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Abstract.
sense to reinterpret product update, as introduced by @3dlass

In this brief note, | would like to suggest that it makes

uncertainties concerning the state and the ones concetiming
simple action are mutually independent, the two unceiitsnt

and Solecki, as a system to account for observations and- meta must be multiplied, except that we insist on applying ancaicti

observations, where a meta-observation is an observatian ob-
servation. Under this interpretation we also take produottaction
models with meta-action models. | deliberate on some plessin-
sequences of this extension to the interpretation of proalodate.

1 Introduction

Product update, as defined by Baltag, Moss and Solecki [lis 2],
about updating multi-agent epistemic models by modelirey k-
similation of new information as a (restricted) modal prodwith
a multi-agent epistemic action model. This paper reportsdhbser-

only to those states which satisfy its precondition.”

The quote explains that the intersection reflects mul@piic of
independent uncertainties. But the quote does not explain why we
can assume this independency, nor does it explain what Kiad-o
tions actually ensure independency under the constranesed by
the preconditions.

I will approach the question concerning the reason for gkin
intersection from a slightly dierent angle. Prima facie, one might
consider taking an intersection surprising: if an agenfquers the
same action from states he cannot distinguish, it will atstdhe able

vationg concerning this framework. The first observation is that theto distinguish the result states. And if an agent does noindisish

mechanism defined by taking products only fits with an intetqer
tion of the actions in action models elservations. The second, re-
lated observation is that action models themselves mighidveed
as resulting from products of meta-action models reprasgnieta-
observations. These (admittedly preliminary) ideas mag gise to
new action languages for talking about epistemic actionetsod

2 Product updates model observations

That the possible worlds resulting from a product updatedtarte-
sian product of the original worlds and the actions, is intely ex-
plained by the observation that in principle any of the epist ac-

two actions from a state it does distinguish, again two oreniedis-
tinguishable &ect states will result. This would then rather suggest
that we should take thanion instead of the intersection. So why is it
that the intersection is the right choice? The rough anssvéeicause
the actions of action models are ‘testing’ or ‘observatiantions.
Such actions always aim egducing uncertainty. Furthermore, what
these actions observe, must be true in the state where teewni-
tion holds. So there is just exactly ordge way in which observation
actions can result in uncertainty: from an uncertain stateuist be
uncertain whether the observation has taken place. Th&iegghe
intersection.

This also sheds light on the question above, concerningehe r

tions in the action model can be performed from any state én th SON for the independence of the uncertainties involved.ifichepen-

static epistemic model. We getrestricted product by considering
the preconditions of the actions that prevent some actmbe fper-
formed from certain states. For the uncertainty relaticthéproduct
models the intersection of the uncertainty relations ofgpistemic
model and the action model is taken.

Surprisingly, in the literature not muclffert is spend on explain-
ing why it is that we have to take the intersection of the uraiety
relations originating from the static epistemic model and é&pis-
temic action model. Baltag and Moss [2], in their most ree@abunt
of product update, say the following:

"We model the update of a state by an action as a partial update
operation, given by a restricted product of the two struegur
the uncertainties present in the given state and the given ac
tion are multiplied, while the impossible combinations taites

and actions are eliminated (by testing the actions pretiondi

on the state). The underlying intuition is that, since therdg

dence is explained by the reasonable assumption that elisey
themselves do not interact with the conditions obsetved

The term ‘observation’ should not be taken too literallyehekc-
tually, from the level of abstraction we are looking at imfwtion
transfer, ‘observation’, ‘testing’, ‘learning’ and ‘anmacing’ are all
alike. The diference between these concepts can only become more
clear if we can dierentiate between sending and receiving agents,
their motivations for transferring information, and thsirategies for
dealing with new information. The present setting, withnations
like ‘agency’ or ‘intention’ is simply too abstract for that

3 Product update and meta-observation

Many standard examples are explicitly about observatiénsell-
known one is the following [3, p.130]:

Example 1 In a situation with three colored cards and three agents

1 University of Utrecht, The Netherlands, email: broersea@ua.nl
2 As far as | know, these observations have not been reporfedehe

3 Note that this assumption conflicts with the uncertaintygigle from quan-
tum physics.



knowing their own card, agent 1 publicly observes a card of agent 3
(for instance, because 3 shows it to him).

