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Abstract: This paper is devoted to the problemvalgating the quality of experience (QoE) for aegiweb service
based on the values of service parameters (faarinst QoS indicators). Different self-learning aitfons
can be used to reach this purpose. In this papeprapose to use self-learning logic networks edadllso
circuits, for evaluating the QoE of web servicésgs modern software tools can efficiently dealhwiery
large logic networks. As usual, for machine leagntachniques, statistics are used to design thialini
circuit that accepts service parameter values@gsrand produces the QoE value as an output. iftétc
is self-adaptive, i.e., when a new end-user pravigldeedback of the service satisfaction the tinsui
resynthesized in order to behave properly (if ndgd8uch resynthesis (circuit learning) can becieffitly
performed using a number of tools for logic synthesd verification.

1 INTRODUCTION need to be taken into account when estimating the
QoOE (Quality of Experience).

As the number of web services increases quickly, S the QOE is used to measure the end-user

more methods and tools are needed to evaluate thegtsfaction, the problem of its evaluation is much
quality. Moreover, there exist a number of servicd0r® complicated than the QoS evaluating problem.

repositories  (Directory of Public SOAP Web!" Other words, in order to evaluate QOE it is
Services; Online community for the Universallécessary to ‘guess’ how much an end-user would
Description, Discovery, and Integration oAsislike or dislike the web-service. Thus, the problem

Standard). Thus, a question arises of choosing tRES€S ©Of modeling the user perception, that is

best service among the set of services with theesafiowadays one of most popular problems in the

functionality. In order to effectively perform sueh artificial intelligent area where self-adaptive retsl
service selection, a ‘selection criteria’ need ® ba'€ used for this purpose. A self-adaptive model
formalized. As usual, such formalization is basad ouSually accepts service parameter values as iapats

the service quality that is defined with respect t6€iUrns the QOE value as an output. If a model
different metrics or indicators. ehaves in a wrong way for some newly emerged

One of most common metrics to evaluate a welfPut/output pairs the model can be trained byffitse

service quality is a QoS (Quality of Service). Th®r by an external ‘teacher’ that could be a service

QoS is usually represented as a set of attributes Rovider. The most popular of these self-adaptive

parameters of this service (Khirman and HenrikserﬁT,‘Odels are discussed in the secfcion on related.work
In this paper, we are focusing on a novel self-

2002; Al-Masri and Mahmoud; Kim et al., 2008; ) ;

Morais and Cavalli, 2012). Those parameters couf@laptive model approach for evaluating and
be the service response delay, packet loss ratgr,ed|ct|ng the QoE value of web services. I_n fact
reliability, etc. Such parameters are rather ohject W€ €xténd an approach based on decision tree
and the value of each parameter can be automgtic%ﬁ’am!ng (Mitchell, 1997) to logic network (circhit
measured relying on specific tools. Nevertheldss, t €2Ming. As a decision tree can be representeal as
main objective of every web service is the sattiac disjunctive form where each conjunction represents

of end-users and thus, other subjective parametdi@th to the leaf, we are looking forward to a soisla



representation and manipulation of such Booleagiven attributes (parameters), such as time delay,
formula. One of possible ways to effectivelypacket loss rate, etc. The QoS is a metrics that
represent such formula is to use a logic circuitepresents some objective service parameter values
Similar to a decision tree, the initial logic netkwas that can be effectively measured, for example, dase
derived based on statistics that are gathered froom the traffic analysis (Khirman and Henriksen,
experts, developers and those end-users who agr@&f?2). The QoE metrics is more complicated, sihce i
to provide a feedback about the service qualitye Threpresents a user satisfaction (Winckler et al1,320
circuit accepts the service parameter values eulcodeith a web service. Generally, the QoE also rabies

as Boolean vectors and outputs the Boolean vectdifferent service parameters that are rather stigec
that corresponds to the encoded QoE value. Tligan objective, those can be service design, camfor
circuit is a self-learning machine, i.e., when nevef proposed solutions, etc. In spite of the faeit the
statistical data appear the circuit is checkedaweeh QOE is more difficult to evaluate, this metricsisre

