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EVIDENCES PROPAGATIONS IN BAYESTIAN NETWORKS

Abstract. This paper is devoted to some problems of the distribution of several evidences in Bayesian networks.
Currently, there are many different algorithms for calculations in Bayesian networks. Unfortunately, the description
of most algorithms is either absent or only the idea of algorithms is described. Not only algorithms but also ideas for
constructing these algorithms are quite complex. Many questions arise in the process of considering these algorithms
remain unanswered. Some of them can be understood by testing the appropriate software, but many questions remain
unanswered.

We use the idea of dividing the set of network vertices into sets by analogy using the concept of “Generation”.
The concept of "Generation" is convenient to use in the absence of evidence. The presence of evidence requires a
rather complicated adjustment of this concept. However, as a result, the propagation of evidence becomes more
visible, and the corresponding algorithms are greatly simplified.

The presence of several evidences in some cases leads to contradictions, which solutions should be provided for
by the algorithms of the Bayesian network nodes calculations. The modified concept of “Generation” allows one to
find more visual and adequate approaches to resolving contradictions.

Keywords: Bayesian networks, oriented graphs, generation, propagating.

Introduction. Since the beginning of 21* century Bayesian Networks is the most popular tool of
artificial intelligence in different researches. Models that use a Bayesian networks are usually insensitive
to wrong, incomplete, and redundant data. Bayesian networks allow the use of heterogeneous data in
various studies.

Bayesian networks, as a tool for studying models with uncertainties, is considered by many authors.
Pearl J. was the first one who considered more completely the Bayesian networks tool in his works [1] and
[2]. The Bayesian network theory is described quite well in [3], [4], [5].

The use of Bayesian networks in practice is practically impossible without the use of computer
technology and related software. Currently, there are many programs for work with Bayesian networks.
For example, BayesialLab ([6], [7], [8]), AgenaRisk ([9], [10], [11], [12], [13], [14]), Hugin Expert.
Unfortunately, we could not find a description of the algorithms for calculations in Bayesian networks
which were used in these works.

Main definitions. Bayesian network theory is based on some sections of probability theory and graph
theory. The definitions and concepts of graph theory used in BN theory can be found in [15], [16], [17].
The necessary concepts in probability theory can be found in [18], [19], [20]. The basic principles of BN
theory can be found in [3], [4], [5].

For brevity, we will not give them here.

Use of the concept «Generation». We can distinguish two types of generations — generations of
descendants and generations of ancestors. For a generation of descendants, this is a set of vertices which
have parents only from earlier generations (or do not have parents at all), and have children only in later
generations (or do not have children at all).

For a generation of ancestors, this concept is similar - it is a set of vertices which have children only
in later generations (or do not have children at all) and have parents only from earlier generations (or do
not have parents at all).
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The only difference is that the construction of generations of descendants begins with nodes that do
not have parents, and the construction of generations of ancestors begins with nodes that do not have
descendants.

Generations of descendants are constructed, starting from vertices which do not have parents.
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Figure 1 - Partitioning into generations of descendants

Definition. Generations of descendants are defined as follows:

e Nodes without parents belong to the 0 generation of descendants.

e Nodes with only 0 generation of parents belong to 1 generation of descendants.

e Nodes with only 0 and 1 generation of parents belong to 2 generation of descendants.

The example of partitioning into generations of descendants is shown in figure 1.
Generations of descendants for a given Bayesian network:

Vertices Age and Visit to Asia will be assigned to the 0 generation.

Vertices Smoker and Tuberculosis will be assigned to the 1 generation.

Vertices Cancer and Bronchitis will be assigned to the 2 generation.

The only vertex TbOrCa will be assigned to the 3 generation.

Vertices XRay u Dyspnea will be assigned to the 4 generation.

Generations of ancestors are constructed starting from vertices which do not have children.
Definition. Generations of ancestors are defined as follows:

e Nodes with no children belong to the 0 generation of ancestors.

e Nodes with only 0 generation of children belong to 1 generation of ancestors.

e Nodes with only 0 and 1 generation of children belong to the 2 generation of ancestors.

