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ABSTRACT- The utilization of hidden Markov models (HMMs) has discovered broad use in numerous distinctive
zones. This part concentrates on HMMs connected to the performance evaluation of PC frameworks and networks. In
the wake of exhibiting a brief audit of foundation material on HMMs, applications, for example, channel postponement
and misfortune qualities, movement demonstrating what's more, workload era are overviewed. The force of HMMs
as indicators of performance measurements is likewise highlighted. We finish up by introducing a couple components

of the module of the Tangram-I1 performance evaluation device that is focused to HMMs..
KEYWORDS - Hidden Markov models, performance evaluation, network applications.

I. INTRODUCTION

Hidden Markov models (HMM) have been utilized as a part of a heap of applications that incorporate discourse
acknowledgment, signal preparing, counterfeit consciousness, computational science, money, picture handling, and
restorative determination, to give some examples. Reference [2] gives a thorough book reference of more than 300
articles on these applications. The main major fruitful use of HMMs was in discourse acknowledgment [13] and was
trailed by application in a far reaching set of use regions. The HMM structure gives a rich hypothetical premise that
can be adjusted to a wide range of applications. In spite of the vast assemblage of writing on HMM applications, its
utilization in performance evaluation and PC correspondence is moderately new. The presentation of the application
of HMMs in performance displaying persuades the present part.
In performance displaying, the expert generally has an unmistakable comprehension of how the framework to be
investigated works. In the event that a Markovian model is the worldview of decision, the fundamental errand is to
choose the fitting framework state variables and the scope of conceivable qualities for each. Case in point, on the off
chance that the framework can be demonstrated by a solitary server line and the objective is to anticipate the holding
up time for a given landing rate, the state variable of decision is the quantity of clients lined for administration. Other
state variables might be presented, for example, to speak to a stage sort administration time appropriation (rather than
the exponential dispersion) or to speak to changes in the mean entry rate with time. Another sort of model that falls in
this class is accessibility demonstrating. For this situation, state variables speak to parts that can be operational or in
various methods of disappointment. Among the inquiries one may answer is the portion of time the framework is
accessible to the client and the likelihood that the framework falls flat in a given time interim.
Typically, models like a straightforward queuing framework or steadfastness model, are parameterized from some
earlier information of the framework conduct. A key point to have as a primary concern is that, in these models, one
takes the perspective that the framework state is specifically discernible. On the opposite, with HMM the framework
condition of the fundamental procedure is accepted to not be specifically discernible. Or maybe one can watch a few
values that are a probabilistic capacity of the condition of the basic Markov process. (Hence the starting point of the
name Hidden Markov Model.).
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Il. LITERATURE REVIEW
In this segment we first compress the documentation to be utilized as a part of whatever remains of this section. In the
past segment we depicted a commonplace kind of use of HMMs and the sorts of inquiry that the model might be utilized
to reply with regards to that application. Here we compress, autonomous of a specific application, a more formal
meaning of a HMM and the most widely recognized classifications of issues crosswise over applications. Later segments
will examine specific applications in the setting of performance evaluation.

To elucidate these thoughts, consider the accompanying basic illustration. Assume that one is keen on
foreseeing the conduct of a client who is skimming through the website pages of an online book store. Expect that we
might want to decide the likelihood that a particular client is prepared to arrange a thing taking into account their past
conduct inside their session. Assume that, in the wake of considering the conduct of numerous clients, the examiner
chooses to manufacture a basic 4-state Markovian model. Expect that the client's states are picked as takes after: simply
scanning (JB), looking for things in the store, intrigued by an item (IP) and prepared to arrange a thing (RO). For
accommodation we additionally present a leaving (LV) state to the model to demonstrate that a client can leave in the
wake of being in any of the past states. (A move to state LV to compares to a session finishing and a new session begins
in this particular case with a move to state JB.)

