Netica AP

Programmer's Library

C LANGUAGE VERSION

Reference Manual

Version 4.18 and Higher



2 NETICA API C VERSION 4.18

Netica API Programmer's Library
Reference Manual

Version4.18

Octoberl8, 2010

Copyright 19962010by Norsys Software Corp.

Any part, or all, of his document may be copiggrintedand stored freely, provideahy modificatiors or
omissions are note@nd tke copyright noticds included

Published by:

Norsys Softvare Corp.
3512 West 23rd Ave.
Vancouver, BC, Canada
V6S 1K5
WWW.NOrsys.com

Netica and Norsys are registered trademarks of Norsys Software Corp.

Microsoft, Windows, Windows NT and MBOS are registered trademarks, and Visual Gtatrademark of Microsoft, Inc.
Linux is a registered trademark of Linus Torvalds.

Unicode is a trademark of Unicode, Inc.

Sun and Java are registered trademarks of Sun Microsystems, Inc.

X Window System is a trademark of X Consortium, Inc.

UNIX is a regstered trademark of AT&T.

Macintosh is a trademark licensed to Apple Computer, Inc., and Apple is a registered trademark of Apple Computer, Inc.
Other brands and product names are trademarks of their respective holders.

While greatprecaution has been taken in the preparation of this manual, we assume no responsibility for
errors or omissions. Neither is any ligtlpiassumed for damages resulting from the use of the
information contained herein.



C VERSION 4.18 NETICA API

1

Contents

Introduction 5
I N1 o= O Y U EUR PP 5.
1.2 License Agreement and Password............cccvvvvvveeeeiiiiiiiii e, 8.
I 53 = 1= o] o 9
LA FIEeS INCIUAEA.........cooiiiiiiee e 10

[T =T o (0] 4 =2 10
NEICAEX.C Fle...uuuiiiiiiiii it 11
1.5 Special Platform Considerations............cuuvvieieeiieeceeeeeieiiiieeeeee e 11
Using NeticaC with Microsoft Visual Studio (V.6 or highet)........... 11
UsingNeticaC with gcc under Linux/Unix/MacO: .........ccceeeeeennnn. 12
Using NeticaC with Borland C++ Builder 6 under Windows.......... 12
Using NeticaC with Other Systems under Windows...................... 13
Using NeticaC with Other Languages:............cccoeeeeee e ieeecvivinnnnnnns 13
1.6 Function Reference DocumentatiQn...............eeevvevvienneeieeeeieeeeeeeenn. 13
1.7 Other RESOUICES.......uuiiiiiiiiieeeeiieiceeee sttt ee e e e e e e e e e e e eeeaeeeean 14
1.8 Upgrades, Support and Mailing LiSt...........cccvvieiiiiiieenieeeeeeiiieee 14

Programming with Netica-C 15
2.1 Getting Started..........ccocuiiiiiiiiie e 15
2.2 Problems and DebUQQiNg........uvuviiiiiiiiiiiiimeeeeeeeeeeeeeeeeeeeeee e eeeereeanens 17
2.3 Naming CONFIICES........cuuriiiiieiiiiiiieee e 18
A Y/ o = = TP 18
2.5 Memory Management.........oooeiiiiiiie i 19
2.6 API Changes and Compatibility Over Time...............ceeeeeevceeevvvinnnnns 19

Probabilistic Inference 21
3.1 Bayes nets and Probabilistic Inference...........cccccceeeiiiccciiiiiinieenneen. 21
3.2 Netica's Probabilistic Inference.........cccoeeevveeiiiiiccciieveeeeeeeeeeeeee 22
3.3 Example of Probabilistic Inference............ccooiiiiieeeiiii, 23

Building and Saving Nets 28

Findings and Cases 34
5.1 Cases and Case Files...........covvvviiiiiiiieeeie e, 36
5.2 AL ettt et a e e e e e 39
5.3 Connecting with a Database..............cccccoe e reeevviiiieeen . 40
5.4 Case Files with Uncertain Findings..............oooooiii e 41

Learning From Case Data 45
0 N (o o T 11 ] 0 TP 46

I o d o 1= 1= o = PP 48



NETICA API C VERSION 4.18

6.3 Counting LEAIMING. ..ottt rmmee e 49
6.4 How To Do CountingLearning............ccovvvvvieeiiiieieeeieiiee e eeee e R0
6.5 Example of Countind-€arning..........cccuvvrrriieeeeiiime e e 51
6.6 EM and Gradient Descent Learning..........ccccuvevvvvvvimemneeeeeeeeeeeeeeeeenn 53
6.7 FAAING ...t eee e 54
6.8 Performance Testing a Net using Ré&brid Data............c..cevvvvvvvvnnnnnd 55
7 Modifying Nets 58
7.1 Common MOdifiCatIONS.........ooiiiiiiiiiiiee e 58
7.2 Node Libraries.........ooovieiiieeiieeeeeeee e 59
7.3 NEt REAUCTION.....ceiiiiiiiiiiiiiieiiieeeie et 62
7.4 Probabilistic Inferene by Node AbSOrption............ccccvvveveieeiiccceeeeeens 63
8 Decision Nets 64
8.1 Programming EXampLe..........coouiiiiiiiiiiiiieeiiiee e 65
9 Special Topics 69
9.1 NOUE LISES...iiiiiiiiiiiiiiiiieee et ieees s e e se s e e e e s s e s smeeeeeeeseeeseeeserennenenened 69
9.2 Graph AlgOItRMS.... ... e e 70
9.3 Userdefined Data.........cccoeeiiieiiiiii ittt rees e e e 71
9.4 SENSILIVITY......ciiiiiiiiiiiei e eeee et e e e e e erree e 72
9.5 Random Case GENEratiON.............cuvveeviieiieeeeeiaeeeeaeeeeeeeeee e e s e e s seeeeees 73
0.6 LISTENEIS ..ciiiiiee i ittt ettt e et e e e eeer e e e e e e e e e e e e e 74
10 Equations 76
10.1 Simple EXamPIES........cccoooiiiiiiieie e 76
10.2 EQUALTION SYNTAX ......uuiiiiiiiiieeeiiieemeii e e e eeeaire e e e 77
10.3 Equation Conditionals................uuiiiiiiiiimmmeeeeeeeeeeeeeeeeeeee e ceeeneennns 79
10.4 Converting an Equationto a Table...........ccccvvviiiiieec 80
10.5 Equations and Table Size...........ccccoiiiiiiiccci e 80
O G I 0 N N =T T 81
10.7 Referring to States of DiSCrelNDdes.............evvvviiiviiiiiinne e, 81
10.8 Constant Nodes as Adjustable Parameters..........cccvvvvvvvimmeneeeenn.. 82
10.9 Tips on UsIiNg EQUALIONS...........cvviiiiiiiiiiiiienee e eeeeeeeee e eeeeiaees 82
10.10Specialized EXamples............cuuiiiiiiiiiiieceee e 83
10.11Equation Constants, Operators, and FUuNnctions................cc.c..eeee... 84
10.12Special Mathand Distribution Functions Reference....................... 87
11 Bibliography 97
12 Netica.h Header File 99
13 Functions by Category 107
14 Function Reference 115

15 Index 224



C VERSION 4.18 NETICA API 5

1 Introduction

This reference manual is for the NeticaP@grammer's Library, also known as the "Netic@&PI"
(Application Program Interface), which is a module designedCfar C++programmers to embed in
their programs. It is not a manual for Netica Mpation, which is an easy to use peartdclick
application program with much of the same functiondkehttp://www.norsys.com/netica.htl

Besides Cspecialversions of the Netica API exist for the Jdaiso usable by MatlapblC#, Visual Basic
and C++ each offering the full Netica functionalityisit http://www.norsys.com/netica_api.htrto
learn more about the other members of the Netica API faanilg to obtain their documentatiomhe C

versioncan be used by programs written in any languagech can call C functionssuch asC++,
Python,Perl, Prolog, LispMatLab, Delphi Rascal, Brtran or Cobol). Interface files for some of these
languages, developed by the Netica community, are available from Norsys.

This manual assumes that you are familiar with ther C++ programming language. It also assumes
familiarity with Bayesian belief networks or influence diagrams, although it has a little introductory
material especiallyon issues tht are new or generally not well understood. Questions and comments
about material in this manual may be sentrieticac-api@norsys.com.

1.1 Netica-C API

The NeticaC API is a complete library of-callablefunctions for working with Bayesian networ{aso

known as Bayes nets, belief networks, graphical models or probabilistic causal naodelsfluence
diagrams(also known as decision networks)t contains functionso build, learnfrom data modify,

transform performancdest save and read nets, as well as a powerful inference eniginoan manage
fcaseso and sets of Cc a smostdatalzassdftware Bayes mets nam betused i r e c t
for diagnoss, prediction, classification, sensor fusion, risk analysis, decision analysis, combining
uncertain information and numerous probabilistic inference tasks.
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Programs that use Neti€acompleely control it. For exampléyetica functions will not take anycaon
until called, Netica will not do any I/O unless requested to, and its functions withnoet exceptions or
take an unpredictable amount of time memorybefore returning. NeticaC is threadsafe in muki
threaded environmentdt may be used inanjunction with other C or C++ libraries and it won't interfere
with them. It does not require any other librakcept the Standard C library.

Versions of the Netica API arevailable for MS Windows, LinuxMacintosh some embedded systems,

etc. (contact us for otherspnd each of these has an identical interface, so you can move your code
between these platforms without changing anything to do with the Netica API. Fotestesksions for

the more commoplatforns, visit http://www.norsys.com/download_api.html

Before releasing any new version of Netica API, every function is put through rigguality assurance
testing to make sure it operates as designed. Hundreds of real netsllaing of random nets are
generated and solved in multiple ways to check tferémce resultsProducts such aBoundsChecker

and Purify are used to make sure there are no memory leaks or other memory faults. This leyel of QA
combined with a careful initial design atehyears of extensive customer usggas resulted in a roek

solid product.

The Netica APl has been designed to be easily extended in the future without changing what already
exists. Many new features are currently under development, and éowilhue to be extended for years
to come.

Netica-C API features:

ADynamic Construction : Can buildand modifynetworks "on the fly" in memorgto support working
with dynamic Bayes netsand can save/read them to file

AEquations : Probability tablesnaybe convenientlyexpressed by equatisnusinga Java/Qype syntax
andtaking advantage afn extensive library of buiih functions, including all the standard math
functions and commoprobability distributions, as well as soriumctions and distributions
speciallysuited to Bayes nets, suchrassy-or, noisy-max, noisy-sum, etc.

ALearning from Data:  Probabilistic relations can be learned from case data, even while the net is being
used for probabilistic inference. Learningrin data can be combined witlanual construction of
tablesand representation by equations. It can handle missing data and latent variables or hidden
nodes. Learning algorithms include: counting, sequential updating, fractional updating, EM
(expectation meimization), and gradient descent.

ADatabase Connectivity: ~ Allows direct connection to most database software.
AThreadsafe: Can be used safeiy multi-threaded environments.

AEncryption: Can save and read nets to file in encrypted fevhich allows deploying solutions relying
on Bayes nets kept private to an organization.


http://www.norsys.com/download_api.html
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Asensitivity : Netica can efficiently measure the degree to which findings at any node can influence the
beliefs at another node, given the findings currently entered. The mgaanrbe in the form of
mutual information (entropy reduction), or the expected reduction of real variance.

Aadvanced Decision Nets: Can solve influence diagrams which have multiple utaityl decision
nodesto find optimal decisions and conditional p& using a junction tree algorithm for speed.
Handles multi-stage decision problems, where later decisions depend on the outcomes of earlier
ones andon observations not initially knownNo-forgetting links need not be explicitly
specified.

Adunction Tree Algorithm:  Can compile Bayes nets and influence diagrams into a junction tree of
cliques for fast probabilistic inference. An elimination order carpeeifiedor Netica can
determine one automatically, and Netica can report on the resulting jutret#o

ASoft Evidence: Accepts | i kelihood findings (i.e., Avirtua
variable is not is som&ate, Gaussian findings, and interval findings, as well as regular real
valued or state findings.

ALink Reversal: Can reversespecifiediinks or "sum out" (absorb) node$ a Bayes nebr influence
diagramwhile maintaining the sanmveralljoint probability distribution, properly accounting for
any findings in the removed nodessother nodes

ADisconnected Links:  Links may be individually named and disconnected from parent or child nodes,
thus making possible libraries of network fragmewisich you may then copy and connect to
other networks or node configurations.

Acase Support: Can save individual casése. ts of findings}o file, and manipulate files of cases.
Cases may be incomplete, and may have an associated ID nhumber and multiplicity.

Asimulation: Can do sampling.e. simulation) to generate random cases with a probability distribution
matching theBayes net.Can use a junction tree algorithm for speed, or direct sampling for nets
too large to generate CPTs or a junction tree.

Auser Data: Every node and network can store by name arbitrary data fields defined Byhggumay
contain numbers, strgs, byte data, etc., amde saved to file when the object in question is being
saved.As well, there are fields not saved to file, which can contain a pointer to anything you
wish.

AError Handling:  Has a simple but powerful niedd for handling usagerers,which can generate very
detailed error messages if desiréedt wondét throw exceptions (C++ v

Aargument Checking:  Allows programmers to control how carefully API functions check their
arguments when they are called, including a "dgmalent mode” to extensively check everything
passed to an API function.

Acompatibility : Can work handn-hand with the Netica Application standalone product (for example,
sharing the same files), and with Netica API versions for other languages.

AEffici ent: Is optimized for speedindis not too large (aboli00 KB to 3MB depending on
platform/usagel MB typical).

AC Language Interface : Usable by programs in written any language that can call C functipasch
as: CC++, Java, PythorRerl,Visual BasicDelphi Rascal, Lisp, Fortranr Cobol
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Amany Platforms: Is available for a wide range of platforms includM& Windows(95/NT to Vista),
Linux, Macintosh (OS X and Classj@mbedded platformsContact Norsys for other platforms

Aother Lib raries : Global symbols in Netica end with special suffixes to avoid namespace conflicts.
The only other library required to use Netica API is the Standard C Li@aadysometimes the
standard pthreads library)

Aobject Encapsulation : Only function calls and constants (as enumerated types) arseskpm
internal structures or variables. Thigkes the system much more secure and safe tause
assistdorward/backward compatibility when new versions of Netiéd are releasedlt also
makes it edsr to map to objecbriented languages.

AMemory Limiting : You can set a bound on how much total heap space Netica API is allowed to
allocatefor large tablesthereby preventing virtual memory thrashing or the mgratarving of
other parts of your application.

AMemory Management Independence : Netica will neverde-allocateany array, string or structure you
pass itwhichwas not originally created by Neticéou are responsible fale-allocaing the
things you crate, and Netica has functions fie-allocaing the things it creates.

AMore Features: A moreextensivdist of features is available from:
http://www.norsys.com/netica_api.htaahd for those featurepecific to the C version:
http://www.norsys.com/netica_c_api.htm

1.2 License Agreementand Password

Before usingNeticaAPI, make sure you accept the license agreement that is indluttdd package as
thefile LicAgree.txt.

If you have purchased a license to use Netica APl,witluhavereceiveda license passwordy email,
on the invoice, andbr on the shipped disk You pass the license password to the
NewNeticaEnviron_ns function. For example:

environ_ns *env = NewNeticaEnviron_ns ( " your unique license ", NULL, NULL);

If you do not have a licenggasswordthen you can simply supplfWULL in place of it, in which case
Netica API will be fully functional,but limited in problem size (e.g. size of nets, sizdaifsets)

The license password you have purchased also licenses you wergsmsof Netica APIfor other
languagessuch asthe Java version (Netied, the C# or Visual Basic version, or the C++ version.
Simply supply that license string to the appropriate Environment constructor objects in those languages.
The same rights and obligations granted by the API license apallyth@ language versions.

| f your l icense password en&blwed hiNat iida APIlhe idti ¢
following that is the version number of the license. It must be at least 3 to fully enable this version (3.xx)
of Netica API. If it is less, then when you call theitNetica2_bn function, it will put a warning


http://www.norsys.com/netica_api.html
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message in the string it returns, and Netica API will continue operation in limited mode. To upgrade
your license, contact Norsys, or sd#tps://www.norsys.com/order_v3_upgrade.htm

1.3 Installation

The rcommendedhstallation stepare

1. Obtain the file NeticaAPI_Win.zip (or the version for your OS/platform) from the
CD-ROM sent to ya, or from the Norsys website:
http://www.norsys.com/download_api.html

2. Unzip iton your hard driveand it will form a directory calleleticaAPl_C_325(or the
current version number).

3. Readthe AREADMEL t x ftledhat residesn the NeticaAPIl_C_306 directory It contains
installation information specific to your operating system and computer platform, as
well as other news and notices regarding that version.

4. Click on the filedoc/webdocshdex.html so that it opens in your web browser. It is an
entry point to excellent onscreen documentation of every N€tfcaction. Add a
favorites bookmark to it so that you will always have it available while you are working
with Netica.

5. Test you installation with thdiDema application provided For IDE based systenihat
generally means doubtdicking the Demo project (e.§. De mo . §iIDe o oiml s p 0)
the examples_c directorthen choosinghe build and rurcommandgrom the menu.

For command line systems it generally means changing texhenples_¢directory,
typingcompile.sh  or compile.bat , and then typingun.sh  or run.bat

If the Demo program displays a welcome messagdtancesults of somsimple
probabilistic inferencewithout declaring any errors, then your installatisqprobably
successful.

6. The Demo project ia good starting point for developing your own applications. You
may wish toduplicate it and then add your own code to it, dimpy-andp ast e o0 f r om
it into your own project Similar examples showing how to build a net from scratch, do
inference, generate cases, and learn from cases are also providegkemtipées_¢
directory. Ifyouc opy from t hese exaitprepcephefrsyr ams, donodt
NULLI nNewNeticaEnviron_ns (NULL, NULL, NULL) O  wyour bwn license
password, to have the full functionality of Netica.


https://www.norsys.com/order_v3_upgrade.htm
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14 Files Included

The following files are included in the distribution of Neticathe C version of Netica API:

Directory  File Description
/ ¢ README.txt ------------- Release notes
doc o NeticaAPIMan_C.pdf --- This manual
e webdoc$  ------------m-m--- The directory for Netic&Ld BITML documentation tool
e LicAgree.txt -------------- A legal document relatingp the use of Netic&
lib e Netica.dll -----------mnmnmmm NeticaC dynamic link library (Windows only)
e Neticalib ------------------ NeticaC link-step import library (Windows only)
e libnetica.so ---------------- NeticaC dynamically linked library (Linux/Unix only)
e libnetica.a ----------------- NeticaC statically  linked library (Linux/Unix/Mac OS X only)
src e Netica.h ----------mmmmmmmeee The header file to #include in your source code in order to use the Netica API
A listing of this file appears as a section near the end of this manual.
o NeticaEX.C  ---------------- C language source code to use in your program
See the ANeticaEx.c Filed section below f
e NeticaEx.h  ---------mnmneem The header file to #include in your source code in order to use NeticaEx utilities
examples_c e Demo.C -----------m-memee- A sample application to test your Neti€anstallation
e Demo.* --------m-memeoeee- Depending on development environment, project or IDE files to support Demo.c
See the Alnstallationd section for detail:
o BuildNet.c  ---------------- Demamstrates building a Bayes net by function calls
¢ Dolnference.c ------------- Demonstrates doing probabilistic inference
* MakeDecision.c ---------- Demonstrates building a decision net and finding an optimal decision with it
e SimulateCases.c---------- Demonstrates ce¢ing case instances that statistically derive from a given net
e LearnCPTs.C -------------- Demonstrates learning from cases
e LearnLatent.c ------------- Demonstrates learning a hidden (latent) variable from cases
¢ ClassifyData.c ------------ Demonstrates naive Bayes cléisation
e TestNetc  --------------—--- Demonstrates testing a learned net against real world data
e Data Files/ ----------------- A directory of neteind dataets for the examples software
® * Project/ --------------—--- Directories with Visual Studio projects of the examples (Windowisg) on
e compile.bat (.sh) --------- A sample batch file for compiling all of the programs in this directory
(.bat for Windows, .sh for Unix/Linux/MacOSX)
e run.bat (.sh) --------------- A sample batch file for running any of the programs in this directory
Directories:

dod contains manuals, onscreen (HTML) documentation, license agreements, and any other
documentation.

lib/ contains the Netic& runtime software, without which Neti€awill not function.

src/ contains header files and source software that is distributed with Netivau are free to copy
from these source files for your own software. We suggest that you leave the original files
unmodified. These functions may chamgéuture version of Netica.

examples_¢ contains sample programs that may be compiled and run after installation. You are free to
copy from these source files for your own softuv
for details on using Demao.c to test your installation and get started.
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NeticaEx.c File

NeticaEx.c is a file of example source code that you are free to copy and include in your programs. The
AEx 0 sthaEnxdtsr afooor AExampl edo, AExternal 6, fAExperi ment

The "Ex" functions are a good place to look for coding examples. Indeed, many of the coding examples
found in ths manual and webdo@ppear irfNeticaEx.c.

Nothing in NeticaEx.c is requirdoly the NeticaC API; it is all optional. You can modify the functions

in this file to precisely suit your needs, and place them in your program. If you do modify them, we
recommend that you document this, so that when future releases of Netica come got) aopy new,

more advanced versions of these functions from the new NeticaEx.c file, you will be able to reproduce
the appropriate modifications.

All functions of NeticaC end in_ns, cs or _bn, but functions defined in NeticaEx.c don't. If you put
them in your own program, you may want to give them some suffix (suchxgs to remind you of
where they came from.

The "Ex" functions are supported by the entire community of N€ioaers, so please feel welcome to
submit addional functions that you have found useful, or to suggest improvements to the ones already
there.

