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ABSTRACT 

These days, countless cloud administrations contain distributed in addition to facilitated via geo-
appropriated cloud server farms (Geo-2DCs). Despite various advantages, those Geo-2DCs face critical 
difficulties, for example, dynamic asset scaling where responsibility determining assumes a pivotal part 
intending to such a test. Be that as it may, the profoundly powerful and different component of cloud jobs 
and conditions extensively raises the intricacy of arrangement instruments. AI calculations are likewise 
utilized by compartment arrangement frameworks for conduct demonstrating and forecast multi-
dimensional execution measurements. Such experiences could additionally work on the nature of asset 
provisioning choices because of the changing responsibilities under complex conditions. This document 
provides a Novel Improved Fuzzy Fertilization based Clustering with optimized Pollination Flower 
Calculation (IFFCOPFC) for haze registering. At the prior stage, the asset credits are normalized 
constantly. Then, the fuzzy grouping with OPF is created for apportioning the assets and the versatility of 
asset looking has been limited. Finally, the introduced asset provisioning calculation dependent on 
advanced fuzzy grouping has been contrived. The presentation of the projected IFFCOPFC model has been 
tried utilizing a bunch of ‘2’ benchmarks Iris and Wine dataset. Our result guaranteed that the IFFCOPFC 
model has exposed pro-client outcomes over the thought about strategies by contributing the greatest client 
fulfillment and viable asset provisioning. 

Keywords: Cloud Computing, Clustering, Pollination Flower Calculation, Machine Learning, 
Provisioning Of Resource Utilization, Work Load Assistance. 

1. INTRODUCTION 

Lately, distributed computing has upset the 
IT world with a quickly arising and generally 
acknowledged worldview for registering 
frameworks. The engaging highlights of Cloud 
computing (CC) keep on energizing its mix in 
numerous areas containing governments, 
industry, schooling, amusement and etc. CC is 
characterized by the NIST as a computational 
method that conveys caring, on-request, network 
opening to a frequent cluster of constructible 
processing assets as "service" over the Internet 
for fulfilling registering request of clients. Those 

obtainable assets can be immediately provisioned 
and re-rented with negligible administration 
exertion or specialist cooperation’s. NIST 
presents CC by thinking about its 5 primary 
highlights (i.e., transmission capacity, fast 
elasticity, quantifiable, on-request administration 
& Resource Pooling) and its 3 help assigning 
methods (i.e., SaaS, PaaS, and IaaS). The pay-
more only as costs arise and the on-request 
versatile activity Cloud offerings are varying the 
undertaking registering method, shifting on-
premises frameworks to off-premises server 
farms, gotten to over the Internet and overseen 
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by cloud facilitating suppliers. The advancement 
of CC has stirred as a complex innovation with 
the ability to help a wide range of utilizations. 
It's anything but an unfaithful in the utilization of 
the Internet. Subsequently, CC is presently a 
subject of incredible effect & has substantiated 
itself as a driver for little companies in the 
quickly creating the world. It's anything but a life 
system for favorable to viding different 
advantageous administrations utilizing the 
Internet. Other appealing benefits of distributed 
computing are equipment rate decrease (while 
clients don't have to accommodate amazing 
processors or any equipment assets), consistent 
and speedy overhauling/refreshing of 
administrations, high capacity of capacity, 
worldwide admittance to archives, equal 
interaction, asset sharing, speed increase and 
efficient. Nonetheless, probably the main 
difficulties of distributed computing are 
proficiency, safety, protection, trust, organize 
and proprietor transport, accessibility, adaptation 
to non-critical failure and issue recuperation, and 
the expenses of association data transmission ( 
Hatef et al., 2018 ).  

 

Figure 1. Basic Representation Of Resource 
Utilization Based Provisioning In Cloud. 

Different types of sensors and outsource 
operations which consist monitor based external 
cloud environment shown in figure 1. 
Notwithstanding, dynamic asset scaling regularly 
relies upon various components containing the 
no. of dynamic clients, forthcoming occasions & 
the present statuses of a framework. Chronicled 
use designs are typically used to foresee the 

number of assets in future schedule openings. As 
of late, specialists have proposed numerous 
responsibility gauging plans [1, 5–7, 13 ,22], 
which principally measure the greatest or normal 
responsibility for indicated time allotments. Be 
that as it may, the precision of their gauging 
results may not generally be acceptable. Asset 
provisioning is a fundamental innovation 
engaged with haze figuring.  

