitely has a particular value. However, we may discover that some node definitely does nothave some particular value, and not have any more information to help us determine what value itdoes have. This is called a negative finding.For example, say the node "Temperature" can take on the values cold, medium, and hot. We mayobtain information that the temperature is not hot, although it doesn’t distinguish between mediumand cold at all. This is a single negative finding. If later we receive another negative finding thatthe temperature is not medium, then we can conclude that it is cold. So several negative findingscan be equivalent to one positive finding.A third type of finding is a likelihood finding (also known as "virtual evidence"). In this case wereceive uncertain information about the value of some discrete node. It could be from an imperfectsensor, or from a friend who is not always right. Say we have a thermosensor to measure"Temperature", which is designed so that when the temperature is hot it is supposed to turn on. Inactual practice we find that when the temperature is cold the sensor never goes on, when thetemperature is medium it goes on 10% of time, and when it is hot it always goes on. If at a certaintime we observe the sensor on, and want to enter this finding into the Temperature node, then wedo so as a likelihood finding. A likelihood finding consists of one probability for each state of thenode, which is the probability that the actual observation would be made if the node were in thatstate. For our temperature example, the likelihood finding would be (0,˚0.1,˚1). A commonmistake is to think that the likelihood is the probability of the state given the observation made (inwhich case the numbers would have to add to one), but it is the other way around.You can enter a likelihood finding for a node by choosing "Likelihood" from its findings pop-upmenu. You will then be queried for the likelihood numbers. You can enter a negative finding byentering a likelihood finding consisting of all 1s, except a single 0 for the state that you know it�snot.Whenever you enter a positive finding for a node, all the old findings for that node areautomatically retracted first. However, if you enter more than one likelihood finding for a node,

- 23 -you will be queried if you first want the previous finding(s) to be removed, or if you want them toaccumulate. By letting them accumulate you can enter several independent pieces of evidence (e.g.imperfect observations) for the same node. If they are not independent, and it is too inaccurate toapproximate them as independent, then they should be entered by adding child nodes to theobserved node (one for each observation), connecting them together to show the dependency, andthen entering positive findings for the child nodes.2 . 8 ConsistencyIf you enter several likelihood findings for the same node, letting them all accumulate, then Neticachecks to make sure they are consistent, and displays a message if they aren’t. The only way theycan be inconsistent is if for every state a zero appears in at least one of the findings.Checking for consistency between the findings of one node and those of another node (given theinter-node relations encoded in the network), can only be done by belief updating. So if thenetwork is kept valid by belief updating after each finding is entered (see auto-updating), then youwill be alerted as soon as you try to enter an inconsistent finding, otherwise you won’t be alerteduntil the next belief updating is in progress.2 . 9 Most Probable ExplanationGiven findings for some nodes, you may want to find the most probable configuration of valuesfor the rest of the nodes. This can be thought of as providing a plausible explanation for theobserved findings, and is called the most probable explanation or MPE. Notice that you cannotdetermine the MPE simply by taking for each node the state with highest belief after regular beliefupdating (which finds the marginal posterior probability for each node). For example, in a lotteryfor which we know there is one winner, it might be most probable for each individual person tolose, but then the overall configuration would have everybody loosing, which contradicts the onewinner evidence. Finding the MPE would select one representative person to win, and the restwould be losers.Netica can be used to find the MPE. To indicate that you wish to do MPE updating for network,instead of regular belief updating, choose the Network fi Most˚Probable˚Expl menu item whilethe window with the network is the active window. The menu item will then have a check markbeside it indicating MPE updating will be done (by choosing it again you can toggle the checkmark off). You will have to recompile between each switch, as is indicated by all the belief barsturning gray. You then enter evidence in the usual way and it does MPE updating immediately

- 24 -afterwards if Network fi Automatic Updating is on, or otherwise just after a Network fiUpdate command.After updating, each node will have a belief bar at the 100% level, and usually some bars at lowerlevels. You can read off the most probable configuration by taking for each node the state with thebar at the 100% level. The shorter bars indicate the relative probabilities of the other states giventhat the other nodes are in the most probable configuration (scaled by the same factor used to bringthe longest bar to 100%). Of course the bars don’t add to 100%, so if you are ever using Neticaand are confused that every node has a 100% bar and there are also some other nonzero bars, it isbecause MPE updating is on. To avoid the possibility of accidentally doing MPE updating whenregular updating is expected, all networks read from file start off with the MPE feature turned off,even if MPE was on when the network was last saved.Sometimes two or more states of the same node have bars that are at the 100% level. Thisindicates that there is more than one configuration with the highest probability (i.e., theconfigurations have the same probability). If more than one node has this, then you should chooseone of the states and enter artificial evidence that the node is in that state, to see how it changes themultiple 100% bars of other nodes. By trying each of the possibilities you can map out all theconfigurations that are at the highest probability level.You must be careful using the MPE. Generally, it is not as good as posterior probability fordecision problems, or providing prediction or diagnosis probabilities. Its results can change withthe introduction of irrelevant variables. And, it can be deceptive when even the most probableexplanation is extremely unlikely. What the MPE is useful for is explaining and aidingunderstanding. If an agent finds the results of regular belief updating questionable, and asks you toprovide a scenario for which the beliefs are upheld, you can use the MPE to find that scenario.People sometimes find a completely specified scenario easier to understand. And sometimes youcan gain insights by putting the belief network in MPE mode, entering the evidence, observing themost probable configuration, and then experimenting with adding extra "evidence" to explore a setof probable configurations close to the most probable one, while seeing how changing one nodeeffects the others.

- 25 -3Constructing Belief and DecisionN e t w o r k s 3 . 1 Opening a WindowThe first step in creating a new network is to open a window for it. To start a new network, useFile fi New˚Network (in this document, menu selections are indicated in bold, with arrowsindicating choices or submenus, so the previous means choose "New Network" from the "File"menu). A window will appear with tool bar buttons down the left side, and an empty region forcreating the new network to the right. The title of the window will be set when you do a File fiSave or a File fi Save˚As command.You will often find it easier to build a network by modifying an existing one. To do so, read in theexisting one with File fi Open, save it under the name of the new network with File fi Save˚As,and then make the desired modifications, occasionally saving it with File fi Save.You can open as many network windows as you wish. As with any Macintosh application, thecurrent operations always apply to the active window, which is the one in front with the non-dimtitle bar. You can make a window active by clicking on an exposed part of it, or by choosing itstitle from the Window menu. When you are done with a window, you can close it by clicking inthe go-away box at its upper left, or by making sure it is the active window and then doing a File fiClose command (if you have made unsaved changes, Netica will ask if you want to save thembefore closing the window).3 . 2 Adding NodesThe buttons (in the tool bar along the left side of the network window) with the gray oval, bluerectangle and rose hexagon are used for adding nature nodes (i.e. "chance" or "deterministic"nodes), decision nodes, or utility nodes (also known as "value" nodes) respectively. When you

- 26 -click on the appropriate button, the cursor will change to the shape of the node to be added. Nextclick on the place in the network window where you want the node to appear, and it will be addedthere, with the cursor returning to normal. If you change your mind about adding a node just afteryou have pressed its button, you can return the cursor to normal by pressing on the pointer buttonat the top.To add a series of nodes, double-click on the button for the type of nodes you wish to add. Thecursor will change to the shape of the node as before, but now the button will stay dark indicatingthat nodes may be added without pressing the node button each time. To exit this node addingmode, click again on the node button, or click on the pointer button at the top (or click on anotherbutton to do something else).When a node is first added it will be selected (i.e. colored with the hilite color you have chosen foryour computer). Whenever a node is selected you can press the <return> key to bring up a dialogbox for setting node characteristics, and when the dialog box first comes up, its field for setting thenode’s name is selected for changing. This makes it possible to quickly add a node with a certainname. Just click the appropriately shaped cursor where you want the node to be, press the<return> key, type the name, and then press the <return> key again. There is no need to thinkabout the dialog box or wait for it to be fully drawn. Using the dialog box to change other nodecharacteristics is described in the "Changing Node Characteristics" chapter.3 . 3 Adding LinksTo add a link from one node to another, first click on the link tool bar button. It is the one with thearrow pointing down (not the top button which has the arrow facing up). The cursor will changeto a link shape indicating that it is ready to add a link. Next click on the node that you wish to bethe parent, and then click on the child node. Alternately, you can click down on the parent, andwhile holding the mouse button down, move to the child and then release it. The link will appear.A later section will explain how you can change the shape of a link.To add a series of links, double-click on the link button. The cursor will change to a link shape asbefore, but now the button will stay dark indicating that links may be added without pressing thelink button each time. To exit this link adding mode, click again on the link button, or click on thepointer button at the top (or click on another button to do something else).3 . 4 Undoing and RedoingWhile building or changing the network you can undo the last operation by choosing Edit fi Undofrom the menu (or pressing �-Z). To undo operations previous to this one, repeatedly invoke

- 27 -Edit˚ fi Undo (or repeatedly press �-Z). After a series of undos, you can "redo" one or more ofthem by repeatedly invoking Edit fi Redo (or pressing �-<shift>-Z).Netica will save a certain number of the previous steps for undoing (at least 4, but possibly manymore if they don’t take up much memory). If you are undoing operations and the Edit fi Undomenu item turns dim, it means you have undone all the operations that Netica has remembered(which may only be a couple, if you have only done a couple since the last file save). If you areredoing operations, and the Edit fi Redo menu item turns dim, it means that you have restored allthe operations that were previously undone.The operations done in each window are remembered separately, so if you return to window Aafter working in another window for a while, you can still undo operations previously done inwindow A.3 . 5 Selecting Nodes and LinksMany operations on nodes are done by first selecting one or more nodes, and then choosing theoperation to do on them. Netica indicates a selected node by coloring it with your Macintosh’shilite color, which you can set using the Macintosh’s "Color" control panel.You can select a node by clicking once on it. To select a group of nodes you can click down on thebackground and then drag the selection rectangle to include at least a part of each of them. Tounselect all the nodes currently selected, just click once on the background within the window. Toselect all the nodes in the network, you can use the Edit fi Select˚All command (or press �-A).When you select new nodes, any nodes that were previously selected will become unselected,unless you hold down the <shift> key while clicking or dragging. In that case only the selectedstatus of the new node(s) will be reversed, allowing you to add to, or remove from, the collectionof selected nodes.To select a link, click right on it. It will become outlined with the hilite color. Once again, if the<shift> key is held down while clicking, it will reverse the selection status of only the link beingclicked on, which can be used to add or remove from your collection of selected links. Linkscannot be selected by dragging the selection rectangle over them. Nodes and links cannot both beselected at the same time, so whenever you select links, any nodes that are selected will becomeunselected, and vice-versa.

- 28 -3 . 6 Moving Nodes and AutoGridTo move a node, click down on it, drag it to its new position, and then release the mouse button. Ifyou wish to move a set of nodes and the links between them, select the nodes you wish to move,then click down on one of them and drag the set to the new desired location. While you aremoving them a large gray rectangle will be displayed showing the full extent of the set of nodes,and also small gray rectangles will show the positions of each of the nodes in the set.There is an underlying "grid" of positions, and when you add a node or move a node, the node willbe shifted slightly so that its center is directly over one of these grid positions, providing theautogrid is turned on. This allows you to quickly draw a network whose nodes are perfectlyaligned, and with some links running perfectly horizontal or perfectly vertical. The autogrid isturned on when there is a check mark in front of the Layout fi AutoGrid menu entry. To turn itoff or on, choose the Layout fi AutoGrid menu entry. If you want to change the spacing of thegrid, to make it finer or courser, do a Layout fi Grid˚Spacing menu command, and a dialog boxwill appear allowing you to make the setting.Sometimes it is useful to be able to move a node, or set of nodes, a small predictable amount. Youcan use the arrow keys to do this nudging. Simply select the nodes you wish to move, and thenpress the key with the arrow in the direction you want them to move. The distance they will bemoved with each press of the key is the grid spacing (providing the autogrid is turned on), so youcan adjust this amount using the Layout fi Grid˚Spacing menu entry. If the autogrid is turned offthen they will be moved the smallest perceptible amount with each press of the key.3 . 7 Reshaping a LinkWhen network diagrams become large it can be very difficult to read them if all the links betweenthe nodes are straight lines. Even small diagrams can sometimes be made much more legible bychoosing suitable paths for the links.To shape a link, first click once on the link to select it. The link will be drawn with the hilite colorsurrounding it. Then click down again on the selected link, and drag the cursor. A bend will beplaced in the link and dragged by the cursor. You can repeat this to add as many bends as youwish.To move the position of a bend, first select the link as before. The link will become hilited andthere will be a square box of hilite color at each of its bends, and at its two endpoints. To move abend or an endpoint, click down in its hilited box, drag it to its new position, and then release the