1.5 Special Platform Considerations

Using NeticaC with Microsoft Visual Studio (V.6 or higher)

The easiest wato get startedvithNet i ca under Vi sual Studio is to wu
the NeticaC distribution. It has a project file specifically for Visual Studio, called Dsmaoor

Demodsw. That file is deliberately for an older version of Vis@alidio, so that it can be used with any

version of Visual Studio released in the last few years (when started a message may appear saying that
Visual Studio is translating it to a modern format). Open that project file, compile and run. If it works
sucessfully, tha you can replace the code in Demo.c with your own code.

If instead you want to add Netica to an existing project, you simply add the appropriate files to your
project, for example by choosirgroject Y Add Existing Item. You will need to add Netica.dll,
Netica.lib, Netica.h, and you will probably also want to add NeticaEx.c and NeticaEx.h.

Netica will work in single threaded or muttireaded projects, and can be used to develop applications,
other DLLs, consd projects, etc.
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Using Netica-C with gcc underLinux/ Unix/MacOS-X:

The following command, issued at the command line inetkeemples_tdirectory of the Netica API
distribution will invoke gcc to compile the &mo.c program found in that directory:

gccDemo.c-o Demo-l../src-L. -L../lib -Im -Ineticai Ipthread

Explanation:

-oDemo  means name the redsaly executableADema (as opposed t@.out, the default

- l..Isrc means lookn the distributio® ssrc/  directay for header files téinclude. This is
neededecauseNetica.h  and NeticaEx.h  are located there.

- L. means look for libraries and object modules in the current directory. In the case of
Demo.c, it is not requiredut we have addedbecause it is comonly useful.

- L../Nib means look for libraries in the distributidrdio/  directory. This imeededecause
libnetica.a and NeticaEx.o  are found there.

-lm - Inetica T Ipthread means load th8tandard Gnathlibrary, netica library, and

pthread librarydl of which are required.

If you are using a dynamically loaded version of the Netica librdilgndtica.so or
libnetica.dyn rather thadibnetica.a ), then you must include the path to the distributibh

directory on your dynamic library path. On mastix and Linux platforms this is LD_LIB_PATH, so
something like the following should be issued within your shell before attempting to run your executable.

C-shell: setenv LD_LIBRARY_PATH $LD_ LIBRARY_PATH$:/home/user/Netica_C_APl/lib

Bourneshell: LD_LI BRARY_PATH=$LD_ LIBRARY_PATH$:/home/john/Netica_C_API/lib
export LD_LIBRARY_PATH

Using NeticaC with Borland C++ Builder 6 under Windows:

1. Borland C++ doesn't like code for foiions in its header files whémuilding precompild
headers, so eithéurn off precompiled headers; remove the code in Netica.h (whichuydon't

need for new projects)To do that, put the following line before #include "Netica.h™:

#define NO_DEPRECATED NETICA FUNCS 1
#include "Netica.h"

2. There appars to be a compiler bug iroBand C++, that thinks a consbject is being modified

when itisn't, so just comment out tlgefinition of the MultiDimnindex function in NeticaEx.c
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3. The file Netica.lib is in a formalCOFF) which is different frorthat use by Borland BCB
(OMF). To create a file Netica_bcb.lishich will serve the same purpoie BCB, use the
IMPLIB utility supplied by Borland (in the Borland bin folder) like this:

IMPLIB -c C: \netica \ netica_hch.lib c: \ netica \ netica.dll

assuming théles are stored in @hetica. Note the caseessitivity flag-c is required.

Using NeticaC with Other Systems under Windows

We have tried to make Netica.dll portable across many development environments. Alhfunctio
calls in Netica.dll use thstdcall cdling convention(i.e., notcdec). Every function name
appears in two formats:
decorated e.g. _InitNetic®2_bn@8
upper case e.g. INITNETICAZ2_BN (to be compatible with Delphi, B, etc.)
Only function calls are exped, no structures or vatiles.

Using NeticaC with Other Languages

Many development systems using other programming languages have a C language interface (sometimes
called Aforeign | anguage i nt eanctahNetca junctiosso Nopsyso gr a ms
does not dtectly support using Netica in those environments, bus since smm@ers of the Netica
communitymay have experience with such usage, we may be able to pass along to you some of their
wisdom, andsome helpful files. So contact us if you need assistamzef you are successful in using

Netica from such an environment, we would be very grateful to hear from you.

A few peoplehave used Netica froMelphi Pascal and we have an interface file for that. Others have

used Netica fronProlog, Fortran and sore have built &Pythonwr apper f or Netica (w
currently have). The open sourcisp project (GLisp) has built an extensive Lisp interface to Netica;

for more information, sebttp://www.norsys.com/netica_clisp_api_popup.htFor more information on

using Netica fronMatlab, seehttp://www.norsys.com/netica_matlab_api_popup.htdf course, Netica

is available navely for Java, C#andVisual Basic as described at the beginning of the Introduction.

1.6 Function Reference Documentation

Very thorough documentation is sulfed for every function in Netic& APl. Two formats are supplied:

1. Thelast halfof this manual presents all the API functions in alphabetical pnaegint for viewing
in printed form


http://www.norsys.com/netica_clisp_api_popup.htm
http://www.norsys.com/netica_matlab_api_popup.htm
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2. TheonscreerHTML basedl webdocs documentatigrovides very omplete documentation of
every function in a pleasant and productive browsing environm&ntaccess it, simply point
your browser at thandex.html file which is found in thelod/webdocg directory of this
distribution.

1.7 Other Resources

The following resotcesat the Norsys websit@ay be helpful when using Netica API

Netica Application - This program has an eaByuse graphical interface, and most developers
working with NeticaAPI use it to visualize and/or edit the Bayes nets they are working with. It
is also useful for experimentation, and trying out concepts that are to be implemented using
Netica API, since ibperates in much the same way

Websit location http://www.norsys.com/netica.html

Resources PageDescribes training, consulting, literature and websites available for Netica.

Website location http://www.norsys.com/resources.htm

BayesNet Library - A website containing mangxample Neticafiles that are ready to download
into Netica (Application or API). They are Baymsts and decision nets that have become
classics in the literatuyer are contributed by other Netica useFis is a good place to look
for inspiration and ideas.

Website location http://www.nasys.com/net_library.htm

DNET File Format - Describes the file format for Neti@NET (also known a®NE) files.

Website location http//www.norsys.com/dl/DNET File Format.txt

1.8 Upgrades, Support and Mailing List

New versions of Netica API are usually released evedyndnths, and are available for download from
the Norsys websit emehdawemnotsys.eomi Bdhwmolse€€a ARk 6 ) ca | f
are using a license password, it will work with any new version released within a year of the password

being issued (andftenlonger).

If you would like to be notified of version updates and other news regarding Xxtipkease visit
https://www.norsys.com/mailing_list.html?interestsA€l and supply us with youe-mail address.
Mailings are infrequent, and your privacy will be respected.

We at Norsys have worked hard to make Ne@aavery high quality and robust package that is easy and
natural to use. If you have any ideas for howait be improvedywe would be very happy to hear them.
Please send your suggestions toeticac-api@norsys.com



http://www.norsys.com/netica.html
http://www.norsys.com/resources.htm
http://www.norsys.com/net_library.htm
http://www.norsys.com/dl/DNET_File_Format.txt
http://www.norsys.com/
https://www.norsys.com/mailing_list.html?interests=Netica-J
mailto:netica-c-api@norsys.com
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2 Programming with Netica-C

2.1 Getting Started

First, ensure thatyou have correctly installed the distribution package, as was outlined in the
Al nstall ationo section.

Second, besure to find the orline HTML documentation systeffelick doc/webdocs/index.htmljand

bookmark it in your browser. You may also want toéhavprinted version of this manual available for
reference If it is too long to print, you may want to leave out the Function Reference chapter
perhaps you just want to print the fAFunctions by

Now you are ready to begprogramming\etica.

If you areusingVisual Studio, and you want to jump right into things and try them out before doing
further reading, just go to the exampledolder, open one of the project folders, doubliek the *.sln

file, build, run and then experiment wimaking changes to the source code. It would be a good idea to
save a copy of the exampledotder first.

Below isone ofthe smallest programs which properly uses Me(gort of a "Hello World" example).
We will start by understanding it, and getting it to work.
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#include "Netica.h"
environ_ns* env;

int main (void){
char mesg[MESG_LEN_ns];

int res;

/'l Region A ...

env = NewNeticaEnviron_ns (NULL, NULL, NULL);

/'l replace first NULL above with your license string if desired
r es = InitNetica 2_bn ( env, mesq);

printf ("%s \ n", mesg);

if (res <0) exit ( -1);

/'l RegionB ...

res = CloseNetica_bn (env, mesg);
printf ("%s \ n", mesQ);
if (res <0) exit ( -1);

/I Region C ...

To get this example woitkg, you can first put thebove program in a filecalled "myapp.c” or
"myapp.cpp"(there is a copy of italled main_exn NeticaEx.c for copying and pastinglf you have
purchased a Netica APl license, you should change the first argument passed to
NewNeticaEnviron_ns from NULL to the password (called the "license number" on the invoice)

provided to you, so the line looks something like:
env = NewNeticaEnviron_ns ("+SmithJ/UCS/310 - 3/12345" , 0, 0);

You can leave it asULL, 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 liblaypur system has
several versions of the Standard Library, you will have to use one that includes file /0O and floating point
math.

Compiling and Linking under Unix

If you are using a Unix command lingou might use commands like:

cc -c -l./src myapp.c
cc -omyapp myapp.o -L. -L./lib - Inetica -1lm

The first line compiles myapp.c and puts the resulting object code in myapp.o. The seconkkline
myapp.o with libnetica.a and libm.a (the math library), and puts the resulting executable in myap
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Compiling and Linking under Windows

If you are using a Windows command line, you might use commands like:
CL.EXE /c |I.. \ src myapp.c

LINK.EXE /LIBPATH:.. \ lib Netica.lib myapp.obj /OUT:myapp.exe

The first line compiles myapp.c and puts the resulting object code in myapp.o. The second i
myapp.obj with Netica.lib and puts the resulting executable in myapp.exe.

When you run the executable (in the above example, by typing "myapp"), it should print out something
similar to this:

Netica (A F) 4.18 Linux ,( C) 199 0-2007 Norsys Software Corp.

Leaving Netica.

Whenever you use the Netica API, the structure of ywogram should be similar to the example
(except, of course, you may not want to cakit " when a serious error occurs, you may not want to
print out the messages, and you probably want to use subroutines instead of putting things directly 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 originally obtained from a Netica function.
Also, with the current versiorof Netica, Region B must not caMewNeticaEnviron_ns or
InitNetica ~ 2_bn. There are a few Netica functions (which are documented as such in the "Function
Reference" chapter), which can be called between the calNewNeticaEnviron_ns and
InitNetica ~ 2_bn. It is not necessary to cattloseNetica_bn if you don't want to free up the
resources (e.g. memory) that Netica is using. The whole structure above can be repeated several times if
desired (i.e., start up Netica, close it down, start it up again, cldewit again, etc.).

2.2  Problems and Debugging

Whenever you encounter problems it is always a good idea to check if Netica has registered a descriptive
error message, by callirgetError_ns . In conjunctionyou maywant to turn argument checking to its
maximum level by calling ArgumentChecking_ns witloMPLETE_CHECKDon 6t f or ge't t o
message returned InitNetica2_bn

To read Norsys technical support, email support@norsys.com. Make sure you indicate which version
of Netica API you are using (s&=tNeticaVersion_bn ), and which platform (e.g. operating system
and compiler version) you are using.
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2.3 Naming Conflicts

Whenevera C library is used, nang conflicts must be consideredTwo global symbols (function
names or global variables) in your program cannot have the same name, whethgp¢haeyracode you

have written, in the Netica library, or in some other library being linked in. For that reason libraries often
restrict the beginning or endimg every symbol they declare.

All Netica global symbols end it ns0 fi bnoorfi cs 0 Thef ns 0 symbols are those used in all Norsys
products, while thé bn o symbols are those particular to Bayes nets or decisionarelghei cs 0 are
functions dealing with cases, cassts and databasesYour program, or other libraries it includes,
should nodefine any global symbols that end with these letiéthis is aproblem contact Norsy)s

Name clashes with Netica type names or enumeration constants are more easily deéltyaitihave
suchaconflict, saywith NEXT_CASEyou can make a new header called MyNetica.h which contains:

#define NEXT_CASE NEXT_CASE_ns
#include "Netica.h"
#undef NEXT_CASE
and include MyNetica.h in your source code instead of Bdtjbeforeyour definition of NEXT_CASE

But then beverycareful to use&\EXT_CASE_nsand notNEXT_CASE when calling Netica functions.

Most C++ and some C development systems allow you to define namespaces to help avoid naming
conflicts. The Netic&C APl does not use namespaces, to be compatible with the most development
systems, but the Netica CoénamegpBck ains dbrec¢drwi dioies
names to those witms, bn and_cs suffixes)

In your source code, use the resrior the enumeration constants defined in the Netica.h file, not just the
numbers that they stand for, since future versions of Netica may define them as different numbers.

2.4 Types

There are two kinds of data types involved in using Netica API: stglas and opaque pointeis

objects The scalar types argate_bn , prob_bn , level_ bn andcaseposn_bn , and are defined as

int ,long , float ordouble inthe Netica.h header file. There are also some enumeration scalar types:
checking_ns , errseverity _ns andnodekind_bn . In your source cod@lwaysuse the names for

the enumeration constants defined in the Netica.h file, not just the numbers that they stand for, since
future versions of Netica may define them as different numbers. For example, ifevakigddefined as

a nodekind_bn , you would write hk = NATURE_NODE" rather than ik =0 ". Also, try to use the

type names to define your variables (eagpb_bn or nodekind_bn ) instead of what they stand for

(float ,int , etc.).
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Whenever you are working with structured objects defined by Netica, you will do so wipague
pointer. These areleclaredin the Netica.h header filéut the header file gives no indication of their
internal structure. To set obtain the value of one of its fields you will pass it to a Netica function for
the purpose. Examples of opaque pointer typesnatebn , node_bn , nodelist_bn , environ_ns
report_ ns andstream_ns . The purpose of hiding the internal structure of thgped isfor object
encapsulation (for examplep that you don't have to change your software to work with future versions
of Netica).

2.5 Memory Management

Neticawill never free any array, string or structure you pass it, that was not originally created (allocated)

by Netica, and you should never use the C++ 0O6del
array, string, or structure that Netica origigatreated. In other words, you are responsible for freeing

the thingsyou create, and Netica is responsible for freeing the things it creates. Of course, you can
control when Netica frees the structures it has created, by using functiorBeldte Net b n and
DeleteNode_bn

Whenever this manual says that Netica returtisos-modifiable” structure (including @ object,array,

or character string), it is really returning a pointer to some structure that is being negirtétinin the
Neticasystem, and not a duplicated copy of the structifrgou intend to use the returned structure over

an extended period of time, then you should make a duplicated copy of it, because Netica may erase the
original during the course afs operation. For example, if you request the name of a node with
GetNodeName_bn, then free the node witbeleteNode bn , and then try to read the string you

originally obtained, its contents will likely have been destroyddnder multithreading, the usl
considerations apply. For exampl e, if two or mor
wonodot interfere

If Netica is running out of memory, an error report will be generated and any sulisegjlseto most
Netica functions will be blocked (i.e. return without doing anything except generating an error report).
Generally, thefunctions that are not blocked arecoverytype functions, likethosethat start with
AWriteo, A De |lwiah "@ad"., Netica hap eewaynta gostrol the amount of memory available
for memoryintensive operations, to avoid virtual memory thrashing or starving other processes (see
LimitMemoryUsage_ns ).

2.6  API Changes and Compatibility Over Time

From timeto-time the NeticeC API is revised. New functions are added, and old functions will be
changed to accept additional or different parameters. Norsys is committed to keeping stebkPso



20 NETICA API C VERSION 4.18

that youd o nhéve to revise your existing source software to make it compile and link with the latest
version @& NeticaC. This is made possible by having a
src/Netica.h which allows us to translatiler function prototypes and other constants and structures
into the latest equivalent versiorHowever, if you want to be sure you are not using any old Netica
functions in your code, put this line before #including the Netica header:

#define NO_DEPRECAT ED_NETICA_FUNCS 1
#include "Netica.h"
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3 Probabilistic Inference

3.1 Bayes nets and Probabilistic Inference

A Bayes net (also known as a Bayesian netwekef network,BN, BBN, probabilistic causal network

or graphical modelgaptures our believed relations (which may be uncertain, or imprecise) between a set

of variables that are relevant to some problem. They mightelevant 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 are intermediate or internal variables that help us express the relationships between the rest of the
variabks.

Some Bayes nets are designed to be used only once for a single world situation. More often, Bayes nets
are designed for repetitively occurring situations. They may be constructed using expert knowledge
provided by some person, by an automatic legrpimcess which examines many previous cases, or by a
combination of the two.If the net is to be used repetitively, then it may be consideredkasvadedge

base Sometimes nets that are built to be dusmly once are constructed automaticallytiogfly,

perhaps by pasting together pieces of nets from libraries using templaten the libraries and
templates together make up a knowledge base. Neticaigndd to work for either type of application.

It allows probabilities to be entered directly, perhaps originally coming from an expert, and it can learn
probabilities from data. It will not handle templates directly, but it has the facilities foriéibrand on

thefly construction that such a program requires.

A classic example of the use of Bayes nets is in the medical dorHaire each new patient typically
corresponds to a new case, and the problem is to diagnose the patieriind beliefs for the
undetecable disease variables), or predict what is going to happen to the patient, or find an optimal
prescription, given the values of observable variables (symptoms). A doctor may be the expert used to
define the structurefdhe net, and provide initial conditional probabilities, based on his medical training
and experience with previous cases. Then the net probabilities may-beniaeby using statistics from
previous cases, and from new cases as they arrive.
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When the Byes net is constructed, onedeis used for each scalar variable, which may be discrete,
continuous, or proposititional (true/falseBecause of this, the words "node" and "variable" are used
interchangeably throughout thmeanual, but "variable" usually refers to the real world or the original
problem, while "node" usually refers to its representation within the Bayes net.

The nodes are then connected up with direbiga. Usually a link from node A (thparen) to node B

(the child) indicates that A causes B, that A partially causes or predisposes B, that B is an imperfect
observation of A, that A and B are functionally related, or that A and B are statistically warelehe
precise definition of a link is based on conditional independence, and is explained in detail in an
introductory work likeRussellNorvig95or Pearl88. Finally, probabilistic relations are provided for each
node, which express the probability tbhit node having different valueependingon the values of its
parent nodes.

After the Bayes net is constructed, it may be applied. For each variable we know the value of, we enter
that value into its node adiading (also known as "evidence"Yhen Netica doegrobabilistic inference

to find beliefs for all the other variablesSuppose one of the nodes corresponds to the variable
"temperature”, and it can take on the values cold, medioth hot. Then an example belief for
temperature could be: [cold 0.1, medium- 0.5, hot- 0.4], indicating the probabilities that the
temperature is cold, medium or hothe final beliefs are sometimes callgdsterior probabilitiegwith

prior probabilities being the probabilities before any findings were enterdéijobabilistic inference

done within a Bayes net is callbdlief updating

Probabilistic ifierence only results in a set of beliefs at each node; it does not change the net (knowledge
base) at all. If the findings that have been entered are a true example that might give some indication of
cases which will be seen in the future, you may thivat they should change the knowledge base a little

bit as well, so that next time it is used its conditional probabilities more accurately reflect the real world.
To achieve this you would also gwobability revision which is described in the "Leang From Case

Datd' chapter. As well as regular probabilistic inference, Netica can do a number of other types of
inference, such as finding the most probable explanation (MirtEjng mutual information,solving

decision netspode absorptigretc

3.2 Netica's Probabilistic Inference

There arehreeways that Netica can do regular probabilistic infereniggjunctiontree compiling by

node absorptiag) and by samplingFor most applications yowill want to usethe junctiontree methogd
because usually it isiost convenient and executesuch faster You may want to useode absorptions

when you have some findings that are going to be repeated in many inferences (e.g. if you discover that
sometling is always true in the context of interesi) large parts of a network that are irrelevant to a
guery, so can be pruned awayhis section deals with junctiarees; see theModifying Nets chapter
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for information on link reversals and node absanpti Sampling is an inexaanethod, and is usually

used only when the Bayes net is too large to compile infanetion tree or there are continuous
variables whose wvalue you want to provide b
accomplishd by calling GenerateRandomCase _bn many times (say 1000), with argument

method =FORWARD_SAMPLINGand recording what percentage of the cases resulted in the node of
interest having a given value.

Netica uses the fastest known algorithm for exact general probabilistic inference in a compiled Bayes net,
which is messag passing in gunction tree(or "join tree") of cliques.This is based upon the work of
LauritzenSpiegelhalter88, which is described in much simpler and more extensivent€ongellDLS99
andSpiegelhalterDLC93

In this process the Bayes net is first "compiled” injarection tree Thejunction treeis implemented as

a large set of data structures connected up with the original Bayes net, but invisible to you as a user of
Netica. You enter findings for one or more nodes of the original Bayes net, and then when you want to
know the resultant beliefs for some of the other nodes, belief updating is done by a fpassagg
algorithm operating on the underlyipgnction tree It determines the resultant beliefs for each of the
nodes of the original Bayes net, which it attaches to the nodes so that you can retrieve them. You may
then enter some more findings (to be added to the first), or remove saimgs$i, and when you request

the resultant beliefs, belief updating will be performed again to take the new findings into account.

The amount of memory required by tluaction tree and the speed of belief updating are approximately
proportional to eachtber, and are determined by the quality of the compilati®he quality of the

compilation depends upon tldimination orderused, which is a list of all the nodes in the nany

order of the nodes will produce a successful compilation, but some do a much better job than others.