This document provides a Novel 
Improved Fuzzy Fertilization based clustering 
with optimized Pollination Flower Calculation 
(IFFCOPFC) for mist calculation. At the prior 
stage, the asset ascribes are normalized and 
standardized. Then, the fuzzy grouping with OPF 
is created for apportioning the assets and the 
adaptability of asset looking has been limited. 
Finally, the new asset provisioning model that 
relies on enhanced fuzzy grouping has been 
concocted. The presentation of the IFFCOPFC 
technique has been tried utilizing a bunch of 2 
benchmarks Iris & wine datasets. Test outcomes 
represent the created procedure is equipped for 
further developing client fulfillment and 
efficiency of asset provisioning. 

2. REVIEW OF LITERATURE  

ML-based techniques have been 
progressively received for instance sequence 
estimating [6, 7, 9–11, 30]. Chen et al.  [7] are 
supportive of representing a self-versatile 
forecast strategy that utilizes an outfit method & 
deductive - fuzzy grouping based fuzzy neural 
organization. Chang et al. [6] propose a 
responsibility forecast method by utilizing a 
neural organization and the steepest drop 
mastering calculation. It further develops 
forecast exactness throughout a period postpone 
neural organization and the direct relapse 
strategies. Kumar & Singh [11] present a 
responsibility anticipating method to facilitate 
utilizes neural organization & the self-versatile 
discrepancy advancement calculation. It can 
become familiar with the mainly reasonable 
burst responsibility alongside an ideal hybrid 
rate. Islam et al. [10] propose an expectation-
based asset provisioning methodology by 
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utilizing a sliding window-based neural 
organization & direct relapse procedures. It 
executes improved compared to a non-sliding-
window-based neural organization. The greater 
part of the above strategies receives neural 
organization and the direct relapse draws near. 
Nonetheless, they just function admirably in 
calamitous and sporadic responsibility that 
explodes. Moreover, their estimating execution 
is restricted when managing intermittent and 
non-straight cloud-based responsibility series. To 
defeat such limits, this work offers SGW-SCN to 
foresee cloud responsibility by thinking about its 
periodicity and non-linearity.  

The method worker assets by utilizing a 
period space lining method that powerfully 
balancing asset necessities of every function to 
responsibility attributes. Mishra et al. [15] 
propose a strategy to comprehend job asset 
utilization in Google compute groups with 
responsibility arrangement methods. In view of 
it, fine - grain job booking & scope organization 
are figured out. Liu et al. [14] present a way to 
deal with method the energy utilization in a 
server farm. They foresee sustainable power & 
responsibility requests multi - week into the 
upcoming & dispense IT assets as per time 
fluctuating force supply and cooling proficiency. 
In any case, the above techniques receive the 
lining models to appraise the normal line length 
for the following schedule opening, and they are 
not reasonable for online forecast because of 
execution concerns. Not quite the same as them, 
our determining procedure intends to foresee 
responsibility in Geo -2DCs in a more limited 
instance span at a size of actions.  

Not many investigate job [16] represents 
that, CPS points on interfacing physical and 
digital universes, IoT, for the most part, manages 
a select acknowledgment of heterogeneous 
instruments just as shrewd items and furthermore 
connection to the Internet. Reference [17] 
suggest that, if there are personality amid CPS 
and IoT, where gadget connection to accomplish 
the foreordained objectives, IoT is contained 
with an even perspective on equipment units that 
speaks with each other, while CPS accepts the 

upward technique including organized 
equipment, preparing the controlling 
components. A substitute examination [18], the 
varieties of framework designs of CPS just as 
IoT signies a trading capacity. The further 
developed deliberation level in IoT is identified 
with numerous obscure components concerning 
commitment to framework task.   

3. BASIC PRELIMINARIES 

This section describes the basic 
preliminaries used in proposed approach to 
describe efficient resource utilization in 
distributed environment.  

