Updating in Local Computation

Schneuwly Cesat

Abstract. Local computation on covering join trees provides a so-such a sef directly at once. Every information piece #is then

lution for query answering in several different fields, such as re-either compatible or not. A mixture is allowed.

lational databases, belief functions, constraint satisfaction, Gaus- One could imagine other forms of updating, like replacing or re-

sian potentials and many more. The algebraic structure behind is moving information pieces. Another issue is query answering to ar-

generic framework for information processing known as valuationbitrary domains after local computation, which has already been dis-

algebras [5]. cussed in the domain of relational databases [15] and for belief func-

In this paper we discuss how new information pieces can be addetibns [14]. The latter uses @movaloperator [12] which is closely

to the old information, i.e. how to use former computed results to antelated to division inegular valuation algebras [5]. It turns out that

swer the queries in the new situation. A task which will be referred tothese forms of updating can be transported to the level of valuation

as updating. The domains of the new information pieces are possiblglgebras as special cases of the theory developed here. But this goes

not covered by any node of the join tree. Since the construction of &deyond the scope of the article and we refer to [8] for the details.

new covering join tree may be computationally expensive and makes For the case of incompatible updates we first discuss in section 2

it harder or even impossible to reuse already available results, we irseveral tree modification methods. The idea is to modify small parts

troduce several methods to modify join trees locally. We will see thaiof JT' making the new information piec&scompatible. A first ap-

this enables updating approaches for all well-known architectures faproach is presented in subsection 2.1 which is in fact a generalization

local compuation like Shenoy-Shafer, Lauritzen-Spiegelhalter an@f tree modification methods introduced in [13, 1]. It considers just

HUGIN. the structure of the join tree and not the valuations lying on it. This in-
dicates a possible optimization which is discussed in subsection 2.2.

An important commonality of the different tree modification meth-

1 INTRODUCTION ods serves to introduce in section 3 so-callgutlating basesa
generic notion which will be used subsequently for updating proce-

In valuation algebras information is represented by valuations. Welures. We will see that new inward propagation phases on a modified

normally start with a set of valuationg):, ¢, . .., ¥, }, a knowl- tree JT' for the different local computation architectures can par-

edge baseThe problem of computing a marginal® of the com-  tially be skipped, if former results are accessible. Updating consists

bined informationp = ¢1 ® - - - ® v, is calledprojection problem therefore of thecompletionof this new run followed by an outward

sometimes referred to gsiery answeringvith querys. Usually, sev-  propagation phase. We discuss further updating in algebras with par-

eral queries are of interest. tial marginalization where updating gets more involved.

There are many different approaches based on join trees solving

this task reasonably efficient, such as the Shenoy-Shafer [10], thg TREE MODIEICATION METHODS

Lauritzen-Spiegelhalter [6] and the HUGIN architectures [4], all de-

scribed in terms of valuation algebras in [5]. A generalization to cov-2.1  Modifying Regarding the Structure

ering join trees is dis_cussed in[9]. A common feature_ of these methwe start with a join tree/T — (V, E, A, D), whereV" denote the

ods is .th.at all operations take place within the domains of the nOdeﬁodes,E the edges) : V — D the labeling function and a

of Fhe join tree. They are therefore .often referr_ed to as local Compubowerset of variables. A set € D such that there is nbe V with

tation methods. At the end we obtain the marginalg & the labels s’ C A(i) is called incompatible [1] or implicit [13]. Consider a set

of the.nodes in the underlyllng join tro, . . s C D of implicit domains (relative to/T") to be covered,
An important problem arises when a new piece of information

arrives and has to be added. We then say that the overall information s = {s1,82,...,8n}, § =s1Us2U...Usp.
¢ is updatedby +’. The new problem is to answer the already given
and fixed queries relative t6® v’ andJT'. Updating presupposes a . . ;
former rur?of alocal comptz)tat?ém. The chaI[I)enge ?spto reupspt)a as man uch that the union of their I"_ibds covefsit wheret = UJ‘GV M)
information as possible from this first run. There are two cases: If h.e.next theorem (proven in [14]) guarantees that this can be done
there is a node VT which covers the domain af’, we say that efficiently.