You may specify an elimination order (perhdgmsn your own program, dsyusi ng Neti ca Appl i
Aopt i mi zxorpshletNetitadPbfind a good oe itself.

3.3 Example of Probabilistic Inference

Now let's look at an example of using the Netica API to do probabilistic inference. In this example we
will read in a simpléBayesnet from a file, compile it into a form suitable for fast inference, estare
findings, and see how the beliefs of a particular node change with each finding. The example program,
Dolnference.g can be found in thexamples_¢directory of the Netic& installation.

The net we will usgcalled ChestClinicjs shown below. Although reasonable, it is a toy medical
diagnosis exampledm LauritzenSpiegelhalter88 that has often been used in the past for demonstration
purposes. To a certain degree, the links of the net correspond to causation. The two top nodes are
"predispositions” which influence the likelihoad the diseases in the row below them. At the bottom
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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 program, and just show the probabilitiels sfada

before any findings have arrived.

Visit To Asia
Visit 1.0
No Visit  99.0

Smoking

Smoker

NonSmoker

50.0
50.0

Tuberculosis

Lung Cancer

Bronchitis

Absent  99.0

Present 5.50
Absent  94.5

Presen
Absent

t 45.0
55.0

Present 1.04 :

<

Tuberculosis or Cancer

True
False

6.48
93.5

1N

e

XRay Result

Abnormal 11.0
Normal 89.0

—

Dyspnea

Present 43.6
Absent  56.4

Before theexample prograrbelow will work, the file containingthe nétCh e st Cl mustiexestnd n e 0
thefi Dat a stbditeatosyaf the diretory running the programlf you are running this example
straight from examples_c directory of the Netica API distribution, that will already be the case.

Ot her wi

se you shoul derbmpi as th/eDatia eFiflreosm

tdhier efc

distribution Or you can build it yourselthe next chapter showww, and & the end of that chapter is a
file listing of the net (it is missing the Bronchitis and Dyspnea nodesthieyt are not needed now

anyway.
/*

* Dolnference.c

*/

#include <stdio.h>
#include <stdlib.h>
#include "Netica.h"
#include "NeticaEx.h"

#define CHKERR {if (GetError_ns (env, ERROR_ERR, NULL)) goto error;}

environ_ns* env;

int main (void){

net_bn*

net = NULL;

double belief;
char mesg[MESG_LEN_ns];

int res;

report_ns* err;

env = NewNeticaEnviron_ns (NULL, NULL, NULL);
res = InitNetica2_bn (env, mesg);
printf ("%s \ n", mesg);

if (res < 0) exit ( -1);
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net = ReadNet_bn (NewFileStream _ns ("Data Files \'\ ChestClinic.dne", env, NULL),
NO_VISUAL_INFO);

CHKERR
CompileNet_bn (net);

belief = GetNodeBelief ("Tuberculosis", "present”, net);

CHKERR

printf ("The probability of tuberculosis is %g \ n\ n", belief);
EnterFinding ("XRay", "abno rmal”, net);

belief = GetNodeBelief ("Tuberculosis", "present”, net);

CHKERR

printf ("Given an abnormal X -ray, \n\

the probability of tuberculosis is %g \ n\ n", belief);

EnterFinding ("VisitAsia", "visit", net);

belief = GetNodeBelief ("T uberculosis”, "present”, net);

CHKERR

printf ("Given an abnormal X - ray and a visit to Asia, \ n\
the probability of tuberculosis is %g \ n\ n", belief);

end:
DeleteNet_bn (net);
res = CloseNetica_bn (env, mesg);
printf ("%s \ n", mesQ);
return (res<0? -1:0);

error:
err = GetError_ns (env, ERROR_ERR, NULL);
fprintf (stderr, "Dolnference: Error %d %s \n",
ErrorNumber_ns (err), ErrorMessage_ns (err));
goto end;

}
The program starts by usimgwNeticaEnviron_ns  andinitNetica  2_bn to initialize the system as
described in therevious chapter Next, ReadNet_bn is used to read the file and create the net in
memory. If you wish to have detailed descriptions of any of these functions, remember that you can look
them up in the "FunctioReference" chapter.

You can see that theHKERRnacro, which callssetError_ns , is used from time to timeAny error

that any Netica function detects will result in an "error répbeing made and registered with the
environment. You can obtain the error number or an error message from this report. Iniscessary

to check for an error after every Netica function call, because the original report will not be lost, and any
new errors that come along will generate new reports later in the Ibu may wish to call
GetError_ns  directly, or in some other way than using the CHKERR macro. The C++ version of
Netica API throws an exception instead.
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Next, CompileNet_bn  builds thejunction treeof cliques and attaches it to the data structure of the
Bayes net, but does not discard any of the information from the original Bayes net. We can now use this
net to diagnose a new patient who has just entered the clinic.

In the next lineGetNodeBelief  is called to determine the probability tuberculosis is present:

belief = GetNodeBelief ("Tuberculosis", " present”, net);

This causes a "belief updating" to be done, which finds new beliefs for all the nodes in thhisstep

can be time consuming if the net is very large or highly connectegetNibdeBelief  is then called for

some other node, it woulgtturn almost immediately, because the calculated beliefs have been saved at
each node. Notice that tig=tNodeBelief ~ function does not end in bn" or " _ns" as all Netica API
functions do. That is because it is not part of the API, but is define@ iNdticaEx.c file of C source

code (you can find the definitions of these functions by looking them up in the irstexthe "Files
Included" section of the Introduction for more information). It is defined in terms of
GetNodeBeliefs_bn as a more conveant, 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 the listing of
the program output below. This is the probability that the new patient has tuberculosisneekoew
anything else about him. The number may seem high, but then perhaps this net was built for people
entering a certain clinic, and many of them wouldn't be there unless they have some kind of illness.

An X-ray is taken of the patient, and it conmg "abnormal”. A Bayes net to be used for anything
practical would define the Xay outcome in more detail, but this will do for the example. We enter this
finding into the net with:

EnterFinding ("XRay", " abnormal”, net);
Then weuseGetNodeBelief ~ to cause belief updating to occur again (to incorporate the latest finding)
and return the probability that the patient has tuberculosis given thatrhaig ¢ame out abnormal. The
probability has now jumped to 9.24%, so we ask him ih&e recently made a trip to Asia. When he
answers to the affirmative, and we enter that finding, we then get a tuberculosis probability of 33.8%.

After further testing we discover that he has lung cancer, and we enter that as a finding. The lung cancer
"explains away" the abnormalpbay, and so our probability that he has tuberculosis falls to 5.00%.
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>Dolnference.exe
Netica (A F) 4.18 Linux ,(C) 1990 -2007 Norsys Software Corp.
The probability of tuberculosis is 0.0104

Given an abnormal X - ray,
the probability of tuberculosis is 0.0924109

Given an abnormal X - ray and a visit to Asia,
the probability of tuberculosis is 0.337716

Given abnormal X - ray, Asia visit, and lung cancer,
the probability of tuberculosis is 0.05

Leaving Netica.

For examples involving more complex types of findings, and the retraction of findings, see the "Findings
and Cases" chapter.
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4 Building and Saving Nets

In the previous chapter we loadedBayesnet into memory from a file and then did probabilistic
inference using it. Now we consider how to obtain the net file in the first pBaae possibilitieare

A Obanatfileof interesirom Norsys, another company or a colleaguedmail, disk,
downloadingfrom a websiteetc.). Thdile is machineand operating systemdependentFor
example Bayes nets, sekttp://www.norsys.com/netlibrary/index.htm

A Cr e a tusingta text edftor, hceording to thalET file specification.
A Write a pr ogDbNaTiletohtairtingthenetat es t he

A Use the Netica Application program to constr uc
simple pointandclick drawing, ad then save it to a file.

A call routines in the Netica APl to construct t
use it for probabilistic inference, learning, etc., or you can save it to a file for later usage.

In this chapter we will discssthe last method. Below is a complete program which constructs the
ChestClinicnet used in the previous chapter (except, to be more brief, it doesn't include the two nodes
Bronchitis and Dyspnea, which are not required for the inference examples athdmer). This
program BuildNet.c, can be found in thexamples_¢directory of your NeticaC installation.

/~k

* BuildNet.c

*

* Example use of Netica - C API to construct a Bayes net and save it to file.
*/

#include <std io.h>

#include <stdlib.h>

#include "Netica.h"

#include "NeticaEx.h"

#define CHKERR {if (GetError_ns (env, ERROR_ERR, NULL)) goto error;}

environ_ns* env;

int  main ( void X
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net_bn* net = NULL;

node_bn *VisitAsia, *Tuberculosis, *Smoking, *Cancer, *TbO
char mesg[MESG_LEN_ns];

int res;

report_ns* err;

env = NewNeticaEnviron_ns (NULL, NULL, NULL);
res = InitNetica2_bn (env, mesg);
printf ( "%s\ n", mesQ);

if (res< 0) exit( -1);

net = NewNet_bn ( "Built_ChestClinic" , env);

CHKERR

VisitAsia = NewNode_bn ( "VisitAsia" , 2, net);
Tuberculosis = NewNode_bn ( "Tuberculosis" , 2, net);
Smoking =  NewNode_bn ( "Smoking" , 2, net);

Cancer = NewNode_bn ( "Cancer" , 2, net);

ThOrCa = NewNode_bn ( "TbOrCa" , 2, net);

XRay = NewNode_bn ( "XRay" , 2, net);

CHKERR

SetNodeStateNames_bn (VisitAsia, "visit, no_visit" );
SetNodeStateNames_bn (Tuberculosis, "present, absent" );
SetNodeStateNames_bn (Smoking, "smoker, nonsmoker" );
SetNodeStateNames_bn (Cancer, "prese nt, absent" );
SetNodeStateNames_bn (TbOrCa, "true, false" );
SetNodeStateNames_bn (XRay, "abnormal,normal” );
SetNodeTitle_bn (TbOrCa, "Tuberculosis or Cancer" );
SetNodeTitle_bn (Cancer, "Lung Cancer" );

CHKERR

AddLink_bn (VisitAsia, Tub erculosis);

AddLink_bn (Smoking, Cancer);
AddLink_bn (Tuberculosis, ThOrCa);
AddLink_bn (Cancer, TbOrCa);
AddLink_bn (TbOrCa, XRay);
CHKERR

I WARNING: floats must be passed to SetNodeProbs, ie, 0.0 not 0

SetNodeProbs (VisitAsia, 0.01, 0.99);

SetNodeProbs (Tuberculosis, "visit" , 0.05, 0.95);
SetNodeProbs (Tuberculosis, "no_visit" , 0.01, 0.99);
SetNodeProbs (Smoking, 05, 05);

SetNodeProbs (Cancer, "smoker" , 01, 09);
SetNodeProbs (Cancer, "nonsmoker" , 0.01, 0.99);

Il Tuberculosis Cancer

SetNodeProbs (ThOrCa, "present" , "present" , 1.0, 0.0);
SetNodeProbs (ThOrCa, "present" , "absent" , 1.0, 0.0);
SetNodeProbs (ThOrCa, "absent" , ‘"present" , 1.0, 0.0);
SetNodeProbs (ThOrCa, "absent" , "absent" , 0.0, 1.0);
1 TbOrCa Abnormal Normal

SetNodeProbs (XRay, "true" , 0.98, 0.02);

SetNodeProbs (XRay, "false" , 0.05, 0.95);

rCa, *XRay;

29
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CHKERR

WriteNet_bn (net, NewFileStream_ns ( "Data Files  \\ Built_ChestClinic.dne" , env, NULL));
CHKERR

end:
DeleteNet_bn ( net);
res = CloseNetica_bn (env, mesg);
printf ( "%s\ n", mesQ);
return (res< 0 ? -1 : 0);

error:
err = GetError_ns (env, ERROR_ERR, NULL);
fprintf (stderr, "BuildNet: Error %d %s \n",
ErrorNumber_ns (err), ErrorMessage_ns (err));
goto end;

}
First, the above program creates a new with NewNet_bn, andthen addseach of the nodes with
NewNode_bn. Each node represents some scalar variable of interest, either discrete or continuous. The
"2" passed todNewNode_bn in the example indicates the number of states the node can take on (0 would
be passed for a continuous node). The states musiuhelly exclusivévalue can't be two different
states at the same time), aexhaustive(it is always in one of thetates). Sometimes it is easiest 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 the requirements of
an IDname which are:

A The name mus INAMEeVAD et 30)ckaractels loag) idclusive.
A The name must consi st eandiAZ),eibity and dndesdoreh(a) et i ¢
A Thane must start with an alphabetic character.

A Often they must be unique withi nsensive obj ect t

In general, Netica restricts names for all objects in this way. If that overly restricts your expressiveness,
thenyou can 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 would not be out of the ordinary if this
were several kilobytes longrhe unrestricted shgs are normally in ASCII, but they may be in Unicode
(UTF-16) by prefixing them with the two hex bytes OXFEFF.

Next, the program sets the state nhames of the nodes StiigdeStateNames_bn . This step is not

required to do inference, but it is recommended in order to keep track of the meanings of the states, and
to be able to refer to the states by names, as was done in the last chapter. Once again the strings used for
state names must confortm the requirements of an IDname. Then a couple of nodes are given titles,
which also aren't really required, but are a bit more descriptive than their names (the idea is to keep
names short for convenience).

(

t
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Next, the nodes are linked together wiildLink_bn . A call of the formAddLink_bn (NodeP, NodeC)

makes NodeP a "parent” of NodeC, which means we wish to express the probabilities of NodeC as a
function of (i.e. "conditioned on") values of NodeP. Usually the link indicates that NodeP causes
NodeC, that NodeC is an imperfect observation of NodeP, or that the two nodes are statistically
correlated.

Finally, the conditional probabilittables (CPTsare added. For each node, these arerthieabilities of

each of its states, conditioned on the states of its parent nodes. They are built up by multiple calls to
SetNodeProbs (which is defined in NeticaEx.c as a convenient way to®aNodeProbs_bn ). The

first argument in each call 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 numbers, being the
probabilities for each of the states oé thode.

For example: SetNodeProbs (Cancer, " smoker", 0.1, 0.9) means that the probability that
Cancer is in its first state given that its parent is in sw®Ker" is 0.1, and the probability that it's in its
second state is 0.9. In probabilistidaitmn: P(Cancerpreseni Smoking=smoker)= 0.1

As another example, SetNodeProbs  (TbOrCa, " present", " absent”, 1.0, 0.0) means:
P(TbOrCa#rue | Tuberculosis present, Cancerabsent) = 1.0

If "*" is used as the name of a conditioning state, thevilitapply to all values of that parent node.
Likewise EVERY_STATEan be used with SetNodeProbs; é#e the Function Reference for more

information.

There are a couple of things to be cautious of when &itigpdeProbs . 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 speed is critical, and you must set large probability tables, use SetNodeProbs_bn
directly instead of SetNodeProbs . For &ample, SetNodeProbs  (ThOrCa, " 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);

There is an even faster way to set the whole CPT table with one function call. You call
SetNodeProbs_bn , passing\NULL for the array of parent states, and the whole table for the probability
array. The table you pass in should be in rovajor form with tle last parent varying fasteéhe same
order the table is displayed in the CPT editor of Netica Application)

If you wish to give a node a deterministic relationship, rather than probabilistic, you may use
SetNodeFuncState_bn.
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Now the net is fully constructed in memory, and we could use it for inference, do net transforms, etc., but
in this example we just save it to a file for later use, by callimigeNet_bn . The resulting file is a

pure ASCII text file which can be read back by Netica API or by Netica Application, whether they are
running on the same computer or another type of computer. The file adhere®&ETh®rmat, which

is described in the docunteDNET File Format”. Itwill look similar to the below:

/[~ ->[DNET-1] - >~
bnet Built_ChestClinic {

node VisitAsia {
kind = NATURE;
discrete = TRUE;
states = ( visit, no_visit);
parents = ();
probs =
Il visit no_visit
(0.01, 0.99);
2

node Tuberculosis {
kind = NATURE;
discrete = TRUE;
states=(  present, absent);
parents = (VisitAsia);

probs =
/I present absent I/ VisitAsia
(0.05, 0.95, ) visit
0.01, 0.99); /I no_visit
2

node Smoking {
kind = NATURE;
discrete = TRUE;
states = ( smoker, nonsmoker);
parents = ();
probs =
/I smoker nonsnoker
(0.5, 0.5);
3

node Cancer {
kind = NATURE;
discrete = TRUE;
states = ( present,  absent);
parents = (Smoking);

probs =
/I present absent /I Smoking
(0.1, 0.9, /i smoker
0.0 1, 0.99 ); 1! nonsmoker

title = "Lung Cancer";

h
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node ThOrCa {
kind = NATURE;
discrete = TRUE;
states = ( true, false);
parents = (Tuberculosis, Cancer);

probs =
/I true f alse /I Tuberculosis Cancer
(1, 0, Il present present
1, 0, 1l present absent
1, 0, /I absent present
0, 1); 1l absent absent
title = "Tuberculosis or Cancer";
b
node XRay {
kind = NATURE;

discrete = TRUE;
states = ( abnormal, normal);
parents = (TbOrCa);

probs =
/I abnormal normal /l TbOrCa
(0.98, 0.02 , I t rue
0.05, 0.95); I f alse
b

The DNET file format is a text format, but Netica can also work with a binary format culiEga\. The
binary files are much smaller, theiguallyread fasterand Netica can encrypt them. To save the above
net inNETA format, you would change the call\WiteNet_bn  to be:

WriteNet_bn (net, NewFileStream_ns (" Built_ChestClinic .neta", env));

That is, the call is exactly the samg for aDNET file, but the filename has an extension of .netaéask
of anything else.The Netica API calfor readng the NETA file is the sameasfor a DNET file; Netica
will recognize each and handleaippropriately If you wish, you can encrypt the net so that only
software that knows the password will be ablestad it:

stream_ns* stream = NewFileStream_ns (" Built_ChestClinic .neta", env) ;

SetStreamPassword_ns (stream, "MyPassword123");

WriteNet_bn (net, stream); /I writes an encrypted file
Encryption isusefulwhenyou need to distribute the net with your application for Netica API to use, but
the netcontains proprietary information Encrypted nets can also be read (or created) by Netica
Application, provided that the user enters the correct passwbad. a full code example, including
readingencrypted filessee the function documentation &mtStreamPassword_ns

There are a number of other functions that may be used when constructing a net. For a list of them, see
the "LowLevel Net Modification" sction of the "Functions by Categotychapter, and for detailed
descriptions of each one, look it up in the "Function Reference" chapter.

For another example of constructing a net, which demonstrates how to build a decision net, create
decision and utilif nodes, and work with-8tate and continuous nodeseghe "Decision Nets" chapter.



34 NETICA API C VERSION 4.18

5 Findings and Cases

In the "Probabilistic Inference" chapter we saw how to enter positive findings into a Bayes net to do
probabilistic inference (findings are also kroas "evidencd'! A positive findingis the observation or
knowledge that some discrete node definitely has a particular value. However, we may discover that
some node definitely doemt have some particular value, and not have any imboemation to help us
determine what value it does have. This is calladgative finding

For example, say the node "Temperature' can take on the ealdesnedium, and hot. We may obtain
information that the temperature is not hot, although it doesn't distinguish between medium and cold at
all. This is a single negative finding. If later we receive another negative finding that the temperature is
not medium, then we can conclude that it is cold. So several negative findings can be equivalent to one
positive finding.

A third type of finding is dikelihood finding(also known as "virtual evidence")n this case we receive
uncertain information about the value of some discrete node. It could be from an imperfect sensor, or
from a friend who is not always right. Say we have a thermosensor to measure 'Temperatures, which i
designed so that when the temperature is hot it is supposed to turn on. In actual practice we find that
when the temperature is cold the sensor never goes on, when the temperature is medium it goes on 10%
of time, and when it is hot it always goes dhat a certain time we observe the sensor on, and want to
enter this finding into the Temperature node, then we do so as a likelihood finding. A likelihood finding
consists of one probability for each state of the node, which is the probability tlvisreation 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 is to think that the likelihood is the probability of the state given the
observation made (in which case 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 Os except a single 1. A negative
finding is equivalent to a likelihood finding consisting of all 1s (or sother nonzero number) except a
single 0. Twoindependenfindings for a node can be combined by compomasé multiplication of

their likelihood vectors. If they are not independent, and it is too inaccurate to approximete &s
independent, then they should be combined by adding 2 child nodes to the observed node in the original
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net, one for each observation, connecting them together to show the 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 the same
node, tha it combines them as if they were independent observations, and generates an error if they are
inconsistent. Checking for consistency between the findings of one node and those of another node
(given the intemode relations encoded in the net), is odbne if belief updating is done after each
finding is entered, which will be the case if the net is aytdating (se&etNetAutoUpdate_bn ) or if
GetNodeBeliefs_bn is called between entering findings.

As an example, consider the following section of code to enter finding®dier, which has 4 states:

@) state_bn finding;
(b) node_bn* node;
(c) const prob_bn *clike, *belief;

() 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);

) I EnterFinding_bn (node, 2);

(8) belief = GetNodeBeliefs_bn (node);

9) finding = GetNodeFinding_bn (node);

(10) RetractNodeFindings_bn (node);

(12) 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 findingder The finding means that an
observation was made that wouldtaily be observed ihode were in state 2 or 3, and that would
occur with probability 0.6 ihode were in state O or 1. Step 3 enters a negative finding which means
"the value ofnode is not state 1". Steps 4 and 5 enter another likelihood findingtreemdstep 6
retrieves the likelihood vector for the accumulated findings so far. It will have the values:

clike[0] = 0.3  clike[1] =0.0  clike[2] =0.0 clike[3] = 0.5

Notice that clike[1] is O due to the negative finding of step 3, and[2]ike O due to the 0 in the
likelihood finding of steps 4&5.

Step 7 is commented out, but if it weren't it would generate an error because saying "the natiee of

is state 2" is inconsistent with the likelihood finding of steps 4&5.

