NeticaTM APIProgrammer’s LibraryReference ManualVersion 1.01

- 2 -Netica API Programmer’s LibraryReference ManualVersion 1.01November 10, 1995Copyright 1995 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, Windows NT and Visual C++ aretrademarks of Microsoft, Inc.Macintosh is a trademark licensed to Apple Computer, Inc., and Apple is a registered trademark of AppleComputer, 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.While every precaution has been taken in the preparation of this manual, 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 1Introduction41.1Netica Programmer’s Library........................................................... 41.2Getting Started.................................................................................. 51.3Namespace Conflicts........................................................................ 71.4Types................................................................................................ 81.5Memory Management...................................................................... 81.6Files Included................................................................................... 92Probabilistic Inference112.1Belief Networks and Probabilistic Inference................................... 112.2Netica’s Probabilistic Inference....................................................... 122.3Example of Probabilistic Inference................................................. 133Building and Saving Networks184Findings and Cases244.1Cases and Case Files...................................................................... 265Network Transforms295.1Node Libraries................................................................................ 295.2 Network Reduction........................................................................ 325.3 Probabilistic Inference by Node Absorption.................................. 336Decision Problems357Learning From Cases387.1Experience...................................................................................... 397.2How To Do It................................................................................. 417.3Example of Learning...................................................................... 417.4Fading............................................................................................. 438Function Reference459Netica.h Header File9510Bibliography9811Netica API Function Groups10012Index105

- 4 -1I n t r o d u c t i o n This reference manual is for the Netica Programmer’s Library, also known as the "Netica API"(Application Program Interface), which is a module designed for programmers to embed in theirprograms. It is not a manual for Netica Application, which is an easy to use point-and-clickapplication program with much of the same functionality, but not embeddable within anotherprogram.This manual assumes that you are familiar with the C programming language and yourdevelopment system (including its C foreign language interface, if you are programming in someother language). It also assumes familiarity with Bayesian belief networks or influence diagrams,although it has a little introductory material on issues that are new or generally not well understood.Questions and comments about material in this manual may be sent to norsys_info@norsys.com.1 . 1 Netica Programmer’s LibraryThe Netica API is a complete library of C-callable functions for working with Bayesian beliefnetworks and influence diagrams. It contains functions to build, learn, modify, transform, saveand read networks, as well as a powerful inference engine. It may be embedded in programswritten in any language (such as C++), as long as the language can call C functions.Programs that use the Netica API completely control it. For example, Netica functions will nottake any action until called, Netica will not do any I/O unless requested to, and its functions willnot take an unpredictable amount of time before returning.It may be used in conjunction with other C or C++ libraries (and it won’t interfere with them), butit doesn’t require any other library except the standard C library. Versions of the Netica API areavailable for MS Windows, Sun Sparc and Macintosh, and each of these has an identical interface,so you can move your code between these platforms without changing anything to do with theNetica API.

- 5 -The Netica API has been designed to be easily extended in the future without changing whatalready exists. Many new features are currently under development, and it will continue to beextended for years to come.Characteristics:¥ Has operations to build and modify networks in memory, as well as to save them to file andread them back.¥ Compiles belief (Bayesian) networks and influence diagrams into a junction tree of cliquesfor fast probabilistic reasoning.¥ Can solve decision networks to find optimal sequences of decisions and conditional plans.¥ Can learn probabilistic relations from data.¥ Networks can learn from experience while they are being queried to do probabilisticinference.¥ Can reverse individual links (while maintaining the same joint probability distribution) and"sum out" nodes of an influence diagram or belief net.¥ Accepts likelihood findings (i.e., virtual evidence), and findings of the form that somevariable is not is some state.¥ Supports disconnected links, which makes possible libraries of probabilistic relationships.¥ Has facilities for the easy discretization of continuous variables.¥ Every node and network has a "user-settable/readable" field which can contain a pointer toanything you wish.¥ Has a simple but powerful method for handling errors, which can generate very detailederror messages if desired.¥ The programmer can control how carefully API functions check their arguments when theyare called, including a "development mode" to extensively check everything passed to anAPI function.¥ Fast and not too large (about 200K to 2M depending on platform/usage).¥ Can work hand-in-hand with the Netica Application standalone product (for example, sharingthe same files).1 . 2 Getting StartedThe easiest way to get started is to copy all the files supplied (see the "Files Included" section) intoone directory, and then build the supplied project called "Demo". For each different developmentsystem, a project or makefile for "Demo" is provided, along with installation notes for that

- 6 -particular system. Assuming this compiles, links, and runs without errors, you can simplysubstitute your program files for the Demo.c file.Below is the smallest program which properly uses Netica (sort of a "Hello World" example). Ifthis compiles, links and runs without getting any error messages, then your Netica installation isprobably successful.#include "Netica.h"environ_ns *env;void main (void){char mesg[MESG_LEN_ns];int res;/* Region A ... */env = NewNeticaEnviron_bn (NULL); /* replace NULL with your license string if desired */res = InitNetica_bn (&env, mesg);printf ("%s\n", mesg);if (res < 0) exit (-1);/* Region B ... */res = CloseNetica_bn (env, mesg);printf ("%s\n", mesg);if (res < 0) exit (-1);/* Region C ... */}To get this example working, you can first put the text of the program above in a file called"myapp.c". If you have purchased a Netica API license, you should change the argument passedto NewNeticaEnviron_bn from NULL to the password (called the "license number" on the invoice)provided to you, so the line looks something like:env˚=˚NewNeticaEnviron_bn˚("+SmithJ/UCS/310-1S4/12345");You can leave it as NULL, but then you will not obtain the full functionality of Netica.Compile myapp.c, and link it with the Netica API library and the C Standard library. If yoursystem has several versions of the Standard Library, you will have to use the one that includes fileI/O and floating point math. If you are using a Unix command line, you might use commandslike:cc -c myapp.ccc -o myapp myapp.o -L. -lnetica -lmThe first line compiles myapp.c and puts the result in myapp.o. The second line links myapp.owith libnetica.a and libm.a (the math library), and puts the resulting executable in myapp. Whenyou run the executable (in the above example, by typing "myapp"), it should print out somethingsimilar to this:

- 7 -Netica (AtC) 1.01 M68, (c) 1990-1995 Norsys Software Corp.Leaving Netica.Whenever you use the Netica API, the structure of your program should be similar to the example(except, of course, you may not want to call "exit" when a serious error occurs, you may notwant to print out the messages, and you probably want to use subroutines instead of putting thingsdirectly in main). Regions A, B, and C in the example can contain whatever code you wish,provided regions A and C do not call any Netica function, or use any data structure originallyobtained from a Netica function. Also, with the current version of Netica, Region B must not callNewNeticaEnviron_bn or InitNetica_bn. There are a few Netica functions (which are documentedas such in the "Function Reference" chapter), which can be called between the call toNewNeticaEnviron_bn and InitNetica_bn. It is not necessary to call CloseNetica_bn if you don’twant to free up the resources (e.g. memory) that Netica is using. The whole structure above can berepeated several times if desired (i.e., start up Netica, close it down, start it up again, close it downagain, etc.).1 . 3 Namespace ConflictsWhenever a C library is used, namespaces must be considered. Two global symbols (functionnames or global variables) in your program cannot have the same name, whether they appear incode you have written, in the Netica library, or in some other library being linked in. For thatreason libraries often restrict the beginning or ending of every symbol they declare. Older librariesalmost always restricted the prefix because old linkers were inconsistent with the number ofcharacters they considered significant. Newer libraries sometimes restrict the prefix (to becompatible with the greatest number of other libraries, which also use prefix), or sometimes thesuffix (because it creates more readable code).All Netica global symbols end in "_ns" or "_bn". The "_ns" symbols are those used in all Norsysproducts, while the "_bn" symbols are those particular to belief networks or influence diagrams.Your program, or other libraries it includes, should not define any global symbols that end withthese letters, or with _cs, _sn, _fc, _pl, _co or _lr (which may be used in future versions of Netica,or libraries which work with Netica). If this is a problem (for example, some symbols conflictwith another library you must use), contact Norsys.If you just have a conflict with a Netica type name or an enumeration constant, say NEXT_CASE,you can make a new header called MyNetica.h which contains:#define NEXT_CASE NEXT_CASE_ns

- 8 -#include "Netica.h"#undef NEXT_CASEand include MyNetica.h in your source code instead of Netica.h, before your definition ofNEXT_CASE. But be very careful to use NEXT_CASE_ns and not NEXT_CASE when callingNetica functions.In your source code, use the names for the enumeration constants defined in the NeticaAPI.h file,not just the numbers that they stand for, since future versions of Netica may define them asdifferent numbers.1 . 4 TypesThere are two kinds of data types involved in using Netica API: scalar types and opaque pointers.The scalar types are state_bn, prob_bn, level_bn and caseposn_bn, and are defined as int, long,float or double in the Netica.h header file. There are also some enumeration scalar types:checking_ns, errdanger_ns and nodekind_bn. In your source code, use the names for theenumeration constants defined in the NeticaAPI.h file, not just the numbers that they stand for,since future versions of Netica may define them as different numbers. For example, if variable nkis defined as a nodekind_bn, you would write "nk = NATURE_NODE" rather than "nk = 0".Also, try to use the type names to define your variables (e.g. prob_bn or nodekind_bn) instead ofwhat they stand for (float, int, etc.).Whenever you are working with structured objects (e.g. C structs) defined by Netica, you will doso with an opaque pointer. These are defined in the Netica.h header file so that complete typechecking can be done, but the header file gives no indication of their internal structure. To set orobtain the value of one of its fields you will pass it to a Netica function for the purpose. Examplesof opaque pointer types are: net_bn, node_bn, nodelist_bn, environ_ns, report_ns and stream_ns.The purpose of hiding the internal structure of these types is so that you don’t have to change yoursoftware to work with future versions of Netica.1 . 5 Memory ManagementNetica will never free any array, string or structure you pass it, that was not originally created(allocated) by Netica, and you should never use the Standard Library function ’free’ to free anyarray, string, or structure that Netica originally created. In other words, each system is responsiblefor freeing the things it creates. Of course, you can control when Netica frees the structures it hascreated, by using functions like FreeNet_bn and DeleteNode_bn.

- 9 -Whenever this manual says that Netica returns a "nonmodifiable" structure (including a struct,array, or character string), it is really returning a pointer to some structure that is being maintainedwithin the Netica system. Netica doesn’t return a duplicated copy of the structure in order to bemore efficient, and this difference in efficiency can be major in many situations (especially if yourcode just looks quickly at some small part of the structure). If you intend to use the returnedstructure over an extended period of time, then you should make a duplicated copy of it, becauseNetica may erase the original during the course of its operation. For example, if you request thename of a node with GetNodeName_bn, then free the node with DeleteNode_bn, then try to readthe string you originally obtained, its contents will likely have been destroyed.1 . 6 Files IncludedAlso provided with the Netica API is a file of example source code called NeticaEx.c. Nothing inNeticaEx.c is required by the Netica API; it is all optional. You can modify the functions in thisfile to precisely suit your needs, and place them in your program. All functions of the Netica APIend in _ns or _bn, but functions defined in this file don’t. If you put them in your own program,you may want to give them some suffix (such as _nx) to remind you of where they came from. Ifyou modify them then you should document it, so that when future releases of Netica come out,and you copy new, more advanced versions of these functions from the new NeticaEx.c file, youwill make the appropriate modifications again.The following is a complete list of files that make up the Netica API system:Netica.lib - The actual object code library that you will link in to your program. Make sureyou get the right version for your platform (Windows, Mac, SunOS, etc.).Netica.h - The header file to #include in your source code in order to use the Netica API. Itcontains enumeration constants, type definitions and function prototypes for Netica.lib. Alisting of this file appears as a chapter of this manual.NeticaEx.c - Example, extra, and external C language source code that you can customize andput in your program to make working with Netica easier. Many functions from it appearas examples in the "Function Reference" chapter, and documentation for them can befound by looking them up in the index of this manual.NeticaEx.h - The header file for NeticaEx.c.Demo.c - A simple example program to test your Netica installation. Depending on yourdevelopment system, there may be other files called Demo.* or NeticaDemo.* (withvarious extensions) which supply a project or makefile suitable for your developmentsystem to get you started.

- 10 -ManualAPI.ps - A postscript file which can be printed out or viewed with GhostScript or asimilar program. It is this manual.LicenseAPI.txt - An ASCII text file containing the license agreement for users of Netica.These files available from Norsys may also be of value:AsiaEx.dnet - An example DNET file that is used by the example programs in this manual.DNET_File_Format.txt - An ASCII text document describing the file format for DNET files.netlib - This is a directory containing a number of DNET files that you may use as examples.They are belief networks and decision networks that have become classics in the literature.You can download any of these files from the Norsys WWW site at: http://www.norsys.com.

- 11 -2Probabilistic Inference2 . 1 Belief Networks and Probabilistic InferenceA belief network (also known as a Bayesian network or probabilistic causal network) captures ourbelieved relations (which may be uncertain, or imprecise) between a set of variables that 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.Some belief networks are designed to be used only once for a single world situation. More often,belief networks are designed for repetitively occurring situations. They may be constructed usingexpert knowledge provided by some person (which is based on a deep knowledge of structure, andon the experience of previous cases), by an automatic learning process which examines manyprevious cases, or by a combination of the two. If the network is to be used repetitively, then itmay be considered as a knowledge base. Sometimes networks that are built to be used only onceare constructed automatically on-the-fly, perhaps by pasting together pieces of networks fromlibraries using templates. Then the libraries and templates together make up a knowledge base.Netica is designed to work for either type of application. It allows probabilities to be entereddirectly, perhaps originally coming from an expert, and it can learn probabilities from data. It willnot handle templates directly, but it has the facilities for libraries and on-the-fly construction thatsuch a program requires.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 beliefs forthe unmeasurable disease variables), or 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,

- 12 -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 manual, but "variable" usually refers to the realworld or the original problem, while "node" usually refers to its representation within the beliefnetwork.The nodes are then connected up with directed links. Usually a link from node A (the parent) tonode B (the child) indicates that A causes B, that A partially causes or predisposes B, that B is animperfect observation of A, that A and B are functionally related, or that A and B are statisticallycorrelated. The precise definition of a link is based on conditional independence, and is explainedin detail in an introductory work like Neapolitan90 or Pearl88. Finally, probabilistic relations areprovided for each node, which express the probability of that node having different valuesconditioned on the values of its parent nodes.After the belief network is constructed, it may be applied. For each variable we know the value of,we enter that value into its node as a finding (also known as "evidence"). Then Netica doesprobabilistic inference to find beliefs for all the other variables. Suppose one of the nodescorresponds to the variable "temperature", and it can take on the values cold, medium and hot.Then an example belief for temperature could be: [cold - 0.1, medium - 0.5, hot - 0.4], indicatingthe probabilities that the temperature is cold, medium or hot. The final beliefs are sometimescalled posterior probabilities (with prior probabilities being the probabilities before any findingswere entered). Probabilistic inference done within a belief network is called belief updating.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 InferenceThere are two ways that Netica can do regular probabilistic inference: by link reversals and byclique tree message passing. For most applications you will want to use clique tree messagepassing, because usually it is much faster, but you may want to use link reversals when you havesome findings that are going to be repeated in many inferences (e.g. if you discover that something

- 13 -is always true in the context of interest). This section deals with join trees; see the "NetworkTransforms" chapter for information on link reversals.Netica 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. This isbased upon the work of LauritzenSpiegelhalter88, which is described in much simpler and moreextensive terms in SpiegelhalterDLC93 and Neapolitan90.In this process the belief network is first "compiled" into a join tree. The join tree is implementedas a large set of data structures connected up with the original belief network, but invisible to youas a user of Netica. You enter findings for one or more nodes of the original belief network, andthen when you want to know the resultant beliefs for some of the other nodes, belief updating isdone by a message-passing algorithm operating on the underlying join tree. It determines theresultant beliefs for each of the nodes of the original belief network, which it attaches to the nodesso that you can retrieve them. You may then enter some more findings (to be added to the first),or remove some findings, and when you request the resultant beliefs, belief updating will beperformed again to take the new findings into account.The amount of memory required by the join tree, and the speed of belief updating areapproximately proportional to each other, and are determined by the quality of the compilation.The quality of the compilation depends upon the elimination order used, which is a list of all thenodes in the network. Any order of the nodes will produce a successful compilation, but some doa much better job than others. You may specify an elimination order (perhaps by writing a smallprogram to try several), or just let Netica find a good one itself.2 . 3 Example of Probabilistic InferenceNow let’s look at an example of using the Netica API to do probabilistic inference. In this examplewe will read in a simple network from a file, compile it into a form suitable for fast inference, entersome findings, and see how the beliefs of a particular node 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. Each possible state of the node is shown in the box.Ignore the bars for now; they were produced by the Netica Application standalone program, andjust show the probabilities of each state before any findings have arrived.

- 14 -

- 15 -printf ("The probability of tuberculosis is %g\n\n", belief);EnterFinding ("XRay", "Abnormal", net);belief = GetNodeBelief ("Tuberculosis", "Present", net);CHKERRprintf ("Given an abnormal X-ray, \n\ the probability of tuberculosis is %g\n\n", belief);EnterFinding ("VisitAsia", "Visit", net);belief = GetNodeBelief ("Tuberculosis", "Present", net);CHKERRprintf ("Given an abnormal X-ray and a visit to Asia, \n\ the probability of tuberculosis is %g\n\n", belief);EnterFinding ("Cancer", "Present", net);belief = GetNodeBelief ("Tuberculosis", "Present", net);CHKERRprintf ("Given abnormal X-ray, Asia visit, and lung cancer, \n\ the probability of tuberculosis is %g\n\n", belief);end:FreeNet_bn (net);res = CloseNetica_bn (env, mesg);printf ("%s\n", mesg);exit (res < 0 ? -1 : 0);error:fprintf (stderr, "API_Demo1: Error in %s\n", ErrorMessage_ns (GetError_ns (env, ERROR_ERR, NULL)));goto end;}The program starts by using NewNeticaEnviron_bn and InitNetica_bn to initialize the system asdescribed in the Introduction. Next, ReadNet_bn is used to read the file and create the network inmemory. If you wish to have detailed descriptions of any of these functions, remember that youcan look them up in the "Function Reference" chapter.You can see that the CHKERR macro, which calls GetError_ns, is used from time to time. Anyerror that any Netica function detects will result in an "error report" being made and registered withthe environment. Later you can obtain the error number or an error message from this report. It isnot imperative to check for an error after every Netica function call, because the original report willnot be lost, and any new errors that come along will generate new reports later in the list.Next, CompileNet_bn builds the join tree of cliques and attaches it to the data structure of the beliefnetwork, but does not discard any of the information from the original belief network. We cannow use this network to diagnose a new patient who has just entered the clinic.In the next line GetNodeBelief is called to determine the probability tuberculosis is present:belief = GetNodeBelief ("Tuberculosis", "Present", net);

- 16 -This causes a "belief updating" to be done, which finds new beliefs for all the nodes in thenetwork. This step can be time consuming if the network is very large or highly connected. IfGetNodeBelief is then called for some other node, it would return almost immediately, because thecalculated beliefs have been saved at each node. Notice that the GetNodeBelief function does notend in "_bn" or "_ns" as all Netica API functions do. That is because it is not part of the API, butis defined in the NeticaEx.c file of C source code (you can find the definitions of these functionsby looking them up in the index - see the "Files Included" section of the Introduction for moreinformation). It is defined in terms of GetNodeBeliefs_bn as a more convenient, but less efficient,way of calling that routine.The program then prints out the probability of tuberculosis, which we can see is 1.04% from thelisting of the program output below. This is the probability that the new patient has tuberculosisbefore we know anything else about him. The number may seem high, but then perhaps thisnetwork was built for people entering a certain clinic, and many of them wouldn’t be there unlessthey have some kind of illness.An X-ray is taken of the patient, and it comes out "abnormal". A belief network to be used foranything practical would define the X-ray outcome in more detail, but this will do for the example.We enter this finding into the network with:EnterFinding ("XRay", "Abnormal", net);Then we use GetNodeBelief to cause belief updating to occur again (to incorporate the latestfinding) and return the probability that the patient has tuberculosis given that his X-ray came outabnormal. The probability has now jumped to 9.24%, so we ask him if he has recently made a tripto Asia. When he answers to the affirmative, and we enter that finding, we then get a tuberculosisprobability of 33.8%.After further testing we discover that he has lung cancer, and we enter that as a finding. The lungcancer "explains away" the abnormal X-ray, and so our probability that he has tuberculosis falls to5.00%.Netica (AtC) 1.01 M68, (C) 1990-1995 Norsys Software Corp.The probability of tuberculosis is 0.0104Given an abnormal X-ray,the probability of tuberculosis is 0.0924109Given an abnormal X-ray and a visit to Asia,the probability of tuberculosis is 0.337716Given abnormal X-ray, Asia visit, and lung cancer,the probability of tuberculosis is 0.05Leaving Netica.

- 17 -For examples involving more complex types of findings, and the retraction of findings, see the"Findings and Cases" chapter.