- 29 -mouse button. Moving one bend into another, or into an endpoint, will combine them, which canbe used to remove bends.There are some special considerations when moving the endpoints of a link. The arrow end of alink can not be dragged very far from the node it points to (if you try to, the arrow will just bumpagainst an invisible barrier). This prevents the creation of misleading looking diagrams (since thelink is still considered to be connected to the node). If you drag the non-arrow end of a link too farfrom its parent node, then the link will become "disconnected" from that node. You can tell thishas happened because the name of the link will suddenly appear at the endpoint you have moved.See the section "Disconnecting and Reconnecting Links" for more information on this.If the autogrid is on (there is a check mark in front of the Layout fi AutoGrid menu entry) thenthe endpoints and bends of a link will always be placed on grid positions after a move. Thismakes it easy to quickly draw network diagrams with aligned link segments, and to make somesegments perfectly horizontal or perfectly vertical. You can turn the autogrid on or off bychoosing the Layout - AutoGrid menu entry, and set the spacing of the grid with Layout fiGrid˚Spacing.If you have just been moving a link bend or endpoint, and the link is still selected, you can nudgethat bend or endpoint a little to get it exactly where you want by pressing the appropriate arrowkey. With every press of the key, it will move a distance of the grid spacing, if the autogrid is on,or the minimum perceptible distance if the autogrid is off.3 . 8 Saving a Network to a FileTo save a network to a file, make sure its window is the active one (by clicking in it or choosing itfrom the Windows menu), and the do a File fi Save˚As command. You will be prompted for thefile name and what directory to place it in. After you have saved a network its window title will nolonger be "Untitled-x" where x is some number, but instead it will be the name of the file saved to(perhaps without a terminating ".dnet"). Then you can save it subsequent times using the File fiSave command without being prompted for the name. If the File fi Save command is dimmed,that means that the network has not been changed since it was last saved, or read, and so the screenversion is the same as the file version.The network gets saved to a file consisting only of ASCII text, so it may easily be transferred fromone type of computer to another (e.g. from Windows to Unix to Macintosh) or sent by email.You may examine and modify the file with a text editor. It is in the DNET-1 file format, so itcontains "//˚~->[DNET-1]->~" somewhere in the first 3 lines. A document carefully

- 30 -describing the DNET-1 file format is available from the Norsys WWW site (called"DNET_File_Format.txt").3 . 9 Deleting NodesTo delete a node or nodes, first select them, and then press the <delete> key or do an Edit fi Clearcommand from the menu. This will remove the nodes, and all links from other nodes going tothem. Links going from them to their child nodes will be disconnected just before the deletion (seethe "Disconnecting and Reconnecting Links" section). These disconnected links will be selectedafter the nodes are removed, so you can easily delete them as well by just pressing the <delete>key again.If you wish to remove the nodes, but maintain the global relationship of the remaining nodes (i.e.the joint distribution), see the Network fi Absorb˚Nodes command.3 . 1 0 Deleting LinksTo delete a link, click on it to select it, and then press the <delete> key or do an Edit fi Clearcommand from the menu. To delete a series of links, select them all and then press the <delete>key. When a link is deleted, the conditional probabilities of the child node are collapsed toeliminate their dependence on that parent, as if the parent took on its first state. When a link isdeleted the parent node is not affected in any way.3 . 1 1 Disconnecting and Reconnecting LinksIf you wish to disconnect a node from one of its parents without modifying its conditionalprobabilities (perhaps to put it in a library, or to connect it to a different parent), the link betweenthem may be "disconnected". To do this, make sure nothing is selected, and click on the scissorstool bar button, which will turn the cursor into a scissors tool. Then click on a link you want todisconnect, and the link will turn into a short stub connected to the child node and labeled with thelink name. This will be the name you gave it previously (see the "Changing Node Characteristics"chapter), or if you never did, it will be the name of the old parent node. Double-clicking on thescissors button will leave it dark, which will allow you to continue disconnecting links until youclick on another tool bar button. If you want to disconnect all the links entering a node you can justclick on the node itself with the scissors cursor. An alternate way to disconnect links is to select anumber of links or nodes and then click on the scissors tool bar button.

- 31 -If you want to disconnect a link without loosing all its bends, click on the link to select it, then dragthe hilited box at the tail of the link far enough away from the parent node, and release the mousebutton. You will know that you dragged far enough from the parent, and that the link isdisconnected, if the link name appears at the tail of the link after releasing the mouse button.A link cannot be disconnected from its child node. That would not make sense, since adisconnected link is really just a "parent place-holder" to maintain the conditional probabilities ofthe node until it is connected up to a new parent. To achieve the affect of disconnecting a link at thechild end, it sometimes makes sense to do a link reversal (look up "link reversal"), and thendisconnect the link at the parent end.To connect a disconnected link to a new parent, click on the link to select it, then drag the hilitedbox at the tail end of the link over the node you wish to connect it to, and release the mouse button.A link can be disconnected from one parent node and reconnected to a new parent in one motion,by first selecting the link, and then dragging the hilited box at the link tail from the old parent to thenew. When reconnecting a link, the new parent must be compatible with the old one in certainways. For example, since the conditional probability table is maintained during the reconnection,the new parent must have the same number of states as the old. If there is any incompatibilitybetween parents, an error message will be displayed.3 . 1 2 Cut, Copy, Paste and Duplicate NodesSelected nodes can be removed from the network and transferred to the clipboard with an Edit fiCut command from the menu (or pressing �-X keys). Alternately, they can be entered into theclipboard without removing them from the network using an Edit fi Copy menu command (orpressing �-C keys). Once the nodes are in the clipboard, you can duplicate them into any networkby opening the window for that network, clicking in it where you want them to be placed, and thendoing an Edit fi Paste menu command (or pressing �-V keys). All links between the transferrednodes, all their characteristics, and all their conditional probability tables will maintained during thetransfers. Links that enter cut or copied nodes from a node not being cut or copied will appear asdisconnected links in the duplicate. Links that exit cut or copied nodes going to a node not beingcut or copied will not be copied.Nodes may be duplicated within their network, by selecting them and doing an Edit fi Duplicatemenu command. All links between them, and all their characteristics and probability tables will beduplicated as in the copy/paste situation, but any links to them from parent nodes not beingduplicated are handled differently. Instead of being disconnected, they are duplicated as well,which is especially useful to create nodes representing repeated, independent, imperfectobservations of some node (i.e. "virtual evidence").

- 32 -Since every node name in a network must be unique, a node’s name must be changed whenduplicating it into a network already having that name. This is done by adding a number to the endof the old name. Of course node titles don’t have to be unique, so after duplicating or pasting youmay have several nodes with the same title.3 . 1 3 Drawing Size and ScrollingUsing the scroll bars you can move around to view or work on various areas of the network. The<home>, <end>, <page up> and <page down> keys may be used as well. While you are movinga node or a link bend, you can make the window scroll by attempting to drag them outside thewindow in the direction you wish to scroll.The area within which you can create a network diagram is a rectangle of limited size. Once youscroll to the end of it you cannot scroll any further, and you cannot put any nodes outside of itsboundaries. You can change the size of this area with the Layout fi Drawing˚Size menucommands, which give you the choices: Add Page > Wider, Add Page > Taller, Remove Page> Narrower, Remove Page > Shorter. The Add Page > Wider command would make thedrawing area one page wider by adding a column of blank pages to the right hand side, and theother commands work similarly. The size of the page can be adjusted with the File fi Page Setupmenu command, and is supposed to be based on how much your printer puts on one page. Thereis more information on pages in the "Printing" section.

- 33 -4Changing Node CharacteristicsWe have seen how you can add or delete nodes or links by using menu commands, the tool bar,and mouse clicks in the network window. However, to change the characteristics of a node (e.g.its name, or how many states it has) you need to use what is called the node dialog box. If youwant to change the way a node is related to its parents (e.g., its conditional probabilities), you usethe relation dialog box, which is described in the next chapter.4 . 1 Obtaining the Node Dialog BoxThe easiest way to obtain the node dialog box for a node is to double-click on the node. Anothermethod is to select the node and then press the <return> key. This last method is especially usefulwhen adding new nodes to the network, since when a node has just been added it is alreadyselected, and you just have to press the <return> key.You may have several node dialog boxes on the screen at the same time, and you may alternatebetween using different node dialog boxes and directly working in the network window. To useone of the node dialog boxes it must be the active window (which means it is in front with its titlebar darkened). To make a node dialog box the active window, just click on an exposed part of it,or choose its name from the Windows menu. Each node dialog box pertains to a single particularnode.4 . 2 Making ChangesWhenever you make any changes within the node dialog box, they don’t actually affect the nodeuntil you click on the Apply or Okay buttons. Then all the settings are transferred to the node inthe network. The only difference between the Apply and Okay buttons is that the Okay buttonremoves the dialog after transferring the settings, while the Apply button doesn’t.

- 34 -Clicking on the Revert button will make all the settings in the dialog box the same as the node inthe network.If you click on the Close button, or in the dialog’s go-away box (on the left end of the title bar), ordo a File fi Close menu command, the node dialog will be removed. If you previously have madesome changes in the dialog box, and haven’t pressed the Apply button, Netica will ask if you wantto apply those changes to the node before removing the dialog box.4 . 3 Multiple Dialogs for One NodeYou may have more than one node dialog box for the same node. This can be confusing if youare not careful, so it is not recommended unless you need it.However, in some situations it is very useful. Each node dialog box stores all the settings for itsnode and doesn’t loose them when you make changes in another node dialog box or to the nodeitself (unless you press the Revert button). So you can have several different settings for a node,one set in each dialog box, and alternate between them just by pressing the Apply button on thedialog box of choice. Of course you can do all kinds of other operations in between (such ascompiling the network, saving it to a file, making queries, etc.).You open multiple dialogs for a node in the same way as you open a single dialog (e.g. double-clicking the node). Just do the action repetitively without closing the previous dialogs first.4 . 4 Node NameYou can change the name of a node using the "Name" text edit box of the node’s dialog box.When the node dialog box first appears, the existing name of the node is selected, so if you justtype a new name it will replace the existing name.When you enter a new node name, Netica will check that it meets certain restrictions. It must startwith a regular letter (a-z or A-Z), it must be composed only of regular letters, digits andunderscores (_), and it must be 30 or fewer characters long. Also, it must be different from thenames of all other nodes in the network. If you want to circumvent any of these restrictions, youcan also give the node a title, which has no such restrictions.

- 35 -4 . 5 Node TitleThe node dialog box has a text edit box labeled "Title", so that you can give the node a title, whichwill be used to label the node on network diagrams. There are no restrictions on what you may putin a title, and by using the <return> key you can make the title more than one line. If the title islonger or taller than the text entry box, you can scroll it using the arrow keys. The title is only usedto label the node; anything more detailed should go in the "description" of the node. Keep in mindthat some unusual characters may display differently when the font is changed, or if the network isdisplayed on another type of computer.Nodes are not required to have titles. If a node does not have a title, then anytime that Neticawould normally use a title, it will use the node’s name instead.4 . 6 Node is Discrete or ContinuousThe node dialog box pop-up menu labeled "Type" allows you to choose whether the noderepresents a continuous or a discrete variable. A discrete variable is one which has a well definedfinite set of possible values, called states. Examples are the number of dimes in a purse, astatement which is either "true" or "false", which party will win the election, the country of origin,voltage output of a digital device, and the place a roulette wheel stops. A continuous variable isone which can take on a value between any other two values, such as indoor temperature, timespent waiting, water consumed, color wavelength, and direction of travel. A discrete variablecorresponds to a digital quantity, while a continuous variable corresponds to an analog quantity.Often a variable will be continuous at one scale, but discrete on another. For instance the amountof water consumed might be discrete if you count individual water molecules, but it is continuousat the scale we are concerned with. Likewise, the voltage output of a digital device might bediscrete at the scale we are concerned with ("high" & "low"), but continuous on a finer scale (0.7 -3.5V), and then discrete on a very fine scale (corresponding to the number of electrons on acapacitor). You only need consider the scale of interest when setting whether a node is continuousor discrete.It is common to have a continuous variable that you want to break up into ranges so that you cantreat it as a discrete variable, which is known as discretizing the variable. It is usually best to makeit a continuous node, and then discretize it with a range list as described below in the "Ranges"section, rather than just making it a discrete node. This documents the node better, and makes iteasier if at a later time you want to discretize it in another way (i.e. with a different number ofstates, or different cutoff points for the state ranges).

- 36 -A utility node must always be made continuous and a decision node must always be madediscrete.4 . 7 Node KindThe node dialog box pop-up menu labeled "Kind" may be used to turn the node into a nature node,decision node, or utility node (also known as a "value node"). Nature nodes may depend on theirparents in a deterministic way (in which case they are called deterministic nodes), or in aprobabilistic way (in which case they are called chance nodes). Bayesian belief networks arecomposed entirely of nature nodes, while influence diagrams have decision nodes and utility nodesas well. Decision nodes represent variables that the decision maker can control, and their parentsare the variables whose value the decision maker will know when he has to make the decision.Utility nodes represent the variables the decision maker is trying to optimize (i.e. he wants theirvalue as large as possible). The problem that an influence diagram represents is to find a decisionfunction for each decision node that maximize the expected value of the utility nodes.You can also change node kinds straight from the network window without using a node dialogbox. To do this, select a node or set of nodes you wish to change, and while holding down the<command> key (�) click on the tool bar button indicating the kind of node you wish them tobecome. To convert them to nature nodes click on the gray oval, to convert them to decision nodesclick on the blue rectangle, and for utility node click on the rose hexagon.4 . 8 Node States and State NamesIn the node dialog box, next to the label "States", is a down-arrow which yields a pop-up menu ofthe node’s states. By choosing a state from the menu, that state becomes the "current state" of thenode dialog box. Its name will appear in the text edit box to the right of the pop-up menu,allowing you to change the name. It is not necessary that the states of a node have names, but ifone state is named then they all should be. It is highly recommended that a discrete node be givenstate names, for clarity and documentation purposes, although it is not as necessary for discretizedcontinuous nodes.When you enter a new state name, Netica will check that it meets the restrictions of an IDname. Itmust start with a regular letter (a-z or A-Z), it must be composed only of regular letters, digits andunderscores (_), and it must be 30 or fewer characters long. Also, it must be different from thenames of all other states of that node, although it may be the same as a state name for a differentnode in the network.