Step 8 causes a befliupdating to be done, and it could return a belief vector with the following values:
belief[0] = 0.9  belief[1] = 0.0 belief[2] = 0.0 belief[3] = 0.1



36 NETICA API C VERSION 4.18

Even though the accumulated likelihoatdiKe ) said state 3 was the most likely value ffiode , when
the findings for other nodes, and there relations witde , were taken into account, state O became

more probable than state 1. In general, it is not possible to determine anything about what the belief of a
node is going to be based just on itswmulated likelihood findings, except that states with a zero
likelihood will have a zero belief.

Step 9 demonstrat&xtNodeFinding_bn  being used to query what finding has been entereddoe .
It is designed to retrieve positive findings, and sinade has likelihood findings, it will just return the

constanLIKELIHOOD_FINDING .

Step 10 retracts all the findings that have been enteretbtle, thereby undoing all of the above, and
step 11 enters the positive finding that the valuaamfe is state 2which won't generate an error this

time like it would have in step 7. Whe&etNodeFinding_bn is called in step 12, it will now return 2,
and the values daflike  after step 13 will be:

clike[0]=0.0 clike[1]=0.0 clike[2]=1.0 clike[3] = 0.0

5.1 Cases and Case Files

The set of all findings entered into the nodes of a single Bayes net is referreccesasA case may be

saved to a file for later retrievaCase files may consist of a single case, or of many cases. Case files act

as databases; they may be used to swap cases in and out of a net as additional findings are obtained or
beliefs required, to transfer a case from one net to another, or as ldgilanta new net.

Someways you can make a case file=

A Use a text editor to manually construct it,
A Write a program whose output is a case file.

AExport it (@ a CSV or tadalelimitedtextfile) from a spreadsheet or database program. Or you can
copy from the spreadsheet or database program, paste into a text editor, and sexidikes

A Ext r ac tabase usingdddBCasasTodaaetet cs followed bywite Caseset

A Use Netica Application to enter findings by
from the menu.

A call Netica API functions t o endcasetoafileeand as e
repeat for each case to be put in the file.

Case files (singlease or multcase) are pure ASClitext files. They may contain
/I ~->[CASE- 1] - >~ somewhere in the first 3 line® indicate to Netica what the file contaitsit

that isnét required. Then comes a | ine consi sti
to one variable of the case, and is the name of the node wsedrésent the variable (sometimes the

p C

a ¢

n
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variables are calledttributesand the entries in the colunwalues i.e. attribute-valug. The headings
are separated by spaces and/or tabs (it doesn't matter how many).

The case data is next, with one case per line (a soagle file would only have one such line). The

values of the variables are in the same order as the heading line, and are separated by spaces or tabs (the
columns dort'have to "line up" as they do in the example files below). The value of a discrete variable is
given by its state name, or if it doesn't have a state name, then by the number symbol, followed by its
state number (e.g. #3). The state names are prefsined,the order of the states may be changed some

time, and that would render the file invalid.

The value of a continuous variable is given by a number, expressed as an integer, decimal, or in scientific
notation (e.g-3.21e7). If the variablehas been discretized, then the value may be given by a state name
or state number, but the continuous number is preferred if it is availdbiat waythe case file can be

used for different discretizations of that variable in the futurBry to use the correct number of
significant figures, since future versions of Netica may use this information.

A single-case file is the same age with multiple cases, except it just has 1 case. There may be as much
whitespace as desired between the lines, including C or C++ style comments. If the values of some of the
variables are unknowfor some of the cases, then a question maisterik (? or* ) is put in the file

instead of the value (thiis known asnissing data

If you read in a case, and the case file has a node value that doegspond to any state of that node in

the net (e.g. the states of net node ‘color' are 'red' and 'green’, and the value for color in the case file is
'blue’), then an error will be generated. An exception to this is if one of the states of theeristaatieéd

"other". Then the case will be read without error, and the finding for the node will be ‘other’.

Thereare two special columns that a file may have which don't correspond to nodes. One provides an
identification number for each case, which must be an integer between 0 and 2 billion. The heading for
this column is "IDnum”. Identification numbers do nové@do be in order through the file. The other
special column has the heading "NumCases", and indicates the frequency or multiplicity of the case. A
multiplicity of m indicates m cases with the same variable values. It is not required to be an iotgger, s
can be used to represent a frequency of occurrence if desired. The missing data symbol ("*") should not
appear in either of these columns if they exist.

As an example of a case file, here is a listing ©fi¢stCliniccas" which is produced by the program
SimulateCases.c, listed below and included inetkemples_¢ directory of your distribution. Note that

the case file you obtain may be a little different, since random numbers are involved. It has an IDhum
column, but norequency column.
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IDnum VisitAsia Tuberculosis Smoking Cancer TbhOrCa XRay Bronchitis Dyspnea
1 no_visit present smoker absent t rue abnormal absent present
2 no_visit absent smoker absent f alse normal present present
3 no_visit absent smoker present true abnormal  present present
4 no_visit absent nonsmoker absent f alse normal absent absent
5 no_visit absent smoker present true abnormal  present present
6 no_visit absent smoker absent f alse abnormal present present
198 no_visit absent smoker absent f alse normal present present
200 no_visit absent smoker present true abnormal  present present

Here islisting of SimulateCases.c, the program whienerated the above case file:

/*
* SmulateCases.c

*

* Example use of Netica
* the probability distribution given by a Bayes net.

*/

#include  <stdio.h>
#include  <stdlib.h>
#include  "Netica.h"
#include  "NeticaEx

#define CHKERR {if

envir on_ns* env;

int  main ( void X

.h"

- C API for generating random cases that follow

net_bn * orig_net = NULL;
const nodelist_bn* orig_nodes;
const int numcases =
stream_ns* casefile = NULL;
char mesg[MESG_LEN_ns];

int i, res;
report_ns* err;

200;

(GetError_ns (env, ERROR_ERR, NULL))

env = NewNeticaEnviron_ns (NULL, NULL, NULL);
res=In itNetica2_bn (env, mesg);
printf ( "%s\ n", mesQ);

if (res< 0) exit(

-1);

/I Read in the net created by the BuildNet.c example program
orig_net = ReadNet_bn (NewFileStream_ns (

orig_nodes = GetNetNodes_bn (orig_net);
SetNetAutoUpdate_bn (orig_net, 0);
CHKERR

remove ( "Data Files  \\ ChestClinic.cas" );
casefile = NewFileStream_ns ( "Data Files

NO_VISUAL_INFO);

for (i= 0; i<numcases; ++i){
RetractNetFindings_bn (orig_net)

res= GenerateRandomCase_bn (orig_nodes,

if (res>=

WriteNetFindings_bn (orig_nodes, casefile, i,

CHKERR

end:

0)

goto error;}

"Data Files \'\ ChestClinic.dne"

\'\ ChestClinic.cas" , env, NULL);
0, 20, NULL);
-1);

, env, NULL),
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DeleteStream_ns (casefile);
DeleteNet_bn (orig_net);

res= CloseNetica_bn (env, mesg);
printf ( "%s\ n", mes Q);
return (res< 0 ? -1 : 0);

error:

err = GetError_ns (env, ERROR_ERR, NULL);
fprintf (stderr, "SimulateCases: Error %d %s \n",
ErrorNumber_ns (err), ErrorMessage_ns (err));

goto end;

Firstthe progranreads in the same net that we buil i n

t he

iBui

di

ng

and Savi

deletes a file namedChestCliniccas" if there is one (otherwise it would try to add the cases to this file).
Then, in a loop repeated 200 times it generates a random case frohegi€linicnet. These cases will

be distributed according to the probability distribution of that net.
named ChestCliniccas", a sample of which we saw above.

chapter, fiLedatai ng

From Case

Each case is saved to the case file

We will use this case file in the next

Here is another example of a case file, this time for cars brought into a garage (notice BatAge, which is a

continuous variable):

Il ~ ->[CASE-1] - >~

Starts BatAge Cranks Lights StMotor  SpPlug MFuse
f alse 5.9 f alse off ? fouled okay

f alse 1.3 f alse off ? okay okay

f alse 5.2 f alse off okay okay okay

t rue 4.1 t rue bright ? okay okay

t rue 2.7 ? bright ? wide okay
? ? t rue bright ? fouled okay

f alse 1.7 t rue off okay okay okay

t rue 29 t rue bright ? ? ?

5.2 Casesets

Alter
?
?
okay
?
?
?
okay
?

BatVolt
dead
dead
dead
strong
strong
5

dead
strong

Dist
?

?
okay
okay
okay
okay
?

6kay

PlugVolt  Timing
5

none
none
strong
Y

strong
none
strong

good
bad

good
?

Qood

good
?

Netica has a very powerful abstract class calledseset It represents a set of caseattmay be in a
database, in memory or in a disk file (in any of a number of formats). You use the same functions to

operate on casesets no matter where they are or in what format they are.

To make a caseset, you first create an empty one with:

caseset_cs* NewCaseset_cs (const char* name, environ_ns* env);

Then you add cases to the caseset.

If you want them to come from a database, you use

AddDBCasesToCaseset_cs , as described in the next sectioAlternatvely, you can add cases from

text file of casesn the formatdescribed in the previous sectiorYou first create astream_ns

refers to tle file, usingNewFileStream_ns

that

If you are creating the case file dynamically, it is probably

n
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much more effiient to just create it in a memory buffer, and create ¢heam_ns with
NewMemoryStream_ns instead. Then you add the cases within it to the cassse}

void AddFileToCaseset_cs (caseset_cs* cases, const stream_ns* file, dou ble degree, const
char* control);

With the current version of Netica, you can only add cases to a caseset once.

You can write all the cases in a casesetfitz avith:

void WriteCaseset_cs (const caseset_cs* cases, stream_ns* file, const char* control);

That can be used to extract the cases from a database, and then write them out to a text file.

You can use@.earnCPTs_bn to learn the conditional probability tables of a Bayes net from a caasset,
described in the Learning chapter. Future versions of Netica will have many more operations available
for casesets.

When you are done with the caseset, call:

void DeleteCaseset_cs (caseset_cs* cases);

5.3 Connecting with a Datalase

Netica can connect with a database (such asctieated byMicrosoft SQL Server, Microsoff\ccess,
MySQL or Oracle), and use the data in it to create a casheatlearn a Bayes net, eteirst you create
a database managetbfngr_c3, using:

dbmgr_cs* NewDBM anage r_cs (const ¢ har* connect_str, const char* control, environ_ns* env);

The connection stringcpnnect_str ) has information on théle location of thedatabasgthe driver to
use (depending on whether MySQL, MS Access, &y password required to access the dataledse
as described in the HTML documentation for KeevDBMnage r_cs function.

Now that you have the database manager, you can use it to execute whatever SQL commands you would
like on the databasesing:

void ExecuteDBSql_cs (dbmg r_cs* dbmgr, const char* sql_cmnd);

If you wish to transfer all the findings currently entered into a Bayes net as a new record of the database,
use:
void InsertFindingsintoDB_bn (dbmgr_cs* dbmgr, const nodelist_bn* nodes, co nst char*
column_names, const char* tables);
To use the database with Netica functions such as learning from data, you create a caseset from it with:
AddDBCasesToCaseset_cs (caseset_cs* , dbmgr_cs* dbmgr, const char* node_names , const char*
column_names, const char* tables, const char* condition);
When you are done with the database manager, call:
void DeleteDBM anage r_cs (dbmgr_cs* dbmgr);
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Here is an example program to learn BayesGfeT tables from alatabase. For more explanation on
|l earning, see the next chapter, and especially a
Learningo section.

dbmgr_ cs *dbmgr =

NewDBMnager _cs ( "driver=Microsoft Access Driver (*.mdb); dbg=. \'\ myDB.mdb; UID=dbal;",
"pooling” , env);
caseset_cs* cases = NewCaseset _cs ("TestDBCases" , env);

AddDBCasesToCaseset_cs (cases, dbmgr,
"Gender, Height, OwnsHouse, NumDogs"
"gender , height, \"Owns a house \", \"Numberofdogs \",
NULL, /Il since the database has only one table
"Owns a house' = 'yes™);

net_bn* net =NewNet_bn (" TestDB", env);

... Put code to a dd nodes and links to net here
/I You could use AddNodesFromDB_bn

const nodelist_bn* nodes = GetNetNodes_bn (net);

learner_bn* learner = NewLearner_bn ( COUNTINGLEARNING, env);
LearnCPTs_bn ( learner, nodes, cases, 1.0);

DeleteLearner_bn (learner);

DeleteCaseset_cs (cases);

DeleteDBM anager _cs (dbmgr);

54  Case Files with Uncertain Findings

The case files discussed so far hardy had values thatvere completely certain (or completely
missing. But Netica canalso create and readase files havingalues that are known with limited
accuracy, or only known to within some likelihoodn fact, Netica has a very elegant, practical and
powerful way of expressing uncertain findingaown as the U¥ file format

When Netica reads in a @asontaining uncertain findings (for example,kgadNetFindings_bn ), it

will enter them ito the Bayes net dgkelihood findings, so anyprobabilisticinference, node absorption,
sensitivity analysis etc. will properly accounfor them. Also, the operations on case files, such as
learning from cases, test net with cases and process casespikilproperly on case files containing
uncertain values. When learning freamchcasessomelearning algorithmsvill work better than others
For more informatioron that and an examplef working with case files having uncertain findings, see
t h EM dnd Gradient Descent Learning s e io the nexth chapter

Below is a list of the different types of uncertain findings, their syntax in the case file, and what they
mean. Each type of uncertain finding can appear anywhere in a caswltigee aregularfinding
normally would. For examplea UVF file could be a regulaase file(as described in earlier sections),

CSV file, or tab delimited text file, but with some of the values replaced with entries having the syntax
described below.
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Gaussian

Syntax: m+- s m and s areealnumbers

Examples: 5+-2 3.27+ -0.03 0+-le-5

ThisisforaGaussi an (al so known as @ nomisthelmegnargisthe | i hood

standarddeviation. Note that tme cannot be any spadeefore or after the + The uncertainties in
measurements from lab instruments polling results,are often expressed with a #otation, and
indicate a Gaussian distribution, so they can now be easily infp Netica (although sometimes they
may mean an interval dibution, as described below).

Interval
Syntax: [a, b] a and b are real numbers, state names or state indexesigd by #
Examples: [0, 10] [-3,2.27] [lo, med] [#1, #3]

Indicates the finding is known to be within the two endpoirfthere may be spaces before or after the
comma or brackets. Intervals of states include both endpoints, so [lo, med] inclieedostened and

any states between. Intervals of numbers include the lower endpoint, but not the upper endpoint, so [0,
10]f or vari abl e X Likekhaod within the inervad is sonstian;.outside the interval it is
zero.

UnboundedInterval

Syntax: >m or <m m is arealnumber, state name or state inge®ceded by #
Examples: >4.75 <-10 <med >H2

Indicates that the finding is above a certain value, or below a certain véilsen m is a state, the
interval includes the endpoint; when it is a real number, the intétgkides the endpoint only for
intervals (so> is reallyQ). The interval can potentially extend to infinity, but in practice will probably be
limited by known maximum values for the variable. Likelihood within the interval is constant; outside
the interval it is zero.



C VERSION 4.18 NETICA AP 43

Set of Possibilities

Syntax: {si,s 2, €.}s each sis a state name, state index preceded, fyaussian, interval
or unbounded interval

Examples: {lo, med} {red, blue, green} {#5, #7, #1}
{[0,3. 5], [4.5, 10]} {[#35,#122] , >#500}

Indicates the finding is known to be one of a listed set of possibilifibere may be spaces before or
after the comma or bracketsThe finding can be considered to be a disjunction of the elements.
Likelihood of elements in the set is one, of those not in the set is zero.

Set of Impossibilities

Syntax: ~{s1, S 2 € .} S each si is a state name, state index pretdme#, interval or
unbounded interval

Examples: ~{lo} ~{red, blue, green} ~{#5, #7, #1}
~{[0, 3.5]}

Indicates the finding is known twot be any of a listed set of possibilitie$here may be spaces before

or after the comma or braces, but not betwéentifde (~) and the brace. This is the same as "Set of
Possibilities" except the "possible" states are those that are not listed, rather than those that are listed.
The likelihood of elements in the set is zero; of those not in the set, it is one.

A negtive finding can be represented easily by just listing the state(s) eliminated by the observation.

Likelihood

Syntax: {s1pS 2 p2» €, P} each sis a state name, statedex preceded by,
Gaussian, interval or unbounded interval. Eaclis @
number between 0 and 1. Somenpy be absent.

Examples: {female .8, male .3} {3+-10.2,7+ -20.4}

{[0,3.5] .05, [3.5,10] 0.1, other 0.5}

This is the same as a set of posdik#i, but each possibility is weighted with a likelihood that appears
after it (separated by a single space). The most common kind of likelihood vectors are for discrete
variables, where each state is listed, followed by its probability. Any statesppatr without a
probability have a likelihood of 1, and any states that don't appear at all have a likelihood of 0.
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Arbitrary likelihood distributions for continuous variables can be formed by a series of adjacent intervals,
each with its own probabilityOr the elements can overlap, and then their likelihoods are combined. For
example {[0,10]1, [2,4].2} would be the combination of a rect function extending from 0 to 10 with
height 0.1, and another rect from 2 to 4 with a height of 0.2.

Another ugful distribution that is easy to form is the weighted combination of Gaussians. For example
{3+-10.2,7+20.4} is a bimodal distribution with peaks at 3 and 7.

It is possible to mix weighted Gaussians, intervals, and discrete states within & singlikelihood
vector.

Negative Likelihood

Syntax: ~{s1 P, S 2 P2 € n Pn} eachs is a state name, state index preceded by #,
interval, or unboundednterval. Eachp; is a positive
number. Some, may be absent.

Examples: ~{red, green, teal .2, olive .8}
~{02] 4, [26] .2}

The same as a set of impossibilities, but each entry is weighted with a likelihood, which appears after it.
If no number apears after it, its likelihood is 0. Entries that have numbers above 1 are indicated to be
more probable than those not listed, and entries with numbers below 1 are less probable than the unlisted
ones (unlisted entries have a likelihood of 1).

Complete Lhcertainty

Syntax: ? [i.e. thesyntax is just aguestion mark

If nothing is known regarding the value of this variable (i.e. missing data), thent@oogueark ? or an
asterisk * should be used to indicate that. Itis equivalentto ~{} which is a likelihood of all ones.
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6 Learning From CaseData

Bayes net learnings the process adutomaticallydetermining aepresentativayes net given data in

the form of casefcalled thetraining caseks Each case represents an example, event, object or situation
in the world (presumably that exists or lmzurred), andhe casesupplies values for a set of variables
which describes the event, object,, etsspecifiedin the previous chapterEach variable will become a
node in the learned net (unlgssuwart to ignore some of them), and the possiblees of that variable

wi || become the nodeds states.

The learned net can be used to analyze a newwddish comes from the same (or appropriately similar)

world as thetraining casesdid. Typically thenew case will provide values for ongome of the

variables. These are entered as findings, and Metita doesprobabilistic inference to determine

beliefs for the values of the rest of the variables for that case. Sometinaenitenterested in values

for all the rest of the variables, but only some of them, and we call the nodes that correspond to these
variablesquery nodes If the links of the net correspond to a causal structure, and the query nodes are
ancestors of theaodes with findings, then you could say that the net has learned to do diagnosis. If the
guery nodes are descendants, then the net has learned to do prediction, and if the query node corresponds
to a "class" variable, then the net has learned to do fitasigin. Of course the same net could do all

three, even at the same time.

The Bayes net learning task has traditionally been divided timtoparts: structure learning and
parameter learning.Structure learningdetermines the dependence and independence of variables and
suggests a direction of causation, in other words, the placement of the links in thPamaimeter
learning determines the coittbnal probabilitytable (CPT)at each node, given the link structures and

the data. Currently Netica only does parameter learning (i.e., you link up the nodes before learning
begins). However, you can use Netica to do structure learning/mityng your own small program that

tests a number of candidate link structures to find the best one. You write a function which searches
through some candidatéink structures that are plausible and practical in your domain, perhaps also
adding trial latent variabte For eaclstructureyou useN e t i parandetetearning functions described
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in this chapter, then test the resulting net witle t i mettésing functions also described in this
chapter. The net that scores the highest (perhaps penalized for ctyhdekie best structure.

You might not want Netica to learn the CPTs of all the nodes in your Bayes net. Some of the nodes may
have CPTs that have already been learned well, were created manually by an expert, or are based on
theoretical knowledge of éhproblem at hand (perhaps expressed by an equation). Netica allows you to
restrict the learning process to a subset of the nodes, and those nodes are dadedrigenodes

If every case supplies a value with certainty for eafcthe variables, then the learning process is greatly
simplified. If not, there are varying degrees of partial information:

1. If there is a variable for which none of the cases have any information, that variable is known as
alatent variableo r A h ird daebnl evoa.

2.1 f some cases have values for a cenisdingdata vari ab
3. Some values for variables may not be given with certaimtyyonly adikelihood findings

It may seem strange to be learning a net thatldtast variables, since none of the training cases have

any information on them You introduce datent variableas a parent node (or intermediate node) of

multiple child nodes, and Net uses the correlations among the children to determine relationships
between the latent node with others. The result may be a Bayes nistdabatally simpler (has fewer

CPT entries), and generalizes befiez. performs better on new cases sedfjr an example of using
Netica to learn a | atent var iedmplescfoldereotthetNetea AL ear |
Application distribution, or get it from the Norsys net library.

6.1 Algorithms

There are three main types of algorithms that Netica can use to learn CPTs: counting, expectation
maxi mi zation (EM) and gradi ent arthefastest argsimplest@id t he t
should be used whewmerit can. It can be used whenever there is not much missingatatacertain

findings for the learning nodes or their parent8Vhen learning the CPT of a notg counting, Netica

will only use thoseases which supplyalues of certaintyfor the node and all of its parents. Obviously,

if any of those are latent nodes, counting will not work.