the corresponding behavior and if the behavior doetose to adequate description of the service gualit
not correspond to newly emerged data the circuit 8nce the main purpose of each web service is to
resynthesized. Such resynthesis can be efficientbatisfy an end-user. In other words, the algorifom
performed using various tools. In this paper, we ughe QOE evaluation has to be adapted to a human’s
the ABC (Berkeley Logic Synthesis and Verificationbrain in order to ‘predict’ what a user likes/disis.
Group, ABC) tool for logic synthesis and verificati That is the reason why different self-adaptive n®de
to train the corresponding circuit in a scalableywa and algorithms are now used for this purpose. The
The main contribution of this paper is the propafal advantage of a self-adaptive model is that it can b
a machine learning technique for automatitearnt or trained by a ‘teacher’ or by itself aatiog
evaluating QoE of web services, in which a machin® the feedback from people who use the service. As
is represented by a logic circuit and a learningsual, an initial model/machine is derived based on
operator corresponds to the circuit resynthesis. some statistics that contain a number of user opii

An iterative approach is known to be efficient forabout the service. Afterwards, the model can ‘mtédi
logic circuit optimization. Given a circuit undera user satisfaction of the service for given valoks
optimization, the circuit is incrementally improvatl service parameters. The more statistics are gathere
each optimization step. In this paper, we consalerthe better is such ‘prediction’. Moreover, as a slod
special optimization criterion, namely, the circuitis self-adaptive, when new statistical data appear
QoOE ‘prediction’ ability, and illustrate that anwhich the model does not behave in an appropriate
iterative learning of the circuit under construotis way, the model is adjusted to this new data arsl thi
promising. process is the model training.

The rest of the paper is organized as follows. Given a self-adaptive model, different service
Section 2 contains the preliminaries and basisarameters might be considered. One of most often
concepts related to logic network paradigm, while aase is to use QoS parameters, as those valud®can
state of the art of using self-adaptive modelstfim measured automatically. On the other hand, for the
QOE evaluation is given in Section 3. The approadQoE prediction the values of more subjective
on using logic networks for the QOE evaluation iparameters, for instance, related to the business o
presented in Section 4. Section 5 contains anust quality should be considered as well.
algorithm for the corresponding logic network In this paper, we are focusing on logic networks
learning procedure and a brief discussion of # be learnt for the QoE ‘prediction’ and we funthe
proposed approach. Section 6 contains preliminabyriefly sketch the necessary definitions related to
experimental results while Section 7 concludes tHegic synthesis.
paper. Definition 1. A logic network(circuit) consists of

logic gates. Each logic gate has input (-s) andgles

output. Outputs of some gates are connected tdasnpu
2 PRELIMINARIES of the others. The inputs of some gates that ate no

connected to any other gate output are claimecto b

A web servicecan be described as a softwaré)rimary inputs while the outputs of some gates are

system designed to support interoperable machine-t%aim.ed as prima_ry outputs. In this paper, we ms'
machine interaction over a network (Booth et al_cor_nbmatlonal circuits, i.e., feedback-free cirsuit
2004). The Quality of a web Service (QoS) is d@:finewhICh have no latches.

as a vector with components which are values of



o7 NG a % circuit under design can produce any output to this
input. Correspondingly, the circuit behavior is
specified for such ‘Don’t_Care’ patterns according
the designer’s needs. It can be guarded by optimal
criteria of a circuit under design, such as nunufer
logic gates, time needed to produce an output,lretc.
this paper, we are interested in deriving a cirthat
models the QoE evaluation of web services, thus, on
of optimal criteria could be the accuracy of thegit
prediction.

