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ABSTRACT

Intelligent Control emulates the human intelligersoe achieves automation in various areas of Epgimg
Intelligent Controls have been used mainly in theaa of Electrical Systems; Machine Intelligencedohsystems like
Robotics. Intelligent Control has been active inaas industrial and engineering applications. Ehisractive research in
applying Intelligent Controls in distributed comjmgt systems like web based environments. The adveiniternet has
changed the business models for the service pnovigied consumers. The Distributed Computing Systetish host
various IT and business services are expected @vaidable with high performance and scalabilitynteet the desired
SLAs. There is absolute necessity in predictingfthere trends of the IT environments, recognize ltfad patterns such
that the provisioning of the hardware, softwareueses is appropriately handled. There are resestempts to explore
the applicability of intelligent control in suchffdirent areas of computing like infrastructure psmning and Distributed
Systems. In this paper we study the various lgiefit Controls and discuss the recent trends ofyagplintelligent

controls in Distributed Systems such as Web Servers
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1. INTRODUCTION

Machine Intelligence is an active area of reseéoctihe last many decades. There are various téohies that
have emerged such as Artificial Intelligence, Fu3eys, Neural Networks. The major objective otladise technologies is
to build the knowledge into a machine which emdatee behavior of human intelligence [1]. InteligeControl is
successfully applied within a spectrum of industaiad engineering disciplines [2]. There are recesearch advances in
investigating applicability of Intelligent Contrai various areas of Computing. Mainly we obsenat the target areas are
Distributed Computing Systems such Web environmenisiproving their performance, QoS Management irttent of
intelligent control is to bring the intelligence the control mechanisms and incorporate human expemwledge in the
computing processes. The classical feedback sydtewe bottlenecks to handle non-linear dynamics\adhble load
conditions such as web based distributed systemwlligent controllers have the ability to handlels challenges and in
this paper we review the applicability of varioumgeiligent controller techniques that are appliedlistributed systems
such web servers, data centers server allocatitmisaion control of servers. We also present & brierview of some of

the important Intelligent Controller techniques.
2. INTELLIGENT CONTROLLERS [1]

Intelligent Control is a control technique that sisarious Atrtificial Intelligence based approackash as neural
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networks, fuzzy control. In this section we disctigs most popular intelligent controls that arelesgd for application in
the Distributed systems. There are other technigueb as Bayesian control, Genetic algorithm basedrollers but not

discussed in this paper.
2.1. Neural Network Controllers

Artificial neural networks are circuits, computdga@rithms, or mathematical representations loogadpired by
the massively connected set of neurons that footodjical neural networks. Artificial neural netwsrkave proven useful
in a variety of pattern recognition, signal progegsestimation, and control problems. The Figuteelbw shows a single
neuron model which represents the biological neuha fires when inputsx are significantly excited. The firing is

defined by the activation functidn
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Figure 1: Single Layer Neuron

The Figure 2 shows a 3 layer perceptron as ther& atages of neuron processing as we can seedretmguts

and outputs.
2.2. Fuzzy Controllers

Fuzzy control is a methodology to represent andempnt a (smart) human’s knowledge about how tdroba

system. A fuzzy controller is shown in Figure 3eThzzy controller has several components:

First Second Ctput
hidden hidden laver
laver layer
Figure 2: A 3-Layer Multi Perceptron Model
* Arule base that determines on how to perform abntr

»  Fuzzification that transforms the numeric inputdlsat the inference mechanisms can understand.
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» The inference mechanism uses information abouttineent inputs and decides the rules that areldaita the
current situation and can form conclusion aboutesysnput.

» Defuzzification is opposite of Fuzzification whiclnverts the conclusions reached by inference nméinainto

numeric input for the plant.

Fuzzy controller
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Figure 3: Fuzzy Control System
2.3. Expert Systems Control

The Figure 4 below shows how feedback control cannfiplemented using expert systems. It has a krigele

base which is used by the inference mechanismdiolel¢he input to the system under control.