- 37 -If you want to quickly change the current state without having to use the pop-up menu, the up anddown arrow keys will move up and down through the states, provided the I-beam cursor is in thestate name edit box, or the Range or Value edit boxes.To add a new state right after the current state, click on the "New" button, and to delete the currentstate, click on the "Delete" button. All discrete nodes must have at least one state, but there is noupper limit to how many they can have. Another way of adding a state is to press the up-arrowkey or down-arrow key while holding down the <option> key (providing the I-beam cursor is inthe State name edit box, or the Range or Value edit boxes). After the state is added, the insertionbar will be ready for you to enter the new state name or state range. The up-arrow key adds a statedirectly before the current state, and the down-arrow key adds a state directly after the current state.Holding down the <option> key while pressing the <delete> key deletes the current state just likeclicking on the Delete button (providing the I-beam cursor is in the State name edit box, or theRange or Value edit boxes).4 . 9 Node State RangeIf a node dialog box is for a continuous node, then immediately below the state name edit box willbe a couple of boxes labeled "Range". These are to provide threshold values for the ranges of eachstate in order to discretize the continuous variable (see the "Node Discrete or Continuous" sectionabove for more information). The box to the left is the lower end of the range for the current state(inclusive), and the box to the right is the upper end of the range (exclusive). For instructions onchanging the "current state", see the "Node States and State Names" section above.To set or change the range of the current state simply type a number in the appropriate box. Statesare arranged in a contiguous and monotonic way, which means that the upper end of one staterange will always be the lower end of range of the next state. As you type one of these in, Neticawill fill in the other as well, so that when you change the current state you will see the number youjust entered in one of the Range boxes.It is okay if the lower and upper bounds of the range are the same. The numbers you enter may beintegers, decimal numbers, scientific notation numbers, "infinity", or "-infinity".4 . 1 0 Node State ValueIf a node dialog box is for a discrete node, then immediately below the state name edit box will bea box labeled "Value". This is to associate a real number value with each state. You will rarelyneed this, but occasionally it is useful. For example, in a bang-bang control system, state 0 ("Off")may map to -0.2 volts, and state 1 ("On") may map to 6.0 volts. If this node is the parent of a

- 38 -node with an equation, then the real values will be supplied to the equation (see the "Equations"chapter for more information).To set or change the real number associated with the current state simply type a number in the box.See the section "Node States and State Names" above on how to change the current state.4 . 1 1 Multi-Purpose BoxAt the bottom of the node dialog box is a text edit box with a pop-up menu above it. This box isused to view or enter several different characteristics of the node, and the pop-up menu is tochoose which characteristic to view or enter. This pop-up menu is known as the node dialog box’s"multi-purpose pop-up menu", and each of the headings below corresponds to one of its entries.To scroll in the text edit box, click down within the box and then drag the cursor in the directionyou wish to scroll, or use the arrow keys to attempt to move the cursor past the box’s boundary. Ifyou have a very large amount of text it is probably best to just paste it in from a text editor.4 . 1 1 . 1 Node DescriptionWhen a node dialog box’s multi-purpose pop-up menu is set to "Description", you can enter orview the description of the node. The description is an unrestricted block of text which can beused to store whatever information about the node you wish, such as its meaning, the meanings ofits states, how it is to be measured, the origin of its probabilities, copyright information, etc. Thedescription can be as long as you wish.4 . 1 1 . 2 Node EquationWhen the multi-purpose pop-up menu of a node dialog box is set to "Equation", you can view orenter the probabilistic or deterministic equation that provides the relation between the node and itsparents.4 . 1 1 . 3 Input NameWhen the multi-purpose pop-up menu of a node dialog box is set to "Input Name", you can viewor enter a name for each of the links going to the node. As soon as you choose Input Name fromthe multi-purpose pop-up menu, an additional pop-up menu will appear to the right of it. Each ofits choices will correspond to a link, and will be labeled with the current link name if the link hasone (in parenthesis), and/or the name of the parent node it comes from if the link is notdisconnected. See the chapters on "Network Libraries" for the purpose of link names.

- 39 -4 . 1 1 . 4 Link DelayWhen the multi-purpose pop-up menu of a node dialog box is set to "Link Delay", you can viewor enter a time-delay for each of the links going to the node. When the multi-purpose pop-upmenu is set to Delay, then an additional pop-up menu will appear to the right of it. Each of itschoices will correspond to a link, and will be labeled with the link name if there is one, and/or thename of the parent node it comes from if the link is not disconnected. See the chapter on "Time-Delay Links" for more details.4 . 1 1 . 5 Node StatesWhen a node dialog box’s multi-purpose pop-up menu is set to "States", you can enter or viewhow many states the node has, and what their names are. Usually you would do these operationsusing the State Name setting box described earlier, which has the same capabilities and effect.However, sometimes you may find this method more convenient, especially if you want to pastein the names of all the states at once, which you have copied from another node or even fromanother program.What you must put in the multi-purpose text edit box is an open parenthesis, a list of the statenames separated by commas (and optionally some space), and then a close parenthesis. See the"Node States and State Names" section above for restrictions on the names of states.An example entry is: (low, medium, high)If the number of states in the list is different from the node’s current number of states, the node’snumber of states will be changed.4 . 1 1 . 6 Node RangesWhen a node dialog box’s multi-purpose pop-up menu is set to "Ranges", you can enter or viewhow many states a discretized continuous variable has, and the range of the variable each statecorresponds to. If the node is for a discrete variable, this can be used to supply a real number foreach state of the variable. Usually you would do these operations using the Range setting boxesdescribed earlier, which have the same capabilities and effect (see the "Range and Values" sectionabove). However, sometimes you may find this method more convenient, especially if you wantto paste in the ranges of all the states at once, which you have copied from another node or evenfrom another program.

- 40 -What you must put in the text edit box is an open parenthesis, a list of the cutoff levels separatedby commas (and optionally some space), and then a close parenthesis. See the "Range andValues" section above for a description of the meanings of these numbers. If the node iscontinuous, then there should be one more number than the desired number of states, and if thenode is discrete then there should be one number for each desired state.An example entry is: (-3.2, 0, 1, 1e4, infinity)If the number of ranges in the list is different from the number of states the node is currentlydiscretized into, the node’s number of states will be changed.4 . 1 1 . 7 When ChangedWhen the multi-purpose pop-up menu of a node dialog box is set to "When Changed", you canview the time and date the node was last changed, based on the clock in your computer. This valueis similar to the one maintained by your computer operating system for when each file was lastchanged, but it can be more useful for belief networks since it actually records the time of change,not just the time of file saving, and it provides a separate value for each node. You cannot changethis value; it is for observation only. If no value appears, it means that the time of the last changewas not saved in the belief network file, and the node hasn’t been changed since reading from file.

- 41 -5Node RelationshipsIn the previous two chapters we saw how to create nodes, set their characteristics (such as name ornumber of states), and link them together. This chapter will explain how to enter the actualrelationships nodes have with each other, which are most often in the form of conditionalprobability tables. We enter, change or view the relationship using a relation dialog box.5 . 1 Obtaining a Relation Dialog BoxThe easiest way to obtain the relation dialog box for a node is to option-click on the node. Anothermethod is to select the node and then do a Relation fi View˚/˚Edit menu command.You may have several relation dialog boxes on the screen at the same time, and you may alternatebetween using different relation dialog boxes, different node dialog boxes, and directly working inthe network window. To use one of the relation dialog boxes it must be the active window (whichmeans it is in front with its title bar non-dim). To make a relation dialog box the active window,just click on an exposed part of it, or choose its name from the Windows menu.5 . 2 Meaning of the TablesFor a belief or decision network to be fully specified, there must be a relation stored at each natureor utility node, which expresses the value of that node in terms of its parents (or as a constant if thenode has no parents). If the node is deterministic then the relation will be a function whichprovides a value for the child for each possible configuration of parent values. If the node isprobabilistic (i.e. a chance node), then the relation must provide a probability for each state of thechild, for each possible configuration of parent values.For example, suppose node A (which can take on values Low, Medium or High) and node B(which can take on values True or False) are the two parents of node C (which can take on values

- 42 -Small, Midsize and Large). It is best to think of the relation between them as being located at nodeC (the child), and you can obtain its dialog box by option-clicking on node C. It might looksomething like this:

- 43 -If the dialog is for a deterministic node, then you can change a table entry (also known as a cell ofthe table) simply by clicking down on top of it, and then making a choice from the pop-up menuwhich appears. There are two special choices at the top of the menu called "Unknown" and"Impossible", which are explained farther below. You must click directly on the cell entry; if youclick on the blank space at the left of the cell you will not obtain the pop-up menu.If the dialog is for a chance node, then you can change a probability by clicking on it to select it,and then typing in the new number. Or you can click on it to select it, then click within theselection where you want to change a few digits, and then type the new digits, perhaps deletingsome old digits with the <delete> key. Remember to enter the number as a percentage. If youwant to enter probabilities as decimal fractions (e.g. 0.25), rather than percentages (e.g. 25), seethe normalize command in the "Relation Menu Commands" section below.If a cell is being edited, the insertion point will be flashing where new digits will enter. You canuse the left or right arrow keys to move it around within the number, and if it gets to the edge ofthe number, it will jump to the next cell in that direction. Further presses will jump to subsequentcells in that direction, and the up and down arrow keys can be used in the same way to jump tocells above or below the currently selected or edited cell. Pressing the tab key jumps to the "next"cell, which is the cell to the right of the current one, unless it is at the end of the line, in which caseit is the first cell on the next line.5 . 4 Buttons in the Relation Dialog BoxWhenever you make any changes within the relation dialog box, they don’t actually affect the nodeuntil you click on the Apply or Okay buttons. Then all the settings are transferred to the node inthe network. The only difference between the Apply and Okay buttons is that the Okay buttonremoves the dialog after transferring the settings, while the Apply button doesn’t.Clicking on the Load button will transfer all the values from the node in the network to the dialogbox. There are two main uses for this button. The first is if you make a mistake while you arechanging the table, and you haven’t yet pressed the Apply button, you can "revert" to the originalnode by clicking on the Load button (if you have already pressed the Apply button, you shouldmake the network window active, do an Edit fi Undo command, then go back to the relationdialog and click on Load). The second use for the Load button is to update the relation dialog aftersomething else has changed the relation at the node. For example, you might be solving a decisionnetwork repeatedly, while varying some part of it. After each solution you want to see how theoptimal decision function has changed. You would bring up the relation dialog box for thedecision node of interest, leave it up, and after each re-solution of the network you would click onthe Load button to observe the changes in the tables. Another example could be that you are

- 44 -having Netica learn a belief network from a number of case files, and you want to observe how theconditional probabilities change as the learning process continues.You can switch which node a relation dialog box is for, by using its pop-up menu labeled "Node".From this menu you can choose any node in the network, and when you do, the contents of thedialog will be completely re-adjusted for the new node. If you had made changes to entries in thedialog box before switching nodes, and had not yet pressed the "Apply" button, then a messagewill be presented asking if you want to apply the changes before switching nodes.If you click on the Close button, or in the relation dialog’s go-away box (on the left end of the titlebar), or do a File fi Close menu command while the dialog is the active window, the dialog will beremoved. If you previously have made some changes in the dialog, and haven’t pressed the Applybutton, Netica will ask if you want to apply those changes to the node before removing the dialog.5 . 5 Deterministic / Chance Pop-UpThe relation dialog box has a pop-up menu that allows you to make a nature node deterministic orprobabilistic (i.e. a chance node). If you use this pop-up menu before you have entered anythinginto the table cells, it will just modify the dialog box to be suitable for entering deterministic orprobabilistic information. If you have already entered a relation, that relation will be converted.Converting a deterministic relation to a probabilistic representation is simple: each row of the resultwill consist of all 0 entries, except one 100% entry at the state the original deterministic functionmapped to. Converting a probabilistic relationship to a deterministic one generally looses someinformation. For each parent configuration the function output will become the state that was mostlikely in the probabilistic relation (i.e. had the highest conditional probability).5 . 6 Scrolling and ResizingSince a node may have very many parent configurations, they often won’t all be visible in therelation dialog box at once. You can use the scroll bars to view whatever part of the list you arecurrently interested in. The <home>, <end>, <page up> and <page down> keys may be used aswell.You can also resize the relation dialog box to make it bigger or smaller by clicking in the box at thelower right corner and dragging to the new size. When you first bring up the relation dialog box, itis constructed with a size to match the tables required for the node its for. If you change whichnode the dialog box is for, it is sometimes convenient to resize the dialog box as well, so it bettersuits the tables of the new node.

- 45 -5 . 7 Unspecified and Impossible Cell ValuesThere are two special values which can appear in any cell of the relation table, whether it is for adeterministic or probabilistic node. One is a blank cell, which means that the value of the cell hasnot been specified. You may be building up a network over a number of sessions with Netica, andyou can use the blank cells to keep track of which parts of the relationships have not yet beendetermined. New relations start out with all blank cells, and you can set any cell or group of cellsto blank by selecting the cells and then pressing the <delete> key or doing an Edit fi Clear menucommand. If the node is deterministic, you can set a cell to blank by choosing "Unknown" fromthe pop-up menu which appears when you click on the cell. If you try to do inference with anetwork which has some unspecified values, Netica will prevent it and display a message.The other special cell is one that has a single x in it. This indicates that no value is required for thecell, because that configuration of parent values will never occur. It actually doesn’t say anythingabout the relationship at hand, but just that whoever was building the belief network didn’t feel itwas necessary to enter a value because in the context of the overall network it is not required. IfNetica is later doing inference and discovers that configuration of parent values can occur, it willdisplay a message alerting you.If you put any arbitrary value in such a cell, all inference results will be the same, because the valuewill not be used. The best value to put in the cell is the true value that would be applicable if therelationship between the parents was different, but if that value doesn’t exist, or you don’t know it,or have time to determine it, it is much better to use the x feature than to just put in an arbitraryvalue, for three reasons. First, during inference Netica performs an important check for you as towhether the configuration is really impossible. Second, it documents your understanding at thetime you were building the belief network for anyone else who later works with it. Third, if youlater change other parts of the network, or you cut and paste this node into a different application,or put it in a network library, those parent configurations may become possible.You can set a chance cell to x by selecting the cell and then typing x, and a deterministic cell to xby choosing ’Impossible’ from the cell’s pop-up menu. For chance nodes, if one cell has an x, thenall the cells in that row must have an x (because they all correspond to the same parentconfiguration).5 . 8 Selecting, Cutting and PastingTo do operations on a restricted group of cells, you first select them, which turns their backgroundto the hilite color.