The action model distinguishes thredeient observations: ‘1 ob-
serves 3 has red’ (r@3), ‘1 observes 3 has white’ (Iv@3) and
‘1 observes 3 has blue’ (b@3). Agent 1 and 3 distinguish these
actions, agent 2 does not. Below are the pictures for thie stétial
epistemic model, the action model, and the product model.
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Figurel. Agent 1 publicly observes agent 3's card

Now note that the description of example 1 also says thatlthe o
servation itself is publicly observed. This is the first sthat some-
thing like ‘meta’-observations are relevant for the exaanph the
following we will suggest that these meta-observationslmamod-
eled as action models themselves. We will refer to these made
‘meta-action models’.

But now let us first extend the above example in order to mak
more clear what we mean.

Example2 Agent 3 has left the table, leaving his card on the table.
After coming back he suspects that 1 has taken a look at his card,
which, in fact is indeed what happened, and it happened publicly.
Agent 3 publicly announces his suspicion.

Figure 2 gives the right product model resulting from takihg
product with the appropriate action model for this examflee
model contains both the epistemic model of the initial dibraand
the epistemic model resulting from the previous exampld,agent
3 hesitates between these two models. But what is the actioieim
that produces this product model? Of course, it is not tdiacdit to
find the right action model. However, below we show we can deco
pose this problem into two problems: finding the appropréation
model and finding the appropriate meta-action model.

It is rather clear that in this example there are at least avels
of observation. First there is the level where individuat@tg get
to know the results of the card showing action. This levekisotly
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Figure2. Agent 3 suspects agent 1 has seen his card

the same as in the first example. Therefore, in figure 3, thatsgi
the action models for the observation and the meta-obsenvesy-
els, the observation level action model is the same as thénditge
ure 1 for the first example (with the exception of the non-amed
‘skip’ world, which we discuss later). Indeed, we might shgttthe
only difference between the two examples is on the level of meta-
observations: in the first the meta-observation is like alipudm-
nouncement, and in the second the meta-observation actolelm
contains at least two meta-observation actions ‘3 obsetvais 1
takes a look at 3's cards’ and ‘3 observes that 1 observesngath
Agent 3 does not distinguish between these actions (beteudees
not know whether the looking action actually took place)t 8gents
1 and 2 can distinguish between the two. Note that this nestal-|
action model models the suspicion of agent 3 as the hesitabout
whether or not some observation has taken place on the aibisgrv
level. Maybe the hesitation and suspicion originates frgana 3
not being sure whether or not he saw that agent 1 was takingka lo
at his card. Also note that the meta-level contains a thitibacthe
meta-action of agent 3 not meta-observing anything atstig’). To
make the view using meta-levels of observation work, foagknts
in the system we have to add such ‘non-observatiop’ actions at
any level and meta-level. Note that in the meta-level actimuel
of figure 3, | only give the non-action for agent 3. Actually,fre-
vent the picture from being flooded by states that are in¢isééor
eexplaining the idea | do not give any of the meta-level oheson
actions of agents other than agent 3. This is why the figure ‘say.’

in the meta-level action model. In particular, as long ashatdi-
rect meta-level there is no uncertainty about inactionnthve-actions
can be neglected. For instance, note that using the ob&emeattion
model of figure 3 in stead of the one in figure 1 to solve the fixst e
ample, does not make afftirence. In particular, if we stick to the
original set-up, with only one level of action models, addanon-
observation action to the action model does not makefardnce as
long as there are no uncertainty relations linking it to othetions.
Finally, note that the product model resulting from the prcicbf the
observation model and the meta-observation model, whetipiied
with the static epistemic model, yields the product moddigfre 2,
as required.