The example of partitioning into generations of ancestors is shown in figure 2.
Generations of ancestors for a given Bayesian network:

e Vertices XRay and Dyspnea will be assigned to the 0 generation.

e Vertices TbOrCa and Bronchitis will be assigned to the 1 generation.
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Figure 2 - Partitioning into generations of ancestors

e Vertices Cancer and Tuberculosis will be assigned to the 2 generation.

e Vertices Smoker and Visit to Asia will be assigned to the 3 generation.

e The only vertex Age will be assigned to the 4 generation.

In most cases, the partitioning of the set of vertices into generation of descendants and generation of
ancestors is significantly different. However, it is not difficult to come up with a graph (Bayesian network)
in which the partitioning into generations of descendants and generations of ancestors is completely
identical.

Propagation of the several evidences with the use of “Generation” concept

Initialization of a Bayesian network, i.e. calculation of node values from the values of unconditional
variables (nodes without parents) and conditional probability tables is a fairly simple task. Nevertheless,
we briefly describe the initialization algorithm using the concept of “Generation”.

1. We separate the vertices of the BN into generations of descendants, as described above. Recall
that the 0 generation consists of vertices without parents. For nodes of 0 generation calculations are not
needed.

2. We will calculate the values for all nodes of the 1 generation, using the values of the nodes of the
0 generation and the formula for total probability.

3. We will calculate the values of the nodes of the 2 generation, using the values of the nodes of the
0 generation and the calculated values of the nodes of the 1 generation, as well as the formula for the total
probability.

4. Similarly, we will calculate the values of the nodes of the third generation.

5. ...etc.

At some point, some nodes in the Bayesian network get evidence. It is required to recalculate the
values of the network nodes considering the obtained evidence. One of the difficult issues is determining
the order of calculation of Bayesian network nodes. Obviously, the nodes that obtained the evidence do
not need calculations. Also, nodes that do not have parents do not need calculations, if among the
descendants of these nodes there are no nodes that have obtained evidence.

It would be interesting to collect in one set all the nodes for which we do not need to make
calculations. This set will be called the zero level of the Bayesian network nodes.

In the next set we will collect all the nodes for the calculation of the values of which there is enough
information from the nodes of the zero level. This set will be called the first level of the Bayesian network
nodes.

— 121 ——



News of the National Academy of sciences of the Republic of Kazakhstan

In the next set we will collect all the nodes, for the calculation of the values of which there is enough
information from the nodes of the zero and first levels. This set will be called the second level of the
Bayesian network nodes.

In the next set we will collect all the nodes, for the calculation of the values of which there is enough
information from the nodes of the zero, first and second levels. This set will be called the third level of the
Bayesian network nodes.Etc.

Let us consider in more detail the construction of various levels of Bayesian network nodes. The
nodes that do not require calculations (nodes of the zero level):

1. Nodes that obtained evidences.

2. All descendants and ancestors of the nodes that obtained evidences must be recalculated. It is also
necessary to recalculate all nodes that are descendants of all the ancestors of the nodes that obtained
certificates. These nodes do not belong to 0 level. We remove these nodes from the Bayesian network. We
also remove the nodes that obtained evidence. Then we consider the remaining nodes of the Bayesian
network. These nodes together with arcs form a certain subnetwork of the studied network. From this
subnet, we select nodes that do not have parents. These nodes are also included in the 0 level.

To determine the first, second and other levels, we separate the set of Bayesian network nodes into
two subsets (two subnets): BN1 and BN2. BN1 subnet includes nodes that obtained evidences, these
nodes’ descendants, ancestors, and also the descendants of their ancestors. We assign the remaining nodes
to the BN2 subnet. In the BN2 subnet we define “Generations” as described earlier. If the node belongs to
some generation, then we will assume that this node belongs to the same level. It is easy to understand that
for the calculation of a node of a generation, information on other nodes of a given generation, older
generations, as well as on the nodes of the BN1 subnet, is not required. Only data on the nodes of the
previous levels (maybe not all) are needed.

Some nodes (BN2 subnet) are already distributed across levels. Then we divide the set of nodes of
subnetwork BN1 by levels. First, we replace all the BN1 nodes that are the ancestors of the nodes that
obtained evidences with descendant nodes. To do this, we change the direction of the corresponding arcs.
Let’s denote the new subnet by BN1A. This subnet differs from the BN1 subnet only in the direction of
some arcs. The BN1A subnet will no longer have the ancestors of the nodes obtained evidences - all nodes
will be descendants of the nodes obtained evidences. We divide the BN1A subnet into generations, as
described above. Then we assign a level number equal to a generation number to each node.