At first, let n undertakings & m assets be an 
errand set T D ft1; t2; t3;  ; tng, and the haze 
assets set is R D  fr1; r2; r3;  ; rmg, and sane 
asset provisioning has been refined dependent on 
a denite provisioning guideline. When contrasted 
and different models, the errand and asset 
strategies were communicated as specified in the 
accompanying: The undertakings set which are 
given by clients are obliged with n mist errands. 
The pth assignment can be given Tp, and 
highlights are dened as 1D vector Tp D tid; tlen; 
tcomp; tnetw; tstor; tdat ; where tid addresses an 
undertaking esteem; tlen means an undertaking 
length; tcomp; tnetw, and tstor, are assignment's 
computational force, transmission capacity limit, 
just as memory necessities of an asset, 
correspondingly; and tdat infers that information 
ought to be figured by an errand. In mist the 
calculation, outside assets could be dispensed 
utilizing virtualized assets. By thinking about 
that m assets are the present is an assortment of 
haze assets, the qth asset is inferred with Rq, and 
highlights are dened as 1D vector Rq Drid; 
rcomp; rnetw; rstor . In this methodology, free 
signifies asset esteem; and rcomp; new, and 
restore are preparing energy, transmission 
capacity use, and memory capability of an asset, 
correspondingly [19]. To report the associations 
of substances in a technique, it is given an asset 
provisioning network structure in haze 
calculation. 



Journal of Theoretical and Applied Information Technology 
31st May 2022. Vol.100. No 10 

© 2022 Little Lion Scientific  
 

ISSN: 1992-8645                                                                    www.jatit.org                                                    E-ISSN: 1817-3195 

 
3322 

 

a) Improved Fuzzy Fertilization based 
Clustering (IFFC) 

IFFC is by and large applied to a bunch of 
examples where the use of the FCM depends on 
the assurance of opening bundle center or 
interest impetus to the highlights of surveys. It's 
anything but an instrument of the gathering of 
data focuses that populate a few multi-
dimensional spaces to a particular no. of various 
groups. The essential supported viewpoint of 
fuzzy c fertilization indicates that the grouping 
offers authorization to the ceaseless enlistment of 
data focuses on bunches decided as degrees. It is 
outlined out that the group centers around the 
usage of Gaussian loads, abuses extensive basic 
methodologies, and contains strategies for taking 
out, packing. The fundamental objective of 
iterative packing and fuzzy c-Means assurance is 
to confine the load inside clustering total of 
squared botch goal limit and is addressed as 
follows. 

2

1 1

|| ||
c d

e
e ij i j

i j

O m f c
 

   

where Oe addresses the Objective capacity 
& Fuzziness Index, d,m,c as relationship of ith 
information to jth bunch center, feature vector 
and jth group focus. The FCM permits every 
component vector stands firm on a foothold with 
each pack with a reality regard (nearby 0 and 1. 

b) Optimized Pollination Flower 
Calculation  

OPF be the example and it is extension to 
inspired nature calculation method, it is also 
extension to the intelligence swarm based 
calculation, OPF is the pollination which is 
relates to following plantations in formation of 
resources which includes biotic and a biotic 
calculation as described with constancy flower. 

OPF is the particle position based 

pollination which is represented by ix and then 

evaluated with pollination long distance is 
described as 

1 ( )( )t t t
i i ix x L g x      

Where   be the parameter relates to scaling 

and g  is the efficient solution for iterations t 

and ( )L   is consider as probably generated 

vector with distribution of levy association with 
exponent of  . 

Other features relates to pollination for 
efficient constancy is described as 

 1t t t t
i i j kx x V x x     

V be the uniformly generated random 
function, this may variants based on different 
features constancy.  

4. PROPOSED APPROACH 

Based on above approaches i.e. IFFC and 
OPFC, we consider and implemented proposed 
approach is described, it is given the IFFCOPFC 
technique to arrive at asset provisioning in haze 
processing. The input target is to concern the 
OFF method in the IFFC strategy. The IFF 
grouping method is utilized to figures the level to 
each example point that go under the group with 
the use of enrollment work (MF). Expect the 
bunch test set as X D fx1; x2; x3: xng Rd, where 
XP suggests a d measurement vector. There is 
the fundamental necessity to more tasteful the 
example set as c classifications. Attach the bunch 
place as V D fv1; v2; v3: : ; VGC, and portray 
the degree where test focuses go under the jth 
classification as ij. Likewise, the fuzzy 
framework of test gap X is U D (ij). The FCM 
technique is sign_ed as resulting the target work 
for extremum issue: 

2

1 1

min || ||
c n

ij q
p q

Q x v
 

   

with the end goal that, Pc qD1 pq D 1;pq 2 [0; 1] 
; q D 1; 2;  ; n; q D 1;  2;  :  ; c. In below 
equation (6, pq suggests the level of belongs to 
qth d ata point of pth group, vq addresses q-th 
bunch, kxq, vqk signifies an Euclidean 
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separation from test focuses xp to a group 
community vq, & m signies a fuzzy file. Also, U 
& V is addressed as: 
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This component is named as a nearby 
improvement method those methodologies for 
ideal arrangement by applying slope climbing. 
Basic representation of flow chart is described in 
figure 2. 