- 18 -3Building and Saving NetworksIn the previous chapter we loaded a network into memory from a file and then did probabilisticinference using it. Now we consider how to obtain the network file in the first place. There are 5possibilities:¥ Obtain it from Norsys, another company or a colleague (by email, disk, downloading fromthe Internet, etc.). The transfer is easy, since it is a machine independent ASCII text file.¥ Create the file using a text editor, according to the DNET file specification.¥ Write a program that creates the DNET file, containing the network.¥ Use the Netica Application standalone program to construct the network on the screen of yourcomputer using simple point-and-click drawing, and then save it to a file.¥ Call routines in the Netica API to construct the network in memory. Once the network is inmemory you may use it for probabilistic inference, learning, etc., or you can save it to afile for later usage.In this chapter we will discuss the last method. Below is a complete program which constructs theAsiaEx network used in the previous chapter (except, to be more brief, it doesn’t include the twonodes Bronchitis and Dyspnea, which are not actually required for the inference examples of thatchapter).#include "Netica.h"#include "NeticaEx.c"#define CHKERR {if (GetError_ns (env, ERROR_ERR, NULL)) goto error;}environ_ns *env;void main (void){net_bn *net;node_bn *VisitAsia, *Tuberculosis, *Smoking, *Cancer, *TbOrCa, *XRay;char mesg[MESG_LEN_ns];int res;

- 19 -env = NewNeticaEnviron_bn (NULL);res = InitNetica_bn (&env, mesg);printf ("%s\n", mesg);if (res < 0) exit (-1);net = NewNet_bn ("AsiaEx", env);CHKERRVisitAsia = NewNode_bn ("VisitAsia", 2, net);Tuberculosis = NewNode_bn ("Tuberculosis", 2, net);Smoking = NewNode_bn ("Smoking", 2, net);Cancer = NewNode_bn ("Cancer", 2, net);TbOrCa = NewNode_bn ("TbOrCa", 2, net);XRay = NewNode_bn ("XRay", 2, net);CHKERRSetNodeStateNames (VisitAsia, "Visit", "No_Visit");SetNodeStateNames (Tuberculosis,"Present", "Absent");SetNodeStateNames (Smoking, "Smoker", "NonSmoker");SetNodeStateNames (Cancer, "Present", "Absent");SetNodeStateNames (TbOrCa, "True", "False");SetNodeStateNames (XRay, "Abnormal","Normal");SetNodeTitle_bn (TbOrCa, "Tuberculosis or Cancer");SetNodeTitle_bn (Cancer, "Lung Cancer");CHKERRAddLink_bn (VisitAsia, Tuberculosis);AddLink_bn (Smoking, Cancer);AddLink_bn (Tuberculosis, TbOrCa);AddLink_bn (Cancer, TbOrCa);AddLink_bn (TbOrCa, XRay);CHKERRSetNodeProbs (VisitAsia, 0.01, 0.99);SetNodeProbs (Tuberculosis, "Visit", 0.05, 0.95);SetNodeProbs (Tuberculosis, "No_Visit", 0.01, 0.99);SetNodeProbs (Smoking, 0.5, 0.5);SetNodeProbs (Cancer, "Smoker", 0.1, 0.9);SetNodeProbs (Cancer, "NonSmoker", 0.01, 0.99);// Tuberculosis CancerSetNodeProbs (TbOrCa, "Present", "Present", 1.0, 0.0);SetNodeProbs (TbOrCa, "Present", "Absent", 1.0, 0.0);SetNodeProbs (TbOrCa, "Absent", "Present", 1.0, 0.0);SetNodeProbs (TbOrCa, "Absent", "Absent", 0.0, 1.0);// TbOrCa Abnormal NormalSetNodeProbs (XRay, "True", 0.98, 0.02);SetNodeProbs (XRay, "False", 0.05, 0.95);CHKERRWriteNet_bn (net, FileNamed_ns ("AsiaEx.dnet",env));CHKERRend:FreeNet_bn (net);res = CloseNetica_bn (env, mesg);printf ("%s\n", mesg);exit (res < 0 ? -1 : 0);

- 20 -error:fprintf (stderr, "API_Demo2a: Error in %s\n", ErrorMessage_ns (GetError_ns (env, ERROR_ERR, NULL)));goto end;}First a new net is created with NewNet_bn, and each of the nodes are added with NewNode_bn.Each node represents some scalar variable of interest, either discrete or continuous. The "2"passed to NewNode_bn in the example indicates the number of states the node can take on (0would be passed for a continuous node). The states must be mutually exclusive (value can’t be 2different states at the same time), and exhaustive (it is always in one of the states). Sometimes it iseasiest to satisfy the exhaustive condition by having a state called "other".The names of the net and the nodes are passed as C strings. These strings must meet therequirements of an IDname, which are:¥ The name must be between 1 and NAME_MAX_ns (= 30) characters long, inclusive.¥ The name must consist entirely of alphabetic characters (a-z and A-Z), digits and underscores(’_’).¥ The name must start with an alphabetic character.¥ Often they must be unique within the object they apply to. Comparisons are case sensitive.In general, Netica restricts names for all objects in this way. If that overly restricts yourexpressiveness, then you can usually also give the object a "title" which is an unrestricted C string.Some objects can have a "comment" as well, which is also an unrestricted C string, and it wouldnot be out of the ordinary if this were several kilobytes long.Next, the program sets the state names of the nodes using SetNodeStateNames which is defined inNeticaEx.c as a convenient way to call SetNodeStateName_bn. This step is not required to doinference, but it is recommended in order to keep track of the meanings of the states, and to be ableto refer to the states by names, as was done in the last chapter. Once again the strings used forstate names must conform to the requirements of an IDname. Then a couple of nodes are giventitles, which also aren’t really required, but are a bit more descriptive than their names (the idea is tokeep names short for convenience).Next, the nodes are linked together with AddLink_bn. A call of the form AddLink_bn (NodeP,NodeC) makes NodeP a "parent" of NodeC, which means we wish to express the probabilities ofNodeC as a function of (i.e. "conditioned on") values of NodeP. Usually the link indicates thatNodeP causes NodeC, that NodeC is an imperfect observation of NodeP, or that the two nodes arestatistically correlated.Finally, the conditional probability relations are added. For each node, these are the probabilities ofeach of its states, conditioned on the states of its parent nodes. They are built up by multiple calls

- 21 -to SetNodeProbs (which is defined in NeticaEx.c as a convenient way to call SetNodeProbs_bn).The first argument in each call is the node whose probabilities we are setting. This is followed bythe names of the conditioning states of its parents as C strings. Finally comes a list of numbers,being the probabilities for each of the states of the node.For example: SetNodeProbs (Cancer, "Smoker", 0.1, 0.9) means that the probability that Canceris in its first state given that its parent is in state "Smoker" is 0.1, and the probability that it’s in itssecond state is 0.9. In probabilistic notation: P(Cancer=Present˚|˚Smoking=Smoker)˚=˚0.1As another example, SetNodeProbs (TbOrCa, "Present", "Absent", 1.0, 0.0) means:P(TbOrCa=True | Tuberculosis = Present, Cancer= Absent) = 1.0There are a couple of things to be cautious of when using SetNodeProbs. Since the functionprototype uses "...", you must be very careful to pass doubles for the probabilities (e.g. passing 0instead of 0.0 will get you in trouble). If speed is critical, and you must set large probability tables,use SetNodeProbs_bn directly instead of SetNodeProbs. For example, SetNodeProbs (TbOrCa,"Present", "Absent", 1.0, 0.0); could be accomplished by:parent_states[0] = 0; parent_states[1] = 1; /* Present Absent */probs[0] = 1.0; probs[1] = 0.0;SetNodeProbs_bn (TbOrCa, parent_states, probs);Now the network is fully constructed in memory, and we could use it for inference, do networktransforms, etc., but in this example we just save it to a file for later use, by calling WriteNet_bn.The resulting file is a pure ASCII text file which can be read back by Netica API or by NeticaApplication standalone, whether they are running on the same computer or another type ofcomputer. The file adheres to the DNET format, which is described in the document "DNET FileFormat". It will look similar to the below.// ~->[DNET-1]->~bnet AsiaEx {node VisitAsia {kind = NATURE;discrete = TRUE;states = (Visit, No_Visit);parents = ();probs =// Visit No_Visit (0.01, 0.99);};

- 22 -node Tuberculosis {kind = NATURE;discrete = TRUE;states = (Present, Absent);parents = (VisitAsia);probs =// Present Absent // VisitAsia ((0.05, 0.95), // Visit (0.01, 0.99)); // No_Visit};node Smoking {kind = NATURE;discrete = TRUE;states = (Smoker, NonSmoker);parents = ();probs =// Smoker NonSmoker (0.5, 0.5);};node Cancer {kind = NATURE;discrete = TRUE;states = (Present, Absent);parents = (Smoking);probs =// Present Absent // Smoking ((0.1, 0.9), // Smoker (0.01, 0.99)); // NonSmokertitle = "Lung Cancer";};node TbOrCa {kind = NATURE;discrete = TRUE;states = (True, False);parents = (Tuberculosis, Cancer);probs =// True False // Tuberculosis Cancer(((1, 0), // Present Present (1, 0)), // Present Absent ((1, 0), // Absent Present (0, 1))); // Absent Absenttitle = "Tuberculosis or Cancer";};node XRay {kind = NATURE;discrete = TRUE;states = (Abnormal, Normal);parents = (TbOrCa);probs =// Abnormal Normal // TbOrCa ((0.98, 0.02), // True (0.05, 0.95)); // False};};There are a number of other functions that may be used when constructing a network. For a list ofthem, see the "Low-Level Network Modification" section of the "Function Groups" chapter, andfor detailed descriptions of each one, look it up in the "Function Reference" chapter.

- 23 -For another example of constructing a network, which demonstrates how to build a decisionnetwork, create decision and utility nodes, and work with 3 state and continuous nodes, see the"Decision Networks" chapter.

- 24 -4Findings and CasesIn the "Probabilistic Inference" chapter we saw how to enter positive findings into a belief networkto do probabilistic inference (findings are also known as "evidence".). A positive finding is theobservation or knowledge that some discrete node definitely has a particular value. However, wemay discover that some node definitely does not have some particular value, and not have anymore information to help us determine what value it does 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 observation would be made if the node were in that state.For our temperature example, the likelihood finding would be (0,˚0.1,˚1). A common mistake isto think that the likelihood is the probability of the state given the observation made (in which casethe numbers would have to add to one), but it is the other way around.A positive finding is equivalent to a likelihood finding consisting of all 0s except a single 1. Anegative finding is equivalent to a likelihood finding consisting of all 1s (or some other nonzeronumber) except a single 0. Two independent findings for a node can be combined by component-wise multiplication of their likelihood vectors. If they are not independent, and it is too inaccurate

- 25 -to approximate them as independent, then they should be combined by adding 2 child nodes to theobserved node in the original network, one for each observation, connecting them together to showthe dependency, and then entering positive findings for the child nodes.Netica has functions for the direct entry of positive findings, negative findings, likelihood findings,and also findings that a continuous node has a certain value. If several findings are entered for thesame node, then it combines them as if they were independent observations, and generates an errorif they are inconsistent. Checking for consistency between the findings of one node and those ofanother node (given the inter-node relations encoded in the network), is only done if beliefupdating is done after each finding is entered, which will be the case if the net is auto-updating (seeSetNetAutoUpdate_bn) or if GetNodeBeliefs_bn is called between entering findings.As an example, consider the following section of code to enter findings for node, which has 4states:(a)state_bn finding;(b)node_bn *node;(c)const prob_bn *clike, *belief;(d)prob_bn like[4];(1)like[0] = 0.6; like[1] = 0.6; like[2] = 1.0; like[3] = 1.0;(2)EnterNodeLikelihood_bn (node, like);(3)EnterFindingNot_bn (node, 1);(4)like[0] = 0.5; like[1] = 0.6; like[2] = 0.0; like[3] = 0.5;(5)EnterNodeLikelihood_bn (node, like);(6)clike = GetNodeLikelihood_bn (node);(7)// EnterFinding_bn (node, 2);(8)belief = GetNodeBeliefs_bn (node);(9)finding = GetNodeFinding_bn (node);(10)RetractNodeFindings_bn (node);(11)EnterFinding_bn (node, 2);(12)finding = GetNodeFinding_bn (node);(13)clike = GetNodeLikelihood_bn (node);Step 1 sets up a likelihood vector, and step 2 enters it as a finding for node. The finding meansthat an observation was made that would certainly be observed if node were in state 2 or 3, andthat would occur with probability 0.6 if node were in state 0 or 1. Step 3 enters a negativefinding which means "the value of node is not state 1". Steps 4 and 5 enter another likelihoodfinding, and then step 6 retrieves the likelihood vector for the accumulated findings so far. It willhave the values:clike[0] = 0.3 clike[1] = 0.0 clike[2] = 0.0 clike[3] = 0.5Notice that clike[1] is 0 due to the negative finding of step 3, and clike[2] is 0 due to the 0 in thelikelihood finding of steps 4&5.Step 7 is commented out, but if it weren’t it would generate an error because saying "the value ofnode is state 2" is inconsistent with the likelihood finding of steps 4&5.

- 26 -Step 8 causes a belief updating to be done, and it could return a belief vector with the followingvalues:belief[0] = 0.9 belief[1] = 0.0 belief[2] = 0.0 belief[3] = 0.1Even though the accumulated likelihood (clike) said state 3 was the most likely value for node,when the findings for other nodes, and there relations with node, were taken into account, state 0became more probable than state 1. In general, it is not possible to determine anything about whatthe belief of a node is going to be based just on its accumulated likelihood findings, except thatstates with a zero likelihood will have a zero belief.Step 9 demonstrates GetNodeFinding_bn being used to query what finding has been entered fornode. It is designed to retrieve positive findings, and since node has likelihood findings, it willjust return the constant LIKELIHOOD_FINDING.Step 10 retracts all the findings that have been entered for node, thereby undoing all of the above,and step 11 enters the positive finding that the value of node is state 2, which won’t generate anerror this time like it did in step 7. When GetNodeFinding_bn is called in step 12, it will nowreturn 2, and the values of clike after step 13 will be:clike[0] = 0.0 clike[1] = 0.0 clike[2] = 1.0 clike[3] = 0.04 . 1 Cases and Case FilesThe set of all findings entered into the nodes of a single belief network is referred to as a case. Acase may be saved to a file for later retrieval. Case files may consist of a single case, or of manycases. There are three main purposes for case files: to act like databases, for future restoration ofcases into a network (perhaps to present to a user, or to add new findings and find new beliefs),and to use for future learning of a belief network.There are 3 different ways you can make a case file:¥ Use a text editor to manually construct it, according to the specification below.¥ Take an existing tab delimited text data file from a spreadsheet or database output, and add thetwo header lines described below (usually when you copy from a spreadsheet and thenpaste into a text file, this will be the format you get).¥ Call Netica API functions to enter the case as findings into a belief network, write the case toa file, and repeat for each case to be put in the file.A case file starts off with "// ~->[CASE-1]->~".

- 27 -Then it contains a line of headings for the columns. Each heading corresponds to one variable ofthe case. They are ASCII strings separated by tabs, and each is the name of the node used torepresent the variable.The case data is next, with one case per line. The values of the variables are in the same order asthe heading line, and are separated by tabs. The value of a discrete variable is given by its statename, or if it doesn’t have a state name, then by its state number. The state names are preferred,since the order of the states may be changed some time, and that would render the file invalid.The value of a continuous variables 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.Missing data is represented by a single asterisk ("*"). A single-case file is the same as one withmultiple cases, except it just has 1 case. There may be as much whitespace as desired between thelines, including C or C++ style comments at the end of the line.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,and does not have to be ordered in the file. The heading for this column is "IDnum". The otherindicates the frequency or multiplicity of the case. A multiplicity of m indicates m cases with thesame variable values. It is not required to be an integer, so it can be used to represent a frequencyof occurrence if desired. The missing data symbol ("*") should not appear in either of thesecolumns if they exist.As an example of a case file, here is a listing of "temp.cases" which is produced by the exampleprogram in the "Learning From Cases" chapter (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]->~IDnumVisitAsiaTuberculosisSmokingCancerTbOrCaXRayBronchitisDyspnea0No_VisitPresentSmokerAbsentTrueAbnormalAbsentPresent1No_VisitAbsentSmokerAbsentFalseNormalPresentPresent2No_VisitAbsentSmokerPresentTrueAbnormalPresentPresent3No_VisitAbsentNonSmokerAbsentFalseNormalAbsentAbsent4No_VisitAbsentSmokerPresentTrueAbnormalPresentPresent5No_VisitAbsentSmokerAbsentFalseAbnormalPresentPresent....118No_VisitAbsentSmokerAbsentFalseNormalPresentPresent119No_VisitAbsentSmokerPresentTrueAbnormalPresentPresentHere is another example of a case file, this time for cars brought into a garage (notice BatAge,which is a continuous variable):

- 28 -// ~->[CASE-1]->~IDnumStartsBatAgeCranksLightsStMotorSpPlugMFuseAlterBatVoltDistPlugVTiming1False5.9Falseoff*fouledokay*dead**good2False1.3Falseoff*okayokay*dead*nonebad3False5.2FalseoffOkayokayokayOkaydeadOkaynonegood4True4.1Truebright*okayokay*strongOkaystrong*5True2.7*bright*wideokay*strongOkay**6*1.3Truebright*fouledokay**Okaystronggood7False1.7TrueoffOkayokayokayOkaydead*nonegood8True2.9Truebright****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.

- 29 -5Network Transforms5 . 1 Node 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.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), butyou 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.

- 30 -network, 1 for the reading on the device, and 3 parents corresponding to: actual flow rate, ambienttemperature, and device status (okay, broken-1, broken-2, etc.). You enter the probabilisticrelationships, and then you disconnect the node from its parents and place it in a library (seediagram, disconnection and grafting are explained below). Later, if you have a network to model asituation in which you have made 4 measurements with the device, you just duplicate the devicecharacteristics node from the library 4 time into the new network, and graft it to the appropriatenodes in that network (see diagram). Note that if the ambient temperature could be differentbetween measurements, or if the device could have broken along the way, then you would usemultiple connected nodes for these variables. Automating the process of network construction fornew situations is an area of active research, with dynamic belief networks, templates and graphgrammars being some of the methods used.

- 31 -net = NewNet_bn ("net", env);flow = NewNode_bn ("flow_rate", 0, net);temp = NewNode_bn ("temperature", 0, net);broken = NewNode_bn ("instrument_status", 5, net);instrument = NewNode_bn ("instrument", 0, net);AddLink_bn (flow, instrument);AddLink_bn (temp, instrument);AddLink_bn (broken, instrument);// .....// <build probabilistic relation for node ’instrument’,// either by learning from cases, or entry by an expert.>// .....// The below will put a copy of the ’instrument’ node,// disconnected from its parents, into the library.// Its disconnected link names will be those of the old parents.libnet = NewNet_bn ("library", env);DuplicateNode (instrument, libnet);WriteNet_bn (libnet, FileNamed_ns ("Library.dnet", env));FreeNet_bn (net);FreeNet_bn (libnet);Now the library is constructed and saved to file, with instrument as the only node in it.At a later session, we use the library to construct appnet, an application network in which theinstrument is used to measure flow1 and flow2, which are in the same room at the sametemperature:appnet = NewNet_bn ("measure_flows", env);flow1 = NewNode_bn ("flow1", 0, appnet);flow2 = NewNode_bn ("flow2", 0, appnet);rtemp = NewNode_bn ("room_temp", 0, appnet);status = NewNode_bn ("instrument_status", 5, appnet);// .....// <Build rest of application network.>// <Connect up nodes flow1, flow2, rtemp, and status.>// <Add probabilistic relations for flow1, flow2, rtemp, and status.>// .....// The below will get 2 copies of the instrument node from the library,// and put them in the application network.libnet = ReadNet_bn (FileNamed_ns ("Library.dnet", env), FALSE);instrument1 = DuplicateNode (NodeNamed_bn ("instrument", libnet), appnet);instrument2 = DuplicateNode (NodeNamed_bn ("instrument", libnet), appnet);// The below will graft them to the other nodes in the application network.SwitchNodeParent_bn (LinkNamed_bn ("flow_rate", instrument1), instrument1, flow1);SwitchNodeParent_bn (LinkNamed_bn ("temperature", instrument1), instrument1, rtemp);SwitchNodeParent_bn (LinkNamed_bn ("instrument_status", instrument1), instrument1, status);SwitchNodeParent_bn (LinkNamed_bn ("flow_rate", instrument2), instrument2, flow2);SwitchNodeParent_bn (LinkNamed_bn ("temperature", instrument2), instrument2, rtemp);SwitchNodeParent_bn (LinkNamed_bn ("instrument_status", instrument2), instrument2, status);

- 32 -Now the application network appnet is ready for probabilistic inference. Perhaps we have positivefindings for the instrument node (i.e. what we read from its dial), and we use them to determineflows in a way that properly accounts for random (uncorrelated) and systematic (correlated) errors,as well as all the background knowledge about the situation.5 . 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 are of interest to you. Inevery query of the new application, four of them will always have the same value. For instance,one of the nodes in the original network might by Gender, and in the restricted application thenetwork will only be used for females, so we would like to enter a permanent finding of ’female’for the node Gender. These nodes are called context nodes. In each of the queries, you will bereceiving new findings for 4 other nodes, and then you want the resulting beliefs of the remaining2. The nodes that will have new findings are called evidence nodes, and those whose beliefs youwill want are called query nodes. The hundreds of other nodes might be involved in intermediatecalculations, but you don’t care about their values explicitly.You can simplify the large network down to one with just 6 nodes using AbsorbNodes_bn. Firstenter the permanent findings for the context nodes. Then make a list of all the nodes except theevidence nodes and the query nodes, and pass it to AbsorbNodes_bn. The resulting 6 nodenetwork will give the same inference results as the original large one, for the restricted queries youwill be making. If you are guaranteed that there will always be findings for every evidence node,then you can then further simplify things by removing any links that go from evidence node P toevidence node C, providing C does not have a query node as an ancestor. This means that if youuse ReverseLink_bn to make all the evidence nodes ancestors of all the query nodes, then you canremove all the links between the evidence nodes. Any evidence node that is left completelydisconnected by this operation is irrelevant to the query. And now you can examine theconditional probability relations of the query nodes to see directly how they depend on thefindings. You may just be able to look up the desired probabilities without doing belief updating atall!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 by AbsorbNodes_bn orReverseLink_bn (remember that the size of a node’s conditional probability table can beexponential in its number of parents). Generally speaking, absorbing out context nodes (i.e. nodes

- 33 -with findings entered) which have many ancestor nodes results in the worst increase incomplexity. The next worst is absorbing out non-context nodes (i.e. nodes with no findings)which have many descendant nodes. Absorbing out context nodes with no ancestors, or non-context nodes with no descendants, will not add any links. Of course, if the number of query andevidence nodes is very small, the resulting network must be simpler, although the transformationsto generate it might temporarily require a lot of memory.5 . 3 Probabilistic Inference by Node AbsorptionFrom the previous section you may have realized it is possible to do probabilistic inference usingnode absorption, by entering all the findings, and then absorbing all the nodes except for a singlequery node. The resulting probability distribution for that node can be obtained withGetNodeProbs_bn, and it will be a single belief vector (because the node won’t have any parents),that is the same as the belief vector that would be obtained by compiling the belief network, doingbelief updating, and obtaining the beliefs with GetNodeBeliefs_bn.The question is, which method is faster? If you need the beliefs for all the nodes, then you wouldhave to repeat the absorbing-node method for each of the nodes (duplicating the network eachtime, since it is destroyed in the process), and so it will probably be slower. If you have a numberof queries, the compiling method will also be faster because you have to compile only once. But ifyou only need the beliefs of one node, for one set of findings, and there are many nodes in thenetwork that are irrelevant to the particular query, then the node absorption method can be muchfaster.The next version of Netica will have a new inference method that will be ideal for one-timeinferences in a network built on the fly, or inference for which many of the nodes in the networkare not relevant. It will always be faster than the node absorption method, and will be faster thanthe compilation method in the above-mentioned situations.It should be mentioned that node absorption will also work with decision networks (see the"Decision Problems" chapter) to find optimal decisions. When a decision node is absorbed it isnot removed from the network; instead it is completely disconnected and its decision table set tothe optimal decision function.When using AbsorbNodes_bn for decision problems, the decision nodes must have no-forgettinglinks, and if the list of nodes to absorb does not include all the nodes in the network, it mustconsist of a descendant subnetwork (see Shachter86, Shachter88 and Shachter89 for definitionsand details of the algorithm used). If there are missing no-forgetting links or missing descendants

- 34 -in the list of nodes to absorb, then AbsorbNodes_bn will absorb as many nodes as possible, thengenerate an error explaining exactly why it was impossible to proceed.