- 46 -To select cells of a probabilistic relation, you click down in one cell, and drag the mouse to anothercell before releasing the mouse button. While you are moving the mouse, all the cells in therectangle between the original cell and the current mouse position will be hilited. The cell you firstclick down in must not be the cell you are currently editing (i.e. the only selected cell, or the cellwith the insertion point blinking in it) or Netica will think that you are doing an operation to editjust that cell. If you wish the selected area to extend beyond the window boundary, just dragoutside the boundary and the window will automatically scroll. Once you have made a selection,you can hold down the shift key while you click on another cell to extend or reduce the selection.To select cells of a deterministic relation, you hold down the shift key while you click down in acell (remember not to click down in the left part of the cell). If you don’t hold down the shift keywhile you are clicking, instead of selecting, you will get the pop-up menu for changing the cell’svalue. You can drag below or above the window to force automatic scrolling. Also, you canextend or reduce a selection by holding down the shift key when you click in another cell. If everytime you try to start a new selection it keeps extending the old one because you have to hold theshift key down, simply click once without the shift key held down to remove the old selection.After you have selected some cells, you can copy their values to the clipboard by doing an Edit fiCopy command. If you want to place those values in some other cells, you select the other cellsand then do an Edit fi Paste command. When you paste, the number of rows and columns ofcells selected must be the number of rows and columns in the clipboard (i.e., the same as thenumber of rows and columns selected when you originally did the Edit fi Copy command).You can copy cell values from a spreadsheet or word processor to the clipboard, and then pastethem into a Netica array of cells, or vice-versa. When you paste values into Netica cells, thenumber of rows and columns in the clipboard must match the number of selected Netica cells. Ifthe data you are pasting consists of probabilities expressed as decimal fractions (e.g. 0.25), ratherthan percentages (e.g. 25%), then you should do a normalize command (see the following section)after pasting. When you copy Netica cells to the clipboard they are entered as text, with a tabbetween each entry on the same line, and a carriage return between lines and at the end of the lastline. If you copy from a word processor or text editor to Netica, the format should be the same,except you may substitute space(s) and/or a comma for each tab, and linefeed(s) for carriagereturns, if you wish. Blank lines will be ignored.5 . 9 Relation Menu CommandsWhile working in a relation dialog box, the Relation menu is often useful. First you select somecells you wish the menu command to apply to, and then choose the command from the menu.

- 47 -For most of the commands, if no cells are selected, the command is applied to all the cells of thedialog.Relation fi Fill in Missing enters a probability into blank cells so that the probabilities of eachselected row add up to 1 (100%). Any row having no blank cells, more than one blank cell, or"impossible" values will simply be ignored.Relation fi Normalize will make sure that the probabilities of each selected row adds up to 1(100%), by dividing each number by the sum of the row. Any row having unspecified or"impossible" values will simply be ignored. This command is useful if you want to enterprobabilities as decimal fractions (e.g. 0.25), rather than percentages (e.g. 25%). After you enterall the numbers, simply normalize them and they will be converted to percentages.Relation fi Uniform Probabilities will set the selected rows of a probabilistic relationship touniform probability vectors, which means that all states of the child are equally probable. So allthe cells of these rows will contain the number 1 / (number of states), expressed as a percentage.Relation fi Randomize works on probabilistic or deterministic relationships. For deterministicrelationships it sets each selected cell to one picked randomly from the possible states of the node,following a uniform distribution (i.e. each state equally probable). For probabilistic relationships itsets the cells of each selected row to randomly selected probabilities. Of course, the probabilitiesof each row will add to 1 (100%). The distribution of the probabilities entered is not uniform (itfavors numbers closer to 0).Relation fi Remove will convert all the selected cells to blank cells. For an explanation of blankcells see the "Unspecified and Impossible Cell Values" section above. If there are selected cells,then pressing the <delete> key will have the same effect.Relation fi Check will check a probabilistic relationship to make sure all the probabilities arebetween 0 and 1 (100%), and that for each parent configuration (i.e. row) the probabilities add to 1(100%). A message will be displayed indicating the selected rows are all okay, or an offendingrow will be hilited and a message displayed indicating the problem.Many of these commands can also be done from the network window, without using any relationdialog, by selecting the nodes of interest, and then choosing the menu command from theRelation menu. It will apply to the entire relationships of all the selected nodes.

- 48 -5 . 1 0 Multiple Dialogs for One NodeYou may have more than one relation dialog box for the same node. This can be confusing if youare not careful, so it is not recommended unless you need it.However, in some situations it is very useful. Each node dialog box stores all the settings for itsnode and doesn’t loose them when you make changes in another node dialog box or to the nodeitself (unless you press the Load button). So you can have several different settings for a node,one set in each dialog box, and alternate between them just by pressing the Apply button on thedialog box of choice. Of course you can do all kinds of other operations in between (such ascompiling the network, saving it to a file, making queries, etc.).You open multiple dialogs for a node in the same way as you open a single dialog (e.g. option-clicking the node). Just do the action repetitively without closing the previous dialogs first.

- 49 -6Decision ProblemsChapter 2 discussed probabilistic inference using belief networks. They are used to determine newbeliefs (in the form of probabilities) as observations are made or facts are gathered. They arecomposed only of nature nodes. To form a decision network (also known as an "influencediagram"), we add decision nodes and utility nodes (also known as "value" nodes). Decisionnodes, which are traditionally drawn as rectangular boxes, correspond to variables whose value wewish to find. Utility nodes are drawn with a diamond or flattened hexagon shape, and correspondto quantities we want to maximize. The object of the decision network is to find values for thedecision nodes that will result in the largest possible expected value for the utility node (or sum ofthem if there is more than one). This is known as "solving" the decision network.Links that go into a decision node have a special meaning and are called informational links. Theyindicate what will be known at the time the decision is to be made. That is, the decision maker willknow the values of all the nodes which have links into that decision node, and will not know thevalues of any other nodes. Earlier, it was stated that when solving a decision network we findvalues for each of the decision nodes. But if there are some links entering a decision node, weactually find a decision value for each possible configuration of values of the parents. This is acontingent plan, with a form like: "if I observe A=high and B=no, then I will do X, if I observeA=lo and B=yes, then I will do Y, and so on. So, solving a network finds a decision function foreach decision node (i.e. a function which gives a decision value for each possible set of parentvalues). If there are a number of decision nodes, possibly corresponding to decisions made atdifferent points in time, then solving the network will find a decision function for each of them,and this set of decision functions is known as a policy. It is a full conditional plan, specifyingwhat to do in each possible contingency, based on the information that will be available.As an example, let’s consider a very tiny decision network from Ross Shachter known as"Umbrella" (located in the Examples folder). It has 2 nature nodes representing what the weatherforecast is in the morning (sunny, cloudy or rainy), and what the weather actually turns out to beduring the day (sunshine or rain). It has a decision node of whether or not to take an umbrella, and

- 50 -a utility node that measures our level of satisfaction. There is a link from Weather to Forecastcapturing the believed correlation between the two (perhaps based on previous observations).

Forecast

WeatherUmbrella

Satisfaction

There is a link from Forecast to Umbrella indicating that we will know the forecast when we makethe decision, but no link from Weather to Umbrella - if we knew for certain what the weather wasgoing to be, it would be easy to decide whether or not to take the umbrella. There are links fromWeather and Umbrella to Satisfaction, capturing the idea that I am most happy when it is sunnyand I don’t take my umbrella (utility = 100), next most when it is raining and I take my umbrella(utility = 70). I hate carrying my umbrella on a sunny day (utility = 20), but am most unhappy if itis raining and I don’t have one (utility = 0).6 . 1 Constructing a Decision NetworkConstructing a decision network is pretty much the same as constructing a belief network, so mostof the material in chapters 2, 3, and 4 is applicable. One difference, obviously, is that you mustdesignate some nodes as decision and utility nodes. Usually you do this when you first add them,by using the tool bar button with the blue rectangle to add decision nodes, and the one with the rosehexagon to add utility nodes. However, you can change node kinds using the node characteristicsdialog (described in chapter 4) obtained by double-clicking on a node. You can also change nodekinds by selecting the nodes you wish to change, and then clicking on the tool bar button for thedesired kind, while holding down the <command> key (�).You do not have to enter a relationship for decision nodes, since that is what is found when thedecision network is solved. Utility nodes should always be made continuous, and do not need tobe discretized. Also, there must be only one utility node (in this version, but not the forthcomingversion of Netica), and it must not have any descendants.6 . 2 No-Forgetting LinksNormally when a decision maker makes a later decision, he will know at least everything he didwhen he made earlier decisions. Also, he will know what earlier decisions he made. That is

- 51 -represented in the decision network by ensuring that the decisions are in a sequence, with a linkfrom one to the next, and that each decision node later in the sequence has links to it from all thedecisions earlier, and from all the parent nodes of earlier decisions. These links are called no-forgetting links, since they indicate that all the information that was available earlier is still availableto the decision maker.Not considering computation costs, having more information to make decisions always leads to apolicy having greater (or equal) expected utility. So, to find the best policy, it is important to haveno-forgetting links. After you have constructed a network, you can make sure it has all therequired no-forgetting links by doing a Network fi Add˚No-Forgetting˚Links menu command.Make sure you have added links so that there is a path running through all the decision nodes (tofix their sequence in time) before doing the command.There are a couple of reasons why you might not want all the no-forgetting links included. Withthem the decision tables of the last nodes may become gigantic, requiring a great deal ofcomputation time and memory. In such a case it is useful to be able to forget some items,especially if the decrease in expected utility is small or none. The other reason you may not wantall the no-forgetting links is that you may be trying to model a decision situation where you havetwo or more co-operating decision makers who are forming a policy together, but who won’t beable to communicate when the decisions are to be made. Netica currently requires all the no-forgetting links to be included in a decision network before it can solve it, but the next versionwon’t (it will operate on the theory explained in ZhangQP94).6 . 3 Solving a Decision NetworkOnce the network is built, you can solve it using the Network fi Optimize Decisions menucommand. It will attach to each decision node a deterministic function (the optimal relationship isalways deterministic). This function provides a value for the decision node for each possibleconfiguration of parent values. Since the links into a decision node indicate what the decisionmaker will know when he is about to make the decision, this function provides a decision for eachpossible information state. These decisions are the ones that maximize the expected value of thesum of the utility nodes. For the umbrella example, you can option-click on the decision node tosee the optimum decisions, which will be:

forecast best decisionsunny dont_take_umbrellacloudy dont_take_umbrellarainy take_umbrellaDecision networks can also be solved using node absorption, which is discussed in the"Probabilistic Inference" section of the "Transforming Networks" chapter. Select all the nodes and

- 52 -then click on the absorb tool bar button. The network will be decomposed and only the decisionnodes and utility node will be left. Each decision node will have the optimal decision as itsrelation, but it may have some parent links removed. Any removed links are ones that areirrelevant to the decision. All the utility node’s parents will be removed, and it will have themaximized expected value as its relation. After observing the relations (and perhaps copying andpasting them to a new network), you can restore the original network with an Edit fi Undo menucommand.If you wish to see an example of a slightly more complicated decision network, with 2 sequentialdecision nodes, open "Car_Buyer_Neapolitan" in the Examples folder. It is described inNeapolitan90, and is based on the classic "Car Buyer" influence diagram. It involves twosequential decisions about whether to do some tests and then whether to buy a certain used car.The optimal decisions turn out to be not to do any tests (D = none), but to buy the car (B = Buywhen D = none).6 . 4 Model IterationFor some applications of decision networks (especially in areas like gambling, control orautomated decision making), it is relatively easy to set up the relations to suitably reflect reality,and the decisions that the network makes are much better than decisions you would make unaided,because of Netica’s superior ability to reason precisely with probability, and to deal with manyinteractions in very complex situations.However for other applications (especially in areas like business decision making or public policy),the decisions that Netica makes may not match your "gut feelings", and you may suspect thatNetica is wrong. In that case, usually the decision network doesn’t completely or accuratelycapture the decision problem. The usual procedure is to go back to the decision network model,change it to more accurately reflect reality, and solve it again. Then repeat the process until you aresatisfied with the results.Well then what use is the decision network if all you do is try to get it to match the decisions youwould make anyway? Professional decision analysts who use decision networks on a regularbasis tell us that they are invaluable for disciplined decision making. The process of building thedecision network clarifies the problem (often slowly changing your gut feeling as you proceed),and the iteration process forces you to re-examine assumptions you have made. In a groupdecision making environment, constructing a decision network is often of great benefit in fleshingout the differences in people’s beliefs and values, and allows people to discuss specifics rather thanarguing in generalities.

- 53 -Also, once the policy is formed, the decision network acts as a living document of the beliefs andvalues that lead to it. If those change over time, the decision network can be changed to generate anew policy. Or parts of it can be copied and pasted into new networks for new decision problems.If a policy results in a bad outcome, it is possible to go back and determine whether it was basedon bad information, and if so, to change that information for the next decision making situation.6 . 5 What-if Decision AnalysisWith Netica’s ’undo’ feature it is easy to solve a decision network, undo it, change a utility value ora node relationship, and then re-solve the network to see how the optimal decisions and maximumexpected utility are affected.But what if you want to force a decision node to have a certain decision function, and see how theother decisions and maximum expected utility change? Just enter the desired decision function forthe node in its relation dialog box (or paste it in, since you are often obtaining it from a previoussolution of a decision network), select the decision node, and change it into a nature node byclicking on the gray ellipse toolbar button while holding down the <command> key (�). Thensolve the network in the usual way, and observe the changes to the other decision functions and thechange to the maximum expected utility. Of course you can use ’undo’ to return to the originalsituation. In general, when you want to fix a decision node to a certain decision function while youcontinue your analysis, you temporarily change it into a nature node.

