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Abstract: network monitoring methodology development was considered as important stage
of data center infrastructure organizing due to requirements of services efficiency and
stability. It was mentioned that construction of adaptive and scaled #igorof data
processing in real time regime is a nontrivial task for developers. Processtapot
evaluation of the network data indexes was shown as a part of monitoring technique
includes obtaining of subjective weight and objective weight of eaclk imdieh could be

used to get the comprehensive evaluating index. It was demonstrated that optimal relative
value represents degree of relativeness to optimal one up to the attributes of fixed type
range type, cost type and efficiency typaangular fuzzy numbers were used to form the
fuzzy judgment matrix which includes uncertainty of subjective judgment experts.
Comparative judgment matrix forming method which implies obtained of weighted values by
using of the fuzzy number comparisore $freory was analyzed. It was noticed thased on

the hotspot comprehensive evaluation value,-fpot degrees of all monitoring point can

be ordered and hierarchy will be obtained during the sorting process. First stage of this
algorithm includes gettig hots pot degree evaluation i ndex
by expertsd judgment method. Second stage
monitoring original data. At the next stage ‘spot degree should be evaluated as the same
ordinary monitoring points. Final stage includes achieving corresponding comprehensive
evaluation value based on every level value.-$fmit degree range of each monitoring
point was obtained as result of forming +sofp ot comprehensive €
uniformly ranking of all levels. Finally, hegpot level of each monitoring point was
correspondingly obtained and hot judgment of the monitoring was received with the level of
data center rules in advance.

Keywords data center,virtual machine, hospot, fuzzy analytic hierarchy process
triangular fuzzynumber, relative value, type attribute.

1. Introduction

Nowadays requirements to data center services efficiency and stability have significantly
grown. Hereby reliability of the network has become one of the most attention performances
and server performance monitoring system becomes main tool of providatgeeletwork
services. Organizing of data processing in real time regime is a serious task for developer
while efficient monitoring system ought to be adaptive and scaled.

It should be noticed that due to virtualization of modern data center servers
monitoring system functional nodes also should not be considered as physical elements
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Up to the virtual machine (VM) life cycle phase the system should be divided into
further main modules [14].

1 VM monitor;

1 monitoring data integration;

1 cluster data integration;

9 node information gathering.

VM monitor provides transfer of significant data (e.g., CPU or RAM usage) to the
monitoring system by VMscripts. Monitoring data integratoroltects significant
network data and stores it in the database, while cluster data integrator gathers othe
data blocks for the next VM layer. gathers different local information on a cloud node
according to specific demands. The node information gatheariadgule gathers local
VMs information on the network nodes. There are also should be mentioned monitoring
tool server, configuration generator, user interface and database module which used t
retrieves information from database (e.g., configuration daéxeive monitoring data
and perform actions and stores information.

Due to virtualization paradigm it possible to develop universal data center monitoring
technique based on mathematical model which could be implemented to different servel
platforms. Amag the different methodsot-spot evaluatioriechnique is proved to be most
efficient one and should be properly considered.

2. Classification of index target type

According to the hespot evaluation of the network data indexes it has to be calculated
the subjective weight and objective weight of each index to get the comprehensive
evaluating index of hegpot degree.

Subjective weight which represents each index influencing hot degree, could be
determined by its triangular fuzzy number [5] up to FAHPhtégue (HAHP: Fuzzy
Analytic Hierarchy Process) is deployed to determine the of each index influencing hot
degree. Triangular Fuzzy Number is a triplet which includes smallest likely value, the most
probable value and largest possible value of fuzzy e@jective weight could be defined
by the multiobjective decisiomrmaking method which includes determination of the index
target type. Thereby basic algorithm includes further stages (Fig. 1):

1 subjective weight determination (FAHP technique);

9 multi-objective decisiormaking method;

9 dimensionless processing (to gain optimal size of index and its matrix):

9 maximizing deviation method; (determination the objective weight of index);

9 combining and comparison of subjective weights and objective vggight

1 receiving of the hierarchy of VM monitored spots.

Hot-spot evaluation is handled through optimal relative and classification of index target
type, the comprehensive weight calculation, thedpmt degree comprehensive evaluation
value determination andhotspot sorting. Optimal relative value represents degree of
relativeness to optimal, which is similar to the concept of membership degree. It should be
determined up to the target type. Main types of attributes are:

1 fixed type attribute;

1 range typeattribute;

1 cost type attribute;

1 efficiency type attribute.