The nodes of the original Bayesian network are distributed at the same levels as the same nodes in the
auxiliary networks BN1A and BN2.

Thus, all nodes of the Bayesian network will be separated by levels (zero, first, second, etc.). Nodes
belonging to level zero do not need calculations. For the calculation of nodes of the first level we need
only data of some nodes of the zero level. For the calculation of nodes of the second level, we need only
the data of some nodes of the zero and first levels. Etc. For calculations we will mainly use the law of total
probability and Bayes formula.

Below we will provide 2 examples of distribution by levels of the training Bayesian network. The
network in both examples is the same, but the nodes that obtained evidences are different. Each level in
the figure is located on a separate line. The first line contains nodes of the zero level.

Example 1.

Figure 3a shows some Bayesian network. We have obtained 3 evidences for this network for nodes
C3, C4 and C6. In what order should we make calculations? To determine the order of calculations, we
separate the set of BN nodes into several levels. We refer to the zero level those nodes in which
calculations are not necessary. Obviously, these will be the nodes that obtained evidences (nodes C3, C4
and C6), as well as the nodes that do not have parents, and the nodes among whose descendants there are
no nodes that obtained evidences (nodes C8 and C10). In figure 3b, the zero level is in the top line.
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Figure 3a - Example 1

The first level includes nodes which calculation is required the only information of zero level. These
will be nodes C5, C11, C13, C7 and C9. In figure 3b, these nodes are in the second line.

Figure 3b - Example 1

The second level includes nodes which calculation is required information of the zero and first levels.
These will be nodes C2 and C12. In figure 3b, these nodes are in the third line.

The third level includes nodes which calculation is required information of the zero, first and second
levels. These will be the only node C1. In figure 3b, these nodes are in the fourth line.

The order of calculations:

1. Calculation of nodes of the first level using data from some nodes of the zero level.

2. Calculation of nodes of the second level using data from some nodes of the zero and first levels.

3. Calculation of nodes of the third level using data from some nodes of the zero, first and second
levels.

Example 2.

We consider the same Bayesian network as in the figure 3a. However, we obtain 3 evidences for the
nodes C8, C10 and C13. To determine the order of calculations, we partition the set of BN nodes into
several levels. We refer to the zero level those nodes in which calculations are not necessary. Obviously, it
will be nodes, obtained evidences (nodes C8, C10 and C13), as well as the nodes that do not have parents,
and the nodes among whose descendants there are no nodes that obtained evidences (nodes C5 and C7). In
figure 4a, the zero level is in the top line.

The first level includes nodes which calculation is required the only information of zero level. These
will be nodes C9 and C4. In figure 4a, these nodes are in the second line.
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Figure 4a - Example 2

The second level includes nodes which calculation is required information of the zero and first levels.
These will be the only node C6. In Figure 4a, these nodes are in the third line.

The third level includes nodes which calculation is required information of the zero, first and second
levels. These will be the only node C3. In figure 4a, these nodes are in the fourth line.

The fourth level includes nodes which calculation is required information of the zero, first, second
and third levels. These will be nodes C2 and C11. In Figure 4a, these nodes are in the fifth line.

The fifth level includes nodes which calculation is required information of the zero, first, second,
third and fourth levels. These will be nodes C1 and C12. In Figure 4a, these nodes are in the sixth line.

The order of calculations:

Steps 1-3 we repeat as in the Example 1

4. Calculation of nodes of the fourth level using data from some nodes of the zero, first, second and
third levels.

5. Calculation of nodes of the fifth level using data from some nodes of the zero, first, second, third
and fourth levels.

Conclusion. This paper shows one of the options for determining the propagation order of Bayesian
network nodes in the process of obtaining evidence with use the idea of partitioning of Bayesian network
nodes into independent sets (generations, levels). Nodes, which belong to zero level do not need
calculations. For the calculation of nodes of the next level, we use only the data of some nodes of the
previously calculated levels.