The knowledge base will be typically frames, sernicanéts, causal diagrams unlike the IF THEN statémef

fuzzy controllers. The inference strategies are aisre elaborate such as refraction, recency,iprior

Expert controlles
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Figure 4: Expert Control System

2.4. Planning Systems for Control
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Figure 5: Closed Loop Planning Control System
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The Artificial Intelligence based planning systeane used for robotics for decisions. It can alsadrgfigured as

a feedback control system as shown in Figure 5mbelo

The planner performs plan generation, projecting fature and determines a set of candidate plis. set of
candidate plans is pruned into one plan that isbést one to apply at the current time. The plathén executed and

during execution the performance of that is moeitioand evaluated.
2.5. Adaptive Control

Adaptive control adapts to the controlled systertparameters which vary or are uncertain. Theréigushows
indirect adaptive control. If the plant parametelhsinge the identifier will provide estimates ofgheand the controller

designer will subsequently tune the controller.

| Plant |

Controller | P===%  Syitem
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designer | identification
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i ¥
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Figure 6: Indirect Adaptive Control

Plant  E—

The Figure 7 shows direct adaptive control whiclofes the adaptation mechanism that observes theaks

from the control system and adapts the paramefatgeccontroller to maintain performance even gréhare changes in

the plant.
Adaptation
mechanism
rit) uii} ¥
—»|  Controller » Plant -
'/ |

Figure 7: Direct Adaptive Control
3. INTELLIGENT CONTROL APPLICATIONS

In this section we discuss how the intelligent colférs are applied in distributed systems in welver

environments, Resource allocation in data centatsadmission control of servers.
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3.1. Web Environments

In this section we discuss the application of ligeht controllers in web based environments. QoSveb
environments is an important requirement in distiell systems such as enterprises and internete Tdrer various
investigations in improving the performance of vegtvironments using various techniques. The feedbankollers have
been investigated to improve the web server’'s perdmce [3][4]. But the classic controllers will leathe challenge of
handling the uncertain and non-linear charactesstif the web environments. Intelligent controthie obvious choice to
handle the non-linear behaviors. In this sectiondigeuss the applications of intelligent contral@ar web environments.
In [5] a Fuzzy control based approach is discugsedveb servers as they are non-linear and indep#naf the system
model that has to be controlled. The Figure 8 bethews the system architecture using Fuzzy conitrainanage
performance of web server. The Connection schedildesifies the request that come in to the sdrased on various
parameters like IP address. The monitor measueecalibolute delayS, experienced by the requests of classhe fuzzy
controller guarantees the delay of 8 seconds feptiority class of requests. The error betweenntieasured delayC()
and the desired reference del®pX) is the input to the fuzzy controller as shownolel The controller then computes the
number of processes that are allocated to each. &g discussed solution is applied in the madlifiersion of Apache
server and their results show that using a clalsBic&ontroller linearization degrades the perfongc®of the system. The
adaptive fuzzy control adapts to various web servéth speed and thus eliminates the system ideatidn. The results
of are not discussed in our review. In [6] the wgebver QoS control is achieved using a hybrid faelb-uzzy Adaptive
PI Controller. The input requests to the web seareradjusted in a control period, and turn dovenititoming requests
when the server is overloaded. Considering the rtaicedynamics of web environments a fuzzy approacthosen to

tune the PI Controller parameters adaptively.
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Figure 8: Fuzzy Control of Apache Server
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Figure 9: Architecture of ATR Feedback System Figure 10: Fuzzy Adaptive Control System
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The notion of Accept Time Ratio (ATR) [7] is promabkin the admission control strategy. The Figush®ws the
ATR feedback control system where the server perdmice is measured periodically. For every intetkal controller
computes the next ATR according to the error betwtbe real output and the reference value. Themeateest-accepting
time tygm is computed during which the server accepts raguand in the remaining of period requests ane diawn. The
Figure 10 shows the Fuzzy adaptive control sysitEme. valuek, will determine the rapid response of the systeumhlan
eliminates steady state error. Based on the eramd variance ratec, the fuzzy control adjusts the valueskgfandk; to
make the controlled system response more rapidiystably. The Universe of discourse iok, andAk; are set to {-6, -4,
-2 ,0, 2, 4, 6}. The experiments are based on sitimrd environment where the basic Pl Controller theddiscussed Fuzzy
Adaptive Pl Control are compared on web server]emhaving fluctuations of load on the server thezyuAdaptive Pl

Control behaves in a stable manner.

We also notice that the adaptive Neuro Fuzzy coteahniques are used in web document clusteriopgsing a

framework to personalize e-business processesdptiad interactive system to customer preferencg8]i

A fuzzy control query language is proposed (fCQ&) &nalysis and control of business. The detais reot

discussed here as it is beyond the scope of oigwev
3.2. Resource Management

Effective utilization of the data center resourcespite dynamic and varying load conditions is mpdrtant
challenge. Typically these variations are non-lin@anature and it is a difficult task to predittetload and keep the
resources availability accordingly is a non-triviask. Provisioning servers for such scenariosbigausly an important

problem to solve and in this section we discusslligent control approaches that attempt to sdi® problem.
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Figure 11: System Architecture of Apache Server STE

In [9] an adaptive fuzzy control is proposed toedite server resources with effective stabilitpétwork transfer
time or server side request processing time. Theraker provides improved client-perceived respotime in heavy load
web servers. The two different contributions arenitwwing and controlling eQoS framework such tliet Page view
response time is less and self-tuning Fuzzy Cdetr(6TFC) for resource allocation within the e(fa8nework. The

Figure 11 below shows the architecture of the e@@a@ework.