 

Figure 2.  Flow chart of the proposed approach. 

The key target is to work on the affinity 
among objects partitioned as comparable bunch 
just as to lessen the comparability from assorted 
bunches. The fuzzy strategy is an improvement 
of ordinary C-Means procedure. The standard C-
Means procedure is in isolating information, 
while FCM is supposed to be a more reasonable 
fuzzy division. This technique figures the level 
where each example spot goes beneath a specific 
bunch with the use of MF. Likewise, there is the 
absence of limit esteems in this method. The 
significant point of delicate dividing has been 
functional as an enrollment network, and 
finishing result of outcome turns out to be more 
mind-boggling. Subsequently, the model exists 
in a neighborhood least worth just as delicate to 
essential worth. The FPA procedure is named as 
heuristic technique included with the benefits of 
the quick union as well as worldwide 
enhancement, hence it is coordinated with FCM 
strategy to determine the benefits & negative 
marks of FCM procedure as known as 
IFFCOPFC model. In the IFFCOPFC strategy, 
the critical goal of the FCM approach is to figure 
the group community, and xp D vp1; vp2;  ; vpq;  
; vpc  shows a bunch place set with solitary dust 
in FPA, where vpq portrays q-th bunch focus in 
p-the grouping procedure. At the point when a 
populace size is N, then, at that point, it has N 
grouping procedures. The suitability stage of 
each dust signifies the prevalence of grouping 
impact which can be picked with grouping focus. 
To gauge each dust, this methodology uses the 
above FF esteem. 

The IFFCOPFC model that relies on 
FPA has be functional for grouping the 
registered asset framework information. The 
interaction associated with the FPA is given 
underneath. In the rst step, the introduction of the 
dust populace happens where every dust involves 
self-assertively created bunch focuses that 
parcels the assets as 3 classes, and aggregate 
quantities of group focuses are referenced to be 
3. In the subsequent advance, the participation 
lattice pq is resolved and assessed the group 
place cq dependent on the above Eq. Thus, FF 
esteemed has been applied for figuring the t_ness 
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measure just as register the single outrageous 
score and worldwide outrageous score. 
Assuming higher upsides of em_phasess are 
satisfied, it has been ended to arrive at the ideal 
group community 

1

1

c m
pq pp

q c m
pq pp

x
n

x












 

Then, in the 3rd step, the nearby & 
worldwide contamination of dust is continually 
redesigned utilizing Eqs. 1 & 2. If there are a 
higher no. of cycles, then, at that point it is ended 
to get an assortment of the group focuses. In 4th 
step, the achieved recreation result is considered 
as starting worth of the FCM method & carried 
out to arrive at the worldwide ideal arrangement 
more than once. At last, in the fifth step, when 
the grouping capacities are finished, the mist 
assets have been divided into 3 units, in 
particular, processing, stockpiling, and transfer 
speed assets. When the mist assets were 
partitioned, then, at that point the asset size of a 
provisioning interaction has been restricted. 
Client needs ought to be categorized as assorted 
groups. The legitimate asset classification has 
been discovered where client necessities were 
planned with the assets from a class. To end the 
asset provisioning, it is applied with basic weight 
coordinating. 

5. EXPERIMENTAL RESULTS  

In this section, we discuss about the proposed 
approach efficiency in distribution of resource 
provisioning with different scheduling 
operations.  Allocation of resource task 
generation with respect to user request 
processing to be allocated in random manner. To 
assess execution of sorting of resource allocation 
and utilization based on user requests, we 
actualize it in Java with jdk - 6u20- Windows -
x64. The analysis are performed on HP XW-
8600 (8,  2:8 GHz Xeon CPU) 32G memory (64 
bit Windows). The utilized information is put 
away in Seagate Barracuda LP ST32000542AS 
(2TB).  