To gauge the move probabilities, we may for instance, take after the direction of a set of clients, where the clients show
along the way their present condition of plan. At that point, with this preparation information, one may gauge the state
move probabilities from this case information utilizing the relative recurrence of moves from the picked states. Figure

1(a) represents one conceivable Markov chain and its move probabilities.

observable symbols

(page types)

hidden states

(a) (b)

Fig. 1. An example of (a) a simple Markovian model of customer behavior; (b) an application example of HMMs.

I1l. PROBLEM DEFINITION

a client visits and not their condition of goal. For instance, expect that there are 7 distinctive sorts of pages in
the site: item diagram (O), item subtle elements (D), set of items inside a classification (C), shopping basket (S), buy
(P), exit (E). It is anything but difficult to record the sort of pages the client taps on, however we can't know the client's
goal specifically. As an outcome, we can't straightforwardly watch the condition of the client's goal (JB, IP, RO). In
any case, it is natural that the states are related with the grouping of perceptions. At the end of the day, the Markov
states JB, IP, RO are hidden in the preparation information yet the grouping of page sorts being gone by is known
also, gives some proof of what the client's condition of goal is.
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Accept that, some way or another, we can decide the move probabilities of the hidden chain and, for each hidden state,
the restrictive likelihood of radiating a discernible image. (In this case, the likelihood of tapping on a specific page
sort (O, D, and so on.). Figure 1(b) demonstrates the hidden states and discernible images of the model. A run of the
mill inquiry to be asked is what is the most likely hidden state (that is, the client plan) given the watched arrangement
of pages went to up to the present time.

Be that as it may, as said above, when all is said in done we don't have the foggiest idea about from the earlier
the move probabilities of the hidden chain. Truth be told, in many issues, we don't know what number of states the
hidden chain contains. (Envision that you not just can't play out a test, as portrayed prior, where an arrangement of
clients intentionally give the data of their purpose yet you may not indeed, even from the earlier know the quantity of
or translation of the "conditions of expectation™.) For this situation, you know minimal about the hidden MC and can
just record the succession of page snaps for various sessions. In any case, to answer the topic of the past section we
should first form a totally indicated hidden MC (counting all move probabilities) furthermore the likelihood of clicking
a page of every sort molded on the present condition of the hidden MC. The main data accessible might be the grouping
of page shaps. For this situation, the issue is to locate the obscure model parameters that boost the likelihood that the
watched succession is produced by the model. (As a rule this will rely on upon (an) a from the earlier likelihood
dispersion over the space of conceivable models and (b) the contingent likelihood of the watched sequence(s) given a

particular model.

IV. PROSED SOLUTION
Below we introduce the notation for the parameters of a HMM.
1. The number of states, N, in the underlying (hidden) Markov chain. The i-th state is denoted by si. (In the example of
section1 N =4.)
2. The (hidden) state at time t is denoted by qt. So, the sequence of states up to time T is q1g2 . .. qT.

3. The number M, of distinct observations. The observed values are denoted by vk for 1 < j < M. (M = 6 in the example

of section 1.)

4. The observed value at time j is denoted Oj. So, the sequence of observations up to time T is 0102, ... OT. A
shorthand notation for the sequence of observations up to time T is OT.

5. The state transition probabilities: P = [pi,j], where pi,j = P[qt+1 = sj|qt = si] for all t.

6. The conditional distribution for observed value conditioned on the state of the underlying MC: b

j(K) = P[Ot = vk|gt = sj]. B = {bj(k)} denotes the set of all such conditional probability distributions.

7. m(1) will denote the initial state probability vector, i.e., n(1) = [l (1), ®2 (1), ..., nN (1)] where = (1) i = P[q = si].

8. The model M is defined by the combination of , P and B, and we use the notation M = (P, B, p) to indicate the
complete set of model parameters.

Suppose that know the parameters of a HMM, for instance, the parameters for the HMM of Figure 1(b) that models the
page types accessed by an user. Assume that we want to generate a sequence of page types visited by an user. From the
model, a sequence of observable symbols can be easily generated as follows.

1. Choose an initial state according to 7(0).

2.Sett=1.