- 54 -7Network LibrariesOften the probabilistic relation between a node and its parents represents a small piece of localknowledge which may be applicable in a number of different networks to be used in differentsituations. That relation may have been learned from data, or entered by an expert. Each newnetwork it is placed in captures the global relations between such local pieces of knowledge, andbelief updating combines the local and global knowledge with the details of some particular case.For example, suppose that you made a simple network consisting of a node called Weatherconnected to a node called Forecast. The link between them could go either way, since we can’treally capture causation (they are both caused by other variables, like the previous weather), but sayyou put the link from weather to forecast because often its better to put links from more immutableto less immutable variables. Each day you revised its probabilities so that eventually it accuratelycaptured the probabilistic relationship between the morning weather forecast and the weather forthat day. Then you could put it in a library to later graft into networks for inference involving theweather and its forecast, such as the decision problem discussed in the "Decision Problems"chapter.

Forecast

Weather

Noisy_Or x2x3x1 instrument instrument_statustemperatureflow_rateDiagram 6.1 - Example of a tiny network library.As another example, suppose you have a device for measuring the flow rate in a pipe. It willproduce biased readings depending on the ambient temperature, and it can break in a few differentways, each of them producing wrong or inaccurate readings. You can model the device with a 4

- 55 -node network, 1 for the reading on the device, and 3 parents corresponding to: actual flow rate,ambient temperature, and device status (okay, broken-1, broken-2, etc.). You enter theprobabilistic relationship, and then you disconnect the node from its parents and place it in alibrary. The rightmost node in diagram 6.1 shows how it will appear. A section below describeshow to do all of this in more detail.Later, if you have a network to model a situation in which you are using the device to measure theflows in 2 different pipes located in the same room, you just duplicate the device characteristicsnode from the library twice into the new network, and graft it to the appropriate nodes in thatnetwork (see diagram 6.2). Note that if the ambient temperature could be different between thetwo measurements, then the room_temp node would appear as two connected nodes, similar to theflow nodes, and the same goes for the instrument_status node if the device may have brokenbetween measurements.

instrument1 instrument2 room_temp flow2 flow1 instrument_status

Diagram 6.2 - A network which was built to analyze an instrument measuringthe flows in 2 different pipes in the same room, using the "instrument" node fromthe library depicted in diagram 6.1.7 . 1 Disconnecting and Reconnecting LinksA link may be disconnected from its parent node, without the link actually being removed. Thatmeans that the child node can maintain the information on the conditional probability relation it hadwith its parent, without actually being connected to the parent. The intention is that later it will bereconnected to the parent, or more likely to some other node, before it is used for inference.To disconnect a single link, make sure no nodes or links are selected, and click on the scissors toolbar button. The cursor will turn into a pair of scissors. Then click on the link as if you were goingto snip it. The link will turn into a short stub connected to the child node, and labeled with thename of the link. If you have not previously named the link (see the "Link Input Name" section of

- 56 -the "Changing Node Characteristics" chapter), then Netica will name it with the name of the parentnode. The disconnected link will look similar to the links of the rightmost nodes in diagram 6.1.If you have several links to disconnect, you can double-click on the scissors button, and the cursorwill remain as a pair of scissors until you click on some other tool bar button. If you want todisconnect all the links entering a node, click on the node with the scissors cursor. An alternateway to disconnect links is to select them, then click on the scissors tool button.If you want to disconnect a link while maintaining its shape, first click on the link to select it. Thenclick down on the hilited box at the end of the link (the end without the arrow), and drag it awayfrom the node. When you release the mouse button you will know that you have dragged farenough if the name of the link appears beside it. All of the bends of the link will be maintained.To reconnect a link to a new node, first click on the link to select it. It will be outlined with thehilite color, and there will be a box of hilite color at the disconnected end of the link. Click down inthat box, drag it over the node that you want the link connected to, and then release the mousebutton. If the connection was successful the name of the link will disappear. If the node is notcompatible with the original parent (e.g. it has a different number of states), then an error messagewill be displayed.7 . 2 Making and Using Network LibrariesNetica makes it easy to maintain libraries of disconnected nodes and subnetworks. To make a newlibrary, just use the File fi New˚Network menu command. Libraries are handled internally in thesame way as regular networks. Nodes and subnetworks can be copied to it using Edit fi Copyand Edit fi Paste, which can transfer material from one network to another, and also copies all thelinks between nodes in a subnetwork. When a node is being duplicated, but one of its parents isn’t,then the duplicated node will have a disconnected link where that parent was.To use nodes in the library, you use Edit fi Copy and Edit fi Paste again, this time to duplicatefrom the library into the new network. Then you connect up any disconnected links as describedin the section above, before compiling the network or using it for inference.For example, to create a library with just the "instrument" node of diagram 6.1, first you wouldmake a network with the 4 nodes: flow_rate, temperature, instrument_status and instrument. Putlinks from nodes flow, temperature and instrument_status to instrument. Enter a probabilisticrelationship for the node "instrument". Now make a new network with File fi New˚Network,select the "instrument" node in the original network, do an Edit fi Copy, click in the new network,do an Edit fi Paste, then a File fi Save. You now have file which is a library with a single node init.

- 57 -At a later session, you can use the library to construct a network in which the instrument is used tomeasure the flows as described at the beginning of this chapter. Make a new network with File fiNew˚Network, add the nodes flow1, flow2, instrument_status and room_temp, link them togetheras shown in diagram 6.2, and enter the probabilistic relationships between them. Then use File fiOpen to open the library file with the instrument node. Select that node, do an Edit fi Copy, thenclick in the application network roughly where you want the instrument node to appear. Do anEdit fi Paste, click again where the other copy of it should be and do another Edit fi Paste.Finally, hook up each of instrument’s disconnected links to their appropriate nodes using themethod described in the previous section.Now the application network is ready for probabilistic inference (you can do a Network fiCompile menu command). Perhaps you have positive findings for the "instrument" node (i.e.what you read from its dial), and you use them to determine flows and their uncertainties in a waythat properly accounts for random (uncorrelated) and systematic (correlated) errors, as well as allthe background knowledge about the situation.The Netica API product can be useful for automating the process of constructing networks that arecomposed of nodes or subnetworks from a library, perhaps by using templates or rules.

- 58 -8Transforming a Network8 . 1 Link ReversalsWhen a link goes from node P to node C, then the relation between the two nodes will beexpressed as probabilities for the states of C, conditioned on the state values of P (or a functionproviding C’s value in terms of P’s value if the node is deterministic). But sometimes you mightwant to know what the probabilities for the states of P are, conditioned on state values of C.In order to do this, you reverse the link from P to C. When the link is reversed, the links andprobability tables of the child and parent nodes are adjusted in such a way that any probabilisticinference done after the reversal will yield exactly the same results as before the reversal. In otherwords, the full joint probability distribution of the network does not change when a link isreversed. The global relationship between the nodes remains the same; just the local expressionsof it have been changed. It is a probabilistic generalization of function inversion.During the reversal, links may be added from the parents of the parent node to the child node, andfrom the parents of the child node to the parent node, which will increase the complexity of thenetwork. Occasionally, during a reversal, links from the parents of the parent node to the childnode, and from the parents of the child node to the parent node will disappear, resulting in asimpler network. For example, reversing the link from P to C might result in additional linksgoing into P and C, but when the link is reversed again (so that it has its original orientation) thoselinks will disappear, resulting in the original network (providing all the nodes have nondegenerateprobability tables).Often a network which is simpler due to the direction of its links provides a better model of theworld. For example, it usually represents true causality more accurately, it may be better atgeneralizing, and of course it allows for faster computation. Sometimes link reversals can be usedto search for more simple networks, given a network that was originally learned from data. In thatcase Netica might not always automatically remove links that should be removed, because

- 59 -although these links will be weak, they will not be completely ineffectual (perhaps because theprobability tables learned are not "exact"). Links are termed weak when their removal has littleeffect on the full joint probability distribution, and therefore little effect on inference results (seeBoerlage94). You would have to remove these weak links by hand.The usual way to reverse a link is to select it and then click on the link reversal button, which is thetool bar button with two arrows pointing in opposite directions. Alternately, you can make surethat nothing is selected, and click on the link reversal button. Then the cursor will change to a link-reverser, so when you click with it on a link, the link will be reversed. Whenever you reverse alink, Netica may have to add some other links to maintain the global relationship between thenodes (and sometimes it can remove some links).If a node is selected when you click on the link reversal button, it will do all the link reversalsnecessary to make all links involving the node point to it, unless the node has a finding, in whichcase they will all be made to point away from the node. Be careful in the second case, becausesometimes many links have to be added, and you may run out of memory.If you have several links to reverse, select them (e.g. by shift-clicking on them), and then click onthe link reversal tool bar button. Or you can make sure nothing is selected, and double-click on thelink reversal button, in which case the cursor will remain a link-reverser until you click on anothertool button. The amount of time and memory required to reverse a set of links depends greatly onthe order in which they are reversed, so unless you know a good order use the first methodsuggested above, to let Netica choose a good order to do the reversals.8 . 2 Network ReductionSuppose you have a large network that has been constructed over time by a combination of expertassistance and probability learning. It shows the relationships between hundreds of variables, andcontains much valuable information that could be used in a number of different applications.Now you want to use it in an application where only 10 of the variables will be of interest. Inevery query of the new application, four of these 10 will always have the same findings. Forinstance, one of the nodes in the original network might by Gender, and in the restricted applicationthe network will only be used for females, so we would like to enter a permanent finding of�female’ for the Gender node. These nodes are called context nodes. In each of the queries, youwill be receiving new findings for 4 other nodes, and then you want the resulting beliefs of theremaining 2. The nodes that will have new findings are called evidence nodes, and those whosebeliefs you will want are called query nodes. The hundreds of other nodes might be involved inintermediate calculations, but you don’t care about their values explicitly.

- 60 -You can simplify the large network down to one with just 6 nodes using a process called nodeabsorption. In this process nodes are removed from the network, but the links and probabilitytables of the remaining nodes are adjusted in such a way that any probabilistic inference done withthe remaining nodes will yield exactly the same results as if the absorbed nodes were present. Inother words, the full joint probability distribution of the remaining nodes does not change whennodes are absorbed. Node absorption can simplify a network considerably, since nodes are beingremoved, but in some cases it can make the network more complex because extra links are added.Here is how you would reduce the large network. First enter the permanent findings for thecontext nodes in the usual way (holding down the <command> key (�) while clicking on thenode as described in the Probabilistic Inference chapter). Then select all the nodes to be absorbed(i.e. all the nodes except the evidence and query nodes), and click on the absorb tool button, whichis the tool bar button with the five pointed star (or just do a Network fi Absorb˚Nodes menucommand). The selected nodes will be removed, and some links may be added and/or reversed.If you want to absorb a single node you can just click on the absorb tool button when nothing isselected, and after the cursor has turned into a star, onto the node to be absorbed. If you want toabsorb several nodes one-by-one, you can double-click on the absorb tool button when nothing isselected and the cursor will remain a node absorber until you click on another tool button. Thefinal result of absorbing a set of nodes is not dependent on the order in which they are absorbed,but the time and memory required to do the absorbing may be greatly affected. If you have a setof nodes to absorb, and you don’t know a good order to absorb them, it is best to select them alland then click on the absorb tool button, so that Netica can pick a good order.Returning to the example, the resulting 6 node network will give the same inference results as theoriginal large one, for the restricted queries you will be making. If you are guaranteed that therewill always be findings for every evidence node, then you can then further simplify things byremoving any links that go from evidence node P to evidence node C, providing C does not have aquery node as a parent. This means that if you can reverse links as described in the previoussection to make all the evidence nodes ancestors of all the query nodes, then you can remove all thelinks between the evidence nodes. Any evidence node that is left completely disconnected by thisoperation is irrelevant to the query, and can be deleted. And now you can examine the conditionalprobability relations of the query nodes to see directly how they depend on the findings. You mayjust be able to look up the desired probabilities without doing belief updating at all!There is a danger to keep in mind. Even though the reduced network has fewer nodes than theoriginal, it may actually be more complex, if many links were added during node absorbing or linkreversing (remember that the size of a node’s conditional probability table can be exponential in itsnumber of parents). Generally speaking, absorbing out context nodes (i.e. nodes with findingsentered) which have many ancestor nodes results in the worst increase in complexity. The nextworst is absorbing out non-context nodes (i.e. nodes with no findings) which have many

- 61 -descendant nodes. Absorbing out context nodes with no ancestors, or non-context nodes with nodescendants, will not add any links. Of course, if the number of query and evidence nodes is verysmall, the resulting network must be simpler, although the transformations to generate it mighttemporarily require a lot of memory.8 . 3 Probabilistic Inference by Node AbsorptionFrom the previous section you may have realized that it’s possible to do probabilistic inferenceusing node absorption, by entering all the findings, and then absorbing all the nodes except for asingle query node. The resulting probability "relation" for that node will be a single belief vector(because the node won’t have any parents), that is the same as the belief vector that would beobtained by compiling the belief network and doing belief updating. Of course, the network isdestroyed in the process, but you can recover it by doing an Edit fi Undo command. Normally itis better to do inference by compiling the network and doing belief updating as described in the"Probabilistic Inference" chapter, but sometimes additional insights are gained by using nodeabsorption for inference.It should be mentioned that node absorption will also work with decision networks (see the"Decision Problems" chapter) to find optimal decisions. To solve a decision network, select all itsnodes, and then do a node absorption command (click on the star tool button). The nature nodeswill all be absorbed out. When a decision node is absorbed, it is not removed from the network;instead it is completely disconnected and its decision table set to the optimal decision function.Utility nodes are also left, so you can see the expected utility. The algorithm used is described inShachter86, Shachter88 and Shachter89.When using node absorption to solve decision problems, the decision nodes must have no-forgetting links, which are described in the "Constructing Decision Networks" section. Also, theremust be only one utility node, with no descendants, and if the nodes to absorb do not include allthe nodes in the network, they must consist of a descendant subnetwork. So, if nodes areabsorbed one-by-one, a suitable order must be used. These restrictions are explained in moredetail in the Shachter papers mentioned above. If any of these restrictions are not met, Netica willnot produce an erroneous result, but will just absorb as many of the nodes as it can, and thendisplay a message explaining exactly why it was impossible to proceed.

