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Abstract

How to realize an algorithm of the boosting family when the dataset
is split between two participants, who although willing to collabo-
rate together for the accomplishment of a task of mutual benefit, wish
at the same time to preserve the privacy of their data? We propose
MABoost (Multiparty Abstention Boost), a distributed and privacy-
preserving boosting by abstention algorithm, as a potential answer to this
question.

1 Introduction

Data miningis a rising domain located at the crossroads of databases, statistics and artificial
intelligence. Its main goal can be resumdiading useful information inside a vast amount

of data At the Age of Information where huge databases are more and more common, it
has become very popular and is now used in a wide range of different areas such as finances,
sociology or astrophysics, just to name a few.

Secure multiparty computatias the branch of cryptography which deals witre real-
ization of distributed tasks in a secure mann@here the definition of security can have
different flavors depending of the setting considered such as preserving the privacy of the
data and protecting the computation against malicious participants. Typically, a secure
multiparty computation is defined as computing a functfdn, y) where the entry is in

the hands of one participant and the entig in the hands of the other participant. For the
computation to be considered totally secure, the two participants must have learned nothing
after the realization of the task other than the output of the function itself aral phieri
information they had regarding the entriesandy. [Yao 86] was the first to describe a
technique which enables the implementation of any probabilistic computation between two
participants in a secure manner. Later his results were generalized to the setting of multi-
ple participants [Chaurat al 88]. It must be stated, however, that although universal and
general, these methods can be very inefficient and heavy in terms of communication com-
plexity when the entries are large and when the function to compute is relatively complex
to describe. When this occurs, it is often more desirable to rely @ddrocsolution.

In this paper, we will look at the encounter of these two domains, data mining and secure
multiparty computation, in the case where the tagkésconstruction of a classifiem ma-

chine learningglassificationcan be defined as the taskaafcurately predicting the class of

an object from some observations about this objdldw consider the following scenario:



Alice and Bob are directors of two concurrent banks but they wish to collaborate together
in order to perform a task of mutual interest. For example, they might want to construct
an apparatus that is able to give an advice on whether or not a person is a good candidate
for a loan. Each of the two participants owns a database which contains all the confidential
data regarding their clients upon which the classifier has to be built. Clearly, if Alice and
Bob could put together their data (e.g. if Bob could send his database directly to Alice),
then the problem of building a classifier would be greatly simplified as no distributed or
security aspect would have to be taken into account. Unfortunately, this is not the situation
as Alice and Bob would like to protect as much as possible the sensitive information they
possess regarding their clients, even if they are willing to cooperate. Therefore they wish
to build a classifier based on their respective databases in a distributed but also confidential
manner, meaning that they want to disclose as little information as possible regarding their
respective clients. Notice that, obviously, the final classifier does leak some information
about the clients, as in the example given above where we want to distinguish between a
good payer and a bad payer, but for the protocol to be considered secure we only require
that it does not reveal more than it is possible to learn by looking directly at the description
of the final classifier. Comparing different types of classifiers, how well and in which sense
they preserve privacy [Evfimievskt al 03], is also a very relevant and interesting (and of
course complex!) question which we will not discuss in this paper.

In this paper we propose laoostinglike algorithm to create the final classifier. We will
also constrain ourselves to a security model where the participantearehonestalso

called sometimegassiveor honest-but-curiousmeaning that theyollow the execution

of protocol without any attempt of cheating but on the other hand they try to learn as
much information as possible regarding the other participant’s data by looking at the bits
exchanged during the protocfiboldreich 04]. This model is weaker than the one where
we allow some participants to be malicious and to cheat actively during the protocol, but it
is however a realistic model that is usually considered in the domain of privacy-preserving
data mining. Of course once a protocol is proved secure in this model, it is always possible
to attempt to upgrade its security towards a stronger model.