3. Choose Ot = vk according to the conditional probability distribution for state qt, i.e., if gt = si, choose vk with
probability bi(k).

4. Choose the next state according to the state transition probabilities.

5.Sett=t+1ift<T, else terminate.
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In section 1 we describe an example used to introduce typical problems the analyst is faced with. For instance, if the
model M is known, from a given (observable) sequence of page accesses OT, what is the probability that the model is
in each of the hidden states at T? In addition, how to estimate the model parameters (P, B, ) if the only information
available are sequences of page accesses? Formally, we can identify four basic problems:

Problem 1:

Given the observation sequence OT = 0102 ... OT and a model M, compute the probability of observing the output
sequence OT given the underlying model M, i.e., P[OT |M].

Problem 2:

Given the observation sequence OT = 0102. .. OT and a model M, how to determine a best state sequence QT = g1,
g2, ..., qT which best explains the output sequence OT . In order words, in this problem we want to unveil the hidden
states in the model. To have a well specified problem here we need to define more formally what is meant by best, i.e.,
define the specific objective function. Two possibilities are: (i) for each time t what is the most probable state of the
underlying MC, and (ii) what is the most probable sequence of states. Note that these are different in general. For
example, the answer to (i) could have st = si and st+1 = sj but if pi,j is O the sequence of states hsi, sji could never occur.
Returning to the example of section 1, if the transition JB to RO is zero (instead of 0.02 as in Figure 1) the sequence
just browsing to ready to order could never occur, but one can calculate the probability that the customer is ready to
order after observing a sequence of page visits.

Problem 3:

Given the observation sequence OT = 0102 . .. OT , construct an underlying model M, such that P[OT|M] is
maximized.

Problem 4:

Given several possible models Mi 1 < i < K and a sequence of observed values, what is the probability that Mj is the
actual model, i.e. P[M]|O]. In the example of customers browsing an online bookstore, the two models could be one for
a young customer and one for a mature customer.

Modeling Network Channel Losses and Delay Characteristics

HMM have been utilized to create activity era models valuable, for case to incorporate into reenactment concentrates
on where misfortune and deferral qualities measurements affect the application under examination. Then again, HMMs
have additionally been utilized as indicators of these measurements for online applications. The objective for this
situation is to adjust the application conduct to better adapt to the anticipated channel conditions.

Salamatian and Vaton [14] were among the first to propose the utilization of a discrete time HMM to
demonstrate the misfortune procedure of an Internet channel. In their model, one out of two images can be discharged:
the main shows a parcel misfortune in the way from source to destination and the second, the complimentary occasion.
The decision of N depends on the entropy of the misfortune procedure, as laid out in area 2. Subsequent to
parameterizing the model from genuine misfortune follows, they presumed that the misfortune procedure was precisely
displayed utilizing just 4 hidden states. This is a critical change from past works that utilized a k-th request Markov
model. Since misfortunes and deferral have mutually an unfriendly effect on the performance of a few applications
what's more, they are normally related, models have been recommended that attempt to catch these two measurements
in a solitary HMM. In [17] a HMM is worked from the "perceptions" gathered by examining parcels. Each of the main
M — 1 images speak to a deferral range after the gathered postponement tests are discretized. The M-th image
demonstrates a misfortune. The quantity of hidden states was acquired from concentrates on that thought about the
autocorrelation of the genuine follows w.r.t. those produced by the model.

Movement displaying has been an essential region of exploration since activity affects the dimensioning of the

Internet assets. Activity models have been utilized as a part of numerous territories, for example, affirmation control,
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asset allotment, scope organization, and movement grouping, to give some examples. Gee have gotten consideration as
the activity model of decision for these issues on account of their capacity to catch vital movement measurable qualities
with just a generally little number of states.

Traffic Modeling

These studies concentrate on displaying the bundle stream either produced by an individual application then again that
of the total activity on a solitary channel. Regularly both the between entry parcel times and bundle sizes from the
movement created by an application show huge auto-connection. These two measurements then have been utilized to
develop HMMs for various destinations.