- 62 -9Cases and Case FilesThe set of all findings entered into the nodes of a single belief network is referred to as a case. Acase usually provides some information about a particular object, person, event, etc. It may betransferred from the belief network to a file for later retrieval. Perhaps you want to work with adifferent case, but you need to be able to restore the original case to the network later on, in order toenter new findings recently obtained, or to make further queries.To save to file all the positive findings from the belief network in the active window, make sure nonodes are selected, and then do a File fi Save˚Case˚As menu command. You will be presentedwith a dialog box to choose the file name. After you enter it and press Okay, all the positivefindings will be saved to that file. If some nodes are selected, then only the findings for theselected nodes will be saved.If you later want to read the case back in to its original belief network, you first make sure that theoriginal belief network is the active window, and then do a File fi Get˚Case menu command.You will then be presented with a dialog box for choosing a file, from which you can select thecase file. After you press Okay, any existing findings in the network will be removed, the file willbe read and the findings entered into the network. If the network is auto-updating, then beliefupdating will be done automatically to account for the findings of the case.Continuing with the medical example started earlier, a case might correspond to a certain patient.When you want to work with a new patient, you save all the information gathered for the firstpatient into a case file before removing it from the network, perhaps using the patient’s name as afile name. When it comes time to reconsider the first patient - perhaps some lab results havearrived - you just read that person’s case file.For another example, each case could be a political riding. The findings would be details about thatriding (such as demographics, poll statistics, etc.), and the belief network could be used to predictthe percentage of votes each political party will get in the next election. As new information abouta riding was gathered, and old information changed, its case file would be kept updated.

- 63 -It is possible to read a case into a different network than the one it was originally saved from.Findings for nodes of the old network will be entered into nodes of the new network with the samename. The state names of the nodes (if present) should also be the same. Any findings notcorresponding to a node in the new network will simply be ignored. If the new network has nonodes with the same name as a finding node in the original network, then no findings will beentered. All name comparisons are case-sensitive.Real number values that you have entered for a discretized continuous node will be saved, ratherthan just the state they correspond to. This enables reading the case back in to a network whosenode for that variable has been discretized in a different way (perhaps finer, or courser).If you read in a case, and the case file has a node value that doesn’t correspond to any state of thatnode in the network (e.g. the states of network node ’color’ are ’red’ and ’green’, and the value forcolor in the case file is ’blue’), then an error message will be displayed. An exception to this is ifone of the states of the network node is called "other". Then the case will be read without error,and the finding for the node will be ’other’.To remove the current case from a belief net you can use the Network fi Remove˚Findings menucommand, with no nodes selected. It will leave the network with no findings entered, and if it isan auto-update network, then its beliefs will be updated to reflect that. If some nodes are selectedwhen you do the Remove˚Findings command, then only the findings for those nodes will beretracted.9 . 1 Multi-Case FilesThe case files described above consisted of a single case, but it is possible to store many cases in asingle case file. These case files act as databases; they may be used to swap cases in and out of anetwork as additional findings are obtained or beliefs required, to transfer a case from one networkto another, or as data to learn a new network.There are several different ways you can make a file of cases. One possibility is to use a text editoror a word processing program and manually construct it according to the specification in thesection below (be sure to save it as a "Text Only" file if you use a word processing program). Ifthe data is in a spreadsheet program, usually you can just copy the data from the spreadsheet to theclipboard, and then paste it into the text editor window, and it will come out in the required format.You will have to add the two header lines described in the section below.If you wish to create a multi-case file consisting of random cases sampled from a particulardistribution, then you can use Netica to make it as described in the "Generating Random Cases"section below.

- 64 -Another way to create a multi-case file is to write a computer program that creates it. Using theNetica API Programmer’s Library may be especially useful for this purpose, since it can createsuch a file with just a few function calls. It can also be used to update and otherwise maintain casefiles, and to read them and do belief network learning and inference using them.9 . 2 Case File FormatCase files (single-case or multi-case) are pure ASCII text files. They contain"//˚~->[CASE-1]->~" somewhere in the first 3 lines. Then comes a line consisting ofheadings for the columns. Each heading corresponds to one variable of the case, and is the nameof the node used to represent the variable (sometimes the variables are called attributes and theentries in the column values, i.e. attribute-value). The headings are separated by spaces and/or tabs(it doesn’t matter how many).The case data is next, with one case per line (a single-case file would only have one such line). Thevalues of the variables are in the same order as the heading line, and are separated by spaces or tabs(the columns don’t have to "line up" as they do in the example files below). The value of a discretevariable is given by its state name, or if it doesn’t have a state name, then by its state number. Thestate names are preferred, since the order of the states may be changed some time, and that wouldrender the file invalid.The value of a continuous variable is given by a number in integer, decimal, or scientific notation(e.g. -3.21e-7). If it has been discretized then the value may be given by a state name or statenumber, but the continuous number is preferred if it is available, so that the case file can be usedfor different discretizations of that variable in the future. Try to use the correct number ofsignificant figures, since future versions of Netica may use this information.If the values of some of the variables are unknown for some of the cases, then an asterisk ("*") isput in the file instead of the value (this is known as "missing data"). A single-case file is the sameas one with multiple cases, except it just has 1 case. There may be as many spaces or tabs at theend of a line as desired, and there may also be C or C++ style comments (i.e. a double slash "//",followed by any text).There are two special columns that a file may have which don’t correspond to nodes. Oneprovides an identification number for each case, which must be an integer between 0 and 2 billion.The heading for this column is "IDnum". Identification numbers do not have to be in orderthrough the file. The other special column has the heading "NumCases", and indicates thefrequency or multiplicity of the case. A multiplicity of m indicates m cases with the same variablevalues. It is not required to be an integer, so it can be used to represent a frequency of occurrence

- 65 -if desired. The missing data symbol ("*") should not appear in either of these columns if theyexist.As an example of a case file, here is a listing of "temp.cases" which is produced by the example inthe "Generating Random Cases" section below (the case file you obtain may be a little different,since random numbers are involved). It has an IDnum column, but no frequency column.// ~->[CASE-1]->~IDnumVisitAsiaTuberculosisSmokingCancerTbOrCaXRayBronchitisDyspnea1No_VisitPresentSmokerAbsentTrueAbnormalAbsentPresent2No_VisitAbsentSmokerAbsentFalseNormalPresentPresent3No_VisitAbsentSmokerPresentTrueAbnormalPresentPresent4No_VisitAbsentNonSmokerAbsentFalseNormalAbsentAbsent5No_VisitAbsentSmokerPresentTrueAbnormalPresentPresent6No_VisitAbsentSmokerAbsentFalseAbnormalPresentPresent....119No_VisitAbsentSmokerAbsentFalseNormalPresentPresent120No_VisitAbsentSmokerPresentTrueAbnormalPresentPresentHere is another example of a case file, this time for cars brought into a garage (notice BatAge,which is a continuous variable):// ~->[CASE-1]->~StartsBatAgeCranksLightsStMotorSpPlugMFuseAlterBatVoltDistPlugVoltTimingFalse5.9Falseoff*fouledokay*dead**goodFalse1.3Falseoff*okayokay*dead*nonebadFalse5.2FalseoffOkayokayokayOkaydeadOkaynonegoodTrue4.1Truebright*okayokay*strongOkaystrong*True2.7*bright*wideokay*strongOkay****Truebright*fouledokay**OkaystronggoodFalse1.7TrueoffOkayokayokayOkaydead*nonegoodTrue2.9Truebright****strongOkaystrong*Future versions of Netica will support more advanced operations with cases, including a moreefficient file representation, and a way of using belief networks as "indexing functions" to do thekind of lookup common in case-based reasoning. However, the above described type of fileformat will always be supported.9 . 3 Generating Random CasesYou can use Netica to generate a series of random cases whose probability distribution matchesthat of a belief network, which is sometimes known as sampling. These cases can by used asexample scenarios of what one should expect if the belief network matches reality. Or they can bemanipulated and combined with other cases, and then used to learn a new network.The cases will be stored in a file whose format matches the specification of a case file as describedin the previous section. The sampling algorithms used are precise, so that the long rangefrequencies of the cases will exactly approach the probabilities of the belief network. If you have

- 66 -used an equation to define the relation between a node and its parents, then that equation will beused to generate the random cases, not any probability table which approximates the equation.Continuous variables which have been discretized will be provided with a continuous real numberin each case, not just a state representing a range of values.To generate the case file, make sure the belief network to be used is the active window, select thenodes for which you wish to have values in the case file, and then do a Network fiGenerate˚Cases command. All the nodes of the network will be used to generate the cases, butcolumns will only be made for the selected ones. You will be queried for how many cases togenerate, the file name for the case file, where to put it, and how much "missing data" you want.Normally you will enter 0 for the amount of missing data, but if you want to have a case file withasterisks for some fraction of the fields, enter that fraction (e.g. entering 0.25 means 25% of thevalues will be missing).As an example, if you open the "Asia.dnet" belief network file supplied with Netica (the exampleof chapter 2), select all the nodes, and then do a Network fi Generate˚Cases command, you willobtain a dialog boxes asking how many cases to generate, what file name to store them under, andwhat percentage of data should be missing. If you enter 120, "temp.cases" and 0, then you willobtain a case file like that shown in the preceding section.

- 67 -1 0 Learning from CasesBelief network learning is the automatic process of determining a suitable belief network givendata in the form of cases. Each case represents an example, event, object or situation in the world(presumably that exists or has occurred), and it supplies values for a set of variables whichdescribes the event, object, etc. Each variable will become a node in the learned network (unlesswe want to ignore some of them). Some cases may not have values for some variables that othercases do (this is known as missing data), but there should be a significant amount of overlapbetween the variables with values over the cases.The learned network can be used to analyze a new case drawn from the same population as thecases used for learning. Typically the values for some variables of the new case will be known.These are entered as findings, and then probabilistic inference is done to determine beliefs for thevalues of the rest of the variables for that case. Sometimes we aren’t interested in values for all therest of the variables, but only some of them, and we call the nodes that correspond to thesevariables query nodes. If the links of the network correspond to a causal structure, and the querynodes are ancestors of the nodes with findings, then you could say that the network has learned todo diagnosis. If the query nodes are descendants, then the network has learned to do prediction,and if the query node corresponds to a "class" variable, then the network has learned to doclassification. Of course the same network could do all three, even at the same time.The belief network learning task has traditionally been divided into 2 parts: structure learning andparameter learning. Structure learning determines the dependence and independence of variablesand suggests a direction of causation, in other words, the placement of the links in the network.Parameter learning determines the conditional probability relationship at each node, given the linkstructures and the data. Currently Netica only does parameter learning (i.e., you link up the nodesbefore learning begins).While learning, Netica assumes independence between each of the conditional probabilities of anode’s relation to its parents. This works very well when there is lots of data (or nodes have fewparents), but can result in under-confidence when there is little data. Netica may not have seen

- 68 -some parent configuration, so the learned probability distribution is uniform for it, but the resultsmay be better if Netica assumed that parent configuration behaved similarly to another similarparent configuration (i.e., assuming a little more independence between variables, and a little lessindependence between conditional probabilities).Future versions of Netica will make it possible to not assume independence of the conditionalprobabilities, if that is desired. Netica will be able to learn relations from a set of special models.It will also be able to suggest changes to the structure, thereby partially doing structure learning.1 0 . 1 ExperienceThere has been considerable controversy over the best way to represent uncertainty, with some ofthe suggestions being probability, fuzzy logic, nonmonotonic logic, belief functions, Dempster-Shafer, etc. Currently probability and fuzzy logic are the most practical methods for mostapplications. Of these two, probability has a much sounder theoretical basis (at least with respectto the way they are actually used). However, a deficiency of using only probability is the inabilityto represent ignorance in an easy way.As an example, suppose you had to draw a ball from a bag full of black and white balls and youcouldn’t tell how many white balls and how many black balls there were in the bag. If you had tosupply a probability that you were going to draw a white ball, it would be 0.5, providing you hadno additional information.Contrast this with the case where you can count the balls in the bag beforehand (there are 10 ofeach), and you will shake the bag before you draw. In this situation the probability of drawing awhite ball is 0.5, but whereas in the first case you were in a state of ignorance, now you feel muchmore informed.If you needed to do probabilistic inference or solve decision problems as in the previous chapters,then the 0.5 probability would be sufficient in either situation. In both situations you shouldbelieve and act as if there was an equal chance of drawing a white or a black ball. So the conceptof experience is not required for these types of problems, and you do not have to be able torepresent ignorance (ignorance is the endpoint of the experience spectrum). However, for learningand communicating knowledge, it is useful to be able to represent the degree of experience as wellas the probability, as we shall see.If you are going to sequentially draw a number of balls from the bag, then things are different. Ifyou drew 4 white balls in a row, then in the first situation your probability that the next ball will bewhite should be greater than 0.5, because you are learning (perhaps incorrectly) that there seem to