Fixed type attribute’®™ represents stabilizing at a fixed value as a target of indexes
analysis:
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where® is the measured value "findex of /M and ¢ is the optimal value c& . To
simplify equation (1) it should be used absolute differences maximum &yabsgrved spot:
a v o . @)

Thereby equation (1) can be simplified as:

0t & O
- P REe 6 3)
QEX &

— ﬁ| INPUTDATA |—

¥ || Fuzzy Analytic Hierarchy Process II Optimal Relative and Classification

Triangle fuzzy number monitored hot degree indexes

L : evaluation indexes hierarchy
Indexes fuzzy comparison

7 {

Target decision matrix

Judgment matrix

Corresponding optimal relative

{

Optimal relative matrix

subjective weight objective weight

& The comprehensive weight determining

1 [{ Hot Spots Cycle | N =

Y
HOT DEGREE LIST ~—l

Fig. 1. Hot-spot comprehensive evaluation algorithm

Range type attribute in other hand represents property values falling in a fixed interval as
a target type of indexes.
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whered: is best lower bouncd: is best upper boun«> is minimum of measured
values of¢® index andd:  is maximum one. To simplify equation (4) it should be used
absolute maximum & deviating the optimal range:
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Thereby equation (4an be simplified as:
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In other hand cost type attribLd represents smallest attribute value as the inglex
and efficiency type attributC represents biggest attribute value as the best index, contrary
to the cost type attribute:

O

Thereby to evaluatd hot degre spots o0& monitored spots, it should be formed target
decision matrixd of the measured value® and target decision matrix that converts to

optimal relative matrix:

© 8 N0 8 "
0 8 8 8 :0 8 8 8 (8)
® 8 @ N 8 "0

At the same way range type attribute matrix, cost type attribute matrix, efficiency type
attribute matrix could be determined:

i 8 i Hh 8 o o 8 0
y 8 8 8 :§ 8 8 8 :0 8 8 8 ©)
i 8 1 o8 O 0O 8 0

The judgment matrixhereby represents the relative importance of an upper layer
element and other layer element. Importance scale is proved to be good digital measureme
method in compassion to index importance.

2. The comprehensive weight determining algorithm
Triangular fizzy numbers FAHP technique based on the index hierarchy (Fig. 2) is

developed to build the fuzzy judgment matrix. Judgment matrix includes uncertainty of
subjective judgment experts and can be used to form comparative judgment matrix [6] where

weighted vlues are obtained by using the theory of fuzzy number comparison sizehBbr
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spots massive comprehensive evaluation index of the layer which is related to upper laye
consists from seth whw 8 @ . Thus triangular fuzzy number could be obtained as
importance fuzzy judgment of indé®relative to index’Q(determined by experts)b

a e B . Up to thetriangular fuzzy numbers definitioh and 6 represent the fuzzy
extent ofjudgment, so6 O value showsomparative fuzzy degree.

| Costtype attribute | | Efficiency type attribute |

| Stability | |Availability| IThroughputl
1 ! !

—
—o | Service availability and quality Ii
| HOT-SPOT DEGREE EVALUATION |
—e | Hardware resource utilization '—

CPU RAM + Cash b vy Storage - Network bandwidth
| Range type attribute |

Fig. 2. The hospot evaluation indexes hierarchy structure

It demonstrates the technique of the fuzzy comparison judgment matrix determination
method:
a o 8 ah Mo
W 8 8 8 . (20)
a b o 8 o
Fuzzy comparison judgment matrix of layers as relative ones to this one could be formec
at the same way. Thus, the fuzzy relative weight of irifle@mpared with other index in
this layer shoul be determined as:
o B ~ B ~ B
0 ahlx h =& P‘B 5 |~B 5
It should be noticed that each triangle fuzzy number inubeyfrelative weight vector is
required to be clarified before stage of sorting the current layer index.
The corresponding subjective weight and objective weight [7i10] of 0 can be
determined as:

(11)

0 a c¢cd& o~
B B , (12)
B B B

where’andQindicate different monitoring spots, and thi@ "O corresponds to the
absolute value of the membership degree. Finally the comprehensive weight is obtained b
values the dpjective weight and objective weight.

o]
Y o (13)

The combination of the index evaluation value reflects the quality of comprehensive
index and thus comprehensive evaluation value is not qualified when any of the
26
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indicators of evaluation value stays unqualified. Standard of being qualified is usually
refers to actual situation.

3. Conclusions

Network monitoring strategy is a one of the key task of data center development due tc
requirements of services efficiency and stability. It should be noticed that organizing of
adaptive and scaled algorithm of data processing in real time regime iDass@sk for
developers.Hot-spot evaluation of the network data indexes as a part of monitoring
technique includes obtaining of subjective weight and objective weight of each index which
could be used to get the comprehensive evaluating index. Optiratveelalue represents
degree of relativeness to optimal one up to the attributes of fixed type, range type, cost typ
and efficiency type.