This method allows to develop simpler algorithms for calculations in networks, some nodes of which
have obtained evidences.
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BAWEC )XEJIVIEPTHIE KYOJIIKTEPJI HACUXATTAY

AnHoTauus. baiiec jxemici kemTereH aWHBIMAIBUIAPIBI, COHAAW-aK OCHI AWHBIMAIBUIAPABIH apaChIHIaFbI
OPTYPJIl BIKTUMAIIIBIK TOYCIAUTIKTEPIl CHIIATTAUTHIH rPpadUKaNIBIK BIKTHMAIIBIK MOeNi. baliec sxeninepiHiy Kabl
MaTEMAaTUKANIBIK alapaThlH aMEPUKAH/IBIK FaJIbIM, THIOPHHT CHIAIBIFBIHBIH Jlaypeatsl Pearl J Kyp/sl.

— 124 ==




ISSN 1991-346X Series physico-mathematical. 4. 2020

baiiec sxenici cypaynap/pIH OpTYpJIl TUIITEPIHE Kayall ajlyFa MyMKIHIIK Oepeni:
KyonoHaipyiH BIKTUMANIBIK OaFachl

ATpHOPIBIK MApTHHAIBIK BIKTUMAJIBIKTAPIb] Oaranay.

ATIOCTEpUOPIBIK MAPTHHAIBIK, BIKTUMAIIBIKTAp/Ibl €CENTEY.
ATIOCTEpPHOPIIBIK MAKCUMYM eceOi.

blkTrman GonaTelH OKUFAHBI TYCIHAIPY I 3€pTTEY.

Baiiec >xeminepinzeri ecenreynep ete Kypaeni >koHe kenemnii. 10 TopanTaH TypaTbiH Oaifec keminepinmeri
ecenTeyiep, SleTTe, €CeNTey TeXHHWKAChIH MaiIanaHyAbl, alrOpUTMIECpAl NalblHIAyAbl, OarnapiiaMaliblK KOATa
aNropUTMIEPI icKe achIpyAbl Tanar erefi. baiec skeminepinae ecenreyaepi *KYprizy Ke3iHae opTYpIIi allrOpuTMIEp
KOJITaHBLTAIbI, OJIAPIBI KeJecinen xKikTeyre Oomapl:

e ToJbIK apanblkTap HeMece epecken Kyl oiici. TOoJbIK TaHAay/IblH KeMIITIKTEepiHe, SAETTe, TalChIPMaHbI
LICIIyre KETETiH YaKbITThIH KETKUTIKTI YJIKEH HIBIFbIHAAPbIH JKaTKbI3yFa 00JIa/Ibl.

e KiractepieyaiH Typil HAESIAapBIH MaiialaHaThIH anropuTMiaep. bysl aaropuTMuep >kui epecken KYII
OMICIMEH CaJIBICTHIPFAH A )KAKChI YAaKbIT YTHICHIH Oepe/i. OIeTTe, OChI AITOPUTMIEPIe CAbIHFAH UICsUIap KETKUTIKTI
aIlbIK K9HE TYCIHIKTI.

e Tyliinnep apacblHIarbl aknaparThl Oepy(lponaranusiay) WAesUIapblH INaijalaHaThiH adropurMmuep. by
aNropuTMIEp rpadrap TEOpUsCHIHAA )KaKChl OLTIM/I Tajlar eTei.

e  OpTYpJli CyphINTAY bl KYPYAa KOJJAHATHIH aITOPUTMIED

e Monte Carlo oxici unesuTapbIH MaiaJaHaTBIH aTOPUTMACD

Maxana Baitec xeminepiame OipHemre monenieMerepAi TapaTyIblH KeiOip MocenenepiHe apHamraH. Kasipri
yakeiTTa baiiec »keminepiHme ecemTeynepiH KeONTereH anroputMiepi Oap. OKiHimIKe opai, anropuTMIEpIiH
KOIIIUIINiHIH CHIIaTTaMachl KapacTHIpbUIMAaraH HEMece TeK alrOpUTM HAesUIapbl CHUIATTaIFaH. AJNTOPUTMIEp FaHa
eMec, COHbIMEH Katap OyJ1 alropuTMIepAl Kypy Hiesiapsl 1a ete Kypaeni. Ocbl allropuTMaep i KapacTeIpy Ke3iHe
OKbIpMaHFa KOWBUIFAaH KONTEreH CypakTap jayamchl3 Kanansl. baifec xenminepiHze anroputMmiepii Kypy KesiHge
JIOJICTIIEP/Il TaApaTy MACENIECi MaHbI3IbI OOJIBI TaOBLIAIBI.