- 69 -be a lot of white balls. In the second situation your probability of the next ball being white shouldbe less than 0.5, because you know that now there are more black than white balls left in the bag.One way to handle this using just probabilities is to keep track of your beliefs about the ratio ofwhite to black balls in the bag. Then you will have many probabilities, one for each possible ratio.Each of these probabilities will change as you draw a ball, and when you are asked to supply aprobability that the next ball drawn will be white, they will all be involved in the calculation. Theseare sometimes called second order probabilities, but here they are really just a probabilitydistribution over possible ratios. If you discretized the possible ratios then it would be easy to setup a belief network for this, with the ratio being one of its nodes. That approach works fine forthis simple problem, but you can imagine that if you had many interrelated variables, that it wouldbecome too complicated.If during the learning we consider the conditional probabilities being learned to be independent ofeach other, and the prior distribution to be Dirichilet, then we can use beta functions to representthe distributions over "probabilities". Each beta function requires 2 parameters to be fullyspecified, and Netica uses a probability number and an experience number. This way trueBayesian learning of the probabilities is easy to do, since it is easy to express how the beta functionshould change to account for a new case (i.e., it is easy to find the posterior beta function, given theprior one and the case). In fact, that is what the simple equation at the end of this section does.At each node Netica stores one experience number for each possible configuration of states of theparent nodes, and with it a vector of probabilities (one probability for each state of the node). Theexperience level corresponds roughly to the number of cases that have been seen (normally it is 1more than the number of cases). This experience has sometimes been called the "estimatedsample size" or "ess". To save space, Netica doesn’t store experience numbers for nodes thathaven’t been involved in any learning and haven’t had a manual entry of experience.Before learning begins (providing there has been no previous learning or entry of probabilities byan expert) the network starts off in a state of ignorance. All probabilities start as uniform, andexperience starts off as 1.For each case to be learned the following is done. Only nodes for which the case supplies a value(finding), and supplies a value for all its parents, have their experience and conditional probabilitiesmodified (i.e., no missing data for that node). Each of these nodes are modified as follows. Onlythe single experience number, and the single probability vector, for the parent configuration whichis consistent with the case is modified. The new experience number (exper’) is found from the old(exper) by:exper’ = exper + degree

- 70 -where degree is the multiplicity of the case (set by you just before learning begins). It isnormally 1, but is included so that you can make it 2 to learn two identical cases at once, or -1 to"unlearn" a case, etc.Within the probability vector, the probability for the node state that is consistent with the case ischanged from probc to probc’ as follows:probc’ = (probc * exper + degree) / exper’The other probabilities in that vector are changed by:probi’ = (probi * exper) / exper’which will keep the vector normalized (exper and exper’ act as the old and new normalizationconstants).1 0 . 2 How To Do ItThere are two ways to learn probabilities from cases: singly (one-by-one) or in batch mode.Here is how you learn from a single case. If the case is not already in the belief network, you enterit into the network as findings (see the "Probabilistic Inference" chapter). Then you select thenodes whose probabilities you wish to have revised to account for the case. Usually you wouldlike all possible nodes to have their probabilities revised, so you would select all the nodes (or don’tselect any nodes, which is equivalent). Then do a Relation fi Incorporate˚Case menu command.You will be queried for a "degree", which is normally 1. By making it 2, you can achieve thesame effect as learning the same case twice with degree = 1, and equivalently for other integers.By making degree -1, you can exactly unlearn a case that was earlier learned with degree = 1, andso on for other negative integers. Don’t try to unlearn cases that were never learned, or to unlearnthem with greater degree than they were learned. During the learning, selected nodes for which thecase provides sufficient data will have their probabilities revised a small amount to account for thecase, and their appropriate experience levels increased slightly.The batch mode way of revising probabilities does exactly the same thing as the one-by-one way,but for a whole file of cases at once. You do a Relation fi Incorp˚Case˚File menu command, andit will query you for a case file and a degree. It will then do the same thing as the one-by-onemethod for each of the cases in the file. See the "Cases and Case Files" chapter for moreinformation on creating a file of cases.

- 71 -1 0 . 4 FadingWhen a belief network is supposed to capture relationships between variables in a world which isconstantly changing, it is useful to treat more recent cases with a higher weight than older ones.An example might be an adaptive belief network which is constantly receiving new cases anddoing inferences while it slowly changes to match a changing world.Netica achieves this partial forgetting of the past by using fading. Every so often you select thenodes to be faded, do a Relation fi Fade menu command, enter a degree from 0 to 1, and it willreduce the experience and smooth the probabilities of the node by an amount dictated by thedegree, with 0 having no effect and 1 creating uniform distributions with no experience. Fadingonce with degree = 1-d, and again with degree = 1-f, is equivalent to a single fading withdegree = 1-df.Each of the probabilities in the node’s conditional probability table is modified as follows (whereprob and exper are the old values of probability and experience, and prob’ and exper’ are the newvalues):prob’ = normalize (prob * exper - (prob * exper - 1) * degree)which is equivalent to:prob’ = normalize (prob * exper * (1 - degree) + degree)exper’ is obtained as the normalization factor from above (remember that there is one experiencenumber per vector of probabilities). So:prob’ * exper’ = prob * exper * (1 - degree) + degreeWhen learning in a changing environment, you would normally fade every once in a while so thatwhat has been recently learned is more strongly weighted than what was learned long ago. If anoccurrence time for each case is known, and the cases are learned sequentially through time, thenthe amount of fading to be done is: degree˚=˚1˚-˚r˚Dt where Dt is the amount of time since thelast fading was done, and r is a number less than, but close to, 1 and depends on the units of timeand how quickly the environment is changing. Different nodes may require different values of r.

- 72 -1 1 Display Style and PrintingThe Style menu allows you to change the way networks are displayed and printed, withoutchanging what they mean or the way they behave. The size and font of all the nodes and linklabels can be adjusted, and individual nodes can be displayed in a manner which is best for thatnode. If an end-user who is not familiar with belief networks is going to be using the finishednetwork, then it can be displayed in a suitable manner, perhaps by hiding links and some nodes,and displaying the rest of the nodes as bar graphs, meters, or data entry ovals, depending on theapplication.1 1 . 1 Node Name and Title DisplayEvery node has a name, but there are restrictions on what names are allowed (look up IDname).To provide you with greater flexibility in labeling nodes, some or all of the nodes can also be giventitles, which have no such restrictions. On the displayed network, each node can be labeled with itsname, its title, or both together (separated by a colon).To display all the nodes by name, choose Style fi Node fi Name, to display them by title chooseStyle fi Node fi Title, and to display them using both, choose Style fi Node fi Name:Title. If youare displaying nodes by title, and some nodes don’t have a title, then their name will be usedinstead. The starting display mode of a new network is by title, but you might not notice this ifyou don’t use titles, since then just the node names will appear.1 1 . 2 Font and SizeIf you wish to know what font is currently being used for the writing within nodes, select somenodes and then observe the Style fi Font submenu. There will be a check mark beside the currentfont. To change the font, simply choose another one from the submenu. Likewise, the Style fiSize submenu can be used to observe and change the size of the font. Whenever you choose a

- 73 -new font, or a new font size, all the nodes will be resized so that the writing within them fits nicely.In fact, the way you enlarge or shrink the nodes of a network is to choose a larger or smaller fontsize.If a link is selected when you change the font or its size, then the new font and size will not applyto the nodes of the network (so no resizing will be done), but rather to the labels of all disconnectedlinks.1 1 . 3 Node StylesWhen it comes to the belief-bar, belief-meter and hidden node styles there is something tricky tobe aware of. There is a default style for the whole network, but each node can be set to its ownstyle individually, which overrides the default. To set the default style for the network, make sureno nodes are selected when you choose that style from the menu. To have some nodes overridethat style, select them and then choose the desired style from the menu. If you have given somenodes an overriding style, but now you want them back to the default style, select them and thenchoose Style fi Node fi Normal from the menu.If you use the menu to change the default node style of the network, but none of the nodes change,it is because they all have overrides to the default. To remove these overrides, you could selectthem all and then choose Style fi Node fi Normal from the menu.1 1 . 3 . 1 Belief-B a r To display the belief levels of a multistate nature node, the belief-bar style is most useful. It isillustrated in figure 10.1. Nodes can by displayed in this style by selecting them, and thenchoosing Style fi Node fi Belief˚Bars from the menu.Each node will be displayed as a box labeled at the top with the node’s name, title or name:titledepending on what was chosen using the Style fi Node submenu. The name of each state isshown in a section to the left, along with a number expressing the belief (probability) of that stateas a percentage. If the name is too long to fit, it will end with an ellipsis (...). If the percentage istoo small to display numerically, but nonzero, then it will be displayed as "0+". In a section to theright are bar graphs depicting the belief levels. Vertical dotted lines demark the 0.25, 0.5 and 0.75levels. If the belief in one state is certainty, due to a finding for this node, then its bar will beoutlined by a thin black line. If the current belief percentages and positions of the bars are invalidfor the findings entered (probably because the latest findings haven’t been taken into account yet),the bars will be drawn in a fuzzy dotted manner.

- 74 - Node submenu.The two states are printed at the bottom of the meter, on the left and right. The needle indicates therelative belief in each state. For the rightmost state, the left end of the scale corresponds to a beliefprobability of 0% and the right end to 100%. The 50% point is when the needle is vertical, so thecenter of the scale is demarked with a tick. If the belief is certainty due to a finding for this node,then the needle will be all the way to one side and the background gray of the meter will bedarkened. If the current position of the needle is invalid for the findings entered (probably becausethe latest findings haven’t been taken into account yet), the needle will be drawn as a dotted line.If the belief-meter style is used for a node with more than two states, then all the states except thefirst will be grouped together and will be called "Other". The first state will be rightmost on themeter, so its belief will be well represented by the needle (0% full left and 100% full right).1 1 . 4 Net StylesThe Style fi Net submenu allows you to choose the way network links are displayed. Style fi Netfi Hide˚Links allows you to hide all the links in the network. This is especially useful when youare creating something for an end-user who will make queries to the network, but does not careabout how nodes are linked together. In that case, you may also want to hide some of the nodeswhich are of no interest to the end-user. To avoid confusion, it is not possible to display some

- 75 -links and hide others. When the links are hidden, Style fi Net fi Hide˚Links will be checkmarked, and choosing it from the menu again will redisplay the links.The remaining 3 choices of the Style fi Net submenu are for those who are familiar with theprocess of belief network compiling, and wish to see how it is being done. They allow you toswitch between showing the link structure of the network which was originally constructed (Stylefi Net fi Regular˚DAG), the link structure of the Markov network which can be derived from it(Style fi Net fi Markov˚Net), and the link structure of the triangulated graph derived from theMarkov network (Style fi Net fi Triangulated). The triangulated graph is used internally todetermine the cliques when compiling the network, and a number is displayed with each node toindicate its position in the "elimination order" of the compilation.1 1 . 5 PrintingYou can print a network onto paper with the File fi Print menu command. First you may want touse the Chooser to select which printer to send it to, and do a File fi Page˚Setup menu commandto select printing options, such as page size (see your Macintosh documentation for information onthese).If the network diagram is larger than one page, then the printer will print parts of it on multiplepages in such a way that the pages can be trimmed and then attached together to produce theoverall diagram. If you wish to see what part of the diagram will end up on which page you canturn on the page breaks, by choosing the menu entry Layout fi Show˚Page˚Breaks if it is notalready checked. This will draw a light blue line at the page divisions. Choosing it again will turnoff the page break display.

- 76 -1 2 B i b l i o g r a p h y Boerlage, Brent (1994) Link Strength in Bayesian Networks, Tech. Report 94-17, Dept. Computer Science,Univ. of British Columbia, BC.Charniak, Eugene (1991) "Bayesian networks without tears" in AI Magazine (Winter 1991), 12(4), 50-63.Dean, Thomas L. and Michael P. Wellman (1991) Planning and Control, Morgan Kaufmann, San Mateo, CA.Heckerman, David, Abe Mamdani and Michael P. Wellman (1995) "Real-world applications of Bayesiannetworks" in Communications of the ACM, 38(3), 24-26. Introduction to this special issue of CACM onbelief networks.Henrion, Max, John S. Breese and Eric J. Horvitz (1991) "Decision Analysis and Expert Systems" in AIMagazine (Winter 1991), 12(4), 64-91.Lauritzen, Steffen L. and David J. Spiegelhalter (1988) "Local computations with probabilities on graphicalstructures and their application to expert systems" in J. Royal Statistics Society B, 50(2), 157-194.Matheson, James E. (1990) "Using Influence diagrams to value information and control" in InfluenceDiagrams, Belief Nets and Decision Analysis, Robert M. Oliver and J. Q. Smith (eds.), John Wiley & Sons,Chichester.Neapolitan, Richard E. (1990) Probabilistic Reasoning in Expert Systems: Theory and Algorithms , John Wiley& Sons, New York.Pearl, Judea (1988) Probabilistic Reasoning in Intelligent Systems: Networks of Plausible Inference, MorganKaufmann, San Mateo, CA. 2nd edition 1991.Qi, Runping (1994) Decision graphs: Algorithms and applications to influence diagram evaluation and high-levelpath planning under uncertainty, PhD Thesis, Dept. of Computer Science, Univ. of British Columbia,Canada. Also Tech. Report 94-27, Dept. of Computer Science, Univ. of British Columbia.Qi, Runping and David Poole (1995) "New method for influence diagram evaluation" in ComputationalIntelligence, 11(3).