I f you candt wuse count i noggradiegnhdesecenty Boueachamplicatiensarea, EM |
it is usually best to try each ot@see which giesthe better results. Generally speaking, EM learning is
more robust (i.e. gives good results in wide variety of situations), but sometimes gradient desce
faster.For all three algorithms, the order of the <cas
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During Bayes net learning, we are trying to find thaximum likelihoodBayes net, which is the nthat

is the most likely given the data. If N is the net and D is the data, we are looking for the N which gives
the highest P(N|D)Using Bayes rule, P(N|D) = P(D|N) P(N) / P(D). Since P(D) will be the same for all
the candidate nets, we are trying nmximize P(D|N) P(N), which is the same as maximizing its
logarithm: log(P(D|N)) + log(P(N)) Below we consider each of the two terms of this equation. The
more data you have, the maneportantthe first term will be compared to the second.

There are different approaches to dealing with the seconddag(f(N)), which is the prior probability

of each net (i.e. how likely you think each net is before seeing any data). One approach is to say that
each net is equallykely, in which casehe termcan simply be ignored, since it will contribute the same
amount for each candidate n&nother is to penalize complex nets by saying they are less (ikkigh

is of more value when doing structure learningyetica basethe prior probability of each net on the
experience and probability tables that exist in the net before learning wtaids appears to be a unique

and elegant approacHf the net has not been given any such tables, then Netica considers all candidate
nets equally likely before seeing any data.

The first termlog(P(DIN))i s known dog likelihoed, nifethe GdataD consists of then
independent cases,ah, &, thdn the log likelihood is: log(P(D|N)) = log(Ri(d) P(dl] N) ¢N)P ( d

= log(RdyN)) + log(P(d] N) ) + € |Ny). Eaochof tie(lod(P(tN)) terms is easy to calculate,
since the case is simply entered into the net
determine the probability of the findings.

Both EM and gradient descent learning work by an iterative process, in which Netica starts with a
candidate net, reports its log likelihood, then processes the entire case set with it to find a better net. By
the nature of each algthm the log likelihood of the new net is always as good as or better than the
previous. That process is repeated until the log likelihood numbers are no longer improving enough
(according to a tolerance that you can specify), or the desired nhumbenatibits has been reached (also

a quantity you can specify)Netica uses a conjugate gradient descent, which performs much better than
simple gradient descent.

To understandiow each algorithm works, it is best to consult a reference, sukkbrag&Nicholson04,
Russell&Norvig95 or Neapolitan04Briefly, EM learningrepeatedlytakes eéBayes netind uses it to find

a better ondy doingan expectation (E) stedpllowed bya maxmization (M) step.In the E step, it uses

regular Bayes net inference with tbeisting Bayes net to computiee expected value @il the missing

datg and then the M step finds the xitraum likelihood Bayes net given the now extended data (i.e.
original data plus expected value of missing datajadient descent learning searches the space of Bayes

net parameters by using the negative log likelihood as an objective function it is trying to minimize.
Given a Bayes net, it can find a better one by usiageB net inference to calculate the direction of
steepest gradient to know how to change the parameters (i.e. CPTs) to go in the steepest direction of the
gradient (i.e. maximum improvement). Actually, it uses a much more efficient approach than always
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taki ng the steepest pat h, by taking i ntaeonugatec ount
gradient descentBoth algorithms can get stuck in local minima, but in actual practice do quite well,
especially the EM algorithm.

Most neural network learning algorithms (such as backpropagation and its improvements) are gradient
descent algorithmsThat invites a comparisdmetween Bayes net learning and neural net learning, with
latent variables corresponding to hidden neurdnsthe case of Bayes net learning, there are generally
fewer hidden nodes, the learned relationships between the nodes are generally more deenasuit t

of the learning has a direct physical interpretation (by probability theory) rather than just beirigdxack

type weights, and the result of the learning is more modular (parts can be separated off and combined
with other learned structures).

6.2 Experience

There has been considerable controversy over the best way to represetdintyc with some of the
suggestions being probability, fuzzy logic, belief functions, Demy&itafer, etc. Currently probability

and fuzzy logic are the most practical methods. Of these two, probability has a much sounder theoretical
basis (at leastith respect to the way they are actually used). However, a deficiency onasitigg but
probability is the inability to represent ignorance in an easy way.

As an example, suppose you had to draw a ball from a bag follhci and white balls and you couldn't

tell how many white balls and how many black balls there were in the bag. If you had to supply a
probability that you were going to draw a white ball, it would be 0.5 providing you had no additional
information.

Contast this with the case where you can count the balls in the bag beforehand (there are 10 of each),
and you will shake the bag before you draw. In this situation the probability of drawing a white ball is
0.5, but whereas in the first case you were itaef ignorance, now you feel much more 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 should betiéeet as

if there was an equal chance of drawing a white or a black ball. So the concept of experience is not
required for these types of problems, and you do not have to be able to represent ignorance (ignorance is
the endpoint of the experience spaot). However, for learning and communicating knowledge, it is
useful to be able to represent the degree of experience as well as the probability, as we shall see.

If you are going to sequentially draw a number of balls from the bag, then things arendlifféf you
drew 4 white balls in a row, then in the first situation your probability that the next ball will be white
should be greater than 0.5, because you are learning (perhaps incorrectly) that there seem to be a lot of
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white balls. In the secondtsation your probability of the next ball being white should be less than 0.5,
because you know that now there are more black than white balls in the bag (10 black and 6 white).

One way to handle this using just probdigs is to keep track of your beliefs about the ratio of white 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 sygpheaility that the next

ball drawn will be white, they will all be involved in the calculation. This is sometimes csdlenhd

order probabilities but here it is really just a probability distribution over possible ratios. If you
discretized the po#de ratios then it would be easy to set up a Bayes net for this, with the ratio being one
of its nodes. That approach works fine for this simple problem, but you can imagine that if you had
many interrelate variables, that it could become tamabersome

If during the learning we consider the conditional probabilities being learned to be independent of each
other, and theprior distribution to be Diriclet, then we can use beta functions to represent the
distributions over "probabilities”. Each beta function requires 2 parameters to be fully specified, and
Netica uses a probability number and an experience number. This wayalyasian learning of the
probabilities is easy to do, since it is easy to express how the beta function should change to account for a
new case (i.e., it is easy to find the posterior beta function, given the prior one and the case). In fact, that
is wha 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 the parent
nodes, and with it a vector of proligties (one probability for each state of the node). The experience

level corresponds roughly to the number of cases that have been seen (normally it is 1 more than the

number of cases). This experience has sometimes been called the "estimated satmmié'ess”. To

save space, Netica doesn't store experience numbers for nodes that haven't been involved in any learning
and haven't had a manual entry of experience.

6.3 Counting Learning

Before learning begins (providing there has been no previousirigaor entry of probabilities by an
expert) the net starts off in a state of ignorance. All probabilities start asrandod experience starts

off as the number of states of the node (which is like a single 1 in each unnormalized CPIT yell)

would rather that it started from some different value, then youusaisetNodeExperience_bn  to
initialize the experience values before learning starts, but then you must also initialize the CPTs to
uniform. A different way is t@pply a simple correctioat the end of the learning, which does the same
as Net i ca TapeVl Hadentfuncton.d0 s

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 probabilities
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modified (i.e., no missing data for that node). Each of these nodes are modified as follows. Only the
single experience number, and the single probwbilédctor, for the parent configuration which is
consistent with the case is modified. The new experience number (exper’) is found from the old (exper)

by:
exper' = exper tHegree

wheredegree is the multiplicity of the case (passed to the learning routitieis normally 1, but is
included so that you can make it 2 to learn two identical cases at ortépdunlearn™ a case, etc.

Within the probability vector, the probability for the node state that is consistent with the case is changed
from proly to proly' as follows:

probe' = (proly * exper +degree ) / exper'
The other probabilities in that vector are changed by:
proly' = (proh * exper) / exper'

which will keep the vector normalized (exper' and exper act as the new and old normalization factors).

64 How To Do Counting-Learning

There are two ways o countinglearningfrom cases: singly (orley-one) or in batch mode.

Here is how you learn from a single case. If the case is not already in the Bayes net, yointmtiei

net as findings (see the "Findings and Cases" chapter). RdwseCPTsByFindings_bn is called

with a list of nodes. Nodes ngpresent in the list passedll not have their probabilities revised, so
normally it will be a list of all the nodem the net. Nodes in the list for which the case provides
sufficient data will have their probabilities revised a small amount to account for the case, and their
experience levels increased slightly as well.

The batch modevay of revising probabilities does exactly the same thing as thbyore way, but for

a whole file of cases at once. You dRilviseCPTsByCaseFile_bn  with the file and the same list of
nodes as before, and it does the same thing as thlkeyame metod for each of the cases in the file,
only much more efficiently than if you were to read in the cases-bpimme and call
ReviseCPTsByFindings_bn each time. See the "Findings and Cases" chapter for more information on
creating a file of cases.

If the cae file has a node value that doesn't correspond to any state of that node in the net (e.g. the states
of net node ‘color' are 'red' and 'green’, and the value for color in the case file is 'blue’), then an error will
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be generated. An exception to thisfiene of the states of the net node is called "other". Then the case
will be read without error, and the finding for the node will be 'other'.

6.5 Example of Counting-Learning

The program below, LearnCPTs.c, will demonstrate learning from cases. @framprcan be found in
theexamples_¢directory of your NeticaC distribution. The program operates by first reading from file

a very simple example net (the net that was constructed in the "Building and Saving Nets" chapter), and
then duplicates it by nking a new net and duplicating all the nodes into it. Next it removes the

probabilities and experience from the duplicated nodes DdthteNodeTables bn . The idea is to
relearn approximations of t hOhesClincecasod atbhdti twe sc hbega
t he | ast chapter, AFindings and Caseso. I n ef f e

ChestClinicdne, but no probabilities and experience (since they were deleted), and then using a set of
cases that match the probabilitistribution of that net, we will learn a net that should have a similar
probability distribution. Of course, the more samples that are in the case file, the better the
approximation to the original net.

The program reads all the cases with a singleuosan:

ReviseCPTsByCaseFile_bn (casefile, learned_nodes, 0, 1.0);

If instead we wanted to examine each case, say to exclude outliers, perform calculations on them, or
otherwise maodify them, we could have looped through the case file, entering eadhdiisga dnd used
the instruction

ReviseCPTsByFindings_bn (learned_nodes, 0, 1.0);

to incrementally adjust the CPTs. The comment section at the bottom of LearnCPTs.c shows you how to
use this alternate approach.

Finally, the program concludes by saving tteav net 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
more similar the learned net will be to the original. Of course, in a real apmiidatre would be no

point in relearning a net which already existed; you would use a case file that had real cases in it. But

this demonstration is good to show that the new net comes out similar to the old.

/~k
LearnCPTs.c

*
*
* Exa mple use of Netica - C API for learning the CPTs of a Bayes net
* from a file of cases.

*/

#include  <stdio.h>
#include  <stdlib.h>
#include  "Netica.h"
#include "NeticaEx.h"
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#define CHKERR {if (GetError_ns (env, ERROR_ERR, NULL)) goto error;}

environ_n s*env;

, env,

int  main ( void X
net_bn *orig_net = NULL, *learned_net = NULL;
const nodelist_bn* orig_nodes;
nodelist_bn* learned_nodes = NULL;
int  numnodes;
stream_ns* casefile;
char mesg[MESG_LEN_ns];
int i, res;
report_ns* err;
env = NewNeticaEnvir on_ns (NULL, NULL, NULL);
res = InitNetica2_bn (env, mesg);
printf ( "%s\ n", mesq);
if (res< 0) exit( -1);
/* Read in the net created by the BuildNet.c example program */
orig_net = ReadNet_bn ( NewFileStream_ns ( "Data Files  \\ ChestClinic.dne" , env, NULL),
NO_VISUAL_INFO);
orig_nodes = GetNetNodes_bn (orig_net);
SetNetAutoUpdate_bn (orig_net, 0);
CHKERR
learned_net = NewNet_bn ( "Learned_ChestClinic" , env);
learned_nodes = CopyNodes_bn (orig_nodes, learned_net, NULL);
numnodes = LengthNodeList_ bn (learned_nodes);
/* Remove CPTables of nodes in learned_net, so new ones can be learned. */
for (i= O; i<numnodes; ++i)
DeleteNodeTables_bn (NthNode_bn (learned_nodes, i));
CHKERR
/* Read in the case file created by the the SimulateCases.c
example program, and learn new CPTables. */
casefile = NewFileStream_ns ( "Data Files \'\ ChestClinic.cas" , env, NULL);
ReviseCPTsByCaseFile_bn (casefile, learned_nodes, 0, 1.0);
WriteNet_bn (learned_net, NewFileStream_ns ( "Data Files  \\ Learned_ChestC linic.dne"
NULL));
CHKERR
end:
DeleteNodeList_bn (learned_nodes);
DeleteNet_bn (orig_net);
DeleteNet_bn (learned_net);
res= CloseNetica_bn (env, mesg);
printf ( "%s\ n" , mesq);
return  (res< 0 ? -1 : 0);
error:
err = GetError_ns (env, ERROR_ ERR, NULL);
fprintf (stderr, "LearnCPTSs: Error %d %s \n",
ErrorNumber_ns (err), ErrorMessage_ns (err));
goto end;
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[* = == == == == == ===
* This alternate way can replace the ReviseCPTsByCaseFile_ bn
* line above, if you need to filter or adjust individual cases.

case_posn = FIRST_CASE;

while(1){
RetractNetFindings_bn (learned_net);
ReadNetFindings _bn (&case_posn, casefile, learned_nodes, NULL, NULL);
if (case_posn == NO_MORE_CASES) bre ak;
ReviseCPTsByFindings_bn (learned_nodes, 0, 1.0);
case_posn = NEXT_CASE;
CHKERR

== === —== —== === === */

6.6 EM and Gradient DescentLearning

As described in the @Al gdearninghshosid be dene whewo possiald o v e ,
because it is much faster and simpler, but in cases where there is a substantial amaoattan

findings, missing data or even variables for which there are no observations (!), EM or gradient descent
learning @an do amazing things. If you are unfamiliar with the nature of these learning algorithms, you

may first want to experiment with them on your data a little using Netica Application, and read its
onscreen help about EM learning. The below method can ik use o0 do any of Netic
algorithms.

First you create earner_bn by calling

learner_bn* NewLearner_bn (learn_method_bn method, const char* info, environ_ns* env);

passing formethod the algorithm you wish to use (omé COUNING_LEARNING EM_LEARNING or
GRADIENT_DESCENT_LEARNING

If you are doing EM learning or gradient descent learning, then if you wish you can adjust the stopping
conditions with:

int SetLearnerMaxIte rs_bn (learner_bn* algo, int max_iters);

double SetLearnerMaxTol_bn (learner_bn* algo, double log_likeli_tol);

Finally, you perform the learning with:
void LearnCPTs_bn (learner_bn* algo, const nodelist_bn* nodes, const caseset_cs*
case s, double degree);
by passing in the nodes whose CPTs you wish to modify, the datazassat cs (see the previous
chapter for instructions on creatingcaseset cs ), and the degree, which is a multiplier for the
frequency of the cases (edggree =3 means act as if every case in the caseset appeared 3 times).

When you are done with thearner_bn , call:

void DeleteLearner_bn (learner_bn* algo);
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Here is a small code examplé: f or anot her, see 0 Co nprewicus chaper) wi t h

stream_ns* netfile = NewFileStream_ns ("ParameterlessNet.dne", env, NULL);
stream_ns* datafile = NewFileStream_ns ("Data.cas", env, NULL);

net_bn* net = ReadNet_bn ( net file , NOVISUAL_INFO);
const nodelist_bn* nodes GetNetNodes_bn (net);

caseset_cs* cases NewCaseset_cs ( NULL, env);
learner_bn* learner = NewLearner_bn (EM_LEARNING, NULL, env);
SetlLearnerMaxTol_bn (learner, 1e -5);

AddFileToCaseset _cs (case s, datafile, 1.0 , NULL );

LearnCPTs_bn (learner, nodes, cases, 1.0);
DeleteLearner_bn (learner);
DeleteCaseset_ cs (cases);
DeleteStream_ns ( data file);
DeleteStream_ns (netffile);

6.7 Fading

When a Bayes net is supposed to capture relationships between variables in a world which is constantly
changing, it is useful to treat more recent cases with a higher weight than older ones. An example might
be an adaptive Bayaset which is constantly receiving new cases and doing inferences while it slowly
changes to match a changing world.

Netica achieves this partial forgetting of the past by udimging Every so often you call
FadeCPTable_bn , passing it a node anddagree between 0 and 1, and it will reduce the experience

and smooth the probabilities of the node by an amount dictated by the degree. A degree of 0 has no
effect, while a degree of 1 does complete forgetting, resulting in uniform distributions with no
experiece. CallingFadeCPTable_bn once withdegree =1 - a, and again withlegree =1 -b, is
equivalent to a single call wittegree =1 - ab.

During fading, each of the probabilities in the node's conditional probability table is modified as follows
(where prob an@xper are the old values of probability and experience, and prob' and exper' are the new
values):

prob' = normalize (prob * exper * (ldegree ) + degree * BaseExper)

where BaseExper is normally 1. exper' is obtained as the normalization factor from above (remember
that there is one experience number per vector of probabilities). So:

prob' * exper' = prob * exper * (ddegree ) + degree * BaseExper

When learning in a changing environment, you would normallyrzaleCPTable_bn every once in a

while so that what has been recently learned is more strongly weighted than what was learned long ago.
If an occurrence time for each case is knoamg the cases are learned sequentially through time, then
the amount of fading to be done islegree =1-rAt whereAt is the amount of time since the last

fading was done, and r is a number less than, but close to, 1 and depends on the unitsndftione a

a
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quickly the environment is changing. Different nodes may require different values of r. See the example
in the description ofadeCPTable_bn in the "Function Reference" chapter.

6.8 PerformanceTesting a Net using ReaWorld Data

After you have built a Bayes net, either by hand based on the judgments of an expert, or automatically by
learning it from data, you may want to test how effective. That can be doney using a set of cases
gathered from the reaforld or from the environment in which the net will be useédou should use a
different data set than was used to build the Bayes net, otherwise your ngtomayoo highsinceit

will probably test slightly better on the training set than other setsommon approach when learning a
Bayes net from data, & thebeginningto set aside a certain percentage of the (well shuffled) cases to be
used for later testingThese ar&nown as thdestcasey or At eas dppoded to #téaining cases

(or Atraining datao)

The first step is to identiffhe variabkes (i.e. nodesthatNet i ca wondét know t he val
f

usage of the net. For exampl e, [ the net is to
know the value of the class variable. If the net is to be used for predictioN#dni ca wonodét kno
values of the wvariables that are yet to occur in

know what the actual faults internal stateare during the diagnosis. The variables (i.e. nodes) that will
not be known dring usage are called th@observed nodes

The next step is to choose which of the wunobseryv
These are the nodes that statistics will be generated for, and are catkst thdes

In the code, you first calNewNetTester_bn , passing in a list of the test nodes. If there are some
unobser ved n amalsin thdesh nodes, yoa padstin a list of them asutiwbsv_nodes
argurent (which can also includeny ofthe test nodes if you waitit makes no differencsince Netica

will take as the unobserved nodes the union of the twg.lists

Then you callTestwith Caseset _bn, passing in the case file contaigithe realworld data. Netica

will go through the case file, processing the casesbgrane. Netica first reads ia case, except for
findings for the unobserved nodes. It then does belief updating to generate beliefs for eadesif the
nodes, and clo&s those beliefs against the true value for those nodes as supplied by the case file (if they
are supplied for that case). It accumulates all the comparisons into summary stdfisticswant you

can callTestwith Caseset _bn several times with differd files to generate statistics for the combined
data set.

Finally, you call functions to retrieve the actymdrformancestatistics you desireYou can obtain the
error ratewith GetTestErrorRate_bn , the logarithmic loss witleetTestLogLoss_bn , the quadratic
loss withGetTestQuadraticLoss_bn and the whole confusion matrix withetTestConfusion_bn
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Be sure to see the function documentation fotheafcthese functions, andewNetTester_bn
TestWith Caseset _bn, for more details on the whole procesalso, you can contact Norsys for a

document with more information on what the various measures mean.

Here is someexample progranthat rates the toy Bayes netCh e st €loi niecsd,

and

tnbde

fiCanc

diagnosisassuming that the other disease nodes (Tuberculosis, Bronchitis, TbOrCa) are also unobserved

nodes
/*
* NetTester.c

*

* Example use of Netica

- C API for testing the performance of

* a learned net with the net tester tool.