@’ is compatiblewith JT'. Otherwise, we call iincompatible[1] Theorem 1 The setX can be chosen in linear time such that it is
or implicit [13]. Since there are situations where several informationminimal in the sense, that if we remove a node from it, it either does
piecesZ = {v1,t2,...,tm} arrive simultaneously, we intend to treat no more coves’ N ¢, or will make the vertices i disconnected.

We begin by determining a minimal set obnnectednodesX

1 University of Fribourg, Switzerlandyttp:/diuf.unifr.ch/tcs After such a seX” has been found, we remove the edges between the
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Next, we build a new join tredT™ which covers the domains in

s together with the labels of the nodes .2 The challenge is to <D )
connect properly everyT; to JT™ such that the resulting tre&r” e > G —ED
satisfies the running intersection property. This is described in algo- Ceee D Ceen

rithm 1, which is referred to ageneralized modification algorithm Coned <> Cord [«

The crucial points arg.(c) and5.(d) where the edges ofT” are de-
termined. For short.(c) keeps all edges ofT" which are not among Coer D Ceen D Coer D <>
the nodes inX and all edges of T™. This yieldsJT™ together with
the JT; for i € X apart.5.(d) connects eacHT; viai to a node in
JT*. The following theorem (proven in [8]) shows th&T" is a join

tree Figure 1. Covering the implicit domain$A, G} and{ B, G}.

Theorem 2 The resulting labeled grapiT’ = (V', E’, X', D) of

the generalized tree modification algorithm is a join tree and for ev-

erys; € sthereis a noder; € V' which coverss;. It is worth noting that we can apply the generalized tree modifi-
cation algorithmn-times consecutively for every, € s instead of
once for the whole set The question about the pros and cons cannot

(Algorlthm 1. Generalized Tree MOd'f'Cat'O} be answered here. It depends heavily on the domainsthe struc-

JT = (V,E,\, D) and aset = {s1,s2,...,5n} Of tu_re of JT_ an_d one can_ imagine a combination of both._However,
incompatible domains this question is not that important for our purposes. We will see later

A covering join treeJT" for all labels (i) and all do- in this paper that if we are interested in updating, every modification
mainss; € s of the tree provokes at least a complete new outward propagation

phase which is computationally expensive. Therefore, we prefer one

Lo Lett ={J;cy A(j) ands’ = s1Us2 U... Usy modification step for all domains in

2. Find a minimal seX of connected nodes witint C ( J,_, A(¢)

3. Determine the set of domaibs= s U {\(k) : k € X} :

4. Compute a covering join tregT™ = (V*, E*, \*, D) for the 2.2 Domain Based Approach

domainsy’ without free variables (avoid name clashed@dfand A local computation base for a projection problem
V', “without free variables” means that each variable in the node Lo
labels must also occur somewhere in the domains contairtéyl in (G1®d2® - @¢n)™

5. Generate the labeled graghi” = (V', E’, \', D) according to with queriesz; is a quintuple(V, E, \, D, a), where(V, E, \, D) is

(@) SetV':=vuv* a join tree which covers the factors above (together with the queries)
(b) Set anda : {¢1,...,¢n} — V is a mapping which assigns uniquely
) " every valuationp; to a node inV. Every nodel € V' has therefore a
N(i) = { igl)'a '; i€ 5; valuationy; = @, ;,_, #; assigned. Nodes such that there is no
@, ifie I with a(l) = k get an (adjoined) identity valuatianassigned; this
() B =E*Uu{{n,n'}eE:n¢ X} is indeed possible, see [9]. The are thus eithee, a singleg; or

d) Find f de dei “ With \(i . the result of the combination of severs). The overall idea of this
(d) Find for every node € X ? nodej € V™ with A(i) € X'(5) subsection is that the domains of the valuatignsio probably not
and add the edgfi, j} to & entirely fill the labelA(¢). A further optimization can be achieved.

Definition 1 LetY C V be a connected subset of nodes/ifi. We
call the nodes inY” having at least one neighbor i7", which is
Example 1 Given the join tree depicted on the left in figure 1. We are not contained irt”, border nodeand denote the set of border nodes
interested in covering the implicit domairs= {{A, G}, {B,G}}.  according to a set” with bd(Y).