- 35 -6Decision ProblemsChapter 1 discussed probabilistic inference using a belief network. That is used to determine newbeliefs (in the form of probabilities) as observations are made or facts gathered. It is composedonly of nature nodes (also known as "chance" nodes). By adding decision nodes and utility nodesto a belief network, we obtain a decision network (also known as an influence diagram). Decisionnetworks can be used to find the optimal decisions which will maximize expected utility.

Forecast

WeatherUmbrella

Satisfaction

As an example, let’s consider a very tiny decision network from Ross Shachter known as"Umbrella". It has 2 nature nodes representing what the weather forecast is in the morning(sunny, cloudy or rainy), and what the weather actually is during the day (sunshine or rain), adecision node of whether or not to take an umbrella, and a utility node (also known as "value"nodes) that measures our level of satisfaction. There is a link from Weather to Forecast capturingthe believed correlation between the two (perhaps based on previous observations). There is a linkfrom Forecast to Umbrella indicating that we will know the forecast when we make the decision.There is no link from Weather to Umbrella; if we knew for certain what the weather was going tobe, it would be easy to decide whether or not to take the umbrella. There are links from Weatherand Umbrella to Satisfaction, capturing the idea that I am most happy when it is sunny and I don’ttake 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 it israining and I don’t have one (utility = 0).

- 36 -Below is a program to build this decision network in memory, and then solve it (i.e., find theoptimal decisions). Much of it is very similar to building a belief network (see the chapter"Building and Saving Networks" for explanations of those parts). We will discuss the things newto this example.When a node is first created with NewNode_bn, it starts off as a nature node. Here we changeUmbrella into a decision node, and Satisfaction into a utility node using SetNodeKind_bn.NewNode_bn is passed the number of states of the node, and in this example, as well as having 2-state nodes, there is also a 3-state node, and a continuous node (indicated by passing 0 for numberof states). Utility nodes are always continuous deterministic nodes. We use SetNodeFuncValueto build up the relations of a deterministic node instead of SetNodeProbs, but it works in a similarfashion.#include "Netica.h"#include "NeticaEx.c"#define CHKERR {if (GetError_ns (env, ERROR_ERR, NULL)) goto error;}environ_ns *env;void main (void){net_bn *net;node_bn *weather, *forecast, *umbrella, *satisfaction;state_bn forecast_state, decision;char mesg[MESG_LEN_ns];int res;env = NewNeticaEnviron_bn (NULL);res = InitNetica_bn (&env, mesg);printf ("%s\n", mesg);if (res < 0) exit (-1);net = NewNet_bn ("Umbrella", env);CHKERRweather = NewNode_bn ("Weather", 2, net);forecast = NewNode_bn ("Forecast", 3, net);umbrella = NewNode_bn ("Umbrella", 2, net);SetNodeKind_bn (umbrella, DECISION_NODE);satisfaction = NewNode_bn ("Satisfaction", 0, net);SetNodeKind_bn (satisfaction, UTILITY_NODE);CHKERRSetNodeStateNames (forecast, "sunny", "cloudy", "rainy");SetNodeStateNames (weather, "sunshine", "rain");SetNodeStateNames (umbrella, "take_umbrella", "dont_take_umbrella");CHKERRAddLink_bn (weather, forecast);AddLink_bn (forecast, umbrella);AddLink_bn (weather, satisfaction);AddLink_bn (umbrella, satisfaction);CHKERRSetNodeProbs (weather, 0.7, 0.3);

- 37 -// forecast// weather | sunny cloudy rainySetNodeProbs (forecast, "sunshine", 0.7, 0.2, 0.1);SetNodeProbs (forecast, "rain", 0.15, 0.25, 0.6);// weather umbrellaSetNodeFuncValue (satisfaction, 20, "sunshine", "take_umbrella");SetNodeFuncValue (satisfaction, 100, "sunshine", "dont_take_umbrella");SetNodeFuncValue (satisfaction, 70, "rain", "take_umbrella");SetNodeFuncValue (satisfaction, 0, "rain", "dont_take_umbrella");CHKERROptimizeDecisions_bn (net);CHKERRfor (forecast_state = 0; forecast_state < 3; forecast_state++){decision = GetNodeFuncValue_bn (umbrella, &forecast_state);pprintf ("If the forecast is ’%s’, the best decision is %s.\n", GetNodeStateName_bn (forecast, forecast_state), GetNodeStateName_bn (umbrella, decision));}end:FreeNet_bn (net);res= CloseNetica_bn (env, mesg);printf ("%s\n", mesg);return (res < 0 ? -1 : 0);error:fprintf (stderr, "API_Demo2: Error in %s\n", ErrorMessage_ns (GetError_ns (env, ERROR_ERR, NULL)));goto end;}Once the network is built, the program calls OptimizeDecisions_bn, which attaches to eachdecision node a deterministic function. This function provides a value for the node for eachpossible configuration of parent values. Since the links into a decision node indicate what thedecision maker will know when he is about to make the decision, this function provides a decisionfor each possible information state. These decisions are the ones that maximize the expected valueof the sum of the utility nodes. The program uses GetNodeFuncValue_bn to access this decisionfunction, and prints out the following.Netica (AtC) 1.01 M68, (C) 1990-1995 Norsys Software Corp.If the forecast is ’sunny’, the best decision is dont_take_umbrella.If the forecast is ’cloudy’, the best decision is dont_take_umbrella.If the forecast is ’rainy’, the best decision is take_umbrella.Leaving Netica.

- 38 -7Learning 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 of 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 well when there is lots of data (or nodes have fewparents and probabilities are not very close to zero), but can result in under-confidence when there

- 39 -is little data. It may not have seen some parent configuration, so its probability is uniform for it,but it may be better off if it assumed it behaved similarly to another similar parent configuration(i.e., assuming a little more independence between variables, and a little less independence betweenconditional 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.7 . 1 ExperienceThere has been considerable controversy over the best way to represent uncertainty, with some ofthe suggestions being probability, fuzzy logic, belief functions, Dempster-Shafer, etc. Currentlyprobability and fuzzy logic are the most practical methods, with probability having a much soundertheoretical basis. A deficiency of using just probability is the inability to represent ignorance in aneasy 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, if you are going to sequentially draw a number of balls from the bag, then it is different.If you drew 4 white balls in a row, then in the first situation your probability that the next ball willbe white should be greater than 0.5, because you are learning (perhaps incorrectly) that there seemto be a lot of white balls. In the second situation your probability of the next ball being whiteshould be less than 0.5, because you know that now there are more black than white balls in thebag.

- 40 -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 will be white, they will all be involved in the calculation. This issometimes called second order probabilities, but here it is really just a probability distribution overpossible ratios. If you discretized the possible ratios then it would be easy to set up a beliefnetwork for this. That approach works fine for this simple problem, but you can imagine that ifyou had many interrelated variables, that it would become 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 is also known as "estimated sample size" or"ess". To save space Netica doesn’t store experience numbers for nodes that haven’t been involvedin 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 BaseExperience_bn. There is some controversy as to the best valueof BaseExperience_bn but usually it doesn’t matter much. It must be greater than 0, and themost common value for it is 1 (1/2 is also commonly used). You will normally set it to one ofthese choices, depending on your philosophy, and leave it that way permanently.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

- 41 -where degree is the multiplicity of the case (passed to the learning routine). It is normally 1, butis 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 is the normalization constant).7 . 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 "Findings and Cases" chapter). ThenCaseRevisesProbs_bn is called with a list of nodes. Only nodes in the passed list will have theirprobabilities revised, so normally it will be a list of all the nodes in the network. Each of thesenodes will have their probabilities revised a small amount to account for the case, and theirexperience levels increased slightly as well.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 call CaseFileRevisesProbs_bn with the file and the samelist of nodes as before, and it does the same thing as the one-by-one method for each of the casesin the file, only much more efficiently than if you were to read in the cases one-by-one and callCaseRevisesProbs_bn each time. See the "Findings and Cases" chapter for more information oncreating a file of cases.7 . 3 Example of LearningThe program below will demonstrate making a file of cases randomly sampled from a beliefnetwork, and then using them to learn a new network. First it reads from file a very simpleexample network (the network that was constructed in the "Building and Saving Networks"chapter), and then duplicates it by making a new network and duplicating all the nodes into it.

- 42 -Next it removes the probabilities and experience from the duplicated nodes withDeleteNodeRelation_bn. The idea is to relearn them later.It deletes a file named "temp.cases" if there is one (otherwise it would try to add the cases to thisfile). Then, in a loop repeated 120 times it generates a random case in the original belief network.These cases will be distributed according to the probability distribution of that network. Each caseis saved to the case file named "temp.cases". For a listing of this file, see the "Cases and CaseFiles" section of the "Findings and Cases" chapter.Then, in a loop it reads each case from the file into the new network, where CaseRevisesProbs_bnuses it to learn the probabilities for the new network. Instead of the loop, we could have used thesingle line:CaseFileRevisesProbs_bn (casefile, learned_nodes, 0, 1.0);which would execute faster, but would not have demonstrated the case-by-case way, which youmay want to use sometime if you have some cases to filter out, or some such thing.Finally the new network is saved to file, so that we can compare it with the old. It will be similar,but the probabilities won’t be quite the same. The more cases we put in the case file, the moresimilar the learned network will be to the original. Of course, in a real application there would beno point in relearning a network which already existed; you would use a case file that had realcases in it. But this demonstration is good to show that the new network comes out similar to theold.#include "Netica.h"#include "NeticaEx.c"#define CHKERR {if (GetError_ns (env, ERROR_ERR, NULL)) goto error;}environ_ns *env;void main (void){net_bn *orig_net, *learned_net;const nodelist_bn *orig_nodes;nodelist_bn *learned_nodes;caseposn_bn case_posn;int numnodes;const int numcases = 120;stream_ns *casefile;char mesg[MESG_LEN_ns];int nn, res;env = NewNeticaEnviron_bn (NULL);res = InitNetica_bn (&env, mesg);printf ("%s\n", mesg);if (res < 0) exit (-1);orig_net = ReadNet_bn (FileNamed_ns ("AsiaEx.dnet", env), FALSE);orig_nodes = GetNetNodes_bn (orig_net);SetNetAutoUpdate_bn (orig_net, FALSE);CHKERR

- 43 -learned_net = NewNet_bn ("Learned_Asia", env);learned_nodes = DuplicateNodes_bn (orig_nodes, learned_net);numnodes = LengthNodeList_bn (learned_nodes);for (nn = 0; nn < numnodes; nn++)DeleteNodeRelation_bn (NthNode_bn (learned_nodes, nn));CHKERRremove ("temp.cases");casefile = FileNamed_ns ("temp.cases", env);for (nn = 0; nn < numcases; nn++){RetractAllFindings_bn (orig_net);res= RandomCase_bn (orig_nodes, 0, 20);if (res >= 0)WriteCase_bn (orig_nodes, casefile, nn, -1);CHKERR}case_posn = FIRST_CASE;while(1){RetractAllFindings_bn (learned_net);ReadCase_bn (&case_posn, casefile, learned_nodes, NULL, NULL);if (case_posn == NO_MORE_CASES) break;CaseRevisesProbs_bn (learned_nodes, 0, 1.0);case_posn = NEXT_CASE;CHKERR}WriteNet_bn (learned_net, FileNamed_ns ("Learned_AsiaEx.dnet", env));CHKERRend:FreeNodeList_bn (learned_nodes);FreeNet_bn (orig_net);FreeNet_bn (learned_net);res= CloseNetica_bn (env, mesg);printf ("%s\n", mesg);return (res < 0 ? -1 : 0);error:fprintf (stderr, "API_Demo3: Error in %s\n", ErrorMessage_ns (GetError_ns (env, ERROR_ERR, NULL)));goto end;}7 . 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 callFadeProbs_bn with a node and a degree from 0 to 1, and it will reduce the experience and smooththe probabilities of the node by an amount dictated by the degree, with 0 having no effect and 1creating uniform distributions with no experience. Calling FadeProbs_bn once with degree =1-d, and again with degree = 1-f, is equivalent to a single call with degree = 1-df.

- 44 -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 - BaseExperience_bn) * degree)prob’ = normalize (prob * exper * (1 - degree) + degree * BaseExperience_bn)exper’ is obtained as the normalization factor from above. So:prob’ * exper’ = prob * exper * (1 - degree) + degree * BaseExperience_bnThe global variable BaseExperience_bn should have the same value as it did when thelearning from cases was done, if learning from cases was done (see section 7.1 for moreinformation).When learning in a changing environment, you would normally call FadeProbs_bn every once in awhile so that what has been recently learned is more strongly weighted than what was learned longago. If an occurrence time for each case is known, and the cases are learned sequentially throughtime, then the amount of fading to be done is: degree˚=˚1˚-˚r˚Dt where Dt is the amount of timesince the last fading was done, and r is a number less than, but close to, 1 and depends on the unitsof time and how quickly the environment is changing. Different nodes may require differentvalues of r. See the example in the description of FadeProbs_bn in the "Function Reference"chapter.

- 45 -8Function ReferenceAbsorb˚Nodes_bn void AbsorbNodes_bn (nodelist_bn˚*nodes)Absorb out (sum or max) all of nodes from their network. This removes and frees the nodeswhile maintaining the joint distribution of the remaining nodes.In order to maintain the joint distribution it may have to add links. Absorbing a nature node whichhas no evidence will only add links from the parents of the removed node and its children’sparents, to the removed nodes children. However, if it has evidence, many links between theancestors of the removed node may be added (possibly resulting in an out-of-memory error).When a decision node is absorbed, links will be added from its parents to its children. No linksare added when a utility node is absorbed.The order of the nodes in nodes doesn’t matter. The order in which the absorptions are done willbe chosen to minimize intermediate calculations (and if decision nodes are involved, it will besimilar to that described in Shachter86).If it is impossible to absorb out all of nodes, as many as possible will be absorbed out and thenan error message generated.Each of the nodes in nodes must be in the same network.WARNING: The nodes structure passed to AbsorbNodes_bn will be freed by this routine, so itshould not be used subsequent to calling this routine (it would contain invalid data anyway, sinceeach of the nodes it refers to will have been freed).See also:DeleteNode_bnRemoves a node without maintaining joint distributionExample:// Handy function to absorb a single node//void AbsorbNode (node_bn *node){nodelist_bn *nodes = NewNodeList_bn (1, env);SetNthNode_bn (nodes, 0, node);AbsorbNodes_bn (nodes);}

- 46 -Add˚Link_bn int AddLink_bn (node_bn˚*parent, node_bn˚*child)Adds a link from node parent to node child, and returns the index of the added link.This index will be one greater than that of the previously added link, and the existing links willmaintain their same indexes.If child has a conditional probability table, its entries are initially duplicated so its values are thesame for each possible state of the new parent. In other words, they are independent of the newparent, so that the link from parent to child has no effect on probability computations until theprobability table is changed.See also:DeleteLink_bnRemoves the link between two nodesSwitchNodeParent_bnSwitches parents without changing conditional probabilitiesDuplicateNodes_bnAlso duplicates all the links between themAdd˚Node˚To˚List_bn void AddNodeToList_bn (node_bn˚*node, nodelist_bn˚*nodes,int˚index)Inserts node into the list nodes, so that its position is index, making the list one longer, andmaintaining the order of the rest of the nodes.index can range from zero (which adds node to the front), to LengthNodeList_bn (nodes)(which adds node to the end), or it can be INT_MAX, which also adds node to the end.If index is outside these bounds, or the system runs out of memory, the list will not be modifiedand an error will be generated.Adding nodes to the end of the list executes the fastest.See also:RemoveNthNode_bn(reverse operation) Removes a node from the list, shortening itSetNthNode_bnPut a node in the list without increasing its lengthLengthNodeList_bnFind maximum value for indexArgument˚Checking_ns checking_ns ArgumentChecking_ns (checking_ns˚setting,environ_ns˚*env)

- 47 -Whenever a Netica API function is called, its arguments may be automatically checked forvalidity. Call this function anytime to adjust the degree of checking which is to be done until it iscalled next. setting should be one of:NO_CHECKNo checkingQUICK_CHECKOnly checks things that can be checked very quicklyREGULAR_CHECKRegular checkingCOMPLETE_CHECKExhaustively checks everythingQUERY_nsReturn the current setting without changing itNormally during development, the REGULAR_CHECK setting is used. For debugging the settingcan temporarily be changed to COMPLETE_CHECK, but that will run too slowly for most regulardevelopment. Once development is complete, production versions would normally have a settingof QUICK_CHECK (or even NO_CHECK), but they may occasionally temporarily change it toREGULAR_CHECK in order to do user input checking.In order to determine the current degree of checking without changing it, call this withsetting˚=˚QUERY_ns, and the checking degree will be returned.See also:ClearErrors_nsTo start off with a clean slate of no recorded errorsGetError_nsTo get the report for an error that has been detectedCase˚File˚Revises˚Probs_bn void CaseFileRevisesProbs_bn (stream_ns˚*file,const˚nodelist_bn˚*nodes,int˚updating, double˚degree)Reads a file of cases from file and uses them to revise the conditional probabilities of each nodein nodes. This function does the same thing as CaseRevisesProbs_bn, for each of the cases infile, but is more efficient than multiple calls to CaseRevisesProbs_bn. See the description ofCaseRevisesProbs_bn for more information on the arguments passed, and how this functionrevises the probabilities.All the nodes of nodes must be in the same network.Pass 0 for updating. It is there only for future expandability.It is okay if the case file has missing data, or has data on nodes not included in nodes, or even hasdata on nodes not in the network containing nodes. However the probabilities of a node are onlymodified by cases supplying a value for the node and for all of its parents.See also:CaseRevisesProbs_bnRevise probabilities with a single caseCase˚Probability_bn double CaseProbability_bn (net_bn˚*net)Returns the joint probability of the findings entered into network net so far.

- 48 -If the computations for belief updating haven’t been done since the last findings were entered, orthe last network modifications made, it will be done before this routine returns, which can be quitetime consuming (you can use IsBeliefUpdated_bn before calling this to find out if belief updatingwill be done).The number will not be valid if likelihood findings were entered.See also:IsBeliefUpdated_bnFind out if CaseProbability_bn is going to trigger belief updatingCase˚Revises˚Probs_bn void CaseRevisesProbs_bn (const˚nodelist_bn˚*nodes,int˚updating, double˚degree)The current case is used to revise each node’s conditional probabilities. This is different from beliefupdating, which finds the beliefs for nodes (i.e. posterior probabilities), given conditionalprobability relations between them and the findings that have been entered. Instead, revising theprobabilities changes the conditional probability relations between the nodes to include the currentcase.The first few times this is called for a node, the probabilities will change considerably, because thenode has little experience, but after many cases have been entered, each new case will result in onlya small change.All the nodes of nodes must be in the same network.Pass 0 for updating. It is there only for future expandability.degree indicates how the case should be weighted. The normal value for degree is 1. If apositive integer n is passed, it will have the same effect as calling this routine n times to tally up nidentical cases. If degree is 0, the call will have no effect. If the case is learned by calling withdegree = 1, it can later be "unlearned" by calling with degree = -1.In general, if it is called with degree = d at one point in time, and then with the same case anddegree = c at another time, the overall effect will be the same as a single call with degree =d˚+˚c, even if there were many intervening calls with other cases and other degrees, and even if dor c or both are negative. If a call to FadeProbs_bn was made in between, then d will be weightedby the degree passed to FadeProbs_bn.See also:CaseFileRevisesProbs_bnBatch version, more efficient than one at a timeFadeProbs_bnUse between calls to CaseRevisesProbs_bn when the world ischanging during learningClear˚Error_ns void ClearError_ns (report_ns˚*error)Removes the error report error from the system.