Now, what are the preconditions for the actions in this meta-
observation action model? And how exactly do we define thd-pro
uct of the meta-observation model and the observation rioted
preconditions for the meta-observations are straightiodwJust like
for the observation action models they just say that we canain
serve what is actually true. For the action ‘observing maghthis
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Figure3. The meta-observation as a meta-product

means we get as a precondition, because it is an action that ca
always be done. And as expected, since this is all about wbser
tion, for the product of an action model and a meta-actionehog
also take the intersection of uncertainty relations. Bnale get the
‘restricted’ product by checking the preconditions of thetasaction
model on the action model. In the specific example we dealhétk,
we have three meta-observations. The meta-observatighs &s),
3:(1-skip) and 3-skip. The first meta-action has a precondition that
is true on all actions of the observation model where agebstives
something. The second has a precondition that is true ontlyeoac-
tion in the action model where agent 1 observes nothingllFinkae
precondition of 3skip is true on all actions in the actions model. But
this part of the meta-product only yields an unconnectey ofphe
action model.

In example 2 above, there is also a third meta-level of olaserv
tion. Because of the involvement of this level, we say tha&nag
announces its suspicion. This ensures that the third ree-is a
public announcement. Actually, for any example we come uh,wi
in principle infinitely many layers of observation play agoAny
observation is itself an action for which we can ask whethisrab-
served. So, for any observation potentially infinitely magfions
are performed at the same time: every observation possésyah
meta-observation. In the examples above, this infiniteahidry is
broken down by the first meta-level of observation that is Blipu
announcement. Actually, for any well-specified example ttyhest
relevant meta-level of observation is always a public ancement.

If not, the example is under-specified, and leaves room foora n
deterministic interpretation of the update. Actually, inghexamples
in the literature, implicitly a closure assumption is apgliif nothing
is said about the meta-levels of observation, it is assuinattihey

are public observations closed under meta-observations.

4 Future Research

The setting raises several questions. | briefly mention aofetivem.
The first is that products and meta-productsranteassociative. This
is quite easy to see from the example above. The meta-psduct
should always be taken first. In particular, if we first take grod-
uct of the static model and the observation level action mhaodes
not clear how to take the product of the resulting product @hedgth
the meta-level action model. Performing products in thiteois not
even well-defined. But also it is clear that we throw away linfa-
tion by first taking the product with the action model insteddhe
product with the meta-action model. We cannot recover tifisri
mation. A possible problem is that associativity might b@amant
for certain examples. For instance, what if only at a latentaot an
agent learns that his looking at the cards was observed pestes
by another agent. Since we do note have associativity, #msoaly
be modeled by keeping track of all action and meta-actioneisod
over time.

Another interesting question is how we can agency to the pic-
ture. Actually, viewing the actions as observations of fjmeagents,
as we did in the above examples, is a first step in this dineckor
every observation action it is important to describe whdsseova-
tion itis, since on the meta-observation level this infotiomais used.
And for each observation action it is important to descrithese ac-
tion is observed. Above we used an ad-hoc notation to desegh
tions. An obvious route for investigation is to try to turisthotation
into an action language for observations and meta-obsengat

One of the principles that suggest themselves is that agemays
observe their own observations. Note that the setting weclskd
actually does enable us to model situations where this itheatase.

rII—|owever, methodologically it would be strange to allow thWée do

not want to get into the territory where agents make ‘sutscimus’
observations.

The current set-up also enables us to speculate about a \nevew
all knowledge is viewed as observatfomven at the ‘lowest’ level.

It is not too dificult to translate a standard static epistemic model
into an action model containing the same information. Thigg-
complished by also seeing the knowledge of each agent abwfesst
level as an observation. For instance, in the cards exat@estatic
model is equivalent to the action model where each agentaise
his own card.

I want to finish with a comment. It seems not right to claim that
the setting we sketched adds nothing new dmdgause the meta-
products will simply return an action model of the form attgavail-
able in the original setting of Baltag, Moss and Soleckih#ttwould
be a good argument against the present proposal, the drjgioa
posal could be attacked with the same argument: productepdas
nothing new, because it can be seen as a system that onljispeci
complicated way to describe standard epistemic models.
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