 We compare the results of proposed 
approach with linear regression which is used for 
dynamic resource provisioning of services where 
as compare to resource allocation of different 
tasks dynamic linear regression and Virtual and 
Multiplexer based Optimal Resource 
Provisioning (VMORP) approach performance 
metrics in terms of giving input as tasks are 
described as follows:  

Table 1. CPU utilization values in task related 
resource allocation 

Input Data Proposed 
Approach 

Linear 
regression 

VMORP 

100 0.25 1.35 1.36 

200 0.34 1.55 2.65 

300 0.42 1.65 1.93 

400 0.64 1.85 2.35 

500 0.76 2.95 1.95 

600 0.89 1.10 2.68 

700 0.65 3.5 3.45 

Under 30 assignments, the proposed 
IFFCOPFC model has shown most extreme 
client fulfillment of 2.8 while the LR and 
VMORP models have come about to a lower 
client fulfillment of 2.5 and 1.8 individually 

 

Figure 3. Performance of CPU (%) 
utilization in processing of different tasks. 
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Under the use of 60 errands, the conveyed 
IFFCOPFC technique has carried out higher 
client fulfillment of 3.6 while the LR & VMORP 
procedures contain closed in less client 
fulfillment of 3.2 & 2.0 correspondingly. By 
utilizing 90 assignments, the introduced 
IFFCOPFC techniques has shown good client 
fulfillment of 3.7 while the LR & VMORP 
structures have given with least client fulfillment 
of 3.5 & 2.3 individually 

Table 2. Memory utilization in task related 
resource allocation. 

Input Data Proposed 
Approach 

Linear 
regression 

VMORP 

100 2457 3457 4536 

200 2857 4587 5265 

300 3568 7458 6293 

400 6245 10524 12035 

500 5526 22563 23595 

600 3256 32145 28668 

700 2457 34575 34556 

Under 120 assignments, the projected 
IFFCOPFC framework has given ideal client 
fulfillment of 4.1 & the LR & VMORP plans 
have exposed a lesser client fulfillment of 3.7 & 
2.4 separately. 

 

Figure 4. Performance of memory utilization in 
processing of task oriented resource allocation. 

Concerning 150 errands, the recently created 
IFFCOPFC method has delineated higher 
fulfillment of 4.5 whereas the LR & VMORP 
methods have exposed a less client fulfillment of 
4.0 & 2.6 respectively. Beneath the function of 
180 errands, the functional IFFCOPFC method 
has exposed most extreme client fulfillment of 
4.8 while the LR and VMORP approaches have 
deduced in a base client fulfillment of 4.4 and 
2.8 correspondingly. 

Table 3. Time values in resource allocation 

Input 
Data 

Proposed 
Approach 

Linear 
Regression 

(LR) 

VMORP 

100 9 13 16 

200 12 22 26 

300 18 33 29 

400 20 42 35 

500 24 53 59 

600 32 68 66 

700 45 88 96 

 

Under 210 undertakings, the introduced 
IFFCOPFC model has portrayed higher client 
fulfillment of 5.0 whereas the LR & VMORP 
techniques have deduced in a slighter client 
fulfillment of 4.3 & 2.7 individually 

 

Figure 5. Performance of time in allocation 
resource related tasks 

The proposed strategy discovers relevant 
progressively situations like the medical care 
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area. The projected technique can be applied for 
asset conditioning of the IoT gadgets appended 
to the patient body, which wants to send the 
detected information to the cloud. In such a 
circumstance, the proposed IFFCOPFC 
technique can be applied to designate the assets. 

6. CONCLUSION 

This document has formulated a compelling 
asset provisioning technique for haze figuring in 
CPSS called the IFFCOPFC method. The 
proposed method includes a bunch of 3 phases. 
In the starting, the asset ascribes are standardized 
a lot. Then, the fuzzy clustering with OPF is 
created to parcel the assets & the adaptability of 
asset looking has been limited. Then, at that 
point, conceived asset provisioning method 
depended on ideal fuzzy grouping has been 
contrived. The exhibition of the proposed 
IFFCOPFC method has been tried utilizing a 
bunch of 2 benchmark Iris & Wine datasets. The 
exploratory result shows that the conveyed 
method can support the client comfort and the 
efficiency of asset provisioning.  

REFERENCES 

[1] "Intelligent approach to build a Deep Neural 
Network based IDS for cloud environment 
using combination of machine learning 
algorithms" by Zouhair Chiba ∗, Noreddine 
Abghour , Khalid Moussaid , Amina El omri 
, Mohamed Rida proceedings in computer 
science in 2019.  