The outline of this paper is the following: first we will describe privacy-preserving data
mining and review the three approaches that cope with this problem in the Section 2. We
will briefly present the principles of boosting in the Section 3. In Section 4, we will define
MABoost (Multiparty Abstention Boost), a boosting algorithm with abstention working in

a distributed and secure manner. The complexity of the algorithm (both communication and
algorithmic) and its security will be studied respectively in the Sections 5 and 6. Finally
we give some possible generalizations to this algorithm in the Section 7.

2 Privacy-preserving data mining

Today, Internet makes it possible to reach and connect sources of information throughout
the world, but at the same time raises a lot of questions regarding the security and the
privacy of these sources of informatiofrivacy-preserving data miningg an emerging

field that studiefiow data-mining algorithms can affect the privacy of the datd tries to

find and analyze new algorithms that will respect and preserve this privaagview of

the problematic and the state-of-the-art of privacy-preserving data mining can be found in
[Verykios et al 04] where some of the algorithms are reviewed and the three different trends

of approaches for dealing with privacy-preserving issues in data mining are identified.

The algorithms belonging to the first approach are usually baséewanistics that modify

the values of selected attributes on individual recarderder to preserve privacy. This
technique of selective data modification is calkathitizationand has been proved to be
NP-hard [Atallahet al99]. When making data sanitization, one always needs to find an
equilibrium between the amount of privacy and the utility lessilting from this sanitiza-



tion process. In order to sanitize data, it is possible to make different modifications on the
data such aaltering the value of an attribute by eith@erturbingit or replacingit with

the “unknown” value swappingthe values of attributes between individual recordse a
coarser granularitypby merging several possible values, usamplingstrategy, etc.

With the second approach, the data is modified again butglolaal rather than a local
manner. Byadding noise drawn from a known distributi¢e.g. gaussian or uniform) it is
possible to construct a classifier and to apphgeonstruction algorithnwhich will try to

clean up the effect of the noise and construct a classifier which is as close as possible to
the one constructed on the original distribution [Agrawal and Ramakrishnan 00]. Here also
there will be a trade-off between thavel of privacy(the noise added) and tiq@ality of the
reconstructiorwhich directly affects the performance of the classifier. This approach can
be extended in a natural way to the problendefsity estimatiorwhere we are trying to
estimate directly the shape of the original distribution rather that building a classifier based
on this distribution. In [Agrawal and Aggarwal 01], the authors describe a reconstruction
algorithm based on the principle of Expectation-Maximization (EM) which accurately and
efficiently estimate the shape of the original distribution. In this example, it is also possible
to tune the intensity and the type of noise added in order to adjust the level of privacy and
the quality of the reconstruction obtained.

The third and last approach is very different in spirit from the first two and attacks
the problem with acryptography-based vievClifton etal02]. After all any dis-
tributed and privacy-preserving computation can be considered as an instance of a se-
cure multiparty computation, and privacy-preserving data mining is no exception. In
[Lindell and Pinkas 02], the authors described an algorithm which computesdified
version of ID3in a distributed and privacy-preserving manner. ID3 is well-established
algorithm which uses antropy-based metriz order to construct a decision tree. The
version of ID3 that is computed is not the original ID3 algorithm directly but rathexpan
proximationof this algorithm. The approximation differs from the exact version by a factor
that is a parameter of the algorithm, and has a direct impact on the level of privacy.

The algorithm described in this paper has a cryptographic flavor and belongs to the third
approach. In our case, however, the classifier we are after is not a decision tree but rather
one which is a result of applying a boosting scheme.

3 Boosting

Boosting isa method which enables the creation of an efficient classifier by iteratively
combining several weak classifiashose predictions have to be only slightly better than a
random guess. For examplewaak classifie(sometimes called weak hypothesjcould

be a simple rule which makes a prediction of the class of an object by looking at the value
of a single attribute. Boosting can be seen asada-algorithmbecause it combines the
output of other algorithms.