Workload generation

In this arrangement of applications, HMMs are utilized to create engineered workload at the application level, rather
than the bundle level of area 3.2. Likewise to other HMM model applications, the workload at the application level may
include distinctive time scales. For instance, when a client taps on a hyperlink to get to a site page, the program sends
demands for that page and its in-line objects. This ON period is trailed by an OFF interim where the client peruses the
page substance what's more, no solicitations are sent to the server. Two time scales are then clear: one that speaks to the
span of the OFF periods and another that speaks to the interims between solicitations created amid the ON period. As
said in past areas, HSMMs and HHMMs are

valuable apparatuses to speak to various time scales.

V. RESULTS AND DISCUSSION
The proposed model is a various leveled HMM enlivened by the work of [10]. Moves between hidden states speak to
moves between slides amid a client session, yet there is no one to one correspondence between hidden states and the
quantity of slides in an address. Figure 2 delineates the various leveled HMM. The watched images are play, bounce
forward, rewind, stop, end of session, next slide. Note that the structure of the discrete time Markov chains or each
hidden state is compelled what's more, all things considered, invalid succession of activities can't be created as, for
example, two back to back stops. The primary objective of the proposed HHMM is to produce a manufactured
workload utilized, for occurrence, to estimate the video server. The HHMM is equipped for producing a grouping of
activities however does exclude the length of every activity (stop, play, bounce forward, and so on). The dispersions
for every activity are evaluated freely, straightforwardly from the follow logs and utilized mutually with the HHMM

to create the workload.

Fig. 2 The hierarchical HMM

The Tangram-I1 tool —

Once the model is developed, the client must determine which state variables are related with the hidden model and
the lower layer model. Figure 3(a) demonstrates a depiction of one of the device's interface that permits the client to
browse one of the four sorts of HMMs. Figure 3(b) demonstrates the interface for an illustration where a 2-level

HHMM is displayed utilizing a Gilbert model for the lower level progression. At last, Figure 3(c) delineates the
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parameters that are naturally separated from the model's particular module. Unfilled spaces are left for the client to
incorporate extra introductory parameter qualities, for example, the underlying probabilities for the hidden states.

Once the model is indicated, the client can choose from a few arrangement calculations. Three of them are
connected with the initial three HMM issues laid out in area 2. Note that each of the calculations are adjusted to check
the qualities of the sort of model (standard Well or HHMM) utilized. Before selecting an answer, the client must load
the perceptions gathered and put away, for occurrence, in a follow record. Stacking the follow document is done
through an extraordinary module, the MTK HMM module. From the information, the client can, for occurrence,
prepare the model, or ascertain the log probability of the perception test. The client can likewise mimic a formerly
built HMM and produce a specimen of images. What's more, the instrument executes a conjecture calculation that can
anticipate the likelihood appropriation for the images that will trail a given watched test.
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Fig. 3 (a) Model selection interface; (b) State variable selection interface; (c) Additional parameter specification interface

VI. CONCLUSION

Hidden Markov models have turned out to be a helpful device for various ranges. In performance evaluation,
networking and workload era have been the prevalent application subareas as such. In the wake of delineating the
numerical foundation, we studied three applications that served to represent the handiness of HMMs. We likewise
introduce a displaying device, Tangram-I1 that executes the primary calculations for tackling the issues studied and
gives a helpful graphical interface to help in the investigation procedure.
Numerous demonstrating issues still stay open, such us the correct decision of the quantity of hidden states in the
model, the decision of the underlying parameter values for issue 3 and the underlying structure for the fundamental
Markov chains. All things considered, the demonstrating worldview is valuable when the investigator has little
learning of how the basic framework functions and rather has quite recently access to perceptions to build a model
that speaks to the framework under study. Well have additionally demonstrated helpful for anticipating future conduct

of measures of interest. We expect numerous new applications of HMMs to performance issues later on.
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