- 49 -The memory used by error is freed, so you must not use error after calling this. In fact, evenany string previously returned by ErrorMessage_ns for this error will now be invalid because itis freed as well.The name of this function is very similar to ClearErrors_ns, but hopefully there won’t be anyconfusion since its arguments are so different.Remember that just because you clear away the error record doesn’t mean that the problem thatcaused it has necessarily gone away!See also:ClearErrors_nsClears all the errorsExample:// Does the same function as ClearErrors_ns, but is less efficient.//void ClearErrors (environ_ns *env, errdanger_ns danger){report_ns *error = NULL;while (1){error = GetError_ns (env, NOTHING_ERR, error);if (error == NULL) break;if (ErrorDanger_ns (error) <= danger)ClearError_ns (error);}}Example:See GetError_nsClear˚Errors_ns void ClearErrors_ns (environ_ns˚*env, errdanger_ns˚danger)Removes all errors recorded with environment env which are as serious as danger, or lessserious.danger must be one of NOTHING_ERR, REPORT_ERR, NOTICE_ERR, WARNING_ERR,ERROR_ERR, XXX_ERR (for a description of these see ErrorDanger_ns). Pass ERROR_ERR toclear them all (except for XXX_ERR errors, which you probably shouldn’t be clearing).The memory used by the error reports is freed, so if you previously used GetError_ns to obtainpointers to some of them, you must not use these pointers any more (for example, don’t try to callClearError_ns, or ErrorMessage_ns with one of them).The name of this function is very similar to ClearError_ns, but hopefully there won’t be anyconfusion since its arguments are so different.Remember that just because you clear away the error reports doesn’t mean that the problems thatcaused them have necessarily gone away!See also:ClearError_nsClears just a single error

- 50 -Close˚Netica_bn int CloseNetica_bn (environ_ns˚*env, char˚*mesg)Call this when completely finished using the Netica system to free all resources (e.g. memory) thatit is using.env must be a pointer to a global environment initialized by a call to InitNetica_bn. After callingthis, the contents of env are invalid and should not be used.mesg must be a pointer to a character array which is allocated at least MESG_LEN_ns characterslong. A good-bye message will be left in it.No data structure that was returned by any Netica API function will have valid contents aftercalling CloseNetica_bn.Netica may be stopped (with CloseNetica_bn) and then later restarted (with NewNeticaEnviron_bnand InitNetica_bn), but no data structures created by one session may be used by another.If Netica closed successfully a non-negative integer will be returned, whereas if there was someproblem a negative integer will be returned and an error message left in mesg.Example:See InitNetica_bn.Compile˚Net_bn void CompileNet_bn (net_bn˚*net)Compiles network net for fast belief updating.If the network is an auto-update network (see SetNetAutoUpdate_bn) then belief updating will bedone immediately afterwards, but if it isn’t, then updating won’t be done until you request a belief.When the network is compiled, first an "elimination ordering" is determined, which is a list givingall the nodes of the network in some order, and using that a "junction tree" of cliques is formed.The efficiency of the junction tree may depend greatly on the elimination ordering used, so it isimportant to find a good elimination ordering. You can determine the elimination ordering usedby calling GetNetElimOrder_bn, and you can control it by calling SetNetElimOrder_bn beforecalling CompileNet_bn.Calling CompileNet_bn after the network is already compiled has no effect unless the network orits elimination ordering has been changed, in which case the network will be recompiled.See also:GetNodeBeliefs_bnConvert findings to beliefs using the compiled networkSetNetElimOrder_bnSet the elimination ordering to use when compiling the networkGetNetElimOrder_bnObtain the elimination ordering used to compile the network

- 51 -Delete˚Link_bn void DeleteLink_bn (int link_index, node_bn˚*child)Removes the link from the link_indexth parent node of child, to node child.link_index should be 0 for the first parent, and must be less than the number of links enteringchild.It is often more useful to be able to delete a link by specifying the 2 nodes it connects. In order todo this use the function DeleteLinks defined in the example below.If child has a conditional probability table, it is collapsed as if the removed parent were taking onits first state (state = 0), unless there is a positive finding entered for the parent, in which case it iscollapsed with the parent taking on the finding state.See also:AddLink_bnAdds a link between two nodesSwitchNodeParent_bnSwitches parents without changing conditional probabilitiesExample:// Removes all links from node parent to node child//void DeleteLinks (node_bn *parent, node_bn *child){const nodelist_bn *parents;int pn, num_parents;again:parents = GetNodeParents_bn (child);num_parents = LengthNodeList_bn (parents);for (pn = 0; pn < num_parents; pn++)if (NthNode_bn (parents, pn) == parent){DeleteLink_bn (pn, child);goto again;}}Delete˚Node_bn void DeleteNode_bn (node_bn˚*node)Removes node from its network, and frees all resources (e.g. memory) it was using.If node has children, they will end up with disconnected links for parents, and the names of theselinks (if they weren’t already named) will become the name of node. If node has parents, thenlinks from them will simply be removed.See also:NewNode_bnCreates a new node in a network

- 52 -Delete˚Node˚Relation_bn void DeleteNodeRelation_bn (node_bn˚*node)Remove any information on node’s probabilistic or functional relation with its parents, includingany experience information in the case of a probabilistic relation.It does not remove the links from the parents of node to node.See also:DeleteLink_bnReduce the number of parents of the nodeSetNodeFuncValue_bnGive a node a functional relation with its parentsSetNodeProbs_bnGive a node a probabilistic relation with its parentsNewNode_bnCreates a new node without any relation informationDuplicate˚Nodes_bn nodelist_bn˚*DuplicateNodes_bn (const˚nodelist_bn˚*nodes,net_bn˚*new_net)Duplicates nodes, putting them in the network new_net. It is okay if new_net is the same asthe network they are already in. All of nodes must be in the same network to start with.A new list of the duplicated nodes will be returned. You should free the list when done with it(e.g. with FreeNodeList_bn). The order of the new list will correspond with the order of the oldlist. The old list is not modified or freed by DuplicateNodes_bn.All connectivity strictly between the duplicated nodes will be maintained during the duplication.Parents of duplicated nodes that aren’t also being duplicated will result in disconnected links, if thenodes are being duplicated into a different network.If a duplicated node has the same name as a node already in new_net, then the name of theduplicated node will be modified by adding a numeric suffix to its name (or changing its numericsuffix if it already has one).If you wish to duplicate a single node, see the "DuplicateNode" code example below. If you wishto duplicate a whole network, see DuplicateNet below.See also:DupNodeList_bnJust duplicates the list, but not the nodesNewNode_bnCreates a new node in a networkDeleteNode_bnRemoves a node from its network and frees itExample:// This transfers nodes from the net they are in to new_net,// and returns a new list of the new nodes in the same order as they// appeared in nodes. The old list nodes is freed.//// In the process each node in nodes is freed, and a new one created,// so be sure you don’t have any dangling pointers to the old nodes.//nodelist_bn *TransferNodes (nodelist_bn *nodes, net_bn *new_net){int nn, num_nodes = LengthNodeList_bn (nodes);

- 53 -nodelist_bn *new_nodes = DuplicateNodes_bn (nodes, new_net);for (nn = 0; nn < num_nodes; nn++)DeleteNode_bn (NthNode_bn (nodes, nn));FreeNodeList_bn (nodes); // because its full of invalid pointersreturn new_nodes;}Example:// Handy functions to duplicate a single node//node_bn *DuplicateNode (node_bn *node, net_bn *new_net){node_bn *new_node;nodelist_bn *newnodes, *nodes = NewNodeList_bn (1, env);SetNthNode_bn (nodes, 0, node);newnodes = DuplicateNodes_bn (nodes, new_net);new_node = NthNode_bn (newnodes, 0);FreeNodeList_bn (nodes);FreeNodeList_bn (newnodes);return new_node;}node_bn *DupNode (node_bn *node){return DuplicateNode (node, GetNodeNet_bn (node));}Example:// Duplicates a whole network// Even duplicates the name, but you might want to give it a new name.//net_bn *DuplicateNet (net_bn *net, const char *newname){nodelist_bn *neworder;net_bn *new_net = NewNet_bn (newname, env);nodelist_bn *new_nodes = DuplicateNodes_bn (GetNetNodes_bn (net), new_net);neworder = MapNodeList (GetNetElimOrder_bn (net), new_net);SetNetElimOrder_bn (new_net, neworder);FreeNodeList_bn (neworder);FreeNodeList_bn (new_nodes);SetNetAutoUpdate_bn (new_net, GetNetAutoUpdate_bn (net));SetNetTitle_bn (new_net, GetNetTitle_bn (net));SetNetComment_bn (new_net, GetNetComment_bn (net));SetNetUserData_bn (new_net, 0, GetNetUserData_bn (net, 0));return new_net;}Example:See DisconnectNodeGroup in file NeticaEx.c.Dup˚Node˚List_bn nodelist_bn *DupNodeList_bn (const˚nodelist_bn˚*nodes)Duplicates the list nodes, and returns the duplicate.If a function returns a nonmodifiable list of nodes, this may be used to make a modifiable copy.If the system runs out of memory, NULL will be returned and an error generated.When you are finished with the list returned, pass it to FreeNodeList_bn.WARNING: Do not pass it to the Standard C ’free’ function.

- 54 -Your software may use the returned list until disposing of it, or calling CloseNetica_bn, withoutfear that it will be modified by Netica (unless, of course, you deliberately pass it to a routinedesigned to change it).See also:FreeNodeList_bnFree the new list createdNewNodeList_bnMake a new empty listDuplicateNodes_bnDuplicates the nodes as well as the listEnter˚Finding_bn void EnterFinding_bn (node_bn˚*node, state_bn˚state)Enters the discrete finding state for node.If node already has findings that we wish to override with this new finding,RetractNodeFindings_bn should be called first, otherwise an "inconsistent findings" error couldresult (see ChangeFinding in the examples below).If the network is an auto-update network (see SetNetAutoUpdate_bn), then a belief updating willbe done to reflect the new finding as soon as it is entered, otherwise GetNodeBeliefs_bn must becalled before belief updating is done.See also:EnterFindingNot_bnTo indicate that node isn’t in some stateEnterNodeValue_bnTo enter the value of a continuous nodeEnterNodeLikelihood_bnTo enter uncertain findingsGetNodeFinding_bnTo retrieve findings entered so farRetractNodeFindings_bnTo remove the finding enteredExample:// This routine may be useful if we are not sure whether node// already has a finding, but if it does we just want to override it.//void ChangeFinding (node_bn *node, state_bn state){RetractNodeFindings_bn (node);EnterFinding_bn (node, state);}Example:// This routine is useful to enter a finding based on the names// of the node and state.//void EnterFinding (char *node_name, char *state_name, net_bn *net){node_bn *node = NodeNamed_bn (node_name, net);state_bn state = StateNamed_bn (state_name, node);EnterFinding_bn (node, state);}Enter˚Finding˚Not_bn void EnterFindingNot_bn (node_bn˚*node, state_bn˚state)

- 55 -Like EnterFinding_bn, but indicates that the value of node is known to NOT be state.This can be called repeatedly to indicate all the states that we know node isn’t in.It also works in conjunction with EnterNodeLikelihood_bn to accumulate further observations.If the network is an auto-update network (see SetNetAutoUpdate_bn), then a belief updating willbe done to reflect the new finding as soon as it is entered, otherwise GetNodeBeliefs_bn must becalled before belief updating is done.See also:EnterFinding_bnTo enter the finding that a node is in a certain stateEnterNodeLikelihood_bnThe most general way to enter node findingsEnter˚Node˚Likelihood_bn void EnterNodeLikelihood_bn (node_bn˚*node,const˚prob_bn˚*likelihood)Enters a likelihood finding for node, which is a finding that is not completely certain (it issometimes called "virtual evidence").By calling it several times, you can combine the effects of several independent partial observations.If you don’t want the likelihood findings to accumulate, call RetractNodeFindings_bn in betweencalls.The likelihood finding is equivalent to the following scenario:There are a number of possible observations you can make: ObsA, ObsB, ... ObsN.P(B|Si) denotes the probability of making observation B if the true state of node is Si.The vector LB is composed of <P(B|S1), P(B|S2), ..., P(B|Sm)> where m is the number ofstates.You actually make observation B, so you enter the vector LB as a likelihood finding fornode (or LA if observation A was made, etc.).Notice that each component of a likelihood vector is between 0 and 1 inclusive, they must not allbe zero, and they aren’t required to sum to 1 (for example, a vector of all 1’s may be used toindicate no added knowledge at all).If you enter several accumulating likelihood findings for a node, they should correspond toobservations that are independent given the value of the node (although if they are nearlyindependent, the approximation is generally pretty good).If they are not independent, then they should be manually combined before entering, taking theirdependencies into account, or alternately they can be added to the network as children of node,with arcs between them showing the dependencies, and having positive findings.If the network is an auto-update network (see SetNetAutoUpdate_bn), then a belief updating willbe done to reflect the new finding as soon as it is entered, otherwise GetNodeBeliefs_bn must becalled before belief updating is done.See also:EnterFinding_bnTo enter a certain finding that a node is in some stateEnterFindingNot_bnTo indicate that node isn’t in some stateGetNodeFinding_bnTo retrieve positive finding entered

- 56 -RetractNodeFindings_bnTo remove the findings enteredExample:See GetNodeFinding_bnEnter˚Node˚Value_bn void EnterNodeValue_bn (node_bn˚*node, double˚value)Enters a real number finding for node (which must be a continuous variable node).If the continuous node has been discretized, then the finding can also be entered as a state usingEnterFinding_bn, but if the actual continuous value is known then it is recommended to use that,since it is more detailed information and it will automatically be converted to a discrete state.If the network is an auto-update network (see SetNetAutoUpdate_bn), then a belief updating willbe done to reflect the new finding as soon as it is entered, otherwise GetNodeBeliefs_bn must becalled before belief updating is done.See also:EnterFinding_bnTo enter a finding for a discrete or discretized nodeError˚Danger_ns errdanger_ns ErrorDanger_ns (const˚report_ns˚*error)Given error, a report of an error, this returns an indicator of how serious the error is.These are some of the values, in order from least to most serious, that may be returned:NOTHING_ERRNot anything (false alarm or "this is a test")REPORT_ERRNot an error, but a report of successNOTICE_ERRNotice of something unusualWARNING_ERREvent occurred at "warning" level - safe to proceed (e.g., user error,recovered okay)ERROR_ERREvent occurred at "error" level - operation not properly finished, butno internal inconsistencies (e.g., user error, didn’t finishprocess)XXX_ERRInternal error, things left inconsistent - continuing could crash systemThe less serious errors have lower numerical value, so it is okay to use expressions like>=˚WARNING_ERR. In fact, it is better to use inequalities than equalities, since later some errorlevels may be inserted between those of the current list. NOTHING_ERR will always be thelowest, and XXX_ERR will always be the highest.Error˚Message_ns const char *ErrorMessage_ns (const˚report_ns˚*error)

- 57 -Given a report of an error, this returns a message explaining the error.The message will start with the name of the Netica API function which was executing when theerror occurred (the one you called, not any that are called internally), followed by a colon, and thena descriptive part. Generally the descriptive part is not just a generic message corresponding to theerror number, but rather names the elements involved, and describes what went wrong.Do not try to modify or free the string returned.If you are going to save the returned string for any amount of time, make a copy of it as soon asit’s returned, because when this error report is removed with ClearError_ns or ClearErrors_ns, thememory for the returned string will be freed.See also:ErrorNumber_nsReturns the error’s identification numberErrorDanger_nsReturns how serious the error isExample:See GetError_nsError˚Number_ns long ErrorNumber_ns (const˚report_ns˚*error)Given a report error, this returns its error number, which identifies what type of error it is.See also:ErrorMessage_nsReturns a complete error messageErrorDanger_nsReturns how serious the error isFade˚Probs_bn void FadeProbs_bn (node_bn˚*node, double˚degree)Smoothes the conditional probabilities of each node in nodes to indicate a lesser certainty becausethe world may have changed a little since the last learning.degree must be between 0 and 1, with 0 having no effect and 1 creating uniform distributionswith no experience. Calling FadeProbs_bn once with degree = 1-d, and again with degree =1-f, is equivalent to a single call with degree = 1-df.The global variable BaseExperience_bn is used in the calculation as shown below. It’s valueshould be the same as it was when the learning from cases was done (if it was). It must be greaterthan 0, and the most common value for it is 1 (1/2 is also commonly used). You will normally setit to one of these choices, depending on your philosophy, and leave it that way permanently.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 - BaseExperience_bn) * degree)prob’ = normalize (prob * exper * (1 - degree) + degree * BaseExperience_bn)

- 58 -exper’ is obtained as the normalization factor from above. So:prob’ * exper’ = prob * exper * (1 - degree) + degree * BaseExperience_bnWhen learning in a changing environment, you would normally call FadeProbs_bn every once in awhile so that what has been recently learned is more strongly weighted than what was learned longago. If an occurrence time for each case is known, and the cases are learned sequentially throughtime, then the amount of fading to be done is: degree˚=˚1˚-˚r˚Dt where Dt is the amount of timesince the last fading was done, and r is a number less than, but close to, 1 and depends on the unitsof time and how quickly the environment is changing. See the example below.See also:CaseRevisesProbs_bnThis also contains a ’degree’, which can be used to weight theimpact of learning a caseExample:// The following does the same fading for a list of nodes://void FadeProbsNodes (const nodelist_bn *nodes, double degree){int nn, num = LengthNodeList_bn (nodes);for (nn = 0; nn < num; nn++)FadeProbs_bn (NthNode_bn (nodes, nn), degree);}Example:// The following bit of code may be executed in a loop which is// traversed as the cases are learned, in order to do the// required fading:// time - the occurrence time of the last case learned// lasttime - a number initialized to the time of the 1st case// mindelay - a number controlling how often fading is done// rate - a number determining how much fading is done// net - the network being learnedif (time - lasttime >= mindelay){double degree = 1 - pow (rate, time - lasttime);FadeProbsNodes (GetNetNodes_bn (net), degree);lasttime = time;}File˚Named_ns

stream_ns *FileNamed_ns (const˚char˚*filename,environ_ns˚*env)Returns a Norsys stream for the file with name filename.This stream can then be passed as an argument to functions which read or write a file, to identifywhich file to read or write.filename may contain a path to indicate in which directory the file is located. It should be astring in the format normally understood by the operating system currently being used (see theexamples below).filename does not have to indicate a file which already exists.Netica won’t modify or free the passed filename string.See also:

- 59 -WriteNet_bnSaves a network to a file with name specified by the passedstreamReadNet_bnReads a network from the file identified by the passed streamExample: See WriteNet_bn//// Examples for UNIX//file = FileNamed_ns ("temp3", env);file = FileNamed_ns ("/local/project1/configure.bn.txt", env);file = FileNamed_ns ("../nets/Umbrella.dnet", env);//// Examples for MSDOS / Windows95//file = FileNamed_ns ("temp3", env);file = FileNamed_ns ("C:local\project1\configur.txt", env);file = FileNamed_ns ("..\nets\Umbrella.dnt", env);//// Examples for MacOS//file = FileNamed_ns ("temp3", env);file = FileNamed_ns ("local:project1:configure.bn.txt", env);file = FileNamed_ns ("::nets:Umbrella.dnet", env);Free˚Net_bn void FreeNet_bn (net_bn˚*net)Frees the memory used by network net and all its substructures (e.g. nodes).It is okay if net is a NULL pointer (then no action is taken).See also:DeleteNode_bnRemove a node from a network, and free itFree˚Node˚List_bn void FreeNodeList_bn (nodelist_bn˚*nodes)Frees the memory used by the node list nodes.It doesn’t modify the nodes within the list at all.It is okay if nodes is a NULL pointer (then no action is taken).Don’t try to free nonmodifiable node lists returned by functions like GetNetNodes_bn andGetNodeParents_bn (they will be freed when the network is freed).See also:DeleteNode_bnRemove a node from a network, and free it

- 60 -Get˚Error_ns report_ns *GetError_ns (environ_ns˚*env,errdanger_ns˚danger,report_ns˚*after)If after is NULL, this returns a report for the first error in environment env which is at least asserious as danger.If after is an error report currently in env, then the next error after it (at least as serious asdanger) will be returned. This can be used to step through the errors, as shown in the secondexample below.danger must be one of NOTHING_ERR, REPORT_ERR, NOTICE_ERR, WARNING_ERR,ERROR_ERR, XXX_ERR (for a description of these see ErrorDanger_ns).If there is not an error to be returned, NULL is returned.Use ErrorNumber_ns to get it’s error number, and ErrorMessage_ns to get an error message forit.See also:ErrorMessage_nsGets a message for the error reportErrorNumber_nsGets the identification number for the error reportErrorDanger_nsReturns how serious the error isClearError_nsRemoves the error report from the systemExample:// The following prints each serious error and then removes it//while ((error = GetError_ns (env, ERROR_ERR, NULL)) != NULL){printf ("%s\n", ErrorMessage_ns (error));ClearError_ns (error);}Example:// This routine prints all the serious errors without removing them//void PrintErrors (void){report_ns *error = NULL;while (1) {error = GetError_ns (env, ERROR_ERR, error);if (!error) break;printf ("%s\n", ErrorMessage_ns (error));}}Get˚Link˚Name_bn const char *GetLinkName_bn (const˚node_bn˚*node,int˚link_index)

- 61 -Returns a (nonmodifiable) string which is the name for input number link_index of node, orthe empty string (rather than NULL) if the link does not have a name. Numbering starts at 0 andproceeds in the same order as parents returned by GetNodeParents_bn.If the name is present, you can count on it to be a legal IDname (see IDname in the index), whichmeans that it is NAME_MAX_ns or less characters (not including terminating 0).Do not try to modify or free the string returned.See also:GetNodeParents_bnGets the actual parents of the linksSetLinkName_bnSet a link nameGet˚N e t ˚Auto˚Update_bn int GetNetAutoUpdate_bn (const˚net_bn˚*net)Returns a number greater than 0 if belief updating will be done automatically whenever somefinding (positive, likelihood or value) is entered for a node in net, otherwise it returns 0.If the net is auto-updating and findings are entered for a number of nodes at the same time (e.g.reading in a case), then updating will be done after all the nodes have received their findings.See also:SetNetAutoUpdate_bnChange whether a net is auto-updatingGet˚N e t ˚Comment_bn const char *GetNetComment_bn (const˚net_bn˚*net)Returns a (nonmodifiable) C character string which contains the comment associated with net, orthe empty string (rather than NULL) if net does not have a comment.The comment may contain anything, but see SetNetComment_bn for what it’s meant to contain.There is no restriction on the length of the comment, or on what characters it might contain.Do not try to modify or free the string returned.See also:SetNetComment_bnChange the net’s comment stringGetNodeComment_bnGet the comment for a particular nodeGet˚N e t ˚Elim˚Order_bn const nodelist_bn *GetNetElimOrder_bn (const˚net_bn˚*net)Returns a (nonmodifiable) list of the nodes of net in their "elimination order" (which is used fortriangulation in the compilation of net), or NULL if an order hasn’t been determined yet.Only appropriate nodes will be included in the list (for example, "ASSUME" nodes won’t).