*/

#include  <stdio.h>
#include  <stdlib.h>
#include  "Netic a.h"
#include  "NeticaEx.h"
#define CHKERR {if

environ_ns* env;

int  main ( void ){
net_bn *net = NULL;

(GetError_ns (env, ERROR_ERR, NULL))

nodelist_bn *test nodes = NULL, *unobsv_nodes = NULL;

node_bn *VisitAsia, *Tuberculosis, *Smoking,

*Dyspnea,;

tester_bn* tester = NULL;

goto error;}

*Cancer, *TbOrCa, *XRay, *Bronchitis,

stream_ns* casefile = NULL;
caseset_cs* caseset = NULL;
char mesg[MESG_LEN_ns];
int res;

report_ns* err;

env = NewNeticaEnviron_ns (NULL, NULL, NULL);

res = InitNetica2_bn (env, mesg);

printf ( "%s\ n" , mesQ);

if (res< 0) exit( -1);

CHKERR

net = ReadNet_bn (NewFileStream_ns ( "Data Files
NO_VISUAL_INFO);

test_nodes = NewNodeList2_bn ( 0, net);

unobsv_nodes = NewNodeList2_bn ( 0, net);

VisitAsia = NodeNamed_bn ( "VisitAsia" , het);

Tuberculosis = NodeNamed_bn ( "Tuberculosis" , het);

Cancer = NodeNamed_bn ( "Cancer" , net);

Smoking = NodeNamed_bn ( "Smoking" , net);

TbOrCa = NodeNamed_bn ( "TbOrCa" , net);

XRay =N odeNamed_bn ( "XRay" , net);

Dyspnea = NodeNamed_bn ( "Dyspnea” , net);

Bronchitis = NodeNamed_bn (

CHKERR

"Bronchitis" , het);

/I The observed nodes are the factors known during diagnosis:
AddNodeTolist_bn (Cancer, test_nodes, LAST_ENTRY);

\'\ ChestClinic.dne"

, env, NULL),
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/l The  unobserved nodes are the factors not known during diagnosis:
AddNodeToList_bn (Bronchitis, unobsv_nodes, LAST_ENTRY);
AddNodeTolist_bn (Tuberculosis, unobsv_nodes, LAST_ENTRY);
AddNodeToList_bn (TbOrCa, unobsv_nodes, LAST_ENTRY);

RetractNetFi  ndings_bn (net); I IMPORTANT: Otherwise any findings will be part of tests
CompileNet_bn (net);

CHKERR

tester = NewNetTester_bn (test_nodes, unobsv_nodes, -1);

CHKERR

casefile = NewFileStream_ns ( "Data Files \'\ ChestClinic.cas" , env, NULL);
caseset = NewCaseset_cs( "ChestClinicCases" , env);

AddFileToCaseset_cs (caseset, casefile, 1.0 , NULL);

TestWithCaseset_bn (tester, caseset);

CHKERR

PrintConfusionMatrix (tester, Cancer); /* defined in NeticaEx.c */

printf ( "Error rate for %s = %g %% \' n\ n", GetNodeName_bn (Cancer),
GetTestErrorRate_bn (tester, Cancer) * 100.0 );

printf ( "Logarithmic loss for %s = %.49g \ n\ n", GetNodeName_bn (Cancer),
GetTestLogLoss_bn (tester, Cancer));

CHKERR

end:
DeleteCaseset_cs (caseset);
DeleteStream_ns (casefi le);
DeleteNetTester_bn (tester);
DeleteNodeList_bn (test_nodes);
DeleteNodeList_bn (unobsv_nodes);
DeleteNet_bn (net);
CHKERR
res= CloseNetica_bn (env, mesg);
printf ( "%s\ n" , mesq);
return (res< 0 ? -1 : 0);

error:
err = GetError_ns (env, ERROR _ERR, NULL);
fprintf (stderr, "NetTester: Error %d %s \n",
ErrorNumber_ns (err), ErrorMessage_ns (err));
goto end;
}

And this is the output it produces:

Confusion matrix for Cancer:
Present Absent Actual
6 1 Pre sent
1 192 Absent

Errorrate =1 %

Logarithmic loss = 0.02794

57
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/ Modifying Nets

A common scenario is thatoyu b ve bui |t a Bayes net using Netic
descriedint he #fABui |l di ng a n JandSsaved timedile. \New youwr pragrama pseseNetica

API to read the net file and use it to solve problems. Each of the problems is a little bit differerds and it

not enough to just enter different findingsuymeedt 0 modi fy the net itself. F
like altering the CPT tableadding new states to a ngddanging utilities or converting decision nodes

to nature nodes Or maybe it is a major operatitike taking several net fragmentoin different nets

and stitching them together to make a new net for the particular problem atTaaahapter discusses

some ways to modify a net in place, and then in t
Al i brari es o ookffragment, easd themrr stitchdherw togetion the fly to create models.

Finally it discusses transforms that may be done on a Bayes net to remove nodes or reverse the direction

of links while maintaining the overall probabilistic relationship betweerr¢imaining nodes.

7.1 Common Modifications

Most of the functionsntroduced previouslyor building a Bayes net can also be usednodifyit. For
instance, NewNode_bn and AddLink _bn can introduce new variables or dependencies, and
DeleteNode _bn andDele teLink _bn can remove them.

Almost every property of nets and nodes can be altered. Even decision nodes can be converted to nature
nodes(SetNodeKind_bn ), or vice versa, withoubsingtheir CPT tables or other propertie¥hatcan

be usefulto model situationsvith multiple agents, where the nodes that are the decisions agemg

are nature nodes to the other agerfigst the optimal decisions are found for the first agant then

those decision nodes arenverted to nature nodes when finding the optimal decisions for the next agent.

When adapting a net to a new environment, states can be a#ldéfdodeSt ates_bn ), removed
(RemoveNodeState_bn ), or the order of the states may be chan@f&brderNodeStates_bn ). In
each case the tables of the nodes being changedheardbles otheir children, will be appropriately
modified
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The node tables themselves may be modified. Perhaps CPTs need to be changed based on frequency data
that is calculated externally. Or perhaps the utility tables of utility nodes are modified based on
preferace information about a particular ensger, and then new optimal decisions found. The most
common change to CPT tables is to adjust them to take into acamentlata from the world, and that is

covered in deai | i n t he iLeabnicnhga prébie® may Ge shanged avitha
SetNodeProbs_bn , SetNodeFuncState_bn , SetNodeFuncReal _bn , EquationToTable_bn and
DeleteNodeTables _bn

An advanced program may wish to lay ¢l visual positions of all the nodes, so that when the Bayes
net file is read by Netica Application, they will be displayed in the desired layout. Or perhaps choose
which style to display each node in (e.g. Belief Bars, Labeled Box or Hidden). Thi®fsrio use are:
SetNodeVisPosition_bn andSetNodeVisStyle bn

72 Node Libraries

Often the probabilistic relation between a node and its parents represents a small piece of local
knowledge which may be applicable in a number of different nets to be used in different situations. That
relation may have been learned from data, or enterechl®xpert. Each new net it is placed in captures

the global relations between such local pieces of knowledge, and belief updating combines the local and
global knowledge with the details of some particular case.

For example, suppesthat you made a simple net consisting of a node called Weather connected to a
node called Forecast. The link between them could go either way, since we can't really capture causation
(they are both caused by other variables, like the previous weablérgay you put the link from
weather to forecast because oftert leter to put links from more immutable to less immutable
variables. Each day you revised its probabilities so that eventually it accurately captured the probabilistic
relationship betwen the morning weather forecast and the weather for that day. Then you could put it in

a library to later graft into nets for inference involving the weather and its forecast, such as the decision
problem discussed in the "Decisiblets' chapter.

Weather

instrument_status
X2 flow_rate -

x1 temperature

Forecast
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As another example, suppose you have a device for measuring the flow rate in @hpgsensowill

produce biased readings depending on the ambient temperature, andréataim la few different ways,

each of them producing wrong or inaccurate readings. You can modsrikewith a 4 node net, 1

node for the reading on theensor and 3 parenhodes corresponding to: actual flow rate, ambient
temperature, ansensorstaus (okay, brokenl, broken2, etc.). You enter the probabilistic relationship,

and then you disconnect the node from its parents and place it in a library (so it appears as in the above
diagram; disconnection and grafting are explained below). Latguihave a net to model a situation in

which you have made two measurements with the device, you just duplicate the device characteristics
node from the library twice into the new net, and graft it to the appropriate nodes in that net (see diagram
below). Note that if the ambient temperature could be different between the two measurements, then the
room_temp node would appear as two connected nodes, similar to the flow nodes, and the same goes for
the instrument_status node if the device may have brokémebn measurements. Automating the
process of net construction for new situations is an area of active research, with dynamic Bayes nets,
templates and graph grammars being some of the methods used.

( flow1)

(instrument_statug room_temp

Y
(instru ment2>

Netica makes it easy to maintain libraries of disconnected nodes and subnets. To make a new library,
just useNewNet_bn. Nodes and subnets can be copied to it uSimgyNodes_bn , which can transfer

material from one net to another, and also copies all the links between nodes in a subnet. When a node is
being duplicated, but one of its parents isn't, tlkmpyNodes_bn will give the duplicated node a
disconnected linkvherethat parent was. This is a link which only has a plaaéer for a parent, and is

meant to be reconnected to another node before being used for inference. In this way the conditional
probability relationship that the node had with its parents is nbt [Bise disconnected link is given the

name of the parent it once had if the link is not already named. If you ever want to check whether a link
is disconnected, se&etNodeKind_bn in the Function Reference for a method.

instrumentl

When yar want to use something in the library, you @dbyNodes_bn again, this time to duplicate
from the library into the new net. Then you connect up any disconnected links with
SwitchNodeParent_bn , which will switch out the parent pla¢®lder, and switchi the new parent.
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Below is a code example for the flow measuring instrument described earlier:

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);
instrum ent = NewNode_bn (“instrument”, 0, net);

AddLink_bn (flow, instrument);
AddLink_bn (temp, instrument);
AddLink_bn (broken, instrument);

/I <build probabilistic relation for node ‘instrument’,
/I either by learning from cases, or entry by an expert.>
...

/I The below will put a copy of the ‘instrument' node,
/I disconnected from its parents, into the library.
/I 1ts disconnected link names will be those of the old parents.

libnet = NewNet_bn ("library”, env);
DuplicateNode (instrument, libnet); /I defined in NeticaEx
WriteNet_bn (libnet, NewFileStream_ns  ("Library.dnet", env, NULL));

DeleteNet _bn (net);
DeleteNet _bn (libnet);

Now the library is constructed and saved to file, wigtrumentas the only nodeniit.

At a later session, we use the library to constayginet,an application net in which the instrument is
used to measurfowl andflow2, which are in the same room at the same temperature:

appnet = NewNet_bn ("measure_flows", env);

flowl = NewNode_bn (“flowl", 0, appnet);

flow2 = NewNode_bn (“flow2", 0, appnet);

rtemp = NewNode_bn ("room_temp", 0, appnet);

status = NewNode_bn ("instrument_status", 5, appnet);

/l <Build rest of application net.>

/I <Connect up nodes flowl, flow2, rtemp, and status.>

/I <Add probabilistic relations for flow1, flow2, rtemp, and status.>
...

/I The below will get 2 copies of the instrument node from the library,
/l and put them in the application net.

libnet = ReadNet_bn ( NewFileStream_ns  ("Library.dnet", env), NO_VISUAL_INFO);
instrumentl = DuplicateNode ( GetNodeNamed_bn ("instrument”, libnet), appnet);
instrument2 = DuplicateNode ( GetNodeNamed_bn (“instrument”, libnet), appnet);
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/I The below will graft them to the other nodes in the application net.

SwitchNodeParent_bn ( GetlnputNamed_bn  (“flow_rate", instrumentl), instrumentl, flow1l);

SwitchNodeParent_bn ( GetlnputNamed_bn  (“temperature” , instrumentl), instrumentl, rtemp);
SwitchNodeParent_bn ( GetlnputNamed_bn  (“instrument_status”, instrumentl), instrument1,
status);

SwitchNodeParent_bn ( GetlnputNamed_bn  (“flow_rate", instrument2), instrument2, flow2);
SwitchNodeParent_bn ( GetlnputNam ed_bn (“temperature”, instrument2), instrument2, rtemp);

SwitchNodeParent_bn ( GetlnputNamed_bn  (“instrument_status”, instrument2), instrument2,
status);

Now the application neappnetis ready for probabilistic inference. Perhaps we have positivenfjadi

for the instrument node (i.e. what we read from its dial), and we use them to determine flows and their
uncertainties in a way that properly accounts for random (uncorrelated) and systematic (correlated)
errors, as well as all the background knowledeut the situation.

7.3 Net Reduction

Suppose you have a large net that has been constructed over time by a combination of expert assistance
and probability learning. It shows the relationships between hundifedariables, and contains 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 @sinte you. In every

guery of the new application, four of them will always have the same value. For instance, one of the
nodes in the original net might by Gender, and in the restricted application the net will only be used for
females, so we would léto enter a permanent finding of 'female’ for the node Gender. These nodes are
calledcontext nodes In each of the queries, you will be receiving new findings for 4 other nodes, and
then you want the resulting beliefs of the remaining 2. The nodewilhhave new findings are called
findings nodes and those whose beliefs you will want are catiegry nodes The hundreds of other
nodesin the netmight be involved in intermediate calculations, but you don't care about their values
explicitly.

You can simplify the large net down to one with just 6 nodes usiisgrbNodes_bn . First enter the
permanent findings for the context nodes. Then make a list of all the nodes exdemitigs nodes

and the query nodes, and passoitAbsorbNodes_bn . The resulting 6 node net will give the same
inference results as the original large one, for the restricted queries you will be making. If you are
guaranteed that there will always be findings for evergings node, then you can théarther simplify

things by removing any links that go frdindingsnode P tdindingsnode C, providing C does not have

a query node as an ancestor. This means that if yoRewsgseLink_bn  to make all thdindings

nodes ancestors of all the query ngdéen you can remove all the links between fthdings nodes.

Any findings node that is left completely disconnected by this operation is irrelevant to the query. And
now you can examine the conditional probability relations of the query nodes toresgtly dhow they
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depend on the findings. You may just be able to look up the desired probabilities without doing belief
updating at all!

There is a danger to keep in mind. Even though the reduced net has fewer nodes than the original, it may
actually bemore complex, if many links were added BysorbNodes_bn or ReverseLink_bn

(remember that the size of a node's conditional probability table can be exponential in its number of
parents). Generally speaking, absorbing out context nodes (i.e. nodes #ipdientered) which have

many ancestor nodes results in the worst increase in complexity. 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, worcontext nodes with no descendants, will not add any links. Of course, if

the number of query aniihdings nodes isvery small, the resulting net must be simpler, although the
transformations to generate it might temporarily require a lot of memory.

74  Probabilistic Inference by Node Absorption

From the previous section you may have realized it is possible to Haljlistic inference using node
absorption, by entering all the findings, and then absorbing all the nodes except for a single query node.
The resulting probability distribution for that node can be obtained ®é4tNodeProbs_bn , and it will

be a single dlief vector (because the node won't have any parents), that is the same as the belief vector
that would be obtained by compiling the Bayes net, and obtaining the halidielief updatingwith
GetNodeBeliefs_bn

Thequestion is, which method is faster? If you need the beliefs for all the nodes, then you would have to
repeat the absorbingpde method for each of the nodes (duplicating the net each time, since it is
destroyed in the process), and so it wlallybe far slower. But if you only need the beliefs of one

node, for one set of findings, and there are many nodes in the net that are irrelevant to the particular
guery, then the node absorption method can be much fagier ovi di ng a gooadr Ael i mi
absorbing the nodes is used)

It should be mentioned that node absorption will also work with decision nets (see the "Dieislon
chapter) to find optimal decisions. When a decision node is absdrizeddt removed from the net;
instead it is completely disconnected and its decision table set to the optimal decision function.

When usingdbsorbNodes_bn  for decisionnets, the decision nodes must havefogetting links, and if

the list of nodes to absb does not include all the nodes in the net, it must consist of a descendant subnet
(see Shachter86, Shachter88 and Shachter89 for definitions and details of the algorithm used). If there
are missing ndorgetting links or missing descendants in thet lf nodes to absorb, then
AbsorbNodes_bn will absorb as many nodes as possible, then generate an error explaining exactly why
it was impossible to proceed.
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8 DecisionNets

Chapter 3was abouprobabilistic inference using a Bayes net, where the purpose was to determine new
beliefs (in the form of probabilitis) as observations were made or facts gathered. A Bayes net is
composed only ohature nodef whi ch may be fAchanced nodes or fide
decision nodesndutility nodes( al so known as fival ued ndedsmosnet t o a |
(al so known as an Ainfluence diagramod) . Deci si on
will maximize expected utility.

First, we give a small warningyou may find itoverly challengingf your first usage oNetica API isto

build a large decision net with multiple decisiprad youh av e n 6t had r.ePeapteed exp
usually start by building Bayes nets, then nets with just one decision, and after they have some
experience, nets with a few decisions. Also, they usuallg bame experience working with nets using

Netica Application, or a similar program, before using NeticafaPtomplex decision nets

As an examplealecision netlet's consider a very tingnefrom Ross Shachter known as "Umbrélldt

has 2nature nodesepresenting the weathBorecastn the morning (sunny, cloudy or rainy), and what

the Weather actuallyurns out to beluring the day (sunshine or rain)dacision nodef whether or not

to take anUmbrella, and autility node that measures our level &htisfaction. There is a link from
Weather to Forecast capturing the believed correlation between the two (perhaps based on previous

observations).

Umbrella ><Satisfaction>

There is a link from Forecast to Umbrella indicatthgt we will know the forecast when we make the
decision. It is always the case that links entering a decision node indicate what variables will be known
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at the time of the decisionWhat we wish to find in solving the deasi problem is a function providing

the value of the decision node for each possible setting of its parent nodes, which maximizes the
expected value of the utility nodes other words, we find a contingent plan that tells which decision to
make for eaclpossible set of observations that will be made when it is time to act on the dedGisere.

is no link from Weather to Umbrella; if we knew for certain what the weather was going to be, it would
be easy to decide whether or not to take the umbrella.

There are links from Weather and Umbrella to Satisfaction, capturing the idea that | am most happy when
it is sunny and | don't take my umbrella (utility = 100), next most when it is raining and | take my
umbrella (utility = 70). | hate carrying my umbrella a sunny day (utility = 20), but am most unhappy

if it is raining and | don't have one (utility = 0).

8.1 Programming Example

Below is a listing of the programilakeDecisionc, which build this decision net in memognd then
solves it (i.e., finds the optimal decisions). Thisgramcan be found in thexamples_¢ directory of

your NeticaC distribution. Much of it is very similar to building a Bayes net (see the chapter "Building
and Saving Nets" for explanatioakthose parts). We will discuss the things new to this example.

When a node is first created witlewNode_bn, it starts off as a nature node. Here we change Umbrella
into a decision node, and Satisfaction into a utility node uSktdlodeKind_bn . NewNode_bn is

passed the number of states of the node, and in this example, as well as {sé@iag@des, there is also

a 3state node, and a continuous node (indicated by passing 0 for number of states). Utility nodes are
always continuous deterministitodes. We us&etNodeFuncReal to build up the relations of a

deterministic node instead 8&tNodeProbs , but it works in a similar fashion.
/*
* MakeDecision.c
* Example use of Netica - C API to build a decision net and choose an
* optimal decision with it.
*/
#include <stdio.h>
#i nclude <stdlib.h>
#include "Netica.h"
#include "NeticaEx.h"

#define CHKERR {if (GetError_ns (env, ERROR_ERR, NULL)) goto error;}
environ_ns* env;

int  main ( void X
net_bn* net = NULL;
node_bn *weather, *forecast, *umbrella, *satisfaction;
state_bnf s, decision;
const util_bn* utils;
char mesg[MESG_LEN_ns];
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int res;
report_ns* err;

env = NewNeticaEnviron_ns (NULL, NULL, NULL);
res = InitNetica2_bn (env, mesg);
printf ( "%s\ n", mesQ);

if (res< 0) exit( -1);

net = NewNet_bn ( "Umbrella” , env);

CHKERR

weather = 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);

SetNodeKi nd_bn (satisfaction, UTILITY_NODE);

CHKERR

SetNodeStateNames_bn (forecast, "sunny, cloudy, rainy" );
SetNodeStateNames_bn (weather, "sunshine, rain" );
SetNodeStateNames_bn (umbrella, "take_umbrella,dont_take_umbrella" );
CHKERR

AddLink_bn  (weather, forecast);
AddLink_bn (forecast, umbrella);

AddLink_bn (weather, satisfaction);
AddLink_bn (umbrella, satisfaction);

CHKERR

SetNodeProbs (weather, 0.7, 0.3);

I forecast

1 weath er | sunny cloudy rainy

SetNodeProbs (forecast, "sunshine" , 0.7, 0.2, 0.1);

SetNodeProbs (forecast, "rain" 015, 025, 0.6);

I weather umbrella

SetNodeFuncReal (satisfaction, 20, "sunshine" , "take_u mbrella" );
SetNodeFuncReal (satisfaction, 100, "sunshine" , "dont_take umbrella" );
SetNodeFuncReal (satisfaction, 70, '"rain" "take_umbrella" );
SetNodeFuncReal (satisfaction, 0, "rain" "dont_take_umbrella" );
CHKERR

CompileNet_bn (net);

I --- 1st type of usage: To get the expected utilities, given the current findings

EnterFinding ( "Forecast" , "sunny" , net);

utils = GetNodeExpectedUtils_bn (umbrella); /I expected utility given current findings

printf ( "If the forecast is sunny, ex pected utility of %s is %f, of %s is %f \n",
GetNodeStateName_bn (umbrella, 0), utils[ 0],
GetNodeStateName_bn (umbrella, 1), utils[ 10;

CHKERR

RetractNetFindings_bn (net);
EnterFinding ( "Forecast” , "cloudy" , net);
utils = GetNodeExpectedUtils_bn ( umbrella);
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printf ( "If the forecast is cloudy, expected utility of %s is %f, of %s is %f \n\n",
GetNodeStateName_bn (umbrella, 0), utils[ 0],
GetNodeStateName_bn (umbrella, 1), utils[ 1]);

CHKERR

I --- 2nd type of usage: To get the optimal decision table

RetractNetFindings_bn (net);

GetNodeExpectedUtils_bn (umbrella); /I causes Netica to recompute decision tables,
given current findings (which in this case are no findings)

for (fs= 0; fs < GetNodeNumberStates_bn (forecast); ++fs){
decisi on = GetNodeFuncState_bn (umbrella, &fs);
printf ( "If the forecast is '%s', the best decision is %s. \n",

GetNodeStateName_bn (forecast, fs),
GetNodeStateName_bn (umbrella, decision));

}
CHKERR

end:
DeleteNet_bn (net);
res= CloseN etica_bn (env, mesg);
printf ( "%s\ n", mesQ);
return (res< 0 ? -1 : 0);

error:
err = GetError_ns (env, ERROR_ERR, NULL);
fprintf (stderr, "MakeDecision: Error %d %s \n",
ErrorNumber_ns (err), ErrorMessage_ns (err));
goto end;

}
Once the net is built, the program caflsmpileNet _bn, and thenGetNodeExpectedUtils_bn to
force a belief updatingwhich will build a new deterministic tabléor eachdecisionnode. Each
deterministic table represents fanction which provides a value for the node for each possible
configuration of parent values. Since the links into a decision node indicate what the decision maker will
know when he is about to make the decision, this function provides a decision for each possible
information state. Thelecision functions Netica finds are the ones that provide the higkpstted
value of theutility node (or thesum of the utility node# there are more than one)rheaboveprogram
usesGetNodeFuncState_bn  to access this decisidanction, and prints out the following:

Netica( AF)3.0 8 Win, (C)1990 - 2005 Norsys Software Corp.