For this purpose we determin€ = {{A, B},{B,C, D},{D,G}}
and gett’ = {{A,B},{B,G},{B,C,D},{D,G},{A,G}}. A
possible join tree/T" is depicted on the right in figure 1.

ConsiderY” as a minimal set of connected nodes/ifi covering a
domains’ (in the sense of theorem 1). For evérg bd(Y)

e introduce a new nodgwith label A(7);

If JT* consists of a single node which covefs we essentially ¢ remove for every: € neighborsi) with k ¢ Y the the edgék, i}
get Xu's tree modification algorithm introduced in [13]. Similar gen-  from E, but add{%, j};
eralizations of Xu's method are discussed in [13, 1]. The firstis baseq connectj to 4, i.e. add an edgéi, j};
on the fusion algorithm for join tree construction [11] and takes, aftery assigne to the nodej.
having cut the edges among the nodeXinthe JT; as an interme- ) ) )
diate situation of fusion and completes the tree. The latter is close tghis procedure will be referred to axpander Let thenX' contain
the present approach, but “subsumes” several nodes during executidntogether with the newly introduced nodes during the expander al-

which makes the resulting tree harder to use for updating. gorithm. Note thatX is connected. The border node#X) are not
used to cover real valuations. We may shrink their labels, that is, for

2 for example with the fusion algorithm of Shenoy [11]. But not every join every variabled € \(4), i € bd(X), we check if it can be removed

tree is equally suitable for computations, since the biggest label should hay, oo . : e )
minimal cardinality. Finding such a covering join tree is known to be NP- Such that the running intersection remains satisfied. The whole pro

hard [2]. An overview of heuristics can be found in [7] and a comparisoncedure (including shrinking) will be referred to as normalization on
of the different methods in [3]. Y givens' relative to the assignment mappiag




Definition 2 Given a minimal subseX C V of connected nodes

[Algorithm 2: Domain Based Tree Modificat@"l

for covering a set’ of variables. We say thatT is normalizedon
X givens’ relative to an assignment mappiagif

o every border node € bd(X) hase assigned,;

e removing any variabled in the label of any node ibd(X) vio-

Covering join tree for the factors; and the domains ia

Local

$rL® -
domainss = {s1,s2,...

computation  base (V,E,\,D,a) for
® ¢n, together with a related set of implicit

,8n}

lates the running intersection property.

We have seen above that if we normaliZE onY” givens’ relative ;
to a, then the result is a normalized tree ah(defined as above)
givens’ relative to the adapted assignment mapping.

We are now able to present the overall idea of the new modifica-
tion algorithm. Lets = {s1, s2, ..., s» } be a set containing implicit
domains to be covered with = s; Usa U ... U s,. Assume we 4
have a join treeJT° which is normalized onX givens’ N ¢t rela-
tive to an assignment mappiagwheret denotes the set of variables
already used in the join tree. WIT® we use the seX as the part g
which is concerned by the modification. Instead of cutting out the
edges among the nodesihas we did in the former approaches, we
removethose in(X — bd(X)) completely. Several connected parts g
JT? of JT° remain, all identifiable by a node € bd(X). These
“identifier” nodes serve later as connecting nodes to a newly buﬂZ
join tree JT™, which is supposed to cover the domainsjrthe la-
belsA®(7) for every:i € bd(X) and the domains of the valuations as-
signed to nodeéX — bd(X)) removed just before. Figure 2 depicts
the idea. The crucial point is the connectionkf* to the subtrees
JTy without violating the the running intersection property. Note

. Lett =J, o, A(9) ands’ = s1 Usa U+ -
. Find a minimal set” of connected nodes (see theorem 1) such

8. Find for every subtredT; a nodek in JT™* with \°(%)

U Sn.

thats’ Nt C [,y (D).

3. Normalize the given join tree ori givens’ N ¢ relative toa and

get a new join tree/7° = (V°, E°, \°,
assignment mapping.

Let X C V° containY and all new nodes 7T relative to
JT introduced in the last step for normalization, i.e. the ones in
(Ve —=V).FormallyX =Y U{i:ie (V°=V)}

Remove thenodes(X — bd(X)) from JT°. This yields sev-
eral subtrees/TY which can be identified by a unique node
1 € bd(X).