- 62 -Do not try to modify or free the list returned.See also:SetNetElimOrder_bnSet the elimination order to use for future compilationsGet˚NeticaVersion_bn int GetNeticaVersion_bn (environ_ns *env,const˚char˚**version)Returns the version number of Netica, multiplied by 100. For example, if the version of Neticacurrently running is 1.21, then 121 is returned.If version is not NULL, then *version is set to a C string providing information on theversion of Netica running. This consists of the full version number, a space, a code for the type ofmachine it is running on, a comma, the name of the program, and finally a code for the featuresenabled (in parenthesis).This routine can be called before InitNetica_bn (but of course it must be called afterNewNeticaEnviron_bn, because that is needed to form env).Do not try to modify or free the string returned as *version.See also:NewNeticaEnviron_bnForm the required environ_nsExample:// This requires a global variable env,// initialized by a call to NewNeticaEnviron_bn:// env = NewNeticaEnviron_bn (NULL);//void PrintNeticaVersion (void){const char *version;GetNeticaVersion_bn (env, &version);printf ("Version of Netica running: %s\n", version);}Get˚N e t ˚Name_bn const char *GetNetName_bn (const˚net_bn˚*net)Returns a (nonmodifiable) C character string which is the name of net.This may be different from the file name used to save net, and different from net’s title.You can count on the name to be present, and to be a legal IDname (see IDname in the index),which means that it is NAME_MAX_ns or less characters (not including terminating 0).Do not try to modify or free the string returned.See also:SetNetName_bnChange the net’s nameGetNetTitle_bnGets the net’s title

- 63 -Get˚N e t ˚Nodes_bn const nodelist_bn *GetNetNodes_bn (const˚net_bn˚*net)Returns a (nonmodifiable) list of all the nodes in network net.If net has no directed cycles, the list will be in topological order (i.e. a parent will always appearbefore its children).WARNING: If you intend to keep the list around for any length of time, use DupNodeList_bn onit, since a call to some other Netica function may render it invalid. Consecutive calls to this routinemay yield lists in different orders, so if you are depending on a consistent ordering (for example,by using integers to index the nodes), construct a fixed list by calling DupNodeList_bn on the listreturned.To obtain the number of nodes in the net, use the length of the returned list (it will not containduplicates or NULL entries).Do not try to modify or free the list returned.See also:DeleteNode_bnRemoves a node from the netNewNode_bnCreates a new node for the netGet˚N e t ˚Title_bn const char *GetNetTitle_bn (const˚net_bn˚*net)Returns a (nonmodifiable) C character string which is the title of net, or the empty string (ratherthan NULL) if net does not have a title.This may be different from net’s "name", and from the file name used to save net.There is no restriction on the length of the title, or on what characters it might contain.Do not try to modify or free the string returned, and duplicate it if you need it for an extendedperiod of time.See also:GetNetName_bnGets the net’s name (limited chars and length, always exists)SetNetTitle_bnChange the net’s titleGet˚N e t ˚User˚Data_bn void *GetNetUserData_bn (const˚net_bn˚*net, int˚kind)Returns a pointer to information previously attached to net using SetNetUserData_bn, or NULL ifnone has been attached.This information is understood only by the program using the Netica API. It may point towhatever is desired, possibly a large structure with many fields.

- 64 -Pass 0 for kind. It is there only for future expandability.See also:SetNetUserData_bnAttach a user pointer to a netGetNodeUserData_bnRecover the user pointer attached to a particular nodeGet˚Node˚Beliefs_bn const prob_bn *GetNodeBeliefs_bn (node_bn˚*node)Returns a (nonmodifiable) belief vector for the states of node.The vector will be indexed by states, with one probability for each state (if required, the stateindexes can be found from their names using StateNamed_bn). It will be normalized, so that thesum of its entries is 1.This provides the current beliefs that the variable represented by node is in each of its states,given the network model and all findings entered into all nodes of the network (positive findings,negative findings and likelihood findings). The network containing node must have beencompiled before calling this (with CompileNet_bn), or an error will be generated. If the networkhas been modified (other than just changing its probabilities) it must be recompiled, but justentering findings does not require a recompile.node should be a discrete (or discretized with threshold levels) nature node.If belief updating hasn’t been done since the last findings were entered, it will be done before thisroutine returns, which can be quite time consuming (you can call IsBeliefUpdated_bn beforecalling this to find out if belief updating will be done).Do not try to modify or free the vector returned.See also:IsBeliefUpdated_bnFind out if GetNodeBeliefs_bn is going to trigger beliefupdatingGetNodeNumberStates_bnDetermine length of vector returnedCompileNet_bnTo do the initial compiling before entering findingsExample:// This routine is useful to get the belief that a certain node is in// a certain state, based on the names of the node and state.//double GetNodeBelief (char *node_name, char *state_name, net_bn *net){node_bn *node = NodeNamed_bn (node_name, net);state_bn state = StateNamed_bn (state_name, node);return GetNodeBeliefs_bn (node) [state];}Get˚Node˚Children_bn const nodelist_bn *GetNodeChildren_bn(const˚node_bn˚*node)

- 65 -Returns a (nonmodifiable) list of the children of node. If it has no children then the empty list(rather than NULL) will be returned.If there are several links from node to the same child, then that child will appear only once in thelist returned, so the length of the returned list may be used to provide the number of uniquechildren of node.Do not try to modify or free the list returned.See also:GetNodeParents_bnGet a list of the parentsGet˚Node˚Comment_bn const char *GetNodeComment_bn (const˚node_bn˚*node)Returns a (nonmodifiable) C character string which contains the comment associated with node,or the empty string (rather than NULL) if node does not have a comment.The comment may contain anything, but see SetNodeComment_bn for what it’s meant to contain.There is no restriction on the length of the comment, or on what characters it might contain.Do not try to modify or free the string returned.See also:SetNodeComment_bnSet the node’s comment stringGetNetComment_bnGet the comment for a whole networkIs˚Node˚Deterministic_bn bool_ns IsNodeDeterministic_bn (const˚node_bn˚*node)If this returns TRUE then node is a deterministic node, which means that given values for itsparents, its value is determined with certainty.There is no API function to directly set whether a node is deterministic, but setting all itsconditional probabilities to 0 or 1 will make a node deterministic. Using SetNodeFuncValue_bnon the node also will.This function starts with "Is" rather than "Get" to indicate that it is not always a simple data access;it may take a little while to return.See also:SetNodeProbs_bnTo change whether a node is deterministicGetNodeDiscrete_bnTo determine if a node corresponds to a discrete variableGetNodeKind_bnTo determine what kind of node it isGet˚Node˚Discrete_bn bool_ns GetNodeDiscrete_bn (const˚node_bn˚*node)

- 66 -Returns TRUE if the variable corresponding to node is discrete (digital), and FALSE if it iscontinuous (analog).It should be emphasized that the value returned only concerns the underlying physical variable thatnode represents, not how node acts within the network.For example, continuous variables may be discretized by subdividing them into ranges, anddiscrete variables may provide values in continuous settings.In order to determine whether a node may act discrete, call GetNodeNumberStates_bn, and if thereturned value is greater than 0 then the node can act as a discrete node.There is no API function to change whether a node is discrete; this can only be set when the nodeis first created. A continuous node may be discretized anytime, by using SetNodeLevels_bn.See also:GetNodeNumberStates_bnTo determine if a node can act discreteSetNodeLevels_bnTo discretize a continuous variable, so it may act discreteNewNode_bnOriginally sets the value that GetNodeDiscrete_bn returnsIsNodeDeterministic_bnReturns whether a node is deterministicly related to its parentsGetNodeKind_bnTo determine what kind of node it is (nature, decision, etc.)Get˚Node˚Experience_bn double GetNodeExperience_bn (const˚node_bn˚*node,const˚state_bn˚*parent_states)Given parent_states, a vector of states for the parents of node, this returns the "experience"of the node for the situation given by the parent states. The experience is also known as the"number cases", ess, or estimated sample size (see the Learning Networks chapter). It returnsUNDEF_DBL if no experience has been assigned.The order of the states in parent_states should match the order of the nodes in the listreturned by GetNodeParents_bn. parent_states can be NULL if node has no parents.To cycle through all of possibilities of parent_states, see the NeticaEx function NextStates.See also:SetNodeExperience_bnGetNodeProbs_bnGet˚Node˚Finding_bn state_bn GetNodeFinding_bn (const˚node_bn˚*node)If a positive finding has been entered for node, it returns that finding. If no findings have beenentered it returns NO_FINDING.The value returned will be one of:>= 0The positive (certain) finding which has been entered.NO_FINDINGNo findings have been entered, or they cancel.

- 67 -NEGATIVE_FINDINGOne or more negative findings have been entered.LIKELIHOOD_FINDINGOne or more likelihood findings have been entered.The value returned indicates the simplest way to express the accumulation of all findings enteredfor node since the last retraction. For instance, if the node has 3 possible states, and negativefindings have been entered for 2 of them, then the value returned will be the remaining state. If theaccumulation of all likelihood findings entered so far result in a likelihood vector with only onenonzero entry, that state will be returned. If it results in a likelihood vector with some zero entriesand some nonzero, but equal, entries, NEGATIVE_FINDING will be returned; if entries areunequal then LIKELIHOOD_FINDING will be returned, and if they are all equal with no zeroesthen NO_FINDING will be returned (i.e. if a number of likelihood findings which exactlycontradict and cancel each other are entered for node, NO_FINDING will be returned).Note that positive findings cannot cancel; if 2 differing positive findings are entered for a node, anerror is generated.If you wish to obtain the actual result of accumulated likelihood or negative findings, useGetNodeLikelihood_bn.This function cannot be used on a continuous node, unless the node has first been discretized bygiving it a set of levels (for example, using SetNodeLevels_bn).See also:GetNodeLikelihood_bnTo get likelihood or negative findingsGetNodeValue_bnTo get a finding for a continuous nodeEnterFinding_bnTo enter a findingRetractNodeFindings_bnTo clear away all findings entered so far for this nodeGet˚Node˚Func˚Value_bn double GetNodeFuncValue_bn (const˚node_bn˚*node,const˚state_bn˚*parent_states)For deterministic nodes. Given a vector of states for the parents of node, this returns the value ofthe node (which is functionally determined by the parent values). If the relationship between nodeand its parents has not yet been created, or if it is probabilistic rather than deterministic, this returnsUNDEF_DBL.The order of the states in parent_states should match the order of the nodes in the listreturned by GetNodeParents_bn. parent_states can be NULL if node has no parents.It ignores any findings entered in the net.To cycle through all of possibilities of parent_states, see the NeticaEx function NextStates.See also:GetNodeProbs_bnFor nondeterministic discrete nodesIsNodeDeterministic_bnTo discover if a node is deterministicSetNodeFuncValue_bnTo originally create the relationshipOptimizeDecisions_bnAlso creates a deterministic relationship

- 68 -Get˚Node˚Kind_bn nodekind_bn GetNodeKind_bn (const˚node_bn˚*node)Returns whether node is a nature, decision, utility or assume node.The value returned will be one of:NATURE_NODEThe type of node belief networks are normally composed of.This is a "chance" or "deterministic" node of an influence diagram.DECISION_NODEIndicates a variable that can be controlled.This is a "decision" node of an influence diagram.UTILITY_NODEA variable to maximize the expected value of.This is a "value" node of an influence diagram.ASSUME_NODEA constant, or "clamped" variable.nodeSee also:IsNodeDeterministic_bnTo distinguish between "chance" and "deterministic" nodesSetNodeKind_bnTo change what kind of node it isGetNodeDiscrete_bnTo determine if a node corresponds to a discrete variableGet˚Node˚Level_bn level_bn GetNodeLevel_bn (const node_bn˚*node,state_bn˚state)Returns the level associated with a range (for continuous nodes), or point value (discrete nodes) ofnode. Returns UNDEF_DBL if node does not have a levels list. Levels are used to discretizecontinuous nodes, or to map from discrete nodes to real numbers. See SetNodeLevels_bn for afull description of the level numbers.Since the usage of levels is a little different for each type of node, we discuss each separately:node is continuous: (GetNodeDiscrete_bn would return FALSE)state must be between 0 and the number of states of node, inclusive.The level returned is the minimum value of the range corresponding to state, and the maximumvalue of the range corresponding to state - 1.node is discrete: (GetNodeDiscrete_bn would return TRUE)state must be between 0 and one less than the number of states of node, inclusive.The level returned is the real quantity associated with state.See also:SetNodeLevels_bnSets the level values for all states at once

- 69 -Get˚Node˚Likelihood_bn const prob_bn *GetNodeLikelihood_bn (const˚node_bn˚*node)Returns a (nonmodifiable) likelihood vector with one entry for each state of node, indicating thefindings that have been entered for node since the last retraction, including positive findings,negative findings, and likelihood findings.If a positive finding has been entered, then the likelihood vector will consist of all zero entries,except a nonzero entry for the state corresponding to the finding (for more details on likelihoodvectors, see EnterNodeLikelihood_bn).If a number of likelihood findings and/or negative findings have been entered, they will beaccumulated in the vector returned.If no findings have been entered for this node since the last retraction, a uniform vector consistingof all 1’s is returned. This is completely consistent with the likelihood concept, since a likelihoodfinding which is a uniform vector is equivalent to no finding at all, and will not modify any beliefs.This function cannot be used on a continuous node, unless the node has first been discretized bygiving it a set of levels (for example, using SetNodeLevels_bn).Do not try to modify or free the vector returned.See also:GetNodeFinding_bnReturns a scalar indicating what findings have been enteredGetNodeBeliefs_bnBelief for a node (considers findings entered at other nodes)EnterNodeLikelihood_bnTo enter a vector of uncertain findings (see example below)RetractNodeFindings_bnTo clear away all findings entered so far for this nodeExample:// To temporarily remove all findings from a node and later restore them//size_t size = GetNodeNumberStates_bn (node) * sizeof (prob_bn);char *save = malloc (size);memcpy (save, GetNodeFinding_bn (node), size);RetractNodeFindings_bn (node);... <stuff without the evidence> ...EnterNodeLikelihood_bn (node, save);// restores to originalfree (save);Get˚Node˚Name_bn const char *GetNodeName_bn (const˚node_bn˚*node)Returns a (nonmodifiable) C character string which is the name of node.This may be different from node’s title.You can count on the name to be present, and to be a legal IDname (see IDname in the index),which means that it is NAME_MAX_ns or less characters (not including terminating 0).Do not try to modify or free the string returned.See also:

- 70 -NodeNamed_bn(inverse function) Gets the node given its nameSetNodeName_bnChange the node’s nameGetNodeTitle_bnGets the node’s titleGet˚Node˚Net_bn net_bn *GetNodeNet_bn (const˚node_bn˚*node)Returns the network that node is part of. Every node is part of some network.See also:DuplicateNodes_bnCan move nodes from one network to anotherGetNetNodes_bn(inverse function) Get the list of nodes comprising a networkNewNet_bnOriginally created the networkGet˚Node˚Number˚States_bn int GetNodeNumberStates_bn (const˚node_bn˚*node)Returns the number of states that node can take on, or zero if node is a continuous node thathasn’t been discretized.See also:NewNode_bnSets the number of states for a discrete nodeSetNodeLevels_bnSets the number and boundaries of discretization for acontinuous nodeExample:See the NeticaEx.c function NextStates.Get˚Node˚Parents_bn const nodelist_bn *GetNodeParents_bn (const˚node_bn˚*node)Returns a (nonmodifiable) list of the parents of node. If it has no parents then the empty list(rather than NULL) will be returned.The order of the list is significant. Numbering each node in the list (starting from 0) provides anumbering for the links entering node, which is used by some other routines.If there are several links from the same parent to node, then in the list returned that parent will berepeated once for each link.To obtain the number of links entering node, use the length of the returned list.Do not try to modify or free the list returned.See also:GetNodeChildren_bnGet a list of the children

- 71 -Get˚Node˚Probs_bn const prob_bn *GetNodeProbs_bn (const˚node_bn˚*node,const˚state_bn˚*parent_states)This returns the conditional probabilities of node, given that its parents are in the states indicatedby the parent_states vector. The length of parent_states must be the number ofparents of node, and each of its entries provides a state for the corresponding parent. The lengthof the array returned is the number of states of node, and consists of the conditional probabilities:P (node = state0 | parents take on parent_states)P (node = state1 | parents take on parent_states) ...P (node = stateN | parents take on parent_states)Notice that it is not conditioned on any findings (evidence) entered into the network, so its valuewill not change as findings are added or belief updating is done.NULL will be returned if there is no relation associated with node, either by SetNodeProbs_bn orSetNodeFuncValue_bn.The order of the states in parent_states should match the order of the nodes in the listreturned by GetNodeParents_bn. parent_states can be NULL if node has no parents.Do not try to modify or free the array returned.To cycle through all of possibilities of parent_states, see the NeticaEx function NextStates.See also:GetNodeBeliefs_bnConditioned on findings, but not parentsAbsorbNodes_bnCan be used to find probabilities conditioned on parents andfindingsGetNodeFuncValue_bnFor deterministic nodesGetNodeExperience_bnThe confidence of the probabilities obtainedExample:// To just get the probability that node is in state, given parent_states//double prob = GetNodeProbs_bn (node, parent_states) [state];Get˚Node˚State˚Name_bn const char *GetNodeStateName_bn (const˚node_bn˚*node,state_bn˚state)Returns a (nonmodifiable) string which is the name for state of node, or the empty string(rather than NULL) if it does not have a name.If the name is present, you can count on it to be a legal IDname (see IDname in the index), whichmeans that it is NAME_MAX_ns or less characters (not including terminating 0).Do not try to modify or free the string returned.

- 72 -See also:StateNamed_bn(inverse function) Returns the state with a given state nameGet˚Node˚Title_bn const char *GetNodeTitle_bn (const˚node_bn˚*node)Returns a (nonmodifiable) C character string which is the title of node, or the empty string (ratherthan NULL) if node does not have a title.This may be different from node’s "name".There is no restriction on the length of the title, or on what characters it might contain.Do not try to modify or free the string returned.See also:GetNodeName_bnGets the node’s name (limited chars and length, always exists)SetNodeTitle_bnChange the node’s titleGet˚Node˚User˚Data_bn void *GetNodeUserData_bn (const˚node_bn˚*node, int kind)Returns a pointer to information previously attached to node using SetNodeUserData_bn, orNULL if none has been.This information is understood only by the program using the Netica API. It may point towhatever is desired, possibly a large structure with many fields.Pass 0 for kind. It is there only for future expandability.See also:SetNodeUserData_bnAttach a user pointer to a nodeGetNetUserData_bnRecover the user pointer attached to a whole networkGet˚Node˚Value_bn double GetNodeValue_bn (const node_bn *node)Returns the real-valued finding which has been entered for node, or UNDEF_DBL if node has noreal-valued finding (note: do not use the UNDEF_DBL macro until after InitNetica_bn has beencalled).If node is not a continuous node, but has been given a levels list, and a discrete finding has beenentered, then that finding will be converted to a real-value by the levels list, and returned (seeSetNodeLevels_bn for an explanation of the levels list).If node is not a continuous node, and doesn’t have a levels list defined, then an error is generated.See also:

- 73 -GetNodeFinding_bnTo get the discrete finding of a nodeEnterNodeValue_bnTo enter a real-valued finding into a nodeRetractNodeFindings_bnTo clear away all findings entered into a nodeInit˚Netica_bn int InitNetica_bn (environ_ns˚**env, char˚*mesg)This initializes the Netica system. Call it before any other Netica functions exceptNewNeticaEnviron_bn, or some of the configuration routines, such as ArgumentChecking_ns.It should be passed the address of a pointer to an environ_ns structure which has been created byNewNeticaEnviron_bn. mesg should be a pointer to a character array which is allocated at leastMESG_LEN_ns characters long. A startup welcome message will be left in it if InitNetica_bn issuccessful, or an error message if it isn’t.It will return a value greater than or equal 0 on success, and a negative value on failure. If it fails,then no other Netica API routines should be called with env except CloseNetica_bn.Notice that env is a pointer to a pointer to an environ_ns. See the example below.If a NULL license string was passed to NewNeticaEnviron_bn when env was created,InitNetica_bn may also directly print out a short message.See also:NewNeticaEnviron_bnCreates the required environ_ns structCloseNetica_bn Reverses the effects of InitNetica_bnExample:void main (void){char mesg[MESG_LEN_ns];environ_ns *env;int res;env = NewNeticaEnviron_bn (NULL); // substitute your license string for NULL ifdesiredres = InitNetica_bn (&env, mesg);printf ("%s\n", mesg);if (res < 0) exit (-1);........ <rest of program>....res = CloseNetica_bn (env, mesg);printf ("%s\n", mesg);exit (res < 0 ? -1: 0);}Is˚Belief˚Updated_bn bool_ns IsBeliefUpdated_bn (const˚node_bn˚*node)Returns TRUE if belief updating (i.e. computing the posterior probability of node) has been doneso that the beliefs at node are consistent with the current state of the network and current findingsentered into the network, otherwise it returns FALSE.