Xeninik WIBIHAAPABIH JKUBIHTBIFBIH JKUBIHTBIKTApFa 06y HIESChl aHAJIOTUSl apKbUIbl «¥PIaK» YFbIMBIH
KolgaHanuel. «¥prak» YFeIMBI Joniest OojMaraH Ke3le KoyiaHyra bIHFainbl.  JlonennepaiH  Ooiybl  OCHI
TYKBIPBIMIAMaHbl €13yip KYpZAeil TY3eTyAl Tajam erei. Ajaiaa, HOTIKECIHAE NoNIeNIAEep/IiH Tapalybl aiiKbIHBIpaK
0ouapl, CoiKeCiHIIe arTOPUTMAED alTapIBIKTal JKEHIJIETIITeH.

Keiibip sxarnaiinapaa OipHee ganenaepain 00iybl Kapama-KalbUIBIKTapFa 9Keseai, ojapasiH mmemimi baitec
JKENJIEpiHAeTi ecenTey alTOpUTMACPIMEH KaMTaMachl3 eTiTyi KepeK. «¥pIaKk» TYKBIPBIMIAMachl TYBIHAAWTHIH
KaWIIBUTBIKTapAb] MIETTyTe KOPHEKI xkoHe Oapabap Tocinaepai Tabyra MyMKIHAIK Oeperi.

Tyiiin ce3nep: baiiecTik xeminep, OarpITTanFad rpadTap, reHepamnus, Tapary.
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MPONATAIIMA CBUJIETEJIBCTB B BAMECOBCKHUX CETSIX

Annoranusi. baifecoBckas ceTh mpenctaBiseT co0oil TpaoBYIO BEPOSTHOCTHYIO MOJEINb, OMHCHIBAIOIIYIO
MHOYKECTBO MIEPEMEHHBIX, 8 TAKXKE PA3IUIHBIC BEPOITHOCTHBIC 3aBHCHUMOCTH MEXIY STUMH IepeMeHHbIMA. O0mui
MaTeMaTHYeCKuil ammapar OaileCOBCKMX ceTeil pa3paboTaH amepuKaHCKHM y4€HbIM Pearl J, maypeatom mpemuu
Trropunra.

BaitecoBckast ceTh TO3BOJISIET TTOYYHUTh OTBETHI HAa PA3IMYHBIC THITHI 3aIIPOCOB:

e BeposTHOCTHAs OLIEHKA CBUJIETENbCTB.

Or1ieHKa alpUOPHBIX MAapPTUHAJIBHBIX BEPOSTHOCTEH.

PacueTt anocTepuopHbIX MapruHaJIbHBIX BEPOSITHOCTEMU.
Pacuer anoctepropHOro Makcumyma.

HccnenoBanue Hanboiiee BEPOSITHOTO OOBSICHEHUST COOBITHSL.

Pacyersr B 0aifeCOBCKHX CETSIX JOCTATOYHO CIIOKHBI U 0OBEMHEIL. PacueThl B 0aileCOBCKUX CETIX, COMEpIKAIINX
6oxee 10 y3moB, Kak MpaBWIIO yKe TPEOYIOT MCIIOIB30BAHNS BBHIYUCIUTEIFHON TEXHHUKH, Pa3pabOTKH aJTrOpUTMOB,
peanu3ayy anropuTMOB B IpOrpaMMHOM Koje. [Ipy mpoBeaeHHM pacdeToB B 0aileCOBCKHUX CETSX HCIONB3YIOTCS
pa3iiuyuHbIe aITOPUTMBI, KOTOPBIE MOXHO KIaCCH(UIPOBATH, HAIPUMED, CIEIYIOLUIMM 00pa3oM:

e Tlomseni nepebop mwim MeTox Tpyboi cmibl. K HemocTtaTkaMm MOJTHOTO mepedopa MOXKHO OTHECTH, Kak
MPaBUIIO, TOCTATOYHO OOJIBIIKE 3aTPATHl BPEMEHH Ha pPelIeHHue 3a1aqu.
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e ANTOPHUTMBI, HCTIONB3YIOUINE Pa3IMYHBIC WAEH KiacTepu3anuu. JlaHHbIe aJTOPUTMBI 9aCTO JAIOT XOPOIINH
BBINTPHIII BPEMEHHU II0 CPAaBHEHHUIO C METOIOM rpy0oii cuisl. OOBIYHO WIeH, 3aJ0KEHHBIE B JTAHHBIX aJTOPHUTMax
JIOCTaTOYHO MPO3PauHbI U MOHSTHBI.