The idea of boosting originated from the domain of PAC (Probably Approximately Cor-
rect) Learning [Valiant 84], which is at the crossing of theoretical computer science
and machine learning. However, it has recently seen a resurgence and became popu-
lar in the machine learning community with the appearance of the algorithm AdaBoost
[Freund and Schapire 97]. Since that time, this algorithm has been studied extensively both
theoretically and experimentally, and has been shown to have several interesting properties.
Among them, it has been proven that AdaBauoskes the training error decrease exponen-
tially fast with the number of iterationgnd also that it is able tmake the generalization

error continuing to get lower even after the training error has become. 28 will illus-

trate the concept of boosting algorithm by briefly reviewing how AdaBoost works.



Formally, a boosting algorithm takes as inputaning setand afamily of weak classifiers
and return as output a final classifier which iBreear combination of several weak clas-
sifiers The training set is a collection of data points {(z1,y1), (€2,Y2), -, (Tn, Yn) }
where each data poifit;;, y;) is a pair composed of thebjectitself z; and its associated
classy;. The object; is usually represented asvector ofk attributeswherex ;; denotes
the value of the attributé for this particular objecyj. For the rest of the paper, we will
limit ourselves to attributes whose values a@al numbers of finite precisiotut there are
ways of adapting the algorithm for all kinds of datatypes includiniggers binary values
or evensymbolic onesFor thebinary classificationthe associated clags belongs to the
set{—1,+1} where the label “1” stands for thenegative clasand “+1" for the positive
class

One of the key features of a boosting algorithm is the abilitaltocate weights to the
training pointswhich typically representow hard the points tend to be to classiff/the
weight of a data point is high, then it means that it is difficult to classify it correctly. On
the contrary if its weight is low, then it means that it is relatively easy correctly classify this
point. Letw; denote the weight of th¢#” data point. The weights are always normalized,
that is,zz;l w; = 1. Initially, to indicate that all the data points are equally difficult (or

easy) to classify, the weight of the all the data points are sgt to

Boosting can be seen as i@rative process that at each iteration tries to find the optimal
weak classifier for the current distribution of the weights on the data poBysoptimal,
we mean a weak classifier that minimizbe weighted error of the current distribution
Let h' be the weak classifier of thé" iteration andw’ the weight of the;j*" point at

thet'” iteration. Minimizing the weighted error at th#" iteration simply means finding
the weak classifieh’ such thate" = 377 | wiI(ne(a;) 2 4,1 is minimal, wheree’ is the
weighted error of the'” iteration andlhf,(w}j) + 4, 1S the indicative function which is 1 if
its argument is true, and 0 otherwise.

The weight ofh?, calleda!, indicates how good are the predictions of this classifier and is

directly linked toe! by the formula% x In lz—ft After each iteration, the weights of the data
points will be updated. If a data point was correctly classified then its weight will decrease,
and if it was misclassified its weight will increase. The magnitude by which points will
change directly depends on the valueofAfter T iterations, AdaBoost will output a final

classifier which has the forpf” (.) = 3"/, a’h?(.).

There exist numerous versions and extensions of AdaBoost. In this paper we will use a
variant proposed by [Schapire and Singer 99] which allows the classifier not only to answer
“—1"or “+1”, but also to abstain by returning™. This variant is a particular instance of

a more general algorithm which allows the weak classifier to output a real number from
[-1,+1]. The absolute value of the output can be interpreted as the confidence that the
classifier has in its prediction. If the classifier returi$, “this naturally means that it
abstains.

4 MABoost

In general, boosting-like algorithms implicitly assume the whole set of data to be avail-
able in the hands of one person at the beginning. In our case, we make the assumption
that thedataset is split equally between the two participaatsl we would like to de-

sign an algorithm that is able to perform boosting while protecting the privacy of the data
of the participants at the same time. Therefore our goal is to imagine a distributed and
privacy-preserving boosting algorithm. MABoost (Multiparty Abstention Boost), which is
described in the following sections, falls in this category. Designing a boosting algorithm
that can abstain on some data was not the motivation at the beginning, but it naturally fol-



lows from the necessity to have a distributed and privacy-preserving algorithm. Note that
this does not mean thaverydistributed and privacy-preserving boosting algorithm has to
use abstention.