3 RELATED WORK

As mentioned above, the main priority of each web
- service is to satisfy an end-user, thus a service
Figure 1: a) A circui§ b) A circuitS. provider is trying to ‘guess’ what the end-user lgou
_ ) like and what will be disliked. Therefore, the geoh
Each gate implements a Boolean function. Mosfrises of modeling user perception that is nowadays

common 2-input gates ar€one of most popular problems in the artificial
AND/OR/XOR/NAND/NOR/XNOR that implement intelligent area. A number of continuous and ditere

conjunction/disjunction/xor and their inversions,odels are developed for this purpose but

There are also l-input gateS such as NOT/BUFF thﬁéverthe|eSS, no one can prove or disprove the
implement _the inversion and the equality functionaccur;ley of these models. Since a human mind is
correspondingly. _ o ~ known to be non-deterministic, just now it is not
~As an example, consider a combinational circuiossible to get an algorithm of the human behavior.
in Fig. 1a with a seX = {Xo, X1, Xz, X3} Of iNputs, a set  That is the reason why researchers are focusedeon t
Z = {2, z,} of outputs and 11 AND and NOT gates.stydy of self-adaptive models. Several self-adaptiv
Hereafter, we assume that NOT nodes are taken dgipdels have been experimentally proven to behave
bold. o ~_ similarly to a human being under certain conditions
_ Definition 2. By definition, a logic circuit |n this paper, we do not discuss all the self-aigapt
implements or representsa system of Boolean models that are developed in this artificial irigeiht
functions. A circuit accepts a Boolean vector as search area, instead we focus on those selfiaelapt
input and produces the Boolean vector as an outp@pdels that can be used to evaluate a user stisfac
according to the corresponding system of BOO|936Tagiven web service.
functions. Each logic circuit can be (_jescrlbed by a Almost all self-adapting models for evaluating the
Look-up-Table (LUT). A LUT contains a set of qyality of web services rely on pre/post conditions
input/output pairs of a given circuit: if for theputi  that can be expressed as IF-THEN operators. It orde
the circuit produces an outpaf then the paif/o is  tg analyze a set of such conditions, machine lagrmi
included into the LUT (see, for examplg,_Taple 2). algorithms can be of a big help. One of such

A LUT can be used as the specification wheRgorithms is based on a Decision Tree (Mitchell,
deriving a logic network that implements the systemgg7: pokhrel et al., 2013) that can be usually
of Boolean functions, and there exist a number Qfapresented as a Boolean formula, i.e., a disjoncti
methods how to synthesize a logic network thadf conjunctions (cubes). Nevertheless, the siza of
implements a given system of functions. decision tree grows exponentially w.r.t. the nundfer

If this system is completely specified then 2"evebarameters to be verified and thus, other more
network can be synthesized based on correspondig&npact learning models that can be derived on the
Disjunctive Normal Form (DNF) or Sum of Productse.THEN conditions should be considered.
(SoP) (McCluskey, 1965); otherwise, if the systm 0 one of popular models is a model of an Artificial
Boolean functions is only partially specified, thenyeyral Network (see, for example, Ahmed et al.,
other methods are used for logic synthesis (see, f90912: Al-Masri and Mahmoud Qusay, 2009) that
example, Kuehlmann, 2003). In this case, each inpggcepts inputs and produces outputs depending on
pattern where the circuit behavior is not specif@d higden nodes, their weights and connections. Neural
usually treated as a ‘Don't_Care’ pattern, i.e., fetworks are widely used in various applications,

X X3 Xo X X X3 X Xo



such as modeling company marketing, oil flows, etdnteger, bounded by the maximal valwg, , p_value
Meanwhile, a number of methods for evaluating the, {0, ..., M_ - 1}. In order to evaluate the QOE of
QoE of web services are based on various kinds of R ST
neural networks. This network can be trained by af€ serviceW, written QOEW), a logic circuitS is
external ‘teacher’ or by itself to produce moregse derived. Inputs of the C|rc_u$ correspond to service
results, i.e., it can be somehow adapted to tHR&rametergy, p,, ..., p« which values are encoded as
statistics being gathered from end-users of th@oolean vectors of length Jleyi, [, where j[
service. denotes the minimal integer that is not less than
Another interesting model that can be used for thtaus, the number of primary inputs & equals
QOE evaluation is a fuzzy logic formula (Zadeh,x o
1965) where the operands do not have precise valugsliog: M, [. The circuit calculates th&@oEW)