- 74 -See also:GetNodeBeliefs_bnUpdates the beliefs (if they aren’t already)Length˚Node˚List_bn int LengthNodeList_bn (const˚nodelist_bn˚*nodes)Returns the number of nodes in the list nodes.Remember that some of the ’nodes’ may actually be NULL pointers, if you set some of them toNULL, or you created the list using NewNodeList_bn with nonzero length and never completelyfilled it. Netica functions that return node lists will never return a node list having NULL pointersunless that possibility is specifically mentioned in the documentation for that function.Also remember that if it’s a list that you made up, some of the nodes may be duplicated in the list,so you won’t get the number of unique nodes.Link˚Named_bn int LinkNamed_bn (const char *name, const˚node_bn˚*node)Returns the link index number of the link whose name is name, or -1 if there isn’t one. This isthe same index as would be used to find the parent of the link in the node list returned byGetNodeParents_bn (node).This is only applicable to links of node, another node may have a link with the same name, but adifferent link index.Netica won’t modify or free the passed name string.See also:GetNodeLinkName_bn(inverse function) Returns the name of a link given its indexNew˚Netica˚Environ_bn environ_ns *NewNeticaEnviron_bn (const˚char˚*license)Call this to create a new environ_ns structure that it is suitable for passing to InitNetica_bn.For license pass the license string provided to you when you purchased Netica, or NULL if youdon’t have one. The behavior of the Netica system may be limited by the license you use.Most applications will have only one global environment, and in that case the best approach is tomake a global variable of type environ_ns*, set it to the return value of this routine, and thenpass it to any routine that requires it.Netica will make a copy of license; it won’t modify or free the passed string.Example:See InitNetica_bn.

- 75 -New˚Net_bn net_bn *NewNet_bn (const˚char˚*name, environ_ns˚*env)Creates and returns a new network, initially having no nodes (use NewNode_bn to add nodes). Ifjust nature nodes are added to this network, it will be a belief network, while if any decision nodesare added it will be a decision network.The name of the new network will be name. It must be a legal IDname (see IDname in the index),which means it must have NAME_MAX_ns or less characters, all of which are letters, digits orunderscores, and it must start with a letter.Netica will make a copy of name; it won’t modify or free the passed string.When you are done with the network, you should pass it to FreeNet_bn.See also:FreeNet_bn(reverse operation) Frees the memory used by a netNewNode_bnAdd nodes to the new networkNew˚Node_bn node_bn *NewNode_bn (const˚char˚*name, int˚num_states,net_bn˚*net)Creates and returns a new node for network net.If the node is for a variable which is discrete in the real world, pass the number of states it can takeon for num_states.If the node is for a variable which is continuous in the real world, always pass 0 fornum_states, even if you plan to later discretize it to a certain number of states (seeSetNodeLevels_bn for more details).name will be the name of the new node. It must be a legal IDname (see IDname in the index),which means it must have NAME_MAX_ns or less characters, all of which are letters, digits orunderscores, and it must start with a letter.Netica will make a copy of name; it won’t modify or free the passed string.The node will start off as a nature node (kind = NATURE_NODE), but it may be changed by callingSetNodeKind_bn.Example:See SetNodeLevels_bn for creating a discretized node for a continuous variable.See also:DuplicateNodes_bnDuplicate nodes, or transfer them from another networkSetNodeKind_bnSet what kind of node it isSetNodeLevels_bnSet the number of states for continuous variablesGetNodeDiscrete_bnDetermine if it was created as a continuous variable nodeGetNodeNumberStates_bnRecover num_states

- 76 -DeleteNode_bn(reverse operation) Removes the node from its network andfrees the memory it usesNew˚Node˚List_bn nodelist_bn *NewNodeList_bn (int˚length, environ_ns˚*env)Creates and returns a new node list with length entries, each filled with NULL.You can fill the entries using SetNthNode_bn, and you can change the length usingAddNodeToList_bn or RemoveNthNode_bn.If the system runs out of memory, NULL will be returned and an error generated.Use FreeNodeList_bn to free the list when you are done with it.WARNING: Do not pass it to the Standard C ’free’ function.Your software may use the returned list until disposing of it, or calling CloseNetica_bn, withoutfear that it will be modified by Netica (unless, of course, you deliberately pass it to a routinedesigned to change it).See also:DupNodeList_bn Make a copy of an existing listFreeNodeList_bnFree the new list madeAddNodeToList_bnIncreases a list’s length by adding a nodeNode˚Named_bn node_bn *NodeNamed_bn (const˚char˚*name,const˚net_bn˚*net)Returns the node of net which has a name exactly matching name (case sensitive comparison).If there is no such node, it will return NULL.name can be any string; it need not be a legal IDname (of course if it isn’t, NULL will be returned).If you have a list of nodes (nodelist_bn), and you wish to retrieve the node from it having a givenname, then providing all its nodes come from the same network, you can just use NodeNamed_bnon that network (it would actually be faster than searching the list, because a symbol table ismaintained for the network). Then, if necessary, you can use PositionInNodeList (seeNthNode_bn) to make sure the found node is in the list.See also:GetNodeName_bn(inverse function) Returns the name of the nodeExample:// Like NodeNamed_bn, but generates an error if the name doesn’t exist.//node_bn *NodeNamed (char *node_name, net_bn *net){node_bn *node = NodeNamed_bn (node_name, net);if (node == NULL)ReportError_ns (env, 0, ERROR_ERR, "NodeNamed: There is no node named ’%s’ in net ’%s’",

- 77 - node_name, GetNetName_bn (net));return node;}Nth˚Node_bn node_bn *NthNode_bn (const˚nodelist_bn˚*nodes, int˚index)Returns the node at position index of list nodes.The numbering starts with 0, and goes to LengthNodeList_bn (nodes) - 1.If index is less than 0, or greater than LengthNodeList_bn (nodes) - 1, NULL will be returned,and an error will be generated.For the inverse function (finding the index given the node) see the routine PositionInNodeList inthe example below.See also:RemoveNthNode_bnRemove the node from the list while obtaining itLengthNodeList_bnFind maximum node indexExample:// To return the index of node in the list nodes (first is 0).// This can also be used to test if node is a member of nodes,// since this returns -1 iff it isn’t.//int PositionInNodeList (const node_bn *node, const nodelist_bn *nodes){int i, num = LengthNodeList_bn (nodes);for (i = 0; i < num; i++)if (NthNode_bn (nodes, i) == node)return i;return -1;}Optimize˚Decisions_bn void OptimizeDecisions_bn (const˚nodelist_bn˚*nodes)Finds the optimal decision function for each decision node in nodes, and attaches it to the node.Each decision function provides the optimal decision for the node (to maximize expected utility)for each configuration of parent states.It is okay if nodes contains some nodes that aren’t decision nodes; OptimizeDecisions_bn will actas though they weren’t in the list. All of the nodes should come from the same network.You can use GetNodeFuncValue_bn to "read out" the decisions found.See also:AbsorbNodes_bnAnother way to find optimal decisionsGetNodeFuncValue_bnTo get the decision functions foundExample:// To optimize all the decision nodes in net.//OptimizeDecisions_bn (GetNetNodes_bn (net));

- 78 -Random˚Case_bn int RandomCase_bn (const˚nodelist_bn˚*nodes, int˚method,double˚num)Generates a random case for nodes (i.e., positive findings for each of them), by sampling from aprobability distribution matching that of the network containing nodes , and consistent with anyfindings already entered in nodes.Pass 0 for method; it is only for future expandability.num indicates how much time to allocate for the task (in relative units), and a negative quantity willbe returned if there was not enough time to finish, or it failed for some other reason.Read˚Case_bn void ReadCase_bn (caseposn_bn˚*case_posn, stream_ns˚*file,const˚nodelist_bn˚*nodes,long˚*ID_num, double˚*freq)Reads from file (which is usually a file created using WriteCase_bn) to recover the findingsstored in it, and enter them into nodes.WARNING: It does not retract findings that are already in net, and will even generate errors iffindings in the file are inconsistent with findings already in net. So you probably want to callRetractAllFindings_bn first.In general it reads from file the case at *case_posn, or if *case_posn is NEXT_CASE itreads the next case after the last one read from file, and sets *case_posn to the position of thecase it read. In detail:

Called with:

File condition:

Action taken: case_posn = NULL \ - file has no cases generates error / - file has 1 or more cases reads first case case_posn nonNULL \ - file has no cases returns with *case_posn = NO_MORE_CASES *case_posn = FIRST_CASE / - otherwise reads first case & sets *case_posn case_posn nonNULL \ - all cases read returns with *case_posn = NO_MORE_CASES *case_posn = NEXT_CASE / - otherwise reads next case & sets *case_posn case_posn nonNULL \ generates error *case_posn = NO_MORE_CASES / case_posn nonNULL \ - indicated case is in file reads indicated case *case_posn = case / - indicated case isnt in file generates errorIf ID_num is nonNULL, then on return *ID_num will be set to the ID number of the case, or -1 ifit doesn’t have one. If freq is nonNULL, then on return *freq will be set to the frequency (i.e.,multiplicity) of the case, or -1 if it doesn’t have one.

- 79 -It only reads evidence and values into the nodes of nodes. Other nodes in the network will nothave any new findings entered, even if findings for them appear in the file. It is okay if nodes isempty. nodes must all be from the same network.Doesn’t modify or take nodes.See also:WriteCase_bnSave it so that ReadCase_bn can read it backRetractAllFindings_bn You may want to call this firstRead˚Net_bn net_bn *ReadNet_bn (stream_ns˚*file, bool_ns˚readvisual)Reads a network from file, and returns the network read, or NULL if reading was impossible.Even if this routine returns a nonNULL value, you should check if it generated any errors, since itmay report on a problem but return the best network it can.If readvisual is FALSE, then any information about the visual display of the net for use by thegraphical editor is ignored.See also:FileNamed_nsGenerates the required stream_nsWriteNet_bnSaves a network to file in a format understood by ReadNet_bnShowNet_bnDisplay the network to the user and allow graphical editingExample:See WriteNet_bnRemove˚Nth˚Node_bn node_bn *RemoveNthNode_bn (nodelist_bn˚*nodes, int˚index)Removes (and returns) the node at position index from the list nodes, making the list oneshorter, and maintaining the order of the rest of the nodes.index can range from zero (the first node) to LengthNodeList_bn(nodes) - 1 (the last node), or itcan be INT_MAX, which also indicates the last node.If index is outside these bounds, the list will not be changed and an error will be generated.Removing nodes from the end of the list executes the fastest.See also:AddNodeToList_bn(reverse operation) Adds a node to the list, lengthening itNthNode_bnGet a node from the list without removing itLengthNodeList_bnFind maximum node indexExample:// To remove the first occurrence of some node from the list//void RemoveNodeFromList (node_bn *node, nodelist_bn *nodes){int i, num = LengthNodeList_bn (nodes);

- 80 -for (i = 0; i < num; i++)if (NthNode_bn (nodes, i) == node){RemoveNthNode_bn (nodes, i);return;}}Example:// This achieves the same purpose as RemoveNthNode_bn.// Since removing the last node is fastest, this will execute// more quickly (for long lists), but the order won’t be maintained.//void RemoveNthNodeFast (int index, nodelist_bn *nodes){node_bn *lastnode = RemoveNthNode_bn (nodes, INT_MAX);SetNthNode_bn (nodes, index, lastnode);}Report˚Error_ns report_ns *ReportError_ns (environ_ns˚*env, int˚number,errdanger_ns˚danger,const˚char˚*mesg)Generates a new error report with error number being number, danger level danger, and errormessage mesg. The new report is returned and registered with environment env.danger must be one of NOTHING_ERR, REPORT_ERR, NOTICE_ERR, WARNING_ERR,ERROR_ERR, XXX_ERR (for a description of these see ErrorDanger_ns).number must be between 0 and 999, inclusive.The Netica API communicates to you every error it detects via a report_ns registered with theenvironment. This routine is provided so that you can make your own report_ns registered withthe environment, allowing for a simpler and more consistent error handling in your software.See also:ClearError_ns(reverse operation) Removes an error report from the systemGetError_nsObtain the error report from the environmentErrorMessage_nsRecover the error message from the reportErrorNumber_nsRecover the error number from the reportErrorDanger_nsRecover the danger level of the error from the reportExample:// Like ReportError_ns, but with printf style arguments for the message.// You must be very careful that your error message length is limited,// so that it doesn’t run over the declared buffer size.//report_ns *ReportError (environ_ns *env, int number, errdanger_ns˚danger,const˚char˚*mesg, ...){va_list ap;char buf[400];va_start (ap, mesg);vsprintf (buf, mesg, ap);va_end (ap);return ReportError_ns (env, number, danger, buf);}

- 81 -Retract˚All˚Findings_bn void RetractAllFindings_bn (net_bn˚*net)Retracts all findings (i.e. the current case) from all the nodes in network net.If the network is an auto-update network (see SetNetAutoUpdate_bn), then a belief updating willbe done to reflect the removal of findings as soon as this is called, otherwise GetNodeBeliefs_bnmust be called before belief updating is done.See also:RetractNodeFindings_bnTo remove the findings for just one nodeRetract˚Node˚Findings_bn void RetractNodeFindings_bn (node_bn˚*node)Retracts all findings from node.This includes regular findings, negative findings, likelihood findings and the discovered value of acontinuous node.If node does not have any findings, calling this will have no effect.If the network is an auto-update network (see SetNetAutoUpdate_bn), then a belief updating willbe done to reflect the removal of findings as soon as this is called, otherwise GetNodeBeliefs_bnmust be called before belief updating is done.See also:RetractAllFindings_bnTo remove the findings from all nodes in the networkEnterFinding_bnTo enter a finding for a nodeReverse˚Link_bn void ReverseLink_bn (node_bn˚*parent, node_bn˚*child)Reverses the link from parent to child, so that instead it goes from child to parent.If it is not possible to do the reversal, an error will be generated, and network will not be changed.If both parent and child are nature nodes, and have conditional probability tables, these will bemodified so that the reversal has no effect on the joint probability represented by the network.Note that this may mean adding links from the parents of child to parent, and from theparents of parent to child. If this is not desired then use DeleteLink_bn, followed by anAddLink_bn in the reverse direction.

- 82 -Set˚Link˚Name_bn void SetLinkName_bn (node_bn˚*node, int˚link_index,const˚char˚*link_name)Names the link entering node from its link_index th parent to be link_name.link_index corresponds to the ordering of the parents obtained by GetNodeParents_bn (withthe first parent having link_index = 0). The reason that a number is passed instead of theactual parent, is because the link may not have a parent node (i.e. it is "disconnected"), or theremay be more than 1 link from the same parent to node.link_name must be a legal IDname (see IDname in the index), which means it must haveNAME_MAX_ns or less characters, all of which are letters, digits or underscores, and it must startwith a letter.To remove the name of a link, pass NULL (not the empty string) for link_name.link_name must be different from the name of any other links entering node, and must bedifferent from the names of any parents of node which are connected to node by an unnamedlink.The purpose of a link name is to provide a local naming for a link, which is maintained even whena node is disconnected from a parent, and maybe later reconnected to another parent.When links are first created, they are unnamed, and remain so until this routine is called, or untilthey are disconnected from the parent node (in which case they take on the name of the parent). Itis possible to name some of the links entering a node, and leave the rest unnamed. Alldisconnected links are named.Netica will make a copy of link_name; it won’t modify or free the passed string.See also:GetLinkName_bnGet an existing link nameGetNodeParents_bnGets the actual parents of the links (e.g. to find their names ordetermine their numbering)SwitchNodeParent_bnConnect the "input" up with a parent nodeSet˚N e t ˚Auto˚Update_bn void SetNetAutoUpdate_bn (net_bn˚*net, int˚autoupdate)Pass an autoupdate of 1 to have the new beliefs calculated immediately after entering anyfindings, or 0 to inhibit this (in which case you would call GetNodeBeliefs_bn to do the updating).The reason for inhibiting automatic updating is that it is time consuming, and you may want toenter many findings before doing it. However, an advantage to updating after entering eachfinding, is that as each new finding is entered, it will be checked for consistency with the findingsalready entered.If you are turning auto-updating on, and it currently needs doing, then updating will be done beforethis function returns.See also:

- 83 -GetNodeBeliefs_bnForces a belief update if requiredGetNetAutoUpdate_bnReturns the value that SetNetAutoUpdate_bn setsSet˚N e t ˚Comment_bn void SetNetComment_bn (net_bn˚*net, const˚char˚*comment)This stores a duplicate of the C character string comment with net to help document it.The comment may contain anything, but is usually used to store such things as the origin of thenet, its purpose or applicability, background information on the problem domain, a copyrightnotice, etc.Information pertaining only to a particular node should not be placed here, but rather in that node’scomment field.To remove a comment, pass NULL or the empty string for comment.Netica will make a copy of comment; it won’t modify or free the passed string.See also:GetNetComment_bnRetrieve the comment associated with netSetNodeComment_bnSet a comment for a particular nodeExample:// Put string addon at the end of the existing comment for net//const char *origcomment = GetNetComment_bn (net);size_t origlength = strlen (origcomment);char *comment = malloc (origlength + strlen (addon) + 1);strcpy (comment, origcomment);strcpy (comment + origlength, addon);SetNetComment_bn (comment, net);free (comment); // that’s right, don’t free origcommentSet˚N e t ˚Elim˚Order_bn void SetNetElimOrder_bn (net_bn˚*net,const˚nodelist_bn˚*elim_order)Records the list of nodes elim_order with net to be used as its "elimination order" the nexttime net is compiled.The elimination order guides the process of triangulation during the compilation of net, and caneffect both the time and memory efficiency of belief updating considerably.If no elimination order is supplied, Netica finds one automatically.Calling this routine has no effect on the current triangulation; it only takes action during the nextcompilation.elim_order must include all the nodes of net without any duplication (except it should notinclude any nodes whose kind is "ASSUME").Netica will make a copy of elim_order; it won’t modify or free the passed list.

- 84 -See also:GetNetElimOrder_bnGet the elimination order currently being usedCompileNet_bnDo or redo the compilation to use the new elimination orderAddNodeToList_bnCan use with NewNodeList_bn to build the listSet˚N e t ˚Name_bn void SetNetName_bn (net_bn˚*net, const˚char˚*name)Changes the name of net to be name.name must be a legal IDname (see IDname in the index), which means it must haveNAME_MAX_ns or less characters, all of which are letters, digits or underscores, and it must startwith a letter.Netica will make a copy of name; it won’t modify or free the passed string.See also:SetNetTitle_bnGetNetName_bnSet˚N e t ˚Title_bn void SetNetTitle_bn (net_bn˚*net, const˚char˚*title)Sets the title of net to title, which can be any C character string to be used for titling the net.There are no restrictions on its length or what characters it may contain (unlike the ’name’ of thenetwork).It is advised not to put too much information in the title, since the ’comment’ field is available forthat.To remove a net’s title, pass NULL or the empty string for title.Netica will make a copy of title; it won’t modify or free the passed string.See also:SetNetName_bnGetNetTitle_bnSetNodeTitle_bnSet the title for a particular nodeSet˚N e t ˚User˚Data_bn void SetNetUserData_bn (net_bn˚*net, int˚kind, void˚*data)Attaches the data pointed to by data to the network net. Only the program using the Netica APIneeds to be able to understand this data. It may point to whatever is desired, possibly a largestructure with many fields. This information may later be recovered using GetNetUserData_bn.Pass 0 for kind. It is there only for future expandability.

- 85 -See also:GetNetUserData_bnGet the user pointer of a netSetNodeUserData_bnSet the user pointer of a particular nodeSet˚Node˚Comment_bn void SetNodeComment_bn (node_bn˚*node,const˚char˚*comment)This stores a duplicate of the C character string comment with node to help document it.The comment may contain anything, but is usually used to store such things as information on thevariable represented by the node, its real-world significance, the meaning of its states, how therelation with its parents was determined, why its important, notes for future changes, etc.Information pertaining to the network as a whole should not be placed here, but rather in thenetwork’s comment field.To remove a node’s comment, pass NULL or the empty string for comment.Netica will make a copy of comment; it won’t modify or free the passed string.See also:GetNodeComment_bnRetrieve the comment associated with nodeSetNetComment_bnSet a comment for the whole networkExample:To add to an existing comment, see SetNetComment_bn.Set˚Node˚Experience_bn void SetNodeExperience_bn (node_bn˚*node,const˚state_bn˚*parent_states,double˚experience)This is for deterministic nodes. It tells Netica that when each parent has the state indicated in thevector parent_states, the value of node is func_value.Sets the conditional probabilities of node, given that its parents have the states indicated byparent_states. The length of parent_states must be the number of parents of node,and each of its entries provides a state for the corresponding parent. The length of the probsarray must be the number of states of node, and consist of the conditional probabilities:This returns the conditional probabilities of node, given that its parents are in the states indicatedby the parent_states vector. The length of parent_states must be the number ofparentsThis is to associate a degree of experience with each belief vector of node’s conditional probabilitytable (see the chapter on Learning Networks). It sets the amount of experience with the situation inwhich each parent has the state indicated by the vector parent_states, to experience.