The weak classifiers that we use aecision stumpsA decision stump ig very simple
decision tree with one root and two leaydar example it could be “if attribute of » <
threshold therx belongs to class C1 elsebelongs to class C2”. This family of classifiers
may seem very simpla priori but it has been empirically proved that one could obtain
excellent results by using them as weak classifiers with a boosting algorithm.

MABoost is an iterative algorithm where each iteration consists of five steps.
Step 1: Finding the ideal decision stump for each attribute

Before trying to agree on a common attributdlice and Bob first computes independently
from their respective databases the ideal decision stump for each existing attribdt%? Let
be the weak classifier of Alice for the attributend Ietefj) be the weighted error of this
classifier on her databas]eg) andeg) are defined in the same manner for Bob.

Step 2: Agreeing on a common attribute

Alice and Bob are now searching for an attribiisich thakfj) <3 ande%,) < 3 simul-
taneously. If such an attribute does not exist, they want to be aware of that and if there
are one or more attributes that meet this requirement they want torfimdietermined at
random among all possible ones

To make it easier to apprehend, we will rephrase this problem into a totally equivalent well-
studied problem. Suppose Alice and Bob each have a agenda with a Aigtroé slots.
Associated with each time slot is a binary value 0 or 1 indicating if this time slot is already
filled orifitis still free. If there are one or more time slots that are free for both, they want to
find one chosen at random among all the possibilities, and if there is no time slot where they
are both free, they want to detect this situation. The problem of Alice and Bob is that they
are not good friends enough to trust each other to the point where one could simply send
his entire agenda to the other. Even worse, they do not want to disclose any unnecessary
information about their agenda while they try to solve this problem. This problem calls
for a solution based on a secure multiparty computation where the funttiony) that

they want to compute takas(the agenda of Alice) ang (the agenda of Bob) as input and
return the index of a time slot if a common free time slot exists or “you will never be able

to meet each other” if there is no such time slot. We call this task tiiedbm rendez-

vous problerfi In communication complexity, this problem was proposed and analyzed
in [Kalyanasundaran and Schnitger 87] and it was proven that it requires a communication
of bits of ©(n) in the average case. In this last paper, however, there was no interest
in any confidentiality or security aspect. It is important to note #rat distributed and
privacy-preserving protocol has to use at least as many bits of communication as the best
non privacy-preserving distributed protogoherefore this result implies that any privacy-
preserving protocol for this task will have a communication complexity of at [@éas}

bits, but possibly more, because security usually comes with a price.

Alice and Bob will encode their agendas as the bit stringsdy, respectively, where
andy € {0,1}*, andk is the number of time slots in their agenda. Aok i < k, z;
equals 1 if Alice is free during thé” time slot and equals 0 if she has already scheduled
something for that timey; is defined in the same manner for Bob. Suppose that Alice and
Bob are given the protocol ORBAN (for the OR of all Bitwise ANd) [Yao 86] which can
securely compute the functidyile(xi A y;) where\/ denotes the usual OR which is true

if one or moreof its arguments are true anddenotes the AND function which returns
true only if both of its arguments are true. Semantically, we will consider the value “1” to



be equivalent to “true” and the value “0” to represent the value “false”. ORBANWwill
return 1 if Alice and Bob have a common time slot and 0 otherwise.