but belong to some intervals which can be rathef™ i i
informal. In this case, a fuzzy logic formulaV@lueé for given integers, valug p, valug ...,

represents a degree of a user satisfaction with tRe-valueandQoEW) thatis bounded by the maximal
service. One may turn, for example, to papers @tin Value Mgee, QOEW) T {0, ..., Mg - 1}, that is also
al., 2005; Torres et al., 2011) to see how fuzzyclo represented as a Boolean vector. The length of a
formulae can be used for evaluating QoE of Weborresponding Boolean vector is ]onE[, as
services. . :
Neural network and fuzzy logic formulae are]IOQZt[ bits are needed to represenkt an unsigned
experimentally proven to provide a reasonablintegert. Therefore, the circuif has Z]logszi[
accurate prediction of the user satisfaction. i=1
Nevertheless, when using these models for the Qgfimary inputs and ]JlogV o [ primary outputs.
evaluation of web services as well as for the liearn
process a researcher faces a number of computatio

a . . . . . .
problems. The reason is that both models deal wit%fl Using statistics for circult leaming

contlnftljou_s variables ang thus, r‘]"’herl‘ eve;ludatlng tlﬂﬁ order to derive the initial circul, we use statistics
QoE floating-point numbers with a lot of decimalgaihered from web service experts, from the

points are involved. A.S the discrete model, a dagis automatic evaluation of service parameters and/or
tree does not have this drawback. On the other,hand " o 4-users. who have experience of using a web

a decision tree with the high prediction abilitysericewy A running example is used for illustrating
requires exponential memory a_nd correspondng(OW such statistics can be utilized for logic sysik.
needs a scalable representation. Such scalabl

) eExample. Let us consider an electronic service

for booking a student dormitory. When entering the

circuits, and in this paper, the Boolean formulg ., site a student is asked for his personal

corresponded to a decision tree is represented by @ mation such as his/her name and family name

logic network that can ‘predict’ the QOE value eveny,y ot the second step he/she indicates datesof th
for patterns that are not specified in the providefq,gjreq stay. The booking system checks the

statistics. availability for the student to stay at the dormjto
and outputs the result.
After using such electronic service, a student is
asked whether he/she is willing to evaluate itditjua

4 USING LOGIC NETWORKS and to provide histher feedback to the service

FOR QOE PREDICTION provider. If the student agrees then he/she isthfeke

evaluating the design quality of the system as a&ll

In this section, an approach for automatié® Speed of it. Thus, two parametpisandp, are
evaluation/‘prediction’ of the QoE value for webconsidered wherg, represents the service design
services is proposed. Since the approach relies Bile P2 represents its speed. In this toy example, we

logic circuit learning we first discuss how thisigial) ~@SSume that each parameter is evaluated as aerinteg
circuit can be derived and then turn to a IearninBetwee” 0 and 3. The overall user satisfaction lwhic

procedure itself. value belongs to the same interval is also asked fo
Consider a web service/ and a collection of the student evaluation. To sum it up, the student i
parametersp, p», ..., p that are used for the QoE @sked three questions:

evaluation. For the sake of scalability, we conside 1: "J)OW do you find the design of the electronic
each parametan value as a nonnegative (unsigned§ervice” Please evaluate the design by an integer