The STFC is shown in Figure 12 below
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Figure 12: Self Tuning Fuzzy Controller
The experimental results show that STFC outperfahad?l Controller.

In [10] the authors deal with the non -linear maatgichallenges of computing systems and have pespaszy
control to minimize the utilization error of thesmurces in the data center that is adaptive inreatu

The Figure 13 shows the closed loop real time aystged to run the solution.
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Figure 13

The discussed Adaptive Fuzzy PI Controller is shawigure 14 below:
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Figure 14: Adaptive Fuzzy Pi Controller

The performance of the controller is based on tilezation, success ratio by running simulationtseswultiple
times and averaging the results. The results betieController, Open loop Fuzzy Logic Pl Controlend Adaptive
Fuzzy Pl Controller (AFPIC) and compared. The cogeace for the AFPIC is found to be much fastentbsher
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controllers. PI Controller has highest utilizatidlnctuations. The results discussed show that theptve hybrid

controllers using the intelligent controls are meffective than the conventional PI controllers.

A similar approach is discussed in [12] where &aeéaptive control is proposed that uses the nenetliork and
a fuzzy control. The authors proposed an autonsaticer allocation approach that uses the end-todefal/ to measure
the performance of the predictor in multi-tier smncluster environment. The 95-percentile end-to-end delay is an
important metric to measure in such environmen®}.[The fuzzy control is achieved through the h&tigs identified by
trial and error method and is model independent. tBig approach is found to be ineffective undeyhhidynamic load
conditions. In order to address the high load ajwhdhic conditions a hybrid control using machirerhéng techniques is
proposed. The advantage with the hybrid approacthaisthere is no off- line training, self-consttioa of the structure,
fast learning adapting the parameters through enlegarning. One of the important measures in ntiglti-internet

applications is the end-to-end delay

3.3. Server Admission Control

We have seen so far how Intelligent Controls amdieg Web server environments and IT resource proming.
In this section we discuss how the server admissimtrol through neural network feedback contra@dhieved, where the
expected load and appropriate resource requireraeafsredicted much ahead of the time. The sesveodeled as a non-
linear stochastic single server queuing system.ulirstep ahead auto regressive Neural Network tiesponse predictor
is developed. The Figure 15 and Figure 19 belowwsti® single neural network control non-linear peceat and the

setup. The predictor is given an off-line trainimgere the NE (Node Element) is simulated under hogll conditions.
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Figure 15: Mutli-Step Ahead Response Time Predictor

A series-parallel dynamic recurrent neural netwdARX [12] based on ARX linear model is implementddhe

equation (1) below represents the NARX neural ngtwo
y(t) O f(yt—121),y(t = 2),....(y(t — ny), x(t = 1), X(t = 2)....,x(t = nx)) (3)

f = is a non-linear functiory(t) = output signal that is regressed over the lateghlues of independent signal and

n, values of dependersignal. The discussed neural network predictoessed using MATLAB SimuLink. The input to
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the predictor is the vector of inter-arrival andeimdeparture times (t) and the output is the predicted response fite
with different mean arrival ratg) at different values in static and dynamic scargrirheir results when run on M/M/1

Queue proved with encouraging results based oh#sn Absolute error and Mean Square Error.
4. CONCLUSIONS AND FUTURE WORK

The survey reveals that the Fuzzy control provadesodel independent technique when compared toldissical
controllers such as P, PI, PID controllers. Fuzzgtml has the capability of handling the non-lineature of the systems
to be controlled. The feedback controllers willrhere effective when they are hybrid controllerdttusing the classic P,
Pl and PID Controllers and Intelligent controllesach as fuzzy, neural network controllers. Buildisgch hybrid
controllers as discussed above are providing elagbug results, based on our study. It is necegsagxtend the research
of implementing hybrid controllers in distributegysteems and other areas of computing that will tesul better
performance of the systems. We observe that mothieofesearch of applying hybrid controllers intrilisited systems
such as web servers is verified in simulation emvinents, but it will be important to study theifegetiveness in real
distributed systems. Additionally there are manychige intelligence based mechanisms that couldxpkeed further in
building effective controllers. Data Mining is comation of various theory and technologies hasebeitgorithms and
solutions for prediction, pattern recognition, acah be investigated to build hybrid controllersbisild scalable, high

performing robust distributed system applications.
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