Letd' = sU Uj;}iex,ao(_j):i{d(¢j)} U Uiebd(x){/\o(i)}'
Generate a covering join treEl™ based orb’ without free vari-
ables (avoid name clashessf with V°).

D) together with a new

C A (k)
and add an edgg, k) to E°.

9. This connects thgTy and JT™* together. The resulting labeled

graph is the finai'T’ = (V', E', X', D).

that deleting the nodes implies that not all labels reappear. Further,
the labels of nodes iX could represent a desired query. Until now

we neglected this completely and concentrated on the domains of tfexample 2 Given the join tree depicted in figure 3 (a) and let=
factors only. It is clear that all desired querieshave to be covered {{E, F'},{D, F'}} and consider the factorization

in the resulting tree too. For simplicity, we assume throughout this

subsection that they are represented by newly introduced valuations

ex; With domainse; and are added to the factorizationgacehold-

P=P1 QP2 ® - ® @7

ers After the modification process, they are replaced by the identityvith d(¢1) = {C,L}, d(¢2) = {C,F,K}, d(¢3) = {C,F},

valuatione.

) = {B,C}, d(¢5) = {AzB}v d(¢6) = {C,D}, d(¢7)

{D,E} anda(l) = 1, a(2) = 2,a(3) = a(4) = a(b) = 3,

=
— ]R,
=

Figure 2. On the left-hand side we assume a normalized join tree, where
the setX of nodes is grey-shaded. The idea is to remove the nodes in
(X — bd(X)) and build a completely new covering join tree for the domains
of interest. This tree is then connected to the parts of the original join tree

which arose by the remove operation.

ONOUAWNR

. Theset =

a(6) = a(7) = 4. We follow the algorithm step by step:

{A,B,C,D,E,F,K,L} ands’ = {E, F, D}.
Y = {3,4}.

. The normalized join treéT”° is depicted in fig. 3 (b).

With JT° we getX = {3,4,5}. Note thathd(X) = {3}.

. See figure 3 (d). The single subtt&E; remains in this example.

v ={{C,F},{B,C},{A,B},{C,D},{D,E},{E,F},{D, F}}.

. A possible covering join tree without free variables is in fig. 3 (c).
. The only possible choice is the node/ifi* with label{C, D, F'}.

If we add an edge between the two nodes we get thefifia(see
figure 3 (e)).

It is interesting that there is no node of cardinalityn the result-

ing JT".

The new tree modification approach, which will be referred to as The idea of the domain based modification algorithm is first men-

domain based tree modificatipis described in detail in algorithm 2. tioned in [1], but not worked out. There it is further limited to the case
|s| = 1. Since the new/T™" is based on the variables really needed,

Theorem 3 At the end of the domain based tree modification algo-we can say thaf7” is locally optimal onJT™. Taking the result of
rithm, the graphJT’ = (V’, E’, X', D) is a covering join tree forthe  the last example we see that it is even possible in some cases that the
domains ins and for the domains of the factofs ® ¢ ® - - - @ ¢n. biggest label of/T' has a smaller cardinality than the biggest/af.
SoJT" does in this case not only cover the domains in addition,
but is even more suitable for computational purposes.

Proof. See [8]. O



and are connected to a newly build join tree (see the algorithms).
Now let JT* be a subtree of T’ such that

e V/* contains all new nodes introduced during tree modification;
e for every. € 7 there is a nodg € V* which coversi(:).

Note that we may choose a minim&l™® in the sense that removing
any node of/T'* does either no more cover the valuati@hgontains
no more all new nodes introduced for the modification or is discon-
nected. This can be done by successively check every node. Based on
Cer D, Cer D the subtree/T*, we may determinél, JT; andJT° as described
@ © above. We call the quintup€ B = (JT,JT',JT*,JT{,JT°) an
CHEHH updating baself JT** is minimal, we add the prefirRormalizedto
the name. Note that th&T7 in an updating base are subtrees/af,
Figure 3. The new tree modification approach takes the domains of the they are identical to/T;. Updating bases allow to introduce updat-
valuations lying on the nodes into account (see example 2). ing proceduredor the different architectures. This is the topic of the
following subsections.