between 0 and B means that the service design isynchronous sequential logic circuits. ABC provides
very bad and 3 means that the service design ssalable logic synthesis and optimization based on
excellent) And-Inverter Graphs (AlIGs) and other internal ctcu
2. How do you find the speed of electroniaepresentations. Moreover, ABC includes a number
service interaction? Please evaluate the speedrnby af commands for synthesis, resynthesis, optimiratio
integer between 0 and 3. and verification of logic circuits as well as for
3. What is your overall User Satisfaction withinprinting the circuit statistics and parameters. The
this electronic service? Please evaluate youABC can be easily downloaded from its official web
satisfaction by an integer between 0 and 3. site and run against a LUT for web serviééto
A student can ignore the above questions but if synthesize a corresponding circ8itWe have run the
student replies then new statistical data areenetd ABC tool against the LUT corresponded to Table 2.
about the service quality. For this purpose, we have presented the set on
Consider three users who have already left theinput/output vectors in the PLA format. The resgti
scores. The useh evaluates the design quality andcircuit S with 11 gates is shown in Fig. 1a. This
the speed of the service by the highest scoretarg] t circuit computes the QoE value of the dormitory
the QOE evaluation is &xcellent. The useB gives booking service based on statistics in Table 1a If
the same evaluation for speed while he/she does rsafrvice provider wants to ‘predict’ the overall use
like the design (the score is 1) that does nou@rfte experience then the output of the circ8itcan be
his/her overall satisfaction that equals 3. Thedasr automatically calculated for a corresponding input
C that gives a feedback likes the design (the sisorevector.
3) while the speed is scored as 0, and the overall The logic circuitS that is derived based on the

satisfaction is 2 (Table 1). provided statistics, evaluates and ‘predicts’ theEQ

Table 1: Statistics gathered for dormitory booking value of web servicelV for any values of input

electronic service. parameters. The Don’t_Care patterns can be usad in
User identifier | Design score Speed| ~ User proper way when deriving the initial circuit foreth

score Satisfaction

QOE evaluation and below we present an algorithm

Q i 2 2 for deriving the initial circuis
C 3 0 2 Algorithm 1 for deriving an initial logic circuit
The statistics described above are converted into evaluate the QoE value
input/output vectors for the circu® The circuit has Inputs: Service parameterp;, pz, ..., Pk with
two inputs for representing the value of thehonnegative (unsigned) integer values bounded by
design score two inputs for representing the value ofM, , M, ..., M, ; maximal value of the QoE

the speedscoreand two outputs for representing theMQOE;
QoE (dormitory_bookin} Based on statistics in
Table 1 we derive a LUT (Look-up-Table) for a
system of two output functions, z, depending on
four input variables denoted ag xi, %, X, i.€., we
partially specify the behavior of the circi8t(Table
2). Table 2 describes the system of partially Jpseti
Boolean functions and thus, it can be used as t
specification for designing a corresponding logic

Statistics, i.e., feedbacks from usddg ..., U,
represented as a list of patteqmsvalue p,_value
..., px_valug UserSatisfactionvalue

Output: a logic circuitS

1. Determine the number of primary inputs and
I%imary outputs o&:
The number of primary inputs equals

circuit. log, M while the number of primary outputs
Table 2: LUT for the statistics from Table 1. izzll] % pi[ P Y P
Xo X1 X2 X3 | Z Z
1 1 1 1 1 T equals JlogM e -
0 1 1 1 1 1 2. Derive a LUT
1 1 0 0 1 0

2.1For each usdy;, i O {1, ..., r}, convert its
statistic scoreg,_value p, value ..., p_value
UserSatisfactionvalue into Boolean vectors and
add the corresponding line to LUT.
3. Synthesize the circug from a partial system of
goolean functions anReturn S. 0

4.2 Designing a logic circuit by ABC

We have derived the circui® for the system of
partially specified Boolean functions in Table 2ngs
the software tool ABC (Berkeley Logic Synthesis an
Verification Group, ABC) that is a growing software
system for synthesis and verification of binary