Consider now the following random rendez-vous protocol which uses ORBAN as a sub-
routine:

RandomRendezVousfy)
v «— ORBAN((z1, ..., xk), (Y1, -, Yk ))
If v =0 then
Return “you will never be able to meet each other”
Else
Permuter andy using the same random permutation
s—1
p—k=+2
Whilep > 1 do
v ORBAN((Zs, ooty Tutpo1); (Yss -oes Yot po1)
If v=0then
S« s+p
p—p+2
Returns

We can assume without loss of generality that the total number of timeksiots power of

two. If it is not the case, it is always possible to add some imaginary time slots which are
already filled in order to reach this condition. First, Alice and Bob will try to use ORBAN
with their whole agendas and they will know if the function returns 0 that they have no
empty time slot in common. On the contrary, if this first call to ORBAN returns 1 then
this means that there is at least one common time slot which is free for both. Once they
have this confirmation, they can search for this time slot by applying a procedure similar
to binary search and which tries to locate the empty common slot by putting aside half of
the search space at each iteration. Therefotegt iterations, they find a common empty
time slot. For this time slot to be chosen at random among all the possible free time slots,
Alice and Bobrandomizetheir inputs by both applying the same random permutation on
the indices of their time slots. By doing so, they can avoid the situation where they always
find the common free time slot whose index is the lowest, and instead they will find a free
time slot randomly distributed among all the possible ones.

Imagine now that we use the random rendez-vous protocol not with an agenda, but rather
with a list where a slot is set to 1 if the participant was able to find a weak classifier
with weighted error below the thresholdfor the attribute associated to this slot, and to

0 otherwise. If Alice and Bob each make such a list and then apply the random rendez-
vous protocol, they will be able to discover a common attribute where they each have a
weak classifier with error bounded Byif such an attribute exists, and otherwise they will
know that such an attribute does not exist. In the latter case, they will stop the execution of
MABoost and return as output the final classiffér .

Step 3: Combining two weak classifiers into a weak classifier that can abstain

Once Alice and Bob have agreed on an attribyténey will combine the two weak clas-
sifiers they each computed for this attribute and that only described their own data into a
classifier that will cover the whole set of data and whose weighted error is strictly bound
from above by%. Let h 4 be the weak classifier of Alice which is in the form “If attribute’s
value< 6 4 then object belongs to class C1 else object belongs to class C2”, where C1 and
C2 represent respectively the positive class and the negative clags et versaWe call

€4 the weighted error of this classifier. For Bob, we deflng his weak classifier, and

ep its associated weighted error in the same manner. Note that in the case of the binary
classificationhp can take two forms; either it follows the same form as Alice classifier,



meaning it can be written as “If attribute’s valedz then object belongs to class C1 else
object belongs to class C2”, or the classes C1 and C2 are reversed in the rule’s description.
It is important to notice that in the first cadey, andhp both agree on their prediction if

the value of the attribute is below timeinimun{d 4, 05) OR above thenaximunif 4, 05),
whereas in the second case their classifiers agree if the value of the attribute is above the
minimuné 4, 05) AND below themaximuni@ 4, 05). Itis this very simple but important
observation that makes it possible to combine efficiently the two classifiers together.

Suppose without loss of generality thdn < 65 and thath 4 is the rule “If attribute’s
value < 6 4 then object belongs to class C1 else object belongs to class C2". In the first
case (if the decision stumps of Alice and Bob agree in the classes C1 and C2 described
by the clauses “then” and “else”), then the two classifiexsandhz are merged into one

classifierh described by the following rule:

If attribute’s value< 64
Then object belongs to class C1
Else if attribute’s value> 65
Then object belongs to class C2
Else abstain

If on the other handh g is in the opposite case and describe by a rule which has the form
‘If attribute’s value< 6 then object belongs to class C2 else object belongs to class C1”,

then the combined classifiérwill look like:

If 64 < attribute’s value< 0p
Then object belongs to class C2
Else abstain

In both cases, we will obtain a classifierwhich returns the result of 4 and k5 when

they both agree and abstains otherwise. The weighted error of this classifier will be strictly
below%. It is now possible to apply boosting with this classifiewhich covers the whole
space of data.