- 86 -The order of the states in parent_states should match the order of the nodes in the listreturned by GetNodeParents_bn. parent_states can be NULL if node has no parents.To cycle through all of possibilities of parent_states, see the NeticaEx function NextStates.See also:CaseRevisesProbs_bnCaseFileRevisesProbs_bnFadeProbs_bnSetNodeProbs_bnGetNodeExperience_bnSet˚Node˚Func˚Value_bn void SetNodeFuncValue_bn (node_bn˚*node,const˚state_bn˚*parent_states,double˚func_value)This is for deterministic nodes. It tells Netica that when each parent has the state indicated in thevector parent_states, the value of node is func_value.The order of the states in parent_states should match the order of the nodes in the listreturned by GetNodeParents_bn. parent_states can be NULL if node has no parents.If node has many parents (i.e., the product of their number of states is large) then the probabilitytable will be large, and your system may run out of memory. You can use GetError_ns aftercalling to see if the probabilities were successfully set.To cycle through all of possibilities of parent_states, see the NeticaEx function NextStates.See also:SetNodeProbs_bnTo use if node isn’t deterministicGetNodeFuncValue_bnRetrieve the function valuesExample:// This routine is similar to SetNodeProbs; see the comment for it.#include <stdarg.h>#define ARR_SIZE 20void SetNodeFuncValue (node_bn *node, double value, ...){state_bn parent_states[ARR_SIZE];const nodelist_bn *parents = GetNodeParents_bn (node);int pn, numparents = LengthNodeList_bn (parents);va_list ap;if (numparents > ARR_SIZE){ReportError_ns (env, 0, XXX_ERR, "SetNodeFuncValue: Array size defined toosmall");return;}va_start (ap, value);for (pn = 0; pn < numparents; pn++)parent_states[pn] = StateNamed_bn (va_arg (ap, char*), NthNode_bn (parents, pn));va_end (ap);SetNodeFuncValue_bn (node, parent_states, value);}

- 87 -#undef ARR_SIZEExample:// This doesn’t use SetNodeFuncValue_bn, but it is useful for setting parent_states.// This cycles through all possible configurations (i.e. elements of the cartesian// product) of states, odometer style, with the last state changing fastest.// states is a list of node states, one for each node of nodes.// It returns TRUE when all the configurations have been examined (i.e., when it// "rolls over" to all zeros again).// Don’t forget to initialize states before calling it the first time (usually// to all zeros).bool_ns NextStates (state_bn *states, const nodelist_bn *nodes){int nn;for (nn = LengthNodeList_bn (nodes) - 1; nn >= 0; nn--){if (++states[nn] < GetNodeNumberStates_bn (NthNode_bn (nodes, nn)))return FALSE;states[nn] = 0;}return TRUE;}Set˚Node˚Kind_bn void SetNodeKind_bn (node_bn˚*node, nodekind_bn˚kind)Sets whether node is a nature, decision, utility or assume node.kind must be one of:NATURE_NODEThe type of node belief networks are normally composed of.This is a "chance" or "deterministic" node of an influence diagram.DECISION_NODEIndicates a variable that can be controlled.This is a "decision" node of an influence diagram.UTILITY_NODEA variable to maximize the expected value of.This is a "value" node of an influence diagram.ASSUME_NODEA constant, or "clamped" variable.Nodes of one kind can usually be transformed to another at any time, but certain transformationsare not allowed. Calling SetNodeKind_bn with a disallowed transformation will result in nochanges, and a suitable error report will be generated. An example of a disallowed transformationis a non-deterministic or discrete node being transformed to a utility node.See also:GetNodeKind_bnTo retrieve what kind of node it isSet˚Node˚Levels_bn void SetNodeLevels_bn (node_bn˚*node, int˚num_states,const˚level_bn˚*levels)Sets the levels list of node to levels. If node is continuous, this can be used to discretize it tonum_states states.

- 88 -The levels list is a list of real numbers used to translate from a discrete node to a continuous value,or from a continuous node to a discrete value. If the underlying variable is continuous, we maywant to discretize it for some operations. For example, we may divide all possible masses ofsome object into 3 ranges: 0 to 0.1 kg, 0.1 to 10 kg, and greater than 10 kg.Conversely, if it is discrete, we may want a mapping from its state (represented as an integer), to ameasurable value. For example, in a bang-bang control system, state 0 ("Off") may map to 0Volts, and state 1 ("On") may map to 6.2 Volts.Netica will make a copy of levels; it won’t modify or free the passed array.Since the usage of levels is a little different for each type of node, each is discussed separately.node is continuous: (GetNodeDiscrete_bn would return FALSE)(these nodes can be created by NewNode_bn with num_states = 0)The levels list is one longer than the number of states, and monotonicly ascends or descends.The first and last entries of the levels list provide a bound on the lowest and highest values thenode can take on, but they may be INFINITY_ns or -INFINITY_ns (note: do not use theINFINITY_ns macro until after InitNetica_bn has been called).Once node has been given the levels list, Netica can translate a continuous value val for node to adiscrete state st, by choosing st so that: levels [st] <= val < levels [st + 1] or levels [st] > val >= levels [st + 1]A discrete state st can also be translated to the range: [levels[st], levels[st + 1]).node is discrete: (GetNodeDiscrete_bn would return TRUE)There is one entry in the levels list for each state.Once node has been given the levels list, Netica can convert a discrete state st to a real-valuednumber val, using: val = levels [st]A real-number value val can also be translated to a discrete state st by choosing st so that: val =levels [st]. If there is no such st, then a legal translation cannot be made, but sometimes you canrequest Netica to approximate by choosing st so that: | val - levels [st] | is minimized.See also:GetNodeLevel_bnRecover the levels that have been setNewNode_bnMust be called with num_states = 0 to make continuousnodeExample:// Here we make a continuous node and then discretize it into// 3 states.//level_bn˚levels[4]; // 1 more than the number of statesnode_bn *node = NewNode_bn ("n1", 0, net); // must pass 0 for num_states to create a nodefor a continuous variablelevels[0] = 0; // the first range is 0 to 0.1levels[1] = 0.1;levels[2] = 10;levels[3] = INFINITY_ns;SetNodeLevels_bn (node, 3, levels); // discretizes to 3 statesSetNodeStateName_bn (node, 0, "low"); // naming the states is optional

- 89 -SetNodeStateName_bn (node, 1, "medium");SetNodeStateName_bn (node, 2, "high"); // but if we name one, we should name them allExample:// Here we make a 3-state discrete node and then give it// levels to provide real values to its children.//level_bn˚levels[3]; // 1 element for each statenode_bn *node = NewNode_bn ("n2", 3, net); // discrete, with 3 stateslevels[0] = -3.5; // state 0 gives -3.5levels[1] = 0;levels[2] = 5.5;SetNodeLevels_bn (node, 3, levels); // set the levelsSetNodeStateName_bn (node, 0, "low"); // naming the states is optionalSetNodeStateName_bn (node, 1, "medium");SetNodeStateName_bn (node, 2, "high"); // but if we name one, we should name them allSet˚Node˚Name_bn void SetNodeName_bn (node_bn˚*node, const˚char˚*name)Changes the name of node to name.name must be a legal IDname (see IDname in the index), which means it must haveNAME_MAX_ns or less characters, all of which are letters, digits or underscores, and it must bedifferent from the name of every other node already in the same network.Netica will make a copy of name; it won’t modify or free the passed string.See also:SetNetTitle_bnGetNetName_bnSet˚Node˚Probs_bn void SetNodeProbs_bn (node_bn˚*node,const˚state_bn˚*parent_states,const˚prob_bn˚*probs)Sets the conditional probabilities of node for the situation where its parents have the statesindicated by the vector parent_states. The length of parent_states must be the numberof parents of node, and each of its entries provides a state for the corresponding parent. Thelength of the probs array must be the number of states of node, and consist of the conditionalprobabilities:P (node = state0 | parents take on parent_states)P (node = state1 | parents take on parent_states) ...P (node = stateN | parents take on parent_states)The order of the states in parent_states should match the order of the nodes in the listreturned by GetNodeParents_bn. parent_states can be NULL if node has no parents.

- 90 -Netica will make a copy of the probs array; it won’t modify or free the passed array.If node has many parents (i.e., the product of their number of states is large) then the probabilitytable will be large, and your system may run out of memory. You can use GetError_ns aftercalling to see if the probabilities were successfully set.To cycle through all of possibilities of parent_states, see the NeticaEx function NextStates.See also:SetNodeFuncValue_bnFor deterministic nodesGetNodeProbs_bnRetrieve the probabilitiesCaseRevisesProbs_bnRevise the probabilities using the case currently enteredCaseFileRevisesProbs_bnRevise the probabilities using a file of casesFadeProbs_bnAdjust the probabilities for a changing worldSetNodeExperience_bnAssociate a degree of experience with the probabilitiesExample:/*________________________________________________________________________ SetNodeProbsThis routine is meant to be a more convenient (but slower) version of SetNodeProbs_bn. Its first argument is the node whose probabilities we are setting. This is followed by the names of the conditioning states of its parents as C strings. Finally comes a list of doubles, being the probabilities for each of the states of the node.For example: SetNodeProbs (Temperature, "Windy", "Low", 0.6, 0.3, 0.1); means that the probability that Temperature is in its first state given that its first parent is in state "Windy" and its second parent is in state "Low" is 0.6, the probability its in its second state is 0.3, and that its in its third state is 0.1.Since the function prototype uses "...", you must be very careful to pass doubles for the probabilities (e.g. passing 0 instead of 0.0 will get you in trouble).If time efficiency is critical, and you must set large probability tables, use SetNodeProbs_bn directly instead of this routine.___________*/#include <stdarg.h>#define ARR_SIZE 20void SetNodeProbs (node_bn *node, ...){state_bn parent_states[ARR_SIZE];prob_bn probs[ARR_SIZE];state_bn state, numstates = GetNodeNumberStates_bn (node);const nodelist_bn *parents = GetNodeParents_bn (node);int pn, numparents = LengthNodeList_bn (parents);va_list ap;if (numstates > ARR_SIZE || numparents > ARR_SIZE){ReportError_ns (env, 0, XXX_ERR, "SetNodeProbs: Array size defined too small");return;}va_start (ap, node);for (pn = 0; pn < numparents; pn++)parent_states[pn] = StateNamed_bn (va_arg (ap, char*), NthNode_bn (parents, pn));for (state = 0; state < numstates; state++)probs[state] = va_arg (ap, double);va_end (ap);SetNodeProbs_bn (node, parent_states, probs);}#undef ARR_SIZE

- 91 -Set˚Node˚State˚Name_bn void SetNodeStateName_bn (node_bn˚*node, state_bn˚state,const˚char˚*state_name)Names state of node with state_name.state must be between 0 and one less than the number that would be returned byGetNodeNumberStates_bn, inclusive.state_name must be a legal IDname (see IDname in the index), which means it must haveNAME_MAX_ns or less characters, all of which are letters, digits or underscores, and it must startwith a letter. No two states of a node may have the same name.To remove a state’s name, pass NULL (not the empty string) for state_name. If you removeone, you should remove them all.It is not required that a node’s states be named, but if you give names to some of the sates of anode, you should name them all.Discretized continuous nodes may have their states named, as well as regular discrete nodes.Netica will make a copy of state_name; it won’t modify or free the passed string.See also:GetNodeStateName_bnGet an existing state name if there is oneNewNode_bnSets the number of states to start withExample:// Here is how you would make a new node with the 2 states// "True" and "False.//node_bn *node = NewNode_bn ("n1", 2, net); // make new node with 2 statesSetNodeStateName_bn (node, 0, "True");SetNodeStateName_bn (node, 1, "False");Example:// This wraps several calls to SetNodeStateName_bn into one.// For instance to give the node ’Weather’ its 3 state names you could// call:// SetNodeStateNames (Weather, "sunny", "cloudy", "rainy");//#include <stdarg.h>void SetNodeStateNames (node_bn *node, ...){state_bn state, numstates = GetNodeNumberStates_bn (node);va_list ap;va_start (ap, node);for (state = 0; state < numstates; state++)SetNodeStateName_bn (node, state, va_arg (ap, char*));va_end (ap);}Set˚Node˚Title_bn void SetNodeTitle_bn (node_bn˚*node, const˚char˚*title)

- 92 -Sets the title of node to title, which can be any C character string to be used for titling thenode. There are no restrictions on its length or what characters it may contain (unlike the ’name’ ofthe node).It is advised not to put too much information in the title, since the ’comment’ field is available forthat.To remove a node’s title, pass NULL or the empty string for title.Netica will make a copy of title; it won’t modify or free the passed string.See also:SetNodeName_bnGetNodeTitle_bnSetNetTitle_bnSet the title for the whole netSet˚Node˚User˚Data_bn void SetNodeUserData_bn (node_bn˚*node, int˚kind,void˚*data)Attaches the data pointed to by data to node. Only the program using the Netica API needs tobe able to understand this data. It may point to whatever is desired, possibly a large structure withmany fields. This information may later be recovered using GetNodeUserData_bn.Pass 0 for kind. It is there only for future expandability.See also:GetNodeUserData_bnRecover the user pointer attached to a nodeSetNetUserData_bnAttach a user pointer to the whole networkSet˚Nth˚Node_bn void SetNthNode_bn (nodelist_bn˚*nodes, int˚index,node_bn˚*node)Puts node at position index of list nodes without changing the length of the list.If index is 0 the node is put at the beginning of the list, and if its LengthNodeList_bn (nodes) - 1,the node will be put at the end.If index is outside of these bounds, nodes will not be modified, and an error will be generated.See also:AddNodeToList_bnInsert a node in a list, increasing its lengthLengthNodeList_bnFind maximum node index

- 93 -State˚Named_bn state_bn StateNamed_bn (const˚char˚*name,const˚node_bn˚*node)Returns the state number of the state whose name is name, or UNDEF_STATE if there isn’t one.This is only applicable to states of node, another node may have a state with the same name, but adifferent state number.Netica won’t modify or free the passed name string.See also:GetNodeStateName_bn(inverse function) Returns the state name of a given stateSwitch˚Node˚Parent_bn void SwitchNodeParent_bn (int˚link_index, node_bn˚*node,node_bn˚*new_parent)Makes node new_parent a parent of node by replacing the existing parent at thelink_indexth position, without modifying the relationship between node and its parents.The new parent must be compatible with the old (e.g. same number of states).NULL can be passed for new_parent, in which case the corresponding link will not be removed,but will become disconnected. If that link was not already named, then its name will become thename of the parent it was disconnected from.If the link was disconnected, this function may be used to re-connect it, by passing non—NULL fornew_parent.The parents of node are numbered from 0 to number parents - 1, and the ordering can be obtainedusing GetNodeParents_bn. The reason that the parent number is passed instead of the actualparent is to handle situations with more than 1 link between the same 2 nodes.See also:GetNodeParents_bnCan be used to determine a suitable value for link_indexAddLink_bnAdds a link between two nodesDeleteLink_bnRemoves a link between two nodesWrite˚Case_bn caseposn_bn WriteCase_bn (const˚nodelist_bn˚*nodes,stream_ns˚*file, long˚ID_num,double˚freq)Saves in file the set of findings currently entered in net, so that later they can be read back withReadCase_bn.

- 94 -It saves findings of discrete nodes and values of continuous nodes, but not likelihood findings, ornegative findings (i.e. findings which say that a node is not in some state).If file already exists, this will add the case to it (unless it is not a case file, in which case an errorwill be generated). If you wish to write over the existing file, delete it before calling this.Pass -1 for ID_num and/or freq if you do not want them included.It returns the file position of the new case (which can later be passed to ReadCase_bn).It only saves findings and values from the nodes of nodes, and if the file already exists, it wontsave findings or values from any of nodes that were not included in the node list used to firstconstruct the file.Doesn’t modify or free nodes.See also:ReadCase_bnRead back the case that WriteCase_bn savesWriteNet_bnSave the whole networkWrite˚Net_bn void WriteNet_bn (const˚net_bn˚*net, stream_ns˚*file)Saves net to a file specified by file (which can also indicate which directory to put the networkin - see FileNamed_ns).If file already exists it is overwritten. The network is always saved using a "safe-save", whichwrites it to a new file, and then if there was no problem, it deletes the old file and changes the nameof the new file to that of the old. That way there is no risk of data loss in case of an interruptiondue to a software error or hardware failure.See also:FileNamed_nsGenerates the required stream_nsReadNet_bnReads back the network savedWriteCase_bnJust save the findings entered so far as a caseExample:// Sets net2 to a copy of net1, but without its visual information//file = FileNamed_ns ("temp.dnet", env);WriteNet_bn (net1, file);net2 = ReadNet_bn (file, FALSE);if ((error = GetError_ns (env, WARNING_ERR, NULL)) != NULL)fprintf (stderr, "%s\n", ErrorMessage_ns (error));

- 95 -9Netica.h Header File/* * Header file for Netica API, version 1.01.* * Copyright (C) 1992-1995 by Norsys Software Corp. All rights reserved. */#ifndef __Netica_h#define __Netica_h#ifdef __cplusplusextern "C" {#endif#include <limits.h> /* from the ANSI Standard C library */#include <stdio.h>#ifdef FALSEtypedef enum {FALSE_ns=0, TRUE_ns} bool_ns;#elsetypedef enum {FALSE=0, TRUE} bool_ns;#endif#define INFINITY_ns inf_dbl_ns#define UNDEF_DBL undef_dbl_ns#define MESG_LEN_ns 256#define NAME_MAX_ns 30enum {QUERY_ns = -1};typedef enum {NOTHING_ERR=1, REPORT_ERR, NOTICE_ERR, WARNING_ERR, ERROR_ERR, XXX_ERR} errdanger_ns;typedef enum {NO_CHECK = 23, QUICK_CHECK, REGULAR_CHECK, COMPLETE_CHECK} checking_ns;typedef enum {NATURE_NODE, ASSUME_NODE, DECISION_NODE, UTILITY_NODE} nodekind_bn;enum {IMPOSS_STATE = -4, UNDEF_STATE};enum {NO_FINDING = -8, NEGATIVE_FINDING, LIKELIHOOD_FINDING}; /* for GetNodeFinding_bn˚*/enum {FIRST_CASE = -15, NEXT_CASE, NO_MORE_CASES}; /* special values for caseposn_bn˚*/typedef long state_bn;typedef float prob_bn;typedef double level_bn;typedef long caseposn_bn;

- 96 -typedef struct net__bn net_bn;typedef struct node__bn node_bn;typedef struct nodelist__bn nodelist_bn;typedef struct environ__ns environ_ns;typedef struct report__ns report_ns;typedef struct stream__ns stream_ns;extern const double inf_dbl_ns; /* use INFINITY_ns in your software */extern const double undef_dbl_ns; /* use UNDEF_DBL in your software */extern double BaseExperience_bn;environ_ns *NewNeticaEnviron_bn (const char *license, int˚version);int InitNetica_bn (environ_ns **envv, char *mesg);int CloseNetica_bn (environ_ns *env, char *mesg);int ArgumentChecking_ns (int setting, environ_ns *env);int GetNeticaVersion_bn (environ_ns *env, const˚char˚**version);report_ns *GetError_ns (environ_ns *env, errdanger_ns danger, report_ns˚*after);long ErrorNumber_ns (const report_ns *error);const char *ErrorMessage_ns (const report_ns *error);errdanger_ns ErrorDanger_ns (const report_ns *error);void ClearError_ns (report_ns *error);void ClearErrors_ns (environ_ns *env, errdanger_ns danger);report_ns *ReportError_ns (environ_ns *env, int number, errdanger_ns˚danger, const˚char˚*mesg);stream_ns *FileNamed_ns (const char *filename, environ_ns *env);void WriteNet_bn (const net_bn *net, stream_ns *file);net_bn *ReadNet_bn (stream_ns *file, bool_ns readvisual);caseposn_bn WriteCase_bn (const nodelist_bn *nodes, stream_ns *file, long ID_num, double˚freq);void ReadCase_bn (caseposn_bn *case_posn, stream_ns *file, const˚nodelist_bn˚*nodes, long˚*ID_num,double˚*freq);void EnterFinding_bn (node_bn *node, state_bn state);void EnterFindingNot_bn (node_bn *node, state_bn state);void EnterNodeValue_bn (node_bn *node, double value);void EnterNodeLikelihood_bn (node_bn *node, const˚prob_bn˚*likelihood);state_bn GetNodeFinding_bn (const node_bn *node);const prob_bn *GetNodeLikelihood_bn (const node_bn *node);double GetNodeValue_bn (const node_bn *node);void RetractNodeFindings_bn (node_bn *node);void RetractAllFindings_bn (net_bn *net);void CompileNet_bn (net_bn *net);bool_ns IsBeliefUpdated_bn (const node_bn *node);const prob_bn *GetNodeBeliefs_bn (node_bn *node);double CaseProbability_bn (net_bn *net);int RandomCase_bn (const nodelist_bn *nodes, int method, double˚num);nodelist_bn *NewNodeList_bn (int length, environ_ns *env);void AddNodeToList_bn (node_bn *node, nodelist_bn *nodes, int˚index);node_bn *RemoveNthNode_bn (nodelist_bn *nodes, int index);int LengthNodeList_bn (const nodelist_bn *nodes);node_bn *NthNode_bn (const nodelist_bn *nodes, int index);void SetNthNode_bn (nodelist_bn *nodes, int index, node_bn˚*node);nodelist_bn *DupNodeList_bn (const nodelist_bn *nodes);void FreeNodeList_bn (nodelist_bn *nodes);void CaseRevisesProbs_bn (const nodelist_bn *nodes, int˚updating, double˚degree);void CaseFileRevisesProbs_bn (stream_ns *file, const˚nodelist_bn˚*nodes, int˚updating, double degree);void FadeProbs_bn (node_bn *node, double degree);void ReverseLink_bn (node_bn *parent, node_bn *child);void AbsorbNodes_bn (nodelist_bn *nodes);void OptimizeDecisions_bn (net_bn *net);