e AJNTOPUTMBI, WCIIOJB3YIOIIKME WICH Mepenadn(mponaranui) WHPOPMANUU MEXAy y3iaamu. JlaHHbIE
AJITOPUTMBI TPEOYIOT JIOCTATOYHO XOPOIIUX 3HAHHI B TEOpUHU TpadoB.

e  ANTOPHUTMBI, HCIIOJB3YIOIIUE TOCTPOCHIE PA3ITUYHBIX BBIOOPOK.

e ANTOpUTMBI, HCIIONB3YFOIIUE uaen metona Monte Carlo.

CraThsl TOCBAIICHA HEKOTOPHIM MpoOJieMaM pPacIpOCTPAHECHUS HECKOJIBKUX CBHIETEIBCTB B 0aileCOBCKHX
ceTsx. B HacTosImee BpeMs CyIIecTBYeT MHOXKECTBO Pa3IMUHBIX aJlTOPUTMOB IS PacueToB B OaiflecoBckux ceTax. K
COKAJICHUIO OIMMCAaHUE OOJNBIIMHCTBA aJTOPUTMOB JIHOO OTCYTCTBYET, TUOO OMUCHIBACTCS JIMIIDh HACS aJTOPUTMOB.
He Tonpko anropuT™Mel, HO TaKke U UIEH MOCTPOCHHUS TAHHBIX aJITOPUTMOB JOCTATOYHO CJIOXKHBI. MHOTHE BOIIPOCHI,
BO3HHUKAIOIINE Y YUTATENA P PACCMOTPEHHUH JAaHHBIX AITOPHTMOB, OCTAOTCS 0e3 oTBeTa. YTO-TO MOXHO MOHSTB,
TECTHPYS COOTBETCTBYIOIIEE IPOTPaMMHOE 00ECTIeYeHHEe, HO MHOTHE BOIIPOCHI OCTAal0TCs 6e3 OTBeTa.

Wcnonb3yercst umess pa3dUEHMsI MHOXKECTBA BEPIIMH CETH HA MHOXKECTBA MO0 AHAJIOTHHM C HCIIOJb30BaHHEM
noustust «[lokonenue». Ilonstue «IlokoneHue» yaoOHO HCIOIB30BATh IPU OTCYTCTBHU CBHICTEILCTB. Hamuumne
CBHUJICTENIBCTB TPEOYET JOCTATOYHO CJIOKHOW KOPPEKTHPOBKHU JaHHOTO MOHTHSA. OHAKO B pPE3yJIbTATe MPOIaralus
CBUJICTENIBCTB CTAHOBHUTCS 00JIee HATIISAHOM, a COOTBETCTBYIOIINE allTOPUTMBI 3HAYUTEIFHO YIIPOIIAIOTCS.

Hanuune HeckoNbKHX CBHJIETENBCTB B HEKOTOPBIX CIIydasX MPUBOJIUT K MPOTUBOPEUUSIM, PEIIEHUE KOTOPBIX
JIOJDKHO OBITH TPEIYCMOTPEHO aNTrOpPUTMaMHU PAacUeTOB Y3JIOB OaifecoBCkod ceTH. Moau(UIMpOBaHHOE MOHITHE
«ITokoneHre» IMO3BOJISIET HAXOIUTH OOJiee HArJSAAHBIE W aJCKBAaTHBIC IMOAXOMBI K Pa3pelIeHHI0 BO3HHKAIOITUX
[IPOTUBOPEYUIL.

KuroueBsle ciioBa: baifecoBckuie ceTr, OpHEHTHPOBAHHEIE Tpadbl, TeHepaIHs, PaCIpOCTPaHEHHE.
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