[2] Wang S, Minku LL, Yao X. A systematic 
study of online class imbalance learning with 
concept drift. IEEE Trans Neural Netw Learn 
Syst 2018;29(10):4802–21 .available from: 
https://ieeexplore.ieee.org/abstract/document/
8246564. 

[3] Wani MA ,Bhat FA ,Afzal S ,Khan AI . 
Advances in deep learning. Springer; 2019. 

[4] Verma P, Anwar S, Khan S, Mane SB. 
Network intrusion detection using clustering 
and gradient boosting. In: Proceedings of the 
2018 9th international conference on 
computing, communication and networking 
technologies, ICCCNT. IEEE; 2018. p. 1–7. 
doi: 10.1109/ICCCNT.2018.8494186. 

[5] Sharafaldin I ,Lashkari AH ,Ghorbani AA . 
Toward generating a new intrusion detection 

dataset and intrusion traffic characterization. 
In: Proceedings of international conference 
on information systems security and privacy, 
ICISSP; 2018. p. 108–16. 

[6] Sharafaldin I, Gharib A, Lashkari AH, 
Ghorbani AA. Towards a reliable intrusion 
detection benchmark dataset. Softw Netw 
2018;2018(1):177–200.  

[7] Sharma R, Chaurasia S. An enhanced 
approach to fuzzy C-means clustering for 
anomaly detection. In: Proceedings of first 
international conference on smart system, 
innovations and computing. Singapore: 
Springer; 2018. p. 623–36. 
https://doi.org/10.1007/978- 981- 10- 5828- 8 
_ 60 . 

[8] Musbau DA ,Alhassan JK . Ensemble learning 
approach for the enhancement of 
performance of intrusion detection system. 
In: Proceedings of international conference 
on information and communication 
technology and its applications, ICTA. 
Nigeria: Minna; 2018. p. 1–8. 

[9] "Machine Learning-based Orchestration of 
Containers: A Taxonomy and Future 
Directions" by ZHIHENG ZHONG, 
RAJKUMAR BUYYA,proceedings in 
arXiv:2106.12739v1 [cs.LG] 24 Jun 2021. 

[10] Hani Sami, Azzam Mourad, Hadi Otrok, and 
Jamal Bentahar. Fscaler: Automatic resource 
scaling of containers in fog clusters using 
reinforcement learning. In Proceedings of the 
2020 International Wireless Communications 
and Mobile Computing (IWCMC), pages 
1824–1829, 2020. 

[11] Charles Reiss, Alexey Tumanov, Gregory R. 
Ganger, Randy H. Katz, and Michael A. 
Kozuch. Heterogeneity and dynamicity of 
clouds at scale: Google trace analysis. In 
Proceedings of the 2012 ACM Symposium 
on Cloud Computing, pages 1–13, 2012. 

[12] Andrew Chung, Jun Woo Park, and Gregory 
R. Ganger. Stratus: Cost-aware container 
scheduling in the public cloud. In 
Proceedings of the 2018 ACM Symposium 
on Cloud Computing, page 121–134, 2018. 

[13] Sreekrishnan Venkateswaran and Santonu 
Sarkar. Fitness-aware containerization 
service leveraging machine learning. IEEE 
Transactions on Services Computing, 1(1):1–
14, 2019. 

[14] Tarek Menouer, Otman Manad, Christophe 
Cérin, and Patrice Darmon. Power efficiency 
containers scheduling approach based on 



Journal of Theoretical and Applied Information Technology 
31st May 2022. Vol.100. No 10 

© 2022 Little Lion Scientific  
 

ISSN: 1992-8645                                                                    www.jatit.org                                                    E-ISSN: 1817-3195 

 
3327 

 

machine learning technique for cloud 
computing environment. In Proceedings of 
the 2019 International Symposium on 
Pervasive Systems, Algorithms and 
Networks, pages 193–206, 2019. 

[15] Haitao Zhang, Huadong Ma, Guangping Fu, 
Xianda Yang, Zhe Jiang, and Yangyang Gao. 
Container based video surveillance cloud 
service with fine-grained resource 
provisioning. In Proceedings of the 2016 
IEEE International Conference on Cloud 
Computing (CLOUD), pages 758–765, 2016. 