- 77 -Russel, Stuart and Peter Norvig (1995) Artificial Intelligence: A Modern Approach, Prentice Hall, EnglewoodCliffs, NJ.Shachter, Ross D. (1986) "Evaluating influence diagrams" in Operations Research, 34(6), 871-882.Shachter, Ross D. (1988) "Probabilistic inference and influence diagrams" in Operations Research, 36(4), 589-604.Shachter, Ross D. (1989) "Evidence absorption and propagation through evidence reversals" in Proc. of theFifth Workshop on Uncertainty in Artificial Intelligence (Windsor, Ont.), 303-308. Later republished in:Henrion, Max (ed.) (1991) Uncertainty in Artificial Intelligence 5, North-Holland, Amsterdam.Smith, James E., Samuel Holtzman and James E. Matheson (1993) "Structuring conditional realtionships ininfluence diagrams" in Operations Research, 41(2), 280-297.Spiegelhalter, David J., A. Philip Dawid, Steffen L. Lauritzen and Robert G. Cowell (1993) "Bayesian analysisin expert systems" in Statistical Science, 8(3), 219-283.Zhang, Lianwen (Nevin) (1993) A computational theory of decision networks, PhD thesis, Dept. of ComputerScience, Univ. of British Columbia, BC, Canada. Also released as Tech. Report 94-8, Dept. ofComputer Science, Univ. of British Columbia, BC, Canada.Zhang, Lianwen (Nevin) and David Poole (1994) "A simple approach to Bayesian network computations" inProc. of the 10th Canadian Conf. on Artificial Intelligence (May, Banff, Canada).Zhang, Lianwen (Nevin), Runping Qi and David Poole (1994) "A computational theory of decision networks"in International Journal of Approximate Reasoning, 11(2), 83-158.

- 78 -1 3 I n d e x * 64<command> key 21absorb node tool 60active window 20add link tool 26Add No-Forgetting Links menu command 51added links during reversal 58adding links 26adding nodes 25adding states to node 37agents 16AI 16algorithms used by Neticadecision problems 61node absorption 61probabilistic inference 15, 16application areas 6Apply buttonin node dialog box 33in relation dialog box 43arrow keys 28, 29, 37in relation dialog box 43artificial intelligence 16Asia medical example 19, 66diagram 20asterisk 64attribute-value 64auto-updating 21, 23autogrid 28, 29BaseExperience 69Bayesian network 17beep sound 8belief 18belief functions 68belief network 17adaptive 71compiling 20file format 29learning 67new 25belief network libraries 54belief updating 18manual 21slow 21belief-bars 73automatically changing to 20fuzzy 22picture 20belief-meter 74fuzzy 22bends in links 28beta functions 69blank cells in relation dialog box 45Boerlage94 58Car Buyer example 52case 62identification number 64transferring networks 63case file 62comments 64creating 63creating by sampling 65example 65format 64learning from 70CASE-1 file format 64causal network 17cell of relation dialog box 43chance node 36chance node tool 25, 36Charniak91 15checking probabilistic relation 47child node 17classification 67clique tree 18Close buttonin node dialog box 34in relation dialog box 44closing relation dialog box 44co-operating agents 51command key 21command-click 21compiling belief network 20computation costs 51conditional plan 49configurations of parents 42consistent findings 23context node 59contingent plan 49continuous value findings 63continuous vs. discrete 35copying nodes 31current state of node dialog box 36customizing for end-user 72, 74

- 79 -cutting and pastingin relation dialog box 46cutting nodes 31database of cases 63decision function 49decision network 49constructing 50solving 51solving by node absorption 61decision node 36, 49decision node tool 25, 36, 50default node style 73degree of learning 70delay of link 39Delete buttonin node dialog box 37delete key 30deleting links 30deleting nodes 30deleting states of a node 37Dempster-Shafer 68description of Netica 6description text of node 38deterministic 17deterministic node 36deterministic vs. probabilistic nodechanging 44diagnosis 67Dirichilet distribution 69disconnecter tool 30, 55disconnecting links 30, 55discrete vs. continuous 35discretizing 35, 37, 63display style 72DNET-1 file format 29dragging 10Drawing Balls example 68drawing size 32duplicating nodes 31Edit-Clear menu command 30Edit-Copy menu command 31, 46, 56Edit-Cut menu command 31Edit-Duplicate menu command 31Edit-Paste menu command 31, 46, 56Edit-Redo menu command 26, 27Edit-Select All menu command 27Edit-Undo menu command 26, 27, 43elimination order 75empty cells in relation dialog box 45end key 32, 44entering findings 21equation of node 38ess 69estimated sample size 69evidence 18, 21evidence node 59examplesAsia (medical) 19, 66diagram 20Car Buyer 52Drawing Balls 68Flow Instrument 54, 56Political Riding 62reducing large net 59relation dialog box 41Umbrella 49Weather 54exiting Netica 8experience 68, 69explaining 24explaining away 9fading 71degree of 71familiarity assumed 6features of Netica 6file formatbelief network (DNET-1) 29case file (CASE-1) 64File-Close menu command 25, 34, 44File-Get Case menu command 62File-New Network menu command 25, 56File-Open menu command 25File-Page˚Setup menu command 32File-Print menu command 75File-Quit menu command 8File-Save As menu command 25, 29File-Save Case As menu command 62File-Save menu command 25, 29filling in missing node probabilities 47findings 18, 21consistency 23independent 22likelihood 22negative 22order of entry 21positive 22reading from file 62removing 21, 63retracting 21saving to file 62sets of 62transferring networks 63findings pop-up menu 21fixed decision function 53Flow Instrument example 54, 56font 72forgetting 51, 71frequency of cases 64function inversion 58functional relation 17fuzzy logic 68generating random cases 65generating random node relations 47generating uniform node probabilities 47getting started 6grid spacing 28group decision making 52HeckermanMW95 15HenrionBH91 15hiding links 74home key 32, 44IDname 34IDnum 64ignorance 68imperfect observation 22impossible conditions 45inconsistent findings 23independent findings 22influence diagram 49informational link 49input names of node 38installing Netica 7

- 80 -Instrument example 54, 56introduction to BNs references 15irrelevent informational links 51iterated policy making 52join tree 18junction tree 18keysarrow 28, 29, 37, 43command 21delete 30end 32, 44home 32, 44page down 32, 44page up 32, 44return 26, 33shift 27kind of node 36Kind pop-up menu of node dialog box 36large network diagrams 75Layout-AutoGrid menu command 28, 29Layout-Drawing Size menu command 32Layout-Grid Spacing menu command 28, 29Layout-Show Page Breaks menu command 75learningbelief networks 67degree 70fading 71forgetting 71from case file 70from cases 67from single case 70parameter 67structure 67, 68unlearning 70librariesbelief network 54likelihood finding 22link 17adding 26deleting 30disconnecting 30, 55hiding 74informational 49name 30, 38style 73reconnecting 31, 56removing bends 28reshaping 28link reversal 58links added/removed 58order of 59link reversing tool 59living document 53Load buttonin relation dialog box 43Markov network 75maximizing expected utility 49medical domain 15, 17, 19, 62menu commands 19menu itemsEditClear 30Copy 31, 46, 56Cut 31Duplicate 31Paste 31, 46, 56Redo 26, 27Select All 27Undo 26, 27, 43FileClose 25, 34, 44Get Case 62New Network 25, 56Open 25Page˚Setup 32Print 75Quit 8Save 25, 29Save As 25, 29Save Case As 62LayoutAutoGrid 28, 29Drawing Size 32Grid Spacing 28, 29Show Page Breaks 75NetworkAbsorb Nodes 60Add No-Forgetting Links 51Automatic Updating 21Compile 20Generate Cases 66Most Probable Expl 23Optimize Decisions 51Remove Findings 21, 63Update 21RelationCheck 47Fade 71Fill in Missing 47Incorp Case File 70Incorporate Case 70Normalize 47Randomize 47Remove 47Uniform Probabilities 47View / Edit 41Style 72Font 72Net 74Hide Links 74Markov Net 75Regular DAG 75Triangulated 75NodeBelief Bars 73Belief Meter 74Name 72Name.Title 72Normal 73Title 72Size 72Window 25, 33, 41Messages window 8missing data 64, 67, 69missing state, reading case 63model iteration 52model search 58most probable explanation 23moving nodes 28MPE 23multi-case files 63multi-purpose box 38

- 81 -multi-purpose pop-up menu 38multiple agents 51multiple node dialog boxes 34multiple relation dialog boxes 48multiplicity of cases 64Name edit box of node dialog box 34name of node 34, 72name of node changing automatically 32nature node 36, 49Neapolitan90 16negative finding 22Netica API 6, 57, 64Netica Application 6Netica description 6Netica Messages window 8Netica Programmer’s Library 6, 57, 64network libraries 54network reduction 59Network-Absorb Nodes menu command 60Network-Add No-Forgetting Links menu command 51Network-Automatic Updating menu command 21Network-Compile menu command 20Network-Generate menu command 66Network-Most Probable Expl menu command 23Network-Optimize Decisions menu command 51Network-Remove Findings menu command 21, 63Network-Update menu command 21New buttonin node dialog box 37no-forgetting links 50, 61node 17adding 25adding states 37changing 33copying 31cutting 31darkening 21deleting 30description text 38duplicating 31equation 38font 72input names 38kind 36link delay 39moving 28name 32, 34, 63, 72pasting 31ranges 37, 39relationship with parents 41removing states 37size 72state values 37states 36, 39title 35title displayed 72type 35when changed 40node absorption 60for probabilistic inference 61order of 60to maximize expected utility 51node dialog box 33Apply button 33Close button 34Delete button 37Kind pop-up menu 36multiple 34Name edit box 34New button 37obtaining 33Okay button 33parent pop-up menu 38Ranges edit box 37Revert button 34State Value edit box 37States edit box 36Title edit box 35Type pop-up menu 35node libraries 54nonmonotonic logic 68normal node style 73normalizing node probabilities 47Norsys address 6not enough memory 51nudging links 29nudging nodes 28NumCases 64Okay buttonin node dialog box 33in relation dialog box 43operations research 16optimal decisions 49Optimize Decisions menu command 51option-click 41other state, reading case 63page breaks 75page down key 32, 44page size 75page up key 32, 44parameter learning 67parent node 17pasting nodes 31Pearl88 16plan 49policy 49Political Riding example 62positive finding 22posterior probabilities 18prediction 67printing 75multiple pages 75prior probabilities 18probabilistic causal network 17probabilistic inference 18, 19by node absorption 61probabilities don’t sum to 1 24, 47probability 68query node 59, 67quick tour of Netica 8quitting Netica 8random cases 65random node relations 47Ranges edit box of node dialog box 37ranges of node 37, 39real number findings 63reconnecting links 31, 56redoing 26references for BNs 15relation dialog box 41Apply button 43arrow keys 43

- 82 -blank cells 45cell of 43changing cell values 43Close button 44closing 44cutting and pasting 46deterministic / chance pop-up menu 44empty cells 45example 41Load button 43multiple 48navigating cells 43obtaining 41Okay button 43page down key 44page up key 44Relation menu commands 46resizing 44scrolling 44selecting cells 46switching node 44tab key 43undoing 43x cells 45Relation-Check menu command 47Relation-Fade menu command 71Relation-Fill in Missing menu command 47Relation-Incorp Case File menu command 70Relation-Incorporate Case menu command 70Relation-Normalize menu command 47Relation-Randomize menu command 47Relation-Remove menu command 47Relation-Uniform Probabilities menu command 47Relation-View/Edit menu command 41relationship of node 41removing link bends 28removing node relationship 47removing states from node 37requirements, system 7reshaping a link 28resizingrelation dialog box 44resizing nodes 72retracting findings 21retrieving a case 62return key 26, 33reversing a link 58Revert buttonin node dialog box 34RusselN95 16sampling 65saving a case 62saving compiled network 20saving network to file 29scenario 24scrollingmulti-purpose box 38network window 32node description 38relation dialog box 44second order probabilities 69selecting cells of relation dialog box 46selecting nodes and links 27sequential decisions 52Shachter’s algorithms 61shift key 27relation dialog box 46size of nodes 72solving decision networks 51SpiegelhalterDLC93 15spreadsheet programcopying to/from 46, 63state name 64State Value edit box of node dialog box 37state values of node 37States edit box of node dialog box 36states of node 36, 39statistics 16structure learning 67, 68Style menu 72style of display 72Style-Font submenu 72Style-Net submenu 74Style-Net-Hide Links menu command 74Style-Net-Markov Net menu command 75Style-Net-Regular DAG menu command 75Style-Net-Triangulated menu command 75Style-Node-Belief Bars menu command 73Style-Node-Belief Meter menu command 74Style-Node-Name menu command 72Style-Node-Name.Title menu command 72Style-Node-Normal menu command 73Style-Node-Title menu command 72Style-Size submenu 72sum of probabilities „ 1 24, 47switching node of relation dialog box 44synthetic data 65system requirements 7tab keyin relation dialog box 43terminating Netica 8text editorcopying to/from 46, 63time node was changed 40Title edit box of node dialog box 35title of node 35, 72tool buttonsabsorb node 60add link 26chance node 25, 36decision node 25, 36, 50disconnecter 30, 55link reversing 59shapesblue rectangle 25, 36, 50double arrow 59down arrow 26gray oval 25, 36rose hexagon 25, 36, 50scissors 30, 55star 60utility node 25, 36, 50transferring cases between networks 63triangulated network 75type of node 35Type pop-up menu of node dialog box 35Umbrella example 49uncertainty 68Uncertainty in AI Conference 16undoing 26uniform node probabilities 47uninstalling Netica 8

- 83 -unique node names 32unlearning 70Untitled-x window title 29utility node 36, 49utility node tool 25, 36, 50value node 36, 49variable 17version number 6virtual evidence 22weak links 58Weather example 54what-if analysis 53when changed node 40wild state, reading case 63Window menu 25Windows menu 33, 41word processorcopying to/from 46, 63wrong decisions 52x cells in relation dialog box 45