Triangular fuzzy numbers based on the index hierarchy is used to form the fuzzy
judgment matrix which includes untainty of subjective judgment experts. It has to be
used to form comparative judgment matrix where weighted values are obtained by using the
theory of fuzzy number comparison siBased on the hetpot comprehensive evaluation
value, hotspot degrees @fll monitoring point can be ordered and hierarchy will be obtained
during the sorting process. First stage includes gettingsgait degree evaluation index
systemds original i ndex grade by expert
determination of Viae for each level as monitoring original data. 4dpbt degree should be
evaluated as the same ordinary monitoring points. Final step is achieving corresponding
comprehensive evaluation value based on every level valuesgdotdegree range of each
monitoring point can be obtained as result of forming-$pit comprehensive evaluation
valuesd wuni for mly spnldvel af gachorhonitaring poimt bas &lbs .
correspondingly obtained and hot judgment of the monitoring will be receivedhsitbvel
of data center rules in advance.
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- MmCoe Py { PL Q PE| Tt PMmt f(P,T) Cp Di T | TL
Isr fifl.
11¢f1¢ Izlsllcs (r<rx/ 9Srx/ Sy s/ fr| s s
303 7,18 4,33 | 42 5,20 | 303,3 | 5,87 | 0,22276 | 2,231267 | 4,369603( 3,3 [301,]
306 8,15| 7,89 38 6,08 | 304,9 | 8,02 |0,213139| 2,371272 | 3,934028( 0,3 [304,]
310 9,35 | 5,46 51 3,24 | 302,8 | 7,57 | 0,21786 | 2,350866 | 4,056087| 4,4 [300,¢
313 9,96 | 4,04 69 3,24 | 301,4 | 7,42 |0,220613| 2,34713 |4,113876| 7,3 [297,]
326 15,44(12,18| 312 6,08 [ 303,0 |13,87| 0,19615| 2,809992 | 3,055209| 4,0 [301,(
339 8,54 | 3,73 56 3,14 | 302,1 | 6,45 | 0,2228 | 2,275198 | 4,286008( 5,9 [299,]
340 8,62 | 4,08 41 3,14 | 302,4 | 6,62 | 0,221646| 2,28571 |4,244202| 5,1 [299,¢
345 8,25 | 4,99 31 2,94 | 303,3 | 6,75 |0,219867| 2,291449 | 4,199583| 3,4 [301,¢
260 4,89 | 3,73 150 2,94 | 304,1 | 4,34 |0,226835| 2,128265 | 4,664891| 1,8 [303,Z
308 7,33| 6,26 | 500 | 3,92 | 304,1 | 6,81 | 0,21847 | 2,291839 | 4,172192| 1,8 (303,
317 7,30 | 6,39 198 4,12 | 304,3 | 6,85 | 0,217921| 2,294226 | 4,15737| 1,3 [303,]
15011 7,05 5,64 168 4,02 | 304,0 | 6,37 | 0,220135| 2,262894 | 4,257757| 2,1 (3029
15013 6,74 | 5,53 216 3,43 | 304,1 | 6,15 | 0,220706| 2,247894 | 4,297298| 1,9 [303,]
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15014 6,27 | 4,21 146 3,04 | 303,4 | 5,30 | 0,224542| 2,192802 | 4,481826| 3,1 [301,¢
15015 6,69| 555 | 280 | 3,14 | 304,1 | 6,14 {0,220739| 2,246711 | 4,300201| 1,8 (303,2
15016 554|435 | 120 | 2,94 | 304,1 | 4,97 {0,224617| 2,169347 | 4,531804| 1,8 [303,2
15032 8,79 | 8,00 22 5,30 | 304,6 | 8,40 | 0,212196| 2,398507 | 3,872151| 0,7 [304,
15036 5,82 | 4,34 192 3,04 | 303,8 | 5,12 | 0,224586| 2,179413 | 4,510233| 2,3 [302,]
311 11,77| 8,20 | 173 3,43 | 302,7 |10,09|0,209479| 2,532056 | 3,620957| 4,6 [300,4
318 6,90 | 5,14 | 275 3,82 | 303,6 | 6,06 | 0,221777| 2,243485 | 4,326629| 2,9 [302,]
319 6,61 | 3,38 | 138 2,84 | 302,6 | 5,17 | 0,226373| 2,185895 | 4,532651| 4,9 [300,]
320 7,21 5,86 144 4,02 | 304,0 | 6,56 | 0,219368| 2,27531 |4,219769 1,9 [303,]
322 6,42 | 6,15 | 183 3,04 | 304,8 | 6,29 | 0,219132| 2,254383 | 4,25437 | 0,4 [304,¢
330 7,01| 6,15 | 116 3,14 | 304,4 | 6,59 | 0,218698| 2,276 4,20561 | 1,2 [303,¢