Given an integer x, let B(x) denote a i/ois added tothe LUT for the circuit and a cirdsit
corresponding Boolean vector far Due to steps 2 resynthesized.
and 3 of the algorithm, the following statementdsol 2) The output of the circuif for the inputi was
Proposition 1. Given a servic&V and a statistic defined in the initial LUT but the output is nottiain
pattern p,_valug pp value ..., pcvalug the confidence interval. If this mismatching is sed
UserSatisfactionvalug a circuit S returned by by an expert error that provides initial statistio®
Algorithm 1 produces the output consider an end-user as an expert and resynttibsize
B(UserSatisfactionvalug when the concatenation circuit w.r.t. the new output for the input
B(p,_valug OB(p, valug O... OB(pcvalug is 3) The output of the circufs for the input is not
applied as an input vector. within the confidence interval and this mismatchigig
Once a circuiSis derived, the circuit can be useddue to different end-user opinions. In other wofds,
for evaluating the QoE of the web service. As iis th the same service parameter values, two differesrsus
paper we are interested in self-adaptive models, vgpecify the user satisfaction values with the diffece
discuss how such circuit can be modified if thewir greater than the constant In this case, a problem
behavior does not match new statistical data. arises of solving a conflict of user opinions. hist
paper, we do not go deep into solving this problem,
since the probability of such situation is very low
when the number of service parameters is large

5 LOGIC NETWORK LEARNING enough. Thus, we again rely on the last end-user
opinion and resynthesize the circuit in a
PROCEDURE corresponding way.

Algorithm 2 for learning the logic circuit that

A circuit S derived in the previous section has Qyajyates/ ‘predicts’ the QoE value for web service
be self-adaptive, i.e., when a new end-user agmesmputs: QOE parameterspy, Ps ..., P« With

Igave_ his/her _feedback about the service quality trhonnegative values bounded by, , M
circuit behavior has to be modeled under a ) '
corresponding input and if the result produced by Mp, ; maximal value of the QOB e ;
the circuit differs significantly from the expectdten  The circuitS that evaluates the QoE value for web
the circuit has to be resynthesized. To evaluage tlserviceW,
difference between the circuit output and the uséx new user feedbackp, valug p, valug ...,
satisfaction value we introduce some valughat Px_valug UserSatisfactionvalug
represents a confidence interval, i.e., ®EW) Maximal differencet for corresponding confidence
produced by the circul has to belong to the interval interval.
[UserSatisfactionvalue — T, UserSatisfactionvalue Output: a modified logic circuit
+ 1]. This fact can be considered as an optimizatioh- Integers p,_valug p, value ..., pgvalug
step when constructing a logic network forUserSatisfactionvalue are converted into Boolean
evaluating/‘predicting’ QoE of web services. Given Vectorsv_pl,v_p2, ..., v_pk, v_us
new pattern i/o where o represents the 2. The outpulQoE(W) of the circuitSis computed for
UserSatisfactionvalueandQoE(W) is an integer that the inputv_pl, v_p2, ..., v_pk
corresponds to th® output for the input, if |[QoEW) 3. If | QoEW) - UserSatisfactionvalue| >1 then
— UserSatisfactionvalug < T then the circuiS is not 3.1If the linev_p1, v_p2, ..., v_pkis specified as
resynthesized. input in the LUT, then change the corresponding

The confidence intervaliserSatisfactionvalue—  output intov_us,
T, UserSatisfactionvalue + 1] specifies the Otherwise
permissible distance between circuit behavior and Add the new linev_pl, v_p2, ..., v_pk, v_udo
new statistical data. If th@oEW) value produced by the LUT.
the circuitS does not belong to this interval several 3.2 Synthesize the new circug; assignS =S
cases are possible: andReturn S O

1) The input part of a new statistical patteiifo Similar to Proposition 1, the following statement
where o is a Boolean vector for the expectedolds.
UserSatisfactionvalug was not in the initial LUT Proposition 2 Given a serviceW, a statistic
(not described in the previous statistics); angtiiue  pattern  p,_valug  p, valug ..., pxvalug
circuit S was not correctly synthesized for aUserSatisfactionvalue and the lengtht of a
Don’t_Care input. In this case, the new input patternconfidence interval, a circu@ returned by Algorithm