If the forecast is sunny, expected utility of take_umbrella is 24.205606 |,
of dont_take umbrella is 91.588783
If the forecast is cloud vy, expected utility of take_umbrella is 37.441860 ,
of dont_take umbrella is 65.116280

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 'rai ny', the best decision is take_umbrella.

Leaving Netica.
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Note that GetNodeExpectedUtils bn or GetNodeBeliefs_bn must be called before
GetNodeFuncState_bn  to have Neticabuild thedecisiontable (and again after entering findings if you
want it optimized ér the new findings).

For more information on decision nets in general, and using Netica to work with them, see the onscreen
help system of Netica Application (and there is also some information in the tutorial at the Norsys
website).
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9 Special Topics

9.1 Node Lists

Many operations intelligent computing require working with lists of variables, and when uBaygs

nes that means working withists of nodesso it is not surprisinghat many Mtica functions take node

|l i sts as argument s. nodhig bn c,arishere aralaesmalliset bf funcbonse ¢ t
specifically for building and operating on them.

Netica distinguishes between constant and modifiable nside Netica functions which have prototypes
showi ng t hoesynodelig brts r N OA r e bngtanhnode list¢e.g., GetNetNodes_bn ,
GetNodeParents_bn ), which you should not attempt to modify or delete (Netica just generate an

error if youtry). Modifiable node lists are created RgwNodeList2_bn or DupNodeList_bn , and can

be used with any Netica function requiring a node list. When done with them, they should always be
deleted with DeleteNodeList bn . To create a modifiable node list from a stant one, use
DupNodelList_bn

You can ad@& node toa modifiable node liswvith:
void AddNodeToList_bn (node_bn* node, nodelist_bn* nodes, int index);

which will insert the node into the list at positiomdex or at the end ifndex= LAST_ENTRY The
functionRemoveNthNode_bn works the samaay, but removes the node instedthe function:

void SetNthNode_bn (nodelist_bn* nodes, int index, node_bn* node);
replaces the nodat positionindexwith the specified node, and will generate an erramdexis outof-

bounds. To make a node list empty, uS&arNodeList_bn

For constant or modifiableode lists, you can obtaingin length withLengthNodeList_bn , and obtain
the node at a given index position with:

node_bn* NthNode_bn (const nodelist_bn* nodes, int i ndex);

The inverse function, which provides the index of a given node, is:
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int IndexOfNodelnList_bn (const node_bn* node, const nodelist_bn* nodes, int start_index);

wherefor start_indexyou usually pass zero, but you can pass a higher index to find multiple occurrences
of the node if the list has multiple occurrencé&® find a node by name, seetNodeNamed_bn.

9.2  Graph Algori thms

The nodes and |Iinks of a Bayes net form a f#Agraph:
algorithms to efficiently find all the descendents of a node, or all its ancestors, connected nodes, Markov
blanket, etc. Nica very efficiently implements these algorithms, and makes them available with the
function:
void GetRelatedNodes_bn (nodelist_bn* related_nodes,

const char* relation,

const node_bn* node);
To use it, you pass the node, the relation you desire ast@nG and a node list to be filled. Then the
functionputsall of the related nodeato the list For example, to find the Markov boundarynotie_ A,
you could use:

nodel ist_bn* mb = NewNodeList2_bn (0, net);
Get RelatedNodes_bn (mb, "markov_boundary", node_A);

After execution, the listnbwill contain all the nodes in the Markov boundarynofle_A.

The allowed relation strings are:"parents ", "children ", "ancestors ", "descendents ",
(t he s$ngular versionof each of these

"connected ", "markov_boundary

,and "d_connected
wordsis also acceptabjeand desthe same thing You canadd certairmodifiers(in any order}o the
string containing the relatioriThe allowed modifers are:

"append " means to add to the list that is passed in (otherwise that list is first emptied).
"union " means to add to thést that is passed i&nd remove all duplicates.

"intersection " means taeduce the passed list to only the nodes that are in both the original
passedn list and the relation.

"subtract " means to take the nodes that are in the relation away fromsbedualist.

n

"include_evidence_nodes " is onlyrelevant for'markov_boundary " and"d_connected
Without it the réation list will not contain any nodes with findings.

n n

"exclude_self " is only relevant for:"ancestors ", "descendents ", "connected ", and
"d_connected ". Without it therelationlist will also include the original node (generation 0).

n

For example, to create a list of #ile nodes that arkoth ancestas of node_A, and descendemstof
node_B, youcoulduse:
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nodelist_bn* ad = NewNodeList2_bn (0, n et);
GetRelatedNodes_bn ( ad, "ancestors", node_A);
GetRelatedNodes_bn ( ad, " intersection , descendents ", node_ B);

If you want to find all the nodeghat are related to a wholegroup of nodes, you use
GetRelatedNodesMult_bn . It works the same aGetRelate dNodes_bn, except that instead of
passing in a single node for the argumete it takes a list of nodes.

Sometimes you don6ét need a I|list of all the nodes
know if tha relation holds between two nodes. For example, you may want to know if node A is an
ancestor of node B. You could use the function described above to generate the whole list of ancestors of
B, andthen check if A is a member, but that would be wastelu$tead, you calsNodeRelated_bn

like so:

if (IsNodeRelated_bn (node_A, "ancestor", node_B)) ...

9.3 User-defined Data

Someti mes it is very wuseful to be able to attach
anything with thatata;it is just held until you ask for it back.The types oNetica objectghat you can
attach data to arenodes ifode_bn ), nes (net_bn ) and the global environmenir{viron_ns ).

There are twdlifferent ways of attaching dataDne is to attach to the Netica objectingle C pointer
That pointer can poirtb whatever you wishperhaps a largebjectwith many fields. When thhletica
object is duplicated or saved to file, the pointer you have attached will be igr@ngdone such pointer
can be attached to each object. The relevant functions for attaofdngtrievingdata in this way are:

SetNodeUserData_bn, GetNodeUserD ata_bn , SetNetUserData bn , GetNetUserData bn
SetEnvironUserData_ns and GetEnvironUserData_ns . Representative prototypes are: (the
fi k i argldents araot used)

void SetNodeUserData_bn (node_bn* node, int kind, void* data);

void* GetNodeUserData_bn (const node_bn* node, int kind);

The other way of attaching daia Netica objectssby i u s e r , vith vehichdysucan attach as many

data items as you widlo an object, eachnder its own namé i . e . -fi at b éoarjatatvik be
duplicatedif the noe is duplicated, and when you save your net to file, Netica will include yourrdata
thefile Repr esent ati ve pr ocatgorentspamat usad) e : (the fAkindo

void SetNodeUserField_bn (node_bn* node, const char* name, const void* data, int length, int kind);

const char* GetNodeUserField_bn (const node_bn* node, const char* name, int* length, int kind);
To set a uar field you pass namefor the field, a pointer to your datand the length of your data in
bytes. When you later call the function to recover your data, you pass in the name you gave it, and
Netica will return both a pointer to a copy of the data hads many bytes it is. Sincéhe Netica
functiors just treatyour data as a blob of bytes, you can tisemfor any kind of data. However,
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NeticaEx provides some convenience functions particularly adapted to setting and getting strings and
numbers:

void SetN odeUserString (node_bn* node, const char* fieldname, const char* str);
void SetNodeUserInt (node_bn* node, const char* fieldname, int num);
void SetNodeUserNumber (node_bn* node, const char* fieldname, double num);

const char* GetNodeUserString (node_bn* node, const char* fieldname)
long GetNodeUserInt (node_bn* node, const char* fieldname) ;
double GetNodeUserNumber (node_bn* node, const char* fieldname)

An advantage of usinthe convenience functiong that Netica will ®ore your data in the file in a
platform independent way. So if you are planning deate a file using one operating system or
processor type, and read it back with another, then just storing the bytes of a floating point number using
SetNodeUserField_bn  may create a problerbut usimg SetNodeUserNumber will be fine.

If you wishto find all the user fields defined for some nawenet you can iterate through them with
GetNodeNthUserField_bn or GetNetNthUserField_bn

9.4 Sensitvity

Of significant importance in Bayes net work is a measutéeindependence between various nodes of

the net Using just the link structure and -gdeparation rules, you can determine which nodes are
completely indepereht of which otherones s ee t he fAGraph Al gorithmso se:
changes as findings arriveHowever,dependence is a matter of degreeand usi ng Neticab
functions you can efficiently determineow much a as yet unknowrinding at one nodavill likely

change the beliefs at anotherde

During diagnosis, you may wish to know which nodes will be the most informative in crystallizing the
beliefs of themost probabldéault nodes.Obviously, that will change as findings arrjys® it may need to

be recomputed at each stage a netbuilt for classification, you can determine which features are the
most valuable for performing the classificat ( i . e . i f e at nareinfesmatioe gathériogn o )
environment, you can identify which are the most important questions to ask at each point (to provide
information on the variables of intereshased on the answers to questions already receseeds to

avoid asking unnecessary or irrelevant questions. Inwedtl modeling, such as environmental
modeling, you can determine which parts of the model most affect the variabieterest; thereby
identifying which parts should be made the nusefully and accurately.

Say you are interested in the beliefs of a particular netesh wecall thetargetnode(also known as
t he A qu e Mhen thevedare @ ket of other nodes (calledrétmging node$, for which it may be
possible to have findings, and you want to know how much those findiegbkkely toinfluence the
beliefs of theargetnode.
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To use Neticabds sensi t sedsi bnyobjectusiogtthe tumton: you f i r st

sensv_bn* NewSensvToFinding_bn (const node_bn* Qnode, const no delist_bn* Vnodes,

int what_find);

You pass it theargetnodeQnode, and a list othe varyingnodesvnodes . Later you will be able to use
thesensv_bn object returned to find the sensitivity @hode to each of the nodes imodes. You also
passwhat_ find to indicatewhat type of sensitivity calculations you wish it to be ablpddorm, which
should be VARIANCE_OF_REAL_SENSVf you wish to be able to call GetVarianceOfReal_bn,
ENTROPY_SENSV\f you wish to be able to call GetMutualinfo_hor, their bitwise-or to be able to use

both Then you obtain thactualsensitivity numbergy calling one af
double GetMutuallnfo_bn (sensv_bn* s, const node_bn* Vnode);

double GetVarianceOfReal_bn (sensv_bn* s, const node_bn* Vnode);
If the targetnode is discrete with no real number levels associated with the states, then the mutual
information is the only function that can be used. Iftdrgetnode & a discretized continuous node, or a
discrete node witha real numberassociated with each state, then the vari@fgeal measure is the
recommended measure, although you may wish to use mutual information in some situatiens.
mutual information ighe reduction in entropy of thargetnode belief distribution, due to a finding at
the varying node (over each possible finding, weighted by the probability of obtaining that finding).

When you call one of the two functions will return the sensitivity of the origina@bnode (used in the
construction of theensv_bn ) with respect to th&node passed in. The first time it is callgtltakes
longer to return, since it is calculating the results fothadlvnodes that were ued in the construction of

the sensv_bn (because it can save time doing them all at onba),it remembers the results so
subsequent calls are very fgdahless a finding or something else in the net changes, in which case it
must recalculate).

Mutual information is symmetric (i.e., it has the same value whematigetnode and varying node are
reversed), so you can uSetMutualinfo_bn to efficiently find howmuch obtaininga finding at one
nodewill likely effectthe beliefs ofll the rest of the nodes the net.

When you are finished usiragsensv_bn object, delete it usingeleteSensvToFinding_bn

CurrentlyN e t i sersifivity analysis only works on Bayes nets, and not decision Yietscan also use

Netica Applicaton to do sensitivity analysis by choosimdgtwork Y Sensitivity to Findings from the

menu For more information on Net isegppod@norsys.topandlaskt i on o
for the A%@emed.i tivityo do

9.5 Random Case Generation

Netica <can be used to generate Asynt hetic dat
distribution represented by the Bayes net, including any findings that it has. This synthetic data may be
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browsed by people to get a feel for the type of casexpect or used to test them on their predictive or
diagnostic ability It can be used to learn other Bayes nets, or attaehine learning representations,

such as neural nets, decision trees or decision rules. Perhaps its most valuable use & Bayes thet

is a physical model of a rewlorld situation, and the synthetic data provides stochastic simulations. The
output of those simulations can then be analyzed by other programs. For example, the Bayes net may
model a warehousand distribution sheme, which can be tested under various conditions to check its
performance. In a similar vein the Bayes net may model a control system, economic system, political
environment, computer network, etc.

To generate a synthetic cades function to use is:
int GenerateRandomCase_bn (const nodelist_bn* nodes, int method, double num, void* gen);

where themethod argumentdetermines which algorithm Netica usgsr example, forward sampling
with rejection or by junction tree). Fan example of a small program usingsge the SimulateCases.c
exampleprogramn t he AFindings and Caseso chapter

9.6 Listeners

Sometimes it is useful for Netica toeal your program when certain events occur, suchh@sna node is
deleted, and that is accomplished @fjicallback functiod .When the event occurs, Netica will call a
function that you supply. The prototype of that function is:

int callback (const node_bn* node, eventtype_ns what, void* obj ect , void* info );

When Netica calls this function, it will pass your programrihee to which the event occurredhat
the event wasanobj ect pointer that is your reference to some objacyaur program that you pass to
Netica when you register the callback, and some miscellangfousthat provides more information on
the event, depending on what it was.

To prepareNeticaso that it will call your callback function when the event occurs ynust register
your callbackusingthe function:

void AddNodeListener_bn (node_bn* node, int callback (), void* obj ect , int filter);

For node you pass the node you want to be alerted toyubr if you want alerts onllnodes. For
object , you pass the object pointer you want returned to you when the callback is madig&er For,
pass-1; it is just for future useEach node can have as many callbacks registered as desired; they will all
be caled. For each value afbject , you can only have one callback. If you wish to remove the
call back -(¢fhiast @rso MdivddeListehehlm n agam Iwith the same value for
object butNULL for callback.

There is also aimilar function to regster callback functiomfor events on nets:

void AddNetListener_bn (net_bn* net, int callback (), void* obj ect , int filter);
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If you have a singkthreaded program that completely controlsatvhappens to nodes and nétsvould

probably be better for you to just calbburdesi red functions directly, an
mechanism. It is really meant for muitireaded situations involvingeparatemodules, or especially

when different processes operate on a single BastesiFor example, using the new link between Netica
Application and Netica API, you may want to be alerted when the GUI user has deleted a node in a Bayes

net shared between your program and the GUI.

The listener funébns have been recently releasedNstica, and so there are not yet many events types
they support.If you require assistance in using them, please costiggiort@norsys.com



mailto:support@norsys.com

76 NETICA API C VERSION 4.18

10 Equations

The relation between a node and its parent nodes can be entered using an equation if desired. This
eliminates the burden obuilding conditional probability table6€CPTs)manually.lt is possible to use an
equation for continuousr discrete nodes, and for probabilistic or deterministic relations.

Equations are-handc&d nfdoromh dGPTh eSingeN e $ § Bage§ian danference
usually requires thatCPTs be available, equations must be converted to talitgs calling
EquationToTable_bn ) before compiling a negr doing certain net transforms like absorbing nodes or
reversing links Netica then use$e tables in the same wayifithey had been entered directly.

Sometimes Netica uses arnuation directly, without the need for a table. If findings are entered for all

the parents of a node, and that node has a deterministic equation, then the node is given the exact value
computed from the equation (which can then propagate to its childharidg a deterministic

propagation phase that is the first step of belief updating (seacNodevalue bn  and
CalcNodeState_bn ). Having this phase increases both accuracy and speed, and can be useful for
Aipreprocessingod input dsadn aquation Aireaily ik €uring tprobat@listidNe t i ¢
sampling (callingGenerateRandomCase_bn with method= FORWARD_SAMPLING

10.1 Simple Examples

Here are some examplesusiing equations ihetica

Suppose X is a continuous variable representingdiséion of a moving objecand is dependent on its
parent nodesVelocity, Time, and Start position. This equation could compactly express their
relationship:

X (Velocity, Time, Start) = Start + Velocity * Time

Now suppose that the start position is zero, but that there is some uncertainty about the end position,
givenby the normal distribution with standard deviation S:
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p (X| Vel ocity , Time, S)=NormalDist (X, Velocity * Time , S)

Here is an example of a discrete node Color with states red, blue and dgkeem parent, ihas the
discrete node Tasteith states say salty and sweet. The below is a deterministic equation giving Color
as a function of Tastevhich demonstrates the use of the conditional operator ?

Color (Taste) =
Taste==sour? blue: Taste==sweet? red:
Taste==salty? green: gray

Finally, corsider adiscrete nodé€olor, which isindicator taking on the valuesd or bluedepending on
whether the parent node Taste is sweet or not, but that works imperfectly:

p (Color | Taste) =
(Taste==sweet) ? (Color==red ? 0.9 : 0.1): 05

For more examples s e epedalzvedExan®le® s elmelovii o n

10.2 Equation Syntax

Netica equations follow most of the usual standards for mathematical equations, and are similar to
programming in Java, C or C++. The usual mathematical oper@iprs *, /, etc.), and the usual
functions (min, abs, sin, etc.) can be used, parenthesis are used for grouping, and numeric constants are in
their usual form (e.g. 3:4.2, 5.3el2).

Left-Hand Side: For a deterministic nodehé¢ part of an equation to the Kind side of the equals

symbol consists of the name of the node, an open parenthesis, a list of the names ehtbagarated

by commas, and a close parenthesis (if you have defined link names, you must use those instead of parent
names). For instance, if the equation is for nBdsition and the parents &fositionare Vebcity, Time

andMode, the left hand sideould be:

Position (Velocity , Time, Mode)=...

Note that the spaces are not required, there may be more spaces if desirdd parents can be in any
order.

For probabilistic nodes (i.e. "ahce nodes"), the leftand side consists of a lower case "p", an open
parenthesis, the name of the node, a vertical bar, a list of the names of the parents (or link nhames)
separated by commas, and a close parenthesis. If the node mentioned above laadroleahbilistic

node, the left hand side of its equation could be:

p ( Position | Velocity, Time, Mode )=..
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Right-Hand Side: The righthand side of an equation may consist of numbetate shames,
conditionals, variables (i.e. gt nodes), constant nodesid builtin functions constantr operators.
Probabilistic equations will usually also contain the node the equation is for on théaightside
(possibly in several places)

Nodes Allowed: The only nodes which may be mentioned in an equation are: the node the equation
describes, its parents, and any constant node.

Whitespace: As many spaces or line breaks as desired may be placed between any two symbols.

Comments: Comments ray be embedded in equations, and they will be ignored by Netica. Everything
between /* and */ will be interpreted as a comment, as will everything between // and the end of the
line.

All Values: If the equation is for a probabilistic node, its tigfand side must provide a probability for
al |l the nodebds possible values (so the name of t
nodeColor (with states red, orange, yellow) has pareemp (with states low, med, high), its equation

could be:
p (Color | Temp) =
Temp == high ? (Color==yellow ? 1.0 : 0.0) :
Temp == med ? (Color==orange ? 1.0: 0.0) :
Temp == low ? (Color==orange ? 0.2 : Color==red 7 0.8:0.0): 0

If you use the buifin distributions (such as NormalDist), the abouke is automatically taken care of.

One exception to the abowele is if a node is boolean. Then only the probability for the true state need
be given. For example, if nodie Falls is boolean, its equation could be:

p (It_Falls | Weight, Size) =
Weight/Size > 10 7 0.10:
Weight/Size >5 ? 0.03:

0.01

Differences between standard C (C++/Java) syntax:The Netica equation sjax is the same as in the
Java (and C and C++) programming langsgxcept the part to the left of the assignment operator (=)
is different, and no semicolon is required at the end of the equation.

Furthermorethe C/C++/Java bitwise operators (such as &, |, ~, ) are not available in Netica, but the
logical operator& & , | ], I ar e. Il n addition, Netica has a
the bitwise xor operator ~ of C/C++/Java is used for the power operator by Netica (thus 2/3=8).

All of the C Standard Library math functions (sin, log, sqrtpffjcetc.) are available and use the same
names.
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103 Equation Conditionals

Suppose continuous node X has the parents Y and B. If you wanted to give P(X|Y) a different equation
involving X and Y for different values of B, you couldite a conditional statement using the ? and :
operators, like this:

p(X|Y,B) =
(B <2) ? NormalDist (X,3+Y,1):
(B < 6) ? NormalDist (X,2+Y, 3):
UniformDist (X, 0, 10)

The conditons are evaluated in order, so the first covers all cases wi< 2 tBe second covers cases 2
< B < 6, and the last covers the remaining cases (i> 8. So, ifB is less than 2, X is distributed
normally with mean 3+Y; if it is between 2 and @iththe mean is 2+Y; and if it is over 6 then X is
distributed uniformly.