[16] Maryam Barshan, Hendrik Moens, Steven 
Latre, Bruno Volckaert, and Filip De Turck. 
Algorithms for network-aware application 
component placement for cloud resource 
allocation. Journal of Communications and 
Networks, 19(5):493–508, 2017. 

[17] Josep Ll. Berral, Ricard Gavalda, and Jordi 
Torres. Adaptive scheduling on power-aware 
managed data-centers using machine 
learning. In Proceedings of the 2011 
IEEE/ACM International Conference on Grid 
Computing, pages 66–73, 2011. 

[18] William Trneberg, Amardeep Mehta, Eddie 
Wadbro, Johan Tordsson, Johan Eker, Maria 
Kihl, and Erik Elmroth. Dynamic application 
placement in the mobile cloud network. 
Future Generation Computer Systems, 
70(1):163–177, 2017. 

[19] Shiqiang Wang, Murtaza Zafer, and Kin K. 
Leung. Online placement of multi-
component applications in edge computing 
environments. IEEE Access, 5(1):2514–
2533, 2017. 

[20] Yanqi Zhang, Weizhe Hua, Zhuangzhuang 
Zhou, G. Edward Suh, and Christina 
Delimitrou. Sinan: Ml-based and qos-aware 
resource management for cloud 
microservices. In Proceedings of the 2021 
ACM International Conference on 
Architectural Support for Programming 
Languages and Operating Systems, page 
167–181, 2021. 

[21] Haoran Qiu, Subho S. Banerjee, Saurabh Jha, 
Zbigniew T. Kalbarczyk, and Ravishankar K. 
Iyer. FIRM: An intelligent fine-grained 
resource management framework for slo-
oriented microservices. In Proceedings of the 
2020 USENIX Symposium on Operating 
Systems Design and Implementation (OSDI 
20), pages 805–825, 2020. 

 

[22] Alexandru Iulian Orhean, Florin Pop, and 
Ioan Raicu. New scheduling approach using 
reinforcement learning for heterogeneous 
distributed systems. Journal of Parallel and 
Distributed Computing, 117(1):292–302, 
2018. 

[23] Yixin Bao, Yanghua Peng, and Chuan Wu. 
Deep learning-based job placement in 
distributed machine learning clusters. In 
Proceedings of the 2019 IEEE INFOCOM - 
IEEE Conference on Computer 
Communications, pages 505–513, 2019. 

[24] Ricardo Bianchini, Marcus Fontoura, Eli 
Cortez, Anand Bonde, Alexandre Muzio, 
Ana-Maria Constantin, Thomas Moscibroda, 
Gabriel Magalhaes, Girish Bablani, and Mark 
Russinovich. Toward ml-centric cloud 
platforms. Communications of the ACM, 
63(2):50–59, 2020. 

[25] Shubo Zhang, Tianyang Wu, Maolin Pan, 
Chaomeng Zhang, and Yang Yu. A-sarsa: A 
predictive container auto-scaling algorithm 
based on reinforcement learning. In 
Proceedings of the 2020 IEEE International 
Conference on Web Services (ICWS), pages 
489–497, 2020. 

[26] D. Wang , M. Li , Robust stochastic 
configuration networks with kernel density 
estimation for uncertain data regression, Inf. 
Sci. (Ny) 412 (2017) 210–222 .  

[27] J. Zheng , L.M. Ni , Time-dependent 
trajectory regression on road networks via 
multi-task learning, in: Proceedings of the 
27th AAAI Conference on Artificial 
Intelligence, July 14–18, Bellevue, 
Washington USA, 2013, pp. 1048–1055 .  

[28] Q. Zhang , M.F. Zhani , R. Boutaba , J.L. 
Hellerstein , Dynamic heterogeneity-aware 
resource provisioning in the cloud, IEEE 
Trans. Cloud Comput. 2 (1) (2014) 14–28.  

[29] L. Zhao , Q. Sun , J. Ye , F. Chen , C.T. Lu , 
N. Ramakrishnan , Multi-task learning for 
spatio-temporal event forecasting, in: 
Proceedings of the 21th ACM SIGKDD 
International Conference on Knowledge 
Discovery and Data Mining, August 10–13, 
Sydney, NSW, Australia, 2015, pp. 1503–
1512 .  

[30] J. Zhang , Z. Wei , Z. Yan , M.C. Zhou , A. 
Pani , Online change-point detection in 
sparse time series with application to online 
advertising, IEEE Trans. Syst. Man Cybern. 
99 (2017) 1–11 . 