Step 4: Computing the weight of the merged classifier

If we assign arbitrarily the labels~1" and “+1” to the classes C1 and C2, and the label
“0” to an abstention, theh returns a value from the sét-1,0,+1}. This situation of
boosting by abstention is studied in details in [Schapire and Singer 99], and in particular
the rules for computing the weight of the merged classifier and how to update the weights
of the data points are described there. tetbe the weighted error of the classifier ¢,

its weighted abstention rate aand the weighted rate of good answers. Alice and Bob can
easily determine these three values by applﬁrqp their own databases and then putting
together their results. We called _ the weighted error of Alice obtained by usiﬁg)n her
databaseg 49 her weighted abstention rate angl, the weighted rate of good predictions.
€p—, €po andep, are defined similarly for Bob. Remember that we assume that Alice
and Bob each has half of the whole dataset, therefore we have the simple relations that
€_ = €Aa_ +€p_,€ = €40+ €po @ande, = 1 — ¢g — e_. The weighta of the merged
classifier only depends an. ande,. and is equal t(% x log &=,

In order to smooth the predictions and to avoid the case wheauld become extremely
large or even infinite in magnitude when is very small or equal to zero, it has been

proposed to pose has being equal té x log Ejfrg , whered is a small appropriate constant.

Step 5: Updating the weight of the data points



Updating the weights of the data points can beAm'adependentljoy Alice and Bob once
they know the description of the merged classifiend the weightx assigned to this clas-

sifier. All the points wheré: abstains will keep the same weights, all the well-classified
points will see their weights decrease, and all the misclassified points will see their weights
increase. More precisely, the weight of the well-classified points will be multiplied by
exp (—«) and those of the misclassified points &y («). Finally, the weights are nor-
malized so thap~7_, w; = 1.

Once the step 5 is finished, Alice and Bob can choose to start a new iteration or to stop the
algorithm and to ouput®. The number of iterationsof MABoost they choose to perform

can be decided in advance or chosen adaptively depending on some criteria such has the
performance of the current classifier they have. The number of iterations also influences
the description length of the final classifier, and therefore it is possible to play with this
parameter in order to tune the level of privacy.

5 Complexity

When looking at the complexity of a distributed protocol, one can be interested in two
different measures of complexity: tltemmunication complexityneaning the number of
bits exchanged during the realization of the protocol, and the more claatgeaithmic
complexitywhich looks at the processing time required from the participants.

5.1 Communication complexity

To define the quantity of communication used in one iteration of MABoost meansio

tify the number of bits exchangeldiring this iteration. First, it is easy to observe that the
only steps which require some communication between Alice and Bob are the second, the
third and the forth. During the first step, Alice and Bob compute independently their ideal
weak classifiers for each attribute and therefore they do not need to speak to each other. The
same situation occurs during the fifth step where they do not need to engage in a dialog in
order to reweight their data points. In fact, the only step that costs in terms of commu-
nication is the second one where they have to agree on a common attributebé& ¢he
number of attributes of an object. Alice and Bob will use the random rendez-vous protocol

to find the common attribute upon which they build thelassifier. This protocol requires

log k calls to the protocol ORBAN in the worst case and one call to ORBAN at best if they
are able to discover directly that they will not be able to agree on a common attribute. If
this case occurs then they stop MABoost and return dirgéty. Note that this situation

can be considered marginal as it happens at most once. The average complexity of the ran-
dom rendez-vous protocol is the same as the worst case complexity, and is in the order of
O(complexity of ORBAN protocol x log k). There exists more than one ways of im-
plementing the ORBAN protocol, but if we use in a straightforward manner the technique
described in, this complexity will be @ (n) wherenis the length of the bit strings entered

as inputs to the protocol. The overall complexity of the random rendez-vous protocol will
therefore bed(k log k). During the third and forth steps, some communication will also
occur, and the cost of this communicatiortiél ) because the exchange of the descriptions

of h4 andhp necessary for the creation bfand communicating_, €40, e5— andepo

can be done with a number of bits that is constant for a fixed finite precision. Therefore the
cost of steps 3 and 4 is negligible compared to step 2, and the dominance of the latter make
the overall cost of one iteration of MABoost being equaldi(: log k). The cost of the

whole protocol will be©(tk log k), wheret is the total number of iterations of MABoost.