- 97 -net_bn *NewNet_bn (const char *name, environ_ns *env);void FreeNet_bn (net_bn *net);node_bn *NewNode_bn (const char *name, int num_states, net_bn˚*net);nodelist_bn *DuplicateNodes_bn (const nodelist_bn *nodes, net_bn˚*new_net);void DeleteNode_bn (node_bn *node);int AddLink_bn (node_bn *parent, node_bn *child);void DeleteLink_bn (int link_index, node_bn *child);void SwitchNodeParent_bn (int link_index, node_bn *node, node_bn˚*new_parent);void SetNetName_bn (net_bn *net, const char *name);void SetNetAutoUpdate_bn (net_bn *net, int autoupdate);void SetNetElimOrder_bn (net_bn *net, const˚nodelist_bn˚*elim_order);void SetNetTitle_bn (net_bn *net, const char *title);void SetNetComment_bn (net_bn *net, const char *comment);void SetNetUserData_bn (net_bn *net, void *data, int kind);void SetNodeName_bn (node_bn *node, const char *name);void SetNodeKind_bn (node_bn *node, nodekind_bn kind);void SetNodeStateName_bn (node_bn *node, state_bn state, const˚char˚*state_name);void SetNodeLevels_bn (node_bn *node, int num_states, const˚level_bn˚*levels);void SetLinkName_bn (node_bn *node, int link_index, const˚char˚*link_name);void SetNodeProbs_bn (node_bn *node, const state_bn˚*parent_states, const˚prob_bn˚*probs);void SetNodeFuncValue_bn (node_bn *node, const˚state_bn˚*parent_states, double˚func_value);void SetNodeExperience_bn (node_bn *node, const˚state_bn˚*parent_states, double˚experience);void DeleteNodeRelation_bn (node_bn *node);void SetNodeTitle_bn (node_bn *node, const˚char˚*title);void SetNodeComment_bn (node_bn *node, const char *comment);void SetNodeUserData_bn (node_bn *node, void *data, int˚kind);const char *GetNetName_bn (const net_bn *net);const nodelist_bn *GetNetNodes_bn (const net_bn *net);node_bn *NodeNamed_bn (const char *name, const˚net_bn˚*net);int GetNetAutoUpdate_bn (const net_bn *net);const nodelist_bn *GetNetElimOrder_bn (const net_bn *net);const char *GetNetTitle_bn (const net_bn *net);const char *GetNetComment_bn (const net_bn *net);void *GetNetUserData_bn (const net_bn *net, int kind);net_bn *GetNodeNet_bn (const node_bn *node);const char *GetNodeName_bn (const node_bn *node);nodekind_bn GetNodeKind_bn (const node_bn *node);bool_ns IsNodeDeterministic_bn (const node_bn *node);bool_ns GetNodeDiscrete_bn (const node_bn *node);int GetNodeNumberStates_bn (const node_bn *node);const char *GetNodeStateName_bn (const node_bn *node, state_bn˚state);state_bn StateNamed_bn (const char *name, const node_bn *node);level_bn GetNodeLevel_bn (const node_bn *node, state_bn state);const nodelist_bn *GetNodeParents_bn (const node_bn *node);const nodelist_bn *GetNodeChildren_bn (const node_bn *node);const char *GetLinkName_bn (const node_bn *node, int˚link_index);int LinkNamed_bn (const char *name, const node_bn *node);const prob_bn *GetNodeProbs_bn (const node_bn *node, const˚state_bn˚*parent_states);double GetNodeFuncValue_bn (const node_bn *node, const˚state_bn˚*parent_states);double GetNodeExperience_bn (const node_bn *node, const˚state_bn˚*parent_states);const char *GetNodeTitle_bn (const node_bn *node);const char *GetNodeComment_bn (const node_bn *node);void *GetNodeUserData_bn (const node_bn *node, int kind);#ifdef __cplusplus}#endif#endif /* __Netica_h */

- 98 -1 0 B i b l i o g r a p h y Charniak, Eugene (1991) "Bayesian networks without tears" in AI Magazine (Winter 1991), 12(4), 50-63.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).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.

- 99 -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), Runping Qi and David Poole (1994) "A computational theory of decision networks"in International Journal of Approximate Reasoning, 11(2), 83-158.

- 100 -1 1 Netica API Function GroupsSystemNewNeticaEnviron_bnCreates a new environment to pass to InitNetica_bnInitNetica_bnInitializes the Netica systemCloseNetica_bnSignals an end to using Netica system, and frees all possibleresources (e.g. memory)ArgumentChecking_nsAdjusts the amount that Netica functions check their argumentsGetNeticaVersion_bnGets the software version of Netica currently runningError HandlingGetError_nsGets the next error report of a given severity or worseErrorMessage_nsReturns an error message for the given error reportErrorDanger_nsReturns the danger level of the given error reportErrorNumber_nsReturns the error number of the given error reportClearError_nsRemoves the given error report from the systemClearErrors_nsClears away all error reports of up to a given severityReportError_nsMake your own error report using NeticaArgumentChecking_nsAdjusts the amount that Netica functions check their argumentsFile OperationsFileNamed_nsReturns a stream for the file with the given nameWriteNet_bnSaves a network to a fileReadNet_bnReads a network from a fileWriteCase_bnSaves a network’s current set of findings to a fileReadCase_bnReads findings from a file, and enters into a networkCaseFileRevisesProbs_bnReads a file of cases to revise probabilities

- 101 -Findings (Evidence)EnterFinding_bnEnters a discrete finding that a node is in a given stateEnterFindingNot_bnEnters a discrete finding that a node is not in a given stateEnterNodeValue_bnEnters a real number finding for a continuous nodeEnterNodeLikelihood_bnEnters a likelihood finding for a nodeGetNodeFinding_bnReturns the finding for a node, if there is oneGetNodeLikelihood_bnReturns the accumulated findings for a node, as a likelihood vectorGetNodeValue_bnReturns the real number finding entered for a continuous nodeRetractNodeFindings_bnRetracts all findings for a single nodeRetractAllFindings_bnRetracts all findings (i.e. the current case) from a networkCompiling and Belief UpdatingCompileNet_bnCompiles a network for fast belief updatingIsBeliefUpdated_bnReturns TRUE iff node’s beliefs have been updated to reflect currentfindingsGetNodeBeliefs_bnReturns a node’s current beliefs as a vector with 1 probability foreach state, doing belief updating if necessaryCaseProbability_bnReturns the joint probability of the findings entered so farSetNetElimOrder_bnSets the node order used to guide compilationGetNetElimOrder_bnRetrieves the node order used to guide compilationLearning a NetworkCaseRevisesProbs_bnUses the current case to revise each node’s probabilitiesCaseFileRevisesProbs_bnReads a file of cases to revise probabilitiesFadeProbs_bnAdjusts a node’s probabilities for a changing worldGetNodeProbs_bnReturns the results of learningGetNodeExperience_bnDetermines how much experience was involved in the learningSetNodeProbs_bnSets the probabilities without learning from cases (or starts themoff)SetNodeExperience_bnManually sets the amount of experience (or starts it off)Node ListsNewNodeList_bnCreates a new (empty) list of nodesAddNodeToList_bnInserts a node at the given position of a list, making it one longerRemoveNthNode_bnRemoves the node at the given index of a list, making it one shorterSetNthNode_bnSets the Nth node of a list to a given node without changing lengthNthNode_bnReturns the Nth node of a list (the first node is numbered 0)LengthNodeList_bnReturns the number of nodes in a listDupNodeList_bnDuplicates a list of nodesFreeNodeList_bnFrees the memory used by a list of nodesNodeNamed_bnReturns the node with the given name, from a given networkGetNetNodes_bnReturns a list of all the nodes in a network

- 102 -GetNodeParents_bnReturns a list of the parents of a nodeGetNodeChildren_bnReturns a list of the children of a nodeGetNetElimOrder_bnReturns a list of the elimination order used for compilationSetNetElimOrder_bnProvides the elimination order to be used for the next compilationCases(see also "Findings")To enter a case into a network, and to read it outWriteCase_bnSaves a network’s current set of findings to a fileReadCase_bnReads findings from a file, and enters into a networkCaseRevisesProbs_bnThe current case is used to revise each node’s probabilitiesCaseFileRevisesProbs_bnReads a file of cases to revise probabilitiesCaseProbability_bnReturns the joint probability of the findings entered so farRandomCase_bnGenerates a random case in a net, according to the net’s distributionRetractAllFindings_bnRetracts all findings (i.e. the current case) from a networkHigh-Level Network ModificationReverseLink_bnReverses a single link while maintaining joint probabilityAbsorbNodes_bnAbsorbs out (sum or max) some network nodesOptimizeDecisions_bnFinds the optimal decision for each decision node in a netLow-Level Network ModificationNewNet_bnCreates a new empty networkFreeNet_bnFrees all memory used by a network and all its substructuresNewNode_bnCreates a new node for a given netDuplicateNodes_bnDuplicates nodes, and can put the duplicates in a new networkDeleteNode_bnRemoves a node from its network, and frees the memory it requiredAddLink_bnAdds a link from one node to anotherDeleteLink_bnRemoves a link from one node to anotherSwitchNodeParent_bnSwitches a parent of the node without changing the nodeSetNetName_bnChanges the name of the networkSetNetAutoUpdate_bnChanges whether a node does belief updating immediatelySetNetElimOrder_bnProvides the elimination order to be used for the next compilationSetNetTitle_bnSets the string used to title a networkSetNetComment_bnAttaches a comment string to the netSetNetUserData_bnSets a net’s "user" field to reference the specified dataSetNodeName_bnChanges the name of a nodeSetNodeKind_bnChanges whether the node is a nature, decision, utility, etc. nodeSetNodeStateName_bnProvides a name for a state of the nodeSetNodeLevels_bnSets a threshold number for continuous / discrete conversionSetLinkName_bnSets the name of a link to the given stringSetNodeFuncValue_bnSets the value of the node when the parents have the given values

- 103 -SetNodeProbs_bnSets the conditional probability of the node given its parents valuesSetNodeExperience_bnAttaches an experience level to a conditional probability vectorDeleteNodeRelation_bnRemoves a node’s functon, probabilities, and experience infoSetNodeTitle_bnSets the string used to title a nodeSetNodeComment_bnAttaches a comment string to the nodeSetNodeUserData_bnSets a node’s "user" field to reference the specified dataRetrieving Network InformationGetNetName_bnReturns the name of the networkGetNetNodes_bnReturns a list of all the nodes in a networkNodeNamed_bnReturns the node having the given name from the networkGetNetAutoUpdate_bnReturns whether the network does belief updating immediatelyGetNetElimOrder_bnReturns a list of the elimination order used for triangulationGetNetTitle_bnReturns the string which is the network’s titleGetNetComment_bnReturns the comment associated with the networkGetNetUserData_bnReturns a net’s "user" field (i.e. the value it was set to)GetNodeNet_bnReturns the network containing the given nodeGetNodeName_bnReturns the name of the given nodeGetNodeKind_bnReturns whether the node is a nature, decision, utility, etc. nodeGetNodeDiscrete_bnReturns whether the the node is for a discrete variableIsNodeDeterministic_bnDiscovers whether the node’s value is a deterministic function of itsparentsGetNodeNumberStates_bn Returns the number of states node can take onGetNodeStateName_bnReturns the name of the given stateStateNamed_bnReturns the state number of the state with the given nameGetNodeLevel_bnReturns a threshold number for continuous / discrete conversionGetLinkName_bnReturns the name associated with a linkLinkNamed_bnReturns the parent index of the link with the given nameGetNodeParents_bnReturns a node list of the parents of the nodeGetNodeChildren_bnReturns a node list of the children of the nodeGetNodeProbs_bnReturns the conditional probabilities of the node given its parentsGetNodeExperience_bnReturns how much learning is associated with the nodeGetNodeFuncValue_bnReturns the deterministic value of a continuous nodeGetNodeFinding_bnReturns the finding for a node, if there is oneGetNodeLikelihood_bnReturns the accumulated findings for a node, as a likelihood vectorGetNodeValue_bnReturns the real number finding entered for a continuous nodeGetNodeBeliefs_bnReturns a node’s current beliefs as a vector with 1 probability foreach stateGetNodeTitle_bnReturns the string titling the nodeGetNodeComment_bnReturns a comment string for the nodeGetNodeUserData_bnReturns the current value of the node’s "user" field

- 104 -User Data FieldsSetNetUserData_bnSets the net’s "user" field to reference the specified dataGetNetUserData_bnReturns the net’s "user" field (i.e. the value it was set to)SetNodeUserData_bnSets the node’s "user" field to reference the specified dataGetNodeUserData_bnReturns the node’s "user" field (i.e. the value it was set to)

- 105 -1 2 I n d e x AbsorbNode 45AbsorbNodes_bn 32, 45in use 45adaptive learning 43AddLink_bn 20, 46in use 18, 30, 36AddNodeToList_bn 46ArgumentChecking_ns 46AsiaEx example file 21AsiaEx.dnet file 10ASSUME_NODE 68auto-updating 25BaseExperience_bn 40Bayesian network 11belief 12belief functions 39belief network 11adaptive 43learning 38belief network libraries 29belief updating 12, 13, 16beta functions 40building belief networks 11, 18case 26case file 26CaseFileRevisesProbs_bn 41, 47CaseProbability_bn 47CaseRevisesProbs_bn 41, 42, 48causal network 11chance node 35ChangeFinding 54child 12CHKERR 14, 15in use 14, 18classification 38ClearErrors 49ClearErrors_ns 49ClearError_ns 48in use 49, 60clique tree 13CloseNetica_bn 6, 50in use 14, 18, 73comments 20CompileNet_bn 15, 50in use 14compiling 6compiling vs. node absorption 33COMPLETE_CHECK 46consistent findings 25context node 32database of cases 26decision network 35decision networkssolving by node absorption 33decision node 35DECISION_NODE 68DeleteLinks 51DeleteLink_bn 51in use 51DeleteNodeRelation_bn 52in use 42DeleteNode_bn 51in use 52Demo project 6Demo.* files 9Dempster-Shafer 39diagnosis 38Dirichilet distribution 40disconnected link 30DNET files 18, 21DNET_File_Format.txt file 10Drawing Balls example 39DuplicateNet 52, 53DuplicateNode 52, 53in use 30DuplicateNodes_bn 30, 52in use 42, 52, 53DupNode 52DupNodeList_bn 53efficiency 13elimination order 13EnterFinding 16, 54in use 14EnterFindingNot_bn 54in use 25EnterFinding_bn 54in use 25, 54entering findings 25EnterNodeLikelihood_bn 55in use 25, 69EnterNodeValue_bn 56enumeration constant

- 106 -naming conflict 7error report 15ErrorDanger_ns 56in use 49ErrorMessage_ns 56in use 14, 18, 60ErrorNumber_ns 57ERROR_ERR 56ess 40estimated sample size 40evidence 12, 24evidence node 32example DNET file 21example programsbuilding belief network 18building decision network 36entering findings 25learning probabilities 42minimal 6node library 30probabilistic inference 14solving decision problem 36exhaustive 20experience 40FadeProbsNodes 57, 58FadeProbs_bn 44, 57in use 58fading 43familiarity assumed 4FileNamed_ns 58in use 59files included 9finding 12findingsconsistency 25entering 25likelihood 24negative 24positive 24FIRST_CASE 78in use 42Flow Instrument example 29freeing 8FreeNet_bn 59in use 14, 18, 36FreeNodeList_bn 59in use 52, 53fuzzy logic 39GetError_ns 15, 60in use 14, 18, 49, 60GetLinkName_bn 60GetNetAutoUpdate_bn 61in use 53GetNetComment_bn 61in use 53, 83GetNetElimOrder_bn 61in use 53GetNeticaVersion_bn 62in use 62GetNetName_bn 62GetNetNodes_bn 63in use 42, 53GetNetTitle_bn 63in use 53GetNetUserData_bn 63in use 53GetNodeBelief 16, 64in use 14GetNodeBeliefs_bn 64in use 25, 64GetNodeBelief_bn 16GetNodeChildren_bn 64GetNodeComment_bn 65GetNodeDiscrete_bn 65GetNodeExperience_bn 66GetNodeFinding_bn 66in use 25, 69GetNodeFuncValue_bn 67GetNodeKind_bn 68GetNodeLevel_bn 68GetNodeLikelihood_bn 69in use 25GetNodeName_bn 69GetNodeNet_bn 70GetNodeNumberStates_bn 70in use 69, 87, 91GetNodeParents_bn 70in use 51GetNodeProbs_bn 71GetNodeStateName_bn 71in use 36GetNodeTitle_bn 72GetNodeUserData_bn 72GetNodeValue_bn 72getting started 6graphical user interface 4hello world program 6IDname 20ignorance 39INFINITY_ns 87influence diagram 35InitNetica_bn 6, 73in use 14, 18, 73installation 6Instrument example 29IsBeliefUpdated_bn 73IsNodeDeterministic_bn 65join tree 13junction tree 13knowledge base 11learningadaptive 43belief networks 38from cases 38parameter 38structure 38, 39LengthNodeList_bn 74in use 51, 52, 58, 77, 79levels list 87librariesbelief network 11, 29C languageANSI Standard C 6naming 7node 29license number 6LicenseAPI.txt file 10

- 107 -likelihood finding 24LIKELIHOOD_FINDING 66link name 30linking 6LinkNamed_bn 74in use 31links 12main 73ManualAPI.ps file 10maximizing expected utility 35medical domain 11, 13memory management 8memory required 13MESG_LEN_ns 73in use 14, 73minimal Netica program 6missing data 38, 40missing functions 16mutually exclusive 20names 20namespaces 7NAME_MAX_ns 20naming conventions 7nature node 35NATURE_NODE 68negative finding 24NEGATIVE_FINDING 66Netica API 4Netica Application standalone 4, 18Netica Programmer’s Library 4Netica.h file 9Netica.lib file 9NeticaDemo.* files 9NeticaEx.c file 9, 16NeticaEx.h file 9netlib directory 10network reduction 32NewNeticaEnviron_bn 6, 74in use 14, 18, 73NewNet_bn 20, 75for new library 30in use 18, 30, 36, 53NewNodeList_bn 76in use 45, 53NewNode_bn 20, 75in use 18, 30, 36, 91NextStates 87NEXT_CASE 78in use 42node 12node absorption 32, 33node libraries 29node library example program 30NodeNamed 76NodeNamed_bn 76in use 54, 64, 76nonmodifiable 9NOTHING_ERR 56in use 49NOTICE_ERR 56NO_CHECK 46NO_FINDING 66NO_MORE_CASES 78in use 42NthNode_bn 77in use 51, 52, 53, 58, 77, 79, 87obtaining belief networks 18optimal decisions 35OptimizeDecisions_bn 37, 77in use 36parameter learning 38parent 12PositionInNodeList 77positive finding 24posterior probabilities 12prediction 38PrintErrors 60PrintNeticaVersion 62prior probabilities 12probabilistic causal network 11probabilistic inference 12by node absorption 33example program 14probability 39query node 32, 38QUERY_ns 46QUICK_CHECK 46RandomCase_bn 78in use 42ReadCase_bn 78in use 42ReadNet_bn 15, 79in use 14, 31, 94REGULAR_CHECK 46RemoveNodeFromList 79RemoveNthNodeFast 79, 80RemoveNthNode_bn 79in use 79, 80ReportError 80ReportError_ns 80in use 76, 80REPORT_ERR 56RetractAllFindings_bn 81in use 42RetractNodeFindings_bn 81in use 25, 54, 69ReverseLink_bn 81second order probabilities 40SetLinkName_bn 82SetNetAutoUpdate_bn 82in use 42, 53SetNetComment_bn 83in use 53, 83SetNetElimOrder_bn 83in use 53SetNetName_bn 84SetNetTitle_bn 84in use 53SetNetUserData_bn 84in use 53SetNodeComment_bn 85SetNodeExperience_bn 85SetNodeFuncValue 86in use 36SetNodeFuncValue_bn 86SetNodeKind_bn 87in use 36SetNodeLevels_bn 87in use 88, 89

- 108 -SetNodeName_bn 89SetNodeProbs 21, 90in use 18, 36SetNodeProbs_bn 21, 89SetNodeStateNames 20, 91in use 18, 36SetNodeStateName_bn 20, 91in use 88, 89, 91SetNodeTitle_bn 91in use 18SetNodeUserData_bn 92SetNthNode_bn 92in use 45, 53, 80Standard Library 6StateNamed_bn 93in use 54, 64structure learning 38structure of program 7SwitchNodeParent_bn 93in use 31templates 11titles 20TransferNodes 52Umbrella example 35uncertainty 39UNDEF_DBL 72UNDEF_STATE 93utility node 35UTILITY_NODE 68value node 35variable 12virtual evidence 24WARNING_ERR 56Weather example 29WriteCase_bn 93in use 42WriteNet_bn 21, 94in use 18, 30, 94XXX_ERR 56_bn 7_ns 7