3 ADDING NEW INFORMATION

Consider a covering join tredT = (V, E, A\, D) for an arbitrary .
knowledge basée1, ¢, . . ., ¢} which can be used for answering 3-1.1 In the Shenoy-Shafer Architecture

queriesz;. We assume that;, 1 < i < m, is the valuation assigned | the Shenoy-Shafer architecture updating is rather simple. We be-

3.1 Updating Procedures

to nodei € V' by an assignment mapping such that gin by determining an assignment mapping for the factors’an
" m JT': Every nodej in a subtree/T; of JT' gets again the valuation
b= ®¢i _ ®¢Z_ [y assigljed._Note that; is either a single factqybl, the result of
et et the combination of several such factors or the identity eleraehit
is important to remember that in the domain based modification ap-
Let T be a set of valuation§ = {1,¢2,...,.,} ands be the set  proach not all nodes of I reappear and therefore not all information
of domainss = {d(:) : « € Z;d(:) is incompatible with/T'}. This ~ piecesp;, are distributed by this process. However, it is an immediate
section examines how the queriesaccording to the updatefl = consequence of the domain based modification approach that the re-

¢ ® @), ., ¢ knowledge base can (efficiently) be computed using amaining factorsp; to be ditributed are covered by the nodes/if*®.
previous local computation. The challenge is to answer queries bf\nd so are the new information piecesZinWe distribute both freely

reusing as many results as possible of the former run. to covering nodes i 7.
Let JT* be an arbitrary subtree of a join trg€”. This induces a Next we start a new inward propagation phase towards a node in
decomposition (see figure 4): A nogés either inV*® or in (V' — JT*. But we may skip the subtreekT;. Indeed, inward propaga-

V*). But (V' — V*) consists in general of several subtrees, wheretion produces messages identical to the first run until the connecting
nodes are reached. These messages are already available, since the
Shenoy-Shafer architecture explicitly requires a caching. An addi-
tional outward propagation phase completes the updating process.

We conclude that inward propagation can partially be skipped
during updating procedures if the Shenoy-Shafer architectures has
been applied earlier. A result which can partly be transported to the
HUGIN architecture, see the following subsection.

3.1.2 In Algebras with Division

Assume now a regular valuation algelyfa, D) with a well-defined
division operator [5]. Projection problems can then be solved us-
ing the HUGIN or the Lauritzen-Spiegelhalter (LSA) architectures.
Figure 4. Every subtree/T* of a treeJT” induces a decompositioninto  Unfortunately we can not carry out updating as for the Shenoy-
several parts T}, each of which connected via a nod J7°. The setX  ghafer architecture, since the messages sent among the nodes are not
of connecting nodes is grey shaded. cached. Nevertheless, a comparable procedure as for Shenoy-Shafer
exist by exploiting an important property based on division: The val-

each can be identified by a (connecting) néddich is a neighbor of uationg = 41 ® -+ @ Ym € & With ¢; € © also factorizes in

anode inJT*. We refer to the subtrees correspondingi — V*) _ IAG) Lo()y—1
asJT;. Let thenX denote the set of all connecting noddq® is ¢= ®¢ ® ®(¢ )
finally the tree consisting of T* together with the nodes iX .

In a first step of updating we modify the given join ré@’ such ¢ ¢ genotes the set of separator nodes/ifi and o their labels®
that the implicit domains become compatible. Xu's tree modifi- ¢, [5, 9]. The factors above fit on the nodesJat. A possible
cation, the generalized and the domain based approaches have gne

property in common: Subtrees dfl" reappear in the resulting 7’ 3if j € Sis the separator betweémndch(i), theno (5) = A(i) N A(ch(4))

@)
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assignment mapping which presupposes a choice of an arbitrary JT'. We conclude formally that evetiye X, i.e. every leaf of/ T,
root noder is given in the algorithm 3. Note that if the valuations stores at the beginning of inward propagationfar®
n are determined by this algorithm we get by equation (1) indeed

¢ =Q,cp M- pP0 g ® (@AM EN -1

ki:(k,i)EE, (k)¢ E’