5.2 Algorithmic complexity

The only moment where Alice and Bob require some work from their respective computers
is at the beginning of the iteration, during the first step when they both have to compute the
best ideal weak classifiers for each attribute. Thgeway to find the best weak classifier

for an attribute is to first sort the objects according to this attribute and then to find the
optimal threshold by looking at the objects in order to find the thresBolt which the
weighted error is minimized. What is more costly is to sort the objects, which can be done
in ©(nlogn) if we are only concerned by one attribute, the rest of the operations being neg-
ligible compared to this cost. As the sorting has to be repeated for each attribute, the global
cost for thek attributes will be in©(kn log n) for the first iteration. Note that is enough to

sort once the objects for each attribute during the first iteration as it is possible to store the
results in order to use them for the remaining iterations. The storage of these values has

a space complexity o®(kn). Computing the error of thé classifier and reweighing the
points can be done i®(n) as it only requires looking at each individual data point once in
order to perform both tasks. Therefore we have a complexity(@f logn) for the first
iteration because of the sorting process and a complexi®(bf) for the remaining iter-
ations. The overall time complexity of MABoost is a functiontahe number of iterations

and is in the order o®((¢ + log n)kn). Notice that this complexity increases linearly with
the number of attributes and so if this number is big, then the processing time of MABoost
may become large, also.

6 Security of the protocol

A multiparty protocol can be considered totally secure if the execution of this protocol does
not reveal more information than the output of the protocol itself. In cryptography, this is

called thesimulation paradigniGoldreich 04]. Intuitively, this means that if the view of

the protocol of a participant can be efficiently simulated solely based on his input and the
output of the protocol, then the different participants learn nothing from the execution of
the protocol other than its output. A different definition of security exists which is based

the comparison of the output of a real protocol and that of an ideal protocol where an
incorruptible third party computes the function in place of the participants and then returns
the result to them. In this definition, the main idea is to find a real protocol which emulates
the behaviour of the ideal protocol. In this paper, however, we will not be interested in this
definition as it is equivalent to the first one for the setting of semi-honest participants which
is the one considered in this paper.

Imagine a simulator that has access to the input of Alice, her database, and to the output of
the protocol, the final classifier. Would it be possible for this simulator to create a transcript
of the execution of the protocol which would be indistinguishable from a real transcript
of the execution of the protocol? If we can answer positively to this question, then this
means we can assert that the protocol privately compft@s particular, in the sense of

the first definition given in the previous paragraph. For the analysis of the security of the
protocol, we only have to concentrate on the second, third and fourth steps as they are the
only steps where communication takes place. It is important to observe that in the case of
MABoost the process of creating the final classifier (the output of the protocol), is iterative
and that the information exchanged in the clear between Alice and Bob during steps 3 and
4 is explicitly contained inside the description of this final classifier. This observation gives
us for “free” the security aspect of these two steps. Indeed, why care to protect the privacy
of some information during the execution of the protocol when this information is going
to be revealed at the end of the protocol anyway. Therefore, the only step we have to be
careful about for the analysis of the security of the protocol is the second step.