331 6,72 4,50 | 192 3,53 | 303,3 | 5,68 | 0,223529| 2,218593 | 4,409744| 3,5 [301,4
341 4,99| 4,39 | 228 3,33 | 304,5 | 4,70 | 0,224959| 2,150994 | 4,577419| 1,0 [304,(
342 5,65 4,21 144 3,33 | 303,9 | 4,96 | 0,224991| 2,169251 | 4,539544| 2,2 [302,¢
15001 10,89| 6,48 110 3,73 | 302,2 | 8,87 | 0,214337| 2,446743 | 3,834126| 5,5 [299,H
15026 11,56| 11,24 8 2,84 | 304,9 |11,40|0,201638| 2,607731 | 3,384281| 0,2 [304.¢
15031 7,48 | 4,52 61 3,43 | 303,2 | 6,12 | 0,222212| 2,248838 | 4,324793| 3,7 [301,
15034 7,11 | 4,72 96 5,20 | 303,4 | 5,99 | 0,222322| 2,239362 | 4,345257| 3,3 [301,7
257 16,72| 16,19 67 13,34| 304,8 | 16,46 0,184693| 2,979954 | 2,712678| 0,4 [304,€
15003 13,49 13,12 165 |[10,89| 304,8 |13,31| 0,19534 | 2,746702 | 3,112694| 0,4 [304,¢
15004 14,07/ 13,71 65 11,47| 304,8 |13,89(0,193302| 2,788918 | 3,033589| 0,3 [304,]
15005 14,13 11,48| 120 |11,47| 303,6 |12,85|0,198764| 2,727187 | 3,189913| 2,9 [302,]
LOB #Wdis |
T MmCe Tt PMts f(P,T) Cp Di V] Ty |utsq
s 10 S/ SqSr/ s/l s s
303 290,4 4,78 0,247811 2,189659 | 4,953364| 0,00564 | 279,2 (287,
306 291,3 7,03 0,238692 2,373627 | 4,401302 0,005866| 277,8 (288,€
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310 289,3 4,44 0,250946 2,165339 | 5,072372| 0,004408| 278,0 (284,C
313 288,9 3,65 0,254414 | 2,101141 |5,299591| 0,003264| 280,0 |284,(
326 288,9 9,47 0,234617 | 2,609568 | 3,935023| 0,000603| 276,8 |288,€
339 289,2 3,44 0,254504 2,083379 | 5,346658| 0,004148| 279,3 (283,
340 289,0 3,63 0,254179 2,098911 |5,300321f 0,00564 | 278,2 (283,
345 289,4 4,06 0,252101 | 2,132998 |5,172972| 0,00744 | 277,2 |283,3
260 293,3 3,35 0,247639 | 2,071691 |5,231786| 0,001656| 283,5 |283,3
308 294,7 5,18 0,239012 | 2,207839 | 4,738143| 0,000461| 286,3 |285,4
317 293,3 5,34 0,240963 | 2,225242 | 4,73946 | 0,001164| 282,9 |285,§
15011 293,0 4,87 0,242978 | 2,189472|4,857181 0,00139 | 283,1 |285,€
15013 293,2 4,56 0,2437 2,164561 | 4,927675 0,001089| 283,3 (284,4
15014 292,3 3,65 0,248301 | 2,095964 |5,185021| 0,001651| 282,8 |283,€]
15015 293,4 4,46 0,243773 2,1558 | 4,94918| 0,00084 | 283,6 (283,
15016 292,3 3,69 0,248173 | 2,098949 |5,174992| 0,00203 | 281,4 |283,3
15032 290,5 6,74 0,240965 | 2,353836 | 4,480581| 0,010016| 276,8 |287,€
15036 293,4 3,73 0,246287 | 2,100319 |5,132305| 0,001263| 284,1 |283,€]
311 289,0 6,14 0,245778 2,310987 | 4,654807| 0,001207| 277,6 |284,4
318 294,2 4,51 0,242268 | 2,158432 |4,912631| 0,000857| 286,2 |285,7
319 291,7 3,12 0,251126 2,055748 | 5,3466 | 0,001752| 283,4 (283,1
320 292,6 5,00 0,24336 2,200802 | 4,839774| 0,001613| 282,0 (285,¢
322 292,7 4,77 0,243928 | 2,182176 | 4,892468| 0,001281| 280,8 |283,€]
330 291,6 4,81 0,245652 2,188222 | 4,913433| 0,002002| 279,4 |283,§
331 293,2 4,04 0,245602 2,123881 | 5,061254f 0,001241| 284,8 (284,€]
341 294,9 3,89 0,24317 2,109924 |5,044278| 0,001078| 285,7 (284,
342 293,0 3,79 0,24669 2,105149 |5,128913 0,001692| 283,2 (284,2
15001 289,6 5,23 0,247754 2,229958 (4,862732| 0,001964| 279,8 (285,(
15026 290,3 7,88 0,237621 2,45407 | 4,237933) 0,025335| 275,7 |283,]]
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15031 290,2 4,00 0,250778 | 2,126834 |5,160754| 0,003853| 279,2 |284,4
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