[Algorithm 3 Stabilizer] where the edgesk, i) are directed according to the root node
nout A factorization of¢ like in equation (1) relative to a given chosen above_= for the stabilizer g_lgor_lthm. . .
join treeJT = (V, E, \, D) rooted atr If the domain based tree modification was applied, then the assign-

A .  of the factors . desh ments by the stabilizer algorithm can only partially be transported
N assignment ot the factors fo covering node from JT towardsJT;. This is due to the fact that not all nodes of

JT reappear. So there are probably some factors of (1) which are not

1. Assign the valuationg; = ¢**'*) to every leaf node assigned to nodes of th&l; and which have still to be distributed.
2. Lets(k) denote separator nodes betwéeand its parentpa (k) But in difference to the new information piec&s these factors do
3. Assign to every non-legfthe valuation typically not fit onJT®.
j o(g)\— Example 3 Reconsider example 2. The factorization is
i (bl)\(ﬂ) ® ® (¢l (Q)) 1 p p

d)L{C,L} ®¢1{C,K,F} ®¢L{A,B,C’,F} ®¢i{C,D,E}
("N @ (1 T @ (61,

but neitherg! {45:C:F} nor ¢+ 1P:E} are covered by/T".

a€s(j) ¢

Lemma 1 At the end of a new inward propagation phase .&f We avoid therefore domain based tree modifications in architectures
towardsr using the assignments determined by algorithm 3, everywith division.

nodei containsg!*(® and every separatof storesg! (7). We conclude that updating in the HUGIN architecture works for
the generalized modification algorithm, but usually not in the more
Proof. See [8] a general domain based case. The stabilizer algorithm determines as-

It is important to note that we require the valuatign€*) on ev- signments for the/T; such that they can be skipped during a new
ery separatok € S. Remember that they are available at the end ofinward propagation phase. The new information pieces can be freely
the HUGIN architecture. The LSA provokes however the computadistributed to covering nodes ifiT"*. A totally new outward propa-
tion of the additional marginals'”*) though? And if they are avail-  gation phase completes the updating process.
able (either newly computed or conserved beforehand), we may pro- Next we assume a separative valuation algétaD) where divi-
ceed as for HUGIN. This is actually recommended, since in HUGINsion can be carried out only in an embedding algébra D) and is
divisions take place on nodes with smaller labels. We skip thereforenly partially defined, see [5, 9]. It is by no means guaranteed that all
the LSA. marginals are well-defined during the new inward propagation phase

Let us investigate updating. First we concentrate on the generatowards a node io'T* (nevertheless they are at least on the subtrees
ized modification algorithm in order to get a modifig@”. X should  JT;, see above). It is however well-known that if inward propagation
be the set consisting of the connecting notle$ the subtreesgT;. works, then so does outward propagation [9].

Clearly, X is a subset of the nodesfI". We distribute then the valu- We impose that the updated valuatiphhas to be an element of
ationsn on J1" according to the stabilizer algorithm using a root node &, but the valuations i may be only in the embedding algebra

r € X. The above lemma 1 implies that new runs of inward prop-(®*, D). Hence there is a big difference between the addition of
agationon the original JT' can be skipped, since we know already p = |Z| information pieces consecutively (piece by piece) and the
the results. The generalized modification algorithm guarantees théiill set 7 at once. For the first case, there must be a permutation
the assigned valuationsto nodes inJT' canfully be be transported = such that the sequenegy, tr(2), - . . , tx(p) Of the valuations in
towards the subtrees$T; of JT". If the new information pieceg T fulfills ¢ @ tr(1y € P, ¢ ® tr1) @ tr(2y € ® and so on un-
are distributed to covering nodes.ii"® (this is indeed possible), we il ¢ @ tr(1) @ tx(2) @ -+ ® Lr(py € ®. Respecting the sequence
easily see that théT; can be skipped during inward propagation on (1), 7(2), ..., n(p) in the updating procedure, we can proceed as
themodifiedJT’ towards a node if’* until the connecting nodes  usual but add single information pieces. It is interesting to note that
are reached. Hence, updating consists of inward propagation begiif-the .; are all compatible, then inward propagation always works
ning atJ7 " followed by an outward propagation phase on the wholesince for every step a single nodés concerned in the updating (and
JT". can thus be reached in the new inward propagation phase). No new