The second step consists of the random rendez-vous protocol which heavily relies on the



ORBAN protocol as a subroutine. For this step to be considered secure, Alice and Bob
must learn nothing other than the indewf a common attribute where they both have a
weak classifier with weighted error lower thén Suppose that the ORBAN protocol is
secure. The first call to ORBAN will only reveal to Alice and Bob whether or not they
can agree on a common attribute. If it is not the case, then they stop the protocol and they
have learned no extra information. On the contrary if Alice and Bob are able to pursue
the protocol, they select half of the attributes and make another call to ORBAN. From this
call they will learn whether or not there is at least one attribute they can agree upon in
this half of the attribute space. If ORBAN returns 1, they learn that there is at least one
potential attribute in the part of the attribute space but nothing else about the other half
of the space. On the contrary, if ORBAN returns 0, this means that they know that there
is no attribute they can agree upon on the considered part of the attributeasubitet

there is at least one such attribute in the other part of the space. In this case, the protocol
has leaked at little bit of extra information. As there will log & calls to ORBAN at the
maximum, the protocol will reveadbg & bits of extra information before the two agree on

a common attribute. This cannot be considered a totally privacy-preserving protocol, and
though small we acknowledge that some information is leaked. To which extend someone
could do something useful with this type of information is still an open question. Note
that it may possible to have a total security by using more complicated and sophisticated
protocols which solve the set intersection problem [Freedeta@h04] but this would come

with an increase of the communication cost.

7 Possible generalizations and conclusion

In this paper, we have presented a protocol which performs a boosting-like algorithm in a
distributed and privacy-preserving manner in the restricted case where we only deal with
two participants and where the weak classifiers have the form of decision stumps. There
is at least two natural ways of generalizing this protocol, first by allowing the number of
participants to be greater than two, and also by looking at other families of weak classifiers
such as for example more complex decision trees or neural networks with few units in the
hidden layer.

To extend this protocol to the case mfparticipants, withn > 2, we could for example

define at each iteration a classiffewhich carries out a majority vote from the individual
weak classifieré, ho, ..., h,, of the different participants. The classifier could for example
return the vote of the majority of the classifiers when this majority is above a threshold set
to % + 4 and abstain otherwisé, being a well-chosen constant between 0 émﬂrhose

value can be tuned in order to increase the confidence of the clasifiéts prediction.
Notice that the protocol described in this paper is a particular instance of this more general
method.

It could be interesting also to test this algorithm with other types of weak classifiers and
to compare the results. Particularly, it would be interesting to observe empirically how
the choice of the type of weak classifiers, the number of bits required to describe these
classifiers (which in a sense is a measure of their complexity), and the number of iterations
influence the convergence speed of MABoost. For example, it may be conceivable that
with richer family of weak classifiers such as decision trees generated by the algorithm
C4.5, one can obtain an identical or better performance than with the decision stumps
in fewer iterations, meaning that the convergence would be faster. However this would
come at the price of exchanging more bits of communication at each iteration because
the decision trees inferred by C4.5 require a greater (and possibly unbounded) number
of bits to be described than the decision which only requires a constant number because
of their inherent simplicity. One could define a criteria to take into account at the same
time the number of iterations and the expected size needed to describe the weak classifiers,



which would be able to compare two possible choices of family of weak classifiers even
in case of equal performance. Intuitively, we are searching for weak classifiers that can
be described with few bits but which at the same time, yield a good performance after a
“sensible” number of iterations of MABoost. This would make it possible to bound directly
the number of bits exchanged during the protocol and therefore will give an upper bound
on the quantity of information which has been communicated.

For some families of weak classifiers, there must exist ways of combining weak classifiers
without requiring the resulting classifiérto abstain on a part of the dataset. Being able to
combine two or more weak classifiers into a weak classifier that do not abstain and which
answer “-1” or “+1", permits to directly apply the original AdaBoost in a distributed
manner without using an abstention variant of boosting. Potentially the convergence could
be a little bit faster in practice in this situation.

The work we have described in this paper is still in progress right now and among several
experimentations, we are planning to compare empirically on several datasets the original
AdaBoost algorithm with MABoost in terms of performance and convergence speed. This
will help us evaluate how much the privacy-preserving aspect has an influence on the per-
formance of the final classifier. We are also currently investigating the privacy-preserving
part of step 2, and in particular we would like to design a efficient randomized version of
the set intersection problem.
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