If there are more parents, this sort of construct can be nested to provide a tree structure of possible
contingencies.

Here are a couple more examples. They show a way to condigothe states of a discrete node:

p(X|Y,B) =

(B == yellow) ? NormalDist (X, 2, sqrt (Y)) :
(B == orange) ? NormalDist (X, 4, Y) :
(B==red) ? NormalDist (X,6,Y"2):0

p(X|B) =
member (B, CA, TX, FL) ? NormalDist (X, 3, 1) :
member (B, MA, WA) ? NormalDist (X, 5, 1) :

member (B, NY, UT, VA) ? NormalDist (X, 7, 2) :
UniformDist (X, 0, 10)

Notice that the Afal.l t hboweis girhply a 0.a Ehis indichtes thatehe f i r st
designer is counting on B to lmme ofyellow, orangeor red. If B ever has another state, then when

Netica is converting the equation to a table it
nonzero probability was discover edyibbgingaddedp!| i ngo (

In the last example, the fall through case gives a uniform distribution. If extra states are later added to B,
then they will just fall through and use the uniform distribution.
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104 Converting an Equation to a Table

As we noted earlier, all equations must be converted to tables before compilingpadogtg net
transformdike absorbing nodes or reversing linkshe procedure idone bythe following three steps:

1. If the node, or any of its parents, is a continuous node that has not yet been discretizedl, then
SetNodeLevels_bn  to discretize it The finer the discretization, the more accurate, but the
bigger the tables will be.

2. If the node doeshnt al r eady halvSetNodeEgsatiore lthu agassiognin the node
and the equation string.

3. Finally, callEquationToTable_bn . Note that if you later change the equation for the node, or
the discretization of the node or of any of its parentdh@ifinding of aconstant nodeeferred to
by the equation, you must repeat this step before the changes will take effect. With the
parameters passed to this function you can control the number of samples in any Monte Carlo
integration that is required, wther the final CPT will include uncertainty due to the sampling
process, and you can blend tables with those produced by learning from data, other equations, or
manual CPT entry into Netica Application.

If Netica reports errorsni the above steps, it is often helpful to debug the equation using Netica
Application. If there is a problem with the syntax of an equation, it leaves the cursor on the problem
when it gives the error message. s e riobm ueettiioccm TAP p
to check if there is going to be any problem with that function, and conveniently view the resulting CPT

to see if it is what you expect.

105 Equations and Table Size

The size of the table generated is the pobaif the number of states of the node with the numbers of

states of each of its parent nodes. So if a node has many states, or many parents, then the tables may be
very | arge, and Netica may report t hat oudan does nd
alleviate the problem by eliminating unnecessary parémtioducing intermediate variables, osing

more coursediscretizations (perhaps have more than one node for the same variable, with different
discretizations depending avhich node it is garent for). If Netica creates extremely large tables, it

may starve other processes of memory, or result in very slow virtual memory hard disk activity, so you

might want Netica tinsteadf ust report that it doesndéucahlanwe enou
the amount of memory available to Netica witinitMemoryUsage_ns
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106 Link Names

In the simplest way of writingquationsthe names of the parent nodgxear in the equatiorHowever,
you mightwant a morenodularrepresentation, so that you can disconnect some of the padastand
hook the node up to new parents without having to change glateathames within theguation.

Or perhaps youwuplicatethe node to use with new parents. Or you put the node in a network library
without any parents. Or you want to copy the equation from one node to another, without changing all
the node names.

Theway to do thats to usenput names sometimes callelink names They provide an argument name

for each link entering the node (and therefore a proxy for each parent node). You can set them with
SetNodelnputName_bn . You refer to them in your equation in exactly the same yeaywould the
corresponding parent name. When a parent is disconnected, the link name will remain.

Note. If link names are defined for a node, tmayst be used instead of the parent names.

10.7 Referring to States of Discrete Nodes

To refer to the states of a discrete or discretized ndoke,can use the state names dligcretenode as
constants in an equation. For example, if nQador has statesed, green blue andyellow, and node
Temperaturénas statesool andwarm, you could write:

Temperature (Color) = member (Color, red, yellow) ? warm : cool

Each state name only has meaning relative to the
Netica@an identify that node from context. However,
refers to (e.g. it gives an unknown value error message), you can indicate which node by following the
state name with a doubtiash and then the name of the no@antinuing with the above example af
newnodeSwitchcould take on the valu€s 1 and 2, you could write:

Color (Switch) = select0 (Switch, red -- Color, yellow, blue)

TheCdl or 6 was not required on Ayel | edvoo vaenrd--fiirbd m efor
Coloro, but it could be put there as wel/l

If a discrete node has a numeric value associated with each stat8e{SedeLevels bn ), that
numeric value can be used in an equation instead of the state name.
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Alternatively, you can use thetate index (numbering starts at Ojreceded by a hash # character.
However,it is recommended to use the namesalues because they are more readalass erromprone
and more robust to future changeshe nodesuch ashe adding or r@rdering ofstates

108 Constant Nodes as Adjustable Parameters

Sometimes it is useful to haw equation parameténat normally acts as a fixed constant, but which
you can bange from time to time. That is the purpose obmstant node

You create a constant node by addim@ature node to the network, and then converting it to a constant
node by callingsetNodeKind_bn . You can also set other characdécs of a constant node in the same
way as any other node, such as giving it state naiheset or change the value of a constant node, enter
the value in the same way as you would enter a finding.

You can refer to the value of @nstant node anywhere in any nédequatiofy usingthe constant
n o d pains. It should not appear in the argumentilisthe left hand sidef the = symbol. No link is
required.

When you convert the equation to a table, the value of any constaginoeferencewill be used. If
you change the value of a constant node, you must rebuild the table for the change to take effect.

109 Tips on Using Equations

e It is often helpful to debug equations using Netica Application. eifg¢hs a problem with the syntax
of an equation, it leaves the cursor on the problem when it gives an error message. Olmosan
AEquat i on frofohe Mendolcledkthat and easily ew the resulting CPT to see if it is
what you expected.

e The \bles generated by equations may result in large files (and therefore slow reading), so you may
want remove the nodésbles with DeleteNodeTables_bn , before saving it to file. Later, when
you restore the net from file, you c&ljuationToTable_bn to fully restorethem

e If you need to define intermediate variables to simplify the equations, implement them as new
(intermediate) nodes.
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1010 SpecializedExamples

State Comparisons Suppose the states of node Source are CA, TXBELand NY. The states of

node Dest are TX, NY, MA and UT. We want to know if crbssder travel is required to transport

from Source to Dest, and that is indicated by the boolean node Travel. The equation below works even
though nodes Source and Dkave different sets of states, and in a different order.

Travel (Source, Dest) = (Source != Dest)

Additive Noise: Say you want to represent something like:

x1 = x2 + gauss (0, 0.2)  which could indicate that x1 is the same as x2, but with the addition o
gaussian noise having mean 0 and s = 0.2. You could do this by defining a new node x3, and setting the
equations of x1 and x3 as:

X1( X2, X3)= X2+ X3
p( X3) = NormalDist ( X3, 0,0.2)

Multiple Discretizations: Sometimes it is useful to use more thae oode to represent a continuous
variable, and discretize each differently. For examplembee coursene may be a parent for another
node whose CPT would be too big with a finer discretization, while the finer one would serve as a parent
for nodes reagiring more accuracy. Put a link from the finer node to the courser, and give the courser
node an equation like:

X5 (X20)=X 20

Noisy-Or: To create a noisgr node, just create a regular boolean nature node, put links to it from the
possible causes, giviea noisyor equation, and use that to build its CPT.

For example, if C1, C2 and C3 are boolean nodes representing causes of boolean node E, and there are
links from each Ci to E, then E could have the naisgquation:

p(E|C1,C2,C3)=

NoisyOrDist (E,0,C1,0.5,C2,0.3,C3,0.1)
For its meaning, see the NoisyOrDist description. The causes, and even the link parameters, can be more
complex expressions. For example:

p (Bond | Temperature, BackTemp, Pressure, Switch, Eff)=
NoisyOrDist (Bond, 0.001 ,

Temperature > BackTemp, 0.5,

Pressure == high, 0.3,

Switch, 0.9 * Eff)

For mor e infor mat i o nOr dNoisyAnd, INoisgMak ant NaisgSans funbtions,s y

cont act Norsys for the fiNoisy Or, Ma x , Sumodo docum
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1011 Equation Constants, Operatas, and Functions

A: Built -in Constants

The following constants may be usedenuations
pi  =3.141592654

deg =radian per degree = pi/ 180

If you wish tohave the constang (= 2.7182818) in your equation, usep(1) .

B: Built -in Operators

Both the functional and the operator notations shbeloware accepted.

Functional Nota tion Operator Notation

neg (x) - X

not (b) I'b

equal (x, y) X ==

not_equal (X, y) Xl=y

approx_eq (x, y) X~=y

less (X, y) X<y

greater (X, y) X>y

less_eq (X, Y) X <=y

greater eq (X, V) X >=y

plus(x 1,X 5, ..X n) X1 +X o +...+X n
minus (X, y) X -y

mult (X 1,X 2, ...X n) X1 *X o *...*X n
div (x, y) xly

mod (x, base) X % base

power (X, Y) XNy

and (b 1,b 2, ...b n) b]_ &&bg && ... && b n
or(b 1,b 5 ...b n) by ||b 2 ||...]Ib n

if (test, t val , fval)

test ? tval : fval
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C: Built -in Functions

Netica contains an extensive library of bunltfunctions which you can use in your equations.

The probability distribution functions all have a name that ends with "[@sg” NormalDist). Their first
argument is always the node for which the distribution is for. So if node X has parent m, you could
write:

P (X | m) = NormalDist (X, m, 0.2)

to indicate that X has a normal (Gaussian) distribution with mean given byt payeand a standard
deviation of 0.2.

Common Math

abs (x) absolute value

sqrt (X) square root (positive)

exp (x) exponential (e ~ x)

log (X) logarithm base e

log2 (x) logarithm base 2

log10 (X) logarithm base 10

sin (x) sine

cos (X) cosine

tan (x) tangen t

asin (x) arc sine

acos (x) arc cosine

atan (X) arc tangent

atan2 (y, x) atan(y/x) but considers quadrant

sinh (X) hyperbolic sine

cosh (x) hyperbolic cosine

tanh (x) hyperbolic tangent

floor (x) floor (highest integer O x)
ceil (x) ceiling (lowest integer 0 x)
integer (x) integer part of number (same sign)
frac (x) fraction part of number (same sign)
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Special Math

round (X)

roundto (dx, x)

approx_eq (X, y)

egnear (reldiff, x, y)

clip (min, max, x)

sign (X)

xor( by, b 5 ...b n)

increasing (x 1, X 2, . X n)
increasing_eq (x 1, X 2,00 X n)
min (X 1, X 2,..X n)

max (X 1, X 2, ... X n)

argmin0/L (X ¢, X 1,..X n)
argmax0/1 (X o, X 1,...X n)
nearest0/1 (val, c 0 C 1,..C n)
select0/1 (index, ¢ 0 C 1,...C n)
member (elem,s 1, S, ...S n)
factorial (n)

logfactorial (n)

gamma (X)

loggamma (X)

beta (z, w)

erf (x)

erfc (x)

binomial (n, k)

multinomial (n LN 5 ...N n)

Continuous Probability Distributions

UniformDist (X, a, b)
TriangularDist (x, m, w)

Triangular3Dist (X, m, w LW )
TriangularEnd3Dist (x, m, a, b)
NormalDist (X, K, o)
LognormalDist (x , My 9)
ExponentialDist (X, A)
GammaDist (x , a, B)
WeibullDist (x , oo, B)
BetaDist(x , o, B)
Beta4Dist (x , o, PB,c,d)
CauchyDist (x, K, o)
LaplaceDist (X, K, B)
ExtremeValueDist (X, K, o)
ParetoDist (x, a, b)

ChiSquareDist (X, V)
StudentTDist (X, V)

FD|St (X, Vi, V2)
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Discrete Probability Distributions

SingleDist (k, c)

DiscUniformDist (k, a, b)

BernoulliDist (b, p)

BinomialDist (k, n, p)

PoissonDist (k, m)

HypergeometricDist (k, n, s, N)
NegBinomialDist (k, n, p)
GeometricDist (k, p)

LogarithmicDist (k, p)

MultinomialDist (bc,n,k 1,p 1,k 2,p 2, ...k mP m
NoisyOrDist (e, leak, b LPp b ap a..b L p o)
NoisyAndDist (e, inh, b LP ub 2p 2..Db mP n)

NoisyMax Table Dist (...)
Nois ySumrTable Dist (...)

1012 Special Math and Distribution Functions Reference

Legend: L] = Discrete Probability Distribution (the first argument is a discrete variatilatthe distribution

is over)

[A] = continuous Probability Distribution (the first argument is @ontinuousvariablethat the

distribution is over)

approx_eq (X, y) X~=y = egnear (26, X, Y)
where x and y are unrestricted reals

ReturnstrUEIff x is equal toy, within a small relative tolerece.

Usually the operator form of this function is most convenient: ~= y

It is meant for comparing computed real number values that might mo@lotlyequal due to slight numerical inaccuracies.

To have control of the tolerance, eear .

argmax 0 (X o, X 1, ... X n) =is.t (xO ) forallj
argmaxl (X 1,X 2,...X n)
where x; are unrestricted reals

Returns the index (position in list) of the argument with the highest value. If tieesearal with the same highest value, then
the index of the first occurrence will be returned. The first argument has indargdniéx0 is used, or index 1 dirgmax1 is
used. At least one argument must be passed. Semaksargmin , select

Example argmax0 (1, -6.6,3.4,1.26, 3.4) returns 2
argmaxl (1, -6.6,3.4,1.26, 3.4) returns 3
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argmin0 (X o, X 1, ... X n) =is.t (xO ;) forallj
argminl (X 1, X 2,...X n)

where x; are unrestricted reals

Returns the index (position in list) of the argument with the lowest value. If there are several with the same lowtsrvalue,
the index of the first occurrence will be retwineThe first argument has index Gifgmin0 is used, or index 1 drgminl is
used. At least one argument must be passed. Semialsargmax , select

Example: argminO (10, 6.6, 3.4, 126, 3.4) returns 2
argminl (10, 6.6, 3.4, 126, 3.4) returns 3
BernoulliDist (b, p) [utl] =b?2p:1p
Required:0 Op O 1 b boolean
This is the distribution for a single "Bernoulli trial", in whiphs the probability of an outcome labeled "success" occurting.
abooleant hat is true if the fsuccesso occuhesventofldends eppearmg | e i s 1 i
_BernoulliDist

This is a distribution that Netica uses internally to represent the Bernoulli distribBeomo{lliDist ). If you get an error
message saying there was an errawating _Bernoulli (k, p), where k and p are numbers, then your equation is supplying
illegal values, even if you never explicitly used _Bernoulli in your equation.

For instance, if your equation fobolearB is P(B|x) = x /10 and valuesxftango up to 11, then _Bernoulli (1, 1.1) will be
il legal, since you are supplying 1.1 as a probabiislgiveny (and N

beta (z, w) = gamma (z) gamma (w) / gamma (v}
where: z>0 w>0

Returns the beta function pfandw. BetaDist is the beta probability distribution, which is based on the beta function.

BetaDist (X, o, B) [al =x*1 (1-x)*Y beta a, B)
Required: o >0 B >0

The beta distribution over x. Almost any reasonably smooth unimodal distribution on [0,1] can approximatediegseeley
a beta distribution (if its not on [0,1], sBeta4Dist ).

BetadDist (X, a, B, c,d [al = BetaDist ((x- ¢) / (d- ¢), o, B)
Required:0 Ox O1 o >0 B >0

Alsoknownas t he fiGeneralized Beta Distributionodo, this is a beta
nonzero values from = ¢ to x = d, instead of fronx=0 to x=1. This distribution has great flexibility to roughly fit
almost any smath, unimodal distribution with no tails (i.e., only nonzero over a finite range).

binomial (n, k) =n!/ (k! * (n-k)!)
Where: 0 Ok On n and k are integers

Returns the binomial coefficiert k ). That is the number of differektsized groups that can be drawn from a set distinct
elements. See also theultinomial function.

BinomialDist is the binomial probability diribution, which is based on the binomial coefficient.

BinomialDist (k, n, p) [l = binomial (n, K) g (1-p) ™
Required: k and n are integers , 00k On, and 0 Op O1

A "binomial experiment" is a series nfindependent trials, each with two possible outcomes (often labeled "success" and
"failure"), with a constant probability, of success. The total number of succedsds,given by the binomial distribution.

If there are more than two possible outcomes, use the multinomial distridutitmomialDist ). If the sampling is
without replacement, use the hypergeometric distributitypérGeometricDist )
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For largen, andp not too close to 0 or 1, the binomial distition can be approximated by a normal distribution

(NormalDist ) with mean m =n p, and variance A p (1-p). For largen, andp close to 0, it can be approximated by a Poisson
distribution PoissonDist ) with parametex=np. AsnY D t h e s imiting digtributidns(prévidingp=constant in

the normal case, ar@dY  (hp=constant in the Poisson case).

CauchyDist (X, u, o) Lal =1/ o (L+ ((ewlo)d)
Required: ¢ > 0

Although realworld data rarely follows a Cauchy distribution, it is useful because of its unusualness. For example, although it is
symmetric abouu (which is therefore its median and mode), it doesn't have a mean (orceagtn) because the appropriate
integrals don't converge. The C(0,1) distribution is also Student's t distribution with degrees of freedom = 1.

ChiSquareDist (x, v) L&l = X2 [ Texp (x/2) 2"? gamma v/2)]
Required: x 00 v >0 v is an integer

This is the distribution of Z,?> + Z,®> +... Z,> where Z are independent standard normdb(malDist ) variates.

vis usually call ed thbadstrifudoe.gr ees of freedomo of

clip (min, max, x) = (X < min) ? min : (x > max) ? max : X

where  min O max

Returnsx, unless it is less thanin (in which case it returnsin ), or more thammax (in which case it returnsax).
See also the functionsiin , max.

DiscUniformDist (k, a, b) [l =1/(b-a+1)
Required: a O b k, a, b are integers

This distribution represents the situation whet®s an equal probability of taking on any of the integer valuesdrtob
inclusive (wherea andb are integers). Ik were continuous, then it would be a continuous uniform distribution.

egnear (reldiff, x, y) = (| X-Y |/ max (|X], |Y)O rel diff )
where  reldiff oo

ReturnstrUEIff x is equal toy, withinreldiff . To use a tiny builin value forreldiff ~ , suitable for numerical floating
point inaccuracy, usapprox_eq .

erf (x) = \/i fexp(-tz) dt
T

wherex is an unrestricted real

This returns the error function &f It is useful for calculating integrals of the normal distribution functidorgnalDist ).
If X is large, you can obtain better accuracy eitft .

erfc (x) =17 erf(x)
wherex is an unrestricted real

This returns the complementary error functiox oflt is useful for calculating an integral of a tail of a normal distribution
function NormalDist ). It would be easy enough to juseds erf(  x), but this provides better numerical accuracy wken
is large (scerf(  x) is very close to 1).

ExponentialDist (x, A) [l =L exp¢rx)
Required: A >0

If events occur by a Poisson proces®n the time between successive events is described by the exponential distribution (where
A is the average number of events per unit time).
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ExtremeValueDist (X, o, B) L&l = exp (exp L(x-a)/B) - (x-0)/B) /
Required: B >0

This distribution is the limiting distribution for the smallest or largest values in large samples drawn from a variety of
distributions, including the normal distriholh ~ Also know as the "FisheTippet distribution”, "Fisheflippet Type |
distribution" or the "logwWeibull distribution.

FDist (X, vi, vo) L&l
Required: v >0 vo>0

The ratio of two chisquared variates pand X, each divided by their degrees of freed@/v,)/(X,/v,) follows an F
distribution. Also known a%Snedecor's F distribution”, "Fish&@nedecor distribution”, “fFatio distribution" and Variance
ratio distribution".

factorial (n) =n(ni 1) (ni 2)..1
where nOO0 nis aninteger

Returns the factorial af, which is the product of the firstintegers.

factorial( n) is often written as!

factorial(0) = 1

Even fairly small values af (around 170) can cau$actorial to overflow. For that reason calculatiowith the factorial
function are often done using the logarithm of the results, for which you céogfisetorial

If nis not an integer you may want to use glaenma function, which for integer values is related to factorial factorial
(n) =gamma(n + 1) but which is also defined for namteger values.

gamma (x)
where  x O0
Returns the gamma function f
The gamma function is normally defined for negative valuesasf well, but Netica cannot compute these.
Dondét conf us e Gammabist,fthe gamina poobabilityidisttibution.

Even fairly small values of (around 170) can caugmmmato overflow. For that reason calculations with the gamma function
are often done using the logarithm of the results, for which you cdnggamma.

For integer values of, the gamma function is related to flaetorial functionby: factorial (n) =gamma(n + 1).
GammabDist (x, «a, PB) [a] =x'e /(gamma() )
Required: >0 >0

If events occur by a Poisson process, then the time required for the occurrereeenfs is described bygtgamma distribution
(where is the average time between events).

For =1, this is the exponential distributioBxponentialDist ywith =1/ . For =2, thisisthe chsquare
distribution ChiSquareDist ) with degrees of freedom=2

Geometric Dist (k, p) [utl] = p (1p)
Required: 0<p 01 kis an integer

This distribution describes the number of Bernoulli trials (independent trials, with outcomed Ispeleess" or "failure”, and
constant probabilityp of success) before the first success occurs (i.e., includes only the failure trials). An example would be the
number of coin flips resulting in tails before the first head is seen.

Situations where Beoulli trials are repeated until the nth success are called "negative binomial experiments", and the geometric
distribution is a special case of the negative binomial distribuNegBinomialDist ) withn= 1.





















































































































































































































































































































































































