A word of warning: We start updating where every ngde JT3, marginals need to exist. Remember that adgiisingle pieces apart
j # i, stores a valuation of the forg**(?). It might be conjectured  requiresp outward propagation phases. This is computationally ex-
that this remains correct for the connecting nodes X. Thisis  pensive. The situation gets more involved if we add all compatible
only incidentally the case because the edges between nodgs in valuations simultaneously. An example is depicted in the figure 5. If
were cut in order to gefT”. As a consequence, every pargrt X we add.q, t2 andes at the same time, it is not clear if the messages
of a node: € X in theoriginal tree J7' does not sent the message jis_.1, 1.3, 3—1 OF 12 EXist.
pi—i = D) towardsi during inward propagation odT”, But even if theZ are incompatible with/T, the existence of a per-
since the edgé¢j, i) does no more exist. In other words, the inverse mutationr as described above may guarantee a successful updating.
(¢*MD126)) =1 does not vanish in the node storeiafs it would on  For this purpose reconsider Xu's tree modification approach because
it has the following interesting consequence proven in [8]:

4 if they are not conserved during outward propagation (which is not explic-
itly required by the algorithm) 5 k is the parent of




for local computation updating is (efficiently) possible since the de-
parting inference problem does not cause computational load on the
unmodified parts of the join tree. Former results can be reused.

The presented theory is based on already established techniques of
both, tree modification and local computation. This guarantees that
the presented algorithms can be applied in many different research

Figure 5. Adding information pieces simultaneously.

fields.

Theorem 4 If we add a single, incompatible information piece
®* to ¢ such that ® ¢ € ® andJT in the used UB is modified ac-
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3.1.3 Inldempotent Algebras
We stated above that we can not use factorization (J7if = REFERENCES
/ ARV H £ H
(V', B, X', D) results from the domain based tree modification ap- [1] B. Anrig, Probabilistic Model-Based DiagnosticPh.D. dissertation,

proach.JT" is normally not a covering join tree for these factors. But
if we concentrate on idempotent valuation algebras, which are regu{2]
lar too, we find yet another factorization ¢f It consists of a mixture
of the computed'*¥ and the original factors; .

[3]
Lemma 2 LetY denote a set of connected nodeg/ifi. The valua-
tion ¢ € @ factorizes intap = @, ..y PR R,y ey b if [4]
(@, D) is an idempotent valuation algebra. -

[8]
Proof. See [8]. O

Consider a (normalized) updating base/B = [6]

(JT,JT',JT*,JT,,JT°). The nodesk € V' such thatk ¢ V*
coincide with the reappearing nodes in the subtrEEsand we may 7]

reassign the factorg!*) to each of them. Let thelr contain the
nodes in(V — V'), i.e. the ones removed by the tree modification [8]
process (if any). Sinc&” is a connected set of nodes, we know
by the above lemma that = @), ..y P @,y ey bin

hence the factorg;, with & € Y have still to be distributed. But o]
they are covered by the nodes.jfT"*.® We distribute them freely,
together with the new information pieces In to covering nodes [10]

in V*. Using these assignments, a new inward propagation phase
can again be skipped on thEl’; since the messages vanish due to
idempotency. Indeed, if a node stores () its message sent to its
neighborj is p1; .; = ¢'*M) and we get at nodg, [11]
¢lk(j) ® pisj = ¢lA(J').

Updating in idempotent algebras consists therefore, as for th@z]
Shenoy-Shafer and for the HUGIN architectures, of a new inward
propagation phase beginning at the nodeg/® followed by an

outward propagation phase. [13]

4 CONCLUSION [14]
Updating and query answering are important tasks for the treatmeHS]
of information. Once a join tree is fixed and a local computation ar-
chitecture executed, information processing leads to these two oper-
ations. We introduced in this paper several different tree modification
methods for avoiding a complete new join tree construction if incom-
patible information pieces are added. Of particular interest is then the
generic notion of an updating base which proves sufficient for updat-
ing procedures. We have seen that for all well-known architecture

6 this is trivially guaranteed by the tree modification algorithms
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