ppt el



2 produces the outputB(x), such that |[x— 6 EXPERIMENTAL RESULTS
UserSatisfactionvalue| < T when the concatenation
B(p._valug OB(p,_valug O... OB(px valug is We applied the logic circuit learning approach for
applied as an input vector. evaluating the quality of media services using the
In the runningexample consider another us@  statistics gathered by an innovative French company
that agrees to provide a feedback about using tihdontimage (more details about the company at
electronic service of the dormitory booking systemmontimage.com). In order to collect the statistical
and an output of the circul is computed according data for the QoOE estimation of media services,
to his/her feedback. B provides the output that doesMontimage researchers have conducted a subjective
not belong to the usé confidence interval with =  test with 25 end-user participants. This test inesla
1, then the circuit should be resynthesized. Supposgideo service QOE evaluation based on network
the useD has scored the service design by 2 and igerturbations. Different video clips have been
speed by 1 while the overall user satisfactiontee/s presented to the participants and according to the
has evaluated as 2, thus the QoE value is 2. Thggerceived video impairment, participants have
scores converted into Boolean vectors are equal @valuated each video clips quality as an integenfr
(1001)/(10). The circuitS in Fig. 1a outputs (00) 1to5. The test had twenty seconds videos ofraiffe
which corresponds to 0 score when an input (1091) ypes (sports, movie, animation, and interview). To
applied, thus it has to be resynthesized taking inperform experiments, video clips have been streamed
account this new input/output pair. We havdrom a server to a client and corresponding
performed such resynthesis using ABC and obtaingmrturbation has been added into an emulated
another circuiS with 17 gates (Fig. 1b). network.Packet lossindjitter have been selected for
As soon as necessary statistics is gathergagrturbation whergtter corresponds to the variation
Algorithm 1 can be applied to synthesize the ihitian video packet delays angbacket lossis the
circuit S In this case, the initial LUT contaimdines percentage of packets being lost during video
wherer is number of feedback patterns. As it is welfransmitting. In the subjective test, video cliperev
known, the problem of gathering such statistics a@ndomly provided for participants which had five
well as the problem of possible future circuitminutes break after watching 20 video clips. Given
resynthesis are hard computational problems. Thugiatistics gathered as described above, we have
we need appropriate heuristics in order to minimizeandomly extracted a sample of 17 user statistical
the number of ‘hard’ operations. One of possibl@ata (Low number of users since we are only dealing
solutions could be to specify some Don’t_Car@ proof of concept experimentation). In this sample
patterns before applying Algorithm 1 accordingtte t thejitter ranges between 2 ms and 20 ms while the
valueT related to the output confidence interval. IfPacket_lossanges from 0,02% to 0,25%. The latter
other words, a confidence interval can be consitler&neans, five circuit inputs can be used to represent
for inputs as well, and all patterns that are closgach parameter scores. To represent the QOE value,
enough (with respect to this input confidence va#r the corresponding circuit under construction haseth
can correspond to the same output. The latter meagputs. We also mention that during the experiment
that for each input_p1, v_p2, ..., v_pk,a set of we considered the output confidence differencel.
‘close’ inputs can be determined and every input dfloreover, in this sample we also consider the
this set is added to the LUT with the sameus corresponding confidence interval for each inpuhwi
output. The procedure can be simple enough if suthe samea = 1 difference.
confidence interval is represented by a correspandi  The current sample has been divided into three
conjunction (cube) but this issue needs more rekearparts. At the first step, we have used 13 pattéons
Additional experimental research is also needed terive the initial circuit. Each pattern has been
evaluate the optimal length of confidence interfats converted into a Boolean vector of length 13. We
different services, since the length of confidencbave run the ABC system against the corresponding
intervals significantly influences both, the acayraf system of partial Boolean functions representeitién
predictions and the computational complexityPLA format. The obtained circui contains 121
contradicting each other. The bigger is thalue the gates while the maximal length of the path from
less resynthesis steps are needed, along withingducprimary inputs to primary outputs equals 22.
the accuracy of circuit predictions. Studying omtim  Following the given statistics, we have randomly
values for the length of input and output confidencchosen two more input patterns and simulated the

intervals remains one of challenging topics foufat behavior of the circuitS for new patterns. The
work. simulation results coincide with the given statisti
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